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C OUNTERCUI~RENT fu r fu ra l  extraction of soy- 
bean oil has been in commercial operation for 
some time for producing both a paint  oil and 

an edible oil f ract ion (1). However no organoleptic 
or stabili ty evaluations of the various oil fractions 
produced in the liquid-liquid extraction of soybean 
oil have been published. 

Evaluations of the refined fract ionated oils pro- 
duced in the pilot-plant fu r fu ra l  extraction column 
in our l a b o r a t o r y  are presented, and methods for 
improving the oxidative and flavor stability of the 
raffinate, or edible oil fraction, are described. 

E x p e r i m e n t a l  Procedure  

The crude degummed soybean oil used in these 
studies was fract ionated in the pilot plant liquid- 
liquid extraction column. This eolmnn is 47 feet high 
and 2.4 inches in diameter. The fu r fu ra l  feed is at 
the top, the oil feed at the middle. The heptane for 
the reflux feed (b.p. 88-98~ is introduced at the 
bottom of the column. 

Following fractionation, the solvents were str ipped 
from the samples, and the samples then given identi- 
cal refining procedures. The first of these was the 
degumming step with 10% water at 65~ for 1 hour, 
followed by  centrifuging. The second step was alkali 
refining with 12~ alkali (0.1% excess sodium hy- 
droxide) and a second centrifuging. The th i rd  step, 
bleaching, was done at  97~ for one-half hour with 
4% of a bleach mix consisting of 15 parts  of Ful le r ' s  
earth and one par t  of Darco G-60. The physical and 
chemical analyses of a typical ly fract ionated oil are 
given in Table I. 

Deodorizations were made under  identical condi- 
tions in our all-glass laboratory deodorizer (3).  They 
were conducted for  3 hours at 210~ under  a pres- 

i Presen ted  a t  fal l  m e e t i n g  of American Oil Chemists '  Society, October 
31, November  1, and  2, 1949, in  Chicago, IlL 

O n e  of  the  laborator ies  of the B u r e a u  of Agr i cu l t u r a l  and I n d u s t r i a l  
Chemistry,  Agr i cu l t u r a l  Research  Adminis t ra t ion ,  U.  S. Depa r tmen t  of 
Agricu l tu re .  

T A B L E  I 

Chemical and  Phys ica l  Constants  of F u r f u r a l - F r a c t i o n a t e d  and 
Refined Soybean Oil 

Or ig ina l  
Unfrac t ion-  Ex t rac t  Raff inate  

ated Oil 163A 162A 
161A 

% Fraetionation ........................... 
l o d i n e  number  (Wij  s) .................. 

Lino len ic  Ac id  % ...................... 
Linoleic  Acid % ........................ 

% Free  Fa t ty  Acid, crude ............. 
A.O.IVL (8 hours )  ......................... 
% Ash (refined samples)  .............. 
% Phosphomls  

Crude  degummed sample .......... 
Ref ined  sample .......................... 

Lov ibond  red ................................. 
Lov ibond  yellow ............................ 
Tocopherol  (rag. per  kg.)  .............. 

135.4 
8.2 

55.6 
0.31 

17.6 
0.0002 

0.014 
0.0004 
4.89 

35 
2124 

62 
151.5 

11.2 
62.8 

0.18 
20.9 

0.0005 

0.0007 
0.0002 
1.93 

15 
2020 

38 
103.0 

3.0 
43.3 

0.20 
97.0 

0.0007 

0.013 
0.0004 
3.26 

20 
225 

sure of approximately 1.0 ram. Hg and with a steam 
rate of 1% per hour. When stabilizers were added 
to the oil, the addition was made pr ior  to deodoriza- 
tion. The stability of these samples was evaluated in 
accordance with the organoleptic testing procedure 
previously described (4). The amount of oil retained 
from any single pi lot -plant  f r a c t i o n a t i o n  was later  
found insufficient for  the several taste panel evalua- 
tions; consequently a number  of different lots of oil 
were used in making these studies. 

