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ABSTRACT

Biodegradable polysacharyd-based film was developed by incorporating pimpinella affinis essential oil (PAO) into
methylcellulose (MC) at level of 0.5%, 1% and 1.5% v/v. The effects of MC films containing PAO on physical,
mechanical and antimicrobial properties of the films were evaluated. MC films containing PAO showed significant
antibacterial activity against both gram-positive and gram-negative strains. Tensile strength and elongation at
break were significantly (p<0.05) increased but water vapor permeability, and moisture were significantly (p<0.05)
decreased with the incorporation of PAO. The contact angle water increased up to 84.40% in 1.5% PAO
concentration. The color of MC films was affected by the addition of PAQ; the lower transparency of the edible MC
films was noticed when a greatest amount of PAO (1.5% v/v) was incorporated (p<0.05). MC film contains PAO
provided the films with a rougher surface than pure edible film. The results suggest that, the films containing PAO
can be used as a natural antibacterial agent and it has been useful for application in food preservation and
packaging industry.
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INTRODUCTION

Recent food-borne microbial outbreaks are the nigiforce for seeking innovative ways to inhibit noioial growth

in food while maintaining its quality, lipids andafor components, freshness and safety. The deweop of

antimicrobial packaging technologies could playoke rin extending the shelf-life of food and providgcrobial

safety for consumers [1, 2]. Biopolymer films haeeeived considerable attention in recent yearsuse of their
advantages over synthetic films. They are excelethicles for incorporating a wide variety of addis, such as
antioxidants, antifungal agents, antimicrobialdprants, flavors and fortified nutrients [3, 4].

Cellulose, the most abundant organic polymer inwleld, and cellulose-derivative-based edible filare very
efficient oxygen and hydrocarbon barriers, and a@empounds and it is insoluble in water. Celluldsgvatives
such as methylcellulose (MC) are of interest teaeshers because they are able to form a contiruatrsx. MC is
the least hydrophilic cellulose ether, which shakermal gelation and makes excellent edible filarg] is used in
pharmaceutical and food industries [5, 6]. MC hasrbcombined with lipids [7- 10] and polysacchasifg 9, 11]
to improve edible films that can serve as effectegriers to hydrocarbon, oxygen and water vapolydthylene
glycols are effective plasticizers for MC films [B2].

The antibacterial and antioxidant activities of ntleextracts have formed the basis of many apptioati
Incorporating plant extracts and essential oils edible films provides a novel way to enhancesiety and shelf
life of foods [13]. Essential oils (EOs) have bextensively evaluated for their abilities to deging the cell wall
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and cytoplasmic membrane of bacteria and fungi,civHeads to the leakage of cytoplasm, in inhibitihe
synthesis of DNA, RNA, proteins and polysaccharigdedacteria and fungi, and in inhibiting the protion of
enzymes [14, 15].

The genus oPimpinella with 23 wild species has been found in differemiaas of Iran, Anatolia, Jordan, Iraq,
Soiree, Israel, Turkey, Afghanistan and Pakistd&].[P. affinis is biennial aromatic plant, 20-110 cm, with white
umbel inflorescences and ellipsoid. It grows witdrorth of Iran [16, 17]Pimpinella affinis oil has biological
activities, such as antibacterial, antifungal préips. Major components of PAO which have showetih@orobial
properties are geijerene (17.68%), limonene (12)3@%egeijerene (9.92%), germacrene D (8.54%) eamusif-
cimene (4.94%) [17].

This present study was undertaken to improve thienamobial efficacy of edible film based on metbgllulose
(MC) by incorporatingpimpinella affinis essential oil (PAQO). The physical, mechanical antibacterial properties
of edible films were also evaluated.

MATERIALS AND METHODS

Materials

Commercial MC was purchased from Sigma Aldrich (aajr Polyethylene glycol and tween 80 was acqulirech
Merck (Frankfurt, Germany). The fruitgmpinella affinis were collected in March 2012, from the north cnlr
Essential oils were extracted by hydro-distillatiomm the dried samples by the Clevenger type aipsr and the
obtained oils stored in a dark container at 4°Gl used.

Film Preparation

The MC films were prepared by the method of Turbad sahbaz. [6]. 3% MC was dissolved into the rati@:1
distilled water and ethanol and rotary shaking wadertaken concurrently for 30 min. As the edibl€ KIm was
brittle, 33% of Polyethylene glycol (PEG 400) wakled to the edible film solution. Then Tween 80a &tvel of
0.2% v/v of essential oil, was added as an emaeitsifi aid essential oil dissolution in the MC fiforming solution,
After 30 min of stirring, food grade PAO at 0.5afd 1.5% v/v concentration was added to the MC-fanming
solution. The solution was homogenized with homaggmModel D500 (Wiggenhauser Machinenbau, 10965
Berlin, Germany) at room temperature for 2 min @@Q@ rpm [18]. The solution was kept overnight a 43 order
to remove all bubbles. Fourteen grams of the ewsaiytion were cast on the glass plates then dretbom
temperature. Dried films were peeled from the platad stored in a desiccator at 25-27°C and 50:&tive
humidity until evaluation.

