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ABSTRACT

Article history:

Polyethylene (PE) is considered to be one of the most widely used plastic in the world
due to its vast array of applications depending on the particular type. It is well known
that petroleum-based plastic is a good material for food packaging for its good
mechanical properties. Meanwhile, biopolymer films have poor mechanical and water
barrier properties compared to conventional plastics. Soy protein isolate (SPI) with
mangosteen pericarps extract (MPE) was laminated on PE film to form a bilayer film
with antioxidant property. The PE/SPI film was stored at two different temperatures;
25°C and accelerated temperature at 40°C for 9 weeks. The color and opacity of the
film increased significantly (P ≤ 0.05) after 9 weeks observation. There is no change in
the morphology of the film after 9 weeks stored at both temperatures. The antioxidant
properties of film were measured by total phenolic content (TPC) and 2,2-diphenyl-1picrylhydrazyl (DPPH) scavenging assay for each week interval. The antioxidant
activities of films decreased significantly (P≤0.05) throughout the storage time at both
temperatures. Higher temperature also reduced the antioxidant properties of bilayer
film significantly (P ≤ 0.05). Addition of mangosteen pericarps extract contributes to
the enhanced antioxidant properties of bilayer film.
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1. Introduction
For decades, polyethylene (PE) has been one of the main materials used in food packaging
industry. It is undeniably a good material for food packaging as it possesses good mechanical
properties, flexible and has an outstanding environmental stress crack resistance that can protect
the food from damages. Now, packaging does not only focusing on protecting its content from the
interaction with the outer environment, it is improving into another level where the additive
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substances/compounds in the film packaging can interact directly with its content for better
protection and one of the examples is active packaging materials. Active packaging is a type of
packaging that incorporated with natural additives, giving an active function to the materials such as
antioxidant agents, oxygen scavengers, moisture absorbers, antimicrobial agents or flavor
releasing/absorbing systems [1]. This smart system encompasses the interactions between packaged
food and packaging components where it involves different functions such as inhibition of lipid
oxidation and microbial growth and generally leads to the prevention of food spoilage and
deterioration [2].
The advancement of technology in packaging applications to improve the system has led to the
development of films with the combination of several polymers with exploitation on each polymer’s
functional or aesthetic properties [3,4]. This includes the development of synthetic-biopolymer
bilayer packaging films which benefits both types of polymeric films in reducing the limitations
simultaneously [5]. In this study, bilayer film was developed by using soy protein isolate (SPI) as
biopolymer layer with the addition of active compound from mangosteen pericarp and PE as the
synthetic layer. Soy protein isolate (SPI) is a type of protein-based material that commonly used in
food packaging development. SPI as a raw material has shown better properties among other sources
due to its superior film-forming properties, relatively low cost and good barrier properties to oxygen,
aromas and lipids under intermediate moisture conditions [6,7]. Furthermore, because of its
structure, SPI also is a good carrier agent for antioxidant compounds [8-10].
Mangosteen (Garcinia mangostana L.) is a tropical fruit that can be found in India, Myanmar,
Malaysia, Philippines, Sri Lanka, and Thailand. Mangosteen has a milky white edible aril and its
pericarp is dark red and it comprises about 75% of the whole fruit [11,12] which left as agricultural
waste. Surprisingly, the pericarp fraction of mangosteen possesses higher antioxidant activity than
the pulp fraction [12,13]. The pericarp contains various of phenolic compounds such as tannins,
flavanoids, anthocyanins and xanthones [11,14-16]. These bioactive compounds give benefits as an
