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ABSTRACT

KEYWORDS

Emulsion coatings were formulated and films were devel oped using traga-
canth gum as the basic structural component. Preliminary experiments
were carried out to determine the proper concentration of tragacanth gum,
lipid and plasticizers in the film. The effects of tragacanth gum, oil and
glycerol concentration on water vapor permeability (WVP), mechanical
properties and opacity (OP) of the filmswere evaluated using the response
surface methodol ogy. WV P increased by tragacanth and glycerol concen-
tration and was decreased by oil concentration. Increasing the amount of
tragacanth gum and decreasing the glycerol and oil concentration increased
tensile strength (T'S) while elongation at break (EB) increased by increas-
ing both tragacanth and glycerol concentration and decreased by increas-
ing oil concentration. Oil wasthe most influential factor that affected opac-
ity, which increased with increasing oil concentration. Models devel oped
for WVP, EB, TS and OP had high coefficient of multiple determination (R?)

Tragacanth;
Barrier - mechanical
properties;
Opacity;
Response surface
methodol ogy.

values (0.983, 0.952, 0.824, 0.94) respectively.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Ediblefilmsand coatings, which aredefined asthin
layersof ediblematerid gppliedtothe surfaceof afood
asacoating, or placed (preformed) between food com-
ponents. Thetypes of material sused to elaborate ed-
ible coatingsand filmsincludelipids, resins, polysac-
charides and proteing*®. Each group of material has
certain advantages and disadvantagesand for thisrea
son, many coatingsare actudly formulationsof any or
all of theabove. Edible coatings can function asbarri-
ersto water vapor, gases, and other solutesand also as

carriersof many functional ingredients, such asantimi-
crobial and antioxidant agentsthusenhancing quality
and extending the shdlf lifeof freshand minimally pro-
cessed foodd*®. Among thevariousediblefilms, acom-
posite hydrocolloid-lipidfilmisparticularly desirable
becauseit has acceptablestructural integrity (imparted
by the hydrocolloid) and good barrier propertiesto
water vapor, contributed by thelipid. Filmsmadefrom
natural productsare of increasing scientific and com-
mercid interest. Thesematerid sarencot only inherently
biodegradablebut also are potentially recyclable. The
variety of uses, the possibility of multiple methods of
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reuseand disposal, and the replacement of fossil-based
raw materia swith renewabl e ones suggest that these
materialsare excellent candidatesfor commercia de-
velopmentl®,

Tragacanth gum theexudates of theplant genusAs-
tragalus, particularly Astragalusgummiferaisone of
theoldest knowndrugs. ThisgumisnativetoAsiaMi-
nor and to the semi-desert and mountai nous regions of
Iran, Syria, and Turkey. The structure of Tragacanth
gumishighly complex anditisamixtureof polysaccha
rides consisting of three main components, namely:
tragantic acid, aneutra polysaccharide, and athird
component which appearsto beaglycoside. Thisgum
givesthehighest viscosity of dl plant hydrocolloidsand
producesviscouscolloidal solswhich haveatexture
similar tothat of asoft gel(?.

Asdefrombengamgor sourceof cdoriesintypicad
diets, lipids, asadjunctsin food coating, have been used
to add glossto confectionery products, to retard respi-
ration of fruits and vegetabl es, and to lessen moisture
lossfromfoodsto theenvironment. Recently, somestud-
ieshavetaken advantage of the hydrophobic nature of
lipidsand combined themwith hydrocolloids, for struc-
tura support, to form ediblefilmsthat are good barri-
erstomoisture.A plasticizer isdefined as“a substan-
tidly non-volatile highboiling, non-separating substance,
which when added to another material changes the
physica and/or mechanica propertiesof that materia™?.
Polyols, suchassorbitol and glycerol, effectively plas-
ticize because of their ability to reduceinternal hydro-
gen bonding whileincreas ng intermol ecular spacing.
Molecular size, configuration and total number of func-
tiona hydroxyl groupsof the plasticizer, aswell asits
compatibility with the polymer, could affect theinterac-
tions between the plastici zer and the polymer. The best
concentration of plasticizer and lipid for forming film
was 40-50% (w/w based on film based material )*9.
Some studies have been carried out on preparation of
filmsandtheir functiona property, filmsmadefroma
blend of pectin and starch®®l, caseinatemechanica and
barrier properties?, combination of pectin, glyceral,
orange a bedo and starch¥, films based on agar, cas-
savastarch and arabinoxylan blendg?, Tapiocastarch
based film® andwhey proteinfilmg?!, No detailed sudy
hasbeen carried out to improvebarrier, mechanicd and
optical propertiesof Tragacanth gum-based coatings

