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Samples of 16 cranberry (Vaccinium macrocarpon Ait.) clones, sorted into subsamples on the basis of berry

size and coloration, were analyzed for juice content, soluble solids, titratable acidity, and anthocyanin content. The
soluble solids : acidity ratio was greater for more highly colored subsamples but did not vary with berry size. The
anthocyanin content of subsamples of different berry size varied in proportion to the surface to volume ratio. An-
thocyanin recovery in expressed juice was independent of berry coloration and size. Variability in anthocyanin content
within samples reflected differences in environmental factors, such as light exposure, superimposed on ripeness
differences. Variability in sample anthocyanin content depended more on berry size differences than on differences

in surface coloration.

The anthocyanin content of cranberries is of prime importance
in determining the surface color of fresh berries as well as the
color of products such as juice and sauce. The anthocyanins of
cranberry have been well characterized (11, 26) and quantitative
methods for their determination in fruit and juice have been
described (5, 10, 12, 13). Among the factors affecting berry
color and anthocyanin content, cultivar is most important (2, 4,
22, 27). In a recent study of 45 cultivars, we reported that the
anthocyanin content of ripe berries varied between 46 and 172
mg/100 g (21). Differences among cultivars in fruit or juice
anthocyanin content are due in part to differences in berry size,
i.e., in the surface-to-volume ratio. Francis (9) demonstrated an
inverse relationship between cranberry fruit size and anthocy-
anin content for ‘Early Black’, ‘Howes’, and ‘McFarlin’ cran-
berries of comparable surface coloration. This relationship follows
from the fact that cranberry pigments are located in the skin,
the total quantity per berry being about proportional to the sur-
face area. The fruit mass or juice volume on which the antho-
cyanin content is based is derived from the entire berry and
would be proportional to the berry volume. Recently, Vorsa and
Welker (24) reported a study of 6 cranberry cultivars in which
the extractable anthocyanins in samples of similar color de-
creased linearly as the fruit size increased. Heritable differences
in cranberry size have been demonstrated in breeding programs
(14). Pre- and postharvest environmental conditions, such as
temperature (15), light (3), and the application of growth reg-
ulators (1, 3, 8, 18) can influence the anthocyanin content of
cranberries. The anthocyanin concentration in cranberry juice
also depends on the extent to which pigments are extracted from
the crushed berries during juice expression (19). While the in-
fluences of these different factors have been investigated indi-
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vidually, quantitative comparisons of berry size effects, genetic
differences in anthocyanin accumulation, and variation in an-
thocyanin extractability for samples grown under similar con-
ditions are lacking. Our objectives in this study were: 1) to
assess the relative importance of berry size and surface color-
ation in determining the anthocyanin content of cranberry fruit
and juice samples; and 2) to determine the relationship between
the anthocyanin content and the soluble solids : acidity ratio
(SS:A) in individual cranberry fruits. In a companion paper we
have examined the implications of these results with regard to
cultivar differences, alternative breeding strategies, and the ma-
nipulation of environmental factors to increase the anthocyanin
content of cranberries.

