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Abstract

This work studied the preparation of edible smigmd based on gelatin and curcumin.
Films were prepared by casting using water andtlaanel-water mixture as solvents.
The addition of curcumin, besides affecting the gitychemical properties of gelatin
films, colored them depending on the pH of the fibrming dispersion (yellow at
pH=6 and red at pH=11). It also provided films withportant antioxidant properties,
but no antimicrobial activity. The response of thesaterials against pH changes was
evaluated simulating their contact with liquid a®misolid foods, and with a container
headspace at acid and alkaline pH. In all testgtigdilms with curcumin added could
modify their color after being in contact with maddf different pH. The use of an
ethanol-water mixture as solvent was a good alteenao intensify film color and the
visualization of their response capacity againstgbldnges, as well as to increase the
antioxidant properties and hydrophobicity of filnfiese edible films could be used as
smart food packaging, since they could inform comsus if the product was suitable for

consumption through their capacity to sense pH gésin

Keywords smart packaging, curcumin, protein film, pH iratmrs, gelatin, food

spoilage sensor.
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1. Introduction

Changes in consumer preferences have led to inoogaand developments in new
packaging technologies. ‘Smart packaging’' is a @rterm encompassing a range of
relatively new packaging concepts, most of which lsa placed in one of the two main
categories: active packaging and intelligent pariga@erry, 2012). Active packaging
has been defined as one that changes the conditfmecked food to extend shelf-life or
to improve safety or sensory properties maintainiggyuality, whereas intelligent ones
refer to those which monitor the condition of pagde foods to give information about
their quality to manufacturers, retailers or constsn(Ahvenainen, 2003). These last
materials often attempt to sense environmental gdmnor specific compounds
generated during food packaging or storage, in rotdeinform the freshness or
microbiological quality of food (Biji, Ravishankaklohan, & Srinivasa Gopal, 2015).
Media pH could be modified during food storageptlyh changes in the concentrations
of organic acids (such agbutyrate, L-lactic acid, D-lactate and acetic acid), and
volatile compounds development (such as trimethiylamdimethylamine, histamine,
hypoxanthine, putrescine, tyramine, cadaverine, lytitogen sulphide, among others)
as a result of microorganisms growth and metabol{gi Bulushi, Poole, Deeth,
& Dykes, 2009; Ruiz-Capillas & Jiménez-Colmene2005). Thus, pH changes could

be considered as potential indicators of food sgeil

In previous work (Musso, Salgado, & Mauri, 2016glagin-based films capable of
sensing changes in the surrounding pH medium weveldped by adding known acid-
base indicators methyl orange, neutral red and bcoasol green to the formulation.
These indicators were used as model systems taf fegiteins that can act as buffer

systems, due to their chain ionizable side groapleyed films to change their color
3
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when in contact with gaseous, liquid and semisolétliia with a different pH. Evidence
showing that the protein matrix did not interferghwthe possible discoloration of the
acid-base indicators and the fact that films caidnge their color according to media
pH, pushed to find food grade dyes that could m@ptaese synthetic indicators in order

to develop real food packaging materials capabkenting pH changes.

Curcumin is the product obtained by solvent extoactfrom turmeric —the ground
rhizomes ofCurcuma longa L— and later purification by crystallization. It va@dely
used as a spice and coloring agent in food by evidiuits yellowish-orange color and
pleasant aroma (Martins, Roriz, Morales, Barrosk&reira, 2016). It has also been
used in a variety of pharmaceutical applicatioreganise it exhibited many interesting
biological activities such as antiviral, anti-infiaatory, antimicrobial, antioxidant,
anti-HIV, anti-Parkinson, anti-Alzheimer’s, antigiogenesis, free radical scavenging
activity, and anticancer (Pulido-Moran, Moreno-Fardez, Ramirez-Tortosa, &
Ramirez-Tortosa, 2016). The IUPAC name of curcumifilE,6E)-1,7-bis(4-hydroxy-
3-methoxyphenyl)-1,6hepadiene-3,5-dione. In solytiot exhibits a keto-enol
tautomerism and, depending on the solvent, up % 88uld be in the enol form. In the
pH range 1-7, the majority of diferuloyl methaneaps are in the neutral form, water
solubility is very low and solutions are yellow. AH >8.5, solutions changed their
color to red and their water solubility barely ieased. However, due to its chemical
structure, curcumin is highly soluble in ethandllotoform, dimethyl sulfoxide and oils

(Mehanny, Hathout, Geneidi, & Mansour, 2016; Pramthi, 2014).

