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O 
L I V E  oil, a l though the  bes t  

known and  most  des i rab le  
edible oil, is, u n f o r t u n a t e -  

ly, one of the  oils most  sub jec t  to 
ox ida t ion  and o ther  changes  which  
develop ranc id i ty .  The  p r inc ipa l  
f ac to r  is  oxygen ;  indeed i t  has  
been sa id  t ha t  w i thou t  oxygen the re  
can be no ranc id i ty .  However ,  o ther  
fac tors ,  such as l ight ,  heat,  mois-  
t u r e  and contact  wi th  metals ,  serve  
to acce le ra te  the  oxida t ion .  The  
chemical  r eac t ions  involved a re  
r a t h e r  complex and some of the  
p roduc t s  fo rmed  have a ve ry  dis-  
ag reeab le  t a s t e  or  odor, while  
o the r s  do not  seem to be respons i -  
ble fo r  the  effects known under  
the  t e rm  " r anc id i t y . "  

In  ea r l i e r  y e a r s  i t  was supposed 
t h a t  the  p r inc ipa l  changes  con- 
s i s ted  of the  slow l ibe ra t ion  of f ree  
f a t t y  acids  f rom the  glycerol  es te rs  
cons t i t u t i ng  the  oil, due to a f a t -  
sp l i t t i ng  f e r m e n t  or  enzyme (ol- 
ease or  t ipase)  n a t u r a l l y  p r e sen t  or  
f o r m e d  by  b a c t e r i a  al lowed to ge t  
in d u r i n g  care less  m a n u f a c t u r e ;  
and subsequen t ly  the  ox ida t ion  of 
the  f r ee  f a t t y  acid  to  oxyacids hav-  
ing  d i sag reeab le  tas te ,  etc. Oleic 
ac id  is t he  p r inc ipa l  f a t t y  acid  
(combined  wi th  glycerol  as an 
es te r  and  called "ole in"  or " t r io -  
l e in" )  in olive oil and be ing  an 
" u n s a t u r a t e d "  acid  capable  of uni t -  
ing d i rec t ly  wi th  iodine (hence the  
ana ly t i ca l  i t em known as " Iod ine  
abso rp t i on"  or  " Iod ine  No.")  and  
o the r  elements ,  i t  t akes  up oxygen  
readi ly .  Oleic acid  when f resh  is 
white ,  t a s te less  and  odorless,  bu t  
quickly  becomes yel low in color and  
acqui res  a r anc id  odor f rom oxida-  
t ion.  Thus  the  p r e sen t  commer-  
cial  p rac t ice  of  r e q u i r i n g  a ve ry  
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low content  of f ree  f a t t y  acid  in 
edible oil is well founded,  as i t  
s t ands  to reason  t h a t  the  less f ree  
acid  t he re  is p r e sen t  to  s t a r t  w i th  
the  less r a n c i d i t y  t he re  will  ba  
when  age ing  has enabled oxid iz ing  
changes  to  t ake  place. I t  mus t  be 
r emembered ,  however,  t h a t  the  p ro-  
por t ion  of f ree  f a t t y  acid can in 
t ime  increase,  due to the a fore-  
ment ioned  f e rme n t  or enzyme na-  
t u r a l l y  p re sen t  and  especial ly  t ha t  
f o r m e d  by bac te r ia  p re sen t  as  the  
resu l t  of careless  m a n u f a c t u r i n g  
methods .  

The  pe r  cent of f ree  f a t t y  acid  
i f  not  a measure  of r anc id i ty ,  as  
f r e sh ly  l i be ra t ed  oleic acid is not  
r anc id  (as sa id  above) and,  i f  the  
oil is well p ro tec ted  f rom oxida-  
t ion,  an oil wi th  a 1 pe r  cent  f ree  
f a t t y  acid  content  can r ema in  
"sweet"  while  a care less ly  p ro tec ted  
oil w i th  only 0.5 per  cent  ac id i ty  
m a y  become qui te  ob jec t ionab le .  
However ,  on genera l  pr inc ip les ,  the  
less f r ee  f a t t y  acid  t h e r e  is p r e sen t  
the  be t te r .  More recen t ly  i t  has  
been de t e rmined  t ha t  o ther  com- 
pounds  t han  the  oxidized f ree  f a t t y  
ac id  a r e  fo rmed  by the  combined  
effects of  oxygen,  l ight ,  mois tu re ,  
etc., some of which a r e  also dis-  
ag reeab le  t a s t i n g  and smel l ing sub- 
s tances.  Var ious  a ldehydes ,  ke tones  
and acids  of less molecular  we igh t  
t han  the  f a t t y  acids  o r ig ina l l y  
present ,  a re  f o r m e d  and appea r  to  
be cons tan t  cons t i tuen t s  of  fa t s  
and  f a t t y  oils which have  stood too 
long under  un favorab le  condi t ions  
and become rancid .  Most  of  the  
va r ious  co lo r - fo rming  tes t s  used 
fo r  the  detect ion of  inc ip ien t  or  
masked  r a n c i d i t y  ( " K r e i s  r a n c i d i t y  
tes t , "  fo r  ins tance)  depend on the  
presence of severa l  or  all of  these  
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var ious  cons t i tuen t s  r e su l t i ng  f r o m  
ox ida t ion  changes ,  and  i t  is  to the  
effect of  all of  them,  inc luding  the  
oxidized f ree  f a t t y  acid, t ha t  the  
cha rac t e r i s t i c  odor and t a s t e  of 
r anc id  fa t s  and  oils a r e  due. 

