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2. Lactic Acid Esters of Mono and Diglyceride



T o Shyss los 28,5 Sygo VO MM e L all
loo (i Olalllas 4y az gy Lol aldloass culi Y-
3 o

2 Fo Slsr sles o s YN LN S1je5 20
S ol JomnsS 5,0 kel ooty FFEY C Lyl oyl

G e M cow 5 ¥ C gles 4o iBpan ey b ons

WPI-GA  &ilg puolgS o Jg yimlgind miG b3, Y0
bWl g9y » oSS s b, 9
o Sligr 325 6 L
0 v g Loplantarum g xsL s leds
VML s (elr 5 @le) oud Slig o) Sl s, Soe
S e D A, sy N byl Sl st
2 beldee wad Slinn, St s ax e silile
(Seward Laboratory,London, UK ' Sogin] S
Y Sty (S SlgiSy psboay Feo 1M e b i)
MRS ssl> Lol oolatwl b aslsl jo .o Ken aids
(s, by, o (Scharlau, European Union) |51
C sles ;o el FA Suedy 5 wiad ools ez b 55
By ,e 50 b alS slae g el g IS Al 5 YY

A i leds

el 9 bl B SHy VP
S g S gunsS g 5o

o el olhd elal s YL

"6 Jomiliy sPDI Y Funily

b Joilly 9 Fardly pusiz jasll «lyd ojlul
55 G olfiws Sl eslanal b ombe (gl g g ,Se
A 6 S0yl (ol5 e SZ-100 Juw Horiba) s,

1. Stomacher

2. Poly dispersity index

3. Zeta potential

4. Dynamic Light Scattering

1Pl o o5l V090 ( 2ldé (g slais,glid anlilas c frf

S oy Jl 50 T IPM Cieyuo b Jolowo a5 J> 0
b oo 5 ol Getisn dsnl Gr Slisly 25
YIVO o sloyhad & jpot Vo /o S il oS adlsl
YO C los 1o (yseVomnSily, Koo anld ol aulas
a5 Cael FA oy oyganly pmlsS os LolS 51 licebol

IYRWRP N

WPI-P-Ph-GA J g g y5u0 dulgi .¥.F.¥

S dl iy il oSS 5l g5 (nl A J>lye
WV 07 Joloe yaioslel 31 uy a5 glis opl b Connn
4 Jyplyid gandgal 51 ¥e 0 uOl sy Al
0355 39938 Cugd i p9d Ceowd ol adlol Joloes (ol
Sg Jolowe 4 bbSigmg

l.bJ,.w.J”Su.o Oé;&&é Y.¥Y

(oot 9 Bl b Sy swyr Ce
9 olezl (S Sis 5l eoliinl b wole sl JgmaS'9,500
RSV h_ia.b > ¢ ;M" ‘L)

olaxil (Sl Y.F.Y)

DA 5% 598kt So ey diged ol g cnl o
30 Ceele Y Gty b g9y 50 g <85 1,8 ¥.C
LDL PLUS Alpha Jos) oozl (S Sas olfiws
Sas +[-¥ mbar Lzs s -A C sles b (LT el
lod ;o Gran )loj U ouds Stz slo JgumnsS 5,500 o
WA (5,045 DS co 5 FC

sy (S S Y.FLYLY
OSSes l eSS wald e Gegh cnl o
aladses 0l solitul (Helins waio plge) ciolej] cail
Coond beyin Voglasl g oV jlad 4y slaslginl oS Sas
Seasladl 4 Slygs Jloyl gly csl JSKo Jog e Sl
90 J)l.: .]a.wy uwla JA)‘)B A eolaw! &*JLAA‘))J Gl



OhlSen 5 (b y3 Ol

fro O Jorolsind g pg,lidly wsleslignSY ples lisy s,

e Sl im0, 615 Jomiliy 5 (Sl iz Gasls (513 i) Jga
Table (3)Median particle size, PDI and zeta potential of liquid coacervate

(&dy (heo) b5 il Sl i (Fogil) ©l)S ojluil Sl

Zeta potential (Mv) PDI Particle Size (nm) Treatment
-24.13°+0.59 0.78°+0.13 196.2°+13.72 WPI-GA
-19.53"+2.46 0.71°+0.05 366.5°+0.56 WPI-Ph-GA

i lxe ol £ aSilee Lol> olae! plas
el (p <0.05) o 5o o ire S saiaoylis calisee (gloysin ;0 Sl o Daliie 55Y sVl g,

