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~jf--l--,lO I)[SPI~'TE TASTE IS F U T I L E "  is an old R o m a n  

| expression. Until  recently the role which taste 
-" plays in tile selection of foods has been mini- 

mized. Taste and smell are the only two human  senses 
which have not been relegated to a secondary position 

in modern processing op- 
erations. The development 
of a u t o m a t i c  m e c h a n i c a l  
control and sensing equip- 
m e n t  has  not  on ly  dis- 
p l a c e d  the  o the r  h u m a n  
senses  bu t  has  b r o u g h t  
a b o u t  new s t a n d a r d s  of 
q u a l i t y  a n d  u n i f o r m i t y .  
E v e n  t h o u g h  the  h u m a n  
eye is reported to be able 
to distinguish over 7,000,- 
000 colors and shades, it 
cannot compete with the 
modern recording spectra- 
photometers. The physiol-  
ogis t  r e f e r s  to t a s t e  and  
smell as the lower senses, 
in contrast  to the senses of 

C. O. Evans s igh t  and  hea r ing ,  which 
a re  h igh ly  d e v e l o p e d  in 

mau. The functioning of these lower senses are in- 
completely understood, and we do not have adequate 
physical laws or measurements  by which we can judge 
l hem. The actual  mechanism of receptor stimulation 
is not known (53). 

Flavor in foods is the conlbined result of the senses 
of taste and smell, plus those of touch, temperature ,  
and pain. Taste and smell result  f rom contact stim- 
uli, where the s t imulat ing substances must  be placed 
upon the receptive sensory cells. The p r ima ry  tastes 
are usually given as sour, salty, bitter, and sweet 
although some physiologists also include alkaline with 
this group. The complex tastes of many  stimuli are 
supposedly duplicated by appropr ia te  mixtures  of 
substances tha t  elicit the four  basic qualities. The 
taste-sensing organs are spindle-shaped cells grouped 
together on the tongue in goblet-like ehlsters called 
taste buds. The taste buds are pr imar i ly  located on 
the dorsal surface of the tongue and in trenches at  
the back of the tongue. The middorsal  section of the 
tongue is devoid of taste buds and is insensitive to 
flavor stimuli. Taste buds are found to a lesser ex- 
tent on the palate, pharnyx,  and larnyx.  Children 
have the greatest  number  of taste buds and with 
increasing age the numbers  decrease. The reduced 
sensitivity found in older people may be associated 
with this decrease in the number  of taste buds. 

The sense of odor is much less understood. Litt le 
fundamental  knowledge is available because of the 
di f fcul ty  in conducting experimental  work with the 
comparat ive ly  inaccessible odor receptors. The olfac- 
tory receptors are located in two small patches of 
yellowish-brown pigmented membranes  at the top of 
each nasal cavity. These receptive cells, grouped in 
an area of about one square inch, form the nerve 
fibers which lead direct ly to the olfactory bulb at the 

base of the brain. During breathing,  odorous part i-  
cles are carried through the nasal passages, and eddy 
currents  cause the air  to mix and be swept over the 
nerve fibers. The expirat ion of air  also carries odors 
to the nerve cells in a similar manner .  Much of the 
odor st inmlation dur ing  eating takes place in this lat- 
ter  manner.  In  terms of concentrat ion the sensitivity 
of olfactory organs is some 10,000 times greater  than 
the taste organs (43). 

E thy l  alcohol has acquired somewhat of a reputa-  
tion as a st imulant.  I t  also is one of the few substances 
which has odor st imulation and a t a s t e  st imulation 
independent  of odor. Moncrieff gives the following 
concentrations as the lowest tha t  can be smelled and 
tasted (Table I ) .  

TABLE I 

Odor and Tas te  Thresholds 

Ethyl alcohol 
0.44% wt./wt,  in air for smell 

14.00% wt./wt,  in water  for taste  
Ethyl mercaptan 

3 x 10 9% wt./wt,  in air for smell 
Strychnine hydrochloride 

4 x 10-5% wt./wt, in water  for taste 

Ethy l  alcohol is comparat ively  weak in odor and 
taste, but ethyl mercaptan  is extremely odoriferous. 
I t  can be detected at concentrations 100 million times 
lower than alcohol. St rychnine hydrochloride is one 
of the most bi t ter  substances known, and it can be 
detected at concentrations of 4 x 10-s%. Short-chain 
aldehydes and f a t t y  acids are some of the breakdown 
products  of fa t  oxidation, and these can also be 
detected at these extreme dilutions. The Nor thern  
Utilization Research Branch panel  detected butyr-  
aldehyde dissolved in mineral  oil at a concentration 
of 6.6 x 10-~%. Few people exercise their  sense of 
smell to anywhere  near  the capaci ty  of which they 
are capable. In  taste-panel evaluations every effort 
should be made to enlarge the use of this latent  and 
potent power. The remarkable  analyt ical  abil i ty of the 
t ra ined per fume chemist to distinguish over 1,000 odor 
components attests to the sensit ivity of smell (50). 

596 

Senso,ry Panels 
Three or four  types of taste panels are generally 

recognized and their  purposes are pr imar i ly  differ-  
ent. This discussion will be confined to the problems 
of the analyt ical- type panel concerned pr imar i ly  with 
the detection of a difference between samples. 

Quali ty control panels are usual ly  quite small and 
efficient and are used for the maintenance of stand- 
ards of production. The establishment of official 
grades is usual ly done by a small number  of graders  
with long experience in the field of their  par t icular  
product.  Consumer preference panels are large un- 
t ra ined groups f rom which preference decisions are 
obtained without  the use of any  standards.  Morse 
(44) has recent ly reviewed consumer preference 
studies and marke t  research surveys. 

Several ve ry  extensive bibliographies have ap- 
peared since ]950 ou taste panels and sensory test- 



Nov. 1955 EVANS: l~'l~AVOlr EVALUATION 5!)7 

lag (1, 6, 19) and on statistical methods for sensory 
difference testing (9, 10, 11, 12). 

The need for discriminating types of taste panels 
usually arises from problems on quali ty improvement 
of a product  or on improvements in processing teeh- 
~liques. Wide use is also made of analytical panels 
i rl solving the numerous problems which arise in 
lhe development of any new type of product. Many 
panels have been established in the fat  and oil in- 
dustries to evaluate salad oils, shortenings, marga- 
rifle, chocolate liquor, peanut  butter ,  and similar 
materials. These are usually highly t rained panels 
being used as analytical tools to evaluate small dif- 
ferences which ul t imately lead to the production of 
improved products. Quantitative taste-panel results 
are of equal importance to research, production, and 
sales departments.  

