
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  min eral 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 emul sions it is nec es sary to use an emul si fier. The
syn thetic sub stances like na trii laury lo sul fate [1, 16, 17],
Span, Tween are usu ally used [6]. There are popu lar bio -
poly mers like man nan and glu co man nam ob tained from
yeast, which are re cently used as natu ral emul si fi ers [14]. 

Emul sions can be di vided into two groups. Emul sion in 
which the li pofilic phase is dis persed in the aque ous con -
tin ued phase is called oil in wa ter (O/W), and emul sion in
which the wa ter is dis persed into oil phase is called wa ter
in oil (W/O) [17]. 

Nowa days there is a great in ter est in mak ing semi solid
for mu la tions for der ma to logi cal use, which have nurs ing,
mois tur iz ing and pro tec tive prop er ties. 

In the cur rent lit era ture there is a lot of in for ma tion
about us ing plant oil for prepa ra tion of emul sions but
there is not enough in for ma tion about us ing wal nut oil for

mak ing der ma to logi cal prepa ra tions. There is also no in for-
ma tion about us ing post ex trac tion com po nents ob tained
from wal nut seeds as a natu ral gel agent and par tially
self- emulsifying source.

Wal nut (Jug lans re gia L.) is a mem ber of Jug lan daceae
fam ily and it is na tive in South east ern Europe, Asia Mi -
nor, In dia and China [19, 28].

Wal nut oil shows bene fi cial ac tion on the skin. Wal nut
oil con tains 10% satu rated fatty ac ids (pal mitic and stearic 
acid), and 90% un satu rated fatty ac ids from which 9-30%
is oleic acid, 57-76% is li nolic acid and 2-16% is lino lenic
acid [19]. Be cause of high con tent of es sen tial fatty ac ids,
es pe cially poly un satu rated fatty ac ids (PUFA), wal nut oil
can be used as a very im por tant in gre di ent for cos metic's
creams. PUFA have nurs ing, mois tur iz ing and pro tec tive
prop er ties. They act be tween the skin lip ids and they re -
duce trans- epidermal wa ter loss [18, 24]. 

Wal nut seeds are rich source of vi ta min E. The high est
amount of to co pherol is beta and gamma to co pherol 19.5 mg/
100g, fol lowed by delta to co pherol 3.05 mg/100g and alfa
to co pherol 2.6 mg/100g [9]. Vi ta min E has an ti tu mo ri genic,
pho to pro tec tive and skin bar rier sta bi liz ing prop er ties [23].

To sepa rate lipo philic com pounds like lip ids, phos -
pholip ids and to co pheroles, non po lar sol vents as metha nol,
ace tone, chlo ro form, ace to ni trile (or their mix ture) are
used [4, 5, 8].
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Physi cal and chemi cal prop er ties of emul sion de pend
on emul si fier used wa ter and oil con tain and meth ods of
ho mog eni za tion [17, 20, 21]. 

Re al don  [27, 28] in ves ti gated emul sions where for ho -
mog eni za tion turbo mixer and blender were used. When
the speed rates of turbo mixer or blender in creases the vis -
cos ity of the emul sions will in crease too [27].

The most popu lar in ves ti ga tions in emul sion for mu las
are de ter mi na tions of satu rated emul sion type, par ti cle
size of in ter nal phase, den sity and rheo logi cal prop er ties. 

Rheo logi cal prop er ties of emul sion are the most im por -
tant physi cal pa rame ters in manu fac tur ing, fill ing, stor age 
and es thetic look. Those in ves ti ga tions de ter mine qual ity
and use ful ness of emul sions [9].

Based on the col lected in for ma tion semi- solid emul -
sions for der ma to logi cal use were pre pared.

Those emul sions con tained wal nut oil, wa ter and de fat -
ted, pow dered wal nut seeds. Dif fer ent amounts of wal nut
oil and wa ter were mixed. As a gel ling agent and par tially
self- emulsifying source, de fat ted wal nut seeds were added.

Next physi cal and chemi cal prop er ties of these emul -
sions were in ves ti gated. 

MA TE RI ALS AND METH ODS
The seeds of Jug lans re gia were col lected in South of

Po land in 2008. Used sol vents: chlo ro form, metha nol
(pur chased in  POCH, Gli wice).

Raw ma te rial treat ment and method of ex trac tion
The seeds of Jug lans re gia were col lected in the South

of Po land in 2008.
The wal nuts were stored till the day of ex peri ment in

the tem pera ture of 10°C. On the day of the ex peri ment the
wal nut were striped from husk, crushed and sieved. Af ter
that, 1000 g of wal nut were placed in per co la tor, wet ted
with mix ture of sol vent chlo ro form and metha nol 1:1
(v/v) [8]. Wal nut has stayed in per co la tor for 24 h and on
the next day per co la tion pro cess was per formed. The pro -
cess was re peated three times. Such com po si tion of
sol vents and the way of ex trac tion seemed to be the most
op ti mal and it en hanced full ex trac tion of lipo philic and
hy dro philic sub stances from the wal nut ker nel. 

