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RESUMO GERAL

INTRODUCAO. A industria alimenticia utiliza usualmente corangatificiais para
manutencdo da cor original no produto processa@onme@zenado, pois a cor € um
atributo que influencia de forma decisiva a prafei@ do consumidor ao adquirir o
alimento. A opinido publica € muito sensivel ao mgp de aditivos artificiais,
demonstrando preferéncia pelos corantes naturasidal as suas caracteristicas
nutricionais e de saude. Porém, os corantes ngtuaigrande maioria, sdo sensiveis ao
pH, aguecimento, luz solar, oxigénio e pouco saflgm agua. Uma das possibilidades
de estabilizacdo destes corantes € a formacdo mlexos de inclusdo com as
ciclodextrinas (CDs). As CDs sdo maltooligossaear$dciclicos contendo seis, sete ou
oito unidades de glucose unidas por ligacdes glamsa-(1,4), chamadas-, B- e y-
CD, respectivamente. Sao obtidas a partir do ampéda acdo da enzima ciclodextrina
glicosil-transferase (CGTase).

OBJETIVOS. O objetivo deste trabalho foi complexar a curclanimm corante natural
utiizado em alimentos e preparagbes farmacéuticamy a p-CD por diferentes
meétodos para melhorar sua estabilidade a fatorégeatais desfavoraveis e facilitar
sua aplicacdo em alimentos. Varias técnicas forélimadas visando a caracterizacao
dos possiveis complexos formados.

MATERIAL E METODOS. Os complexos de inclusdo entre a curcuminapeC®
foram preparados por métodos de co-precipitagdifilizacao e evaporacao do solvente.
Todos foram caracterizados pelas técnicas de espeapia de infravermelho por
transformada de Fourier (FT-IR), espectroscopianfi@avermelho de espalhamento
Raman por transformada de Fourier (FT-Raman) ecasgeopia fotoacustica. A
técnica de difracdo de raios-X (DRX) foi utilizaplara caracterizar apenas o complexo
preparado por co-precipitacéo. A eficiéncia da dexagdo e solubilidade de todos os
complexos foram avaliadas. O complexo preparadocpeprecipitacéo foi utilizado
para os testes de estabilidade a luz, pH, armazesniane aguecimento. O ensaio de
aplicacdo em alimentos foi realizado em sorvetescréene e testes sensoriais e
colorimeétricos foram empregados na avaliacdo dodytos elaborados com o possivel
complexo e com o corante puro.

RESULTADOS E DISCUSSAO. As técnicas de caracterizacdo mostraram bons
indicios de formac&o de complexo de inclusédo cuitaifitCD, principalmente para o
complexo preparado por co-precipitacdo. Nas tésnida FT-IR e FT-Raman,
relevantes deslocamentos dos picos referentes ra&is aromaticos da curcumina
ocorreram, especialmente no lado endlico da maécabstrando que um ou ambos 0s
seus anéis foram incluidos na cavidade pd@D. Na técnica de espectroscopia
fotoacustica, a deconvolugdo gaussiana permitiersas 0 desaparecimento da banda
referente ao anel aromatico da curcumina com gsogreter e hidroxila nos espectros
de absorcéo 6tica de todos os complexos preparaddgnciando a inclusdo dos anéis
da curcumina na cavidade fa&CD. A técnica de DRX também mostrou resultados de
confirmacédo favoraveis para o possivel complex@amalo por co-precipitagdo. A
metodologia de co-precipitacdo proporcionou um aumede solubilidade de 31 vezes
para o complexo curcumifaCD em relagdo ao corante puro e, também, uma
eficiéncia da complexacao de 74%, que foi supe@sodemais metodologias avaliadas.
Portanto, para os demais ensaios de estabilidagBcacdo em alimentos, foi utilizado

0 complexo preparado por co-precipitacao.



As analises de estabilidade mostraram que a inzldaé&curcumina nf-CD
protegeu a molécula quando exposta a todos osefatambientais desfavoraveis.
Quando exposto a luz solar o complexo proporcionma melhora de 18% na
estabilidade do corante. Melhoras também ocorreram a exposicado a variacdes de
pH, bem como quando submetido ao armazenament® @ 41°C. Quando submetido
ao aguecimento isotérmico, especialmente a 1000e°C5 o corante complexado
mostrou retencéo da cor de aproximadamente 99%.

A aplicacdo do complexo curcumifiacD nos sorvetes de creme provocou
grande intensificacdo de cor nos produtos, poaniaobtidos valores superiores para 0s
parametros colorimétricos b* e croma, que sao eates a coloracdo amarela e sua
saturacdo. As formulagdes contendo corante puro @mplexo curcuming-CD
obtiveram oOtima aceitacdo sensorial, contudo nandtacdo contendo o complexo
curcuminaB-CD a quantidade de curcumina utilizada foi 83% onejue a formulagao
com corante puro.

CONCLUSOES. Os resultados de caracterizacdo obtidos por FFTRRaman e os de
eficiéncia da complexacao e solubilidade, indicacama a co-precipitacéo foi o melhor
método para complexacdo. O complexo preparadogprecipitacdo obteve resultados
de confirmacdo favoraveis também pelas técnicagspectroscopia fotoacustica e
DRX. Quando usado para analises de estabilidatiecesplexo provou que a inclusao
da curcumina n&-CD protegeu a molécula quando exposta a luz sedaiacdes de
pH, armazenamento e aquecimento. Quando aplicadmerates de creme o complexo
apontou maior facilidade de preparacédo do prodotoetacdo ao emprego do corante
puro, devido a sua melhor dispersdo na mistura. &uecacdo resultou numa
intensificagdo da cor amarela do produto. Uma Otggitacdo pelos provadores, tanto
do sorvete com complexo quanto aquele com coramte, foi constatada, contudo,
considerando que a quantidade de curcumina utdizaa formulagdo contendo o
complexo foi 83% menor que a formulacdo com corpate, a utilizagcdo do complexo
resulta numa possivel economia e consequente izatib da sua utlizagdo na
industria de alimentos.

Palavras chaves: curcumina, ciclodextrina, corante natural, incluséwlecular,
técnicas de confirmacao de inclusdo molecular,recipitacao.



GENERAL ABSTRACT

INTRODUCTION. The food industry often uses artificial colourants tainmain the
original colour of processed and stored producésabse colour is an attribute that
decisively influences the preference of the consuméuy any food. Public opinion is
very sensitive to the use of artificial additiveshowing preferences for natural
colourants, due to their health and nutritional rabeeristics. However, most natural
dyes are sensitive to pH, heating, sunlight, oxyayah are low water soluble. One of the
possibilities to stabilise these colourants is thelusion complex formation with
cyclodextrins (CDs). CDs are cyclic maltooligosaaities having six, seven or eight
glucose units linked by-(1,4)-glucosidic bonds, named, - andy-CD, respectively.
They are obtained from starch via the action of émeyme cyclodextrin glycosyl
transferase (CGTase).

AIMS. The aim of this work was to form inclusion complex& curcumin, a natural
colourant used in food and pharmaceutical preparati with B-CD using different
methodologies to enhance its stability against worizble environmental factors and to
facilitate its food application. Various techniquesre used aiming the characterisation
of the possible complexes formed.

MATERIAL AND METHODS. The inclusion complexes between curcumin 8nd
CD were prepared using the co-precipitation, fresigng and solvent evaporation
methods. All the complexes were characterised usiiegFourier transform infrared
spectroscopy (FT-IR), Fourier transform Raman ecdaty infrared spectroscopy (FT-
Raman) and photoacoustic spectroscopy techniquies. X-ray diffraction (XRD)
technique was used only to characterise the confplexed using the co-precipitation
method. The complexation efficiency and solubilifyall complexes were evaluated.
The complex prepared by co-precipitation was ueesssess stability against light, pH,
storage and isothermal heating. The food applinaissay was made in vanilla ice
creams and sensory and colourimetric tests werdoget in the evaluation of the
products using the possible complex formed angbtinte colourant.

RESULTS AND DISCUSSION. The characterisation techniques exhibited good
evidence of curcumifi-CD complex formation, mainly to the complex pregghusing
co-precipitation methodology. In the FT-IR and Farmkan techniques, relevant shifts
occurred in the peaks assigned to the aromatics rafgcurcumin, especially on the
enolic side of the molecule, indicating that oneboth rings of the molecule were
included in theg-CD cavity. In the photoacoustic spectroscopy tegqs the Gausssian
deconvolution enabled the evidenciation of the gpsarance of the band assigned to
the aromatic rings of curcumin with their ether amgbroxyl groups in the optical
absorption spectra of all complexes prepared, sigwhe inclusion of the curcumin
rings inp-CD cavity. XRD technique also indicated favoratdafirming results for the
possible complex prepared using co-precipitatione To-precipitation method also
produced an increase in solubility of 31-fold fbe tcurcuming-CD complex compared
with the pure colourant, and a complexation efficieof 74%, that was higher than the
other methodologies evaluated. Therefore, in theayss of stability and food
application, the complex prepared using co-preg&ijgih was used.

