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CONCLUSIONES

De acuerdo con los resultados obtenidos y de sipmetacion se deducen las siguientes conclusiones:

« El uso individual de agentes antioxidantes talema;o4hexylresorcinol (<0,5% p/v) y N
acetilcisteina (>0,75% p/v), asi como la combinadi@ glutation y Nacetilcisteina (>0,60%
p/v) fueron efectivos en el mantenimiento del caleitrozos de manzana cortada.

 Las manzanas de la variedad Fuji en un estado diirem intermedio mostraron la mejor
aptitud para ser procesadas minimamente. Ademaspeale una atmosfera modificada baja en
0O, combinado con una inmersion previa en una solugeacetilcisteina (1% p/v), permitio
mantener el color y la textura de los trozos de zaaas durante por lo menos 1 mes de
almacenamiento refrigerado.

e La resistencia al vapor de agua del recubrimiemntlicado en trozos de manzana mejord
notablemente debido a la incorporacién de aceitgirdsol en una formulacion de alginato (2%
p/v) y gelano (0,5% p/v), conteniendo glicerol coagente plastificante en concentraciones de
1,5% y 0,6% p/v respectivamente. Ademas, se detdstcapacidad para el transporte de
agentes antioxidantes de ambos recubrimientosgreigido por la ausencia de pardeamiento
superficial en trozos de manzana expuestos adonds extremas de almacenamiento.

e La vida til de manzanas frescas cortadas se cienmentada por el uso de recubrimientos de
alginato y gelano, los cuales ayudaron a mantemercaracteristicas de frescura durante dos
semanas de almacenamiento. Dichas coberturas redugeproduccion de etileno por debajo de
50 ul Iy mantuvieron la textura de los trozos de manzamauna firmeza de aprox. 10 N, asi
como también su estabilidad microbiol6gica. Se icondf que los recubrimientos de alginato y
gelano ademas de transportar agentes antioxidaatesapaces de retenerlos en la superficie
durante un periodo prolongado de almacenamiento.

e La incorporacién de aceites esenciales (orégarerpdide limon y canela) como agentes
antimicrobianos dentro de una pelicula de puré denzana, mejoré ligeramente la
permeabilidad al vapor de agua y no afectd lasipdaples mecanicas de las mismas, aunque
produjo un aumento de la permeabilidad ald® 22,64+1,28 a 38,12+0,80 &mm/nf-d-kPa
cuando se incorpord 0.1% de aceite de oréganofermtallacion. Sin embargo, la incorporaciéon
de alginato en este tipo de peliculas originé upfra en la permeabilidad ab&ausando una
disminucion de casi el 50% de este parametro. kagigdades mecéanicas de la pelicula no se
vieron apenas afectadas.

« Dentro de los antimicrobianos evaluados, el adterégano (0,1% p/v) y su compuesto activo
carvacrol, mostraron el mayor efecto antimicrobifnremte al microorganismo patégego coli
0157:H7, en peliculas de puré de manzana y purdatizaneaalginato, respectivamente, siendo
necesarias concentraciones cinco veces mayorés () de aceite de hierba de limén y canela
0 de sus compuestos activos citral y cinamaldehpdoa obtener resultados similares a los
observados con aceite de orégano o carvacrol.

e Los recubrimientos de alginato y puré de manzanateogendo agentes antimicrobianos,
redujeron la produccién de etileno de los trozosm@dmzana a niveles por debajo depb0™
durante el periodo de almacenamiento. Adicionalmenia incorporacion de altas
concentraciones de aceite de hierba de liméon (1,5961p/v) y de orégano (0,5% p/v),
permitieron la difusién del oxigeno a través detulimiento, evitando asi condiciones de
anaerobiosis interna en los trozos de fruta.

+ La adicion de Nacetilcisteina al 1% en una solucion de clorurcaleio empleada para lograr el
entrecruzamiento con las moléculas de alginatajayun a mantener el color y la firmeza de los
trozos de fruta recubiertos. Sin embargo, la p@aede aceite de hierba de limén en la
formulacién, causd una apreciable degradacion deextura alcanzando valores de 1.9 N
después de 21 dias de almacenamiento, asi comumai&ian de tonalidades oscuras en los
trozos de manzana.



e La efectividad antimicrobiana del aceite de orégaaceite de hierba de limén y vainillina
incorporados ahora en un recubrimiento de algipaté de manzana se demostré gracias a la
completa inhibicion dé.isteria inocuainoculada en trozos de manzana, asi como tambigla po
inhibicién del crecimiento de bacterias aerobiarpfilas, mohos y levaduras durante el
almacenamiento.

« Desde el punto de vista sensorial, la aplicacionrdescubrimiento comestible elaborado a base
de puré de manzana y alginato no causé ningun efeetjudicial en las caracteristicas
sensoriales originales de los trozos de manzamae®bargo, la incorporacion de aceite de
hierba de limén causé un efecto perjudicial enadbrcy la textura de los trozos de manzana,
limitando su vida util. Aunque el uso de aceite atégano no afectd las caracteristicas de
firmeza y de color de los trozos de manzana, suyosabor si se vieron modificados, no siendo
totalmente compatible con el producto donde fuecagb. Por el contrario, la incorporacién de
vainillina dentro del recubrimiento comestible fgensorialmente aceptable, obteniendo la
mayor puntuacion en cuanto a preferencias por patteonsumidor.

