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Abstract: Response Surface Methodology (RSM) was used to establish optimum conditions for Flaxseed
Qil (FO), soy lecithin and xanthan gum to vyield stable Flaxseed Oil Droplet (FOD) and high
Microencapsulation Efficiency (M.E.E). Gum arabic and maltodextrin were used at constant ratio of 1:1.
Flaxseed oil loading (20-35%), lecithin (1-2%) and xanthan gum (0.1-0.4%) were studied regarding their
effects on emulsion and the spray dried powder. Results indicated response surface models significantly
fitted to all response variables studied. Regression models describing variations of responses of FOD and
M.E.E showed high coefficient of determination (R%) of 0.9963 and 0.9944 respectively. Overall numerical
optimization predicted desirable system attainable by combined 10% (w/w) each arabic gum and
maltodextrins, 22.78% (w/w) flaxseed oil loading, 1.14% (w/w) soy lecithin and 0.10% (w/w) xanthan gum,
which in turn resulted into FOD of 448.9 nm, M.E.E of 92.3% and strong physical barrier towards oxidation
during 10 weeks of storage tests.

Key words: Flaxseed oil droplet, soy lecithin, microencapsulation efficiency, flaxseed oil loading and

xanthan gum

INTRODUCTION

Today the world demands foods with specific nutrients
that can help human beings to stay in good health and
enjoy extended life span. Bioactive compounds such as
omega-3s (Eicosapentaenoic Acid (EPA) and
Docosahexaenoic Acid (DHA)) help body for its normal
growth and to fight against different kinds of diseases.
Omega-3s fatty acids are essential for growth and
development and have heen associated with the
prevention and treatment of heart disease, arthritis,
infammatory, autoimmune diseases and cancer
(Simopoulos, 1999). In humans, omega-3s fatty acids
have also been used to suppress cancer-associated
cachexia and to improve the quality of life (Hardman ef
al., 2000).

The highest amount of omega-3s for oil seeds is found
in flaxseeds (Bozan and Temelli, 2008), the seed from
the flax plant (Linum usitatissimum L.) which is a
member of the Linaceae family. The plant is native to
West Asia and the Mediterranean, where it has been
cultivated since at least 5000 BC as the source of linen
fibre, yet today it is mainly grown for its oil (Berglund,
2002; Oomah, 2001).

Omega-3 fatty acid found in flaxseed and Flaxseed Oil
(FO) is called Alpha-linolenic Acid (ALA). FO usually
contains greater than 50% of ALA. Consuming flaxseed
oil is one good way to increase the omega-3 fatty acids
in the diet as most societies nowadays are known to
generally consume plenty of omega-6 fatty acids in
processed foods, margarine and vegetable cils and
absolute amounts of omega-3 fatty acids in the diet are

too low (Choo et al., 2007). ALA has 18 carbon atoms in
its backbone and can be converted to EPA by the liver by
addition of two carbon atoms (Newton, 1996). EPA, in
turn, can be converted to DHA.

However, FO has rather low stability which is mainly due
to its high amount of ALA. As ohe among the members
of polyunsaturated fatty acids, omega-3 fatty acids if
serious measures could not be taken during its
processing and storage can easily undergo oxidation
and hence results in rancidity (Shen and Wijesundera,
2009). Lipid oxidation during storage or food processing
usually causes a deleterious effect on human health
(Frankel, 1998) since it can lead to rancidity (Gordon,
1991) and defective nutrition due to degradation
products such as reactive oxygen species (Guardiola et
al, 2002; Esterbauer et al, 1991; Sanders, 1983).
Protection of lipid oxidation is a critical factor to food
quality and shelf-life of edible oils, and
microencapsulation of oils has been widely adopted as
an approach to address this issue. Lipid encapsulation
may be useful to retard lipid auto-oxidation (Matsuno and
Adachi, 1993; Kolanowski ef af., 2006).

RSM is an empirical modeling approach for determining
the relationship between various process parameters
and has an advantage of less time-consumption than
other approaches required to optimize a process
(Mirhosseini ef al,, 2008a,b).

The aim of the present study was to use two emulsifiers
(gum arabic and lecithin) as an approach to encapsulate
flaxseed oil and study their effects on different
environmental storage conditions. It is well known that
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gum arabic is a very excellent emulsifier but due to its
high cost, its use is limited in food industry. Different
researchers have been ftried and are trying to use
substitutes of gum arabic or to mix them with it in
different ratios in order to overcome the cost. The study
used gum arabic and maltodextrins at a ratio of 1:1, and
then added a little amount of lecithin and xanthan gum
to increase the stability of emulsion and high yield of
microencapsulation efficiency. The results are well
pronounced and are good starting point for other
microencapsulation approaches.

