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RESUMO GERAL

e

A secagem por atomizacdo € um importante métodiaadp pela
industria de alimentos na producdo de aromas nmceapsulados, melhorando
suas propriedades de manuseio, disperséo, libethggicomponentes ativos e
auxiliando no desenvolvimento de novos produtos. dvaliado o efeito da
substituicdo parcial de goma arabica por maltodexte inulina, utilizados
como materiais de parede, nas caracteristicas dsa&mme do 6leo essencial de
gengibre microencapsulado através de secagemquizat;do. Além disso, foi
também realizado o estudo da substituicdo parcadkalado proteico de soro
por maltodextrina e inulina. A mistura de goma &rébe maltodextrina, e
isolado proteico de soro e maltodextrina, matedaigarede que apresentaram
boas propriedades fisicas e quimicas, entre elaléa aetencao de volateis, sdo
alternativas de encapsulantes para o 6leo essaheiglengibre. Apesar da
adicdo de inulina ter reduzido a retencao de @sdratamentos mostraram que
este encapsulante é interessante substituto pgoana arabica em alimentos.
Este fato contribui para aumentar as possibilidatiesiovas formulacdes de
encapsulantes e coloca a inulina, uma fibra convidaties funcionais
comprovadas, como uma alternativa de encapsulangeaducdo de alimentos.
O uso combinado de goma do cajueiro e inulina paddém ser considerado
uma alternativa no processo de encapsulacdo des d@seenciais e no
desenvolvimento de novos produtos com a utilizag@diopolimeros naturais
ndo convencionais. O 6leo essencial microencapsuladmatriz de goma do
cajueiro e inulina na propor¢cdo de 3:1, m/m, aprese as melhores
caracteristicas fisicas e quimicas, principalmente relacdo a eficiéncia de
encapsulagdo. Através do processo de otimizac@oatidz isolado proteico de
soro e inulina (1:1 m/m), considerando as variam®thabilidade, eficiéncia de
encapsulacgéo e dispersibilidade, os resultadosaratin que a concentragédo de
material de parede de 22 % e a temperatura dedanti@ar de 170 °C s&o as
melhores condicfes para o processo de secagem t@uizacdo de O6leo
essencial de gengibre.

Palavras-chave: Inulina. Goma do cajueiro. Gomahieaa Isolado proteico de
soro. Encapsulacéo.



GENERAL ABSTRACT

Spray drying is an important method used by tha fimdustry in the
production of microencapsulated aromas, improvitsy handling properties,
dispersion, release of active components and aidirtige development of new
products. We evaluated the effect of the partig#lsttution of gum Arabic for
maltodextrin and inulin, used as wall materialsgrathe emulsion properties and
microencapsulated ginger essential oil by mearsp@y drying. In addition, we
studied the partial substitution of the whey protisolate for maltodextrin and
inulin. The mixture of gum Arabic and maltodextramd whey protein isolate
and maltodextrin, wall materials that presenteddgpbysical and chemical
properties, among which high volatile retention,e aalternatives for
encapsulating ginger essential oil. Despite thetiaddof inulin having reduced
oil retention, the treatments showed that this pswlkating agent is an
interesting substitute for gum Arabic in food. Thantributes for increasing the
possibilities of new encapsulating formulations got@ces inulin, a fiber with
proven functional activities, as an alternative &mcapsulating agent in food
production. The combined use of cashew gum andhirmain also be considered
an alternative in the process of encapsulating néisseoils and in the
development of new products using non-conventioa#iral biopolymers. The
essential oil microencapsulated in the matrix ef¢hshew gum and inulin in the
proportion of 3:1, m/m, presented the best phys&wad chemical properties,
especially concerning encapsulation efficiency. Bgans of optimizing the
whey protein isolate and inulin matrix, and consiatg the variables wettability,
encapsulation efficiency and dispersity, the rasulbdicated that the
concentration of wall material of 22 % and the tirde temperature of 170 °C
are the best conditions for the spray drying precéginger essential oil.

Keywords: Inulin. Cashew gum. Gum Arabic. Whey piot isolate.
Encapsulation.
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PRIMEIRA PARTE

1 INTRODUCAO

Na industria de alimentos, a aplicacdo de técrieawmicroencapsulacao
para diversos compostos funcionais estd sob crescémeresse. A
microencapsulag¢do é um processo no qual substéiomtivas sdo cobertas ou
incorporadas a um material de parede. O encapsutdgquado € escolhido
com base no processo de encapsulacdo utilizado,dépmaterial de nucleo,
custo, estabilidade durante a estocagem e fundiadal na aplicacdo final.
Dentre os varios métodos utilizados para a encap®o] destaca-se a secagem
por atomizacao ospray drying.

O oleo essencial de gengibre vem sendo bastanidaest devido as
suas atividades antimicrobiana e antioxidante, alfanser um potencial
ingrediente na inddstria de alimentos contribuipdoa diferenciar o produto
alimenticio. A estabilidade dos componentes dossoissenciais € de grande
interesse, pois sua relacdo com a qualidade eag@ei& grande. A escolha do
tipo de polimero e as condi¢cdes de alimentacdordoepso e secagem sao
variaveis de interesse com importancia nas progdiesl fisicas e quimicas do
composto microencapsulado. Estes atributos justifi®o desenvolvimento de
diversos produtos utilizando o 6leo essencial dgipee.

Nesse contexto, objetivou-se com este trabalhdaavalinfluéncia de
diferentes matrizes poliméricas nas caracteristices emulsdo e nas
propriedades de 6leo essencial de gengibre micapsntado por secagem por
atomizacéo, utilizando-se goma arabica, isoladtejom de soro, maltodextrina
e inulina como agentes encapsulantes. A goma deioaj um biopolimero
emergente na area de microencapsulacdo, tambéaplfoada como material
encapsulante para avaliar as caracteristicas daspaiticulas de 6leo essencial

de gengibre. Nesse sistema, também foram avaldiffasntes matrizes com a
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aplicacdo da inulina. Além disso, os efeitos daceatracdo de material de
parede, e temperatura do ar de entrada em vapadiasedades foram avaliados
por meio de um delineamento experimental fatoahgleto. Apds o processo
de otimizacdo, a influéncia da concentracdo ddanaut isolado proteico de
soro, utilizados como materiais de parede, e dpdemtura do ar de entrada nas
caracteristicas de 6leo essencial de gengibre aericapsulado, também foram

avaliadas.
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2 REFERENCIAL TEORICO

Este material foi extraido integralmente do  Cdgitu
"Microencapsulation of Essential Oils Using Sprayibg Technology" do
Livro "Microencapsulation and Microspheres for Fagblications", publicado
pela editora Elsevier. A licenca para utilizacastdeconteddo na tese de
doutorado foi autorizada em 29/11/2015 pela ElseBaoks (License number:
3766451278999). A revisdo de literatura a seguielmborada durante o periodo
de realizacdo e desenvolvimento da tese, sendo esilame publicada

posteriormente como capitulo de livro.

2.1 Introduction

Synthetic flavorings, essential oils, and natuialresins are the main
aromatic components used by the food industry. Rbcehe aroma market has
focused on using aromatic substances originatign fmatural sources to
substitute for synthetic aromas. Essential oilsusmed as flavorings and aromas
in foods, cosmetics, and personal hygiene prodoetause of their chemical
and functional properties. Moreover, the antimicabband anti-oxidant
properties of these essential oils are increasibgigg studied. Essential oils are
liquid products obtained from plants, generally ragans of hydrodistillation.
These oils contain many components, including s#&on metabolites from
plants, and are mainly composed of mono- and sespane hydrocarbons and
their oxygenated derivatives, among others. Théilgta of essential oil
components is of great interest, since it is rela® quality and consumer
acceptance of products. Essential oils are high$ceptible to changes caused
by external factors such as light, oxygen, and tatpre, in addition to being
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prone to evaporating. To reduce these effectspitheess of microencapsulation
has become an alternative. Microencapsulation tecanique in which the
material of interest is encapsulated in a polymenatrix, with spray drying
being the most commonly used technique. The chafigelymer type, matrix
stability, and feed and drying conditions are Jslga of interest, with
importance for the properties and characteristiah® final product. Studies on
the drying processes and the search for new fotinotand polymer types are

trends in this sector.

2.2 Essential Oils

Essential oils have been widely used worldwided dheir use is
increasing because of high demand for pure andalangredients in diverse
market segments. Essential oils of plant origin@m@amonly used as flavoring
agents in food and drink, perfume, pharmaceuticalg, cosmetic products. In
addition to these applications, they present aotivhial properties that may
make them efficient alternatives to the use oflaatiics (which are responsible
for the increase in resistant bacteria) and chdmachlitives (which are
potentially carcinogenic).

Considerable quantities of essential oils are pred worldwide to
supply these industries. The prices of these pitedeary and are related to the
supply of raw materials, harvest-related issuegnatic factors, and the
extraction yield. Around 3000 essential oils haeerb produced, 300 of which
are commercially important. Many factors affect tteemical composition of
essential oils, including genetic variation, pléydge or variety, plant nutrition,
fertilizer application, plant geographic locatiotljmate, seasonal variations,
stress during growth or maturation, as well as-pastest drying and storage.

Moreover, the type of plant material used and tkteaetion method determine
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the yield and composition of an essential oil, tlnffuencing its functional
properties. For example, an essential oil extraétech different parts of the
plant, such as flowers (rose and jasmine), leavesefhary and eucalyptus),
stems (clove), roots (ginger), fruits (anise), dadk/peel (cinnamon and orange)
show different biological and pharmaceutical prtiper (RAUT;
KARUPPAYIL, 2014). Essential oils are normally eadted by distillation, cold
pressing, or maceration, and their biological otinaicrobial activities are
directly correlated with the presence of bioactietatile components (CALO et
al., 2015; MAHMOUD; CROTEAU, 2002).

Because of the various processes and parametetgad, essential oils
are complex matrices, consisting of hundreds of pmmds with varied
structures and functional groups. This chemicakdiity may also result from
chemical modifications that occur during the eximt process, for example,
thermal activation of chemical reactions and thgindr of the fresh raw
materials (DO et al., 2015). Chemically, essentids are composed of
compounds of terpene, alcohols, acids, esters,idgmxaldehydes, ketones, and
amines (BAKKALI et al., 2008; CALO et al., 2015).

The diversity of chemical functions found in eg#droils provides for a
variety of properties and consequently diverseiegfbns. On the other hand,
these compounds may also have undesirable prapestieh as allergenicity or
toxicity, resulting in safety concerns. For thisasen, standards and
specifications have been established by nationtiocsities and international
organizations to limit and control the use of etiaénils (DO et al., 2015).

Due to their hydrophobic nature and density, ofiamer than water,
essential oils are generally lipophilic, soluble anganic solvents, and not
miscible with water. Extraction methods may be sifeexd into two categories:
conventional/classic methods (hydrodistillatiorirgimg by steam, extraction by

organic solvents, and cold pressing) and advanuswl/ative methods
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(extraction with supercritical fluids, and microveagssisted). The search for
new technologies in recent decades has led tortergence of newer, more
efficient extraction processes, with reduced exiwac time and energy

consumption, increased extraction yield, and beftedity essential oils

(ASBAHANI et al., 2015).

Essential oils are normally liquid at room tempar@a and contain
volatile and unstable compounds. As such, if urgmted from external factors,
they may easily be degraded by oxidation, volailon, heat, and light.
Because essential oils are not soluble in aque@abamit is often necessary to
perform some type of transformation before use (TEM et al., 2007
SZENTE; SZEJTLI, 2004; UEKAMA; HIRAYAMA; IRIE, 1988 The
components from essential oils may be protected hpplying
microencapsulation technologies, thus extendingir thgerformance and
controlling their release by external means. Thesethods are usually
economically viable, fast, and efficient.

Essential oils, especially those rich in monotegse are generally used
as flavoring ingredients (GHARSALLAOUI et al., 200Many investigations
have studied various process variables involvingrogincapsulation by spray
drying of essential oils, such as oregano (BOTRELlale 2012), rosemary
(FERNANDES et al.,, 2013a,b), mint (SARKAR et al013), and lemon
(JANISZEWSKA,; JEDLINSKA; WITROWA-RAJCHERT, 2015).Heir use in
flavoring, however, is limited by the quantity cdw material allowed to be
added to the product. The aromas of essentiahtilg be transmitted in excess
to food, which negatively influences consumer ataege. Moreover, the
stability of the flavor components in foods hasaadted attention because of its
relationship to the quality and acceptability of fiood products containing them
(JUN-XIA; HAI-YAN; JIAN, 2011).
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All the potential attributes of essential oils ahé increasing demand
for natural additives in the food industry have tedinterest in their use as
potential antimicrobial agents in applications sastfood preservatives (BURT,
2004), and to inhibit the pathogens responsiblefdod-borne illness, such as
Listeria monocytogenes, Salmonella typhimurium, Clostridium perfringens,
Pseudomonas putida, and Staphylococcus aureus (ASBAHANI et al., 2015).
Numerous studies have demonstrated the efficiehtiyese components at low
doses against pathogenic bacteria found in the ifushastry (OUSSALAH et al.,
2006, 2007).

Several studies have suggested that the antinitrattion of essential
oils may be attributed to their capacity to penetthrough bacterial membranes
into the cell, inhibiting functional activities. &phenolic nature of essential oils
also causes an antimicrobial response against getio food-borne bacteria.
Action mechanisms may be related to the abilitypb&nolic compounds to
change the permeability of the microbial cell, dgmathe cytoplasmic
membrane, and interfere in the cellular energy gdimn system (BAJPAI;
BAEK; KANG, 2012; BURT, 2004; CALO et al., 2015; $HER; PHILLIPS,
2009; FRIEDLY et al., 2009; GUINOISEAU et al., 2010l et al., 2011;
SMITH-PALMER; STEWART,; FYFE, 1998). Some examplesf o
microencapsulated essential oils and their apphicatin foods with
antimicrobial activity are clove oil in tofu (CUIZHAO; LIN, 2015) and
rosemary in fresh dough (TEODORO et al., 2014).

Essential oils also have anti-oxidant propertis,reported by many
studies. Teixeira et al. (2013) reported that d#slenils from celery seeds,
citronella, clove, oregano, salsa, tarragon, agthéhwere capable of inhibiting
50 % of the 2,2-diphenylpicrylhydrazil (DPPH) raaicelimination activity.
Moreover, the anti-oxidant activity of clove an&gano essential oils is similar
to that found for the synthetic anti-oxidant butgthhydroxytoluene (BHT). The



19

strong activity of clove essential oil may be calibg the presence of eugenol,
the principal constituent of the oil, while for gemo essential oil the activity is
caused in part by the presence of carvacrol. Bothponents are known to have
high anti-oxidant activity. The use of essentidk @s anti-oxidants has been
evaluated in different types of food, and resedscleurrently being done to
optimize the process. Essential oils from differpatts of plants have shown
different anti-oxidant properties, with those frdeaves generally presenting
greater activity (LOPEZ-MEJIA; LOPEZ-MALO; PALOU,044; NIKOLIC et
al., 2014; OLMEDO; ASENSIO; GROSSO, 2015).

2.3 Spray Drying Process

Various techniques may be used to produce miceutag, including
spray drying, spray chilling or cooling, extrusionating, fluidized bed coating,
liposome entrapment, coacervation, and centrifugatrusion. The most
common way to promote component entrapment, howeigr through
microencapsulation by spray drying, which transfmarliquid into dry particles
by feed atomization in hot air (SOOTTITANTAWAT dt,&2005).

Spray drying technology is commonly used in thedfowustry, and it is
one of the oldest and best-defined encapsulatiothade (GOUIN, 2004;
JAFARI et al., 2008). The food industry uses dieetgpes of spray dryers,
which differ basically in size, shape, and atomigpe. Other advantages of this
process are equipment availability, low procesgingt, a large selection of
encapsulating solids, good retention of volatilead good stability of the
produced flavoring (REINECCIUS, 2004). Figure luslrates an operational

scheme of the spray drying process.
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Feed

Atomizer

Cyclone

Drying
chamber

Air heater

Dried particles

Figure 1 General operation system of a spray diy@mtaining the air heater,
feed system, atomizer, and the drying and cycltmenbers.

The use of spray drying minimizes volume and weigbtnpared to
particles in liquid or gel form, making them easierstore and transport. In
addition to these factors, the benefits of the wpirging technique include the
capacity to produce powders with a specific partgike and moisture content,
independent of dryer capacity. Spray drying is atiooous operation,
automatically controlled with a rapid time respgnaed is applicable to both
sensitive and heat-resistant materials (KESHANIgt2015). The use of high
working temperatures during the drying process, év@n, may induce
degradation by heat and alter thermosensitive mtsduhus, this parameter
should be well evaluated beforehand. Dried solidiglas are obtained by
drying the liquid droplets with the help of hot,aoroduced at the top of the
chamber. Drying occurs fairly rapidly during a jice’'s descent to the bottom
of the chamber because of its contact with theairnstream (BOTREL et al.,
2014).
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The process is characterized in five basic steplsitisn preparation,
emulsion dispersion (e.g., lipids in a dense wadtarial solution), dispersion
homogenization, spray drying of the feed solutiand spray-dried particle
dehydration (SHAHIDI; HAN, 1993). To optimize the@ogess, at least four
groups of criteria may be considered: wall matepedperties, core material
characteristics, feed solution specification, amgindj conditions. The drying
conditions are very important for determining erstdation process quality.
Parameters to be considered include air flow rialef air humidity, inlet air
temperature, feed rate, feed concentration, feemnuiation, rheological
properties, thermodynamic properties, and spragrdspecification (KESHANI
et al., 2015).

Atomization is an important step during drying,csrit controls droplet
formation by means of the two most commonly usechrigues: rotary
atomization by centrifugal energy and two-fluid mlezatomization. In the first
case, the solution is placed on a rotary discspetads it onto a thin film at the
edge of the disc. Disc rotation and friction witke tsurrounding air cause the
film to disintegrate into droplets. A wide variaty particle sizes may form and
can be controlled by manipulating rotational spegithce there are no small
openings to be blocked, clogging is rarely observét rotary disc method is
commonly used in the food industry. When the smhgyng process is applied
by means of a nozzle injector, the solution pasisesigh a nozzle of a certain
size under high pressure (with help of the pregedrair). The liquid leaves the
nozzle, forming a thin film at the edge of the dpgnbut disintegrates rapidly
into droplets. Droplet size may be controlled byivas parameters, among them
the nozzle diameter. This type of atomization témpha is prone to clogging and
may present problems if used with high-viscosityjusons (BUREY et al.,
2008).
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A fundamental problem in the spray drying procesthé deposition of
particles on the walls of the equipment, which iiedily affects product quality
by degrading the deposited particles. Understandimg problem provides
insight into selecting dryer operating conditiortgatt will minimize wall
deposition, and therefore help to improve produgdlity (KESHANI et al.,
2015).

The spray drying technique is categorized as asgiwapsulation
system, which uses amorphous glassy matrices amrebmpounds. The glass
transition temperature {Jis an important concept for separating the twaseis,
the glassy state and the rubbery stateadtounts for an important function in
storage and processing. During storage, the maitigt be maintained in the
glassy state to avoid volatile component loss. mygrocessing, Jmust also be
considered in relation to matrix viscosity (YULIANL al., 2004). The decrease
in Ty occurs by the increase in humidity and temperawinde the powder
material is stored, in addition to other factors.

Due to its complexity, a good understanding of piagticle formation
process is required for successful particle engingeThis drives larger studies
on the mechanisms that control the drying process$ particle formation
(VEHRING; FOSS; LECHUGA-BALLESTEROS, 2007). The mmipal
challenge to producing powders by spray drying ésetbping powders with
desirable properties and reduced costs. For theifgpease of essential oils,
research into microencapsulation by means of sgrgipg has concentrated on
improving encapsulation efficiency and retainindatites (FERNANDES et al.,
2014a), in addition to trying to extend the maximpiraduct shelf life.
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2.4 Microencapsulation by Spray Drying

The spray drying microencapsulation process caneistransforming a
solution, suspension, or emulsion from a liquidesta a solid state to create a
protective coating surrounding the material of iest. The microencapsulated
product presents some advantages compared tdgteabrform, with regard to
transport, manipulation, and use in food matridRemoving water from the
aqueous phase by spray drying allows dry emulgimihe obtained in powdered
form, where oil droplets are dispersed in the satiatrix polymer. For
encapsulation to be efficient, however, the praportof non-encapsulated
components on the particle surface must be low, @n@mprove handling
properties, the powder must present good fluiditg ¢he ability to mix, and
must allow reconstitution of the initial emulsioly means of rehydration in
water (CHRISTENSEN; PEDERSEN; KISTENSEN, 2001; TURGLI et al.,
2014).

The transformation of liquid essential oils toiddbrm may make the
product suitable for use in powdered foods, in vidvthe dosage and handling
of dry powders, with a consequent reduction inistpand packaging costs.
Based on the properties of the wall material, theapsulated product presents
better stability in the presence of environmensatdrs such as light, heat, and
oxygen, is less volatile, and can mask undesiraniemas and flavors.
Microencapsulation in food products mostly aimgptotect and isolate volatile
and labile components, which may also apply to rd&seoils extracted from
various plants, and provide potential applicationf®od products.

As previously described, essential oils are compiexures of volatile
and labile components that have their physicoch@&miand sensory
characteristics altered by oxidation and volatilaa processes. These negative
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effects are minimized by microencapsulation, whigips to retain volatile
components and protect the most sensitive compsnent

In a general way, the microencapsulation procesdaised on the
formulation of an initial emulsion by the core ntéémixture, in this case the
essential oil and the wall material, which had bgesviously dissolved in water.
The emulsion is then sent to the spray dryer, wheater evaporates by
exchanging heat with the heated air passing thrabghdrying chamber, and
subsequently microparticles are formed containigessential oil. The size of
the formed particles may vary generally fromr to 100um.

Figure 2A shows microcapsules produced by sprayngryusing
rosemary essential oil as the core material andifireddstarch as the wall
material. The hollow structure of the microcapsuieduced by the spray drying
technique is highlighted (Figure 2B). The coatimynfed by the polymeric
matrix containing modified starch and maltodextremd the oil droplets

distributed in this matrix, may also be observethia picture.

Figure 2 Scanning electron micrographs of esseaitiighicrocapsules produced
by spray drying. (A) Rosemary essential oil encigied in a modified
starch matrix dried at 170 °C; (B) oregano esskati@ncapsulated in

modified starch matrix and maltodextrin dried a I€.
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The choice of wall material or the ideal mixturewedll materials for
each system is of extreme importance, since theapsudtating material
determines many of the physicochemical characiesistf the product in
powdered form, as well as its behavior during gferal' he stability, viscosity
and droplet size of the emulsion also influence ¢haracteristics of the final
product. Moreover, process parameters, such astmgerature and humidity of
the drying air, feed rate of the system, and theentrations of solids and core
materials in the emulsion, strongly influence theperties of the particles
produced.

Another important point in evaluating the encap®aa powder
produced by spray drying is the quantity of cordamal components present on
particle surfaces. The presence of lipophilic makercauses the particle surface
to be hydrophobic, thereby decreasing its wettgbikind dispersability.
Hydrophobic products on the surface act to redactqgte fluidity. This material
is also readily susceptible to oxidation (KIM; CHEREARCE, 2005).

2.5 Wall Material Properties

The wall material in essential oil microencapsolatsystems consists of
polymers containing chemical groups with hydroghiland hydrophobic
properties, such as modified starches, milk andpsoieins, and gums that form
a polymeric network holding the material of intérescapsulated within the
matrix created. The use of combined polymers isegily preferred, since it
improves barrier properties compared to their assingle form. In addition to
the emulsifier properties and ability to form filmsall materials should present
low viscosity in solutions with a high concentratiof solids, not present flavor
or odor, release the core constituent when requined still be low in cost. Each

material has unigue characteristics that definealiiitity to function as a good
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encapsulant; thus, the correct selection of materianixture of materials is a
critical point in the microencapsulation process.

Carbohydrates and proteins may be considered theigal classes of
wall materials available and suitable for encaggutaby spray drying, with
gum arabic being one of the most commonly appliedenals. In addition to
gum arabic, other materials have also been studiedicroencapsulating agents

of essential oils, as shown in Table 1.

Table 1 Wall materials and drying temperatures usetticroencapsulation of

essential oils by spray drying.

Air Drying
Essential Oil Matrix/Wall Material Temperature Reference
Rosemary Gum arabic, inulin, maltodextrin, 170°C Fernandes
modified starch et al., 2014a
Rosemary Maltodextrin, modified starch 190°C Fernandes
et al., 2014b
Mint Gum arabic, guar gum, modified starch 160°C Sarkar et al., 2013
Oregano Madified starch, gum arabic, maltodextrin 132—-188°C Botrel et al., 2012
Oregano Whey protein concentrate, skam milk powder 190°C Baranauskiene
etal., 2006
Oregano Inulin 120—-190°C Beirio-da-Costa
etal, 2013
Basil Gum arabic 180°C Garcia etal., 2012
Chia Whey protein concentrate, mesquite gum, 135°C Rodea-Gonzilez
gum arabic etal., 2012
Lemon Maltodextnn, gum arabic 160°C Janiszewska
etal, 2015
Pepper-rosmarin Cashew tree gum, alginate 170°C Oliveira et al., 2014
Pepper-rosmarin 3-Cyclodextrin 160°C Fernandes et al., 2009
Cardamom Mesquite gum 200°C Beristain et al,, 2001
Lime Gum arabic, maltodextrin 180, 200, 220°C Bringas-Lantigua
ecal,, 2012
Orange Modified starch, maltodextrin, trehalose 175°C Sosa et al., 2014
Lemon myrtle Maodified starch, whey protein concentrate, 180°C Huynh et al., 2008
maltodextrin

Carbohydrates are widely used in encapsulatiorkéhtmtheir ability to
interact with the components to be encapsulate@diition to their diversity
and low cost. Gums, polymers of long chains andh migplecular weight, are

among the most frequently used carbohydrates. Mereahese materials
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present other properties of interest for an endapsg agent, such as low
viscosity, high solids content, and good water Isitity. Carbohydrates with

shorter chains (e.g., maltodextrin) act as fillagents and matrix formers. The
principal disadvantage of most carbohydrates aapsdating materials is their
low emulsifying capacity and lower volatile retemtj but they are being
increasingly studied for use in polymeric mixtures.

