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Abstract
In the present study, bio-functional edible films were developed by incorporating 
different concentrations (0, 3, 6, 9, 12, and 15%) of orange peel powder (OPP) into 
the gelatin. The thickness, moisture content, and water vapor permeability of the 
gelatin films enhanced as the content of incorporated OPP increased. OPP-incorpo-
rated films showed lower L* value, but higher a*, b*, and opacity values. Films with 
higher concentration of OPP showed higher strengths and lower elongation proper-
ties. The surface and cross-sectional microstructure of films were also characterized 
by scanning electron microscopy. The antioxidant properties of films including total 
phenolic content, ABTS radical scavenging activity, and reducing power were sig-
nificantly improved by enriching with OPP. The incorporation of OPP also increased 
the antimicrobial activity of gelatin films against Staphylococcus aureus and Escher-
ichia coli. These results suggested that the orange peel has a good potential to be 
incorporated into gelatin to produce bioactive packaging films which will be helpful 
to maintain the quality of the packaged food products.
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1 Introduction

In the last years, extensive studies are conducted to develop functional food 
film as it outstrips the basic containment and protection functions of the tradi-
tional packaging film [1]. In addition, it enables the interaction among the pack-
aging, food product, and the internal and external environments for improving 
the organoleptic attributes, maintenance of food safety, and quality to extend 
the shelf life of foods [2, 3]. These purposes are achieved by incorporating an 
active ingredient such as antimicrobials and antioxidant compounds into the 
packaging materials. Moreover, most of the food packaging materials are made 
of non-degradable petrochemical polymers which represent serious environmen-
tal issues [4]. Therefore, biodegradable materials, polymers, and biopolymers 
have been increasingly suggested as suitable materials to substitute conventional 
plastic food packaging to overcome health concerns and environmental problems 
[5–8]. Among the biopolymers, proteins derived from various sources are widely 
employed for the fabrication of biodegradable films thanks to their compatibility, 
renewability, non-toxicity, and excellent film-creating character [9].

Fish gelatin, a natural polymer which is isolated from the hydrolysis of colla-
gen can be obtained from the waste of skin and bone generated from the fish pro-
cessing industry [10], is an interesting alternative of mammalian gelatin, because 
it does not have any safety matter such as spongiform encephalopathy related to 
the mammalian gelatin [11]. In particular, fish gelatin is a suitable biodegradable 
polymer for the fabrication of edible films thanks to its great film-forming char-
acteristics [12] and excellent oxygen barrier property, which is the primary dis-
advantage of gelatin films when used as packaging material [13]. Moreover, fish 
gelatin films show good water barrier and hydrophobicity compared to the mam-
malian gelatin-based film which can be attributed to its amino acid blends [2, 14].

There has been an increasing interest in the incorporation of bioactive com-
pounds from by-products such as apple skin phenols [15], tea polyphenol [16], and 
pomegranate peel powder [2], in biopolymers as alternative sources to improve the 
functionality of bio-based packaging materials. In this regard, in the present study 
the orange peel was used for enriching of the gelatin-based films. Million tons of 
oranges are produced every year around the world that produce peels and seeds 
as by-products of the industrial processing or human consumption, accounting for 
almost half of the entire fruit weight [17]. These by-products are considered as valu-
able sources of ingredients such as pectin and essential oils. Thus, further use of 
orange by-products may be effective in recycling valuable compounds and reduc-
ing environmental pollution [3]. Traditionally, orange peel has been processed for 
application in food, drug, and cosmetics [18]. The extracts of orange peels are a 
good source of vitamins and dietary fibers [19] as well as other biologically active 
ingredients such as flavonoids and phenolic acids, which demonstrate antioxidant, 
anti-inflammatory, anti-carcinogenic, and anti-atherosclerosis activities [20]. Prior 
investigations have also illustrated that orange peel contains active ingredients oils 
including limonene, myrcene, α-farnesene, γ-terpinene, α-pinene, β-pinene, and 
α-terpinolene showing antimicrobial activity [21].
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To the best of our knowledge, there was no research in the literature on using 
orange peel powder (OPP) for the enrichment of edible films made of gelatin. There-
fore, in this study, our challenge was to develop active antioxidant films with fish 
gelatin and OPP. Accordingly, the aim of the current study was to fabricate active 
films made of fish gelatin functionalized with different concentrations of OPP. The 
effect of enriching with OPP on the physicochemical, structural, mechanical, anti-
oxidant, and antimicrobial characteristics of the resulting bio-functional films was 
also investigated by different techniques.

