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C U L T I V A T E D  filberts are edosely related to the 
wild hazel nut  and were brought  to the United 
States f rom Europe.  All cul t ivated varieties are 

of the speeies Corylus avellona. In this country  they 
are grown in a very  limited area which comprises the 
Willamette Valley in Oregon and smaller area around 
Vancouver in Southern Washington.  F i lber t  growing 
is a relatively new agricul tural  enterprise  and has ex- 
panded rapidly  in the past  ten years. Present  pro- 
duction is 7,000 to 8,000 tons annually,  about  85% 
from Oregon and 15% from Washington (12). 

Data  on the composition of filbert oil are few and 
not in agreement  (1, 10, 11, 13). Nunlerous reports  
on the common chemical and physical  characterist ics 
are available for  E u r o p e a n  filbert nuts, bu t  those 
whieh have been obtained in the examinat ion of do- 
mestic oils are indeed few. No investigations of the 
oils fronl Barcelona and I)u Chilly filberts f rom the 
Pacific have been nmde. These two varieties were in- 
t raduced f rom Europe in 1885 by Felix Gillette and 
now are grown commercial ly in the Pacific Northwest.  

This s tudy was under taken in the hope that  the 
data derived f rom the investigation may provide ac- 
curate information on ttle chemical colnl)osition of 
Oregou-grown filberts. 

Composition of the Fi lber t  Nut  

The samples used in this s tudy were f rom the 1946 
crop supplied by the Northwest Nut  Growers Associ- 
ation. The shells were ground into a powder with a 
Wiley mill, and the nut  kernels were ground by a 
meat  grinder.  Tlle procedures used were those listed 
as official by the Association of Official Agr icul tura l  
t?hemists Manual (2).  

The compositions of Barcelona and Du Chilly fil- 
berts  are given ill Tables I and II.  For  purposes of 
c o n l p a r i s o n ,  the eorresporlding data for  European  
filberts from the l i terature  are also incht(ted in tlie 
tables. 

Characterist ics of Fi lber t  Oil 

The filbert oil used in tllis s tudy of its character-  
istics and f a t ty  acid analyses was obtained f rom the 
ground nut  by eohl e x p r e s s i o n  with a Carver  hy- 
draulic press and by  solvent extract ion with petro- 
leunl ether (Skellysolve F) .  The characterist ics of 
the filbert oils which were determined according to 
A.O.A.C. methods and the estimation of the vi tamins 
(4) are sllown in Table l i l .  Values obtained f rom 
tile l i terature  are also included. 

* T h e  da ta  in th is  p a p e r  a r e  t a k e n  f rom a thesis  p re sen ted  by Shcng  
C h u n g  F a n g  to the F a c u l t y  of the  G r a d u a t e  School of Oregon  S ta te  
College in p a r t i a l  fu l f i l lment  of the r e q u i r e m e n t s  fo r  the deg ree  of Doc- 
tor  of Phi losophy.  

P r e s e n t e d  a t  the l l 4 t h  mee t i ng  of A m e r i c a n  Chemical  Society at  
P o r t l a n d ,  Sep tember  1948 .  

P u b l i s h e d  as Techn ica l  P a p e r  No. 569  wi th  the approva l  of t h e  
D i r e c t o r  of the Oregon A g r i c u l t u r a l  E x p e r i m e n t  S ta t ion .  Con t r i bu t i on  
of the D e p a r t m e n t  of A g r i c u l t u r a l  Chemis t ry .  
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T A B L E  I 

Chemical  ComlJositiou of Ba rce lona  and  I)u Chilly 
F i l b e r t  N u t  Shells 

E u r o p ~ n  
Ba rce lona  l )u  Chilly F i lber t  

F i lbe r t  F i l b e r t  (L i t e r a -  
t u r e )  

% % % 

7 .81  
To ta l  ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 9 9 7  
l l o t  w a t e r  insoluble  ash .. . . . . . . . . . . . . . . .  9 .416  
H o t  w a t e r  soluble  ash . . . . . . . . . . . . . . . . . . .  ' 0 .581  
A l k a l i n i t y  of insoluble ash .... . . . . . . . .  i 0 .87* 
A lka l i n i t y  of soluble ash . . . . . . . . . . . . . . .  0 .34*  
C r u d e  pro te in ,  N X 6.25 ............... l . i l 5  
E t h e r  ex t rac t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  n i l  
R e d u c i n g  s u g a r s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  I}.98 
Sucrose  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 0 .20  
S ta rch  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  nil  
P e n t o s a n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 27 .0  

I 
C r u d e  fiber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! 67 .8  

1 .297  
0 . 6 4 5  
0 . 6 5 2  
1 . 3 6 *  
0 .92*  
1 . 7 0  

nil  
1 .15  
0 .75  

n i l  
25 .3  

67 .7  

0 . 8 2 ( 9 )  

1 . 1 9 ( 9 )  

24.1,  28.4  
(6, 9)  

* The  a lka l i n i t y  of ash w~s ca lcu la ted  and  expressed  in terms of num- 
ber of ml. of normal  acid per  l o 0  gl'alnS of moi s tu re  f ree  sample. 

