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Abstract—Experiments with pumpkin-rowanberry marmalade
candies were carried out at the Faculty of Food Technology of the
Latvia University of Agriculture. The objective of this investigation
was to evaluate the quality changes of pumpkin-rowanberry
marmalade candies packed in different packaging materials during
the storage of 15 weeks, and to find the most suitable packaging
material for prolongation of low sugar marmalade candies shelf-life.
An active packaging in combination with modified atmosphere
(MAP, CO, 100%) was examined and compared with traditional
packaging in air ambiance. Polymer Multibarrier 60 and paper bags
were used. Influence of iron based oxygen absorber in sachets of 500
cc obtained from Mitsubishi Gas Chemical Europe Ageless® on the
marmalade candies’ quality was tested during shelf life. Samples of
80+5 g were packaged in polymer pouches (110 mm x 110 mm),
hermetically sealed by MULTIVAC C300 vacuum chamber machine,
and stored in a room temperature +21+0.5 °C. The physiochemical
properties —moisture content, hardness, a, pH, changes of
atmosphere content (CO, and O,), ascorbic acid, total carotenoids,
total phenols in headspace of packs, and microbial conditions were
analysed before packaging and in the 1%, 3¢ | 5" 8" 11" and 15%
weeks of storage.
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. INTRODUCTION

HISTORICALLY, marmalades, jams and jellies may have
originated as an early effort to preserve fruit for
consumption in the off-season. Processing of different fruits
into juice, marmalade or jam has been important for ensuring
fruit availability during all year.

This research has been prepared within the framework of the Project
“Formation of the research group in food science” Contract
Nr.2009/0232/1DP/1.1.1.2.0/09/ APIA/VIAA/122.

S. Kampuse is with the Faculty of Food Technology, Latvia University of
Agriculture, Jelgava, Latvia, LV-3001 (e-mail: skampuse@inbox.lv).

E. Berna is a PhD student in Faculty of Food Technology, Latvia
University of Agriculture, Jelgava, Latvia, L\V-3001 (e-mail: elga@tvnet.lv).

S. Muizniece-Brasava is with the Faculty of Food Technology, Latvia
University of  Agriculture, Jelgava, Latvia, LV-3001 (e-mail:
sandra.muizniece@llu.lv).

L. Dukalska is with the Faculty of Food Technology, Latvia University of
Agriculture, Jelgava, Latvia, LV-3001 (e-mail: lija.dukalska@Ilu.lv).

I. Murniece is with the Faculty of Food Technology, Latvia University of
Agriculture, Jelgava, Latvia, LV-3001 (e-mail: irisa.murniece@llu.lv).

M. Sabovics is the PhD student the Faculty of Food Technology, Latvia
University of  Agriculture, Jelgava, Latvia, LV-3001 (e-mail:
martins.sabovics@inbox.Iv).

Z. Kruma is with the Faculty of Food Technology, Latvia University of
Agriculture, Jelgava, Latvia, LV-3001 (e-mail: zanda.kruma@Ilu.lv).

K. Ruse is the PhD student the Faculty of Food Technology, Latvia
University of  Agriculture, Jelgava, Latvia, LV-3001 (e-mail:
karinaruse@inbox.Iv).

E. Kozlinskis is with the Faculty of Food Technology, Latvia University of
Agriculture, Jelgava, Latvia, LV-3001 (e-mail:
emils.kozlinskis@gmail.com).

S. Sarvi is with the Faculty of Food Technology, Latvia University of
Agriculture, Jelgava, Latvia, LVV-3001.

K. Kampuss is with the Faculty of Agriculture, Latvia University of
Agriculture, Jelgava, Latvia, LV-3001 (e-mail: kaspars.kampuss@Ilu.lv).

International Scholarly and Scientific Research & Innovation 6(7) 2012

Jellies, jams and marmalades are primarily classified
according to the form from which their fruit is incorporated.

Marmalades are mostly jellies from fruit purée and sugar-
acid-pectin gel or low-methoxyl pectin-calcium gels. [1],[2].
Definition “fruit marmalades” for human consumption is
specified in the Codex Alimentarius International food
standards. According the definition, non-citrus marmalade is
the product prepared by cooking fruit, whole, in pieces, or
crushed adding foodstuffs with sweetening properties to obtain
a semi liquid or thick liquid. The product shall be produced
such that the quantity of fruit ingredient used as a percentage
of the finished product shall not be less than 30% [3].

Numerous snack products and pastries are prepared with a
variety of jams and jellies, and thus their quality is a very
important factor for the quality of many other products [1],
[4].

Consumers are demanding high-quality healthy products in
various innovative forms and for competitive prices [5]-[8].
Therefore it is very important to choose raw material with
high content of bioactive compounds. There is still a lot of
potential to improve the product quality using new, non-
traditional fruits and vegetables with high contents of
bioactive compounds as raw materials for production of
marmalades, jams and jellies. Such raw materials are also
pumpkins and sweet rowanberries.

Pumpkin is vegetable that meet the requirements of healthy
nutrition. It is a tasty and valuable vegetable crop, contains a
lot of biologically active substances and is distinguished for its
dietary qualities. There are three common types of pumpkin
world-wide, namely Cucurbita pepo, Cucurbita maxima and
Cucurbita moschata [9]. Pumpkins provide a valuable source
of carotenoids and ascorbic acid, which have major roles in
nutrition as provitamin A and as an antioxidant, respectively
[10]. The main carotenoids, which are present in winter squash
(Cucurbita maxima) are a-carotene and [-carotene. Winter
squash fruit contains 0.4-7.5 mg-100 g™ of a-carotene and
1.4-8.4 mg-100 g* of p-carotene, depending on cultivar [11].

Cucurbita moschata is used for traditional medicine in
several countries to control diabetes as well as for treating
worms and parasites [12]. They are consumed in various ways
such as fresh or cooked vegetable, as well as being stored
frozen or canned [13].

