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The paper presents research on selectedfunctional properties
of edible films as a new type of fast-dissolving biopolymer—
based packaging for instant coflee. The film production
consisted of preparing aqueous film—forming solutions with
biopolymers such as apple and citrus pectin, sodium alginate
and soy protein isolate. The solutions were poured and dried
at 50°C for 24  h. Water content, solubility in water, color and
opacity, water vapor permeability and mechanical  properties
of analyzed films were investigated. The obtained results
showed diflerent film properties of which citrus pectin turned
out to show the most desired functional properties for instant
coflee, including transparency, good sealability and solubility
in water.

INTRODUCTION
Biopolymer—based edible films have grown rapidly

in recent times. This is due to changes in the awareness o f
society in the field of  ecology and environmental protection,
as well as for economic and health reasons. The use of
packaging made of  new, biodegradable, naturally occurring
raw materials allows us to limit the use of  packaging made of
synthetic materials, which in turn reduces the amount o f  waste,
including hazardous microplastics, mainly single-use plastic
packaging [15]. Edible coatings are applied directly to the
product, while the films are independent structures obtained
outside the product in the form of  a film [5]. The development
of  the technology of producing edible films allows for
obtaining more and more diverse and better properties, with

Slowa kluczowe: folie jadalne, biopolimery, opakowanie,
kawa rozpuszczalna.
W artykule przedstawiono badania wybranych wlas’ciwos'ci
uz'ytkowych folii jadalnych jako nowego rodzaju szybko roz
puszczalnych biopolimerowych opakowar'i do kawy rozpusz
czalnej. Produkcjafolii polegala na  przygotowaniu wodnych
roztworo'wfoliotwo'rczych z biopolimerami, takimijakpektyna
jablkowa i cytrusowa, alginian sodu i izolat bialka sojowego.
Roztwory wylano i suszono w temperaturze 50°C przez 24 h.
Zbadano zawartos'c' woafy, rozpuszczalnos'c' w wodzie, barwe
i nieprzezroczystos’c', przenikalnosc pary wodnej oraz wlas‘
ciwos'ci mechaniczne analizowanych folii. Uzyskane wyniki
wykazaly réz‘ne parametry folii. Pektyna cytrusowa wykazy
wala najbardziej poz‘adane wlas'ciwos'ci uz'ytkowe dla kawy
rozpuszczalnej, w tym przezroczystos’c', dobra zgrzewalnos'é
i rozpuszczalnosc' w wodzie.

mainly on the film-forming materials and the parameters in
which they are formed. The film properties are influenced,
among others, by material concentration and plasticizer used,
solvent, film thickness, as well as pH and temperature [7,
18]. The main function of  edible films is a selective barrier
to water vapor, carbon dioxide, oxygen, aroma, and oils. In
addition, they protect food products against the adverse effects
of  microorganisms, as a result extending their shelf life. They
allow for the reduction of  one the occurrence of  mechanical
damage and limit the influence of physical and chemical
factors on the product [11]. They can also, by changing the
color, inform about the expiry date of  the product and thus
effectively remind the consumer not to  waste food [1].
Biodegradable materials also contribute to the improvement
of  the quality o f  the environment, as  they are part o f  a modern
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approach to caring for a sustainable environment [17, 27]
The possibility o f  using more and more new ingredients in
the composition of  films allows for innovative properties and
better stability of  edible packaging materials [6]. Packaging
made of  biopolymer films can, for example, be treated as
active packaging, by using ingredients that prevent changes
in the quality and freshness of  food. It is also an alternative
method of  safer drug delivery [28]. The active properties o f
the films enable, among others, the release of  antimicrobial
substances, thanks to which the process o f  food degradation is
delayed, substances that prevent browning and discoloration,
improve the quality o f  the product, and carbon dioxide
absorbing substances eliminate packaging swelling [16, 22],
possible in the case of  roasted coffee packaging.

Fast-dissolving scalable packaging is a subject o f
great interest in the last decade. One of  the most favorable
applications of  edible films that dissolve quickly upon water
contact is in individually portioned dry food, instant beverages
or dry ingredients, including breakfast cereal, instant coffee or
tea, and powders. In the literature, there are some examples
of  a new type of single-use packaging for oils and powders.
Biopolyrner—bascd single packaging from corn zein was also
investigated to improve the shelf-life of  sliced cheese [25] and
in combination with soy  protein isolate can be  used as  packaging
for olive oil [3]. Different kinds of  water-soluble pouches for
oil protection were previously investigated also by others [9,
12, 14, 24]. Quilez-Molina et al. [21] analyzed vegetable-
bascd bioplastic materials, obtained from the upscaling of
food byproduct materials derived from the orange peel that
showed a good potential for replacing plastics in single-use
applications. Similar research was conducted by Sharma et al.
[26] on chemically modified cellulose from rice husk blended
with polyvinyl alcohol. The authors developed a heat-sealed
packet, which exhibits comparable properties to commercially
used flexible polyvinyl chloride films with optimized water
barrier and biodegradable nature [2, 23]. Nawab et al. [19]
also showed the potential of  biopolymers from waste sources
(mango kernel) as heat-scalable pouches for the packing of
red chili powder. Janjarasskul et al. [13] developed edible,
fast-dissolving scalable whey protein isolate-based films for
packaging premeasured dry foods that are completely water-
soluble, Visually clear and glossy, and release their contents
upon contact with water. Liu et al. [15] investigated heat-
sealablc soybean polysaccharide/gelatin blend films intended
to be  used as edible food packaging materials for instant coffee
and coconut powder pouches. A similar combination of  animal
and plant-based biopolymers (pectin—sodium alginate/casein)
as edible pouches was presented by Bora and Mishra [10].
Those examples show that the studies on scalable biopolymer-
bascd single-use packaging are promising to minimize the use
of  petroleum-based materials. Therefore, this study aimed
to try to produce fast-dissolving sachets based on various
biopolymers, compare their properties to each other, determine
the characteristic features o f  given biopolymers and evaluate
the films as a new type of  pouch packaging for instant coffee.

