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Abstract The effect of mild heat treatments, applied
to whole kiwifruit, on physical characteristics and
chemical composition of minimally processed fruit was
studied. Fruits were subjected to heat treatments at
45 °C for 25 and 75 min, cooled for 24 h, minimally
processed and stored at 4 °C for 12 days. Heat-treated
fruits showed increased respiration rates in the first
2 days of storage. Samples colour was marginally
affected either by heat treatments or by minimal pro-
cessing. The application of heat treatments leads to an
increment of slices firmness due to cross linking
between demethylated galacturonic acid chains and
endogenous calcium. An increment in sucrose, L-
malic, citric, quinic and ascorbic acids was observed as
a consequence of applied heat treatments. Heat treat-
ment at 45 °C for 25 min applied to whole fruits allows
quality retention of minimally processed fruit during
9 days at 4 °C.
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Introduction

The most important motivation for purchasing mini-
mally processed products relates to convenience [1] but
the health benefits associated with the consumption of
fruits and vegetables have led to a growing attention to
this kind of products [2, 3].

Convenience and quality are the two aims difficult
to harmonize because minimal processing operations
lead to physiological and biochemical changes typical
of the senescence process such as increased respira-
tion, ethylene production and loss of membrane
integrity [3-5].

Minimal processed kiwifruit undergoes several dete-
riorative reactions leading to loss of firmness, increased
respiration and ethylene production rates, mass and
flavour loss [6-8]. Some efforts had been made in order
to get a better preservation of the sliced fruit, such as
application of 1-methylcyclopropene (1-MCP) prior to
cutting, packaging in non-conventional modified atmo-
sphere with argon and nitrous oxide [9], application of
volatile compounds such as methyl jasmonate, ethanol
and other alcohols [10], treatments with hydrogen per-
oxide, calcium lactate and controlled atmosphere pack-
aging [11].

The effects of mild heat treatments on the posthar-
vest physiology of fruits and vegetables were already
discussed [12-16]. This kind of treatments was effective
in quality maintenance of fresh cut cantaloupe melon
[4, 17, 18], apples [19] and mango [20].

Moderate heat treatments applied to whole kiwi-
fruit were found to be an interesting methodology able
to better preserve minimally processed fruit slices [12]
but the underlying mechanisms remain somewhat
unknown. The objective of the present work was to
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Table 1 Physical and chemical characterization of raw material

Firmness (N/mm?) 0.052 £+ 0.0025
Colour (outer pericarp/white core)

L* 45.30 4 1.254/67.93 4+ 1.047
c 20.14 +£1.001/23.27 + 0.718
H 116.77 + 0.431/108.38 4+ 0.312
Total soluble solids 12.8

PH 3.5

Calcium (mg/100g fw) 3397 +£1.212

Sugars (g/100g dw)

Sucrose 4.28 +0.133

Fructose 23.91 £2.846

Glucose 17.45 + 1.812

Acids (g/100g dw)

Malic 0.14 £ 0.003

Citric 2.42 +0.016

Quinic 3.09 £+ 0.063

L-Ascorbic 0.17 4+ 0.003

Mean values =+ standard error. Firmness n = 30; colour n = 20;
other parameters n =3

understand the physical and chemical changes
involved in minimally processed kiwifruit previous
subjected to moderate heat treatments.

Materials and methods
Materials

Kiwifruits [Actinidia deliciosa (A Chev) Liang et Fer-
guson var deliciosa cv Hayward] were purchased at a
local market. Fruits selected by uniform size and the
absence of visual wounds was stored under refrigera-
tion (4 °C) prior to pre-treatments and/or minimal pro-
cessing. Physical and chemical fruit characteristics are
summarized in Table 1.

As it was apparent from previous works [12] that
maturity stage has relevance in the treatments’
efficiency, so total soluble solids and pH were mea-
sured for the raw material.

Despite the low firmness value, total soluble solids
and pH denote that fruits were at a ripe stage, ade-
quate for consumption (TSS > 12.5%). The lowest
firmness value may be indicative of early harvested
fruits followed by storage, because as [21] state, late
harvested kiwifruit retains their flesh firmness during
storage better than early harvested fruit.

