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Relationship Between Visual Rating and
Chromaticity Values in 'Delicious' Apple Strains1

SUMAN SINGHA,2 EDWIN C. TOWNSEND, AND TARA A. BAUGHER

Abstract
Fruit of 37 'Delicious' apple (Malus domestica

Borkh.) strains were harvested 149 days after
full bloom in 1988, and visually evaluated by
panelists on a 1 to 10 scale, where 10 = excellent
color. Fruit color was measured at the mid point
between the stem and calyx end on the blushed
surface of each fruit with a Minolta Chroma
Meter CR-200b portable tristimulus colorimeter.
A simple linear regression of color panel rating
on L. value provided a R 2 = 0.55, indicating that
this parameter influences visual color evalua-
tion. However, the a. lb. ratio was the best
single predictor of color rating (R2 = 0.63).
Although several models were tested, and many
were statistically significant, none appeared to
be better than the a. lb. ratio from a practical
standpoint. Assessing fruit color with a colori-
meter eliminates the problems of subjectivity
associated with visual ratings and permits color
to be reported in internationally accepted units.

Introduction
Fruit color is an important char.ac-

teristic of 'Delicious' strains andinflu-
ences both consumer acceptance (3)
and sales (10). Consequently, a major
criterion in the selection of new strains
is their higher red coloration (5). Visual
assessment of fruit red color is a pri-
mary basis for the U.S. grade stan-
dards (11), and low coloration is an
important cause for reduction in grade
1 Approved for publication by the Director, West
Article No. 2225.

2Present address: Department of Plant Science, 1
4067.
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(1). Cultural practices that improve
red color include growth regulator
sprays (8), orchard nutrition (12) and
summer pruning (9). Evaluation of
fruit color following field investiga-
tions generally utilize sensory (nl!meri-
cal rating) methods (2, 8). Whereas
this approach is adequate from the
standpoint of U.S. grade standards
which have wide variations, it can be
pr?blematic from a resear~h stand-,
pomt because treatment dIfferences
may be less dramatic and because the
subjective nature of sensory ratings
makes it difficult to quantify and com-
pare results from different studies.
The development of portable, easy-
to-operate, tristimulus colorimeters
permit quantification of fruit colora-
tion in internationally acceptable units,
thereby allowing more reliable and
consistent comparisons of fruit color.

The objective of the present study
was to determine the relationship be-
tween sensory color evaluation and
Commission lnternationale d'Eclairage
{CIE) Lo ao bo Color Space coor-
dinates (7) measured with a Minolta
Chroma Met~r CR-200b portable tri-
Virginia Agric. and For. Expt. Sm. as Scientific

'he University of Connecticut, Storrs, CT 06269-
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stimulus colorimeter. An additional ob-
jective was to compare the fruit color
in 37 'Delicious' strains.

Materials and Methods
Fruit of the 37 strains used for this

study were obtained from the 'Deli-
cious' strain evaluation block at the
West Virginia University Experiment
Farm at Kearneysville, WV: Fruit were
harvested from the outer periphery of
the trees 149 days after full bloom in
1988 and gently wiped with a soft
cloth to remove any spray residues or
dust. Four representative fruit of each
strain were presented to the panelists
with the sun-exposed (blushed) surface
facing the evaluators. The 13 member
panel, most of whom had experience
in evaluating fruit color, were instruct-
ed to rate the fruit of each strain on a 1
to 10 scale (where 10 = excellent color).
Fruit color was measured by placing
the 8-mm-diameter measuring area of
the Minolta CRc200b at the mid point
between the stem and calyx end on
the blushed surface of each fruit pre-
sented to the panelists. The instrument
has a self-contained light source that
provides diffuse,u~iform lighting over
the sample surface. It measures the
color of the reflected light and pro-
vides a digital output in either'the L 0
ao bo or CIE Y, x, y coordinates (7).
the meter was calibrated at illuminant
condition C (6774K) with a white stan-
dard (Minolta calibration plate CR-
A43) and fruit chromaticity measured
in LO ao bo coordinates. In this system
L 0 represents the value (lightness) of
colors, it is small for dark colors and
large for light colors; a 0 is negative for
green and positive for red, whereas
b 0 is negative for blue and positive
for yellow.

Table 1. Chromaticity values and panel
rating of 'Delicious' strains at harvest.