MATERIALS AND METHODS
Sodium alginate and low-methylated apple pectin were

purchased from Agncx (Bialystok, Poland). Citrus pectin
was purchased from Hortirnex (Konin, Poland). Soy protein

isolate (Exelsoy 933EX, ~90% protein) was purchased from
Exeller Polska Sp. Z o.o. (Piaseczno, Poland). Glycerol
(Avantor Performance Materials Poland S.A.Gliwice, Poland)
was used as a plasticizer. Instant coffee was purchased in the

Film preparation
The film-forming solutions were prepared by casting

method using distilled water as a solvent and sodium alginate,
apple and citrus pectin at the concentration of  1.5%, whereas
soy protein isolate was used at the concentration of  3%
since lower amounts were unable to create a continuous film
structure. The film-forming solutions were heated and stirred
for 20  minutes using an RCT basic IKAMAG magnetic stirrer
(IKA Poland, Warsaw) at the level o f  25  0 rpm at a temperature
of 60°C. After cooling, glycerol was added to the solutions,
representing 50% of  each biopolymer. The film-forming
solutions were poured on Petri dishes in different amounts
to control the similar film thickness. The samples were dried
format 50°C in a laboratory dryer SUP-65W (WAMED,
Warsaw, Poland). The dried films were conditioned in
a climate chamber model KBF 240 (Binder GmbH, Tuttlingen,
Germany) at 25°C and relative humidity of  50% for 48  h
before testing.

Thickness

The thickness o f  the films was determined using an
electronic gauge Thwing-Albert Instrument Company
(Klirnatest, Warsaw, Poland) with a precision of  1 pm. The
results were obtained by measuring the thickness at ten
random points, and then the mean and the standard deviation
were calculated.

Water content
The water content o f  the films was determined by the

drying method at 105°C for 24  h using a laboratory dryer
SUP 65  W/G (WAMED, Warsaw, Poland) and expressed in
percentages. The measurement was performed in triplicate.

Solubility in  water
The prepared samples o f  edible films were cut into squares

(20 x 20  mm). The samples were then dried at 105°C for 24
h and then cooled in a desiccator containing silica gel. The
samples were reweighed and placed in 25  mL of  distilled
water. After 24  h of  storage, occasionally shaken, the excess
water was removed using filter paper. The samples were dried
at 105°C for 24  h and reweighed. The water solubility of
the edible films was determined in three repetitions and was
calculated based on the method described by Rhirn et al. [4].

Color
The color test was performed using the CR—400 model

colorimeter (Minolta, Japan) in the CIE L* * 0* system
(L* - lightness, * - green to red color, 0* - blue to yellow
color). The measurement was performed in ten repetitions.
For a better interpretation, the total color difference (A )
between the film and the white standard (L*=92.36; *=-0.47;
b*=0.70) was calculated according to the method described by
Mikus et al. [17]:
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A J(L*—L) <*—>
where: A — total color difference;

L*, *, b* — parameters for white standard;
L, , b — parameters for films.

(1? * -b)

Film opacity
Opacitywas deterrninedaccordirrgtothe spectrophotometric

method using the EVOLUTION 220 UV-Visible spectrometer
(Thermo Electron Corporation, Waltham, MA, USA) and
Thermo INSIGHT software. The absorbance was measured at
600 nm in ten repetitions, and an empty test cell was used as
a reference. The opacity of the preparedmaterial was  calculated
according to the method described by Han and Floros [10].

Water vapor permeability
The water vapor permeability was determined by the

gravimetric method described by Debeaufort et a1. [4]. The
relative humidity difference was 50 and 100% at a temperature
of  25°C. At least three replicates were performed for each film
type, and the water vapor permeability was determined at
a steady state and from the change in the cell mass as

Mechanical properties
The ASTM standard method D882-02 [8] was used to

determine tensile strength and elongation at the break of
the analyzed films with at least six repetitions. The Texture
Analyzer TA-XT2i (Stable Micro Systems, Haslemere, UK)
with the Texture Expert software was used to process the

Pouch preparation and solubility in  water
To obtain pouches, films were heat-sealed on four sides

with an impulse laboratory heat-sealer PFS/FS-200B (Kegel
Machines, Poznar’r, Poland) and approximately 2 g of
instant coffee was placed inside the pouches. The samples
were prepared according to the labeled instructions without
removing the edible pouches. The pouches with instant coffee
were stirred in approximately 200 ml  of hot water (95°C)

using an RCT basic IKAMAG magnetic stirrer (IKA Poland,
Warsaw) at the level of 500 rpm. Visual observations were
done and the time of  solubility was measured.

