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Antimicrobial Paper Based on a Soy Protein Isolate or Modified
Starch Coating Including Carvacrol and Cinnamaldehyde
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Soy protein isolates (SPI) and octenyl-succinate (OSA) modified starch were used as paper coating
and inclusion matrices of two antimicrobial compounds: cinnamaldehyde and carvacrol. Antimicrobial
compound losses from the coated papers were evaluated after the coating and drying process, and
the two matrices demonstrated retention ability that depended on the compound nature and
concentration. Whereas carvacrol losses ranged between 12 and 45%, cinnamaldehyde losses varied
from 43 to 76%. The losses were always higher from OSA-starch-coated papers than from SPI-
coated papers. During storage in accelerated conditions, at 30 °C and 60% relative humidity, carvacrol
retention from coated papers was found to be similar whatever the coating matrices and the carvacrol
rate. In contrast, the retention from SPI-coated papers was particularly high for the cinnamaldehyde
concentration of 30% (w/w) compared to the lowest (10% w/w) or highest concentration (60% w/w).
Compared to carvacrol, faster release was observed, particurlarly when OSA-starch was used. The
antimicrobial properties of the coated papers were shown against Escherichia coliand Botrytis cinerea
and explained by favorable conditions of total release of the antimicrobial agents.

KEYWORDS: Cinnamaldehyde; carvacrol; coated papers; soy protein isolate; OSA-starch; antimicrobial
packaging

INTRODUCTION surfaces by coating or by absorptiof).( Among potential
Microbial growth on food surfaces is a major cause of food Caiers, agropolymers such as proteins and polysaccharides have
spoilage, for example, bacterial contamination of ready to-eat drawn attention for their film-forming ability and have been
or meat products and mold decay, in fruits and vegetables. Used to make edible films and biodegradable active packaging
Attempts have been made to improve safety and to delay (9—16). In addition, the agropolymer’s film-forming properties
spoilage by using antimicrobial sprays or difisZ). However, are successfully used for the encapsulation of numerous products
direct surface applications onto foods have limited benefits and have high retention ability. Encapsulation is described as a
because the active substances can be neutralized on contact withrocess by which the compounds may be coated or packaged
food or diffuse rapidly from the surface into the food mass. An in a protective wall materiall(7). Functional characteristics of
alternative is the use of antimicrobial packaging, a promising an effective wall material include not only good film-forming
form of active packaging (3—7). It possesses attributes beyondapility but also emulsion stabilization properties, effective
basic barrier properties, which are achieved by adding active retention, and release ability. Proteins such as whey or soy
ingredients to the packaging systems and/or by using antimi- 5 tains have physicochemical properties that satisfy the
crobial polymeric materials. Antimicrobial packaging could be requirement of an encapsulating agent and have been reported
more efficient than direct surface application by controlling as effective agents for encapsulation of fats or aroma compounds
migration of the antimicrobial agents from the packaging b drvi h . lati h
material to the surface of the product, thus maintaining their y spray-drying, ,t N m(,)St common microencapsu ation tech-
nique in the food industried ¥, 18). Native starches and related

high concentrations where and when they are nee8g8) ( ) A
Volatile and nonvolatile antimicrobial agents can be incor- nydrolyzed products lack active surface properties and have to

porated into polymers during processing or applied onto polymer P& chemically modified or used in conjunction with emulsifying
agents in order to encapsulate hydrophobic products such as
* Author to whom correspondence should be addressed (telephone aroma compounds. For example, hydrOphOb'C.OCtenyl succinate
+33467143891; fax-33467144990; e-mail chalier@univ-montp2.fr). anhydrous (OSA) groups can be grafted to native or hydrolyzed

T Anieri - A i . . e cpes .
Emelfg';/éﬁt;gTE (Ingénierie des Agro-polyméres et des Technologies  giq ches to impart their emulsifying abilities and decrease their

8 UMR IR2B (Ingénierie de la réaction biologique et biochimique). viscosity (L9). The presence of hydrophobic groups contributes
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to the absorption of oil into the matrix and increases the oil runimmediately. The rate of rotation from the outer cylinder increased
loading during the encapsulation process. from 65 to 400 s™.