 Af ter that, the sol vents were dis til lated from the liq uid
ex tract in the ro tary evapo ra tor at low ered pres sure and
the oil was sepa rated from the mix ture. 

De fat ted wal nut seeds were dried and pow dered.

Char ac ter is tics of wal nut oil 
Char ac ter is tics of wal nut oil were in ves ti gated. In ves ti -

ga tion in cluded evalua tions of den sity, acid number and
sa ponat ing number ac cord ing to Pol ish Phar ma copea VIII.

Re sults:
– Oil was clear with yel low color and char ac ter is tic wal -

nut smell.

– Den sity of the oil meas ured by the pyc nome ter was
0.875 g/ml and it was lower than pre sented in lit era ture 
– 0.945-0.970 g/ml [19, 26].

– Acid number was 0.397 mg KOH/ 1g of the oil.
– Sa ponat ing number was 296.2 mg KOH/ 1g of the oil

and it was higher than pre sented in lit era ture – 161.4
mg KOH/ 1g of the oil [19].

Char ac ter is tics of de fat ted wal nut seeds pow der.
Based on the or gano lep tic and granu lo met ric analy sis

of the ob tained pow der it was de ter mined that:
– Pow der was semi yel low, with out smell.
– Pow der was not solu ble in wa ter and other sol vents

like metha nol, etha nol, and chlo ro form and ex panded
when it was mixed with wa ter. 

– Sizes of pow der par ticu lates, meas ured by the pro jec -
tor mi cro scope (La nametr) were be tween 1.25 μm to
12.5 μm and the av er age size was 6.62 μm.

For mu las and emul sions prepa ra tion
From de fat ted and pow dered wal nut seeds, wa ter and

wal nut oil nine emul sions R1a –R9a were pre pared. Those 
emul sions have the same quan tity of de fat ted, pow dered
wal nut seeds and dif fer ent pro por tions of wa ter and oil.
The amount of wa ter and oil in those emul sions is shown
in ta ble 1.

Table 1. Amount of water and oil in emulsions R1a – R9a

Emulsion The amount of defatted
walnut seeds (g) Oil (g) Water (g)

R1a 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 ob tain emul sions the de fat ted, pow dered wal nut
seeds were placed in the mor tar and the ap pro pri ate
amount of wa ter was added. The mix tures have been tri tu -
rated for 30 min utes. Af ter that time the oil was added and
the tri tu rat ing have been con tin ued. At the end, the emul -
sions have been ho moge nized for 5 min. in the turbo
mixer at the speed rate 10 000 / min. 

PHYSI CAL AND CHEMI CAL TEST ING 
OF THE OB TAINED EMUL SIONS

Or gano lep tic evalua tion
All emul sions had the con sis tency of cream with brown 

color and wal nut smell. They were ho moge nous, non-
 greasy, and smooth in tex ture and they did n't form a greasy
film on the skin upon ap pli ca tion.
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De ter mi na tion of emul sion type 
Based on the in dica tive method pre sented in the Pol ish

Phar ma copeia VI and ob ser va tion un der mi cro scope, it
was de ter mined that those emul sions are oil in wa ter type.

De ter mi na tion drop let size of in ter nal phase 
Par ti cle sizes of the oil phase in emul sions were de ter -

mined us ing pro jec tion mi cro scope (La name ter). The dia- 
me ter of 300 par ti cles were de ter mined and av er age (me -
dian) of the di ame ter was cal cu lated ac cord ing to the
method de scribed by Bur lage  [5].

It was also de ter mined that when the amount of wa ter
in emul sion in creases the par ti cle size will de crease.

De ter mi na tion of den sity of the emul sions
Den sity of those emul sions was car ried out ac cord ingly 

to FP VIII, by the use of pic nome ter. Each time when pic -
nome ter was tarred, it was filled with an ap pro pri ate
emul sion, and it was weighed.

 Den sity of emul sion will in crease when the wa ter
amounts in creases too.

Par ti cle size and den sity of each emul sion is shown in
ta ble 2.

Table 2. Particle size and density of emulsions R1a–R9a

Emulsion Contain of water
(%)

Average oil droplet
size (μm)

Density 
(g/ml)

R1a 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

Rheo logi cal prop er ties of the emul sions
The flow char ac ter is tic is the most im por tant prop erty

of a semi- solid emul sions be cause it de ter mines its qual -
ity, use ful ness and pur pose [17, 18].

