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ABSTRACT

The aim of the study was to obtain emulsions containing walnut oil, defatted, powdered walnut seeds and water. The walnut oil and
defatted walnut seeds were obtained by extraction method using chloroform and methanol in proportion (1:1), (v/v). The oil was
investigated according to Polish Pharmacopea VIII (organoleptic value, density, oil number and saponoating number). The
defatted seeds were analyzed organoleptic and granulometric analysis of the particle size was done. Nine different emulsions were
prepared and next physical and chemical properties of these formulas were investigated.
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INTRODUCTION

Emulsion are heterogeneous dispersed formulas made
from two immiscible liquids phase substances dispersed
one into each other [17]. As a hydrophilic phase water,
glycerol, ethanol can be used; [13, 17], and as a lipophilic
phase mineral oil [15], plant oil like almond oil [2], maca-
damia nut oil [3], oat oil [10], olive oil [22] and walnut oil
[28] can be used.

In emulsions it is necessary to use an emulsifier. The
synthetic substances like natrii laurylosulfate [1, 16, 17],
Span, Tween are usually used [6]. There are popular bio-
polymers like mannan and glucomannam obtained from
yeast, which are recently used as natural emulsifiers [14].

Emulsions can be divided into two groups. Emulsion in
which the lipofilic phase is dispersed in the aqueous con-
tinued phase is called oil in water (O/W), and emulsion in
which the water is dispersed into oil phase is called water
in oil (W/O) [17].

Nowadays there is a great interest in making semisolid
formulations for dermatological use, which have nursing,
moisturizing and protective properties.

In the current literature there is a lot of information
about using plant oil for preparation of emulsions but
there is not enough information about using walnut oil for
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making dermatological preparations. There is also no infor-
mation about using post extraction components obtained
from walnut seeds as a natural gel agent and partially
self-emulsifying source.

Walnut (Juglans regia L.) is a member of Juglandaceae
family and it is native in Southeastern Europe, Asia Mi-
nor, India and China [19, 28].

Walnut oil shows beneficial action on the skin. Walnut
oil contains 10% saturated fatty acids (palmitic and stearic
acid), and 90% unsaturated fatty acids from which 9-30%
is oleic acid, 57-76% is linolic acid and 2-16% is linolenic
acid [19]. Because of high content of essential fatty acids,
especially polyunsaturated fatty acids (PUFA), walnut oil
can be used as a very important ingredient for cosmetic's
creams. PUFA have nursing, moisturizing and protective
properties. They act between the skin lipids and they re-
duce trans-epidermal water loss [18, 24].

Walnut seeds are rich source of vitamin E. The highest
amount of tocopherol is beta and gamma tocopherol 19.5 mg/
100g, followed by delta tocopherol 3.05 mg/100g and alfa
tocopherol 2.6 mg/100g [9]. Vitamin E has antitumorigenic,
photoprotective and skin barrier stabilizing properties [23].

To separate lipophilic compounds like lipids, phos-
pholipids and tocopheroles, non polar solvents as methanol,
acetone, chloroform, acetonitrile (or their mixture) are
used [4, 5, 8].
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Physical and chemical properties of emulsion depend
on emulsifier used water and oil contain and methods of
homogenization [17, 20, 21].

Realdon [27, 28] investigated emulsions where for ho-
mogenization turbo mixer and blender were used. When
the speed rates of turbo mixer or blender increases the vis-
cosity of the emulsions will increase too [27].

The most popular investigations in emulsion formulas
are determinations of saturated emulsion type, particle
size of internal phase, density and rheological properties.

Rheological properties of emulsion are the most impor-
tant physical parameters in manufacturing, filling, storage
and esthetic look. Those investigations determine quality
and usefulness of emulsions [9].

Based on the collected information semi-solid emul-
sions for dermatological use were prepared.

Those emulsions contained walnut oil, water and defat-
ted, powdered walnut seeds. Different amounts of walnut
oil and water were mixed. As a gelling agent and partially
self-emulsifying source, defatted walnut seeds were added.

Next physical and chemical properties of these emul-
sions were investigated.

MATERIALS AND METHODS

The seeds of Juglans regia were collected in South of
Poland in 2008. Used solvents: chloroform, methanol
(purchased in POCH, Gliwice).

Raw material treatment and method of extraction

The seeds of Juglans regia were collected in the South
of Poland in 2008.