Curcumin was added in natural and synthetic polyfih@s in order to provide them
with antioxidant and antimicrobial properties (Bajpet al, 2015; Govindaraj,

Kandasubramanian, & Kodam, 2014; leti al, 2016; Mayetet al, 2014). Maniglia,
4
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Domingos, de Paula, & Tapia-Blacido (2014 and 20iggd turmeric dye extraction
residue for the production of bioactive films. As fis we know, only Kuswandi, Jayus,
Larasati, Abdullah, & Heng (2012) used curcumirdévelop a sensor for the detection
of volatile amines. They did it by the absorptioethod of curcumin onto bacterial
cellulose membrane (also calledta de coch and used it as a sticker sensor for real-
time monitoring of shrimp spoilage, as this membravas highly sensitive toward

acid-base reactions.

The aim of this work was to prepare active geléitms capable of sensing pH changes
by the addition of curcumin to films formulationdlaking into account the
hydrophobicity of curcumin and the fact that filmgere obtained by a casting
technique, water and an ethanol-water mixture waralyzed as solvents for film-

forming dispersions.

2. Material and Methods

2.1 Materials

Bovine gelatin with 240 Bloom (Kraft Foods, Argerd) was used as protein source. Its
protein content, as measured by the Kjeldahl me{dgdAC, 1995), was 87.8+0.6%
(w/w, dry weight; Nx5.5). Glycerol (Anedra, Argemél) was used as film plasticizer.
Curcumin (Chr Hansen, Argentina) was used as calofdl the other reagents used in

this study were of analytical grade.

2.2 Films preparation
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Films were prepared by casting using water andtlaanel-water mixture (1:1 v/v) as
solvents. In each case, two dispersions were pedpsgparately: one containing 10%
w/v of gelatin in water at 100 °C and another comtg 0.04% w/v of curcumin in
water or ethanol respectively, at ambient tempegatiqual volumes of protein and
curcumin dispersions were mixed with magnetic isiyr adding glycerol (1.25% w/v)
as plasticizer and the pH of each dispersion wasstatl to 6 and 11 with 2 mol/L HCI
and 2 mol/L NaOH respectively. Finally, 10 mL ofcbdilm-forming dispersion were
cast onto polystyrene Petri dishes (64)crand dried in an oven with air flow
circulation (Yamato, DKN600, USA) at 60 °C for 3 The resulting films were
preconditioned during 48 h at 20 °C and 58% redattumidity (in desiccators with
saturated solutions of NaBr) just before being @@&dkom the casting surface and
characterized. Furthermore, control gelatin filmthaut the incorporation of curcumin
in both solvents at pH= 6 and 11, were preparediessribed previouslyTable 1
summarizes film nomenclature and the final formataof film-forming dispersions.

Three independent batches for each type of prditeirwere performed.

2.3 Films characterization

Thickness:Film thickness was measured by a digital coatingkttess gauge (Check

Line DCN-900, USA). Measurements were done at figsitions along the rectangular
strips for the tensile test, and at the centerarelght positions round the perimeter for
the water vapor permeability (WVP) determinatioiibe mechanical properties and

WVP were calculated using the average thicknessdoh film replicate.

Color: Film color was determined with a Konica Minolta 6hma Meter CR-400

(Konica Minolta Chroma Co., Osaka, Japan) set itu@inant/2° observer. A CIE-Lab
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color scale was used to measure the degree ohéghi *), rednessHa*) or greenness
(-a*), and yellowness+pb*) or blueness-b*) of the films. The instrument was
calibrated using a white standard plate with caloordinates oflL* sangara = 97.55,
a*standard= -0.03 an®*siangars= 1.73 provided by Minolta. Films color was measuoa
the surface of this standard plate and total cdiference {E*) was calculated as

follow:

AE* = [(L* fim — L*standar) > + (@%im — @%tandar) > + (0*im — D*standard] *° (1)
Values were expressed as the means of nine measnteion different areas of each
film.

