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2. EPA: Eicosapentaenoic acid, C20:5 n-3
3. Encapsulation



VYAV OLT V0 653 AY oyl

d.}.?“‘“‘,ﬁ"" angs -\-Y

NE/AS NAYA) ale 5V5 Lols o053 3l 51 ols Jslos
DA AT VAR NN G P W EEISERSCR Y
g B o Y
o cele YE Sle & a0l LS ous e g slse S
Sl s W glos 3 () Sl b oS 8) ke
foe a b YD) elps s ol a S IS IS
Lol slge S sy 5 N HNY T Cld"” 4w 53 (e
O g sl g sl A3 DRI e/ (G55 VY s
D80 ¥ sk 3 el Oy Gk Gled a gl Tl o
Loy edswlsl Jebl Ve mL o Y-l O al
Ultra-Turrax, Wise-15D, ) _.SLsldl 5n05sea
4ids Vv Sde 4 Veers Tpmes . L (South Korea
ool 5 3lge (ol Glad domn Ay = o 5 LA CH 2SS
e a5 o2l J GBI 5 Yol o sl byl o
Veoode 4 (Y dsdr ) pnlses 5l paside Co sy b
3,8 Sl am s W gles 3 slge elad LA O sen adds
03 sdaliwsy Jlowe L3S byse ool pH=0-1
(GBI los 53) YY=Y0 °C syi ol am s 035w
dlgeas (CaCly) S LSS ST IRV
G il et Bl g g ol slaSt oSl
OF 5 5 o plomil Ogedsal D3 o3l )
Jize oolazsil (S 4 O Sl g L0 ol
Adys S

oozl s SSas -Y-Y

S 3w plas 5 Lo gol 05 S e 4
Freeze Dryer, Operon, FDU-) (sslexl - SSix
sl ol eslizl (8624, South Korea
Crand 53 5 0l ay ) b rma LSS Gy b 5o el send 5ol
S day i eals I3 AC slesys Jsane by 5 3
53 @olemsl (Saat ST s 3 o gad S dazes

S anl s b s esls 15 518 ol ax s —A0 (gles

0)

OS5 Sl el 4 G g @ ) a5 gladle
Oblly V5 sl e Rl K Ol e
Cais ol NV geams 31 O Ol e 15 sl ol
g by SIS GSme 5 o8 gl sl sl
P SO A1) PRGNS N SO
e Gl b g LS cl s gla Sl
S elitalsyge 0028 sbay ol SRy 5 ot
Vo e Dl ol s s (A ST e )5S
O sl 3l S ol (] siant LE (hosle 18 oo o
BooVs el dapessy clime plsl Lot
Slostsg 5 S mde ol 5B sl sSY
Sl p3 02 Lls Sk Sl a8 Vo] el LS
Lile) il oV e A 5 (YL Joily 1> 5 o3y o8
Sluls ol e Sl Gy b 35 (b o,
LIS [ et S I [ Py R - Yo
035315550 LIS 5 K3 glaesssl 3 B s Slals
s 2l o gldsS SU S Gln e Ol s
B A LI ST B P e
S U ol 51 eslimad b olde asle e35380 55

338
Sladlas O SE @ $ oo Slalas a5 sazee bl
S ool b Y-l slad S 50 55 ains 01l 5o
5 fee s Al Y5 Sl eslial 5 Osels ulS
Gt ol 3 Wl S5 g eyl eale Ol
eSS sl L Y-l s s SU 5 R

W3S B e 2058 Ol ol S

Lhui':jj 3 b‘jﬁ -Y
foeo (K ) Sigma-Aldrich s 4 5l ale 5V5
5 dilonsnl (s o) Smph oS8 5l e
slae ple 5ol gl = (OLID Merek s 2 51 ol %s
S bl ams L el s aKaLST

s gl me AR LT 5 oland slse baelSs s b



Yo gl sS 5L Sl s Casb, oK) sl S

U‘)KAA}JL@M\‘\A.:})

Ll Il gy Sl ooy e ol okS1 (gl s e

A eslad

Gl Judowi g 450 Y-

3 bl slales loane sbea fasn opl s
Jits sl iz s sslisal (RSMY) oy o 25,
Sl oV Adsys o) Y-K chl Ll
e ¥ 3 (Capm) 55 sen oo 55 5 (B iz @)
sl adesls QLIS Y sl 3 &S 258 S1E Lol s
Sy b Sl dsS S STl ladng e
i A Ll S JubsTIA L (CCRDY) st o 55 e
Sl S5 bl dm SO L 5 osme el N Jy 55U
S ool 510 dsa) L eslizad ((alesl glat e
e g LSS lie il 3 3w e b5 e LS
VI AL O o R O Vi P P R PO oo
s s el glas ol ()50 8 e bl bl
s3lizwl (Goodness of fit) x50, Gl Ol )
5 bobsel ey s ST byl b e
(Design (v ased) &St cales Sl3dle 5 51 (3luaings
Je bl O3l s S eslizel Expert  7.00)
s T 0gsT el el sl sl
e 3 e oSle e sl 5 as S o0 ANOVA
Gl asls (3 8 &ysm (Sl Ose5l L s 740 Oliabl
KL (ld e ¥ dsles 3b 5ol (g 1Se sl

