


Chemical and Sensory Variability in Table Grapes1 

INTRODUCTION 

CONSUMER ACCEPTANCE of grapes is 
based on a number of factors, including 
color, flavor, size, bloom, and texture. 
This study is concerned directly with 
the first two factors only, although tex-
tural changes associated with the ma­
turity level of the fruit could possibly 
influence over-all sensory impressions. 
Flavor is defined as the complex reac­
tion of taste and olfactory receptors; 
the olfactory aspect is believed to be 
secondary with non-muscat varieties. In 
this study, only the taste aspect of flavor 
will be considered. 

There are four possible tastes in 
grapes: acidness (tart, or sour), sweet­
ness, saltiness, and bitterness. White 
grapes are very low in tannins and other 
bitter-tasting substances. Red grapes 
have more bitter-tasting substances, but 
these are mainly in the skins and unless 
skins are vigorously chewed little bitter 
taste is experienced. Grapes have very 
little salty taste, though tartrates give a 
reaction. Tartrates as buffer agents re­
pressing the ionization of malic and 
tartaric acids may, however, influence 
the acid taste. 

The characteristic gustatory sensation 
of grapes is their sweet-sour taste. The 
main sugars found in grapes, levulose 
and dextrose, are of very unequal sweet­
ness (about 1.5:1) and presumably the 
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ratio as well as the total amount of the 
two may be of importance to the sweet 
taste (Amerine and Thoukis, 1958).2 

The acid taste is produced by the or­
ganic acids, chiefly tartaric and malic, 
whose relative as well as total amounts 
in the fruit are influenced by the vari­
ety and by the temperature during the 
ripening period; these acids are of un­
equal sourness. For a discussion of the 
effect of variety, region, and time of 
maturity on the tartrate/malate ratio 
see Amerine and Winkler (1942). 

Color is particularly significant as an 
acceptability factor in table grapes as 
it is the primary factor of the grapes' 
appearance, and appearance is of prime 
importance. In fact, color is usually 
iised as an index of maturity in red and 
black grapes (United States Code of 
Federal Regulations, 1962). Its signifi­
cance in white grapes is much less 
clearly defined, however. The subtle 
changes in color from grass-green to 
yellowish-amber as maturity advances 
are much less pronounced than with pig-
mented fruit, but there are strong in­
dications that consumers do detect these 
color differences, associating the yellow 
tones with greater sweetness. The im­
portance of the other appearance fac­
tors—size and shape of berry, amount of 
bloom, etc., have not been investigated 
thus far. I t would also be desirable to 
have information on the importance to 
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the consumer of size and shape of clus­
ter, seedlessness versus non-seedlessness, 
degree of adherence of the berries to 
the pedicels, etc. Kinesthetic factors as­
sociated with crispness, juiciness, etc., 
also need to be studied. 

All of the foregoing factors influence 
judgment as to when a grape can be 
considered mature. Although there are 
wide differences of opinion as to what 
constitutes maturity in table grapes, 
generally speaking a table grape is ma­
ture when it can be viewed and eaten 
with satisfaction. To date, it has been 
a major problem to determine maturity 
accurately without first eating the fruit. 
This difficulty is largely due to the fact 
that the ripening process in grapes in­
volves a series of changes, such as an 
increase in color, sugar and pH, and a 
decrease in titratable acidity, etc. These 
changes continue to take place as long 
as the grapes remain on the vine. The 
mature stage, therefore, is neither ab­
solute nor does it represent the end 
product in the changes taking place in 
the berries. Thus, a grape can be said 
to be mature only when changes in color 
and other constituents have reached the 
point where their combined effect best 
suits taste and appearance require­
ments. This definition of maturity is 
indefinite, but it does point up the im­
portance of various constituents of the 
berries as well as the difficulties of meas­
uring maturity accurately. These dif­
ficulties are further complicated by the 
influence of level of crop, temperature 
during the ripening period and other 
factors influencing rates of change of 
the various constituents. Finally, there 
are interrelationships of sugar and acid 
tastes which may modify the over-all 
impression. 

Standards of maturity are vitally im­
portant in the successful marketing of 
grapes. Such standards not only reduce 
the possibility of unacceptable fruit 

reaching the consumer, but also deline­
ate recognizable levels of quality—and 
with increasing emphasis being placed 
on well-standardized products in the 
modern marketing system it is apparent 
that clearly defined standards of ma­
turity for table grapes are required. 
Accurate methods of measuring ma­
turity are, obviously, prerequisite to 
such standards. 

Early maturity studies with table 
grapes in California emphasized the 
value of the degree Balling or Brix as 
a measure of maturity (Bioletti, 1925).3 

Since most of the soluble solids in grapes 
are sugars the degree Balling is a fairly 
effective way of expressing sugar con­
tent, especially for riper grapes where 
proportion of sugar is higher. Legal 
recognition was given this method in 
the California Fruit, Nut and Vege­
table Standardization Act of 1915 (Cali­
fornia Laws and Statutes, 1915). Al­
though this method of measuring the 
soluble solids content of the juice was 
effective, in practice it often proved un­
satisfactory because it did not allow for 
the enormous significance of the acid 
content of the grapes as a taste factor. 
When grapes ripened under relatively 
cool conditions they would be unaccept-
ably sour at the minimum degree Ball­
ing established, owing to the high acid 
content; when hot weather prevailed 
during ripening, the fruit would be 
quite palatable at the same degree Ball­
ing—but with a lower acid content. 
This fluctuation in acid content defi­
nitely limits the degree Balling alone 
as a measure of palatability. 

Since palatability is believed to be a 
function of both the sour and sweet 
taste, the possibility of combining both 
soluble solids and acid content into a 
more satisfactory index of maturity was 
investigated. From these studies (Win-
kler, 1932) the Balling/acid ratio was 
proposed as a more reliable index of 

3 The degree Balling is very nearly equivalent to the degree Brix. Food technologists generally 
prefer the degree Brix and hydrometers are calibrated in degrees Brix. However, since the degree 
Balling is so much better known to the table grape industry, we will use it here in preference to 
degree Brix. 



HILGARDIA • Vol. 34, No. 1 ■ January, 1963 

palatability; this is the ratio of parts 
soluble solids (the degree Balling—for 
practical purposes mostly sugar) to 
parts titratable acid (expressed as 
grams tartaric acid per 100 milliliters 
of juice). This method has gained wide 
acceptance abroad (Dalmasso and Vene-
zia, 1937; Hughes and Bouffard, 1937; 
and Nedelehev and Kondarev, 1934). 

The Balling/acid ratio has had only 
limited acceptance for grapes in Cali­
fornia (California Laws and Statutes, 
1959&). Effective use has been made of 
the Brix/acid ratio by the citrus juice 
industry (Bell, 1955; Morse, 1954); 
state standards of quality for citrus 
juices are partially based on the Brix/ 
acid ratio (Florida Laws and Statutes, 
1949, 1961; California Laws and Stat­
utes, 1959a). Kilburn (1958) reports 
that citrus technologists with consider­
able experience in tasting juice find the 
ratio a useful descriptive term; he also 
notes that the tartness is inversely pro­
portional to the ratio. Kilburn recom­
mends the measurement of pH which is 
closely related to tartness in citrus 
juices. No such direct relationship with 
pH has yet been found for grapes, but 
Kilburn has suggested that there may 
be a relationship between the Brix/acid 
ratio and the pH (with three samples of 
grapes a common regression line did ap­
pear to exist). 

In order to use a minimum Balling/ 
acid ratio quality standard for table 
grapes, data on the normal variation in 
the ratio must first be collected. That 
this would require a very large amount 
of data is indicated by the data required 
to set up the Florida citrus standards 
(Westbrook and Stenstrom, 1956, 
1957). In order to evaluate its applica­
tion, the ratio would undoubtedly have 
to be related to taste acceptability over 
a wide range of maturity levels of sev­
eral varieties grown in different climatic 
regions of the state. Further, it should 
be tested for several years to ascertain 
its reliability with seasonal differences 
in ripening conditions—that is, the hot 
"low acid" and cool "high acid" years. 

3 

The objectives of the present study 
were to: 

1. Develop methods for harvesting, 
handling and preparing grape sam­
ples for acceptability tests. 

2. Determine methods for conducting 
acceptability tests—panel size, fre­
quency of testing samples, number 
of samples at one sitting, lighting 
conditions and method of scoring. 

3. Determine the relationship of ma­
turity to palatability. 

4. Determine the relationship of color 
to acceptability. 

5. Determine the most satisfactory in­
dex of maturity. 

MATERIALS A N D METHODS 

Sampling, 1959 
During 1959, samples of Peiiette, 

Cardinal, Thompson Seedless, Ribier 
and Tokay grapes were harvested start­
ing with the first three from the Coa-
chella Valley in June, followed by all 
of the varieties except Tokay from the 
lower San Joaquin Valley during July 
and August, and Tokay from the upper 
San Joaquin during August and Sep­
tember. For each variety from the San 
Joaquin Valley a second sample within 
the same Balling range was harvested 
9 to 13 days after the first from the 
same or an adjacent vineyard. However, 
the acidity of the second sample was 
lower owing to longer exposure to ele­
vated temperatures on the vine—and 
hence this sample had a higher Balling/ 
acid ratio. 

Four levels of degree Balling were 
selected, from 1° below the minimum 
standard to 2° above. These levels were 
characterized as green (G), medium 
ripe (M), ripe (R), and very ripe 
(VR). A hand refractometer calibrated 
to 0.1° Balling was used to determine 
maturity in the field. The instrument 
was checked frequently with distilled 
water to correct for changes in temper­
ature. Each cluster of grapes was se­
lected and classified into the appropriate 
degree Balling level on the basis of the 
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average of three to six single-berry de­
terminations. A portable ice-refriger­
ated precooler was available so that 
samples could be placed at optimum pre-
cooling conditions within 15 minutes 
after harvest, cooled to 40°F within 4 
hours, and kept at 32° to 35°F and 90 
per cent relative humidity until used. 

At Davis, a portion of each sample 
was prepared for analysis each day 
from the 3rd to 7th day after harvest. 
Normal, sound berries of uniform size 
were cut from the stem at the base of 
the pedicel. Half of each Balling level 
was used for chemical and half for sen­
sory analysis. Five to ten berries at each 
level were presented simultaneously to 
each panel member for color and taste 
evaluation between 10 and 12 o'clock 
A.M. The four levels, each in a paper 
cup, were coded and sequence of presen­
tation was varied each time. Taste rat­
ings were usually done under red as 
well as white light to ascertain whether 
visual impressions of color influenced 
taste judgment. Each panel member was 
asked to evaluate color on a four-point 
hedonic scale: unattractive = 1; not un­
attractive = 2; moderately attractive = 
3; and highly attractive = 4. For taste, 
the scale included five points: dislike = 
1; neither like nor dislike = 2; like 
slightly = 3; like moderately = 4; and 
like extremely = 5. As used, these scales 
were approximately linear on an over­
all basis. 

Sampling, I960 
During 1960 the study was continued 

in the same manner except that only 
three levels of maturity were har­
vested—that is, from 1° Balling below 
the minimum standard to 1° above. The 
variety Eibier was not included and 
all taste tests were done under white 
light only. 

Sampling, 1961 
During 1961 two samplings of Per-

lette were made in the Coachella Valley 
in May, two of Cardinal in May and 
June, and two of Thompson Seedless 

in June; the sequence was repeated in 
the San Joaquin Valley during July 
and August. The two samplings of each 
variety were from the same or adjacent 
vineyards and were spaced 7 to 14 days 
apart—far enough apart that the acid 
content of the grapes usually had 
dropped appreciably before the second 
sampling. Water loss from the fruit was 
minimized in order to present the sen­
sory panel members with both sampl­
ings simultaneously without texture 
differences from shrinkage. To do this, 
the grapes were placed in polyethylene-
lined lugs when picked. During precool-
ing the liners were left open to prevent 
moisture condensation in the container. 
As soon as the fruit temperature 
reached 40°F (within 4 hours) the 
grapes were covered by the liner (but 
not sealed in) to minimize further water 
loss from excessive air movement. In 
this way, grapes harvested 2 weeks 
apart could be compared directly for as 
long as 2 weeks with no detectable dif­
ferences (berry softness or stem dry­
ing) in texture. 

Preparation of samples 
Sample variability was a major prob­

lem during 1959 and 1960 result 
of the wide variation in degree Balling 
among the berries in each cluster—often 
as much as 6 degrees. Variability was 
drastically reduced by separating ber­
ries into maturity levels on the basis of 
specific gravity—a principle which is 
applied in separating fresh peas into 
maturity grades with sodium chloride 
solutions (United States Code of Fed­
eral Regulations, 1959). Sucrose was 
used in this study as it was thought that 
any residual sugar left on the berries 
would be less of an interference factor 
during tasting than salt would be. Also, 
since the degree Balling scale is based on 
sucrose solutions it was convenient to 
relate the degree Balling of the solution 
directly to that of the grapes. The sam­
ples of berries cut from the stems were 
first warmed quickly to 20°C in water, 
then placed in a sucrose solution of 19.5° 
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Balling at the same temperature. Those 
berries that saiik were discarded as over­
mature, and those that floated were 
transferred to a solution of 18.5° Ball­
ing. Those that sank were designated 
19° Balling; those that floated were 
transferred to the next lower solution 
at 17.5° Balling where the submerged 
fraction was recovered as 18° Balling 
fruit, In this way, six levels of maturity 
were obtained. The concentration of the 
solutions was adjusted frequently to 
keep the degree Balling within 0.3 of 
the stated level. 

The above operation was clone the day 
before the grapes were to be evaluated. 
Residual sugar solution was left on the 
berries when they were returned to stor­
age within 2 hours after being segre­
gated; washing was deferred to prevent 
berries from imbibing water and split­
ting from turgor pressure. One hour be­
fore evaluation the cold fruit Avas 
brought to room temperature with wa­
ter which also removed practically all 
of the residual sucrose solution. Part of 
each sample was reserved for chemical 
analysis. 

Total acid determination 
in individual berries 

In the sample variability studies the 
total acid content of individual berries 
was determined using a modification of 
the method of Guymon and Ough 
(1962). Each berry was weighed to the 
nearest milligram then macerated in a 
Waring blender with 100 milliliters of 
distilled water. Just prior to the addi­
tion of the fruit this water had been 
boiled to expel dissolved carbon dioxide 
and the pH adjusted to phenolphthalein 
end point. During maceration and 
titration a blanket of nitrogen was 
maintained over the solution to exclude 
carbon dioxide. The acid content was 
expressed as grams tartaric acid per 100 
grams of fruit. 

Sensory testing procedure 
The panel for the sensory tests was 

composed of university employees and 

their wives from various departments 
on the campus. Eighty per cent were 
men and 20 per cent were women; ages 
ranged from 20 to 65 years. No more 
than three of the members had had prev­
ious experience in table-grape tasting, 
and orientation of the panel members 
was limited to brief instructions on how 
to proceed, and how to complete the sen­
sory ballot. 

Each varietal pair of samplings was 
evaluated by a minimum of 25 panel 
members on 7 to 10 different days. Each 
day each panel member evaluated six 
maturity levels of each of the two sam­
plings. Two to four berries constituted 
a sample at each level and only one level 
was presented to the panel member at 
a time for color and taste acceptability. 
The same four-point hedonic scale for 
color and five-point scale for taste was 
used. 

A special sensory panel composed of 
235 people who attended Grape Day in 
August, 1961 was used to evaluate the 
Thompson Seedless samples. These peo­
ple were largely grape growers, grape 
servicing industry representatives, 
grape plant managers, and agricultural 
news reporters. All but one were men, 
and ages ranged upwards from 18 years. 
For this test each panel member evalu­
ated each sample only once. 

RESULTS 
Chemical composition of samples, 1959 

Table 1 shows the variety and chemi­
cal composition of grapes used in the 
taste and color acceptability tests. The 
maturity range of each variety, as de­
termined in the laboratory with com­
posite samples of fruit, was higher than 
predicted on the basis of refractometer 
determinations of fruit picked in the 
vineyard. The lowest maturity level 
(green) for Perlette, Cardinal and 
Ribier should have been 15° Balling 
(one degree below the minimum stand­
ard), and for Thompson Seedless and 
Tokay in the San Joaquin Valley it 
should have been 17° Balling. Also, 

http://Vol.34.yo
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TABLE 1 

VARIETY AND CHEMICAL COMPOSITION OF TABLE GRAPES USED FOR 
TASTE AND COLOR ACCEPTABILITY TESTS, 1959* 

Variety 

Perlette 
Perlette 
Perlette 
Perlette 
Cardinal 
Cardinal 
Cardinal 
Cardinal 
Thompson Seedless 
Thompson Seedless 
Thompson Seedless 
Thompson Seedless 
Ribier 
Ribier 
Ribier 
Ribier 
Tokay 
Tokay 
Tokay 
Tokay 

Maturity 
level p H 

Green 
Medium ripe 
Hipe 
Very ripe 
Green 
Medium ripe 
Ripe 
Very ripe 
Green 
Medium ripe 
Ripe 
Very ripe 
Green 
Medium ripe 
llipe 
Very ripe 
Green 
Medium ripe 
Ripe 
Very ripe 

3.16 
3.19 
3.22 
3.24 
3.31 
3.33 
3.35 
3.39 

3.31 
3.29 
3.37 
3.37 

Balling 
(degrees) 

15.9 
16.8 
17.5 
18.2 
16.3 
17.1 
17.7 
18.5 
17.1 
17.8 
18.6 
19.6 
15.9 
16,3 
17.0 
18.0 
17.1 
17.6 
18.4 
18.9 

Total acid 
gm tart/100 ml 

Balling/acid 
ratio 

0.81 
0.80 
0.74 
0.69 
0.66 
0.64 
0.61 
0.60 
0.74 
0.71 
0.67 
0.64 
0.52 
0.51 
0.51 
0.48 
0.62 
0.60 
0.56 
0.54 

19.6:1 
21.0:1 
23.6:1 
26.4:1 
24 8:1 
26.7:1 
29.1:1 
30.7:1 
23.2:1 
25.1:1 
27.8:1 
30.6:1 
30.6:1 
32.0:1 
33.3:1 
37.1:1 
27.6:1 
29.3:1 
32.9:1 
35.0:1 

* An attempt was made to secure fruit within a maturity range of 1° Balling below the minimum standard to 2° 
Balling above. The minimum degree Balling standard in the San Joaquin Valley is 16 for Perlette, Cardinal and Ribier, 
and 18 for Thompson Seedless and Tokay. 

there is only about a 2° Balling range 
between the lowest and highest levels 
for each variety while a range of 3° was 
intended. As a result, the maturity 
levels were only about two-thirds of a 
degree Balling apart. The range in Ball­
ing/acid ratios for each variety was 
about the same—a difference of about 
seven between the lowest and highest 
ratios. The Perlette samples had the 
lowest ratios in the over-all ratio scale. 
The ranges of Cardinal and Thompson 
Seedless overlapped somewhat on the 
upper end of the Perlette range and 
those for Ribier and Tokay were the 
highest, with practically no overlap. 

