MU FH wlxae 4 o)l.o.af\‘.r— Ve 0,99) ‘5}];\.& &L»o ) Ls.b).g)ls 6)919..43)Su.n dollad I

oabubaT Y <Kigna n G L Sl o) g i b Ol PT g guasSlg ;uo—gs™ 51
2 boad o 18 Dlwogas w9 wles o0 (Silw dud Ll S wgwiol)
SMg S guas 9 S0

sl et S e b et abb ai b *) ool 9l (6OLT 26 g0

Ot 08 ¢ ot 35T o8l (6387 05 oty sy ke 08Tl 065 s S 05 5
Qlﬂ‘cob.g;cu»)v\.a%;;&i&bcwﬁ:ww»&ﬁbcsj}b&ﬁgfv
Ot 6015 e ool 513T o8> ¢l O g3 ol ¢ s 5 ke 0dSTiS (gl S 505 5

VEY/eFIYe i hgdy Gl VET eV /Fe 18 yd G 6

[ Downloaded from amfi.ir on 2025-12-14 ]

ol

IRl o er s s an T e 53 eSsms T Rl skt & gty (ha) O s eSSl S S SIS
b 515, Sn Sle 0uki3 bl 5 gy g ol s 3 by Sl IS o 55 0T sk s J 28
A Sl a5 03le 5 ST o (Ul 53 e pninly bl sSY S g5 1 S 2SS Aol Ll )
ocdae 0l (65l s Lol 5 53 Ua 45 g s ol Ui (gLensil Bgy 4 elnl 53 5 ) 5SSl 055 1S ST b S s
D ke 4 Lo gazma (PH = #/A 5 51,0k @ 5T 5 (ST LL) 5l ko 6K0) &S 587 0355 5 (PHZ VA ¢ oy 0 5T)
S S5 on osbe 4 (g5 Koo 5 31T sho) U8 5 (g 5 S o) gy lasipes (238 515 ol
Sl Ol e cotaT oy 55 3y Lk s FTIR 5 XRD FE-SEM i el ol avaintin (sl 5T Lo 5 b oS5 58
S s CkB S Sope g3 ¢ I3l S PYOY T 218 edd (5l st e I pe 1 ey 35T slad e
Slan I3 e S s 4 ol S5 0Ll e iy VEIAY 1L 5 AYIFR T 5 W g8 5 S0 5 s J S5 S
ol a5l s g Jpd BB o 5 VL Sl e 0 eSOl Snm ST 6 s 0 Mo coslital 3 g0 Jlb S 5
St 53 LSS pms G 5 b s L gl Slele Olsie 4 L5 o O g 5SSl a5 Kt 315 LS andllae
5,8 515 slitul 3 90 A gl 5 (glde

NS o8 ¢ g 5 S 580 g SO 5 g5, SIS O 31

* ebrahimi_mt@yahoo.com

Yo 1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-85-fa.html

e Slaaiz Ll 0 e eSS ST Sl S
Sl el 4 cenlie iy o Sl g a8 i o
oo Sbhes Lol 3 e s Conle dax I il
o3Il coslial 3y50 ) dge Lol (O g 5SS
Do eSS pms Sy b lp S 2o 3
S Jpame G Sy e SISE sl
€0 gy SOl Cokn (eSS 55 ) &5 5 S5luls,
2l 53 5 S Lol 1 ok 4 ST J guamen 5 )18
Jols 05 5SSl 6la gy 3yl (Ko M5 aujs
5 TS Josdael J0Ss S s
$Sas) 055 s e sl s 5 C s S
038 $Sus Fasl 035 S Jgslenil 055
528l (o (b i 035 S 5% 28l (g3lex!
S S s U5 05 peST Ess cObe
= 3 S ey el s Il g,
1 S5 Ol 3 ar 5 3590 s & 551 0 oY g
s Il pls g il S5 cplasls ) 3 Ol Sexs 5
lile ol A8 o Jee Jiooda laals 05,
B2 S O o P IS PO UK. <1
Sble cpl 53 SNl Ll osls Olis eSS 505
5,553 6l ey U (s JmeS) Wails 25 2y &y go

Al gr o oy 4S8 0555 K5 ey S S L
L6 SL O g 5SSl (6l s (gla Jul 51 oslizul
3 el silee DS 55 skt iyl Coenl Sl

(S Gl L L (Sl 5 Al Gl

7 Spray drying

8 Spray-Freeze drying

9 Fluid bed drying

10 External ionic gelation

‘3')@5‘50*2',3‘

4odd0

F30 Sk el 53 5k s ) S s34 DY g A 5
FANE 20T fgo ol atS S 50l 5 ol il
Coale ol il 528 sy 4 Sy OT L oLl
Aolsl Loyl 5l 53 o8 ol (148 4 eSS
(§3l e S (ol PH 5 Vb bl s s
(s sn 05T (olozeil O oSt b Al slex]
lest SLS 5 5 W3l ST (L ods oSS
Ul LoT 5,8 & tis e Jlaw 05,0
0 5oy 5l (6538 1 s sl 0387 55055 3 sidma
O Cbbles s L dregd 5 g Olpe
A oS oKas 53 WOT sl J o8 5 beS s

15 LLE el s glda>e 6
Cas 5 O e 5SSl pskate a4y ikises gla Sy, 058G
558 bla lls plaS a4 Wlodd e S 509
oS 82N sl Gl Ames s ol s
53 G ams 1 b oo Lai 5 YU oIS L w5
SIS 5 oM Gl s Rl S 0l
Gl ol Bl 5550 5 7 Jlan 05 0l 5 ol (855 50

Jy-v]

2 Extrusion

3 Emulsion

4 Coacervation

5 Electrospinning
® Freeze drying

[ Downloaded from amfi.ir on 2025-12-14 ]

\ig 1o Bl ;5 (69 3,5 (5599w g S aoliliad



http://amfi.ir/article-1-85-fa.html

[ Downloaded from amfi.ir on 2025-12-14 ]

] byl s Cod ugunioly ualewlisiTY Soigmg p 6 5L (Glo 0ud (i b Sl HT (g gunsSSlg S o5 31