The F a t t y  Acids of Fi lber t  Oil 
As a 1)rcliminary step in determining the fa t ty  acid 

c o m p o s i t i o n  of filbert oil it was first necessary to 
convert  tile glycerides into fa t ty  acids, separate these 
acids into sa turated and unsa tura ted  fractions, con- 
vert each fract ion into methyl  esters, and distill these 
esters. This was a c c o n l p l i s h e d  as follows: The oil 
was saponified with alcoholic potassium hy  d re x i de. 
The soaps were extracted continuously with ether to 
remove the unsaponifiable matter .  Tlley were then 
converted into the free f a t ty  acids by warming with 
dilute sulfuric acid. When the acids were completely 
liberated, they were removed by extract ion with ether 
and dried under redueed pressure at 50~ The acids 
were then separated into " s o l i d "  and " l i q u i d "  fa t ly  
acids by  a modified T w i t e h e l l  method (6). Each 
gr(lup of acids was converted into the methyl  ester. 

The methyl  esters of the liquid f a t t y  acids of ill- 
bert  oil were distilled through a 48-iln:h glass helix 

T A B L E  I I  

Chemical  Composi t ion of Barce lona  and  Du  
F i l b e r t  Nu t  Kerne l s  

P, a rce lona  
Fi l l )er t  

. Olsture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  j 3 .43 
Tota l  ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 2.5',i 

1 

n o t  w a t e r  insoluble  ash .. . . . . . . . . . . . . . .  ' 1 .09 
t t o t  w a t e r  soluble ash .. . . . . . . . . . . . . . . . . .  1 .44 
A lka l i n i t y  of insoluble  ash .. . . . . . . . . . .  . 2 .02*  
A l k a l i n i t y  of soluble ash .. . . . . . . . . . . . . .  I 0 .78* 
Crude  p ro te in ,  N X 6.25 .. . . . . . . . . . . . .  17.1 
E t h e r  ex t r ac t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 65 .5  
R e d u c i n g  s u g a r s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sucrose  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .12  4 .79  
S ta rch  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .54  

I 
C r u d e  fiber.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 2 , : ,  

Chilly 

D u  ()hilly 
F i l b e r t  

% 
3.58  
2 .69  
1 .50  
1 .19  
1 . 9 0 *  
1 . 2 9 "  

15 .6  
63 .1  

0 .18  
5 .57 
4 . t 6  

1 .94  

E u r o p e a n  
F i l be r t  
(L i te ra -  
t u r e )  

% 

2 . 7 ( 1 3 )  

1 2 . 7 ( 1 3 )  
6 0 . 0 ( 1 3 )  

14.3 ( 13 ) 
(Carbohy-  

d r a t e )  
3 . 4 ( 1 3 )  

512 

* The  a l k a l i n i t y  of ash ,vas ca lcu la ted  and  expressed  in terms of num- 
ber  of ml. of no rma l  acid per  100  g r a m s  of m o i s t u r e  f r e e  sample.  
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T A B L E  I I [ 

P h y s i c a l  a n d  ( ' h e r o i c a l  C e n s L a n t s  of  F i l b e r t  N u t  O i l s  O b t a i n e d  by Igx ln ' e s s ion  a n d  by E x t r a c t i o n  

- .) 
~1] .~ 

I 
[ 

Spe c i f i c  g r a v i t y  2 5 ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R, e f  "ac t ive  i n d e x  2 ( )~  . . . . . . . . . . . . . . . . . . . .  
V i s c o s i t y  2 5 ~  c e n t i p e i s e .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
O v t i c a  r o t a t  on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TAter  tes t ,  ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 
I o d i n e  n u m b e r  ( H a . n u s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 
T h i o e y a n o g e n  n u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B a r c e l o n a  l ) u  ( ' h i l l ) ,  

E x p r e s s i o n  E x t r a c t i o n  E x p r e s s i o n  E x t r a c t i o n  

0 . 9 1 0 2 - 0 . 9 1 2 9 m ' ~  9 . 9 1 1 4  0 . 9 1 0 2 - 0 . 9 1 2 3  ~ 
1 . 4 6 9 4 - 1 . 4 7 0 0  ~5 1 . 4 6 9 8  1 . 4 6 9 8 - 1 . 4 7 0 2  :~ 