Quali ty improvements in flavor, stability, and ap- 
pearance are the usual factors considered by taste 
panels. The effect of processing variables on qual- 
ity can be quanti tat ively evaluated by adequately 
designed experiments with taste panels. Equal ly  
valuable results are obtained when a reduction in 
processing time can be shown or when material sav- 
ings are accomplished in raw materials used in the 
manufactur ing process. One edible oil processor has 
reported an 80% reduction in time of deodorization 
without harmful  effects on either the quali ty or sta- 
bility of the oil (18). 

At the Northern Branch we have made extensive 
use of the analytical type of taste panel in studies 
designed t o  improve the flavor stability of soybean 
oil (22, 45). These investigations have made use of 
taste-panel data to show the effect of each processing 
step on the quality and stability of the oil. Similar 
studies to at tain optimum processing conditions have 
been made by many industrial  plants, and we have 
cooperated with them in helping to establish their 
taste panels. Taste-panel results have emphasized the 
importance of, and the critical con t ro l  which must 
be exercised over deodorization if a quali ty oil is to 
be produced. The effect of trace metals, light, and 
storage conditions on oil quali ty and stability has 
been extensively studied in our laboratory. Trace- 
metal contamination is one of the most detrimental  
factors contributing to poor quality. I ron can be 
added to soybean oil and off-flavors detected in the 
freshly deodorized oil at approximately 1 par t  in 10 
million. To taste an off-flavor in your  dr inking water 
through the addition of iron chloride requires that  
you add about 1,000 times as much, or a concentra- 
tion of about 100 p.p.m. Such metals as copper and 
cobalt are even worse offenders in destroying the 
quali ty of fats and oils. 

Many taste-panel studies are cOncerned with qual- 
i ty improvement of fats through the use of stabilizers. 
These additives may be antioxidants, metal inaeti- 
vators, phosphatides, or synergistic mixtures and may 
in themselves impart  a flavor to the oil. We have 
found, for example, that  phosphoric acid cannot be 
added to oils above a concentration of 20 p.p.m, with- 
out atypical flavors developing. The amount  of leci- 
thin that  can be added is limited by the development 
of detr imental  color and taste. The concentration 
detectable by taste is roughly equivalent in terms of 
phosphoric acid to that  given above. 

Although most of the l i terature on flavor evaluation 
of oils is concerned with liquid or salad oils, we have 

found that the technique is equally applicable for  
evaluating margarine base stocks and shortenings. 
These oils are served to the panel as liquids and are 
handled and evaluated jus t  as are the salad oils. Ob- 
viously, only fats with melting points below body 
temperature  can be served in this manner. Some of 
the mono- and diglyeerides which melt slightly above 
body temperature  will congeal rapidly in the month 
lo give an unpleasant tallowy sensation. 

Sample Presentation 
In  the paired-sample technique the judges are pre- 

sented with two samples which they are asked to 
score. The design of the experiment is usually simple 
but such that  every sample of the experiment is com- 
pared with every other sampie. This type of com- 
parison, although direct and easily understood and 
interpreted,  is time-consuming. The time expended 
in conducting the tests and the low probabil i ty of 
obtaining results of significant differences are the 
main objections. Its simplicity is an attribute,  and 
the effects of many unknown influences are made ob- 
vious in such comparisons. I t  is well known that  a 
sample is scored much higher when compared with 
a poor sample and scored lower when compared with 
a better  sample. Taster inconsistencies and perform- 
ance are probably more easily evaluated and observed 
in these tests because the taster is required to render  
fewer judgments and has less cause for guessing. 

Byer  and Abrams (14) found that  in taste tests 
their  panel showed a more significant discrimination 
in the paired-sample test than in the tr iangle test. 
Pfaffmann (54) confirmed the results of Byer  and 
Abrams in that  the 2-sample test is superior to the 
triangle method when the flavor dimension can be 
specified. When the flavor dimensions by which the 
samples differed were not specified, the more complex 
triangle test was not inferior to the paired method. 
Other studies by Gridgeman (26) in the comparison 
of 2- vs. 3-sample tests showed that the 3-sample 
tests were not normally superior to the paired tests. 
The probabil i ty of correct discrimination was dis- 
t inctly higher for  the paired tests over both the 
duo-trio and triangle test. In  addition, these studies 
also showed that  the paired tests were not as ineffi- 
cient of time as many panel operators have assumed. 

The duo-trio test of discrimination was developed 
by Pe ryam and Schwartz (51) and involves the pre- 
sentation of three samples simultaneously. The judge 
tastes each sample in left-to-right order and then de- 
cides whether the second or th i rd  was like the first. 
Since the odd sample might occupy either the second 
or th i rd  position, the probabil i ty is 50% or one-half. 
Thus four  combinations are possible--ABA, AAB, 
BAB, and B B A - - a n d  these are presented in random 
order, equally often, to complete the test. Like the 
triangle test this situation calls for  discrimination 
only and reportedly gave excellent results in the 
investigation of dried milk and in the selection of 
taste-panel 'members of superior sensitivity. Other 
workers (26, 54) have not found the test superior to 
either the paired test or the tr iangle test. 

The development of the triangle test is usually 
a t t r ibuted to Helm of the Carlsberg Breweries, Co- 
penhagen, Denmark, where it was used for control 
work and for the selection of taste panels. Because 
of the higher probabil i ty of success the test has ap- 
pealed to many through the consequent saving in time 
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and the nmaber  of samples which need to be pre- 
sented to the tasters. Three samples are presented 
to the tas ter ;  any two are identical. The taster  is told 
tha t  it is a t r iangle  test, and it is his problem to indi- 
cate the odd sample. Many times the tas ter  is also 
asked to indicate the distinguishing" eharaeteristies by 
which the odd sample was identified. This, of eourse, 
in essence amounts  to scoring of the sample, and the 
t r iangle test if correct, serves to substantiate  the reli- 
abil i ty of the taster.  The t a s t e r ' s  problem in the tri- 
angle test is solely to pick the odd sample;  under  
such conditions he is at l iberty to use any  and all 
his facilities in picking the odd sample. The control 
of the test must  therefore be careful ly  handled so 
tha t  differences in color, appearance,  sample size, 
etc., will not enable the judge to pick the odd sample 
without even tast ing or smelling. The probabi l i ty  of 
success by guessing is one-third since one sample 
out of three must  be selected. However  there are six 
ways of present ing the samples, thus ABB, AAB, 
and ABA, and the reverse BAA, etc. In  app ly ing  
the test all combinations should be presented and in 
a r andom order, using each combination approxi-  
mate ly  the same number  of times. 