Y asles
Y =B, + 2BX, + 2B,X7 + T ZBXX,
i= i= i#j : -

slacsbs Bij 5 Bii 5 Bi 5Po cansls oris Sl el sle Y
e)ﬁg}.ku.ﬁéuﬁ:ﬂck‘ﬂijXi‘JJ.A.E..A}:@M))JTJ{
S s e amy (i Sl 5w Wl

J.M.ZL»&A leﬂé})Xy}Xr ¢X\ Lgl.hﬁ:.xln JJLE_:.G

1. Response Surface Methodology
2. Central composite rotatable design

oy

skt g slays g (ulgys ulad (6 1 M o 0

TR é)l.\.é_<.| M)JSK»S}@J:S é{.«)’\i djj]a')j

$6 6y e.)...if\.gu'l s byl —Y-¥

o g

W oS 56 55 sy ldde (g S 3180 - Y- ¥
@loz 3 05l 03 sam 3 8 Y sl wugb, e 1y

e g e S el YE QJ»«.::\;L;JL,:«?yhO

LIV s asloee 055 Vet 5l o sb
$U K, syl 6,8l Y-y-Y

lad g

b'a" L sl an ey K, enp g
a5 pdsy edasolis L jlaie ssd e (6 Sesll
Sl ITY] dias o DL 1y 53,5 5 303 w0 b
Lo 51 olie bid S 56 (S5 b bl (5505041
L) gl polie e 5 ) sl el (205 1,
IMG- Ji) ey odSaes 5 olid L oa), b
o oLl Iyl es s Pardazesh Cam-System XI
A (6 Se3I (Ol sl sl g

bd S $U S5, o

M5 sbog e i s sty o
ESEM XL30 iy, Lol osKus Ko dhoss
Ol e-oble aKalsT 5JUT S s s (Philips), USA)
it gla gloS 5 s ki gl Sl (Sl A ol
025 5ad Sy 0lSas 53 505 02,5 Tl 51 J5 s bl
L dsls 5 JH6I Ol 0 I sledde Sl L
S ol wgel gy oS 358 e eslizal LOT 31 b sl
@ asa g sl el a e (pl L s 5 Y
Ll 5005 Sk sl 5l S0 sai 23 8 o ol S Oles
o3zl U Ypans 53 b (3lot god 355 plnil (5305 33 L
S b Gl S e gl B0 53 Sl |

o3> wu})aﬁbujb)\jm\jﬁfm}uckwmujb



VAV OLT V0 o555 AY o les

Table 1 Levels of experimental variables for omega-3 nano-encapsulation

Variable Symbol Coded levels
+1 0 -1
Fish gelatin (%) A 66 49.5 33
Omega 3 fatty acids (%) B 30 20 10
homogenizer speed (rpm) C 20000 15000 10000

Table 2 Experimental design of nano-encapsulation of Omega-3 fatty acids with fish Gelatin and
Arabic gum as wall materials using the coacervation technique

Omega 3 fatty acids (%)

Homogenizer speed (rpm)

Treatment Fish gelatin (%)
1 66
2 66
3 33
4 49.5
5 49.5
6 33
7 66
8 49.5
9 66
10 33
11 49.5
12 66
13 49.5
14 49.5
15 33
16 49.5
17 33
18 49.5

10 10000
10 20000
30 10000
20 15000
10 15000
10 10000
20 15000
20 20000
30 20000
20 15000
20 15000
30 10000
20 15000
20 10000
30 20000
20 15000
10 20000
30 15000
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Table 3 Moisture content of freeze-dried nano-encapsulated omega-3 fatty acids using the
coacervation technique

Treatment Fish gelatin (%) Omega 3 fatty acids (%) Homogenizer speed (rpm) Moisture (%)
1 66 10 10000 6.6
2 66 10 20000 7.3
3 33 30 10000 6
4 49.5 20 15000 6.6
5 49.5 10 15000
6 33 10 10000 7
7 66 20 15000 7.3
8 49.5 20 20000 4.6
9 66 30 20000 6
10 33 20 15000 4.6
11 49.5 20 15000 6.2
12 66 30 10000 7
13 49.5 20 15000
14 49.5 20 10000 7.3
15 33 30 20000 4.2
16 49.5 20 15000 6
17 33 10 20000
18 49.5 30 15000 4.6

Table 4 ANOVA results of moisture response of freeze-dried nano-encapsulated omega-3 fatty acids
using the coacervation technique

