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1. Introduction
Chronic non-specific ulcerative colitis (UC) is a

chronic inflammatory disease of the large intestine, 
which is characterized by the appearance of ulcers, hem-
orrhages, and sometimes purulent exudate. Epidemiolog-
ical data indicate an increase in the incidence rate in ur-
banized countries. UC is most common among people 
aged 20 to 40 years, and cases of the disease are also in-
creasing in children [1].

UC has an unknown etiology, a rather wide range 
of pathogenetic factors. It is characterized by specific 
intestinal (liquid stools with impurities of mucus, blood, 
sometimes pus; pain, which is more often localized in the 
left lower quadrant of the abdomen) and many extraintes-
tinal manifestations. UC often leads to life-threatening 
complications, including bleeding, stenoses, perforation, 
or cancer [2].

With a conservative approach, therapy is reduced 
to pathogenetic and symptomatic. The increase in mor-
bidity, the lack of etiological therapy and the chronic 
course make it necessary to find new approaches to alle-
viating the symptoms of the disease, in particular, the 
development of new drugs [3].

One of the pathological conditions that deserve 
attention are functional intestinal disorders (FID), be-
cause they lead to discomfort, significant pain and com-
plicate the course of the disease. To eliminate FID, med-
icines in form of suspensions, emulsions and soft gelatin 
capsules are used, which include simethicone (A03 AX13), 
and dietary supplements that improve digestion and the 
functional state of the gastrointestinal tract. Previous 
studies have confirmed the feasibility of developing a 
new drug for the treatment of FID based on the essential 
oil of common fennel [4].
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Common fennel essential oil contains anethole, 
linalool, fenchone, limonene, methylhavicon. Due to the 
presence of anethole, it has a carminative, anti-inflam-
matory and bactericidal effect. It is widely used for the 
symptomatic treatment of functional intestinal disorders. 
It is part of dill water, which is used to relieve colic in 
babies [5, 6].

In addition, to ensure the strengthening of the ef-
fect, the essential oil of cumin was chosen. Its composi-
tion includes carvone, carveol, limonene, dihydrocar-
vone. In addition to antimicrobial, carminative and 
anti-inflammatory effects, cumin essential oil has anti-
spasmodic activity [7, 8]. Preparations with the medic-
inal raw material of cumin and its products are widely 
used for the treatment of diseases of the gastrointesti-
nal tract, including in medicinal teas in combination 
with fennel fruits [9]. 

Considering the convenience of use, the uniform 
distribution of the active substance in the entire volume 
of the drug, the possibility of introducing both wa-
ter-soluble and fat-soluble active pharmaceutical ingre-
dients (API) or auxiliary substances into the composi-
tion, an emulsion was chosen as the dosage form.

The SPhU does not list oral emulsions in the 
Finished Drug section, instead, USP Compounding in-
cludes one oral emulsion that uses mineral oil as an 
emulsifier – gum acacia, flavouring agents – vanillin 
and syrup, preservative – ethanol, wa-
ter cleaned [10].

Modern research on the creation 
of emulsions for internal use is directed 
to the study of methods of obtaining 
micro- and nanoemulsions, as well as 
the introduction into their composition 
of substances that are difficult to dis-
solve in the aqueous environment to 
increase their bioavailability and effec-
tiveness when taken orally [11]. Re-
search aimed at the creation of prepara-
tions for the treatment of FID concerns 
the development of the composition of 
herbal teas on the one hand [12] and 
enzymatic preparations in the form of 
solutions for internal use or syrups – on 
the other [13]. In an oral emulsion [14], 
it was possible to combine enzymes 
with carminative oils, but the develop-
ment required additional studies to im-
prove stability.

The aim of the study. The development of an emul-
sion composition, which includes essential oils of common 
fennel and common caraway, for use in the symptomatic 
block of UC complex therapy to eliminate FID.

2. Research planning (methodology) 
Conducting research on the development of emul-

sion composition can be divided into three stages. At the 
first stage, the selection of auxiliary substances was car-
ried out, at the second stage, the optimal parameters of 
the technological process were established, at the third 

stage, the quality control of the studied samples was car-
ried out (Fig. 1). The parallel conduct of certain studies is 
characteristic of the second and third stages.