CONSIDERACIONES FUTURAS

La hierba de limén demostré ser un buen agentenantibiano, sin embargo ocasioné efectos adversos
tanto en la textura como en el color de los tramsnanzanas recubiertos, por lo que se deberidiastu
Su uso en combinacién con otros métodos de cor@éryaque permitan evitar consecuencias
perjudiciales en la fruta ademas de obtener unygtodnicrobiolégicamente estable. Por otra pagdas
necesario ampliar los estudios a compuestos antibianos que no modifiquen el sabor original de la
fruta o que en su defecto resulten mas compattiole®! sabor de la misma.

Los recubrimientos comestibles empleados en estastigacion resultaron adecuados para la
conservacion de manzana fresca cortada. En elofuderia conveniente investigar otros tipos de
recubrimientos comestibles, que ademas de sendadera a los gases y a la pérdida de agua, tambié
puedan ser Utiles para transportar sustanciasiralidfdes tecnoldgicas, nutricionales u organaépt
permitiendo alargar la vida Util de frutas frescastadas, asi como también el desarrollo de nuevos
productos.
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ABSTRACT

Alginate (2% w/v) and gellan (0.5% w/v) edible fadnwith glycerol (0.6- 2.0% wi/v) and 1% w/v N
acetylcysteine, 1% wi/v ascorbic and 1% wi/v citriida were formulated for later coating of fresit
apple and papaya. Water vapor permeability (WVPalginate films was significantly (p<0.05) higher
(0.30 and 0.31 x Idg / Pa s m) than in gellan films (02627 x 10° g / Pa s m). Addition of 0.025 %
(w/v) commercial sunflower oil improved WVP in tigellan films to 0.20 0.22 x 1¢° g/ Pa s m. Water
solubility (0.470.59 and 0.74.79 for gellan and alginate films respectivelyR&fC and swelling ratio
(1.6-2.0 and 1.8.0 for gellan and alginate films respectively)rae®e indicate an adequate potential of
the films for coating high moisture fresht fruits. It was possible to coat fresht apple and papaya with
alginate and gellan filffiorming solutions to which 2 % (w/v) viable bifidabtteria were successfully
added. WVP in alginatpapaya and apple coatings (6.31 and 5.52%d.0 Pa s m in) and in gellan
papaya and apple coatings (3.65 and 4.89%glLOPa s m) were higher than in the correspandast
films. The gellan coatings/films exhibited betteater vapor properties than the alginate ones. galue
>10° cfu/g B. lactis Bb12 were maintained throughout 10 days of refrigatatorage, demonstrating the
feasibility of the alginate and gelldrased edible coatings to carry and support prich@rganismson
freshcut fruits.
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INTRODUCTION

Edible films are known to improve shelf life andbébquality by serving as selective barriers to nunes
transfer, oxygen uptake, lipid oxidation and lo$svalatile aromas and flavors (Kester and Fennema
1986). When used as coatings on fregh fruits and vegetablethey reduce the deleterious effects
imposed by minimal processing. The moisthegrier properties of edible films and coatingsééeen
extensively studied by measuring water vapor prigeeof films due to the key role played by water i
deteriorative reactions and to the rather simpléhods required. Edible films and coatings made from
naturally occurring polymers such as polysaccharide well as from proteins are expected to be very
good oxygen barriers due to their hydrodgmmded network structure which is very tightly padkand
ordered (McHugh and others 1994). Their major dekbis their relatively low water resistance and

poor vapor barrier properties resulting from thsidrophilic nature (Yang and Paulson 2000).

Alginate and gellan are biopolymers very well sdiifer edible films and food coatings because oirthe
colloidal properties and their ability to form st gels or insoluble polymers upon reaction with

multivalent metal cations (King 1983; Rhim 2004)hig interaction is produced by mixing the



components and casting them as films, and alsoohying the cation solution onto a previously cast a
dried film (Pavlath and others 1999; Rhim 2004asHtizers are required for polysaccharide andeprot
based edible films to increase film flexibility ammtocessability by increasing the free volume and
intermolecular spacing. Plasticizers though, affibet ability of the system to attract water andoals
generally increase film permeability to oxygen (Mat and Krochta 1994; Sothornvit and Krochta,
2000). Lipids and antioxidants (AO) are includedtlie films formulations to improve their barriers
properties to moisture vapor and oxygen, and t lpekvent oxidative degradation and respiration
reactions when coating vegetable tissues (Garda#rers 1998, 2000; Yang and Paulson 2000). Edible
films/coatings may serve as carriers of food adedi such as antibrowning agents, antimicrobials,
colorants, flavors, nutrients and spices (Pena&omes, 1991; Wong and others 1996; Li and Barth,
1998; Pranoto and others 2005. Different authargehstudied the incorporation of antioxidant agents
into edible films for coating minimally processediifs (Wong and others 1994a; Baldwin and others
1996; Lee and others 2003; Pefgago and others 2004). Roj@sal and others (2007) and Tapia and
others (2005) applied alginate and gellan basetngsato freskcut apple and papaya that proved to be

good carriers for antioxidant agents like cystegiatathione, ascorbic and citric acid.

