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To prepare composite films from biopolymers with anti-listerial activity and moisture barrier properties,
the antimicrobial efficiency of chitosan—hydroxy propyl methyl cellulose (HPMC) films, chitosan—
HPMC films associated with lipid, and chitosan—HPMC films chemically modified by cross-linking
were evaluated. In addition, the physicochemical properties of composite films were evaluated to
determine their potential for food applications. The incorporation of stearic acid into the composite
chitosan—HPMC film formulation decreased water sensitivity such as initial solubility in water and
water drop angle. Thus, cross-linking of composite chitosan—HPMC, using citric acid as the cross-
linking agent, led to a 40% reduction in solubility in water. The water vapor transfer rate of HPMC
film, ~270 g-m~2-day~!-atm~1, was improved by incorporating chitosan and was further reduced 40%
by the addition of stearic acid and/or cross-linking. Anti-listerial activity of films was determined on
solid medium by a numeration technique. Chitosan—HPMC-based films, with and without stearic
acid, inhibited the growth of Listeria monocytogenes completely. On the other hand, a loss of
antimicrobial activity after chemical cross-linking modification was observed. FTIR and 13C NMR
analyses were then conducted in order to study a potential chemical modification of biopolymers
such as a chemical reaction with the amino group of chitosan. To complete the study, the mechanical
properties of composite films were determined from tensile strength assays.
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INTRODUCTION on o
Growing concerns regarding the safety of intermediate- , | ? HO Nt o R ol
moisture food warrant a greater emphasis on the development | o © J Ho
of active packaging. Bacterial foodborne pathogens such as NHCOCH, OH NHCOCH; |

Listeria monocytogenese of special concern due to their recent
implication in human infections and diseases. To prevent the
development and spread of pathogenic microorganisms via food,antimicrobial agents onto the surface of the fode-8). Third,
more information is needed concerning potential alternative gntimicrobial macromolecules with film-forming properties, such
solutions such as antimicrobial packaging materials. _as cationic amino-polysaccharides, can produce antimicrobial
Combining biocide agents directly into a packaging material fjms (9—12). Release of biocide agent would not be required
could provide several advantages. First, only the necessaryfor this system. Moreover, legal issues and standards concerning
amount of biocide would be used. Second, the agent would notihe rate of migration of substances in packaging into food
be a di_rect addit_ive to the food produ_ct. In addition, if the products do not limit the development of such bioactive
packaging materials were made of a biopolymer, there would materials. However, the limitation is the necessity of direct
be environmental advantages (1). contact between the packaging and the food for these systems
According to Cooksey?), there are three basic categories g pe effective.
of antimicrobial films. One involves the direct incorporation of Chitosan, a polysaccharide derived particularly from crusta-
the antimicrobial additive into the packaging film, whereas the cean chitin, is of particular interest in the food-packaging field.
second type is coated with a material that acts as a carrier forgoth chitin and chitosan biopolymers are composed of glu-
the additive. These categories of materials can release thecgsamine andN-acetylated glucosamine (2-acetylamino-2-
deoxyb-glucopyranose) units linked by (¥} glycosidic bonds.
* Author to whom correspondence should be addressed (telephone 33 5Chitin is extensively acetylated, whereas chitosan is largely

Figure 1. Structure of chitosan.

40 00 29 13; fax 33 5 40 00 64 22; e-mail v.coma@Icsv.u-bordeaux1.fr). . L . .
T Laboratoire de Chimie des Substanceg#ables. deace_:tylated](3) (F|gu_re 1). Additionally, chmn z_ind chitosan _
8 Recherche Appliquée en Chimie Industrielle Organique. are biodegradable, bioabsorbable, and bioactive molecules in

10.1021/jf0306690 CCC: $27.50  © 2004 American Chemical Society
Published on Web 09/23/2004



6586 J. Agric. Food Chem., Vol. 52, No. 21, 2004 Moller et al.

either their polymeric or oligomeric form4.Q, 14). As related polymer in 200 parts distilled water, 100 parts absolute ethanol, and 1
by Cooksey (2), the positive charges of chitosan interfere with part PEG400. To select a solvent not only deprived of activity inhibitory
the negatively charged residues of the macromolecules at theto the microbial strain but also allowing a good solubility of both
bacterial cell surface, compete with calcium for electronegative polysaccharides, cast films elaborated from different solvents were

sites on the membrane, and compromise the membr(,:me,sstudied.Water/ethanol (200:100 parts) was replaced by 1% acetic acid

integrity, thus causing leakage of intracellular material, leading
to bacterial cell death.

