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A semimicro method for determining both total fatty acids 
:tnd unsalmnifiable matter in fats, fatty acids, and soap is 
presented. The procedure involves saponification and recovery 
of the total fatty acids (which includes the unsaponifiables), 
removal of the fatty acids with anion exchange resins, and 
determination of the unsaponifiable matter by weight. 

The total fatty acid method was evaluated on seven samples 
and showed a standard deviation from the nman of 0.21%. 
The unsaponifiable matter determination gives good repro 
ducibi]ity with a standard deviation from the mean of 0.06%. 
Since this ioi1 exchange is a direct determination of the non- 
ionic components, the results obtained from it should be more 
�9 ~ccurate and more nearly the true values than the macro 
extraction method which is empirical. 

U 
N S A P O N I F I A B L E  M : A T T E R  i s  a v a r i a b l e  m i x t u r e  of 
h y d r o c a r b o n s ,  a ldehydes ,  ketones ,  alcohols,  s ter -  
oids, p igments ,  a n d  fa t - so lub le  v i t a m i n s  which  

m a y  occur  n a t u r a l l y  in f a t s  a n d  oils or  m a y  ar i se  
f rom p rocess ing  or  d e g r a d a t i o n  of the  fa t .  The  level  
of these  m a t e r i a l s  in fa t s  a n d  f a t  p r o d u c t s  can  be 
r e l a t e d  to the  l m t r i t i o n a l  value ,  or  to s to rage  condi-  
t ions  a n d  h a n d l i n g ,  or t(/ the  e x t e n t  a l td  n a t u r e  of 
t i le  p rocess ing .  Thus  this  ana lys i s  is an  i m p o r t a n t  
one in  c h a r a c t e r i z i n g  a f a t t y  sample .  

F r c ( p l e n t l y  in rcsear( 'h  an(l deveh lpme l l t  the  amoun l  
of s a m p l e  t h a t  can 1)(; used  in a n a l y t i c a l  cha rac t e r i -  
za t ions  is smal l  t)c('alls(~ of the  smal l  q u a n t i t y  p ro-  
d a t e d ,  or the  nu lnbe r  (if o the r  p e r f o r n l a n c e  tests  
r e q u i r e d ,  or the  diffimflty e n c o u n t e r e d  in  o b t a i n i n g  
or  i so l a t i ng  the  m a t e r i a l .  S ince  the  r e g u l a r  mac ro  
me thod  (6)  r equ i r e s  a 5-g. sample ,  a sc ln imicro  me thod  
e m p l o y i n g  on ly  onc- len th  the  a m o u n t  or less is nec- 
e s sa ry  fo r  the  l im i t ed  ma te r i a l s .  

The  r e d u c t i o n  of m a c r o  p r o c e d u r e s  to the  semi- 
micro  scale g e n e r a l l y  involves  a sca l ing  down of 
r e a g e n t  vohmtcs  a n d  e q u i p m e n t  size. H o w e v e r  i t  is 
f r e q u e n t l y  necessa ry  to a d a p t  or to m o d i f y  so lu t ions  
or coud i t ions  so t h a t  t im nlc thods  a rc  r e a d i l y  usab le  
in  the  p a r t i c u l a r  opera t ions .  The we l l -known  func-  
t i ona l  g r o u p  analyses ,  such as ac id  va lue  a n d  saponi -  
f ica t ion va lue ,  have  been es t ab l i shed  as r o u t i n e  semi-  
mic ro  p rocedures ,  u s ing  r e a d i l y  ava i l ab l e  equ ipmen t .  
Some of  these  seminficro metho(ls  a r e  p r e s e n t e d  in 
Tab le  I w i th  the  r a n g e  of sample  we igh t s  e m p l o y e d  
a n d  the  s t a n d a r d  dev ia t ion  f rom the  mean  ca l cu l a t ed  
f r o m  r ep l i c a t e s  examine( l  over  a one-yea r  per iod .  The 
l a r g e s t  s amp le  we igh t  is 150 nlg. excep t  for  the  saponi -  
f ica t ion va lue ,  which  employs  200 mg. fo r  va lues  in 
the  r a n g e  of zero to 20. As  is t y p i c a l  of macro  meth-  
ods, the  s amp le  we igh t  decreases  as the  expec ted  re- 
su l t  increases .  