5 9 . 1  5 3 . 6  5 ~ . 2  
I n a c t i v e  I n a c t i v e  I n a c t i v e  

8 .5  7 .7  
9 : l . (b  96+7 z~ 95+.t ,115.2- 9 8 . 5  ~; 

7 9 . 6 7  7 9 . 5 4  7 9 . 9 3  

0 . 9  I 1 6  
1 . , 1 7 0 0  

5 3 . 9  
i n a c t i v e  

9 7 . 5  
7 9 . 9 7  

]~]11 r o p c a n  ** 

0 . 9 1 4 - ( ) . 9 1 7  ( 1 5 . 5 " C ,  ) 
1 . 4 6 9 8  

8 3 - 9 0  
8 2 . O 9  

S a p o n i f i c a t i o n  n u m b e r  . . . . . . . . . . . . . . .  + 1 8 8 . 1 - 1 9 3 . 1  ~ 
S o l u b l e  a c i d ,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ni l  
I n s o l u b l e  a c i d ,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 4 . 7 4  
S a t u r a t e d  a c  d, % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 .5  
U n s a t u r a t e d  ac id ,  e/< . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 9 . 7  
U n s a l m n i f l a b l e  m a t t e r ,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o 4 o  
F r e e  f a t t y  a e  d ( o l e i c ) ,  c/~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 1 2  
A c e t y l  v a l u e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! 6 .3  
C a r o t e n e ,  5"/1 g m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 3 2 - 0 . 4 7  ~ 
V i t a m i n  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N o n e  
H e x a b r o m i d e  t e s t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N e g a t i v e  
O e ie  a c i d  g y c e r i d e s ,  % *  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 6 . 8 3  
L i n o l e i e  a c i d  g l y c e r i d e s ,  % *  . . . . . . . . . . . . . . . . . . . . . . .  i 1 5 . 6 0  
S a t u r a t e d  a c i d  g l y c e r i d e s ,  % . . . . . . . . . . . . . . . . . . . . . . .  : 7 . 1 7  

1 8 6 . 8  

0 . 4 4  

0 . 3 2 - 0 . 4 5  e 
N o n e  

7 4 . 8 7  
1 7 . 8 5  

6 . 8 8  

I ~ ;8 .1 -194 .2  ~ 
Nil  

9 5 . 3  l 
4 .1  

9 0 . 7  
0 . 3 5  
O.10  
3 .7  

0 . 5 1 - 0 . 5 5  '~ 
N o n e  

N e g a t i v e  
7 2 . 7 2  
1 9 . 9 8  

6 . 9 5  

* C a l c u l a t e d  f r o m  i o d i n e  a n d  t h i o e y a n o g e n  v a l u e s .  **  F r o m  l i t e r a t u r e  ( 1 ,  3,  10,  11 ) .  
+~ S n l ) e r s c r i p t s  i n d i c a t e  t h e  n u m b e r  of  s a m p l e s  a n a l y z e d .  

1 8 7 . 2  

0 . 4 3  

0 . 3 4 - 0 . 5 3  ~ 
N o n e  

7 2 . 5 0  
2 0 . 2 4  

6 . 9 1  

1 8 7 - 1 9 7  

9.1.9 9 5 . 5  
4 . 9  

91 .o 
.35-o 55 

0 . 1 5  
"L2 

N e g a t i v e  
9 1 . 9 8  

"l,O0 
5 . 1 0  

pal.ked column with a part ia l  take-off dist i l l ing head. 
For  the soil(1 act(I, a smaller cohnnn was use(1. Dis- 
t i l lations were pe r fo rmed  at 2 nun. Hg.  pressure.  The 
to(line value, t l f iocyauogcn value,  and  saponification 
equivalent  determitmtions  were nmdc on each frac- 
tion. F r o m  these da ta  the f a t t y  acid coml)ositions (if 
t)oth Barcelona and l )u  Chil ly filbert oils were calcu- 
late(t. The dist i l lat ion data  are  given in Tables  IV 

a n d  V. The f a t t y  act(1 composit ion of these two oils 
are sumnmrize(l  in Table VI. The corresl)ollding data  

for European filberts from the l i t e r a t u r e  are also 
included. 