In  ranking  tests the judges are asked to ar range 
a series of samples in a decreasing or increasing 
order of some characteristic. Ranking  avoids the dif- 
ficulties usually involved in the selection of a suitable 
scoring scale and the selection of adequate standards.  
The usual criticism of ranking is tha t  in quant i ta t ive 
evaluations the magni tude of the difference in sam- 
ples is lost. i t  is our experience however that  when 
differences between samples is small, tasters may  not 
score them differently, but they can easily a r range  
them in a rank  order. With  small differences, rank- 
ing procedures are much simpler than a t tempts  to 
revise the scoring system and scale. Ranking also has 
the advantage of reducing the effects of " e r r a t i c "  
tasters who have strong dislikes or likes for certain 
flavors. Thus in scoring such an individual  might  
give a zero score to a sample which the rest  of the 
panel  regards as average. In  ranking,  arty sample can 
be reduced only to the bottom position, which gives a 
much smaller reduction to the panel  average. Rank- 
ing is also helpful  in keeping in line those tasters who 
always t ry  to " b e a t  the g a m e "  by scoring samples 
the same when small differences exist and scoring 
extreme differences when the panel  average indicates 
that  only a normal  difference exists. Some tasters in 
"bea t i ng  the g a m e "  will not use the full scale but  
limit their  scores to within the known range of the 
panel  average. Tasters of the last two categories 
should be eliminated f rom difference testing panels. 

Ranking is also prefer red  when a preference judg- 
ment  is required f rom a large unt ra ined  panel. Rank- 
ing techniques have been ext, ensively employed in 
psychology and all types of food test ing (8, 19). 

Handschumaker  (27) designed a ranking  test for  
the s tudy of flavor reversion in soybean oil shorten- 
ing. In  this series there were five controls and  the 
unknown sample. Tasters were required to rank  the 
series by odor alone. I t  was found that  those unable 
to rank  by odor were not helped by tast ing of the 
samples. The lack of improvement  with tas t ing was 
a t t r ibuted to low sensitivity of the individuals or to 
the loss of acui ty  because of the large number  of 
samples to be tasted. The use of five controls allowed 
a check on each taster.  The results of tasters who 

could not a r range  the controls in the proper order 
were not considered in the final score. The use of a 
large number  of controls has the advantage where 
only a limited number  of personnel are available as 
panel  members. In  a small laboratory  a large num- 
ber of tasters on the panel  are likely to be involved 
in the p rogram or are at least famil iar  with it, and 
such a series of controls will l imit personal preju-  
dice. Others have suggested more than  one control in 
a series (16, 29). Te r ry  et al. (61) have developed a 
rank-order  method which considers the comparison 
of two or more products  or t reatments .  The test is 
flexible, and statistical calculations are made f rom the 
summat ion  of ranks. In  the simple test  of three sam- 
ples every taster  ranks  by pair,  each sample against  
the others. Thus for  three samples three-paired rank-  
ings are feasible. The rankings of each taster  are 
summed (two rankings  of each sample) ,  then the 
rankings  of all the tasters are summed. These sums 
are a r ranged  in ascending order and f rom the tables 
significant differences arc obtained. Tables are con- 
s t ructed to contain all possible ranking  combinations, 
and the authors expect to extend the tables to include 
designs for ranking  three t rea tments  within incom- 
plete block designs. 

In  simple ranking  with the highest rated sample 
ranked 1, the next highest 2, etc., the sums of ranks 
will va ry  inversely to the numerical  scores. The 
ranked sums follow a normal  probabi l i ty  distribu- 
tion, and for 10 or more tastings the usual statistical 
difference tests such as the " t "  test are applied. 

Two samples may  be presented to a taste panel  
for  difference test ing in any  number  of ways, and 
probabilit ies much greater  than one-half or one-third 
can be obtained. These multiple var ie ty  tests are 
discussed by Wood (62), Lockhart  (39), and Evans  
et a/. (24) ;  however no application of such tests has 
been made in the evaluat.ion of fats  because of the 
large number  of samples that  must  be presented to 
a tas ter  at one time. The selection of members for 
a coffee-tasting panel, using a multiple-selection test, 
is repor ted  by Har r i son  and Elder  (29). 

Methodology of Testing 

The sat isfactory operation of an analyt ical  taste 
panel requires adequate physical facilities. Quiet and  
pleasant  surroundings  are absolutely essential for the 
tas ter  to concentrate on the problems of odor and 
taste. Indiv idual  panel  booths where the taster  is free 
f rom interruptions,  suggestions, comnlents, and facial 
expressions of other tasters adds to the reliability of 
the results and to the smoothness of operation of 
the panel. Noisy disturbances marked ly  detract  f rom 
the abilities of tasters who are normal ly  not bothered 
by them. Such occurrences as whistling, banging of a 
door, sliding of a chair, etc., will upset  the delicate 
sensing reactions of a concentrat ing taster.  Many food 
industr ies  ~vith extensive taste-testing programs have 
established separate air-conditioned rooms for conduct- 
ing sensory tests under  the op t imum of conditions. 
The temperature ,  humidity,  and l ight conditions are 
all under  control in these rooms. To eliminate small 
differences in color, brilliance, or sheen of products  
under  test many  taste-panel  booths are constructed so 
that  the intensi ty of the light and its wavelength are 
under  control of the taste-panel operator.  At tent ion 
to m a n y  fine details and an interest  in people and 
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their  reactions are par t  of the requirements of a good 
taste-panel operator. 

Panel Selection 
Since the reliability of a taste panel 's  results is 

determined by statistical analysis, panels should have 
at least 10 members. To attain statistical significance 
repeat  testings will be required of panels having fewer 
members. Any method of selecting tasters should in- 
elude a prel iminary training period to acquaint the 
tasters With the quali ty factors involved. The tasters 
should be t ra ined on the type of material  they will 
evaluate. Following the t raining period, a period of 
blind testing is conducted to establish the reliability 
and discrimination of the individual tasters. The first 
panel established at the Northern laboratory was se- 
lected on the basis of acuity tests for the four basic 
tastes, following a procedure for establishing food 
panels (47). Sixty per cent of the individuals were 
eliminated because of high thresholds or incorrect 
identifications of the basic tastes. After  some experi- 
ence in evaluating oils the fna l  selection was reduced 
to 23% of the original group surveyed for tasters. At 
a later  date when replacements to the panel were re- 
quired, t raining was limited to three weeks in which 
only oils were evaluated (45). As a result  of this 
t raining two-thirds of the people were found to be 
satisfactory panel members. I t  is believed that  high 
acuity for  the four  p r imary  tastes is not essential in 
order that a person may be a good oil taster. Mackay 
and Jones (41) found that  high acuity did not corre- 
late significantly with the tasters '  ability to rank 
foods containing varying amounts of the basic taste 
stimulants. The low percentage of tasters obtained 
in our first survey probably results from the low 
acuity of several of the prospective tasters and from 
our lack of experience in conduetirtg taste-panel oper- 
ations. Hanson (28) has observed that  about 30 to 
40% of technical personnel make good taste-panel 
members. Page and Lubat t i  (~9), in selecting mem- 
bers of a panel to detemnine when food flavors were 
tainted by fumigants, stated that only 12% of the 
individuals show outstanding ability. Sehlosberg et 
al. (56) in a s tudy of taste-panel selection and train- 
ing obtained no clear-cut evidence that  selection or 
t ra ining had any effect on the per formance  of either 
a difference testing or a preference testing panel. 
These results were obtained on an undergraduate  col- 
lege population quite homogenous in regards to back- 
ground intelligence, age, diet, and motivation. 