Cellulose derivatives such as hydroxy propyl methyl cellulose
(HPMC) are promising raw materials for edible coatings or
films, associated with antimicrobial entities. HPMC is a water-
soluble polymer used in food industries as a gelling and
stabilizing agent. However, cellulose films are poor water vapor
barriers because of the inherent hydrophilic nature of polysac-
charides. Hygroscopic characteristics of cellulose derivatives
show that swelling by water leads to a loss of gas and vapor
barrier properties. A way to improve the moisture barrier would
be the incorporation of hydrophobic compounds, such as fatty
acids, into the cellulose ether matrix to develop a composite
film (15—18). Cross-linking by a polycarboxylic acid would

be another interesting way to potentially decrease the hydrophilic,

characteristics and water solubility of cellulosic polymers.
Consisting of the formation of covalent bonds between the
chains of cellulose, this chemical modification leads to a
decrease in the availability of hydroxyl groups, limiting polysac-
charide-water interactions by hydrogen bonding. As previously
described (19), cross-linking of HPMC films with citric acid

resulted in a decrease in the affinity of the natural polymer

(300 parts) or distilled water (300 parts).

The composite film-forming solution, prepared from chitosan
HPMC 50:50 proportionally, was then poured in a uniform layer of 1
mm thickness onto a polypropylene plate. The optimum conditions for
casting were 60°C for 2.5 h in a drying oven at ambient relative
humidity (RH). The dried composite films were peeled from the plate,
and samples were conditioned at 201 °C and 50+ 5% RH before
property measurements.

(b) Composite ChitosanHPMC—Stearic Acid Film (Composite
SA).To elaborate lipid composite films, the same HPMitosan
film-forming procedure as above was used, associated with stearic acid
incorporation prior to film formation. The quantity of hydrophobic
compounds was expressed as a percentage of the polysaccharide part
(w/w). The film-forming solution was heated to the melting point of
the selected hydrophobic compound (T2 before fatty acid addition.

The composite film-forming solution was then poured in a uniform
ayer of 1 mm thickness onto a polypropylene plate and dried 4€60
for 2.5 h in a drying oven. The dried composite films were peeled
from the plate, and samples were conditioned a#20 °C and 50+
5% RH before property measurements.

(c) Cross-Linked Filmskilms were obtained after incorporation of
citric acid (15% w/w HPMC) and NadfPO, (50% wiw citric acid) prior
to film formation as described in Coma et d9j. The pH of the film-
forming solution was 4.8. The solution was then homogenized for 15

toward water and produced non-water-soluble films associatedMin and plated onto polypropylene support at a thickness of 1 mm.

with improved water vapor barrier properties. To develop
bioactive environmentally friendly packaging materials, chito-
san—HPMC composite films have been elaborated, with chi-

tosan as antibacterial compound. The greatest obstacle to th‘?il

development of chitosan-based packaging is cost. Therefore

Films were dried at 60C for 2.5 h at ambient RH, peeled, and heated
again at 190°C for 15 min. Materials were conditioned for 5 days at
20 £+ 1 °C and 50+ 5% RH before property measurements.

A micrometer (Mitutoyo electronic micrometer) was used to measure
m thickness to an accuracy ofdm. Ten measurements were made

'on each test sample and showed a mean final thickness36f+ 4

association with a cellulose derivative has been conducted t0,m. Treatment means were separated using Studenést at 95%
reduce the cost of materials, because HPMC is not an expensiveyrobability (p < 0.05).

biopolymer to produce. To improve the barrier properties of
these chitosan—HPMC films, a combination of hydrophilic
polysaccharide with stearic acid and chemical modification of
biopolymers from citric acid reactant were evaluated.