Sl (G g9 5o (2 Lo 050 jud luoguas (wwy g3 9 (05195 00l (g5l dusds

Ladn (a5 8 e Sl slite &) g 5 2550 ocky
dol S5, 5SVE oS ol I dm LBl e Loyl
Sl G 33 o aS Lilodds (6 2l p3S5 43 5 g g0
TV JouS s 55 55 4 (DM 0 pdlzes e 53) O
el g o s (LM) Tl oS e 5 (HM)
3 ol 60,5 L lin S el G5, SVE
Os 5 kB oS il e DT s el S5, 5
U5 4 0T LM ¢ 5 5pH & sl s OT HM ¢ 5
ST toles 1) @S 00 b (2,0 Il S JSC5
o ey 4 (9L Cals vmg&e ool [0] asb e 1ls
sodtme Gla 5T 4 Sl ST3 0L [F] )l ¢
SU g5 Ses Lo 5§ oy 4 Ll o Lal pslas 035,
ok J S il plply ogh 3w ey,
OESS ir ob S r eed 1) 0355 03 eSS
Aol Jaons 5 iy il 5 g0 85T Tl g0 S5 5 9SS
So lyodd dguS GAESS sus  lb 5 das il
[V 2] dase

G50 £5 S 0¥ Sl Sa ST Sl S5 0L
dr b ogn ol e 1 s 4 & el 0 5SS
1) okds ) guams 31 g0 3 Sl coslizul 5 g0 Jlad S  03be
3L a5 Gl sladle 5y gy cpl 51[0] das e 253
5 SR IT L olen b S50 Olojas O gV 5SSl
RCI PRSP PO MK g [RPCINE B PN PN

=5 el Sda baddlas (B 3)lss 4 a5 L
et b psialy sl i 05N Sl Koo
25 WSS sms ol 5 Sleoks 05 5 ST
s G pr 3 A eld il and Ll

S plonil 0dd i (5l J S 5 Sr Sl guast

13 ow methoxyl
14 Synergistic

v

Fran Gy e 5 2U55 5 (295 (Sl
Sy Shhda s S Gla el w55 V] 558 e oslil
03 g o b Conle s 4 ST s conliz
St 158 Sl (it (Slad 3meS 5 S0 W5
@b Olse 4 Ol (qw s iz a5 Gy o 5
G S T sk 030 e sl g
033 sia b b &S IT el 3o Gl abs by S L
5wl Hphm ) osgd S oo o)lys 5 &S
ke A5l o o o St T el b o3 8 BT Ly s
SS Lde 5 Fuus J5 Caols zils s 4 Sl 3T
olinal 3 ) g0 5 (S5lunyls mlis 53 e w5l 2 4
hele 05,8 Ghls ST Gla e sige [F] 3,5 0 I3
S 0555 L 0T JouS 5 S 055 2 503y oS S
soml Col al o cpl 598 o0 ol on Jhoen 3 59 50
35 e 0k 93 hls S0 5L o0 Jlasl St
Sl JT (o Blod 51358 o o |y S OS5 &S
Loy M) sl S, 5bBD Sl JSKie (6 a8
DA M 3G s il s (§) el U5, 58 0
S92 3L sk 5 es s Calises GO T oy el
ok ¢S Kl SIS SE ady pl el
bkl jlesle ol .l camw b 9 S gs ST (aubs
ok AT S Dl 5 050 53 252 e Y5
Al ST LB s 6 B 55
S el g, sSYED S ol I gyl
e Ko F o) WT 555508 sladi gy Law g
23Ol Cad ( Slgl o Js 4wl ol JSES Wlodlds
O 3 MG S-S A T P

OF 057 6 odkd bS50 0 3 iz o8 5 Sy

11 Degree methylation
12 High methoxy!l


http://amfi.ir/article-1-85-fa.html

[ Downloaded from amfi.ir on 2025-12-14 ]

Fooorpm o asl CuS 056 (g STL e d e 55 050
ey 090 (29 Jloee S Sk Sle akds ) Sk
AL A e b ad e (gt I e 5
UL O sl g o A 55 7Sl la s ST Ik

MRS CiS lases 53 GO ST Sy 4 edel Sy
S 5 YV OC (gl 45 O ol 5Tl Cslun FA I s LET
Glad s canlsl 55,28 5 515 i olad 3,00 silen Ll ,a
8 30N Sl S 87 s La3T s Lolate 036 b ST
33T slad s Ol e 40 b A 03Ul & gomsY 5SSl S0 5

25,8 5 eslital 5 e

G AL Ogawd gugsSly g™ i 5

O39Sl 9y 4 Signg

Aoy S5l ae glee VOSSR,
=S esle 5 ST e e ST (g5l o J ST S
O o) i 03 IS 55K oS 4 5SSl g S

‘3')@5‘50*2',3‘

by w9y 9 3lg0

2bowdon § (2bosd Mg

SSsma g wse Olge & " pately sl S
S 5 S a5 Je S e SI(IBRC-M 11322)
S 3 (o g 43 S ) S T e g O]
263 s 5 W BS54 (e 50 0S)
Sl s cnl oo 6,555 sl ) i S el
(S ) gy 02T (S 0) Sl MRS 28 Lo
&) SIS b oS (T L) 0515 o 5T
S5 3 (0 A IS s (O13) ST oS (2 (s

A ealaa! (5,0) Q\J.lru VJ"JW

S 9m9 52 S 5L S5k o3kl
2> el YF Sle w4 gty sl sSTY S
YV °C Gl ,3 Sl MRS | al CiS b

Jlad b i onls CiST i ghlen Ll b S L 5L ST

(SS9 S S 5 Ko Ao )3 S 5 5l 4y - S

(%WV) s oy Lale

Ope¥ ST p g5 | 0¥ geposlas

(oS &) Sl g SKn oS 03Le) S St
1/0 \ 0 5oy oSy Snm 5 |
) Y e Sl S S Y
V/0 A REWA JURC PR Wy g Al
- Y O g 5SSl 5 Sn ¥

Sy b g ads Vo De po o gl Ll 5o (gl
(.L?a\ 03 s base bses by s VYo rpm
0 g 5SS S 58 5 0 g ¥ 5SS 5 S0 slantiy|
& e 3 S el & 0555 4 Aol b gl
S35 Sl S Ao SO TOWN 2 IS oS J glos
O b rlad 51 g oD a3 5 S0) oein
Yo Bl Sote 4 s 5e b gliee s S ST

