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Abstract: Residual sweet lime peels after the extraction of essential oil by solvent free microwave
extraction were used for developing biodegradable film. Glycerol as a plasticizer, soya lecithin as an
emulsifier and sweet lime essential oil (0, 1, 2 and 3%) as an active agent was employed. Developed
films were analyzed for their mechanical, barrier and antimicrobial properties. The films (with
3% essential oil) which reported highest antimicrobial property against E. coli (24.24 ± 2.69 mm)
were wrapped on fish fillet and stored at the refrigerated condition for 12 days. The quality of fish
fillets was evaluated every 4 days and compared with polyethylene wrapped and control fish fillets.
The active film wrapped sample showed less surface microbial count (3.28 ± 0.16 log cfu/cm2)
compared to polyethylene wrapped sample. The hardness values were increased during storage and
cohesiveness and springiness of all wrapped samples decreased from day 0 to day 12.

Keywords: sweet lime peel; microwave extraction; active film; antimicrobial properties; shelf life

1. Introduction

Citrus juices are one of the most common fruit juices consumed globally, which also
constitute a large amount of waste that largely goes to land-fills. Sweet lime (Citrus limetta)
is most commonly known as “mousambi” in India. Sweet lime peel is a waste material
generated from its processing industries and it is a good source of flavonoids, pectin and
essential oil. Such citrus wastes are most popularly used for extraction of essential oil
due to their antimicrobial, anxiolytic, antioxidant and anti-inflammatory activities. The
oil extracted from citrus peel has a strong and desirable aroma with refreshing effect.
There are many processes used for extraction of essential oil for citrus wastes such as
solvent extraction, hydro-distillation, steam distillation, microwave extraction, etc. How-
ever, wastes/residues left with these processes are considered as secondary waste with
no commercial value. Many researchers utilized citrus industry waste for extraction of
essential oil [1–5]. However, they have not suggested the effective utilization of such
secondary waste generated by these processes. One of the possible uses of such residues is
development of biodegradable packaging.

Biopolymer materials are gaining large applications and slowly replacing the use
of synthetic plastics due to its biodegradable nature. In manufacturing of biopolymer
films size reduction of biopolymer particles is the key factor for its uniform distribution
in film. Biopolymer films and coatings have shown great potential for their commercial
application in food products but their utilization is not much popular in food industry [6].
High cost of biopolymer materials is the major drawback in practical application. Agri-
cultural byproducts may be a feasible source for developing edible films and coatings
with minimum cost of manufacturing. Various authors utilized fruit industry waste for
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developing biodegradable film [7–11]. In recent literatures, muskmelon seeds, pumpkin
seeds and peels, blueberry pomace, shallot stalk waste, tamarind seed and seed mucilages
have also been utlized for biodegradable film formation [12–14].

Essential oils derived from plant source have been widely used as antimicrobial and
flavoring agents due to the presence of variable terpenoid and phenolic contents, and as a
result, the anti-bacterial and anti-fungal activities of several essential oils have been well-
studied. These have been successfully applied for organic preservation, when conventional
processing solutions cannot be applied [15]. Antioxidants in such essential plant extracts are
also known to slow down lipid oxidation and other deteriorative chemical reactions [16,17].
Essential oil of Artemisia fragrans were incorporated in chitosan coating for application on
fresh chicken meat [18]. Clove essential oil in Alginate/κ-Carrageenan-based edible films
and orange essential oil in carrageenan edible films have been incorporated for enhancing
antioxidant–antimicrobial activity [19].

The application of edible or biodegradable films and coatings for a wide range of
food products such as fresh, minimally processed vegetables, fruits, meat, and fish are
gaining more appreciation, as it improves shelf-life of the product; they may also im-
prove the texture and sensory characteristics. Edible films, coatings and biodegradable
packaging produced from biological materials possess numerous advantages over other
conventionally used synthetic packaging materials. The major function of these edible
films and biodegradable packaging are to provide internal moisture or solute resistance
with heterogeneous foods, individual protection of food pieces, encapsulation of functional
food additives, etc.

In current study, residues left after extraction of essential oil from sweet lime peel by
vacuum assisted solvent free microwave extraction method were utilized for developing
biodegradable film. Additionally, the effect of essential oil incorporation on film properties
and wrapping of fish fillet by the sweet lime peel based (SLP) film on the quality of the fish
fillet during storage were studied.

2. Materials and Methods
2.1. Raw Materials

Sweet lime peel was collected from a juice vendor, Tezpur University, Assam, India
and used for extraction of essential oils using vacuum-assisted solvent free microwave
extraction in our earlier study [20]. The extraction conditions taken from an earlier study
were 800 W microwave output power and 30 min extraction time. The residual sweet lime
peels after extraction of essential oils were dried using a tray dryer at 50 ◦C for 48 h. The
dried materials were ground to fine particles (<500 µm) using laboratory grinder and used
for development of film. The essential oil extracted using this process was used as an active
agent for film. Major chemicals required in this research, namely nutrient broth, nutrient
agar, plate count agar, peptone, tetracycline, soya lecithin, glycerol and calcium chloride
were supplied by Hi Media Laboratories, Mumbai, (India).

