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In connection with other studies conducted by the 
authors pertaining to butterfat oxidation, consider- 
able attention was directed toward two methods 
which have been utilized for accelerating oxidation 
in an effort to determine their reliability and the 
uniformity of results which may be obtained when 
they are used. The two methods studied were (a) 
the aeration method, involving the use of an appara- 
tus usually referred to as "Swif t ' s  Fat  Stability 
Apparatus," and (b) the hot air method. 

The aeration method, developed in Swift's Labora- 
tories by King, Roschen, and Irwin (8), has found 
acceptance in fat  oxidation studies. Bull (3, 4, 5), 
Musher (10), and Stebnetz and Sommer (12, 13) 
utilized this  method in research laboratories, and 
Freyer (7) reports on the use of this method in 
eleven commercial laboratories. 

An analysis by Freyer (7) of a three-year com- 
mittee study of the aeration method indicates that the 

cooperative testing of samples in 11 different lab- 
oratories gave inconsistent results. Freyer  allowed 
an average tolerance in induction period time of 17 
per cent, but, even so, about one-fourth of the labo- 
ratories which first adopted the method presented 
consistently uniform results. Two of the laboratories 
reported inconsistent results at first but after using 
the method for about a year, reported results that 
were in agreement with the other laboratories. Freyer  
(7) suggests that the lack of agreement between the 
different laboratories was apparently due to insuffi- 
cient experience with the method, but feels that even 
though the method has many limitations, it still is 
the best accelerated procedure known for determin- 
ing the relative stability of fats and oils toward 
oxidation. 

A n o t h e r  method ,  the hot air oven method, has 
been rather widely used, and has been utilized re- 
cently by Barnicoat and Palmer (1), Bird (2), Dahle 
and Nelson (6), and Ritter and Nussbaumer (11). 
B a r n i c o a t  and  Palmer decanted butter oil into 
straight-sided crystalizing dishes which were then 
heated for six hours in an air-stirred water-jacketed 
oven thermostatically controlled at 80°C. Bird (2) 
exposed small samples of fish oil to the atmosphere 
at 37°C. and Ritter and Nussbaumer (11) oxidized 
fat in 10 cm. petri dishes in an oven at 104°C. for 
eight hours. 

Dahle and Nelson (6) placed equal volumes of 
butter fat in stoppered test tubes which were placed 
in a 60°C. oven in an upr ight  position to insure 
uniform surface area exposure. In addition, these 
workers placed the fat in unstoppered 50 ml. centri- 
fuge tubes which were permitted to lean at varying 
angles to obtain variations in the amount of surface 
exposed. They found that, although the temperature 
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of different tubes did not vary by more than one 
degree, variation in the induction period between 
duplicate samples was as much as four days for the 
15-day period, a 26.7 per cent deviation. No con- 
clusions were drawn relative to the comparative 
uniformity of the test-tube and c e n t r i f u g e - t u b e  
samples. 

Information is not available of studies conducted 
in which a direct comparison is made, in the same 
laboratory, of the aeration and oven methods. Fur- 
thermore, l~terature records little information on the 
oven method per se and how the factors contributing 
to errors in the method may be controlled. This 
study was conducted, therefore, to secure additional 
data relative to these points. 

Experimental Procedure 
Butter oil used in the present studies was secured 

by churning sweet cream and by filtering the butter 
to remove the curd and water. 

The aeration method was conducted using the 
standard apparatus similar to that shown by Steb- 
nitz and Sommer (13). This consists of an oil bath 
maintained at 100°C. in which are placed the test 
tubes containing the fat sample. Air is permitted to 
flow through capillary glass tubing and into each 
tube of fat at a constant and uniform rate, after it 
first passes through a wet test meter which measures 
the volume, and also through a purifying solution of 
potassium permanganate. The rate of air flow was 
such as to maintain the butter oil in an air-saturated 
condition. 

The oven method utilized a triple-walled, Cenco- 
DeKhotinsky, thermostatically controlled oven. In 
this oven, the heating elements are in the floor and 
ducts lead to the sides of the oven where the hot 
air enters at about six and twelve inches from the 
bottom. Two shelves were used in these studies, the 
bottom shelf being six inches and the top shelf ten 
inches from the floor. A thermometer was inserted 
through the top and extended to the top shelf of 
the oven. A Cenco air agi ta tor  was installed in 
the top of the oven to insure positive air agitation. 