The stability assays exhibited that the inclusibouwcumin inf3-CD protected
the molecule against all unfavorable environmefgealors. When exposed to sunlight,
the complex provided an improvement of 18% in ttebiity of the colourant. Some



improvements also occurred with the expositionHovariations and after storage at -15
and 4 °C. When submitted to an isothermal heagsgecially at 100 and 150 °C, the
complexed colourant exhibited colour retention ghraximately 99%.

The application of the curcum{i-CD complex in vanilla ice creams produced
an intensification of the colour in the productgchuse there were obtained higher
values for the colourimetric parameters b* and ofapthat are referred to yellow
colour and saturation. The formulations contairtimg pure colourant and the curcumin-
B-CD complex obtained great sensory acceptance. tHawén the formulation that
contained the curcumi-CD complex, a colourant quantity of 83% less tkan pure
colourant quantity was used.

CONCLUSIONS. The characterisation results obtained using FT+#R BT-Raman,
and the results of complexation efficiency and sy indicated that co-precipitation
was the best method for complexation. The curcytr@P> complex using co-
precipitation had favorable confirming results alssing photoacoustic spectroscopy
and XRD techniques. When it was used in stabikigags, this complex showed that the
inclusion of curcumin irB-CD protected the molecule against sunlight, pHat@ans,
storage and isothermal heating. When applied inillgaice creams, the complex
exhibited facilities in the preparation of the puoticomparing with the pure colourant,
due to its better dispersion in the mixture. Itplagation led to an intensification of the
yellow colour of the product. A great sensory ataepe by the panelists, for both ice
creams prepared with the pure or the complexeduaurg was observed. However,
considering that the quantity of curcumin used he formulation containing the
complex was 83% lower than the formulation contairthe pure colourant, the use of
the complex results in potential savings and im@sequent viability of its use in food
industry.

Key words: curcumin, cyclodextrin, natural colourant, molecutzlusion, molecular
inclusion confirmation techniques, co-precipitation
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Curcumin-p-cyclodextrin inclusion complex: stability, solubiity and
characterisation by FT-IR, FT-Raman, X-ray diffraction and photoacoustic

spectroscopy

Camila Sampaio Mangolint, Cristiane Moriwaki 2, Ana Claudia Nogueir&,
Francielle Satd, Mauro Luciano Baessd, Antdonio Medina Neto® e Graciette
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'Postgraduate Program in Food Science, State Unityeo$ Maringa (UEM), Av. Colombo,
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Abstract

Curcumin, a natural colourant that is used in fand pharmaceutical preparations, was
complexed with3-CD using the co-precipitation, freeze-drying ant/ent evaporation
methodologies. Co-precipitation enabled complexnttion, as indicated by the FT-IR
and FT-Raman techniques via the shifts in the pdakswere assigned to the aromatic
rings of curcumin, by the photoacostic spectroscapit Gaussian deconvolution via
the disappearance of the band related to aromatis and by the XRD technique via
the modifications in the spectral lines. The pdssdmmplexation had an efficiency of
74% and increased the solubility of the pure caatr31-fold. Curcumirg-CD
complex exhibited a sunlight stability 18% highleart the pure colourant. This material

was stable to pH variations and to storage at Ath4a°C. With an isothermal heating at
* Corresponding author. Tel.: +55 44 3011-3868; febb 44 3011-4119

E-mail addressgmatioli@uem.br (G. Matioli)
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100 and 150 °C, the material exhibited a coloten&on of approximately 99%. The
application of curcumiB-CD complex in vanilla ice creams intensified tr@oar of
the products and produced a great sensorial acempiahen a colourant quantity of

83% less than the pure colourant quantity was used.

Highlights:

Curcuming-CD complex using co-precipitation enhanced itsulsiity 31-fold. »
Curcuming-CD complex exhibited higher sunlight, pH, storagel heating stability.
» The FT-IR, FT-Raman, photoacoustic spectroscoy XRD techniques produced
important evidence of curcumpCD complexation.» The use of the complex in

vanilla ice creams results in good sensorial aceea and potential savings.

Key words: Curcumin, cyclodextrin, natural colourant, molegul inclusion,

spectroscopic techniques, co-precipitation.
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1. Introduction

The use of natural dyes is important in the consuateeptance of foods.
Curcumin, a hydrophobic yellow-orange polyphendlivae from the rhizome of the
herb Curcuma longa is an important natural colourant that is usedfand and
pharmaceutical preparations (Wang, Lu, Lv & Bie,020 Anand, Kunnumakkara,
Newman & Aggarwal, 2007). In the food industry, @umin is added as a stabiliser in
jellies or is used as a natural colourant as atgutesfor artificial colourants in cheeses,
pickles, mustards, cereals, soups, ice creams agurtg (Paramera, Konteles &
Karathanos, 2011a). Curcumin is also a very interggharmacological compound
because of its innumerous pharmacological apptioatincluding anti-inflammation,
anti-human immunodeficiency virus, anti-microbiahti-oxidant, anti-parasitic, anti-
mutagenic and anti-cancer (Yallapu, Jaggi & Chauh2®l0; Singh, Tonnesen,
Vogensen, Loftsson & Masson, 2010; Mohan, SreelaksNuraleedharan & Joseph,
2012). It is considered safe for human use, evehigh doses (Singh et al., 2010;
Anand et al., 2007).

The applications of curcumin are limited due to las water solubility and
sensitivity to alkaline conditions, thermal treatielight, metallic ions, enzymes,
oxygen and ascorbic acid. Additionally, curcumin georly absorbed in the gut,
independent of the route of administration, whirhits its bioavailability (Paramera,
Konteles & Karathanos, 2011b). These factors ugusdktrict the application of
curcumin in the food industry and in pharmaceutidaimulations. Thus, an
improvement in the stability and solubility of cumin is necessary, and

microencapsulation is a technique that is commoused to overcome these
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disadvantages (Wang et al., 2009; Paramera eR@lLla;, Paramera et al., 2011b;
Lépez-Tobar, Blanch, Castillo & Sanchez-Cortes, 201

The encapsulation of curcumin has been describedhén literature using
different materials. Among others, gelatin (Wangakt 2009), cyclodextrins (CDs)
(Szente, Mikuni, Hashimoto & Szejtli, 1998; Tonnesélasson & Loftsson, 2002;
Mohan et al., 2012), cationic micelles (Leung, @Qgkelo & Kee, 2008), liposomes (Li,
Braiteh & Kurzrock, 2005), yeast cells (Parameralet 2011a), and modified starch
(Yu & Huang, 2010; Paramera et al., 2011b) are sofrtee most used encapsulating
agents. In this context, CDs offer advantages dkerother materials because they
possess a hydrophobic cavity in which a wide varadtlipophilic guest molecules can
be hosted. They are cyclic oligosaccharides hasing seven or eight glucose units
linked bya-(1,4)-glucosidic bonds, named, respectively,3- andy-CD. CDs are non-
toxic ingredients and, of the three CPsCD is the most widely used because its cavity
fits common guests with molecular weights betwe® 2nd 800 g/mol and also
because of its ready availability and reasonableep(Szente & Szejtli, 2004).
According to Marcolino, Zanin, Durrant, Benassi avdtioli (2011) and Tang, Ma,
Wang and Zhang (2002), curcumin forms inclusion glexes with-CD in a 2:1
(host:guest) molar ratio, in which a CD encapsslaire of the two phenyl rings of
curcumin.

The inclusion complexes that are formed betweena@® its guest need to be
characterised using analytical techniques. In m@agyers, Fourier transform infrared
spectroscopy (FT-IR) was used to study complex &ion between curcumin argd
CD (Tang et al., 2002) or hydroxypro@3d€D (Yallapu et al., 2010; Mohan et al.,
2012). Yallapu et al. (2010) and Mohan et al. (30d#ained vague details as evidence

of complexation. Tang et al. (2002) presented measie evidence for the formation of
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inclusion complexes. Fourier transform Raman sgateinfrared spectroscopy (FT-
Raman) is considered to be an excellent tool fedyshg inclusion complex formation.
Although Raman spectral studies of curcumin andcurcumin-CD complexes for
characterisation have been reported (Mohan e2@12; Lopez-Tobar et al., 2012), this
technique was not successfully used to characteaseeuminf-CD inclusion
complexes. The photoacoustic spectroscopy is aavative and low-cost technique
that can also be valuable for investigation of claxformation betwee-CD and
guest molecules (Dias, Berbicz, Pedrochi, Baessta&oli, 2010).

The aim of this work is to compare different methiad curcumin complexation
with B-CD and to evaluate the formation of the complex@ag the FT-IR, FT-Raman,
X-ray diffraction and photoacoustic spectroscopghteques. The solubility and
stability against light, pH, storage and thermaitment of the formed complexes were
evaluated. Additionally, the food application oétbomplexes in vanilla ice cream was

investigated.
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2. Materials and methods

2.1. Materials
Curcumin ang3-CD were purchased from Sigma Chemical CompanyL(&tis,

MO, USA). All solvents were of analytical grade.

2.2. Methods for complex preparation
The inclusion complexes of curcumin gD were prepared in the molar ratio

of 1:2 using the co-precipitation, freeze-dryingl aolvent evaporation techniques.

