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A B S T R A C T  
The odor threshold was determined for a series of 

unsaturated ketones, secondary alcohols, hydro- 
carbons and substituted furans added to bland edible 
oil. Odor thresholds were taken as the point where 
50% of a 15- to 18-member taste panel could detect 
an odor difference from the control oil. These 
additives are oxidative products of  fats, but the 
concentrations investigated were far below any level 
associated with an identifying odor or taste of the 
additive per se. Odor, rather than flavor, was selected 
as the starting basis because of  greater acuity and ease 
of handling a large number of samples with less taster 
fatigue. Oil samples containing additive concentra- 
tions near the odor threshold levels were evaluated by 
flavor score and flavor descriptions. Taste panel 
members were experienced oil tasters and were 
allowed free choice in selecting terms to describe the 
flavor quality of  the oil samples. The propyl and 
butyl members of the homologous series of  vinyl 
ketones had the lowest odor thresholds, whereas the 
difference in odor threshold was small between 
homologs in the unsaturated alcohols and in the 2 
substituted furans. Vinyl propyl ketone, vinyl propyl 
carbinol (1-hexen-3-ol) and 2-propyl furan had odor 
thresholds of  0.005, 0.5 and 6 ppm, respectively. 
Odor thresholds of the unsaturated hydrocarbons are 
markedly lower than those of the saturated isologs. 
The odor of nonane can be detected at 650 ppm. 
However, at 1000 ppm it cannot be tasted and oils 
containing it were scored equal to the control oil. 
1-Nonene, 1-nonyne and other tested C-9 unsaturated 
hydrocarbons, including a number of dienes, have 
odor thresholds of about 10 ppm. The hydrocarbons 
1-hexyne, 1-nonyne and 1-decyne had odor thresh- 
olds of  0.2, 5 and 4 ppm, respectively. 

INTRODUCTI  ON 
When it comes to taste and odor sensations, we are all 

distinct individualists. Only through experience with food 
and our environment do we gain and acquire a knowledge 
of taste and smell. The classification of flavor is strictly a 
descriptive terminology based on an individual's perception 
and memory. Most individuals have acute odor perception, 
as well as the ability to identify different aromas. Off- 
flavors in bland foods, for example, are often described in 
terms of  distinctive odors rather than distinctive tastes. 
Descriptive terminology characterizing off-flavored fats as 
cardboardy, trainy, painty, skunky and rubbery illustrates 
the reliance on odor memory. Although odor perception 
has generally been regarded as being more sensitive than 
taste, we and others (1,2) found that when simple odorous 
compounds are added to fats, the taste threshold is equal to 
or greater than the individual's odor perception. 

The contribution of saturated and unsaturated aldehydes 
to off-flavor characteristics of  fats has been well established 
by many investigators (3-6). Badings (7) in his review in 
1960 states that ketones are unimportant in their contribu- 
tion to oxidation off-flavors. Later, Evans (8), discussing 
autoxidation of  fats, indicated that many volatile corn- 

1presented at the AOCS Meeting, New Orleans, April 1970. 
2No. Market. Nutr. Res. Div., ARS, USDA. 
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pounds, including unsaturated esters, ketones, alcohols and 
hydrocarbons, arose from hydroperoxide breakdown and 
could contribute to an autoxidized flavor. In the past 
decade both vinyl amyl ketone and vinyl ethyl ketone 
(9-11) and their alcohol counterparts (5,9,12) have been 
isolated from autoxidized fats and shown to contribute 
undesirable flavor components. 

Although various hydrocarbons have been isolated from 
autoxidized and irradiated fats, they reportedly have 
generally weak flavors. Forss (3) indicates contamination 
with alcohols or mercaptans as the source of hydrocarbon 
flavor. Smouse et al. (I 3) demonstrated that 1-decyne was a 
major component  in the volatile products of  slightly 
oxidized soybean oil. This alkyne, they stated, has a 
threshold of 0.1 ppm. The presence of alkynes and 
unsaturated hydrocarbons in autoxidized and irradiated fats 
has been recorded by various investigators (14-18). 