MATERIALS AND METHODS

FO was supplied by Heng Cheng Natural Perfumery Qil
Refinery Company, Jiangxi China. Percentages of fatty
acids in FO used were: C16:0; 5.50%, C18:0; 3.85%,
C18:1; 19.87%, C18:2; 15.69% and C18:3; 52.35%. Gum
arabic powder was supplied by Sinopharm Chemical
Reagent Co., Ltd, Shanghai. Maltodextrin with a Dextrose
Equivalent (DE) of 18 was purchased from Xiwang
Starch Co. Ltd, Shandong China. Xanthan gum was
supplied by Zibo Shunda Biotechnology Co. Lid,
Shandong China. Xanthan gum was used to increase
viscosity of the emulsion. Soy lecithin was originally
manufactured by Germany and supplied by Wuxi Always
Light Industry Science and Technology Co. Ltd., Jiangsu

China. Soy lecithin was used for the purpose of aid
emulsifying ability with gum arabic. Sodium salicylate,
sodium citrate, isooctane, 95% ethanol and other
chemical reagents were bought from Sinopharm
Chemical Reagent Co., Ltd, Shanghai China. All
reagents were of analytical grade.

Emulsion preparation: Emulsions were prepared by
keeping constant amount of gum arabic and
maltodextrin (ratio of 1:1). Experimental design of the
emulsion preparation and Flaxseed Qil Powder (FOP)
were shown in (Table 1). FO, soy lecithin and xanthan
gum were varied at different concentrations (Table 2) to
study their effects on performance of the resulting
emulsion and spray dried powder. Gum arabhic, xanthan
gum and maltodextrin were separately dissolved in de-
ionized water and then the three resultant solutions were
mixed together. For complete dissolution, the solution
was kept 12 hours to ensure complete hydration. The
OMY emulsions were prepared by slowly mixing FO into
the soy lecithin solution and then finally into prepared
solution by using an electric mixer for approximately 5
min to form coarse emulsion which was then
homogenized by a homogenizer (model JHG-Q54-PG0,
Shanghai China) set at a pressure of 24 MPa. The
emulsion was homogenized twice at the same pressure
to obtain a stable emulsion.

Table 1: Coded levels for independent wvariables used in experimental design for emulsion preparation and microencapsulation of
flaxseed oil powder
Coded level
Variables Coded Xi -1 0 1
Concentration of lecithin {(%wfw) X4 0.5 1.25 20
Concentration of cil loading (%wfw) Xy 20 275 35
Concentration of xanthan gum (%w/w) X 0.1 0.2 0.3

Table 2: Box-Behnken design for the optimization of laxseed oil powder microencapsulation

Runs X, (Yowhw) X (Yowhar) X, (Yowhv) FOD (nhm) M.E.E (%)
1 1.25 20 0.3 3221 0.1
2 05 35 0.2 6487 714
3 05 20 0.2 4405 84.4
4 1.25 35 0.1 4543 75.8
5 1.25 20 0.1 336.6 93.2
6 2 20 0.2 3227 821
7(c)' 125 27.5 0.2 3829 83.6
8(c)’ 1.25 27.5 0.2 3797 84.8
9(c)' 1.25 27.5 0.2 302.9 846
10(c)’ 125 27.5 0.2 4019 84.2
11 125 35 03 4718 76.6
12 0.5 27.5 0.3 5405 80.2
13 2 27.5 0.1 3527 84
14 05 27.5 0.1 552.1 80.4
15 2 27.5 03 375.8 84.6
16 2 35 0.2 370.8 74.8
17(c)’ 1.25 27.5 0.2 308 83.9

(c)', center point
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Average droplet size: The average droplet size was
determined by dynamic light scattering using a Zetasizer
Nano-ZS90 (Malvern Instruments, Worcestershire, UK).
The particle size of the emulsions was described by
cumulants mean diameter.

Fatty acid composition: Fatty acids composition for FO
was determined using gas chromatography (model GC-
14B Shimadzu) of Fatty Acid Methy| Esters (FAMES). The
resultant data were processed by a computer using
N2000 software.

pH measurements: The pH values of the emulsions
were measured by means of a glass pH electrode
(Metler Toledo, Delta 320 pH) and the emulsion pH was
maintained at 6.10 by using potassium diphosphate
pentahydrate.

