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ABSTRACT 

Over the past 5 years, 2 collaborative studies have been organized 
to evaluate the gas liquid chromatographic  (GLC) me t hods  for 
flavor of  edible oilg The mos t  recent  o f  these studies compared  the  
results f rom 5 GLC procedures  to the evaluations of the  flavor 
panels of  8 laboratories. While the  GLC procedures  proved to be 
more  precise than the  panels, it was shown that  separate correlation 
equat ions mus t  be developed for each type  of  oil, each degree o f  
hydrogenat ion  or blending, and each manner  of  storage or abuse of  
the samples. Thus, either a flavor panel mus t  always be available 
to establish a reference point  for any s tudy  to be made, or  GLC 
flavor me thods  m u s t  be recognized as providing a direct, bu t  rela- 
tive, evaluation for "oil qual i ty."  

The Flavor Nomenclature and Standards Committee was 
founded in 1967 as a sub-committee of the AOCS Stan- 
dards Committee.  While the commit tee 's  original purpose 
was to establish nomenclature, it has since expanded to 
that  of defining methodology for oil flavor evaluation. 

The original committee was composed of  representa- 
tives of 10 organizations, denoted in Table I as charter 
members. 

In the intervening years, the representation has broad- 
ened to a total  of 28 members from 20 organizations. Since 
1976, because of the introduction of gas liquid chromatog- 
raphy (GLC) into the analysis of flavor attributes,  both 
analytical and sensory specialists from the same organi- 
zations have been accepted as members of the committee.  
Thus, 8 of  the organizations last year had 2 members each. 

Historically, this is the third progress report  to be given 
at an annual meeting by a chairman of the committee.  The 
first report  was delivered by E. Hammond in 1970 in 
Chicago and the second by T. Smouse at the 1973 meeting 
in New Orleans. 

To set the stage for a review of  the commit tee 's  program 
since 1973, the unpublished highlights of the earlier activ- 
ities will be summarized. 

The initial program of the committee was a survey of  the 
abilities of  flavor panels to define flavor of  edible vegetable 
oils. Three samples of soybean oil were evaluated by a 
total of 76 participating panelists. The results of the indi- 
vidual labs relative to the sample means are shown in 
Figure 1. 

The laboratories were able to determine the differences 
among the samples, but  there was significant variation 
among judges within a laboratory and among laboratories. 
While the above conclusions were derived from the flavor 
intensity evaluation, when it came to comparisons of  the 
descriptions of flavor, the results were so diverse that  
they could not  readily be evaluated by a statistical method.  
Bar graphs were drawn to demonstrate the descriptions 
most frequently given. For  example, in Figure 2, sample 1 
was more frequently rated watermelony and beany. Having 

1presented at AOCS national  meeting in New York City, May 
1980. 

TABLE I 

1979 Members  of  the Flavor Nomencla ture  
and Standards Commi t t ee  

Anderson  Clayton (2) a 
Best F o o d s - C P C  (2) 
Campbell  a 
Central Soya (2) 
Fritzsche Dodge & AUcott  
Glidden-Durkee (2) a 
ttunt-Wesson (2) 
Iowa State University a 
Kraft Inc. (2) a 
Lip ton 
Procter & Gamble a 

Ralston Purina 
Rutgers  University a 
Swift 
U S D A - N R R L  (2) a 
USDA--SRRL (2) 

Foreign Groups  

Lesieur-Cotelle (France) 
Inst. des Corps Gras (France) 
Inst. of  Chem. Tech. (Czech.) 
Unilever (Netherlands) a 

aCharter m e m b e r  organizat ions  

demonstrated that  the flavor of aged soybean oils is ex- 
tremely complex, the committee a t tempted to zero-in on 
the characteristic flavors by eollaboratively evaluating pure 
chemicals in a bland carrier. Preliminary screening of  oils 
settled on the use of  mineral oil as a carrier, to which 3 
levels of  each chemical were added. 

