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Abstract This work aimed to evaluate the influence of esimii composition, as well as

its associated properties (stability, viscosity andplet size), on the microencapsulation
of flaxseed oil by spray drying, using gum Arabig wall material. Emulsions were

prepared with a fixed total solid content (30% w/wijth different oil concentrations (10,

20, 30 and 40%). The increase in the oil concantrded to the formation of emulsions

with larger droplets and lower viscosity, and, @mngently, in the production of particles
with higher surface oil and higher lipid oxidation.
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INTRODUCTION

encapsulatidicieficy, lipid oxidation.

In the last years, special attention has been diwen
the studies aiming at improving the encapsulation

Flaxseed oil is recognized as one of the greatestefficiency during spray drying of food flavors and

Omega-3 sources in nature. Oils rich in

polyunsaturated chains have a positive effect on
human health, acting in the prevention of

cardiovascular diseases. However, during processing
distribution and handling, they can easily oxidize,

due to their high instauration degree. Oxidaticadke

to the formation of unpleasant tastes and odors and
consequently, to the reduction of product’s shi#df |

Microencapsulation of oils in a polymeric matrix is
an alternative for protecting them against lipid
oxidation and increasing their shelf life. In thase

of foods, the most common procedure for
microencapsulation is spray drying. It involves the
atomization of emulsions into a drying medium with
high temperature, resulting in a quick crust foliorat
and in a quasi-instantaneous entrapment of the cor
material (Gharsallaoui et al., 2007).

Gum Arabic is one of the most traditional wall
materials used in the microencapsulation of oild an
flavors. It is a natural gum with good emulsifying
properties, since it has a little protein contemtits
composition. Moreover, it exhibits high solubility
and low viscosity in aqueous solution, which
facilitates the spray drying process.

oils, by minimizing the amount of unencapsulatdd oi
present at the surface of powder particles and thus
preventing lipid oxidation (Desai and Park, 2005).

According to Jafari et al. (2008), the main factibrat
affect encapsulation efficiency of microencapsulate
oils and flavors are: type of wall material, prapes

of the core materials (concentration, volatiliyhet
characteristics of the infeed emulsion (total sglid
viscosity, droplets size) and the conditions of the
spray drying process (atomization type, inlet air
temperature, air flow, humidity). Thus, it is impemt

to evaluate some process variables, in order taimbt
the minimal surface oil in the powder particles.

The objective of this work was to study the inflaen
of the oil concentration on the microencapsulatbn

Slaxseed oil by spray drying, using gum Arabic as

wall material. Emulsions were produced with
different oil concentrations and evaluated for
stability, droplets size and viscosity. The powdere
particles were analyzed with respect to surface oil
and, from this result, encapsulation efficiency was
determined. Powders lipid oxidation was also
measured.



MATERIAL AND METHODS constant. The emulsion droplet size was expressed a

Material Ds,, the surface weighted mean diameter.

Flaxseed oil (Lino Oil, Paranambi, Brazil) was used Microencapsulation by spray drying

as core material with the following mean fatty acid Microencapsulation was performed in a laboratory
composition: 5.77% C16:0, 4.57% C18:0, 20.36 scale spray dryer Lab Plant SD-05 (Huddersfield,
C18:1, 14.21% C18:2 and 53.12% C18:3. UK), with a nozzle atomization system with 1.5 mm
nozzle diameter, air flow of 73%h and pressure of
0.6 bar. The emulsion was fed into the main chamber
through a peristaltic pump, feed flow rate was 12
g/min, inlet air temperature was 180+2 °C and dutle
Emulsion preparation temperature was 110+2°C.

Gum Arabic Instantgum BA kindly donated by
Colloides Naturels Brazil (Sado Paulo, Brazil), was
used as wall material.

Gum Arabic was dissolved in distilled water under Encapsulation efficiency
magnetic agitation, one day before emulsification.
Coarse emulsions were prepared by blending
flaxseed oil and the wall solution, using a rottataer
blender (Ultra-turrax IKA T18 Basic, Wilmington,
USA), at 15500 rpm for 5 min. Total solid
concentration was fixed at 30% and four differeiht o
concentrations were used: 10, 20, 30 and 40% (w/w).