Individual taste scores 
Table 2 shows individual scores of 

Thompson Seedless samples tasted un­
der red and white light, and shows that 
there is a close relationship between the 
scores and the level of maturity. Under 
red light, only tasters 17, 22, 24, 35, 45, 
51, and 54 showed any reversal from 
the trend of increased scores with in­
creased maturity. Of these, tasters 22, 
35, 51, and 54 showed a reversal of the 

R and VR'values—possibly an actual 
decrease in acceptability due to over-
ripeness rather than reversals due to 
sample or taster variability. The trend 
of acceptability increasing with matur­
ity was the same when the grapes were 
tasted under white light. Here also 
seven tasters (6, 13, 17, 18, 26, 47, and 
54) showed a reversal to the trend at 
two or three maturity levels. 

Table 3 shows that the trend was the 
same in individual taste scores for Per­
lette and Cardinal grapes. For Perlette, 
only tasters 42 and 51 showed a reversal 
to the trend at levels below VR. Eight 
tasters rated VR below R—an indica­
tion that VR grapes were actually less 
acceptable to them than R fruit. The 
Cardinal grapes showed the same de­
crease in acceptability at the VR level. 
However, variability within the range 
was much higher than for the Perlettes. 
Ten tasters (11, 16, 26, 29, 35, 37, 39, 
47, 53, and 55) showed a reversal of 
scores at the low and intermediate ma­
turity levels. This greater variability 
for Cardinal as compared to Perlette 
and Thompson Seedless can probably be 
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ascribed in part to the strong inverse 
relationship between berry size and de­
gree Balling. Although small berries 
were not used, slight differences in size 

of "normal-sized" berries aggravated 
the variability problem. Also, smaller 
berries had fewer seeds—a possible tex­
ture factor which would cause a taster 

TABLE 2 

TASTE SCORES OF THOMPSON SEEDLESS GRAPES AT FOUR LEVELS OF 
MATURITY; TASTED UNDER RED AND WHITE LIGHT, 1959* 

Red light 

Tas ter N u m b e r 
of 

samples 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
27. 
28. 
29. 

39. 
40. 
41. 
42. 
44. 
45. 
46. 
47. 
48. 
50. 
51. 
53. 
54. 
55. 
56. 

38 
12 
30 
41 
42 
41 
23 
12 
41 
4 

20 
56 

7 
7 

13 
34 
5 
6 

22 
55 
18 
36 
28 
31 
19 
6 
8 

22 
6 

18 
5 

34 
34 
57 
30 
24 
21 
50 
22 
9 

20 
30 
51 

44 
5 

48 
31 

Matu r i ty levelf 

Vlt 

White l ight 

N u m b e r 
of 

samples 

I 2.24 
j 3.00 

1.83 
2.41 
3.17 
2.22 
2.26 
3.25 
3.44 
1.25 
1.70 
2.21 
1.00 
1.71 
3.92 
2.53 
2.80 
1.50 
1.55 
2.22 
2.67 
2.17 
2.64 
2.35 
1.47 
2.50 
2.25 
1.82 
1.67 
2.22 
4.00 
2.06 
2.53 
2.81 
2.07 
3.08 
1.81 
2.92 
2.45 
3.33 
1.70 
2.13 
2.84 

1.75 
1.59 
3.20 
2.31 
2.90 

2.82 
3.75 
2.07 
2,71 
3.50 
2.85 
2.48 
3.58 
3.66 
2.00 
2,15 
2.79 
1.57 
2.00 
4,38 
2.97 
3,60 
2,83 
2.05 
2.62 
3.11 
2.36 
3.07 
2.90 
2.11 
3.00 
2.88 
2.68 
2.33 
3.22 
4.40 
2.62 
3.00 
3.25 
2.63 
3.12 
2,33 
3.52 
3.32 
3.22 
2.70 
2.80 
3.16 

2.75 
1.93 
3.40 
2.83 
3.35 

3.16 
3,92 
2.87 
2.93 
3,81 
3.07 
3.13 
3.58 
3,83 
2.50 
2.60 
2.96 
3,00 
3.00 
4.67 
3,71 
3,20 
3.17 
2.41 
2.89 
3.22 
2.81 
3,39 
2.74 
2.63 
3.67 
3.50 
3.09 
3.50 
3.72 
4.40 
2,85 
3.15 
3.77 
3.07 
3.58 
3.10 
3.54 
3.82 
3.44 
2.70 
3.27 
3.47 

3.75 
2.36 
4.00 
2.90 
3.68 

3.37 
4.25 
3.40 
3.10 
3.86 
3.49 
3.17 
3.83 
4.15 
3.00 
2.75 
3.11 
4.00 
3.29 
4.77 
3.85 
4.20 
3.67 
2.82 
3.02 
3.28 
2.72 
3.96 
3.77 
3.32 
4.00 
4.00 
3.95 
3.67 
4.11 
5.00 
2,76 
3.35 
4.02 
3.13 
3.96 
3.10 
3.88 
4.45 
3.56 
3.10 
3.43 
3.65 

3.50 
2.77 
3.80 
3.40 
3.74 

10 
10 
7 

9 
10 

1.50 

1.33 

2.57 
1.50 
1.40 

2.44 

1,20 
1.50 
2.29 
1.00 

2.83 
3.14 
2.00 
1.14 
1.33 

1.17 

1.75 

4.00 

2.00 
1.67 
1.80 

1.75 

1.40 
2.88 
2.75 

3.40 

Matu r i t y levelf 

i 2.33 

1.56 

3.43 
2.88 
2.40 

3.44 

2.10 
1.90 
1.29 
1.75 

3.50 
2.29 
2.29 
1.86 
1.89 

1.83 

2.20 

1.75 

4.20 

2.50 
3,11 
3.20 

2.50 

2.20 
3.00 
3.25 

3.80 

3.00 

2.89 

3.71 
2.75 
2.60 

3.78 

2.60 
2.20 
3.29 
1.88 

3.67 
3,14 
3.00 
2.00 
3.44 

2.83 

2.00 

3.25 

4.60 

2.50 
3.44 
3.50 

3.75 

3.80 
3.50 
3.25 

3.60 

VR 

4.17 

3.89 

4.86 
3.38 
3.60 

4.33 

3.30 
2.60 
3.57 
2.50 

4.50 
4.14 
2.14 
2.43 
3.56 

3.00 

3.50 

5.00 

3.67 
3.78 
3.60 

4.25 

3.40 
3.88 
4.25 

* Tas te values are based on a hedonie scale of: dislike = 1.00; neither like nor dislike ■ 
like moderately = 4.00; like extremely = 5.00. 

t G = green; M = m e d i u m r ipe; R = r ipe ; VR = very r ipe. 

2.00; like sl ightly = 3.00; 
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to discriminate against larger berries. 
Results shown in table 4 support the 
possibility that berry size introduces an­
other variable; reversals are again nu­
merous for Ribier and for Tokay, and 
in five instances (tasters 38 for Ribier 
and 2, 9, 33, and 42 for Tokay) the score 
for the VR level was lower than that 
forG. 

Even ignoring the numerous reversals 
of scores in tables 2, 3, and 4 it is evi­

dent that the tasters differed widely in 
the degree of acceptability for the fruit. 
For example, tasters 34 and 35 in table 
3 showed wide differences for Perlettes. 
Taster 34 appeared to like the samples 
so well that even the score of the lowest 
maturity level was remarkably high. On 
the other hand taster 35 gave even the 
ripest sample a comparatively low score. 

The tasters also appeared to differ 
widely in the magnitude of increase in 

TABLE 3 

TASTE SCORES OF PERLETTE AND CARDINAL GRAPES AT FOUR LEVELS 
OF MATURITY; TASTED UNDER RED LIGHT, 1959* 

Tas te r 

1 
2 
3 
4 
5 
6 
7 
8 
9 

11 
12 
14 
16 
19 
20 
22 
23 
25 
26 
29 
31 
32 
34 
35 
36 
37 
38 
39 
40 
41 
42 
47 
48 
49 
50 
51 
53 
54 
55 
56 

Per le t te 

N u m b e r 
of 

samples 

4 
11 
16 
11 
12 
12 
14 

12 
14 
16 
7 
5 
6 

15 
12 

9 

12 
8 
7 

10 
16 

17 
15 

14 
5 
5 

15 
11 
10 
12 
9 

12 

5 

Matu r i ty level! 

G 

1.50 
2.09 
1.62 
2.09 
2.83 
1.50 
2.21 

2.25 
1.43 
1.44 
2.43 
2.20 
1.50 
2.00 
1.67 

1.11 

1.08 
2.38 
4.29 
1.30 
2.38 

1.82 
2.20 

2.57 
1.20 
2.00 
2.47 
2.64 
2.10 
3.25 
1.44 
3.25 

3.00 

M 

1.50 
2.55 
2.38 
2.36 
3.42 
2.17 
2.79 

2.75 
2.21 
1.50 
2.43 
3.40 
1.50 
2.60 
2.58 

2.44 

1.33 
2.50 
4.43 
1.80 
2.81 

2.47 
2.40 

3.50 
2.60 
3.00 
3.07 
2.64 
3.90 
3.08 
2.00 
3.58 

3 00 

R 

2.50 
3.09 
3.06 
2.73 
3.58 
2.92 
3.36 

2.83 
2.21 
2.06 
3.43 
4.40 
2.00 
2.67 
3.17 

3.00 

2.25 
3.50 
4.57 
2.30 
3.19 

3.47 
3.00 

3.57 
2.40 
3.40 
3.60 
3.09 
4.30 
3.58 
2.67 
4.08 

4 00 

VR 

2.25 
3.36 
3.12 
2.64 
3.83 
2.50 
3.57 

3.08 
2.50 
2.25 
3.00 
4.60 
3.00 
3.07 
3.67 

4.11 

2.58 
3.75 
4.43 
2.10 
3.56 

3.47 
3.20 

3.57 
3.80 
4.00 
3.80 
3.18 
4.30 
3.92 
2.22 
4.00 

3.40 

Cardinal 

N u m b e r 
of 

samples 

8 
10 
16 
20 

14 
16 
12 
18 
20 
4 

18 
8 

20 
14 
4 
8 
6 
5 

14 
20 

12 
22 

6 
22 
20 
4 

16 
18 
12 
22 

4 

8 
16 
12 
8 

18 

Matu r i ty level! 

G 

1.00 
2.30 
1.91 
2.95 

2.79 
3.44 
3.08 
2.28 
1.75 
3.25 
2.28 
2.00 
2.45 
2.29 
2.50 
1.75 
1.17 
2.40 
2.00 
1.75 

1.56 
2.45 
2.00 
2.32 
3.55 
3.50 
2.81 
1.78 
3.42 
3.14 
3.50 

3.25 
1.81 
3.33 
3.25 
2.22 

M 

3.12 
2.90 
1.91 
3.25 

3.07 
3.69 
3.58 
2.25 
2.30 
3.25 
3.22 
2.38 
2.50 
2.50 
2.75 
2.38 
2.33 
3.80 
2.43 
3.35 

2.06 
3.45 
3.67 
2.95 
3.85 
3.50 
3.25 
2.06 
3.33 
4.00 
3.75 

3.75 
2.38 
3.92 
3.62 
3.44 

R 

3.25 
3.30 
2.18 
3.60 

3.36 
3.88 
3.58 
2.17 
2.35 
3.50 
3.28 
2.75 
3.25 
3.14 
4.25 
2.75 
2.17 
3.20 
3.00 
3.40 

2.00 
3.59 
3.17 
3.55 
3.75 
4.75 
3.81 
2.61 
4.08 
4.18 
3.75 

3.88 
2.19 
4.17 
3.25 
3.44 

VR 

3.62 
3.60 
2.41 
3.45 

3.93 
3 81 
4 00 
2 78 
2 65 
4 25 
3 06 
3 88 
3 50 
2 86 
4 50 
3 00 
3 50 
3 60 
3 21 
4 05 

2 17 
3 82 
3 50 
3.95 
3 90 
3 25 
4 06 
3 17 
3 83 
4 23 
3 75 

4 12 
3 00 
4 42 
3 62 
3 83 

* Taste values are based on a hedonic scale of: dislike = 1.00; neither like nor dislike = 2.00; like slightly 
like moderately = 4.00; like extremely = 5.00. 

t G = green; M = medium ripe; R = ripe; VR = very ripe. 
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TABLE 4 

TASTE SCORES OF RIBIER AND TOKAY GRAPES AT FOUR LEVELS OF 
MATURITY; TASTED UNDER RED LIGHT, 1959* 

Taster 

1 
2 
3 

5 
6 
7 
g 

12 
15 
16 
20 
22 
23 
24 
29 
33 
35 
38 
41 
42 
44 
46 
48 
63 
55 
56 

N u m b e r 
of 

samples 

8 
6 

10 
8 

10 
10 
4 

10 
8 
8 
6 

10 
6 
4 
6 
4 
8 
8 
4 
4 

10 
6 

10 
8 
6 

10 
4 

Ribier 

Matu r i ty levelf 

G 

1.82 
2.00 
2.60 
3.00 
2.80 
2.00 
2.25 
3.80 
2.38 
2.88 
2.00 
2.30 
2.00 
2.75 
2.50 
3.75 
2.25 
1.62 
4.25 
2.25 
2.30 
1.67 
2.10 
3.50 
1.50 
2.10 
1.50 

M 

2.50 
3.00 
3.00 
3.12 
2.80 
2.50 
2.50 
3.60 
2.50 
3.50 
2.67 
2.40 
2.50 
3.00 
2.00 
4.00 
2.25 
1.75 
4.50 
3.25 
2.50 
1.83 
2.30 
3.62 
2.17 
2.70 
2.25 

11 

2.75 
3.50 
2.70 
3.25 
3.70 
3.00 
2.75 
3.90 
2.62 
4.25 
3.00 
2.50 
2.83 
3.75 
3.00 
4.50 
2.00 
1.75 
4.75 
3.25 
2.50 
2.17 
2.70 
4.25 
2.00 
2.90 
2.75 

VR 

3.25 
3.83 
3.40 
3.38 
4.40 
3.40 
3.75 
4.10 
2.88 
4.50 
2.00 
3.30 
3.50 
5.00 
3.83 
4.00 
2.12 
2.12 
4.00 
4.00 
3.00 
3.33 
2.60 
4.00 
2.67 
3.10 
3.50 

T o k a y 

N u m b e r 
of 

samples 

8 
6 

10 
8 

10 
10 
4 

10 
8 
8 
6 
8 
6 
4 
6 
4 
8 
8 
4 
4 

10 
6 

10 
8 
6 

10 
4 

Matu r i ty levelf 

G 

1.50 
3.33 
2.30 
3.38 
2.30 
2.50 
3.25 
4.20 
1.50 
2.62 
2.33 
3.00 
1.50 
2.25 
2.00 
2.25 
4.12 
2.75 
3.00 
1.75 
2.50 
1.83 
1.70 
3.12 
1.33 
2.50 
1.50 

M 

1.88 
3.00 
2.70 
3.50 
2.50 
2.50 
3.25 
4.10 
2.00 
4.00 
3.33 
2.75 
1.83 
2.00 
1.83 
3.50 
3.88 
3.00 
3.50 
2.50 
2.60 
2.00 
1.90 
3.50 
1.83 
2 60 

R 

3.25 
4.00 
3.20 
3.62 
3.40 
3.20 
4.25 
4.60 
2.38 
4.12 
3.33 
3.88 
2.67 
3.25 
3 00 
3.25 
4.38 
2.75 
4.25 
2.75 
2.50 
2.67 
2.30 
3.25 
1.67 
3 40 

3 25 2 75 

VII 

3.50 
3.33 
3.60 
3.88 
3.70 
3.60 
4.25 
4.20 
2.12 
4.25 
4.00 
3.62 
2.33 
3.50 
3.67 
4.50 
4.00 
3.88 
5.00 
2.75 
2.20 
3.00 
2.70 
3.75 
1.83 
3.50 
2 75 

* Taste values are based on a hedonic scale of: dislike = 1.00; neither like nor dislike = 2.00; like slightly 
like moderately = 4.00; like extremely = 5.00. 

f G = green; M = medium ripe; R = ripe; VR = very ripe. 

acceptability with maturity. For exam­
ple, taster 8 in table 2 under red light 
showed a small but consistent increase 
in acceptability with maturity, whereas 
taster 13 showed an increase of much 
greater magnitude. 

