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The anthocyanin pigment concentrations of grape
juice samples obfained on processing Concord grapes
in glass jars at temperatures of 17¢° F,, 210° F, and
250° F. for process times varying from 5 to 100 min-

% utes were determined after storage of the samples for
0, 2, 4, and 6 months at 70 == 0.5° ¥, The treatments
during sterage included the presence of air or nitrogen
in the headspace of the containmer, or storage of the
juice samples in the dark or expesed to light when
the samples were preserved by pasteurization or addi-
tion of toluene. The period of storage exerfed the
maximum influence on the deterioration of the pig-
ment. Both the mono- and the diglucosides of the an-
thocyanidin decreased on storage. Decrease in the pig-
ment concentration on processing and storage waa
more striking in the case of anthocyanin chloride solu-
tions than in grape juice samples, i

e

Grape juice is one of the most popular fruit beverages
and its production in the U. 5. during 1949-50 was
about 2.8 million cases. The color of the clear fruit
juice is ranked as an important factor for judging qual-
ity. The intense color of Concord grape juice has been
attributed principally to the presence of the water-
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soluble anthocyanin pigments, modified to some extent
by the other compenents of the juice,

Considerable work has been reported on the variation
in the color content of grape juice with different process-
ing methods and storage. Hartmann and Tolman (¢)
pointed out that for Fitis labrusca varieties a tempera-
ture of 150°F. (65.5° C.) should not be exceeded
during the heating process as an excessive amount of
tannin is extracted from the seeds at high temperatures,
Using the grapes of Petite Sirah (a V. vinifera variety
of red grapes grown in California), Joslyn, Farley and
Reed (5) observed that the color obtained by heating
for 5 minutes at 158° F. matched with that obtained
for 18 minutes at 140° F. (60° C.}, about 40 minutes at
122°F, (50° C.), 60 minutes at 104° F. (40° C.), and
about 2 minutes at 170° F. (76.5° C.). Amerine and
DeMattei (1) studied the effect of respiration, various

© gas treatments, and heat on the rate of extraction of the

color from uncrushed carignane grapes, No conclusive
results on the color extraction were noted due to stor-
age under gas using oxygen, nitrogen, ethylene, and
carbon dioxide prior to processing. The best results for
color extraction were obtained by dipping the whole
grapes in hot water at 203° to 208° I, (95° t0 97.5° C.)
from 1 to 3 minutes before crushing and processing.
Tischer (10) described a high temperature process for
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the extraction of Concord grape juice in the absence of
air using a steam retort. It was reported that no serious
losses in juice quality were indicated in the different
juices as evidenced by chemieal analyses and triangular
difference palatability tests.

In studying the visual color changes occurring in
Concord grape juice during storage, Tressler and Peder-
son (11} observed that these changes could be reduced
by eliminating air from the bottle and further noted
that light had a detrimental effect. Pederson and Tress-
ler (7) noted that on storage the color of the grape juice
changed from reddisk purple to a brick red and then to
a dull brown simultaneously with clouding and sedi-
mentation. Powers and Esselen (&) stated that the
effect of light was only of minor imporiance in the
deterioration of glass packed foods in comparison with
the deteriorative changes caused by heat and oxygen.
Nebesky, Esselen, McConnell and Fellers (6), study-
ing the effects of various factors on the stability of the
color in a variety of fruit juices during storage, observed
that cherry, grape, and tomato juices were much more
stable and exhibited less cofor deterioration than straw-
berry, raspberry, and currant juices. Working with
purified pigment solutions from strawberries and cur-
rants, they observed that high storage temperatures and
the presence of oxygen accelerated color deterioration
with both pigments, while a low storage temperature
preserved the color.

The present study was made to determine the effects
of various factors on the stability of the colored com-
ponents in grape juice prepared from grapes processed
for different lengths of times and at different tempera-
tures, The behavior of the principal color components
of grape juice on storage under controlled experimental
conditions was also investigated.

