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C IRCUMSTANTIAL evidence has long pointed to 
linolenie acid as the unstable precursor of what 
are called "reversion ''3 flavors in soybean oil. 

Marine, linseed, rapeseed, perilla, and soybean oils, 
all of which contain appreciable amounts of linolenie 
acid, are considered to develop these unusual flavors 
on storage. By contrast, corn, cottonseed, peanut, and 
olive oils, which are free of linolenic acid, are said to 
develop " typ ica l ly"  rancid flavors on storage. 

The linolenic acid theory of reversion, tenuous and 
controvertible as it is, has greatly influenced the 
thinking of research workers. As a result, attempts 
have been made to eliminate this acid by hydrogena- 
tion, b y  polymerization, and by selective extraction. 
Studies of a fundamental nature, involving the elimi- 
nation of non-glyceride constituents by the prepara- 
tion and purification of soybean methyl esters and by 
the subsequent resynthesis of the glycerides, have also 
been conducted by various industrial, academic, and 
government research agencies. At the University of 
Pittsburgh, highly purified fat acids from sources 
other than soybean oil have been combined with glyc- 
erol in proportions similar to those occurring in soy- 
bean oil (2). In this carefully conducted experiment, 
as in the numerous unpublished experiments of this 
and other laboratories, conclusions were drawn with 
considerable reserve. 

The unstable nature of such highly purified syn- 
thetic glycerides, the difficulty of eliminating taste 
principles even from chemically pure compounds, and 
the inherent subjectivity of organoleptic evaluation 
methods all require that utmost caution be used in 
interpreting results. 

Evidence given in this paper, bearing on the lino- 
lenie acid theory of reversion has been acquired from 
two sources : a) a study of the flavors after storage of 
furfurai-extraeted soybean oil in which the linolenic 
acid content had been significantly lowered, and b) 
organoleptie identification studies of stored cottonseed 
oil into whose glyceride structure linolenic acid had 
been introduced by the use of an interesterification 
catalyst. 

Results 
Furfural-Extracted Oils. In the preceding paper 

of this series methods of fractionating, degumming, 
alkali refining, bleaching, and deodorizing were dis- 
cussed (4). Raffinate fractions ranged in iodine value 
from 100 to 110, and in linolenie acid content from 2 
to 3%. Corresponding extract fractions ranged from 
144 to  152 in iodine value, and from 10 to 11% in 
linolenic acid content. In the first of these experi- 
ments it was noted that the raffinates or the low 
iodine value fractions underwent a different course of 
flavor deterioration than did unfra~tionated soybean 
oil or  the extract fractions (4). As experiment fol- 
lowed experiment, this observation on quality of off- 
flavor was confirmed. The overall conclusions derived 

I P resen ted  a t  s p r i n g  mee t ing  of Amer ican  Oil Chemists '  Society, 
May 1-3, 1950, in  At lanta ,  Ga. 

One of the labora tor ies  of the B u r e a u  of A g r i c u l t u r a l  and  Indus -  
t r i a l  Chemistry,  A g r i c u l t u r a l  Research  Admin i s t r a t ion ,  U.  S. Depar t -  
ment  of Agr icu l tu re .  Repor t  of a s tudy  made  under the Research and 
M a r k e t i n g  Act  of 1946. 

a T h e  t e rm  " r e v e r s i o n "  is admi t t ed ly  a misnomer ,  bu t  can be avoided 
only wlth  considerable  c i rcumlocut ion.  
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from these experiments, as cited in that paper, are 
that raffinates tend to develop the objectionable soy- 
bean flavors to a lesser degree than does the unfrac- 
tionated oil. Because of the apparent relationship of 
this conclusion to the linolenic acid theory, it seems 
wise to present the data leading to this conclusion in 
detail in the present paper. 

