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Abstract Rutin and chitosan could be utilized in the food

industry owing to their antioxidant and antibacterial prop-

erties. This study was carried out to fabricate novel films

using polycaprolactone (PCL-sole), PCL and chitosan

(PCL-CS), PCL and rutin (PCL-R), and PCL, chitosan, and

rutin (PCL-CS-R) through electros pinning method. Phys-

ical properties, in vitro antibacterial and antioxidant prop-

erties of the films, and their antibacterial activity on

rainbow trout were further investigated. The PCL-CS,

PCL-R, and PCL-CS-R had smaller fiber diameter and film

thickness and lower viscosity while they showed higher

surface tension, water contact angle, and conductivity and

better antibacterial and antioxidant properties compared

with PCL-sole film (P\ 0.05). The PCL-CS-R film

respectively decreased 17.45%, 19.27%, and 18.39% more

populations of L. monocytogenes, S. aureus, and E. coli

compared to PCL-sole film in the fish samples. Therefore,

the PCL-CS-R film can be potentially used in active

packaging because of its antioxidant and antibacterial

activities.
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Introduction

Oxidation deterioration and microbial growth have nega-

tive effects on nutritional value and food quality, such as

color and texture (Salevic et al., 2019). Foodborne patho-

gens mainly cause food spoilage and deterioration (Huang

et al., 2019). Antibacterial packaging systems are required

to reduce microbial population and prevent oxidation

deterioration. Some films and coatings have been used to

retain food quality and stability (Azadbakht et al., 2018).

Synthetic and natural antimicrobial materials have been

employed in the preparation of films in packaging systems

(Joerger, 2007). These films are deemed to have certain

antibacterial and antioxidant properties and entail ethanol

emission (Quintavalla and Vicini, 2002). Polymeric food

packaging films have been largely used in the food industry

owing to their properties, such as antimicrobial resistance,

flexibility, strength, and stiffness, and they also act as

barriers to the entrance of oxygen and moisture (Huang

et al., 2019). Polycaprolactone (PCL) is utilized in pack-

aging systems since it is cheap and has a high biocom-

patibility and low biodegradability and toxicity (Van der

Schueren et al., 2013). PCL is simply processed because of

its rheological and viscoelastic properties (Woodruff and

Hutmacher, 2010). PCL has limitations in the preparation

of the films due to its low hydrophobic properties

(Prabhakaran et al., 2008). Adding the natural polysac-

charide of chitosan (CS) into PCL solution improved the

hydrophobic properties of PCL (Van der Schueren et al.,

2013). CS is a copolymer of N-acetyl glucosamine and

glucosamine units and has high biodegradability and bio-

compatibility and a low toxicity. CS and its derivations

have also received a great deal of attention in the food

industry owing to their antimicrobial properties (Stoica

et al., 2013). Chitosan and PCL are biodegradable bioma-

terials approved by the Food and Drug Administration.

Different studies have proposed the incorporation of dif-

ferent natural/bioactive compounds to modify the antimi-

crobial, antioxidant, barrier, thermal, and mechanical

properties of the film (He et al., 2019; Rivero et al., 2010).

Rutin (quercetin-3-rhamnosyl-glucoside) is a flavonol,

of which fruits and vegetables are rich sources (Agustin-

Salazar et al., 2014). It is also known to have antibacterial

and antioxidant properties (Almutairi et al., 2017).

Electrospinning is a simple and versatile technology for

the production of nanofibrous films from polymers (He

et al., 2019). It has also received significant attention in the

food packaging industry (Aydogdu et al., 2019). The

technology uses electrostatic force to generate an ultra-thin

structure (Fabra et al., 2016).