antioxidant, antimicrobial and anti-cancer [19,20]. Hence, the usage of the pericarps for this film
could be one way to reduce the generation of the agricultural waste.
The application of active packaging to package fatty foods could be one of the best strategies to
control the oxidation of lipid compounds in the packaged food. However, storage time and
temperature affected the properties of packaging film. For example, Ciannamea et al., [21] found
that soybean protein concentrate (SPC) film stored at 25 and 65°C for 90 days promoted changes in
molecular structure and film properties. Furthermore, the ageing of chitosan film up to 90 days
resulted in significant variations in functional properties due to changes in structure related to
Maillard reaction [22].
Moreover, phenolic compounds are easily sensitive to degradation by some factors such as light,
oxygen, pH, storage temperature and time since they are unstable structures [23]. Therefore, the aim
of this research was to investigate the effect of storage time and temperature on the antioxidant
properties of mangosteen pericarp extract in PE/SPI bilayer film. In this research, mangosteen
pericarp has been extracted and incorporated into SPI and laminated on PE film to provide bioactive
compounds and enhance the antioxidant activity of the film with the intention to prevent oxidation
process in foods. The effect of temperature was also investigated to observe the stability of
antioxidant properties of the film.
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2. Materials and Methods
2.1 Materials Preparation
For film preparation, commercial polyethylene (PE) film was purchased from the local plastic
supplier in Taman Sri Serdang, Selangor, Malaysia with 80 µm thickness and soy protein isolate (SPI)
was purchased from MP Biomedicals (Solon, Ohio). Glycerol, sodium carbonate and standard gallic
acid were obtained from Sigma-Aldrich (St. Louis, USA). Folin–Ciocalteu reagent was purchased from
Merck (Darmstadt, Germany) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) from TCI Development Co.
Ltd (Shanghai, China). All the solvents and chemicals used for this research were analytically graded.
2.2 Mangosteen Pericarps Extract (MPE) Preparation
The pericarps of mangosteen at commercial maturation were obtained from markets around
Serdang, Selangor, Malaysia. The mangosteen pericarps were peeled off, washed and cut into cubes
(3 cm3) before placed in a circulating oven (Universal Oven UF110, Memmert, DE) at 45°C for 48 h
[24]. The dried pericarps were ground into fine powders using a grinder (Tefal, Rumilly, France). The
powder of 100 g was macerated with 500 ml absolute ethanol (John Kollin Corporation, USA) for 48
h at room temperature. The solvent was removed under vacuum using rotary evaporator at 40°C.
The dark yellow concentrated extract was kept in a freezer at -20°C until further use.
2.3 Film Preparation
For SPI layer, SPI was dispersed in distilled water at the concentration of 5% (w/v) to form the
film-forming solutions (FFS) according to the method by Guerrero et al., [25]. Glycerol, as a plasticizer
was added at 30% (v/w) of SPI concentration. The solution was stirred and heated to 80°C for 1 h.
The FFS were cooled down to 40°C and then, 3% (w/w based on SPI) of mangosteen pericarps extract
(MPE) was added into the FFS. Another FFS were prepared without the addition of MPE as a
comparison. All FFS were cast onto PE film (10 cm2) using a spreader with 50 µm thickness to form
bilayer films. PE layer was cut into 10 cm2 as control film. All the films were dried at an ambient
temperature (25 ± 2°C) for 48 h. All films were conditioned at a temperature of 25°C with 50 ± 5%
relative humidity (RH) for 24 h before stored at 25 and 40°C for 9 weeks for further analyses.
2.4 Film Thickness and Opacity
The thickness of film was measured using a hand-held digital micrometer screw gauge (Mitutoyo
Corp., Kawasakishi, Japan) at 10 different film locations. Each film was cut into pieces (1 x 4 cm2) and
placed in a cuvette of UV-Vis spectrophotometer (Genesys 10S UV-Vis Spectrophotometer, Thermo
Fisher Scientific, Wisconsin, USA). The opacity of the film was analyzed on every week for 9 weeks of
storage time. The opacity of the films was determined by the following equation
Opacity (A600/mm) = Abs600/y

