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2. Nanostructured lipid carrier
3. Antisolvent precipitation
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1. Solid Lipid Nanoparticle (SLN)
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1. Polydispersity index (PDI)
2. Cumulant analysis
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Table 1 Analysis of variance for particle size

Source DF SS MS F value Prob > F

Model 15 40739.04 2715.93 5.89 0.0005
Solvent type 1 5783.50 5783.50 12.55 0.0027
Emulsifier type 3 23300.97 7766.99 16.85 <.0001
Wax type 1 8593.60 8593.60 18.65 0.0005
Solvent* Emulsifier 3 1787.88 595.96 1.29 0.3109
Solvent* Wax 1 22.78 22.78 0.05 0.8269
Emulsifier* Wax 3 946.41 315.47 0.68 0.5744
Solvent* Emulsifier*Wax 3 303.87 101.29 0.22 0.8812

Error 16 7374.30 460.89 - -

Total 31 48113.34 - - -
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Fig 1 Significant linear effects of solvent type (A), Emulsifier type (B) and wax type (C) on particle size
(p <0.05)
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Table 2 Analysis of variance for polydispersity index

Source DF SS MS F value Prob>F
Model 15 0.041 0.002 6.28 0.0004
Solvent type 1 0.000 0.000 0.18 0.6811
Emulsifier type 3 0.029 0.009 21.91 <.0001
Wax type 1 0.000 0.000 0.00 0.9868
Solvent* Emulsifier 3 0.008 0.002 6.27 0.0051
Solvent* Wax 1 0.001 0.0017 3.84 0.0678
Emulsifier* Wax 3 0.001 0.0005 1.21 0.3368
Solvent*
Emulsifier*Wax 3 0.000 0.0002 0.66 0.5908
Error 16 0.007 0.0004 - -
Total 31 0.049 - - -
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Fig 2 Significant linear effect of emulsifier type (A) and interactive effect of solvent and emulsifier type (B) on
polydispersity index (p < 0.05)
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Table 3 Analysis of variance for production yield

Source DF SS MS F value Prob > F
Model 15 482.88 32.19 22.95 <.0001
Solvent type 1 1.16 1.16 0.83 0.37
Emulsifier type 3 216.40 72.13 51.43 <.0001
Wax type 1 64.38 64.38 45.90 <.0001
Solvent* Emulsifier 3 45.69 15.23 10.86 0.0004
Solvent* Wax 1 32.50 32.50 23.17 0.0002
Emulsifier* Wax 3 113.57 37.85 26.99 <.0001
Solvent* Emulsifier*Wax 3 9.16 3.05 2.18 0.13
Error 16 22.44 1.40 - -
Total 31 505.33 - - -

sy pde S sdalis AL ssd>= L Jglg s
Osiskd s O35 b o s ald sl 5o plind sl
5 s s g e e JSUL 4 S 5L sl
G5 U3 0k Hase 4 K3 S 3l el sl LG
ol 00 s S Sl WSS s o0 S e 5 LS
g bz D) Y IS8 s K e M s Oledily rals
ool s ol Sy 8 555 0 etalin pliged sol ¢35/ 5o
bl plindsal g5 51 g8 JS0N D= S 55k o &S
b sl slsnsnl 4 Ced gl Ol
Isbsnsn!l & el P ol VL Osises oo
Dslsn 3l aslinal & das e 0LES K2 ol ssdle 4 AL e
55 D3 A5 Olekily Sl e e La L sl 56 0l
A s alBlers s 4 8 i e e g8 50 o
DY1E] ol cte DL b e L3S L J 8050 S S
op 3l Al e el 4y dald & ged llanl 3las
S Ceol s pladsl il e Lo 4 p e
a0l 1y (AY sam) Ol oS it
osls ol (B) ¥ Ji..v 23 e Cy’ /N>~ Cy’ Dl pme iz
b ads 4 B Glhe JHB1 elal ol el s
S gl Aoy A 31 i Oty L Py Aol
oS agh pge o Sl ol Al pse a Glate Skl S
Gl iy 3 erasolis dles ) ol J561 I L
L oot Sl Ogsed b 4 Sl g0 Sy
oLzl 3550 g0 g &S Bl OIS e JSKE ol 4 4 g
Pl L oedd wg Ll s Wy obtl, ol

