[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/s5u.v28i4.3765 ]

WWAYNYNA:cd 50 & b O3 (Bgo Sl (S pale oIS Lhdgy (oode alo

WWARA/YIVY: o p iy &6 WA 15 e o )loud (pilid g Gy 0590

S S SUS igy 4 bSigug p Slig 3y s W

Y . LY \ .
oy Seled 1 (b gdd o doxo ol ¢ gy Sl l0S

Sl a9y gl (pasucadle (olss a4zl b S (290 5 i DYpams Bpas 4 axgi ;i3 slalo o e
olse 51 (Sa g (omsz 9590 IS olKws 5l o (b az g SV game )3 4z lag iSL (nl (Sleoij 5 650K o lgen Sl 039
Soasg 5l g 5 ool eoliil 5 050 Sl lyr 60 5 ot slaanS 5 (S o5 S gy sl 00y Al
SRSl (03,8 Sz ) 19,00 092y Slig iy slp oS bt Slahy) Gm o Ml Sgsn Sasw dlox I (29,50
S35 2 8L Glaytelly (g0 dingy wBl e (Srio ol g x> 3 eoliial CLbB L ()98 Sl e slagty, Sl
5 i )l bailisr ) o)l (sl cslie dlge DLl 5 LI (S SAS (6la)eiS 1 ( STy Slas SL Silulaz g coiS
5 Sbeodiy » Foo Jelse y9p0 dlie nl )3 wdlioe (o plidie o () crl ) eslitul (ileaige 59 3)lge (Sl 2
OO SaS al e (b Ssgn sl S Sleosss 2 Fge Jelys 5 LSl (S SaS 4 5,5 5 S al> e ;5 (6551 Cueglie
Seigergy, wailldsynn; 59, 5 el a5 (lapygesl 5 Aligy iy o l5a0 Slse Sl ppe lojlime (rpizred el onds Loy L]

Censldid 518 () 32 3590 095 5 o0 plowl SLASN (S Sis ] Jol>

G361 slaygesT o g sole o SLadl S Sis o lig i, «Sigmgp gowdS sLo]lg

SEah sele alne (LU (SSUAS hg) 4 S WHamgpn Slhs iy LN ez sl (Lsdie d e 2l Gise S Snles gyl
YATYZFF (F) YA YR8 55 Sguko suged Kb pole oS30

Ol s p5 o ps Sy, pole BBSL (138 pole 9 4345 23SE1> (I3E @lio 9 pole 09,8 ()l (olids IS (9aniil>-)

Ol Ol it St (SSul g pole DL 138 Rliao 9 435 22SLl3 (32 @Lio 3 pole 09,5 bl ¢ pl3E @ilio 5 poke (1355 -V
Ol 3 oS (S iy pole B8GI1S (238 pole 9 41385 2SSl (2132 Rl 9 psle 09,8 liwl (2l3e pluo 9 pole (1S >V
DIFFFVFEY) ¢ gy B9aio NOMayoUNia@thzmed.ac.ir :;Suig Sl oy ¢+ FIPFFOVOA) 10l (U ghumo 0 3kanns 933


http://dx.doi.org/10.18502/ssu.v28i4.3765
https://jssu.ssu.ac.ir/article-1-4847-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/s5u.v28i4.3765 ]

- b SCigmgy (Sliver 1)

Sy @ g ol -)
Ssmgn e ySh 0,8 Sas wlids el o
RUINRNEE N e J60
St el il )5 18 sy p 350 pe S bsde
Jooio Jdoay gladl (S Sis gy 5l eolatnl b Sigmg
e g5 anld ol b e bld sl
5O Ceglin (Shg cadly il |y e Sleodi 00,5 o
sly gl obul M 5 las Wb g st ol

ol b ol Cavods o9 4o Loy Sleoiy b ol oo S Ses
St oyl g gmalananST el o)l ail iy b,
o JWint con &5 i Slapesle plyiear o5
2350 O3l G 5 SLadl (o8 Sas 090 (b 55
odds )55 walisee Slidss [0 (A) wilowds a8 3 Ly o
ol Son 2l L calisie laaieS L age a5 ol
dlie aims plas ag Sl Ll cal 6l (Jolite Joos
5 PSS ouokenlisiSY SSgmen Sk
Jodo @ lopg L (Semgn a5 ol (lad lepg Shousdn
YL Caglie 5 Jooss bagma b illas o bagT 5YL LUlgs
dsilie 51 256 Wl s el ol s (R) wisls Lis |
sers oal b sl bl e alfais oy b by
Sl lapg S (Semgn 025 SiS 4 bape Sl
b poshowligiSY b dnglie )3 5 Lo S oS o5yl Sl oo
OSSas b S > 6Vl Cwglie 5 Je
o] o a5 oo ailiw] o> wsols oylis og5 51 Sledl
a8y gles @Y v Gl 005 e (0950 sl sl
A Sl Ceglie Lo il 2Ll slaass
G Sad skdse sles St
4z ST sl cle (e 5l (AU Wlgioe 55 lagmalenlbnSy
oslligiSY g (V0 %) Lo 5 )5 A5 50
SSSES by b pad Sis 5l e NFBC 338 35l

95 55 5

593 5 oskidga s 95 95 i il b bt Sleows; ¢ SLad
w5 ol 4 (TooB) hSen g oo (Ve 1) ol olis

P9l wokewlgiSY (el jlid Jomd a5 szl cuws

AR 15 5l o Lo (pidid 9 S 090

5 OlF &5 (laeSh slan o) p 3 sladle o
el a8l T3 il |y S s SL slo S
>y ST a8 st 2l iSh SSsngn slas St
Pler wlg e tigd Byas S olawia g ew;
oSl stesgm Sl i obmyl 1) siduced
Sleod) 5 (Bras 593 Olie g g9 & (Sas SSggp
el el opmmilydd (V-F) 8 lo0ns b pas 6,5k
53 0355 Sy 6LV liee S8l 525 (IDF)
et Spae ol o 1) e Jgarme 5l il lee b o5
el 9 655Gl BB olaws Sleoasy plply (Cawlosges
Siliin 5l Jyame WS 0y (b lap] olys i
oS el loanl b Sy 58,8 i (F) Cenlay] G yas
ol Dae Gll g e S Glp eoiS jsbay
J8 5 Jor slaanze (2al8 ol goluly 5 Jsame )l
bz slatg) ol o 09,5 o0 plnil &)l Cgpe
20 slagty, 5l (Ko (Sladl (3 S SS (o S Sas
ot 4y odigd iy Olyd ple (Q) Wil g0 i Cais
Slon 5l Sl b aS o3g (39,80 100 BV e (o (g, 00l b
9p9y oS sl axy0 YO-V0 sl L Sas g £l
0095 Sl 3l o lelgn e Lad (Al s S o
S Sl )0 pSedyr SRl cun (53,9 oole
b paiz 50 Gab SES g9dy o &5 035 o0 b
woolaz] (S S5 b dglie ,o ladl oS Kas 25,5
3,00 55 15 AL (5h90 e 9 LB )0 $ 7S (555l A
SLadl (S8 by, Sl esliiul Al e 925 cnl b
(P V) 3,18 9929 SSgmgn ol ladigw sln

