TA=00 o/ VELY ol g sl / VO oylowd [ YT Ma/ o1de polio cwaipe Olibiod Z
https://fooder.areeo.ac.ir :aksw Culw

FOODER
AERI

g5 e &g

ol 939 33 0 yLas (Sglo O3 gl (3 luowii 59 34 9 (Swolind ST g ow s

Y - Ve R P fié‘.b)é lowlw 0 a0

Sl oKl ol qlis 5 (55,5LaS baStils ( slié mlio Lotk

Olpl i ( 2lie mlio g pole Lidgh dunge ( lie lge CoaS ]S g (Slesl 09,5 ¢ LobiwlY
VEYo MY s G GV NYNA L Syl & ,6

oS

LS 5 ol 51 Cladloms 9,0l ol (019,500 15 9 S| BT LS 5 alon 51 92559 S 5 51 )by udis 0
PU s omdgrg g 0ylas g5l (plRgh cnl I Bad Lol (g9 pb (Fligrin) Wle Vb ()5 L (2l by, b pwlie
 -Jgbl GV b dsrg g 8ylas (pidgy il p3 ol ol (rbonnisjud S S g (w9 05las (ol O
(i) @l gy (Selsd GBSy A ard ol Gols Flign OIS $U g gl Sl (el o VoY)
9 4325 (5lpt b (5350511 O U 4 (glo,lgn3 Slge g dlad (y 9290 GBS 9 B0l g (w5 Wbl (el
IRpal 2. M3le 55 51 FT-IR (gla,l5905 Jabosi (glys 9 SPSS M5l0 5 51 oalisus! b copmily,ly 50T Lig, 51 gl Jabos
&10,51395 31g0 g did ko (iul38l U oS 33 Wi SWigriy 2l 9 (Swelad g0l 51 osolCuwady gl .l adliia!
GBS a8l b ol oSy p3lie b (ygmw¥ge,8 55 by oo (I381 (S8 Ty suoyd 9 O3 BjI1 o Slidgs )y 2,
W P8 5 P6 ol o 45 313 Lis L oeinniS, j1 hols gl (il i3l 58 U Jawdlly (siho b 5o ¢ syt Bylas
Oyg0 & (F32 Hlw Olpmdi a5 315 (Wi FT-IR (9050 51 Jols (g1 jl5g05 ciiils 1, 8% g L* Ladld o WU iy
CARg3 crl ! 4B )5 O jg0 wBLS O3 Il ) Comd 39 Bilas (gola O3 Uy ()l pudi b Sy wbarls
G g b bl S5 hols O U b Al yb gl ol e da b (T3 ol A, B3 Ui
g0 Juols 3 (b (SWg 55 (218 9 (b 5

2 bomdsSy 33 (B Sa9 113 9L g bylas ¢ Sl 3y 3 geS S0 319

03,5 32,0 0 (S y9,0 3 Swileg,l Slge doyo Vo WSy PRV
w‘ uS.ulf)‘ )& 9 &ulf)‘ A_JL.»S)J M)») In 9 w_._‘o 6[.@‘5'\)5)3‘ 9 \)‘9.0 b).t)ls O JJLQJ 0)5).0‘

Burdock, 1998; Gardana et al., 2007; Huang et al., )
5) i (2014; Sturm et al., 2019; Zhang et al., 2016

adly glBl 288 5 295l SlasiPeSS 5o wesgul 2
odlo JoSuid Slgid SlaS i 1y Gy SR S0 B0y o S el iy, sloole madsys g 0,5 o5l
doadeiggd I JSiie ol jsbay 0p3 a5 sl 0 L e cglie alS b dilie glaciand
Gardanaetal., ) coslacy i 5 Sl5ié slosel Sliiie pojiati et al., 2011; Sturm et ) wiS s byle 55 pse
o, (2007; Heleno et al., 2015; Huang et al., 2014 00 S 45 s ilies glil Ludsygy @l., 2019
ol (S5edsm oSy b Gezes pse oy Yo iipgy oy 00 Glhls Jgeme jebas o] gg

http://doi: 10.22092/FOODER.2024.361745.1362 Email : mansooresoleimanil4@gmail.com :Jgius oui %
@ © 2023, The Author(s). Published by Agricultural Engineering Research Institute. This is an open-access article distributed
@ under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/).
BY

sl



https://fooder.areeo.ac.ir/
http://doi/
http://aeri.ir/Main/Index.aspx
https://creativecommons.org/licenses/by/4.0/