Materials and methods

Materials

The fish gelatin was obtained from Sigma-Aldrich (St. Louis, MO, USA). Glyc-
erol (analytical grade), ABTS [2,2-azinobis(3-ethylbenzothiazoline-6-sulphonate)], 
Folin–Ciocalteu reagent, and gallic acid were all purchased from Merck Chemi-
cals Co. (Darmstadt, Germany). All of the other chemicals also were supplied from 
Sigma-Aldrich and Merck.

Preparation of OPP

The orange fruit was obtained from a local supermarket in Karaj, Iran. The orange 
fruit was peeled off and chopped into smaller parts, then they were dried in an oven 
at 30 °C for 24 h, and dry peels were powdered using the grinder. The ground orange 
peel powder was then passed through 80-mesh sieve size to obtain fine particles. 
Finally, the OPP was kept in a freezer to further uses.

Films preparation

The film-forming solutions were prepared by dispersing 6% (w/v) gelatin in distilled 
water at 50  °C and a mechanical stirring of 500  rpm. After 30 min, glycerol was 
added at a constant concentration (30%, w/w based on the gelatin) to film solution 
and stirred for further 30  min. After that, the OPP with concentrations from 3 to 
15% (w/w based on gelatin weight) was added into the film solutions and stirred at 
400 rpm for an additional 30 min at room temperature. The film-forming solutions 
were sonicated for 3 min at 100 W and then were degasified for 5 min to remove air 
bubbles by using a vacuum pump. A film without OPP also was prepared as a con-
trol. Finally, 13 mL of film solution was cast onto plastic plates (diameter of 10 cm) 
and allowed to air-dry at room temperature for 2 days. Lastly, all films were kept at 
23 ± 2 °C and 50 ± 5% relative humidity (RH) for at least 48 h in order to perform 
the analysis.
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Thickness of the film

Film thickness was evaluated with a manual micrometer with a precision of 
0.01  mm. Measurements were done at fifteen random places on films. The thick-
nesses were used for the evaluation of water vapor permeability (WVP) and mechan-
ical attributes.

Moisture content (MC)

Small pieces of the film samples were weighted before (W1) and after (W2) drying in 
oven at 110 °C for 24 h, and the MC was calculated as follows:

Color analysis and opacity

The color values were evaluated by a CIE colorimeter (Minolta, Japan). L, a, and 
b values were measured to illustrate lightness, redness/greenness, and yellowness/
blueness, respectively. The films opacity was also measured according to Adilah 
et  al. [3]. The film samples were cut into 1 × 4  cm2 rectangular strips and placed 
inside the test cell. The absorbance was recorded spectrophotometrically at 600 nm. 
Finally, the opacity values were calculated, accordingly to the following equation:

where  Abs600 is the selected absorbance and x is the thickness of the film (mm).

Scanning electron microscopy (SEM)

The surface and cross section microstructure of the films were analyzed using a 
scanning electron microscope (VEGA II, TESCAN, Czech Republic) with an accel-
erating voltage of 10 kV and a magnification of 5000 ×. For cross section, film sam-
ples prior to visualization were immersed in liquid nitrogen and fractured. The sam-
ples were fixed on an aluminum stub and spluttered with gold adhesive tape before 
the visualization.

