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Table 1- Concentration of prepared film samples for nanliposome synthesis

Sample Lecithin (gr) Cholestrol (gr)

Ethanol (ml) B- sitosterol (gr) Water (ml)

1 0.5 0.04 10 0.108 10
2 0.5 0.05 12 0.11 10
3 0.5 0.06 14 0.112 10
4 05 0.07 15 0.114 10
5 0.5 0.09 20 0.118 10
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Figure 1- FT-IR spectroscopy of cholesterol, -
sitosterol and B-sitosterol contained nanoliposomes
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Table 2- Mean particle size and polydispersity index (PDI) of nanoliposomes

Sample  Lecithin  Cholestrol Mean PDI
(gn) (gn) particle size
(nm)
1 0.5 0.04 93.13+0.15°  0.282+0.01°
2 0.5 0.05 97.5+0.46°  0.283%0.05°
3 0.5 0.06 100.3+0.33%  0.292+0.02?

G Sy bla s sad 5 aibl oo 31 daal L
Oled dsb oo 1y (eslin oluly 5 05l a s S
G (YN LK o (i) wias eo GLES a3
Sose © asdsnlsl i (Sihd ok
YV 5 Yo & slales Lo soluly 5 ad alad) Slaalis
S B Slaalie Gsedl @l w8 s s
Laa soumd 5L e 5 Dy 2o b (Sadid S (55l 50
ana ki 830l Grinas il sk S0 0 Jsaa L
L s 53w 51 G 590 Y0 Oled 59 a sl 56 €5 4
oo pugrale a0 £ gles 5o (LIS Ll
380 e Hlis (Siod ol o olel Jalss Lwa S
L sie¥sk @oluly YL Js il s o b dga oS
o gl faan o GlEs s e o) alias slales o
Golaline o) guo 4 da 5 VO saa st glon Ho ladisa
Lol (P<:/0) il go il 381 J s il (l3ae Gl s
ol @l G golabae L)l a0 YV gles o
0 Lagosal sl S5 5o JosiwlS (e o (Koo

(P> 0)aelss
o 590 Ve oai L ol peaa kS Ske s Me
pS /8 Gola Gsad sl amsu E sles Hu (5olS
0 SaSly padla 5 5iesl YA0/1 sae & Jy 0wl
L YL oS ghls sladisa o s, +/ot
SaSly peald 5 old geaa sk (SLe o3
Jooial a Ko /v0 ol sl Hu0/0 5 e 5B YYA/Y
poS /N ol e sl /80 5 e 8L YAN/E
1 JosindS (I8 @l Gl el cens 4 Jssaul
O90S wia Gk 5 asssal sl eaiS Hluly olsie
Sba L 5o JostalS ) aa S o anl S5 00020

oucdi idea (5Lap 9 g3l 93l B ) Jawuslliy -V Jgua
Table 3- Zeta potential of nanoliposomes

Sample Lecithin Cholestrol Zeta potential
(gr) (gr) (mV)
1 0.5 0.04 -13.6+0.25%
2 0.5 0.05 -22+0.58P
3 0.5 0.06 -30.9+0.5¢
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Table 4- pH of nanoliposomes

Sample Lecithin  Cholestrol pH
(9 (an)
1 0.5 0.04 6.82+0.062
2 0.5 0.05 6.62+0.11°
3 0.5 0.06 6.55+0.04°
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Introduction: Natural sterols and stanolols in plant cell membranes are known as phytosterols. In
recent years, interest in the use of phytosterols in dietary compounds to reduce cholesterol has
increased. Diet provides a daily amount of phytoestrol 500-180 mg, which is not enough to lower
blood cholesterol. The main mechanism of action of phytosterol in reducing cholesterol is interfering
with the dissolution of cholesterol in the intestinal micelles which leads to a decrease in cholesterol
absorption. These compounds also reduce the risk of gastric cancer, prevent tumor growth, improve
inflammatory diseases, and prevent atherosclerosis. Taking two to three grams of phytosterol per day
can lead to approximately a 10% decrease in blood cholesterol levels and a 15% decrease in low
density lipoproteins. Phytosterol is a white, water-insoluble, high-melting powder that is difficult to
dissolve in fats and oils, which makes it difficult to add phytosterol to foods.