The formation of alkadienes upon irradiation of beef 
and pork fat has been reported by Champagne and Nawar 
(14). They indicated that the 1-alkenes were the most 
highly odorous compounds of the series of alkane, alkene, 
alkyne and diene hydrocarbons investigated. 

Chang and coworkers (19,20) isolated pentyl furan from 
oxidized soybean oil. They be/ieve that this substance 
imparts the characteristic hearty odor and flavor reminis- 
cent of "reverted" soybean oil at concentrations of 1 to 10 
ppm. 

Since information on h o w  nonaldehydic volatile com- 
ponents contribute to flavor is confusing and contradictory, 
we undertook a study to evaluate carefully the odor 
threshold of numerous compounds, other than aldehydes, 
that are products of  fat autoxidation. 

EXPERIMENTAL PROCEDURES 
Chemicals of the highest purity available were obtained 

from several sources (Table I). The purity was checked by 
gas chromatography and all materials proved to be 98% 
pure or better. A number of  the diene samples were 
purchased as special synthesis products. Some of the 
samples of vinyl and allyl ketones and their corresponding 
alcohols were synthesized in our own laboratory by the 
procedures of Brown and Garg (21) and of Crabalona (22). 

The method of Amoore (23) and that of Patton and 
Josephson (24) were investigated as a technique to deter- 
mine the odor threshold of  several compounds dissolved in 
freshly deodorized cottonseed salad oil. With a 20-member 
panel the time involved with Amoore's  method was 
excessive although it will give a more reproducible and 
accurate threshold because of its chance probability of 1 in 
10. By modifying Patton and Josephson's method slightly 
in the plotting of taster results, the greater accuracy of 
Amoore 's  method was partially attained. Our modified 
procedure consists of presenting each taster with five 
samples, in random order, in which the minimum concen- 
tration difference between samples is twofold. The geo- 
metric scale of  concentration (binary dilution) was carried 
out in all sets of dilutions. Samples (7.5 ml) of cottonseed 
oil containing the appropriate concentrations of the odor- 
ant were presented to the taster in 150 ml beakers covered 
with watch glasses. The samples were warmed and served at 
55 C by placing the five beakers in an aluminum block 
heated on a thermostatically controlled hot plate. Usually 
one sample served as a blank, but any number of blanks 
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may  be  used. In a p re l imina ry  run  if  the  h ighes t  concen t r a -  
t i on  was n o t  de t ec t ed  by  80% of the  panel ,  tes ts  w i t h  h igher  
c o n c e n t r a t i o n s  were made .  Af t e r  the  c o n c e n t r a t i o n  range  
was es tab l i shed ,  the  tes ts  were r epea t ed  to  es tab l i sh  an 
average t h r e sho ld  value,  i.e., the  po in t  where  50% of  the  
pane l  cou ld  de tec t  the  addi t ive .  In p lo t t i ng  t h e  cor rec t  
responses  to  o b t a i n  the  average t h r e sho ld  value,  on ly  resul t s  
were used of  tas ters  w h o  had  cor rec t ly  iden t i f i ed  all t he  
h igher  c o n c e n t r a t i o n  samples .  Thus  the  resul ts  of  a t a s t e r  
w h o  cor rec t ly  iden t i f i ed  the  presence  of  the  s u b s t a n c e  at  
c o n c e n t r a t i o n s  of  16, 8 and  2 p p m  bu t  missed 4 and  0 
par ts ,  wou ld  be used on ly  in calcula t ing the  pe rcen tage  
cor rec t  for  16 and  8 ppm.  Odor  th resho lds  are r e p o r t e d  as 
the  average value  of  two  to  four  comple t e  pane l  evalua- 
t ions .  

