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Discussion 
The oil of the mamey seed is an impor tan t  poten- 

tial source of high quali ty vegetable oil for soaps 
and cosmetics as well as for  other uses. At the pres- 
ent time, with the major  pa r t  of the mamey crop 
being used as a fresh f ru i t  for domestic consulnption, 
it is impractical  to (,olle(,t tile seed for oil production. 
While some unsuccessful a t tempts  have been ma(le to 

�9 preserve the fruit ,  it is entirely possible that  sneh a 
process will be developed, and ill this event consid- 
erable quanti t ies of otherwise useless waste product  
will be available for  oil pro(tuction f rom the seed. In 
addition, there is a substant ial  amount  of wild mamey 
in various par ts  of Mexico that  could be gathere(1 for 
oil production from the seed. The tree is reputed to 
y M d  from 100 to 200 frui ts  per season. This yield, 
in view of the relatively high unit weight of the see(t 
and its high oil content, makes tile product ion of the 

oil f rom wild plants  more feasible than from many  
other wild oil-bearing seeds, especially in those areas 
where the trees are not too widely scattered. Another 
possible source of the oil is from culls and overpro- 
duction in those areas now cultivating nmmey for the 
fruit markets. 

Summary 
The ph.~:sical and chemieal characterist ics of the oil 

(If the f ru i t  of the mare%" [('alocarlnrm. mamntosum 
(L.) Pierre] have been reported.  

The composition of the oil has been calenlated. 
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C ( )MSiEt lCIAL refinip.g of oils bv the centr i fugal  
method has given ample cvi('lence of higher 
efficiencics and yiehts over the batch method. 

l)ifficulties encountered in the refining of certain ex- 
t racted soyhean oils by  the Official A.O.C.S. cup 
method have st imulated considerable research amt 
investigation on tile development of a laboratory cen- 
t r i fugal  method which would give results comparable 
to those obtained from commcrcial  operations. 

Most of the work has been done by the Refining 
Coinmittee of tile A.().C.S. and through the efforts 
of this comnfittee a number  of centr i fugal  methods 
have been proposed and studied. The centr ifugal  
method was an obvious choice because it pernlits com- 
pact ing the soap stock, thus overcoming the effect 
of watery  or sloppy foots, and results in efficient 
draining of the clear oil. The first proposal of a lab- 
oratory centr i fugal  nlelho(1 was that  presente(l by the 
Swift  and Company Research Laboratories  (1). They 
reported tile use of a centr ifuge in refiniug tests as 
an aid in obtaining quicker and bet ter  separation 
of the loots. Refinings were made in accordance wilh 
the tentat ive cup method. A portion of the oil-foots 
mixture  was then poured into a pear-shaped con- 
tainer  and the container swirled in t h e  centrifuge 
to settle and cornl)act t h e  foots. The clear oil was 
drained and weighed. The repor t  of the Refining 
Committee 1941-1942 (2) covered a eomplete s tudy 
of a modifi(,ation of the suggested method. Much of 
this work was (lone by the Regional Soybean Lab- 
oratory which recommended the use of 30 ~ B6 alkali 
in five times the theoretical amount  necessary to neu- 
tralize the free fa t ty  acid. The high Baume lye was 
considered necessary to avoid water  ill thc oil to 
even a greater  extent than  when grav i ty  settling was 
used. Refining was done in the bronze centrifugal  
trunion cups using the regular  refining bath  appa-  

* P r e s e n t e d  a t  22nd fall me:ring,  American Oil Chemists'  Society, 
New York City. Nov. 15-17, 1948, 

ratus. S t i r re r  blades were cut to permit  insertion 
into the cups and a wooden yoke fashioned to secure, 
the cups in place. The oil was freed f rom the foots 
by ecntr i fugat ion at 2,800 R.P.M. in an Internat ional  
Centr i fuge size 1, Type  SB. 