When planning an experimental study, it is im-
portant to establish the reliability of the forecast. Statisti-
cal methods of research planning make it possible to de-
termine the level of approximation with 95 % 
probability [15]. The constructed model of the experi-
ment indicates that the initial parameters of the studied 
samples depend on several qualitative and quantitative 
factors (Table 1).

The first four equations traditionally reflect the 
dependence of each output parameter on the input. In 
addition, the dependence of some input parameters on 
each other is observed, in equation No. 5 the dependence 
of the speed and time of emulsification on the equipment, 
and in equation No. 6 the dependence of the temperature 
of the technological process on the nature of the API. 
Equation No. 6 cannot be neglected, since the selected 
APIs are essential oils, the temperature of the technolog-
ical process directly affects the future pharmacological 
effect of the drug. Instead, equation No. 5 can be reduced 

Fig. 1. Characteristics of research stages

Table 1
Model of experimental research

Input parameters ↓
Quantitative factors (хqv) Qualitative factors (xqu)

Amount of 
excipients1

Emulsification 
speed2 (1000–
2000 r/min)

Emulsifica-
tion time3 

(5–15 min)

Tem-
perature4 

(х<40<х ℃)

Equip-
ment1

The 
nature 
of API2

The nature 
of excipi-

ents3

Equation 
No. 1

1 1 3 1 2=> ⋅ ⋅ ⋅qv qv qv qvy x x x x
 

Equation 
No. 2

2 2 3 1 3=> ⋅ ⋅ ⋅qv qv qu quy x x x x
 

Equation 
No. 3

3 1 2 3=> ⋅ ⋅qv qu quy x x x

Equation 
No. 4

4 1 3=> ⋅qv quy x x

Equation 
No. 5

2 3 1⋅ =>qv qv qux x x

Equation 
No. 6

4 2=>qv qux x

Stability1 Particle size2 Taste3 Viscosity4

Output parameters (у) ↑
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by minimizing the impact of the equipment by choosing 
a technology using means of small mechanization. Pro-
duction of emulsions with the help of a homogenizer al-
lows you to speed up the process, increase productivity, 
compared to manual production, update, and bring the 
technology closer to the parameters of industrial produc-
tion, which will further facilitate its scaling.

For equations No. 1–4, considering the quantitative 
input data, based on the predicted output data, regression 
models were built using the methods of classical regres-
sion analysis, the software is MS Excel 2021 (Fig. 2), and 
it was established that the level of approximation (R2) in 
each of them exceeds the reliability limit (70 %). The ex-
perimental research model is reproducible and with a 95 % 
probability (α=0.05) guarantees reliable results.

3. Materials and methods 
The study was conducted based on the Department 

of Pharmacy Technology of Medicines of the National 
Pharmaceutical University from May to November 2023.

The objects of the study were samples of emul-
sions, which included active pharmaceutical ingredients: 
essential oils of common fennel, sweet form of 
Styx (Austria) and common cumin Vivasan (Switzer-
land). A well-known drug for the treatment of FID is dill 
water, which includes API, as in our case, in the form of 
an essential oil. The drug is recommended for babies and 
contains 0.05 g of essential oil per 1000 ml of the fin-
ished drug. Recalculation of the amount of AFI in the 
preparation for adults was carried out according to the 
inverse Clark formula, which takes into account the aver-
age body weight of a person to determine the AFI dose: 
D=d*70/m, where D is the dose for adults, d is the dose 
for children, 70 is the average body weight of an adult, m 
is the body weight of the child (the average weight of an 
infant aged 0 to 4 months was taken into account) [16].

It was established that 0.33 g of essential oils 
should be used to make 50.0 g of emulsion.

Excipients: purified water, vegetable oils, emulsi-
fiers, flavor correctors, viscosity regulator. Among vege-

table oils, refined sunflower oil (Ukraine), refined olive 
oil (Italy) and refined sesame oil (Ukraine) were consid-
ered for inclusion in the emulsions being developed [17]. 
Emulsifiers of the first kind, nonionic surfactants were 
used: polyethylene glycol 40 hydrogenated castor 
oil (PEG40GRO), polysorbate 80, polyethylene gly-
col 100 stearate (PEG100С) [17, 18]; plant-based gelling 
stabilizers: acacia gum, guar gum, xanthan gum [19, 18]; 
vegetable phospholipid emulsifier – soy lecithin [19, 20]. 
Flavor correctors: liquid flavoring food additives “Cher-
ry” (JAR, Poland) and “Tarhun” (Ukraine), which are 
characterized by a sweet and sour taste. Viscosity regu-
lator – apple pectin (Poland).