Sample Size 
Since taste-panel operations involve the expendi- 

ture  of considerable time and effort of the personnel 
connected with the tasting program, the greatest effi- 
ciency can be obtained by tasting the maximum num- 
ber of samples at each session. Burrows (13) felt  he 
could evaluate 10 samples of good fat  at one session. 
MacLean and Wickens (40) report  a loss of taste per- 
ception in the evaluation of several samples of cocoa- 
bean liquor. Studies with the Northern laboratory 's  
panel showed that  6 samples of oil were too many. 
Other tests showed that  the panel was just  as sensitive 
when scoring 4 samples at a time as when only 2 were 
presented. The panel members however were very  
much against scoring more than 2 samples per  session 
as they felt  that  they had lost considerable of their  
perception before tasting the four th  sample. Four  

samples are the maximum presented, and they should 
all be of good quality. The rate of deterioration in 
taster performance occurring during the tasting of a 
large number  of samples depends on the type of food 
under  test. I t  is well known that  the taste and odor 
senses will adapt to certain flavors much more rapidly  
than others. Results with coffee indicate no tendency 
toward fatigue while tests with maple sirup showed a 
significant decline (29). Pfaffmann reports  no loss in 
discrimination with several foods even af ter  present- 
ing 50 to 75 samples at one session (54). Sulfited 
foods have been observed to give errat ic results be- 
cause of the dulled acui ty  of the taster. Boggs and 
Ward  (7) reported that  the tasting of one sample of 
potates containing 12 to 100 p .pm.  of sulfur  dioxide 
dulled the perception for a second sample containing 
sulfite. Neubert  and Carter  (48) found that  the tast- 
ing of a single sample was superior for  the detection 
of foreign flavors found in apple juice which had been 
prepared from demeton-sprayed apples. Indiscrimi- 
nate use of chemical defoliates, herbicides, and fumi- 
gants has produced many a flavor problem. 

We have found that S02 is detectable in liquid soy- 
bean oil at a concentration less than 3 p.p.m., which 
is considerably lower than that discernible in other 
foods. Odor scores would indicate that  it was not de- 
tected by smell at this level. Su]fur  dioxide has been 
proposed as a fract ionat ing solvent for  soybean oil. 
Very  specific and interesting taste problems could de~ 
velop with such a process. 

Thus the material under  investigation has a lot to 
do with taster fatigue and adaptation, and the nmn- 
ber of samples that  can be satisfactorily evaluated. 
Odor in oils, like other foods, can be detected more 
readily in warm oil than in cold oil. Also the mouth 
~eel is much ~nore pleasant when the oil is warm, and 
it does not detract  from the tas ter ' s  concentration on 
odor and flavor. The usual procedure in tasting oils 
is to score on odor first and then taste the sample 
having the preferable or least odor. To develop odor 
the samples of oils are heated and served to the tast- 
ers at 45~ Adequate sample size of not less than 
7.5 to 10 ml. should be served to each taster. An 
amount large enough to cover all the mouth surfaces 
should be taken into the mouth and mulled about. 
Tasters are always instructed not to swallow the sam- 
ple regardless of the quality, and knowing that  it is 
not to be swallowed they will take a larger amount  of 
oil into their  mouth. About 7.5 ml. are adequate for  
a single tast ing;  repeat tastings of the same sample 
contribute nothing but  taster  fatigue. 

Warm water  is recommended for rinsing the mouth 
between samples although slices of bread, unsalted 
crackers, and apple s~iees have als~ been used. Af ter  
rinsing sufficient time should be allowed for the saliva 
again to bathe the taste buds. 

Score Sheets 
An appropriate  score sheet should help the taster 

in making his evaluations. The simpler the score 
sheet, the better. As a generalization it can be stated 
that  the fewer the judgments  required of a taster the 
less confusion, and the more reliable are the results_ 
In taste-panel operation a writ ten answer should 
always be required. Score sheets "~'ary with each 
problem and the material  u n d e r  investigation. The 
simplest scoring systems require a checking of yes 
or no answers, or a ranking of a short series while 
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the highly complicated systems score a multiple of 
factors including flavor and off-flavor descriptions. 
Many taste-panel operators find it more satisfactory 
to use a descriptive score sheet and to eliminate any 
at tempt  at scaling or ranking by the judges (15, 52). 
This is especially t rue when fixed standards are not 
available. The score sheet consists of a long list of 
adjectives describing the attr ibutes of the material 
under study. A judge cheeks the adjective or adjec- 
tives which he believes best describes the material ;  
he may also indicate the degree of intensity, i.e., 
weak, moderate, or strong. Later  the taste-panel op- 
erator assigns a numerical score based on the judges '  
description of the material. The numerical scores are 
handled in the usual statistical manner  for compari- 
son of significant differences. 

In evaluation of purified fats, except for olive and 
perhaps corn oil, the highest s tandards are for  the 
most colorless, odorless, and tasteless product  obtain- 
able. The " i d e a l "  material and thus the best scoring 
material  should be easily recognized. However should 
a corn oil processor desire a certain level of flavor 
typical  to this par t icular  oil, then the ideal scoring 
material can be recognized only af te r  an extensive 
t raining period coupled with considerable taster ex- 
perience. Thus the scoring system which Hopkins 
(32) has designed would be very  applicable for eval- 
uation of corn oil. This so-called "ba lanced  scoring 
sys tem"  is based on intensi ty scores of attr ibutes 
from - -5  through 0 to a -~-5. These 11 graduations 
vary  from a gross deficiency ( - -5 )  to a gross excess 
(-~5) with 0 being the normal, or the ideal level. The 
use of this test has been applied to the evaluation of 
oils by Lips (38). Although the system is applicable 
to a wide var ie ty  of food products, only half  of the 
scale will be used when the presence of any odor 
or flavor is detrimental  to the quali ty score of the 
product. 