The addition of probiotic organisms to confer fuoal properties to flms and coatings has not been
reported. Reported potential health benefits antbgical functions of bifidobacteria include prodioa

of lactic acid and acetic acid, inhibition of paglems, reduction of colon cancer risks and of chefekin
serum, calcium absorption, activation of the immeygtem, etc. (Mitsuoka 1991; Gibson and Roberfroid
1995; Kim and others 2002). For bifidobacteria tovide health benefits, a viable population of § lo

cycle cfu/g of the final product has been suggeatethe therapeutic minimum (Naidu and others 1999)

The objective of this work was to formulate algmaind gellafbased edible films intended for coating
freshcut fruits. The water vapor permeability (WVP) dfetcast films formulated with glycerol and
antioxidants used in frestut fruits, with addition of sunflower oil, was eramed. The formulated film
forming solutions were used to coat apple and pap#sces and the feasibility of the alginate arlthge
based edible coatings as carriers of organismsHikdobacteria-in order to get probiotic functional

coated fruitswas investigated as well as the WVP of the bifidostaining coatings.

MATERIALS AND METHOD S

Food grade sodium alginate (KeltahéV, ISP, San Diego, CA., USA) and gellan gum
(Kelcogell, CPKelco, Chicago, IL., USA) were used as the carbohydrate biopaslymer
for films and coating formulations. Glycerol (Merck, Whitehousei&@tatN.J., USA)

was added as plasticizer. -ddetylcysteine (SigmAldrich Chemic, Steinhein,
Germany), and ascorbic acid and citric acid (Sigxttaich Co. St. Louis, MO.) were

the added antioxidant compounds. Sunflower oil (SO) (La Espafiola, Spairtheith
following composition: 11g monosaturated, 30g monounsaturated and polyunsaturated



57.4¢g; 3.5¢ -3 and 5560g »-6) was used as the lipid source. Calcium chloride (gaCl
(SigmaAldrich Chemic, Steinhein, Germany) was used to induce crosslinkaotjoe.
Magnesium chloride (MgGI6H,0) and sodium chloride (NaCl) (Panreac Quimica SA,
Barcelona, Spain) were employed in experiments of WVP deterorinatifilms and
coatings. Freezdried pure cultures difidobacterium lactiBb-12 (ChristiarHansen,
Denmark) were used as the probiotic to be incorporated into théofiimng solutions
for coating the fruit pieces. For cultivation of the microorganismmpMogosaSharpe
(MRS) broth and agar (Oxoid, Unipath Ltd, Basingstoke, UK), cystdibeand a
solution of antibiotics (polymixin B sulphate and kanamycin sulphate) addira
propionate, lithium chloride, nalidixic acid, iodoacetate and 2,3,5 triphamagtdium
chloride (SigmaAldrich, Missouri, USA) were used. Maradol papagaiica papaya
L.) and Fuji apple Malus domesticaBorkh) used as model fruits for coating were

obtained in local supermarkets.

Preparation of the film forming solutions and dipping solutions

Film forming solutions were prepared by dissolvaiginate (2% wi/v) and gellan (0.5% wi/v) powders in
distilled water and heated on hot plate with stgruntil the mixtures become clear. Glycerol wadeat
as plasticizer in various concentrations to oveedifm brittleness and to help obtain freestandilmgs
(Table 1). For improving water vapor barrier prde, solutions were then emulsified with three
different concentrations of sunflower oil (0.0250®, and 0.125 % w/w) which were added using araUlt
Turrax T25 (IKA” WERKE) and a dispersing device S2825G, for 5 min at 24,500 rpm and degassed
under vacuum. Dried films obtained by casting wexamined regarding visiblaon desirablepresence

of oil, appearance and easiness of peeling off glages without tearing, and integrity under the
microscope. These criteria were useddelection of film formulations that were used fiimfcasting on
plates to determine some physical properties df fdass: WVP, solubility and swelling ratio. Thelrfi
formulations that rendered the best WVP valueshef tast films were selected for use in further
experiments for coating apple and papaya cylingeesious incorporation of viable bifidobacteriadnt
the film forming solutions in order to determinghg alginate and gelldmased edible coatings can carry
probiotic organisms. WVP of the bifiddisiit coatings was determined as well as the vidfifelus

population in the film forming solution and coafegits.

The gellan and alginateased films used for coating apple and papaya respectively,
were crosslinked with a 2% (w/v) calcium chloride solution contaidirtg (w/v) N
acetylcysteine (apples) and 1% (w/v) ascorbic acid / 1% citid (papaya) (Table 1).
These concentrations were selected based on results of wateresiptance (WVR)
and inhibition of browning and other oxidative reactions in coated-freskuji apples

and papayas reported by Refasi and others (2007) and Tapia and others (2005).



Table 1. Formulations investigated in alginate and gebased film forming solutions intended for

coating freskcut apple and papaya

Polymeric % (wiv) % (wiv) Antioxidants in CaGl
estructural Fruit glycerol sunflower oil crosslinking solution
matrix (Whv)
Papaya 1.0 0.000
0.025 Ascorbic.acid 1%
0.050 Citric acid 1%
Gellan 0.5% 0.125
(whv) Apple 0.6 0.000
0.025 N-acetylcysteine 1%
0.050
0.125
Papaya 2.0 0.000
0.025 Ascorbic acid 1%
0.050 Citric acid1%
Alginate 2% 0.125
(whv) Apple 15 0.000
0.025 N-acetylcysteine 1%
0.050
0.125

Films formation and conditioning

To obtain films, 12 g suspensions were cast ongtlf§ene petri dishes of 5.5 cm diameter and plated

a controlled temperature oven. Samples were drie@02C as described by Garcia and others 2000).
Crosslinking with calcium ions was brought aboutthy immersion technique described by Rhim (2004)
of soaking the dried films for 2 min in a 2% (w/&pC} solution. The treated films were driedfter
discarding the calcium solutieat the laboratory ambient conditions 63 % RH) and 25 2°C for 3 h.
Films were peeled off from the plates and store®5at 2 °C and conditioned at 33.3% RH in a closed
chamber with a saturated solution of magnesiumrictdauntil used for the WVP determination and other

tests.

