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ABSTRACT: Packaging is inseparable retainer of almost all food products. However, most of
produced packaging ends as packaging waste after consumption of the product. Increasing amounts
of packaging waste that should be managed represents serious challenge of every modern society.
There are many different approaches to address this subject, amongst which biodegradable, natural
biopolymer-based or even edible packaging holds considerable potential. In this paper, a by-product of
edible oil industry, left after completed extraction by cold pressing of oil from hulls of pumpkin seeds,
was used to produce biopolymer packaging films. Pumpkin oil cake was used to produce composite
bio-based films. Different filtration of film forming suspension was applied in order to test composite
film production using different filtration fractions, leading to higher process yield and minimizing waste.
In addition, films were casted on surface, about ten times larger comparing to the cast surface typically
reported for these types of films in the literature, in order to test the possibility for commercial
production and scale up process. Also, casted mass of film forming suspension was varied in order to
define minimal casting mass per unit area. Presented results showed that biopolymer films based on
the pumpkin oil cake can be successfully produced in sheets (50x35 cm), compared to films earlier
produced in the form of discs with diameter 12 cm. Different filtration fractions from initial film forming
suspension can be used for film formation, leading to increased production yield. Different filtration
fractions lead to different film properties that should be adjusted according to selected application.
Casted mass of film forming suspension was successfully decreased (comparing to earlier literature
dataz) without compromising film functional properties and minimal casting mass was defined as 26
g/m~.
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INTRODUCTION

Extensive research has been performed to
analyse different agro-industrial waste and
by-products in order to valorize and re-
duce waste by recovering valuable natural
compounds. Extraction of active com-
pounds, as well as different biopolymers
represents just a little fragment of waste
valorization approaches that are being
subjected to examination (Lin et al., 2014).

One of possible utilizations of biopolymers
extracted from biomass is production of
natural, biodegradable, or even edible pa-
ckaging (Popovi¢ et al., 2018). These re-

searches are in line with ongoing cam-
paign focused on packaging industry. The
campaign is driven by different stake-
holders, consumers with increasing en-
vironmental awareness, as well as natio-
nal governments through legislative frame
that provides for measures aimed at li-
miting the production of packaging waste
(Directive (EU) 2018/852).

Further concern of researchers is that sole
extraction process of biopolymers uses
additional chemicals and energy, leaving
waste that is unsuitable to be used further
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or even represents bigger environmental
load than the initial waste. This is why va-
lorization with minimum processing, ap-
preciating environment in all segments is
preferable. In the frame of these aspi-
ration, group of researchers offered new
concept of utilization of edible oil industry
waste and by-products, where instead of
extracting protein isolate, whole cake or
meal is used to produce composite bio-
polymer films, which is composed of pro-
teins, as well as polysaccharides, oil and
other components present in the starting
cake or meal (Kim et al., 2004; Kim et al.,
2005; Popovi¢ et al., 2011; Lee and Min,
2013; Oh et al., 2016; Delgado, 2018).

Popovi¢ et al. (2011) offered solution for
producing composite biopolymer film ba-
sed on hull-less pumpkin oil cake that re-
mains after completed process of cold
pressing oil from pumpkin seeds. Compo-
sition of cake was determined to be 60-
65% proteins, about 12% carbohydrates
and 8-12% oil that remains in the cake,
which is very interesting for biopolymer
film production considering high content of
biopolymer fibres present.

In this research, procedure proposed by
Popovi¢ et al. (2011) was modified in the
part of filtration to test composite film
production using different filtration frac-
tions, i.e. included particle size, leading to
higher process yield and minimizing
waste. In addition, films were casted on
larger surface, increasing ten times pro-
duced film surface in order to test pos-
sibility for commercial production and sca-
le up process. Also, casted mass of film
forming suspension was varied to define
minimal casting mass per unit area.

MATERIALS AND METHODS

The grounded hull-less pumpkin (Cucur-
bita pepo L. c.v. Olinka) oil cake (PuOC)
was kindly supplied by ,Linum*, Conoplja,
Serbia, and stored at the temperature of 4
°C. All other reagents were of analytical
grade.