Methods
Heat treatments

Whole kiwifruits were subjected to immersion heat
treatments at 45 °C for 25 min and for 75 min [12],
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rapidly cooled in a cold chamber (4 °C) and kept under
cold storage (4 °C) for 24 h. Non-treated fruits were
used as control.

Minimal processing

Heat-treated and control fruits were hand peeled,
washed in a cold sodium hypochlorite solution
(125 mg/L free of CI', at pH 6), gently dried with a blot-
ting paper and cut into slices (=1.5 cm thickness) with
sharpened knives. Slices from different fruits were
randomly distributed and each 250 g packed in low-
density polyethylene and vinylidene chloride bags
[3,000-4,000 and 11,000-15,000 (mL/m?/24 h/atm) per-
meability to O, and CO,, respectively], and stored at
4 °C. At each date of analysis three packages per sam-
ple were evaluated.

Analytical procedures

During cold storage, samples were analysed for pack-
age atmosphere composition, colour, firmness, free and
linked calcium, sugars, acids and pectic polymers.

Sensory analysis was performed by a ten element
trained panel, concomitantly with those objective
determinations.

Atmosphere composition. Headspace gas samples
were taken with a hypodermic needle through an adhe-
sive septum previously fixed on the bags and analysed
using a checkmate 9,900 O,/CO, gas analyser (PBI-
Dansensor, Denmark).

Colour. The colour of kiwifruit slices was evaluated
both on outer pericarp and on inner white core. Mea-
surements, made with a Minolta CR300 colorimeter,
were taken by L*, a*, b* (CIE) parameters. Hue angle
(h°) and chroma (c) were calculated [22]. Results were
the mean of 20 measures on each section of fruit slices.

Firmness. Firmness was evaluated by performing a
puncture test on flesh of kiwifruit slices using a
TA-XT2 texture analyser from Stable Micro Systems,
equipped with a 25 kg load cell. Firmness measure-
ments were taken as the medium force attained in a
puncture at 4 mm distance, at 1 mm/s with a 4 mm
diameter stainless steel probe. Results were the mean
of 30 measures for every sample. As firmness is the
critical parameter in minimally processed kiwifruit’s
shelf life, this parameters’ analysis was extended for
12 days of storage.

Calcium. Calcium analysis was performed on the
fruit’s outer pericarp, without seeds, using the method
described by [17], slightly modified. About 2 g of kiwi-
fruit cut in small cubes and 20 mL of cold deionized
water were homogenized. About 5 mL of water used to
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wash apparatus was added. The mixture was stirred at
low speed for 1 h. About 5 mL of rinse water used was
added to the homogenate before centrifugation at
20,000g for 1h, at 4°C using a Hermle Z 383K
(Germany). Samples were filtered through the What-
man 541 ashless filter paper. About 30 mL of filtrate
was added of 30 mL of 3 mol/L HCI to determine free
calcium. The insoluble material was incinerated with
the filter paper at 550 °C for 24 h and re-suspended in
10 mL of 3 mol/L HCI and 40 mL of deionized water.
Strontium chloride was added to control ionization
interferences. Calcium levels were determined at
422.7 nm using an atomic absorption spectrophotome-
ter equipped with an air-acetylene flame.

Sugars and organic acids. Sugars and organic acids
were extracted and analysed by HPLC according to the
method described by [23]. About 10g of kiwi was
homogenized in 25 mL distilled water and the sample
clarified by centrifugation at 20,000g for 20 min. The
pellet was washed with 25 mL distilled water, centri-
fuged again, and the supernatants collected and
pooled. Samples were filtered through 0.45 pm filters
prior to HPLC analysis.

Sugar content was evaluated by an HPLC system
consisting of a 125 Beckman pump, a differential
refractometer model 401, a R460 Waters detector and
a Waters 745 integrator. A Sugar Pak 1 column from
Waters was used. The mobile phase was 50 mg/L cal-
cium EDTA solution and the flow rate 0.5 mL/min at
90 °C. The sample volume injected was 20 pL.

For the determination of organic acids a Beckman
system Gold chromatograph was used. The HPLC sys-
tem consisted of a 126 Beckman pump, a diode array
detector model 168, operated by Gold 8.10 software.
An Aminex HPX-87H column from Biorad was used.
The mobile phase consisted of 5 mmol/L sulphuric
acid, pH 2.2, and the flow rate was 0.5 mL/min. The
sample volume injected was 20 uLL and the detection
was at 214 nm.