Before presenting the evidence, an explanation is 
in order concerning our organoleptic procedures. We 
feel a measure of confidence when, in a controlled 
procedure (3), our tasters return a verdict that flavor 
of sample A is less intense than that of sample B. We 
have objective statistical methods to evaluate the val- 
idity of their decisions. Such confidence is lacking or 
greatly diminished however when we approach the 
problem of qualitative rather than quantitative or 
intensity description of flavors. Complete freedom 
must be allowed the taste panel judge in his exercise 
of intuition or imagination in the number and names 
of flavors designated. I t  is because of this liberty 
that statistical evaluation of qualitative flavor data 
is necessarily difficult. In Table I, for example, the 
panel's flavor responses are tabulated for samples of 
soybean oil and for rafflnate and extract fractions 
after storage for six days at 60°C. Panel members 
indicate whether the individual flavors are weak, mod- 
erate, or strong. This table illustrates type of data 
which must be collated. 

T A B L E  I 

F l a v o r  Responses of Soybean Oil and of Raff inate  and Extract  
Fractions Afte r  S torage  

Sample  

Flavor 

Buttery ..................................... 
Beany ....................................... 
R a n c i d  a ..................................... 
P a i n t y  b ..................................... 
Grassy b ..................................... 
Melonyb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sour  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sour  mi lk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SBO 

W 

3 
2 8 
~ 2 
1 

2 
1 1 
1 1 
1 

Raff inate  

S W M S 

3 1 
2 6 4 2 
2 2 8 2 

2 
1 

1 2 

Extract  

W M S 

2 3 
3 8 
1 4 
t 1 
3 

2 
2 1 
1 I 

a R a n c i d i t y  response.  
b ~:~eversion response. 

Arbitrary decisions were inevitable. First, the fla- 
vor responses were grouped by distinguishing between 
rancidity and what would be generally agreed upon 
as "reversion" flavors, namely, fishy, painty, grassy, 
and melony responses. Further, the decision was made 
to give weak, moderate, and strong responses arith- 
metic weights of 1, 2, and 3, respectively, in calculat- 
ing the flavor response indices. This weighting was 
used although our unpublished data show that taste, 
along with sight and hearing, is an exponential func- 
tion and the geometric mean therefore would prob- 
ably have been more valid. For those who may feel 
that such weighting is unwarranted it may be pointed 
out that even if only the total number of responses 
are considered, the conclusions remain unaltered. 

The collected response data for five experiments in 
which stored raffinate samples were compared with 
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T A B L E  I I  

Collected F l a v o r  R e s p o n s e s  fo r  S to red  Raf f ina te  and 
E x t r a c t  F r a c t i o n s  

Exper iment  
No, 

] . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . .  

Raf f ina te  0 0 i E x t r a c t  l ~ n c i d  Re~'er ted R a n c i d  R e v e r t e d  

W ~ S W M S W M S W M S 

5 2 1 3 0 0 6 3 0 5 2 2 
4 6 5 3 0 9 3 0 9 2 1 
5 4 5 5 1 0 3 6 0 3 1 2 
2 8 2 3 0 1 4 1 4 3 0 
2 0 1 0 O 0 12 3 0 7 2 1 

corresponding stored extract  samples are given in 
Table I I ,  the data  of Table I being listed as Experi-  
ment  No. 4. The reduced reversion tendency of the 
raffinates is readily apparent .  F lavor  responses of the 
original unf rac t iona ted  oil are not  given, bu t  they are 
similar to those for the extract  fraction. Calculation 
of the index numbers  given in Table I I I  can be illus- 
t ra ted  by  the raffinate sample in Exper iment  No. 1 
of Table I I .  The weighted value for  rancid responses 
given in line 1 column 2 of Table I I I  is calculated as 
follows: 5 X 1 -4- 2 X 2-~- 3 X 1 ~ 1 2 .  The corre- 
sponding value for  reversion responses is 3 X 1 or 3. 
The ratio of weighted rancid responses to reversion 
responses for  the raffinate sample is 4; the correspond- 
ing ratio of responses for  the extract  sample is 1. 

which this is accomplished may  be formula ted  as 
follows : 

0 0 
II I{ t 

CH,OCR,, CH80C--:I¢¢ l 

+ ÷ 

A 
o , 0 

H I1 red. pressure H 11 
HC--OCR¢ NaOMe catalyst HC--OC--R¢ 

I 0 I 0 
I II 1 II 

HC--OCR¢ HC--OC--R~ 
I 1 
! 0 ~ O 
I I~ I II 

HC--OCR~ HC--OC--R,~ 
H H 

Af te r  this reaction the catalyst  is "killed" with a cal- 
culated amount  of diluted hydrochloric acid, the oil is 
washed with water,  and the glycerides are deodorized. 