The number of units in the scoring scale should 
depend on the abili ty of the individual tasters to 
detect differences between each suecessive unit. Most 
scoring systems will have in the neighborhood of 10 
units. Such a number seems adequate, convenient, 
and generally satisfactory and is most helpful for  the 
many tasters who subconsciously score in terms of 
100. Dr. Dove explains this 100-unit idea as a grad- 
ing system carried over from grammar-school days;  
it may also result from common thinking in terms 
of pereentage. Uniformity  in scoring is essential in 
analyzing the results, and usually a decrease in num- 
ber of grades improves the uni formi ty  of results. 
However the scale cannot become too coarse, or it will 
lose its discriminating value. A: 10-unit score allows 
the expression of quali ty in subjective terms so that  
there is no contradiction in their  meaning. The ad- 
jectives should be simple, concise, and understand- 
able terms which retain the desired proport ional i ty  
between score and quality. Difficulties often arise in 
assessing total food quali ty by combining scores made 
for specific characteristics. Various ways of combin- 
ing such scores have been suggested, such as the 
product, geometric mean, or harmonic mean in place 
of simple sunlnmtion of scores (23, 33, 63). 

Interpretation of Results 
Statistics are pr imari ly  a measurement of error  or, 

as Dr. Snedecor States it, " t h e  ar t  of evaluating the 
uncertainty of your  judgments . "  Statistical meth- 

ods are a tool to explain and interpret  the data in 
the light of the variat ion (errors) and probabilities 
involved. Statistical analysis cannot increase the va- 
lidity of the data. Sound methods of analysis are 
covered in the several elementary texts on statistics, 
and application by example is given in almost all 
the papers dealing with organo]eptic analysis. The 
number of correct answers to establish significance in 
the tr iangle test was tabulated by Helm and Trolle 
(30). Application of the Chi square test is given by 
Boggs and Hanson (6),  and the use of the critical 
ratio to establish degree of significance is discussed 
by Peryam and Swartz (51). Harr i son  and Elder  
(29) have published charts of levels of significance 
for both the paired comparison and tr iangle test cov- 
ering a wide range of probabilities and panel sizes. 
Moser et al. (47) have discussed the application of 
the " t "  test to paired samples. Te r ry  et al. (61) and 
Bradley  (8) have discussed a number of rank-order 
tests and their application. The transformation of 
ranks to scores is discussed by Bliss et al. (4). 

There are many experimental  designs available with 
various methods of statistical analysis  applicable to 
the numerical data. In  paired comparisons the in- 
terpreta t ion is based on the mean score of the panel 
which is calculated for each sample along with the  
error term. The error  term is usually expressed as 
the variance of the mean or s tandard error, and it 
is used in calculating the probabilities that  the score 
of sample A differs from sample B by a difference 
greater than can be obtained by chance. The term 
"s ign i f i can t"  result means that  the difference be- 
tween scores is greater  than can be expected at a 
rate of 1 out of 20 trials. Stated somewhat differ- 
ently, a " s ign i f i can t"  result means that  if you will 
accept the assumption that  the observed difference in 
scores is real, you will be wrong only once in 20 times. 
The occurrence of an event once in 20 trials is a prob- 
ability of 0.05 or 5%. Significant probabilities are 
usually indicated by a single asterisk (*) and mean 
that  the significance of the results lies somewhere 
between the 5% and the 1% levels. Highly signifi- 
cant results, i . e . ,  above 1%, are indicated by two 
asterisks (**). 

The l i terature survey of Dawson and Harr is  (19) 
indicates that  the most common method employed 
by experimenters in analyzing sensory data has been 
the analysis of variance and correlation. Bradley and 
Somerville (10) have stated that  the ideal scoring 
scale should have five attr ibutes if s tandard methods 
of statistical analysis can be applied. Bradley (8) 
and Te r ry  et al. (61) also discuss the validity of 
using analysis of variance techniques. The basic 
assumptions for an ideal scoring scale are a) ob- 
servations are continuous, b) random fluctuations 
are normally distributed, c) observations are inde- 
pendent ly  distributed, d) error variances are homo- 
geneous, and e) t reatment  and enviromnental  effects 
are additive. 

Ylo~ivatian 

The at t i tude of the tasters is the one factor upon 
which depends the successful operation of any taste 
panel. A dissatisfied or disgruntled person is no longer 
a reliable taster. Although he will go through the for- 
realities of tasting, results are only half-hearted and 
often of questionable reliability. Bengtsson and Helm 
(3) state that  interest is the prime at t r ibute of a good 
taster. Boggs and Hanson (6) discuss the problem of 
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creation and maintenance of interest  and the avoid- 
ance of prejudice which may  result  where too much 
knowledge is impar ted  to the tasters about the prob- 
lem or samples under  investigation. When  a distinct 
level of difference is to be determined by an analytical  
panel, considerably more informat ion can be given 
the tasters than can be impar ted  when levels of ac- 
ceptabil i ty or preference are demanded of the panel. 

Techniques for increasing interest  are recognized 
and employed by  all investigators. These may  take 
the fo rm of panel discussions, where the problem is 
ful ly presented and methods of solution and the 
details of the taste test are outlined. The giving 
of mone ta ry  rewards has f requent ly  been employed. 
Other rewards such as a coffee break, serving of 
cookies, etc., have proven helpful.  We have found  
that  a small bulletin board containing clippings about  
or of interest  to panel  members, graphs  of cur rent  
commodity prices, even jokes and cartoons, add their  
beneficial psychological effect. 

Identification of the samples and the scores of tast- 
ers are made available to the panel  members imme- 
diately af ter  tasting. This comparison and discussion 
of the results among panel  members  and with the 
panel  operator  has helped to improve performance 
and main ta in  interest  in the work. 

Recent ly  Pfa f fmann  (54) has conducted a series of 
experiments  which showed the beneficial effect ob- 
tained in panel  discrimination when an immediate 
knowledge on the correctness of an answer was given 
to the taster. The " k n o w l e d g e "  group improved  in 
the number  of correct judgments  rendered to 84% 
while the control group gave only 65% correct an- 
swers. Previous scores of the two panels on the same 
substance had been 69 and 71%, respectively. To 
check this per formance  the test was repeated with an 
inexperienced group with essentially the same results. 
The author  concluded tha t  the panel  members given 
immediate knowledge of their  results substantial ly 
improved their per formance  dur ing  the course of 
the experiment.  Improved  per formance  wa~ demon- 
s t rated with experienced or beginning panels and 
with either difficult or easy discriminations. Improve-  
ment  was a t t r ibuted to motivat ion ra ther  than  the 
ease of learning. Although motivat ion as such was 
not listed by Bengtsson and He lm (3) as one of 
the 10 rules of taste testing, I believe it to be very  
essential for continued and successful taste-panel 
operation. 