Source of

average of

sum of squares  freedom degree F Value p-value Prob > F
change squares
Regression
lig/lodel 12.70 3 4.23 9.63 0.0010%*
A 5.48 1 5.48 12.46 0.0033*
B 2.60 1 2.60 5.92 0.0290%**
C 4.62 1 4.62 10.52 0.0059*
Remaining 6.16 14 0.44
Lack of fit 5.92 11 0.54 6.72 0.0717™
Net error 0.24 0.080
Cor Total 18.86 17

Significant at confidence level of 99%, ** significant at confidence level of 95%, NS is shown to be
insignificant.
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Fig 1 Three-dimensional graph (A) and single-
factor effect (B) of input variables on the
moisture content of nano-capsules.
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Table 5 Color parameters of freeze-dried nanocapsules of Omega-3 fatty acids with fish gelatin and
Arabic gum as wall materials produced by coacervation technique

£

Treatment Fish gelatin Omega 3 fatty acids Homogenizer speed L a* b
(%) (%) (rpm)

1 66 10 10000 77 -1.2 29.4
2 66 10 20000 81.2 -3.4 33.2
3 33 30 10000 82 -2.8 27.8
4 49.5 20 15000 81.6 -1.4 32.6
5 49.5 10 15000 80.2 -2.2 32.2
6 33 10 10000 83.8 -3 25.4
7 66 20 15000 81 -3.4 34.6
8 49.5 20 20000 83.8 -4 28

9 o 30 20000 80.8 -3.8 32.2
10 B 20 15000 82.2 -3 30.6
11 49.5 20 15000 80.4 -3.8 31.8
12 66 30 10000 81.4 -4.6 33.2
13 49.5 20 15000 82.6 -4.4 29.4
14 49.5 20 10000 83 -4.6 30

15 33 30 20000 85.2 -6.4 29.4
16 49.5 20 15000 81.8 -3.2 27.8
17 33 10 20000 84.8 -3.8 29.6
18 49.5 30 15000 82.2 -3.6 32.6

Table 6 ANOVA results of lightness response (L *) of freeze-dried nano-encapsulated omega-3
fatty acids using the coacervation technique

Source of Sum of squares Degree of Average of F-value p-value Prob > F
change freedom squares
Regression 37.07 3 12.36 7.42 0.0033*
Model
A 27.56 1 27.56 16.55 0.0012*
B 2.12 1 2.12 1.27 0.2786"°
C 7.40 1 7.40 4.44 0.0536™°
Remaining 23.32 14 1.67
Lack of fit 20.84 11 1.89 2.29 0.2687"°
Net error 2.48 3 0.83
Cor Total 60.38 17
*Significant at confidence level of 99%, ** significant at confidence level of 95%, NS is shown to be
insignificant.
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Table 7 ANOVA results of yellowness index (b*) of freeze-dried nano-encapsulated omega-3
fatty acids using the coacervation technique

Source of change ~ Sum of squares ]?fgree of Average of F-value p-value Prob > F
eedom squares

Regression Model 46.48 3 15.49 4.11 0.0275%*

A 39.20 1 39.20 10.41 0.0061*

B 2.92 1 2.92 0.77 0.3937™

C 4.36 1 4.36 1.16 0.3003 ™
Remaining 52.71 14 3.76

Lack of fit 38.15 11 3.47 0.71 0.7052™°
Net error 14.56 3 4.85

Cor Total 99.18 17

*Significant at confidence level of 99%, ** significant at confidence level of 95%, NS is shown to be
insignificant.
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Fig 3 Scanning Electronic Microscopy (SEM)
results of freeze-dried nano- encapsulated omega-3
fatty acids using the coacervation technique
[A: Treatment 7 (fish gelatin 66%, fish oil 20%,
homogenizer speed 15000 rpm; B: Treatment 9
(fish gelatin 66%, fish oil 30% homogenizer
speed 20000 rpm), C: Treatment 11(fish gelatin
49.5%, fish oil 20% homogenizer
speed 15000 rpm)]
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In this study, nano-encapsulation of fish oil Omega 3 fatty acids was optimized by using response
surface methodology (RSM) in the central composite design (CCD). Omega-3 nano-particles,
containing fish gelatin and Arabic gum as wall materials, were produced using coacervation
technique. Based on the results of three independent variables as fish gelatin concentration (33-
66%),the concentration of omega-3 (10-30%) and the homogenizer speed at three levels (10000,
15000 and 20000 rpm) on the dependent variables such as moisture, color parameters and
microstructure, it was revealed that the homogenizer speed had the greatest impact on the particle size
(p<0.05). Morphology of powders showed that the produced powders had a relatively smooth and
brittle surface and porosity was observed in case of some samples.Furthermore, moisture content of
nanocapsules which were dried by freeze drying was in the range of 4.2%-7.3%. The most important
factors that influence the moisture was found to be the gelatin concentration, as by increasing the
concentrations of fish gelatin, the moisture of nanocapsules increased. According to color indices, fish
gelatin concentration had the greatest impact on the rate of Lightness (L *) of produced powders, as by
increasing of fish gelatin concentrations, the lightness of nanocapsules decreased whereas the
yellowness (b*) increased.
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