EXZPERIMENTAL PROCEDURE

A cylindrical retort, the temperature of which was accurately
regulated, was used for processing, A multi-point, strip-chart,
potentiometer type temperature recorder recorded the tempera-
tares inside and outside the containers during the process.
Molded plastic, copper-constantan thermocouples, of 2-inch
length, were employed as the sensing efements,

Fresh ripe grapes were harvested in the morning from the
horticultural farm at Iowa State College, and were processed
within a period of 24 hours. Preliminary processing studies
mdicated that in general, increased color concentrations were
obtained with high process temperatures and long process

times. The main experimental design was based on these pre- -

liminary studies. The process times were chosen such that
their logarithmic values were approximately in an arithmetic
progression, and the process temperatures were likewise fixed
on the assumption that the effect of process times was log-
arithmically related to process temperatures. Process tempera-
tures of I70°F. (765° C, 210° k. (99° C), and 250°F.
(1217 C.) were employed for process times ranging between §
and 100 minutes,

The order in which the processes were conducted was ran-
domly chosen to minimize experimental errors arising from the
temporary storage of the raw product at room temperature
before processing. Further, 3 separate replications of cach of
the processes were done using crushed grapes filled into glass
jars of 1 pint capacity, Processing was done by immersing the
glass jars completely in water in the retort. The juice samples
were collected by centrifuging the cooked mass in a basket
centrifuge for 10 minutes at 1500 r.p.m, with cheese cloth serving
as a blter. The juice samples were filled into 8 test tubes leaving

a headspace of about 1 inch. Toluene was added to 4 test tubes
in each sample to prevent fermentation. The remaining 4 test
tubes in each sample were pasteurized at 180° F. (82° C.) for
1 minute. In each of the 2 groups of 4 tubes, nitrogen was filled
into the headspace of 2 of the pasteurized samples and 2 of the
toluene treated samples. In the resulting 4 groups of 2 tubes
cach treated alike, 1 tube in each group was exposed to light
and the ather was left in the dark at a constant temperature of
70" =05 F: (21° C),

Use of this split-plot factorial arrangement made it possible
to have three paired treatment comparisons in cach set of tubes
a5 shown in Tahle 1.

TABLE 1

Split-plot arrangement of three treatments for eight-tube
samples of processed Concord grape juice

Paired treatment COMpParisons

Tube ne. Pasteurization (P) j Nitrogen {(N) ! Light (L)
vs. ¥a. t vs.

J toluene (T) | air {A) i dark (D)
1 P i N L
2. P N D
3. g A L
4. P A D
5. T N i
6. T N D
7. T A L
8. T A D

—_— A D

Processing at 210° F. (99°C.) and 250°F. (121° C.), and
storage studies on the pigment concentrations in the juice sam-
ples were also condected with grapes stored in the refrigerator
at 40° F. (45° C) for 1 month, Processing and storage studies
on the pigment concentrations were also conducted with clear
pigment solutions dissolved in Melivaine’s buffer solution of
pH 3.4 (contained in glass jars).

The nvestigation also included a study of the behavior of
the purified anthocyanin pigment on processing and storage. For
this purpose the pigment solution was prepared by dissolving
4.25 2. of the anthocyanin pigment, isolated as the chloride from
Concord grapes by the method suggested by Anderson (2), in
2 liters of Mc¥lvaine's buffer solution of pH 3.4. Equal volumes

. of 25 ml. of the pigment solution were processed in glass jars for

times and temperatures identical with those used for processing
the grapes. The concentrations of the clear pigment solutions
before and after the storage periods of 2 and 4 months were
determined after diluting 1 ml. of the clear solution te 50 m].
with 2% HC(CI,

