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The red dragon fruit peels (RDFP) have a high content of pectin and total
phenolic compounds. This research studied the development of RDFP be an
antioxidative edible film. The RDFP was extracted by microwave to obtain
high pectin and polyphenol content, and then the red dragon fruit peel
extract (RDFPE) was used as a based material. The RDFPE was added with
5% (w/v) of carboxymethyl cellulose (CMC) and 10% (w/v) of soy protein
isolate (SPI) to increase their tensile strength. The result showed that RDFPE
potential to develop as an antioxidative edible film. There are different
effects of CMC and SPI. The addition of CMC had a positive effect on total
polyphenol and antioxidant properties but SPI had a negative effect. Against
the peroxide number of peanut oils, all RDFPE films can inhibit. The effect
of CMC and SPI on physical and mechanical properties were increasing
thickness, and tensile strength decreasing transparency, solubility, also
elongation. The FTIR showed a difference in macromolecule interaction

between RDFPE with CMC and SPI. The interaction between RDFPE with
CMC occurred with pectin while SPI interacted both with pectin and
polyphenol. Thus, macromolecule interaction affected on physical,
mechanical, and antioxidative properties of RDFPE edible films, and
revealed that CMC was more suitable to add to RDFPE edible film.
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1. INTRODUCTION

Increased concern for environmental conversation and food safety has led to the development of
edible films. Edible films are packaging that is safe to eat and easy to degrade. Usually, the materials of
edible film are food sources such as starch [1]-[3], and protein [4]-[6], which can interfere with food
security. Therefore, developing edible films from wastes of food industrial processing is a better solution.

One of the agricultural wastes that has not been widely utilized is red dragon fruit peels (RDFP).
Red dragon fruit (Hylocereus polyrhizus) is a tropical fruit that is widely cultivated around Southeast Asia
including Indonesia. The peels which are about 22% of the whole fruit considered a waste although has a
high content of polyphenols and pectin [7]. According to several researches, the pectin content of red dragon
fruit peels were 6.27% [8], 14.96-20.14% [9], 18.53% [10], 10.79% [11], and 23% [12]. The high pectin
content makes red dragon fruit peels possible to develop as edible film [13]-[15]. The total phenolic content
of RDFP was 7.95 (mg of GAE/gr of dm) in fresh peels and 7.84 dry peels [11], which showed high
antioxidant activity [16]. Previous studies showed that the addition of dragon fruit peel extract to edible films
provides antimicrobial and antioxidative properties [17]-[19].

Journal homepage: http://ijaas.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

Int J Adv Appl Sci ISSN: 2252-8814 a 165

Improving the physical and mechanical properties of pectin-based edible films can be done by
interaction with other macromolecules such as carboxymethyl cellulose (CMC) or soy protein isolate (SPI).
The combination of pectin-CMC has a good influence on the physical and mechanical characteristics of
edible film [20]-[22]. Similarly, the interaction between pectin and SPI can increase the physical and
mechanical properties [20], [23].

This study used red dragon fruit peel extract (RDFPE) as the main material of edible film, where all
parts of the extract are used. This provides many advantages because it simplifies the manufacturing process,
in addition to the content of dragon fruit peel extract which has a high pectin and also polyphenols.
Strengthening the edible film matrix, CMC and SPI were incorporated. So, this research aimed to study how
the addition of CMC and SPI affected on physical, mechanical, and antioxidative properties of edible film
from RDFPE. The research also studied the interaction of macromolecules in RDFPE with CMC and SPI
using Fourier transform infrared (FTIR).

2. MATERIALS AND METHOD
2.1. Materials

The red dragon fruit was obtained from a “Banyuwangi” farmer. Banyuwangi is an area in the
province of East Java, Indonesia that is a farming area of red dragon fruit. The dragon fruit peels were cut
into £2 cm in width and £0.4 cm in thickness and then were dried using a cabinet dryer at 50 °C for 24 hours.
The RDFP was ground and then sifted in 30 mesh (Taylor sieve) to obtain dragon fruit peel powder. Then the
powder was kept at 0 °C before processing. Other ingredients to make edible films are CMC, SPI (4.81%
+0.64 moisture content, 88.21% +0.53 crude protein, 4.21% +0.36 carbohydrate, 0.02% +0.01 crude fat, and
2.75% £0.11 ash), and glycerol, the materials were obtained from a local shop. Chemicals for other analyses
were obtained from Sigma-Aldrich.