Encapsulation efficiency (EE) was determined
according to the method described by Bae and Lee
(2008). Fifteen milliliters of hexane were added to
1.5 g of powder in a glass jar with a lid, whichswa
shaken by hand for the extraction of free oil, tiwo
minutes, at room temperature. The solvent mixture
was filtered through a Whatman filter paper n° le T
Emulsion preparation dust collected on the filter was "washed" twicehwit
20 mL of hexane. Then, solvent was left to evamorat
at room temperature and then at 60°C, until cohstan
weight. The non-encapsulated oil was determined by
mass difference before and after extraction with
hexane and microencapsulation efficiency was
calculated from Equation (2).

Immediately after the emulsion preparation, 25 mL
aliquots of each sample were transferred to graduat
cylinders of 25 mL, sealed, stored at room
temperature for one day, and the volume of the
aqueous phase measured after 24 hours.

The stability was measured by % of separation, TO-SO
expressed as: EE :( jxmo (2)
%Separation- (Hljxmo (1) Where: TO is the total oil content an&O is the
Ho surface oil content.

WhereH, represents the emulsion initial height and Lipid oxidation

Hy is the upper phase height. Lipid oxidation was evaluated by determination of

Emulsion viscosity the peroxide value. The oil was extracted according
to the method described by Partanen et al. (2008).
Peroxide value was determined
spectrophotometrically, according to the IDF
standard method (Shanta and Decker, 1994) with
some modifications. A portion of the extraction
medium (600 ul) was added to 2.8 ml of a
chloroform/methanol (7:3) mixture. For color
formation, 30uL of an ammonium thiocyanate/iron
(1) chloride solution (1:1) were added. The sample
was vortexed, reacted in the dark for 20 minuted, a

Emulsion viscosity was measured through the
determination of steady-shear flow curves, using a
controlled stress Physica MCR301 rheometer (Anton
Paar, Graz, Austria) with stainless steel platéepla

geometry with a diameter of 75 mm and a gap of 0.2
mm. Three flow ramps (up, down and up-cycles)
were obtained in a range of shear stress
corresponding to shear rates from 0 to 30@s order

to eliminate any possible thixotropy effect. Trials

were perfo_rr_ned in triplicate, using a new sample f(.) absorbance was measured at 500 nm. Peroxide values
each repetition. Rheogram_s were analyzed accordlnqure determined using a Bestandard curve with
to empirical models and viscosity was calculated as.

the relationship between shear stress and shear rat iron concentration varying from 1 to 26g.

Emulsion droplet size RESULTS AND DISCUSSION

Droplet mean diameter was measured using a laseEmulsion properties

light diffraction instrument, Mastersizer S (malwer . .

0,

Instruments, Malvern, UK). A small sample was Thg /°. of s.eiparaftlo?ﬁ dropletls.mean dlamet(?'z)(pth
suspended in water under agitation, and the dropletg!;lf wfco& y ? i € (?r;:u smn; _pl)reparemm
size distribution was monitored during each ferent concentrations of flaxseed oif are presen

measurement until successive readings became" Table 1.



Table 1: Properties of the emulsions produced with emulsions studied, resulting in the formation of

different oil concentrations. larger droplets.
% Oil Separation Ds, (M) Viscosity The higher mean diameters of the emulsions
(%) 32l (mPa.s) produced with higher oil content can also be relate

10% 0 1,854+ 0,008 111,1+43 to the emulsions viscosity. Emulsions produced with
20% 0 2,191 +0,002 92,0+0,8 higher oil concentration were less viscous tharsé¢ho
30% 0 2,479+0,003 755+0,1 produced with lower oil concentration, for the same
40% 2.8 3,464 + 0,064 60,5+0,% total solid content. The more viscous is an emalsio

Different letters indicate significant differencepa0.05. the more difficult is the droplets movements inside

. o This may have reduced the droplets coalescence,
Emulsion stability resulting in larger droplet sizes.
Only the emulsion prepared with 40% oil was
kinetically unstable, with a little region of phase
separation. All the other emulsions were stable, Encapsulation efficiency of the samples obtained
showing no phase separation. This confirms gumfrom emulsions produced with different oil
Arabic as a good encapsulating agent, which has lowconcentrations are shown in Figure 1.

viscosity in aqueous solution, making easier the
system homogenization with the rotor-stator
homogenizer, and being able to cover the oil ditgple
in the emulsion, avoiding the cremeation phenomena.