A= 00 (o [ VERY Glimoj g sy / YO 8ylou | YYala/ lié golhao cutig Coliins

5 Sete S Slag Sl blie 0 (9 Seeas collad
@ S Sy Sl il el g ol dite o5
9 9958 (pBgn e g3l 5 0)l dgsn 8)lac
35 Jolo )3 5 5e Juslu b 5 5b pge 0 8)lac
olyd 9,8 o, L .(Jansen-Alves et al., 2019)
Wb patie edgion jew 9 Slostd 08 8 )las ol
ol (SLIs yiog See VA 8510l L (55,5 5 ol &S
5979 b g ol SosSng ;S 9 Vb (6 pdy Pl Sl
4 Comd Godgigls 5 Sdgid DloS 5 polie ials
) dias oo ylas oYU SlownST il cudled ool ol3T 658
3,5 e pl L (Santana Andrade et al., 2019
2 0% Rl Bs @ (alié slge 55 Gedsis
LS 5 3575 w558 9 Gl b g slae Js a5 5 O
ML slo b 614"7“’ .]a.").w 5o ol (_g)l.\.;‘l.;lj ‘Gii)
ol e olse gysl 8 lulyd Koo 5 ST el
>k 9, ol 5l (Nedovic et al., 2011) <ol 5.5,
LS o sads S il b atedas il (gl
» SWsrn, Gkl weoge SloS S Gl e
Jsbiteds conlis slo Kol 5l Sy cilizes (slo Sy ilo
Sl Shs oeee 5 L 5 calee Gl (uils, Sl oy
s 5l adgs 5 (b Ghagh nl ) .l gl
Oloep9:)S g (egn 8)lpd b mdsrgn 8ilas ol
w3 85l _SaiSTy ol il Sealiys slo S5
hors el LS (U Jesly
u,u‘).: 9 (6‘0)‘3.39 0‘9.4 9 A G»L.w lekws‘)))

5 gy 2 BT (o 5180l L5L0) oSGl 55

(L9 3 )

9 99190
adgl olgo

DL S dgille alozjl oleard 5 adsl Slge
S V= e oo ¥ g ¥ lind 3l Jsill mos
S ctlu) mide seuSope A s (e

oF

5 SheSInl 5 ldll o (05,8 a sla Sy
dg oo 000 Tl jeSde SLS 5 4 a5 el o8
Banskota et al., 2001; Burdock, 1998; Huang et al., )
a5 wis,S 5158 ladxe > (2014; Sforcin, 2007
Sl le pedsig g 8)las )0 dgzge SLaS S G ke
—ot oy gl Sy heslS S lS
Santana Andrade ) ;LS T g s aelS ol S5 legS
odgrgn Bilas o5, ws culled ol (et al., 2019
wile LS5 5l (S oen 4 Sdpd SlSS 4
odls s e yui ladanl 5 lasdsh 5 dag ]
b Sy owy» b . (Mato et al,, 2003) 54l o
oBows bwgi o drgn lesd 5 Suid
shls el dgign ob patine Erug (il
5 2 SIEa 05 e YYAFA Jysb e (Sikee
©55 2 OS5 hee OF lasdsigde JS lade
2 oSy Jse 5,50 VAU a5l cod s
oy VIV ihas hSo) et o5 S
s YNO SEIY cspaba L jasls ( SouS e
Seske  YIOF) elSnl 5
(SaS e e TN aelilgn (oS e
5 S e ke VAA adgSle g 055 lS srel
ol SoiS lgs yrodue YIVY ads Sl g alSYB-
.(Revilla et al., 2017)
S8 dsien

Slge 53 9,8 Jeily ain yo Sldllas 5 o 5,105l
Slgs &2 S glp oldé olge gairainy 5 olie
Sle ey Sl 5 pgelanST 5 (09,500 02
Guo et al., 2011; Pastor et al., 2011; Tosi et al., )
B0 oS5 ol s sl She 4 axges L (2007