2.2. Preparation of red dragon fruit peels extract

Preparation of RDFPE used a microwave with a power of 450 watts and a duration of 5 minutes
[10]. The ratio of dragon fruit peel powder to water was 1:20 (w/v). The slurry obtained was filtered using a
filter cloth to separate the pulp from the filtrate. The RDFPE obtained was stored at 4 °C for a maximum of
two days to be used as edible film-based material.

2.3. Preparation of dragon fruit peels extract edible films

An aqueous stock solution of 10% w/v CMC was made by dissolving CMC powder in distilled
water at room temperature using a magnetic stirrer (SH-2 digital lab thermostatic hot plate magnetic stirrer)
that operated at low speed for 15 minutes to obtain a clear gel. An aqueous stock solution of 10% wi/v SPI
was prepared by adding SPI powder in distilled water and then heated using a hot magnetic stirrer at 80 °C
for 15 minutes at low speed.

Film solutions were prepared by mixing appropriate amounts of CMC and SPI solutions with 75 ml
RDFPE. The mixture was heated while stirring at 80 °C. After 10 minutes, 1.5% glycerol was added then
heated and stirred for 10 minutes. Edible film gel of 90 gr was poured on a 22x17 cm? tray and dried using a
cabinet dryer (selecta) at 50 °C for 16 hours. The dried films were removed and wrapped using plastic clips
and were stored in a box containing silica gel at 4 °C until analysis.

2.4. Transparency of edible films
Measurement of edible film transparency referred to ASTM D1746-15 with modifications.
Transparency was observed using the color reader CR-100 (Minolta Japan). Transparency can be calculated

by (2).
Transparency = ((a — b)/a) X 100% Q)

Where a is the whiteness value of white paper and b is the whiteness value of edible film placed on white
paper.

2.5. Thickness of edible films

The edible film thickness was measured based on ASTM F2251 using a thickness meter (Mitutoyo
Japan) with an accuracy of 0.001 mm. The measurement was at three different positions and the thickness
value was the average in units of millimeters (mm). The three positions of measurement are described in
Figure 1.
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Figure 1. Description of three positions on sample specimen for thickness measurement

2.6. Solubility of edible films

Measurement of edible film solubility referred to research [24] with modifications. The film was cut
2x2 cm? and was put in a bottle dried at 105 °C for 24 hours and then weighed. The sample was soaked in
30 ml of distilled water in a tightly closed container and stored at 25 °C for 24 hours. Then the solution was
filtered and the residue dried at 105 °C for 48 hours and then weighed. Percent solubility was calculated by
comparing the weight of the soluble edible films with the initial weight. The film solubility in water was
determined in triplicate for each formulation based on the percentage of dry matter solubilized in water.

2.7. Tensile strength and elongation of edible films

Tensile strength and elongation measurements were using a universal testing machine (Shimadzu)
based on ASTM D882. The films were cut to 80 mm length and 10 mm width. The tensile strength was then
calculated by comparing the value of the tensile force with the cross-section area of the specimen. The
elongation was calculated by dividing the addition in the length of increment at the break by the initial length
of the film before stretching. Measurement was replicated 5 times for each type of film.

2.8. Total polyphenol content

The assay of total polyphenol content referred to research [25] with modifications. The first step was
making a standard curve of gallic acid. Then, 1.2 gr of edible film (dry basis) was extracted in 50 ml of
distilled water to obtain a clear filtrate. After that, the filtrate was measured for total polyphenol content
using the Folin-Cealcetau method. In this test, the absorbance of the sample solution was measured using a
spectrophotometer at a wavelength of 765 nm. The total polyphenol content (mg GAE/gr edible film) of
samples was calculated based on the gallic acid standard curve.