Calculations 
The data revealed that the iodine and thiocyauogen 

values are different in both solid an(1 liquid fractions. 
Therefore  it is believed tha t  both  monoetheuoid  anti 
d ie thenoid acids mus t  be present  in each f ract ion.  I t  
is assume(I tha t  any  one disti l lation f rac t ion  contains  
not more than four  esters. In the case of the liquid 
acid fraction l)ahnitic acid is the only saturated acid 

T A B L E  I V  

Coml ) l e t e  F r a c t i o n a t i o n  D a t a  f o r  t h e  C o m p o n e n t  F a t t y  A c i d s  of  B a r c e l o n a  P i l b e r t  Oil  
In  th i s  a n a l y s i s ,  t h e  e s t e r s  of  t he  " s o I i d "  a n d  of  t h e  " l i q u i d "  a e i d s  w e r e  d i s t i l l e d  t h r o u g h  the  e l e c t r i c a l l y  h e a t e d  an t i  g l a s s  he l ix  p a c k e d  c o l u m n s .  

T h e  o r i g i n a l  oi l  h a d  s a p o n i f i c a t i o n  n u m b e r  1 8 8 . 1 ,  i o d i n e  n u m b e r  9 3 . 2 ,  a n d  t h i o c y a n o g e n  n u m b e r  7 9 . 6 7 ,  t h e  m i x e d  a c i d s  y i e l d  3 5 . 7 5 %  " s o l i d "  
a n d  6 4 . 2 5 %  " l i q u i d "  a c i d s .  

No. G r a m s  

B S 1  2 . 0 0  
B S 2  3 . 3 4  
B S : I  6 .41  
B S 4  1 3 . 0 0  
B S 5  2 1 . 9 3  
B S 6  13+86 
B S 7  3 . 7 7  
B S 8  2 . 6 7  

6 6 . 9 8  

A. F r a c t i o n a l  D i s t i l l a t i o n  of M e t h y l  E s t e r s  of  t h e  " ' S o l i d "  A c i d s  
( 6 6 . 9 8  g r a m s  d i s t i l l e d  t h r o u g h  h e l i x  p a c k e d  c o l u m n )  

S t i l l  

T e m p e r a t u r e  (,f 

2 0 2 - 2 0 7  
2 0 7 - 2 0 8  
2 0 8 - 2 0 8  
2 0 8 - 2 0 9  
2 ( ; 9 - 2 1 5  
2 1 5 - 2 1 5  
2 1 5 - 2 2 0  
R e s i d u e  

C o l u m n  H e a d  
~ ~  

1 3 5 - 1 4 0  
1 4 0 - 1 4 5  
1 4 5 - 1 5 0  
1 5 0 - 1 5 2  
1 5 2 - 1 5 3  
1 5 3 - I 5 4  
1 5 4 - 1 5 5  

S . E .  

2 8 3 . 3  
2 9 3 . 3  
2 9 6 . 5  
2 9 7 . 5  
3111.9 
3 0 2 . 3  
3 0 2 . 8  
3 0 5 . 1  

I . u  S C N  

I 
4 8 . 4 5  I 4 9 . 5 7  
6 7 . 9 8  5 9 . 3 5  
7 9 . 1 1  6 9 . 8 7  
8 3 . 7 2  j 74A)6  
8 8 . 5 3  . 78. ' ,13 
9 0 . 5 7  8 0 . 6 8  
9 0 . 1 7  I 8 0 . 5 2  
7 6 . 3 0  5 7 . 0 6  

C;+ 

o . 5 8  
O.34  

1 4 5 - 1 5 5  
1 ~ 5 - 1 4 9  
1 5 9 - 1 6 3  
1 6 3 - 1 6 7  
1 6 7 - 1 6 7  
1 6 % I 6 7  
1 6 7 - 1 9 6  

+ 

C a l c u l a t e d  W e i g h t  o f  E s t e r  F r a c t i o n  

S a t u r a t e d  U n s a t u r a t e d  
I 

Cas C,( O l e i c  I L i n o l e i c  
p 

Oll - - -  
. . . . . . . .  2 . 1 6  0 . 2 4  0 . 6 0  

0 . 9 5  0 . 0 9  .1.82 0 . 5 5  
1 . 0 2  0 . 5 4  1 0 . 3 4  1 . 1 8  

. . . . . . . .  1 . 5 8  1 4 . 2 5  1 . 6 2  
. . . . . . . .  9 . 3 7  I.(16 

2 . 5 0  0 . 2 8  
........ "i;::i:i 1.58 ,,.18 i 
2 . 9 6  2 . 6 5  4 5 . 9 4  5. '22 
4 , 4 2  3 . 9 6  6 8 . 5 7  7 . 7 9  I 

W e i g h t  of  Me  e s t e r s ,  g m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 9 2  
M e  e s t e r s  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3 7  

C~o 

4 . 4 6  
: L 4 3  
0 . 9 9  
0 . 1 7  

9 . 3 5  
1 3 . 9 6  

B .  F r a c t i o n a l  D i s t i l l a t i o n  of  M e t h y l  E s t e r s  of  t h e  " L i q u i d "  A c i d s  
( 1 2 8 . 7 2  g r a m s  d i s t i l l e d  t h r o u g h  h e l i x  p a c k e d  c o l u m n )  

No,  

B I , I  
B L 2  
BIZI  
B L 4  
B 1 , 5  
.B 1,6 
B L 7  
B I , 8  
B L 8 1  
B I , 8 2  
B L 8 3  
B L 8 4  

* R e f r a c t i o n a t i o n .  

