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ABSTRACT

The aim of the experiment was to determine the effect of two storage tempera-
tures (+1 °C and +4 °C) and modified atmosphere packaging (MAP) on the posthar-
vest quality of ‘Glen Ample’ raspberry. Fruits were picked into 450-g well-ventilated
plastic punnets, cooled down for 24 hours and packed as follows: control — unpacked
ventilated punnets covered with a lid; punnets wrapped in Xtend® film, punnets
wrapped with PP30 — 30 pm polypropylene film and punnets wrapped with OPP25 —
25 um oriented polypropylene film. One treatment consisted of eight replicate bags.
After 3 days in cool storage, all packages were kept at +15 °C for 24 hours to simulate
retail conditions.

The O, and CO, content in the packages was measured daily. Soluble solids con-
tent (SSC), titratable acidity (TA), fruit firmness, ascorbic acid content (AAC), antho-
cyanins (ACY) and total antioxidant capacity (TAC) were determined at harvest and
at the end of storage. The number of spoiled fruits was recorded and a sensory evalua-
tion was carried out at the end of the experiment.

During the first 24 hours, the concentration of CO, increased to 10% in the PP30
and OPP25 packages at +4 °C, while at +1 °C it took 48 hours to reach that level. In
the Xtend®™ packages, CO, concentration increased above 10% only after the shelf life
simulation. The environment in the PP30 and OPP25 packages became anaerobic in
retail conditions. Fruit spoilage was significantly lower in the PP30 and OPP25 pack-
ages, where the CO, content increased rapidly. Raspberries had higher SSC, TA, SSC/TA
and ACY at +4 °C than at +1 °C. Fruits in the Xtend® packages were significantly firmer
than in the other treatments. The mean effect of MAP and the storage temperatures was
such that they had no significant influence on raspberry fruit appearance, flavour and off-
flavour. Raspberries kept at +4 °C tasted better to the evaluators.
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INTRODUCTION

Raspberries (Rubus idaeus L.)
are highly perishable fruits with
a storage life limited by rots (Botrytis
cinerea), loss of firmness and dark-
ening of the attractive red colour
(Haffner et al., 2002). It is generally
known that the storage temperature
for raspberries should not be higher
than 0°C. Several studies have
shown that controlled or modified
atmospheres can extend the shelf life
of red raspberries (Callesen and
Holm, 1989; Haffner et al., 2002).
However, to maintain the quality of
raspberry fruit after harvest requires
high energy inputs (refrigeration),
and large investments (controlled
atmosphere equipment). In the cur-
rent economic situation farmers are
looking for possibilities to cut down
production costs. The ,,Europe 2020”
strategy has set the goal to cut down
greenhouse gas emissions to 20%
below the 1990 levels by 2020 (He-
degaard, 2010). Consequently, there
is a need for developing more cost-
effective and eco-friendly posthar-
vest storage technologies.

Besides the local market, Finland
is the main destination for Estonian
berry fruits. The time needed for
Estonian raspberries to be sold on the
Finnish market is 3 to 4 days, includ-
ing harvesting, cooling, packaging,
transportation and shelf life. There-
fore, producers are seeking cultivars
which would withstand long-distance
transport and technologies that would
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make possible to maintain the quality
of raspberries over the period men-
tioned. ‘Glen Ample’ is considered
a suitable cultivar for the fresh mar-
ket and has been the most widely
grown raspberry cultivar in Norway
(Heiberg et al., 2002). Haffner et al.
(2002) found that ‘Glen Ample’ had
firmer berries and showed a better
potential for the fresh market com-
pared with the cultivar ‘Veten’. In
that experiment it was found that
acontrolled atmosphere  reduced
rotting.

The aim of the current experi-
ment was to determine the effect of
two storage temperatures (+1 °C and
+4°C) and modified atmosphere
packaging on the post-harvest quality
of ‘Glen Ample’ raspberry after 4-
days in storage.