A ools &yl p SOl ple S p0 aiBs Yo Goeds
>y d 50 g ey larmme Slod 4 (gemilimsn e
>0, ¢5%a-n 0 mL g sl kst o mL Jgbl Y.
5 6ol%e-N0-mL ¢ 5l L3l 0. mL (Jgbl Ve mL (pg0
b Ll do Jeloe 0,5 aslal 5l sa il 0 p2 50 0%
Al lawgi g ngjiéa.?- R PR CRPP A K BRI P S I
(Anhydrous o1 (g mowslidgw 9> Slo
Ika, model ) ,bg, 5 oolawl L .ol o Na2S04)
s CSG w5 s P> RV 10BS99

ol Sty (Vo lois dlolas 3l oolaswl b JS gyl gid

) doleo

o (5 pylaez Jgymslyid o>

S5 Jsrlyied sopo =——m 7P

3131 J g pwlgind dpmwlxo .¥.£.¥.¥
000 lal ol Jmalsnd ol dle o
VO Soeds (RN Ye e ML 0 o0 Sas JomaS 9,500
o e85l oolaal b o s Jo 3U1 glos ;o asds
s (Ika, model RV 10BS99) by, Lwy ¢ Slo
Jorwlynd g pod Plo o> S 090 pi
Slade al S ol Gie 4 e, B el
el Cawdds (Vo Lo alolae 51 oolial b olj] Jg pwlgind

(@) ‘2T colled g Cusb, gpSojlailY.SY
OIS (5B gusS g S0

OS5 SES Gk sl s ey 4 yogy s, e
B0 C (LT jsas Memmert <8 5 cols) sl o
I¥Plas oms <ol (39 4 3,
e guiST5ly olKiws 51 eolanwl b doyog o codlad
Yo 'C sl o (K00 925 Aqualab o i cslu)

o 5en o Di Battista g, Glas Jlig s, ol
Ivvlas abol (¢ 5 Yol ) o¥olas 3o
(V) aolss
oad Gl iy Jgymlsid o>

X100 =————x\ -

IS Jrlyd o>
IS Jsrelid wwiia FP 5 TP (s o
BT srwlyd 5 (i glinn, 5 oadlisyn))

Awl(cmssu%ﬁ))

- _ TP-FP
Sogn, @5 = TP

JS g il gind daline Y510
Sl 181 a) culn)y by, alie (ag, ol bl
syl (0,5 oo 1,8 okl 50 Slid yz (6503l
5 J>erins ol FombL s 00t Sas JgurS5,5e TG
A ML o] o5 5l dm ad eols &)= £0 C L
FOC loo b5 o,lgs g i adlol )] 4y 0o ,s YO Sligel

1. water activity
2.Total phytosterol
3.Free phytosterol



SIS 35T b logplis aslhe 5 85 550 ol
dw ;o bools Jdow g ay o ol plosil o j0 O mdaw o
L 55 5losed ey 5 SAS lileys 5l eolanul b g ),

2 alol YoV 2 EXCel 5300 5 51 oolau!

oy g s Y

(9 yiwlgind (30 )5 Slns il sl gy ;5T YN
osbewlsisY 5,80k 59) 2 WPI-GA (usdpos
9 OOSSUS wm g JE PTCCra4) pog,ldl
(93 7+) §,10a%S Lo (b (iorod

hdS daclypulsS )3 29, Ll usleolsTY (s B uils
P9 99 @ S SES Gl dm Gizmes g 3,5 S
5 AL ply g Dl g0 o solexml 5 oty
Olas VS o e 5L el JgeeS 5 Jsrelsnd
Ll 03 o0ls
Locs S oot g o sdalive JS ol ,o a5 sbolon
Jsolyied 5 6555 ol JpmeS 52 le sloctly pulsS 5o
4 (WPI-P-GA) 5L JeuS 5 (WPI-P-Ph-GA)
e gl gl Ll ) a5 05 AVY 5 ARY o
10 6L olaws andl aaizsle e b (p > 0.05) gl
3 Joflyind oS vg (bl i s plyid jgas
S oty el 5San b ol bl dgmy JgnS
osbelsSY s, p Jerlynd (Sasclabl
Sas lagmsS iy Sl 90 )0 uizmen aBl g, L0
sy 5 golel g (pBal (S SES By 90 4 end
Gl gl oS 50 Jarlyns
GloJgasS 5y 50 Sl 0925l 0 o9, LDy upleasliyiSY
msre Gl Gl egolozl (S St oy 4 eais St
S S gy & 0adSAS Gl JgenS ) )0 (s e
Vord Jlo yo phlen 5 atugl og o gme o cail oS
5 ool (Joytulynd 5l (bole a5 wsls (3155
GaSL G Bule il el YKl Oy slaanl
2 omilinl oSl gk 5 spolS usbaoksSY
oS al po (rrizmen 5 5y518 (b s eeS () DY e
IVALas o0 Ll i o sl

