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ABSTRACT

Theaim of this study was to develop and characterize antimicrobial edible
films produced from amyl ose of starch and Carboxy methyl cellulose, Honey
propolis extract and plasticized with glycerol. The physical properties of
the films were characterized. A water-based coating with desirable barrier
properties is important for the environment as well as health. The films
obtained were easily manageable and flexible. Carboxy methyl cellulose
reduced tensile strength (TS), while starch at concentrations above 60%
increased it. The elongation at break values (EAB %) were higher for films
containing higher Carboxy methyl cellulose concentrations. Water vapour
permeability of films was found to increase as the antimicrobial agents
content increased. Glass transition temperatures increased as a result of
propolishoney extract content increased. Thus, it was observed that propolis
honey extract isasignificant factor in the properties of thesefilmsand their
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food technology applications.

INTRODUCTION

Thefoodindustry faceschdlengesrdaed tothepro-
tection of thepropertiesof products. Preserving thechar-
acteristics of food products by using preservativesor
devel oping protection systemssuch as packaging, films
and coatings, isin progressareaof study™. Oneof the
most cost effectivewaysto keep quality and safety of
food productsisto useediblefilms. Thefunction of ed-
iblefilmsisto provideabarrier tothewater vapor, incor-
poratefunctiond agentssuchantimicrobids, antioxidants,
probioticsto productsand improve mechanicd-handling
propertie?. Thesignificant film-forming materiasare
polysaccharides(i.e. starch, carrageenan, pectin, agi-
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nate, carboxy methyl cellulose and chitosan), proteins
(i.e. whesat gluten, whey proteinisolate, caseinateand
soy protein), and lipids (i.e. waxes and fatty acids).
Severd studies have reported the use of polysaccha
ridesto prepare coatingsand filmswith different proper-
ties, and haveshown that these carbohydratesare prom-
isingmaterialg4. Antimicrobid filmsand coatingshave
been used as active packaging devel oped to reduce, in-
hibit or del ay the growth of microorganismsonthesur-
face of foodsin contact with the packaged product®.
Sdection of formulaionfor ediblefilmor coating largely
dependsonitsdesired function such asgppearance, bio-
degradability, edibility, good barrier propertiesagainst
water vapor which varies based on composition of the
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coating®. Corn starch isused asthe base of thisfor-
mul ation because of itscharacteristicinforming acon-
tinuous matrix, renewability and abundance”. How-
ever, sarch exhibits severa disadvantages such aspoor
mechanical propertiesand strong hydrophilic character
(water sengitivity) compared to conventiona synthetic
polymers, which makeit unsatisfactory for some appli-
cations such as packagingt®-

Carboxy methyl cellulose (CMC), water-soluble
polysaccharidesavailableat various molecul ar weights
and viscogties isnon-toxicand non-alergenic. Itisoften
used with starchesto provide adesirabletextureand
control moisture of pharmaceutical formulations, tex-
tiles, paper andfood and asfiller inbio compostefilms.
In addition, CM C enhances mechanical and barrier
propertiesof starch-based filmg¥. Honey propolisex-
tract (HPE) isincorporated intheformulaasan antimi-
crobial, antifungal and antibacterial agent. Propolis, a
flavonoid-rich product of honey combisvery powerful
natura antibioticand very useful infighting upper respi-
ratory infections, such ascommon cold and influenza
viruses™ Several aspectsof itsuseindicatethat it dso
functionsasan antibacterid, antioxidant, antitumor, anti-
inflammatory, anti-browning, and antivira compound®.
Themechanica, water vapor permeability and thermal
propertiesof ediblefilmscan bemodified by addition
of variousmaterids. For instance addition of plasticiz-
erssuch asglycerol could modify mechanical proper-
tiesof ediblefilms. Plasticizersdecreaseintermol ecular
attractions between adjacent polymeric chainsand in-
creasefilm flexibility which may a so cause significant
changesinthebarrier propertiesof thefilmg*Y, This
study aimsto develop anew antimicrobial ediblefilm
based on starch/Carboxy methyl cellulose composite
films, to determinetheinfluenceof Iranian HPE onthe
antimicrobia propertiesof film-forming solutions; and
toinvestigateitsimpact on thephysica properties(wa-
ter vapour permesbility, mechanicd andthermd) of films.