UV-Visible absorption spectrd&ach film specimen was cut into a rectangular paat
placed directly in a spectrophotometer test celsp&ctrum (from 200 to 800 nm) of
each film was obtained in an UV-Vis spectrophot@néBiotek, synergy HT, USA).
Measurements were performed using air as refereAdle.determinations were

performed in triplicate.

Moisture content (MC)Small specimens of films were collected after ctading, cut
and weighed before and after oven drying at 109tC4# h, ASTM D644-99, (ASTM
2004). MC values were determined in triplicate &ach film, and calculated as the

percentage of weight loss relative to the origimeight.

Water solubility (WS)WS was determined as was described by Gontard, Duchey,

& Guilbert (1994) with slight modifications. Thregieces of films were weighed
(diameter = 2 cm; ~0.03-0.05 g) and immersed im%O0of distilled water. The system
was sealed, shaken at 100 rpm for 24 h at 20°C4Fdm400 model, Argentina), and

then filtered through Whatman n°1 filter paper (ooesly dried and weighed) to
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recover the remaining undissolved film, which wasidcated at 105°C for 24 h. WS
was calculated as follows:

WS =[(R . (100 - MC)) - R. 100/[R . (100 — MC)] (2)
Where B = initial film weight (g), R = final dry film weight (g), MC = moisture content
(%). All tests were carried out in triplicate.
Water vapor permeability (WVPWater vapor permeability tests were conducted
according to ASTM method E96-00 (ASTM, 2004) witmee modifications. Each film
sample was sealed over a circular opening of 0B018in a permeation cell that was
stored at 20°C in desiccators. To maintain a 79%ive humidity (RH) gradient across
the film, anhydrous silica (0% RHwas placed inside the cell and a saturated NaCl
solution (75% RK) was used in the desiccators. The RH inside thlewas always
lower than outside, and water vapor transport weterchined from the weight gain of
the permeation cell. When steady-state conditioeseweached (about 1 h), eight
weight measurements were made over 5 h. Changéseinveight of the cell were
recorded and plotted as a function of time. Theeslof each curvedidt, g HO sY
was obtained by linear regression and the wateorvapnsmission rate (WVTR) was
calculated from the slope divided by the permeatieiharea (A, in f). WVP (g HO
Pa' s m?) was calculated as:

WVP = [WVTR / (R"%°. (RHy— RH))] . d (3)

Where: WVTR = water vapor transmission rate (g0Hs* m?), R/"° = saturation
water vapor pressure at test temperature (233%2at R0 °C), RH - RH. = relative
humidity gradient across the film -expressed asetibn- (0.75), A = permeation area
(m?), and d = film thickness (m). Each WVP value repres the mean value of three

samples taken from different films.
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Mechanical propertiesTensile strength (TS), Young's modulus (YM) andnglation

at break (EAB) of films were determined followinpet procedures outlined in the
ASTM method D882-02 (ASTM, 2004), using a texturelgzer TA.XT2i (Stable
Micro Systems, Surrey, England) equipped with asitan grip system A/TG. Films
probes of 90 mm length and 6 mm width were use@. ifittial grip separation was set
at 50 mm and the crosshead speed at 0.4 TamMisasurements were made at 20°C in a
temperature-controlled room. The curves of forcg &8l a function of distance (mm)
were recorded by the Texture Expert V.1.15 softw@table Micro Systems, Surrey,
England). Tensile properties were calculated fromlot of stress (tensile force/initial
cross-sectional area) versus strain (extensionmsaentile of the original length). TS
and EAB were determined directly from the stredssis- curves, and YM was
determined as the slope of the initial linear mortof this curve. Reported values are the

average of at least twelve replications taken fdifierent films for each formulation.