0055 S 5l i Al o)

6L Sleowsy g Cuglie plime 50 Gl ilse
Sl (S Sis b 9,8 i Lalph ol 0 S
@ 399 5l 3 Sge Jeloe @y laml iou l po astes g

il LSl S 4 g o5 Jladl Sas

AN

O3 9oty (Sloyd = (Sl lods g Sy pale oGS alo


http://dx.doi.org/10.18502/ssu.v28i4.3765
https://jssu.ssu.ac.ir/article-1-4847-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/s5u.v28i4.3765 ]

oo g y99 2> 105 -

g0 S g 1) Sladl (S SiS L e ,S S
ol e YU jLad b6 SL e i S 0,50
o505 4 SgeeS 5 bz Lal i Cewl oud Lo, Sy Cnslie
Sl @ 5L Jod Wl oe 55 S5 d9eS
WWligdos (> p 50wl S 1) Sl 5 e
SoS 4y (S5 dgmte 9§ Olpass a5 Canl oald 5158
GRIBD e plp B0 B0 el atidly SG wiiges
9 99,5 il liomsml lulyd ol jo 8L cuslis
g ool (VO ,VF) cewl 00gs 13U ey 55 M50 RO
Soi byld 5o lad ey 45wl e (Yoo ¥) ol Ken
clale b oy IS o g ol )5 ile a0 00 oo L )l >
Ggw 5o Sleoady Glolime 300581 o Yoo ofF
Sgoi b amlie o HNOOL ugugial, msliuliyisy
i ol Ui 5 5530, Lamgi Lo gy kb S
Seb slaoeyn dex Gl uSgn ge 003k ol
sl i3l DnaK g GroEL )l >

Nl Gbigues oY glawmpl ol
Wged ;0 35 jlregnl Olawd ja 5 ol SldSsans
Oezed D 55 RS dged 5l s el Lo iy
3525 Slad Mg lyime Slyaieg,S IGT o
Sl diged 5o Jg el b aily oge slooy 5Ly
byl Josd o)lge cdel jo (A5 jabay L(VY) o4 oo
65z b ySL cuiS oS opl 5L ces Sladl (S Sas
o edea xS B celeat Wg 5 el
e 9 Sgke ekiie 4 (e p Sl 4 L s SL
R s S oS Sas sl il el 1 ey
ol po e adl ) bty cnl i sl p3Y (bl
Sk el Eeb lageSen oby ads 950e
sl chadlrs  gonie 3l Wlg e (0,5 Sl
g ooy, Lide ol o ansl amsl s Sas ol
L coilos aiily wolyen lallne slacntSgn ohgn
mis-) oluil sle So,95me L laca b peeys

QA &,ls sage o 1, (folding

YRR 55 Lo olouds cpoided 9 Comns 0590

Fr 5 3 ooy eskesligSY (MLt yal ) Loges
slawiss plo ;o ablbe e 55 bpede Sl oojlse
5 ooskdeenl (GBLL (G ailes esllisisY
@ ally byl 4 Cwglie 5 Jood Ol s)lelle
ey iSlgasdn 1 dgw W (gu)p 0 adlbior dgm
WSl s Sl A pslie Glaagw a5 WS asie
SLadl (S SAS (hg) b ad Sl o s Sleod
PSS FSY L LSl )0 gpdge (nl b alin 3550 ainils
OT) Sslonds (A5 wgmgiol, (wokeligtSY 5 (neiSY
ol Cuglie Kbl (b ySl sloaisS Liges 4z 51
Oy 45 dwye g Ll ansl e cilige glag St
Sl (S Sis b o S Sas (b Ssmgn slas St
4 borye del s pldy i (S a2l gl ol55 4y 4y
S979 s3> (8L b e g 4yl S Laome
<Uls by Jobo ) Soile b 25Ty (ol slag
My g Jeke Sl clandly poges aalil ln
OF) b s 0,5 Lo Ly 33
ok o ! 42 Fwly Y-
Joo Sln oot HeSB Olpear Jobo b, Lalys
ool axd)S Ly byl eyl s ol SL
rlo wiles SSgmgn sl st Gly e ool
slboxe L ol Gohie 5 ablie oUly oSt
S ol oyl ailod il lyls slalas g aclul
e 53l Jld ok 5l iyl 1 VL sles L g
oo wilgige a5 005 e plnil (ol gyl Euly
OSSaS b oSS 098 (b Sy n sl SL
agzlye sk 5l Logas i (0l a8 pasia 1) Siledl
SepS el (Sawss as Gl Sonl glajes L
L b Sigmgyp Sloondy ;0 dgue 4z 51 .00F) 00,5 o
Loy LF L oad Gebie ailen Sladl oSS Gy,
SemSTyy G500 b 6L agzlye bl s fSge Sl
NGl slSe by akds Yoo ln Ve ofe Y

b 6L Sleons Wilgs oo aiBs Yo Gl ez | S

O3 9oty (Sloyd = (Sl lods g Sy pale oGS alo


http://dx.doi.org/10.18502/ssu.v28i4.3765
https://jssu.ssu.ac.ir/article-1-4847-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/s5u.v28i4.3765 ]

om PH Laas Sllg o SYeb Gowas 0l pH jo il
Gl o a5l adly ) it Sy Jele
205 oo ulpd ool )3 Sgmgn 6L Sullad 5 Sleows;
@lasli im0 ok G PH jlwgen jo paile (Sb (2Ulss
ol ollgas atudly Wilgh so ol (pl ol Oglaie alizee
b bl il 45wl ol b sillas ol (6T
1 ledsbe (gl (il (97 055 (00 So 28 1) (09,8 S
Loy caloy gl wwiS ol PH was oo j1 3 150 cos
2l 50,8 SiS 5l ey S SAS 4 (9995 0ol (5SS
(V1) o LSan 5tk (3155 50 (YY YY) 058 a3 5 s
o o osleclisTY Gla gl (Sloonss pH 36
bl ws,F asie Sladl (SSis b gus Sas
Ao )0 00ls S PH o adl, o) gla Jolos a5 adly jo
Sy (Sloodsy FIB ol JyuS PH jo asdl, ol by Joles b
(V) wols ylis 0g> 5

oy 6 Y-¥-)

b g (oo, 0l 56 slol o el Sgmgn slois Sk
gl Sy 033l 0 YL B oS o Cloyy 95 5B gl
lodgbe 125 93,5 oo QL LI (ol ln oS 5B el andl
Ol 355 5l il Sl 50 i Cuglie 0)90 (b
055 6 o Gl (sla il & Solis @dly 5 ns o
Sl 5 50 Ll ol el cal s ise (el
woils el onl 09l oo @y ozl ilule) o a5 0o
335 oo Ll (R0 logish g (S oyl sloetiy
(YENOEF) 058 0 syl Az o fors 4 oo oS
ropbeclsTY slaJsh o p b (Ve o ¥) oo o )65 555
5 oo B il 5 ol 5B gl 3B 5B S usesial,
slaw Sleasy (gladl (S Sus o b sbe oge S
5 55w B gl jo ead cuals sl Jsbe sl 9,5 S
Wdgad )8 a0 VF gas,0 B 5l o cusp Al ol