2.2. Development of Sweet Lime Peel Residue-Based Active Film

The film forming solution was prepared by mixing 5 g of sweet lime peel residue
powder in 100 mL of distilled water by using magnetic stirrer at 800 rpm for 15 min. All
the solutions were heated at 85 ◦C for 45 min. Glycerol as a plasticizer (4 mL/100 mL
of solution) and soya lecithin (2%) as an emulsifier were added in the suspension. The
suspension was then cooled and sweet lime essential oil (0–3% of film forming material)
as an active agent was added in it. These films were referred to as Film A, B, C and D for
the film added with 0, 1, 2 and 3% essential oil, respectively. Further, the suspension was
transferred into glass petri plates (15 mm dia.) and dried at 50 ◦C in a tray dryer. The dried
films were removed from petri plates and immersed in 2% w/w CaCl2 solution for 10 min
and dried again at 48 ◦C for 12 h. The dried films were kept for conditioning in desiccator
for 72 h at 55 ± 1.2% RH and 20 ± 1 ◦C, and used for further testing [9]. The process of
film development is shown in Figure 1.
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Figure 1. Development of sweet lime peel residue-based active film and its application on fish fillet.

2.3. Analysis of Sweet Lime Peel Residue-Based Active Film

The film developed using residue of sweet lime peel added with sweet lime essential
oil at different concentration (0–3% of film forming material) were analyzed for their thick-
ness, water vapor permeability (WVP), moisture absorption, solubility in water, textural
properties, light transmittance and antimicrobial property (zone of inhibition).

2.3.1. Film Thickness and Water Vapor Permeability

Film thickness was measured with a handheld micro meter (Alton M820-25, Shanghai,
China) having a sensitivity of 0.01 mm. The water vapor permeability of films was evalu-
ated using the method suggested by Jouki et al. [21]. A glass cup half-filled with anhydrous
CaSO4 (0% RH) was covered with films and placed in a desiccator containing saturated
K2SO4 solution (97% RH). The amount of weight absorbed by the cup was recorded as a
function of time and the same was plotted. The water vapor transmission rate (WVTR) was
calculated and used for determining the water vapor permeability (WVP) of film. WVP
(g m−1 h−1 Pa−1) was calculated using the Equation (1).

WVP =
WVTR × X
P (R1 − R2 )

(1)

where P is the saturation vapor pressure of water (Pa) at the test temperature (25 ◦C), R1 is
the RH in the desiccator, R2 is the RH in the cup and X is the film thickness (m). Under
these conditions, the driving force [P(R1 − R2)] is 3073.93 Pa.

2.3.2. Moisture Absorption and Solubility of Film

The amount of moisture absorbed by film from surrounding controlled atmosphere
(having relative humidity of 55% at 20 ◦C to 25 ◦C) were recorded and the moisture
absorption capacity of film was calculated [22]. The dried films of 20 mm × 20 mm were
first conditioned at 0% RH (CaSO4) for 24 h. The weight (Wo) of films were taken and they
were conditioned in a desiccator containing CaNO3 saturated solution at 20 ◦C to 25 ◦C to
ensure a relative humidity of 55%. Each film was weighed at desired intervals (Wt) until
the equilibrium state was reached. The moisture absorption of the samples was calculated
using Equation (2).

Moisture Absorption (%) =
Wt − Wo

Wo
× 100 (2)
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where Wt and Wo are the weights of the sample after t time at 55% RH and the initial
weight of the sample, respectively. Where, Wt and Wo are the weights of the sample after t
time at 55% RH and the initial weight of the sample, respectively.

The percentage of dry matter of film which was solubilized after 24 h immersion
in water was used to calculate the solubility of film [23]. Film specimens were kept in a
desiccator containing dry calcium sulphate (CaSO4) until they reached constant weight.
Afterwards, about 500 mg of each films were immersed in beakers containing 50 mL of
distilled water at room temperature for 24 h with periodical gentle manual agitation. The
films were removed from the water and were placed back in the desiccator until they
reached a constant weight to obtain the final dry weight of the film. The percentage of the
total soluble matter (%TSM) of the films was calculated using Equation (3).

TSM (%) = [
Initial dry weight − Final dry weight

Initial Dry weight

]
× 100 (3)

2.3.3. Textural Properties and Transparency of Film

Texture Analyzer (TA-HDPlus, Stable Microsystems, Godalming, UK) with Kieffer
Dough and Gluten Extensibility Rig (A/KIE) was used for determining tensile strength
(kPa) and elongation at break (EB) of films. Tensile strength (kPa) was calculated by divid-
ing the maximum force at break by the length and thickness of the film. Elongation at break
was determined as percentage of change in length of film [12]. The transparency of film
was calculated by measuring the light barrier properties of the film samples (2 × 40 mm)
using UV-VIS spectrophotometer (Spectronic 20D+, Thermo Scientific, Waltham, MA, USA)
at wavelengths of 560 nm [14]. The transparency of film was calculated using Equation (4).