The overall objective of the current study was to investigate
the antimicrobial efficiency and water sensitivity of chitosan
HPMC films, chitosanrHPMC films associated with lipid, and
chemically modified chitosanHPMC films from cross-linking
in order to exhibit anti-listerial activity and moisture barrier
properties. In addition, the physicochemical properties of
composite films were evaluated to determine their potential for
food applications.

MATERIALS AND METHODS

Materials. CompoundsChitosan 244 (deacetylation degre85%,
low viscosity) was furnished by France Chitine (Marseille, France).
HPMC (Culminal 50, Aqualon, Rueil Malmaison, France), polyethylene
glycol 400 (PEG400, Merck, Darmstadt, Germany), and stearic acid
(SA, 5376, Sigma Chemical Co. St. Louis, MO) were used, without
further purification.

Methods. Strains, Culture Media, and Growth Conditions. Listeria
monocytogenes, ATCC 15313, was storee-20 °C in 70% glycerol.
Overnight preculture was performed as follows: the strain was grown
in tryptose broth (Difco 62176, Detroit, MI) at 3W and agitated at
140—160 rpm for 18—24 h.

Chitosan—HPMC Film Preparation. (a) Composite Chitosan
HPMC Films (Composite Film)Chitosan solution (2% w/v) was

Bioacti:ity AssessmentAntibacterial activity of chitosan-based films
was tested by an agar plate method as described by Sebti 21 )alA(
known cell density per plate of an overnight monocytogenes
preculture was deposited on tryptose agar medium and allowed to dry
in a laminar flow hood at room temperature for 1 h. The initial cell
number per Petri dish was evaluated from preliminary experiments on
the microbial charge of an overnight culture in tryptose broth. Moreover,
initial cell number was confirmed by the control assays conducted in
parallel, without film. Two different initial microbial charges were used
to determine the influence of cell density on the effectiveness of
bioactive films. Petri dishes were inoculated witf800 cells.

Bioactive films were deposited on the surface of inoculated tryptose
agar, and the plates were incubated at°80 The numeration was
performed after different incubation times.

Growth controls (without films) were conducted to ensure that viable
organisms were present. In addition, contamination controls «film
agar medium experiments, without microbial cells) were performed on
films deposited on an uninoculated tryptose agar to test their initial
contamination. Finally, the bioactivity of homogeneous films, with
chitosan replaced by HPMC (same content, same procedure), was
determined in parallel to verify the non-antimicrobial activity of
potential residual solvent previously used in the film-forming solution.
All experiments were conducted in triplicate. Treatment means were
separated using Student'sest at 95% probability (p< 0.05).

Water Vapor Transmission Rate (WVTR) Determinafidre WVTR
of biomaterials was evaluated using NF ISO 2528 (1989). An aluminum
cup containing anhydrous CaCtlesiccant (assay cup) or nothing
(control cup) was sealed by the test film (50%exchange film area)
with paraffin wax at 50°C. It was placed in an environment of

prepared by dissolving chitosan in 1% acetic acid as specified in Coma controlled humidity and temperature (3895% RH and 20+ 1 °C).

et al. 0). The HPMC solution was obtained using a modified procedure
described by Kamper and Fennen28), by dissolving 9 parts HPMC

The WVTR (gm~2-day *-atnT!) was determined from the weight
increase of the cup over time at a steady state of transfer. All
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Table 1. Effect of the Solvent and Chitosan Content of Film-Forming Table 2. Water Affinity and Anti-Listerial Activity of Composite,
Solutions on the Anti-Listerial Activity Evaluated by Numeration Composite—SA, and Cross-Linked Films?
Experiments
composite composite— cross-linked
solvent of the film- anti-listerial film SAfim film
film forming solution® activity (%) solubility in water (%) 1000 55+7 40+ 4
HPMC 2.5% A 0 initial drop angle (deg) 65+3 90£6 50+5
HPMC 2.5% B 0 water content at 50% RH (%) 9.94 +£0.86 11.08 + 2,40 6.42 £1.17
HPMC 2.5% A+C(2:1) 0 WVTR (g*'m~2-day~l-atm™1)  217+7 134+ 4 131+13
HPMC 2.5% A+B+C(2:2:1) 0 o
anti-listerial activity
1% chitosan A+B+C(22:1) 100 growth control (UFC per 343+6 278 £ 13 343+6
0.5% chitosan—1.5% HPMC A+B+C(2:2:1) 91 Petri dish)
1% chitosan—1.5% HPMC A+B+C(2:2:1) 100 listerial growth below the 0 0 247+ 15
1.5% chitosan—1.5% HPMC A+B+C(2:2:1) 100 film (UFC per Petri
dish)
aA, H,0; B, 1% aqueous acetic acid: C, 95% ethanol. inhibition (%) 100 100 28