The  m a c r o  m e t h o d  for  nnsapon i f i ab le  m a t t e r  (6) 
has  specif ied s amp le  size a n d  vo lume  of solvent ,  and  
a n y  a p p r e c i a b l e  d e v i a t i o n  f ront  these  cond i t ions  can  
l e ad  to s ign i f i can t ly  d i f fe ren t  resul ts .  W h e n  the con- 
ve rs ion  of th is  me thod  to the  semimicro  scale was 

1 P r e s e n t e d  a t  the a n n u m  s p r i n g  meet ing ,  A m e r i c a n  Oil  Chemists '  
Society,  Da l las ,  Tex.,  A p r i l  4 - 6 ,  1 9 6 0 .  

T A B L E  I 

Semimie ro  Ana lyses  

Ana lys i s  R a n g e  ~[g. of S t a n d a r d  
sample  dev ia t ion  

Acid va lue  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

t {ydroxyl  wt lue  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I od ine  va lue  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sapon i f i ca t ion  va lue  .. . . . . . . . . . . . . . . . . .  

Monoglycer ide ,  % .. . . . . . . . . . . . . . . . . . . . . . . .  

0--20 
21- -100  

101- -250  
0--100 

101- -200  
201- -300  

0--20 
21- -100  

101- -150  
0 - 2 0  

2 1 - 1 0 0  
1 0 1 - 2 0 0  

0 - 3 0  
3 ] - 6 0  
6 1 - 1 0 0  

150  
125- -25  

25--10  
150  

120- -60  
60--40 
150  

130- -25  
25--15  
2 0 0  

175- -50  
40--15  
150  

140- -70  
70--30 

0.1 
0.5 
0.8 
1.2 
2 .4  
3.5 
0.3 
0 .4  
0.7 
0.5 
0.8 
1.5 
0.6 
0.6 
0.8 
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atte, mp ted ,  eons idera l / lc  d i f f icu l ty  was encoun te r ed  in 
ach iev ing  cons i s t en t  resul ts .  I t  was t h e r e f o r e  dec ided  
to t r y  a new app roach .  I f  f a t s  a re  saponi f icd  a n d  the 
f a t t y  ac ids  a n d  unsaIIoni f iables  a re  ex t r ac t ed ,  these 
n l a t e r i a l s  couhl  then  be t r e a t e d  wi th  a n  an ion  ex- 
change  res in  to y M d  on ly  the  unsapon i f i ab l e  com- 
lmuents .  Such  a p r o c e d u r e  wouhl  no t  be d e p e n d e n t  
u p o n  e x t r a c t i on  cond i l ions  m)r wou ld  i t  r e q u i r e  cor- 
rec t ions  for  e x t r a c t e d  f a t t y  acids.  

Ion exchange  s e p a r a t i o n s  of t l le  f a t t y  ac ids  have  
not I/een r e l l o r t ed  for  a n a l y t i c a l  pu rposes .  H o w e v e r  
sm'h  s e p a r a t i o n s  have, I/(~(;n used for  i so l a t i ng  va r i ous  
ma te r i a l s .  Ma l t son  an(I Be(.k (4)  s e p a r a t e d  a n d  iso- 
l a t ed  the  f ree  f a t t y  aci(ls fl 'oIn va r ious  p a r t i a l  g lycer -  
i(les w i th  Aml )e r l i t c  ll~A-4()(). (~ason et al. (2)  pu r i -  
fied ami(tcs b y  r e m o v i n g  the f ree  f a t t y  ac ids  on an 
ion exchange  column.  C h r o m a t o g r a l ) h y  of  unsapon i -  
fiablc e x t r a c t s  has also been t r i e d ;  a l u m i n a  co lumns  
were used  to rcln(/ve f ree  f a t t y  ac ids  i n s t e a d  of per -  
f o r n i i n g  the  usual  t i t r a t i o n  and  c o r r e c t i on  (3, 5).  
B u t  th is  teehni(tlW has nev(,r ga ined  f a v o r  fo r  rou-  
t ine  d e t e r m i n a t i o n s .  