The rowanberries (Sorbus) belong to the subfamily
Maloideae of the family Rosaceae and their berries have been
promoted as a health-food and can be a source of the health-
promoting components. The wild rowanberries in Latvia are
picked in autumn and they are eatable, but though they have
been traditionally used for jellies and jams, their wider use as
food ingredients has been less popular because of their bitter
taste [14], [15]. Different cultivars of sweet rowanberries and
hybrids with other Rosaceae genus and species are sweeter
and less astringent than wild rowanberries.
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The hybrid cultivars were developed by cross-breeding
rowan with Malus, Pyrus, Aronia and Mespilus [14], [15].
Sweet rowanberry S. aucuparia L. var. edulis contains 1600-
2420 mg of organic acids per 100 g of edible portion,
including in average 10 mg of parasorbic acid and 98 mg of
vitamin C per 100 g, and 2.5 mg of total carotenoids per 100
g.

The quality of the product is complex factor that includes
different parameters, such as biochemical composition of
product, physical, microbiological, sensory parameters and
others.

The stability of many bioactive compounds is dependent on
pre-treatment of the raw material, processing operations of the
product, and storage conditions. In many fruits carotenoids
and flavonoids, which are located predominantly in epidermal
tissues, are removed by peeling operations, which can greatly
reduce concentrations of bioactive compounds in processed
products. Removal of seeds can result in losses of phenalics
(e.g. ellagitannins) [16]. High temperature also causes the loss
of the important nutrients. In the temperature just above 50°C
degradation of several phenolic compounds occur [17], but at
60-63°C anthocyanin degradation begins [18], [19] and fruit
tissue is damaged [19]. During the thermal processing 50-
70%-losses of ascorbic acid can occur. The losses of this
vitamin are used as an indicator of food quality. On the other
hand, carotenoids after thermal processing are more easily
extracted from plant tissues due to tissue softening and
destruction of the membrane-protein complex [16].

Colour and texture are very important quality parameters of
marmalades. Colour is one of the most important parameters
to which consumers are sensitive when selecting foods. Colour
stability of fruit and fruit products is influenced by many
factors. At least three factors can cause the colour
deterioration: the loss of red anthocyanin pigment, formation
of brown pigments, and discoloration through various factors
such as heavy metal contaminations. The fruit cultivar,
temperature, pH, presence of oxygen and time of processing
were found to exert a great influence on colour stability of
fruit products [20], [21].

A shelf life of a product can be altered by changing its
composition and form, the environment to which it is exposed,
or the packaging system [22]. Nowadays microbiological
parameters are very meaningful due to development of
product manufacturing [23]. The transport of moisture into or
from food materials is an important factor in controlling food
quality, chemical reactions and microbial growth during
storage [24].

Packaging has a significant role in the food supply chain
[25]. Optimal packaging solutions could prevent or minimize
quality changes, resulting in increased shelf life as well as
quality and safety maintenance [26]. The main resource used
for food packaging, including sweets, is plastic materials [27].
The effective packaging must prevent the transmission of
oxygen, light and water vapour, and microbial growth to retard
quality deterioration of packaged goods [28]. Nowadays,
perspective methods to extend the shelf life of food products
are vacuum packaging and packaging in the protective gas
mixture or modified atmosphere (MAP) [29].
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However, vacuum packaging and MAP do not always
remove oxygen completely. Moreover, the O, that penetrates
through the packaging film cannot be removed by those
technologies.

In order to optimize product and packaging compatibility,
materials with improved barrier properties should be used.
Optimization may include new areas such as active packaging
concepts, and nanocomposite technology [26]. As all
packaging materials are permeable to moisture to some extent,
active packaging can balance moisture and compensate for
moisture loss, suggests Roberto Sablo from Multisorb
Technologies [30]. Active packaging includes concepts that
will absorb oxygen, moisture or remove compounds that may
cause taints. Other systems of active packaging release
antimicrobial agents, antioxidants, flavours and/or colours
[31].

The objective of this investigation was to evaluate the
quality changes of pumpkin-rowanberry marmalade candies
packed in different packaging materials during the storage of
15 weeks, and to find the most suitable packaging material for
prolongation of low sugar marmalade candies shelf-life.

Il. MATERIALS AND METHODS

A. Experimental design

Experiments were carried out at the Department of Food
Technology, Latvia University of Agriculture in 2011. The
object of the research was pumpkin-rowanberry marmalade
candies from pumpkin (Cucurbita maxima) and sweet
rowanberry (cultivar ‘Nevezhinskaya’) purees. Rowanberry
puree was prepared from frozen and thawed rowanberries which
were scrubbed through sieve, and the pumpkin puree, which
was made from cut pieces of pumpkin, boiled (in 100 °C) and
scrubbed through sieve. The obtained rowanberry-pumkin mass
was mixed with sugar (sucrose 25% from the total amount of
product), heated to 85 °C, and supplemented with 4.5% pectin
(Gen pectin LM-104-AS powder mixed with sugar).

After it the mass was filled in polymer forms (65 mm x 45
mm x 20 mm; mass 80%5g), than left for hardening, after
which it was took out of forms and stored three days at room
temperature (+21+0.5 °C) for ripening and thickening..

B. Packaging and storage of samples

The study involved packaging of marmalade candy pieces
in unhermetical ready made paper bags, biodegradable
polymer VC999 BioPack lidding film PLA pouches with
barrier properties, and pouches made from Multibarrier 60
polymer film. For shelf life extension the use of both usual
MAP conditions as well as MAP with oxygen scavenger
commitment in the pouch was investigated.