17 Extrusion

o3 4 IS clad S 5 S oins |5 (gla aky
b Ous ol 3 e 5 0 Jo 035905 OT 53 481
el YF Sl e SSsmsp @ SL Ls byl o
Loty MRS i8S Lases 55 ¥V °C (glos 53 () sanly ST
Sleslaal by S5 Sle adds Ve b Feer rpm o
56 o8 gilelda I e B esls siad b J gloes

ladgoes 5l e b SL sladle (YL

15 | actobacillus rhamnosus
16 Saline

A 1o Bl ;5 (69 3,5 (5599w g S aoliliad



http://amfi.ir/article-1-85-fa.html

[ Downloaded from amfi.ir on 2025-12-14 ]

] byl s Cod ugunioly ualewlisiTY Soigmg p 6 5L (Glo 0ud (i b Sl HT (g gunsSSlg S o5 31

Sl (G g9 5o (2 Lo 050 jud luoguas (wwy g3 9 (05195 00l (g5l dusds

=55 5 OV eSSl Son slatn T3 035l o ) shate
D eslinal ) dsbes 10 e 5SSl Sn

Slodijl= %x 100 ¥

23 0dd wsoes sl LOQ CTU/Gr &) gy N clts] s

a5l J sk 3l LOg CfU/Gr &y 3oz No 5 J g 5 Sia

sl b gl Log cfulgr s ss oo G CiS daes s

JVe-A]asl p?ﬁ GI3b oy sla g S

JELY S R

R Slhegas (g
S 9095 S gt 9 o
S Sd S 5 Sorm ST Sloo oo (o) ket 4
JAS o 4 g 5 (s 4 50) 025 = S IT — (6 5L
—6 A sl Sl IS 5 ,Sn 5 25T 2L S sk
257w VAl b aasetie G T S (ol T
D3 g g 03liul

i ookl b mhaw (S3glgdsgn (w2

M Ol (2995 (F9 51 P95 S

(FESEM)
bt god 5 2l ksl 5 K8 ) 5 okalie  shate 4
bS5 b FESEM islas S oS 5 ang)
ol ¢Sist gladi ses LIS pl (gl s olitul Calibes
ol o3leT (glad god .Ukl 03laT 0,85 5d g Sl eslitul b
S 3 eslial b b w8 15 oKws abise 51
oy b8 s s pslat (G S
03l b (o 9 (1 30 SN (o)
- do$p b (e b 3
(FTIR)™ & yug
NS 5 age) Wadi a3 53 5 30 Sk gy (o) 2 S 2

St Glak goi S pl (61 s 3Ll FTIR s o

19 Fourier Transform Infrared

¥a

1> & St O L shte 4y Lasme sles 3 4k
Gty o S| g 0ok s (5l S 5 St s
Sl 3l el Gl olo o (ST 5 5 gl 3
Gy 03 ki oS eolexdl iy 4 S8 5 oS

peelS e Sy (G 04 ) ) 055 ST
e groy 8L JS lST s 5 Jol (Ca7)
33 e deul s, sSYE(CO0)MS 5 S
03,5 slml G =51 (S lin s SN L gy (D T ok
Chle ol S5 0Ll das e LS5 (g obe 85E
S sl tash 03 e i sla ek
ot TAT AL gr ok gl Slas (5 5y 5 smls Slallins
g wse Solg (il ag SLLST el
oslial 590 Sliole3T aslsl shaie 4 (o JguS 5 Sa)

S

S99 S Jgu 9 S (Glo o) (guiy

Al by
S S 5 S Sloo i) ) o ol 5l ol
oS 5 e OgeeV e b OBl walsl 3 s (SSausn
ol Al s (0S4 eSSl 51 58) (5 L 0005 das s
(GASL) dad O o g 5 03031 8 a5 0 skt
plosil s s |l b guS s Ko 69,5 Lltle 5o
S n AL Jsbe 5ol dpmS 5 SV Or 1L
243310 S 4 ¥ VIW Ol s o s J s S CC
bl Lyes VYor Lus L 5L SGE )
ST 0T gL sladhe 5 5L Sl lad g5 Sn
SWEd, 4  d hie OT 535 g2 50 (6 a5
Wl (eba CUST g5 4 Aoled 5 ekl 5L s ) e
3 T k) 5SSl 2 (6 58 51287 45 503 Ol 50 &
@ JA] ds oslimal (S O3b) Sl 3T (glad sunS 5 S

18 Field Emission Scanning Electron Microscope


http://amfi.ir/article-1-85-fa.html

[ Downloaded from amfi.ir on 2025-12-14 ]

25 il Iy i S Sl ¥ Doe 4 Ve
oo g2 o ol s b L 903 (6 522 LY g odkne Lo
i 30 45 035 (5 0k (5luand Lo 514CC st il
10+ 555 LYV OC (sl 53 Csla ¥ ke 4 I3ckoee 5 5L
ol 5 3l Sles Olo pl 1 A2 6L ST
o 17 23 5 el o ST g5 e ST
[V -A] 555 oo oslizul ¥ alslae i lad sk _Sleos) s
Sbodki;l= %xlOO v)
5 edd waoee Jslw LoOg CfU/Or &) g N clets] s
g No s 518 Lamma 53 6,8 513 51 ey b 505
O gy 5SSl 5 SKn 31 s ad sl J ks 51w LoOg cfu/gr
Log cfulgr s oo om0 g 5uSSly Ko S

il gr 0 8 (I3 05 (sla SIS Sl b ol

SobeT Juboi
DS b aw b nl 53 el plouil Gl i lejT ples
et s bolT (b 5l ol s ) il
plasit T ol oo 3l eslial b (5l ) clis gladits

s il S AL T Olabl ela U

@L“J
—8 9 OgmVauSlg K Wl $  odib
O g gusS19 a0

AN R ANINCS

22 Confidence Level

‘3')&0.95‘50*2",3‘

23 G g2 S g KBI L OAs b gl 1 ey o2

Lds e FTIR oaws b 5 okeT

o b 3 ookl b Kuael wy g
(XRD) " Sl g5 5 S5 5,

S 5 ang) ba sad 6ysb slaylle gy sl

Sy G (6 andl b bk sl i eslizul XRD (sla Sl

Liks isew XRD o&iws L s Fr MA 5 ¥+ KV

G195 (S od (63 dud L (63w 03kT
S B O codme (o (g jlwand Lo V Lit ags (sl
ST AN LIt 53 ey 0 5TY N ol e 4 157 0l
M bl 6K 5y IS 5 pekn b Jool Jhoms PH 5 Jo i
ook (63t Jamen ) Lit 45 (611 k5 a5 VA (55 )
/0 gr a‘MQd‘ﬁHﬁjT\grc&;éoéj)Lg
s e ol Bl Sl s 3 (g5l oS
b @3 V/P Jglons (I PH 1355 0 0ilay ) Lt (o

