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Abstract. Ripe fruit of 40 thornless blackberry cultivars and selections, and juice samples obtained therefrom, were 
compared to determine differences in color and composition after freezing, thawing, and heating. Color changes 
(reddening) during frozen storage were associated with within-sample variability in ripeness. Red subsamples of 
frozen blackberries were lower than black subsamples in soluble solids and total anthocyanin contents and higher in 
titratable acidity and anthocyanin recovery in the pressed juice. When juice samples were standardized to compensate 
for differences in pH and anthocyanin concentration, ripeness and cultivar effects on juice tristimulus parameters 
were small. Rapid thawing of frozen fruit resulted in less anthocyanin loss than did slow thawing. Heating darkened 
blackberry juice samples and increased values of A4 4 0 /A513 .

Considerable interest has been shown in the breeding, pro-
duction, and utilization of thornless blackberries (2 , 6 , 20 ). 
Information on composition, quality, and processability is needed 
to guide breeders and to expedite the commercialization of this 
crop. Limited data are available on the sugars, nonvolatile acids,

Received for publication 5 July 1984. Reference to brand or firm name does
not constitute endorsement by the USDA over others of a similar nature not 
mentioned. The authors acknowledge the technical assistance of Barbara Flis, 
Gavin R. Graff, Sandra P. Graham, and Lester W. Greeley. The cost of pub-
lishing this paper was defrayed in part by the payment of page charges. Under 
postal regulations, this paper therefore must be hereby marked advertisement 
solely to indicate this fact.

phenolics, and anthocyanins of thornless blackberry cultivars 
(12, 13, 21, 23, 24). Jennings and Carmichael (7) described the 
tendency of frozen blackberries to turn red, a phenomenon they 
attributed to cellular disruption and intracellular pH changes in 
fruit that were not fully ripe. Crivelli and Rosati (1) studied the 
suitability of ‘Smoothstem’ and ‘Thomfree’ blackberries for 
freezing but did not report a color change during frozen storage. 
Comprehensive evaluations such as those performed with the 
fruit of thorny cultivars, ‘Cherokee’, ‘Comanche’, and ‘Chey-
enne’ (10 , 11 , 17) have not been reported for thornless cultivars.

Our objective in this study was to investigate the composition 
of fruit and juice of thornless blackberry cultivars and selections
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with special emphasis on factors affecting processability and 
color.

M aterials and M ethods

Source o f blackberries and initial evaluation. Fruit samples 
of 40 thornless blackberry cultivars and selections were obtained 
from plantings at the Beltsville Agricultural Research Center 
and at the Univ. of Maryland, College Park, during 1982 and
1983. The blackberries were iced in insulated coolers and trans-
ported to Philadelphia within 4-5 hr of harvest. After overnight 
storage at 1°C, the samples were sorted to remove debris and 
damaged or underripe fruit, washed, drained, and packaged in 
polyethylene freezer containers (25 x 29 x 7 cm). Tristimulus 
reflectance measurements for whole fruit, placed in a cylindrical 
optical cell (57.1 mm I.D. x 40 mm depth), were made with 
a Gardner XL-23 colorimeter (Illuminant A, corrected to Illu- 
minant C by the filter-photodetector assemblies), using the Hunter 
Lab scale. Because of their extreme perishability, samples were 
frozen immediately at -  13°C and stored until analytical studies 
could be performed.

Evaluation o f frozen blackberries. Frozen samples were sorted 
to determine the proportion of fruit that had turned red during 
storage and to permit separate evaluation of the red and black 
fruit. Tristimulus reflectance measurements were made on these 
subsamples in the frozen state. For analytical and spectral stud-
ies, duplicate 50 g portions of frozen subsamples were thawed 
by holding them either for 24 hr in a refrigerator or for 3-4 hr 
at room temperature. The thawed blackberries were mixed with
1.5 g rice hulls (a commercial pressing aid), placed in a Suc- 
culometer Cell (Model CR-1, Food Technology Corp., Rock-
ville, Md.), covered with a 5.72 cm diameter felt filter pad, and 
pressed for 10 min at 70.3 kg/cm2 (1000 psi) in a Carver Model 
C 12-Ton laboratory press (Fred S. Carver, Inc., Menomonee 
Falls, Wis.) to obtain the juice. After the volume was measured, 
the juice was clarified by adding about 2 g Celite analytical 
filter aid and filtering through Whatman No. 2 paper with suc-
tion.