Since emulsions for internal and external use have 
identical quality indicators, methods were used to deter-

mine organoleptic proper-
ties and stability given in 
DSTU 4765:2007 “Cosmet-
ic creams. General techni-
cal conditions”. Thermal 
stability tests were carried 
out by thermostating the 
emulsions at a temperature 
of 40–42 ℃ for 24 hours. 
To study the colloidal stabil-
ity, after keeping the test 
samples in a thermostat at a 
temperature of 42–45 ℃ for 
20 minutes, centrifugation 
was performed. Device: 
clinical centrifuge DM 0412, 
rotation frequency 100 s-1 
for 5 min [21].

The size of emulsion 
particles was determined 
using a Granum laboratory 

microscope with a Toupcam UCMOS video camera. 
Magnification is ×10. Photomicrograph software – 
ToupView 4.10 from ToupTek. Determination of pH was 
carried out potentiometrically using a pH-150 MI pH 
meter [21, 22].

The study of rheological parameters was carried 
out according to the standard pharmacopeial method on 
a rotary viscometer with Reotest-2 coaxial cylinders at 
temperatures of 20±2 ℃ and 37±2 ℃. The study of rhe-
ological indicators at a temperature of 37 ℃ was carried 
out to study the properties of the emulsion at body tem-
perature and to confirm that these properties do not 
change when using the emulsion [22].

The taste test was conducted by interviewing 20 
volunteer respondents who rated emulsions on a scale 
from 0 to 5 points, where 0 is no pronounced taste, 5 is 
rich taste, according to the following criteria:

– “greasy” aftertaste of oil;
– the characteristic taste of the emulsifier;
– characteristic taste of essential oils;
– the characteristic flavour of flavouring additives, 

cherry or tarragon;
– sweet taste;
– sour taste.

Fig. 2. Regression models of the planned experiment
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Since the drug under development is intended for 
oral use, the API release study was conducted in 0.1 M 
hydrochloric acid at a temperature of 37±0.5 ℃. Qualita-
tive analysis of the obtained dialysate was carried out by 
the method of thin-layer chromatography (TLC) in accor-
dance with the methodology given in the European Phar-
macopoeia 8.0 [18]. Conditions for detecting biologically 
active substances of essential oils: mobile phase – ethyl 
acetate with toluene 5:95, drying was carried out in air at 
room temperature, reagents and development conditions 
were used in accordance with the data given in the phar-
macopeial methodology for each of the essential oils.

Statistical processing of the conducted studies was 
carried out in accordance with the requirements of the 
Federal State of Ukraine [22]. Software: Excel 2021, 
StatisticKingdom.

4. Research results 
To establish the optimal concentration of the emul-

sifier, initial studies were carried out with the samples of 
sunflower oil emulsions in the standard concentration 
(10 %) shown in Table 2. 

Each of the emulsifiers provides characteristic fea-
tures to technological processes. PEG100C is characterized 
by heating the oil in a water bath, melting the emulsifier and 
adding hot purified water to the mixture. A decrease in the 
temperature of the process leads to the formation of a het-
erogeneous mixture with white flakes. Emulsions with both 
PEG40GRO and polysorbate 80 are easily formed at room 
temperature. Emulsions with gums are characterized by 
first making an aqueous solution of gums (guar gum at 
room temperature, acacia and xanthan gum – when heated), 
then adding oil at room temperature, emulsifying and ho-
mogenizing. Soy lecithin has a thick, viscous consistency, 
so it is important to first prepare a homogeneous oily solu-
tion of it, then gradually add purified water to emulsify.

At the same time, on the example of an emulsion 
with PEG40GRO (sample No. 1), it was established that 
emulsification for 15 minutes is optimal at a maximum 
speed of 2000 rpm (homogenizer Eprus U200). The data 
were confirmed by photomicrographs obtained after 5, 
10 and 15 min of emulsification (Fig. 3).