cel

1Pl o o,leds V090 ( 0ldé g5 slais,glid anlilas O \tdd

(¥) aolss

o (6 yglgez Sl3T s yuslsid o2
X
sololS” S oy

\)‘)]JSIAM‘?—HS Qo yo = Voo

(SEM)' sy (539 55l (395w ySern (39051 .Y.5.F
=3 9,50 03l 05515 5 (orlas JLiSlo onnlie ol

g Sl Oy S 5l ad i sla
solitl (> (syp0> <5Lo « MIRA Jon)TESCAN

3lg ad sailig Mb 5l sl laug adige mlaw Lol
A oolatwl oled S 2STas gl Ve MV 5Ly

PSR W) ARVRPLIN IRV NPT R SN
(FTIR

oleligSY sla oS 9 See ol Jobre a
i Sas IR g pSojlail g (o pmlyid g e lidly
e b ey o b 00 SAS S0 (08 4 S
S FTIR o 5JUT jghiten; g 0 bglies 1+ 4 ) gla
em? Gl s (oW1 csle Vector-22 o Bruker
Al ool I 3Fee-F..e

S guS 9 ySn0 sl g B i (3051 V.55
oAb gl g

(Xoandl Gl 3,85 uegilSlo 51 oaliually oSS gl o
X assl ily olfiws lawgs aay Diffraction) X
el (Gl el D8 advance Jo. Bruker os,z)
Gioel by (iS5 3le asis shiteds ad
o8y Ly XRD slagSll o (sloJpmnSs Seo
2 oledbl yglaes s el X axsl il
Sl V-0FNM oo Jsb ;0 5 YO KV jieg 58T as
o plol

sl 5T Y5V
Mals’ 5k B 50 oyl 4 bogrye Jolow 5 4520

1.Scanning Electron Microscopy
2.Fourier-transform infrared spectroscopy
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Abstract

Co-encapsulation of more than one core material in a single encapsulation system may increase the
bioactivity of individual components. Whey protein isolate (WPI) and Gum Arabic (GA) were
used as wall material to encapsulate probiotic bacteria Lactobacillus plantarum (P) alone or in
combination with phytosterol (Ph) by complex coacervation method. The liquid microcapsules
WPI-P-GA and WPI-P-Ph-GA were transferred to the powder using spray and freeze-drying to
produce solid microcapsules. Results showed that the cell viability of L.plantarum in both liquid
and dried microcapsules (freeze and spray drying) were much better in the presence of phytosterol
(WPI-P-Ph-GA) than the absence of it (WP-Ph-GA) and the viability of L.plantarum in spray-
dried solid microcapsules was better in comparison to the freeze-dried microcapsules during the
storage time (60 days). Encapsulation efficiency in spray dryer was significantly (p > 0.05) higher
than freeze dryer. The microcapsules were characterized in terms of Size, Zeta Potential, and poly
dispersity index (PDI). The particle size of WPI-GA and WPI-Ph-GA were 196.2+13.72 and
366.5+0.56 nm respectively. Electrostatic interaction and formation of coacervates were confirmed
by Fourier Transform Infra-Red (FTIR) spectra. Scanning electron microscopy (SEM) analysis
showed that microcapsules dried by freeze dryer had a porous morphology and did not have any
particular shape but microcapsules that dried by spray dryer showed the quasi-spherical
configuration and had a wrinkled surface. X-ray pattern of co-microencapsulated identified that
microcapsules dried by freeze-dryer had an amorphous structure compared to spray-dried ones.
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* Corresponding author: m.rezazadehbari@urmia.ac.ir



