118 TeE JOURNAL oF THE AMERicAN Om CHEMISTS’ Sociery, MarcH, 1951

study would have been greatly weakened. It is the
effective cooperation of these various research groups
that has made possible the study of one of the fun-
damental questions concerning ‘‘reversion.”’

Summary

Circumstantial evidence has long pointed to lino-
lenic acid as the unstable precursor of ‘‘reversion’
flavors in soybean oil. Direet 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 glye-
eride structure linolenic acid has been introduced
with the use of an interesterification catalyst. It is
concluded that linolenie acid is an unstable precursor
of ‘‘fishy-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, lllinois

DENTIFICATION of edible oils by their flavor is

I a difficult problem and is largely an unexplored

area in the field of organoleptic evaluation. It 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 guan-
titative differences resulting from processing treat-
ments was deseribed. It 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 preeursors 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 **).

1 Presented at Spring Meeting of American Oil Chemists’ Society,
May 1-3, 1950, in Atlanta, Ga.

2 0ne of the laboratories of the Bureau of Agricultural and Industrial
Chemistry, Agricultural Research Administration, U. 8. Department of
Agriculture. :

Patterns of Presentation and Resultant
Probabilities

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 an answer of neither must be
allowed.® This test has the same probability for each
taster as in the tossing of a coin, ie., a 50-50 chance.

A seecond 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 1/3.of select-
ing the correct pair. Samples could be sorted as
A, A,-B (the correct answer), A;B-A,, or A,B-A,.

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
inerease 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:

3 From a statistical point of view, to use a 50-50 probability, the
alternatives should be either A or B (i.e., cottonseed oil or soybean
oil) ; however, from an experimental point of view, the possibility of
foreign flavors must be admitted and the neither response is required.
In all experimental work the neither responses were added to the
incorrect responses as a conservative measure,
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A,A, and B,B, A,B, and A,B,
A,B, and A,B, A,B, and A,B,
A B,and A,B, B,B,and A A,

However if the taste panel members are asked to
pick out only the two pairs of samples, with no at-
tempt to identify them as A’s or B’s, then the proba-
bility is 1/3. Both AA-BB and BB- AA are now
correct answers.

Similarly, three samples of each type of oil could
be given the judges with the requirement to match
the triplicate samples and identify the two sets. By
increasing the number of identical samples for match-
ing and identification from a single sample to two
pairs of different oils, the probability of chance selec-
tion drops from 1/2 to 1/6. Going to three samples
each of two different oils, the probability drops to
1/20 (8). However, in the case of such a large num-
ber of oils (six samples), taste fatigue would not per-
mit the use of such a pattern.

Another variation of the pattern of presentation
which we have employed at the Northern Laboratory
for the identification of simulated oils is as follows:
The judges are presented with three samples, and
asked to identify them as either cottonseed or soybean
oil. The probability of chance selection for the cor-
rect answer in this instance is 1/8 since only two
choices are possible for each sample. As there are
three samples, the probability is easily calculated
(1/2 X 1/2xX1/2=1/8). In this presentation the
identification of the first sample has no effect on the
selection of the two remaining samples, and the prob-
abilities are derived by simple multiplication. The
possible combinations which can be selected are

AAA AAB ABA ABB
BAA BAB BBA BBB

Note that the above technique using three samples
is different from that used in the triangle test, where
identification of second and third samples is not inde-
pendent of the first choice.

From the foregoing considerations it can be seen
that probabilities varying from 1/2, 1/3, 1/4, 1/6,
1/8, 1/20 or lower can be selected when evaluating
samples of two oils. It all depends on the manner in
which the samples are presented. When more than
one taster is involved, the same considerations of
probability apply, but the larger number of tasters
must be taken into account. Expansion of the bino-
mial expression (p - q)* makes it possible to cal-
culate the compound probabilities for n number of
tasters, where

p == probability of suecess
q == probability of failure
n==number of independent events

p+q=1

Considering the possible probability of 1/2 for
each of three tasters, it follows that the terms of
the expansion of the expression (p -+ q)® will give
the compound probabilities for three independent
events.

(p + q)® expands to p* + 3p?q 4 3pq® + ¢°

Substituting 1/2 for p and q:

(1/2)° +3(1/2)*1/2 + 31/2 (1/2)* + (1/2)*

1/8 4+ 3/8 -+ 3/8 -+ 1/8

Thus we have a probability of chance selection of
1/8 (first term of the expansion) that all three tast-
ers will make a correct selection. Similarly there are
three chances out of eight of making exactly one
error (second term); also three chances out of eight
of making exactly two errors; and, of course, one
chance out of eight of making three errors, that is,
of every taster selecting the wrong sample.