E x p e r i m e n t a l  Resul t s  

Raffinate fractions with iodine values of 105 to 110, 
and a linolenie acid content which varied from 2.1 
to 3.2% were used in these evaluations. The differ- 
ent evaluations are in essential agreement with each 
other, and it is believed that  these small differences 
in composition were not sufficient as variables to 
influence the results. The concentration effects of 
linolenic acid and the flavor responses as recorded 

T A B L E  II 

Flavor  and Oxidat ive  S tab i l i ty  of FurfuraI-F~ 'act lonated 
Soybean Oil 

Unf r ac t i ona t ed  Raffinate Ex t rac t  Significan~ 
Oil 162A 163 A Difference ~ 

161A 

F l a v o r  Score a t  0 Time 

8.4 (0.31)  ~ 8.7 (0 .26)  8.6 (0 .45)  + 

After  6 Days '  S torage  a t  60~  

5.2 (2 ,68)  5.5 (8,89)  -~- 
6.2 (2.40) 5.7 (2.39)  + 

5.4 (s.sa) 5.0 (~.~4) + 
:Peroxide Values  (A.O.M. C o n d i t i o n s ~ 8  hours)  

12.5 82.9 13.6 

1 + No s igni f icant  difference. 
* Signif icant  difference (5% level ) .  

** High ly  s igni f icant  difference (1% level) .  
2 Peroxide  valt~e a~ ~ime of e rgano lep t i e  evMua?;ions, shown in  paren-  

theses. 
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by  taste-panel results will not be discussed in this 
paper. A forthcoming paper  based on the role of 
linolenie acid in flavor stabili ty will present  fu r the r  
data with detailed discussion. 

In the first experiment the oxidative and flavor 
stability of the raffinate and extract  samples were 
compared along with a control sample of the original 
unfraet ionated oil. The results listed in Table I I  
show that  the raffinate has the lowest oxidative sta- 
bility, but  the taste panel could not detect any dif- 
ference in flavor stability. A s tudy of the flavor 
descriptions of the stored samples did show some 
interesting and significant results. Of special notice 
is the relatively high response of painty, grassy, and 
melony flavors in both the extract  sample and the 
original unfract ionated oil while the raffinate re- 
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sponses were largely rancid. A repeat  experiment 
confirmed the results of the first experiment. Again 
the flavor responses for  the extract  fract ion and the 
original unfract ionated oil were typical  off-flavors of 
aged soybean oil whereas the rafti~ate sample devel- 
oped rancidity. The relatively low oxidative stabil- 
i ty of the raffinate was a bit surprising at first, but  
this was accounted for  af ter  the determination of 
the tocopherol con ten t  by  the Emmerie-Engel  pro- 
cedure. The results, listed in Table I, indicate tha t  
the tocopherols are concentrated largely in the ex- 
t ract  sample although the total amount  recovered in 
the oil fractions was only 63% of that  present in 
the original oil. This difference can be explained 
either as a loss f rom oxidation or as a loss to the 
b y - p r o d u c t  fract ion (obtained as a result  of back 
washing the extract  solution). 

Satisfactory stabilization of the raffinate appears 
to be t he  principal problem for  successful utiliza- 
tion of this fract ion as an edible oil. The stabilizing 
action of p h o s p h a t i d e s  has been known for  some 
time (5).  I t  has been suggested recently that  the 
improved stability afforded by  them, in part ,  is due 
to the metal scavenging effect of the fat-soluble phos- 
phoric acid (6, 7, 8, 9). Hence an experiment was 
undertaken in which 0.02% of soybean phosphatides 
was added to a rafilnate sample. The phosphatides 
were prepared  from a crude solvent-extracted soy- 
bean oil. The oil was steamed and the hydra ted  
phosphatides dissolved in ether. The ether was par- 
tially evaporated, and the phosphatides precipitated 
with acetone. In  one experiment 0.02% of phospha- 
tides was added to a rafflnate fraction, and this sam- 
ple was compared with an untrea ted  extract  fract ion 
and with a sample of the original unf rac t iona ted  oil. 
I t  is apparen t  that  the flavor score of the t reated 
raffinate was significantly higher than that  of either 
the original oil or the extract, as shown in Table I I I .  
Other eva lua t ions  of phosphat ide- t reated raffinates 
are shown in Tables IV, VI, and VII.  Perhaps the 
most significant information lies in the flavor analy- 
ses of the stored samples. The raffinate sample was 
again relatively free of the soybean off-flavors which 
characterized the original oil and the extract  sample. 
Listed at the bottom of the table are the peroxide 
values (10) of the samples af ter  being held under  
the conditions of the Active Oxygen Method for 8 
hours. I t  is essential with this method, of course, 
that  the oils under  test be in the autoxidation phase 
at 8 hours so that the peroxide values will be indica- 
tive of the relative rate of oxidation. 

