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Sensory Mefho‘ds
for Measuring Differences

in Food Quality’

Food researchers must often rely on the senses of taste, smell, sight,
or feel in food-quality evaluation. But so varied are laboratory methods
of selecting food-judging panels, preparing food samples, setting up
rating scales, and analyzing statistical findings, that the work of one
group may not check that of another. The problem has become more
acute with an increase in cooperative research in food quality.

Because of the need for standardizing procedures in taste-testing work
to make possible comparison of results from various research institutions,
the Bureau of Human Nutrition and Home Economics sponsored a con-
ference for the critical appraisal of sensory methods for measuring food
quality by taste panels. The 3-day meeting, held in Washington, D. C.,
January 23-25, 1950, was attended by representatives from many fields of
laboratory research in which food-quality evaluation is a problem.
Participants included home economists, food technologists, chemists,
biologists, bacteriologists, horticulturists, plant physiologists, and statis-
ticians. (See page 132 for list of participants.)

The scope of the discussions was limited to subjects relating to sensory
methods used in the laboratory to measure differences in quality of food
samples that have had different treatments. The conference did not
cover problems of the market analyst who uses untrained taste-testing
panels to forecast consumer acceptance of a product.

The proceedings of the conference are reported in this bulletin. The
discussion under each subject is followed by a committee report which
cites techniques thought to be desirable, and makes recommendations
as to needed. research on methodology.

‘In preparation for the conference, members of the Bureau staff made a
careful review of the literature on methods of evaluating palatability.
The review is included in this publication to give a more complete picture
of the present status of palatability procedures.

REVIEW OF LITERATURE

This review of the literature on sensory methods for measuring differ-
ences in food quality, includes 300 selected references. The subject
matter is arranged under the same major topics as those discussed at
the conference. Appropriate subheadings have been added, and when
the quantity of material under a particular heading is large, the informa-
tion is further classified by commodities — beverages, cereal products,
dairy products, egg products, fats and oils, fruits, meats, miscellaneous
foods, poultry, vegetables — and primary tastes.

fl Work carried on in part with funds alloted under the Research and Marketing Act
of 1946. ]



Methods of Measuring Differences in Food Quality
Descriptive terms ' ’ 7

Deseriptive terms have been used in grading cereal products (1252,
dairy produets (72, 132), eggs (122), fats and oils (13, 45, 146, 168), fruits
(64), meats (9, 2/2), vegetables (43, 67, 108, 115, 254, 266, 299), and
primary tastes (26, 236, 237, 238). Judges’ comments are encouraged
(182) and, in addition to giving numerical scores, judges have been asked
to define the differences they noted (103). =

Dairy Produects. Five quality groups were used (excellent, good, fair,
poor, and bad) with 18 descriptive flavor defects. If the descriptive
term given did not properly describe the defect, the judges used their own
terms or said “unidentified.” This was done for odor also (288).

Eggs. In addition to using numerical terms, the judges were in-
structed to give their comments on the type of flavor and any departure
from normal flavor (19, 259).

Meats. Reasons were given, where possible, for preferences after
samples were ranked (61, 294). In the first year’s study of beef, only
descriptive terms were used (24).

Miscellaneous foods. Frozen precooked meals: When a score was
low, the judge was requested to give reasons for it (126).

Poultry. The use of descriptive terms, even though worked out by
the panel of judges, was not of significance (286). The fact that judges
were asked to report off-flavors undoubtedly influenced some to ascribe
off-flavors to samples they would have considered good under ordinary
circumstances (12). However, descriptive terms have been used to
describe flavor (1560). In a turkey experiment judges checked whether
there was a strong, medium, slight, or no fishy odor and flavor (192).

Vegetables. In addition to scoring, adjectives to describe each factor
were listed in columns and judges were instructed to check those that
best applied to each sample (231). Descriptive terms such as excellent,
good, fair, poor, or unpalatable were used (266). After preference rating
had been made on samples of corn, judges gave a written statement for
reasons of placement (101). After scoring in another test, each judge was
asked to state how he liked his vegetables, that is, the degree of doneness
he preferred (114). Judges’ comments were requested in addition to
paired judging that was done (290). After scoring, judges noted whether
they detected an off-flavor or taste of sulfite (277).

Primary tastes. In addition to numerical scoring, taste was iden-
tified (166). Some terms used were: Tasteless, sweet, bitter, sour, salt,
or combinations of the four basic tastes (27).

Numerical scores

Numerical scoring has been employed to evaluate either general
quality or a maximum of two specific characteristics (182), and to record
differences along with positive and negative attitudes of the judges
toward the differences (64, 102, 227a,).

2 Italic numbers in parentheses refer to Literature Cited, p. 18.
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The fundamental supposition of any rational quality grading is that
the number expressing the grade is proportional to the quality of the
property to be measured (228). The weight given to the grade should be
determined by preliminary testing (64). An equal difference in grade
numbers must correspond with an equal difference in quality. As two
successive grades always differ by one unit, the terms used to describe
two successive qualities should be selected so as to express equal differ-
ences in sensation. The relationship between terms and grade numbers
is illustrated in the chart below. Its grading system allows a ==5-percent
range of tolerance (228).

Quality term Quality range
First alternative Second alternative in percent Grade
Perfect (fancy) oo oo __ Excellent_ .. ...___ Over 95 percent_______ 10
Excellent_ _ oo Very good_ .- _____ 85 to 95 percent_______ 9
Very goode oo occoc e Goodocceo L. 75 to 85 percent_______ 8
Go0d- el Slightly good..-.-- 65 to 75 percent_______ 7
Slightly good - oo Borderline plus..__ 55 to 65 percent_...._. 6
Average (mean)______._____.____ Borderline minus. - 45 to 55 percent___..__ 5
Fair_ . Slightly poor-_-__- 35 to 45 percent_______ 4
Borderline_ ... oo ____ Poor._ ... 25 to 35 percent-______ 3
Bad (defective) oo oo ____- Very poor-_..__..__ 15 to 25 percent_._____ 2
Very bad. ..o _.. Extremely poor____ 5 to 15 percent....__. 1
Unacceptable (not eatable) . ... oo oo Below 5 percent.___.._ 0

It is unsuitable to use different grade numbers for the same descriptive
term in different factors, but such differences in numbers for the same
descriptive term become unavoidable if different “best points’ are in-
troduced for different factors (228).

A scale is an arrangement of perceptibly different quantities of a
property in a graduated series. It may be imaginary, that is, used with
descriptive terms, or it may be material, having specimens of the product
or other substances chosen for direct comparison with the experimental
product (269).

The number of gradations in the grading chart is important in accuracy
and application (269). It will depend on the number of intervals that
the judge can distinguish and it may be necessary to make allowance for
the fact that judges may not use the highest and lowest scores (37).
Uniformity of opinion is likely to increase with a decrease in number of
such grades, but if the scale is too coarse, it will not have much scientific
value (269). Probably 10 intervals would be sufficient in most experi-
ments (87). If the operative range of scores were narrow in a product,
even poor judges might make a good showing in that product. However,
a relatively good judge might appear, on the basis of closeness of scores,
to be doing poor judging if the operative range of scores were wide (282 ).

Using 10 grades, it is sufficient to grade partial food properties in
integer numbers and not to introduce decimal fractions. The advantages
of this method of grading are that it is uniform and simple, and that
quality is expressed in descriptive terms that can be selected so as not
to contradict appreciably the desired proportionality. Whether the
scale should be restricted to 5 or 10 grades, or extended to 15, 25, or even
100 depends on the sense-thresholds of the tasters. Ten integer numbers
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should be sufficient for the quality determination of any single property.
The total grade expressed in terms of such single property grades may
then contain decimal fractions (228).

A 10-point scale has been used by other investigators (103, 152, 162,
198) where there were 5 equal degrees of acceptability and 5 equal degrees
of nonacceptability (103); where a 1-10 range was used with 10 equal to
excellent (152); or where 0 equaled unacceptable and 10 equaled excellent
(65, 162). A scale in which 10 equals excellent, 9, 8, 7 equal good, 6, 5,
equal fair, 4, 3 equal poor, and 2, 1 equal very poor gives uniformity in
scoring and 1s helpful in analyzing the results (163). On the other hand,
it is considered by Bate-Smith (18) that a scale from 0 to 10 may easily
be heterogeneous. The range 810 may involve no unpleasantness,
whereas the range 0-8 may (748). The 10-point scale lends itself easily
to s1)1bjective evaluation of quality of widely varying types of foods
(162).

The advantage of the use of a 5-point scale, with only the highest and
the lowest points defined is that it avoids much of the difficulty of devising
adequate description of flavors; it is difficult to achieve linearity when
every point is defined (154). In using a 7-point scale with descriptive
terms for each point, it is not necessary to depend on adequate definition
of only the 2 anchor points, and the tasters can be directed how to assess
the relative importance of different defects, for example, lack of flavor or
presence of off-flavors (164).

One of the main difficulties with regard to the method of assessing
total food quality by point scoring is that one characteristic may render
the food totally inedible and yet the total score may be relatively high.
Although this discrepancy is reduced somewhat by weighting the scores,
obviously it can never be entirely eliminated. The difficulty may be
overcome, however, by taking the product of the individual scores
}geor)netric summation) in place of the sum (arithmetic summation)

131). '

Cereal products. Numerical scores have been used in judging cereal
products (113, 130, 190, 204, 249). Pastry was judged with descriptive
terms, and numerical values were assigned each rating: 5, excellent; 4,
good; 3, fair; 2, poor; and 1, not edible (217). Bread was judged on a
3-point scale with 1 indicating best, 2 representing intermediate, and 3
representing poorest (159). Bread has also been judged on a 4-point
scale: 4, excellent; 3, good; 2, fair; and 1, poor (167). Ration biscuits
were judged by the following 10-0 scale: 10, excellent; 8, good; 6, fair;
4, poor; 2, very poor; and 0, inedible (196)." Corn meal and macaroni
Frod}mts have been judged by a 1-7 scale with seven as most desirable

218).

Cake was given a weighted scale totaling 100 points: 30 points allotted
for crumb (texture), 20 for tenderness, 20 for velvetiness, and 30 for
eating quality (aroma, flavor, and over-all) (47, 197). In another cake
experiment the official A. A. C. C. (American Association of Cereal
Chemists) method of weighting was used: Symmetry, 10; volume, 15;
crust, 5; texture, 30; grain, 25; color, 15 (38). Toast has been judged on
a weighted scale allotting 20 points for color, 10 for character of crust,
15 for character of toasted surface, 15 for character of crumb, and 20
each for aroma and taste (67).

Dairy products. A standard and uniform terminology must be
adopted before a well-founded technique of flavor scoring can be formu-
lated (164).
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A 0-10 scale, with 10 as excellent, has been used to judge dry milk
(222, 224, 225). A 0-15 scale was considered by one investigator of dry
milk to be too wide (164).

Milk has been judged on a scale of 025 (288) developed by the U. 8.
Bureau of Dairy Industry; on a scale of 1-25 (247); and according to the
flavor-scoring system of the American Dairy Science Association (92). A
0-3 scale, with 3 equal to excellent, has been used for judging milk (224).
A 04 scale has also been used, where 0 indicated no oxidized flavor; 1,
slightly oxidized flavor; 2, oxidized flavor; 3, pronounced oxidized flavor;
and 4, very pronounced oxidized flavor. Those samples marked 0 and 1
were considered salable and those receiving 3 and 4, not salable (10). The
oxidized flavor of milk, butter, and ice cream have been judged with the
use of plus and minus signs (74, 119, 283, 284). In one case, numbers
from 1 to 6 indicated increased intensity of oxidized flavor (74) and in
another, numbers 1 to 10 were assigned to the plus and minus values
(119). Weighted scores were given for ice cream (105, 198) and butter
and cheese (105). '

A dry milk and egg mix was judged according to the following system:
The standard was given an arbitrary score of 10; 20 indicated a product
?Wic&; as acceptable, 5, a product half as aceeptable, and 0, unacceptable

226).

Butter was given a 0-10 scoring, where 10 was excellent; 8, good;
6, fair; 4, poor; 2, bad; and 0, inedible (129). Cheese was judged on a
1-10 scale with 1 representing the softest cheese and 10 the firmest (246),
and on a scale whose range was 45 points (281). Flavor standards for
Canadian Cheddar cheese were given: First Grade had a minimum
score of 39, Second Grade had a minimum score of 37, and Third Grade
a score less than 37 (155).

Eggs. A scale of 0-10, with 10 as excellent, has been used in judging
eggs (166, 278, 274). Scales of 1-10, with 10 as excellent (3, 98, 99,
141, 170, 2569, 296), and scales of 0-8 (18, 73, 180) have also been used.
One to five scales have been used, in some cases with 5 representing best
quality (98, 263, 271), and in others with 1 as best (187, 248). Letters
were used to judge eggs, and were converted later to numerical grades:
F, indicating fresh or perfection, 4 points; A, indicating excellent, 3
points; B, indicating good, 2 points; C, indicating edible, 1 point (227 ).
Weighted scores totaling 100 have also been used (205, 267).

The rating for consistency of eggs by a 5-point scale was less reliable
than the rating for flavor of the same eggs by a 10-point scale, perhaps
because of the smaller number of choices in the rating scale (98). The
0-8 range was considered too wide to lend itself to the best in statistical
analysis. Most of the egg samples scored from 6 to 8; the widest variation
between tasters occurred on low-scoring samples (180).

Fats and oils. Numerical scores and descriptive terms have been
used to judge fats and oils (80, 104, 218, 245). A scale of 0-10 was used
in judging salad oils and lard, with 10 as top quality or excellent and 0
indicating poorest quality or unapproachable (89, 128).

Fruits. Rating scales with a 1-7 range and a 1-5 range were used in
scoring different fruits (17, 136, 137, 165). Strawberries were judged by a
weighted scale totaling 18 points (127). Citrus fruits have been rated on
a 20-100 scale with 20-point intervals (143, 144).

Meat and poultry. Wide use has been made of the 1-7 grading
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“chart which was adopted by the Cooperative Meat Investigations for
judging meats and poultry (14, 23, 24, 40, 42, 68, 70, 107, 138, 147,
160, 186, 216, 252). Other kinds of numerical scores used in scoring
meats include: A 1-5 range where 5 represents the greatest desirability
(220); 0~10 where the larger values indicate greater preference (221, 222,
223, 260); 0—6 range for no change to extreme change in flavor of canned
meats {(123); and tenderness ratings given values of 2, 4, 6, up to 14 (234).

In judging poultry, a 0-10 range of scoring, with 10 as perfect (117,
185, 263, 26/,) has been used, and 1-10 with 10 the highest score (142, 295).
When any portion of the fowl was described as inedible because of its
moldy condition and rank odor, and not cooked for scoring, it was auto-
matically given a score of zero for aroma and flavor (295). A 1-5 range
has been used for poultry, with 5 being perfect or excellent (171, 278).
Scoring on a 1-4 scale has also been done, with 1 indicating good and 4

- indicating strongly off flavor (12). Odor of poultry has been judged with

a 0-3 scoring, where 0 indicated no foreign odor, and 3 an intense and

disagreeable odor (240). Aroma and flavor have also been scored on a

- range of 50 (244).

In judging meat, weighted ad]ectlves arbltranly set at 1 to 5, w1th

5 as very tender, have been used in addition to paired eating tests and

found to furnish a valuable supplement, (75, 76, 77, 79). Numerical

values can be given to preference ratings (61, 294). Other types of
weightings give separate characteristics a number of marks which make

up a maximum or total of 100 (167, 174) or a total of 49 (7 for each of 7

factors) (127).

Vegetables. Seven-point scales with 7 as optnnum and 5-point scales
with 5 as optimum have been used in scoring vegetables (16, 114, 135, 231,
261, 285); also 4-point scales with 4 as excellent (270, 27’7 290), -pomt
scale with 1 as highest score (46), and a 04 scale with marks of Y5, U,
and 14 (276). Possibly a scale of 0~10 with no fractional marking allowed
would have been more convenient, for tasters frequently find reasons for
departing from any suggested marking system (276). One 3-point scale
?nadjz use of the numbers 1, 3, 5, to denote poor, fair, and good, respectively

172). :

Color, flavor, texture, and general acceptability are often rated on a
10-point scale (60, 97, 255 ), but the interpretation on the scale may vary
greatly:

(1) Where 1 and 2 equal highest excellence; 5, fair; and higher than

5, progressively poorer to undesirable (50, 62).

(2) Where 1-2 is excellent; 2-3.5, very good; 3.5-5, fair to good and
5-10, progressively poorer ({ 4.9 ).

(3) Where 1-2 is excellent; 2.1-3.5, very good 3.6-4.5, fair; 4.6-5,
poor; and higher, very poor In addition, each Judge summed up
each sample in a rating on general desirability (3714 points each
for flavor and color and 25 pomts for texture) (91).

(4) Where 1-1.5 is best; 1.6-2.5, very good; 2.6-3.5, good; 3.6-4.5,
fair; and higher than 4.5 is poor to very poor (63 )

(5) Where 1-1.9 is excellent; 2-2.5, very good; 2.6-3.5, good; 3. 6—5
fair; 5-6.5, poor; and 6. 5 and above is very poor (298).

(6) W'here 1-2 is highest score, 2 2.1-3.5 is very good, 3.6-5 i is fair to
good and higher than 5 is poorer. In addition to this, each sample

is given a score upon comparatlve desn-ablhty as a food product

(61).



An A-B-C score has been used to evaluate marketability, where A
equals highest market quality and C too tough to be marketed (. 60).
Another type of numerical rating was as follows: 9, 8, 7 equal high market
quality; 6, 5, 4 equal marketable but tougher; and 3, 2, 1 equal not
marketable (34).

A weighted scale totaling 24 possible points was used for judging
snap beans, and weights totaling a maximum of 27 points for peas (127).
In another experiment on peas, weights added up to a maximum of 100
points; judges also counted the number of hard peas in the sample and
one-third of the percent of hard peas was subtracted from the total
score (30).

In one vegetable experiment, the equal sign (=) meant equal to the
standard; +2, 44, +6 indicated degrees superior to the standard, and
—2, —4, and —6, degrees inferior to the standard (44).

The highest score for cucumbers was 9 for texture, 18 for flavor, and 18
for palatability (292). One investigator used weighted scores which
totaled a maximum of 100 points (287). Weighted scores, 20 points for
color, 40 each for texture and flavor were used; judges were instructed to
rate sample they thought best in each factor 100, and grade the others
from that standard (65).

After samples of potatoes were ranked, tasters indicated the presence or
absence of off-flavor by plus and minus signs, the number of minus signs
indicating the intensity of off-flavor (134).

Frozen precooked meals have been judged on a scale of 0-100 with
intervals of 20, 100 equaling a perfect score (126). Primary tastes have
been scored numerically on a 0-5 scale, where 0 indicated no taste and
5 indicated very strong taste (166).

Ranking tests

In the ranking test judges are asked to rank samples in decreasing or
increasing order of some characteristic (37). Ranking tests have been
made on all types of food products, the numbers of samples to be ranked
ranging from 2 to 10 (22, 81, 60, 58, 61, 65, 72, 82, 89, 95, 101, 133, 134,
163, 167, 202, 210, 217, 251, 258, 271, 284, 29);).

An arrangement for the exercise of vision, scent, and taste, separately
and jointly, on the same series of samples was effected in ranking. A
standard (the sample of lowest quality) was designated as unity, and the
others were ranked upward from it as a fixed base. First, the judge
ranked the series by sight alone, then (blindfolded) by taste alone, and
finally by combined taste and sight. Another experiment was designed
to test the sensitivity of the sense of smell. The judge was blindfolded
and made duplicated tests by (a) scent alone, (b) taste alone, (c) scent
and taste together, and (d) unblindfolded, by sight, scent, and taste in
combination (82).

Paired tests

In the paired test two samples are submitted to judges (87, 77). The
paired samples are judged by comparison with each other (77). A typical
question asked of the judges is “Which is the more tender sample of
meat?”’ Sometimes a standard sample is presented first, and the judges
are asked which of the two unknowns is the same as the standard (37).

Every person asked to judge will express a choice even though he has
no real choice between the two samples, and a retest at a later date may
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reverse the first judgment. It is best to retest the same group to deter-

“mine the number of these guesses, and since the law of probability will
indicate that half of the guesses will be reversed, the number of such
guesses should be multiplied by two. Final results will show: (1) Favor-
able reaction, (2) unfavorable reaction, (3) the number of those who have
no real preference (7). ' 7 ,

This test limits the number of samples to two and, for any large number
of treatments, a comparison of only two at a time is very costly (37), and
unwieldy (202). On the other hand, the paired method permitted the
judging of a larger number of eggs without tiring the judges, because few
standards had to be remembered when only two eggs were being compared
at one time (122). :

Use of paired tests has been reported as a method of judging the
palatability of various foods (1, 103, 1562, 1563, 1564, 173, 202, 227a), cereal
products (66), dairy products (62, 164), eggs (96, 122), fats and oils
(104, 146, 213), apples (17), vegetables (290) and precooked meals (126).

The paired test has been used extensively in meat experiments (75, 76,
77,78,79,138, 174, 186, 195, 233). One investigator reported the use of
paired bites from paired slices from paired roasts (76). The paired-eating
method for testing tenderness has the advantage of direct comparison of
two paired samples and proved to be satisfactory for testing differences
in tenderness of meat resulting from two methods of cooking. It is
suggested also as a method suitable to use in perfecting objective methods.
It is applicable only in those cases in which the difference between two
comparable samples is considered. It cannot be used for comparing a
}arge n)umber of individual roasts or roasts cooked on different days

76, 77).

Triangle or triple comparison tests

In the triangle test, three samples are examined, two of which are
duplicates. Judges are asked whether there is any difference between
samples and, if 50, to select the identical samples. Often judges are also
asked to indicate whether the odd or duplicate samples have the distin-
guishing characteristics to the more pronounced degree (37, 153, 239),
or which sample is preferred (161).

The test can be used first with an expert panel to determine whether a
difference exists and then with a large number of people to determine
consumer acceptability of either or both samples (239). It may also be
employed in selecting personnel for expert panels, wherein individual
sensitiveness to different taste factors are evaluated (22, 152, 153, 239).
It also lends itself to statistical analysis (239).

If one is asked to select the two similar samples from a set of three, it
is possible to make three different selections, only one of which is correct.
Chance selection alone will give one correct answer in every three trials
(33 percent). The percentage might be altered somewhat in one direction
or the other by circumstances which would not be equalized in a small
number of tests. To determine significance of the results, it is necessary
to know how far the number of correct answers must exceed 33 percent
})efmje it may be considered certain that guessing has been eliminated

1561).

There are several references to the use of triangle tests (44, 68, 152,
158, 188, 227a, 239). This method is found to be very satisfactory and
highly recommended (1563).
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Dilution tests

The dilution test determines the smallest amount of unknown that can
be detected when it is mixed with a standard material. It applies only to
homogeneous substances, but many foods can be made homogeneous
without effect on flavor. The dilution method as it has been applied
probably has given the most accurate results of any of the methods.
This test could be used in any of the methods for flavor and odor testing.
It is especially well adapted to the difficult problem of storage studies for
which all other approaches have shortcomings. However, the lack of
suitable standard material will prevent its use with many foods (7).

Perhaps the most popular usage of the dilution technique is in the
primary taste tests (29, 84, 95, 112, 166, 169, 236, 241, 243, 247, 251, 297 ).
Beakers containing dilutions of primary solution were shuffled and the
judges were instructed to place the solutions, to the best of their ability,
in the order of their concentrations. From the standpoint of individual
selection alone, a series of dilutions should contain as large a number of
samples as possible within the limit which may be handled expeditiously
(284). Other series were arranged in order of sweetness (69).

A series of 10 samples of oxidized milk was used in studying the effect
of temperature on accuracy of judgment. The amount of oxidized milk,
which was added to fresh milk, was decreased approximately 10 percent
for each sample (284). The percentage dilution of six different dilutions
of dried egg in fresh scrambled egg was based on a logarithmic scale
(39). Potato samples were placed in order of increasing dosage of in-
secticide. Tasters were asked to check the presence or absence of off-
flavor (184).

Difference preferance tests

Difference preference tests are useful in detecting differences, and in
determining which difference is preferred (103). Preference rating is
considered the simplest method of judging, the most applicable for con-
sumer surveys, and a valuable aid in selecting a panel. Also it is a good
method to use when only a few samples are given and when the difference
between the samples is only slight (65). However, preference data are
not always considered permanently of predictive value; the only depend-
able method of ascertaining population preference is a quite complete
survey (202).

Constant stimulus differences method

The constant stimulus differences method is used, in which two stimuli
are presented and the individual is told to state whether the second
stimulus is more or less intense than the first. Random order is necessary
for this method since the second will be judged greater than the first
when the two are of equal intensity (202).

Matching with standards

In testing coffee the sample of unknown freshness was compared with
each of a standard series made up of varying quantities of fresh and stale
coffee (232). For fats and oils five control samples and one test sample
were compared. The judges were requested to rate the samples in order
of increasing concentration of reversion odor. When a judge misplaced
the controls in ranking, his scores were discarded (140).



In one case, solutions to be tested were tasted against a selected
standard until a concentration was found which possessed sweetness that
compared in intensity with that of the standard solution (93).

Judges matched molar solutions where the solution to be matched
contained a greater than taste-threshold concentration of a substance and,
in addition, a subtaste-threshold concentration but greater than sensi-
tivity-threshold concentration of a contrasting substance. This method
was very satisfactory in determining the effect of subtaste-threshold con-
centrations of one substance upon mildly strong-tasting concentrations of
a contrasting substance (112).

Other methods of testing

(1) Solutions were tested at a large dinner, where the people present
rated the solutions by raising their hands. It was impossible to obtain
an accurate record with a test of this kind (26).

(2) Reaction of panel was judged from the amount left on the plates.
General appearance, color, flavor, texture uniformity, and defects were
also noted (275). ) :

(3) Judges were instructed to rate the sample 100 if they thought it
best in color (20 points), texture (40 points), and flavor (40 points), and
grade the other samples from that standard (65, 66). This method of
grading for each factor against a visible standard gave close agreement,
between the scores of different judges (65).

Comparison of different tests

The use of ranks rather than numerical scores encourages the judges to
make fewer distinctions among samples. It has the advantage of reducing
the tendency of individual judges to prefer certain score ranges (217).
Ranking system has the distinct advantage of simplicity over a numerical
grading system. An individual must have considerable training before
he can obtain consistent results in grading (31).

Numerical scores with descriptive terms are better than numerical
scores alone because the latter method does not distinguish the degree
of difference between best and poorest (296).

Judges indicated that they preferred a score sheet with numerical
scores and descriptive terms to the vertical line score sheet, but more
significant statistical results were obtained from the latter (17).

Type of score card used

Most score cards list the appropriate characteristics to be judged,
with descriptive terms or numerical ratings pertaining to each. Careful
planning is necessary to determine the proper method of obtaining a
score for the food. Scores obtained from preliminary panel testing should
be analyzed, and if necessary, the factors discussed and changed before
further scoring takes place (63). Uniformity and simplicity are the
characteristics of a rational grading system (228). For trained organo-
leptic panels, printed directions should be brief (65).

To score apples, a grading chart was used which consisted of a horizontal
line 6 inches long. The left end of the line, representing ‘“very poor,”
was considered to have a value of 0 and the right-hand end, representing
“excellent,’” a value of 6. Judges were asked to place a short vertical line
across the horizontal line where, in their opinion, the sample should be
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classified. These points were then given values equal to the distance
from the zero point (17). ‘

Odor detection

Many means for the detection of odor have been suggested. Crocker
and Sjostrom (88) have grouped them into physical means, chemical
means, and odor accumulators. Included in the physical means for
detecting odor are (1) electromagnetic radiation, (2) spectrograph, (3)
electronic Halogen detector of the General Electric Company, and (4)
hygrometry. Chemical means include (1) the stinkometer, (2) the use of
carbon monoxide passed through silver permanganate, and (3) the Gutzeit
test. Odor accumulator substances such as water, glycerol, a bland oil or
absorptive carbon can be used. Monerieff (211) suggests using the
stinkometer to measure the reducing volatile matter in foodstuffs to
detect incipient spoilage before any change is perceptible by the sense of
smell. Crocker and Sjostrom (88) say that the stinkometer has no applic-
ability to odors in general, especially those of only “smelling strength.”

One of the personal measurements that has been devised is the blast
injection test (85, 109, 110). At regular intervals, an amount of air and
odor is injected into the nasal passages until the number of cubic centi-
meters necessary to identify the odor is ascertained. Such substances
as coffee, citral, oil of turpentine, and benzaldehyde are most advantageous

for this type of test (109). '

" Showalter (251) recommends the use of filter paper in smelling tests.
A few drops of the sample are put on a strip of filter paper and smelled
by the judges. For smelling bottled products, he suggests using an
“osmoscope,” a glass tube which fits over the nose and extends down
into the bottle.

The following chemical odor test for benzene hexachloride has been
developed by the Beech-Nut Packing Company: The food is mixed well
with benzene, the benzene is then poured off and filtered, and an aliquot
is evaporated to dryness with a gentle current of air. After chilling in an
ice bath, cold nitrating mixture is added, and the flask is placed in a
boiling water bath for a half hour. The flask is then cooled and sodium
carbonate solution plus sodium hydroxide is added. At this point, the
odor of benzene hexachloride is detected if any is present.

Ford (118) conducted an investigation on odorous substances by allow-
ing the judge to sniff the odor of an unknown substance which was in a
covered bottle held by an assistant. Vail and Conrad (286) conducted
an odor test on poultry using the following procedure: Individual birds
cooked in covered containers were removed from the heat; each judge
then smelled the bird, removing the cover only long enough to whiff the
steam.  About 15 minutes after removal from the oven, the birds were
again tested for odor. Then covers were removed from the containers,
the birds cooled for about 5 minutes and once more evaluated for odor.

The Crocker-Henderson system of odor analysis was devised to measure
odor intensities. This system operates on three assumptions: (1) That
the human nose is provided with four and only four kinds of odor nerves;
(2) that every odoriferous substance, sniffed in adequate amount, stimu-
lates all four kinds of these nerves simultaneously to the extent character-
istic of the substance and of its concentration; and (3) that the odor
sensation chord thus created by the excitation of nerve endings is capable
of producing a distinctive odor impression (86). By this system an odor
may be represented as a four-digit number. The first digit is the measure
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of relative fragrance, the second of acidity, the third of burntness, and
the fourth of caprylic character. Each component in the odor in question
is determined by comparison against the same component in the odors of
the chemicals of a set of accepted standards (7, 85).

Panel Selection

Experience

The art of tasting without prejudice can be acquired only by experience

(1561). Panel members with previous experience and training are preferred
(22, 65, 161), and experienced tasters have been shown to obtain better
results than the inexperienced (157). The trained panel member has a
“knowledge of judging techniques and ecritical analysis (227a), detects
differences unheeded by the untrained (22, 161, 207), describes better
his taste impressions (22, 207), is more accurate and reliable (65), and
has a better understanding of the terminology used (22).

The human organism is our only proper recording device for flavor in
its entirety; education of nose and tongue is the surest way of making
it reliable (83). There is considerable transfer of skill from one organ-
oleptic problem to another (65). However, there is no evidence that a
judge who is sensitive to one flavor is equally sensitive to another flavor;
therefore, panel members should be chosen on the basis of the character-
istic to be evaluated in a particular study (65, 102, 164, 227a), not on
their performance on other panels (227a). The panel need not be large,
but its members should be experienced in the tests being made (154).
It is generally unsound for expert tasters to work subjectively on the
basis of their own over-all preferences because their very expertness
makes them atypical of the general consuming public (89, 235).

Most of the references reviewed reported the use of experienced judges
with dairy products. One panel made up of both experienced and
inexperienced members resulted in accurate and dependable judgments
?rom) the latter and superior performance from the experienced judges

288).

If egg judges are inexperienced, their number should be greatly in-
creased in order to get a reliable cross section of the public at large (209).
The importance of using the same panel of judges is stressed in connec-
tion with judging a series of egg samples for which maximum precision
of relative assessment is desired (1566). But with oil samples, past exper-
ience appeared to have little value, as some individuals who had been
grading oil for many years were frequently unable to arrange controls
in correct order (140).

Meat judges are needed with experience that covers a complete range
of quality (9); poultry ratings should be made by persons who can
remember degrees of quality over long periods of time and consistently
rate these degrees of palatability (184). With tests on vegetables,
emphasis was also placed on the importance of using the same panel each
year (285).

Work in judging primary tastes has been carried on with both experi-
enced and inexperienced tasters. One worker reports that as the work
proceeded, the tasters improved in delicacy of perception (58). Series
placement helped to develop skill in tasting through teaching tasters to
look for and interpret signs rather than through increasing the sensitive-
ness to stimuli. The tasting of pure solutions of various concentrations

12



reveals some of the “signs’” and thereby teaches the fundamental prin-
ciples underlying taste judgments (284 ). :

Availability

Availability as a factor in selection of panel members is reported in
connection with the judging of a variety of foods (24, 43, 61, 114, 133, 134,
185, 150, 185, 186, 200, 250, 266, 872, 276, 286, 291, 294, 299). Judges
must be reasonably accessible (207 ), and for this reason, they are prefer-
ably from the immediate staff (188, 241) or from related staffs (188).

Age

Age differences in receptors per unit area (for threshold tests) are a
factor to be considered (202). Preference as to desirable age ranges for
judges vary greatly. A variety of ages is considered desirable by some
authors (207, 210) as in egg judging (156, 209), while one investigator of
dairy products concluded that age was not found to be a factor in scoring
(288). Definite age flavor preferences were shown with certain foods (6.

Discrimination of taste was believed to decrease with age (69, 201 ), and
olfactory powers appear dulled with age (26). The preference for sweets
?leclijled in the oldest group while the preference for tart fruit tastes rose

173).

One author thought that persons under 30 years of age appeared to
have significantly lower taste sensitivity (156); another considered the
optimum age range as 30 to 40 years (22); and one believed maximum
sensitivity to lie in the age group 30 to 39 (161). Preference curves for
the group 12 to 18 years of age closely paralleled the curves for the age
group 20 to 40 years (173).

In testing primary tastes both homogeneous and mixed age groups have
been used, including children beginning at 7 years and progressing to
adults of 85 years (166, 169, 175, 176, 236, 237, 241). One author con-
cludes that there is probably no correlation between ability to identify
primary tastes and age (169), and another feels that age is not necessarily
associated with poor tasting ability (25).

Sex

Both sexes are used in many judging panels (6, 188, 207, 227a, 229).
Taste deficiency is primarily due to a single recessive gene, not sex-linked
nor sex-influenced. When neither parent can taste the compound, none
of the children can (256). '

One investigator reports that females had significantly lower taste
sensitivity (1566); another that men tend to excel in identifying solutions
by taste while women excel in identifying odor (289).

In judging dairy products, differences in flavor preferences between
the sexes were not large enough to be considered (31).

Conclusions from a consumer preference test on primary tastes (175)
were:

(1) Over 50 percent of both men and women preferred moderately

sweet and salty foods.

(2) More women than men preferred excessively salty and sour foods.
(8) Over 50 percent of the men liked slightly sour foods.

(4) Women showed greater sensitivity of taste in distinguishing
between the four basic tastes: Sweet, salt, sour, and bitter.
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Health

Panel judges should be persons of good health and appetite, not
susceptible to mouth and sinus infections (227a) or to colds (69, 201,
227a). Colds affect the sense of smell (28). Judges should be physically
well, not fatigued or worried (188).

For the judging of primary tastes, persons were eliminated who had
numerous head colds (95, 166), mouth or sinus infections, or allergies to
a large jmmber of foodstuffs (95). No one was tested while he had a
cold (95). — ,

Psychological factors

Successful conduct of taste panels is frequently as much a matter of
~ human relations as a scientific problem. Panel members must have a
keen interest in their tasting ability and these feelings must be sustained.
Informal conferences should be held periodically (213) and imagination
and suggestion must be eliminated (201). Other psychological factors
should be considered, for example, beer should not be tasted from a cup
or tea from a glass (82). R : )

Panel members judging oil should have an interest in oil problems in
general, and a desire to participate (213). , }

There is no close correlation in testing of primary tastes between
thresholds and emotional response (25). Sensitivity of taste is found -
under conditions of repose and freedom from distractions (208). o

Concentration of odor has much to do with our likes and dislikes, and
odors are also tied up with associations that make them pleasant or
unpleasant (26 ). i o ' )

Assessments of the palatability of foodstuffs depend upon olfactory
and tactile as well as upon gustatory sensations and are further con-
ditioned by the subjective reaction of individuals to these stimuli (156).