Transparency =
Absy

X
× 100 (4)

where Absy is the value of absorbance at 560 nm and X is the film thickness.

2.3.4. Antimicrobial Property of Film

An agar diffusion assay was used for assessing the antimicrobial property of film
against Escherichia coli in nutrient agar medium [9]. For diffusion tests, 0.2 mL of 105 colony
forming units (cfu)/mL of each bacterial culture was plated. The inoculum was spread
evenly throughout the plate and then let dry for 5 min in a biosafety hood. The 6 mm
diameter disc of film was deposited over the inoculated agar with the film’s shiny side
down. The plates were incubated at 35 ◦C for 48 h. The inhibition radius around the film
disc (colony-free perimeter) was measured with a digital caliper in triplicate after 48 h of
incubation, respectively. The inhibition area was then calculated.

2.3.5. Thermal Properties of Film

The onset temperature and peak temperature i.e., melting point (Tm) of all the film
were measured by differential scanning calorimetry (DSC 214 Polyma, Netzsch, Germany).
A 10 mg film was taken and heated at temperature ranges between 30 and 160 ◦C at
10 ◦C/min under nitrogen atmosphere flows at 40 mL/min. The maximum endothermic
peak of temperature has been considered as the melting point [24].

2.3.6. Infrared Spectroscopy

The infrared spectroscopy for all the film was obtained with FTIR spectrophotometer
(Spectrum 100, PerkinElmer, Waltham, MA, USA). The equipment was operated with a
scanning range of 4000–450 cm−1 and spectrum of 100. The films were ground to a fine
powder and then the sample (clear glassy disk) for FTIR analysis was prepared by mixing
powdered sample with an IR grade KBr using FTIR hand operated press at around 12,000 psi.
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2.4. Application of Active Film on Fish Fillets and Their Quality Evaluation

Fresh fish (Pangasius pangasius) were procured from local fish market of Napaam,
Assam, India. Fish fillet sample were taken for wrapping with different films (Figure 2) and
stored at 4 ◦C for 12 days and at a 4-day interval, the quality of fish was studied (Figure 1).
One set of fish fillets were wrapped with active film (having highest antimicrobial property),
another set were wrapped with commercial polyethylene film and one set was kept without
wrapping (control). The fish qualities were evaluated for its pH, texture, weight loss and
surface microbial count. The control fish fillets were spoiled at 4 days of storage.
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Figure 2. Images of sweet lime peel residue-based film (Film (A)—0% EO, Film (B)—1% EO, Film
(C)—2% EO, Film (D)—3% EO) and packaged fish fillets.

2.4.1. pH and Weight Loss of Fish Fillets

Approximately 2 g fish fillet was mixed with 50 mL of distilled water. After 5 min
mixing, the mixture was filtered, and then pH of the filtrate was measured using a calibrated
digital pH meter (Mettler Toledo, Seven Easy S20, Gaithersburg, MD, USA) at room
temperature [25]. Weight change of wrapped and control sample during 12 days of storage
was measured. Weight loss was measured as the percentage weight lost from the original
weight. Results of active film wrapped fish fillets were compared with polyethylene
wrapped fish fillets and control fish fillets.

2.4.2. Texture Profile Analysis of Fish Fillets

Texture profile analysis (TPA) was measured for each fish fillet. For TPA test, fish
fillet was placed on the flat plate of a Texture Analyzer (TA-HDPlus, Stable Microsystems,
Godalming, UK). This experiment included two consecutive compressions (40%) of the
sample using a cylindrical probe (36 mm in diameter). The cylindrical probe was connected
to a 5 kN load-cell with distortion rate of 0.2 mm/sec. The probe was forced into the sample
and a shearing force acted to deform the sample. This shearing force generates a curve and
consequently exhibits the distortion. The TPA parameters viz. hardness, cohesiveness and
springiness were recorded.

2.4.3. Surface Microbial Count

Surface microbial count of the control, wrapped with active film and wrapped with
polyethylene fish fillet were observed for a period of 12 days at 4 day intervals. Wrapping
from fish fillets were removed at the time of analysis. All wrapped and control fish fillet
surface skin (2 cm2) was immersed in 90 mL sterile peptone water and vortexed for 2 min
in a vortex shaker. Precisely 100 mL of this peptone water was taken and spread on plate
count agar media and incubated for 36 h. Visible colonies were counted and logcfu/cm2

was calculated [9].
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2.5. Statistical Analysis

All the analyses were performed in triplicates and data were reported as mean ± SD.
Duncan’s multiple range tests were used to find the significant differences at a significance
level of 0.05 using social sciences SPSS 11.5 statistical package.

