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Abstract Antimicrobial activity is an attractive property for
packaging materials which can extend the shelf life of prod-
ucts and provide microbial safety for consumers. The study
aimed to analyze the physicochemical and antimicrobial
properties of gelatin-based edible films containing trans-
anethole as the active additive. Encapsulation with f3-
cyclodextrin was used as an effective way to introduce
trans-anethole into gelatin matrix. The results showed that
the trans-anethole/(3-cyclodextrin inclusion complex could
be evenly dispersed in the gelatin-based edible films with
appropriate addition. The incorporation of frans-anethole
conferred the edible films with good antimicrobial activity
as expected, which increased with the content of frans-
anethole increasing. Moreover, the addition of inclusion
complex improved the tensile strength and surface hydro-
phobicity and reduced the moisture content of the edible
films. It was interesting that the edible films presented great
UV light barrier property and it was increased by the addi-
tion of inclusion complex. Overall, the antimicrobial gelatin-
based edible films showed great potential as bioactive pack-
aging materials to extend food shelf life.

Keywords Gelatin - Trans-anethole - 3-Cyclodextrin -
Edible film - Encapsulation - Antimicrobial activity

P4 Xinying Li
lixinying 1984 @163.com

< Defu Li
lidefu@scu.edu.cn

! Department of Pharmaceutics and Bioengineering, School of

Chemical Engineering, Sichuan University, Chengdu 610065, China

2 College of Chemistry and Environment Protection Engineering,

Southwest University for Nationalities, Chengdu 610041, China

@ Springer

Introduction

In recent years, biodegradable and biobased packaging mate-
rials have obtained a widespread interest due to the limited
natural resources, food safety, and environmental problems
caused by the use of petrochemical-based plastics (Sun
et al. 2017). Among them, proteins are good options because
of their favorable structural and mechanical characteristics.
Gelatin is a biodegradable polymer with the protein nature
that is obtained by changing the thermal nature or chemical
and physical degradation of collagen (Guo et al. 2013).
Gelatin has been widely introduced into food, pharmaceuti-
cal, cosmetic, and photographic industries, owing to its
unique functional and technological properties (Karim and
Bhat 2009). However, the application of gelatin as packaging
material is limited to its poor barrier ability against water
vapor, poor mechanical property, and thermal stability.
Particularly, the perishable property of gelatin packaging ma-
terial is one of its main defects since microbial spoilage is a
major problem affecting food quality. Therefore, antimicrobi-
al activity has been an attractive property for gelatin packag-
ing materials which can extend the shelf life of products and
provide microbial safety for consumers (Otero et al. 2014).
To date, many antimicrobial agents have been incorporated
into packaging materials for antimicrobial activity such as
silver nanoparticles and plant essential oils (Shankar and
Rhim 2016). In this context, plant essential oils and their main
components are gaining a wide interest as they are generally
recognized as safe (Kavoosi et al. 2014). Moreover, incorpo-
ration of essential oils in packaging materials may not only
enhance the antimicrobial properties but also reduce water
solubility, vapor permeability, and slow lipid oxidation of
the product (Hafsa et al. 2016). Bergamot (Sanchez-
Gonzalez et al. 2011), garlic oil (Pranoto et al. 2005), rose-
mary (Gomez-Estaca et al. 2009), thyme oil (Pires et al. 2013),
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and some other essential oils from plants have been used to
improve antimicrobial capacity of gelatin edible films.

Trans-anethole (1-methoxy-4-(1-propenyl) benzene, ANE)
is the major component in essential oil of several plants such
as anise (Kosalec et al. 2005), star anise (Padmashree et al.
2007), and fennels (Przygodzka et al. 2013). ANE was report-
ed to possess antimicrobial, estrogenic, and antithrombotic
effects (Gharib et al. 2016). It is effective against bacteria,
yeast, and fungal strains and has wide applications in food
preservation (De et al. 2002; Singh et al. 2006). However,
ANE presents some disadvantages as a functional additive
such as poor water solubility, high volatility, and low physi-
cochemical stability (Gharib et al. 2016). Encapsulation in
cyclodextrins is one of the most applied technologies to pro-
tect guests and design controlled release systems (Barba et al.
2015). In the previous works, the aqueous solubility and phys-
icochemical stability of ANE could be increased to a large
scale by being included in (-cyclodextrin (3-CD) (Zhang
et al. 2015). The release behavior of ANE from the inclusion
complex was well controlled (Zhang et al. 2015; Kfoury et al.
2016). Therefore, the encapsulation of ANE in 3-CD will be
an effective way to introduce ANE into gelatin matrix.