2.4 Antioxidant and antimicrobial properties of films

Antioxidant capacity of filmsThe supernatants obtained in the WS test were fased
testing the film antioxidant capacity based on thfterent antioxidant mechanisms: the
radical scavenging capacity and the reducing cpaci

The radical scavenging capacity was measured u8iBHS®" (2,2 -azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid) radical catidecoloration assay according to
Salgado, Lopez-Caballero, Gémez-Guillén, Mauri, &nitero (2012). Samples were
mixed with ABTS reagent. The mixture was then tefstand at 30 °C for 10 min and
absorbance values were read at 734 nm (Biotek,rgyndT, USA). Results were

expressed as concentration of ascorbic acid eauivgler g of protein film based on a
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standard curve of ascorbic acid, which relatestmeentration to the absorbance at 734
nm. Determinations were carried out in triplicate.

The reducing capacity was measured following tmecféon reducing capacity (FRAP)
assay, accoding to Salgadd al. (2012). Samples were incubated (at 37°C) with
distiled water and FRAP reagent (containing 2i@yridyl-s-triazine and
FeCk.7H,0O) in sodium acetate buffer pH 3.6. Absorbance ealvere read at 595 nm
after 30 min (Biotek, synergy HT, USA). Results &expressed as mmol FeSH,O
equivalents per g of protein film based on a steshdairve of FeSQ7H,O, which
relates the concentration to the absorbance anB@%All determinations were carried
out in triplicate.

Antimicrobial properties of filmsThe “zone of inhibition” assay on solid media was
used for determination of the antimicrobial effecfsgelatin films againsalmonella
enteritidis Escherichia coli Bacillus cereus and Staphylococcus aureu&Salgado,
Lépez-Caballero, Gomez-Guillen, Mauri, & MonteroQ13). Gelatin films were
aseptically cut into 10 mm diameter discs and thlaned on solid nutrient agar (Biokar
diagnostics) plates, which had been previously apravith 10 pL of inoculum
containing 16 CFU/mL of tested bacterium. Plates were incubated@7 °C for 48 h.
The plates were examined visually for “zone of Initdn” of the film discs, and the

diameter of the zone was measured with a gaugés Wwese done in duplicate.

2.5 Filmsresponse to pH changes

Each film was faced with liquid, semisolid and gasemedia of different pH: i) adding
a drop of 2 mol/L HCI or 2 mol/L NaOH directly onims; ii) placing the films in
contact with gels prepared from gelatin solution¥.&% w/v at pH= 2.5, and 11; and

lii) exposing the films to gaseous atmospheres rgee by acetic acid glacial £84,0,,
10
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pKa~4.8, Anedra, Argentina) and ammonia (NHK,~9.3, Anedra, Argentina) (Musso
et al, 2016). Photographs of films before and after 3@ pontacting it with those
media of different pH were taken with a digital eam (Kodak M853, USA) and color
variations were measured using a colorimeter (KloMolta Chroma Meter CR-400),

as described above.

2.6 Statistical analysis

Results were expressed as mean * standard devattbwere analyzed by analysis of
variance (ANOVA). Means were tested with the TukeffSD (Honestly Significant
Difference) test for paired comparison, with a #gigance levelx = 0.05, using the

Statgraphics Plus version 5.1 software (StatgraphiSA).

3. Resultsand Discussion

3.1 Appearance and optical properties of films

Gelatin films prepared with or without curcumin rfmoaqueous or hydroalcoholic
dispersions at pH 6 or 11 were homogeneous, thihflamible. Figure 1 shows their
visual appearance. Gelatin films were colorlesandigss of pH and the solvent used,
while those with curcumin added became yellow arehge-red, depending on whether
the dispersion pH was 6 or 11. These coloration® were intense for films prepared
using the ethanol-water mixture as a solvent.

Color parameterk*, a*, b* and4E* of the studied films are shown Trable 2. Gelatin
films of different pH did not show significant d#ffences in color parameters —with the
exception of those prepared with the ethanol-watture at pH 6 which present a
higher b* value—, being those obtained with ethanol-watextunes rather clearer

(higher L*) than those obtained with only water as a sol\{prD.05). Gelatin films
11



249 prepared with curcumin showed a significant incee§3<0.05) ina*, b* and 4E*
250 values and a significant decrease (p<0.09)*inThis tendency was more marked for
251 the films prepared using the ethanol-water mixagsolvent.

