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Abstract. Qoeroti B, Pangstuti A, Susilowati A. 2021. Application of edible film incorporated with Portulaca oleracea extract to inhibit
microbiological and oxidative damage in sausages. Biodiversitas 22: 3556-3561. Environmental pollution by plastic from food
packaging can be reduced by applying edible film as a biodegradable casing and safe for consumption. Utilization of Indonesia’s
biodiversity, especially purslane plants (Portulaca oleracea L.) at Boyolali, Central Java, Indonesia as an antimicrobial compound that
can improve the quality of chitosan edible films. This study aims to determine the effect of purslane extract (Portulaca oleracea L.) as
an antibacterial, antifungal, and antioxidant agent in edible films in inhibiting microbiological and oxidative damage to sausages. The
film was made by mixing the extract (0%; 2.5%; 5%; 10%) into the chitosan solution and sorbitol, then applied to casing the sausage.
The sausage was then stored at room temperature (27C) and in refrigerator (4°C). Sausage quality testing was carried out on days 0O; 3;
6; 9; 12; 15 during storage, including determination of Total Plate Count, Yeast Mold Count, and thiobarbituric acid test. The results of
tensile strength, water vapor permeability, elongation, antioxidant, FTIR film, and morphology observed by using SEM of the films with
and without the purslane extract addition were different. After 15 days of storage, Kruskal-Wallis analysis also revealed that the addition

of purslane extract significantly inhibited the growth of microorganisms and oxidative damage to sausages.
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INTRODUCTION

Food packaging is crucial to ensure that product quality
is maintained during the storage period until consumers
safely accept it. Nevertheless, the use of non-biodegradable
plastic as a casing, in this case, sausage, can cause
environmental problems; thus, it is necessary to apply
environmentally friendly packaging while maintaining the
quality of sausage products. One of the environmentally
friendly packagings that have been applied in the
packaging of food products is edible film. The edible film
is a thin layer made of biopolymer, which is edible and
biodegradable (Campos et al. 2011; Youssef et al. 2017).

However, some factors affect the quality of food
packaged with edible films, including the presence of
contaminants, both from bacteria and fungi. Thus, other
additional compounds are needed in the film, such as
natural compounds containing antimicrobial, antifungal,
and antioxidant compounds (Quirds-Sauceda et al. 2014).
Direct contact between the active compounds in edible
films and food products reduces unwanted microbiological
activity because they are able to react with other
components such as fats and proteins contained or
dissolved in the food matrix (Widaningrum et al. 2015).
The advantages of edible films incorporating antimicrobial,
antifungal and antioxidant compounds can improve the
quality of edible films in packaging while preserving food
and medicine. The use of active compounds from plant
extracts as additives for edible films include the new film-
forming materials such as plant residues, flours and gums

to show their protective effectiveness and suitability in
various types of foods (Galus et al. 2020), the use of
essential oils as natural antimicrobial and antioxidant
compounds to obtain bioactive films or coatings (Gonzalez
et al. 2011). For this reason, flavonoids and alkaloids in
purslane extract (Portulaca oleracea L.) as antibacterial,
antifungal, and antioxidant compounds can capture free
radicals, such as 1,1-diphenyl-2-picryl hydazyl (DPPH)
(Indradewi et al. 2018). Purslane extract has been widely
used in food products because purslane is a type of
vegetable in several regions of Indonesia and other
countries so it has been proven non-toxic and safe for
consumption. In addition to the use of purslane extract as a
medicinal and vitamin ingredient, purslane extract has been
used for the manufacture of sweets, herbal drinks, snacks
from purslane leaves, yogurt, and jelly candy (Chen et al.
2019; Shanker et al. 2019; Handayani et al. 2020; Anli et
al. 2021). In addition, the making of edible films containing
active compounds further enhances its function as a barrier
compared to spraying or food immersion methods (Alves et
al. 2011; Bourbon et al. 2011). So far, there have been no
studies on edible films with the addition of P. oleracea
extract as sausage casing. Therefore, this study aimed to
determine the effect of adding purslane extract to chitosan
edible film in preventing microbiological and oxidative
damage to sausages.
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MATERIALS AND METHODS

Extraction and production of edible film

Purslane was obtained from Central Java, Indonesia,
area. The whole part of the healthy purslane was used for
extraction using the maceration method with 80% ethanol
as solvent. The procedure for edible film making refers to
the studies of Purwanti (2010) and Katili et al. (2013), with
modifications. Chitosan solution 2% (v/v) (HiMedia, India)
was mixed with 2% sorbitol (HiMedia, India) as a
plasticizer. Purslane extract with concentrations of 0%,
2,5%, 5%, and 10% was added to the mixture.