Analysis o f fruit and juice. The juice samples were analyzed 
for pH, titratable acidity, soluble solids, and anthocyanin (pH 
differential method), as described previously (4,16). Juice an-
thocyanin was measured at 513 nm and expressed as absorbance 
units (A.U.) per ml. UV-visible absorption spectra of diluted 
juice samples, adjusted to pH 3.3 with 1.5 m  HC1 or 2.5 M 
NaOH, were obtained with a Perkin-Elmer Model 552 UV- 
visible spectrophotometer. Tristimulus reflectance and trans-
mission measurements were made on 25 ml aliquots of undiluted 
juice or juice adjusted to pH 3.3 and diluted with H20  such that 
an absorbance of 2 .0 0  ± 0 .0 2  was obtained at the visible ab-
sorption maximum. For reflectance measurements, the color-
imeter was standardized against a pink tile (Y = 44.92, X = 
53.11, Z = 42.63).

Total anthocyanin in blackberry samples was determined by 
spectrophotometric analysis at 533 nm of acidified ethanolic 
extracts of homogenized fruit (16), and was expressed as ab-
sorbance units (A.U.) per gram (absorbance x dilution factor/ 
sample weight). An estimate of the percentage of recovery of 
fruit anthocyanin in the pressed juice was calculated with the 
following equation:

Anthocyanin recovery (%)
_  total anthocyanin (juice)

total anthocyanin (fruit)
x juice yield x

E alcohol 
AE water’

where the extinction coefficient ratio E alcohol/AE H20  was 
used to convert total anthocyanin values in A.U. to a weight

i% i%
basis. This ratio was obtained from values of E 535 and AE

lcm lcm
510 reported by Fuleki and Francis (3, 4) for the 4 major an- 
thocyanins found in cranberries (cyanidin-3-galactoside, cyan- 
idin-3-arabinoside, peonidin-3-galactoside, and peonidin-3- 
arabinoside) after we determined that the ratios for these pig-
ments were constant (1.23-1.30). We used a mean value of 
1.27 for E alcohol/AE water. Pectin analyses were performed 
on berry homogenates, prepared by blending partially thawed 
samples for 5 min at high speed with a Waring base and a 
semimicro stainless steel blending container (250 ml capacity). 
The method of Blumenkrantz and Asboe-Hansen, as modified 
by Kintner and Van Buren (8), was used.

Effects o f heating. The effects of heating on the spectral and 
tristimulus characteristics of blackberry juice were determined 
with juice pressed from fruits thawed at room temperature. Fol-
lowing filtration, 30 ml of juice were placed in a 150 ml beaker 
containing a 1 inch stirrer bar and covered with a watch glass. 
Juice samples were heated for 4 min with stirring on a preheated 
Coming PC-351 stirrer-hot plate with the temperature and stirrer 
controls set to 5 and 2, respectively. During heating, the juice 
temperature increased to 92° to 98°C. Immediately after heating, 
the samples were brought rapidly to room temperature by hold-
ing at -1 8 °  for 8 min followed by 8 min at 3°. After several 
minutes at room temperature, the heated samples and unheated 
controls were adjusted to pH 3.3 and diluted so that tristimulus 
and spectral measurements could be made.

Statistical methods. Comparisons of means were made by 
application of the Waller-Duncan K-ratio t test (22). All statis-
tical computations were performed with the Statistical Analysis 
System (SAS Institute, Inc., Cary, N.C.) General Linear Models 
Procedure.