Supplementary Chemical Tests 

Chemical and physical tests are more reproducible 
and less t ime-consuming than  are the sensory tests;  
because of this there is a constant desire to eliminate 
or minimize the amount  of taste-panel  work. Beadle 
(2) in his discussion on fa t  stabil i ty points out that ,  
in the final analysis, rancidi ty  must  be determined 
by organoleptic observation. Many  correlations have 
been made between organoleptic scores and various 
chemical tests. At  the present  t ime the peroxide de- 
terminat ion is the most widely used chemical test for 
the determinat ion of fa t  quality. Peroxide values 
have shown a good correlation with the organoleptic 
flavor scores of soybean oil (21). Similar  Studies on 
cottonseed and safflower oil have been carried out in 
our laboratory,  and essentially t h e  same degree of 
correlation was obtained between the flavor score and 
peroxide values. G r a n t  and Lips (25) s tudying ran-  
cidity in lard correlated odor scores with seven differ- 

ent chemical tests and found that  the association of 
organoleptic scores was best with peroxide and alpha- 
dicarbonyl values. I t  however has been pointed out 
many  times that  a peroxide determinat ion does not 
give a full and unqualified evaluation of fat  quality. 
Af ter  a limited amount  of experience is gained with 
a par t icular  sample of oil, then a fa i r  predict ion of 
the flavor score can be made f rom the peroxide val 
ues. High peroxide scores usually mean poor flavor 
scores, but a low peroxide value is not necessarily a,J 
indication of a high flavor score. We have found it 
possible to oxidize soybean oil rap id ly  under  oxyge~ 
at 60~ and if the oil is tasted immediately,  peroxide 
values may  go as high as 10 before a marked drop in 
the flavor score occurs. Soybean oil that  is allowed 
to oxidize under  normal  conditions will have an ex- 
t remely low flavor and odor score when a peroxide 
value of 10 is attained. 

Aldehydes have long been identified as oxidation 
and breakdown products  of fats. Although the Kreis 
test is no longer widely used in fa t  evaluation work, 
the isolation and identification of several specific alde- 
hydes as oxidative products  of fats  has again given 
impetus to carbonyl tests (35, 42, 55, 60). A quanti- 
tative carbonyl  method (37) capable of determining 
concentrations of 5 x 10 -~ molar (equal to taste sensi- 
t ivi ty)  has been employed by several investigators in 
fa t  oxidation studies. Henick et al. (31) have modi- 
fied and adapted  the method for use on fats  and fa t ty  
foods and ineluded in the determinat ion both satu- 
rated and allenic earbonyls. Sidwell et al. (57) has 
compared total  aldehyde content, peroxide value, and 
thiobarbi turic  acid values obtained f rom the oxida- 
tion of several fats. The authors included in their  
discussion the relationship of these values to the sens- 
ory values obtained with a t ra ined taste panel. Chang 
and Kummerow (17) have used the earbonyl  deter- 
ruination as a basis for developing a ,  instrumental  
method for  measuring the degree of reversion and 
rancidi ty of edible oils. Carbouyl  indices were found 
to correlate very well with the organoleptie scores of 
various aged liquid oils and aged hydrogenated  oils. 

Thiobarbi tur ic  acid test has found extensive use in 
the past  few years as a measure of fa t  oxidation (5, 
20, 57, 58, 62). Although the chemistry of the reac- 
tion is not known (34), these reports  indicate a high 
degree of correlation of TBA values with organolep 
tic scores. Biggs and B r y a n t  (5) repor t  studies on 
butter ,  whole milk powder, and cheese and state that  
the test is capable of measur ing the degree of oxida- 
tion below the level of organoleptie sensitivity. Dunk- 
ley (20) showed that  the TBA test correlates closely 
with numerical  flavor scores of milk samples having 
oxidized flavors of varied intensity. Turne r  et al. 
(62) repor t  the method to give a more reliable index 
on rancid i ty  in frozen pork  than any  other chemical 
test and repor t  a significant correlation between taste 
acceptabil i ty Scores of wieners and pork  patt ies with 
the TBA value of the pork used. Sidwell et al. (57, 
58) has shown a direct relationship between flavor 
scores and TBA values for fats  and dried milk prod- 
nets. Kenaston et al. (36) has shown that  the TBA 
test is the most sensitive chemical test for fa t  oxida 
tion products.  I t  is 30-80 times more sensitive to- 
ward linolenate oxidation products  than  linoleate, and 
it is pract ical ly  negative toward oleate oxidation prod 
ucts. Since the unsa tura ted  acids in cocoa but ter  are 
pract ical ly all oleic acid, a correlation s tudy of the 
flavor scores and TBA values with oxidation of this 



6 0 2  T H E  J O U R N A L  O F  T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  V O L ,  3 2  

fa t  would be of considerable interest.  The inference 
might  be gained f rom a review of the chemical sta- 
bili ty tests that  all oils have a very  high initial flavor 
score. This is not true, as is well known by any  oil 
processor. F igure  1 shows the var ia t ion in opinion 
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s o y b e a n  o t i s .  

of 18 tasters on the flavor scores of three freshly de- 
odorized soybean oils. These three oils would react  
negat ively to any  of the chemical stabil i ty tests and 
therefore would all be ra ted high and equal. There 
are m a n y  uses for  an organoleptic taste panel  besides 
s tudying the rate  or the extent of flavor deterioration 
of an oxidized fat.  

Taster  P e r f o r m a n c e  

The var ia t ion in the sensory acui ty  of the indi- 
vidual  t ra ined tas ter  is a constant source of error. 
The extreme var ia t ion which is shown repeatedly in 
taste-panel  evaluations may  be very  disconcerting to 
the panel  operator  and to the executives of the or- 
ganization. The individual  errors  however tend to 
be compensating in panels of adequate size, and the 
over-all error  of the panel  can only be reduced to a 
min imum through taster  selection and  training.  The 
individual  var ia t ion which m a y  be expected in the 
tas t ing of oils is shown in Table I I .  Three oil sam- 

T A B L E  II 

Pane l  Va r i a t i on  in  J u d g i n g  Edib le  Oils 

NU panel  score Visi tors '  pane l  score 

Range  Sample  Pane l  Std.  _ _  _ 

av. dev. ~Iigh Low 

~ ~ - ~  10 6 
7.5 1.0 9 5 

3 1 4.1 1.6 ! 7 I 2 

Pane l  Range  Std. _ - .... _ 
av. dev. H i g h  Low 

8.6 0.9 10 7 
8.1 1.0 10 I 7 
5.2 1.5 8 4 

Signif icance of Resul ts  

Sample  
noB. 