The results of organoleptic studies and the stability 
of the emulsions formed are shown in Table 3.

Table 2
Compositions of the studied samples of sunflower oil emulsions, g

Composition Oil PEG40GRO Polysorbate 
80 PEG100C Acacia 

gum
Guar 
gum Xanthan gum Soy lecithin Purified 

water
1 5.0 1.0 – – – – – – to 50.0
2 5.0 2.0 – – – – – – to 50.0
3 5.0 4.0 – – – – – – to 50.0
4 5.0 – 0.5 – – – – – to 50.0
5 5.0 – 1.0 – – – – – to 50.0
6 5.0 – 2.0 – – – – – to 50.0
7 5.0 – – 1.5 – – – – to 50.0
8 5.0 – – 2.25 – – – – to 50.0
9 5.0 – – 3.0 – – – – to 50.0

10 5.0 – – – 1.0 – – – to 50.0
11 5.0 – – – 1.75 – – – to 50.0
12 5.0 – – – 2.5 – – – to 50.0
13 5.0 – – – – 0.25 – – to 50.0
14 5.0 – – – – 0.375 – – to 50.0
15 5.0 – – – – 0.5 – – to 50.0
16 5.0 – – – – – 0.25 – to 50.0
17 5.0 – – – – – 0.375 – to 50.0
18 5.0 – – – – – 0.5 – to 50.0
19 5.0 – – – – – – 2.5 to 50.0
20 5.0 – – – – – – 3.75 to 50.0
21 5.0 – – – – – – 5.0 to 50.0

Fig. 3. Photomicrographs of sample #1: a – after 5 min; b – after 10 min; c – after 15 min of emulsification, ×10
a b c
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Therefore, samples No. 9, which includes PEG100C 
(6 %), went to the next stage of research (determining the 
size of emulsion particles), No. 15, which includes guar 
gum (1 %), No. 18, which includes xanthan gum (1 %), 
No. 21, which includes soy lecithin (10 %) (Fig. 4).

Graphs of the dependence of the average size of 
emulsion particles on emulsification time (Fig. 5) indi-
cate a gradual decrease in particle size with increasing 
emulsification time.

Compared to other samples, the sample 
containing soy lecithin (No. 21) has a signifi-
cantly smaller particle size. In the field of 
view, which is wide enough, more than 50 % 
of the particles are smaller than 200 nm, so 
sample No. 21 is a microemulsion [23].

The conducted comparative study of 
rheological indicators shows that the consis-
tency of the sample under study is too thin and 
the need to add a viscosity regulator (Ta-
ble 4) [24]. For this purpose, apple pectin was 
used, which was introduced into the aqueous 
phase before the start of emulsification (sam-
ples No. 21.1 with 0.1 % pectin, No. 21.2 with 
0.2 % pectin, No. 21.3 with 0.3 % pectin).

For further research (taste test), sam-
ples No. 21.2c, No. 21.2m, and No. 21.3k were 
prepared, which included 10 % of sunflower 
oil, olive oil, and sesame oil, respectively. At 
this stage of the research, API (0.33 g of essen-
tial oils each) was added to the emulsions, as 
well as flavouring additives that are water-sol-
uble and are introduced into the aqueous 
phase before the start of emulsification (in the 
code of the samples, cherry – v, tarragon – t).

a b

c d
Fig. 4. Photomicrographs of samples: a – No. 9; b – No. 15; c – No. 18; 

d – No. 21, ×10

Table 3
Results of primary research

Composition Organoleptic properties Thermal stability Colloidal stability
No. 1–3 Homogeneous liquid of white color, has an unpleasant taste All samples are stable All samples are stable
No. 4–6 Homogeneous liquid of white color, has an unpleasant taste All samples are stable All samples are stable
No. 7–9 Homogeneous liquid of white color, has a neutral taste Only sample #9 is stable All samples are stable

No. 10–12 Homogeneous liquid, grayish-white in color, has a neutral taste All samples are stable Only sample #12 is stable
No. 13–15 Homogeneous, slightly thick mass of white color, has a neutral taste Only sample #15 is stable All samples are stable

No. 16–18 Homogeneous, slightly thick mass of white color, has a neutral taste Only sample #18 is stable Only samples #17, 18 are 
stable

No. 19–21 Homogeneous liquid, cream-colored, has a neutral taste with a 
slight aftertaste of soy lecithin Only sample #21 is stable All samples are stable

Fig. 5. Graphs of the dependence of the average size of emulsion particles on the emulsification time
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Based on the average results of the survey, dia-
grams were constructed to visualize the taste character-
istics of each of the samples (Fig. 6–11).