252 A more intense coloration in hydroalcoholic filmancbe due to curcumin’s higher
253  solubility in this medium than in water becauset®thydrophobic nature (Priyadarsini,
254 2014). Supplementary Figure 1 shows the appearmaincercumin dispersions in both
255 solvents. The development of color in these systemght imply that water can
256 disperse it (panel A), whereas the hydroalcoholixtume seems to dissolve it
257 completely (panel B). The addition of gelatin andycgrol to the system
258 (Supplementary Figure 1, panels C and D) apparénibyoves colorant dispersion and
259 even modify its tonality, especially in aqueougéisions.

260 Figure 2 shows the UV-visible absorption spectra of studikeds. Those prepared only
261 with gelatin Gw6, Gwll, Gew6, andGewl1l) showed the same spectra regardless of
262 the pH and solvent used in film-forming solutiofifiey showed two absorption peaks
263 at 205 nm and 230 nm attributed to peptide bondsther at 260-280 nm
264 corresponding to the aromatic amino acids absarpamd a minimum absorbance in
265 the complete visible spectra range. Priyadarsifil42 reported that the absorption
266 spectrum of curcumin has two strong absorption bawode in the UV region with
267 maximum at 265 nm and another one in the visibfgore with a maximum ranging
268 from 410 to 430 nm. The addition of curcumin intelagin films increased the
269 absorption peaks in the UV region, especially the at 260-265 nm. Films at pH 11
270 (GCwll and GCewl1l) showed two new absorption peaks in the UV regioth
271 maximums at 345 nm and 395 nm, which could bebaiteid to curcumin degradation
272 products under alkaline conditions, likeans6(4'-hydroxy-3'-methoxyphenyl)-2,4-

273 dioxo-5-hexanal, ferulic aldehyde, ferulic acidruleylmethane and vanillin (Wanet
12
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al., 1997). Moreover, in the visible range of the sgecyellow gelatin-curcumin films
at pH 6 GCw6 andGCew6) had an absorption peak at 420 nm, while thogeHal 1
(GCw1l and GCewll) showed it at 460 nm according to their red colgriThese
results also agree with those of Priyadarsini (20@ho reported that the absorption
peak of curcumin was at 420 nm at pH<7.5 and atrd6at pH>10. It is worth noting
that the gelatin-curcumin films prepared from hycoholic dispersionsGCew6 and
GCewll) presented higher absorbance in the entire U\blsrange than those
prepared from aqueous dispersions at the sameG#¥w6 and GCw1l) due to the

better solubilization of curcumin.

3.2Film response to pH changes

Figure 3 shows the response of all gelatin—curcumin fil@€Ww6, GCw1l, GCews,
and GCew11) when in contact with acid and alkali liquids, ssofids and gases. All
films showed the ability to sense pH changes, sating that these changes could occur
in a liquid or semisolid food, or in the headspata food container as the result of the
reaction products of food spoilage. Yellow fiimspit 6 GCw6 andGCew6) turned to
orange-red when in contact with alkaline gasesijdisjand semisolids while orange-red
films (GCw11 andGCew11) at pH 11 turned yellow in contact with acid mediad as
expected, those films whose pH was near the ontbeoinedia did not change their
color. Changes were more noticeable in those fibbhtained from hydroalcoholic
dispersions due to their more intense coloratiolm Fesponses were immediate and
marked with liquid and gases of different pH, besd evident and slower with a
semisolid medium, especially with films preparednir agueous dispersions. Slower
turning kinetics against semisolid media could pidip be attributed to limited

diffusive processes (Mussat al, 2016). Kuswandiet al. (2012) used a
13
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curcumin/bacterial cellulose sensor to measureptthencrease produced by the basic
spoilage volatile amines gradually released in shemp package headspace, which
subsequently changed its color from yellow to osrand then to reddish orange as

spoilage indication.