Ascorbic acid was extracted according to a method
described in [24]. About 50 g of kiwifruit was homoge-
nized with 50 mL of metaphosphoric acid, during
15 min. Then, another 50 mL of metaphosphoric acid
were added. The slurry was filtered using the What-
man 42 filter paper. The filtrate was filtered again
through 0.45 pm filters prior to HPLC analysis. Ascor-
bic acid content was determined as referred for
organic acids.

Pectic polymers. Pectin extraction/determination
was performed according to [25]. Pectins were
extracted from the alcohol insoluble residue (AIR)
obtained homogenizing 20 g of fruit with 100 mL of
boiling absolute ethanol. The homogenate was vacuum

filtered, the residue washed with 80% ethanol until dis-
colouration and the residue was dried at 35 °C £ 2 °C.

About 100 mg of AIR was homogenized with 50 mL
of distilled water and stirred for 30 min. The mixture
was centrifuged at 15,000g for 15 min, the pellet resus-
pended in 50 mL of distilled water, stirred and centri-
fuged again. These procedures were repeated twice.
The three supernatants were pooled and represent the
water-soluble fraction (WSF). The pellet was resus-
pended in 50 mL of 0.05 mol/L HCL and incubated for
30 min at 98 °C under reflux. All extractions were per-
formed in triplicate.

Uronic acid concentrations were estimated by the
m-hydroxydiphenyl method using galacturonic acid as
standard [25].

Sensory analysis. Sensory evaluation of minimally
processed kiwi samples was conducted in the sensory
laboratory of the Department of Food Science and
Technology, ISA/UTL. The sensory evaluation was
performed by a total of ten trained judges (food engi-
neering students and staff). All of them were non-
smokers and their age ranged from 25 to 63 years old.
The room, at 20 °C, was equipped with seven isolated
sensory booths. The tasting sessions occurred in the
period from 10.00 am t012.30 pm. Panellists performed
a descriptive test and were asked to analyse the sam-
ples’ colour, typical aroma, untypical aroma, typical
taste and firmness, in a scale of five points. Those
descriptors were selected in previous trials.

Statistics. Analysis of variance was applied to the
results, as well as a mean comparison test (Fisher
LSD), to analyse differences between treatments along
storage time. Principal component analysis was also
performed. “Statistica” v. 6.1 software from Statsoft,
Inc., was used.

Results and discussion

Figure 1 shows the evolution of CO, concentration in
the headspace of minimally processed kiwifruit pack-
ages along the storage period. The analysis of atmo-
sphere composition inside the packages during 9 days
of storage revealed that minimal processing operations
led to an enhancement of respiration rate with an accu-
mulation of CO, inside packaging of all samples, pro-
ducing a modified atmosphere. Agar et al. [8] reported
that kiwifruit slices had doubled their CO, production
rates of whole fruit few hours after peeling and slicing
operations at 20 °C and within 1 to 3 days at 2 °C. Sam-
ples previously subjected to heat treatments exhibit a
higher accumulation in the first 2 days of storage,
17 and 14% for treatments during 25 and 75 min,
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Table 2 Colour of minimally processed kiwifruits’ outer pericarp during storage

Storage 45 °C/25 min 45 °C/75 min Control
time (day)
L c h L c h L c h

0 43.18% 19.002° 117.912 40.38" 15.94b¢ 113.092b<d 45.30° 20.14° 116.77%°
2 37.53¢ 12.00%d¢ 110.70%4 36.00¢ 13.42¢def 115.002° 40.19%¢ 14.17¢ 110.70%4
5 37.69 10.864¢f 112.11bede 37.56% 10.61° 107.96¢ 38.71¢ 12.83¢def 109.01%
7 38.38% 13.91¢f 112.88b<d 37.044 11.60%f 112.01bcde 40.29%¢ 12.324f 109.60%
9 38.38% 10.42° 107.48° 37.31¢ 11.479f 110.66%% 37.81 12.94¢def 110.94°%4¢

For each colour parameter values followed by the same lowercase letter are not significantly different at P < 0.01, Fisher LSD test

0 T v T T
0 2 4 6 8 10
Storage Time
(day)

Fig.1 CO, headspace composition of minimally processed kiwi-
fruit packaging during storage. Open diamond 45 °C/25 min; open
square 45 °C/75 min; filled triangle Control. Each data point rep-
resents mean + SE

respectively. From the fifth day to the end of storage
period the concentration of CO, inside the packaging
was similar for treated and control fruits (c.a. 19%).
Paull and Chen [16] refer that the respiration rate of
ripening fruit is initially increased by exposure to
higher temperatures but, after treatment the respira-
tion rate declines to near or below the level of non-
heated control. In minimally processed kiwifruit a simi-
lar pattern was found between heat-treated and control
samples.