RESU LTS AND DISCUSSION 
The m e t h o d  used  to  d e t e r m i n e  the  sensi t ivi ty  t h r e s h o l d  

may  be i m p o r t a n t  and  could  accoun t  for  l i t e ra tu re  differ-  

TABLE I 

Detection Odor Threshold of Additives to Cottonseed Oil 

Threshold, a Source of 
Compound ppm compound b 

Hydrocarbons 

Alkanes 
Nonane 650 5 

Alkenes 
1-Hexene 0.02 5 
1-Octene 2 5 
1-Nonene 9 5 
1-Decene 7 5 

Alkynes 
1-Pentyne 0.7 4 
1-Hexyne 0.2 4 
1-Nonyne 5 4 
1-Decyne 4 4 

Alkadienes 
1,3-Hexadiene 2 2 
1,5-Hexadiene 0.5 1 
cis, cis-2, 4-He x adiene 3 3 
cis, trans-2,4-Hexadiene 30 3 
trans, trans-2,4-Hexadiene 38 3 
1,4-Heptadiene 9 3 
1,3-Octadiene 20 3 
1,4-Octadiene 15 3 
2,4-Octadiene 12 3 
1,3-Nonadiene 12 3 
1,8-Nonadiene 11 3 
2,4-Nonadiene c 9 7 

Substituted furans 
2-Methyl furan 27 3 
2-Ethyl furan 8 3 
2-Propyl furan 6 3 
2-Butyl furan 10 3 
2-Pentyl furan 2 3 
2-Vinyl furan 1 3 

Vinyl alcohols 
1-Hexen-3-ol 0.5 7 
1-Hepten-3-ol 3.0 7 
1-Octen-3-ol 0.9 7 
t-Nonen-3-ol 1.3 7 

Allyl alcohols 
2-Nonen-4-ol 12 7 

Vinyl ketone 
Vinyl methyl ketone 0.2 6 
Vinyl ethyl ketone 0.02 4 
Vinyl propyl ketone 0.005 7 
Vinyl butyl ketone 0.007 7 
Vinyl amyl ketone 0.1 7 

aFigures have been rounded off to nearest whole number. 
b l ,  Aldrich Chemical Co.; 2, Chemicals Procurement Labs; 3, 

Chemical Samples Co.; 4, K&K Labs; 5, Phillips Petroleum Co.; 
6, Chas. Pfizer & Co.; and 7, synthesized. 

CA 50:50 mixture of 1,3- and 2,4-isomers. 

ences.  Thresho ld  d i f fe rences  are more  l ikely to  resu l t  f r o m  
tas te r  var iabi l i ty  and  var ious  me thodo log i e s  t h a n  f r o m  
m i n o r  impur i t i e s  in  the  s t andards .  Guadagni  e t  al. (25)  
r e p o r t  t h a t  snif f ing a wa te r  so lu t ion  of  n o n a n a l  was a 
relat ively insensi t ive  m e t h o d  c o m p a r e d  to  the i r  squ i r t  b o t t l e  
m e t h o d  w i t h  w h i c h  t hey  a t t a ined  a t h r e s h o l d  o f  1 vs. 98 
ppb  f rom sniffing.  Since ou r  odo r  s tudies  were  c o n c e r n e d  
w i th  edible  oil eva lua t ions ,  panel  m e t h o d o l o g y  was the  
same in b o t h  o d o r  and  tas te  tests .  

Table  I shows the  o d o r  d e t e c t i o n  t h r e sho ld  fo r  a series 
of  h y d r o c a r b o n s ,  s u b s t i t u t e d  furans ,  u n s a t u r a t e d  ke tones  
and alcohols .  Because t h r e sho lds  of  s a tu r a t ed  a l iphat ic  
h y d r o c a r b o n s  range a b o u t  1000 ppm,  these  h y d r o c a r b o n s  
were no t  a par t  of  our  s tudy .  U n s a t u r a t i o n  confers  a h igh  
odo r  po t en t i a l  t o  a l ipha t ic  h y d r o c a r b o n s .  D e t e c t i o n  l imi ts  
are lower  by  an  o rde r  of  two  to  th ree  m a g n i t u d e s  f rom the  
sa tu ra t ed  analogs.  A t r iple  b o n d  lowers  the  t h r e s h o l d  more  
t h a n  a doub le  b o n d  and  f r o m  l imi ted  data  the  d i f fe rence  
can be  as m u c h  as one  o rde r  of  magn i tude .  Somet imes ,  
dienes  have h a d  s igni f icant ly  lower  th re sho lds  t h a n  m o n o -  
enes  o f  the  same c a r b o n  chain  length.  No cons i s t en t  e f fec t  
of  con juga t ion ,  n o n c o n j u g a t i o n  or  t e rmina l  pos i t i on  o f  the  
doub le  b o n d s  cou ld  be observed  w i th  the  l imi ted  n u m b e r  of  
samples  inves t igated .  In the  series of  2 ,4 -con juga ted  hexa-  
dienes,  the  cis, c i s -geometr ical  i somer  could  be de t ec t ed  at  
1 /10 the  c o n c e n t r a t i o n  of  e i the r  the  cis, trans- or the  
trans, t rans- isomer.  