Physical, chemical, and morphological characterization

The tensile strength and elongation at break tests were
measured according to Bourbon et al. (2011) method using
a mechanical universal testing machine (AND MCT-2150).
For the Water Vapor Permeability (WVP) transmission
test, the method refers to Sobral et al. (2001), with
modifications. Meanwhile, Fourier-Transform Infrared
Spectroscopy (FTIR) analysis utilizing the Shimadzu type
feature 8201 was carried out according to Bourbon et al.
(2011) method. Further, the film’s surface morphology was
viewed employing a Scanning Electron Microscope (SEM
fei quanta 250) at the Integrated Mathematics and Natural
Sciences Laboratory, Universitas Sebelas Maret.

Edible film bioactivity characterization

Antibacterial and antifungal activity tests were
performed with the method from Gomes et al. (2019),
using Escherichia coli, Staphylococcus aureus from the
culture collection at the Microbiology Laboratory, Faculty
of Medicine, Universitas Sebelas Maret, and Aspergillus
niger from the culture collection at the Microbiology
Laboratory, Faculty of Medicine, Universitas Gadjah
Mada. The edible film was cut with a diameter of 0.5 cm,
then placed on the surface of Muller Hinton Agar
(HiMedia, India) media for antibacterial testing and 1x1
cm? on Potato Dextrose Agar (Oxoid, United Kingdom)
media for antifungal testing. Antibacterial activity was
observed after 24 hours of incubation at 37 C at the bottom
of the edible film, while antifungal activity was observed
after five days of incubation at 27 C. The inhibition zone
due to antibacterial and antifungal activity can be seen
from the clear area at the bottom of the edible film after
removal (Gomes et al. 2019). The antioxidant activity test
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of edible films containing purslane extract was carried out
employing the DPPH method (1,1-diphenyl-2-picryl
hydazyl), referring to Indradewi et al. (2018).

Edible film application as sausage casing

A total of 4 grams of cooked minced meat that had been
seasoned cased using chitosan-edible film with the addition
of purslane extract 0%, 2,5%, 5%, and 10%. Each variation
of the edible film was carried out in three repetitions. The
packaged sausages were further divided into two different
treatments: storage at refrigerator temperature (+4°C) and
room temperature (x27°C). Then, quality analysis was
carried out on days O, 3, 6, 9, 12, and 15 during storage,
including the calculation of the total plate count of bacteria
referring to Atma (2016), the yeast mold counts according
to Rakhmawati and Musdholifah (2019), and oxidative
damage by determining the number of TBA (Thiobarbutic
Acid) following Farbod et al. (2013). The data were then
analyzed utilizing SPSS software with Kruskal-Wallis non-
parametric analysis to see the treatment variations’ effects
on sausage quality. For the organoleptic test, it was
conducted on day O of storage of sausage casing in edible
film to determine consumer ratings of the product that had
been produced, including the 30 panelists’ preferences for
the color, aroma, taste, and texture or elasticity of sausage
casing in the edible film with and without the addition of
purslane extract.

RESULTS AND DISCUSSION

Table 1 shows that the addition of purslane extract
increased the tensile strength value and decreased the
percent elongation of the edible film. The overall value of
tensile strength and percent elongation has met the standard
of the edible film according to the Japanese Industrial
Standard (JIS) 1975.

The addition of purslane extracts also affected the
amount and density of chitosan bonds in the edible film to
interfere with the bonding of chitosan molecules with other
ingredients in the edible film. On the other hand, the
addition of extracts into the edible film could reduce the
film’s elasticity and reduce the bond’s density in the film
(Estiningtyas et al. 2012).

