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Introduction

Gelatin is one of the most widely used colloidal proteins, which has unique hydrocolloidal property. Gelatin is derived
from collagen by changing the thermal nature. This product is widely used in food, pharmaceutical, biomedical, cosmetic
and photography industries. Global gelatin demand for food and non-food products is increasing. Two important
properties of nanoparticles are: Increasing the surface-to-volume ratio of nanoparticles causes the atoms on the surface to
have a much greater effect on their properties than the atoms within the particle volume. The effects of quantum size,
which is the second feature. Methods for preparing nanoparticles from natural macromolecules: In general, two major
methods for making protein nanoparticles have been reported Emulsion-solvent evaporation method and sedimentation
or phase separation method in aqueous medium. Numerous methods have been reported for the preparation of
nanoparticles from natural macromolecules. The first method is based on emulsification and the second method is based
on phase separation in aqueous medium. In the first method, due to the instability of the emulsion, it is not possible to
prepare nanoparticles smaller than 500 nm with a narrow particle size distribution. Therefore, coagulation method or anti-
solvent method which is based on phase separation was proposed to prepare nanoparticles from natural macromolecules.

Materials and Methods

Type B (cow) gelatin was purchased from processing company with Bloom 260-240 food and pharmaceutical Iran
solvent gelatin solution of 25% aqueous acetate glutaraldehyde from Iran Neutron Company. Two-stage anti-solvent
method was used to produce gelatin nanoparticles. Then, to form nanoparticles, acetone was added dropwise while stirring
until the dissolved acetone begins to change color and eventually turns white, which indicates the formation of
nanoparticles. Finally, glutaraldehyde solution was added for cross-linking and finally centrifuged.

Results and Discussion

The results showed that with increasing gelatin concentration, nanoparticle size and PDI increased significantly.
According to the announced results, the solvent has a direct effect on the size. Therefore, the best mixing speed is
determined to achieve the smallest particle size. Zeta potential is the best indicator for determining the electrical status of
the particle surface and a factor for the stability of the potential of the colloidal system because it indicates the amount of
charge accumulation in the immobile layer and the intensity of adsorption of opposite ions on the particle surface. If all
the particles in the suspension are negatively or positively charged, the particles tend to repel each other and do not tend
to accumulate. The tendency of co-particles to repel each other is directly related to the zeta potential. Fabricated gelatin
nanoparticles have a stable structure, and are heat resistant. These nanoparticles are ready to be used to accept a variety
of aromatic substances, compounds with high antioxidant properties, a variety of vitamins and heat-sensitive substances.
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Conclusion

The results of this study showed that the optimal conditions for the production of a particle of 88.6 nm at 40 ° C, the
volume of acetone consumption was 15 ml, concentration 200 mg and speed 1000 rpm, and the morphology of gelatin
nanoparticles have resistant, spherical polymer structure and mesh with a smooth surface that can be clearly seen under
an electron microscope.

Keywords: Gelatin, Nanoparticle, Optimization, Two-step desolvation method



Oolnl i asbuo g pale leiing sy 4 i

Iranian Food Science and Technology — _ ]
Research Journal 3 '/ o=, ?
) LA PEV_FVS .0 V¥ 5T — 00 F 05l 14 uls

Vol. 19, No. 3, Oct.-Nove. 2023, p. 463-476 S e s

&‘.:\.G G\....o BL) salaul 6‘}’ &‘:}d)&’ J:JJ “ U’SSY} CJ‘): ‘,SU J.;.‘j}'