The film-forming suspension of PuOC
(10%, wiw) was prepared in deionized wa-
ter, with addition of 30% w/w (per weight
of PuOC) glycerol and 0.2% w/w (per
weight of polysaccharides in PuOC) guar-
xanthan. pH value of the obtained film for-

ming suspension (FFS) was adjusted to
12.0 using 0.2 M NaOH and the FFS was
incubated at 90 °C, for 20 minutes (Po-
povi¢ et al, 2011). Hot FFS was filtrated
through nylon filter (pores around 100 pm,
PA13XXX, Saati Tech, Milano, Italy) to
obtain finer filtration (FF) fraction of FFS
and through cheesecloth (around 800 um,
Clearstream Filters Inc., Delhi, Ontario) to
obtain rougher filtration (RF) fraction of
FFS. When FF fraction was obtained, pro-
duction yield amounted around 50%w/w,
while for RF fraction, production yield was
90%w/w. Obtained suspensions were
poured onto Teflon coated flat glass sur-
face (350 mm x 500 mm) to cast films.
Casted mass of FFS was varied: 300 g,
250 g, 200 g, and 150 g in order to define
minimal necessary casting mass to sur-
face ratio. Under 150 g of FFS it was
impossible to cover the surface for casting.
Films were air dried for 2 days at room
conditions. Dry films were peeled of the
glass surface, visually examined and for-
med into adequate sample size for dif-
erent property examinations. Before tes-
ting tensile properties, as well as water
content of films, samples were conditioned
during at least 48 h in two different at-
mospheres: temperature (23 + 3) °C,
RH=50+5% for room condi-tions (R) and
temperature (6 + 2) °C, RH=50+5% for
refrigerated conditions (F).

Film thickness was measured using a mic-
rometer Digico 1, with sensitivity of 0.001
mm (Tesa, Renens, Switzerland). Eight
thickness measurements were carried out.

Tensile strength (TS) and elongation at
break (EB) were measured on the Instron
Universal Testing Instrument Model No
4301 (Instron Engineering Corp., Canton,
MA), according to ASTM standard method
D882-10. A rectangular film strip of 90 mm
in length and 15 mm in width was used.
Prior to testing, strips were conditioned du-
ring at least 48 h in two different atmo-
spheres, room conditions and refrigerated
conditions. The initial grip separation was
set at 50 mm, and crosshead speed was
set at 50 mm'min. TS and EB measu-
rements were repeated at least five times
for each storage condition.

For water content determination, film sam-
ples (2 x 2) cm were conditioned in dif-
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ferent starting atmospheres during 48 h
(room and refrigerated conditions). Film
samples were weighed (w,), dried at 105
°C for 24 h and weighted (w,) again. Water
content (WC) was determined as the per-
centage of initial film weight lost during
drying and reported on a wet basis (Eg. 1)
(Rhim et al., 2002).

WC[%] — (w1=w5)X100 (1)
Wy

Triplicate measurements of water content

were conducted for each storage

condition.

Swelling ability was determined on the
pieces of films (1 x 2) cm in size, which
were weighed in air-dried conditions, (wy).
They were then immersed in deionized
water (25 °C) for 2 min. Wet samples were
wiped with filter paper to remove excess
liquid and weighted (w,). The amount of
adsorbed water was calculated as shown
in Eq. (2)

Swelling ability [%] = W (2)
where w, and w; were the weights of the
wet and the air-dried samples, respectively
(Bigi et al., 2004). Swelling ability was also
tested in pH=4, pH=7 and pH=9 buffers.
Each measurement was repeated at least
three times.

