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ABSTRACT 

The aim of this work was to evaluate the influence of the ripening stage on fresh-cut kiwifruit tissues in terms of quality and tissue 
metabolism, during accelerated storage (AS) in controlled conditions. For this purpose three different ripening stages were selected, 
corresponding to about 11, 13 and 15 °Brix. For each ripening stage the fruits were peeled and cut into 1 cm thick slices and stored 
in climatic chambers at 10 °C, 90% RH, for 3 days. During storage, quality indices as soluble solid contents, titrable acidity, colour 
and texture were monitored. Metabolic assessment was carried out evaluating the endogenous metabolic heat using isothermal calo-
rimetry, and monitoring O2 consumption and CO2 production simultaneously. Differences were found in the evolution of the quality 
indexes during storage; in particular kiwifruit at the lowest ripening stage showed the slowest quality degradation, both in terms of 
softening and visual quality modifications. Metabolic heat production results were different at the different ripening levels investi-
gated, evidencing a strict connection between the physiological state of the tissue and the entity of its wounding response. 

Key words: kiwifruit, accelerated storage, quality. 

REZIME 

Cilj ovog rada je bio da se proceni uticaj stadijuma zrelosti sveže sečenog tkiva kivija u pogledu kvaliteta i metabolizma tkiva, to-
kom ubrzanog skladištenja (AS) u kontrolisanim uslovima. Za ovu svrhu izabrana su tri različita stadijuma zrelosti, što odgovara sa-
držaju suve materije od 11 , 13 i 15°Brix. Za svaki stadijum zrelosti plodovi su oljušteni i isečeni na 1 cm debljine i čuvani u klima 
komorama na 10°C, relativnoj vlažnosti od 90%, tokom 3 dana. Tokom skladištenja, praćeni su kvalitativni pokazatelji: rastvorljivih 
čvrstog sadržaja, titraciona kiselost, boja i tekstura. Metabolička procena sprovedena je ocenjivanjem endogene metaboličke toplote 
koristeći izotermni kalorimetar i praćenjem potrošnje O2 i proizvodnje CO2 istovremeno. U oceni kvaliteta tokom skladištenja 
pronađene su razlike; posebno je kivi na najnižem stadijumu zrenja imao najsporiju degradaciju kvaliteta, kako u pogledu 
omekšavanja tako i vizuelnih promena kvaliteta. Rezultati metabolički proizvedene toplote bili su različiti pri različitim nivoima zre-
losti, pokazujući strogu vezu između fiziološkog stanja tkiva i odgovora subjekta na oštećenje. 

Ključne reči: kivi, ubrzano skladištenje, kvalitet.  
 

INTRODUCTION 

Minimally processed fruits are products that have to maintain 
their quality attributes similar to those of the fresh ones. How-
ever, being metabolically active tissues, they show physiological 
reactions to mechanical stress suffered from peeling, slicing, dic-
ing, shredding or chopping. These minimal processing opera-
tions result in a major tissue disruption, consequently the loss of 
cellular compartmentalisation promotes the contact between en-
zymes and substrates and an overall increase of metabolic activ-
ity (Alzamora et al.,2000; Hodges e Toivonen, 2008).  

Severity of the wounding response could be affected by sev-
eral factors, both internal and external. Internal factors include 
species and variety, but also both maturity at harvest and ripe-
ness stage at cutting. Many studies have shown that the more 
advanced is the stage of ripeness, the more susceptible the fruit 
is to wounds, hence to minimal processing (Brecht, 1995; Gorny 
et al., 2000; Soliva-Fortuny and Martın-Belloso, 2003) thus em-
phasizing the fact that maturity influences stress tolerance 
(Hodges and Tovoinen, 2008). Mature green apple slices exhi-
bited a better preservation of their initial firmness and color dur-

ing storage compared to partially ripe and full ripe slices (Soliva-
Fortuny et al., 2002). Slices of slightly under ripe ‘Conference’ 
pears underwent minor browning and softening processes com-
pared to slices of riper fruits (Soliva-Fortuny et al., 2004), prov-
ing the first to be more suitable to minimal processing proce-
dures. Generally the fresh-industry prefers to process firmer and 
less mature fruits because of technological suitability, and a con-
sequent longer shelf-life of the final product (Hodges and Toivo-
nen, 2008), although at this ripening stage the fruit organoleptic 
quality and flavour profile are lower (Gorny et al., 2000; Beau-
lieu and Lea, 2003; Aguayo et al., 2004; Beaulieu 2006a). Even, 
generally the flavour is indicated by consumers as the most im-
portant quality attribute for fruits and vegetables, textural flaws 
are more often cause of non-acceptability of a fresh product 
(Harker et al., 2003). Furthermore consumers are often found to 
be more sensitive to small changes in texture than flavour (Beau-
lieu et al., 2004). 