1 -2  
1 -3  
2 -3  

Between samples Sample Between panels  
w i th in  pane l  nos. w i th in  samples 

Vis i tor  N U  
+ + 1 + 

2 + 
** ** 3 + 

ples were evaluated by  the Regional laboratory  panel  
of 13 members, and the same samples were evaluated 
by 18 industr ia l  chemists who were a t tending a con- 
ference on taste-panel  methodology at  our  laboratory.  
These visitors, represent ing 13 companies, were all 
thoroughly  famil iar  with oil tasting, and m a n y  were 

in control of margar ine  product ion for their  respec- 
tive companies. This group would be as representa- 
tive and as  critical of oil quali ty as could be expected 
f rom any  polling of the margar ine  oil industry.  The 
industr ial  people were famil iar  with the scoring sys- 
tem and the methodology of testing. "it{any had served 
on analyt ical  and qual i ty  control panels. The results 
show excellent agreement  between the two panels. 
Ident ical  scores cannot be expected f rom two panels 
composed of so few members. However  the results of 
both panels indicated the same order of quality for  
these oils. The errors of individual  tasters and the 
range of scores are quite comparable in each panel. A 
statistical analysis of the results show tha t  each panel 
found no significant difference between samples 1 
and 2, but  a highly significant difference was found 
between sample 3 and samples I and 2. The respec- 
tive scores given by each panel  were not significantly 
different for any  of the samples. Such agreement 
lends confidence to the results and indicates that  it 
would be possible for  panels throughout  the indust ry  
to evaluate and score oils with very  sat isfactory agree- 
ment  between panels. 

In  F igure  1 are plot ted the individual  scores of the 
vis i tors '  panel for  the three oils jus t  considered. I f  
these results were presented to people unfamil iar  to 
taste-panel operation, the usual reaction would be to 
discard any  method showing such a variat ion in re- 
sults. These are typical  results, with the usual taster  
error found in day-to-day panel operation. Bet ter  
agreement  in tas te rs '  scores is found with the high 
quali ty oils. This is indicated in Table I I  where the 
Nor thern  Utilization Research Branch panel ' s  stand- 
ard  deviation drops f rom 1.5 for a poor oil to 0.9 for 
a good quali ty oil and also in Table I I I  which shows 
how the s tandard deviation of the Nor thern  Branch ' s  
panel varies with the quali ty of the oil. Data  in 
Table I I I  were obtained f rom 50 samples in each 

T A B L E  III 

Variation in  S t a n d a r d  Devia t ion  wi th  Qual i ty  
Score of the Oil 

Average 
Samples ~core r a n g e  std. dev. 

Good ........................................................ 8.0 to 10.0 0.78 
F a i r  ......................................................... 6.0 to 7.9 1.22 
Poor ........................................................ 4.0 to 5.9 1.26 
Bad  .......................................................... 2.0 to 3.9 1.36 

quali ty group and indicate that  the var ia t ion anlong 
tasters is ahnost twice as high in the bad samples as 
it is in the good samples. As has been stated many  
times, the degree of goodness is much more easily 
defined than  degrees of badness. 

Moser et at. (46) have recently completed a s tudy 
on the performance of several tasters over an 8-year 
period. The data in Tables IV  and V are taken f rom 

T A B L E  I V  

Mean Score of Each  Tas te r  and Dev ia t ion  of I n d i v i d u a l  
Score from Pane l  Average  

Taster 1 Taster 2 Taster 3 
Year 

1946 
1947 

"1948  
1 9 4 9  
1950 
1951 
1952 
]953  

164 
185 
186 
167 
134 
125 

26 
6 4  

Mean Dev. 

6.0 +o.1 
6.7 + 0 . 7  
6.8 +0.7 
6.0 0.0 
6.6 + 0 . 1  
5.4 - -0 .4  
5.7 0,0 
6.6 + 0 . 6  

Mean Dev. 

6.2 § 
6.3 + 0 , 3  
6 . 7  + 0 . 5  
6.1 @0.1 
6.2 - -0 .3  
5.7 --0.1 
5.4 --0.3 
4.8 --1,3 

Mean Dev. 

5.9 0.0 
5.7 --0.4 
5.7 --0.6 
5.3 --0.5 
6.5 0.0 
4.5 --1.3 
4.5 --1.2 
6.5 ~ 0 . 5  
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T A B L E  V 

Cor re la t ion  of T a s t e r ' s  A v e r a g e  Score w i t h  A v e r a g e  of R e m a i n d e r  of P a n e l  

Y e a r  

1 9 4 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 9 4 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 9 4 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 9 4 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 9 5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 9 5 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 9 5 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 9 5 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T a s t e r  1 
n 

r b ayx  

164  0 _ _ 7 7  1 .18 1 4 7  
185  ] .82 1 .15  1 .35 
186  I .78 1 .01 1 .35 
167  .83 1 .24  1 .21  
1 3 4  ,77 0 .89  1 .16  
125  .89 1 .15  1 .14  

26 .90 1 .35  1 .06  
64 .66 0 .83 1 .27  

T a s t e r  2 

r b ayx  

0 .75  0 .80  1 .10  
.82 .98 1 .18 
.76  .88 1 .38 
.73 .91 1 .27  
.78 1.01 1 .23 
.84 1 .00 1 .26  
.80 0 .74  0 .93 
.33 .34 1 .33 

T a s t e r  3 

r b cryx 

0.80  1 .21 1 .36  
.84 1 .24  1 .34  
,83 1 .19 1.32 
.77 0.84  1 .31 
,86 1 .04  0 .96  
,85 1 .02 1 .23 
,79 1.12 1 .42 
.78 1 .36  1 .43 

r ~- Cor re l a t ion  coeff• 
b ~- Regres s ion  coefficient, 

ayx  ~ S t a n d a r d  e r r o r  of r eg ress ion .  

th i s  report ,  and they show the stabil i ty of the indi- 
v idua l ' s  average scores as judged by the the panel  
average. In  any  single test however the error  of an 
individual  may  be as high as tha t  shown in F igure  1. 
The samples evaluated were all soybean oil, which 
var ied in quali ty f rom year  to year,  but every sample 
was tasted by all the tasters. The average score will 
va ry  f rom year  to year,  depending on the respective 
n u m b e r  of fresh and aged samples evaluated. The 
results show that  no tas ter  graded consistently above 
or below the p a n e l  mean over the 8-year period. The 
max imum deviation was a low of 1.3 shown by  two 
different tasters and a high of 0.7 of a uni t  shown in 
two different years  by  the same taster.  To measure 
the t a s t e r ' s  abil i ty to distinguish between oils, the 
correlation and regression method was used. The cor- 
relation coefficient measures the association of the 
tas ter  scores with those of the panel. The closer the 
coefficient is to one, the bet ter  the relationship. In 
oil-tasting work we believe that  a correlation of 0.85 
to 1.00 is excellent, 0.70 to 0.84 good, 0.60 to 0.69 fair,  
and any  value below this is considered poor. These 
are a rb i t r a ry  levels and were arr ived at through 
t ra in ing  and tas ter  per formance  studies. Except  for 
the one exception, Taster  No. 2 in 1953, good corre- 
lations were obtained. When tested for significance 
(59) all correlation coefficients were significant at the 
1% level except the low figure for  Taster  No. 2. His  
correlation coefficient of 0.33 is jus t  significant at  the 
5% level. The work of Taster  No. 2 obviously needs 
watching, and a correction of his difficulties should be 
a t t empted  since in previous years  he has shown hiM- 
self to be a good taster.  