Water vapor permeability

The WVP of samples was measured using the method described by Adilah and 
Hanani [22] with slight modifications. The films disk was mounted on test cups 
filled with 6 mL of distilled water and placed inside a desiccator (53 ± 2% relative 
humidity) containing magnesium nitrate and room temperature (23 ± 2 °C). The test 

(1)Moisture content (%) =
w1 − w2

w1

× 100.

(2)Opcaity =
Abs600

x
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cups were weighed every 1.0 h for 10 h. The water vapor transfer rate was calculated 
from the slope obtained of weight loss over time. Finally, the WVP was calculated 
with the following equation:

where the slope is the weight loss versus time plot (g s−1), l is the film thickness (m), 
A is the film area  (m2) covering the test cup, and ΔP is the partial pressure difference 
of water vapor across the film (Pa).

Determination of mechanical properties

The tensile strength (TS) and elongation at break (EAB) of films were tested 
with a texture analyzer (Testometric Co., Ltd., UK) [10]. The preconditioned film 
samples (50 ± 5% RH at 25 ± 2  °C for 48  h) were cut into the rectangular strips 
(15 mm × 60 mm) and fixed on cardboard grips with an initial distance separation of 
30 mm. The crosshead speed was set on 50 mm min−1 until breaking. Six replicates 
were done for each film sample.

Antioxidant properties

Total phenol content (TPC)

The TPC of film samples was determined by Folin–Ciocalteu colorimetric reaction 
method according to Rambabu et al. [23] with minor adjustments. The film samples 
(25 mg) were immersed in 3 mL distilled water at 37 °C to be entirely dissolved and 
then centrifuged at 1500×g for 10 min. After that, 0.3 mL of the resulting super-
natant was mixed with 2.5 mL Folin–Ciocalteu reagent (10% v/v) and it was incu-
bated for 5 min at ambient temperature, and then 2 mL sodium carbonate solution 
(7.5 g L−1) was added to the mixture. Subsequently, the mixture was again vortexed 
and incubated at 25 ± 2 °C for 1 h prior to reading the absorbance at 760 nm with the 
UV–Vis spectrophotometer. Gallic acid solutions (0–125 μg mL−1) were exploited 
as standard element to obtain the calibration curve. The result was reported as mil-
ligram gallic acid equivalent per unit gram weight of film (mg GAE/g film).

ABTS radical scavenging activity

ABTS analysis was performed according to Aguirre-Joya et al. [24]. ABTS stock 
solution (7.0 mM) was mixed with 2.45 mM potassium persulfate  (K2S2O8) solu-
tion, and then it was allowed to react for 16 h in a dark place at room tempera-
ture. The ABTS solution was then diluted with distilled water to obtain an initial 
absorbance of 0.7 ± 0.02 at 734 nm. After that, 25 mg of each film sample was 
dissolved in 3 mL of distilled water at 37 °C for 30 min and then was centrifuged 
at 1500×g for 15 min. A volume of 200 μL of the resulting supernatant was added 
to 1.0  mL of the diluted ABTS solution. The resulting solution was incubated 

(3)WVP =
slope × l

A × ΔP
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for 6 min at the room temperature, and its absorbance was determined at 734 nm 
using a UV–Vis spectrophotometer. The same volume of distilled water was 
mixed with working solution of ABTS as a control sample. The ABTS radical 
scavenging activity was calculated by the following equation:

where Acontrol is the absorbance value of the control and Asample is the absorbance 
value of the film sample.

