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7- Encapsulation/Entrapment Efficiency
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3-Wall Material
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5- Core Material
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VY T Gl g5 (0, b 5 05Y5 S 0 0 (slos 5 ) b ol ST Sl

Q\)&A)W)JU

Sl o Bl Oelak I8 e A e:jr.a
plasl IS awys b 0seT elesids o (bad S 555
KCRDEW

B Cogo3T-Y-T-¥

1 Jguas 3bSlo 39 5 (6 g5 03111 -Y-Y-¥

635 55w Sn Slad S Sl sy (5, o511 )
Cw bw g ybhte sy b eslizul (K ,eTOlympus)
JseeS 520 656 O smilion s 51 510 Jlad 05,5 Jiaia 51 oy
Lo 5 T Sl e 18 oY 5 s oY K 50 Lo
A5 S odalia ¥ 5

il o S 03k0 Ol m0 (S a0 INI-T Y-V

() 56)
S35 cp ) 3B OT e b lad s 5 50t o3lads s
L (ot sNo 26);;;@»&;»;&:5”,;;%»

() (6,8 65101 b 055 4 Ok, B YTC (Gl

o 3G T Sl g™ 39 98 5B 1 Nlg ! Priw—T—T-T-¥
(erns 38)

o b oSBT (ol J g 25 O gl s 5 J5ilis
e g 3 ks b oo w55 leST A Jo1s s
VLIS ol & Jsibie Cod) a0 8L51 0T & &1 S
A o3jen os 4 Ojen oaws Lash Fr s 4 5 (Ya
5 V) K50 asia 56 55 4 b glies caids O 5l
sl Oy IS (63 o 5 b s S (ml) S
S dm g odd sosTaer Som b o 5y ol ST
2 ol BT Cla sde Oley S 6l 5leis,
53 (OWITUV/ VIS Sartorius) e sz 5zl W o215
Ol IS (65 b oaws) A3 okl e 5 FAF 50 J b
rely o b 0T Gl BT Ol 5 (8 i
dslas opl 53 605 Faculona(X=R2+ /849Y) 5 y=+/+ V)
(pg/ml) Ok s JS" (63,350 S ew T LaleX yosdasde y
ooled dslae ulul 535 T LT (o S des )3 mwd s
(Y9) s dsloes

OT 1S 5T Cb (V) ool ands OISl T
5SS (G e I Bl s C b 51 1 st
Ceelile s a4 3b 51 ANl 35S 5T
U GLasns b &S eop ame Julse & ol L
e o3yl a5 sls 3 ol sla_idg 55 1, 0T
Pl Ll Cou g els S O sea By S Wl
oI ST Sl sy Gaiss cpl 3 Cods (Va8 13T
son 3 allas 5 g Reo =03V S pslaes g o
Sl 5 6 S 5k b b o33l ad S 3150555 58 50

25 Sl 50T

by 5959 30 Y

Slgo—1-Y

Jste CH,Cpp Ota;)f&:cC40H5204m:5\)'fb~Tﬁﬁ
N pee 55Y5 «Cr6H52046 ¢S el CH;0H
S 5 5 s Js S s-WT(OWTMerck)es 4
Sles 5 S0 53 5 ool (S #TSigma Aldrich)
SBU ST VA (Va5le) O3 s, Lidis 1SS —IA%C
RERESRP GHC CRPNC - A Sl e

A el ol &bjox 9 a-\.ﬁaﬁ]aj]g.)'\' J‘ u,:q;a.&

b gyY-¥

B g™ 315 (S SwodloT-)-Y-¥

Lo y3 10 sl oy3 0 533 553 53Y el S b Tlukz)
bs s WT-L) ped doys /0 5 Uy 358 5 -WT
Y slon 5 ks 36 (2 5)50) b o DelS (o S
(Wl ZXIV o S5, L (Fp O5a Law s (047C)
03T OT 5 85, O sand ol 5 (4285 O) LU L ousal,
PR PH IR PY (a~°c>&,¢'@ad,~ww Ll
Osed ol PH. 5 42 plmil( ST 03 S8l (55l 5 05
Aoys Vo Jgloes 033550 L (OlJTHoriba) zepH L
o1 035an 42350l dn td ol P &S o]
a3ls 2aS Ve & l)Ta e Slo3 0070 (slos 5
5 b Vs, dpedslos b oojlss OF PH s i
oins JUas| Jole)deal SGG s y) ¢ U glons I (551 kin

