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ABSTRACT

This study aimed to obtain encapsulated lycopena ipowder form, using either spray-drying or molacu
inclusion with #cyclodextrin (3CD) followed by freeze-drying. The encapsulatifficiency using spray-drying
ranged from 94 to 96%, with an average yield of 5i8ith microcapsules showing superficial indentasicand
lack of cracks and breakages. Lycopg¢h€D complexes were only formed at a molar ratid @, and irregular
structures of different sizes that eventually fatraggregates, similar to those 8{CD, were observed after freeze-
drying. About 50% of the initial lycopene did notrh complexes witfB-CD. Lycopene purity increased from 96.4
to 98.1% after spray-drying, whereas lycopene putiécreased from 97.7 to 91.3% after complex fdaonadind
freeze-drying. Both the drying processes yielddd-pak, dry, free-flowing powders.

Key words: Lycopene, encapsulation, spray-drying, gum arabdadsion complexp-cyclodextrin

INTRODUCTION chain is responsible both for visible light
absorption and for high molecule reactivity. Most
Carotenoids show several beneficial functions t@¢arotenoids in the nature are found in thens
human beings; besides these pigments are largetgnfiguration (Mercadante and Egeland, 2004) due
used as colorant in foods, drinks, cosmetics ani® its higher stability compared to tloes isomer.
animal feed, mainly poultry and fish. In addition,However, during the processing and storage,
the food and cosmetic industries are seeking tearotenoids can easily rearrange in different
substitute the artificial colorants by natural onegeometric isomers and also be oxidized, with the
(Britton et al., 1995). In recent times, the interesconsequent decrease or loss of the colorant and
on lycopene has increased, due to the associatibological properties.
between consumption of lycopene-rich foods, suclihe most applied alternative to increase stability
as tomato and its products, and high levels o#f carotenoids and to allow their incorporation in
lycopene in plasma with a decreased risk ohydrophilic environment is the microencapsulation
prostate cancer development (Van Den Berg et atgchnique, which provides a physical barrier
2000; Giovannucci, 2002; Venkateswaranal., protecting the pigment. Among the available
2004). microencapsulation techniques, the most used
The properties, actions and functions ofprocess is spray-drying. Maltodextrins (MD) of
carotenoids, including lycopene, are closelyifferent dextrose equivalent (DE) were employed
related to their chemical structure. The polyeni@lone for spray-drying encapsulation of carrot

“ Author for correspondence

Brazilian Archives of Biology and Technology



894 Nunes, I. L. and Mercadante, A. Z.

juice (Wagner and Warthesen, 1995) andralts  MATERIAL AND METHODS

[B-carotene (Desobry et .al 1997) or in

combination with other sugars for &lansp- Lycopene preparation

carotene (Desobry et.all999) and bixin (Barbosa Lycopene crystals were obtained from the fresh
et al., 2005) encapsulation. Other polysaccharid®matoes according to Nunes and Mercadante
largely used for spray-drying microencapsulatior(2004). Briefly, the methodology consisted of four
is gum arabic, either alone (Matioli andsteps: (1) preliminary water removal with four 30-
Rodriguez-Amaya, 2002), or as a mixture withminute extractions, each with 30 mL commercial
MD (Leach et al., 1998; Matioli and Rodriguez-ethanol with discard of the solvent, (2) four 120-
Amaya, 2002) or with sucrose (Barbosa et al.minute extractions with ethyl acetate, each
2005). extraction with a mass/volume ratio of 1:0.7, (3)
Another possibility is the use of cyclodextrinscomplete solvent evaporation on a rotary
(CD), which possess a hydrophobic center thagvaporator and (4) crystallization  from
allows the physical-chemical interaction withdichloromethane/ethanol (1:4), repeated twice.
carotenoids, and formation of stable inclusion

complexes. Two methods of complex preparation=ncapsulation of lycopene by spray-dryer

