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ABSTRACT

The effect of alginate and gelldased edible coatings on the sHiédf of freshcut Fuji
apples packed in trays with a plastic film of a kmapermeability to oxygen (110 ¢nd,
m? bar' day’) wasinvestigated by measuring changes in headspacesphmce, color,
firmness and microbial growth during 23 days ofate at 4 °C. Concentration ©f and
CGO, in the package was measured and no significamérdifces between coated and
uncoated freslout apples were observed. Ethylene concentratiaroéted apples seemed
to be delayed since it remained below 50 pl I throughout the whole refrigerated storage



period, while production of this gas was detectedincoated apples from the very initial
days of storage. Coated apple wedges exhibitecheltlzand acetaldehyde formation from
the second week of storage indicating fermentatie¢abolism. Polymers were crosslinked
with a calcium chloride solution, to which the &ntiwning agentN- acetylcysteine was
added, being incorporated into the coatings fortiadaand helping to maintain firmness
and color of apples wedges during the entire stotage. The application of the edible
coatings also retarded the microbiological detation of freshcut apples. Alginate and
gellan edible coatings effectively prolonged theltlife of Fuji apples wedges by 2 weeks
of storage compared with the control apple slicegklvshowed a considerable cut surface
browning and tissue softening from the very eddys of storage, limiting their shdife

to less than 4 days.
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INTRODUCTION

Overall quality and shelf life of fruits and vegdeles is reduced by several factors including
water loss, enzymatic browning, texture deteriorgtisenescence processes and microbial
growth, among others. In the case of freah fruits, these events are accelerated due to
lesions of tissues inflicted by peeling, slicinglanutting. Edible coatings have been used to
reduce the deleterious effect brought about by mahiprocessing. The semipermeable
barrier provided by edible coatings is aimed tceegtshelf life by reducing moisture and
solutes migration, gas exchange, respiration anidiatixe reaction rates, as well as
suppress physiological disorders on freah fruits (Wong, Camirand & Pavlath, 1994a;
Baldwin, Nisperos, Chen & Hagenmaier, 1996; Pa#99).

Edible coating, acting as a barrier to gases, [zeeted to generate a sort of modified
atmosphere in each coated fruit piece, and alon wélative humidity and optimum
refrigeration temperature, contributes to achievereasonable shelife in freshcut
products. Shelfife extension may require delay of respiration giysiological process.
Thus, the ability of films to modify gas transpbes potential for applications in fresht
fruit and vegetables that are characterized byeatietabolism even during refrigerated
storage (Guilbert, Gontard & Gorris, 1996).

Alginate, a polysaccharide derived from a marinenr algae Phaeophycegeand gellan,
a microbial polysaccharide secreted by the bacterf8phingomonas elodeéormerly

referred to as®seudomonas elodgare employed in the food industry as texturizamgl



gelling agents (Mancini & McHugh, 2000; Yang & Psah, 2000)Alginate and gellan are
used as edible coatings because of their uniqueidal properties and their ability to form
strong gels or insoluble polymers upon reactiot wiultivalent metal cations like calcium
(King, 1983; Rhim, 2004).

Plasticizers like glycerol are required for polydaaride and proteibased edible films to
augment film flexibility and processability by imasing the free volume or molecular
mobility of polymers reducing internal hydrogen dorg between polymer chains while
increasing intermolecular spacing. Plasticizersdafthe ability of the system to bind water
and also generally increase film permeability toygen (McHugh & Krochta, 1994a,
1994b; Sothornvit & Krochta, 2000). The incorparatof lipids, either in an emulsion or
as a layer coating into the films formulations, ajhg improves their water vapor barrier
properties (Garcia, Martiné & Zaritzky, 2000; Yagigal. 2000).

Edible coatings may also serve as carriers of fadditives such as antibrowning and
antimicrobials agents, colorants, flavors, nutsesmd spices (Pena & Torres, 1991; Wong,
Gregorski, Hudson & Pavlath, 1996; Li & Barth, 1988anoto, Salokhe & Rakshit, 2005).
Sulfur-containing amino acids dd-acetytcysteine, those have been widely studied in the
search for sulfite substitutes and for improvinglthfe of minimally processed apples
(Molnar-Perl & Friedman, 1990; Son, Moon & Lee, 2001) c#so de incorporated into
coatings, and aid in prevention of enzymatic browgnias reported recently by Rojasad,
SobrincLopez, Tapia & MartirBelloso (2006a).

In this work, freskcut Fuji apples were coated with alginate or gefitms crosslinked
with calcium chloride and containiny§-acetylcysteine as antibrowning agent, and their
effect on sheHife extension of coated apples was investigatdtecEs of the coatings on
gas exchange, prevention of browning, texture cksngnd microbial decay were

evaluated.

MATERIALS AND METHODS



Materials

‘Fuji’ apples (Malus domesticaBorkh) stored for 3 months under controlled atnhesps
(2% G, and 2% CQat 0 °C) were provided by ACTEL, Lleida, Spain.&kftards, apples
were stored at 4 + 1 °C until processing. Food grsatlium alginate (KeltofelV, ISP,
San Diego, CA., USA) and gellan gum (KelcdgeCPKelco, Chicago, IL., USA) were
used as the carbohydrate biopolymers for coatingnidtations. Glycerol (Merck,
Whitehouse Station, N.J., USA) was added as plasticCalcium chloride (Sigmaldrich
Chemic, Steinhein, Germany) was used to inducesknégig reaction.N-acetylcysteine
(SigmaAldrich Chemic, Steinhein, Germany) was the addetibeowning agent. 0.025 %
(wiv) of sunflower oil (La Espafiola, Spain) withethfollowing composition: 11g
monosaturated, 30g monounsaturated and polyunsadusd.4g; 3.5@mega3 and 55609

omegab, was used as the lipid source when emulsion filexe prepared

Preparation of the film forming solutions and dipping solutions

Film forming solutions were prepared by dissolvalginate (2 g/100 ml water) or gellan
(0.5 g/100 ml water) powders in distilled water drghting at 70 °C while stirring until the
solution became cleaGlycerol was added as plasticizer at 1.5 g/100 Igihate solution
and 0.6 g/100 ml gellan solution, respectivelynHibrming solutions were emulsified with
sunflower oil (0.025 g/100 ml film forming solutiprvhich was dispersed using an Ultra
Turrax T25 (IKAO WERKE, Germany) with a S25825G device, for 5 min at 24,500
rpm, and degassed under vacuum. Emulsions werefoisédit coatings N-acetylcysteine
(1 g/100 ml) was added to the calcium chloride Hatly/100 ml water) required for the
crosslinking of carbohydrate polymers. The coneitns of all ingredients used in these
formulations were set up according to a previouskw@&ojasGraii, Tapia, Rodriguez,
Carmona & MartirBelloso, 2007).

Fruit coating

Apples were washed, rinsed and dried prior to mgtperations. Subsequently, apples
were peeled, cored and cut into eight wedges. Airmaxr of 4 fruits were processed at the
same time to minimize excessive exposure to aggees®nditions. The apple wedges
were first dipped in water (control) or into thgialkte or gellan film forming solutions for

2 minutes. Residual solutions of each polysacchandre allowed to drip off for 1 min,



before submerging the coated fruits for 2 min ia golution of calcium chloride ang-

acetylcysteine. Then, eight apple wedges were pgckénto polypropylene trays of 500
cm® (Mcp Performance Plastic LTD, Kibbutz Hamaapitakd) and wragsealed using a 64
pm thickness polypropylene film with a permeability to oxygen of 110 em® O, m? bart

day* at 23°C and 0% RH (Tecnopack SRL, Mortara, Italsing a MAP machine (llpra
Foodpack Basic V/G, llpra, Vigenovo, ltaly). Trayere filled with air; heat sealed and
stored in darkness at 4 + 1 °C. Analyses wereaghiout periodically during 23 days for

randomly sampled pairs of trays.

Headspace gases analysis

The atmosphere of each single tray was analyzew) @sgas chromatograph equipped with
a thermal conductivity detector (Mic®C CP 2002 gas analyzer, Chrompack
International, Middelburg, The Netherlands). Theegas content of each tray was gently
mixed prior to sampling and an adhesive septum stask to the film wrap. A 1.7 ml
sample was automatically withdrawn from the headspmosphere. Portions of 0.25 and
0.33 ml were injected for Pand CQ determination, respectively. The, ©@ontent was
analyzed with a CiMolsieve 5A packed column (Chrompack Internatiomdiddelburg,
The Netherlands) (4 m x 0.32 mm, df = 10 mm) at@@&nd 100 kPa. For quantification of
CO,, ethylene (GH,;), acetaldehyde @,0), and ethanol (¢HsOH), a PoraPLOT Q
column (Chrompack International, Middelburg, Thetideglands) (10 m x 0.32 mm, df =
10 mm), held at 70 °C and 200 kPa, was used. Tays tvere taken at each sampling time

to perform the gases analysis and two replicates warried out for each one.

Colour measurement

Cut apple surface color was directly measured witkinolta chroma meter (Model CR
400, Minolta, Tokyo, Japan). The equipment was getfor illuminant D65 and 10°
observer angle and calibrated using a standardewhftector plate. Ten replicates were
evaluated for each pair of trays. Three readingeweade in each replicate by changing
the position of the apple wedges. Color was medstineough changes in h* values.
Numerical values of a* and b* parameters were eggaldo calculate hue angle Yh

h = arctarb /a Equation 1



Firmness measurements

Apple firmness evaluation was performed using aXI’? Texture Analyzer (Stable Micro
Systems Ltd., England, UK) by measuring the maxinpgmnetration force required for a 4
mm diameter probe to penetrate into apple cubéahéh height to a depth of 10 mm at a
rate of 5 mm $. Apple cubes, which were cut previously from appkdges, coming in
turn from ten samples randomly withdrawn from eguhir of trays, were placed

perpendicular to the probe so as to allow penetrati their geometric centre.

Microbiological analysis

The evolution of the microbial population of frestit Fuji apples throughout storage was
evaluated by the mesophilic aerobic and psychrmpaérobic counts. A portion of 10 g of
apple (taken from 8 different apple wedges) wereoneed aseptically from each tray and
transferred into sterile plastic bagSamples were diluted with 90 ml of saline peptone
water (0.1 g peptone/100 ml waterBiokar Diagnostics, Beauvais, France + 0.85 g
NaCl/100 ml water Scharlau Chemie, S.A. Barcelona, Spain) and hompgeé for 1 min

in a stomacher blender (IUL Instruments, Barcel@pain). Serial dilutions were made and
then pour plated onto plate count agar (PCA) (BioRéagnostics, Beauvais, France).
Plates were incubated for 48h at 30 °C to enunenaesophilic and 5 days at 5 °C for
psychrophilic. Colonies were counted and the resakpressed as CFU.cof apples.
Analyses were carried out periodically during 23<dan randomly sampled pairs of trays.

Two replicate counts were performed for each tray.

Statistical analysis

Data were analyzed by analysis of variance usiatisital procedures of the Statgraphics
Plus V.5.1. Statistical Graphics Co., Rockville, MDSA). Specific differences were
determined by least significant difference (LSD). @domparisons were made at a 5% level

of significance.

RESULTS AND DISCUSSION

Changes in headspace gas composition



A modified atmosphere can be created inside fregitsfupon coating applications as a
result of resistance to gas diffusion and reductibrespiration rate (Perézago, Rojas &
del Rio, 2003). Contrary to what was expected@gand CQ, no significant differences
were observed between coated and uncoated apptiEesveegarding the composition of
these gases through the coatings along the evdlyseod (Figure 1, Table 1). The
permeability of the plastic film used to wrap theated apple pieces contained in the
polypropylene trays to £and CQ was moderate (110 én®, m? bar' day" and 500 crh
CO, m? bar' day') probably letting @ and CQ to pass through, preventing their
accumulation in the head space and making diffimutillow an inference on the effect of

the edible coatings as selective barriers to thases.

Table 1. Variance analysis (ANOVA) of the studiedameters.

F-ratio
Parameters Time Coating Interaction
Time-coating

Head-space atmosphere

¢) 724.02 1.61"s 2.15"s

CQ 852.86 5.31"s 2.09"s

GH, 136.89 1054.88 38.63

Acetaldehyde 704.31 741.77 189.27

Ethanol 248.30 16.25 11.74
Color

a 1.40"s 826.38 2.27"

R 1.98"s 921.08 2.32"s
Texture 9.34 138.35 9.65
Microbial growth

Aerobic mesophilic 1613.10 13733.40 273.42

Aerobic psychrophilic 11202.38 6618.11 494.27
* p<0.05

n.s: no significantg>0.05)

The expected trend @, and CQ concentration along the storage time in coateshfcet

fruits has been reported by several authors. Tkeng, Tillin, Hudson and Pavlath



(1994b) investigated the effect of various bilageatings (alginate included) on respiratory
activity of coated apple pieces measuring,@@d ethylene production in the headspace gas
composition. All the coatings studied by Wong et(4P94b) produced a substantial rate
reduction in CQ and ethylene, which was especially significanttfar latter. The ethylene
production when apple pieces were coated was al®@% than that observed in uncoated

cut apples.
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Fig. 1. Q and CQ partial pressure in packages with coated (algimatgellan) and uncoated
(control) apple wedges during storage at 4°C. Blatavn are the means (+ standard deviation).

Figure 2 presents the production along the timih@fother gases investigated in this study.
In contrast to the behavior observed foy @d CQ, clear differences are now shown
between control and coated samples. This sugdestshility of the wrapping film to retain
these higher moleculaveight gases (ethylene, acetaldehyde and ethamgiich is
accumulated in the head space of the trays allovgagpling and detection by gas
chromatography. Figure 2a shows the ethylene ptamuof the coated and uncoated fresh
cut apples through storage. Ethylene levels varied from 7.55 pl 1" to 28.25 ul I'* in apples
coated with alginate, and from 9.91 pl I'* to 40.42 ul I in apples coated with gellan, while
in uncoated apple wedges the rise in ethylene ptamuwa from 19.16 ul I to 154.35 pul

I* at the end of the whole refrigerated storage pefTde inhibitory effect of the coatings

seems evident. The physiological responses eliditedhe physical stress imposed by



cutting and slicing of the vegetable tissue, ardl wstablished in the literature and
associated to ethylene production (Kays, 1991; Bma® Baldwin, 2002). Wong et al.
(1994b) employed a layer of acetylated monoglyeefdMG) for controlling the gas
diffusion through coated cut apples, and attribdibeslarge reductions in the rates of gas
evolution to this component in the formulation. Tgthors also used an ascorbate buffer
containing calcium ions which might also contribute inhibit respiratory activity and
ethylene production.
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Fig. 2. Ethylene (a), acetaldehyde (b) and eth&)otoncentration of coated (alginate or gellarg an
uncoated (control) apple wedges during storagea Bladbwn are the means (+ standard deviation).

In our case, 0.025 ml sunflower oil was incorpadaby emulsification into the alginate and
gellan films to improve water barrier propertieshile crosslinking of the carbohydrate
polymers was obtained by immersion in a calciunoigtie solution; hence both sunflower
oil and calcium salt might have contributed to wédo presence of ethylene in headspace
gases of coated samples compared with the uncagigds wedges. In accordance to our
results, Lee, Park, Lee and Choi (2003) found aigtadn of the initial respiration rate
(from 44.80 to 34.95 mg GO kg ™. h™) of freshcut Fuiji apples coated with whey protein
concentrate attributing this effect to the calcimms contained in the film forming solution

and to the oxygen barrier properties inherent édfitin.

When the gas barrier created by coatings is highinarease in the presence of some
volatiles associated with anaerobic conditions lsannduced (Pere@ago et al. 2003). In
this study the results of acetaldehyde and ethpramuction in the coated apple wedges
seem to indicate the generation of a modified aphese, as suggested by the lower
accumulation of ethanol and acetaldehyde in theoated apples during refrigerated
storage. The production of acetaldehyde is showRigure 2b. Acetaldehyde increased
during storage reaching levels as high as 141.97 pl I in coated cut apples, while in
uncoated apples the production of the gas was low (10 ul I aprox.) and was kept constant
till the end of storage. Figure 2c shows the ethgmoduction in the coated fresh cut
apples. The presence of this gas was detected (19.50 pl ') after 15 days of storage in
coated fruits, reaching values of 32.25 ul I at the end of the storage period, while it was
detected in uncoated fruits at day 20 (12.62 pl I''). The presence of ethanol after 2 weeks of
storage coincides with the sudden increment ofaddetyde in the head space of the

packed coated cut apples (Fig. 2b and c). The appea of fermentative metabolites



(acetaldehyde and ethanol) as a result of anaerebfaration is often associated to-off
flavors and its presence might be detrimental talityu(Day, 1994). Reduced internal O
and increased C{roncentration lead to anaerobic fermentation andbz brought about
by fruits coatings. Edible coatings are expectedinpose some restrictions to gas
interchange and it is evident that the gellan dgthate coatings used in this work affect
the production and the subsequent gas diffusiotermatof acetaldehyde and ethanol.
Ethanol production, for instance, is an indicatbthe degree of anaerobic fermentation that
is taking place. Its accumulation occurs when imdeatmosphere is affected by restricting
gas exchange (Park, Chinnan & Shewfelt, 1994). Rimse results it can be inferred that
O, and CQ production were also affected even if not detetigthe permeability to these
gases of the wrapping film that was discussed ab®&adivaFortuny, RicarColl and
Martin-Belloso (2005) found in uncoated fresht Golden Delicious apples packaged
under 0 kPa @and under 2.5 kPa,G 7 kPa CQ and wrapsealed with plastic films of
very low oxygen permeabilities, that acetaldehyae ethanol were produced only in small
quantities during the first 3 days of storage iasieg towards the end of storage regardless

of the packaging conditions.

Color changes

Analysis of variance indicated that the use of kediwating in fresttut Fuji apples had a
significant (p<0.05) effect in the color parameter h* (Table 1). In thiady, low h values
were indicative of browning in apples wedges. FégBrshows that both alginate and gellan
edible coatings containing-acetylcysteine as antibrowning agent maintainedeaywpdges
free from browning during 21 days of storage, dest@ating thatN-acetylcysteine is an

effective antibrowning agent to be incorporatethim formulation of edible coatings.
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Fig. 3. Hue angle (h*) changes of coated (algirmatgellan) and uncoated (control) apple wedges

during storage. Data shown are the means (+ stdrnt#asiation).

The effectiveness of antibrowning agents incorpatatithin an edible coating has been
reported by some authors. The edible coating igigdly applied before the antibrowning
agents so that the coating can adhere to the &mwit the antibrowning agents are
incorporated in the dipping solution containingcaai for crosslinking and instant gelling
of the coating (Wong et al. 1994a; Reyes, 2000; ¢teal. 2003; RojaGrai et al2007).
Edible coatings have the potential to carry andl lalditives as antibrowning agents on the
surface of cut tissues, and in this way aid in ¢pemore effective for control of browning.
Baldwin et al. (1996) found that a coating of campuethyl cellulose with addition of
several antioxidants, including ascorbic acid, oedubrowning and retarded water loss of
cut apple more effectively than an aqueous solutfosntioxidants. In a previous work, the
effectiveness ofN-acetylcysteine as antibrowning agent applied oreags solution into
freshcut apples was demonstrated (Refasll et al. 2006a). These results show that
alginate and gellan based coatings are good cafderantibrowning agents since browning

is prevented during all the storage period.

Firmness
Texture loss is the most noticeable change ocayriin fruits and vegetables during

prolonged storage and it is related to metabolanges and water content (Garcia, Martin



& Zaritzky, 1998). According to Ponting, Jacksordawatters (1971) softening observed
in freshcut apples may be due to the pectic acid undergadid) hydrolysis. The firmness

of uncoated apples pieces decreased from 10.19 Bl3®@ N during 23 days storage,
showing a substantial softening of tissues (Fig.B4) contrast, the use of edible coating
applied on the pieces of cut apple showed a sagmifi(p<0.05) effect on keeping texture

(Table 1). Both alginate and gellan coating showdxtneficial result on firmness retention
of apple wedges during the entire storage periad. (8). Hence, the use of calcium
chloride for crosslinking the polymers, could miigm the softening of apple wedges.
Similar results were obtained by Lee et al. (2008)o studied the effect of whey protein
concentrate edible coatings in combination withiteotvning agents, on minimally

processed apple slices. They found that incorpagal® of calcium chloride within the

coating formulation helped to maintain firmnessapple pieces. King and Bolin (1989),
established that calcium chloride can be usedrasniy agent for fruit tissues by reacting
with pectic acid in the cell wall to form calciunegtate, which strengthens molecular

bonding between constituents of cell wall.
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Fig. 4. Firmness changes of coated (alginate damjelnd uncoated (control) apple wedges during
storage. Data shown are the means (+ standardtideyia



In addition, firmness deterioration is frequentlysaciated with water content loss. In a
previous work, Rojas&ral et al. (2007) found that alginate or gellarbled coatings
applied to freskcut apples were effective in controlling moistused when the formulation
contained 0.025 ml sunflower oil/ 100 ml film fomg solution. Thus, the use of sunflower
oil could maintain texture due to the -ailediated moisture retention of the coated fruit.
Olivas, Rodriguez & Barbogaanovas(2003) found that methylcellulosgearic acid

coating played an important role in avoiding weidbks of pear wedges, while

methylcellulose coatings itself showed poor moistoarrier.

Microbiological evaluation

Significant differences p<0.05) between the counts of mesophilic and psychrophilic
microorganisms of coated and uncoated fraghapples are shown in Table 1. Figure 5
shows that edible coating applied on fresih apples had a marked effect in reducing

mesophilic and psychrophilic counts as compardti¢aincoated apple pieces.
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Fig. 5. Effect of alginate and gelldiased coatings on microbial growth (log CFUf fruit) of
apple wedges: (a) mesophilic microorganisms, (ptm®philic microorganisms. Data shown are the
means (z standard deviation).

At the end of the 3 weeks refrigerated storagentsoaf coated samples did not exceed 10
CFU.g" and 16 CFU.g" for mesophilic and psychrophilic respectively, wiioth types of
coatings used, while uncoated apples wedges pesseatues as high as 1GFU.g" and
10®° CFU.g* (Fig. 5). The antibrowning agent incorporated liee tcoatings might have
contributed to the antimicrobial effect observedehd& hese results are in agreement with
those found by other authors who used other typedifle coatings. Lee at al. (2003)
reported very similar results for minimally procedsapples with various types of
carbohydrate polymers and whey protein concentratimg ascorbic acid, citric acid and
oxalic acid as antibrowning agents. Howard and DEMI95) used an edible cellulese
based coating, on mipieeled carrots and investigated microbial qualitsird) storage at 2
°C. No antibrowning agents were used. In that stadible coating did not have any affect
on microbial quality of the product since no diffeces with the uncoated carrots were
seen. The authors, however, comment that the hétdtive humidity imparted by the
coatings did not promote microbial growth when ¢oents did not exceed the limit of>.0
cfu/lg. As stated by Olivas and BarbeS€@novas (2005), coatings create a modified
atmosphere that may change the growth rate of apmiand pathogenic microorganisms.
Since modified atmosphere may inhibit the growth imfiocuous spoilage flora and
encourage the growth of pathogens, the study of dixeelopment of populations of
mesophilic and psychrophilic bacteria, molds anasyeluring storage of frestut fruits is

required for microbial safety of these products.

CONCLUSIONS



Alginate and gellan edible coatings can help maintiesirable quality characteristics of
freshcut Fuji apples. Alginate and gellan coatings digantly reduced ethylene
production; however, no significant effect of cogs on respiration rates was observed
probably due to the plastic wrap of moderate oxygemmeability used that did not allow
accumulation of @and CQin the head space for sampling and detection. dhaéed apple
wedges maintained their initial firmness and colturing all refrigerated storage,
corroborating that the alginate and gellmsed edible coatings are good carriers of firming
agents like calcium chloride, which is used for sstimking the polymers, and of
antibrowning agents like {dcetylcysteine. From the microbiological point adw, results
suggest that apples wedges coated with both aégavad gellan could have a shiéé up

to 3 weeks at 4 °C; but, the presence of acetatidegd ethanol, as a result of fermentative
anaerobic processes, limit their sHél to 2 week. Results showed that the shelfdif¢he
coated apples was extended approximately 3 timesoampared with the control which
showed a considerable loss of quality from the \emyly days of storage, limiting their

shelflife to less of 4 days.
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ABSTRACT



Edible films, as carriers of antimicrobial composndconstitute an approach for
incorporating plant essential oils (EOs) onto fresh fruit surfaces. The effect against
Escherichia coliO157:H7 of oregano, cinnamon and lemongrass oilpiple puree film
forming solution (APFFS) and in an edible film maffem the apple puree solution
(APEF) was investigated along with mechanical amysjzal properties of the films.
Bactericidal activities of APFFS, expressed assBvalues, (BA, values are defined as
percentage of antimicrobial that killed 50% of Hecteria under the test conditions) ranged
from 0.019% for oregano oil to 0.094% for cinnammh Oregano oil in the apple puree
and in the film was highly effective agairist coli O157:H7. The data show that (a) the
order of antimicrobial activities were: oregano>@mongrass oil>cinnamon oil; and (b)
addition of the essential oils into film forminglstion decreased water vapor permeability,
increased oxygen permeability, but did not sigalffity alter the tensile properties of the
films. These results show that platerived essential oils can be used to prepare apple
based antimicrobial edible films for various foquphcations.