Spray drying: Spray drying was conducted using a high
speed spray dryer (model QZ-5, Shanghai China). The
drying chamber diameter was 1.5 m, the inlet and outlet
air temperatures were set at 180/190°C and 85+3°C
respectively. The emulsion was fed into the dryer by a
peristaltic pump at a flow rate of 2.2L/h and an inlet
pressure of 0.350 MPa during spraying.

Moisture content: The moisture content of FOP was
determined according to A.O.C.S. Recommended
Practice Ca 2d-25 (AOAC, 1998).

Microencapsulation Efficiency (M.E.E): M.E.E of the
samples was determined by extracting surface and total
oil in FOP. M.E.E was expressed as follows. (Ahn ef af,,
2008);

M.E.E = (Total cil-Surface oil) x 100% / (Total oil)

Surface oil determination: Surface oil of FOP was
extracted for 3 h with petroleum ether with a boiling
range of 30-80°C (Partanen et al, 2002) and the
extracted oil was determined gravimetrically. Triplicate
measurements were performed.

Total oil content determination: Total oil determination
was done by method reported (Partanen et af., 2002).

Storage tests: Each FOP sample was spread into a
petridish to achieve a depth of approximately 0.5 cm. The
samples were then placed in humidified chambers
(desiccators in dark) in which relative humidifies were
controlled at constant RHs respectively of 44% and
54.4%, using standard saturated salts of K,CO, and
MgNQ, solutions prepared both at 25°C (Teunou et af,
1999, Greenspan, 1977). Powder samples were
mechanically mixed for 5 min every 3 days to assure
even exposure to the environment. Triplicate samples

were drawn every week for 10 weeks of storage. The
study was done in a special controlled room with a
temperature set at 28+2°C.

Peroxide and p-anisidine values determination: The
surface oil powder was measured after gentle shaking
according to the methods adopted by (Ahn et af., 2008).
In the case of encapsulated oil, extraction using Pont
method was used as adopted by (Ahn ef a/, 2008) and
extraction was started from the encapsulated FO dried to
a constant weight after free oil was extracted. To release
fat from reconstituted FOP, de-emulsification reagent
was used, followed by heating and centrifugation.

For preparation of de-emulsification reagent, 10 ¢
sodium salicylate and 10 g sodium citrate were
dissolved separately in double-distilled water, followed
by mixing together with 18 mL n-butanol and made up to
90 mL with double distilled water. Ten grams of FOP
were mixed with 20 mL water at 50°C in 125 mL
Erlenmeyer flask with stopper. Then 15 mL de-
emulsification reagent were added, mixture was shaken
vigorously and left to stand in 70°C water bath for 6 min.
The resulting mixture was centrifuged at 4000 rpm for 10
min and oxidation degree of the extracted fat was
determined.

The Peroxide Value (PV) was determined by iodometric
titration (Shantha and Decker, 1994) and p-anisidine
value was determined by spectrophotometry according
to A.0.C.S. Recommended Practice Cd 18-90 (ACAC,
1998). Both PV and p-anisidine analysis were carried
out in triplicates.

Scanning Electron Microscopy (SEM): A Quanta-2000
(FEI Company, Netherlands) SEM was used to examine
the external appearance of the particles. Examinations
were made at 1200 x magnifications.

RESULTS AND DISCUSSION

Experimental design and statistical analysis: RSM was
used to establish desired optimum emulsion stability
and higher microencapsulation efficiency for FO in water
emulsion.

Based on preliminary experiments, concentrations of
soy lecithin, flaxseed oil loading and xanthan gum
concentrations were studied as critical variables with
significant effects on emulsion stability and
microencapsulation efficiency. Also (Table 1) indicates
the results obtained for the two responses. Experimental
data were statistically analyzed by Design-Expert®
version 7.1, (State-Ease, Inc., Minneapolis MN, USA).
The quadratic response surface analysis was based on
multiple linear regressions taking into account linear,
quadratic and interaction effects according to the
equation below:

Y=bot3 ax+ aixx+ . aix’ (1)
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Where Y is the response value predicted by the model;
by is offset value; &, a yand a ,are main (linear,
interaction and quadratic coefficients, respectively.

The adequacy of the models was determined using
model analysis; lack-of fit test and coefficient of
determination (F® analysis. For model to be suited,
R* should be at least 0.80 for a good fitness of a
response model (Mirhosseini et 2/, 2009).