The accumulation of CO, was followed by depletion
in O, levels, reaching about 4.5% of O, inside packages
of all samples at the end of storage period.

Changes in respiration rate as a result of whole fruit
heat treatments and/or minimal processing operations
were observed in sweet cherry [26], cantaloupe melon
[4], peaches [27], plums [28] apples [29, 30] and pears
[31] among others, depending besides other factors on
cultivar, maturity stage, age of tissue and storage tem-
perature [16]. In our work, we notice that the effect of
the minimal processing operations on respiratory activ-
ity of kiwifruit could not be minimized by the applica-
tion of moderate heat pre-treatments.
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The tolerance of minimally processed products to
low O, and high CO, levels depends upon the com-
modity. Low levels of O, combined with high concen-
tration of CO, may induce fermentative reactions with
the production of ethanol and acetaldehyde imparting
off-flavours.

The O, level can be allowed to drop to near or at the
respiratory quotient breakpoint, the O, concentration
which corresponds to a sudden raise of the respiratory
coefficient [32], without injury [33].

Some works [8] refer that O, levels below 0.5% can
enhance the production of acetaldehyde and ethanol,
while modified atmospheres with 2—-4 kPa O, and/or 5-
10 kPa CO,, in combination with calcium treatments,
were effective in maintaining the quality of fresh-cut
kiwifruit slices for 9-12 days. In minimally processed
pineapple wedges no off-odour or off-flavours were
detected after a 2-week storage period, at O, and CO,
levels lower than 2% and higher than 15%, respec-
tively [34].

In the present work, the O, concentrations inside
packaging never drops below the referred levels.

Samples’ pericarp colour evolution during a 9-day
storage period is summarized in Table 2. The major
changes occurred in the first 2 days of storage. Samples’
L* and c underwent a decline indicating some yellowing
resulting from chlorophyll degradation. These changes
were mainly due to minimal processing, as followed by
control as well, and were marginally affected by heat
treatments. Cut surface browning was not noticed. Hue
angle, the parameter that better describes the human
eye perception of colour, underwent marginal differ-
ences in all samples along the whole storage period;
hence, these changes were not visually perceptible.

These results are in accordance with previous results
[12] in which the adjusted model showed a similar pat-
tern of evolution of L* value for firm ripe kiwifruit.

Loss of kiwifruit’s pericarp green colour, yielding an
increase in a* values, and induced by cutting had
already been observed, probably due to chlorophyll
degradation and consequently to pheophytin forma-
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Table 3 Colour of minimally processed kiwifruits’ white core during storage
Storage 45 °C/25 min 45 °C/75 min Control
time (day)

L c h L c h L c h
0 65.10° 20.65° 109.242 65.212 19.88%° 108.09% 67.93? 23.27° 108.382
2 60.96° 19.82%¢ 105.58 58.14bcde 18.670¢ 105.04%¢ 58.62b¢de 19.28<4 106.25°
5 60.32°¢ 17.98°%de 103.324¢ 59.01bede 19.265¢d 102.73¢f 59.87b¢d 19.665<d 105.06°°
7 57.20¢0de 18.52bcde 102.81¢f 56.68% 17.559% 102.29¢f 60.06 18.43bcde 104.47%¢
9 59.665¢d¢ 18.16%% 101.78" 58.62bcde 18.20%d° 101.72f 56.52° 16.48¢ 102.91¢f