Key words: Apples puree film; plant essential oils; physicaoiel properties;
antimicrobial activity;Escherichiacoli O157:H7

INTRODUCTION

Epidemiological studies indicate thBscherichia coliserotypes are responsible for about
110,000 outbreaks of foodborne illness in the Whi&tates each year, resulting in about
110 fatalities, with the O157:H7 serotype accoupfor the greatest proportion of cagés

2). These data suggest the need to protect the fgamhst contamination as well as the

consumer against infection by foodborne pathogeadateria.

The increase in consumption of fresit produce has resulted in frequent outbreaks of
illness associated with raw fruits and vegetabl®s 4). During minimal processing,
spoilage and pathogenic microorganisms can gaiasacto the nutrients inside fruits and
multiply (5-7). The presence dEscherichia coliO157:H7 on the surface of fruits may
adversely affect the safety of fresh and freshfruit. Controlling the numbers and the
growth of pathogenic bacteria is a challenging fabfor the food processing indus(g).
The use of edible films and coatings for a widegeanf food products, including fresh and
minimally processed vegetables and fruits, hasivedeincreasing interest because films
can serve as carriers for a wide range of foodtaedi including antimicrobialg9).
Incorporating antimicrobial compounds into ediblen$ or coatings provides a novel way
for enhancing the safety and shelf life of reaohgat foods 10). Essential oils have been
extensively evaluated for their abilities to prdtdood against pathogenic bacteria

contaminating apple juic€l5) and other food$11). They are also used as flavouring



agents in baked goods, sweets, ice cream, beveragdschewing gun{26), and are
designated as Generally Regarded as Safe (GRAJB)EOs are regarded as alternatives of
chemical preservativesind their use in foods meets the safety demandsrefumers for
mildly processed natural products, as reviewed bgt B1). The antimicrobial activity of

EOs is associated with terpenoid and phenolic comapis of the oilsi(1).

To assess the antimicrobial effectiveness of nhtowanpounds and plant extracts, we
previously evaluated the bactericidal activities aifout 200 plant essential oils, oil
compounds, phenolic compounds, and flavonoids agaimjor foodborne pathogenic
bacteria including antibioticesistant bacteri§l2-16). Several of these compounds were
previously also found to be active in apple juits).

Physicochemical properties of edible films (colensile strength, water vapor and oxygen
permeability) relate to coating enhancement of raeutal integrity of foods, inhibition of
moisture loss and oxidative rancidity, and fipabduct appearancel?). Combined
analysis of antimicrobial and physicochemical prtips is crucial for predicting the
behaviour of antimicrobial edible film4.8,10. No prior research has been reported on the
antimicrobial effects again&. coli O157:H7 of essential oil containing apple puredlkedi
films. The objectives of this study were (a) toatatine antimicrobial activities against the
E. coli O157:H7 of apple puree film forming solutions usedhe preparation of films, and
of apple pure films, both of which contain selessential oils and oil compounds, and (b)
to evaluate the effects of added natural antimiatelon changes in the physicochemical

properties of the films.

MATERIALS AND METHODS

Test Compounds. Golden Delicious apple puree (38 °Brix) (Sabr@so, Medford, OR)
was the primary ingredient in all apgdased film forming solutions (APFFS) and edible
films (APEF). Glycerol was added as a plasticizaggent (Fisher Scientific, Waukesha,
WI). Ascorbic acid (BASF, Mount Olive, NJ) and ditracid (Archer Daniels Midland,
Decatur, IL) were utilized as browning inhibitorsligh methoxyl pectin (Systems

Biolndustries, Fair Lawn, NJ) was added to filmsassist in film release from the cast



surface. Oregano oil (from Origanum vulgarg lemongrass oil (fromCymbopogon
citratus), and cinnamon oil (fronCinnamomum cassjawere the EOs tested and were

obtained from Lhasa Kamash Herb Co. (Berkeley, CA).

Preparation of Apple Puree Film Forming Solution (APFFS). APFFS (26% w/w) (260

g of 38 °Brix apple puree plus 700 g of 3% w/w jpecolution) was prepared by the
method of McHugh and Send4i9). This solution also contained 5 g of ascorbic aitric
acids (0.5% w/w) and 30 g of glycerol (3% w/w). freovas added to increase film
strength. Natural antimicrobial essential ditsegano, lemongrass, and cinnamon) were
then incorporated into APFFS at the following contcations: 0 (control), 0.05%, 0.075%,
0.1% and 0.5% (w/w). These solutions were homogehfar 3 min at 12,500 rpmmsing a
Polytron 3000 homogenizer (Kinematica, Littau, Sweftand), and then used for

bactericidal studies and casting the films.

Preparation of Apple Puree Edible Film (APEF). Apple puree edible film forming
solutions were prepared as described previousheudMa was then applied to remove
bubbles. Films were then cast on 29 x 29 cm sqpiates, and dried at ambient conditions
for ~24 h. Dried films were cut and peeled frora tasting surface. These samples were

used for determinations of physicochemical andwintobial properties of the films.

Test Buffers. Phosphatéuffered saline (PBS, pH 7.0) was prepared by mgixdibasic
sodium phosphate (100 mM) and monobasic sodiumptads (100 mM) at 2:1 ratio,
diluting by half with HO, and adding NaCl (150 mM). For lower pH buffesalihe
solutions), 2 mM citric acid50 mM NaCl was adjusted to pH 3-3.7 with 1N HCI.

Bactericidal Assays of APFFSThe source oEscherichia coliO157:H7 used in this study
is given in ref. (12). To facilitate pipettinthe 26%APFFS solution was further diluted by
% with pH 3.3 saline solution, v/v. This APFFS séenpas used to prepare suspensions of
APFFS for the assay. Oregano oil (10 pL) weasled to 9.99 mL of diluted APFFS.
Lemongrass oil or cinnamon oil (50 puL) was adde®.@ mL diluted APFFS in 50 mL
tubes. The tubes were warmed in a microwave overl@os and then shaken to form

uniform suspensions. The content of the tubes Wexe diluted as follows: saline solution



(500 pL) was added to five sterile 1.9 mL tubes. Serialtibns were made starting with 1
mL of each original test solution, using 500 for each transfer for a total of five dilutions.
Microtiter plates with 96 wells (Nalge, RochestilY) were prepared with saline pH 3.3
negative controls (10QL each in 6 wells) and three test substances wi¢hdilutions plus
the test solution (10QIL each dilution per well, 6 wells). Each of thesg Rells were
sampled at three time intervals: 3, 30 and 60 mip1a°C. Bactericidal assays were then

carried out in duplicate using previously descripeacedures(12,14.

Bactericidal Activities (BAs, Values). Bactericidal activity, defined as the percentafje
test compound that kills 50% of the bacteria urtiertest conditions, was determined as
follows. Each compound was tested at a series lafiatis. The control pH 3.3 saline
diluent was matched with the pH of APFFS. The CRllues from all experiments were
transferred to a Microsoft Excel 8.0 Spreadsheké fiumber of CFU from each dilution
was matched with the average control value to deter the percentage of bacteria killed
per well. Each of the dosesponse profiles (% test compound versus % baittati
activity) was examined graphically, and the fAvalues were estimated by linear

regression. The lower the Bfvalue, the higher the antimicrobial activity.

Antimicrobial Activity of Apple Puree Edible Films (APEF). Disc inhibition zone
assays were performed as a qualitative test foamambbial activity of the films. APEF
with and without EOs (controlvere aseptically cut into 12 mm diameter discs teh
placed on MacConkeSorbitol agar (Biokar Diagnostics, Beauvais, Frangates forE.
coli O157:H7, which had been previously spread withrAl1of inoculum containing T0
CFU's/mL. Plates were incubated at 37 °C for 48tme thickness (mm) of the inhibition
zone around the film disc (colony free perimeteaswneasured with a millimeter scale and
the growth below the film discs (the contact arésedible film with agar surface) was

visually examined. Tests were done in duplicate.

Film Thickness. Film thicknesses were measured with a micromHeb65 (Mitutoyo
Manufacturing, Tokyo, Japan) to the nearest 0.00284 (0.0001 in) at five random
positions around the film. The mean value was usechlculate water vapor permeability

(WVP), oxygen permeability (§2), and tensile strength.



Water Vapor Permeabilities (WVP) of Films. The gravimetric Modified Cup Method
based on ASTM E982 (20) was used to determine WVP. A cabinet (Thermo Edect
Corp., Waltham, MA) with a variable speed fan waedito test film WVP at 25 + 1 °C.
Fan speeds were set to achieve air velocities @f hfmin to ensure uniform relative
humidity throughout the cabinets. The cabinets vpeeeequilibrated to 0% room humidity
(RH) using anhydrous calcium sulphate (W.A. Hammanékrite, Xenia, OH). Circular
test cups made from polymethylmethacrylate (Pledtf) were used. A film was sealed to
the cup base with a ring containing a 19.6° @pening using 4 screws symmetrically
located around the cup circumference. Both sideseotup contacting the film were coated
with silicon sealant. Distilled water (6 mL) wakaped at the bottom of the test cups to
expose the film to a high percentage of RH inshie test cups. The average stagnant air
gap heights between the water surface and thewine measured. Test cups, holding the
films, were then inserted into the pequilibrated 0% RH desiccator cabinets. Stead stat
of water vapor transmission rate was achieved withh. Each cup was weighed 8 times at
2 h intervals. Eight replicates of each film weestéd. Relative humidities at the film
undersides and WVPs were calculated using the WatiPe€tion Method20).

The WVP of the films was calculated by multiplyirthe steady state water vapor
transmission rate by the average film thicknesserd@hed as described above, and

dividing by the water vapor partial pressure diéfeze across the films:

TR C(thicknes
WVP= WVTR O 2 Equation 1
(pAl - pAZ)
where, WVTR = water vapor transmission rate, padandp,, = partial pressure of water

vapor inside and outside the cup, respectively.

Oxygen Permeabilities (QP) of Films. An OxTran 2/20 ML modular system (Modern
Controls Inc., Minneapolis, MN) was utilized to nrseee oxygen transmission rates through
the films (standard method D398&)1). Oxygen transmission rates were determined at 23
°C and 50 + 1% RH. Each film was placed on a stagbkteel mask with an open testing
area of 5 crh Masked films were placed into the test cell arposed to 98% N+ 2% H,



flow on one side and pure oxygen flow on the otfiée system was programmed to have a
10 h waiting period to allow the films to achievgudibrium. Oxygen permeability was
calculated by dividing @transmission rate by the difference ip fartial pressure between
both sides of the film (1 atm) and multiplying thetaverage film thickness measured at 5

random places. Four replicates of each film wesduated.

Tensile Properties of Films. Standard method D88% (22) was used to measure the
tensile properties of films. Films were cut intapd with a test dimension of 165 mm x 19
mm (standard method D63®a)(23). Before testing, all the films were conditioned 48

h at 23 £ 2°C and 50% = 2% RH using a saturatéidsséution of magnesium nitrate
(Fisher Scientific, Fair Lawn, NJ). The ends of gguilibrated strips were mounted and
clamped with pneumatic grips on an Instron Univefssting Machine (Model 55R4502,
Instron, Canton, MA) with a 100 N load cell. Thatial gauge length was set to 100 mm,
and the films were stretched using a crossheaddspe&.5 mm/min. Tensile properties
were calculated from the plot of stress (tensikeddnitial crosssectional area) vs. strain
(extension as a fraction of original length), ustBeries 1X Automated Materials Testing
System Software (Instron, Canton, MA). Fifteencipens of each type of film were

evaluated.

Statistical Analysis. Data were analyzed by om@&y analysis of variance (ANOVA) using
Minitab (version 13.31) software (Minitab Inc., #&taCollege, PA). Tukey’s test was used

to determine the differences at 5% significancellé24).

RESULTS AND DISCUSSION

Antimicrobial Activity of Plant Essential Oils in APFFS. Table 1 lists the experimental
BAs, values for essential oils at three time periods3@ and 60 min. All compounds
inhibited the growth ofE. col O157:H7. APFFS in saline pH 3.3, without EOs and
containing ascorbic acid and citric acid as antimiog agents, was not effective against

the pathogen.



Oregano oil at a concentration of 0.1% in APFFS effexctive at 3 min with a B4 value
of 0.034 (0.034% of oregano oil inhibit&®% of theE. coli O157:H7 after 3 min.). The
activity at 30 and 60 min. was slightly greater ggA 0.024% and 0.019%, respectively)
than the activity at 3 min (Table 1). Thus, oregamibappears to be a highly potent
antimicrobial agains&. coli O157:H7. By contrast, cinnamon oil at a conceigrabf
0.5% in APFFS was only effective at 30 and 60 mitth \BAs, values of 0.12 % and 0.094
%, respectively. These results indicate that cirorawil at a fivefold greater concentration

was less effective agairst coliO157:H7 than oregano oil.

Table 1 also shows that the activity of lemongragdsagainstE. coli O157:H7 at a
concentration of 0.5 % in APFFS is similar to tleftcinnamon oil. The B4 value of
0.059 at 60 min means that 0.059% of lemongrasmlaibited 50% of the bacteria under
the test conditions. Compared to oregano oil, dktabout five times higher concentration

of cinnamon or lemon grass oils to achieve the sactigity againsg. coliO157:H7.

Table 1.Bactericidal Activities (BA, Values) of Essential Oils agairtst coli O157:H7 in
Apple Puree Film Forming Solution (APFE®)cubated for 3, 30, and 60 min at 21 °C.

BAg,value forE. coliO157:H7

essential oil
(% wiw) in 50% APFF3 ) i i
3 min 30 min 60 min
oregano oil, 0.1% 0.034+£ 0.01 0.024+ 0.007 0.019+ 0.004
cinnamon oil, 0.5% >0.34 0.12 0.094+ 0.04
lemon grass oil, 0.5% 0.28+ 0.03 0.078+ 0.02 0.059+ 0.005

2APFFS is 50% apple puree film formula suspensiosaiime pH 3.7 buffer.
® Average values and standard deviations of twdaetels of BAgvalues.
¢ > signifies that less than 50% of bacteria wellediat the highest dose used.

It is also instructive to compare the activitiestbé same compounds in the APFFS to
activities previously observed in “cloudy” apple ¢ai(15). The comparison againgt coli
shows that (a) the Bf values at 60 min and 21 °C for oregano oil, cinmaroil, and
lemongrass oil (0.019, 0.094, and 0.059%, respag)ivin apple puree were similar to

those in apple juice following incubation at 37 f& 60 min; and (b) althougEk. coli



0157:H7 resists inactivation in acidic g&5), the low pH of both apple juice (~3.7) and
the apple puree (~3.3) does not seem to contriigteficantly to the antimicrobial effects

of the test substances.

Antibacterial Activity of Plant Essential Oils in APEF. Antibacterial activities of APEF
with EOs are shown in Table 2. The inhibitory aitids were based on the measurement of
clear inhibition zones surrounding film disks. Isarrounding clear zone were not present,
it was assumed that the compound was not inhibitong the diameter was assigned as
zero. APEF without EOs served as control to detegnany possible antimicrobial effect of
the normal film. The control film did not inhibi. coli0157:H7.

Table 2. Antibacterial Activity of Essential Oils Incorpated into Apple Puree Edible
Films againsE. coliO157:H7.

essential oil type  concentration E. coliO157:H7
(% wiw) inhibitory zone (mnf) inhibitory effect
oregano oil 0 (control) 0 -
0.05 <1 +
0.075 1.2 +
0.1 1.4 +
cinnamon oil 0 (control) 0 -
0.05 0 +
0.075 <1 +
0.1 <1 +
0.5 1.1 +
lemongrass 0 (control) 0 -
0.05 0 -
0.075 0 -
0.1 <1 +
0.5 1.2 +

#Values are measurements of thickness (mm) of itanibzone (colony free perimeter).
+: represents an inhibitory effeetrepresents no inhibitory effect.

As with APFFS, in APEFs, oregano oil was once aghm most effective compound

againstE. coli O157:H7. The inhibitory zone increased with insiag concentration of
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oregano oil in the films (Table 2). Figure 1 shdiws inhibitory effect of APEF againkt
coli 0157:H7 with 0.1 % oregano oil and without the oil.

Figure 1. Inhibitory zone E. coli O157:H7 colony free perimeter) of aplaree edible films
containing 0.1% oregano oil (A) compared to convithout oregano oil (B).

The figure shows that the film without the oil had effect on the bacteria. By contrast, a
film containing 0.1% oregano oil completely killedl the surrounding bacteria. Previously,
it was suggested that diffusion of antimicrobialsni a film disc depends on the size,
shape, polarity of the diffusing molecule, the cheistructure of the film, and the degree
of molecular crosslinking 10). We do not know whether these factors also govern
antimicrobial properties of fruit and vegetablenfl.

By contrast, inhibition ofE. coli O157:H7 by cinnamon oil and lemongrass oil at

concentrations of <0.5 % in the films was lowernttthose observed with oregano oil



(Table 2). However, the inhibitory effect incredsehen the concentration of both EOs
(cinnamon and lemongrass) was increased to 0.5%p&ed to oregano oil, it took about
a five times higher concentration of cinnamon andegrass oils to achieve the same
activity against. coli 0157:H7. As cinnamon oil is added to numerous ceruial foods

(27), for its pleasant flavor, and is GRASted (28), the compound merits use in

antimicrobial edible films.

Water Vapor Permeability

McHugh (29) developed the first edible films made from fruitr@es, characterizing their

permeability properties. Because appssed edible films were not very good moisture
barriers, addition of lipids was necessary to impreéhe water barrier properties. In this
study, it was observed that all the WVP values el@med when the fraction of the

hydrophobic compounds (EOs) increased. This effext more prominent with oregano

oil. At the maximum concentration (0.1% wi/v), oragaoil induced a significan{p€0.05)

decrease in film water vapor permeability (Table 3)

Water vapor transfer generally occurs through thdrdphilic portion of the film and
therefore depends on the hydrophhigdrophobic ratio of the film constituent80j.
Because each hydrophobic substance has uniquecpltygmical properties, films based
on lipids have variable behavior against moistusndfer. In this study, the behavior
observed in films containing different essentidk anight be due to differences in the
hydrophobicity/hydrophilicity parts of each moleeul31). Our results suggest that
oregano oil may have a dual benefit. It can be usdabth impart antimicrobial activities

and to enhance barrier properties of the films.

Oxygen Permeability

APEF is a good oxygen barrier, exhibiting value28f64 + 1.2&m*um/nf-d-kPa. This
result agrees with earlier observatid@8). The oxygen permeability values increased with
increasing amounts of EOs in the films. Hence, gniicant difference §<0.05) was
observed with oregano oil (0.1% wi/v), reaching ealwf 38.12 + 0.80 cipm/nt-d-kPa
compared to the control value of 22.64 + 1.28%om/nf-d-kPa (Table 3). Nonpolar

materials such as lipids act as excellent moidtareiers, but are less effective gas barriers.



McHugh and Krochta1@) indicated that films containing lipids exhibitlagvely poor
oxygen barrier properties. The chemical nature ibfplays a major role in the barrier

properties of edible films.

Table 3. Effect of Concentration (% w/w) of Essential ©dn Water Vapor Permeability

(WVP) and Oxygen Permeability () Properties of Apple Puree Edible Films.

essential oil essential oil thicknes$ RH WVP"8 o,
concentration (mm) inside cup®  (g-mm/kPah-m?  (cmP-pm/nf-d-kPa)
(% wiw) (%)

control 0 0.153° 62.6° 7.04+0.63 22.64+1.28

oregano oil 0.05 0.142° 60.3 7.06 +£0.18 32.82 +0.79
0.075 0.152° 63.7 6.67 £0.57 33.72 £0.80
0.1 0.13% 62.8° 6.17 £ 0.56 38.12 +0.80

lemongrass oil  0.05 0.146" 61.7° 6.71+0.3%° 28.92 + 1.5%
0.075 0.148° 63.4° 6.59 £ 0.58° 26.83 +0.84
0.1 0.1506° 62.5° 6.92 £ 0.28° 34.24 + 1.58
0.5 0.156° 63.7 6.62 + 0.86° 30.25 +0.7&

cinnamon oil  0.05 0.15% 61.4° 7.48 £0.45 30.52 £0.79
0.075 0.145° 62.0° 6.83 £ 0.4%° 28.21 £ 0.6%
0.1 0.143° 62.2° 6.74 £ 0.8%° 31.72 £0.99
0.5 0.152° 63.3° 6.82 £ 0.88° 32.08 £0.50

A Thickness and RH data are mean values. WVP asRl d&ta are mean values + standard
deviations.

B Relative humidity at the inner surface and WVP ealwere corrected for stagnant air effects
using the WVP Correction Methdd6).

abcdpeans in same column with different letters araisicantly different (p<0.05).

Tensile Properties

Tensile strength expresses the maximum stress af@etlin a film during tensile testing
(32). The tensile properties of the APEF with and with6Os are summarized in Table 4.
Lemongrass oil and cinnamon oil had different @ffean the tensile strength of the films.
Compared to the control films without added EOs;réasing the concentration of
lemongrass oil from 0.05 to 0.1% w/w caused a St reduction [§<0.05) in tensile

strength. By contrast, addition of the same amaidrginnamon oil increased the tensile



strength (Table 4). The difference between the fimos may due to difference in
polarities of the added compounds. High conceitnati(0.5% wi/w) of these oils added
tensile strength to control films. These resultseagvith those obtained by Prang®) for
physical and antibacterial properties of an algiretible film containing garlic oil.

Table 4. Effect of Concentration (% w/w) of Essential Oile the Tensile Properties of

Apple Puree Edible Films.

essential oil essential oil  tensile strength elongatio” elastic modulus

concentration (MPa) (%) (MPa)
(% wiw)

control 0 0.64 +0.01% 25.4 + 2.1 5.06 + 0.58°

oregano oil 0.05 0.61 +0.04 274+23 5.47 +0.64
0.075 0.61+0.08 27.4+3.7 4.41 +0.46°
0.1 0.62 +0.02 26.5+2.0 4.73+0.32%

lemongrass oil 0.05 0.65 +0.08 25.8+1.6° 5.18+0.3%°
0.075 0.57 £ 0.08" 242 £2.6° 5.58 + 1.08
0.1 0.54 £0.02 235+1.8° 4.01+0.76
0.5 0.63 +0.02 248 +1.9° 4.49 +0.58

cinnamon oil 0.05 0.72 £0.08 252 £2.6° 7.60 £0.59
0.075 0.79 £0.09 26.1+2.2 7.00 £1.08
0.1 0.75 +0.08 253 +2.6° 5.65 + 0.37
0.5 0.61 +0.08° 226+1.8 4.04 +0.39

ATensile strength, elongation and elastic modulua dee mean values * standard deviations.
a,b,c Means in same column with different letteessagnificantly different at p<0.05.

Elongation at break is a measure of the film's tetrability prior to breakage38).
Generally, the presence of essential oils did fgtificantly change the elongation of the
films. However, at a level >0.5% (w/w), cinnamon significantly reducedg<0.05) the

elongation at break value (Table 4).

No significant differences were observed in thestidamodulus between films with and
without oregano or lemongrass oif#<0.05). However, a significant increase in the tedas

modulus of the film was noted at a concentratior0 ®&75% cinnamon oil (Table 4). In



related studies, Zivanovi34) noted a decrease in tensile strength and an serga
elongation of chitosan films enriched with essdntidgs. Begin and Van Calstere3)
noted that an increased molecular weight of thentayuion resulted in thicker and more
elastic but less strong chitosan films.

CONCLUSION

The antimicrobial activity of oregano oil in appfeiree edible films and film forming
solutions againgE. coli O157:H7 was significantly greater than the adgsitof cinnamon

oil and lemongrass oil. There was no adverse tftécadditives on water vapor
permeability properties. The antimicrobial filmsosled good oxygen permeability. The
tensile strength of the films containing certaivells of antimicrobials did not differ
significantly from control films without added amiicrobials. The antimicrobial activity
data obtained with the APFFS (BAvalues) can serve as a guide for selection of
appropriate levels of plant compounds for incorpioreinto antimicrobial edible films. Our
ultimate goal is to develop commercially viablehealogies for the manufacture of fruit
and vegetabkpased films incorporating antimicrobial phytocheatdc in an efficient
manner. Future research could be conducted to &eatbe sensory aspects of using these
natural essential oil compounds in edible films andtings, as well as to characterize their
stability.
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AND OIL COMPOUNDS ON MECHANICAL,
BARRIER AND ANTIMICROBIAL

PROPERTIES OF ALGINATE -APPLE
PUREE EDIBLE FILM

M. A. RojasGral, C. Olsen, R. J. AvenBustillos, M. Friedman,
P. R. Henika, O. Martin-Belloso, Z. Pan, T. H.
McHugh

Journal of Food Engineerin@Aceptado)

ABSTRACT

We evaluated mechanical, barrier and antimicropiaperties of 0.0.5% suspensions of
the following essential oils (EOs)/oil compoundsC&) against the foodborne pathogen
Escherichia coli O157:H7 in alginat@apple puree edible film (AAPEF): oregano
oil/carvacrol; cinnamon oil/cinnamaldehyde; and dmgrass oil/citral. The presence of
plant antimicrobials did not significantly affectater vapor and oxygen permeabilities of
the films, but did significantly modify tensile perties. Antimicrobial activities of
solutions used to prepare edible films (AAPFFS) evalso determined. The results
obtained demonstrate that carvacrol exhibited tlengest antimicrobial activity against
coli 0O157:H7. The data show that the antimicrobialvit@is were in the following order:
carvacrol > oregano oil > citral > lemongrass oitirnnamaldehyde > cinnamon oil. These
studies show that plaiwlerived essential oils and their constituents camded to prepare
applebased antimicrobial edible films for food appliceis.