Z-Average = + 51646 - 150.45x + 75% - 1697k
15250+ 14. 28w, + 1 6233 + 25,762, -
0.010988 %494 2813, 2
MEE=  + 09259 + 1939x - 0.1024x, - 65.06x, -
0191123 + 0 BBET e + 1.0 - 457, -
0.0171:2; +66 57, (3)

Analysis of Variance (ANOVA): The results of analysis
of variance showed the guadratic polynomial models
were adeguately represented experimental data with the
coefficients of multiple determinations R* for the
responses of droplet size and M.E.Evalues 09963 and
0.9944 respectively.

Significance of the coefficients of quadric palynomial
models were shawn on (Table 2). Far any term in the
models, a large F-value and a small P-value would
indicate a mare significant effect on respective respanse
wariables (Mirhosseini et af, 2008a b; Quanhong and
Caili, 2005, Yuan et af, 2008). Hence results showed
the largest effect on oil droplet size of the formed
emulsion was the linear term of flaxseed ail loading,
followed by gquadratic term of soy lecithin and then
followed by interaction term of soy lecithin with flaxseed
oil loading at p<0.0001. YWhile for M.E.E, linear term of
flaxseed oil loading showed largest effect, then followe d
by guadratic term of flaxseed oil loading and then
followed by linear term of soy lecithin at p<0.0001.

Analysis of response surfaces

Flaxseed oil droplet size: To visualize effects of the
independent variables on the dependent anes, 3-
Dimensional (307 plots of the guadric palynomial
models were generated by wvarying two of the
independent wariables while holding the third as
constant at the central point. (Fig. 1a, 1b and 1c) shaw
how emulsion droplet size was affected by three
independent variablas.

In general, emulsion droplet size increased with an
increase the flaxseed ol loading. The same effect was
also reported by (Yuan et af, 2008). However the
increase in soy lecithin concentration had  shown
positive effect on lowering the ermulsion droplet size as
shown in (Fig. 1a) and this was significant at p<00001.
But further increase of soy lecithin concentration did not
positively affect the erulsion droplet size, this effect was
also observed by (McIweeney et al, 2008). The

Ol loadding [ ¥t S0y lecithin %ake

Fig. Ta: Hold xanthan gum at 0.2% {wiw)

040 g =g

Hanthan gum {Hadnd oy lecithin (Hedind

Fig. Tb: Hold oil loading at 27.5% (whw)

430 -
440 |
400 |
60 |
320 4

FOD nm

nanes
0.250 30

wanthan gum [

Ol lesdding (i)

Fig. 1c: Hold soy lecithin at 1.25% {whw)

effect of lowering the emulsion droplet size might also
be influenced by the amount of gqum arabic that has
been used at constant ratio; hence synergistically effect
might have been played between say lecithin and gum
arabic at certain concentration levels of soy lecithin.

Kanthan gum concentration had shown little effect on the
ermulsion droplet size; but further increase in the
concentration resulted in evident increase in emulsion
droplet size as shown in (Fig. 1b). But its increase was
insignificant at p<0.0001. X anthan gum is well known for
its abhility to increase the wviscosity hence helps to
increase the stabilty of an emulsion. When xanthan gum
is dispersed in water system, its complex molecules

1319



Paly J. Mutr, 8(9): 137161324, 2009

form complicated aggregates through hydrogen bonds
and polymer entanglement. The presence of these
active sites in xanthan gum structure provides a great
water absorption capacity thereby increase in viscosity
(Mirhosseini et &/, 2009).

Microencapsulation Efficiency (M.E.E): M.E.E weas
shown to be strongly influenced by soy  lecithin
concentration and flaxseed ail laading, while far xanthan
gum had also shown a little effect an it. Increasing the
concentration of soy lecithin resulted in positive effect of
increasing microencapsulation efficiency, but further
increase  of soy lecithin concentration resulted in
constant value of M.E.E as shaown in (Fig. 2a). This might
shown that soy lecithin with the aid of gum arabic gave
a strang emulsifying ability when used together. Lecithin
iz well known for its excellent emulsifying properties to
form lamella mesophases and vesicles in agueous
media and  produce  lipid-protein complexes
(Courthaudon et af, 1991). However, further an increase
in flaxseed oil loading to the systermn resulted in lowering
M.E.E as shown in (Fig. 2b and 2¢). This prabably due to
emulsifying agents was no longer strong enough to hold
mare oil droplets.