Rheo logi cal prop er ties of the emul sions were de ter -
mined  by us ing „Rheo test -2” Med in gen vis cos ity me ter
and cyl in der set S/S1, at the in creas ing and de creas ing ro -
ta tion speed  (Dr) in the range of 1.5 s-1-656 s-1. The val ues 
α were read on the scale. The value of the shear stress Tr
was cal cu lated by the fol low ing equa tion: 

Tr=Zxα

where: 
Tr – shear stress (10-1 Pa)
Z – cyl in der con stant (10-1 Pa/Skt)
α – the val ues on the scale (Skt)

The val ues of shear stress at the in creas ing and de creas -
ing shear rates (Dr) are shown in Fig. 1.

Ex am ined emul sions have pseu do plas tic char ac ter of
flow, but when the wa ter con tent in creases the pseu do -
plas tic char ac ter of flow con formed to New to nian flow. 

Moreo ver the val ues of shear stress (Tr) meas ured at in -
creas ing and de creas ing shear rates (Dr) show that there
are no thix ot ropy prop er ties in ex am ined emul sions.

Vis cos ity of the emul sions is de pend ent on the wa ter
con tent. The vis cos ity of the emul sions will de crease
when the wa ter con tent in creases.  

Based on the Fig. 2 the ar eas un der curves (AUηC)
were cal cu lated by the fol low ing equa tion:

AUηC =Σ[(η(i-1)+ηi)/2]x(Dri- Dr(i-1)).

Then the natu ral loga rithms of the val ues were cal cu -
lated. The val ues of  AUηC and lnAUηC  of in ves ti gated
emul sions are shown in ta ble 3.

Table 3. The  AUηC and  lnAUηC values of the emulsions  R1a-R9

Emulsion Contain of water 
(%) AUηC (mPa) lnAUηC

R1a 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 in flu ence of the wa ter con tent on the val ues of
lnAU?C was pre sented in Fig. 3.

 The val ues of lnAUηC de crease line arly in the emul -
sions when the wa ter con tent is be tween 46.51-83.72%.
The lin ear char ac ter of the fig ure can be de scribed by the
equa tion.
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Fig. 1. The values of shear stress (Tr) and shear rates (Dr) for the
emulsions R1a to R9a

Fig. 2. Changes of viscosity (η) of emulsions R1a – R9a according
to the share rate (Dr)



lnAUηC = ln AUηC0 – KxW

where;
W – con tain of wa ter  %
lnAUηC0 – 14.795
K – 0.06

Thus, the fi nal equa tion is: 

ln AUηC = 14.795–0.06W

Based on the equa tion, the value of AUηC for dif fer ent
amount of wa ter in emul sion can be de scribed.

DIS CUS SION
Emul sions con tained wal nut oil, de fat ted and pow dered

wal nut seeds and wa ter. This type of the emul sion was sta ble 
in room tem pera ture dur ing the pe riod of in ves ti ga tion.

They had creamy con sis tency, brownish color, wal nut
smell and they were like van ish ing creams be cause when
they were ap plied on the skin of hand they formed a greasy
film which stayed only less than one hour.

Drop lets size of the in ter nal (oil) phase of these emul -
sions de creases from the 36.03 μm (in di ame ter) to 12.65 μm
with in crease of the wa ter amount from 46.51% to 83.72%.

Den sity of these emul sions in creases from the 0.945
g/ml to 1.092 g/ml when the wa ter amount in the emul -
sions in creases from 46.51% to 83.72%.

All emul sions showed pseu do plas tic flow with out
a yield point. Those emul sions didn’t show thixo tropic
prop er ties. When the wa ter con tent in creases the flow is
simi lar to New to nian flow. When the share rate is 1.5 s-1 the
vis cos ity of the emul sions de creases from the 1923.33 mPas
for the R1a for mula to the 288.50 mPas for the R9a for mula.

Till the day there has been no pub li ca tion about these
emul sions in which the main in gre di ents are: de fat ted
wal nut seeds as natu ral emul si fy ing agent, wal nut oil and
wa ter.

In ves ti gated emul sions had very simi lar prop er ties like
other emul sions de scribed in lit era ture, which con tain
natu ral or syn thetic emul si fier. 

Ob tained emul sions can be used in fu ture as a drug car -
rier but more in ves ti ga tions are nec es sary.

CON CLU SIONS
1. Mi cronized pow der of de fat ted wal nut seeds in tro -

duced into the sys tem of two im mis ci ble liq uids wa ter
and oil acts as un typ ical emul si fier.

2. The emul si fy ing ac tion of the pow der re mained in the
sys tem wal nut oil : wa ter mixed in the pro por tion 1:1 to 
1:9.

3. Ob tained prepa ra tions were oil in wa ter type and the
drop let size of in ter nal phase was 12.65-36.03 μm.

4. In rheo logi cal stud ies con ducted at room tem pera ture
all the prepa ra tion had pseu do plas tic flow and their vis -
cos ity de creased with the in crease of wa ter in the
emul sions.
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