For total soluble matter determination,
small pieces of film (2x2) cm were dried in
the oven at 105 °C for 24 h to obtain the
initial dry mass of the film. After drying,
films were placed into test tubes con-
taining 20 mL of deionized water. Test tu-
bes were covered and gently shaken and
left at room temperature, for 24 h. The re-
maining pieces of film were dried in the
oven at 105 °C for 24 h to obtain final dry
mass of the film. The percentage of total
soluble matter (% TSM) of the films was
calculated using the Eq. (3).

_ (wy—w3)X100
Wi

TSM[%] ©)
where w; and w, are initial dry mass
before the test and final dry mass after the
test. Test was repeated on each sample
in minimum three replications (Popovi¢ et
al., 2011).

Moisture barrier properties of films were
determined gravimetrically (dish method),

according to the 1SO 2528:1995, condition
A (temperature 25 °C £ 1 °C and relative
humidity 90% * 2%, obtained by saturated
solution of potassium nitrate). Silica gel
was used as desiccant for filling the test
dish. Three replicates were tested simul-
taneously.

Light transmission was measured by using
a T80+ UV-VIS Spectrometer (PG instru-
ments LTD). The scanned wavelength ran-
ge was 200-800 nm. The light transmis-
sion was measured on flat sample piece
15 mm x 50 mm. Three replications per
sample were measured.

Statistical analysis was carried out using
OriginPro 8 (OriginLab Corporation, Nor-
thampton, MA, USA). All data were pre-
sented as mean value with their standard
deviation indicated (mean + SD). Variance
analysis (ANOVA) was performed, with a
confidence interval of 95 % (p < 0.05).
Means were compared by the Tukey test.

RESULTS AND DISCUSSION

The obtained films are shown in Fig 1. FF
films (left) were barely transparent ob-
served visually in transmitted light. Tactile
observation was that films were smooth,
soft and flexible, while visually films
appeared glossy, light green with a hint of
yellow hues. Mild aroma of pumpkin cake
was registered. RF films appeared opa-
que, green, with yellow, dark green and
black residues from the cake in the form of
solid points. Upper side of the film (in con-
tact with air during drying) was rough,
while lower side was smoother. With in-
creasing mass of casted film forming sus-
pension, films appear visually less trans-
parent and greener.

Film thicknesses, as well as uniformity of
thickness figures are properties that affect
many functional properties of films,
amongst which mechanical and barrier
properties. From the results for thickness
of films, shown in Figure 2, it can be seen
that, both film suspension casted mass (Q)
and type of filtration affected this property.
With growing mass of casted film forming
suspension, thickness of films increased,
as expected. This effect is more pro-
nounced in RF films, compared to FF
films.
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Figure 1. Appearance of FF films (left) and RF films (right)

300 —0—FF =>=RF
€ 250 1
2 200 /%7 —{c—— X
E L
@ 100 ¢ s
[}
£ 50
(8]

-E O T T 1
[
150 200 250 300

Mass of film forming suspension (g)

abed pitterent letters denote significantly different means with 95 % probability (p < 0.05)

Figure 2. Thickness of PuOc films (um)

__6
&5 T
> 5 —
53 T T *
c 2 IS
Q
51
o0
e R F R F
Q
[

FF RF

Film

abc

Different letters denote significantly different means with 95 % probability (p < 0.05)

Figure 3. Tensile strength of films (MPa), where R represents films at room conditions and F
represents films at refrigerated conditions
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Figure 4. Elongation at break of films (%), where R represents films at room conditions and F
represents films at refrigerated conditions
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Further, RF films showed higher thickness
values than FF films for the same casted
film forming suspension mass.