Now for 10 tasters the expression for a probability
of 1/2 becomes (1/2 4 1/2)*° and on expansion this
gives 1/1024 4 10/1024 - 45/1024 -+ 120/1024 -+
210/1024 4 252/1024 4 210/1024 -+ 120/1024 +
45/1024 4 10/1024 4 1/1024. Thus, for a panel of
10 tasters, the probability of all of them selecting the
correct sample by chance is 1 in 1024, We also have
10 chances out of 1024 of making exactly 1 wrong
selection, and 45 chances out of 1024 of making ex-
actly 2 wrong selections. The probability of making
not more than two errors is the sum of these separate
probabilities, that is:

_ 1410445 _ 56
1024 1024

Thus the probability of a panel of 10 members not
making more than 2 errors by chance is only slightly
higher than that required for a signifiecant result at
the 5% level (.05). In other words, to allow a maxi-
mum of two wrong answers in a single examination
for the selection of sample A over sample B, the panel
must have a minimum of 11 members to produce a
significant difference between A and B.

Caleulation of the number of errors allowed for
significance in the case of probabilities of 1/3 is per-
formed by expanding the binomial expression (1/3
-+ 2/8)® and the summation of the appropriate num-
ber of terms. Similarly, for a lower probability such
as 1/8, the chances of guessing correctly are given by
the terms of the binomial (1/8 - 7/8)® which give
the compound probabilities expected for n number of
tasters. Roessler ef al. (7) have published a table for
significance in triangular tests for 7 to 100 tasters.
Gray et al. (3) have also plotted similar results for
a large number of samplings. Boggs and Hanson (1)
have included a formula derived by Snedecor for cal-
culating the number of correct identifications required
for significance in the triangle test.

P = .0547

TABLEI
Binomial Expansion for the Probability of 1/2 for 1 to 10 Tasters

Exact Number of Tasters
No. of
Errors 1 2 3 4 5 6 T 8 8 10
0 1 1 1 1 1 1 1 1 1 1
1 1 2 3 4 5 6 8 9 10
2 1 3 6 10 15 21 28 36 45
3 1 4 10 20 85 56 B4 120
4 1 5 15 35 70 126 210
5 1 6 %1 56 126 252
6 1 7 28 84 210
7 1 8 36 120
8 1 9 45
9 1 10
10 1
2n 2 4 8 16 32 64 (128 256 512 | 1,024
5% of 28 | 0.10] 0.20 | 0.40| 0.80 ] 1.60 | 3.20| 6.40 | 12.80 | 25.60 | 51.20
1% of 28 1 0.02{ 0.04 {0.08/0.1610,32]0.64;1.28] 2.56] 5.12|10.20

Table I has been constructed for the probability of
1/2 per taster for 1 to 10 tasters. Values of the bino-
mial coefficient for expansions, where n varies from
1 to 20, are tabulated in most techunical handbooks.
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TABLE II

Number of Errors Permitted by a Taste Panel to Establish a
Significant Difference at the 59 Level

Number of tasters Probabilities of

or tastings 1/2 1/3 1/4 1/6 1/8

Errors allowed cannot exceed
0 0
4] 0 1] 1
0 4] 1 1
0 1 1 2 2
0 1 2 2 3
0 2 2 3 4
1 2 3 4 4
1 3 4 5 5
1 3 4 5 6
2 4 5 6 7
2 4 5 7 T
] 5 6 7 8
3 5 7 B8 g
3 8 7 8 10

TABLE 11X
Number of Errors Permitted by a Taste Panel to Establish a
Significant Difference at the 19, Lavel
Number of tasters Probabilities of

or tastings /2 1/3  1/4 1/6 1/8

HErrors allowed cannot exceed
4... 0 0 1
5 0 0 1 1
6 0 1 2 2
7 0 1 1 2 3
8.... ¢} 1 2 3 3
9. 0 2 3 4 4
10 0 2 3 4 5
11 1 3 4 5 6
12 1 3 4 6 6
13.. 2 4 5 6 7
14.. 2 4 5 7 8
i5 2 5 6 8 9

From data in Table I the number of errors allowed
for any number of tasters can be caleulated by sum-
ming up the appropriate figures, as was done in the
example for 10 tasters.