With regard to the antimicrobial agents, several compounds Coating Process and Drying of PapersThe coating process was
have already been proposed for antimicrobial food packaging, Performed at 25°C: a support paper was maintained on an iron
including organic acids such as sorbic aci@), enzymes such perforated plate under partial vacuum (21 &n80 cm), and the coating

as lysozyme (b bacteriocins such as nisia@, 21), and natural solution was gpplied by an adjustable micrpmeter thin-layer chroma-
antimicrobial compounds such as essential olls, (6, 22). tography applicator (Braive Instrument, Chécy, France). Then, coated

; . A . o
Essential oils possess strong antimicrobial properties againstzgﬂ?rs were dried fc8 h at 23+ 2°C and at 50t 5% relative humidity

foodborne pathogens, and their antimicrobial activities have
often been assigned to their major components. Among them
phenolic compounds such as carvacrabtG40) extracted from

Coated Paper Characterization. Moisture Content Ewvaluation.
’Moisture content of carvacrol free coated paper was evaluated in an
oven at 105°C for 24 h. However, the moisture content of papers

oregano and thyme essential oils or cinnamaldehydBl{Q), containing carvacrol or cinnamaldehyde cannot be evaluated by this
which occurs mainly in cinnamon oil, are described to be potent method, because aroma is partially eliminated and the residual content
antimicrobial compounds (23—28). estimated by the extraction method was not negligible.

To design biodegradable antimicrobial packaging, a base Coated Weight Determinatiomry coated weight was determined
paper was coated with soy protein isolates (SPI) and/or with from the weight of a defined surface of coated and uncoated paper.
(OSA)-starch solutions containing carvacrol and cinnamaldehyde The dry coated weight was obtained as followed: dry coated weight
selected as antimicrobial agents. The coated papers wergg/n¥) = coated weight (9/f) — carvacrol or cinnamaldehyde content
assigned for the retention and the controlled release of the active(9/n¥) — moisture content (g/#.
compounds. Thus, the effect of the coating and drying process Carvacrol and Cinnamaldehyde Extraction from Coated Papers.
on the cinnamaldehyde and carvacrol retention from the papersThe following extraction procedure was used to quantify the residual
as a function of both coating matrices was investigated. The a@mount of coated papers. Pieces of coated papers (8 8rm) were
ability of the coated papers to release these compounds ovefMmersed in a water an-pentane mixture (50:50 v/v). One hundred
time in accelerated conditions of storage was studied. Finally, Microliters of an internal standard solution (10 g/L of 2-nonanol) was
the inhibitory effect of the coated papers was determined againstadded, and the mixture was shaken for 16 h under magnetic agitation

. L . o (300 mir?). The organic phase containing carvacrol or cinnamaldehyde
the bacteriunEscherichia coliand the moldBotrytis cinerea. and 2-nonanol was removed, dried over anhydrous sodium sulfate, and

analyzed by gas chromatography. The analysis was carried out on a
MATERIALS AND METHODS Varian 3800 GC-FID (Les Ulis, France) equipped with a CP-Sil 5

. . . column (Varian) (15 mx 0.32 mm, film thickness= 0.25um) and a
Materials. A commercial base paper (70 glnmwas provided by flame jonization detector (FID; hydrogen, 30 mL/min; and air, 300

Ahlstrom Research and Services and was used as support for coatingml_/min). Hydrogen was used as a carrier gas with a flow rate of 2
SPIs were purchased from Seah International (SAMPROSOQY 90 NB; mL/min. The oven temperature was programmed to rise from 60 to
Wimille, France). According to the supplier, the product had an 8% qc59o¢ at 4 °C/min. then at 18C/min to 250°C. and held at 256C
moisture content and contained 91.8% proteins. OSA waxy maize starchg, . 19 min. Inject‘or and detector temperat’ures were adjusted at
(Cleargum, CO 01) was given by Roquette (Lestrem, France). Car- 554 oc |pjections were done in split mode with a 1:20 ratio.
vac_rol, cinnamaldehyde (the antimicrobial age.nts), and g-nonanol (US?dQuantification of the compounds was performed using the internal
as mte_rnal standard) were purch_ased from Sigma Aldrich (St Quentln standard for which the response coefficient was determined; it was about
Fallavier, France). Growth media such as pIa@e count agar medium 0.99 + 0.03 for carvacrol and 1.2 0.03 for cinnamaldehyde. The
(PCA), potato dextrose agar (PDA), and nutrient broth (NB) were o o 4ion yields were estimated by depositing a known quantity of