Optimization procedure: MNumerical optimization
procedures were carried out for predicting exact
optimurm  level of independent wariables leading to
desirable response goals. Optimal tre atment was found
via response suface plotting of the data, by compromise
between optimum ranges of the two responses.

Using response optimizer, the results obtained were
2278% flaxseed oil loading, 1.14% soy lecithin and
0.10% wxanthan gum of emulsions made with fixed
amount of gum arabic with maltodextrin 10% of each
which had shown wery high stability in stabilizing the
emulsion droplet size (4469 nm), high value of ME.E
192.3%) and strong physical barrier towards oxidation
during 10 weeks of the study at specified relative
humidity.

Mois ture content: The moisture content of FOP studied
was 2.61%, which was low enough for its longer shelf
life. The results were under the minimurm rmoisture
specification for most dried powder in the food industry
which is between 3 and 4 /100 g with water activity
about 0.3 (Klaypradit and Huang, 2008).

Effects of environmental storage conditions on
oxidation stahility of FOP: Both Peroxide “alue (PY) and
p-anisidine value were used for oxidation stability study
of FOP. PY measures hydroperoxide products and is a
good indicator of the primary oxidation products of oils
while g-anisidine value generally reflects the magnitude
of aldehydic secondary oxidation products in oils.

P of ail iz an empitical measure of oxidation and is
useful for samples that are oxidized to  relatively low
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Figures 1a-Zc, keep one independent factor constant
and allow the other twa independent factors for variation
in order to study their interaction effect.

levels. The p-anisidine test pravides useful information
on nonvolatile carbonyl compounds formed in oils
during processing and is often used to detect secandary
oxidation products (Choo et af., 20077,

Figure 3 and 4 show the changes in P% and p-anisidine
values respectively for both encapsulated and surface oil
powder of the FOP during storage study of 10 weeks at
a temperature of 28£2°C and relative humidities of
44%RH and 54.4%RH.
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Fig. 3: PV of encapsulated and surface oil powder of the flaxseed oil powder at 28+2°C with 44%RH and 54.4%RH
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Fig. 4. p-anisidine value of encapsulated and surface oil powder of the flaxseed oil powder at 28+2°C with 44%RH
and 54.4%RH

Table 3: Analysis of Variance of the regression coefficients of the fitted quadratic equations for the FOD and M.E.E of the flaxseed oil

powder
Flaxseed Qil Droplet (FOD) Microencapsulation Efficiency (M.E.E)

Variable Regr. coeff. F-value P-value Regr. coeff. F-value P-value
a 516.5 92.5858
Linear
a, -150.5 1072.5 1E-04 19.3944 102.13 <0.0001
a; 7.5 497.66 1E-04 -0.1024 1048.56 <0.0001
a; -169.7 1 0.35 -68.0583 1.01 0.3482
Inter-action
a2 -1.5 93.02 1E-04 0.1911 10.35 0.0147
a3 14.3 2.4 0.166 0.6667 0.36 0.5683
A 1.5 3.72 0.095 1.3000 852 0.0224
Quadratic
a 258 205.33 1E-04 -4.5956 63.01 <0.0001
as 0.0 0.69 0.433 -0.0171 859 0.0215
a3 943 4.4 0.074 66.500 417 0.0805
R? 0.9963 0.9944
Adj R? 0.9915 0.9872
Pred R? 0.9812 0.9357
Lack of Fit 0.43 0.7432 297 0.1600

a;is a constant, a,, a;and a; are the linear, quadratic and interactive coefficients of the quadratic polynomial equations, respectively
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The processing procedures of the emulsion and spray
drying resulted into increase of the oxidation of the F O,
possibly, this was mainly contributed by spray drying
where high temperature is used (Kolanowski et af,
2008). Forthe case of PY, the initial value of flaxseed ol
used was 1.26 mEgky and then increased to 4.62
mE kg after spray drying. Also p-anisidine value initialky
wias 245 mEgikn and then accelerated to 6.26 mEofko
after spray dryino.