This method was tested on six solvent extracted 
oils at tile Regional Soybean Labora tory  and two 
of these oils (No. 3 and No. 4) sent out as collabora- 
tive samples to six iudependent  laboratories.  Their  
results arc tabula ted  in the commil tce 's  report.  Con- 
elusions drawn from the collaborative work are sum- 
marized as follows: " Inspec t ion  of the results reveals 
that neither of the samples tested caused the type of 
difficulty oflen eneountered with the A.O.C.S. method 
with soh'ent  extracled oils. For  this reason they can- 
not be eonsidered ~he most stringerit test of the 
method as fa r  as overcoming the difficulties of soft 
or sloppy foots. (In sample No. 3 only three out of 
six laboratories checked well by  the centr ifugal  
method while all six agreed when the A.O.C.S. method 
was used. On sample No. 4 four  out of six agreed 
well by the centr i fuge method and with the, A.O.C.S. 
method four  out of six agreed wel l :"  Conclusions 
in the repor t  were:  "These  reslllts cer tainly do not 
constitute any ovcrwhehning argument in favor 
of' the centrifuge metho(l. IIowever, consideration 
.,;houI(l be given to the fact that tim A.O.C.S. method 
is famil iar  an(l more slandardi; 'ed while the proposed 
melhod was beii~g carried out for  the first time with 
improvised equiplnent and unavoidable variations in 
cups and cen t r i fug ing . "  

The report  of tile Refining Committee (3) for 1942- 
19-.t.'/ gives Ill(, results up to that  date on work out- 
lined at the previous meeting held April  24, 1940, 
at the Regional Soybean Products  Laboratory.  The 
report  presents data on the refining of 12 oils by  
hoth the centrifl~gal and A.O.C.S. official methods. 
The stateInent is made that  the centr i fugal  method 
has given firm foots for  all oils and offers a sure 
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means for evaluating an oil when the present official 
method fails. Data were also presented showing the 
effect of varying the amounts of alkali used in the 
refinings. Refining loss was found to increase with 
increase of alkali. Weaker alkalies gave lower refin- 
ing losses than the equivalent amount of higher 
strength alkali. 

In a later report  (4) additional results were pre- 
sented for the refining of four  samples of clarified 
extracted, three extracted, eight expeller, and three 
hydraulic .pressed soybean oils, by both the official 
method and centrifugal  method. The committee was 
in  agreement tha t :  1. The centrifuge method was 
quicker and always gave compact loots when recom- 
mended conditions were followed. 2. The centrifuge 
method losses were in general, similar to the lower 
losses o b t a i n e d  by the present official method. 3. 
The centrifuge method gives higher bleached colors 
with the 30~ alkali. Lower strength alkalies give 
bleached values similar to those obtained by the cup 
method. The at t i tude of the committee apparent ly  
changed during the following year  as the report  of 
the minutes of the October 5, 1943, meeting (5) con- 
tains the recommendation that  " d u e  to the difficulty 
encountered in obtaining equipment and to the dis- 
advantages that  showed up in the experimental  work 
so far  carried out, it was decided that the centrifugal  
method as presently constituted be d ropped . "  Inter- 
est was expressed as to the possibility of getting a 
design for a centrifuge that would give laboratory 
results equivalent to those of the plant machines. 

A subcommittee was appointed to contact a manu- 
fac turer  in an effort to develop a satisfactorily de- 
signed centr ifugal  laboratory unit  and an analytical 
procedure that  would give reproducible results on all 
types of alkali refined oils. This subcommittee con- 
tacted the Sharples Corporation and later received 
a method and details of a centrifuge which had been 
built  for special test work. Details of the design and 
method are given in the Report  of the Refining Com- 
mittee 1944-45 (6). The Sharples Centr ifuge was 
said to permit  greater centr ifugal  force at the tips 
of the pear-shaped containers used as reaction flasks. 
It was assumed from a comparison of laboratory re- 
sults, using this and the A.O.C.S. method, that  the 
centrifugal  laboratory method will more closely ap- 
proach the results of plant refining. The type of oil 
had much less influence on the losses obtained with 
the analytical centrifuge than with the modified cup 
method. 

in  applying the suggested centr ifugal  procedure to 
the refining of laboratory samples of extracted soy- 
bean oils, certain changes in the equipment were 
made in this laboratory which facilitated the han- 
dling of the oil and which appeared to give uniform 
and reliable results. The procedure outlined below 
appears to fulfill the need for a rapid, accurate, and 
simple refining method for the evaluation of soybean 
oils. The results obtained in routine laboratory in- 
vestigations are submitted in the nature  of a progress 
report  in order  to illustrate the applicabili ty of the 
method in the separation of neutral  oil from the 
compacted soap stock. No at tempt  has been made in 
this prel iminary work to correlate bleach color with 
refining loss. In all cases the refined oils were light 
in color and appeared satisfactory for fu r the r  pro- 
cessing. An Internat ional  Centrifuge Size 1-SB, 
equipped with Internat ional  t tead, Cat. No. 277 and 

two bronze tunion cups, is used in the following pro- 
cedure for the separation of the oil and soap stock. 