2.9. Antioxidant activity

The assay of total antioxidant content referred to research [26] with modifications. Edible film
1.2 gr was extracted in 50 ml distilled water. After that, the filtrate was tested for antioxidant activity using
the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method. The sample solution was measured for absorbance using
a spectrophotometer with a wavelength of 517 nm. Antioxidant activity was expressed as a percentage of
radical inhibition because antioxidants can inhibit the formation of free radicals, which was calculated using
the (2).

% free radical inhibition = w x 100% (2)
b

Where A is the absorbance of the sample and Ay is the blank absorbance.

2.10. Peroxide value

Peroxide value testing referred to research [27] and SNI 01-3555-1998. Edible films were cut into
10x10 cm? and then soaked in 20 ml peanut oil in the petri dish. Then the petri dish is stored in an incubator
at 50 °C for 14 days. Furthermore, the peroxide number of peanut oils was measured on 4, 7, 9, 11, and
14 days. Measurement of peroxide value used the iodometric titration method.

2.11. Fourier transform infrared

Fourier transform infrared (FTIR) observation referred to research [28]. At first, the sample was
made in the form of infrared (IR) pellets by mixing 2 mg of the sample with 100 mg of KBr. FTIR scanning
was then carried out with a range of wave numbers of 4000-600 cm™. The FTIR test was used to identify the
functional groups of samples in the form of spectra as well as the position of the absorption bands expressed
as wave numbers in cm* units.
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2.12. Statistical analysis

Data was analyzed using the Minitab version 17.1.0 program. The sample size was three replicates;
the data was presented as mean and standard deviation. The variance was analyzed using analysis of variance
(ANOVA) to evaluate differences between groups, ensuring that the variations observed were statistically
significant. A 5% level (P<0.05) was used to assess the significance, and the Tukey-test was applied to
identify specific group differences.

3. RESULTS AND DISCUSSION

The physical and mechanical properties of edible film from RDFPE with the addition of CMC and
SPI are presented in Table 1. The physical characteristics were transparency, thickness, and solubility,
whereas the mechanical properties were tensile strength and elongation. Table 1 shows the CMC and SPI
significantly affected the physical and mechanical properties of edible film from RDFPE.

Table 1. Physical and mechanical properties of edible films from RDFPE with the addition of

CMC and SPI
Sample Transparency Thickness Solubility Tensile strength Elongation
(RDFPE +10% w/v CMC +10% w/v SPI) (%) (mm) (%) (MPa) (%)
P1 (75 mI+0 ml+0 ml) 67.02£0.88¢c  0.09+0.01a  80.83%6.99 c 3.54+0.19a 20.83+2.20 e
P2 (75 ml+10 ml+0 ml) 64.18+0.74b  0.11+0.03ab  76.71+6.93 c 3.95+0.49 ab 18.33+0.83 d
P3 (75 ml+20 ml+0 ml) 63.07£0.89b  0.14+0.03bc  71.25+4.96 ab 4.49+0.59 b 16.67+0.83 ¢
P4 (75 ml+10 ml+50 ml) 59.99+0.53a 0.18+0.01c  62.18+1.69 ab 6.36+0.16 ¢ 12.50+1.67 b
P5 (75 m1+20 mI+50 ml) 58.21+0.74a  0.20+0.01c  58.92+4.39 a 10.29+3.42 d 10.83+0.83 a

3.1. Thickness of edible films

The thickness value of RDFPE edible films was less than 0.25 mm (Table 1), this met the quality
requirements of the Japanese Industrial Standard, 1975 [29] as well as based on the American Society for
testing and materials, 1985 [30]. Table 1 shows, that there was a significant difference (p=0.05) in thickness
although the weight of film-forming gel per unit area of the plate was controlled during edible film
preparation. These differences are because of the increasing of solid materials which influences film
thickness. The film thickness increased as more components were added to the edible film matrix [31].

Nur Hazirah et al. [30] showed the more polymers that make up the edible film matrix, the thicker
the film. However, Table 1 shows that although there was an increase in material volume, there are no
significant differences in thickness value between P2 to P3 and P4 to P5. It appeared that thickness is not
only influenced by the total solid components but also by the macromolecular interactions therein. Generally,
the thickness of the edible film will affect other parameters such as transparency, tensile strength, elongation,
and solubility as well as barrier properties.