Gum arabic, or acacia gum, is a heteropolysaatdari high molecular
weight, a product of the natural exudationAcécia senegal. It is a polymer that
consists primarily of the acids D-glucuronic, L-nmaose, D-galactose, and L-
arabinose, with approximately 5 % protein. Thistgiro portion is responsible
for the emulsification property of the gum, whichakes it suitable for
encapsulating lipid components by spray drying. Gambic shows low
viscosity in aqueous solutions, and moreover isiciamed a natural product in
many countries. Solutions of 50 % concentration rayobtained, but above
this value the dispersion presents gel-like charestics. Other types of gum
form viscous solutions at very low concentratiorfs solids, making them
unsuitable for use as encapsulants. The powdediped using gum arabic as
wall material are slightly hygroscopic, and aretpcted from oxidation and
volatilization. On the other hand, the cost andilaldity of gum arabic are
subject to fluctuations (DAMODARAN; PARKIN; FENNEMA 2008;
SHAHIDI; HAN, 1993).

Starch constitutes another class of interest irromitcapsulation. It is a
homopolymer of branched glucose, witf{1-4) in the linear bonds and(1-6)
in the branched bonds. Native starches have limisslas microencapsulation
agents as a result of their low solubility in wat@herefore, its chemical
structure is often modified to generate productthwdiverse properties. The
functionality of the starches may be modified pipatly by chemical and

physical processes. As discussed, to emulsify @akenils, it is necessary to
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have lipophilic and hydrophilic groups in the enmapting polymer. In this
way, an alternative to gum arabic is the use ofifrévatized starch with octenyl
succinic anhydride (n-OSA starch).

When modified with octenyl succinic anhydride, theaxy starch
becomes partially hydrolyzed and gains a hydropghetement in the form of
octenyl groups, resulting in molecules with an aippitic character. A small
amount of substitution results in a product witlcedlent volatile retention
during spray drying, which may be used at high eotrations in the feed
system, producing emulsions with good stability AFHDI; HAN, 1993;
SWEEDMAN et al.,, 2013). The viscosity of the sabuis containing the
modified starch is substantially lower than for gamabic, and it is therefore
possible to use high levels of solids in the feellitfon. Solutions containing
gum arabic are limited to 35 %, while solutions taiming modified starch may
be used at concentrations up to 50 %, which reddoesloss of volatiles
(SHAHIDI; HAN, 1993).

Maltodextrin is a partially hydrolyzed starch protiformed by chains
of D-glucose, presenting different dextrose eqe@rt(DE) values as a function
of the size of its chains. To be considered makwide it must have a DE value
of < 20. Maltodextrins are produced by means ofl dgidrolysis, enzymatic
processes, or a combination of the two. In a gémeamner, maltodextrins are
products of low hygroscopicity, lacking in sweeavibr, and widely used to
improve the body of food products. Despite maltdédexnot promoting good
retention of volatile components during spray dgyiand lacking emulsifying
properties, it is used as a secondary carrier mhteecause of its ability to
protect the encapsulated ingredients from oxidafidre retention ability of the
maltodextrins changes significantly with differeddE values. Systems
containing starch hydrolysates with high DE valwee less permeable to

oxygen and therefore present better protectionnagaixidation. On the other
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hand, these systems are more prone to caking datorgge because of their
high hygroscopicity (ANANDARAMAN; REINECCIUS, 1986KENYON;
ANDERSON, 1988; REINECCIUS, 2004; SHAHIDI; HAN, 139 Thus, an
optimal point for the DE value must be found whermoasing hydrolyzed
starches to be applied as secondary wall materials essential oil
microencapsulation.

Diverse protein sources are used as microencajsulagents, with
milk and gelatin proteins being the most commordgdi Among the properties
of these proteins, their solubility and emulsifioat capacity are desirable
characteristics.

Milk proteins, such as whey protein concentrate G)Pskim milk
powder (SMP), and caseinates, have been widelyiestuoh essential oil
encapsulation. During the emulsification step, ¢hgsoteins change their
conformation and are positioned in the oil-wateeiface, and contribute to the
repulsive forces that make emulsions significantlgre stable (JAFARI et al.,
2008). Gelatin is a protein derived from collagdmttis nontoxic and
commercially available. It has film-forming progeg and solubility in water.
Changes in the pH of the aqueous solution may trésupolycationic and
polyanionic effects being exhibited by the gelafinis property is applied in
coacervation processes (SHAHIDI; HAN, 1993).

Encapsulation efficiency may be increased by medirselecting wall
materials that present different functional projestt The partial replacement of
WPC by carbohydrates containing surface active ggancreased the volatiles
retention in the encapsulation of essential odarfaway during spray drying. On
the other hand, the opposite tendency was obsénvise use of SMP matrices,
where the substitution of SMP by carbohydratesltedun reduced volatiles
retention, resulting in even lower protection aghimxidation (BYLAITE;
VENSKUTONIS; MAPDPIERIENE, 2001).
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2.6 Volatile Component Retention

The retention of volatile components in microencigied essential oils
through spray drying is of great interest, sincindicates the quantity of oil
entrapped within the matrix, and thus the quarttigt will be released when
required. This variable is strongly related to tgpe of wall material used,
solids concentration of the feed solution, andtémeperature applied during the
process.

At the beginning of the spray drying process a pemmeable
membrane is formed that acts as a barrier to therityaof volatile components
of essential oils, while remaining permeable toewamolecules, reducing losses
of components of interest (HUYNH et al., 2008). Therease in wall material
concentration has a positive effect on the yieldth@f encapsulated product,
although it appears that optimal quantities mustiéermined for each process
and each type of essential oil. The increase id $edids concentration is related
to the reduced formation time of the semipermeabtambrane, ensuring a
higher quantity of the microencapsulated oil. Oe thither hand, excessive
concentration leads to reduced encapsulated nlateeld, since it directly
affects the viscosity of the emulsion (FERNANDES eaf.,, 2014;
SOOTTITANTAWAT et al.,, 2005). Each wall material shats optimal
concentration, which is related to an optimum vésigofor volatile component
retention. If a solution is highly viscous, therfation of discrete particles is
reduced during spray drying, but low-viscosity neegiow the formation of the
semipermeable membrane, increasing the loss oftilesla(REINECCIUS,
2004).

Some emulsion properties must be evaluated, sustahbsity, viscosity,
and droplet size, since emulsions with low stapgite more prone to producing
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particles with lower volatile retention, since thedbmponents are not efficiently
emulsified and therefore more susceptible to dtation.

The influence of the inlet air temperature on \itdatetention has also
received much attention, with temperatures betw&d@ °C and 200 °C
commonly used. The use of high temperatures alltives semipermeable
membrane to form rapidly on the surface of the Etspbut the use of very high
temperatures may cause damage due to excessive eRpasure, bubble
formation, and ruptures on the particle surfaceadihg to reduced volatile
components in the essential oil. In accordance whth theory of selective
diffusion, when the water concentration on theatafdecreases to 7-23 % fa
0.90), the dried surface acts as a semipermeabttraee, allowing continuous
loss (or diffusion) of the water while efficientlgetaining volatile organic
molecules present in the essential oil (REINECCIR®E)1, 2004). The process
of evaporating water from the solidified encapsntatmaterial is very rapid,
causing the internal temperature of the particlestay below 100 °C.

In the process of microencapsulating volatile congms, it is important
to evaluate the changes that occurred during spiging. In producing
microencapsulated rosemary essential oil by spmgjngl Fernandes et al.
(2014b) observed that there were no significarrafions in the profile of the
principal components of this essential oil, usingrdet air temperature equal to
190 °C and maltodextrin and modified starch as wadterials. Adamiec and
Kalemba (2006) verified that the composition of penint essential oil did not
undergo significant changes when microencapsulayespray drying with the
help of maltodextrin and surfactant Tween 80, uraitledrying at 150 °C.
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2.7 Controlled Release of Microencapsulated Essentialifd

Controlled release may be defined as the processich one or more
active agents or ingredients are released in aedkkication, and at a specific
time and rate. For encapsulating systems appliedolatile components, the
release depends on various independent proceasds,as diffusion of the
component through the matrix, particle type andngetoy, transfer from the
matrix to the environment, and degradation/disgmiutof the wall material
(MADENE et al.,, 2006; POTHAKAMURY; BARBOSA-CANOVAS1995).
Advantages include the fact that in controlled aste systems the active
component is released over prolonged periods df,titme loss of components
during processing may be reduced, and reactivitynoompatibility between
components may be avoided.

The controlled release of food ingredients and tadkdi, at the right
place and time, is a key functionality provided rhicroencapsulation. Timely
and standardized release improves the effectiveviesod additives, extends
application possibilities over a range of food edjents, and ensures optimal
dosage, thus improving cost efficiency for food mfacturers (GOUIN, 2004).
For a system of encapsulated core ingredientsnaatied release is necessary
to provide valuable and useful effects for the Ifimad specified uses. The wall
material is capable of preventing damage from #teraal environment, such as
acidity, alkalinity, evaporation, heat, oxidatiotight, or humidity, which
degrade the active ingredients. Microparticles$ alibw the controlled release of
active substances from the core in a targeted mafhme example, the core
ingredients can be controlled to be released albrate or gradually and
moderately (LAM; GAMBARI, 2014).

Different bioactive compounds may be encapsulatedhie interior

cavities of the microparticles and may be releareal well-controlled manner.
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Controlled release systems based on polymeric ceatare usually used due to
their low cost and versatility. This technology réfere has promising

applications in the release of food compounds df agefor pharmaceuticals.

For these applications to be viable, however, trsesn should include factors
such as biofunctionality and the use of nontoxidemals. The use of natural

materials is therefore promising for micropartiéte@mation and applications

(PINHEIRO et al., 2015).

For microencapsulated volatile components in pohenmatrices, the
release of the incorporated polymer componentigrotbed by the initial charge
of the core (encapsulated material) in the polynsrd the ability of the
molecules to diffuse through the polymeric barrigr the surrounding
environment. Interactions between the encapsulateslecules and the
polymeric matrix, together with the vapor pressoir¢he volatile substances on
each side of the matrix, are the principal driviarces that influence diffusion.
The final characteristics of the microencapsulassential oil are the result of
the release rates of each component. Thereforerstatiding the release profile
of each component is essential in order to pratietchange of the perceived
aromas over time (SANSUKCHAREARNPON et al., 2010).

Diverse factors are used for the release of themudated ingredient,
such as changes in pH, temperature, mechanicaks&azymatic activity, and
the presence of solvents, among others. Some @yasimhs, however, must be
studied for application in the food industry, esply the costs, which may be
much higher compared to the pharmaceutical or csttriadustries.

The selection of appropriate wall materials deseraétention. The
nature, morphology, and glass transition tempegatof the polymer will
influence core material diffusion. The most commmethod of controlled
release in the food industry involves activationdmvent. Active components

are released from dry microcapsules in drinks ottunés of powder products as
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soon as water is added (GIBBS et al., 1999). Varimechanisms have been
reviewed on the characteristics of release of endafed aromas. In the study of
Baranauskiene et al. (2007), where peppermint &akeroil was
microencapsulated by spray drying, the authorsrgbdethat the effect of water
activity on the release of encapsulated matermlasisociated with structural
changes in the coating matrix. In this work, thengr release of the volatiles at
low water activity (g) was probably caused by the lower mobility of dav
molecules in the glassy state of the micropartictdrices. At elevated,devels,
the matrix started to plastify, resulting in greatelatile component mobility,
and higher release rates.

The release rate of the essential oil componenta the matrix has a
direct influence on the perception of aroma in fgmeducts, and on the
contribution of each component. The microencapsuiaif essential oils allows
their use in solid products, and the possibilitohftrolling the release of flavor
as necessary, for example, during consumption.ovarstudies have focused on
the development of microparticles to stabilize gmdtect active compounds,
increase their solubility in the media used, amukerlly to achieve an efficient
controlled release.
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3 CONSIDERACOES GERAIS

O uso de tecnologias como a microencapsulacdo ggagem por
atomizacdo proporciona as industrias de alimentesarhentas para o
desenvolvimento de produtos com caracteristicasos@is apropriadas e com
minimas perdas dos compostos aromaticos. O desémeotto e estudo da
otimizacdo das condicdes de secagem, em diferentderiais de parede,
possibilita o uso de novos encapsulantes emergedigsoniveis em maior
escala. O uso de diversas técnicas analiticas értampe para entender o
comportamento do processo em diferentes matrizeapsnlantes, e também,

para gerar dados para estudos e aplicacdes enntdsne
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MICROENCAPSULATION OF GINGER ESSENTIAL OIL
EMULSION PRODUCED BY ULTRASOUND USING GUM
ARABIC, MALTODEXTRIN AND INULIN AS ENCAPSULATING
MATRICES

Abstract

The aim of this study was to evaluate the effedtshe ultrasound-assisted
emulsions of ginger essential oil on physical ahengical characteristics of the
microparticles obtained from spray drying using géinabic, maltodextrin and
inulin as wall materials. The emulsions obtainedubing ultrasound were more
stable and presented smaller droplets. The use alfodextrin and inulin

together with gum Arabic improved the wettability thhe powders and the
presence of maltodextrin contributed to lower teeel of higroscopicity. The
partial replacement of gum Arabic by maltodextrifeeted considerably the
encapsulation efficiency showing the higher valoe this parameter. Larger
particles were observed in the powders prepared guim Arabic or a mixture
of gum arabic with maltodextrin. The physical arfttemical properties of the
microparticles were substantially modified by usimmlin or maltodextrin

together with gum Arabic. Based on the studied @rigs, the microparticles
produced with gum Arabic and maltodextrin were dd@m®d to present the
better characteristics for wettability, encapsolatgfficiency and higroscopicity.

Keywords:spray drying; carbohydrates; emulsion.
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1 Introduction

Synthetic flavourings, essential oils, and natotabresins are the main
aromatic components used by the food industry. &ifgingiber officinale) is a
plant that belongs to theZingiberaceae family with antioxidant and
antimicrobial activities, being considered impottéor the treatment of various
diseases and disorders (Nile & Park, 2015). Thiglyct is widely used in food
production such as jams, beverages and bakery gio¢{Mesomo et al., 2013)
and is valued for its pungency (Kumar et al., 20I4)e essential oil produced
by Zingiber officinale rhizomes varies in colour from pale yellow tchigamber
and can be extracted with yields ranging approxéigafrom 1.5 % to 3.0 %
depending on the quality of the crop (Bellik, 2014)

Spray drying belongs to the rather complex mu#iggh convective-
drying processes which involve the atomization afplets, particle transport,
evaporation of droplets as well as the interactimiween particles and/or
droplets and/or dryer walls (Blei & Sommerfeld, 205chmitz-Schug et al.,
2016). The emulsification process requires an gnéngput to blend two
immiscible fluids when a proper emulsifier is nodad to mixture. In order to
overcome this limitation, ultrasound emulsificatiprovide major advantages
over other techniques, primarily due to the eneffigiency, low production
cost, ease of system manipulation and better doower formulation variables
of ultrasound (Silva et al., 2015a).

Different parameters can be controlled duringgshey drying process
in order to obtain desired characteristics in fhalfproduct. The wall material
system is commonly used in order to avoid theseni@ogical problems and the
choice of the appropriate carrier depends on tharatk physico-chemical
properties and the final application of the powdepeoduct (Daza et al., 2016).
It is necessary to choose the wall materials witlgh hefficiency for

microencapsulation by spray-drying because theypkgng an important role
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in encapsulation efficiency and microcapsule sitghiBakry et al., 2016). Gum
Arabic, which it is one of the most common wall prals used in
microencapsulation by spray drying, is the most mamly used biopolymer
emulsifier in flavour emulsions (Niu et al., 20168)altodextrin is produced by
partial hydrolysis of starch and is commonly usedacondary wall material in
microencapsulation by spray drying, offering adeagets such as relatively low
cost, neutral aroma and taste, low viscosity ah héglids concentrations and
good protection against oxidation (Otalora et 2015). However, the greatest
limitation of this wall material is its low emulgihg capacity, so it is generally
mixed with other materials. All the commercial imutypes present very high
purity and different powder characteristics andbolgydrate compositions
(Botrel et al., 2014). Inulin is a natural fructaomposed by a linear chain of
fructose monomers with a terminal glucose unit. hhs a degree of
polymerization that ranges from 10 to 60, and &mgths of its molecular chains
are associated with its technological propertiet/dS& Meireles, 2015). As
well as maltodextrin, inulin can provide protectidn encapsulated core
materials, although these carbohydrates lack anylsgfiying properties and
need the addition of other encapsulants. Moredkieruse of inulin in foods, at
certain levels, provide benefits to consumer health

There are few published works reporting the eftdatifferent types of
homogenization process and the use of wall maseigalrticularly inulin, on the
encapsulation efficiency and the particle propsrtiemicroencapsulated ginger
essential oil. This study evaluated the effects tlvé ultrasound-assisted
emulsions of ginger essential oil on the physical ahemical characteristics of
the microparticles obtained from spray drying usgugn Arabic, maltodextrin

and inulin as wall materials.
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2 Materials and methods
2.1 Materials

Ginger €ingiberofficinale) essential oil (Ferquima, Vargem Grande
Paulista, Brazil) was used as the core materiam @uabic (Colloides Naturels
Brasil, S&o Paulo, Brazil), inulin (degree of pobpisation >10, OraftiGR,
BENEO-Orafti, Tienen, Belgium) and maltodextrin (kdgil DE 10, Gargil,

Sao Paulo, Brazil) were used as wall materials.

2.2 Preparation of ginger essential oil emulsions

The volume of each emulsion was set at 400 mL.r#lie between the
ginger essential oil and each biopolymer was l:AjwFernandes et al.,
2014a). Each polysaccharide suspension, gum Ar@b#), gum Arabic +
maltodextrin (1:1; w/w) (GA:MD) and gum Arabic +Hilin (1:1; w/w) (GA:IN),
was prepared by dissolving the material at 20 %wjw{Fernandes et al.,
2013a,b) in distilled water. The solutions were pared the day before
emulsification and stored at room temperature fBrhlto ensure complete
saturation of the molecules of the materials.

The ginger essential oil was slowly incorporatedtoineach
polysaccharide suspension by mechanical stirririg)@0 rpm for 5 min, using a
rotor-stator blender (Ultra-Turrax IKA T18 basic,ildvington, USA), to form
emulsions (H). For the treatments where the ultradavas applied (H/U), after
the homogenization process by mechanical stirtimg,samples were submitted
to ultrasonication at 160 W of nominal power (BramsDigital Sonifier®,
Model S-450D, Branson Ultrasonics Corporation, ag, USA), 20 kHz, for
2 min. The height contact between the ultrasonab@rand the emulsions was
standardized to 30 mm. The experiment was condumtedrding to Table 1

with three replicates.



49

Table 1. Composition of the feed emulsions and siomlprocesses used in the

experiments.

Feed emulsion .
Emulsion step

(9.100g")
GA MD IN Oil Homogenization Ultrasonication
(H) V)

20 - - 5 X

20 - - 5 X X

10 1¢ - 5 X

10 1C - 5 X X

10 - 1c 5 X

10 - 16 5 X X

GA: gum Arabic; MD: maltodextrin; IN: inulina

2.3. Characterisation of the emulsions
2.3.1.Emulsions viscosity

Rheological measurements were conducted using @entit cylinder
viscosimeter (Brookfield DVIII Ultra, Brookfield Enggering Laboratories,
Stoughton, MA, USA), assembled with a cylindricahgple chamber 13R/RP
(19.05 mm of diameter and depth of 64.77 mm), arspindle SC4-18 (17.48
mm of diameter and 35.53 mm length). For each testfilled sample cup (6.7
mL) and spindle were temperature equilibrated @t’@). Flow curves were
obtained at shear rates of 0.1-80 The power law model (Eq. 1) was used to
analyze the flow properties of the emulsified saaphs follows:
T=ky" (1
wheret = shear stress (Pa)z= shear rate (8, k = consistency index (P8.sand
n = flow behaviour index (Silva et al., 2015b). Apent viscosity of the
emulsion was calculated as the ratio between tharsdtress and the shear rate
at 20 ¢.
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2.3.2.Emulsion droplet size

The droplet size distribution of the emulsions wiatermined by light
scattering using laser diffraction (Mastersizer @@alvern Instruments Ltd.,
Malvern, UK). The average diameter was calculateded on the average
diameter of an area of a similar sphere, the serfaean diameter £, while
the volume surface mean diameteg)@nd the polydispersity index (PDI) were
determined according Eqg. (2), (3) and (4), respebti The samples were
analyzed in triplicate for each repetition of theal@ated emulsion by the wet
method with dispersion in water and a refractivadein of 1.52. The

measurements were performed at 25 °C.

» n;d;3
32 =0 (2)
2 n;d;
n;d;*
43 = 2_113 3)
2 n;d;
dgo—d
PDI = % 4)
50

where dis the average droplet diameterisnthe number of drops; and,dds,
and do are the diameters at 10 %, 50 % and 90 % cumulatolame,

respectively.

2.3.3. Optical microscopy

Optical microscopy of emulsions was performed irdiakely after their
preparation. The samples were poured onto micrescepdes, covered with
glass cover slips and observed using a Carl ZeisdeMMF-AKS 24 x 36

Expomet optical microscope (Zeiss, Germany).
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2.3.4.Creaming stability

The creaming index (Cl) of the ginger essentidl eshulsions was
analyzed as described by Silva & Meireles (201mmediately after emulsion
preparation, 25 mL aliquots of each emulsion wesar@d into a cylindrical
graduated glass tube (internal diameter = 1.8 @ightt = 16.5 cm), sealed and
stored at 25 °C for 30 h. The emulsion stabilityswaeasured by the height of
the upper phase over the storage period. The CHetsmined according to Eq.

(5):
CI (%) = (%) x100 (5)

where Ht represents the initial height of the emulaand Hc is the upper phase
height (cream phase).

2.4 Microencapsulation by spray drying

The spray drying process was conducted only #etihulsions obtained
when applying the ultrasonication step (H/U). Tked emulsions were dried
using a spray-dryer (model MSD 1.0; Labmaq do Br&sbeirdo Preto, Brazil)
equipped with a two-fluid nozzle atomiser. Thedaling operational conditions
were used, as described in previous studies: teeperature of 170 °C and feed
rate of 0.8 L (Fernandes et al., 2013a,b). The atomasing air Was kept in
35 L.min*. The dried powder was collected and stored in veagirtight
containers at 4 °C for further analysis. The effaaftthe encapsulating systems

were evaluated.
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2.5. Characterisation of the microcapsules
2.5.1. Moisture content

The moisture content of the powder was determimadigetrically by
oven-drying at 105 °C to constant weight (Assooratof Official Analytical
Chemists [AOAC], 2007).

2.5.2. Reconstitution properties

The wettability of the powders was determined gisthe method
described by Fuchs et al. (2006). One gram of powaes sprinkled over the
surface of 100 mL of distilled water at 20 °C withh@gitation. The time taken
for the powder particles to sediment, sink, be selsed and disappear from the
water's surface was recorded and used for a coswmarof the extent of
wettability of the samples.

The solubility of the powders was evaluated adogrdo the method
proposed by Cano-Chauca et al. (2005), with maatifims. The powders were
weighed (1 g) and stirred into 25 mL of distilledter for 5 min using a blender.
The solution was then centrifuged at 760xg or 10.rAn aliquot of 20 mL of
the supernatant was transferred to a pre-weighéd dish and oven-dried at
105 °C overnight. The solubility (%) was calculatesithe percentage of dried

supernatant in relation to the amount of powdegioaily added (1.0 g).

2.5.3.Essential oil encapsulation efficiency

Ginger essential oil content in the microparticieas determined as
described by Li & Lu (2016), with some modificat®orL000 mg of sample was
dissolved in 20 mL distillate water at 45 °C inggaubes assisted by ultrasound
at 160 W of nominal power (Branson Digital SoniflerModel S-450D,
Branson Ultrasonics Corporation, Danbury, USA) kB{z, for 1 min, followed

by 10 mL hexane addition and mixing for 1 min. Esise oil was extracted with
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hexane by heating the sample in glass tubes atC4f °a water bath with
intermittent mixing during 30 min. The tubes wemdled to room temperature
and hexane was separated from the aqueous phasatojugation at 3000 rpm
for 5 min. The extraction was performed four tim@&fie amount of ginger
essential oil in hexane was quantified by measuaipgprbance at 270 nm in a
UV-visible spectrophotometer (Bel Photonics, Pitaba, Brazil) and its
concentration was calculated using a calibrationrveeu Essential oil
encapsulation efficiency (EE) was determined u&iqg(6):

M
EE(%) = M_ox 100 (6)

where M is the amount (mg) of oil in microparticlasd M, is the initial oil

amount (mg) added to the emulsion.