3.3Effects of pH, solvent and curcumin addition on phgsicochemical properties of
films

Table 3 shows the thickness, moisture content, water dalukand water vapor
permeability of the studied films. Gelatin filmsepiared from aqueous dispersions were
thinner than those prepared using the ethanol-waigture as a solvent (p<0.05).
Ethanol can denature proteins by disrupting the-sithin intramolecular hydrogen
bonding, and allowing the formation of new hydrogpemds between alcohol molecules
and protein side-chains. Salgadb al (in pres§ showed how the conformation of
proteins in the film-forming dispersions affecte gphysicochemical properties of films.
It is evident that gelatin dissolved in ethanol-evaiixtures produced films with a
lower degree of compaction, suggesting differergirthmolecular unfolding or cross-
linking within the protein network of the film (Dewi, Pérez-Mateos, Afidn, Montero,
Mauri & Gémez-Guillén, 2009). These films showeddn moisture content and WVP
(p<0.05) and similar water solubility (p>0.05) th#lmose prepared from aqueous
dispersions, regardless of the film-forming dispmrspH. The addition of curcumin
significantly increased (p<0.05) the thicknessueal of films prepared at pH 11 in
water and decreased (p<0.05) those of the filnepared at pH 6 in ethanol-water.
Curcumin also caused a decrease in the MC and WVilns prepared from aqueous
dispersions (p<0.05) and only an increase in the BICthose prepared from

hydroalcoholic dispersions (p<0.05). It seems bwdh ethanol and curcumin increased
14
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the hydrophobic character of gelatin films, withaffiecting WS (p>0.05). In all cases,
the pH of film-forming dispersions (both aqueousl dnydroalcoholic) did not modify
(p>0.05) moisture content and water solubility ¢didsed gelatin films with added
curcumin or not. Only thickness and WVP were miediby changes in pH of agqueous
film-forming dispersionsGCw11 was thicker tharGCw6 (p<0.05), andGwl1l had
higher WVP tharGw6 (p<0.05).

Table 4 shows the mechanical properties of films measunedehsile tests. Gelatin
films obtained from aqueous dispersions showed arachl properties similar to those
published by other authors (Carvalébal, 2008; Nur Hanani, Roos, & Kerry, 2012;).
particularly those at pH 11 presented higher tersilength and elongation at break but
similar Young’s modulus (p<0.05) than those at pHn6concordance with previous
results (Musscet al, 2016). With the addition of curcumin, as well raplacing the
aqueous solvent by a hydroalcoholic mixture, filpnesented a significant decrease in
Young’s modulus (at least 50%) (p<0.05). Curcunmso aliminished the TS of alkaline
films in both studied solvents but only the EAB affueous ones at pH 11 (p<0.05).
Moreover, ethanol addition as solvent decreasedfT8ll films —except those with
curcumin at pH 11—, but only the EAB of films witltccurcumin at pH 11 (p<0.05)
However, it seems that both main effects, the mpresef curcumin and the use of an
ethanol-water mixture as a solvent, affect the sstmking of gelatin films although no
difference was observed in their water solubilityis evident that when protein matrix
hydrophobicity increases, due to modifications ts structure caused by changes in
solvents, or by the addition of a more hydrophobaenponent such as curcumin,
protein cross-linking changes, resulting in a daseein the Young’s modulus. But this
change would not affect matrix stretching neitherwater solubility significantly. The

amino-acid composition of gelatin —low in sulfurataining amino acids— explains this
15
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behavior. In other protein matrixes, such as saypsanflower, amaranth and gluten
(among others), solubility and mechanical propsréiee determined by the possibility
of cross-linking through disulfide bonds (CondésjoA, & Mauri, 2015; Mauri &