Antibacterial activity

Antibacterial properties of edible film-forming silbn and disks were studied using the agar diffusnethod [19].
Seven different pathogenic and spoilage bactediadiing Saphylococcus aureus (Persian Type Culture Collection
(PTCC 1431)Pseudomonas aeruginosa (PTCC 1151)Pseudomonas putida (PTCC 1694)Esherichia coli (PTCC
3315),Listeria monocytogenes (PTCC 1163)Bacillus subtilis (ATCC 465),Vibrio parahaemoliticus were used for
testing. Microorganism strains were cultured owvgnhiin Brain Heart Infusion Broth (Scharlua, Spaah37°C. 70
ml of different film-forming solutions were pourddto Mueller Hinton (Scharlua, Spain) agar wells9(fmm
diameter).Their plates had been seeded with 0.bfrihoculums by swab containing approximately’-m/
CFU/ml of the indicated bacteria. In the same widms were punched into discs of 13.4 mm diameaed then
placed on the plates. Next, the plates were inegbit desiccator at 37°C for 48 h. After incubatitie inhibitory
zone was calculated, and then subtracted from ithe disks’ diameters. This difference was reportesl the
inhibitory zone of the film-forming solutions [19].

Determine of Physical Properties of Film

Film thickness

Thickness of the films was determined using a maBua01 mm digital micrometer (Mitutoyo, Mizonokuch
Japan) at five random locations of the film shektsan thickness values for each sample were cagrlikEnd used
in water vapor permeability and tensile propertiasulations.

Contact angle

Contact angle (CA) measurement was determined®graometer (PG-X, Thwing-Albert Instrument Co., Nd@)a
conditioned room. A small drop of distilled wateasvdropped on to the surface of the film. At |dast replicates
were made per formulation [18].
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Moisture content

Moisture content of films was determined using alsuimg of film were dried at 110°C during 24 h.eTheight
loss of each sample was determined, and the meistuntent was calculated as the percentage of weaterved
from system [20].

Water vapor permeability (W\/P)

The water vapor permeability (WVP) of the films wagasured gravimetrically based on ASTM E96-95 orbth
[21]. The tested film was sealed to the glass dishtaining anhydrous calcium cholorid, 0% RH. Aidator
maintained RH gradient across the film at 75%. rdeo to keep uniform RH throughout the desicatoe, dir was
stirred in it. The RH inside the cell was always/éo than outside. Transported water vapor was ohéted from
the weight gain of the diffusion cell at a steadytes of transfer. Weight changes of cells were ndet to the
nearest 0.0001 g and plotted as a function of tirhe. slope of the weight loss v.s time was dividgdhe effective
film area (m2) to obtain the water vapor transnoissiate (WVTR). The WVP was then calculated asfell

WVP= (WVTRxL)/AP)

Where L is the mean film thickness (mmpR, is the water vapor pressure difference (kPa) éetvtwo sides of the
film.

Surface colour measurement

The color of the films was determined by colorimdgi&YK Gardner, MD). Film samples were placed ostandard
plate (* = 93.49,a* = -0.25 andb* = -0.09). . Measurements are expressed as lightie) and chromaticity
parametera* (red — green) and* (yellow — blue) were measured. Total color diéfeces AE) were calculated
with respect to standard plate parameters by dsitaying equation:

AE =.\/(L* —L)2(ax —a)2(b* —b)2

WherelL*, a* and b* are the color parameter values of the standadd.aa andb are the color parameter values of
the sample.

Determine of Mechanical properties of film

Tensile strength (TS) and elongation at break (Br#9 measured according to ASTM standard metho82>-8L
[22] with an Instron Universal Testing Machine (Mb@®00, Hiwa Engineering Co., Iran). The films wexd in
rectangular specimens (2.54 x 10 cm). Initial gggparation and crosshead speed were set at 50 whrCan
mm/min, respectively. This measurement was repeated

Film Microstructure

Control film and MC film incorporated with 1.5% ocmentrate PAO were examined with Philips XL 30 s@agn
electron microscope (SEM) (Philips Research, Einéhpthe Netherlands) under high vacuum conditiuth @& an
electron voltage of 20.0 kV. The samples were meditihe specimen holder with aluminum tape and perttered
with gold in BAL-TEC SCD 005 sputter coater (BAL-CEAG, Balzers, Liechtenstein).