Twenty-five milliliters of butter oil were used both 
in the aeration and in the oven method. In the oven 
method, the butter oil was placed in 100 ml. beakers, 
whereas in the aeration method the fat was placed in 
1" x 8" test tubes. Unless otherwise specified, both 
the oil bath used for the aeration procedure and the 
air oven were maintained at 100°C. 

Peroxide determinations were conducted essentially 
by the Wheeler technique, and are reported as per- 
oxide numbers (millimoles of peroxide per 1,000 gms. 
fat) .  

All glassware coming in contact with the fat was 
thoroughly cleaned by washing in tri-sodium phos- 
phate solution, followed by soaking overnight in a 
chromic acid cleaning solution. The glassware was 
rinsed free of the cleaning solution with hot water, 
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and then leached in six or more changes of distilled 
water, each lot of water being allowed to remain over 
the glassware for 12 hours or more. This thorough 
rinsing is in line with the findings of Laug (9) which 
indicated that  several successive leachings with dis- 
tilled water were necessary to remove all of :Lhe 
chromic acid from glass. 

Experimental Results 
The oven method: Considerable at tention was di- 

rected toward those factors which should be controlled 
if the oven method is to be used satisfactorily. Among 
the factors considered were temperature  control, air 
agitation, position of the samples in the oven, and 
size and surface area of samples. 

Tempera t~re variations: To determine tempera- 
ture variations within the oven prel iminary trials 
were conducted in which a sample of fat  was divided 
into nine portions in beakers. Three of these portions 
were placed on the floor of the oven, three on the 
bottom shelf (six inches from the floor), and three 
on the top shelf (10 inches from the floor). The air 
vent at the bottom of the oven was open, but  no means 
of positive air circulation was used. At  the end of 
24 hours the temperatures  of all nine samples were 
obtained and the peroxide determinations conducted. 

The results secured clearly indicated the necessity 
for  temperature  control. The temperature  of the oven 
varied widely and, consequently, influenced the rate 
of oxidation at different positions in the oven. The 
floor of the oven was considerable higher in temper- 
ature and varied to a greater extent than any other 
position in t h e  oven. This is explained by the fact 
that the heating elements of the oven were located 
in the floor and only a portion of these elements were 
in operation. Samples with the higher temperature  
were close to or, perhaps, directly over one or more 
of the active heating elements. The respective vari- 
ations in temperature  and peroxide values for  the 
three positions in the oven were as follows: top shelf, 
7°C., 0.3 peroxide uni t ;  bottom shelf, 13°C., 8.7 per- 
oxide units ;  floor, 43°C., 48 peroxide units. 

These prel iminary trials indicated the undesira- 
bility of utilizing the bottom of the oven for  oxida- 
tion studies. Consequently, all fu r the r  studies per- 
taining to the c~ven method involved the use of the 
two shelves. 

Arrangement af samples in oven: Trials were con- 
ducted to determine the influence of the arrangement 
of the samples on the shelves upon the control of tem- 
pera ture  and the rate of oxidation. In these trials, 
the samples were distributed widely over the shelves 
(Diagram I, F igure  1), or grouped closely together 
(Diagram II, Figure 1). 
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Fro. 1. Diagrammatic sketch showing the arrangement of  

samples in the hot air oven. (Drawn approximately to scale.) 

When the samples were widely distributed, and 
there was no positive air agitation, a maximum tem- 
perature  difference of 6.4°C. was  o b s e r v e d .  The 
higher temperatures were in those samples located 
along the left  wall near the heating vents and along 
the back wall, whereas the lower temperatures were 
in the samples placed along the front  of the oven 
and along the right wall. The same general results 
were secured when the a i r  agitator was running,  al- 
though the maximum temperature  difference in this 
case was only about 3°C. However, irrespective of 
the presence or absence of positive air circulation, 
wide variations in the rate of oxidation occurred, 
there being a general direct relationship between the 
temperature of the fat  and the rate of oxidation. 
Only in these samples located near the center of the 
oven (samples 6, 7, 10, 11) was it possible to secure 
close agreement in peroxide values after  uniform oxi- 
dation periods. 

When the samples were grouped closely together as 
in Diagram II,  Figure 1, and when no positive air 
agitation was utilized, a maximum temperature vari- 
ation of 5.7°C. was obtained, a value of 0.7°C. less 
than was observed when the samples were .widely dis- 
tributed. When air agitation was used, the maximum 
variation was 1.9°C., 1.1°C. less than the variation 
secured when the samples were widely dispersed over 
the entire shelf. Although these results indicate only 
a comparatively slight difference in temperature con- 
trol between those samples grouped closely together 
and those distributed widely over the shelves, there 
was a marked difference in the uniformity of oxida- 
tion. Those samples distributed w i d e l y  o v e r  t he  
shelves were found to vary  greatly in the rate of 
oxidation, whereas those samples grouped closely 
together oxidized at a fair ly uniform rate. 