purcha;ed from .Blokar Diagnostic (Beauvals, France). the compound on the coated papers and by applying the extraction
Strains. E. coli (1.P.54127) an. cinerea(MUCL30158) cultures procedure described above. The extraction yields were found to be about

were obtained from the Pasteur Institut (Paris, France) and from the 87 + 5% (10 replications) for SPI—carvacrol, 64 3% for SPI—

catholic university of Louvain (Louvain, Belgium)E. coli was cinnamaldehyde, 82- 4% for OSA-starch carvacrol, and 99 1%

cultivated on PCA medium and keptaB0°C in 20% (v/v) glycerol. 5 55 starch-cinnamaldehyde. The extraction was done in triplicate
B. cinereawas harvested on PDA medium and kept on PDA slants at from two different coated papers

4 °C. L .
Preparation of Coating Solutions.SPI (10% wi/v) or OSA-starch Coggzr?;nztrm;ﬂg ;irgﬁlar;dndcgp??aggzggﬁsfoigsgf
(20% w/v) was dissolved in distilled water heated to°&0 Then the Per ¢ 9 ying .
carvacrol and cinnamaldehyde after the coating and drying process were

solutions were continuously stirred for 30 min at 8D, After cooling lculated b ing th idual " ted det
of the solutions to 28C, carvacrol and cinnamaldehyde at concentration caiculated by comparing the residual amount on coated paper deter-
mined by extraction procedure and the theoretical content of the agent

sof 10, 30, and 60% (w/w of SPI) were added. Homogenization was :
from the same coated paper. The theoretical content of carvacrol or

generally carried out with an Ultra-Turrax (T-25, IKA Labotechnik) at . . . . .
8000 rpm for 10 min. For cinnamaldehyde and OSA-starch the cinnamaldehyde (in g/fwas calculated in relation with the dry coated
weight by multiplying the latter by the percentage of added compound

homogenization was performed at a higher rate, that is, 20500 rpm. 1004 of d SPI or OSA h). The |
For combined OSA-starch/SPI coating solutions, a 5% w/v SPI In grams pe_r g of dry matter ( _or -starch). The losses were
expressed in percentage for comparison purposes.

solution and a 20% (w/v) OSA-starch solution were separately prepared i ) !
as described above. Then carvacrol (30% wiw of the final dry matter ~ For instance, the theoretical carvacrol quantity, for a SPI-coated paper
of the solution) was added to the 5% wi/v of SPI solution and With a dry coated weight of 10.7 gfand prepared with a solution
homogenized with an Ultra-Turrax (T-25, IKA Labotechnik) for 10 ~containing 10% carvacrol, was equal to 1.07 g/Mable 1). The

min at 8000 rpm. OSA-starch solution was added to the-8&ivacrol residual amount of carvacrol for this paper was found to_be 0.7483 g/m
coating solutions, and the OSA-starch/SPl/carvacrol solution was and consequently the losses were estimated to be 0.321igfm30%).
continuously stirred overnight at Z&. Kinetic Retention of Antimicrobial Agent from Coated Papers.

Viscosity Measurements of Coating SolutionsThe shear viscosity Pieces of coated papers (3 cin3 cm) were put in an oven at 3T
measurement was carried out on a Physica rheolab MC1 viscosimeterand at a constant relative humidity of 805%. The relative humidity
(Paar, Physica, Stuttgart, Germany) equipped with an MSZ1 DIN/ was adjusted due to a humidified air flux (25 mL/min) through the
double-gap measure cell. Samples were equilibrated at the analysisoven (volume of about 370 c¢in Coated papers were taken from the
temperature (25C), gently mixed, and then poured into the instrument. oven at prescribed time intervals; aroma compound content was
The instrument was previously equilibrated at°25 and the test was immediately determined by extraction method.
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Table 1. Carvacrol and Cinnamaldehyde Losses from SPI- and
OSA-Starch-Coated Papers after Coating and Drying Process as a
Function of Initial Concentration Introduced in the Coating Solutions

initial concn
(w/w of SPI,
coating antimicrobial OSA) in coat-  dry coated
matrix agent ing solutions wt (g/m?) loss (%)
SPI carvacrol 10 10.7+21  30.0%6.0
30 971 17627
60 136+2 120+11
cinnamaldehyde 10 145+24 595+72
30 130+31 641+80
60 11.3+27 430+73
OSA-starch  carvacrol 10 124+19 451+25
30 102+20 17.1+56
60 105+22 40.1+85
cinnamaldehyde 10 11712 76.0£85
30 122+24 T7715+46

Antimicrobial Test. Nutrient broth and PCA medium (Biokar
Diagnostic) were used as a basal mediumEorcoli. PDA medium
(Biokar Diagnostic) was used for the growth Bf cinerea.

