
Vol. 70, Nr. 1, 2005—JOURNAL OF FOOD SCIENCE S79
Published on Web 1/24/05

© 2005 Institute of Food Technologists
Further reproduction without permission is prohibited

S: 
Se

ns
or

y &
 Nu

tri
tiv

e Q
ua

liti
es

 of
 Fo

od

JFS S: Sensory and Nutritive Qualities of Food

Possible Influences of Water Loss
and Polyphenol Oxidase Activity
on Anthocyanin Content and Discoloration
in Fresh Ripe Strawberry (cv. Oso
Grande) During Storage at 1 °C
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Introduction

Color is one of the most important factors in fresh strawberry
appearance and greatly contributes to fruit quality. As with

other fruits, discoloration of strawberries is undesirable because
it results in the fruit losing fresh color and glossiness. The bright
red color of strawberry fruit is due to the presence of anthocyanin
pigments in the fruit epidermis and cortex. Pelargonidin-3-gluco-
side (PGN) and cyanidin-3-glucoside were identified as the main
monomeric anthocyanins of strawberry fruit. PGN comprises 80%
of the total anthocyanin content in strawberry while cyanidin-3-
glucoside is present in smaller amounts (Bakker and others 1994).
Strawberry pigments, like other anthocyanins, are relatively un-
stable and may easily lose their bright color due to degradation
by oxidative enzymes such as polyphenol oxidase (PPO), which is
primarily localized in the cortex of strawberry fruit with the antho-
cyanins and other phenolics (López-Serrano and Ros Barceló
2001). In fact, browning in fruits is primarily attributed to PPO
activity, which is able to act on phenolic compounds in the pres-
ence of oxygen (Nicolas and others 1994). PPO catalyzes the hy-
droxylation of monophenolics, leading to the formation of o-
diphenol compounds and to the oxidation of o-dihydroxy
compounds to quinones. The quinones subsequently undergo
polymerization, producing characteristic yellow to brown colors in
the fruit tissue (Mayer and Harel 1979; Spanos and Wrolstad
1992). Changes in anthocyanins seem to be one of the causes of
fruit browning, and their degradation is the result of coupled ox-
idation by PPO in the presence of other phenolic compounds

(Wesche-Ebeling and Montgomery 1990; Kader and others 1999;
Jiang 2000; Zhang and others 2000). These authors suggested that
oxidation and polymerization reactions of anthocyanins with PPO-
produced quinones and intermediate oxidation products, rather
than direct PPO action on anthocyanins, may play a role in antho-
cyanin losses and color changes in processed fruits. However, little
is known about the development of superficial browning in fresh
strawberries during refrigerated storage.

It has been reported that both unripe and ripe strawberries con-
tinue red color development in storage as ripening progresses
(Sacks and Shaw 1993; Miszczak and others 1995). However, only
small increases in anthocyanin content were measured in ripe
strawberries stored at 5 or 10 °C (Kalt and others 1993; Miszczak and
others 1995). In previous studies (Nunes and others 1995a, 1995b),
we observed that the darkening of stored, ripe strawberries ap-
peared to be related to greater water loss by the fruit. In a study
using litchi fruit, Jiang and Fu (1999b) reported that postharvest
browning of the fruit results from desiccation of the pericarp and
that oxidation of both anthocyanins and other phenolics is related
to PPO activity. Therefore, in this study, fresh, ripe strawberries
were stored either wrapped with a vapor barrier polyvinyl chloride
(PVC) film or not wrapped to evaluate the differences in color due
to water loss during storage. ‘Oso Grande’ strawberry was used in
this study because this cultivar develops a particularly dark, red-
dish-brown color during storage that is more accentuated than in
‘Chandler’ or ‘Sweet Charlie’ strawberry cultivars (Nunes 1995).
López-Serrano and Ros Barceló (2001) also reported that the color
stability of processed ‘Oso Grande’ strawberries was less than that
of ‘Chandler’ strawberries.