osl33kes o lp —" a;l}r.ﬁ,.\?,—*" ,sogjr;t—‘?wmstﬁp,&

A SRVAR AT S PRt
VEAFY e S5 b

VRPN oy st

S

J5obul 30,8 4 paie gl She Jdd & (Kb g 20y (2lie mlio 05 @l b We )0 e3S jobdy &S Cawl b ey S Y
55 I 05 o9y 9 Y =YF ol b (595) By Y5l cadllas ol 53 3005 o )18 0liialyjgo (6 palbendgol 5 (SauS Ik o Sainoplsd (JguS
Sy Colosyd 5 ) pudd 4 oy Joloee U 30,5 dBlsl 05 wb cp> 50 g (sloylad & yguody gl lpd gl LSS (glp aoldl j> g b oalatwl (gldls 4o
Y5 digo cale pisman b Soi yle g LSl s ype SV Lal cge 1a T bglS Joloe Ll 45 sl b 6l s LSts eyl a5 w1 abe
ke bailpd a0l LS gk ol el 35 (aseie () 9l A5 sl (035 2 wsllae Caspu 5 Lod (izmed g (B pae gl Sl Ay e
o sy 5 i Juo o pyS o Voo cldale i Lo VO ystwl (Bpas poe IS Ole dy Fe glod 0 gl AME ol WSSl b ST 0dg5 (ol
35850 o 9 SN e iig ST B3 Juilty ¢ Sl dndl blyg sy gale omiuscivls (slacygel 31 ol gl deld] 3 el Voo FPM 35
Sl g oo (5 porly 455 31 &S 0399 Bl daws b (55 JS5 & bl ol o ensasl 03V 3 b ob (L gyl clacgSung,Sae
s J13)95 1 )l S (oglie

3 g6 (Y5 glals yogd Mo 15 g e jlodinge 35S (g0 g
(Azarmi et al., ) cusl 3,5 )18 Slig iy de) 4o o) Sigh doddo
2006

5l s sl 4 (Kommareddy et al., 2007) (glasles ;o
oalaiwld ygo Y5 Adgr (gly a8 Bl Cuwd i 593 dile llgus
Sk Cglite alizee slayo¥5 olsd 5 0)Slos ilad )3 )18
5 o gl Ll 5wty Jold bl 455 slol b
ot 1y 0Y5 (ol S B g a8 a5 53l SiS

332 o 5l gl o 2 ol S 5 Sldgy 0594

9 2l SV game ()9l8 ) (AU Sl ol (piman g odne 4
Sl yosh sl 48515 Simogy 5l )l dr g 3)90 (29
Olee gl 53 o5 wlald )5 )13 adllas 3)90 (e gite (b g (s jti
g3 & dai] (9 (s 3 9 (b Lo > 41 (xlo slopoiy

3 Sles 5 JoSge Gilitee Lol a4 ang b oamd 3 L5k
o3litl Gilisee dolie b ols clas )5 ol alise cla Y5

g g0

DOI: 10.22067/ifstrj.2022.74716.1137

51 S (Kaintura, 2015) wlad 51,8 eolaiwldyge (6 pSaui

Cosl 58Y5 (2l 9 (29)b luo )3 (b sbajesign cn Fesite
Can) (P9 b > 4 5V (Eskandari et al., 2020)

I ol 4255 3y90 O o5 aja g ol (g yied s pdicn 55

Al olorgd e oMl 5T oSl ¢ logd oy  liE wlio g pole 09,5 =¥ 4 ¥ )
(Email: a_aria_1443@yahoo.com 2 e oiangs %)

nl e glio g psle Ldmgh duwboe ( 2l dlgo (6)slidgil 09,5 lutih ¥


mailto:a_aria_1443@yahoo.com*
https://doi.org/10.22067/ifstrj.2022.74716.1137
https://orcid.org/0000-0001-5046-4290
https://orcid.org/0000-0001-9765-5852
https://orcid.org/0000-0003-3472-1861