Weighted average taste 
and color scores 

Table 5 shows weighted average sen­
sory scores. Taste trends for all of the 
varieties show a consistent increase in 
value as the maturity level rises with 
no reversals of scores. Whether Perlettes 
and Cardinals were tasted under red or 
white light appeared to make no dif­
ference in either the trend or magnitude 
of increase in taste scores. This seems 
to indicate that visual impressions of 
color in Perlette and Cardinal grapes 

do not affect the taste reaction. How­
ever, when Thompson Seedless grapes 
were tasted under white light the scores 
showed a greater increase in value over 
the maturity range than the increase 
in scores obtained under red light. 
While the score for the VR level under 
white light is only slightly higher than 
that obtained under red light, the scores 
at the lower maturity levels are consid­
erably lower than are the corresponding 
values under red light. I t is unexpected 
that a white grape such as Thompson 
Seedless would show this difference, 
particularly when one which is red-pig-
mented (such as Cardinal) does not. A 
partial explanation for this difference 
may be that the trend under white light 
was based on a much smaller number of 
tasters and samples than were trends 
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TABLE 5 

WEIGHTED AVERAGE SENSORY SCORES OF GRAPES AT 
FOUR LEVELS OF MATURITY* 

Variety 

Per le t te 
Per le t te 
Per le t te 
Cardinal 
Cardinal 

T h o m p s o n Seedless 

T h o m p s o n Seedless 

Tokay 

Light 

Red 
White 
White 
R e d 
White 
White 
Red 
White 
White 
Red 
Red 

Sensory 
test 

Tas te 
Tas t e 
Color 
Tas te 
Tas te 
Color 
Tas t e 
Tas t e 
Color 
Tas te 
Tas te 

N u m b e r 
of 

judges 

33 
42 
42 
36 
47 
47 
48 
27 
39 
27 
27 

N u m b e r 
of 

samples 

359 
507 
509 
475 
624 
627 

1224 
186 
495 
196 
194 

Matu r i ty levelt 

G 

2.09 
2.14 
2.39 
2.46 
2.56 
2.66 
2.40 
1.92 
2.45 
2.43 
2.50 

M 

2.62 
2.62 
2.45 
3.02 
3.03 
2.95 
2.88 
2.53 
2.64 
2.73 
2.78 

R 

3.12 
3.09 
2.42 
3.26 
3.24 
3.02 
3.22 
3.08 
2.64 
3.02 
3.24 

VR 

3.29 
3.51 
2.46 
3.53 
3.61 
3.05 
3.50 
3.71 
2.64 
3.38 
3.44 

* Taste values based on a hedonic scale of: dislike = 
moderately = 4.00; like extremely = 5.00. 

Color values based on a hedonic scale of: unattractive 
highly attractive = 4.00. 

t G = green; M = medium ripe; R = ripe; VR = very ripe. 

1.00; neither like nor dislike = 2.00; like slightly = 3.00; like 

= 1.00; not unattractive = 2.00; moderately attractive = 3.00; 

for Perlette and Cardinal grapes. If we 
adjust the red light tastings for Thomp­
son Seedless to the same tasters in the 
same proportion as for white light, we 
get weighted averages of 2.23, 2.73, 3.22, 
3.50 corresponding to the previous aver­
ages of 2.40, 2.88, 3.22, 3.50 for red light 
tasting, and 1.92, 2.53, 3.08, 3.71 for 
the white light tastings (table 5); re­
maining discrepancies may be due to the 
smallness of the white light sample. The 
similarity of trends under red and white 
light lends considerable support to the 
reliability of the method of sensory 
analysis used. 

The scores for color show very small, 
if any, increase with maturity. In fact 
there is a reversal of the M and R scores 
for Perlette which makes the very small 
increase from 2.39 at the G level to 2.46 
for VR questionable. There is no in­
crease in the score beyond M for Thomp­
son Seedless so (for the white varieties 
at least) there is no definite relation­
ship between color acceptability and 
maturity, with the exception of the low­
est maturity level of Thompson Seed­
less. However, Cardinal scores show a 
consistent increase with maturity, indi­
cating that color in pigmented grapes 
is a more pronounced index of maturity 
than for white grapes. The increase is 

large for the G and M levels but there­
after quite small. Unfortunately, no 
studies were made on Ribier and Tokay 
grapes to ascertain whether color-
maturity relationship was consistent for 
these pigmented varieties. 

The correlation coefficients between 
taste scores and color scores were 0.39 
for Thompson Seedless, 0.32 for Per­
lette, and 0.35 for Cardinals; the coef­
ficient for Thompson Seedless was based 
on all score sheets (1404), but the other 
coefficients were based on 500 score 
sheets each. These correlations bear out 
a general impression that tasting under 
white light is more consistent with 
chemical findings of maturity than is 
tasting under red light where no assess­
ment of color can be made. 

Analysis of variance treatment 
The sensory-variety-maturity-j udges-

light-relationships were explored fur­
ther with three analyses of variance: 

1. Tasting under red light with six­
teen tasters. The panel was reduced to 
this number when data from tasters 
with less than six score sheets per vari­
ety were omitted. Included in this panel 
were tasters 2, 3, 4, 7, 9, 11, 12, 20, 22, 
35, 36, 38, 39, 41, 48, and 53 (table 2). 
Only Perlette, Cardinal and Thompson 
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Source of var iat ion 

Ripeness 

Tasters 
E X V 
R X T 
V X T 
R X V X T 

Df 

191 
3 
2 

15 
6 

45 
30 
90 

1963 

Sum of squares 

86.92 
28.52 
4.33 

34.76 
0.52 
2.17 

13.31 
3.31 

Variance 

9.51 
2.16 
2.32 
0.0867 
0.0482 
0.444 
0.0368 

F 

258.42* 
58.70* 
63.04* 
2.36t 
1.31t 

12.06* 

n 

T a b F 

4.01 
4.85 
2.25 
2.20 
1.51 
1.92 

* Significant at the 1 per cent level, 
t Significant at t he 5 per cent level. 

Seedless varieties were included in this 
statistical treatment. This analysis is 
not as precise as we would like because 
averages are based on varying numbers 
of score sheets, but since the analysis 
of variance is somewhat insensitive to 
such departures from the theoretical 
model the gross aspects of the analysis 
are indicative enough to be mentioned. 
The analysis is shown in the table at top 
of this page. 

Under red light, taste scores showed 
significant differences between degrees 
of ripeness, varieties of grapes and tast­
ers. Also, there was a highly significant 

interaction between varieties and tast­
ers. 

2. Tasting under red and white light 
with seven tasters. Only seven panel 
members completed six or more taste 
score sheets on Perlette, Cardinal and 
Thompson Seedless grapes under both 
red and white light. They were tasters 
3, 9,11,12, 20, 38, and 39 (table 2). The 
analysis is shown below, top. 

In this analysis of variance, which 
includes seven tasters, red and white 
light, four degrees of ripeness and 
three varieties of grapes, large dif­
ferences were found due to tasters, 

> of var iat ion Df 

167 
6 
2 
3 
1 

12 
18 
6 
6 
2 
3 

108 

S u m of squares 

93.21 
31.60 
3.40 

35.79 
0.040 
6.41 
3.46 
1.33 
1.74 
1.26 
0.75 
7.43 

Variance 

5.27 
1.70 

11.93 
0.040 
0.53 
0.19 
0.22 
0.29 
0.63 
0.25 
0.069 

T a b F 

Tota l 
T a s t e r s . . . . 
Variety 
Ripeness . . . 
Light 
T X V 
T X R 
T X L 
V X R 
V X L 
R X L 
Remainder 

76.38* 
24.64* 

172.90* 
0.58T 
7.68* 
2.75* 
3.19* 
4.20* 
9.13* 
3.62t 

2.99 
4.82 
3.98 
3.94 
2.36 
2.12 
2.99 
2.99 
4.82 
2.70 

* Significant a t t he 1 per cent level. 
t Significant at t he 5 per cent level. 

Source of var ia t ion 

Tota l 
Ripeness 
Variety 
Judges 
R X V 
R X J 
V X J 
R X V X J 

Df 

83 
3 
2 
6 
6 

18 
12 
36 

S u m of squares 

21.45 
0.46 
6.06 

10.97 
0.38 
1.29 
1.05 
1.24 

Variance 

0.153 
3.03 
1.83 
0.0633 
0.0717 
0.0875 
0.0344 

F 

4.45* 
8.81* 
5.32* 
1.84t 
2.08T 
2.54t 

T a b F 

4.38 
5.25 
3.35 
2.36 
1.90 
2.03 

* Significant a t t he 1 per cent level. 
t Significant a t t he 5 per cent level. 
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variety and ripeness. Color of light ap­
peared not to be uniformly important; 
this was altogether true when a large 
number of tasters was considered. There 
was some indication that white light 
helped in consistency and uniformity 
of taste rating in some cases. Interac­
tions tasters x variety, taster x ripeness, 
taster x light, variety x ripeness, and va­
riety x light, were all significant at the 
1 per cent level. 

3. Judging color with seven panel 
members. The same seven-member panel 
as above completed six or more color 
score sheets. Important differences were 
found between degrees of ripeness, vari­
eties of grapes, and judges. The interac­
tions were not very important, as shown 
in the bottom analysis on page 11. 

In these exploratory analyses, all 
mean squares were tested against the 
experimental error or residual mean 
square (Kendall, 1955). Because of the 
interactions some of the primary effects 
should be tested against larger error 
terms, but as far as significance or non-
significance is concerned there would be 
only minor changes. In any case, the 
statements made indicate the relative 
importance of the mean squares and 
heterogeneity due to the specified 
causes. 

Chemical and sensory data, I960 
The 1960 season showed the same 

trends as did 1959, even though only 
three levels of maturity were used. Taste 
acceptability was correlated with ma­
turity for all of the varieties; however, 
only the pigmented varieties Cardinal 
and Tokay showed a clear relationship 
between color acceptability and ma­
turity. The analysis of variance treat­
ment applied to the 1959 data was also 
applied to the 1960 data and results ob­
tained were the same. 

Sample variability, and the shortness 
of the post-harvest period during which 
the grapes were suitable for sensory 
purposes, imposed severe restrictions on 
further improvement in the sensory 
data and reliability of conclusions 

drawn from these data. Individual dis­
criminatory ability was difficult to as­
sess because of such great variability 
among berries, especially when matur­
ity samples were arranged 1° Balling 
apart within a range of 2 to 3° Balling 
on the basis of the average composition 
of each sample. Also, differences in sen­
sory acceptability among individual 
tasters were difficult to evaluate owing 
to this variability, and because of the 
few tastings possible for a given sample 
before texture changes in the fruit in­
duced by dehydration in storage made 
further tests impractical. 

The limited post-harvest life of the 
samples also precluded a satisfactory 
comparison of the Balling/acid ratio 
with degree Balling alone as an index 
of sensory acceptability. To make this 
a critical study, it appeared necessary 
to harvest samples from the same vine­
yard at the same degree Balling but on 
different dates. Since the acid content 
continues to decrease during ripening, 
it is possible to obtain samples at the 
same degree Balling but at different 
acid levels by harvesting them at 1 to 
2-week intervals. If the first sample can 
be held in cold storage so that the tex­
ture remains essentially unchanged 
(berries remain turgid) until the second 
sample is available, it is possible to make 
direct comparisons between samples 
with the same degree Balling but dif­
ferent ratios. Such a comparison would 
require that grapes be held with little 
or no detectable change in texture and 
flavor for a minimum of 2 weeks—a dif­
ficult problem when the critical timing 
of sampling, prevailing temperatures 
during sampling, distances of transport, 
and rigors of sample preparation are 
considered. 

Sample variability, 1961 
From the foregoing results it was ap­

parent that sample variability had be­
come a limiting factor to further study 
relating maturity to sensory accepta­
bility. Differences in degree Balling 
among berries within a cluster are no 
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particular problem when that cluster 
is used as the smallest unit in a test, as 
in the conventional method of measur­
ing maturity. However, for sensory 
studies it becomes necessary to consider 
the berry as the smallest unit, because 
taste fatigue limits the taster's capacity 
to this magnitude of sample size if he 
is to discriminate effectively between 
maturity levels 1° Balling apart. 

The seriousness of the problem is il­
lustrated by the amount of variability 
among berries within clusters. Even the 
more uniform clusters of Thompson 
Seedless and Perlette grapes had only 
40 to 55 per cent of the berries within 
0.5° Balling, and 65 to 85 per cent 

within 1.0° Balling of the average for 
the cluster. 

The Cardinal variety showed more 
variability than the Perlette and 
Thompson Seedless because, in addition 
to the variability among berries of the 
same size, there was a wide range in 
berry size and the degree Balling had a 
strong inverse relationship to size. Va­
riability in this variety from a specific 
gravity standpoint was further in­
creased by the number of seeds per 
berry, which varied from 0 to 5. The 
number itself would not be a factor 
were it not for the fact that the specific 
gravity of these seeds varied widely. 
This variation was demonstrated with 

Figure 1. Variability in degree Balling of berries in grape samples arranged at 1° Balling 
intervals. A. Samples segregated on the basis of single-berry determinations of 3 to 6% of the 
berries of each cluster. Within the 17° Balling fraction the percentage of the berries at the 
various degree Ballings are : a. 17° B, 21 .1%; b. 16° B, 18 .1%; c. 18° B, 18 .1%; d. 16 & 18° B, 
21.4%; e. 15° B, 5.7%; f. 19° B, 5.7%; g. 15 & 19° B, 4 .2%; h. 14° B, 1.8%; i. 20° B, 
1.8%; j . 14 & 20° B, 1.5%; k. 13° B, 0.2%; 1. 21° B, 0.2%; and m. 13 & 21° B, 0.2%. B. 
Samples segregated on the basis of specific gravity, using sucrose solutions 1° Balling apart. 
Within the 17° Balling fraction the percentage of berries at the various degree Ballings 
are: a. 17° B, 57.6%; b. 16° B, 15.4%; c. 18° B, 15.4%; d. 16 & 18° B, 7.8%; e. 15° B, 1.6%; 
t. 19° B, 1.6%; and g. 15 & 19° B, 0.6%. 
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TABLE 6 

PERCENTAGE OF BERRIES IN 10-BERRY SAMPLES DEVIATING 
FROM AVERAGE TOTAL ACID CONTENT OF THE SAMPLE 

Variety 

Per le t te 
Pe r l e t t e 

Per le t te 

Per le t te 

Card ina l 
Card ina l 

Cardinal 

D a t e 
harves ted 

5-23 
5-31 
5-23 
5-31 
5-23 
5-31 
6-1 
6-8 
6-1 
6-8 
6-1 
6-8 
6-8 
6-22 
6-8 
6-22 
6-8 
6-22 

Balling 
degrees* 

16 
16 
17 
17 
18 
18 
16 
16 
17 
17 
18 
18 
16 
16 
17 
17 
18 
18 

Average 
to ta l acid 

(gm t a r t a r i c / 
100 gm) 

1.13 
0.90 
1.10 
0.88 
1.09 
0.87 
0.80 
0.74 
0.79 
0.75 
0.81 
0.79 
1.36 
1.25 
1.25 
0.97 
1.07 
0.79 

Percentage of berries wi th in 
indica ted deviat ion 

± 0 . 2 
(gm/100 gm) 

100 
100 
90 
90 

100 
100 
90 

100 
100 
100 
100 
100 
80 
70 
90 
30 

100 
100 

± 0 . 1 
(gm/100 gm) 

70 
70 
60 
90 
80 
90 
80 

100 
70 

100 
90 

100 
40 
60 
50 
10 
80 
80 

± 0 . 0 5 
(gm/100 gm) 

40 
40 
20 
50 
50 
70 
40 
60 
30 
70 
70 
80 
30 
20 
20 
0 

40 
60 

' Range in degree Balling of each sample is similar to that shown for a 17° Balling sample in figure 1, B. 

a sample of seeds separated from the 
pulp of 17° Balling grapes and im­
mersed in water and sucrose solutions 
of different concentrations. About half 
of the seeds floated in pure water (spe­
cific gravity less than 1), 5 per cent 
floated in a 5° Balling solution, 6 per 
cent at 10° Balling, 7 per cent at 15° 
Balling, 10 per cent at 20° Balling, 10 
per cent at 25° Balling, 9 per cent at 
30° Balling and 4 per cent at 35° Ball­
ing. As a result of these variability fac­
tors only 30 to 40 per cent of the berries 
of a Cardinal cluster were within 0.5°, 
and 55 to 65 per cent within 1.0° Ball­
ing of the average for the cluster. 

When samples of detached berries 
were segregated on a specific gravity 
basis in a series of sucrose solutions 1.0° 
Balling apart, variability was drasti­
cally reduced. For Thompson Seedless 
and Perlette grapes, 65 to 70 per cent 
of the berries were now within 0.5° and 
85 to 95 per cent within 1.0° Balling 
of the average of the cluster. For Car­
dinal, 55 to 65 per cent were within 0.5°, 
and 85 to 95 per cent within 1.0° Ball­
ing of the average. Figure 1 shows the 

effect of this specific gravity separation 
method on the range of variability of 
berries within samples with average sol­
uble solids levels 1.0° Balling apart. The 
proportion of berries within 0.5° Ball­
ing of the average was increased from 
21.1 per cent for the 17° Balling sample 
selected on a cluster basis by refracto-
meter (figure 1, A) to 57.6 per cent for 
the sample segregated in sucrose solu­
tions of 16.5 and 17.5° Balling (figure 
1,B). 