Incorporation of viable Bifidobacterium lactis Bb12into the gellan and alginate
film forming solutions

The lyophilized pure cultur8ifidobacterium lactisBb-12 was activated (48 h) and
propagated next (24 h) in MRS broth with 0.05% (w/v) cystelaé at 37°C under
anaerobic incubation using Oxoid gas jars (HP11l) and anaerobic gas(Pxckd,
Unipath Ltd, UK). Bacterial cells were harvested by centrifiogadt 6000 g for 15 min
at 5°C. Selected formulation of the 0.5% (w/v) gellan and of the 2% éidinate film
forming solutions were used for coating the apple and papaya piecesiorhass
sediment of Bifidobacterium lactisBb-12 was aseptically added at a 2% (w/v)
concentration to the film forming solutions and mixed with very sigitaion to obtain

suspensions for coating the fruits as described by Rodriguez and others (2005).



Fruit coating

Apple and papaya fruits were washed and cut in cylinders of 1.42 cnetdiam2.06
cm of height. Fruit pieces were immersed for 2 minutes into thalgtate (w/v) or
0.5% gellan (w/v)film forming solutions containingBifidobacterium lactisBb-12.
Residual solution was allowed to drip off for 1 min before immer#egfruits for 2
min in a sterile CaGl(2% wi/v) solution required for crosslinking, containing the
respective antioxidant agents at the same concentrations useiim®r(Table 1).
Coated fruits were used for WVP determination and for determinatitie population
of viable bifidobacteria for which approximately 80g of coated frylinders were
packed into commercial plastic click bags of 16.5 x 14.9 cm. All sanwpége stored
for 10 days at 2°C and microbiological examination of bifidobacteramade at 0, 3,
5, 7 and 10 days.

Water vapor permeability of films and coatings

WVP of films were determined gravimetrically at €58sing modifications of the standard procedure of
the ASTM standard method E93 (ASTM E9695, 1995) described by Rhim (2004) for alginategil
WVP of the coatings were determined as describe@drgia and others (1998, 2000).

For films, two specimens were cut circularly froack film after conditioningmounted and sealed over
methylmethacrylate test cups (with an internal disanof 3 cm, an outer diameter of 4.5 cm and dhdep
of 2.0 cm) by a cap with a rubberridg. Diameter of the specimens was slightly lartipan the diameter
of the cup. The cups were filled with 5 mL of distil water leaving an air gap of 1 cm between iine f
underside and the water. The cups were placed-tigat desiccators containing in the bottsaturated
solutions of MgCJ.6H,O that render 33.3% RH at 25°C. Weights of the auipls their contents were

recorded at 30 min intervals for six hours.
The water vapor transfer through the film;{rslope of the curve of weight loss vs time in gigs
estimated by regression analysis. Water vapor rmes®on rate (WVTR) through the films under
investigation, and WVP were obtained as describedKéya and Kaya (2000) and Chinnan and Park
(1995).

WVTR =44 = g/nt s ) (1

WVP L=x WVTR/(pi-ps) )

Where:

A= exposed film aregp(- p,) is the difference in water vapor pressure insidé outside the cupgandp,



are the vapor pressure of a saturated air anditir38% of R.H. respectively to 25°C. L is the age

film thickness (m).

For WVP of coatings, coated apple and papaya agtsxdvere equilibrated for 24 h in desiccators
maintained at 98.9% RH with a 0.6 molal solutionN#CI at room temperature. Fruit cylinders were
placed in small test cups and weighed in an amalytcale prior to be placed in sealed chambers
equilibrated at 33.3% RH with saturated Mg6H,0O at 25 °C. Samples were weighed at regular time
intervals. Weight was taken during 24 h periods tred water vapor transfer through the coatimg (
slope of the curve of weight loss vs. time in giafs estimated by linear regression analysis. Aatutiiy,

a control assay was performed with uncoated appdepapaya, to determine the mass transfer coefficien
of water vapor in air (§ = 7.06 10° g m? s * Pa’, 7.28 10° g m? s * Pa™ for apple and papaya
respectively) (Tapia and others 2005). Water agtf fresh fruit was measured with an Aqualab-@X
(Pullman, WA).

Water vapor flux, Fl (g/fs) was calculated from the slope of the weight loss vs time
curves (m) and the mass transfer areas (A), this last was considerédeaupper

surface plus the lateral area of the apple and papaya cylinders (9.88)10

As stated by Garcia and others (1988, 2000), ogpaiermeance, P (gfms Pa), was determined
considering that water vapor is transferred inesethrough the coatings and the surrounding aiingus

the following equation:

Fli-0a)/ [(1/P) + (1/ kir)] 3)

In eq 3py is the partial water vapor pressure at the frogting interface (3139.88 Pa and 3122.45 Pa for
papaya and apple respectively), which was caladlletasidering that,aof papaya was 0.991 ang af
apple was 0.985, and the total water vapor preggueat 25C is 3170 Pap, is the partial water vapor
pressure in the environment with 33.3% RH at 25%@ressed in Pa, and,Kis the water vapor mass

transfer coefficient in air [g/(frs Pa)] of the uncoated fruits.