Jabus cails yy S5 F-¥-

sy 3 g Jolie slaghs) 5l (S Geei ile
ol 00 Bl Y L L g, olsieds 45 abl e Jokos

YRR 55 lea oylouds cpoidd 9 Comns 0590

b Signgn Slbgr )
oigd 31y oole gjlwoslel g iy agl o ¥
S baazmo) -
CiS Lams oS Cadloss 55 lallas 3 Swl s o
OIS 5l e LSS 190 Sleoki; 2 (S 4z Wl o
MRS cus lass “scolii.il,oji slcas cdel jo 0,105
Sl Ceosd o, s S Lawe 45 53,5 oo olizzul broth
Ay b lene Az 5l (e Bilas
Ged, MRS broth cuiS lams ;5 g lid usluwlsisy
95 a5 oud (6581 dawgd ()5 g (Pl S 8l
NS o o SiS Gl ey 8L Sleonsy R el
by o ol asilen o ol sl clidss S e .(0)
a5 Sl ol oolitul (8L ciS Gl o e S
St ok g sln Gl @ g 00y (STys5 03y i)
Wlgs o Dl 5 ol Gizres Sk oo osliiu] BB Sosig
Aadon g |y el Sis asiles adgl 31w slaan g
s Sy axlye ol cullad palS bt &5 b
o5 bl 5 98 Gz 1) o iend B8 L L w5
5 ok sl el g awwlgial aslea 55l slaonigs Jo
ol wles Laas |y 0e5 Sloodi; b 3, S dacljoumes S L
b Sgmsn (Sleosy SRl sl (o oly Wi oo 55 b,
@ azgh b Cul ;S04 a3 andladl o5 Sas Lylyh b
Ll s, ol aoglie ool gg)  odds plol Slalllae
ol 53,5 5SS b oS Jaos Sl e
4 ally dog S vl SSY 50 onigd Jo DlaS 5l
09 obeS 4 dxg bl cuaS lama 4o oyl jle i 992
S5 S el g S SIS s, ooy
03938l (65l ciS e 4y bajlu iy 9 Bl onigd J>
S amlys (Vo F) oLKes 5 olly,ls (18 ¥e) wsd
odb b S laze o il 0By s, Ty usleilsSTY
LTV Wl |y gy Sl Joo Ol oY L

oy pH Y-Y-)

Ol Cuglio g loosi 1 Wil oo (6,55 0y Lo PH

A el oSae sl 0l 5,86 us Sas b

O3 9oty (Sloyd = (Sl lods g Sy pale oGS alo


http://dx.doi.org/10.18502/ssu.v28i4.3765
https://jssu.ssu.ac.ir/article-1-4847-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/s5u.v28i4.3765 ]

oo g y99 2> 105 -

Sl SHlS 8 g oo 500 b 00 5 (oo St g 0318
a5 00,5 Jlosl (b3l 51 (86 oyl Jdoas Lopgisen; 5
clae o SleyS cal s & Mg™ 8, cans 51 s &
(Y) w20 7, Jobo
S 5 K gy -
plel Glisin, @lp &5 Gl slogbs, om0
2 45 o3 Byyee by, Sl (SIS g, @005 (o
J=le sl 00gas ST 1) (6 )b laciditse 136 Cio
b bed ooses Sopl >y Bl Sl28 (S Ss
Wb 2l Old Gilulazr y Cusb, pSud gl lse
b Jols oged sl al o )3 moe slayell (V)
(feed) onigs 4das b (639,9 oole 4 )9S g ¢330 (S yune]
oole daw iS5 (99,9 osle b sy olRiwsay
el Jyaxme CoiS n a5 wlliee oiws 4 (63955
(atomization) jogei (g el jlid ol ol oo 135,50
SlyS o3l GalS G 3 55 5 (595,5 Slge g5 3l e
s s Gl ol [Lid b diged (0505 (gl )0 00,5 0
Felb ol iz 00,5 o0 DS ple ol co (4L
oole 4 j9Suny bl oo Sillins p ooy S p 4y Ay
&le 03505 Sl )18 DS nle p (ceniiase 256 6399
Jae gl il Jlpds b (e 2iST L 639
69559 0ol (ygeliiisesd bs plidgal (599380 L wilgs oo
el (Y YY) 008 adi o gladl (S Ses 5l i
argi S50 Wb g g Glee b eled i 0 &S
JEsl gles 5 (255 5 905y sleo Jold S l8
a5 a0b Vb a4 b (639)5 sles Sl o0 TQ (gladd
AN g0l Jpame ;0 Cusb, Plas uile (Sb 4y e
sl aSol s 4 S 0y 1) (295 Jpame Gl
Wilos oSSt abiize )3y 9 LSl (Jols (295
5 asb Gl 2 el ol b sad (Sas ol 380 ity
ilge NS0 ol Jyame ©ld gl (Shs 9 SISO
o S ile oS el glabaks glatnd JUnl gle
JUl slos S o onds (S ey glains ksl