E. coli strain was first inoculated in the appropriate broth for 24 h;
subsequently, cells from this culture were then inoculated in fresh
medium and incubated at 3@ for 16 h, to obtain 1®° cells/mL.
The obtainedE. coli suspension was used to inoculate a fresh medium
at 1% (v/v), which was shaken at 120 rpm and°8during 4 h to
obtain 162 cells/mL.E. coli suspensions of £05, 10*~5, 103~* cells/

mL were prepared by serial dilution in sterile tryptone salt, angi[30
of this inoculum was sprayed on the agar surface of a Petri dish for
antimicrobial testing.

For B. cinerea spores of 7-day-old cultures were first harvested with
sterile distilled water with 0.1% Tween 80 (v/v). The concentration of
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Figure 1. Apparent viscosity (shear stress = 109 s~1) of SPI solutions
(10% wiv) as a function of aroma compound concentration added to the
solutions: () carvacrol-SPI solutions prepared at 50 °C; (O) cinnama-
Idehyde—SPI solutions prepared at 50 °C.

80

(29), the OSA-starch solution (20% wi/v) displayed a Newtonian
behavior (data not shown); that is, its viscosity was independent
of the shear rate. In the case of a Newtonian behavior, the rate
of entanglements disruption is less important than the rate of
re-entanglement, and polymers are free to move independently
in solution without interpenetration (30).

Whereas soy protein solution flow behavior was not signifi-
cantly modified by the presence of carvacrol or cinnamaldehyde
(data not shown), the apparent viscosity was strongly affected.
Increasing aroma compound concentrations decreased the ap-
parent viscosity of SPI solutions from 0.056 to 0.0tsPafor
cinnamaldehyde and to 0.03 Bal for carvacrol Figure 1).

the conidia suspensions was determined using a hemocytometerThe influence of carvacrol and cinnamaldehyde addition on

(Malassez cell) with an optical microscope at 400 magnification, and
10* spores were inoculated in the center of the Petri dish for
antimicrobial testing.

Ten milliliters of molten agar medium was poured into sterile Petri
dishes of 5.5 cm diameter. Inoculated media \iéttcoli andB. cinerea

were placed in jars of 1 L (on the bottom). The coated papers were put

in the lid of the jar. Jars were kept at 3G for 48 h withE. coli and

at 22°C for 14 days witiB. cinerearespectively. Controls were carried
out in the same way with an uncoated paper with and without
antimicrobial agent.

Growth bacterial inhibition was expressed in terms ofid(d/No),
whereN is the CFU number formed on the agar surface exposed to
carvacrol and cinnamaldehyde aNd is the number of CFU on the
control Petri dish, in the absence of antimicrobial agent. For fungi,

growth delay and mycelia diameter measurements were taken into

account to assess the antimicrobial effect.

RESULTS AND DISCUSSION

Effect of Carvacrol and Cinnamaldehyde Addition on
Viscosity of SPI and OSA-Starch Coating SolutionsSPI and

solution viscosity could be related to the modification of the
protein conformation. Addition of organic compounds has been
previously demonstrated to affect protein conformation in
aqueous solution by thermodynamic measuremahj. (In a
previous studyZ9), it was found that the addition of carvacrol
led to the formation of unstable soy protein aggregates observed
by optical microscopy and confirmed by an increase of particle
size diameter. The apparent viscosity of SPI solutions was
affected in a similar way by cinnamaldehyde addition, suggest-
ing that similar changes in soy protein conformation may occur
in the presence of both carvacrol and cinnamaldehyde.

For OSA-starch solutions, neither flow behavior nor apparent
viscosity was affected by carvacrol and cinnamaldehyde addition
(data not shown). The viscosity remained low (about 0.015
Pa-s1) except for a slight increase of viscosity (from 0.016 to
0.026 Pa-s!) observed when carvacrol was added at high
percentage (50—60% w/w of OSA-starch).

Carvacrol and Cinnamaldehyde Losses after Coating and
Drying Process from SPI- and OSA-Starch-Coated Papers.