Mechanical properties of films are very
important in packaging material manipu-
lation during storage, transport and packa-
ging process, as well as during whole shelf
life and consume phase of the product.
Mechanical properties give insight in the
possibility of film to protect physical inte-
grity of packed product (Martins et al.,
2012; Rubilar et al., 2013). Different
biopolymer-based films, depending on
base polymer properties, applied produc-
tion process, plasticizers and additives
show different mechanical properties. As
shown in Figure 3, tensile strength of films
obtained by different filtration procedure
was different (p<0.05). Higher values for
tensile strength of RF films (4.30 MPa),
compared to FF films (2.32 MPa) were
probably due to additional interactions bet-
ween components present in the RF films
and lacking in the FF ones. Literature data
for tensile strength of composite films
obtained from meals and cakes left after
oil extraction varied considerably, from 1.6
MPa, 3.2 MPa and 12 MPa for films
obtained from defatted soybean meal (Kim
et al., 2005; Lee and Min, 2013; Oh et al.,
2016), over 6.8 MPa for pectin/soy-flour
based films (Mariniello et al., 2003) to 24-
59 MPa for pectin-fish skin gelatine or
pectin-soy flour protein composite films
(Liu et al., 2007)

Mass of casted filmogenic suspension did
not affect elongation at break values sig-
nificantly, so average values for each
filtration type was presented in Fig. 4,
where error bars include films obtained by
casting different mass of FFS (150 g-300
g). Elongation at break values for dif-
ferently filtrated films are significantly
different (p<0.05), amounting 133.9% for
FF films and 29.1% for RF films. These re-
sults are in accordance with the results ob-
tained for tensile strength, where addi-
tional interactions between components
present in the RF films affect film mecha-
nical properties in a way that films become
stronger, but less extensible. In compa-
rison to literature data for elongation at
break of composite films based on de-
fatted oilseed meals and cakes, the tested

PuOC films showed higher elongation at
break values than most composite films
(Mariniello et al., 2003; Liu et al., 2007,
Lee and Min, 2013; Oh et al., 2016). Effect
of different storage conditions (room or
refrigerated) on mechanical properties of
analyzed films was significant (p<0.05).
Tensile strength of RF films was lower
when films were conditioned in the re-
frigerator before testing, while for FF films,
elongation at break was higher for the
films from refrigerator. This effect may be
correlated with different water absorption
properties of films under different tempe-
ratures. Biopolymers suspended and dis-
solved in the PuOC filmogenic sus-
pension, as well as glycerol as the plasti-
cizer are hygroscopic and therefore film
moisture content is affected by ambient
conditions, relative humidity and tempe-
rature. Water, as the main solvent in the
natural biopolymer technology increases
the free volume of biomaterials, and thus
is considered as additional plasticizer. Ab-
sorbed water, as well as glycerol, acts as
plasticizers and as lubricant of the polymer
chains allowing fibers to slide one over the
other, improving flexibility (Vieria et al.,
2011). The plasticization action of water
molecules on biopolymers has been wi-
dely reported in the literature (Vieria et al.,
2011).

In this research, higher water content was
recorded in the films conditioned in the
refrigerated conditions, compared to the
room conditioned ones. Also, water con-
tent was higher in the FF films, compared
to the RF ones under room conditions
(Figure 5). These results are in good cor-
relation with mechanical properties of the
films, where water absorbed in the film
probably acted as additional plasticizer.

During initial hydration from the dry state,
a biopolymer film experiences improved
film elasticity as a result of diffusion of
small water molecules between long poly-
mer chains, widening polymer network and
decreasing intensity of polymer-polymer
interaction. With increasing hydration, film
elasticity and cohesiveness decreases
progressively because water-polymer in-
teractions develop to the detriment of
polymer-polymer bonds. In a 3-phase sys-
tem (water-plasticizer-polymer), the pre-
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sence of the second plasticizer normally
has a deciding influence on the plasticizing
action of the primary one (Lourdin et al.,
1997).

