
INTRODUCTION
To tal par enteral nu tri tion pro vides the nu tri ents di rectly

into the cir cu la tion in the form in which they are ab sorbed
from the gas tro in tes ti nal tract, and thus: ami noacids, car bo -
hy drates, lip ids, elec tro lytes, mi cro ele ments, vi ta mins and
wa ter [1]. Fat emul sions are con sid ered the most com mon
source of en ergy. A lot of evi dence ar gues that for ap pli ca -
tion of this dos age form, how ever, there are many real
dif fi cul ties with de ter min ing the ap pro pri ate dos age scheme
for the long- term treat ment. The main ad van tage of fat emul -
sions is con cen trat ing the high con tent of nu tri ents in a small
vol ume, which en ables the sup ply of suf fi cient amounts of
en ergy to the body with out ne ces sity of ap pli ca tion large
vol ume of the prepa ra tion. An ad di tional ad van tage is their
iso ton ic ity, so they can be ad min is trated as the in fu sion into
pe riph eral veins [2, 9].

The so lu tions we have to day en sure sat is fac tory lev els of
ni tro gen and vi ta mins, but do not al low the in tro duc tion into
the blood stream of large amounts of the calo ries, with out the 
risk of over load ing the body and the ir ri ta tion or ve nous
throm bo sis.

The ca loric level of the blood, plasma, al bu mins, pro tein
hy dro lysates, even with the ad di tion of car bo hy drates, is
low. The clas sic, iso tonic so lu tions of 50% glu cose sup ply
only 100 calo ries in 500ml. Thus, to en sure a suf fi cient sup -
ply of the calo ries, there is a need to use very big quan ti ties

of the iso tonic so lu tion caus ing the over load of the or gan -
ism, or in creas ing the con cen tra tion of the so lu tions, but it is
known, that hiper tonic so lu tions are dan ger ous [3, 10].

That is why in this study, the at tempts were made to pre -
pare and ex am ine the soy bean oil emul sion con cen trates
with the ad di tion of hu man al bu min and egg leci thin, iso ton -
ised with glu cose, na trium chlo ride, Ringer salt or glyc eride, 
in such quan ti ties which en sure ob tain ing iso tonic prepa ra -
tion af ter sup ple ment ing with ster ile wa ter to 100 parts.

MATERIALS AND METHODS

Emul sion prepa ra tion
Emul sions were pre pared asep ti cally ac cord ing to the

pre scrip tions given in Ta ble 1. Leci thin was dis solved in ab -
so lute ethyl al co hol and this so lu tion was added to the wa ter
con tain ing the iso tonic agent. The aque ous phase was stirred 
and heated to 70°C un til most of the al co hol had evapo rated.
Oil sus pen sion of al bu min at a tem pera ture of 70°C was
added, in small por tions with con tinu ous stir ring, to the wa -
ter phase. The rest of the al co hol was evapo rated at 85°C.
Af ter cool ing, the weight of the emul sion was sup ple mented
with in jec tion wa ter con tain ing iso tonic agent and eve ry -
thing was mixed for 20 min utes. Small amount of the
emul sion was left to re search, the rest was ho moge nized for
5 min utes with ul tra son ics [1,4,5]. Ho moge nized emul sion
was di vided into 3 por tions and placed in 3 ster ile test tubes.
One of them was put in the fridge at 4-5°C for half a year.
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Table 1. Com po si tion of the emul sions

Emul-
sions

Components (g)
Soybean

oil
Human
albumin Lecithin Glucose Natrium 

chloride
Ringer´
s salt

Glyce-
ride Water

A 10 2.5 1.2 4.315 – – – 5.125
B 10 2.5 1.2 – 0.777 – – 8.663
C 10 2.5 1.2 – – 0.777 – 8.663
D 10 2.5 1.2 – – – 2.158 7.283

Evalua tion of emul sion prop er ties
The drop let size was meas ured by the mi cro scope with

lens DIL IMM 100/1,301 (160,0,17) and ocu lar (PZO 10x)
with a scale. The meas ure ments were con ducted be fore, af ter
the ho mog eni za tion and af ter half- a- year stor age.

Emul sion type was ex am ined by di lu tion with wa ter and
col or ing method us ing 0.1% meth yl ene blue as an in di ca tor.

Den sity of the emul sion was de ter mined af ter ho mog eni za -
tion us ing aerome ter and ex peri men tally us ing pyc nome ter [11].