for food products.

The objectivesof thisstudy wereto gain abetter
understanding of rel ationshipsbetween film-forming con-
stituentsand film properties, and to andyzethe effects
of Tragacanth gum, glycerol and oil concentration on
barrier, mechanical and optical propertiesof thefilms
using response surface methodol ogy.

EXPERIMENTAL

Materials

Different concentrationsof Tragacanthgum (Eghlid,
Fars, Iran) were used to determinethe best concentra-
tion of Tragacanth gum solution asafilm forming agent.
Oil (Aftab, Behshahr, Iran) wasused aslipid and glyc-
erol (kimiaDrug, Tehran, Iran), whilesorbitol and poly-
ethyleneglycol (Sigma, MO, USA) werealso used as
plasticizersin preliminary worksto determinethe best
plasticizer compatiblewith tragacanth gum.

Prepar ation of tragacanth gum films

After rehydrating tragacanthgumin distilled water
for 18 hat 20°C, glycerol (kimia drug, Tehran, Iran)
was added to the tragacanth sol ution and thoroughly
mixed with magnetic stirring. Then, oil and 30% (lipid
dry weight bass) lecithin (Serva, New York, USA) were
added and emulsified using ahomogeni zer (PowerGen
700, Fisher Scientific, Pittsburg, PA) in 14,000 rpm for
4 min. Films were cast by spreading emulsions on
smooth poly ethylene plates. Emulsionswere spread
evenly with abent glass rod and allowed to dry for
approximately 18 h at 25°C and 40% relative humidity
(RH). Air bubblesin the solutionswere removed by
placing the platesunder vacuum. All filmsused for the
experimentswereequilibrated a 53% RH, usngasatu-
rated sol ution of magnesium nitrate (Merck, Darmstac,
Germany) at 25°C for 72 h before being tested. Film
thicknesswasmeasured and verified at several posi-
tionswithadigital micrometer (Mitutoyo Corp., Morton
Grove, IL) beforethe experiments. Film thicknesswas
0.05 mm after drying.

Water vapor per meability
TheASTM Standard M ethod E 96-801 was used

to determine water vapor transmission by sealing a
known open areaof animpermeabl e container with the
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film. Glasscupswerefilled with saturated sol ution of
magnesium nitrateto maintain an RH of 53% beneath
thefilms. Filmswere sealed with grease onto thedish
lidsover circular holes. Thecupswerestoredindesic-
catorsmaintained at 0% RH using anhydrouscalcium
chloride at 25°C. Covered cups were periodically
weighed and thetime wasrecorded. A linear regres-
sion analysiswas carried out with weight loss asthe
dependent variable and € apsed time asthe indepen-
dent variable. Thed opeof theregression curvedivided
by the area of the opening was defined as the water
vapor transmission rate (WVTR). WV TR divided by
thevapor pressuredifference acrossthefilmistheper-
meance of thefilm. Permeance mulltiplied by thethick-
nessof thefilmisthe WVP.