known as solid and liquid mixture, are availableGum arabic (Corn Products Brasil) and sucrose
for carotenoid inclusion into CD at diverse molar(8:2), total of 60 g, were solubilized in 200 mL
ratios. Inclusion ofrans-B-carotene int@- andy- water at 45°C and kept under stirring until the
CD (molar ratio 1:4) by solid mixture was reportedtemperature reached 30°C. The microcapsules
by Mele et al. (1998). Similar technique was usedvere prepared by dissolving lycopene crystals (15
to prepare lycopene with- andp-CD (Mele et al., mMg) in 20 mL dichloromethane, which was added
2002). Canthaxanthin,p-carotene, and lutein t0 the polysaccharide solution and vigorously
complexation with3-CD was also carried out by homogenized at 7000 rpm for 30 min at room
the solid mixture method at a molar ratio of 1:10temperature. Distilled water (80 mL) was added to
respectively (Lacrajan et al., 2001). Polyakov et af€ach a 20% (w/v) soluble solid solution, which
(2004) prepared complexes as solid mixture using@S malntalned under slow agitation during the
B-carotene and B-carotene synthetic derivatives SPray-drying process. The spray-dryer (Lab Plant

and B-CD complexes at molar ratios of 1:1 andSD—O4, United Kingdom) was operated at air flow
1:2, respectively rate of 30 mL/min, entrance and exit air

The liquid mixture method was employed byt€mperatures of 170t 2 and 113 i% 2C,
Pfitzner et al. (2000) to formulate carotenoidd©SPectively, air pressure of 5 kgf/cmand
complexes. Dichloromethane solution of- aspersion nozzle @ametgr of 0.7 mm. The
carotene, lycopene, lutein and zeaxanthin Wer@lcrocapsules were immediately stored, undgr N

. . . In a glass bottle at -20°C.
e D I L e Sncapsulaton yield (EY) was. clculte
. ’ ’ ) according to equation 1.
solutions of CD @-, B- or y-CD) at molar ratios of
1:50, 1:100, 1:150, 1:200 and 1:250 was prepared MSA x 100
by Matioli and Rodriguez-Amaya (2003); %EY = ———— (eq. 1)
maximum inclusion was achieved witffCD at a MSB
molar ratio of 1:200. Recently, complexation wasVhere: , _
attained through a simple percolation of aVISA = totgl mass of microcapsules obtained af_ter
chloroform/acetone solution of bixin on a columnéncapsulation and MSB = total mass of solids

: : before encapsulation.
acked with 10-20 times amount of dorCD . : -
?Ling et al., 2005). k4 The microencapsulation efficiency (ME) was

The aim of the present study was to obtaiﬁtalculated according to McNamee et(@001), as

encapsulated lycopene in a powder formSNOWN in equation 2.

evaluating the spray-drying and inclusion-freeze-
drying processes. %ME = (TL -SL)x100

TL

(eq. 2)

where:
TL = total lycopene and SL = surface lycopene.
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dichloromethane were carried out, followed by
Preparation of lycopene-B-CD inclusion evaporation of the combined organic phase.
complex Independently of the extraction method, dried
Lycopene crystals (20 mg) were dissolved irycopene was dissolved in petroleum ether, and
dichloromethane and slowly addedctn 10 mL of  quantified in a spectrophotometer at 470 nm, using
an aqueousB-CD (Sigma) solution with 0.2% an absorption coefficient (&,) of 3450 (Davies,
Tween 20 at 35°C, under vigorous homogenizatioT
until the solution reached room temperature. After
overnight storage at -18, 250 mL of water at

N . Microstructure
35°C was added, followed by filtration to retain : .
not complexed material. The filtrate, containingThe morphology of lycopene microcapsules with

i ’gum arabic/sucrose, as well as of both freeze-dried
the lycopene complex_, was freeze-dried to obtai -CD and lycopen@-CD complex was evaluated
;[he powder(.:g/lolar ratlost 01; 1d'1 alr_1d L:4 (wiw) otfby scanning electronic microscopy (SEM) (JEOL,
ycoptlaneBd- it W;ahre C?)S ed. ){copene Tr? T-300 model, Japan) using an acceleration voltage
comp exgz n Oth € filt €0, ()j/_copelrned 3 10 kv. Samples were fixed in stubs containing a
remained  on € fmter was dISSOVed 1IN g, pie faced adhesive metallic tape and coated
dichloromethane and dried in a rotary evaporatq}'vi,[h gold in a Balzers evaporator (SCD 050

(T < 38C). Austria) for 75 s, with a current of 40 mA.