Procedure 
Two hundred grams of oil are weighed into each 

of two pressed glass centrifuge cups (250 ml. capac- 
i ty) .  The cups are supported for weighing in tared 
400 ml. beakers which are marked to identify them 
with the respective cups in all subsequent weighings. 
Cups containing oil are set in strap iron cages and 
then placed in a water bath at 68-75~ The oil is 
s t irred by means of air stirrers equipped with figure 
8 propellors (1/2 x 11/4"). Twenty or 24~ alkali solu- 
tion, equal to the amount  required to neutralize the 
free fa t ty  acid in the oil plus 1{)0% excess, is weighed 
into tared 25 ml. beakers. (An allowance of 0.04 
grams of caustic solution usually compensates for 
the sohItion which does not drain from the beaker.) 
The caustic is quickly added to the rapidly stirred 
oil. St i rr ing is continued at moderate speed for 30 
minutes. At the end of this period the centrifuge 
cup, stand, and st irr ing assembly arc t ransferred to 
a second bath which is maintained at 145'-152~ The 
oil and foots are st irred slowly for 20-30 minutes to 
coagulate the soap stock. At the end of this period 
the stirrers are raised, excess oil and other material 
removed from the blades and replaced in the glass 
cups. The glass cups are placed in the bronze trunion 
cups of the centrifuge. The oil and loots are cen- 
t r i fuged in an Internat ional  Centrifuge for 30 min- 
utes at 2,500-3,000 R.P.M. The cups are reweighed 
to determine evaporation loss and the oil decanted 
into the matching tared beaker. The cups are in- 
verted on a wooden draining rack and allowed to 
drain for at least 30 minutes into their respective 
beakers. Adhering oil is scraped from the sides of 
the cups by means of small spatula and t ransferred 
to the beaker containing the drained oil. Calculation 
of refining loss is made by the two usual methods, 
a) difference between weight of crude and weight of 
refined oils, b) weight of soap stock plus evaporation 
loss minus weight of NaOIt  sohition. Both calcula- 
tions are generally made and the average result ex- 
pressed as the refining loss. F igure  A. shows the 

FIG. A. Equipment used in the Refining Operation. 

equipment used and the oil at various stages of the 
refining operation. The draining of the finished oil 
on the left illustrates the compactness of the " f o o t s "  
and the ease and efficiency of the removal of neutral  
oil. Duncan (8),  in a recent publication which came 
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to the author's  attention during the preparation of 
this manuscript,  has also used the glass centrifuge 
cups in the refining of trichlorethylene extracted oils. 

Discussion 
The results reported herein are those which have 

been obtained during the past several years on the 
refining of various laboratory samples. Data pre- 
sented in Table [ were Oll extracted degummed soy- 
bean oils of free fatty  acid content from 0.15 to 
0.45%. Similar data are presented in Table 2 on 

T A B L E  I 

Ref in ing  Loss  of  I )egumraed  Soybean  Oils* 

N u m b e r  of 
D e t e r m i n a t i o n s  

l 0  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F . ~ A .  

0 . 1 5  
0 . 1 9  
0 . 2 5  
0 . 2 7  
0 . 2 9  
0 . 3 0  
0 . 4 5  

Ref in ing  Loss  i 
S t a n d a r d  

A v e r a g e  R D e v i a t i o n  % ~v n g e  

0 . 8 1  0 . - - ~ 0  - 0 . 1 1 9  
0 . 9 4  0 . 5 3  0 . 1 0 1  
1 . 2 2  0 4 6  I 0 . 1 3 3  
1 . 3 7  0 . 2 3  0 . 0 8 2  
1 . 4 2  0 . 0 9  I 0 . 0 2 8  
1 . 4 6  0 . 1 5  I 0 . 0 4 8  
1 . 7 3  I 0 , 2 6  [ 0 . 0 8 6  

G r a n d  Ave] age  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 , 3 0  

* 1 0 0 ' %  excess  2 0 ~  Caust ic .  