M echanical properties

Tensile test measurements were evaluated on
samplesof filmsusingaDynamicMechanica Anayser
(TA X2i Instruments, Surey, UK) withafilm testing
fixture. Experimentswerecarried out within 72 h of the
sampl e preparation. During this period, sampleswere
stored in desiccators at 25°C and 53% RH. Test
sampleswere cut fromthefilmwith arazor blade. The
gap between thejawsaat the beginning of each test was
12.79 mm. Tensile propertieswere determined from
thecurvesof stressversusstrain. TSwascd culated by
dividingthepesak load by theinitial cross-sectiona area
of the specimen. Elongation at break (EB) was ex-
pressed asthe percentage change of theorigina length
of the specimen between thegripsat break (Figure 1).

Tensile
srength

Stress

>
Srain (elongation)

Figurel: Stress-strain curve

Film opacity

Film opacity (OP) was determined using amodi-
fied standard procedure”®. Thefilm samplewascut into
arectangular shapeand placed ontheinternal sdeof a

—== Fyl] Paper

spectrophotometer cell. The absorbance spectrum
(400-800 nm) was recorded for each sample using a
spectrophotometer (Novaspec 11, Biochrom Ltd, Cam-
bridge, England). OPwas defined astheareaunder the
recorded curve determined by an integration proce-
dure. The opacity was expressed asabsorbance units
in nanometers(AU.nm)1 2,

Experimental design

A reduced, three-leve, response surfacefactoria
design was used to eval uate each main effect, aswell
as the interaction effects. The experimental design
adopted wasamodification of Box’s central compos-
itedesign for threevariablesat fivelevelseach. The
threeindependent variables (factors) weretragacanth
gum concentration (T), glycerol concentration (G) and
oil concentration (O) of film-formingemulsion. Thein-

TABLE 1: Experimental design of 3-variable5-level central
compositerotatabledesgn and responsesof dependent vari-
ablestothefilm-forming constituents

Independent Variables® Dependent

Run (real and coded values) Variables

Number X, X, Xs Y Y2 Ys Ya
1 1(-1) 40(-1) 30(1) 955 213 299 185
2 1(-1) 60(1)  30(-1) 845 145 274 301
3 1(-1) 40(-1)  50(1) 232 243 485 190
4 1(-1) 60(1)  50(1) 195 132 469 303
5 2(1) 40(1) 30(1) 162 549 335 1%
6 2(1) 60(1)  30(-1) 125 362 3.19 301
7 2(1) 40(1) 50(1) 327 531 605 195
8 2(1) 60(1)  50(1) 283 44 595 303
9 15(0) 33(-1.68) 40(0) 235 309 471 185
10 15(0) 67(168) 40(0) 205 282 333 320
11 065(-168) 50(0) 40(0) 143 147 235 280
12 065(-168 60(1)  40(0) 143 247 213 302
13 15(0)  40(-1) 58(L68) 36 0672 7.8 280
14 15(0) 60(1) 58(L68) 33 065 507 302
15  235(168) 50(0) 40(0) 223 715 491 281
16 235(168) 60(1)  40(0) 213 552 461 303
17 15(0) 50(0) 23(-168) 808 439 203 280
18 15(0) 60(1) 23(-168) 662 197 1.99 300

19(6X)  15(0) 50(0) 40(0) 15 294 434 285

axX1, Tragacanth concentration (g Tragacanth /g distilled wa-
ter); X2, glycerol concentration (% Tragacanth dry wt.) and X3,
oil concentration (% Tragacanth dry weight).

bY 1, water vapor permeability (g m-1s-1 Pa-1) x 10*; Y2, ten-
silestrength (M Pa), Y 3,elongation at break (%) and Y4, opacity
(AU.nm).
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dependent variable coded values were-1.68 (lowest
level), -1, 0(middleleve), 1 and 1.68 (highest level).
Theactua va uesand the corresponding coded values
of thethreeindependent variables and responses of de-
pendent variablestofilm-forming condituentsareshown
inTABLE 1. The correspondence between the coded
and actual va ues can be obtained using thefollowing
formula(for variable X):