The study aimed to analyze the physicochemical and anti-
microbial properties of gelatin-based edible films containing
ANE as the active additive. ANE was firstly included into f3-
CD to enhance the aqueous solubility and physicochemical
stability. Then the inclusion complex was incorporated into
gelatin to prepare edible films with dialdehyde carboxymethyl
cellulose (DCMC) as the crosslinking reagent. The physico-
chemical and antimicrobial properties of the gelatin-based ed-
ible films were systematically evaluated for food packaging
material.

Materials and Methods
Materials

Bovine hide gelatin type B (Bloom 250), trans-anethole
(ANE, purity >99%), and (3-cyclodextrin ([3-CD, purity
>98%) were purchased from Aladdin Reagent Database Inc.
(Shanghai, China). The (3-CD was purified by recrystalliza-
tion before use. DCMC was prepared according to our previ-
ous method (Mu et al. 2012). All other chemicals were of
analytical grade and purchased from Kelong Chemical
Reagent Company (Chengdu, China).

Preparation of Gelatin-Based Edible Films

The ANE/B-CD inclusion complex (IC) was prepared by co-
precipitation method described in our previous work (Zhang
et al. 2015). The IC and gelatin were used as raw materials to
prepare edible films by casting method as follows. One gram of

gelatin powder and 45 mL of distilled water were blended at
40 °C for 30 min to prepare gelatin solution. Then IC powder
was added into gelatin solution and stirred at 40 °C for 3 h. The
achieved mixture was conditioned at —20 °C for 24 h and sub-
sequently thawed to obtain gelatin-IC solution. The glycerol and
DCMC solution (1%, w/v) were added into the gelatin-IC solu-
tion as plasticizer and crosslinking reagent, respectively. The
ratios of glycerol and DCMC to gelatin were controlled at 20
and 6 wt% based on dry gelatin weight. Thereafter, the achieved
mixture was poured into the polytetrafluoroethylene dishes and
dried at 40 °C and 30% relative humidity for 3 days. The obtain-
ed gelatin-based edible films were named G-IC0, G-ICS, G-
IC10, G-IC15, G-IC20, and G-IC25 when the ratio of IC to
gelatin was 0, 5/100, 10/100, 15/100, 20/100, and 25/100, re-
spectively. Three repetitions of each type of film were prepared at
the same time.

X-ray Diffraction

The X-ray diffraction (XRD) profiles were obtained using an
18 KW rotating anode X-ray diffractometer (X’Pert Pro,
Philips, Almelo, Netherlands) with a fixed CuK« radiation
of 0.154 nm. The diffraction angle was scanned from 5° to
30° 20 at a rate of 2°/min.

SEM Observation

The cross-section morphology of gelatin-based edible films
was directly observed by a scanning electron microscope
(SSX-550, Shimadzu, Kyoto, Japan). The films were fractured
in liquid nitrogen and fixed on the surface of stub using
double-sided adhesive carbon tape so as to permit the obser-
vation of the cross-section of the films. The samples were
coated with gold and examined under an acceleration voltage
of 15 kV. Three repetitions of each type of film were used for
the observations. Three random areas of each sample were
observed.

Light Barrier Properties and Transparency

The light transmittance and transparency of the edible films
were measured by an UV-VIS-NIR spectrophotometer (UV-
3600, Shimadzu, Kyoto, Japan) according to ASTM method
D1746-92. The results were used to evaluate the ultraviolet
and visible light barrier properties of the films. The transpar-
ency was calculated as follows:

Transparency = —logT / X (1)

where 7 'is the light transmittance (%) while x is the thickness
(mm) of the film.
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Water Contact Angle

The surface hydrophobicity of gelatin-based edible films was
determined by measuring the water contact angle (WCA) of
the film surface using a WCA analyzer (OCAH200,
Dataphysics Co., Ltd., Germany). Ten microliters of distilled
water was carefully dropped on the surface of films through a
2.0-mL micrometer syringe and the contact angles and images
were immediately recorded. For each film, the test was repeated
at least three times.