2.5.4. Fourier transform infrared spectroscopy

Fourier transform infrared (FTIR) spectroscopy vpesformed on the
pure essential oil, the wall materials and the pawdThese measurements were
taken at ambient temperature, in the range of 4000-4nt, using a Fourier

transform infrared Jasco 4100 spectrometer.

2.5.5. Moisture sorption isotherms

The sorption isotherms for the treatments wererdehed using the
gravimetric static method with a saturated salioleit®on at 25 °C. The seven
saturated saline solutions (NaCl,GQOs; MgCl, LiCl, Mg(NQOs),, KCI and
K,SOy) had water activities ranging from 0.12 to 0.98eTmoisture sorption
isotherm data were correlated to the water actiriglative humidity) using the
following mathematical models: GAB, Halsey, Hendersnd Oswin and Smith
(Toledo Hijo et al., 2015).
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The parameters of these equations were estimatecbivelating the
mathematical models to the experimental data uaimgiasi-Newton nonlinear
regression. The model that was considered mosibdeitvas based on the low
mean relative percentage deviation modulus (E)nedfas follows in Eq. (7):

N
100 < |m; — my;|
E= E 7
NZT m (7)
1=

where m is the experimental value, s the predicted value and N is the

population of experimental data.

2.5.6. Thermogravimetric analysis

The thermogram curves were obtained using TGA5GHntbbalance
(Coorporation Shimadzu, Kyoto, Japan) under theloiohg operating
conditions: alumina pan; dynamic nitrogen atmosphaith flow of 100 mL
min™; heating rate: 10 °C mim temperature range: 50-550 °C. Approximately 5

mg of sample were used.

2.5.7. X-ray diffraction

Samples of products were placed in a support ferdeo and covered
with a glass sheet. Measurements were performetty usi Shimadzu X-ray
diffractometer (model XRD-6000) using CuxK radiation with a wavelength of
1.54 A at 30 kV and 30 mA. Samples were analyzeahgtes from 4° to 40° in
2 h with an increment of 0.02° (1.2° rijn

2.5.8. Particle morphology and size distribution

The particle morphology of the samples was evalliaising scanning
electron microscopy (SEM). The powders were attdctee a double-sided
adhesive tape mounted on SEM stubs with a diansétercm and a height of 1
cm, coated with gold in a vacuum evaporator ananénxe@d using an MEV 1430
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VP — LEO scanning electron microscope (Electronrblcopy Ltd., Cambridge,
UK). The SEM was operated at 20 kV with magnifioatof 900—1200x.

The patrticle size distribution was determineddibiof the samples using
a Mastersizer 2000 laser light diffraction instruthémodel Hydro 2000 MU,
Malvern Instruments, Malvern, UK). A small sampfepowder was suspended
in ethanol with agitation and the particle sizeriisition was monitored during
each measurement until successive readings wesistamt. The area-weighted
mean diameter ¢g), the volume-weighted mean diameter,s{dand the

polidispersity index (PDI) were calculated using &), (3) and (4).

2.6 Statistical analysis

Analysis of variance in factorial design was parfed to evaluate the
effect of the emulsion step and the feed compwositio the emulsion parameters
studied. One way analysis of variance was perfortneevaluate the effect of
encapsulating matrices composition on the propertie the microparticles.
Significant differences (p<0.05) between the tremtts mean values were
examined bybuncan test. The experiments were performed in triplicate

3. Results and discussion
3.1. Emulsion characterisation

Emulsion viscosity, at optimal values, could affeencapsulation
efficiency by a reduction of oscillation and ciratibn of internal oil droplets
during the spray drying, improving oil retentionowever, if viscosity increases
excessively, oil retention may decreases due teeslaroplet formation and
longer exposure during atomization (Botrel et a014; Jafari et al., 2008a).
According to Battista et al. (2015) the viscosifytlee liquid in the feed of spray
drying should be lower than 300 mPa.s to ensurel gdomization. Therefore,

the emulsion study is of extreme importance whemdyhg the
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microencapsulation of essential oils. The viscesltgar rate profiles of the
emulsions obtained by applying homogenization (Hid ehomogenization
followed by ultrasound (H/U) processes are presetteFig. 1. The higher
viscosity values were obtained for the emulsionspared with gum Arabic
when applying in both treatments, H (43.8 mPa.d) U (46.0 mPa.s) both at
20 s' shear rate (Table 2). The higher viscosity obskrfiee the emulsions
prepared using gum Arabic is related to its prot@intent, which is associated
with higher water retention and binding ability whicould contribute to the
increase in the viscosity. Moreover, gum Arabiciso used as a thickening
agent in foodstuffs, showing a ramified structuithvong chains, which can be
responsible for its higher viscosity (Carneiro let 2013). Aqueous solutions of
maltodextrin commonly present low viscosity (Sagtigdhdame et al., 2015) due
due to its hydrolyzed chains and may decrease tegalb viscosity when

mixtured with gum Arabic. Similar behavior was ob&sl, when inulin was

used.

100 | o GA (H/U)
® GA(H)
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Fig 1. Viscosity-shear rate profiles obtained foe £mulsions submitted to the
homogenization (H) and homogenization followed bitrasound (H/U)

processes. GA: gum Arabic, MD: maltodextrin, INulin.
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Table 2. Valued for apparent viscosity (mPa.shefémulsions produced using
different wall materials andy homogenization (H) and ultrasonication
(H/V).

Emulsification process

Wall material H H/U
Apparent viscosity (mPa.s)
GA 43.82+0.7* 4599+1.1*
GA:MD 24.25+1.0"  25.26 +1.0"
GA:IN 2258 +1.5"® 25.26+0.7"

Values with different letters (lower case) for tskame emulsification process and
different letters (upper case) using the same matkrial differ significantly (p<0.05) by

Duncan test. GA: gum Arabic, MD: maltodextrin, liNulin.

Power law model was well fitted to the experiméuni@a having high
values for determination coeficient and low valtegsmean relative error (Table
3). Emulsions were considered to present newtoftiad behavior. It can be
found an increased viscosity for the emulsions wHé8d process was applied,
except for the treatment using GA:MD. Silva & Méa= (2015) also observed
that the annatto seed oil emulsion stabilized by ghrabic had the apparent
viscosity at 97 § increased from 13.9 to 23.7 mPa.s when ultrasouas w
applied in the emulsification process. These astheported that the changes in
the rheological behavior on this emulsion can eated with application of
ultrasonic waves that result in pressure fluctuetithat propagate through the
material. The sonication process, mainly relatethéohigh shear stress, may be
associated with the significant increase obsermatié apparent viscosity of the

emulsion stabilized with gum obtained using the lgfdcess.
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Table 3. Rheological parameters for the emulsigodyred using different wall

materials andby homogenization (H) and ultrasonication (H/U).

Treatments

Wall Emulsification K (mPa.g") n R  E(%)
material process

GA 0.04 1.01  0.9¢ 3.917
GA:MD H 0.0z 1.0C 0.9¢ 1.0¢
GA:IN 0.0z 1.0C 0.9¢ 6.6t

GA 0.0t 1.0C 0.9¢ 1.27
GA:MD H/U 0.0z 1.0C 0.9¢ 4.3¢
GA:IN 0.0 0.9¢ 0.9¢ 6.6¢

GA: gum Arabic, MD: maltodextrin, IN: inulin. K: e¢wmistency index; n: flow behavior

index; E: mean relative error.

The combination of ultrasonic emulsification metho with the
application of biopolymers as emulsion stabilizeasm produce materials that
meet high technological standards and are safeuioran consumption (Silva et
al., 2015a). The method used to prepare the migmificantly influenced the
emulsion droplet size as can be observed in Fig.h2. mean diameter of the
droplets in emulsified food products typically &a6omewhere in the range of
0.1 to 100um (McClements, 2007). The emulsification procegeeshe ginger
essential oil and the different wall materials cambions resulted in emulsions
with droplet diameter (g) ranging from 1.97 to 8.17 um (Table 4). Treatment
GA:MD produced under H/U process reached the sstallalue of droplet
diameter. Emulsions submitted to ultrasonicationcpss produced particles
with smaller sizes when compared to emulsions stibdhionly to the
homogenization step. This fact is also relatechéotigher shear stress provided
by the ultrasound process which leads to a highel lof particles disruption.



Table 4. Particle size distribution of the emulsinoplets produced by homogenization (H) and ubwasl

process (H/U) for the evaluated treatments.

Wall material EP Az (UM) Oz2 (LM) dio dso dgo PDI
GA 495 +0.02 2.6¢°+0.01 1.1€ 4.3z 9.7/  1.9¢
GA:MD H 5.9®+0.3 280" +0.06 1.1¢ 49z 124/ 2.3(
GA:IN 8.17+0.0c 3.7 +0.0- 1.4¢ 6.8% 16.9¢ 2.2¢
GA 2.66°+0.02 1.3£5°+0.01 0.6¢ 1.57 5.6 3.1¢
GA:MD HU 1.97%+0.0¢ 1.4€°+0.02 0.81 1.7 3.4€ 1.5/
GA:IN 5.3(*+0.0: 2.0°+0.01 0.9: 2.6: 14.2¢ 5.0¢

Values with different letters (lower case) for #@me emulsification process (EP) and differenetet{upper case) using the same

wall material differ significantly (p<0.05) by Duan test. GA: gum Arabic, MD: maltodextrin, IN: imul

65
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and optical micrograph of the ginger essential evtulsions processed |
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Processing of blends by ultrasonication after a ijoe homogenizatio
rendered emulsions with smaller droplet sizes tbner treatments which
related to the formation of microscopic buls that collapse within a fe
milliseconds, which is referred to as the cavitatiberppmenon as describ
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before. Moreover, differences between droplet slistribution were observed

depending on the carbohydrate used in the fornouaif emulsions. Carneiro et
al. (2013) found emulsion droplet sizes varyingrfrd.73 to 2.19 um (flaxseed
oil plus different carbohydrates) produced usingpaanogenizer. The results
confirmed that reduction in emulsion droplet sizes not exclusively depend
on the type of energy provided to the system (HH&). The physicochemical

properties of the stabilizer material directly iidhce emulsion characteristics
such as droplet size and viscosity (Silva & Meisel2015).

Fig. 2 shows also the microstructure of the eronksicreated by the
different emulsification process and carbohydrafég micrographs confirm the
results obtained in the droplet size distributilhris observed that the processes
result in different colloidal systems and in thendfigs of the H/U process,
independent of the biopolymer used in the emubsifim of ginger essential oil.
A similar effect was observed by Silva et al. (20150 the micrographs
obtained in the study of ultrasound-assisted fanabf annatto seed oil
emulsions stabilized by biopolymers (gum Arabic, ewhprotein isolate,
modified starch, polyethylene glycol and inulin).

The emulsion produced using GA:MD showed a narraiveplet size
distribution when compared to the other formulagioBy the other hand, the
emulsion produced using GA:IN showed particles witiher PDI. The efficient
development and production of high quality emuldiased products depends
on knowledge of their physicochemical propertied atability (McClements,
2007). The stability of the emulsions to creamiragwhown in Fig. 3.
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Fig. 3. Effect of the emulsification process and Wall material system
on the creaming index (%) of the emulsions. Valéh different letters
(lower case) for the same emulsification process different letters
(upper case) using the same wall material diffgnificantly (p<0.05) by

Duncan test. GA: gum Arabic, MD: maltodextrin, liNulin

The purpose of these experiments was to examiaeinfiuence of
different methods of homogenization and wall maltsrion the stability of
essential oil-in-water emulsions. Creaming, measbrsecreaming index (Cl), is
a phenomenon represented by the separation ofrgjilets where a layer is
placed on the top of the emulsion and is attributedthe thermodynamic
instability because all these systems are pronph@se separation from the
interface tension (enthalpy/entropy) observed bebhnbe phases (McClements,
2004; Tadros, 2009). The decrease in the CI fortr@htments that had
ultrasound-assisted can be explained by emulsiooduped using ultrasound

are more stable and have submicron droplets witex&remely narrow particle
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size distribution (Silva et al., 2015a; Jafarilet2008b). The size of the droplets
produced during homogenization influences the teagléor creaming to occur,
with smaller droplets moving more slowly (Ozturk BicClements, 2016).
Consequently, emulsification processes that prodsimall droplets during
homogenization will give better stability to gratibnal separation. Moreover,
in general, emulsion stability is affected by plgsihemical parameters such as
solvent conditions (pH, salts and temperature) ahe biopolymers
characteristics (e.g., mixing ratio, concentraticimarge density, type, etc.) (Niu
et al., 2016). The hydrophobic polypeptide chaithef gum Arabic is suggested
to adsord the molecules to the droplet surface|ewthie hydrophilic arabino
galactan blocks extend into the solution, providstgbility against droplet
aggregation through steric and electrostatic répulsGum Arabic is an
effective emulsifier due to its high water solutyililow solution viscosity, good
surface activity, and ability to form a protectifien around emulsion droplets
(Niu et al., 2016; Bouyer et al., 2013; Harnsilawtal., 2006). The addition of
inulin contributed for a more stable emulsion. Acling Silva & Meireles
(2015), inulin molecules do not exhibit surfacehdtyt, i.e. they do not have the
ability to adsorb thereby reducing the interfatézision and the total free energy
of the system. However, the mechanism of stabitimais based on the
thickening of the continuous phase which promoteptgsical barrier to

coalescence of the emulsion droplets and avoithtitreasing of its size.

3.2. Microparticle characterisation

Considering the lower yield of microencapsulatginger essential oil
when applying only the homogenization process aatteb results for the
ultrasound-assisted emulsions, the characterisatbnthe particles was
performed only for treatments assisted by ultradourThe particle

characterisation results are shown in Table 5. Wuwisture content of the
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microcapsules ranged from 0.88 % to 1.76 % anddtdliffer (p>0.05) among
the treatments. The moisture content values fouackwery similar to those
reported in other studies of microencapsulatedngéiséenils by spray drying,
such as oregano essential oil using gum Arabic randified starch as wall
materials (1.12 %) (Toledo Hijo et al., 2015) amdliander essential oil using

chitosan, alginate and inulin as wall material4212.48 %) (Dima et al., 2016).

Table 5. Mean values and standard deviations fer ioisture content,

wettability, solubility and encapsulation efficignof the particles produced.

Variables
Wal Moisture Wettability  Solubility  Encapsulation
a
) content (s) (%) efficiency
material
(%) (%)
GA 1.76 £ 0.9° 288 + € 82.2+3.F 86.5+3.°
GA:MD 0.88 +0.2¢ 245 + 2° 84.6 £3.7 93.0+0.¢
GA:IN 1.73+0.1° 248 + ¢ 81.4+7.7° 48.0+ 2.¢

abeyalues with different letters in the same coluniffed significantly (p<0.05) by

Duncan test. GA, gum arabic; MD, maltodextrin; Ihylin.

Wettability is defined as the rehydration capacitya powder in water
and the capacity of the microcapsules to mix wititex is one of the most
important reconstitution properties. In the prestatly, the time needed for the
powders to become completely wet ranged from 2428 s. The type of wall
material significantly affected this property. ThBortest wettability time was
observed when inulin and maltodextrin were usetha formulation together
with gum Arabic, suggesting that these materialproved the instantisation,

i.e., reconstitution characteristics of the pagtclFernandes et al. (2014b) found
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the same behavior when inulin and maltodextrin wesed as secondary wall
materials in the microencapsulation of rosemargmtsal oil.

The powders used as ingredients for the food tngusust exhibit good
solubility in water. Solubility is the last partictissolution step and is a decisive
factor for the quality of these products (Jayasumdst al., 2011). All of the
particles were relatively soluble despite the hpthabic nature of the core
material, yielding results ranging from 81.4 % th@%. Pure ginger essential
oil is not soluble in pure water at room tempemtuvhereas encapsulating the
essential oil resulted in better solubility. Th@dyof encapsulant used did not
affect this property.

The encapsulation efficiency values ranged betwid&d % and 93.0 %.
There was significant difference (p<0.05) by Duntzst among the oil retention
capacity of samples and the treatment of GA:IN lgas effective in retaining
the oil. One of the most important quality paramefer the encapsulation of an
essential oil is the microencapsulation efficiengijch is the percentage of the
initial amount of essential oil that is encapsudatédhe nature of the wall
material is one of the main factors when considgthme retention of volatile
constituents. Among all of the encapsulants stydggeoin Arabic is the most
popular and commonly used ingredient for encapsglassential oils by spray
drying, due to its emulsifying properties and ebar@l retention of volatiles
during drying (Jafari et al., 2008c). However, thigll material has a high cost
and limited availability. Mixing gum Arabic with bér materials or completely
replacing it is an alternative strategy for encégtswg essential oils or other
substances. The mixture containing maltodextrinvgdoto be an effective
matrix for retaining ginger essential oil. It hae tadvantage of being relatively
inexpensive and provides good protection of theapsalated materials.
Maltodextrin cannot be used as wall material witremldition of a surface active

wall constituent because of its lack of emulsificatproperties; however, the
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incorporation of this carbohydrate into the wahproves drying properties of
the wall matrix, most likely by enhancing the fotioa of a dry crust around the
drying droplets, reduction of oxygen permeabiliSafsone et al., 2011) and
possibly filling the empty spaces in the encapsuaimatrix. In the study
carried out by Fernandes et al. (2014b) the sarhavier was described, i.e.,
lower encapsulation efficiency values when inulinswapplied with modified
starch or gum Arabic in the microencapsulation ofemary essential oil.
Although the treatment GA:IN presented lower enabgigon efficiency than the
others, the presence of inulin would be an altéreabased on the prebiotic
properties of this carbohydrate and on the consuseeking for food with
additional health benefits.

FT-IR spectroscopy was applied to show the chaesistics of the
encapsulated ginger essential oil into differenalfdc gum matrixes. Fig. 4
shows spectra of all components applied in micrapsglation process. Ginger
essential oil (bulk oil) bands are associated t€ @nd C=C-C=C stretching at
1740 and 1640 cihrespectively. Another important vibrational modseciated
to —CHs- groups is presented in the essential oil specauf922 crit (Dalonso
et al.,, 2009; Schulz et al., 2005). Bands that attarize Arabic gum (a
carbohydrate) are present at 1017'c(@-O stretching), at 1370 ¢m(CH;
bending), 1450 cih(C-H bending) and 1600 ¢h{C=0 stretching).

Maltodextrin is a polymer consisting pfD-glucose units connected by
glycosidic bonds (1.4) and mainly is applied as a storage stabilizer by
reduction of stickiness, agglomeration problems @iffitulties to dry (Gabas et
al.,, 2007). Inulin is a polymer assembled by fraetainits withp(2-1) links
ended by glucose monomers and, as the maltodeximsents encapsulating
properties (Bakowska-Barczak & Kolodziejczyk, 2Q11hulin (IN) and
maltodextrin (MD) present almost same spectrumilerofeaturing the band
assigned to C-O-C at 1015 ¢m
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Fig. 4. FT-IR spectra of raw wall materials andgginessential oil (bulk oil).

Fig.5 shows the FT-IR spectra dependence on cdtigroof GA
microparticles. Spectra of gum Arabic (GA), gum Bicginulin (GA:IN) and
gum Arabic:maltodextrin (GA:MD) microparticles pesd very similar profiles.
IN and MD incorporated to GA matrix are chemicaltable due to the absence
of wavenumber shifting. A reduction in transmittanaf bands at 1015 ¢
associated to C-O-C groups as well as an raisetefisity at 1600 cihdue to
C=0 stretching, are observed. These effects maglhted to the change in wall

composition after incorporation of IN and MD to Gdatrix.
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Fig. 5. FT-IR spectra of the micropatrticles prodliosing different wall

materials composition. GA: gum Arabic, MD: maltottéx, IN: inulin.

3.2. Moisture sorption isotherms

The estimated values of the coefficients and théistical parameters
used to evaluate the adequacy of the models forntbésture adsorption
behaviour are shown in Table 6. Oswin and GAB mefitted well to the data
in the isotherm curves for all the treatments, wbensidering the lowest value
of the average relative deviation (E). The GAB nlodlas chosen to describe
the isoterms behavior (Fig. 6) because it also idesvimportant information
about food products based on the estimative ofntloésture content of the
monolayer () which is important to establish appropriate ggeraonditions
for dehydrated foods. Regarding the GAB parametershown in Table 6, the

Xm of gum Arabic and gum Arabic plus inulin were heglwhen comparing to
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treatment gum Arabic plus maltodextrin. The usenaftodextrin together with
gum Arabic caused decrease of the hygroscopicitthefstorage powders at
different relative humidities (Fig. 6). The equiiilom moisture content in the
treatments formulated with gum Arabic was greatigréased when exposed to
relative humidity higher than 0.80. Toledo Hijoadt (2015) also found that the
water adsorption isotherm adjusted by the GAB madek5 °C for oregano
essential oil microparticles obtained by spray migyusing gum Arabic and

maltodextrin as wall materials.
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Table 6. Estimated values of the coefficients aradissical parameters for the

studied models GAB, Halsey, Henderson, Oswin andhSfar the different

treatments.

Model

, GA GAMD GAIN
(Equation)
X.  003¢ 0031 003
GAB C  6.05¢ 4.18¢  7.45]
X, = XnCKa, K 096: 096f 0.96:
“" (1-Ka,)(1-Ka, + CKa,) ' ' e
E 269. 8261 498
HALSEY a  -000] -0.00] -0.00]
a Y, b 008 008  0.08:
Xopq = (——
1 (ln aw) E 5753 51250 5805
HENSERSON a  311f 1.70¢  2.19:
In(1 — a,)|"s b 2037 4421  3.15¢
ea ™ [ ~a ] E  4460; 67.44¢ 40.72¢
OSWIN a2 007: 005/  0.06¢
. [ a, ]b b 057¢ 061 056
e = a a N

Tl -ay) E 887¢ 16.26¢ 8.501

a -0.06: -0.062 -0.05:
b -0.18: -0.15¢ -0.16¢
E 64.61¢ 105.27t 57.25¢

GA: gum Arabic. MD: maltodextrin. IN: inulin. & equilibrium moisture content (g'g

SMITH
X.q=a+blog(1-a,)

dry powder); %,; monolayer moisture content (¢ gry powder); C.K: model constants
related to the monolayer and monolayer propertées; water activity; a.b: model

parameters; E: relative mean errof; vefficient of determination
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Fig. 6. Sorption isotherms of the ginger oil powslersing different wall

materials, adjusted by GAB model. Physical aspdcginger oil powders

produced with formulations of encapsulants at diffé relative humidities in the

determination of the equilibrium moisture adsomtisotherms. GA: gum

Arabic, MD: maltodextrin, IN: inulin.
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The state of water plays a crucial role in foodsarvation. The quality
of preserved food depends upon the moisture cqnteoisture migration or
moisture uptake by the food material during stordgpe physical characteristics
of the powders subjected to different humidity levdemonstrated that there
was minimal physical changes in the particles pceduwith inulin when
compared to the other treatments (Fig. 6). The dumabic plus inulin was the
only treatment in which the powders visibly remairie the glassy state. The
other treatments underwent changes from a glaasy &t a rubbery state, af a
> 0,857 for GA and GA:MD microparticles. These tesiguggest that inulin
presents interesting properties regarding the waffanity during storage and
may be used as secondary encapsulation materiagidmiith some other types
of polymers. Powder produced with only gum Arabiergvconsidered the most
hygroscopic material over the water activity rartgsted. The presence of
maltodextrin produced powders with lower hygrosciipiwhen compared to

the others treatments.

3.5. Morphology and patrticle size distribution

The scanning electron microscopic images (SEMy.{ishowed no
evidence of cracking in the particles produced gisil the carbohydrates
formulations, which is important to ensure low gasrmeability and better
protection to the ginger essential oil against ati@h. In the present study, the
microcapsules prepared with inulin had a higherppriion of spherical
particles, most likely because these matrices gemlielasticity during the
drying process, although the perceptible differeringhe surface characteristics
of each type of particle were observed. In gendhal,particles had a spherical
shape. The occurrence of dents is probably duérinkage at the early stages

of the drying process. Spray-dried materials gpecally hollow spheres.
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Fig. 7.Scanning electron micrographs of the particlesaioirtg ginger essenti
oil using the following wall material{(A) gum Arabic (GA); (B) gum
Arabic/maltodextrii (GA:MD); and (C) gum Arabic/inulin (GA:INand particle

size distribution of powdel
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The particles produced using gum Arabic and mabtith presented the
higher particle sizes, 6.3pm, expressed aszd(Table 7). When inulin was
applied to formulation instead of maltodextrin, therticle size was decreased
and an average value of 5.4@n was obtained. The polydispersity index,
calculated using the PDI equation was low (2.0472.@vhich indicate a
homogeneous distribution. According to the literat(Bakry et al., 2016; Jafari
et al., 2008c), the diameter of spray-dried patdepends on the atomisation
method used, the properties of the material, theeatration and viscosity of
the encapsulated material and the drying conditibhere are reports that larger
particles have an increased encapsulation effigi¢dafari et al., 2008c). The
presence of inulin produced emulsion droplets wiilgher particles size,
however, this trend was not followed by the driedtigles containing inulin,

which showed the smaller size.

Table 7. Particle size distribution of the gingessential oil microparticles
produced by using the different wall materials.

Treatment daz (M) Os2 (um) dio dso Dgo PDI
GA 15.4¢+0.13 6.1€£0.03® 3.7¢ 12.1f 28.8¢ 2.0¢
GA:MD 15.8:+0.14 6.3t+0.03 3.68 12.71 29.9¢ 2.07
GA:IN 13.41+£0.21° 5.4:+004° 3.07 10.7¢ 24.9¢ 2.0

a,b,c Values with different letters in the sameuouh differ significantly (p<0.05) by

Duncan test. GA: gum Arabic, MD: maltodextrin, liRulin.