Encapsulation efficiency
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The rheological behavior of emulsions was evaluated
by determination of flow curves at 25°C and the
experimental data were better adjusted by the 10% 20% 0% 40%
Newtonian model, according to which viscosity is il concentration (36)
constant with shear rate.

o

Encapsulation efficiency
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) ) Fig. 1. Encapsulation efficiency as a function ibf o
This same behavior was observed by Bae and Lee concentration.

(2008) in emulsions containing avocado oil +

maltodextrin/whey protein isolate. Buffo and @j| concentration strongly affected encapsulation
Reineccius (2002) also observed a Newtonian efficiency, showing a negative effect on this
behavior in beverage emulsions composed by oranggesponse. The increase of oil concentration leanto

oil and seven types of gum Arabic. increase in the amount of unencapsulated surfdce oi

Emulsion viscosity decreased with the increaseilin o A Similar behavior was observed by Huynh et al.
concentration. This can be attributed to the lower (2008) in the microencapsulation of lemon myrtle oi
amount of gum Arabic present in the emulsions USing modified starch + maltodextrin and whey
formed with higher oil concentration, for the same Protein concentrate + maltodextrin as wall material
total solid content. Gum Arabic is generally usecha  1an et al. (2005) also verified that high oil laags
thickening agent in foodstuffs, making them more resulted in lower process yield and lower
viscous. Yu et al. (2007) also verified a decreafse encapsulation efficiency for microencapsulated fish
viscosity with the increase in the mass ratio of Oil by spray drying.

phosp_holipid to wall _material, in emulsion_s sube'wb_t According to Jafari et al. (2008), the lower
to microencapsulation by spray drying, using encapsulation efficiency related to higher oil lsad
maltodextrin added of sodium caseinate, gelatin or .30 pe attributed to the greater amount of core
soy protein as encapsulating agents. material close to the drying surface, which makes
Emulsion droplet size _short the diffusi_on pat_h length to the a_ir/particle
) ) . ) ) interface, thus increasing the surface oil content.
The increase in the oil concentration led to higher minemoto et al. (2002),  working  with
droplet mean diameters. Higher amounts of oil microencapsulation of linoleic acid, also observed
implies in lower gum Arabic content, for the same that encapsulation efficiency decreased when the
total solid content. Since gum Arabic has emulsifyi  \eight ratio of core to wall material increased.
properties, the lower concentration of this wall According to the authors, at higher ratios, the amho
material may have resulted in a less efficient of gum Arabic may be insufficient for fully covegn

emulsification. An emulsifier is a surface-active the ol droplets and this insufficiency might resil
substance that is able to adsorb to an oil-watery decrease in the encapsulation efficiency.

interface and protecting emulsion droplets from o . .
flocculation and/or coalescence (McClements, 2005). The negative influence of oil concentration on the
Thus, the decrease of gum Arabic content may haveencapsulation efficiency may be related to the
promoted higher droplets coalescence in the €mulsion droplet size, which was lower for highér o



content. Many studies have shown that the TO total oil content g

encapsulation efficiency of oils and flavors is SO  surface oil content g
improved with decreasing emulsion droplet size D3, droplet mean diameter pm
(Soottitantawat et al.,, 2005; Liu et al., 2001).

According to Jafari et al. (2008), the higher scefa ACKNOWLEDGEMENTS

oil in the particles produced from emulsions with h h fl q
larger droplets can be attributed to the droplets |N€ authors are grateful to SAE and FAPESP

breakdown during atomization. Moreover, lower oil (Process 2009/54137-1), for the financial support.

content resulted in higher emulsion viscosity, vahic
reduces the oil droplets diffusion inside the atredi REFERENCES

droplets, making difficult the oil migration to the Bae, E.K., Lee, S.J. (2008), Microencapsulation of
pa_rti_cle surface and thus increasing the encapsnlat avocado oil by spray drying using whey protein
efficiency. and maltodextrin, Journal of Microencapsulation,
Vol. 25, pp. 549-560.