Tables II and IIT show the number of errors that
may be allowed for a given number of tasters and a
given set of probabilities. These values have been
caleulated for a significance above the 5% level and
the 1% level. Significance at the 1% level cannot be
established, at probabilities of 1/2, by panels com-
posed of less than seven members in a single tasting
(see Table IIT). Repeat tastings must be made to
establish significance. If two tastings are performed
by a panel of six members, one error would be allowed
for the 12 tastings. If repeated three times, ealcula-
tions show that three errors will be allowed. Attend-
ance by panel members varies, and if on one day only
six members were present and on the next day eight
were present, the total fastings considered will be
14. Note however that the increase in the number
of errors allowed is not in direet proportion to the

number of tastings. The number of errors allowable

in establishing the significance of any experiment can
be increased either by increasing the number of tast-
ings and/or by lowering the probabilities of chance
selection. These relationships are easily seen in Ta-
bles II and III when a comparison is made among
the errors allowed for 5, 10, and 15 tasters at the dif-
ferent probabilities.

A recent publication (5) gives the binomial prob-
ability distribution for probabilities of 0.01 to 0.99
and for numbers up to and including 49 tasters. These
data can be used to extend Tables IT and III for taste
panels having a greater number of tasters or requir-
ing probabilities other than those presented.

Example of Application

Actual data obtained with a taste panel trained in
the evaluation of edible oils will illustrate the appli-
cation of the probability tables. In the identification
of simulated soybean oil, the taste panel judges were
selected on the basis of their ability to identify aged
cottonseed oil 80% of the time. Some excellent tast-
ers, as judged from scoring data, failed to be included
in this panel because of high errors in previous iden-
tification tests on both soybean and cottonseed oil.

TABLE 1V
Taste Panel Identifications of Cottonseed,
Soybean, and Simulated Soybean Oils

‘Warm-up Samples Test Samples

T;Sm 1 I I v v
% 1 CS€ 0SS BO(CL)Y SC8 L(C-Loy-§ €08

Panel Identification

1 csc|css SCS SCs ccs cCs
2 CSC | C88 | e SCSs ccs ccs
3 CSC | o@D | scs | @O | o | e
4 csc | css s c®© SCS ccCs cos
5 csc | cOs SC8 | ces ccs
6 C8C | C88 | sCS ccs cCs
7 CSC | c@®S | SCO | o ccs
8 | e ®ss sS@®s s@s | GOS8 |
9 CBC | C8S | e | e | e

10 C8C CEB SCS SCS ccs cCSs
Proba-
bilities .002 .0005 .003 0012 2)(10‘5 51077

! First two samples in Test I only. Identified to the panel as cottonseed oil
and soybean oil, in all other tests all three samples presented as unknowns.

2 C-Le cottonseed oil interesterified with methyl linolenate.

3 €C-Lo cottonseed oil interesterified with methyl linoleate.

In the evaluations shown in Table IV an answer
of ‘‘neither’ was regarded as an error and served
to lower the significance of the results as noted in
footnote 3. Columns I and II show the results of
two indoctrination tests (warm-up samples) and eol-
umns III to VI show the identifications of simulated
oils and their controls. Results given in column I
are from the presentation of one unknown with
known samples of soybean oil and cottonseed oil.
This manner of presentation gives the probability of
chance selection of 1/2 while in the remaining pre-
sentations, columns 11 to VI, all three samples were
presented as unknowns, and the probability of chance
selection was 1/8. The errors in identification are
the encircled responses shown scattered throughout
the table. The probability of this number of judges
being in error by chance is shown in the last line of
the table. In caleulating the probability of the error,
it is the number of tasters making errors in identi-
fication of the samples presented for a unit tasting
that must be considered. In order to use the proba-
bility of 1/8 the results of each taster must be con-
sidered as a success or a failure. Thus a taster mak-
ing one error in judgment is no better than a taster
giving two wrong responses. Incidentally, the person
making only one error may be a better taster, but
to counsider individual errors the probability of the
experiment must be lowered from 1/8 to 1/2.

The results presented in column IV, Table IV, show
that a total of 3 out of 8 tasters erred in the identi-
fication of the three oils. From Table III it is seen
that these data are highly significant: (1% level),
and the actual probabilities that this result eould
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be obtained by pure chance are computed as 1 in
813. If each oil in this presentation (column IV,
Table IV) were considered as being presented in-
dividually (probability 1/2), the first and second
samples would exhibit significant results only (5%
level), and the third sample would be nonsignificant.
These results show that when a small number of
tasters are employed, it is more difficult to establish
significant differences in samples with a chance prob-
ability of only 1/2.