3.6 Thermogravimetric analysis (TGA)

TGA is a technique used to study the loss of sawglight as a function
of temperature and to evaluate its thermal stgbilitis an important technique
for verification of the food properties when they @ubjected to some kind of

heat treatment at higher temperatures as cookigigpasteurization.The particles
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containing ginger essential oil showed two or thstmes of weight loss (Fig.
8). In all cases a relative thermal stability wéserved up to 200 °C, with a
weight loss of 4.56 %, 4.19 % and 4.34 % for GA, :MB and GA:IN
respectively. On the other hand, at temperaturQff °C, the weight loss
observed for the bulk oil was 86.85 %. Above tldsge of temperature, the
mass loss observed corresponded to material decitiopo The first event
below 200 °C corresponds to the loss of free watehe materials and also
some part of the unprotected volatile oil. The citevents are related to the loss
of mass because of thermal dehydroxylation/decoitiposnd volatilization of
melted materials (Otélora et al., 2015). The secomd third stages (GA-IN) or
the second stage (other treatments), between 20@niC 350 °C, involve
reactions of wall material constituents, i.e., cémyarates (Fritzen-Freire et al.,
2012), which may be associated with carbohydrateg ridehydration,
decomposition, and depolymerization (Hosseini gt24113). Temperatures that
provide the greatest weight loss rate in each sdsag@ormally considered as the
degradation temperature (Td) (Yoksan et al., 20B@sed on the results, the
particles added with maltodextrin and inulin prasdnlower thermal stability
when compared with particles of GA, where inulinswasponsible by the
higher decrease in the thermal stability.
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Fig. 8. TGA (A) and DTG (B) curves of the bulk oil and diet particles

containing ginger essential oil produced with guralfic (GA), gum Arabic an

maltodextrin (GAMD), and gum Arabic and inulin (C-IN) as wall matrials,

in a nitrogen atmosphere (...to be continuec
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containing ginger essential oil produced with gunatfic (GA), gum Arabiand
maltodextrin (GAMD), and gum Arabic and inulin (C:IN) as wall matrials,
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3.7. X-ray diffraction

The X+ay diffraction was used to identify the crystatinof the
samples. In general, a crystalline material pressiar peaks while amorphot
products provide a broader peak patteCaparino et al., 2012). F. 9 shows
powder Xray diffraction patterns obtained at different treants of ginge
essential oil microparticles and at raw materiasduas wall materials. Athe
samples had an amorphous structure with a minimdincrystallinity, as
indicated by diffuse and broad peaks in the diffsgams. The spray dryir
process did not affect the crystallinity of the lWahterials testec

[ 2000 counts

B MM .
- A ____Raw maltodextrin

i, _RAW Ara bic gum

7] MA:IN microparticles
. /\MA:MD microparticles
| MA microparticles

I y I Y I Y T ' I A
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Intensity (counts)
1
S i
i

Diffraction angle (20)

Fig. 9. X+ay diffraction peterns of the raw materials and th@croparticles

producedGA: gum Arabic, MD: maltodextrin, IN: inul.

It should be noticed that the materials producedgprgy drying proces
presented an amorphous structure, which is a desistic of products <bjected
to this specific type of drying process, due to fdm moisture evaporation. It
important to know the physical condition of a doofl, because this conditi

will influence on powered food properties. Rehyunmatproperties, such
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solubility, may be influenced by the physical stafethe powder components.
Products with crystalline components tend to diss®lslowly, since the
dissolution of crystals occurs only on the outerfaste, exposed to the solvent.
On the other hand, powders containing amorphougpoaents hydrates quickly
because of the low energy levels of bonds betweelecules ,when compared
to the crystalline state (Marabi et al., 2007)islknown that amorphous solids
are in general more soluble and more hygroscopatréB et al., 2014). Data
obtained indicate the preservation of biopolymensigphous phase on produced

particles.

4. Conclusions

The use of homogeneization followed by utrasonicatias efficient in
the emulsion formation when compared with homogaat&in process alone.
The importance of the use of carbohydrates with igh hcapacity for
emulsification (i.e., gum Arabic) as wall matetiagjether with the more suitable
secondary wall material was reaffirmed in this gtughich showed that such
blend materials are more efficient in retainingatidés compounds. The mixture
containing maltodextrin proved to be an effectivatmx for retaining ginger
essential oil. It has the advantage of being nedgtiinexpensive and provides
excellent protection of the encapsulated materibit® presence of inulin and
maltodextrin improved the wettability of the palts, however the presence of
inulin decreased the encapsulation efficiency.
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ASSOCIATING WHEY PROTEIN ISOLATE WITH
INULIN/MALTODEXTRIN FOR OBTAINING SPRAY-DRIED GINGE R
ESSENTIAL OIL

ABSTRACT

The aim of this study was evaluate the effectssebaiating whey protein isolate
(WPI) with maltodextrin (MD) and inulin (IN) biopginers on the ultrasound-
assisted emulsification of ginger essential oil ameducing spray-dried
microparticles. The higher viscosity values werdamied for the emulsions
prepared with WPI and IN. Moreover, the ginger s8ak oil emulsion
stabilized by WPI and IN had the apparent viscdsityeased when ultrasound-
assisted was applied in the emulsification proc&éke emulsions obtained by
using ultrasound were more stable according on dieaming index. The
solubility and moisture content of the particlesrevaot affected by the wall
material. The wettability property of the powderasaiimproved by the addition
of IN. The lowest level of water absorption undenditions of high relative
humidity was observed in treatments containing TNe partial replacement of
WPI by MD (1:1, w/w) significantly affect the effency of encapsulation.
Larger particles were observed in the powders peepaith WPI. All of the
powders obtained from these treatments exhibitedraarphous structure and
did not present cracks in the surface. The us&laiid MD proved to be good
alternative secondary wall materials for gingerttogether with WPI.

Keywords. Milk protein, prebiotic carbohydrate, ultrasouassisted
emulsification, microencapsulation
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1. Introduction

Ginger belongs to the familgingiberaceae. It is cultivated in many
countries, and commercialized to other parts ofwtbdd (Jelled et al., 2015). It
is among the oldest cultivated horticultural crapsl is a common food additive
in a number of foods and beverages (Unni et aL5p0Ginger is well known for
its nutraceutical value, which can be attribute aovariety of bioactive
compounds, including the gingerols, zingiberene &mel shogaols (Butt &
Sultan, 2011; Semwal et al., 2015).

In encapsulation processes, a compact and consnpolymeric film
encloses the core material, forming a microcapgBierras-Saavedra et al.,
2015). Spray-drying is the most commonly used teglenfor the encapsulation
of essential oils. It is a low-cost microencapsalatechnology commonly used
on an industrial scale, which has the attractiveraathges of producing
microcapsules in a relatively simple, continuousragion and inexpensive,
compared to other microencapsulation techniquekr{Bat al., 2016). The
solution homogenization is an important step whiokcedes the drying process
and proteins have been widely used for stabiliédog emulsions. The emulsion
can be homogenized by high pressure or ultrasooirabtain the uniform and
small oil droplets (Le & Le, 2015). Ultrasonic emification is an emerging
technique used to produce stable emulsion (Ramisetl., 2015). It is of great
interest for the food industry, to investigate noetblogies that are capable to
enhance the emulsifying properties of proteins (li&n et al., 2014). The
ultrasonic emulsification process has been propasettwo-step mechanism: in
the first step, a combination of interfacial wawesd instability leads to the
eruption of dispersed phase droplets into the naotis phase, and the second
step consists of breaking up of droplets througbustic cavitation near the

interface (Shanmugam & Ashokkumar, 2015).
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Encapsulation efficiency may be increased by medrselecting wall
materials that present different functional proigstt Whey proteins, which
make up 20 % of the milk proteins, are of considerinterest as an encapsulant
in the food industry because of their high nutriti@lue (Khem et al., 2016) and
the presence of hydrophobic and hydrophilic amiomsawhich makes this
product excellent copolymers feasible for encapEuia of hydrophobic
compounds (Liu et al, 2016). Carbohydrates withorsh chains e.g.,
maltodextrin and inulin, act as filling agents andtrix formers. The principal
disadvantage of most carbohydrates as encapsulaiiatgrials is their low
emulsifying capacity and lower volatile retentiobut they are being
increasingly studied for use in polymeric mixturddaltodextrin, a white
glucose polymers, exhibits a neutral taste, is ledsrand is easily digested by
humans (Otalora et al., 2015). The inulin from ohjcroots is commercialised
as a purified food ingredient and due to its techinand nutritive properties,
inulin may also be an interesting possible encapisui agent (Turchiuli et al.,
2014).

All the potential attributes of essential oils ah@ increasing demand
for natural additives in the food industry have tedstudy the ginger powder as
a potential food ingredient. The choice of wall em&tl or the ideal mixture of
wall materials for each system is of extreme imgace, since the encapsulating
material determines many of the physicochemicatadtaristics of the product
in powdered form, as well as its behavior duringrage. The partial
replacement of whey protein isolate by carbohydrateuld increase the
volatiles retention in the encapsulation of gingmsential oil during spray
drying. Thus, the objective of this study is to lgpgpray drying technique to
produce microencapsulated ginger essential using WPI:MD and WPI:IN as
wall systems. The effects of emulsification proessqwith and without

ultrasound emulsification) on stability parametefsesmulsion were evaluated.
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The influence of different wall material system wamwvestigated based on
properties and functionalities of microparticles farms of stability and
characteristics of the emulsion, encapsulation ciefficy, reconstitution
properties, chemical profile, microparticles stiggpilmorphology, particle size
distribution and crystallinity.

2. Materials and Methods
2.1. Materials

Ginger {ingiber officinale) essential oil (Ferquima, Vargem Grande
Paulista, Brazil) was used as the core materialeyMbrotein isolate (Hilmar
Ingredients, Hilmar, USA), high-performance inu(shegree of polymerisation
>10, Oraft’tGR, BENEO-Orafti, Tienen, Belgium) and maltodext(Maltogil

DE 10, Gargil, Sdo Paulo, Brazil) were used as mallerials.

2.2. Preparation of ginger essential oil emulsion

The volume of each emulsion was set at 400 mL.r&tie between the
ginger essential oil and each biopolymer was maiath at 1:4 (w/w)
(Fernandes et al., 2014). Each hydrocollsigspension (whey protein isolate
(WPI), whey protein isolate + maltodextrin (1:1;wy/(WPI:MD) and whey
protein isolate + inulin (1:1; w/w) (WPL:IN)) wasrgpared by dissolving the
material at 20 % (w/w) (Fernandes et al., 2013#&bYistilled water. The
solutions were prepared the day before emulsifioataind stored at room
temperature for 12 h to ensure complete saturaifothe molecules of the
materials.

The ginger essential oil was slowly incorporatedtoineach
polysaccharide suspension by mechanical stirrirk@0 rpm for 5 min, using a
rotor-stator blender (Ultra-Turrax IKA T18 basic,ildvington, USA), to form

emulsions (H). For the treatments where the ultradavas applied (H/U), after
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the homogenization process by mechanical stirtimg,samples were submitted
to ultrasonication at 160 W of nominal power (BramsDigital Sonifier®,
Model S-450D, Branson Ultrasonics Corporation, ag, USA), 20 kHz, for
2 min. The height contact between the ultrasonab@rand the emulsions was
standardized to 30 mm. The effect of the ultrasowad investigated and the
emulsification experiments were performed in tdate according to Table 1

with three replicates.

Table 1. Composition of the feed emulsions and siomlprocesses used in the

experiments

Feed emulsion :
Emulsion step

(9.100g")
WPI MD IN Oil Homogenizatior Ultrasonication
(H) V)
2C - - 5 X
2C - - 5 X X
0 1 - 5 X
1C 1C - 5 X X
1C - 1C 5 X
1C - 1C 5 X X

WPI: whey protein isolate; MD: maltodextrin; IN:ulina

2.3. Characterisation of the emulsions
2.3.1. Emulsions viscosity

Rheological measurements were conducted usingheeatric cylinder
viscosimeter (Brookfield DVIII Ultra, Brookfield Enggering Laboratories,
Stoughton, MA, USA), assembled with a cylindricahgple chamber 13R/RP
(19.05 mm of diameter and depth of 64.77 mm), aspiadle SC4-18 (17.48
mm of diameter and 35.53 mm length). For each testfilled sample cup (6.7
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mL) and spindle were temperature equilibrated @t’@). Flow curves were
obtained at shear rates of 0.1-171.7 for the emulsion submitted to
homogenization and of 0.1-85.9™ sfor the emulsion submitted to
homogenization followed by ultrasonification. Theaner law model (Eg. 1) was
used to analyze the flow properties of the ema@difamples, as follows.
T=ky" (1D
wheret = shear stress (Pa)= shear rate 3, k = the consistency index (P3,s
and n = the flow behaviour index (Silva et al., 2D1Apparent viscosity of the
emulsion was calculated as the ratio between tharsdtress and the shear rate
at40s.

2.3.2. Emulsion droplet size

The droplet size distribution of the emulsions wasermined by light
scattering using laser diffraction (Mastersizer @@0alvern Instruments Ltd.,
Malvern, UK). The average diameter was calculateded on the average
diameter of an area of a similar sphere, the sarfaean diameter {g, while
the volume surface mean diameteg)@nd the polydispersity index (PDI) were
determined according Eqg. (2), (3) and (4), respebti The samples were
analyzed in triplicate for each repetition of theal@ated emulsion by the wet
method with dispersion in water and a refractivalein of 1.52. The

measurements were performed at 25 °C.
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3 n;d;3
32 =—o0—— (2)
X n;d;
n;d*
43 = L l3 3)
> n;d;
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PDI = % 4)
50

where dis the average droplet diameterisnthe number of drops; and,dds,
and do are the diameters at 10 %, 50 % and 90 % cumulatolame,

respectively.

2.3.3. Optical microscopy

The emulsions optical microscopy was performed éuiately after
their preparation. The samples were poured ontoasiopes slides, covered
with glass cover slips and observed using a CddsZdlodel MF-AKS 24 x 36
Expomet optical microscope (Zeiss, Germany).

2.3.4. Creaming stability

The creaming index (Cl) of the ginger essentidl eshulsions was
analyzed as described by Silva & Meireles (201mmediately after emulsion
preparation, 25 cfaliquots of each emulsion were poured into a dyloal
graduated glass tube (internal diameter = 1.8 @ight = 16.5 cm), sealed and
stored at 25 °C for 30 h. The emulsion stabilityswaeasured by the height of
the upper phase over the storage period. The CHetsmined according to Eq.

(5):
CI (%) = (%) x100 (5)

where Ht represents the initial height of the emul@and Hc is the upper phase

height (cream phase).
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2.4. Microencapsulation by spray drying

The spray drying process was conducted only ®etiulsions obtained
when applying the ultrasonication step (H/U). Tked emulsions were dried
using a spray-dryer (model MSD 1.0; Labmaq do Br&ibeirdo Preto, Brazil)
equipped with a two-fluid nozzle atomiser. Thedaling operational conditions
were used, as described in previous studies: tifieperature of 170 °C and feed
rate of 0.8 L (Fernandes et al., 2013a,b). The atomasing air Was kept in
35 L.min*. The dried powder was collected and stored in veagirtight
containers at 4 °C until further analysis. The &Hef the encapsulating systems

were evaluated.

2.5. Characterisation of the microcapsules
2.5.1. Moisture content

The moisture content of the powder was determimadigetrically by
oven-drying at 105 °C to constant weight (Assooratof Official Analytical
Chemists [AOAC], 2007).

2.5.2. Reconstitution properties

The wettability of the powders was determined gisthe method
described by Fuchs et al. (2006). One gram of powaes sprinkled over the
surface of 100 mL of distilled water at 20 °C withh@gitation. The time taken
for the powder particles to sediment, sink, be selsed and disappear from the
water's surface was recorded and used for a coswguarof the extent of
wettability of the samples.

The solubility of the powders was evaluated adogrdo the method
proposed by Cano-Chauca et al. (2005), with magtifims. The powders were
weighed (1 g) and stirred into 25 mL of distilledter for 5 min using a blender.
The solution was then centrifuged at 760xg for 10. rAn aliquot of 20 mL of
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the supernatant was transferred to a pre-weighed dieh and oven-dried at
105 °C overnight. The solubility (%) was calculagsithe percentage of dried

supernatant in relation to the amount of powdegioally added (1 g).

2.5.3. Essential oil encapsulation efficiency

Ginger essential oil content in the microparticleas determined as
described by Li & Lu (2016), with some modificateorl000 mg sample was
dissolved in 20 mL distillate water in glass tulassisted by ultrasound (2 min),
followed by 10 mL hexane addition and mixing fonrin. Essential oil was
extracted with hexane by heating the sample insgiases at 45 °C in a water
bath with intermittent mixing. The tubes were cabte room temperature and
hexane was separated from the aqueous phase bifjuggtion at 3000 rpm for
5 min. The extraction was performed four times. @hwunt of ginger essential
oil in hexane was quantified by measuring absorbat70 nm in a UV-visible
spectrophotometer (Bel Photonics, Piracicaba, Bramd its concentration was
calculated using a calibration curve. Essentiakaitapsulation efficiency (EE)
was determined using Eq. (6):

M
EE (%) = 71 * 100 (6)

where M is the amount (mg) of oil in in micropaltis and M is the initial oil

amount (mg) added to the emulsion.

2.5.4. Fourier transform infrared spectroscopy

Fourier transform infrared (FTIR) spectroscopy vpesformed on the
pure essential oil, the wall materials and the pawdThese measurements were
taken at ambient temperature, in the range of 4000-4n7, using an Fourier
transform infrared Jasco 4100 spectrometer.
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2.5.5. Moisture sorption isotherms

The sorption isotherms for the treatments wererdehed using the
gravimetric static method with a saturated saliolton at 25 °C. The seven
saturated saline solutions (NaClyGO; MgCl, LiCl, Mg(NQs),, KCI and
K,SOy) had water activities ranging from 0.12 to 0.98eTmoisture sorption
isotherm data were correlated to the water actirilative humidity) using the
following mathematical models: GAB, Halsey, Henderand Oswin and Smith
(Toledo Hijo et al., 2015).

The parameters of these equations were estimatecbivelating the
mathematical models to the experimental data uaimgiasi-Newton nonlinear
regression. The model that was considered mosibdeitvas based on the low

mean relative percentage deviation modulus (E)nddfas follows in Eq. (7):

N
100 |m; — my;|
E= Z 7
N2 m (7)
1=

where m is the experimental value, s the predicted value and N is the

population of experimental data.

2.5.6. Thermogravimetric analysis

Curves were obtained using TGA50H thermobalanceoli@oation
Shimadzu, Kyoto, Japan) under the following opetatonditions: alumina pan;
dynamic nitrogen atmosphere with flow of 100 mL thiheating rate: 10 °C

min®; temperature range: 50-550 °C. Approximately 5ahgample were used.

2.5.7. X-ray diffraction

Samples of products were placed in a support ferdeo and covered
with a glass sheet. Measurements were performeatty usi Shimadzu X-ray
diffractometer (model XRD-6000) using CuK radiation with a wavelength of



101

1.54 A at 30 kV and 30 mA. Samples were analyzeahgtes from 4° to 40° in
2 h with an increment of 0.02° (1.2° rijn

2.5.8. Particle morphology and size distribution

The particle morphology of the samples was evalliaising scanning
electron microscopy (SEM). The powders were attdctee a double-sided
adhesive tape mounted on SEM stubs with a dianoétéem and a height of 1
cm, coated with gold in a vacuum evaporator andngxad using an MEV 1430
VP — LEO scanning electron microscope (Electronrblcopy Ltd., Cambridge,
UK). The SEM was operated at 20 kV with magnifioatof 900—1200x.

The patrticle size distribution was determineddibiof the samples using
a Mastersizer 2000 laser light diffraction instruthémodel Hydro 2000 MU,
Malvern Instruments, Malvern, UK). A small sampfepowder was suspended
in ethanol with agitation and the particle sizeriisition was monitored during
each measurement until successive readings wesistemt. The area-weighted
mean diameter ¢g), volume-weighted mean diameter ,dd and the
polydispersity index (PDI) were calculated using &), (3) and (4).

2.6. Statistical analysis

Analysis of variance in factorial design was parfed to evaluate the
effect of ultrasound and the polymer compositiontioe emulsion parameters
studied. One way analysis of variance was perforineelvaluate the effect of
encapsulating matrices composition on the propertie the microparticles.
Significant differences (p<0.05) between the tremtts mean values were

examined bybuncan test. The experiments were performed in triplicate
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3. Results and discussion
3.1. Emulsion characterisation

The preparation of the emulsion to be process#tkifirst step involved
into the process of encapsulation by spray dryige ability of each
encapsulating agent to produce small and unifomictasize is related with its
ability to completely cover the oil drops duringnhogenization and prevents its
coalescence after homogenization (Rascon et all1)20rhe rheological
properties of foods are very important for proddevelopment and design in
food processing and to know the exact behavioofifto produce a specific
product (Yanjun et al., 2014). The formulation @dare may involve the
incorporation of a hydrocolloid stabilizer duringmelsification. Proteins
generally stabilize emulsions by forming a coatowgr oil droplets and, thus,
preventing agglomeration (Kaushik et al., 2016). usions exhibit a wide
variety of different rheological behaviors depemgdion their composition,
structure, and droplet interactions (McClementsilgt2007).The viscosity of
the liquid feeds to be spray dried should be Iathvan 300 mPa.s to ensure good
atomization (Battista et al., 2015) and in the pn¢sstudy all the treatments
were in the ideal range.

The relation between viscosity and shear ratéi®emulsions produced
with different composition and obtained using H rffumenization) and H/U
(homogenization/ultrasound) processes are presenteig. 1. The higher
viscosity values were obtained for the emulsionspared with whey protein
isolate and inulin. Moreover, the ginger essentidlemulsion stabilized by
whey protein isolate and inulin had the apparemstcasity increased when
ultrasonication was applied in the emulsificatiomgess (Table 2). Inulin is
commonly used as a gelling agent in food becaukerits a solution with high
viscosity in water. On the other hand, the lowéstasity values were obtained

for the emulsions prepared with whey protein isoktd maltodextrin. Aqueous
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solutions containing maltodextrin have commonly lavgcosity (Santiago-
Adame et al.,, 2015) and this carbohydrate can itoé to decrease the
viscosity when applied with whey protein isolate.
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Fig 1. Rheological parameters obtained for the femdlsions submitted to the
homogenization (H) and homogenization followed bitrasound (H/U)

processes. GA: gum Arabic, MD: maltodextrin, INulin.
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Table 2. Valued for apparent viscosity (mPa.shefémulsions produced using
different wall materials andy homogenization (H) and ultrasonication
(H/V).

Emulsification process

Wall H H/U
material Apparent viscosity (mPa.s)
WPI 11.21+0.1*  11.08 +0.2"*

WPI:MD 9.44 + 0.1 9.06 + 0.2°A
WPI:IN 11.71+0.3"®  13.67 +0.2*

Values with different letters (lower case) for tsame emulsification process and

different letters (upper case) using the same matkrial differ significantly (p<0.05) by

Duncan test. WPI: whey protein isolate, MD: malttde, IN: inulin.

Ultrasound treatment of the samples caused inereéas apparent
viscosity for the treatment WPLIN. In such cas#® changes in flowing
behaviour upon ultrasound treatment are a consequehchanges in binding
capacity for water, i.e. hydrophilic parts of amimgids are opened toward water
surroundings leading to higher binding of water egales (Kre&i et al., 2008;
Phillips & Williams, 1995).

The emulsions were considered to present Newtofliad behavior
characteristics with n values close to 1, exceptettmulsion produced using WPI
and IN where was considered to have a non-Newtdhiahbehavior typically
pseudoplastic (n <1). The Power law model was fite#id to the experimental
data obtained high determination coefficient valaesl low average relative

error values (Table 3).
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Table 3. Rheological parameters for the emulsigodyred using different wall

materials andby homogenization (H) and ultrasonication (H/U).

Treatments

Wall Emulsification K (mPa.s") n R? E(%)
material process

WPI 0.01 1.00 0.9¢ 7.05
WPI:MD H 0.01 0.9¢ 0.9¢ 7.1
WPI:IN 0.01 0.9¢ 0.9¢ 6.3t

WPI 0.01 0.97 0.9¢ 6.00
WPI:MD H/U 0.01 0.98 0.9¢ 6.59
WPI:IN 0.03 0.81 0.9¢ 6.13

WPI: whey protein isolate, MD: maltodextrin, INuiln. K: consistency index; n: flow

behavior index; E: mean relative error.

The results of the average droplet size and pebesity index of
essential oil-polysaccharides emulsions are showhable 4, and their droplet
size distribution is presented in Fig. 2. Difereneenong emulsion droplet size
and size distribution were observed depending encirbohydrate used in the
formulation of emulsions and the reduction in enmusdroplet size does not
exclusively depend on the type of energy providedhe system (H or H/U).
The emulsification processes of ginger essentiblaod the different wall
materials combinations resulted in emulsions wittptet diameter (d) ranging
from 3.71 to 60.97 um with higher values obtaif@cthe whey protein isolate
emulsificated by homogenization and lower valuagsafbey protein isolate with
the application of ultrasonication as an emulsffamamethod. The processing of
blends by ultrasonication after a previous homagaion rendered emulsions
with a expanded droplet size only for the treatnweitih maltodextrin addition.