TABLE I I I  

Effect of Phosphatides Upon the Stabilization of the Raffinate 1 

Original I~affinat~ 
Unfractionated Extract  -{- 0.02% Significant 

Oil 179A Phosphatides Difference 
178A 180A 

Flavor Score at 0 Time 

6.7 (0.24) 6.9 (0.29) 7.2 (0.68) -~ 

After 5 Days'  Storage at 60~ 

5.7 (4.47) 6.0 (3,63) -~- 
5.2 (4.78) 7.5 (1.06) ** 

5.6 (2.97) 7.3 (0.80) ** 

Peroxide Values (A. 0 .M. Conditions--8 Hours)  

4.5 6.0 11.3 

1 For explanation of symbols, see Table I I .  

TABLE IV 

Effect of Phos!~hatides Upon the Stabilization of the Raffinato 
and the Original Unfractionated Oil 1 

Original 
Raffinate Unfraction- Original Signifi- 
~- 0.02% ~86A ated Oil Unfraction- cant  
Phospha- Raffinate + 0.02% ated Oil Differ- 

tides Phospha- 187A enee 
tides 

Flavor Score at 0 Time 

8.7 (0.07) 8.4 (0.05) 8.7 (0.05) 8.6 (0.01) -~ 

After 4 n ay s '  Sforage at  60~ 

6.9 (0.88) 5.8 (3.66) * 
6.6 (0.87) 6.6 (1.20) 

5.9 (3.77) 7.4 (0.70) 
6.6 (0.84) 6.9 (0.70) + 

6.2 (3.63) 6.5 (1.01) -J- 
7.5 (0.70) 6.8 (1.07) + 

Peroxide Valnes (A.O.]ff. Conditions--8 ~Iours) 

13.1 35.3 1.7 15.0 

1 For  expIanation of symbols, see Table I I .  

A fur the r  s tudy was made to determine the effect 
of the addition of phosphatides to the original oil 
and also to the raffinate sample. The oxidative data 
in Table IV show that  the addition of phosphatides 
improves both the original oil and the raffinate. The 
flavor data show a significant difference between the 
raffinate sample and the rafflnate sample to which 
phosphatides had been added. A highly significant 
difference was .found between the unt rea ted  raffinatc 
and the phosphatide-treated original oil. Although 

TABLE V 

Effect of Citric Acid and a-Tacopherol Upon the Stabilization 
of the Raffinatel 

a-Toco- I Signifi- 
0.01v~ 0.01v~ pherol + 186B cant 
a-Toco- Citric Citric I Control Differ- 
pherol Acid Acid I I once 

tPlavor Score at 0 Time 

8.6 (0.15) 8.9 (0.03) 9.1 (0.16) 9.1 (0.13) ~- 

After 32/3 Days' Storage at 60~ 

7.7 (3.71) 8.0 (0.89) ~ -  
7.1 (3.80) 6.4 (3.92) -~- 

7.2 (1.00) 7,8 (1.45) + 
7.3 (3.63) 7,8 (1.26) ~- 

7.7 (0,81) 5.5 (3.84) ** 
7,9 (1.26) 6.1 (3.99) ** 

Peroxide Value (A:O.M. Conditions--8 Hours)  

12.1 20.8 7.2 37.3 

1 For e~planation o~ symbols, see Table I I .  

an organoleptic improvement was noted in these sam- 
pies, no significant difference was observed between 
the original oil and the original oil containing added 
phosphatides. 

Tile effect of the additions of citric acid and of 
~-tocopherol was also studied in conjunction with the 
addition of phosphatides. The first combination of 
four  samples prepared was: a) 0.01% a-tocopherol, 
b) 0.01% citric acid, c) 0.01% a - t o c o p h e r o l  plus 
0.01% citric acid, and d) control sample. The a-toco- 
pherol was obtained from the E a s t m a n  Kodak Com- 
pany2 The additions were made, as usual, pr ior  to 
deodorization. The oxidative data listed in Table V 
illustrate the effect of citric acid and a-tocopherol 
upon the stability of the raffinate fraction. F lavor  
evaluation showed highly significant differences be- 
tween the citric acid sample and the control, and 

a The name of the company is furnls~ed for your  convenience and 
does not imply the Department 's  endorsement of its product. 
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TABLE Vs 