Despite the simplici ty of this reaction, considerable 
difficulty was experienced in obtaining an oil which 
was initially bland• Results of such an exper iment  in 
which all the oils were not init ially acceptable are 
repor ted  in Table IV. In  this exper iment  the methyl  

T A B L E  I I I  

F l a v o r  R e s p o n s e  Ind ices  fo r  Raf f ina te  a n d  E x t r a c t  
F r a c t i o n s  A f t e r  S t o r a g e  

• l Raf f ina le  I E x t r a c t  
E x p e r i m e n t  - -  I - -  

No. i R a n c i d  I R e v e r t e d  ] R a t i o  ] R a n c i d  ] R e v e r t e d  t R a t i o  

1 ................... / 12 1 ~ I 4 L-l-7--1 11 / 1 
2 ................ 31 3 ~0 l~t 14 ~ 1 
3 . . . . . . . . . . . . . . . . . .  28 / 7 4 15 11 1.3 
....... ............ [ 24 :~ I s / 12 I l o  I 1.2 

5 ... . . . . . . . . . . . . . . . .  5 0 0¢ 18 14 I 1,3 

In  the five experiments,  as shown in Table I I I ,  ran- 
cidity responses great ly  exceed reversion responses for  
the raffinate while for  the extract  fraction, rancid and 
reversion responses are nearly equal. Unfor tuna te ly  
we know of no statistical method for  the evaluation of 
such data except that  whenever any  given observation 
having two choices is repeated five consecutive times, 
there is 1 in 2 ~ or 1 chance in 32 tha t  the same five 
observations would be made by  pure  chance. This 
exceeds the 20 to 1 odds normal ly  considered by  stat- 
isticians to be significant. I t  is concluded with statis- 
tical justification therefore that  raffinates tend less to 
develop reversion flavors than  do the extract  fract ions 
or the unfrac t ionated  soybean oil. 

Since the f raet ionat ion of the soybean oil reduces 
the tinolenic acid content f rom the range of 7-9% to 
2-4% in the raffinates, these results bear  on the line- 
tonic acid theory of reversion. As has been pointed 
out (3),  and  correctly so, other flavor unstable com- 
pounds may  also have been extracted with the " l ine-  
lenic acid rich g lycer ides"  so tha t  this evidence is 
indicative, bu t  not definitive. Although these present  
observations are in accordance with the linolenic acid 
theory, they cannot be cited as final proof.  

Interesterificatian Experiments. The second line of 
evidence is more direct and consists of organoleptic 
identifications of cottonseed oil into whose glyceride 
s t ructure  linolenic acid has been introduced by  means 
of an interesterification catalyst.  The reaction by  

T A B L E  I V  

N u m b e r  of Iden t i f i ca t ions  on S to red  Samples  I n c l u d i n g  Cot tonseed  
Oil In t e r e s t e r i f i ed  W i t h  7 . 5 %  Methyl  Lin(~lenate 

P a i r  

C S O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CSO-I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C S 0  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S l : ~ O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S B O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C S O - I L e  ... . . . . . . . . . . . . . . . . . . . . . . . . .  

CSO .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C S O - I L e  .. . . . . . . . . . . . . . . . . . . . . . . . . . .  

CSO 

7 
7 

5 
0 

S B O  

1 
0 

2 
7 

8 
7 

i t  No s ign i f i can t  d i f ference.  
* S ign i f i can t  d i f fe rence  ( 5 %  level) .  

*~ H i g h l y  s ign i f i can t  d i f fe rence  ( 1 %  level) .  