2.2.1. Co-precipitation

The Marcolino et al. (2011) method was used witfeva modifications. An
aqueous solution of-CD with a concentration of 0.06 mol/L was stirrad60 °C.
Curcumin, 1.9 g, was dissolved in ethanol at 60at@d added to the solution. The
mixture was refluxed with vigorous agitation at @0 for 4 h and was rota-evaporated
to remove ethanol. The solution was cooled to 25 Stéred for 8 h and stored
overnight at 4 °C. Afterwards, it was filtered, athé obtained crystalline product was

dried around 50-55 °C and stocked for further mesxagnts.

2.2.2. Freeze-drying

The Mohan et al. (2012) method was used with a deaptationsp-CD was
dissolved in 30 mL of water in a 250 mL stopperedical flask and stirred until a clear
solution was obtained. To this solution, 210 mgcofcumin were added, which had
been previously diluted in ethanol. Another solatwas prepared in a similar manner

without the use of ethanol. The reaction mixture&seastirred in an incubator shaker at
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180 rpm for 7 days at 37 °C. Afterwards, the migguwere filtered through a 0.45 pm
filter, and the clear solutions were freeze-driedbtain solid complexes, which were

stocked for characterisation.

2.2.3. Solvent evaporation

The Yallapu et al. (2010) method was usgdD was dissolved in 8 mL of
water in a glass vial with a magnetic bar. Whiles tholution was stirred, 16.9 mg of
curcumin dissolved in 500 pL of acetone were addHue solution was stirred
overnight and centrifuged at 134 g for 5 min. The supernatant, which contained the

complex, was recovered by freeze-drying and wasketbfor characterisation.

2.3. Curcumin quantification

To determine the curcumin content in the pure aaninusamples, 10 mg of the
sample were diluted in 25 mL of ethanol and théerkd, and the absorbance of the
solution was determined at 430 nm using a UV-Viscgmphotometer (model Genesys
20, Thermo Spectronic, USA).

To determine the curcumin content in the complet@sng of the curcumig-
CD complex were dissolved in 10 mL of ethanol,efitd and the absorbance was
determined at 430 nm. For each measurement, theinmsvas established by using
blank ethanol as a reference. The complexatiortieficy (CE) was determined in
accordance with Paramera et al. (2011a) and Waal €009). CE (%) is defined as
the ratio between the amount of complexed curcuamd its total amount added
initially:

CE(%):%MOO
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Ce refers to the mass of complexed curcumin arddCthe total mass of curcumin

added initially.

2.4. Inclusion complex characterisation

The FT-IR spectra of curcumifi-CD, simple mixture and complexes were
obtained using an infrared Fourier transform specéter (model Vertex 70v, Bruker,
Germany). The spectral range was 400-4000'enith 128 scans and a resolution of 2
cm . The samples were diluted in KBr powder and pelieere made to perform the
measurements.

The Raman spectra of curcumivCD, simple mixture and complexes were
obtained using an infrared Fourier transform specater (model Vertex 70v with Ram
I module, Bruker, Germany) equipped with a liguatrogen cooled Germanium
detector. A Nd:YAG laser was used to an excitanbi064 nm with 5 up to 200 mV.
All of the spectra were an average of 1000 scatts avit cm* resolution.

The photoacoustic measurements of curcunfy€D, simple mixture and
complexes were performed using a custom-built enpartal setup, the same as the one
used by Dias et al. (2010). All of the spectra wasained at a modulation frequency of
21 Hz, recorded between 200 and 800 nm and nomdalsth respect to the carbon
black signal. The spectra were analysed by Gausggeonvolution.

The X-ray diffractograms of curcumif;CD, simple mixture and curcumfi+
CD complex from co-precipitation were obtained gsaX-ray diffractometer (model
LabX XRD-6000, Shimadzu, Japan), and the sampl@s imgestigated in thefrange

of 2-60°.
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2.5. Solubility assay
Samples of 4.5 mg of pure curcumin and of 32 mghef curcumin3-CD
complexes with the molar ratio of 1:2 were placed® mL test tubes. In the tubes, 8
mL of deionised water were added and stirred foril The contents of the tubes were

centrifuged, and an aliquot was taken for specwtgrhetric analysis at 430 nm.

2.6. Stability studies

2.6.1. Natural light stability

The photochemical stability of the curcunfir=D complex and pure curcumin
was assessed using the procedure described in &aranal. (2011b) with a minor
modification. For one month, 160 mg of pure curaumnd 1.14 g of the curcumjfh-
CD complex with the molar ratio of 1:2 were exposegunlight in enclosed glass Petri
dishes. After exposure for 5, 10, 15, 20, 25 and&8@, samples were collected, and the
percentage of curcumin retention was measured @sspgectrophotometer, as described

in subsection 2.3.

2.6.2. pH stability

Pure and complexed curcumin, 7 and 2.4 ppm of catdurespectively, were
diluted in a water:ethanol solution with a 70:3@vjwroportion. The solutions, 4 mL,
were adjusted to pH values in the range of 1-9gusurffer solutions and the absorbance

was determined at 430 nm.
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2.6.3. Storage stability
Pure and complexed curcumin were placed in amlaessdiottles and stored for
90 days at -15, 4 and 25 °C. An aliquot of each@arwas collected every 15 days and
the curcumin content was determined by spectrophetioc analysis at 430 nm as

described in subsection 2.3.

2.6.4. Thermal stability

The thermal stability of pure and complexed curcumvas assessed in
accordance with the Paramera et al. (2011b) methitd a minor modification.
Isothermal heating was conducted under oxidativeditions. During the process, 10
mg of the samples were heated at 100, 150 and QJ0r°30, 60 and 120 min. After
thermal treatment, the samples were diluted in 20 ahethanol and the curcumin

content was measured as described in subsection 2.3

2.7. Food application

Curcumin is commonly used in dairy products. Thasthis work, vanilla ice
cream was chosen to test the use of the curc@rdb- inclusion complex. Two
formulations were prepared that contained 2.23 dy @30 g of the curcumif-CD
complex with the molar ratio of 1:2, and one foratidn was prepared that contained
0.25 g of the pure colourant.

Ice cream was prepared by adding 60.0 g of milkZ&0.0 g of sugar, 30.0 g of
a powder mixture, which contained maltodextrin anéanilla flavouring, and the pure
or complexed colourant into 400 mL of warm ultrgthitemperature (UHT) whole
milk. For the complete solubilisation of the forratibn that contained the pure

colourant, vigorous stirring with a mixer was negd€he formulations were placed in
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the ice cream machine (model MSP-4, Eletro Real, Brazil) and 600 mL of UHT
whole milk were added. After 10 min of homogenizati10.0 g of an emulsifier and
10.0 g of a stabiliser were added. The preparatv@re ready after 20 min of additional

homogenisation and were stored at -15 °C for furdmalysis.

2.7.1. Sensory evaluation

A sensory evaluation of the three formulations @iilta ice cream was
conducted on the laboratory scale, in individuabthe under white light and with 80
untrained panelists. A hedonic scale of 9 pointsh(W as “dislike extremely” and 9 as
“like extremely”) was used to evaluate the acceaptglof the colour, texture, taste and
flavour of the products, while a scale of 3 poiMsth 1 as “certainly would not buy”
and 3 as “certainly would buy”) was used for a bgyanalysis. The samples were
placed in plastic glasses that were coded with @t dandom numbers and were

presented randomly to the panellists (Stone & Sk&04).

2.7.2. Colour determination

The samples were analysed for variations in colouraccordance with
Marcolino et al. (2011). The measurements were nuadeg a colorimeter (model CR-
400, Konica Minolta Sensing Inc., Japan) with anm8n aperture and diffuse
illumination (D65 illuminant, 0° viewing angle). Reéings were reported in the CIE Lab
system (1931).

The lightness and the red-green and yellow-bluepmorants (L*, a*, and b*)
were determined with three repetitions. The L* axepresents the darkness and
lightness coordinate, with values ranging from &r{gct black) to 100 (perfect white).

The a* axis symbolises chromaticity coordinateswinch green signifies negative and
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red positive coordinates. The b* axis also symleslishromaticity coordinates, in which
yellow signifies positive and blue negative cordésa (Tung, Goldstein, Jang &
Hittelman, 2002). Colour was directly measuredhia surface of the ice creams and in
the inner surface, when slice of about 1 cm wasre.

Chroma measures colour saturation or intensityJeathie hue angle is used to
discriminate among subtle visual colour differen¢@srkins-Veazie, Collins, Pair &
Roberts, 2001). The chroma and hue were calculaitd the following equations

(Arias, Lee, Logendra & Janes, 2000):

Chroma=+a*? +b*?

Hue=180+tan™(b* /&), for results in the second quadrant [-a*; +b*].

2.8. Statistical analysis
Data were evaluated by variance analysis (ANOVAY means were compared
with Tukey test (p < 0.05) using the software Stata 8.0/2008 (Stat Soft, Inc., Tulsa,

USA).
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3. Results and discussion

3.1. Inclusion complex characterisation by the RT-IFT-Raman, photoacoustic
spectroscopy and X-ray diffraction techniques

The prepared complexes were characterised by FTHR;Raman and
photoacoustic spectroscopy. Only the complex thas wrepared using the co-

precipitation method was evaluated by the X-rafralition technique.