I, i [ C a l c u l a t e d  W e i g h t  of  E s t (  r l e r a e t i o n  
T e m p e r a t u r e  of  I ] I . . . . . . . . . .  

d I I S a t u r a t e d  U n s a t u r a t e d  
G r a m s  . . . . . . . . . . . .  8 .  E .  I . V .  S C N  _ _  . . . . . .  

S t i r  C o l u m n  ' H e a d  . . . .  n t e ie  "'  
~  I "C.  ~  c : e  t ) l e l c  ~,l o , ~-, -'o 

1 . 6 4 - -  2 2 1 - 2 2 4  2 1 1 - 2 1 2  ! 1 0 9 - 1 1 5  2 9 9 . 8  9 3 . 9 3  7 5 . 5 : ;  0 . 1 6  0 . 7 1  0 . 3 5  0 . 4 2  
3 . 4 3  2 2 4 - 2 3 4  2 1 2 - 2 1 6  1 4 q - 1 5 3  2 9 9 . 0  9 4 . 9 5  [ 7 6 . 3 7  0 . 3 0  1.( ;5 0 . 7 3  0 . 7 5  
8 . 5 7  2 3 4 - 2 3 7  2 1 6 - 2 1 6  15"1-156 2!}7.1 9 5 . 8 5  : 7 7 . 2 3  0 . 8 2  4.5.11 1 . 8 5  1 . 3 1  
8 . 1 4  237-2`( ;7  2 1 6 - 2 1 7  1 5 6 - 1 6 1  [ 2 9 8 . 6  9 7 . 5 0  : 7 8 . 5 4  , 0 . 5 5  4 . 3 4  1 . 7 9  1 . 4 6  

: ; 1 . 1 2  237-2.'- 8 2 1 7 - 2 1 8  1 6 1 - 1 6 2  ; 1 0 0 . 8  1 0 0  2 4  8 0 . 7 9  : 1 . 1 6  1 5 . 7 2  7 . 0 2  7 . 2 2  
"19.70 2 3 8 - 2 3 8  2 1 8 - 2 2 9  I 162-16 , ' /  : 3 0 1 . 3  1 0 1 . 6 7  8 2 . 7 7  0 . 5 8  2 1 . 5 7  8 . 7 0  8 . 8 5  

7 . 0 1  2 3 8 - 2 4 1  ] 2 2 9 - 2 3 2  ' 1 6 3 - . . . . . . ?  3 0 3 . 1  1 0 2 . 4 2  ] 8 3 . 5 1  ] 0 . 0 2  3 . 5 1  1 . 5 4  1 . 9 4  

2 9 . 1 7  ~ * ' ] "0101 "2 .32  . . . . . . . . . . . . . . .  

7 . 5 3  2 2 9 - 2 2 9  1 8 5 - 1 8 5  1 6 3 - 1 7 0  3 0 2 . 3  1 0 2 . 6 2  8 3 . 6 7  , 0 . 0 3  "1.98 1 . 6 6  1 . 8 7  
1 2 . 6 4  2 2 9 - 2 3 9  1 8 5 - 1 9 9  I 1 7 0 - 1 7 3  3(. ,5.4 1 0 1 . 6 9  ] 8 3 . 5 2  . . . . . . . .  5 . 5 5  2 . 6 5  4 . 4 4  

4 . 5 2  R e s i d u e  [ . . . . . . . . . . . . . . . . . . . . . . . .  I 3 2 1 . 7  9 7 . 9 0  : 5 6 . 7 4  I . . . . . . . . . . . . . . . .  1 . 0 0  2 . 7 1  

1 2 8 . 7 2  W e i g h t  of  M e  e s t e r s  g m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 3 . 6 3  6 3 . 9 4  2 8 . 2 6  3 2 . 1 5  
' M-e e a t e r s  ~ . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 2 . 8 2  4 9 . 6 7  2 1 . 9 5  2 4 . 9 8  

? F a l l i n g .  