Since greater uniformity  of results were secured 
when the samples were grouped closely together in 
the middle of the shelves, this arrangement was 
utilized in all subsequent trials. When this arrange- 
ment was used with positive air circulation, the tem- 
peratures on the bottom shelf varied from 99.2 to 
99.9°C. (A~,g. 99.6°C.), and those on the upper  shelf 
varied from 97.6 to 99.5°C. (Avg. 98.9°C.). 

Top a¢nd bottom shelves: The lower shelf consist- 
ently maintained a slightly higher temperature  than 
the upper  shelf even though they were only about 
four inches apart,  and were both well removed from 
the heating elements. In addition, there was a marked 
tendency for the samples on the lower shelf to oxi- 
dize slightly more rapidly than those on the upper  
shelf. Data secured on 784 samples of fat  in which 
one lot was oxidized on the top and the other lot on 
the bottom shelf, showed 66.5 per cent of the samples 
on the bottom shelf oxidized more rapidly than those 
on the top shelf. The average peroxide value of all 
samples taken from the bottom shelf was 8.10 whereas 
that for the top shelf was 7.16, an average difference 
of 0.94 peroxide units. 

Fur the r  studies of the results secured with the top 
and bottom shelves of the hot air oven were conducted 
by utilizing the induction periods involved. A sum- 
mary of these data is  presented in Table I. 

These data show that  50 per cent of the samples 
varied by not more than one hour, whereas 92.5 per 
cent varied by not more than two hours. Fur the r  
analysis of the original data revealed that  in 85 per 
cent of the trials, samples on the bottom shelf oxi- 
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dized first and only in 10.5 per  cent of the tr ials  did 
those samples on the top shelf oxidize more rapidly.  
The average length of the induction period for  the 
top and bottom shelves was 19.07 and 18.06 hours 

T A B L E  I 

H o u r s  Di f fe rence  in I n d u c t i o n  P e r i o d  of F a t  Oxidized on ~he Top 
a n d  Bot tom Shelves  of t he  Oven .*  

I n d u c t i o n  
per iod  
( h o u r s )  

10.0-15.0 
15.1-17.5 
17.6-20.0 
20.1-22,5 

Above  22,5 

P e r  cen t  

Nu~ffber 

samples  

10 
17 
21 
11 

7 

N u m b e r  of samples  v a r y i n g  in induc-  
t ion per iod  w h e n  on top a n d  bot tom 

shelves.  

D i f f e r ence  in  h o u r s  

0-1.0 1.1-2.0 2.1-3.75 

6 3 1 
8 9 0 
9 9 2 
5 4 2 
4 3 0 

50.0 42,5 7.5 

* Pe rox ide  v a l u e  of  5 ind ica ted  end  of induc t ion  per iod.  

respectively, a difference of 1.01 hours. Thus, the 
normal  difference between the two shelves was about 
5.2 per  cent. 

Although the difference in the rate of oxidation 
between samples on the top and bottom shelves is not 
great,  nevertheless, such a difference may mater ia l ly  
influence the results in oxidative studies. In  con- 
ducting subsequent studies, the difference in rate of 
oxidation in the two shelves was compensated for  by 
placing one duplicate sample on each of the shelves 
and then removing the duplicates simultaneously for  
determinations. 

Temperature of the oven: The t e m p e r a t u r e  at 
which oxidation is accelerated is doubtless an im- 
por tan t  consideration, even though the tempera tures  
used by workers for this purpose vary  widely. One 
prevalent  view is tha t  lower tempera tures  of 60-80°C. 
are more desirable than higher tempera tures  since at 
these t empera ture  s there is less destruction of the 
peroxides which result f rom oxidation. Possibly some 
tempera ture  exists at which destruction of peroxides 
is at  a minimum and format ion at a maximum, thus 
increasing the sensitivity of rap id  oxidation methods. 

To determine the relative accuracy of accelerating 
oxidation at different temperatures,  two  i d e n t i c a l  
Cenco-DeKhotinsky thermostat ical ly c o n t r o 11 e d hot 
air ovens were utilized, each having a mechanical air 
agitator.  But ter  oil was oxidized in quadruplicate  in 
these ovens, first at 70 ° and 100°C. then at 100 ° and 
130°C. The results are presented in Table I I .  