Taste and smell sensitivity

The selection of judges with high sensitivity of taste and olfactory
sense is suggested by some authors (69, 154, 201, 206). Important, too,
is the ability to judge one feature at a time and, within limits, to disregard
saltiness, sweetness, acidity, bitterness, or other distractions (295).
Special tests should be arranged to detect those individuals who are most
capable of recognizing differences in taste. -As a rule, the “triangular”
test should be employed. When the most sensitive tasters have been
selected by this method, their efficiency should be checked regularly by a
study of the data from the routine tests (22). : e

Nine of the references reviewed reported the use of ‘taste-sensitivity
tests (66, 69, 124, 188, 201, 202, 206, 207, 227a). Some made the tests
with pure solutions (69, 201, 202, 206, 227a) and others used the. food in
question (65, 188, 227a). - Three of the references reviewed reported the
use of smell-sensitivity tests (65, 206, 227a). o

Variations in thresholds may be caused by unequal familiarity with
‘substances used, also by degree of hunger, preference value, diet, smoking,
and several physiological conditions. The area of sense receptors stimu-
lated must be constant (28). Individual reactions to taste depend
- primarily on innate hereditary factors and environment is of little im-

portance. Smell also depends on hereditary factors, but environment
is of more importance (28). ] ’ :
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In order to make sure that judges are suitable for testing work, they
should be tested with the food in question (cereal products) for taste
and smell sensitivity, strength, and desirability (197). In judging baked
products, judges selected on the basis of taste-sensitivity tests with pure
solutions did not differ greatly in their ratings from the others (66).
Capable judges include only those whose senses of smell and taste are
keen (159).

In judging dairy products, it is important to calibrate judges by
threshold tests before a dependable scoring method can be estimated
(164). Egg judges should be sensitive to the known off-flavor and respond
quantitatively to variations in their off-flavor (4).

Panel members for fats and oils were given taste-sensitivity tests
(80, 104, 146, 218) and smell-sensitivity tests (80, 104, 140, 146, 213).
Smell-sensitivity tests with reverted soybean oil were given as follows:
Five samples ranging from all-soybean oil to all-cottonseed oil in 25 per-
cent steps were prepared and reverted. Prospective panel members,
who had just been made acquainted with the reverted soybean odor, were
asked to rate the samples in order of increasing reversion odor concen-
tration (140).

There is no evidence that a direct relationship exists between sen-
sitivity to the taste of chemically pure solutions and ability to detect
flavors in food products (95, 227a). Therefore, persons with high as well
as average or low thresholds should be included in food judging panels
in order to obtain more information.

Determination of sweetness, sourness, salinity, and bitterness is purely
comparative. The quantity of solution tested, the temperature at which
i(t is )tasted, and even the time of day — all are factors influencing taste

111).

The threshold concentration of primary taste substances detectable
varies considerably among individuals, but except in extreme ecases, no
consistent relation between taste acuity alone and palatability judgments
was indicated (166).

The sense of taste may be relied upon to detect differences of concentra-
tion which represent but a small percentage of the threshold value (284).
The sense of taste was able to discriminate changes as low as 1 percent in
concentration of sodium chloride solution ranging in concentration from
0.13 to 0.20 percent. With sodium chloride, sucrose, lactose, lactic
acid, and quinine sulfate solutions, 10-percent changes in concentration
were readily detected (284).

Bitter solutions not only have a low threshold value but are slow of
adaption as well, making it possible for a judge to distinguish between
samples even when the concentration difference is small (284). There
appears to be little correlation between a person’s ability to taste two
kinds of bitter. Perception of sweet and bitter in mamose depends upon
indi)vidua,l thresholds, which may be different for these two sensations
(26).

Known chemical substances, the concentration of which can be con-
trolled, are better than flowers and natural odors for testing judges (26).
People differ greatly in respect to the threshold at which they can first
detect the odorous substance (26).

Reliability

Ten of the references reviewed reported tests for reliability of judges
(65, 69, 82, 103, 154, 182, 188, 193, 201, 227a). Various tests were used,
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including the following: ) o
(1) Ability of judges to recognize duplicates — a good judge will
recognize 18 or more pairs out of 20 pairs (103).
(2) Ability of judges to arrange samples in correct order of concentra-
tion of sweetness, sourness, etc. (206). '

(3) Analysis of scores on duplicate samples (65, 182), and deviation
from panel average (65, 227a). . , )

(4) Deviation between duplicate samples (227a).

(5) Use of standard reference sample of predetermined score (227a,).

(6) Use of questionnaire to discover eccentricities of taste (201, 206).

(7) Testing by period of training (154, 188).

(8) Control-chart method (193).

Another method of testing reliability of judges includes a sensitivity
test confirmed by popular opinion on a series of samples. The number of
times an individual’s vote corresponds with popular vote is set up as a
percentage of the number of samples tested. Candidates with percentages
above 75 percent are chosen as panel members (69, 201 ).

In answering questions on taste, using standard deviation is a more
reliable measure of discriminating power than the statistic obtained using
three categories of judgment such as “yes,” “no,” and “uncertain,” in
threshold tests by “‘constant stimuli” method (202).

Tt is suggested that panel judges be calibrated by hundreds of examina-
tions which are recorded in written form. A judge may be required to
have an average deviation of not more than one point from the average of -
the group and a standard may be set for his ability to report judgments
on duplicate samples. Good flavor memory is an important attribute
(152).

There is general agreement that the first requirement of a panel judge
is reliability. A second important attribute is validity; judges should be
able to produce scores close to an established standard (193). A good
judge should be able to detect odor-strength differences of perhaps 15 or
20 percent (201). He should have few food prejudices (188). Indications
are that the judge who can score reliably may not be able to criticize
accurately but that the judge who can criticize the samples with fair
accuracy may be able to score reliably as well (293).

Tea tasting is an art that can be acquired by anyone with a sensitive
palate, but observation and experience are important (230).

Results of selected judges on baked products were compared with
results of the entire group of judges, and also ability of judges to duplicate
findings on successive tests was determined (66). Analysis of variance of
judges’ scores will give an accurate picture of reliability, consistency,
and discriminating ability of each judge (217). Chi-square was also used
to test homogeneity of panel (217). A few experiments indicated that
the average technician could repeat his findings on replicate samples
prepared during the same day (67). This was also true of apple judges
who were tested for reliability with the use of duplicate samples. A large
majority of the laymen judges were consistent in their decisions (17).

Judges were tested with wheat products about 20 times over a period of
4 months, then judgments were analyzed and persons giving 55 to 80
percent, of correct judgments were chosen (191).

Test for consistency of judges of dairy products increases the efficiency
of the technique. Suitable subjects are those whose scores for same

16



samples are significantly correlated. Their agreement or disagreement
with others, however, should be disregarded to avoid biasing results (31).
Two separate abilities are involved in taste testing of dairy produets: (1)
Recognition of quality and the placing of a numerical value on it, and (2)
identification and description of items that make up that quality (293).

Judges were rated excellent, good, and fair, depending upon ability to
identify average concentration of primary tastes (169). The judging
characteristics of the individual may be investigated numerically by
computing the correlation coefficients and regression equations relating
their assessments to the average of those of all other members of the
same panel (156).

Size of panel required for specified accuracy

The number of judges serving on panels reported in the literature
reviewed ranged from 3 to 50 (5, 6, 65, 82, 89, 154, 161, 182, 188, 210).
The majority of panels were made up of 4 to 12 members (4, 6, 82, 89,
161, 182, 188, 210).

The permissible size of the panel depends upon the ability and training
of the members and the minimum acceptable precision. Assuming a
given degree of competence for individual panel members, the larger the
panel, the more reliable the mean values obtained. If only three or four
acceptable panel members are available, rescoring of each sample two or
three times will give approximately the same reliability of final mean
seore as scoring once by a larger panel (65). A small panel of selected
tasters is more reliable than a larger group, some of whom are of doubtful
ability (227a). While the panel need not be large, its members should be
experienced in the tests being made and any members whose judgments
prove inconsistent should be eliminated (164).

For paired judging, a high percentage may not be experienced tasters,
and the larger the total number of participants, the more reliable will
be the results (152). '

The type of product, number of qualified people, and amount of the
product available for testing influence the procedure employed (153).
Panel methods are used in which 6 to 10 selected persons score the product.
Products are also scored using paired and triple comparison procedures
with larger groups (1563).

Variation with character of product and objective of study

Size of panel differed widely for wheat products, ranging from 16 to 96.
Apparently use of a large number of judges does not increase the validity
of results of tests on bread flavor (167).

More reliable egg judging is reported with use of 5 good judges scoring
twice than 10 poorer ones scoring once (. 248). The number of members
reported on panels for judging eggs ranged from 2 to 50.

Opinions differ as to number of judges required for reliable results when
judging primary tastes. One report reviewed suggests that a large
number is needed (212), while another states that 12 can constitute a
useful panel (251 ), and still other tests suggest that reasonably satisfactory
results were obtained with 15 to 20 tasters (69).
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Training of Panel Members
Training procedures in common use '

The ability to taste may be developed. Training consists essentially in
developing the senses accurately in order to know and recognize the
various flavors that may occur (289). A successful method of arousing
individuals to test their acuity to define and identify flavor sensation
has been to use solutions of salt, sugar, acid, and quinine for tasting and
flavor essences for smelling (289). One method of training judges is
through the use of standard reference sample or samples of predetermined
scores (227a). o , '

Amount and kind of training needed

-~ A person can be trained to judge flavor by first examining samples in
which a single flavor predominates. The person should recognize and
estimate the intensity of his sensory reactions to this flavor. This flavor
is then diluted and again the intensity of the reactions to the lessened
stimuli are estimated. Next, the person should try to arrange in order
of intensity, a series having easily recognized steps. As the training
progresses, the steps should be narrowed. This must be done over and
over again over a period of several days or even months and must be
done with each particular flavor (247).

Professional tasters are not persons of abnormal taste sense, but by
long and careful training they have been able to develop their ability to
distinguish one taste from another with great acecuracy and to determine
through dilution the continued persistence of a specific taste (166). As
far as inferior tasters of beer were concerned, no improvement took place;

for the expert tasters, there appeared to be a tendency toward improve-
ment (157). In judging wheat products, the trained judges were no
keener at discerning small differences in taste and odor than the untrained
group, perhaps because differences were below the threshold at which the
factor under test was noticeable (167).

With baked products, it is seldom feasible to train to detect specific
off-odors or flavors, because they can scarcely be anticipated, no standards
for comparison may exist, and time is required for training (217).

Training for egg judging included training to primary tastes (156) or a
practice period of about 1 week (248). The necessity for preliminary
training is shown in a study of scoring flavor of scrambled egg, in which
the error was highest in the first week and lowest in the last part of the
study (98).

Oil judges were trained by appraising a group of oils that had been
previously rated by experts (146). Of the 40 people who took the flavor
tests, 12 were selected as tentative panel members. This group was given
training for a period of several weeks (80).

Methods of Checking Performance of Panel Members

Deviations in scores

The performance of judges has been checked by deviation in scores on
duplicate samples or deviation from mean panel scores (65, 162, 156, 182,
227a). Scores of panel members can be averaged and their deviation
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from the average determined. Fisher’s statistical formula is applied
when it is desirable to determine the significance of the difference be-
tween two mean scores (152, 153). Scores that are completely off are
eliminated from the average (153).

" The triple comparison procedure was found highly satisfactory; eight
or nine of the tasters who gave the most consistent results in the triple
comparison procedure gave identical results in the panel method of
scoring the same product (153).

In testing baked products, it was considered that low deviation from
the judges’ own mean scores indicates either high degree of reproducibility
of judgments or lack of discrimination among different samples. If all
scores are high, a low deviation could also mean that the judge is easily
pleased. The fact that he could discriminate would not appear through
an analysis of scores. Procedures for obtaining scores, rather than the
analytical methods, were at fault in not avoiding this error. If mean
scores are different and this is accompanied by low deviations from his
own means, the judge is considered reliable in detecting differences (217).

The following method of analysis for evaluating the ability of the
judges has been used: Those scores showing poor checks on the duplicates
were eliminated by subtracting the lowest score from the highest for each
tester in each quality category, such as flavor and texture. Twenty per-
cent of this difference was rounded to the nearest score point. This
figure then represented the allowable variation that a tester could record
for duplicate samples, and a table was made for use as a basis for accepting
or rejecting a tester (182).

Control chart

The control chart provides a method of measuring agreement of an
individual with others. It is useful in the selection of a good tasting
panel, determines when specific tasting scores must be examined, and
minimizes losses from failure to pool results of “good” tasters and from
pooling results that should not be pooled. It also helps to indicate the
length of time needed for training (193).

Correlation and regression coefficients

Correlation (300) and regression (202) coefficients are frequently used
to check the performance of judges (166). The ordinary method of testing
a panel by the criterion of correlation in trials by duplication was con-
sidered questionable (82).

Analysis of variance of individual scores

Analysis of variance has been applied to individual scores (182, 229),
used in egg studies (156, 163, 180, 226, 273), and in preliminary sensitivity
tests on fats and oils (213).

Preparation of Samples

Size of samples

Dove states that samples for food testing must be large enough to
reach all taste organs but not so large as to cause fatigue (103). A
sufficient amount of sample for two or three bites is usually a normal
quantity (188).
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Beverages. An 8-gm. sample of coffee was placed in a cup of boiling
water (232). : a

Cereal products. The size of sample varies with the product and
with different, investigators of the same product. In one study two slices
of bread were served to the judge (167). In another study judges were
permitted to taste as many pieces of bread as they desired (66), while a
third investigator reports that judges smell the fresh surface of a whole
loaf of bread (197). On experiments with cake a l4-inch slice was cut
from the center of the cake and served to the judge (197).

Dairy products. Two investigators feel that just a small amount of
ice cream, butter, and cheese is adequate for tasting (31, 105). In judging
milk, 8 to 12 ml. were served, but as much as desired was given to reassure
the judge (288). :

Egg products. Size of the sample varied with the character of the
product. An effort was made to provide samples of uniform size. How-
ever, size was conditioned by the viscosity of the egg and the judge’s
preference (187). Several reported serving a small amount of cooked yolk
(122, 227, 253, 271) and raw yolk (122, 187). One served a whole egg
(248). Another served half of a hard-cooked egg cut lengthwise (189).

A 3- by 1-inch slice of cake (96) sliced from the same position in each
cake (205), one-half a muffin (96), or a custard cup of custard (163) were
served to the judges.

Fats and oils. Five to ten milliliters of oil or shortening were served
by a number of investigators (80, 89, 213), 20 grams by others (179).

Fruits. Oranges were cut transversely and from each half was cut a
wedge-shaped piece for tasting. Each judge was advised to taste several
pieces of one sample before rating it (143, 144). Pieces or parts of halved
peaches, apricots, and nectarines were served (165).

Meats. Many reported serving one slice of meat to the judges (9, 23,
24,68, 79, 106, 1567, 186, 220). Others reported slices or cubes of definite
dimensions: Steaks 0.6-inch thick (41), 14 by 14 by 1% inch (75), 1 by 2
inches (70), 14 of 1 inch square (70), slice 5- to 7-mm. thick (9), slice about
3§-inch thick (262), one slice 0.6-cm. thick (276). Three reported servings
small enough to be eaten in one mouthful (75, 77, 195).

Poultry. Small cross sections about }4-inch thick were served (107,
286).

Vegetables. Approximately 100 gm. of raw fresh greens (291 ), 1-inch
lengths of broccoli stems (15) and 1-inch sections of ears of sweet corn
(101) were tested. When tasting peas the tasters were requested to
place several peas from each sample in their mouths at the same time in
order to get a representative sample (30). The size of sample from roots
and tubers varied from small bites of potatoes (184) and one-sixth of 3
slice of carrot about 14-inch thick taken about 1 inch from top of root
(72), to half of a potato (255, 299).

Primary tastes. Many investigators reported the use of 5 to 10 ce.
of solution for taste tests (2, 69, 84, 95, 112, 166, 169, 237, 241, 284, 297 ).
Others reported the use of 0.6 to 2 cc. (25, 241, 243), about one-half of
0.2-gm. tablet of thiouracil, 1 teaspoon 0.005-percent solution of phenyl-
thiocarbamide, and 20 ce. of more dilute acids (21). Still another suggests
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using as much as is needed for matching test (112). Trout and Sharp
(284) point out that as the difficulty of placement within the series
Increased, the amount of solution required in arriving at final placement
also increased. Therefore, limiting the taster to a fixed minimum of
solution would seem to be a handicap in placing a series with the highest
possible correlation. '

Temperature of samples

Many investigators recommend serving the samples at a uniform
temperature at which the specific food is normally served (69, 103, 162,
164, 188, 201, 210, 227a, 295). Others feel that most materials are best
tasted at body temperature (85, 161). The gustatory nerves cease to
function at 50° C., and taste is also strongly reduced below 15° (1561 ).

Beverages. Freshness in coffee is more readily detected when the
coffee is hot, while staleness is more easily noted when the beverage has
been cooled (232). On the other hand, extreme refrigeration can be
shown to rob the consumer of the ability to distinguish flavors, and it is
probably true that fruit squashes, flavored mineral waters, wines lending
themselves to icing, lager and nondeposit beers exhibit their truest flavor
character, and are most refreshing at from 50° to 55° F. (20).

Cereal products. Crocker (85) reported that cakes should not be
scored when warm. Bread was sampled at room temperature (167 ).

Dairy produets. Downs feels that cold materials should be warmed to
a temperature approaching 98° F. Ice cream should be held on the tongue
until it is warmed to body temperature, and cream should be at a temper-
ature of 70° to 90° F. for tasting (105). Ice cream was served at a temper-
ature high enough to permit ease in dipping, but not soft (105), and in an
ice bath (96). In one laboratory ice cream was served at approximately
15° F. (178). Butter samples were served at approximately 50° F. (129).
Cheese samples were served warm (105). Milk was served at room
temperature, 21° C., in one instance (284), and at 90° F. in another (85).
Josephson (164), in working with dry milk powders served at 5°, 15°, 22°,
37°, and 45° C., concluded that judgments of milk powder taste qualities
are less critical at 22°.

Egg products. Temperatures of serving varied with the product.
Cakes were stored overnight before judging (205); rolls and muflins were
served hot (96). Mayonnaise was allowed to stand 4 hours at room
temperature (96); custards were allowed to stand 5 hours before testing
(78), cooled (96, 163), or stored overnight in a refrigerator (11). Scram-
bled eggs (3, 4) and cooked yolks (227, 253, 271) were tasted while warm;
poached eggs were allowed to cool slightly before judging (296).

Fats and oils. Harding reports that all oil samples should be warmed
to the same temperature, as correct temperature renders flavor and odor
more detectable (146). Soybean oil was served at 80° C. (213), at 45° to
50° C. (80); salad oil was served at 45° C. (89); samples of linseed oil were
judged hot and again when cooled (179).

Fruits. Frozen peaches, apricots, and nectarines were served cool
(165). Dried apricots were served warm (258).

Meats. Hot samples of meat have been used by a number of persons
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(24, 70, 157, 186). By others, samples Were served warm ( 79, 158), at
room temperature ( 220 ), or cold (167). ,

Poultry. Time at which birds are mspected after cookmg is im-
portant, but opinions differ slightly on the optimum time for tasting.
If samples are inspected immediately after removal from the oven, aroma,
is pronounced and may reflect quality more vividly than flavor does (278).
Vail and Conrad suggest that odor should be evaluated after the bird has
cooled slightly (286). Several reported palatability tests of hot samples
(107, 160, 192, 214), and one served warm samples {263), but all samples
should be at the same comparative temperature (184).

Vegetables. All samples of sweet corn were allowed to cool to room
temperature for tasting (49). Brocceoli, asparagus, snap beans (1), and
‘peas (30} were served warm. Wright and coworkers (299) in their study
- of potatoes served all samples hot, while Smith, Nash, and Dittman (255)
allowed their samples of boiled potatoes to stand in the air for 4 hour.

Primary tastes. The temperature of the solution is an important
factor (111, 212). Several investigators recommend that solutions of
primary tastes should be at room temperature for testing (7, 85, 100).
But other investigators report that the optimum temperature for tastmg
seems to vary somewhat with the solution: 21° C. for salt solutions,
lactic acid, and quinine; 35° for sucrose and lactose solution (284). In
contrast, Salmon and Blakeslee report that changes in temperature of
solutions appeared to have no material influence on thresholds, Reaction
to cold solutions was delayed in some cases until the solution was raised
to mouth temperature (241). The majority of panel members could
detect bitterness in a cold, saturated solution, while the rest could detect
it in a hot, saturated solution with erystals in suspension or in a similar
hot solution in weak alcohol (25).

Method of cooking or other preparation of samples

In a system designed to measure the specific odor, taste, and visual
properties of foods and beverages and also the preferences of the typical
consumer, the equipment controls the samples at any temperature desired,
contains & bank of 48 flasks which dispense exact amounts, has an enunci-
ator which records the judgment of the observer, and is constructed so
that the technician and observer are completely separated. Timing
is controlled by use of a turntable device. Other possible sources. of
;rarie;tion in procedure, as glassware, color, and rinsings, are held constant

300).

Strong-tasting ingredients and their standards are preferably diluted
with an inert solid or dissolved in water to bring them down to a com-
fortable coneentration for comparison (85).

Beverages. Freshly boiling water should be used in the making of
tea for testing. The tea should be infused for 6 minutes and then poured
off the leaves (230). In the preparation of coffee, samples of the stored
coffee that are to be compared with the fresh roast are weighed into
separate cups; boiling water is poured into all. In preparing standard
samples, if the coffee to be tested is cbviously quite fresh, 8.0 grams of the
fresh roast is put in the first cup and the amount decreased by 0.8 gram in
each succeeding cup. If the sample to be tested is quite stale, 4.0 grams
of the fresh roast is put in the first cup and a series decreasing succes-
sively by 0.8 gram per cup is made (232). If the sample exhibits “stale”
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flavor, another series of test cups is made up. In each of these cups
is first put the amount of freshly roasted coffee found in the first series
to match most closely the flavor of the sample, for instance, 3.2 grams
for a coffee of 40-percent freshness. Then successively increasing
amounts of a thoroughly stale sample of the same blend are added (232).

Cereal products. All possible variables in the preparation of pastry
for testing were controlled so that differences were due only to the different
fats used (217). In preparing cakes, all procedures were standardized by
weighing ingredients, counting mixing strokes, and controlling time and
temperature of baking (47, 197, 208, 204). Bread samples used for
toast were prepared under controlled laboratory conditions (67) as were
macaroni samples (149, 218). To eliminate the effects of oven position
in the baking of bread, each row of loaves across the oven contained
loaves from each dough and the relative order varied from row to row.
Each row was numbered and the loaves from any one row were judged
together (191).

In the baking of bread, the end point of cooking was determined by
amount of time in a regulated oven (66, 167, 191, 218). Maiden (191)
suggests baking the bread in closed tins.

Cookies were prepared by adding different flavors to a basic formula.
After being cooled for the same length of time after baking, they were
stored in cans having tight covers, then examined the next day (126).

Dairy products. All fresh milk samples were cooled after being
drawn and stored in a 40° F. refrigerator until judged (74, 105, 288). Dry
milk powder was reconstituted with distilled water and chilled (224, 225).
Pearce and others (226) reconstituted dry milk and dried eggs as a milk
shake mix, sweetened but unflavored, for judging. Ice cream was pre-
pared using different concentrations of cane sugar and compared for
sweetness (178).

Egg products. Egg samples were prepared and tested under stand-
ardized conditions (163, 205); uniformity in quality and quantity of
ingredients and such factors as temperature of ingredients, methods of
mixing, and time and temperature of baking, were controlled as far as
possible (11).

Eggs for boiling were immersed in boiling water in a wire basket or
mesh clo)th and cooked for a definite length of time (122, 189, 227, 248,
258, 271).

Fresh eggs were poached according to standard procedure. Those to
be scored for appearance were poached with salt and those for taste
were poached without salt (189). Reconstituted dried whole egg was
poached in a steam egg poacher (259).

Baked custards made with reconstituted dried egg powder were placed
in custard cups in a pan of hot water and arranged systematically in the
oven (11, 78, 98, 99, 163).

Dried eggs were generally made into scrambled eggs for quality testing
(8, 18, 19, 35, 36, 39, 96, 98, 99, 116, 166, 181, 194, 209, 262, 273). The
eggs were put in beakers which were placed in gently boiling water and
were stirred until coagulated (3, 4, 19, 99, 262, 273). Other workers
(96) prepared part of their samples in a fry pan, with and without
bacon fat.

In cakes, dried egg powder was substituted in regular cake formulas
(11, 96, 205, 267). Muffins, yeast rolls, and popovers were also made by
standard procedure using dried egg shell (96).
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End point of cooking was determined by time for boiled and poached
eggs (205, 248, 253, 296). Baked custards were determined done by
internal temperature (11, 78, 141, 163). For scrambled eggs, the end
point of cooking was determined by tenderness, that is, consistency of
typical scrambled eggs (3, 99, 209, 262) or serving consistency (262).
There is no precise method of testing the end point of cooking scrambled

eggs (98).

Fats and oils. Hot and cold pressed raw linseed oil, prepared accord-
ing to standardized processing procedure, was heated in the oven for
serving (179). The end point of cooking for baked and fried products
containing experimental fat and lard was determined by time (13, 168).

Meats. Controlled standard methods were employed throughout the
preparation of the meat samples (14, 24, 68, 70, 76, 76, 106, 138, 167, 195,
215, 216, 233, 252). Many investigators determined the end point of
cooking by the internal temperature of the meat as recorded by a ther-
mometer (9, 23, 24, 41, 68, 70, 76, 76, 78, 79, 106, 127, 138, 147, 167,
196, 215, 216, 219, 220, 234, 242, 262), while others used time in deter-
mining the end point of cooking (9, 61, 87, 233, 23/, 2562, 294). Others
recommend that bacon for judging should be cooked until crisp and an
even light brown. It should not be translucent (9).

Poultry. In the preparation of poultry for taste tests, several in-
vestigators determined the end point of cooking by time ( 12, 90, 117,
200, 286); others used a thermometer to determine internal temperature
{107 142, 171, 183, 185, 192, 244, 264, 265, 286, 295). Harshaw and
others (160) determined the end point, of cooking by tenderness, that is,
when the wing joints had softened and the thigh meat could be pierced
with a skewer. No salt or other seasoning was added during cooking
(90, 107, 150, 214).

Vegetables. Methods of preparation of all vegetables were as rigidly
standardized as possible to insure identical treatment of all samples
(44, 66, 67, 60, 115, 184, 266, 272, 275, 291). Precautions were taken to
use the same size and kind of cooking container, similar amounts of
water and approximately the same length of time for cooking, and
uniform gas flames (265). Several investigators recommend developing
uniform cooking procedures by preliminary tests (15, 30, 299). No addi-
tion of salt or other seasoning was made prior to testing (33, 51, 62, 56,
91, 101, 135, 266, 290, 298). In handling fresh greens Whitacre and
coworkers (291) recommend that the same person prepare the greens
for cooking to minimize variation due to personal factors.

End point of cooking was determined by time for root vegetables and
greens (16, 30, 39, 33, 43, 49, 60, 51, 62, 63, 65, 66, 91, 101, 114, 115, 127,
138,172,177, 231, 254, 276, 277, 285, 287, 298, 299), by internal tempera-
ture of baked vegetables as recorded by a thermometer (67, 135, 261, 299),
and by tenderness, that is, when baked potatoes felt soft to shght pressure
of hand (71), when boiled potatoes seemed soft by thrusting a paring
knife into them (71), or testing with a fork (43) or cake tester ( 184).
Whitacre and others (291 ) determined length of cooking period by piercing
turnip greens with a knife or fork or by testing with the teeth.

All dehydrated vegetables such as sweetpotatoes, white potatoes, beets,
and cabbage were reconstituted and then prepared by standard methods
(61, 53, 65, 66, 67, 114, 115, 266). Steamed, baked, and boiled potatoes
were cut in half; one half of each potato was judged for color and texture
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and the remaining halves were peeled, riced together, and the composite
was judged (299).

Primary tastes. Solutions of sucrose and of sugars to be tested were
made fresh just before judging (93, 236). In one laboratory all glucose
solutions were prepared 16 hours before use and were therefore equilib-
rium mixtures of alpha- and beta-dextroglucose; also all lactose solutions
were so prepared. Solutions were generally used within 24 hours and
never when more than 2 days old (68). Solutions of phenylthiocarbamide
were made up from a stock solution of 1:5,000. Solutions in the small
bottles prepared for the judges were frequently renewed, since they
tended to lose their strength, perhaps on account of soluble substances on
the soda fountain straws used in the test (25).

Various kinds of water have been used in making up solutions for taste
tests: Distilled water for sucrose solution (236) and for sucrose, lactose,
and lactic acid solutions (284); Poland water for the major part of the
chloride studies and for the quinine-sulfate studies (284); and artesian
well water for phenylthiocarbamide solutions (25). Trout and Sharp
(284) warn that not all good drinking water is necessarily adapted for
use in taste studies. They suggest that suitable water for taste studies
may be obtained from local springs. Trout and Sharp further indicate
that the sense of taste may be relied upon to differentiate between the
various tastes of water.

Concentrations of the solutions in a series were varied according to
two procedures: (1) Geometric progression, obtained by dividing each
successive concentration by the factor selected ; (2) arithmetic progression,
obtained by making equal increments in change in concentration (284).
In all cases a factor of two was used in making dilutions (29). Samples
of egg were prepared by adding one of the primary taste test substances
in an amount approximately equal to or definitely above the median
threshold in the preceding trial (1566). Solutions were half as strong as
threshold dilution determined by a previous test (241).

Sugars were made up into solutions by even percentages from 1 to 8
percent (84). Solutions of sucrose were made in 5-, 10-, 15-, 20-, 25-, 30-,
and 40-percent concentrations as standards (93). To eliminate the sub-
jects’ having to drink large amounts of water, concentrations were in-
creased in large steps, skipping one or two solutions each time, until the
point was reached where the subject recognized the difference between the
two samples. The concentration was decreased in small steps until the
lowest concentration at which subjects could still tell the difference was
determined (236). In another study each solution tested was four times
as strong as that previously tested (25).

Serving of samples

All food for testing should be served in the form in which it is custom-
arily eaten, at normal temperature and strength (at or near threshold
concentration) in a neutral medium (85) because at different concentra-
tions some substances may give qualitatively different sensations, for
example, saccharin (202). Hallmark Testing Service (188) recommends
servit(lig the samples of food first plain, and then in form as usually con-
sumed.

Beverages. Tea is served hot and tasting is done by “slurping” a
large spoonful which is held in the mouth for only a few seconds and then
expelled. Hot coffee is sipped to evaluate taste factors and must be
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drawn back into the mouth slowly. Both coffee and tea should be
judged for aroma first (85).

In beer judging, only beers with a suitable degree of difference between
them should be served (151 ).

Cereal products. A system of judging bread is recommended by
Maiden (191 ): The bread should be judged when about 18 hours old and
representative loaves should be used. No more than four people judge
any one loaf for smell and taste, so that each person has a reasonable-sized
piece to smell, and before a person passes an opinion of the smell of a loaf,
a slice about 1 inch thick is cut off. Thus, each person has a fresh surface
to smell and one that contains a fair amount of the natural gas of the
loaf. Each observer judges two sets.

Two investigators recommended serving slices of fresh bread to the
judges. Ingels, Irwin, and Landis (1569) found that the best procedure
was to wrap two slices of bread together in waterproofed cellophane
paper, held together by a rubber band. Cathcart (66) served shced
samples in sterlle, covered glass jars.

In the serving of cake, 1nd1v1dual pieces were Wrapped and submitted
to the judges (204).

Dau-y products. Milk sa,mples should be well mlxed before being
opened and part of the contents poured into a glass. Odor should be
observed first, then flavor tested by sipping slowly, allowing -the milk
to remain in contact with the tongue for a short time (105, 284). Weaver
recommends inverting the bottle of milk, then removing the cap and
pouring the sample into a beaker (288). ‘Cream is tasted by dipping a
glass or composition rod into the sample and transferring a small amount
to the mouth (105). !

Firmness of cheese was Judged in three ways by Scott Blair, Coppen,
and Dearden (246): (1) By plunging a skewer of standard pattern into
the cheese, (2) by pressing the top of the cheese with the thumbs and
fingers, and (3) by having the subjects handle borings of the cheese as
they pleased.

Eggs. For serving the baked custard of any one baking, a judge was
given the three custards from a given horizontal row as the cups were
placed in the oven (163).

Boiled eggs were placed in egg cups for serving; the shell of the blunt
end was removed below the air cell and the warm yolk was mixed with
a spoon or a glass rod (227, 248, 263, 271).

For serving, raw egg yolks were placed in small glasses and covered
immediately. Glasses remained covered except when sample was being
removed. Egg white was discarded. Before testing, each yolk was
mixed to insure uniform consistency. Glass rods were used to convey the
sample to the mouth (122, 187).

Fats and oils. Samples of oils are served in beakers which are placed
in electrically heated aluminum blocks. - Each member of the panel has
his own tray which may be removed from the souree of heat and the tray
will then hold the heat during the tasting period (80, 213).

Fruits. Oranges were cut transversely and from each half was cut a
wedge-shaped piece for tasting (143, 144).

Meats. The slicing of samples for serving for paired judging is very
important. All investigators report that the samples for each judge must
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come from the same relative position of the meat each time. Thus,
samples were paired not only for position of the slice in the roast but for
position of the sample within the slice (41, 68, 70, 75, 76, 77, 78, 79, 106,
147,158, 195, 216, 220, 294). No salt or seasoning was added (23, 24, 70,
138). 1In carving, care was taken that the sample to be judged was not
contaminated by the developed flavor from the browned outer surface
or extra fat (70, 1568).

Miscellaneous foods. For reheating and serving of frozen precooked
meals, the foods were unwrapped and placed on glass pie plates. All
plates were covered partially with aluminum foil. Solidly frozen foods
were reheated 25 minutes in a 375° F. oven; others were placed in a pre-
heated Maxson Whirlwind oven and heated for 15 minutes at 300° (126).

Poultry. It was generally agreed that the carving method used
throughout the judging period should be standardized so that at each
judging session the judge will receive a stice from the same relative position
of the bird for scoring (90, 107, 150, 192, 200, 264, 265, 286, 295).

Vegetables. To prepare for sampling, buds and stems of broccoli
were placed in separate warmed bowls, the buds were chopped with a
special chopper while the stems were cut into 1-inch lengths (15).

Potatoes were served in numerous ways for judging. Boiled potatoes
were placed on a plate, mashed with a fork, and covered (134, 261 );
passed through a ricer (55, 66); or broken up and well mixed with a wire
potato masher (43). Baked potatoes were cut into small pieces with
scissors and served in heated glass dishes (43). French-fried potatoes
were drained and served in a hot glass casserole (43).

Sweetman (270) reports that the texture appearance of potatoes has
been judged from (a) cut surface of the cooked tuber in cross section,
(b) scraped surface, (c) crushed mass, (d) mass disintegrated with a fork,
(e} mass put through a ricer. The relative smoothness or granularity of
;feel" 03 the tongue when rubbed against the roof of the mouth can also

e tested.

Primary tastes. When conducting taste tests one investigator
recommends that only one series of acid should be served at one time
and sour samples should be served last (112).

Conditions of Judging and Judging Room
Time of day

Opinions vary as to the best time of day for judging. Investigators
recommend an early morning judging session (1, 201, 241, 288, 294),
from midmorning to late morning (13, 80, 97, 99, 114, 126, 164, 167,
167, 182, 227a, 236, 241, 248, 269) and midafternoon to late afternoon
(49, 80, 114, 164, 182, 2270, 236, 241, 259).

Others suggest that judging should be held 2 to 3 hours after eating
(95, 166, 297) and 45 minutes to 1 hour after eating (175, 236, 288 ). In
the judging of fats or oils, preferred times were not less than 2 hours
after a meal and 1 hour after eating or chewing gum (80).

Other recommendations include: Time when food would normally be
eaten, for example, hot cakes in the morning (188), when subjects feel
their best (22), not when extremely hungry (188), and for pastry judging
whenever convenient for the judges (217).
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Judging of primary tastes was held during a dinner between courses
(26), while fruit samples were served as part of a dinner (258). :
Utensils used 7

Container and eating utensils used for sampling should be completely
tasteless and odorless (22, 188). The use of gray, white, or glass contain-
ers, preferably on gray background, is suggested (188). Containers

‘must be clean and attractive (154). Food products should be served in
‘suitable containers, with due consideration to individual properties of
each product, such as sensitivity to air, light, and dehydration (22).