Variability in the total acid content 
among berries of a grape cluster was 
often found to be of greater relative 
magnitude than variability in total solu­
ble solids. Within 10 berry samples, all 
at the same degree Balling, the total 
acid content of some berries was double 
that of others. As a result the Balling/ 
acid ratio of the low-acid berry was 
twice that of the high-acid berry. 

Table 6 shows the percentage of ber­
ries deviating from the average total 
acid content of the sample and the mag­
nitude of this deviation. Deviations are 
generally greatest and involve the larg­
est proportion of the berries at the lower 
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maturity levels of each variety and are 
especially high for Thompson Seedless 
for high acid conditions. Although the 
Cardinal shows the least amount of 
variability, the actual proportion is just 
as high as that for the seedless varie­
ties. For example, a deviation of ± 0.1 

gm/100 gm from an average total acid 
content of 0.8 gm/100 gm would cause 
considerably more variability in the 
Balling/acid ratio than a like deviation 
from an average total acid of 1.36 gm/ 
100 gm. 

This source of variability is especially 

TABLE 7 

VARIETY, SOURCE, DATE OF HARVEST, AND CHEMICAL COMPOSITION OF 
TABLE GRAPES USED FOR TASTE AND COLOR ACCEPTABILITY TESTS, 1961 

Variety 

Perlette 

Source 

Coachella Valley.... 

Cardinal 

San Joaquin Valley . 

Coachella Valley... . 

San Joaquin Valley.. 

Sampling 
date 

May 23.. . . 

May 31 . . . . 

July 5 

July 13.. . . 

June 1 

June 8 

July ' l2. . . . 

July 25. . . . 

Sample 
code 

A 14 
A 15 
A 16 
A 17 
A 18 
A 19 
B 14 
B 15 
B 16 
B 17 
B 18 
B 19 
G 14 
G 15 
G 16 
G 17 
G 18 
G 19 
H14 
H15 
H16 
H17 
H18 
H19 
C 14 
C 15 
C 16 
C 17 
C 18 
C 19 
D 14 
D 15 
D 16 
D 17 
D 18 
D 19 
I 14 
I 15 
I 16 
I 17 
I 18 
I 19 
J 14 
J 15 
J 16 
J 17 
J 18 
J 19 

Balling 
degrees 

14.0 
15.0 
15.7 
16.2 
17.2 
18.5 
13.6 
15.0 
15.7 
16.6 
18.0 
18.6 
12.5 
12.9 
14.3 
15.3 
16.4 
17.5 
13.5 
14.2 
14.6 
15.0 
16.8 
17.5 
14.4 
15.5 
16.4 
17.2 
17.9 
19.3 
14.4 
15.6 
16.0 
17.5 
17.9 
19.4 
14.7 
15.6 
15.9 
16.6 
17.7 
18.3 
13.9 
15.3 
15.9 
17.4 
17.7 
18.3 

Chemical composition 

Total acid 
(gm tartaric 

/100 ml) 

1.14 
1.12 
1.10 
1.03 
0.97 
0.96 
0.91 
0.88 
0.86 
0.82 
0.80 
0.78 
1.47 
1.33 
1.03 
0.83 
0.72 
0.67 
1.00 
0.99 
0.87 
0.80 
0.73 
0.69 
0.99 
0.89 
0.82 
0.78 
0.76 
0.77 
0.89 
0.86 
0.78 
0.78 
0.72 
0.69 
0.53 
0.55 
0.56 
0.53 
0.52 
0.53 
0.39 
0.43 
0 44 
0.44 
0.42 
0.39 

pH 

3.06 
3.13 
3.12 
3.18 
3.23 
3.24 
3.22 
3.25 
3.27 
3.29 
3.30 
3.34 
2.89 
2.90 
3.10 
3.20 
3.30 
3.31 
3.10 
3.15 
3.28 
3.31 
3 30 
3.40 
3.21 
3.22 
3.30 
3.32 
3.34 
3.31 
3.22 
3.20 
3.30 
3.35 
3.35 
3.36 
3.65 
3 63 
3.60 
3.61 
3.61 
3.61 
4.10 
4.00 
3.90 
3.90 
3.90 
3.91 

Balling 
/acid 
ratio 

12.3 :1 
13.4 
14.3 
15.7 
17.7 
19.3 
15.0 
17.1 
18.3 
20.2 
22.5 
23.9 
8.5 
9.7 

13.9 
18.4 
22.8 
26.1 
13.5 
14.3 
16.8 
18.8 
23.0 
25.4 
14.6 
17.4 
20.0 
22.1 
23.6 
25.1 
16.2 
18.1 
20.5 
22.4 
24.9 
28.1 
27.7 
28.4 
28.4 
31.3 
34.0 
34.5 
35.6 
35.6 
36.1 
39.6 
42.1 
46.9 

Continued on page 16 



16 Nelson et al.: Variability in Table Grapes 

TABLE 7—Continued 

Variety 

T h o m p s o n Seedless. 

Source 

Coachella V a l l e y . . . . 

San Joaqu in Val ley . . 

Sampl ing 
da te 

J u n e 8 

J u n e 22 . . . . 

Ju ly 2 5 . . . . 

Augus t 7 . . 

Sample 
code 

E 14 
E 15 
E 16 
E 17 
E 18 
E 19 
F 14 
F 15 
F 16 
F 17 
F 18 
F 19 
K 14 
K 15 
K 16 
K 17 
K 18 
K 19 
L 14 
L 15 
L 16 
L 17 
L 18 
L 19 

Balling 
degrees 

13.8 
15,7 
17.0 
17.5 
18,7 
19.5 
13.8 
15.5 
16.6 
17.7 
18.5 
19.4 
14.7 
15.5 
16.8 
17.0 
18.5 
19.2 
14.3 
15.4 
17.1 
17.5 
18.5 
19.4 

Chemical composit ion 

To ta l acid 
(gm ta r ta r ic 

/100 ml) 

1.92 
1.54 
1.41 
1.30 
1.29 
1.21 
1.02 
0.99 
0.94 
0.91 
0.85 
0.78 
0.95 
0.88 
0.80 
0.79 
0.72 
0.68 
0.66 
0.66 
0.61 
0.56 
0.56 
0.55 

p H 

2.85 
2.91 
3.00 
3.05 
3.04 
3.02 

3.09 
3.12 
3.19 
3.20 
3.11 
3.22 
3.31 
3.40 
3.41 
3.42 
3.51 
3.50 
3.50 
3.55 
3.61 
3.61 
3.69 

Balling 
/ac id 
rat io 

7.2 
10.2 
12.1 
13.5 
14.5 
16.1 
13.5 
15.7 
17.7 
19.5 
21.8 
24.9 
15.5 
17.6 
21.0 
21.5 
25.7 
28.2 
21.7 
23.3 
28.0 
31.3 
33.0 
35.3 

serious in sensory studies since it can­
not be materially reduced by segregat­
ing the berries on a specific gravity 
basis. The best method of coping with 
this problem appears to be by using a 
large number of the same tasters (mini­
mum of twenty for each tasting) and 
repeat the tastings at least five times for 
each set of samples. 

Composition of grapes 
for sensory tests, 1961 

Table 7 shows the varieties, source, 
date of sampling and composition of 
the grapes used for taste and color ac­
ceptability tests. The six levels of de­
gree Balling within each sampling agree 
quite closely to the planned levels of 
14 to 19° Balling, as is indicated by 
comparing the Sample Code value with 
the actual corresponding Balling levels. 
Only the levels for Perlettes sampled 
on July 5 and 13 deviate more than 1.1° 
Balling from the expected levels. For 
some reason (probably experimental 
error in preparing the fractionating 
solutions) these twelve Perlette values 

are lower than expected. Later in the 
season, agreement was closer as tech­
niques of sample preparation improved. 
No levels overlapped or were the same 
within each series of six samples har­
vested at the same time. 

Total acid content of the samples 
showed an inverse relationship to the 
degree Balling, at least at the moderate 
to high acid levels of the Perlette and 
Thompson Seedless grapes. This rela­
tionship was quite general even for Car­
dinals until acidity was reduced to the 
low levels shown for the I and J sam­
ples in table 7. 

The total acid content of each lot 
sampled early was consistently higher 
than that in the sample with the same 
Balling sampled later. The only revers­
als to this trend were samples G 18 and 
19, which were lower in acid than H 18 
and 19, respectively. The amount of de­
crease in acid between samplings varied 
widely among the varieties and between 
areas, and was due largely to the length 
of time between sampling dates. De­
crease for Perlette from both valleys, 
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when sampling dates were only 8 days 
apart, was considerably less than the 
decrease for Thompson Seedless from 
the Coachella Valley when the dates 
were 13 days apart. Although varietal 
differences could be a factor in this com­
parison, the same relationship was ap­
parent for Cardinal when the average 
decrease in acid of the Coachella fruit 
in 7 days was less than half the decrease 
in acid of the San Joaquin Valley fruit 
in 13 days. 

The length of the period between sam­
plings probably was not the only factor 
controlling the amount of decrease in 
acidity. Winkler has shown that the 
mean temperature during ripening has 
a significant effect on the rate of de­
crease of acid (Winkler, 1948). The 
mean temperature for the San Joaquin 
Valley Cardinals between sampling 
dates was 6° F higher than that for the 
Coachella Valley fruit (table 8). This 
higher temperature was undoubtedly a 
contributing factor to the rate of de­
crease in acidity and thus to the amount 
of difference between the two samplings. 

The acid content of fruit at the first 
sampling varied widely with variety 
and area. This acid level was usually 

inversely related to the average daily 
temperature during the 30-day period 
prior to sampling, and thus to the heat 
summation values (table 8). Mean rip­
ening temperatures were lower in the 
Coachella Valley than in the San Joa­
quin Valley, which is unusual. The 
means were especially different for the 
Cardinal and Thompson Seedless va­
rieties. For Cardinal, a difference of 
8.3° F made a difference of 249 degree-
days during the 30 days prior to sam­
pling. As a result, the average acid 
content of the San Joaquin Valley 
Cardinals was about two-thirds that of 
the Coachella Valley fruit. For the 
Thompson Seedless, the means differed 
by 6.1° F and the degree-days value by 
183. This difference caused the average 
acid content of the San Joaquin Valley 
fruit to be slightly over one-half that of 
the Coachella Valley fruit. The Perl-
ette, however, did not show this differ­
ence. In spite of a difference in the mean 
of 2.7° F and 111 degree-days the acid 
contents were essentially the same for 
fruit from the two valleys. Although the 
difference in the mean temperatures was 
much smaller than for Cardinal or 
Thompson Seedless, and therefore 

TABLE 8 

AVERAGE DAILY TEMPERATURE AND HEAT SUMMATION BEFORE HARVEST, 
AND AVERAGE TOTAL ACID FOR GRAPE SAMPLES USED IN 

CHEMICAL AND SENSORY TESTS, 1961 

Variety and location 

Per le t te : 

San Joaqu in Valley 

Card ina l : 

San Joaqu in Valley 

Thompson Seedless: 

Average daily t empe ra tu r e 

30-day period 
prior to first 

sampl ing 

Per iod be­
tween 1st and 
2nd sampl ing 

Degrees F 

76.6 
80.3 

77.5 
85.8 

79.3 
85.4 

79.4 
81.3 

82.1 
88.1 

89.7 
84.8 

H e a t s u m m a t i o n 

30-day period 
prior to first 

sampl ing 

Period be­
tween 1st and 
2nd sampl ing 

Degree-days 

798 
909 

825 
1074 

879 
1062 

235 
250 

225 
495 

556 
322 

Average to ta l acid 

1st sample* 2nd samplef 

gms/WO ml 

1.05 
1.07 

0.83 
0.54 

1.45 
0.80 

0.84 
0.85 

0.79 
0.42 

0.92 
0.60 

* 30-day period before 1st sampling, 
t Period between 1st and 2nd sampling. 
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smaller differences in total acid would 
be expected, the fact that there was no 
difference (a small reversal, in fact) is 
difficult to explain other than on the 
basis of experimental error or unrepre­
sentative temperature records. The 
Coachella Valley vineyard was only 5 
miles from the "Weather Bureau station 
where the temperatures were recorded, 
while the San Joaquin Valley vineyard 
was about 30 miles distant; the latter 
station is located in an urban environ­
ment which tends to have higher mean 
temperatures than surrounding agricul­
tural areas. A mean temperature only 
2.7° F above that in the vineyard would 
place the degree-day value of the vine­
yard at the same level as that for the 
Coachella Valley vineyard, and this 
would explain the lack of difference in 
total acid content of the fruit samples. 

There was a varietal effect on the level 
of total acid in the samples. Cardinals 
from the Coachella Valley which had 
been exposed to 825 degree days of heat 
had a total acid content of only 0.83 
grams tartaric per 100 milliliters of 
juice, Perlette with only 27 degree days 

less had 1.05 grams, while Thompson 
Seedless with 879 degree days still con­
tained 1.45 grams of acid. The same 
relationship was apparent for the San 
Joaquin Valley fruit, demonstrating 
that at the same degree Balling and heat 
summation level Cardinal has the lowest 
total acid content and Thompson Seed­
less the highest, with Perlette occupying 
an intermediate position. 

The pH of the samples showed an 
inverse relationship to the acid content 
although the trends were less consistent 
(table 7). Values ranged from 2.85, for 
sample E 14, to as high as 4.10 for J 14. 

The Balling/acid ratio of the samples 
showed a consistent relationship to the 
degree Balling, as would be expected 
since the acid content showed a consist­
ent inverse relationship (table 7). The 
range in ratio for each sample series was 
great enough so that the two sampling 
ranges overlapped with the exception 
of the I and J series^ Here, the acid 
content of the J samples was so low that 
the ratio of J 14 was higher than that of 
I 19. On the other hand the C and D 
series completely overlapped, thus pro-
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— I 1 1 

Mean line 
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2 -
Coachella Valley 
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— - — " May 31 

San Joaquin Valley 
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„ j u | y 13 
I 
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Figure 2. Relationship between taste acceptability and degree Balling of Perlette grapes, 1961. 
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Figure 3. Relationship between taste acceptability and Balling/ acid ratio of 
Perlette grapes, 1961. 

viding an excellent opportunity to ap­
ply sensory tests over a wide maturity 
range to samples of comparable degree 
Ballings but of different Balling/acid 
ratios. 

Perlette sensory tests 
Figure 2 shows the relationship be­

tween taste preference and the degree 
Balling of Perlette grapes; there is an 
increase in acceptability with increase in 
degree Balling for all samplings. The 
second sampling from the Coachella 
Valley had higher acceptability than the 
first, and this can be explained on the 
basis of the difference in the acid level of 
the two samplings (table 7). There 
appears to be little difference in accept­
ability between the first and second sam­
plings from the San Joaquin Valley, 
except at the lower Balling levels. This 
would be expected on the basis of the 
acid content of the fruit (table 7). At 
the lower degree Balling the acid values 
between the first and second samplings 
are widely separated. However, at inter­

mediate and upper levels the differences 
almost disappear. 

Figure 3 gives the same data as figure 
2, but on the basis of the Balling/acid 
ratio. I t is apparent that a more mean­
ingful mean line can be drawn showing 
the relationship between acceptability 
and Balling/acid ratio than can be es­
tablished between acceptability and de­
gree Balling alone. 