3.2. Transparency value of edible films

Table 1 shows that the increasing volume of 10% w/v CMC gel from 10 to 20 ml, did not
significantly lower the transparency value because of the high transparency of CMC gel. However, the
addition of 10 ml of 10% w/v of CMC gel to RDFPE edible film decreased the transparency value
significantly. The SPI addition to RDFPE edible film containing CMC significantly decreased transparency
value. This is because SPI gel has a yellowish color that is affected by decreasing transparency. The same
result was shown when an edible film from SPI had lower transparency than the film from pectin [23], [32].
Besides, the lower transparency value of the edible film from this research is due to the magenta color of
RDFPE. In addition to the color of the raw material, the transparency of edible film is also affected by the
thickness. The data in Table 1 shows a correlation between thickness and transparency, where the greater the
thickness value, the smaller the transparency value.

3.3. Solubility of edible films

Solubility in water is one of the parameters to assess the film's resistance to water. Of course, a film
that does not easily disintegrate when interacting with water is desired. The solubility of RDFPE edible films
decreased significantly along with the increase of CMC and SPI (Table 1). The highest value of solubility
was sample P1 and there was no significant decrease between samples P1, P2, and P3. The addition of CMC
in RDFPE edible film did not significantly affect the solubility value. After SPI was added to edible film
from RDFPE the decrease was significant. There was a significant decrease between samples P1, P4, and P5.
The presence of amino acids from SPI probably formed an ionic bond with pectin that increases molecular
density and results in lower solubility [20]. In addition, cross-linking between CMC and SPI might occur due
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to the Maillard reaction during the formation of edible film gel [33], where it can increase the water
resistance properties [34]. The interaction between CMC and pectin from RDFPE may happen, but the
interaction is usually strengthened by Ca?*". The research of reference showed that there is no significant
effect of pectin addition on the water solubility of CMC films [22] without Ca?* as a linker agent.

Solubility is not only influenced by the interaction of the macromolecules but also by RDFPE edible
film thickness. The more polymers that composed edible film matrix resulted in thicker film [30], [31].
Although not always, the thicker the edible film, the less soluble it is.

3.4. Tensile strength of edible films

The tensile strength value of edible films from RDFPE in this research was higher than the edible
film from dragon fruit peel pectin alone from the study of [14], which was 0.05-0.14 MPa. The edible films
in this research were added with CMC and SPI, beside the whole extract was used where the extract
contained not only pectin but all components of RDFP. The main macromolecular components in RDFPE are
pectin and polyphenols [19]. Polyphenols in RDFPE also play a role in pectin-SPI-CMC macromolecular
interactions. There has been no research that developed the RDFPE as a whole be an edible film raw
material. The mechanical properties of films can be enhanced by phase compatibility generated by
macromolecule interactions [35].

Table 1 shows, that the addition of 5 ml of 5% w/v CMC solution to RDFPE edible film did not
increase tensile strength significantly, but 10 ml CMC solution significantly increased tensile strength. The
RDFPE film contained SPI, there was a significant increase as a response to CMC addition. The increase in
tensile strength was 41.6% for 10 ml CMC solution and 129.2% for 20 ml CMC. It seems macromolecular
interactions between RDFPE with CMC and SPI strengthen the edible film matrix.

3.5. Elongation of edible films

The elongation value of edible film from RDFPE with the addition of CMC and SPI ranged from
10.83+0.83 to 20.83+2.20%. There is no elongation data from previous research in edible film from pectin of
dragon fruit peel. The addition of CMC and SPI has significantly decreased elongation. Table 1 shows that
the decrease in elongation was significant for all levels of CMC and SPI addition. The elongation value was
inverse to tensile strength because the more difficult-to-break films are usually less flexible [30]. Many
researchers have similar results [32], [36], [37].