3.1.1. FT-IR
The FT-IR peak assignments of the curcumin specatapresented in Table 1.
The curcumin, simple mixture of curcumin afeCD, curcuming-CD complex from
co-precipitation an@-CD spectra are shown in Fig. 1A.
Table 1
Figure 1
In the curcumin spectrum, there were no bandsemtbst significant carbonyl
region (1800-1650 ct, indicating that curcumin exists in the keto-etalitomeric
form. The spectrum of the simple mixture exhibipegks that correspond to both of the
components that were present. In the spectrumeotalhcuming-CD complex from co-
precipitation, good evidence of complex formatioaswobtained. The peak at 856tm
shifted towards 846 cm while the same peak for the simple mixture did clrange.
The peak at 1153 chshifted to 1157 ci, which is the frequency that corresponds to
C-O vibrations, i.e., the vibrations of functiorgabups present in thg&CD cavity. In
this region, a shoulder was exhibited at 1144*cmwhich may be an indication of
complexation. This shift also occurred for the dnmixture but without the shoulder

at 1144 crt. The peak at 1281 chsplit into three overlapping peaks between 1265
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and 1295 cil, indicating that some interaction occurred betw@&D and the ring on
the enolic side of the curcumin molecule. This pearkained the same in the simple
mixture spectrum, and tigeCD molecule exhibited no peaks in this region.

The spectra region with the most significant vaoia is shown in Fig. 1B. The
peak at 1510 cih which is due to the C=0 stretching and CCC and@®ending,
undergoes a shift to 1514 &nfor the curcumin3-CD complex from co-precipitation,
which is good evidence of complex formation. Thenegphenomenon occurs for the
peak at 1602 cth which corresponds to the C=C stretching of theeretic rings, and
could be observed in the simple mixture spectrunthé spectrum of the curcumpa-
CD complex from co-precipitation, the peak at 1802* showed a shoulder at 1587
cm™. Therefore, the FT-IR technique enabled good exidefor complex formation
betweenp-CD and curcumin using the co-precipitation methiodoe obtained. The
interactions appeared to occur due to the entrgnef or both of the aromatic rings of
curcumin into the CD cavity. The results of thisdst corroborate the ones obtained by
Tang et al. (2002), who also complexed curcumim@CD using the co-precipitation
method and found relevant shifts in complex spectrie., at 1602 and 1281 &m
(which are assigned to aromatic ring vibrations).

The complexes that were prepared by freeze-drymigsalvent evaporation did
not exhibit significant spectral differences duddw colourant content and to the high
absorption of thgg-CD molecule (data not shown). Mohan et al. (20d#)cluded that
FT-IR failed to explain the inclusion complex fortied of curcumin with CD
derivatives. Their complexes were prepared usirggftheze-drying method and the
curcumin content in the complexes was very lownthee major peaks of curcumin
were overlapped by the CD peaks. Yallapu et all@Q2@nalysed the curcumprCD

complex that was prepared using the solvent evéiparanethod by FT-IR technique
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and observed that, in the inclusion complex spettril of the peaks belonging to CD
appeared, and only a few of the curcumin peaks wisiele. Due to complexation, all
of the CD related peaks were shifted to higheowelr frequencies, thus confirming the
presence of curcumin in the complex. However, thiegults were not enough to

confirm the occurrence of complexation.

3.1.2. FT-Raman

In the FT-IR technique, many bands of fR€D spectrum can mask important
bands of complex formation. However, according tohlsih et al. (2012), the Raman
spectra of CDs have regions that can be used toitonovariations in curcumin
vibrations because these regions are free of b&uise examples are the regions of the
stretching vibration of double bonds and of arom&iH bonds. Thus, this technique
facilitates the evaluation of inclusion complexrf@tion in collaboration with FT-IR
analysis. The Raman peak assignments of the cuncwmaracteristic spectra are
presented in Table 1.

The Raman spectra of curcumin, simple mixture, wmio3-CD complex from
co-precipitation an@-CD are shown in Fig. 1C. The curcumin spectrumstaged by
other authors and as observed in the FT-IR ressutggests that curcumin exists in the
keto-enol tautomeric form (Kolev et al., 2005; Lagkobar et al., 2012).

The simple mixture spectrum was expected to bauhe of the curcumin an
CD spectra. However, because the Raman intensitig€D are weak, the spectrum of
the simple mixture appeared to be the same asticarin, also observed by Mohan et
al. (2012). In the spectra of the curcurBi&D complex from co-precipitation,
important changes were observed in several regiodgating molecular interactions

between curcumin angCD in the complex and corroborating the FT-IR Hssulhe



27
colourant peak at 1627 ¢hshifted towards 1637 chin the spectrum of the curcumin-
B-CD complex from co-precipitation, while, in theesrum of the simple mixture, this
peak remained at 1627 &miThe intensity of the 1600 chpeak (which is attributed to
aromatic C=C stretching) was significantly reduc&tle intensities of the peaks of
curcumin, simple misture and curcunfifEeD complex from co-precipitation at 1600
cm® (l1g00 and 1627 or 1637 cM(l1e27 OF hesy) were compared. When the rati@.¥
l1600Was calculated for curcumin and simple mixture, vhkie was found to be 0,58
and 0,60, respectively. However, for the curcuH@D complex ratio ts37 11600 the
value was 1,16 . The cavity most likely restricted aromatic vibrations in the spectra,
leading to a decrease in peak intensity. Also, allsshoulder was present at 1590tm
in the curcumin3-CD complex from co-precipitation spectrum suggestihat one or
both of the aromatic rings went inside the CD gavit

Furthermore, other differences were observed irspieetrum of the curcumip-

CD complex from co-precipitation compared with tuecumin spectrum. The bands at
1430, 1250 and 1151 ¢hwere considerably shifted to 1416, 1258 and 116Z,c
respectively, indicating interactions betwde@D and curcumin in the CCC, C-OH, C-
H groups of the aromatic rings, in the ether groilas are linked to these rings and in
the enolic group in the inter-ring chain. The band 317 crit had a slight shift, but this
shift was within the resolution (4 ¢tjy showing that there were no interactions in the
central region of the molecule, i.e., in the C-Cgrbups of the inter-ring chain,
specifically C° and G*. The Raman and FT-IR results indicated that onleotin ends
of the curcumin molecule goes into the CD cavity #mat the enolic and/or carbonylic
part of curcumin undergoes H-bonding with the hygtayroups of CD. These results

are very close to those described by Mohan et2@llq), which performed curcumin
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complexation with CD derivatives and obtained cdesble shifts in the same bands as
in this work.

Lépez-Tobar et al. (2012) were the first to use Rauspectroscopy for the study
of the encapsulation of curcumin wihkCD. However, the curcumin spectrum was not
affected by the presence [BCD, suggesting that the colourant was poorly eswalkzped
by B-CD. These authors stated that a possible reagsahddack of complex formation
was the large size of the curcumin extremity, tlee, approximate width of the terminal
aromatic part of curcumin is 7.2 A, while the inawity of-CD is in the range of 6.0-
6.5 A. However, Tang et al. (2002) stated that wmio has 19 A length and 6 A width,
which enables the possibility of curcumin ringsegimg thep-CD cavity. The authors
also affirmed that it is reasonable to consider glem formation with two molecules of
B-CD because, according to the molecule dimensianguenin appears large to be
entirely included in ong-CD cage.

The curcumind-CD complexes from freeze-drying and from solvent
evaporation also exhibited some changes in the Ragpectrum, similar to the
curcuming-CD complex from co-precipitation but without thanse shift intensities
(Fig. 1D). Moreover, both of the curcum@a€D complexes from freeze-drying
exhibited two wide regions of the spectrum in whiah analysis could be conducted
because the peaks were exactly the same as thase ifo thep-CD spectrum (1100-

1160 cmt* and 1225-1500 cif).

3.1.3. Photoacoustic spectroscopy
The absorption spectra of curcumin and of the smpkture that were obtained
from photoacoustic spectroscopy appeared to be bguaad different intensities (Fig.

2A) due to the colourant “dilution” bg-CD. B-CD exhibited no signals in all of the
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analysed UV-visible region, which could facilitétee characterisation of the inclusion
complexes. The spectrum of the curcui@D complex from co-precipitation was
very similar to the spectrum of curcumin until 48@, at which the complex absorption
started to decrease. The spectra of the curcp@d complexes from freeze-drying
were similar to the spectrum of the complex fronlveot evaporation with a lower
absorption until 300 nm and with an increase thattesd at this frequency. All of the
samples exhibited no signals at 800 nm. The spetttiae curcumir3-CD complexes
were not similar to the spectrum of the simple om&f however, the spectra themselves
were different, which complicates the understandifithe possible variations that are
related to the molecular inclusion phenomena. Sthetegy used to identify variations
in the spectra that could be related do moleculelusion was to separate the optical
absorption bands, using Gaussian deconvolutiorur&i@B, 2C and 2D shows the
bands obtained by Gaussian deconvolution of thacalp@absorption spectra of
curcumin, simple mixture of curcumin affeCD and curcumirg-CD complex from co-
precipitation, respectively.