Effect  of Citric Acid and Phosphatides Upon the Stabilization 
of the Raflinate 1 

0.02% 
Phospha- Signifi- 

0.02% 0.01% tides -~- 219A cant 
Phosp,ha- Citric 0.01% Control Differ- 

tides Acid Citric enee 
Acid 

Flavor Score at  0 Time 

8.9 (0.15) 9.1 (0.35) 8.8 (0.35) 8.8 (0.35) -~- 

After 3 ~  Days' Storage at 60~ 

6.5 (1.1O) 7.6 (0.96) + 
7.3 (0.45) 7.3 (2.48) + 

7.9 (0.68) 7.0 (0.91) + 
7.3 (0.86) 7.3 (0.91) + 

8.1 (0.76) 7.3 (2.18) + 
7.3 (0.66) 7.1 (2.05) + 

Peroxide Values (A. O. M. Conditions--8 Hours)  

12.3 13.5 12.2 20.2 

1 For  explanat ion of symbols, see Table I I .  

between the combined citric acid a-tocopherol sam- 
ple and the control, but  no difference between the 
a-tocopherol sample and the control. The second com- 
binat ion studied was tha t  of citric acid and phos- 
phatides. The same procedure was followed as in the 
preceding experiment  except tha t  0.02% of phospha- 
tides and 0.01% citric acid were added. F rom the 
data of Table VI  no synergism is apparent .  How- 
ever the combination of phosphatides and a-tocophe- 
rol did have a synergistic effect as shown by  the 
oxidative data in Table VI I .  

Ash, Phosphorus, and Trace Metal Content 
The effect of trace metals upon the stabil i ty of 

vegetable oils has been recognized for some time, but  
very  little data  have been presented on the concen- 
t ra t ion of various metals in refined oils. One diffi- 
culty has been the lack of a reliable method for  the 
determinat ion of trace elements. However  the recent 
development of an improved spectrographic method 
for  the analysis has made it possible to s tudy the 
metal  content in relation to stabili ty.  Present  experi- 
ments indicate that  a rough correlation exists. The 
ash, phosphorus, iron, and copper content of some fur-  
fura l - f rac t ionated  oils have been determined. F r o m  
the data of Table V I I I  it may  be concluded that  care- 
ful  refining procedures reduce the ash content to less 
than  10 p.p.m. In  addition, the data indicate tha t  
the fract ionat ion process yields an extract  f ract ion 
relat ively free of phosphorus. The results listed for  

TABLE V I I  

Effect of Phosphatides and a-Tocopherol  Upon the Stabil ization 
of the Rafllnate 1 

a-Toco- Signifi- 
0.01% 0.02% pherol + 231~ cant  
a-Toco- Phospha- Phospha- Control Differ- 
pherol tides tides ence 

Flavor Score at 0 Time 

9.0 (0.41) 8.8 (0.35) 8.8 (0.30) 9.0 (0.35) + 

Af ter  4 Days' Storage at 60~ 

6.5 (4.73) 5.7 (3.41) -4- 
5.4 (4.51) 4.8 (7.12) ~, 

5.8 (3.27) 7.2 (2.84) 
5.7 (4.74) 6.9 (2.86) * 

6.3 (3.21) 4.3 (7.13) ** 
6.7 (2.76) 4.3 (7.21) ** 

Peroxide Values (A. 0. M. Conditions--8 Hours)  

29.9 115.6 10.8 220 

1 For explanation of symbols, see Table I I .  

the iron and copper contents are p re l iminary  and 
incomple te ,  bu t  somewhat interesting and  perhaps  
even suggestive. In  the three fract ionations examined, 
the highest concentration of copper found  in the raf-  
finate is not significant. The concentration of iron in 
the raffinate appears  equal or lower than  that  of the 
unfraet ionated oil. 