0 . 0 8 5  

T A B L E  2 

Refinin Loss  of U n d e g u m m e d  S o y b e a n  Oil * 

__ Ref in ing  Loss  
N u m b e r  of F . F . A .  

I ) e t e : m i n a t i o n s  % A v e r a g e  [ R a n g e  

% J % 

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 6 3  0 . 1 8  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '2 91 0 , 0 3  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 4  [ 2 . 8 1  0 , 3 4  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 5  I 3 . 0 9  0 . 1 5  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 7  3 . 1 2  0 . 2 8  

S t a n d a r d  
D e v i a t i o n  

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

G a n d  A x e ~ a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 1 9  0 . 0 7 6  

* 1 0 0 %  exces s  2 0 ~  Caust ic .  

the refining of un(legummed extracted oil of free 
fatty acid contents from 0.43 to 0.57%. 

Twenty  degree Baum6 alkali in 100% excess was 
used in the above refinings. Refining loss showed a 
progressive rise with increase in free fat ty  acid con- 
tent of the crude oils. The toots in all cases were 
solid, affording ready removal of the clear refined 
oil by decantation. No remelts were considered neces- 
sary. Standard deviation for the refining of the de- 
gummed oils ranged from 0.028 to 0.133 with a grand 
average value of 0.085. Standard deviation for refin- 
ing of the undegummed oils ranged from 0.020 to 
0.140 with a grand average value of 0.076. While 
no correlation can be made between the refining 
losses of the degummed and undegummed oils, it is 
apparent that " b r e a k "  materials in the latter oils 
contribute material ly to the higher losses. 

T A B L E  3 

Effect  of V a r y i n g  E x c e s s  Caust ic  on the  Re f in ing  Loss  of 
S o y b e a n  Oil * 

R.cfining L o s s  
N u m b e r  of 

I ) e t e r m i n a t i o n s  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* F . P . A .  0 . 2 4 % .  
**  8 . 6 %  Custie .  

Excess O v e r  
T h e o r y * *  

% 

100 
7 5  
5O 
2 5  
1 5  
1 0  
5 
1 

Average R a n g e  % % 
0 . 6 7  .01 
0 . 6 1  . 0 5  
0 . 5 7  . 0 8  
0 . 4 9  .03  
0 . 4 5  . 0 6  
0 . 4 4  .03  
0 . 4 2  . 0 2  

I 0 . 4 2  0 

S t a n d a r d  
D e v i a t i o n  

0 . 0 0 7  
0 . 0 4 6  
0 . 3 7  
0 . 0 1 0  
0 . 0 2 5  
0 . 0 1 2  
0 . 0 1 0  
0 

Data presented in Table 3 and i l lustrated graph- 
ically in Figure  1 give the results of  re fn ing  a de- 
gummed oil ( F . F . A . - - . 2 4 % ) ,  using 8.6% alkali in 
excesses of from 1-100%. Table 4 and Figure 2 give 

T A B L E  4 

Effect  of V a r y i n g  E x c e s s  Caust ic  on the Ref in ing  Lo~s of  
S o y b e a n  Oil * 

Ref in ing  Loss  
N u m b e r  of E x c e s s  O v e r  

D e t e r m i n a t i o n s  T b  ~ o r y *  * % 

4 ........................ ; ..... 1 0 0  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4.Z ............. : : :  ....... 
6 . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 5  
5 0  
2 5  
15  
10  

5 
1 

* F . F . A .  0 . 2 4 % .  
**  1 3 . 0 %  Caust ic .  