T A B L E  I I  

In f luence  of T e m p e r a t u r e  of H o t  A i r  Oven  Upon  the  R a t e  of 
Oxida t ion  and  Upon  the U n i f o r m i t y  of Resul t s .*  

l . . . . .  I D e v i a t i o n  be tween  
v l n a u c t l o n  p e r m u  0 en I ' [ m i n i m u m  and  m a x i m u m  

t e m p e r a t u r e  I' ~ - [ - - - ~  . . . . . . . . . .  
( °C , )  A v e r a g e  [ M a x i m u m  ] M i n i m u m  [ ,,,~ ] 

( H o u r s )  ( H o u r s )  ( H o u r s )  ~ ~ o u r s )  ( P e r  cent)  

xoo I 26.5 / 2s.o I 25.5 / 25 I 9.4 
130 I 3,5 / 3.7 I 3.4 / 0.3 I 11.6 

* P e r o x i d e  va lue  of 5 ind ica ted  end  of i nduc t ion  per iod.  

As expected, the rate of oxidation varies directly 
with the temperature ,  with the 70°C. giving an ex- 
t remely slow rate and the 130°C. an extremely rapid  
rate.  F rom the standpoint  of the percentage varia-  
t ion involved, there appears  to be little difference 
between the 70°C. and the 100°C. tempera ture .  How- 

ever, the slow rate of oxidation induced by  the 70°C. 
t empera ture  is definitely a disadvantage unless it can 
be shown to appreciably contribute to the accuracy 
of measur ing the induction period. In  contrast,  the 
extremely rapid rate of oxidation which occurred at 
130°C. is also undesirable since it would not permi t  
sharp differentiation between the induction periods of 
fats  of different stabilities. 

The tempera ture  utilized for fa t  oxidation studies 
should na tura l ly  be that  which is best adaptable to 
the laboratory program.  Under  the conditions of this 
experiment,  the 100°C. t empera tu re  was considered 
best suited since it produced oxidat ion in the fa t  
within 12 to 24 hours. Thus, it Was possible to s tar t  
the oxidation in the evening and complete the studies 
dur ing the next day. 

Sample size ~nd surface arev~: Careful  considera- 
tion should be given to the size of the sample and to 
the surface area of the sample if un i formi ty  of results 
is to be secured by the oven method. An exper iment  
was conducted to demonstrate  the importance of these 
two f a c t o r s .  The results are i l lustrated in Figure  2. 
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F I G .  2. E f f e c t  o f  s a m p l e  s i z e  a n d  s u r f a c e  a r e a  o u  r a t e  o f  
o x i d a t i o n  o f  b u t t e r  o i l .  

This figure shows that  either decreasing the size of 
the sample or increasing the surface area markedly  
affects the rate of oxidation. Thus, in oxidation stud- 
ies, s tandardizat ion of the s ize  of sample and of the 
size of the container is essential if reliable results are 
to be secured. In  this connection, the splashing of 
fa t  upon the side of the container should be avoided 
since obviously this would increase the surface area 
and thus hasten oxidation. 

Comparison of  oven and a.e;ration method: Follow- 
ing the s tandardizat ion of the oven method based on 
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the factors studied, the reliability of the method was 
determined and a comparison made with the aeration 
procedure. In  one Series of 12 triats, quadrupl icate  
samples of fa t  were oxidized in the oven, two samples 
in each set being on each of the two shelves. The 
results showed an average maximum difference in the 
induction period in each tr ial  of 2.15 hours or a 7.8 
per  cent difference. The differences in induction peri- 
ods ranged from 3.3 per  cent to 11.1 per  cent for  the 
twelve trials. In  other trials involving the use of the 
aerat ion method, the difference between the induction 
periods of tr ipl icate samples of fa t  varied f rom 11.1 
to 3.8 per  cent, values similar to those secured by the 
oven method. 

Following these general observations, more direct 
comparison of the reliability of the oven and aeration 
methods was made. The results of this comparat ive 
s tudy are presented in Table IIT. 