3. Results and Discussion
3.1. Properties of Sweet Lime Peel Residue-Based Film

The properties of films developed using residue of sweet lime peel added with sweet
lime essential oil at different concentration (i.e., 0, 1, 2 and 3%; films were referred to as
Film A, B, C and D, respectively) were evaluated as shown in Table 1. The thickness of each
film was uniform and found in the range of 0.34 to 0.35 mm. The water vapor permeability
values were reported in the range of 1.25 × 10−5 to 1.36 × 10−5 g/Pa h m. The WVP values
were found to increase slightly with increase in essential oil concentration. However, the
effect was not significant. The reported WVP values were higher compared to WVP values
of biodegradable films developed using potato peel (8.09–9.47 × 10−9 g/Pa h m), sweet
lime peel (6.13–6.89 × 10−9 g/Pa h m) and pumpkin peel (9.82 × 10−6 g/Pa h m) [9,13].
Whereas, the values are in line with WVP values of muskmelon seed meal-based films
(1.20–1.75 × 10−5 g/Pa h m) [12]. There were no significant differences reported for mois-
ture absorption and solubility value of film and it was found in the range of 12.67–13.38%
and 40.48–41.32%, respectively. The solubility of all film was found to be in line with solubil-
ity of film developed using potato peel, sweet lime pomace, sweet lime peel and pumpkin
peel [9,13], and relatively lower in comparison with muskmelon seed meal-based film [12].

Table 1. Properties of sweet lime peel residue-based film added with sweet lime essential oil.

Film
Name

Essential Oil
Concentration (%)

Thickness
(mm)

WVP
(g/Pa h m)

Moisture
Absorption (%)

Solubility
(%)

Tensile Strength
(kPa)

Elongation
(%)

Transparency
(%)

Zone of
Inhibition

(mm)

A 0 0.35 ± 0.019 a 1.25 ± 0.11 (× 10−5) a 12.67 ± 0.42 a 41.32 ± 0.81 a 337.44 ± 9.28 a 4.64 ± 1.51 a 32.4 ± 0.56 a 0
B 1 0.34 ± 0.017 a 1.30 ± 0.09 (× 10−5) a 13.14 ± 0.10 a 41.26 ± 1.03 a 325.00 ± 8.44 a 4.09 ± 2.03 a 34.6 ± 0.47 a 08.20 ± 1.41 a

C 2 0.34 ± 0.014 a 1.32 ± 0.13 (× 10−5) a 12.89 ± 0.27 a 40.48 ± 0.68 a 318.56 ± 8.52 a 3.84 ± 1.56 a 37.4 ± 0.85 a 18.12 ± 2.31 b

D 3 0.35 ± 0.012 a 1.36 ± 0.12 (× 10−5) a 13.38 ± 0.67 a 41.04 ± 0.036 a 322.44 ± 10.52 a 3.94 ± 1.57 a 35.9 ± 0.64 a 24.24 ± 2.69 c

All data are the mean ± SD of three replicates. Mean followed by different letters in the same column differs significantly (p ≤ 0.05).

Tensile strength and elongation capacity of the film under stress conditions could be
used to represent the film resistance to elongation and the amount of load it can handle. Ten-
sile strength and elongation capacity of films were found in the range of 318.56–337.44 kPa
and 3.84–4.64%, respectively. However, there was no significant difference among these
values. These values are lower compared to tensile strength (657 ± 3.0 kPa) and elongation
capacity (6.31 ± 0.23%) of pumpkin peel-based film [13]. This may have been due to
degradation of pectin available in sweet lime peel during microwave treatment. The Film
C showed the highest transparency of 37.4 ± 0.85% (Table 1), however there was no signifi-
cant difference among these values for other films. Sweet lime peel residues were directly
used for film formation; hence the transparency of film was found less. Transparency
properties correlate with the light transmittance properties of the film [26].

3.2. Antimicrobial Properties of Film

Antimicrobial packaging or film having antimicrobial properties could reduce food
losses and increase the shelf-life of food products [27]. Active films were prepared by
incorporating different concentrations of essential oil extracted from sweet lime peel and
their antimicrobial property was measured. The antimicrobial property (zone of inhibition)
of different films against E. coli is given in Table 1. Antimicrobial properties of films
were directly proportional to the concentration of essential oils. The film (D) having
3% essential oil concentration showed the highest antimicrobial property with a zone
of inhibition of 24.24 ± 2.69 mm. However, the control film (Film A) did not show any
suggestion of inhibition. Essential oils extracted from plants and spices are rich sources of
bioactive compounds (terpenoids, phenolic compounds, etc.) which have been recognized
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as antimicrobial agents [28]. The film with the highest antimicrobial property (Film D) was
chosen for the wrapping of the fish fillet.

3.3. Differential Scanning Calorimetry

The analysis of thermal attributes of the film is important in characterizing their
application and processing temperature limit. The onset temperature and peak temperature
i.e., melting point (Tm) of different composition of the film were measured using DSC.
The onset temperatures of a process for different films were in the range of 56.9 to 65.2 ◦C.
The melting point (Tm) is related to the maximum point (peak temperature) in the first
endothermic peak and it was found in the range of 101.2 to 112.3 ◦C (Figure 3). The melting
point of film was increased with increase in essential oil concentration and it was found
highest in Film D.
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3.4. Fourier Transform Infrared Spectroscopy of Film