Lo et )d Sl ¥ e @y 5 ol il OT 4 (ad g



\Fe Y thj/r)kaéa)w/rﬁéjli 0y33 [ g4 6))hé)(}19)> 6J}T}364i,id ARV

S 035l i (6,8 oSN LSS w53 (i3
tlonn By Yoslad dslae bl p J g o) ke L 5
Al
Yo ko dlolas

Sl 033 (D=2 X 100
Foloi dslre

S Lo b ('/.)zf X 100
IS b ki sty ol SuTolw a daly ol 5o
525 O gl g <2 035 C 5 o5limal 5550 5l S kT

(YOl r;wﬁc‘,bca ¢l J)m:f

‘5)1.\%1?‘ » ‘_j)lp bow j'—'l—f—f—f
‘\'}V' cb"_;l.ﬁbl;.g'\'r\.«.’-): udf“;ﬁ.JQ}f“lﬂ“}‘“
alolBB 5 A osls ) 3 4d85 10 Sedy w gends 4>
@bt oML Sl iis ub s Fieles b OT Lo
dloen b o S 55 53 OT ciledly slutie 5 o ST

Skl o -r-¥

o3zl ) 33lai SlS - beSGIbseteT s & il
Wb 8515 T ko g4 o 3,50V S el )
PLSD 85057 jleslizal 1SS am 5 Kke i 5 0k
A58 4slas(P<0.05) 40,30 o

S ymls-v
S35 P 9g o0 b B S g 35 0510 g b -1 -¥

(Mol dslas
P % = (co —ch 100
oyl oplys
W5 5 J S 55 03 53l Clale CO
Caltbes Ll 5 Cos (gyl,ll e ya 0T e C

'S Wilo & 5 cmEi—E-Y-Y-Y
(YOS acloes ¥ o ,led dlslas 5 5,8 wibs &
o lad dslae
PRAH 'C,s('/.)=;—: X 100y
aaly ol s
SIS 3l g J S 5 o il Caa
SIS 51 I3 J S 5 Sn ki Cb

Sk b g Glhg ) 005k dulbre-0-Y-Y-Y

B g 325
Jo b0 4 Cod g JpmS 55 O gomiloon g 510 SN
Obiley JBld 4y yshate 4 el 03 om 4B35 VO Dok 4 3]
AV a ) S s ad g s S 655 35T )
CLh 03 jot A3 SN S 5 01K L 4235 1Dk
D 5 I FY ojles caily 8 L bad sunS 5 Se
[ YO'C (glos 55 Mt i (35T 3 0T 69 outileudls

o4 Oleg JST (65 e )ty ol laaid g 8 g S

1-Retention Rate



VA4 T Gl g5 (0, femo 5 05Y5 S 0 0 (Slos s b ol ST Sl OLSs 5 g 3L

Xi'}jl{(a)lﬁﬁ bl}A M)J'/VO C,.]a.l.&)d}m.:sj.i) J;’}“aj_\ J}(&

Xf.'}'-“a' (aﬂﬁé él‘,ﬁu\n@).}\/o w)d\msk) ﬁ".sd:—“ JSJL

) n SIS 51 6nd S 5250 gl 355 g0 b Lo goeS 525 4 550 OT 31 (Sbws ) 5 058 Sn 2 sloas
5 ST s Vb o & Jlo 53 S a5 (35 3 g 5, Seaslbe il )3 sl bl (g5 S
ains LS sl perlale AL ST e 5 gl i BT O gl g 33 3 kizils St 2K 8 o310
o 3l 2l 51 Uad S s San 001 J genS” 01523 sdalice (gl oMo LB slistus 31 /0 5+ VO slac bale |

RPN W SCIRPRICH PY SPS TA P SR A ) § R X
.a)b;:...{@,oé.p}mfﬁjd)ﬂy\w)