Furthermore several researches have been focused on the in-
fluence of maturity stage on the effectiveness of pretreatment for 
the production of fresh cut fruits. Beirão-da-Costa et al. (2006) 
evaluated the application of mild heat treatments to delay quality 
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loss in fresh cut kiwifruit, and found that the treatment was ef-
fective only if the fruit was at an early maturity stage. Panarese 
et al. (2012) studied the use of osmotic dehydration (OD) on ki-
wifruit at different ripening stages, finding a higher sensibility of 
fully ripened fruits to osmotic stress. The higher reduction of 
metabolic heat production in the ripe fruit was attributed to the 
loss of membrane integrity and the consequent increase of mem-
brane permeability during ripening. 

Kiwifruit is commercially important as fresh-cut fruit (An-
tunes et al., 2010) and it has been the subject of several studies 
addressed to the increase of its shelf-life through the application 
of different pre-treatments (Mao et al., 2007; Villas-Boas and 
Kader., 2007; Beirão-da-Costa et al., 2006, 2008, Dalla Rosa et 
al., 2011) and modified atmosphere packaging (Antunes et al., 
2010). In kiwifruit, minimal processing operations are known to 
lead to excessive tissue softening (O’Connor-Shaw et al., 1994; 
Varoquaux, et al, 1990), to increased CO2 and ethylene produc-
tion, to larger mass loss (Agar, et al, 1999) and to decreased fla-
vour intensity (O’Connor-Shaw et al., 1994), although loss of 
firmness has been indicated as the most noticeable change in ki-
wifruit even at low temperatures storage (Varoquaux et al., 
1990; Gil et al., 2006). As a consequence, raw kiwifruits used in 
the fresh-cut industry require high firmness and low soluble con-
tent (Beaulieu, 2010) in order to perform the mechanical opera-
tions, resulting though with an inadequate level of ripening for 
consumption. 

Although several researches have been carried out regarding 
fresh-cut fruit quality, some basic aspects are still unknown, 
mainly because only a few studies have been performed about 
fresh-cut fruit metabolic response to processing stress. The aim 
of this work was to evaluate the influence of ripening stage on 
fresh-cut kiwifruit tissues in terms of quality and tissue metabo-
lism, during accelerated storage (AS) in controlled conditions. 

MATERIAL AND METHOD 

Raw materials 

Kiwifruits (Actinidia deliciosa var deliciosa cv Hayward) 
were brought on the local market. They were partially ripened at 
4 ± 1 °C and 90-95% of relative humidity in air. Along the rip-
ening time, three different stages were selected, corresponding to 
refractometric index values of 11.6 ± 0.9 (LB-Low Brix); 13.5 ± 
0.8 (MB-Medium Brix) and 14.9 ± 0.6 (HB-High Brix). For each 
ripening stage the fruits were hand peeled and cut into 10 mm 
thick slices with a sharp knife and stored in climatic chambers at 
10 °C, 90% RH, for 3 to 4 days. 

Qualitative determinations 

Moisture content of kiwifruit samples was determined gra-
vimetrically by difference in weight before and after drying in 
vacuum oven (pressure≤100 mm Hg) at 70 °C. Drying was per-
formed until a constant weight was achieved (AOAC Interna-
tional, 2002). Triplicate measurements were conducted for each 
sample. Soluble solids content (SSC) was determined at 20 °C 
by measuring the refractive index with a digital refractometer 
(PR1, Atago, Japan) calibrated with distilled water. Titrable 
acidity (TA) was determined by titration with NaOH 0.1 N until 
pH 8.1 (AOAC Official Method 942.15) and expressed as mg of 
citric acid/100 g FW. For each sample, SSC and TA were deter-
mined in triplicate on the juice obtained from 10 kiwifruit slices, 
after filtering through Whatman #1 filter paper. The ratio be-

tween SSC and TA has been used as a ripening index (Sweeney 
et al., 1970). 