For each colour parameter values followed by the same lowercase letter are not significantly different at P < 0.01, Fisher LSD test

tion [35]. Blanching treatments at 99.8 °C for periods
longer than 5 min also lead to an increase in a* values
of outer pericarp tissue of kiwifruit halves [36]. Rocculi
et al. [9] observed similar colour changes in minimally
processed kiwifruit, ¢ being the most affected parame-
ter. The authors conclude that a storage atmosphere of
90% N,O, 5% O, and 5% of CO, allowed a better
preservation of L* and /°, probably due to an indirect
inhibitory effect of clorophyllase by N,O. Nevertheless,
other authors referred that there did not appear to be
any consistent relationship between the changes
occurred in the total chlorophyll content (degraded
between 70 and 80% ) and colour of kiwifruit slices sub-
jected to blanching and vacuum solutes impregnation
[37]. Agar et al. [8] report a slight brown discolouration
in slices exposed to 10 kPa or higher of CO, but this
effect was observed just in 1 year experiment, not being
confirmed in the second one. On the other hand, the
same authors state that kiwifruit slices’ surface darken-
ing, expressed by a decreased L* value, was due to the
induction of a translucent water soaked tissue and not
to enzymatic browning.

Colour was also measured in the white core of slices
(Table 3). In parallel with the pericarp, heat treatments
only marginally affect slices colour. The observed
differences were mainly due to minimal processing as
both treated and control samples underwent the same
colour evolution. Chroma was the only parameter
slightly affected by heat treatments. Despite the fact
that at the beginning of the storage period treated sam-
ples showed lower ¢ values than control, from the sec-
ond day onwards the three samples did not show
significant differences (P > 0.01). Limited information
is available about colour changes of kiwifruits’ white
core. Rocculi et al. [9] measured colour changes of
kiwifruit white core by image analysis and conclude
that just a modified atmosphere with N,O could mini-
mize the occurrence of brown area, which represented
more than 90% in control after 4 days. In our work,
colour was evaluated both by the tristimulus reflec-
tance method and by sensory analysis but such notice-
able changes were not detected.
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The influence of the application of mild heat treat-
ments in kiwifruit firmness is shown in Fig. 2.

It is apparent that all samples evidenced a gradual
softening along the 12-day storage period. Neverthe-
less, in control samples, the firmness decrease was
more pronounced than in treated samples. Immedi-
ately after minimal processing, samples treated at
45 °C during 75 min showed a lower firmness (=15%)
than the other two, but this value was almost constant
until the end of the storage period. At the second day
of storage no significant differences were found
between the three samples. After 5 days, control sam-
ples continued evidencing a faster softening pattern
while samples subjected to treatment at 45 °C/25 min
preserve the firmness of the second day of storage.
After 12 days of storage, control samples showed a
reduction of firmness of about 49% while samples
treated at 45 °C/25 min exhibit a softening of 22%, in
comparison with the raw material.

Firmness is the most limiting parameter in quality
maintenance of kiwifruit slices. Agar et al. [8] conclude
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that the hurdle effects of storage temperature, ethylene
scrubbing, calcium treatments and modified atmo-
sphere, could minimize kiwifruit softening. However,
even the most effective treatments used lead to a
decline in firmness values between 25 and 50% of ini-
tial raw material. Rocculi et al. [9] also describe posi-
tive effects on firmness preservation of kiwifruit slices
by packaging atmospheres with argon or nitrous oxide.
Slices underwent a firmness decrease about 10% after
8 days of storage and a 36% decrease after 12 days. As
pre-treatment, the application of 1-MCP to whole kiwi-
fruit results in a firmness decrease of just 12.5% in fruit
halves, after 10 days of storage [35].

The firming effect of moderate heat pre-treatments
in kiwifruit slices had already been observed in previ-
ous work [12], and it was supposed that the preserva-
tion of firmness was due to the activation of pectin
methylesterase (PME) (EC 3.1.1.11) and subsequent
formation of calcium pectates. In our results, the analy-
sis of pectic polymers (Fig. 3) and free and linked cal-
cium (Fig.4) support this hypothesis. In control
samples, the period of faster softening was accompa-
nied by a marked increase in soluble pectin content.
From the fifth day and until the end of storage, the
level of those polysaccharides remained constant but
tissue softening proceeds. In heat-treated samples, the
levels of soluble pectin remain constant during the
same period. Samples heated during 75 min showed at
the beginning a higher level of soluble pectin, explain-
ing the lower firmness, but this value was maintained
until the end of storage. The prolonged heat treatment
promotes the release of strongly linked polysaccha-
rides; therefore, this sample also exhibits higher con-
tent of total pectin, at the beginning of storage (Fig. 4).