(1)

where Abs600 is the value of absorbance at 600 nm and y is the thickness of the film (mm).
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2.5 Film Color
The color of the film sample was determined using Minolta chromameter (Minolta CR 300 Series,
Minolta Camera Co., Ltd., Osaka, Japan) using L, a, and b mode. The values range from L = 0 (black)
to L = 100 (white), -a (greenness) to +a (redness), and –b (blueness) to +b (yellowness). The color of
the film was analyzed on every week for 9 weeks of storage time.
2.6 Scanning Electron Microscope (SEM)
Morphology and cross-section of films on Week 0 and Week 9 were visualized using a scanning
electron microscope (SEM) (JEOL JSM 6400, Tokyo, Japan). The films were glued on bronze stub using
double-sided tape and were sputtered with gold using Sputter Coater SCD 005 (BAL-TEC AG, Balzers,
Liechtenstein). The photographs were captured at an accelerating voltage of 10 kV with 1000x and
500x magnifications for surface and cross-section, respectively.
2.7 Total Phenolic Content (TPC)
TPC for each film was determined according to the method described by Hafsa et al. [26] from
Week 0 till Week 9 with a one-week interval. Film extract was prepared by soaking 50 mg of sample
in 3 mL of ethanol for 3 h. 300 µL of film extract was added to the test tubes followed by 2.5 mL Follin
Ciocalteu’s reagent (diluted 10 times with water) and 2 mL sodium carbonate (7.5% w/v). The mixture
was stirred and incubated at 50°C for 5 min. The solution was measured using spectrophotometer
(Genesys 10S UV-Vis Spectrophotometer, Thermo Fisher Scientific, Wisconsin, USA) with absorption
at 765 nm and compared to a gallic acid calibration curve. The TPC was expressed as milligram gallic
acid equivalent (mg GAE) per gram of films.
2.8 DPPH (2,2-diphenyl-1-picrylhydrazyl) Radical Scavenging Assay
The antioxidant activity of the film from Week 0 till Week 9 with one-week interval was
determined using DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay according to the
method described by Siripatrawan and Harte [27]. Three mL of film extract and 1 mL of 1 mM
methanolic solution of DPPH was mixed and vortexes. Then, the mixture was incubated (30 min) in
the dark at ambient temperature. The absorbance was measured at 517 nm using
spectrophotometer (Genesys 10S UV-Vis Spectrophotometer, Thermo Fisher Scientific, Wisconsin,
USA). The percentage of DPPH free radical quenching activity was calculated using the equation:
DPPH scavenging effect (%) = [(AbsDPPH – Absextract)/AbsDPPH] x 100%

(2)

where AbsDPPH is the absorbance for methanolic DPPH solution and Absextract is the absorbance of
sample extracts.
2.9 Statistical Analysis
All data for each analysis were statistically analyzed. Data is presented as the mean ± standard
deviation of a triplicate of each measurement. A significant difference between means was evaluated
using the analysis of variance (ANOVA). Tukey test was used for comparing mean values and
differences between means were considered significant when P≤0.05.
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3. Results and Discussion
3.1 Film Thickness and Opacity
Table 1 presents the data for film thickness and color at 25 and 40°C for 9 weeks. The thickness
of control PE film was measured to be 80 µm while PE/SPI+MPE film was 130 µm. Changes in the film
thickness may associate with the variations in network structures that have been changed
throughout storage time [21]. However, the thicknesses of all films were found to be not statistically
significant (P > 0.05) after 9 weeks of storage at both 25 and 40°C. As reported by Anker et al., [28]
and Riquelme et al., [29], the loss of glycerol (plasticizer) and active compounds in the film matrix
were too insignificant to affect the thickness of the film.
Table 1
Thickness of films stored at 25 and 40°C for 9 weeks
Storage
time
PE (µm)
PE/SPI+MPE (µm)
(Week)
25°C
40°C
25°C
40°C
0
80.7 ± 1.06
80.7 ± 1.06
130.6 ± 0.84
130.6 ± 0.84
1
80.7 ± 0.95
80.7 ± 0.48
130.6 ± 0.52
130.6 ± 0.70
2
80.7 ± 0.48
80.7 ± 0.48
130.6 ± 0.70
130.6 ± 0.70
3
80.7 ± 1.06
80.7 ± 0.48
130.6 ± 0.84
130.6 ± 0.52
4
80.7 ± 0.48
80.7 ± 0.68
130.6 ± 0.52
130.6 ± 0.70
5
80.7 ± 0.68
80.7 ± 0.68
130.6 ± 0.52
130.6 ± 0.70
6
80.7 ± 0.48
80.7 ± 0.68
130.6 ± 0.52
130.4 ± 0.52
7
80.7 ± 0.48
80.7 ± 0.68
130.4 ± 0.70
130.2 ± 0.63
8
80.7 ± 0.82
80.7 ± 0.63
130.4 ± 0.70
130.1 ± 0.57
9
80.7 ± 0.67
80.7 ± 0.63
130.4 ± 0.70
130.1 ± 0.74
*The data were presented as means ± standard deviation. There is no significant difference between films
on the same day at both temperatures and no significant difference between same films at same
temperature on every interval of storage time (P ≤ 0.05).