Firmness (N) was evaluated by performing a penetration test 
on kiwifruit slices outer pericarp tissue using a TA-HDi500 tex-
ture analyzer (Stable Micro Systems, Surrey, UK) with a 5 kg 
load cell. Experiment was run with a metal probe of 6 mm di-
ameter, and a rate and depth of penetration of 1 mm s−1 and 6 
mm, respectively (Beirão-da-Costa et al., 2006). Firmness (N) 
was evaluated as the first peak force value according to other 
authors. The mean of two replicates of each kiwifruit slice was 
averaged (n=30). 

Surface colour was measured using a colour-
spectrophotometer mod. Colorflex  (Hunterlab, USA). Colour 
was measured using the CIELab scale and Illuminant D65. The 
instrument was calibrated with a white tile (L*93.47, a* 0.83, b* 
1.33) before the measurements. Results were expressed as L* 
(luminosity), a* (red index) and b* (yellow index).  

Metabolic determinations 

Six cylinders were sampled using a core borer from the outer 
pericarp tissue of each kiwifruit slice and placed in sealed 20 ml 
glass ampoule. Four replicates for each sample were performed. 
The rate of heat production was continuously measured in a 
TAM air isothermal calorimeter (Thermometric AB, Järfälla, 
Sweden), with a sensitivity (precision) of ±10 μW (Wadsö and 
Gόmez-Galindo, 2009). This instrument contains eight twin 
calorimeters. Each calorimeter had its own reference and the 
measured signal is the difference between the sample signal and 
the reference signal. The reference is a sample with thermal 
properties similar to the sample, except that it does not produce 
any heat; water was chosen as the reference material. By assum-
ing that the heat capacity of kiwifruit dry matter (CST) is 1 J g−1 
K−1, the quantity of water in each reference ampoule (Mw) was 
determined as: 

 

  (1) 
 

where MST is the dry matter content and MW is the water con-
tent of the kiwifruit sample; CW is the water heat capacity. The 
measurements were performed at 10 °C for 24 h. Immediately 
after the ampoules discharging from the calorimeters, the CO2 
percentage was measured in the ampoule headspaces by a gas 
analyzer (MFA III S/L gas analyzer, Witt-Gasetechnik, Witten, 
Germany). 

Respiration rate was evaluated using a static method. Six cyl-
inders were sampled from the outer pericarp tissue of the slice 
and sealed in 20 ml glass ampoule. CO2 percentage of triplicate 
specimens was measured in the ampoule headspace by a gas ana-
lyzer mod. MFA III S/L (Witt-Gasetechnik, Germany) after se-
lected intervals during 24 h at 10 °C from the sampling. 

The respiration rate (RRCO2) was calculated as: 
 

 (2) 
 

where mmCO2 is the oxygen molar mass (g/mol), Vhead is the 
ampoule headspace volume (L), %CO2, head is the carbon diox-
ide percentage in the ampoule headspace at time t (h); m is the 
sample mass (kg); R is the gas constant (L kPa K−1 mol−1). 
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Statistical analysis 

Significance of the effects of ripening stage was evaluated by 
means of t-Test and one-way analysis of variance (ANOVA, 
95% significance level) using the software STATISTICA 6.0 
(Statsoft Inc., Tulsa, UK). 

RESULTS AND DISCUSSION 

Physico-chemical parameters 

Means values of the soluble solids content (SSC), titrable 
acidity (TA) maturity index (°Brix/TA) and water content are 
shown in Table 1. 
 

Table 1. Physico-chemical parameters of kiwifruit samples 
during storage at 10 °C 90 % RH. 

 

Samples 
Days of 
storage 

SSC 
(°Brix) 

TA (mg citric 
acid/100 g) 

Maturity index 
(°Brix/TA) 

Water con-
tent (%) 

LB 
0 11.56a 1.45a 7.95a 84.1a

1 12.07a 1.50a 8.06a 83.9a

3 14.58b 1.47a 9.93b 82.6b

MB 
0 13.46a 1.47a 8.92a 85.1a

1 14.64b 1.57a 9.35a 81.3b

4 16.27c 1.59a 10.26b 79.6b

HB 
0 14.88a 1.42a 10.04a 83.7a

1 16.55b 1.48b 11.26b 82.4b

3 17.53b 1.56c 11.26b 80.6c

*Values followed by different letters for the same ripening 
group differ significantly at p < 0.05 levels. 