FTIR spectroscopy is useful to investigate the chemical components and interactions
by streaming infrared wave across the material. As seen from Figure 4, there are no
significant changes in spectra observed with change in essential oil concentration in sweet
lime peel residue-based film. The first broad absorbance peak is in the 3550–3200 cm−1

range, which can be related to O–H stretch and N–H stretch due to presence of glycerol
and water. The absorbance around 2880 cm−1 may be due to C–H stretching. The peak at
1740 cm−1 related to C=O stretching, showing presence of aldehyde groups and the strong
peak around 1650 cm−1 related to C=C stretching. The peaks at 1465 and 1450 cm−1 are
due to C–H bending showing the presence of methyl group. The peaks at 1085–1050 cm−1

are due to the C–O stretching, and are characteristic bands of cellulose and hemicellulose
from lignocellulosic materials.
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3.5. Effect of Active Film on Fish Fillet Quality

The effect of wrapping of active film on fish fillets quality during their storage were
studied and compared with fish fillets wrapped with polyethylene and control fish fillets.

3.5.1. Change in pH and Weight Loss

The quality of fish is generally determined by its freshness and pH. The changes in
pH of fish are related to the post-mortem evolution of the flesh. It is influenced by the
species, diet, seasons, level of activity or stress [29]. Table 2 shows the change in pH and
weight loss of wrapped and control fish fillet sample. The initial pH of the fresh fish fillet
samples at day 0 was 6.21. The pH of active film wrapped and polyethylene wrapped
fish fillets showed almost same trends of changes. The pH of active film and polyethylene
wrapped fish fillets decreased significantly (p ≤ 0.05) from day 0 to day 8, and slightly
increased after day 8 until end of storage. Active film and polyethylene wrapped fish fillets
showed the highest pH of 6.13 and 6.10, respectively, at the end of storage. A decrease
in pH of fish fillet may be due to the glycolysis that occurs after death, which leads to
the accumulation of lactic acid in muscle at early stage of storage [30]. This might be also
due to the dissolution of CO2 in the aqueous phase of the muscle tissue, resulting in the
formation of carbonic acid in the muscle tissue [23]. At the later postmortem stage, pH
increased because of the decomposition of nitrogenous compounds (protein). This might
lead to the formation of volatile base components, such as ammonia, dimethylamine and
trimethylamine as a result of endogenous microbial and/or enzymatic activity [31].

The percentage of weight loss in fish fillets wrapped with active film and polyethylene
found to be increased with storage time and maximum weight loss was 31.42 ± 1.12% and
22.52 ± 1.42%, respectively, at 12 days of storage. Wrapping of fish fillet with active film
and polyethylene significantly (p ≤ 0.05) reduced the weight loss compared to control fish
fillets; it may be attributed to better WVP of the films, which restricted the moisture loss
from fish fillet. Polyethylene showed more moisture transfer resistance compared to active
film. The findings are in line with study of Das et al. [11]. They reported weight loss of
around 11% was reported in unwrapped fish sample and around 8% in case of wrapped
fish sample at the end of 4th day of storage at room temperature.
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Table 2. Change in pH and weight loss of fish fillets qualities during storage.

Fish Fillets Quality Storage Time (Days) Control Fish Fillets Fish Fillets Wrapped
with Active Film

Fish Fillets Wrapped
with Polyethylene

pH

0 6.21 ± 0.02 ap 6.21 ± 0.02 ap 6.21 ± 0.02 ap

4 6.14 ± 0.01 bp 6.17 ± 0.03 bp 6.15 ± 0.01 bp

8 NA 6.12 ± 0.01 cp 6.07 ± 0.02 cr

12 NA 6.13 ± 0.01 cq 6.10 ± 0.01 dp

Weight Loss (%)

0 0 0 0
4 29.46 ± 1.20 p 21.64 ± 1.04 bq 16.26 ± 0.74 br

8 NA 27.63 ± 1.09 cq 19.86 ± 0.61 cr

12 NA 30.42 ± 1.12 dq 22.52 ± 1.42 dr

Values expressed are mean ± standard deviation. Means in the row with different superscript (p, q, r) and in column (a, b, c, d) are
significantly different at p ≤ 0.05 (this is calculated separately for each quality parameters), NA stands for Not Applicable as sample was
spoiled after 4 days of storage.

3.5.2. Change in Surface Microbial Count

Surface microbial count of fish fillet wrapped with active film, polyethylene and
control fish fillet during 12 days of storage are given in Table 3. The microbial count
increased significantly (p ≤ 0.05) in the control and polyethylene wrapped fish fillet sample
during 12 days of storage from 4.35 to 7.83 (0 to 4 days of storage) and 14.22 log cfu/cm2,
respectively. However, fish fillet wrapped in active film samples showed a significant
decrease (p ≤ 0.05) in surface microbial load from 4.35 to 3.28 log cfu/cm2. This might
be due to the addition of the antimicrobial agent in the film forming solution, as this
antimicrobial agent proved effective against E. coli earlier. This film was capable of reducing
the microbial growth and kept the surface micro flora in control. Remya et al. [32] utilized
chitosan-based film containing ginger essential oil as an active antimicrobial agent for
preventing surface spoilage of fish. They also found that the film has good inhibition
against LAB and Brochothrix thermosphacta.

