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ABSTRACT: The attractive purple color of blueberries (Vaccinium spp.) is unstable and susceptible to degradation during
food processing and storage. The effects of various factors on the color stability of fresh blueberry juice were investigated.
Total soluble solid content, pH, and total anthocyanin content were measured. Heating at 30°C and 60°C for 300 min did
not influence the color stability, but heating at 100°C drastically decreased it by 33.0%. Sugars decreased color in a con-
centration-dependent manner. However, glucose and galactose had significantly protective effects on the color disruption
than fructose, maltose, and sucrose. Organic acids lowered the color intensity in the order of citric acid> tartaric acid>
malic acid> formic acid> acetic acid during 10 days of storage. Color decreased faster during long-term light exposure
than in the dark. The color in the dark was kept by 58.7% after 7 weeks, while 48.9% in the light. Color retention was
significantly decreased to 93.5% and 93.8% at 4°C and —20°C, respectively, after 7 weeks, while 95.40% at —75°C. We
suggest that blueberry juice color can be protected by keeping the extraction temperature below 60°C with the selective
addition of glucose, galactose, or citric acid. For long-term storage, it is recommended to use a light-protected container

and a deep freezer at —75°C.
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INTRODUCTION

The blueberry (Vaccinium spp.) is a fruit native to North
America and Europe, where it is widely cultivated and
commercialized (1). As the consumption of imported fro-
zen blueberry fruit has increased for processed juices and
bakery foods, blueberry cultivation has also increased in
Korea. Blueberries are known to have many nutritional
health benefits (2). Blueberries are rich in vitamins C, E,
and minerals, and blueberry juices contain phenolic sub-
stances such as flavonols, tannins, and anthocyanins
with high antioxidant capacity (3).

Anthocyanins are natural pigments present in fruits and
vegetables and widely distributed in nature. They can be
found in the form of glucosides, hydrolyzed in sugars, and
as aglycones, known as anthocyanidins (1). Anthocya-
nins are responsible for the taste and flavor of the fresh
fruit and for the brilliant red color and its different hues
in many fruits and berries. The attractive color is one of
the main sensory characteristics of fruit and berry prod-
ucts (4). However, the anthocyanins are extremely un-
stable and easily degraded in the isolated form (5), thus

restricting their use as food dyes (6). The intensity and
stability of the anthocyanin pigments is dependent on fac-
tors including pH, chemical structure, temperature, light,
oxygen, ascorbic acid, sulfur dioxide, and metal ions in-
fluence their stability during food processing and storage
(7-9). Pigment recovery from the fresh materials involves
limitations as variability and seasonal availability of raw
materials, fresh material losses, and pigment degradation
caused by storage and the extraction process (10).

Many studies have been conducted on the behavior of
anthocyanins. Roobha et al. (6) reported from the Musa
acuminata bract that increase in pH, temperature, or expo-
sure to light is able to spoil the anthocyanin molecules.
Anthocyanin extracts were more stable at pH 5.1 and
6.0, temperature at 20°C and 30°C both, in the presence
and absence of light. They also suggested that the copig-
mentation of anthocyanins could affect the increase in
both, hypochromic effects and bathochromic shifts.

Wrolstad et al. (10) reported that the protective effect
of strawberry anthocyanins, and the prevention of brown-
ing by high concentrations of sugar are probably due to
the inhibition of enzymatic reactions or the hindering of
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different condensation reactions by sucrose. They sug-
gested that the effect of added sugar on the anthocyanin
stability depends on its structure, concentration, and type
of sugar.

An attractive red color is one of the most important
quality characteristics of blueberry juice. However, the
low stability of anthocyanin pigments causes a serious
problem during storage. Moreover, the optimal storage
conditions according to many variances in relation to
their bioactive compounds could be different on such
products. Therefore, the investigation of the color stabil-
ity could be useful for blueberry juice processing in order
to develop an effective production strategy for high re-
tention of anthocyanins.