Results and Discussion
Color of fresh and frozen thornless blackberries. Fresh fruit 

samples of thornless and blackberry cultivars and selections were 
harvested when judged to be ripe, based on their dull black 
color and ease of separation from the plant. When the black-
berries were tasted, variability in sweetness and sourness was 
noted, both within and between samples. Tristimulus reflectance 
measurements, made on the intact fruit (Table 1), indicated 
small but significant differences among cultivars in Hunter L, 
a and b values.

When the samples were re-examined after about 6 months of 
frozen storage, we found that many fruit in each sample had 
turned red while still in the frozen state. Tristimulus reflectance 
measurements indicated a pronounced elevation of Hunter “ a” 
values with the red fruit and a smaller increase in Hunter “ a” 
with fruit that retained their black color (Table 1). Hunter “ b” 
values were greater (less negative) with frozen, red fruit than 
with frozen, black or fresh fruit. Differences among cultivars 
in tristimulus parameters for frozen fruit were significant. The 
proportion of red fruit in each sample varied from 12% to 82%. 
Presumably, this variability as well as the observed variability 
in sample sweetness and sourness were indications of hetero-
geneity in sample ripeness, since the tendency of blackberries 
to turn red is linked with incomplete ripeness (7). Because the 
proportion of red fruit in frozen samples varied for successive 
harvests of the same cultivar in 1982 and between 1982 and 
1983 samples, we could not confirm cultivar tendencies of 
blackberries to turn red when frozen.
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Table 1. Tristimulus reflectance parameters for fresh and frozen thornless blackberries (1982).

Percentage
red Reflectance

Cultivar fruit2 Treatment L a b
Black Satin 54 Fresh 15.2 3.3 -4 .4

Frozen, red fruit 14.6 6.7 - 2.1
Frozen, black fruit 14.5 4.5 -3 .1

Dirksen Thornless 40 Fresh 14.6 2.7 -3 .9
Frozen, red fruit 14.4 5.3 -3 .1
Frozen, black fruit 15.5 3.7 -3 .7

Meansx,y _ _ _ Fresh 15.3 a 2.9 c -4 .1  b
Frozen, red fruit 15.2 a 6 .6  a -3 .3  a
Frozen, black fruit 15.2 a 3.9 b -3 .9  b

Rangey (Low/High) 12-82 Fresh 13.8/16.6 2.2/3.3 -4 .8 / —3.1
Frozen, red fruit 13.8/16.9 5.3/7.6 — 4.0/ —2.1
Frozen, black fruit 14.5/16.8 3.1/5.5 — 5.0/ —3.0

F-valuew
Cultivar effects Fresh 2.4* 2 .6 * 2.7*

Frozen, red fruit 12.3** NS 4.1**
Frozen, black fruit 3 2 ** H 7 ** 4  1**

Treatment
comparisons Frozen, red vs. fresh NS 933.7** 39.6**

Frozen, black vs. fresh NS 65.8** NS
Frozen, black vs. red NS 699.1** 28.1**

zIn frozen sample.
yFor 13 cultivars and selections.
xMean separation in columns by Waller-Duncan K-ratio t test at P = 0.05.
wNot significant ( n s )  at P = 0.05; other values significant at P — 0.05 (*) or P = 0.01 (**).

Composition o f thawed fruit and juice. The color of individual 
blackberries observed in the frozen state was retained during 
thawing. Thawed red and black subsamples and the pressed 
juice obtained therefrom differed in pH, titratable acidity, sol-
uble solids, the soluble solids-acidity ratio (SS/A), and fruit total 
anthocyanin (Table 2). Acidity and soluble solids data for the 
red subsamples were similar to values reported by Walsh et al. 
(23) for purple or shiny black fruit of SIUS 68-6-17, a thornless 
blackberry breeding line. Whereas total anthocyanin values of

blackberry fruit were higher for black than for red subsamples, 
total anthocyanins in the juice were similar. The percentage of 
fruit total anthocyanin recovered in the pressed juice was higher 
for red fruit than for black fruit. Naumann and Wittenburg (13) 
reported that the anthocyanin content of juice from ripening 
blackberries increased to a maximum, and then decreased. They 
suggested that the anthocyanins in the skin continued to increase 
while the anthocyanin in the fruit mesocarp, which would ap-
pear in the juice, decreased during ripening, a hypothesis con-