The separation of curcumin spectrum exhibited sirds, with their centers in
221, 272, 347, 428, 503 and 605 nm. The band anh428& characteristic of curcumin
extremities, because it is assigned to the aromgigs with their hydroxyl and ether
groups. The separation of simple mixture spectraveghe same six bands. However,
the separation of the spectrum of curcufii€D complex from co-precipitation
showed some centers of the six bands shifted. kdlyethe band at 428 nm did not
appear, indicating again the molecular inclusiorthef curcumin rings if§--CD cavity.
The separation of the bands of the spectra of curci-CD complexes from freeze-
drying and solvent evaporation exhibited the samodilp of curcuminf-CD complex

from co-precipitation spectrum.
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Figure 2

3.1.4. X-ray diffraction

The curcuminB-CD complex from co-precipitation was evaluatechgsihe X-
ray diffraction technique (Fig. 3B). The diffractagns of curcumin anf-CD exhibited
a series of thin and intense lines, which are sttiie of crystallinity.

The diffractogram of the simple mixture was the sairthe spectral lines of
both of the components that were present, as exgheetowever, the diffractogram of
the curcuminB-CD complex from co-precipitation exhibited theappearance of some
of the curcumin spectral lines at 7.899, 14.544,185% 15.842 and 18.20929).
Additionally, the appearance of new lines was ole#rincluding weak lines at 5.833,
6.583 and 6.91°420) and an intense line at 14.0820), indicating the presence of new
solid crystalline phases that correspond to anusich complex of the same nature.
Thus, the X-ray diffraction technique corroboratkd results that were obtained from
FT-IR, FT-Raman and photoacoustic spectroscopyntgabs for the curcumif-CD
complex that was prepared from co-precipitation.

Figure 3

3.2. Complexation efficiency and solubility of tbercuminfi-CD complexes

The complexation efficiency of the different metbtmbyies that were used for
complex preparation was determined. The curcytr@D complex from co-
precipitation had an efficiency value that was eadesbly higher than those of the
other complexes, showing that 74% of the colougasmintity that was initially added to

the process remained in the obtained complex. €tersl best methodology, solvent
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evaporation, had a complexation efficiency of 14%d ahe other methods had
complexation efficiency values of less than 3%.

Paramera et al. (2011b) worked with the microendagisn of curcumin using
three encapsulants: yeast cefisCD and modified starch. In tf2CD complexes, the
authors used different complexation methodologissch as freeze-drying, co-
precipitation, co-evaporation and kneading, ancioled low efficiency values, between
5.7 and 22.8%. The best result was for the freeyegl methodology, followed by co-
precipitation (17.1%). For their other encapsulatiits authors obtained good efficiency
results, up to 60.4% for modified starch and up8®% for yeast cells.

Wang et al. (2009) achieved great microencapsulaiticiency for curcumin
microcapsules with gelatin using the spray-dryingcpss, with values ranging between
73.2 and 98.4%.

According to Tonnesen et al. (2002), the solubibfy curcumin in water is
practically zero in acid and neutral pH. Curcungnsoluble in alkali but, under these
conditions, rapidly undergoes hydrolytic degradatiahich limits its application. The
complexation of curcumin with CDs can solve thessbjems.

The curcuming-CD complexes from co-precipitation and freeze-ugywith
curcumin diluted in ethanol exhibited the highestreases in colourant water solubility
compared with the pure colourant, 31- and 28-foddpectively. The curcumip-CD
complexes from solvent evaporation and freeze-dryiithout the use of ethanol
exhibited increases in colourant solubility of 18nd 18-fold, respectively. The
curcuming-CD complex from co-precipitation had the highesiant of colourant due
to its higher efficiency and was expected to haweuah higher solubility than the other
complexes. However, the solubility was low, indiegtthat part of the dye was in the

free form; nevertheless, this solubility was thegheist obtained, indicating the
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advantages of using this complex. The co-precipitaprocess is the simplest and
fastest and has the lowest cost of all of the msethodologies, enabling its use in food
industry.

Other authors also obtained good improvement icwum solubility via the
complexation of the molecule with CDs. Tonneseal e€2002) achieved an increase in
curcumin solubility on the order of 4fbr pH 5 after the addition of CD derivatives to
the solution. Singh et al. (2010), who was alsokivmy with CD derivatives, obtained
solubility values of 0.1 mg/mL using HRCD and of 0.73 mg/mL using HRECD for
pH = 6. Yallapu et al. (2010) reported that theepourcumin solubility in phosphate
buffered saline was approximately 20 ug/mL and ead an increase in solubility as
the B-CD quantity was increased. Wang et al. (2009)inbthcurcumin microcapsules
in gelatin by spray-drying 100% water soluble (0.34%).

Based on the obtained results from all of the cemptharacterisations,
complexation efficiencies and solubility assayg turcuminf-CD complex from co-
precipitation was selected for subsequent stalaliy food application tests. Marcolino
et al. (2011) also obtained the best results fercibrprecipitation technique, compared

with kneading and simple mixing methods.

3.3. Stability studies

Curcumin, when exposed to UV/visible radiation, emgpgbes degradation both in
the liquid and solid states. The main degradatimdyct is a cyclisation product of
curcumin that is formed by the loss of two hydrogémms from the molecule. Vanillin,
vanillic acid, ferulic aldehyde, ferulic acid andvifiylguaiacol are also formed

(Tonnesen, Karlsen & Henegouwen, 1986). Curcummpatexation with CDs has been
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used by many authors to protect the molecule agphwtodegradation (Paramera et al.,
2011b; Wang et al., 2009, Tonnesen et al., 2002).

After 30 days of sunlight exposure, the curcufi€@D complex exhibited
colourant retention, i.e., a photostability 18%H&gthan that of the pure colourant; the
curcumin retention for the colourant was 72 + 1% &r the complex was 84 + 3%
(Fig. 4A). This improvement in stability is due nmly to physical barrier protection
but also to complexation effects because, whemalsimixture sample was submitted
to the same treatment, it exhibited a curcuminnteta of 73.4 + 0.2% (data not
shown).

Figure 4

Paramera et al. (2011b) studied the photochemitatbilisy of curcumin
encapsulated in yeast cells,ffCD (using the freeze-drying method) and in modifie
starch. The authors noticed that, after a 30-dalight exposure, the best result was for
the yeast microcapsules, which had a colouranhtiete of 87.2 + 0.3%. The retention
of non-encapsulated curcumin was 62.8 + 0.2%. Thieoas also concluded that tfe
CD complexes did not protect curcumin from photaddgtion and enhanced its
instability. In this work, unlike in Paramera et @011b), the result obtained for the co-
precipitation technique (Fig. 4A) was as positigetlae one obtained for the yeast cell
microcapsules.

According to Tonnesen et al. (2002), the inclusitomplex formation causes an
increase in guest photodegradation in some casesaiithors reported that curcumin
complexation with CDs led to a photodegradatiortha colourant in solution, most
likely due to intermolecular hydrogen bond formatioetween curcumin and the CD
molecules. This result corroborates the one obtaibg Paramera et al. (2011b).

However, this result was the opposite of that otgdiin this work.
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Wang et al. (2009), who was working on curcuminnoeaicapsulation in gelatin
via spray-drying, conducted light stability tesfstloeir microcapsules in solution. The
authors showed that, after a 30-day light expodhee absorbance of the solution with
the microcapsules decreased less than 1.5%, wialatisorbance of the solution with
the pure colourant decreased almost 18%.

Fig. 4B shows the stability results of pure and ptaxed curcumin for the pH
range of 1-9. The curcumi{prCD complex exhibited better stability than the gur
colourant for the pH range of 1-7, approximately-tald. However, for the 8 and 9 pH
values, degradation occurred for both the complea thhe pure colourant and both
solutions visually changed their colour from yelldw red. According to Tomren,
Masson, Loftsson and Tonnesen (2007), Tonnesen @082) and Tang et al. (2002),
curcumin is unstable in an alkali medium becauseasitexposed to hydrolytic
degradations. Under these conditions, the yellourf curcumin turns red (Wang et
al., 2009). Tang et al. (2002) also observed tha,strong alkali medium, the presence
of B-CD has little effect on the absorbance of curcurhiowever, in an acid medium,
the colourant absorbance is increased. Wang et (2009) stated that the
microencapsulation of curcumin in gelatin by spdaying had better acid stability than
the colourant in its pure form.

The storage stability of the pure colourant andhef curcuminB-CD complex
was assessed for 90 days at three different tetupesa-15, 4 and 25 °C (Fig. 5A1, B1
and C1). The colour retention values after 90 deyd5 °C were 87 + 2% for the pure
colourant and 95 + 2% for the complex and at 4 &Zev86 + 1% for the pure colourant
and 89 * 2% for the complex. Thus, the retentidneswith the use gi-CD were 9%
better at -15 °C (which is a suitable temperatorettie storage of the dye according to

the manufacturer) and 4% better at 4 °C. The olsemmprovements are attributed to
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colourant complexation because the same assayamasicied for the simple mixture,
and the retention results at -15 and 4 °C were 8%tand 82 + 1%, respectively (data
not shown). No improvement or variation between ghee and complexed colourant
was obtained for the storage of the samples aC2%-iy. 5C1).

Figure 5

Marcolino et al. (2011) performed simultaneous agerand light stability tests
on pure curcumin and curcumin complexed V8D using co-precipitation by storing
the samples in the dark and under natural lightwél@r, the complex formation
between curcumin ang-CD did not improve the colourant stability agaifight and
storage; the colour loss of the complex after 5@ d# storage was very similar to the
colour loss of the pure colourant (an approxim@t&4lecay in colour intensity) under
both light conditions.