In samples treated during 25 min, soluble pectin just
began to increase after 5days storage. Despite the
differences observed in firmness, at the end of storage,
all samples showed similar levels of soluble pectin.

Varoquaux et al. [6] already suggested that the tex-
ture breakdown of kiwi slices is probably due to
enzyme catalysed hydrolysis of cell wall components.

One day after heat treatments, both treated samples
showed similar levels of free calcium, about 7-9%
lower than control samples, suggesting that in heat
treatments of samples calcium pectates formation
occurred.

At the end of 9 days packaging all samples showed
similar levels of free calcium. During the storage
period the progressive PME activity induced by slicing
allows, in control samples, the formation of calcium
pectates as well. Nevertheless, this slower process was
superseded by a faster and stronger softening of sam-
ples as observed.
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Despite the fact that PME activity was not measured
during and after the heat treatments, the results seem
to prove that those heat treatments promote PME
activation allowing cross linking between endogenous
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calcium and demethylated galacturonic acid chains
from pectin polymers in the cell wall and middle
lamella.

Zhang and Chen [38] showed that soaking treat-
ments influence the texture of green eggplants and
optimum results were obtained at 52.6 °C for 18.9 min
in NaCl solution at 0.224 mol/dm>. In eggplants, a pro-
gressive activation of PME was clear between 30 °C
and 65 °C, but the enzyme was stable at 50 °C for
20 min. When incubated at 60 °C, the residual activity
decreased significantly during the first 10 min of incu-
bation, but the residual activity decreased slightly as
incubation time progressed, perhaps due to different
isoforms of PME present, with different thermal resis-
tances.

Vicente et al. [39] refer that air heat treatments at
45 °C for 3 h delay strawberries’ softening by enhanc-
ing PME activity, diminishing endo-1,4-B-D-glucanase,
B-xylosidase, B-galactosidase and polygalacturonase
activities, delaying hemicellulose degradation and pec-
tin solubilization.

Luna-Guzman et al. [17] describe as well, for canta-
loupe melon, the firming effect of heat treatments at 20,
40 and 60 °C in association with dips in 2.5% calcium
chloride solutions and, therefore it may be possible
that the observed effect in kiwi slices quality mainte-
nance could be enhanced by the application of calcium.

Fructose and glucose were the main sugars in analy-
sed kiwifruit (Fig. 5). Fructose (=53%) was present in
slightly larger amounts than glucose (=38%). Sucrose
is also present but at lower levels (=9%). Other
authors [8, 10, 40] refer a similar relation between
these different sugars found in kiwifruit. Both heat-
treated samples showed higher (P <0.05) levels of
sucrose than control samples that retain the initial con-
tent of sucrose during all storage period, indicating that
this enhancement was due to heat treatment rather
than to minimal processing.

Despite the results demonstration of a clear connec-
tion between heat treatment and sucrose content
increase, the mechanisms involved are somewhat
unknown. The hydrolysis of larger polysaccharides by
the heat treatments is a possibility which should be con-
sidered. On the other hand, the activation of enzymes
responsible for sucrose synthesis, like sucrose phos-
phate synthase (SPS) and sucrose synthase, as response
to stress imposed by heat treatment is also possible. The
activity of these enzymes barely changes before and
during the period of rapid sugar increase but it is known
that a competition between sucrose synthesis and deg-
radation exists during postharvest ripening [41. Lange-
nkédmper et al. [42] report that SPS mRNA increases in
kiwifruit in response to ethylene. It is possible that heat

sucrose
(g / 100 g kiwifruit dm)
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30,0
250 4
200 7
15,0 9
10,0 -
50 A
00

400 4'

Glucose
(g/ 100 g kiwifruit dm)

150 1
100 1
50 1
00

Frutose
(9 /100 g kiwifruit dm)

0 2 4 6 8 10
Storage Time

(day)

Fig. 5 Effect of heat treatment and storage time on sugars con-
tent of minimally processed kiwifruit during storage. Open dia-
mond 45 °C/25 min; Open square 45 °C/75 min; filled triangle
control. Each data point represents mean £ SE. Bars not re-
vealed are hidden with symbols

treatment led to a higher production of ethylene, con-
tributing as well to sucrose synthesis.