AisyY by ANY

Ty Ay )3 (goue

Sl (gogamal  slas S L..a).cu odsgn oo
L o, Xiwgy > (Burdock, 1998; Sforcin, 2007)
slas 5 9555 Slageign oz 1 S5 95 Wy
shls Jolo Bjgal )3 5,80 0308 )55 Gedsag



a9y oykas Gols 1,5 9l (o loni s 38 9 (Swolisd GBS 59 oy

ax,0 T gleo jo hie Ol o )V Jgax 0 en
a8 50 590 Fro) ojifsesn g ools Ol > ol 5 il
a8 Vo) Dol g (o5 il a>,0 YO azds ¥
o T Y e sloas,) ol (o F gile a0 YO
ool 2 Sl e (oo (S3g we)d
039 ey 00 5 GlSy Djge 4) odd asie polie
(S35 S35 wey0 V0D Jolowe s 5l o (o)l2d (59
SUI sles jo cele YT Cue @ (ol odigese g
ot & dggn Blas j3g Wb 6)leS
o ) Jgaz) wd a el K34 (et
Osedgal cOgaliiisese Lot DL 5 (05 bl
Jo oKl az 0 ¥ glos ;0 4880 V0 S 4 ol
b Jobre g sl ol e (Opalp plos
S S So o D9l 0on b Jel> slag el
s bole Hlade Cod o IS Hgboay il Jled (glagds
a4 u.);wfd}a.‘l.o 9 O V.Y 9 P A I BT xS
a8 Gldiss @l ad )T IS @ (S SUs S lge
$U Y 5 odmon Silas sl 0,350 Jse b A ol
Loodel cavoas slaJelme o Jol> aals 3,3

008 nals oS 1 51 p3Y slge %0 5 ) el oS 5

RV KVE P PSS S EA N

poo 0y 8 lac g (9,

PS5 Ve g ad bl Glgls CLwl jo pse o
Cos 4 olitaty J51 o 1o+ b o ojuijpase
u_i.{ Bl )A.J&m » ,n)f Y cdale la é)La.c- L')o)ﬂ
Celw Y Gow 4 G5BT slos jo 02 4 jemme 950l
A Ogold GUI sles jo adds VO glp ol oojer
Al ks fadly Ble 5 Gl eolaind b e
29 SIS Jlr )3 Jlgte 59, ¥ b (SBs8 Jolore
Al Geuis yisle (WSTly Bi> gl L G cel Y ALl
Sy g 4280 V0 Do a4 ol )T il ax 0 O sleo)
L ol solyls sjlac (aads j0 j90 Veooo
Soleimanifard et al., ) i Sz gomas S S
(2021
56 Slb 508 Aat bg 9 950 Carmd 3 CiLE yapns
wlyd

Oes 5 08 Gleke Bsy Sl e Gl o

Soleimanifard et al., 2020; Soleimanifard et al., )
o Jse 8 Sdol L (Acosta, 2008) LwsST 5 (2019

padeie polie b gy sloJslore ol ol ags

P90 031 (oS 01 2,las (59l 1,3 9L gmw¥geyd CuS 5 - Jgoa
Table 1- Formulation composition of nanoparticles containing propolis antioxidant extract

(7) )3 66 5> (loylgsa dlgo

(ps5) 4 plgic & 5:STgm Slgo

Wall materials in nanoparticles (%) Bioactive compound as core (gr) Lo
() Cry> o () LS ot (55) poe o (SasmS1 5T 05lae Treatment
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50 50 0.1 P1
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50 50 0.4 P3
50 50 0.8 P4
50 50 0 Control 1
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Abstract

Propolis is rich in bioactive compounds, including antioxidant and antimicrobial compounds,
therefore it is necessary to protect these sensitive compounds by high-performance methods such as
encapsulation. The purpose of this research was to produce nanoparticles containing the propolis
extract and to investigate its physicochemical characteristics. In this research, propolis was extracted
with ethanol-water (70:30) solvents and protein nanoparticles containing it were prepared. Then, the
dynamic light scattering characteristics, the encapsulation efficiency, the detection of crystalline and
amorphous structure, and the interactions between the core and wall materials in nanoparticles were
measured. To analyse the results, analysis of variance method was used, using SPSS software. The
results of the dynamic test and encapsulation efficiency showed that with the increase in the amount
of core and wall materials, the encapsulation efficiency, particle size and PDI increase. In the
formulation with the same amounts of protein, with the increase in the concentration of propolis
extract, the amount of negative charge of zeta potential also increased. The results of the XRD
device showed that the treatments, 6 and 8, had the highest values of L and a, respectively. The
graphs obtained from the FT-IR test showed that there were very minor changes in the form of peak
displacement or symmetrical changes in the nanoparticles containing propolis extract compared to
the control nanoparticles. This research showed that in the preparation of nanoparticles, the larger
the amount of nuclear material, the larger the size of the resulting nanoparticles, the crystal intensity
and the encapsulation efficiency.
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