Table 3. Change in surface microbial count of fish fillet quality during storage.

Fish Fillets Quality Storage Time (Days) Control Fish Fillets Fish Fillets Wrapped
with Active Film

Fish Fillets Wrapped
with Polyethylene

Surface Microbial count
(Logcfu/cm2)

0 04.35 ± 0.71 ap 04.35 ± 0.71 ap 04.35 ± 0.71 ap

4 07.83 ± 0.89 bp 03.42 ± 0.34 bq 05.69 ± 0.82 ar

8 NA 03.36 ± 0.24 bq 09.73 ± 1.06 br

12 NA 03.28 ± 0.16 bq 14.22 ± 1.42 cr

Values expressed are mean ± standard deviation. Means in the row with different superscript (p, q, r) and in column (a, b, c) are significantly
different at p ≤ 0.05. NA stands for Not Applicable as sample was spoiled after 4 days of storage.

3.5.3. Change in Texture Properties

Texture properties of fish flesh depend on seasonality, protein and lipid content and
quality. Texture properties of fish flesh are influenced by many intrinsic biological factors
such as muscle fiber density, both fat and collagen content, as well as the post-mortem
treatment, microbiological and autolytic processes caused by the death of the fish, which
bring degradation of myofibrillar protein, following muscle softening [33].

The potential of films, used as wrapping material, to prevent the hardening of fish
fillets during 12 days of storage was examined (Table 4). The hardness values were
increased significantly (p ≤ 0.05) from 3.03 ± 0.52 to 9.64 ± 0.89% and 5.09 ± 0.34% for
active film and polyethylene wrapped fish fillets, respectively. This can be correlated with
the weight loss of fish fillets during storage [11]. In case of polyethylene wrapped sample,
hardness was comparatively less as compared to active film sample. This may be due to
lower water vapor permeability of the polyethylene. Additionally, after 8 days of storage,
fish fillet wrapped with polyethylene showed a reduction in hardness. This reduction of
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hardness of fish fillet during storage might be due to the enzymatic degradation of muscle
proteins [26]. The cohesiveness and springiness of all samples decreased from day 0 to
day 12 (Table 4). This might be because of the change in the internal bonding and loss of
elasticity of fish muscle. The reduction in textural values of fish fillet during storage might
be affected by microbial or enzymatic activities [21]. All textural parameters of wrapped
fish fillet showed lower reduction than the control fish fillet.

Table 4. Change in texture properties of fish fillets qualities during storage.

Fish Fillets Quality Storage Time (Days) Control Fish Fillets Fish Fillets Wrapped
with Active Film

Fish Fillets Wrapped
with Polyethylene

Hardness, N

0 3.03 ± 0.41 ap 3.03 ± 0.41 ap 3.03 ± 0.41 ap

4 7.45 ± 0.32 bp 5.09 ± 0.17 bq 4.36 ± 0.20 br

8 NA 8.24 ± 0.46 cq 6.24 ± 0.12 cr

12 NA 9.64 ± 0.52 dq 5.09 ± 0.29 dr

Cohesiveness

0 0.43 ± 0.03 ap 0.43 ± 0.03 ap 0.43 ± 0.03 ap

4 0.38 ± 0.02 bp 0.40 ± 0.03 bp 0.41 ± 0.04 ap

8 NA 0.36 ± 0.01 bq 0.38 ± 0.02 aq

12 NA 0.29 ± 0.02 cp 0.33 ± 0.03 aq

Springiness

0 0.87 ± 0.04 ap 0.87 ± 0.04 ap 0.87 ± 0.04 ap

4 0.81 ± 0.05 ap 0.83 ± 0.03 ap 0.82 ± 0.02 ap

8 NA 0.79 ± 0.05 ap 0.77 ± 0.03 ap

12 NA 0.73 ± 0.02 ap 0.70 ± 0.02 ap

Values expressed are mean ± standard deviation. Means in the row with different superscript (p, q, r) and in column (a, b, c, d) are
significantly different at p ≤ 0.05 (this is calculated separately for each quality parameters), NA stands for Not Applicable as sample was
spoiled after 4 days of storage.

4. Conclusions

The residue left after the essential oil extraction from sweet lime peel was successfully
used for developing active film incorporated with essential oil (0–3%). It was observed that
the film that had the highest concentration of essential oil had the maximum antimicrobial
property and other properties of film did not vary too much due to incorporation of
essential oil in the film. Melting point of film was found to increase with an increase
in essential oil concentration. The active film was found more resistant against micro-
organism when fish fillets packed in it and stored for 12 days. Again, less change occurred
in the textural properties of fish fillets during storage. Essential oil incorporated film
showed an acceptable antimicrobial property which will have a promising future in food
packaging. More research is required to attract consumers by developing new strategies on
better appearance and other properties of the film.

Author Contributions: Conceptualization, Y.A. and L.S.B.; methodology, Y.A.; validation, Y.A. and
L.S.B.; formal analysis, Y.A.; investigation, Y.A.; resources, Y.A.; data curation, Y.A.; writing—original
draft preparation, Y.A. and L.S.B.; writing—review and editing, A.A. and A.P.-S.; supervision,
L.S.B.; project administration, L.S.B. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Indian Council of Agricultural Research, New Delhi, India
grant number [Agri. Engg. 27 (23)/2015-AE].