Moisture Content and Water Solubility

Moisture content (MC) and total soluble matter (TSM) were
measured by the method proposed elsewhere (Gontard et al.
1992). Briefly, the films (2 x 2 cm?) were dried in an oven at
105 °C for 24 h. The weight loss was measured as water content.
The MC value was identified as water content per 100 g of dry
film. Afterward, the dry films were directly immersed into 30 mL
of distilled water and softly stirred at 25 °C for 24 h. Then the
samples were collected and dried in an air-circulating oven at
105 °C for 24 h again. The TSM value was identified as the ratio
of weight loss to the initial weight of dry films. The measure-
ments were repeated three times for each type of film and an
average was taken as the result.

Water Vapor Permeability Measurement

Water vapor permeability (WVP) was measured according to the
ASTM E96-92 method reported by Gontard et al. (1992).
Distilled water was added into a glass permeating cup. Then
the film was sealed on the top of the cup, which was placed in
a desiccator containing silica at 20 °C. The vapor pressure in the
cup and the desiccator were 2337 and 0O Pa, respectively. The
weight change of the cup was monitored over time. Then the
WVP value of the film can be calculated as follows:

w XX

wyp=— "%
A Xt X (Pz—Pl)

(2)

where w is the weight loss (g); x is the film thickness (m); A is the
area of exposed film (m?); ¢ is time (s); and (P, — P;) is the vapor
pressure differential across the film (Pa). This entire procedure
was repeated three times for each film type.

Tensile Strength and Elongation at Break Measurement

Tensile strength (TS) and elongation at break (EB) of the films
were measured by an electronic universal testing machine
(CMT6202, MTS systems Co., Ltd., China) at 25 °C and
50% RH according to ASTM D882-97. The mechanical
crosshead speed was set at 100 mm/min while the initial grip

@ Springer

separation was set at 25 mm. TS (MPa) was calculated by the
following equation:

TS = Fmax/A (3)

where Fpa is the maximum load (N) to pull the film apart and
A is the cross-sectional area (m?) of the film. EB (%) was
calculated by following equation:

EB = (L/zs) % 100 (4)

where L is the film elongation at the moment of rupture (mm)
and 25 is initial grip length (mm) of samples. In each film
type, three samples were tested.

Release Characteristic of ANE

G-IC25 was flatly spread in glass dishes and put in desiccators
at different temperatures, with saturated salt solution of MgCl,
to control the relative humidity. At 24-h intervals, the lids of
desiccators were opened and humid air with the same relative
humidity was blown into the desiccators to purge the gas.
Then about 100 mg of sample was collected and the content
of ANE in the sample was determined by spectrophotometric
analysis according to previous method (Zhang et al. 2015). All
the experiments were done in triplicate.

Antimicrobial Activity Test

The antimicrobial activity test was carried out using two
methods. The zone of inhibition assay on solid medium was
firstly used for determination of the antimicrobial effects of films.
Escherichia coli and Pseudomonas aeruginosa were used as the
models of Gram-negative bacteria while Staphylococcus aureus
and Bacillus subtilis were used as the models of Gram-positive
bacteria. Ten milliliters of molten Luria-Bertani medium was
inoculated by 200 uL of bacterial cultures (colony count of
1 x 10® CFU/mL). Test film discs with 1 cm diameter were
placed on the plates. Then the plates were incubated at 37 °C
for 24 h in the appropriate incubation chambers. The plates were
examined for “zone of inhibition” of the film discs. The diameter
of the whole zone was measured with a caliper then subtracted
from the film disc diameter and this difference in diameter was
reported as the zone of inhibition.