In the first 2 days both samples exhibit a decline in
sucrose concentration, to levels similar to control. As
fructose and glucose concentration remained identical
in the same period, the assumption of disaccharide
hydrolysis is improbable. As already observed, heat
treatments lead to a rise in respiration rate, confirmed
by the greater accumulation of CO, inside packages.
The decline in sucrose level may suggest that this sugar
was consumed as respiration substrate.

In control samples glucose and fructose content
increased (P <0.05) from day 7, revealing the occur-
rence of hydrolysis, but sucrose content remained at
the same, probably due to continued ripening.

The acids analysed in samples were quinic, citric,
malic and ascorbic (Fig. 6). Quinic acid is the one pres-
ent in major amount (=53%) followed by citric acid
(=42%). L-malic acid is present in about 2% of the
total acid amount and L-ascorbic acid, the most active
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Fig. 6 Effect of heat treat-
ment and storage time on ac-
ids content of minimally
processed kiwifruit during
storage. Open diamond 45 °C/
25 min; open square 45 °C/

75 min, filled triangle control.
Each data point represents
mean =+ SE. Barsnotrevealed
are hidden with symbols
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form of vitamin C [43], represents about 3% of total
acids.

Some authors have referred different levels of these
acids in kiwifruit [8, 10, 44]. The nutrient content of
fruits is subject to variation within a species but there
are also differences due to environmental and cultural
practices [45, 46]. Storage temperature of whole fruit
can change the balance of quinic, citric and L-malic
acids in the fruit [44].

Heat-treated samples showed higher levels of all
analysed organic acids, at the beginning of the storage
period.

As consequence of minimal processing, L-malic acid
content decreases during the first two storage days,
which may be due to the more pronounced respiratory
activity for heat-treated fruits. Afterwards, the three
samples showed a progressive decrease but with no sig-
nificant (P > 0.05) differences between each other.

Citric acid contents were higher (P < 0.05) than con-
trol in samples treated, respectively, during 25 min and
75 min, for 2 and 5 days. Thereafter, all samples main-
tained equal and unchanged values until the end of
storage. A similar pattern was found for quinic acid. As
quinic acid is the one responsible for the “Hayward”
flavour [44], the maintenance/increment of its content
may be desirable for the maintenance of flavour profile
during storage.

For both of these acids, control samples evidenced
no significant differences (P > 0.05) during storage. At
the end of the storage period, acids levels are similar
for all samples.

The stress imposed by minimal processing led to
ascorbic acid synthesis, which is confirmed by the sig-
nificant (P < 0.05) increase in its content in samples at

@ Springer

the second day of storage. The antioxidant role played
by L-ascorbic acid is what makes this small molecule a
crucial component of the plant response to different
stress agents [47]. The marked increased observed in
samples treated at 45 °C/75 min was due to the higher
stress caused by a longer heat treatment. All recent
publications seem to indicate that multiple L-ascorbic
acid biosynthetic pathways are functioning in plants.
However, definitive proof of their occurrence must be
obtained either by using quantitative radiolabelling
studies or by reverse genetics [48]. Nevertheless, sam-
ple heat-treated for 75 min showed higher soluble
pectin content, as can be seen in Fig. 3. It is known that
D-galacturonic acid is metabolized to L-ascorbic acid-
6-14C by an inversion pathway in detached ripening
strawberry fruit. In this pathway, pectin-derived D-
galacturonic acid is reduced to L-galactonic acid, which
in turn is spontaneously converted to L-galactono-1,4
lactone. This compound is the substrate of the L-galac-
tono-1,4-lactone dehydrogenase enzyme, producing L-
ascorbic acid [48].

However, the benefit of the treatment from nutri-
tional point of view was lost, since from the second day
the vitamin content drops to level similar to other sam-
ples. Despite the higher levels of CO, inside packages,
from that moment and until the end of storage, ascor-
bic acid content was maintained in all samples. The sta-
bility of ascorbic acid in kiwifruit slices can be partially
justified by the pH of the fruit [45].