The objective of this study was to evaluate the color changes in
wrapped and unwrapped fresh strawberries during storage in
darkness at 1 °C, and the possible influence of PPO activity on an-
thocyanin content and development of browning during storage.
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Material and Methods

Plant material and storage conditionsPlant material and storage conditionsPlant material and storage conditionsPlant material and storage conditionsPlant material and storage conditions
‘Oso Grande’ strawberries were obtained from a commercial

grower near Floral City, Fla., U.S.A. Preliminary experiments were
done using fruit from 2 harvests made in 1994. The experiments
were repeated twice in 1995, and the results reported here are for
fruit from those latter harvests. In each case, fruit with calyxes in-
tact were harvested in the morning, packed in fiberboard flats con-
taining 12 plastic mesh pint baskets of strawberries, removed from
the field with minimal delay after harvest, and transported from
Floral City to the laboratory in Gainesville within approximately 2
h. Fully red, ripe fruit were selected for uniformity of color develop-
ment and freedom from defects, grouped into replicate samples of
10 fruit, weighed, and redistributed into plastic pint baskets. To
avoid significant losses of moisture from the fruit during storage,
half of the baskets were wrapped with a 0.0181-mm–thick PVC film
(W44-75, RJR FilmCo, Aurora, Ohio, U.S.A.; Talasila and others
1995). In our previous work with strawberries (Nunes and others
1998), we showed that this film effectively controls water loss while
maintaining an average package atmosphere at 1 °C of 19% O2 and
0.8% CO2. These modest changes in O2 and CO2 levels from normal
atmospheric levels preclude the possibility of a modified atmo-
sphere effect on the strawberry color. The remaining baskets were
used as controls (unwrapped). The baskets were then placed in a
controlled temperature room for 8 d at 1 °C and 90% to 95% relative
humidity (RH). Four replicate samples of 10 fruit each per treatment
were removed after 0, 2, 4, 6, and 8 d in storage. After conditioning
for 4 h at room temperature (22 ± 2 °C), physical and chemical de-
terminations were performed.

WWWWWeight losseight losseight losseight losseight loss
Samples of 10 fruit were weighed before and after each storage

period, and weight loss was calculated. Because of differences in
water loss between wrapped and unwrapped fruit, the concentra-
tions of the chemical constituents were expressed in terms of dry
weight (DW). The DW was determined by drying a weighed aliquot
of homogenized fruit tissue representing each 10-fruit sample at
70 °C for 6 d and reweighing.

Color assessmentColor assessmentColor assessmentColor assessmentColor assessment
Fruit surface color was measured with a hand-held tristimulus

reflectance colorimeter (Model CR-200b, Minolta Corp., Ramsey,
N.J., U.S.A.). Color was recorded using the CIEL*a*b* uniform color
space (CIELab), where L* indicates lightness, a* indicates chro-
maticity on a green (–) to red (+) axis, and b* chromaticity on a blue
(–) to yellow (+) axis. Numerical values of a* and b* were converted
into hue angle (H° = tan–1 b*/a*) and chroma [C = (a*2 + b*2)1/2]
(Francis 1980).

TTTTTotal anthocyaninsotal anthocyaninsotal anthocyaninsotal anthocyaninsotal anthocyanins
Four replicate samples of 10 fruit per treatment were homogenized

in a laboratory blender at high speed for 2 min. Aliquots (2.00 g) of
homogenized strawberry fruit tissue were mixed in 18 mL of 0.5% (v/
v) HCl in methanol and held for 1 h at 4 °C to extract the pigment. The
flocculate was removed by filtering the extract through a single layer
of facial tissue and absorbance of the resulting clear liquid containing
the pigments was measured at 520 nm (maximum absorbance for
anthocyanins). Pigment content was calculated using the following
formula: A520 × dilution factor × [molecular weight (MW) of PGN/molar
extinction coefficient] where MW of PGN = 433.2 and the molar ex-
tinction coefficient = 2.908 × 104. Results were expressed as mg/100
g DW of PGN (Spayd and Morris 1981).