Reducing power assay

Reducing power of film samples was measured by the method of Kchaou et  al. 
[10]. The film samples (25 mg) were dissolved in 3 mL of distilled water at 37 °C, 
and the resulting mixtures were centrifuged at 1500×g for 15 min for removing 
the insoluble particulates. Subsequently, 0.5 mL of supernatant was diluted with 
1.25 mL of 0.2 M phosphate buffer of pH 6.6, and then 1.25 mL of 1% aqueous 
potassium ferricyanide was added. After incubation at 50 °C for 20 min, 1.25 mL 
of trichloroacetic acid 10% (w/v) was added. Then, the mixture was centrifuged 
at 1500×g for 10 min and 1.25 mL of the supernatant of each sample solution was 
mixed with 1.25 mL of distilled water and 0.25 mL of 0.1% (w/v) ferric chloride 
 (FeCl3). Finally, after 10 min of incubation at room temperature, their absorbance 
was read at 700 nm.

Antibacterial activity

The antimicrobial activity of film samples against Escherichia coli (Gram-negative) 
and Staphylococcus aureus (Gram-positive) was evaluated using the disc diffusion 
method. Briefly, bacterial strains were inoculated in nutrient broth and incubated at 
36 °C for 24 h. The nutrient agar culture was then spread with broth culture contain-
ing approximately  105–106 colony-forming unit (CFU mL−1) of each tested microor-
ganism using an aseptic cotton swap. Then, the film samples which were aseptically 
cut in discs with 8 mm diameter were laid on the agar culture medium. Finally, the 
petri dishes were incubated at 30 °C for 24 h. The results were expressed as diam-
eters of the inhibition zones surrounding film disk in millimeter.

Statistical analysis

All data obtained from the assays were analyzed by one-way analysis of variance 
(ANOVA) using Minitab (version 18, Pennsylvania, USA) statistical software and 
the differences among means were compared using Tukey’s multiple range test of 
comparison at 95% confidence level.

(4)Radical scavenging activity (%) =
Acontrol − Asample

Acontrol

× 100
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Results and discussion

Thickness of the film

The thicknesses of different film samples are illustrated in Table 1. The increase in 
OPP up to 12% in the gelatin films did not give a significant difference (P > 0.05) on 
film thickness. Nevertheless, the observed trend in the thickness of the film after the 
addition of OPP was incremental. However, the incorporation of 15% OPP into the 
film showed a significant effect (P < 0.05) on thickness. The gelatin film with added 
15% OPP created up to 21% thicker film compared to the control. This increase in 
the thickness can be attributed to an enhancement in the amount of solid content in 
the gelatin film. Since peels are composed of soluble and insoluble fibers, they may 
not be fully solubilized in the gelatin solution and this can increase the thickness of 
the films [1, 2].

Moisture content

The moisture content values of gelatin films with various concentration of OPP are 
represented in Table 1. As observed, in comparison with the control film, the mois-
ture content of the gelatin films was increased as a result of the OPP addition. How-
ever, the incorporation of OPP to 12% into film had no significant change (P > 0.05) 
on moisture content, while a film with 15% OPP exhibited a notable increase 
(P < 0.05) in moisture content. The orange peel is implicated of both hydrophilic 
and hydrophobic ingredients. Hence, when added into the film-forming solution, 
the hydrophilicity and hydrophobicity of the film may have been changed and this 
can influence the moisture content of the film [1]. The moisture content can be an 
important indicator for packaging films due to the influence of water on the flexibil-
ity and stretch-ability properties of the film [25]. Therefore, higher moisture content 
of films can create ability to pack different types of food products.