JAY]

28 (9095 S g9 S ) (g
oeF oud (& ludmd dlole

S Sl oy W S 5 ,Sn 36 ) skt
Aol (6 L (5l (Sl gad (2S5 g (Sladi 500)
NP S Sokd S5l e Jamen a0 53 i 3l g
(S 3lwand Jsloua 4 CC & €503 1 OF ¢ glite s 3,8 o0

335 LYV OC 5Ll s 5 Lol oyl 515 edae (6 0l

20 X-ray Diffraction
2L Analysis of Variance (ANOVA)

o 1o Bl ;5 (69 3,5 (5599w g S aoliliad



http://amfi.ir/article-1-85-fa.html

[ Downloaded from amfi.ir on 2025-12-14 ]

bl s i’ ugnioly usbewlisiTY Saigmg y $ 55k (Flo 00 1 ey b LT (gl gyl ;o o8 S|

SO S JguunsS 9 S0 (2 Lo 50 38 Slaoguas (o y 9 9 0195 e (g5l At

(D) sbn 5la JpmeS” ($55585 50 5 Q) 0¥ eSS 3 plonl o o LT s g - IS
crils e a (1 o/ 5SS + 7Y ST Y O g0 b

Ol 3 g 5l (g Sl YL Clale b Johuoylgs

Sl eslizul 45 Wi ool ames opl ¥ IS (cbaesls llas
WV CLale b oS 4 unSSl g o 58 03k O g2 40
Jloen 53 o311 1 iy 455 s Sl o ga ¢ 1/0 .
ST Y S0 eV po 3) ST s (S5l (5 oy
Dslous 32555 poe ol aalsl 53 5 0 (1V/0 Sy + Y.
ot A ST oS S S el 52 B 5 ey
8oy oS0l S 57 1 ol s g s 050

‘JJ;Ji‘j‘M°‘J‘“"’¢‘?&;}‘(“L“‘l‘)j§i‘&}:~“‘y}‘ﬁ)3

slge chale (15L& il el ol b cpl g sl
0¥ 5Ly S oS T3 (203l oS 5SS
05 30 3 (28 & g0d b s e )3 MU 5 5 o Lodm s
350 ool Sligle3T (sl 5 sl g 45503 Ol sie 4 ¥
=55 5 gl (o)) S i on 128 8 13 oslin
(Puatie < a3 o Ol 1y olls i 030 Slad s 5 Kon
SIS st 0302 2050 sl 0.09) S50l Sos b Sl E o lisle)T sl
25 0T e ladisad 5 Wee JINY s UM o3 guoes s s (1) 5+ X ) ¥ ¥y s
A L0 s I ¥ pm =

Sgmgy $ySL (Flo o) 3 B JgmuS's Soro i (s (yguw¥ 90,8 il

sl
3 90 =
) 80
EEv
‘1: = 60
1%
g, = 40
i 3
?i 20
:) < 10
a 0 -
"Iel\ Alg 2% + Pec 0.5 Alg 2% + Pec 1%  Alg 2% + Pec Alg 2%

1.5%
o JguansS 9,50 <l 3] do 30 S

(Patue < 0.05) &5 ¥ 5SSl sl T 5 b S5 g5 5 Slo 03 1 JgmnS 9 S Ctlies (o O 5o 50 5,50 - s

=) g sad Sy Sen sl Sl ol ¥ S

S = ST i = (ST (sl (gl S 5 Se —J 95950 (2o g0 38 Olo g (s y
335 ol S Jgke) J S (sla & sms 5 (Y 0w o 3 SR S
L (ST - 8 sl Gladsms s Son iz o0 dign B399 090 (o2

[\


http://amfi.ir/article-1-85-fa.html

03 5 Oolie 2iS sliyl S 4 by e VFRV/OF
4 55 VYA CM™ = 5s sde ol COO— oS 50 S
23 el S eV il 0 C-O gy 2iS 4 by e
058 3 C-O 2iS Ksm 5 5,50 slad S 5 Koo
4 b GG Wb 5 4 b ST S
M b s bty S L 53 352 g0 58 L gigo 055
o)l 5y odd Cl>u‘ Olalllae 1345 g0 als VYo Als
2 AL = & b Ol b st Sl
03 e S 93 5545 4 e 0kd s (lad 58 s Se
T R P R T I F e 1 T3t 3 03 5o
5 sheT laes 8 edas0lis L 4 S Sl
ObLe (IS ok il o ST ko o)l 5> Dland
Ode 5 ESLL 5 ey Sl S Sl i (el ST
S5 035 6L S das o Ol Jale 0,8 Glakipy
Lok T b,e Jlasl 5 odd dbll 2K 5 Sl 3T (o
ol o 53, g0 (Slag ga sde gl ol oedS 0

DY NY A]

b $g05 (S 98k (owiy

Ol 55 o XRD (gla 51 31 0taT Comndsy SleMb! 3l 3Ll L
el S 5 ksl 00 (Gosk o) CooseT L o5k &
5 ST w6 S sl Sl S s S S
ngiﬂ (oode Oldles L 5l (0 Jg.i) S, e u:ﬁ“
Sosh bl S oy 3T (e ok 4 by e XRD
BB 5 ol MelS oS K hls (S sl
by o ey S 0 SLT S Sl (G ald) sk il
S sSIN (5 sl bl (S 0) Loy g0 st L (511
Sy Al Sl el 4 Cond J ST 5 digs 4503 B
w0 ST S S Hltle S ds ol ams ool el3T
b S 5 Kon il S 5l a5 BB ke ozals Jds

Sosh skl s wils I 36 & gas Sk le (g5, (Y1)

‘3')&0.95‘50*2",3‘

S s n BB 5 ¢ pslal 5 Ars o OLES
S go 51 LS 4 i 03 o STy Sinm S o
R 518l gr O Y Sl S S T3 03 e
Slaeslr (5358 el 4 015 o0 el Sl SIS
d el 1550, oLl add i s eSS S
oS Bl 5 65,5 sk ol 2 (ol mbie
L i 0¥ 50l Sin 035L 5 ASb e g EL
S5 Sad peS 5 S Sl S5 0L s
N dn 50 el (655 D3 D pa Il > Sl
ol e s jaine 5 oS s o - shaw (11 0SS
@slomil 0587 &S T3 gite D311 3L ooy
S S basel mhe e S AL