3.6. Total polyphenol content and antioxidant activity of edible films

Measurement of total polyphenols related to antioxidant activity. According to Chia and Chong
[11], the dominant antioxidant compound in RDFPE is total polyphenol. The CMC and SPI were added to
RDFPE films and then heated for gel formation. The mixing and heating process during edible film
preparation possibly made polyphenol degraded. According to Volf et al. [38], phenolics are generally not
resistant to high temperatures and may undergo thermal degradation and polymerization with
macromolecules. The total polyphenol content and antioxidant activity of edible film from RDFPE with
variations of CMC and SPI were presented in Table 2.

Table 2. The total polyphenol and antioxidant activity of edible film from RDFPE with the addition of

CMC and SPI
Sample (RDFPE+10% w/v CMC+10% wi/v SPI)  Total polyphenol (mg GAE/gr)  Antioxidant activity (%)
P1 (75 mI+0 ml+0 ml) 14.99+0.11 b 24.25+0.57 b
P2 (75 mI+10 mI+0 ml) 16.16+0.47 ¢ 26.02+0.88 ¢
P3 (75 mI+20 mI+0 ml) 17.85+0.29d 28.07+0.41d
P4 (75 ml+10 ml+50 ml) 13.84+0.07 a 18.19+0.65 a
P5 (75 ml+20 ml+50 ml) 14.21+0.14 ab 18.84+0.73 a

The total polyphenol content of edible films ranged from 13.84+0.07 to 17.85+0.29 mg GAE/gr.
There was a significant increase in the polyphenol content and antioxidant activity when CMC was added to
RDFPE edible film. On the opposite, there was a significant decrease in polyphenol and antioxidant activity
on RDFPE films after SPI was added. The decrease in total polyphenol content was likely due to the
interaction between polyphenols and proteins, where according to Le Bourvellec and Renard [39], the protein
and polyphenols will form an insoluble ligand. This may also relate to a large decrease in solubility (Table 1).
Table 1 also shows that the interaction not only affects solubility but also increases tensile strength and
decreases elongation. The total polyphenol content in RDFPE-only edible film was 14.99+0.11 mg GAE/gr,
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indicating a high total polyphenol content. Based on the research of Kim et al. [40], the RDFPE had a total
polyphenol content of 18.16+0.48 mg GAE/gr. Edible films from RDFPE are possible to develop as
antioxidative packaging because of their high polyphenol content. Extracts of red dragon fruit peel are
categorized as strong antioxidants [41].

The antioxidant activity of edible films was 18.19+0.66 to 28.07+£0.41%. Table 2 shows the
antioxidant data was in line with total polyphenol where 10% w/v of CMC significantly increased antioxidant
activity. However, there was a significant decrease in antioxidant activity after the addition of SPI.

According to Rosiana et al. [42], the RDFP had antioxidant activity of 83.48+1.02%. There was a
high decrease in antioxidant activity from the RDFPE-to-RDFPE films. This may be due to the degradation
of antioxidant components. The are many other antioxidant components than polyphenol in RDFP. The
antioxidant components in RDFPs are vitamin C, vitamin E, vitamin A, terpenoids, thiamine, niacin,
pyridoxine, cobalamin, phenolic, carotene, and phyto albumin.

3.7. The measurement of peroxide number of peanut oils

The inhibition of peanut oil oxidation was another method to evaluate the antioxidative properties of
edible films. The peanut oil has many unsaturated fatty acids that are susceptible to oxidation [43]. Peroxide
number is one of the parameters that describe the oxidation level. Table 3 shows the result of the peroxide
number measurement.

Table 3 shows that RDFPE edible film samples could inhibit the peroxide number of peanut oils.
After 14 days, the peanut oil without RDFPE film had the highest peroxide number, while the lowest was
peanut oil with P3 (RDFPE edible film added with 20 ml of 5% w/v CMC). On the 11th storage day, peanut
oil without RDFPE films had peroxide number values exceeding the threshold. The maximum peroxide
number allowed by the Indonesian National Standard Bureau is 10 meq O2/kg. However, on the 14th storage
day, all peanut oil samples had peroxide numbers exceeding 10 meq O2/kg.