2 d 8l s

AO

OLelly o i 5 o edalinn AT IS5 53 &S 4 Silan
Ve ) bl ool gladised 4 Glaie dsns AV L
mdiged 4 bgpe SR S s eslital )50 gla L sl
A 55 gl sl ol (1 A0) licd gol O dals gla
S dble o @ LS e 03 N SE S e
O35 Sudpy s e DL &S 1, Sl )3 Cla.ﬂ
33 ol Olegan 5,8l by clled 5 cdas by andl s
adls obml 5y e B ol L plld sl g s
SRS o A s D3 i ol 4 Sl S
Sl bl 5 D peaS Sl s 038 SWS Sady Sl S e
Sladised 2550 53 [Y=VE] A8 o (6,8 5l DL s
W3 GIULL o i ol Sl aslinal pde 55 dals
5368 338 o iy DS S 5 S & T Gl
Sl e g edd x4 Ses mle b
U5 s el sdalin b el Ll e Mg ol
Spd> pse | oslizul b o 4 o3 W5 olel, B-Y
S ol Al e gl Slde cpl a3 el Lo ys 4
s w0l e 1y Ol ) el s 4 Ao j3 AV o5 o n
o3 a o pynoop Ol Al e iy (S
Chd pslal 4 e Sl Coale ol aS Gk 4ol
Ol o 5 ) & s el St Sl il b s
S il dul B 55 il dadl OAd Cuk s (b iy
YOS s oS hailes [IV] Lpd e Ol Sials Lulg
350 Sl plid ol Sl (solis bl 55 e ealin (C)
ol o g5 92 o3 L Olekl; Olps AL eslan
O G 3 (b sl 1AV 5 U561 7AY) Wl esls

Dl Lol ags Al €5a5 53 Ol e 1) Sbkly o 2eS


http://dx.doi.org/10.52547/fsct.18.111.79
https://fsct.modares.ac.ir/article-7-42627-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-30 ]

[ DOI: 10.52547/fsct.18.111.79 ]

I 5 Sl e aible

(A)

92 I

920

b
b
88
c
84
82
80
78

Blank NaCaS Tween80 Mix

Yield (%)

Emulsifier type

(C)

a

I p @b
° I
d d
8 H Blank
d
€ B NaCas
84 B Tween80
82
Mix
80
78

Absolute ethanol

Yield (%)
oo o0
(=2l

Isopropanol
Solvent type

(E)

93
92
91

Yield (%)

Absolute ethanol

Solvent type

(B)
92
91
20
89 b

88

Yield (%)

87
26
85
84

83
Beeswax Propolis wax
Wax type

(D)

Yield (%)

95 3 a

a
70 I

o0
[

mBlank

mNaCaS

00
=]

= Tween80

Mix

~
ul

Beeswax Propolis wax
Wax type
b
b
W Beeswax
Propolis wax
Isopropanol

Fig 3 Significant linear effect of emulsifier type (A), wax type and interactive effects between solvent and
emulsifier type (B), wax and emulsifier type (C), solvent and wax type on polydispersity index (p < 0.05)

sp /Y0 5 S Wasiped aled 53 D3 LSSl Lastls
a Glaze A5 0Ll o 2o T e Sled 4 o sllae
Srlp byl 5 JSG I Loodd a5 gy DL 5L
T I e R e
Cstas Gl Ol S b P S e A, Ol
0555 esr Shed Blse e 4l Sl S0 WSl
Sle obe Joeily Sl psmen Sl el e 5 s
IS PSR- WA LS Y PH B W Y

A

Z 0]
S 4ol -t
Jsbl) I C}; e 31 caliss J.a\}p Al ragn ol s
0553 p50) Gl b g5 5 (T bl 5 e
¢Qb.} AJ"JJ‘ LSLAJI-“JLi)’(f}‘ AJ{)" d>-‘j>=:..u‘ f}‘)d“‘p
9 d})b‘ J>&> ‘V{M QL;)S J.il.d..:....s}a‘ )‘ oslail cJ—~ﬂL>

ol QLI.:‘) Q‘)J A)‘Ja‘ U‘-{J:“Sﬂ}‘ AJJ)‘ f‘jxl.w‘€}a


http://dx.doi.org/10.52547/fsct.18.111.79
https://fsct.modares.ac.ir/article-7-42627-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-30 ]

[ DOI: 10.52547/fsct.18.111.79 ]

Vevo C,..i.é,:{}‘)‘ AV e)j;g\\\ e‘)LA..i'

Olpl gle mlo 5 el dons

sitosterol: Effect of formulation variables on
physicochemical properties. Food Chemistry,
260, 97-105.

