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Abstract: Wounding makes fresh-cut product more perishable than whole fruit.

The effect of wounding intensity on respiration rate and nutritional quality of

fresh-cut ‘Candonga’ strawberries was investigated. Fruit were submitted to six

levels of cutting intensity - whole fruit (WHO), 4, 16, 64, and 128 pieces and

chopped (CHO) samples. Respiration rate, and the main nutritional parameters

were evaluated at the processing day and after 2 days of storage at 5°C. Results

showed that wounding intensity significantly influenced respiration rate, ascor-

bic and dehydroascorbic acids, total phenolic content, and antioxidant capacity.

Respiration rate increased with wounding intensity up to the level of 64 pieces

(10.01 µg kg-1 s-1) compared to WHO (5.5 µg kg-1 s-1) and then decreased in the

CHO samples (2.81 µg kg-1 s-1). At Day 2, the stress caused by the high intensity

of cutting (64 pieces and CHO) induced a higher degradation of ascorbic acid,

phenolic compounds, and antioxidant capacity. Stress-related changes

decrease when the wounding damage was so high that it completely compro-

mises the functionality of the cells (from 64 pieces up). These results should be

considered for processing and packaging optimization of minimally processed

strawberries-based products.

1. Introduction

The continuous physiological activity of living plant tissues induces
severe compositional and structural variations, also associated to ripening
and senescence of fresh produce during postharvest life. Tissue responses
cannot be blocked but it is possible to delay them within certain limits in
order to prolong fruit shelf life (El-Ramady et al., 2015). The physiological
stresses due to physical damage and wounding occurring during minimal
processing, make fresh-cut products more perishable than whole fruit
(Nicola and Fontana, 2014). Immediate response of plant cells start from
a wound signal formed in adjacent and distant tissues, which gives rise to
a wide range of different physiological and biochemical reactions.
Common are respiration rate and ethylene production increase, variation
in product quality, synthesis and/or loss of phytochemicals with conse-
quent decrease of nutritional content, stimulation of enzymatic activity
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and bacterial spoilage (Brecht, 1995; Surjadinata and
Cisneros-Zevallos, 2003). The complex interrelation-
ship among the different effects of wounding on
physiological processes of fresh-cut products, are
comprehensively described by Saltveit (1997).
Wound responses could vary depending on different
factors: species and cultivar of the product, maturity
stage, temperature of processing and storage, cut-
ting-type and sharpness of the blades, but also on
process temperature (El-Ramady et al., 2015), O2 and
CO2 levels, and water vapor pressure (Brecht, 1995).
The basis for the wound-induced changes include
altered genes expression and changes in enzyme
activities involved in an effort to heal the damaged
tissues providing defense mechanisms of the plant
aimed to prevent further and more serious damages
(Chung et al., 2006). During storage time the increase
in respiration rate is usually responsible for the aging
of the products due to consumption of reserve ener-
gy during redox process. As a consequence, the high-
er the respiration rate, the shorter is the storage life
and therefore the faster is the quality deterioration.
Respiration is a function of the climacteric or non-cli-
macteric behavior of the product and of the physio-
logical age of climacteric fruit (Gunes and Lee, 1997).
As already reported wounding induces an increase in
enzyme activity, in particular higher activities of
phenylalanine ammonia-lyase (PAL), peroxidase
(POD) and polyphenol oxidase (PPO) are observed.
(Saltveit et al., 2005 b). The main effect of the post-
cutting interaction of substrates with enzymes, such
as ascorbate oxidase, PPO, and POD, is the degrada-
tion of phytonutrients. Phenols oxidation and the
resulting browning may induce a reduction in nutri-
ent content resulting often in degradation of color,
texture and flavor of fresh-cut products (Saltveit,
1997; Francis et al., 2012). It is possible to reduce
wound-induced browning with the application of
antioxidant or calcium-based active compounds and
treatments that interfere with the synthesis or oxida-
tion mechanisms of the phenolic compound precur-
sors (Brecht, 1995; Saltveit, 1997; Saltveit et al., 2005
a). However, according to Francis et al. (2012), the
induced synthesis of phenolic compounds after cut-
ting caused an increase in nutritional value for let-
tuce, celery, carrot, parsnips, and sweet potato,
while in the same study a decrease of phenols was
observed in cut zucchini, radish, potato, and red cab-
bage, pointing out the influence of product on the
wound-induced response type. Amodio et al. (2014)
described the consecutive reaction mechanism that
regulates the phenolic content in fresh-cut produce

during storage and how their variation is related to
cut intensity. They observed, for example, that there
was an increase in k1 values (the rate constant for the
de novo synthesis of the phenols), when  fresh-cut
lemons were cut as half-slices rather than slices. This
result was also in agreement with the increase in PAL
activity resulting from the higher level of wounding
on vegetable tissues. At the same time, the cut inten-
sity did not affect the rate of phenolic oxidation. The
authors stated that one of the most important factor
affecting the phenolic content and synthesis is the
biological variability; in fact, each product shows a
particular combination of factors that can contribute
to the amount and composition of wound-induced
phenolics (Francis et al., 2012). Fernando Reyes et al.
(2007) stated that the final concentration of phenolic
compound in cut products is strongly affected also by
the type of tissue and the initial level of reduced
ascorbic acid.