976). The analysis was carried out in duplicate.

L ycopene deter mination
A specific method for determination of total andr, purity of lycopene, either as crystal, spray-

surface lycopene in the gum arabic/sucros(ejirieol lycopene microcapsule of lycopehE&D

microcapsules was developed, based on t iy i
conditions described by Wagner and Wartheserqeeze.d“ed compl'ex, was Ve.”f'ed by HPLC. The
nalysis was carried out using a Waters HPLC

(1995) for carotenoid extraction from encapsulateé1

. : stem equipped with a photo-diode array detector
carrot juice. Lycopene microcapsules (0.3 g) wer%X/ . .
dispersed in distilled water (5 mL) and 7.5 mL of aters, model 996). The equipment also included

methanol was slowly added in order to break th&" O line degasser, a Rheodyne injection valve

microcapsules under vortex agitation. After addin ith a .20 uL loop and an external oven. Da‘ga
75 mL of dichloromethane, the mixture was cquisition and processing were performed using

gently stirred, transferred to a separation funnetpe Millenium ~ Waters  software.  The
and two more extractions, with 3 mL water, 5 mLchromatograms were processed at 470 nm and the
methanol and 5 mL dichloromethane, were carrie pectra were obtained between 250 and 600 nm.

out. After addition of anhydrous sodium sulfate to eparation of chopene from spray—dned
the combined dichloromethane phase, Whicﬁmcrocapsules was achieved on a pol_ymenc YMC
contained lycopene, the solvent was completel{zo column (3pm, 250 x 4.6 mm) with MeOH
removed in a rotary evaporator (T < °G$ 0.1% triethylamine (TEA))#buty_I methyl ether
Surface lycopene was extracted from 0.5 g of/BME) (i1 v/v) at 1 mL/min and column
microcapsules with 5 mL dichloromethane byleMmperature set at 33, whereas separation of
vortex agitation and centrifugation (3000 rpmlycopene from th8-CD complex was carried out
during 10 min). The organic solvent was remove@®n & monomeric & Novapack (4um, 300 x 3.9
and another extraction with 5 mL dichloromethanénm) column using as mobile phase a linear
was carried out. In order to separate the remaingfadient of MeOH (0.1% TEA)/ethyl acetate
gum, the combined dichloromethane phase wa&tOAC)/H,O from 8:1:1 to 7:3:0 (v/v) in 20 min
further centrifuged at 4000 rpm for 7 min andat 1 mL/min and temperature set at@9Both
completely evaporated as previously described. Ifonditions were previously evaluated by Nunes
case the organic phase remained turbid, it wednd Mercadante (2006).

filtrated using a 0.2gm Millipore membrane. The lycopene isomers were identified, in both the
Total lycopene from the powder (0.01 g) obtained0lumns, by comparison of the spectra features
by inclusion and freeze-drying was extracted witfind elution order with data from literature

2 mL dichloromethane by vortex agitation. Two(Hengartner et al1992; Mercadante et al., 1999;

standards of alfrans, 5-<is-, 9<is- and 13eis

HPLC analysis
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lycopene from DSM Nutritional Products excellent choice as wall material for lycopene

(Switzerland). encapsulation by spray-drying process.

All solvents were HPLC grade, previously filtered

in a Millipore system with 0.4im membrane. All Encapsulation by molecular inclusion lycopene-

the samples were also filtered with a 0.g& [-CD complex

membrane before injection. When lycopene anfi-CD, at a molar ratio of 1:4,
were encapsulated according to the solid mixture
method reported by Mele et .al2002), no

RESULTSAND DISCUSSION formation of the complex lycoper@CD was
observed. However, the same authors (Mele et al.,
Encapsulation by spray-drying process 2002) reported the complex formation using
The drying process yield strongly depends on thcopene andx- and3-CD with a molar ratio of
equipment configuration, whilst the 1:4. On the other hand, in the present study, the