Satistical Analysis

One-way ANOVA was used and mean comparison waspaeid by Duncans’ new multiple range test. Staabti
analysis was prepared using the SPSS statistifislase, (release 16.0) for Windows (SPSS Inc. GiocdL).All
data are presented as mean +SD.

RESULTS AND DISCUSSION

Antibacterial Properties

Effects of PAO on antimicrobial properties of MCskd films are shown in Table 1. Film without PA®@r{tol
film) was not effective against any of the micrcamgsms used in the tests, which coincides withltesibtained by
Nonsee et al [23] about hydroxypropyl methylceldgddased films.

Films containing PAO showed considerable inhibimyainst most of the microorganisms. This can Ipdaied by
the fact that the addition of PAO into MC resulteddiffusion through the agar gel and provided @aclzone
surrounding the film. Increasing the concentratdi? AO in the film increased the diameter of intidn zones (p<
0.05). Only between these microorganisisputida and Ps. Aeruginosa are resistant to PAO and clear zone of
inhibition was not observed with them. The samailteshave been reported by Verdian-Rizi et al (J00&ir
findings showed that PAO did not have any actigifjainstPs. Aeruginosa.
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L. monocytogenes was the most sensitive bacteria at a level of 106®AO; the inhibition zone was 34.44. Gram
positive bacteria were more susceptible than gragative bacteria strains [24]. The existing inhdit zone
diameter of tested microorganisms can be attribtdetthe fact that the mode of action of monoterpemepetent
especially, Limonene disintegrates the outer membi bacteria, releasing lipopolysaccharides andeases the
permeability of the cytoplasm membrane to adendasifghosphate (ATP) [25, 26].

Tablel Antibacterial activity (inhibitory zone) of MC films incorporated with PAO against gram-positive and gram-negative bacteria

Inhibitory zone*

Bacteria PAO conc. (v/v) in film solution (%)
(mm2)
V. parahaemoliticus (Gram -) Control 9]
0.5 15+1.78
1 22.66+1.52
15 26.33+£1.52
B. subtilis (Gram +) Control (0]
0.5 11.66+1.52
1 14.66+1.15
15 18+1.01
E. coli (Gram -) Control 0
0.5 14+1.08
1 17.33x1.15
15 22.33+£1.52
P. putida (Gram -) Control 0
0.5 0
1 0
15 0
Ps. Aeruginosa (Gram -) Control 0
0.5 0
1 0
15 0
L. monocytogenes (Gram +) Control ]
0.5 19.00+2.00
1 26.00+1.00
15 34.33+1.1%
<. aureus (Gram +) Control d
0.5 14.66+1.52
1 21.00+3.00
15 31.33+1.52
*For each microbial species, different lettersin columns indicate a significative difference (p < 0.05). Control is a film disc containing no
essential oil.

Physical Properties of films
The effects of incorporating PAO on the physicalpgarties of MC films are shown in Table 2. Thimfd were
easily removed from the cast plate.

The thickness of films did not change significantlgm incorporating PAO, ranging from 0.35 to 0.4in as
shown in Table 2. The same results observed byaBalet al [27] on whey protein incorporated with CAO

Water sensitivity is one of the major problems olysaccharide-based films, and is evaluated byuifit methods
such as monitoring moisture content, solubilitynte@t angles and through the measurement of therwapor
permeability [24, 28]

CA of a water droplet on packing film indicates ttgdrophobicity surface of the film. This is gerraised to
estimate the resistance of the film against wa®®].[It is well-known that the water CA will increa with
decreasing surface hydrophilicity. Table 2 shoves@# value for MC based films. The control film hiadv water
CA, 36.33°. Adding PAO increased water CA signifittg (P < 0.05) to 84.40% at a level of 1.5% v/v PAO and
resulted increasing the hydrophobicity of the Minfiwhich might be due to the loss of free funcéibgroups
(amino and hydroxyl groups) [18].

The moisture content value decreased as PAO wawpoated into MC based film, which is attributen t
compactness of film network. As PAO concentratiocréased (1.5% v/v), the moisture content of fithasreased
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significantly (p < 0.05). Ojagh et al [18] reportidt cinnamon essential oil decreased moistureecdof chitosan-
based films.