The P3 RDFPE edible film samples had the highest total polyphenol and antioxidant activity. This is
the reason P3 had the highest ability to inhibit the peroxide number of peanut oils. The ability of dragon fruit
peel antioxidants to inhibit oxidation has been proven in food products for example pastries [44] and chicken
nuggets [45]. The results of previous research [27] had also shown the ability of edible films with tea extracts
that are rich in polyphenols to inhibit peanut oil oxidation. The result of the measurement of peanut oils
peroxide number showed that RDFPE edible films had the potential to be applied in high-fat food products.

Table 3. Peroxide number of peanut oils during 14 days of storage at 50 °C
Peroxide number of peanut oil meq O./kg
Day4 Day7 Day9 Dayll Dayl4
Peanut Oil (control) 4.05f 5.94f 897d 14.28d 23.22d
Peanut Oil with P1 299c 344c 533c 82lc 14.72bc
Peanut Oil withP2 ~ 2.63b 3.02b 490b 7.86b 13.88ab
Peanut Oil withP3  2.40a 2.7l1a 4.09a 693a 13.67a
Peanut Oil withP4  386e 437e 562c 848c 1554c
Peanut Oil withP5  3.48d 4.10d 537c 826bc 15.19c

Sample

3.8. Identification of functional groups of edible film based on FTIR

FTIR was conducted to identify the functional groups of the compounds in the edible film. Each
peak in the FTIR spectrum shows the absorption of infrared radiation by certain functional groups [46]. The
FTIR spectrum of RDFPE edible film samples can be seen in Figure 2.

The absorption bands of CMC were in the ranges 3480-3440, 3260-3270, and 2960-2878 cm™ are
peaks of the -hydroxide (OH), -carboxylate anion (COO), and the -hydrocarbon (CH) stretching. The FTIR
spectrum of pure SPI powder showed the absorption band at 3294, 1636-1680, and 1533-1559 cm revealed
from hydrogen bonding between protein chains and moisture in the protein, -nihonium (NH) bands of amide
I and amide 11 respectively [33]. The spectrum of pure pectin showed the broad and intense absorption peak
around 3400, 2940, 1737, and 1604 cm™ which was the stretching vibration of -OH groups due to the inter-
and intra-molecular hydrogen bonding, stretching vibrations of CH groups, ester stretching vibrations and
stretching vibrations of the -COO [22].

The spectra of edible film from RDFPE (P1) showed a different spectra pattern compared with the
pectin-only edible film in the study [22], where there was a shift of -OH vibrational modes to the lower
values 3340 probably because the based materials of edible films in this research was not neat pectin but the
hole RDFPE that was rich in pectin and polyphenol. The -OH group of polyphenol plays a role in shifting the
peak of FTIR in the -OH group region. In addition, the P1 spectrum shows the absence of peaks in the 1737
and 1604 cm! regions which are peaks of ester stretching vibrations and stretching vibrations of the COO of
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the pectin molecule. However, it shows intensive peaks at wavelengths of 1598 and 1033.56 cm™. The peak
at a wavelength of 1033.56 cm® of the P1 spectrum probably is the peak of the glycerol molecule. According
to Guerrero [47], the spectrum of glycerol will appear in the wavelength region 800-1150 cm™. Wherein the
peak at a wavelength of 1598 cm™ is stretching vibrations of the COO of the pectin molecule which shifted to
a lower wavelength. The disappearance of the peak at a wavelength of 1737 cm™ is probably because pectin
from dragon fruit peels has a low degree of esterification [48] which will interact with other macromolecules
in RDFPE.

The spectra of edible film from RDFPE with 10 ml addition of 5% (w/v) of CMC (P2) show a new
peak at 2887.74 cm, which was indicated -CH stretching of CMC molecule. Compared to the P1 spectrum,
there are two missing peaks at wavelength 1142.81 and 888.13 cm, which were indicated by the symmetric
stretching vibrations of C-O-C and C-OH of the pectin molecule. This indicates that the interaction of CMC
and pectin macromolecules strengthens the -CH stretching of CMC molecule and eliminates the symmetric
stretching vibrations of C-O-C and C-OH of pectin molecule. Different interactions are shown in the addition
of 20 ml of 5% (w/v) of CMC, which was shown in the P3 spectrum. There are missing peaks at wavelengths
of 2887.74 and 1371.44 cm™ which indicated -CH stretching and -OH group of the CMC molecule. This
indicates different macromolecular interactions at different compositions.