Fish is more prone to lipid oxidation due to the high

degree of unsaturated lipids in its structure (Tabatabaei

Moradi et al., 2020). Rainbow trout (Oncorhynchus mykiss)

is a fatty fish species susceptible to microbial spoilage and

deterioration (Rezaei and Hosseini, 2008).
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PCL, CS, and rutin are found to be appropriate for

antibacterial and antioxidant properties. We attempted to

fabricate a film that could be employed in the food industry

by PCL, CS, and rutin. Accordingly, the objective of this

study was to prepare a film by PCL, CS, and rutin via

electrospinning and investigating the in-vitro antibacterial

and antioxidant properties of the films and the antibacterial

activity of the films on the rainbow trout.

Materials and methods

Materials

Rutin (Cat No: 207671-50-9 SIGMA), PCL (Mn = 80,000,

Milwaukee, WI, USA), and chitosan were bought from

Sigma-Aldrich Company. Listeria monocytogenes (ATCC

19118), Staphylococcus aureus (ATCC 191186358), and

Escherichia coli O157:H7 (ATCC 10536) were prepared

from the culture collection of the IROST (Tehran, Iran).

Brain Heart Infusion agar (BHI) was obtained from Merck

Company (Munich, Germany).

Preparation of films

The films were prepared from PCL incorporated with CS

(PCL-CS), rutin (PCL-R), and CS ? R (PCL-CS-R). The

PCL films without CS and rutin were prepared and con-

sidered as control films (PCL-sole). To prepare the PCL-R

film, 6 g PCL was added into 94 mL dichloromethane, and

the obtained solution was stirred for 6 h at room temper-

ature. Subsequently, 5 g rutin was added into the solution

and stirred for 24 h. To prepare the PCL-CS films, PCL

and CS solutions were mixed in a ratio of 75:25 and stirred

for 12 h. The PCL-CS-R solution was prepared by adding

5 g rutin into the PCL-CS solution and stirring it for 24 h.

The solutions were then transferred into a plastic syringe

connected to a thin needle. The syringe was connected to a

high voltage generator, and electrospinning was performed

to optimize the fibers. All the utilized ratios and concen-

trations were tested, and the best ratios and concentrations

were used.

Characterization of the films

Scanning electron microscopy (SEM)

Surface morphology of the prepared films was investigated

by SEM (Mira3, FEG, Tescan, Czech Republic). In order

to increase the conductivity, the samples were primarily

fixed on the brass stub, sputtered coated with gold, and

ultimately investigated.

Characterization of the solutions

Viscosity, surface tension, and conductivity were analyzed

by viscometer, tensiometer, and conductivity meter,

respectively.

Film thickness

The film thickness was examined via a digital micrometer

with an accuracy of 0.001 mm at five random points per

film.

Water contact angle

An optical tensiometer was used to assess the contact angle

of water on the film surface through employing 5 droplets

(5 lL) of ultrapure water in different parts per sample

(22 mm 9 55 mm).

Antibacterial analyses

Disc diffusion method was utilized to evaluate the

antibacterial activity of the films against L. monocytogenes,

S. aureus, and E. coli as previously reported by Shahbazi

(2017). The minimum inhibitory concentration (MIC) and

the minimum bactericidal concentration (MBC) were

assessed as reported by Rostami et al. (2012).

Antioxidant activity

Antioxidant activity was assessed by 2,2-diphenyl-1-

picrylhydrazyl (DPPH) solution. To investigate the

antioxidant activity, 1.9 mL of DPPH solution was added

into a vial containing 1 mg of film samples. The inhibition

rate was examined by the absorbance at 517 nm at room

temperature for 0.5, 6, 12, and 24 h.

Fish samples

Twenty fresh rainbow trout (Oncorhynchus mykiss), with a

mean weight of 600 ± 30 g, were prepared from a local

market in Kermanshah city (Iran) and washed to remove

the remaining blood and slimes. The fillets were prepared

with at a size of 21 9 9 cm2 and a weight of 100 ± 10 g.