This suggests possible overprocessing for the dfigation of these
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biopolymers because too intense homogenizationncaease the droplet size of
the emulsion (Floury et al., 2003; Jafari et alQ?Z, Silva et al., 2015). Higher
degree of polydispersity in the distribution of plet size can be observed for
the emulsions prepared using WPI (H) and WPI:MDUH/For the treatment
WPI, the acoustic cavitation phenomenon, due agidic of low frequency
ultrasound, is what promotes the breaking of thapldts during emulsification
using ultrasound (Silva et al., 2015), providechdigantly smaller droplet sizes
when the ultrasound was applied. Microscopy metheedse used in order to
investigate the size, shape and morphology (Xiangl.e 2016). Fig. 2 shows
also the microstructure of the emulsions createthbydifferent emulsification
process and proteins/carbohydrates matrices. Thwognaphs confirm the
results obtained in the droplet size distributitiris observed that the processes
result in different colloidal systems and that thenefits of the U/H process,
independent of the biopolymer used in the emubsifim of ginger essential oil.
The presence of dispersed oil droplets contributesigher values of the
apparent viscosity of the emulsions (Petrovic t24110).



Table 4. Particle size distribution of the emulsinoplets produced by homogenization (H) and ubwasl

process (H/U) for the evaluated treatments.

Wall material ~ EP daz(pm) ds (LM) do  dso deo  PDI
WPI 60.97+0.9¢ 4.2¢"+00: 1.1€ 4.3z 97/ 1.9¢
WPI:MD H 57C8+0.08  2.1¢%+0.01 114/ 4.9 124 2.3(
WPLIN 13.7€4+0.0¢ 5.06"+0.0¢ 1.4¢ 6.8 16.9¢ 2.2¢
WPI 3.7 +£0.41 1.2+0.0z2 0.6¢ 1.57 56¢ 3.1¢
WPI:MD HU  8.6/%+0.7: 1.3°®+00¢ 081 1.7 3.4€ 1.5¢
WPL:IN 8.4+ 0,15  25(**+0.0: 0.9 26: 14.2¢ 5.0¢

Values with different letters (lower case) for #@me emulsification process (EP) and differenetet{upper case) using the same
wall material differ significantly (p<0.05) by Duan test. WPI: whey protein isolate, MD: maltodextiN: inulin.

L0OT
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Fig. 2. Droplet size distribution curves of the ginger esisé oil emulsions
processed by homogenization (H) and homogenizagtlas ultrasound (H/U
and optical micrograptof the ginger essential oil emulsions processec
homogenization) (A,B, C) and homogenizatioplus ultrasoun¢H/U) (D,E,
F). WPI: whey protein isola, MD, maltodextrin, IN: inulin (...to b
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Fig. 2. Droplet size distribution curves of the ggn essential oil emulsions
processed by homogenization (H) and homogenizailoa ultrasound (H/U)
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Fig. 2. Droplet size distribution curves of the ggn essential oil emulsions
processed by homogenization (H) and homogenizailoa ultrasound (H/U)
and optical micrograph of the ginger essential asitulsions processed by
homogenization (U) (A,B, C) and homogenization plitsasound (H/U) (D,E,
F). WPI: whey protein isolate, MD, maltodextrin,: Iikulin.

Under quiescent conditions, the most obvious reatation of emulsion
instability is creaming, and the rate of creamisgeéry sensitive to droplet size
distribution (Bernard et al.,, 2011Creaming is the upward movement of
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droplets due to the fact that they have a lowersitierihan the surrounding
liquid, whereas sedimentation is the downward mamnof droplets due to the
fact that they have a higher density than the suding liquid (McClements et
al., 2007). An emulsion with a stable core mateiigb the wall material
solution is a critical factor on microencapsulatiamd must be stable over a
certain period of time, before spray drying stepki et al., 2016). The stability
of the emulsions to creaming was shown in Fig. % @ecrease in the CI for
WPI and WPI:MD treatments that had ultrasound-gsdisan be explained by
emulsions produced using ultrasound are more statilehave droplets with an
homogeneousy particle size distribution. The desréda Cl can be explained by
the more favorable orientation of proteins resgltinom the influence of
turbulent behavior produced by ultrasound (Yanjualg 2014). The emulsion
stability improved with the addition of inulin arl both cases (H or H/U) with
the addition of inulin the creaming phenomenon exaturred. This fact can be
linked to the gelling of the colloidal system praeub by the high shear of inulin
during ultrasonic emulsification. Inulin gel devptoent is a dynamic process in
which the amorphous inulin in contact with wateartt a nucleation and
crystallisation process (Alvarez-Sabatel et al.13®0Glibowski and Pikus,
2011). The gel structure acted as a physical batwiecoalescence of the oil
droplets and promoted stability in these systenmib/gdS& Meireles, 2015).
Besides that physico-chemical properties of prepeilysaccharide complexes
increase the entropy of mixing of biopolymers anukirt co-solubility
contributing to more stable emulsions (Rodea-Gazzakt al., 2012;
Tolstoguzov, 2003).
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Fig. 3. Effect of the emulsification process and Wall material system
on the creaming index (%) of the emulsions. Valwéh different letters
(lower case) for the same emulsification process different letters
(upper case) using the same wall material diffgnificantly (p<0.05) by

Duncan test. WPI: whey protein isolate, MD: malttde, IN: inulin

3.2. Particle characterisation

Considering the lower yield of microencapsulatginger essential oil
when applying only the homogenization process aatteb results for the
ultrasound-assisted emulsions, the characterisatbnthe particles was
performed only for treatments assisted by ultradouThe particle
characterisation results are shown in Table 5. Lsivglf life of dried product is
closely related to low moisture content. Moistugntents of all spray-dried
emulsions varied from 1.05 to 1.98 % and were nghificantly different
(p>0.05). In general, moisture content of 3—4 ¥hé&sminimum specification for
most dried powders used in the food industry (Geyall., 2015). The moisture
content values found were considered low and wighiange that ensures a long
shelf life.
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Table 5. Mean values and standard deviations fer ioisture content,

wettability, solubility and oil retention of the pizles produced.

Variables
Wall Moisture Wettability Solubility Encapsulation
material (%) (s) (%) efficiency
(%)
WPI 1.98 +0.5° 435+ 37° 76.94 +1,4¢ 4713 £1.39°

WPI:IMD  1.05 + 0,62 347 £17° 78.62 + 3.37 61.64 + 5.60
WPI:IN 1.76 + 0.6 316+ 1¢ 8158 +7.4% 48.14 +1.78

ab values with different letters in the same coluniffed significantly (p< 0.05) by

Duncan test. WPI, whey protein isolate; MD, maltdda; IN, inulin.

Wettability describes the ability of a solid sudato be wetted by a
liquid and, thus, the potential of the liquid cawntbus phase to stabilize and
encapsulate the dispersed phase (Battista et0dl5)2In the present study, the
time needed for the powders to become completelyramged from 316 s to
435 s. The type of wall material significantly affed this property. The shortest
wettability time was observed when inulin and madtetrin were used in the
formulation, suggesting that these materials imedovthe instantising
characteristics of the particles. The WPI:IN miepsules adsorbed water faster
due to the high number of hydrophilic groups (—Qifljnulin which increased
the adherence capacity of water molecules on tHfacgiof microcapsules. The
same behavior was found by Dima et al. (2016) & study ofCoriandrum
sativum L. essential oil from chitosan/alginate/inulin macapsules which the
shorter time was found for coriander essentialn@groencapsulated by spray
drying using chitosan and inulin as carrier agefitsee whey protein isolate
obtained the largest wettability values probably thg characteristic of the

material that has larger hydrophobic chain intitsciure.
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Pure ginger essential oil is not soluble in puratew at room
temperature, whereas encapsulating the essertig@saoited in better solubility
and facilitated the incorporation in a food matrikhe powders used as
ingredients for the food industry must exhibit gsmdubility. All of the particles
were relatively soluble despite the hydrophobicuraatof the core material,
yielding results ranging from 76.94 % to 81.58 %d adid not present
significantly difference.

The principal challenge to producing powders byagpdrying is
developing powders with desirable properties addeed costs. For the specific
case of essential oils, research into microencapsolby means of spray drying
is concentrated on improving encapsulation efficyeand retaining volatiles, in
addition to trying to extend the maximum productlgtife. Therefore, one of
the most important quality parameters for the esalpion of an essential oil is
the microencapsulation efficiency, which is theceetage of the initial amount
of essential oil that is encapsulated. The encatisul efficiency values ranged
between 48.14 % and 61.64 %. There was signifidifference (p<0.05) among
the oil retention capacity of samples and the tneat of WPI:MD was more
effective in retaining the oil. Spray drying-micrmapsulation of cinnamon
infusions Cinnamomum zeylanicum) showed high efficiency of encapsulation
(>70 %) using maltodextrin (Santiago-Adame et2015).In the study of Dima
et al. (2016) the efficiency of encapsulation rahffem 51 % to 63 %, and it is
lower when inulin was applied to the carrier matrbhe nature of the wall
material is one of the main factors in the retentad volatile constituents.

FT-IR spectroscopy was applied to show the chaesstics of the
encapsulated ginger essential oil into whey proteatate different matrices.
Fig. 4 shows spectra of all components applied icraencapsulation process.
Ginger essential oil (bulk oil) bands are assodia® C=C and C=C-C=C
stretching at 1740 and 1640 ¢nrespectively. Another important vibrational
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mode associated to —CH2- groups is presented iredkential oil spectrum at
2922 cnt (Dalonso et al., 2009; Schulz et al., 2005). ksalawhey protein

(WPI) spectrum provides bands associated to C=€cking (amide | peptide
bonds) at 1515 and 1630 Cr¢Silverstein et al., 2006).

Maltodextrin is a polymer consisting pfD-glucose units connected by
glycosidic bonds ($4) and mainly is applied as a storage stabilizer by
reduction of stickiness, agglomeration problems @iffitulties to dry (Gabas et
al., 2007).

Inulin is a polymer assembled by fructose unitdh\g{2-1) links ended
by glucose monomers and, as the maltodextrin, ptesmcapsulating properties
(Bakowska-Barczak & Kolodziejczyk, 2011). It can prave calcium
bioavailability, being a dietary fibre which shopebiotic effects (Robert et al.,
2012). Inulin (IN) and maltodextrin (MD) presentradst same spectrum profile,
featuring the band assigned to C-O-C at 1013.ckbsorption bands associated
to O-H bonds (3000-3600 chhare detected from WPI, IN and MD.
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Fig. 4. FT-IR spectra of raw wall materials andgginessential oil (bulk oil).

Fig. 5 shows the FT-IR spectra composition depecele of
microparticles. When inulin (IN) and maltodextriM) are incorporated to
whey protein isolated (WPI), the FT-IR absorptioantls present certain
differences. Inulin and maltodextrin alter consaddy the intensity of
absorption in 1015 cidue to C-O-C groups. The amide | bands assigned to
C=0 stretching (1515 cmand 1630 c) had its intensity reduced due to the
mixture with IN and MD witch chemical structures damt contain ketone

groups.
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Fig. 5. FT-IR spectra of the microparticles prodlcesing different wall

materials composition. WPI: whey protein isolatd) Mnaltodextrin, IN: inulin.

3.2. Moisture sorption isotherms

The moisture sorption isotherms is unique for eaekterial and must be
evaluated experimentally. The sorption isotherms peovide data about the
shelf life stability of a given food commodity (®fstha et al., 2007). The
estimated values of the coefficients and the sitzdis parameters used to
evaluate the adequacy of the models for the mesadsorption behaviour are
shown in Table 6. The model that best fit to thdateons in isotherm data for
all the treatments was the GAB model, when congigehe lowest value of the
average relative deviation (E). Fig. 6 illustrates moisture sorption behavior of
spray-dried ginger essential oil at 25 °C, asditby the GAB equation. The
water adsorption isotherm of the oregano esseatiiahicroparticles also was
adjusted by the GAB model at 25 °C (Toledo Hijakt 2015). Regarding the
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GAB parameters, as shown in Table 6, thgof WPI:MD and WPI:IN were

smaller when comparing to treatment WPI.

Table 6. Estimated values of the coefficients atadistical parameters for the
studied models GAB, Halsey, Henderson, Oswin andhSfar the different

treatments for spray-dried ginger essential oil.

Model

_ WPl WPIEMD  WPLIN
(Equation)
Xn 0.04€ 0.03¢ 0.041
GAB C 585 34964 12,555
X, = XnCKa, K 0016  0094¢ 0.927
" (1-Ka,)(1-Ka, + CKa,) ' ' e
E 9012 14.70¢ 10,582
HALSEY a -0.001 -0.001 -0.001
. ( a >1/,, b  0.08E 0.08E 0.08E
“ \lna, E 70.75¢ 67.25€ 71.191
HENSERSON a  3.037 1.78¢€ 3.082
) [ln(l —a)]e b 2862 4.381 3.10¢
e -a E 14011 35.95¢ 17.381
OSWIN a 0.07¢ 0.07Z 0.07¢<
a, 1 b 0.44¢ 0.50¢ 0.444
Keo = a2

1 1-a,)l E 12747 18114 11.03¢
a -0004 -0.021 -0.001

SMITH
b -0117  -0.13€ -0.10¢

X.q=a+blog(1-a,)
E 15287 27.29¢ 17.58C

WPI: whey protein isolate, MD: maltodextrin, IN:ulin. X.s equilibrium moisture

content (g g dry powder); %.: monolayer moisture content (g giry powder); C,K:
model constants related to the monolayer and mgeplaroperties; aw: water activity;

a,b: model parameters; E: relative mean error.
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With increases in g the equilibrium moisture contents of the ginger
essential oil microencapsulated also increases.kihown that the chemical and
physical properties of a powder are significanffe@ed by water absorption or
desorption. Storage of amorphous powders in a Righenvironment can lead
to agglomeration or crystallization (Shrestha et &007). The physical
characteristics of the powders subjected to differdhumidity levels
demonstrated that there was no apparent phaseeimatige particles produced
with inulin (Fig. 6). The whey protein isolate plimilin was the only treatment
in which the powders visibly remained in the glastte. The other treatments
underwent changes from glassy state to a rubbatg.sThese results suggest
that inulin is an interesting additive for the epsalation of spray dried active

compounds.

3.5. Morphology and patrticle size distribution

According the scanning electron microscopic imagesM) (Fig. 7),
most of the microcapsules had spherical shape amwbth surface with no
apparent fissure or crack, which is important tovie lower permeability to
gases, better protection and ginger essentia¢t@htion. In the present study the
microcapsules prepared with whey protein isolaté &ahigher proportion of
spherical particles, most likely because theseioeatiprovided elasticity during
the drying process. The encapsulating matrix forusmstable essential oil,
limonene, using individual matrices, gum Arabic,eytprotein concentrate and
mixtures of gum Arabic—cassava starch, whey protncentrate—cassava
starch was investigated (Ordofiez & Herrera, 20).the microcapsules
obtained in this study, regardless of the encapeglamatrix used, showed
rounded external surfaces with some concavities;haes and fractures in the
external surface of the particle were not observemt were broken

microcapsules.
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The particles produced using WPI alone presertiedhigher particle
sizes, 22.47um, expressed asg(De Brouckere mean diameter) (Table 7, Fig.
7). When inulin was applied to formulation, thetjde size was decreased and
an average value of 16.96n was obtained. The scattering of the patrticles,
calculated using the PDI equation was low (2.0@R.@hich indicate a

homogeneous distribution.

Table 7. Particle size distribution of the gingessential oil microparticles

produced by using the different wall materials.

Treatment daz (UM) dso (UM) d1o dso dgo PDI
WPI 2247+07%F 767+x0.06 477 1663 463C 25C
WPI:MD 1856+ 0.1C° 7.08+(03® 451 154C 354C 2.0C
WPILIN 16.96+0.06° 6.37+(02 3.76 134€ 3237 212

abeyvalues with different letters in the same colunified significantly (p< 0.05) by

Duncan test. WPI: whey protein isolate, MD: maltxtde, IN: inulin

3.6 Thermogravimetric analysis (TG)

TG is a technique used to study the loss of samples as a function of
temperature and to evaluate its thermal stabilitis an important technique for
verification of the food properties when they ambjected to some kind of heat
treatment at higher temperatures as cooking antey@zation. The particles
containing ginger essential oil showed three stafegeight loss. In all cases a
relative thermal stability was observed up to 200With weight loss below 5 %
(Fig. 8). Similar behavior was found by Oliveiraat (2014) in the study of
alginate/cashew gum nanoparticles for essentiaéraibpsulation. By the other
hand, at temperature of 200 °C, the weight losemesl for the bulk oil was
86.85 %. The first stage may be attributed to moistoss from the samples.

Above this range of temperature, the mass loss reddecorresponded to
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material volatilization and decomposition. The setand third stages, between
200 °C and 400 °C, involve reactions of wall mateconstituents, i.e., proteins
and carbohydrates (Fritzen-Freire et al., 2012)clwmay be associated with
carbohydrate ring dehydration, decomposition, arespdlymerization of
polymer units (Hosseini et al., 2013). It can moalbserved that the presence of
maltodextrin in the blend, leads to greater therm@koparticle stability, based
on the lower weight loss rate between 200 °C arid°80 Based on the results,
all the wall material systems were able to incrahsemal stability of the ail,
where WPI:MD system proved to show higher protectioith lower

degradation rate.



124

T T T T 0,010
100 -} .
Bulk oil
50 L 0,005
' %
= 60 o
Ll 0,000 3
< | =
o 8
F a0 in,
- -0,005
20 -
0 . - - - : . - -0,010
0 100 200 300 400 500
Temperature (°C)
1 I 1 1 1 0!010
100 -
WPI
g0 L0008
%
- 60 w
S L0000 >
< ) =
© a
40 | w,
I -0,005
20 4
i T T T T T T T T T -5 010
0 100 200 300 400 500

Temperature (°C)
Fig. 8. TGA and DTGcurves for the bulk oil and thgarticles containing ginge
essential oil produced widifferente matrixin a nitrogen atmosphe WPI:

whey protein isolal, MD: maltodextrin, IN: inulin (...to be continued..



125

T T T T 0,010
100 -
WPI:MD
a0 - 0,005
' o
= 60 o
e Locoo P
< i =
@ g
F o ,
- -0,005
20 4
g - . - - . . . . EeRadl)
0 100 200 300 400 500
Temperature ("C)
. : : : : : : : 0,010
100 |
WPIIN
on - 0,005
' 2
= 60+ o
- L o000 3
< . —
@ 2
40 - i,
- -0,005
20 4
a T T T T T T " T T T LA
0 100 200 300 400 500

Temperature (°C)
Fig. 8. TGA and DTCcurves for the bulk oil and thgarticles containing ginge
essential oil produced widifferente matrixin a nitrogen atmosphe WPI:

whey proteinsolate, MD: maltodextrin, IN: inuli



126

3.7. X-ray diffraction

The X-ray diffraction was used to identify the swllinity of the
samples. The determination of the dry productsicstiral properties through X-
ray diffraction is an important analysis of microjee stability (Silva et al.,
2016). In general, X-ray diffractions patterns withoad bands, i.e., with a
broader peak pattern, indicate amorphous struchgesuse the molecules in the
amorphous state are disordered and thus produdtersch bands (Silva &
Meireles, 2015). Fig. 9 shows powder X-ray diffiant patterns obtained at
different treatments of ginger essential oil miadjzles and at raw materials
used as wall materials. All the samples had an phours structure, as indicated
by diffuse and broad peaks in the diffractogramghwa minimum of
organisation, based on the occurrence of largeghiffpeaks. The spray drying
process did not affect the crystallinity of the lwahaterials tested when
comparing raw materials and microparticles produd@ée liberation of volatile
compounds encapsulated in amorphous matrices cam ahen the amorphous
matrix transforms from the vitreous state to thengstate, either through an
increase in moisture content or at elevated tenwoes, leading to a collapse of
the system (Ordofiez & Herrera, 2014).

I 2000 counts
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Fig.9. X-ray diffraction patterns of the raw ma#dsi and the microparticles

produced. WPI: whey protein isolate, MD: maltodixttN: inulin.
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4. Conclusions

The importance of the use of whey protein isolaith & high capacity
for emulsification as wall material was reaffirmedthis study. The emulsion
with inulin demonstrated to be more effective itatien to stability. However,
the presence of maltodextrin improved the encapeulafficiency, which is the
most important factor when microencapsulation gkagal oil was studied. The
presence of inulin contributes to improve the sitilyband wettability, on the
other hand the encapulation efficiency did not atiffsignificantly when
comparing to whey protein isolate as wall mateliatan be also observed that
the presence of maltodextrin in the blend, leadgréater thermal microparticle
stability. The presence of inulin produced powdeith lower water adsorption
at high relative humidity. All the microcapsulesosfed rounded external
surfaces with some concavities and fractures in gkiernal surface of the
particle were not observed; and had an amorphoustste. The partial
substitution of whey protein isolate by inulin oafltedextrin produced particles
with improved properties and support the importamicie evaluation of blends
for the essential oils encapsulation process beyspnying.
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GOMA DO CAJUEIRO E INULINA: NOVA ALTERNATIVA PARA
MICROENCAPSULAGAO DE OLEO ESSENCIAL DE GENGIBRE

Resumo

Este trabalho teve como objetivo avaliar o efe@isdbstituicdo parcial de goma
do cajueiro por inulina, utilizados como materidésparede, nas caracteristicas
do 6leo essencial de gengibre microencapsuladcsgay drying a partir de
emulsdes assistidas por ultrassom. As variaveisdamei molhabilidade,
solubilidade, densidade de leito, densidade corafact eficiéncia de
encapsulagdo e tamanho de particula foram avaliatlégsn disso, foram
estudadas as propriedades das microcapsulas atdavémalise de FTIR,
isotermas de adsorcdo, andlise termogravimétriedp-X e microscopia
eletrnica de varredura. A umidade dos pos dimionam a adi¢do de inulina. O
tempo de molhabilidade dos pés foi menor com o atondo teor de inulina nos
tratamentos avaliados. Verificou-se que a solud@ dos tratamentos foi
afetada pela composicdo do material de paredeamcau valores superiores
(89,80 %) quando a inulina foi aplicada em mai@@scentracdes. As amostras
com goma do cajueiro pura adicionada a matriz aptasam 0s menores
valores de densidades de leito e compactada. ®&rdia de encapsulagéo (15,8
%) foi menor na maior concentracdo de inulina. Astipulas com goma do
cajueiro e goma do cajueiro e inulina na proporgio 3:1 m/m, nao
apresentaram fissuras, ao contrario dos outros tdasmentos. As particulas
tiveram caracteristicas amorfas e o tratamento goma do cajueiro como
encapsulante apresentou as maiores absorcOes deedgaltas atividades de
agua. Apesar de obtidos valores baixos para @&efic de encapsulacdo a goma
do cajueiro e a inulina podem ser consideradosnaligas no processo de
encapsulacdo de dleos essenciais, no entanto iac@¢atle novas misturas se

faz necessario para melhora da retencdo dos camspustateis do 6leo de
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gengibre. A matriz goma do cajueiro e inulina nappr¢cdo de 3:1 (m/m),
apresentou as melhores caracteristicas em relagffméncia de encapsulacao e

a morfologia, ndo apresentando fissuras na suat@str

Palavras-chave:carboidratosSpray drying, 6leo essenciaZingiber officinale,

eficiéncia de encapsulacéo
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1. Introducéo

Muitos estudos tem sido realizados com foco em ostoeg bioativos
com novos mecanismos de acdo e com efeitos amipderos e antioxidantes.
Os extratos naturais de plantas tem sido utilizatlosnte muitos anos para
diferentes finalidades e recentemente com poteneiglicagdo como
conservantes de alimentos. O gengibre é um rizaZindiber officinale Rosco
pertencente a famili&Zingiberaceae, comumente utilizado como tempero,
suplemento dietético e fins medicinais (Yeh et 2014). O 6leo essencial de
gengibre possui odor caracteristico e sabor picantem sido aplicado na
industria de alimentos, bebidas, higiene e cosostitevido ao seu potencial
antimicrobiano e antioxidante e consiste princigaite de monoterpenos e
sesquiterpeno hidrocarbonetos (An et al., 2016ndw al., 2012).

A tecnologia de encapsulagdo é bastante utilizaalaestabilizago,
solubilizagéo e liberagdo de componentes ativosigeis a fatores externos. A
utilizacdo da microencapsulacdo papray drying possibilita ainda a
minimizacdo de volume/massa e facilita os procedeasstocagem e transporte
guando comparados a particulas na forma liquidagb(Keshani et al., 2015).
A aplicagdo do processo de ultrassom contribui pafarmacédo de emulsdes
mais estaveis que servirdo de alimentacdo no moads microencapsulacéo.
Somado a esses fatores, o gengibre desidratado gErdetilizado para a
fabricacdo de especiarias a base de gengibre, dasneacosméticos, bem como
alimentos com sabor de gengibre, como refrigerantiesces (An et al., 2016).

O sistema de parede, em processos de microencgisuike 6leos
essenciais, consiste de polimeros contendo grupimsiaps com propriedades
hidrofilicas e hidrofébicas capazes de proporciaaaacteristicas emulsificantes
ao sistema. A goma de cajueiro € um polissacarimsalo através dos
exsudados da casca do caule da plantrardium occidentale Linn (familia,

Anacardiaceae) (Bittencourt et al., 2016). O irdseetecnolégico na goma de



141

cajueiro baseia-se nas suas caracteristicas reafhgua biodegradabilidade e
por se tratar de um polimero natural. Trata-serda possivel alternativa para
substituir a goma Arabica na inddstria alimentosawez que a utilizacdo desta
goma é restrita devido ao seu alto custo. A inukma atraido muita atencéo dos
diversos setores industriais devido aos relatossel@s varios beneficios,
principalmente pela sua natureza prebidtica (Betital., 2007). Devido a sua
baixa capacidade de hidrélise, a inulina é utikzadn dieta rica em fibras e
também na preparacdo de microcapsulas resistenersagdo do pH (Dima et

al.,, 2016). Assim, o objetivo deste trabalho foialear a influéncia dos

encapsulantes, goma do cajueiro e inulina, nagsipdazles dos pés produzidos
por spray drying a partir de emulsdes assistidas por ultrasonicaggando a

obtencéo de produtos funcionais contendo 6leo esdele gengibre.