Keywords: alginate film; apple puree; plant essential oilgchmanical properties, barrier
properties; antimicrobial activityfgscherichiacoli 0157:H7.

INTRODUCTION



Edible films can improve shelf life and food quglity serving as selective barriers to
moisture transfer, oxygen uptake, lipid oxidatiand losses of volatile aromas and flavors
(Kester & Fennema, 1986). Their use is gaining irtgree in food protection and
preservation due to the fact that they provide athges compared to films made from
synthetic materials (Weber, Haugaard, FesterseBgg&elsen, 2002; Tharanathan, 2003).
Potential properties and applications of ediblendiland coatings have been extensively
reviewed (Min, Harris,Han, & Krochta, 2005; Serrano, Valverde, Guillenasfilo,
MartinezRomero, & Valero, 2006; Bravin, Peressini, & Sensid 2006; Jagannath,

Nanjappa, Das Gupta, & Bawa, 2006).

McHugh, Huxsoll and Krochta (1996) developed thst fedible films made from fruit
purees. They found that apgiased edible films are excellent oxygen barriens ot very
good moisture barriers. Addition of hydrocolloidebk as alginate may improve the barrier
and tensile properties of frditased films (Mancini and McHugh, 2000). Novel flizan

be developed by combining fruit purees with varigaBing agents. Alginate, a
polysaccharide extracted from marine brown algteéophycedeis a common type of
gelling agent employed in the food industry (Maneinal., 2000; Yang & Paulson, 2000).
This polysaccharide is of interest as a poteniial ér coating component because of its
unique colloidal properties. These include thickgnistabilizing, suspending, film forming,

gel producing, and emulsion stabilizing proper(i€img, 1983; Rhim, 2004).

Interest in antimicrobial films has risen recemtlye to increased consumption of fresh
produce. Such consumption has resulted in occdsaiiareaks of illness associated with
contaminated fruits and vegetables (Brackett, 199%@nberg, Tran, Bennett, Matthews, &
Belay, 2002). During minimal processing, spoilagd pathogenic microorganisms can
contaminate fruits (Del Rosario & Beuchat, 1995uiilherg et al., 2002). For example, the
presence oEscherichia colO157:H7 on fruit surfaces may adversely affectsdifety of
fresh and freslout fruit. The use of edible films and coatingsflmod products, including
fresh and minimally processed fruits and vegetalidesf interest because films and
coatings can serve as carriers for a wide randeoaf additives, including antimicrobials
(Pranoto, Salokhe, & Rakshit, 2005).



Plant essential oils (EOs) and oil compounds (@@sE been previously evaluated for
their ability to protect food against pathogenictiesia contaminating apple juice
(Friedman, Henika, Levin, & Mandrell, 2004) andetlfioods (Burt, 2004). However, little
published data exist on the incorporation of EQ$ @s into edible films. EOs are also
used as flavouring agents in baked goods, sweetsré&am, beverages, and chewing gum
(Fenaroli, 1995) and are designated as Generatipided as Safe (GRAS) (Burt, 2004).

A complete analysis of both antimicrobial and pbgshemical properties is important for
predicting the behaviour of antimicrobial ediblém in food systems (McHugh &
Krochta, 1994a; Cagri, Ustunol, & Ryser, 2001).sTts the first study to investigate the
antimicrobial effects of alginatepple puree edible films containing EOs or OCsrasi&i.
coli O157:H7. The objectives of this study were (a) taleate the effects of adding
alginate and natural antimicrobials on the mectarand barrier properties of the films,
and (b) to determine antimicrobial activities agaitheE. coli O157:H7 of alginatapple
puree film forming solutions and algineaeple puree films containing a variety of EOs and
OCs.

MATERIALS AND METHODS

Test compoundsFood grade sodium alginate (Keltorigv, ISP, San Diego, CA., USA)
and Golden Delicious apple puree (38 °Brix) (Sab1©s., Medford, OR) were the primary
ingredients in all alginate/apple pusleased films. Glycerol (Fisher Scientific, Waukesha,
WI) was added as a plasticizing agent Blracetylcysteine (SigmAldrich Chemical Co.,
Steinhein, Germany) was used as a browning inhiibitoe following EOs and OCs were
obtained from Lhasa Kamash Herb Co. (Berkeley, @f¢gano, lemongrass, and
cinnamon cassia. Citral and cinnamaldehyde werehaged from Sigma Chemical Co.
(Milwaukee, WI). Carvacrol was a gift of Millenniu@hemical Co. (Jacksonville, FL).
Preparation of alginate-apple puree film forming solution (AAPFFS).A 26% w/w
AAPFFS was formed by combining 260 g of 38 °Brixkgppuree with 715 g of 2% w/w
alginate solution, 10 g of dscetylcysteine (1% w/w) and 15 g of glycerol (1.5%wv

using a modified method of McHugh and Senesi (20R@jural antimicrobial EOs and



OCs were then incorporated into the AAPFFS atdfiewing concentrations: 0 (control),
0.1% w/w (oregano oil and carvacrol) and 0.5% wampngrass oil, citral, cinnamon oil
and cinnamaldehyde). These solutions were homogeffiar 3 min at 12,500 rpm using a
Polytron 3000 homogenizer (Kinematica, Littau, Seftand) and then used for the
bactericidal studies and casting the films.

Preparation of alginate-apple puree edible film (AAPEF). AAPFFS was prepared as
described previously and then, vacuum was apptie&move bubbles. Films were cast on
level 29 x 29 cm square plates and dried at amlgiemditions for ~24 hDried films were
cut and peeled from the casting surface. Theseddmples were used for determinations

of barrier, mechanical and antimicrobial propertéthe films.

Film thickness. Film thickness was measured with a micrometer IP (BBtutoyo
Manufacturing, Tokyo, Japan) to the nearest 0.0028B4 (0.0001 in) at five random
positions around the film. The mean value was ueechlculate water vapor permeability

(WVP), oxygen permeability (§2), and tensile strength.

Water vapor permeability (WVP) of films. The gravimetric Modified Cup Method based
on ASTM E9692 (McHugh, AvenaBustillos, & Krochta, 1993) was used to determine
WVP. A cabinet with a variable speed fan was useigdt film WVP. Cabinet temperature
of 25 £ 1 °C was maintained in a Forma Scientiéaahin incubator (Thermo Electron
Corp., Waltham, MA). Fan speeds were set to acha@veelocities of 152 m/min to ensure
uniform relative humidity throughout the cabine@abinets were prequilibrated to 0%
room humidity (RH) using anhydrous calcium sulph@éA. Hammond Drierite, Xenia,
OH). Circular test cups made from polymethylmetiiiate (Plexigla8") were used. A film
was sealed to the cup base with a ring containiri.& cm opening using 4 screws
symmetrically located around the cup circumferef@@th sides of the cup contacting the
film were coated with silicon sealant. Distilled tea (6 mL) was placed in the bottom of
the test cups to expose the film to a high pergenfaH inside the test cups. Average
stagnant air gap heights between the water sueadethe film were measured. Test cups
holding films were then inserted into the {mguilibrated 0% RH desiccator cabinets.
Steady state of water vapor transmission rate waseeed within 2 h. Each cup was

weighed 8 times at 2 h intervals. Eight replicatkeach film were tested. Room humidities



at the film undersides and WVPs were calculateshgushe WVP Correction Method
(McHugh et al., 1993).

The WVP of the films was calculated by multiplyirtbe steady state water vapor
transmission rate by the average film thicknessrd@hed as described above and dividing

by the water vapor partial pressure difference stbe films:

WVP= (WVTR(thicknes}
(pAl - pAZ)

where WVTR = water vapor transmission rate amgdand py, = water vapor partial

Equation 1

pressure inside and outside the cup, respectively.

Oxygen permeability (O,P) of films. An Ox-Tran 2/20 ML modular system (Modern
Controls Inc., Minneapolis, MN) was utilized to nrseee oxygen transmission rates through
the films according to standard method D3985 (ASTIMIQ5). Oxygen transmission rates
were determined at 23 °C and 50 + 1% RH. Eachwilm placed on a stainless steel mask
with an open testing area of 5 triviasked films were placed into the test cell anposed

to 98% N + 2% H, flow on one side and pure oxygen flow on the atfigre system was
programmed to have a 10 h waiting period to allbw films to achieve equilibrium.
Oxygen permeability was calculated by dividing @ansmission rate by the difference in
O, partial pressure between both sides of the filnatth) and multiplying by the average

film thickness measured at 5 random places. Faqlicedes of each film were evaluated.

Tensile properties of films Standard method D882 (ASTM, 1997) was used to
measure tensile properties of films. Films wereintd strips with a test dimension of 165
mm x 19 mm according to standard method D638 (ASTM, 2002). All films were
conditioned for 48 h at 23 + 2 °C and 50% * 2% Ribbe testing using a saturated salt
solution of magnesium nitrate (Fisher ScientificairFLawn, NJ). The ends of the
equilibrated strips were mounted and clamped withumatic grips on an Instron Model
55R4502 Universal Testing Machine (Instron, Cantd,) with a 100 N load cell. The
initial gauge length was set to 100 mm and filmseastretched using a crosshead speed of

7.5 mm/min. Tensile properties were calculated ftbemplot of stress (tensile force/initial



crosssectional area) vs. strain (extension as a fraafoariginal length), using Series 1X
Automated Materials Testing System Software (Imstt@anton, MA). Fifteen specimens

of each type of film were evaluated.

Source of bacteria The Food and Drug Administration (FDA) providEdcherichia coli
0157:H7 (strain SEA18B88; our file, strain RM148%his strain was isolated from apple
juice associated with an outbreak of human infectieriedman, Henika, & Mandrell,
2002).

Test buffers. Phosphatéduffered saline (PBS, pH 7.0) was prepared by rgixdibasic
sodium phosphate (100 mM) and monobasic sodiumpbtads (100 mM) at 2:1 ratio,
diluting by half with HO (v/v), and adding NaCl (150 mM). For lower pH teu$, 2 mM
citric acid150 mM NaCl was adjusted to pH 3-3.7 (saline solutions).

Preparation of samples for bactericidal assays of APFFS. To facilitate pipettingthe
26% AAPFFS solution was further diluted by % with pH3 3aline solution, v/v. This
AAPFFS sample was used to prepare suspensionfdoassay. Oregano oil or carvacrol
(10 pL) wasadded to 9.99 mL of diluted AAPFFS. Lemongrassaiital, cinnamon oil or
cinnamaldehyde (50L) was added to 9.95 mL diluted AAPFFS in 50 mLeasibThe tubes
were warmed in a microwave oven for 10 s and thetken to form uniform suspensions.
The content of the tubes were then diluted asvia@icaline solution (50QAL) was added to
five sterile 1.9 mL tubes. Serial dilutions weredaatarting with 1 mL of each original test
solution, using 50QuL for each transfer for a total of five dilutiorilicrotiter plates with
96 wells (Nalge, Rochester, NY) were prepared wihine pH 3.3 negative controls (100
pL each in 6 wells) and three test substances Wwithdilutions plus the test solution (100
pL each dilution per well, 6 wells). These 24 weallsre sampled at three time intervals: 3,
30 and 60 min at 21 °C.

Bactericidal assays of AAPFFSA previously described assay (Friedman et al., 2002
Friedman et al., 2004) was used with some modifinat E. coli O157:H7 bacteria
streaked on Luri@ertani (LB) agar plates (Difco Inc., Sparks, MDgn& subcultured and
incubated for 1618 h at 37 °C. LB broth cultures were prepared bgvésting a few



isolated colonies from the plates with a sterileplaand suspending them into 5 mL LB
broth in 15 mL sterile plastic tubes. The cappduksuwere incubated with agitation at 37
°C for 18 h. Bacterial suspensions were preparedrfowth of ~106200 CFU per lane on
the square plates with grids used for countingad@e (1 mL) of an 18 h LB broth culture
of E. coli 0157:H7 was added to a 1.9 mL microfuge tube. Bdeteria were pelleted by
centrifugation in a microfuge (15,8@f) for 1 min. After the supernatant was removed, 1
mL of sterile PBS (phosphate buffered saline, p&) Wwas added to the pellet. The pellet
was resuspended by gentle aspiration in and oattodnsfer pipette. The sample’s optical
density at 620 nm was adjusted by ¥ dilutiagth PBS toca. 0.4. The suspension (200)
was added to PBS (984L). The resulting suspension (8Q) was then added to 5 mL
saline solution pH 3.3, vortexed, and poured intcsterile, plastic Petri dish. The
suspensions (5QL) were drawn with a multichannel Eppendorf pipeited added to six
microtiter plate wells. This was repeated untiladlthe 24 prepared wells were inoculated.
The inoculated microtiteplates were sampled three times (3, 30, and 60 atir®l °C
without agitation. At the end of each incubatiomej aliquots (1QuL) from each of six
wells were drawn with an Eppendorf multichannelgip for spotting of six L drops at
the top of a square LB agar Petri plate. The platese tilted before spotting to avoid
coalescence of drops and tapped gently to faeltadvement of the liquid to the bottom.
They were then placed uncovered for 10 min in aogioal safety hood until dry,
recovered, and incubated overnight at 37 °C. Eaelh with test solution (15QL) plus

bacteria contained ~1,500 to 3,000 cells. Experimerre done in duplicate.

Bactericidal activities (BAs, Values). Bactericidal activities, defined as the % of test
compound that kills 50% of the bacteria under th&t tonditions, were determined as
follows. Each compound was tested at a series lafialis. The control pH 3.3 saline
diluent was matched with pH of AAPFFS. The CFU wealdrom all experiments were
transferred to a Microsoft Excel 8.0 Spreadsheké fiumber of CFU from each dilution
was matched with the average control value to deter the percent of bacteria killed per
well. Each of the doseesponse profiles (% test compound versus % baittaliactivity)

was examined graphically and the Aalues were estimated by a linear regression. The

lower the BAy, the higher the bactericidal activity was observed



Antimicrobial activity of alginate -apple puree edible films (AAPEF).Disc inhibition
zone assays were performed as a qualitative teanfonicrobial activity of the films.
AAPEF with and without EOs and OCs were aseptiaallyinto 12 mm diameter discs and
then placed on MacConkeSorbitol agar (Biokar Diagnostics, Beauvais, Framdates for
E. coli O157:H7, which had been previously spre&tl @.1 mL of inoculum containing
106 CFU/mL of tested bacterium. Plates were inadat 37 °C for 48 h. The thickness
(mm) of the inhibition zone around the film disol@ny free perimeter) was then measured
and the growth below the film discs (the contaebaof edible film with agar surface) was
examined visually. Tests were done in duplicate.

Statistical analysis. Data were analyzed by om&y analysis of variance (ANOVA) using
Minitab version 13.31 software (Minitab Inc., St&@ellege, PA). Tukey test was used to
determine the difference at 5% significance le@A$, 1999).

RESULTS AND DISCUSSION

Barrier and mechanical properties.

Water vapor permeabilityVVP is a measure of the facility with which a ni&tecan be
penetrated by water vapor (Cagri et al, 2001). $zalgharide edible films tend to be poor
moisture barriers because of their hydrophilic ra{iKester et al., 1986; Garcia, Martino,
& Zaritzky, 1998). The incorporation of lipids, leér in an emulsion or as a layer coating
into the films formulations, greatly improves theiater vapor barrier properties (Garcia,
Marting, & Zaritzky, 2000; Yang et al., 2000).

In the present study, WVP properties were not &fbby the incorporation of EOs and
OCs into the film, presumably because these EOsistomostly of terpenkke

compounds, not lipids. However, a slight decreas®'VVP was observed after
incorporation of 0.5% w/w cinnamaldehyde (TableHgrnandez, (1994) indicated that
water vapor transfer generally occurs through grdrdphilic portion of the film and
depends on the hydrophilieydrophobic ratio of the film components.

Oxygen permeabilityOxygen permeability of the AAPEF with and withdu®s and OCs
are summarized in Table 1. ThePROof the alginatapple puree film was 10.20 + 0.91
cmum/nf-d-kPa indicating that this film is a good oxygen srrThis value is two times
lower than that of an apple purpectin film (22.64 + 1.28 cfamin*-d-kPa) we observed



in a previous study (McHugh et al., 1996; Rejaral, AvenaBustillos, Friedman, Henika,
Martin-Belloso, & McHugh, 2006). This difference is hypetized to be caused by the
effect of the type of carbohydrate used in the fdation (McHugh et al., 1996). Addition
of antimicrobial agents did not affect the oxygemmeability of the films. Compared to the
control films, a slight decrease i@ of the films was observed with lemongrass oil and
citral (0.5% w/w) (Table 1).

Table 1 Effect of concentration (% w/w) and type of plassential oils/oil compounds on
water vapor permeability (WVP) and oxygen permeighiO,P) properties of alginate

apple puree edible films.

Essential oil and oil Thickness' RH inside WypAE Oxygen
compounds (mm) cup™® (%) (g-mm/Kpa-h-m?) permeability”
(% wiw) (cm*um/m?-d-kPa)
Control (0) 0.119 +0.00¥°  65.03 +1.81 4.95+0.48 10.20 + 0.93
Oregano oil (0.1) 0.118+0.007  63.46 +0.65 5.25 + 0.33 11.00 + 0.92
Carvacrol (0.1) 0.117 +0.008  64.11+0.88 5.02 +0.22 10.89 +0.78
Lemongrass oil (0.5)  0.122 +0.006 65.70 +1.7% 4.91 +0.46 9.38 + 0.3
Citral (0.5) 0.118+0.004  63.87 +0.89 5.12+0.13 9.94+0.18°
Cinnamon oil (0.5) 0.117 £0.008  64.77 £0.79 4.90 +0.27 10.50 + 0.62
Cinnamaldehyde (0.5) 0.118 +0.009  67.10 + 0.8 4.37 +0.54 11.03 +0.78

AThickness and RH data are mean values. WVP aRdd@ta are mean values * standard deviations.

B Relative humidity at the inner surface and WVP ealwere corrected for stagnant air effects using
the WVP Correction Method (McHugh et al., 1993).
NS Not significantly different

aPMeans in same column with different letters araigicantly different (p<0.05).

Tensile properties Tensile strength, elongation, and elastic modalesparameters that

relate mechanical properties of films to their cheahstructures (McHugh and Krochta,

1994b). Tensile strength expresses the maximurssstieveloped in a film during tensile

testing (Gennadios, Brandenburg, Park, Weller, &tifig 1994). Incorporation of EOs and
OCs caused a significant reduction (p<0.05) initers¢rength of the films (Table 2). This

effect was more pronounced in films containing aregoil and carvacrol, which displayed



lower values of tensile strength 2.47 + 0.37 ai@ 2 0.37 MPa, respectively. Elongation
at break is a measure of the film’s stretch abpitipr to breakage (Krochta and DeMulder
Johnston, 1997). The percent elongation of coOMAREF was 51.06% and increased in all
films containing EOs and OCs, reaching a maximuheraf 58.33% with carvacrol

(Table 2). The elastic modulus of AAPEF (7.07 £91\M)Pa) was significantly greater than
most of the films containing antimicrobial agentslfle 2). No significant differences were
observed in the elastic modulus between films aitd without cinnamon oil or

cinnamaldehyde (p<0.05).

Table 2. Effect of concentration (% w/w) and type of plassential oils/oil compounds on

the tensile properties of alginaapple puree edible films.

Essential oil and oil

Tensile strength' Elongation Elastic modulus®
compounds
(MPa) (%) (MPa)
(% wiw)
Control (0) 2.90 £0.52 51.06 + 3.89 7.07 £1.09
Oregano oil (0.1) 2.47+0.3% 56.96 + 3.88 5.75+0.98
Carvacrol (0.1) 2.58 +0.37 58.33+4.68 5.96+1.13
Lemongrass oil (0.5) 2.56 +0.48 55.95 + 5.58° 6.02 +1.07
Citral (0.5) 2.52+0.44 57.38+5.741 6.46 +1.2%
Cinnamon oil (0.5) 2.84+0.48° 57.88 +5.3% 6.86+1.16
Cinnamaldehyde (0.5) 2.75+0.4% 55.50 + 7.46° 6.77 +0.87

ATensile strength, elongation, and elastic moduata dre mean values + standard deviations.
abMeans in same column with different letters aramisicantly different at p<0.05

Antimicrobial properties.

Antimicrobial activity of plant essential oils andil compounds in AAPFFSThe
experimental BAyvalues for EOs and OCs at three time periods, 3aB@ 60 min are
show in Table3. All compounds inhibited the growftE. coli O157:H7. AAPFFS in
saline pH 3.3 without EOs or OCs and contaiikgcetylcysteine as an antibrowning

agent was not effective against the pathogen.



Table 3.Bactericidal activities (BA values) of plant essential oils/oil compounds agfai
E. coliO157:H7 in alginat@pple puree film forming solution (AAPFFShcubated for 3,
30, and 60 min at 21 °C.

Oil/oil compound BAgovalue forE. coliO157:H7°

(% wiw) in 50% AAPFFS 3 min 30 min 60 min
Oregano oil (0.1) 0.025nd 0.01a:0 0.012:0
Carvacrol (0.1) 0.020:0.0007 0.0110.001 0.01%0.0007
Lemongrass oil (0.5) >0.34° 0.066:0.01 0.052:0.006
Citral (0.5) >0.34 0.093:0.02 0.05%0.0007
Cinnamon oil (0.5) >0.34 0.16+0.08 0.08'#0.05
Cinnamaldehyde (0.5) >0.34 0.1:+0 0.086:0.03

2AAPFFS is 50% apple puree film formula suspensiosaline pH 3.7 buffer.
®BAgy = Average values and standard deviations of tywbaaes of BAy values
¢ >: less than 50% of bacteria were killed at thghhst dose used.

nd: no detected

Table 3 shows that carvacrol at a concentratidh ¥ w/w in the AAPFFS was effective

at 3 min with a B4, value of 0.020 (0.020% of carvacrol inhibited 56¢theE. coli
0157:H7 after 3 min). The activity at 30 min wascivas great (B4 = 0.011%) than at 3
min; at 60 min, it was the same (B4 0.011%) as at 30 min. Carvacrol appears to exhibit
high antimicrobial effects againkt coliO157:H7. Similar behaviour was observed with
oregano oil. The B4y values of oregano oil agairtst coliO157:H7 at 3, 30, and 60 min
were 0.025, 0.010, and 0.012%, respectively, dightly higher (the activity was lower)
than those mentioned for carvacrol. The antimiabbctivity of oregano oil can be
accounted for by its content of carvacrol. Thelztdterial properties of carvacrol are
associated with their lipophilic character, leadiogiccumulation in membranes and to
subsequent membraassociated events such as energy depletion (Sikke@enBont, &
Poolman, 1995). Previously it was shown by HPLQ tliegano oil contains about 86%
carvacrol (Friedman, et al., 2004). Carvacrol,rttagor component of oregano oil, is
designated as Generally Regarded as Safe (GRAByti2in, 2000).

The activity of lemongrass oil at concentration® &% in the AAPFFS againkt coli
0157:H7 were similar to those of citral (Table @pmpared to carvacrol and oregano oil, it
took about five times more of citral and lemongrait$o achieve the same activity against
E. coliO157:H7. On the other hand, cinnamaldehyde ahaestration of 0.5% w/w in the



AAPFFS was only effective at 30 and 60 min withgg®alues of 0.11 and 0.086%,
respectively (Table 3). These results indicate ¢hatamaldehyde at a fivefold greater
concentration was less effective than carvacrog dgtivity of cinnamon oil againk. coli
0157:H7 at a concentration of 0.5% in the AAPFFS wfsthe same order as that observed
with cinnamaldehyde (Table 3). These results wepeeted in view of the fact that
cinnamon oil contains about 85% of cinnamaldehyd&¢{iman et al., 2004).

Antimicrobial activity of plant essential oils andil compounds in AAPEF.Table 4 shows
the results of antimicrobial activities of the fdntontaining the essential oils and oil
compounds. The listed inhibitory activities werdireated from measurement of clear
inhibition zones surrounding the film disks. If an®unding clear zone was not present, it
was assumed that the compound was not inhibitodytla® diameter was assigned as zero.
AAPEF without EOs and OCs served as a control terdéne any possible antimicrobial
effect of the film without additives. The contrdhf did not inhibit theE. coli O157:H7.

The results show that all films containing addedeasal oils and oil compounds
significantly inhibited the growth oE. coli O157:H7. As expected, AAPEF containing
carvacrol was the most effective (greater surraumdiear zone) againg. coli 0157:H7
(Table 4). Inhibition of E. coli O157:H7 by lemongrass oil/citral and cinnamon
oil/cinnamaldehyde at 0.5% w/w in the films was éwhan that observed with oregano
oil/carvacrol (Table 4). Compared to carvacrol, tdok about five times more
cinnamaldehyde and citral to achieve the sameigctgainstE. coli O157:H7. Because
cinnamon oil is present in numerous commercial $offeriedman, Kozuekue, & Harden,
2000), has a pleasant taste, and is GH#t8d (Adams et al., 2004), the compound merits

use as an antimicrobial in edible films.

Table 4. Antibacterial activity of plant essential oild/@ompounds incorporated into

alginateapple puree edible films agairist coli O157:H7.

Essential oil and oil  Concentration E. coliO157:H7

compounds (% wiw) Inhibitory zone (mnf) Contact ared
Control 0 0 -




Oregano oil 0.1 1.2 +

Carvacrol 0.1 1.6 +
Lemongrass oil 0.5 1.0 +
Citral 0.5 1.2 +
Cinnamon oil 0.5 <1 +
Cinnamaldehyde 0.5 1.0 +

&/alues are measurements of thickness (mm) of itdripzone (colony free perimeter).
®Contact area is the part of agar on Petri dishctlireinderneath film pieces. +: represents an

inhibitory effect;-: represents no inhibitory effect.