Modified atmosphere of 100% carbon dioxide (CO, (E
290)) was used. For reduced oxygen packaging (ROP)
creation (O, — 0%) in pouches an iron based oxygen scavenger
sachets of 500 cc obtained from Mitsubishi Gas Chemical
Europe Ageless® were used. The samples packed in polymer
pouches were hermetically sealed by MULTIVAC C300
vacuum chamber machine and stored at room temperature
+20.0£2 °C, (controlled by MINILog Gresinger electronic)
and about 40% RH for 15 weeks under day and night
conditions.
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Characteristics of the used packaging materials are shown
in the Table I and structure of performed experiments — in Fig.
1. The materials for experiments were selected with different
water vapour transmutation rate and various thicknesses in
order to assess whether hardening can be ascribed by water
loss from marmalade candy samples or from redistribution of
the moisture inside the product, or by combination of moisture
loss and redistribution.

TABLE |
CHARACTERISTICS OF USED MATERIALS IN EXPERIMENTS
Nr. Packaging Composition Thickness,
material um
1. Paper bag Double layer, brown 130+2
colour
2. Multibarrier 60 Laminate, 60+2
film APA/TIE/PA/EVOH/PAIT

IE/PE/PE, transparent

3 VC999 BioPack Single layer, transparent 50+2
lidding film PLA coated with SiOx

Fig. 1 Structure of performed experiments

Samples (5) and (6) (Fig. 1), which were packed both in
VC999 BioPack lidding film PLA (100% CO,) and
Multibarier 60 film pouches in air ambience grow mouldy
after 5 to 6 days storage, therefore those samples were not
used for further experiments.

One piece of the pumpkin-rowanberry marmalade candies
was placed in each pouch, Size of 110 mm x 110 mm, the
product mass in each package — 80+5.0 g. Two packages for
each treatment were randomly selected on sampling days (day
0) and after 1, 3, 5, 8, 11 and 15 storage weeks; several
(depending on the analyse) measurement repetitions of each
sample were performed. The results were reported as averages
of the measurements.

C. Physical, chemical, and microbial analysis

The following mechanical and physical characteristics were
analyzed:

- Thedynamics of gas composition in a hermetically sealed
pouch headspace at the storage time was measured as a
percentage of oxygen and carbon dioxide by the gas analyser
OXYBABY®V 0,/CO,.

- Moisture content was determined using standard method
1ISO 6496:1999 by verified balance KERN (Germany) with
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precision £0.001g; mass loss calculation (%) were determined
by weighing packed samples on the electronic scales, by
standard LVS ISO 1442: 1997.

- Hardness analyses (cutting force in N) of marmalade
candies were determined on the Texture Analyzer,
“TA.XT.plus Texture Analyser” (Stable Micro Systems Ltd.,
Surrey, UK) and the measuring probe A/BC (butter cutter, can
be used for soft samples, supplied in association with the
Texture Analyser). The system was equipped with
compression cell of 50 kg and software Texture Exponent 32.
Cutting force was determined in six marmalade candy
samples; thickness of each sample was 2 cm. Each piece of
marmalade candy sample for cutting was placed centrally
under the cutter edge. Hardness was measured as the
maximum penetration force (N) reached during breakage of
the sample. The measuring parameters were: pre-test speed 1
mm s™; test speed 1 mm s™; post-test speed 10 mm s; cutting
distance: 13 mm pressing into the sample. The measurement is
triggered automatically at 0.09807 N. The samples were cut
partly through, in order to check the differences of structural
characteristics. Plotting force (in N) versus storage time (in
weeks), and the hardness changes during storage of
marmalade candy samples stored in different packaging
materials was calculated. The maximum cutting force (N) was
used as an index for the cutting test. The maximum force
required for sample compression was calculated as an average
of 10 measurements.

- pH was measured by JENWAY 3510 pH-meter, standard
method LVS 1SO 5542:2010.

- Water activity was determined by standard method 1SO
21807:2004, using AquaLab LITE device.

The content of ascorbic acid was determined by titration
with 0.05-M iodine solution [32]. The marmalade sample (25
g) were poured with 6-% solution of oxalic acid and
homogenized. Then the sample was filtered. 2 ml of 1-%
solution of starch was added to 10 ml of filtrate and the filtrate
was titrated until the colour changed which does not
disappeared during a 30 sec interval. For standard solution of
ascorbic acid 20 mg of ascorbic acid were dissolved in 100 ml
of the oxalic acid solution. Two ml of the starch solution was
added to 25 ml of the standard-solution and the mixture was
titrated. The content of vitamin C (ascorbic acid) mg per 100g
of the product dry matter was calculated with the following
equation (2):

C = 5000 =mwe ,
m'Vstandard
where Ve — volume of the iodine solution titrated in a
sample, ml;
Vsandard— VOlume of the iodine solution titrated in a standard
solution, ml.

m — the amount of sample, g

)

Carotenoids were analyzed by spectrophotometric method
(used the UV/VIS spectrophotometer Jenway 6705) at 440 nm
[33]. A sample of 2g of homogenized marmalade sample was
placed in 100 ml conic flask and 20 ml of 96% ethanol was

574 1SN1:0000000091950263



Open Science Index, Nutrition and Food Engineering Vol:6, No:7, 2012 publications.waset.org/4667.pdf

World Academy of Science, Engineering and Technology
International Journal of Nutrition and Food Engineering
Voal:6, No:7, 2012

added. The sample was stirred on a magnetic stirrer for 15 min
then 25 ml of petrol ether were added and stirring was
continued for one more hour. After 3-4 hours when both
layers were completely divided, the top yellow layer was used
for further detection of carotenoids at 440 nm. Carotene
equivalent (KE) was found, using a graduation curve with
K,Cr,0;. The content of carotenoids (mg 100g™) was
calculated by equation (3):

« —125-100-KE
36-a ' ©)

where 12.5 and 36 coefficients for relationship between
K,Cr,0; and carotenoids;

KE - carotene equivalent by graduation curve;

a— sample weight, g.