 

Soluble solid content increased of about 3°Brix compare to 
the initial value in all samples during storage, showing a pro-
gressive conversion of starch into soluble sugars as a response 
induced by minimal processing. TA did not show significant 
modifications in LB and MB kiwi samples but underwent a 
slight, but significant increase in High Brix (HB) sample. In 
general, in all samples an increase of maturity index, calculated 
as ratio between SSC and TA, was observed. 

Initial moisture content was similar for the three different 
ripening stages groups and decreased in all samples during stor-
age as reported in table 1. Disruption of cell membranes due to 
wounding can lead to water loss from tissues (Rolle et al.,1987). 
The intermediate ripeness (MB) sample showed a higher water 
loss, going from 85.1 to 81.3% of water content in the first day 
and to 79.6 % at the end of the storage. The sample at the lower 
ripeness degree shows a better retention of water during storage 
with a loss of less than 2%. 

Degree of ripening affected lightness of the flesh, as reported 
in fig 1a. LB fruit were significantly lighter compared to HB 
fruits, showing a difference in the L* value of ten units; similar 
results has been found by Beirão-da-Costa et al. (2006). During 
storage the a* chromatic component of colour reported a pro-
gressive decrease in all samples. As far as a* and b* values are 
concerned, during storage all samples showed modifications that 
led to the increase of the first and decrease of the second one. 

Kiwi fruit samples at LB and MB ripening stages, did not 
show significant differences, whereas the riper fruit appeared 
always less green and yellow. The colour of kiwifruit flesh is 
mainly due to the presence of some pigments, as chlorophyll and 
carotenoids. Variations from green to yellow are due to the dis-
appearance of chlorophyll that unmask the carotenoids and to the 
changes in the chemical composition and cell wall structure 
(Brady, 1987). According to Montefiori et al. (2009) cultivars of 
Actinidia deliciosa Hayward retain better their green colour dur-
ing maturation and ripening compared to other cultivars, as a 

consequence of a low enzymes activity responsible for chloro-
phyll catabolism and a retention of the chloroplasts structure. 
The changes of colour observed in this experiment could be 
caused by a variation in the internal structure of kiwifruit tissue 
due to ripening. According to Agar et al. (1999) surface darken-
ing in kiwifruit slices can be attributed to translucent water soak-
ing of the tissues, while low polyphenoloxidase activity and high 
ascorbate content inhibit enzymatic colour degradation. 
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Fig. 1. Changes in colour parameters L*, a* and b* of kiwifruit 
samples (Low  Medium and ▲ High Brix) during storage at 

10°C and 90% RH. 
 

As expected LB fruit showed a higher initial flesh firmness 
(11.28 N ± 5.22) compared to medium ripe MB (9.33 N ± 3.74) 
and riper fruits HB (1.66N ± 0.32) indicating a progressive 
breakdown of internal structure during fruit maturation that it is 
a consequence of the solubilisation of the protopectin fraction of 
the cell wall components (Varoquaux et al., 1990). Furthermore 
Beirão-da-Costa (2006) found that calcium content was higher 
in partially mature fruits compared to fully ripe one, resulting in 
a greater formation of calcium pectates. 

 
Differences in the ability to maintain initial firmness during 

storage were also found. As reported in fig 2, at a lowest stage of 
ripening, kiwifruit slices exhibited a good retention of their tex-
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ture after one day of storage at 10°C. Only at the third day, a 
substantial firmness loss, more than 50% of the initial value,  
was observed. In MB kiwifruit slices, a 50% loss was observed 
right after the first day, whether riper fruit slices maintained very 
low and similar values during the three days of storage. 