Neither0 " Sig'~ 

1 

0 * 
0 

0 * *  

1 ~ 

linolenate of high pur i ty  was used. I t  was obtained 
f rom the Hormel  Ins t i tu te  4 and p repared  by  the bro- 
minat ion-debrominat ion procedure.  I t s  spectral  con- 
stants  were slightly higher than  those current ly  used 
for  analytical  purposes, and  it  had an iodine value 
of 261.4 as compared to the theoretical of 260.4. The 
crux of the experiment  was the organoleptic identi- 
fication of the cottonseed oil, the soybean oil, and the 
cottonseed oil interesterified with linolenie acid. The 
three oils were presented to the panel  in pairs.  Judges  
were permi t ted  to ident i fy each sample in one of three 
ways such as cottonseed oil, soybean oil, or neither. 

The first pa i r  of samples consisted of cottonseed 
(CSO) and cottonseed oil carried through the inter- 
esterification process as a control with no linolenic 
acid added (CSO-I) .  Both samples were identified as 
cottonseed oil by  seven out of eight tasters. The prob- 
abi l i ty of the seven out of eight tasters agreeing by  
pure  chance is less than  1 in 100. This observation 
is therefore termed highly significant (**).  H a d  only 
six out of eight concurred, this would still have been 

4 The  m e n t i o n  of th is  p r o d u c t  does n o t  i m p l y  t h a t  i t  is e n d o r s e d  or  
r e c o m m e n d e d  b y  the  D e p a r t m e n t  of A g r i c u l t u r e  ove r  o the r s  of a s im i l a r  
n a t u r e  n o t  men t i oned .  
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significant (*) at the 5% level. I t  is concluded there- 
fore that the interesterification process does not influ- 
ence the quality of flavors developed during storage. 

The second pair of samples consisted of cottonseed 
oil and soybean oil (SBO). The identifications were 
statistically significant at the  5% level. 

The third pair constituted a critical experiment 
since the comparison was between soybean oil and 
cottonseed oil interesterified with linolenic acid (CSO- 
ILe). Soybean oil was correctly identified by eight 
of 10 tasters. The cottonseed oil into whose glyceride 
structure linolenic acid had been introduced was 
identified as soybean oil by seven out of 10 tasters. 
When this cottonseed oil interesterified with linolenic 
acid (CSO-ILe) was presented in the final pair with 
cottonseed oil, it was again identified as soybean oil. 
Unfortunately, and for some unexplained reason, the 
panel failed to identify stored cottonseed oil in this 
pair. 

At this point in our evaluation work, it was ap- 
parent that the samples needed to be initially bland 
before storage. Considerable time was spent there- 
fore in a study of methods of catalyst preparation 
and methods of killing the catalyst. Table V shows 

TABLE V 

Number of Identifications on Stored Samples Including Cottonseed 
Oil Interesterified With 2 0 ~  Linseed Methyl Esters 

I Sig .1 Sample ] CSO NBO } Neither 

e s o  . . . . . . . . .  ~ . . . . . . . . . . . . . . .  : ~ 
.................................. 1o °° t 1 

CSO-IL ............................... o 
SBO .................................... 1 9 12 

*W 

9¢ 

1 For explanation of symbols, see Table IV. 

evaluation data upon stored samples which initially 
were graded as acceptable oils. In this experiment 
20% of methyl esters of linseed oil purified by distil- 
lation were interesterified into cottonseed oil to give 
an oil with 9% linolenic acid. The organoleptie iden- 
tification procedure for this experiment was altered 
as follows: Three samples were presented at each 
tasting. One was a stored soybean oil, the second a 
stored cottonseed oil. Both were identified to the 
panel members and served them as reference stand- 
ards. The third sample was the " u n k n o w n "  whose 
identifications are listed in Table V. In this as in 
the previous experiment cottonseed oil, into whose 
glyceride structure linolenic acid had been intro- 
duced (CSO-IL), was identified as soybean oil. 

TABLE, VI  

Number of Identifications on Stored Samples Including Cottonseed Oil 
Interesterified With 7.5% Methyl Linolenate and 7.5% 

Methyl Linoleate 

Sample ~SO 

s B o  .. . . . . . .  ~ . . . . . . . . . . . . . .  : - - o  
:::::::::::::::::::::::::::::::::::: 
SBO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

CSO ................................... 7 
SBO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

SBO ................................... 0 
CSO ................................... 7 
CSO ................................... 7 

sBo ................................... / o 
OSO .................................... , 6 
CSO-IIm ............................. I 6 

_ SBOi 615 - - -  

o 
0 

1 

Neithor00000 ~ Sig'l**** 

0 

o ° ** 
o 

o r 
1 Per  explanation of symbols, see Table IV. 

