Encapsulation of B-car otene with poly-(e-caprolactones) by
PGSS process

Esther de Padz Angel Martirt*, Catarina M. M. Duarté, Maria José Cocero

'High Pressure Processes Group, Department of CheBmgineering and Environmental
Technology, University of Valladolid. Prado de lagtlalena s/n 47011 Valladolid (Spain)
?Instituto de Biologia Experimental e Tecnolégicaefida da Republica, Quinta-do-
Marqués, Estacdo Agronémica Nacional, Apartad@®281-901 Oeiras (Portugal)

e-mail: mamaan@ig.uva.es (A. Martiiel: +34 983184934 ; Fax: +34 983423013

Abstract

B-carotene is one of the most common pigments ioregb-carotene formulations provide
protection against oxidation and degradation peE®sThey are very attractive as natural
colorants because they add value to the producttalubeir antioxidant and pro-vitamin
activities. This work presents a study of the folation of B-carotene with poly€t
caprolactone) by Particles from Gas Saturated Bolsi{PGSS) process. Particle sizes in the
range of 270 - 65@m with a-carotene content of up to 340 ppm were obtainedgus
polycaprolactone with a molecular weight of 10 @@fol*, while using a polycaprolactone
with a molecular weight of 4 000 g-rifiche particle size was reduced to 110 - 480 The
influence of several process parameters on padizke and3-carotene content was studied,
including pressure, temperature, time of contativéen CQ and polymer melt for mixture
homogenization, and molar ragecarotene : polymer.

1. Introduction

Carotenoids are some of the most common pigmentsature, the most abundant beig
carotene, lycopene, lutein and zeaxanthin. The robak of carotenoids in human diet are as
precursors of Vitamin A and as antioxidants. Fomynandustrial applications, a mixture of
the carotenoid with a polymer is used. Coveringotaroids with polymers provides
protection against oxidation and degradation preeegl]. Nowadays the food market
demands functional foods and healthy products,gusitural additives which provide the
final product with a healthy added value [2]. Hoe uise of carotenoids as natural colorants, a
formulation of the active compound in required wathestricted particle size. It is important
to obtain an appropriate colour intensity of thenfalation which depends on the properties
of particles [3]. The application of supercritidalids as an alternative to the conventional
precipitation processes has been an active fietdsg#arch and innovation during the past two
decades [4-6]. It has been studied the applicatadnsupercritical fluid technology to the
precipitation of-carotene [7-12]. Particles from gas saturatedtiwwis (PGSS) process
consists of saturating the solute with the carboxide and upon the expansion, the carbon
dioxide dissolved in the solute rapidly evaporaesl produces an intense cooling effect
which is the driving force for the precipitation][@ his technique has been widely used for
the encapsulation of different active compoundsJIB

Poly-E-caprolactone) is a synthetic biocompatible serstefline polymer. In a previous
work of the authors [18], it was determined the tmgl point of three different
polycaprolactones under carbon dioxide pressuré wifferent molecular weights. The
maximum reduction of melting temperature rangesnfri2.5 to 16.0 K, depending on the



molecular weight of the polycaprolactone. This gtigl necessary to develop formulations
with polycaprolactones by supercritical fluid teologies. Because of this, the aim of this
work has been the encapsulationBetarotene with two different polycaprolactones (@AP
2403D and CAPA 6100) as carrier materials by PG88gss.

2. Materialsand Methods

2.1. Materials

Crystallinep-carotene with a minimum purity of 99% was manufaetl by Vitatene (Ledn,
Spain). Poly-€-caprolactones) were kindly supplied by Solvay ©&mtones (Solvay Interox
Ltd., United Kingdom). Two different commercial pee-caprolactones) were used: CAPA
2403D and CAPA 6100. Carbon dioxide (purity: 99.5%8s provided by Air Liquide
(Portugal). All products were used as received.

2.2. Equipment

Figure 1 presents the schematic flow diagram ofettigerimental apparatus. €@ fed by a
piston pump (Haskel model MCPV-71) to the high puoes mixing chamber where it is
mixed with crystalling3-carotene and polycaprolactone by a mechanicaestifhe internal
temperature of this stirred vessel is controlled By PID temperature controller
(WatlowSTB3J2J1) acting over an electrical jackad aneasuring the temperature with a J
type thermocouple (accuracy 0.1 K). The systemepressurized by opening a valve (V-3)
and atomized through a 6Q@n nozzle (Teejet TGSS, Spraying Systems Co.) irdollactor
where particles obtained are recovered.
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WE-1: CO2Z vessel
V3 WE-2 : samphe collector
We1, V-2 and V-3 valves
WE-1 C-1: CO2 cooler
P-1: CO2 pump
VE-2 M-1: high pressure mixing chamber

H-1: heater

Fig.1. Schematic flow diagram of the experimental apperamployed for the formulation of
[-carotene with polyg-caprolactones) by PGSS process.