TTTTTotal soluble phenolicsotal soluble phenolicsotal soluble phenolicsotal soluble phenolicsotal soluble phenolics
Total soluble phenolic compounds were measured using the Fo-

lin-Ciocalteu reagent (Folin and Ciocalteu 1927; Singleton and Rossi
1965). Aliquots (0.50 mL) of clear strawberry juice were diluted in 9.5
mL deionized water, and to 1 mL of the resulting solution was added
5 mL of diluted (1:9) Folin-Ciocalteu reagent. Between 0.5 and 8 min
after addition of the Folin-Ciocalteu reagent, 4 mL of sodium carbon-
ate solution (0.075 g/mL) was added. After 1 h at 30 °C plus 1 h in ice
(0 °C), the absorbance of the solution was measured at 760 nm. Gal-
lic acid was used as the standard, and the concentration of total sol-
uble phenolics was expressed as mg/100 g fruit DW.

Polyphenol oxidase (PPO) activityPolyphenol oxidase (PPO) activityPolyphenol oxidase (PPO) activityPolyphenol oxidase (PPO) activityPolyphenol oxidase (PPO) activity
Acetone powder was prepared by extracting 20 g of strawberry

tissue from homogenate with 300 mL of cold acetone that had
been held at –25 °C. The acetone powder (100 mg) was dissolved in
50 mL of 0.1 M citric acid-0.2 M phosphate buffer (pH 6.2) and fil-
tered through Whatman Nr 4 filter paper. Absorbance of the filtrate
at 420 nm was measured 1 min after the addition of 1 mL of 0.1 M
catechol. The results were expressed in units of PPO activity/g fruit
DW. One unit of PPO activity was defined as an increase of 0.1 ab-
sorbancy unit per min at 420 nm (Flurkey and Jen 1978).

Browning index (BI) and anthocyaninBrowning index (BI) and anthocyaninBrowning index (BI) and anthocyaninBrowning index (BI) and anthocyaninBrowning index (BI) and anthocyanin
degradation index (ADI)degradation index (ADI)degradation index (ADI)degradation index (ADI)degradation index (ADI)

A 50-g sample of frozen strawberries from each replicate was
homogenized in a laboratory blender at high speed for 2 min. The
homogenates were centrifuged at 800 × g for 25 min at 4 °C, filtered
through Whatman Nr 4 filter paper, and the absorbance of the re-
sulting clear juice was measured immediately to determine the BI
and ADI (Wrolstad 1976). The BI was measured as the absorbance
of the strawberry juice at 420 nm, the maximum absorbance wave-
length for polymeric pigments (that is, tannins). Higher absor-
bance at 420 nm indicates greater browning of the sample. The ADI
was determined by the ratio between absorbance at 520 nm (max-
imum absorbance for anthocyanins) and absorbance at 420 nm.
Lower numerical values of the ratio correspond to fruit with greater
browning, and higher values correspond to fresher-appearing fruit
with less browning.

Statistical analysisStatistical analysisStatistical analysisStatistical analysisStatistical analysis
The statistical analysis system computer package (SAS Inst. 1982)

was used for analysis of the data from these experiments. Data from
the 2 harvests in 1995 were combined and analyzed simultaneous-
ly as initial statistical analysis showed no difference between har-
vests. The treatments were arranged in a factorial design consist-
ing of 4 storage times (2, 4, 6, and 8 d) × 2 packaging treatments
(wrapped and unwrapped) × 4 replicate samples of 10 fruit; plus 4
additional samples for time zero. Data were analyzed by analysis of
variance and significant differences between treatments were de-
tected using the least significant difference at the 5% level of sig-
nificance.