N Al el 222138

aiges (ole oy 5~ (o)

S wn 5 bk o SIS e ke«
38 515 eslimal 3550 FTIR (i (b (S5m0
55w Gsa5 4 by sy LT (P SS)
(0 = Sl T oo = (S (55l (lad puS 5 S
S Sl J S 5 Se) 5 (15T k) J 28 (ladd g
b dgr @sed Gamlie ym il o (SLFT — ST
bl s folb ams )l RS slad gel
4 5SS 5 ek AL L Ol e 4 Sl T s
2033 alhe > & (G55 Ll s e & Ol s
FTIR sl cab lyls cols 15 55 Ygame sy
CM™T zsn sb )3 odd odalin o dzes OLS
DS 4 by e ag dse sl s YOFA/YO
Lo & bgye 228 Ol usl o O-H sy
CM? z5e sas 3 C-H ST oyl 5 0l
S VYVAY CM™ 7 g sde 555 00 os YAYA/FA

oM™ 750 Jsb 5 COO— Ly O)lials 228 5ladl

[ Downloaded from amfi.ir on 2025-12-14 ]

oy 1o Bl ;5 (69 3,5 (5599w g S aoliliad



http://amfi.ir/article-1-85-fa.html

[ Downloaded from amfi.ir on 2025-12-14 ]

] byl s Cod ugunioly ualewlisiTY Soigmg p 6 5L (Glo 0ud (i b Sl HT (g gunsSSlg S o5 31

Sl (G g9 5o (2 Lo 050 jud luoguas (wwy g3 9 (05195 00l (g5l dusds

3 ek 4SSl S-S b sle 65U Sl
Toa Gl Gilmdeal @l S35 lasma 058 b
JiS sl wad Hn &S Jb s ey AF/RA
& 5 M ol BT sl (6L 5 b J g5 ,S0)
53 gobe 4 (Puaie<0.05) ey FY/OY 7. 5 VE/AY .
koo b (o2 80 S P70 %) s JgoS 3 S S
2 O 5 J S5 Sn b oz )& SV 5515 sl
S S ey sl Jsle sl cplply s
5l 35 5 codme Jams 1 gee 1 e 0l &) 5SSl 5 e
5 dsd BB - Sl VL Gl @ eag) sl ke SO
IS Gl & 305 4 Cod 9 330 S g5 Sl
GLlse Ll o gy cpl 318 Sl lay g5 lokins 3D
57 S8 &S oal b ST 4 Oljs gl 1 (e Dl

Y Jgue

—)f)‘\m@w);.@\ambd;)»umgd\
5 3 b g Sl e b (STl 0o eSSl S
&g 0in Ol a5 Sl 03,8 i ba &S5 51 S s
Loy s DIl (e VLl 5 6 STL L b ey o
S by ol skl ol & e3p odS 0

IV A58 o 0¥ 5SS

SHw9R BB Jgus 9 Flo o) (i

185 ol (S3lw Al o 90
S 1wy p e ol SlalT plsil 5l s
Ll 55 S5 6 S Jaoss Sk 0 g eSS
5 (VA pHpmﬁ;T,p,s)emeu@u@
S s FAPH L 51,0k 0 5T sl 53) &K 587 033,
3 54k 6 ghailen il o (SYIFT L) s5l,h0 slo

055 > A el 0y il S S T p

3 GUT b/ 4 3ueSl 5 50 I8 5o @305 5 (5S4 = 05 = DL FT ol (51 g5 Sinm 55 e 6503 Slo 0] o3 =Y Ul
e Sl Jeol b s IS (5 ek (3l et Lama 1 55 (STl — Sl T (sla U e 5 SC)

5 (Cele ¥) odme Jasma Ul D 3518 ol (3o and Lol 8 ol 55 (6,8 15 Colu B 51 Ly J 557 45003 Sl 0k S 4 ged
CRU/Gr Ll (Csla ¥) &Sa 58 035 o Sla J S 5 ,S0)
b el foeels Yeels Yool Y celw vlsle —‘5):5\“5}&-
VE/AY £ /¥ VAY YA | AYBA Y | AVYOE N | AV E /NS WD E /Y (Sl T
(el ¥) odme Jases Il T 3,18 ol (3le 4t Lol a3 (5,8 13 Cola O 51 ey atg 6505 Slo 05 g 4 sas
CFU/gruﬂL»\f (c;—b\")&;u”mﬂ 6L&df~;jjgf—;)
blels Foels Yiels Yesle Vcsla sl QL’.;}T*&,{L.‘_;JA;-
INACEV AF/OE N | AR YA | AV E YA | AV E VYD /e Y (85—
5 (Cele ¥) o Joome il I 5518 ol (g3le and Lol 5 ol 35 (6,8 15 el B 1wy J 57 45903 Sl 0k
IS e
CRU/Gr olul 5 (Cola¥) &S5 58 0355 e
I 5SSl e 6 S
b sl foelo Yosle Yoeln Veelw vlesle _
ZYIOY L /0 Y SNYA L v /X0 VE/AY £ /X0 A/sYE /Y Qe /P0 £ /NF AV/¥O £ /0 Y



http://amfi.ir/article-1-85-fa.html

‘3')@5‘50*2',3‘

W91g5 o0l (G3lw duds Lauxo 38 (6 5 I )3 31 L d diges Jlo o) O a0

12

10 ——
S
> 8
D -
G 6 Tmesl- iSO - Ol IT Gl JgwsTs e
8 4 SFTL - S FT Jgus9 a0
- 15T Jgho

2

0

0 1 2

3 4 5

3155 dilolw 53 by Hgad by Obo
3 OUT Il & 5 18 555 287 (sl 500 5 (54— S = ST 5l (5ls oS 5,8 55) i 500 Sl o =SS
il s ool (b 53 IS (6 ed (5l it Lo 1 53 (6 ST — Sl T (gl S 5 S)