2.3. Experimental procedure

A typical experiment starts with the preparationtbé mixture of the active compound
(crystalline B-carotene) and the carrier (polycaprolactone) andifpin the high pressure
mixing chamber. This mixture was prepared with ehdgferent molar ratios (moles @
carotene: moles of polycaprolactone), being speadlii 1:4, 1:6 and 1:8. For this formulation,
CAPA 6100 (molecular weight: 10000 g/mol) was usddwever, few experiments were
carried out with CAPA 2403D (less molecular weigfitan CAPA 6100, 4000 g/mol). GO
was pumped to the high pressure mixing chambel tinetidesired pressure was achieved and
then, when the desired temperature inside the ceamlreached, the mechanical mixing is



switched on during a specific time of mixture horanigation. Two pressures and two
temperatures were used, being 11 and 15 MPa aad&W@0 °C, respectively. Different times
of the mixture homogenization were used to carytloe formulation, concretely 60, 120 and
240 minutes. After stirring the selected time, $lystem is depressurized by opening a valve
and the particles obtained are recovered in actolle

2.4. Product characterization

2.4.1.Yield of collected particles

The yield of the collected particles by PGSS precgas determined by difference of mass,
being the amount of the obtained particles in gn@e collector divided by the amount of
mass introduced in the mixing chamber.

2.4.2.B-carotene content

The sample was analysed by UV/VIS spectrophotometedel HITACHI U-2000. The
wavelength selected was 456 nm. The absorbancerndessl with this method is
proportional to the amount @tcarotene dissolved in the solution.

2.4.3. Particle size

The patrticle size analysis was carried out by laB#raction model Malvern Mastersizer
2000.

3. Results and discussion

Table 2 shows a summary of the process conditioral iexperiments performed. The main
process parameters were changed in order to antdgsmfluence of these parameters on
product characteristics, being these parametermtiar ratio (moles of-carotene: moles of
polycaprolactone), time of mixture homogenizatid@mperature and pressure inside the
mixing chamber. Table 3 presents the main expetiaheesults obtained in each experiment.
The experimental results are the yield of the ctdlé particles, the percentagepetarotene
content and the particle size.

Table 2. Summary of operating conditions

Time mixture

Poly- &- R Temperature Pressure homogenization
caprolactone molar (°C) (MPa) (minutes)
E1l CAPA 6100 0.25 70 15 60
E2 CAPA 6100 0.25 70 15 120
E3 CAPA 6100 0.16 70 15 60
E4 CAPA 6100 0.16 70 15 120
ES5 CAPA 6100 0.13 70 15 60
E6 CAPA 6100 0.25 50 15 60
E7 CAPA 6100 0.25 70 11 60
E8 CAPA 6100 0.13 70 15 120
E9 CAPA 6100 0.16 50 15 60
E 10 CAPA 6100 0.16 70 11 60
E 11 CAPA 6100 0.13 50 15 60
E 12 CAPA 6100 0.13 70 11 60
E 13 CAPA 6100 0.25 70 15 240
E 14 CAPA 6100 0.13 70 15 240
E 15 CAPA 2403D 0.25 70 15 60
E16 CAPA 2403D 0.16 70 15 60

E 17 CAPA 2403D 0.13 70 15 60




Table 3. Summary of experimental results.

Yield of collected B-carotene Particle size

particles (%) content (ppm) (um)
E1l 28 336 578
E2 15 227 591
E3 15 306 501
E4 16 35 613
ES5 21 57 467
E6 8 183 606
E7 23 161 467
ES8 19 27 523
E9 19 158 652
E 10 27 10 394
E11 5 124 510
E 12 33 17 276
E 13 19 49 525
E 14 18 37 431
E 15 32 89 111
E 16 35 94 120
E 17 44 32 132

3.1. Influence of the molar ratio

The effect of the different molar ratios has beenlied, being concretely 0.13, 0.16 and 0.25.
As it can be seen in Table 2, the temperature aeskspre inside the mixing chamber have
been kept constants, being 70 °C and 15 MPa reésggctThe molar ratio has a strong
influence on the particle size, and as this ma@#pors increased, the particle size increases as
well independently of the time of the mixture horangation used. With regard to tiie
carotene content in the sample, it was low in afles. However, this content increases when
the molar ratio increases as well independenttheftime of the mixture homogenization.

3.2. Influence of the time of mixture homogenizatio

The effect of the time of the mixture homogenizatias been studied, being concretely 60,
120 and 240 minutes the used times. As it can ke §& Table 2, the temperature and
pressure have been kept constants, being 70 °C5ahtPa respectively.

Analysing the results presented in table 3, it banobserved that, when the time of the
mixture homogenization increases (keeping conskenmolar ratio), the particle size tends to
decrease. It can be seen that, when it was usechdlxeanum time of homogenization (240
minutes), the smallest particle size was obtaid&d @nd 52um). It means that the mixture
homogenization was better than in other cases iohathe selected time might not be enough
to stabilize and homogenize the mixture correddpwever, the highest particle size was
obtained using a time of homogenization of 120 n@suRegarding th@-carotene content in
the sample, a highg-carotene content was obtained when the seleatesl df the mixture
homogenization was the lowest, concretely 60 msiute

3.3. Influence of the temperature

The effect of the temperature inside of the highspure mixing chamber has been studied,
being concretely 50 and 70 °C keeping constantptkesure and time of homogenization,
being 15 MPa and 60 minutes respectively.