OSA-starch were used at the same time as paper coating andRetention of the antimicrobial compound is one of the most
inclusion matrices of two antimicrobial agents: cinnamaldehyde important features of the coating process. It depends on the total
and carvacrol. Paper-coating solution rheology is an important compound amount retained in the coating matrices after drying
parameter in the coating process as it influences the type of(at ambient temperature) compared to the initial compound
coating equipment that can be used as well as the resultingquantity introduced in the coating solutions. Thus, carvacrol and
coated weight. Viscosity measurement can also provide infor- cinnamaldehyde losses were determined after the coating and
mation for understanding protein state and interactions, par-drying process of papers by subtracting the extracted quantity
ticularly in the presence of added components. The inclusion remaining on dried papers from the calculated quantity deposited
of any additional additives in the coating solutions could alter on paper (able 1). Carvacrol and cinnamaldehyde losses were
the rheological properties of the resulting solutions and affect always higher for OSA-starch-coated papers than for SPI-coated
the entire coating proces28g). If the SPI coating solution (10%  papers. They ranged for carvacrol and OSA-starch matrices
wi/v) followed a shear thinning behavior as previously reported between 17 and 45% against 12 and 30% in the case of SPI
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Figure 2. Kinetic carvacrol retention during storage at 30 °C and 60% relative humidity from papers coated with SPI and carvacrol (H) 10% (w/w), (®)
30% (w/w), and (A) 60% (w/w) and with OSA-starch () 10% (w/w), (O) 30% (w/w), and (a) 60% (w/w).

matrices. For cinnamaldehyde, the losses were particularly highis more hydrophobic than cinnamaldehyde (Rgf 1.82). The
with OSA-starch and could be explained by a more difficult better carvacrol retention by soy proteins suggested that
distribution of this compound in the matrix compared to hydrophobic interactions are preferentially involved as previ-
carvacrol. Coating with a solution containing 60% of cinnamal- ously described with other aroma compoun8, 37). In most
dehyde (w/w of OSA-starch) could not be done because of the cases, the interactions between proteins and flavor compounds
solution instability. The stability of the coating solutions was are reversible, involving hydrophobic and hydrogen bonding
assessed with optical microscopy observation and by storage(38). Soy proteins and particularly 11S globulin exhibit high
at 25°C during 7 days to enhance flocculation and coalescence. capacity of retention for lipophilic molecules due to their specific
When cinnamaldehyde was used, no effect of concentration quaternary structures characterized by hydrophobic cadity. (
on rate losses was observed, whereas with carvacrol, highest OSA-starch is known to interact with aroma compounds
losses were obtained with a concentration rate of 10%. through hydrophobic bonds thanks to the grafted octenyl groups.
Generally accepted principles are that stronger interactions For native starches, interactions are principally due to inclusion
between aroma compounds and matrices are favored by thecomplex formation in the helical cavity of amylose or sorption
addition of lower aroma concentration: the size of emulsion on the surface 39). OSA-starches are manufactured from
droplets decreases with oil concentration, and smaller emulsionpartially hydrolyzed starches, and there is no available informa-
droplets are more physically stable than larger emulsions tion about opportunity for inclusion type interaction. Moreover,
