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Introduction

Capparis spinosa is a perennial herb from the Capparidaceae family that is mainly distributed in arid and semi-arid
regions. Its fruits are oval shaped, approximately 3 cm long, greenish in color with red pulp. Capparis spinosa extract is
a rich source of phenolic compounds. The instability of phenolic compounds in the environmental conditions as well as
their bitter or astringent taste has created challenges for the use of these compounds in the food industry. Encapsulation
is a method that can positively affect bioaccessibility and bioavailability as it ensures the coating of the active
component and its targeted delivery to a specific part of the digestive tract and controlled release. Encapsulation using
nanoliposomes seems to be an appropriate technique to overcome these issues. Nanoliposomes are the nanometric
version of liposomes. Liposomes are spherical particles composed of lipid molecules (mainly phospholipids) that tend
to accumulate in polar solvents such as water in the form of bilayer membranes. Encapsulation with liposomes is an
effective way to preserve the intrinsic properties of bioactive compounds during storage and production of foods
fortified with them, as well as a physicochemical barrier against prooxidant agents such as free radicals, oxygen and
uv.

Materials and Methods

Materials: Capparis spinosa fruits, were collected from subtropical regions of llam province (Iran). Folin ciocalteu,
gallic acid and tween 80 from Merck (Germany), cholesterol and phosphatidylcholine from Sigma- Aldrich (Germany)
were obtained.

Methods: The extract was obtained from capparis spinosa fruit powder using ultrasonic bath (Backer, vCLEAN 1-
L6, Iran). The phenolic content was measured by folin ciocalteu method. Nanoliposomes containing capparis spinosa
extract were prepared in ratios of 60- 0, 50- 10, 40- 20 and 30- 30 w/w lecithin- cholesterol. Then, particle size, Pl and
zeta potential were measured by DLS (Horiba, Japan) at 25 °C. After calculating the encapsulation efficiency using its
corresponding equation, the investigation of possible reactions between capparis spinosa extract and phospholipids was
performed using FTIR at a frequency of 400- 4000 cm™. In order to observe shape and morphology of nanoliposomes
loaded with capparis spinosa extract by field emission scanning electron microscopy (FESEM), a drop of sample was
poured on the laboratory slide, dried at ambient temperature and then, the sample was coated with gold layer using an
ion sputtering device. The stability of the samples was evaluated by visual observation of phase separation and the
release rate of phenolic compounds encapsulated in nanoliposomes at ambient temperature over a period of 60 days.

Results and Discussion
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The amount of phenolic extract was 6.328 mg of GAE/g dry sample. The average particle size (Z- Average) was in
the range of 95.05 to 164.25 nm. Increasing the cholesterol concentration resulted in enhancement of particle size of
nanoliposomes. The particle size distribution was in an acceptable range of 0.3 to 0.5 (Pl = 0.5). The Pl of the
cholesterol-free nanoliposomes was maximum and significantly higher than that of the others. Addition of cholesterol
increased zeta potential from -60.40 to -68.55. Higher zeta potential values indicate a higher and long term stability of
the particles. Also, cholesterol led to an increase of encapsulation efficiency (EE). The stability of phenolic compounds
loaded in nanoliposomes was affected by cholesterol during storage time via reducing fluidity and permeability of
liposomal membrane. Presence of cholesterol also inhibited the membrane rupture and any changes into it. Results of
FTIR showed interactions between wall constituents of nanoliposome and capparis spinosa extract, and confirmed
successful loading of the extract within nanoliposomes. Images of FESEM were in agreement with DLS results
regarding particle size and particle size distribution.

Conclusion

This study indicate that the nanoliposomes have potential applications in improvement of the shelf life of
nutraceuticals, stability of cosmetic materials and drug delivery systems. The phenolic compounds of encapsulated
extract showed good stability within two months of storage at room temperature. The results showed that the problem of
instability of phenolic compounds, which leads to their limited commercial application, can be solved by encapsulation.
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Fig. 1- The used capparis spinosa fruit picture
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2- Encapsulation Efficiency
3- Fourier-Transform Infrared Spectroscopy
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2- Cavitation



VWV (oS dilguin oslac Jolo sbapgiamdsil (b))l 9 adei ool K0 g o Liod

o P39l itiad Sl 4y JgydS 3958] 13905 samlitie
WA3,5 agl SV 4 VY Il ojlul il

w3905 G155 Sl A by (slapgiadyil aag )3 (2016
2 ol Bl @l ojlil )b gime I JgyindS” 0438] oS
(Viriyaroj et al., 2009) | ,\Ken g zg)bu yg Loaidly ) M5

J,,.:..M.IS

Table 1- Average particle size, particle size distribution and zeta potential of liposomes loaded with Capparis spinosa fruit
extract, and prepared with various quantities of lecithin and cholesterol

Lecithin: cholesterol Z- Average Polydispersity index Zeta potential

(w:w) (nm) (P1) (mv)

(P39 /559) JgrundS g (yiamd Comnd (iagil) )3 b8 (Fjg (il OI,d (SiSTpy bl (g (o) Uy Josdly
60:0 95.05 £5.30°¢ 0.517 £0.06? -60.40 + 0.42P
50:10 118.5+0.28° 0.329 £0.02° -63.05 £ 2.75°
40:20 130.05 +5.58° 0.382 £0.02° -68.55 + 0.35?
30:30 164.25 + 14.49° 0.364 + 0.05° -68.45 + 1.202

P<o10) 1) Hlo gime gl gt b 3 glite S8 gy b sla 1Sk
Different small letters in each column indicate significant difference at p< 0.05.