Secondly, the antimicrobial activity of the film surface was
measured according to ISO 22196:2011 standard with a slight
modification. E. coli was used as the model of Gram-negative
bacteria while S. aureus was used as the model of Gram-positive
bacteria. Test film specimen with 2 cm diameter was placed into a
sterile Petri dish. The surface of the specimen was inoculated with
100 uL of S. aureus or E. coli suspension (colony count of
1 x 10® CFU/mL). Then the inoculum was covered with a poly-
ethylene film (sterilized by washing with 70% ethanol before the
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test) and incubated at 37 °C for 24 h. After that, the inoculum was
transferred into a tube and diluted to 100 mL with sterilized
phosphate-buffered physiological saline (0.0425 g KH,PO,,
8.49 g NaCl, 1000 mL distilled water, pH 6.8~7.2). Then
100 pL aliquots were removed from the tube and homogeneously
distributed on LB agar plate. The LB agar plate was kept in an
incubator at 37 °C for 48 h and the bacterial colonies were ob-
served and counted to evaluate antimicrobial performance. For
the control, the inoculum was directly pipette into the sterile Petri
dish without film specimen with the other conditions kept con-
stant. To precisely count the colony units, we also prepared an
additional 100-times-diluted and an additional 1000-times-
diluted aliquot after the first 24 h incubation for the control (con-
trol X100 and control x1000). Three repetitions of each type of
film were used for the measurements. Three specimens were
randomly cut from each film and used for the testing.

Statistical Analyses

The normal distribution of experimental data was analyzed and
then SPSS version 17.0 software was used for statistical analysis.
Data were assessed with one-way analysis of variance (ANOVA)
by using Duncan’s multiple range test. A value of p < 0.05 was
considered to be significant.

Results and Discussion

Structural Characterization of the Gelatin-Based Edible
Films

X-ray diffraction (XRD) is an effective method to study the mi-
crostructure of crystal and some amorphous materials. It is con-
sidered as a simple and useful method for the detection of inclu-
sion complex (Zhang et al. 2015). Figure 1a shows the XRD
patterns of 3-CD and ANE/-CD inclusion complex (IC). The
results showed that some sharp peaks at 10.6°, 12.5°,15.4°,17.4°,
19.7°,22.9°, and 27.1° (26) were observed in the diffractogram of
3-CD, indicating its crystalline nature. In contrast, the
diffractogram of ANE/(3-CD inclusion complex exhibits the

disappearance of the peaks which originally belong to 3-CD.
And some new sharp peaks were found, including three weak
peaks at 5.8°, 6.7°, and 18.0° and a strong one at 11.6°. Indeed,
the ANE/3-CD inclusion complex was successfully prepared and
characterized by the same method in our previous work. The
same results of XRD were obtained, which confirm the formation
of inclusion complex of ANE and (3-CD (Zhang et al. 2015).

The XRD patterns of the edible films with different contents
of inclusion complex are shown in Fig. 1b. It is well known that
the partially crystalline gelatin has a characteristic peak at 7~8°
(260), which is due to the triple helical structure in collagen and in
renatured gelatin (Guo et al. 2014). As shown in Fig. 1b, a
relative weak peak 1 at 7.5° (260) was observed. In addition,
Fig. 1b shows a broad peak 2 at about 20° (26), which is attrib-
uted to the amorphous fraction of the films. It is worth to note
that a new weak diffraction peak 3 was observed in G-IC20 and
G-IC25, which originally belongs to the inclusion complex (Fig.
1a). But then the characteristic peak 3 cannot be observed in G-
IC5, G-IC10, and G-IC15. The results indicate that the ANE/(3-
CD inclusion complex is evenly dispersed in the gelatin-based
edible films with appropriate addition. However, the compati-
bility of gelatin and inclusion complex decreases with the in-
crease of the content of inclusion complex. Too much addition
of inclusion complex will induce phase separation of the edible
films.

