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ABSTRACT

The objective of this work was to evaluate theuefice of inlet air temperature and emulsion contioosi
(total solid content and oil concentration), aslhaslits associated properties (viscosity and @togize), on
the microencapsulation of flaxseed oil by sprayirdryusing gum Arabic as wall material. Coarse emunis
were prepared by blending the flaxseed oil andgima Arabic solution, using a rotor-stator blenddrey
were then characterized with respect to droplet aizd viscosity. Microencapsulation was performea i
laboratory scale spray dryer. Seventeen tests werde, according to a®Zentral composite design.
Independent variables were: inlet air temperatdiz8(— 202°C), total solid content (10 — 30%) and oi
concentration with respect to total solids (10 -9%30Encapsulation efficiency and lipid oxidation rere
analysed as responses. Higher oil concentrationl@mer solid content led to the formation of larger
droplets and less viscous emulsions. Encapsulatificiency was negatively affected by oil concetitra
and positively influenced by total solid contenipid oxidation was higher for the emulsions conitagn
higher oil concentration and lower solid contentijeh was attributed to the lower encapsulationcegfficy
obtained at these conditions. Peroxide valuesiatseased when inlet air temperature increased.

Keywords: Microencapsulation; spray drying; emulsion properties; encapsulation efficiency; lipid oxidation.

INTRODUCTION

Microencapsulation of oils in a polymeric matrixais alternative that has been used by severalrotgza in
order to protect unsaturated fatty acids against loxidation, thus increasing their shelf life. di#es
protecting oils against oxidative damage, it als$fers the possibility of controlled release of Igulic
functional food ingredients and can be useful fgopdementation of foods with polyunsaturated faitids.

In the case of foods, the most common proceduramicroencapsulation is spray drying. It involves th
atomization of emulsions into a drying medium wihtgh temperature, resulting in a very fast water
evaporation, which results in a quick crust formatand in a quasi-instantaneous entrapment of ahe ¢
material [1].

Gum Arabic is one of the most traditional wall nrétks used in the microencapsulation of oils aaddts. It

is a natural gum with good emulsifying propertisiice it has a little protein content in its cormipos.
Moreover, it exhibits high solubility and low vissity in aqueous solution when compared to other
hydrocolloid gums [2], which facilitates the sprdtying process.

In the last years, special attention has been givethe studies aiming at improving the encapsutati
efficiency during spray drying of food flavors awds, by minimizing the amount of unencapsulated oi
present at the surface of powder particles and firesenting lipid oxidation and volatile losses,dan
extending product’s shelf life. According to Jafati al. [3], the main factors that affect encapsua
efficiency of microencapsulated oils and flavors:ahe type of wall material, the properties of twe
materials (concentration, volatiliy), the charaistées of the infeed emulsion (total solids, vistpsdroplets
size) and the conditions of the spray drying precésomization type, inlet air temperature, airwflo
humidity). Thus, it is important to optimize theyirg process, in order to obtain the minimal suzfad in
the powder particles.

Microencapsulation of oils by spray drying has based to protect unsaturated fatty acids agairigatgn.
Within the context of the functional foods, prodidupplemented with unsaturated fatty acids, sisch a



Omega-3, have been considered very beneficial toanuhealth, mainly due to the cardiovascular desgas
prevention promoted by these compounds.

Most of the works found in the literature about m@&ncapsulation of unsaturated fatty acids-rick ade
fish oil as core material [4, 5, 6]. On microenadpton of flaxseed oil by spray drying, howeveery few
information is available.

Thus, the objective of this work was to study thiéuence of inlet air temperature and emulsion cositfpon
(total solid content and oil concentration), aslwslits associated properties (viscosity and dtogikze), on
the microencapsulation of flaxseed oil by sprayirdyy using gum Arabic as wall material. Encapsolati
efficiency and lipid oxidation were analyzed agpm@sses.

MATERIALS & METHODS

Material

Flaxseed oil was purchased from Sabor da TerragéBga Paulista, Brazil), with the following fattgic
composition: 5.91% C16:0, 4.31% C18:0, 22.55 C182183% C18:2 and 53.55% C18:3.

Gum Arabic Instantgum BAwas kindly donated by Colloides Naturels Brazdq®aulo, Brazil).

Methods

Preparation of emulsions

The wall material was dissolved in distilled watsder magnetic agitation, one day before emulditioa
Coarse emulsions were prepared by blending thesdkek oil and the wall solution, using a rotor-stato
blender (Ultra-Turrax IKA T18 Basic, Wilmington, W$, at 15500 rpm for 5 min.