Results and Discussion

WWWWWeight losseight losseight losseight losseight loss
The weight loss of the strawberries increased with storage time,

particularly in unwrapped strawberry samples (data not shown).
After 8 d in storage, wrapped strawberries lost about 0.7% of their
weight while unwrapped strawberries lost about 11% of the initial
weight (P = 0.0001). In our previous work (Nunes 1995; Nunes and
others 1995b), ‘Chandler,’ ‘Oso Grande,’and ‘Sweet Charlie’ straw-
berries wrapped in W44-75 film showed similar behavior in terms of
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weight loss during storage at 1 °C. The loss of water from the fruit
had a negative effect on the visual appearance, resulting in super-
ficial shriveling and less bright color.

ColorColorColorColorColor
Even when harvested fully red, strawberries continue to slowly

change color and darken during storage (Kalt and others 1993;
Sacks and Shaw 1993; Miszczak and others 1995). During storage,
the L* value tended to decrease in both wrapped and unwrapped
fruit (Figure 1). However, unwrapped strawberries were significant-
ly darker (lower L* value) than wrapped fruit throughout storage
(P = 0.0001). Therefore, the lower L* value was related to the devel-
opment of the dark red color on the fruit surface.

The hue value changed little in unwrapped strawberries, and the
value after 8 d of storage was not significantly different from the initial
hue value (Figure 1). Hue value increased significantly in wrapped
strawberries during the 1st 2 d of storage, declined between days 2
and 6, then increased again. Again, a significant difference in hue
value (P = 0.0001) was found between wrapped and unwrapped
samples after 8 d in storage. The inconsistent changes in the hue
value of the strawberries during storage was probably a consequence
of the complex color changes involving both the orange to red antho-
cyanins and the yellow to brown polymeric pigments.

Chroma increased between 0 and 2 d storage for wrapped sam-
ples then remained constant during the rest of the storage period.
In unwrapped samples, the chroma remained unchanged for the
1st 4 d storage then decreased slowly (Figure 1). These results indi-
cate a decrease in the color intensity or color purity of the fruit dur-
ing 8 d storage in the unwrapped samples (P = 0.0001). This change
was possibly due to the greater water loss and the consequent des-
iccation of the surface of unwrapped fruit during storage. Miszczak
and others (1995) observed a pronounced decline in the chroma of
red ‘Kent’ strawberries stored for 10 d under conditions (15 °C and
75% RH) at which water loss would have been substantial. Sacks
and Shaw (1993) also reported that strawberries darkened slowly
during storage at 0 °C. Finally, Kalt and others (1993), in a study
using ‘Blomidon’ strawberries, observed that fruit harvested full
red darkened during storage and appeared overripe.

TTTTTotal anthocyaninsotal anthocyaninsotal anthocyaninsotal anthocyaninsotal anthocyanins
Total anthocyanins, expressed in terms of PGN, the major pig-