MATERIAL AND METHODS

‘Glen Ample’ raspberries were
grown on a commercial plantation
in  South Estonia (58°15'33"N;
26°35'33"E) using black polyethyl-
ene mulch and drip irrigation. Fruits
were harvested on 30 July (day 0)
into 450 g ventilated plastic cups,
transported to a forced-air cool store
and cooled down to +1 °C or +4 °C
for 24 hours. The next morning (day
1), the fruits were packed as follows:
1) control — punnets were not packed,
but covered with a lid (which had holes
in it to ensure ventilation); 2) punnets
were packed with Xtend® film for
raspberry (product of StePac, Israel),
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3) punnets were wrapped with PP30
— 30 um polypropylene film; 4) pun-
nets were wrapped with OPP 25 —
25 um oriented polypropylene film.
The last two were products of
Muovijaloste, Finland. The weight of
all the packages was made equal and
the bags were sealed from the loose
end to simulate the action of a flow
pack machine. Half of the packages
were kept at +1 °C and the other half
at +4 °C. During days 2 and 3, MA
storage at +1 °C and at +4 °C contin-
ued. On day 4, retail simulation was
carried out at +15 °C for 24 hours.
0O, and CO, content in the packages
were measured every day using
a hand-held gas analyser OXYBABY
V (WITT-Gasetechnik GmbH & Co
KG, Germany). Fruit firmness, solu-
ble solids content (SSC), titratable
acidity (TA), ascorbic acid content
(AAC), anthocyanins (ACY) and
total antioxidant capacity (TAC)
were determined at harvest and at the
end of storage. The number of fruits
with rots was recorded and their per-
centage in the total number of fruits
was calculated after storage. A rasp-
berry fruit was considered rotten if
even one of the drupelets was in-
fected. Fruit firmness was deter-
mined using the Food Texture Ana-
lyzer TMS, (Food Technology Cor-
poration, Virginia, USA). Fruit SSC
(%) was measured using a digital
refractometer (ATAGO CO., Ltd.,
Japan). TA was determined by titra-
tion to pH 8.2 with 0.1 NaOH. To
determine AAC, titration with di-
chlorophenolindophenol was used.
The total anthocyanins content was
estimated with a pH differential
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spectrophotometric method; the cal-
culation was based on cyanidin-3-
glycoside and reported in mg per
100g. TAC was determined using
the  1.1-diphenyl-2-picrylhydrazyl
(DPPH) discoloration assay. The
values of TAC were calculated as
equivalents of Trolox content (Tr)
and reported in mg Trolox per 100 g
of fruit fresh weight.

Sensory evaluation was carried
out at the end of the experiment.
After removal from cool storage, the
packages were opened and kept for 5
hours at room temperature (+20 °C).
The quality of the raspberries was
evaluated by 15 employees of the
Department of Horticulture who had
previously been trained for sensory
evaluation. The evaluated character-
istics were: the overall appearance
and taste (5-point scale: 1 = very
bad...5 = very good) and raspberry
aroma and off-flavour (5-point scale:
1 = very weak...5 = very strong).

Significance of differences be-
tween the packages and the effect of
the storage temperatures were tested
with a two-way analysis of variance.
In the figures and tables below, the
mean values followed by the same
letter are not significantly different at
p <0.05.

RESULTS

Gas composition in MA packages
The O, content in the PP and OPP
packages decreased rapidly and after
24 hours of storage it decreased to
about 10% (Fig. 1 A and B). At the
same time, in the Xtend® packages,
the O, content decreased to 15% and
13% at +1 °C and +4 °C, respectively,
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Figure 1. Changes in O, and CO, concentration in different modified atmosphere
packages of ‘Glen Ample’ raspberries stored at +1 °C (A and C) and +4 °C (B and D).
Day 1: raspberries packed into different MA packages and stored both at +1 °C and
+4 °C. Day 2 and 3: MA storage at +1 °C and +4 °C continued. Day 4: retail simula-

tion at +15 °C for 24 hours

and remained stable in cool storage.
After the retail simulation, an an-
aerobic environment developed in
the PP and OPP packages. The O,
content in the Xtend®” packages after
the retail simulation decreased to
around 8%.

The CO, content in the PP and
OPP packages increased to around
10% at +4 °C whereas at +1 °C it
took 48 hours to reach that level (Fig.
1C and D). In the Xtend®™ packages,
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the CO, content increased up to 6 and
8% during storage at +1°C and
+4 °C, respectively. Following the
retail simulation, the CO, content
reached 20% in the OPP and PP
packages, and 15% in the Xtend®
packages.