Strawberry-based product attracted in the recent
years the food industry due to the high amount of
bioactive compounds (vitamin C, anthocyanins and
flavonols). For this reason strawberries are one of the
richest fruits in term of antioxidant capacity
(Cordenunsi et al., 2002; Pertuzatti and Barcia, 2015).
Understanding the stress-induced changes is impor-
tant in order to develop reliable approaches to con-
trol the stress responses, and improve the quality of
minimally processed fresh products, particularly
when the fruit is subjected to a pronounced mechan-
ical damage. This makes very interesting the investi-
gation on the effect of wounding on soft and fresh
fruit like strawberries. Therefore, the main objective
of the present study was to determine the effect of
wounding intensity, on physiological and quality
changes of fresh strawberry fruit, with a particular
focus on the respiration rate and nutritional com-
pounds.

2. Materials and Methods

Sample preparation

‘Candonga’ strawberries (Fragaria x ananassa

Duch.) were purchased from local stores in Foggia
(South Italy) and stored at 5°C overnight. In the next
morning, fruit with uniform color and size, free of
physical defects and decay, were divided into six
groups (treatments), each one corresponding to one
different level of wounding intensity: whole fruit (no
cutting), cutting into 4, 16, 64, 128, pieces and
chopped defined as WHO, P4, P16, P64, P128 and
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CHO, respectively. About 12-15 fruit were cut (300 g)
for each replicate and 150 g of product were used for
initial determinations, whereas the remaining sam-
ples were stored at 5°C under a continuous flow of
humidified air for 2 days. Three replicates were used
for each cutting intensity treatment and for each
quality parameter determination. Vitamin C, total
phenolic and anthocyanin content, antioxidant
capacity, soluble solid content, pH value, titratable
acidity and sugar/acid ratio were evaluated at the
processing day (Day 0) and after storage (Day 2).
Separate samples were used for respiration rate
measurement.

Respiration rate

Respiration rate of fresh-cut strawberries was
measured in static conditions as described in Kader
(2002). Respiration rate (expressed as µg kg-1 s-1 of
CO2) was determined at 120 min after cutting.
Separate samples (about 300 g each) of strawberries
were placed in 5 L sealed glass jars with a plastic sep-
tum for sampling gas; jars were closed after an equili-
bration time of about 1 hours. From each jar, a gas
sample (0.5 mL) was collected after the required time
to accumulate CO2 in the headspace up to a concen-
tration of 0.1-0.2%, and injected into a gas chromato-
graph (Shimadzu, model 17 A, Kyoto, Japan),
equipped with a thermal conductivity detector
(200°C). Separation of CO2 was achieved on a
Carboxen 1006 plot (30 m × 0.53 mm, Supelco,
Bellefonte, PA, USA), with a column flow of 7 mL
min−1, and an oven temperature of 180°C. 

Compositional attributes

Vitamin C content was measured in 5 grams of
fresh homogenized strawberry tissue as L-ascorbic
acid (AA) and L-dehydroascorbic acid (DHA) contents
expressed as g of AA, DHA or total vitamin C (AA +
DHA) per 1 kg of fresh weight (g kg-1) following the
procedure by Zapata and Dufour (1992) with slight
modifications.

Total phenolic content (TPC) was analyzed using
the Folin-Ciocalteau method of Singleton and Rossi
(1965), with some modifications where five grams of
fresh tissue were homogenized in an Ultraturrax (IKA
T18 basic, Wilmington, NC, USA) with 10 mL of
extraction buffer containing 200 mL of distilled
water, 800 mL of methanol and 2 mM (84 mg L-1) of
sodium fluoride (NaF). The absorbance was read at
725 nm compared with a blank (prepared in the
same way, replacing the sample with 100 µL of dis-
tilled water) using a spectrophotometer (UV-1700

Shimadzu, Jiangsu, China). TPC was calculated based
on the calibration curve of gallic acid and results
were expressed as g gallic acid equivalents per 1 kg
fresh weight (g kg-1).

Total anthocyanin content (TAC) was determined
following the protocol described by Cordenunsi et al.
(2002), with small modifications using hydrochloric
acid/methanol mixture as extraction medium. 700 µL
of extract plus 300 µL of 1% HCl-MeOH solution were
put in cuvettes and absorbance was read immediate-
ly in a spectrophotometer at 510 nm. Results were
expressed g of pelargonidin-3-glucoside (PG-3-glu)
equivalents per 1 kg of fresh weight (g kg -1).

The antioxidant capacity (AC) assay was conduct-
ed on the same extract made for TPC, following the
method of Brand-Williams et al. (1995), with slight
modifications. Fifty µL of extract were mixed with
950 µL of DPPH (2, 2-Diphenylpicrylhydrazyl) solution
and absorbance was read at 515 nm after 24 h.
Trolox (6-Hydroxy-2, 5, 7, 8-tetramethlychromane-2-
carbxylic acid) was used as a standard and results
were expressed in g of Trolox equivalents per 1 kg of
fresh weight (g kg-1).

Total soluble solids (TSS) were obtained by mea-
suring the refractive index of fresh strawberry juice
using a digital refractometer (Atago RX-7000cx;
Atago Co. Ltd., Japan) at 25°C and expressed as per-
centage. One gram of sample was used to determine
the pH and titratable acidity (TA), with an automatic
titrator (T50 M Terminal, METTLER TOLEDO,
Switzerland) against a volume of 0.1 N NaOH until
reaches the final pH of 8.2. TA was expressed as g of
citric acid equivalent per 1 kg of product (g kg-1).
TSS/TA ratio was also calculated. 

