
INTRODUCTION

Fresh fruit and berries commercially are packed, stored and
sold in small quantities. In the food industry one of the most
widely used packaging materials are polymers. The most
popular materials are polypropylene, polyethylene, low and
high density polyethylene and other films with different
thickness. Dishes (trays) manufactured from polystyrene
and wrapped in PVC film or hermetically sealed by melting
the polymer film, are also used for packaging of soft prod-
ucts (including fruit, berries and vegetables). Fresh fruit
shelf life is dependent on the packaging material barrier
properties. Material gas permeability is one of the most im-
portant factors affecting product quality.

As the fruit in the respiration process consumes O2, and
concentration of CO2 in the package increases, permeability
of the packaging material must provide sufficient intake of
oxygen in order to prevent the formation of anaerobic con-
ditions and partial elimination of carbon dioxide from the
packaging (Ke et al., 1991; Montanez et al., 2010). There-
fore, it is advisable to keep fresh fruit in a modified atmos-
phere in equilibrium, which could be ensured choosing
polymeric packaging materials with selective gas perme-
ability. Over the past five years packaging suppliers have
been introducing various forms of biodegradable plastics
with selective gas properties. Some of the biodegradable
polymers have already become competitive alternatives to

conventional food packaging, and polylactate is considered
as one the most important for fresh-food applications
(Haugard and Martensen, 2003). The market of biodegrad-
able polymers at the present is growing based on considera-
tions that consumers and recycling regulations will drive
demand for environmentally-friendly packaging (Platt,
2006). Presently, biopackaging can be found almost every-
where on shelves in European supermarkets. Washed and
unpeeled crisp baby carrots packed in 150-g portions in
polylactic acid (PLA) cups with non-hermetic lids can be
found on supermarket shelves in Latvia as well. However,
until now PLA materials were not used for fresh fruit pack-
aging in Latvia.

Plum fruits are highly perishable, characterized by short
postharvest life at room temperature; therefore their harvest
date is a crucial factor for market life and consumer accep-
tance (Crisosto et al., 2004). Today most plums in commer-
cial production are classified as Japanese (diploid) or Euro-
pean (mostly hexaploid) types. Japanese plums (Prunus

salicina and its hybrids) are mostly used for fresh markets,
while European plums (P. domestica) may be eaten fresh or
processed in a variety of ways (Okie and Ramming, 1999).
Marketers usually sell plums in loose form, which shortens
their shelf time significantly. Different technologies have
been studied to prolong the storage time of plums. The use
of modified packaging atmosphere (MAP) or box liners was
a good approach to reduce ‘Friar’ plum (Prunus salicina)
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weight loss and maintain fruit flesh appearance for cold
storage periods up to 45 days (Cantin et al., 2008). Positive
effects of 1-methylcyclopropene were observed in terms of
inhibition of ethylene production and delays of the physical,
chemical, and biochemical changes associated with ripening
of plum cultivars ‘Santa Rosa’ and ‘Golden Japan’
(Martínez-Romero et al., 2003; Salvador et al., 2003). The
most important parameters that determine plum market life
potential are fruit quality attributes, such as content of solu-
ble solids, firmness and colour. In general, all of these prop-
erties determine consumer acceptance.

The early maturing diploid cultivar ‘Kometa’ (‘Kubanskaya
Kometa’) (Åðåìèí, 2006) is one of the most widely grown
cultivars in Latvia and also several other countries (Kauf-
mane et al., 2007). The cultivar is popular due to its winter
hardiness and disease resistance, and is one of the tastiest of
the early plums. In the good ripeness stage ‘Kometa’ has a
large fruit (33.2 g) with a firmness (2.5 kg cm2) suitable for
transportation, medium total soluble solids (10.6 Brix%)
and acids (2.1%) content, and is excellent for fresh con-
sumption (LV grant project, 2007, Nr. 030507/S92).

To the best of our knowledge, only a few studies on diploid
plum postharvest performance using biodegradable poly-
mers have been conducted. The aim of the present study
was to evaluate the effect of different potential biodegrad-
able packaging materials on the quality of plums during
cold storage.

MATERIALS AND METHODS

The study focused on the uses of environmentally friendly
new biodegradable packaging materials for fresh fruit stor-
age.