CONCLUSIONS

There was no adverse effect of the additives oempor and oxygen permeabilities.
Tensile properties; however, were significantlyeaféd by addition of EOs and OCs. The
antimicrobial activity of oregano essential oil avfccarvacrol in alginatapple puree
edible films and film forming solutions agairst coli O157:H7 was significantly greater
than the activities of lemongrass oil, citral, @nmon oil, and cinnamaldehyde. The
antimicrobial data obtained with the alginatgple puree forming solution can serve as a
guide for selection of appropriate levels of pleminpounds for incorporation into
antimicrobial edible films. Incorporating EOs an@®©into edible films provides a novel

way to enhance the safety and sHiéfin food systems.
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APPLE PUREE-ALGINATE EDIBLE
COATING AS CARRIER OF

ANTIMICROBIAL AGENTS TO PROLONG
SHELF LIFE OF FRESH-CUT APPLES
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ABSTRACT

Edible coatings with antimicrobial agents can edtéime sheHife of freshcut fruit. The
effect of lemongrass, oregano oil and vanillin inmwated in apple puresginate edible
coatings, on the shelife of freshcut Fuji apples, was investigated. Coated apple® we
packed in air filled polypropylene trays and wraghpeth polypropylene film. Changes in
headspace atmosphere, color, firmness, sensoryityquaild microbial growth were
measured during 21 days storage at 4 °C. A sigmificeduction in the rates of, @epletion
and CQ evolution was observed in samples containing bigicentrations of essential oils
(EOs). Ethylene production in the coated apples remained below 50 pl 1, while production

of this gas increased continuously in uncoatedespahd those coated without EOs during
storage. Apples coated with apple puadginate exhibited ethanol and acetaldehyde
formation in the first week. Coatings with calciwhloride andN-acetylcysteine helped to
maintain firmness and color, while lemongrass doirtg coatings induced severe texture
softening. Vanillin containing coatings (0.3% w/wpere the most effective in terms of
sensory quality after 2 weeks storage. All antiolital coatings significantly inhibited the
growth of psychrophilic aerobes, yeasts and mditie. antimicrobial effect of EOs against
L. innocuainoculated into apple pieces before coating was akamined. Lemongrass (1.0
and 1.5% w/w) and oregano oil containing coating$% w/w) exhibited the strongest
antimicrobial activity againdt. innocua(4 log reduction).

Keywords: edible coating, alginate, antimicrobialssteria innocua shelflife, freshcut
apples
INTRODUCTION

Minimally processed fruits go through preparatiteps such as peeling, cutting or slicing,
to increase their functionality and maintain thfeéshlike propertiesMinimal processing
alters the integrity of fruit and induces woundstgess and spoilage. Also, the presence of
microorganisms on the surface of fruit may compsmrthe safety of frestut fruit (Del
Rosario and Beuchat, 1995; Thunberg et al., 200@ptrolling fresh quality and growth of

spoilage and pathogenic bacteria is a challengioblem for the fresttut fruit industry.

Edible coatings, containing antimicrobial agentse @aining importance as potential
treatments to reduce the deleterious effects intbdiseminimal processing on fresiut

fruit (Alzamora and Guerrero, 2003; Burt and Remsgd@003). The use of edible coatings
for a wide range of food products, including fremhd minimally processed fruit, has

received increased interest, because coatingserae as carriers for a wide range of food



additives, including antibrowning agents, colorariigvors, nutrients, spices and various
antimicrobials that can extend product shiédf and reduce the risk of pathogen growth on
food surfaces (Baldwin et al., 1996; Wong et a@9@; Cagri et al., 2004; Pranoto et al.,
2005). Incorporating antimicrobial compounds into ediblen$ or coatings provides a
novel way to improve the safety and shelf life ehdyto-eat foods (Cagri et al., 2004).
Some of the more commonly used antimicrobials uelbenzoic acid, sorbic acid,
lysozyme, lactoferrin, bacteriocins (nisin and peth) and plantlerived secondary

metabolites, such as essential oils and phytoadexin

Vanillin is a plant essential oil fraction that Hasen used recently as a bacteriostatic rather
than a bactericidal agent in frestit apples (Rupasinghe et al., 2006). EOs haveledea
evaluated for their ability to protect food agaipathogenic bacteria in contaminated apple
juice (Friedman et al., 2004; Raybaiassilia et al., 2006) and other foods (Burt, 2004)
These EOs are designated as Generally Regardeafea§GBRAS) (Burt, 2004), and used as
flavouring agents in baked goods, sweets, ice crelaeverages, and chewing gum
(Fenaroli, 1995). These compounds can be addedibdeefiims and coatings to modify
flavor, aroma, and odor, as well as to introdud@&aarobial properties (Cagri et al., 2004).
EOs are regarded as alternatives to chemical masers and their use in foods meets the
demands of consumers for minimally processed napn@ducts, as reviewed by Burt
(2004).

Little published data exist on the incorporationptdnt essential oils into edible films and
coatings. No prior research has been reported @imttorporation of natural plant extracts
into edible coatings applied on fresht fruits. McHugh et al. (1996) developed thetfirs
edible films made from fruit purees which were shdw be a promising tool for improving
quality and extending stéife of minimally processed fruits (McHugh and Ssin€000;
Salcini and Massantini, 2005). Roj@sal et al. (2006) recently investigated the effefct
plant essential oils on antimicrobial and physipedperties of apple puree edible films.
Alginate-apple puree films, containing plant essential ditsye not been explored as edible
coatings previously. The objectives of this workrevd) to study the effects of natural
antimicrobial agents, incorporated in fruit pugadysaccharide edible coatings, on native

psychrophilic aerobic bacteria, yeasts, molds awdulatedListeria innocuain freshcut



Fuji apples,and 2) to characterize the physicochemical propemif the coatings as they

relate to fruit quality and shelife.

MATERIALS AND METHODS

Materials. Apple puree (38 °Brix) (Indulleida S.A., Lleid&@pain) and food grade sodium
alginate (Keltone LV, ISP, San Diego, CA, USA) were the primary iagients in all
coating solutions. Glycerol (Merck & Co. Inc., Wétibbuse Station, NJ, USA) was added as
plasticizer. Calcium chloride (Sigm&ldrich Corp. Steinhein, Germany) was used to
induce crosslinkingN-acetylcysteine (SigmaAldrich Corp. Steinhein, Germany) acted as a
browning inhibitor. Oregano and lemongrass oils €ifes Esenciales Dicana S.A.,
Barcelona, Spain), and vanillin (Scharlau Chemid.,SBarcelona, Spain) were the

antibrowning agents and active compounds tested.

Preparation of the coating solutions.Coating solutions (CS) were prepared by mixing
apple puree (26% w/w) with an alginate solution (@%&) which was previously prepared
by dissolving alginate in distilled water and hegtat 70 °C while stirring until the solution
became clear. CS also contained glycerol (1.5% wi@s and active compounds were
then incorporated into CS at the following concatidns: 0% (control), oregano (0.1% and
0.5% wi/w), lemongrass (1% and 1.5% w/w) or vani{imi3% and 0.6% wi/w), respectively.
These solutions were homogenized for 3 min at 12 50n using an Ultra Turrax T25
(IKA” WERKE, Germany) homogenizer with a S2825G device, and degassed under
vacuum. N-acetylcysteine (1% w/v) was added to a calcium riddobath (2% wi/v) to
crosslink the carbohydrate polymers. These forraniatwere chosen in accordance with
previous work (Roja$sral et al., 2006; 2007).

Fruit coating. ‘Fuji’ apples Malus domesticdorkh) used in this study were purchased in
a local market and stored at 4 + 1 °C before paicgs Apples were washed, rinsed and
dried prior to cutting operations. Subsequentlyplep were cut into cylinders 1.4 cm
diameter by 2 cm height. The apple pieces weredipped into CS (with or without EOs)

for 2 minutes. Residual solution was allowed t@dif for 1 min, before submerging the



cylinders for 2 min in the solution of calcium chitte andN-acetylcysteine. Next, apple
pieces were packaged into polypropylene trays (Mepformance Plastic LTD, Kibbutz
Hamaapil, Israel) and wrapped using a 64 um thickness polypropylene film with a
permeability to oxygen of 110 é,.m? bar'.day’ at 23 °C and 0% RH (Tecnopack SRL,
Mortara, Italy) using a MAP machine (llpra Foodpa&ksic V/G, llpra, Vigenovo, Italy).
Trays were filled with air, heat sealed, and staredarkness at 4 + 1 °C. Analyses were

carried out periodically during 21 days storagesimdomly sampled pairs of trays.

Headspace gas analysisthe atmosphere of each single tray was analyzew wsigas
chromatograph equipped with a thermal conductidétector (MicreGC CP 2002 gas
analyzer, Chrompack International, Middelburg, TWetherlands). A sample of 1.7 mL
was automatically withdrawn from the headspace spiere. Portions of 0.25 and 0.33
mL were injected for @and CQ determination, respectively. The €ontent was analyzed
with a CRMolsieve 5 A packed column (4 m x 0.32 mm, df = rhén) (Chrompack
International, Middelburg, The Netherlands) at @ahd 100 kPa. For quantification of
CO,, ethylene (GH,), and ethanol (€4s0H), a PoréPLOT Q column (10 m x 0.32 mm, df
= 10 mm) (Chrompack International, Middelburg, Thetherlands), held at 70 °C and 200
kPa, was used. Two trays were taken at each saypiplie to perform the gas analysis and

two replicates were carried out for each one.

Color measurement.Freshcut apple surface color was directly measured witbR400
Minolta chroma meter (Minolta, Inc., Tokyo, Japa@plor was measured using the QE

a, b coordinates. llluminant D65 and 10° observer amgee used. The instrument was
calibrated using a standard white reflector plaen pieces were evaluated for each pair of
trays. Three readings were made in each replicatehbnging the position of the apple
pieces. Numerical values af andb” parameters were employed to calculate hue ahgle:
=tan* (b'/a).

Firmness measurement.Apple firmness evaluation was performed using a-X72
Texture Analyzer (Stable Micro Systems Ltd., EndladK) by measuring the maximum
penetration force required for a 4 mm diameter primbpenetrate into an apple cylinder of
20 mm height and 15 mm diameter to a depth of 10 abra rate of 5 mms Apple



cylinders were placed perpendicular to the probeasoto allow penetration in their

geometric centre.

Sensory evaluation.Sensory quality of coated apple pieces was evaluatd, 7 and 14
days of storage. For the hedonic tests, the consumeluated four pieces of frestt
apples: coated without EOs (control), and coatetth &EiOs [vanillin (0.3%), lemongrass
(1%) or oregano oil (0.1%)]. Thirty persons, agetilieen 20 and 45 years old and who eat
apples frequently, were recruited among studerdspansonnel of the Department of Food
Technology, University of Lleida. The order of tkamples was randomized for each
consumer. They were asked to evaluate the samplasl® cm norstructured linear scale
with anchor points at each end. The attributesuatatl were: color by visual observation
under white lightning, texture by biting with frotdeth, taste by masticating, and overall
preference; where 0 indicated extreme dislike abdndlicated extreme like. The judges’

average response was calculated for each attribute.

Microbiological analysis

Preparation of bacterial culture Since it is important to know the effect of coasngn
pathogenic microorganisms relevant to fresh fruit, as well as on the native
psychrophilic aerobic bacteria, yeasts, and madsexperiment was designed to evaluate
the antimicrobial effect of coatings containing E@s Listeria innocuainoculated (as
surrogate of the pathogenitisteria monocytogengson apple piecesL. innocua
(Laboratoire de Re pression des Fraudes, MontpeHieance) was maintained tryptone
soy agar (TSA) (Biokar Diagnostics, Beauvais, Fedratants at 5 °C. Stock culture lof
innocuawas grown in TSB + 0.6% of yeast extract (Biokaaddiostics, Beauvais, France)
at 35 °C for 15 h and 200 rpfeell in early stationary phase). The maximum leeelched
for the microorganism was 6.5 x °L@olony forming units per milliliter (CFU.i).
Concentration was then adjusted td TFU.mI* using saline peptone water with 0.1%
peptone (Biokar Diagnostics, Beauvais, France) @88% NaCl (Scharlau Chemie, S.A.,

Barcelona, Spain).



Apple inoculation. Ten grams ofFuji apple were inoculated with 10Ql of an
appropriately diluted culture so as to contair® TFU.ml'of Listeria innocua The
inoculated pieces were dried for 0.5 h and thenecbal he coating forming solutions were
prepared and applied using the methodology destriiyeviously. Coated apples were

packed and stored as explained above.

Incidence of Listeria sp. in fresh cut apple Occurrence otisteria in norrinoculated

samples was studied according to the ISO 11P@uideline working with Fraser Half
Broth (FHB) (Biokar Diagnostics, Beauvais, Franas)preenrichment medium and Fraser
Complete Broth (FCB) (Biokar Diagnostics, Beauvdisance) as enrichment medium,
with posterior streaking on Oxford and Palcam afBiokar Diagnostics, Beauvais,

France).

Psychrophilic aerobic bacteria, yeasts/molds, antisteria innocuacounts.Apple pieces
(10 g) were removed aseptically from each tray &adsferred into sterile plastic bags.
Samples were diluted with 90 ml of saline peptonatew (0.1% peptone Biokar
Diagnostics, Beauvais, France + 0.85% NaGcharlau Chemie, S.A. Barcelona, Spain)
and homogenized for 1 min in a stomacher blendgt (hstruments, Barcelona, Spain).
Serial dilutions were made and then poured ontdepleount agar (PCA) (Biokar
Diagnostics, Beauvais, France) and chloramphenitotose agar (CGA) to quantify
psychrophilic aerobic bacteria, yeasts and moBmples were spread on plates of Palcam
agar (Biokar Diagnostics, Beauvais, France) to tauinnocua Plates were incubated for
10-14 days at 5 °C to enumerate psychrophilic aerdaicteria, 3 days at 25 °C to
enumerate yeasts and molds, and 48 h at 30 °C&otifyuL. innocua Colonies were
counted and the results expressed as CElbf apples. Analyses were carried out
periodically over 21 days of storage in randomlyngked pairs of trays. Two replicate
counts were performed for each tray. Determinatiohgsychrophilic aerobic bacteria,
yeasts and molds, ardsteria innocuaimmediately after coating (time zero) and at 4, 7,

10, 14, 17 and 21 days of storage were made.

Statistical analysis



Data were analyzed by om@y analysis of variance using statistical proceduof the
Statgraphics Plus V.5.1. (Statistical Graphics CRqckville, MD, USA). Specific
differences were determined by least significafitedénce (LSD) and Tukey's tests. All

comparisons were made at the 5% level of signifiean

RESULT AND DISCUSSION

Changes in headspace gas composition

Intact commodities continue respiring through tkia sifter harvesting. If disruption of the
skin occurs by cutting, the rate of respiratioraéxelerated and characteristic flavor and
aroma compounds in fruits are modified (Beaulied Baldwin, 2002). Edible coatings are
capable of producing a modified atmosphere on dodteits by isolating the coated
product from the environment, acting as a barreinxygen, carbon dioxide and water

vapor and decreasing the rate of respiration (Slared Barbos&€anovas, 2005).

In this study, the effects of the edible coatingstaining EOs on respiratory activity {O
and CQ), ethylene, acetaldehyde and ethanol productidresfcut Fuji apple pieces was
evaluated by analysis of headspace gas in polyfgnpypackaging during 21 days of

refrigerated storage.

Figures 1A and 1B show that the type and conceotraif EOs affected significantly
(p=<0.05) the headspace gas concentration of ligthnd CQ in packaged freshut coated
apples during the evaluated period. A very sligihtrdase was observed in Readspace
concentration in apple pieces coated with CS coimgilemongrass oil (1 and 1.5% w/w)
and at higher concentration of oregano oil (0.5%)wivhile O, concentration in the other
coated samples decreased reaching levels as 18496 with uncoated frestut apples
(Figure 1A). Similarly C@ concentrations in samples with high levels of EO% and
1.5% lemongrass; 0.5% oregano oil) were unaffeadedng storage time, while a
substantial increase in G@oncentration was observed in the rest of the Esr({Figure
1B). The pattern exhibited by the coatings withhhapncentrations of EOs suggests that

reduction in the rate of C{&volution and @depletion is affected by the plant essential oils



incorporated into the alginatgple puree coating. In previous work, it was obserthat
dried films made of alginatepple puree and containing natural essential ditsved
higher oxygen permeability than those edible filbased only on alginate (Olsen et al.,
2006).

The trend o0, depletion and C@evolution in coated frestut fruits has been reported by
several authors. Thus, Wong et al. (1994) invewijthe effect of various bilayer coatings
on respiratory activity of coated apple pieces meag CG, production in the headspace
gas composition. All coatings studied by the awthalginate included) produced a
substantial rate reduction in this gas, comparednimated cut apples. They suggest that
the diffusion of the headspace © the tissue was inhibited by the high®sistance of the
coating. However, Olivas et al. (2005) indicateal thoatings with selective permeability to
gases are capable of decreasing the intercham@gearfd CQ between coated fruit and the
environment, slowing down the metabolism by dedngasmternal Q concentration and

increasing C@concentration.

02 (%)

CO2 (%)

Time (days)

—&—oregano (0.1%) —e&—oregano (0.5%) —B—lemongrass (1.0%) —m—lemongrass (1.0%)



Figure 1. Q and CQ headspace gas concentration in trays containiagedawith or without EOs)
and uncoated apple pieces during storage at 4%a.dbawn are the means (+ standard deviation).

The physiological responses elicited by the physta@ss imposed by cutting and slicing
the vegetable tissue, are well established in Htezature and associated to ethylene
production (Kays, 1991; Beaulieu et al., 2002).ytethe evolution of the coated and
uncoated fresieut apples observed in this study is shown in EF@A. All samples coated
with alginateapple puree and containing EOs exhibit a constant level in ethylene
production. No statistical differencgs>0.05) were observed between samples coated with
different concentrations of the same compound. Hewethe results are particularly
different in apple pieces without coatilng edible coating without EOs, where ethylene
production increased steadily reaching values of 230.07 and 132.38 pl I'* respectively, at
the end of the refrigerated storage period (Fidke The inhibitory effect of the coatings
with EOs seems evident. This agrees with resufterted by Wong et al. (1994) in which a
substantial rate reduction (90%) of ethylene waseoled in fresttut apple coated with
bilayer coatings of buffered polysaccharide/lipiduthors attributed this reduction
primarily to the diffusion barrier properties ofetHipid layer and secondarily to the

inhibitory effect of the ascorbate buffer which tained calcium ions. In our case, EOs



were incorporated by emulsification into the applereealginate coating solutions to
improve antimicrobial properties, while crosslingirof the carbohydrate polymers was
obtained by immersion in a calcium chloride solafibence both components might have
contributed to the decrease in ethylene produdtond in this study. Additionally, Lee et
al. (2003) found a reduction of the initial restima rate (from 44.80 to 34.95 mg GOkg

1 h™) of freshcut Fuji apples coated with whey protein concestettributing this effect
to the calcium ions contained in the film forminglugion and to the oxygen barrier

properties inherent to the film.

Reduced interchange of gases between fruits andithmediate surroundings due to the
use of coatings can drastically reduce oxygen $eaatl alter the respiratory metabolism in
such a way to produce anaerobiosis and fermentatesulting in offflavors caused by
accumulation of ethanol and acetaldehyde (Alonsib Alque, 2004). In this study, the
production of acetaldehyde and ethanol in applegsiecoated with apple puralginate
coatings indicates the creation of an anaerobicifireddatmosphere, as suggested by the
lower accumulation of ethanol and acetaldehydehénheadspace of polymeric packages

containing the uncoated fresht apples during refrigerated storage (Figure 2@ @).
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Figure 2. Ethylene (a), acetaldehyde (b) and eth&r)o headspace gas concentration in trays
containing coated (with or without EOs) and uncdatpple pieces during storage at 4°C. Data shown
are the means (+ standard deviation).

The acetaldehyde evolution of coated and uncoasstkéut apples is shown in Figure 2B.

The type of EOs incorporated into alginajgple puree coatings affected significantly
(p<0.05) the acetaldehyde production. Acetaldehyde concentrations of vanillin coated
freshcut apples increased during storage reaching levels as high as 377.47 and 344.00 pl It

in samples containing vanillin at 0.3 and 0.6% wéspectively; while in the rest of coated
apples the production of the gas was low and conhstatil the end of storage. These
differences can be attributed to the different retof the antimicrobials incorporated in
CS. Coatings with antimicrobial agents of lipophitiature such as oregano and lemongrass
seemed to offer a major resistance to diffusioracédtaldehyde from the interior of the
pieces of fruits towards the head space of thegmrkas compared to apple pieces coated
with formulations in which vanillin (not lipid cryalline compound) had been incorporated.
It can be inferred that the concentration of thés gnside the coated fruit is higher than

detected in the polymeric package headspace.



Ethanol is an indicator of the degree of anaerédimentation that is taking place and its
accumulation occurs when internal atmosphere isceti and gas exchange is restricted
(Park et al., 1994). Figure 2C shows the ethanotiyction in coated and uncoated fresh
cut apples. The presence of this gas was deteftiexdlaweek of storage in apple pieces
with the coatings that showed lesser gas barriepgaties (vanillin 0.3 and 0.6% wi/w,
oregano oil 0.1% and lemongrass 1%), reaching values of 43.23 ul 1" at the end of the
storage period. However, in coated apple piecetagong high levels of lemongrass and
oregano oil in its formulation, ethanol was detdaie day 10, and values did not exceed 26
ul I'* after 21 days of storag€igure 2C). It is important to highlight the fabiat ethanol
production increased rapidly after 14 days of geran packages of apple pieces coated
with apple purealginate coatings without EOs reaching values of 90.98 ul I'* at the end of
the refrigerated storage (Figure 2C) indicatindpiét 0 anaerobic respiration due to the low
oxygen permeability of the appédginate coating. The appearance of these ferniemtat
metabolites (ethanol and acetaldehyde) as a redulinaerobic respiration is often
associated to offlavors and its presence might be detrimental taliu (Day, 1994).
Edible coatings are expected to impose some réstricto gas interchange and it is evident
that the edible coatings containing EOs used mwhirk affected positively the production
and the subsequent gas diffusion pattern of acgtgtte and ethanol.

Color changes

The use of antimicrobial edible coatings had a iigmt (p<0.05) effect in the color
parameters”, a’, b” and h* of freskcut Fuji apples (Table 1). From th# d@ay of storage,

L" values tended to decrease in all coated samptespein those containing lemongrass
(1.0% w/w) and vanillin (0.6% w/w), which kept caast L~ values throughout storage.

Color of uncoated fresbut apples darken rapidly and was not measuredglgtorage.

Thea' value is a measure of greenness and is highljeceta color changes of apple flesh
(Goupy et al., 1995). Apple puredginate coatings containing EOs produced a
modification of thea  coordinate compared to the control (without EG&ble 1). This
difference was especially apparent in samples doatih solutions containing lemongrass.
External color of apples coated with lemongras@%iland 1.5% w/w) tended to greenish
as indicated by the decreaseaofalues (Table 1), but internal color was serioasfgcted,

leading to darken from the first days of storage.



Regarding the yellowness values, a significant ese irb” values in samples coated with
apple purealginate coatings was observed during storage. dtitept decrease ib*
values in samples containing 1.5% of lemongrasschwHuctuated between 28.52 and
21.77 during the period of storage, was particylagparent. After one week of storage,

values of all coated samples decreased with stdiimge(Table 1).

The hue value i) represents true color, which is effective foruebizing the color
appearance of food products (McGuire, 1992). ANOMK&ealed that time of storage did
not affect significantly §>0.05) the change &f values observed in frestut apples coated
with alginateapple puree. In contrast, the type of coating érited significantly the
tonality of coated cut apples. The maximum valuek  avere obtained in fresbut apples
coated with lemongrass and the lowest were obsenvepple coated without incorporation
of EOs (Table 1). This was expected since the waiiation of paramete (h” values are
calculated from numerical values af and b’) was observed in samples coated with

lemongrass and without EOs.



Table 1. Changes in the color parameters of afpteep coated with alginatgple puree (with or withol#Os) during storage.