In the judging of dairy products, samples were presented in small
containers (81) such as a cup or glass (105) or 50-ml. beakers (288). Fat
and oil samples were served in 5-ml. beakers (89) and in 100-ml. beakers
(179). Primary taste solutions were served in 50-ml. beakers on individual
trays with glass or large beaker for distilled water and paper cups for
discarding solution (95). Egg samples were presented in cups with small
paper spoons for tasting (248) and with tin spoons, which were washed
after each taste (248, 2563, 271).

Warm plates were used for meat samples (70, 167, 2562) and vegetable
samples (15, 562). Legumes were served in an open saucer and the judge
used a fork or finger to separate hard from soft parts (30). Baked custard
was served in the cup in which it had been baked (763) or turned out on
paper plates (62). Raw egg samples were served in covered dishes (122,
187) or placed in egg cups and tasted with small spoons (227). Freshly
baked bread samples were served to the judges in glassine bags with the
‘tops folded down and fastened with clips (767). Turkey samples were
placed on a toothpick for judging (214). . DR o

Tests for the primary tastes were made with soda fountain straws (25).
A glass rod was used to taste cream (105 ), turkey drippings (192, 214), and

raw egg samples (253, 271). The rods were cleaned in warm water after
each sampling (2563, 271). R o S

Coding of samples o : S
_ Code numbers should not be suggestive to the panel (69, 188). The
- first of any series suggests first choice to many minds, so that it is in-
advisable from a psychological standpoint, to use a, b or 1, 2 or any other
logical series of markings (188). R o :

In judging pastry, papers with numbers were placed beneath wire
racks containing samples (217). - Symbols ‘were used in a consumer
preference test on eggs (18). In another egg test, each judge was blind-
folded so that he could not know or be influenced by appearance_ (187,
209). Some tests for primary tastes have used samples marked with
code numbers visible to the judges (58, 59, 84, 166, 169, 175, 293), and
‘others have used hidden markings (21, 237), such as adhesive - tape
covered with paraffin on bottom of beaker (95, 284, 297). In some of the
‘tests, the judges knew what they were testing for but did not know the
order (95, 166). S SR B :
Time after smoking. S . o

A time lapse of 1 hour or more is suggested after smoking (85, 212 ) and
another reference recommends an interval of 2 hours (188). The opinion

is given that heavy smokers do not make good tasters (69) as smoking
blum{s delicacy of taste and the effect varies with individuals (69). There
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is no strong correlation between the use of tobacco and sensitivity to
phenylthiocarbamide (241).

Discussions at judging session

It is generally agreed that all talking during judging should be pro-
hibited (5, 9, 22, 69, 80, 124, 126, 140, 182, 184, 188, 192, 276, 286) but
that discussions are permissible after the judging session (69, 89, 101, 146,
154, 169, 188, 218, 214, 215, 248, 288, 296). This plan helps maintain
interest and enthusiasm of the tasters (188), favors discovery of important
values and develops better interpretation of observation among the
judges (89), helps to make panel members aware of points to be judged
and leads to uniformity (275).

In the judging of meat, the judges were permitted to talk freely but
could not identify their samples with neighbors’ because of coding (77).
Discussions were held during judging of root and tuberous vegetables,
but judges were asked to record unbiased opinion (43). Discussions also
were held during the judging of primary tastes (26).

Conversation was limited during the judging session of eggs, but after
1(3he I)lumerical score was given, the judges were asked to describe flavor

187).

Time allowed for tasting

Recovery from a tasting is a matter of minutes and a rhythm method of
tasting should be used. One or two tastes each minute are suggested or
even one each 5 minutes for very strong tastes or for thick or clinging
materials (85, 148). Solid substances must be thoroughly masticated
(22). Sensations must be successive (not simultaneous) so that there is a
real sensation of difference aroused by the shock of transition from one
perception to another which is unlike the first (201). The taster should
act on his first sensation of an odor, not allowing himself to become
accustomed to it (201). If odor is to be judged, food should be sniffed
before it is tasted. All samples should be smelled in turn and tasted
only after smell impressions have been recorded (22, 188). Liquids
should be retained in the mouth longer than usual (22).

As mueh time as desired is allowed for the tasting of milk samples (288).
The actual time required by an experienced judge to ascertain the taste
of a sample is surprisingly short. Such a judge has come to realize that
the taste-reaction time not only varies with different tastes but also that
it is fixed within certain ranges for specific tastes. Sometimes the ex-
perienced judge finds it necessary to retaste a sample, but often judgment
is passed on the basis of the one taste reaction. The inexperienced judge
tends to waste the precious first moments of tasting. Meanwhile, the
onset of taste adaption may make it more difficult for the beginner to
?iagljose correctly the often delicate first taste sensation of the product

279).

In milk tasting, generally only one tasting was necessary to arrive at
a judgment, but in several instances when the taste reaction was not
pronounced, a second or third taste was made. Tasting was done con-
tinuously from the start with only occasional minor interruptions. There
were no rest periods following tasting of each sample or after tasting a
group of samples. The average time to make flavor judgments ranged
from a low of 2.9 seconds for “‘salty’’ milk to 8.2 seconds for “excellent”
milk. Milk having off-flavors of slight intensity required considerably
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longer judgment time than did those having pronouncedly intense off-
flavors (279). } - R

Judging of primary tastes was held every 15 minutes after meals, and
at least every hour during remainder of day, with no eating between
meals. No correlation was found between time of making judgments
and the accuracy of judgments (241). To taste and judge a single sample
of a primary taste required usually between 5 and 10 seconds (284). The-
amount of retasting necessary before arriving at a final judgment of a
primary taste depended on the concentration, its range, and the number
of samples within the series (284). In judging fats and oils, the samples
were held in the mouth for about a half minute (213) or for 10 to 30
seconds (80). Ten minutes were allowed for judging meats (9); only a
few minutes were allowed for evaluating the odor of poultry (286).

The time interval between samples is very important. For example, the
taste qualities of normal milk powder have a tendency to “block” the
taste mechanism so that a “carry-over” or “build-up” of the taste
qualities of the previous sample results (164). In tasting primary taste
solutions an interval of 2 to 5 minutes (112, 166, 212) and 15 to 20 minutes
(69, 241, 243) between samples is suggested. In the sampling of beer, it -
1s not advisable to serve two sets of three samples in close succession as
the taste is somewhat dulled after the first set (151). Tests should be
made as quickly as possible but unhurriedly to -avoid fatigue (261).
Judges of egg products were urged to rest if ‘they felt their taste buds
tiring (122). ' o -

Method of removing flavors from mouth B R

It is generally considered better for judges to eject samples rather than
swallow them (80, 85, 89, 122, 210, 213, 229). Tepid clear water is
recommended for rinsing the mouth between samples (182, 188, 210, 229)
and has been used in testing such products as bread (66, 167), dairy
products (105), egg products (122, 187, 227, 2/8), fats and oils (80, 89,
213), meats (9, 167, 219), poultry (286), and vegetables (114). In one
study of dairy products a tepid water rinse was used: only when an
especially pronounced nauseating flavor was experienced (279). Wiping
the tongue with a paper napkin followed by a water rinse was suggested
for egg products (122, 187). o S :

Some of the references reviewed suggest that the taster should be
supplied with water as well as various types of “throat and mouth
clearers.” When testing fatty foods such as mayonnaise, the taster is.
given celery or raw apple slices; for beer, use olives; for fish, use dill
pickles, but no mouth washes (788). Other substances for removing
flavors were reported, such as white bread (22) for meats (9), poultry
(214), and eggs (122, 227); crackers (182, 188) for poultry (286); and
?Iici)es of tart apple for meats (9, 157), dairy products (105), and poultry
90). - ’ : B -

Another opinion is that something may be gained by the use of artifices
between samples, especially rinsing the mouth with water, to remove
adherent material, but the best general technique is to allow the saliva
to lave the taste buds in a natural manner (85). T T

The partial retention of the solution being tasted may be sufficient to
account for some of the discrepancies in reporting taste sensations.
Particularly may this be true after tasting a poor-flavor sample without
having previously rinsed the mouth (284). When tasting solutions con-
taining 1 percent or more of NaCl, from three to four Tinsings were
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necessary to free the mouth of the retained salt (284). Judges did not
swallow samples (25, 93, 95, 112, 166, 169 ). A water rinse was used after
each solution and between solutions (21, 25, 59, 84, 98, 95, 112, 166, 1 69,
241,248, 297). The tongue was dried with blotting paper (241). Rinsing
the mouth is not considered very helpful in the testing done by some
workers in the field (212).

Location of judging room

All food tasting should be held in a special room suited to the purpose
of palatability testing (5, 65, 75, 80, 103, 146, 152, 154, 188, 207, 213)
although investigators have reported that it is sometimes necessary to
judge in the laboratory where the food was prepared (43, 122, 207, 288,
291) or in the dining room (26). Testing for bread was held where
judge worked (159) or at a convenient point in the building near a water
fountain (66). Showalter reported that only one taster at a time was
allowed to enter the laboratory for a test (261).

Seating arrangement

Many investigators report that individual tables or booths are desirable
for independent judging (5, 43, 65, 103, 152, 154, 167, 188, 217, 298).
Sometimes all judges are seated at one large table (26,77, 237). '

Provisions for ventilation, lighting, and temperature control

The laboratory should be entirely air-conditioned or well ventilated
and free from all odors that might prevent accurate detection of differ-
ence in samples (80, 89, 103, 105, 124, 146, 152, 188, 218, 227a, 229, 288).
Palatability rooms should be maintained at moderate temperature for
accurate judging 22, 151). Crocker recommends moist air when de-
tecting odor of samples (83). Controlled temperature is very important
in the testing of butter. The butter should remain firm but not too cold
when fine odors are to be distinguished (105).

Many investigators agree that optimum, controlled lighting is desirable,
as brilliant lights are detrimental to best results (65, 69, 89, 124, 164,
201). When color is a factor, MacBeth Daylight Lamps are best to use
(227a). Daylight lighting is recommended for dairy products (105), good
north light for tea tasting (230). When fluorescent lights are used, the
combination of two daylight lamps and one pink lamp will give the best
results (227a). In some cases, scoring is done in a darkened room to
cover up differences in color of the samples (152). One author recom-
mends for best, results that the judging booths should be equipped with a
spot lighting system with three degrees of natural light and two degrees of
colored light, plus control of intensity (103). Others attempted to have
the judging room light and pleasant (256).

Other provisions for judging

Judging room should be free from outside distraction (22, 69, 85, 89,
124, 151, 152, 188, 201, 251, 284, 288, 297 ). Arrangement of judging
room should minimize distraction and discourage tendency of judges to
make audible remarks or otherwise convey impressions. Quietness,
smoothness of presentation, orderliness, and regularity contribute to
more accurate evaluation (213). In work on eggs, only two people
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other than the judges were allowed in the judging room, one who was
serving the sample and one who was recording scores (187). There
should be no unnecessary conversation (257) and the judges should not
be able to observe progress of the others (297). Those about to be tested
should not be allowed to see the test given to others (25). Samples should
be presented under natural conditions (22, 85, 124, 162). When delicate
flavor differences are to be discriminated in samples of different colors,
blindfolding the tasters is desirable (69, 201, 206). Paper cups should be
provided for discarding samples (227a).

Dove (103) recommends a neutral gray color for the walls and judging
table tops so no color is added to the food. .

Judges must follow strict rules of conduct. Methods that have already
been worked out respecting smoking, drinking water, etc., must be
- rigidly followed (159).

Summary of Factors Determining Accuracy of Tests

Number and kind of characteristics evalvated

% Of the various factors to be studied in the organoleptic evaluation of a
food, the following are of importance: Feel, texture, color, aroma, after-
taste, and the stimulating factors of pungency and heat (63).

One author recommends the evaluation of either general quality or a
maximum of two specific characteristics (182), while in cereal products
from two to six characteristics have been evaluated (38, 47, 66, 67, 159,
196, 197, 217). Frozen foods at Cornell were evaluated by odor, flavor,
texture, surface appearance, color, and general acceptability (126, 127).
In other studies on vegetables three or more of the following characteristics
are usually included: Flavor, odor, texture, surface appearance, color,
size and form, and general acceptability (30, 60, 97, 127).

Uniformity of material, quality of food

Many authors recommend that food products be of uniform material
and quality. Fgg products were sweetened and to prevent differences
in sweetness affecting tasters’ judgment, all samples were made to a level
of 7-percent sweetness in terms of sucrose (226). To avoid or standardize
the effects of cooking, enzymes, or other factors on meat flavor, care
;nust} be taken to include samples of meat that are as similar as possible

158).

Precautions must be taken to insure uniformity of vegetables (276).
Kale was always picked in the early morning and, insofar as possible,
the leaves chosen were of comparable maturity for each variety and all
pickings (133). In the case of turnip greens, the same person selected
and trimmed the greens, minimizing variation owing to personal factor
in handling (291). Peas were sorted to remove the immature and over-
mature ones, washed, and thoroughly mixed (15). Snap beans were of a
single variety of known origin and growing conditions and were graded
for quality differences (97).

In scoring tests on vegetables, it was shown that salt had no effect on
average values given for color, shape, and odor, but there was a trend for
higher ratings for flavor, texture, and acceptability in salted samples.
There was no evidence that either addition or omission of salt enabled
judges to detect small differences better in one case than another (290).
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Standardization of terminology used to describe quality

9 T2h5eg)British scoring system has been widely used with egg products
) .

Five quality groups (excellent, good, fair, poor, bad) with 18 descrip-
tive flavor defects have been used in grading milk. If the descriptive
term did not properly describe the defect, the judge used his own term
or said ‘“‘unidentified” (288). In another study, standards for “strong
to very strong,” for “distinet to pronounced,” and for “slight” oxidized
flavor in milk were suggested. Taste judgments of oxidized flavors
designated as “distinet” and as “‘strong’ were found to be more accurate
than judgments of oxidized flavor designated as “‘slight” or as ‘‘doubtful”

(284)

Number of samples, number of replications

Many investigators feel that the number of samples at one judging
session should be limited: Two samples (1), four or less (22, 69, 182, 188),
two to four and not more than six (207). Crocker (85) states that eight
specimens in a series are as many as may be worked effectively. Another
author (227a) concludes that only as many samples should be served as
the judges can taste without becoming fatigued.

It is not possible to duplicate taste tests many times because the senses
become rather rapidly dulled and wrong impressions would be obtained
if one attempted too many times to taste the samples (7). Time and
acecuracy favor working with a small number of samples, always checking
them against each other (85). The stronger the taste and odor of a
substance, the smaller the number of samples an individual can taste
before he must rest (22).

In the palatability testing of cereal products, from 2 to 5 samples
have been served at one time (66, 159, 208, 204, 217). McCammon,
Pittman, and Wilhelm rarely served more than 10 egg samples in one
day (187}, and because of taster’s fatigue so large a number as 24 vege-
table samples is not recommended (30). In testing dairy produects, it
was suggested that by increasing the number of samples in a given
series it would be possible to test the relative preferences for more possible
combinations, and to determine the extent to which the concentration of
one ingredient determines the preferred concentration of another (31).

‘Other investigators recommend the serving of samples in pairs. Four-
teen pairs of oil samples were used for selection of panel (104); four or five
paired samples of frozen foods were served at one time (126). Precautions
that were taken in pairing meat samples gave great advantage when the
data were subjected to statistical analysis (76).

Investigations on eggs suggest that duplicate samples be served (181,
2569, 296). Gaebe (122) used 170 pairs of egg samples.

The error of an experiment may be reduced by replication and random-
ization (81). Two replicates have been recommended for many products:
Eggs (187, 209), fats and oils (168), and apples (1387). Griswold em-
ployed 2 to 4 replicates for studies on cherries (136); 2 to 3 replicates
have been used with poultry (117, 295), and 3 replicates in studies on
vegetables (44, 46, 66, 231). The number of replicates for cereal products
ranged from 4 to 15 (130); Miller and Beattie used 6 replicates in a
study on frozen cake (204). The use of from 2 to 10 replications of
dairy products and numerous check experiments are reported in the
" literature (10, 62, 178, 280). Miller, Lowe, and Stewart (205) used 5
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replicates in egg studies and Jordan andr Sisson (163) used 9 replicates.
Poultry studies require replication, the number depending on the diver-
gence of the variation produced by the treatments (184).

Use of referéhce standqfds

Reference standards have been used by a number of investigators
(64, 65, 85, 89, 124, 152, 182, 188, 193, 201, 227a). Tastings are more
accurate when made against a definite standard (85, 148); these standards
are especially important with persons lacking experience in scoring (153).
The use of a standard reference sample of predetermined score may also
serve as an unknown to check reliability of judges (227a).

A sample of freshly baked cake was presented with storage samples
(203). Handschumaker (140) used a scale of five controls for comparison
of each sample of soybean oil; others have reported the use of only one
control sample (13, 80, 89). A commercial sample was used as a standard
for frozen peaches (165). ' )

The use of reference standards in grading dairy products is reported

- by several workers (119, 155, 225, 226, 283). Downs (106) reported the
use of three reference standards representing high, low, and medium
quality of milk. Jack, Tarassuk, and Scaramella (160) used butter
made from the normal or regular supply of milk as a control sample. -

- The use of reference standards is common practice in judging the

quality of eggs by taste or smell (3, 18, 35, 36, 39, 98, 99, 116, 141, 187,

194, 209, 226, 248, 2563, 269, 271). Sometimes fresh egg is used as a

known reference (3, 39, 184) and at other times as an unknown reference

(248, 2563, 271). Known diluted experimental samples are also used
(89). In dried egg studies both fresh and dried egg standards are em-
ployed (85, 36, 99, 116). Standard reference samples representing
specific palatability scores (259) are prescored by experienced tasters
(194). Some have found it desirable to have fresh shell eggs (48 hours old)

~included in the tests for purposes of standardizing the judging panel (4).

Many investigators have reported the use of reference standards in
judging meat (61, 167, 233, 260) and poultry (90, 107, 184, 185, 244, 263,
264, 295). Noble and Hardy (216) considered it advisable to judge
control samples in a study dealing with possible deterioration in meat
quality. Stewart, Hanson, and Lowe (263) reported that a fresh control
sample of poultry was included in every comparison.

Many have recommended the use of a standard reference sample in
judging the palatability of legumes (30, 97) and of roots and tubers
(48, 66,71, 120, 184) as well as for other vegetables (44, 276). In judging
roots and tubers, the method used in grading for each factor against
Pzisi;ble standards gave close agreement between scores of different judges

55).

Amount of information given panel

Judges should be informed as to the object of the investigation (22).
The panel should hold a period of discussion previous to taste testing.
All members should be in agreement as to the weight to be given the
various factors to be ascertained and a coordinated approach to their
scoring should be established (63, 275).

It is also valuable to have discussion after the test, as it maintains the
taster’s interest and enthusiasm (188). Discussion after judging tends to
favor discovery of important values and to develop better interpretation
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of observation among the judges (89). If objectives of the study are
not provided, the interest and attention of judges are divided to such a
degree that it becomes very difficult to draw any conclusions from the
results (22).

Scheduling of samples for concurrent testing

Generally, the narrower the range of samples the greater will be the
efficiency of the panel (69); the order of tasting is also important {748).
There is evidence that after one has undergone adaptation towards
sweetness, one becomes increasingly sensitive to saltiness, making them
opposites, as in complementary colors (202). It is common knowledge
that a taste is intensified by contrast (100). Sensations excited by
different samples should fall in succession and should never be simul-
taneous (69).

Between tests, the order of cheese samples was changed so that the
subjects were uninfluenced by any previous test (246), and poultry
samples were randomized so that every treatment could be compared
with every other treatment (263).

Beakers containing oils were coded in such a manner that those having
the least odor and flavor would be tested first (273). Most panel members
preferred to taste oils in their order of increasing flavor (80).

Order of presentation of vegetable samples was changed from time to
time but not in a truly random manner. Samples treated with benzene
hexachloride often impart an after-taste, so that these samples were
always given the highest numbers of the day and judges were asked to
rate samples in numerical order (43).

In judging sweet corn, the unknown sample was outstandingly superior
and preferred when compared with two low-preference groups, while it
was considered among the least desirable when compared with a high-
preference group (101).

Correlation of Sensory Tests with Chemical and Physical Tests

Use in interpretation of sensory tests

Cereal products. The protein content of bread showed good correla-
tion with judges’ scores (94). There was no correlation between the
texture scores of cake and volume measurements (204); however, cakes
with greater ability to absorb water were preferred in consumer acceptance
tests (268). There was a definite relationship between pH of wafers and
cookies and retention of flavor, except in the case of coumarin (125).
The changes in flavor of ration biscuits were not as pronounced as changes
that were detected by objective measurements of peroxide oxygen
values of the extracted fat, fluorescence, and pH, although no attempt’
was made to correlate the objective and organoleptic data (196). In toast,
there was no correlation between percentage of moisture loss during
toasting and the total flavor score or any factors of the total score (67).

In macaroni, the correlation coefficients between cooked weight and
semolina protein, cooked weight and tenderness score, and semolina
protein and tenderness score were all below the 5-percent level of signifi-
cance (149). Wheat damage, determined by separating kernels according
to “light” and “heavy’” damage, consistently lowered tenderness score
and reduced cooking weight (149).
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Beverages. The rate of gas loss of coffee correlated with loss of flavor
(232). '

Dairy products. Rate of heat penetration, standing index, syneresis,
and firmness of baked custard correlated closely with subjective tests
(62). Milk of high acidity possessed more oxidized flavor (10). There
was general agreement between bacterial counts of milk and palatability
scores, depending upon storage times and temperatures (92).

Dried milk fluorescence values showed no significant association with
palatability scores. It is unlikely that fluorescence is a good measure-
ment of milk quality (222). Fluorescence of dried milk and egg mix also
showed low correlation with palatability scores (226). There was a
significant relationship between titratable acidity and palatability,
although it was not considered a satisfactory method of predicting
eating quality (224). The other objective tests studied (peroxidase value,
color intensity, peroxide values, solubility index, colorimetric value,
diacetyl value, and fluorescence) were considered unsuitable because
many factors were tested simultaneously (224). There was general
agreement between peroxide values and palatability, but this may lead
to some inconsistencies in comparative results. There is evidence that
peroxide formation is a fairly reliable test for relative keeping quality,
but this does not apply to gas-packed samples, the keeping quality of
which can best be determined by organoleptic tests (732).

In stored frozen sweet cream, there was no direct relationship between
pH and flavor (283). A high positive correlation was shown between the
initial titratable acidity and the intensity of the oxidized flavor develop-
ment upon storage when cream was pasteurized at 150° F. for 30 minutes,
but there was no correlation when cream was pasteurized at 165° for
15 minutes (283).

In ice cream, a correlation was shown between a low bacterial count
and a high total score minus the bacterial count (798). Phosphatase
tests showed a tendency to agree with palatability scores, and a relation-
ship was shown between butterfat content and quality scores (198).
An increase in milk solids and fat was accompanied by a decrease in size
(()f t)he ice crystals and a simultaneous increase in smoothness of texture

72).

Butter fluorescence values showed good agreement with palatability
scores and were considered valuable in assessing the keeping quality (129).
Close correlation also was shown between the degree of acidity of the fat
and rancid flavor eriticism of butter (160).

Eggs. Ether-soluble fluorescence ratings for dried eggs showed a
close inverse relationship to the palatability scores (781). There was
reasonable agreement between organoleptic ratings for flavor and fluores-
cence values (121, 194, 209, 273, 274). In dried egg and milk mix, how-
ever, the correlation between fluorescence and palatability scores was so
slight that it was discounted (226). There was a direct correlation
between the solubility of dried egg powder and the quality of pound
cake and Madeira cakes made from the powder (139, 267). The solubility
index of plain cake also agreed with palatability scores (11).

In general, there was agreement between palatability scores and results
of the following tests on products made with dried eggs: Height measure
of custard with penetrometer; volume measure of foundation cake and
popovers; pH of yeast rolls; and consistency of mayonnaise (96). There
was agreement between the penetrometer readings of baked custard made
with dried eggs and the judges’ scores on relative firmness (11, 163).
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The solubility index of baked custard also showed agreement with palat-
ability scores (11). The results of water-absorbing ability tests, area of
slice measurements, and weights of plain cake made with dried eggs
showed good agreement with palatability scores (11).

Bacterial count, pH, moisture content, beating value, water value,
and KCl value showed a general lack of correlation on prime quality
samples of dried eggs. On residue material from secondary dust collectors,
moisture content and bacterial count were not associated with palat-
ability; some correlation was shown between palatability and beating
value, pH, and water value; there was a higher correlation between
palatability and KCl value (273). Results of peroxide oxygen determina-
tions did not coincide with palatability scores for dried egg (274). The
correlation was satisfactory between the flavor score of dried whole egg
and H,S tests (259).

There was little correlation between candling and flavor scores of oil-
treated eggs in a study of quality changes occurring during storage (271).

In raw egg yolk, there was no significant correlation between differ-
ences in flavor and color, although the flavor of dark-colored yolks tended
to be somewhat less desirable (187).

With pasteurized eggs, there was some agreement between penetrometer
values and palatability scores on stiffness of custard (141). Except for
scores on uniformity of texture, there was no agreement between palat-
ability scores and physical tests on cake (141).

Fats and oils. Good correlation was shown between deodorization of
oil samples and panel taste scores (245). Peroxide oxygen values, satu-
rated and iso-oleic acid determinations, and iodine number determinations
did not correlate highly with the flavor scores (179).

In lard, peroxide oxygen values and alpha-dicarbonyl values gave high
associations with odor scores (728). Fluorescence values, although
highly associated with odor scores, had regression values too high for
prediction of odor scores lower than 5.0 (128).

Desirability of flavor of fats showed little if any relationship to peroxide
oxygen values, iodine numbers, and free fatty acid determinations (168).

In shelled pecans, no consistent correlation existed between the chemical
test and the flavor ratings for rancidity (45).

Fruits. Apples were judged less desirable and the color became more
yellow and less intense as the storage period increased (137).

There was little correlation between the amount of vitamin C in oranges
and palatability ratings or acid determinations (145). Palatability ratings
by students showed higher correlation with laboratory determinations
than did the ratings by adults, suggesting keener taste in the younger
group (145). Palatability ratings showed a close negative association
with acidity in month to month changes, but not in different rootstocks
(144). A definite positive association between palatability ratings and
total solid measurements (143, 144) and total acid measurements was
shown (143).

Judges’ scores on cherries indicated an association between an increase
in acidity and less desirable color. Objective color data, however,
showed that hue changed little with an increase of acid, but became more
yellow with large amounts of lemon juice. Chroma decreased as acid
was increased, probably explaining low ratings of judges (136). Specific
gravity tests showed that desirability of palatability factors increased at
first with increasing sugar concentration and then declined (136).
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Determination of the darkening index of dried apricots showed that as
tke darkening increased, acceptability decreased (258). In general,
highly sulfured apricots were preferred to those lightly sulfured (258).

Meats. Mechanical shear tests of beef showed high correlation with
organoleptic ratings for tenderness (23, 40, 79, 138, 186, 219). In one
case, however, flavor scores and quality of juice progressed upward with
increased amount of fat in beef roasts, but tenderness scores decreased,
which was not consistent with the mechanical tests for tenderness (42).
In another case, roasts from calves scored slightly higher in texture than
those from yearlings or 2-year-olds, although dynamometer measure-
ments of tenderness showed that they were slightly tougher (215). Histo-
logical studies showed significant correlation between size of bundles
and texture and tenderness scores (40).

The judges’ preference for steer beef was directly related to the ether-
extracted content of the edible portion (42). In one study, peroxide
values of the fat in beef were indicative of considerable fat oxidation, but
much higher values had been expected as taste tests indicated that the
fat was almost inedible because of rancidity at this stage (233). High
correlation was shown between the mechanical shear test and collagen
content and tenderness score (186). There was no apparent trend to
distinguish between roasts of high and low calcium content in regard to
quality or quantity of juice (186). Moisture losses of 5 percent caused
little decrease in palatability scores (260). Palatability scores showed
highly significant differences for lots stored under atmospheres of low,
normal, and high concentration of oxygen, with uniform decreases as
oxygen concentration increased (260). Beef roasts with high phosphorous
content had consistently higher palatability grades (186).

Protein fractions showed considerable variation in differences between
lambs of various pairs. Nonprotein nitrogen values and intensity of flavor
showed no differences (14).

Fluorescence values of dehydrated pork agreed with palatability scores
and may prove useful as a measure of quality of this product (222).
Highly significant correlation was found between the judges’ scores for
tenderness and the mechanical shear test (68, 242, 2562). Observation
of palatability studies showed that the physical state of the tissue of
frozen pork changed as the storage period increased (252). Peroxide
oxygen values were not associated with any noticeable off-flavor in dried
pork (222). The fatty fraction of dehydrated pork may show very high
peroxide oxygen values without detection of rancidity by taste panels
(223). Peroxide oxygen measurement, when applied to fat extracted
from dehydrated pork, was not suitable as an indication of eating quality
(221).

Frozen pork roasts stored at higher temperatures had lower palatability
scores and higher peroxide values (127). The peroxide development
never reached a point that could be regarded as indicating rancidity of
the fat, which was confirmed by palatability tests (252). Press fluid
determinations showed no correlation with flavor or aroma of the meat
(242). The correlation between press fluid determinations and judges’
scores on juiciness was highly significant, but the correlation was too
low to make it practicable to predict judges’ scores on the basis of the
press fluid determinations (147). Ether extract of pork showed no corre-
lation with quality of juice (242).

In smoked meats, there was no distinct relation between length of
maturation period and flavor quality, although the bacterial count,

38



peroxide oxygen content of the fat, and color changed consistently with
maturation time (294). ' : R

Miscellaneous foods. There was no correlation between bacterial
counts and palatability scores of frozen precooked meals, primarily
because the initial bacterial counts were low in all cases (126).

Poultry. With longer storage of chicken, microscopic tests showed
greater disintegration of muscle fiber and connective tissue, and judges’
scores on tenderness were higher (142). With aging of fowl, both the
mechanical shear test and the taste panel indicated increased tenderness
(185). There was no consistent relationship between pressometer values
from press fluid determinations and palatability scores for juiciness
(185, 295 ). C :

Chemical tests for aldehydes and peroxides showed little or-no corre-
lation with the evaluation of flavor changes; however, odor alone showed
a higher correlation with the chemical tests than the combined score of
odor and flavor (286). In one case, peroxide values were: paralleled “to
some extent” by changes of flavor of the flesh (107) and in another case,
loss in flavor scores closely paralleled increases in aldehyde and peroxide
content of internal fat (244). Iodine number did not vary directly with
the flavor scores (12). The effect of storage temperature on palatability
was significant with respect to desirability of flavor, but there was no
relationship between weight losses during storage and palatability (150).
Induction period measurements were not paralleled by palatability
scores; nor was there any relation between acidity and any other factor

(244).

Vegetables. There was a highly significant correlation between the
alcohol-extracted . pigment, of vegetable greens and either palatability
or color as scored by the judges (231). The mechanical shearing test of
turnip greens showed that the toughness of the raw greens increased with
age although the eating quality was not related to the stage of growth
(291). In spinach, the fact that all enzymes may not have been destroyed
by the steam blanch process probably accounted for lowered amounts of
ascorbic acid and less desirable flavor (285). Ascorbic acid retention in
broceoli agreed with palatability scores (285).

Organoleptic tests of beans showed little agreement with qualitative
determinations of catalase activity and semiquantitative determinations
of peroxidase activity and pigment content (172). There was fairly good
agreement between tests for iodine and organoleptic tests (172).

Sugar content of peas showed satisfactory agreement with palatability
scores (30). Texture tests of skins and cotyledons and palatability
ratings showed only a small number of inconsistencies (34). The relation
between taste scores and texture measurements expressed as penetration
or crushing values should not be considered final judgments but should
be an aid in interpreting variations in mechanical values (33).

In potatoes a definite correlation was shown between palatability tests
and carbohydrate analyses (71, 270, 272, 299). Increase in sugar content
resulted in & general lowering of quality (299). The proportion of starch
to water was correlated significantly with texture score (272). There is
a definite relationship between high starch content and mealiness, although
this correlation is not perfect and there is no chemical explanation of the
noncorrelating cases (71, 270).

Highly significant relationships were found between palatability and
color tests (135, 299). Some agreement was shown between specific
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gravity tests and taste tests in selection of mealy potatoes (270, 272).
There was considerable correlation between the consistency of dehydrated
potatoes and the specific gravity of the potatoes from which they were
Fnade, )but ‘a negative correlation between specific gravity and flavor
55, 56).

Microscopic examinations showed that the size and distribution of
starch grains seemed to affect mealy qualities (272). A high correlation
between the hydrogen-ion concentration of tuber tissue and the degree
of blackening was shown by pH tests (255). The relationship between
the oxidation-reduction potential of the tissues and blackening of the
cooked potatoes was not consistent (265).

Negative correlation existed between high percent of nitrogen and
high quality (71). High percent of dry matter was correlated with high
starch content and mealiness (71). There was little, if any, correlation
between peroxidase values and quality retention of dehydrated white pota-
toes (60). There was insignificant correlation of viscosity with mealiness,
and no regular relationship between mealiness and gelatinization volume
of starch (270).

In mashed potato powder, development of an off-flavor was accom-
panied by the absorption of oxygen and oxidation of the fat (48). )

Desirable taste in carrots was definitely correlated with high refractive
indices, when averages of all lots were considered (46). No direct relation
was established between extent of carotene loss and off-flavors or between
loss of ascorbic acid and loss of palatability (276).

In dehydrated tomato flakes, lower palatability scores were associated
with higher moisture content when samples were stored at a higher
temperature (108).

It was demonstrated that for cabbage, canned peas, and potatoes,
cooking methods can be used which result in maximum retention of both
palatability and vitamins (114).

Primary tastes. The pH of the saliva of the judges tested did not
appear to have any effect on the tasting ability of the individual (175).

Results of an attempt to correlate sourness with titration against a
phosphate buffer checked closely except for tartaric acid (112). However,
a buffer titration method is not reliable when other substances, such as
salt and sugar, are present (112). , ,

The sweetness index (the ratio of the solubility in water of a sugar to
the solubility in water of sucrose) showed excellent agreement with
organoleptic ratings for sweetness (212). :

Significance of correlation

Flavor estimation is obtained by determining chemical and physical
factors for which a high degree of correlation has been established with
subjective flavor factors (6).

- Organoleptic determination of quality of dried milk powder was a more
precise measure than any objective test (224). Hanson, Lowe, and
Stewart emphasize the danger of indiscriminate use of objective tests
(141). The palatability test as a quality measure of dried eggs for general
purposes is the most important test of all. No one chemical test can
detect all defects which might be present (4). Organoleptic tests on meat
are not a temporary substitute for chemical or physical tests, but must
be placed alongside orthodox analyses (18). Organoleptic tests were
used in correlation with physical tests to determine the smoothness of
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chocolate, which depends on the distribution of the larger particles of
sugar in the melted suspension. Results indicated that organoleptic
tests could be used to standardize the scale of micro values for milling
control and be incorporated into a quality control scheme (199). There
are no adequate objective tests that can replace subjective ratings for
aroma and flavor of poultry (184). Taste tests are essential in choosing
the best methods of processing dehydrated vegetables. They need to be
sups)lemented by chemical tests but cannot be replaced by them (275,
276).

It was considered that the test for alcohol-extracted pigment could
be developed as an objective method of measuring quality of vegetable
greens because of the high correlation with palatability and color (231 ).
In a test that measured the sour taste of some acids by the amount of
phosphate buffer solution neeéded to bring the pH of the sample to 4.4, it
was concluded that in some cases the taste test could be abandoned
entirely (261). In another experiment with acid, it was found that acids
more sour than 0.0100 M HCI and less sour than 0.0010 M HCI could
not be compared by taste measurements (21). Low correlation between
press fluid determinations and judges’ scores on juiciness of pork showed
that judges had an absolute standard of juiciness, or of juiciness and the
factors associated with it (147).

Design of Experiments for Food Quality Studies

Choice of statistical design

Cox describes the following experimental designs (81):

(1) Randomized block design — experimental units arranged in
groups, each of which contains enough material to form one
complete replication.

(2) Latin square design — carries the idea a stage further by grouping
the treatments into replications in two different ways to allow for
consideration of an additional restriction imposed by the experi-
mental material.

(8) TFactorial experiment — method of investigating simultaneously
the effects of a number of different factors.

(4) Confounded designs — used when the total number of treatments
in a factorial experiment is so large that enough homogeneous
material for a complete replication cannot be assembled. Con-
founding is the arrangement of treatments in blocks that are
smaller than a complete replication; that is, each block contains
only a fraction of the total number of treatments.

(5) Split-plot design — within the whole plot the subplots receive a
second treatment.

(6) Incomplete block design — has for its objective elimination of the
heterogeneity of the experimental material to a greater degree
than is possible by use of complete block design.