Buffo, R.A., Reineccius, G.A. (2002), Modeling the
rheology of concentrated beverage emulsions,
Journal of Food Engineering, Vol.51, pp.267-272.

Desai, K.G.H., Park, H.J. (2005), Recent
developments in microencapsulation of food
ingredients, Drying Technology, Vol.23, pp.

b b ©
E 1361-1394.
; Gharsallaoui, A., Roudaut, G., Chambin, O., Voilley
, A., Saurel, R. (2007), Applications of spray-
0.0 drying in microencapsulation of food ingredients:

- - - a0 An overview, Food Research International, Vol.
40, pp. 1107-1121.

Huynh, T.V., Caffin, N., Dykes, G.A., & Bhandari,

Lipid oxidation

Figure 2 shows the lipid oxidation of the samples
obtained from emulsions produced with different oil
concentrations.

0,05

2 2 2
o o o
[

Peroxide walue
(megikgdled)

=
[
—

Oil conwcentration (%)

Fig. 2. Lipid oxidation as a function of oil B. (2008) Optimization of the

concentration. microencapsulation of lemon myrtle oil using

. o . response  surface methodology, Drying
Lipid oxidation was also affected by the oil Technology, Vol.26, pp. 357-368.

concentration. In general, higher oil concentratesh ) )

to higher peroxide values. This can be relatechéo t Jafari, S.M., Assadpoor, E., He, Y., Bhandari, B.
lower encapsulation efficiency obtained at these  (2008), Encapsulation efficiency of food flavours
conditions, which leads to poorer oil protection  and oils during spray drying, Drying Technology,
against oxidation. From Figures 1 and 2, it iscclea  Vol. 26, pp. 816-835.

that the peroxide values increased as the i, xp. Atarashi, T. Furuta, T., Yoshi, H.,
encapsulation efficiency decreased. The lower the Aishima, S., Ohkawara, M. et al. (2001).

encapsulation efficiency, the higher is the amaifnt Microencapsulation of emulsified hydrophobic

oil present in _ the particles syrface. This flavors by spray drying, Drying Technology, Vol.
unencapsulated oil, when in contact with the oxygen 19, pp. 1361-1374.

is more susceptible to lipid oxidation than the

encapsulated one. McClements, D.J. (2005), Food emulsions:
principles, practice, and technique&'@d.), CRC
CONCLUSIONS Press, Boca Raton.

Both encapsulation efficiency and lipid oxidation Minemoto, Y., Hakamata, K., Adachi, S., Matsuno,
were affected by the oil concentration, and these R.(2002), Oxidation of linoleic acid encapsulated
results could be related to the emulsions propertie ~ With gum arabic or maltodextrin by spray-drying,
The increase in the oil concentration resulted in  Journal of Microencapsulation, Vol.19, pp. 181-
emulsions with larger droplets and higher viscgsity ~ 189.

which negatively affected the surface oil contemd,a  psrtanen. R.. Raula. J. Seppanen, R., Buchert, J.

consequently, the lipid oxidation. Kauppinen, E., Forssell, P. (2008), Effect of
relative humidity on oxidation of flaxseed oil in
NOMENCLATURE spray dried whey protein emulsions, Journal of

Ho  emulsion initial height cm Agricultural and Food Chemistry, Vol. 56, pp.

Hy  upper phase height cm 5717-5722.

EE encapsulation efficiency %



Shanta, N.C., Decker, E.A. (1994), Rapid, sensitive
iron-based spectrophotometric methods for
determination of peroxide values of food lipids.
Journal of AOAC International, Vol.77, pp. 421-
424,

Soottitantawat, A., Bigeard, F., Yoshii, H., Furuta
T., Ohkawara, M., Linko, P. (2005), Influence of
emulsion and powder size on the stability of
encapsulated D-limonene by spray drying,
Innovative Food Science and Emerging
Technologies, Vol. 6, pp. 107-114.

Tan, L.H., Chan, W., Heng, W.S. (2005), Effect of
oil loading on microspheres produced by spray
drying, Journal of Microencapsulation, Vol.22,
253-259.

Yu, C., Wang, W., Yao, H., & Liu, H. (2007),
Preparation of phospholipid microcapsule by
spray drying, Drying Technology, Vol. 25, pp.
695-702.