Table 2. Composition of red and black subsamples of frozen thornless blackberries.2

Meansy
Red Black F-valuex
sub-

samples
sub-

samples Subsample
color

Cultivar Cultivar Color
x

Parameter 1982 1983 1982 1983 Cultivar Season color season season
Juice composition

pH 2.9 3.0 3.6 3.8 2522 24 164 8 3 20
Titratable acidity (% citric) 1.8 1.5 0.8 0.6 1579 13 103 3 3 11
Soluble solids (% @ 20°C) 8.0 9.3 10.8 11.5 311 16 75 3 7 N S

Soluble solids/titratable acidity 4.5 6.5 16.4 20.3 1207 35 123 13 6 31
Total anthocyanin (A.U./ml) 30 31 34 27 NS 15 43 3 5 14

Fruit composition
Juice yield (ml/100 g) 75 75 72 72 27 3 NS NS 4 N S

Pectin (%) 0.54 — 0.58 — NS NS — NS _ _ _ —

Total anthocyanin (A.U./g) 76 78 110 103 269 19 N S 4 3 N S
Anthocyanin recovery (%)w 36 39 29 26 42 5 5 NS NS N S

zBlackberries thawed at room temperature.
yThirty-seven cultivars and selections (except 13 for pectin) in 1982; 31 in 1983.
XA11 F-values significant at P = 0.01 except those designated n s  (not significant).
wRecovery = total anthocyanin (juice) x juice yield x extinction coefficient ratio/total anthocyanin (fruit).
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Table 3. Composition of black fruit of frozen thornless blackberry.2

Juice compositiony_____________  _________________ Fruit compositiony
Titratable Soluble Total Juice Total Total Anthocyanin

Cultivar or acidity solids anthocyanin Yield pectin anthocyanin recoveryx
selection PH (% citric) (% @ 20°C) (A.U./ml) (ml/ 100 g) (%) (A.U./g) (%)

Black Satin 3.5 c 0.8  cd 9.0 cd 40 bed 76 a 0.49 a 114 de 34 a
Dirksen Thornless 3.5 c 0.8  cd 9.5 c 35 de 77 a 0.52 a 118 ede 28 a
Hull Thornless 3.8 a 0 .6  e 12.5 a 20 f 74 ab 0.49 a 75 f 25 a
Smoothstem 3.5 cd 1.1 a 9.8 be 50 a 74 ab 0.56 a 123 abc 38 a
Thomfree 3.5 c 0.9 be 8.6  cd 31 e 73 ab 0.50 a 121 bed 24 a
C-33 3.6 c 0.9 be 9.6 be 41 bed 74 ab 0.60 a 120 ede 32 a
C-52 3.4 de 0.9 be 7.7 d 24 f 73 ab 0.63 a 76 f 30 a
C-55 3.3 ef 1.0 ab 10.2 be 34 de 74 ab 0.56 a 111 e 29 a
C-57 3.3 f 1.1 a 9.4 cd 43 b 73 ab 0.62 a 130 ab 28 a
C-58 3.4 ef 0.8  be 9.9 be 33 e 74 ab 0.48 a _ _ _ —
C-60 3.4 ef 0.9 be 9.1 cd 38 be 74 ab 0.52 a 120 ede 32 a
C-62 3.5 cd 0.8  cd 10.0 be 20 f 68 b 0.48 a 70 f 24 a
SIUS 68-6-17 3.7 b 0.7 de 11.4 ad 36 ede 74 ab 0.53 a 133 a 25 a
Meansw