droplets 83, 34). Unexpectedly, for SPI-coated papers, carvacrol the lowest retention of cinnamaldehyde compared to carvacrol
loss percentages were significantly higher for the lowest 10% by OSA-starch-coated papers suggested the predominant hy-
initial carvacrol concentration than for the higher 30 and 60% drophobic character of the interactions.
(w/w) concentrations in the SPI coating solution. The sole  Retention of Carvacrol and Cinnamaldehyde from SPI-
hypothesis could rely on Kim et al.’s stud¥g) demonstrating  and OSA-Starch-Coated Papers in Accelerated Conditions
specifically that the SPI emulsion containing 30% of essential of Storage.To investigate the role of the coated matrices in
oil (w/w) exhibited a lower concentration of large particle size antimicrobial retention over accelerated conditions of storage,
than the solution containing 10% (w/w). The efficiency of a the residual amount of cinnamaldehyde and carvacrol from
matrix to completely coat the oil droplet during the homogeni- developed papers was studied for 50 days at@G@nd 60%
zation is related to the ability to provide uniformly sized globules RH. The conditions of temperature and relative humidity
as found for a content of 30% (w/w). A more “complete” selected for this study were not drastic but sufficiently high to
interaction of SPI with emulsified oil during homogenization involve an accelerated release of the active compounds.
at higher oil concentrations was shown to aid in dispersing larger  From the uncoated paper, the release of antimicrobial agents
size aggregates into smaller particles (18). was total within 1 day, indicating that the paper alone was not
Moreover, SPIs are known for their excellent foaming able to retain the agents.
properties due to their ability to unfold and to locate at the  The carvacrol retention from SPI- and OSA-starch coated
interface between air and wate35( 36). During the coating  papers is depicted iRigure 2. When the initial concentration
and drying step, an important air/solution interface may be of carvacrol was 10% (w/w), the residual amount after 50 days
developed on the surface of the thin coating layer. Unfolding was the highest, about 53% with SPI and 60% with OSA-starch
of the SPI molecule on this surface combined with the presenceas coating matrices. After 50 days of storage in accelerated
of large size carvacrol droplets, particularly at low concentrations conditions, both matrices were able to keep more than 50% of
prone to form a cream layer, could favor the migration toward the initial amount of carvacrol. For an initial concentration of
the surface of a carvacrol quantity easily eliminated during the 30% (w/w), the carvacrol retention kinetic was close whatever
drying step. the coated matrix as well as the quantity released after 50 days
The difference in cinnamaldehyde and carvacrol retentions (about 77%). In the case of an initial concentration of 60% (w/
from coating matrices may be explained by their own physi- w), the carvacrol quantity at the beginning of the storage was
cochemical properties and particularly their hydrophobic na- much more important with SPI than with OSA-starch, whereas
ture: according to their lo@, carvacrol (with a lod® of 3.52) after 50 days of storage, the residual amount of carvacrol in
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Figure 3. Kinetic cinnamaldehyde retention during storage at 30 °C and
60% relative humidity from papers coated with SPI and cinnamaldehyde
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Figure 4. Kinetic carvacrol retention from coated papers containing 30%
of carvacrol (w/w) during storage at 30 °C and 60% relative humidity for
(m) OSA-starch-coated paper, (O) OSA-starch/SPI-coated paper, and (¢)
SPI-coated paper.