ARon, 2006; Salgado; Fernandez, Drago, & Mauri,1201

3.4 Antioxidant and antimicrobial properties ofi

Figure 4 shows the antioxidant properties of studied geldilims as assessed by
different methods: ABTSA andC panels) and FRAP B andD panels). Gelatin films
without curcumin addition exhibited a low antioxidaapacity in both methods tested,
especially at pH 6. These results could be atteithinn part to some gelatin amino acids
that can act as electron donors, reacting with feekcals to give rise to more stable
products in ABTS assay or reducing ferric ion inAHRassay (Salgadet al, 2012).
The addition of curcumin to formulations increasée antioxidant properties of
resulting films significantly (p<0.05), being thesecrements more noticeable at
alkaline pH than at pH 6 (p<0.05). On the otherdhagelatin films with curcumin
added or not, prepared from hydroalcoholic dispaisi showed higher antioxidant
properties than those prepared using water asvardqlp<0.05). Differences in protein
cross-linking, as well as changes in the hydroptiijdrophobic nature of the protein
matrix, should modify the retention or release dive principles in both gelatin and
curcumin, affecting the antioxidant properties loé tresulting films. As the chemical
structure of curcumin changes with the pH of filamrhing dispersions, it could
differentially interact with gelatin, inducing filsnwith different antioxidant properties.
These results suggest that developed gelatin filmith curcumin incorporated,
especially those obtained using ethanol-water mestias a solvent at alkaline pH,

could be used as active films with an importanicxndant activity.
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Despite the antimicrobial activity of curcumin aggti different fungal and bacterial
strains and viruses reported in literature (Moghatdasi, Kadir, Hassandarvish, Tajik,
Abubakar, & Zandi2014) the gelatin-curcumin films showed no antimicrdlictivity
againstS. enteritidis, E. coli, B. cereuand S. aureus(data not shown). This result
could be attributed, at least partly, to the lowcamin concentration employed in the
studied films (0.02 % w/v in film-forming dispersis). Niamsa & Sittiwet (2009)
reported that an aqueous extractflongahad a minimum inhibitory concentration
value of 4 to 32 g/L again$. aureusand E. coli. On the other hand, Lawhavinit,
Kongkathip, & Kongkathip (2010) reported that anadolic extract of turmeric had a
minimum inhibitory concentration of 30 ppm againSt aureus.The lack of
antimicrobial activity in this work may also be rditited to interactions between
curcumin and gelatin. Salgadet al. (2012) reported that sunflower protein films
containing phenolic compounds did not show antiob@l properties due to the
important interactions between phenolic compounas$ proteins in films at alkaline

pH.

4. Conclusions

It was possible to prepare smart gelatin films fgliag curcumin to formulations. The
resulting films showed antioxidant properties andrevable to sense media pH by
changing film color. Improvements in both behavievere observed using ethanol-
water mixtures instead of water as a solvent im-fibtrming dispersions. These films
showed higher antioxidant activity and susceptipiio media pH. These edible
materials could be used as smart food packagintheys could provide information

about food spoilage indirectly through media pH sueament and extend the shelf-life

of food through the material’'s antioxidant propesti
17
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Table 1. Film nomenclature and final formulation of film-forming dispersions.

Final formulation of film-forming dispersions

i Gelatin  Glycerol  Curcumin pH Solvent
nomenclature
(% wiv) (% wiv) (% wiv)

Gwb6 5 125 - 6 Water

Gwll 5 125 - 11 Water

GCwb6 5 125 0.02 6 Water

GCwll 5 125 0.02 11 Water
Gew6 5 1.25 - 6  Ethanol-water mixture*
Gewll 5 1.25 - 11  Ethanol-water mixture*
GCewb 5 1.25 0.02 6 Ethanol-water mixture*
GCewll 5 1.25 0.02 11  Ethanol-water mixture*

* Ethanol-water mixture (1:1 v/v).



Table 2. CIE-Lab color parameters®, a* andb*) and total color difference1E*) of

gelatin-based films (G) and those with curcuminestldGC) obtained with different

solvents —water (w) and an ethanol-water mixtuvg<{eat different pH (6 and 11).

Film L* a* b AE*
Gwé  93.3+05 -094+0.0?7 27+0.6% 1.8+0.5?
Gwll 93.9+0.6° -1.07+007 20+0128 2602
GCw6 89.1+04 -240+020 393+17 383+1.7
GCwll 83.1+338 7.70+0.26 251409 27.9+08
Gew6 96.2+0.7 -070+010 54+038 35+0.7
Gewll 97.3+0.3 -040+0.0% 24+05  3.4+03
GCew6 72634 213+3.00 864+6.8 90.5+4.38
GCewll 28.0+22 358+3.70 191+19 80.3+6.1

Reported values for each gelatin film are meaussandard deviatiom€9). Different letters in the same

column indicate significant differences between gi@s (p<0.05), according to Tukey’s test.