Statistical analysis

Data were subjected to a 2-way ANOVA (for treat-
ment and sampling time); treatment means were
separated by Tukey’s test at P<0.05 using Stat
Graphics Centurion XVI.I (Stat Point Technologies,
Inc., Warrenton, VA USA) software.

3. Results

Wounding intensity had a significant effect on all
parameters except pH; the same for storage time
with exception of total phenolic content, while the
interaction between the two factors showed a signifi-
cant effect on respiration rate, ascorbic and dehy-
droascorbic acids, total vitamin C, total phenolic con-
tent and antioxidant capacity but no significant effect
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on TAC, TSS, pH, TA and TSS/TA ratio. Following,
these effects are described in detail. The effect of
wounding intensity on the respiration rate of
‘Candonga’ strawberry fruits after 120 min post-cut-
ting at 5°C is shown in figure 1. Wounding induced a
significant raise in respiration of strawberries tissues
that resulted to be increasing with cutting intensity
up to a certain point from 5.5 (WHO) to 10.01 µg kg-1

s-1 of CO2 (P64). Further increase of wounding
beyond P128 did not stimulate respiration rate: a sig-
nificant decrease up to a minimal level of 2.81 µg kg-1

s-1 was observed for chopped samples.

The effect of wounding intensity on AA, DHA and
total vitamin C content (AA+DHA) of fresh-cut
‘Candonga’ strawberries is shown in figure 2. At Day
0, AA and total vitamin C were not significantly
affected by wounding intensity, with almost similar
values referred to ascorbic acid among treatments
ranging from 0.37 (P64) to 0.44 g kg-1 (P4). On the
other hand, an increase in DHA content could be
observed already at Day 0 with a significant differ-
ence among treatments ranging between 0.067 g kg-1

in the WHO and 0.22 g kg-1 in the treatment P128.
The mean values of total vitamin C content at Day 0
ranged from 0.51 (WHO) to 0.61 (P128) g kg-1. P128
and CHO samples showed in fact significantly lower
values of ascorbic acid (0.27 and 0.17 g kg-1, respec-
tively) than other treatments, with 64-piece sample
showing an intermediate behavior (0.41 g kg-1).
Moreover a significant increase of DHA with the
increase of wounding intensity was observed for all
samples starting from P16. The lowest and highest
DHA level at Day 2 were found with the WHO and
CHO samples (0.12 and 0.55 g kg-1, respectively). The
highest level of wounding intensity (CHO) induced
about a 5-fold increase in DHA content.

The effect of wounding intensity on TPC, TAC, and
AC of fresh-cut ‘Candonga’ strawberries is shown in
Table 1. The different cutting stress significantly
affected the TPC of fresh-cut strawberries. At Day 0,
P128 had significantly higher (P<0.05) total phenolic
content compared to other treatments with the
exception of P64, with P16 showing the lowest
amount (2.27 g kg-1 of gallic acid equivalent) and,
together with P4 (2.37 g kg-1), resulting in significant-
ly lower content of phenolic compounds than whole
fruit. There was no significant difference in TAC both
at Day 0 and 2 although the mean TAC value of sam-
ple P4 showed slight increase during storage time.
The mean value of TAC ranged from 0.19 (P4) to 0.22
(CHO) g kg-1 of PG-3-glu (Table 1). Wounding intensity
also significantly affected antioxidant capacity of
fresh ‘Candonga’ strawberries. At Day 0, samples cut
into 16 (6.35 g kg-1 of Trolox equivalent) and 64 (6.59
g kg-1) pieces had significantly higher AC than the
CHO (5.41 g kg-1) and WHO (5.20 g kg-1) samples. A
similar trend was also observed after 2 days from
cutting when P16 sample showed significantly higher
AC value when compared to the CHO samples,
although this difference was not significant if com-
pared to the rest of the treatments. A particular
behavior was observed for CHO strawberries (Table
1): no significant effect of storage time was observed
on the TPC, TAC, and AC values of this sample indi-

Fig. 2 - Effect of wounding intensity on ascorbic acid (AA, black
bars, g kg-1), dehydroascorbic acid (DHA, grey bars, g 
kg-1) and total vitamin C content (sum of AA and DHA, g
kg-1) of fresh-cut ‘Candonga’ strawberries at day 0 and
day  2 of storage at 5°C. WHO, P4, P16, P64, P128 and
CHO stay for whole fruit, cut into 4, 16, 64, 128 pieces
and chopped. Mean value (n=3) is reported. Different
lowercase and uppercase letters, indicate significant dif-
ferences among treatments and storage times, respecti-
vely, according to Tukey’s test (𝑃≤0.05). Different italics
letters indicate significant differences among treatments
for total vitamin C content for each storage time. Fig. 1 - Effect of wounding intensity on respiration rate at 5°C of