Fruit spoilage and fruit firmness
After storage, the number of

spoiled fruits in the packages ranged

from 6 to 16% (Tab. 1). At +1 °C,
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Table 1. Fruit quality characteristics of ‘Glen Ample’ raspberries at harvest and
after 4-days of storage as affected by MA packaging and storage temperature

Packaging material
| Control [ Xtend | PP30 [ OPP25 |  Mean
Spoiled fruits after storage [%]
After storage at +1 C 12a 16a 6¢ 7bc 11A
After storage at +4 C 16a 9bc 12ab 9bc 11A
Mean 14A 15A 9B 8B
Fruit firmness [mN]
At harvest 5.3a 5.3a 5.3a 5.3a 5.3A
After storage at +1 C 2.7c 3.7b 3.2bc 3.3bc 3.2B
After storage at +4 C 3.0bc 3.9b 2.6¢ 2.6¢ 3.0B
Mean after storage 2.8B 3.8A 2.9B 2.9B
Soluble solids content [%]
At harvest 9.0d 9.0d 9.0d 9.0d 9.0B
After storage at +1 C 8.7e 9.8¢c 9.0d 8.6e 9.0B
After storage at +4 C 9.9¢ 10.3b 10.9a 9.9¢ 10.2A
Mean after storage 9.3B 10.0A 10.0A 9.2B
Titratable acids [% citric acid]
At harvest 2.30bd 2.30bd 2.30bd 2.30bd 2.30B
After storage at +1 C 2.36abc | 2.37ab 2.27cd 2.22d 2.31B
After storage at +4 C 2.31bc 2.38ab 2.42a 2.42a 2.38A
Mean after storage 2.34AB | 2.38A 2.34AB 2.32B
Soluble solids content / Titratable acids
At harvest 3.9d 3.9d 3.9d 3.9d 3.9B
After storage at +1 C 3.7e 4.1c 4.0cd 3.9d 3.9B
After storage at +4 C 4.3b 4.3b 4.5a 4.1c 4.3A
Mean after storage 4.0B 4.2A 4.2A 4.0B
Anthocyanins [mg/100 g f.w.]
At harvest 23d 23d 23d 23d 23C
After storage at +1 C 29c 29c 30c 23d 30B
After storage at +4 C 37a 35ab 31lbc 35ab 34A
Mean after storage 34A 32AB 30B 33A
Total antioxidant capacity [mg Trolox / 100 g f.w.]
At harvest 115b 115b 115b 115b 115B
After storage at +1 C 151a 145a 152a 145a 148A
After storage at +4 C 147a 148a 149a 149a 148A
Mean after storage 149A 147A 151A 147A
Ascorbic acid [mg/100 g f.w.]
At harvest 30bc 30bc 30bc 30bc 30B
After storage at +1 C 33ab 32abc 31lbc 30bc 31AB
After storage at +4 C 30bc 35a 29¢c 33ab 32A
Mean after storage 32AB 33A 30B 31AB
Raspberry taste [points]
After storage at +1 C 2.83cd 3.22bc 2.71d 2.89cd 2.92B
After storage at +4 C 3.72a 3.67a 3.33ab 3.11hd 3.46A
Mean after storage 3.28AB | 3.44A 3.03B 3.00B
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spoilage was significantly lower in
the PP30 and OPP25 films, while in
the Xtend®™ packages it was not sig-
nificantly different from the control.
At +4°C, the number of spoiled
fruits in the Xtend® and OPP25
packages was lower than in the con-
trol packages. The mean effect of the
storage temperature on spoilage was
not significant. On average, the
number of spoilt fruits in the OPP25
and PP30 packages was lower than in
the control or the Xtend® packages.

Compared with the initial firm-
ness, the raspberry fruits were sig-
nificantly softer after storage (Tab.
1). Those from the Xtend® packages
were firmer than the control fruits
stored at +1 °C and firmer than the
fruits from all the other combinations
stored at +4 °C. The mean effect of
the storage temperature was not sig-
nificant.

Soluble solids and titratable acidity

The SSC of the raspberries at
harvest was 9% and was subsequently
affected by the storage temperature: at
+4 °C, the SSC was higher compared
with the initial value and with that of
the raspberries kept at the lower tem-
perature (Tab. 1). At +1 °C, the rasp-
berries in the Xtend” packages had the
highest SSC.