Table 1. Comparison of chitosan edible film characters with the addition of purslane extract with standard edible film according to

Japanese Industrial Standard (JIS) 1975

Edible film with addition of purslane extract

Characteristics JIS standard value

0% 2,5% 5% 10%
Thickness (mm) 0.25 0.27 0.27 0.27 0.27
Tensile Strength (MPa) 0.392 0.84 0.85 0.86 1.06
Elongation (%) Bad <10
Good >70 190 96 88 13
Young’s modulus (MPa) 0.35 0.21 0.27 0.68 1.45
Water vapor transmission (g/m?h) 7 6.73 7.88 8.54 15.06
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The higher the addition of purslane extract, the higher
the WVP value of each film, indicating the higher the water
vapor permeability. According to JIS (1975), a good edible
film has a maximum water vapor permeability value of 7
g/meh. Hence, the edible film with the extract addition had
a WVP value that did not meet the standard. On the other
hand, the addition of purslane extract resulted in a
reasonably high WVP value because more substances
added to the film could increase the value of water vapor
permeability (Sobral et al. 2001).

Fourier-transform  infrared  spectroscopy  (FTIR)
analysis (Figure 1) displayed that the film’s absorption
pattern was almost the same with and without the addition
of purslane extract. Infrared spectra test measured by FTIR
revealed the presence of bonds CO, C3-OH, OH, CH;, N-
CHj3, C=0, -OH, CO, and -NH, which are chemical bonds
that make up chitosan, sorbitol, alkaloids, and flavonoids as
the most dominant active compound in purslane extract
(Yudha Karlina 2013; Zhou et al. 2015; Du et al. 2017;
Indradewi et al. 2018). The number of peaks from the film
with the addition of purslane extract was less because of
the more ingredients.

Moreover, SEM (Scanning Electron Microscope)
analysis at a magnification of 500 micrometers (Figure 2)
exhibited that the edible film with the addition of purslane
extract had a smoother morphology than without the extract
but grains were visible on the surface. The grains on the
film surface with the purslane extract addition were thought
to be caused by the extract that had not been fully
integrated with other ingredients in the edible film. It
caused the percent elongation of the film with the addition
of extract to be lower than the film without the extract
addition. The grains on the film surface also caused the
formation of holes to reduce the film’s elasticity. Although
the previous filtering was carried out, the extract addition
was still not homogeneously soluble with chitosan and
sorbitol. In fact, flavonoids and alkaloids, the most
dominant components in the purslane extract, are polar and
should be easily homogeneous with chitosan dissolved in
1% acetic acid, which is also polar (Gomes et al. 2019).
Likewise, sorbitol is a hydrophilic plasticizer suitable for
hydrophobic film-forming materials, such as chitosan. The
cause of the purslane extracts not homogeneously
dissolving could be due to the other phytochemical content
of the purslane extract, which is difficult to bind with other
film components. Thus, it forms small lumps, in which,
after going through the drying stage, grains appeared on the
film surface. However, the number of grains was not too
much and was located far apart.

Further, the antibacterial activity of the edible film is
shown in Figure 3. There was a clear area at the bottom of
the edible film on the media inoculated with E. coli and S.
aureus bacteria. It proves that there were gram-positive and
gram-negative antibacterial compounds in the film. On the
other hand, purslane extract contains various types of
secondary metabolites, such as flavonoids, alkaloids,
terpenoids, and organic acids, which play essential

BIODIVERSITAS 22 (8): 3556-3561, August 2021

antimicrobial roles. The antimicrobial activity of purslane
extract has been proven against several test microbes,
including Escherichia coli, Staphylococcus aureus,
Bacillus subtilis, Aspergillus niger, and Candida sp.
(Sultana and Rahman 2013; Yudha Karlina 2013;
Iranshahy et al. 2017). Besides, the film without the
addition of purslane extract also showed antibacterial
activity since chitosan, which was the material for making
this film, also had antimicrobial properties (Helander et al.
2001). The higher the concentration of purslane extract
added, the clearer the area under the edible film after being
removed from the media, indicating the higher the
antifungal activity.

The antifungal activity against Aspergillus niger, a type
of fungus that contaminates foodstuffs, was also found in
all edible films. The presence of additional substances in
the film in the form of purslane extract containing
antimicrobial compounds, such as flavonoids and alkaloids,
plays a vital role as an antifungal (Quirds-Sauceda et al.
2014). In this case, the antifungal activity of purslane
extract has been proven against several tested microbes,
including Aspergillus niger, Trichophyton sp., and Candida
sp. (Sultana and Rahman 2013; Yudha Karlina 2013;
Iranshahy et al. 2017). In the film without the addition of
purslane extract, it still showed positive antifungal results
because the chitosan in this film also had antimicrobial
properties (Nurainy et al. 2008). From Figure 3, it can be
seen that the antifungal activity of the edible film without
the addition of extract was cloudier than with the extract
addition. It means that the higher the concentration of
purslane extract added, the clearer the area under the edible
film after removal, indicating the increasing antifungal
activity.