Table 2
Opacity of films stored at 25 and 40°C for 9 weeks
Storage
time
PE (µm)
PE/SPI+MPE (µm)
(Week)
25°C
40°C
25°C
40°C
0
2.09±0.01a,A
2.09±0.01a,A
4.18±0.05a,J
4.18±0.05a,J
1
2.09±0.02a,A
2.09±0.00a,A
4.19±0.03b,I
4.25±0.01a,I
a,A
a,A
b,H
2
2.09±0.00
2.09±0.02
4.20±0.02
4.29±0.01a,H
a,A
a,A
b,G
3
2.09±0.00
2.09±0.00
4.24±0.00
4.33±0.01a,G
a,A
a,A
b,F
4
2.09±0.01
2.09±0.01
4.25±0.01
4.39±0.01a,F
a,A
a,A
b,E
5
2.09±0.01
2.09±0.01
4.27±0.01
4.40±0.01a,E
a,A
a,A
b,D
6
2.09±0.02
2.09±0.01
4.28±0.01
4.44±0.00a,D
a,A
a,A
b,C
7
2.09±0.01
2.09±0.02
4.29±0.02
4.45±0.02a,C
8
2.09±0.00a,A
2.09±0.01a,A
4.29±0.02b,B
4.47±0.01a,B
9
2.09±0.02a,A
2.09±0.03a,A
4.30±0.02b,A
4.53±0.01a,A
*The data were presented as means ± standard deviation. Different letters (a-b) indicate significant differences
between films on the same day with both temperatures and (A-J) indicate significant differences between each
film at same temperature on every interval of storage time (P ≤ 0.05).