The overall goal of this study was to evaluate the color
stability in whole blueberry juice and to investigate the
changes occurring during domestic storage to avoid sig-
nificant losses of the bioactive compounds and properties
of these products. Our approach involved determining
the effects of temperature, light, sugar, and organic acids
on blueberry color stability through time.

MATERIALS AND METHODS

Materials and chemicals

The fully matured fresh fruits of wild blueberries were
provided by WellRun B&F (Cheonan, Korea) just after
being harvested in July 2015 in a mountain in Gimcheon,
Korea. Buffers, sugars, acids, and chemical reagents were
purchased from Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA). Chemicals used were of analytical grade.

Preparation of blueberry juice

Blueberry samples were pre-selected with dark-purple
color and size uniformity, and the berries with visible in-
juries and infections were discarded. After washing the
selected fruits with water, the whole juice was prepared
using a domestic food processor (HR-3653, Phillips Elec-
tronics, Amsterdam, The Netherlands) and filtered with
gauzes (1).

Total soluble solid (TSS) content and pH

The pH of 10 times diluted blueberry juice was meas-
ured. TSS content was measured using an Atago PR-100
Palette (N-1E, Atago Co., Ltd., Tokyo, Japan) digital re-
fractometer (0~ 32 Brix%). Measurements were made at
ambient temperature, and TSS was expressed as °Brix.
Prior to each set of measurements, the instrument was
calibrated to 0°Brix using distilled water (12).

Determination of total anthocyanin content (TAC)
The TAC in blueberry juice was determined using the pH
differential methods, with slight modifications (12,13).

Briefly, 2 of 1 mL blueberry samples were taken, and one
of them was adjusted to 10 mL with potassium chloride
buffer, pH 1.0, and the other with sodium acetate buffer,
pH 4.5. After equilibrium at 15 min, the absorbance was
measured at 520 nm and 700 nm, respectively, using an
UV/visible spectrophotometer (Shimadzu UV 1700, Shi-
mazu Co., Kyoto, Japan). The TAC was calculated as mil-
ligrams of cyanidin-3-glucoside (C3G) equivalents (mo-
lar extinction coefficient 26,900).

A XMW x 103 xdilution factor
€

TAC=

A= (A520 *A7oo) pH 1.0— (A520 *A700) pH 45
e=molar extinction coefficient for C3G (26,900)
MW =molecular weight of C3G (449.2 g/mol)

Effect of heating temperature

To determine the impact of temperature and thermal
treatment time on the stability of color substances, 10
mL of 20% blueberry juices in Mcllvaine buffer solutions
(pH 3.0) were sealed in closed test tubes and heated at
30°C, 60°C, and 100°C for up to 300 min. Thermostabil-
ity of pigments was assessed by measuring the absorp-
tion of the solutions every 30 min at 514 nm using an
UV /visible spectrophotometer (Shimadzu UV 1700, Shi-
mazu Co.) (14). Color retention (%) was calculated as
the quotient of the absorbance value after storage divided
by the initial reading.

Effect of sugar

Five sugars, glucose, fructose, maltose, sucrose, and gal-
actose, were selected. Different concentrations (0.1 M,
0.5 M, and 1.0 M) of each sugar were added to 40% of
blueberry juice solution in Mcllvaine buffer (pH 3.0, 0.1
M citric acid+0.2 M Na,HPOy). The color intensity was
measured at 514 nm by UV/visible spectrophotometer
(Shimadzu UV 1700, Shimazu Co.). The 1.0 M sugar-
blueberry juice solutions, which showed the lowest color
intensity, were selected for further examination of the
effect on storage time. Sealed test tubes of 1.0 M sugar
added blueberry juice were stored at 30°C during 10 days,
and the absorbance changes were measured at 514 nm
every 24 h (15).