2. Material e Métodos
2.1. Materiais

O dleo essencial de gengibre adquirido da Ferqummhae Com. Ltda,
Vargem Grande Paulista, Brasil, foi utilizado comaterial ativo. A inulina
(grau de polimerizacdo > 10, Orafti®GR, BENEO-Ordflienen, Bélgica) e a
goma da arvore de cajueiro (isolado e purificada piversidade Federal do

Ceara, Fortaleza, Brasil) foram utilizados comoeamais de parede.

2.2. Métodos
2.2.1. Delineamento experimental

Os experimentos foram conduzidos em delineamenteiramente
casualizado com trés repeticdes, conforme mostiealzela 1. Andlise de
variancia foi realizada para avaliar os efeitos dpstro formulacdes

encapsulantes nas caracteristicas dos p6s micpseitados com 6leo essencial
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de gengibre. As diferencas entre os valores méahitidos foram examinadas

por meio de teste de médiaancan em nivel de 5 % de probabilidade (p<0,05).

Tabela 1. Composicdo da matriz encapsulante pata tatamento utilizado
como emulsdo de alimentagcdo no processo de seqageatomizacao.

Material de parede Material encapsulado
(9.100 ¢' de emulsdo)  (g.100¢" de emuls&o)
Tratamento Goma do Inulina Oleo essencial
Cajueiro (IN) de gengibre
(CJ)
1.0 20,C - 5,C
3:1 15,C 5,C 5,C
11 10,C 10,C 5,C
1:3 5,C 15,C 5,C

2.2.2. Preparo das emulsdes

As solugBes dos materiais de parede foram prepaela dissolugédo
dos materiais de parede em 4gua destilada, paad@anulacéo, preparadas um
dia antes da emulsificacdo e mantidas a temperattdente por 12 h para
garantir a completa saturacao das moléculas dpslbigeros (Fernandes et al.,
2013a,b). O dleo essencial foi progressivamentei@dido a solucdo de
material de parede sob agitacdo a 1000 rpm dur@ntein usando um
homogeneizador (Ultra-Turrax IKA T18 basic, Wilmiag, EUA). As
emulsdes, apds a homogeneizacéo por agitacdo rmacforam imediatamente
submetidas ao processo de ultrassonicacdo com 1@ \Boténcia nominal
(Sonifier® Branson Digital, Modelo S-450D, Bransohrikonics Corporation,
Danbury, USA), 20 kHz, durante 2 min, para garamtamulsificacdo completa
de 6leo essencial de gengibre. O contato entreli@ala sonda ultrassonica e as

emulsdes foram padronizadas a 30 mm.
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As emuls@es foram utilizadas como alimentacaodiumo processo de
secagem por atomizacdo. Para cada tratamento, 400dememulsdo foi
preparada para a producdo das particulas. A raezdoadsa de 6leo essencial
para material de parede foi mantida em 1:4 (m/rejr{&des et al., 2014a). A
porcentagem de sélidos (material de parede) uldize&omo solucdo de
alimentacdo foi de 20% (m/m) para todos os tratanse(Fernandes et al.,
2014b).

2.2.3. Microencapsulacao através da secagem pomiacao

As emulsdes foram secas utilizando um secadoatparizacdo (modelo
MSD 1.0; Labmaq do Brasil, Ribeirdo Preto, Brasfjuipado com bico
atomizador de duplo fluido. As varidveis de prooesgplicadas, estudadas
previamente, foram: temperatura do ar de entradi76e°C, taxa de fluxo de
alimentacao 0,8 LZh(Fernandes et al., 2013a,b). O fluxo do ar de aagdio
foi mantido a 35 L.mif. Os pos resultantes foram coletados e estocados em
contéineres opacos e fechados a 4 °C até a réaizias analises.

2.2.4. Caracterizacdo das particulas
2.2.4.1. Teor de umidade

O teor de umidade dos pods foi determinado peloodeéda AOAC
(ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS, AOAC,2007).
A porcentagem de perda de peso dos pés apds @seeagestufa a 105 °C até
peso constante foi obtida, e o teor de umidadee(¥hase umida foi calculado.

2.2.4.2. Morfologia das particulas
A morfologia das particulas foi avaliada por meie microscopia
eletrénica de varredura (MEV). As particulas formmobilizadas em uma fita

adesiva dupla-face e montadas satubs do microscépio com um didmetro de
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1 cm e altura de 1 cm. As amostras foram entaortasbeom ouro em cadmara a
vacuo e examinadas com o microscopio eletroniceadedura (MEV 1430 VP
— LEO Electron Microscopy Ltd., Cambridge, UK). CEM foi operado a 20 kV
com magnitudes de 900x a 1200x.

2.2.4.3. Distribuicdo do tamanho de particulas

A distribuicdo do tamanho de particulas foi medidando instrumento
de espalhamento de laser (Mastersizer 2000, métigloo 2000 UM, Malvern
Instruments, Worcestshire, UK). Uma pequena amakrpd foi suspensa em
alcool etilico (indice de refracdo 1,36) sob aditag a distribuicdo do tamanho
de particulas foi monitorada durante cada medidagae sucessivas leituras
tornassem-se constantes. O didmetro médio de vphlgméoi obtido (Eq. (1)) e
indice de polidispersibilidade (PDI) foi calculaclinforme Eq. (2):

» n;d;*
43 = —113 (1)
2 n;d;
dgo — d
PDI = [90(1—10] 2)
50

onde ¢dé o didmetro médio da particulagéno nimero das particulasp,ddkso e
dipsdo diametros médios de volume a 90 %, 50 % e @6 ¥blume acumulado,
respectivamente.

2.2.4.4. Molhabilidade

A molhabilidade dos pés foi determinada utilizarmdmétodo de Fuchs
et al. (2006) com algumas modificacdes. As amodi@aeo (0,1 g) foram
espalhadas sobre a superficie de um béquer coni®@dmL de agua destilada
a 20 °C sem agitacdo. O tempo necessario até quena particula de pé
afundasse ou se molhasse foi usado para a compadedextensdo de

molhabilidade entre as amostras.
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2.2.4.5. Solubilidade

A solubilidade dos pds em agua fria foi avaliadendase no método
proposto por Cano-Chauca et al. (2005) com algunadificacdes. 25 mL de
agua destilada foram transferidos para um béqubfael. Uma amostra de pé
(1,0 g) foi pesada e adicionada ao béquer contégda e sob agitacdo a baixa
velocidade. Depois que toda a amostra havia siitwoadda, a agitacao foi
aumentada para alta velocidade por 2 min. O maferiantao transferido para
um tubo de centrifuga de 50 mL e centrifugado a ¥@0por 15 min. Uma
aliquota de 20 mL do sobrenadante foi transferada pma placa de Petri e seca
em estufa a 105 °C por 4 h. A solubilidade em dgadoi calculada de acordo
com a equacao (3):

gramas de so6lidos no sobrenadante x 1,25

Sol (%) = 100 3
ol (%) gramas de amostra X )

2.2.4.6. Densidades de leito e compactada

O material em pé (aproximadamente) 10 mL foi cda@mente
adicionado a uma proveta graduada de 50 mL, previmrtarada, e este valor
foi pesado. O volume, lido diretamente na provéiausado para calcular a
densidade de leitp(;,) de acordo com a relagdo massa/volume (Jinapaalg et
2008). Para a densidade compact@dafaciad), aproximadamente 5 g de po foi
adicionado em uma proveta de 25 mL, sendo a ampostetidamente batida
manualmente levantando e abaixando a proveta solpré@rio peso a uma
distancia vertical de 10 cm até ndo haver maigailifsa observada no volume
entre sucessivas medidas. A densidade compactadaldalada pela razdo da
massa por volume aparente (compactado) dos péda@od Adamopoulus,
2008).
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2.2.4.7. Eficiéncia de encapsulagéo

A quantidade de éleo encapsulado foi determinadmdo n-hexano
como extrator (Li e Lu, 2016), com algumas modifixes. O gengibre em pé
(1,0 g) foi dissolvido em 20 mL de agua destiladéb&C e levado a agitacao
manual por 1 min. Em seguida, a amostra foi levada processo de
ultrasonicacdo a 160 W de poténcia nominal (Sofifi@ranson Digital,
Modelo S-450D, Branson Ultrasonics Corporation, ey, USA), 20 kHz,
durante 1 min. Logo apés, foram adicionados 10 mlheixano com posterior
agitacdo em vortex e em banho-maria a 45 °C poniBOEm seguida a amostra
foi centrifugada a 3000 rpm por 5 min. Apds a damacao, foi retirado o
sobrenadante e adicionado em baldo de 50 mL. Euidsedoram adicionados
mais 10 mL de hexano, agitado em vortex e centaifoghovamente por 5 min.
Este procedimento foi repetido por quatro vezesfiha das lavagens, o baldo
de 50 mL foi completado com o solvente. A quantdde 6leo essencial de
gengibre foi determinada medindo a absorbancia @& 2ifn com
espectrofotdbmetro UV- VIS SP 2000 (Bel Photonideadicaba, Brasil) e a sua
concentracao foi calculada usando uma curva arzalith eficiéncia de

encapsulacédo do 6leo (EE) foi determinada usaritip &4):
M

EE (%) = —x 100 Q)
M,

em que M é a quantidade em mg de 6leo na partécidg é a quantidade de
Gleo tedrico (mg) com base na emulsao inicial qugirmu as particulas em

base seca.

2.2.4.8. Espectroscopia de infravermelho com trameiada de Fourier
A espectroscopia de infravermelho com transformddaFourier de
(FTIR) foi realizada sobre o 6leo essencial pusomateriais da parede e os pés
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produzidos. Estas medidas foram realizadas a tetgparambiente, na faixa de

400-4000 cr, utilizando-se um espectrdmetro (Jasco 4100, Bodapao).

2.2.4.9. Isotermas de adsorcdo de umidade

As isotermas de adsorcao foram determinadas pardméfravimétrico
estatico usando solugBes salinas saturadas a 255éte. solugBes salinas
saturadas (NaCl, KO; MgCh, LiCl, Mg(NOs), KCI e K,SQ,) foram
utilizadas com atividade de agua variando entr@ @10,98. Os dados da
isoterma de adsor¢do de umidade foram correlacienadm a atividade de
agua usando os seguintes modelos matematicos: GlaBey, Henderson,
Oswin e Smith (Toledo Hijo et al., 2015). Os parfioge das equacdes foram
estimados correlacionando os modelos matematicesdados experimentais
utilizando uma regressado nao linear usando o métied@uasi-Newton com
critério de convergéncia de 100 modelo foi considerado o mais adequado
baseado nos menores valores para 0 médulo do deslgiivo médio (E),

definido pela e Eq. (5):

N
100 O |m; — my;|
B=5 Z - (5)
i=

onde m é o valor experimental, jné o valor predito do teor de umidade em

cada umidade relativa e N € a populagdo dos dagiesimentais.

2.2.4.10. Andlise termogravimétrica (TGA)

As curvas TG/DTGA foram obtidas utilizando a tebalanca TGA50H
(Shimadzu Coorporation, Kyoto, Jap&o) nas seguicnesliicdes operacionais:
atmosfera dindmica de nitrogénio com taxa de 100 mmh™; razdo de
aquecimento: 10 °C mifn faixa de temperatura: 50-550 °C. Aproximadaménte

mg de amostra foram utilizados e colocados em badie alumina.
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2.2.4.11. Difratometria de raio-X

Amostras dos produtos secos foram colocados emmupmrte para pos
cobertos com tampa de vidro. As medidas foramzaaddis usando difratbmetro
de raio-X (modelos XDR-6000) usando radiacdo CatkKcom um comprimento
de onda de 1.54 A a 30 kV e 30 mA. As amostrasrianaalisadas em angulos

de 4 a 40° em®com um incremento de 0,02° (1,2°.Min

3. Resultados e Discussao
3.1. Caracterizagdo das particulas

As particulas produzidas utilizando os diferenteateriais de parede
apresentaram formas relativamente esféricas (FiggraA formacdo de
particulas ocas é caracteristica do processo dgescpor atomizagdo e ocorre
pela formacgdo de um vacuolo dentro das particydés a formacao da crosta e,
a partir de entéo, a particulas se incham quanemperatura excede o ponto de
ebulicdo da agua (Nijdam e Langrish, 2006). Ndarfoobservadas rachaduras
ou fissuras nas particulas com goma cajueiro e gioneajueiro e inulina na
proporcdo de 3:1, m/m, assim como no trabalho deeBet al. (2014) que
avaliaram o uso de isolado proteico de soro eriautiomo materiais de parede
para 6leo de peixe microencapsulado. Esse fato geande influéncia no
processo encapsulagdo, protecdo e manutencdo ltdarmias ativas dentro da
matriz do carreador. Por outro lado, as particotegendo quantidades maiores
de inulina na formulacdo do material de parede (&C:1 e 1:3) apresentaram
fissuras em sua estrutura (Figura 1), indicando @ueumento excessivo de
inulina levou a formacdo de estutrutras menos teggEs ao processos de
secagem pospray, provavelmente devido a menor capacidade visdiedada
inulina em comparagéo a goma do cajueiro. Esta@uaa de fissuras, pode ter
como consequéncia uma diminuicdo da eficiéncia rd@psulacéo, jA que o

composto ativo esta susceptivel a volatilizacdermelgs. A aplicacdo de altas



149

temperaturas permitem a rapida formacdo da memisama-permeavel na

superficie das goticulas, no entanto, o uso de gmhgas muito altas pode
causar danos devido a exposicdo ao calor excessivibormacao excessiva de
bolhas e rupturas na superficie das particulaantby a perda de componentes
volateis do 6leo essencial. Porém, todos essesefadependem da matriz

encapsulante e do material encapsulado.
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GC:IN (1:1) GC:IN (1:3)
Figura 1.Micrografias eletronicas de varredura obtidas parparticulas de 6le

essencial de gengibre produzidas commateriais de paredem diferente:

propor¢6esGC = goma do cajueiro; IN = inulir
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Observou-se que o tamanho das particulas foi enfiiado
significativamente (p < 0,05) pelo tipo de matedal parede, sendo os maiores
valores de g (17,70 um) obtidos para as particulas de o6leonesdede
gengibre encapsuladas com goma de cajueiro e @nelinmaior propor¢éo (1:3,
m/m) (Tabela 2). A distribuicdo das particulasdonsiderada homogénea, com
base nos valores de PDI (1,61-1,77) (Figura 2yaS#t al. (2016a) obtiveram
valores entre 12,3 e 174n (d;3) para 6leo de urucum microencapsulado por
spray drying utilizando-se como materiais de parede isoladtejmo de soro e

amido modificado.

9 —
.| GC
| — —-GCIN(3:1)
_______ GC:IN (1:1)
&e- i w0 GC:IN (1:3)
-] . |
s 5
£
5 4
g s
2 .
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Tamanho de particula (um)

Figura 2. Distribuicdo do tamanho de particula. GGma de cajueiro, IN:

inulina.
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Tabela 2. Distribuicdo do tamanho de particula @argarticulas produzidas

com os diferentes materiais de parede.

Tratamento  das ds, Dy dso doo PDI
GC 15,7¢+0,2”° 6,8¢+0,0€ 5,08 14,0¢ 30,0 1,7C
GC:IN (3:1) 155:+017 6,9(+0,0£ 5,11 14,21 28,0: 1,61
GC:IN (1:1) 13,6¢x0,2F 5,9€+0,0° 3,7¢ 12,2¢ 2541 1,77
GC:N (1:3) 17,7(x0,82% 7,57+0,8F 54C 1587 32,6¢ 1,72

abCyvalores com letras diferentes na mesma colunaetfifeentre si significativamente

(p<0,05) pelo teste deuncan. GC: goma de cajueiro, IN: inulina

O estudo das propriedades de reconstituicdo diepados € necessario
em produtos alimenticios a fim de se compreend&uccomportamento durante
0 processamento, comercializacdo e o consumo filwal produto. Estas
propriedades sao influenciadas pelo tamanho, fermarfologia das patrticulas,
densidade e pela presenca de 6leo na superficimidescapsulas (Dima et al.,
2016). Os resultados da caracterizacdo das padipaddem ser verificados na
Tabela 3.



Tabela 3 Médias e desvios padrdo para teor de dmidaolhabilidade, solubilidade, eficiéncia de gscgacao,

densidade de leito e densidade compactada pageatégifas produzidas.

Variaveis
Material de Teor de Molhabilidade Solubilidade Eficiénciade Densidade de Densidade
parede umidade encapsulacao leito compactada
(%) (s) (%) (%) (@mL? (@mL?)

GC 4,42 +1,03 328 +17 70,65 + 4,86 28,05+ 0,42 0,27 +0,005 0,46 +0,016
GC:IN (3:1) 2,17 +0,70 252 + 16 78,35+4,42 30,42+1,02° 0,28+0,00%° 0,50 +0,008
GC:IN (1:1) 2,08 +0.87 229 +17 82,81 + 3,0%" 31,19+2,91 0,31 +0,008 0,53+0,013
GC:IN (1:3) 2,04 +1,00 91+14 89,80+7,1% 1581+1,38 0,29+0,016 0,51+0,018

ab<Ayalores com letras diferentes na mesma colunaetifentre si significativamente (p<0,05) pelo telt®uncan.

GC = goma do cajueiro; IN = inulina

€ql
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A umidade das microcapsulas variou entre 2,044/42 %. Os valores
de umidade encontrados foram similares a outraglestcomo apray drying
de 6leo de urucum utilizando amido modificado ¢aido proteico de soro como
materiais de parede (1,70 %-3,90 %) (Silva eRéill6a). O teor de umidade das
amostras adicionadas de inulina diferiram estasistente (p<0,05) da amostra
contendo apenas goma do cajueiro pura. Foi vetificae a presenca de inulina
contribuiu com a reducédo da umidade dos po6s. Raearnelhor conservacéo e
estabilidade das particulas sdo desejdveis memateses de umidade, que
contribui também para a melhoria das propriedagesedonstituicdo. Menores
valores de umidade em particulas evitam a formdedaglomerados, por outro
lado altos teores de umidade provocam reducOesisigivas na temperatura de
transicdo vitrea diminuindo a estabilidade do produ

A molhabilidade é uma das propriedades fisicass niaiportantes
relacionadas com a reconstituicio dos pos em sBu@muosas, sendo
diretamente afetada pela interacdo molecular exgrduas fases. No presente
estudo, os tempos obtidos para que os poés tornassepietamente molhados
variou entre 91 — 328 s. O tipo de material degmisfluenciou os valores desta
propriedade. Os menores tempos para a molhabilidadseja, a obtencdo de
particulas com melhores caracteristicas de instaiz@cdo ocorreu quando a
inulina foi utilizada na formulagcdo em uma maionoentracdo. Este fato pode
ser explicado devido a estrutura quimica da inuligae provavelmente
contribuiu para uma maior ocorréncia de gruposdfilitos nas particulas,
reduzindo o tempo de instantaneizacdo pela materaigho com a agua. Além
disso, a inulina € muito soltvel em agua, a 20°Q&slibowski e Pikus, 2011),
0 que favoreceu os tratamentos com adicdo destepasdn em maior
concentracdo em sua formulagdo (GC:IN (1:3)). Ndbatho de Dima et al.
(2016) o tratamento com a aplicacao de inulina &amibi o que apresentou o

menor valor para este parametro (112 s adicionagét@sana).
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Uma boa solubilidade é requisito fundamental pal&cacdo dos pds
como ingredientes na industria de alimentos. Alslitlade é a Ultima etapa de
dissolucdo de particulas na matriz alimenticiac®rsiderada essencial para a
gualidade destes produtos. O consumidor ndo terda boa percepcdo do
produto final caso este apresente aglomeradosmograpés a dissolugdo no
meio desejado. O aumento no nivel de substituighgama de cajueiro por
inulina teve efeito significativo (p<0,05) no aurtenla solubilidade dos pos,
tendo em vista a caracteristica hidrofilica desteponente. Todas as particulas
foram relativamente sollveis, apesar da naturedeoffibica do material do
ndcleo e os resultados variaram de 70,65 % a 84,80 6leo essencial de
gengibre puro ndo se solubiliza em agua a temparatubiente, por outro lado,
0 processo de microencapsulacdo permitiu que o ¥ usado em meios
aquosos. A estrutura quimica mais complexa da glomzajueiro, com regides
hidrofébicas, pode ter contribuido para diminuis@ubilidade das particulas
comparadas com o tratamento adicionado de inulinam&ior concentragao
(GC:IN (1:3)).

Um produto seco de baixa densidade sera armazenadecipientes de
maiores dimensdes, em comparagdo com um produtaltdedensidade e,
dependendo da situagéo, produtos de baixas deasidgm sdo interessantes
para as inddstrias, demandando maiores gastos cansporte e
comercializacdo. Os valores de densidade de leitnaram de 0,27 a
0,31 g.mL’. Os resultados de densidade compactada variaram @46 e
0,53 g.mL". A densidade mais baixa foi observada quando apargoma do
cajueiro estava presente. No trabalho de Dima et(2016), os valores
encontrados para a densidade de leito de microedpsontendo 6leo essencial
de coentro variaram entre 0,35 g.ml0,42 g.m[' e para a densidade

compactada entre 0,50 g.ihe 0,62 g.mL.
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Para o0 caso especifico do Oleo essencial, a esquie
microencapsula¢ao por meio da secagem por atonizagése concentrado em
melhorar a eficiéncia de encapsulacao e retencamldéeis (Fernandes et al.,
2014a), além de tentar prolongar ao maximo a vidald produto. A retencao
dos componentes volateis de 6leos essenciais maapsulados através de
secagem pospray € uma variavel de grande interesse pois indicaaatglade
de 6leo que esta de fato presa dentro da matdagequentemente serd liberada
quando requisitada. Esta variavel esta fortemeatdeionada ao tipo de material
de parede utilizado, & concentragdo de soélidosolig&n de alimentacdo e a
temperatura aplicada ao processo. Para uma aliénefia de encapsulagéo, as
microcapsulas ndo devem, ao final do processo dagem, apresentarem
rupturas na parede, o que poderia ocasionar naapded componentes,
principalmente para materiais de nlcleo que saateisl Os valores de
eficiéncia de encapsulacdo variaram entre 15,813% 1 %. Houve diferenca
significativa entre as amostras (p<0,05) sendo ajammento com maior
concentracdo de inulina 0 menos efetivo para agétede 6leo. A presenca da
inulina como material de parede secundario mosifetar significativamente a
eficiéncia de encapsulacao, sendo que existe uon #aimo onde a eficiéncia é
maior. Neste caso a mistura de goma de cajueinuland (1:1) apresentou as
maiores valores. No trabalho de Oliveira et all@®®s valores de eficiéncia de
encapsulacdo papray drying de 6leo essencial déppia sidoides foram entre
21 e 48 %. Neste estudo, os autores avaliaram tensisencapsulante de
alginato e goma do cajueiro, concluindo que a aanaedo de 1:1 m/m desses
materiais de parede resultou no maior valor deiégiita. A eficiéncia de
encapsulacdo pode ser aumentada pela selecdo deamatle parede que
apresentem diferentes propriedades funcionais.b&tuicdo parcial de goma
do cajueiro por inulina ndo alterou a retencdo aldtgis na encapsulagédo de

6leo essencial de gengibre até a propor¢cdo de Ml A adicdo de inulina é
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uma opc¢éao interessante para a atual demanda pwnatis benéficos a saude
humana com alegaces funcionais.

A goma de cajueiro é potencial substituta da gémdbica em muitos
fins, devido principalmente as suas propriedadeslsificantes. Os principais
componentes desta goma sado rabinose, ramose e ntagliEpse e acido
glucurdnico, organizados em uma estrutura de hmssacarideo ramificada
(Bittencourt et al., 2016; Silva et al., 2016b)e#pectroscopia de infravermelho
com transformada de Fourier (FT-IR) permite mostimibandas espectrais de
absor¢cdo do 6leo essencial de gengibre microeneaosiem diferentes
matrizes, destacando as possiveis mudancas asodiagstabilidade quimica
do o6leo. A Figura 3 mostra que 0 0leo essencialgelegibre se encontra
encapsulado na matriz de goma de cajueiro devidoahdas de absorcédo de
grupos —CH2- (2922 c¢f) e de estiramentos de ligacdes C-H (877 )cripicas
do 6leo essencial e que séo identificadas no espaas microparticulas de 6leo
em matriz da goma de cajueiro. Além disso, as lmndian sacarideos
(estiramento C-O) estéo presentes com forte intadsiem 1015 ch Bandas
associadas a flexdes de grupos; G870 cnl) e de ligagcdes C-H (1450 &in
do Oleo essencial estdo provavelmente sobreposfas mesmas bandas na
goma de cajueiro da matriz de encapsulamento (Balehal., 2009; Schulz et
al., 2005). Bandas associadas a estiramento agsionde grupos —COO- e —OH
sdo observadas para goma de cajueiro em 1640 em3300 cr,
respectivamente (Oliveira et al., 2014). As bartlaabsorcéo relativas ao 6leo
essencial ndo apresentam mudanca de nimero dequshaio identificadas na
matriz das microparticulas, apds encapsulamenerislo que ha relativa

estabilidade quimica do material encapsulado.
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—— Microparticulas de goma de cajueiro
—— Goma de cajueiro
—— Oleo essencial de gengibre
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Numero de onda (cm”)
Figura 3. Espectros de FT-IR de microparticulaglde essencial de gengibre
encapsulado em goma de cajueiro, goma de cajueid @ Oleo essencial de
gengibre puro.