For work involving paper chromatography, Whatman No. 4
filter papers (strips 22.5” length, 0.75" width) were used,
Initially the solvent used for separation was allowed to flow to
the top of the paper strips by capillary action. This procedure
facilitated the removal of some yellow colored impurities present
in the paper. As these impurities moved along with the solvent
frent, the ends of the strips containing the colored impurities
were cut off. As suggested by Bate-Srnith (3) the upper layer
of the butanol, acetic acid, and water mixture (4:1:5 by
volume) was used as the partitioning solvent. Resolution was
affected by ascending chromatography using a few drops of the
acidified grape juice sample, the number of drops depending on
the pigment concentration of the juice sampie. Three consecutive
rans were made on each sample, each of 4 hours’ duration at a
temperature of 70° F. £ 0.5° F,, the paper being air dried after
gach run. This procedure seemed to give a better resolution of
the individual bands than when separation was made using a
single pass of 24 hours’ duration,

The anthocyanin concentrations of the pigment solutions were
determined by utilizing the property of the clear pigment solu-
tions of pH 1.0 or less that the optical density observed at a
wavelength of 515 my, bears a linear relationship to the pigment
concentration over a limited range. Interference due to presence
of soluble brown pigments formed on storage; the thermal
breakdown products; and the grape juice components. such as
sugar, pectin, tartaric, malic, and fannic acid, were determined,
The optical densities of the clear solutions observed at a wave-
length of 515 my and at pH 1.0 provided a fair indication of the
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amount of anthocyanin pigment in grape juice and in solutions
of pure pigment isolated from grapes when the samples were
suitably diluted.
RESULTS AND DISCUSSION

The yields of juice obtained from fresh grapes and
from grapes stored at 40° ¥, (4.5° C.) for 1 month are
included in Table 2. An examination of the data shows
that while there is a progressive increase in the yields
with fresh grapes with increasing process times at

TABLE 2

Yields of grape juice resulting from processes
at 170°, 210°, and - 250° F.

Temperature Time | Average yield

minutes G
315 53.6
39,7 54.9
LI 60.0
63.0 60.5
79.0 61.8
128 62.6
15.8 65.4
20.0 62.3
25.0 66.2
315 61.9
315 63.8
63.0 61.9
1006 67.8
5.0 62.5
6.3 65.8
7.9 62.3
10.0 67.7
12.5 73.8
12.5 68.5
31.5 72.7
63,0 79.6
100.0 79.1

© Processes on grapes stored at 40° F. for one month.

170° and 250° F,, no such trends are noticeable with
processes at 210° F. The data also indicate that with
grapes stored at 40° F. for 1 month the yields were
higher when the processing was at 250° F., compared
to the yields obtained after processing at 210° F. No
differences in yields were realized when the time of
processing was increased beyond 63 minutes at 2 process
temperature of 250° F.

The concentrations of pigment in grape juice and in
purified pigment solutions resulting from processing at
170°, 210°, and 250° F. are presented in Figure 1 in
terms of optical densities. From these data it is evident
that the purified pigment solution was partially de-
stroyed during processing. In addition, the rate of
destruction was proportional to the time and tempera-
ture of the process. The values presented for the optical
density of grape juice indicate that when grapes were
processed at 170° F. under the conditions imposed in
this investigation, no progressive increase in concentra-
tian of the color was obtained by increasing the process
time from 31.5 minutes to 79 minutes. When the
processing was done at 210° F. the color content in-
creased progressively when the process time was
increased from 12.5 to 31.5 minutes, while a further
increase in process time up to 100 minutes did not bring
about an increase in the pigment concentrations of the
juice samples. The concentration of pigment in juice
samples processed at 250° F. for the relatively short
times usually considered necessary at this temperature
vas simifar to that found for the two lower tempera-

tures but exhibited no clear influence of time of process-
ing. For times longer than 63 minutes at 250° F. the
pigments were brownish red and the juice was slightly
turbid while those processed for times less than 63
minutes were red in color. The juice samples prepared
by pracessing at 170° F. were purple. This difference
i color may be due to the presence of the other com-
ponents present in the juice samples which modify the
color due to the anthocyanin pigment. This assumption
was made as the pH of the different samples did not
vary enough to suggest pH as the cause for differences
in color.