Important properties of produced biopo-
lymer films are swelling degree and so-
lubility. In contact with appropriate solvent,
films swell. When dry hydrocolloid based
films are brought into contact with water,
water molecules are drawn by hydrophilic
nature of film surface and penetrate into
film matrix, bonding to polar groups in hy-
drocolloid molecules, separating fibres and
widening polymer network. Swelling de-
gree of analyzed films (figure 6) was ap-
proximately 100-150%, except FF film in
water (204.3%). Values are in accordance
with values obtained for this type of film
(Popovi¢ et al., 2011). On the other hand,
swelling degree is considerably lower than
in gelatine, soy protein based films as well
as their composites, more similar to the
values obtained for collagen films (Po-
povi¢, 2013; Hromis, 215; Cao et al.,
2007). These results suggest strong inter-
molecular interactions between biopolymer
molecules in PuOC based films. Highest
values for film swelling were obtained in
water and lowest in pH 4 buffer solution. In
water and pH 9 solution, swelling degree
of FF films was higher (p<0.05) then RF
films. This difference might be due to
stronger interactions and possible cross-
linking effect of components additionally
present in RF films, similar as in mecha-
nical properties.

Results for dissolution of films were in cor-
relation with swelling of films, as well as
mechanical properties. FF films were more
soluble than RF films, probably due to
stronger interactions and cross-linking ef-
fect of components present in RF films.
Values for solubility of PuOC films in water
are in accordance with most hydro-colloid
based films, between 30-40% (Choi and
Han, 2001; Bamdad et al., 2007; Hromis,
2015).

Barrier property of casted PuOC films to-
ward water vapor is presented in Fig. 7. In-
creasing mass of casted FFS from 150 g
to 300 g did not affect this property signi-
ficantly in FF films (p>0.05). Values for
water vapor transmission rate (WVTR) of
these fiims ranged from 385.03+32.17

g/m? 24h for FF150 film to 349.68+15.04
g/m? 24h for FF250 film and 353.10+34.73
g/m? 24h for FF300. In RF films, decrease
of WVTR can be noticed with increase in
casted mass of FFS, i.e. film thickness.
Also, for same masses of casted FFS, RF
films show lower WVTR, compared to FF
films. However, if WVTR (shown in fig.7) is
recalculated to permeability, presented
values would correspond to permeability of
(14.4-17.4) gmm/m? 24h kPa for the FF
films, while for RF films these values
would amount 13.2-18.4 gmm/m? 24h kPa.

Considering this, it can be concluded that
differences in WVTR were mostly due to
differences in thickness between RF and
FF films, and that films with normalized
thickness showed similar water vapor
permeability. Values for water vapor per-
meability of tested PuOC films are compa-
rable to gelatin based films (Bourtoom,
2006; Jongjareonrak, 2006), but lower
than values reported for whey protein iso-
late based films (Fairley, 1996; McHugh
and Krochta, 1994). When beeswax was
added to whey protein isolate based films,
water vapor permeability of films was lo-
wered to the values comparable to ana-
lyzed PuOC films (Perez-Gago and
Krohta, 2001).

Another important barrier property of pa-
ckaging material is light barrier property.
Most extensively researched foods for
photo sensibility, i.e. photo induced oxi-
dation are dairy products and meat pro-
ducts. Apart from the control of present re-
sidual oxygen and properties of light
source, packaging material light barrier
property is one of the crucial factors that
can protect food from the light induced
deterioration.

Different approaches can be applied to-
wards packaging material light barrier op-
timization, like: type of material (e.g. pa-
perboard vs. transparent PET); wall thick-
ness (Lambert-Beer's law), processing,
inks, pigmentation/cavitation, metalliza-
tion, incorporation of UV absorbers or
attachment of labels (Bertelsen and Skib-
sted, 1987; Bohner et al., 2014; Boh-ner
and Lieblihner, 2016; Intawiwat et al.,
2012; Mortensen et al., 2002). It can be
noted from Figure 8 that increasing mass
of casted film forming suspension influen-
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ced the obtained film light transmission
spectra in a way that shear of transmitted
light decreased. This can be also related
to growing film thicknesses (Lambert-
Beer's law). When the same mass of FFS
was casted, RF films showed considerably
lower shear of transmitted light, above 300
nm.

Even RF150 film showed better light bar-
rier properties compared to FF 350 film in
the spectral range 450-800 nm. Below 300
nm, transmission of light through all the
tested PUuOC based film was negligible.
Between 300-350 nm only FF150 film
started to give some transmission values
(about 3%). This property is very important
for food packaging materials, because this
far UV part of the spectrum is the most
harmful one.