V¥ LT — o oF 0)loads I > (ol (10E lio g pole Gleidgiy 4y Y¥FF

Olysd cpicred Cow) $U (Gupta et al., 2004) >4i Jpus
gy Jold hgy cnl dgdee aBls P 50l by,
o e a0 T 0o 398 5 | o 0 3 a8 5 IS5 35
I 56 plgieay Sl g ol o sl ColiSE g0 Sy ppa> 5
Mo s 36 plgisay Joibl 4y pLlall &gy gl 5 Y5 Joli
ASITBIS s 3 25550 8L o35 1y clsiss oI35l Jols
DB gy cpl Dad e Ll lyd b 4 S ye st Jlasl fole
Khan et al., ) us 0y el mje b Soo8 al)d 6 el
sbdsSse @bl Gk j Wlsie oY ol 5l (2013
s S oslis 13,5 biglis 5 sabosss 2ol 1 )b 5l Y5
lerd sk 52,0l JgSdge b Camgdl (15Y5 (abond Mol 1
IS @ ol S 4 bl puss 4 0B 5 S0 g 4 ok
5250 i oS gk sl (155 g0 4 0,5 9 Al e
Cowgd] dwg b 5,500 dtwd LS5 g odd zen S Caoww 4
Jslxe 5 VY5 ool (0,8 bl ,5 (Fung et al., 2007) e .
oy Lisss @b gl LS5 g ond bglco s © 0 41 gl
e LS 5 sgls Y5 Sl 5b gy ol 5 odlil L i
) S5 gt 55550 g o] > e 85 3550 435
SR () ol b Shdgl JSis el pzmed cunl 396
gy 45 Cunl ol asuie Ded e 48,5 L )3 55 3,500 cla
&S WS o ol (g8 )inj sl e w0dpid pow Hlsle L
S5 385 b ol b g o 900y sla JsSUge b LiiSar
sl Gia sladze o) ool Jlicwl odgn 5l 2 oiSen
Zhengetal., ) usS o o2l 3 YU oo b (46 JsUg0 b iiSan y
(2011
b sl 9Sle Jl IS B A cax gy by
ol b Gua (Narayanan et al., 2013) 548 0 sl
S e 9 0392 S 5 (o) b (55 Cldgl Mg g
> ‘uu\/) cbale wsb u;dw Jwb.c u;:])S o)’b.}\ Ob)f Ay
B eap 209 () wh Copw rizmen g bod (Bpan gl
O

g, g dlge

(2158 98 855 5 TH Y5 poh L (58] B s s
5 sl 203 Y0 1l }bglS Jolowo o olpl M (Y5 (29) 5
03,5 4d olpl g g <8 b 5l gl

€9 9 % 9wl Cud & N 32 oy o ool
Wlege oyt )3 (B g9 05Y5) S5l 9 (A g9 05Y5) 9l
.(Gmir, 2012)

b auslio ) al)d oL a8 wlooly ol p3) la iag pols
ST Slgo o o yealis g o gko Slge i sl 1l 30,500
Aol s lapiums > (pizmen 5 Conl Jl3)05 0 6 5VL
; Nejat et Azarmi et al., 2006) aib o juiw ol gb iso
(al., 2017

sl 2 9y 9 rmb oy I S gL ans
095 gl 3 3,13 3929 o bzme )3 516 (g3lulie 5 (55l ygmmdgal
Ogy Wle LS g, o Gl (sled 1> megd] T Jslne
buwg bg YU )Lid b )pbjgen bawg g o0)S dgulgel aibay
0B JSIS Ggmadgel g 3,5 (o0 0355900 Siigul iyl glgel
Jls pd eddodly cylys i 5l ey 0L Jlade 51 4 o ylade b
gy Bl jslaieds g 0dd dpw (e D9d e 03938l (3] w2
i 5l g oyl (JUT ke JI M bawgs ,b s @lydeil
Mg Ol (ggmdgel o)kl s 4 hgy ol g 03D
Lohcharoenkal et) 5, 5959 yiegl de+ I 1Sog8” )3l
(al., 2014