The shapes ofsthe absorption curves of the Juice
samples determined over a range of 400-600 mp using
a Coleman spectrophotometer exhibited maxima at 515
mp for samples adjusted to pII 1.0 with the exception
of the juice samples prepared with process times of
more than 63 minutes at 250° I, the optical densities of
these juices at 400 mu were almost equal to those at
515 mp. Apparently as the anthocyanin pigment was
destroyed with increasing process time at 250° F.
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Figure 1. Variation of pigment concentrations of grape
juice samples and pigment solutions immediately after process-
ing, with process times. Pigment concentrations are expressed
as average values of optical demsities at 515 mu at pH 1.0 of
solutions (1:100, 1:50) of juice samples and pigment respec-
tively.

beyond 63 minutes, the optical densities at 515 My were
lowered and the degradation products of the antho-
cyanin possessed higher absorption values around 400
myp. Other changes such as a Maillard reaction, de-
tertoration of pectic substances or of ascorbic acid may
also have caused the maxima to shift,

The concentration of pigments in the grape juice
samples resulting from storage for 0, 2, 4, and 6 months
are presented in Figures 2 and 3. The results indicate
that the pigment concentrations were higher in every
case when nitrogen formed the headspace and the sam-




EFFECT OF HEAT AND STORAGE ON GRAFE JUICE 85

PROCESS TEMPERATURES IN °F,
A |TO
. o 210
- x 250
(1]
=z
et
-l
o
(&)
E~15 - _._-—O’::_.—-"Q
o] 0—"‘:_,_..-6—""'""_‘&' ‘
i
R L

J I H
LIGHT-AIR LIGHT-NITROGEN
DARK-AIR DARK-NITRCGEN
STORAGE TREATMENT COMBINATION

Figure 2. Variation of pigment concentrations of grape
juice samples with storage treatmenis averaging over other
variables except process temperature. Pigment concenirations
are expressed as average values of optical densities at 515 mp
at pH 1.0 of solutions (1:100), Storage temperature was
70 + 0.5° F.

ples were stored in the dark. However, the data shown
in Figure 4 definitely lead to the conclusion that the
period of storage exerted the maximum influence on the
deterioration of the pigment and suggest that the rate of
deterioration of pigment is proportional to the tempera-
ture of processing. The deterioration in the anthocyanin
content of pure pigment solutions on heat and storage
treatment appeared to be greater than the deterioration
occurring in the juice samples wherein the pigments
exist along with the other juice components. However,
the formation of brown pigments during storage may
have obscured the true relationship between grape juice
and pure pigment.

The pigment concentrations in the juice samples after
storage for 6 months could not be determined exactly as
larger dilutions of the juice samples with dilute acid
were employed to reduce the interference of the turbidi-
ties developed. The loss of pigment oecurred primarily
in the first 2 months while further storage periods did
not involve comparable deterioration. During the stor-
,age period the juices changed from purple to light
brownish red. A brown sediment settled to the bottom
of the test tubes-and the sediment increased with the
period of storage. No effort was made to secure a quan-
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Figure 3. Variation of pigment concentrations of grape
juice samples with storage period averaging over other varia-
bles except process tempetature. Pigment concentrations are
expressed as average valnes of optical densities. Storage tem-
perature was 70 * 0.5° F.

titative estimate of the brown sediment. The data indi-
cate that the amount of air dissolved in the juice samples
is apparently sufficient to cause deterioration of the
pigments, possibly by oxidation, as the presence of nitro-
gen in the headspace yielded results similar to those
obtained with oxygen in the headspace. Pasteurization
of grape juice samples or the addition of toluene brought
about identical changes in the pigment concentrations
as a result of storage period and storage treatments.
Similar changes were observed in samples (processed
from grapes stored at 40° F. for I month) processed for
the longer times at temperatures of 210° F. and 250° F.