A semimic ro  to ta l  f a t t y  ac id  d e t e r m i n a t i o n ,  which  
is s im i l a r  to the  official A.(}.C.S. m e t h o d  fo r  soaps  
(7) ,  is a u se fu l  tes t  for  m a n y  f a t t y  ma te r i a l s .  I f  
on ly  t o t a l  f a t t y  a(dd is r e q u i r e d  on a sample ,  then 
as l i t t l e  as 50 rag. a re  u s e d ;  when  r u n  in  c o n j u n c t i o n  
wi th  the  u n s a p o n i f i a b l e - m a t t e r  ana lys i s ,  200 rag. a re  
emph)yed.  

Two t y p e s  of e x t r a c t i o n  a I ) p a r a t u s  p e r f o r m e d  sat is-  
f a c t o r i l y  in  these a n a l y s e s ;  these a rc  shown in F i g u r e  
1. The a p p a r a t u s  on the  l e f t  re( tui res  m u l t i p l e  ex- 
t r a c t i o n s  b u t  is f a s t e r  a n d  gives  be t t e r  corrtrol  of tire 
o p e r a t i o n s ;  however  i t  involves  more  m a n u a l  effort  
a n d  more  a n a l y s t  t ime  t h a n  the  con t inuous  u n i t  on 
the  r igh t .  The  con t inuous  e x t r a c t i o n  is a smal l -sca le  
modi f i ca t ion  of the  u n i t  de sc r ibed  b y  B u e r k i  a n d  
H o l t  (1) .  W i t h  the  l e f t  n n i t  the  soap  so lu t ion  is 
p l aced  in  the  lower,  n a r r o w e r  sect ion,  a n d  the  w a t e r  
is a d j u s t e d  to j u s t  below the s ide a rm.  The  ex t r ac t s  
a r c  d r a i n e d  t h r o u g h  the  s ide  a rm.  

The a d v a n t a g e s  of th is  e x t r a c t i o n  u n i t  c o m p a r e d  
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A B 

24/40 ~T Joint ~ -  

4 Haler ill tube 

:tr 1. Extraction al)paratus: A. b'ttch-type unit;  B. con- 
tinuous extractor. 

to small separa to ry  fui,ncls are a) grea ter  ease in 
handling, b) fewer tral lsfcrs because only the ether 
solution is removed, and c) smaller interfaces at the 
time of separa t ing  phases but comparable interfaces 
dur ing  extraction. 

The eont immus extratdor on the r ight  is more read- 
ily suited for routine operations. Cont ra ry  to the 
a l ) | ) a r e l l t  ex l )e r i e l l ce  of other workers with nmero 
extractors,  the semimicro units have given rcpro- 
du(dt)le results with h,ss analyst  t ime than is required 
for any  other type of extractor.  However  more 
equipment  and  more handl ing are necessary for  this 
technique. 

The unsaponif iable-matter  determinat ion employs a 
s t rongly  basic anion exchange resin. A mixed solvent 
was necessary for  the ion-exchange t rea tment  in 
order to keep the various materials  in solution and 
to permit  the f a t t y  acids to combine with the resin. 
Although moist  ethyl ether can be used (2),  the sys- 
tem ethyl e ther :ace tone :water  (5:5:1)  has grea ter  
applicabil i ty.  

The ion exchange columns which have been used 
successfully in our laboratories for this and other 
analyses are shown in F igure  2. The A unit  with its 
separate  reservoir  and stopcock is a more versati le 
column. I t  is applicable to a grea ter  var ie ty  of sol- 
vents and changes in conditions. The stopcocks in 
the A uni t  permi t  var iable  control of the flow rate  
and more un i fo rm flow-conditions. The system is not 
l imited to the height of solvent in the reservoir  for  
flow rate. Thus the A column is bet ter  suited for  
analyt ical  development  work and special analyses. 

The " B "  uni t  is s impler  in design and thereby 
easier to handle. With replicate analyses under  the 
same conditions this column shows good reproduci-  
bility. The big advantage  in routine operations is 
tha t  the analyst  does not have to worry  about  the 
column runn ing  d ry  while he is engaged in other lab- 
o ra to ry  operations. Thus for  general  routine work, 
this B column is better.  