Statistical analysis
Statistica l 3  (StatSoft Inc., Tulsa, OK, USA) was used

to analyze the obtained results. The analysis of variance
(ANOVA) at a significance level of  0.05 was performed with
Tukey’s post hoc test to  detect significant differences in fihn

RESULTS AND DISCUSSION
Edible films were prepared by casting method from

aqueous film-forming solutions using plant-based biopolymers
such as apple and citrus pectin, sodium alginate, and soy
protein concentrate and were developed and analyzed to use
them as single-use pouch packaging for instant coffee. The
photographs of  the films were presented in Fig. 1. All films
showed homogeneous and continuous structure, without pores
and crack. Films based on citrus pectin and sodium alginate
were Visible and transparent, whereas films based on apple
pectin and soy protein isolate were more opaque with beige
color, which is due to the character of  the origin powders used

The analyzed edible fihn filrns had a water content of
11.00—19.69%. Moisture is an important parameter influencing
physical properties, including flexibility and organization of
the fihn structure and barrier properties of  the fihn [29]. The
apple pectin film achieved the highest level of  water content,
while the soy protein isolate film had the lowest value. The
differences may be due to the origin and the characteristic of
the hydrophilic biopolymers. Substances containing a lot of
components that easily absorb water, such as carbohydrates,
protein, or fiber, interact with water molecules, retaining more
water [20]. Low water content in soy protein-based films may
be the result of  using the same amount of  glycerol as in the
case of  other biopolymers, but increasing the percentage of
protein in the film-forming solutions to 3% affects the lower
water retention capacity o f  the films. Glycerol is a hydrophilic
plasticizer that has water-retaining properties [7].

Fig. 1.

Zréd lo :  Badania wlasne

Photographs of  analyzed fi lms based on apple  pectin (AP), citrus pectin (CP), sodium alginate (SA) and soy pro-
tein isolate (SP).

Rys. 1. Fotografie analizowanych folii jadalnych z pektyny jablkowej (AP), pektyny cytrusowej (CP), alginianu sodu
(SA) i izolatu bialka sojowego (SP).

Source:  The own study
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(SP)

Film/
Folia

Water content/
 

Solubility in water/
 

AP 19.69 ± 0.03 b 99.94 ± 0.00 b

CP 13.67 ± 0.72 a 99.93 ± 0.02 b

SA 14.56 ± 1.33 ab 99.98 ± 0.00 b

SP 11.00 ± 0.95 a 99.83 ± 0.02 a

effect of coated or protected products. The color results for  

a

values of the parameter a

 

 

have improved shelf life.

L*, a*, b E O

L*, a*, b O

Film / Folia L* * b* E O  [A/mm]

AP 88.66 ± 0.65 a -0.85 ± 0.11 b 8.87 ± 1.47 c 8.99 ± 1.55 c 2.15 ± 0.34 ab

CP 90.70 ± 0.67 b -0.59 ± 0.08 c 2.60 ± 0.79 a 2.57 ± 0.95 a 1.90 ± 0.22 a

SA 90.94 ± 0.46 b -0.50 ± 0.08 c 2.02 ± 0.59 a 1.97 ± 0.66 a 1.98 ± 0.56 ab

SPI 90.48 ± 0.64 b -1.36 ± 0.20 a 6.38 ± 0.96 b 6.07 ± 1.06 b 2.84 ± 0.87 b

a-c

a-c
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Table 1. Water content and  solubility in  water of fi lms
based on apple  pectin (AP), citrus pectin (CP),
sodium alginate (SA) and  soy protein isolate

Tabela 1. Zawartosc' wody i rozpuszczalnosc' w wodzie
folii wytworzonych z pektyny jablkowej (AP),
pektyny cytrusowej (CP), alginianiu sodu (SA)
i izolatu bialka sojowego (SP)

Zawartosé wody Rozpuszczalnost': w wodzie
[%] [%]

Mean values in standard deviations. Different superscript letters (a'b)
within the same column indicate significant differences between the
fi lms (p < 0.05). Wartos’ci s’rednie i odchylenia standardowe. Rome
litery indeksu gornego (a'b) w tej samej kolumnie wskazuja na istotne
roZnice miedzy foliami (p <0,05).

Source:  Own study

Zrédlo :  Badania wlasne

Water solubility is a parameter that has two crucial aspects.
Low solubility is useful to obtain a water-resistant film or
coating, thereby rendering the package a moisture barrier.
When designing instant coffee packages, high water solubility
values are the most important parameter. The films made of
sodium alginate were characterized by the highest solubility
in water (99.98%), while films made of  soy protein isolate
had the lowest solubility (99.83%). However, all values were
near 100% and the films retained their physical integrity
during the analysis, which is attributed to the methodology
and using high temperature (105°C). The differences in the
obtained water solubility values may result from the different
thicknesses of  the individual films and the heterogeneous
and porous structure. Nevertheless, the obtained values were
similar to other biopolyrner—based edible films [17].

Table 2 .