Total phenol content was determined by photometric method
with Folin-Ciocalteu reagent [34]. A sample of 4-6 ¢
homogenized berries were placed in 250 ml conic flask and 5
ml distilled water was added. The prepared sample was
mechanically shaken for 5 minutes. Then 50 ml 96% ethanol
was added and solution was continuously shaken by 2 hours.
After shaking, the sample was filtered, and residues were
washed three times with 10 ml of 80% ethanol. The filtrate
was placed in a 100 ml flask and filled with water. For
analyses of phenols the Folin-Ciocalteu reagent and 4 ml 7.5%
sodium carbonate was used. After 30 minutes the samples
were analyzed using the spectrophotometer Jenway 6705 at
wave length 765 nm. As a control, solution 1 ml water with 5
ml Folin-Ciocalteu reagent and 4 ml 7.5% sodium carbonate
solution were used. The concentrations of phenols was found
out from calibration diagram which was drawn by measuring
absorbance of different concentrations of gallic acid and the
content of phenols is calculated with formula (4):

_ C
a-10 (4)
where X - concentration of phenols, mg 100 g*; C -
absorption at 765 nm; a — the amount of analyzed sample, g.

E. Satistical analysis

The results were processed by mathematical and statistical
methods. Statistics on completely randomized design were
determined using the General Linear Model (GLM) procedure
SPSS, version 16.00. Two-way analyses of variance (p<0.05)
were used to determine significance of differences between
weight losses, moisture content, hardness, a,, pH, colour
changes of atmosphere content (CO, and O,) in headspace of
packs, and microbial conditions by different packed samples.

I1l. RESULTS AND DISCUSSION

The carbon dioxide (CO,) content during the storage of 15
weeks differed significantly (p<0.05) among all pumpkin-
rowanberry marmalade candy samples packed in the different
kinds of materials, (Fig. 2), and the results were similar to
experiments done with apple- blackcurrant marmalade candies
[35].
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The carbon dioxide content during the first 8 weeks of
storage in Multibarrier 60 pouches without oxygen scavenger
(sample 2) were stable (100%), but at the 11" week the CO,
content began to decrease gradually and after 15 weeks the
pouches collapsed and a vacuum was formed (Fig.2). In
Multibarier 60 pouches (MAP, 100% CO,) with incorporated
O, scavenger, 500 cc the CO, content began to decrease after
5 weeks of storage and in 8" storage week reached 0% and the
vacuum remained in pouches until the end of experiment. In
VC999 BioPack lidding film PLA pouches (MAP, 100% CO,)
the CO, began to decrease already after one week of storage,
decreasing to 89% and after 5 weeks of storage the decrease
was notable, but at the 8" storage week vacuum was
established in pouches and the packs lose their market
appearance. This phenomenon can be explained with carbon
dioxide dissolving in the marmalade candies having quite high
moisture content (39.73-43.35%). As a result, the pressure
decreased in the packages and destroyed them. The solubility
of CO, as we can see in the Fig. 3, was related with
simultaneous decrease of oxygen content in pouches. The
concentration of carbon dioxide in paper bag was not more
than 1.0+0.1%.
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20 \\ \
\ \
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Fig. 2 The dynamics of carbon dioxide (CO,) content in the
headspace of package in MAP (100%)
1 — Paper bags; 2 — Multibarier 60 pouches (MAP 100% CO,); 3 — Multibarier
60 pouches (100% CO,) +O, scavenger, 500 cc; 4 — VC999 BioPack lidding
film PLA pouches (MAP100% COy,)

-8 2 —0 -3 -0 -4

There were significant (p<0.05) differences between
packaging materials in content of oxygen inside of packages
during the storage time. The oxygen content (O,) in
Multibarrier 60 packages without O, scavenger during 11
storage weeks increased from zero to 7.3+0.6% in average,
than decrease of O, began and during 15 storage weeks
reached 0% (Fig. 3). In the Multibarrier 60 packages with
oxygen scavenger, the O, content increased only in average to
2.25+0.18% during 5 storage weeks; after that it started to
decrease, and already before 8 storage weeks the vacuum was
developed in the packages (Fig. 3).
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Fig. 3 The dynamics of oxygen (O,) content in the headspace of
package in MAP (100%)
1 — paper bags; 2 — Multibarier 60 pouches (MAP 100% CO2); 3 —
Multibarier 60 pouches (100% CO2) +02 scavenger, 500 cc; 4 — VC999
BioPack lidding film PLA pouches (MAP100% CO2)
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These results prove the influence of oxygen scavenger for
minimizing the oxygen content in packages. The O, content in
packages of VC999 BioPack lidding film PLA rapidly
increased to 17.6+1.4% during the first five storage weeks, but
at the 8" week of storage the vacuum was developed in the
packages. Thus we can summarize that after 15 weeks of
storage the vacuum was formed in all pouches from
investigated polymer materials, consequently, the O, content
did not differed in these samples. The O, contents in the paper
bags during all the experiment period were similar as it was in
the surrounding environment (about 21%).

Initial moisture content of marmalade candies was
39.7310.09%. As we can see in the Fig. 4, moisture content
increased to 43.08-46.35% in all polymer materials during
first three weeks of storage, and in samples packed in
Multibarieer 60 with and without oxygen scavengers the
moisture content remained between 42.7-47.3% until the end
of the experiment. In VC999 BioPack lidding film PLA after
5-weeks storage it decreased again to 39.58+0.08%, and
remained almost the same until the 15" week of storage. In
samples packed in paper bags the moisture content differed
(p<0.05) from those packed in polymer packaging materials
and was decreased to 18.2% during the first week of
experiment and did not change notably during the rest of the
experiment time. Interestingly that moisture content in the
pumpkin-rowanberry samples packed in paper bags remained
much higher than it was in apple-blackcurrant samples [35],
which could be explained with differences of samples
chemical composition and some structure properties.
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Fig. 4 The dynamics of moisture content in pumpkin-rowanberry
marmalade candy samples during storage
1 — paper bags; 2 — Multibarier 60 pouches (MAP 100% CO,); 3 — Multibarier
60 pouches (100% CO,) +0O, scavenger, 500 cc; 4 — VC999 BioPack lidding
film PLA pouches (MAP100% COy,)