(m) 10% (wiw), (@) 30% (w/w), and (a) 60% and with OSA-starch (OJ)
10% (wiw), (O) 30% (wiw), and (a) 60% (wiw).
dehyde in water is relatively weak, and the diffusion of
cinnamaldehyde with water might be a limited phenomenon.
the coated papers was close. However, in terms of quantity (g/ Cinnamaldehyde retention from OSA-starch matrixes was
m?), the residual carvacrol amount was always higher for papers very weak; after 5 days of storage, for both of the coated papers,
coated with SPI than with OSA-starch. the cinnamaldehyde residual amount ranged between 25 and
In contrast to carvacrol retention, the cinnamaldehyde reten-30% and reached 2.7 and 17% after 50 days for initial
tion pattern showed a two-step behavior with both coating concentrations of 10 and 30% (w/v), respectively. The relatively
matrices: a strong release was observed the first 5 days followedhydrophilic character of cinnamaldehyde and its chemical
by a lowest release until 50 days of storagég(re 3). structure may explain the weak interactions with OSA-starch.
For SPI as coating matrix and 60% of cinnamaldehyde (w/ By comparison of the releases of carvacrol and cinnamalde-
w), the amount released was particularly high in the first days hyde, it can be concluded that the specific nature of interactions
of storage; only 30% of aroma compound remained after 3 daysbetween each active compound and each matrix strongly
on the coated paper. At 50 days of storage in the selectedinfluenced the retention.
conditions, the residual amount of cinnamaldehyde in the coated Carvacrol Losses and Release Time Course from OSA/
paper did not exceed 5%. SPI-Coated Papers.The industrial coating process preferen-
Surprisingly, the cinnamaldehyde release was higher (86% tially requires solutions with dry matter ranging between 20
after 50 days) for an initial concentration of 10% than for 30% and 50% (w/v) 45) to enable a better coating weight control
(w/w); in the latter case, the residual amount was about 60% (46). Therefore, to increase dry matter, coating by combining
after 50 days. Several hypotheses can be mentioned to explaifOSA-starch and SPI was investigated. The introduction of a
the specific release of cinnamaldehyde. It could be suggestedhigh SPI quantity was limited because of the high viscosity not
that soy protein conformation may be modified as a function being compatible with the coating process, and then a mixture
of the active agent concentration, inducing a different release of OSA-starch (20% w/v) and SPI (5% w/v) was assessed.
behavior of cinnamaldehyde. Accordingly, changes in whey Compared to cinnamaldehyde, carvacrol was the better retained
protein and sodium caseinate conformation occurring as acompound from the tested coated matrices; it was, thus, selected
consequence of aldehyde addition have been reported (40). to be introduced in the coating solutions at a concentration of
To explain the low release at a concentration of 30% (w/w), 30% (w/w of dry matter).
the formation of a covalent bond through Schiff base, between The order of carvacrol introduction in the coating solution
cinnamaldehyde and proteins as reported for some aldehydesvas found to be very important to avoid its exclusion from the
(40, 41), could be suggested. However, such reactions arecoating matrices. Indeed, if OSA-starch and SPI were mixed
generally favored by more drastic conditions (temperature and together before carvacrol addition, the protestarch interac-
pH) than those used in this study. tions seemed to increase to the detriment of the carvacrol
A plasticization effect of aroma compound at high concentra- interactions, inducing its exclusion from the network. Protein
tion on coating matrix could be mentioned to explain the easier and polysaccharide interactions have already been described
release of the compound. Such a phenomenon has beer{47), and it could thus be supposed that carvacrol may compete
described for protein or polysaccharide films and was related with hydrophobic OSA-starch toward proteins. Taking into
to an increase in the diffusion of small molecules such as water, account these limitations, a coating solution was prepared by
gas, or aroma compoundé—44). This effect can also explain  adding first carvacrol to the SPI solution and subsequently OSA-
the faster release of carvacrol from SPI- or OSA-starch-coated starch.
paper for higher concentration of the compound. The influence of carvacrol addition on OSA-starch/SPI
The unexpected strong release of cinnamaldehyde for low coating solutions was studied by measurement of apparent
concentration could also be explained by the effect of relative viscosity. OSA/SPI coating solutions had a shear thinning
humidity on the diffusion of this compound: such phenomena behavior similar to that of the SPI solution, and carvacrol
may be in relation to the cinnamaldehyde water solubility. addition did not significantly influence the viscosity or the
Indeed, due to its relatively polar nature, a part of cinnamal- behavior of the OSA/SPI solution (data not shown).
dehyde may be soluble in the water content of the matrix and  Carvacrol losses from coated papers were measured after the
may diffuse with water. However, the solubility of cinnamal- coating and drying process and were about 25%, whereas they
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Figure 5. Antimicrobial activity of coated papers: (A) inhibition of Escherichia coli growth by the coated papers in a 1 L jar at 30 °C for 48 h; (B) Botrytis