Effect of organic acid

A 1.0 M concentration of five organic acids, acetic acid,
citric acid, formic acid, malic acid, and tartaric acid, were
added to 40% of blueberry juice solution in 1.0 M glycine
buffer (pH 3.0). Sealed test tubes were stored at 30°C
for 10 days and changes in absorbance measured every
24 h at 514 nm. Color retention (%) was calculated as the
quotient of the absorbance value after storage divided by
the initial reading (15).
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Effect of long-term light exposure

Forty percent of blueberry juice solutions were prepared
in Mcllvaine buffer at pH 3.0. The light effect on color
stability was performed with the samples inside capped
glass test tubes sealed with parafilm under a white fluo-
rescent lamp (8 W, 52.9 Lm/W) in a closed hardboard
box for 24 h at room temperature. Dark samples were
wrapped with aluminum foil and stored in a dark place.
The absorbance was recorded at 514 nm every 24 h until
the first 7 days and every 1 week until 7 weeks. Color re-
tention (%) was calculated as the quotient of the absorb-
ance value after storage divided by the initial reading
(16,17).

Effect of long-term cold storage

To determine the changes occurring during cold storage,
5 mL of 40% diluted blueberry juice solutions in
Mcllvaine buffer (pH 3.0) were stored at 4°C, —20°C,
and —75°C in amber jars for 7 weeks. The absorbance
was recorded at 514 nm every 24 h until the first 7 days
and every 1 week until 7 weeks. Color retention (%) was
calculated as the quotient of the absorbance value after
storage divided by the initial reading (1).

Statistical analysis

The results are expressed as the mean=standard devia-
tion (SD) of triplicate experiments. Statistical analysis
was performed using SPSS software version 17.0 (SPSS
Inc., Chicago, IL, USA). An analysis of variance (ANOVA)
and Duncan’s multiple range tests were used to deter-
mine the significance of difference, and P<0.05 was con-
sidered statistically significant.

RESULTS AND DISCUSSION

TSS content, pH, and TAC

TSS content, an accepted measure of sweetness, is an
important quality attribute for blueberries. It is usually
determined from the juice extracted from fruit flesh us-
ing the refractometric method (18). The TSS was 15.35
°Brix (Table 1), which was much higher than that of the
20 commercial blueberry samples reported as 7~ 12°Brix
(19). This high TSS was similar to 14.01 ~16.14°Brix of
9 black currant varieties (14). The pH of blueberry juice
was 4.35, similar to the common range of 3.5~4.5 (20)
(Table 1). Anthocyanins are normally stable at pH val-

Table 1. Total soluble solid (TSS) content, pH, and total antho-
cyanin content (TAC) of blueberry juice

TSS (°Brix) 15.35+£0.12
pH 4.35%+0.01
TAC (mg/100 g) 22.0+0.04

Values are meanxSD (n=3).

ues between 1 and 4. They undergo reversible structural
transformations with a change in pH. The red and purple
colored oxonium form predominates at pH 1.0, whereas
the blue quinoid bases predominate at pH 2 ~4. They are
generally degraded above pH 7 (21). The TAC, expressed
as an equivalent of C3G, was 22.0 mg/100 g fresh fruit
(Table 1). The pH-differential method is based on this pH
dependent reaction, and it permits accurate and rapid
measurement of the total anthocyanins (22).

Effect of heating temperature
Thermal treatments are some of the most widely used
methods to extend the shelf-life of liquid foods by the
inactivation of microorganisms and enzymes. However,
heat causes irreversible losses of nutritional compounds,
undesirable changes in physicochemical properties, and
alteration of their antioxidant properties (2). The effects
of thermal treatment at different temperatures and the
heating times were investigated at 30°C, 60°C, and 100
°C (Fig. 1). It was found that 30°C and 60°C did not in-
fluence the color stability of blueberry juice. The color
intensity at 30°C after 300 min decreased only by 6.1%
from the beginning, while heating at 100°C drastically
decreased color by 33.0%. The impact of heating time was
different with heating temperature. The color decreased
slowly at the lower temperatures of 30°C and 60°C; how-
ever, color deterioration was significantly fast within 30
min at 100°C. Rubinskiene et al. (13) reported that black
currant anthocyanins were stable at 75°C, but 85°C and
95°C decreased the color intensity by 20~53%. Roobha
et al. (6) suggested from the result of Musa acuminata
bract that the speedy destruction of anthocyanins at high-
er temperatures could be due to hydrolyzation of the 3-
glycoside structure, which has a protective effect in un-
stable anthocyanins.