Average 
% 

0.80 
0 . 6 7  
0 . 6 5  
0 . 5 7  
0 . 5 2  
0 . 4 6  
0 . 4 1  
0 . 4 3  

S t a n d a r d  
R a n g e  Dev ia t ion  % 

o.o9 0.092 
0 . 1 0  0 . 0 3 0  
0 . 1 6  0 . 1 8 0  
0.20 0 . 0 7 8  
0.21 0.082 
0 . 0 8  0 . 0 3 3  
0 . 0 1  0 . 0 0 2  
0 . 0 8  0 . 0 4 0  

similar data on the refining of the same oil using 13% 
alkali. Samples were run in pairs. The individual 
results as well as averages of  duplicates by both 
methods of calculation are in good agreement. Pro- 
gressive increase in refining loss is noted as percent 
excess of caustic is increased. No trouble was en- 
countered in draining the oil from the compact toots. 
Table 5 shows the comparison of refining loss of sev- 

T A B L E  5 

Compar i son  of  Re f in ing  Loss  by  C e n t r i f u g e  and  Official Methods  

Ref in ing  Loss  
A l k n l i *  

Oil F . F . A .  OB6 

1.  0 . 2 8  
2. 0 . 3 5  
3.  0 . 3 6  

0 . 3 6  
4.  , 0 . 3 7  

2 4  
3 0  
2 0  
2 4  
2 4  

C e n t r i f u g e  Official % % 
1 . 7 2  3 .3  
1 . 0 6  3 .1  
1 . 2 1  3 . 4  
1 . 4 2  i 3 . 4  
1.67  I 2 .1  

* 1 0 0 %  excess .  

i= 
oo 75 so zs ,5 ,o 

EXCESS CAUSTIC SODA OVER THEORY (%) 

Flm 1. Refining of soybean oil with 8.6% caustic soda. 

~joo ~5 5o :!5 15 lb 
EXCESS CAUST!C SODA OVER THEORY ('/,J 

F i e .  2 .  R e f i n i n g  o f  s o y b e a n  o i l  w i t h  1 3 %  c a u s t i c  s o d a .  
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eral oils by  the labora tory  centr i fuge method and tile 
Official Method (Commercial  Labora to ry ) .  In  all 
cases the losses are considerably lower by  the centrif- 
ugal method. 

Summary 
A centr i fugal  method is presented for  the deter- 

ruination of retining loss of extracted soybean oils, 
entail ing modifications of a procedure first introduced 
by the Swift  and Company Research Laboratories  
and later  in,proved by  the Regional Soybean Labora-  

tory. The method using glass cups in the In terna-  
tional Centrifuge permits  speed and accuracy in the 
laboratory  refining of extracted soybean oils. 

B I B L I ( / G R A P  ttY 

Reports  of the Refining' Committee: 
(1) Oil and Soap, 18, 2U8-214 (1941) .  
(2) (lit and  Soap, 19. 160-163 (1952) .  
(;I) Oil and  Soap, g0, 179-183 (1943) .  
(4) Oil and Soap, '20, 183-189 (1943) .  
(5) Oil and Soap, 21, 123-126 (1944) .  
(6)  Oil and  Soap, '22, 156-159 (1945) .  
(7) Oil and Soap, '23, 252-254 (1946) .  
(8) Duncan,  I. ,l., J.  Amer. Oil Chem., 25, 277-278 (1948) .  

.Tangerine Seed Oil' 
LYLE JAMES SWIFT, U. S. Citrus Products Station, 2 Winter Haven, Florida 

A K N O W L E D G E  of tile chemical and physical 
propert ies  of citrus seed oils is of importance for  
two pract ical  reasons. One of these, of course, 