The walnuts were stored till the day of experiment in
the temperature of 10°C. On the day of the experiment the
walnut were striped from husk, crushed and sieved. After
that, 1000 g of walnut were placed in percolator, wetted
with mixture of solvent chloroform and methanol 1:1
(v/v) [8]. Walnut has stayed in percolator for 24 h and on
the next day percolation process was performed. The pro-
cess was repeated three times. Such composition of
solvents and the way of extraction seemed to be the most
optimal and it enhanced full extraction of lipophilic and
hydrophilic substances from the walnut kernel.

After that, the solvents were distillated from the liquid
extract in the rotary evaporator at lowered pressure and
the oil was separated from the mixture.

Defatted walnut seeds were dried and powdered.

Characteristics of walnut oil
Characteristics of walnut oil were investigated. Investi-
gation included evaluations of density, acid number and
saponating number according to Polish Pharmacopea VIIL
Results:
— Oil was clear with yellow color and characteristic wal-
nut smell.
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— Density of the oil measured by the pycnometer was
0.875 g/ml and it was lower than presented in literature
—0.945-0.970 g/ml [19, 26].

— Acid number was 0.397 mg KOH/ 1g of the oil.

— Saponating number was 296.2 mg KOH/ 1g of the oil
and it was higher than presented in literature — 161.4
mg KOH/ 1g of the oil [19].

Characteristics of defatted walnut seeds powder.
Based on the organoleptic and granulometric analysis

of the obtained powder it was determined that:

— Powder was semi yellow, without smell.

— Powder was not soluble in water and other solvents
like methanol, ethanol, and chloroform and expanded
when it was mixed with water.

— Sizes of powder particulates, measured by the projec-
tor microscope (Lanametr) were between 1.25 um to
12.5 um and the average size was 6.62 um.

Formulas and emulsions preparation

From defatted and powdered walnut seeds, water and
walnut oil nine emulsions R1a—R9a were prepared. Those
emulsions have the same quantity of defatted, powdered
walnut seeds and different proportions of water and oil.
The amount of water and oil in those emulsions is shown
in table 1.

Table 1. Amount of water and oil in emulsions Rla - R9a

Emulsion The‘:arrnouutn;e%tjcsiifg)tted Qil (g) Water (g)
R1la 1.5 10 10
R2a 1.5 9 11
R3a 1.5 8 12
R4a 1.5 7 13
R5a 1.5 6 14
R6a 1.5 5 15
R7a 1.5 4 16
R8a 1.5 3 17
R9a 1.5 2 18

To obtain emulsions the defatted, powdered walnut
seeds were placed in the mortar and the appropriate
amount of water was added. The mixtures have been tritu-
rated for 30 minutes. After that time the oil was added and
the triturating have been continued. At the end, the emul-
sions have been homogenized for 5 min. in the turbo
mixer at the speed rate 10 000 / min.

PHYSICAL AND CHEMICAL TESTING
OF THE OBTAINED EMULSIONS

Organoleptic evaluation

All emulsions had the consistency of cream with brown
color and walnut smell. They were homogenous, non-
greasy, and smooth in texture and they didn't form a greasy
film on the skin upon application.
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Determination of emulsion type

Based on the indicative method presented in the Polish
Pharmacopeia VI and observation under microscope, it
was determined that those emulsions are oil in water type.

Determination droplet size of internal phase

Particle sizes of the oil phase in emulsions were deter-
mined using projection microscope (Lanameter). The dia-
meter of 300 particles were determined and average (me-
dian) of the diameter was calculated according to the
method described by Burlage [5].

It was also determined that when the amount of water
in emulsion increases the particle size will decrease.

Determination of density of the emulsions

Density of those emulsions was carried out accordingly
to FP VIII, by the use of picnometer. Each time when pic-
nometer was tarred, it was filled with an appropriate
emulsion, and it was weighed.

Density of emulsion will increase when the water

amounts increases too.

Particle size and density of each emulsion is shown in
table 2.

Table 2. Particle size and density of emulsions Rla-R9a

Emulsion Contai?o/g)f water Aver«zigzize (zurcri];oplet D(Zr/]ﬁ;tlg
R1la 46.51 36.03 0.945
R2a 51.62 34.51 1.031
R3a 55.81 34.30 1.036
R4a 60.47 25.38 1.044
R5a 65.12 25.98 1.056
R6a 69.77 24.96 1.040
R7a 74.42 19.05 1.090
R8a 79.07 15.93 1.084
R9a 83.72 12,65 1.092

Rheological properties of the emulsions

The flow characteristic is the most important property
of a semi-solid emulsions because it determines its qual-
ity, usefulness and purpose [17, 18].