Materials and Methods

Preparation of cranberry subsamples. Samples of 16 cran-
berry clones (11 cultivars and 5 selections), weighing 3 to 4 kg
each, were harvested from adjacent bogs at the USDA, Rutgers
Univ. Blueberry and Cranberry Research Center in Chatsworth,
N.J., over a period of several days in mid-Oct. 1983. Among
these ‘Ben Lear’, ‘Early Black’, and ‘Franklin’ were classified
as early maturing; ‘Beckwith’, ‘Howes’, ‘McFarlin’, ‘Pilgrim’,
‘Wilcox’, No. 20, and No. 35 as late maturing; and ‘Crowley’,
‘Searles’, ‘Stevens’, AJ, BD, and CN as intermediate in earli-
ness (2, 4, 6; P.E. Marucci, personal communication). The
berries in each sample were sorted for color into dark-red, me-
dium-red, light-red, and white-pink subsamples, each of which
was weighed, packaged in polyethylene freezing containers, and
stored at — 18°C for 3 to 4 months prior to analysis. While in
the frozen state, each subsample was separated further according
to berry size with a vibrating-screen size grader, producing 3
new subsamples: large berries, retained by a 14.3 mm (% inch)
screen; medium-sized berries, passing through the 14.3 mm screen
but retained by a 11.1 mm (716 inch) screen; and small berries,
passing through both screens. All new subsamples were weighed
and immediately returned to frozen storage until they could be
evaluated. Subsamples weighed between 50 g and 2 kg, de-
pending on the weight distribution of berries of different color-
ation and size found in each sample. In some instances, especially
the smallest size category for dark-red or light-red berries, the
subsamples contained too few berries to permit further study.
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Evaluation of subsamples. Following storage, portions of
cranberry subsamples weighing about 100 g were thawed over-
night at 3°C and evaluated by procedures described previously
(21). Tristimulus reflectance measurements were made on du-
plicate 50-g portions of whole berries with a Gardner XL-23
tristimulus colorimeter, calibrated against a Gardner pink stan-
dard (Y = 44.92, X = 53.11, Z = 42.63). The mean berry
weight of each subsample was calculated from the portion weights
and number of berries in each portion. The weighed berries were
chopped, mixed with rice hulls (a pressing aid), and pressed in
a Carver Press to extract the juice. The yield of juice was cal-
culated from the volume of recovered juice and the berry weight.

Juice yield (%) = Juice volume (ml)/
Berry weight (g) X 100

Aliquots of cranberry juice were analyzed in duplicate for sol-
uble solids (corrected to 20°) with a Bausch & Lomb Abbe-3L
refractometer, for titratable acidity (calculated as the percentage
of citric acid) by titration with 0.1 N NaOH to a pH 8.1 end-
point, and for total anthocyanin by the pH differential spectro-
photometric method of Fuleki and Francis (13) with a Perkin-
Elmer Model 552 UV-visible spectrophotometer at 510 nm. In
addition, berry samples (duplicate 50-g portions) were analyzed
for total anthocyanin by the method of Deubert (5), as modified
by Sapers et al. (21), which entailed extraction with acidic ethanol
followed by spectrophotometric analysis of the filtered extracts
at 533 nm. Values of the SS:A and anthocyanin recovery (the
percentage of total anthocyanin extracted from berries in the
expressed juice = juice total anthocyanin X juice yield + berry
total anthocyanin) were calculated from these data. The surface
anthocyanin content of each subsample, expressed as milligrams
of anthocyanin per square centimeter, was calculated from the
berry anthocyanin content (TAcy) and mean berry weight (W)
with the following equation, which assumes a spherical berry
[an approximation, since cranberries may be round, oval, ob-
long, pyriform, or intermediate between these shapes, depend-
ing on cultivar (2, 17)] and a density of 1.04 g-cm~3 (20):

Surface anthocyanin (mg:cm~2) = TAcy x W!3/47.1

Composition of individual berries. The 40 darkest berries from
each of 6 cultivars (‘Crowley’, ‘Early Black’, ‘Franklin’, ‘Howes’,
‘McFarlin’, and ‘Wilcox’) were selected by visual examination
of the dark-colored subsamples and analyzed individually to
determine the upper limits in anthocyanin content for each cul-
tivar and the extent of variation in anthocyanin content and SS:A
for the darkest berries. To measure the total anthocyanin content
of individual berries, we used a scaled-down adaptation of our
ethanol extraction method (21). Twenty of the darkest berries
were each subdivided while frozen, into small pieces with a
razor blade, then weighed, combined with 1.5 g Celite analyt-
ical filter-aid and 10 ml of 95% ethanol:1.5 M HCI (85:15) in
a stainless steel microblender jar (Eberbach), and blended for 2
min at high speed on a Waring base. The homogenate was
transferred quantitatively with additional solvent to Whatman
No. 2 paper in a Buchner funnel, and extract was collected
under vacuum. Residual anthocyanin was extracted from the
filter cake by adding 3 successive 25-ml portions of solvent.
The volume of the combined filtrates was measured, and the
anthocyanin concentration determined spectrophotometrically at
533 nm. Twenty additional berries were thawed at ambient tem-
perature (21°-27°C) for 20 min and individually squeezed in a
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garlic press to obtain samples of juice for the determination of
soluble solids and titratable acidity.