1982 3.6 0.8 10.8 34 72 0.58 109 28
1983 3.8 0.6 11.5 27 72 — 103 26

Range (Low/High)w
1982 3.2/4.1 0.4/1.3 7.7/13.9 17/62 61/77 0.48/0.63 67/155 17/39
1983 3.4/4.5 0.3/1.2 7.3/14.5 13/39 68/76 — 57/144 12/42

zFruit samples thawed at room temperature.
yData for individual clones from 1982 season. Mean separation in columns by Waller-Duncan K-ratio t test at P = 0.05.
xRecovery == total anthocyanin (juice) x juice yield x extinction coefficient ratio/total anthocyanin (fmit).
thirty-seven cultivars and selections (except 13 for pectin) in 1982; 31 in 1983.

Table 4. Spectral and tristimulus properties of juice from red and black fruit of frozen thornless blackberries.2

Transmission

A513 x diln factor a 440/a :513 L 0y
Cultivar Red Black Red Black Red Black Red Black
Black Satinx 12.2 16.6 0.44 0.48 54.0 50.9 21.0 20.5
Dirksen Thornlessx 14.1 15.3 0.45 0.50 54.2 50.2 20.9 20.2
Hull Thomlessx 10.9 10.2 0.44 0.57 52.9 43.5 19.9 18.2
Smoothstemx 13.8 20.0 0.42 0.44 54.2 53.9 20.4 20.8
Thomfreex 15.4 14.4 0.44 0.50 54.6 49.0 20.8 19.6

Means, 1982w 13.2 13.1 0.43 0.51 54.2 48.8 20.7 19.7
Means, 1983w 12.1 12.0 0.43 0.52 55.2 48.7 20.6 19.5
F-value, 1982 + 1983v

Subsample color NS 891 678 185
Cultivar 21 32 16 9
Season 26 30 N S 13
Cultivar X  color 5 10 8 6
Cultivar X  season 5 4 4 8
Color x season N S 13 9 N S

2Thawed at room temperature; juice adjusted to pH 3.3, A513 := 2 .0 .
yHue angle 0 = tan 1 b/a.
xData for individual clones from 1982 season.
wThirty-seven cultivars and selections in 1982; 31 in 1983. 
Significant at P = 0.01.

sistent with our results. It is not clear, however, whether the 
pigment changes reported by Naumann and Wittenburg were 
real or represented changes in anthocyanin color expression due 
to a pH increase during ripening. Sagi et al. (14) reported a 
progressive increase in the anthocyanin concentration of aqueous 
extracts from raspberry fruit classified as unripe, ripe, and ov-
erripe. Previously, we found considerable variability in the re-
covery of anthocyanins in the juice pressed from thawed, frozen 
cranberries (15).

Juice yields were slightly larger with red than with black 
subsamples. Red and black subsamples were similar in pectin 
content.

Fruit and juice composition data for important cultivars and 
selections of thornless blackberries, determined over 2 seasons, 
are summarized in Table 3. Variability in composition generally 
was small or inconsistent and not likely to affect the value of 
any one cultivar. Since thornless blackberries are considered by 
some Rubus specialists to be too acid for fresh consumption (5),
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Table 5. Effect of fruit thawing conditions on total anthocyanin con-
centration and transmission tristimulus parameters of blackberry juice 
(1982).

Cultivar

Juice total
anthocy- Transmission2

anin ----------------------------
Subsample (A.U./ml) L 0

color Slow Rapid Slow Rapid Slow Rapid
Black Satin Black 27.7 39.9 12.8 9.5 6.6  3.6
Dirksen Thornless Black 25.9 34.6 12.2 9.4 6.7 3.8
Hull Thornless Black 14.1 19.8 14.9 11.3 9.1 6.3
Smoothstem Black 44.5 50.4 10.4 8.4 4.3 2.0
Thornfree Black 24.7 30.9 14.0 9.9 7.7 4.5