Odor  th re sho lds  of  less t h a n  1 p p m  are i nd i ca t ed  for  a 
n u m b e r  of  h y d r o c a r b o n s ,  and  appa ren t ly  the  s ix -carbon  
chain  h o m o l o g  has  the  lowest  t h re sho ld  in each  series. 
Trace a m o u n t s  of  u n s a t u r a t e d  h y d r o c a r b o n s  near  these  
t h r e sho ld  levels could  m o d i f y  the  f lavor  r e sponse  for  any  
fat  or  f a t ty  f o o d  where  they  m a y  be  present .  

Odor  th re sho lds  of  2 - subs t i t u t ed  furans  are, in  general ,  
comparab l e  to  the  o d o r  t h r e s h o l d  levels of  u n s a t u r a t e d  
h y d r o c a r b o n s .  I f  furans  are p r o d u c t s  of  a u t o x i d a t i o n  (20) ,  
it would  also be logical to  expec t  the  f o r m a t i o n  of  
u n s a t u r a t e d  furans .  The o d o r  t h r e sho ld  of  2-vinyl fu ran  was 
d e t e r m i n e d  to  be 1 ppm.  

The  more  polar  v inyl  a lcohols  and  k e t o n e s  have m u c h  
lower  o d o r  t h r e sho lds  t h a n  the  n o n p o l a r  h y d r o c a r b o n s .  The 
o d o r  t h r e sho lds  of  the  v inyl  ke tones  were f o u n d  to be  in 
par t s  per  bi l l ion,  wh ich  range  agrees wi th  values r e p o r t e d  in 
the  l i te ra ture  (4 ,10 ,26) .  U n s a t u r a t e d  k e t o n e s  have  a m u c h  
s t ronger  odor ,  wh ich  can be  de t ec t ed  at  c o n c e n t r a t i o n  
levels 1 /10  to  1 /100  of  t h a t  of  the i r  a lcohol  analogs.  The  
d e t e c t i o n  o d o r  t h r e sho ld  of  the  u n s a t u r a t e d  k e t o n e s  is in 
the  range of  our  mos t  p o t e n t  odo rous  mater ia ls ,  t he  
sulfides. Hydrogen  sulfide has an  odo r  t h r e s h o l d  of  12.7 
ppb  and  m e t h y l  m e r c a p t a n  in water ,  of  2 ppb  (24) .  

In Table  II are p resen ted  the  f lavor responses  o f  var ious  
h y d r o c a r b o n s  dissolved in freshly deodor i zed  c o t t o n s e e d  
oil. The  samples  have been  eva lua ted  against  a b l a n d  con t ro l  
oil and  have been  given b o t h  a f lavor score and  a f lavor  
descr ip t ion .  Taste  pane l  o p e r a t i o n  was c o n d u c t e d  by  the  
m e t h o d  of  Moser  et  al. (27) .  F lavor  desc r ip t ions  are 
cons ide red  p r e d o m i n a t e  on ly  w h e n  25% of t he  tas te  pane l  
m e m b e r s  ind ica te  the  presence  of  a pa r t i cu la r  flavor. 
Similar  f lavor responses  may  be given by  75% of  t he  pane l  
m e m b e r s ,  b u t  rare ly  is it f o u n d  t ha t  all tas ters  in  a 
2 0 - m e m b e r  pane l  will give iden t ica l  f lavor responses .  
H y d r o c a r b o n s  at  low levels def in i te ly  in f luence  t h e  f lavor  
b u t  do  no t  convey  a "gaso l ine"  or h y d r o c a r b o n  t y p e  of  
o d o r  to edible oils. The usual  p a t t e r n  is an increase  of  the  
ranc id  responses ,  wh ich  increase  w i th  c o n c e n t r a t i o n  o f  t he  
addi t ive .  The  f lavor  responses  are still typ ica l  of  fats, even 
t h o u g h  the  level of  add i t i on  of  the  more  o d o r o u s  a lkynes  
may  be suff ic ient  to  give low scores ind ica t ing  repuls ive 
flavors.  A few r u b b e r y  and  m e l o n y  responses  were  occa- 
s ional ly  observed  w i th  the  h y d r o c a r b o n s .  A l t h o u g h  such  
c o m m e n t s  are n o t  u n c o m m o n ,  t hey  do no t  c o n s t i t u t e  the  