Color is a crucial parameter influencing the consumer’s
choices as the most remarkable food quality attribute. Thus,
it is expected for edible films to be transparent without the

the analyzed films are shown in Table 2.
The results indicate that the lowest lightness of  88.66

(parameter L*) was found for apple pectin, whereas all other
films had significantly higher lightness from the range of
90.48—90.94. Values for the parameter * ranged from - l .36
for soy protein isolate to -0.50 for sodium alginate. Positive

* indicate a greater proportion
of red, while negative values indicate a greater proportion
of green. For all the films tested, a tendency toward green
color was observed more than the red one. The parameter
b*values ranged from 2.02 for sodium alginate to 8.87 for
apple pectin. Positive values of  the b* parameter indicate
a greater proportion of  yellow, while negative values indicate
a greater proportion of  blue. For all tested films, a tendency
toward yellow color was observed, including films from apple
pectin and soy protein isolate, which were characterized by
a typical yellowish color. The obtained values of  the total color
difference (AE) were in the range of  2.57—8.99. According
to the criterion adopted by the International Commission on
Illumination, values in the range of  0—2 are unrecognizable for
humans. An inexperienced observer will notice differences in
color deviations in the range of  2—3.5, while clear differences
are visible at values greater than 3.5 [17]. In the case of  the
tested samples, a clear difference can be observed only for
films prepared from apple pectin and soy protein isolate.

Opacity is an important parameter from the consumer’s
point of view as it determines the visibility of  the product.
The analyzed films had opacity values in the range of  1.90—
2.84 A/mm (Table 2), with the highest value for films from
soy protein isolate. Such a high level o f  opacity may make
it impossible to correctly identify the product contained in
such packaging. The lowest values were recorded for films
made of citrus pectin (1.90 A/mm). These films were highly
transparent and easy to assess the product quality. However,
more opaque packaging is better for minimizing UV radiation,
thus creating a barrier to light and allowing some products to

* color  parameters,  the total color  difference (A ) ,  and opacity ( ) of fi lms based on apple pectin (AP),
citrus pectin (CP), sodium alginate (SA), and soy protein isolate (SP)

Tabela 2. Parametry barwy * ,  bezwzgledna réz'nica barwy i nieprzezroczystosc’( ) folii wytworzonych z pektyny
jablkowej (AP), pektyny cytrusowej (CP), alginianiu sodu (SA) i izolatu bialka sojowego (SP)

a A

Mean values it standard deviations. Different superscript letters ( ) within the same column indicate significant differences between the fi lms
(p < 0.05). Wartos’ci s’rednie i odchylenia standardowe. Rézne litery indeksu gornego ( ) w tej samej kolumnie wskazuja na istotne roZnice
miedzy foliami (p <0,05).

Source:  Own study

Zrodlo :  Badania wlasne
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Film/
Folia

Water vapor permability/ 

[·10-11g/m·s·Pa]

AP 1.65 ± 0.26 a

CP 1.17 ± 0.25 a

SA 1.20 ± 0.28 a

SP 5.75 ± 0.13 b

(SP)

 

Film/
Folia

Tensile strength/

 [MPa]
 

]

AP 1.26 ± 0.54 a 8.64 ± 1.92 a

CP 0.9 ± 0.05 a 4.83 ± 1.22 a

SA 5.16 ± 0.00 b 7.06 ± 0.02 a

SPI 4.40 ± 1.29 b 39.37 ± 4.61 b

pouches prepared from apple or citrus pectin and soy protein 

TECHNOLOGICAL PROGRESS in food processing / POSTEPY TECHNIKI przetwérstwa spoz'ywczego 2/2022

Table 3. Water vapor permeability of fi lms based on
apple pectin (AP), citrus pectin (CP), sodium
alginate (SA), and soy protein isolate (SP)

Tabela 3. Przenikalnosc’ pary wodnej folii wytworzonych
z pektyny jablkowej (AP), pektyny cytrusowej
(CP), alginianiu sodu (SA) i izolatu bialka sojo-
wego (SP)

Przenikalnoéé pary wodnej

Mean values in standard deviations. Different superscript letters (34’)
within the same column indicate significant differences between the
fi lms (p<0.05). Wartos’ci s’rednie i odchylenia standardowe. Rozne
litery indeksu gemego (34’) w tej samej kolumnie wskazuja na istotne
réZnice miedzy foliami (p <0,05).

Source:  Own study

Zrodlo :  Badania wlasne

Table 4. Tensile strength and elongation a t  break of  fi lms
based on apple pectin (AP), citrus pectin (CP),
sodium alginate (SA), and soy protein isolate

Tabela 4. Wytrzymalosc’ na  zerwanie i wydluZenie wzgled-
ne  folii wytworzonych z pektyny jablkowej (AP),
pektyny cytrusowej (CP), alginianiu sodu (SA)
i izolatu bialka sojowego (SP)

Elongation at break]
Wydtuienie wzgledne

[°/o
Wytrzymatoét’: na zerwanie

Mean values in standard deviations. Different superscript letters (34’)
within the same column indicate significant differences between the
fi lms (p < 0.05). Wartos’ci s’rednie i odchylenia standardowe. Rozne
litery indeksu gemego (“'b) w tej samej kolumnie wskazuja na istotne
rozmce miedzy foliami (p <0,05).

Source:  Own study

Zrodlo :  Badania wlasne

One of  the main purposes o f  using edible films is to control
water vapor migration between the coated food product and the
surrounding atmosphere, which is also crucial for the present
study due to the hygroscopic character of  instant coffee.
Therefore, water vapor permeability for analyzed films was
evaluated and the results are presented in Table 3. The films
had a water vapor permeability in the range of  1.17 to 5.75
10'11 g/m~s~Pa, which is rather similar to other biopolyrner—
based films plasticized with glycerol. Films with the addition

of  glycerol are usually characterized by higher hygroscopicity
[7]. The films made of  soy protein isolate were characterized
by highest values o f  water vapor permeability, whereas other
films had significantly lower values.