Opacity is an essential property in food packaging, where it helps in controlling the light
transmission on the inner product [30]. The opacity of film is correlated with the light transmission
and transparency of film. Higher opacity indicates low transparency and good barrier towards light.
The opacity of the films differed significantly (P ≤ 0.05) for each film regardless of storage time and
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temperatures. The result obtained in Table 2 showed that the films with the incorporation of MPE
were less transparent than the control film. The additional layer of SPI and MPE on the PE film made
the opacity of the film increased due to the higher amount of yellowish solid particles of SPI and MPE
on the film after drying and thus, decreasing the transparency of the film. Also, storage time affected
the opacity of active films in which the values increased significantly (P ≤ 0.05), irrespective of
temperature.
Moreover, at high temperature, the transparency of each film decreased in value and caused the
film to be more opaque. The interference of glycerol with the protein-protein interactions by forming
hydrogen bonds with protein molecule is reported to increase the transparency of the film matrix
[31]. However, the loss of moisture and glycerol due to the high temperature during storage
associated with the reduction in transparency of the film [21]. Upon storage, it is high probability for
glycerol to diffuse to the surrounding since glycerol is fully soluble in water and also cause the residual
moisture during the film-forming procedure to migrate too [21,32]. This is in agreement with the
findings from Ciannamea et al., [21] and Jongjareonrak et al., [33] where the opacity of fish gelatin
film and soybean protein film increased after prolonged storage time of 42 and 90 days, respectively.
Among both films, PE/SPI+MPE film expressed the highest opacity value (P ≤ 0.05). The incorporation
of MPE into the film contributed to the darker color and hence increased the opacity of PE/SPI+MPE
film, providing good light barrier to the product that sensitive to UV light.
3.2 Film Color
The color parameters (L, a and b) of PE and PE/SPI+MPE films are shown in Table 3, 4 and 5
respectively. Different types of film exhibited different L, a and b values (P ≤ 0.05). From the data, it
is proven that PE film has the lightest color compared to PE/SPI+MPE film which have the darkest
color. The color of PE/SPI+MPE film changed significantly (P ≤ 0.05) after 9 weeks of storage at both
temperatures except for PE film which remain unchanged (P > 0.05). PE/SPI+MPE film was yellowish
in color (greater value of b) due to the addition layer of SPI+MPE film on PE film. It is noted that the
brown and yellowish color of SPI and MPE respectively, resulting in decreasing of L (lightness) and a
(greenness) values. Meanwhile, the value of b (yellowness) increased significantly (P ≤ 0.05).
Table 3
Color parameter of films (L) stored at 25 and 40°C for 9 weeks
Storage time
PE (µm)
PE/SPI+MPE (µm)
(Week)
25°C
40°C
25°C
40°C
0
90.31±0.01a,A
90.31±0.01a,A
87.82±0.03a,A
87.82±0.03a,A
1
90.30±0.00a,A
90.30±0.00a,A
87.81±0.06a,A
87.76±0.03a,A
2
90.32±0.02a,A
90.30±0.01a,A
87.79±0.05a,AB
87.59±0.05b,B
a,A
a,A
a,BC
3
90.30±0.01
90.26±0.01
87.72±0.08
87.49±0.05b,B
a,A
a,A
a,CD
4
90.28±0.02
90.26±0.03
87.60±0.04
87.38±0.04b,C
a,A
a,A
a,CDE
5
90.30±0.01
90.31±0.01
87.54±0.05
87.32±0.02b,CD
a,A
a,A
a,DE
6
90.32±0.00
90.31±0.01
87.47±0.03
87.25±0.03b,DE
a,A
a,A
a,E
7
90.31±0.01
90.30±0.03
87.46±0.05
87.18±0.02b,E
a,A
a,A
a,E
8
90.29±0.02
90.31±0.01
87.39±0.04
87.15±0.04b,E
9
90.31±0.01a,A
90.30±0.02a,A
87.34±0.05a,E
87.05±0.04b,F
*The data were presented as means ± standard deviation. Different letters (a-b) indicate significant differences between
films on the same day with both temperatures and (A-F) indicate significant differences between each film at same
temperature on every interval of storage time (P ≤ 0.05)
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The storage temperature had affected the color of PE/SPI+MPE film significantly (P ≤ 0.05). At
40°C, the films became darker compared to films stored at 25°C. This could be due to the SPI polymer
and MPE compounds had become concentrated when the solvent evaporated at high temperature,
causing the color of the film becomes more intense [34]. The loss of glycerol and moisture may also
affect the concentration of SPI and MPE, which were brown and yellow in color [21]. Furthermore,
Maillard reaction (browning reaction) which is non-enzymatic browning reaction could be presented
in the films due to the longer period of storage at 40°C, hence increased the yellowness (b value) of
the films over 63 days [21,35].
Table 4
Color parameter (a) of films stored at 25 and 40°C for 63 days
Storage time
PE film
PE/SPI+MPE film
(Week)
25°C
40°C
25°C
40°C
0
-1.09±0.01a,A
-1.09±0.01a,A
-1.91±0.02a,A
-1.91±0.02a,A
1
-1.09±0.01a,A
-1.10±0.00a,A
-1.92±0.02a,A
-1.91±0.01a,A
a,A
a,A
a,A
2
-1.10±0.03
-1.09±0.01
-1.91±0.01
-1.92±0.00a,A
a,A
a,A
a,A
3
-1.08±0.02
-1.09±0.00
-1.92±0.00
-1.95±0.02b,A
4
-1.09±0.02a,A
-1.09±0.01a,A
-1.91±0.01a,A
-1.97±0.02b,A
5
-1.09±0.01a,A
-1.10±0.03a,A
-1.91±0.01a,A
-2.04±0.05b,B
6
-1.10±0.00a,A
-1.09±0.00a,A
-1.92±0.01a,A
-2.11±0.02b,C
a,A
a,A
a,AB
7
-1.09±0.01
-1.09±0.01
-1.93±0.02
-2.19±0.02b,D
a,A
a,A
a,AB
8
-1.09±0.01
-1.08±0.02
-1.94±0.03
-2.24±0.02b,D
a,A
a,A
a,B
9
-1.09±0.03
-1.09±0.01
-1.96±0.02
-2.25±0.02b,D
*The data were presented as means ± standard deviation. Different letters (a-b) indicate significant differences
between films on the same day with both temperatures and (A-D) indicate significant differences between each
film at same temperature on every interval of storage time (P ≤ 0.05)