Very little success was achieved with this approach. 
In fact, the vast number of  flavor and odor  descriptions 
given proved there was litt le agreement about  how to 
describe the flavor sensation of  pure chemicals, except for 
diacetyl. Since it was also observed that  there was bet ter  
agreement in flavor descriptions within laboratories than 
among laboratories, it was indicated that  there might be 
a common flavor experience among flavor panel members 
in a given laboratory.  Therefore, it  was apparent  that  the 
diacetyl preparation gave bet ter  agreement because of  the 
common experience of its general presence in butter  and 
margarine. 

At tempts  were then made using specially prepared soy- 
bean oils treated under standard conditions to yield predict- 
able flavor sensations as shown in Table lI. Eight labora- 
tories with 86 panelists evaluated this series. Mean values 
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FIG. 1. Variation of  laboratory means.  Figure reproduced from 
slide in 1973 repor t  o f  T. Smouse. 
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BLAND 
TRACE 
NUTTY 
BUTTERY 
BEANY 
OXIDIZED 
RAW 
GRASSY 
REVERTED 
RANCID 
PAINTY 
WATERMELON 
FISHY 
STRAW 
ASTRINGENT 
LARD 
METALLIC 
R?-SOI~ 
SWEET 
ETOR 
RUBBER 
FLOOR 
VAN. EXT.  

DESCRIPTION (%) DESCRIPTION (%) DESCRIPTION (%) 

4 8 12 16 4 8 12 16 4 8 12 16 

I SAMPLE 1 

3 

SAMPLE 2 

I 
I 

i 

-q 
SAMPLE 3 

FIG. 2. Flavor descriptions of soybean oil collaborative samples. Reproduced from slide 
in 1973 report ofT. Smouse. 

for the laboratories were well within the expected scoring 
ranges and not significantly different from the grand means. 
The flavor descriptions obtained were sufficiently consis- 
tent  to conclude that such oils could be used to train a 
panel not only for flavor grade, but possibly also for 
identifying oil type. 

About this time, Harold Dupuy was beginning to have 
success in GLC separations of volatile flavor components 
and he was relating these to flavor panel perceptions (1-3). 
The  committee decided that, before embarking on finaliz- 
ing the procedure for flavor characterization, it would be of 
great value if an objective flavor technique could also be 
established. Thus, in 1973, the committee report ended 
with these recommendations: (a) to standardize panels: 
utilize specially prepared oils with known flavor descrip- 
tions and assigned flavor scores; (b) to continue studying 
the flavor effects of known chemical mixtures evaluated in 
a bland medium; and (c) to continue studying objective 
methods to replace subjective organoleptic evaluations. 
Since that time, efforts have concentrated on recommenda- 
tion c. 

Because of instrumental limitations at the time, direct 
use of Dupuy's technique was difficult and this led to 
several modifications. Thus, of the 5 laboratories partici- 
pating in the GLC portion of the next collaborative study, 
only one of them used Dupuy's method and no 2 methods 
were identical (4-6). As had been done before, the collab- 
orative study included soybean oils of varying levels of 
abuse. The samples were prepared as blends of fresh soy- 
bean oil and oil from the same lot which had been exten- 
sively heat- and light-abused. The data in Table III show 

a comparison of the laboratory's mean flavor scores to the 
grand mean score for all flavor panelists and indicate a 
ranking based on the difference between the laboratory's 
mean and the grand mean. Equations were obtained corre- 
lating the GLC data generated by each of the 5 laboratories 
to the flavor panel grand means of the individual samples. 
All equations showed good correlation with R 2 over .90. 
The GLC calculated flavor scores were compared to the 
grand means for the 4 samples and the laboratories were 
ranked according to the agreement between the flavor 
scores and the GLC scores in Table IV. Comparing the rank 
of the flavor panels with the rankings of the GLC data, it 
was notable that the organizations whose panels ranked 
higher also ranked higher in the GLC correlations. The 
overall conclusions from an analysis of variance of the 
results from this study indicated that there was no signifi- 
cant difference at a 95% confidence level among panelists; 
the samples were significantly different at the 99% confi- 
dence level and the correlation equations did an excellent 
job of predicting the flavor results using the instrumental 
data. A comparison of standard deviations of the flavor 
scores and GLC scores found in Table V shows that the 
GLC scores were less variable, even though a 2-standard- 
deviation rejection was used to remove outliers from the 
flavor scores. 