The results reported in Table VI are from experi- 
ments in which 7.5% of the purified methyl linolen- 
ate was again interestcrified with the cottonseed oil. 
An improved control sample was prepared for this 
experiment, consisting of cottonseed oil interesterified 
with methyl linoleate (CSO-ILo).  This refinement 
was suggested to us by the Research Committee of 
the National Soybean Processors Association with the 
aim of extending control over the bromination-de- 
bromination conditions used in the preparation of 
the pure methyl linolenate. 

Samples were presented to the panel three at a 
time. In this experiment none of the samples were 
identified. This reduces the probability of any single 
taster guessing the correct identification of the three 
samples to one-eighth. The identification of cottonseed 
oil interesterified with methyl linolenate (CSO-ILe) 
as soybean oil was even more positive in this experi- 
ment than in the previous two. Cottonseed oil inter- 
esterified with methyl linoleate was identified as cot- 
tonseed oil rather than soybean oil. 

Flavor response data for the first three samples of 
Table VI are given in Table VII. Rancid and rever- 

TABLE V I I  

Flavor  Responses After Storage of Cottonseed Oil, Soybean Oil. and 
Coctonseed Oil Interesterified With 7.5% ~ffethyl Linolenate 

Sample 

~'lavor 

Benny ........................................ 
Rancid a .................................... 
Pa in ty  ~ ..................................... 
Melony a .................................... 
Pishy b ....................................... 
Metallic ..................................... 
Heat  reverted ............................ 
Sour .......................................... 
Stale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tallowy ..................................... 

SBO 

W M S W 

3 
2 

2 

2 
1 

CSO CSO-ILe 

3 1 
3 2 
1 
1 
1 1 
1 
1 

M S W M S 

1 
5 1 3 1 1 

5 2 

1 1 
1 

1 

a Rancidity response. 
b Reversion response. 

sion responses are nearly equal for the sample of 
soybean oil. The pattern of responses for the cotton- 
seed oil interesterified with purified methyl linolenate 
resembles that for the soybean oil except that  this 
sample was more strongly " r eve r t ed . "  Data similar 
to these have been obtained in the other two experi- 
ments and constitute supporting evidence that lino- 
lenic acid is responsible for the fishy, painty, grassy, 
and melony reversion flavors of soybean oil. 

A c k n o w l e d g m e n t  
Fundamental experiments on the flavor problem of 

soybean oil are frequently simple in concept but diffi- 
cult to implement. This observation is amply illus- 
trated by the present research. The Engineering and 
Development Division, which is engaged in the fur- 
fural extraction of soybean oil, provided the raffinate 
and extract fractions used in this study. The Fun- 
damental Oil Investigations Section of the Oil and 
Protein Division prepared the interesterified oils de- 
scribed, and the Edible Oil Section of the  Oil and 
Protein Division stored the oils and supervised the 
organoleptic evaluations of the samples. No mention 
has been made of the unsung heroes of this research, 
the 19 persons who comprise our present taste panel. 
Without their continuing interest and support this 
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study would have been greatly weakened. I t  is the 
effective cooperation of these various research groups 
that has made possible the study of one of the fun- 
damental questions concerning "revers ion."  