YRR 55 Lo olouds cpoided 9 Comns 0590

S a5 F a5 ok catlsy sbes
dsbo oot Ses Ll olse (Sp 0 Sl
ol sl it aile Llblbs, asledd b3S IS0
SaS sl gy onl adl &5 wlad S 13w 890
B eslinal 950 Sladl (S Sas by bo6SL oS
Al oo cuiShe 5l 625U gilule (YY) calas S
Ol 00,5 slalamde LB (6550 5 9lge (538, s ) s
SiS g oS lase Lis p mer 5 S elide jo G
o odleay bl ge S lame b (1 priiens 05
boe ;5 a5 bipwn iS5 boeeliy 5 iz slooe!
ol adgi (6L H0g Wilgi o dloads Lads g olwl S
b S ona i, ol b s AL 5 s
O8) Sas b plaied mo 5 6L w8, L plgie
€5 4 4z b oS IR eolitul 590 5L (Sludl
(g o0litul liolye sl 45 35 je0 ,8) ng 2L 5 pune
kol IS il (2li az o 5l b S e OLoS S
S5SL ws, (isotonic) lges Lo 45 ol opl oy, ol
ALl ey Vo0 sga 10 g S el lge Wb el
3Y il L 5 YU 650,00 csly il oS Il o il
ool sl e cpl 5 YL cae dels (lyine 45 caud
Slagbyy 05 L ceiS Lasee 4y flicy jo0 Gl L S
lin oo a5 coal S5 @ a3 e Casody Lol
Jiz! (gl Jole o canSlase 4y j05 09380 aiilen)
OF YA oo o il 1, (Sogdl S, 5 Sleoas; Lrals
SLSl (T SLis b yud S s o Y
ks Gladl (S Sas alpe (b 65k Jobo a4 ool
e by aSly 0395 (les jois 9 Vb slos 36 Joay
S il 55 Jobo gl 5o asn ST 38, cess
oS wlge sedygiew sLi ok ol 4 (oli Ll
9 a3 oo &y el ol opl (Sladl (S Sas wlp b
3l a¥ss Glandsind Condy ki 4 e o] Bl
&l s oyl .03;6‘0 JiS1%a L S8 sy cJ>
MWels Jlisle fael covsas el boadsind o) 4o

O3 9oty (Sloyd = (Sl lods g Sy pale oGS alo


http://dx.doi.org/10.18502/ssu.v28i4.3765
https://jssu.ssu.ac.ir/article-1-4847-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/s5u.v28i4.3765 ]

- b SCigmon Slig )

5 ohd el Sbogley 005 gladl (S Sis alaaxe
Aibse Sl ams rels jelaie 4 I3 sl J S
aill YO-YO (S Sz abass o yaile (_,’_eb ooy lawg o>

2 Segby Ol Ble o) Gaa Lo Wil

S ) dgam 0 (P XY) WS e i o
Sladl (S8 gy b bSgmgp Slogn, ol
W‘M)S)“M){?)#m

abize ojlps a4 Jpame (Saizd atuly glaed
G g (6999 dlge 4 alusly Lo ol bl e S Ss
4 gy SloSy ax 2 a5 wdl e s 4 gl
L g slodgs o el axsls | (6 VL (JsSge ()39 olSitws
SLadl (S Sis (295 Jpame i (ab glaSols
2l Olee J5S 00,5 o0 Jpame ganaia 5l oy ohis
00,5 s sles led S 1, TY wilgs oo (699,59 Jolowe
2 Stz 5l gl b asl oS5 TG sbos 5l 5wl Wb

Spray dried powder

I ' — @

ol dolye 5 ladl (s ses 5l ol JSs

SLdl (S Sz g ya b SSgngn Slonn, lulyd e ) Jeux

507,06 LgSyY aLosb s LewlST 3
O8) o \F oais 38 RN VY- st S e
NFBC338 ET 09N
Y0) Aoy B o6 mi/min YooV oduis yi,l5S ezl st 7T 09
GG ATCC 53103 SgmS
(*F)  wsndFF) FYml/min A Ve R7 oS os535555Y oelsal g il
(*0) awo,s AY/FA f. ml/min q- YO 5422 mtcC s, Lidl sl dgil ooyl
uLu}ﬂ 20w g 0 0)33[.3.3
UAM2L il g wlises 5T
UAM10a L o/ _
(V%) aops AY oais bl g Voo el 9730 LS oo
UAML7 o) L3l puphenslissY
UAMIL upulesy usSs5at
wy) 03 C)Lo‘wb..:
YY) aY/A¥ ~F/omi/min £Y-0 \YO-A Y, Log , 5l ),“..;.,;o.,j Sl
RV -0 A ST pdloy, .
N s Eeo (S dgille

AR 15 5l o Lo (pidid 9 S 090

(55980955 (aiig palg sl

O3 9oty (Sloyd = (Sl lods g Sy pale oGS alo


http://dx.doi.org/10.18502/ssu.v28i4.3765
https://jssu.ssu.ac.ir/article-1-4847-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/s5u.v28i4.3765 ]

ohKon 9,99 2l 105 -

YA s £ g/min oS bl AR
(YD) a0 WA eais )58 z I
) oy A XGRS ZA

(F))  aoye AV

sl o a8 il slasSay ol o8, Sz St @
el ooy gy O e a8 b s sl ansls _tals
5o cdidlne gl (93 an S Slge 5l (S 0 S e S5
U’“”)‘; oli';...u.) @Yb u,....?u 6.,\.;...0‘ .Ia_s‘).w L WBLM L]
Sl Jds oy plams o lis 055 5l sare (gunl Layl i
b o ol Glaeatsy g 5 Syl gemlgils a5
o sedsal ol il cons Sl (S Si5 al> e
g 0 iy Ol Glautiyy Cio dgup cum 45 855 e
OY LSS el g 00l o,lg0 oole S0 pile 5 o Joles s
s sle Sleowiy (iali8l o a5 als wule J5 S5L
(FV) 95,5 so 6 )5 5 (0,5 Sz al> o (b Koy
Slola,y 5 3585 jolate 4y .all JlLl 7 YL PH o @
2P LS Sgmgn 0,8 Joe a5 S5 0oy, 5 laJshe
J.:Lv daLwy).») 60)‘93.& 6‘)4 ‘sal?w‘ odle a5 ol ;éd.’
dgw 4 Alalge gy 1) by, (! &5 ALl e
3 seeloaibse oolinul (sl (Rl (nyiS 5 @dly o ils)S
LSt gledsle iy, @l Sl (S Sz o,
@l o)ls0 oole SUlgT 0l oo dgm g5 A g, (SKiumls
Syl jekate 4 Vb b ;ekuns b gladnd S 5l oSS
hom s Sl (SSis al> e (b 650 sla ol
sad Sl STy wble we o3 S

e

YRR 55 lea oylouds cpoidd 9 Comns 0590

oo )l

1 ml/min YO-£0 \f.