ment in strawberry (Baker and others 1994), decreased by about 43%

in unwrapped samples, whereas in wrapped fruit anthocyanin con-
tent showed no significant changes during 8 d of storage (Figure 2).
It is possible that the great loss of moisture observed in the un-
wrapped fruit might have contributed, along with oxidative mecha-
nisms, to degradation of the pigments and/or to changes in the an-
thocyanin pigments structure during storage. Considering that a loss
of 6% in the weight of strawberry makes the fruit unmarketable be-
cause of an unacceptable appearance (Robinson and others 1975),
we may assume that the magnitude of water loss in the unwrapped
strawberries after 8 d storage might have induced physiological
stress and accelerated the senescence of the fruit. Water loss leads to
membrane disintegration and leakage of cellular content (Ben-Ye-
hoshua and Rodov 2003) and, thus, could have contributed to the
changes in the fruit anthocyanin content. It appears that although
anthocyanins accumulate during ripening, they can decrease during
storage of strawberries harvested full red if water loss is not con-
trolled, possibly owing to both a decrease in synthesis and increase
in degradation (Cheng and Breen 1991), which involves coupled
oxidation with other phenolics to produce insoluble compounds
(Wesche-Ebeling and Montgomery 1990). Several other enzymatic
(PPO-related) and nonenzymatic factors such as ascorbic acid oxida-
tion (Jackman and others 1987), changes in pH and sugar content
(Holcroft and Kader 1999), and presence of other phenolics (Kader
and others 1997, 1999; Wesche-Ebeling and Montgomery 1990),
along with loss of moisture, might have contributed to the decrease
in anthocyanin content of strawberries during storage. For example,
while ascorbic acid may stabilize anthocyanins (Jackman and other
1987) and react with the o-quinones formed during degradation of
phenols, preventing the formation of brown pigments (Nicolas and
others 1994), it seems that the reaction between the anthocyanins
and the compounds formed by the destruction of ascorbic acid may
also contribute to anthocyanin degradation (Jackman and others
1987). Oxidation of ascorbic acid was previously attributed to the loss
of moisture in unwrapped ‘Oso Grande’ strawberries during storage
(Nunes and others 1998). Because strawberry fruit have a higher
content of total ascorbic acid (Bender 1978), anthocyanins, and PPO
(López-Serrano and Barceló 2001) in the cortex than in the medulla
tissues and because the strawberry surface is normally more affected
by water loss than the internal tissues, ascorbic acid and anthocyanin
degradation might have been accentuated in unwrapped samples
that suffered greater water loss.

TTTTTotal soluble phenolicsotal soluble phenolicsotal soluble phenolicsotal soluble phenolicsotal soluble phenolics
Total soluble phenolics decreased with storage time in both

Figure 1—Changes in chromaticity values (L*, hue and
chroma) of strawberry fruit stored at 1 °C for 8 d. W =
wrapped, UW = unwrapped. LSD0.05(L* = 0.70, hue = 0.99,
chroma = 0.94)

Figure 2—Total anthocyanin content of strawberry fruit
stored at 1 °C for 8 d
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wrapped and unwrapped strawberries harvested fully red (Figure
3). The decrease was greater in the unwrapped fruit than in the
wrapped fruit and soluble phenolic content remained lower in
unwrapped fruit from days 2 through 8. After 8 d of storage, the
total phenolics content in unwrapped fruit was 35% lower than in
wrapped fruit. The normal ripening processes of nondamaged fruit
bring on changes in the cell membrane permeability, in phenolic
metabolism, and in PPO properties. As strawberry fruit senesce,
more PPO enzyme becomes soluble, and there is greater develop-
ment of superficial browning, which may be also attributable to
nonenzymatic reactions, such as the formation of iron-phenolic
complexes (Lattanzio 2003). The significant loss of water suffered
by the unwrapped strawberries compared with the wrapped fruit
might have hastened the normal ripening process and contribut-
ed to a greater decrease in phenolic content in the former, presum-
ably as a result of enzymatic oxidation. Jiang and Fu (1999a) report-
ed that the total soluble phenolics content in the skin of litchi fruit
decreased during storage time and was lower in fruit stored under
low RH than in those stored under higher RH. Declining total solu-
ble phenolic content during strawberry fruit maturation and ripen-
ing has been reported previously (Cheng and Breen 1991). Spayd
and Morris (1981) also reported that total phenolics were higher in
ripe-harvested ‘Cardinal’ strawberries (well-developed red color)
than in fruit harvested at the more advanced processing ripe stage
(dark red color, slightly soft). The decrease in total soluble phenolics
observed in the present study might be at least partly a conse-
quence of the degradation (that is, coupled oxidation) of anthocy-
anins. In fact, relative losses in total anthocyanins were similar to
losses in total soluble phenolics within each treatment (that is, loss-
es in anthocyanins and total soluble phenolics were approximately
3% and 11% in wrapped fruit, and about 44% and 42% in un-
wrapped fruit, respectively). The higher quantitative decrease in
total soluble phenolics compared with total anthocyanins in the
wrapped strawberries might indicate that losses of other non-an-
thocyanin phenolics that are present in strawberry fruit (Pilando
and others 1985; Jerch and others 1989) possibly contributed to this
decline during storage.