The final collaborative study in the committee program 
involved the comparison of 4 levels of oil abuse for 3 types 
of oil. The manner of presenting the samples, the scoring 
systems and specified flavor descriptions which are shown 
in Table VI were all the same as those used in the last study 
to relate the results with those of the previous study. Thus, 

TABLE I i  

Treated Soybean oil for Predictive Flavors a 

Flavor grade 
Description expected expected 

No. (obtained) (obtained) Formulation b 

1 Nutty, buttery 7-8 RBHBWD SBO 
(Bland, butter, nutty) (7.2) 

2 Raw, hydrogenated 5-6 90% (1) + 10% RBHB SBO 
(Buttery, hydrogenated) (5.5) 

3 Bitter 4-5 99.6% (1) + 0.4% Tween 20 
(Bitter, buttery) (4.9) 

4 Painty, rancid 3-4 90% (1) + 10% 02 SBO 
(Painty, rancid) (1.6) 

aReproduced from slide in 1973 report by T. Smouse. 
bR = Refined, B = bleached, H = hydrogenated, W = winterized, D = deodorized. 

JAOCS, vol. 59, no. 2 (February 1982) / 117A 



A.E. WALTKING 

TABLE !ii  

Comparison of  Laboratory's Mean Flavor Score 
to the Grand Mean Score for All Panelists 

Sample 

05 51 55 69 [(x .~)2]  a Ranking 

Grand mean 5.50 3.94 7.84 6.79 0 
Lab 1 7.08 5.75 8.08 7.42 6.08 12 

2 5.56 4.33 8.11 6.33 0.44 2 
3 A 6.67 5.25 8.54 8.13 5.37 11 

B 5.86 5.00 8.09 7.59 1.96 8 
4 A 4.75 2.75 6.92 5.33 4.96 10 

B 4.92 3.09 6.75 5.17 4.87 9 
5 A 5.00 3.88 8.25 7.25 0.63 4 

B 5.00 3.81 8.18 7.00 0.43 1 
6 5.50 3.83 9.00 7.33 1.65 7 
7 5.95 4.33 7.48 7.10 0.58 3 
8 5.42 3.17 8.08 6.88 0.67 5 
9 4.62 3.29 7.83 6.54 1.26 6 

aAs Ig (x - ~)2 approaches 0, the difference between the laboratory's means and the grand 
means approach 0 or no difference. 

TABLE IV 

Comparison of GLC Scores to the Grand Mean Score from All Panelists 

Sample GLC Flavor panel 
05 51 55 69 [(x-  xGLC)a] a ranking ranking 

Grand mean 5.50 3.94 7.84 6.79 0 - - 
Lab 10 6.0 4.2 8.1 6.1 0.86 3 -- 

3 6.6 5.0 8.4 7.2 2.82 5 11&8 
4 6.3 5.1 7.7 6.8 2.00 4 10&9 
5 5.9 3.7 8.3 7.0 0.47 1 4&1 
7 6.2 4.4 7.7 6.6 0.76 2 3 

aAs E (x - xGLC) 2 approaches O, the difference between the GLC scores and the grand 
means approach O or no difference. 