5 DL IT sl Y (ot s 0 g 5l 62053 5
Le 53 LSS smsn e B ol OT 8
bt b o s IS oo ks (5ile 4d
G sl s sy s V] cals Cals
03 ST L o 5SSty Sn a3 o slonel 5Y
log 4 A/ 10g I sias sl ames 3 (5,5 )3 O
s £ 5 Ol Loy &S (Glardloe 53 [VV] e,y O/Y
oS5 ) eslial b STy dds a6 S b el
s eSSl iy Olsie 4 OV5-0BI) fas
PH = Y/0 53 5035 doul 0 plio sl lad sl 5 sls ol
PV Ol sn 4y Lo 0kt 5 OIS 55 3 I Sla 5 S
S Jo 53 bl RS s Y b &
b Ao &S VY XV CRUMI sl 1515T slad gl
DAL Gl ooy Glos sabolh Olanys oles LB
05,5 4SSl 0L 5 sk sla 5,8 il
Lo 5 sl el o ol 5SY 5 oS p 50 Sl gl
e 5ls S ol g SBlis ol SV Skl sk
—o33, oyl i L alie) sl 5 (Sad slad shoee blia 5o

V8] 555 o (!
S oo b a5 S Sl S5 0LL
o3Il shyls ¢ ol 52K 5 Sl HT (g ST 51 JSCize

G s &S Sl YW L;‘ VYer um 0> gd>e 3

S5 4o 9 Som
S smsn SN p e Lo sel p LI 4y 5
56815 0l o gl & eSS sms S Sl (555,
s Gleediy 5 1S o&ams Jsb s S (st
2o Al B syse sla sl Sn ST Lai
(NS Sl 5T codne an ol 51 pel 520 Lol i
ALEL pslie &S S 039 55 (Gl ke S 5 IS,
Oliabol 53503 Cadln b (S5 5 (6 abasly Ol y3 035 5518
5 oS Gesss 4 Sy S A Ok
s Dl 1 sl 50355 5518 el om0 55 (50555
=o)L she 4 f Sl tagn 03 Mo sh o o
Sl e Loyl 5 53 pedl) sl ST 6 5SL Sla
oo dhony 4 $Ssms pl OLdl 0355 5 odae ol
Gosls plas i dsunSly S S 2K 5 Sl T
Sl S o 5 Ll 5 Jamis (Sle o oaT oy
so3p a3 Vb Sl e 4 0dd gl Seom S
LIl sl eSS om0 Gk
-8 G s ST sl S S ST
Feslie )5S e dolual Ll b 4 G b S 5 See
o OS5 a5l el e osls b s oyl s s

SIS sk s 0LKes 5 b [10] 5y s

[ Downloaded from amfi.ir on 2025-12-14 ]

of 1o Bl ;5 (69 3,5 (5599w g S aoliliad



http://amfi.ir/article-1-85-fa.html

[ Downloaded from amfi.ir on 2025-12-14 ]

] byl s Cod ugunioly ualewlisiTY Soigmg p 6 5L (Glo 0ud (i b Sl HT (g gunsSSlg S o5 31

Sl (G g9 5o (2 Lo 050 jud luoguas (wwy g3 9 (05195 00l (g5l dusds

Bl s egr Sl BB epetels sl STY
ad Lo S| el oo dolal Ll s i > WOT
bt S0 55 (la (S5 S o il 035 5 0dne (55
e 51y 31 BUAE S O a5 S
ok Sl Soam S Ssms 4 i o2 )
53 1 3mS 5 Sn 5 505T (2L ST slad ks b 4y lia 5o
3o Caslin (i oies 0dd (ileand slil
Aol GbE Jeols glaasl ol Lsls Ol 3
a0 g Oloily 55 Eol O g eSSl 4 &S Bl o
Olej 5 Ol 3 LOT wdds by 5 (Sogos, <l

J};‘L}" (U':'Jb? o‘i’;ﬂ.’) wt.a

Cseoma S 55 S HTy S sl S S 5 S
Lo oedalie gl addlae yy Hekl o 548
0311 (11> 055 ST B a5 4 0l i (Slad 385 S
4 Ol ) 4 ol e oo V/A B VD 03 5den 5 (o
oslial (glaolSams 5 4T 5 Lol 5 cashy SIS 315m g 5
=S b sy asn 0o ey b bl sl
Cils il (gls J g 5 S 4 S b J S 5 Seo

[V Al Lol s slinly j5 a8
slge Sl 1 300 53 ] e gla iyl O s o
S Sadshe I ol 4 gl oS 5SS
skl ods (5553 8 sl tasl b awlie S
31 oslizl 8 ol OT 51 (Sl bl Gihod b JS

035 WSl S 6l 5SS 5 ST

S g S sk 1T pls s (51 oS ) ST 31 g0 S350 53 st palde (sl 18 Y U

L
oA = ST 4 0uliS” 5SSl 31 50
€ O}:‘NY}»‘S‘
¢ oS 5 Sen Jekinza sl 3 5y Y
_ sl 5 _
N | eSS b 5o ods 45l S glas g I Cliblows b s - S - ST e
SIS
= SIBLL
QQZ)‘;o&LAAo-LZL;jLnWAJLALAO:J{P.&}L;afu
Lo Hd — ol IT
¢ 0 oY 5SSl Olaskily 21530 5 "J
_ , 4l S g
[YY] GHESS (b 3 0k d eSOl Glags ST oIl g | 059281 | T e shnl sSY T
- Sl T el
o o
o s 5
Pl 03 ks WSSl S sus Gl Ol il % sl 57Y _
[¥¥] Jbw s Fsho = LT
todne (65lo 4l Loyl 0 okt
¢ 0 oY 5SSl Olankily 21530 5
0¥¥] P03 ok Sl Sam S sl ST uaslin 1151 skl sSTY ~ T
s B 059 S -
S S5 S & s 1S ol (5l 4 Ll paoldt OS5l
¢ ol o7
Al g 5 o ks d5eeSly Sin sl s STl Cuaslin 2131 5 , S bobdy ~ ol T
[Yo] . 059,78
E‘_;}‘,Lﬁdgai}a.bu J:Jb:..:/ J.J}"‘.’.‘
(¥9] Lol gl 53 0 & S0l Soo (slas STb Canglie 2ol 31 S e oo log ) 5L =535 3= p S 25k
sl o S godan | Kl Lig Jssm
¢ 0 Y 5SSl Olakily o580 5 B
sl sSTY Phga = ST
V]|l 03 ok 4SSl S slacs ST Cnslitn 2l s | 0 pend gl
e ST ok,
EOIS ok il 4t Ll 0