SS:A of ripening cranberries. To determine the effect of rip-
ening on the SS:A of cranberry fruits, duplicate random samples
of ‘Howes’ cranberries were taken at weekly intervals from
three 2.32-m? (25-ft?) locations in an East Wareham, Mass. bog
during 1980, 1981, and 1982. Berries (100 g) were homoge-
nized with 200 ml distilled H,O for 1 min at high speed with a
Waring blender, and the resulting puree was filtered through
Whatman No. 42 filter paper. The percentage of soluble solids
of the filtrate was determined with a hand refractometer (Amer-
ican Optical, 0°-30° Brix). The titratable acidity was determined
by titrating a 10-ml aliquot of filtrate, diluted with 40 ml boiled,
distilled H,0, with 0.1 N KOH to a phenolphthalein endpoint.

Statistical methods. Comparisons of means were made by
application of the Bonferroni 7 test (16). Weight distributions
for clones were based on single weighings of each subsample
and therefore could not be compared by a mean separation test.
Weighted mean values of the berry size and composition param-
eters for each clone were calculated from the subsample means
and subsample weight distributions (weighted mean = 3, sub-
sample mean X subsample weight percentage <+ 100). The
effects of cultivar, surface color, and berry size on the antho-
cyanin content and related functional properties of cranberry
samples were determined by analysis of variance (ANOVA),
using a nested model with 9 subcategories (subsamples) for each
clone, each subsample being represented by duplicate analytical
values. Variation in these parameters among subsamples were
evaluated by comparing unweighted means, while variation among
samples of each clone, due to the combined effects of subsample
variability and differences in subsample weight distributions,
were evaluated by comparing weighted means. All statistical
computations were performed with the Statistical Analysis Sys-
tem General Linear Models and Nested Procedures (SAS Insti-
tute, Cary, N.C.)

Results and Discussion

Size and color distribution of cranberry cultivars. Cultivars
differed greatly in their proportions of small-, medium-, and
large-sized berries as determined from the subsample weights,
and in mean berry weight, as determined from the number of
berries in each weighed portion (Table 1). By both criteria, ‘Ben
Lear’, ‘Pilgrim’, No. 20, and No. 35 had larger berries than
the other clones while ‘Early Black’ tended to be smaller. Our
results were generally consistent with berry size data reported
in the literature (2, 4, 7, 14, 22, 23). ‘Howes’, ‘McFarlin’, and
‘Wilcox’ were more uniform in size than the other clones, with
80% or more of the berries classified as medium.

The proportions of light-, medium-, and dark-red berries also
varied greatly among the various cranberry clones. ‘Ben Lear’,
‘Crowley’, ‘Early Black’, ‘Franklin’, AJ, and BD (all of which
are early maturing or intermediate in earliness) had a greater
proportion of dark-red berries than did the other clones. ‘Early
Black’ and ‘Franklin’ were described previously as dark in color
(4). Samples of ‘Crowley’ and selection No. 35 appeared to be
more uniform in coloration than the other clones, the former

containing 70% dark-red berries and the latter containing 66%
medium-red berries.