SEPTEMBER, 1971 EVANS ET AL: ODOR AND FLAVOR IN EDIBLE OILS 497  

TABLE II 

Taste Responses of Hydrocarbons Added to Bland Cottonseed Oil 

Concentration, Flavor 
Hydrocarbon ppm score a Flavor responses 

Nonane 1000 6.5 + Buttery, beany 
Nonane 2000 5.7 * Grassy, unknown 
1-Nonene 4 6.1 b Buttery, nutty, rancid 
1-Nonene 8 5.8 Buttery, rancid, nutty 
1-Nouene 16 5.3 Rancid 
1-Nonene 32 4.7 Rancid 
1-Hexyne 0.5 3.2" * Buttery, rubbery 
1-Decyne 5 4.8" * Buttery, beany 
1-Decyne 10 5.0"* Buttery, grassy, melony 
1,3-Nonadiene 8 6.7 b Buttery, rancid, beany 
1,3-Nonadiene 16 6.3 Buttery, rancid 
1,3-Nonadiene 32 5.1 Buttery, rancid 
1,3-Hexadiene 5 5.7" * Buttery, rancid 
Cottonseed oil --  7.2-8.5 Buttery, nutty 

aWhere significance is indicated, the sample was compared to cottonseed oil; 3, no signif- 
icance at the 5% level, *, significant at the 5% level, **, significant at the 1% level. 

bComparisons within the group. 

p r e d o m i n a n t  descr ip t ions  given to aged edible  otis. No 
a typ ica l  f lavor  response  was observed  in any  tes ts  wi th  the  
h y d r o c a r b o n s .  Taste  pane l  responses  would  ind ica te  t h a t  
w h e n  h y d r o c a r b o n s  are p resen t  the  odo r  and  tas te  descrip- 
t ions  fi t  i n to  the  n o r m a l  f lavor  profi le  of  aged fats. 

The  tas te  responses  s h o w n  in Table III to  v iny l  a lcohols  
added  at  levels sl ightly above  the i r  odo r  t h r e s h o l d  were  in 
our  exper i ence  a typica l  to  aged edible  oils. R u b b e r y  is a 
p r e d o m i n a t e  f lavor  response ;  mus ty ,  foreign,  u n k n o w n  and  
even h y d r o c a r b o n  descr ip t ions  have comple t e ly  displaced 
t he  usual  edible  oil f lavors.  F lavor  eva lua t ion  s tudies  
c o n d u c t e d  at  lower  v inyl  a lcohol  c o n c e n t r a t i o n s  m a y  
change  these  responses  cons iderab ly .  

1-Octen-3-ol ,  i so la ted  f rom oxid ized  l ipids (5 ,12) ,  re- 
po r t ed ly  c o n t r i b u t e s  to  the  m u s h r o o m  odor  of dairy fats. 
In  b u t t e r f a t  i ts  f lavor  t h r e s h o l d  is 0.1 ppm. 1-Penten-3-ol ,  
i sola ted f r o m  milk  fat  and  mea t ,  has an  oily,  grassy f lavor  
(3). 