WVP was calculated according to the following equation that incloolatsng thickness
(e) in m.
WVP =P (4)

Films and coatings thickness
Film thickness was measured with a micrometer (fhatkness gauge 7301, Mitutoyo Co., Japan) at
0.001 mm accuracy. Thickness measurements were takeach specimen at five random positions in

the film following WVP tests as described by KayadaKaya, (2000). Mean values were used for



calculations. Coatings thickness was measured stegeomicroscope Leica (model MZ8, Leica AG,

Heerbrugg, Switzerland).

Water solubility and swelling ratio of alginate andgellan-based films

The water solubility (WS) and swelling ratio (SR) of filmentaining SO were
determined according to the method described by Rhim (2004) and Gontard asd othe
(1992). Three samples selected at random from each type of film,drned at 105°C

for 24 h to obtain the initial dry matter. Other three samplesdi &lm were placed in

a 50ml beaker containing 30 ml distilled water, which were sealeld parafilm and
placed in a drying cabinet at 25 °C for 24 h stirring occasionally. filine were
removed from the beakers, rinsed gently with distilled water, andrihenatter was
determined by placing them in an oven at 105 °C for 24 h so as to calth#at
unsolubilized dry matter. The water solubility of the films wakwated by subtracting

the weight of unsolubilized dry matter from the weight of inityy matter and

expressed as a fraction of the initial dry matter content using followingoredhip:

WS = (So - S)/ So = g soluble solids / g total solids
5)

where, So is the initial dry matter and S the unsolubilized dry matter.

The swelling ratio of films was also determined as describddcebyand others (2004)
and Rhim (2004). Triplicate pneeighed film samples were immersed in beakers with
water at 25°C; films were taken out of the water after 10 rhim,surface water was
gently removed with blotting paper for 1 min and the final weighthef $wollen
samples was measured. SR was expressed as a fractionwéatgofained against g of

total solids of the film.

Determination of viable bifidobacteria in coated fruits

Viable population in the coated fruits, as well as in the film fognsolution for
coating, was determined by making appropriate dilutions and culturing/ler{aricket
tubes with MRS agar, 0.05% cysteiH€| and solution of antibiotics (polymixin B
sulphate and kanamycin sulphate) and sodium propionate, lithium chloride, inalidix
acid, iodoacetate and 2,3,5 triphenyltetrazolium chloride, as describedyhg Bnd
others (1998) and Arroyo and others (1995) with and overlay of the same medium.



Statistical analysis

Measurements of WVP, WS, and SR of the films prepared of eadhmeddelected
formulation were performed in triplicate. Statgraphics Plus 4.0 weasl to run an
ANOVA analysis andhe significance (p<0.05) of the mean values was determined with

Duncan’s multiple range tests.

RESULTS AND DISCUSSION

Characterization of the gellan and alginate films

Six films formulations with SO were selected actagdto the criteria described of integrity undee th
microscope, absence of brittleness and of oil etkoidaThickness of each type of film was measured.
Thickness values varied from 0.047 to 0.048 fotagefiims, and from 0.050 to 0.052 mm for alginate.
WVP of the films was investigated including the pestive controls without addition of SO. These

formulations along with the respective controlsheiit SO are presented in Table 2.

Figure 1 presents the curves of weight loss vs. timder an atmosphere of 33.3% RH
of the test cups filled with distilled water, on which each one offinepared from the
six selected formulations with SO, as well as the controlsfimithout oil, had been
mounted and sealed. Results of the latter are not presented hegrapheshows that
the water vapor transfer through the films varies with the typénafm; values (slopes

of the curves) ranged from 0.022 to 0.0260% g / h in gellan films, androm 0.032-
0.035x 10° g/h in the alginate films. It is clear that the films forated with alginate
are the ones that offer less resistance to water trankfam somparing them with the
gellanformulated films. The nature of each hydrophilic polymer and the higher

concentration used of alginate may be the cause of the higher WVP of its films.

In Table 2, it can be seen that values of the gediad alginate control films (without oil) did nstow
significant differences (p<0.05) among them, arel@mparable to values of WVP of the algidadsed
films even with addition of SQAs stated by Kester and Fennema (1986), due thytthephilic nature of
alginate and gellan, minimal water vapor barriesparties are expected in films and coatings based o
these polymers. Additionally, if ascorbic and citracid are incorporatedwhich are hydrophilic
compounds that may increase water vapor permeahbiidd water loss when incorporated into films and
coatings (Ayrancy and Tunc 2004s well as the hydrophilic-scetylcysteine and glycerol, the addition

of lipids is expected to improve the water vapariea properties of the films.



Table 2.Water vapor permeability (WVP) of alginate (Al)cagellan (Ge)based films with/without
sunflower addition (SO), with glycerol (Gly), and/dl-acetylcysteine (Cys), ascorbic acid (AA) and
citric acid (CA) in the calcium crosslinking solonis.

Polymeric matrix % % WVP
Film ° Alginate  Gellan (W)  (wh)

(% wiv) (% wiv) Gly SO x10gm/PasR) (g-mm / kPah-m?)
F. - 0.5 1.0 0.025 0.2+ 0.02 0.75'+ 0.02
[ - 0.5 1.0 0.050 0.20*+ 0.02 0.7+ 0.02
Fs - 0.5 0.6 0.025 0.2+ 0.02 0.80'+ 0.02
Fs - 0.5 0.6 0.050 0.2+ 0.02 0.77+ 0.02
Fs 2.0 - 2.0 0.025 0.3%2+0.02 1.16+ 0.02
Fs 2.0 - 15 0.025 0.29°+ 0.02 1.04°+ 0.02
F, - 0.5 1 0 0.26° +0.01 0.98 + 0.01
Fg - 0.5 0.6 0 0.27 +0.01 0.96+ 0.01
Fo 2.0 - 2.0 0 0.30°+ 0.01 1.09°+ 0.01
Fio 2.0 ) 15 0 0.30°+ 0.01 1.08°+ 0.01

Each value is the mean of three experiments withethreplicate each. Means followed by differentekst are
significantly different (p< 0.05).