Mechanical strength and flexibility are important film
features that help maintain the integrity and irnpermeability
of  food packaging [8]. Many different factors affect strength,
the main ones are the type of  biopolymer, the structural
organization of  the biopolymer chain, processing technology,
and the degree of  cross-linking [6]. Table 4 presents the
results of  the mechanical properties of  analyzed edible films.
The tensile strength of  the film ranged from 0.9 to 5.16 MPa,
and the most resistant films were those prepared from sodium
alginate whereas the lowest ones were those prepared from
citrus pectin. The ability to  film elongate is a water humidity-
dependent factor since moisture can play a role as a plasticizer
in the film structure. The elongation at break for analyzed films
ranged from 4.83 to  39.37%. The lowest elongation showed
films from citrus pectin and the highest films from soy protein
isolate. Molecular interactions enhanced by heat denaturation
could be accountable for the differences in mechanical
properties o f  analyzed films. The addition of  a plasticizer,
which was glycerol, may cause a decrease in the affinity
between the biopolymer chains in the film matrix. As  a result,
the formation of  hydrogen bonds between the plasticizer and
biopolymers (polysaccharides or proteins) resulted in greater
flexibility of the film [13].

A11 films showed very good sealability, however, pouches
from sodium alginate were not stable and started to open after
a few seconds. The ability to be hermetically sealed is very
important for integral packaging to extend shelf  life and protect
its content through the product lifecycle [13]. Therefore,

isolate were taken into account to access the solubility in
contact with water. All  pouches prepared from the films based
on citrus pectin dissolved totally and instantly (within less than
30  s), which is beneficial in many applications such as quick-
dissolvable pouches or oral strips for the delivery of  active
compounds. Similar observations were for films from apple
pectin, however, films from soy protein isolate needed more
time to dissolve, especially for sealable areas o f  the films.
This is likely due to thermal denaturation occurring during
the heat-sealing process, causing soy proteins to crosslink
and become water-insoluble. Although completely safe to
eat, the insoluble heat-sealing area can potentially confuse
and turn off consumers. Nevertheless, all analyzed films can
be finther investigated to improve their capacity to dissolve
instantaneously upon contact with water.

SUMMARY
Edible films can be  used as soluble sachets, bags, packets,

or sachets containing powdered substances such as seasoning
and flavoring additives for instant food, instant coffee,
powdered milk, pasta, beverage mixes, tea leaves, and other
food additives. In this context, films made of biopolymers
including apple or citrus pectin, sodium alginate, and soy
protein isolate were investigated. The tests showed different
properties of  edible films depending on the biopolymer
used. Soy protein films were rejected despite having the best
mechanical tensile strength because they did not dissolve in
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Fig. 2. Photographs of  edible pouches based on apple pectin (AP), citrus pectin (CP) and soy protein isolate (SP) with
instant coffee and beverage prepared from citrus pectin pouch.

Rys. 2. Fotografie jadalnych saszetek z pektyny jablkowej (AP), pektyny cytrusowej (CP) i izolatu bialka sojowego (SP)
z kawa rozpuszczalna oraz napéj przygotowany z saszetki z pektyna cytrusowa.

Source: The own study

Zrédlo: Badania wlasne

water due to heat denaturation at the seal. Apple pectin and
sodium alginate showed the best properties, but the low seal
strength of  the sodium alginate film and the yellow color o f
the apple pectin film reduced the functionality o f  these films.
The research confirms the possibility o f  using edible films
made o f  citrus pectin as a unit packaging for instant coffee,
which showed the desired physical properties and complete
solubility of  coffee sachets in water. Further research is
needed to improve the functional properties o f  the film in
terms of  stability and performance o f  citrus pectin packaging
with instant coffee.

PODSUMOWANIE
Folie jadalne moga znalez’é zastosowanie jako rozpusz

czalne saszetki, torby, paczki lub saszetki zawieraj ace sprosz
kowane substancje, takie jak dodatki przyprawowe i smako
we do Zywnos'ci typu instant, kawy rozpuszczalnej, mleka
w proszku, makaronu, mieszanek napojéw, herbat lis’ci i in
nych dodatkéw do Zywnos'ci. W tym konteks’cie zbadano folie

wytworzone z biopolimeréw, w tym z pektyny jablkowej lub
cytrusowej, alginianu sodu i izolatu bialka sojowego. Prze
prowadzone badania wykazaly rome wlas’ciwos'ci folii jada
lanych zaleZne 0d zastosowanego biopolimeru. Folie z izo
latu bialka sojowego zostaly odrzucone pomimo najlepszej
wytrzymalos’ci mechanicznej na rozciaganie, gdyz nie roz
puszczaly sie w wodzie z uwagi na denaturacje cieplna przy
zgrzewie. Pektyna jablkowa oraz alginian sodu wykazywaly
najlepsze wlas'ciwos’ci, lecz niska wytrzymaloéé zgrzewu folii
z alginiatu sodu i Zélte zabarwienie folii z pektyny jablkowej
obniZyly ich funkcjonalnos’c’. Badania potwierdzaja mozli
woéc’ wykorzystania folii jadalnych z pektyny cytrusowej jako
opakowanie jednostkowe do kawy rozpuszczalnej, poniewaz
wykazuja poZadane wlas’ciowos’ci fizyczne i calkowita roz
puszczalnos’c’ saszetek z kawa w wodzie. Niezbedne sa dalsze
badania w celu ulepszenia wlas'ciwosci funkcjonalnych folii
pod katem stabihlosci i wlas’ciwos’ci uZytkowych opakowan
z pektyny cytrusowej zawieraj acych kawe rozpuszczalna.