To further understand the dispersion of ANE/3-CD inclusion
complex in the edible films, the SEM micrographs of the cross-
section of gelatin-based edible films are measured and shown in
Fig. 2. It shows that the cross-sections of G-ICO to G-IC15
present similarly smooth and homogenous structure. The results
indicate that the ANE/3-CD inclusion complex is evenly dis-
persed in G-ICO to G-IC15. However, the cross-sections of G-
IC20 and G-IC25 exhibit more and more heterogeneous and
rough morphology with increasing content of ANE/3-CD inclu-
sion complex. Notably, the aggregates of ANE/[3-CD inclusion
complex were observed in G-IC20 and G-IC25 (red circles in
Fig. 2e, f). Furthermore, more aggregates were observed in G-
IC25 than that in G-IC20. The results confirm the results of XRD
that too much addition of the inclusion complex in G-IC20 and
G-IC25 will induce phase separation of the edible films.

Fig. 1 XRD patterns of 3-CD,
ANE/(3-CD inclusion complex
(IC) (a), and gelatin-based edible
films incorporated with different
contents of ANE/(3-CD inclusion
complex (b): G-ICO (@), G-IC5
(b), G-IC10 (c¢), G-IC15 (d), G-
IC20 (e), and G-IC25 (f)
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Fig. 2 SEM micrographs of the cross-section of gelatin-based edible
films: G-ICO (a), G-IC5 (b), G-IC10 (¢), G-IC15 (d), G-IC20 (e), and
G-1C25 (f). G-ICO to G-IC15 presented similarly smooth and

Light Barrier Properties and Transparency

Oxidative reactions in food directly lead to the deterioration of
quality attributes such as flavor, aroma, texture, and color
(Elias et al. 2008). Therefore, different approaches to avoid
the lipid oxidation have been taken in the process of food
production and storage. It is well known that UV light in the
range of 200280 nm is one of the common oxidation initia-
tors in food systems. Nowadays, there is an ever increasing
interest in improving the barrier properties against UV light of
protein films. Figure 3 shows the light transmission of the
gelatin-based edible films incorporated with different contents
of ANE/-CD inclusion complex. The transparency of the
films was calculated and presented in Table 1. It can be seen

100
X 75t
™~ g2 G-IC25
8 § ——G-IC20
2 " i
CG 50 i 250 275 300 325 — ’:
_E ‘Wavelength / nm 2-{5(5)
E A\
2 ost
[as]
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Wavelength / nm

Fig.3 Light transmission of gelatin-based edible films containing differ-
ent contents of ANE/{3-CD inclusion complex from 200 to 600 nm
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homogenous structure while the aggregates of inclusion complex ap-
peared in G-IC20 and G-IC25

that the light transmission of the films in the UV range is quite
low while the related transparency is high. It indicates that the
films have great barrier properties against UV light, which
agrees with previous reports (Mu et al. 2012). Indeed, protein
films possess high ultraviolet barrier property owing to the
high content of aromatic amino acids that can absorb UV light.
In addition, the light transmission of the films in the visible
light range is high while the related transparency is low. The
results indicate that the films are very transparent. It is worth
to note that the transparency of the films at 280 nm signifi-
cantly increases with the increase of inclusion complex con-
tent. The results reveal that the addition of ANE/3-CD inclu-
sion complex improves the UV light barrier properties of the
films. It is known that ANE has a strong UV absorption ca-
pacity, which contributes to the improvement of the UV light
barrier properties of the edible films (Zhang et al. 2015).

Table 1  Light transmittance and transparency of gelatin-based edible
films incorporated with different contents of ANE/B-CD inclusion
complex

Samples Light transmittance at different Transparency
wavelengths (%)
280 nm 600 nm 280 nm 600 nm
G-ICO 2.357 80.305 9.40 0.55
G-ICS 2.169 82.225 9.41 0.49
G-IC10 1.689 82.880 10.59 0.49
G-IC15 1.295 82.808 10.75 0.46
G-IC20 0.958 83.324 11.30 0.44
G-IC25 0.774 84.236 11.37 0.39
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Water Contact Angle