F1: Ge 0.5%, Gly 1%, SO 0.025%, AA 1.0%, CA 1.0%; Ge 0.5%, Gly 1%, SO 0.050%, AA 1.0%, CA 1.0%;
Ge 0.5%, Gly 0.6%, SO 0.025%, 1.0% Clys; Ge 0.5%, Gly 0.6%, SO 0.050%, Cys 1.0%;Al 2%, Gly 2%, SO
0.025%, AA 1.0%, CA 1.0%F Al 2 %, Gly 1.5%, SO 0.025%, Cys 1.0%; Ge 0.5%, Gly 1%, AA 1.0%, CA
1.0%; Fg: Ge 0.5%, Gly 0.6%, Cys 1.0%q: Al 2 %, Gly 2%, AA 1.0%, CA 1.0%k 5 Al 2 %, Gly 1.5%, Cys
1.0%.

Table 2 also shows that alginate films with 1.5 or 2% glycerolpaesence or absence
of SO, do not exhibit significant differences among their WVP valwagh ranged for
films with oil, between 0.29 and 0.3210° g/ Pa's m (1.04 and 1.%6mm / kPah-m?)
and for films without oil between 0.300.31 g m / Pa s 7{1.08 and 1.09-mm / kPa
h-m?) respectively. In this case, oil addition did not improve the WVP sabiethe
alginate films, even though permeabilities values are lower ti@mres reported by
Parris and others (1995) and Rhim (2004) which are 2.35°g 1Pa s m, and between
0.93 and 1.08 x 1bg m / Pa s ffor (70% /30%) alginate/glycerol films and 2%
alginate respectively, both without oil addition.
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Figure 1: Weight loss over time (in a 33% RH atnfasp) of alginate (Al) and gellan (Ge) films, wahnflower
addition (SO), glycerol (Gly), and/dt-acetylcysteine (Cys), ascorbic acid (AA) and cia@d (CA) in the calcium
crosslinking solutions. Gellan films;FGe 0.5%, Gly 1%, SO 0.025%, AA 1.0%, CA 1.0%; Ge 0.5%, Gly 1%,
SO 0.050%, AA 1.0%, CA 1.0%F; Ge 0.5%, Gly 0.6%, SO 0.025%, 1.0% Cys &gdGe 0.5%, Gly 0.6%, SO
0.050%. Alginate filmsFs: Al 2%, Gly 2%, SO 0.025%, AA 1.0%, CA 1.0% aRg Al 2 %, Gly 1.5%, SO 0.025%,
Cys 1.0%.

Pranoto and others (2005) studied the addition of garlic oil (0.1 to 0.4 % w¥/v) a
antibacterial agent to 1% (w/v) alginate films with 0.4 % (glykterol, and the addition

of oil did not either affect significantly the WVP of the filmshich varied from 18.73
with 0.1 % oil to 23.42 g mm/ daykPa with 0.3% oil. When 0.4 % garlic oil was
incorporated, the WVP increased to 30.89 g mm/ daifa. The authors attribute this
to the hydrophobic properties of garlic oil that can contribute to exteednolecular
interactions of the structural matrix allowing moisture transfece for alginate films
without oil they found values of 20.32 g mm/ day kiPa. Zactiti and Kieckbusch
(2005) found for 1.5% (w/v) alginate films and 0.6% glycerol (w/w), WX&Rues of
11.93 g mm/ day mkPa when crosslinking was complemented with 2% €abke
authors did not use oil but water barrier properties improved gnedtycrosslinking
degree.

On the other hand, as seen in Table 2, the 0.5% (w/v) dedlsed films with 1.0 and
0.6% glycerol (w/v) and 0.025 and 0.05% SO (w/v) did not exhibit significant
differences in WVP values. Yang and Paulson (2000a) investigated the &/¥2%
(w/v) gellan films with addition of different concentrations ofagyol, and encountered
that WVP variedfrom approximately 0.7 to 2.8 g mm / kPa K &s the glycerol

concentration increased. In this study, the gdtlased formulations exhibit WVP mean



values in the range of 0.20 and 0.22 X1 / Pas m (0.73 and 0.Z8mm / kPah-
m?), and contrary to the alginate films, when values of WVP of agatbntrol films
without oil are examined: 0.26 and 0.27 g/Pa s m (0.95 andyd®8 / kPah-m?), it
is evident that addition of oil improves water barrier propertiegedfan films in
approximately 20%. Yang and Paulson (2000b) investigated the incorporation of
different lipids to gellan films finding that oil addition in valuas high as 20%,
significantly decreased WVP from values of 1.5 to approx. 1.2 g mma hki# with
stearic and palmitic acid, and to approx. 0.7 g mm / kP& ith beewax, but the high
levels of lipids were difficult to handle in the films. In our cae addition of 0.025
and 0.05 % (w/v) SO reduced the WVP of the gellan films from-0.96 g mm / kPa h
m? to 0.730.78 g mm / kPa h firegardless the concentration of glycerol used.

Swelling ratio and solubility.