‘Candonga’ strawberry fruit. WHO, P4, P16, P64, P128
and CHO stay for whole fruit, cut into 4, 16, 64, 128 pie-
ces and chopped. Error bar represent st. dev of mean
values (n=3). Different lowercase letters indicate signifi-
cant difference among treatment according to Tukey’s
test (𝑃≤0.05).
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Respiration rate gives an immediate overview of
the metabolism of a commodity (Fig. 1), where high-
er respiration is an indicator of accelerated metabo-
lism which is usually inversely related to shelf-life.
Strawberry is among the commodities with highest
respiration rate (Saltveit, 2002), that can be further
increased as a cut consequence. According to
Surjadinata and Cisneros-Zevallos (2003), an increase
in respiration may occur due to simultaneous enzyme
synthesis and decrease. The newly synthesized
enzymes could in fact be degradated by an inactiva-
tion system. It is possible that, after a certain cutting
degree, the very high tissue damage compromised
the cell functionality. The transition from respiring to
non-respiring tissues after wounding is probably
related to the damage of the membrane system or
mitochondria and consequent disruption of oxidative
phosphorylation. Changes in ammonium dihydrogen
phosphate (ADP) and ammonium transferase phos-
phate (ATP) concentrations in wounded tissue indi-
cate that oxidative phosphorylation failed to keep
place with ATP utilization in injured tissues (Lafta and
Fugate, 2011). According to these authors, a 41%
reduction in ATP concentration and a simultaneous
increase in ADP (31%) were observed between day 1
and day 4 after incremental injury of sugar beet root.
Costa et al. (2011), reported that respiration rates of
fresh-cut strawberries was higher than whole fruit
and that low storage temperature significantly influ-
enced this parameter. This is possibly due to the fact
that cutting increases the surface exposed to the air,
and as a consequence, oxygen is able to diffuse into
the internal cells more rapidly. Moreover, injured
cells show an increased metabolic activity (Nilsson
and Hedenqvist, 2011; Saltveit, 1997). Thus, respira-
tion is stimulated by physical damages given to the

cating that these compounds were quite preserved
during cold storage, and did not show after two days
of storage great variations if compared with other
samples. In addition, this sample showed also the
lowest respiration and no significant difference in
total vitamin C if compared to the WHO samples.
These characteristics may be therefore exploited to
maintain the quality of fresh-blended products. 

TSS, pH value, TA and TSS/TA ratio of fresh-cut
strawberry subjected to different wounding intensity
and stored for two days at 5°C were significantly
affected by wounding intensity (with exception of
pH) and storage time, but not by their interaction
(data not shown). The mean values of TSS ranged
from 7.6 (WHO at Day 0) to 8.6% for WHO, P16 and
CHO samples at Day 2. Almost similar pH values (3.9
to 4.0) were determined for all treatments and sam-
pling times. TA ranging from 0.07 to 0.08 g kg-1 of cit-
ric acid showed almost no differences among treat-
ments and sampling time except for P64 which had a
slightly lowest value after two days. Similarly, almost
no differences in the TSS/TA ratio were recorded.
The highest and lowest values were 9.4 (P4 at day 0)
and 12.1 (P16 at Day 2).

4. Discussion and Conclusions

The effect of wounding intensity on respiration
rate and compositional values of fresh ‘Candonga’
strawberry fruit was clearly determined. In general,
high degree of wounding intensity (P128 and CHO)
caused a significant decrease in respiration rate. In
addition, the chopped sample did not show any sig-
nificant difference in TPC, TAC and AC during storage
time.

Days at
5 °C

Wounding intensity
WHO P4 P16 P64 P128 CHO

Total phenolic content 0 2.88±0.07 Ab 2.37±0.16 Bc 2.27±0.04 Bc 2.95±0.02 Aab 3.23±0.08 Aa 2.94±0.05 Ab
2 2.62±0.12 Bb 3.19±0.18 Aa 3.25±0.17 Aa 2.52±0.15 Bb 2.87±0.10 Bab 2.58±0.07 Ab

Total anthocyanin content 0 0.19±0.004 ns 0.19±0.007 Ans 0.20±0.004 ns 0.21±0.018 ns 0.20±0.019 ns 0.20±0.010 ns
2 0.21±0.015 ns 0.21±0.002 Bns 0.21±0.014 ns 0.22±0.002 ns 0.22±0.021 ns 0.22±0.012 ns

Antioxidant capacity 0 5.89±0.03 Abc 6.02±0.05 Aabc 6.35±0.12 Aa 6.59±0.09 Aa 6.27±0.12 Aab 5.41±0.06 Ac
2 5.20±0.22 Bab 5.98±0.44 Bab 6.16±0.02 Ba 5.44±0.03 Bab 5.67±0.09 Aab 4.62±0.10 Ab

Table 1 - Effect of wounding intensity on total phenolic ontent (TPC, in g kg-1 of gallic acid equivalent), total anthocyanin content (TAC,
in g kg-1 of pelargonidin-3-glucoside), and Antioxidant Capacity (AC, in g kg-1 of Trolox equivalent) of fresh-cut ‘Candonga’
strawberries at day 0 and day 2 of storage at 5°C