Table 9 shows the percentage of taste 
decisions with five acceptability levels 
on Perlette grapes of twelve Balling/ 
acid ratios. Data in this table further 
support the conclusion concerning the 
value of the Balling/acid ratio as an 
index with which to predict taste ac­
ceptability. For example, the "dislike" 
reaction shows a consistent trend down­
ward with increase in ratio. Wide differ­
ences in reaction are evident if the same 
degree Balling levels are compared that 
were picked on different dates—that is, 
samples picked at different acid levels. 
For example, the Coachella Valley 
Perlette sample picked on May 23 at 
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Figure 5. Eelationship between taste acceptability and degree Balling of Cardinal grapes, 1961. 
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TABLE 9 

PERCENTAGE OF TASTE DECISIONS ON GRAPES OF 12 BALLING/ACID RATIOS 
USING A 5-POINT HEDONIC SCALE 

Variety a n d location 

Per le t te : 
Coachella Valley 

»<lvH I n a T ' 

Coachella Valley 

San Joaqu in Valley 

Picking 
da te 

5/23 
5/23 
5/23 
5/31 
5/23 
5/31 
5/23 
5/31 
5/23 
5/31 
5/31 
5/31 
7/5 
7/5 
7/13 
7/5 
7/13 
7/13 
7/5 
7/13 
7/5 
7/13 
7/13 
7/5 

6/1 
6/8 
6/1 
6/8 
6/1 
6/8 
6/1 
6/8 
6/1 
6/8 
6/1 
6/8 
7/12 
7/12 
7/12 
7/12 
7/12 
7/12 
7/25 
7/25 
7/25 
7/25 
7/25 
7/25 

Bal l ing / 
acid 
rat io 

12.3 
13.4 
14.3 
15.0 
15.7 
17.1 
17.7 
18.3 
19.3 
20.2 
22.5 
23.9 

8.5 
9.7 

13.5 
13.9 
14.3 
16.8 
18.4 
18.8 
22.8 
23.0 
25.4 
26.1 

14.6 
16.2 
17.4 
18.1 
20.0 
20.5 
22.1 
22.4 
23.6 
24.9 
25.1 
28.1 
27.7 
28.4 
28.4 
31.3 
34.0 
34.5 
35.6 
35.6 
36.1 
39.6 
42.1 
46.9 

Balling 
degree 

14.0 
15.0 
15.7 
13.6 
16.2 
15.0 
17.2 
15.7 
18.5 
16.6 
18.0 
18.6 
12.5 
12.9 
13.5 
14.3 
14.2 
14.6 
15.3 
15.0 
16.4 
16.8 
17.5 
17.5 

14.4 
14.4 
15.5 
15.6 
16.4 
16.0 
17.2 
17.5 
17.9 
17.9 
19.3 
19.4 
14.7 
15.6 
15.9 
16.6 
17.7 
18.3 
13.9 
15.3 
15.9 
17.4 
17.7 
18.3 

Tas te decisions 

Disl ike Neut ra l Like 
sl ightly 

Like 
moder ­

ately 
Like ex­
t remely 

Per cent 

68.8 
54.1 
36.7 
45.6 
31.3 
34.0 
19.6 
24.5 
13.7 
16.4 
6.8 
5.3 

96.0 
76.2 
84.0 
48.8 
53.4 
29.2 
15.9 
10.3 
4.7 
3.2 
1.6 
5.0 

52.9 
43.0 
35.9 
21.7 
21.5 
8.9 
8.4 

10.5 
6.6 
2.8 
4.5 
1.7 

25.7 
13.2 
4.4 
2.0 
1.5 
0.5 

21.2 
26.5 
10.7 
6.9 
4.9 
5.0 

16.8 
23.6 
30.6 
32.0 
21.8 
30.6 
22.3 
26.5 
28.1 
26.0 
22.3 
14.9 
0.0 

17.5 
12.0 
27.8 
35.5 
34.8 
28.6 
30.6 
26.3 
21.0 
10.8 
17.8 

24.7 
30.7 
27.6 
36.7 
29.3 
34.4 
27.2 
22.7 
16.6 
18.0 
13.3 
14.1 
26.7 
27.8 
18.7 
15.2 
6.8 
6.3 

39.4 
43.1 
34.0 
18.6 
16.1 
11.8 

9.6 
16.2 
24.5 
13.6 
34.0 
21.1 
39.2 
33.3 
27.4 
26.0 
27.7 
33.8 
0.0 
3.2 
4.0 

16.3 
9.6 

24.4 
30.6 
35.7 
29.1 
37.7 
29.9 
28.9 

12.6 
15.1 
24.9 
20.0 
22.1 
27.8 
29.4 
33.1 
26.0 
28.4 
28.9 
22.6 
25.7 
29.3 
39.4 
29.9 
24.4 
26.8 
20.2 
17.6 
27.7 
31.4 
27.8 
21.2 

4.0 
4.7 
6.1 
7.2 

10.2 
10.2 
14.2 
12.9 
21.9 
24.0 
29.7 
31.8 
4.0 
2.8 
0.0 
6.7 
1.5 
9.6 

19.8 
18.7 
29.5 
29.4 
41.0 
36.8 

6.6 
9.5 
8.8 

16.7 
23.8 
23.9 
25.0 
26.0 
35.9 
35.0 
38.3 
45.2 
18.9 
23.9 
27.6 
32.8 
39.0 
36.6 
15.8 
11.3 
22.3 
30.4 
34.6 
37.9 

0.8 
1.4 
2.1 
1.7 
2.7 
4.1 
4.7 
2.8 
8.9 
7.6 

13.5 
14.2 
0.0 
0.3 
0.0 
0.4 
0.0 
2.0 
5.1 
4.7 

10.4 
8.7 

16.7 
11.5 

3.2 
1.7 
2.8 
4.9 
3.3 
5.0 

10.0 
7.7 

14.9 
15.8 
15.0 
16.4 
3.0 
5.8 
9.9 

20.1 
28.3 
29.8 
3.4 
1.5 
5.3 

12.7 
16.6 
24.1 

Continued on page 2% 
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TABLE 9—Continued 

Variety and location Picking 
da te 

Bal l ing/ 
acid 
rat io 

Balling 
degree 

Tas te decisions 

Dislike Neut ra l slightly 
Like 

moder­
ately 

Like ex­
t remely 

T h o m p s o n Seedless: 
Coachella Va l l ey . . . 

San Joaqu in Val ley. 

6/8 

6/25 
6/8 
6/25 
6/8 
6/25 
6/25 
6/25 
6/25 
7/25 
7/25 
7/25 
7/25 
8/7 
8/7 
7/25 
8/7 
7/25 
8/7 
8/7 
8/7 

7.2 
10.2 
12.1 
13.5 
13.5 
14.5 
15.7 
16.1 
17.7 
19.5 
21.8 
24.9 
15.5 
17.6 
21.0 
21.5 
21.7 
23.3 
25.7 
28.0 
28.2 
31.3 
33.0 
35.3 

13.8 
15.7 
17.0 
17.5 
13.8 
18.7 
14.4 
19.5 
16.6 
17.7 
18.5 
19.4 
14.7 
15.5 
16.8 
17.0 
14.3 
15.4 
18.5 
17.1 
19.2 
17.5 
18.5 
19.4 

80.0 
72.6 
58.1 
41.7 
41.9 
24.3 
32.6 
18.8 
14.0 
5.3 
4.8 
2.6 

58.9 
48.5 
29.5 
13.0 
12.7 
7.7 
6.4 
4.2 
5.8 
4.0 
1.5 
0.8 

Per cent 

10.3 
16.1 
23.1 
31.6 
34.4 
34.1 
30.4 
24.2 
32.3 
29.6 
13.9 
12.4 
20.5 
22.7 
29.1 
22.6 
38.1 
26.4 
16.1 
20.5 
11.6 
13t8 
11.5 
5.8 

5.9 
8.1 

13.4 
19.3 
15.6 
24.3 
25.0 
30.1 
28.0 
35.5 
29.4 
34.4 
15.1 
21.2 
25.6 
30.7 
27.7 
38.7 
28.4 
31.7 
26.6 
28.8 
19.5 
16.5 

1.1 
2.2 
3.8 
5.9 
6.5 

13.0 
10.9 
20.4 
20.4 
21.0 
38.5 
33.9 

3.9 
6.2 

13.2 
23.8 
16.2 
17.2 
32.6 
32.0 
31.3 
31.9 
39.5 
40.4 

2.7 
1.0 
1.6 
1.5 
1.6 
4.3 
1.1 
6.5 
5.3 
8.6 

13.4 
16.7 
1.6 
1.4 
2.6 
9.9 
5.3 

10.0 
16.5 
11.6 
24.7 
21.5 
28.0 
36.5 

~i 1 1 1 1 1 1 1 r 
Mean line 

Ye=-3.606+ .465X-.007X2 

Mean line, J 
Ye = -.303+.ll7X+.002X~ ' 

-i r 2 4 ~> r 

Mean line 
Ye=-29.638 +1.955 X-.029X2 

Coachella Valley 

Picked June I 
" June 8 

Ye = -2I.2I7 + I.086^-.0I2XZ 

San Joaquin Valley 

Picked July 12 
July 25 

J L j L j L 
-Z 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 
■= RATIO 

Figure 6. Relationship between taste acceptability and Balling/acid ratio of 
Cardinal grapes, 1961 



HILGAKDI'A • Vol. 34, No. 1 ■ January, 1963 23 

15.0° Balling was disliked 54.1 per cent 
of the time, and that picked on May 31 
at the same degree Balling was disliked 
only 34.0 per cent of the time. 

Figure 4 shows the relationship be­
tween color acceptability and the Ball­
ing/acid ratio. There is a definite in­
crease in acceptability (though much 
less pronounced than in the case of taste, 
as is indicated by the slope of the mean 
line) with increase in the Balling/acid 
ratio. 

Cardinal sensory tests 
Figure 5 shows that acceptability of 

Cardinal grapes increased with degree 
Balling. There is a wide difference in 
acceptance between the first and second 
sampling from the Coachella Valley at 
the low degree Balling levels but this 
difference disappears at the higher 
levels—apparently as the difference be­
tween the acid levels decreases (table 
7). The San Joaquin Valley fruit shows 
the same difference between samplings 
and this difference persists through the 
higher Balling levels; in fact it in­
creases beyond 15.5° Balling until the 
17.5° Balling level is reached. At this 
point acceptability for the second sam­
pling levels off, with the result that the 
difference between the first and second 
samplings decreases rapidly near 18° 
Balling. 

"When the Cardinal data are pre­
sented on a ratio rather than on a de­
gree Balling basis, the significance of 
the acidity as a palatability factor is 
further emphasized (figure 6). Ac­
ceptability of both samplings from the 
Coachella Valley agreed closely and 
rose consistently with the ratio. The 
increase started to level off at a ratio of 
25:1, indicating that palatability did 
not increase much more at higher ratios 
even in this relatively high-acid range 
(for Cardinal). Results with the San 
Joaquin Valley fruit clearly reflected 
the effect of a low acid range on palat­
ability. The first sampling with an acid 
content ranging from 0.53 to 0.56 per 
cent showed a rapid increase in ac­

ceptability, with an indication of level­
ing off at a ratio of 34:1. The extreme 
steepness of the first part of the accepta­
bility line was due to the unusual trend 
in the acid levels of the series. In this in­
stance the 15.6 and 15.9° Balling levels 
showed acid contents slightly higher 
than the 14.7° Balling level; by the time 
the second sampling was made the acid 
content of the series had dropped about 
0.1% below that of the first—this de­
crease substantially increased the ratio 
of the samples but depressed accepta­
bility. It would appear then that the low 
maturity samples of the Coachella Val­
ley were rated low because of sourness 
(high acid) and those from the San 
Joaquin Valley because of flatness (low 
sugar and acid). 

Table 9 also shows the taste accepta­
bility decisions for Cardinal grapes on 
a percentage basis. There was a wide 
overlap of the two samplings from the 
Coachella Valley when the ratios were 
arranged in ascending order (note in­
termingling of sampling dates) owing 
to the small difference between the acid 
contents of the two samplings. The "dis­
like" reaction decreases quite consist­
ently as the ratio increases. The San 
Joaquin Valley samplings show no over­
lap since the acid ranges were widely 
separated. The acid content of the low­
est degree Balling sample of the second 
sampling was so low that the ratio ex­
ceeded that of the highest degree Ball­
ing sample of the first sampling. It is 
interesting to note that the dislike re­
action increases sharply from the last 
sample of the first sampling to the first 
sample of the second sampling in spite 
of a slight increase in the Balling/acid 
ratio. This anomaly is probably due to 
the flat insipid character of the higher-
ratio sample. As a matter of f acf, under 
these high-ratio conditions there is a 
more consistent relationship between 
taste acceptability and degree Balling 
than between acceptability and Balling/ 
acid ratio (figures 5, 6). Undoubtedly 
the tasters reacted primarily to the 
sugar content (degree Balling) when 
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TABLE 10 

MINIMUM BALLING/ACID RATIOS OF TABLE GRAPES REQUIRED TO MAINTAIN 
DISLIKE TASTE DECISIONS BELOW VARIOUS PERCENTAGE LEVELS 

Variety 

Cardinal 

Acid range 
(gin tart/100 ml) 

0.80 to 1.00 
0.75 to 1.00 
0.50 to 0.60 
0.40 to 0.45 
1.00 to 1.40 
0.90 to 1.00 
0.80 to 0.90 
0.65 to 0.70 

Percentage of dislike decisions 

10 20 30 40 50 

Balling/acid ratio 

20:1 
22:1 
28:1 
36:1 

19:1 

22:1 

18:1 
19:1 
28:1 
35:1 
16:1 
17:1 
21:1 

16 
18 
26 
35 
15 
16 
21 

1 
1 
1 
1 
1 
1 
1 

5:1 
7:1 

4:1 
6:1 
9:1 

14:1 
15:1 

13:1 
16:1 
18:1 

there was so little total acid present. 
The reason for the anomaly of low 

acceptability of high-ratio grapes with 
low acidity was clarified somewhat by 
rearranging some of the data from 
tables 8 and 9. From these tables it was 
possible to secure a sufficient number of 
samples with chemical and dislike sen­
sory values to demonstrate the effect of 
the amount of acidity on the Balling/ 
acid ratio required for specified levels 

of acceptability. Three levels of acidity 
for Cardinal and four for Thompson 
Seedless were included (table 10). In a 
few instances there were no samples that 
fulfilled all of the requirements of the 
criteria—hence the blank spaces. How­
ever, it is still clear that the acid con­
tent showed a marke'd inverse relation­
ship to the Balling/acid ratio for a 
given level of acceptability. This rela­
tionship is particularly pronounced for 

1 r 

Mean line 
Y.=-.947+.292X-.005X2 

Mean line 
Ye= -19.057+1.33X-.020X-S 

~ 2 

' • ' ^ ' " " ^Mean line 
Ye = -2.082 +.380X-.007X2 

Coachella Volley 

Picked June I 
" June 8 

/eon line 
I8.327+.923X-.0I0X* 

Son Joaquin Valley 

• Picked July 12 
" July 25 

J_ J _ _L _1_ J _ X 
'-=; 14 16 20 24 36 40 28 32 

Boiling/Acid Ratio 

Figure 7. Relationship between color acceptability and Balling/acid ratio of 
Cardinal grapes, 1961. 
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the Cardinal variety owing to the wide 
range in acidity. Samples in the lowest-
acid range, with less than half the acid 
content of those in the high-acid range, 
have ratios nearly twice as high as those 
for the high-acid samples. 

Table 10 also shows that as the per­
centage of dislike decisions increased 
the Balling/acid ratio of the fruit re­
quired to meet these sensory standards 
became lower. To keep the percentage of 
dislike decisions below 10 per cent for 
Perlette required fruit with a ratio of 
20:1; a ratio of only 14:1 was required 
to keep the dislike value below 50 per 
cent. The corresponding ratios for Car­
dinal in the same acid range as the Per­
lette were slightly higher, while the 
trend for Thompson Seedless was less 
pronounced than for either of the other 
varieties. In the comparable acidity 
range of 0.9 to 1.00, the ratios for 
Thompson Seedless showed a decrease 
of 3 from the 10 to the 50 per cent dis­
like levels. At the same time the Perlette 
ratios decreased 6, and the Cardinal, 7. 

Figure 7 shows the color acceptability 
data for the Cardinal samples, and it is 
apparent that there is a strong relation­

ship between color acceptability and 
maturity. The range of acceptability is 
probably just as large as for taste, since 
color was rated on a four-point scale 
rather than the five-point scale used for 
taste acceptability; in fact, the shape 
and slope of the acceptability lines are 
very similar to those for taste. Certainly 
the panel members showed a more pro­
nounced reaction to color in this variety 
than to that of the Perlette. 

Thompson Seedless sensory tests 
Figure 8 shows the relationship be­

tween taste acceptability and the Ball­
ing/acid ratio of Thompson Seedless. 
Acceptability rises consistently with 
the ratio and shows no evidence of level­
ing off even at a ratio of 35:1. Although 
there are some wide deviations from the 
mean line, they are largely in the ma­
turity range below a ratio of 22:1 (still 
below the acceptability level of "like 
slightly"). But these deviations appear 
modest when compared to those shown 
in figure 9, where acceptability data is 
related to degree Balling alone. Al­
though there is no mean line, it is appar­
ent that there is a very wide range in 

4 , — , r 1 1 r-

= 3 

= 2 -

•i'7L _L _L _L _L JL 

Goochello Volley 
-Picked June 8 

" June 22 

Son Jooquin Volley 

■Picked July 25 
August 7 

J_ 
10 12 14 16 18 26 28 30 32 2 0 22 24 

Balling/Acid Ratio 

Figure 8. Relationship between taste acceptability and Balling/acid ratio of 
Thompson Seedless grapes, 1961 

34 36 



Nelson et al.: Variability in Table Grapes 

0 4 
Son Jooquin Valley 

•Picked July 25 
Aug Mean line 

Y e = i . l 3 9 - . 0 I 6 X - . 0 0 9 X ? 

= 3 

^ 2 

Mean line 

.-?! 

Y.= 12.387-I .564X+.055X2 

Coochella Valley 
Picked June 8 

" June 22 
J I 1 

14 16 17 
'Balling 

18 19 20 

Figure 9. Relationship between taste acceptability and degrees of Balling of Thompson 
Seedless grapes, 1961 

taste acceptability at any degree 
Balling level throughout the maturity 
range. 

The taste acceptability decisions on a 
percentage basis for the Thompson 
Seedless samples are shown in table 9. 
There is a consistent shift in acceptabil­

ity from dislike to higher acceptability 
levels when data kre arranged with the 
ratio in ascending order. It is apparent 
that pronounced inconsistencies would 
appear if the data were arranged 011 the 
basis of degree Balling alone. For ex­
ample, 80 per cent of the decisions were 

s 4 

•^3 

^ 2 

Mean line 
Ye= 2 .287+ .023X 

_L J_ J_ 

Coochella Volley 

-Picked June 8 
- " June 22 

San Joaquin Valley 

-P icked July 25 
" August 7 

1 I l_ 
7 8 10 12 14 16 18 28 30 32 34 36 20 22 24 26 

Balling/Acid Ratio 
Figure 10. Relationship between color acceptability and Balling/acid ratio of Thompson 

Seedless grapes, 1961. 
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dislike for the 13.8° Balling sample 
harvested June 8 in the Coachella Val­
ley, but only 41.9 per cent for the same 
Balling-level sample harvested June 25. 