we h o p e d  t o  es tabl ish  w h e t h e r  the  same cor re la t ion  equa-  
t ions  cou ld  be  used for  eva lua t ing  the  s oybean  oil, even 
t h o u g h  the  samples  were n o w  p repa red  indiv idual ly  wi th  
d i f f e ren t  levels of  l ight  and  hea t  abuse,  and  no t  b y  b l e n d i n g  
single good  and  bad  samples  to  d i f f e ren t  levels. O t h e r  
compar i sons  to be  m a d e  were b e t w e e n  t he  u n h y d r o g e n a t e d  
soybean  oils and  a set  of  par t ia l ly  h y d r o g e n a t e d  soybean  
oils, as well as wi th  a set  of  co rn  oils. Final ly ,  the  samples  
were  p repa red  wi th  less overall  abuse  to  tes t  t he  abi l i ty  o f  
b o t h  panels  and  GLC to  d i sc r imina te  less d r ama t i c  f lavor  
differences.  Most  of  the  same labora tor ies  pa r t i c ipa ted .  

As before ,  a r ank ing  of  all f lavor  panels  relat ive to  t he  
dev ia t ion  f rom the  m e a n  scores was ob ta ined .  Tab le  VII  
shows t he  values for  the  s oybean  oil set. Unde r l i ned  values 
ind ica te  f lavor  scores which  are o u t  of  o rder  relat ive to  t he  
abuse  appl ied  to  the  samples.  

Even the  grand m e a n  value for  one  of  the  samples  is 
d e n o t e d  as be ing  incorrec t .  This  is a resul t  of  mi s r ank ing  of  
this  sample  by  4 o f  the  8 panels .  

Regress ion equa t i ons  us ing b o t h  l inear  and  na tu ra l  log 
fo rm were es tab l i shed  for  p red ic t ing  f lavor  scores for  each 
of  t he  5 d i f f e ren t  GLC p rocedure s  wi th  each of  t he  3 sets 
o f  oil samples,  as well as for  a c o m b i n a t i o n  o f  all 3 sets. T h e  
coef f i c ien t  o f  d e t e r m i n a t i o n  for  the  bes t  e q u a t i o n  for  a 
given series is l is ted in Table  VIII .  T he  cor re la t ions  were 
d o n e  against  t he  g rand  m e a n  values, exc lud ing  the  mis- 
r a n k e d  sample  in the  SBO series. Ca lcu la ted  f lavor  resul ts  
were t h e n  o b t a i n e d  and  c o m p a r e d  to the  grand m e a n  
values. 

TABLE V 

Standard Deviations among Laboratories 

Sample 

05 51 55 69 

Flavor score variation a 0.60 0.71 0.34 0.63 
GLC score variation 0.27 0.58 0.33 0.42 

aOutliers that were found to be 2 SD from the mean were rejected. 

TABLE VI 

Flavor Grading Scale 

Flavor grade Description of flavor a 

10 
9 (Good) 
8 
7 (Fair) 
6 
5 (Poor) 
4 
3 (Very poor) 
2 
1 (Repulsive) 

Completely bland 
Trace of flavor but not recognizable 
Nutty, sweet, bacony, buttery 
Beany, hydrogenated 
Raw, oxidized, musty, weedy, burnt, grassy 
Reverted, rubbery, watermelon, butter 
Rancid, painty 
Fishy, buggy 
Intensive flavors and objectionable 

aFlavor intensity of descriptor is rated slight for grade level indi- 
cated and distinct at next lower grade level. 
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In a lmos t  all cases, t he  resul ts  were b e t t e r  w h e n  the  3 
indiv idual  e q u a t i o n s  were used r a the r  t h a n  the  c o m b i n e d  
equa t ion .  This  can  be seen by  c o m p a r i n g  the  average 
co r re la t ion  value  o f  3 sets  to  the  value for  the  c o m b i n e d  
equa t ion .  