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data is included within the manuscript.

Acknowledgments: The authors are grateful for support received from DST-FIST and UGC-SAP.

Conflicts of Interest: The authors declare that there is no conflict of interest.



Polymers 2021, 13, 1240 11 of 12

References
1. Ferhat, M.A.; Meklati, B.Y.; Smadja, J.; Chemat, F. An improved microwave Clevenger apparatus for distillation of essential oils

from orange peel. J. Chromatogr. A 2006, 1112, 121–126. [CrossRef]
2. Bousbia, N.; Vian, M.A.; Ferhat, M.A.; Meklati, B.Y.; Chemat, F. A new process for extraction of essential oil from Citrus peels:

Microwave hydrodiffusion and gravity. J. Food Eng. 2009, 90, 409–413. [CrossRef]
3. Bustamante, J.; van Stempvoort, S.; García-Gallarreta, M.; Houghton, J.A.; Briers, H.K.; Budarin, V.L.; Matharu, A.S.; Clark, J.H.

Microwave assisted hydro-distillation of essential oils from wet citrus peel waste. J. Clean. Prod. 2016, 137, 598–605. [CrossRef]
4. Golmakani, M.-T.; Moayyedi, M. Comparison of microwave-assisted hydrodistillation and solvent-less microwave extraction of

essential oil from dry and fresh Citruslimon (Eureka variety) peel. J. Essent. Oil Res. 2016, 28, 272–282. [CrossRef]
5. Ciriminna, R.; Fidalgo, A.; Delisi, R.; Carnaroglio, D.; Grillo, G.; Cravotto, G.; Tamburino, A.; Ilharco, L.M.; Pagliaro, M. High-

quality essential oils extracted by an eco-friendly process from different citrus fruits and fruit regions. ACS Sustain. Chem. Eng.
2017, 5, 5578–5587. [CrossRef]

6. Hendrix, K.M.; Morra, M.J.; Lee, H.B.; Min, S.C. Defatted mustard seed meal-based biopolymer film development. Food Hydrocoll.
2012, 26, 118–125. [CrossRef]

7. Astuti, P.; Erprihana, A.A. Antimicrobial edible film from banana peels as food packaging. Am. J. Oil Chem. Technol. 2014, 2,
2326–6589.

8. Manimaran, D.S.; raj Nadaraja, K.; peter Vellu, J.; Francisco, V.; Kanesen, K.; Yusoff, Z.B. Production of Biodegradable Plastic from
Banana Peel. J. Pet. Eng. 2016, 1, 2.

9. Borah, P.P.; Das, P.; Badwaik, L.S. Ultrasound treated potato peel and sweet lime pomace based biopolymer film development.
Ultrason. Sonochem. 2017, 36, 11–19. [CrossRef]

10. De Moraes Crizel, T.; de Oliveira Rios, A.; Alves, V.D.; Bandarra, N.; Moldão-Martins, M.; Flôres, S.H. Biodegradable films based
on gelatin and papaya peel microparticles with antioxidant properties. Food Bioproc. Tech. 2018, 11, 536–550. [CrossRef]

11. Das, P.; Borah, P.P.; Badwaik, L.S. Transformation of chicken feather keratin and pomelo peel pectin into biodegradable composite
film. J. Polym. Environ. 2018, 26, 2120–2129. [CrossRef]

12. Devi, L.M.; Lalnunthari, C.; Badwaik, L.S. Direct Transformation of Muskmelon Seeds Meal into Biodegradable Films and Their
Characterization. J. Polym. Environ. 2019, 27, 456–463. [CrossRef]

13. Lalnunthari, C.; Devi, L.M.; Amami, E.; Badwaik, L.S. Valorisation of pumpkin seeds and peels into biodegradable packaging
films. Food Bioprod. Process. 2019, 118, 58–66. [CrossRef]

14. Singh, A.; Gu, Y.; Castellarin, S.D.; Kitts, D.D.; Pratap-Singh, A. Development and Characterization of the Edible Packaging Films
Incorporated with Blueberry Pomace. Foods 2020, 9, 1599. [CrossRef] [PubMed]

15. Yen, P.P.; Kitts, D.D.; Pratap-Singh, A. Natural Acidification with Low-pH Fruits and Incorporation of Essential Oil Constituents
for Organic Preservation of Unpasteurized Juice. J. Food Sci. 2018, 83, 2039–2046. [CrossRef]

16. Kitts, D.D.; Singh, A.; Fathordoobady, F.; Doi, B.; Pratap-Singh, A. Plant Extracts Inhibit the Formation of Hydroperoxides and
Help Maintain Vitamin E Levels and Omega-3 Fatty Acids During High Temperature Processing and Storage of Hempseed and
Soybean Oils. J. Food Sci. 2019, 84, 3147–3155. [CrossRef] [PubMed]