As Bertelsen and Skibsted (1987) repor-
ted, analysis of meat color photo stability
showed that UV-light of wavelength
around 254 nm is more than 4000 times
efficient in MbO, photo oxidation, com-
paring to yellow light (546 nm). Near UV
wavelengths compared to the yellow light,
showed 150 times higher influence in color
deterioration for 313 nm light, 50 times for
334 nm light, about 10 times for 366 nm
and 405 nm light, and 3 times for 436 nm
light (Bertelsen and Skibsted, 1987).
When light transmission property of films
tested in this research was analyzed, it
can be said that the obtained films are
suitable for meat and meat products pa-
ckaging materials. Transmission of the
most harmful wavelengths responsible for
meat products photo oxidation was less
than 15% for all the films except FF 150,
for which maximal transmission reached
25% in the spectral range 200-600 nm,
where most of meat photosensitizers have
their absorption maximums (Bohner et al.,
2014; Bohner and Lieblihner, 2016).

When dairy products are concerned, pho-
tosensitizers, such as riboflavin, porphyrin,
and chlorophyll, responsible for photooxi-
dation in dairy products absorb mostly UV
and blue light below 500 nm, but also
yellow (560-590 nm), orange (590-635
nm), and red (635-750 nm) lights have
been reported to cause off-flavors in dairy
products. Green light (500-560 nm) has
been shown to give less deterioration to

sensory quality and nutrition value in dairy
products compared with other colors in
visible light (Intawiwat et al., 2012). The
films obtained in this work can be re-
garded as appropriate for dairy products
also, because in the whole spectral range,
maximal transmission values ranged from
13.5% for the RF 300 film to 36.4% for the
FF150 film.

Light transmission properties of tested
films are comparable to LDPE films with
added pigments and additives to improve
light barrier properties of LDPE intended
for dairy products packaging. Also, this
property was most alike to oriented po-
lyamide/polyethylene white film, superior
to oriented polyamide/linear low density
polyethylene, oriented polyamide /poly-
ethylene and polyester/polyvinylidene
chloride/polyethylene, as well as transpa-
rent LDPE film and LDPE film with yellow
and silver pigment (Mortensen et al., 2002;
Intawiwat et al., 2012).

CONCLUSIONS

The presented results showed that bio-
polymer films based on the pumpkin oil
cake can be successfully produced in she-
ets (50x35 cm), compared to earlier pro-
duced films in the form of discs with
diameter 12 cm. Different filtration frac-
tions from initial film forming suspension
can be used for film formation, leading to
increased production vyield. Different fil-
tration fractions lead to different film pro-
perties that should be adjusted according
to selected application. FF films were thin-
ner, less strong, but more elastic then RF
films, with higher water sensitivity. FF films
showed higher values for water vapor
transmission, as well as light transmission
properties. Casted mass of film forming
suspension was successfully decreased
(comparing to earlier literature data) wit-
hout compromising film functional pro-
perties and minimal casting mass was de-
fined as 26 g/m°.
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KOMMO3UTHUN ®UJTIMOBUN HA BA3U NOIrAYE YJbAHE TUKBE NOJINLIE
AOBUJEHU PA3JIUMUTUM NOCTYNKOM OUNTPALUJE

HeseHna M. Xpomuws*, CeHka 3. Nonosuh, Januvjena 3. Wynyt, CaHgpa H. bynyt, Bepa J1. [lasuh

YHuBep3uteT y HoBom Caay, TexHonowku dakynteT, 21000 Hosu Cag,
Bynesap uapa Jlasapa 6p. 1, Cpbuja