Polyphenol oxidase activityPolyphenol oxidase activityPolyphenol oxidase activityPolyphenol oxidase activityPolyphenol oxidase activity
Polyphenol oxidase activity increased during storage in both

wrapped and unwrapped strawberries (Figure 4), but was signifi-
cantly greater in unwrapped than wrapped samples after 4 or more
days in storage (P < 0.05). Jiang and Fu (1999b) also reported an
increase in PPO activity in the skin of litchi fruit stored under re-
duced RH due to desiccation. In fact, injury and stress have been

shown to induce PPO activity in many plants (Mayer and Harel
1979; Mayer 1987). Water loss and the consequent loss of turgor
pressure, which is manifested as shriveling and wilting, have been
shown in many plant systems to lead to increased permeability of
the plasmalemma and tonoplast membranes (Leopold and others
1981; Ben-Yehoshua and others 1983; Walter and others 1990;
Shibairo and others 2002). Thus, the higher PPO activity observed
for unwrapped strawberries in the present study might be attrib-
uted to the stress of water loss in those fruit, with possible mem-
brane damage leading to release or induction of the enzyme.

Litchi is an example of a fruit for which browning is a serious prob-
lem during storage. Zhang and others (2000) suggested that as stor-
age duration is extended and tissue senescence proceeds, fruit cells
gradually lose membrane system integrity, resulting in loss of com-
partmentation of enzymes and substrates, allowing the enzymes to
act on their substrates. Jiang and Fu (1999b) proposed that the rap-
id increase of electrolyte leakage in litchi fruit during storage as a
result of loss of membrane system integrity resulted in phenolic
compounds leaking from the vacuoles, mixing with PPO in the cy-
toplasm, and thus accelerating the degradation of anthocyanins. In
another study, Zhang and Quantick (2000) reported that PPO activ-
ity in litchi fruit increased during storage to the highest levels found
at any point in fruit development, while the total soluble phenolics
decreased continuously, corresponding to reactions of enzyme with
substrates and leading to the browning of the fruit.

It is possible that accelerated water loss, which has been shown
to accelerate senescence processes in plant tissues (Ben-Yehoshua
and Rodov 2003), had a similar effect on the strawberries in this
study as that previously reported for litchi. The increase in weight
loss and PPO activity concurrently with the decrease in anthocya-
nins and total soluble phenolics, particularly in unwrapped fruit
(Figure 2 to 4), might have resulted from accelerated senescence of
fruit caused by excessive loss of water from the cells during storage,
resulting in PPO, anthocyanins, and other phenolics being re-
leased due to cell decompartmentation, and coming into contact
with each other. Thus, the oxidation by PPO of phenolic com-
pounds present naturally in the strawberry fruit might have led to
the formation of o-quinones, which stimulated the anthocyanin
degradation by coupled oxidation mechanisms (anthocyanin-PPO-
phenolic reactions).

Overall, the decrease in anthocyanin and total soluble phenolics

Figure 3—Total soluble phenolics content of strawberry fruit
stored at 1 °C for 8 d

Figure 4—Polyphenol oxidase (PPO) activity in strawberry
fruit stored at 1 °C for 8 d. One unit of PPO activity equals
an increase of 0.1 absorbancy unit in 1 min by a solution
obtained by extracting 100 mg acetone powder from
strawberry homogenate in 50 mL 0.1 M citric acid-0.2 M
phosphate buffer (pH 6.2)
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content in unwrapped strawberries during storage might be attrib-
uted to the increase in PPO activity during storage, which was high-
er in unwrapped samples. Spayd and others (1982) reported that
addition of PPO to strawberry puree resulted in a rapid loss of red
color. Wesche-Ebeling and Montgomery (1990) studied the PPO
activity in ‘Tioga’ strawberries and its contribution to anthocyanin
degradation, and concluded that, in fact, the enzyme has an im-
portant, although indirect, role in anthocyanin degradation, sug-
gesting that anthocyanins are degraded via oxidation by PPO-pro-
duced quinones and other intermediate oxidation products as well
as by copolymerization reactions with tannins. López-Serrano and
Barceló (2001) suggested that the higher pigment stability in ‘Chan-
dler’ compared with ‘Oso Grande’ strawberry could be explained
not only by a lower PPO but also by a lower peroxidase and (+)-cat-
echin content. Therefore, a combination of several factors rather
than a single one might have contributed to the decrease in the
pigment content of unwrapped ‘Oso Grande’ strawberries during
storage.