The detailed methods and a discussion of results 
are presented below. 

Exper imenta l  

Reagents and Apparatus. The anion exchange resin 
is Dowex 2-X8, 20-50 mesh. The other reagents are 
reagent  grade or comparable  quality.  

Pear-shaped acetylat ion flasks, 25-ml. capacity,  with 
air  condensers are employed for  the saponification. 
E i ther  the batch-type of extractor  or the continuous 
extractor  shown in F igure  I may  be used. A chro- 
matographic  column similar  to either one shown in 
F igure  2 should be used for tile ion exchange sepa- 
rations. 

Mixed Solvent. The solvent employed for thc ion 
exchange separation consists of five pa r t s  of acetone, 
five par t s  of ethyl ether, and one pa r t  of distilled 
water. The acetone and water  are nfixed f i N ;  then 
thc ethyl ether is added. 

Preparation of Ion Exchange Column. The follow- 
int~ quanti t ies of mater ial  are used to p repare  one 
cohmm. When more than  one column is required, 
the quantit ies are increased proport ionately .  

To convert  the resin to the free base form, approxi-  
mate ly  20 ml. of Dowex 2-X8 resin are mixed with 
9() lnl. of 10% K() ] I  in 80% alcohol. The alkali solu- 
lion is decanted, and the resin is r insed with distilled 
water,  then with 80% ethanol, and finally with the 
mixed solvent. Ext raneous  mater ia ls  are removed 
front the resin by repeat ing this t rea tment  several 
times. Next, stcaric acid (0.2 g.) in 50 nd. of mixed 
solv(ult is s t i r red with the resin. Af t e r  decanting this 
solution, the resin :is reprocessed with alkali as de- 
scribed above. 

Enmlgh of the p repared  resin slurried in 80% 
ethanol is t ransfer red  to the chromatographic  tube 
to make a 9 to 10-in. column. The ex(.ess alcohol is 
dra ined f rom tim tube as required. The solution is 
m)t allowed to dra in  below the top surfacc of the 
resin at any  time. The excess resin is stored in 80% 
ethanol and used to replace any  resin lost in suh- 
sequent regenerations or transfers.  

A 13 

T 
175ram 

75mm 

375mm 

125mm 

;2 S.T. Joint sealed 
to stopcock 

2 Stopcock with 
Teflon plug 

Chromatographic tube, 
doubie length, size I ,  
(Sci. GloSS Cat. No. 

J- 1665-2) 

s, stainless steel 

8 S.T. Joint 

to outside end of Chromato- 
graphic tube 

30m\ 
~ 90mm~ / - -  

240mm 
400ram 

FIG. 2. Ion exchange columns: A. straight chromatographic 
column; B. self-leveling column. 
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Approxinmte ly  100 ml. of the mixed solvent are 
allowed to drain  through the column at  a slow rate  
of 2 ml. per  minute.  At  the end of this t rea tment  
there should be no air  bubbles in the chromatographic  
tube. 

A solvent blank is run  on each column by allowing 
50 ml. of the mixed solvent to drain  through the 
column into a ta red  60-ml. weighing bottle at the 
rate  of 8-10 ml. per  minute.  The solvent was evapo- 
ra ted  by gentle heat ing while sweeping with nitrogen. 
The residue weight should be less than  0.3 rag. I f  
not, the column is regenerated and the solvent blank 
is redetermined unt i l  the colunm is sat isfactory.  

The completeness of the f a t t y  acid retention by the 
resin is checked by passing 0.2 g. of reagent  grade 
stearic acid in 50 ml. of mixed solvent through the 
column at  the rate of 8-10 ml. per  nfinute. The eluate 
is evaporated to dryness  and weighed. This residue 
weight minus the weight of the solvent blank should 
be less than 0.3 rag. for  routine analyses. I f  this 
residue is greater  than  0.3 mg., then the column is 
regenerated and the f a t t y  acid retent ion is redeter-  
mined unti l  the column is satisfactory.  The regenera- 
tion can be per formed with the resin in the column. 
When not in use, the resin is covered with 80% 
alcohol. 

A well-prepared eohtmn should be sat isfactory for 
at least 20 determinations.  