The ascorbic acid content rapidly decreased in the first
week of storage in all samples: from 19.5 mg 100g™ of dry
weight (similarly to many fresh fruits, like raspberries, apples,
etc. [36]) at the beginning of the experiment until in average
7.66 mg 100g™ of dry weight after one week of storage (Fig.
5). The lowest ascorbic acid content after 3 weeks of storage
was in the samples packed in the paper bags. The ascorbic
acid content in the other samples was similar to each other and
continued to decrease slowly during the next weeks of storage,
reaching 5.48 mg 100g™ of dry weight at the 11" week of
storage. Therefore it could be concluded that none of the
evaluated packaging materials can prevent the oxidation
process of ascorbic acid.

Ascorbic acid, mg 100g™ of dry

0 1 2 3 4 5 6 7 8 9 10 11 12

Storage time, weeks
- 2 -0-4 =1
Fig. 5 The ascorbic acid content (in dry weight of the product) in
pumpkin-rowanberry marmalade candy samples during storage
1 - paper bags; 2 — Multibarier 60 pouches (MAP 100% CO); 3 — Multibarier

60 pouches (100% CO,) +0O, scavenger, 500 cc; 4 — VC999 BioPack lidding
film PLA pouches (MAP100% COy)

—0-3

The total content of carotenoids at the beginning of the
experiment in the pumpkin-rowanberry marmalade candies
was 3.14 mg 100g™ of dry weight. These data are comparable
with the content of carotenoids in many fresh fruits and
vegetables [36], [37].
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Fig. 6 The total carotenoids (in dry weight of the product) in the
pumpkin-rowanberry marmalade candy samples during storage
1 - paper bags; 2 — Multibarier 60 pouches (MAP 100% CO,); 3 — Multibarier
60 pouches (100% CO,) +0, scavenger, 500 cc; 4 — VC999 BioPack lidding
film PLA pouches (MAP100% CO5).

After the 15 weeks of storage the total content of
carotenoids in the samples did not decrease below the values
at the beginning of the experiment and was between 3.15 and
3.68 mg 100g™ of dry weight (Fig. 6). Therefore we can
conclude that the storage of the samples in the polymer
materials doesn’t cause decrease of the content of total
carotenoids.

The total content of phenols in the samples at the beginning
of the experiment was 110.27 mg 100g™ of dry weight,
consequently, fresh marmalades is a good source of the
phenols, being one the most important bioactive compounds in
the fruits and berries [36]. Already after one week of storage
there were some significant differences between samples
packed in different materials. The highest content of phenols
were detected in samples packed in the Multibarier 60 pouches
(MAP 100% CO,), but the lowest in paper bags (fig. 7). Fast
decrease of the phenols occurred between the 5" and 7" week
of the storage. At the 15" week of storage, the phenol content
ranged from 79.29 to 90.73 mg 100g™ of dry weight. The
highest content of phenols was in the samples packed in the
Multibarier 60 pouches (100% CO,) +O, scavenger.
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Fig. 7 The total content of phenols (in dry weight of the product) in
pumpkin-rowanberry marmalade candy samples during storage
1 — paper bags; 2 — Multibarier 60 pouches (MAP 100% CO,); 3 — Multibarier
60 pouches (100% CO,) +0, scavenger, 500 cc; 4 — VC999 BioPack lidding
film PLA pouches (MAP100% COy)

International Scholarly and Scientific Research & Innovation 6(7) 2012

The hardness of the marmalade candies was highly
dependent of the used packaging material and technology.
Presumably, the major hardening reason can be water vapour
migration through the packaging material as well as some
biochemical and chemical processes during the storage, which
induce hardening or de-hardening. The initial cutting force of
all samples was 1.060.03 N. Mouth feel of all tested samples,
excepting sample packed in paper bags, during the storage
time was acceptable. Candies packed in the transparent
Multibarrier 60 film with and without incorporated oxygen
scavenger showed insignificant increase of the cutting force of
packed product after 15 storage weeks (1.57+0.05 N). At the
same time, samples packed in the VC999 BioPack lidding film
PLA increased their hardness at the end of their storage in the
11" week higher — 2.31+0.11 N (fig. 8).
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Fig. 8 The dynamics of hardness changes of the pumpkin-rowanberry
marmalade candies during the storage in the polymer materials

2 — Multibrier 60 pouches (MAP 100% CO,); 3 — Multibarier 60 pouches

(100% CO,) +0, scavenger, 500 cc; 4 — VC999 BioPack lidding film PLA

pouches (MAP100% CO,).

After first three to five weeks of storage, the cutting force of
the samples packed in the films continued to increase, but later
it again decreased. It could be explained with carbon dioxide
dissolving into the product, which could make it softer,
because rapid decrease of CO, in the headspace of the
packages at the same time was detected (fig. 2).

The increase of the cutting force of the marmalade candies
packed in the paper bags was very high compared to the
samples packed in the other materials — from 1.06+£0.03 N at
the beginning of the experiment rising up to 129.26+£10.44 N
at the end (fig. 9), the maximal cutting force substantially
differed (p<0.05) from all other tested samples, and the
candies after 1 to 2 weeks storage were not suitable for eating.
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Fig. 9 The dynamics of hardness changes of the pumpkin-rowanberry
marmalade candies during storage in the paper bag packaging

The initial pH of the pumpkin-rowanberry marmalade
candies was 3.56+0.006. Slight decrease of pH value before
5" week of storage occured in all samples, while next 10
weeks it remained stable and at the end of storage pH was
3.28-3.44 (Fig. 10).
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Fig. 10 The dynamics of pH value of the pumpkin-rowanberry

marmalade candies during storage
1 - paper bags; 2 — Multibarier 60 pouches (MAP 100% CO,); 3 — Multibarier
60 pouches (100% CO,) +0, scavenger, 500 cc; 4 — VC999 BioPack lidding
film PLA pouches (MAP100% CO5).