At harvest, the raspberries con-
tained 2.30% titratable acids and this
content was not significantly
changed in the fruits kept at +1 °C
(Tab. 1). At +4 °C, the TA content
increased significantly in the fruits in
the PP30 and OPP25 packages. The
mean effect of the storage tempera-
ture was significant: the TA in the
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raspberries stored at +1 °C was lower
than in those kept at +4 °C.

The SSC/TA of the raspberries
generally increased during storage
(Tab. 1). The only exception was the
control treatment at +1 °C, where the
SSC/TA after storage was lower than
at harvest. The differences in
SSC/TA had the same pattern as
those in the SSC in the experiment.

Bioactive compounds content and
total antioxidant capacity

At harvest, the AAC of the rasp-
berries was 30 mg 100 g™*f.w. and
this value remained quite stable dur-
ing storage; only the Xtend® type of
packaging appeared to have a posi-
tive effect on AAC at +4 °C (Tab. 1).
The mean effect of the storage tem-
perature on AAC was not significant.

The ACY content of the raspber-
ries increased significantly during
storage, except in the OPP25 pack-
ages at +1 °C. The ACY content was
more influenced by the storage tem-
perature than by MA packaging (Tab.
1). At +4°C, the ACY content in-
creased more than at +1 °C.

Total antioxidant capacity was
115 mg Tr 100 g™ f.w. at harvest and
was significantly increased during
storage (Tab. 1). The effect of tem-
perature and packaging on TAC was
not significant.

Sensory characteristics

Raspberry fruit appearance, fla-
vour and off-flavour were not af-
fected by the storage treatments (data
not shown). The taste of the raspber-
ries was affected both by temperature
and MA packaging. The fruits kept at
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+4 °C tasted better compared with
those kept at +1°C (Tab. 1). The
effect of packaging depended on the
storage temperature: at +1°C, the
Xtend® film retained fruit taste better
than the other materials, although the
difference was significant only when
compared with the PP30 packages.
At +4 °C, the raspberries from the
control treatment and those sealed in
the Xtend® film turned out to be sig-
nificantly better than the fruits from
the OPP25 packages.

DISCUSSION

Our experiment revealed that in
order to reduce fruit spoilage, PP30
and OPP25 packages in combination
with a storage temperature of +1 °C
were effective, but the packages
should be opened before being trans-
ferred to retail conditions, otherwise
the atmosphere inside the packages
becomes anaerobic. It seems that
a higher CO, content in those pack-
ages contributed to the suppression
of Botrytis infection. Callesen and
Holm (1989) also found that rasp-
berry fruit rot decreased with increas-
ing CO; and decreasing O, concentra-
tion in a controlled atmosphere. But
there can be undesirable side-effects.
It has been demonstrated that high
concentrations of CO, in storage
atmospheres can increase the accu-
mulation of acetaldehyde, ethanol
and ethyl acetate, and induce the
development of off-flavours (Larsen
and Watkins, 1995). In our experi-
ment, considering the different pack-
aging in relation to fruit taste, the
Xtend® film gave the best results.
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The raspberry fruits from the Xtend®
packages stored at +1 °C were also
significantly firmer than the control
fruits and firmer than the fruits from
the other MA packages stored at
+4 °C. Mencarelli et al. (1993) found
that the loss of firmness in raspberry
fruit was correlated with the devel-
opment of an off-flavour.

Regarding the temperature, in
a normal atmosphere (control), stor-
age at +1 °C did not reduce spoilage
compared with +4 °C. Neither did
the storage temperature have a sig-
nificant effect on fruit firmness.

The instrumental analysis of taste-
related parameters showed that the
fruits stored at the higher temperature
had a higher SSC/TA compared with
the fruits kept at +1 °C. Apparently, the
differences in SSC/TA were large
enough to affect consumer perception
since the sensory evaluation also re-
vealed that the fruits kept at +4 °C had
a better taste compared with the fruits
kept at +1 °C.

The anthocyanin level in ‘Glen
Ample’ raspberries was 23 mg 100g™
f.w. at harvest and ranged from 23 to
37 mg 100g™fw. after storage,
which were levels comparable with
Norwegian-grown raspberry cultivars
(31 and 36 mg 100g™ f.w. ) (Haffner
et al., 2002). At +4 °C, the ACY con-
tent increased more than at +1 °C,
indicating that raspberries became
darker in the warmer storage envi-
ronment. However, since the evalua-
tors found no difference in the ap-
pearance of the fruits, it could be
concluded that the darkening would
not be detected or disliked by the
evaluators.
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The AAC of the raspberries in
our experiment was 30 mg 100 g™ f.w.
and was not significantly decreased
during storage. Agar and Streif
(1997) have also found that ‘Meeker’
raspberries contained nearly 30 mg
100 g™ f.w. of vitamin C at the time
of harvest and during storage at high
CO, levels that content was not sig-
nificantly decreased.