0.81 

0 . 8 1 .  
0.6:1 
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TAB LE u 

Complete Fract ionat ir  Data for the Component  Fa t ty  Acids of n u  Chilly F i lber t  Oil 
In  this  analysis ,  the esters of the "so l id"  acids and of the " l i q u i d "  acids were dist i l led through the electrically heated and glass helix packed 

columns. 
The o r ig ina l  oil has saponif icat ion numher  188.2, iodine number  97.2, and  t h iocyanogen number  79.93, the mixed acids yield 63 .03% "so l id"  

acids and 36 .62% " l i qu id"  acids. 
A. F rac t iona l  Dis t i l la t ion  of --Methyl Esters  (,f the "So l i d "  Acids 

(120.8 grams dist i l led t h rough  helix packed column) 

: 0 1  - - -  ON '1~ - - -  SaturatedCalculated W e i g h t  of Es te r  UnsaturatedFracti~ l, T e m p e r a t u r  

I~o. Grams  _ _  S . E .  I .V .  S - ] 

St,ill  I Coh, mn I I l e s d  I I l ~ L i n o l e i c  ' ~  _ - - - - ~  ~  I . . . .  l _ _  ~ .  eta c__.o Oleic 0.2o 

I)S1 2.60 225-227[ 205-206 I 80-82 [ 291.6 [ 78.2 [ 69.87 i 0.08 0.36 ........ 1.90 0.26 I 
DS2 2.31 227-235 206-214 82-124 I 2 9 8 9  I 7 7 2  I 69.19 . . . . . . . . .  0.17 0.25 1.67 0.22 I 
DS3 25.54 235-238 I 214-214 ] 1 2 4 - 1 2 6 !  298.4  ', 82.3 73.54 I ........ o,94 2.36 19.61 2.63 ' 
DS4 ,12.93 238-270 214-217 126-128 ', 299.2 i 87.2 78.72 [ . . . . . . . . . . . . . . . .  2.91 34.20 3.24 2.58 
DS5 8.99 270-273 I 217-221 I 128-132 I 300.2 I 89.7 I 80.70 I ........ 0.26 6.72 0.76 1.25 
I )86  9.25 273-284 I 221-225 I 132-134 ] 301.1 I 90.8 I 81.15 I . . . . . . .  0.07 7.38 0.84 2.03 
DS7 1.07 284- 1 225-232 F a l l i n g  . . . . . . . . . . . . . . . . . . . . . . . .  ! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DS8 28.10 Res idue  ~ ............ I ............ I 301.9 I 90.s I 78.25 ~ . . . . . . . . . . . . . . . . . . . . . . . .  i~:~ii 2.20 ! 6.57 

. . . . . . . . .  f 
120,8 x, Veight of Me esters, gm .................................................................. 0.08 ' 1.47 5.85 , 90.81 10.15 I 12.4:1 

Me esters v~ ....................................................................................... i 0.07 1.22 4.84 ] 75.17 8.40 ! 10.29 

.No. 

DL1 
DL2 
DI~3 
D L4  
DL5 

G r a m s  . . . .  

Still 
r 

9.86 200-210 
10.70 210-215 

7,99 215-215 
7,24 215-225 
1,81 Res idue  

37.60 

B. F rac t iona l  Dis t i l la t ion  of Methy Esters  of the " L i q u i d "  Acids 
(37.60 grams dist i l led th rough  the helix packed column)  

Tempera tu re  of 

Column Head  
~ ~ 

170-190 156-158 
190-190 157 158 
190-197 158-159 
197-225 F a l l i n g  

S.~.  

298.9 
301.5 
302.6 
"}02.6 
318.6 

I . V .  

104.0 
110.3 
111.9 
110.3 

86.3 

SCN 

80.42 
86.57 
86.84 
86.87 
69.06 

Weigh t  of Me es ers, gm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Me esters % ....................................................................................................... I 

Calculated Weigh t  of Es te r  I%action 

Satu rated 

Oleic 

0.47 5.00 
........ 5.09 
........ 3,60 
........ _. 4.05 
........ 0.18 

0 . 4 7  17,92 
1.25 . 47.66 

U n s a t u r a t e d  

Linoleic  

2.70 
3.25 
2.57 
1.55 
0.14 

10.21 
27.15 

1.69 
2.35 
1.82 
1.64 
1.49 

8.99 
2:1.91 

assumed to be present.  The composition of fract ions 
was calculated directly f rom the saponification equiv- 
alent, iodine and th iocyanogen values by  using the 
following equations : 

~ + b + c + d = w  (1) 
a/E., + I)/E~ + e/Er + d /Ea - -  w/E~  (2) 
a]:, + bI~ + c[r + dis - -  wI,,  (3)  
aT,  + bT~ + cT: + dTd = wTw (4) 

"Where a, b, e, and d were respective weights of the 
component  esters in a fractiort of weight w, Ea, Eb, 
Ec, and Ed are the corresponding theoretical molecu- 
lar  weights and Ew the observed saponification equiv- 
alent of tile f ract ion;  Is, I,, lc, T,,, Tb, and Tr are the 
c o r r e s p o n d i n g  theoretical  iodine and thioeyanogen 
values and Iw and Tw are the observed iodine and 
thiocyanogen values. 