Paramera et al. (2011b) achieved storage stalpdaguylts that were similar to
those of the present study. However, the authmesasd the relative humidity effect
and kept the storage temperature at 25 °C. Accgritirthe authors, the encapsulation
of curcumin inB-CD enhanced the curcumin storage stability, esfigcat lower
relative humidity, but to a significantly low degre

The thermal stability of pure curcumin and of theotiminfi-CD complex was
assessed after a 2 h isothermal heating at 100ai&@00 °C. At 100 and 150 °C, the
pure colourant degradation was very low with a goletention of 97.4 + 0.8% at 100
°C and of 96 = 1% at 150 °C. The curcurh@&D complex exhibited a subtle
improvement in its stability; the obtained retentimlues were 99.3 £ 0.9% and 99.0
0.6% at 100 and at 150 °C, respectively (Fig. 5Ad B2). At 200 °C (Fig. 5C2), the
colour loss of the pure colourant was severe, haddtention reached the value of 28 +

2%. This result is because the melting point otearin is between 170 and 180 °C; the
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melting point of curcumin is 172 °C according tolldpu et al. (2010) and 176 °C
according to Marcolino et al. (2011). Under the saronditions, the curcumip-CD
complex exhibited a colourant retention of 32.9.3%, showing it to also be unstable
at this temperature, even with its content 20% éxighan that of the pure colourant.

Paramera et al. (2011b) obtained results that iemgar to those of this study.
At 100 °C and after 120 min of heating, curcuminswstable, and all of the
encapsulation forms exhibited a similar stabilAjter 2 h of isothermal heating at 150
°C, there was a slight decrease in the stabilitthefcolourant wittg-CD with a colour
retention of 99.0 + 0.6%. At 200 °C, their microsafes had colour losses between 26.7
and 40.0%, while pure curcumin lost 42.1% of itkoao.

Wang et al. (2009) assessed the heat stability we pcurcumin and of
microcapsules before and after the spray-dryinggs® in solution. The authors found
that the colour rapidly initiates its degradatidr7@ °C. With an isothermal heating of
the pure and microencapsulated colourant at 10060 min, the absorbance of pure
curcumin decreased 25.9%, while the absorbandeeoficrocapsules before and after

spray-drying decreased 5.9 and 2.8%, respectively.

3.4. Food application

Pure curcumin and the curcunfireD complex from co-precipitation were used
in the preparation of vanilla ice creams. Visuatseand colourimetric measurements
were performed to determine the quantity of purewant that was needed to obtain
the commercial vanilla ice cream colour. The neeglgahtity of the pure colourant in 1
L of UHT whole milk was 250 ppm (formulation A).d#m this determination, a second

formulation was made that contained the complexhw260 ppm of colourant
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(formulation B) and another formulation was madat tbontained the quantity of
complex that was equivalent to the colour of samiplee., 300 ppm (formulation C).

Formulations A, B and C had the same values fol_thgarameter. The results
of the a* axis revealed that the formulations hatfeent chromaticity in the axis,
which goes from green (-) to red (+). The greef@shulation was B, followed by C
and A. The results of the b* axis and chroma shotkeadl formulations A and C were
equally yellow in colour and intensity and thatnmadation B had the most intense
yellow colour (Table 2). The colourant quantity ttheas used in formulation B was
higher than formulation C and was the same asithfarmulation A. This result shows
that curcumin complexation witR-CD intensifies the colour of the product; the b*
parameter and chroma underwent increases of 67%664td respectively. Therefore,
there is a significant economy in the preparatiérihe product with the complexed
colourant because, although the quantity of theptemthat was used to produce the
same colour is 20% higher than the quantity ofghee colourant (formulations A and
C), the pure curcumin cost is 150% higher than @D cost, and formulation C
contained 83% less curcumin than formulation A.

The hue angle had significantly different values dt of the formulations, but
these values were quite close (Table 2). The thameples were located in the second
quadrant (between 90 and 2BWvith their values closer to yellow (90than to green
(180°). Marcolino et al. (2011) used curcumin and theceminf-CD complex from
co-precipitation in minas fresh cheese and yogline authors used 5 ppm of pure
colourant and an equal quantity of the complexttier yogurt and used 20 ppm for the
cheese. The obtained hue angle values were clasebdth products but were

significantly different. For chroma, the values wefery different for both products,
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showing a significant intensification in the colanfrthe product with the curcumii-
CD complex.

The results obtained from the sensory evaluatioth@fice creams showed that
the use of the pure or complexed colourant causedifferences in the texture, taste
and flavour attributes of formulations A, B and Talle 3). In the opinions of the
panelists, all of these attributes were well aceg@ind received average scores between
6.03 and 7.71 on a scale of 9 points. For the eattubute, formulations A and C were
equally accepted by the panelists (Table 3) andctiieurimeter (chroma parameter)
showed that they had the same yellow colour intgr(3iable 2). These formulations
showed better acceptance than formulation B, whiak considered by some panelists
to be too dark to be characteristic of vanillacoeam.

Colour is the first criterion that is used in theceptance or rejection of a
product. Thus, in the food industry, colour is amportant attribute. If the colour is
attractive, the product will be eaten or, at lets$ted. These affirmatives corroborate
the buying intention results that are presentedahle 3. Formulations A and C had
superior acceptances than formulation B, indicatirag colour really is an attribute that
influences the purchase of a food. Additionally¥&8f the panelists answered that they
certainly would buy formulation A, while 66% woutertainly buy formulation C (data
not shown), although both formulations had the saacleurimetric analysis colour and

the same sensorial acceptance.
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4. Conclusions

The FT-IR, FT-Raman, photoacoustic spectroscopy>dRD results produced
important evidence of curcump+CD inclusion complex formation. In addition with
the complexation efficiency and solubility resulthese results indicated that co-
precipitation was the best methodology used inwagk for complexation. The colour
stability of the curcumiB-CD complex against sunlight, pH, storage and eottal
heating was higher than that of the pure colourdhe use of the curcumi{p-CD
complex in vanilla ice creams intensified the coJdwad good sensorial acceptance by
the panelists and promoted better dispersion irptBpared product compared with the

pure colourant.
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Figure 1. FT-IR spectra of (i) curcumin, (ii) simple mixtu@ curcumin with -
cyclodextrin in the molar ratio of 1:2, (iii) cuncun-B-cyclodextrin complex from co-
precipitation and (ivB-cyclodextrin (A); zoom in the 1400-1700 ¢megion of Figure
1A of (i) curcumin and (iii) curcumifi-cyclodextrin complex from co-precipitation
spectra (B); FT-Raman spectra of (i) curcumin,gijiple mixture of curcumin witf-
cyclodextrin in the molar ratio of 1:2, (iii) cuncun-B-cyclodextrin complex from co-
precipitation and (iv)B-cyclodextrin (C); FT-Raman spectra of (i) the aumin$-
cyclodextrin complex from freeze-drying with curcundiluted in ethanol, (ii) the
curcuming-cyclodextrin complex from freeze-drying withoutetluse of ethanol, (iii)
the curcuminB-cyclodextrin complex from solvent evaporation g B-cyclodextrin
(D). The dashed lines show the curcumin peakssiif&tred shifts or modifications.
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Figure 2. Optical absorption spectra of)( curcumin, ¢) the simple mixture of
curcumin with B-cyclodextrin in the molar ratio of 1:2,A() B-cyclodextrin, @) the
curcuming-cyclodextrin complex from solvent evaporation, (#)e curcuming-
cyclodextrin complex from freeze-drying with curcendiluted in ethanol, ¥) the
curcuming-cyclodextrin complex from freeze-drying withouetbse of ethanol and(
the curcuminB-cyclodextrin complex from co-precipitation (A); Gssian
deconvolution of: curcuma optical absorption spedB); the simple mixture of
curcumin withp-cyclodextrin in the molar ratio of 1:2 optical alpgtion spectra (C);
the curcuming-cyclodextrin complex from solvent evaporation ogli absorption
spectra (D).
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Table 1. The infrared and Raman peak assignments of curcaotording to Kolev et
al. (2005) and Mohan et al. (2012).

Curcumin Curcumin Peak assignment
(cm™) (cm™)
IR Raman
856 v(CH) of aromatic and skeletal CCH
1153 1151 O(CCH) of aromatic rings and(C-OH) of the enolic
group coupled té(C=CH) in the inter-ring chain
1250 d(CH) of the aromatic rings, combinedw(-O) of the
ether groups linked to these rings
1281 d(CH) of C=CH,v(CCH) of the aromatic ring in the
enolic side of the molecule
1317 8(CCH) of the inter-ring chain (€and C%
1430 d(CCC),d(CCH) ands(C-OH) of aromatic rings
1510 v(C=0),5(CCC) an®d(CC=0)
1602 1600 v(C=C) of aromatic rings
1627 1627 v(C=C) andv(C=0) of the inter-ring chain

Vibrational modess = in plane bending; = out of plane bending; = stretching.
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Table 2. The colourimetric attributes of vanilla ice creaermulations with 0.25 g of
pure curcumin (A), 2.23 g of the curcunflireyclodextrin complex (B) and 0.30 g of

the curcuminB-cyclodextrin complex (C). The values given indecatean + standard
error.