Treatment (% w/w)

Time

Without EOs Oregano oil Lemongrass Vanillin
(days) 0 0.1 05 1 15 03 0.6
L*
63.05+0.10"* 65.46 +0.46' "2  67.87+0.66'5 6584+1.19"® 69.15+22%°%  66.67+1.19° 66.33+2.10'
55.01 + 1.64'* 60.30 + 2.0 8¢ 61.37+0.4P5  64.40+0.0%° 62.33+0.1P%  59.59 +0.89° 64.12 + 0.03* B
14 55.02 + 0.4% A 59.50 + 0.2% % 5853+252"% 63.79+06F5 63.73+0.145 57.25+208"8 64.21+0.43°8
21 52.61 +0.50'* 58.50+0.28%  58.93+0.47% 64.79+174° 63.71+0.7%¢ 59.63+0.5PFC 59.05 + 1.6% ¢
a*
0 -1.96 +0.16" € -2.88+0.07%  -247+017%  .325%0.3%° -421+06F~ -252+0.18FC -2.67 +0.04 B¢
-1.67 +0.19°¢ -2.42 +0.33'8 -2.02+0.22*¢  -3.83+0.0F" 347 +1.17%A  -2.21 +0.09 B¢ -2.54+0.078
14 -1.15+ 0574 -2.34+027¢  -1.44+012>¢  .333+0.46'% -3.08+0.785%  -2.09+0.3%° -2.74 +0.40 B¢
21 -0.91+0.33%°¢ -2.14+0.16'8 -0.68+0.23°¢ -3.09 +0.06"* -3.09 +0.29A -2.12+0.06'8 -1.96 + 0.0P 8
b*
26.30 +0.18- 48 2455+1.2%"  2392+044" 2570+1.134 28.52+0.24% 2556 +0.27" 25.83+2.18 48
20.76 + 1.528 22.61+0.328 21.19+1.3%98 26.87+0.8%4  26.02+0.13* 2297+0.67F° 24.37 +0.1P 8
14 22.33+0.938 19.50 +0.12 ¢ 19.35+0.63 ¢ 26.36 +0.39"* 22.66+1.09% 21.65+0.145C 23.52+0.64°8
21 21.04+0.6% 8 20.26 +1.138 20.96 + 0.8 8 25.21+1.8M4 21.77+0.7P8 21.50+0.528 22.73+1.124
h*
0 94.27 + 0.24>8 96.70+0.5%* 9589+05F"® 97.20+0.46'"  98.40+1.124 95.63 + 0.46' "° 95.92 + 0.4F "8
94.58 + 0.20'"® 96.10 + 0.74'* 93.90+0.58%  98.11+0.23~ 97.58+2.46" 95.50 + 0.39 "¢ 95.94 +0.19 "8
14 92.98 +1.584 96.86 + 0.8F B 95.97 +0.848 97.20 +1.16-8 97.79 +2.36'8 95.50 + 0.94 8 96.66 +1.158
21 92.49 + 0.98 " 96.27 + 1.46' 8 91.87 +0.7P4 96.99 + 0.39 © 98.10 + 1.03'® 95.62 + 0.28 B 94,92 +0.23' 8

Data shown are the means (+ standard deviationansiéor the same parameter in the same colunm) ¢ in the same line &) with different

letters are significantly different €0.05), according to ANOVA and the Tukey’s test.



In general, the lowest changes in color parametefi®shcut apples were observed when vanillin (0.3%
and 0.6% w/w) was incorporated into the coatingniaation (Table 1). Similar result was obtained by
Rupasinghe et al. (2006) who observed that incatfmr of vanillin into NatureSe8f solution did not

modify the color of fresttut apples during the storage period.

On the other hand, all coating formulations usethis work contained Mcetylcysteine an antibrowning
agent which helped to keep the apple pieces faa firowning during the entire period of storage. By
contrast, fresttut apples without coatings showed high positiveieaof a (1.34) and lowh™ value
(87.50) in the first hour of storage, which is aex of browning. These results demonstrated that
acetylcysteine is an effective antibrowning agenbé incorporated in the formulation of edible augd.
Edible coatings have the potential to carry andl laalditives as antibrowning agents on the surfdoeito
tissues, aiding to an effective control of brownilg a previous work, the effectiveness Mf
acetylcysteine as antibrowning agent incorporategd alginate coating (without apple puree) preveénte

browning of coated fresbut apples (Roja&rau et al., 2007).

Texture changes
The texture of the fruits is likely to soften dugistorage due to several factors, including losseih
turgidity pressure, loss of extracellular and vémcwir and the degradation of the cell wall and

consequent loss of water by the cell breakdown (iMezFerrer et al., 2002).

Incorporation of EOs into formulations used to aotvee apple pieces had a significant effegt(p5) on

the firmness of the fruit. Figure 3 shows the figss evolution of uncoated and coated apple pieces
during 21 days of storage. It can be observed g@nples coated with apple puaginate coatings
containing vanillin (0.3 and 0.6% w/w), oreganol@. w/w) and without EOs, maintained their firmness
during the entire refrigerated storage period. tHarmore, apple pieces coated with vanillin coritgjn
coatings achieved the highest firmness values (Ei@). These results are in agreement with those of
Rupasinghe et al. (2006) who observed that incatjimr of vanillin 12mM into the NatureSé&Xl
solution did not affect the firmness of ‘Empire’daiCrispin’ apples slices. However, for uncoateglap,

the initial texture (7.60 N) declined in a graduahnner from the beginning of storage and ending in

values as low as 4.03 N (Figure 3).
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Figure 3. Firmness changes of coated (with or wit6Os) and uncoated apple pieces during storagi §hown
are the means (+ standard deviation).

Texture enhancers such as calcium chloride maydoedato edible coatings to improve fruit quality
during storage by inhibition of loss of firmness miimally processed fruits (Olivas et al., 2008).
previous work, we could observe that 2% alginai®tiog had a beneficial result on firmness retentibn
Fuji apple wedges during 21 days of storage, aitinly this result to the use of calcium chloride fo
crosslinking the polymers, which could minimize gwftening of apple wedges. This agrees with result
obtained in this study. Similar results were olgdinby Lee et al. (2003) who demonstrated that
incorporation of calcium chloride (1%) within theating formulation helped to maintain firmness of
apple pieces with whey protein concentrate edilolatings. The effect of calcium chloride as firming
agent has been extensively established in thafitex. King and Bolin (1989) established that caiti
chloride can be used as firming agent for fruisuiss since it reacts with pectic acid in the cealll wo

form calcium pectate, which strengthens molecutarding between constituents of cell wall.

In spite of the excellent firming properties of @am, apple pieces coated with apple ptakgnate
coatings containing 1.5% w/w lemongrass and 0.5% evegano oil experienced an abrupt decrease in
the initial firmness values during the first hoafter coating (3.08 and 5.22 N, respectively), éatihg a
rapid degradation of the texture. This effect waswempronounced in frestut apples coated with CS
containing 1.5% of lemongrass, which reached vahiselow as 1.9 N (Figure 3). Possibly, these sasnple
resulted in more severe softening than the resbafed apples because of the low pH (3.52) of tBe C
containing this EO, while pH in the rest of CS #atéd between 4.2 and 4.7. Lee et al. (2003) rteplca
severe softening of frestut Fuji apple coated with carrageenan coatingtisslicontaining ascorbic acid
and citric acid. Authors attributed this loss afrfness to the lower pH of the coating solution. tignet

al. (1971) indicated that softening observed istieut apples may be due to the pectic acid undergoing
acid hydrolysis.



Sensory evaluation

Edible coatings that have little or no taste arsirdble to prevent detection during consumption
(ContrerasMedellin and Labuza, 1981). However, incorporatmhnnatural antimicrobial agents into
alginateapple puree edible coatings could change the @lidiavors of foods due to the strong flavours
associated with them. In this study, the use of B@d a significant effect §0.05) in all evaluated

sensory attributesf coated fresftut apples.

Figure 4 shows the color, texture, odor, tastearadall preference scores for freshit apple coated with
alginateapple puree with or without EOs. It can be obserbed, initially, cut fruits with alginatapple
puree coating containing vanillin (0.3% w/w) andatel samples without EOs had higher scores (>6)
than samples containing lemongrass (1% w/w) oramwegil (0.1% w/w) for all the sensory attributes
evaluated. Coated apples pieces without EOs shiveehlighest overall preference throughout the perio
of evaluation, indicating that alginatg@ple puree formulation by itself did not modifyetlsensory
attributes of the fresh apple. By contrast, thedsioverall preference was initially observed imgies
containing oregano oil in its formulation, althoutifese samples maintained higher sensory scores for
color. In spite of the low concentration used ofégano oil (0.1% w/w), some consumers detected a
residual aromatic herbal taste which diminisheddberall preference of these samples. Contraryuto o
results, Roller and Seedhar (2002) reported thesthficut kiwifruit and honeydew melon treated with 1
mM of carvacrol (active compound of oregano oilk lseen found to delay spoilage without causing

adverse sensory changes.

As can be seen in figure 4, after the first weelstofrage the scores of sensory attributes of sample
containing oregano oil were relatively the samegantrast with the scores showed by samples cangain
lemongrass (1% w/w), which were strongly affectgdtte incorporation of this essential oil. The main
sensory characteristics damaged by the use of lgrass oil were texture and color (Figure 4), whith
the case of texture showed the lowest values ieesgent with instrumental data (Figure 3). With ez$p

to color, the incorporation of lemongrass affectexhatively the original color of apples, especially
internal color, which tended to darken in the fidstys of storage. Both negative effects caused that
sample coated with lemongrass were rejected bgdhsumers after 7 days of storage. It is important
highlight the fact that as freslut apple color was directly measured in the surfabe internal
differences observed by consumers might have godetacted instrumentally (Table 1). On the other
hand, the use of vanillin in the coating formulatidid not affect the typical color of the apple gées,
maintaining its color scores during the entire peérof evaluation (Figure 4). Leunda et al. (1999)
analyzed the color changes in minimally procesggales treated with vanillin and/or potassium sagbat
at room temperature. They observed that apple iwamgaonly vanillin, exhibited the minor change for

more than 90 days.

In addition, taste evaluation indicated that omgsfcut apples coated with vanillin incorporated irtie t

formulation, or without EOs (control) obtained aotble scores after 7 days of storage, whereaegte



of the samples were below the limit of liking. Adtlgh oregano oil exhibited the strongest antimiiob
activity, its taste was not totally compatible withple pieces, and its use is perhaps more apptepn
other type of foods such as meat, poultry or fishdpcts. Control samples (without EOs) after 14sdafy
storage were only evaluated by consumers in tefrfisniness, odor and color characteristics (obtagni
high scores), since microbiological counts (nextise) of these samples rendered high microbiokgic

counts.

DAY 1

Overall preference Odor

Firmness Taste

DAY 7

Overall preference Odor

Firmness Taste

DAY 14 10

Overall preference Odor

Firmness Taste

e v aNllin (0.3%) lemongrass (1%) = = = .oregano (0.1%) —-—--without EOs

Figure 4. Evolution of sensory attributes of codiedhcut Fuji apple containing or not antimicrobial atge(EOS)
after 1, 7 and 14 days of storage.
As yet, no consumer acceptance tests or other 3esgalies have been published on any foods with

antimicrobial coatings. However, sensory studiegehiaeen conducted on related food products such as
fruit puree containing some natural antimicrobifder instance, Cerrutti and Alzamora (1996) evaldat
the sensory properties of fruit purees (includimpla puree) containing different concentrations of
vanillin. They reported that purees had a pleaganillin flavor while maintaining the actual tasiéthe

fruit, in agreement with our results.



Microbiological analysis

Freshcut fruits are a fertile environment for microorgams to grow due to the high amount of moisture
and sugar present on their surface. In additiomtiegs applied on frestut fruits create an internal
modified atmosphere that may change the growthafaspoilage and pathogenic microorganisms (Olivas
et al.,, 2005). Since modified atmosphere may inhibe growth of innocuous spoilage flora and
encourage the growth of pathogens, the study ofddneclopment of populations of psychrophilic
bacteria, molds and yeast during cold storageesfhftut fruits is required for assuring microbial sgfet

of these products.

Psychrophilic aerobic bacteriaSignificant differencesp&0.05) between the counts of psychrophilic
microorganisms of fresbut apples coated with or without EOs (control) @evebserved. Figure 5A shows
that alginateapple puree edible coatings containing EOs applieffeshcut apples had a marked effect
in reducing psychrophilic counts as compared tocthtrol. Total colony counts of apple pieces cdate
without EOs increased approximately 5.5 log cyétem day O to day 21 of storage, reaching values as
high as 10 CFU.g". No significant differences were observed in uncoateple pieces, where the levels
of psychrophilic aerobic bacteria reached values 8fClU.g", indicating that coating itself did not

reduce survival of these microorganisms.

log CFU . g !

log CFU . g !




Figure 5. Effect of antimicrobial agents (EOs) irgtlginateapple puree edible coating on microbial growth (log
CFU.g* of fruit) of apple pieces: (A) psychrophilic mianganisms, (B) yeasts/molds. Data shown are thesn@a
standard deviation).

Regarding the action of the antimicrobial coatitgs psychrophilic counts, no colonies were detected
(detection limit, 1.0 log CFUY in samples coated with lemongrass (1.0% and W4&) and oregano

oil (0.5% wi/w) coatings (Figure 5A). The effectiems of these natural antimicrobials seemed to have
been favoured by the low pH of the coating formsautions. As mentioned before, pH (< 3.6) of
coatings containing lemongrass (1.0 and 1.5%) aadamo oil (0.5%) was low compared with pH of the
other CS (about 4.5), resulting in a severe saftgioff these samples (Figure 4). Skandamis and Nycha
(2000) indicated that the susceptibility of bacen the antimicrobial effect of essential oils egs to
increase with a decrease in the pH of the food.e@gly, the lower the pH, the more effective essént

oils and their components are (Burt, 2004).

On the other hand, samples coated with vanillin @t oregano oil presented a lower initial
concentration of psychrophilic bacteria with regp@ccontrol samples, as indication of a bacteaitst
effect throughout the first 14 days of storageeAthis period, a light increment in psychrophéierobic
bacteria concentration of samples coated with Odteégano CS was observed. However, in all cases,
counts of samples with antimicrobial coatings dit exceed 1DCFU.g" at the end of the period of

storage (Figure 5A).

Incorporation of natural antimicrobial agents imdible coatings applied on fresht products has not
been widely studied. Rupasinghe et al. (2006) stlithie effect of 12 mM of vanillin incorporatedard
commercial antibrowning dipping solution (Naturelsepon apple slices stored during 19 days at 4°C.
They observed that 12 mM of vanillin was effectivereducing the total microbial load on fresht
apples (‘Empire’ and “Crispin’) obtaining a percehfinhibition of 37% and 66%, respectively. Larttio

et al. (1999) suggested that the addition of cigssential oils to fresh sliced fruit mixture (appbear,

grape, peach and kiwifruit) inhibited the prolifeoa of naturally occurring microbial population.

Yeasts and mold#ntimicrobial coatings not only inhibited psychralhmicroorganisms, but also yeast
and molds present in frestut Fuji apple (Figure 5B). Yeasts and molds weresignificantly reduced by
the coating without incorporation of EQ3<0.05). In alginate-apple puree coatings containing 1.0% and

1.5% wi/w of lemongrass, and 0.5% of oregano oisy® and molds were not detected (detection limit,



2.0 log CFU.g) on apple pieces during the entire period of sferelowever, yeasts and molds counts
reached 4.1 log CFUTjin cut apples with 0.1% w/w of oregano -odating after 21 of storage. As
observed in psychrophilic counts, the effectivenaseregano oil (0.1% w/w) decreased during storage
time, while yeasts and molds counts increasedeandht days of storage. The growth rate of yeasds a
molds was inhibited in samples coated with the maxh concentration of oregano oil (0.5% w/w) and
vanillin in both concentrations used (0.3 and 0A4) not exceeding 3 log CFUgt the end of storage.
Microbiological criteria (IFST, 1999) for nontherhmarocessed fruits indicated that a maximum yeast
count of 6 log CFU.dis considered acceptable at any point in the difelbf a fruits product. In this

work, yeast counts did not exceed these levelmyatiae during storage.

Incidence of Listeria innocua.Listeria species were not detected in fAinaculated apple pieces after

applying the 1SO 1129Q guideline.

Survival of inoculated L. innocua in fresttut apple Effects of antimicrobial coatings dn innocua
counts during refrigerated storage al®wn in Figure 6. Results showed that the usdgnfiateapple
puree coatings with EOs reduced significanpg((05) the microorganism levels in fresh-cut apple as
compared to apple pieces coated without incorpmmatif EOs. A slight decrease in initial countsLof
innocua (6.8 CFU.g") was observed in control samples (coating withB0ks), reaching counts of 6.2
CFU.g"after 21 days of storage. This result shows ttgihateapple puree edible coating per se was not
active against. innocua As expected, antimicrobial activity was strongethe higher concentrations of
EOs. In fact, Figure 6 shows that algirafgple puree coating containing lemongrass (1.01a5% w/w)
and oregano oil (0.5% w/w) were the most effectagainst the growth of. innocua reducing the
number of colonies to below the limit of detectighO log CFU.d) in the first week of storage. Upon
enrichment of 10 g of cut apples in peptone salmter by 45 min before spread plate on Palcam agar
plates, all samples rendered negative results,catidg thatL. innocua was eliminated by the

antimicrobial coatings.



log CFU.g *

Time (days)
—e—oregano (0.5%) —o—oregano (0.1%) —&—lemongrass (1.5%) —B—lemongrass (1%)
—o—vanillin (0.3%) —e—vanillin (0.6%) —A— without EOs

Figure 6. Effect of antimicrobial agents (EOs) itiginateapple puree edible coating on the microbial courfits
Listeria innocuainoculated on apple pieces (log CFUaf fruit). Data shown are the means (+ standaxdatien).

In all cases, it was observed a reduction of initiaunts of inoculated.. innocua (1¢° CFU.g",
immediately after application of coating with EQ®r instance, initial counts df. innocuain apple
pieces coated with alginatgple puree containing vanillin (0.3 and 0.6% wdgrreased approximately
3.0 log cycles during the early hours of storagén wespect to initial levels of inoculum. By corgtathe
initial reduction ofL. innocuainoculated in samples coated with solution coatiregano oil 0.1% w/w
was approximately of 1.6 log cycle, reducing itevgth rates until values of 4.4 log CFUajter 2 week

of storage. The effect of oregano oil (0.1% w/wpicoating seemed temporary because the courits of
innocuareached similar values that control sample at tie &f storage (6 log CFUYy (Figure 6). A
previous work showed that 0.1% w/w of oregano milorporated into alginat@pple puree film forming
solution was an effective antimicrobial agent (Refaal et al., 2006). In this work, a higher
concentration of this compound (0.5% w/w) was nsags to obtain similar results because its
effectiveness decreased when it was applied intcoating. Dawson et al. (2002) indicated that
antimicrobial films are often more effective in ibling target microorganism when applied to nuitie
media than to real food systems.

The antimicrobial activity of some EOs includingegano oil, lemongrass oil and vanillin is assigted
number of small terpenoid and phenolic compoundéciwalso in pure form have been shown to exhibit

antibacterial or antifungal activity (Burt, 2004jétman et al., 2004).

CONCLUSIONS
Apple pureealginate edible coatings were successfully fornadatvith the addition of EOs such as

lemongrass, oregano oil and vanillin and resulted ivariety of beneficial effects on the sHé¥ of



freshrcut Fuji apples. Several of the tested antimicrob@satings reduced ethylene production in coated
freshcut apples.The calcium chloride andi-acetylcysteine containing apple puaginate coatings
helped to maintain firmness and color. Coating$ wOs seemed to effectively inhibit the growthLof
innocua inoculated on apple pieces as well as psychraplakrobic bacteria, yeasts and molds.
Considering the adverse effects of lemongrassénctifor and texture of coated frestt apple, future

research is needed on otherssHlaat are compatible with fruit sensory charactess

ACKNOWLEDGMENTS

This work was supported by the Ministry of Scierssed Technology (AGL20689208C03-01), the
European Social Fund and by thepartament d’Universitats, Recerca i Societatalénformacioof the
Generalitat de Cataluny&Spain), that also awarded author Ragat with a predoctoral grant. We also

acknowledge ISP International Corp., Barcelonajrsfm supplying the alginate employed in this work

REFERENCES

Alonso, J., & Alique, R. (2004). Influence of edibtoating on shelffe and quality of “Picota” sweet
cherriesEuropean Food Research International, 2585539.

Alzamora, S. M., & Guerrero, S. (200Blant antimicrobials combined with conventional me®tives
for fruit products. In S. RollerNatural antimicrobials for the minimal processingofis (pp.
235-249). Boca Raton, FL: CRC Press.

Baldwin, E. A., Nisperos, M. O., Chen, X., & Hageaier, R. D. (1996). Improving storage life of cut
apple and potato with edible coatifpstharvest Biology and Technolo§y151-163.

Beaulieu, J. C. & Baldwin, E.A. (2002). Flavor aama of freskcut fruits and vegetables. In Olusola
Lamikanra, Fresiout Fruits and Vegetables, (pp. 3925. Florida: CRC Press.

Burt, S. A., & Reinders, R. D. (2003). Antibactérectivity of selected plant essential oils against
Escherichia coli O157:H1etters in Applied Microbiology, 36.62167.

Burt, S. (2004). Essential oils: their antibactepeoperties and potential applications in fo@dseview.
International Journal of Food Microbiolog@4, 223253.

Cagri, A., Uspunol, Z., & Ryser, E. (2004). Antimebial edible films and coatinglournal of Food
Protection, 67(4), 833848.

Cerruti, P., & Alzamora, S. M. (1996). Inhibitoryfects of vanillin on some food spoilage yeasts in
laboratory media and fruit puredsternational Journal of Food Microbiology, 2879-386.
ContrerasMedellin, R. & Labuza, T. P. (1981). Predictionmbisture protection requirements for foods.

Cereal Food World, 2633542.



Day, B. P. (1994). Modified atmosphere packagind active packaging of fruits and vegetables. In R.
Ahvenainen, T. MattilsBandholm, & T. Ohlsson, Minimal processing food§ TVSymposium
series 142), Majvik 145 April 1994.

Dawson, P. L., Carl, G. D., Acton, J.C., & HanYI.(2002). Effect of lauric acid and nisimpregnated
soybased films on the growth dfisteria monocytogenesn turkey bolognaPoultry Science,
81, 721-6.

Del Rosario, B. A, & Beuchat, L. R. (1995). Sumliand growth of enterohemorrhagdischerichia coli
0157:H7 in cantaloupe and watermeldaurnal of Food Protection, 5805107.

Fenaroli, G. (1995)-enaroli's Handbook of Flavor Ingredient8oca Raton, USA: CRC Press Inc.

Friedman, M., Henika, P. R., Levin, C. E., & Mandr®. E. (2004). Antibacterial activities of plant
essential oils and their components agdisstherichia coli0157:H7 andsalmonella entericin
apple juiceJournal of Agricultural and Food Chemistry, ,520426048.

Goupy, P., Amiot, M. J, RichasBorget, F., Duprat, F., Aubert, S., & Nicolas, 1995). Enzymatic
browning of model solution and apple phenolic swdiss by apple polyphenoloxidaskurnal
of Food Science, §8):497-501.

IFST. (1999). Microbiological Criteria for Foodsohdon: Institute of Food Science and Technology.

Kays, S. J. (1991). Metabolic processes in hardepteducts. In S. Kays, Postharvest Physiology of
Perishable Plant Products (pp-¥%2). New York: Van Nostrand Reinhold.

King, A. D. & Bolin, H. R. (1989). Physiological dmnmicrobiological storage of stability of minimally
processed fruits and vegetablEésod Technology, 43,32-139.

Lanciotti, R., Corbo, M. R., Gardini, F., SinigagliM., Guerzoni, M. E. (1999). Effect of hexanaltbe
shelflife of fresh apple slicedournal of Agricultural and Food Chemistry, 4¥47694775.

Lee, J. Y., Park, H. J., Lee, C. Y., & Choi, W. (2003). Extending shelffe of minimally processed
apples with edible coatings and antibrowning agentebensmitteWissenschaft urd
Technologie, 36323329.

Leunda, A., Guerrero, S. N., & Alzamora, S. M. (2R9Efecto de la impregnacién con vainillina en
frutas minimamente procesadas. In Anales del Vbih@eso Argentino de Ciencia y Tecnologia
de Alimentos, Argentina.

MartinezFerrer, M., Harper, C., Perdturoz, F., Chaparro, M. (2002). Modified atmosphpaekaging
of minimally processed mango and pineapple frditstrnal of Food Science, @), 33653371.

McGuire, R.G. (1992). Reporting of objective cotoeasurementsiortScience 2(12):125455.

McHugh, T. H., Huxsoll, C. C. & Krochta, J. M. (189 Permeability properties of fruit puree edible

films. Journal of Food Science, 6&8891.

McHugh, T. H., & Senesi, E. (2000). Apple wrapsiavel method to improve the quality and extend the
shelf life of freshcut applesJournal of Food Science, &9, 4805.

Olivas, G. |. & Barbos#&Canovas, G. V. (2005). Edible coating for fresh fruits. Critical Reviews in
Food Science and Nutrition, 4657670.

Olsen, C. W., Roja&ral, M.A., AvenaBustillos, R. J., Friedman, M., Henika, P., Maiialloso, O., &
McHugh, T. H. (2006). Physicochemical propertiesapple purealginate films containing



plant essential oils and oil compounds active agdischerichia coliO157:H7.In Abstract of
thelFT Annual MeetingN° 466.

Park, H. J., Chinnan, M., & Shewfelt, R. (1994).ilitel coating effects on storage life and quality of
tomatoesJournal of Food Science, §9): 563-570.

Ponting, J. D., Jackson, R., & Watters, G. (19RBfrigerated apple slices: Effects of pH, sulphéad
calcium on textureJournal of Food Science, 3849350.

Pranoto, Y., Salokhe, V., & Rakshit, K.S. (2005hy&ical and antibacterial properties of algirbtsed
edible film incorporated with garlic oiFood Research Internatione88, 26 7-272.

RaybaudiMassilia, R., Mosqued®ilelgar, J., & MartirBelloso, O. (2006). Antimicrobial activity of
essential oils orsalmonella EnteritidisEscherichia coli andListeria innocuain fruit juices.
Journal of Food Protection, §9): 15791586.

RojasGral, M. A., Tapia, M. S., Rodriguez, F. J., Carmoh. J. & MartirBelloso, O. (2007). Alginate
and gellan based edible coatings as support obramtning agents applied on fresht Fuiji
apple.Food Hydrocolloids21, 118127.