Rheological properties of the emulsions were deter-
mined by using ,,Rheotest -2” Medingen viscosity meter
and cylinder set S/S1, at the increasing and decreasing ro-
tation speed (Dr) in the range of 1.5 s-1-656 s-1. The values
o were read on the scale. The value of the shear stress Tr
was calculated by the following equation:

Tr=7xa

where:

Tr — shear stress (107 Pa)

Z  — cylinder constant (10" Pa/Skt)
o — the values on the scale (Skt)

The values of shear stress at the increasing and decreas-
ing shear rates (Dr) are shown in Fig. 1.

Examined emulsions have pseudoplastic character of
flow, but when the water content increases the pseudo-
plastic character of flow conformed to Newtonian flow.
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Moreover the values of shear stress (Tr) measured at in-
creasing and decreasing shear rates (Dr) show that there
are no thixotropy properties in examined emulsions.
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Fig. 1. The values of shear stress (Tr) and shear rates (Dr) for the
emulsions Rla to R9a

Viscosity of the emulsions is dependent on the water
content. The viscosity of the emulsions will decrease
when the water content increases.

Based on the Fig. 2 the areas under curves (AU,C)
were calculated by the following equation:

AULC =Z[(ni-1y™:)/2]x(Dri-Dr.py).
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Fig. 2. Changes of viscosity (1) of emulsions R1a - R9aaccording
to the share rate (Dr)

Then the natural logarithms of the values were calcu-
lated. The values of AU, C and InAU,C of investigated
emulsions are shown in table 3.

Table 3. The AU,Cand InAU,C valuesof the emulsions R1a-R9

Emulsion Contai?o/g;’ water AU,C (mPa) InAU,C
Ria 46.51 110225.85 11.61
R2a 51.62 139830.98 11.85
R3a 55.81 131947.17 11.79
R4a 60.47 68444.43 11.34
R5a 65.12 47511.00 10.77
R6a 69.77 34109.74 10.74
R7a 74.42 29921.65 10.31
R8a 79.07 25798.23 10.16
R9a 83.72 15805.12 9.67

The influence of the water content on the values of
InAU?C was presented in Fig. 3.

The values of InAU, C decrease linearly in the emul-
sions when the water content is between 46.51-83.72%.
The linear character of the figure can be described by the
equation.
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InAUnC
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Fig. 3. The influence of the water content (%) on the values
InAU,C for emulsions R1a-R9a

InAU,C = In AU, C, — KxW

where;

W — contain of water %
InAU,Cy — 14.795

K -0.06

Thus, the final equation is:

In AU, C = 14.795-0.06W

Based on the equation, the value of AU,,C for different
amount of water in emulsion can be described.

DISCUSSION

Emulsions contained walnut oil, defatted and powdered
walnut seeds and water. This type of the emulsion was stable
in room temperature during the period of investigation.

They had creamy consistency, brownish color, walnut
smell and they were like vanishing creams because when
they were applied on the skin of hand they formed a greasy
film which stayed only less than one hour.

Droplets size of the internal (oil) phase of these emul-
sions decreases from the 36.03 um (in diameter) to 12.65 pm
with increase of the water amount from 46.51% to 83.72%.

Density of these emulsions increases from the 0.945
g/ml to 1.092 g/ml when the water amount in the emul-
sions increases from 46.51% to 83.72%.

All emulsions showed pseudoplastic flow without
a yield point. Those emulsions didn’t show thixotropic
properties. When the water content increases the flow is
similar to Newtonian flow. When the share rate is 1.5 s°! the
viscosity of the emulsions decreases from the 1923.33 mPas
for the R1a formula to the 288.50 mPas for the R9a formula.

Till the day there has been no publication about these
emulsions in which the main ingredients are: defatted
walnut seeds as natural emulsifying agent, walnut oil and
water.

Investigated emulsions had very similar properties like
other emulsions described in literature, which contain
natural or synthetic emulsifier.
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Obtained emulsions can be used in future as a drug car-
rier but more investigations are necessary.

CONCLUSIONS

1. Micronized powder of defatted walnut seeds intro-
duced into the system of two immiscible liquids water
and oil acts as untypical emulsifier.

2. The emulsifying action of the powder remained in the
system walnut oil : water mixed in the proportion 1:1 to
1:9.

3. Obtained preparations were oil in water type and the
droplet size of internal phase was 12.65-36.03 um.

4. In rheological studies conducted at room temperature
all the preparation had pseudoplastic flow and their vis-
cosity decreased with the increase of water in the
emulsions.
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