MATERIALSAND METHODS

Materials

Corn starch was provided from Glucosan Industry
(Ghazvin, Iran). Carboxy methyl cdlulose (CMC) with
average molecular weight of 41,000 (food grade) was
purchased from Caragum Parsian Corporation (Tehran,
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Iran). Glycerol (LR grade) which wasused as plasti-
cizer obtained from MojallaliCompany (Tehran, Iran)
and propolishoney samplewere purchased from Ira
nian honeybees|ocated on Karg) farms.

Film prepar ation

Flmswith compostionof 70% corngtarchandvary-
ingamountsof glycerol (plagticizer), CMC and antimi-
crobial agentswere produced. The 70% amylose con-
tent was chosen as mechanica propertiestests showed
thisratioto betheoptimum, asindicated later inthere-
sultssection of thispaper inTABLE 1. Cornstarch (1 g)
wasmixed (25 °C for 5 min) with distilled water (100
mL). Thesesuspens onswereagitated by amagnetic dtir-
rer (500 rpm) for 30 mininawater bath (90 °C); then,
the suspension was cooled to 10° to separate amylose
solution. From these dispersions, water was removed
by filtration onthenext day andthen glycerol (5mi/100g
starch) was added to the dispersionsand Carboxy me-
thyl cdlulose (1% W/W) wassolubilizedin 75ml of dis-
tilled water at 75°C for 20 min. The CMC and amylose
solutionswere mixed together and stirred at 45 °C for
10min (PH=5.5). HPE asan antimicrobia agentswas
added to solutionsin 0%, 0.50%, 1.50%, 3% and 5%o(w/
w) concentrations. These sol utionswere homogenized
under aseptic conditionsat 500 rpm for 1 min. Disper-
sonswerethen cooled a 25 °C and mixed gently for 20
mintoreeasedl air bubbles. Then, about 70 mL of the
samplewaspouredinto aTeflon castingtray resultingin
filmswith 0.08+0.01 mm thickness, measured by an Alton
M820-25 hand-held micrometer (China) with sengtivity
of 0.01 mm; then, they weredried & 35 °C inan oven to
castthefilms.

Water vapor per meability rate(WVP)

WV P propertiesof thefilmswere studied using
thestandard ASTM E 96 with some modificationg*?.
Specid cupswithaverage diameter of 1 cm and depth

TABLE 1: Formulation of ediblefilms
CMmC

Amylose Propolis

Elll mes solution  Solution  Honey ((?JLnyva?rV\?)l
yp Gwiw)  (%wiw)  (%w/w)
Starch +CMC
(PHE 0%) 70.0 29.5 0.0 0.5
PHE 5% 70.0 24.5 5.0 0.5
PHE 3% 70.0 26.5 3.0 0.5
PHE 1.5% 70.0 28.5 15 0.5
PHE 0.5% 70.0 29.5 0.5 0.5
——————3 OCHEMICAL TECHNOLOGY
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of 2.5 cmwere utilized to determine WV P of films.
Thefilmswere cut by adiameter dlightly larger than
diameter of the cup into discs; then, they were cov-
ered by ediblefilmswith varying compositions. Each
cup was placed in adesiccator containing saturated
Mg (NQ,),.6H,0solution, which providesaConstant
RH of 52% and 25°C. Then cups were weighed ev-
ery 24 h and water vapor transport was determined
by the weight loss of the cup. Changesin the weight
of the cup wererecorded asafunction of time. Slopes
were calculated by linear regression (weight change
versus time) and water vapor transmission rate
(WVTR) wasca culated by dividing dopeof thecurve
by the transfer area (m?) WVP (g m? h Pa?) was
calculated ag™!:

_ WVTR

~ PR, —Ry) &
Where Pisthe saturation vapor pressure of water (Pa)
at the test temperature (25 °C), R1 is the RH in the
desiccator, R, theRH inthecupand X isthefilmthick-
ness (m). All measurementswere performedin three
replicates.

WVP

M echanical properties

Ultimatetendlestrength (UTS) and strainto break
(SB) of thefilmsweredetermined at 24 °C+1 °C using
atensletester (Elma, Tehran, Iran) accordingtoASTM
standard method D882-ASTM, Threedumbbel | forms
(10cmx1 cm) were cut from each of the samples and
mounted between gripsof themachine. Theinitid grip
separation and cross-head speed were set to 50 mm
and 2 mm.min’, respectively4.