Table 3. Thickness, moisture content (MC), water solubilfyS) and water vapor

permeability (WVP) of gelatin-based films (G) aritbse with curcumin added (GC)

obtained with different solvents —water (w) and ethanol-water mixture (ew)— at

different pH (6 and 11).

Film Thickness MC WS WVP*101°
(Hm) (%) (%) (g H2O/Pa.s.m)
Gw6 51.0+28° 221+06 376+27 6.5+0.3
Gwil 478+34 214+05° 346+18 7.9+ 0.4
GCw6 49.6+52° 189+0.8° 30.3+478 1.0+0.0F
GCwi1l 55.8+3.5% 202+038% 338+4.8  0.9+0.03
Gew6 62.4+3%5 169+07 36.8+0.6° 1.1+0.3
Gewll 61.4+1.8 166+03 357+3.4 1.2+0.3
GCew6 549+589 194+18 412+33% 1.2 +0.08
GCewll  582+59" 213+06 39.3+23 1.2 +0.4

Reported values for each gelatin film are mearsséandard deviatiom€9 for thicknessp=3 for MC,

WS and WVP). Different letters in the same columdidate significant differences between samples

(p<0.05), according to Tukey's test.



Table 4. Tensile strength (TS), elongation at break (EAB) Young's modulus (YM),

of gelatin-based films (G) and those with curcumdlded (GC) obtained with different

solvents —water (w) and an ethanol-water mixtuvg<{eat different pH (6 and 11).

Film TS EAB YM
(M Pa) (%) (M Pa)
Gw6 34+03  159.2+58  0.15+0.07
Gwill 4.6+0.1 2069+6.6  0.13+0.0%
GCw6 34+06 157.4+11.% 0.06+0.00%
GCw1l 1.9+03° 176.5+20.6f 0.008 +0.001
Gew6 26+02 163.3+13.%F 0.06 +0.0%"
Gewll 1.7+03 1755+17.% 0.01+0.00%
GCew6 1.9+0.f° 1443+7.9 0.02+0.00%
GCewl1 34+06 198.6+14.8 0.007 +0.001

Reported values for each gelatin film are meastandard deviatiom§12). Different letters in the same

column indicate significant differences between gi@s (p<0.05), according to Tukey’s test.
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Figure 1. Appearance of gelatin-based films (G) and those with curcumin added (GC)
obtained by casting using water (w) or an ethanol-water mixture (ew) as solvent, at pH

6 and 11.
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Figure 2. UV-Visible absorption spectra (200-800 nm) of gelatin-based films (G) and
those with curcumin added (GC) obtained using water (w) or an ethanol-water mixture

(ew) as solvent, at different pH (6 and 11). Spectra of gelatin-based films without

curcumin are superimposed: (=--) Gw6, Gw1l, Gew6 and Gewll. Spectra of gelatin

films with curcumin added: (——) GCwe6; (——) GCw1l; (---) GCew6 and (---)

GCewll.
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Figure 3. Response of gelatin-based films with curcumin added prepared from agueous
(GCw6 and GCw11) and hydroacoholic (GCew6 and GCew11) film-forming dispersions
at pH 6 and 11 after being in contact with liquid, gaseous and semisolid media of different

pH.



A) ABTS assay B) FRAP assay
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Figure 4. Antioxidant properties (measured by ABTS and FRas8ays) of gelatin-
based films (G) and those with curcumin added (Gi@ained with different solvents:
water (w) —A and B panels— and an ethanol-waterturex(ew) —B and D panels—, at

different pH (6 and 11).



Highlights

* Edible smart gelatin films added with curcumin were devel oped

* Filmsmodified their color after being in contact with media at different pH

e Curcumin provided films with antioxidant properties but no antimicrobial
activity

* Response of filmsto pH changes were improved using an ethanol-water mixture
as solvent

* The use of an ethanol-water mixture as solvent improved films antioxidant
properties