2 -Pen ty l  fu ran  has  a f lavor  t h r e sho ld  of  1 p p m  and  a 
f lavor  r emin i scen t  of  r eve r t ed  s oybean  oil (20) .  R e p e a t e d  
tes ts  by  ou r  pane l  using A m o o r e ' s  m e t h o d  ind ica t e  t h a t  n o  
t as te r  cou ld  cons i s t en t ly  iden t i fy  b y  odo r  ( t h ree  ou t  of  
t h r ee  tests)  samples  con ta in ing  2-penty l  fu ran  b e l o w  levels 
of  4 ppm. When  the  pane l  used  P a t t o n  and  J o s ephson ' s  
t e c h n i q u e ,  the  average of  th ree  tes ts  gave the  50% d e t e c t i o n  
t h r e sho ld  a t  2.4 ppm.  When 1 to  20  p p m  of  2 -pen ty l  fu ran  
were  t e s t ed  in f reshly  deodor i zed  c o t t o n s e e d  oil, t as te  pane l  
resul ts  i nd ica t ed  t h a t  levels of  a p p r o x i m a t e l y  5 p p m  gave 
typ ica l  aged oil responses .  At  levels o f  1 p p m  t h e  samples  
were n o  d i f fe ren t  t h a n  the  con t ro l .  At  20  p p m  t he  l icorice 
o d o r  of  the  pure  mater ia l  cou ld  be  de t ec t ed  b y  several 
pane l  m e m b e r s .  Mildly ox id ized  f lavor r e sponses  were 
o b t a i n e d  at 5 and  8 p p m  of  2 -pen ty l  furan .  A d d i t i o n s  at  
these  levels s igni f icant ly  lowered  the  f lavor  score ,  as s h o w n  
in Table  IV. C o t t o n s e e d  oil con ta in ing  8 p p m  of  2 -pen ty l  
fu r an  was scored  s ignif icant ly  h igher  t h a n  aged s o y b e a n  oil. 
A sample  con ta in ing  5 p p m  of  2 -propyl  fu ran  was n o t  
scored s igni f icant ly  be low the  con t ro l  c o t t o n s e e d  oil. The  
f lavor  responses  are n o t  grea t ly  d i f f e ren t  f r o m  those  
o b t a i n e d  w i t h  t he  var ious  u n s a t u r a t e d  h y d r o c a r b o n s .  Al- 
t h o u g h  the  responses  are r emin i scen t  of  mi ld ly  ox id ized  
oils, we do  n o t  i n t e rp re t  the  responses  of  e i the r  the  
h y d r o c a r b o n s  or  the  2 -pen ty l  fu ran  as be ing  u n i q u e  for  
aged soybean  oil,  i.e., wha t  makes  its f lavor  d i f f e ren t  f r o m  
co t t onseed ,  e tc .  

The  o d o r  and  tas te  p roper t i e s  of  the  fu ran  c o m p o u n d s  
would  be  o f  cons iderab le  in t e res t  to  fat  t e c h n o l o g y  if  p r o o f  
of  the i r  or igin f r o m  au tox id i zed  fa ts  cou ld  be unequ ivoca l ly  
es tabl ished.  N o n a k a  et  al. (28 )  r e p o r t e d  t he  p resence  of  

seven homologs ,  m e t h y l  to  hep ty l ,  of  2-alkyl fu rans  in the  
a roma  volat i les of  c o o k e d  ch icken .  Those  a u t h o r s  pos tu -  
la ted  two  sources  for  the  fu rans  and  ind ica t ed  t h a t  there  
was n o  reason  to  assume t h e y  were ar t i facts  o f  c o n t a m i n a -  
t ion ,  a l t h o u g h  th is  poss ibi l i ty  could  n o t  be  t o t a l l y  ex- 
c luded.  Those  au tho r s  f o u n d  t h a t  n - b u t y l  fu r an  and  
n - p e n t y l  fu ran  were a m o n g  the  o x i d a t i o n  p r o d u c t s  of  
trans, trans-2,4-decadienal. Since several dienals  have been  
r epo r t ed  in au tox id i zed  fats,  t h e  dienals  o n  f u r t h e r  oxida-  
t i on  cou ld  be the  source  of  a h o m o l o g o u s  series of  furans.  
The  o t h e r  p r o p o s e d  source  was f rom glucose t h r o u g h  
reac t ions  similar  to  the  pyrolysis  o f  sugars. A large series of  
fu ran  der ivat ives  has  b e e n  de t ec t ed  in a c o n c e n t r a t e d  coffee 
a roma  o b t a i n e d  by  molecu la r  d is t i l la t ion of  expe l led  coffee 
oil (29) .  The  source of  fu rans  was a t t r i b u t e d  to condensa-  
t i on  wi th in  t he  c a r b o h y d r a t e s  dur ing  roas t ing  of  t he  g reen  
coffee bean .  