IWHO, P4, P16, P64, P128 and CHO stay for whole fruit, cut into 4, 16, 64, 128 pieces and chopped; mean values (n=3) ± standard devia-
tions are reported. 
Different lowercase and uppercase letters, indicate significant differences among treatments and storage times, respectively, according
to Tukey’s test (𝑃≤0.05).
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fruits: the more the severity of damage, the more the
degree of respiration rate increase (Kader, 1987; Zhu
et al., 2001). The main consequence of an increase in
CO2 and ethylene production as a response to cutting
process (Saltveit, 1997) could be a reduction of the
fresh-cut product shelf life. Moreover, moisture in
the cut surface may impede gas diffusion, and this,
together with increased respiration, could possibly
lead to anaerobiosis, causing further deterioration of
the tissues (Saltveit, 1997; Surjadinata and Cisneros-
Zevallos, 2003). However, wound-induced respiration
depends on the type of tissue, temperature, con-
trolled atmospheres and degree of cutting (Zhu et al.
2001). As described by Surjadinata and Cisneros-
Zevallos (2003) respiration rate of carrot tissues after
wounding showed a typical increase (resulting in a
maximum peak) and then a decrease reaching
steady-state respiration values similar to that of
whole carrot. In some plant tissues, such as potato,
this behavior may be related to the oxidation of fatty
acids and carbon dioxide, being these reactions
responsible for increased respiration after wounding
(Gunes and Lee, 1997). According to Surjadinata and
Cisneros-Zevallos (2003), wounding stimulates enzy-
matic activity of phosphofructokinase and
cytochrome oxidase from the respiration pathway,
which catalyse the phosphorylation of fructose-6-
phosphate to fructose-1,6-bisphosphate (a key regu-
latory step in the glycolytic pathway) and the elec-
trons transfer to oxygen, respectively. A higher enzy-
matic activity could be due to activation of already
present enzyme or to de novo synthesis, as suggested
by Surjadinata and Cisneros-Zevallos (2003). Their
higher activity results in an increase of respiration
rate in wounded tissues (Lafta and Fugate, 2011). 

On the processing day total vitamin C content did
not vary among the treatments, most probably
because ascorbic acid was oxidized to dehydroascor-
bic. The same vitamin C content trend showed in 
figure 2 was observed by Costa et al. (2011), and may
be ascribed to the fact that tissue had only slightly
responded to the stress. After 2 days from cutting a
slight increase in AA was observed for samples P16
and P64 while a noticeable reduction was found with
the increase of cutting intensity. As a results of enzy-
matic and non enzymatic oxidation of ascorbic acid,
prolonged storage period, mechanical damages or
thermal treatment, DHA amount is known to
increase. The oxidized form thus represents the
majority of vitamin C (Davey et al., 2000; Lee and
Kader, 2000). In the present study different 
behaviors were observed: as for P128 and CHO sam-

ples the decrease in AA amount due to oxidation was
accompanied by an increase in DHA amount ending
in a rise of total vitamin C content of the products.
Since this increase was proportional with the
decrease in AA concentration, it can be supposed
that no further oxidation of DHA into 2,3-diketogu-
lonic acid occurred. Regarding P16 and P64 samples
at day 2, higher AA amounts were detected, suggest-
ing the occurrence of new synthesis or the presence
of different sources of ascorbic acid. Cordenunsi et

al. (2005), reported that ascorbic acid synthesis in
strawberries occurs during the storage period, and
that temperature may affect it. As for sweet pepper
fruit, it was observed that wounding stress activated
both biosynthesis and metabolism reduction of
ascorbic acid, leaving unaffected the level of AA in
the product (Imahori et al.,  1997). Moreover,
Wolucka and Van Montagu (2003) proposed a new
vitamin C biosynthesis pathway in which L-gulose and
L-gulono-1,4-lactone act as direct precursors of
ascorbic acid in plant tissue during storage. As for the
present work it was possible to suppose that new
synthesized ascorbic acid replaced the amount which
was oxidized. As a result, ascorbic acid content did
not decrease over time while a huge increment in
DHA occurred for P64 sample. Some authors
observed in different strawberry cultivars that DHA
evolution with storage time, when associated with
ascorbic acid retention, can be considered an evi-
dence of a redox system (AA/DHA) triggered during
cold storage, reported to be a cultivar-specific more
than fruit-specific process (Cordenunsi et al., 2005).
Moreover, to date, many of the products deriving
from DHA degradation are still unclear, although 2,3-
diketogulonic acid, threose and oxalic acid, glyoxal,
methyl glyoxal and diacetyl have been identified or
hypothesized as byproduct of dehydroascorbic acid
decomposition (Fayle et al., 2000). Ascorbate, its
product of oxidation (DHA) and consequently DHA
metabolism play significant roles in the apoplast (Lin
and Varner, 1991). For this reason DHA results to be
a key-factor in ascorbate catabolism, and it could be
oxidized to oxalate or hydrolyzed to 2,3-diketogu-
lonate and downstream carboxypentonates. The
prevalence of one of the two reactions (oxidation or
hydrolysis) is dependent on the status of the reactive
oxygen species (Parsons et al., 2011). In general,
DHA/AA ratio tends to rise during storage time
although the oxidized form is unstable and is easily
decomposed, this leading to a decrease in its biologi-
cal activity. The changes in the form of ascorbic acid
result to be important from a technological and a
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nutritional point of view (Lee and Kader, 2000;
Cordenunsi et al., 2005). 