Sample supply and packaging. The experiments were car-
ried out at the Latvia State Institute of Fruit Growing in
2008. The object of the research was diploid plum ‘Kometa’
(Prunus salicina x cerasifera) grown in Dobele (Latvia).
The fruits were manually picked at the end of July, selected
in the laboratory according to similar size and colour, ran-
domised and divided into packaging treatments on the same
day. The effect of packaging material on plum quality dur-
ing cold storage was determined by using the packaging
treatments:

• biodegradable polylactic acid (PLA) packaging form —
boxes (130 × 90 × 70 mm) manufactured with holes (total
area of holes 7.9 cm2);

• cardboard boxes (145 × 120 × 80 mm) placed in PLA
film pouches, thickness 40 µm;

• polypropylene (PP) boxes (180 × 110 × 80 mm) manu-
factured with holes (total area of holes 14.3 cm2) . These
are typically used for fruit packaging and were used as a
control.

The average sample weight in PP and PLA boxes was 400
g, but in cardboard boxes placed in PLA film pouches con-
taining 360 g were used.

Storage conditions and analyses of samples. Samples
were stored in a “Commercial Freezer/Cooler ELCOLD” at
temperature +4.0 ± 1 °C in light, controlled by MINILog
Gresinger for 20 days. Physical and chemical properties of
plums, such as weight, firmness, total soluble solids con-
tent, colour changes and sensory analyses, were evaluated.
At each time of measurement, three identical packages for
each packaging mode were randomly selected on days 4, 8,
12, 16 and 20 of storage.

Loss of fruit weight was measured for each package,
weighed with accuracy of 0.01 g. The weight losses were
calculated as % of the initial plum weight in the package.

Firmness of intact fruit (kg cm-2) was determined by pen-
etrometer (Fruit firmness tester, TR Turoni S.r.l., Italy)
equipped with a 8 mm diameter probe.

Soluble solid content (Brix%) of the plum juice was mea-
sured with a temperature compensated refractometer Atago
N20 (ATAGO, Japan) according to standard LVS EN
12143 : 2001.

Colour of fruit skin was measured in a CIE L*a*b* colour
system by Colour Tec PCM/PSM (COLORTEC, USA).
The colour measurements were performed on 10 fruit and
expressed as a Hue angle (h°). To evaluate the effect of
packaging on plum quality, the total colour difference E
was calculated (MacDougall, 2002).

Sensory evaluation (the overall like-dislike) was performed
by trained panellists (n = 12) using a 9-point hedonic scale
(Robertson et al., 1992).

Statistical evaluation. Data processing was carried out by
General Linear Model procedure in the SPSS 17 software
package. The Scheffe criterion was used to determine sig-
nificant differences (P < 0.05) among the studied packaging
treatments.

RESULTS

During cold storage plum weight loss increased signifi-
cantly (P < 0.05) depending on the selected packaging ma-
terial (Fig. 1). During 20 storage days, mass losses of plums
packed in polypropylene (PP) and polylactic acid (PLA)
boxes were the highest (4.9 and 4.2%, respectively) in com-
parison with cardboard boxes placed in hermetically closed
PLA film pouches (2.8%). After the first four days of stor-
age, plums lost 1.6% moisture in control packaging, while
only 0.7% in hermetically closed package (cardboard boxes
placed in PLA pouches). There was no significant differ-
ence (P > 0.05) between moisture losses in the PP and PLA
boxes after 8 and 12 days of storage, but during the last
week, plum weight was decreased more in PP boxes. Total
area of holes for PP boxes was two times larger than for
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PLA boxes (14.3 and 7.9 cm2, respectively), which allowed
faster drying of plums. The airtight containers, according to
material selective gas and moisture permeability, ensured
minimal weight loss, but still promoted ripening of plums.

The changes of plum firmness during storage characterised
fruit ripening degree. At the beginning of study, plum firm-
ness was 2.0 kg cm-2 for the tested ‘Kometa’. After 8 day
storage the firmness of plums was not significantly (P >
0.05) influenced by packaging type (Fig. 2). After 12 days
of storage, plum firmness in cardboard boxes placed in PLA
pouches was slightly higher, but not significantly different
compared with PP packaging (1.0 and 1.1 kg cm-2, respec-
tively), but plums in hermetical PLA pouches were softer
(0.8 kg cm-2). This can be explained by influence of the ap-
propriate equilibrium atmosphere.

At the beginning of experiment total soluble solid content
for ‘Kometa’ was 8.7 Brix%, characterising a slightly un-
ripe plum stage. The total soluble solid content changed
during storage, but during the first two weeks a significant
difference (P > 0.05) was not observed (Fig. 3). Total solu-
ble solids content in cardboard boxes placed in PLA
pouches (9.1 Brix%) had increased at day 12 of storage and
in PP packaging (9.2 Brix%) after 16 days of storage. The
sensory evaluation also indicated differences between sam-
ples packed in various materials, which might be due to

changes of acids and other organic compounds during plum
ripening.