OeSgy OBS Al oo
oS wls O o Jgloro
S ogille

ST O9N S el

La-05_uplebgatens] uslowlsisy

CIDCA 125, ugbolisisy

rtlog 95l5

VMOO04,_uglens, Lo Ol iyl 0%

ik o258 oo 9 s
=S50S a3l
Aok te

LPC-37 5T phnkiszsY

ailiigy 39y 01990 oole Ll )0 w0 s yLzo —F

9 eSgn «Whneag,S SloS 5l b Jlag ), el o
oolitea] wiliigy s, &t Libloo 5 o120 eole jshiiads lauissd
bSismon Sl slr o wolse (V US8) 955 0
Lol o5zl ols Luyls Jeld Wl wio,S o solizul
lioe 25 slasle i

Lis ) b Joho loonss Jbo (e )3 9 28k (o et @
Olsieds azBlazils g Saens ullad wyls adly 5o il
L a5 (el sloog,S 5 (20 oo Sl S 4 plienS Jle
s o STy byt sladshes ol sl LSy
(FY) 055 oo Lo 5L 2 (e b s

YU 3985 bl gly 4o abbazls T o LY bl @
e &S omb Js¥se (s b sdne dlge 5 bacdglie o
wdls 1) aten (65900 0ad (Sldg i, sladshe Sleons;
(Y sl

Sleowy mlBl jolie 4 1) ()l cdidlre  Shg e
Sl Al 6l 0,90 5 Sladl 0,5 S 0y50 b

5ol gl bl axils |, oY glaiad JEnl glos o
Jiz! il caw Tg gloo 4 0,8 leo 31 asass cal b
Sl st Jdsay Joho slae So)lSe (23, cwsl
ORI o BT Gl a5 008 (o0 (S 5 @y Jliw S
(FF) 055 o0 sk S pe Culed 3o 9 Jsbo slid ol

o)lgs odle WS ple Ol 5l ST Ll 4 Cos o
» @b B siledd 550 a5 @b pa Bk pslie
(F0) asl asls 5l (i wl 3 b

O3 9oty (Sloyd = (Sl lods g Sy pale oGS alo


http://dx.doi.org/10.18502/ssu.v28i4.3765
https://jssu.ssu.ac.ir/article-1-4847-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/s5u.v28i4.3765 ]

- b SCigmgy (Sliver 1)

Gl 3B a5 00,5 d5a o Jolo slae ol glad 4
5Bl JEsl (o] o) ‘5:“0)\7)" sl Wy, b
AiSn e Sgu |y Ve glie 4 Sl Ceoglie c(slaii
B logs S oS wilb oo jella i (LS 5 ol cenline Jlie
Sl 3 Sl Sl inl plp o (p9 Ll 5 03

AY0) wil oo

SIS 0y99 9 Sladl (S Sas al> e (b ok b
09 b ooslss sln ead eslinul (grenly Slge 555 e
il e ke oy alols olml Jioa Vb JsSJse
039 Jelsa 5 Bk il g WS e Sl plSoel
| ok slid 151 glad 4 doi5 colls Yo JsSse
wlgioe omb (JeSse g9 b SlaS 5 (B 51 (1) W)l
SLadl (S Sad 4 odigh 4355 Jolne (giluoslel azme 4

ol am g 5
Helo culins o 5 an s

LacuseldS s ouss o b doaess

LDAAL..\}\).:) o)‘%d ‘51).1 oolaw! Sy90 él}.‘a Y JS...:

Oloeds Lasxe 3lge cpl j5 a5 wo 8 il 8 (S e
R 9 e aid )5 Lo (reconstitute) oo s il e

Looad Slogn, Jpame jl <) Jbyw a4 5l o ol S

2 e ClS L Cale Ghga (LAl S SaS b,
g oad plol 09,5 Lbyled MRS agar cuiSlasw g9,

Celo VY-YF e 4 of 5 il a2 0 YV les jo eow
o) slodsbs Sl o 35 3 il SIS
Logoad Glign, Sas o0 5l )5 axly 0 CFU & )50
(FA YY) oo)fsa ol o.\..;')(_g).:.i.—l Jsle 5l Fd e

bilps yo albg i, Gleniy g @slml (owyp T-0
)95 ol ouly (g5l

ety SSgmgn sladobe Sl (Hosn o
sl slayll g alisn, gojlns eole LS (o)
odas g 039, o (gilwand Ll o glidl S Sis
il w0dme odd (gilwand laylpd 08 o bl Ll
ety (NECI) 40,15 s (CACI2) s IS a5 (a8 5

AR 15 5l o Lo (pidid 9 S 090

Sigmey Jeaxe 69, » LT Glpgesl -0
LI (S SS9y b owd (Slbgy )

oo ldgs ) Sigmgn s Jokw (235L1-0

Jolts oals Slisy sy SoSigsn (23k Olie ee5S
Sham g B8 SSgmgn ladsbe Sleoss; ol vl
oled Gk 5l kel by, cnl abbee LA S Sas
plwl MRS agar cuShows g9, p» b olS o lailil
gome Gy 5 leolil iy onl 50 e 4S5 055 0
a5 abbge ol e JBI 4 bbJgunSy Sl o Jskes
Syl wilig oyl olge sazme 6 u Sl Lyld a s
SLniny Semsn sbdsbe 2L Gl Sl aleaises
Casloads 03,51 (V) Jgaz jo gladl (S Sas iy, b e
Ot ol e Sl,eSl plsie 4 saze (55Kl oy g Leo
a0 YV B Y o oasme (6,050 sloo (i wdiloas Ll
w85 s adds YoV G ooy Gere s oSl

PH a5 cnd 3Ls Slsl a5 ()ley g Lo 5151 ps .cwlonls

O3 (9ot Sloyd = (Sl lods g Sy pale oIS alxo


http://dx.doi.org/10.18502/ssu.v28i4.3765
https://jssu.ssu.ac.ir/article-1-4847-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/s5u.v28i4.3765 ]

oo g y99 2> 105 -

oud (Slg 325 sl gbw ojluil g S5 F-0

Sy 3 del glealisn, slSle (She el
S 390 (285w (98Il SeS 4 Jladl S Sas
sl Shg p w5t o il i, ol)d ple 35,5 o0 )18
Wil Az 9,50 w0ad Slign, SYgarme o,Sles
S aslen @lyd ple T oslal gl p Solae o g,
Dynamic light ,& 3,5 « Laser diffraction ,3J o
SLSSl g, 5l el o,ls 0939 pgar 3JUT L 4 scattering
ol 50 00,8 oo eolaiul WISl (6,8 o3kl gl 5 e
3 Glasgly Olpass o Solay 6 Soslasl b I3 ple e,
il oSl diged Sl 5l y5d g3 eaiSly e ul
Olgreds oad oaiSTy o8 Cad 0 Dol 00,5 e aie
a5 Conl S5 4 p3Y 005 oo ol Sl ple o Dol
Dl 5 5 bsle celio PPl 5 b ol bt o g
QYY) 00,5 oussT,

(SEM) (59,551 098w ySo (xSl (29, V-F-0

gl ey lapg S (SL 5 by crl 0
Sl S 5 Ll s @l ol S e Sl 1y g
sy 9SSl i & etk Loy o5 a5
230,85 o plelil g 0l rex iged mhaw | WS s
S3y 2 Sryai B odd Cogll 5 olulid s b JUSew
Ol @b ane oy, ol S .aiS sl su5lS anil CwY
sig0i SVl Sehe 5 Gble, sl 5 sy O o 0 Shes