A study of the changes occurring in the pigment com-
ponents during’storage was made by use of a chromato-
graphic technique using paper strips. With {reshly pre-
pared juices it was noted that two major bands were
promminent on the paper column. The lower band with
an Ry value of 0.12 was purple in color and the upper
band with an R; value of 0.21 was red in color. It has
been suggested that the lower one was the diglycoside
and the upper one the monoglycoside of the antho-
cyanidin (9). With each juice sample the R, values
were determined under identical conditions and the
average values were found to be 0.12 for the purple band
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Figure 4. Variation of pigment concentrations of pigment
solutions of pH 3.4 with storage period averaging over values
for process times at each process temperature. The pigment
concentrations are expressed as average values of optical den-
sities at 515 mp at pH 1.0 of solutions (1:50). Storage tem-
perature was 70 + 0.5° F.

and 0.21 for the red band. Spraying ammoniacal silver
nitrate on the papers indicated faint brown bands,
nioving along with the solvent front and reducing silver
nitrate in the cold. These brown bands were observed
only with juices processed at temperatures of 250° F.
for process times greater than 10 minutes. However, at
the sites where the spots were initially placed, brown
discolorations reducing ammoniacal silver nitrate in the
cold were noted showing that some types of brown dis-
coloration could not be moved by the solvent front.

At the end of each storage period each juice sample
was separated by use of paper chromatograms under
identical conditions. The intensities of the two bands
were reduced progressively with storage and the lower
band became much less intense than the upper one. A
brown band also appeared at the top of the column
moving along with the solvent front and this band was
especially noticeable ‘with the juice samples obtained
after processing at higher temperatures.
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On exposure of the papers to ammonia, two yellow
bands at the top, one below the other, became prominent.
Another band with an Ry value of 0.52, was revealed by
a yellow color. All these bands reduced ammoniacal
silver nitrate in the cold in the course of a few minutes.
The brown discolorations at the site where the samples
were placed on the paper columns, increased with stor-
age. No special fluorescent properties were observed
when these columns were examined under ultraviolet
light, though the colors of the bands looked brighter than
under daylight. Spraying dilute ferric chloride solution
on the developed and air dried chromatogram produced
a change in the color of the top band moving along with
the solvent, to an intense yellow which faded rapidly. A
light greenish band of R; value 0.52, changing to grey in
the course of 1 hour, was also noticed on spraying ferric
chloride solution on the chromatogram,

SUMMARY

No regular variations in the anthocyanin pigment
concentrations were noted in the grape juice samples
on processing Concord grapes in glass jars at 170° F.
for process times ranging from 31.5 to 79 minutes.
When the processing was done at 210° F., the pigment
concentration increased progressively as the process
time was increased from 12.5 to 31.5 minutes, while a
further increase in process time up to 100 minutes did
not further increase the pigment concentrations of the
juice samples. The pigment in juice samples processed
at 250° F. for times longer than 63 minutes was found
to undergo destruction.

These results indicate that the period of storage
exerted the maximum influence on the deterioration of
the pigment as compared to the presence of air or nitro-
gen in the headspace of the container, or storage of the
samples in the dark or exposed to light: The amount of

air dissolved in the juice samples is apparently sufficient
to deteriorate the pigments, possibly by oxidation.

Both the mono- and the diglucosides of the antho-
cyanidin were found to decrease as a result of storage.

Studies on the effect of different processes on solu-
tions of the major anthocyanin pigment (monogluco-
side) indicated a gradual destruction of pigment with
increased process time even at the lower tempratures of
processing. On storage; the pigment concentrations
diminished with simultanecus formation of gelatinous
sediments in the solutions. The deterioration in the
anthocyanin content on processing and storage was
found to be moresstriking in the case of anthocyanin
chloride solutions than in grape juice samples.
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