Water contact angle (WCA) values are good indicators of the
hydrophilic or hydrophobic character of film surface.
Generally speaking, a high WCA means hydrophobicity,
whereas a low angle indicates hydrophilicity. Figure 4 shows
the shape of water droplets deposited on the surface of gelatin-
based edible films during the measurements of WCA. The
WCA values are collected and shown in Table 2. It shows that
the WCA value of G-ICO is relatively close to 110° in spite of
the hydrophilic nature of gelatin, glycerol, and DCMC, which
should be due to the strong forces that exist between the film-
forming molecules (Mihaly Cozmuta et al. 2015).
Furthermore, the crosslinking by DCMC can improve the hy-
drophobicity of the edible films by tightening the networks
and reducing the hydrophilic groups. As shown in Table 2, the
higher contact angles were noticed for those films incorporat-
ed with more inclusion complex. It indicates that ANE/3-CD
inclusion complex contributes to the improvement of the sur-
face hydrophobicity of the edible films. The result is mainly
attributed to the hydrophobic compound of #rans-anethole,
which makes the edible film surface more hydrophobic.

Moisture Content and Water Solubility

The moisture content (MC) of gelatin-based edible films was
measured and shown in Table 2. MC is a parameter related to
the total void volume occupied by water molecules in the
network microstructure of the film (Jiang et al. 2010). It is
significant that the MC values of the films are decreasing with
the addition of ANE/3-CD inclusion complex. The ANE/{3-
CD inclusion complex may be interacted with gelatin mole-
cules by means of hydrogen bonding. Therefore, the hydroxyl
positions capable of association with water have been blocked
by inclusion complex, which results in less water molecules
bonding to hydroxyl positions of gelatin molecules.

Moreover, trans-ancthole is one of components in essential
oil of several plants with hydrophobic property. Hence, water
molecules may be excluded from gelatin due to the hydropho-
bicity of trans-anethole evenly dispersing in gelatin by means
of inclusion complex, which result in the decrease of MC
value.

The total soluble matter (TSM) of gelatin-based edible
films is shown in Table 2. As we know, gelatin is soluble in
water completely. However, we found that the G-ICO still
maintained the integrity during the measurement and the
TSM values of the edible films are all at low levels, which is
attributed to the crosslinking effect of DCMC. Table 2 shows
that the TSM values of the edible films become higher and
higher with the increase of inclusion complex content. The
soluble fraction in edible films should be principally attributed
to the exudation of glycerol and the loss of low molar mass
polypeptide chains without being crosslinked by DCMC. In
addition, the hydrogen bonding is the main interaction among
inclusion complex, glycerol and gelatin matrix in the films,
which is low effective in preventing water solubility (Martucci
and Ruseckaite 2010). Hence, the inclusion complex
interacted with gelatin by hydrogen bonding is easily replaced
by the water, resulting in exudation of inclusion complex and
subsequently increase of TSM value.

Water Vapor Permeability

The water vapor permeability (WVP) of gelatin-based edible
films was studied and presented in Table 2. It shows that the
WVP values of G-IC0, G-ICS, and G-IC10 are not significant-
ly different while it increases to higher level for G-IC20 and
G-IC25. The results indicate that the inclusion complex will
not affect the WVP property of the edible films with appro-
priate addition. However, excessive amount of inclusion com-
plex will increase the WVP value of the edible films. The
WVP property of edible films is primarily related to the

deposited on the surface of
gelatin-based edible films during
the measurements of water con-
tact angles

Fig. 4 Shape of water droplets l

G-IC10

l G-IC5

G-1C25

' G-1C20
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Table 2

Water contact angle (WCA), moisture content (MC), total soluble matter (TSM), water vapor permeability (WVP), tensile strength (TS), and

elongation at break (EB) of gelatin-based edible films containing different contents of ANE/3-CD inclusion complex

Samples WCA (°) MC (%) TSM (%) WVP (107 ¢™" s7' Pa’!) TS (MPa) EB (%)
G-ICO 109.8 + 1.13a 24.91 +0.42a 21.77 +0.49 5.36+0.90a 25.75 + 1.75ab 723+38a
G-IC5 115.7 £0.71b 24.45 + 0.55ab 22.96 +0.11ab 5.85+0.94a 26.46 + 0.87ab 75.4+3.6a
G-IC10 117.4 +0.78bc 24.04 + 0.45ab 25.12 +0.29bc 6.07 +1.07a 27.38 + 0.46b 99.3 £ 6.9b
G-IC15 117.4 + 1.56bc 23.32 +0.7%¢ 27.30 +0.25¢d 6.66 + 0.72ab 30.53 £0.87¢ 102.1 +6.2b
G-1C20 1194 £1.77c 22.09 +0.33¢ 29.75 +0.31d 7.73 £ 1.14b 25.59 +0.98a 76.8 + 6.4a
G-IC25 125.9 + 0.42d 20.36 +0.34d 32.48 +0.45¢ 8.24 +0.88b 16.59 + 0.43d 49.4 +52¢