Taking into consideration the specific characteristic of dip-
loid plums that at room temperature they ripen well, which
ensures adequate quality and taste, fruits with initial Hue
value 15.2 (more red skin colour tone, a* = 21.7 and b* =
5.9, respectively) were selected. Results of colour measure-
ments showed that the slowest change in Hue angle oc-
curred in PLA and PP boxes, and the most rapid in card-
board boxes placed in PLA pouches (Fig. 4). After four
days of storage, the largest Hue angle value (22.7) was ob-
served for plums in cardboard boxes placed in PLA
pouches, while in the control PP and PLA boxes it was
lower (15.0 and 18.5, respectively). Compared with the con-
trol packaging, the total area of holes for PLA boxes was
smaller, which may have caused increased accumulation of
CO2 and O2 around the fruit due to faster plum ripening.
During further storage, colour of the plum skin became
darker for all samples, and at the end reached 7.1 in control
PP and 10.6 in PLA packaging. The skin colour tone (Hue
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Fig. 1. Weight loss (percent of initial fresh weight) of ‘Kometa’ during
storage at +4.0 ± 1 °C in different packaging materials. Abbreviations as in
Table 1.

T a b l e 1

QUALITY OF ‘KOMETA’ PLUMS ESTIMATED BY SENSORY PAN-
ELLISTS (n=12)

Storage time,
days

Packaging type

before
packaging

control,
PP box

PLA box cardboard -
PLA

0 5.9*

4 5.8 5.7 5.7

8 6.2 6 6.5

12 6.6 6.5 5.7

16 5.4 5.8 5

20 4.9 5 4.7

Control, PP box — polypropylene (PP) boxes (180 × 110 × 80 mm; total
area of holes 14.3 cm2); PLA box, polylactic acid (PLA) boxes (130 × 90 ×
70 mm; total area of holes 7.9 cm2); cardboard – PLA, cardboard boxes
(145 × 120 × 80 mm) placed in PLA film pouches, thickness 40 μm.

*Degree of liking: 1 = dislike extremely, 2 = dislike very much, 3 = dislike
moderately, 4 = dislike slightly, 5 = neither like nor dislike, 6 =like
slightly, 7 = like moderately, 8 = like very much, 9 = like extremely

Fig. 2. Firmness of ‘Kometa’ during storage at +4.0 ± 1 °C in different
packaging material. Abbreviations as in Table 1.

Fig. 3. Soluble solids content of ‘Kometa’ during storage at +4.0 ± 1 °C in
different packaging material. Abbreviations as in Table 1.



value of 8.5) differed for plum fruit in cardboard boxes
placed in PLA pouches (P < 0.05). Regarding the total col-
our difference (E*), fruit colouring differed significantly
(P < 0.05) in the hermetical PLA pouches compared to the
other packaging, but there was no significant (P > 0.05) dif-
ference between the total colour difference in PP and PLA
boxes (Fig. 5).

Sensory analysis showed that optimal shelf-life of packed
‘Kometa’ fruit at temperature +4 ± 1 °C is about 12 days.
The panellists also observed differences in quality of plums
depending on packaging (Table 1). Plums packed in card-
board boxes placed in PLA pouches were evaluated as the
tastiest after 8 days of storage (6.5), while for plums in con-
trol PP and PLA boxes equivalent sensory evaluation was
reached after 12 days (6.6 and 6.5, respectively). This again
indicated plums in hermetical PLA pouches ripen faster.
Breathable and biodegradable lidding films with an appro-
priate oxygen transmission rate can create a modified atmo-
sphere in equilibrium and maintain quality of fresh fruit
produce during storage.

DISCUSSION

In a gas tight container, living vegetables and berries will
modify the atmosphere due to respiratory O2 uptake and
CO2 output. Consequently, packaging material has low per-
meability, anaerobic conditions will soon prevail and cause
odours and poor flavours. With highly permeable packaging
materials, the in-pack atmosphere will be similar to that of
the external atmosphere composition, and respiration will

not be reduced (Day, 1993). In our experiment the gas com-
position in packages was not estimated, but on the basis of
our previous studies, it is likely that when PLA packaging
material was used, CO2 was removed insufficiently, which
promoted the ripening process of plums (Dukalska et al.,
2008). Decreased fruit firmness during storage is associated
with polysaccharide hydrolysis and changes in fruit flesh
cell structure (Prasanna et al., 2007). The changes of fruit
cell walls are dependent on content of protopectin and en-
zyme activity. In addition, fruit tissue softening during rip-
ening and senescence is triggered by ethylene (Gorny et al.,
2002). As reported by Goliáð (2007), plum (Prunus