His tor ical ly ,  ox ida t ive  off - f lavor  d e v e l o p m e n t  in edible 
fats  has  been  c o n c e r n e d  w i th  the  d e v e l o p m e n t  of  alde- 
hydes ,  to  a lmos t  the  comple t e  exc lus ion  of  o t h e r  oxida-  
t ively der ived subs tances .  There  are m a n y  reasons  for  this  
a t t i t ude ,  and  early f lavor s tudies  were c o n f i n e d  to alde- 
hydes  n o t  on ly  because  t h e y  were p resen t  in  larger 
quant i t i es ,  bu t  p r imar i ly  because  solid der ivat ives  could  be  
made  and  h a n d l e d  and  because  the  p r o d u c t s  could  be  
iden t i f i ed .  I m p r o v e d  t e c h n i q u e s  soon  a l lowed t h e  separa- 
t i on  of  u n s a t u r a t e d  classes o f  a ldehydes  and  t he  obse rvance  
t h a t  ce r ta in  f rac t ions  c o n t a i n e d  k e t o n e s  and  pe rhaps  
d ia ldehydes .  Many  workers  have e m p h a s i z e d  the  d i f f icu l ty  
of  ob t a in ing  der ivat ives  and  the  ins tab i l i ty  of  v iny l  k e t o n e s  
in a gas c h r o m a t o g r a p h .  

The  free radical  n a t u r e  of  a u t o x i d a t i o n  and  t h e  r a n d o m -  
ness of  chain  spl i t t ing,  as b r e a k d o w n  p r o d u c t s  are fo rmed ,  
m a k e  it absurd  to  assume t h a t  a single c o m p o u n d  or  a few 
s table  ones,  first  i so la ted  and  iden t i f i ed  by  chemis t s ,  are t he  

TABLE III 

Flavor Evaluation of Vinyl Alcohols Added to Cottonseed Oil 

Flavor 
Compound score a Flavor responses 

l-Hexen-3-ol, 2 ppm 2.5** Rubbery, rancid, 
hydrocarbon 

l-Hexen-3-ol, 4 ppm 2.7* * Rubbery 
1-Octen-3-ol, 2 ppm 4.7** Musty, foreign, 

unknown 
Cottonseed oil 7.1-7.5 Buttery 

aSee footnote for Table II. 
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TABLE IV 

Flavor Evaluation of 2-Pentyl Furan in Cottonseed Oil 

Odor Flavor Predominant 
Compound score a score a flavor responses 

2-Pentyl furan, 1 ppm 8.4-8.6 + --  Bland, buttery 
2-Pentyl furan, 1 ppm --- 6.7 + Buttery, beany 
2-Pentyl furan, 5 ppm 7.2-7.8 ** --- Buttery, grassy 
2-Pentyl furan, 5 ppm 7.1 + 5.5* Buttery, rancid 
2-Pentyl furan, 5 ppm 6.6* 5.5 * * Rancid, buttery, grassy 
2-Pentyl furan, 5 ppm --  6.3* Rancid, grassy 
2-Pentyl furan, 8 ppm 7.2 6.0 b Rancid, grassy, buttery 
2-Pentyl furan, 8 ppm 6.6 5.5 b Rancid, buttery 
2-Pentyl furan, 20 ppm 6.5 ** - -  Grassy, rancid 
Cottonseed oil 8.7-9.2 7.0-7.3 Buttery 

aSee footnote for Table II. 
bCompared with aged soybean oil. 