Results showed that the temperature inside the jmighsure mixing chamber has a strong
influence on the particle size obtaining highetipbe size when the temperature used was the
lowest (50°C). Consequently, 50°C is not enouglpezature to carry out the formulation of
-carotene by PGSS process. On the other hand attiielg size tends to increase when the
molar ratio increases as well in both trends ohdaitith the exception of one experiment
which corresponds to the maximum molar ratio ugesDaC. In another work of the authors
[18], the determination of the first melting pooftdifferent polycaprolactones under pressure
was investigated. In comparison, the first meltpognt of CAPA 6100 at 15 MPa was 43°C.
It means that 50°C is not enough operating temperatue to the fact it is close to the first
melting point and probably, the mixture homogenaatwas not carried out correctly.
However, at 70°C, the particle size was lower bgeahe mixture was completely melted
obtaining a stable and homogeneous mixture. Reggarttie amount off-carotene in the
sample, it was low in all cases. However, it isessary to enhance that higtfecarotene
contents were obtained when the temperature inbigldnigh pressure mixing chamber was
70°C. These results corroborate that a better eoiptation was carried out at 70°C.

3.4. Influence of pressure

The effect of the pressure inside the mixing charhlas been investigated, being the selected
pressures 11 and 15 MPa, keeping constant the tatupe and time of homogenization
(70°C and 60 minutes respectively). Analysing #mults presented in table 3, it can be seen
that the pressure inside the mixing chamber haaginfluence on the particle size. As it is
shown, lower patrticle sizes were obtained operatiitg 11 MPa. It is necessary to enhance
that the difference between both pressures witartetp the particle size was high. On the
other hand, both trend of data of the particle sizeease when the molar ratio increases as
well. Regarding the amount ffcarotene in the sample, in all cases was very Tdwere is a
drastic difference in thig-carotene content using 15 and 11 MPa. At the Isigheessure,
higher amounts di-carotene were obtained.

3.5. Effect of the molar ratio: comparison betwé&xPA 6100 and CAPA 2403D

The effect of the molar ratio with two differentlpcaprolactones, concretely CAPA 6100
and CAPA 2403D, has been studied, keeping conttentemperature (70°C), pressure (15
MPa) and time of homogenization (60 minutes). Oliegrthe results showed in table 3,
there is a drastic difference in the particle $izénveen both polycaprolactones. With regard
to CAPA 2403D, it can be seen that the particle gias lower (111-132m) and the trend of
data of the particle size tends to be constant vthenmolar ratio is increased. However,
regarding CAPA 6100 results, when the molar raticreases, the particle size increases as
well. Regarding the literature [18], the first niedf point of CAPA 2403D and CAPA 6100 at
15 MPa was 41°C and 43°C, respectively. Conseqel®C was a good operating
temperature because was higher than the firstmggttoint in both cases. On the other hand,
it is necessary to enhance that the morphologheptrticles was completely different. In the
case of CAPA 6100, in all cases agglomerated afidoadicles were obtained. However, in
the case of CAPA 2403D, powder particles were aethi It might be due to the low
molecular weigh of the polycaprolactone used.

3.7. Yield of collected particles

The vyield of collected particles by PGSS procesgrésented in Table 3. It is necessary to
enhance that the yield of collected particles wasih all cases due to the fact the nozzle was
obstructed during the expansion. However, in thgearments where CAPA 2403D was used,



it was observed that the yield of collected pagBalvas high because a polycaprolactone with
lower molecular weigh was used.

4. Conclusions

The formulation of3-carotene with Polyeftcaprolactones) by PGSS process was investigated
in this work. The obtained particles from high m@® precipitation technique have a particle
size in the range of 276-65dn when CAPA 6100 was used. In the case of CAPA R403
particles with a size of 111-13@n were obtained. Because of this difference inpisicle
size, a better formulation was carried out with @AB403D. It was demonstrated that there
are several parameters have a strong influenc@epadrticle size. With regard to the molar
ratio, when it is increased the particle size iases as well. Temperature and pressure inside
the mixing chamber were other important factorgyhdr particle sizes were obtained when
the temperature inside the mixing chamber was Z0fCwhen the selected pressure was 15
MPa. Regarding thé-carotene content, it was low in all cases. Howgetlee modified
parameters have an important effect on the amouftcarotene in the sample. When the
molar ratio increases, thgcarotene content increases as well and higher aisaf -
carotene were obtained when the selected time efntixture homogenization was 60
minutes. With regard to the temperature and pressiside the mixing chamber, highgr
carotene contents were obtained (306-336 ppm) uinerselected temperature and pressure
was 70°C and 15 MPa, respectively.
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