@ SA, stearic acid; RH, relative humidity; WVTR, water vapor transfer rate; UFC,
experiments were conducted in triplicate. Treatment means were unit-forming colony. Data, followed by their standard deviations, are means of at
separated using Student'sest at 95% probability (p< 0.05). least three experiments. Anti-listerial activity was investigated on the growth of L.

Water Contact Angle MeteA water drop was deposited on the  monocytogenes.
surface of different films (size= 65 mm x 25 mm). Thef angle at
the water/film interface was measured (Kruss instrument) after 5 s to
the nearest degree. THevalue varied from 0 to 90from hydrophilic Table 3. Kjeldahl Nitrogen Analysis of Composite, Composite—SA, and
(0°) to hydrophobic (96) film nature. Five measurements on each film ~ Cross-Linked Films?
were performed at random positions. Treatment means were separated

using Student's test at 95% probability (p< 0.05). composite film - composite-SA  cross-linked
Solubility in Water The solubility in water of the different cellulose (1009) film (100g) ~ fim (100 g)
films was measured from immersion assays in 50 mL of distilled water N in the initial film (g) 2.40 +0.03 1.99 +0.03 2.28 +0.03
for 24 h at 20+ 1 °C. The solubility in water expressed as a percentage  solubilized N in im- 2.38+0.02 1.30 £ 0.03 0.04 +£0.03
of the initial dry matter was determined from the residual dry weight mersion water (g)
after immersion compared to initial dry weight. The percentage of initial ~ residual Nin the film 0.66 +0.03 2.35+0.03
dry matter in film was determined by thermal processing at“ID&r after immersion
1 h or by an infrared scale (Mettler instrument). All experiments were process (g)
conducted in triplicate. Treatment means were separated using Student’s Solubilized N in water (%) 99 65 0
t test at 95% probability (< 0.05).
Spectroscopic Analysis. (a) FTIR Analysisfrared spectrometry @ SA, stearic acid. Data, followed by their standard deviations, are means of

using a Nicolet 210 apparatus with an attenuated total reflectance (ATR) three experiments.

accessory was selected because of saturation phenomena of transmission

spectra. Infrared spectra were recorded in the-5@0 cnT! zone

using 200 scans and with a resolution equal to 4tm to dry and peel the films from plates. The selected solvents were
(b) *C NMR Analysis Solid state*®C NMR spectra of powder 104 aqueous acetic acid to dissolve chitosan, distilled water/

samples were performed at room tempferat“r; OE a Br“ke; DPX-400 gthanol (2:1) to dissolve HPMC, and PEG as plasticizer, without
NMR spectrometer, using MAS rates of 4 and 8 kHz, at a frequency _. .. T - .

of 100.61 MHz. Samples were packed in MAS 4 mm diameter zirconia significantly (p < 0:05) inhibiting microbial growt_h. )
rotors. All of the spectra were run for 15 h. After the selection of the solvent combination, different

Mechanical PropertiesThe mechanical resistance of films was chitosan contents in films were tested for anti-listerial activity.
performed at 26 1 °C and 50%+ 5 RH. It included tensile strength  Results proposed in the second parffable 1 show that 1%
(TS, Pa), ultimate elongation (UE, percent at break point), and Young's chitosan was sufficient to maintain a significant antimicrobial
modulus ¥, Pa). Tests were performed (Amadel Lhomargy instrument) yroperty within the biopackaging. Below 0.5%, film recovery
according to AFNOR NF 1SO 527-3 (1995) on nine films previously ¢ particularly difficult. As a result, the selected film com-
stored for 7 days at 2& 1 °C and 50+ 5% RH. Films (analyzed area ite. b d 1% chit d1 ’50/ HPMC d. Th
= 25 mm x 60 mm) were uniaxially stretched at a constant velocity posite, based on 1% C ,' osan and 1.5% » was used. . €

structure/property relationships were only measured on this

of 3 mm/min. The stressstrain curves were computer-recorded. e i ’ we A
Treatment means were separated using Studentest at 95% combination, following stearic acid incorporation or the cross-

probability (p < 0.05). linking process.
Structure—Property Relationships. Dehydration of food
RESULTS AND DISCUSSION products can be limited by the use of edible films as moisture