38 il (e g 3,0 pU M 05 by, 4 pg> (b9,
o1 S5 5B (gl w9y buwgy ol e p3 &l)d 6l sl o
el amalled b amal iglS s o5 pe VLl Lawgs Ll
0diiS Wlglguwd Jole S 39581 b culyd o3 ¢ gy ol 50 32,5 0
0P B G 0eSep Jele 4 JUI L plb S il
Lohcharoenkal ) 15,5 o aug 12l )5gl5 ubai o ,e oY lasl
J(Lietal., 1997; etal., 2014

slwodlel (sl 55 (6500 slaishy) (Bgb slaby, 2 ogde
95 4 Olyiee Aol &5 3580 4SS0 (5Y @l gl
Opmdgoly S Bay 0 08 o)al 2o 5 gyl sl sl
Jlod 4 555 b g (gilwoslel (sl Bhe g > (hoy S oS
a8l 18N g cobSdow Jolore 4y a3V uj Jeloxe o] 0
oddbaslsl )y gl 3,8 (slaSiss (gl J.;»Aﬂ)l}'ﬁ O § dgul oo
Pede sl S gl bl sl GISe-N s coliiy
dpdse J (RN oo (Jad i S )3 a5 Sloj coliSS) 5
JM> o)ym@ww)w)))fui)wddb ch.mJSw:do
& Joloe ol atan G S350 )3 M 0395 51 595 Cawgd ] s g
Coje ol B=0NM dga> 1> ¢ (g yagl dlul 1> b Juo ]
Col ol @39 JeSut5 (6l ogmdgely So i 95 51 03latus
o e o atwd 05l bas bwg Klg e I3l ojlul a8



Yrv I aulo yo ooliiwl glp 2103 o9y 4 ¥ 5 1S gl adgi () Kod g plodyguilowdis

Metrohm 828) yo pH oS> jl wlyd pH (6,551l 4l
23,8 odlal (udaw HoukS bl

155 Jauaily s

e gy 559 585 152 51 )3 g 55 oty (e pslatony
P alyd jebaie pdy .ab edlazwl (Zetasizer- ZS, Malvern, UK)
SleMbl b s 030> 1,3 ol%awd )3 g Lisu oggs Oyl e ¥
D2,8 s piY

@lyd 930 655959, 90 (s

gy 3N s Son S eslizal L Sl3gls (535l 90
Il yebate s b bl oled] S cé L (EM3200 KYKY)
g b (lubier (B Sl Sad ol bwg 5V )5 9l Jgloca
abst mlo yig,is )0 daBd ) e 4y 03)S Lgw) Gl gl
mdbqu\of&i&o&bubh»9§w»ﬁw§om”
oL adgel (59) (5ol iudey (lyisas Mo 51 (S3U b Y
(Nejat et al., o 03> )13 adllles 5y50 diges pdow (puwws o A
)1 odlsiwl 1; u""] d?)“*’ u9§x~)9)5\w ))5[.«44 W .(2017
A5 cud AUTOPROBE cp (park scientific Instrument)
9 e domio G 9y 3 Joloe p 5l 0jhad Sy S L baeiges
Nejat et al., a5 (gjlwodlel bame (glod 3 o] oulKis
(2017)

& bl 54U

3 las MolS b 51 oslil b aodly (glol Julows 5 455
P LSD (4051 gy odly uSle duslie i plsl loj LIB
Lo ignfl solas 28,5 ool SAS 385 5 20, 0 Jlazs) s
A el 1SS aw o JBle

Qs o)l 595 3 (Y5 Clale il
1Sy ojlsl @i b Y5 Sl g Giagky ol
A3 g0 Ui dizej (pl )3 48,5 Cpgeo (Sla gy () g Sl
(Nejat et al., 2017) w3l o o3lo clale 15T cov o)) ojluil &S
b Saibom padls oS & (V5 1 (IS (S Gen 4
500 (sgw b a5 a3 Gellae clale lgicds wles sl
€ dmde Ui dipe) cpl 3 MBS Gy slatagh @l
My > ek il lp b Shy et (Sl ol