A Figura 4 mostra a comparacdo entre trés difeseptoporcdes de
goma de cajueiro e inulina e o tratamento com apgama do cajueiro. O perfil
apresentado para 0s quatro espectros é 0 mesmayrasd observa que o
aumento da propor¢éo de inulina no material dedeapeovoca uma reducéo na
transmitancia associada a banda de —OH em tor88@& cnt. Como 0 grupo
—OH é caracteristico da inulina, uma proporcdo atada € diretamente
relacionada a intensidade de suas bandas espectrais
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Transmitancia (%)

800 1200 1600 2000 2400 2800 3200 3600 4000
Ndmero de onda (cm-)
Figura 4 Espectros de F-IR de dleo essencial de gengibre encapsuladi

diferentes propor¢des de goma de cajueiro (GCylaan(IN).

3.2.Isotermas de adsorcao de umid:

Os valores stimados dos coeficientes e dos parametros eistasi
utilizados para avaliar a adequacdo dos modeloa pacomportamento ¢
adsorcdo de umidade das particulas contendo 6ksma@al de gengibre ni
guatro diferentes tratamentos estéo na Te4.
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Tabela 4. Valores estimados dos coeficientes enrés estatisticos de ajuste
dos modelos GAB, Halsey, Henderson, Oswin e Sndth p 6leo essencial de

gengibre microencapsulado nos diferentes trataraento

Model GC GCIN GCIN GCIN
(Equation) (3:1) (1:2) (2:3)
X, 0141 0181 0,126 0,081
GAB C 0931 059 0,82 2,19¢
X..CKa,
Xeqz(l—Kaw)(l—Kaaw+CKaw) K 085 082 085 0,89
E 11,48 1367¢ 861: 8,89
a -0001 -0001 -0,001 -0,001
HALSEY
. _(L)l/" b 008 008 008 0,08t
Y \na, E 6787¢ 6839 6152 69,14
ENSERSON a 242: 245, 251/ 2517
) [,n(l e b 2,397 248/ 2497 2,49
“ -a E 14,83¢ 22,76: 3572! 16,99
a 011¢ 010¢ 0,10 0,107
OSWIN
- af ]b b 045/ 045¢ 0,47¢/ 0,46]
eq = Al 7— <
tola-a E 37,00¢ 30,82, 68,47: 20,63

a -0,01l¢ -0,01¢ -0,02¢ -0,01¢
b -0,17¢ -0,171 -0,16¢ -0,16¢
E 18,30¢ 21,47¢ 27,61 16,38¢

GC: goma de cajueiro, IN: inulina..x teor de umidade no equilibrio (g.de material

SMITH
Xeq =a+blog(l—a,)

seco); % teor de umidade da monocamada tglg material seco); C, K: constantes do
modelo relacionadas a monocamada e as propriedadesnocamada; aw: atividade de

agua; a, b: pardmetros do modelo; E: médulo doideslativo médio.

O modelo que melhor se ajustou na descricdo dopademento

isotérmico de adsor¢cdo dos quatro tratamentos fioddelo de GAB (Figura 3),
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guando considerado o menor valor do desvio relatiédio (E). O modelo de
GAB também apresentou um bom ajuste ao comportantas isotermas de
adsorcao de umidade de particulas de 6leo de petxeencapsulado em matriz
proteina:inulina (Botrel et al., 2014).

O modelo de GAB fornece importantes informacdesm garodutos
alimenticios, na medida em que a estimativa do tder umidade da
monocamada () € sua respectiva atividade de agua sao impostgrdea
definir as condigdes apropriadas de estocad®itwa et al., 2014)O valor da
monocamada € um teor de umidade critico onde o®e@alos desidratados sédo
mais estaveis. Com relacdo aos paradmetros do mdde®AB, observa-se que
Xm, teor de umidade da monocamada, da goma do aajgenulina em maior
concentracdo foi menor, quando comparado aos ddragasnentos, indicando
menor disponibilidade de sitios ativos de ligagdim @ agua. Observou-se que a
adsorcdo de umidade das amostras aumentou consitleeate em atividades
de agua (@ acima de 0,8. A amostra contendo apenas o erdaapsgoma do
cajueiro foi que adsorveu maior quantidade de agmamaior valor de g
indicando que é um material bastante higroscophsoparticulas produzidas
utilizando-se goma de cajueiro como material endapge sofreram
modificacdo fisica significativas, passando parastado gomoso, em meio
contendo g=0,982. Por outro lado, pode-se verificar atraves chracteristicas
fisicas dos pos submetidos as diferentes umidagdesnao houve transicdo de
fase nas particulas produzidas quando se adicimdina a goma de cajueiro
(Figura 5).
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— e GC

GC:IN (3:1)
[P GC:IN (1:1)
........ A-.. GCIN (1:3)

o ) o
ES o [e:]
|
n
I
I

Umidade em base seca (g.g™")

o
N}

00 0,1 02 03 04 05 06 07 08 0,9 1,0
Atividade de agua (aw)

GC -.....
GC:IN (3:1)......

aw=0,121 aw=0,341 aw=0,488 aw=0,542 aw=0,766 aw=0,857 aw=0,982

GC:IN (1:1)

GC:IN (1:3)

Figura 5.Isotermas de sorcdo das particulas produzidagzando diferentes
materiais de pare e ajustadas pelo modelo de GAB. Aspeitsico dos pos
produzidos com os encapsulantes estudados emndéesratividades de ag
durante a determinacdo das isotermas de adsorc@mided, no equilibric.

GC= goma do cajueiro; IN = inulir
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3.3. Andlise termogravimétrica (TGA)

A TGA é uma técnica para estudar a variacdo de gesuma amostra
em funcdo da temperatura e avalia a estabilidaduaidg da amostra. As
particulas contendo 6leo essencial de gengibresami@am trés estagios de
perda de massa. O primeiro estagio, até 110 °@ib&iiglo a perda de umidade
das amostras. Acima destas temperaturas, as pdelawassa observadas
correspondem a processos de decomposicao dosaigtérisegundo e terceiro
passos se devem a ocorréncia de reacdes dos uiotessitdos materiais de
parede, ou seja, carboidratos e proteinas (Frireine et al., 2012; Silva et al.,
2016a). Nesta etapa podem ocorrer reacdes reldeisr@adesidratacdo de anéis
de carboidratos, despolimerizacdo e decomposicaanitlades dos polimeros
(Hosseini et al., 2013). As temperaturas correspotas a inclinacdo méaxima de
cada passo de mudanca de peso, observadas quaedoim-se a primeira
derivada da curva de TGA em relacdo a temperatha@nada de termograma

derivado da termogravimetria (DTGA), estdo deseriia Figura 6.
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Figura 6. Termogramas TGA e dTGA obtidos para os materiaigLe
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Observou-se que, como na maioria dos Oleos ess&n8b,94 % do
Oleo essencial de gengibre foi evaporado a temparinferiores a 200 °C.
Pode ser verificado que uma maior proporcdo de ghoneajueiro na mistura,
levou a uma maior estabilidade térmica das micsdap. Por outro lado, no
trabalho de Oliveira et al. (2014) verificou-se quma proporcdo maior de
alginato na mistura com goma do cajueiro, leva a unaior estabilidade

térmica de 6leo essencial microencapsuladagrary drying.

3.4. Difracéo de Raio-X

A caracteristica da estrutura fisica dos pds midds aplicando-se os
materiais de parede goma de cajueiro e goma deigaj inulina em diferentes
proporgBes, foi avaliada através da metodologiadifiecido de raio-X. E
possivel verificar a ocorréncia de pico difusorgdacaracteristico de materiais
com estruturas amorfas, com muito pouco grau degatinidade e organizacao
(Figura 7). As particulas produzidas com o doisirpeios de carboidrato
utilizados como materiais carreadores apresentecanportamento semelhante,
com excec¢do da amostra contendo maior concentdacmlina que apresentou
caracteristicas de um material amorfo com regidistatinas, evidenciado pela
presenca de picos. Silva e Meireles (2015) obsanvaiesultado semelhante ao
avaliar a utilizacdo de inulinas de diferente gtawpolimerizacdo (DP’s de 10 e
23) na encapsulacdo do 6leo de semente de urucunfrgeze-drying. Os
difratogramas de ambas inulinas revelaram que bitpslimeros apresentavam
caracteristicas de materiais amorfos e ap0s a amcadps emulsbes as
microparticulas foram caracterizadas como materaorfos com regides
cristalinas. O processo de secagem através da zaipioi tende a produzir
produtos secos no estado amorfo metaestavel dagidempo insuficiente para

se cristalizar (Jayasundera et al., 2011).



168

I 2000 contagens

i A g,
] J;%M“WWWMGC IN (1:3)

. e e GCIN(11)
] w:’::: %%%WWNWW GC:IN (3:1)
] e GC

Intensidade (contagem)

SRS e

e

5 10 15 20 25 30 35 40
Angulo de difragao (20)

Figura 7.Difratogramas de ra-X para as particulas produzidas utilizandc

carreadores estudad GC = goma do cajueiro; IN = inulina.

4. Conclusdes

As particulas obtidas utilizando a goma de eiro e inulina n:
propor¢éo de 3:in/m, como material encapsulal apresentaram caracteristit
desejaveis no produto fir quando malisadas em conjunto as variav
estudadas neste trabe. Este tratamento ndo apresentou fissuras, obten
boa estabilidade térmica, napresentou mudancke fase em altas atividades
agua e apresentouuma maior eficiéncia de encapsulacdo semete ao
tratamentod.:1 m/nm e maior que tratamentos contendo apenas. Apesar de
obtidos valores baixos para a eficiéncia de endagi, agoma do cajueiro e
inulina podem ser considerados alternativas noessi de encapsulacéo
Oleos essenciaiem funcdo de apresentar caracteristitasnoldgicas d
interesse. N entato, a avaliacdo de novas mistuises faz necessa para a
obtencdo de maiores valore: eficiéncia de encapsulacéo éleo de gengibi
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PROPRIEDADES DE OLEO DE GENGIBRE MICROENCAPSULADO:
INFLUENCIA DOS PARAMETROS OPERACIONAIS NA SECAGEM
POR ATOMIZACAO DE EMULSOES

Resumo

A secagem por atomizacdo € um importante métodiraatd pela industria de

alimentos na produgdo de aromas microencapsuladeshorando suas

propriedades de manuseio e dispersdo. O objetiste destudo foi avaliar a

influéncia das condi¢cdes de processo nas propmsddd Oleo essencial de
gengibre microencapsulado por secagem por atontizag@izando-se isolado

proteico de soro (IPS) e inulina (IN) na proporgol:1, m/m como agente
encapsulante. Os efeitos da concentracéo de nateriarede (20 %, 25 % e 30
%) e da temperatura de entrada do ar (140 °C, 155 ?@0€°C) na umidade,

molhabilidade, densidades de leito e compactadeifetia de encapsulacao,
tamanho de particula e dispersibilidaftram avaliados através de um
delineamento inteiramente casualizado em esquelordafacom trés repeticdes.

Foi estudada também o comportamento reolégico dadsées e seu aspecto
fisico por meio de microscopia 6tica. Verificou-a;nda as caracteristicas
morfologicas das particulas produzidas no tratametimizado nas variaveis
respostas nas quais os modelos foram preditivisémrdia de encapsulacéo,
molhabilidade e PDI. O aumento na concentracdoR&IN na solugcdo de

alimentacdo influenciou fortemente o aumento daogglade (p<0,05) das
emulsdes analisadas e o tratamento com a incodmwie 30 % de material de
parede apresentou 0os maiores tamanhos de gotaswuisde. A elevagcdo do
concentracdo de material de parede e da temperdmrar de entrada
diminuiram o teor de umidade das particulas. A afulldade, eficiéncia de

encapsulagdo, tamanho de particula e PDI foranadafst significativamente

pelos dois fatores analisados e os modelos estasiste ajustaram as variacdes
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dos dados. A densidade de leito e a densidade ctexigaforam influenciadas
positivamente principalmente pelo termo linear dacentracdo de material de
parede. Através do processo de otimizacdo, considerandovariveis
molhabilidade, eficiéncia de encapsulacdo e didpkdade, os resultados
indicaram que, uma moderada concentracdo de nialerigarede (22,34 %) e
alta temperatura de entrada do ar (170 °C), formmelhores condicdes para o
processo de secagem por atomizacdo de Oleo edsdacgengibre. Nessas
condicbes, a andlise de microscopia eletrbnica Itoesuem particulas
relativamente esféricas, com cavidades e dobrasuparficie e ndo foram

observadas rachaduras ou fissuras na superficie.

Palavras-chave: Soray drying, Zingiber officinale, propriedades fisicas,

propriedades de reconstitui¢cdo, ultrassonificacéo.
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1. Introducéo

Atualmente, os principais desafios na producdo ds gdo o
desenvolvimento de particulas com propriedadesjatisse e custos reduzidos.
Para o caso especifico do 6leo essencial, a pasdeisnicroencapsulagéo por
meio da secagem por atomizacdo tem-se concentraduethorar a eficiéncia
de retencédo de volateis, além de tentar prolongan&imo a vida de prateleira
do produto. O produto microencapsulado apresergamas vantagens em
relacéo a sua forma original, no que diz respaittransporte, & manipulacao e
ao seu emprego em matrizes alimenticias. Além dissumponentes
aromatizantes desempenham um papel importante na satisfacdo dos
consumidores e influenciardo o consumo de alimentos

As condi¢8es de secagem sdo muito importantesdpéirar a qualidade
do processo de encapsulacdo. Devem ser considefzatésetros como
velocidade do ar de secagem, umidade do ar dedanti@mperatura do ar de
entrada, vazdo de alimentacdo, concentracdo dardfigho, formulacdo da
alimentacdo, propriedades reolégicas, propriedadesmodinamicas e
especificacdo de atomizacdo (Keshani et al., 2@ 5umento da concentracao
de material de parede tem efeito positivo no reedimde produto encapsulado,
no entanto, verifica-se que quantidades 6timas rdeser determinadas para
cada processo e cada tipo de 6leo essencial. Catdaiah de parede possui a
sua concentracdo ideal que esta relacionada a igoesiade étima para a
retencdo de componentes volateis. A influéncia téagperaturas do ar de
entrada na retencdo de volateis também tém recbhitante atencao.

As proteinas do leite, tais como isolado proteleosoro, concentrado
proteico de soro, leite em p6é desnhatado e cassintgm sido amplamente
pesquisados no processo de encapsulacéo de Gheosiass. Durante a etapa de
emulsificacdo, estas proteinas mudam sua confoomacée posicionam na

interface 6leo-4gua além de contribuir com forgagulsivas que tornam as
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emulsdes significativamente mais estaveis (Jafaal.e 2008a). Devido a sua
baixa capacidade de hidrdlise, a inulina é utiizadmo fibra dietética (Dima et
al., 2016) e é uma alternativa como material endapte para a producao de
alimentos com alegagBes funcionais, aumentando @ssiljilidades de
desenvolvimento de novas formulacdes de encapsslant

O gengibre Zingiber officinale Roscoe), uma importante especiaria
pertencente a familia d@sngiberaceae, é largamente utilizado nas formas seca
e fresca (Chari et al.,, 2013) e possui eficienteddades antioxidantes, anti-
inflamatérias e antimicrobianas (Yeh et al.,, 201@)gengibre seco pode ser
utilizado para a fabricacdo de condimentos, medicains e cosmeéticos, bem
como de alimentos com sabor de gengibre, com@eeéites e doces (An et al.,
2016). O oleo essencial de gengibre possui conmzipdis componentes @
zingibereno, o citral e f-felandreno (Yamamoto-Ribeiro et al., 2013; Singh e
al., 2008; Wohlmuth et al., 2006; Yu et al., 20083. variacdes na composi¢ao
guimica deste 6leo podem estar relacionadas codifegncas nas matérias-
primas, localizacdo geografica, periodo da colheipeela metodologia analitica
de determinacao aplicada (Wohimuth et al., 2006).

Considerando as caracteristicas promissoras do éfsencial de
gengibre e a auséncia do estudo sobre a microenaefs deste produto, este
estudo avaliou o efeito da concentracdo de isgiagi@ico de soro e inulina nos
parametros reoldgicos e no tamanho das gotas naksdms. Além disso, a
influéncia conjunta da concentracdo de materiglatede e da temperatura do ar
de entrada do secador mpray foi avaliada nas propriedades das microcapsulas
de d6leo essencial de gengibre, tais como, efi@énde encapsulacao,

propriedades de reconstitui¢cdo, tamanho das padieunorfologia dos poés.
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2. Material e Métodos
2.1. Materiais

O dleo essencial de gengibre adquirido da Ferquimmhae Com. Ltda,
Vargem Grande Paulista, Brasil, foi utilizado comaterial encapsulado. A
inulina (grau de polimerizacdo > 10, Orafti®GR, BEDOrafti, Tienen,
Bélgica) e isolado proteico de soro (Hilmar Ingeeds, Hilmar, EUA) foram

utilizados como materiais de parede.

2.2. Métodos
2.2.1. Delineamento experimental

Os experimentos foram conduzidos em delineamenteiramente
casualizado em esquema fatorial pela avaliagdo f@éito® dos fatores
temperatura do ar de entrada, com trés niveis {€C40155 °C e 170 °C), e
concentracéo de solidos, com trés niveis (20 g:3,0%% ¢g.100g e 30 g.1000Q)
(Tabela 1) nas variaveis respostas teor de umiddidéncia de encapsulacao,
molhabilidade, densidades de leito e compactadsartho de particula {g e
indice de polidispersibilidade (PDI) relacionado hobmogeneidade da
distribuicdo no tamanho de particulas. Procedet-gedlise de variancia, com
trés repeticdbes e com nivel de significancia de 5 /A% variaveis foram
analisadas por meio da metodologia de superficieredposta. Apdés a
eliminacdo dos fatores ndo significativos, verificse a significancia da
regressao e da falta de ajuste a um nivel de capfide 95 %, através de analise
de variancia, utilizando-se o teste F para o ptanefpto estudado. O teste de
médias Duncan foi aplicado para avaliacdo da diferentre as médias para a
variavel viscosidade.
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Tabela 1 Composi¢cdo dos materiais de parede paka tcatamento utilizado
como solugdo de alimentagcdo no processo de segageatomizacdo nas trés

diferentes temperaturas de entrada do ar do secado

Material de parede
Temperatura do

(9100 g)
Tratamento Isolado Proteico  Inulina a deosecagem

de Soro (IPS) (IN) (°C)
1 10,C 10,C
2 12,5 12,5 140
3 15, 15,
4 10, 10,
S 12,5 12,5 155
6 15, 15,C
7 10, 10.C
8 12, 12, 170
9 15, 15,

As condi¢cBes 6timas para a encapsulacao de @eonaal de gengibre,
em funcdo das variaveis independentes concentdgduaterial de parede e
temperatura do ar de entrada, foram obtidos utiieese o modelo polinomial
"desirability" descrito por Derringer e Suich (1988 validacdo do modelo foi
determinada por comparacdo dos valores experingeatdios valores preditos
das variaveis dependentes consideradas no pressewido, sendo 0s ensaios
realizados em triplicata sob a condi¢éo otimizada.

2.2.2. Preparo das emulsdes
As solugBes dos materiais de parede foram prepaela dissolugédo

dos materiais de parede em 4gua destilada, paad@anulacéo, preparadas um
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dia antes da emulsificacdo e mantidas a temperatutaente por 12 h para
garantir a completa saturacdo das moléculas dimgmis. O 6leo essencial foi
progressivamente adicionado a solucdo de matesighalede sob agitacdo a
1000 rpm durante 5 min usando um homogeneizaddraf@urrax IKA T18
basic, Wilmington, EUA). As emulsdes, apds a homegmcado por agitacdo
mecénica, foram subsequentemente submetidas aespmde ultrassonificacao
com 160 W de poténcia nominal (Sonifier® BransonitaigModelo S-450D,
Branson Ultrasonics Corporation, Danbury, USA) kB, durante 2 min, para
garantia da emulsificacdo completa de 6leo esdedeigiengibre O contato
entre a altura da sonda ultrassodnica e as emts@es padronizadas a 30 mm.

A emulsdo foi utilizada como alimentacédo liquida pacesso de
secagem por atomizacdo. Para cada tratamento, 40@dememulsdo foram
preparadas para a producdo das particulas. A dez&cassa de éleo essencial
para material de parede foi mantida em 1:4 (m/reyr@&des et al., 2014). A
porcentagem de sélidos (material de parede) uldize&omo solucdo de
alimentacao foi de 20 %, 25 % e 30 % (m/m).

2.2.2.1. Viscosidade da emulsao

As medidas reologicas foram conduzidas usando iggosimetro de
cilindro concéntrico (Brookfield DVIII Ultra, Brooldld Engineering
Laboratories, Stoughton, MA, EUA), uma camara dilica 13R/RP (19,05 mm
de diametro e profundidade de 64,77 mm), espimdle SC4-18 (17,48 mm de
didmetro e 35,53 mm de comprimento). Para cade, testopo de amostragem e
o spindle foram equilibrados a uma temperatura de 25 °C.céas de
escoamento foram obtidas a uma taxa de cisalharderigl € a 86 & para os
tratamentos 20 % e 25 % e de 0'1&22 & para o tratamento 30 %. O modelo
da lei de poténcia (Equacéo 1) foi usada parasamatios dados experimentais

das emulsoes.
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T=ky" €Y
ondert = tenséo de cisalhamento (Pa)k taxa de cisalhamento’jsk = indice
de consisténcia (Pdse n = indice de comportamento de escoamentea(stl
al.,, 2015a). A viscosidade aparente da emulsdedmulada como a relagéo

entre as tensédo de cisalhamento e a taxa de defwma ponto 20's

2.2.2.2. Microscopia Optica

A microestrutura das emulsdes foi avaliada logésap processo de
homogeneizacao através de microscopia otica. Bswaaliquotas das amostras
foram colocadas em laminas cobertas com laminulabservadas em um
microscopio 6tico Carl Zeiss (MF-AKS 24 x 36 Expdmgeiss, Alemanha)
com sistema de captura acoplado com camera digitakio Cam ICc com
aumento de 40 e 100 vezes. Foram obtidas cincoeimsade cada amostra, de

modo a varrer toda a lamina e se obter um resulgmtesentativo.

2.2.3. Microencapsulacao através da secagem pomiacao.

As emulsdes foram secas utilizando um secadoatparizacéo (modelo
MSD 1.0; Labmag do Brasil, Ribeirdo Preto, Bragfjuipado com bico
atomizador de duplo fluido. As variaveis de prooesplicadas foram:
temperatura do ar de entrada de 140 °C, 155 °Q0e°C7e taxa de fluxo de
alimentacao 0,8 LIh(Fernandes et al., 2013a,b) para todos os tratasént
fluxo do ar de atomizacdo foi mantido a 35 L.mirDs p6s secos foram
coletados e estocados em frascos opacos e fechatlo€ até a realizacdo das

analises.
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2.2.4. Caracterizacdo das particulas
2.2.4.1 Teor de umidade

O teor de umidade dos pds foi determinado pelcodeéda AOAC
(ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS, AOAC,2007).
A porcentagem de perda de peso dos pés apds @seeagestufa a 105 °C até

peso constante foi obtida, e o teor de umidaddd@eplculado em base umida.

2.2.4.2. Molhabilidade

A molhabilidade dos p6s foi determinada utilizarmdmétodo de Fuchs
et al. (2006) com algumas modificacdes. As amostrasp6 (0,1 g) foram
espalhadas sobre a superficie de um béquer coni®dmL de agua destilada
a 20 °C sem agitagdo. O tempo necessério até queénma particula de pé
afundasse ou se molhasse foi usado para a compadiéextensdo de

molhabilidade entre as amostras.

2.2.4.3. Densidade de leito e densidade compactada

O material em pd (aproximadamente) 10 mL foi cdatamente
adicionado a uma proveta graduada de 50 mL, previtertarada, e este valor
foi pesado. O volume, lido diretamente na provéiausado para calcular a
densidade de leitp(;,) de acordo com a relagdo massa/volume (Jinapaalg et
2008). Para a densidade compact@dadactady, @proximadamente 5 g de po foi
adicionado em uma proveta de 25mL, sendo a amospetidamente batida
manualmente levantando e abaixando a proveta solpré@rio peso a uma
distancia vertical de 10 cm até ndo haver maigaiif@a observada no volume
entre sucessivas medidas. A densidade compactadaldalada pela raz&o da
massa por volume aparente (compactado) dos péslaGouwdamopoulus,
2008).