This result implies that hot water extraction for sever-
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Fig. 1. Effect of heating temperature on the absorption of blue-
berry juice at different heating times. Results are meanxSD
(n=3). Values with different letters (a,b) are significantly differ-
ent (P<0.05) by Duncan’s multiple range test.
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Fig. 2. Effect of sugars on the color intensity of blueberry juice
at different concentrations. Results are mean£SD (n=3). Values
with different letters (a-f) are significantly different by Duncan’s
multiple range test (~<0.05).

al hours, which is a common process for the preparation
of plant extracts, could be a crucial factor in the loss of
the characteristic blueberry color.

Effect of sugar

The effect of glucose, fructose, maltose, sucrose, and ga-
lactose on the stability of blueberry juice was examined
at different concentrations of 0.1 M, 0.5 M, and 1.0 M for
each sugar (Fig. 2). Sugars decreased the color in a con-
centration-dependent manner. The higher the sugar con-
centration, the greater the decrease in color intensity.
However, glucose and galactose had greater protective
effects on color disruption than any other three sugars.
This was similar to that of aronia anthocyanins, which
have been shown to be negatively affected by maltose,
fructose, and sucrose, while galactose and glucose did
not affect color intensity (24). The presence of sugars is
known to be an important factor on the quality of fruit
and vegetable foods, such as soft drinks, fresh juices, and
jams. De Rosso and Mercadante (22) showed that addi-
tion of sugars and salts had a negative effect on antho-
cyanin stability.

The effect of storage time with sugars was investigated
for 10 days (Fig. 3). Although all the sugars decreased the
color intensity over the storage time, they all kept above
the control, which implies that sugars can be beneficial to
protect color. Disaccharides, such as galactose and mal-
tose protected color significantly more than monosac-
charides like glucose and fructose for the whole period.
Galactose was the most effective sugar to keep the color.
Aronia anthocyanin showed similar results (24). The ef-
fect of added sugars on the anthocyanin stability de-
pends on the structure, concentration, and type of sugar.
Wrolstad et al. (10) reported that sugar contributed to
not only the protective effect of anthocyanins but also
the reduction of browning by polyphenoloxidase. They
suggested that the protection of anthocyanins and pre-
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Fig. 3. Effect of sugars (1.0 M) on the color intensity of blueberry
juice during 10 days. Results are mean£SD (n=3). Different let-
ters among the different days of same sugar (A-H) and the dif-
ferent sugars of same day (a-e) are significantly different at
P<0.05 by Duncan’s multiple range test.

vention of browning by high concentrations of sugar is
probably due to the inhibition of enzymatic reactions or
the hindering of different condensation reactions by su-
crose. Lowering of water activity by sugars can be protec-
tive against anthocyanin degradation (25). On the other
hand, at low concentrations of sucrose, the degradation
of anthocyanins from red cabbage, blackcurrant, and el-
derberry extracts was higher in soft drinks compared to
buffer systems, both at pH 3 (26).

These results demonstrate that sugar addition to blue-
berry juices or beverages should be carefully considered
in terms of the sugar types, concentrations, and storage
period.