Meansy Red 25.4 29.9 20.4 17.4 10.3 9.0
Meansy Black 27.2 35.4 14.3 10.6 7.6 4.7
F-valueyx

Thawing Red 17 20 33
Black 31 422 319

Cultivar Red 12 6 13
Black 18 79 50

zUndiluted juice at fruit pH. 
yThirteen cultivars and selections. 
Significant at P = 0.01.

the tendency of a selection to be low in acidity might be ad-
vantageous with respect to reducing product sourness and the 
extent of reddening in frozen fruit. (A tendency towards syn-
chronous ripening also would be advantageous in minimizing 
sample heterogeneity in color and taste.)

‘Hull Thornless’ fruit were the least acidic of the cultivars 
compared; C-61, SIUS 64-36-1, US 1520, and SIUS 64-37-2 
were the least acidic selections, having titratable acidity values 
(means for 1982 and 1983 samples) of 0.32%, 0.38%, 0.43%, 
and 0.44%, respectively. Selecting for low acidity should be 
done with considerable caution, however, since insufficient acidity 
might limit fresh product storage life, as is the case with blue-
berries (5), and also decrease anthocyanin stability in processed

products (9). ‘Hull Thornless’ and selections C-51, C-59, C- 
67, and US 1520 were high in soluble solids, the 2-season 
means falling between 12.7% and 13.2%. ‘Dirksen Thornless’, 
‘Smoothstem’, and selections US 1520, C-33, C-57, SIUS 64- 
21-4, SIUS 64-36-1, and SIUS 68-6-17 had relatively high fruit 
anthocyanin contents (2-season means between 120 and 142
A.U./g), a desirable attribute for producing blackberry juice. 
Naumann and Wittenburg (13) showed that the composition of 
blackberry juice is affected by preharvest temperature, the mag-
nitude of the effect depending on cultivar and on climatic con-
ditions early in the growing season. Seasonal variation in our 
data may reflect such environmental effects. Differences be-
tween clones in juice yield, anthocyanin recovery, and pectin 
content generally were not significant.

Spectral and tristimulus properties o f juice. Visible absorp-
tion spectra showed a maximum (Xmax) at 510-515 nm, larger 
\ max values corresponding to samples with higher pH values 
(Table 4). At pH 3.3, to which juice samples were adjusted to 
permit direct comparison of spectral and tristimulus data, \ max 
was 513 nm. Juices obtained from red and black subsamples 
were similar in absorbance at 513 nm (A513 x dilution factor). 
Cultivar differences in absorbance paralleled juice anthocyanin 
values (Table 3). The ratio of absorbance in the 400-440 nm 
region of the visible spectrum to the anthocyanin absorption 
maximum, or the reciprocal of this ratio, has been used as an 
index of pigment degradation for various fruit juices (4, 19). 
We have determined the ratio A44o/A513 , obtaining significantly 
higher values for the juice from black subsamples compared to 
red subsamples. Whether this observation has any significance 
with respect to juice color is not clear.

There seems to be a strong negative correlation, however, 
between the transmission and reflectance “ L” values (samples 
with low “ L” values being darker) and A44o/A513 (r = -0 .9 5  
and -0 .9 6  for transmission “ L” vs. A44o/A513 in 1982 and 
1983, respectively). This correlation is due primarily to varia-
tion in A513 (r = 0.38 and 0.36 for transmission “ L” vs. A513 
x dilution factor in 1982 and 1983, respectively). Transmission 
“ L” values were about 10% lower for the juice obtained from

Table 6 . Effect of heating on tristimulus parameters and visible absorption spectra of juice from frozen thornless 
blackberries (1982).z

Cultivar
Subsample

color

Transmission L Transmission 0
A440 x diln 

factor
A513 x diln 

factor A440/A513

Not
heated Heated

Not
heated Heated

Not
heated Heated

Not
heated Heated

Not
heated Heated

Black Satin Red 54.5 53.0 20.7 20.0 3.9 4.0 8.9 8.7 0.44 0.46
Black 48.7 46.2 19.6 18.8 4.8 5.0 9.3 9.1 0.52 0.55