The samples were uniformly inoculated with 105 CFU g/L

of a pure culture of L. Monocytogenes, S. aureus, and

E. coli by a swab. Afterwards, they were placed between

films, kept in barrier packaging bags, and sealed under

vacuum by a sealing machine. The samples were kept in a

refrigerator at 4 �C for 14 days. Following the storage

period, all the films were removed and the samples were

tenfold diluted in sterile PBS (pH 7.4). The samples were

homogenized for 2 min at 260 rpm, and 100 lL of the
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sample was placed on a nutrient agar medium. The plates

were incubated for 48 h at 37 �C, and the bacteria count

was reported as colony-forming unit (CFU) g/L as per

sample.

Data analysis

The data were analyzed by the analysis of variance

(ANOVA) pathway of SPSS software (version 23) for five

replications per sample. P\ 0.05 was considered as sta-

tistically significant. The graphs were illustrated by Graph

Pad Prism Software (Version 6.07).

Results and discussion

SEM results

Figure 1 presents the surface morphology results of the

films. The SEM micrograph of PCL-sole shows smooth,

thin, and coarse fibers in PCL-sole films. Meanwhile, the

PCL-R and PCL-CS-R films had grains on their fibers,

implying the presence of rutin on the PCL surface. As

observed, PCL-CS-R films contain more irregular grains.

The SEM micrographs illustrate a mesh network for the

PCL-CS film. The network is not clear in the PCL-CS-R

films as the rutin covers the mesh. The increased number of

grains in the PCL-CS-R films might be attributed to the

better compatibility and strong adhesion between rutin and

CS. Similar to our findings, Narasagoudr et al. (2020)

reported a good compatibility between the active com-

pound of plants and CS owing to the strong intermolecular

interactions between their functional groups.

Physical properties

Table 1 shows the results related to the physical properties

of the films. The PCL-R, PCL-S, and PCL-CS-R films

showed a lower viscosity compared to PCL-sole

(P\ 0.05) and the lowest viscosity belonged to PCL-CS-R

films. The viscosity of PCL, PCL-CS, PCL-R, and PCL-

CS-R films were 2041.2 cP, 1870.15 cP, 1841.40 cP and

1825.31 cP, respectively. In line with the present study,

Salevic et al. (2019) reported that adding plant essential

oils into PCL solution decreased the viscosity. Li et al.

(2017) reported increased viscosity in films with PCLs

higher than 19 wt%. The reduction in the viscosity of the

PCL-CS, PCL-R, and PCL-CS-R films might be ascribed to

their molecular weights (Salevic et al., 2019). It was

expected that PCL-CS-R would have lower viscosity

compared to PCL-CS and PCL-R films because the

molecular weight is lower in PCL-CS-R films. Higher

ratios of chitosan and rutin in PCL-CS-R films might be

required.

Addition of CS and rutin into the PCL solution

decreased the surface tension and increased the

Fig. 1 The SEM micrographs

for PCL, PCL-CS, PCL-R, and

PCL-CS-R. Red arrows show

CS, but the yellow arrows show

rutin
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conductivity compared with PCL-sole (P\ 0.05). The

conductivity of PCL, PCL-CS, PCL-R, and PCL-CS-R

films was 0.02 lS/cm, 0.05 lS/cm, 0.07 lS/cm, and

0.09 lS/cm, respectively. Our findings also showed that

the surface tension of PCL, PCL-CS, PCL-R, and PCL-CS-

R films was 29.20 mN/m, 27.31 mN/m, 26.59 mN/m, and

23.12 mN/m, respectively. Similar to our findings for the

surface tension and conductivity, Salevic et al. (2019)

reported that adding plant extracts into the PCL solution

was able to increase the conductivity and reduce the sur-

face tension in the films. The increase in the conductivity

and the surface tension might be associated with the vis-

cosity and mobility of the charged species (Tampau et al.,

2017). Seemingly, the combination of the CS and rutin

reduces the surface tension and increases the conductivity

possibly due to their structures.