cinerea growth delay by the coated papersina 1 L jar at 22 °C for 14 days. The bars represent, from left to right, SPI-carvacrol, OSA-starch—carvacrol,
SPI-cinnamaldehyde, OSA-starch—cinnamaldehyde, and uncoated paper sprayed with carvacrol.
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were about 10 and 17% from SPI and OSA-starch coated papersthat the major part of the amount was released in the condition
respectively (Table 1). As mentioned previously, this result of microbial testing (i.e., high humidity).

suggested the presence of specific interactions between OSA- Whatever the matrix or the antimicrobial agent, a coated paper
starch and SPI, excluding therefore a part of carvacrol. The containing a quantity of 5 mg of carvacrol or cinnamalddehyde
carvacrol release pattern was not obviously different from those inducedE. coli growth inhibition from 4 to 5 log and a growth

of SPI- and OSA-starch coated papeFg(re 4), but the delay up to 21 days foB. cinerea. A lower tested quantity of
residual carvacrol quantity from OSA-starch/SPI-coated papers2.5 mg inhibited by 1 lode. coligrowth and increase8l. cinerea
remaining on coated papers was the lowest (about 9% at 50growth delay by 1 day.

days). Mixing OSA-starch and SPI did not enhance the retention According to these results, no difference of antimicrobial

of carvacrol due, certa.\inlyf to the interaqtion between the two activity between the different coated papers and the uncoated
polymers. However, this mixing led to an increase of dry matter ,ner'\vere noted. In the experimental conditions, high relative
without increasing viscosity compared to the solutions alone. p,migity, the coated matrices were able to release high amounts
The use of different modified starch with a less important rate f antimicrobial agent (more than 90%), leading to a sufficient
of grafting may be a possibility to avoid or to limit the  gnimicrobial activity. This last assumption was confirmed by
interactions between polysaccharides and proteins and competigyiraction of the residual amount of the agent on the papers
tion _W|th carvacrol, responding consequently to industrial 4¢er antimicrobial testing: only 10% of the agent was always
requirements. . present in the coated paper. It can be suggested that the high

Antimicrobial Properties of the Coated Papers.To be relative humidity in the jar due to the presence of agar favored
efficient, antimicrobial packaging had to procure two main rates o fast release of carvacrol and cinnamaldehyde, which
in the release of active agent: low release during its Storagegenerated an antimicrobial atmosphere.

without contact with products and fast release during its use as
food packaging in close contact with products. Due to the

hydrophilic nature of the coating matrices, high release of the
antimicrobial agent was expected at high humidity, that is,

favorable conditions for microorganism development.

Then, the sole determinant factor of antimicrobial activity
was the amount of antimicrobial agent in the coated paper, which
was related to the size of coated papers and to the ability of the
matrix to retain the agent during the coating and drying process.

The developed coated papers, (i) SBinnamaldehyde, (ii) Therefore, it could be concluded that SPI- and OSA-starch-

SPI—carvacrol, (i) OSA-starch—cinnamaldehyde, and (iv) coated papers were able to retain in storage conditions carvacrol
OSA—starch—c:arvacroI were tested for their an’timicrobial and cinnamaldehyde used as antimicrobial agents and to release

activity toward a bacteriumEscherichia coli and a mold, them in favored conditions of microorganism development.
Botrytis cinerea. Preliminary experiments were carried out to Although some difference in retention and release (in a moderate
determine the minimal inhibition dose (MID) of carvacrol and condition of humidity) occurred depending on the matrices and
cinnamaldehyde againgt coli andB. cinereausing uncoated ~ the compound nature, both coated papers were able to create
papers sprayed with different aroma compound quantities in @" antimicrobial modified atmosphere due to the fast active agent

order to obtain 2.5, 5, and 10 mg of aroma compound/L of air. '€léase by the matrices in favored conditions.
Microbial growth inhibition was expressed in terms of Iig( Selected active compounds could be thus immobilized in the
No) for E. coli (Figure 5A), whereas foB. cinerea(Figure SPI- and OSA-starch-coated papers and subsequently released,
5B) growth delay was taken into account. For both aroma thereby inhibiting target microorganisms. However, a matrix
compounds and strains, the MID was about 5 mg/L (1 L was based on soy proteins appeared to be a more suitable carrier,
the volume of the experimental jar). For a concentration of 2.5 especially with carvacrol, than a matrix based on OSA-starch.
mg/L, a slight inhibition effect was observed for both micro- Cinnamaldehyde, the more polar compound, was retained less
organisms. than carvacrol, suggesting predominant hydrophobic interac-
To test the antimicrobial efficiency of the coated papers, tions.
papers with a surface corresponding to the defined quantity (5 SPIl—carvacrol-coated papers could act as a reservoir, able
or 2.5 mg) were used. Depending on the ability of each matrix to gradually or totally release the antimicrobial agent and to
to retain each compound and on the concentration used [frommaintain a constant microbial inhibitory effect. The ideal rate
0.28 g/n? (OSA-starch and cinnamaldehyde 10%) to 7.29/m of antimicrobial release that provides the most effective inhibi-
(SPi and carvacrol 60%)], the size of the coated paper used totory effect on microbial growth of a food product may depend
bring 5 mg varied between 7 and 179 rit was supposed  on the environmental conditions such as temperature and relative
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humidity. Further study has to be performed to investigate the (18) Kim, Y. D.; Morr, C. V. Microencapsulation properties of gum
effect of these parameters on the antimicrobial agents release arabic and several food proteins: spray-dried orange oil emulsion
time course. particles.J. Agric. Food Chem1996,44, 1314—1320.

For food product application, because the selected active (19) Qi, Z. H.; Xu, A. Starch-based ingredients for flavor encapsula-

agents are flavor compounds, their impact on organoleptic
properties of the product has to be taken into account. It should
be noted that this impact could be reduced by using a mixture
of volatile organic compounds exhibiting an antimicrobial
synergistic effect (48).
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