T T T T T T T T T T T [ T T T T T T T T
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Figure 1. Fourier-Transform Infrared Spectroscopy (FTIR) on
edible film without the addition of purslane extract (blue graph)
and with the addition of purslane extract (green graph), with the
absorption peak seen in % transmittance (% T): 484.15, 580.6,
630.75, 1064.75, 1282.72, 1413.88, 1637.64, 2077.42, 3445.98
cm—1 (blue graph) dan 422.43, 656.79, 1059.93, 1280.79,
1389.77, 1634.74, 2071.64, 3418.97 cm—1 (green graph)
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Figure 2. The morphology of the edible film seen utilizing SEM (Scanning Electron Microscope) at the same magnification (500um)
shows (A) the edible film without the addition of purslane extract is streaky, uneven, and not smooth, while (B) the edible film with the
addition of purslane extract looks smooth even though there are a few grains.

Figure 3. Antibacterial and antifungal activity displays a clear area under the edible film with the addition of purslane extract 0% (K1),
2.5% (K2), 5% (K3), and 10% (K4) after being removed from the media overgrown with (A) gram-positive Staphylococcus aureus, (B)

gram-negative Escherichia coli, (C) Aspergillus niger fungus.

The antioxidant activity also increased with the
increasing concentration of purslane extract in the edible
film (Table 2), indicating that purslane extract contains
natural antioxidant compounds (Dkhil et al. 2011). Besides,
the antioxidants in Portulaca oleracea extract can scavenge
free radicals, such as 1,1-diphenyl-2-picryl hydazyl (DPPH)
(Alam et al. 2014; Indradewi A. et al. 2018). In addition to
flavonoids, endogenous antioxidant compounds in purslane
are alpha-tocopherol, beta carotene, and glutathione
(Sultana and Rahman 2013; Iranshahy et al. 2017).

Furthermore, the total number of sausage bacteria after
15 days of storage is shown in Table 3, the lowest at
refrigerator temperature (4°C) and the highest at room
temperature (27°C). Sausage stored at refrigerator
temperature (4°C) met the food requirements suitable for
consumption, having total bacteria of less than 1x10*
colonies/gram (BPOM 2019). It was because the edible
film contains antimicrobial compounds derived from

purslane extract and chitosan (Helander et al. 2001; Yudha
Karlina 2013). Meanwhile, at room temperature storage,
the number of bacteria that met the requirements for up to
15 days of shelf life was the only film with the addition of
5% and 10% extracts. The higher the temperature, the
faster the metabolism of microbes in the sausage, causing
the number of bacteria to increase. The refrigerator
temperature, which is quite cold (4°C), can inhibit the
growth of bacteria (Atma 2016).

Table 2. Antioxidant activity of edible film

Edible film 1C50 (ug/ml)  Category
Film with 0% purslane extract 461,8 Weak
Film with 2,5% purslane extract 232,51 Moderate
Film with 5% purslane extract 153,68 Moderate
Film with 10% purslane extract 70,86 Strong
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Table 3. Total Plate Count (TPC), Yeast Mold Count (YMC), and TBA Number (Thiobarbutic Acid) on sausage casing in the edible
film with the addition of 0%, 2.5%, 5%, and 10% purslane extract for 15 days of storage at refrigerator temperature (+4°C) and room

temperature (£27°C)