Incomplete block and complete block design have been employed in

meat experiments (219, 294), randomized blocks for an experiment on
vegetable greens (133).

Importance of proper design
There should be set up a statistical design in order to measure all
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variables separately and together and to establish the significance of the
results (102). The experiment must be capable of being considered a
random sample of the population to which the conclusions are to be
appli?d‘(é"l ). Error is reduced by choosing an efficient experimental
plan (81 ). ) )

Importance of replication

Replication decreases random errors associated with the average effects
of any treatment and will therefore increase the precision of the experi-
ment if precautions are taken to avoid nonrandom errors (81). When
tests were made on only one beef animal, definite statements concerning
an entire class could not be made (219). Replication should be made,
the number depending on the divergence of the variations produced by
the treatments (184). TFigures reported on a single season’s work on corn
were considered preliminary and not given statistical significance.
Although agreement with other studies on the same variety may be
obtained, it is necessary to repeat the test in subsequent years or in a
different region to determine the nature and degree of stability of differ-
ences between varieties (49, 101).

Simplification of experimental design

When little information is available on the mode of action of any
dependent variable, it would be wise to establish these relationships
first by experiments of simple design. This may be done by limiting
each study to only one dependent variable (such as tenderness of meat)
and only one independent variable (such as oven temperature) (77).

Efficient use of time and material

The problem should be analyzed completely before experimental work
is begun; procedures should be tested under comparable conditions, then
measurements or observations made which describe the effects of each
procedure. Error can be reduced by randomization, refinement of
technique to secure uniformity in the application of treatments, and the
taking of supplementary measurements to help predict the relative per-
formance of the experimental units under treatment (81). - -

Factors that made tests on dried vegetables difficult were the great
variety of vegetables, the difficulty of giving material of graded quality,
?nd )the fact that different types often needed to be judged differently

275 ).

" Methods of Analyzing Data
Averages '

Arithmetic averages are the most common way of analyzing palat-
ability data. The references are too numerous to list here. Averages
have also been used to measure the consistency of each judge (217) or
inconsistency in scoring successive samples of the same material (156 ).
Range 7

A comparison of average ranges is preferred to other methods for
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preliminary tests of consistency because it is more rapid and easy to
comprehend (217 ).

Percentages

Results can be expressed as a percentage figure (65, 202) as reported
by Cameron in a study of the relative sweetness of sugars in which the
percentages of right and wrong answers were calculated (59) and in
grading meat where the number of judgments for tenderness in favor of
each roast was expressed as a percentage of the total judgments (195).
In an experiment on eggs, each egg had a possible maximum value of 4
points; this figure multiplied by the total number of ballots cast for
any one lot of eggs would mean, on the percentage basis, a 100 score for
that lot. But if any judge rated one or more eggs less than 4, the final
figure for the lot would be less than 100 (227). In the judging of coffee,
samples of unknown freshness and staleness are given a percent rating
corresponding to the cup in the standard series which it matches most
closely in flavor. Then a complete designation of such a sample might
be 40 percent fresh and 10 percent stale (232).

Percentage of “direct hits” was not necessarily a good criterion by
which to rate a judge’s ability in judging milk, since a high percentage of
samples scored within a narrow range should yield a larger number of
identically scored samples upon rescoring. Rather, the comparison
between percentages of all samples scored within the zone and the per-
centage of all samples rescored with no deviation, would seem to give a
better picture of the consistency of the judges’ scoring ability (284).

Ratios

Ratios between the total number of answers and number of right
answers were used in primary taste tests (69). Variance ratios may be
1(1sed as an index to measure discrimination and consistency of judges
217).

Chi-square

Statistical treatment of the results on paired judging may be made
either by the binomial method or by the chi-square method. The results
should be the same whichever method is used. Differences are recorded
+1 under treatment preferred and zero under the other. If no difference
is observed 0.5 is recorded under each treatment. A chi-square below
3.841 is not significant; above 6.635 is usually considered highly signifi-
cant for 1 degree of freedom (77, 266a).

T-test

Analysis of palatability data by the t-test has been reported in the
literature (17, 62, 96, 137, 152, 213, 252).

Analysis of variance

This method of analyzing data from palatability tests has been widely
used (11, 16, 17, 40, 97, 10}, 119, 184, 185, 141, 144, 145, 147, 155, 156,
163, 166, 168, 172, 180, 1883, 196, 218, 216, 219, 220, 223, 224, 225, 226,
229, 231, 242, 244, 252, 260, 961, 263, 264, 218, 274, 294, 295). Analysis
of variance ascertains the validity of scoring by comparing average scores
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(288). Analysis of variance is also used to obtain aceurate information
about reliability of each judge, his consistency, and his discriminating
- ability in judging (217). In primary taste tests, analysis of variance was -
applied to scores of an entire series and showed significant discrimination
between groups of samples (156). o o I

Regression

‘Data from studies on dairy products (129, 293), eggs (89, 273), fats and
oils (128, 168, 213), meats (216), and vegetables have been analyzed by
regression equations. e : . S
_In an egg study, the percentage of correct judgments at each of six
dilutions used was plotted against the percent dilution. A regression line
was plotted for the six data points. A perpendicular line dropped from
the point where the regression line intersected  75-percent-correct hori- -
zontal line determined the score. This method is adaptable to any food
substance which can be made homogeneous (39). Judging character-
istics of tasters on primary tastes can be evaluated by computing the
correlation coefficients and regression equations relating their assessments -
to the average of those of all other members of the same panel (166). -

For vegetables, regression of flavor on storage time was calculated.
Use- of regression obscured any variation in rate of deterioration. during
- storage, but results showed no consistent evidence of such variable Tate -

" of deterioration (48). o BRI o T

Correlation L : R
Palatability scores have been correlated in many instances with results

of other subjective and objective tests (16, 80, 33, 40, 85, 71, 79,98, 112,
- 128,129, 185, 143, 144, 147, 149, 156, 172, 179, 181, 213, 222, 224, 231,

834, 246, 247, 058, 218, 28}, 286, 297, 800). For contestants in dairy

judging, correlation has also been determined between grades on scores
- and grades on criticisms (293). However, the ordinary method of testing -
- a panel by the criterion of correlation in trials by duplication was con- -

sidered questionable (82). STIEL LTt e
Use has also been made of a modified form of the usual linear type of

correlation, adapted for use with the ranks of two variates instead of

their actual values. Some extension of the rank-correlation procedure,

with respect to its error, was required because of the relatively small

values for n (82). L il S o

_ The rank correlation is of service as a quick method of gaging relations
between variates which are not normally distributed and when the number

- of observations is small (95). Any scheme of evaluating placements must
take into consideration the relative placement of the individual sample
within the series, rather than the sum of their differences in rank (284).
Standard deviation B . .

Standard deviation is a measure of existing variation that is commonly

employed in food studies (17, 33, 84, 47, 60, 61, 65, 75, 76,113,119, 127,

- 152, 156, 180, 181, 194, 202, 221, 2270, 248, 263, 257, 274, 284, 287).

Standard deviation has also been employed to determine whether the

- variance of individual judgments of palatability, as expressed in numerical -
scores, is uniform over the range of quality encountered, and also whether

some materials are productive of greater disagreement between individuals

“than others (166).
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Control chart

Application of the control chart method to organoleptic testing is useful
for selection of a good panel, for determining what specific taste scores
must be examined, for minimizing losses due to failure to pool results of
“good” tasters and to pooling results that should not be pooled. It is also
useful in the training period, to indicate the length of time training should
continue, and in the grading of food quality objectively according to a
fixed standard (193).

The control chart was employed for the panel of tasters chosen and for
data on experimental samples of eggs (99), dairy products (225, 283), fats
and oils (218), and primary tastes (84). The control chart method can
help in the selection of those tasters whose judgments are valid as defined
by the control chart for averages, and reliable as defined by the control
chart for standard deviations (194).

Over-all ratings

To arrive at a sound over-all rating or score for a sample from ratings of
a number of properties or components is often quite difficult, especially if
unrelated or independently variable properties are to be considered in the
over-all rating. Simple arithmetic means, however weighted, are often
quite unsatisfactory. One characteristic may render the food totally
inedible and yet the total score may be relatively high. One solution is
to arbitrarily make the total score zero whenever the score for any one of
several eritical components is zero. Another solution is to set a minimum
acceptable level not only for the total score but also for each of various
critical components (65).

Byusing thegeometric or harmonic mean, the over-all quality so derived
is more representative and more in accordance with direct judgment than
the arithmetic mean (162). A maximum of, say, 10 points is awarded for
each of n characteristics and the product of individual scores divided by
10n—1 to reduce the result to a number of reasonable magnitude. Thus,
any one characteristic which renders the foodstuff completely inedible
(score zero) results in a total score of zero also (162). o

Plank (228) suggested a method for determining total food quality
which included subjective evaluation, objective physical or chemical
measurements, biological value, and external state. In calculating the
total grade, the same “weight” cannot be awarded to all properties.
Thus, he introduced “specific multiples” for each factor and multiplied
the grade number with the corresponding “specific multiple.” The
arithmetical evaluation of the total subjective grade is much facilitated
if the sum of all values of the different “specific multiples’” equals 10. The
grade “zero” was used only to express the unconditional rejection of a
sample.

Discriminant functions

The use of discriminant functions enables one to compare a composite
of several variables pertaining to one ‘“method” or “treatment” with a
similar composite pertaining to another. A diseriminant function com-
posed of scores or decisions on texture, flavor, aroma, moisture, and
appearance gives one value based upon the five variables or measurements;
this single value, made up of five values, can then be compared statistically
with another single value based on similar measurements pertaining to
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the second recipe. Instead of having to test each factor separately for
significance, a discriminant function provides a means for testing a com-
bination of all measurements (16). ]

Missing values

In an investigation by Hardy and Noble (14?) on pork loin roast, in
every series one judge was absent at least once; therefore, in each series
the ratio of his scores to the average scores of the other judges was deter-
mined for each time for which he was present, and the scores for those
times when he was absent were calculated from this ratio.

Application to food produds

Beverages. Beer: The significance of the results of the triangular
test can be calculated according to Bengtsson’s adaptation of the chi-
square analysis (161).

Cereal products. Method of ranking in order of preferences was
applied to cake (47).

Dairy products. Cheese may be ranked in order of firmness (246).
Transformation of simple ranks into numerical values by use of Fisher
and Yates’ table 20 was used by Bliss, Anderson, and Marland (81). In
transforming simple ranks to scores such as 1, 2, 3, and 4, distribution
departs more from normal form than is desirable for analysis of variance.
First and last choices tend to be ranked more easily than intermediate
items in the series. Fisher and Yates’ table 20 corrects this tendeney.

Eggs. TFor the calculation of a flavor index, or a number that will
agree closely with a flavor score given by a competent panel to a spray-
dried whole egg (or any type except one contaminated by foreign matter),
an equation based on several chemical determinations is offered by Fryd
and Hanson (121),

Fats and oils. Grant and Lips (128) suggested prediction equations
and errors of estimate for assessing rancidity in lard, Lemon, Lips, and
White estimated storage life of oil statistically from data of the panel.
In a few cases graphical interpretation was necessary (179). Panel ratings
of soybean oil were normalized and converted into scores which were
summed for analysis (140).

Meat. Ramsbottom and others (233) tabulated the number of judges

who indicated preferences and those who showed no preferences in a
study of frozen beef.

Poultry. Harshaw and colleagues (150) tabulated descriptive terms
as to the number of favorable and unfavorable comments on flavor.

Wills (295) used weighted scores combining judges’ scores and objective
tests.

Vegetables. Greenwood and Salerno (133) changed ranks to scores,
using Fisher and Yates’ scores for original data. Stillman, Watts, and
Morgan (266) assigned numerical weights to arrive at a composite palat-
ability score.

Dove (101 ) reported that preference placements can be analyzed accord-
ing to their distribution. One test showed four types of distribution: (1)
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Skew to right or to left, representing high-preference varieties and low-
preference varieties; (2) bimodal in part, representing varieties ranking
high in one test and low in another; (3) equal distribution, showing
completely unorganized behavior; (4) normal or near normal distribution.

Caldwell, Lombard, and Culpepper (56) averaged all grades for potatoes,
then expressed them as numerical ratings on a scale in which the sample
found to be best in any particular factor was rated 100 for that factor,
and others were rated from this standard. Also, each sample was given
a final grade on general desirability, which was a summation of all scores
on all factors considered. In determining the final grade, the factors of
flavor and texture were each given twice the weight for color. - Samples
were also designated as excellent if average numerical grade was 90-100;
very good, 80-89; good, 70-79; fair, 60-69; poor if below 60.

Primary tastes. Results of primary taste tests were expressed as
the geometric means of the frequency distribution of the molar solution
of the respective substances tested (17/2). In another case, quinine
alkaloid was assigned a value of 100 and the relative bitterness of other
products was calculated from it (243).

Significance and validity of results

Analysis of results is not easy. Different panel members will exhibit
different preferences. Results should be analyzed statistically in order to
secure a satisfactory assessment of relative values of products being tested
(209) and to determine the reproducibility of judges, individual panels
(184), and groups of panels (4). - Summaries based on numerical inter-
pretation of descriptive gradations of flavor are valid only to the extent
that proper weights have been given to the terms describing the flavor
(253). There should be analysis of scores obtained from preliminary panel
testing and if necessary, factors should be changed before further scoring
is made (63, 64).

The principle of treating scores as if they were true numbers is wrong.
They must not be treated as numbers unless they are actually shown to
possess the properties of arithmetical numbers, such as 2+2=4. The
danger of allotting numerical values to what are frequently nothing more
than categories, is not sufficiently realized (18). One should guard against
the error of attributing significance to small differences between palat-
ability grades (9).

No advantage is gained by adding together the marks given separately
for color, flavor, and texture in order to get an over-all assessment of
quality. Totaling marks obscures the judgment on specific characteristics.
Failure to obtain an adequate standard in respect to any one criterion is
sufficient to render a product unacceptable (276).

Results need to be summarized, displayed, and interpreted. The
theory of probability is used to find out how much confidence to place
in the results and what sense can be made of the figures. An efficient,
flexible set of statistical tools is available, but an understanding of the
basic assumption involved in their use is necessary (81).

Although a difference does not reach the arbitrary level of significance
generally used in statistical analysis (5-percent level), this does not imply
that no difference exists; it merely indicates that the difference, be it real
or not, is smaller than the experimental error (21/3). The main sources of
error in an experiment are failure to standardize the experimental tech-
nique and the inherent variability in the experimental material (81).
Selection of the experimental error is important (81).
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- PROCEEDINGS OF CONFERENCE

Estier L. BarcurLper, Chairman.

Methods of Measuriné Differenées'in Food Quality -
Discussion? 7

Evsie H. Dawson: The methods of measuring food quality reported in
the literature can be divided into about six basic methods—with many
modifications in actual practice. The difference is sometimes slight, yet
sufficient to make comparison of results from different laboratories im-
possible. The most widely used methods are scoring, ranking, paired
comparison, triangle or triple comparison, dilution test, and the use of
descriptive terms. ) -

Descriptive terms are usually accompanied by numerical scores, al-
though they are sometimes used alone and the results analyzed as per-
centage of judges who noted certain characteristics. This method is
often used in preliminary work to find out what characteristics are im-
portant. However, the results of such tests are difficult to analyze and
report. : :

Numerical scoring is perhaps the most popular method and the most
difficult and misused method. Scales ranging from 1 to 5,7, or 10 are most
commonly used, although they may range from 3 points to 100 points.
Whether the scale should be restricted to 10 or 5 grades or extended to
50 or 100 depends on the taste sensitivity of the judges. - A 10-point scale
has been used by many investigators but the interpretation of the scale
may vary greatly; sometimes 10 is perfect and in other cases 1 is perfect
quality. : = L :

The advantages of using a 5-point scale with only the highest and
lowest points defined are given as (a) it avoids much of the difficulty of
devising adequate description of flavors and (b) it is difficult to achieve
linearity when every point is defined. o .

At the Taste Testing Conference at the University of North Carolina
(Nov. 7-10, 1949), J. W. Hopkins of the National Research Laboratories
in Ottawa, Canada, reported on a universal scale applicable to many
food products and any characteristic: ,

+5 gross excess —1 very slight deficiency

+4 very decided excess —2 moderate deficiency
+3 decided excess —3-decided deficiency
+2 moderate excess —4 very decided deficiency
+(1) %igtit excess —5 gross deficiency

idea)

One criticism of the scoring method is that too many variables and too
many characteristics are usually included. ‘An individual must have
considerable training before he can obtain consistent results in grading.

In the ranking test, judges are asked to rank samples in decreasing or
increasing order of some characteristic. Ranks ‘may be converted to
scores, using table 20 in Fisher and Yates’ book, Statistical Tables

(1949). The ranking method encourages judges to make fewer distine-
. 3The chairman designated one person to open the discuss,ion, on each subject con-
sidered during the conference. She also called on those who had previously indicated

that they had material to present on certain topics, but otherwise the discussion was
informal. See page 132 for identification of persons participating in the conference.
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tions among samples and reduces the tendency of the judge to prefer
certain score ranges.

In the paired test, two samples are submitted to the judge and the
judge is asked, “Which is more tender?” “Which is sweeter?” and so on.
Sometimes a standard sample is presented first and the judges are asked
which of the two unknowns is the same as the standard.

In the triple comparison (triangle) test, three samples are examined,
two of which are duplicates. Judges are asked if there is any difference
among the samples, and if so, to select identical samples. Both the
paired and triple comparison tests are useful in selecting a panel but
costly for use in an elaborate experiment.

The dilution test determines the smallest amount of unknown that can
be detected when mixed with a standard material.

Other methods of testing quality of foods include matching with
standards and weighing or measuring amount of food left on plates.

T have not gone into details as speakers and discussion to follow will
elaborate on sensory methods of measuring differences in quality.

Davip R. Peryam: I want to mention the bibliography (Taste Panels)
which we prepared in 1947 with about 400 titles on palatability testing.
It is available without charge to anyone who requests it. I think we have
about 100 copies.

I am going to present some methods which we use for evaluating differ-
ences in our laboratory, and also a test showing the good results we are
getting with these methods. We call them “discrimination” tests, be-
cause they utilize the ability of persons to discriminate among foods.
One of the tests—the triangle test—has already been referred to, so I
won’t spend much time on it. Also, I will not discuss the statistical
computations used to analyze the significance of difference, since that
belongs properly under the statistical section of the conference.

In regard to scales, we have used J. W. Hopkins’ 11-point scale, which
has 5 points going in one direction and 5 in the other, and functions as a
double 6-point scale (Biometries 6:1-16, Mar. 1950). We have also
used a 9-point scale, with 4 points in each direction and have found it to
give better reproducibility than the 11-point scale on preference evalua-
fion tests. We have found this to be true with large groups of people in
the laboratory. We have no evidence at this time that the 9-point scale
is the best for the judging situation where you have trained individuals
judging quality, but we are working on that problem. J. P. Guilford
(Psychometric Methods, 1936) mentions a study involving 23,000 judg-
ments, in which the 9-point scale resulted in the highest reproducibility.
This happened to be a study in which people judged the ability of other
persons. They also make the point that 9 points are about all that people
can handle anyway.

Of the difference methods which we use, one—which is similar to the
paired difference—we call the duo-trio test. We use three samples with
one labeled as a control. Then we have an unknown pair, one of which
will be & control, with the order determined by chance. The person doing
the testing is given the control sample first, and then at controlled time
intervals, the other two samples. He is asked to select the sample which
is different. The significance of difference is arrived at in terms of the
number of correct answers. In this situation, half of the answers may be
right by pure chance. In using this test on milk, we find that we can give
two or three tests at one time, but we know we can’t give as many as five.

Preliminary to this testing, we use a “warm-up” to get the flavor in
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the subject’s mouth. All the samples, after the first one, are tasted in a
background of flavor from the preceding sample. There’s nothing you
can do to change that situation so we give the “warm-up” sample with
the instructions to taste it and forget it in order to make the situation
the same for all samples. We use time intervals of 10 or 15 seconds, but
have some evidence that with some foods like milk, 5 seconds or less
would be better. We felt that we shouldn’t go below 10, but some people
feel that they can do better when they taste the samples rapidly. There
is, of course, the danger of getting a blend of flavors if the samples are
tasted at too close intervals, or you may get confusion from prior stimula-
tion. There is also the factor of forgetting; some people can remember
for 30 seconds while other people can’t remember for 5 seconds.

In addition to the duo-trio test which I have just described, we use also
the triangle test, which is fairly standard. There is not the control with
this method that there is with the duo-trio. The three samples are offered
at the same time, with no controls on the amount tasted at one time or
the time intervals between tastes. However, the method serves just
about as well as the duo-trio and is much more convenient for the tester.
Of course if you are serving hot foods, the temperatures are not the same
when each sample is tasted. Even with these disadvantages, we find that
this method gives good results and is even superior to the duo-trio for
many foods, despite the lack of controls on temperature, quantities, and
time intervals. We are doing further research on these methods in our
laboratory. . :

The third discrimination test is a paired difference for odor testing
which is somewhat similar to the duo-trio. We take advantage of the
fact that recovery from odor stimulation is quite rapid, and present
two standards. These are offered for a controlled length of time, usually
two or three sniffs back and forth. The person is instructed to smell
them until he can detect a difference and has established a eriterion,
and then he is given two unlabeled samples for identification. We call
this the dual-standard odor test. We have used it for taste, too, but find
that for taste the single-standard method is better.

SyLvia Covir: We developed the paired-eating method to test differ-
ences in tenderness for our meat cookery work. Roasts are not homog-
enous and so we obtained our paired samples by matching a small portion
from the right side of the carcass with a similarly placed portion from
the left side. These two samples were presented to a judge who was
asked to record which sample was the more tender. - This method may be
used for testing odor, flavor, or other characteristics. We found no
significant difference in tenderness of roasts cooked by the same method.
But when they were roasted by different methods (oven temperatures of
225° versus 125° C.) the results showed a highly significant difference.
Further tests with beef, pork, and lamb showed a range in tenderness
percentage from 51 to 96. The higher tenderness percentages were
associated with the slower rates of heat penetration, but no method had
at that time given meat which was always very tender. Then we further
decreased the rate of heat penetration by using an oven temperature as
low as 90° C. in a drying oven versus 125°; Some of the roasts cooked at
90° took 48 hours to cook well-done. -The increase in tenderness was
again highly significant and the roasts were at last judged very tender.

Cravpe H. Hiurs: I am going to digscuss the use of a simple scoreboard
for testing, originally used by Washington Platt. There is one pictured
in E. C. Crocker’s book, Flavor (1945). It is a sheet of white cardboard
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with a scoring scale of 10 to 1 on the left-hand side. At the top, there
are numbers which represent the different samples. If you are scoring a
food on a rating scale, you place the standard sample on the appropriate
number. For example, if the standard rates 7, you place it on 7. The
judge tastes the standard first, then the samples to be rated, placing each
on the appropriate place on the scale, according to his judgment. The
judge doesn’t have to have a pencil in hand when he scores. Also, he can
conveniently retaste the samples that rate close together and either place
them in their original place or change them. :

After the preliminary tasting, the judge may wish to take a cracker or
a drink of water, and rest before retasting the samples which were close
together in his original evaluation. He may decide now that 9 and 8
should be reversed, because the order in which samples are tasted does
affect the judgment. We believe that the scoreboard cuts down on fatigue
since it reduces the number of times you have to taste a given sample.
It took me a couple of weeks to get our people to use the scoreboard, but
after using it once, they continued to use it.

Hreren Moser: What do you do about recording the scores from the
scoreboard? Also, what happens if your people do not get to compare
their results?

Cravpe H. Hiis: We have mimeographed sheets and the samples are
coded. After placing their samples, the judges record their scores on
the sheets. I think it is good technique not to let the people discuss their
results. :

Davip R. Pervam: Have you tested the use of the scoreboard for
reproducibility? In other words, have you gotten around to all those
important things most of us don’t get done?

Cravpe H. Hiirs: There are people here better qualified than I to go
into the merits of rating scales, pairing tests, etc. I have presented the
scoreboard simply as a convenient technique which enables the judge to
concentrate on the job at hand and not to have to write while he is
judging the samples.

GerTrupE Cox: Have you thought of this as a ranking method to
which you are adding a score refinement?

Cravpe H. Hirs: It is a sort of combination of ranking method and
scoring method, in which you score the samples, then go back and try
to rank the close scores. I think you will agree that when you have
samples that score closely together, one of which you tasted at the
beginning of the test and one later, you should go back and compare
them again because in the interval you have tasted other samples which
affect your judgment. We analyze the results as scored data, which I
believe gives you more information than if analyzed as ranks.

Rute JorpAN: After having tried out some other methods of evaluating
differences in flavor, we decided to use the dilution method for our
experimental work in tracing the effect of storage on the flavor of dehy-
drated eggs. We were interested primarily, not in whether one product
was preferable to something else, but in whether or not change had taken
place during a period of storage. We needed a method which would
require a relatively small number of tasters and one which eould be used
at different periods of time.

The method decided upon was to put a given percentage of the dehy-
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drated egg, which was our experimental sample, into a sample of egg
that was strictly fresh. The standards came from the same lot of hens
and were at all times under 24 hours old. Believing that the sensory
perceptions are based on a definite degree of intensity of stimulus, we
established the standard for our dilutions on a percentage of decrease
basis. That is, we started with a score of 1 for 100 percent dilution, with
the next step 20 percent below that, and the next 20 percent of that,
each step being 20 percent below the preceding one. In the end, we had
dilutions ranging from 100 percent for a score of 1 to 1.4 percent as our
end point for a score of 20. We had set up the brackets in which these
dilutions might be detected. ~We ultimately set up a system whereby
we had 12 trays or 6 dilutions with duplicates for any one period. We
did preliminary work with our panel to be sure that after the judges had
gone through the 12 trays, they could still perceive differences to the
same degree of precision.

We always had before the person one sample which was marked fresh
and the other sample which was marked experimental. On that same tray,
there were eight unknowns, which could be an equal number of experi-
mental or an equal number of fresh samples, or they might be seven and
one or other combinations. The judge, after comparing the experimental
and the fresh controls, listed which of the coded samples were experimental
and which fresh.

If the sample was such that the difference could be readily detected,
we got a high percentage of right answers. If the percentage dilution
was such that difference could not be readily detected, we got a number
of guesses or & number of wrong answers.

In compiling the results, we used six points in plotting a curve, placing
the percentage of right answers on one axis and the score based on the
percentage of dilutions on the other axis. Since we needed to find some
point at which we ¢ould say a decision had been reached, we decided on
that point at which the number of 75 percent right answers crossed the
line. From this point, we dropped a line down to the axis on which we
had plotted the scores.

By this method, we were able to determine over a considerable period
of time that there were changes that took place in some of our samples.
All of the data were treated for dependability and our judges were tested
periodically for their reliability throughout the testing period. This
method would be adaptable, of course, only for those products which
can be made homogeneous. In our tests, the materials were mixed thor-
oughly and the eggs scrambled so that there was a homogeneous mass.

J. C. Hening: I am going to say a few words about score cards. The
consensus at the Raleigh meeting was that it is a good practice to use
some type of score card and that the value of the score card depends
somewhat on the experience of the tasters in using it. In Geneva, we
use a score card with a vertical numerical scale of 1 to 10, and across the
top we designate the sample numbers. We use 10 as denoting excellent ;
9 as very good; 8, good; 7, good minus; 6, fair; 5, fair minus; 4, slightly
poor; 3, poor; 2, very poor; and 1, extremely poor. We don’t have all
those descriptions on the score card, but we have them posted in the room
in which we taste. We have all become accustomed to this type of score
card and use it for all of our testing, even the triangular test where two
samples are alike.

I am going to describe an experiment we carried out on canned peas
for the purpose of determining the desirable stage of maturity of the
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peas. There was a comparison also of the effect of different fertilizers
on the peas. We used the Thomas Laxton variety from five different
harvests grown on four plots of ground. At each harvest, we had four
different samples of peas to taste. We used a scale of 1 to 10 with the
sample numbers across the page.

The peas were served at room temperature just as they came from the
cans. We tried heating the peas, but had no evidence that we got any
better results that way, so we served them without heating since it was
more convenient. We used 3 cans of peas from each harvest for the
purpose of obtaining a uniform sample. The peas from the first harvest
were very young and we got a divided opinion from the group. Some of
them rated them high and others scored them down.

Tenderometer readings were made when the peas were harvested, and
the panel scored the flavor, texture, and color of the canned peas. There
was high correlation between tenderometer readings and the subjective
scores as shown in Exhibit 1.

Where different fertilizer treatments were used, we paired the fertilizer
treatments for each harvest. The panel varied in number from 10 to 15
at different times and was made up of both experienced and inexperienced
tasters. - Some of the scores fell quite a way out of line and it may be
that they should have been eliminated, but we included all of the scores
in our results. In this test of the comparative maturity value of peas,
the average deviation of the scores of the judges was less than one point
from the mean scores.

EXHIBIT 1. ORGANOLEPTIC RATINGS AND TENDEROMETER READINGS
TroMAS LAXTON PEAS

6-12-6 fertilizer

1949
Tender-
Sai\rlnp le ometer Flavor Texture Color Harvest
0. reading

1339_.____ 91.6 6.4 7.8 7.0 | First harvest, 4 lots.
1340______ 93.0 6.6 7.9 7.0

1341 .. ___ 93.3 6.7 7.8 7.0

1338______ 93.8 6.0 7.7 7.0

1345 ___ 99.25 7.1 7.5 7.0 | Second harvest, 4 lots.
1344 __ 100.25 7.3 7.2 7.0

1343_.__._ 102.00 7.1 7.0 7.0

1346 _____ 104.5 7.0 7.2 7.0

1342______ 109.25 6.9 6.8 7.0 | Third harvest, 4 lots.
1349______ 112.0 5.8 5.7 7.0

1347 ______ 115.0 6.7 6.5 7.0

1348 _____ 116.8 5.8 5.5 7.0

1350 _-_ 129.5 5.6 5.4 7.0 | Fourth harvest, 4 lots.
1353 _____ 134.3 5.6 5.2 7.0

1351 __ 138.0 5.7 5.1 7.0

1352__-___ 142.8 42 4.0 7.0

1355 __ 165.5 4.3 3.9 7.0 | Fifth harvest, 4 lots.
1356 .. 167.0 3.9 3.8 7.0

1357 .. ___ 168.0 4.3 4.4 7.0

1354 .- 172.8 4.0 3.8 7.0
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Bernapine H. MEver: I will take only a few minutes to say something
about our experience with score cards for evaluating quality of precooked
foods in freezer storage. We have worked with a 1 to 5 scale, 5 represent-
ing excellent or very good down to 1 for very poor, in evaluating the
quality of each characteristic. When we want the over-all or cumulative
effect of several qualities, we have arbitrarily prorated the values in
multiples of 5, assigning 5, 10, 15, 20, or 30 points for any one quality,
making the total score 100 points. The judges continue to use the five
gradations of quality in their scoring. Two sample score cards are shown
in exhibits 2 and 3.

EXHIBIT 2. JUDGING RECORD FOR FRUIT PIES
Date. . Name of judge_ - -« ..

Directions: Place the number corresponding to the term which best deseribes the
food in the proper column. Use multiples of 0.5.. Write any comments you may
have in the column and space to which they refer.

Recipe

Storage time: Sample No.

Acceptability

5 Very good (in all respects; you
know of no improvement)

4 Good (enjoyed it; minor improve-
ment desirable)

3 Fair (could eat it without enthu-
siasm; improvement needed)

2 Poor (edible, but that is all)

1 Very poor (inedible)

Color of fruit
5—4—3—2—1
Very good
to
Very poor

Texture of fruit
5—4—3—2—1

Flavor of fruit
5—4—3—2—1
Characteristic

to
Off or absent

Quality of pastry
5—4—3—2—1
Tender not soggy

- to ]
Tough and soggy

Flavor of pastry
5—4—3—2—1
Very desirable
to

Very poor

Remarks:
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EXHIBIT 3. JUDGING RECORD FOR SPONGE CAKES

Directions: The possible score for each cake is 100 points. Place score in columns
to right. Use whole numbers. Write any comments at bottom of page or in column
with score. Give full value for excellent.quality; 4/5 for good; 3/5 for fair; 2/5 for
poor; 1/5 for very poor.

Sample:  Storage time:  Sample No. 11234 |5]6]|7]|8

1. - General appearance — external________

1. Shape oo 10
Regular, slightly rounded and free
from cracks.

a) Tender — not too smooth,
sticky or crusty.
b) Color — light brown, free from
spots and without a moist
shiny appearance.

IL. vAppearance — internal

a) Cells —small, uniform and
thin walls.

b) Free from large air spaces.

¢) No compact layer.

2, Texture__—___________________ 15
a) Tender, moist, feathery, light
in weight to size, not compact

or soggy.

3. Color of erumb________________ 5
Light yellow —not gray or off
color. :

III. Flavor. .o oo

1. Tasteo oo oo 30

2. 0dor . 10

Total score

Comments:
Cake 1. Cake 5.
Cake 2. . Cake 6.
Cake 3. Cake 7.
Cake 4. Cake 8.

Perhaps I can point out more of the limitations than the advantages
of these score cards as we have used them. One of the shortcomings lies
in the fact that we need more information from the judge than just the
score. If the grain of a cake is scored down, for example, we need to
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know whether the reason is because of irregularity in grain, too compact
grain, or because the cell walls are too thick. - Scoring without any
explanation does not give us enough information. There isn’t always
enough room for the judges to write on the score cards. :

QuestioN: How did you determine the weights of the various fa'cto,rs
for the total score? , ' )

BervapiNne H. MEever: We madefarbitrary d’ecisic}hs as to the com-
parative importance of the various characteristics in the over-all quality.

Heren J. PurinTON: At our institution we have no center for palat-
ability testing, and since five departments are interested in such tests for
different reasons, we found it necessary to develop several types of score
cards. With a brand new product we prefer the 1 to 10 scale described
by Mr. Hening. We use it too in studying variations in methods of
preparation. We do considerable work on squash in our part of the
country because it is grown so extensively, and whether it is baked,
boiled, or prepared in some other manner, the 1 to 10 score card seems
to fit our needs.

We use this score card also for testing and training new judges. We
give them a standard consisting of a sample considered highly acceptable,
and get their reactions to it as a test of their sensitivity to taste and
smell. We then use the score card for evaluating the product.

For testing fruits and vegetables we usually make use of a very general
score card with provisions for rating appearance, aroma, and palatability ;
the latter characteristic is subdivided into texture and flavor. We
have an over-all rating point system of 1 to 100 and we weight it according
to our interest at the time. For example, with a new variety of squash
that is in the process of being developed, the chief interest would be in
its appeal — the eye appeal, especially color —and we would weight
appearance heavily. If there is no question of acceptability on the basis
of appearance, and a problem has developed in the cooking process, we
might weight heavily some such factor as aroma or palatability which
we break down into texture and flavor. We frequently use 35 for appear-
ance, 15 for aroma, and 50 for palatability. These scores vary according
to what the grower wants to know. A sample score card is shown in
exhibit 4.

EXHIBIT 4
1. Appearance 35
- Color 15
LEye appeal 20
2. Aroma : 15
3. Palatability 50
Texture 20 .
Flavor 30
I consider this product
( ) excellent
( ) good
( ) average
( ) poor
( ) unpalatable

We have developed another score card with 6 points for poultry meat
judging. A sample score card is shown in exhibit 5. Our section of
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EXHIBIT 5. SCORE CARD FOR POULTRY MEAT

NaMe . e e Ii excellent — Score 1
If average —. Score 2
Date oo o If poor —_ Score 3

Score Remarks = Score Remarks Score Remarks Score Remarks

1. Color

Ao e I T N A I

_

N
_
N

3. Flavor

4. Tenderness ___l _J ___[
| |

5. Texture

_

|

B

|

6. Juiciness

the country is engaged in developing the broad-breasted chicken which
we evaluate on the basis of six factors: Color, aroma, flavor, tenderness,
texture, and juiciness. We use a scale of 1 to 3 since we are evaluating
general acceptability only in this preliminary work. A separate score
card is used for white and dark meat, with an interval between judging
times for each. We use what might be called a quadrangle test, in that
we judge four birds at each panel. Three of the birds are alike, of a
standard variety on the market; the other is the experimental sample.
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The same group 2 or 3 days later tests another four birds, of which three
are experimental and one of a standard variety. Our panel does not
exceed 12 in number. The results of the two judging sessions of the same
panel are then correlated. These methods have worked out to the
satisfaction of our Poultry Department, which is primarily interested in
the testing.