Emulsion viscosity

Emulsion viscosity was measured through the deteaticin of steady-shear flow curves, using a colgol
stress Physica MCR301 rheometer (Anton Paar, Guastria) with stainless steel plate-plate geometith

a diameter of 75 mm and a gap of 0.2 mm. Three flawps (up, down and up-cycles) were obtained in a
range of shear stress corresponding to shear fiates 0 to 3008, in order to eliminate any possible
thixotropy effect. Trials were performed in trigdte, using a new sample for each repetition. Rizengr
were analyzed according to empirical models andosity was calculated as the relationship betwéears
stress and shear rate.

Emulsions droplet size

The droplet size distributions of the feed emulsiarere determined by optical microscopy, usingreaveal
optical microscope (Carl Zeiss, Oberkochen, Germartye Sauter mean diameté&r;f) was calculated from
500 droplets using the image processing softwaegé&d 1.38%, according to Equation (1):

_ Zizi Di3
) Zizi Di2

Wherez is the number of droplets with diameir

Ds, 1)

Microencapsulation by spray drying

Spray drying process was performed in a laborasmgle spray dryer LabPlant SD-05 (Huddersfield,
England), with a 1.5 mm diameter nozzle and mamysphamber of 500 mm 215 mm. The emulsion was
fed into the main chamber through a peristaltic pufaed flow rate was 12 g/min, drying air floweatas
73 ni/h and compressor air pressure was 0.06 MPa.

A rotatable central composite design was used timipe the tests for the microencapsulation of feed oil,
considering three factors (independent variabieft air temperature (138 — 202°C), total solichtemt (10

— 30% w/w) and oil concentration with respect ttatsolids (10 — 30% w/w). Five levels of each able
were chosen for the trials, including the centi@hpand two axial points, giving a total of 17 doimations.
The following polynomial equation was fitted to dat

Y= Bot Bixa+ BoXe+ Baxs+ Bux + BoXo + BaXd’ + PiXXe + PixaXe + BosXeXs (2)
Wheref3, are constant regression coefficientss the response (encapsulation efficiency or lgpielation),
and x;, X, and xz are the coded independent variables (inlet airpegrature, solid content and oil
concentration, respectively).



The analysis of variance (ANOVA), test for the laafkfit, determination of Rand the generation of three-
dimensional graphs were carried out using the Sitzdi 7.0 software (StatSoft, Tulsa, USA).

Encapsulation efficiency

Surface oil was measured by extraction with hexanegrding to the method used by Bae and Lee pthIT
oil was assumed to be equal to the initial oil,csipreliminary tests revealed that all the initvdl was

retained, which was expected, considering thas#ar oil is not volatile. Encapsulation efficied&E) was

calculated as follows:
EE = [TO_SOJ x100 A3)
TO

WhereTO is the total oil content ar8O is the surface oil content.

Lipid oxidation

Lipid oxidation was evaluated by determinationtaf peroxide value. The oil was extracted accortbrifpe
method described by Partanen et al. [8]. Peroxédeevwas determined spectrophotometrically, acogrth

the IDF standard method [9] with some modificatioAsportion of the extraction medium (6Q0) was
added to 2.8 ml of a chloroform/methanol (7:3) migt For color formation, 3@L of an ammonium
thiocyanate/iron (lIl) chloride solution (1:1) wemdded. The sample was vortexed, reacted in thefda20
minutes, and absorbance was measured at 500 nnmoptydxide concentrations were determined using a
Fe' standard curve with iron concentration varyingird to 25ug [9].

RESULTS & DISCUSSION

Emulsions characterization

The viscosity and the droplets mean diameter ofthelsions prepared with different solid conterd ani
concentration are presented in Table 1.

The most appropriate mathematical model for desggilthe flow characteristics was the Newton model,
according to which viscosity is constant with shese. Emulsion viscosity increased as total sotidtent
increased, which was expected, since gum Arabigeiserally used as a thickening agent in foodstuffs,
making them more viscous. According to Williams aldillips [2], gum Arabic solutions are Newtonian
fluids, whose viscosity exponentially increaseswegiblution concentration.

The increase in oil concentration resulted in lowswlsion viscosities. This can be attributed ® ltwer
amount of gum Arabic present in the emulsions farméh higher oil concentration, for the same tatalid
content, resulting in a slightly less pronouncadkibning effect and thus in less viscous emulsions.

Table 1.Viscosity and droplets mean diameter of emulsiaepared with different solid content and oil cortcation.