The wide range in acid content of 
these samples largely accounts for the 
great differences in taste acceptability 
at each Balling level. The acceptability 
data on this variety along with that 
from the Cardinals emphasizes the fact 
that as the acid content increases the 
Balling/acid ratio becomes progres­
sively a better index of palatability than 
degree Balling alone. 

Figure 10 shows the relationship 
between color acceptability and the 
Balling/acid ratio of Thompson Seed­
less grapes. Although the increase in 
acceptability with maturity is small, the 
relationship is significant. These results 
show that the panel was able to detect 
the subtle changes in color from green 
through greenish-yellow to full yellow 
in the maturity range, and acceptability 
was correlated with the ratio. 

Figure 11 shows the relationship be­
tween taste acceptability and Balling/ 
acid ratio for the regular sensory panel 
and for the 235 people who acted as a 
panel on Grape Day in Davis in 1961. 
The Grape Day panel rated all corre­
sponding samples lower than did the 
regular panel, indicating preference for 
sweet grapes. As increase in acceptabil­
ity with maturity does not level off for 
either panel, it would be interesting to 
determine if the slope of the mean line 
might change at higher levels; this 
significant aspect is to be studied 
further. 

Nonhomogeneity of tasters 
Baker et al. (1958) have shown that 

while tasters may be nonhomogeneous 
in the over-all view, they can be sorted 
into a comparatively small number of 
categories. 

A preliminary examination of the 
scoring results of the grape tasters in 
the present study showed a high degree 

-o 
o 
= 4 

1 1 1 r 
GRAPE DAY 1961 

Si3 

f 2 

TASTE PANEL 

Grapes picked July 25 
Gropes picked August 7-

Mean line \^ 
Y e = . l2 l+ . I I4X 

• Grapes picked July 25 
Grapes picked August 7 

Mean line 
Y e = . 0 6 3 + . I 0 9 X 

_L J_ _L _L 
i 1 4 16 18 20 22 30 32 34 36 38 24 26 28 

Balling/Acid Ratio 
Figure 11. Relationship of taste acceptability to Balling/acid ratio of Thompson Seedless grapes 

(Davis taste panel and 235 grape-industry members attending Grape Day, 1961). 
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of heterogeneity. This is in agreement 
with Mrak et al. (1959) who found 
great variation among individuals' 
abilities to detect odor differences of 
phenylethyl alcohol. The usual chi-
square test for homogeneity was used in 
the present study (Snedecor, 1956), and 
subsequent examination showed that 
tasters differed greatly in their use of 
the five-point hedonic scale for scoring 
taste acceptability, with some vising all 
and some using only part of the range. 
A similar four-point scale was used for 
color acceptability. Kesults here refer 
only to the taste scoring, however, as 
they are more decisive than are those 
for color. 

The taster categories used for this 
analysis are as follows: I. Full range of 
five scores; II. Lowest four; III . Highest 
four; IV. Central three; V. Highest 
three; VI. Lowest three. These cate­
gories include nearly all of the tasters. 
The groups were not always well de­
fined, and slight deviations were allowed 
if, for a specific taster, the whole set of 
tastings (that is, a given variety at a 
given picking date) indicated a specific 
category. 

Detailed results for these groupings 
are given in appendix table A. The per­
centage distribution for each category 
of tasters is given for each degree Ball­
ing, Balling/acid ratio, variety, source, 
and time of harvest. The number of 
tasters, number of tastings, and sig­
nificance of chi-square values are also 
given. The symbol NS means not sig­
nificant at the 5 per cent level and in­
dicates reasonable conformity among 
the tasters in the group. A single as­
terisk indicates some nonconformity, 
while double asterisks indicate more 
serious nonconformity. Among such 
large numbers of chi-square vahies it is 
to be expected that some would show 
significance at the 5 per cent level, and 
even at the 1 per cent level. Not all 
groupings are perfect, nor do all tasters 
within the groups react identically, but 
it does seem clear that the groupings 
made according to partial use of the 

range of the rating scale are of practical 
use, and indicate the extent and charac­
ter of the heterogeneity. 

The importance of the heterogeneity 
of the tasters is that, by simply mixing 
the different types of tasters in various 
proportions, very different over-all 
assessments are made of different grape-
tasting experiments. Thus, the discus­
sions in the other sections of this paper 
apply only to the tasters present in the 
actual panel used. Extrapolation could 
be made with more confidence for cate­
gories of tasters than for over-all 
masses of tasters where the different 
types of tasters are present in unknown 
proportions. 

In table 11 we note that particular 
tasters can change category as different 
Ballings, varieties, source and time of 
harvest are encountered, although there 
seems to be considerable stability for the 
category of the tasters. 

Very striking differences with respect 
to the reaction of the tasters to varieties, 
Balling, Balling/acid ratio, source, and 
time of harvest are apparent from a 
scrutiny of appendix table A. The pro­
gressive changes in the frequency dis­
tributions of the tasters' scores with 
change of Balling or Balling/acid ratio 
are very marked and different for the 
several categories of tasters. 

DISCUSSION AND 
RECOMMENDATIONS 

The results of this study have shown 
the superiority of the Balling/acid 
ratio over degree Balling alone as a 
method of predicting palatability of 
table grapes. However, limitations of 
this method have been indicated, as it 
does not measure completely the enor­
mous influence of the acid content (or 
lack of it) on palatability. It is evident 
(table 10) that the ratio must change 
inversely with the acid content if it is 
to have maximum dependability. This 
suggests that a sliding scale for the ratio 
would be especially useful to eliminate 
grapes which are unpalatable because 
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they are low in acid content and degree 
Balling. To accomplish this, the scale 
could be applied as a supplement to a 
minimum standard for acid. Grapes 
failing to pass this minimum could then 
be subjected to the test of a ratio scaled 
to the acid content of the fruit in ques­

tion. This ratio would be higher than 
that required for grapes of above-
standard acid, in order to compensate 
for the lower palatability caused by the 
sub-standard acid level. 

The present study has emphasized the 
significance of certain problems which 

TABLE 11 

SIX CATEGORIES OF TASTERS EACH USING A DIFFERENT RANGE OF A 
5-POINT HEDONIC SCALE WHEN EVALUATING TASTE 

ACCEPTABILITY OF GRAPES* 

Taster number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
12 
13 
15 
16 
18 
20 
23 
24 
25 
26 
29 
30 
31 
32 
34 
35 
36 
37 
39 
40 
41 
42 
43 
45 
47 
49 
52 
53 
54.... 
55 
56 
57 

Perlette 

A 

II 
VI 
IV 
I 
VI 
VI 
VI 
II 
VI 
VI 
I 
§ 
VI 
II 
I 
§ 
I 
§ 
VI 
III 
VI 
VI 
II 
II 
I 
VI 
VI 
II 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 

§ 
§ 
§ 
§ 

B 

I 
II 
t 
I 
VI 
VI 
VI 
II 
VI 
VI 
I 
§ 
VI 
II 
X 
§ 
I 
§ 
VI 
III 
III 
II 
II 
IV 
I 
II 
VI 
II 
§ 

§ 
§ 
§ 

§ 

§ 
§ 

§ 
§ 
§ 

G 

II 
II 
II 
I 
VI 
§ 

§ 
§ 
II 
I 
II 
VI 
I 
II 
II 
II 
II 
II 
I 
VI 
II 
I 
§ 
II 
II 
II 
I 
VI 
§ 
II 
II 
I 
§ 
II 
II 
X 
VI 
VI 
§ 
§ 
§ 

H 

II 
II 
IV 
I 
II 
§ 
§ 
§ 
§ 
II 
I 
I 
II 
I 
VI 
I 
I 
I 
II 
II 
VI 
II 
I 
§ 
II 
II 
II 
I 
II 
§ 
II 
II 
I 
§ 
I 
I 
VI 
§ 
IV 
§ 
§ 

Varietal samplef 

Cardinal 

C 

I 
I 
IV 
I 
II 
II 
VI 
V 
§ 
II 
I 
I 
VI 
II 
IV 
§ 
I 
VI 
VI 
V 
II 
II 
I 
II 
I 
VI 
IV 
§ 
V 
II 
II 
VI 
IV 
IV 
§ 

§ 
§ 
§ 
§ 
IV 
§ 

D 

II 
I 
t 
I 
II 
II 
II 
V 
§ 
II 
I 
III 
VI 
II 
IV 
§ 
I 
I 
VI 
V 
II 
IV 
II 
II 
I 
I 
IV 
§ 
t 
II 
II 
VI 
IV 
IV 
§ 
§ 
§ 
§ 
§ 
§ 
t 
§ 

I 

III 
X 
X 
I 
III 
II 
§ 
V 
§ 
III 
I 
III 
I 
III 
IV 
III 
III 
III 
II 
V 
II 
VI 
I 
§ 

§ 
V 
V 
§ 
§ 
VI 
II 
III 
IV 
III 
I 
V 
III 
§ 
I 
§ 

J 

III 
II 
IV 
I 
V 
IV 
§ 
III 
§ 
V 
I 
III 
II 
I 
II 
VI 
II 
I 
II 
III 
VI 
II 
I 
§ 
§ 
§ 
V 
I 
§ 
§ 
VI 
VI 
I 
II 
II 
I 
V 
V 
§ 
I 
§ 
§ 

Thompson seedless 

E 

VI 
II 
II 
II 
§ 
VI 
X 
I 
§ 
VI 
II 
I 
t 
II 
III 
§ 
I 
II 
VI 
II 
VI 
VI 
VI 
II 
II 
VI 
X 
I 
VI 
VI 
X 
II 
I 
VI 
X 
VI 
§ 
§ 

§ 
§ 

F 

I 
II 
IV 
I 
§ 
VI 
VI 
III 
§ 
II 
III 
I 
VI 
I 
II 
§ 
II 
I 
II 
I 
II 
VI 
II 
II 
II 
II 
VI 
I 
IV 
X 
VI 
II 
I II 
II 
VI 
I 
§ 
§ 
§ 
§ 
§ 

K 

I 
II 
IV 
I 
VI 
II 
§ 
II 
§ 
I 
I 
I 
I 
I 
§ 
§ 
§ 
I 
I 
I 
VI 
VI 
II 
§ 
I 
§ 
IV 
I 
II 
§ 
VI 
VI 
I 
IV 
II 
I 
II 
§ 
II 
II 
I 
I 

L 

I I I 
IV 
IV 
I I I 
IV 
I I 
§ 
I I I 
§ 
I I I 
I 
I I I 
I I 
I I I 
§ 
§ 
§ 
I I I 
I I I 
I I I 
X 
J 
I 
§ 
I I 
§ 
IV 
I I I 
I I 
§ 
VI 
t 
I 
I I 
I I I 
I 
I 
§ 
I 
I 
I I I 
I I I 

* Taste categories are: I = full range of five scores; II = lowest four; III = highest four; IV = central three; V = 
highest three; VI = lowest three. 

t Samples A, C, E are first samplings Coachella Valley; B, D, F, are second samplings Coachella Valley; G, I, K are 
first samplings San Joaquin Valley; H, J, L, are second samplings San Joaquin Valley. 

X Taster failed to qualify in any of the six categories. 
§ Insufficient data. 
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may be encountered in establishing reli­
able maturity standards for table 
grapes. In the first place, there is wide 
variability in the chemical composition 
of the fruit, particularly from a sensory 
standpoint when the individual berry 
is the unit on which taste impressions 
are based. Wide variations among 
berries in both sugar and acid content 
are usual and both constituents are 
vitally significant in the over-all taste 
reaction. In the second place, there is 
wide variability among individuals with 
respect to taste preferences. Some are 
very tolerant of acid, others are not,— 
and this also applies to sweetness. As a 
result, wherever any minimum standard 
of quality is set (at least within very 
wide limits of chemical composition of 
the grapes) some individuals will react 
favorably and others unfavorably to 
fruit at that minimum standard level. 
The level at which this standard is 
established will be indicated by the 
number of individuals who, it is felt, 
can be tolerated in the "unfavorable" 
sensory category. 

No abrupt changes or gaps were ap­
parent in the trends of the chemical-
sensory relationship where minimum 
standard specifications could be clearly 
set off. As a result, the place where any 
minimum maturity standard is estab­
lished on the scale of chemical composi­
tion of the fruit will be very arbitrary. 

Variability among berries of the 
cluster creates certain problems in re­
lating their composition to a maturity 
standard. I t should be stressed that any 
practical maturity measurement ap­
plied to grapes must be on a composite 
sample basis (an individual cluster of 
grapes is such a sample, if we consider 
the individual berry as the smallest pos­
sible sample). Consequently, the mini­
mum standard determined on a cluster 
basis must be above the absolute mini­
mum established for the variety, other­
wise part of the berries will be below 
that standard. I t is evident (fig. 1) that 
if the average soluble solids content of 
a cluster is 17° Balling then half of the 

berries will be below this level. If the 
average is 17.5° Balling, about 32 per 
cent of the berries will still be below 17° 
Balling; if 18° Balling, about 18 per 
cent will be below; if 18.5° Balling, 
about 10 per cent; and at 19° Balling 
about 5 per cent will still be below 17° 
Balling. It is apparent that the percent­
age of fruit that can be allowed below 
the absolute minimum standard will 
determine how much above this absolute 
minimum the cluster sample standard 
must be placed. The maturity levels of 
the samples used in the 1961 studies of 
this paper were more nearly absolute 
values, as refined methods of sample 
preparation eliminated much of the 
variability normally present among 
berries within a cluster. 

SUMMARY 
Chemical and sensory variability 

studies were made \vith Perlette, Cardi­
nal, Thompson Seedless, Ribier and 
Tokay grapes in determining the rela­
tionship of maturity to sensory accepta­
bility. Berries within a cluster varied so 
widely in degree Balling and total acid 
that critical tests correlating maturity 
with sensory acceptability were seri­
ously hampered. Only 30 to 50 per cent 
of the berries were within ±0.5°, and 55 
to 85 per cent were within ±1.0° Balling 
of the average for the cluster—a major 
problem of sample variability when the 
individual berry must be the test unit. 
Variability was higher in the seeded 
than seedless varieties because of the 
strong inverse relationship between 
berry size and degree Balling. Total acid 
content was inversely related to degree 
Balling in composite samples, but 
varied widely—by as much as 100 per 
cent—among berries at the same degree 
Balling. 

Clusters of grapes for sensory tests 
were segregated into four maturity 
levels 1° Balling apart on the basis of 
the average degree Balling of 3-6 per 
cent of the berries of each cluster, using 
a hand refractometer. Berry samples of 
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the fruit were judged by a sensory panel 
for color acceptability under white 
light and for taste acceptability under 
red and white light. A four-point he-
donic scale was used for color and a 
five-point scale for taste acceptability. 

There was no significant relationship 
between maturity and color acceptabil­
ity for Perlette grapes. The relationship 
was significant for Thompson Seedless 
only at the lowest maturity level. The 
relationship was significant at all levels 
for Cardinal. Taste acceptability in­
creased with maturity for all of the 
varieties. Taste scores were about the 
same for red and white light. Individual 
tasters varied widely in level of accept­
ability—some rated the grapes high 
throughout the maturity range, others 
low, and some scores showed a pro­
nounced increase with maturity. Many 
tasters also showed a strong preference 
for certain varieties. 

Additional studies were made with 
grape samples of greater uniformity. 
The individual berries were segregated 
into maturity lots on a specific gravity 
basis using sucrose solutions 1° Balling 
apart. With this technique, 85 to 95 per 
cent of the berries were within ±1.0° 
Balling of the average of the lot. 

Two samplings 1 to 2 weeks apart 

The authors wish to extend their 
thanks to the members of the staff of 
the University who participated in the 
sensory tests. The careful assistance of 
those staff members who collected, 
prepared, and analyzed the samples and 
supervised the sensory testing is also 
gratefully acknowledged, particularly 
that of Mr. Eric Arnold, Mr. Walter 
Winton, Mr. George Root, Miss Eliza-
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were made of Perlette, Thompson Seed­
less and Cardinal grapes, with the first 
sampling being consistently higher in 
acid content than the second. Six matu­
rity levels from 14 to 19° Balling were 
prepared from each sampling; thus, for 
both samplings, 12 samples each with 
a different Balling/acid ratio were 
available to panel members at each sit­
ting, one sample at a time. 

As a result of considerably less vari­
ability in samples, there was now a sig­
nificant increase in color acceptability 
with maturity—slight for Perlette and 
Thompson Seedless but pronounced for 
Cardinal. For taste, the increase was 
pronounced for all three varieties. 

The Balling/acid ratio was a much 
better index with which to predict ac­
ceptability than was degree Balling 
alone. However, low-acid grapes re­
quired a higher ratio than high-acid 
grapes for a given level of acceptability. 