The  development  of r a n c i d i t y  in 
a ca re fu l ly  m a n u f a c t u r e d  and 
p rope r ly  s to red  olive or  o the r  edible 
oil is ve ry  slow, especia l ly  i f  the  
pe r  cent  of  f ree  f a t t y  ac id  be low 
to s t a r t  with.  In  a g roce ry  s to re  
where  t u r n o v e r  of s tock is f r equen t ,  
a good olive oil, even though  s to red  
in g lass  and  exposed to l i gh t  on a 
shelf ,  will t e s t  no rma l  and  show 
no ve ry  ob jec t ionab le  r anc id i ty .  In  
sealed t i n  cans  i t  wil l  keep "swee t"  
fo r  a r e la t ive ly  long t ime.  How- 
ever,  t h e r e  a re  s tores  in ce r t a in  sec- 
t ions  where  olive oil is i n f r equen t ly  
asked fo r  and  a small  ba tch  of 
bot t les  m a y  s t a n d  exposed to l igh t  
fo r  a y e a r  or  so, or  one or  two 
bot t les  m a y  be shoved in back  of 
a new sh ipmen t  or  o the rwise  ge t  
d isplaced so as  to s t and  many  years .  
The re  is a lways  an a i r  space in the  
neck of each bot t le ,  one-f if th of 
which  is  oxygen ;  moreover ,  t h e r e  
is  more  or  less dissolved a i r  and  
oxygen in the  oil and  for  the  small  
amoun t  of ox ida t ion  necessa ry  to  
r e n d e r  an  oil r anc id  and  to make  i t  
ana lyze  abnorma l ly  in t ime  th i s  
is  sufficient, z 

How abnorma l  an old olive 
oil sample  can analyze  will  be il- 
l u s t r a t e d  below wi th  da t a  on a pure  
oil, o r ig ina l ly  normal  in eve ry  w a y  
and of  ve ry  excel lent  qual i ty ,  w i th  
a ve ry  low conten t  of  f r ee  f a t t y  

acid  to s t a r t  with.  An  oil showing  
less change  than  th i s  p a r t i c u l a r  oil 
would be found  to ana lyze  so ab-  
normal  as  to lead to the  cha rge  of  
a d u l t e r a t i o n  unless  the  official 
chemis t  s tud ied  into  the  m a t t e r  
ve ry  thoroughly .  

The  oil in ques t ion was  one of 
the  f irst  commercia l  olive oils pro-  
duced in i3al i fornia ,  be ing  care-  
fu l ly  p ressed  f rom selected olives 
g rown  on the  W i n d e r m e r e  Ranch 
of  Mr. A n d r e w  McNal ly  a t  La  
Mirada ,  Cal., and  sold t h r o u g h  
t h e i r  E a s t e r n  office in the  Rand,  
McNal ly  Bu i ld ing  in  Chicago.  The  
w r i t e r  was  called upon to  ana lyze  
th i s  oil in the  Fa l l  of 1906 and 
found  i t  to be a pure ,  ve ry  h igh  
g r a d e  olive oil, t e s t i n g  as g iven  be- 
low. On account  of  i t s  be ing  the  
f i rs t  Ca l i fo rn ia  olive oil which  the  
w r i t e r  had  knowing ly  t e s ted  and 
because  of the  r a t h e r  a t t r a c t i v e  
bott le ,  i t  was al lowed to s t and  y e a r  
a f t e r  y e a r  on an exh ib i t ion  sample  
shelf  to the  p re sen t  day  (1927) ,  
be ing  kep t  corked,  bu t  exposed in- 
d i rec t  to l igh t  and  room t e m p e r a -  
t u r e  meanwhi le .  I t  was  ana lyzed  
a second t ime  in 1916 and more  
recen t ly  in 1926 as  fo l lows:  

In  1916 an official ana lys i s  would 
have resu l ted  in th i s  oil be ing  de- 
c la red  " adu l t e r a t ed , "  in fact ,  p rob-  
?ably a t  the  end of  five y e a r s  the  
r e g u l a r  da t a  would have been 
found  to be susp ic ious ly  abnormal .  
The  lower ing  of  the  iodine  absorp -  
t ion  va lue  is  due, no doubt ,  to the  
sa t i s f ac t ion  by  oxygen of  the  nor-  
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1906 1916 1926 

Odor and taste . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . .  No rancidi ty Very rancid Extremely rancid 
Kreis  rancidi ty tes t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Posi t ive  Very  s t rong 
Specific grav i ty  (15.5 ~ C) . . . . . . . . . . . . . . . . . . . . .  0.9132 0.9254 0.9383 
Iodirm absorption No . . . . . . . . . . . . . . . . . . . . . . . . . .  83.60 75.26 68.58 
Saponification No . . . . . . . . . . . . . . . . . . . . . . . . . . . .  190.80 199.60 213.20 
Acid No. ( f rom per cent free acid) . . . . . . . . . . . .  0.96 8.04 15.68 
Ester  No. (Sap. No . - -Ac id  No.) . . . . . . . . . . . . . . .  189.84 191.56 197.52 
Free  fa t ty  acids (of oleic) . . . . . . . . . . . . . . . . . . . . .  0.48% 4,02 7 .84~  
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