Different letters in the same column indicate the significant differences (p < 0.05)

tortuous path through the polymer matrix for water molecules
to pass (Rhim et al. 2006). As shown in SEM, the compatibil-
ity of gelatin and inclusion complex decreases with the con-
tent of inclusion complex increasing. Too much addition of
the inclusion complex induces phase separation of the edible
films, which can be easily observed in G-IC20 and G-IC25
(Fig. 2e, f). The G-IC20 and G-IC25 with phase separation
structure maybe provide more direct paths surrounding the
inclusion complex particles for water molecules to pass and
thus to increase the WVP.

Tensile Strength and Elongation at Break

Generally, adequate mechanical strength and extensibility are
required for packaging films to withstand external stress and
maintain the integrity during applications. The tensile strength
(TS) and elongation at break (EB) of gelatin-based edible films
are shown in Table 2. The data show that the tensile strength of
G-IC5, G-IC10, and G-IC15 are higher than that of G-IC0. G-
IC15 exhibits a peak TS of 30.53 MPa and an EB of 102.1%,
which are 1.2 and 1.4 times as that of G-ICO, respectively. The
results show that the mechanical strength of the edible films has a
significant improvement with the addition of inclusion complex.
The increase in tensile strength and elongation at break may be
attributed to the interactions (electrostatic forces, hydrogen bond-
ing, and van der Waals forces) between both biopolymers and the
entanglement of gelatin chains within the film matrix. The similar
behavior was observed in previous works on gelatin-based edible
films (Hosseini et al. 2012; Guo et al. 2014). However, the tensile
strength of the edible films begins to decrease for G-IC20 and G-
IC25. The gelatin-dialdehyde starch films had been prepared and
characterized in previous study. The results indicated that higher
amounts of dialdehyde starch could conduct to phase separation,
which had detrimental effects on transparency and tensile prop-
erties of the films (Martucci and Ruseckaite 2009). In this study,
excessive addition of inclusion complex induces phase separa-
tion of the edible films. Therefore, the phase separation structure
of G-IC20 and G-IC25 results in the decrease of tensile strength.

@ Springer

Release Behavior of ANE from the Edible Films

The influence of the gelatin-based edible films on the flavor/odor
of the potentially packaged food is a problem that needs to be
considered since ANE possesses strong odor. G-IC25 has the
highest content of ANE compared to other films. Hence, the
release behavior of ANE from G-IC25 was measured to evaluate
the influence of the edible films on the flavor/odor of the poten-
tially packaged food. It was reported that the release behavior of
ANE from ANE/3-CD inclusion complex was considerably re-
lated to the temperature, which could be well controlled at low
level at normal temperature (Zhang et al. 2015). Similar results
were obtained in the present work. Figure 5 shows that the re-
lease of ANE from G-IC25 is faster at higher temperature.
However, ANE is releasing at very low rate at 25 and 37 °C.
The release ratios of ANE are only 5.5 and 8.3%, respectively, at
25 and 37 °C even in 15 days. Indeed, we could only smell light
odor of ANE from the edible films in close range. Hence, the
edible films will have little influence on the flavor/odor of the
potentially packaged food.