Optical properties

Color and opacity are two important properties for film appearance thanks to their 
effective role on the product request and consumer acceptation degree [16]. The val-
ues of L, a, b, and opacity are presented in Table 1. All the parameters were influ-
enced by the incorporation of OPP into the film. After the incorporation of OPP, the 
L* was markedly (P < 0.05) decreased, while a* increased, indicating a trend to red-
ness and darkness of the film. A similar result was also obtained by Hanani et al. [2] 
who stated that the incorporation of pomegranate peel powder that contained a high 
amount of polyphenol compounds reduced the lightness of films. The significant 
(P < 0.05) increase in the b* of gelatin film compared to the control film indicated 
that the films colors became more yellowish with increasing the concentration of 
OPP. This observation was in accordance with the results of Sucheta et al. [26] who 
reported that the commercial pectin-based edible packaging films containing orange 
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peel powder exhibited a yellow color due to the presence of pigments such as carot-
enoid in the orange peel. In addition, the enriching of gelatin films with OPP sig-
nificantly changed their opacity, higher opacity for higher concentration of OPP. The 
changes in the transparency can be attributed to the light scattering effects resulted 
by pigments and phenolic compounds added within the gelatin films and also could 
be due to the increase in films thickness. This is in agreement with those of Adilah 
et al. [3] who observed that the addition of mango peel extract increased the opac-
ity of gelatin films. Therefore, although food packaging materials are mostly clear 
and colorless, these colored films due to protection effect toward UV and visible 
light might help to prevent the lipid oxidation, nutrient losses, and off-flavor of food 
product [27].

Scanning electron microscopy

SEM analysis of both film surface and cross section was performed to identify the 
morphology characteristics of films, which can help to explain the mechanical and 
WVP property of the film. It can be observed from Fig. 1 that the surface micro-
structure of gelatin film showed smoothness and homogeneous morphology without 
any discontinuous. The results demonstrated that the incorporation of OPP from 3 
to 12% had no significant effect on the microstructures of films and the surface was 
uniform without any cracks, breaks, or pores, whereas for the gelatin film with 15% 
OPP, some powder particles were observed. However, after the addition of OPP, 
some white spots dispersing on the surface of films were present, that the extent of 
these small white dots increased with an increase in the OPP concentration. These 
white spots may be related to the insoluble particles embedded in the film forming 
solution. This observation is in harmony with that reported by Riaz et al. [15] who 
incorporated apple peel polyphenols to chitosan-based film. Meanwhile, the cross-
sectional images of control and films with OPP up to 6% exhibited a continuous, 
compact, and uniform microstructure without pores and roughness. These compact 
and dense microstructures of film can increase the water vapor barrier property and 
enhance the shelf life of the packaged materials. However, some layers and micro-
void appeared in cross section for gelatin–OPP films with increasing the concen-
tration of OPP from 9 to 15%; more layers and porosity were observed at higher 
concentrations of the OPP. This can be probably due to the network disorganization 
of gelatin matrix as a result of enriching with higher concentrations of the OPP. In 
addition, these pores and layers can be due to the presence of insoluble compounds 
in the OPP, which might have unfavorable influence on the barrier properties. Simi-
lar observations have been reported by Theerawitayaart et al. [28] in which the effect 
of oxidized linoleic acid on fish gelatin-based films was studied.

Water vapor permeability

Permeability of water vapor is a main index to evaluate the application of biodegrad-
able packaging film, and this property has important effects on the shelf life and 
quality of packed food [29]. As presented in Table 1, the WVP value of the gelatin 
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film was 4.28 × 10–10 (g s−1 m−1 Pa−1). The addition of 3% OPP had no significant 
effect on the WVP. In contrast, the incorporation of OPP from 6 to 15% significantly 
increased the WVP values, ranging from 4.62 to 5.04 × 10–10 (g s−1 m−1 Pa−1). These 
results are in accordance with the microstructure of the films obtained from the mor-
phological analysis, which the films matrix was influenced by the increase in the 
OPP concentration. Similar result was also observed by Hanani et al. [2] on fish gel-
atin films when incorporated with pomegranate peel powder. They reported that the 
increase in WVP could be due to the presence of soluble compounds in pomegran-
ate peel which can influence the WVP values. Salazar et al. [30] also suggested that 
the pectin present in orange peel is the hydrophilic material that is able to interact 
with water via hydrogen bond formations and thus increase the water vapor perme-
ability. On the other hand, orange peel has insoluble compounds which may increase 
the transmission of water vapor from gelatin film. Therefore, the films containing 
hydrophilic and heterogeneous materials were more penetrable to water vapor [29].