TABLE I I I  

Induction Periods of Duplicate Samples of Fat Oxidized by 
Oven and Aeration Methods.* 

Trial 
number  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Average I 

Oven method Aeration method 

Duplicates 
- a + - ~  Difference 

Hours t ~ t ~  
19.5 19,5 0.0 
17.5 [ 18.5 [ 1.0 
2 2 . 5  ] 2 1 , 5  I 1 .0  
11.5 t 11.o ] 0.5 
11.o / lo.5 I 0.5 
16.o I 15.5 [ o.5 
14.o f 14.o I o.o 
1:1.5 l 1 4 , 0  I 0 . 5  
12.0 l 11,5 I 0.5 
17.o { 18.o t 1.0 
1 3 . 5  1 4 . 0  0 . 5  

Duplicates 

a b 

Hours  Hours 
2 1 . 5  2 2 . 5  
18.5 17.5 
2 3 . 0  2 3 , 0  
16.0 16.0 
14.5 15.5 
20.5 21,5 
17.0 17.0 
21.0 21.0 
18.0 18.5 
2 5 . 0  2 3 . 5  
19.5 19.0 

Difference 

H o u r s  

1.0 
1.0 
0.0 
O,0 
1.0 
1.0 
O.0 
0.0 
0.5 
1.5 
0.5 

0.59 

* Peroxide value of 5 indicated end of the induction period. 

These data show a maximum variat ion of 1.0 hour 
for the oven method as compared to 1.5 hours maxi- 
mum variat ion for  the aeration method. On the basis 
of percentage variation, the hot air  oven varied 5.6 
per  cent whereas the aeration method varied 6.4 per  
cent. I towever,  the average percentage difference be- 
tween the duplicates is 3.6 per cent in the case of the 
hot air  oven as compared to 3.0 per  cent for  the aera- 
tion method, an insignificant difference. 

Another  means of determining the reliability of 
the acceleration methods is to ascertain the uniform- 
i ty of peroxide values of fa t  samples oxidized for  
equal periods of time. In  this connection, data  were 
secured of 491 duplicate samples of but ter  oil, 163 
samples oxidized by the aerat ion method, 378 by the 
oven method. The results are shown in F igure  3. 

Approximate ly  37 per  cent of those duplicates oxi- 
dized in the aeration appara tus  var ied between them- 
selves by less than 0.6 peroxide units  as contrasted 
to about 29 per  cent for  the oven method. However,  
65.6 per  cent of the samples f rom the aerat ion method 
and 74.8 per cent of the samples f rom the oven method 
varied by not more than  2.0 peroxide units between 
duplicate s. Only 7 per  Cent of the 328 duplicates oxi- 
dized in the oven varied by more t h a n 5  peroxide 
values as contrasted to 13.5 per  cent of the 163 sam- 
ples oxidized by the aeration procedure. On the basis 
of these results, there appears  to be no appreciable 
difference between the reliability and uni formi ty  of 
the results secured by these two acceleration methods 
under  carefully controlled conditions. 

i i  i i i  | 

4 0 ,  

ii 

• AERA T / O N  METHOD 
OVEN METHOD 

r i b  
< 0 . 6  0 .6 -2  2 .1 -5  5.1-10 10.1-20 ) 2 0  
V A R I A T I O N  IN P E R O X I D E  VAL. UE 

FIo .  3. V a r i a t i o n  b e t w e e n  d u p l i c a t e  s a m p l e s  in  the  a e r a t i o n  
a n d  o v e n  m e t h o d s .  

Speed and extent of oxidation: When comparisons 
were made between the aerat ion and oven methods, it 
was observed that  the oven method tended to produce 
oxidation more quickly. This may be observed in the 
data in Table I I I ,  which reveal that  the oven method 
on the average gave a shorter  induction period by 
4.25 hours, a reduction of approximate ly  22 per  cent. 
However, even though the fa t  in the oven method 
oxidized sooner the oxidation failed to proceed as 
rapidly  or to the extent as in the case of the fa t  in 
the aeration apparatus .  This relationship is illus- 
t ra ted by Figure  4. In  this connection, it should be 
emphasized tha t  the fa t  in the aeration procedure was 
in an air  saturated condition and tha t  the same vol- 
ume of fa t  was utilized by both procedures. 

+!f 
/0 

I I t _ -  

• + * __ 

/ /  . j J - -  
I I I - 

20 30 4O $0 
OXIDATION TIME t'HRS.) 

Fro. 4. Rate and extent of oxidation of butter oil by the 
a e r a t i o n  a n d  oven  m e t h o d s .  

Figure  4 shows the rapid  and great  extent of oxi- 
dation which occurs with the aerat ion method and 
also il lustrates the fact  that  over a relatively long 
period of t ime the oven method gives a fa i r ly  straight  
line relationship between oxidation t ime and peroxide 
increases. 