In testing potatoes, our Agronomy Department uses a byproduct for
taste testing. Actually, they are interested in potato varieties that are
adaptable to our long winters and short summers. Practically everyone
likes potato chips so they have no difficulty in getting a panel to judge
in midmorning or midafternoon by nibbling a few potato chips. The
potatoes are routinely made by the same process into potato chips. We
have used practically the same panel for the past 5 or 6 years.

We have experienced some difficulties in testing the desirability or
adaptability of different varieties of strawberries for preservation by
freezing. We have decided that we want a judgment on just the flavor,
s0 we have to minimize other differences such as size and color. There
is also the factor of differences in the rate at which different varieties
thaw upon removal from the freezer. If one variety of berry is icy and
hard when tasted, and another soft, it introduces another factor ino the
judging of flavor. So when we are after only flavor in judging the berries,
they are blended in the Waring blendor and the judges taste the puree.
This method has another advantage in that the samples can be sweetened
equally by addition of a sirup made with a given weight of sugar or
sweetened with a given weight of sucrose.

Mary L. GreeNwoop: We use a very simple score card in detecting
off-flavor in potatoes, which perhaps isn’t really quality rating at all.
We have one column for our samples and another for rating the intensity
of the off-flavor. If there is none, the judges indicate it with a minus
sign. If it is there in some given degree, they indicate that with a plus
mark; if in some greater degree, with a double plus, and so on.

Mirorep Boaas: At the Western Regional Laboratory, we have three
different groups of people working on taste testing, if we wish to call it
that. There are about 6 persons in each group so there are 18 of us doing
full-time taste testing.

On our score cards, we try never to use the words desirable, attractive,
excellent, poor, but we try rather to describe the characteristics of the
factor to be scored. We do not weight scores for the various characteristics
into one score for the sample. The purpose of all our work is to determine
the causes of deterioration and how much deterioration has occurred
under some method of processing, storage, or other treatment as compared
with the strictly fresh product. We are not therefore interested in any
over-all evaluation, but rather in knowing such things as how much the
color or flavor has changed.

L. C. CarrwricHT: First, I want to say that some of you have seen this
paper, Organoleptic Panel Testing as a Research Tool. I will pass
around the 40 copies I brought with me. This paper attempts to promote
organoleptic panel testing in a much broader sense than for just testing
food palatability. I am suggesting its use as a research tool in the labora.
tory to supplement chemical and physical methods of evaluation of any
properties that affect sensory response, particularly the senses of odor,
taste, and smell. This includes appearance also.

We use descriptive terms primarily in consumer tests,  tests - with
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untrained panel members, and in training work with panel members.
If we set up a numerical scoring system for evaluating particular prop-
erties of a food product, we discuss with the panel members the meaning
of the numerical scores in descriptive terms and try to arrive at a con-
sensus of all panel members as to just what the numerical score means in
terms of a given degree of quality. For trained panel members, we find
a saving in time and money without any sacrifice in accuracy in the use
of a simple score sheet with numerical scores only.

In testing a product which the manufacturer wants to get into the
hands of the consumer in the same condition in which he produced it,
we use the freshly manufactured or processed product as a standard.
We score the samples that have been aged or stored in various types of
containers, such as paperboard, envelope, or carton, for varying lengths
of time, against that standard sample. In accelerated aging, to evaluate
the effect of certain containers on a product, we control carefully the
temperature, humidity, and other conditions and use the same condi-
tions for aging the standard food product as for the experimental sample.
In this type of test, we use both an aged and an unaged control. We
divide the score of the experimental sample, which has been aged in
contact with the package material in question, by the score of the aged
control to get what we call the material score for the packaging material;

In regard to ranking and paired tests, we use ranking with descriptive
terms sometimes on special problems where we are examining only a few
samples. Paired tests are used similarly if there are just a few samples
to be evaluated. However, we use both the ranking and the paired tests
regularly in connection with our ordinary testing, using numerical scores.

We train the panel member to go through the samples, usually five
or ‘six, and rank them by arranging them in sequence and assigning
numerical scores. This is on the scoreboard plan, but without using
a scoreboard. Then, if there are some close samples, he goes back and
uses the paired comparison. He really uses the blindfold method, in
that he turns the coded samples so he cannot see the markings and shuffles
the samples. He then retests these two samples, and if on two or three
trials, he ranks them in the same order, there is no question about his
evaluation.

We score odor, flavor, and aftertaste. Aftertaste is very important on
certain food products. The odor scoring is done first, followed by flavor
and aftertaste. The interval between tasting individual samples varies
from 30 seconds to as much as 2 or 3 minutes, depending on the nature
of the food and the individual taster. It takes usually about 15 to 45 or
60 seconds to get the full value of the aftertaste and to be able to evaluate
it, and then a little period to get the normal flow of the saliva, depending
on the food product. We may use water between samples, and we may
not. The most important thing is to allow the normal flow of saliva to -
return. Such allowance should be made after using a water mouth
rinse because there won’t be a normal taste response until the saliva flow
is normal again.

The three components, odor, flavor, and aftertaste, are broken down
into two components each for scoring. This is done for two reasons,
one purely statistical and the other functional. These two components
are presence of desirable and absence of undesirable characteristics,
which are scored separately. Statistically, we find this gives us greater
reproducibility, which we believe is due to the fact that we get more
accurate evaluation because panel members think in terms of desirable
and undesirable characteristics of the food product. We have applied
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this method of evaluation to a wide variety of products: Powdered
prepared cocoa mix, fruit beverages, coffee, tea, cocoa, alcoholic beverages,
spices and spiced foods, chocolate candy, and potato chips, to name a few.

The most typical application of this method is to packaged foods
which have picked up flavors from the packaging materials. There
it is more a matter of evaluating the intensity of the undesirable odor and
flavor. We get highly consistent results with very slight individual panel
member deviation when things are running normally. ‘However, when
we run into an unusual off-odor or off-flavor, as for instance ink odor in
packaging material, or varnished or lacquered paper with a little of the
solvent odor left in it, or some other characteristic that the panel hasn’t
been encountering, we get wider scattering of results, requiring rechecking.
We may then use the triangle or paired test. Dilution methods have
been used only for flavor and odor intensity. Dilution sometimes alters
the quality and must be used with extreme care.

Mirorep Boeas: We also score intensity of two components of flavor.
We call them characteristic flavor and off-flavor. The system works
all right except with samples exhibiting considerable off-fiavor. Then
we get large variation in scores for characteristic flavor. No doubt this
results from the fact that we have not decided how to train judges on this
point. We simply do not know whether a sample can have pronounced
characteristic flavor when there is quite a lot of off-flavor present.

L. C. CarrwricaT: It depends on the food product and on the nature
of the off-flavor. We would like to be able to separate them entirely.
In practice you can’t, but we find our panel is fairly consistent in separat-
ing them. Using coffee as an illustration, suppose you take good fresh
coffee and add even 1 percent of a very stale and rancid coffee to it. I
doubt if anyone would be able to judge that coffee as full-bodied in its
desirable characteristic. I think the presence of the undesirable charac-
teristic would make it impossible for you to recognize the full-bodied
flavor. It is a compromise, without question, but we believe, based on
our experience, that it is better to use that method of judging than not
to use it. L o :

CommENT: We use that method and have lots of trouble with it. In
general, we believe that if you have much off-flavor, you may as well not
score desirability and that it is only where off-flavor is slight that it
makes any difference whether you score both or not. .

L. C. CarrwricaT: That may very well be.

QuestioN: Do you find that these two tend to add up to constant score?
That is, presence of desirability and absence of desirability. :

L. C. Carrwrigar: No, I don’t think they do. Our method of ‘scoring
is precisely equivalent to scoring components separately on a fixed scale,
say 0 to 10, and then taking an arithmetic mean for your total score. In
the case of odor, flavor, and aftertaste, they are so closely interrelated
that we believe it is sound to take an over-all score. We find that it
saves time and is more convenient to do our weighting beforehand and
merely add up to 100 for maximum score, which is in effect taking an
arithmetic mean. Our standard weighting there is 15-15 for odor,
desirable and undesirable, 20-20 for flavor, 15-15 for aftertaste, giving
a maximum score of 100. On that basis, with a panel of eight experienced
tasters on prepared cocoa mix, we found that over a long period of time,
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we generally got a standard error of the mean of not greater than plus
or minus 2, which on scores that range between 75 and 95 is very good.
We get average deviation of individual panel members from 3 to 6, with
only occasional deviation outside that range.

We have an arbitrary rule of throwing out all scores of a panel member -
who deviates from the panel average more than 20 on the basis of 100,
or who misses the coded standard control by more than 5 points; in other
words, scores below 95. Since we have six components, he can't even
score it off 1 unit out of 15 or 20 on all six of the components and have his
scores accepted. Incidently, in the last 6 months, I don’t think we have
thrown out anybody’s score on missing the standard control, and only
about two or three (which is less than 1/100 of 1 percent or so) on missing
the panel average by more than 20 points.

ComMENT: We ran into the problem in frozen asparagus that the texture
rating appeared to be influenced by the off-flavor. That’s something
hard to get around.

L. C. CartwricHT: Yes, those are factors you have -to contend with.
We have run into a lot of these outside variables. I keep an eye out
for those things as the data flow across my desk and if I see any unusual
results, we go back and check up to find the cause. Very often we find
that it is some factor like that, which has cropped up unexpectedly, and
it may require reexamination of that series.

ComuEeNT: I would like to comment on your scoring for desirable and
undesirable characteristics. I think perhaps it helps solve a problem
we have had in regard to how much weight to give an undesirable charac-
teristic. Sometimes a panel member believes a product to be very
desirable but finds a little bit of undesirable characteristic there, and
marks it very low, on the theory that there shouldn’t be any undesirable
characteristics at all. On a scale of 10, he might mark it 3. Another
panel member might consider the slight undesirable factor relatively un-
important and rate the product 8.

L. C. CarrwricaT: Previously, we ran into that same problem, and it
led us to adopt our present rating system. I might mention also that there
is a space on our score sheet after each sample for remarks. Ordinarily,
our trained panel members do not make comments. If they have scored a
sample down, particularly if they have scored it down for some unusual
characteristic, they will write a comment, which helps us in analyzing the
results. These comments explain unusual deviations in scores.

Cravpe H. Hmis: What is your basis for choosing weightings of 15
points, 20 points, etc?

L. C. CarrwrieHT: The weights were chosen arbitrarily, based on
general experience.

Cravpe H. HiLrs: We have had a problem in determining quantitatively
the concentration of a volatile fruit essence. This, of course, has nothing
to do with detecting an off-flavor. We also have some storage tests
- where we want to detect loss of quality. We have other methods, too,
of checking loss of quality. The test I shall describe is an attempt to
compare two or more samples of a fruit essence for strength. What we
have done is to run a threshold dilution test with a series of samples,
each decreasing in strength so that it is 50 percent of the previous sample.
This gives a twofold qualitative difference between successive samples.
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We arrange the beakers containing the samples in rows. The panel
members first smell a beaker of distilled water. - They then smell the
weakest sample, then the distilled water again, and then the next sample.
When they arrive at the one in which they can just barely detect the
fruit odor, that is considered the threshold dilution for that person. We
used this method with 11 people and obtained a statistical distribution of
the sensitiveness of these people. You may be interested to know that
with six samples we found the confidence limit to be-about 30 percent.
In other words, the limit of detection or accuracy of the method is plus
or minus 30 percent. This is perhaps a unique illustration of a dilution
test. :

Heren Moser: This score sheet for oil testing was developed from the
score sheet used when we were testing rations for the Quartermaster
Corps, U. 8. Army (exhibit 6). o :

“Committee Report
Purpose of tests

The purpose of all the methods to be deseribed is to determine differ-
ences between samples which have had different treatments. The maxi-
mum information which can be obtained includes kind, amount, and
direction of differences. This type of test is not related to consumer
preference or food acceptance. -

Methods of testing

Paired and triple comparison tests. In the paired test two samples
are submitted to judges. Sometimes a standard sample is presented
first and judges are asked which of the two unknowns is the same as the
standard. In the triple comparison, or triangle test, three samples are
examined, two of which are duplicates. Judges are asked whether there
is any difference among samples and if so to select identical samples. In
these tests, direct comparison of the samples requires only short memory.
They are relatively easy to do and the statistical caleulations are not
difficult. Their limitation is in the small number of samples which may
be compared at one time. Paired and triangle tests do not give amount
‘of difference except under special conditions.  They are not suitable for
use in storage tests unless fresh or frozen controls are available.

Dilution tests. By the dilution technique the smallest amount of
unknown that can be detected when mixed with a standard material is
determined. Results are influenced by taste or smell thresholds of judges
employed. The method applies only to homogeneous materials and
requires suitable standard material. A necessary precaution of the test
is to dilute with the same kind of food material, not with water, that is,
dilute milk with milk, eggs with eggs, etc.

Ranking tests. In ranking tests samples are ranked in decreasing or
increasing order of intensity of one quality. Ranking may be preferred
to scoring in balanced incomplete block design when extreme variation
is present. ' ‘ o '

Scoring tests. Scales in use range frbm 0 to 10, 71 to 10, 1 t0 5,1 to 3,
+5t0 0 to —5, +4 to 0 to —4. Total scores of 100 made up of the sums
of several factors with the effective scoring range often considerably less are
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EXHIBIT 6

NM-291

Please indicate the score by placing a check mark (+/) in the space opposite the proper
intensity.

SAMPLE 1 | SAMPLE 2 | SAMPLE 3 | SAMPLE 4
) F 0 F 0O F 0O F
10
Good 9
Less desirable 8
but
acceptable 7
6
Objectionable 5
4
Unpleasant 3
2
Repulsive 1

Please indicate intensities of flavors by placing check marks opposite the proper
flavor: (+/) weak; (1/4/) moderate; (\}) 4/4/) strong.

SAMPLE 1 | SAMPLE 2 | SAMPLE 3 | SAMPLE 4

Bland
Buttery

Beany
Rancid

Painty

also employed. Scale length is related to the number of intervals that a
judge can distinguish or differentiate. An individual must have con-
siderable training before he can obtain consistent results in scoring and a
panel works best with the scale length for which it has been trained.
Research is needed to determine the best length of scale and whether the
optimum length of scale is affected by the material or the factor under
test. '
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Descriptive terms

Many laboratories conduct taste panels on the basis of preference,
using descriptive terms such as excellent, good, fair, and poor to describe
quality. The ratings may be established by reference to standards of top,
medium, or low quality, or by a preconceived notion of what these might
be, that is, an imaginary standard. Several testing groups have adopted
the use of terms to properly describe a flavor characteristic, such as
“oxidized,” “feedy,” to describe off-flavors in milk, and “nutty,” “grassy,”
“painty,” “fishy,” to describe oils. Some laboratories have gone still
further and used fully descriptive terms as a basis for panel operation.
The panel member studies the test material and becomes acquainted with
the problem. Then the panel members together prepare the set of
descriptive terms which are to be used and the score to which each applies.
In the “flavor profile” method, the character notes for both aroma and
flavor are expressed in common terms. During testing, the order of
appearance of each character and its intensity are recorded. The ampli-
tudes of total aroma and flavor are also recorded.

Recommendations

For preliminary work many factors such as odor, flavor, juiciness, and
tenderness may be used. When the experiment begins, the number of
factors tested should be reduced to as few as possible, that is, two or
three characteristics on which special emphasis is needed.

Further research is needed (1) to evaluate the various methods of
measuring food quality on a basis of purpose, precision, and efficiency
of design, time, and material; (2) to develop reference standards for all
characteristics of the various commodities and the stability limitations
of these standards. '

Commrrree: Mildred Boggs, Elsie H. Dawson, David R. Peryam,
Loren B. Sjostrom, Sylvia Cover, Chairman. '

Panel Selection

Discussion

MiLprep Boges: Exhibit 7 shows the influence of panel size on the
standard error of the daily mean flavor score for 94 scrambled dried egg
samples. When only five tasters were used they were part of the larger
panel and the best tasters of the group. The best tasters were selected
on the basis of the correlation coefficient for the first score and the dupli-
cate score. The exhibit shows a considerable decrease in error with
increase in panel size even though poorer tasters were included in the
larger panel.

Exhibit 8 shows the influence of panel size on significance of differences
in several tests with frozen peas. I selected these particular tests from
recent data because they showed very small differences between samples
and therefore would be likely to accentuate the effect of panel size. The
samples were originally scored by a maximum of 15 judges. Absences

~often reduced this number somewhat. Four or five replications were done
in each test and daily means were used in the analysis of variance.

Tests 1 to 6 included three samples, only one pair of which was ever
significant. Test 7 contained four samples, three pairs of which were
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EXHIBIT 7.

DAILY SCORES

(Smallest panel is made up of best judges of the panel)

INFLUENCE OF PANEL SIZE ON STANDARD ERROR OF MEANS OF

Standard error

Percént of samples with given standard error

5 tasters 9 tasters 12 tasters | 14-16 tasters
0.10-0.14_ ____________ 1 5 12 7
0.16- .19 ___________ 11 24 33 50
0.20- 24 __.__. 15 37 39 43
0.25- .29 __ . _._._____ 16 21 16
030~ 34-_ .- 23 11
0.35- .39 . 14 2
040- 44 ____________ 7
045- 49 _______ 8
0.50- 54 ________. 3
0.55- 59 . ___. 1
0.60~ .64 oocao-- 1
EXHIBIT 8. INFLUENCE OF PANEL SIZE ON SIGNIFICANCE OF DIFFERENCES
IN SEVERAL TEST SETS OF FROZEN PEAS
(4-5 replications of each test)
Significance level
Test No. . _
4 judges 6 judges 8 judges (u;?l];l%;rltli%fi2)
1 _______________________________________________ * *
2 __________________________________ * * *
3 _____________________ * * ok ok
4 _____________________ *% Kk ¥k Kok
5 _____________________ E2 ok Kk ok
6 ____________________________________________________________ *
7& ____________________ * * *% [ 1]
7b ______________________________________________ * *
7 e e e e ee | mmm e e | m e mmmmmmmm e == mmm e e mea e *

* indicates significance at 5-percent level; **at 1-percent level.
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significant with all judges. When only four of the judges were used they
were the best ones of the group and in case of an absence the fifth best
judge was used. The panel of six was the six best judges, and so on. The
best judges -were selected on the basis of all triangle data available for
each judge over a period of 114 years and usually included 150 to 200
triangle tests. - - e )

The exhibit shows that in some instances we picked up slightly smaller
differences or increased the significance level by increasing the panel size,
but we did not improve our situation as much as might be expected.
We would be satisfied with smaller panels than we use if we knew in
advance who the good tasters are and that we could count on regular
attendance, but since we do not know these things we usually carry about
12 judges on each panel. .

Eixhibit 9 shows the effectiveness of a 6-week training period. - We had
one pea panel that had been in operation for about 3 years but we needed
an additional panel for this product. ‘We trained a new group for about
6 weels, selected the best of the group as a panel, then compared this
new panel with the old one. The samples for the comparison contained
0, 383, and 67 percent of a poor-quality sample, the remainder being an
excellent-quality sample served as puree. These samples were scored
four times and each individual’s scores were used in analysis of variance,
sources of variation being treatment, replicates, and remainder. The
mean differences between samples and the pairs which were significant
at the 1-percent level, the mean square of the remainder, and the F-ratio
are shown in exhibit 9. The exhibit shows that the newly trained panel
‘gave about the same performance as the experienced panel. Apparently

EXHIBIT 9. COMPARISON OF PERFORMANCE OF A NEWLY TRAINED PANEL
WITH A PANEL THAT HAD BEEN SCORING ALMOST DAILY FOR 3 YEARS I

. E ,'N ow panel after 6 weéks of
Old paéel - training.
Judge Mean difference : Judge Mean difference
0-33 |33-67| MS, | F | o-33|33-67| Ms, | F
CH_...._... 1.5 06| 08 6| EB_.._._. 17 03| 04 8
RM________ 1.0 1.8 5 15| CB._._____| 10 0.0 7 2
FLo._._____ *3.0 1.0 3 39 | JD.o_____._ 5| *1.5 2 19
RR.________ - .2 1.8 .6 61 LD._______ *2.0 | *2.0 0.0 IS
Vo . 22| 11 8 141 BL_..__.__ 1.2 5 2 13
WS - 2.2 1.0} 11 10| MP_______ *1.5 5 _.3 13
AW________ 1.0{ 1.8 b 15 CS_._.___. b *1s 3 13
RW_______. *1.6 | *2.1 1 157 | WW______ L8 1.0 5 15
EW________ 1.5 1.2 1.9 41 EW.______ —1.0 | *47 A1 163
AW________ *1.5 | *1.5 .3 27| JWoeooo-2| *L0O-| *2.0 0.0 @
Panel® *1.5 ] *14 2 47 | Panel® *9 ] *.1 "1 37

a Minus difference indicates wrong-sample received higher score. : o

b Panel results include scores for 4 or 5 judges who were absent too much for analysis
of individual results. ' )

* Difference is larger than L. D. at 1-percent level.
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training pays, at least in this instance for which we had much experience
and knew exactly what to train for.

As to personnel available for panels, we are lucky. There are about 375
people in our building and we can use anyone who qualifies and is willing
to serve. We are willing to take as prospects anyone in the building,
male or female, any age, smokers or nonsmokers, and so on. We train,
select, and then check performance of individuals on routine tests. If
they can do the job, that is the only matter of importance to us. We are
not satisfied, however, with some of our methods of checking performance,
but I will discuss that when we come to it.

We consider interest extremely important in order to get the best
results. We find that our tasters like to be right, they like to be con-
sistent and reproducible, so they will take advantage of every solitary
bit of information they can garner. We therefore do not give them much
information in advance, but keep up their interest by giving them the
full results of every experiment after it is finished, as well as their own
individual performance in the test. :

Rura B. Boypen: I come from a small station where persons available
for judging are limited in number. We use staff members usually from
the Department of Home Economics, and find that they are interested
in the testing. Those teaching food preparation have perhaps a little
more interest as well as experience in judging food quality than the teach-
ers of dietetics. The results with these people seem more reliable than
those with graduate students in foods. We have not been able to consider
age but have felt that health is important.

Grapys L. Grein: I am going to describe the method we used in
selecting a panel for judging canned chicken. We had quite a large
amount of canned chicken to judge and we had no panel ready. One of
the chief things we considered important was for the judges to be able
to identify rancidity. Rancidity, which is frequently encountered in
canned chicken, is a fair indication of quality of the pack and of how well
the pack is keeping. With the help of our statistical people, we devised
a little test to determine responses of different people to varying propor-
tions of rancid meat mixed with natural-flavored meat. We used a
paired test and ground all of the meat samples. One sample was all
natural-flavored chicken and the other was a mixture of different propor-
tions of rancid and natural-flavored meat. We used an adaptation of
Abraham Wald’s method of sequential analysis for carrying out this test
(Sequential Analysis, 1947).

There were six series of samples, with varying amounts of rancid meat
thoroughly mixed with the natural-flavored meat. The natural-flavored
sample was used as a control throughout the test. We started with
rather large proportions of rancid meat and found that the tasters de-
tected it immediately. The first series had 1 part of rancid to 7 parts
of natural-flavored chicken. We decreased the amounts in each succeed-
ing series. The last series contained only 1 part rancid to 256 parts of
natural-flavored meat. That is a very small amount of rancidity and it
takes a person with a keen sense of taste to be able to identify the sample.

If a person had no errors in a minimum of 10 pairs of samples, she was
considered acceptable as a judge at that particular level of concentration.
If she made a few errors, 1 or 2 but not as many as 4, we would test her
with more samples so that the percentage of errors made would put her
in either the acceptable or the rejected group. For instance, if she made
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1 error in 10, we could not accept her but we still couldn’t reject her as
she hadn’t made 4 errors, so we had to test her further. If she made only
1 error, she could have up to 23 samples to qualify for acceptance. If
she made no further errors, she would be acceptable at that level. We
sometimes had to offer as many as 30 samples, but everyone tested could
be classified either as accepted or rejected, and the sampling could be
done fairly rapidly. One of the advantages of this method is the fact
that it is economical of time and samples as the test can be terminated
for each person as soon as she either qualifies or is rejected.

We discovered that if a person was rejected at a particular level, she
was rejected at every higher level.” This confirmed the assumption that
the point of her first rejection was her threshold for recognition of rancid
flavor in these samples of ground canned chicken.

Davip R. Pervam: We have set up what we consider to be a practical
system for panel selection. The value of the panel member depends not
only on basic sensitivity but also on such things as adaptation time,
recovery time, the important factor of memory for odors and tastes, also
adjustment to the test situation. If you tested all these factors independ-
ently, you would do nothing for a half year but select a panel. We have
used the duo-trio or the triangle test to compare people’s abilities to
detect differences in products which are going to be tested. We have
set up panels for dried milk, for coffee, for detecting the presence of
pepper, and for detecting the presence of monosodium glutamate.

We start with groups of as many as 90 persons with the problem of
selecting about 20 for judging. We use the triangle test and set up pairs
of samples with arbitrary differences. The differences must not be so
large that everybody detects them. If they are detected only as fre-
quently as chance will allow, we must conclude that the correct identifica-
tions may be due to chance alone and therefore the test is not accomplish-
ing its purpose. We start with comparatively large differences and
decrease the differences as we progress with the testing. We rank our 90
persons, by giving them a series of 16 to 20 tests each, in order of sensi-
tivity or, rather, discriminating ability.

QuestioN: Do you run four samples or four triangles at one sitting?

Davip R. PErvam: No. They usually do two sets at one sitting. Some-
times they do two in the morning and two in the afternoon, if we can
schedule it that way. It takes a lot of scheduling for 90 people.

Question: Do you use triangles on the same two samples?

Davip R. PErvam: Yes. For example, individual A will eventually take
four triangles and he will have a score on the first test anywhere from 0
to 4; then he will take four on test 2 and four on test 3. Sometimes we
drop a test. Let’s say in test 4 that one person got two out of four samples,
another person got one, another three and another none. This is a chance
pattern, and we would probably throw the test out and try another.

QuestioN: Does each successive test have less difference between sam-
ples A and B?

Davip R. Pervam: Not necessarily. For example, with monosodium
glutamate tests, we want panel members who can identify its presence
in a wide variety of foods. We won’t test the effects in any specific food.
Maybe the first test will be with beef stew, followed by a test on mashed
potatoes, then one on corned beef hash.
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To test the reproducibility of the panel member’s judgments, we run
about 17 to 20 replications and calculate the coefficient of correlation for
each individual. We can then select those individuals with high correla-
tions. We haven’t determined how high a correlation we are going to
demand.- Actually in the one problem where we used this check follow-
ing the sensitivity tests, we were very unhappy to find that some of the
people selected on the basis of sensitivity could not reproduce their
judgments very well. We decided to leave them out, but to use them
when we were testing only for difference.

QuesTioN: I’'m speaking for those of us who don’t have 90 people to
draw from. It would appear that if you didn’t have people at hand who
were both sensitive and able to reproduce their judgments, you would
have no business being in palatability testing. Am I right?

Davip R. Pervam: No, I wouldn’t say that. You would devise a
system for evaluating the people you have. Even with a small number,
you can evaluate the individuals. For example, if you have someone
who establishes a correlation in replicate tests of below 40 or maybe
below 50 on samples to be tested, you know that he is not much good.
Actually, these discrimination tests don’t tell you how good a person
should be, but they do compare the persons tested. You might find that
out of 10 available people, 3 are so far below the others that you will
have a better panel if you drop them. Selecting from 90 people does
offer the opportunity to select the cream of the crop. It also means a
whole lot of work in testing.

HerLen J. PurinTon: We are in one of those places where there is
difficulty in getting panel judges. There are available at the most around
10 or 12 people. We have panels no smaller than 10 and we try to include
3 or 4 people who have done routine food testing for at least 1 year. We
have worked out a training plan for our judges and will use only those
who score 60 or more on the training tests. In retesting an old product,
we will keep only those individuals on the panel who score 80 or more.
We have just finished testing the 19 people who are available right
now. The group includes both males and females and is made up of
research people, townspeople, housewives, general students, and student
dietitians. Of the 19 tested so far, 14 scored over 75 percent three times,
which is considered excellent. They must score 75 percent twice before
they can serve on a panel. It would appear that, even with the small

"number to choose from, we should have some pretty good judges, granting

of course that the test itself is good.
We always check personal likes and dislikes of the panel members and
never ask a person to judge a food he does not like.

MrioreDp Boags: We find that a test on judges for one product doesn’t
do you a bit of good on another product. We have people who com-
pletely flunk out on, say, sulfur dioxide and are excellent tasters on some
other kind of flavor.

L. C. CarrwricHT: I would like to say that we have found some
individuals who are generally sensitive and skillful in detecting the
differences we set up. They pass the tests for all of the panels.

Hzerex J. PurinToN: We feel that it is necessary to test persons for
each product.

L. C. CartwricaT: We do that, too, but we do find that some people
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seem good on all tests. We are not confident enough of them, however,
to accept them without testing for each product. While some people are
generally good, even our best panel members without exception will fall
down on one or another type of product or evaluation. No doubt, the
person with extensive previous panel experience has a higher chance of
doing well on a new product. Psychological factors are important in
the ability to evaluate odor, flavor, and pa.la,tablhty The approach, the
interest; the training in- evaluatmg, in thinking; in-concentrating on the
factor to be evaluated — all these are factors in successful judging.

We have found that calling panel members from their usual jobs may
result in mental block. Panel members who are usually good may be
immersed in a piece of work which is interrupted by the judging and may
give judgments out of line on that oceasion. They may be careless
because they want to get back to the job. We try to fit panel members
into the sessions most convenient for them.

We have not made any studies on age or sex of panel members but have
not found any relevance there at all within the group with which we have
worked. We have considered health important, insofar as it affects
sensory perception. We have had panel members ask to be excused
from the panel or go completely off the beam on- a particular product
because of a dislike for that food or a feeling that there was somethlng
wrong with the food that would affect their health. -

Because of the cost of more elaborate testing, we usually select panel
members with one to three replications of the triangle test. Then we
train the panel. If we are going to have more than one or two sessions
on a particular product, we give the pancl a brief training and use a
larger panel for the first several sessions. The results are analyzed and
those who are in least agreement with the panel average are eliminated.
If we and/or the panel members have had no previous experience with
the product or properties to be tested, we usually start with 15 to 25
members and feel our way — set up standards and eriteria, train, and
select our panel all at the same time. On a contmumg problem we may
come down to as few as 4 to 8, depending on the precision required or the
degree of difference between the samples that we are evaluating.

We worked with as few as four or five panel members in much of our
work on spices. Highly accurate work is required on the cocoa product
I mentioned. Our client is accepting or rejecting production batches of -
packaging materials on the basis of our tests. ~“We use eight members
on the panel for this work and they have almost never failed to reproduce
a score within a 2- or 3-point variation, that is, 2 to 3 percent on 100,
with scores ranging mostly between 75 and 85. In general, our reprodu01-
bility has been consistent with the calculated standard error of the mean.

QuestionN: How often do you use replications of tests‘?

L. C. CarrwricHT: We often use rephcatlons Some of the work
however, is with either concentrations or products on which we have
done previous tests. For instance, if we have tested a certain group of
spices in one food product and are testing them in another food product,
we may not do a replicate test if our Iesults are consistent with those we
have got before. If our results do not agree (and it may be that in a
different food product they shouldn’t agree) we will run replicate tests.
I we continue to get the same deviation from previous results we w1ll
attribute it to the difference in the food product.

Grapys E. VAIL. We belong to the groups that have a hmlted selection
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of panel members. Most of our work is done on a cooperative basis
with other departments on the campus, so if we undertake new projects,
we do palatability tests only if the other department furnishes part of
the panel. This plan helps us to get a panel and also brings about a
better acceptance of the results, since they understand what we are
talking about when we turn in our report to them. Without such experi-
ence, there is sometimes a tendency to reject the findings. They under-
stand the results better when they have participated in the experiment.

Epwarp TorrrEr: Should the question be brought up as to whether
one good judge is better than a panel?

L. C. CarrwricaT: I think, generally speaking, that no one judge, no
matter how good, is as good as a panel, even a relatively poor panel.
My reason for so thinking is that a judge may be highly accurate but
every now and then even the best judge will go off completely. I think
we should not depend on any one expert, no matter how good.

B. L. Risack: I have just one word to add to what Mr. Cartwright has
said. Speaking again from the commercial standpoint, when you are
making a product for a national market, with wide geographical differ-
ences in tastes, it is courting disaster to depend upon any one individual’s
judgment of the product. Our experience leads us to believe that the
best type of panel is one made up of both sexes and having adequate
distribution of racial groups, nationality groups, and even age groups.
In addition, there must be geographical distribution.

I would like to make the point also, that in the final analysis, we need
to judge what the consumer will accept. Perhaps the consumer will not
accept as high a quality of product as you want to put out. We need to
establish first the consumer’s standard of value or acceptance and then
judge a product in accordance with that standard.

Committee Report

Factors to consider in selecting a panel include availability and quali-
fications of the panel members and size of the panel.

Qualifications of members

Panel members must be available for testing. They must have both
time and interest in the problem. For these reasons, members of the
staff and cooperating groups frequently serve as panel members. Experi-
ence is considered desirable, although it does not assure their qualifica-
tion. Some skills are believed transferable. ‘

Judges’ qualifications are usually determined by testing their relative
sensory acuity and reliability with the food to be tested. They are often
tested also for the primary tastes. Types of tests used include paired
tests, triangular, duo-trio, multiple, and dilution. Evaluations are made
by (1) ranking, (2) stating preference, (3) identification or differentiation,
(4) description, (5) numerical score, and (6) combinations of these
methods. Both acuity and reliability vary in different persons, with
different products and different qualities, and both vary also from time
to time.

There are various opinions in regard to the optimum age for judges.
Many consider age largely irrelevant. There is similar variation in
opinions regarding sex of judges. Health is considered important. There
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is general agreement that judges should be free from colds, infections,
allergies, fatigue, and worry. Psychological factors play a part in judges’
performance. Good judging requires that panel members have an interest
and some understanding of the problem. They should like the food
being tested. - o . -

Further investigation is needed in many areas. Studies could throw
light on the value of experience versus sensitivity; the significance of sex,
of health, and of the many psychological factors involved in judging.

Size of panel

" A small, well-selected, and well-trained panel is considered more precise
than a large, unselected, and untrained panel. i :

Further investigations are needed to determine whether many replica-
tions with a small panel are better than a few replications with a large
one. The question of “how small can an expert panel be’” should be
studied. ) )

It was the opinion of the committee that the size of panel needed to
provide given precision cannot be determined in advance. In practice, it
is- usually necessary- to start with a larger panel for preliminary work,
analyze the data, and then reach a determination regarding the panel
size. If preliminary work is not possible, data may be collected from a
large panel in the expectation that some may not be used if analysis
indicates that certain judges are not qualified. - - .

CommrrTEE:  Ruth Boyden, Gladys L. Gilpin, Maude P. Hood, L. C.
Cartwright, Chairman. .
Training of Panel Members
Discussion - )

L. C. CarrwricHT: We consider the training of judges highly important.
We find that panel members can make important contributions to the
training session on how to evaluate the product, set up the score sheet,
ete. We discuss the approach to the problem, type and method of evalua-
tion, and come to an understanding in regard to the meaning of the
numerical scores and the descriptive terms for each. -We have the panel
members smell and taste a standard control sample of the product to be
tested. We have another sample which has been scored, to illustrate
how the scoring is to be done. : I :

As we proceed with the testing, if we find a panel member whose scores
are deviating from the group, he is called in for discussion and perhaps
reoriented with a number of samples of known score.

One of the checks we use from time to time on our panel as a whole
is to give replicates with some interval between, to see if they give similar
scores. The training and evaluation of the judges is a continuous process.

Mary E. KirxpraTricK: We also like to have the judges help us establish
standards. I am going to describe the training which we carried on some
time ago. The fact that we are working with biological material that
does not stay the same influences our methods and procedures. We have
to work quickly with the training program for judging potatoes or else
the potatoes have changed before we are ready to start testing.

In evaluating quality, we are interested in three types of perception:
Visual, which takes in color and appearance; texture, which covers
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mealiness and wetness or dryness; and flavor. We asked our judges if
they could evaluate the characteristics in that order. Most of them
said they could. We consider it important to have a plan of testing
which meets the approval of the judges.

Our study was set up for a 6-week period with a judging session each
day. We used a 3-point scale on the score sheet which the judges helped
us set up. For example, color was indicated on a 3-point scale with a
descriptive term for each point. Moisture content, texture, and flavor
were set up in a similar manner. If we found that some descriptive term
was not understood or agreed upon by the group, it was freely discussed
the first day or two and a term which was better understood and agreed
upon was substituted. We found that this plan helped to maintain the
interest of the panel members.