The WVP is the most extensively studied propertiotiegradable films mainly because of the impartanf water

in deteriorative reactions in foods. A main funatiof biodegradable films is often to impede moisttnansfer
between food and the surrounding atmosphere, avelget two components of a heterogeneous food product
Therefore WVP should be as low as possible. WVRIGtbased films is reported in Table 2. The confitol was
1.90 (g/msPa) I¥. Incorporating of PAO into MC based film formutai at level of 1.5% v/v led to 1.00(g/msPa)
10%%educing in WVP. Cellulose derivatives are reldsivieydrophilic, but MC is more hydrophobic than cmon
cellulose films such as cellulose acetate or chbime [30, 31]. The incorporation of EOs into a pudyic matrix
can improve the WVP of the films by increasing tiydrophobic compound in the film [24]. A permeatyili
decrease with increase in PAO concentration cowddrdédated to the hydrophillicity of PAO. Introdugin
hydrophillic additives, favorable to adsorption ashesorption of water molecules, is known to enhaheewater
vapor permeability of hydrocolloid biodegradablen [2, 32]. The same results were found by Nomr$ed [23] in
encapsulated clove oil incorporation into HPMC flm

Color of the packaging is an important factor baesthey influence the consumer’s perception of ateddity [33].
Edible MC films without the incorporation of PAO @gared clear and transparent and it had a sligkelipw
appearance. The addition of PAO affected the appear of the color of edible film and its transpasemvas
reduced. The results &E of MC films are shown in Table 2. Control filmdAE 19.06 As PAO concentration
increased AE value increased significantly? (< 0.05), with the highesaE observed at a level of 1.5% v/v MC
(30.23). The results are in agreement with theltesfi Abdollahi et al [4] and Bahram et al [27].

Table 2 Physical properties of MC films incorporate with PAO

*Physical properties PAO conc. (v/v) in film solori (%)
Thickness (mm) Control 0.041+0.001
0.5 0.040+0.001
1 0.038+0.001
15 0.035+0.005
Contact angle Control 36.33+638
0.5 63.51+3.2%
1 65.00+1.80
15 84.43+0.72
Moisture content (%) Control 17.18+2.13
0.5 13.90+0.58
1 13.13+0.5%
15 12.6620.80
WVP (g/msPa) 18 Control 1.90+0.131
0.5 1.80+0.17
1 1.20+0.2%
15 1.00+0.03
Total color differenceAE) Control 19.06x0.05
0.5 25.72+0.18
1 26.85+0.10
15 30.23+0.02

* Meansin each column with different superscript letters are significantly different (p < 0.05).

Mechanical Properties of films

Mechanical properties reflect the edible film’slabito protect the integrity of foods. Table 3 st®the mechanical
properties of MC films. MC control film had tensistrength value 14.95 MPa. Incorporation of PA® MC films
decreased tensile strength values, but As PAO obrat®n increased (1.5% v/v), tensile strengthueal
significantly increaseR<0.05) (19.50 MPa). It could be caused a strongraation between the polymer and the
PAO produced a cross-linker effect, which decretisedree volume and the molecular mobility of gawymer. A
similar result was reported by Hosseini et al [20] chitosan films incorporated cinnamon essentibl The
elongation value (E %) in control film was 25.6%sé®wn in Table 3. Incorporation of PAO (1.5% \itvjo MC
films increased E% values significantly (p < 0.@50.0). A similar result was reported by Osés €84] on WPI
film incorporated mesquite gum.
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Table 3 Mechanical properties of MC films incorporaed with PAO

*Mechanical properties PAO conc. (v/v) in film sthn (%)

Tensile strength (MPa) Control 14.95+216
0.5 14.09+1.2%
1 10.61+1.58
15 19.50+0.4%

Elongation at break (%) Control 25.62+0°91
0.5 24.93+0.12
1 23.47+0.53
1.5 50.0+0.10

* Means in each column with different superscript letters are significantly different (p < 0.05).

Film Microstructure

Figure 1 shows SEM micrographs of the MC basedsfil@ontrol films were compact, and the film surfaee a
smooth contour without pores or cracks (Fig. 1d)e Tnicrostructure of the film containing PAO (1.5 W)
showed many pores and a cracked structure (Figwahgh might be attributed to the evaporationhef EO during
the drying process of the film. Bahram et al [25ported the same structure for whey-based filmrpm@ted with
CEO.

15.8kV X6.088K 5.08xm

) (B)
FIG 1 SEM microstructure of (A) MC film (B) MC film incorporated PAO (1.5 % v/v)

CONCLUSION

The edible MC films incorporated withimpinella affinis oil exhibited antibacterial activity against theam-
positive and gram-negative bacteria tested. Inargathe pimpinella affinis oil in the edible MC films yielded a
higher inhibition of tested pathogenic bacteriacréasing PAO in the edible MC films improved WVPdathe
films’ Moisture content. The color of edible MCrfis was darker and more yellowishpaspinella affinis oil was
increased. The CA test revealed that the improvésngere attributed to hydrophobicity of the film &@hPAO was
added. PAO incorporated in edible MC films providkd films with a rougher surface than that of pedéle MC
films. Our results pointed out the films containiRgO (1.5% v/v) had unique properties that are uldef coating
of highly perishable foods such as fish and poultry
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