Table  IX is a c o m p a r i s o n  of  the  resul ts  f rom the  bes t  
co r re l a t ion  e q u a t i o n  f r o m  each l a b o r a t o r y  for  each sample  
set  to  the  abuse  levels or iginal ly  impa r t ed  to  t he  samples.  
A t a b u l a t i o n  of  the  n u m b e r  of  samples  mi s r anked  by  the  
GLC in compar i son  to the  f lavor  panels  shows the  GLC 
results,  on  the  average, to  be  superior .  One  GLC m e t h o d  
never  mis ranked  a sample .  T w o  o the r  m e t h o d s  mi s r anked  
on ly  one pair  o f  the  h y d r o g e n a t e d  s oybean  oil samples,  
wh ich  was no t  f o u n d  to  be  s ignif icant ly  d i f f e ren t  by  the  

f lavor  panels.  The  o t h e r  2 GLC procedures  mis ranked  
a n o t h e r  o f  the  h y d r o g e n a t e d  soybean  oil samples  t ha t  the  
panels  f o u n d  to  be s ignif icant ly  d i f fe rent .  However ,  all 
GLC p rocedures  p roper ly  r anked  a n o t h e r  5 samples(3  
SBO, 1 corn,  1 h y d  SBO) t h a t  individual  f lavor  panels  
mis ranked .  

As ind ica ted  earlier,  these samples  were  i n t en t i ona l l y  
p repa red  to  have f lavor  d i f fe rences  t h a t  were small  in com- 
par ison to  the  10-poin t  f lavor  scale used. When  the  differ-  
ences  were less t han  0.5 of  a f lavor uni t ,  t h e  f lavor panels  
d id  no t  iden t i fy  t h e m  as d i f fe rent ,  as d e n o t e d  by  the  same 
l e t t e r  in the  s ignif icance code,  b u t  wi th  a b o u t  a one-f lavor  
un i t  d i f ference ,  t hey  were iden t i f i ed  as s ignif icant ly  differ-  
ent .  

TABLE VII 

Comparison o f  Laboratory's Mean Flavor Score to the Grand Mean Score for All Panelists 

SBO Corn Hyd SBO Combined 
SBO a rank rank rank rank 

Grand mean 5.41 7.97 6.49 7.82 - - - 
Lab 1 5.78 8.22 7.56 8.33 7 1 4 4 

3 4.56 7.50 5.94 7.88 5 3 1 2 
5 5.29 7.8__8_ - 7.83 1 2 3 1 
6 6.71 8.29 7.29 8.14 8 6 6 7 
7 4.90 7.45 6.50 7.50 3 5 2 3 
8 5.36 .8.91 5.41 8.27 2 8 5 5 
9 7.10 8.10 7:40 7.20 6 7 7 8 

11 4.50 7.88 6.38 7.38 4 4 8 6 
Abuse level 3 1 2 0 

aUnderlined values are out of order relative to treatment abuse. 

TABLE VIII 

Correlation Values of  Equations for Predicting Flavor Score by GLC 

R a of oil samples a 

Average of 
Lab no. SBO Corn Hyd SBO 3 sets Combined 

3 0.84 0.83 (In) 0.61 0.76 0.76 
5 0.96 0.93 0.83 0.91 0.84 (In) 
7A 0.88 0.99 (In) 0.96 0.94 0.84 (In) 
7B b 0.96 (In) 0.95 0.94 0.95 0.90 (In) 

10 b 0.90 0.93 0.90 0.91 0.83 (In) 

aEquation linear unless otherwise designated. 
bAnalysis of 2.4 decadienal peak area. All others total area. 

TABLE IX 

Comparison o f  GLC and Flavor Panel Scores to the Grand Mean 
Score from All Panelists and the Abuse Level o f  the Samples 

SBO series abuse 3 1 2 0 
Grand mean 5.41 7.97 6.49 7.82 
Flavor panels misranked 0 4 1 1_. Total 6 
GLC misranked 0 "-6- ~ 0 Total 0 
Significance code C A B A 
Corn series abuse 1 0 3 2 
Grand mean 6.20 6.55 5.54 5.93 
Flavor panels misranked 0 0 1 3 Total 4 
GLC misranked 0 0 O T Total T 
Significance code A&B A C BTkC -- 
Hyd SBO series abuse 0 2 3 1 
Grand mean- 7. 83 6.38 5.48 7.46 
Flavor panels misranked 0 1 1 4 Total 6 
GLC misranked 0 0 2_ 2 Total 4_ 
Significance code A B C A 