\FeY thj/rjtﬁéa)w/rﬁéjliejja /dlibéjjhé)r}lpjaéjjT}Jéq,u Yoo

Slsee il 3l 4 pein escble (158148705 STedalin
358 psslomil gy 4 o dbeSis slad gS 5 Ko T
Jie J,:SSL? oyl i 3lge S ge Cond &S Il s
S Sladzs s (YAl asleT BB gl
03,8 sarg iy b oabaly 55 (Y008) Tolea 5 1y g3
plasl SPI= oS i glos 5 sy a3 5 a5 518
odins a5 sl ge Chale 5155 L oS s odaline (sl
o (5 3 5 gn S Lusb, Ol e 5 e 0l 20
Sosb 4 Al et s i on) Sl otaTiws & i b Gl
S S ol paiins Sl ge ke 2151 L &S

(L oo ol 53l St o5le Ol jas o by jliie (S
o5 Sl 3l eslizal b ol BT jlutie (5 ;805100 L
e dasys VB4 VO S bale 1531 baS s & et
53 0T e oo 5 il o 3 56 s sl ST

(V) sl aals o9, 56

20 Gk P g Flgi i 005k dmlre- YT

B g’
VO 1 J S ol edkins LSCET sl pe ke 251 L
VS chle js il JralS 6,8l b bas 3V /0 4
CLIE )3 5 doyoF IV o S 5358 55 Sl ok 3
4 by Olubw pomes 59 Lo )3V 4/ VLo ,3Y/0
S5l bl Oy Sas or OLE S g5 pe3 L
633l ¢ gmS 0l g3 okins LSi5 slge Clale I3 L
cpldeo )3 VO (ke j3aS 6y sbail (al8l Loy, 5,
U sl deoysV/0 Chle 5 5 Ao sOF/FF Ll 5ldia
Sge 4y dted S il 31 L (Vo) 5 s0km VAN
=T slw 6‘){ ENLEX -3 3l g0 O“kﬁ collas B s
53 S5 i s esy S wa Ol bl s cole
Oledily ol 4 zie pl 5 odd dbul atwa ol bl
25 0k 458 05 IS s 4 208 o Sl
23 Al g odlad I g Slse b Jol gy &S

PR I PG G s W RS (R P

3 - Debora et al

OLer 5 gt L(Y9) i 53T (slad 5S35 ol 58l
S e OAS gless gy L, Qloﬁﬂ; (\y¥ay)
kel 5 LS lsidy o pieos odn SV
bad guS s S 8 55 0T 51 (Sl 555 2 55s S
QY/FO) YL OLtly b slad s 5 Ko o Lid g (35
4 i GFISIES I iy b S S (Ao
@ .35 (Ao sAD/A) 5ol Dbty b (glad sunS s Sn
JsmS o5l g5 odins |5 slpe 2alS L Kos ol
ormen 3y @l Il fols bad guS p, ol
o3Il g dite 09 9 Oolo kw1l b S 55
o311 4 sl y (63L 5 5l ie 4 Lad S 5 Sn (512 )3
O sed g0l (§5lmosleTe gl ol 01487 Lol B s e b
LK 5 S Sliim men (M)l bli,l s
Y5 b g ol ST Slig 5 3 ST3150LE(Y 1 $)
b JigmesS 525 ¢S 50 045 Slen g8 Jhg) 4 sin plals
Slob s 5 g 4 hls /Y JIFPH s 5 L5555 8
03983, Bl 1580 Olades s bl Ol