(OF) sl
eSS
Jo 0 o s @l e ple b J 0
N r SLonn, sshea Sladl (S Sas g, 5l eolaiwl
o Sigmgn wiilen | Xlee SLuS 5 5 0550 0ole 5 LS 3
fnte 4 4>y LSSamgn Slinn, boakl, o il
ooliinl g Jokow bl yy Lyl il (gogy atge ey Ll o
bl 5 6L L oojlps GloS 5 3Bl 5 e
O oled (0 At Sliee e Sl LA (S SaS
b o0 Sis r SL Gleosd; Ll s Ll

AR 15 5l o Lo (pidid 9 S 090

3 GYge o ) Sy 1550 sl SeSay T pH a8
ol F il az 0 YV gloo b Loz ol J2lo ool Sligs 3,
Sy Jelg )0 G 35S oo JB Sl 40 b e
20,5 o0 pll (29,800 hjled g 0k (o)l piged ATl
Sgta il diged conne Lulpd )3 (625,18 Oloj pledl 5l
10 ol PH &S 1o g9l MRS broth Lusws jo sass g oo
.Lu‘)...u s.Lu‘).m U"‘ .0&;‘5‘; 0)15 Can] 0 f"""""’ v/ Sgd>
3 ol B dged e 3L o 009, (3l
D55 o0 )18 ol jeo b e g o5 cile a0 YV Lo
oled g odd (gl pdiges pain Sloy Jeolgd )3
.(a\ea’ s\ﬂ/\) QD;@ IDL‘?L;‘ ‘535)&0

H9b) Slgime ol (o) 2 ¥-0

o Sias diges 4o Cagy e ol Caosl 4 axgi b
St Jyan e dsb Gl 5 ke B Lo,
HSSis b ooas Glign, sbdges 0 a5 oo jes
sk lyome el WS o IR wyp 990 SLES
Sty ol n (Shgb, Glee Glime Geend aBbos
ol ey e LSSl gl il (omin e alie
Slotisi sy SpSn pladl ahs, pla 5 (KA
gy 3l el Gladl (S Sas g, b oead Glign,
e g o oslwl 105 Sl a5 L8 e yis
Sl s ead S Aiged I patine )y &5 JSS
el Els (slm b oyl S5 5 ouds iy (s34 (soseiee]
RN IPPRAJCRU W  SRGIR VRPN G g S WIE SR YA P
GBS Wged ad Sl am g B (s WS e
R_JL.:S)J 69l> L{bu] o)‘%o oslo a5 ‘SJLQQ}QJ LS‘)’. .dd)ftso
Lo sloalinn, lp by odg gaud al Lol b g 12
Ve sloo b ool 5l olital )l 4 wla> atws
20,85 o dwog el Y Coway g ol )5 Sile 4>
oSl b cushy ST gzmen gupe slaghs,
& gty nl Sowo ojlgen (g o)ls 0929 e 3050le
OV X ) 00,5 anls M gl g, Lol

O3 9oty (Sloyd = (Sl lods g Sy pale oGS alo


http://dx.doi.org/10.18502/ssu.v28i4.3765
https://jssu.ssu.ac.ir/article-1-4847-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/s5u.v28i4.3765 ]

- b SCigmgy (Sliver 1)

5 Slooss owyp jsbiieds pols laggesl olgen il
S92 ob) ol bead Glisn, (lSigngn o SNes
le SOyt @ axsg Ly 905 plnl balisn,
33 Lygasl ool plosl jolaieas laby, o S rw 9 (25330

Wdlos (o2 JU

0,005 0925 iadlie o 5 )las

4z 1035 0 (B)le5 ol I yone (> g (65l 0)90
ole SSgmsn St ly el Yo glos 5 o)l >
@ hle (g, onl ol Gblie 4 azgi b (g adl o0 oaris
4 axgl a5 Cwl 534 pY aibe ol ol 5l eslaul
Sfbes 5 Sloowsy » Wi oo SLAS (S SaS bl

asls ‘_gj.._iw J,ula AW cs’L“"ﬁ‘)") &..:9...’3).! 6LbJ5l.~u

1-Hill C, Guarner F, Reid G, Gibson GR, Merenstein
DJ, Pot B, et al. Expert Consensus Document: the
International Scientific Association for Probiotics
and Prebiotics Consensus Statement on the Scope
And Appropriate Use of the Term Probiotic. Nat Rev
Gastroenterol Hepatol 2014;11(8): 506-14.

2-Homayouni A, Azizi A, Ehsani M, Yarmand M,
Razavi S. Effect of Microencapsulation and
Resistant Starch on the Probiotic Survival and
Sensory Properties of  Synbiotic Ice Cream. Food
Chem 2008;111: 50-55.

3-Hajipour N, Homayouni-Rad A. Response to the
Paper the Effect of Prebiotics on the Viability of
Encapsulated Probiotic Bacteria. LWT- Food
Science and Technology 2018; 90: 606.

4-Corona Hernandez RI, Alvarez Parrilla E, Lizardi
Mendoza J, Islas Rubio AR, Rosa L, Wall Medrano
A, et al. Structural Stability and Viability of
Microencapsulated Probiotic Bacteria: A Review.
Comprehensive Rev in Food Sci Food Safety 2013;
12(6): 614-628.

5-Schuck P, Jeantet R, Bhandari B, Chen XD, Perrone

IT, de Carvalho AF, et al. Recent Advances in Spray

AR 15 5l o Lo (pidid 9 S 090

Drying Relevant to the Dairy Industry: A
Comprehensive Critical Review. Drying Technology
2016; 34(15): 1773-90.

6-Peighambardoust S, Tafti AG, Hesari J. Application
of Spray Drying for Preservation of Lactic Acid
Starter Cultures: A review. Trends in Food Science &
Technology 2011; 22(5): 215-24.

7-Broeckx G, Vandenheuvel D, Claes 1J, Lebeer S,
Kiekens F. Drying Techniques of Probiotic
Bacteria as an Important Step Towards the
Development of Novel Pharmabiotics. International
J Pharmaceutics 2016; 505: 303-18.

8-Santivarangkna C, Kulozik U, Foerst P. Inactivation
Mechanisms of Lactic Acid Starter Cultures
Preserved by Drying Processes. J Appl Microbiol
2008; 105(1): 1-13.

9-Falentin H, Deutsch S-M, Jan G ,Loux V, Thierry A,
Parayre S, et al. The Complete Genome of
Propionibacterium Freudenreichii CIRM-BIA1T, A
Hardy Actinobacterium with Food and Probiotic
Applications. PloS One 2010; 5(7): e11748.