[9] Joye, LJ., McClements, D.J. 2013.
Production of nanoparticles by antisolvent
precipitation for use in food systems. Trends
in Food Science & Technology, 34 109-123.

[10] Liu, F., Tang, C.-H. 2014. Phytosterol
colloidal particles as Pickering stabilizers for
emulsions. Journal of Agricultural and Food
Chemistry, 62 5133-5141.

[11] Fayaz, G., Goli, S.A.H., Kadivar, M.
2017. A novel propolis wax-based organogel:
effect of oil type on its formation, crystal
structure and thermal properties. Journal of
the American Oil Chemists' Society, 94, 47-
55.

[12] Sedaghat Doost, A., Aji Muhammad,
D.R., Stevens, C.V., Dewettinck, K., Van der
Meeren, P. 2018. Fabrication and
characterization of quercetin loaded almond
gum-shellac  nanoparticles prepared by
antisolvent precipitation. Food
Hydrocolloids, 83, 190-201.

[13] Tan, T.B., Yussof, N.S., Abas, F.,
Mirhosseini, H., Nehdi, I.A., Tan, C.P. 2016.
Forming a lutein nanodispersion via solvent
displacement method: The effects of
processing parameters and emulsifiers with
different stabilizing mechanisms. Food
Chemistry, 194, 416-423.

[14] Trotta, M., Debernardi, F., Caputo, O.
2003. Preparation of solid lipid nanoparticles
by a solvent emulsification—diffusion
technique.  International  Journal  of
Pharmaceutics, 257, 153-160.

[15] Trotta, M., Gallarate, M., Pattarino, F.,
Morel, S. 2001. Emulsions containing
partially water-miscible solvents for the
preparation of drug nanosuspensions. Journal
of Controlled Release, 76, 119-128.

[16] Schubert, M.A., Miiller-Goymann, C.C.
2003. Solvent injection as a new approach
for manufacturing lipid nanoparticles —
evaluation of the method and process
parameters. European Journal of
Pharmaceutics and Biopharmaceutics, 55,
125-131.

[17] Domingos Fontana, J., Adelmann, J.,
Passos, M., Maraschin, M., de Lacerda, C.A.,
Mauro Lancas, F. 2004. Propolis: chemical
micro-heterogenity and bioactivity. InJ. F. T.
Spencer, & A. L. Ragout de Spencer (Eds),
Methods in biotechnology: Environmental
microbiology: Methods and protocols (pp.
203-218). New Jersey, USA: Humana Press.

AV

Z
6)‘)&\?«0 -0
Gsdio 3 Olghol s o840 31 ol dlie o8t 6
g« (INSF) 8 olysts 5 ol Kaasy 5l colex
Ayl 1y Kas JbS iass ol <=L?L3\ sl Jb ol

gl =1

[1] Miihlen, A.Z., Schwarz, C., Mehnert, W.
1998. Solid lipid nanoparticles (SLN) for
controlled drug delivery— Drug release and
release mechanism. European Journal of
Pharmaceutics and Biopharmaceutics, 45,
149-155.

[2] Zafeiri, 1., Smith, P., Norton, LT.,
Spyropoulosa, F.  2017.  Fabrication,
characterization and stability of oil-in water
emulsions stabilized by solid lipid particles:
the role of particle characteristics and
emulsion microstructure upon Pickering
functionality. Food and Function, 8, 2583-
2591.

[3] Xue, J., Wang, T., Hu, Q., Zhou, M., Luo,
Y. 2018. Insight into natural biopolymer-
emulsified solid lipid nanoparticles for
encapsulation of curcumin: Effect of loading
methods. Food Hydrocolloids, 79, 110-116.