Rheo logi cal stud ies were per formed us ing “Rheotest-2”
Med inger vis come ter, af ter ho mog eni za tion, at room tem pera -
ture. The  val ues () on the scale were read 10 min utes af ter
set ting up the given ro ta tion speed, at 50 Hz. Meas ure ments
were made at pro gres sively higher ro ta tion speeds (5-243
r/min) to ob tain the as cen dant curve and re peated in re verse
with pro gres sively slower ro ta tion speeds (243-5 r/min) to ob -
tain the de scen dant curve. The val ues () at  given ro ta tion speed 
were trans formed into the shear stress (10-1 Pa) [8]. Shear stress 
(r) was cal cu lated:

r= z  

where:
r – shear stress (10-1 Pa), z – cyl in der con stant (10-1 Pa/ skt),   – the
val ues on the scale (skt).

RESULTS
1. Par ti cle size analy sis

Mean drop let di ame ter size of the in ter nal phase was cal cu -
lated with:

d ifd
f



( )

where: di – mean drop let di ame ter size in the class (µm), f – the
number of drop lets in the class, f – the to tal number.
The re sults of meas ure ments are pre sented in Ta ble 2, 3.
All prepa ra tions are emul sions o/w.

2. The re sults of the den sity meas ure ments are pre sented in Ta -
ble 4.

3. Rheo logi cal meas ure ments
The val ues of shear stress (r) at in creas ing and de creas ing
shear rates (Dr) are showed in Fig. 1.
Dy namic vis cos ity was cal cu lated by the fol low ing equa tion:




 
r
Dr 100

where:   – the dy namic vis cos ity (mPa  s), r – shear stress (10-1

Pa), Dr – shear rates (s-1) [7].
The val ues of flu id ity () were ob tained with:

 =  1
100 


Dr  (mPa-1·s-1)

Table 2. The drop let size of the in ter nal phase be fore ho mog eni za tion

di
(µm)

Emulsion
A B C D

f f d
(µm) f f d

(µm) f f d
(µm) f f d

(µm)
6.05 – –

35.97

9 9

39.01

65 65

12.9

27 27

23.86

12.2 6 6 8 17 14 79 24 51
18.3 14 20 7 24 7 86 12 63
24.4 13 33 12 36 2 88 8 71
30.5 28 61 16 52 4 92 14 85
36.6 10 71 2 54 4 96 2 87
42.7 10 81 8 62 1 97 1 88
48.8 6 87 11 73 1 98 1 89
54.9 3 90 4 77 – 98 – 89
61.5 2 92 5 82 – 98 1 90
68.2 1 93 2 84 1 99 4 94
74.3 – 93 5 89 – 99 2 96
80.4 1 94 4 93 – 99 – 96
86.5 – 94 3 96 – 99 – 96
92.6 – 94 1 97 – 99 – 96
98.7 1 95 2 99 – 99 1 97
104.8 1 96 – 99 – 99 1 98
110.9 1 97 – 99 – 99 1 99
117.5 1 98 – 99 1 100 1 100
124.2 – 98 – 99 – – – –
130.3 2 100 1 100 – – – –

Ta ble 3. The drop let size of the in ter nal phase af ter ho mog eni za tion 
and six months stor age time

Expe-
ri-

ment

di
(µm)

Emulsion
A B C D

f f d
(µm) f f d

(µm) f f d
(µm) f f d

(µm)
1.25 39 39

1.85

89 89

1.32

67 67

1.45

82 82

1.55

1.85 44 83 9 98 32 99 9 91
2.45 4 87 2 1 1 100 – 91
3.05 8 95 – – – – 1 92
3.65 – 95 – – – – 3 95
4,25 5 100 – – – – 3 98

4.8 – – – – – – 2 100

1.25 27 27

2.33

39 39

2.01

31 31

2.05

22 22

2.26

1.85 26 53 25 64 35 66 35 57
2.45 16 69 18 82 17 83 17 74
3.05 14 83 10 92 8 91 12 86
3.65 8 91 5 97 6 97 8 94
4.25 6 97 3 100 2 99 4 98

4.8 3 100 – – 1 100 2 100

Ta ble 4. The den sity of the emul sions
Emulsions A B C D

Density measured 
by areometr ( g/cm3) 1.020 1.030 1.040 1.000

Density measured 
by pyknometr ( g/cm3) 1.014 1.023 1.031 0.994

The flu id ity of ana lyzed emul sions has been shown in Fig.
2-5, as:

 = f(Dr
N)

where: – flu id ity, Dr – shear rate, N – power ex po nent.
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Fig. 1. Rheograms of emulsions A,B,C,D  at r and r



DISCUSSION
Four con cen trated emul sions o/w con tain ing about 40%

aque ous phase were pre pared with such con tent of iso tonic
agents that af ter the di lu tion of the emul sion with wa ter up to
10% of the oil phase give the iso tonic prepa ra tions.