The value of water activity (a,) of the freshly prepared
pumpkin-rowanberry marmalade candies was 0.871 (Fig. 11).
After 15 storage weeks a, of marmalade samples packed in
the Multibarieer 60 without and with incorporated oxygen
scavenger, as well as in the VC999 BioPack lidding film PLA
did not change significantly (p>0.05). These marmalade
candies had lower a,, (and also water content) than previously
described apple-blackcurrant marmalade candies (a,= 0.927)
[35]. The water activity of the candies packed in the paper
bags decreased from 0.871 to 0.5 during the same storage
time, accordingly with reduction of moisture content from
39.73+0.09% to 18.2% (Fig. 4).
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Fig. 11 The dynamics of the pumpkin-rowanberry marmalade candies
water activity (a,) during storage time

1 — paper bags; 2 — Multibrier 60 pouches (MAP 100% CO,); 3 — Multibarier

60 pouches (100% CO,) +0O, scavenger, 500 cc; 4 — VC999 BioPack lidding

film PLA pouches (MAP100% CO,).

1V. CONCLUSION

The investigated conventional Multibarrier 60 film is
applicable for pumpkin-rowanberry marmalade candy’s long-
term storage maintaining quality, and incorporation of the
oxygen scavenger in the Multibarier 60 pouches (MAP, 100%
CO,) can be recommended as the best variant. Packaging in
the biodegradable VC999 BioPack lidding film PLA can
maintain quality of pumpkin-rowanberry marmalade candies
up to 8 weeks. The paper bags could be used only for candy’s
short-term packaging on the supermarket shelves.

The bioactive compounds, like carotenoids and phenols are
quite stable during the storage of packed marmalade candies at
room temperature, while the ascorbic acid content decrease
faster - already after one week of storage it decreased more
than two times.

REFERENCES

[1] S. Gruji¢, R. Gruji¢, J. PoljaSevi¢, “Effect of food additives on sensory
characterictics of thermo-stable marmalade,” Electronic Journal of
Polish Agricultural Universities (EJPAU), 2010, 13(2), 11, pp. 1-12.

[2] R. A. Baker, N. Berry, Y. H. Hui, “Fruit preserves and jams,” in:
Processing Fruits: Science and Technology, vol.1, P.L. Somogyi, S. H.
Ramaswamy, Y.H Hui Ed. CRC Press, USA, 1996, pp.117-131.

[3] Codex stan. 296-2009. “Standard for Jams, Jellies and Marmalades,”
available at: http://www.codexalimentarius.org/codex-home/en/

[4] F. E. Figuerola, “Berry jams and jellies,” Chapter 13, in Berry Fruit.
Value-Added Products for Health Promotion, Y. Zhao, Ed. Taylor
&Francis Group, LLC, 2007, pp. 267-385.

[5] A. Ekpong, T. Ngarmsak, R. J. Winger, “Comparing sensory methods
for the optimisation of mango gel snacks”, Food Quality and
Preference, vol. 17, 2006, pp. 622-628,.

[6] G. Kansci, B. B. Koubala, 1. M. Lape, “Effect of ripening on the
composition and the stability for jam processings of different varieties of
mango (Mangifera indica),” African Journal of Biotechnology, vol. 2(9),
2003, pp. 301-306.

[71 G. Jaworska, W. Kmiecik, J. Stupski, “Effect of technological measures
on the quality of canned banana desserts”, EJPAU, vol. 7(1), 05, 2004.

[8] R. Fugel, R. Carle and A. Schieber “Quality and authenticity control of
fruit purees, fruit preparations and jams — a review”, Trends in Food
Science & Technology, vol. 16, 2005, pp. 433-441.

[91 C. H. Lee, J. K. Cho, S. J. Lee, W. Koh, W. Park, C. H. Kim,
“Enhancing B- carotene content in Asian noodles by adding pumpkin
powder,” Cereal Chemistry, 79 (4), 2002, pp. 593-595.

578 1SN1:0000000091950263



Open Science Index, Nutrition and Food Engineering Vol:6, No:7, 2012 publications.waset.org/4667.pdf

World Academy of Science, Engineering and Technology
International Journal of Nutrition and Food Engineering
Voal:6, No:7, 2012

[10] E.F. See, W. A. Wan Nadiah, and A. A. Noor Aziah, “Physico-chemical
and sensory evaluation of breads supplemented with pumpkin flour,”
ASEAN Food Journal, 14(2), 2007, pp. 123-130.

R.J. Bushway, “Determination of - and fB-carotene in some raw fruits

and vegetables by high-performance liquid chromatography,” J. Agric.

Food Chem. 34, 1986, pp. 409- 412.

J. Noelia, M.M. Roberto, Z. J. de Jesus, and G. J. Alberto, “Chemical

and Physicochemical Characterization of Winter Squash (Cucurbita

moschata D),” Not Bot Hort Agrobot Cluj, 39 (1), 2011, pp. 34-40.

E. Figueredo, A. Minguez, and L. Luis Vidarte, “Allergy to Pumpkin

and cross-reactivity to other Cucurbitaceae fruits,” Journal of Allergy

Clinical Immunology, 106, 2000, pp. 402-403.

A.T. Hukkanen, S. S. Polonen S.O. Karenlampi, H.l. Kokko,

“Antioxidant capacity and phenolic content of sweet rowanberries,” J.

Agric. Food Chem, 2006, 54 (1), pp. 112-119.

E.S. Poyrazoglu, “Changes in ascorbic acid and sugar content of

rowanberries during ripening,” J. of Food Quality, 2004, 27, pp. 366-

370.