OV DLEL r ol Gl gl s Billae s J g 525

@ g 3 Oguuilowgu ECES 03l 908y 0 3INI-T—F

(¢35 38) (ol T 9
55 Ao,3 V0w o VO oyl slee Shle il L
4 3l il U S 5 i o3le ldie O gl o
G oy /YO Sl sty o0V 5l e plaS (g, 5k
Aoy ol a3 g e Ao ys VO bl s A s /NF
o3l Ol bl a1y Aiy a9y Ly, opl Olg o &
Ly 55 1 JgmaS 3oy 05 53 okds eslituls go ¢S
Cole & (YO oL Kes 5 0sls; OV Jgda)cdls
Slos 5 3l eslizal b 5551 S o, 5 (Slad g 5 S
R ol s g@u..\;:,‘-bﬁ&fw—‘ﬁwom
b Sl odd Slos 5 Slagtunn alaT 55 &7 35
Al e pite (K5 055 i) Ao ys F/AY BY/FY |

oeas opl 5 a.L»TQMAQ@Lﬁ N s &S5k

1-Gomez et al
2-Zuanon et al



YoV o Gl s (0,8 femo 5 05Y5 S 0 0 (Slos i) b ol ST Sl

O‘)&M}W}}U

ToLan 5a(Y10) "0, Ken 5 Seang 53 Cpamed
Ods gl esg sy 4 Jgh S Slisn, 5a(Y10)
VY 4 ¥ okl bad g clale 151 L LS
5 2 GRS @b (0Pl el 1B de s
03 kS s 03,5505 abiy s 6l (V) oK
O (2,6 DYLail Oay (0,8 oo Y5 laes 5
B OpVgep oS5 5 03508 e PH S sl
i Gl opl 53 54315 03 8 sl g 035k 5 cage
3315 035 Jlaaiy 033l it choo 4 Y3
L VO an slge 4 by le s 5 WADH

.(O)VUJ;eMLI:.,a

1-Milla et al
2-Milla et al
3-Azizetal

ad S 515 dap P g Sl a4 5ol odias s
55 OFAM0LIKs 5 Ges| Slidos 3.3 sl
Siskess Sl plsoEss0lm paS S s S e
23 Sl o33k il Blg o pens o 58 SV
AF/A Ol s bl js oS (gysb a4 syls o
@ ey 4 e s S Lo 3 #F /YT 5 VE/OF VA/YA
R PRI IPPOVRYA Y (VA {-SPRYA o JPRY7- A S PR SO I
lg0) sk s s GRIFI L & 28 St 05 o
sz Obekily (@n) o8y 4 (o)l oins 1S53
ol 3 ol il L alie am ol oS ol sl 15
GRIAIL 355e 55 8 53 S o5k 4 il e e
Nl 4Bl 2l Sl g5, Obdly e g ke



\Fe¥ thj/rjtﬁéa)u/rb}jli 0y33 [ g4 6))h§)(}1-“)3 sl 5§ aEs Y

i 5 J g 5 S0 S 03be (Sl g 55 DLkl (6,850 b b sla 5 Rile anslie 5 bl 4520 =) Jgr

Chle g g3 S50 Cou Sas g o) sl sl

50 g Lot v
Loy V/0 Aoy +/VO O il s 2l
\4/vib Yo/¥\a (1) 6,85k o b
vi/Ava 0¢/1tb ()5 555 Ol
JARX:] +/*vb ) 3mS 5 S0 St 3L
«/+Yla +/*Y\b (D er s 36 el Skal s
+/++vb o/ \a (1) s 36 ol Sal Hlaie

L)yﬂwl.wlﬂjbﬁ.TJAJBﬁ,:Q)UJ edas QLIS iy a0 Coglite iy > 9 L) a.k.,idi))l;f)\.:u il el JKJLA Q)}J‘L}}'J&ﬁ
s L33 0 el s (LSD) s xe SNl s 2eS

S L oo 4 5l 2l e S 5608 Sl B gm0 ol 3 (o> Slod T £
b US55 SIS Ll 55 55 cpme slos & 3 0L Sl sl les 415 L 531 /050 VO sl ble 5
(YJsds) csls Jo5 sbs) 4235 V0 54 Vgl Ol 3 s a5 40 B O

W 0o 5 Llos 3 0 gradlow oo S e 53 30 o d S 325 (IE N 5 sl Kl s =Y J g

il

(o53) b S 505 S8 AL £ 5 L ol
o3 Vo shls dos VO clale (s 4 53) (4d3>)

+/AVia +/Aab 0r Y

+/AY1a +eb Ve

«/Yvoa +/04Yb 4.

+/Vava <vrb 0r q

+/Viva +/004b Ve

+/vaa +/ttob q.