Formulation L* ax b* Chroma Hue (°)
A 90.5+0.5 -6.7+0.17 305+0.7 31.3+0.7 102.3+0.7
B 900+ T -9.4+0.2 51+6 52+ 6 101 + P
C 91.1+0.1 -8.7+04 31+7 32+7 105.6 £ 0.2

2bMeans within the same column with different lettars significantly different (p< 0.05).
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Table 3.Sensory attributes and buying intention of the Namte creams. Formulations
with 0.25 g of pure curcumin (A), 2.23 g of the @uminf-cyclodextrin complex (B)
and 0.30 g of the curcumisrcyclodextrin complex (C).

Formulation Colour Texture Taste Flavor Buying
intention

A 7.7G¢ 7.57 7.77 7.47 2.53

B 6.03 7.46 7.26 7.04 2.12

C 7.45 7.49 7.59 7.37 2.56

”Means within the same column with different lettare significantly different (p< 0.05).



53

% FOOD CHEMISTRY

TABLE OF CONTENTS . —
FCOD

CHEMISTRY

Description p-1
Audience p-2
Impact Factor p.-2
Abstracting and Indexing p-2
Editorial Board p.2
Guide for Authors p-4

ISSN: 0308-8146

DESCRIPTION

Food Chemistry publishes original research papers dealing with the chemistry and biochemistry of
foods and raw materials covering the entire food chain from " farm to fork.'

Topics include:

- Chemistry relating to major and minor components of food, their nutritional, physiological,
sensory, flavour and microbiological aspects;

- Bioactive constituents of foods, including antioxidants, phytochemicals, and botanicals. Data
must accompany sufficient discussion to demonstrate their relevance to food and/or food chemistry;

- Chemical and biochemical composition and structure changes in molecules induced by processing,
distribution and domestic conditions;

- Effects of processing on the composition, quality and safety of foods, other bio-based materials,
by-products, and processing wastes;

-Chemistry of food additives, contaminants, and other agro-chemicals, together with their
metabolism, toxicology and food fate.

Analytical Section

Analytical papers related to the microbiological, sensory, nutritional, physiological, authenticity and
origin aspects of food. Papers should be primarily concerned with new or novel methods (especially
instrumental or rapid) provided adequate validation is described including sufficient data from
real samples to demonstrate robustness. Papers dealing with significant improvements to existing
methods, or data from application of existing methods to new foods, or commodities produced in
unreported geographical areas, will also be considered.

- Methods for the determination of both major and minor components of food especially nutrients
and non-nutrient bioactive compounds (with putative health benefits) will be considered.

- Results of method inter-comparison studies and development of food reference materials for use
in the assay of food components;




54

- Methods concerned with the chemical forms in food, nutrient bioavailability and nutritional status;

- General authentication and origin [e.g. Country of Origin Labelling (COOL), Protected Designation
of Origin (PDO), Protected Geographical Indication (PGI), Certificate of Specific Character (CSC)]
determination of foods (both geographical and production including commodity substitution, and
verification of organic, biological and ecological labelling) providing sufficient data from authentic

samples should be included to ensure that interpretations are meaningful.

AUDIENCE

Food technologists, scientists and chemists

IMPACT FACTOR

2011: 3.655 © Thomson Reuters Journal Citation Reports 2012

ABSTRACTING AND INDEXING

BIOSIS

CAB Abstracts

Chemical Abstracts

Chemical Engineering Biotechnology Abstracts
Current Contents

EMBASE

EMBiology

Food Science and Technology Abstracts
Global Health

Nutrition Abstracts

Publications in Food Microbiology
SCISEARCH

Science Citation Index

Scopus

Sociedad Iberoamericana de Informacion Cientifica (SIIC) Data Bases

EDITORIAL BOARD

Managing Editor

G.G. Birch, Food and Nutritional Sciences, University of Reading, PO Box 217 Whiteknights, Reading, RG6 6AH,

UK, Email: j.barnes@reading.ac.uk

Editor: Analytical, Nutritional and Clinical Methods Section

P. Finglas, Inst. of Food Research, Nutrition Health & Con, Norwich Laboratory, Colney Lane, Colney, Norwich,

NR4 7UA, UK

Editors

S. Elmore, University of Reading, Reading, England, UK

F. Shahidi, Memorial University of Newfoundland, St John's, Canada
J. Van Camp, Universiteit Gent, Gent, Belgium

R. Wrolstad, Oregon State University, Corvallis, OR, USA

D. Charalampopoulos, University of Reading, Reading, UK

Associate Editor
S.B. Astley, EuroFIR AISBL, Brussels, Belgium

Editorial Board Members

C. Alasalvar, Tubitak Marmara Research Center, Gebze/Kocaeli, Turkey
A. Andrews, University of Wales, Penylan, Cardiff, UK

J.H. Banoub, Fisheries and Oceans Canada, St. John's, NL, Canada

Y. Bao, University of East Anglia, Norwich, UK

R.G. Berger, Leibniz Universitat Hannover, Hannover, Germany




55

T. Beta, University of Manitoba, Winnipeg, MB, Canada

Y.F. Chu, Kraft Foods, Glenview, IL, USA

P. Dey, Royal Holloway, University of London, Egham, UK

A. Halmos, RMIT, Melbourne, Australia

A. Ismail, University Putra Malaysia, Upm Serdang, Malaysia

M. Jenner, Bideford, UK

M. Jung, Woosuk University, Jeonbuk, South Korea

S. Kelly, University of East Anglia, Norwich, England, UK

J.F. Kennedy, Chembiotech Laboratories, Worcester, UK

P. Kilmartin, University of Auckland, Auckland Mail Centre, Auckland, New Zealand
J. Lakkis, Pfizer Global Research and Development, Morris Plains, NJ, USA
C.K. Lee, Gelugor, Penange, Malaysia

. Lisinska, Wageningen Universiteit, Wroclaw, Poland

. Mathlouthi, Université de Reims Champagne-Ardenne, Reims Cedex, France
. Ou, Brunswick Laboratories, Massachusetts, MA, USA

. Pegg, University of Georgia, Athens, GA, USA

. Piironen, University of Helsinki, Helsinki, Finland

. Polesello, National Research Council of Italy (CNR), Brugherio, Italy

. Porretta, Stazione Sperimentale per L'Industria delle Conserve Alimentari, Parma, Italy
. Puwastien, Mahidol University, Nakhon Pathom, Thailand

. Risvik, Matforsk, As, Norway

. Saad, Universiti Sains Malaysia, Nibong Tebal, Penang, Malaysia

. Schonfeldt, University of Pretoria, Pretoria, South Africa

Jaspreet Singh, Massey University, Palmerston North, New Zealand

K. Thurlow, LGC Limited, Teddington, UK

F. Toldra, Inst. de Tecnologia del Alimentos, Valencia, Spain

R. Tsao, Agriculture and Agri-Food Canada (AAFC), Guelph, ON, Canada
A. Tudos, Shell Global Solutions, Amsterdam, Netherlands

F. Ulberth, European Commission, Geel, Belgium

C.M. Witthoft,

V. Yaylayan, McGill University, Ste Anne de Bellevue, QC, Canada

L. Yu, University of Maryland, College Park, MD, USA

R. Zeleny, European Commission, Geel, Belgium

J. Zhengyu, Southern Yangtze University, Wuxi, Jiangsu Province, China

IOMUOULUUCKIWIO




56

GUIDE FOR AUTHORS
INTRODUCTION

Original research papers; review articles; rapid communications; short communications; viewpoints;
letters to the Editor; book reviews.

1.Research papers - original full-length research papers which have not been published previously,
except in a preliminary form, and should not exceed 7,500 words (including allowance for no more
than 6 tables and illustrations).

2.Review articles - will be accepted in areas of topical interest, will normally focus on literature
published over the previous five years, and should not exceed 10,000 words (including allowance for
no more than 6 tables and illustrations).

3.Rapid communications - an original research paper reporting a major scientific result or finding with
significant implications for the research community, designated by the Editor.

4.Short communications - Short communications of up to 3000 words, describing work that may be
of a preliminary nature but which merits immediate publication.

5.Viewpoints - Authors may submit viewpoints of about 1200 words on any subject covered by the
Aims and Scope.

6.Letters to the Editor - Letters are published from time to time on matters of topical interest.
7.Book reviews

This journal has no page charges.

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/ethicalguidelines.

The work described in your article must have been carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving
humans http://www.wma.net/en/30publications/10policies/b3/index.html ; EU Directive 2010/63/EU
for animal experiments http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm.

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. See
also http://www.elsevier.com/conflictsofinterest.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be checked by the originality
detection service CrossCheck http://www.elsevier.com/editors/plagdetect.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who




57

must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for
more information on this and copyright see http://www.elsevier.com/copyright). Acceptance of the
agreement will ensure the widest possible dissemination of information. An e-mail will be sent to
the corresponding author confirming receipt of the manuscript together with a 'Journal Publishing
Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations
(please consult http://www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please consult
http://www.elsevier.com/permissions.

As an author you (or your employer or institution) retain certain rights; for details you are referred
to: http://www.elsevier.com/authorsrights.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated. Please see http://www.elsevier.com/funding.