A possible explanation for what is showed in Table
1 may be found in the prevalence of phenolics de

novo synthesis with respect to their oxidation as
response to cutting stress. As described by Kang and
Saltveit (2002), the cutting related to processing of
fresh-cut fruit and vegetables may induce an increase
in their antioxidant capacity, enhancing synthesis and
accumulation of phenols. In fact, wounding stimu-
lates the activity of phenylalanine ammonia-lyase,
which is responsible for the catalyzation of the first
step of phenylpropanoid metabolism due to which
tartaric acid is converted into chlorogenic acid. An
increase in its activity leads to accumulation of phe-
nols, enzymatic oxidation and tissue discoloration
(Saltveit, 2000; Adams and Brown, 2007). In contrast,
however, wounding also induces antioxidant degra-
dation, resulting in oxidation of active compounds
such as ascorbic acid and phenolic compounds. Their
final content is the balance result between produc-
tion and oxidation rates, being these rates affected
by storage temperature or cutting intensity as mod-
eled by Amodio et al. (2014). However, in the case of
a more serious damage, as for CHO samples, TPC
degradation was supposed to be faster than their
production, ending in the lowest value of TPC. At Day
2 however, TPC increased more clearly in P4 and P16
samples, which showed significantly higher values
than other treatments, including the WHO. This is
supported by literature, Torres-Contreras et al.
(2014) report that phenolic content in white potato
tubers that were subjected to different wounding
stresses showed an accumulation of 100% and 65%
TPC for slices and pieces, respectively, whereas
shredded potatoes stored at 10°C for 96 hours
showed 40% lower phenolic content if compared to
the starting product. Similarly, an accumulation of
wounding-induced TPC (approximately 60%) and an
increase in the activity of PAL enzyme were found in
purple-flesh sliced potato tissues stored at 15°C for
48 hours (Reyes and Cisneros-Zevallos, 2003).
According to Surjadinata and Cisneros-Zevallos
(2003), phenolic antioxidant accumulation is depen-
dent on the level of wounding intensity. The phenolic
content increased with wounding intensity by 97, 76,
and 252% when cut as slices, pieces and shreds,
respectively compared to non-wounded carrots
(0.45-0.52 g kg-1). Moreover, the same behavior was
observed by Hu et al. (2014) on fresh-cut lotus root.
After 7 days of storage PAL activity of fresh-cut lotus
root slices was 68% higher compared to control. At

the same time 130% increase in phenolic content
was detected. Antioxidant activity also increased due
to total phenol accumulation; however, wounding
resulted in a significantly higher browning by increas-
ing the PPO activity of the slices. Phenols represent
the main structural and defense-related functions in
plant cells via the phenylpropanoid pathway.
Wounding of fruit and vegetables tissues obviously
causes rupture of the cell membrane and this induce
several physiological responses causing the combina-
tion of phenolics with the oxidative enzymes and/or
the synthesis of different classes of phenolics to
repair the wounding damage. In strawberries, TAC
was reported to be in the range between 0.15 to 0.80
g kg-1 (Padmanabhan et al., 2016) and cold storage
may induce their biosynthesis and accumulation
(Holcroft and Kader, 1999). Accordingly, about 60%
accumulation of TAC in sliced potatoes was described
by Reyes and Cisneros-Zevallos (2003), and a similar
increase was reported for anthocyanin content in
pomegranates stored at low temperatures (Arendse
et al., 2014). The high amount of vitamin C, phenolics
including anthocyanins and therefore antioxidant
activity in strawberries, even after severe cutting
stress, is very important for beneficial effects on con-
sumer health (Giampieri et al., 2012). The relatively
higher values of AC determined for CHO sample
could probably be due to the higher values of total
vitamin C and phenolics. Antioxidant capacity of fruit
is, in fact, strictly related to the presence of vitamin C
and phenolic compounds, being these effective sys-
tems to scavenge oxygen radical, AC level is influ-
enced by the occurrence of different active phyto-
chemical compounds (Giampieri et al., 2012). As
reported by Tulipani et al. (2008), vitamin C in straw-
berries is the greatest contributor (>30%) to the total
antioxidant capacity followed by anthocyanins (con-
tributing for 25-40%). The remaining part was com-
posed mainly of ellagic acid derivatives and flavonols
(Padmanabhan et al., 2016). Antioxidant activity is
therefore an expression of total vitamin C and total
phenolic content of the product, including antho-
cyanin and ellagitannins groups (Giampieri et al.,
2012).

As for pH, TSS and TA, no clear trend and very
slight differences were observed, as also reported by
Li et al. (2017) studying the effect of different cutting
styles on postharvest quality of pitaya fruit. In this
case, fresh-cut processing also showed little effect on
the contents of vitamin C, TSS and TA. This behavior
could be interesting since the nutritional quality of
the products do not greatly change after treatments,
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allowing to maintain their fresh-like state.
The results of the present study demonstrated

that the application of wounding intensities could be
used as simple emerging technology to induce the
accumulation of TPC in plants (Torres-Contreras et

al., 2014) and selection of appropriate wounding
intensity and/or abiotic stress can enhance the nutri-
tional and functional and health-related values of
fresh produce (Reyes and Cisneros-Zevallos, 2003; Hu
et al., 2014). These results should be taken into con-
sideration for processing and packaging optimization
of minimally processed products from fresh straw-
berries, although further investigations extending
shelf life period would be necessary in order to make
these results useful for industrial application.

References

ADAMS J.B., BROWN H.M., 2007 - Discoloration in raw and

processed fruit and vegetables. - Crit. Rev. Food Sci.,
47: 319-333.

AMODIO M.L., DEROSSI A., COLELLI G., 2014 - Modeling

phenolic content during storage of cut fruit and vegeta-

bles: A consecutive reaction mechanism. - J. Food Eng.,
140: 1-8.

ARENDSE E., FAWOLE O.A., OPARA U.L., 2014 - Effects of

postharvest storage conditions on phytochemical and

radical-scavenging activity of pomegranate fruit (cv.