microencapsulation efficiency is related to thecomplex lycopeng-CD was formed using the
physico-chemical characteristics of both the coréiquid method, resulting in a translucid pink
and wall material. Due to these facts, the yield o§olution. At a molar ratio of 1:4, about 50% of the
the spray-drying microencapsulation (EY) is notadded lycopene remained on the filter, whereas
reported in most of the studies. when a molar ratio of 1:1 was used, there was no
The average EY obtained in the present study bigrmation of the complex, being all lycopene
spray-drying was 5% 1%. Chen and Tang (1998) retained on the filter and the resulted solution
reported 67% of vyield for carrot pulp stayed transparent. Matioli and Rodriguez-Amaya
encapsulation using spray-dryer (Niro Atomizer(2003) prepared the complexes lycopene-CDs in
Co., Denmark), with sucrose/gelatin (3.5:2.5, p/p)iquid form, using a molar ratio of 1:50 to 1:200,
at 15% of total soluble solids, and inlet and exit aivalues much greater than those used in this study.
temperatures of 135-145 and 90-100°C,

respectively. The lower yield obtained in theMicrographs

present study could be related either to the high@he microcapsules obtained with gum arabic by
inlet air temperature (17& 2°C), which could spray-drying showed a rounded external surface
contribute to sucrose caramelization or tocontaining characteristic dents and no apparent
equipment design differences. No comparisomracks or porosity (Fig. la and 1Db), aspects
between microcapsules moisture contents could bedicative of good protection of the core material.
done since this characteristic was not determinetihis morphology was also observed for gum
in both the studies. arabic microcapsules of monoterpenes (Bertolini et
In the present study, the microencapsulatioml., 2001) and of bixin (Barbosa et al., 2005). The
efficiency ranged from 94 to 96%, values muchndented surface of the microcapsules made with
higher than those found in literature, also usinggum arabic could be attributed to the spray-drying
spray-drying process. Among maltodextrins withprocess, which caused shrinkage of particles
different DE, the highest efficiency was obtainedduring the drying and cooling stages (Sheu and
with maltodextrin 4 DE fora- (89%) andp- Rosenberg, 1998; Pedroza-Islas et al., 1999).
carotene (87%) (Wagner and Warthesen, 1995)ndependent of lycopene presence, the size of
Desobry et al(1997, 1999) reported an efficiency microcapsules obtained by spray-dryer was not
of 62 + 2 and of 78% fortransB-carotene uniform. Both, the freeze-dried3-CD and
encapsulated respectively with maltodextrin 25 DHycopeneB-CD complex (Fig. 1c and 1d) showed
and maltodextrin 4 DE/glucose (82:18). Theirregular structures of different sizes that
maximum efficiency of 86% was obtained foreventually formed aggregates, with small CD
bixin encapsulated with gum arabic/sucrose (95:5fragments on the surface. Similar structures were
whereas with maltodextrin 20 DE this value wasbserved by Pralhad and Rajendrakumar (2004)
54%, increasing to 75% with addition of anfor freeze-driedjuercetin an@-CD complexes.
emulsifier to maltodextrin (Barbosa et al., 2005).

In conclusion, since the efficiency found in the

present work was higher than those obtained in the

literature, gum arabic could be considered an
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Influence of the encapsulation process on  Despite the apparently high temperature used in
lycopene purity the spray-drying process, the generation of a
The encapsulation using spray-drying process wadsghly atomized spray provided a large surface
responsible for the increase in the lycopene puritgrea for the rapid evaporation of water.
from 96.4 to 98.1% (% area of atknslycopene Consequently, the mean temperature of the drops
peak), measured by HPLC ongeColumn (Fig. was low enough, and the residence time in the
2a). This increase was mainly due to 0.7%lrying chamber of the dried particles short
reduction of 9eis- and 13eisdycopene areas and enough, so that excessive isomerization and
0.3% of lycopene 1,2-epoxide one (Fig. 2b). Smalbxidation of lycopene was avoided. On the other
amount of 15cislycopene was only detected side, despite the use of low temperature, the liquid
before spray-drying. method used for the inclusion process into CD,
According to the HPLC analysis omgCcolumn  took a long time, allowing lycopene to reach the
(Fig. 3a), the purity of lycopene after inclusion andsomer equilibrium since it was in solution, with a
freeze-drying decreased from 97.7 to 91.3% (%onsequent increase ck-lycopene.

area of allranslycopene peak), due to 5.2% The influence of spray-drying, as well as inclusion
increase in the 18is + 15<is-lycopene peak area and freeze-drying processes on carotenoids purity
(Fig. 3b). have not been reported, so far.