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

This journal does not ordinarily have publication charges; however, authors can now opt
to make their articles available to all (including non-subscribers) via the ScienceDirect
platform, for which a fee of $3000 applies (for further information on open access see
http://www.elsevier.com/about/open-access/open-access-options). Please note that you can only
make this choice after receiving notification that your article has been accepted for publication,
to avoid any perception of conflict of interest. The fee excludes taxes and other potential
costs such as color charges. In some cases, institutions and funding bodies have entered into
agreement with Elsevier to meet these fees on behalf of their authors. Details of these agreements
are available at http://www.elsevier.com/fundingbodies. Authors of accepted articles, who wish
to take advantage of this option, should complete and submit the order form (available at
http://www.elsevier.com/locate/openaccessform.pdf). Whatever access option you choose, you retain
many rights as an author, including the right to post a revised personal version of your article on your
own website. More information can be found here: http://www.elsevier.com/authorsrights.

Please write your text in good English (American or British usage is accepted, but not
a mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing service available from
Elsevier's WebShop http://webshop.elsevier.com/languageediting/ or visit our customer support site
http://support.elsevier.com for more information.




58

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts source files to a single PDF file of the
article, which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor's decision
and requests for revision, takes place by e-mail removing the need for a paper trail.

Authors must provide and use an email address unique to themselves and not shared with another
author registered in EES, or a department.

Authors are required to submit, with the manuscript, the names, addresses and e-mail addresses of 3
potential referees. Note that the editor retains the sole right to decide whether or not the suggested
reviewers are used.

A peer review system involving two or three reviewers is used to ensure high quality of manuscripts
accepted for publication. The Managing Editor and Editors have the right to decline formal review of
a manuscript when it is deemed that the manuscript is

1) on a topic outside the scope of the Journal;

2) lacking technical merit;

3) focused on foods or processes that are of narrow regional scope and significance;

4) fragmentary and providing marginally incremental results; or

5) is poorly written.

PREPARATION

Use of wordprocessing software

General: Manuscripts must be typewritten, double-spaced with wide margins on one side of white
paper. Each page must be numbered, and lines must be consecutively numbered from the start to
the end of the manuscript. Good quality printouts with a font size of 12 or 10 pt are required. The
corresponding author should be identified (include a Fax number and E-mail address). Full postal
addresses must be given for all co-authors. Authors should consult a recent issue of the journal for
style if possible. An electronic copy of the paper should accompany the final version. The Editors
reserve the right to adjust style to certain standards of uniformity. Authors should retain a copy of their
manuscript since we cannot accept responsibility for damage or loss of papers. Original manuscripts
are discarded one month after publication unless the Publisher is asked to return original material
after use.

Article structure

Follow this order when typing manuscripts: Title, Authors, Affiliations, Abstract, Keywords, Main text,
Acknowledgements, Appendix, References, Vitae, Figure Captions and then Tables. Do not import the
Figures or Tables into your text. The corresponding author should be identified with an asterisk and
footnote. All other footnotes (except for table footnotes) should be identified with superscript Arabic
numbers. The title of the paper should unambiguously reflect its contents. Where the title exceeds
70 characters a suggestion for an abbreviated running title should be given.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.
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e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

The abstract should not exceed 150 words.

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85
characters, including spaces, per bullet point). See http://www.elsevier.com/highlights for examples.

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Temperatures should be given in degrees Celsius. The unit 'billion' is ambiguous and should not be
used.

Elsevier encourages authors to connect articles with external databases, giving their readers one-
click access to relevant databases that help to build a better understanding of the described research.
Please refer to relevant database identifiers using the following format in your article: Database: xxxx
(e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking
for more information and a full list of supported databases.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

¢ Size the illustrations close to the desired dimensions of the printed version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
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TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Please insert the following text before the standard text - Photographs, charts and diagrams are all
to be referred to as "Figure(s)" and should be numbered consecutively in the order to which they
are referred. They should accompany the manuscript, but should not be included within the text. All
illustrations should be clearly marked with the figure number and the author's name. All figures are
to have a caption. Captions should be supplied on a separate sheet.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files) and with
the correct resolution. If, together with your accepted article, you submit usable color figures then
Elsevier will ensure, at no additional charge, that these figures will appear in color on the Web (e.g.,
ScienceDirect and other sites) regardless of whether or not these illustrations are reproduced in color
in the printed version. For color reproduction in print, you will receive information regarding
the costs from Elsevier after receipt of your accepted article. Please indicate your preference
for color: in print or on the Web only. For further information on the preparation of electronic artwork,
please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
described elsewhere in the article.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Example: CTAHR (College of Tropical Agriculture and Human Resources, University
of  Hawaii). Tea (Camellia sinensis) a New Crop for Hawaii, 2007. URL
http://www.ctahr.hawaii.edu/oc/freepubs/pdf/tea_04_07.pdf . Accessed 14.02.11.

All publications cited in the text should be presented in a list of references following the text of the
manuscript. No more than 30 references should be cited in your manuscript. In the text refer to
the author's name (without initials) and year of publication (e.g. "Steventon, Donald and Gladden
(1994) studied the effects..." or "...similar to values reported by others (Anderson, Douglas, Morrison
& Weiping, 1990)..."). For 2-6 authors all authors are to be listed at first citation. At subsequent
citations use first author et al.. When there are more than 6 authors, first author et al. should be
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used throughout the text. The list of references should be arranged alphabetically by authors' names
and should be as full as possible, listing all authors, the full title of articles and journals, publisher
and year. The manuscript should be carefully checked to ensure that the spelling of authors' names
and dates are exactly the same in the text as in the reference list.

Reference style

Text: Citations in the text should follow the referencing style used by the American
Psychological Association. You are referred to the Publication Manual of the American Psychological
Association, Sixth Edition, ISBN 978-1-4338-0561-5, copies of which may be ordered from
http://books.apa.org/books.cfm?id=4200067 or APA Order Dept., P.O.B. 2710, Hyattsville, MD
20784, USA or APA, 3 Henrietta Street, London, WC3E 8LU, UK.

List: references should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a scientific article.
Journal of Scientific Communications, 163, 51-59.

Reference to a book:

Strunk, W., Jr., & White, E. B. (2000). The elements of style. (4th ed.). New York: Longman, (Chapter
4).

Reference to a chapter in an edited book:

Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your article. In B. S.
Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). New York: E-Publishing
Inc.

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

e E-mail address

e Full postal address

¢ Phone numbers

All necessary files have been uploaded, and contain:

e Keywords

¢ All figure captions

¢ All tables (including title, description, footnotes)

Further considerations

e Manuscript has been 'spell-checked' and 'grammar-checked'

e References are in the correct format for this journal

¢ All references mentioned in the Reference list are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the Web)
e Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print
e If only color on the Web is required, black-and-white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.
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Additional information

Abbreviations for units should follow the suggestions of the British Standards publication BS 1991.
The full stop should not be included in abbreviations, e.g. m (not m.), ppm (not p.p.m.), % and '/’
should be used in preference to 'per cent' and 'per'. Where abbreviations are likely to cause ambiguity
or may not be readily understood by an international readership, units should be put in full.

Current recognised (IUPAC) chemical nomenclature should be used, although commonly accepted
trivial names may be used where there is no risk of ambiguity.

The use of proprietary names should be avoided. Papers essentially of an advertising nature will not
be accepted.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the e-mail so that authors can download the files themselves. Elsevier now provides authors with
PDF proofs which can be annotated; for this you will need to download Adobe Reader version 7 (or
higher) available free from http://get.adobe.com/reader. Instructions on how to annotate PDF files
will accompany the proofs (also given online). The exact system requirements are given at the Adobe
site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any other
comments (including replies to the Query Form) on a printout of your proof and return by fax, or scan
the pages and e-mail, or by post. Please use this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the Editor. We will
do everything possible to get your article published quickly and accurately - please let us have all your
corrections within 48 hours. It is important to ensure that all corrections are sent back to us in one
communication: please check carefully before replying, as inclusion of any subsequent corrections
cannot be guaranteed. Proofreading is solely your responsibility. Note that Elsevier may proceed with
the publication of your article if no response is received.

The corresponding author, at no cost, will be provided with a PDF file of the article via e-
mail (the PDF file is a watermarked version of the published article and includes a cover sheet
with the journal cover image and a disclaimer outlining the terms and conditions of use). For
an extra charge, paper offprints can be ordered via the offprint order form which is sent once
the article is accepted for publication. Both corresponding and co-authors may order offprints
at any time via Elsevier's WebShop (http://webshop.elsevier.com/myarticleservices/offprints).
Authors requiring printed copies of multiple articles may use Elsevier WebShop's
'Create  Your Own Book' service to collate multiple articles within a single cover
(http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklets).

AUTHOR INQUIRIES

For inquiries relating to the submission of articles (including electronic submission) please visit
this journal's homepage. For detailed instructions on the preparation of electronic artwork,
please visit http://www.elsevier.com/artworkinstructions. Contact details for questions arising after
acceptance of an article, especially those relating to proofs, will be provided by the publisher.
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You can track accepted articles at http://www.elsevier.com/trackarticle. You
can also check our Author FAQs at http://www.elsevier.com/authorFAQ and/or
contact Customer Support via http://support.elsevier.com.
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