Table 5
Color parameter (b) of films stored at 25 and 40°C for 63 days
Storage time
PE (µm)
PE/SPI+MPE (µm)
(Day)
25°C
40°C
25°C
40°C
0
2.21±0.01a,A
2.21±0.01a,A
10.77±0.02a,F
10.77±0.02a,G
7
2.21±0.01a,A
2.21±0.01a,A
10.90±0.08a,EF
11.00±0.09a,G
14
2.22±0.01a,A
2.22±0.01a,A
10.95±0.03b,EF
11.61±0.08a,F
21
2.21±0.02a,A
2.22±0.01a,A
11.30±0.03b,DE
12.20±0.01a,E
a,A
a,A
b,CD
28
2.21±0.01
2.22±0.02
11.60±0.13
12.70±0.05a,D
a,A
a,A
b,BCD
35
2.20±0.01
2.21±0.02
11.63±0.20
13.39±0.06a,C
a,A
a,A
b,BC
42
2.21±0.00
2.22±0.02
11.80±0.09
13.70±0.15a,C
a,A
a,A
b,AB
49
2.22±0.01
2.23±0.02
12.03±0.03
14.30±0.21a,B
a,A
a,A
b,A
56
2.21±0.01
2.22±0.02
12.28±0.10
14.82±0.16a,A
a,A
a,A
b,A
63
2.22±0.02
2.24±0.02
12.43±0.08
15.02±0.05a,A
*The data were presented as means ± standard deviation. Different letters (a-b) indicate significant
differences between films on the same day with both temperatures and (A-G) indicate significant differences
between each film at same temperature on every interval of storage time (P ≤ 0.05)

3.3 Scanning Electron Microscopy (SEM)
The morphology of the films was determined by using scanning electron microscopy (SEM) that
analyzed the surface and cross section of the films as seen in Figure 1 and 2, respectively. Obviously,
the structure of PE film was smoother compared to SPI/PE and PE/SPI+MPE films without crack and
irregularity. The films with SPI layer showed rough and irregular structures with the presence of
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granules. As indicated by Kaewprachu and Rawdkuen [36], the globulin components of soy protein
made the SPI formed a less organized matrix that may cause the unevenness to the structures.
Between PE/SPI film and PE/SPI+MPE film, the latter was observed to have the roughest and uneven
structure. The incorporation of MPE into the film interfered the ordered structure of the film matrix
and hence produced the irregularity on the surface with granules [37]. However, there is no crack
present on the structures of each film.
PE film

(a)

(b)

(c)

(b)

(c)

PE/SPI+MPE film

(a)

Fig. 1. SEM – surface images of PE and PE/SPI+MPE films in (a) week 0 at 25 and 40°C, (b), week 9 at 25°C and
(c) week 9 at 40°C at magnification of 1000x

The cross section images for all films were presented in Figure 2. It can be seen that cross section
of PE film was the smoothest compared to other two bilayer films. Both bilayer films (PE/SPI film and
SPI+MPE/PE) showed the images of two layers being adhered together. Compared to PE layer, SPI
layer was more compact and had a fibrous structure. The contribution of those images was discussed
above with due regard to SPI and MPE compounds. In addition, it is possible to affirm that the
morphology of PE film, PE/SPI and SPI+MPE/PE films were not affected by the different storage
temperature since the morphology of films remained unchanged after 9 weeks at both temperatures.
3.4 Antioxidant Activity of Film
Lipid peroxidation had caused a great loss in food industry. Hence, the incorporation of active
compounds (antioxidant) in the packaging film is believed to help in slowing down the occurrence of
autoxidation and rancidity in fatty foods. The release of active compounds into the packaged food
can be triggered by chemical, biochemical or biological changes [38]. Antioxidant activities of all films
were determined using Folin-Ciocalteu method and DPPH scavenging assay for every week in order
to measure the loss of antioxidant in the films at both storage temperatures. Folin-Ciocalteu method
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was used in determining the content of crude estimate of phenolic compound in the films as seen in
Figure 3 while Figure 4 displays the values of DPPH scavenging activity for all films.
PE film