Pane!
Strain L' a' b' RalingZ

Ace 32.7 22.2 7.5 7.9
Alred 43.3 26.0 14.3 3.4
Aomori 38.4 27.0 13.1 4.7
Apex 35.7 26.1 9.5 7.7
ACN SOl 34.1 25.1 9.2 7.0
Bright'n Early 37.8 25.8 11.9 6.9
Cascade Spur 33.1 25.9 8.9 8.7
Classic 40.7 27.9 13.6 5.6
DixieRed 32.2 21.1 6.6 6.4
Hardi-Brite Spur 37.2 24.7 10.4 5.5
Imperial 36.4 27.5 11.5 6.5
Improved Ryanred 36.6 24.8 10.6 5.3
Nured Royal 37.6 26.8 11.1 7.1
Oregon Spur 38.0 22.5 9.1 6.6
Oregon Spur 11 34.3 22.5 7.9 9.1
Real McCoy 38.9 26.4 12.9 5.2
Red Prince 39.9 27.2 13.0 5.4
Redchief (Campbell) 31.9 24.1 9.1.7.5
Redspur 37.7 25.3 10.9 5.9
Rose Red 38.2 28.5 12.7 6.0
Ruby Red 33.8 26.3 9.5 6.6
Ruby Stripe 36.5 26.7 9.7 7.3
Ryanred Spur 32.9 20.2 8.3 6.3
Scarlet Spur 32.5 21.3 7.3 8.8
Sharp Red 38.9 24.8 11.5 5.6
Silver Spur 35.1 22.7 9.3 6.0
Spur Red 36.4 23.2 9.6 6.1
Starkrimson 37.3 26.9 10.9 5.6
Sturdeespur 36.7 25.7 10.2 6.6
Supreme 37.9 24.9 11.2 4.0
Topred 40.2 27.4 15.7 5.0
Topspur 36.7 25.9 11.1 4.6
Triple Red 37.0 24.6 11.2 5.7
U.ItraRed 34.3 25.4 10.0 7.7
UltraS tripe 32.6 22.3 7.5 8.5
Wayne Spur 35.9 27.0 11.6 6.2
Wellspur 37.2 25.0 11.9 5.4

LSD (0.05) 4.4 3.7 3.4 0.2

Results and Discussion
Although evaluating differences be-

tween strains was not the primary
objective of this study, strains with
darker red coloration (lower L 0 value)
included 'Redchief; 'DixieRed; 'Scarlet 'Pam,! ratillK (m a 1 II) 10 ,calc, {where 10 = ('XC(,II"1l1 C()k)r)
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Spur,' 'UltraStripe; 'Ace; and 'Ryanred
Sr ur' (Table 1). Similar to the findings
0 Crassweller etal. (4). 'Classic; 'Rose
Red; 'Sharp Red; and 'Red Spur' had
lighter coloration.

As expected there were significant
differences among strains in the a °
value (a measure of redness) (Table
1). However, even wider variations
existed among the strains in the bO
value (a measure of yellowness) (Table
1), and this strongly influenced both
the ao/bo ratio and the color panel
ratin,gs (F~g. 1). f!°~ example, 'Alred'and Apex had sImIlar a ° values, but
'Alred' had a significantly higher bo
value, resulting in a low ao/bo ratio
and a low panel rating for this strain
(Fig. 1). The a ° value by itself related
very poorly to the color panel ratings
(Table 2). A simple linear re§ression
of color panel rating on L value
provided a R2 = 0.55 (Table 2), indicat-
ing that this parameter influences vis-

ual color evaluation. However, the
ao/bo ratio was the best single pre-
dictor of color rating (Tabl~ 2, Fig. 1)
and is superior to chroma (V ao~ + bO2)
but similar to hue angle (tan-I bo/aO).
Although the visual rating of foods
often correlated better to hue angle
(6), over the range of aolbo ratios in
these 'Delicious' strains, there is essen-
tially a linear relationship betweel!
hue angle and ao/bo ratio and con-
sequently either may be used.

It should be pointed out that certain
strains tended to be rated much lower
by the panelists than other strains with
similar a o/bo ratios (Fig. 1). 'Alred'
with a ao/bo ratio similar to 'Topred'
was the lowest rated strain. This may
be attributed to the heavy stripe in
this strain, which appears to be a
detractant and thus lowers its rating.
The lack of uniformity in fruit color in
'Supreme' and 'Topspur' may have
been the cause of their lower panel

10

y=-1.31 +3.14(a*/b*)
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Figure 1. Relationship between color panel rating and aOjbO ratio in 'Delicious' apple strains.
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Table 2. R2 for selected regression
models relating chromaticity values
to color panel rating.

Variables in equation R'

0.52

0.55

0.62

0.63

0.63

0.64

0.66
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chromaz

bo

Lo

hue angleY

ao/bo

Lo, ao, bO

Lo,ao/bo

Lo, LO (ao/bO), bO2

ao/bo, aO(ao/bO), (aO/bO)2, chroma,
chroma (ao/bO) 0.73

Zchroma = ~.
Yhue angle = tan-l b'/a'.

ratings. 'DixieRed; with the highesta O/b ° ratio, was probably downgraded
b,y the panelists b~cause of its exces-
sIvely dark coloratIon.

The highest R2 value (0.73) was
obtained when 5 terms were included
in the multiple regression model (Table2). 

Although several models were
tested, none of them appear to be any
better from a practical standpoint than
the simple linear re~ession of color
panel rating on the a '/bo ratio, In this
study we intentionally used a large
number of strains with a wide varia-
tion in coloration so that any relation-
ship between subjective panel ratings
and objective instrumental values
would have a wide range of applica-
bility. Even with outliers like Alred;
'Supreme' and 'DixieRed; which tend
to reduce the R2 value, the instru-
mentally measured ao/bo ratio effec-
tively relates to the color panel ratings.
Furthermore, it provides a simple
method for reporting fruit color in
internationally accepted terms which
would eliminate the qualitative prob-
lems associated with visual ratings.