Discussion 
The fu r fu r a l  f ract ionat ion process offers samples 

with a wide range of iodine values and a correspond- 
ing var ia t ion in the amount  of linolenic acid. In  ad- 
dition, fract ions relat ively free of na tura l  pigments,  
antioxidants,  unsaponifiable constituents, b reak  ma- 
terials, and possibly trace metals are available. These 
various fract ions offer basic oils upon which numer-  
ous investigations and evaluations can be made of the 
several theories expounded to account for  flavor in- 
s tabil i ty of soybean oil. One of the earliest theories 
a t t r ibutes  reversion to linolenic acid; another  to the 
unsaponifiables; and a th i rd  to phospholipids. This 
last has also been stressed by  reports  on German proc- 
essing procedures. I t  is recognized tha t  these mate- 
rials tend to separate into the various oil fract ions 
and their  effeets on oil s tabil i ty should be propor-  
tionally increased or decreased in ratio to their  con- 
eentration. Gloyer (1, 2) has reeently discussed the 
fraet ionat ion of soybean oil and the propert ies  of its 
various fractions. He showed that  the phospholipids 
are c o n e e n t r a t e d  in the raffinate (edible) fract ion 
while the free f a t ty  acids, pigments,  tocopherols, and 
unsaponifiables are largely removed f rom the raf-  
finate. Another  fea ture  of the process is the avoid- 
ante  of the alkali refining step, which aids mater ia l ly  
in the economics of the process, and also eliminates 
a step which many  feel may  mater ia l ly  decrease the 
stabil i ty of the oil. 

Since the fract ionat ion process removes tocopherols 
to such a large extent f rom the raffinate fraetion, it 
is desirable to add back some stabilizer to the oil. 
Citric acid and phosphatides arc believed to funct ion 
in pa r t  as metal  scavengers while a-tocopherol is a 
t rue  antioxidant.  By funet ioning as metal  scavengers 
these eompounds, through removal  of the pro-oxidant  
metals, would allow the ant ioxidants  to funct ion much 
more efficiently and remain  effective over a longer 
period. This concept could account for  the observed 
synergistic and /o r  addit ive effect of both phospha- 
tides and citric acid upon a-tocopherol and  yet  ex- 
plain the lack of any  addit ive effect of a phospha- 
tide-citric acid combination. 

Perhaps  the most significant data are in the flavor 
responses of the fur fura l - f rac t iona ted  samples. The 
raffinates in general did not develop soybean off-fla- 
vors dur ing storage as did the extract  and original 
unfract ionated samples. This o b s e r v a t i o n  suggests 
the removal of the reversion agent  dur ing fractiona- 
tion. Since it is known tha t  f ract ionat ion removes 
to a large extent the tocopherols, unsaponifiables, and 
highly unsa tura ted  components f rom the oil, there is 
the indication tha t  one of these may  be responsible 
for  flavor reversion. That  the addition of a-tocopherol 
back to the rafflnate did not give rise to reverted fla- 
vors may  perhaps  eliminate a-tocopherol as the causa- 
tive agent. The present  data  are not complete enough 
to designate whether  the unsaponifiab!es or linolenic 
acid is responsible. The theory that  phosphatides are 
the agents of reversion is weakened since the phospha- 
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tides are concentrated largely in the raffinate f ract ion 
and since the addition of phosphatides back to the 
oil does not produce rever ted  flavors. 

The role of trace metals in flavor reversion is still 
not clear. The data presented here are br ief  and 
inconclusive. However  it would not b e  too surpris-  
ing to find a relat ively high metal  content in the raf-  
finate fraction. The raffinate f ract ion has been shown 
to be high in phosphorus content, and it is conceivable 
tha t  the phosphatides could car ry  metal  complexes to 
the raffinate. Dur ing the alkali refining of the raffi- 
hate it is possible that  some of the phosphatide metal  
complex is broken down and the phosphatides are re- 
moved, leaving detectable amounts  of metal  in the oil. 
I t  is believed that  the observed improvement  impar ted  
by  citric acid and phosphatides upon the raffinate is 
most easily explained as a eomplexing of trace metals. 

Summary 
Flavor  and oxidative stabilities of fur fura l - f rac t ion-  

ated soybean oils have been evaluated. The raffinate 
fract ions did not develop the off-flavors typical  of 
soybean oil as did the extract  and original oil sam- 
ples. The raffinate fract ions have a low resistance to 
oxidation, but  the addit ion of stabilizers improved the 
oxidative stabili ty.  Among the stabilizers tested were 
phosphatides, a-tocophero], and citric acid. Citric acid 
and phosphatides are believed to funct ion in pa r t  as 
metal  scavengers. 
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T A B L E  V I I I  

Ash, P h o s p h o r u s ,  I ron ,  and Copper Content of 
E u r f u r a l - F r a c t i o n a t e d  Soybean  Oils  

Sample  161 
O r i g i n a l  c rude  degummed. . .  
Raff ina te  c r u d e  .................... 
E x t r a c t  c rude  ....................... 
O r ig ina l  ref ined ................... 
R~ff inate  refined .................. 
E x t r a c t  ref ined .................... 