REFERENCES
[1] BHARGAVA N., V.S. SHARANAGAT, R.S. MOR,

“Active and intelligent biode
gradable packaging films using food and food waste-
derived bioactive compounds: A review”. Trends in
Food Science & Technology 105: 385—401.

[2] BORA A., P. MISHRA. 2016. “Characterization
of  casein and casein-silver conjugated nanoparticle
containing multifunctional (pectin—sodium alginate/
casein) bilayer film”. Journal of  Food Science and
Technology 53: 3704—3714.

REFERENCES
[1] BHARGAVA N., V.S. SHARANAGAT, R.S. MOR,

“Active and intelligent biode
gradable packaging films using food and food waste-
derived bioactive compounds: A review». Trends in
Food Science & Technology 105: 385—401.

[2] BORA A., P. MISHRA. 2016. “Characterization
of  casein and casein-silver conjugated nanoparticle
containing multifunctional (pectin-sodium alginate/
casein) bilayer film». Journal o f  Food Science and
Technology 53: 3704—3714.



76

-

-

 Novel materials in the 

 “Effect of protein 

-

-

 “Development 
-

-

-

 “The 

-

 “Fast 

-
-

 

 

-

-

 “Novel materials in the 

 “Effect of protein 

-

-

 “Development 
-

-
-

 “The 

-

 “Fast 

-
-

 

 

TECHNOLOGICAL PROGRESS in food processing / POSTEPY TECHNIKI przetwérstwa spoz'ywczego 2/2022

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

CHO S.Y., S.Y. LEE, C.  RHEE. 2010. “Edible oxy
gen barrier bilayer film pouches from corn zein and
soy protein isolate for olive oil packaging”. LWT —
Food Science and Technology 43: 1234—1239.

DEBEAUFORT E,  M. MARTIN-POLO, A.
VOILLEY. 1993. “Polarity homogeneity and struc
ture affect water vapor permeability of  model edible
films”. Journal o f  Food Sciences 58: 426—429.

FALGUERA V., J.P. QUINTERO, A. JIMENEZ,
J.A. MUNOZ, A. IBARZ. 2011. “Edible fihns and
coatings: Structures, active functions and trends in
their use”. Trends in Food Science & Technology 22:
292—303.

GALUS S., E.A. ARIK KIBAR, M. GNIEWOSZ,
K. KRASNIEWSKA. 2020.
preparation of  edible films and coatings — a review”.
Coatings 10: 674.

GALUS S., A. LENART. 2011.
concentration on kinetics of  water vapour adsorption
by coatings prepared on the basis o f  whey protein iso
late”. Food Science Technology Quality 4:  66—73.

GALUS S., A. LENART. 2019. “Optical, mechani
cal, and moisture sorption properties of  whey protein
edible films”. Journal of Food Process Engineering
42: e13245.

GAUTAN G. ,  P. MISHRA. 2017.
and characterization of  copper nanocomposite contai
ning bilayer film for coconut oil packaging”. Journal
of  Food Processing and Preservation 41(6): e13243.

HAN J.H., J.D. FLOROS. 1997. “Casting antirni
crobial packaging films and measuring their physical
properties and antimicrobial activity”. Journal of  Pla
stic Film & Sheeting 13: 287—298.

HASSAN B., S.A.S. CHATHA, A.I. HUSSAIN,
K.M. ZIA, N.  AKHTAR. 2018. “Recent advances
on polysaccharides, lipids and protein based edible
films and coatings: A review”. International Journal
of  Biological Macromolecules 109: 1095—1107.

HROMIS N . ,  V. LAZIC, S. POPOVIC, D .  SUPUT,
S. BULUT, S. KRAVIC, R. ROMANIC. 2022.
possible application of  edible pumpkin oil cake film
as pouches for flaxseed oil protection”. Food Chemi
stry 371: 131197.

JANJARASSKUL T., K. TANANUWONG, T.
PHUPOKSAKUL, S. THAIPHANIT. 2020.
dissolving, hermetically sealable, edible whey protein
isolate-based films for instant food and/or dry ingre
dient pouches”. LWT — Food Sciences and Technolo
gy 134: 110102.

LIMPISOPHON K., G.  SCHLEINING. 2018.
“Addition of  gallic acid to enhance antioxidative
and physical properties of  fish gelatin film for edible
oil pouch. Italian Journal of  Food Sciences 30:
152—156.

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

CHO S.Y., S.Y. LEE, C. RHEE. 2010. “Edible oxy
gen barrier bilayer film pouches from corn zein and
soy protein isolate for olive oil packaging». LWT —
Food Science and Technology 43: 1234—1239.

DEBEAUFORT F., M. MARTIN-POLO, A.
VOILLEY. 1993. “Polarity homogeneity and struc
ture affect water vapor permeability of  model edible
films». Journal o f  Food Sciences 58: 426—429.

FALGUERA V., J.P. QUINTERO, A. JIMENEZ,
J.A. MUNOZ, A. IBARZ. 2011. “Edible films and
coatings: Structures, active functions and trends in
their use». Trends in Food Science & Technology 22:
292—303.