Sample Cah'~ulation--Fraction DS1 [Table V ( A ) ,  
2.69 gm., S. E, 291.6, I. V. 78.2, SCN value 69.9 con- 
taining methyl  ester of pahnitic,  stearic, and unsatu- 
rated acids].  

I f  a, b, c, and d represent the palmitic,  stearie, oleie, 
and linoleic esters, the equations are : 

a + b + c + d ~ 2 . 6 0  (1) 
a/270 -{- b/298 + c/296.3 + d/294.3 = 2.60/291.6 (2)  
85.6c -]- 172.4d == 78.2 X 2.60 (3)  
85.6c + 86.2d ~ 69.9 X 2.60 (4)  

From the above four equations, a, b, t;, and d may 
be calculated. 

All other fractions were c a l e l t l a t c d  in a similar 
manner.  ] f  a negative value results, the next higher 
acid in the series is then tried on the combination 
of the ester present  until a positive value is first 
obtained. 

The sitosterol was isolated and purified according 
to the procedure of Morrow (S). The aeetyl deriva- 
tive was prepared  by aeetylat ing the pure  sitosterol 
with acetic anhydr ide  and reerysfallized f rom hot ab- 
solute alcohol af ter  distilling off the excess of acetic 
anhydride  under  reduced pressure. ])aia arc given 
in Table VII .  

Acid 

T A B L E  V] 

Fa t ty  Acid Composit~)n of Barcelona and Du Chil ly F i lber t  Oil 

Solid Acid 
F rac t ion  
q5 .61% 

Barcelona 

L iqu id  Acid 
Frac t ion  
63.999~, 

1 . 8 0  
0.00 
0.00 

31.78 
14.05 
15.98 

0.40 

% 
Sa tu ra t ed  . I 

Myr is t ie  .......................................... I ........ 
Pa lmi t i c  .......................................... 0.49 
Stear ic  ........................................... 1.57 
Arachid ic  ....................................... ] 1.41 

U n s a t u r a t e d  
Oleic ............................................... l 24.42 
Linolcic .......................................... , 2.77 
C_~o mono-ethenoid .......................... 4.97 
C~ mono-ethenoid .......................... 0.00 

Unsaponi f iab le  mat te r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SoIid Acid 
Frac t ion  

Total  63 .03% 

% % 

1.57 0.77 
1.41 3.05 

56.20 47.38 
16.82 5.29 
20.95 6.49 

0.40 ........ 
0.40 ........ 

I lu  Chilly 

Liquid  Acid 
b 'raction 
36 .62% 

% 

0.46 
0.00 
0.00 

17.45 
9.94 
8,76 

I E u r o p e a n  Variet ies  

l , i t e ra tn re  Value 
( l i )  (3)  Total  

% 

0.50 
0.77 
3.05 

64.83 
15.23 
15.25 

0.00 
0.35 

% % 

0.22 8.4 
3.21 ........ 
1.66 ........ 

88.10 82.0 
2.87 10.0 

0.55 ........ 
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TABLE V I I  

Elementary Composition of Sitosterol a n d  I t s  Derivative 
From Filbert Oils 

Barcelona 
sitost, eroP ................ 

])u Chilly 
sitosteroP ................ 

Barcelona 
acetyl sitosterol 2 ..... 

I)u Chilly 
acetyl silos,ere : ..... 

(Chloro 
form So 
lution) 

- - 2 5 . 6  ~ 

--35.2 ~ 

- - c  

Melting n 
Point 

~ Theory You d 

I :t6-8 r/~: % 83.87 

135-7 [ 83.87 83.95 
i I 

118 81.25 81.27 

116-118 81.25 I 81.45 

H 

Theory Found 

% % 
11.99 1'2.25 

l l . 99  12.09 

11.29 11.32 

1 1 . 2 9  1 1 . 3 5  

Calculated as C~tt~eO. 
2 Calculated as Cz~ltlsO._,. 