Pre”minary Assays_ First experiments were performed to barriers. Because of the hydrophlllc nature of HPMC films, a
determine the potential inhibitory activity of solvents on the Significant water vapor transfer was expected. To improve the
selected bacterial strain. Bacterial growth was measured by themoisture barrier, incorporation of edible hydrophobic com-
numeration method on tryptose agar medium. The control, in pounds, such as fatty acid, and chemical modification on
parallel, consisted of the same initial listerial charge without cellulose hydroxyl groups from cross-linking modification were
film. Second, the minimal content of chitosan necessary to studied. A previous study carried out on HPMC-based films
produce strong anti-listerial materials was determined. had shown that a stearic acid content5% (w/w HPMC)

Results inTable 1indicated that none of the initial solvents produced an optically unusable film with very poor mechanical
influenced the anti-listerial activity of the films. The solvent properties (19). In the present study, 15% fatty acid content
combination A+ B + C allowed the films to be formed more  (w/w polysaccharide) was thus used, and the effects of stearic
easily than with the other combinations as to the time neededacid incorporation (composieSA films) or cross-linking with
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Figure 2. Scanning electronic microscopic views (JEOL 840A): (A) surface
observation of composite film, magnification x 1500; (B) surface
observation of cross-linked film, magnification x 1500.

citric acid (cross-linked films) were investigated on ligtid
water interactions, moisture transfer, and antibacterial properties.
The first part ofTable 2 shows water sensitivity parameters
of composite-SA and cross-linked films. Composite films were
completely soluble in distilled water. Combination with stearic

Moller et al.

made from chitosan and HPMC, absorbed the water drop
immediately after it was positioned. These results must be
interpreted cautiously due to problems of experiment repeat-
ability for the cross-linked films, concerning the very hetero-
geneous surface area structure of the chemically modified films
(Figure 2).

To determine the water vapor barrier, the WVTR of films
was calculated. The HPMC film, without chitosan, showed a
significant WVTR near 270 g-n?-day '-atnm 1. This strong
coefficient was due to multiple interactions between water and
the free hydroxyl group of HPMC. For composite films, a
combination of HPMC with chitosan reduced this value by 20%.
These results were further improved to 40% by the addition of
SA and/or cross-linking. Water sorption in the different films
was determined at 58 5% RH and 20+ 1 °C, and results
showed no significant differences between water content of the
composite and the composit8A (Table 2). Cross-linked film
had a water vapor sorption significantly weaker than those of
both composite films. This latter result led to the assumption,
taking into account the same WVTR obtained from compesite
SA and cross-linked films, that the water diffusion coefficient

acid, under the present experimental conditions, decreased watefrqygh the chemically modified film could be higher than that

solubility to 55%, and the solubility in water of cross-linked
films was further reduced to 40%, due to interchain covalent
bonds from cross-linking reactions, thus opening application
possibilities for these materials. To determine the chitosan
distribution between the aqueous phase and the insoluble film,
Kjeldahl nitrogen analysis (Kjeltec 2200 apparatus) was con-
ducted on initial films, immersion water, and residual material
(recovered after immersion). Fatty acid incorporation decreased
the fraction of solubilized chitosaTéble 3). Stearic acid thus
decreased the accessibility of chitosan, and potential chitosan
fatty acid interactions could lead to a hydrophiticydrophobic
“complex”. Results obtained after cross-linking show that the
fraction of solubilized film corresponded only to HPMC. This

of composite—SA.