Z=(X-X9/AX 1)
Where Z isthe coded valuefor thevariable, X isthe
corresponding actud vaue, X°istheactud vaueinthe
center of thedomain, and AX is the increment of X
correspondingto 1 unit of Z. Thecomplete design con-
ssted of 24 experimental pointswhichincluded six rep-
licationsof thecenter point to estimatethepureerror of
theanalysisandto predict thelack of fit of themodels.
Each of thefour dependent variables(Y) (responses)
was assumed to be affected by the three independent
variables. Responsesunder observationswere: water
vapor permesability (WVP), tensilestrength (TS), elon-
gation at break (EB) and opacity (OP).

Satistical analyses

Datawereandysedtofit thefollowing equationto
each dependant variable(Y):
Y = bO + blxl + b2x2 + b3x3 + b12x1X2 + b13x1x3

+ b23x2x3 + bllxl2 + b22x22 +b33x32 +b123x1x2x3 (2)
whereb_are constant regression coefficientsand X,
X,, and X, are coded independent variables.

Theandysesof varianceand regress on coefficient
cdculationwerecarried out usng Microsoft Excd. SAS
software?! was used to perform stepwise procedure
tosmplify themodds. Threedimensiond surfaceplots

weregenerated from obtained mode sby SigmaPlot!®.
RESULTSAND DISCUSSION

To determinethe best concentration, different so-
lutions of tragacanth gum (0.1-2.5 w/w) prepared and
film making properties were investigated. Results
showed that 0.5-2% (w/w) gum can produce proper
films, morethan 2% (w/w) resulted in very thick solu-
tion that plating technique wastoo difficult, and less
than 0.5% w/w gum produced very thinand brittlefilms.
Hence, the concentration of tragacanth gum solution
was sel ected over therange of 0.5-2 %. For the next

step, threetypesof plasticizers(sorbitol, polyethylene
glycol and glycerol) wereusaed in combinationwithtraga
canthgumtoformulatefilm emulsions. Thebest plasti-
cizer for thetragacanth gum film-forming solution was
glycerol. With theequipment available, prime consid-
eration was given to thefilmswhich could beeasily
removed from Poly ethylene platesonwhich they were
formed, and to durakility, that it could beremoved with-
out tearing thefilm and not to be brittle.

Model development

Equation (2) wasfitted to the experimental data
(TABLE 1). Four equationswere obtained and tested
for adequacy and fithessby ANOVA. TABLE 2 sum-
marizestheresultsof theANOVA for each dependent
variablewith itscorresponding coefficient of multiple
determination (R?). Themodel sdevel oped for WVP,
EB, TSand OPyielded high R? vduesand significant F
vaues
WVP = 14.38*10-11 + 2.8* T + 7.68* G- 1.45* O+

0.988* T2+ 1.99* G?+2.19* O? ©)
TS=2.64+1.35*T - 0.399* G- 0.481*O + 0.624* T2 (4)
EB =4.13+0.610*T + 1.42G - 0.237 *O+ 0.176 * T2

+0.255G?2 )
OP =286 + 49.46T - 6.44G -6.800 — 16.6T? 6)
WVP

Oneaf theprimary functionsof an ediblefilmor coat-
ingistorestrict the moisturetransfer between thefood
and the surrounding atmosphere, or between two com-
ponents of a heterogeneousfood product. Hence, the
WV Pshouldbeaslow aspossiblé®?. TheWVPof trage:
canth-based filmswasinfluenced by linear effectsof traga
canth, glycerol and oil concentration, and quadratic ef-
fectsof tragacanth, glycerol and oil (TABLE 2).