RojasGralil, M. A., AvenaBustillos, R., Friedman, M., Henika, P., MarBelloso, O., & McHugh, T.
(2006). Mechanical, barrier and antimicrobial pnties of apple puree edible films containing
plant essential oilslournal of Agricultural and Food Chemistr{m press”.

Roller, S., & Seedhar, P. (2002). Carvacrol anchamon acid inhibit microbial growth in freslit
melon and kiwifruit at 4 °C and 8 °Cetters in Applied Microbiology, 3390394.

Rupasinghe, H. P., Boult8itzer, J., Ahn, T., & Odumeru, J. (2006). Vanillimhibits pathogenic and
spoilage microorganisms in vitro and aerobic mi@blgrowth in freshcut apples.Food
Research International, 3%75580.

Salcini, M. C., & Massantini, R. (2005). Minimallgrocessed fruits: an update on browning control.
Stewart Postharvest Review7R 1-7.

Skandamis, P. N., & Nychas, G. J. E. (2000). Dgwelent and evaluation of a model predicting the
survival of Escherichia coliO157:H7 NCTC 12900 in homemade eggplant saladaebus
temperatures, pHs and oregano essential oil comtems. Applied and Environmental
Microbiology, 66(4), 16461653.

Thunberg, R. L., Tran, T. T., Bennett, R. W., Mattls, R. N., & Belay, N. (2002). Microbial evaluatio
of selected fresh produce obtained at retail marketirnal of Food Protectiar5, 677682.

Wong, W. S, Tillin, S. J, Hudson, J. S, PavlathE A(1994) Gas exchange in cut apples with bilayer
coatings.Journal of Agricultural and Food Chemistry, 422782285.

Wong, D.W., Gregorski, K.S., Hudson, J.S., & Pdyla.E. (1996). Calcium Alginate Films: Thermal
Properties and Permeability to Sorbate and AscerBatirnal of Food Science, @), 337341.



La obtencién de manzanas frescas cortadas llevaigmunna serie de operaciones, tales como el pelado
descorazonado y cortado, las cuales inflingen dafoes tejidos desencadenando cambios de textura,
color, sabor y olor en el alimento, todo en detritoedirecto de la calidad del producto fresco awota
Ademas, deben estudiarse factores como la varigdiafiuto, el estado de madurez, las condiciones de
almacenamiento, entre otras, para alcanzar el ggogento 6ptimo en frutas cortadas. Aplicar métodos
que de manera individual o combinado frenen elragteimpuesto por todos estos factores, constituye
una de las principales lineas de investigacion érea de conservacion de productos frescos cartado
Teniendo en cuenta este planteamiento, se realizmtodios preliminares que permitieron determahar
estado oOptimo de madurez para el procesamiento ateana Fuji, asi como el efecto de distintos
tratamientos para la conservacion del color, estédrhdo de esta manera las condiciones 6ptimasspara
procesado minimo. Una vez determinadas las caistatas de la fruta a procesar y las concentrasione
de los antioxidantes, se procedié a evaluar el @nge recubrimientos comestibles como método de
conservacion en manzana fresca cortada. Iniciabnest procedié a formular y estudiar la capacidad d
estos recubrimientos para formar una matriz estraktcaracterizando sus propiedades de barrem y d
transporte de aditivos. Una vez establecida la migjonulacion, se procedio entonces a evaluar la
capacidad de estos recubrimientos para adheric®teozos de fruta, ejercer como barrera a loeggs

al vapor de agua, y servir de transporte para agemttioxidantes y antimicrobianos. Finalmente se
realizé una valoracion del periodo de vida Util lde trozos de manzana recubiertos, basado en los

cambios fisiolégicos, fisicquimicos, sensoriales y microbiol6gicos experimgmsapor la fruta.

A.- EFECTO DEL EMPLEO DE ANTIOXIDANTES DE ORIGEN NATURAL EN EL MANTENIMIENTO DE LA

CALIDAD DE MANZANA FRESCA CORTADA

Cambios en el color

El efecto de diferentes agentes antioxidantes agromatural [acido ascorbico;héxylresorcinol (4
HR), glutation y Nacetilcisteina] y del tiempo de almacenamientole@oler de rodajas de manzana Fuji
se evaludé mediante un disefio de superficie de estpuel cual permitid optimizar la concentracién d
antioxidantes necesaria para obtener los minimosbics en las coordenadas, la, b y en los
parametros colorimétricos tono Yly diferencia de color (AE").

Cuando se evaluo la luminosidad de los trozos dezama, sin aplicacion de antioxidantes, se observo
una disminucion de este pardmetro desde 76,4+0sta h66,44+0,3 al cabo de 14 dias de
almacenamiento, siendo el tiempo de almacenamigntmico factor que tuvo un efecto significativo
sobre el mismo. Un efecto similar fue observadoSmnr et al., (2001) quienes emplearcaditilcisteina
(1%) o glutation (1%) como agentes antioxidantesn @especto al parametro, e observé que la
presencia de-BR, asi como el tiempo de almacenamiento jugargoael importante en la variacién de
este pardmetro. Aunque el uso de este antioxideeselté tener un efecto beneficioso en el
mantenimiento de ‘a su concentracién no deberia exceder de 0,7% p& que se observé que
concentraciones mayores inducirian la presencieoltgaciones oscuras en los trozos de manzana. Por
su parte, tanto el uso individual como combinaddNeseetilcisteina y glutatién, mantuvieron los valores

iniciales de arelativamente constantes durante todo el periadalchacenamiento, siendo necesarias



concentraciones alrededor del 1% p/v cuando seeamgi de forma individual y de 0,6% p/v cuando se
usaron mezclas de ambos compuestos. Como indisatslopardeamiento, ademas de los cambios de L
y a también se tomaron en cuenta las variaciones ge\R’, ya que los cambios en la coordenadacb
fueron significativos.

El tono de las muestras de manzana sin tratar mgiscebruscamentedesde el primer dia de
almacenamiento, alcanzando valores tan bajos céy®Y61,15 al final de este periodo, evidenciandose
un intenso pardeamiento en las muestras sin trBiahas reacciones de pardeamiento pudieron ser
inhibidas por el uso de -bcetilcisteina, el cual mantuvo altos valores deurante todo el tiempo de
almacenamiento, coincidiendo con los resultadognitids para el parametro § demostrando su
efectividad como agente antioxidante.

El tiempo de almacenamiento jugd un papel detemtgnan las diferencias de color observadas en las
rodajas de manzana. No obstante, con el uso-ldB 4 N-acetilcisteina se logré obtener la menor
diferencia entre el color inicial y final de las estras tratadas, siendo esta diferencia menor alangde
incrementaba la concentracion de los antioxidagels solucion. La minima diferencia de color déspu
de 14 dias de almacenamiento se obtuvo con elaif6d p/v de -HR; sin embargo fueron necesarias
concentraciones ligeramente superiores eélilcisteina (0,75% p/v) para obtener resultaitogares.

Es importante destacar que bajo las condiciondsatb@jo establecidas en esta investigacion, eldeso
acido ascorbico no produjo ningun efecto signifi@aten el color de las rodajas de manzana. No
obstante, se observd un gradual oscurecimientogeellas muestras donde el acido ascoérbico fue

empleado como tratamiento protector.

Evolucion de la actividad enzimatica

Con la finalidad de inhibir la actividad de las iemas polifenol oxidasa (PPO) y peroxidasa (POD)
presentes en trozos de manzana fresca cortadaaked @l efecto de algunos antioxidantes de origen
natural (4HR, glutation y Nacetilcisteina) comparado con el uso de acido bemjrevaluando ademas

el posible efecto sinérgico obtenido por la combidade ambos compuestos.

La actividad de la enzima PPO tendié a aumentareatdiempo. Sin embargo el uso de 1% de N
acetilcisteina o glutation causé la mayor inhiliicale la enzima, observandose una menor actividad al
final del periodo de almacenamiento. G@1al, et al. (2006) observaron resultados similaregortando
una inhibicion total de la enzima PPO en trozopela tratados con ambos compuestos. Algunos autores
han sefialado que los agentes antioxidantes queéememtgrupos sulfuro, como es el caso de N
acetilcisteina y glutation, no causan por si mist@ognhibicion de las enzimas PPO, aunque estos
compuestos producen una aparente inhibicion dectisidad enzimética debido a su habilidad para
conjugarse con productos primarios de la oxida@étyando de forma competitiva con la PPO (Malnar
Perl y Friedman, 1990, RichaFebrget et al., 1992; Billaud et al., 2004).

Por el contrario, la mayor actividad enzimatica lde PPO se observd desde el primer dia de
almacenamiento en trozos de manzana tratados cafel&éido ascoérbico alcanzando valores superiores
a 1,5 después de dos semanas. De acuerdo corosuesinltados, Eissa, et al. (2006) reportaronetjue
acido ascorbico fue el que exhibié la menor inhdiricde la actividad PPO en rodajas de manzana Red

Delicious tratadas con diferentes compuestos adtotes. Aunque la efectividad del acido ascérkico



el control del pardeamiento enzimatico ha sido d#rada en numerosas investigaciones, se ha
observado que su efecto es temporal. Algunos autrédbuyen la temporalidad del efecto del acido
ascorbico a que éste se consume durante las reesciantioscurecimiento, siendo oxidado
irreversiblemente cuando reacciona con pigmenttessnedios, enzimas enddgenas y metales como el
cobre (Luo y Barbos&€anovas, 1997; Ozoglu y Bayindirly, 2002).

Cuando se evalué la efectividad de los agentesxgidintes en combinacion con acido ascérbico se
observé una ligera mejoria en el control de la P&@gue la actividad enzimatica en estas muestras
aumenté al final del almacenamiento. La mayor afgletd fue observada con el uso combinado de acido
ascorbico y 4HR, aunque solo inhibié la actividad enzimatica PB@ante los primeros dias de
almacenamiento. En concordancia con los resultamltenidos, Luo y Barbogaanovas, (1997)
sefialaron que el uso combinado délR y acido ascérbico mejoré notablemente la inldicdel
pardeamiento enzimatico en rodajas de manzana Fuiji.

Por el contrario, la actividad de la enzima PODadte todo el periodo de almacenamiento se vio
ralentizada cuando se emplearon combinacioneside ascdérbico al 1% con-HMR, N-acetilcisteina o
glutatiéon. Sin embargo, el uso individual de dickospuestos no ejercié ningn efecto significagwno

el control de la actividad enzimatica POD obseredad un incremento gradual durante el
almacenamiento, siendo mas acusado en rodajas nlzanas tratadas con 1% de acido ascérbico. Al
igual que lo observado con la enzima PPO, el usacaio ascérbico no ejercié ningun efecto inhibidor

de la actividad enzimatica.

B.- EFECTO DEL ESTADO DE MADUREZ EN LA CALIDAD DE MANZAN A FRESCA CORTADA

Con el fin de poder establecer las condicionesristide procesamiento minimo para conservar manzana
Fuji fresca cortada, se parti6 de una materia pemdres estados de madurez diferentes, clasificada
segun su nivel de firmeza en: verde (79+3,2 N)deemadura (67+3,2 N) y madura (56+2,2 N)

correspondientes a un temprano, intermedio y adlinestadio de madurez.

Cambio en la composicién de los gases del espagioatheza

La composicion gaseosa del espacio de cabeza eml@ses durante el almacenamiento se vio afectada
por el estado de madurez de las frutas, especimarando se encontraban envasadas bajo una
atmoésfera modificada (2,5 kPa © 7 kPa CQ). En estas condiciones se observé un descenscobdes

las concentraciones iniciales de oxigeng)(@icanzado valores por debajo de 1 kPa despugéseimana

de almacenamiento. Aunque las concentraciones,dantién descendieron en muestras envasadas en
aire, dicho consumo también disminuyé de manerdugdadurante todo el periodo de almacenamiento,
manteniendo concentraciones por encima de los ®kRadajas de manzana procesadas en un estado de
madurez intermedio y avanzado.

El grado de madurez de la fruta en el momento magsamiento y el tipo de atmésfera empleada para s
envasado afect6 significativamente la producciénlidgido de carbono (C En cambio, el uso de-N

acetilcisteina y acido ascorbico como agentes xadtiates no ejercieron ningun efecto en la evolucio



de este gas. Es importante destacar que la prdsudei CQ durante el almacenamiento fue menor en
rodajas de manzanas procesadas en un estado deemandermedio, lo que sugiere su uso para obtener
un producto de mayor calidad y vida util. Mantemea moderada concentracion de ,Gigntro del
envase es importante con el fin de evitar posibéeEciones adversas en la fruta durante el periedo d
almacenamiento. Lakakul et al., (1999) destacaaamportancia de mantener los niveles dgusto por
encima del umbral de fermentacion y los de,@0Or debajo del limite que pudiera causar cambios
degradativos en la atmdsfera de cabeza del envase.

Por otro lado, la concentracion de etileno se vidfectada por el estado de madurez, el tratamiento
protector usado en el mantenimiento del color y poidas condiciones de almacenamiento. Las
rodajas de manzana poco maduras produjeron menosiketno que aquéllas procesadas en un estado
de madurez méas avanzado, dado a que, como es sabida tasa de produccién de etileno es mucho
mayor a medida que avanza el estado de madurez deito. Por otro lado, la produccion de etileno
fue mucho mas intensa en aquellas muestras envasadsjo una atmdsfera inicial de aire, donde la
concentracién del gas alcanzé los 60 ppm después dlesemana de almacenamiento. Por el
contrario, las concentraciones de este gas en lgs/ases que contenian una atmosfera inicial baja en
O,, fueron bastante inferiores, observandose un maximde concentracion de 35ppm después de la
primera semana de almacenamiento, el cual constitay aproximadamente la mitad del gas
detectado en muestras envasadas bajo una atmosfara modificada. Gil et al., (1998) observaron
una inhibicién completa de la produccién de etilen@n manzana Fuji fresca cortada envasada en
ausencia de @, atribuyendo esta inhibicién a los requerimientosle O, necesarios para la sintesis de
etileno. Es conocido que la produccién de etilenmdrutos frescos es estimulada cuando el tejido
sufre algun tipo de dafio, conduciendo a una acumw@®n de este gas en el espacio de cabeza e
induciendo, en muchos casos, efectos indeseables (@da y Qi, 1999). La aplicacion de agentes
antioxidantes inmediatamente después del trocead@ das manzanas, cred un efecto protector en las
mismas que se tradujo en una menor produccién de ileno, siendo ésta inferior en muestras
tratadas con Nacetilcisteina que en aquellas tratadas con acides@rbico, manteniéndose esta
tendencia durante el almacenamiento.

El estado de madurez de la materia prima utilizadatambién influy6é significativamente en la
presencia de etanol en el espacio de cabeza dedasases. Se observé una ligera pero progresiva
acumulacion de etanol en todas las muestras durantas primeras 3 semanas de almacenamiento,
momento a partir del cual se produjo un repentino amento en la concentracion de este gas,
especialmente cuando las manzanas utilizadas se emigaban en un avanzado estado de madurez.
Este aumento en los niveles de etanol coincide coancentraciones bajas de ©y altas de CQ
observadas a partir de la tercera semana de almacamiento en aquellos envases que contenian
manzanas en un estado de madurez avanzado, sugitienla creacion de condiciones anaer@bicas y
por ende el desarrollo de olores y sabores desagediles. Pesis (2005), sefialdé que el incremento de
la respiracion anaerObica en frutas sobremaduras se debe a una reduccién de la actividad
mitocondrial en sus tejidos, posiblemente como comsuencia de algin dafio en la membrana,

imposibilitando a las células para producir suficiate energia.



También se observé que la interaccién entre eldestle madurez de la materia prima y el uso de
antioxidantes afect6 significativamente la prodaoaile etanol, detectandose un repentino incren@mto

la concentracién de este gas a partir del dia 3@lmdacenamiento, en rodajas de manzanas maduras y
tratadas con &cido ascérbico. Las bajas conceotregide @ presente en los envases que contenian
dichas muestras, después de la tercera semanmaesabmiento, fue posiblemente lo que desencadend
el incremento en la produccion de este gas. S6lortuny et al.,, (2002) sefialaron que bajas
concentraciones de ,(Qpueden conducir a la produccion de metabolitomdetativos tales como el

etanol, el cual es responsable de la producci@iates y sabores extrafios.

Cambios en el color

La evolucidon del color observado en las rodajasndazana cortada fue determinada por cambios en la
luminosidad (L) y el tono (h) de las muestras durante el almacenamiento. Ap&@snetros estuvieron
afectados por el estado de madurez, la atmosfezavdesado y el uso de antioxidantes.

Las manzanas procesadas en un estadio temprantermddio de madurez mantuvieron mejor su
luminosidad inicial. De hecho, las rodajas de maazque se encontraban en un estado de madurez
avanzado experimentaron un brusco descenso emiadsidad durante los 43 dias de almacenamiento,
independientemente de las condiciones de envagaldmnas se observd que la atmésfera de envasado
(2,5 kPa @ + 7 kPa CQ) empleada en este estudio, mantuvo los valoresles de L sin grandes
cambios durante el almacenamiento, comparado soengasadas en aire. Solivartuny et al., (2002)
reportaron un descenso similar en los valores déutante las primeras semanas de almacenamiento en
trozos de manzana Golden Delicious almacenadaupey@tmaosfera inicial de aire. Ademas del efecto de
la atmosfera de almacenamiento, se observo un femgerdescenso de la luminosidad en muestras
tratadas con &cido ascérbico, evidenciandose dasdarimeras horas de almacenamiento valores de L
inferiores (aprox. 72) comparado con los valorasidles observados en muestras tratadas con N
acetilcisteina (aprox. 76).

En general, a medida que aument6 el grado de maéuréa fruta, mayor fue el cambio experimentado
por h durante el almacenamiento. Las manzanas procesadas avanzado estado de madurez, tratadas
con &cido ascorbico y almacenadas bajo una atraoishieral de aire sufrieron un gran descenso de est
pardmetro, alcanzando valores tan bajos como 83,801espués de 43 dias de almacenamiento. Por el
contrario, aquellas muestras tratadas ceacslilcisteina mantuvieron su tonalidad inicialr¢ap 100)
durante todo el periodo de almacenamiento, indepeteinente del estado de madurez o las condiciones
de envasado. Con estos resultados se corroborfedtivelad de Nacetilcisteina en el control del
pardeamiento enzimatico, comparado con acido asogrbl agente antioxidante mas tradicionalmente
usado en la industria alimentaria.

Cambios en la textura
Como era de esperar, el estado de madurez de ti éru el momento del procesamiento influyé

significativamente en la evolucién de la firmezaahte el almacenamiento. A mayor grado de madurez,



mas intenso fue el ablandamiento observado enej@os. Las rodajas de manzana procesadas en un
estadio temprano e intermedio de la madurez mamuvisin cambios apreciables su textura inicial
(aprox. 9 y 7 N, respectivamente). Sin embargo lEpig@rocesadas en un estado de madurez mas
avanzado experimentaron un acelerado ablandamiesfoués de su procesamiento, alcanzando valores
tan bajos como 1,9 N al final del almacenamientia& reacciones de deterioro coinciden con las alta
concentraciones de etileno detectadas en rodajasadeanas procesadas en un estado de madurez de
consumo. Gorny et al., (2002) sefialaron que elndblaiento tisular de las frutas durante el prockso
maduracién es potenciado por la presencia de efileihcual se ha demostrado que interacciona en el
metabolismo de la pared celular. Ademas, la pérdiderada de firmeza en manzana madura se vio
favorecida por la presencia de acido ascérbicoual probablemente gracias a su bajo pH favorecio |
degradacion de la textura. Estos resultados canadn los obtenidos por Ponting et al., (1972gmps
reportaron que el uso de soluciones acidas, cordellacido ascorbico, redujeron significativamedate

firmeza de rodajas de manzana Golden Delicious.

C.- PELICULAS Y RECUBRIMIENTOS COMESTIBLES

Una vez establecido el tipo y concentracién deoaittantes a emplear, asi como el estado éptimo de
madurez para la conservacion de manzana Fuji, pearon recubrimientos comestibles (RC) de base
polisacarida como método de conservacion altematbstableciendo su capacidad para transportar
aditivos y sus propiedades de barrera. Los ensayomles se centraron en optimizar diferentes
formulaciones de peliculas comestibles (PC) y Ribalados a partir de alginato o gelano, basadss en
capacidad como soporte de agentes antioxidantesbyamera al vapor de agua. En una segunda fase, se
planted estudiar la incorporacién de diferentesigeantimicrobianos, asi como puré de manzana como
nuevo ingrediente funcional. Para ello fue neceshaaicer ensayos preliminares de las PC con elefin d
establecer el posible efecto que ejercerian logamimgredientes en la formulacion final. Asi saleg,
individualmente, PC elaboradas a partir de purénd@zana o bien constituidas por una mezcla de
alginato y puré de manzana, ambas conteniendea@senciales, teniendo en cuenta sus propiedades d
barrera, mecéanicas y antimicrobianas. Finalmentde yacuerdo con los resultados obtenidos en estos
ensayos previos, se procedié a la aplicacion deR@nconstituido por alginato, puré de manzana,
antioxidantes y antimicrobianos de origen natwahbre trozos de manzana Fuji, evaluando su vitla Uti
través de cambios en la actividad respiratoriagredextura, crecimiento microbiano y finalmentes su

caracteristicas sensoriales.

C.1- Recubrimientos y peliculas comestibles a base digiaato y gelano. Incorporacién de agentes

antioxidantes.

Se utilizé un disefio de superficie de respuestaetdim de optimizar las concentraciones de glitgro

antioxidantes a ser incorporados en recubrimiedéosiginato (2% p/v) o gelano (0,5% p/v), basando



dicha optimizacién en cambios de resistencia abvdp agua y cambios en el color superficial dedso
de manzana Fuji recubiertos. Una vez optimizadtss eoncentraciones, se evalué la incorporacion de

aceite de girasol con el fin de mejorar las propies de barrera impuestas por los recubrimientos.

Resistencia al vapor de agua (RVA)

En general, los valores de RVA observados en trdeasianzana recubiertos con alginato (entre 13,50 y
15,70 s/cm) y gelano (entre 13,10 y 14,60 s/cmjofuen ambos casos superiores a los observados en
muestras sin recubrir, donde en promedio se obser@dRVA de 12,50 s/cm. La presencia de glicerol
como plastificante dentro de las formulacionescgjeun efecto significativo en los valores de RVA,
tendiendo estos a aumentar a medida que se indadmaeta concentracion del plastificante en la
formulacién. En el caso de manzanas cortadas mextabicon alginato, la mayor RVA fue observada
cuando el glicerol estuvo presente en una conaadirano superior al 1,75% plv, cantidad a partitade
cual los valores de RVA empezaron a disminuir. Eteso de trozos de manzana recubiertos con gelano
se observo el mismo comportamiento que en el cakaldinato, con la diferencia de que la maxima
RVA se obtuvo con una concentracion de glicerol@J6B% p/v. Los agentes plastificantes se emplean
generalmente para aumentar la flexibilidad en pklfc y recubrimientos comestibles, pero la
concentracién en la que se use debe ser controfadgque por su naturaleza hidrofilica ocasiona, en
muchos casos, un descenso en la fuerza de tersildnpelicula y un aumento en la permeabilidadsa lo
gases y al vapor de aguaarcia et al., (1998) demostraron que un incrementias concentraciones de
agentes plastificantes, tales como glicerol o solfhdescendieron la permeabilidad al vapor de afgua
recubrimientos elaborados a partir de almidon.

Por otro lado, la incorporacion de antioxidantemi@d\-acetilcisteina y glutation también afectaron
significativamente los valores de RVA. Se obseradtrezos de manzana recubiertos con alginato un
aumento de la RVA a medida que incrementaba laergracion de Macetilcisteina hasta valores
cercanos al 1% p/v en su formulacién, concentraaigrartir de la cual causé el efecto contrario. Sin
embargo, la incorporacion de-a¢etilcisteina en recubrimientos de gelano ejeeti@fecto inverso,
observandose una disminucion de la RVA con el mergo de este antioxidante en la formulacion. La
incorporacion de compuestos hidrofilicos, tales @oamtioxidantes y plastificantes, tiene un efecto
directo en las propiedades de permeabilidad alnd@a@gua de los RC. El comportamiento observado en
los trozos de manzana recubiertos con alginatdamgeonteniendo compuestos antioxidantes corrobor6
este hecho. Tal como sefialdé Ayrancy et al. (2004hws de los agentes antioxidantes incorporados en
RC son compuestos hidrofilicos los cuales pudie@asionar un aumento de la permeabilidad al vapor
de agua y acelerar la pérdida de peso del alintoride se apliquen. Adicionalmente, la interaccidtnee

el agente plastificante y los antioxidantes en lvemientos de alginato también resulté significativ
siendo necesarias concentraciones de gliceroleadmrdde 1,75% p/v y de-Bcetilcisteina o glutatiéon
alrededor del 1% p/v para alcanzar los valores aiths de RVA en recubrimientos de alginato. No se

observé ninguna interaccion significativa en lasulimientos de gelano.