Concerning antibacterial activity of films, results are given
in the second part ofable 2. Chitosan—HPMC-based films
totally inhibited listerial growth. The polycationic nature of the
chitosan under the present experimental conditions was thus the
bioactive compound responsible for the biological properties
of the film. Homogeneous HPMC films, formulated from 1%
aqueous acetic acid as solvent, were also tested to verify that a
possible limitation of oxygen transfer by materials and/or an
action of residual solvents still potentially present in films did
not have consequences on the growth.ofmonocytogenes.

In conclusion, the incorporation of stearic acid into the film-

observation can be explained by the creation of covalent bondsforming solution led to a decrease in the hydrophilic nature of

primarily between polyacid and chitosan (and much more
slightly with HPMC), leading to esters and/or amide groups.
Incorporation of SA into the film-forming solution strongly
increased the initial drop angles, due to its hydrophobic nature
(Table 2). Opposite results were obtained with cross-linked
films. Moreover, for the compositeSA and cross-linked films
the angle did not change for at least 20 s. The composite film,

Crosslinked film

Composite film
Composite-SA film

1004

80 -

B0 -

%Transmittance

40 -

20

2500

Figure 3.

the films and an increase in the moisture barrier properties with
an inhibition ofL. monocytogenesf 100%. The cross-linking
improved the moisture barrier properties and, interestingly, the
solubility in water, but the anti-listerial properties were lost.
The loss of the anti-listerial activity after chemical modifica-
tion could possibly be attributed to a chemical reaction of the
amino group, which is responsible for the anti-listerial activity.

344 5

2000
Wavenumbers (cm™")

Infrared spectra of composite, composite—SA, and cross-linked films, from ATR analysis.
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Figure 4. 13C NMR spectra: (a) composite film chitosan—HPMC; (b) cross-linked film.

Between carboxylic functions of citric acid and amino groups to —NH, or to the protonation of the primary amino group
of chitosan, a potential reaction was, indeed, an amide linkage.—NH3™. The band at 946 cm (A3), anti-symmetric out of

To bear out this possibility, ATR-FTIR analysis was per- phase ring vibration, was used as an internal standard. Because
formed directly on the different films. The infrared spectra of of its variations with only the HPMC level, this reference band
the composite, compositeSA, and cross-linked filmsHigure was not affected by the film thickness. Spectra of the compesite
3) showed characteristic polysaccharide bands at 1060 cm SA films showed bands at 2915 and 2849 ¢nuue essentially
(C—0O—C stretching) as well as bands at 1550 érfA1) and to the CH group of stearic acid. None of the infrared spectra
1407 cnt! (A2), which, according to the literature, could be clearly indicated the presence of carboxylic groups in the region
attributed to the-NH group @2). Al and A2 could be attributed  near 1740 cm! or newly formed functional groups.
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Table 4. Water Vapor Barrier and Inhibition Effectiveness of films became less elastic and extensible as seen in a previous
Cross-Linked Film, Thermally Treated HPMC—Chitosan Film, and study (21). The incorporation of SA led to a decrease in
HPMC—Chitosan Film with Citric Acid? mechanical resistance, which may have been due to the partial

replacement of the polymer by lipids in the film matrix. This

i without ;'I':‘C";':‘d phenomenon led to discontinuities within the polysaccharide
L ) network. Concerning chemically modified films, the cross-
Cross- citric acid and without linki led - . hain bondi hich h
lnked  and with thermal thermal inking led to extensive interchain bonding, which may have
film processing processing contributed to the limited flexibility of the films.
WVTR (gm 2day lam 3 131213 17210 19325 The present results indicate that HPMchitosan-based films
anti-listerial activity show potential for preserving the microbial quality of perishable
growth control (UFC per 343+6 334+ 12 278+ 13 foods and, thus, extending their shelf life. It seems that the
Petri dish) antimicrobial effectiveness of composite films depends on the
growth of listerial below 247 £15 295 +13 8+7 mode of thermal processing. Mechanical properties would be
g‘e f"g? (hL;FC per improved by incorporation of a plasticizer. The impact of film
etri dis it ; ; ; ;
inhibition (%) 28 " o7 deposition on the development of microbial resistance, especially

onL. monocytogenegrowth, should also be studied. Moreover,
the antimicrobial effect of such composite films should be
determined on an entire model food (surface and mass inhibi-

aWVTR, water vapor tranfer rate; UFC, unit-forming colony. Anti-listerial activity
was investigated on the growth of L. monocytogenes.