Ascanbeseenfrom TABLE 1, thelowest experi-
mental WV P can be seen with thefilm corresponding
to design point #10, and the highest was observed at
#13; tragacanth filmsexhibited higher WVPwithanin-
creasein tragacanth concentration (Figure 2). It could
be attributed to the higher number of free hydroxyl
groups, enhancing interaction with water and favoring
water vapor transmission through thefilms. According
to Higushi and Aguiar®, theWV Pof thefilmsisde-
pendent on the number of polar groups the polymer
contains. Thisiscaused by the sorption of migrating
water moleculesto polar groups, thereby facilitating
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water transport. TABLE 2 showsthat tragacanth con-

centration wasasignificant factor affectingWVP,

TABLE 2: Regression coefficient and analysisof variance

for fiveresponsevariables

permesbility of thefilmto moisture?”.

@
Cottiven_1rete i T ERA oty 4
b0 14.42 0.288° 417 286° "é
Linear 2 4
bl 2.99° 1448 0588° 149 g
b2 774 0412°  141° 0588 5
b3 -1.45% 0434 -0.233° 4932 ?:.31 20
Interactions 5 15
b g &
b12 0.985 0.054 0.206 -0.75 £ o
b 13 -0.611 -0.293 0.079 -1.67 2 o0 &
b 23 -0.190 0.047 0.051 0.002 = =~
Quadratic Veera % s
b 11 0.989° 0543  -0178*  -6.44 o)
b 22 2.19° -0.248 0.253° -6.80°
b 33 0.237 -0005  -2048  -16.6° 7
B 123 0.237 0.174 -0.003 0.75 E *
F-value 0.824 0.952 ‘% -
N 81.0 74.4 % 25
(F;[?:bab'“ty 21 7203 ‘% 2
Regression N. S° N.S. & 112
Lack of fit N.S. N.S %
aHighly significant (P < 0.01) =

bSignificant (P < 0.05)
°Non significant

Figure 2ashowstha the WV Pincreased with trage-
canth and glycerol contents. Thisisinagreement withthe
experiments performed by Gontard et al . with whesat
glutenfilms; Yangand Paulson® withgdlanfilm; Mdi &
al .?9 with yam starch films and M aftoonazad et al .*)
with pectinfilms dl indicatinganincreasein WV Pwith
anincreasing plasticizer concentration. Generdly, water
vapor transmission through ahydrophilic film depends
onboth diffusivity and solubility of water moleculesinthe

filmmatrix™. Inclusion of glycerol moleculesbetween
the polymer chainscausesanincreaseintheinter chain
gpacing, promoting water vapor diffusvity throughthe
film and henceenhancing thewater vapor transmission.
Thehighhydrophilicity of glycerol molecules, whichfa
vorstheadsorption of water molecules, could a so con-
tributetotheincreaseinthefilm’s WVRP Additionaly, at

©

.’.-
i i ]
ity
I
byt

Water vapor permeability {g/m.s.pa)

Figure2: Water vapor per meability: (a) effectsof glycerol
and tragacanth gum concentr ation; (b) effectsof oil and glyc-

er ol concentration and (c) effectsof oil and tragacanth gum
concentration
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Theconcentration of oil intheformulationadsoinflu-
enced theWVPof thefilm. AsshowninFigure2b, in-
creasngtheoil concentration up to 35% (tragacanthgum
dry weight basis) decreased the WV P, however, by in-
creasing theamount of lipid morethan 35% (tragacanth
gumweight basis), WV Pwaspositively influenced. At
thevery high concentration of lipidtheWVPagan de-
creased. Itisprobablethat at |ower concentrations, the
added lipidincreasesthe hydrophobicity and hencede-
creasesthefilm permeability. At higher concentrations,
thelipidscouldresultinlarger globulesduringthedrying
stage of filmmaking and contributeto disruption of the
continuousstructureof films, and consequently contrib-
utingto higher WV P!, Moreover, Sapru and Labuza®
explained that theincrease of the permeability for con-
centrationsof searicacid higher thanthecriticd vaueis
duetotheformation of largefat crystasdlowingintersti-
tid zonesfreeof lipidsthat favor moisturemigration. Al-
thoughthepresenceof anemulsfier gabilized filmemul-
sonsintheexperimenta conditions, increasing perme-
ability intragacanth—based films as a function of higher
lipid concentrationwas maybe dueto amore heteroge-
neouslipid globuledistribution (number of populations)
withinthepectin matrix. At the very high concentration of
lipid WV P decreased (Figure 2¢). It seemsthat thefilm
has changed to abilayer film. It meansthat onelayer of
lipidisformed onthesurfaceof thefilm.