Wonderful). - Sci. Hortic. Amsterdam., 169: 125-129.
BRAND-WILLIAMS W., CUVELIER M.E., BERSET C., 1995 -

Use of a free radical method to evaluate antioxidant

activity. - LWT - Food Sci. Technol., 28: 25-30.
BRECHT J.K., 1995 - Physiology of Lightly Processed Fruits

and Vegetables. - Hortsci., 30: 18-22.
CHUNG T.T., WEST G., TUCKER G.A., 2006 - Effect of

wounding on cell wall hydrolase activity in tomato fruit.

- Postharvest Biol. Tec., 40: 250-255.
CORDENUNSI B.R., GENOVESE M.I., OLIVEIRA DO NASCI-

MENTO J.R., AYMOTO HASSIMOTTO N.M., JOSÉ DOS
SANTOS R., LAJOLO F.M., 2005 - Effects of temperature

on the chemical composition and antioxidant activity of

three strawberry cultivars. - Food chem., 91: 113-121.
CORDENUNSI B.R., OLIVEIRA DO NASCIMENTO J.R., GEN-

OVESE M.I., LAJOLO F.M., 2002 - Influence of cultivar

on quality parameters and chemical composition of

strawberry fruits grown in Brazil. - J. Agr. Food Chem.,
50: 2581-2586.

COSTA F.B., DUARTE P.S., PUSCHMANN R., FINGER F.L.,
2011 - Quality of fresh-cut strawberry. - Hortic. Bras.,
29: 477-484.

DAVEY M.W., MONTAGU M.V., INZÉ D., SANMARTIN M.,
KANELLIS A., SMIRNOFF N., BENZIE I.J.J., STRAIN J.J.,
FAVELL D., FLETCHER J., 2000 - Plant L-ascorbic acid:

chemistry, function, metabolism, bioavailability and

effects of processing. - J. Sci. Food Agric., 80(7): 825-
860.

EL-RAMADY H., DOMOKOS-SZABOLCSY É., ABDALLA N.,
TAHA H., FÁRI M., 2015 - Postharvest management of

fruits and vegetables storage pp. 65-152. - In: LICHT-
FOUSE, E. (Ed.), Sustainable Agriculture Reviews.
Springer International Publishing.

FAYLE S.E., GERRARD J.A., SIMMONS L., MEADE S.J., REID
E.A., JOHNSTON A.C., 2000 - Crosslinkage of proteins by

dehydroascorbic acid and its degradation products. -
Food Chem., 70: 193-198.

FERNANDO REYES L., EMILIO VILLARREAL J., CISNEROS-
ZEVALLOS L., 2007 - The increase in antioxidant capaci-

ty after wounding depends on the type of fruit or veg-

etable tissue. - Food Chem., 101: 1254-1262.
FRANCIS G.A., GALLONE A., NYCHAS G.J., SOFOS J.N.,

COLELLI G., AMODIO M.L., SPANO G., 2012 - Factors

affecting quality and safety of fresh-cut produce. - Crit.
Rev. Food Sci. Nutr., 52: 595-610.

GIAMPIERI F., TULIPANI S., ALVAREZ-SUAREZ J.M., QUILES
J.L., MEZZETTI B., BATTINO M., 2012 - The strawberry:

composition, nutritional quality, and impact on human

health. - Nutrition., 28: 9-19.
GUNES G., LEE C.Y., 1997 - Color of minimally processed

potatoes as affected by modified atmosphere packag-

ing and antibrowning agents. - J. Food Sci., 62(3): 572-
575.

HOLCROFT D.M., KADER A.A., 1999 - Carbon dioxide-

induced changes in color and anthocyanin synthesis of

stored strawberry fruit. - Hortscience, 34: 1244-1248.
HU J., YANG L., WU W., LI Y., ZHAN L., 2014 - Slicing

increases antioxidant capacity of fresh-cut lotus root

(Nelumbo nucifera G.) slices by accumulating total phe-

nols. - Int. J. Food Sci. Tech., 49: 2418-2424. 
IMAHORI Y., ZHOU Y.F., UEDA Y., ABE K., CHACHIN K., 1997

- Effects of wound stress by slicing sweet pepper fruits

on ascorbic acid metabolism. - J. Jpn. Soc. Hortic. Sci.,
66 (1): 175-183.

KADER A.A., 1987 - Respiration and gas exchange of veg-

etables. pp 25-43. - In: WEICHMANN J, (ed.)
Postharvest physiology of vegetables. New York:
Marcel Dekker, pp. 597.

KADER A.A., 2002 - Methods of gas mixing, sampling and

analysis pp. 145-148 - In: KADER, A.A. (ed.) Postharvest

technology of horticultural crops (3rd Ed). University of
California, Oakland, CA, USA, pp. 535.

KANG H.M., SALTVEIT M.E., 2002 - Antioxidant capacity of

lettuce leaf tissue increases after wounding. - J. Agr.
Food Chem., 50: 7536-7541.

LAFTA A.M., FUGATE K.K., 2011 - Metabolic profile of

wound-induced changes in primary carbon metabolism

in sugarbeet root. - Phytochemistry., 72: 476-489.
LEE S.K., KADER A.A., 2000 - Preharvest and postharvest

factors influencing vitamin C content of horticultural

crops. - Postharvest Biol. Tec., 20: 207-220.
LI X., LONG Q., GAO F., HAN C., JIN P., ZHENG Y., 2017 - Effect

of cutting styles on quality and antioxidant activity in



Solomon et al. - Effect of wounding intensity on quality of strawberry fruit

441

fresh-cut pitaya fruit. - Postharvest Biol. Technol., 124: 1-7.
LI L.S., VARNER J.E., 1991 - Expression of ascorbic acid oxi-

dase in zucchini squash (Cucurbita pepo L.). - Plant
Physiology, 96(1): 159-165.