Dirksen Thornless Red 55.7 53.1 21.0 20.2 4.6 4.7 10.6 10.4 0.43 0.45
Black 50.1 46.5 20.2 19.6 6.2 6.4 12.3 11.8 0.51 0.54

Hull Thornless Red 54.2 54.0 20.5 20.3 4.1 4.1 9.4 9.2 0.44 0.45
Black 45.3 42.2 18.7 18.2 5.0 5.3 9.0 9.0 0.56 0.59

Meansy Red 54.7 53.0 20.4 20.0 4.9 5.2 11.4 11.5 0.43 0.45
Black 49.0 44.6 19.6 19.0 5.9 6.0 11.6 11.1 0.51 0.54

F-valuex
Heating 13 66 NS NS 115
Subsample color 69 203 159 NS 1388
Cultivar NS 10 80 74 18
Subsample color x cultivar NS 18 16 16 12
Subsample color X heating NS NS NS NS 16

zJuice adjusted to pH 3.3 and diluted to give A513 = 2.0. 
yTwelve cultivars and selections.
Significant at P = 0.01.
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black subsamples as compared to juice from red subsamples. 
Smaller (although still highly significant) differences in hue an-
gle value (0 = tan-1  b/a) were obtained for these juices. Sig-
nificant cultivar effects on “ L” and “ 0” , similar in magnitude 
to the subsample color effects, also were seen. These effects 
probably reflect qualitative and/or quantitative differences in 
anthocyanin composition. In a parallel study still in progress, 
we have demonstrated such differences by HPLC analysis of 
the anthocyanins extracted from red and black fruits of various 
blackberry clones. Taking the magnitude of the tristimulus dif-
ferences into consideration, however, we conclude that ripeness 
and cultivar effects on juice lightness and hue are of little prac-
tical importance, provided, of course, that the juice has been 
standardized in pH and anthocyanin concentration.

Effect o f thawing conditions. The juice obtained from black 
subsamples contained 20% to 30% less anthocyanin when the 
blackberries were thawed slowly in a refrigerator than when they 
were thawed rapidly at room temperature. Red subsamples be-
haved similarly, but the thawing effect was smaller in magnitude 
(Table 5). Tristimulus measurements made in the transmission 
mode showed that the undiluted juice from slowly thawed fruit 
was significantly lighter (larger L-value), and more orange (larger 
0-value) than was the juice from rapidly thawed fruit. These 
differences were greater with the juice from black subsamples 
than with that from red subsamples. During slow thawing, en-
zymatic degradation of anthocyanins may have increased. In an 
analogous study of changes in the sugars of thawing strawber-
ries, Skrede (18) reported that slow thawing resulted in more 
sucrose degradation than did rapid thawing, degradation being 
attributed to invertase activity. We found no difference between 
slowly and rapidly thawed fruit in juice absorbance at 440 nm. 
Therefore, it is unlikely that differences in the extent of brown-
ing contributed to thawing effects on “ L” and “ R” . Differ-
ences in these parameters due to thawing method were generally 
smaller than differences among cultivars or between red and 
black subsamples and may not be of practical importance.

Effect of heating. Heated blackberry juice samples were darker 
than unheated controls as indicated by smaller transmission L- 
values, and also had slightly smaller hue angle values (Table
6). Heating increased the ratio A440/513 slightly; however, changes 
in the individual values of A440 (indicative of browning) and 
A513 (indicative of anthocyanin degradation) were not signifi-
cant. The increase in A440/A513 was greater with juice from 
black than from red fruit. Anthocyanins may be less stable in 
juice from black subsamples because of the increased pH (9). 
Other cultivars and selections yielded tristimulus and spectral 
data similar to those given in Table 6 . In general, heating effects 
were small in comparison to differences between red and black 
subsamples.
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