The PCL-R and PCL-CS-R films had smaller fiber

diameter and film thickness compared with the PCL-sole

and PCL-CS films (P\ 0.05). This means that adding the

CS into the films did not have a significant effect on the

fiber diameter and thickness. The fiber diameter was

206.71 lm, 209.21 lm, 173.21 lm, and 156.00 lm for

PCL, PCL-CS, PCL-R, and PCL-CS-R, respectively. The

film thickness was 0.09 mm, 0.082 mm, 0.078 mm, and

0.071 mm in the PCL, PCL-CS, PCL-R, and PCL-CS-R

films, respectively. The results of the fiber diameter and

film thickness were parallel, such that the highest and the

lowest fiber diameter and film thickness belonged to the

PCL and PCL-CS-R films, respectively. In accordance with

our research, different studies showed that adding plant

active compounds into fibers decreased the fiber diameter

(Figueroa-Lopez et al., 2018; Tampau et al., 2018). Salevic

et al. (2019) also reported that the incorporation of the

essential oils into PCL films reduced the film thickness.

The decrease in the fiber diameter might be attributed to

the decreased viscosity and surface tension and the

increased conductivity (Neo et al., 2012), which is con-

sistent with the current study. Jin et al. (2019) showed that

the fiber diameter was dependent on the concentration of

the viscosity in the electrospinning method.

Based on the results, adding CS and rutin increased the

contact angle compared to PCL-sole. The contact angle

was 74.12�, 78.21�, 99.21�, and 109.70� in the PCL, PCL-

CS, PCL-R, and PCL-CS-R films, respectively. A contact

angle of H\ 65� indicates hydrophilicity while a contact

angle of H[ 65� shows hydrophobicity (Vogler, 1998), so

PCL-sole films have weak hydrophobicity. Similar to our

results for hydrophobicity, Figueroa-Lopez et al. (2018)

reported weak hydrophobicity in PCL-sole films. Jaramillo

et al. (2015) observed that adding plant extracts into the

films increased hydrophobicity because they increased the

roughness in the films, which is in line with the present

study.

In-vitro antibacterial properties of the films

The data associated with the antibacterial properties of the

films are presented in Fig. 2. The results showed that the

PCL films incorporated with CS and rutin had a higher

inhibition zone and lower MIC and MBC values against L.

monocytogenes, S. aureus, and E. coli (P\ 0.05). Chitosan

is an antibacterial compound because of its interaction with

bacterial cell wall, cell membrane, and cytoplasmic con-

stituents via electrostatic interactions (Duan et al., 2019).

Rutin is also an antibacterial compound that functions by

preventing DNA isomerase (Bernard et al., 1997). Previous

studies have reported the antibacterial activity of rutin

(Araruna et al., 2012) and the films prepared from CS

(Dutta et al., 2009). The highest antibacterial activity was

observed in the PCL-CS-R films, which could be attributed

to the positive interactive effects between CS and rutin for

their antibacterial properties.

In-vitro antioxidant properties of the films

Antioxidant properties of the films are shown in Fig. 3.

Based on the results, the PCL-CS, PCL-R, and PCL-CS-R

films revealed higher antioxidant properties compared to

PCL-sole; meanwhile, PCL-sole film had a constant

antioxidant activity during a 24-h period, which might be

Table 1 The physical properties of the films prepared from PCL, CS, and rutin

Treatments Viscosity (cP) Conductivity (lS/
cm)

Surface tension (mN/

m)

Fiber diameter

(lm)

Film thickness

(mm)

Water contact angle

(�)

PCL 2041.2 ± 56.20a 0.02 ± 0.00d 29.20 ± 0.56a 206.71 ± 4.64a 0.09 ± 0.002a 74.12 ± 1.36a

PCL-CS 1870.15 ± 41.32b 0.05 ± 0.00c 27.31 ± 0.32b 209.21 ± 5.36a 0.082 ± 0.004a 78.12 ± 1.25b

PCL-R 1841.40 ± 32.56b 0.07 ± 0.00b 26.59 ± 0.35b 173.21 ± 3.65b 0.078 ± 0.003b 99.21 ± 1.41c

PCL-CS-R 1825.31 ± 32.56b 0.09 ± 0.00a 23.12 ± 0.26c 156.00 ± 6.35c 0.071 ± 0.003b 109.70 ± 2.36d

P value 0.001 0.001 0.001 0.004 0.002 0.002

The data were expressed as mean ± SD. Superscripts (a–d) show significant differences among groups
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attributed to its poor antioxidant properties. The films

showed better antioxidant properties over longer periods.