The spectrum patterns of samples P4 and P5 are the same, where both RDFPE edible film samples
are added with 50 ml of SPI 10% w/v, but both have different additions of CMC. The addition of CMC in
sample P4 was 10 ml while sample P5 was 20 ml. Compared with a spectrum of P2 and P3, there was a new
peak at the area of 2855, 1743, 1633, and 1556 cm™. According to Xu and Liu [49], the primary
characteristic peaks of SPI were 1654 c¢cm™ (amide I, C=0 stretching) and 1538 cm™ (amide II, N-H
bending). The peak at 1633 and 1556 cm™ is probably the peak of SPI that shifts because of macromolecule
interaction in the RDFPE. The peak at the area 2855 cm™ is the -CH stretching of the CMC molecule.
According to Zhao et al. [50], the peak at 1743 cm™ indicates C=0 stretching vibration which can be used to
characterize changes in hydrogen bonding. Compared with a spectrum of P2 and P3 there are missing peaks
in the spectrum of P4 and P5 at the area of 1592, 953, and 645 cm that indicate stretching vibrations of the
COQO, stretching of C-H of alkane and vibration of C=C-H bend respectively.

Comparison of the spectra of P1, P2, P3, P4, and P5 showed a consistent peak shift towards smaller
wavelengths in the hydroxyl group region. This shows that the more components of the edible film matrix,
the more OH groups, and the more interactions between OH groups that cause the peak to shift to the left.
According to Turhan et al. [51], the presence of a hydrogen-bound hydroxyl group may cause a shift of
absorption to lower frequencies. The interaction of RDFPE macromolecules with CMC probably at -CH
stretching and -OH of CMC molecule and with pectin at C-O-C and C-OH of pectin molecule. After the
addition of SPI, there are different mechanisms of macromolecule interaction. The interaction is more
complex suggesting between SPI, CMC, and pectin molecule. The interaction between polyphenol and SPI
causes the peak vibration of benzene to disappear. The interaction between pectin and SPI causes the peak of
the COO group to disappear.

—P1 —P2 P3 —P4 —P5

2887,74

1594,50

1322 51— 132183
123856 — 123760
95380 995,37
92044— 52205

Transmittance (%)
33141— 331239
2037,64— 203832

3
2926,26 '
285639
1592,58.

665,09 — 664,71
648,96— 645,37

3800 3400 3000 2600 2200 1800 1400 1000 600
‘Wavenumber (cm-1)

Figure 2. FTIR spectra of active edible film from RDFPE with a variation of CMC addition and SPI
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4. CONCLUSION

The RDFPE has the potential to be explored as an antioxidative film because has a high content of
pectin and polyphenol. The films had total polyphenol content of 14.99+0.11 mg GAE/gr and antioxidant
activity of 24.25+0.57%. It was revealed that CMC addition increased total polyphenol content and
antioxidant activity, as well as increased thickness, and tensile strength but decreased transparency,
solubility, and elongation. A different effect was shown with SPI addition, it decreased polyphenol and
antioxidant activity although increased thickness, tensile strength, and decreased transparency, solubility, and
elongation. All of the edible films showed an inhibition effect on increasing the peroxide number of peanut
oils. The different effects of CMC and SPI are because, of the differences of macromolecule interaction with
pectin or polyphenol in RDFPE. The interaction of RDFPE macromolecules with CMC was between pectin
CMC, which strengthens the -CH stretching and -OH of the CMC molecule and eliminates the symmetric
stretching vibrations of C-O-C and C-OH of the pectin molecule. There were different interactions when
CMC had different compositions. The interaction of RDFPE with SPI was between polyphenol and pectin.
The interaction of SPI and polyphenol causes the peak vibration of benzene to disappear, while pectin and
SPI cause the peak of the COO group to disappear.
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