Total Fatty Acid Determination. The sample (0.2 
g.) and 2.0 ml. of 1N alcoholic K O H  are placed in an 
acetylat ion flask with an air  condenser. The mixture  
is heated on a steam bath for 40 rain. The air con- 
denser is then renlove(I, and 2 ml. of distilled water  
and 0.5 ml. benzene are ad(led. The inixture is heated 
with ni trogen sweeping to evaporate  the alcohol. 
()(,easionally it ix necessary to disperse the solids 
around the sides of the flask by gentle tapping.  The 
evaporat ion is continued until  their  is no odor of 
alcohol remaining.  Evapora t ion  to dryness, while 
sat isfactory,  is not necessary. 

Ten ml. of warm distilled water  are added to dis- 
solve the soap, and the solution is t rans fe r red  to the 
extract ion apparatus .  The flask is rinsed with 2.4 ml. 
of IN a(lueous t tCI,  and this solution is added to the 
extra(.tor. The water  level is adjusted with additional 
small amounts of water.  Af te r  thc solution is cool, 
it is extracted with ethyl ether and drained into a 
60-ml. weighing bottle. The extract ion is repeatc(1 
four  addit ional times with fresh quantit ies of ethyl 
ether. The ether is removed by mihl heating, and thc 
residue is weighed. A blank is run  with each group 
of samples. 

% Total f a t t y  acid = 
(residue w e i g h t -  blank weight) 

x 100 
sample weight 

Unsaponifiable Detcr~nination. The d ry  sample 
residue f rom the total  f a t ty  acid determinat ion is 
dissolved in 30 ml. of the nfixed solvent and trans-  
fer red  to the ion exchange column. A blank is run  
through the entire procedure with each group of 
samples. The solution is percolated through the col- 
u m n  at 6-10 ml. per  minute  into a 60-ml. weighing 
bottle. When necessary, additional quanti t ies of the 
mixed solvent are added to the column unti l  50-55 
ml. of eluate are collected. The Teflon stopcock is 
rinsed af ter  the last addition of solvent by gently 
pul l ing the plug out approx imate ly  1/16 in. f rom its 
seat and quickly releasing so as to reseat itself. 

T A B L E  I I  

T.ICA. Con ten t  of Some F a t s  

Sample  % To ta l  f a t ty  acid  

Expec t ed  E o u n d  

T r i p  a l m i t i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 9 5 . 2 9  9 5 . 3 0  
n i s t e a r i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 1 . 0 3  9 1 . 0 1  
M o n o p a l m i t i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 .59  7 7 . 9 6  
Ta l l ow  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 5 . 5 3  9 5 . 0 5  
S t ea r i c  ac id  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 0 . 0  9 9 . 6 4  
L a u r i e  ac id  ( S S )  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 0 . 0  9 9 . 5 2  
Cholesterol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 100 .0  9 9 . 9 8  

S t a n d a r d  
dev i a t i on  

0 .14  
0 . 3 4  
0 .11  
0 .25  
0 .16  
0 .27  

The solvent is evaporated by mild heat ing under  
gentle ni t rogen sweeping and the residue weighed. 

% Unsaponifiable Mat te r  = 
(weight of residue - -  weight of blank) 

• 100 
sample weight 

R e s u l t s  a n d  D i s c u s s i o n  

The total  f a t t y  acid ( T F A )  content can be deter- 
mined either separate ly  or as a pa r t  of the unsaponi-  
fiable ma t t e r  estimation. I f  only T F A  is required, 
then as little as 50 rag. of sample are employed;  other- 
wise 200 nag. are used. When running  low-molecular- 
weight f a t t y  acids (those containing 10 carbons or 
less) which are volatile under  the conditions employed, 
a modification of the described procedure  is em- 
ployed. The extracted acids are neutral ized with 
0.1N alcoholic potassiuln hy(troxide to the thymol 
1)hie end point, evaporated to dryness, and weighed. 
The extract  weight is corrected for the alkali used, 
and the T F A  ix t;alculated. 