We can conclude that the PP30
and OPP25 packages, where CO,
levels increased rapidly, were effec-
tive in reducing fruit spoilage, but
had several negative side-effects. The
Xtend®” packaging was effective in
retaining fruit firmness, taste and
ascorbic acid content; however, fruit
spoilage was not reduced. Storage
temperature recommendations de-
pend on the packaging technology —
for a normal atmosphere, storage at
+4 °C is adequate, but for MA pack-
aging, storage at +1 °C is necessary.
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JAKOSC POZBIORCZA MALINY ‘GLEN AMPLE’
W ZALEZNOSCI OD TEMPERATURY
PRZECHOWYWANIA | RODZAJU OPAKOWANIA

Kaja Molder, Ulvi Moor, Tonu Tonutare
i Priit Poldma

STRESZCZENIE

Celem badan byto okreslenie wptywu dwoch temperatur przechowywania (+1 °C
i +4 °C) oraz rodzaju folii uzywanych do pakowania (MAP) na jako$¢ pozbiorcza
maliny ‘Glen Ample’. Owoce zbierano do 450 g perforowanych plastikowych pojem-
nikéw z dobra cyrkulacja powietrza, chlodzono przez 24 godziny i pakowano w na-
stepujacy sposob: kontrola — pojemniki zamknigto pokrywka zapewniajaca dobra
wentylacje; pojemniki pakowano w torebki wykonane z folii Xtend™; pojemniki pa-
kowano w torebki wykonane z folii polipropylenowej PP30 o grubosci 30 pum; po-
jemniki pakowano w torebki wykonane ze zorientowanego polipropylenu OPP
0 grubosci 0,25 um. Kazde traktowanie wykonano w 8 powtdrzeniach. Po 3 dniach
przechowywania w chtodni wszystkie opakowania pozostawiono na 24 godziny
W temperaturze +15 °C, symulujac warunki obrotu handlowego.

Zawartos$¢ O, i CO, w opakowaniach mierzono kazdego dnia. Zawarto$¢ ekstrak-
tu, kwasowos$¢ miareczkowa, jedrno$¢ owocow, zawartos¢ kwasu askorbinowego,
poziom antocyjandw oraz catkowita aktywnos$¢ antyoksydacyjna okreslano w dniu
zbioru oraz po zakonczeniu przechowywania. Liczono tez liczbg zepsutych owocow
i pod koniec do$wiadczenia przeprowadzono oceng sensoryczna.

W ciagu pierwszych 24 godzin stgzenie CO, wzrosto do 10% w opakowaniach
PP30 i OPP25 w temperaturze +4 °C, podczas gdy w temperaturze +1 °C poziom ten
zostal osiagnigty po 48 godzinach. W opakowaniach Xtend® stezenie CO, wzrosto
powyzej 10% dopiero w okresie symulowanego obrotu handlowego. W warunkach
symulowanego obrotu atmosfera w opakowaniach PP30 i OPP25 byta beztlenowa.
Stopien psucia si¢ owocoOw w opakowaniach PP30 i OPP25, w ktérych stezenie CO,
szybko wzrosto, byt istotnie nizszy. Owoce malin przechowywane w +4 °C miaty
wyzsza zawarto$¢ ekstraktu, kwasowos¢ i poziom antocyjanéw niz owoce przecho-
wywane w +1 °C. Owoce w opakowaniach typu Xtend® byly istotnie jgdrniejsze niz
w pozostalych kombinacjach. Badane opakowania typu MA oraz zastosowane tempe-
ratury przechowywania nie mialy istotnego wptywu na wyglad owocoéw, ich smako-
wito$¢, czy powstawanie obcego smaku. Najwyzej oceniono smak malin przechowy-
wanych w temperaturze +4°C.

Stowa kluczowe: Rubus idaeus L., MAP, jedrno$¢ owocow, jako$¢ sensoryczna,
catkowity potencjat antyoksydacyjny
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