[4] Schroder, A., Sprakel, J., Schroén, K.,
Spaen, J.N., Berton-Carabin, C.C. 2018.
Coalescence stability of Pickering emulsions
produced with lipid particles: A microfluidic
study. Journal of Food Engineering, 234, 63-
72.

[5] Binks, B.P., Rocher, A. 2009. Effects of
temperature on  water-in-oil  emulsions
stabilized solely by wax microparticles.
Journal of Colloid and Interface Science,
335, 94-104.

[6] Soleimanian, Y., Goli, S.A.H., Varshosaz,
J., Sahafi, S.M. 2018. Formulation and
characterization of novel nanostructured lipid
carriers made from beeswax, propolis wax
and pomegranate seed oil. Food Chemistry,
244, 83-92.

[7] Bevilacqua, M., Bevilacqua, M., Serra, E.,
Vianello, A., Garrou, E., Sparagna, B.,
Barale, U., Alberto Zaccagna, C. 1997.
Natural resin association such as incense and
propolis in zootechnology. Agriculture,
Ecosystems and Environment, 62, 247-252.

[8] Soleimanian, Y., Goli, S.A.H., Varshosaz,
J., Maestrelli, F. 2018. Propolis wax
nanostructured lipid carrier for delivery of


http://dx.doi.org/10.52547/fsct.18.111.79
https://fsct.modares.ac.ir/article-7-42627-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-30 ]

[ DOI: 10.52547/fsct.18.111.79 ]

JEST No. 111, Vol. 18, May 2021 ABSTRACT

Iranian Journal of Food Science and Technology LJ

Homepage: www.fsct.modares.ir

Scientific Research

Investigation of Lipidic Solid Nanoparticles from Propolis and
Bees Waxes produced by Antisolvent Precipitation Method

Shirvani, A. ', Goli, S. A. H. ?*, Varshosaz, J. *

1. PhD student of Food Science and Technology, Department of Food Science and Technology, College of
Agriculture, Isfahan University of Technology, Isfahan, Iran.
2. Associated professor, Department of Food Science and Technology, College of Agriculture, Isfahan

University of Technology, Isfahan, Iran.

3. Professor, Department of Pharmaceutics, College of Pharmacy, Isfahan University of Medical Sciences,

Isfahan, Iran.

ARTICIE INFO

ABSTRACT

Article History:

Received 04 May 2020
Accepted 01 November 2020

Keywords:

Solid lipid nanoparticle,
Beeswax,

Propolis wax,
Antisolvent precipitation.

10.52547/fsct.18.02.08

*Corresponding Author E-Mail:
amirgoli@cc.iut.ac.ir

Antisolvent precipitation is one of the desirable methods to fabricate colloidal
nanoparticles from food ingredients. The aim of this study was colloidal wax-
based nanoparticles production from beeswax and propolis wax by antisolvent
precipitation method. For this purpose, the effect of different parameters including
solvent type (absolute ethanol, isopropanol), emulsifier type (Tween 80, sodium
caseinate and their mixture in a ratio of 1:1) and the type of lipidic compounds
(beeswax, propolis wax) was investigated on the parameters of particle size,
polydispersity index and production yield. According to obtained results, the
lowest amount of particle size belonged to absolute ethanol (205 nm) and sodium
caseinate (192 nm). Emulsifier type, solvent/emulsifier type had significant (p<
0.05) linear and interactive effects respectively on polydispersity index. The
polydispersity index level of both waxes was less than 0.21 and in desirable range.
The results of production yield showed that mixture of emulsifier, ethanol and
beeswax had the maximum amount of yield (92%, 93% and 90%, respectively).
The interactive effects on production yield demonstrated that the mixture of
emulsifiers, regardless to solvent and wax type used, had the highest amount. In
addition, beeswax nanoparticles, which were prepared by absolute ethanol (ca.
91.5%), showed the maximum amount of yield compared to fabricated
nanoparticles from both waxes with isopropanol. As results showed, antisolvent
precipitation can be used as a feasible way to produce solid lipid nanoparticles. It
was also determined that beeswax and propolis wax had a good potential for
preparing lipid nanoparticles.
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