JViva +/¢AMb 0r V0

*/\+vVa +/80\b Ve

«/00AQ +/¥41b q.

O3l bl 5 slei 53 Jls e Coslis adims OLES sy s 3 Soslie Gy 5 Ll edd 25158 Sl Ol ol £ Kl &y om0 slael”
Liwd Loy 0 éﬁ)b(LSD))lb@MJW}\ RS



Yor ke T S s 55 2 fane 5 Y5 S n Os Slod 5 by b ol ST Gl 5

Q‘)&AA)‘;::}JAU

Colid e s Sl 65,5 b gS 5oy &5 55 adie
G IS s Ll i s 53,8 3. dis s
23 58 8 s a3 4w 00 1 (Sl sl (Gles
WS3L alS as Sl e Ol e il Cubigles
Gsl JgnS 55 Mg 5 okl bl o 5 56 ol
P elie Sl 3 1y a5 cenlie 5l ST
Olg oo &S Wb o ol STty 1/0 Chle (jles

OT S5l a8 oo 5 oY) oias iy osle Olsie &
S eslazul

&o -0
e (ol s T ef s <O (Sl N
L QIO 5l Slig ) ATAY 2 lal S
5 Sl e (LS 00 Glas s
B R AP RN E A N PR i e
“p (S R “z (el @O bl s Y
ol e N\YTAA ¢ olp S L, (s 4w
sy D oS o Bl 5 ShaS 5L Ay
el bl Skl el o fans
slo s ool s (RSMDpolihn 25,
TAAYTY Avojled OV U Ol l ol

3. Ach, D., Briangon, S., Broze, G., Puel,
F., Rivoire, A., Galvan, J. et al.
2014.Formation of microcapsules by
complex coacervation. The Canadian
Journal of Chemical Engineering,
93(2): 183-191.

4. AOAC. Official methods of analysis.
17th ed. Association of Official
Analytical Chemists. Washington,
DC. 2000.

5. Aziz, S., Gill, J., Dutilleul, P.,
Neufeld, R., andKermasha, S. 2014.
Microencapsulation of krill oil using
complex coacervation. Journal of
Micro- encapsulation, 31(8): 774-
784.

6. Debora, V.,Mendanha, A., Sara, E.,
Ortiz, M., Carmen, S.,Trindade, F. et
al.2009.  Micro-encapsulation  of
casein hydrolysate by complex
coacervation with SPI/pectin. Food

Sl sps oskite 4 8 () 0L 55555 G 5
;\:ow@uuﬁﬂ,‘al&f'@ﬁp,&;‘ﬁjbj@s;
g okl oo 2 S BB S SOl s
ol s il s 3,05 Sl & el Jlab Cns
Y5 Gl S s S S5 53 05 B Kb &
cbes YL ‘_;LAQJIf-e_-J.sS\ﬁ-:bJAKI)&f'CMp
L goeS 5 Sin 51 sl g ala)y el OAS (glasid
b (Vo P) "ol 5 o8 s e 55.008) 555
s s 015558 9 b g gl S p O (Glod g5 oy
Usw pSo dopl om Gdisy » bs oS 5l Ol o]
sl o3l s Slig s, obdly 8 L 310058
B0 3 el ol 423185 (63U o o gods dm p3 FO G F
4Ll Al gl LB sk a0 e s a5
O O (sles 553 555 sren A s D) SIS )5k
S o 53 Al Sl oml slales 5 LSl
Lsh oo e S sies sl Lse VL clales s
Sales O35S 5 b g 55 dopl Ole Sla L5 5o
K5 aalS s (Lo gmaden 4253 00 51 5YL) YL
53 55 (D) ToLKen 5 syl (Y35 s bess
JoS 520 b S 5 o SV S Glos g e
Al Case Ls bl Ws ST edalie (/YL
(VoY) TOLKan 5 s (s sd 0 Slig s Ol
O 13 (S 0slae Slos 5 Db gunS 325 (o 2
L3S odaline |y gedes 453 04 51 YL ) Il