Film solubility in water

For thisstudy, solubility in water was determined
astheratio of thewater solubledry matter of filmthat is
dissolved after immersionin distilled water!™™. A circu-
lar film samplewas cut from each film, dried at 100+ 2
°C for 24 h in a laboratory oven, and weighed to deter-
minetheinitia dry weight. Thesolubility inwater of the
different composite filmswas measured fromimmer-
sontestin 50 ml of digtilled water with ftirringfor five
hoursat 25°C. After that period, the remaining pieces
of filmsweretaken out and dried at 100+ 2 °C until
congtant weight (final dry weight). The percentage of
thetotal solublematter TSM of thefilmswas calcu-
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lated using Equation 2.TSM testsfor each typeof film
werecarried out inthreereplicates.

; . initial dry weight]—[final dry weight
05 TSM = y weight]-[ y weight]

x 100 )

[initial dry weight]
Differential scanningcalorimetry (DSC)

Thethermal propertiesof thefilmswerecarried
out using DSC equipment (Setaram, France). The
samplewei ght ranged between 10 and 15 mg. was cut
assmall piecesand placed into asample pan of DSC
equipment. Sampleswere scanned at aheating rate of
10°C/min between temperature ranges of -50°C and
150 °C. Nitrogen was used as the purge gas at a flow
rateof 20 ml/min. Anempty auminum panwasused as
reference. All these propertieswere determined in du-
plicates and theresultswere averaged.

Satistical analysis

Thedataof physica, chemica, microbiologica and
sensory parameterswere performed and anayzed sta-
tistically by ANOVA procedurein SPSS (version 20,
Chicago, IL USA) software. Duncan’s multiple range
test (p<0.05) was used to detect differences among
mean vauesof film properties.

RESULTSAND DISCUSSION

Water vapor per meability

Figure 1 shows the water vapour permeability
(WVP) vauesof different compositefilms. Thecontrol
film showed higher permeability values than other
filmscontaining antimicrobia substances. Infact, WVP
declined with theincrease of antimicrobial substances.
HPE significantly declined WV P of compositefilms,
accordingto Figure 1. WV P of the control filmswas
3.0129x10-7g/m.h.Pa and decreased to 1.3072%10-
7g/m.h.Pafor 3% HPE containing films. Thefilm con-
taining 3% HPE had significantly (p<0.05) thelowest
WV Pvaue. Reduction of WV Pwithincreasing HPE
resulted inimprovement of thehydrophilic characteris-
ticsof theantimicrobid agent’s matrix; thus, resulting in
decreased diffusivity of water vapor through thefilm
matrix. Decreased WV P by incorporation of antimi-
crobial substanceswasin agreement withtheresults
usualy reportedfor polymer blendswhich arestudied
for packaging applicationg¢-
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Figurel: Effect of HPE concentration on WV P of composite
films(p<0.05)

M echanical properties

Figures2 and 3 comparetens le strength and el on-
gation of the control film (amyloseand CM C blend)
and compasitefilmscontaining HPE. Improvement was
seen by addition of antimicrobial agents. Theresults
show improvement of mechanica strengthwiththein-
creaseof antimicrobia agents. Thisissuewasinagree-
ment with theresultsin which addition of cinnamon es-
sentid ail infilmsof chitosanggnificantly increased ten-
silestrength of thefilms. It could be attributed to the
strong interaction between polymer and oil with a
crosdlinking effect, which could reducefreevolume of
the polymert*, According to figureswith increasing
antimicrobial substance concentrationfrom (0.5%to
5% w/w), UTSincreased significantly (p<0.05) com-
pared to thecontrol films. Thefilmswhich do not con-
tain any additiveshad poor result, whichindicatesthat
HPE would probably protect thefood fromlossof firm-
ness. In genera, the HPE films (3%) had higher
(P<0.05) vauesof thisparameter. It seemsthat HPE
couldimprovefilms’ strength due to the strong interac-
tion between polymer and extraction oil which reduced
freevolumeand molecular mohility of the polymert.,
Adding bioactiveagent did not significantly affect ten-
slestrength and el astic modulus of thefilmsbased on
hydroxyl propyl methylcellulose (HPMC) containing
propolisextract at different concentrations(0to 1.5%).
However, theelongation at break of thesefilmsdimin-
ished withincreasing concentration of the propolisex-
tracts*”. Regarding another study, by increasing thyme
oil inchitosan films, significant reduction of thetensile
strength of thefilmsand decreased percentage of €lon-
gation wereresulted asaconsequenceof theincrease
infilm porosity™.
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Figure3: Elongation at break of compositefilmsbased on
different HPE concentr ation (p<0.05)