Table 3 presents the swelling ratio (SR) (g of water gaiped total solids of the film)
and water solubility (WS) (g soluble solids/ g total solids)ha gellan and alginate
films obtained with the six selected formulations. In this study,sthigbility values
found for found for gellan films at 25°C, are significantly lower (6040 g soluble
solids/ g total solids, than the ones found for alginate films {0783. No significant
differences among treatments with SO and Gly were encounteredane others
(2004), reported for flms made out with gellan (2% w/v) and glyc&®ol (w/v) a
solubility value of 0.52 g soluble solids/ g total solids (52 %), sintd the ones found
in this work; while Rhim (2004) found for alginate films, values around 0.164uglsol
solids/ g total solids at 25°C exhibiting much more resistancdheatlginate films of
this work, probably due to the type of alginate used. Solubility valuesthadr
biopolymer —based films such as cellulose or carrageenan have pededes 0.55
0.84 and 0.41 g soluble solids/ g total solids respectively by Lee an@@@4). WS is
one of the most important properties in food or pharmaceutical applications.

Table 3. Swelling ratio (SR) (g of water gained /g of dglids of the film) and water solubility (WS) (g
soluble solids/ g total solids) at 25°C of gellaBej and alginate (Al) films, with glycerol (Gly) dn
sunflower oil (SO) and/or 19%l-acetylcysteine (Cys), ascorbic acid (AA), citacid (CA) in the

calcium crosslinking solutions.



Polymeric structural matrix

SR WS
Film Alginate Gellan Gly SO
(% wiv) (% wiv) (% wiv) (% wiv)

Fi 0.5 1.0 0.025 2.62 0.55%
F2 0.5 1.0 0.050 2.6% 0.572
Fs 0.5 0.6 0.025 2.62 0.472
Fa 0.5 0.6 0.050 2.32 0.592
Fs 2.0 2.0 0.025 1.62 0.79°
Fe 2.0 15 0.025 2.0 0.74°

Each value is the mean of three experiments withethreplicate each. Means followed by differentekst are
significantly different (p< 0.05)F: Ge 0.5%, Gly 1%, SO 0.025%, AA 1.0%, CA 1.0%; Ge 0.5%, Gly 1%, SO
0.050%, AA 1.0%, CA 1.0%;F3: Ge 0.5%, Gly 0.6%, SO 0.025%, 1.0% Cys &ydGe 0.5%, Gly 0.6%, SO
0.050%. Alginate filmsFs: Al 2%, Gly 2%, SO 0.025%, AA 1.0%, CA 1.0% argd Al 2 %, Gly 1.5%, SO 0.025%,
Cys 1.0%.

The water solubility, unlike the water permeability, is deterchibg chemical structure
and defines the resistance or tolerance to water, indicatindjtgtabwater. As stated
by Lee and Lee (2004) films can be used as coating materiaiéibot ifor instance,
exudation from frozen foods, and the higher the water solubility the miberstability
of films, but also with the advantage that food coated with edilohes fiemporarily, can
be easily eaten after washing. In the case of the high moisgshecut fruits, resistance
of the coatings to be dissolved by water is relevant. SR definesimibant of water
absorbed by films and is an important property of carbohydrate and pilmteirsince
these biopolymers initially swell when they absorb water wishilteng changes of their
structure. SR has been used as a measure of the extent oflinkisg, similar to its
use for protein films like collagen (Lee and Lee 2004). Thus, exaonnat SR is
necessary for the efficient application of biopolymer films. Lowues of SR indicate a
high tolerance for water. No significant (p< 0.05) differences inv&Re observed
among the treatments applied and the type of films. The values ¢1.6R.0 g of
water gained /g of dry solids of the film) are inferior to thiegmorted by Lee and others
(2004), who found in films made out with 2% (w/v) gellan and 1% (w/v) a SR around 6.
On the other hand Rhim (2004) found for alginate films (2% w/v and gly@ét w/v)

a SR of 0.8 g of water gained /g of total solids of the filmctiis lower than the one
found in this work (1.€2.0). These results lead to infer an adequate tolerance of the
gellan/alginate based coatings containing SO to water and an apfequtential for
use to coat freshut fruits.



Water vapor permeability of the bifidus-coatings

Each fruit (apple and papaya) was coated with one formulation of the(@&Ygellan
and one of the 2% (w/v) alginate film forming solution with SO andbzidants, to
which 2% (w/v) viable biomass difidobacterium lactiBb12 had been added (Table
4). For the gellan coatings, a concentration of 0.025 % (w/v) of SGs&lasted over
the 0.050 % since no significant differences in WVP (p< 0.05) were emcednt

between them (Table 2), the lower oil concentration being then chosen.

Table 4 shows the results of the WVP determination of these tgara gellan
coatings containing viable bifidobacteria. Thickness of each type dfngowas

measured, varying from 0.18D155 for alginate and 0.170178 mm for gellan. It can
be seen that the gellan coatings exhibited better water bproperties (p<0.05) than
the alginate coatings for both papaya and apple, even if there séenbedsome
differences linked to the type of vegetable matrix, since WVRegabf the papaya

coatings were significantly lower (p<0.05) than the same coating on apple.

Table 4. Water vapor permeabilities (<°1Pm / Pa s /) of selected alginate (Al) and
gellan (Ge) coatings on freglut papaya and apple, with 2% (w/v) viable bifidobacteria
plus sunflower oil (SO) and glycerol (Gly), andiacetylcysteine (Cys), ascorbic acid

(AA), citric acid (CA) in the calcium crosslinking solutions.