Slalspog> I 0o (g 1 x5 YF 3l g jolateay
A ke Ve 3 55 5 e Be oY 15 3 3,8 oslic
A > ed dlowgay oS Sl ds et Y Slod baylyi o jlads
Jsle 4y gl yid Lo Ve W.%]MJQJ&SJWQU
e S8 ey Vb (JoSUge (59 b 55V b 5 4L (Y5
Ve YL (JoSge (s b VG g a8 (sjlebix dbe OB e
Sl 29381 b 55 Jelore PH L0055 034331 Jlads o s oo
Voodm dbye 5 b 0udals VIO g5y 2 Y50 o) S 0500
b s Lol (35 p > 52 9 Slojhad Cpgoty (gl i e
Dy alyd gl s oSS oo oyl oS N1 e K55 4 Jaloxe
o e OYlasl ool cas ,\tm,\ﬂ)b)lf Jelowo i Lo Voo Lol yo
Luoetal., ) ab o0 yle PM Yo v ;5 438> Yo Gdo &y 5 a8l
(2012; Nejat et al., 2017

0ya 0 3ladl s

SZ-1007 Solod jg sy o&iws b o) ol yiomiuw
S5 ,hd .05 sbol (Dynamic Light Scattering, HORIBA)
alyy (SasTy deld iovuw glp 00,5 (55155 00 ol e
2 loghlejl b 4B S L ) (Suedly e 5516 55 blse
M (6503l 51,8 il dn 0 YO (slod j3 g >0 Qe Lisy dael;
. Hossegini et al., 2013)

(FT-IR) 308 (99l )88 Jous pheucduls

o3 3l olizl b @l 936 FT-IR cisbs (inghs o5k ol
odlazwl b loJl Bruker < s el Tensor 27 yiegighg Sl
15 e KB o8 5

(XRD) yuSl kil (,il
dnds] gw il 51 eolainl b ol as clydgib ojlul 5 Jlisle
,» KoaCu b b olJl Siemens 8,5 céls D500 .Sl

3,5 Cd d D £V (YO o390

(TGA) aiuu)s Sl 6T
039 ol ).JL»T buwg odd jiw <l 66 Syl syl
o5 ADVANCE RIKO <S5 célw (TGA) o

Cawl 08 (6 S0 31l

Y5 il g3l adac b pH il



VoY LT — o oF 0lods I il (ol (10E luo g pole Ll 4 pis  YFA

53,5 b3, PDI g0 05lul (59 pr oi¥3 clale 56,2017
ool oaalin BB Y Jgdo )3 ol

.)|9A » Nx‘a u,u.ﬁ‘.b) UI)':A 9 Cowl 04 u;‘.wyus).) 941.} uYya}m

(Nejat et al., 55 Sty b o)l a5 5 )b ojlulay lié

8,3 03l g iy il J1-Y Jous
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300 259.7°+ 2.75 0.204° + 0.03
400 321.1°+2.76 0.323°+0.02
500 362.32+ 2.69 0.346% + 0.03

Data are presented as mean values + standard deviation.
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Table 2- Effect of volume of acetone consumed on nanoparticles size
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Acetone consumable (ml)
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Particle size (nm)

(Sl o ol
Polydispersity index (PDI)

15 206° +3.03 0.081¢ +0.003
20 214°+ 4.29 0.090° £+ 0.004
25 218% +3.36 0.101¢ + 0.002
30 226%+2.83 0.1122+0.01

Data are presented as mean values + standard deviation.
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Temperature (cC) Particle size (nm) Polydispersity index (PDI)

40 201.3+3.04 0.080°+ 0.003

50 232.3*+5.37 0.142° + 0.004

60 240.3* + 7.64 0.185% + 0.006
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Table 4- Effect of stirring speed on nanoparticles size

SR CiS pw 8,3 o3lal S iy s 2L
Stirring speed (rpm) Particle size (nm) Polydispersity index (PDI)
800 169.4* + 4.20 0.0662 + 0.003
900 113.7° +5.02 0.069° + 0.004
1000 88.6°+3.53 0.043° + 0.006
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