(Y54l Sl V.Arpl;- e @l:.? LS

S5 domii -F
QEJ#&\}A\Q;I:QL&J&J:&@UHMT@:Q@U
O i lomw g ESC2S 03Lo yl Aotos 5 3V/OG+ /Y 3l 5l 52330 40
2 365 o5l BT e ko ys et s JsuaS 325
56 s 0T Jlide oS bl il 3l Slig sy e35b

Sllas 4 4y L3l J2a 850 Cb by oy

1-Qv et al

2 - Weinbreck et al
3 - Girard et al

4 - Volnei et al



\FeY thj/r)tﬁéa)u/vﬁéjli 0,95 /‘5:‘4\'9 6J)h§)(}1~“ﬁ wﬂ}s&q;& Y.f

double emulsion followed by
complex coacervation. Food
Chemistry, 171:32- 39.

17.Nedovic, V., Kalusevic, A.,
Manojlovic, V., Petrovic, T., and
Bugarski, B. 2013. Encapsulation
Systems in the Food Indusry.
Advances in Food  Process
Engineering Research and
Applications. 229-253. 10.1007/978-
1-4614-7906-2_13.

18.Pashkow, F. J., Watumull, D. G. and
Campbell, C. L. 2008. Astaxanthin: A
novel  potential  treatment  for
oxidative stress and inflammation in
cardiovascular disease.The American
Journal of Cadiology,101(10):558-
568.

19.Qv, X.Y., Zeng, Z. P. and Jiang, J. G.
2011. Preparation of lutein micro-
encapsulation by complex
coacervation method and its
physicochemical  properties  and
stability. Food Hydrocolloids, 25(6):
1596-1603.

20.Ranga R. A., Siew M. P., Sarada, R.
and Ravishankar G. A. 2014
Astaxanthin:  Sources, Extraction,
Stability, Biological Activities and Its
Commercial Applications—A
Review. Marine drugs, 12: 128-152.
doi:10.3390/md12010128.

21.Tamjidi, A., Nasirpour, A. and
Shahedi, M. 2012. Physicochemical
and sensory properties of yogurt
enriched with microencapsulated fish
oil. Food Science and Technology
International, 18(4):381-390.

22.Tamjidi, F., Shahedi, M., Varshosaz,
J. and Nasirpour, A. 2014. Design
and characterization of astaxanthin-
loaded nanostructured lipid carriers.
Innovative Food Science & Emerging
Technologies, 26: 366-374.

23.Volnei, B. d. S., Marcelo, T., Isabela,
E. C., Roselayne, F. F. and Carmen,
S. F. T. 2020. Micro-encapsulation by
complex coacervation as a tool to
protect reduce astringency bioactive
compounds and to reduce astringency
strong flavor of vegetable extracts.
Food Hydrocolloids, 98. Article
105244.

24.Weinbreck, F., Nieuwenhuijse, H.,
Robijn, G. W. and Kruif, C. G. 2004.

Research International, 42: 1099—
1104.

7. Fang, Z., and Bhandari, B.2010.
Encapsulation of polyphenols — a
review. Trends Food Science and
Technology, 21(10):510-523.

8. Faraonea, 1., Sinisgallia, C., Ostunia,
A. and Armentanoa, M. F. 2020.
Carmosinoa, M. Milellaa, 1. et al
Astaxanthin anticancer effects are
mediated through multiple
molecularmechanisms: A systematic
review. Pharmacological Research,
155. 104689.

9. Girard, M., Turgeon, S. L. and
Gauthier, S. F. 2002. Interbiopolymer
complexing between [-lactoglobulin
and low- and high-methylated pectin
measured by potentiometric titration
and ultrafiltration. Food
Hydrocolloids, 16(6): 585-591.

10.Gomez, E. J., Comunian, A., Montero,
P., Ferro, F. R. and Favaro, T. C. S.
2016. Encapsulation of an
astaxanthin-containing lipid extract
from shrimp waste by complex
coacervation using a novel gelatin—
cashew gum  complex. Food
Hydrocolloids, 61:155-162.

11.Green, B.K. and Schleicher, L.1957.
Oil-containing microscopic capsules
and method for making them. US
Patent, 2,217,507, NCRC.