Characteristics of cranberry subsamples. Reflectance and size
data obtained with subsamples of ‘Early Black’, a dark-colored,
early cultivar; ‘Stevens’, a light-colored, mid-late maturing cul-
tivar; and ‘McFarlin’, a light-colored, late-maturing cultivar (Table
2), illustrated the degree of separation achieved by our sorting
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Table 1. Berry size and color distributions of cranberry clones.
Color distribution (%)%
Ripening”  Berry wt Size distribution (%) Dark-  Medium-  Light-

Clone season (g/berry)  Small  Medium  Large red red red Colorless
Beckwith Late 1.57 ab 5.4 43.9 50.6 14.1 54.7 25.0 6.3
Ben Lear Early 1.71 a 0.5 52.6 46.9 41.6 48.2 10.2 0
Crowley Mid-late 1.51 ab 4.7 47.4 47.8 70.0 27.8 2.2 0
Early Black  Early 1.02b 21.3 69.6 9.1 40.5 52.1 7.4 0
Franklin Early 1.37 ab 5.6 56.4 38.0 44.7 48.1 7.2 0
Howes Late 1.20 ab 10.7 79.8 9.5 20.9 52.9 20.6 7.7
McFarlin Late 1.23 ab 10.2 81.3 8.6 31.4 40.7 18.9 9.0
Pilgrim Late 1.82a 2.1 35.1 62.8 33.6 57.6 8.9 0
Searles Mid 1.46 ab 7.0 54.8 38.1 15.0 46.5 29.0 9.5
Stevens Mid-late 1.67 ab 4.8 39.8 55.4 24.4 47.3 17.2 11.0
Wilcox Late 1.23 ab 4.5 91.7 3.8 16.2 58.8 14.3 10.6
Al Mid 1.50 ab 3.6 66.4 30.0 40.8 52.9 5.0 1.3
BD Mid 1.43 ab 4.5 63.9 31.6 43.2 49.9 6.4 0.6
CN Mid 1.62 ab 3.2 51.8 45.1 323 48.0 16.5 3.1
No. 20 Late 1.72 a 2.8 47.8 49 .4 28.6 59.4 10.3 1.7
No. 35 Late 1.84 a 2.0 51.9 46.1 19.1 66.3 13.0 1.6

“As described in literature (2, 4, 5).
YWeighted mean for all subsamples. Mean separation in column by Bonferroni ¢ test at P = 0.05.
*Percent by weight; size distribution defined by screen size.
WPercent by weight; color distribution determined by visual sorting.

Table 2. Tristimulus parameters, berry weight, juice yield, composition, and anthocyanin recovery for ‘McFarlin’, ‘Stevens’, and ‘Early Black’
cranberries sorted by color and size.”