Evolucion del color. Efectividad de los recubrimitas como portadores de antioxidantes



Los principales cambios observados en el colorroeos de manzana recubiertos con alginato o con
gelano se debieron Unicamente a la presencia e fasdntioxidantes dentro de la formulacién, ya eu

uso de glicerol no mostré ningin efecto signifisaten la evolucién de los parametrosyah. N-
acetilcisteina incorporada en recubrimientos daalg o gelano, produjo el mayor efecto individaal

la prevencion del pardeamiento enzimatico durahtpeeiodo de estudio (48 horas en condiciones
atmosféricas) quedando evidente la capacidad decestpuesto para prevenir el oscurecimiento cuando
es incorporado dentro de un RC. Por su parte, datieidad de glutation como agente antioxidante
también fue observada en recubrimientos de algirmatoque su efectividad fue ligeramente menor. Sin
embargo, se observé una interaccién significativaeeN-acetilcisteina y glutation, independientemente
del recubrimiento empleado, siendo necesario caram@ones alrededor de 1% p/v de cada compuesto
para mantener los trozos de fruta libre de pardaami MolnasPerl y Friedman (1990) demostraron que
la combinacién de Mcetilcisteina y glutation a una concentracion 8ey220 mM previnieron el
oscurecimiento de rodajas de manzana Golden y Rédidus.

La efectividad de ambos agentes antioxidantes enaatenimiento del tono de los trozos de manzana
recubiertos coincidi6 con la observada para elmat® a. En este caso, los valores mas altos ‘de h
alrededor de 100, fueron obtenidos a medida qaeisentaban las concentraciones dachtilcisteina o
glutatién en ambos RC. Este resultado contrastaetospentino descenso dedbservado en trozos de
manzana sin recubrir (control), el cual descendi®d,82+0,21 a 89,87+0,31 en sélo 48 horas, dejando
en evidencia la efectividad de-a¢etilcisteina y glutation en el mantenimiento dabr de trozos de
manzana.

Existen varios métodos para la aplicacion de ageartdoxidantes en el recubrimiento de frutasactas.

Los agentes antioxidantes pueden ser incorporamlestaimente dentro de la formulacion del RC por
inmersion de los trozos de fruta en una solucicevipral recubrimiento, o formando parte de una
segunda solucién la cual es aplicada después dabnimiento principal, tal como es el caso de
soluciones de calcio necesarias para el entreciantorde algunos RC. En este trabajo se confirngd qu
la incorporacion de antioxidantes en la soluciéritldeuro de calcio empleada para la gelificaciorRde
elaborados a base de alginato y gelano, funciofiarerdemente en la prevencién del pardeamiento,
confirmandose ademas, la capacidad de dichos R© pomadores de aditivos. De acuerdo con Lee, et
al. (2003) y Reyes (2000), los RC son aplicadosnabnente antes que los antioxidantes, asegurando la
adhesion del recubrimiento sobre la fruta y laghulidad de estos compuestos en la capa méas p@pens
al pardeamiento.

Efecto de la adicion de lipidos a los recubrimiestde alginato y gelano

Cuando se estudiaron las propiedades de barreapait de agua se observo que, aunque la incorporaci
de determinadas cantidades de glicerol y de corymiestioxidantes incrementé la RVA, estos valores
fueron aun bajos comparado con los observados estras sin recubrir. Diferentes autores han sefialad
gue las matrices formadas a partir de compuestiaaparidos, no proveen una efectiva protecciontére

a la pérdida de agua (B&fehoshua et al., 1985; Kester y Fennema, 1986; Veord, 1994). Debido a

la naturaleza hidrofilica, tanto de ambos reculmitis como de los agentes plastificantes vy
antioxidantes, se obtuvieron valores bajos de RYé, lo que se hizo imprescindible afadir otro

compuesto que ayudara a mejorar las propiedadbardera de los RC. Con esta premisa, y teniendo en



cuenta el hecho de que los lipidos mejoran lasigdaples de barrera al agua, se decidi6 afadiedifs
concentraciones de aceite de girasol (AG) en aapirmulaciones que habian mostrado los valores ma
altos de RVA y el menor indice de pardeamientalezsr: 1,5% p/v glicerol + 1% p/v de-&ktetilcisteina

en recubrimientos de alginato y 0,6% p/v de glicerd% p/v de Nacetilcisteina en recubrimientos de
gelano. Después de la adicion de AG en las forroras escogidas, se evidencié un incremento de la
RVA en todas las muestras en comparacion con agusith recubrir (12,15 s/cm), alcanzando valones ta
altos como 19,60 y 27,60 s/cm en recubrimientosldaato y gelano, respectivamente, conteniendo
ambos 0,025% p/v de AG. Aunque ambos valores de RMfon incrementados, el mayor aument6 de
resistencia se observé en recubrimientos de gelBambién se observaron diferencias visuales en el
grosor de los recubrimientos formados sobre losogale manzana, por lo que se decidié realizar una
evaluacion instrumental del grosor de ambos reguénitos.

Con el fin de determinar el efecto de la incorpmnacle aceite de girasol (0,025; 0,05 y 0,125%}aen
permeabilidad al vapor de agua (PVA) de peliculasatfjinato y gelano, se realizaron ensayos
complementarios en PC conteniendo la misma forrmaraelegida anteriormente. La PVA se determiné
s6lo en aquéllas PC que una vez formadas no mmsttera presencia visible de aceite en su supetficie
que ademas se despegaron facilmente sin rompeeseclerdo con estos criterios de seleccion, se
evaluaron PC que contenian las menores concentescie aceite de girasol (0,025 en alginato y 0y025
0,05% en gelano) quedando descartada en ambos aqgelas que contenian una concentracion de
0,125%, ya que mostraron una excesiva exudaciéaoddte. Se observé que la incorporacion de 0,025%
de aceite de girasol en la formulacion de alginato caus6 una mejora en las propiedades de
permeabilidad de la pelicula, registrandose valomag similares al control, alrededor de 1,04 y 1go8
mm / kPah-n?, respectivamente. Por su parte, la PVA de pelicdiagelano conteniendo diferentes
concentraciones de aceite de girasol (0,025 y 0)@5¥6u formulacion fueron similares (0,80 y Ogf7
mm / kPah-m? respectivamente). Sin embargo, cuando las peilidzates de las PC de gelano
conteniendo aceite de girasol se compararon cBihdel control (sin aceite), se observaron valales
PVA de 0,963-mm / kPah-m? quedando en evidencia una disminucién de estengdro de aprox. 20%

e indicando una mejora de la PVA. Yang y Paulsd@®@2 reportaron también una disminucion de la
PVA en peliculas de gelano, de 1,5 a @;&ym / kPah-m? cuando se incorporé acido palmitico y
estearico dentro de su formulacién. Coincidiendw los resultados de RVA obtenidos en recubrimientos

de alginato y gelano, la menor PVA fue observadpsadiculas de gelano.

Evaluacion microscépica de los recubrimientos

Mediante la evaluacién microscopica se pudo obseuwa tanto los recubrimientos de alginato como los
de gelano se encontraban bien adheridos cubriesdiwdzos de manzana de una forma homogénea. Sin
embargo, tal como se observaba visualmente, lagonegsientos de gelano resultaron ser mas gruesos
(155,75+£13,3Qum) comparados con los recubrimientos de alginad@,@5+20,48.m), lo que de algin

modo justificd los valores mas altos de RVA obsdogaen recubrimientos de gelano.

Estudio de vida (til



Se realizé un seguimiento de la vida util de maagdruji cortadas y recubiertas con las formula@one
optimizadas de alginato y gelano, estudiando losbéas en la respiracion, color, textura y estahdid
microbiolégica de trozos de fruta almacenados befageracion en bandejas plasticas recubiertas con

plastico de permeabilidad media al oxigeno (118@fm? bar* day?).

Cambios en la composicion gaseosa del espacio beza

El efecto que tuvo la aplicacion de recubrimiertomestibles elaborados a base de alginato o gelano
el intercambio gaseoso de trozos de manzana sedesigjuiendo la evolucion de oxigeno, diéxido de
carbono, etileno, acetaldehido y etanol en la dsrésdel espacio de cabeza durante 23 dias de
almacenamiento. Entre los resultados obtenidogacieda evolucién del Dy el CG, ya que no se
observaron diferencias significativas en la comeenin de estos gases en muestras cubiertas o sin
recubrir. Perétago et al., (2003) sefialaron que la aplicaciorueRC permite la creacion de una
atmosfera modificada dentro de la fruta como redoltde la resistencia a la difusion de los gases,
traduciéndose en una disminucién de la tasa réspaa En nuestra investigacién, la similitud ds lo
resultados obtenidos en la respiracién de trozosalezanas recubiertos y sin recubrir se atribuig a
permeabilidad del plastico usado para sellar lasiéjas donde fueron almacenadas las muestrasalel cu
probablemente permitié el paso del Yel CG hacia el exterior del envase, imposibilitando medii
cambio en la composicion gaseosa del espacio dezaapasi poder detectar el posible efecto ejercido
por los RC como barrera selectiva a estos gases.

Sin embargo, el mayor peso molecular de los otemeg estudiados (etileno, acetaldehido y etanol)
probablemente hizo posible su acumulacion y detece&n el espacio de cabeza de los envases,
observandose diferencias en su evolucién durardgérelcenamiento, dependiendo de la presencia y tipo
de RC. Los niveles de etileno en trozos de manzaimasecubrir alcanzaron valores tan altos como
154,35l I* al final del periodo de almacenamiento, mientnas en trozos recubiertos con alginato o
gelano alcanzaron valores bastante inferiores 28,26,42 pl I, respectivamente. El descenso en la
produccién de etileno en las muestras recubiettde geberse a la composicion de los RC empleados. L
presencia de AG en la formulacién y de calcio esolacion formadora de entrecruzamiento, pudosser |
causa del aumento de la permeabilidad a este gasg &t al., (1994), atribuyd el descenso en ladasa
produccién de etileno en manzana cortada a los aoempes presentes en su formulacion, una primera
capa de monoglicérido acetilado seguida de unarsiameen una solucion conteniendo iones de calcio.
Aunque una de las principales aplicaciones de I8s &R productos frescos es la de controlar el
intercambio gaseoso del producto, no es recomem@hblso de RC que presenten una barrera demasiado
alta a los gases, ya que podria inducir un incrémen la presencia de algunos compuestos volatiles
asociados con condiciones anaerébicas. En eswie@stl observo que la aplicacion de RC sobre trozos
de manzana creé una atmdésfera modificada en etpimdo cual se evidencié por la poca acumulacion
de acetaldehido y etanol en muestras sin recubar.concentracion de acetaldehido incrementé
continuamente durante el periodo de almacenamacémzando valores de 141,471y 106,88 pl I

en trozos de manzanas recubiertos con alginatdangerespectivamente, mientras que en trozos sin



recubrir la concentracion de este gas fue muyiodd0 pl 1), manteniéndose sin grandes cambios
hasta el final del almacenamiento. Por su partprdaencia de etanol fue evidente a partir dedarsia
semana en manzanas recubiertas, alcanzando unentae®n méaxima de 32,28 1™ al final del
almacenamiento, mientras en trozos de manzanaaibrir se detectd un primer incremento (1246P

') después de la tercera semana de almacenamienpsesencia de etanol a partir de la segunda semana
de almacenamiento coincidid con el sibito incremetdg acetaldehido en el espacio de cabeza de los
envases conteniendo trozos de manzana recubierthgiendo la vida Util de este producto a 2 semana
Day, (1994) sefial6 que la presencia de metabdbtwsentativos tales como acetaldehido y etanol, los
cuales son resultado de la respiracion anaerdbgtan frecuentemente asociados con la presencia de

sabores desagradables en los alimentos, influygindctamente sobre la calidad final del producto.

Evolucién del color

Como ya se observé en el estudio previo de algipagelano, estos recubrimientos fueron eficientes
transportadores de agentes antioxidantes por tiodwede 48 horas en las condiciones extremasquias
fueron sometidos los trozos de manzana recubiettasefectividad de los RC como soporte de
antioxidantes por un periodo mas largo de tiempevafu6é mediante los cambios experimentados en los
parametros colorimétricos § h durante 23 dias de almacenamiento. Los trozosatzana recubiertos
con ambos RC no mostraron ningn cambio sustaecids valores iniciales dé mh’, manteniendo los
trozos de fruta libre de pardeamiento durante tetlgperiodo de almacenamiento (Figura 1) y
demostrando que-Hcetilcisteina es un efectivo agente antioxidantemuede ser incorporado dentro de
formulaciones de alginato y gelano en el recubnioiele frutas cortadas. Baldwin et al., (1996) eobs

una reduccion considerable del pardeamiento en ananzortada cuando incorpord diferentes agentes
antioxidantes dentro de una formulacion de carbetiioelulosa, que cuando estos agentes fueron
aplicados en una solucion acuosa, quedando enneigdéa capacidad de los RC de transportar y

mantener aditivos.

Figura 1: Trozos de manzana Fuji recubiertos con una mezctgelano (0,5%), glicerol (0,6%),
aceite de girasol (0,025%) y-a&tetilcisteina (1 %) como agente antioscurecimidegpués de 23 dias de

almacenamiento.



Cambios en la firmeza

La aplicacién de RC ejercié un efecto determinastela evolucion de la textura de las manzanas
cortadas. Las muestras sin RC experimentaron uogrgmiva degradacién de la textura alcanzando
valores de 5,30N frente a los 10,19N iniciales. Blocontrario, la aplicacién de recubrimientos de
alginato y gelano ejercieron un efecto positivo ermantenimiento de la firmeza de los trozos de
manzana, manteniendo sus valores de firmeza irdcignte todo el periodo de almacenamiento. Como
se menciond anteriormente, las propiedades geilthsadel alginato y del gelano se deben a su atgmhci
para formar enlaces con iones divalentes comol@bgg@or lo que el empleo de una solucién de choru
de calcio (2%) fue necesario para lograr el enti=gniento y formacién estable de los recubrimientos
El calcio es conocido por ser un agente reafirmalefetejido en frutas, y aunque en este trabajo se
empleé como coadyuvante en la formacion de los R€Ebién ejerci6 un efecto benéfico en el
mantenimiento de la firmeza de los trozos de mamzAdicionalmente, y como ya es sabido, la pérdida
de firmeza de los tejidos esta frecuentemente asaaon la pérdida del contenido de agua, por dolau
incorporacion de aceite de girasol en la formuladi@ recubrimientos de alginato y gelano evitd la
pérdida excesiva de agua en la fruta y por engeidida de firmeza, algo que ya se habia observado

anteriormente por el aumento en los valores de RVA.

Estabilidad microbioldgica

La aplicacién de recubrimientos de alginato y gelam trozos de manzana inhibié el crecimiento
microbiano durante todo el periodo de almacenamjenbservandose un crecimiento inferior & 10
UFC.g' y 10 UFC.g" para microorganismos mesoéfilos y psicréfilos, ezsiyamente, comparado con
los altos recuentos observados en muestras sibrigedos cuales alcanzaron valores tan altos ctffo
UFC.g"'y 10 UFC.g" al final de tres semanas de almacenamiento. Cfim & asegurar la estabilidad y
seguridad de los productos frescos cortados esaécesn primer lugar controlar el crecimiento de |
flora nativa de la fruta fresca. Los RC crean utmdafera modificada que puede cambiar la tasa de
crecimiento de microorganismos, controlando eliomesnto de microorganismos inocuos propios de la

fruta, asi como evitar el crecimiento de patogé€disas y Barbos&anovas, 2005).

C.2- Pelicula comestible a base de puré de manzana. émporacién de aceites esenciales.

Las peliculas comestibles como soporte de ace#escales (AES) constituyen una nueva posibilidad
para la incorporacion de compuestos antimicrobiasa superficie de alimentos tales como carnes,
embutidos, frutas enteras y mas recientementeutsisfirescas cortadas. Pero la efectividad deaaplic
una PC en cualquier tipo de alimentos esta estneshiz relacionada con la naturaleza de los magsrial
utilizados en su elaboracion y de la interaccionédta con el alimento, por lo que determinar sus
propiedades de barrera, mecénicas y antimicrobiesasportante para predecir el comportamiento del
RC en el alimento. Aunado a esto, la incorporacénpuré de manzana en la formulacién confiere

propiedades nutricionales y sensoriales adiciontdato a la pelicula como a los RC.



Propiedades antimicrobianas
La efectividad de los AEs como agentes antimicroisafue estudiada tanto en la solucién formadora de
peliculas (SFP) como en las PC una vez formadaantbos casos, la efectividad de los AEs fue probada

frente al crecimiento del microorganismo pat6gencoliO157:H7.

Actividad antimicrobiana de los AEs en las SFPs

Cuando fueron evaluadas las SFPs conteniendo lsss&Fobservo que todos los compuestos estudiados
(aceites esenciales de orégano, canela y hierliende) inhibieron el crecimiento dE. coli 0157:H7.

En comparacién se observo que en ausencia de AkEpegar de la incorporacion de acido ascorbico y
acido citrico como antioxidantes en la SFP, eliorento deE. coliO157:H7, fue inevitable. Dentro de
los AEs, el de orégano fue el que ejercié un mayecto antimicrobiano. De hecho, una concentracion
de 0,1% p/v de este aceite fue efectiva frentatlgeno con solo 3 min de contacto entre el conipyes

el microorganismo, mostrando un valor desBde 0,034 (0,034% del aceite de orégano inhib&0éb

de E. coli O157:H7 después de 3 min a 21°C). La actividadcdelpuesto después de 30 y 60 min de
exposicion fue ligeramente mayor, arrojando valatesBAs, de 0,024% y 0,019%, respectivamente.
Nuestros resultados coinciden con diferentes estuglie sefialan al aceite esencial de orégano como e
compuesto activo mas efectivo frente al crecimietg&. coli O157:H7(Hammer et al. 1999; Dorman y
Deans, 2000; Friedman, et al. 2000, 2002). Conti@to observado con el aceite de orégano, eleadeit
canela a una concentracion cinco veces mayor gie émégano (0,5% p/v) fue solo activo despuéside 3
y 60 min de exposicion, mostrando valores degBfe 0,12% y 0,094%, respectivamente. El aceite de
canela fue menos efectivo probablemente debida difésiencia de reactividad de los compuestos
fendlicos contenidos en ambos antimicrobianos, doales actian de manera distinta frente a un
determinado microorganismo. Aunque algunas invasiiges han sefialado que son necesarias
concentraciones similares de aceite de canelaooédmno para inhibir el crecimiento Becoli O157:H7

es conocido que el cinamaldehido (compuesto ad@@ceite de canela) no causa una desintegracion
completa de la membrana externa, mientras que @atvg timol (compuestos activos del aceite de
orégano) producen un dafio mas importante en la na@abcelular que conlleva a la liberacion de
muchos de sus componentes, siendo més efectivte f@@nmicroorganismdSikkema et al., 1995;
Helander et al., 1998)Con respecto a la efectividad del aceite de hiddbémodn (0,5% p/v) frente al
crecimiento deE. coli 0157:H7 se observo que su efecto fue muy similan@sdtrado por el aceite de
canela, donde para inhibir el 50% del microorganidoe necesario 0,059% del aceite y un tiempo de
exposicién de 60 min. Friedman et al, (2004), okw®n valores muy similares de Bfrente aE. coli
0157:H7 presente en zumo de manzana clarificadatgdo con aceite de orégano, canela y hierba de

limén por un tiempo de 60 min a 37°C.

Actividad antimicrobiana de los AEs en las PC
La efectividad de los AEs incorporados en las PGwdud midiendo la zona libre de crecimiento
alrededor de un disco de PC a la que se le denpmim@ de inhibicion del compuesto. Tal como se

observo en las SFP, el aceite de orégano fue ekfaésvo frente al crecimiento de coli O157:H7 en



las PC elaboradas a partir de puré de manzanae€l®hla zona de inhibiciéon de la PC conteniendo
aceite de orégano fue mayor a medida que aumentaltancentracion de este compuesto en la
formulacidn, observandose una destruccion totatrdeloorganismo con una concentraciéon de 0,1% p/v.
Sin embargo, fueron necesarias concentraciones5¥% Oe aceites de canela o hierba de limén para
inhibir el crecimiento microbiano alrededor de tliscos de PC, necesitandose una concentracion cinco
veces mayor de ambos aceites para obtener un&dadti@ntimicrobiana similar a la obtenida con a&ceit
de orégano. Nuevamente, la diferente efectividadiofada entre los aceites esenciales de canetabahi

de limén incorporados en una pelicula de puré dezara comparada con la de aceite de orégano puede
explicarse por el tipo de compuestos activos que donforman, asi como el diferente grado de
difusividad de los mismos a través de la PC. Vanuasstigaciones han sefalado que la actividassle |
aceites esenciales esta relacionada con la coafigur quimica de sus componentes, con la proporciéon
en la que estos se encuentren presentes y su deaidteracciones (Dorman y Deans, 2000; Mariano et
al. 2001; Delaquis et al. 2002). Ademas, Cagri let(2001) sugiri6 que la difusibn de agentes
antimicrobianos a través de un disco de PC depeeldemarfio, forma y polaridad de las moléculas que
difunden, de la estructura quimica de la pelicatd,como del grado de entrecruzamiento molecular de

Sus componentes.

Propiedades de barrera

Permeabilidad al vapor de agua (PVA)

Se observo que la PVA de todas las PC disminuy@dida que aumentaba la cantidad de AEs en su
composicion, siendo este efecto mas acentuado cusmémpled aceite de orégano (0,1%). Hernandez
(1994), sefiald que la transferencia de vapor da aguas PC ocurre a través de su parte hidrofilar

lo tanto depende de la proporcién hidrofébica/titloa de los constituyentes de la pelicula. Debédo
que cada AE presenta sus propias caracteristisias-djuimicas, el comportamiento observado en las
diferentes PC pudo deberse al tipo de AE empleadsuecomposicién y a la proporcién de compuestos
hidrofilicos en la misma. La incorporacién de ae€i¢ orégano en la formulacién impartié a las pklc

excelentes propiedades antimicrobianas, ademagjbeansus propiedades de barrera al vapor de agua.

Permeabilidad al oxigeno (P£p

Las peliculas comestibles elaboradas a partir dé de manzana mostraron buenas propiedades de
barrera al oxigeno, exhibiendo valores de permidakil de 22,64+1,28 cimm/nf-d-kPa. Los
compuestos no polares como los lipidos, actian oexuelentes barreras al vapor de agua, pero son
menos efectivos como barrera a los gases. De hkechaorporacion de AEs en la formulacion causé un
incremento en los valores de PQicanzando valores de 38,12+0,80%em/nf-d-kPa cuando se

incorporé aceite de orégano al 0,1% p/v en la féaoidn.

Propiedades mecénicas
Fueron tres las propiedades mecéanicas estudiadas &€, fuerza de tension, elongacion y elastcida
Con respecto a las propiedades de tension, sevabsercomportamientos diferentes dependiendo del

AE contenido en la formulacion. Un incremento ercdmcentracién de aceite de hierba de limén de



0,05% a 0,1% p/v caus6 un significativo descenstadnerza de tension de la PC. Por el contraao, |
adicion de aceite de canela produjo un incrementdaefuerza de tensién ejercida por la PC. Las
diferencias observadas en ambas PC fueron atribaidtes distintas polaridades de los AEs incorpmmad

La presencia de AEs, generalmente no produce ubioasignificativo en las propiedades de elongacién
de las PC. De hecho, el tipo y concentracion de Afizslido a las peliculas de puré de manzana no
modificaron sus propiedades de elongacion. De ifpraha, la incorporacion de AEs en la formulacion
no causO ningln efecto significativo en las propis elasticas de las peliculas. Sin embargo, la
presencia de 0,075% de aceite de canela causo niamiacto en la elasticidad de las mismas (7,60+0,59
MPa) comparado con aquellas que no contenian nitigande AE (5,06+0,54 MPa). Resultados
similares fueron reportados por Zivanovic et aQ0&) quienes observaron un descenso en la fuerza de

tension y un incremento en la elongacion de pelécde quitosano enriquecidas con AEs.

En general se observd que las peliculas elaboradpartir de puré de manzana poseian una alta
permeabilidad al vapor de agua y baja al oxigenodstectarse un cambio sustancial de los otros
parametros por la adicion de AEs. Sin embargo séiro® que la incorporacion de aceite de orégano
confiere una mayor actividad antimicrobiana freate. coli 0157:H7, tanto en la SFP como en las PC,

comparado con los otros AEs estudiados.

C.3-Pelicula comestible a base de alginato y puré de nmana. Incorporacion de aceites esenciales

0 sus correspondientes compuestos activos.

Una vez establecidas las caracteristicas de IdsaB&das en puré de manzana y agentes antimicrepiano
se decidié por un lado, incorporar una de las oegrpolisacaridas estudiadas en la primera patte de
trabajo, alginato, con el fin de mejorar las prdpiges de barrera y mecanicas de esta Ultima, gtpmr

lado, se decidié estudiar el efecto de la incomiérade los compuestos activos (carvacrol, citral y

cinamaldehido) correspondientes a los AEs estudiadteriormente.

Efecto en las propiedades de barrera y mecéanicas

Permeabilidad al vapor de agua (PVA)

Debido a la naturaleza hidrofilica de las PC basadigpolisacaridos, éstas tienden a ser barrebmsgpa

la humedad (Kester y Fennema, 1986; Garcia e1@98), por lo que la incorporacién de lipidos dentr
de su formulacion mejora notablemente sus propesidd barrera al vapor de agua (Garcia et al.,;2000
Yang y Paulson., 2000). Sin embargo, nosotros whs@s que la incorporacién de AE o de sus
correspondientes compuestos activos no mejorasprtgpiedades de PVA de las PC, ya que mostraron
valores similares a los observados en el contmta 4,95g-mm / kPah-m” Aunque, se observé un
ligero descenso de la PVA después de la incorpmmacie 0,5% p/p de cinamaldehido. Este
comportamiento es presumiblemente debido a quéHRoestan constituidos basicamente por terpenos y

no por lipidos.