domestica) skin and flesh softening was lower at low O2
and higher CO2 concentrations, especially during shelf life.
After 60 days of cold storage, plums (Prunus salicina),
packed in modified atmosphere packaging box liners with
higher CO2 and lower O2 levels had a higher incidence of
chilling injury symptoms (Cantin et al., 2008). According to
Manganaris et al. (2008), uses of refrigeration technologies
can reduce plum softening, but long-term storage under
0 °C promotes development of chilling injury (CI) symp-
toms. The results indicated that the development of CI
symptoms in ‘Fortune’ plums is associated with abnormali-
ties in cell wall metabolism, including a reduction in pectin
solubilisation and depolymerisation and decreased ripening-
associated modification of galactose-rich pectin polymers.
In our study, various CI symptoms, such as gel breakdown,
flesh bleeding, and flesh translucency (overripe) were visu-
ally evaluated during storage, immediately after cutting
plums in half (Fig. 6). Our results suggest that the develop-
ment of chilling injury in plums is related to climatic adap-
tations of the cultivar, storage conditions and packaging.

Diploid plum cultivar ‘Kometa’ can be stored in good qual-
ity for 12 days on average at temperature +4 ± 1 °C, de-
pending on packaging material. Selective gas and moisture
barrier properties of polylactic material ensured minimal
weight loss, but promoted plum ripening and hence a reduc-
tion of the storage period. Sensory evaluation of plums
showed that, using hermetical PLA packaging, its shelf life
is 8 days without substantial changes of quality. The results
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Fig. 4. CIE L* a* b* colour space (expressed by Hue angle) of ‘Kometa’
during storage at +4.0 ± 1 °C in different packaging material. Abbrevia-
tions as in Table 1.

Fig. 5. The total colour difference (ΔE*) of ‘Kometa’ during storage at
+4.0 ± 1 °C in different packaging material. Abbreviations as in Table 1.

Fig. 6. Effect of packaging on ‘Kometa’ flesh colour changes during stor-
age at +4.0 ± 1 °C (before packaging, and on days 4, 8, 12 and 20 of stor-
age).



suggested that biodegradable packaging materials could be
a successful alternative to the conventional polymer for
plum packaging, and could contribute to reduction of envi-
ronmental pollution.
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IEPAKOJUMA MATERIÂLU IETEKMES IZMANTOÐANA, LAI PAGARINÂNU DIPLOÎDÂS PLÛMJU ÐÍIRNES ‘KOMETA’
UZGLABÂÐANAS LAIKU

Polimçri (plçves, paciòas, kastîtes) ir tirdzniecîbâ plaðâk lietotie iepakojuma materiâli svaigu augïu iesaiòoðanai. Produktu uzglabâðanas
laiks ir atkarîgs no iepakojuma materiâlu barjerîpaðîbâm, tajâ skaitâ CO2 un O2 caurlaidîbas. Pçtîjums veikts Latvijas Valsts augïkopîbas
institûtâ 2008. gadâ un vçrsts uz videi draudzîgu biodegradçjamo iepakojumu materiâlu izmantoðanu svaigu augïu uzglabâðanai. Pçtîjuma
gaitâ diploîdâs ðíirnes ‘Kometa’ plûmes ievietotas polipropilçna, polilaktîdskâbes materiâlu kârbiòâs un kartona kârbiòâs, kas savukârt
ieliktas polilaktîdskâbes plçves maisiòâ. Plûmes uzglabâtas 20 dienas +4 ± 1 °C temperatûrâ, nosakot to kvalitatîvos râdîtâjus: masas
zudumus, blîvuma, ðíîstoðâs sausnas satura un krâsas izmaiòas. Plûmju sensorâs analîzes veiktas, izmantojot deviòu punktu hedonisko
skalu. Labâ un tirdzniecîbai piemçrotâ kvalitâtç plûmes +4 ± 1 °C temperatûrâ var uzglabât vidçji 12 dienas. Polilaktîdskâbes materiâlu
selektîvâs gâzu un mitruma barjerîpaðîbas hermçtiski noslçgtos iepakojumos nodroðinâja minimâlus mitruma zudumus, taèu paâtrinâja
plûmju nogatavoðanos, samazinot uzglabâðanas laiku. Pçtîjuma rezultâti liecina, ka plûmju iepakoðanu biodegradçjamos iepakojuma
materiâlos var veiksmîgi izmantot kâ alternatîvu tradicionâlajiem polimçru materiâliem, un tas bûtiski mazinâtu vides piesâròojumu.
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