17. Pratap-Singh, A.; Fathordoobady, F.; Guo, Y.; Singh, A.; Kitts, D.D. Antioxidants help favorably regulate the kinetics of lipid
peroxidation, polyunsaturated fatty acids degradation and acidic cannabinoids decarboxylation in hempseed oil. Sci. Rep. 2020,
10, 10567. [CrossRef]

18. Yaghoubi, M.; Ayaseh, A.; Alirezalu, K.; Nemati, Z.; Pateiro, M.; Lorenzo, J.M. Effect of Chitosan Coating Incorporated with
Artemisia fragrans Essential Oil on Fresh Chicken Meat during Refrigerated Storage. PoIlymers 2021, 13, 716. [CrossRef]

19. Simona JDani DPetr SMarcela NJakub, T.; Bohuslava, T. Edible films from carrageenan/orange essential oil/trehalose—structure,
optical properties, and antimicrobial activity. Polymers 2021, 13, 332.

20. Arafat, Y.; Altemimi, A.; Ibrahim, S.A.; Badwaik, L.S. Valorization of Sweet Lime Peel for the Extraction of Essential Oil by Solvent
Free Microwave Extraction Enhanced with Ultrasound Pretreatment. Molecules 2020, 25, 4072. [CrossRef]

21. Jouki, M.; Mortazavi, S.A.; Yazdi, F.T.; Koocheki, A.; Khazaei, N. Use of quince seed mucilage edible films containing natural
preservatives to enhance physico-chemical quality of rainbow trout fillets during cold storage. Food Sci. Hum. Well. 2014, 3, 65–72.
[CrossRef]

22. Ghanbarzadeh, B.; Almasi, H.; Entezami, A.A. Physical properties of edible modified starch/carboxymethyl cellulose films. Innov.
Food Sci. Emerg. Technol. 2010, 11, 697–702. [CrossRef]

23. Gontard, N.; Guilbert, S. Bio-packaging: Technology and properties of edible and/or biodegradable material of agricultural
origin. In Food Packaging and Preservation; Springer: Berlin/Heidelberg, Germany, 1994; pp. 159–181.

24. Sahraee, S.; Milani, J.M.; Ghanbarzadeh, B.; Hamishehkar, H. Physicochemical and antifungal properties of bio-nanocomposite
film based on gelatin-chitin nanoparticles. Int. J. Biol. Macromol. 2017, 97, 373–381. [CrossRef] [PubMed]

25. Fan, W.; Chi, Y.; Zhang, S. The use of a tea polyphenol dip to extend the shelf life of silver carp (Hypophthalmicthys molitrix) during
storage in ice. Food Chem. 2008, 108, 148–153. [CrossRef]

26. Mardare, D.; Tasca, M.; Delibas, M.; Rusu, G. On the structural properties and optical transmittance of TiO2 rf sputtered thin
films. Appl. Surf. Sci. 2000, 156, 200–206. [CrossRef]



Polymers 2021, 13, 1240 12 of 12

27. Wu, J.; Liu, H.; Ge, S.; Wang, S.; Qin, Z.; Chen, L.; Zheng, Q.; Liu, Q.; Zhang, Q. The preparation, characterization, antimicrobial
stability and in vitro release evaluation of fish gelatin films incorporated with cinnamon essential oil nanoliposomes. Food
Hydrocoll. 2015, 43, 427–435. [CrossRef]

28. Ruiz-Navajas, Y.; Viuda-Martos, M.; Sendra, E.; Perez-Alvarez, J.; Fernández-López, J. In vitro antibacterial and antioxidant
properties of chitosan edible films incorporated with Thymus moroderi or Thymus piperella essential oils. Food Control 2013, 30,
386–392. [CrossRef]

29. Li, T.; Li, J.; Hu, W.; Li, X. Quality enhancement in refrigerated red drum (Sciaenops ocellatus) fillets using chitosan coatings
containing natural preservatives. Food Chem. 2013, 138, 821–826. [CrossRef]

30. Ruiz-Capillas, C.; Moral, A. Production of biogenic amines and their potential use as quality control indices for hake (Merluccius
merluccius, L.) stored in ice. J. Food Sci. 2001, 66, 1030–1032. [CrossRef]

31. Fan, W.; Sun, J.; Chen, Y.; Qiu, J.; Zhang, Y.; Chi, Y. Effects of chitosan coating on quality and shelf life of silver carp during frozen
storage. Food Chem. 2009, 115, 66–70. [CrossRef]

32. Remya, S.; Mohan, C.O.; Venkateshwarlu, G.; Sivaraman, G.K.; Ravishankar, C.N. Combined effect of O2 scavenger and
antimicrobial film on shelf life of fresh cobia (Rachycentron canadum) fish steaks stored at 2 C. Food Control 2017, 71, 71–78.
[CrossRef]

33. Li, T.; Hu, W.; Li, J.; Zhang, X.; Zhu, J.; Li, X. Coating effects of tea polyphenol and rosemary extract combined with chitosan on
the storage quality of large yellow croaker (Pseudosciaena crocea). Food Control 2012, 25, 101–106. [CrossRef]