Mi cro scopic analy sis showed that the drop let di ame ter size
of in ter nal phase be fore ho mog eni za tion was 12.90–35.97  µm.
Af ter ho mog eni za tion and 6 months of stor age the par ti cle
size was 1.45–1.85  µm and in creased up to 2.01–2.33  µm at 
the end of stor age time. How ever, none of the emul sions has
been bro ken in this time, but it can be con cluded that glu cose 
is the most ef fec tive hyperi so tonic agent. The con cen trated
emul sions with na trium chlo ride, Rin ger’s salt, and glyc -
eride are not so sta ble.

The den sity of con cen trated emul sions iso tonised with
glu cose, Rin ger’s salt and na trium chlo ride changed slightly
(1.02–1.04 g/cm3). The low est den sity (1.00 g/cm3) had the
emul sions with glyc eride.

Rheo logi cal stud ies were aimed at de ter min ing the char ac -
ter of the flow and an oc cur rence, or not of the phe nome non of 
the thix ot ropy de pend ing on used iso tonic agents. Di luted
emul sions al ways have New to nian flow, but in more con -
cen trated the char ac ter of the flow can change [7,8].

Fig. 2-5 show that ex am ined con cen trated emul sions
have pseu do plas tic char ac ter of flow (N<1). Dif fer ent an gles 
of slope of lines flow at in creas ing and de creas ing shear rates 
in di cate a change in the speed of flu idi za tion of the sys tems
(K), but also the pos si bil ity of thix ot ropy, which can be de -
scribed with liq ue fac tion co ef fi cient F. Speed flu idi za tion
val ues (K) at both in creas ing (Dr) and de creas ing (Dr)
shear rates can be cal cu lated by the fol low ing equa tion:

K= 
 1 2

1 2



Dr DrN N

where: 1, 2 – flu id ity at shear rates Dr1 and Dr2,  N – power
ex po nent.

The liq ue fac tion co ef fi cient (F), which re flects the de gree 
of de struc tion of gel struc ture, can be cal cu lated:

F= K/K

where: K – speed flu idi za tion at Dr , K – speed flu idi za tion at Dr.
Cal cu la tion re sults are shown in Tab. 5.

Table 5. The parameters and constants of equations

Emulsion

Parameters of equations and constants calculated at rates
F

K/Kincreasing decreasing

K N SD K N SD

A 1.372·10-3 0.425 0.91 1.67·10-3 0.425 0.228 1.2173

B 1.917·10-4 0.74 0.059 1.917·10-4 0.74 0.183 1.0000

C 1.626·10-4 0.765 0.036 1.481·10-4 0.765 0.116 0.8672

D 1.222·10-4 0.695 0.141 1.222·10-4 0.695 0.164 1.0000

Flu id ity () of these emul sion sys tems can be de scribed
by the equa tion of gen eral:

 = K (Dr
N)

where: K – speed flu idi za tion, N – power ex po nent.
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Fig. 2. Fluidity of the emulsion A at Dr and Dr

Fig. 3. Fluidity of the emulsion B at Dr and Dr

Fig. 4. Fluidity of emulsion C at Dr and Dr

Fig. 5. Fluidity of the emulsion D at Dr and Dr



The cor re la tion func tion and so lu tions of this equa tion show
that the pre pared emul sions have pseu do plas tic flow (N<1).

The liq ue fac tion co ef fi cient val ues (F) in di cate the oc cur -
rence of the posi tive thix ot ropy when F>1. There is no
thix ot ropy in the sys tems with F = 1 and nega tive thix ot ropy
in the sys tems with F<1.

For mu lated emul sions are con cen trates con tain ing one of
the hyperi so ton ised agents as: glu cose (A), na trium chlo ride
(B), Ringer salt (C), glyc eride (D). They have the same
amount of the ex ter nal phase – 40.80%. By com par ing the
val ues of liq ue fac tion co ef fi cient (F) it can be con cluded that 
emul sion A has the most thix ot ropy (the strong est gel struc -
ture), but there is no or mini mum thix ot ropy in emul sions B
and D.

CONCLUSIONS
1. Us ing the method of emul si fi ca tion al lows to ob tain o/w

emul sions, with the drop let di ame ter size to 2 µm.
2. Dur ing half- a- year stor age, the in crease of drop let di ame -

ter size of the ex ter nal phase de pended on the iso tonic
agent and it is small est in the pres ence of glu cose.

3. All the con cen trates have pseu do plas tic flow.
4. Emul sion with glu cose has the most thix ot ropy.

The pro posed com po si tions can be used to ob tain con cen -
trated emul sion sys tems, but us ing glu cose as the iso tonic
agent is the most fa vor able.
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