Solid content (%) | Oil concentration (%) | Viscosity &10° Pa.s) B, (Um)

10 20 4.41+0.08 4.41 +0.08

14 14 8.57 + 0.05 3.20+0.04
26 6.99 + 0.02 3.55+0.04
10 23.33+0.78 3.87+0.64

20 20 19.89 + 1.09 4.16 + 0.05
30 15.89 + 0.7% 4.77 +0.08

o6 14 50.35+1.19 2.88 +0.04
26 40.31 +0.20 3.28 +0.08

30 20 85.36 + 1.51 2.27 +0.08

Droplets mean diameter varied from 2.27 to 4uAY. The increase in total solid content resultedrimaller
droplets size, for the same oil concentration. €hessults can be related to the emulsions visco8ity
previously discussed, emulsions produced with higbéd content were more viscous. This higher agsty
reduces the rate at which particles sediment canereesulting in better emulsion stabilization ahds
avoiding droplets coalescence [10].

On the other hand, higher oil concentrations letifher mean diameters. The increase in oil conatoh
implies in lower gum Arabic content, for the saméal solid content. Since gum Arabic has emulsiyin
properties, the lower concentration of this wallten=l may have resulted in a less efficient enfigksiion.



An emulsifier is a surface-active substance thatapable of adsorbing to an oil-water interface and
protecting the droplets from flocculation and/oalescence [10]. Thus, the decrease of gum Arabitead
may have promoted higher droplets coalescencdtiresin the formation of larger droplets.

Response surface analysis

Encapsulation efficiency and lipid oxidation valudsained for each trial are shown in Table 2.

Table 3 shows the regression coefficients for thed second-order polynomial equation, the F vadunes
the determination coefficients YR Some non-significant terms were eliminated arelresulting equations
were tested for adequacy and fitness by the aisabfsiariance (ANOVA). The fitted models were shitg
showing significant regression, low residual vaJueslack of fit and satisfactory determination fficeents.

Table 2. Encapsulation efficiency and lipid oxidation fbet17 trials of the experimental design.

Trials | Inlet air Solid (0] Encapsulation Lipid oxidation
temperature (°C) | content (%) | concentration (%) | efficiency (%) (meq peroxide/kg oil)
1 150 (-1) 14 (-1) 14 (-1) 72.7+1.0 0.047 +0.004
2 190 (+1) 14 (-1) 14 (-1) 731+1.1 0.064 + 0.006
3 150 (-1) 26 (+1) 14 (-1) 88.7 £0.3 0.027 +0.001
4 190 (+1) 26 (+1) 14 (-1) 88.9+0.3 0.042 +0.002
5 150 (-1) 14 (-1) 26 (+1) 51.7+0.3 0.066 + 0.001
6 190 (+1) 14 (-1) 26 (+1) 53.2+1.1 0.075 + 0.006
7 150 (-1) 26 (+1) 26 (+1) 62.4+2.0 0.037 + 0.003
8 190 (+1) 26 (+1) 26 (+1) 60.5+0.5 0.062 +0.001
9 138 (-1.68) 20 (0) 20 (0) 81.2+0.2 0.038 + .00
10 202 (+1.68) 20 (0) 20 (0) 775+0.1 0.086 Q2.0
11 170 (0) 10 (-1.68) 20 (0) 515+1.4 0.080 #2.0
12 170 (0) 30 (+1.68) 20 (0) 84.6 +0.2 0.047 0.0
13 170 (0) 20 (0) 10 (-1.68) 92.0+0.1 0.017 #£0.0
14 170 (0) 20 (0) 30 (+1.68) 58.6 +1.5 0.106 0.0
15 170 (0) 20 (0) 20 (0) 81.1+0.1 0.022 +0.002
16 170 (0) 20 (0) 20 (0) 75.1+0.7 0.031 +0.002
17 170 (0) 20 (0) 20 (0) 77.7+0.1 0.028 +0.002
Table 3. Coded second-order regression coefficients forgswdation efficiency and lipid oxidation.
Coefficient | Encapsulation | Lipid oxidation Coefficient | Encapsulation | Lipid oxidation
efficiency (%) (meq peroxide/kg oil) efficiency (%) (meq peroxide/kg oil)
&3 75.23 0.028 Baa N.S. 0.010
Jii N.S. 0.011 B N.S. N.S.
5 7.72 —-0.010 Bis N.S. N.S.
5 -11.13 0.015 Los N.S. N.S.
L N.S. 0.010 R 0.927 0.808
Lo -3.82 0.010 F 55.0 7.3

N.S. Non-significant.