CaxeTtak: Ambanaxa je Hepas3gBoOjHM MpaTunal CKOpo CBakor npexpambeHor npoussoga.
Mehytum, BehmHa npousBegeHe ambanaxe, HakOH KOH3ymauuje npov3Boga, 3aBpllaBa Kao
ambanaxHn otnag. Cee Behe KonMuuMHe ambanaxHor oTtnaga koju je noTpebHo 36puHyTH
npeacTaerbajy 030urbaH M3a3oB BehuvHe caBpeMeHux 3ajegHuua. [1oCToju MHOro  pasnmMunMTmX
npuctyna 3a ybnaxaearwe oBOr npobnema, mehy kojuma OwuopasrpaguBa ambanaxa Ha 6asu
npupogHux buononumepa, a mehy oM 1 jecTvBa ambanaxa uma 3HayajaH noTeHuujan. ¥ oBomM pagy
je 3a gobujarbe BrononumepHnx ambanaxHux unmosa kopuwheH oTnag us nHAycTpuvje yrea y Buay
noraye yrbaHe TMKBE rOnuvuUe, KOjU 3a0CTaje HaKOH 3aBpLUeHe eKCcTpakuuje NOCTYMKOM XrnagHor
uehewa yrba. 3a Npom3BoaHY KOMMO3MTHUX PUIIMOBA je kopuwheHa Lena norava, 6e3 n3onosawa
nojeguHavyHmMx KOMMNoHeHTU. TokoM gobujarwa dmnmosa, kopuwheHa cy gBa cteneHa cunTpaumje y
UMby MCNMTUBaHa NPOM3BOAHE KOMMO3MTHMX chunmoBa kKopuwherweM pasnuuntux dpakumja, Tj.
BENMYMHE Yectuua, LUTO MOXe JOBeCTM A0 Beher npuHoca npoueca M 4o4aTHOr CMakbeha KonnynHe
3aocTanor otnaga. lNopea pasnuunTnx cteneHa dunTpauuje, uNMoBn Cy pasnMBaHN Ha NOBPLUNHM,
OKO AeceT nyTa Behoj y 04HOCY Ha NOBPLUMHY 3a pa3fnuBame Koja ce y nutepaTypu cpehe 3a oBaj Tvn
dwvnmoBa, kako 6u ce TecTupana MoryhHocT komepuujanHe npousBogwe U ,scale-up“-a. Takohe,
Maca 3a pasnuBare (UIIMOreHe CycrneHsuje je BapvpaHa ca uubeMm geduHucawa MUHMManHe
notpebHe mace MO jeOWHWYHO] MNOBPLUIMHW 3a Mpou3BoAwy dunIMoBa 3a40BOrbaBajyhnx
KapakTepucTuka. [pyvkaszaHu pesynTtaty nokasyjy ga ce noraya yrbaHe TUKBE ronuue MoXe ycrneLHo
KopucTutK 3a gobujare GruononMMepHUx KOMNO3UTHUX cunmosa Behux gnmeHsunja (50x35 cm), wTo
je 3HavajHO Beha noBpLMHa y 0QHOCY Ha A0 cafa aHanu3aupaHe cunmose y obnuky ancka npevyHuka
12 cm. 3a dopmupare unma mMory ce KOpUCTUTU pasnuuuTe unTpaumoHe dpakuunje nHuumjanHe
dunmMoreHe cycneHsvje, LWTO MOXe [[oBecTM A0 nosehawa npuHoca npoussogHe. Pasnuunte
dwvnTpaunoHe dpakumje pesynTyjy pasnuinutm ocobmHama dwmnma, koje Tpeba npunarogutu npema
opabpaHoj npumeHun. Maca cpunmoreHe cycneHauje kojy je Mmoryhe KopucTuTu 3a pasnuBame dunma
je cmareHa (y nopefery ca paHujum nutepaTypHMM nogauuma) 6e3 yrpoxaBara (PYHKLMOHANHMX
ocobuHa hunmoBa, a MMHMMarnHa Maca 3a pasnuBamne je geduHncaHa kao 26 g/m*.

KrbyyHe peun: buononumepHu ¢buiiM, KOMMO3UMHU, fo2adya yrbaHe mukee, CUHmMe3sa,
Kapakmepu3auuja
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