The binomial expansion is of limited value in ap-
plied statistics for two reasons (6). It is not a con-
tinuous curve, and when n is large, the size of the
numbers involved in the calculations is too great to be
handled. However, for small samples and for proba-
bilities of success appreciably smaller than 1/2, the
normal frequency curve fails to give the exact prob-
abilities in which we are interested. We must rely
therefore upon the binomial expansion.

Summary

In the evaluation or identification of an edible oil
it is shown how the probabilities of chance selection
for a single taster are dependent upon the manner
in which the samples are presented. The probabili-
ties of 1/2, 1/3, 1/4, 1/6, and 1/8 are all possible,

depending upon the method of sample presentation,
i.e., as pairs, multiple pairs, odd sample. tests, or
other combinations.

The expansion of the binomial expression for the
probabilities of suecess and failure for a single taster
make it possible to caleulate the compound probabili-
ties for taste panels up to 20 members. By kuowing
the compound probabilities, significance at any level
can be easily calculated. Tables showing the number
of errors permissible have been calculated for the
significant levels of 1% and 5% for panels of 1 to 15
members.

Application and use of the tables, based on data
obtained in the identification of simulated soybean
oil by a taste panel of 10 members, are presented and
the data discussed.
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A Comparison of Several Methods for the Separation of
Unsaponifiable Material From Carnauba and

Sorghum Grain Waxes"*

WILLIAM B. BUNGER # and FRED A. KUMMEROW, Kansas Agricultural

Experiment Station,* Manhattan, Kansas

WHITE erystalline solid isolated (1) from the
lipid fraction of sorghum grain subsequently
was shown to be a wax which had properties

similar to those of carnauba wax (2). In the present
investigation several different methods of separating
the components of waxes were applied to earnauba
and sorghum grain waxes. The results obtained were
correlated with the constants for carnauba wax and
four different varieties of sorghum grain wax.

Experimental

Purification of solvents. The Skellysolve B, isopro-
pyl ether, benzene, ethyl ether, and acetone used in
these experiments were dried over CaCl, and distilled
in an all-glass apparatus.

Ezxtraction and purification of sorghum grain waez.
The wax was extracted from either the whole grain
or bran. The whole grain was extracted in 5-1b.
batches by refluxing on a steam cone for 1 hr. with
2 1. of Skellysolve B. The hot extract was filtered,
cooled to 0°C., and the resulting precipitate removed
with the aid of a Buchner funnel. Yields of about
0.25% wax were obtained. The sorghum bran was ex-

1 Financial support for this work was furnished by the Kansas Indus-
trial Development Commission.

2 Portion of s thesis presented as partial fulfillment of the require-
ments for the degree of Doctor of Philosophy in Chemistry at Kansas
State College.

2 Present address: Alabama Polytechnic Institute, Auburn, Ala.

4 Contribution No. 423, Department of Chemistry.

tracted in a large Soxhlet extractor with Skellysolve
B for 20 hrs. Bran from the Cody variety yielded
6% of crude wax based on the weight of the bran.

The ecrude wax was purified by recrystallization
from a mixed solvent. A solution of 50 gm. of erude
wax in 2 1. of Skellysolve B was filtered through a
water-jacketed filter at 70°C., one liter of solvent re-
moved by distillation, 2 1. of acetone added, and the
solution placed in a refrigerator at 0°C. for 24 hrs.
The purified wax was recovered by filtration. The
vield was in the range of 80 to 85% for the varieties
tested.

Preparation of ca,lcmm stearate. Stearic acid was
synthesized from U.S8.P. eastor oil by the method of
Schuette and Roth (3) and converted to the caleium
salt.

Determination of wax constanis. Acid values were
determined by titration of a hot solution of 0.5 gm.
of wax in 50 ml. of ethanol and 10 ml. of toluene with
0.05 N KOH in alcohol. The titrations were carried
out in an Erlenmeyer flagsk equipped with a side arm
condenser and stirred with a magnetic paddle. Acetyl
values were determined by the alkalimetric method
of Roberts and Schuette (4), modified to employ a
smaller sample. This method was checked by the
iodimetric method of Elek and Harte (5). When
sufficient sample was available, quintuplicate deter-