The evahnttion of the total f a t t y  acid method 
(which imdu(les unsal)onifial)le mat te r )  with repli- 
(~ate analyses of seV(,ll samt)h,s is given in Table I I .  
The three glyeerides are synthetic I)reparations and 
rellrescnt relatively lmre materials  of known compo- 
sition. The agreement  between tll(~ found values 
(means (If i'(,l)li(,ale (letermimttions) and tim expected 
or (,alclflated results is good. The last four  Inaterials 
arc eonlmereial samph,s, and the t rue v a h l e s  a r e  Hot 
known. The laurie acid wax, of necessity, run t)y the 
soda soap procedure. Choh~sterol, an Inlsaponifiallle 
material,  was tested l)ecause it is one of the most difli- 
elilt unsal)onifiables to extract  and therefore the most 
likely to give troublc. Good agreement  was obtained 
among all found and exl)t~cted values. The s tandard  
deviation from ttte mean calculated f rom at least six 
determinat ions per salIll)le ix e.Onll)arallle to the macro 
results. The over-all s lan(tard deviation is 0.21%. 

The seminfi(,ro deterrnination of unsaponifiable mat-  
tcr was evaluated by recovery tests with cholesterol, 
and a synthetic unsaponifiable mixture  was added to 
stearic acid and then analyzed by the complete pro- 
eedl~i'c inellnting the saponification and extractioll. 

Cholesterol alone was added in five of the determi- 
nations, and a synthetic mixture  of cholesterol, f a t ty  
alcohol, and squalene was used in the other three. The 

T A B L E  ] ] I 

] r  of Unsapon i f i ab le s  from S t ea r i c  Acid 

M a t e r i a l  added  

Choles terol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cholesterol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(~holesterol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cholesterol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Choles terol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mixed u n s a p  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mixed u n s a  I) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mixed u n s a p  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mg. unsap .  

Added F o u n d  

1 .06  1 . l  6 
1.4:3 1 . 4 6  
1.55 1 .47  
2 .05  2 .12  
2 .19  2 .32  
1.1.7 1 .19 
1 .92  2 .00  
2 .33  2 .23  

% Recovery  

109  
J 0 3  

96 
103  
106  
102 
104  

96 
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amount  of unsaponifiables found is corrected for the 
0.13% originally present  in the stearic acid. The 
data  are presented in Table I I I .  Good recoveries were 
obtained in all eases, and the average deviation f rom 
theory is -+- 4%. This is equivalent  to a s tandard  
deviation at the 1% level of unsaponifiable of only 
0.05%. 

The reproducibi l i ty  for  replicate analyses of three 
different tallows, a coconut oil, and a soap is pric- 
sicnted in Table IV, and the results are compared to 
the macro method values. 

T A B L E  I V  

Unsaponif iable  Conten t  of Somc Fats 

Sample  

Tal low A ................ 
Tal low ]r ................ 
Tal low C ................ 
Coconut  ()iI ............ 
Soap ....................... 

No. of . . . . . . . . .  / " j ;  l J n s a p .  . . . . . . . . .  

r u n s  Semimicro  / A.O.C.S. 
( ] i t  (hi-40 Std. (h!v. 

. . . . . .  / 
6 ] 0.79 0.57 0.12 

10 / 0.83 {).55 0.05 
2 / 0.58 0.45 0.04 
4 0.40 0. '39 0.05 
3 / 0.45 0.44 0.04 

The sicmimicro lnicthod gave the sam(; or slightly 
higher unsaponifiablic values than the macro pro- 
ceduric, A.O.C.S. Ca 6a-40. Since the seniimicro (ion 
exchange) method is a direct  determinat ion of non- 
ionic mater ia l  whereas the macro (extract ion) method 
is empirical,  the sicmimicro results shouht be more 
accurate  and more nearly t rue values. The rcl)roduci- 
bil i ty of the sere)micro method is good and is toni- 
parable  to tha t  obtained by the macro nlicthod. The 
s tandard  deviation f rom the mean for the five sam- 
plies was 0.06%. 

Twenty- three  additional dicternlinations on fa t  and 

oil salnples were run under  routine analytical  condi- 
tions. The s tandard  deviation f rom the mean for the 
range 0 -2% lmsaponifiable mat te r  was 0.06%. 

When soaps are examined for unsaponifiables plus 
unsaponified materials,  the sample is dissolved in 
warm water  and extracted with ethyl ether wi thout  
any  saponification. The ion exchange procedure is 
the same as that  in the method. 