Tasters could be divided into six 
rather distinct categories depending 
upon the portion of the five-point he-
donic scale used. These tasters were 
fairly stable within their category as 
different maturity levels, varieties, 
source of samples and time of sampling 
were encountered. 

beth Shapkin, Mr. Cornelius Ough and 
Mr. Makover Shraga. We are also in­
debted to Mr. Harold Angier and Mr. 
Allen Mills of the California Grape and 
Tree Fruit League for their frequent 
encouragement during the course of this 
study. We are especially indebted to the 
many growers and shippers of the 
League who donated most of the fruit 
used in the sensory and chemical tests. 
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APPENDIX 
APPENDIX TABLE A 

CATEGORIES OF GRAPE TASTERS BASED ON THE PORTION OF A 5-POINT 
HEDONIC SCALE USED, INCLUDING PERCENTAGE DISTRIBUTION 

OF SCORES 

Category I* 

Variety and 
ample n u m b e r 

Perlet te: 
14A 
14 B 
14 G 
14 H 

Cardinal : 
14 C 
14 D 
141 
14 J 

Thompson Seedless: 
14 E 
14 F 
14 K 
14 L 

Per le t te : 
15 A 
15 B 
15 G 
15 H 

Cardinal : 
15 C 
15 D 
151 
15 J 

Thompson Seedless: 
1 5 E 
15 F 
15 K 
15 L 

Per le t te : 
16A 
16B 
16 G 
16 H 

Cardinal : 
16C 
1 6 D 
161 
16 J 

Thompson Seedless: 
1 6 E 
16 F 
16K 
16 L 

Per le t te : 
17 A 
17 B 
17G 
17 H 

Ball ing/acid 
ratio 

12.28 
14.95 
9.70 

14.34 

14.55 
16.18 
27.74 
35.64 

7.19 
13.53 
15.47 
21.67 

13.39 
17.05 
13.88 
16.78 

17.42 
18.14 
28.36 
35.58 

10.19 
15.66 
17.61 
23.33 

14.27 
18.26 
18.43 
18.75 

20.00 
20.51 
28.39 
36.14 

12.06 
17.66 
21.00 
28.03 

15.73 
20.24 
22.78 
23.01 

Number 
of 

tasters 

5 
5 
7 
12 

17 
6 

5 
5 

12 

8 
7 
6 

17 
16 

5 
5 
7 
12 

17 
6 

5 
5 
7 
12 

Number 
of 

tastings 

24 
24 
67 
106 

47 
43 
40 
56 

32 
45 
141 
51 

29 
28 
67 
105 

47 
42 
40 
56 

32 
46 
141 
51 

67 
106 

47 
43 
40 
56 

32 
46 
142 
51 

29 
28 
27 
106 

.6667 

.4167 

.7910 

.4906 

.6383 

.3953 

.4000 

.3214 

.8125 

.3111 

.6312 

.2549 

.4828 

.2857 

.3582 

.2762 

.4043 

.3095 

.3000 

.2143 

.5625 

.2174 

.4681 

.0980 

.2414 

.1429 

.0746 

.1038 

.2553 

.0930 

.0250 

.1071 

.4062 

.1304 

.2817 

.1569 

.1724 

.1428 

.0299 

.0189 

.2083 

.3333 

.1045 

.3396 

.2128 

.4186 

.2750 

.3750 

.0625 

.4667 

.1844 

.1569 

.1379 

.1429 

.2090 

.2667 

.2553 

.3095 

.1500 

.4107 

.1562 

.3478 

.2127 

.0784 

.3103 

.2143 

.1045 

.1792 

.2128 

.3488 

.1750 

.2679 

.3125 

.1522 

.2254 

.0588 

.1724 

.1429 

.1493 

.1038 

.0000 

.2083 

.0746 

.1415 

.0851 

.1163 

.2500 

.1786 

.1250 

.1333 

.1206 

.3333 

.2414 

.2500 

.3134 

.2857 

.2340 

.1905 

.2250 

.1607 

.2188 

.2609 

.2057 

.3922 

.3103 

.2857 

.3134 

.3302 

.2553 

.2558 

.4250 

.3571 

.2500 

.2609 

.2958 

.2549 

.4828 

.2500 

.1791 

.2264 

.1250 

.0417 

.0299 

.0283 

.0638 

.0698 

.0750 

.1071 

.0000 

.0445 

.0496 

.1961 

Signifi­
cance t 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0179 

.0000 

.0444 

.0142 

.0588 

.1034 

.2500 

.1045 

.1333 

.0345 

.0714 

.0149 

.0381 

.0426 

.0953 

.2500 

.1250 

.0625 

.1522 

.0993 

.2745 

.0690 

.2500 

.3582 
2925 

.1915 
2094 
3000 
1429 

0000 
3261 
1549 
3725 

1034 
1786 
3731 
4811 

.0638 

.0953 

.0750 

.0893 

.0000 

.0217 

.0142 

.1569 

.0690 

.1071 

.1493 

.0943 

.0851 

.0930 

.0750 

.1250 

.0313 

.1304 

.0422 

.1569 

.0690 

.2857 

.2686 

.1698 

All categories based on the port ion of the 5-point hedonic scale consistently used b y each tas te r as follows: I — full 
r a n *? 1 P* ^ v e scores; I I = lowest four; I I I = highest four; IV = central th ree ; V = highest th ree ; VI = lowest th ree . 
• J - means not significant a t the 5 per cent level. Single asterisk indicates some nonconformi ty . Double asterisks 
indicate more serious nonconformi ty . 
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A P P E N D I X T A B L E A—Continued 

Category I—Continued 

Variety and 
sample n u m b e r 

Card ina l : 
17 C 
17 D 
17 I 
17 J 

T h o m p s o n Seedless: 
17E 
17 F 
17 K 
17 L 

Per le t te : 
18 A 
1 8 B 
18 G 
18 H 

Card ina l : 
18C 
18 D 
181 
18 J 

T h o m p s o n Seedless: 
1 8 E 
18 F 
18 K 
18 L 

Per le t t e : 
19 A 
1 9 B 

Card ina l : 
19C 
19 D 
19 1 
19 J 

T h o m p s o n Seedless: 
1 9 E 
19 F 
19 K 
19 L 

Ball ing/acid 
rat io 

22.05 
22.44 
31.32 
39.55 

13.46 
19.45 
21.52 
31.25 

17.73 
22.50 
26.12 
25.36 

23.55 
24.86 
34.04 
42.14 

14.50 
21.76 
25.69 
33.04 

19.27 
23.85 

25.06 
28.12 
34.53 
46.92 

16.12 
24.87 
28.24 
35.27 

Number Number 
of I of 

tasters i tastings 

8 
7 
6 
9 

5 
8 

17 
6 

5 
5 
7 

12 

8 
7 
6 
9 

5 
8 

17 
6 

5 
5 

8 
7 
6 
9 

5 
8 

17 
6 

47 
42 
40 
56 

32 
46 

142 
51 

29 
28 
67 

104 

46 
43 
40 
56 

31 
46 

142 
51 

29 
28 

46 
42 
40 
55 

32 
46 

142 
51 

.1277 

.0952 

.1000 

.1250 

.2188 

.1087 

.1056 

.1176 

.2069 

.0357 

.0149 

.0652 

.0698 

.0250 

.0357 

.0645 

.0434 

.0352 

.0392 

.0690 

.0000 

.0652 

.0000 

.0250 

.0545 

.0625 

.0435 

.0493 

.0196 

2 

.0638 

.2619 

.0750 

.1428 

.2187 

.2174 

.2183 

.0392 

.1034 

.1071 

.1194 

.0192 

.0435 

.0698 

.0000 

.0000 

.1613 

.1087 

.1268 

.0392 

.2069 

.0000 

.0652 

.0714 

.0750 

.0182 

.0313 

.0652 

.0634 

.0196 

3 

.3404 

.3095 

.2250 

.2143 

.3125 

.2174 

.2817 

.2549 

.3449 

.1072 

.0597 

.2116 

.1304 

.1395 

.1000 

.1964 

.2581 

.1522 

.2254 

.0785 

.1035 

.1071 

.1304 

.1667 

.0750 

.1273 

.1875 

.1957 

.1408 

.0980 

4 

.2553 

.2143 

.3750 

.3036 

.1875 

.2391 

.2395 

.3922 

.2069 

.3571 

.4776 

.4327 

.3696 

.3488 

.3750 

.4107 

.2903 

.4348 

.3239 

.549ft 

.3103 

.4286 

.4131 

.4524 

.3750 

.3455 

.4062 

.3043 

.3310 

.3530 

5 

.2128 

.1191 

.2250 

.2143 

.0625 

.2174 

.1549 

.1961 

.1379 

.3929 

.3284 

.3269 

.3913 

.3721 

.5000 

.3572 

.2258 

.2609 

.2887 

.2941 

.3103 

.4643 

.3261 

.3095 

.4500 

.4545 

.3125 

.3913 

.4155 

.5098 

Signifi-
cancef 

NS 
NS 

NS 
NS 
NS 

NS 
NS 

NS 

NS 

NS 
NS 

NS 
NS 
NS 
NS 

NS 
NS 

NS 

NS 

NS 
NS 
NS 

* All categories based on the portion of the 5-point hedonic scale consistently used by each taster as follows: I = full 
range of five scores; II = lowest four; III = highest four; IV = central three; V = highest three; VI = lowest three. 

t NS means not significant at the 5 per cent level. Single asterisk indicates some nonconformity. Double asterisks 
indicate more serious nonconformity. 
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Category II* 

sample n u m b e r 

Perlet te: 
14 A 
14 B 
14 G 
14 H 

Cardinal : 
14 C 
14 D 
14 1 
14 J 

Thompson Seedless: 
14 E 
14 F 
14 K 
14 L 

Perle t te : 
15 A 
15 B 
15 G 
15 H 

Cardinal : 
15 C 
15 D 
151 
15 J 

Thompson Seedless: 
15 E 
15 F 
15 K 
15 L 

Perle t te : 
16 A 
16 B 
16 G 
16 H 

Cardinal : 
16 C 
16 D 
161 
16 J 

Thompson Seedless: 
16 E 
16 F 
16 K 
16 L 

Perle t te : 
17 A 
17B 
17 G 
17 H . . . . 

Cardinal : 
17 C 
17 D . . . 
171 
17 J . . . . 

Bal l ing/acid 
ratio 

12.28 
14.95 
9.70 

14.34 

14.55 
16.18 
27.74 
35.64 

7.19 
13.53 
15.47 
21.67 

13.39 
17.05 
13.88 
16.78 

17.42 
18.14 
28.36 
35.68 

10.19 
15.66 
17.61 
23.33 

14.27 
18.26 
18.43 
18.75 

20.00 
20.51 
28.39 
36.14 

12.06 
17.66 
21.00 
28.03 

15.73 
20.24 
22.78 
23.01 

22.05 
22.44 
31.32 
39.55 

N u m b e r 
of 

tasters 

6 
7 

18 
14 

9 
11 
4 
8 

10 
12 
8 
5 

6 

18 
14 

9 
11 
4 
8 

10 
12 
8 
5 

6 
7 

18 
14 

9 
11 
4 
8 

10 
12 
8 
5 

6 
7 

18 
14 

9 
11 
4 
8 

N u m b e r 
of 

tast ings 

24 
29 

138 
102 

62 
56 
31 
50 

60 
73 
57 
42 

28 
35 

139 
100 

52 
57 
31 
50 

60 
73 
58 
42 

28 
35 

139 
102 

52 
56 
31 
50 

60 
73 
58 
42 

28 
35 

138 
101 

52 
57 
31 
50 

Tas te scale 

1 

.7500 

.4483 

.7174 

.6078 

.6154 

.6428 

.4516 

.3800 

.8167 

.5068 

.6316 

.2143 

.5000 

.3429 

.3669 

.2900 

.4616 

.2281 

.1935 

.2800 

.8167 

.3288 

.6379 

.0714 

.3571 

.2857 

.1223 

.0784 

.1731 

.1071 

.1290 

.1800 

.5833 

.1781 

.3276 

.0238 

.2857 

.2286 

.1812 

.0495 

.0385 

.1053 

.0000 

.0800 

2 

.2083 

.3448 

.2174 

.3530 

.2885 

.2500 

.3871 

.4800 

.0667 

.3151 

.2281 

.2619 

.2857 

.3428 

.2086 

.4500 

.2692 

.5088 

.5161 

.5000 

.1333 

.2740 

.1897 

.3333 

.2143 

.2286 

.2374 

.3922 

.4231 

.4822 

.3871 

.4600 

.2000 

.4383 

.3620 

.2857 

.2143 

.1428 

.3043 

.2376 

.4615 

.2456 

.2903 

.3200 

3 

.0417 

.1379 

.0217 

.0294 

.0384 

.0636 

.1613 

.1200 

.1166 

.1233 

.1052 

.3333 

.1786 

.3143 

.2230 

.1900 

.2115 

.1754 

.2581 

.1800 

.0333 

.3150 

.1724 

.4524 

.2857 

.3429 

.3813 

.4020 

.2692 

.2867 

.3226 

.2200 

.2167 

.2329 

.1897 

.4524 

.3571 

.2000 

.2536 

.5149 

.3269 

.4035 

.4194 

.3000 

4 

.0000 

.0690 

.0435 

.0098 

.0577 

.0536 

.0000 

.0200 

.0000 

.0548 

.0351 

.1905 

.0357 

.0000 

.2015 

.0700 

.0577 

.0877 

.0323 

.0400 

.0167 

.0822 

.0000 

.1429 

.1429 

.1428 

.2590 

.1274 

.1346 

.1250 

.1613 

.1400 

.0000 

.1607 

.1207 

.2381 

.1429 

.4286 

.2609 

.1980 

.1731 

.2456 

.2903 

.3000 

Signifi­
cance! 

N S 
N S 
** 
N S 

N S 
N S 
N S 
N S 

N S 
N S 
N S 
N S 

N S 
N S 

* 
N S 
N S 
N S 
N S 

N S 
N S 
N S 
N S 

N S 
N S 
** 
N S 

* 
N S 
N S 

N S 
N S 
** 
N S 

N S 
N S 
** 
N S 

* 
N S 
N S 
N S 

* All categories based on the portion of the 5-point hedonic scale consistently used by each taster, as follows: I = full 
range of five scores; II = lowest four; III = highest four; IV = central three; V = highest three; VI = lowest three. 

| NS means not significant at the 5 per cent level. Single asterisk indicates some nonconformity. Double asterisks 
indicate more serious nonconformity. 
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Category II—Continued 

Variety and 
sample n u m b e r 

T h o m p s o n Seedless: 
1 7 E 
1 7 F 
17K 
17 L 

Per le t t e : 
18A 
1 8 B 
18G 
18 H 

C a r d i n a l : 
1 8 C 
18 D 
18 1 
18 J 

T h o m p s o n Seedless: 
1 8 E 
1 8 F 
18 K 
18 L 

Per l e t t e : 
19 A 
19 B 

Card ina l : 
19 C 
19 D 
19 1 
19 J 

T h o m p s o n Seedless: 
19 E 
19 F 
19 K 
19 L 

Ball ing/acid 
rat io 

13.46 
19.45 
21.52 
31.25 

17.73 
22.50 
26.12 
25.36 

23.55 
24.86 
34.04 
42.14 

14.50 
21.76 
25.69 
33.04 

19.27 
23.85 

25.06 
28.12 
34.53 
46.92 

16.12 
24.87 
28.24 
35.27 

Number 
of 

tasters 

10 
12 
8 
5 

6 
7 
18 
14 

11 
4 

10 
12 

11 
4 

10 
12 

Number 
of 

tastings 

28 
35 
139 
102 

52 
57 
31 

60 
73 
58 
42 

28 
35 

52 
56 
31 
50 

59 
72 
58 
42 

Taste scale 

.3167 

.1370 

.1724 

.0000 

.2500 

.1143 

.0791 

.0769 

.0175 

.0000 

.0417 

.2167 

.1507 

.1034 

.0714 

.1786 

.0857 

,.0192 
.0179 
.0000 
.0400 

.0833 

.1207 

.0238 

.2833 

.2877 

.2414 

.2143 

.0357 

.1143 

.2230 

.0980 

.1923 

.2281 

.1936 

.2708 

.3000 

.1096 

.1035 

.1191 

.1786 

.0857 

.1346 

.1071 

.1667 

.1552 

.1429 

.2833 

.3150 

.2931 

.3809 

.3929 

.2857 

.3022 

.3432 

.3846 

.4211 

.5161 

.3750 

.2166 

.3424 

.3621 

.5476 

.2857 

.4000 

.3393 

.5161 

.3200 

.3729 

.3750 

.2241 

.1905 

Signifi-
caneef 

.1167 

.2603 

.2931 

.4048 

* NS 
** 
NS 

.3214 

.4857 

.3957 

.5490 

.3462 

.3333 

.2903 

.3125 

.2667 

.3973 

.4310 
2619 

.3571 

.4286 

.5193 

.5357 

.3871 

.3800 

.3559 

.3750 

.5000 

.6428 

N S 
N S 
+ * 

N S 

N S 
N S 
N S 
N S 

N S 

N S 

N S 
N S 

N S 
N S 
N S 
N S 

N S 
N S 

* All categories based on the por t ion of t he 5-point hedonic scale consistently used by each tas ter , as follows: I = full 
range of five scores; I I = lowest four; I I I = highest four; IV = central th ree ; V = highest th ree ; VI = lowest three . 

t N S means not significant a t t he 5 per cent level. Single asterisk indicates some nonconformi ty . Double asterisks 
indica te more serious nonconformity . 
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Category III* 

Variety and 
sample n u m b e r 

Perlet te: 

Cardinal : 
14 I 
14 J 

Thompson Seedless: 