GALUS 8., EA. ARIK KIBAR, M. GNIEWOSZ,
K. KRASNIEWSKA. 2020.
preparation of  edible films and coatings — a review».
Coatings 10: 674.

GALUS S., A. LENART. 2011.
concentration on kinetics o f  water vapour adsorption
by coatings prepared on the basis of  whey protein iso
late». Food Science Technology Quality 4: 66-73.

GALUS S., A.  LENART. 2019. “Optical, mechani
cal, and moisture sorption properties o f  whey protein
edible fihns». Journal of  Food Process Engineering
42: e13245.

GAUTAN G. ,  P. MISHRA. 2017.
and characterization of  copper nanocomposite contai
ning bilayer film for coconut oil packaging». Journal
of  Food Processing and Preservation 41(6): e13243.

HAN J.H., J.D. FLOROS. 1997. “Casting antirni
crobial packaging films and measuring their physi
cal properties and antimicrobial activity». Journal of
Plastic Film & Sheeting 13: 287—298.

HASSAN B., S.A.S. CHATHA, A.I. HUSSAIN,
K.M. ZIA, N. AKHTAR. 2018. “Recent advances
on polysaccharides, lipids and protein based edible
films and coatings: A review». International Journal
of  Biological Macromolecules 109: 1095—1107.

HROMIS N., V. LAZIC, S .  POPOVIC, D. SUPUT,
S .  BULUT, S .  KRAVIC, R. ROMANIC. 2022.
possible application of  edible pumpkin oil cake film
as pouches for flaxseed oil protection». Food Che
mistry 371: 131197.

JANJARASSKUL T., K. TANANUWONG, T.
PHUPOKSAKUL, S. THAIPHANIT. 2020.
dissolving, hermetically sealable, edible whey protein
isolate-based films for instant food and/or dry ingre
dient pouches». LWT — Food Sciences and Techno
logy 134: 110102.

LIMPISOPHON K., G. SCHLEINING. 2018.
“Addition of gallic acid to enhance antioxidative
and physical properties of  fish gelatin film for edible
oil pouch. Italian Journal of Food Sciences 30:
152—156.



77

-
-

-

-

RAMI. 2018.

 “A novel approach 

-

-

-

-
 

-

-

 “Physical and 
-
-

MIKOLAJCZAK L.M. 2022. -
-

-

-

2018.

-

RAMI. 2018.

 “A novel approach 

-

-

-

-
 

-

-

 “Physical and 

F000 ENGINEERING/INZYNIEHIA z'YWNas’CI

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

LIU C., J. HUANG, X. ZHENG, S. LIU, K. LU, K.
TANG, J. LIU. 2020. “Heat sealable soluble soybean
polysaccharide/gelatin blend edible films for food
packaging applications”. Food Packaging and Shelf
Life 20,24: 100485.

MIKOLAJCZAK L.M. 2022. “Antimicrobial effi
ciency of  novel active packaging based on iron nano
particles biosynthesized by oregano leaves extract.”
Journal of  Research and Applications in Agricultural
Engineering 67: 5—8.

MIKUS M., s .  GALUS, A. CIURZYNSKA, M.
JAN OWICZ. 2021. “Development and characteriza
tion of  novel composite films based on soy protein
isolate and oilseed flours”. Molecules 26: 3738.

MOHAMED S.A.A., M. EL-SAKHAWY, M.A.
EL-SAKHAWY. 2020. “Polysaccharides, Protein
and Lipid — Based Natural Edible Films in Food
Packaging: A Review”. Carbohydrate Polymers 238:
116178.

NAWAB A., F. ALAM, M.A. HAQ, M.S. HAI-
DER, Z. LUTFI, S. KAMALUDDIN, A. HASNA-
IN. 2018. “Innovative edible packaging from mango
kernel starch for the shelf life extension of  red chili
powder”. International Journal of  Biological Macro
molecules 114: 626—631.

NOURADDINI M., M. ESMAIILI, F. MOHTA-
“Development and characterization of

edible films based on eggplant flour and corn starch.”
International Journal o f  Biological Macromolecules
120: 1639—1645.

QUILEZ-MOLINA A.I., G. MAZZON, A. ATHA-
NASSIOU, G. PEROTTO. 2022.
to fabricate edible and heat sealable bio-based films
from vegetable biomass rich in pectin”. Materials To
day Communications 32: 103871

RANGARAJ M., V. RAMBABU, K. BANAT, V.
MITTAL. 2021. “Natural antioxidants-based edible
active food packaging: An overview of  current advan
cements”. Food Bioscience 43: 101251.

RH[M J.W., J.H. LEE, P.K.W. NG. 2007. “Me
chanical and barrier properties o f  biodegradable
soy protein isolate-based films coated with polylac
tic acid”. LWT — Food Science and Technology 40:
232—238.

ROSENBLOOM R.A., Y. ZHAO. 2021. “Hydroxy
propyl methylcellulose or soy protein isolate-based
edible, water-soluble, and antioxidant films for saf
flower oil packaging”. Journal o f  Food Sciences 86:
129—139.