Purslane extract concentration in edible film and TPC and YMC

Storage Day Test results (colonies/gram) and TBA (mg) of sausage
Temperature 0% 2.5% 5% 10%
TPC YMC TBA TPC YMC TBA TPC YMC TBA TPC YMC TBA
Refrigerator 0 0 0 1.3 0 0 1.3 0 0 1.3 0 0 1.3
temperature 3 0 6 7.2 2 7 6.9 0 0 6.6 1 2 54
(£ 4°C) 6 7 8 8.4 1 8 8.3 6 3 6.6 0 5 6.0
9 370 13 8.5 24 9 8.3 11 5 6.9 5 9 6.1
12 1360 30 10.6 644 43 8.5 14 6 8.3 8 17 6.3
15 4015 210 13.0 991 87 10.3 23 9 8.3 19 30 6.2
Room 0 0 0 1.3 0 0 1.3 0 0 1.3 0 0 1.3
temperature 3 12 9 14.8 6 43 11.2 5 5 8.6 2 10 6.6
(x27°C) 6 1108 213 14.9 243 45 14.4 184 8 9.2 157 13 8.3
9 3757 570 175 2189 367 153 1019 183 9.9 892 17 8.5
12 7242 987 18.9 5568 460 175 3099 380 146 1604 253 12.5
15 12000 994 19.6 11000 724 19.3 5939 530 17.2 4477 500 13.5

The quality of sausages can also be seen from the
number of fungi for 15 days of storage, the lowest at
refrigerator temperature (4°C) and the highest at room
temperature (27C), as shown in Table 3. The Yeast Mold
Count value that meets the requirements for food fit for
consumption is less than 2x10? colonies/gram (BPOM
2019). The Yeast Mold Count value in sausages cased in
the edible film with a 10% purslane extract concentration
indicated the lowest number of fungi, both stored at
refrigerator and room temperature, and has met BPOM RI
standards No. 13 of 2019. Regarding this, flavonoids and
alkaloids in purslane extract as antifungal compounds
added to the edible film works from within the film as a
barrier to contamination from the outside not to enter the
packaged food product (Yudha Karlina 2013; Quirds-
Sauceda et al. 2014).

Additionally, the higher the concentration of purslane
extract added, the lower the rancidity of the sausage, as
seen in the TBA value (Table 2). Sausage cased in the
edible film with the addition of 10% purslane extract after
15 days of storage showed the lowest rancidity value of 6,1
mg at refrigerator temperature and 1,35 x 10' mg at room
temperature. Sausage stored at room temperature has a
greater rancidity value than sausage stored at refrigerator
temperature. The higher the temperature, the faster the
microbial metabolism in the sausage, thus causing a high
rancidity value. The presence of purslane extract containing
antioxidant compounds in the film could inhibit the
oxidative damage of sausages during storage. Apart from
being a barrier for contaminants from the outside, so they
do not enter packaged food products, edible films also
protect food products from reactions between ingredients
and oxygen, thereby inhibiting oxidative damage. The
higher the concentration of purslane extract added to the
edible film, the lower the TBA number. Indeed, purslane is
a natural source of antioxidants (Dkhil et al. 2011).
Besides, antioxidants stabilize free radicals by
complementing the electron deficiency of free radicals and

inhibiting the chain reaction of free radical formation
(Alam et al. 2014). Based on data analysis using the
Kruskal-Wallis method for 15 days of storage, the addition
of purslane extract to the film significantly inhibited the
growth of microorganisms and oxidative damage to
sausages compared to chitosan edible films alone. Thus, the
results that met the requirements were sausages stored in
edible films with 10% purslane extract addition and storage
for 15 days at refrigerator temperature; however, it only
lasted for nine days at room temperature. Meanwhile, other
results did not meet the requirements because the film with
5% extract addition only lasted for nine days at room
temperature and 15 days at refrigerator temperature.
Likewise, the film with the addition of 2.5% extract only
lasted for six days at room temperature and 15 days at
refrigerator temperature. Meanwhile, for the film without
extract addition, it only lasted for three days at room
temperature and 12 days at refrigerator temperature.

Lastly, the addition of purslane extract in the edible
film casing did not affect the panelists' acceptance of the
sausage even though the preference level was still below
the film without the extract addition. Meanwhile, the
panelists’ responses to sausages without edible film and
sausages with the edible film of 0% purslane extract had a
very good value from all panelists or stated by number 5.
None of the panelists gave a score of 2 or did not like
sausages with edible film with purslane extract addition. It
signifies that the addition of purslane extract in the film did
not change the color, aroma, taste, and texture of sausages
and edible films.

Based on the study results, it can be concluded that the
use of chitosan edible film with the addition of purslane
extract could prevent damage to sausage casing in a film
with a concentration of 10% at refrigerator temperature for
15 days and at room temperature for nine days. Thus, it has
the potential to be used as a substitute for non-
biodegradable plastic packaging.
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