AT


http://amfi.ir/article-1-85-fa.html

OB 9 ounl |

ol 085 0l O s 5 Lo 5 e 515 45 St

Elad peuSTs S (1 Canslin 11 )
YAT | e 53 odd &5uSils Seo Slags ST Cuaslin (2l 5 | O pond 5ol Mﬁ/f% Ole S = Dy T o
IS oks 5l anh Ll 5 tad
¢ 0 oY 5SSl Olonkily 2501 5
T | 5 ok Sl S S s Sl Ol RIP R | rsklsSY e
ol S S 63y 5 odee okd (Gl and Ll 2 el ol il
lad g5 Sr 4 o S 5 S0 S 218 2 50
&l ol S1098 9wl

Sy s 15,08 il e sl dlie 08t 5

.mdﬁ(wg.,.ﬁ;ojéﬁ;ogum

[ Downloaded from amfi.ir on 2025-12-14 ]

b#

Ias @luo ;5 (691,15 (659l g9 Ko dolidiad



http://amfi.ir/article-1-85-fa.html

[ Downloaded from amfi.ir on 2025-12-14 ]

byl s Cod ugunioly ualewlisiTY Soigmg p 6 5L (Glo 0ud (i b Sl HT (g gunsSSlg S o5 31

Sl (G g9 5o (2 Lo 050 jud luoguas (wwy g3 9 (05195 00l (g5l dusds

Harandi, FN., Khorasani, A.C.,
Shojaosadati, S.A., and Hashemi-
Najafabadi, S.: ‘Surface modification
of electrospun wound dressing material
by Fe203 nanoparticles incorporating
Lactobacillus strains for enhanced
antimicrobial and antibiofilm activity’,
Surfaces and Interfaces, 2022, 28, pp.
101592

Harandi, FEN., Khorasani, A.C,
Shojaosadati, S.A., and Hashemi-
Najafabadi, S.: ‘Living Lactobacillus—
ZnO  nanoparticles  hybrids as
antimicrobial and antibiofilm coatings
for wound dressing application’,
Materials Science and Engineering: C,
2021, 130, pp. 112457

Yoha, K.S., Nida, S., Dutta, S., Moses,
J.A., and Anandharamakrishnan, C.:
‘Targeted Delivery of Probiotics:
Perspectives on  Research  and
Commercialization’, Probiotics
Antimicrob Proteins, 2022, 14, (1), pp.
15-48

Sarao, L.K., and Arora, M.: ‘Probiotics,
prebiotics, and microencapsulation: A
review’, Crit Rev Food Sci Nutr, 2017,
57, (2), pp. 344-371

Koh, W.Y.,, Lim, X.X., Tan, T.-C,,
Kobun, R., and Rasti, B.:
‘Encapsulated Probiotics: Potential
Techniques and Coating Materials for
Non-Dairy Food  Applications’,
Applied Sciences, 2022, 12, (19), pp.
10005

Lara-Espinoza, C., Carvajal-Millan, E.,
Balandran-Quintana, = R.,  Loépez-
Franco, Y., and Rascon-Chu, A.:
‘Pectin and Pectin-Based Composite
Materials: Beyond Food Texture’,
Molecules, 2018, 23, (4)

Martau, G.A., Mihai, M., and Vodnar,
D.C.: ‘The Use of Chitosan, Alginate,
and Pectin in the Biomedical and Food
Sector-Biocompatibility,
Bioadhesiveness, and
Biodegradability’, Polymers (Basel),
2019, 11, (11)

Vaziri, A.S., Alemzadeh, I., Vossoughi,
M., and Khorasani, A.C.: ‘Co-
microencapsulation of Lactobacillus

oy

10.

11.

13.

14.

15.

&b

plantarum and DHA fatty acid in
alginate-pectin-gelatin biocomposites’,
Carbohydr Polym, 2018, 199, pp. 266-
275

Khorasani, A.C., and Shojaosadati,
S.A.: ‘Bacterial nanocellulose-pectin
bionanocomposites as  prebiotics
against drying and gastrointestinal
condition’, International journal of
biological macromolecules, 2016, 83,
pp. 9-18

Khorasani, A.C., and Shojaosadati,
S.A.: ‘Pectin-non-starch nanofibers
biocomposites as novel
gastrointestinal-resistant ~ prebiotics’,
International Journal of Biological
Macromolecules, 2017, 94, pp. 131-
144

Yeung, T., Ucok, E.F., Tiani, K.
McClements, D., and Sela, D.:
‘Microencapsulation in Alginate and
Chitosan Microgels to Enhance
Viability of Bifidobacterium longum
for Oral Delivery’, Frontiers in
Microbiology, 2016, 7

. Tu,L.,He, Y., Yang, H., Wu, Z., and Yi,

L.: ‘Preparation and characterization of
alginate—gelatin ~ microencapsulated
Bacillus subtilis SL-13 by
emulsification/internal gelation’,
Journal of Biomaterials Science,
Polymer Edition, 2015, 26, (12), pp.
735-749

Jaya, S., Durance, T., and Wang, R.:
‘Effect of alginate-pectin composition
on drug release characteristics of
microcapsules’, Journal of
Microencapsulation, 2009, 26, (2), pp.
143-153

Eratte, D., McKnight, S., Gengenbach,
T.R., Dowling, K., Barrow, C.J., and
Adhikari, B.P.: ‘Co-encapsulation and
characterisation of omega-3 fatty acids
and probiotic bacteria in whey protein
isolate—gum Arabic complex
coacervates’, Journal of functional
foods, 2015, 19, pp. 882-892

Teunou, E., Vasseur, J., and Krawczyk,
M.: ‘Measurement and interpretation of
bulk solids angle of repose for
industrial process design’, Powder


http://amfi.ir/article-1-85-fa.html

[ Downloaded from amfi.ir on 2025-12-14 ]

OA

16.

17.

18.

19.

20.

21.