tion).
Table 5. Mechanical Properties of Composite, Composite—SA, and
Cross-Linked Films® ACKNOWLEDGMENT
film composite composite-  cross-linked We thank M. Petraud and |. Sebti for technical and scientific
HPMC film SA film film assistance.
UE (%) 6.63+1.28 3.87£0.50 1.79+0.16 1.77+£0.16
Y (MPa) 19+6 18+2 31£2 32+£3 LITERATURE CITED
TS(MPa) 346 24+2 30+ 2 3545
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determine the percentage of inhibition of the temperature-treated (10) Coma. V.- Martial-Gros. A - Garreau. S.: Copinet, A.; Salin, F.;

film (without citric acid) because the film did not stick to the Deschamps, A. Edible anti-microbial films based on chitosan
agar medium. After deposition on the agar medium, the film matrix. J. Food Sci2002,67, 1162—1169.

partially came off. The colonies counted grew all over the agar (11) Bégin, A.; Van Calsteren, M. R. Antimicrobialfilms produced

medium, so it could be assumed that zones of the film that were from chitosanint. J. Biol. Macromol.1999,26, 63-67.

not in contact with the medium, without anti-listerial activity, ~ (12) Pen, L. T.; Jiang, Y. M. Effects of chitosan coating on shelf life
led to an undervaluation of the antimicrobial properties. and quality of fres-cut chinese water chestriugbensm.-Wiss.-

. . . Technol.2003,36, 359—364.
To complete the study, the mechanical properties of composite (13) Koide, S. S. Chitin-chitosan: properties, benefits and risksr.

films were determined from tensile strength essdyable 5 Res 1998 18. 10911101

shows the tensile strength, Young’'s modulus, and ultimate (14) Muz.zarell’i, R A A Méttioli-BeImonte, M.: Miliani, M.:

elongation of composite, composit8A, and cross-linked films. Muzzarelli, C.; Gabbanelli, F.; Biagini, G. In vivo and in vitro
After stearic acid introduction and chemical modification, the biodegradation of oxychitin-chitosan and oxypullulan-chitosan

UE decreased-40%. Young’'s modulus increasedr0%. The complexesCarbohydr. Polym2002,48, 15-21



Antimicrobial Properties of Chitosan—HPMC-Based Films J. Agric. Food Chem., Vol. 52, No. 21, 2004 6591

(15) Yang, L.; Paulson, A. T. Effect of lipids on mechanical and (20) Kamper, S. L.; Fennema, O. Use of edible film to maintain water

moisture barrier properties of edible gellan filFood Res. Int. vapor gradients in foodsl. Food Sci.1985,50, 382—384.

2000,33, 571—-578. (21) Sebti, I.; Pichavant, F.; Coma, V. Edible bioactive fatty acid-
(16) Debeaufort, F.; Quezada-Gallo, J. A.; Delporte, B.; Voilley, A. cellulosic derivatives composites used to food packaging ap-

Lipid hydrophobicity and physical state effects on the properties plications.J. Agric. Food Chem2002,50, 4290—4294.

of bilayer edible films.J. Membrane Sci2000,4679, 1-8. (22) Ramos, V. M.; Rodriguez, N. M.; Dias, M. F.; Hereas, A.;
(17) Kesler, J. J.; Fennema, O. An edible film of lipids and cellulose Agullo, E. N-methylene phosphonic chitosan. Effect of prepara-

ethers: barriers properties to moisture vapor transmission and tion methods on its propertieSarbohydr. Polym2003 52, 39—

structural evaluation]. Food Sci.1989,54, 1383—1389. 46.

(18) Ayranci, E.; Tunc, S. The effect of fatty acid content on water
vapor and carbon dioxide transmission of cellulose-based edible
films. Food Chem2001,72, 231—236. Received for review September 22, 2003. Revised manuscript received

(19) Coma, V.; Sebti, I.; Pichavant, F.; Pardon, P.; Deschamps, A. May 25, 2004. Accepted June 10, 2004.

Film properties from cross-linking of cellulosic derivatives with
a polyfunctional carboxylic acidCarbohydr. Polym2003,51,
265—-271. JF0306690