Underlined values are misranked relative to abuse. Samples wit~ the same significance code 
are not  statistically different. 
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T A B L E  X 

Standard Deviations among Laboratories 

Soybean series 

Abuse level 3 1 2 0 
Flavor score variation O. 96 0.47 1.20 0.42 
G LC score variation O. 18 O. 20 0. 20 0.12 

Corn series 

Abuse level 1 0 3 2 
Flavor sc ore variation O. 26 O. 33 O. 58 0.64 
GLC score variation O. 10 0.09 0.08 0.15 

Hyd SBO series 

Abuse level 0 2 3 1 
Flavor score variation 0.41 a 1.33 0.71 0.33 a 
GLC score variation 0.21 0.25 0.37 0.37 

aOutliers that were  found  to be 2 SD from the mean  were rejected. 

T A B L E  XI  

Correlat ions  Estabfished for  One  GLC Method  
Relat ive  to  Results  o f  the  Flavor Panel  o f  the Same Organizat ion 

Soybean series R 2 

Abuse level 3 1 2 0 - 
Lab flavor panel 4.90 7.45 6.50 7.50 - 
GLC value 4.86 7.34 6.57 7.46 0.99 
Difference  -0.04 -0.11 +0.07 -0.04 - 
( ;rand mean  5.41 7. 97 6.49 7. 82 - 
GLC value 5.46 7.63 6.50 8.10 0.88 
Difference +0.05 -0.34 +0.01 +0.28 -- 

Overall, the GLC methods were more accurate; that is, 
collectively, they misranked the oils fewer times than the 
group of  flavor panels. 

The standard deviations of the GLC and flavor panel 
results in Table X again prove that the GLC methods are 
more precise than the flavor panels when compared both 
individually and as a group. 

The conclusions from these studies were that: (a) GLC 
flavor analysis can be more accurate and precise than 
individual flavor panels or even a group of flavor panels; 
(b) correlation equations can be obtained which will 
provide calculated flavor panel scores for various oil sam- 
ples on an individual group of samples; (c) however, corre- 
lations will result in different equations if the samples: 
contain different oil types; were of  the same oil but a 
different degree of hydrogenation; were of the same oil but 
stored or abused under different conditions. Therefore, no 
simple equation or group of  simple equations can be 
established by one GLC system to be used with another 
GLC system. 

Equations for establishing the relationship of  general 
samples appear to be possible only on an individual, case- 
by-case basis, and not by formal collaboration. In other 
words, GLC correlation equations established by a given 
organization will not be valid relative to oils or GLC sys- 
tems which vary at all with those from which the equations 
were derived. 

As an example of this last statement, Table XI presents 
the data from one of  the higher ranking flavor panels in the 
last collaborative compared with the GLC results from the 
same laboratory. Entirely different correlation equations 
now provide an almost perfect R u and a closer match on 

the same samples than that derived from the grand mean 
values. This means that both panels and GLC were sensitive 
enough to detect differences in the handling of samples 
among laboratories. Therefore, because of  its accuracy and 
precision, GLC still appears to be a feasible tool to reduce 
the volume of samples required for flavor panel evaluations 
when the correlations can be established for a closely 
controlled system. Attempting to standardize the method- 
ology to one GLC procedure would provide no advantage 
because all of  the GLC methods tested could provide more 
accurate and precise values than the flavor panels. Also, 
the equations are not dependent on the method alone, but 
on the oil type, degree of  hydrogenation and the temper- 
ature and light exposure of  the oil. Thus it is the Com- 
mittee's intention to propose recommended practices for 
inclusion into the AOCS methods book which will cover 
general procedures for flavor panel training and operation, 
as well as for establishing correlations with GLC systems 
measuring flavor volatiles. 
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