L. Howard, “Processing techniques and their effect on fruit and

vegetable phytochemicals” in: Improving the healt-promoting properties

of fruit and vegetable products, F.A. Tomas-Barberan and M.I. Gil, Ed.,

UK: Woodhead Publishing Limited, 2008, pp. 449-471.

A. Rozek, J.V. Garcia-Pérez, F. Lopez, , C. Guell, M. Ferrando,

“Infusion of grape phenolics into fruits and vegetables by osmotic

treatment. Phenolic stability during air drying,” Journal of Food

Engineering 99, 2010, pp. 142.

J. Stojanovic and J.L. Silva, “Influence of osmotic concentration,

continuous high frequency ultrasound and dehydration on antioxidants,

colour and chemical properties of rabbiteye blueberries,” Food

Chemistry 101, 2007, pp. 898-906.

F. Nsonzi “Osmo-convective drying behavior of blueberries,”

Department of Food Science and Aghricultural Chemistry. Macdonald

Campus of McGill University. Montreal, Canada, August, 1997, p. 203.

M. Kopjar, V. Pilizota, N.N. Tiban, D. Subari¢, J. Babi¢, B. Akar, M.

Sajdl, “Strawberry jams: influence of different pectins on colour and

textural properties,” Czech J. Food Sci., 2009, 27, pp. 20-28.

Garcia-Viguera, P. Zafrilla, F. Artés, F. Romero, P. Abellan, F.A.

Tomas-Barberan, “Colour and anthocyanin stability of red raspberry

jam,” J. Sci Food Agric, 1998, 78(4), pp. 565-573.

A. Raisi, A. Aroujalian, “Reduction of the glucose syrup browning rate

use of modified atmosphere packaging”, Journal of Food Engineering,

vol. 80(1), 2007, pp. 370-373.

A. Kulichenko, “Improved technology in the marshmallow with the use

of vegetable proteins”. Dis. cand. tech. Science: 05.18.01 Moscow: RSL

OD, 61:06-5/ 2669, 2006. (In Russian).

R. Ergun, R. Lietha, R. W. Hartel, “Moisture and shelf life in sugar

confections”, Critical Reviews in Food Science and Nutrition, vol. 50(2),

2010, pp. 162-192.

F. Devlieghere, J. Debevere, “MAP, product safety and nutritional

quality” in: Novel food packaging techniques, R. Ahvenainen, Ed.

Cambridge, UK: Woodhead Publishing Limited, 2003, pp. 208-230.

G. Mortensen, G. Bertelsen, P. V. Nielsen, “Packaging of cheese,” in:

Handbook of food and beverage fermentation technology, Y. H. Hui, L.

Meunier-Goddik, A. S. Hansen, J. Josephsen, Nip Wai-Kit, P. S.

Stanfield, J. F. Toldra, Ed. Taylor & Francis e-library, 2005, pp. 381-

399.

[27]M. Muralikrishna, A. M. Nanjundaswamy, G. S. Siddappa, “Guava

powder preparation, packaging and storage studies,” Journal of Food

Science and Technology, vol. 6, 1969, pp. 93-98.

T. Labuza, K. Roe, C. F. Payne, Panda, “Storage Stability of Food

Systems: Influence of State Changes during Drying and Storage,” in 14"

International Drying Symposium, IDS 2004, S&o Paulo, Brazil, 2004,

vol. A, pp. 48-68.

F. Devlieghere, L. Jacxsens, J. Debevere, “Modified atmosphere

packaging: state of the art: Laboratory of food microbiology and Food

preservation,” Department of food Technology and Nutrition, University

of Ghent-Belgium, 2000; pp. 18.

[30]A. Lopez-Rubio, E. Almenar, P. Hernandez-Munoz, J. M. Lagaron,
Catala, R. Gavara, R. “Overview of active polymer-based packaging
technologies for food applications,” Food Review International, vol.
20(4), 2004, pp. 357-387.

[31] A. Meroni, “Active packaging as an opportunity to create package
design that reflects the communicational functional and logistical
requirements of food products,” Packaging Technology Science, vol. 13,
2000, pp. 243-248.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[28]

[29]

International Scholarly and Scientific Research & Innovation 6(7) 2012

[32] E. Jansons, “Analitiskas kimijas teorétiskie pamati (Basics in Analytical
Chemistry),” R.: LU Akadémiskais apgads, 2006, 307 p.

[33] A.M. EpmakoB, “MeTosl GHOXMMHYECKOTO HCCICIOBAHNUS PACTEHUI,”

(Methods for biochemical testing of plants, A.l. Jermakova Ed.)

Jlenunrpaj, BO «Arponpomusaat», 1987, ¢. 112 — 113.

V. L. Singleton, R. M. Orthofer, R. M. Lamuela-Raventos “Analysis of

total phenols and other oxidation substrates and antioxidants by means

of Folin-Ciocalteu reagent, Methods in Enzymology, No 299, 1999, pp.

152-178.

S. Muizniece-Brasava, L. Dukalska, S. Kampuse, |. Murniece, M.

Sabovics, I. Dabina-Bicka, E. Kozlinskis, S. Sarvi “Influence of active

packaging on the shelf life of apple-black currant marmalade candies,”

World Academy of Science, Engineering and Technology, Vol.80, 2011,

pp. 555-563.

“Improving the healt-promoting properties of fruit and vegetable

products,” F.A. Tomas-Barberan and M.l. Gil, Ed., UK: Woodhead

Publishing Limited, 2008, 560 p.

S. Kampuse, Z. Kriima, K. Kampuss, I. Krasnova, “Nutritional value of

minor fruits in Latvia,” Acta Horticulturae, No. 877, VI International

postharvest symposium; 2010, pp. 1221.-1228.