Adicionalmente, si se comparan los resultados d& Bbtenidos en PC de algingboiré de manzana sin
adicion de AE (4,9%-mm / kPah-m?) con las PC de alginato estudiadas en el apartad(1@8g-mm /
kPah-m?), se puede observar un importante incremento &/ debido a la incorporacién de puré de

manzana, el cual al ser de naturaleza hidrofikeesé un incremento en dicho parametro.

Permeabilidad al oxigeno (B.,)

De acuerdo con lo esperable, la incorporacion gieatb como matriz estructural en peliculas de piaré
manzana, mejor6 notablemente RD, observandose valores de 10,20+0@t°pm/nf-d-kPa de
permeabilidad en estas nuevas PC. Si se compartsomlores dd°O, obtenidos en las peliculas de
puré de manzana del apartado anterior (22,64 +dy@8m/nf-d-kPa), se puede observar quéP@, de

este nuevo tipo de PC es dos veces inferior. McHaigld., (1996) sugirié que el tipo de carbohidsato
empleado en la elaboracion de PC puede afectablantante las propiedades de permeabilidad de las
mismas.

Por su parte, la adicién de AE no modificé sigmificamente 1&PO, de peliculas de alginato y puré de
manzana, aunque se observo un ligero descensopgenteabilidad en peliculas que contenian aceite de

hierba de limén o su compuesto activo citral aeoraentracion de 0,5% p/p.

Propiedades mecanicas

A diferencia de lo observado en peliculas de parghdnzana, la incorporacion de AEs y sus compuestos
activos caus0 una importante reduccién en la ezgii a la tension de peliculas de algismice de
manzana, siendo este efecto méas pronunciado elesgB€ que contenian aceite de orégano o carvacrol
en su formulacion, las cuales presentaron valaes47+0,37 y 2,58+0,37 MPa, respectivamente. De
igual forma, los AEs causaron un efecto significatn el porcentaje de elongacién de las peliddas
alginato y puré de manzana, observandose un inaterde este valor en todas las peliculas conteaiend
AEs y sus respectivos compuestos activos. Cuanstaaral fue incorporado dentro de la formulacién, s
detectd el maximo porcentaje de elongacion antesrdperse la pelicula (58,33%), comparado con los
51,06% observados en peliculas sin antimicrobidmmsvalores de elasticidad observados en PC de
alginato y puré de manzana (aprox. 7,07+1,09 M&ph en general mayores que los observados en las
mismas peliculas conteniendo agentes antimicrobidioHugh y Krochta, (1994), sefialaron que la
fuerza de tensién, elongacién y modulo de elastitide las PC estan estrechamente relacionadaa con |

estructura quimica de sus componentes.

Propiedades antimicrobianas

Al igual que en el caso de peliculas de puré dezera) la efectividad de los AEs y de sus compuestos
activos como agentes antimicrobianos fue estudiad@ en la soluciéon formadora de peliculas (SFP)
como en las PC una vez formada. En ambos casefgdtividad de las sustancias antimicrobianas fuero

probadas frente al crecimiento del microorganisatdgencE. coliO157:H7.

Actividad antimicrobiana de los AEs y sus compuesattivos en las SFPs
En general, tanto los AEs como sus compuestosoadiieron capaces de inhibir el crecimientdede

coli 0157:H7 en las SFPs. No se observaron diferesijaficativas entre un determinado AE y su



correspondiente compuesto activo, aunque si sevatrea diferencias de efectividad dependiendo del
compuesto empleado. La presencia del antioxidardeeNicisteina al 1% no causé ningun efecto
inhibidor sobrekE. coli0157:H7 inoculado en las SFPs sin antimicrobianos.

Entre los antimicrobianos estudiados, el aceiterdgano y su compuesto activo carvacrol mostraron
tener la mayor efectividad inhibitoria frente at@miento deE. coliO157:H7, confirmandose el
comportamiento antimicrobiano observado previamentpeliculas de puré de manzana donde éstos
eran contenidos. La exposicion de 0,1% de carvaerdéd SFP por un periodo de 3 min produjo un valor
de BAy,de 0,020, es decir, 0,020% de carvacrol inhib®08b deE. coli0157:H7 después de 3 min de
contacto entre el antimicrobiano y el microorgamis®in embargo, se observé el doble de actividad
antimicrobiana (0,011%) cuando carvacrol estuvoatacto por un periodo de tiempo mas largo, 30 y
60 min. Se obtuvieron resultados muy similares amgdiel uso del aceite de orégano, observandose
valores de 0,025%, 0,010% y 0,012% correspondienpesiodos de contacto de 3, 30 y 60 min. El
aceite de orégano contiene aproximadamente 86%rdaarol en su composicidn, por lo que la similitud
en sus propiedades antimicrobianas fue lo espetadgropiedades antimicrobianas del carvacrohesta
asociadas con su naturaleza lipofilica, la cupklenite acumularse en las membranas, formar parte d
ellas y como consecuencia producir dafios en ldagdhles como una disminucion de la energia aelula
(Sikkema et al., 1995).

Por su parte, la actividad antimicrobiana del acaé hierba de limén y su compuesto activo citratdn
similares frentée. coliO157:H7, teniéndose que emplear 5 veces mas coaciém del compuesto
(0,5%) para obtener una inhibicién similar quebaarvada con la incorporacién del aceite de orégano
carvacrol. Comparativamente, la efectividad deltad® canela y su compuesto activo cinamaldehido
fue menor, siendo efectivos frent&acoliO0157:H7 después de 30 y 60 min de exposicién, avoctr
valores de BA correspondientes a 0,11% y 0,086% para cinamaldghdle 0,16% y 0,087% para
aceite de canela. Friedman et al., (2004) indicgranel aceite de canela posee un 85% de
cinamaldehido, por lo que al igual que en el cadaarvacrol, esta similitud de efectividad enfrAE y

Ssu compuesto activo era lo esperable.

Actividad antimicrobiana de los AEs y sus compueséetivos en las PC

Aunque la efectividad de los compuestos antimienos podria variar si es determinada en un medio
liquido (SFP) o en un medio sélido (PC), se obsdavdnisma tendencia de efectividad en ambos
sistemas. Todas las PC que contenian sustanciamicaobianas inhibieron significativamente el
crecimiento deE. coli O157:H7 en las condiciones estudiadas. Coincidieath los resultados obtenidos
en la SFP, carvacrol fue el compuesto que mostndalgor actividad antimicrobiana, evidenciandose por
una zona clara (libre de crecimiento) mas granaalatior de la pelicula (aprox. 1,6 mm). De iguahfn

que lo obtenido en SFP, la efectividad observadaaceite de hierba de limén o citral y aceite deetza

o cinamaldehido (0.5% p/p) frenteE coliO157:H7 fue inferior que la obtenida con aceit®dgano o

carvacrol.

C.4.- Aplicacion de recubrimientos comestibles elaboradoa partir de puré de manzana y alginato

en trozos de manzana cortada. Estudio de vida Uutil.



Finalmente y de acuerdo con los resultados obtenidsta entonces, se decidié recubrir trozos de
manzana Fuji en un estado de madurez intermedicundRC elaborado con una mezcla de alginato y
puré de manzana, conteniendo glicerol yadetilcisteina como plastificante y antioxidante,
respectivamente y diferentes agentes antimicrobjaempleandose aquellos que mostraron tener una
mayor efectividad antimicrobiana (aceites de orégaude hierba de limén) ademas de la incorporacion
de vainillina como nuevo compuesto antimicrobiaBbefecto de este recubrimiento en la vida Util de
manzanas troceadas fue evaluado mediante cambida m¥spiracion, color, textura, caracteristicas

sensoriales y finalmente su estabilidad microbicglurante un periodo de almacenamiento de 21 dias

Cambios de la composicién gaseosa en el espactatieza

El tipo y concentracién de antimicrobiano incormlradentro del RC afectdé de manera diferente la
evolucién del Qy el CG a través del periodo de almacenamiento. De heclamdo se incorporaron
altas concentraciones de aceite de hierba de lighop 1,5% p/p) o de orégano (0,5% p/p) en su
formulacion se pudo observar un leve descensosndacentraciones de, @omparado con la brusca
caida de este gas en el resto de las muestraseraablas cuales alcanzaron valores tan bajos &84
ppm. De igual forma, las concentraciones de, E®envases que contenian trozos recubiertos con las
concentraciones mas altas de aceite de hierband® ly orégano, no experimentaron un aumento
sustancial de este gas durante el periodo de ahwadento. Definitivamente, la incorporacién de Afbs
recubrimientos de alginaqmuré de manzana actué efectivamente como barderdifusion de los gases,

tal como se habia observado en los ensayos aeterag PC. Olivas y BarbeS#novas (2005),
mencionaron que los RC son capaces de aislar whugim del ambiente que le rodea mediante la
creacion de una atmdsfera modificada, la cual aobhiao una barrera al oxigeno causando a su vez un
descenso en la tasa respiratoria.

Por su parte, los niveles de etileno en manzanasdas y recubiertas con peliculas conteniendo
antimicrobianos fueron bajos y se mantuvieron @nies durantes los 21 dias de almacenamiento,
contrariamente a lo observado en la produccion de@D,. Sin embargo, la evolucién de este gas en el
espacio de cabeza de los envases fue diferenteaepamas recubiertas con un RC de algipai@ de
manzana sin antimicrobianos y en aquellas muesimacubrir, donde la produccién de etileno aléanz
niveles tan altos como 132,38 y 230,071 al final del periodo de almacenamiento, quedanto e
evidencia que el RC por si mismo produce una disonim en la produccién de este gas, aunque en todos
los casos inferior a la obtenida en recubrimientws antimicrobianos. Estos resultados coincidenl@sn
obtenidos por Wong, et al., (1994), quienes observana tasa de reduccion en la produccién denetile
del 90% en trozos de manzana recubiertos con uamalande polisacéaridos y lipidos, atribuyendo esta
reduccion, tanto a la propiedades de barrera ingsigmr la incorporacion de lipidos, como al efecto
inhibitorio causado por la solucién de iones deioalusada como una segunda capa de recubrimEmto.
nuestro caso, la incorporacion de aceites antifiarms dentro de la formulacién, asi como el uso de
una solucion de cloruro de calcio para el entregniento de las moléculas de alginato, pudierontafec

la evolucion del etileno dentro de los envases.

Alonso y Alique, (2004) indicaron que un limitadddrcambio de gases entre la fruta y su entornwdeb

al uso de RC podria reducir drasticamente los @svéternos de oxigeno y alterar el metabolismo



respiratorio, produciendo condiciones de anaerabipfermentacion, y a su vez la produccion de salo
sabores causado por la acumulacion de acetaldghétimol. En efecto, todas las muestras de manzana
recubiertas, mostraron un ligero incremento errdayccion de acetaldehido durante el almacenamiento
a excepcién de aquellas recubiertas con un RC miengio vainilla al 0,3% y 0,6% p/p, donde los negel

de este gas alcanzaron valores tan altos como BV)4. Estos resultados y la baja concentracién de
acetaldehido en los trozos de manzana sin recgbrifirmaron la creacién de una atmoésfera modificad
alrededor de los trozos de fruta recubiertos, & oupidié en diferente grado el intercambio gaseos
desde el interior de la fruta hacia el espacio aleerza del envase. Posiblemente, el hecho de que la
naturaleza quimica de los antimicrobianos incompasaen el RC fue distinta, aceites en el caso de
orégano y hierba de limén, y cristales sélidos ércaso de vainillina, hizo que la difusién del
acetaldehido a través del recubrimiento fuera @ifier, sugiriendo a su vez que la concentraciéndeal
este gas en el interior de la fruta fue superialetééctado en el espacio de cabeza.

Resultados muy similares fueron observados enddugcion de etanol, donde se detecto la presescia d
este gas después de la primera semana de almaeatwran el espacio de cabeza de envases que
contenian trozos de manzana recubiertos con &by y 0,6% p/p y las concentraciones mas bajas de
aceite de orégano (0,1% p/p) y de aceite de hidedandn (1% p/p). La deteccion de este gas eastbr

de manzanas cubiertas fue mas tardia, observatmopeimeros indicios del gas después de 10 dias de
almacenamiento y no superando losuP6* después de los 21 dias de almacenamiento. Sin golear
manzanas recubiertas con un RC sin antimicrobitm@roduccién de etanol fue mayor llegando a

superar los 90,98l 1™ al final del periodo de almacenamiento.

Cambios en el color

Los menores cambios de color observados en troeomahzana recubiertos con RC conteniendo
compuestos antimicrobianos, fueron observados cuasdhilla fue incluida en la formulaciéon en
concentraciones de 0,3% y 0,6% p/p. Estos resudtadimciden con los obtenidos por Rupasinghe gt al.
(2006) quienes no observaron cambios significatd@golor en manzanas cortadas recubiertas con una
solucién de carboximetilcelulosa (Nature$¥aconteniendo vainillina en su formulacién.

La luminosidad en todos las muestras de manzamhiegtas descendio a partir de la primera semana de
almacenamiento, excepto en aquellas muestras @gbnimiento contenia aceite de hierba de limoén
(1,0% p/p) o vainilla (0,6% p/p) donde los valodesL permanecieron relativamente constantes durante
todo el periodo de almacenamiento. Por su parte,viilores de ‘ase vieron modificados por la
incorporacion de agentes antimicrobianos en laditaoidn, siendo especialmente significativo cuaselo
empled aceite de hierba de limén, el cual prodofalidades mas verdes en el exterior de los trdeos
manzana, pero, en contraste, produjo pigmentaciosegras en su interior desde los primeros dias de
almacenamiento. En la figura 2, se pueden obstasatiferencias de color interna y externa de aibis

de manzana recubiertos con un RC conteniendo adeitkierba de limén (1%), comparado con la
aplicacion de RC sin ningin tipo de antimicrobiamsu composicion. Adicionalmente, se observé un
pronunciado descenso del paramefrei aquellas muestras que contenian 1,5% de atetéerba de
limén, fluctuando entre 28,52 y 21,77 durante elqu® de almacenamiento. De igual forma y debido a

que el tono () es calculado usando valores de los pardmeirgshes, la tonalidad de los trozos de
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manzana cuyo RC contenia aceite de hierba de lendsu composicion presentd los valores mas altos
del parametro h contrarrestando con los resultados obtenidosozog de manzana sin antimicrobianos,

los cuales mostraron los menores valores dritante el almacenamiento.

Figura 2: Cambios en el color de cilindros de manzana Fajiacla recubierta con un RC de algirato
puré de manzana conteniendo (A) 1% de aceite dieahe limén (B) sin antimicrobianos, después de 7
dias de almacenamiento.

Ademés del efecto ejercido en el color por la preisede antimicrobianos en la formulacion del RC, |
presencia de Mcetilcisteina influyd significativamente en la servacion del color de los trozos de
manzana, manteniéndolos libres de pardeamientontural almacenamiento. Por el contrario, se
observaron indicios de pardeamiento desde prinfevess de almacenamiento en trozos de manzana sin
recubrir, evidenciandose por altos valores dél#84) y bajos de t{87,50). En vista de estos resultados,
se confirma el potencial uso de los recubrimiertosestibles como soporte y transporte de agentes
antioxidantes en la superficie de manzanas cortapgasmitiendo contrarrestar los efectos del

pardeamiento enzimatico.

Cambios en la textura

En general, los menores cambios de textura fudnsargados en piezas de manzanas recubiertas con una
pelicula de alginatpuré de manzana sin antimicrobiano y en aquellascgutenian aceite de orégano
(0,1% p/p) o vainillina (0,3 y 0,6% p/p) en su falacidn, siendo estas Ultimas las que se consearvaro
mas firmes durante los 21 dias de almacenamientpadtghe, et al., (2006), sefiald6 que la
incorporacién de 12 mM de vainillina dentro de waéucion de NatureSedl mantuvo los valores de
firmeza de rodajas de manzana “Empire” y “Crispihitante todo el periodo de almacenamiento. Sin
embargo en este estudio, la firmeza inicial de maag sin recubrir (7,60 N) disminuy6é gradualmente
desde los primeros dias de almacenamiento, obskrs@rvalores de 4,03 N al final de este periodo. La
diferencia observada entre manzanas sin reculagugllas recubiertas con un RC sin antimicrobiseos
debieron a la presencia de cloruro de calcio dedada formulacidon. Resultados similares fueron

reportados por Lee et al. (2003), quienes demastrgue la incorporacién de cloruro de calcio al 1%



dentro de un RC elaborado a partir de concentradoroteina de suero ayudé a mantener la firmeza de
rodajas de manzana fresca. Olivas y Barffe&aovas, (2005) indicaron que potenciadores dextarg,
tales como el cloruro de calcio, pueden ser inaaighms en RC para mejorar la calidad de la frutartter

el almacenamiento debido a la inhibicidn de la igérde firmeza en frutas minimamente procesadas.

Sin embargo y a pesar de las excelentes propieddm¥svadas por la incorporacién de calcio en la
formulacién, trozos de manzana recubiertos con wedicula de alginatpuré de manzana
conteniendol1% y 1,5% p/p de aceite de hierba dénlim0,5% p/p de orégano, mostraron un abrupto
descenso de la firmeza inicial desde las primeoaashde almacenamiento, alcanzando valores tas bajo
como 1,9 N al final del almacenamiento en mueseasbiertas con 1,5% de aceite de hierba de limon.
Posiblemente, la aplicacion de este RC conteniérisfh de aceite de hierba de limén afecté severament
la firmeza de los trozos de manzana debido al gHnifamo. Resultados similares han sido reportados
por Lee et al., (2003) quienes observaron una sat@érdida de firmeza en manzana Fuji fresca aortad
recubierta con una solucion de carragenano, lacardenia acido ascoérbico y citrico en su formdiaci

atribuyendo esta excesiva suavidad al bajo pH dell&ion formadora de cobertura.

Evaluacion sensorial

Un recubrimiento comestible deberia poseer un shhstante suave o en su defecto no poseer ningin
tipo de sabor, de forma que no pueda detectarsmntdufa consumicion del alimento donde éste es
aplicado (Contrerabledellin y Labuza, 1981). Sin embargo, la incorg@a de AEs dentro de cualquier
formulacién de RC podria causar un cambio apreeiablel sabor final del producto. De hecho, en esta
investigacion se observé que la incorporacién deémarobianos de origen natural dentro de un
recubrimiento de alginato y puré de manzana cambiforma apreciable las caracteristicas sensoriales
de los trozos de manzana, a pesar de que sélmfegaduados aquellos recubrimientos que contea&n |
concentraciones mas bajas del antimicrohiano

La mayor puntuacién (>6) de la escala hedoénic&zatia para la evaluacion de los atributos sensarial
fue obtenida en trozos de manzana cubiertos compeilficula de alginatpuré de manzana conteniendo
vainillina al 0,3% p/p y en aquellas cuya compdsicno contenia ningln tipo de antimicrobianos. Los
trozos de manzana recubiertos con un RC de algmatdde manzana (sin antimicrobianos), presentaron
la mayor aceptacion por parte de los panelistdg;ando que dicha formulacién por si misma no pcedu
ningun cambio apreciable en las caracteristicasosiaes de la manzana fresca. Contrario a estos
resultados, los trozos de manzana recubiertos ¢orR@ conteniendo aceite de orégano en su
composicién fueron los que obtuvieron los valorés fmajos de preferencia por parte de los panelistas
aunque mantuvieron altas valoraciones del colorreEhazo por parte de algunos consumidores de
muestras conteniendo 0,1% de aceite de orégandelsé principalmente a la deteccidon de un sabor
residual a “hierbas”, el cual no fue compatible das caracteristicas sensoriales de la manzana. Sin
embargo, Roller y Seedhar (2002) reportaron qualieion de 1mM de carvacrol (compuesto activo del
aceite de orégano) como agente antimicrobianoaneccreacciones adversas en la evaluacion sensorial
de kiwi y melon fresco cortado.

Aunque las muestras conteniendo aceite de orégemorf las que presentaron la puntuacién mas baja el

primer dia de evaluacion sensorial, se observé aaida brusca después de la primera semana de



almacenamiento en todos los parametros evaluadosiestras conteniendo aceite de hierba de limén al
1% p/p, siendo las principales caracteristicastafes, el color y la textura. Estos resultadoscidén

con los obtenidos instrumentalmente, donde se wbsara abrupta caida de la firmeza y la presereia d
oscurecimiento interno en los trozos de fruta ragtids con aceite de hierba de limén. El efectaatieg
causado en ambos parametros sensoriales, produjectehzo de dichas muestras por parte de los
consumidores a partir de la primera semana de almagento.

Son muy pocos los estudios reportados sobre efoetld RC sobre las caracteristicas sensoriales de
trozos de manzana. Sin embargo, existen algunodiestque han evaluado las propiedades sensoriales
de otras matrices como el puré de frutas conteaialgiin tipo de antimicrobiano. Por ejemplo, Ceérut
Alzamora (1996) evaluaron las propiedades senssridé purés de frutas, incluyendo el de manzana,
incorporando vainillina en su formulacién, y repoon una aceptacién positiva del sabor por parte de
consumidor y un mantenimiento de sabor origindadeuta fresca, similar a los resultados obtenjoas

nosotros.

Estabilidad microbioldgica

El crecimiento de microorganismos aerobios psito®fasi como el de mohos y levaduras durante el
almacenamiento, se vio significativamente afectaatola presencia de agentes antimicrobianos deletro

la formulacion. De hecho, se observd que los rdosede estos microorganismos en manzanas
recubiertas sin antimicrobianos aumentaron apreX. ciclos logaritmicos en el caso de psicrofilos,
alcanzando valores de "1QFC.g"* al final de los 21 dias de almacenamiento. Copeas a la
efectividad de los agentes antimicrobianos, serebsagna inhibicién total de microorganismos aershio
psicréfilos (con un limite de deteccion de 1,0 WEC/g) y de mohotevaduras (con un limite de
deteccion de 2,0 log UFC/g) cuando se encontraimporados 1,0 y 1,5% de aceite de hierba de limén
y 0,5% de aceite de orégano en el RC. Posiblemiangfectividad de estos compuestos se vio favdaeci
por el bajo pH de la solucion, tal como se indintedormente. Burt (2004), sefialé6 que generalmante
menor pH, mayor es la efectividad de los compuesttisicrobianos. El recuento microbioldgico de las
otras muestras fue inferior en todos los casosexuediendo de TfOUFC/g al final el periodo de
almacenamiento para aerobios psicréfilos y de 3UB€/g para mohos y levaduras. Los recuentos de
levaduras no excedieron el limite maximo estabtepior la IFST para frutas procesadas por métodos no
térmicos, el cual es de 6 log UFC/g (IFST, 19%). embargo, los recuentos de mohos y levaduras en
trozos de manzanas tratados con 0,1% de aceiteédarm alcanzaron valores de 4,1 log UFC/g al final
del periodo de almacenamiento, siendo la efectivitiaeste compuesto disminuida a través del tiempo.
Lanciotti et al., (1999) sugiri6 que la adicidn ateeites esenciales provenientes de citricos emerala

de frutas cortadas (manzana, pera, uva, melocotdwiy inhibié la proliferacién de la flora naturde
dichas frutas.

Adicionalmente y con la finalidad de estudiar etotd de los agentes antimicrobianos sobre un
microorganismo indicador, se evalud la efectividados mismos sobilgsteria inocuainoculada sobre
trozos de manzanas antes de ser recubiertos. blossevé incidencia de. inocuaen trozos de manzana
no inoculados, por lo que los recuentos observeddaticho microorganismo fueron frutos Gnicamente de

la inoculacion del mismo en las muestras.



La incorporacién de agentes antimicrobianos demrda formulacion de RC inhibid significativamente
el crecimiento delL. inocua en trozos de manzana comparado con las muestnasolcqsin
antimicrobianos), donde se observaron recuentos6@e UFC/g al final del almacenamiento,
confirmandose una vez mas que el RC no ejerce miafgcto en el crecimiento de inocua Al igual

que en el caso anterior, la mayor actividad antimhiana fue ejercida por el aceite de hierba dédim
(1,0 y 1,5% p/p) y de orégano (0,5% p/p) los cuadekijeron el nimero de colonias ldeinocuapor
debajo del limite de deteccién (2,0 log UFC/g) aahbe la primera semana de almacenamiento,
confirmandose posteriormente la completa destracciél microorganismo debida al efecto de los
antimicrobianos.

En todos los casos se observd una reduccién deémez inicial del. inocuainoculada (10 UFC/g)
inmediatamente después de la aplicacién de losdr€@iendo los agentes antimicrobianos. El recuento
inicial de trozos de manzana donde se empled lmamidisminuyé aprox. 3 ciclos logaritmicos
inmediatamente a la aplicacion del RC. Sin embaegta disminucion del recuento inicial deinocua

fue inferior cuando se empled aceite de orégand¥{Op/p) en la formulacién, donde se observo
Unicamente una reduccion de 1,6 ciclos logaritmi€ms hecho, se observé que la efectividad de este
compuesto fue inferior y temporal, alcanzando retgemuy similares a los obtenidos en el control (6
log UFC/g) después de 21 dias de almacenamiento.

Como se confirmé en los trabajos anteriores, 0,184dp aceite de orégano es suficiente para inalbir
crecimiento de microorganismos en peliculas cotvesti Sin embargo, fue necesaria una concentracion
superior de este compuesto (0,5% p/p) para obtesettados inhibitorios similares a los obtenidns e
PC, quedando es evidencia que su efectividad digminuando es aplicado en forma de cobertura. Los
resultados obtenidos estan en concordancia caplwrtado por Dawson et al., (2002), quienes sejralar
que las PC conteniendo antimicrobianos son mastivscen la inhibicion de un determinado
microorganismo cuando éstas son aplicadas en uio mettitivo que cuando son aplicadas en alimentos

reales.
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