In our test, we tried to prepare a cooked product that would rate a 3
for color, one which would rate 2, and another a 1 score. That method
was repeated all the way through for the four or five characteristics —
five characteristics for boiled potatoes, four characteristics for mashed
potatoes, and five for baked potatoes. We considered one characteristic
at a time. The judges said they liked to study one characteristic at a
time.

We studied each characteristic for a week and started the first day
with samples intended to illustrate each of the scores, 1, 2, and 3. The
samples were discussed freely and no scoring was done. On the second
day, we gave the judges three knowns which were samples of the 3, 2, and
1 scores, and in addition two unknown samples. They scored these
samples. The plan included offering similar samples on the third day.
Sometimes, however, our samples did not fall into the score classes
intended. In spite of the controls we used — selecting from known specific
gravities and known varieties and locations — we ran into some problems
in maintaining uniformity of samples. Our tests were done in the summer
and we believe that early fall would be preferable.

Potatoes are not a homogeneous material and one tuber is not a repre-
sentative sample. It takes six or eight tubers to make up a good repre-
~ sentative sample. We used wax models as reference samples for color
and for showing sloughing of the outer coat of the potato.

We found that our judges improved with experience. Later tests
with the panel showed that the training and judging experience helped
these panel members reproduce their judgments.

Question: Did you test for only one characteristic each day or all on
one day, but only one at each sitting?

Mary E. KirgpATRICK: We spent one week on one characteristic for
boiled potatoes, the next week on another characteristic for boiled
potatoes, and the next week on another characteristic. It is time-con-
suming and may not be the best way, but it is the plan we used in our
study.

MiLpreD Boaas: In general, we train new panels in about the same way
as Mr. Cartwright does. Briefly, this procedure includes training with
samples that exhibit all the characteristics of interest in the study, agreeing
on terminology to describe characteristics, trying to standardize level of
scores if this is needed — but I should mention that it is not needed if
you analyze differences — then practice and check effectiveness of the
training program.

In addition to training new panels, we often need to add new members
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to panels already in operation. Here we use regular sessions for training
periods. The prospect attends the regular session but is told what the
samples are and what to look for. Following scoring we discuss his
scores in relation to those of regular panel members. We carry a prospect
along like this for a while, then let him serve on the panel just as a regular
member but do not use his scores until they measure up to regular panel
performance. : ; :

Heren J. PuriNTON: We have set up tests based partly on data obtained
from Dr. Langwell of the Drexel Institute. We use envelopes containing
filter paper impregnated with the different basic tastes. One sheet is
plain, one impregnated with sucrose, another with citric acid, one with
salt, and the fifth with quinine sulfate. The judges note the degree of
taste as excessive, moderate, or slight. For slight, we use the thresholds
recommended by Mr. Crocker. We increase this concentration fourfold
for moderate, tenfold for excessive. -~ .. = : , :

‘The judges are put through the tests three times. A judge scoring
- less than 60 percent is considered unacceptable. We want our judges to
score 75 percent or over. We consider scores of 90 to 100 as excellent,
80 to 90 as good, 70 to 80 fair, and 60 to 70 acceptable but poor. B
 After each test, we expose the judges to four foods which have been
previously judged by a panel and see how close they score to the given
values already obtained for those foods. We have used only frozen
foods so far, but expect to use others. We are also developing odor tests.

Grapys L. Givein:  In training judges for our panel on canned chicken
we encountered the problem that with processed foods, the very fact
that the product is canned means to most people that it has an over-
cooked flavor. We were interested in evaluating four factors — the
amount of natural flavor, the off-flavor, juiciness, and tenderness. Our
score card had 5 points. We first tried to find samples which illustrated
the different levels on our scale. This was a time-consuming job in itself.

We prepared the samples of canned. chicken by different methods:
(1) Simmering in water for 134 hours, (2) simmering in water for 34 hour,
and (3) heating in broth 5 minutes. - We changed the water once during
the cooking time for the first two methods. The latter method of heating
the chicken for a 5-minute period was adopted as the standard preparation
procedure for the experimental samples as the flavor differences showed
up best with that method. ) E

. We were interested in having the judges recognize overcooked and
overprocessed flavors, so we had them score samples that were processed
the minimum safe length of time and others that were processed an
additional 50 minutes, which produced severe overprocessing.

To prepare samples for tests on juiciness, we heated some canned
chicken samples in the oven to dry them out. The white meat responded
to this treatment more satisfactorily than the dark meat. We heated
some samples in the oven 45 minutes, some for 134 hours, and compared
them with pieces heated in their own juice for just 5 minutes, -

- Preparing samples to illustrate differences in tenderness presented a
problem. Even with old roosters, the processing tenderized them so
much that it was difficult to show differences. We finally used plain
cooked samples of old and young chickens to illustrate tenderness differ-
ences. ! : : - : : o

We used the score cards, and through free discussion, agreed on levels
which would score 5, 4, 3, and so on. The reference sample was rated 4
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on some characteristics, and 5 on others by the group. We continued to
have it available to each person during every judging period, using it as a
known sample.

We found it took considerable time to prepare the chickens, can the
mesat, and then judge the samples. The training period was, as a con-
sequence, somewhat shorter and less adequate than we had hoped it
might be when we planned the work.

Herexn Moser: In 1944 our laboratory was confronted with the problem
of evaluating soybean oil. It had been customary to run peroxide
values on samples to determine whether or not they were edible. We
concluded that these tests were not entirely satisfactory and decided
that the organoleptic method might solve our problem.

Our laboratory followed the procedure set up by the Bureau of Human
Nutrition and Home Economics in giving preliminary acuity tests to
about 40 people and selecting a panel of 12, based on the test results.
Those 12 people had been screened by two previous tests. This panel
operated from about 1944 until 1946 when, for a variety of reasons,
only about 3 people were left, and it was dropped entirely. Shortly
after it was reorganized, I came into the picture and faced some new
and different problems.

After reviewing the literature, I felt that the acuity tests were not
related to all tasting and that the correlation was not high enough to
warrant continuance of the previous method of panel selection. We
agked for volunteers and got 11 people and asked the previous group of
11 to return and run through a test period with us. We set up a training
program based on actual oil samples. Although we were going to test
soybean oil, we did some control work with cottonseed oil. We felt that
they should know mineral oil, too, because many of our dilution tests
were made with it.

We used a round-table type of training period. There was a large
score sheet on the wall and the trainees were given samples of the various
oils. We discussed the samples openly but when it came to flavor, they
were asked to describe the flavor on their score sheet. We discovered
that some were timid about expressing their judgment in the beginning.
We worked with them for a 3-week period in this informal fashion, dis-
cussing odors and flavors and giving them an opportunity to score samples.
We used the wall score sheet to rate samples so all could see and come
tlc; an agreement regarding flavors present and the scores to assign to
them.

In order to check their performance, we set up a series of samples
which could be evaluated statistically. We presented the new training
panel and the panel with previous experience the same samples for
scoring, and drew up correlation regression charts for each member. We
also ran duplicate samples so we could draw control charts both on the
panel average and the individual performance. Then in order to test
their ability to distinguish differences, we gave the triangular test.
TFrom the results of these three tests, we felt that we had enough informa-
tion to use as a basis for selecting our panel. Of the 22 persons tested,
18 were selected. Control charts, which have been run continuously
through the 2 years that these people have been serving as panel members,
indicate that the training was worth while.

The question has been raised as to whether a test should be set up
according to the individual’s threshold for certain flavors. For example,
we had a man who was consistent in his judging, with a correlation
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factor of 0.9, but he failed on the triangle test because he was unable to
detect ‘‘buttery” flavor. The low concentration was below his individual
threshold. We are going to consider this problem in planning our next
training period. - : ' '

J. C. HEnvG: - Training with a specific product is very important. - This
is well illustrated with dairy products on which flavor evaluation has
been taught in the schools and colleges for over 30 years. A good milk
judge can readily detect oxidized, rancid, bitter flavors, and flavors caused
by bacterial contamination. This flavor evaluation of dairy products
has helped to promote research to overcome those off-flavors and I
think is responsible in part for the high quality of milk, ice cream, and
other dairy products which we enjoy today. :

Miiprep Boaas: It might be of interest to note that we found that
the time required for training for different characteristics varies. With
carrots, for example, it took 5 weeks for flavor, 3 days for tenderness,
and 1 week for color. )

Comnmittee Report

The committee emphasized the point that results are only as reliable
as their source. A sound training program increases the reliability of
results. The experiment should be designed so that the person responsible
for the organoleptic evaluation can have the judges trained when the
product is ready for testing. '

Points to consider in training judges

(1) Panel members are preferably trained on the products to be tested,
although acuity tests are useful for specific problems.

(2) Trainees should be given an understanding of the problem and
what is expected of them. ) 7

(8) Interest is stimulated by having judges participate in setting up
the score card and thoroughly understanding its use.

4) Sin}p(liicity in the score card is important during the training
period.

(5) Memory association is important and persons can be trained to
taste with this factor as an aid.

(6) Whenever possible, there should be a reference sample — the food
product itself, wax models, etc.—and agreement of opinion
concerning it.

(7) It is desirable to have samples of food to illustrate various com-
ponents and the degree of each component.

(8) Upon completion of training, the panel trainees should have an
oppolrtunity to compare their scores with those of experienced
panels.

(9) The reporting of results on completed projects increases interest
in the training program.

(10) A judge unable to evaluate one product should not be labeled as
incapable of judging another without adequate testing.

(11) The training and evaluation of the judges’ performance should

be a continuous process and retraining may be desirable when
judges’ performance falls out of line.
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Criteria used to evaluate adequacy of training

Training was considered adequate when:

(1) Scoresefell within allowable limits of the trained panel members’
scores.

(2) Individuals scored the same for four consecutive trials.

(3) All panel members’ scores agreed in the judgment of the specific
components under consideration.

(4) Individual and panel performance met certain reliability limits
as set up by statistical methods.

Need for further investigations

Further research is needed to discover how much, if any, carry-over of
“know-how”’ takes place in judging food products other than the one on
which judges are trained.

CoumITTEE: Vera Brastow, J. C. Hening, Cora Miller, Helen A.
Moser, Chairman.

Methods of Checking Performance of Panel Members

Discussion

Mary L. Greenwoop: We found in judging potatoes treated with
benzene hexachloride insecticide that the quality of the judging varied
markedly from day to day. We used two treated and two untreated
samples, and when we were testing some of the antidotes for the benzene
hexachloride, there were also duplicates of those. Should we say that
they have to judge all four samples right, or three out of four? At what
point should they be ruled out?

MiLpreED Bogas: We do a good deal of work along this line, checking
performance by any method we can work out that is adapted to the data
and the features of performance of interest. In my vegetable section,
in general, we do not discard a taster after a test is completed unless we
have enough cumulative evidence over a relatively long period so that
we decide to drop him from the panel and never use him again. Other-
wise we include all data and carry enough judges to absorb a few bad data.

We would like to have methods so we could cumulate a record of
performance of all individuals on all types of tests, but in some cases this
is difficult because some sets of samples are more difficult than others
and comparative performance is not simple to cumulate.

We do have cumulated data from results of a year and a half’s work on
peas with the triangle test (exhibit 10). First of all we classified all tests
into 3 groups: The most difficult in which only 39 percent or less of
entire panel identified duplicates; medium difficult in which 40 to 60
percent identified duplicates; and the easiest group, 61 percent or more
identified duplicates. Then within each group we compared each judge
with the panel by dividing the percent correct of each individual by the
percent correct of the entire panel. The entire panel in this calculation
is actually the first 14 persons of the exhibit. The others for one reason
or another were on the panel for only a short period. You can see con-
siderable variation in individuzals here but all of these 14 persons (our
present panel) are better than others we have tried out for the panel.
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EXHIBIT 10. METHODS OF CHECKING PERFORMANCE OF JUDGES
Triangle test data—frozen peas (May 25, 1948 to Jan. 5, 1950)

Samples for Samples for *Samples for
which panel = which panel = = | = which panel =
39 percent or less 40-60 percent | 61 percent or more
correct correct - - correct )
identification* _identification*. |- - identification*
Judge Individual, |Individual, Individual,
percent | | percent | - percent,
Number | correct |Number|- correct |Number| correct
of — : of - | ——— | of e
tests Panel, tests Panel, tests Panel,
percent | percent - percent
correet o correct - | - . - correct
Bean._____________ 65 0.8 78 1.1 52 1.1
Collings_-_________ 51 1.3 96 L1 55 | 1.2
Cushman_________-_ 51 1.1 61 - 1.0 44 1.2
Hanson_._.____.___ 56 1.0 78 1.0 44 “14
Harrington_________ 55 6 80 | -8 53 9
Hendel_____._______ 49 6 | 72- 6 47 9
Lindquist__._______ 40 1.1 63 1.2 44 9
Olson=_____________ 66 .6 76 1.2 53 | 8
Roberts..___.______ 40 9 62 .9 39 1.0
Seamans__-____.___. 67 1.0 -84 1.0 58 9
Simone_ .. ____.____ 52 1.1 92 1.0 55 1.9
Stanley_ ... _____ 36 1.3 64 .8 44 8
Uhvits________.____ 54 1.8 71 - 1.3 38 1.1
Wolford_.._________ 55 8" 69 1.0 44 9
Bittner.__.________ 20 1.6 S 34 - 13 23 1.2
Dietrich____________ 13. 1.0 28 ] S 13-} .3
Lee oo o = 46 1.1 S22 1.1 30 |- -8
Taylor_.___________ 14 9 22 1.4 11 4 1.2
Nimmo-___-_______ 18 1.2 29| .8 14 7
Nobles_.._._______ 8 1.6 6 2.0 12 1.1
Witebsky ... .______ 44 1.0 | 50 1.0 29 1.0

*The panel used here is the first 14 judges.

Exhibit 11 shows another method of checking performance. It is
used when you have duplicate scores for, say, 20 or more samples. The
samples here were scrambled dried eggs and the panel was in operation
for about 214 years. Whenever we accumulated duplicate scores for
about 40 samples for any judge we calculated the correlation coefficient
and the error. If a judge was absent when extreme samples were scored,
we waited until he had some extreme scores. Thus the samples for each
period in exhibit 11 are not exactly the same, but they always cover 40
or a few more samples and include approximately the same range of
qualities. The exhibit does not indicate any general trend for improved
performance with longer experience, although we, of course, trained
judges pretty well before using them on the panel.- The exhibit also
shows that good judges sometimes had bad periods even though each
period covered a fairly long time. o o

- Scoring tests of the type, four samples per day With,fourr replications,
give us the most trouble. We do use analysis of variance on each in-
dividual’s scores but this has shortcomings. For example, if most judges -
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EXHIBIT 11. METHODS OF CHECKING PERFORMANCE OF JUDGES
Correlation coefficient, 1st vs. 2d tasting—Dried eggs (Aug. 23, 1943 to July 1, 1945)

All periods Correlation coefficient
Scores
analyzed | Num- )
ber 1st 2d 3d 4th 5th 6th 7th
of r | period | period | period | period | period | period | period
pairs
Snell_______| 394 [0.87 0.88 0.80 0.87 0.81 0.80 0.80 0.98
Boggs_. .- __ 358 |- .85 86 .82 80 88 .81 82 86
Fevold..__. 297 | .85 |o__.__. .80 .78 .85 77 .81 .99
Smith_____.| 149 | .84 |- ___|-—o--- .83 .85 .83 R|_.._____
Lausten____| 194 | 78 |- |ommoo|emmmcae|m i .75 .81 77
Morris_ ... 406 .| .78 .83 .80 72 72 74 83 69
Lewis______ 341 | .78 85 76 73 83 81 73 79
Rost_____._ 192 | .78 77 .85 .78 .68 ) 2/ N
Michener...| 365 | .77 81| .80 .68 73 .72 .80 .67
Kester_____ 179 | 77 oo 77 .78 75
MacDonnell] 110 | .77 | oo oo e .70 .84
Brandon. __ 700 76 oo |- - .76
Stark.______ 207 | .76 .73 7 .83 74 I 57 .87
Hirschmann| 307 | .76 | - .82 73 .75 .69 I 65 .82
Dimick____{ 169 | .76 .78 .59 15 2 [ESEURNUU IR S 77
Reeve_._.__ 234 | .73 .75 84 71 63 ) I 74
Prater_ . __ . 124 | .73 .80 .56 D ||
Klose._____.| 104 | .69 79 .54 15 200 FEURURESR PR NSRRI P
Boyle______ 66 | 69 |- |em e ee e e .69
Vollmer__-_{ 147 | .68 |- _|ccooo |- .59 73 .68 R
Graham____| 162 | .67 |- o oof--c--- .73 .67 .65 R
Larsen_____ T3 | 66 oo oo || I IS RS .66
Binkley_.___| 95| .62 |- ccoo|oomm || .66 .59
Wolford____ 69 | 61 |ooomo|oaaooo .61 D ||
Nielsen_ _ - _ 71| 61 oo oo o .61 D_..._.
Jang___.___ 49 | B0 |oo o] m oo 60 D ooaao
Fox_ ... 83 | B9 |ooo|eoooooo 62 55 D | |eoaoo
Shuffer_..__ 89 | .55 ||| e 43 64
Dutton.___- 193 | .54 |- 51 47 52 58 D | ...
Edwards.__{ 114 .51 |._____. 58 41 2 I I F
Pool.__.__. 73| B0 ||| e e - .50
Debeau___ - 93 | 48 || e o= A1 |- .56
Wilbur_____ 54 | .39 |oc e .39 D |-
Panel
aver- '
_ages .96 91 .96 .97 .95 .97 .96 .95

R = Judge resigned; I = Judge absent; D = Judge dropped from panel.

score four samples 10, 9, 8, and 7 and one judge scores them 10, 10, 10,
and 1, this one judge gets a high F. Ishe a good judge? I don’t think so.
Suppose also that we have trained intensively so we should be agreed
on what is presence and absence of rancidity, but one judge scores samples
in the opposite direction from the others. His ratio is also misleading.
We have used various numerators, other than the one in the F-ratio,
not squaring differences and considering direction of scores, but do not
have just what we want yet. Also we have no way to combine tests to
give a cumulative figure. All these things can be picked up with examina-
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tion of scores, but we haven’t found a routine cumulative system yet.
In case someone is interested in working on this, I think I should mention
that we are interested in magnitude of differences and error of differences,
not variation of the scores themselves. -

We have notebooks full of data from which we might learn some things
about individual’s performance, but not enough time to develop methods
to analyze them. Also we should set up some of our new experiments,
the main purpose of which is effect of treatment, in such a way that we
could learn more about individuals, but there are too many things that
need to be done to get the very best plans developed. '

L. C. CarrwricHT: First, I want to say “Amen” to what Miss Boggs
just said. That is a very serious problem. I realize many of us fail to
appreciate enough the value of statistics. But I want to say that an error
which is often made by workers is trying to depend too much on statistical
treatment and trying to get some significant interpretation out of ex-
periments which were not properly planned in the first place. :

In checking performance of judges, we depend on relatively simpl
statistical methods, simply because we have to do so. We keep a running
check on each panel member, observing sometimes without making
calculations. We do check up from time to time on individual panel
members to see if they are deviating too much from the panel average.
If a judge deviates in some particular session, we do not hesitate to throw
out his results for that one session, and still retain him on the panel.
Maybe he was rushed, not feeling well, worried, or for some other reason
was “off the beam” on that particular day. Our experience leads us to
consider this sound practice. i s :

QuEstioN: Aren’t your panel members encouraged not to come to the
session at all under those circumstances?

L. C. CarrwriGHT: Yes, but they don’t always realize themselves that
their judging ability may be off. As an example, say we are scoring five
unknowns in a given session with a couple of coded controls. If one
member deviates on the total score on the basis of 100 by more than 20
points from the panel average just on one of the samples, even if he hits
the panel average exactly on the rest of the samples, we throw out all
of his results.

If a consistently good judge scores out of line at a session, there is the
possibility that he was confused, so we may ask him to rescore. If the
rescoring falls in line with the panel, we use that and throw out the
original scores. We then call him in and discuss the two sets of scores
with him. This helps him avoid a similar mistake in the future. Some-
times we have the panel member rescore more than once a particular
factor of a sample on which his scores deviate from the average. If his
scores are consistent in their deviation, we include his score in the panel.

QuestioN: Do you ever find that some panel member or group of panel
members tends to develop unconsciously certain attitudes or “fixes”
toward one characteristic or another?

L. C. CarrwricaT: Well, I don’t believe we have isolated that as a
cause for a trend in deviation. It may have been one of the factors.
We find that we are apt to get a scattering of scores without reproduci-
bility when we don’t watch carefully the distribution of the quality of
samples.

There is always the problem that a particular sample may be scored
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lower with a group of samples of higher quality than it would be with a
group lower in quality than the sample in question.

QuesTioN: Do you explain the objectives of the study to your judges?

L. C. CarrwricHT: We generally make a point of familiarizing the
judges with the general problem and what we are going to do. That
builds up interest in the judges, which is essential to get the best results
from their judging.

Heren Moser: We had an interesting instance in which one man on
our panel continually indicated a metallic flavor in oil. He was the only
person to do so, and ordinarily one person’s response is not too important.
We recently analyzed the metal content of oil over a period of 6 years and
found that the samples varied greatly in their iron content. The samples
which this man had been judging were found to have a high iron content.
In the concentration studies which we have been running on copper and
iron, we find that these people vary greatly in their thresholds for the
recognition of iron. This one person could detect it at very low levels
of concentration.

ComMmeENT: We have found that taste factors from an individual’s eating
habits are carried over into the testing and often account for deviations
in results. It is usually difficult to change these habits of taste.

Commitiee Report

Checking performance of judges is necessary because even the best
judges will vary in the quality of their work. Checking should be frequent,
preferably every day.

A judge’s performance may be checked against himself for consistency
through use of (1) a coded control incorporated in each test set of samples,
(2) correlation coefficient between first and second tastings, (3) triangle
test, (4) identification of duplicates, both treated and untreated, which
are included in the test series, and (5) analysis of variance.

Performance of the judge may be compared with that of the group by
measuring his deviation from the group mean on test samples.

Following are some practices used in regard to eliminating judges and
judges’ scores:

(1) A judge’s scores for the day are eliminated when he misses the
standard control by more than 5 percent.

(2) If a judge deviates by more than 20 percent from the panel
average on a test sample, he is either asked to retest the whole
series for the day or his day’s scores are eliminated.

(8) Scores are not eliminated except on the basis of an accumulative
record of at least 2 months which justifies his permanent elimina-
tion from the panel.

(4) Judges are eliminated in identification of duplicate samples if
they identify fewer than three out of four samples.

Further investigations are needed to determine criteria on which to base
elimination of judges.

Commirree: Claude H. Hills, Jessie C. Lamb, Bernadine Meyer,
Chairman.
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‘Preparation of dehiﬁles; :
Discussion

Grapys H. VaiL: We tested sausage with different seasomngs for flavor
changes during storage. We encountered differences in texture as well
as in seasonings. In order to get uniform samples the sausage was cut
into l-inch slices, heated 30 minutes at 400° K., cooled for 15 minutes,
and then a 100-gm. sample with the addition of 75 ml. of water was
blended for 3 minutes in the Waring blendor. After blending, the sausage
was placed over boiling water for 15 minutes to get a good blending of
the seasoning with the meat. It was found that the flavor dropped
faster than the aroma during storage. Ox1dat10n was also measured and
found to be increased by storage.

Mary L. GreENxwoon: One of the prob}ems in our potato testing was
to maintain the texture in the samples as nearly like the original as
possible. We tried various methods, including quartering the tubers
lengthwise, putting them together again, wrapping in aluminum: foil,
and baking. The foil was first punctured to allow for the escape of steam
and to prevent sogginess. When the potato was removed from the foil,
the samples were scattered among the judges so that each got no more
than one cube from a given quarter of a potato. This method seemed to
give the most reproducible results.

MiLprEDp BoGas: We have had difficulty in scormg peas because when
the flavor goes off, so does color and texture. We can puree the peas
and add vegetable dye or set samples under special lights to mask color
differences, but even the Waring blendor will not eliminate differences
in texture. We are at present comparing the scores that we get for the
whole peas, for the cooking liquor that is drained off the peas, and for a
supernatant prepared by blending the peas in the Waring blendor and
centrifuging. As you see from the results in exhibit 12, we are getting -
similar scores when the peas, the liquor, or the supernatant are judged,
and we are most encouraged. Actually all data on this project so far
indicate that either differences between samples are larger or error smaller
with supernatants than either of the other forms. We feel, however,
that we must check this with all the off-flavors of peas that we know about,
before we can accept this form of peas for routine tests.

EXHIBIT 12. SCORES FOR FROZEN PEAS SCORED IN THREE FORMS
(4 replications — 10- judges per replication)

Average off-flavor scores
P q ﬁLeast
orm ifference at

Delay | Delay-3 hrs. at
No delay 4 hrs. 90° F. plus 1-percent level

at 90° F. | 6 hrs. at 80° F.
Whole peas___._____.________ 5.0 3.6 2.6 0.6
Supernatante___________.___ 5.0 3.6 24 3
Cooking liquor..___________ 5.0 3.2 2.7 . .6

® Supernatant obtained by blending cooked peas and their liquor in a Waring
blendor, centrifuging, and pouring off liquor.
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In another study in progress now we are trying to determine whether
the kind of off-flavor that develops under three treatments with frozen
peas are alike or different. The treatments are delay between vining and
blanching, high temperature (4+10° F.) storage of adequately blanched
undelayed peas, and underblanching followed by —10° F. storage. We
find it very difficult to identify different kinds of off-flavor in a product
like peas which have a fairly pronounced natural flavor, but we are
working on this phase of the job.

In still another study on frozen peas we are trying to develop a reference
standard for routine taste tests that does not change in flavor during
about 1 year of storage. For this purpose we store peas handled under
optimum conditions at —70°, —30°, and —10° ¥., and compare these at
- various storage periods. We also compare the —70° and —30° samples
stored 1 year with freshly harvested material of similar history. The
—10° peas are definitely not suitable for reference material, but both
—30° and —70° look promising. We of course need to develop reference
standards for many commodities but this is a start.

Heren J. Purinton: I mentioned yesterday our work with frozen
strawberries. The purpose of the work was to evaluate new varieties
along with standard varieties grown in our region and to evaluate their
adaptability to preservation by freezing. The flavor of the frozen berry
after storage and the effect on flavor of different methods of preparation
of the frozen sample were both evaluated in the palatability tests. We
used dry sugar, sirups of varying sweetness, and sliced berries as well as
whole berries in preparing the samples. We wanted the berries judged for
flavor alone and ran into discrimination among the judges against the
sliced berries and the unsweetened samples. So we blended them in the
Waring blendor, added given amounts of sugar or sirup, and scored them
in pureed form. The same panel of judges could not perceive any differ-
ence in the blended samples between the flavor of berries sweetened before
freezing and those to which sugar had been added just before blending.
We therefore decided that the first results, in which the judges gave low
scores to unsweetened frozen berries, were not valid.

Graduate horticulture students are given preliminary training before
going around the country on panel judging teams. First, they are put
through the primary taste tests described this morning. Then, supposing
we are judging apples, they will test some standard varieties, with open
discussions on the characteristics and method of evaluating. The students
will then get some practice judging perhaps a new variety or a variety
which is being studied for adaptation to our climate. We usually offer
four samples, with a standard reference sample, perhaps a fresh McIntosh.
They will judge the variety of apple as fresh, in baked form, as applesauce
in canned and in frozen form, evaluating for flavor and color. We con-
sider a variety good for our particular region when the judges evaluate
it as acceptable in these four different forms. Needed research is indicated
through this judging work when some characteristic of an apple is not
pleasant to the judges.

MiLpreED Bogas: We are all confronted with this problem of varieties.
We don’t know the answer.

Ernest C. Crocker: The season affects the characteristics, too. Bald-
win apples are not very good in the fall but are tops about December or
January. Other varieties, like the Winesap, are used all winter. Now
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are these to be judged several times during the season so as to get the

fall-off in quality or are they to be judged just once?

Frances O. Van Duyne: We found that a judge would consistently
rate a particular variety high and then as the flavor of that variety went
down during the season, her scores went down. Another judge would
rate another variety higher. We didn’t know anything to do except to
average all the scores and hope that that represented the people’s prefer-
ences. We didn’t feel that we could seleet one variety and say that the
flavor was superior. T '

Mary L. GreEnwoop: How did you take care of the changes in the
apples as the judging proceeded? S - o

Frances O. Van Duyne: We tried to select representative éamples
with comparable stages of maturity and we offered the judges more than
one slice. - i D

QumstioN: Were the slices taken from just one apple?
Frances O. Van Duyne: No. We used parts of different apples.

CommeNnT: We try to limit the kind of information we want from the
judges by asking them to score for only one characteristic.

A. Kramer: I can’t say much about apples, but with some vegetables
we find that we can group varieties and treat them as a group. With
snap beans we find that we can group them roughly into three classes.
The same thing can be done with peas. The early varieties, the inter-
mediate, and the later peas can be treated as three different units.

CommenT: We find that with limas, too. The Henderson type and the
Fordhook type can be considered as two separate groups. The two groups
cannot be compared. o o ' o

Commiff’eé' Report
Reproducibility of cooking and serving procedures

- Different products present specific sampling problems. In testing
meats, it is recommended that sides of animals be matched. Light and
dark meat of poultry should be judged separately. Similar cooking time
and temperature and the same kinds and amounts of added ingredients
must be used for samples which are to be compared. Apples for judging
should come from the same tree. Spice tests are most accurate with
plain white sauces. :

Similar containers should be used for serving each time. These should
be plain and of material which does not affect the flavor of the food prod-
uct. - ]

Size of sample

Several factors affect the size of samples. Smaller samples of strong-
flavored foods can be used as compared with bland-flavored products.
Kale, for example, fatigues the sense of taste when samples are too large
or too numerous. The total amount of material available for testing and
the number of replications sometimes limits sample size; for example,
there may be only a small quantity of canned chicken of a specific pack.
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The amount in one unit which must be tested by all members of the
panel frequently determines the size of the sample. To illustrate, a
potato tuber may be quartered, and each quarter cut into thin sample
slices which are fitted back into place before wrapping in aluminum foil,
puncturing the foil, and baking. Samples should be large enough for
adequate tasting but not so large that they overstimulate the taste buds.

Temperature of food

All samples of one food should be tested at the same temperature.
Most foods should be tested at the temperatures at which they are
normally served. There are some exceptions to this rule, mainly for
foods that are ordinarily eaten very hot or very cold. Room temperature
is satisfactory for many products. Flavor differences in frozen straw-
berries are more apparent when they are completely thawed. For that
reason, although the berries might normally be served before they are
completely thawed, analytical rating of flavor should be carried out with
thawed fruit.

Color differences

When flavor is being rated, it is desirable to eliminate the factor of
color differences in the samples. This may be accomplished by using
special lights, dyeing, or by having judges trained to taste without looking
directly at the sample. The successful use of sodium vapor lamps was
reported ; they mask approximately 50 percent of the color.

Sampling problems which need further study

Further studies are needed in regard to size of sample, method of
selection, and physical and chemical techniques to assist in achieving
uniformity. The techniques must be developed for each product and in
terms of the questions to be answered. Methods of correlating results
need to be developed in order to set up general principles of sampling.

Problems are especially acute in the sampling of fresh, canned, and
frozen foods. Blending into one mass can be used to obtain uniformity
of sample when testing for flavor without considering texture and color.
Grinding or blending has been successfully used for testing flavor of
strawberries and sausage and rancidity in chicken and peas. In tasting
the peas, the supernatant fluid from the blended, centrifuged peas, as
well as the cooking liquor, was used for the sample. Potato samples
have been prepared by using six to eight tubers as a representative
sample and cutting the potatoes in quarters or eighths as described above.

It is difficult to maintain standard reference samples even in frozen
storage. A temperature as low as —70° C. may achieve better results
than higher temperatures.

CommITTEE: Verz Goddard, Georgia Schlosser, Frances Van Duyne,
Pauline Paul, Chairman.

Conditions of Judging and Judging Room

Discussion

L. C. CARTWRIGHT: It is most important, of course, that all samples be
coded and that they be similar in appearance, size, and color when they
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are being evaluated for flavor or odor.. They should be served in similar
containers of the type in which the food is ordinarily served. Panel
members should be trained to taste a similar amount of each sample. We
do not specify a definite amount for all panel members. We believe that
different panel members will use different amounts of the same food to
get accurate evaluations. The panel member should be permitted to
decide what amount he needs in order to evaluate the food. :
The temperature of the food sample should be close to that at which the
food is normally served. It is desirable, however, to avoid extremes of
hot and cold. We believe that coffee and soup, for example, should not
be tasted when very hot because accurate distinctions between flavor and
odor are more difficult when the product-is tasted quite hot. We have
compared scores of such samples tasted hot and at a lower temperature
and find that there is a difference in the scoring. - o '
In preparing samples, we use either home or commercial preparation,
depending upon the problem. We blend and puree many foods in order to
eliminate the factors of color and appearance when evaluating odor,
flavor, and aftertaste. We have found it helpful to train panel members
to look at the samples only enough to see what they are doing but not to
look directly at them while they are tasting. This helps to eliminate the
factor of appearance. We have also used colored lights, masking; etc.
In evaluating spices, we prepare a food with a smooth profile — according
to the Cairncross and Sjostrom system of flavor profiles (Food Technol.
4:309.  Aug. 1950) — for comparing with the same food in which the
spice to be tested stands out in the profile. We have used suceessfully
plain white sauces for testing spice flavors. : ,

Mirprep Boaas: We have used sodium vapor lamps with such success
that we are installing them in our booths. They are inexpensive and
effective with about 50 percent of the items we test. - This procedure was
initiated by Dr. C. C. Nimms of our laboratory. o

L. C. CarrwricHT: In evaluating flavor, we caution our judges against
too frequent tasting of the standard control. Often, an experienced panel
member may find it unnecessary to taste the standard control at each
session. o : e ‘

- In connection with judging room conditions, we think that some
investigators have placed too much emphasis' on some factors there.
We feel that the room should be comfortable without distracting noise
or odors. Our panel members do not score in the presence of each other,
except during training periods. It seems unnecessary to refine one phase
of the experiment (such as judging room conditions) too far beyond what
the maximum obtainable accuracy due to other factors will justify.

MiLpreEDp Bogas: I will describe an experiment we carried out on sulfite
testing. During the war, we were scoring dehydrated foods, many of
which have sulfite in them. The experimental errors were large, which
we believed was due to carry-over of the sulfite flavor from foods contain-
ing it to foods which did not have it. This seemed to happen when a food
with sulfite in it was tasted just before one without it. We also thought
that after tasting one sulfite, the acuity was dulled for the next sulfite. -

In order to test these theories, we set up a test using mashed potatoes
to which sodium bisulfite solution was added after cooking but before
mashing. We tasted at one session a control and two sulfites of the same
concentration and at another period two controls and one sulfited sample.
We set up different concentrations — using 12, 25, 50, and 100 parts per
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million — but only one concentration was tasted on one day. We had
our judges taste a labeled unsulfited control, then the first unknown, then
the labeled control again, and the second unknown, and so on. Judges
rested 14 minute between unknowns. They were not permitted to retaste
any sample and, of course, scored the samples in the preseribed order.

The results of this study showed that under the conditions of the experi-
ment sulfite flavor was not carried over from a sample containing sulfite
to one that did not, but one sulfited sample dulled acuity of the taster
for a second sulfited sample of the same concentration (exhibit 13). The
second sulfited sample with 100 p. p. m. tasted about like the first sample
with 25 p. p. m.

EXHIBIT 13. INFLUENCE OF THE FIRST SULFITED SAMPLE TASTED ON
SCORE FOR THE SECOND SULFITED SAMPLE TASTED — MASHED POTATOES

(The 2 sulfited samples of one test contain the same amount of SO3)

Average score*
Concentra- Least
Test No. tion of difference
" sulfite First Second at l-percent
© (p. p. m.) No sulfite sulfited sulfited level
sample sample
Lo 12 6.9 5.7 6.2 0.8
2 - 25 6.8 4.4 6.1 .8
SO 50 6.8 3.6 5.5 5
4 . 100 7.0 2.8 4.9 .6
First Second Sulfited
control control sample
5 50 6.7 | 6.8 3.7 4
s S 100 7.0 6.6 2.8 8

a Score 7 = no sulfite flavor; score 1 = much sulfite flavor.

I believe that effects like this enter into all of our tasting work, but
that the effect is accentuated with sulfite and no doubt certain other
substances.