Fig. 1  SEM micrographs analysis for upper surface area and cross section (× 5000 magnification) of gel-
atin films incorporated with different concentrations of OPP
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Mechanical properties

Mechanical attributes such as TS and EAB of packaging films are important char-
acteristics to protect physical completeness of food during storage and operation 
[11]. The effects of enrichment with OPP on the TS and EAB of the gelatin films 
are illustrated in Table 1. The initial value of TS for gelatin film was 20.92 MPa. 
The addition of 3% of OPP to the film resulted in a significant (P < 0.05) rein-
forcement in the TS value. However, an insignificant increase in TS was observed 
when 6%, 9%, or 12% of OPP were added to the samples. The maximum TS value 
for the films was 27.22 ± 0.65 MPa when the OPP concentration was 15%. This 
observation was in accordance with the result of Adilah et  al. [3]. The orange 
peel is a good source of complex polysaccharides, which has the ability to form 
intramolecular interactions with gelatin, which can increase the stretch resist-
ance of the resulting films [31, 32]. Al-Hasan and Norziah [31] reported that the 
mechanical properties (TS) increased by relatively long-chain polysaccharides 
through cross-linkage with gelatin. Furthermore, hydroxyl groups of phenolic 
compounds in the orange peel [20] could form hydrogen bonds with hydrogen 
acceptor molecules in gelatin improving the TS [33]. This is in good accordance 
with the results of Nilsuwan et al. [12] who stated that the addition of epigallo-
catechin gallate into the fish gelatin-based films increased the TS and decreased 
the EAB due to the generation of intermolecular hydrogen bonds between phe-
nolic compounds and protein. On the contrary, control film without OPP exhib-
ited the highest value of EAB, 64.48%. Addition of 3% OPP in gelatin films had 
no significant (P > 0.05) effect on the EAB compared to the control film, whereas 
addition of 6–15% OPP into gelatin films significantly (P < 0.05) decreased the 
EAB value, as indicated in Table 2. Similar results were found by Zhang et  al. 
[34] where a decrease in EAB of rabbit skin gelatin film was observed after the 
incorporation of rosemary acid. They also reported that greater phenolic–gelatin 
molecule interactions may reduce the influences of the plasticizer within the film 
and cause a relatively more compact network structure, leading to a decrease in 
film flexibility. Furthermore, a decrease in EAB could be related to the increase 

Table 2  Total phenolic content (TPC) and antimicrobial activity of gelatin films enriched with different 
concentrations of orange peel powder (OPP)

Values are expressed as means ± standard deviation. Different letters in the same column indicate signifi-
cant differences (P < 0.05)

Film sample TPC (mg GAE/g film) Diameter of inhibition zone (mm)

S. aureus (Gram+) E. coli (Gram−)

Control 2.107 ± 0.005f 0.00 ± 0.00f 0.00 ± 0.00f

OPP 3% 2.388 ± 0.003e 2.46 ± 0.14e 1.66 ± 0.12e

OPP 6% 2.698 ± 0.008d 3.52 ± 0.21d 2.45 ± 0.07d

OPP 9% 2.888 ± 0.006c 4.37 ± 0.14c 3.53 ± 0.17c

OPP 12% 3.136 ± 0.009b 5.10 ± 0.11b 4.08 ± 0.09b

OPP 15% 3.485 ± 0.005a 5.73 ± 0.21a 4.47 ± 0.11a
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in structural heterogeneity resulted by the insolubilized part of the orange peel 
powder in the gelatin film, as shown by SEM images.