NICOLA S., FONTANA E., 2014 - Fresh-cut produce quality:

implications for a systems approach, pp. 217-273. - In:
FLORKOWSKY W.J., B. BRUECKNER, R.L. SHEWFELT and
S.E. PRUSSIA (eds.). Postharvest handling. A systems

approach. 3rd Edition. Academic Press, Oxford, UK, pp.
592.

NILSSON F., HEDENQVIST M.S., 2011 - Mass transport and

high barrier properties of food packaging polymers, pp.
129-151. - In: LAGARON J.M (ed.) Multifunctional and

Nanoreinforced polymers for food packaging .
Woodhead Publishing, pp. 736.

PADMANABHAN P., MIZRAN A., SULLIVAN J.A., PALIYATH
G., 2016 - Strawberries. Volume 5, pp. 193-198. - In:
CABALLERO B., P.M. FINGLAS, and F. TOLDRÁ (eds.),
Encyclopedia of food and health. Academic Press,
Oxford, UK, pp. 4006.

PARSONS H.T., YASMIN T., FRY S.C., 2011 - Alternative

pathways of dehydroascorbic acid degradation in vitro

and in plant cell cultures: novel insights into vitamin C

catabolism. - Biochem. J., 440: 375-385.
PERTUZATTI P.B., BARCIA M.T., 2015 - Biotransformation

in temperate climate fruit: a focus on berries. - Am. J.
Food Sci. Technol., 3(4A): 12-17.

REYES L.F., CISNEROS-ZEVALLOS L., 2003 - Wounding stress

increases the phenolic content and antioxidant capacity

of purple-flesh potatoes (Solanum tuberosum L.). - J.
Agr. Food Chem., 51: 5296-5300.

SALTVEIT M.E., 1997 - Physical and physiological changes

in minimally processed fruits and vegetables.

Phytochemistry of fruit and vegetables, pp. 205-220. -
In: ROBIN F.A.T.-B.R. (ed.), Proceedings of the phyto-
chemical society of Europe. Oxford Univ. Press, NY.

SALTVEIT M.E., 2000 - Wound induced changes in phenolic

metabolism and tissue browning are altered by heat

shock. - Postharvest Biol. Technol., 21: 61-69.
SALTVEIT M.E., 2002 - Respiratory metabolism, pp. 68-75.

- In: GROSS K.C., C.Y. WANG, and M.E. SALTVEIT (eds.)

The commercial storage of fruit, vegetables, and florist

and nursery stocks. USDA Agr. Res. Serv., Agriculture
Handbook, 66: 780.

SALTVEIT M.E., CHOI Y.J., TOMÁS-BARBERÁN F.A., 2005 a -
Mono-carboxylic acids and their salts inhibit

wound-induced phenolic accumulation in excised let-

tuce (Lactuca sativa) leaf tissue. - Physiol. plantarum,
125(4): 454-463.

SALTVEIT M.E., CHOI Y.J., TOMÁS-BARBERÁN F.A., 2005 b -
Involvement of components of the phospholipid-signal-

ing pathway in wound-induced phenylpropanoid

metabolism in lettuce (Lactuca sativa) leaf tissue. -
Physiol. Plantarum, 125: 345-355.

SINGLETON V.L., ROSSI J.A., 1965 - Colourimetry of total

phenolics with phosphomolybdic-phosphotungstic acid

reagents. - Am. J. Enol. Vitic., 16(3): 144-148.
SURJADINATA B.B., CISNEROS-ZEVALLOS L., 2003 -

Modeling wound-induced respiration of fresh-cut car-

rots (Daucus carota L.). - J. Food Sci., 68: 2735-2740.
TORRES-CONTRERAS A.M., NAIR V., CISNEROS-ZEVALLOS

L., JACOBO-VELÁZQUEZ D.A., 2014 - Plants as biofacto-

ries: Stress-induced production of chlorogenic acid iso-

mers in potato tubers as affected by wounding intensity

and storage time. - Ind. Crop Prod., 62: 61-66.
TULIPANI S., MEZZETTI B., CAPOCASA F., BOMPADRE S.,

BEEKWILDER J., DE VOS C.H., CAPANOGLU E., BOVY A.,
BATTINO M., 2008 - Antioxidants, phenolic compounds,

and nutritional quality of different strawberry geno-

types. - J. Agr. Food Chem., 56: 696-704.
WOLUCKA B.A., VAN MONTAGU M., 2003 - GDP-mannose

3’,5’-epimerase forms GDP-L-gulose, a putative inter-

mediate for the de novo biosynthesis of vitamin C in

plants. - J. Biol. Chem., 278 (48): 47483-47490.
ZAPATA S., DUFOUR J.P., 1992 - Ascorbic, dehydroascorbic

and isoascorbic acid simultaneous determinations by

reverse phase ion interaction HPLC. - J. Food Sci., 57:
506-511.

ZHU M., CHU C.L., WANG S.L., LENCKI R.W., 2001 -
Influence of oxygen, carbon dioxide, and degree of cut-

ting on the respiration rate of rutabaga. - J. Food Sci.,
66: 30-37.