HerLen Moser: I would like to show the plans of our judging room as
they illustrate what can be done on a small scale. The only room availa-
ble was an.inside storage room 11 by 16 feet, so we planned the room to
meet our needs. There are no outside windows and so we put in an air-
conditioning system which maintains a temperature of 78° F. and 40-per-
cent humidity. The panel member comes in from the corridor and sits
down in one of the four booths. A dual light system indicates his presence
and the samples are then offered from the preparation area through a
sliding door at the back of the booth. There is no contact between the
person in the preparation area and the panel member. The room is odor
free. . (Slide shown of judging booths and preparation area.)

The samples of oil have been warmed on the hot plate which is arranged
to. heat samples to the same temperature each time. The panel member
tastes the sample and leaves through the office area where he sees what he
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has tasted and compares his results with those of the others. This oppor-
tunity for comparing his scores helps to maintain mterest in the judging.
We also brlbe the judges with cookies at thls perlod

Committee Rep'orf

The following points appear to be agreed upon and important:
(1) Samples should be coded.

(2) Judges should not judge in the presence of each other for example,r ,
" they should judge at different times or in individual booths.

(3) Judges should have no contact with preparation of samples.

(4) Conditions of serving should be near normal or neutral w1th
respect to temperature of sample, utensils, seasonings.

A desirable time for judging is before meals; around 11:00 a. m. is
frequently used. The number of samples tested at a session and the time
interval between sessions depends upon 1ntens1ty of odor and flavor and -
the experience of the judges. :

The character of the sample determmes whether a mouth rinse is used
and the type of rinse desirable. The investigator should watch for dulling
of acuity of judges when testing several samples of certain types, for
example, sulfite flavor.

Two points of view were represented on conditions of judging room:

(1) Rigid control of such conditions as temperature, humidity, hght :

color, and odor, '

(2) Less emphasis on rigid control on the assumption that conditions
of the judging room introduce less Vamablhty than other condl—
tions not so well defined.

Avrea for further research

Information is needed on the relative premsmn of Judgment under
rigidly controlled conditions and under controlled but less rigid condltmns
as a guide to laboratories where circumstances prevent rigid control.

 Commrrter: Barbara MecLaren, Grace Schopmeyer, Alice Briant,
Chairman. ,

SUmmafy of Factors Determining Accuracy of Tests
Discussion

Ernest C. CrockER: The sense of smell brought me into food work in
the first place. -I was a chemist inferested in organic chemical odors.
Odors impressed me then, and still do. As I approach food today, the
odor is what speaks first and seems most important. Odor is the most
characteristic thing — not color, not taste, but odor. ,
In making a detailed examination, you first bring the food to the nose
for odor. You can get a little bit of taste sometimes with a produect like
oil of cinnamon or oil of anise because you breathe in enough so that it
dissolves in the saliva and you can taste the sweetness, but what you get
from your nose is nearly all pure odor. '
- When a product is placed on the tongue, it is first tasted ‘then later
odor registers, for which you usually make allowance havmg smelled 1t
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before the tasting. Then there are factors of feeling, examples of which
are astringency and the metallic tastes, which are very important, in
addition to coolness, warmth, etc. About 10 to 15 seconds or a minute
later, you will note the aftertaste, which determines whether you will
ever bother to taste that article again. An unpleasant aftertaste — as
when rancidity shows up — will prejudice you against the food.

Odor is useful for identification. To those who are odor-conscious,
identification by odor is far more important than it is by any of the other
senses. There is so much to odor. There are hundreds of thousands of
different shades of odor and one can determine with a great deal of pre-
cision what the chemical is and the amount, in many compounds. Then
there is the appraisal of quality. The odor tells you what condition the
product is in; it gives a pretty good idea of bacteriological action and
what thermal abuse the food has been put through. Odor tells you also
whether or not you are going to like the food.

Some people believe that appearance is the first consideration in
vegetables. I would go back farther to another factor — and say that
toughness is the first consideration, for without that, the product will not
stand shipping and will likely never get into your home at all. Suppose it
is tough enough to stand shipment and looks well enough to entice people
into buying it — then there is the question of whether or not they will
eat it.

Have you ever been in a grocery store when they cut open a nice
Hubbard squash that scents the whole store? Well, of course, you are
going to go over and buy some of that squash, that is if your nose is
activated. You'll take it home and enjoy eating it. There is another
squash that is cut up, but it smells as flat and dead as can be — you just
let them keep that one.

You can become odor conscious by training — it only requires a simple
little operation known as the sniff. You sniff the odor to the smelling
area in the nose. Normally, the air currents go through various channels
and fail to reach an appreciable part of the smelling area, so that you are
not commonly aware of what odors there are in the air around you.

How many in this group here were aware that one of the waitresses at
the dinner last evening was heavily scented with perfume? And what
perfume was it? I doubt if more than three or four noted it and if more
than two or three could tell what kind it was. Two of us sitting side by
side spotted it instantly and recognized the kind of perfume. To develop
odor consciousness like that, you’'ve got to be forever taking little sniffs,
which lift the air into the smelling area of the nose. It calls for effort at
first, but after a little while, you don’t notice that you are doing it and
a whole new world opens to you. Some people say that they are not much
interested in a dog’s world or life, but you can get a great deal more out
of it than you might think. It really is worth cultivating!

You ean become nose-conscious and nose-directed, and it is a great aid.
In our work in our flavor laboratories, we insist on odor training of all the
people. We don’t put them all through odor classification in testing
measurements and all that sort of thing, but we do make them conscious
that there is such a thing as odor and teach them to smell first. We devote
fully half of the flavor panel session to smelling. Of course, with roasted
coffee or coffee beverage, the odor is the primary thing. With produects
that require only odor evaluation you can handle as many as a dozen or
two samples at one time. You are not limited to six or eight as you are
in tasting. You can test a great many samples without fatigue. Also,
you are not loading yourself with food.
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The elements of odor, like those of taste, need not all be pleasant.
Every characteristic odor has pleasant notes, and in some instances,
“unpleasant ones. - There are often little kick notes that are quite unpleas-
ant. - For instance, in freshly roasted coffee, there is a skunky note that
‘belongs there. This skunky note is a desirable thing, but skunky smell
in beer is most undesirable. This skunky odor compares with bitterness
or sourness in taste, which may be desirable in small amounts to do exactly
what’s needed to complete a flavor. "Likewise, very disagreeable odor
sensations are sometimes needed to round out the total effect.

The “flavor profile” is an aid for describing flavor. Using the hand to
illustrate, one can say that the components that have been blended so
that nothing sticks out are represented by the palm of the hand and all
the notes that stick out beyond that are represented by the fingers. - You
may have a produet that is highly seasoned so that several ‘“fingers”
stick out. Perhaps you want to make these points less conspicuous. - You
can get it so by putting in more ingredients: or bring up the general
average so that the fingers are less prominent. -You generally want a
few characteristic notes to stand out in any final flavor, but you also
want a great body of blend with all notes fairly well submerged. - It is
difficult to discover the individual compenents in a product that.is
- beautifully blended. On the other hand, a product with “fingers” of
flavor sticking out can be analyzed easily.

In our laboratory testing, we do not use elaborate gadgets. Our primary -
considerations are comfortable seating and a homelike atmosphere for the
panel judges. You sit down at the table with two or three others and
make-believe you are enjoying yourself — in fact, ‘you are for a while.
You are served a helping of food and given a piece of paper and a pencil.
You start by smelling the food. Of course you wouldn’t do that at home,
or at any rate be caught doing it! After smelling the food, you taste it,
and of course you later experience the aftertaste While the food is stlll
there, you discuss it.

With a new product, you start with 3 or 4 people and work out some
terms of evaluation, on the basis of the characteristics that are of greatest
importance — astringency; bitterness, or “others as the case may be:
Later a panel of 6, 8, or 10 will evaluate the product on a numerical scale.
Thus, the first examinations of the product are really like a survey party
sent out to discover what work is needed to be accomplished. The addi-
tional personnel of the expanded panel then follows the path laid out by
the survey party. This method works well with organic chemicals as
well as with food, and enables one to swing quickly from one product to
another.

To get back to odor, there are the terms “whiffing” and “sniffing.”
When a product has a strong odor, you hold it a little distance from you
and fan the odor toward you — that is whiffing. If you draw it into the
smelling area of the nose, that is sniffing.. There is an optimum quantity
that you need for a sniff. Your nose will take only a certain amount.
If the odor is weak, you may strain to smell it and still the result will be
unsatisfactory. It is most satisfactory to have plenty of od01 and to
help yourself to just as much as you need. - .

Another chemist and I worked out an odor class1ﬁca,t10n system some
23 years ago which divided odors into four components: Fragrance,
acidity, burntness, and caprylicness.  Fragrance is the sweetness of
flowers, spices, honey, etc.—for example, extreme pleasantness and
sweetness.. We called this component F.. Acidity we called- A and
exemplified it by the sharpness of vinegar, cheese, and in some cases, of
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rancid butter. It does not depend upon the hydrogen ion, although many
. volatile acids are able to stimulate it to a high degree. Alkalies, however,
and foods independent of chemical acidity can also possess a high acidity
odor. Then B'is burntness. The Greeks used that expression 2,300 years
ago. They called it “the odor of burning flesh.” The term ‘“caprylic,”
one which we introduced, means “goaty.” The odor of a wet dog is
the smell we mean — that is perhaps better understood than the smell of
a goat.

These four components — fragrant, acid, burnt, and caprylic — can be
recognized in all odors. Fragrance is pleasant to human beings, acidity
is usually pleasant in fair amounts, burntness only moderately pleasant
in fair amounts, and caprylicness hardly pleasant at all. Caprylic is the
characteristic smelled in rancidity, perspiration, and gasoline. In general,
we close our noses to it because we find it unacceptable. However,
without a little caprylicness in every odor, it is flat. You might call this
component the seasoning in all odors. There are instances where we
want it in high amounts. An example is limburger cheese, which if
liked, is liked strong. We accept it in some instances where we know it
is safe, but in general a caprylic note means bacteria at work, and we are
alerted by it. When we know we can relax and enjoy it, we can get some-
thing pleasant out of even caprylicness. With human beings the general
factor of pleasantness goes about like F, A, B, and C. With dogs, it is
probably just exactly the opposite.

We discovered that each odor contains some of each of these four
components and we set up a system of evaluating each odor on an 8-point
scale. Thus, an odor number can be reached for any odor, which will
completely describe it. Using whole numbers, you have 8 X 8 X 8 X 8,
which amounts to nearly 4,000 different numbers. Professional perfumers
were able to break down each number into three parts. This brings the
total number of odors up to around 400,000. (Mathematics is wonderful
— you really can do things with figures!) To give an example, acetic
acid is about 3 degrees of fragrance, of a possible 8; it is all 8 in sourness,
about 1 degree of burntness, and about 3 or 4 degrees in caprylic. When
you say 3813, you completely describe the odor of acetic acid. That
amounts to a simple description of odor, whether or not it is entirely
accurate, gets down to a physiological fact, or is just an assumption.
Unless so simplified, odor description is almost hopeless. '

You can create and change odors by adding 5 to this one, 1 to that one,
ete. but remember that the 1 to 8 scale is a power series. No. 1 in intensity
is one unit and when you go up a step, it is about threefold in intensity,
and at 3 becomes 9, at 4, 27, and you see it goes up about 1,000 to 1 in 8
steps. You can’t add logarithms so you ean’t just make additions or
averages. On the other hand, you can figure what will happen when you
do make additions, but have to keep in mind that you are dealing with
logarithmic quantities. As nearly as we can estimate, the difference
from 7 to 8 or 4 to 5 is about 3 to 1 for the standards we have adopted.
We reserved the digit 9 for some synthetic chemist who may make a
product outside the range of accepted standards. I am sure that 9 fits
the caprylic and also burntness of mercaptans. This is a rapid word
picture of the evaluation of odors.

Then there is the question of diluting-out odors. There are many
complications here, including the logarithmic scale, as with light and
sound intensities. An essential oil may be of a 100-percent concentration,
or 10, 1, 1/10, or 1/1000 percent. What happens when you try to dilute
it with something else? Let’s take the example of oil of wintergreen being
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diluted with an inodorous inert oil. It happens that the odor concentra-
tion stays about the same on dilution up to a certain point and then begins
to fall off. It makes a straight line on a logarithmic scale and at about
10,000 to 1 further dilution disappears. In other words, there is a range

~ of concentrations where there is more odor than you need for a smell, so
that you help yourself to as much as you need, but after a certain point,
there is weakening and you have to pull for it, and finally it disappears. =
Let me close by suggesting that you consciously study odors for a while
and learn the art of sniffing. It will increase your life’s interests. )

L. D. Jonms: As already pointed out by Dr. Greenwood and others at
this conference, there are frequently sources of variation other than

in the techniques of evaluation of the food products. The information

~that I will present is the summary of some work done by horticulturists,
statisticians, and entomologists at the North Carolina Agricultural Ex-
periment Station on the influences of a number of insecticide treatments
on the flavor of peaches. - ) -

We used six different spray treatments. Some of the spray materials
were known to impart definite off-flavors; others were suspected of doing
so. Our standard of comparison was lead arsenate. The trees in plots -
separated by double guard rows were sprayed with. the insecticide to be
tested. At harvesttime, fruit was selected for uniformity of maturity,
and again in the laboratory at the time of preparation for taste testing.

It was assumed that one person could not effectively taste more than =

five samples at one time, so the experiments were set up to taste fruit
from only five treatments at a time. Each treatment was tasted by 20
- different people in each test. The sample submitted to a judge from a

given treatment was made up of small cubes from each of 10 different -
 fruits, the material having been peeled and cut immediately before testing.

Every judge was given a tray with a coded sample cup from each of five

treatments.. The order of tasting was specified; in some cases this was

determined at random, in others it was controlled so that the effects of

order of tasting could be measured. No selection of tasters was exercised

and no training was given them. e .

Although significant differences were observed between treatments,
the comparative acceptability of the fruit varied greatly between treat-
ments, depending upon the date of harvest. (Slides shown.) For example,
for fruit harvested July 22, 1948, that sprayed with chlordane was found
to be significantly better than that sprayed with lead arsenate, the check
treatment. However, for the fruit harvested July 27, 1948, the chlordane-
sprayed material was significantly poorer than the lead arsenate-sprayed
fruit. Similar reversals in the order of treatment means possessing sig-
nificant or nearly significant differences at the 0.05 probability level were
observed in 1949 studies. ) o '

We have no explanation for the curious behavior of the treatment
means which have been presented for the fruit harvested at the two
different dates for a given season. However, it is believed that there
should be a realization that this treatment-by-test interaction may be,
at times, very large. Such interaction indicates that the process of
refining techniques for discrimination between treatments is relatively
inefficient in reducing the real source of variation in cases where con--
siderable variability between similar materials at different dates exists.

QUESTION 'Whaij were you scoring, characteristic fruit flavor or presence
of the insecticide flavor? S
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I. D. JonEs: We were scoring on the basis of good or bad flavor. We
designated the order of tasting but found in this particular study that
the order was not important in the detection of off-flavors.

Grace Bennerr: We do cooperative research at Penn State with
members of the agricultural experiment station. We are working with
storage problems of frozen foods. I will present a problem we have in our
work with ground beef. We judge our samples, put them in storage after
different treatments, and then judge them every 3 months for a period
of a year. We are using some of our cooperators as judges because of
the difficulty of making up a panel. They are interested in different
agpects of the problem — some are chemists, others are bacteriologists.

We use a rather large amount of meat each time we test. We judge
our samples in two groups of six each, with a 20-minute break between
the two periods. We judge at 11 a. m. since this is a convenient time
for the judges. We train our panels for a week before they start judging,
although we feel that this length of time is inadequate. We have the
problem Miss Kirkpatrick mentioned, that our material is changing.

Probably our judges know too much about our samples, because while
we are tasting them in Home Economics, they are running free fatty
acids and peroxides on them in Biochemistry and counting the bacteria
in them in Bacteriology. But that hasn’t prevented a very interesting
happening. As we were getting well into a year’s testing, we began to
discover that our judges were finding no differences between samples
from the different storage periods. They could find differences between
samples treated differently in each storage period but not differences
from one storage period to the next.

The problem appeared to be that our judges had no standard against
which to score. A partial solution was reached in using one of the treat-
ments as a standard. However, this method presents a problem when the
maiterial is changing with increased storage. If the judges fail to grade
down the standard sample from storage period to storage period, they do
not have a proper reference sample against which to score. Our problem
is & source of a standard reference sample for the judges.

Cravpe H. Hriirs: We have had a similar experience in scoring for
flavor apple juice which has been stored at different temperatures. The
first year we used no standard. We just compared the different treat-
ments and were not satisfied with the results. The next year we compared
frozen samples. They can be kept for 2 or 3 years. I would suggest that
you freeze your meat samples unless you are trying to compare the effect
of frozen storage.

Grack BennETT: We are comparing the effects of frozen storage so
that is not a solution.

Davip R. Pervam: Can you reduce the temperature quite low for
holding the sample?

Grace BenNETT: We have a mechanical difficulty there.

CommeNT: We tried to hold a standard sample of canned dried milk
relatively constant by storing it at —20° F. After being stored at that

temperature for 5 months, it changed so much that anyone could detect
the change.

CommeNnT: We got the same sort of thing with ice cream. We stored
it at —20° F. and it showed definite changes over a 2-month period. We
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have had dried milk stored at room terhperature up to 4 years without
that much deterioration. '

Mruprep Boaas: We always try to select uniform raw material, but
as you know, it is difficult to get uniform vegetable samples and there is
still Varlatlon in different parts of one unit. When flavor is the factor
under consideration, we usually chop, grind, puree, or do something to
make samples more nearly homogeneous:

We try to limit the number of quahty chalactenstlcs scored as much
as possible. In the first study with a given commodity and treatment we
usually score several characteristics because we do not know what is
important, but as soon as possible we limit this to one or two if we can.

I have previously referred to our work to develop one excellent quality
- reference standard. We want to work on others. We are beginning to
think that reference standards in the middle of the scoring range are more
useful in many studies than excellent quality ones. ]

Dr. Helen Hanson has given me permission to mention a problem she
encountered which illustrates an interesting point about judges. She
was scoring 10 samples in a balanced incomplete block, 4 at a time. She

"~ found that a medium-quality sample got a high score when judged with

“poor-quality samples and a low score with good samples. For example,
~ a sample with score 5 would be scored about 7 if all the other samples
that day were quite poor, and it would be scored about 3 if all the other
samples were very good. This tendency to score comparatlvely is very
important in selecting experimental plans. '

There is one more study I would like to mention here. Its purpose
was to determine the influence of two or four samples per taste session
on acuity and consistency of judges in scoring flavor of frozen corn. We
scored all four samples together and also each sample with each other
sample but only one pair per taste session. Our tentative conclusions
are that judges were no more acute or consistent with two than with four -
samples per session and that four- samples is the more efﬁment plan

~ (exhibit 14).

Magry L. GrReeNnwoob: I will say a few words regarding the number of
samples. Our judges don’t like to go above 8 samples with potatoes.
They preferred not more than 6 with kale. - They didn’t mind 16 samples
of blueberries, where they ranked groups of 4, without assigning scores.

MipreEDp Bogas: I would like to report a study on texture of peas. We
‘thought we could not score 24 samples in one taste session even though
we were scoring texture only — not flavor. However, we wanted com- .
parative scores for all 24 samples in order to correlate judges’ scores
with objective measurements of texture. We thought that judges scored
- comparatively the samples in front of them at one time so wanted to
minimize score variation due to samples scored in a given session.

We had the tenderometer readings as a rough guide to texture so took
advantage of this in our plan. We arranged the 24 samples in increasing
tenderometer order and scored 12 samples per session. On day one we
scored order 1-3-5-7, etc., to 23; on day two, 2-4-6-8, etc.; day three,

1-2-5-6, ete.; day four 3—4—7—8 ete.; day ﬁve, —4—5—8 ete. ; day six,
2—3—6—7 etc. Each of these sets was scored twice. Thus, approxima,tely
the same range of qualities was scored each day and each sample was
affected about equally by each other sample, without the large number
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BXHIBIT 14, INFLUENCE OF NUMBER OF SAMPLES PER TASTE SESSION IN

SCORING OF FROZEN CORN

A. Differences and errors

(6 replications — 8 judges)

Score difference

Standard error of difference

Tolding periods compared
: 2 samples 4 samples 2 samples 4 samples
per day per day per day per day

0-2days_...______._______ -0.1 0.0 0.10 0.18
0-3days._.._ o .6 .3 17 .24
0-4days__ ... .6 7 31 .20
2-3days ... . _______ 1 3 .06 .18
2-4 days - _______ .6 7 14 18
2-4days oo . 6 7 .14 .18
3-4days. . ______ 3 4 14 .14

Average of all pairs___ 4 4 15 .19

B. Significance level for above pairs with varying number of replications

Nl;lmber of | Number of | Number of times |Significance level for following pairs®
samples taste each sample is
per taste sessions scored by all
period required judges 02 (03|04 |2-3|2-4]|34

b, 6 3 *E
R 12 6 *® ook *k
P, 18 9 Hokk *okesk Kok
e 24 12 * ook *okk *k
Qe 30 15 * Hokk wak | dkkk
. J 36 18 * sk [ ok | ommk | ok
[ S 1 1
S 2 2 * ok sk
4. 3 3 #ok *okok *k
4 . 4 4 Hokok Kok Kk
4 o 5 5 * wak | % sk | sk
4 6 6 R B T BT

s * k% k% indicate significance at 0.05, 0.01, and 0.001 levels, respectively.

of sessions and material that would be required for a balanced incomplete
block. Replicate scores for a given sample were remarkably consistent

by this plan.

LyLe CALvIN: Where we have several tests, we should use for our error
.an interaction term composed of both failure of the judges to agree within
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each test, and failure of the mean scores on each test to be the same from
test to test. Commonly, only the first portion is used for error.  Dr.
Jones has previously indicated that he has encountered this disagreement
from test to test and that recognition of it should be made. If I might use
the blackboard I would like to illustrate what is happening. -

Dr. Jones gave an example of a test in which a particular treatment was
significantly better than the control; however, when a second test was
run a complete reversal of results was obtained, that is, this same treat-
ment was significantly worse than the control. Although this is some-
what extreme, we would expect many times to obtain results which vary
from test to test, making us somewhat uncertain as to exactly what we
do have. A proper measure of error must then include this interaction
of treatments from test to test. '

If we compare V> (the variance of the mean) in several different cases,
we can see more clearly the effect of the second portion of error. The
formula for V; in this case, is :

- Vw Vz
Va = — + -
7t 1
where V', is the error as determined from a single test, ¥, is the component
of variance due to treatment X test interaction, r is the number of
persons per test, and ¢ is the number of tests.  This assumes that we have
the same number of tasters in each test, although allowances can be made
if this isn’t true. , ,

On a series of tests conducted this past year on peaches we obtained

values for V, and V, as
Ve = 1135

, V.= .055
From the use of the formula, comparisons can be made when r and ¢
vary. For example,

r (number of persons) ¢t (number of tests) Vs
42 2 0.041
42 1 .083
42 1 *.027
8 3 065
8 1 197
1 *142

* The Vz which would be obtained if only one test were run. In this case no estimate
of V, is available and Vz would be determined as

w

z=—

ré
instead of the correct

This should give you some idea of how much difference is possible.
In some types of experiments V, = 0 and then the error within a single
test would be the correct one; however, we should realize that this is
probably not usually the case and hence we should be using the treatment
X test interaction.

QuestioN: Would you be willing to generalize when you would use
the interaction error and when you use the other?

Lyue CanviN: The interaction term should always be used if we have
more than one test. If we have only one test, then we are forced to.
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assume that our error for a single test is not too low, although this assump-
tion may be quite unrealistic. In this case we are getting apparently
significant results which may not actually exist.

QUESTION: Do we eliminate the day-to-day variation when we present
exactly the same four samples today, replicates of them tomorrow and
the next day, having four means for each sample?

Lyie Carnvin: You have taken out the day-to-day variation from the
variance of the mean, which is quite valid, but not the treatment X day
interaction.

ComMENT: That is the reason I was asking. We have been worrying
a lot but haven’t done anything about it yet.

GerTRUDE Cox: I might throw in a few comments which I think are
very vital to your whole research program. You have a variation in
different judges, and apparently you also have a great deal of variation
in that your judges perform slightly differently from day to day. For
any one day, your mean has in it that failure of the judges to perform
the same on different days and you do not have that variation in your
error term. When you are testing a mean and there are variations in-
cluded in that mean, those variations should also be in the error. We
have to be mighty careful in comparing means in deciding what kind of
variation is making this mean what it is or making two means different.
That variation must be in our error term. When you use a few judges
on at least 2 or 3 days, you have an error term made up of & combination
of the variation of the judges and the failure of those judges to perform
the same on different days. We have considerable evidence that this
type of variation is very pronounced in animal experimentation.

ComMmeNT: We deal with daily means. We usually have four replica-
tions and four means for each sample. We never enter the original raw
scores of all of the different judges. We thought it showed up in the

day-to-day fluctuations of the means. '

GerTRUDE Cox: You are taking the failure of these means to be the
same on successive days as the error term. That’s a perfectly good
estimate of error if you adjust everything to the basis of means.

Committee Report

Uniformity and quality of food

Several methods have been reported for achieving uniformity in food.
In judging flavor in peas and stored frozen strawberries, aroma in frozen
sausage, and rancidity in canned chicken, the Waring blendor has been
used. Blending produces a homogeneous mass which makes for uniformity
in the sample. Research is needed to determine the effect, if any, of
beating air into the food on the flavor. If a blended sample is used for
testing flavor, other samples are then necessary for judging other char-
acteristics such as texture.

Many foods in the natural state are not uniform; striking examples
are broceoli with its buds, stem, and leaves, and meats with their several
muscles in one eut. If one muscle only is cooked, the effect of cooking
on one muscle, versus that on cooking the retail cut, should be determined.
A possibility is cooking the retail cut and analyzing one muscle only.
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It is assumed that all laboratory controls posmble w111 be used: to obtam,
uniformity. -

The quality of the food used will depend upon-the- ob]ectlves of the
‘study. If the study is on the effect of storage on the quality of frozen or
dehydrated food, one would probably start with high quality so that any
decrease in quahty would be measurable.” In some types of studies one -
might well start with lower quality. For exampleé, if one wished to deter-
‘mine the effect of freezing and freezer storage on the tenderness of meat,
one would start with a less tender cut so that any tenderizing effect would
be noticeable, which it would not be if the original meat were already
tender. Perhaps in this instance one mlght need high quahty for a refer-
ence standard.

Number of samples and replications

The number of samples that can be evaluated satlsfactonly at 8 glven .
time is dependent largely upon:

(1) Characteristics or factors bemg judged. In judging odor and
texture, sensory fatigue does not set in so rapidly as it does in’
flavor judging. Therefore more samples can be judged at one
time for odor and texture than for flavor. As many as 20 samples
can be scored for color, 12 for texture, and perhaps only 4 or 5

for flavor.

(2) Intensity of flavor of food. If a food ‘has a bland ﬂa,vor for
"~ - example milk or bread, 5 to 10 samples may be ;udged satlsfaetor-
ily. If the food has a strong flavor such as spice, fewer samples,
perhaps 4 or 5. 7
(3) If the foods vary greatly in the charactenstms bemg Judged
more samples may be tested satisfactorily at one time than if
greater discrimination is required.

(4) Number of characteristics to be scored. If 6 factors are to be
scored perhaps 4 samples may be judged, but if only one factor
is to be scored perhaps 24 samples may be judged. Research is

- needed to determine whether-this is true.

" The number of sessions which may be sa,tlsfactorlly conducted in-a
given day is about four at the most, depending upon the nature of -the
test. Conditions which favor fatlgue will reduce the number of samples
that can be judged satisfactorily. :

Three replications are necessary on a Judgment basis, four are better
statistically. Three replicates provide too small a number of degrees of-
freedom. If results are marginal, more replications are necessary. If
the panel is small more replications may be necessary than if the panel is
large. Research is needed to determine whether this is true. The number
of replications necessary is determined somewhat by the purpose of the
study, tihe time alloted before results musf, be reported, and by the money-
a,valla,b e

Reference standards

-The importance of reference standards has been. mentioned -several
times. The use of more than one standard representing several levels
of quality has been suggested. Reference standards in the medium level-
rather than the highest level have also been suggested 80 that the Judge
is not a,lways seoring in one direction. -
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In long-term storage problems the difficulty of obtaining standard
samples of changing biological materials was pointed out. It was sug-
gested that a partial solution may be the use of one or more of the treat-
ments as reference standards. This method does not, however, permit
the panel to judge against an abstract standard but only provides a means
of comparing the several treatments.

Wax models may be developed which can serve satisfactorily as refer-
ence standards in judging color, shape, and size.

Mildred Boggs reported that samples seem to undergo little, if any,
change when they are stored in a well-insulated box with dry ice at
—70° C. The availability of good reference samples would do more
than anything else to improve the accuracy of palatability testing.

Amount of information given panel

All of the information that you can give the panel members should
be given so long as they cannot identify particular samples and do not
become prejudiced. This is for the purpose of gaining the interest of the
judge and to increase his ability to concentrate.

The judges should be told the reason for the study or what instigated
it. They should be told the need for the information sought. They should
be given the present status of information or a brief review of the liter-
ature. They should be told the plan of study, including its estimated
length, and given information on the objective tests, particularly those
that might be correlated with organoleptic tests for any characteristic.
The amount of detail given would depend upon (1) the backgrounds
of the judges, (2) the frequency of the tests, (3) the plan for continuing
training and reporting to judges where their scores stand in relation to
the group, and (4) the details of the administration of the tests.

Scheduling of samples

Milder flavors should be tasted first because stronger flavors are likely
to affect the judging of subsequent samples. If this is always done,
however, the judges may know it. Crocker suggests in his book, Flavor,
that each judge arrange his samples in the order of increasing odor and
then taste them in that order.

" The judges do better scoring if the samples are not too disagreeable.
Therefore if after 1 year’s storage the samples are very disagreeable it is
unwise to continue the storage study over a second year. You may lose
your judges! ,

Flavor memory is more persistent than odor memory.

The time interval between samples should be long enough to permit
the return of normal saliva flow, and also, as in the case of sulfite, to
permit overcoming of the dulling effect of sulfite flavor on the judges’
ability to detect differences. Research is needed on how long these time
intervals need to be for different kinds and amounts of food.

Odor, color, and texture should probably be judged before flavor.

CommITTEE: Grace Bennett, Ernest C. Crocker, Ivan D. Jones,
Mary E. Kirkpatrick, Inez Prudent, Faith Fenton, Chairman.

Correlation of Sensory Tests with Chemical and Physical Tests

Discussion

BerLe Lowe: Several people have asked me how I've kept out of the
argument so far and I have said that I was prepared to discuss one topic
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and that most of the time I would stick to that. A topic like this cannot
be covered adequately in a short period. As a beginning, I want to
mention gadgets briefly. As a nation, we like gadgets — I have been

guilty of inventing a few myself. We won’t talk about the water pressure
penetrometer used with jelly, and some of the other instruments. There
‘are a great many gages, most of them not good.. There are the colorim~
eters, electric currents used for various things, line spreads, height,
volume, peroxides, free fatty acids, and so on.

I brought along some slides to show some correlations between physical
tests and scores, between chemical tests and scores, and between histolog-
ical tests and scores.

The first slide shows three objective tests and one sub]ectlve test for

soft custard. The second column shows stiffness by ranking, the third is
the MacMichael viscosimeter, and the fourth is the penetrometer. The
first three tests were with fresh eggs 24 hours old, with three Haugh units,
a high, medium, and low. The fourth test was on aged eggs.

The second slide shows the Haugh units with the viscosimeter readings
for custards. This illustrates the fact that with stirring all the time, the
viscosity goes down.

The third slide shows measurements of pH of egg white, using three
fresh eggs with the different Haugh units. It illustrates the difference
between pH of custard mix before and after cooking.

We measure tensile strength in angel cake, sponge cake, bread rolls,
.and the like. The next slide shows an adaptatlon of an ordmary sca,le in
graph form. The sample was put between clamps and sliced in a miter
box to make it of uniform thickness, and of an hourglass shape. Now we
- gee scores and tensile strengths on angel cake. This cake was mixed ina
single batch, divided into four cakes, and baked at the same oven temper-
ature but with different baking times. As you overbake egg mixtures,
they tend to become tougher. The cakes baked a longer time showed
correspondingly less tenderness on both the scores and the tensile strength
readings.

Often our objective tests do not correlate with the scores of subjective
tests given by the panel. It takes a lot of common sense in addition to
statistical interpretations sometimes to find out the reasons. Very often
I think the panel is more accurate. There are other tests where the ob-
jective test is more accurate. We have an example of that in the next
slide, which shows results of some work we did this fall. We used right
and left cuts from the same animal. One was supposed to be cooked to
90° C. and the other to 70° interior temperature, but both were cooked to
90°. The panel evaluated both the same on tenderness scores. The
pressometer reading percentage, however, which measures the amount
of juice that can be pressed out in 5 minutes under 250 pounds pressure,
shows 28 percent for the right sample and 33 percent for the left sample.
That is a wide enough difference in percentage so that we knew there
must be some explanation for it.

We went back to the cooking and discovered that one sample was
cooked 140 minutes and the other 92. In cooking proteins, when you
reach the point where coagulation begins, there is an endothermic re-
action and sometimes the food will absorb heat and stay at the same
temperature for minutes, sometimes for hours, particularly if you are
using a very low temperature. In this case, the pressometer was more
accurate than the panel. Our panel has not been as good on the one
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factor of juiciness as it has been on the other palatability factors we have
scored. This is probably due to my not training them enough on it.

It is interesting to note that the pressometer test on the amount of
juiciness agrees with the cooking loss. The meat cooked a longer time
had a higher percentage of loss, which is to be expected. Since this loss
is largely moisture, you would expect the pressometer test to agree there.
The longer cooking time, in addition to volatilizing more of the liquid,
may have caused binding of water for the right sample to a greater degree
than for the left sample,

The next slide shows some of Inez Prudent’s and Dorothy Harrison’s
work, The chemical work was done on two animals, the palatability and
histological tests on four animals. The first slide is on animal 1. Column
1 is musele, p stands for the shortest measure of the tenderloin, { for the
longest; { r 1s the rib portion, [ [ is the loin portion, s { is the semitendinosus
muscle from the round, and s b is the semimembranosus. C stands for
the nitrogen collagen in percentage of the total nitrogen, e, the elastin
nitrogen in percentage of total nitrogen, ¢ is the tenderness score, shear,
and the histology column is the last.

We have had the idea for a long time that when a piece of meat has a
high collagen content, it is tougher. You will see that most of the way
through, the scores and collagen pretty well agree.

The histology column is just a reading from the observation of the
histological sample. When you use these very small samples, there is the
likelihood of very big errors because of lack of uniformity throughout the
meat.

There is one exception in agreement — the semitendinosus muscle
with a high collagen content; the scores and the shear do not agree. We
have had trouble with that musele for 20 years. I think we are getting
at it but we need to do a few more animals. The very high elastin content
in that semitendinosus muscle, which is higher than any of the others, is
reflected in the shear but not often in the score. We get similar results
with poultry.

The next slide shows Inez Prudent’s work. The muscles were aged
different lengths of time — 1, 2, 5, 10, 20, and 30 days. The solid upper
line shows average collagen content of the muscle in proportion of nitro-
gen and the lower line shows the elastin. The dots show the variation.
Notice that there is no increase in collagen — it was not significant during
30 days of ripening. Animal husbandrymen have told me that the collagen
content changes with ripening of meat, but this shows that we have to
look for physical instead of chemical change. Notice that, of the different
muscles, the semitendinosus is the one very high in elastin — the other
four are not very high.

The next slide shows the first score card of animal 1, a good grade of
steer beef animal, about 18 months of age. Animal 4 is an 8-year-old
dairy cow. Again, we get about the same correlation, the semitendinosus
again giving the “off”’ correlation between scores and shear and histology.
Notice again that the collagen and elastin will go up for the older animal
and not so much in the younger animal.

The next slide shows the graph. You will note that elastin content is
less in the old dairy cow than in the 18-month animal, particularly for
some of the muscles. The collagen content is much higher in the older
animal.

The slide you're now seeing shows some tenderness scores and shear with
poultry. The birds were aged for different periods of time and roasted
because we could control the temperature easier with that method of
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cooking. The birds in the first row were in the oven 10 minutes after
killing, then 30 minutes, an hour and so on up to 5 days. There were five
birds in each group.

In judging tenderness, we counted the number of chews required to
masticate a certain size sample. We took into account the amount of
chewing surface of each person and the strength of the jaw muscles by
establishing end points for changing the score. The end points vary with
different kinds of samples. We find that with this method we get close
correlation between the panels and the shear apparatus.

(Histological slides were shown and Miss Lowe stated that turbulence,
waves, and longitudinal striation are all well correlated with toughness.)