10-Sazawal S, Dhingra U, Sarkar A, Dhingra P, Deb S,
Marwah D, et al. Efficacy of Milk Fortified with a

O3 (9ot Sloyd = (Sl lods g (S pale oIS alo


http://dx.doi.org/10.18502/ssu.v28i4.3765
https://jssu.ssu.ac.ir/article-1-4847-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/s5u.v28i4.3765 ]

oo g y99 2> 105 -

Probiotic Bifidobacterium Lactis (DR-10) and
Prebiotic Galacto-Oligosaccharides in Prevention of
Morbidity and on Nutritional Status. Asia Pacific J
Clin Nutr 2004;13: PS28-S28.
11-Kearney N, Meng X ,Stanton C, Kelly J, Fitzgerald
G, Ross R. Development of a Spray Dried Probiotic
Yoghurt Containing Lactobacillus Paracasei
NFBC 338. International Dairy J 2009; 19(11): 684-
9.
12-Mille Y, Beney L, Gervais P. Compared Tolerance
to Osmotic Stress Invarious Microorganisms:
Towards a Survival Prediction Test. Biotechnol
bioeng 2005; 92(4): 479-84.
13-Lebeer S, Vanderleyden J, De Keersmaecker SC.
Genes And Molecules Of Lactobacilli Supporting
Probiotic Action. Microbiol Mol Biol Rev 2008;
72(4): 728-64.
14-Zhang Y, Lin J, Zhong Q. Effects of Media, Heat
Adaptation, and Outlet Temperature on the Survival
of Lactobacillus Salivarius NRRL B-30514 after
Spray Drying And Subsequent Storage. LWT 2016;
74:441-7.
15-Desmond C, Ross R, O'callaghan E, Fitzgerald G,
Stanton C. Improved Survival of Lactobacillus
Paracasei NFBC 338 in Spray Dried Powders
Containing Gum Acacia. J Appl Microbiol 2002;
93(6): 1003-11.
16-Huang S, Cauty C, Dolivet A, Le Loir Y, Chen XD,
Schuck P, et al. Double Use of Highly Concentrated
Sweet Whey to Improve the Biomass Production and
Viability of Spray-Dried Probiotic Bacteria. J
Functional Foods 2016; 23: 453-63.

YRR 55 lea oylouds cpoidd 9 Comns 0590

17-Prasad J, McJarrow P, Gopal P. Heat and Osmotic
Stress Responses of Probiotic Lactobacillus
Rhamnosus HN0O1 (DR20) in Relation to Viability
after Drying. Appl Environ Microbiol 2003; 69(2):
917-25.

18-Morgan CA, Herman N, White P, Vesey G.
Preservation of Micro-Organisms by Drying; A
Review. J Microbiol Method 2006; 66(2): 183-93.

19-Linders L, Meerdink G, Van ‘t Riet K. Effect of
Growth Parameters on the Residual Activity of
Lactobacillus Plantarum after Drying. J Appl
Microbiol 1997; 82(6): 683-8.

20-Lavari L, Paez R, Cuatrin A, Reinheimer J,
Vinderola G. Use of Cheese whey for Biomass
Production and Spray Drying of Probiotic
Lactobacilli. J Dairy Res 2014; 81(3): 267-74.

21-Carvalho AS, Silva J, Ho P, Teixeira P, Malcata FX,
Gibbs P. Effects of Various Sugars Added to Growth
and Drying Media upon Thermotolerance and
Survival Throughout Storage of Freeze Dried
Lactobacillus  Delbrueckii ~ Ssp.  Bulgaricus.
Biotechnol Prog 2004; 20(1): 248-54.

22-Silva J, Carvalho A, Ferreira R, Vitorino R, Amado
F, Domingues P, et al. Effect of the Ph of Growth on
the Survival of Lactobacillus Delbrueckii Subsp.
Bulgaricus to Stress Conditions During Spray
Drying. J Appl Microbiol 2005; 98(3): 775-82.

23-Baker-Austin C, Dopson M. Life in Acid: Ph
Homeostasis in Acidophiles. Trends Microbiol
2007;15(4): 165-71.

24-Silva J, Carvalho A, Teixeira P, Gibbs P.
Bacteriocin Production by Spray Dried Lactic Acid
Bacteria. Letters in Appl Microbiol 2002; 34: 77-81.

O3 (Hgo dugeld Sloyd = (Sl lods g Sy pale oIS alxo


http://dx.doi.org/10.18502/ssu.v28i4.3765
https://jssu.ssu.ac.ir/article-1-4847-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/s5u.v28i4.3765 ]

25-Corcoran B, Ross R, Fitzgerald G, Stanton C.
Comparative Survival of Probiotic Lactobacilli
Spray Dried in the Presence of Prebiotic Substances.
J Appl Microbiol 2004; 96(5): 1024-39.

26-Hussain 1, Ahsan M, Saleem M, Ahmad A. Gene
Action Studies for Agronomic Traits in Maize under
Normal and Water Stress Conditions. Pak J Agri Sci
2009; 46(2): 107-12.

27-Santivarangkna C, Kulozik U, Foerst P. Alternative
Drying Processes for the Industrial Preservation of
Lactic Acid Starter Cultures. Biotechnol Prog 2007;
23(2): 302-15.

28-Schuck P, le Floch-Fouere C, Jeantet R. Changes in
Functional Properties of Milk Protein Powders:
Effects of Vacuum Concentration and Drying.
Drying Technol 2013; 31(13-14): 1578-91.

29-Fu N, Woo MW, Selomulya C, Chen XD.
Inactivation of Lactococcus Lactis Ssp. Cremoris
Cells in a Droplet During Convective Drying.
Biochem Engineer J 2013; 79: 46-56.

30-Anandharamakrishnan C, Ishawarya P. Spray
Drying  Techniques for Food Ingredient
Encapsulation: UK. John Wiley & Sons; 2015; 72:
107-15.

31-Cal K, Sollohub K. Spray Drying Technique. I:
Hardware and Process Parameters. J Pharmaceutical
Sci 2010; 99(2): 575-86.

32-Patel R, Patel M, Suthar A. Spray Drying
Technology: An Overview. Indian J Sci Technol
2009; 2(10): 44-7.

33-Gharsallaoui A, Roudaut G, Chambin O, Voilley A,

Saurel R. Applications of Spray-Drying in

YRR 55 lea oylouds cpoidd 9 Comns 0590

b SCigmgy (Sliver 1)

Microencapsulation of food Ingredients: An
overview. Food Res Inter 2007; 40(9): 1107-21.

34-Rosolen MD, Bordini FW, de Oliveira PD,
Conceicdo FR, Pohndorf RS, Fiorentini AM, et al.
Symbiotic Microencapsulation of Lactococcus Lactis
Subsp. Lactis R7 Using whey and Inulin by Spray
Drying. LWT 2019; 115: 108411.

35-Rajam R, Karthik P, Parthasarathi S, Joseph G,
Anandharamakrishnan C. Effect of Whey Protein—
Alginate  Wall  Systems on  Survival of
Microencapsulated Lactobacillus Plantarum in
Simulated Gastrointestinal Conditions. J Functional
Foods 2012; 4(4): 891-8.