Our results are in agreement with others for citrus
segments [49], cactus pear [50] and Golden delicious
apples [51] in which ascorbic acid content was margin-
ally affected by minimal processing, but not with those
of [8] that report a total ascorbic acid progressive loss
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Fig. 7 Principal components comparison of variables: aroma—
typical (TA) and untypical (UnTA), typical taste (Ttast), firm-
ness—sensorial (F_sen) and instrumental (F_inst), and chemical
composition—glucose (Glu), fructose (Fru), sucrose (Suc), citric
acid (Cir), L-malic acid (L-mal) and quinic acid (Quin)

for kiwifruit slices during 12 days of storage, either
packed in air or under various modified atmosphere
packaging. Ferguson and Macrae [52] reported that the
content in total ascorbic acid in Actinidea fruits, includ-
ing Actinidea deliciosa, showed little or no decline dur-
ing postharvest ripening.

The effect of heat treatments in ascorbic content is
also ambiguous. The application of an air heat treat-
ment of 50 °C for 2 h slowed the decrease in ascorbic
acid content of broccoli florets [53], but the applica-
tions of air heat treatments at 34 and 38°C led to higher
losses in ascorbic acid than for non-treated tomato
fruits [54].

Principal components analysis allowed a better
understanding of interactions between objective and
sensorial measurements. The two first principal compo-
nents (PC’s) explained 73.32% of total variance. As
can be seen in Fig.7, there is a strong correlation
between sensorial parameters of firmness, typical
aroma and taste and objective measurements like firm-
ness, sucrose and L-malic contents, all positively asso-
ciated with the PCIl. It can be stated that these
objective measurements are related to freshness attri-
butes.

After the observed correlations a new analysis was
performed using only the objective parameters data.
The two first PC explained 84.02% of the total variance
of the data. Nevertheless, firmness, a critical quality
parameter in minimally processed kiwifruit, has a high

ness instrumental (F_inst) and chemical composition—glucose
(Glu), fructose (Fru), sucrose (Suc), citric acid (Cir), L-malic acid
(L-mal) and quinic acid (Quin). Samples: heat-treated 25 and
75 min (25', 75', respectively), control (C); 0, 2, 5, 9 days of stor-
age—DO0, D2, D5, D9, respectively
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Fig. 9 Principal components comparison (PC1 vs. PC3) of firm-
ness instrumental (F_inst) and chemical composition—glucose
(Glu), fructose (Fru), sucrose (Suc), citric acid (Cir), L-malic acid
(L-mal) and quinic acid (Quin). Samples: heat-treated 25 and
75 min (25', 75', respectively), control (C); 0, 2, 5, 9 days of stor-
age—DO0, D2, D5, D9, respectively

correlation with PC3 (9.37%), and therefore can be
useful in samples’ differentiation. Figures 8 and 9 show
the projection of analysed variables and samples in the
space of PC1, PC2 and PC3.

From Fig. 8, it can be observed that samples from
day seven onwards are correlated with higher concen-
tration of simple sugars, denoting some polysaccharide
hydrolysis. On the other hand, heat-treated samples,
until the fifth day of storage, are correlated with higher
content of quinic and citric acid maintaining the flavour
of fresh fruit. The projection of PC also permits the
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confirmation that both heat treatments applied led to a
better maintenance of firmness. In Fig. 9, the correla-
tion of the heat-treated samples during almost all stor-
age periods with firmness is apparent.

Conclusions

Since softening is the crucial problem in sliced kiwifruit
quality, the application of moderate heat pre-treat-
ments to whole kiwis allowed firmness preservation of
the minimally processed fruit. Despite the fact that
both heat treatments maintained the saleable quality of
minimally processed kiwifruit for 9 days at 4 °C, treat-
ment at 45 °C for 25 min maintained a better quality of
the commodity. The mechanism involved in the pro-
cess was the formation of calcium pectates from deme-
thylated galacturonic acid chains and endogenous
calcium, enhanced by heat treatment. Significant ascor-
bic acid loss was not observed in sliced fruit. On the
other side, it is noteworthy that an increment in this
vitamin content was observed after heat treatment; it is
nevertheless necessary to use supplementary tech-
niques in order to preserve the concentration of biolog-
ically active compounds that tends to diminish.

Heat treatments at 45 °C seem to be a “clean tech-
nology” useful in quality preservation of minimally
processed kiwifruit.
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