There is a variation in the rapidity with which the changes come about
in aging (and tenderizing) animals. Broilers tenderize more rapidly than
fryers and roasters are slower than fryers. The old cow doesn’t tenderize
as rapidly as the roasters or the younger beef animal. There is also a
variation from muscle to muscle. The white meat in poultry tenderizes
more rapidly than the dark meat. There is also variation in individual
animals. Another thing we discovered is that broiler white meat will
tenderize nearly as much in 3 hours after it is killed as it is ever going to
tenderize. The dark meat of a broiler will get fairly tender in 18 hours —
enough to rate an 8 score on a 10-point scale. It takes the roasters about
twice that time. We have found that aging poultry for 1 hour is equivalent
to 1 day in beef. Although there are individual variations, with 5 to 10
birds the averages come out about the same each time.

A. Kramer: The report I am going to make is based on work that was
started at the National Canner’s Association around 1940 and continued
later at the University of Maryland. The purpose was to replace the
panel with objective tests. We hoped through objective tests to improve
on precision, since results can be repeated better. We were using groups
of canners as judges. They were accustomed to evaluating quality in
terms of standard, extra standard, and substandard so we set up scores
from 1 to 4. They evaluated a fancy sample at 4, extra standard at 3,
standard at 2, and substandard at 1. After a While, we found that they
were using plus and minus with these scores, in an effort to evaluate with
greater accuracy. We therefore expanded our scale so that a high fancy
was 10, medium fancy was 9, low fancy was 8, extra standard 7, 6, 5
standard 4, 3, 2, and substandard was 1.

The size of the panel made up of canners ran anywhere from 15 to 50
persons. They were supposed to know the product; the commercial
scores and the results were supposed to be suitable for immediate use in
the trade. We discovered that the people who were producing the food
product were not always the most precise judges, so we set up another
type of panel. This panel consisted of 8 to 12 experts including usually 2
people from the Inspection Division of the Production and Marketing
Administration, 2 from the Horticulture Department, 2 from Home
Economics, 2 from Agricultural Marketing, and 2 others.

We found that with a series of samples covering the entire commercial
range, correlations between the consumer panels would average about 0.8.

QuestioN: May I ask the size of the consumer panel?

A. Kramer: These panels of canners ranged from 15 to 50. With the
“experts’” panels, correlations ran as high as 0.9 or even better. As a
result of this experience, we have used arbitrary methods to determine
when an objective method was closely enough correlated with a panel
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result so that it could replace the panel. We concluded that 0.8 correlation
was sufficiently high. We assumed that if 2 panels would not agree any
better than that, a series of physical or chemical values should not be
expected to be much higher in correlation. We eliminated results that
correlated below 0.7 and considered results with a correlation between
0.7 and 0.8 as worthy of further consideration.

In objective tests, it is important to define as exactly as possible, and
to isolate as far as possible, the particular factor that is to be measured.
Over-all quality tests are never accurate. Often the objective method is
too long and too tedious and the various factors that have to be judged
réequire hours and hours of chemical and physical procedures to arrive
at the results for one sample. In such cases, the panel is obviously a faster
and cheaper method of evaluation. Objective tests are helpful in setting
up reference samples. ‘

Another use for objective methods is in case of borderline samples.
We can run the sample on the machine and see what the machine says.
Objective methods, too, can be used to eliminate or hold constant some
factors while other factors are being measured. For example, we may
wish to evaluate different varieties of corn of the same maturity. If we
use moisture content as a measure of maturity, we may decide to take
70 percent moisture as the point at which we will get all of the varieties
to be tested. Or, if we can’t obtain our samples at the same stage of
maturity, we can determine the moisture content and perhaps by some
covariance procedure, eliminate the maturity effects in measuring flavor
differences. .

‘Now, as to our actual measurements, I have divided them into three
general categories. The first is appearance. Appearance factors such
ags size, shape, and pattern, all can be measured satisfactorily and rather
easily with objective tests. Light measurements can be divided into two
factors, one being gloss and the other color. Gloss can be measured with
the- goniophotometer. Measurements of gloss are important with such
products as tomatoes and raw apples.

Color can be measured most simply by referring to a color dictionary.
That is frequently done but with poor results. Somehow, the color
dictionary does not give us just what we want.  We have two general
methods for measuring color. One method is with reflectance measure-
ments, where we can use a disc colorimeter, usually with the Munsell
system. With this instrument we can combine color cards in the form of
dises which are spun around rapidly and get the color which matches that
of the food product. Values are obtained in terms of hue, chroma, and
value.. Hueis the actual dominant wave length, that is, whether the color
is-red, yellow, or green; chroma refers to the intensity of the color; and
value denotes the amount of darkness in the color complex. The cards
have to be compared visually, so that perhaps more objective results can
be obtained with the General Electric spectrophotometer with a tristim-
ulus integrator attachment.

There is one drawback to this instrument. The General Electric
spectrophotometer costs about $8,000 and the tristimulus integrator
costs about $6,000. There is another instrument, however, which I
believe you will be interested in knowing about if you haven’t already
heard -about it — that is the Hunter color difference meter. We are
working on- it now. This instrument replaces an assortment of -color
cards with photoelectric cells. There are five photoelectric cells with
proper filters in front of them. The instrument provides three different
measurements with the three different attributes of color on a three-plane
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dimension. If we are prepared to spend the money for the instrument-
ation and do a certain amount of preliminary work in preparation of the
sample, we can get objective measurements of color.

There has been a'lot of work done on instruments to measure the next
group of factors, which I will call kinesthetic, a word borrowed from Mr.
Crocker. As Miss Lowe said, we have a tremendous number of gadgets
for various purposes, and like Miss Lowe, 1 can take part of the blame
for producing some of them. We are now reaching the point where we
have so many texturometers, tenderometers, fiberometers, pressure
testers, fiber pressure testers, etc. that we'll have to move out of the
laboratory soon to make room for all of the gadgets if we are working on
more-than one or two products.

We are, however, working on an 1nstrument that should be useful for
measuring a lot of products and a lot of factors. Fundamentally, we are
not measuring too many different things. We're measuring either shearing
force or we're measuring pressure and we can also add a few other things,
perhaps penetration, and cutting force, which is an attempt to reproduce
the effect of the fork. For example, when you eat asparagus, you want
the fork to cut through it, otherwise it is too fibrous. Our idea 1s that we
want to measure just a few things and there is no reason why we shouldn’t
do our measuring with one instrument which supplies the force and the
measuring scale. A series of sample boxes is used for the different kinds
of measuring.” We think the instrument we are working on will do these
things. Our Engineering Department has drawn it up and is making it
now.

We plan a sample box for measuring tenderness. Peas, for example,
will be measured for their resistance to shearing with a series of bars
one-eighth inch thick. If we wish to measure the firmness of a marachino -
cherry, we would place it on a plate where the force required for this
plate to come within one-eighth inch of the platform would be measured.
We will probably have a series of gages — one gage may go up to 1,000
pounds, another to 50 pounds. -

This machine can be used also for measuring succulence. We will
probably hinge a sample box so that it will be on a horizontal basis and
the juice will drip from the sample. :

MILDRED Boaes: May I ask how large a sample the machme measures
— one pea or 200 grams?

A. KraMER: The sample box, as I remember, is about a 2%-inch,cube.
That reminds me that many of the instruments are designed to measure
only one unit, and from a practical standpoint that is not very useful.
It can take all day to measure a representative sample-if we measure one
cotyledon of one pea at a time. Another disadvantage of some of the
instruments we now use is the cost and the difficulty of comparing results
from different  machines. For example, the tenderometer we use for
measuring tenderness of raw peas weighs about 600 pounds. It costs about
$800 and its only purpose is to measure the tenderness of raw peas. It
glves values in terms of shearing force in pounds per square inch but you
can’t be sure how the results compare with results from another machine.

This brings us to the third general group of factors — flavor measure-
ments. There, objective measurements have little to contribute. I
noticed that Miss Lowe also was very quiet about this group of factors.
Of course it is easy to measure salt and sugar content of a product, but
very difficult to get an over-all impression of flavor. Some work is being
done at Ithaca on measuring the essential flavor of peas. The instrument
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.used by the Bureau of Fisheries, called the stinkometer, which measures
the results of putrefaction may be of some value. We have done some
work with a rapid method of determining the free amino acids. We find
that the longer peas are held, the higher become the values, and also the
younger the peas, the higher the values, so one just about cancels the
other. It is difficult to know how to interpret the results.

I am going to close by saying that in correlating many of the panel
results with objective results, we get a logarithmic curve. For example,
if we correlate the viscosimeter (Stormer) values in terms of seconds pet
100 revolutions and panel values for consistency of cream-style corn, we
come out with a curve that is surprisingly logarithmic in nature. If we
measure the relationship between fiber content and fibrousness of aspar-
agus as determined by the panel, we also get a practically perfect logarith-
mic curve. We are now automatically converting one set of data into
logs and getting the correlation that way. It is surprising how good the
correlations are if we handle them in this manner.

MiLpreDp Bogas: We have perhaps five people working on chemical and
physical tests to one on palatability by panel methods, so practically all
of our panel samples are measured by a number of objective tests. I
don’t know of any objective tests that will measure quality under all
conditions of treatment. They apply under a certain set of conditions
and not under another set. We find them extremely useful, we couldn’t
do without them, but it usually takes a long time to develop an objective
test and determine its limitations.

I think we have to watch our correlations. You can get a beautiful
correlation by simply throwing in a bad enough sample and a good enough
sample. You may have a lot of dots widely scattered in the 5-6 area and
you throw in a few scores of 1 and 10 and the test is worthless in separating
scoxc'ie 5 material from 6 or, more specifically, it is useless for Federal
grades.

BerNaADINE H. MEYER: I have a very simple point to make. The ex-
hibit (exhibit 15) shows the relationship of flavor scores on one set of
sponge cakes to the peroxide number. The panel was small — seven
people of whom four had previous experience on two sponge cake panels
while three had no previous experience on a sponge cake panel. We could
not offer during the training any samples with the particular off-flavor ex-
pected to develop during storage of the sponge cake, so the training had
to be given to the new people with the normal flavor of fresh sponge cake.

As you see from the exhibit, there was good agreement between the
flavor scores and peroxide values. There is a marked development of
off-flavor indicated by the scores, along with a definite increase in peroxide
values. Our panel, even with limited experience, detected the off-flavor
and judged the cakes inedible before the increase in peroxide was great
enough to have significance. This test points out the agreement but
emphasizes the importance of the panel in flavor evaluation.

MiLpreED Bocas: We use the Hunter reflectance instrument a great
deal and find it very promising. Dr. Eastmond, who does our color
work, prefers it slightly to the Hardy because it takes a larger sample.

Craupe H. Hiuns: It seems that what we are trying to determine in
tenderness scoring is how much energy it takes to chew up the food we
eat. I don’t think the shear measurements give us the right answer. I
don’t think the penetrometer gives the right answer. I wonder why
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RELATION OF PEROXIDE NUMBER TO FLAVOR SCORE
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someone hasn’t developed an instrument that depends on grinding with
dull blades. '

Erngst C. CrockER: Dr. Collins of General Foods Laboratory has the
answer for what you want. He has developed a complete set of false
teeth that do the chewing. He can get a numerical answer for any
sample tested that is far more reproducible than results of any panel
member. ' '

Committee Report

The advantages of using objective tests are evident. A physical or
chemical method may be superior to an organoleptic method in precision
but not in accuracy. An ideal method is extremely rapid and accurate.
One method to reflect over-all quality is practically impossible, but the
factor which is most important or the “worst offender”” may be measured
and used as an indicator of over-all quality. Generally, the chance for
success of an objective method improves with the ability to isolate and
define clearly each factor of quality.

Methods which are very highly correlated with organoleptic evaluation,
and are not time consuming, may be used to replace organoleptic evalua-
tions. Other methods which are too time consuming may be used for
reference samples, for panel instructions, to settle borderline disputes, or
to eliminate the effect of other factors occurring simultaneously.

Objective methods are available for measuring such appearance factors
as size, shape, and pattern. Gloss-measuring instruments, such as gonio-
photometers and glossmeters are available but practically no use has

106



been made of them in testing food products. Color measurements may
be made by the use of dise colorimeters and recorded as Munsell notations.
Many detailed procedures are available.” Transmission methods in-
volving the extraction of characteristic pigments with proper solvents
and measurement of transmittance of the classified pigment extracts are
available for a large number of products. The use of the Hunter color-
difference meter is under investigation and is very promising.

A large number of gadgets have been developed for measuring specific
characteristics such as shear or tear strength, viscosity, pressure, and
penetration, for a large number of food products. It was suggested that a
more. basic approach is needed whereby a universal multipurpose unit
might be developed. This instrument would supply the power, measuring
units, and a series of different types of sample boxes which may be fitted
into the instrument for specific purposes such as measuring shearing force,
pressure, penetration, or juiciness.

In connection with objective tests, chemical tests such as those for
collagen and elastin mtrogen and peroxide numbers and histological
studies were mentioned.

Objective methods for determining flavor are limited to simple systems,
where a single or perhaps several well-known constituents are responsible
for the flavor or off-flavor. For many foods where flavor is the result of
many interacting components, the identity of many of which may not be
known, an objective determination is not now available.

Regression curves for many sets of data involving objective and
organoleptic measurements are logarithmic in nature. A correlation
coefficient -of 0.8 or higher between an objective and organoleptic test is
required before the objective  method is considered to be a satisfactory
replacement, for the organoleptic, provided the set of data covers thor-
oughly the commercial range and does not consist of an excessive number
of extreme samples.

In summary the committee emphasized that in comparing subjective
and objective tests it is important (1) that the objective method and the
scoring panel measure the same palatability characteristics, (2) that there
is accuracy in recording data and in the use of the machine, and (3) that
the design of the experiment, both as to sampling methods and procedures
for objective and subjective tests, is carefully planned, as the validity
of the results is to a great degree dependent upon these factors. The
planning should include the statistical design, obtaining the samples,
holding or storage method, temperature of testing, etc.

Realizing that there is dire need for the standardization of methods, the
committee recommended that directions for objective methods which
have been worked out at various laboratories be assembled and published
in mimeographed form to be used as a reference tool in laboratory pro-
cedure. Recommendations for the use of each test, its limitations, and
the meaning of the results should be included.

Use of objective tests worked out in one laboratory should be used in
additional laboratories to evaluate the validity of the test and perhaps a
referee system developed therefrom. Many data now available should
receive additional study in an attempt to show the relationship between
objective and subjective tests.

Commrrree: Amihud Kramer, Beatrice Mountjoy, Helen J. Purinton,
Belle Lowe, Colburn C. Fifield, Gladys Vail, Chairman.
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Design of Experiments for FQod Quality Studies

Discussion

GertrupE Cox: Whether you are evaluating effects on palatability
of foods, of storage, preparation of food, cooking time, varieties, maturity,
dilutions, insecticides, or containers in which the food is kept, your results
vary. This variation introduces a degree of uncertainty into any con-
clusions that are drawn from the results. Even after having several
judges well trained with the power to discriminate, score, or rank material,
you do not know how much the results would be changed if you had
another group of judges. If you had a perfect measuring device for
evaluating palatability of food, most of your problems would be easy.
Obviously, you cannot expect to secure true values, but limits can be
found with the probability of enclosing the true difference or true value
with a specified degree of certainty. :

The statistical solution to the problem of estimation consists of a

statement that the true mean lies between certain limits, plus a probabil-
ity that the statement is correct. Research workers have found that this
type of information does provide a basis for action.
_ Let me repeat, variability in results is typical in experimentation.
Because of this, the problem of drawing conclusions from the results is a
problem of induction from the sample to the population. The statistical
theory of estimation provides solutions to this problem in the form of
definite statements that have a known and controllable probability of
being correct.

Now let us discuss the initial steps in planning the experiment. Since
the inferences that can be made depend upon the way the experiment
was carried out, statisticians should have a detailed description of the
experiment and its objectives. Our participation in the initial stage of
experiments in different areas of research leads to a strong conviction
that too little time and effort are put into planning. You get the money
and must start right away and you expeet to plan the experiment as you
go along. This does not work. The statistician may contribute to the
planning simply by getting the investigator to explain clearly why he is
doing the experiment, to justify the experimental treatments whose
effects he proposes to compare, and to defend his claims that the experi-
ment when completed will enable his objectives to be realized.

It is a good practice to make a written draft of the proposal for any
experiment. This draft will, in general, have three parts: A statement
of the objective; a description of the experiment, telling about the ex-
perimental treatments, number of judges, and method of scoring that
will be employed for this particular test or experiment; and ending
up with an outline of a proposed method of analysis of the results.

The most common faults of projects are their vagueness and number of
objectives. To avoid having too many objectives and trying to do too
many things in one experiment, it might be advisable to have major and
minor objectives. a

When you have stated the objective, selected the variables to be
measured, the treatments to be used, pointed out the laboratory diffi-
culties, specified how much work you can do in a day, and what kind of
instruments you are going to use, then the statisticians can give you
suggestions regarding a design or plan for the experiment. We should
be able to tell you which is the most efficient method to carry out that
experiment. We might say, “Try this particular design and we know
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you will get results that will give you an unbiased estimate of error and
effects. We are not sure this is the most efficient method but until we
accumulate experience either by designing experiments to give us the
information, or by getting together results from a great many people,
we cannot tell you which is the most efficient design.”

I spoke of variation, that common element that we have in our ex-
perimental work, which we call experimental error. Now, I want you to
think about your experimental unit. An experimental unit is a group of
material or an individual object to which a treatment is applied in a
single trial of the experiment. We must agree that certain sources of
variation are important and we must know what material you are going
to use before we can determine the experimental unit — whether one
experimental unit is the score of a judge, or whether it is the average
score of a group of judges, or whether one judge may be an experimental
unit each time he scores the material.

We have spent a good deal of time the last several years seeking
methods to increase the precision of experimental error. Increasing the
precision does not always mean making a smaller experimental error.
Sometimes you are using too small an error for your experimental situa-
tion. To increase the precision of an experiment, we can increase the
size of the experiment by adding more judges, doing it more days, or
" sometimes by adding more test material. Using more treatments within
this one experiment may give you more degrees of freedom for a better
estimate of the experimental error. Or you might increase the precision
of your experiment by refining your technique. That is, of course, what
you have been discussing this week. Another way of increasing the
efficiency or precision of the experiment is by the selection of your ex-
perimental material, that is, selecting your judges or the material that
is to be judged. A good deal needs to be known about the product being
brought into the laboratory for the taste panel. :

Often you can make objective tests as well as your subjective flavor test
and in the analysis of covariance make an adjustment for the variation in
this objective factor which is related to the variable being studied. Any
time that you can take measurements on related factors, even though
you may not think they are too good, if they have a relationship to the
variable you really want to measure, you can often raise the efficiency of
the experiment 30 to 40 percent with little extra cost. ,

If a control is required, it should be an integral part of the experiment
so that results from the control are directly comparable with those of the
other treatments. ( I think we can do more thinking about what is your
control or standard. We might seriously consider having the control at
80 percent or even 50 percent instead of 100 percent.) :

1 want to discuss a few experimental plans. Those plans are listed in
the very general article that I gave at one of your Chicago meetings and
is published in the Journal of Home Economics (Nov. 1944, p. 575).
The book on experimental design that Professor Cochran and 1 are com-
pleting will have a rather complete record of the designs that we have
found useful. Mathematical statisticians have prepared a whole series
of designs that are not yet published. We will try to evaluate their use-
fulness before we suggest them for general use. o

Planning an experiment consists of putting restrictions on the way
treatments are assigned to the experimental units. We have first the
completely randomized design, in which there are no restrictions except
that you do it completely at random. I find this design almost impossible
to use in experimental work, especially where you are going to super-
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impose a restriction by the way you handle the material. You may use
it in the chemistry or physics laboratory where exceedingly homogeneous
material is being used, and many tests can be made in a short period of
time. The most commonly used is the randomized block design. If an
easy design will do, never use a complex experimental plan. The random-
ized block design can become complicated. The original design was
straightforward in a randomized arrangement in the field but, as you
began to work with the material, you introduced restrictions. The
experiment must be analyzed according to the way the research person
did the job and it is very important to know how he handled each step.

Consider an experiment to evaluate three packaging methods, A, B,
and C. You are using five judges and you want them well trained if you
are going to use them as machines to do the measuring.

METHOD OF PACKAGING

Day and Judge -
Monday L.

Wednesday L e e licel.

Friday 1T
2

P rrrerie

Y O B O B R R
FErrrrrrtrrirrre

The material was packaged at different times. On Monday each of the
five judges was handed three materials at random. I am assuming that
there is field variation so that the material given to the judges on Wednes-
day differed from that received Monday. The analysis of variance
follows: '

~ Source Degrees of freedom
Days. L 2
Methods._ i 2
D X M (error) oo o e 4
Total o e 8

You will note that the experimental unit is the average score for the
five judges. If your judge-to-judge variation is small, you do not need
many judges at a time. You need to repeat your experiment more times
in order to get a better estimate of the variation in the material being
scored. Also we need more than 4 d.f. for error. So instead of five
judges on 3 days it might be more efficient to use three judges on 5 days.

Now, I am going to make a slightly different assumption. I have two
sources of random variation, (1) judge to judge and (2) material to
material.

I am assuming that I have a representative sample of this material by
taking three samples. I also want to make the assumption that I have a
representative sample of judges. These judges reasonably represent a
population of consumers about whom you are concerned. I want to be
sure that the two kinds of variation (material and judge) get into my
error term because I know they are in my means. The analysis is:
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Source ’ v ' Debraea of fréedom
2

D X d e e e 8
Methods . oo o e mmmmmm 2
Experimental error oo oo 28

Total .- U SRS 44

The experimental unit is a single score of a judge. In the previous
analysis, the mean score of five judges was the experimental unit.

Now let us see if we cannot secure more information from the first ex-
periment. I have a judge difference. The failure of judges to perform
the same on different days may be valuable technique information.
Judge X method interaction certainly is of interest, to see if judges are
scoring various methods consistently. Likewise, judge X day interaction
would be of interest. This analysis takes the form of:

" Source _ Degrees of freedom

44

The Latin square design is used when it is desirable to place two restric-
tions on the assignment of the treatments to the experimental units.
The order of presenting the material to the subjects is one restriction.
This means that only one sample is given to the judge at a time.

OrDER oF TESTING
I 111
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In the first replication, there are four judges and four treatments
(4, B, C, and D) to be assigned to the judges in a prearranged random
order. You will note that all judges have had all four treatments. Also
every treatment has appeared first to one judge and every -treatment
has been the last to be tasted by some judge. In replication II, the same
judges may be used again, or judges 5, 6, 7, and 8 may be used as indicated
in this example. The analysis would be:

" Source Degrees of freedom
JUAZES - oo e mmmm e m oo 7
Order - o oo e e e mmmmmmmmmmmmmm————— 3
Treatments. - o - oo oo em e e —mmmmmmmmmmmm—mmmmmmmmmmm 3
BETOT - o e e e e e e e mm e mmmm e 18
Pota) o o o e m e 31

7 ' In order to measure the carry-over effect, another column, V, is added:
Each judge is given a duplicate sample of the material assigned to him in
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column IV. Now every treatment is preceded by itself and by every
other treatment in each replication. The analysis of this design is too
involved to be presented here. :

I would like to present one incomplete block design but I am not
advising its use unless you have access to a statistician, or are quite
familiar with the characteristics and analysis of this design.

i =9 k= r=28 b=18
Judge (1) 1234 (7) 1278 (13) 1468

(2) 1489 (8) 2389 (14) 2679

(3) 2568 (9) 4679 (15) 3678

(4) 1256 (10) 1357 . (16) 1369

(5) 1579 (11) 2459 (17) 2347

(6) 3589 (12) 3456 (18) 4578

¢ = treatments, k¥ = number of units given to judge at one time, » =
replications, b = number of judges.

This requires 18 judges or 6 judges used on three different days. We
now have every pair of treatments scored by three judges, or every treat-
ment appears with every other treatment in a group of four, three times.
Individual differences are removed in the analysis when comparing treat-
ment means. We have nine treatments but are asking a judge to score
only four at a time instead of nine. :

Here are three designs — randomized block, treatment paired with
control, and incomplete block type of experiment.

I. Randomized block II. Paired with control III. Incomplete block

Cc A B D 4 Bl4 B| |4 B|B ¢
B 4 ¢ D 4 cla ¢ 4 c¢|lB »p
D ¢ A4 B 4 pla »p| |a >ple »

To get a line on the comparative value of the three designs, I would
suggest giving each judge a different design as follows:

Judge (1) I II 11T
2) 1T 111 I
3) 111 I II
Take two more Latin squares changing the order of arrangement:
4) IT I IIT ) IIT1 I II
(5) I III II 8 - II CIIT I
(6) III I I 9) I II IIT

You have information on your judges, definite information on your
methods, and an error term.

In conclusion — it seems that you need to learn more about the sources
and size of experimental variation. Experiments could be conducted to
test your judges, your methods, and the designs. We need to know how
many judges are needed, the relative value of different methods of evalu-
ating results, and the efficiency of various types of designs.

Committee Report

Variability in results is typical in experimentation. Because of this,
the problem of drawing of conclusions from the results is a, problem of
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induction from the sample to the population. The statistical theory of
estimation provides solutions to this problem in the form of definite
statements that have a known and controllable probability of being
correct.

Statisticians are often asked for advice in making inferences from the
results of experiments. Since the inferences that can be made depend
on the way in which the experiment was carried out, the statistician
should have a detailed description of the experiment and its objectives.

Accuracy refers to closeness to “‘true’” measure; to the representative-
ness and absence of bias in the experiment.

Precision refers to repeatability of measurement as measured by the
expected range of variability in results of a series of similar experiments.

Most of the discussion regarding devices, replication, additional
measurements, and skillful groupings relates to the precision (repeatabil-
ity) of the experiment.

Treatment paired with control represents inefficient use of experiment
and worker. To test the relative effectiveness of the designs, namely,
(1) complete randomization within a block, (2) randomization by pairs
which include the control, and (3) incomplete block, it was recommended
that different methods be assigned to each judge on different days, using
three Latin squares. For example, three different scoring sheets could
be used at the same time. For Method I, use 1 to 10 scoring scale;
Method I, 0 to +5 and —5; Method III, O to 5.

Recommendations

Get into the material and come up with some answers to the questions
that have been discussed in these sessions.

Learn more about sources and size of experimental error, and number
of judges needed.

Specify the size of the true difference which the experiment is to detect
by means of a test of significance, or specify how closely the true differ-
ence is to be estimated, by stating the width of the confidence interval.

Commrrree: E.J. Koch, D. D. Mason, Isabel Noble, Andrea Overman,
Gertrude Cox, Chairman.

Methods of Analyzing Data

Discussion

Mary L. GreENwooDp: Miss Cox has pointed out that the analysis to
be done should be planned along with the experiment, rather than
decided upon after the experiment is finished. The type of analysis is
somewhat determined by the way the experiment is set up. A plan for
analysis is needed in the beginning, even though it may be altered during
the progress of the experiment.

I meant to preface my remarks by saying that what I am giving repre-
sents the opinion of the committees on experimental design and analyzing
data, so it includes the thinking both of the statisticians and those of us
who are in tasting work.

Sometimes the results of an experiment are so obvious that perhaps
analysis is unnecessary. I will discuss analysis of variance which has
wide use. Through this method of analysis, we can determine differ-
ences in means and also get an estimation of variance. If we want to
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know how well our tasters can taste, we can discover how much an
individual deviates from the panel mean and also whether he can repeat
his own judgment. We can get a lot of information from interactions,
which was pointed out by Miss Cox this morning. In experimental work
with methods of treatment, methods of cooking, or other methods, we
are interested in seeing whether the reactions are the same in every case
or whether we get certain interactions. It has been suggested that if we
don’t get the expected answer, we have used an incorrect analysis. We
need, then, to go back and think through what it is we are looking for,
and to determine whether we have properly interpreted the data. :

I would like to say a little about ranking. We used the randomized
block that Miss Cox showed us this morning in our work on blueberries.
You can get a tremendous lot of information this way. We used the
incomplete block, where we set each one off against every other sample in
groups of either four or five. We are able to get 15 judges who carry
through the panel. We transformed our ranks to scores, although we
are told that doing so makes a nondisereet variable out of what is really
a discreet variable. There may be a little error there although the
statisticians say it is not too serious a matter. They tell us we can use
these ranks when we don’t know the distributions or when the distribu-
tions might be of a nonnormal nature, where we might get only one side
of the curve although we might be getting these extremes, In such cases,
the ranks are better used than the scores. Dr. Mason has agreed to
discuss the least standard difference.

D. D. Mason: In analysis of variance, one of the first and most useful
items of information we get is the test of significance of difference in
treatment means. We are interested in determining just what means do
differ at a probability level from other means. For example, where we
have only two treatment means, A and B, and make the F test, we have
only one possible comparison to make. If we get a test of significance at
the 5- or the 1-percent level (or whatever we might be using), we're
fairly sure of our results. Even here, of course, we might want to calculate
our standard error of the mean and standard error of the differences in
order to determine with what precision we did determine these differences.

A common mechanism used when we have more than two means — let
us say A, B, and C treatment means — is to calculate what we call the
least significant difference or as commonly abbreviated, L. S. D., which is
our standard error of the difference times our ¢ at the probability level
that we are using with the appropriate degrees of freedom . This, par-
ticularly in our plant science work, has come into fairly common use and
sometimes erroneous use, arising from the practice of setting up the
treatment comparisons after we have inspected the data. For these F
and ¢ tests to be valid, strictly speaking, we should plan the comparisons
before we inspect the results.

After we inspect the results, we will note that some treatment differ-
ences are larger than others. For example, we may have three values.
A might be a great deal larger than C after we look at the results, possibly
because of two factors. One factor might be that there is actually a large
real effect between 4 and C' and also there may be a fortuitous combina-
tion of errors that would make this apparently larger than it actually is.
Incidentally, this point is covered in Cochran and Cox’s textbook (Ex-
perimental Designs. 1950). Quoting from some of their probabilities, let
us say we have three treatment means and we calculate an L. S. D.
using 5-percent point. If we use this L. S. D. indiscriminately to compare

114



the means of 4, B, and C, we are not any longer testing at the 5-percent
point, that is, if we compare the highest with the lowest in six means.
It is raised in that case to about 13 percent. With 6 treatments and
comparing the highest mean with the lowest mean, the figure is about 40
percent; with 10 treatments, 60 percent; and with 20 treatments, 90
percent. In other words, if we have a list of 20 means and compare the
highest with the lowest, it is fairly probable that we will get a difference
that is greater than the calculated least significant difference, even
though these 20 means may be from the same population.

The L. S. D. is frequently used to evaluate differences between treat-
ment effects. It is like a measuring stick that can be placed between
various treatment means for comparison, but we should be aware of the
limitations of its use. As already mentioned, we can have a control or
standard or check, whatever we may want to call it, and the use of the
L. 8. D. as calculated is presumably valid for comparing any test treat-
ment against the control, because this is a part of our planned comparison.
As was indicated by Miss Cox this morning, it is better to have our control
near the center of the scale rather than at either end, possibly because of
the disturbance of the distribution and also the fact that we won’t be
measuring all in one direction or the other. I want to point out that
while we can’t ignore unexpected results or unexpected differences that
come up, we should consider them an indication that further investigation
is needed rather than accepting them as the final result.

Mary L. GREENWooD: Analysis of covariance has been mentioned here
indirectly but I think the closest we can get to it this morning is in the
discussion of correlation and regression. Lyle Calvin has agreed to talk
to us about that.

Lyie CaLvin: This has to do with regression in connection with some
data which Dr. Kramer has obtained. We've done a little work to see
what the weight would be of the different factors that he has used in
green beans. He measures color, maturity, fibrousness, and flavor on a
1-10 score. Independently and before any of these scores were taken, he
obtained an over-all grade from his panel with a range of 1 to 4. In order
to know what relationship each of these variables — color, maturity, fiber,
and flavor — has to the over-all grade, a weighting system is needed to
indicate the importance of each of these factors in predicting the over-all
grade. The method commonly used in- obtaining such information is
regression. Since we had more than one variable, we used multiple
regression and got a percentage weighting as follows: 5 for color, 46 for
maturity, 17 for fibrousness, and 32 for flavor. These weightings were
similar to those assigned by the experimenters independently at the
beginning of the study.

GerTrUDE Cox: I want to say something here about correlation.
Someone reported yesterday that he was getting a correlation of 0.8
evaluating judges. That means that 64 percent of your objective score
is common to your subjective flavor score. I think that is a more realistic
way to say it. The square of the correlation gives you the amount of
information that is common to the two variables. Your statistics may
give you a correlation of 0.4 which is highly significant, but for predictive
purposes, even though the statistics say it’s highly significant, you would
not use 16 percent common information on an objective test with a flavor
test, for predicting. Even though the statistics give significance, you
can’t go just by your statistics. You've got to use common sense in inter-
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pretation to see if the relationship is high endugh ﬁo make it worth while
to use the objective score instead of your flavor score.

Lyre CaLviN: In that connection, we might point out that there are
really two types of significance. One is the statistical significance and
the other is the biological or economic importance or significance of the
data. You may have a difference at a 5-percent level that may not
mean a thing. It may be one-tenth of what you're measuring whereas
you’d have to have a much larger difference before it would mean any-
thing. You may be able to measure it, and yet it may not mean anything,
economically. ‘ o

Miprep Boaas: Will you tell us what interaction is and why?

Lyie Cavvin: T’ll illustrate with judges and methods. Take these
values for A, B, and C samples for one judge and these values over here
for the other judges (illustrating on board). The differences between A
and B might be the-same for judge 2 as they are for judge 1. If those
differences are constant, the measured interaction will be zero. Inter-
action is the failure of one judge to be the same from method to method
as the other judge.

MiLprEp Bogas: What causes this?

GERTRUDE Cox: The failure of the differences in scores of the judges to
be the same and also the failure of the differences between pairs of samples
to be the same produces the interaction. For example, Mary Greenwood
liked this candy better one way and I liked it the other. If we put our
scores together, we’d have an interaction.

Committee Report

The analysis of an experiment should be considered when the experiment
is planned. If the answer to an experiment is obvious, an elaborate
analysis is unnecessary. The techniques that were discussed in this
section were those that appeared to be in use by many of the participants
and warranted further elaboration.

Analysis of variance

Analysis of variance is highly informative. It gives valuable estimates
of the variances of factors under study as well as tests of significance. It is
useful in selecting judges on the basis of erratic or consistent behavior
which is a better basis of selection than mere disagreement with the panel.
Interactions permit obtaining such information as the significance of
treatment values within different storage periods. This information is
lost if only paired means are studied. If the expected answer is not
forthcoming, the analysis of variance technique may not have been
applied correctly.

Ranking

Ranks can be analyzed by analysis of variance after they have been
transformed to scores in terms of the normal deviate, as advocated by
Fisher and Yates (Statistical Tables, 1949). The use of ranks lessens the
influence of extreme values. Ranking is used when the distribution by
using scores is (1) nonnormal or (2) not known. Incomplete block design
was used in a study on blueberries.
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Least significant difference

The L. S. D. is a measure by which the significance of the difference
between treatment means (say A, B, C) can be ascertained. It answers
such questions as “Is the difference between A and C real or fortuitous?”
Since the L. S. D. is an average difference necessary for significance over
all possible pairs of means, the use of it requires careful judgment. For
pairs of means from near the opposite extremes of an array, the true
L. S. D. is greater than the calculated L. 8. D. For pairs close together it
is smaller. For testing differences between the greatest and smallest
means by use of the calculated L. 8. D. (at 5-percent level), the actual
probability level increases rapidly with the number of means in the array:

Number of means ’ Actual probability level
D e m 5 percent
B e —mmmm e mm—mmmme e 11 percent
B e o e e mmmmammm e mmmmm e m e 39 pereent
20 e e 90 percent

Correlation and regression

Green beans were graded on a scale 1-10 for color, maturity, fibrousness,
and flavor. The samples were also given an over-all grade on a scale 1-4.
The relationship between factor and over-all scores was studied. Weights
on a 100 percent scale were determined by multiple regression analysis
for each of the four factors considered as components of the over-all
gcore. It is interesting that the computed weights were similar to those
assigned by the experimenters independently.

Regression analysis is preferred to correlation analysis. The regression
coefficient, by determining the slope of a line, makes it possible to estimate
the degree to which one variable affects another. However, the square
of the correlation coefficient has the following useful property: If r
equals 0.8, then 64 percent (8 squared) of the variation of y is explained
by z. An'r of 0.4 (16 percent) might be significant in correlation but not
useful in prediction.

CommirreE: Lyle Calvin, Elsie F. Dochterman, Mary L. Greenwood,
Chairman.
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