185

2.2.4.4. Eficiéncia de encapsulagéo

A quantidade de éleo encapsulado foi determinadmdo n-hexano
como solvente extrator conforme metodologia desgrtr Li e Lu (2015), com
algumas modificacBes. O p6 seco por atomizacaog)Lfdi dissolvido em 20
mL de agua destilada a 45 °C e levado a agitacaaahpor 1 min. Em seguida,
a amostra foi levada ao processo de ultrassom painmila 40 % de amplitude
(160 W, 20 kHz). Logo ap6s, foram adicionados 10dalhexano com posterior
agitacdo em vortex e em banho-maria a 45 °C pomBO Em seguida, a
amostra foi centrifugada a 3000 rpm por 5 min. Aposentrifugacdo, foi
retirado o sobrenadante e adicionado em baldo dal5CEm seguida, foram
adicionados mais 10 mL de hexano, agitado em vodexentrifugado
novamente por 5 min. Este procedimento foi repgtioloquatro vezes. No final
das lavagens, o baldo de 50 mL foi completado cewh@nte. A quantidade de
Oleo essencial de gengibre foi determinada medmddsorbancia a 270 nm
com espectrofotdmetro UV- VIS SP 2000 (Bel PhoteniRiracicaba, Brasil) e a
sua concentracao foi calculada usando uma curealdwacao. A eficiéncia de
encapsulacédo do 6leo (EE) foi determinada usaiitp €2):

M
EE (%) = M, X 100 2)

em que M é a quantidade em mg de 0Oleo na partécidg € a quantidade de
Gleo tedrico (mg) com base na emulsao inicial qugirmu as particulas em

base seca.

2.2.4.5. Distribuicdo do tamanho de particulas

A distribuicdo do tamanho de particulas foi medidando instrumento
de espalhamento de laser (Mastersizer 2000, métigloo 2000 UM, Malvern
Instruments, Worcestshire, UK). Uma pequena amaostnad foi suspendida em
alcool isopropilico (indice de refracédo 1,39) sdliteggdo, e a distribuicdo do
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tamanho de particulas foi monitorada durante caddida até que sucessivas
leituras tornassem-se constantes. O diametro nusEdieolume, gk, foi obtido

(Eqg. (3)) e o indice de polidispersibilidade (Pfi)calculado conforme Eq. (4):

Z n.d.4
43 = . l3 (3)
> n;d;
dgy— d
PDI = w 4)
50

onde ¢é o diametro médio da particulagéno nimero das particulasy,ddko e
dyp sdo diametros médios de volume a 90 %, 50 % e 1@do%olume

acumulado, respectivamente.

2.2.4.6. Morfologia das particulas

A morfologia das particulas foi avaliada para atamento 6timo,
considerando os par&metros anteriores, por meimidescopia eletrdnica de
varredura (MEV). As particulas foram imobilizadas ema fita adesiva dupla-
face e montadas sobsiibs do microscopio com um didmetro de 1 cm e altura
de 1 cm. As amostras foram entdo cobertas com eurcamara a vacuo e
examinadas com o microscopio eletrdnico de varee@EV 1430 VP — LEO
Electron Microscopy Ltd., Cambridge, UK). O MEV foperado a 20 kV com
magnitudes de 900x a 1200x.

3. Resultados e Discussao
3.1. Caracterizacdo das emulsdes

As emuls@es do tipo 6leo em agua (O/A) sdo ampitengtilizadas na
indUstria de alimentos porque permitem 0 aumentetincao e a estabilidade
dos compostos ativos. As aplicacdes de ultrassosn emaulsbes fornecem
grandes vantagens em relacdo a outras técnicagsipalimente devido a

eficiéncia energética, baixo custo de producadlidade de manipulacdo do
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sistema e melhor controle sobre variaveis de usteaguipamento (Silva et al.,
2015b). O aumento na concentragéo de IPS e incdime sélidos da solucéo de
alimentacdo influenciou fortemente o aumento daogglade (p<0,05) das

emulsdes analisadas. O maior valor de viscosidad®lservado quando se
utilizou 30 % de material de parede na formulagfigndo comparado aos
outros tratamentos, os quais também se diferenciamre si (Tabela 2). A

maior viscosidade observada neste tratamento ektéianada a uma maior

guantidade de proteinas utilizado e concentracdsdlidos. As dispersbes

contendo proteinas, de uma forma geral, estdoiadssca uma alta capacidade
de absorcao e retencao de 4gua o que contribubparantar a viscosidade do
meio (Afdn et al., 2001). Além disso, a inulina ilkaxcomo barreira para a

coalescéncia de goticulas através do espessameffid@ancontinua, ja que sua
adicdo leva a um aumento da viscosidade, dificdian mobilidade das

goticulas e, assim, promovendo a estabilidade icinéssencialmente por um
mecanismo fisico (Silva e Meireles, 2015). As edessforam consideradas
com caracteristicas de comportamento de fluidosne&donianos tipicamente

pseudoplasticos (n<1). O modelo da Lei de Poté&ncieem ajustado aos dados
experimentais obtendo altos valores de coeficiatgecorrelacdo e baixos

valores de erro relativo médio.
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Tabela 2 Pardmetros reoldgicos obtidos para asséesiestudadas.

Tratamento K n R? E Viscosidade
(mPa.s) (%)  aparente (mPa.s)
IPS/IN (20%) 0,01 0,67 0,9¢ 7,0¢ 8,36 +0,2¢

IPS/IN (25%) 0,07 0,77 09¢ 441 36,63 £7,4°
IPS/IN (30%) 3,16 0,24 0,9¢ 10,15 419,97 + 48,9°

K: indice de consisténcia; n: indice de comportamee fluido; E: erro relativo médio.

ab4/alores seguidos de letras diferentes na mesmaasiel diferem entre si (p < 0,05)

pelo teste d®uncan.

As pequenas gotas de Oleo geralmente sdo maientdimente
incorporadas dentro da matriz de parede das migsata#s produzidas, além da
emulsdo ser mais estavel durante o processo deeniapsulacdo papray
drying sendo um dos parametros criticos para otimizarficiércia de
encapsulacao (Jafari et al., 2008). De acordo céigwaa 1, o tratamento com a
incorporacao de 30 % de material de parede apmsestmaiores tamanhos das
gotas na emulsdo. Através desses resultados,taméros com 20 % e 25 %
mostraram ser mais eficientes na estabilizacdoridséo com maiores chances
de obterem maiores valores de eficiéncia de enlzg@su No trabalho de Silva
et al. (2015b) esses autores observaram atravésialascopia Otica, que 0s
processos de homogeneizacdo (dispersdo em faseplaniit ultrassom)
resultaram em diferentes sistemas coloidais e qyeooesso de ultrassom,
independente do biopolimero utilizado na emulsdodld® de semente de
urucum, foi o procedimento mais eficiente. Nessbdlho, a aplicacdo de
ultrassom como procedimento para emulsificacdo eft’n emulsbes com
menores tamanhos de goticulas de éleo para todbdstasnentos realizados
(goma arabica, isolado proteico de soro, amido fivadio e polietilenoglicol)

para incorporacao de 6leo de urucum.
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Figura 1Fotomicrografia Optica das emulsGes de Oleo essedei gengibre
processadas com aplicacdo de homogeneizacdo esahlranas diferentes
concentracdes de solidos totais estudadas (20 %, 230 % de IPS:IN).

Caracterizacdo das particulas
A caracterizacdo das particulas foi realizada caselmas propriedades:
teor de umidade, eficiéncia de encapsulagcéo, mititheadle, densidade de leito,
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densidade compactada, tamanho de particula e PRkteDmodo, o
comportamento das variaveis que apresentaram olonpokitivo (R > 0,80)
foi apresentado por meio de grafico de superfieieedposta. O teor de umidade
€ o principal fator que afeta a estabilidade e amprigdades fisicas das
particulas, desde que, um pequeno aumento no clontdgl agua é capaz de
diminuir a temperatura de transi¢éo de vitreg @Tsuficiente para aumentar a
mobilidade do material encapsulado na matriz endap®e durante o
armazenamento impactando negativamente nas primgipapriedadefisicas e
tecnolégicas destes materiais. O teor de umidasigaidiculas diminuiu com o
aumento da temperatura de ar de entrada e corg@mtte sélidos na solucdo
de alimentacdo (Figura 2). Este comportamento ge dm funcdo de que em
maiores temperaturas do ar de entrada, maior séasiaade transferéncia de
calor entre o ar de secagem e a particula, prapwetdo uma maior forca
motriz para a evaporacdo da agua e por consegasmp)s com menores teores
de umidade serdo formados. Além disso, os baixosegede umidade das
microcapsulas de Oleo essencial de gengibre forédos em maiores
concentracdes do material de parede devido ao dondes solidos totais na
solucdo de alimentagc&o antes do processo de seqagestomizacao e, assim,
reduzindo a quantidade de agua a ser evaporadas@itados das analises das
particulas podem ser verificados na Tabela 2. Adade das microcdpsulas
variou entre 1,31 % e 5,55 %, sendo 0 maior valma @ tratamento com
concentracéo de 20 % de IPS:IN e temperatura die &ntrada de 140 °C e o
menor para a amostra com 30 % de material de parédé °C do ar de entrada
do secador. No trabalho dahin-Nadeem et al. (2013) salvigalvia fruticosa
Miller) em p6 foi produzida posgpray drying e a influéncia da temperatura do ar
de entrada (145 °C, 155 °C e 165 °C) e o tipo deeriah de paredef
ciclodextrina, goma arabica e maltodextrina) foravaliados. Assim como o

presente trabalho, esses autores encontraram maaloges do teor de umidade
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em menores temperaturas do ar de secagem e cantlgire de fato maiort
temperaturas levam ao um aumento da remocdo de dgsiamateriais
resultando em uma secagem mais rapida destes @s. Na secagem de extr:
de gengibre pospray drying, o fator que mais afetou o varidvel resposta dex
umidade foi a temperatura de entrada do ar (Jarg@horat, 2010). Fernand
et al. (2013a) estudaram as condi¢cGes operacidngisocesso de seem por
atomizacdo de Oleo essencial de alecrim utili-se goma ardbica con
material encapsulante e observaram valores de dmigaiando entre 0, % e
3,16%. Neste estudo, as variaveis estudadas foram mivac&o de material ¢
parede (10,00 980,0( %), temperatura de entrada do ar (285-195 °C) e
vaz&o de alimentacéo (1 L.h-0,50 L.Kh") sendo que a variavel que apresel
maior influéncia na umidade das microcapsulas midds foi a temperatura
entrada do ar. Foi observado que, com auo da temperatura do ar e cor
diminuicdo da vazao de alimentacdo, a umidade aldicplas diminuiran

C(L) -4,97

Termos

(L) 4,21

Efeitos padronizados

Figura 2 Diagrama de pareto para a variavel resposta teountidade C:
concentracdo de material de parede, T: temperdtuea de secagem, (L)eito

linear.
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A molhabilidade é uma das propriedades fisicas nmajsortantes
relacionadas com a reconstituicio dos pos em ssdu@guosas, sendo
diretamente afetada pela interacdo molecular estrduas fases. Valores muito
altos deste parametro ndo sdo desejaveis pelatiiadde alimentos ja que
demandaria maiores tempos de reconstituicdo dosriaiatem po. No presente
estudo, os tempos obtidos para que os poés tornaszepletamente molhados
variou entre 235 — 378 s. A concentracdo de IP$ciNo fator que mais
influenciou os valores desta andlise (Figura 3). n@s10res tempos para a
molhabilidade, ou seja, a obtencéo de particulasroelhores caracteristicas de
instantaneizagdo ocorreu quando a matriz IPS:INitfbkada na formulacdo em
uma menor concentragdo. Isto se dewevavelmente porque a densidade
aumentou em concentracBes mais elevadas, tornapdonmais compactado e

dificultando a penetracdo da dgua nas particulas.



193

£

Ed I > 360
5—_ Il <360
Z B <320
8 [ <280
@ Bl <240
,

-

CiL) 12,24
C(Q) x T(L) -2,38
w0 i
]
E
e
)
= i
C(Q) i|-2,28
CL)x T(@) 2,11
p=05

Efeitos padronizados
Figura 3Superficit de respost@& diagrama de pareto para a wel resposta

molhabilidade. C: concentracdo de material de parede, T: tempardtu ar d¢
secagem, (L) efeito linear, (Q) efeito quadra

Um produto seco de baixa densidade sera armazenadecipientes d

maiores dimensdes, em comparacdo com um produtaltdedensidade
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dependendo da situagdo, produtos de baixas deasidgth sdo interessantes
para as inddstrias, demandando maiores gastos cansporte e
comercializacdo. A densidade de leito € a masspatéisulas sdlidas, incluindo
a umidade, dividido pelo volume total ocupada pelaticulas, a umidade da
superficie e todos os poros, sendo geralmente ysadocaracterizar o produto
final obtido por secagem (Shi et al., 2013). Ooned de densidade de leito
variaram de 0,33 a 0,39 g mMLOs resultados de densidade compactada, na qual
0 volume é compactado e o vazios formados por @relfinados, variaram
entre 0,49 e 0,56 g miL As densidades mais baixas foram observadas para a
microcdpsula obtida com temperatura do ar de emtladl55 °C e concentragéo
de soélidos encapsulantes de 20 %. Conforme obsemad-igura 4, o termo
concentragdo de solidos na alimentacéo linear wfptsitivamente ambas as
densidades analisadas e com maior influéncia c@dpaaos outros fatores
significativos. Portanto, com o aumento de sélides solucdo houve uma
aumento no valor das densidadgahin-Nadeem et al. (2011) &studarem a
secagem por atomizacao 8eleritis stricta concluiram que a temperatura do ar
de entrada ndo causou efeito significativo nasidades de leito das particulas
e que o0 aumento da concentracdo de material ddegpatementaram os valores
desta variavel. Esses autores encontraram, paasiddde de leito, valores bem
similares ao presente estudo (0,34 ¢g'ml0,38 g mLY). No trabalho de Shi et
al. (2013), os valores da densidade de leito dasogapsulas de mel produzidas
por spray drying aumentaram de 0,32 g fhlpara 0,51 g mt com o aumento
da concentracdo da maltodextrina na solugédo defagao.
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Figura 4Diagrama de pareto para as variaveis respostaglddagle leito (A) e
densidade compactada (B). C: concentracdo de miatde parede, T:

temperatura do ar de secagem, (L) efeito linegre{€ito quadratico.

A retencdo do 6leo essencial microencapsuladoéarde secagem por
spray € uma variavel de grande interesse pois indicaaatilade de 6leo que
esta de fato presa dentro da matriz e consequemtersera liberada quando

requisitada. A eficiéncia de encapsulacdo podeaserentada pela selecdo de
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materiais de parede que apresentem diferentesigulades funcionais. Esta
variavel esta fortemente relacionada ao tipo desnahtde parede utilizado, a
concentracdo de soélidos da solucdo de alimentaddtemperatura aplicada ao
processo. Os valores de eficiéncia de encapsulegdaram entre 29,13 % e
47,32 %, sendo o menor valor obtido para o tratéonge 30 % de concentragcdo
de IPS:IN e temperatura de entrada do ar de 14@itf0ra 5). Estes resultados
podem estar relacionados com as propriedades ded@miwma diminui¢cdo na

concentracdo desta mistura induziu uma diminuigaolal na quantidade de
6leo das particulas, que conduz a uma maior pecdaleb essencial por

volatilizacdo durante a secagem por atomizacdo.cBntraste, um aumento
excessivo da concentracdo de solidos na emulsadm lavuma reducdo do
rendimento de encapsulacdo de aromas. A conceotds;énateriais de parede
na alimentacéo € diretamente relacionada com asiidade do meio, que por
sua vez, interfere com a retencdo de compostoseig)lé cada tipo de material
de parede possui a sua propria concentracdo idesblogcédo de alimentagéo e
existe ainda uma viscosidade otimizada para ag&tede particulas volateis
(Reineccius, 2004). Se a viscosidade da solucao alimentacdo é

demasiadamente elevada, a formacdo das particuletaklada durante a
atomizacdo, ao passo que uma baixa viscosidadeaardormacdo da crosta
semi-permeédvel, aumentando a perda dos componeoiégeis. Botrel et al.

(2012) encontraram valores de eficiéncia de entagio para 6leo essencial de
orégano microencapsulado em matriz de goma aramigkpdextrina e amido

modificado (1:1:1, m/m/m) variando entre 5,1 % €93%. No trabalho de

Santhanam et al. (2015) utilizando ultrasonificapaoa emulsificacdo de 6leo
de peixe em matrizes de caseinato de sodio, mattite e proteina de soja foi

encontrado valores de eficiéncia de encapsula¢é® éh61 % e 77,28 %.
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A viscosidade da emulsdo aumer em funcdo da concentracao

sélidos (IPSIN), assim, em altos valores de viscosidades qtemecessari
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para formacéo da crosta é maior, aumentando osmeatbs de circulacdo das
goticulas no interior das microcapsulas e resuttaamd uma menor eficiéncia de
encapsulacdo. Esse comportamento pode explicaeosres valores obtidos de
eficiéncia de microencapsulacédo em altos valoreodeentracdo de material de
parede na solugdo. J& em concentracdes muito paixaducédo do contetdo de
sélidos ocasiona um aumento na quantidade de agpandvel para evaporar o
gue leva a uma diminuicdo da viscosidade da solec@ion maior tempo é
necessario durante o processo de secagem, dimintanthém a retengdo dos
volateis. Portanto, é de extrema importancia emapnd valor 6timo de
concentracdo de encapsulante estudado para torparcesso mais eficiente,
reduzindo a perda do material encapsulado. A efiééde encapsulacdo de
oleoresina de alho foi mais elevada quando a corcgim de maltodextrina foi
aumentada de 40 % para 60 % (Balasubramani €2Cdl5). Neste estudo, o
aumento da temperatura do ar de entrada de 180 220a°C, aumentou
inicialmente a eficiéncia da encapsulacdo com aéeatura, porém diminuiu
drasticamente quando a temperatura atingiu 22@%Cautores explicaram que
esse comportamento ocorreu devido ao rompimentondesquilibrio entre a
taxa de evaporacdo de agua e formacdo de filmeyeoppderia levar ao
rompimento de microcapsulas e, assim, a uma béibiéreia de encapsulacao.
Portanto, é desejavel que uma elevada temperawrrar dde entrada seja
utilizada no processo de secagem por atomizacda penmitir uma rapida
formagcdo da membrana semipermeéavel na superficigadicula. Entretanto,
essa temperatura ndo pode ser tdo alta a pontawdmrcdanos térmicos ao
produto seco ou de rupturas na superficie das odipsulas, 0 que aumentaria
as perdas dos componentes volateis e a entradg deasionando processos
oxidativos.

A variagdo do tamanho de particula pode ser egqhdic pelas

propriedades fisicas da matriz de alimentacéo, ¢aimo a viscosidade, a
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concentracdo de sélidos, entre outros (Diaz-Banetesh, 2015). Observou-se
gue o tamanho das particulas foi influenciado fpadmente pela concentracédo
do material de parede e pela temperatura do amtlade, sendo os maiores
valores de g obtidos para as particulas de 0leo essencial dwgilge
encapsuladas em maiores concentracdes de sOlidis na alimentacdo e em
menores temperaturas do ar de entrada do secddorgle). O maior tamanho
médio das particulas produzidas com o uso de IP&lsoncentracéo de 30 %
pode ser explicado em razdo da maior viscosidadseredda para este
tratamento. O aumento do tamanho das microcapsuas 0 aumento da
concentracdo de soélidos na alimentagédo também smrdatribuido a um inicio
do processo de aglomeracao de particulas no secadiara formacao de pontes
de ligacdo entre particulas pode levar a produgdpadticulas com tamanho
maiores (Shi et al., 2013). O controle no tamanhe particulas secas por
atomizacdo é um fator importante devido a sua gramitléncia na aparéncia,
escoamento e dispersibilidade (Reineccius, 200d). datro lado, particulas
muito pequenas produzidas implicam em maior argerfaial, o que pode
levar a uma maior quantidade de 6leo ndo encaps(®advar e Kunz, 2011).
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O valor de dispersibilidade se relaciona com a gie uniformidade de
distribuicdo de tamanho das particulas. Assim, uarenor for o valor deste
parametro menor é a dispersdo da distribuicdo rdartho de particula, o que
indica um sistema homogéneo que permite uma mp#unonizacdo do produto
e das propriedades das microcapsulas. A distribuigds particulas foi
considerada homogénea, com base nos valores ohtmlgsresente estudo
(Figura 7). O termo linear da concentracdo do ristde parede influenciou
positivamente este parametro, obtendo maioreseslie dispersibilidade e, por
outro lado, o termo linear da temperatura do aredérada influenciou
negativamente, diminuindo os valores desta varieagdostaPortanto, quanto
maior a concentracdo de IPS:IN maior o valor depat&bilidade e,

consequentemente, mais heterogénea a distribugcohnhos de particulas.
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Para a microencapsulacdo de d4leo essencial dabgeng condicdo
otima foi obtida com base na maior eficiéncia deapsulacdo e nos menores
valores de molhabilidade e PDI. Estas variaveiaarforsignificativamente
afetadas pelas condi¢cbes estudadas na secagenompiaragdo. De acordo com
os resultados encontrados pela metodologia deftuipate resposta analisados
na Figura 8, a combinacéo de 22,34 % de concentdednaterial da parede e
de 170 °C da temperatura de entrada do ar foiis®d& para proporcionar os
melhores resultados do processo. Sob estas condaealores preditos para a
eficiéncia de encapsulacao foi de 44,9 %, 251 a panolhabilidade e 2,05 de

PDI para o tamanho de particula (Figura 8).
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estudadas.
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As condig¢bes 6timas foram validadas experimentatene pelos valores
das varidveis respostas, utilizando-se a equacdmopdal e funcéo
"desirability”, e os valores preditos sdo apresimdana Tabela 3. Os resultados
mostram que foram encontrados baixos valores de rédio relativo e o
modelo pode ser considerado validado experimentaéne

Tabela 3. Resultados da validagdo experimental asreondigbes oOtimas de

secagem estudades.

Eficiéncia de encapsulacdo (%)

Valor Valor E(%)
Experimental Predito
49,F
46,7 44,9 5,56
Concentracéo de material 46,%
de parede (%) Molhabilidade (s)
22,3 % Valor Valor E(%)
Experimental Predito
228
Temperatura do ar 262 251 5,4
de entrada (°C) 24¢€
170 °C PDI
Valor Valor E(%)
Experimental Predito
1,9¢
181 2,05 6,85
2,13

Morfologia

As particulas produzidas na condicdo O6tima aptesen formas
relativamente esféricas, com cavidades e dobrasuparficie e ndo foram
observadas rachaduras ou fissuras (Figura 9).feEsstem grande influéncia no
processo encapsulagdo, protecdo e manutencdo ltdarmias ativas dentro da
matriz encapsulante. Nas condi¢des otimizadas tdd@sle Botrel et al. (2014)

(temperatura do ar de entrada de 185 °C, fracd@ioutiaa na concentracédo de 40
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% em relacdo ao IPS e 6 % de concentracdo de élgmeide), as particulas
apresentaram formas esféricas e sem evidéncialdadwaas ou fissuras. O 6leo
essencial de manjericdo microencapsulado em goéimacarapresentou forma
esférica com algumas dobras na superficie (Gareig, 012).

Figura 9 Imagens obtidas através de microscopigelea de varredura para as
particulas de 6leo essencial de gengibre produzioi@sos seguintes condicBes
otimizadas: 22,34 % de material de parede (isotaithulina 1:1; m/m) e 170 °C

do ar de entrada do secador.

Conclusdes
Verificou-se que as particulas obtidas utilizar2%34 % de IPS:IN

como material encapsulante e 170 °C como temperatorar de entrada do
secador apresentaram maior eficiéncia de encagsylapenor tempo de
molhabilidade e maior homogeneidade na distribuiiitamanho de particulas.
As microparticulas produzidas utilizando estas a@et de secagem
apresentaram-se sem fissuras na superficie dasoadpsulas. O estudo
evidencia a necessidade de determinacdo dos melparaémetros de processo,
visto que pontos 6timos para variaveis pré-deteadan podem ser obtidos.
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CONCLUSAO GERAL

O estudo de diferentes encapsulantes para mebwiTacteristicas das
particulas e maximizar a retencéo de éleo e conmpeserolateis mostrou como
possiveis e eficientes matrizes de encapsulagaoopaeo essencial de gengibre
a mistura de goma arabica e maltodextrina (1:1 n&'m) mistura de isolado
proteico de soro e maltodextrina (1:1 m/m). A garébica mostrou-se superior
ao isolado proteico de soro em relacédo a eficiédeiancapsulacao. Porém,
devido a escassez e ao alto valor no mercado, sitsiffio parcial da goma
arabica pela maltodextrina ou total pelo isoladzigico de soro e maltodextrina,
se torna facilmente justificavel.

A goma do cajueiro e a inulina podem ser consitderalternativas no
processo de encapsulacdo de 0Oleos essenciais esanvdlvimento de novas
formulagcdes com alegacBes funcionais e com a agéia de biopolimeros
naturais ndo convencionais. O 6leo essencial micegesulado na matriz de
goma do cajueiro e inulina na proporcao de 3:1, ,najpnesentou as melhores
caracteristicas, principalmente em relacdo a efitééde encapsulacgéo.

Através do processo de otimizagdo da matriz isofadteico de soro e
inulina (1:1 m/m), considerando as variaveis maliddde, eficiéncia de
encapsulacédo e dispersibilidade, os resultadogdratn que, uma moderada
concentracdo de material de parede (22,34 %) ¢eafjperatura de entrada do ar
(170 °C), foram as melhores condi¢cdes para o psocee secagem por
atomizacédo de 6leo essencial de gengibre.

A partir dos resultados obtidos, a goma do cajuara inulina
mostraram-se interessantes substitutos em alimeptrs aumentarem as
possibilidades de novas formulacdes de encapssalacten biopolimeros
naturais, da ampla extracdo no Brasil e por anauie tratar de uma fibra com

atividades funcionais comprovadas, como uma aligmae encapsulante na
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producgédo de alimentos com alegacdes funcionaitafor fazem-se necessarios
mais estudos sobre a aplicacdo desses novos elatapsue das novas
formulagdes otimizadas em matrizes alimenticias & ateitacdo pelos

consumidores.