[34]

[35]

(36]

[37]

Solvita Kampuse, Dr.sc.ing., assistant of professor was born in Latvia,
Bauska at 1975. She has defended her Dr. Degree in Food Science in Latvia
University of Agriculture at 2006. The thesis paper for getting doctor’s degree
was “Suitability to Freezing of Berries from Different Raspberry, Black, Red
and White Currant Cultivars Grown in Latvia”. Scientific direction is
connected with the development of new fruit and vegetable products,
investigations of bioactive compounds in fruits and vegetables, and
possibilities to save them in processed products. She has 27 scientific
publications. At present leading scientist in Project Formation of the research
group in food science, Contract Nr.2009/0232/1DP/1.1.1.2.0/09/
APIAIVIAA/122.

Elga Berna, Mg.chem. Born in Latvia, Ludza at 1972. Defended Master's
degree in Chemistry in Latvia University at 1997. Thesis of Master's degree
was “Glucose, fructose and sucrose detection in juices”. Now she is the PhD
student (2011) in Food Science in Latvia University of Agriculture. Scientific
direction is connected with the development of new rowanberries products,
investigations of bioactive compounds in different rowanberries cultivars, and
possibilities to save them in processed products. She has 5 scientific
publications

Sandra Muizniece-Brasava, Dr.sc.ing., assistant of professor was born
in Latvia, Gulbene at 1977. She has defended her Dr. degree in Food Science
in Latvia University of Agriculture at 2006. Thesis of PhD degree was “Poly-
b-hydroxybuturate composite materials as environmentally friendly food
packaging”. Scientific direction is estimation of the novel and environment
friendly food product packaging materials and packaging technologies. She
has 40 scientific publications. At present leading scientist in Project
Formation of the research group in food science, Contract
Nr.2009/0232/1DP/1.1.1.2.0/09/ APIA/VIAA/122.

Lija Dukalska, Dr.habilit.sc.ing, and professor was born in Riga district at
1934. She has received her Dr., degree in Food science and technology at
1972, Dr habilit. sc. ing at 1997 and elected in professor’s post in Latvia
University of Agriculture at 1998. Scientific direction is studies of the novel
and environmentally friendly biodegradable food packaging material
application for food packaging technologies. She has about 180 published
scientific articles, and 4 published books, EC expert in Brussels, reg.
N°EE19981A03785. Participated in EU financed International projects
EcoPac, QLRT-2001-01823 and PackTeck, N G1RTC-CT-2002-05068. At
present leading scientist in Project Formation of the research group in food
science, Contract Nr.2009/0232/1DP/1.1.1.2.0/09/ APIA/VIAA/122.

Irisa Murniece, Dr.scing., Born in Latvia, Cesis at 1980. She had
obtained doctoral degree (Dr.sc.ing.) in the field of Food Science at Latvia
University of Agriculture (2010) and Master degree — Food Science and
Nutrition at Gent University (Belgium) (2007). Now she is working as a
researcher at the Department of Food Technology. Her field of the research is
potatoes, vegetables and its quality before and after processing as well as
analyses of the physical properties of the food. She has about 25 published
papers and participated in ten different projects both in national and European
level.

Martins Sabovics, Mg.sc.ing., assistant. Born in Latvia, Jelgava at 1985.
Defended Master's degree in Food Science in Latvia University of Agriculture
at 2010. Thesis of Master's degree was “Flour blend from non-traditional
cereals”. Now he is the first year PhD student (2011) in Food Science in
Latvia University of Agriculture. Scientific activity is directed on different
whole-grain flour (triticale, hull-less barley, rye, rice and corn) usage of bread

579 1SN1:0000000091950263



Open Science Index, Nutrition and Food Engineering Vol:6, No:7, 2012 publications.waset.org/4667.pdf

World Academy of Science, Engineering and Technology
International Journal of Nutrition and Food Engineering

Vol:6, No:7, 2012

and pastry production, as well as the effect of technological processes on
bread and pastry products. He has 8 scientific publications.

Zanda Kruma, Dr.sc.ing., leader researcher at the Latvia University of
Agriculture, Faculty of Food Technology, was born in Latvia, Aizpute in
1980. In 2008 she In 2008 she defended PhD thesis and obtained doctoral
degree in engineering sciences (Food science). Main topics of research:
biologically active substances in foodstuffs, food aroma analysis. She has 22
scientific publications and participated in 6 different projects.

Karina Ruse, Mag.cib.hyg, assistant. Born in Latvia, in Sigulda, in 1983.
Defended Master’'s degree in Food Hygiene in Latvia University of
Agriculture at 2009. Thesis of Master's degree was “Microbiological safety of
roast chicken fillet”. Now she is the third year PhD student (2011/2012) in
Food Science in Latvia University of Agriculture. Main scientific activity is
directed on berries processing in convective and microwave-vacuum driers
using different pre-treatment methods and quality assessment of ready
product. She has about 5 scientific articles.

Svetlana Sarvi, Mg. sc.ing., was born in Poland, 1947. She has obtained
Mater degree (Mg.sc.ing.) in the field of Food Science at Latvia University of
Agriculture (2004). She is working at the Department of Food Technology as
a scientific assistant. She has seven scientific papers and she is taking a part in
two national projects.

Kaspars Kampuss, Dr. agr. assistant of professor at the Latvia University
of Agriculture, Faculty of Agriculture, was born in Latvia in 1971. In 2005 he
defended Dr. agr degree in the Latvia University of Agriculture with PhD
thesis paper “Research of Black, Red and White Currant Genetic Resources in
Latvia”. Main scientific activities is connected with Ribes L. genetic
resources, fruit and berry quality and nutritional value of different species and
cultivars. He has about 30 scientific publications. At present leading scientist
in Project Formation of the research group in food science, Contract
Nr.2009/0232/1DP/1.1.1.2.0/09/ APIA/VIAA/122.

International Scholarly and Scientific Research & Innovation 6(7) 2012

580

1SN1:0000000091950263