on ly  source  o f  odor  and  f lavor.  H a m m o n d  and  coworke r s  
(4,1 I)  and  Day et  al. (30)  r ecogn ized  t h a t  a l t h o u g h  a single 
c o m p o u n d  cou ld  p r o d u c e  the  p r e d o m i n a t e  f lavor r e sponse ,  
it was on ly  a f te r  a b l end ing  o f  several o d o r o u s  c o m p o u n d s  
( a ldehydes  and  k e t o n e s )  t h a t  the  f lavor  was more  s imilar  to  
t h e  na tu ra l  a u t o x i d i z e d  f lavor of  ox id ized  milk or aged 
s o y b e a n  oil. The  p r o b l e m  of  s imula t ing  a na tu ra l  o d o r  is 
f u r t h e r  c o m p l i c a t e d  by the  an tagon i s t i c  e f fec t  r e p o r t e d  by  
M e i j b o o m  (2) where  two c o m p o u n d s ,  one  hav ing  an o d o r  
t h r e s h o l d  o f  0.1 p p m ,  the  o t h e r  at 10 p p m ,  can be m i x e d  at 
levels o f  13.2 and  12.5 p p m ,  respec t ive ly ,  in paraf f in  oil to  
give an odor less  and  a l m o s t  tas te less  m i x t u r e .  In his review 
on  pala tabi l i ty  Tilgner (31)  ind ica tes  t h a t  20 to 50 chemica l  
c o m p o u n d s  m a y  be c o m b i n e d  to p roduce  a typ ica l  a r o ma  
a n d  flavor,  b u t  t h a t  the  n u m b e r  of  c o m p o u n d s  in the  
original mater ia l  m a y  to ta l  in the  h u n d r e d s  or even 
t h o u s a n d s .  

Because of  its h igh  resolving power  gas c h r o m a t o g r a p h y  
has  b e e n  the  favori te  too l  of  the  f lavor chemis t .  A m o r e  
soph i s t i ca t ed  t e c h n i q u e ,  o b t a i n e d  by  c o m b i n i n g  a gas 
c h r o m a t o g r a p h  di rect ly  to  a mass  s p e c t r o m e t e r ,  has  again 
m a r k e d l y  revealed the  m y r i a d  o f  c o m p o u n d s  t h a t  occur  in 
the  a r o m a  volat i les  o f  foods .  Us ing  a t a n d o m  gas c h r o m a t -  
og raph -mass  s p e c t r o m e t e r  un i t  N o n a k a  et al. (28)  ident i f ied  
62 c o m p o u n d s  in ch icken  m e a t  volat i les o f  w h i c h  on ly  13 
were prev ious ly  k n o w n .  At  least  eight  a r o m a t i c  h y d r o c a r -  
b o n s  have b e e n  r e p o r t e d  in votat i les  o f  t h e  p o t a t o  (32),  a n d  
t h e  k n o w n  a r o m a  volat i les  o f  coffee  have increased  to  m o r e  
t h a n  200  c o m p o u n d s  (29) .  Similar  increases  in t h e  n u m b e r  
o f  a r o m a  volat i les  can be s h o w n  for  a lmos t  a n y  f o o d  where  
the  volat i les  have  been  inves t iga ted  b y  a gas c h r o m a t o -  
g raph-mass  s p e c t r o m e t e r  uni t .  

M a n y  u n s a t u r a t e d  a n d  easi ly ox id ized  odor  vola t i les  are 
never  d e t e c t e d  because  t h e y  are lost  dur ing  i so la t ion  or 
f r a c t i o n a t i o n  in  a gas c h r o m a t o g r a p h i c  c o l u m n .  T h e  d is t inc t  
l imi t a t ions  in capabi l i ty  o f  gas c h r o m a t o g r a p h y  to  h a n d l e  
u n s t a b l e  ma te r i a l s  is i gno red  or over looked  in m u c h  o d o r  
a n d  f lavor  work .  I t  is o f  the  u t m o s t  i m p o r t a n c e  to  
recognize  t h a t  c o m p o u n d s  i ssu ing  f r o m  a c h r o m a t o g r a p h i c  
c o l u m n  are n o t  necessar i ly  all t h a t  were in jected.  I m p r o v e d  
t e c h n i q u e s  in o d o r  s tud ies  will f u r t h e r  increase  t h e  n u m b e r  
o f  t hese  fugi t ive a r o m a  c o m p o u n d s .  
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