Rutin is an antioxidant compound that has shown antioxi-

dant properties through preventing lipid peroxidation and

increased endogenous antioxidant defense enzymes

(Ganeshpurkar and Saluja, 2016). Chitosan has also shown

antioxidant activity by the production of highly deacety-

lated products and scavenging activities (Yen et al., 2008).

The PCL-CS-R film had the highest antioxidant activity

that could be attributed to the interactive effects between

CS and rutin for their antioxidant properties.

Antibacterial effects of the films on fish samples

The results of the antibacterial properties of the films on

fish samples are shown in Table 2. Similar to the results of

the in-vitro section, the highest antibacterial effect belon-

ged to PCL-CS-R whereas the lowest antibacterial activity

was detected in the PCL-sole films (P\ 0.05). Our find-

ings also showed that the PCL-CS, PCL-R, and PCL-CS-R

films respectively decreased L. monocytogenes population

Fig. 2 In vitro antibacterial properties of the films prepared from PCL, CS, and rutin. The data were presented as mean ± SD. Superscripts (a–
d) show significant differences among groups. Superscripts a–d show highest to lowest values, respectively
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Fig. 3 Antioxidant properties of the films prepared from PCL, CS,

and rutin. The data were presented as mean ± SD. Superscripts (A–

D) show significant differences among groups

Table 2 Antibacterial properties of the films prepared from PCL, CS,

and rutin on bacteria count (CFU g/mL) in the rainbow trout samples

Treatments L. monocytogenes S. aureus E. coli

PCL 8.60 ± 0.30a 8.30 ± 0.10a 8.70 ± 0.20a

PCL-CS 8.20 ± 0.15b 7.80 ± 0.10b 8.20 ± 0.20b

PCL-R 7.50 ± 0.20c 7.10 ± 0.30c 7.60 ± 0.35c

PCL-CS-R 7.10 ± 0.15d 6.70 ± 0.20d 7.10 ± 0.25d

P value 0.001 0.001 0.001

The data were expressed as mean ± SD. Superscripts (a–d) show

significant differences among groups
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by 4.60%, 12.80%, and 17.45% more compared to the

PCL-sole films. The S. aureus population showed that the

PCL-CS, PCL-R, and PCL-CS-R films respectively

reduced its population by 6.02%, 14.45%, and 19.27%

more in comparison to PCL-sole films. The PCL-CS, PCL-

R, and PCL-CS-R films respectively decreased the E. coli

population by 5.74%, 12.64%, and 18.39% more compared

to the PCL-sole films. The results also indicated the better

antibacterial activity in the PCL-R film on fish samples

compared to PCL-CS films. This is another piece of evi-

dence for the positive interactive effects between CS and

rutin on the PCL-CS-R films. The mechanism of action

related to the antibacterial activity of CS and rutin was

previously discussed. The results confirmed that PCL-CS-R

films had antibacterial activity on the fish samples and

under in-vitro conditions. Our findings further showed that

electrospinning method is an efficient method for the

preparation of films in food packaging. The films prepared

by electrospinning method have a large surface, a small

diameter, and a porous structure that help to produce

simple and applicable films in the food industry (He et al.,

2019).

In conclusion, we fabricated the films by adding the CS

and rutin into the PCL structure by the help of the elec-

trospinning method. The PCL-CS-R films had the highest

contact angle and conductivity and the lowest fiber diam-

eter, surface tension, and film thickness. They also showed

the highest antioxidant and antibacterial properties on the

fish samples under in-vitro conditions. This is a preliminary

study which can pave the way for future studies. Based on

the results, the PCL-CS-R film could be used to retain the

quality of rainbow trout fish.
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