The regression coefficient indicates the amount  of 
change of the individual  score with a uni t  change in 
the panel  score. The closer this coefficient is to one, 
the bet ter  is the relationship, and normal ly  this rela- 
t ionship is high. Again  Taster  No. 2 shows the largest  
var ia t ion f rom the normal  behavior. Correlation and 
regression are related, al though the correlation coeffi- 
cient is most often used in judging  the reliabil i ty of 
a taster,  actual ly the regression coefficient is more 
useful. 

The s tandard  error  of regression is the error  t e rm 
and shows the amount  of var ia t ion in the tas ter  scores 
about the regression line. I t  can be in terpre ted  like 
the s tandard  deviation and is a measure of how close 
the points c lu s t e r  about the regression line. Thus 
the smaller this value becomes, correspondingly more 
fa i th  and reliance can be placed upon the t as te r ' s  
results. The high var ia t ion of 1.47 and the low of 
0.86 were both obtained by different tasters in the 

8 -yea r  period over which these data  were accumu- 
lated. The data  on taster  per formance  are presented 
tO show what might  be expected of individuals t ra ined 

as tasters for the evaluation of flavor quali ty of edible 
oils and fats. I t  is of value to those interested in 
establishing new panels or for  the t ra in ing  of new 
tasters and also for  evaluat ing the performance  of 
existing panel  members. 

A cooperative oil evaluation s tudy was conducted 
by our laboratory  panel  in cooperation with 11 in- 
dustr ia l  oil taste panels. At  monthly  intervals two 
samples of oil were shipped frozen in d ry  ice to each 
of the cooperating panels. Twelve sets were sent out 
dur ing the course of this study, and all were evalu- 
ated by using the technique and scoring system of 
the Nor thern  laboratory.  Most panels had approxi-  
mate ly  10 members, but  there was considerable vari-  
ation in size both between and within panels, and it 
was one of the uncontrollable factors in the coopera- 
tive program.  

Table V I  shows the reproducibi l i ty  of the 12 panels 
on the quali ty scoring of a single sample of oil pre- 

T A B L E  VI 

ICeproducibi l i ty  of P a n e l s  
( S a m e  oil scored 5 t imes)  

A v e r a g e  R a n g e  of S t a n d a r d  
P a n e l  No. score scores  dev ia t ion  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8.1 
8.2 
8.6 
8.1 
8.1 
8.1 
8 .4  
7.6 
7 .4  
7.7 
7.3 
6.5 

7.9--8.3 
7.8--8.5 
8.2--8.9 
7.7--8.6 
7.5--8.5 
7.7--8.9 
7.7--9.0 
6.8--8.2 
6.8--8.1 
6.6=8.3 
6 . 0 - 8 . 0  
5 . 9 - 8 . 2  

0 . 1 4  
.26 
.28 
.35 
. 4 1  
.46 
.48 
.55 
.55 
.76 
.77 
.97 

sented 5 different times dur ing the testing program. 
The s tandard  deviation of the panels varies f rom 
0.14 to 0.97 and for  such a small number  of panels 
shows a normal  distr ibution throughout  this range. 
The range of scores of the individuals within all 
panels was just  as high as that  discussed previously. 
The range of scores given by the respective panels is 
much higher than  would be anticipated,  on the basis 
of the known abil i ty of the Nor thern  l abora to ry ' s  
panel  to reproduce its evaluations. In  contrast  to 
m a n y  findings the pooled scores of all the tasters 
(approximate ly  130 for  each evaluation) showed that  
the same scores were obtained whether  t h e  sample 
was compared to an oil of equal quali ty or to an oil 
of poorer  quality. A storage period of 9 months at  
0~ occurred between the conducting of the first 
test and the last test with this lot of oil. There was 
no indication of any  decrease in the quali ty score 
of oil dur ing this storage period. We have obtained 
other data  with our own panel  which show tha t  soy- 
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beau oil can be stored for  about 2 years in full  bottles 
at 0~ without  loss of flavor quality. 

Ext reme var ia t ion was shown in abili ty of the 
various cooperative panels to detect signficant dif- 
ferences by the paired sample technique. Some of 
the data  collected is summarized in pa r t  in Table 
VII .  No obvious reason can be given for this varia-  

TABLE V I I  

Agreement of Panels in the Detection of Differences 
Between Paired Samples 

Sample Total no. 
pair  of tasters 

(all panels) 

1 ~ ]39 

l I  a 150 
b 

] I I  ~ 157 

IV )) a 134 
b 

V a 96 
b 

No. of panels reporting 
differences 

Score ~ No Significant 
differ- difference, significant 
ence 5% level 

7.9 4 
6.3 

5.6 ]0 
6.2 

6.3 3 
4.6 

8.1 10 
8.0 

3.9 6 
5.2 

Highly 

1% level 

6 

2 

7 

0 

1 

aAverage of individual scores of all panels. 
~)Pair of identical samples. 

tion. Sample pair  No. IV  were identical soybean 
oil samples;  however 2 panels out of 12 repor t  a 
significant difference between them. The results of 
this par t icular  pair  of samples show however tha t  
if the panel  membership  is large enough, the average 
SCOTeS have a small error. F rom a group of 134 
tasters a difference ill scores of only 0.1 unit  was 
obtained. For  a panel  group of this size it would 
take a difference three times as large in order to 
indicate a significaJlt difference between the samples. 
To reduce the error  i)i this type  of test it must  he 
(;oncluded that  the consistency and discrimilmtory 
power of the individual  tas ter  must  be eollsiderably 
improved or that  the number  of members serving on 
a panel  must  he enlarged. Insofar  as our results (tan 
be interpreted,  panel  enlargement  or increasing the 
number  of judgments  rendered by the panel  would 
be the most sat isfactory solution. Dr. Sehlosberg 
concluded f rom a similar  s tudy (56) ! ' . . .  expertness 
cannot take the place of a large number  of judgments  
whether we consider the single expert  or the expert  
pane l . "  
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