is concerned with the possible colmnercial uses of the 
oils when they are recovered ill quant i ty  as by-prod- 
ucts of the canning industry.  The other, and less 
obvious, reason is due to the possibility tha t  the 
storage life of canned citrus juices is affected by  the 
small amounts of the seed oils that  get into them 
during the extraction process. Some evidence in sup- 
port  of this possibility was obtained by Nolte and 
yon Loesceke (1) who showed that  the lipids from 
orange juice that  had deteriorated on storage gave 
positive tests for rancidi ty  while those f rom fresh 
juice did not. Their  work did not exclude the possi- 
bili ty that  the lipids were oxidized preferent ia l ly  
while serving as antioxidants.  Fur thermore ,  it dealt 
with the whole lipid fract ion of the juice, only a 
par t  of which was derived f rom seeds. Nevertheless, 
as par t  of an investigation of citrus juie, e lipids, a 
fa ir ly  detailed analysis of a seed oil seemed war- 
ranted and- the  results are reported below. Tanger-  
ine seed oil was chosen because no work on it had 
come to the au thor ' s  at tention and beeause, with the 
analysis of it in hand, ally marked differences in its 
propert ies  and composition from those obtained by  
other workers on other ci trus seed oils would be ap- 
parent .  The storage life of eamwd tangerine juice 
was known to be shorter  than that  of either canned 
orange or g rapef ru i t  juices, and this fact was thmlght 
to lend special significance to any differences found 
in the oils which might  furnish an explanation of 
the different kecping qualities of the jui(:es and the 
nature  of the, deterioration. 

Exper imenta l  
Seeds of the Daney tangerine (Citrus ,nobilis var. 

deliciosa) were obtained direct ly f rom the finisher at 
a cannery in Flor ida  dur ing the 1947-48 season. Most 
of the pulp was eliminated by  s t i r r ing with large vol- 
umes of water  and decanting, The seeds were then 
air-dried by  spreadiug on a floor ill front  of a fan. 
Af te r  hand-sortil lg ~o remove broken seeds and frag- 
ments of pulp,  the weight was 7.7 kg. The seeds 
were ground in a hammer  mill and tl~e:~ in a fo~':t 
chopper.  A small an, ount cf oil ( referred to in Ta- 
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ble V as " ( 'o ld-presscd"  oil) was obtained as the 
seeds were passed through the food chopper and was 
t reated separately ill det(;rmining the chemical and 
physical properties.  The bulk of the oil was obtained 
by  extract ing tile ground seeds with acetone and then 
regr inding and re-extracting. A final extraction of 
the ground seeds was made with petroleum ether. 
The acetone extracts  were evaporated and the petro- 
leum ether extract  was added and all of the solvent 
was evaporated by heating in vacuum. The entire 
yieht on the basis of tile air-dried seeds was 26.6%. 
The chemical and physical propert ies  of the oils are 
given in Table V, s tandard  methods of analysis being 
used throughout.  In the determinat ion of all thiocy- 
anogen values the recommendations of Lambou and 
I)ollear (2, 3) were followe(l closely. 

To obtain tile free fa t ty  acids, 300 g. of the solvent- 
extracted oil were refluxed for  six hours with 1,500 
ml. of 95% ethanol and 180 g. of potassium hydrox- 
ide. After  distilling off about  half  of the ethanol and 
diluting the remaining mixture  with 1.5 volumes of 
water, tile unsaponifiable mat te r  was removed by ex- 
t ract ing for 67 hours ill a continuous liquid-liquid 
extractor  with 30~ ~ petroleum ether. The extract  
was washed thoroughly with potassium h y d r o x i d e  
solution and water,  dried over anhydrous sodium 
sulfate, and set aside for possible later" examination. 
Tile washings were added to the main solution of 
f a t ty  acids soaps which was then acidified with di- 
hlte (1 if- 3) snlfuric acid and again t h o r o u g h l y  
extracted with 1)etrolemn ether using separatory fun- 
nels. The extract  was washed with water, dried over 
anhydrous  sodium sulfate, filtered into a tlask, and 
the solvent distilh'd off under  vacuum. A water  ba th  
was used as the source of heat throughout and nitro- 
gen gas was bled into the system to prevent  bump-  
ing. The y M d  of acids was 287 g., or 95.6%. 

No at tempt  was nmde to separate  tile fa t ty  acids 
into saturated and unsatura ted  fractions before es- 
terification, the wri ter  p re fe r r ing  to make sa tura ted  
acid determinations on thc individual ester fractions 
af ter  distillalion. The esteriiication was carried out 
by refluxing 255 g. of the mixed acids with 1 liter 
of absolute met!mnol and 9 ml. of concentrated sul- 
furic acid for five hours. The excess methanol was 
distilled off and the mixture  of esters was dissolved 
by  elhyl ether, washed with water, 10(7; sodium car- 
bonate solution, and again thoroughly with water  
a f te r  which it was (h'icd with sodium sulfate and the 