Cranberry
reflectance Berry TJuice Total anthocyanin
weight yield Berry Juice Surface  Recovery
Cultivar Color Size L a b (g/berry) (ml/100 g) SS:AY (mg/100 g) (mg/100 ml) (mg-cm-2) (%)
McFarlin Dark Small 16.8 bc 21.2ab 2.6c 0.71c 73 a 45a 46 a 26 a 09 a 41 a
Medium 18.0bc 21.6ab 14b 1.33b 73 a 43a 40 be 22b 09a 41 a
Large 164c 19.6b 1.1c 1.75a 75 a 42a 35¢ 17 ¢ 0.9a 37 a
Medium Small 19.6 bc 25.1ab 3.8abc 0.71c 75 a 4.2 a 27d 14 d 05b 38a
Medium 21.3b 28.4ab 4.6abc 1.28b 76 a 43a 20e 10e 0.5b 38a
Large 19.4bc 26.8ab 4.2abc 1.87a 73 a 42ab 17e 10e 04b 45 a
Light Small 31.4a 246ab 98ab 0.73c 74 a 3.7b --- 4f --- -
Medium 27.4a 245ab 89a 1.33b 76 a 36b 8 f 4 f 0.2c 40 a
Large 279a 31.0a 81labc 1.8la 76 a 3.9 ab - 3f - -
Stevens Dark Small --- - - - - --- - - --- -
Medium 18.1b 23.8b 2.8bc 1.30b 76 a 4.4 a 35a 21 a 0.8 a 46 a
Large 17.1b 181.1c 0.2c 3.06 a 75 a 4.0 a 34 a 15b 1.0a 34 a
Medium Small 21.3b 285a S5.2ab 0.63bc 76a 40a 21 b 14b 0.4c 49 a
Medium 21.2b 29.0a S5.1ab 1.23b 78 a 39a 18 b 10 ¢ 04b 41 a
Large 21.2b 257ab 29bc 240a 78 a 40a 15 be 8¢ 04b 39 a
Light Small - - -- - - -
Medium 27.0a 283a 6.8a 1.24b 80 a 30b 7c 3d 02c 38 a
Large 31.2a 278a 7.7a 2.47a 77 a 290 Tc 3d 0.2 be 35a
Early Black Dark Small 157a 17.5¢ 1.0cd 0.65c 78 a 45a 72 a 38 a 13a 42 a
Medium 16.6b 189bc 1.0cd 1.16b 76 ab 43a 58 a 30b 1.3 a 39 a
Large 17.1b  16.6c 13c 1.74 a 75 abe 40a 49 ab 24 be 1.2 ab 34 a
Medium Small 18.1b 23.1a 3.1bc 0.65c¢ 76 ab 39a 37b 24 be 0.7 cd S5t a
Medium 17.1b 22.7ab 23c 1.12 b 76 ab 39a 34 b 19 cd 0.8¢ 42 a
Large 170b 25.1a 2.7bc 1.82 a 69 ¢ 42 a 30 bc 15d 0.8 bc 36 a
Light Small - - - - - - - -
Medium 24.4a 254a 6.0a 1.28b 71 c 42a 12 ¢ Te 0.3d 42 a
Large 23.5a 248a 46ab 1.77a 71 be 43 a --- Se - -
ZFor a given variety, means within a column separated by the Bonferroni LsSD test, P = 5%.
*SS:A = soluble solids (percentage at 20°C) —+ titratable acidity (percentage of citric).
WTotal anthocyanin in 100 g berries + surface area of 100 g berries.
ZRecovery = juice anthocyanin X juice yield + berry anthocyanin.
614 J. Amer. Soc. Hort. Sci. 111(4):612-617. 1986.
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procedures. The reflectance parameters L, a, and b decreased
with increasing subsample surface color, but were constant for
berries of different size within the same color set. Mean berry
weights for comparable subsamples were similar.

Juice yield, an important characteristic for processing that,
together with berry anthocyanin content, determines juice color,
did not vary greatly with berry coloration or size. Values of
SS:A, an indication of fruit ripeness with blueberries (25), were
consistently increased for the dark-colored subsamples, primar-
ily because of their lower acidity.

As expected, berries and juice obtained from cranberry sub-
samples having relatively low surface color contained less total
anthocyanin than these with high color. The berry total antho-
cyanin content decreased in proportion to the berry surface-to-
volume ratio, as can be seen by the constant surface anthocyanin
values obtained for small-, medium-, and large-sized subsam-
ples of similar color. Anthocyanin recovery, the relationship
between the juice and berry anthocyanin contents, appeared to
be independent of berry coloration and size in our study.

Previously, we reported correlations between tristimulus re-
flectance parameters for whole berries and their total anthocy-
anin contents in berries and juice (21). In the present study, we
obtained higher correlations when we compared tristimulus data
with surface anthocyanin values (r = —0.79, —0.68, and —0.87
for surface anthocyanin vs. L, a, and b, respectively; N = 103).
To make use of this relationship in selecting cranberry seedlings
for high anthocyanin content, tristimulus colorimetry might be
used in conjunction with measurements of berry size, as sug-
gested by Francis (9).

Evaluation of the analytical data for 16 clones by ANOVA
(Table 3) indicated that subsample surface color had a greater
effect than berry size on subsample values of SS:A and total
anthocyanin. The surface anthocyanin content was not affected
by berry size as a consequence of the proportionality between
total anthocyanin and surface area for berries of similar color.
Francis (9) and Vorsa and Welker (24) reported inverse rela-
tionships between total anthocyanin content and fruit size for
cranberries of similar coloration. When their total anthocyanin
data were recalculated as surface anthocyanin values by our

equation, these values also were about constant for different-
size berries of similar coloration. An ANOVA was performed
on these transformed data to test the effect of fruit size on
surface anthocyanin value for each color category. No evidence
of a significant effect was seen for either of the 2 studies. In
our study, neither surface color nor berry size exerted significant
effects on subsample values of juice yield or anthocyanin re-
covery. Cultivar effects on juice yield, SS:A, juice anthocyanin,
and anthocyanin recovery, based on the comparison of weighted
means, were not significant.