Sample  178 
O r i g i n a l  c rude  degummed. . .  
Rat t lna te  c r u d e  .................... 
E x t r a c t  c rude  ...................... 
Or ig ina l  ref ined ................... 
Raf i ina tc  ref ined .................. 
Raf l lna te  ref ined Jr  

0 , 0 2 %  phospha t ides  ........ 
E x t r a c t  refined.. . . . ,  .............. 

Sample  187 
O r i g i n a l  c rude  degummed. . .  
Raff ina to  c rude  .................... 
O r ig ina l  ref ined ................... 
O r ig ina l  ref ined -}- 

0 . 0 2 %  phospha t ides  ........ 
Raf l lnate  ref ined . . . . . . . . . . . . . . . . .  
Raffinate ref ined q- 

0.02 v~o phosDhatides ....... 

r Ash 

0007 
.0005 

bb~ii 

0018 
.0009 

.0340 

.1190 

.0006 

.0003 

.0010 

.0026 

.0140 . . . . . . .  

.0130 [ ........ 

.0007 I ........ I 

.0004 I .2s I ":~ 

.0004 t A6  ~ .021 

.0002 1 .41 1 .027 

0100 ' 
:o360 :::::::: 
.0006 ..... 
...... :. .17 .005 
. . . . . . . . .  14 .013 

. . . . . . . . .  15 .006 

. . . . . . . . .  17 .004 

.0110 1.40 .040 

.0340 95.50 .300 

.0003 .03 .035 
i 

.O010 .03 .051 

.0002 .02 .077 

.0011 .02 .070 

velopment  Division for  the pi lot-plant  fractionations, 
and the 16 members  of the taste panel  for  their  corn 
t inued interest  in the evaluation of soybean oil. 
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The Tannin and Related Pigments in the Red Skins 
(Testa) of Peanut Kernels 
MACK F. STANSBURY, ELSIE T. FIELD, and JOHN D. GUTHRIE, Southern Regional 
Research Laboratory, 1 New Orleans, Louisiana 

T H E  red skins (testa) represent  f rom 2.0 to 3.5% 
of peanut  kernels and contain tannin and related 
pigments  which will contr ibute  to the presence 

of undesirable color in the protein prepara t ions  made 
for  specialized uses unless the skins are removed com- 
pletely dur ing initial processing. The purpose of the 
present  communication is to repor t  the results of some 
investigations on the character  of the tannin and re- 
lated pigments.  

Kryz  (1) appears  to be the first worker to investi- 
gate the pigmentat ion in peanut  skins. He  extracted 
a reddish-brown mater ial  f rom the skins with hot 
water,  alcohol, and other solvents, and described its 
reactions with a number  of reagents. Robinson and 
l~obinson (2) reported,  on the basis of various quali- 
tat ive tests, that  the peanut  testa is rich in leuco- 

1 One  of the laboratories of the Bureau of Agricultural and I n d u s t r i a l  
Chemis t ry ,  A g r i c u l t u r a l  R e s e a r c h  A d m i n i s t r a t i o n ,  U.  S. D e p a r t m e n t  of 
Agriculture. 

anthocyanin which is convertible to cyanidin. More 
recently Tayeau and coworkers (3, 4, 5) published 
several papers  on the skin pigments,  repor t ing  the 
presence of a tannin,  a phlobaphene,  a " leueo-antho-  
cyanic chromogen,"  and a flavanone. 

Experimental 
Preliminary Investigations. Two and one-half kilo- 

grams of peanut  skins were extracted for  48 hours at 
room tempera tu re  with 25 li ters of ethanol containing 
1% of hydrochloric acid. The dark red extract  was 
filtered, the filtrate was concentrated under  reduced 
pressure to approximate ly  2 liters, and the concen- 
t ra te  was diluted with 2 volumes of water.  The re- 
sult ing precipi ta te  was removed by  eentr ifugation,  
disSolved in ethanol, and the solution diluted with 3 
volumes of diethyl ether. The precipi tate  was re- 
moved b y  filtration, washed thoroughly with ether, 
and dried in vacuo. The dark, reddish-brown product  
weighed 89 g. 