20}
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Fig.5 Release behavior of ANE from the edible film G-IC25 at different
temperatures of 25, 37, and 60 °C
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Table 3  Antimicrobial activity of gelatin-based edible films incorpo-
rated with different contents of ANE/3-CD inclusion complex against test
microorganisms

Samples  Zone of inhibition (mm)
S. aureus B. subtilis P. aeruginosa E. coli

G-ICO - - - -

G-IC5 31+03a 4.6+0.5a - -

G-IC10 5708  7.6+0.7b - -

G-IC15 7.1+04c 9.7+0.9¢ 1.1+03a 1.3+0.2a
G-IC20 7.9+0.5¢ 10.6 £ 0.4¢ 1.5+0.2a 1.6 £0.2a
G-IC25 9.4 +0.6d 122+09d 2.1+0.2b 2.5+0.3b

Different letters in the same column indicate the significant differences
(p <0.05)

Antimicrobial Activity

Antimicrobial packaging is a form of active packaging that can
extend the shelf life of products and provide microbial safety for
consumers. The antimicrobial activity of the gelatin-based edible
films was firstly determined using the zone of inhibition assay on
solid medium. The zone of inhibition is shown in Table 3.
Apparently, the control gelatin film (G-ICO0) does not show any
antimicrobial activity against the test microorganisms, but the
edible films incorporated with inclusion complex present clear
antimicrobial activity. Table 3 shows that the zone of inhibition
significantly increases from 3.1 and 4.6 mm (G-ICS5) to 9.4 and
12.2 mm (G-IC25) against S. aureus and B. subtilis, respectively.

The result indicates that the incorporation of frans-anethole pro-
vides good antimicrobial activity against Gram-positive bacteria
for gelatin-based edible films. However, Table 3 shows that there
are no significant inhibitory zones against P aeruginosa and
E. coli for G-IC5 and G-IC10. G-IC15, G-IC20, and G-IC25
exhibit low antimicrobial activities against P. aeruginosa and
E. coli. The result indicates the poor antimicrobial activity of
the edible films against Gram-negative bacteria. ANE is a
broad-spectrum antimicrobial substance. Indeed, ANE was vol-
atilizing to space during the long incubation periods and that is
the reason of the poor antimicrobial activity. Hence, it is neces-
sary to check the antimicrobial properties using a more appropri-
ate approach.

Then the antimicrobial activity was determined on the film
surface according to ISO 22196:2011 standard again. The
typical photographs of E. coli and S. aureus colonies grown
on LB agar plates after incubation with gelatin-based edible
films are shown in Fig. 6c¢, d. The corresponding E. coli sur-
vival rate (Fig. 6a) and S. aureus survival rate (Fig. 6b) com-
pared to G-ICO were calculated to evaluate the antimicrobial
performance of the edible films. Apparently, the edible films
exhibit good antimicrobial activity against both Gram-positive
and Gram-negative bacteria. Figure 6a, b shows that the sur-
vival rates of E. coli and S. aureus significantly decrease from
55 (G-ICS5) to 9% (G-1C25) and from 4.6 (G-IC5) to 0.02%
(G-IC25), respectively, which means the improvement of an-
timicrobial activity with the increase of ANE/3-CD inclusion
complex content. Note that the edible films show more excel-
lent antimicrobial activity against Gram-positive bacterium
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(S. aureus) than Gram-negative bacterium (E. coli) too, which
may be due to the characteristic difference of the outer mem-
brane between those two kinds of bacteria (Smith-Palmer et al.
1998). Singh et al. (2006) had observed the similar results that
S. aureus was more sensitive to trans-ancthole-rich extract
than E. coli.

Conclusions

The frans-anethole/(3-cyclodextrin inclusion complex was pre-
pared and incorporated into gelatin to prepare edible films. The
physicochemical and antimicrobial properties of the edible films
were systematically evaluated for food packaging. The results
showed that the addition of inclusion complex improved the
UV light barrier property, surface hydrophobicity, and tensile
strength and reduced the moisture content of the edible films.
However, excessive addition of inclusion complex induced
phase separation of the edible films, resulting in decrease of the
water vapor barrier ability and mechanical strength. It was inter-
esting that the edible films showed good antimicrobial activity,
which increased with the inclusion complex content increasing.
The study demonstrated that encapsulation with 3-cyclodextrin
was an effective way to introduce #rans-anethole into gelatin
films for antimicrobial activity. The developed antimicrobial
gelatin-based edible films showed great potential as bioactive
packaging materials.
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