14 L 
Perlette: 

Cardinal : 
151 

Thompson Seedless: 
15 F 
15 L 

Perlette: 
16 B 

Cardinal : 
161 
16 J 

Thompson Seedless: 
16 F 
16 L 

Perlet te: 
17 B 

Cardinal : 
17 I 
17 J 

Thompson Seedless: 
17 F 
17 L 

Perlet te: 
18 B 

Cardinal : 
18 1 
18 J 

Thompson Seedless: 
18 F 
18 L 

Perlet te: 
19 B 

Cardinal : 
19 1 
19 J 

Thompson Seedless: 
19 F 
19 L 

Ball ing/acid 
rat io 

14.95 

27.74 
35.64 

13.53 
21.67 

17,05 

28.36 
35.58 

15.66 
23.33 

18.26 

28.39 
36.14 

17.66 
28.03 

20,24 

31.32 
39.55 

19.45 
31.25 

22.50 

34.04 
42.14 

21.76 
33.04 

23.85 

34.53 
46.92 

24.87 
33.04 

N u m b e r 
of 

tasters 

2 

11 
4 

3 
14 

2 

11 
4 

3 
14 

2 

11 
4 

3 
14 

2 

11 
4 

3 
14 

2 

11 
4 

3 
14 

2 

11 
4 

3 
14 

N u m b e r 
of 

tas t ings 

8 

60 
28 

17 
113 

9 

61 
28 

16 
13 

9 

58 
27 

17 
111 

9 

61 
28 

17 
112 

9 

61 
28 

17 
112 

9 

61 
27 

17 
113 

Tas te scale 

2 

.2500 

.4833 

.5357 

.4706 

.4336 

.2222 

.3770 

.3214 

.4375 

.2655 

.4445 

.1207 

.2222 

.1176 

.1261 

.2222 

.0820 

.0714 

.1765 

.0625 

.0000 

.0328 

.1429 

.0000 

.0357 

.0000 

.0000 

.0741 

.0000 

.0354 

3 

.2500 

.3000 

.1786 

.4706 

.2920 

.3333 

.3607 

.3214 

.2500 

.3363 

.2222 

.3103 

.2963 

.1765 

.2883 

.1111 

.3278 

.3214 

.2353 

.2411 

.0000 

.1312 

.3214 

.1176 

.0625 

.1111 

.0820 

.0741 

.0588 

.0885 

4 

.3750 

.2000 

.2500 

.0588 

.1859 

.3334 

.1803 

.3214 

.2500 

.2124 

.3333 

.4138 

.4074 

.4706 

.3874 

.5556 

.3115 

.3572 

.4706 

.3393 

.3333 

.4590 

.4286 

.5294 

.3214 

.4445 

.5082 

.5555 

.5294 

.3274 

5 

.1250 

.0167 

.0357 

.0000 

.0885 

.1111 

.0820 

.0358 

.0625 

.1858 

.oooo 

.1552 

.0741 

.2353 

.1982 

.1111 

.2787 

.2500 

.1176 

.3571 

.6667 

.3770 

.1071 

.3530 

.5804 

.4444 

.4098 

.2963 

.4118 

.5487 

cancef 

N S 

N S 
N S 

N S 

N S 

N S 
N S 

, 
N S 

** 
N S 

N S 

N S 

N S 
N S 

N S 
N S 

N S 

N S 
N S 

N S 
* 
N S 

N S 
N S 

N S 
** 

* All categories based on the portion of the 5-point hedonic scale consistently used by each taster, as follows: I = full 
range of five scores; II = lowest four; III = highest four; IV = central three; V = highest three; VI = lowest three. 
. t NS means not significant at the 5 per cent level. Single asterisk indicates some nonconformity. Double asterisks 
indicate more serious nonconformity. 
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Category IV* 

Variety and sample number 

Perlette: 
14 H 

Cardinal: 
14 C 
14 D 
14 1 
14 J 

Thompson Seedless 
14 F 
14 K 
14 L 

Perlette: 
15H 

Cardinal: 
15 C 
15D 
15 1 
15 J 

Thompson Seedless 
15 F 
15 K 
15 L 

Perlette: 
16 H 

Cardinal: 
16 C 
16D 
16 1 
16 J 

Thompson Seedless: 
16 F 
16 K 
16 L 

Perlette: 
17 H 

Cardinal: 
17 C 
17D 
17 1 
17 J 

Thompson Seedless: 
17 F 
17 K 
17 L 

Perlette: 
18 H 

Balling/acid 
ratio 

14.34 

14.55 
16.18 
27.74 
35.64 

13.53 
15.47 
21.67 

16.78 

Number 
of 

tasters 

17.42 
18.14 
28.36 
35.58 

15.66 
17.61 
23.33 

18.75 

20 00 
20.51 
28.39 
36.14 

17.66 
21.00 
28.03 

22.05 
22.44 
31.32 
39.55 

19.45 
21.52 
31.25 

25.36 

Number 
of 

tastings 

26 
24 
14 
10 

11 
26 
23 

26 
24 
14 
10 

11 
26 
23 

26 
24 
14 
9 

11 
26 
23 

26 
24 
14 
10 

11 
26 
23 

Taste scale 

.5556 

.6923 

.7083 

.3572 

.8000 

.5455 

.4615 

.5217 

.2222 

.5000 

.3333 

.1429 

.7000 

.3636 

.3077 

.3478 

.2222 

.3077 

.3333 

.2143 

.1818 

.3846 

.1739 

.1111 

.1539 

.2917 

.2143 

.3000 

.0909 

.1538 

.1304 

.0000 

.4444 

.1923 

.1667 

.0714 

.2000 

.3636 

.5000 

.3913 

.5556 

.3462 

.3334 

.3571 

.3000 

.5455 

.5769 

.5652 

.5556 

.3077 

.3334 

.4286 

.3333 

.5455 

.5000 

.4783 

.5556 

.3333 

.5714 

.6000 

.5385 

.4783 

.4444 

.0000 

.1154 

.1250 

.5714 

.0000 

.0909 

.0385 

.0870 

.2222 

.1538 

.3333 

.5000 

.0000 

.0909 

.1154 

.0870 

.2222 

.3846 

.3333 

.3571 

.0000 

.2727 

.1154 

.3478 

.3333 

.4615 

.3750 

.2143 

.1000 

.0909 

.3077 

.3913 

.5556 

Signifi-
cancef 

NS 

NS 
NS 
NS 

NS 
NS 
NS 

NS 

NS 

NS 
NS 

NS 
NS 
NS 

NS 

NS 
* 
NS 
NS 
NS 
NS 
NS 

NS 

NS 
NS 
NS 

NS 
NS 
NS 

NS 

* All categories based on the portion of the 5-point hedonic scale consistently used by each taster, as follows: 
I — full range of five scores; I I ~ lowest four; I I I — highest four; IV = central three; V — highest three; 
VI = lowest three. 

t NS means not significant at the 5 per cent level. Single asterisk indicates some nonconformity. Double 
asterisks indicate more serious nonconformity. 
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Category IV—Continued 

Variety and sample n u m b e r 

Card ina l : 
18 C 
18 D 
18 I 
18 J 

T h o m p s o n Seedless: 
18 F 
18 K 
18 L 

Card ina l : 
19 C 
19 D 
19 1 
19 J 

T h o m p s o n Seedless: 
19 F 
19 K 
19 L 

Ball ing/acid 
rat io 

23.55 
24.86 
34.04 
42.14 

21.76 
25.69 
33.04 

25.06 
28.12 
34.53 
46.92 

24.87 
28.24 
35.27 

N u m b e r 
of 

tas ters 

6 
5 
2 
2 

2 
3 
4 

6 
5 
2 
2 

2 
3 
4 

N u m b e r 
of 

tast ings 

26 
24 
14 
10 

11 
26 
23 

26 
24 
14 
10 

11 
26 
22 

Tas te scale 

2 

.1154 

.1250 

.1429 

.1000 

.0909 

.1539 

.0000 

.0000 

.1667 

.1429 

.2000 

.0000 

.1154 

.0000 

3 

.2308 

.4167 

.7143 

.5000 

.3636 

.4615 

.3043 

.4231 

.3333 

.8571 

.1000 

.3636 

.5769 

.3182 

4 

.6538 

.4583 

.1428 

.4000 

.5455 

.3846 

.6957 

.5769 

.5000 

.0000 

.7000 

.6364 

.3077 

.6818 

cancef 

N S 
N S 
N S 
N S 

N S 
* 
N S 

N S 
N S 
N S 
N S 

N S 
N S 
N S 

* All categories based on the portion of the 5-point hedonic scale consistently used by each taster, as follows: I = full 
range of five scores; II = lowest four; III = highest four; IV = central three; V = highest three; VI = lowest three. 

t NS means not significant at the 5 per cent level. Single asterisk indicates some nonconformity. Double asterisks 
indicate more serious nonconformity. 
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Category V 

Variety and sample n u m b e r 

Card ina l : 
14 C 
14 D 
14 1 
14 J 

Card ina l : 
15 C 
15 D 
15 I 
15 J 

Card ina l ; 
1 6 C 
16 D 
16 1 
1 6 J 

Card ina l : 
17 C 
17 D 
17 1 
1 7 J 

Ca rd ina l : 
18 C 
18 D 
18 1 
18 J 

Card ina l : 
19 C 
19 D 
191 
1 9 J 

Hailing/acid 
rat io 

14.55 
16.18 
27.74 
35.64 

17.42 
18.14 
28.36 
35.58 

20.00 
20.51 
28.39 
36.14 

22.05 
22.44 
31.32 
39.55 

23.55 
24.86 
34.04 
42.14 

25.06 
28.12 
34.53 
46.92 

N u m b e r 
of 

tasters 

3 
2 
5 
5 

3 
2 
5 
5 

3 
2 
5 
5 

3 
2 
5 
5 

3 
2 
5 
5 

3 
2 
5 
5 

N u m b e r 
of 

tast ings 

15 
11 
33 
26 

15 
11 
33 
26 

15 
11 
33 
26 

15 
10 
32 
26 

15 
11 
33 
26 

15 
11 
33 
26 

Tas te scale 

3 

.7333 
.6364 
.3939 
.7308 

.4667 

.3636 

.3940 

.4615 

.0667 

.1818 

.2121 

.3077 

.1333 

.2000 

.0937 

.1538 

.1333 

.0000 

.1515 

.1154 

.0667 

.0000 

.1515 

.0384 

4 

.2667 

.3636 

.5152 

.2692 

.4000 

.4546 

.3636 

.4615 

.9333 

.6364 

.5455 

.6154 

.4667 

.5000 

.5625 

.6539 

.4667 

.6364 

.4546 

.5769 

.6000 

.6364 

.3333 

.4231 

5 

.0000 

.0000 

.0909 

.0000 

.1333 

.1818 

.2424 

.0770 

.0000 

.1818 

.2424 

.0769 

.4000 

.3000 

.3438 

.1923 

.4000 

.3636 

.3939 

.3077 

.3333 

.3636 

.5152 

.5385 

Signifi­
cance! 

NS 
N S 

N S 

N S 
N S 
»* 
N S 

N S 
N S 
N S 
N S 

N S 
N S 
N S 
N S 

N S 
N S 
N S 
N S 

N S 
N S 
N S 
N S 

* All categories based on the portion of the 5-point hedonic scale consistently used by each taster, as follows: I = full 
range of five scores; II = lowest four; III = highest four; IV = central three; V = highest three; VI = lowest three. 

t NS means not significant at the 5 per cent level. Single asterisk indicates some nonconformity. Double asterisks 
indicate more serious nonconformity. 
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Category VI 

Variety and sample n u m b e r 

Per let t e : 
14 A 
1 4 B 
14 G 
14 H 

Card ina l : 
14 C 
1 4 D 
14 1 
14 J 

T h o m p s o n Seedless 
14 E 
14 F 
14 K 

Per le t te : 
15 A 
15 B 
15G 
1 5 H 

Card ina l : 
15 C 
1 5 D 
15 1 
15 J 

T h o m p s o n Seedless 
15 E 
15 F 
15 K 

Per le t t e : 
16 A 
16 B 
16 G 
16 H 

Card ina l : 
16 C 
1 6 D 
16 1 
16 J 

T h o m p s o n Seedless 
16 E 
16 F 
16 K 

Per le t te : 
17 A 
17 B 
17 G 
1 7 H 

Card ina l : 
17 C 
1 7 D 
171 
17 J 

T h o m p s o n Seedless 
17 E 
1 7 F 
17 K 

Ball ing/acid 
rat io 

12.28 
14.95 
9.70 

14.34 

14.55 
16.18 
27.74 
35.64 

7.19 
13.53 
15.47 

13.39 
17.05 
13.88 
16.78 

17.42 
18.14 
28.36 
35.58 

10.19 
15.66 
17.61 

14.27 
18.26 
18.43 
18.75 

20.00 
20.51 
28.39 
36.14 

12.06 
17.66 
21.00 

15.73 
20.24 
22.78 
23.01 

22.05 
22.44 
31.32 
39.55 

13.46 
19.45 
21.52 

N u m b e r 
of 

tasters 

6 
3 

6 
3 
2 
4 

12 

5 

2 
8 
6 
3 

6 
3 
2 
4 

12 
7 
5 

2 
8 
6 

3 
2 
4 

12 
7 
5 

3 
2 
4 

12 
7 
5 

N u m b e r 
of 

tas t ings 

48 
32 
32 
21 

27 
13 
10 
27 

60 
21 
26 

54 
35 
33 
21 

27 
13 
10 
27 

59 
21 
27 

54 
35 
33 
21 

27 
13 
10 
27 

60 
21 
27 

53 
35 
32 
21 

27 
13 
10 
27 

60 
21 
27 

Tas te scale 

.8125 

.7500 

.8750 

.6667 

.8519 

.7692 

.7000 

.4444 

.8167 

.6667 

.6923 

.7408 

.6000 

.5758 

.4286 

.5556 

.5385 

.3000 

.4815 

.7797 

.5238 

.6667 

.5370 

.4286 

.2727 

.1428 

.4074 

.3077 

.1000 

.2222 

.7000 

.2381 

.4074 

.4717 

.2571 

.0938 

.0476 

.0370 

.3077 

.0000 

.0741 

.4333 

.1905 

.1852 

.1458 

.2500 

.1250 

.2381 

.1111 

.2308 

.2000 

.4815 

.1667 

.2381 

.2692 

.2407 

.3714 

.3030 

.3333 

.4074 

.3846 

.5000 

.4074 

.2034 

.3333 

.2592 

.4259 

.2857 

.3940 

.6667 

.3704 

.3846 

.5000 

.4445 

.2000 

.4762 

.5185 

.3019 

.4572 

.5000 

.5714 

.6297 

.4615 

.6000 

.2592 

.3667 

.7619 

.3704 

.0417 

.0000 

.0000 

.0952 

.0370 

.0000 

.1000 

.0741 

.0166 

.0952 

.0385 

.0185 

.0286 

.1212 

.2381 

.0370 

.0769 

.2000 

.1111 

.0169 

.1429 

.0741 

.0371 

.2857 

.3333 

.1905 

.2222 

.3077 

.4000 

.3333 

.1000 

.2857 

.0741 

.2264 

.2857 

.4062 

.3810 

.3333 

.2308 

.4000 

.6667 

.2000 

.0476 

.4444 

Signifi-
cancet 

NS 
NS 
NS 

NS 
NS 
NS 

NS 

NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 

NS 
NS 

NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 

NS 

NS 

NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 

NS 
NS 

* All ca tegor ies based on t he p o r t i o n of the 5-point hedon ic scale cons is ten t ly u sed by each t a s t e r , as fol lows: 
I — full r a n g e of five s co re s ; I I ~ lowest f o u r ; I I I — h ighes t f o u r ; I V = cen t r a l t h r e e ; V = h ighes t t h r e e : 
V I = lowest t h r ee . 

f N S m e a n s no t s ignif icant a t the 5 p e r cent level. S ing le a s t e r i sk ind ica tes some noncon fo rmi ty . Double 
a s t e r i sks ind ica te m o r e se r ious noncon fo rmi ty . 
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APPENDIX TABLE A—Continued 

Category VI—Continued 

Variety and sample number Ball ing/acid 
rat io 

17.73 
22.50 
26.12 
25.36 

23.55 
24.86 
34.04 
42.14 

14.50 
21.76 
25.69 

19.27 
23.85 

25.06 
28.12 
34.53 
46.92 

16.12 
24.87 
28.24 

N u m b e r 
of 

tasters 

2 
8 
6 
3 

6 
3 
2 
4 

12 
7 
5 

2 
8 

6 
3 
2 
4 

12 
7 
5 

N u m b e r 
of 

tas t ings 

54 
34 
33 
21 

27 
13 
10 
27 

60 
21 
27 

54 
35 

27 
13 
10 
27 

60 
21 
27 

Taste scale 

Perlette: 
18 A 
18 B 
18G 
18 H 

Cardinal: 
18C 
18D 
18 1 
18 J 

Thompson Seedless: 
18E 
18F 
18 K 

Perlette: 
19A 
19 B 

Cardinal: 
19 C 
19 D 
19 1 
19 J 

Thompson Seedless: 
19E 
19 F 
19 K 

.2037 

.1176 

.0606 

.0476 

.0741 

.0769 

.1000 

.1852 

.1500 

.0476 

.1111 

.1481 

.0857 

.1111 

.1538 

.0000 

.1111 

.1667 

.0476 

.0370 

.3704 

.4118 

.3333 

.5238 

.2963 

.5385 

.2000 

.4074 

.5000 

.5238 

.4815 

.4630 

.3143 

.2592 

.5385 

.2000 

.2222 

.2667 

.4286 

.1852 

.4259 

.4706 

.6061 

.4286 

.6296 

.3846 

.7000 

.4074 

.3500 

.4286 

.4074 

.3889 

.6000 

.6297 

.3077 

.8000 

.6667 

.5666 

.5238 

.7778 

* All categories based on the portion of the 5-point hedonic scale consistently used by each taster, as follows: I = full 
range of five scores; II = lowest four; III = highest four; IV = central three; V = highest three; VI = lowest three. 

t NS means not significant at the 5 per cent level. Single asterisk indicates some nonconformity. Double asterisks 
indicate more serious nonconformity. 
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