(a)

(b)

(c)

PE/SPI+MPE film

(a)

(b)

(c)

Fig. 2. SEM – cross section images of PE and PE/SPI+MPE films in (a) week 0 at 25 and 40°C, (b), week 9 at 25°C
and (c) week 9 at 40°C at magnification of 500x

TPC (mg GAE/g of film)

60
50
40
30
20
10
Week

0
0

2

4

6

8
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Fig. 3. Total phenolic content of films for 9 weeks stored at 25 and 40°C
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TPC of films is correlated with the DPPH scavenging activity of the films. No antioxidant activity
was found in control film after 9 weeks of storage at 25 and 40°C as this was served for comparison
purpose. PE/SPI+MPE films recorded the presence of antioxidant activities with high value of
antioxidant activity. SPI as a protein polymer is a good carrier agent for antioxidant molecules with
such amino acids that possessed more binding sites for phenolic compounds [39,40].
The antioxidant activity of films is largely associated with the phenolic content in the mangosteen
pericarp [16,41]. It has been declared that mangosteen pericarps are rich in phenolic compounds
such as tannins [15], xanthones and anthocyanins [42] that can act as natural antioxidants.
Undeniably, the incorporation of 3% MPE into the film layer played a vital role in increasing the TPC
and DPPH scavenging activity of the film. Consequently, phenolic compounds in MPE helped in
influencing the antioxidant activity in PE/SPI+MPE where it showed about 70% increased of
antioxidant activity compared to control film on week 0.

DPPH scavenging assay (%)
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Fig.4. DPPH scavenging assay of films for 9 weeks stored at 25 and 40°C

The TPC and the DPPH scavenging activity of PE/SPI+MPE film decreased significantly (P ≤ 0.05)
over 9 weeks for both storage temperatures. Furthermore, at 40°C, both TPC and DPPH values of all
films started to decrease prominently (P ≤ 0.05) after week 0 compared to films stored at 25°C. These
results showed that the presence of phenolic compounds was influenced by accelerated storage
temperature. Temperature is one of the important factors affecting antioxidant activity. The expose
of phenolic compounds of MPE at high temperature for a long time (9 weeks) could lead to three
possible mechanisms; the thermal degradation of the phenolic compounds, the release of bound
phenolic compounds and the release of phenolic acid derivatives to the surrounding [43].
Besides, since phenolic compounds are unstable structures, they are easily sensitive to
degradation by some factors such as light, oxygen, pH, storage temperature and time [23]. The loss
of antioxidant activity in the film may attributed to the deterioration of phenolic compounds in MPE
due to the heat sensitivity of the bioactive compound and the increased of temperature [44,45].
Hence, as the storage temperature increase, the degradation of the phenolics and antioxidant activity
will occur faster.
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4. Conclusion
The physical properties of PE/SPI+MPE film such opacity and color were affected by the storage
temperatures. The opacity of PE/SPI+MPE film increased (P ≤ 0.05) after 9 weeks of storage from 4.18
A600/mm to 4.30 A600/mm at 25°C and 4.53 A600/mm at 40°C. However, SEM images for all films
showed no significant different on the surface morphology of films. Incorporation of MPE possessed
higher antioxidant activity compared to control PE film. MPE added into the bilayer PE/SPI+MPE film
increased the total phenolic content (TPC) of the film up to 48.36 mg GAE/g compared to PE film with
only 1.66 mg GAE/g. Moreover, the antioxidant activity (DPPH scavenging assay) of active
PE/SPI+MPE film still exhibits higher value after 9 weeks of storage (more than 50%) at 25 and 40°C.
This is due to the stability of bioactive compounds of MPE in the film. Therefore, this active
PE/SPI+MPE film could be a potential alternative as an active bilayer film that can be used to enhance
the quality of food products by slowing down the lipid oxidation in foods.
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