M echanical properties

Thedesired property of afood packaging material
dependsontheapplications. In generd, an ediblefilm
must withstand the norma stresses encountered during
itsapplication, subsequent shipping and handling of the
food, to maintainitsintegrity and al so barrier proper-
tied*. A three-dimensional matrix, constructed by the
interaction of polysaccharidemolecule, ispresumably
the supporting structurethat dictatesthe mechanical
propertiesof thefilms. Interactions between polysac-
charideand smal moleculesincluding water, plasticiz-
ers, lipidsand other additivesdispersed in the space of
thematrix, aso contributeto themechanical behavior
of thefilms. Adequate mechanical strength ensuresthe
integrity of afilm and itsfreedom from minor defects,
such asapinhol e, which can damagethe barrier prop-
erty. Coating can dso aleviatedamagestofood during
handling and transportation. Sometimes, edibl e coat-

ingsand filmsmay be used to change handling proper-
ties of materialg4. TS isameasure of integrity and
heavy-duty use potentid of films, and EB isaquantita-
tive representative of thefilm’s ability to stretch™. De-
pending upon thefilm-forming conditions, mechanica
properties (TABLE 1) demonstrated awide range of
magnitude: TSranged from 0.65to 7.15MPaand EB
between 1.99 to 7.8%. The TS of tragacanth-based
filmswasinfluenced by thelinear effectsof tragacanth
(P<0.01), glyceral and oil concentration (P<0.05), and
quadratic effectsof tragacanth (TABLE 2). Tragacanth
filmsexhibited anincreasein TSby increasing tragea-
canth concentration (Figure3aand 3b). Theresponse
surfacetendsto indicate that high tragacanth concen-
trationinducestheformation of aresistant filmwitha
high TS. During drying of thefilm emulsion, moisture
evaporates, alowing theformation of apolysaccharide
network, and during thisstage, the proximity of traga-
canth chainsisfavored by higher tragacanth content,
thusfacilitating theformation of adenser matrix. The
most resistant films could be expected to beformed at
high tragacanth concentration (2g/100 mL). Asseenin
Figure 3a, thispoint is at the most upper part of the
surface plot. Infact by increasing theamount of glyc-
erol, the TS of thefilm decreased. Theweakest films
came at thelower amounts of tragacanth (0.63 g/100
mL ) and higher amounts of glycerol (67% tragacanth
dry weight basis). A large number of hydroxyl groups
aong tragacanth moleculescould beresponsiblefor the
numerous hydrogen bonds between the tragacanth
molecular chains. Theseextensiveinterchaininterac-
tionsmay contributeto the high mechanica strength.
Incorporation of glycerol moleculesintotragacanth films
probably established glycerol — tragacanth hydrogen
bonds replacing some of the tragacanth — tragacanth
hydrogen bonds. Asaresult, direct interactions between
the molecular chains are reduced, and the chain seg-
mental mobility isincreased, causing the mechanical
strength of thefilmsto decrease?. The sameresults
were observed by Yang and Paulson®” for gellan films
plasticized by glycerol, Gontard et a.** for wheat glu-
tenfilmsand Maftoonazad et d .1 for pectinfilmsplas-
ticized by sorbitol.