A comparison of variance components due to cultivar, berry
size, and surface color (Table 4) indicated that the berry and
juice total anthocyanin contents of cranberry samples were af-
fected more by berry size than by subsample surface color.
Berry size effects on the total anthocyanin content appeared to
be greater with late-maturing clones than with early maturing
clones or with those of intermediate earliness. These results,
which appear to be in conflict with the observed differences in
anthocyanin content between subsamples, were a consequence
of differences in weight distribution between the 2 classes of
subsamples, berry size, and surface color, the former being
more variable (Table 3). More highly skewed berry size distri-
butions, in which small-sized berries predominate, would have
even greater impact on the anthocyanin content of cranberry
samples than did the size distributions seen in this study.

Anthocyanin content and SS:A of individual dark berries. To-
tal anthocyanin contents of the darkest individual cranberries in
dark-red subsamples of 6 cultivars fell within a 2-fold range;
the means for these berries exceeded the subsample means by
36-68% (Table 5). Soluble solids : acidity values for the darkest
individual berries fell within a broad range (3.0-6.4). In contrast
to the anthocyanin data, means values of SS:A for the darkest
berries were similar to the subsample means, indicating no large
differences in SS:A between berries of greater and lesser antho-
cyanin content within dark subsamples.

Soluble solids : acidity ratio of ripening cranberries. The
relationship between SS:A and sample ripeness, which underlies
our observations with individual cranberrics and subsamples of
different coloration, can be seen in comparisons of ‘Howes’

Table 3. Analysis of variance for cultivar and subsample effects on cranberry anthocyanin content and related functional properties.
F value*
Subsample means Weighted subsample means*
Source of Weight  Juice Total anthocyanin Tuice Total anthocyanin
variation (DF) distribution yield SS:A Berry Juice Surface Recovery yield SS:A Berry Juice  Recovery
Cultivar (15) NS 7.6%%  72%x 20 5%k 1]1]1.8%* 23 7** 2.2% NS NS 2.6% NS NS
Color (2) 35.9%%* NS 55.6%%  350.1%* 2181.4*%* 266.2%* NS 35.6%%  34.5%%  [3.4%% 7 5¥x 3] 3%
Size (2) 54.4%* NS 5.1% 37.0%*%  147.6** NS NS 53.9%%  51.0%*  45.5%% 21.9%%  46.4%*
Cultivar X 2.1% NS 2.8%* 4.9%*  16.0¥*  3.8%* NS 2.1* 1.8% 4.1%*  2.4%* 4.0%*
color (30)
Cultivar X 3.3%% NS NS NS 6.2%* NS NS 3.2%% 3.1%* 3.4%* NS 4 .9%*
size (29)
Color X 7.2%% NS NS 3.8% 28.5%* NS NS 6.9%* g 3wk 4.4%% 5. 4%% 8.3k
size (4)
Mean square for 36.0 2.34 0.063 5.83 0.61 0.0034 19.47  21.19 0.065 2.90 0.14 4.73
error
Total degrees of
freedom 117 117 117 105 117 102 103 117 117 103 117 103
zNs = not significant at P = 0.05; other values significant at P = 0.05 (*) or P = 0.01 (**).
YWeight distribution of subsamples.
*Subsample mean X subsample weight percentage + 100.
J. Amer. Soc. Hort. Sci. 111(4):612-617. 1986. 615
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Table 4. Relative contribution of cultivar, subsample color, and berry size to variance of total anthocyanin content

of berries and juice.