Figure 1 - SEM micrographs of microcapsules:spray-dried gum arabic:sucrose (8:8) spray-
dried gum arabic:sucrose (8:2) + lycopene, both witagnification of 2500x¢-

freeze-dried3-CD, d- freeze-driedycopeneB-CD complex, both with magnification
of 1400x.
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Figure 2 - Chromatograms obtained by HPLC of lycopene befajyeutd after(b) spray-drying
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Figure 3 - Chromatograms obtained for HPLC of lycopene befayend after(b) inclusion with

CD and freeze-drying. Chromatographic conditiong Movapack (4um, 300 x 3.9
mm) column using as mobile phase a linear gradieit MeOH (0.1%
TEA)/EtOAc/H,O from 80:10:10 to 70:30:0 in 20 min at 1 mL/mirdaemperature set
at 29C.
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Técnicas de encapsulamento, como “spray-drying®esobry, S. A.; Netto, F. M.; Labuza, T. P. (1997),
e formacdo de complexos por inclusdo com Companson of spray-drying, dru_m-drylng and free_ze-
ciclodextrinas, vém sendo avaliadas para viabilizar drying for p-carotene encapsulation and preservation.

a adicdo de carotenéides em sistemas hidrofilicos eé]égt?rOd 2“'22_’ Et?glillei/l_ Labuza. T. P. (1999
aumentar a sua estabilidade durante 8 Yo = A PR T P ( )

.. Influence of maltodextrin systems at an equival&nt
processamento e estocagem. Portanto, o objetlvoDE on encapsulategicarotene loss during storage.

do presente trabalho foi obter licopeno rqq4 process. Presen2s, 39-55.

encapsulado na forma de p6, utilizando process@siovannucci, E. (2002), Lycopene and prostate aance
de “spray-drying” ou de inclusdo molecular com risk: Methodological ~ considerations in the
B-ciclodextrina (CD) seguido de liofilizacdo. A epidemiologic literaturePure Appl. Chem74, 1427-
eficiéncia do encapsulamento utilizando “spray- 1434.

drying” variou de 94 a 96% e o rendimento médidiengartner, U.; Bernhard, K.; Meyer, K.; Englert; G
foi de 51%, com as microcapsulas apresentando®!inz, E. (1992), Synthesis, isolation, and NMR-
indentagdes superficiais, porém sem falhas oy SPectroscopy characterization of fourtegpisomers

o ~ of lycopene and of some acetylenic didehydro- and
aberturas na superficie. A formacéo de complexotetradehydrolycopeneﬁelv_ Chim. Acta75, 1849-

licopenof-CD ocorreu apenas quando utilizada 1ggs.

razao molar de 1:4, e estruturas irregulares deacrajan, I.; Dichl, H. A.; Socaciu, C.; Engelke,;M
diferentes tamanhos que eventualmente formaramzorn-Kruppa; M. (2001), Carotenoid incorporation
agregados, similares as d#-CD, foram into natural membranes from artificial carriers:
observadas apds liofilizagdo. O licopeno né&o liposomes ang-cyclodextrins.Chem. Phys. Lipids,
complexado neste processo ficou em torno dell2 1-10. _

50%. A pureza do licopeno (% area dotedhs Leach, G, Ollvglra, G.;. Morais, R. (1998), Spray-
licopeno) aumentou de 96,4 para 98,1% apos 0d.rymg of Dunaliella sa}llnat_o prolduce g-carotene
encapsulamento, enquanto que a pureza dorlch powder.J. Ind. Microbiol. Biotechnol.20, 82-

X L . 85.
licopeno diminuiu de 97,7 para 91,3% apog; .'s m. o. passos, M.. Fontana, J. D. (2085)in

complexagdo e liofilizacgo. ,OS dois processos deand a-cyclodextrin inclusion complex and stability
secagem resultaram em pos rosa claro, SecoS GastspProcess Biocheny0, 865-872.

com bom fluxo. Matioli, G.; Rodriguez-Amaya, D. B. (2002), Licofmen
encapsulado em goma arabica e maltodextrina: estudo
da estabilidadeBraz. J. Food Technol5, 197-203.
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