Antioxidant properties

Antioxidant properties of film samples were studied in terms of total phenol con-
tent, ABTS radical scavenging activity, and reducing power. Results for the TPC are 
shown in Table 2. The TPC analysis can be useful to assess the amounts of phenolic 
compounds in film samples, which affect the antioxidant activity by delocalizing the 
unpaired electron and donating hydrogens from hydroxyl groups to prevent oxida-
tion [35]. The TPC of gelatin film was significantly increased by enriching with the 
OPP, due to the presence of phenolic ingredients such as hesperidin, narirutin, tan-
geretin, and naringenin in the orange peel [36]. This consequence was in accordance 
with those of Rambabu et  al. [23] who stated that the TPC of chitosan films was 
enhanced after the incorporation of mango leaf extract. In addition, other studies 
showed that the orange peel contains phytochemicals and vitamin C which can con-
tribute in the donation of protons or electrons for stabilizing the free radicals, there-
fore improving the antioxidant activity [20].

The results of the ABTS radical scavenging activity and reducing power (Fig. 2) 
revealed that the gelatin without OPP had antioxidant potential. This ability can be 
related to the presence of amino acids like tyrosine in the gelatin, which can react 
with free radicals [37]. The radical scavenging activity and reducing ability of 
gelatin film increased when the OPP content increased from 3 to 15%. The higher 
antioxidant activity in the presence of OPP can be due to the biologically active 
compounds of the OPP such as phenolic compounds, vitamin C, and carotenoids. 
Kalaycioglu and Erim [38] also reported that the phenolic compounds in fruit peels 
could scavenge radicals and chelate cations. Afonso et  al. [39] reported that the 
carotenoids and vitamin C present in the annatto seeds had high antioxidant activity 
and were able to neutralize the singlet oxygen cascade in the chitosan film. There-
fore, the OPP-enriched gelatin films can be used to improve the oxidative stability 
and delay the quality deterioration of food stuffs thanks to their excellent antioxidant 
activity.

Antimicrobial activity

The antimicrobial activities of gelatin films without or with OPP against E. coli and S. 
aureus are presented in Table 2. As expected, no inhibitory zone was detected for the 
gelatin film (without OPP), suggesting that gelatin films did not have any antimicrobial 
activities. However, films containing different concentration of OPP exhibited distinc-
tive antibacterial activity against E. coli and S. aureus, which significantly increased 
with increasing the concentration of OPP in the film samples. The OPP-enriched films 
showed stronger antibacterial activity against Gram-positive bacteria (S. aureus) than 
E. coli as a Gram-negative. These results are supported by Casquete et  al. [40] and 
Kanmani and Rhim [41] who stated, respectively, that orange peel extract and grape-
fruit extract showed higher antimicrobial effects on Gram-positives in comparison with 
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the Gram-negatives. Moghadam et  al. [42] also reported that the antibacterial activ-
ity of mung bean protein-based edible films was significantly improved by enriching 
with pomegranate peel powder. Moreover, they also investigated that the enriched films 
were more effective against the Gram-positive bacteria compared to the Gram-negative 
bacteria. Wu et al. [16] also indicated that Gram-positive organisms are more suscep-
tible to phenolic compounds. Therefore, the addition of orange peel powders into the 
edible films can be considered as a simple strategy for improving the antimicrobial 
activity of films and coatings.

Fig. 2  ABTS radical scavenging activity (a) and reducing power (b) of gelatin films incorporated with 
various concentrations of orange peel powder (OPP). Means followed with different superscript letters 
are significantly different (P < 0.05)
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Conclusion

Orange peel powder was successfully incorporated into the gelatin films. SEM 
results showed that the addition of OPP can reduce the surface smoothness and 
increase pores and cracks in the cross section. Incorporation of OPP into gelatin 
films also drastically augmented the tensile strengths and decreased the percent-
age of EAB due to the formation of intermolecular interactions between gelatin 
and OPP. The WVP also increased due to hydrophilic compounds and insoluble 
particles in the film. The antioxidant and antimicrobial activities of gelatin films 
were also considerably improved. Therefore, these results suggested that the OPP 
has a good potential to be used as a low-cost ingredient for developing biodegrad-
able and bio-functional packaging films with enhanced antioxidant and antibacte-
rial properties to ensure food safety.
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