Percentage of total variance

Total anthocyanin in berry”

Total anthocyanin in juice”

Cultivars Cultivars
Variance source All Early Intermediate Late All Early Intermediate Late
Cultivar 3.2 0 3.3 0 3.1 0 6.2 0
Subsample color 24.9 28.5 34.1 13.9 26.3 26.1 36.3 16.3
Berry size 71.6 71.2 62.5 85.3 70.6 73.9 57.5 83.7
Error 0.4 0.3 0.1 0.8 0.0 0.0 0.0 0.0

“Weighted mean.

YError term represents variability between replicate analyses pooled over all subsamples and clones in each earliness

category.

Table 5. Total anthocyanin and SS:A values for darkest individual berries in medium-sized dark-red subsamples of cranberry cultivars.
Total anthocyanin (mg/100 g) SS:A
Mean *+ SEY Mean * SEY

Range for Darkest Range for Darkest

darkest individual Dark darkest individual Dark
Cultivar berries berries subsample berries berries subsample
Crowley 67-127 86 = 3.5 56 = 0.7 3.4-5.6 42 + 0.13 3.9 = 0.09
Early Black 54-117 79 = 3.7 58 = 0.8 3.0-5.6 39 = 0.14 43 = 0.13
Franklin 73-130 95 = 2.8 63 = 1.7 3.5-6.4 47 = 0.14 4.7 = 0.12
Howes 36-71 53 = 24 39 £ 04 4.0-6.4 5.0 = 0.16 4.7 = 0.10
McFarlin 44-104 67 = 3.3 40 = 0.7 3.6-6.0 45 = 0.14 43 = 0.09
Wilcox 38-58 45 = 1.3 30 £ 1.6 3.9-5.8 48 = 0.12 49 = 0.12

“Range for 20 berries selected at random from 40 darkest.
YSE = standard error.

cranberries sampled during the course of the growing season
(Fig. 1). The SS:A of the developing berries decreased to a
minimum value of 3.0-3.5 in August, largely due to an increase
in titratable acidity. As the berries ripened during September
and October, the SS:A increased to values as high as 4.5-5.0,
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because of an increase in the soluble solids content that was
accompanied by a smaller decrease in titratable acidity.

Soluble solids : acidity values for our light-colored subsam-
ples correspond to the ‘Howes’ late summer minima, while SS:A
values for the dark-red subsamples are close to the ‘Howes’
end-of-season values. Thus, the light-, medium-, and dark-red
subsamples may have represented berries at different stages of
ripeness. On the other hand, the SS:A range for the darkest
individual berries in dark subsamples included low values typ-
ical of August berries as well as high values typical of late-
season berries. Although ripeness is a factor affecting the extent
of anthocyanin accumulation, a substantial part of berry-to-berry
variability in anthocyanin content must reflect other factors.
Environmental factors such as light exposure and the tempera-
ture history of individual berries, which are known to affect
anthocyanin accumulation in cranberry (3, 15, 18), are respon-
sible for seasonal differences in cranberry coloration, and may
account for variability in the anthocyanin content of berries of
similar ripeness.

In conclusion, the inverse relationship between fruit size and
anthocyanin content in cranberries of similar coloration can be
explained in terms of the fruit surface-to-volume ratio.

The fruit size distribution has a greater effect than variation
in surface coloration on the total anthocyanin content of berries
and juice, especially with late-maturing clones. Juice yield and
anthocyanin recovery (the relationship between the berry and
juice total anthocyanin contents) are independent of berry co-
loration and size.

Values of SS:A for cranberries increase during ripening in
parallel with color development. Extensive variability in the

J. Amer. Soc. Hort. Sci. 111(4):612-617. 1986.
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anthocyanin content of individual fruits in cranberry samples
having similar SS:A values demonstrates the importance of en-
vironmental factors as well as ripening in controlling anthocy-
anin accumulation.

10.

11.

12.

13.

J. Amer. Soc. Hort. Sci. 111(4):612-617.
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