Film solubility in water

Solubility inwaterismgor property of ediblefilms,
sincepotentia applicationsmay requirewater insolu-
bility to enhance product integrity and water res stance.
TABLE 2 showstheeffects of incorporating HPE on
thephysica propertiesof compositefilms. Thickness
of filmsvaried between 0.065 and 0.079 mm, asshown
inTABLE 2. Theamount of water presentin composite
filmsprovidesanindication of thefilmshydrophilicity,
beingthemore hydrophilic filmsthosethat present the
highest val ues of moisture content At thesame pH, all
filmswith greater HPE content exhibited ahigher solu-
bility inwater (p<0.05). Ascanbeseenin TABLE 2
thewater solubility of control filmisrelatively around
19.5%, the addition of HPE drastically improved the

TABLE 2: Film solubility and moisture content of filmsob-
tained with different Iranian HPE concentration

HPE _ Thickness Moisture S_olubility
Concentration (mm) Content in water
(% wiw) (%) (%)

0 0.065 13.83 19.48

0.5 0.069 15.53 23.41

15 0.076 19.08 39.51

3 0.071 23.32 45.82

5 0.079 28.50 56.48
——=————3 OCHEMICAL TECHNOLOGY
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water resi tance of compostefilmsinthemixtures, solu-
bility inwater inthefilm with 5% HPE isabout 56.5%.

Thermal properties

Theeffect of HPE concentrationin compositefilms
on the thermal propertieswas studied by DSC. The
initia temperature of degradation, temperatureat maxi-
mum degradation rateand gpparent entha py were mea-
sured using thefirst DSC scanfor dl thefilms. TABLE
3 showstheglasstrangtion temperatures(Tg) and melt-
ingtemperatures(Tm).Theglasstrangtion temperature
(Tg) isthetemperatureat whichthemateriad undergoes
agtructura transitionfrom aglassy statetoamorevis-
cousrubbery state??, Thefindingsof thisstudy exhib-
ited that control films (amylose +carboxy methyl cellu-
lose) had aTg valueof about (70.4+4°C), Tm (127+
0.8°C) and AH of (119.23). Incorporating honey pro-
polishoney (0.5%to 5%) into thecompositefilmssg-
nificantly decreased T T and AH. Antimicrobid sub-
stancesin amylose based films makesfilms more hy-
drophilic and keep higher moisture compared to con-
trol filmswhen conditioned at the same humidity (RH
%) and temperature. Compositefilm contain 5% HPE
had aTgvaueof about (60.4+0°C), Tm (102+ 0.5°C)
and of (89.48).

TABLE 3: Differential scanning calorimetry (DSC) mea-
surement results of composite filmswith different Iranian
HPE concentration

FilmsType Tg(°C) Tmax(°C) AHJg™)
0% HPE 74 127.5 119.23
0.5% HPE 73 125 116.61
1.5% HPE 70 120 101.23
3% HPE 63 113 95.45
5% HPE 60.5 123 89.48
CONCLUSION

Honey propolisextract presencein composite ed-
iblefilmsformulated with amylose, carboxymethyl cel-
lulose and glycerol increased flexibility of films. The
addition of HPE could improve mechanical properties
of composite films made from amylose and carboxy
methyl celluloseand decreasing permesbility. Hence, it
ispossibleto replace HPE in some gpplications. HPE
reveaed higher antibacterial activity against yeast and

mold. Moreover, theconcentration of theantimicrobia
substanceinthefilm affected the physical and mechani-
cd propertiesof thefilmsto variousextents. Inthiscase,
Thefilm prepared with the 5% w/w HPE wasfound to
bethe best asit had |ower water vapour permeability
andfilm solubility. Theseresultssuggest ahigh potentid
of thesefilmsto be used asactive packaging materias,
and further studieswould berequired to determinethe
useof thesefilmsincommercid food systems.
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