Model fruits coated

Each value is the mean
of three Papaya Apple
Alginate Gellan Alginate Gellan
coatings coatings coatings coatings
(Fs) (Fo) (Fe) (Fs)
6.31 3.65' 5.52 4.89

experiments with three replicate each.

Means followed by different letters are signifidgrifferent (p< 0.05).

Fi: Ge 0.5%, Gly 1%, SO 0.025%, AA 1.0%, CA 1.0%; Ge 0.5%, Gly 0.6%, SO 0.025%, 1.0% Clys; Al 2%,
Gly 2%, SO 0.025%, AA 1.0%, CA 1.0%;: Al 2 %, Gly 1.5%, SO 0.025%, Cys 1.0%.

These results are in agreement with the ones obtained in the presmdudy Rojas
Gral and others (2007), in which the 0.5% (w/v) gellan and SO coatingsivi
bifidus) were more effective in increasing the resistanceat@mvapor than the 2.0%
(w/v) alginate/SO oil coatings (also without bifidus). Accordingrésults of these
authors, water vapor resistance (WVR) values were in all ¢cagher (19.2 and 27.6
s/lcm for alginate and gellan coatings) than the resistancesvafube corresponding
coatings with bifidus formulated in this work, whose WVR values \aése calculated
here, rendering resistance values approximately 40 to 50% lower (11.87 -s/tnj?2
for alginate and gellan respectively. In terms of WVP, when valaoesd for the
alginate (0.320.29 x 10 g / Pa s m) and gellan (0-:22.21 x 10 g / Pa's m) cast
films are compared to the WVP values of the alginate coatirthsfidus (6.31- 5.52
x 10° g / Pa s m), and to those of the gellan coatings with bifidus-(3.88 x 10’ g /
Pa s m), values of WVP in coatings are approximately 20 tingdgehi It may be
inferred than the probiotic biomass addition (2% w/v) to the alginadegallan/SO
composite coatings may probably cause an increase in the spacimgieéhe chains
due to the inclusion of bacterial cells among the polymer chainshasdotomote the
diffusivity through the coatings accelerating the water trarsams Also, in this case,
for WVP determination, the very humid fruit surface is in contattt & high moisture
coating contrary to what happens in the dry films that for WVPraation were
conditioned to 33% RH and were in contact with a side of the cup contalisitiited
water. Finally coating on the fruit surface might have setriorauniform way. All this
may contribute to less effective barrier properties of thenalgiand gellan bifidus

containing coatings.



Viable bifidobacteria in the coated fruits

The gellan and alginate film forming solutions to which bifidobaatewere
incorporated, rendered upon culturing, a viable population of 9.93 and 9.g/cfidg

B. lactis Bb12 respectively. Figure 2 shows that immediately after coatiay Q),
viable counts oB. lactis BB12 in the coated papaya pieces were 6.89 and 7.5 Log
cfu/g for alginate and gellan respectively, while in apples vamg 7.91 and 7.78
Logiocfu/g for alginate and gellan respectively. This represents appaitedy a two log
cycles decrease as compared to the concentration of the origgm&briming solution,
which is explained by dilution effects. Figure 2 shows that the bifidysilation stays
viable and constant during thel0 day storage period@t 2

The survival and maintenance Bf lactis Bb12 into the alginate and gellan based
edible coatings, both on freslut papaya and apple is considered satisfactory since
values remained between 6 and 7;dogfu/g. It may be probable that the AO present
might help to maintain the eved conditions that are favourable to bifidobacteria. To
confer health benefits, the viable count of bifidobacteria at the dih@nsumption
should be 1Dcfu/g (Samona & Robinson, 1991). Ingestion in numkei®® cells per
gram are recommended for a classic probiotic food such as yoghun#K & Rasic,
1991). It important for manufacturers and retailers to be able tawotife viable count

of these organisms in the bifidasntaining products.
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Fig.2- Viable cells (Log cfu/g) oMBifidobacterium lactis B2 incorporated into alginate (Al) and gellan (Ge)
coatings with sunflower addition (SO) and glycef@ly); and/orN-acetylcysteine (Cys), ascorbic acid (AA) and
citric acid (CA) in the calcium crosslinking soletis, applied on fresh cut papayas and apples akdfrigerated
(2°C) storage (daysf;: Ge 0.5%, Gly 1%, SO 0.025%, AA 1.0%, CA 1.0%; Ge 0.5%, Gly 0.6%, SO 0.025%,
1.0% CysjFs: Al 2%, Gly 2%, SO 0.025%, AA 1.0%, CA 1.0%;: Al 2 %, Gly 1.5%, SO 0.025%, Cys 1.0%.

CONCLUSIONS

Gellan and alginatbased films were formulated satisfactorily with glycerol
incorporation, SO and antioxidants. WS and SR values seem to indicateegumate
potential of the films for coating high moisture products like frasthfruits. The gellan
films exhibited better vapor barrier properties than the algifilats, and the WVP
values of the former were improved by incorporation of SO, what watheatase for
the alginate films. The bifidusontaining coatings were more vapor permeable than the
corresponding cast films, and again, gellan coatings were madstanésto water
transfer that the alginate ones. The alginate and gietlaed edible coatings seem to be
efficient to supporBifidobacterium lactis Bli2 on freshcut apple and papaya. Edible
films or coatings can carry diverse food additives, and filmsdistiain viable bifidus
may extend the type of biologically active compounds to be supportedtidg &bns,

opening the possibilities of developing probiotic fresi fruit products.
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