22.

handling and processing, 1995, 7, (3),
pp- 219-228

Gbassi, G.K., Vandamme, T., Yolou,
F.S., and Marchioni, E.: ‘In vitro effects
of pH, bile salts and enzymes on the
release and viability of encapsulated
Lactobacillus plantarum strains in a
gastrointestinal tract model’,
International Dairy Journal, 2011, 21,
(2), pp- 97-102

Brinques, G.B., and Ayub, M.A.Z.
‘Effect of microencapsulation on
survival of Lactobacillus plantarum in
simulated gastrointestinal conditions,
refrigeration, and yogurt’, Journal of
food engineering, 2011, 103, (2), pp.
123-128

Sun, W., and Griffiths, M.W.: ‘Survival
of bifidobacteria in yogurt and
simulated gastric juice following
immobilization in  gellan—xanthan
beads’, International Journal of Food
Microbiology, 2000, 61, (1), pp. 17-25
Favaro-Trindade, C.S., and Grosso,
C.R.F.: ‘Microencapsulation of L.
acidophilus (La-05) and B. lactis (Bb-
12) and evaluation of their survival at
the pH values of the stomach and in
bile’, Journal of microencapsulation,
2002, 19, (4), pp. 485-494

Silva, M.P., Tulini, F.L., Martins, E.,
Penning, M., Favaro-Trindade, C.S.,
and Poncelet, D.: ‘Comparison of
extrusion and co-extrusion
encapsulation techniques to protect
Lactobacillus acidophilus LA3 in
simulated  gastrointestinal  fluids’,
LWT, 2018, 89, pp. 392-399

Silva, M.P., Tulini, F.L., Ribas, M.M,,
Penning, M., Favaro-Trindade, C.S.,
and Poncelet, D.: ‘Microcapsules
loaded with the probiotic Lactobacillus
paracasei BGP-1 produced by co-
extrusion technology using
alginate/shellac as wall material:
Characterization and evaluation of
drying processes’, Food Research
International, 2016, 89, pp. 582-590
Rodrigues, F.J., Omura, M.H., Cedran,
M.F., Dekker, R.F., Barbosa-Dekker,
A.M., and Garcia, S.: ‘Effect of natural
polymers on the survival of
Lactobacillus casei encapsulated in

23.

24.

25.

26.

27.

28.

&')ls-o.bg‘so*lb'ﬁ‘

alginate microspheres’, Journal of
microencapsulation, 2017, 34, (5), pp.
431-439

Surono, 1., Verhoeven, J., Verbruggen,
S., and Venema, K.:
‘Microencapsulation increases survival
of the probiotic Lactobacillus
plantarum  IS-10506, but not
Enterococcus faecium IS-27526 in a
dynamic, computer-controlled in vitro
model of the upper gastrointestinal
tract’, Journal of Applied
Microbiology, 2018, 124, (6), pp. 1604-
1609

Wu, Y., and Zhang, G.: ‘Synbiotic
encapsulation of probiotic Latobacillus
plantarum by alginate-arabinoxylan
composite microspheres’, Lwt, 2018,
93, pp. 135-141

Pradeep Prasanna, P, and
Charalampopoulos, D.: ‘Encapsulation
in an alginate—goats’ milk—inulin
matrix improves survival of probiotic
Bifidobacterium in simulated
gastrointestinal conditions and goats’
milk yoghurt’, International Journal of
Dairy Technology, 2019, 72, (1), pp.
132-141

Suryabhan, P., Lohith, K., and Anu-
Appaiah, K.: ‘Sucrose and sorbitol
supplementation on  maltodextrin
encapsulation enhance the potential
probiotic yeast survival by spray
drying’, Lwt, 2019, 107, pp. 243-248
Shafizadeh, A., Golestan, L., Ahmadi,
M., Darjani, P, and Ghorbani-
HasanSaraei, A.: ‘Encapsulation of
Lactobacillus casei in alginate
microcapsules: improvement of the
bacterial viability under simulated
gastrointestinal ~ conditions  using
flaxseed mucilage’, Journal of food
measurement and characterization,
2020, 14, pp. 1901-1908

Ji, R., Wu, J., and Zhang, J.: ‘Extending
viability of Bifidobacterium longum in
chitosan-coated alginate microcapsules
using emulsification and internal
gelation encapsulation technology’,
Frontiers in microbiology, 2019, 10,
pp. 454608

1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-85-fa.html

[ Downloaded from amfi.ir on 2025-12-14 ]

byl s Cod ugunioly ualewlisiTY Soigmg p 6 5L (Glo 0ud (i b Sl HT (g gunsSSlg S o5 31
S LB JgunS 9 ;S5m0 (2 Lo 950 jud Sluoguas (w2 9 0le5 ool (g 5lw

The Effect of Co-microencapsulation of Alginate with Pectin on the Survivability of
Probiotic Bacteria Lactobacillus rhamnosus under Simulated Gastrointestinal Tract
Conditions and Investigation of Physicochemical Properties of the Produced
Microcapsules

Maryam Tajabadi ebrahimi ™, Fereshte Nazemi Harandi 2, Tara Mirzaei !, zahra ziari ®

! Department of Microbiology, Faculty of Sciences, Central Tehran Branch, Islamic Azad University, Tehran,
Iran

2 Department of Biotechnology, Faculty of Chemical Engineering, Tarbiat Modares University, Tehran, Iran

3 Department of Biology, Faculty of Bio Sciences, Tehran North Branch, Islamic Azad University, Tehran, Iran

Abstract:

Co-microencapsulation technique is a common method to increase the efficiency of probiotics during the process
as well as their controlled and targeted release in the gastrointestinal tract. Thus, in the current research, to improve
the viability of microorganisms in harsh gastrointestinal condition, the probiotic bacteria Lactobacillus rhamnosus
was encapsulated in sodium alginate and pectin (as co-microencapsulating wall materials) using extrusion
technique and then freeze-dried. Then the samples were placed in simulated conditions of stomach (pepsin
enzyme, pH = 1.8) and small intestine (bile salt (bile oxalate) and pancreatin enzyme, pH = 6.8) for a total of 5
hours. Samples of optimal (co-microcapsule) and control (free cell and microcapsule) were characterized to
investigation of physicochemical properties using FE-SEM, XRD and FT-IR assay. According to obtained results,
the survival rate of free cells reduced to 62.52% after the passage through the gastrointestinal tract, while the
viability of co-microcapsules and microcapsules reached 83.49% and 74.83%, respectively. Therefore, it is worth
mentioning that the performance of co-microencapsulated probiotics was much higher than the acceptable level,
due to the synergistic effect of the bioactive substances used. In summary, this study demonstrated that the co-
microencapsulation network could be employed as a new system in the preservation of probiotics in the functional
food industry.

Key words: probiotic, encapsulation, co-microcapsule, gastrointestinal tract.
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