The P of the surface oil powder gradually increased
from 3.891 and 4.62 mEgika in first week of our study o
36.50 and 3537 mEgkg at 44%RH and 54 4%REH
respectivel. At 54 4%EH, the PV of the surface oil
powder was slowly increased as compared to 44% BH.
For the encapsulated powder the situation was different,
the P was seemed to be almost constant during the
first three weeks and then tended to increase slowb till
the end of the study. The constant low oxidation during
first three weeks, showed that system was stable to
protect the oil and then started to break slowdy hence
allowing the penetration of @xygen and increase in
oxidation. PY ranged from 218 and 2.24 mEg/kg to 9.39
and 8.89 rEg'ky in the 10™week of the study at 44%REH
and 54 4%RH respectively. The storage of FOP at
54 4%RH had shown low peroxide value compared to
storage at 44%RH, this may be due to microcapsules
held at low RH could develop a porous or a cracked
surface permitting penetration of oevoen and causing
greater production of peroxides (Jimenez af 2, 2004).
The powder flow ability was changed at 6 week of our
study for 54 4%REH while the powder flow ahbility
remained constant at 44%REH during the whole period of
the storage study. The same change was also obsened
by others (Toure et &, 2007; Partanen & a1, 2009).
The p-anisidine reagent reacts with okidation products,
such as aldehydes (principally 2alkenals and 2, 4-
dienals), producing a vellowish product. Hence, an
increased in p-anisidine value indicates an increase in
the amount of oxidation product. The rate of fat oxidation
is a function of several factors, including moisture
content of the product and availability of oxygen (Cho et
al, 2003). Fig. 4 shows changes of p-anisidine value far
surface and encapsulated FOP during storage. The
increasing rate of p-anisidine value for suface FOP was
much faster than the encapsulated FOP, the same trend
was shiowen by the PY.

Effect of physical structure of the flaxseed oil powder
spraved dried at different temperatures: SEM
micrographs of the spray dried FO at 180°C and 190°C
outlet termperatures with 85+3°C each inlet termperature
are shown in (Fig. Ga and b respectively. A significant
wirinkle on the surface was ohserved, possibly due fo
uneven shrinkage related to pratein functionality change

iD=t bel 4
mim +0 ETD

Hv Mg o
0.0 138 128 =pol bel

ku b3 i +0 ETD

Fig. o2 {a and k) Effect of physical structure of the
flaxseed oil povwder sprayed dried at 180°C and
190°C inlet termperatures respecticely  with
35+ FC outlet temperature as observed with

scanning electron microscopy at 50 phd

in the dniing process, attributed to the results of
mechanical stresses induced by uneven drding at
differert parts of the liguid droplets produced during
eatly stages of dryving, to the mavement of maisture
during the non-saturated surface drying period and to
the effect of a suface tension-driven wiscous flow
(Klinkesorn et &, 2006). From our results, no significant
changeswere found for spray dying &t 180°C and 190%C
inlet temperatures.

Effects of storage period on physica stnucture of the
flaxseed o0il powder Significant cracks of the FOP
stored for 10 weeks at specified temperature of 28+£2°C
wwere foundin bath 44% and 54, 4%RHs a5 shown in Fig.
Fa and Bb respectively. But more cracks were found at
44%EH as compared to 54 4%EH, this might be
explained by the fact that at [ow RH the moisture uptake
from the product to the ervironment is higher and thus
causes the cracks for the powders. As a result it
accelerated the oxidation of the powder as it is shown in
Figo 3 and 4. At 44%EH storage of the FOP
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0.0 1300 “4as  Spd bel

ku x mm |+ OETD

Hw Mg 1w |

0030 HO0s =pdd pe|
ku x mm  +0ETD

Fin. 6 (3 and b Effects of 10 weeks of storage period
on physical structure of the flaxseed oil powder

at 44%RFEH and 54 4%EH respectively at 28+2°C

mare crackswere found compared to 54, 4%EH and may
probabk accelerates higher oxidation.

Conclusion: The study has shown that second-order
polynormial model was sufficient to describe and predict
the responses of the oil droplet  size and
microencapsulation efficiency of the system within the
experimertal ranges. The model provided the strong
stahility of FOD  which  resulted  in high
microencapsulation efficiency of FOP. Gum arabic with
the aid of soy lecithin had shown pronouncing effect on
reducing Fob hence resulting i high
microencapsulation efficiency. During storage period,
FOP was strong enough to resist the enviranmental
factors and hence resulted in low oxidation walues
especialy for the encapsulated powder, this showed
that gum arahic, maltodextrins, xanthan gum and soy
lecithin prowided  strong effect  against  harsh
ervironmental factors. On proper scaling up, the system
sugnested herein might be designed for  industrial
production of FOP for dietar supplementation of omega-
Jsfatty acids.
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