Texture loss in kiwifruit slices can be considered the most 
noticeable change during storage (Soda et al., 1986; Varoquaux 
et al., 1990; Gil et al., 2006) and it is related to structural 
changes (Muntada et al., 1998). According to Varoquaux et al. 
(1990) texture breakdown in kiwifruit slices is due to the enzy-
matic hydrolysis of cell wall components. These enzymes, acti-
vated by operations as peeling and cutting, diffuse through the 
inner tissue and catalyze the demethoxylation and depolymerisa-
tion of pectic compounds. These authors also affirmed that en-
zymatic activity due to cutting promote the degradation of uronic 
acid polymers, demethylation of the water soluble fraction and 
rupture of calcium bridges. 

The results of the present study suggest that with the pro-
gressive ripening of the fruit, the internal structure undergoes a 
breakdown that causes a substantial loss of initial firmness. 
Moreover, mature fruits are more sensible to peeling and cutting, 
and undergo a faster softening process compared to partially ripe 
fruits. These results are in agreement with previous findings by 
Soliva-Fortuny et al. (2002; 2004) and Dobrzanski and 
Rybczynsky (2000). 
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Fig. 2. Evolution of firmness of fresh-cut kiwifruit slices at three 
ripening stages ( Low,  Medium and ▲ High Brix) during 

storage. 

Metabolic response 

Figure 3 depicts an example of heat production profiles of 
Low, Medium and High Brix kiwifruit samples during 12 hours 
at 10°C. The initial disturbance due to ampoule loading into the 
calorimeter lasted about 1 h and was not taken into considera-
tion. The thermograms evidenced a progressive decrease of the 
specific thermal power P (mW per gram of sample) by increas-
ing the ripeness level.  

Generally, when the wounded tissue ‘send the signals’, the 
plant starts a number of protective processes that lead to an in-
crease of the produced metabolic heat (Wadsö et al, 2004). As 
reported by Gomez et al. (2004), after wounding, the energy re-
leased by the cell is due to the sum of the ‘‘normal’’ metabolic 
activity and that originating from wounding stress produced by 
the cells near the cut surface. Part of the processes that occur af-
ter wounding are design to membrane restoration and strengthen-
ing of cell walls by cells close to the site of injury (Rolle et al, 
1987 and Satoh et al., 1992). These results suggest that fruits at 
an advance stage of ripening have a lower metabolism reaction 
after wounding, probably due to the loss of the ability to repair 
the damage caused by mechanical stress. 
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Fig. 3. Specific thermal power profiles of pericarp tissue cylin-

ders or kiwifruit at three ripening stages  during 24 h of analysis 
at 10°C. Each thermogram is an average of four replicates. 

 

Mean values of the respiration rate during storage of 24 h in 
controlled conditions are reported in Table 2. LB sample showed 
consistently higher values of CO2 produced and O2 consumed 
compared to the riper samples. 

 

Table 2. Rate of respiration (RCO2) of pericarp tissue cylin-
ders or kiwifruit at three ripening stages  during 24 h of analysis 
at 10°C. 

 

Time of 
storage (h)

Sample 

LB MB HB 

2 61.61 ± 3.90 36.39 ± 4.27 40.82 ± 0.59 

4 37.9 ± 5.60 29.40 ± 3.50 32.77 ± 2.03 

6 33.90 ± 9.45 24.23 ± 4.41 33.82 ± 3.50 

8   25.68 ± 0.64 26.63 ± 2.93 

24 33.52 ± 2.48 24.51 ± 0.44 21.86 ± 2.65 

CONCLUSION 

The present work showed that the ripening stage has an im-
portant influence on the entity of the wounding response of kiwi-
fruit tissue. All samples showed an increase of maturity index, 
while the sample at the lower ripening degree showed a better 
retention of water during storage. Differences in the ability to 
maintain initial firmness during storage were also found. At a 
lower stage of ripening, kiwifruit slices exhibited a good reten-
tion of their texture during the first two days of storage at 10°C, 
while more mature fruits were more sensible to peeling and cut-
ting, showing a faster softening process compared to partially 
ripe fruits. 

Metabolic heat production results were different at the dif-
ferent ripening levels investigated, evidencing a strict connection 
between the physiological state of the tissue and the entity of its 
wounding response in terms of heat production 

The approach purposed in this research can be very useful to 
standardize the raw kiwifruit selection from fresh-cut industry, 
permitting the understanding of kiwifruit metabolic response 
mechanisms to minimal processing operations. 
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