The unsaponifiabh~ determinat ion is applicable to 
all normal fats  and oils (both crude and refined), to 
par t ia l  glyccrides and esters, and to f a t ty  acids and 
soaps containing no more than  22 )carbon atoms. 
Severely oxi(tizcd fats  or polymerized f a t ty  acids can- 
not be analyzed becaltsic these f a t t y  acids are not re- 
tained by the ion exchange resin. Some modification 
of the icluting systicnl couhl possibly give bet ter  ric- 
ticutions. 

This nlicthod has 1)een used in various nutr i t ional  
studies and shouhl fin(I atiplication in clinical investi- 
gations. Where  it is desirable to use this technique 
on a pricl)arativic scale or where larger  samples are 
to be used, propor t ionate  increases in reagents and 
equipment  were ft/lmd to giw~ sa t i s fac tory  results. 
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Thermal Dimerization of Fatty Ester Hydroperoxides 1 

E. N. FRANKEL, C. D. EVANS, and J. C. COWAN, Northern Regional 
Research Laboratory, "~ Peoria, Illinois 

F 
ORMATION of conjugated f a t ty  hydroperoxides  as 
init ial  products  in fa t  autoxidat ion is well estab- 
lished (1,6,8,22,23,28). However  knowledge on 

the subsequent  decomposition of hydropicroxidics is 
re la t ively incomplete. Some of the confusion in the 
l i te ra ture  arises f rom the great  var ie ty  of conditions 
of decomposition used by different workers. 

Thermal  decomposition of fa t  hydroperoxides  pro- 
duces a va r ie ty  of scission products  (3,10,13,19) and 
high-molecular-weight material ,  p r inc ipa l ly  dimeriic 
in na ture  (7,8,27,31,35,36). When decomposition is 
carr ied out at  relat ively low tempera tures  and in the 
presence of oxygen, dimeric products  appear  to be 
oxygen-linked. By  molecular  distil lation Swern et al. 
(31) isolated polymeric fract ions f rom methyl  oleate 
autoxidizicd at 65~ in the presence of cobalt olic- 
ate. To account for  the excessive oxygen they believed 
that  the polymers  were oxygen-linked and assumed 
an ether l inkage since the polymers  were resis tant  to 

1 P r e s e n t e d  a t  33 rd  fall  mee t iag ,  Artier)can Oil Chemists '  Society, Los 
Angeles,  Calif., Sept.  2 8 - 3 0 ,  1959.  

This  is a l abo ra to ry  of the N o r t h e r n  Uti l izat ion Resea rch  and  De- 
ve lopment  Divis ion,  A g r i c u l t u r a l  R e s e a r c h  Service,  U. S. D e p a r t m e n t  
of Agr icu l tu re .  

saponification. Chang and Klnnmerow (7) and Wit-  
t ing et al. (36) used solvent extract ion to isolate 
polymers  f rom ethyl linolicatic and linolenatic, respec- 
tively, which were autoxidized at  30~ They were 
able to spli t  the polymers  into monomicric units  with 
concentrated halogen acids, thus indicat ing an oxygicn- 
linkage. 

When decomposition of f a t  hydroperoxidics is car- 
ried out at tempera tures  above 100~ and in an 
iner t .a tmosphere ,  the dimeric products  appear  to be 
linked by a carbon-to-carbon bond. Will iamson (35) 
d e c o m p o s e d  autoxid iz icd  m e t h y l  l i n o l e a t e  (33~ 
U.V. l ight) by  heat ing it at  100~ in nitrogen. 
Dimers  isolated by  solvent f ract ionat ion and molec- 
u lar  distillation contained monomeric units  linked by 
icarbon-to-icarbon bonds since they were not cleaved 
with hydrogen iodide. In  these studies the isolation 
procedures were complicated by  the presence of in- 
completely decomposed fa t  hydropicroxides and other 
products  of autoxidat ion similar in solubi l i ty  char- 
aeticristies to the polymerized material .  I t  is difficult 
to isolate polymerized mater ia l  by  solvent fract ion- 
ation of autoxidized mixtures  without  contaminat ion 