Encapsulation efficiency

According to Tables 2 and 3, encapsulation efficjewaried from 51 to 92% and was significantly
influenced by total solid content and oil concetitra Figure 1 shows the influence of the indepamnde
variables on this response.

Oil concentration was the factor that most affe@rdapsulation efficiency, showing a negative eftecthis
response. The same behavior was observed by Huyailh[@1] in the microencapsulation of lemon mertl
oil, using modified starch + maltodextrin and whggtein concentrate + maltodextrin as wall matsridian

et al. [5] also verified that high oil loadings w#ied in lower process yield and lower encapsumatio
efficiency for microencapsulated fish oil by spidrying. The poorer retention related to higherdaéids can
be attributed to the greater amount of core mdtef@se to the drying surface, which makes shoet th
diffusion path length to the air/particle interfatieus increasing the surface oil content.
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Figure 1. Response surface for encapsulation efficiency dfgbes produced: ( a) at inlet air temperaturd 89°C; (b))
with total solid content of 20%.

The effect of oil concentration on the encapsutagdficiency may also be related to the emulsiooptbt
size, which was lower for higher oil content. Aatiog to Jafari et al. [3], the higher surface ailthe
particles produced from emulsions with larger detplcan be attributed to the droplets breakdowmgur

atomization. Moreover, lower oil content resultachigher emulsion viscosity, which reduces thedadlplets
diffusion inside atomized droplet and makes diffite oil migration to the particle surface.

Total solid content had a positive effect on theagsulation efficiency, i.e., the increase in saahtent
resulted in higher encapsulation efficiency. Higlsefid content implies in shorter time to form aisty
making difficult the oil diffusion to the drying piicle surface. Moreover, increasing total soliéads to the

increase of emulsion viscosity, reducing the caitioh movements inside the droplets and, thus/tiegun
a rapid skin formation [3].

The higher encapsulation efficiency shown by phasigroduced from emulsions with higher solid cante
may also be attributed to the emulsion droplets,ssince increasing solid content led to the prtodooof
droplets with lower diameters. As previously disad; the smaller the emulsion droplet, the highahé
encapsulation efficiency, which explains the resalitained.

Lipid oxidation

The influence of inlet air temperature, solid contend oil concentration on the lipid oxidationsisown in
Figure 2.
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Figure 2. Response surface for lipid oxidation of particlesduced: ( a ) at inlet air temperature of 170°€) (vith total
solid content of 20%.

Lipid oxidation was affected by all the independeatiables. In general, lower solid content anchiigoll
concentration led to higher peroxide values. Thas @e related to the lower encapsulation efficiency
obtained at these conditions, which leads to poaiérprotection against oxidation. The lower the
encapsulation efficiency, the higher is the amoaftoil present in the particles surface. This non
encapsulated oil, when in contact with the oxygenmuch more susceptible to lipid oxidation thae th
encapsulated one.



The test that resulted in the highest encapsulatficiency (91.97%) was the same that provided dimeest
lipid oxidation (0.017 meq peroxide/kg oil) (Tat2g On the other hand, the highest peroxide valu#06
meq peroxide/kg oil) was obtained for the powderdoiced with 20% solids and 30% oil, condition inieth
the feed emulsion had the highest droplet mean etemnThis indicates that the emulsion droplet siz®
plays an important role on the protection agaiipi loxidation in oils microencapsulated by sprayiig.
Peroxide value also increased with increasing dryamperatures. The use of higher inlet air tentpeza
provides more energy available for the lipid oxidatprocess, favoring peroxides formation. Thomskeal.
[12] observed strong temperature dependence folitygudeterioration of milk powders, verifying an
Arrhenius type dependence of lipid oxidation onpgenature. Serfert et al. [13] observed that hydroxide
content of microencapsulated fish oil was threeefinhigher for the powder produced at inlet/outlet
temperatures of 210/90°C, when compared to thatymed at 160/70°C.

CONCLUSION

The best conditions for flaxseed oil encapsulatéming at achieving high encapsulation efficieacyl low
lipid oxidation, were: inlet air temperature of 14D0°C, total solid content of 26-30% and oil cortcation
of 10-14%. The presence of oil in the particledame is very detrimental to powder quality, sintcean lead
to lipid oxidation. This work showed that the ensaption efficiency directly depends on the feedilsion
properties (viscosity and droplet size). Thus, stedy of these properties is essential for obtairdn
successful microencapsulation and thus, partidlgeod quality.
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