Figure 3b showstheeffect of oil concentration on
thefilm’s TS. Increasing the amount of lipid in the film
structure decreasesthefilm’s TS. This is probably due
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to alower continuity of filmasaresult of dispersonof  andail. Debeaufort and Voilley!” showed that thesmaler
lipid globulesthroughout thefilmmatrix. Thiswassup-  thelipid globulediametersand that the higher their ho-
ported by theinteractive effect of tragacanth, glycerol

mogeneousdistribution withinthe methyl cdlulosema:
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Figure4: Elongation at Break: (a) effect of glycerol and
tragacanth gum concentration; (b) effect of oil and traga-

canth gum concentration and (c) effect of oil and glycerol
concentration

Figure3: Tenslestrength: (a) effect of glycerol and traga-
canth gum concentr ation; (b) effect of oil and tragacanth gum
concentration and (c) effect of oil and glycer ol concentration
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trix were, thehigher the TS and percentage of e onga-
tion were. Hence, decreasing the mechanicd strength
by increasingthe amount of beeswax intragacanth films
may beattributed to theincreasein thenonhomogeneity
of thefilm asaresult of theformation of larger lipid
globulesduring drying.

Highfilm extensibility, dwaysadesirablecharac-
teristic, isindicated by ahigh EB. The EB of traga-
canth-based filmswasinfluenced by thelinear effects
of tragacanth (P<0.01), glycerol (P<0.01) and oil
(P<0.05) concentration and the quadratic effects of
tragacanth and glycerol (TABLE 2).

Tragacanth filmsexhibited anincreasein EB with
increas ng tragacanth concentration (Figure4aand 4b).
Increasing the amount of glycerol moleculeasoin-
creased the EB (Figure4c). Again, it can beattributed
to thereplacement of the tragacanth - tragacanth hy-
drogen bond with the tragacanth — glycerol hydrogen
bond, whichresultsinreductioninthedirect interaction
between polymer chains, and henceresultsinanin-
creased chain segmenta mobility and enhanced exten-
sibility of thefilm. It could thus be expected the most
stretchablefilmsto beformed at thelargest concentra-
tion of glycerol (67% based on tragacanth dry weight
basis). Thelowest EB was observed at thelowest con-
centration of glycerol used (23% based on tragacanth
dryweight basis). In addition, asmentioned before, in-
creasing theamount of plasticizer decreasesthefilm
resistance.

Opacity

A morecomplete comprehension of thefilm struc-
ture can be obtained by including the optical proper-
ties. Whenthefilmistobeused asasuperficid coating,
opacity valueswould beof primary importance. Trans-
parent filmsarerequired when films are used as coat-
ingsto preservetheoriginal appearance of wrapped or
coated food. To have atransparent film, the opacity of
thefilm should below inrdativevalue. Alternately, in
order to modify the appearance characteristics, films
with different color shades and opacity could be em-
ployed. TABLE 2 showsthefactorsinfluencing film
opacity. Themost important factor with respect tofilm
opacity istheoil concentration. Thelinear effect of ail,
thequadratic effect of glycerol and oil and theinterac-
tion of tragacanth, glycerol and oil werefoundto be

L

significant. It could be expected that the most transpar-
ent filmtobeformedisat thelowest oil concentration
(23% based on tragacanth gum dry weight basis).

@

350

Opacity {Au.nm)

(b)

[N

Opacity {Au.nm)

(o] {%) 4 A5

Figure5: Opacity: (a) effect of glycer ol and tragacanth gum
concentration and (b) effect of oil and tragacanth gum con-
centration

CONCLUSION

Film componentshad amarked influenceon film
properties. Tragacanth gum and glycerol concentration
had significant effects on WV P and mechanica prop-
erties. Oil concentration influenced WV P, mechanical
propertiesand opacity sgnificantly. Theuseof response
surface methodol ogy waseffectivefor thestudy of com-
plex film-forming conditionsand the effect of different
variables. To optimizefilm-forming conditions, other
factorssuch astheuse of thefilm and applicationtech-
niques should also be considered. The use of traga-
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canth gum asafilm-forming component has good po-
tentid becauseof itsfunctiond roleand economicvaue.
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