S u m m a r y  
Circumstantial evidence has long pointed to lino- 

tenic acid as the unstable precursor of " revers ion"  
flavors in soybean oil. Direct evidence has now been 
obtained from two sources: a) A qualitative study 
of the flavors after storage of soybean oil in which 
the linolenic acid content has been significantly low- 
ered by furfural  extraction, and b) organoleptic 
identification studies of stored soybean oil, stored 

cottonseed oil, and a cottonseed oil into whose glyc- 
eride structure linolenic acid has been introduced 
with the use of an interesterification catalyst. I t  is 
concluded that linolenic acid is an unstable precursor 
of "f ishy-painty-grassy-melony" flavors in soybean 
oil. 
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The Flavor Problem of Soybean Oil. IX. Organoleptic 
Identification and Probability Analysis 
C. D. EVANS, E. B. LANCASTER, H. J. DUTTON, and HELEN A. MOSER, Northern Regional 
Research Laboratory, ~ Peoria, Illinois 

I DENTIFICATION of edible oils by their flavor is 
a difficult problem and is largely an unexplored 
area in the field of organoleptic evaluation. I t  is 

of fundamental importance however to the study of 
the flavor problem of soybean oil and to the identifi- 
cation of precursors of the undesirable flavors. 

In the second paper of this series (4) a procedure 
designed primarily for measuring intensity or quan- 
titative differences resulting from processing treat- 
ments was described. I t  continues to provide valua- 
ble information for that type of problem. However, 
for identification of oils by virtue of their storage 
flavors (2), recent research has required the devel- 
opment of additional procedures. This present paper 
describes such procedures, designed for qualitative 
flavor study and gives methods of statistically evalu- 
ating the results. It  is believed that the procedures 
presented for qualitative study may find application 
in a variety of organoleptic evaluation problems. 

The Identification Problem. One approach to iden- 
tifying flavor unstable precursors in soybean oil is 
the introduction of the suspected compound into a 
relatively flavor stable oil such as cottonseed oil and 
submitting the simulated soybean oil, after storage, 
to the taste panel for identification as soybean oil, 
cottonseed oil, or neither. Patterns for submitting 
samples to a panel for identification are numerous, 
and the probability of an individual taster arriving 
at the correct answer by chance varies greatly with 
the pattern. A knowledge of this probability per- 
mits us to evaluate the identification data objectively. 
Thus, when the panel response to a given set of sam- 
ples could occur by chance only once in 20 or more 
presentations, the result is termed significant (desig- 
nated as *) ; if once in 100 or more presentations the 
result is termed highly significant (designated as *~). 

Presented at Spring ~ e e t i n g  of American Oil Chemists' Society, 
May 1-3, 1950, in Atlanta,  Ga. 

2 One of the laboratories of the Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, U. S. Department of 
Agriculture. 

Patterns of Presentation and Resultant 
Probabilit ies 

Samples can be presented in several ways to a taste 
panel for identification. The simplest method is to 
present only one sample with alternative answers of 
A or B, in some cases nil answer of neither must be 
allowed2 This test has the same probability for each 
taster as in the tossing of a coin, i.e., a 50-50 chance. 

A second method of presenting samples A and B 
is the triangle test. Two samples of A and one of B 
are presented (or two of B and one of A). The tast- 
ers are informed that a triangle test is being given 
and that two of the samples are identical. The judges 
are asked to select the identical samples. Any person, 
without tasting, has the probability of ! /3  of select- 
ing the correct pair. Samples could be sorted as 
A1A2-B (the correct answer), A1B-A2, or A2B-A1. 

A third method is to present two samples with the 
alternative identification of either A or B. In this 
presentation the possible selections are AA, AB, BA, 
and BB where the probability of an individual taster 
giving the correct identification by chance is 1/4. 

A fourth method of presentation which results in 
a lowered probability of correct identification is to 
increase the number of samples tasted. For example, 
the taste panel is given two samples each of A and 
B and then asked to pick out and identify each pair. 
Types of oils used should be fairly familiar to the 
tasters. The panel members are told that they are 
being presented with two pairs of samples so that 
reporting three of one kind or all of one kind will be 
avoided. In selecting correctly the two pairs, a ran- 
dom chance selection of samples will give a proba- 
bility of only 1/6. Only one of the six possible chance 
selections listed below is correct: 

a F r o m  a statistical point of view, to use a 50-50 probability, the 
al ternatives should be ei ther A or B (i.e., cottonseed oil or  soybean 
oil) ;  however, from an experimental  point  of view, the possibilit~ of 
foreign flavors mus t  be admitted and  the neither  response is required.  
In  all experimental  work  the nei ther  responses were added to the 
incorrect responses as a conservative measure .  