RYU S.Y., K.H. KOH, S.M. SON, M.S. OH, J.R.
YOON, W.J. LEE, S.S. KIM. 2005.
microbiological changes of  sliced process cheese pac
kaged in edible pouches during storage”. Food Scien
ce  and Biotechnology 14: 694—697.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

LIU C., J. HUANG, X. ZHENG, S. LIU, K. LU, K.
TANG, J. LIU. 2020. “Heat sealable soluble soybean
polysaccharide/gelatin blend edible films for food
packaging applications». Food Packaging and Shelf
Life 20,24: 100485.

“Antimicrobial effi
ciency of  novel active packaging based on iron nano
particles biosynthesized by oregano leaves extract.”
Journal o f  Research and Applications in Agricultural
Engineering 67: 5—8.

MIKUS M., S. GALUS, A. CIURZYNSKA, M.
JANOWICZ. 2021. “Development and characteriza
tion of  novel composite films based on soy protein
isolate and oilseed flours». Molecules 26: 3738.

MOHAMED S.A.A., M. EL-SAKHAWY, M.A.
EL-SAKHAWY. 2020. “Polysaccharides, Protein
and Lipid -Based Natural Edible Films in Food Pac
kaging: A Review». Carbohydrate Polymers 238:
116178.

NAWAB A., F. ALAM, M.A. HAQ, M.S. HAIDER,
Z. LUTFI, S. KAMALUDDIN, A. HASNAIN.

“Innovative edible packaging from mango
kernel starch for the shelf life extension of  red chili
powder». International Journal o f  Biological Macro
molecules 114: 626—631.

NOURADDINI M., M. ESMAIILI, F. MOHTA-
“Development and characterization of

edible films based on eggplant flour and corn starch.”
International Journal of  Biological Macromolecules
120: 1639—1645.

QUILEZ-MOLINA A.I., G.  MAZZON, A.  ATHA-
NASSIOU, G.  PEROTTO. 2022.
to fabricate edible and heat sealable bio-based films
from vegetable biomass rich in pectin». Materials To
day Communications 32: 103871

RANGARAJ M., V. RAMBABU, K. BANAT, V.
MITTAL. 2021. “Natural antioxidants-based edible
active food packaging: An overview of  current advan
cements». Food Bioscience 43: 101251.

RHIM J.W., J.H. LEE, P.K.W. NG. 2007. “Me
chanical and barrier properties of  biodegradable
soy protein isolate-based films coated with polylac
tic acid». LWT — Food Science and Technology 40:
232—238.

ROSENBLOOM R.A., Y. ZHAO. 2021. “Hydroxy
propyl methylcellulose or soy protein isolate-based
edible, water-soluble, and antioxidant films for saf
flower oil packaging». Journal of  Food Sciences 86:
129—139.

RYU S.Y., K.H. KOH, S.M. SON, M.S. OH, J.R.
YOON, W.J. LEE, S.S. KIM. 2005.
microbiological changes of  sliced process cheese
packaged in edible pouches during storage». Food
Science and Biotechnology 14: 694—697.



78

 “Preparation and characteri-

 
-

 “Preparation and characteri-

 
-
-

TECHNOLOGICAL PROGRESS in food processing / POSTEPY TECHNIKI przetwérstwa spoz'ywczego 2/2022

[26]

[27]

[28]

[29]

SHARMA D., M.K. VARSHNEY, S. PRASAD,
S.K. SHUKLA. 2021.
zation of  rice husk derived cellulose and polyvinyl
alcohol blended heat sealable packaging film”. Indian
Journal of  Chemical Technology 28: 453—459.
SUN X., J. WANG, M. DONG, H. ZHANG, L.
LI, L .  WANG. 2022. “Food spoilage, bioactive food
fresh-keeping films and functional edible coatings:
Research status, existing problems and development
trend”. Trends in Food Science & Technology 119:
122—132.

TRAJKOVSKA PTKOSKA A., D.  DANILOSKI,
N.M. D’CUNHA, N.  NAUMOVSKI, A.T. BRO-
ACH. 2021. “Edible packaging: Sustainable solutions
and novel trends in food packaging”. Food Research
International 140: 109981.
YAKIMETS 1., SS. PAES, N. WELLNER, A.C.
SMITH, R.H. WILSON, J.R. MITCHELL. 2007.
“Effect of water content on the structural reorgani
zation and elastic properties of  biopolymer films: a
comparative study. Biomacromolecules 8: 1710—
1722.

[26]

[27]

[28]

[29]

SHARMA D., M.K. VARSHNEY, S. PRASAD,
S.K. SHUKLA. 2021.
zation of  rice husk derived cellulose and polyvinyl
alcohol blended heat sealable packaging film». Indian
Journal of  Chemical Technology 28: 453—459.
SUN X., J. WANG, M. DONG, H. ZHANG, L.
LI,  L .  WANG. 2022. “Food spoilage, bioactive food
fresh-keeping films and functional edible coatings:
Research status, existing problems and development
trend». Trends in Food Science & Technology 119:
122—132.

TRAJKOVSKA PTKOSKA A., D.  DANILOS—
KI, N.M. D’CUNHA, N. NAUMOVSKI, A.T.
BROACH. 2021. “Edible packaging: Sustainable
solutions and novel trends in food packaging». Food
Research International 140: 109981.
YAKINIETS 1., SS.  PAES, N. WELLNER, A.C.
SMITH, R.H. WILSON, J.R. MITCHELL. 2007.
“Effect o f  water content on the structural reorganiza
tion and elastic properties of  biopolymer films: a com
parative study. Biomacromolecules 8: 1710—1722.