12.Guerin, M., Huntley, M. E. and
Olaizola, M. 2003. Haematococcus
astaxanthin: Applications for human
health and  nutrition. Trends
Biotechnology, 21: 210-216.

13.Khalida, N. and Barrow, C. J. 2018.
Critical review of encapsulation
methods for stabilization and delivery
of astaxanthin. Journal of Food
Bioactives, 1:104-115.

14.Kidd, P. 2011. Astaxanthin, cell
membrane nutrient with diverse
clinical benefits and anti-aging
potential. Altern. Pavara Medicine.
Review, 16: 355-364.

15.Laurent, S. and Martin, L. 2010.
Delivery Systems for Liquid Food
Products. Current Opinion in colloid
& Interface Science, 15: 61-72.

16.Milla, G. S., Fernanda, T., Bozza, M.
T., Carmen, S. and Favaro, T. 2015.
Micro-encapsulation of xylitol by



Yo ST S s 2 fane 5 8 Y5 S o OS Slod 5 by b ol ST Sl 55 OLSes 5 g 3L

27.Zuidam N. J. and Nedovic, V. 2010.
Encapsulation technologies for food
active  ingredients and  food
processing. Springer. Dordrecht, 31—
100.

28.Zuanon, L. A. C., Malacrida, C. R.,
Telis, V. R. N. 2013. Production of
Turmeric Oleoresin Microcapsules by
Complex Coacervation with Gelatin—
Gum Arabic. Journal of Food
Process Engineering, 36(3): 364-373.

Complexation of whey proteins with
carrageenan. Journal of Agricultural
and Food Chemistry, 52(11):3550-
3555.

25.Westergaard, V., 2004. Milk powder
technology, evaporation and spray
drying. 5 th ed., Niro A/S.,
Copenhagen, PP. 207-21.

26.Yeo, Y., Bellas, E., Firestone, W.,
Langer, R., andKohane, D. S. 2005.
Complex coacervates for thermally
sensitive controlled release of flavor
compounds. Journal of Agricultural
and Food Chemistry, 53(19): 7518-
7525.



Journal of Innovation in Food Science and Technology , Vol 15, No 4, Winter 2024

( Short Research Paper)
Microencapsulated Astaxanthinby Complex Coacervation of
Gelatin and Gum Arabic

Arina Ahmadi', Nader Habibi*"

1-MSc Graduated of Food Science and Technology, Sanandaj Branch, Islamic Azad University,
Sanandaj, Iran.
2-Assistant Professor, Department of Food Science and Technology, Sanandaj Branch, Islamic Azad
University, Sanandaj, Iran.

Received:14/02/2021 Accepted:09/06/2021

Abstract

Complex coacervation method of Microencapsulation bioactive compounds to be used in the
food industry. Astaxanthin is a carotenoid that has a great impact on human health.The aim of
this study was to produce encapsulated astaxanthin with gum arabic and gelatin by complex
coacervation method and to study the morphology of microcapsules by light microscopy,
their efficiency, loading capacity.and stability in thermal treatment by calculating the
retention percentage at 50, 70 and 90 degrees. Celsius at 3, 9 and 15 minutes. All tests were
performed in three replications. Astaxanthin oil solution with different concentrations (0.75
and 1.5%) was finely coated with gelatin and gum arabic in equal proportions. The results
showed that the microcapsules were spherical, opaque and no clear. Statistically, there was a
significant difference between the two treatments of 0.75 and 1.5% of astaxanthin in terms of
time and different temperatures based on the least significant difference (LSD) test at the
level of 5%. Increasing the concentration of astaxanthin from 0.75 to 1.5%, increased the dry
matter content of microcapsule suspension and significantly reduced (P <0.05) the loading
capacity from 30.31 to 19.76%, as well as the microencapsulation efficiency from 54.64 It
increased significantly to 71.13% (P <0.05). The retention rate of microcapsules decreased
with increasing the temperature of heat treatment from 50 to 90 degrees Celsius during 3 to
15 minutes and also at a certain temperature.The best treatment for microencapsulation was
1.5% astaxanthin.
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