Effect of organic acid
The influence of organic acid addition on color stability
is shown in Fig. 4. Organic acids lowered the color inten-
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Fig. 4. Effect of organic acid on the color intensity of blueberry
juice during 10 days. Results are mean£SD (n=3). Different let-
ters among the different days of same organic acid (A-J) and
the different organic acids of same day (a-d) are significantly
different at £<0.05 by Duncan’s multiple range test.
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sity in the order of citric acid> tartaric acid> malic acid>
formic acid> acetic acid. Citric acid, which is commonly
used in many processed food to improve the shelf life
(24), was highly effective in protecting color. Acetic acid
kept constant color retention for 4 days and was the most
effective in the late stage of the storage. Overall, organic
acids showed protective effects on color deterioration.
Hubbermann et al. (25) reported that citric acid and
tartaric acid showed similar rate of color reduction on el-
derberry anthocyanin; moreover, acetic acid was the most
protective. Interestingly, ascorbic acid was reported as the
worst among five organic acids (acetic, adipinic, citric,
tartaric, and ascorbic acid) to show a strong destabilizing
effect on elderberry anthocyanins as almost 0% remained
after 12 days of storage. Pedro et al. (15) observed the
hyperchomic effect by glucose and organic acids, which
is due to the interaction between the flavylium cation of
the anthocyanin molecule and copigments within them.

Effect of long-term light exposure
Light stability of anthocyanins is another important fac-
tor for their application in food products (28). Light and
dark effects on color stability are shown in Fig. 5. The
color decrease during light exposure was faster than that
of the dark samples. The rate of reduction was drastically
fast in the early 7 days, and the colors were continuously
destabilized after 3 weeks. In the dark, the color still re-
mained over 90% after 7 days. The color in the dark sam-
ples was kept by 58.7% after 7 weeks, while 48.9% in the
light. Similar findings were reported that dried anthocy-
anin extracts from cranberry were considerably sensitive
to natural light (29), and Ararnwit et al. (16) reported
that after exposure of fluorescence light for 10 h at room
temperature, the TAC in mulberry fruits significantly de-
creased.

Therefore, we suggest that blueberry juice should be
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Fig. 5. Long-term light exposure stability on the color retention
of blueberry juice for 7 weeks. Results are mean£SD (n=3).
Different letters are significantly different among the different
days of same condition at P<0.05.

kept in a light-protected bottle.

Effect of long-term cold storage

The color of blueberry juice was reduced during storage
under refrigerated or frozen conditions for 7 weeks (Fig.
6.). Color retention was significantly dropped to 93.5 and
93.8% at 4°C and —20°C, respectively, after 7 weeks,
while to 95.40% at —75°C. Interestingly, the result from
freezing at —20°C was nearly the same as in the refriger-
ated conditions at 4°C. Freezing forms ice crystals, thus
increasing the preservation time by reducing the water
activity. Cooling in temperatures between —1°C and 8°C
decreases enzymatic and microbial activities in the prod-
uct (1). The gradual increase in the storage temperature
is reported to accelerate the destruction of pigments in
soft drinks (7). In long-term storage, Reque et al. (1) re-
ported that in blueberry fruits stored at —18°C, an aver-
age of about 59% degradation of the anthocyanins was
found after 6 months of storage. Considerable losses of
total anthocyanins were reported for cherries stored at
—23°C, and they found 88% degradation after 6 months
of storage and 67% in the first 3 months (30,31). Requde
et al. (1) reported that during refrigeration of blueberry
juice for 10 days, cyanidin, pelargonidin, malvidin, and
delphinidin glucoside were degraded in practically the
same proportions (mean of about 83%), with C3G show-
ing the greatest loss (1). They also reported that signifi-
cant losses were observed at 2 days of refrigerated storage
of blueberry juice.

In conclusion, we suggest that the blueberry juice col-
or can be protected at lower extraction temperatures un-
der 60°C with selective addition of glucose, galactose, or
citric acid. For a long-term storage, it is recommended
to use a light-protected container and a deep freezer at
—75°C.

Color retention (%)
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Fig. 6. Cold storage stability on the color retention of blueberry
juice at 4°C, —20°C, and —75°C for 7 weeks. Results are meant
SD (n=3). Different letters are significantly different among the
different days of same temperature at ~P<0.05.
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