The longer induction period which results when the 
aeration method is used is doubtless due to the pres- 
ence of water  which is carr ied into the fa t  by the 
water-saturated air. When this air was dried by pass- 
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ing it through sulfuric acid, the induction period was 
shortened by some 15-20 per cent. 

Summary and Conclusions 
Investigations were made to compare the aeration 

and hot air oven methods of accelerating fat oxida- 
tion at 100°C. Results show these two methods to be 
equally reliable when careful technique is exercised 
and when consideration is g~ven the influence of cer- 
tain variable factors. On the basis of the findings in 
this study, ten per cent variation in induction periods 
between samples of the same fat constitutes a gener- 
ous allowance. In these studies, the average varia- 
tions for the oven method in two different series of 
trials were 7.8 and 3.6 per cent, respectively. Similar 
results were secured by the aeration procedure. The 
results with the oven method are in marked contrast 
to the four day or 26.7 per cent variation reported in 
the work of Dahle and Nelson (6). 

Approximately two-thirds of the aeration samples 
and three fourths of the oven samples varied between 
duplicates by less than 2.0 peroxide units. 

Especial attention should be given to temperature 
control, air agitation, and arrangement of the samples 
if the oven method is to give uniform results. Fur- 
thermore, factors of surface area and size of samples 
must also be controlled. 

The temperature at which the oven is operated 
should be such as to permit the oven method to be 
adapted to the laboratory routine. Excessively high 
temperatures should be avoided, but in this experi- 

merit 100°C. gave as satisfactory results as did 70°C. 
The temperature used, however, may be varied de- 
pending upon the type of fat or oil being studied, the 
size of the sample, and the surface area involved. 

Under the conditions of this experiment the oven 
method gave a shorter induction period for the fat 
than the aeration procedure but the extent of oxida- 
tion over a relatively long period of time was tess. 
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T h e  S a t u r a t e d  F a t t y  A c i d s  of J a p a n  W a x  I 

H. A. SCHUETTE and R. M. CHRISTENSON 
University of Wisconsin, Madison, Wis. 

Japan wax is the fruit-coat fat--the designation 
" w a x "  is a misnomer--of a sumac (Rhus succedanea 
L.) abundant in southwestern Japan where it is pro- 
duced in commercial quantities. It has some unique 
physical features, such as plasticity, and a compar- 
atively high density. Its chief chemical characteris- 
tics are an extremely high content of the glycerides 
of paimitic acid and a relatively small percentage of 
high molecular weight dicarboxylic acids, the latter 
providing much of the research interest in this fat. 
They are, in fact, held to be responsible for its 
plasticity (1). 

Despite the very considerable amount of work which 
has been done on this fat, the constitution of-its di- 
carboxyiic acids is still in doubt. Eberhardt (2), who 
first isolated them, assigned to its chief acid of this 
type the formula C2oH3sQ. Since then formulas in- 
volving 19 to 23 carbon atoms have been proposed. 

More recent studies in this field have been by 
Ruzicka et al. (3) who sugges t ed  the formula 
C21H4o0~ on the basis of molecular weight, ultimate 
composition, and a mixed melting point with a syn- 
thetic product. Later Flaschentr~iger and Halle (4) 
claimed the isolation of an acid of formula C2~H~404. 
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They established the straight-chain character of the 
molecule and the position of the earboxyl groups on 
the terminals of the chain. Tsujimoto (1) then veri- 
fied this formula. More recently Siina (5), on the 
grounds of mixed melting points with synthetic prod- 
ucts, reported the formula C:2H4204. 

The constitution of the bulk of the n-monocarboxylie 
acids has not received such extensive attention. In 
fact, not until 1935 was any quantitative, or even semi- 
quantitative, attempt at the analysis of the total acids 
made other than the detection of major quantities of 
palmitic acid. It was then that Tsujimoto (6) reported 
that he had found an unbleached sample of Japan 
wax to consist of palmitie acid (77 per cent), stearic 
acid (5 per cent), arachidic acid intraces ,  dibasic 
acids (6 per cent), oleic acid (12 per cent) and 
linoleic acid (less than 1 per cent). Crude ester frae- 
tionation and reerystallization techniques had been 
used in arriving at these results. It  is also a matter 
of interest that Flaschentr~iger and Halle (4) have 
claimed the isolation of a heneicosanic (C2tH4202) 
acid in the course of their studies on the diearboxylie 
acids, a unique discovery, indeed, if factual! 

The fatty-acid composition of Japan wax is also of 
interest from a biochemical viewpoint. Chibna]1 and 
Piper (7), in a discussion of the biosynthesis of 