Browning index and anthocyanin degradation indexBrowning index and anthocyanin degradation indexBrowning index and anthocyanin degradation indexBrowning index and anthocyanin degradation indexBrowning index and anthocyanin degradation index
Browning of strawberries expressed as the BI of the juice in-

creased significantly during storage (Figure 5), but no significant
difference was noticed between wrapped and unwrapped samples
(P > 0.05). The BI used in this study as a measure of browning might
not be a good indicator of the development of superficial browning
during storage of strawberry because it did not reflect the differenc-
es observed in the anthocyanin and total soluble phenolics content
between treatments.

The ADI, measured as the ratio of the absorbance at the anthocy-
anin maximum wavelength (520 nm) to the absorbance at the poly-
meric pigment (tannin) maximum (420 nm), indicates the relative
amounts of red and brown pigments in a sample and tends to be
greater in fresh fruit than in processed or stored samples (Wrolstad
1976). In the present study, the ADI of the strawberry juice tended to
decrease with increasing storage time, and a small but significant
difference was noticed between wrapped and unwrapped samples
after 8 d of storage (P > 0.05) (Figure 5), indicating that a higher
amount of anthocyanins was lost in unwrapped fruit compared with
wrapped fruit. Although the decrease in ADI values seems to reflect
the decrease in total anthocyanin content, the change in L* value,
and the increase in superficial browning during storage of un-
wrapped strawberries, the same does not seem to be true for the
wrapped fruit where the decrease in anthocyanins and total soluble
phenolics was much lower. Besides the higher content of phenolic

compounds, visual observations clearly indicated less appearance of
browning in wrapped than unwrapped strawberries. Therefore, the
BI and ADI used in the present study might not be have been good
indicators of superficial browning and anthocyanin degradation, at
least when minor superficial changes occurred. More conclusive re-
sults might have been obtained if only the cortex of the fruit were
used to measure these 2 parameters instead of using the juice from
the whole fruit, as changes in color of the fruit seemed to be more
pronounced in the outer than in the inner tissues.

Conclusions

P igment degradation caused by increased PPO activity as a result
of physiological stress due to water loss might contribute to the

development of strawberry surface browning during storage. Water
loss is one of the major factors that contribute to changes in color of
stored strawberries, and it plays an important role in anthocyanin
degradation. Water loss accelerates senescence of the fruit, leading
to membrane degradation and release of PPO and ascorbate oxi-
dase substrates from the vacuole, leading in this way to oxidation
of the cellular components. Because partially ripe strawberries are
able to develop normal red color during storage, harvesting the
fruit at early stages of color development (about three-quarter col-
ored) should avoid the undesirable color changes observed in
stored, full-ripe fruit. Furthermore, proper handling of the straw-
berries to reduce water loss during postharvest operations, such as
prompt precooling, adequate packaging, and storage at optimum
temperature and RH, should also help maintain acceptable color
during shipping and retailing. Additional research on the develop-
ment of superficial browning of strawberries during storage at op-
timum temperatures needs to consider several factors other than
those evaluated in the present study. Factors that could also have
an influence on the development of dark-colored pigments in-
clude changes in ascorbic acid and in sugar profiles, peroxidase
activity, and other phenolic compounds that are good substrates for
enzymatic browning.
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