Discussion 
In  comparing the results obtained in this labora- 

tory with those f rom the studies of Ber t r am (3) and 
Schuette and Chang (11), Barcelona and Du Chilly 
filberts arc shown to contain slightly more oil than  the 
E u r o p e a n  varieties. Other values except the iodine 
absorption value agree quite well with those Euro-  
pean varieties repor ted  in the l i terature.  There are 
some variat ions in percentage of f a t t y  acids in Euro-  
pean oils as compared to those of Barcehma and I )u  
Chilly filberts. Araehidie acid and C~o-2,_, monoethen- 
old acids were found for  the first t ime in Barcelona 
and Du Chilly filbert oils. 

Bertram, in the separat ion of solid acids by  the 
Twitchell method (3), reported that  the solid acids 
had high iodine value and gave no explanation for  
this a b n o r m a l  behavior.  Similar  results were ob- 
served in this s tudy on both Barcelona and Du Chilly 
filbert oils. Fract ional  distillation of methyl  esters 
of both f a t ty  acids fract ions revealed that  this ab- 
normal  behavior  p robab ly  was due to a high content 
of C.,o monoethcnoid acid. No a t t empt  has been made 
to isolate and ident i fy  this acid. 

The oils obtained by  extract ion gave a darker  color 
and  more free f a t t y  acids than those obtained by  
cold expression. The amount  of crude carotene in tlle 
samples obtained by  these two different methods has 
shown no significant differenccs. I t  is then presuma- 
ble tha t  the darker  color in extracted oil is due to 
other coloring matters .  

The sitosterol of both oils possessed propert ies  sinli- 
lar  to those obtained f rom other vegetable oils. 

Summary 
Barcehma and Du Chilly filbert nuts  have been 

analyzed for  their  pr incipal  constituents.  The char- 
actcristics of the oils obtained by  solvent extraction 
and by  cold expression have been determined and 
their  f a t t y  acid composition has been a s c e r t a i n e d .  
Most of the chemical and physical  characterist ics of 
the oils as determined in this l abora to ry  agree well 
with values previously repor ted by  other investiga- 
tors on European  varieties. I lowevcr,  our s tudy of 
the oil co,nponents shows a consi(lerable difference in 
f a t t y  acid comllosition. 
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The Stability of Sodium Stearate Gels' 
TODD M. DOSCHER and ROBERT D. VOLD, Department of Chemistry, University of 
Southern Califamia, Las Angeles, Calif. 

O NE of the methods used to estimate the s tabi l i ty  
of lubr ica t ing  greases is a determinat ion of the 
rate  of expression and total quant i ty  of syncr- 

etic fluid. Most proper ly  fornmla ted  greases undergo 
syneresis quite slowly, hence various accelerated tests 
have been devised in an a t t empt  to d e t e r m i n e  the 
synercsis within a few minutes to a day (4, 5). The 
present  paper  repor ts  the results of pressure s tabi l i ty  
experiments  on systems containing less tt)an 40% so- 
dium stearatc and less than 10% water, under taken 
with the hope tha t  some correlation could be found 
between phase behavior  (1, 2) and the abil i ty of the 
gel to retain liquid. 

Materials and Apparatus 
The sodium stearate and cetane used in this s tudy 

have been previously described (1, 7). The syneresis 
press is shown in F igure  1. A synopsis of the tcch- 

I T  his paper was presented in par t  before /he Division of Colloid 
C h e m i s t r y  a t  the 1101h meeting of the American Chemical Society in 
Chicago, Ill., in 1946. 

nique of operat ion follows. 2 The sample for  the syn- 
eresis press consisted of a sandwich of the " m o l d e d "  
soap gel between two mats  of filter paper.  Each mat  
contained seven to ten sheets of filter pape r  and was 
weighed to a tenth of a mill igram. Between weighing 
the first and second mat,  the sample of the soap gel 
was put  on top of the first and weighed. This sand- 
wi th  was t r ans fe r red  to the base of the press, and 
the top was bolted on. The press was then placed in 
a c o n s t a n t  t empera tu re  ba th  ( ~  0.2~ Fif teen 
minutes,  which had been shown to be sufficient, were 
allowed to elapse in order to obtain t empera tu re  equi- 
l ibrium, and then the valve was tu rned  so as to lower 
the p lunger  onto the sample. Ordinar i ly  a five-pound 
p lunger  was used al though a few exper iments  were 
carr ied out at  higher pressures. Af te r  the elapse of 
a measured  time interval,  the p lunger  was raised, the 
press removed f rom the bath, cooled, and dismantled. 
The cake was readily and cleanly removed f rom the 

Complete details of t h e  procedure are given by T. M. Doscher, Doc- 
toral Dissertation, University of Southern California, 1946. 