Phospholipids are cell membrane constituents with a hydrophilic end and one or more hydrophobic
tails; they also have antioxidant activity. These compounds are used to make carriers called
nanoliposomes that have in recent years been an important carrier in the pharmaceutical and food
industries for the coating and release of hydrophilic or lipophilic active compounds such as vitamin
A, Vitamin E and vitamin C, ascorbic acid, micronutrients, omega-3 essential fatty acids, medium
chain fatty acids - vitamin C, cinnamon oil, polyphenols including catechin, curcumin and other active
ingredients. Nanoliposomes are colloidal structures formed from one or more spheres consisting of
two lipid layers that surround the aquatic environment. This structure of liposomes provides special
properties, such as spontaneous sealing in the aqueous medium, which makes them suitable carriers
for active compounds in the field of medicine, immunology, diagnosis, substances Manufactures
cosmetics, cleaning and food industries. Nanoliposomes provide greater surface area than liposomes,
and improve bioavailability and targeted targeting of embedded materials. In the design of
nanoliposomes used in the food industry, two important parameters must be taken into account; the
first parameter, the stability of nanoliposomes, in order to increase the shelf life and storage of the
food and the second parameter, the composition of their structure should not be compromised. Make
a difference in the texture and taste of the food.

Reducing the size of liposomes to nanosize can reduce their stability. For this reason, the addition of
stabilizers can extend the life and stability of these nanocarriers.

Adding Cholesterol to Phospholipids Increases Stability of Nanoliposomes by reducing lipid
membrane permeability and membrane stiffness. Nanoliposomes have shown good potential to
encapsulate and stabilize molecules against a wide range of environmental conditions and to protect
them from degradation.

The main purpose of this study was to incorporate phytosterol into nanoliposomal formulations in
order to improve its dispersion in aqueous and aqueous media, to select the optimal formulation from
soybean-cholesterol formulation. Different concentrations of cholesterol were used as stabilizers.
Mean particle volume diameter, dispersion index, zeta potential, physical stability and pH were
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studied as important parameters. The use of edible grade compounds in the preparation of
nanoliposomes and the overlay of the beneficial phytoestrol compound is the most important
advantage of this study over other studies. According to studies done, no research into the intrinsic
phytosterol content of edible materials was found. In this study, ultrasonic homogenizer was used to
reduce particle size and more efficient loading of phytosterol into nanoliposomes.

Material and methods: In this study, B-sitosterol containing nanoliposomes were prepared from
different concentrations of soy-lecithin and cholesterol by thin layer hydration method. The ultrasonic
homogenizer was used to reduce the particle size. Fourier-transform infrared spectroscopy (FTIR)
was performed to investigate the possible interaction between beta-cytosterol and the prepared
nanoliposomal carriers. Particle size, polydispersity index and zeta potential of nanoliposomes were
analyzed according to cholesterol content of samples. Also, pH and stability of nanoliposomes in
different temperatures were analyzed according to cholesterol content.

Results and discussion: The results demonstrated that the interaction between B-sitosterol and
nanoliposomes is a hydrogen bond type. The tension created in the area of the OH bond stretch proved
to be a hydrogen bond between lecithin, cholesterol and B-sitosterol. The mean particle diameter,
polydispersity index, zeta potential, physical stability and pH of the nanoliposomes were investigated.
The size of nanoliposomes can vary depending on the physical conditions such as temperature,
chemical conditions such as pH as well as the type of phospholipid, the type of carrier and the type
of stabilizer. The mean particle diameter was between 90 and 100 nm. Although the addition of
cholesterol to the samples slightly increased the mean particle diameter of nanoliposomes (P<0.05),
it reduced the zeta potential (P<0.05) and increased the stability of the samples at different
temperatures. Cholesterol addition, although it has led to an increase in the particle size and dispersion
index of nanoliposomes, these effects are negligible. Increasing the cholesterol level decreased the
pH in the range of 6.88 to 6.51; the proximity of pH to neutral range in these samples is an advantage.
The pH of the samples was close to the neutral range, which proves that the use of these
nanoliposomes does not affect the pH of the food stuffs. Statistical analysis of physical stability test
showed that samples with higher cholesterol percentage showed longer stability at different
temperatures.

Conclusion: The use of thin layer hydration and ultrasonic homogenizer resulted in the formation of
particles with an average volume diameter of about 100 nm and lower which, however, increased
cholesterol and had a mild and slight effect on increasing particle size and distribution; In the prepared
samples, it reduced the zeta potential and consequently increased the stability of the samples. It is
also a measure of the stability of the specimens at different temperatures predicted for optimal storage
and use. The best results for a sample containing 0.06 g cholesterol were obtained. Although the size
of the particle was slightly larger than other samples, zeta potential, physical stability and pH were
more favorable than other ones.
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