9 4319k o jluas (EE) AL a3k
a4 jd oyled dlge Juwsly saimy lis Slbgys, 03l
3y 0920 o yyamee dge BNle e (yizzen o 3l
Sligs sy 033l (Soleimanifard et al., 2018) sl o baiis
TAYD JgpuadS = cpiiad +=F+ s sl (29S &lgain oyliac
el s 4y ZABINVD JgpindS =y Vo0 s sl g
Canlagyl 52,500 (sbab ) st Wpgjgnd Cusgl (slab &5 oloxl
O b J> @ dlg oo i 93 2 0 Slgriy VL Aoy
@B g B e 4 ol Jlal 5 ojlas g i
Lpgisdpl (315 o 56 )3 53,5 )8 eimen g lapgjgd gl
@ Slgs oo JopudS sl wges Sldgi) 03jk ()9 yud 3L
e b llae 53 030 L6 alls alS sy JgyiadS 06 s
as” wsb ol (Fan et al., 2008) o)\Ken g «Guios oyl
Sl (20l 580 Jd> 4 et glackile b Jg s
35 iy o3k GilPl g L g)lul (B cow Lid
Slis ranS b b Gl a5l e Jo S clale ST Jg
sasl b wplie o amd o idlS 1) Sldgrsy 0d5b (09594
w2 »° (Laridi et al., 2003) o\ Kan 5 g0)Y cpobs imgs,
Rl oS M) o il 4 Z el lapgis Mg
355 Sy 09y3 2 Rl s Jgpids

alguia Jola (5lagg) gaal g3lh ju (938 Gilass 5 5yl
IS8 59,7 o RS

0Bl (i 4 d2g5 b pjondel 3 Jeb Sl 5 g)lulb

Vg P Gl b slapgisndgl )3 0ad jganme (Jgib Sl 5

5 Slialy S sla iSany 3 e i oS Jldge ]
s 4 bl B Jouily o)l Sl sbpiuns ylub
Sy e £ 51 5Vl 155 st IS (5155 el 51 IS
Luetal, ) stus gl SobiolyzsIl asls 1 5 @l sl
I 55 65 Jouslty Jp eds 3058 b gy ol > (2011
Owli8l g Lis Hlidle (dged ciw b JgpdS cias o ol lis
lopgiond il cuw @l Slivlg xSl @83 9 b Jeusly
2 o edd pbnl Gl o>y (Liu, 2000) 235
Mohammadi et ) ;],an ¢ gtome Canl ool Caws 4 goliio
13,5 ole D3 el 55l slapojsd sl s 5 (al, 2013
Gl ot sl 65 Jpuily o Jpids Jaie G L oS
cal,

039450 ) Joyieds —(pid ilSe glacuns il PI
Clie 4 JopmdS ous alsl b ca S 5 /¥v- -/0)
9y e U (Jg 35 Mo Il ) a8 dix s pojendgl
0181 b jCasdSy 5 0l YS! Lials el 5 3,8 sl PI
ooVl Sl ail PISoN Jiie 51 a8 basini,
Jade PIZ /0 g aigo Jlde oloic & PIZ /Y )y coiS
Cawd & ol & 455 L (Shah et al., 2014) sl o Job 6
sl 1B Jgd Bl asald 1 Pl jimg oyl 3 ol

mod Fe Cwd b Glapgjedsl imon cnl
L slopgjondol 9 39 Lls 1y @l)d ojluil o jiSar8” o5 Jg s
Sh> Spgiondol (i 3 &5 JoyialS —piad Ve =0+ s
ol sl vy 03,5 sl (65SasS S ajlul s

AW 5] X LSL"’O}")'T



\T’~Y Co\-&\-@-’{é}' - 0-.'.‘5)5)5 J a)l.n.& ‘\ﬂ ..\.19 ‘obﬂ g‘u\f: @Luo 9 Fg.l.c 6%5}' A.v).-.'u \Vf

Dg Gl Ol Gl ko ooy (b )3 0ud jpaxe (Joib
Ll ol o))gi Y Jg.w 5 C"L"’

120
a
> b T a
& 100 T cckins t
_'u_r; - N b .f
= T R
4= 80 el
)] i ! <
= : ; :
- k b
9 o
60 raeid
T — R
g & Fei
40 ; 5
£ s
o S ; 4
o i 3
Z 20 Han
5 e
3 SEAn
& 0 LT IR0l
15 30
B GO0 95.22 81.72
% 50-10 98.96 95.26

Glo 4 Y0 °C glod > IS (b JypdS —id 0
C)LuS)J u]).m u“mlf W W )'9) s 9 YO X+ N LSLQ’QL")

a
b
2 a A
45 60
76.75 72.45
81.64 73.87

P GRS 9,y B (b Jg S - ppiud VoD g o=Fe Cound b (295 dilgaid Jobs (sLpgsomgil 15 (Joid OLS 5 (5 Il Y JS
bz (5l
bl o (60500 Gy lad 3 P/ D Jlain] o )3 Iy me igles odimd Ui ¢l By >
Fig. 2. Phenolic compounds stability in nanoliposomes loaded with capparis spinosa extract prepared in ratios

of 60- 0, 50- 10 lecithin- cholesterol during 60 days storage in ambient temperature
Different letters indicate significant difference at p>0.05 at the measurement day.
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Fig. 3- FTIR, (A= cholesterol, B= phosphatidyl choline, C= Capparis spinosa extract, D= Capparis spinosa loaded
nanoliposomes prepared in ratio of 60- 0 lecithin- cholesterol, E= blank nanoliposomes prepared in ratio of 60- 0 lecithin-

cholesterol, F= Capparis spinosa loaded nanoliposomes prepared in ratio of 50- 10 lecithin- cholesterol, G= blank
nanoliposomes prepared in ratio of 50- 10 lecithin- cholesterol)
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