36-Pérez-Chabela ML, Lara-Labastida R, Rodriguez-
Huezo E, Totosaus A. Effect of Spray Drying
Encapsulation of Thermotolerant Lactic Acid
Bacteria on Meat Batters Properties. Food
Bioprocess Technol 2013; 6: 1505-15.

37-Arslan S, Erbas M, Tontul I, Topuz A.
Microencapsulation of Probiotic Saccharomyces
Cerevisiae Var. Boulardii with Different Wall
Materials by Spray Drying. LWT- Food Sci Technol
2015; 63(1): 685-90.

38-Bustamante M, Villarroel M, Rubilar M, Shene C.
Lactobacillus Acidophilus La-05 Encapsulated by
Spray Drying Effect of Mucilage and Protein from
Flaxseed (Linum Usitatissimum L.). LWT-Food Sci
Technol 2015; 62(2): 1162-8.

39-Golowczyc MA, Silva J, Abraham AG, De Antoni
GL, Teixeira P. Preservation of Probiotic Strains
Isolated from Kefir by Spray Drying. Letters Appl
Microbiol 2010; 50(1): 7-12.

O3 9oty (Sloyd = (Sl lods g Sy pale oGS alo


http://dx.doi.org/10.18502/ssu.v28i4.3765
https://jssu.ssu.ac.ir/article-1-4847-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/s5u.v28i4.3765 ]

oo g y99 2> 105 -

40-Braber NV, Vergara LD, Rossi Y, Aminahuel C,
Mauri A, Cavaglieri L, et al. Effect of
Microencapsulation in Whey Protein and Water-
Soluble Chitosan Derivative on the Viability of the
Probiotic Kluyveromyces Marxianus VMO004 During
Storage and in  Simulated Gastrointestinal
Conditions. LWT 2020; 118: 108844.

41-Tao T, Ding Z, Hou D, Prakash S, Zhao Y, Fan Z, et
al. Influence of Polysaccharide as Co-Encapsulant on
Powder Characteristics, Survival and Viability of
Microencapsulated Lactobacillus Paracasei Lpc-37 by
Spray Drying. J Food Engineering 2019; 252: 10-7.

42-Gbassi GK, Vandamme T. Probiotic Encapsulation
Technology: From Microencapsulation to Release
Into the Gut. Pharmaceutics 2012; 411: 49-63.

43-Rathore S, Desai PM, Liew CV, Chan LW, Heng
PWS. Microencapsulation of Microbial Cells. J Food
Engineer 2013; 116: 369-81.
44-Fu N, Chen XD. Towards A Maximal Cell Survival
in Convective Thermal Drying Processes. Food Res
Int 2011; 44(5): 1127-49.
45-Pérez-Gago MB, Krochta JM. Lipid Particle Size
Effect on Water Vapor Permeability and Mechanical
Properties of whey Protein/Beeswax Emulsion
Films. J Agric Food Chem 2001; 49(2): 996-1002.
46-Matsuno R, Adachi S. Lipid Encapsulation
Technology-Techniques and Applications to Food.
Trends in Food Sci Technol 1993; 4(8): 256-61.
47-De Castro-Cislaghi FP, Carina Dos Reis ES, Fritzen-

Freire CB, Lorenz JG, Sant’Anna  ES.
Bifidobacterium Bb-12 Microencapsulated by Spray
Drying with Whey: Survival Under Simulated

Gastrointestinal Conditions, Tolerance to Nacl, and

YRR 55 lea oylouds cpoidd 9 Comns 0590

Viability During Storage. J Food Engineer 2012;
13(2): 186-193.

48-Homayouni Rad A. Therapeutical Effects of
Functional Probiotic, Prebiotic and Synbiotic Foods.
Tabriz: Tabriz University of Medical Sci; 2008: 146.

49-Rajam R, Anandharamakrishnan C.
Microencapsulation of Lactobacillus Plantarum
(MTCC 5422) with Fructooligosaccharide as Wall
Material by Spray Drying. LWT-Food Sci Technol
2015; 60(2): 773-80.

50-Bustamante M, Oomah BD, Rubilar M, Shene C.
Effective Lactobacillus Plantarum and
Bifidobacterium Infantis Encapsulation with Chia
Seed (Salvia Hispanica L.) and Flaxseed (Linum
Usitatissimum L.) Mucilage and Soluble Protein by
Spray Drying. Food Chem 2017; 216: 97-105.

51-Vinderola G, Binetti A, Burns P, Reinheimer J. Cell
Viability And Functionality of Probiotic Bacteria in
Dairy Products. Frontiers in Microbiol 2011; 2: 70.

52-Association of Official Analytical Chemists,
Association of Official Agricultural Chemists (US).
Official methods of analysis of the Association of
Official Analytical Chemists. Association of Official
Analytical Chemists; 1920.

53-Lakkis JM. Encapsulation and Controlled Release
Technologies in Food Systems. UK, John Wiley &
Sons; 2008; 87.

54-Pérez-Masia R, Lopez-Nicolas R, Periago MJ, Ros
G, Lagaron JM, Lopez-Rubio A. Encapsulation of
Folic Acid in Food Hydrocolloids Through
Nanospray Drying and Electrospraying for

Nutraceutical Applications. Food Chem 2015; 168:
124-33

O3 (Hgo dugeld Sloyd = (Sl lods g Sy pale oIS alxo


http://dx.doi.org/10.18502/ssu.v28i4.3765
https://jssu.ssu.ac.ir/article-1-4847-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-02-09 ]

[ DOI: 10.18502/ssu.v28i4.3765 |

Journal of Shahid Sadoughi University of Medical Sciences Received: 9 Mar 2019
Vol 28| NO 4 | July 2020 Accepted: 10 May 2020

Challenges of Probiotics Microencapsulation by Spray Drying Method

Neda Hajipour®, Amir Mohammad Mortazavian?®, Aziz Homayouni rad™

Introduction: In the recent years, attention to the use of probiotic drugs and probiotic food products, due to
probiotic’s functional and health properties has been increased. The storage and the viability of the probiotics
in the products and passing through the gastrointestinal tract was always a big challenge. Drying is one of the
functional and important choices that can be used for stabilizing microbial species and makes the bacterial
usage easy. Among different microencapsulation methods, spray drying is one of the important drying
methods that can be used in industrial scale and size. Optimizing the effective parameters on the cultivation
and separation of probiotic bacteria, the most important and challenging parameters of spray drying that have
influence on probiotic products, and choose of the best wall materials for the cores, are the most important
and challenging factors that are necessary for optimizing the microencapsulation in industrial scale. In this
review article, the factors affecting the survival and resistance of bacteria in the stage before entering the
spray dryer and the factors affecting the survival of probiotic bacteria during the drying stage are discussed.
In addition, the important criteria for selecting microfiber wall materials and the tests that are often

performed on probiotic microfiber resulting from spray drying have been examined.
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