Table 4
The results of the study of rheological parameters
Sample mPa·s, t=(20±2) ℃ mPa·s, t=(37±2) ℃

Reference drug 362±33.9 360±32.9
No. 21 40±3.9 40±3.9

No. 21.1 188±14.4 188±14.4
No. 21.2 354±28.4 350±27.2
No. 21.3 482±34.4 478±28.6

According to the taste characteristics, the most bal-
anced taste is the sample, which includes sesame oil and 
flavouring additive “Tarhun”. For the sample obtained as a 

result of the conducted research (Table 5), the main quality 
indicators were controlled immediately after production 
and after 3 months of storage at room temperature in order 
to establish the stability of the developed emulsion during 
a long period of storage (Table 6), and a study of the re-
lease of API in medium of 0.1 M hydrochloric acid (quali-
tative analysis by TLC method) (Fig. 12).

Table 5
The composition of the developed emulsion

Component Quantity, g Purpose
Common fennel essential oil 0.33 API

Cumin essential oil 0.33 API
Refined sesame oil 5.0 Solvent, oil phase

Soy lecithin 5.0 Emulsifier
Apple pectin 0.5 Viscosity regulator

Flavouring additive «Tarhun» 0.005 Corrector of taste

Purified water to 50.0 Solvent, aqueous 
phase

Fig. 6. Taste characteristics of the sample No. 21.2s/t
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Fig. 7. Taste characteristics of the sample No. 21.2m/t
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Fig. 8. Taste characteristics of the sample No. 21.2k/t
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Fig. 9. Taste characteristics of the sample No. 21.2s/v
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Fig. 10. Taste characteristics of the sample No. 21.2m/v
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Fig. 11. Taste characteristics of the sample No. 21.2k/v
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5. Discussion of research results 
The obtained results testify to the ability of all se-

lected emulsifiers in one or another concentration to form 
stable emulsions, however, the specific sharp taste that 
PEG40GRO and polysorbate 80 impart to emulsions 
makes their use in emulsions for oral use undesirable. The 
ability of soy lecithin to form microemulsions distinguish-
es it from other emulsifiers, but the rheological properties 
of such an emulsion require correction. Viscosity indica-
tors were increased by adding 0.2 % of the total weight of 
the emulsion of apple pectin, which made it possible to 
obtain an emulsion that has viscosity indicators close to 
the reference drug and is convenient for use.

Each of the considered vegetable oils has an opti-
mal fatty acid composition, is safe for oral use, does not 
have a negative effect on the stability of emulsions and 
does not change their rheological properties. Therefore, 
the choice was made according to their taste characteris-
tics. Refined sesame oil has the most neutral taste, sun-
flower and olive oils give emulsions an unpleasant 

“greasy” taste. Flavour correctors generally improve the 
taste, somewhat masking the pronounced essential oil 
taste of API. The most balanced is the taste of tarragon, 
which, unlike cherry, has a less pronounced sweet taste, 
which is advantageously combined with the characteris-
tic taste of essential oils.

It was established that the addition of AFI 
and additional auxiliary substances to the composi-
tion of the emulsion does not have a negative effect 
on its quality indicators. The developed emulsion is 
a microemulsion, has the optimal viscosity for con-
venient dosing and use, pleasant taste, almost neu-
tral pH, remains stable and has the proper quality 
indicators after three months of storage.

The study of the release of API into the me-
dium of 0.1 M hydrochloric acid showed the pres-
ence of the main components of the essential oil of 
common fennel (anethole – a purple zone in the 
center of the chromatogram, terpenoids – a red-
brown zone above the zone of anethole) and essen-

tial oil of common cumin (carvone – a bright the red 
zone in the center of the chromatogram and carveol – 
the red-violet zone closer to the bottom of the chro-
matogram).

Study limitations. The study we planned 
was fully implemented, the obtained results are pre-
dictable and reproducible. The chosen methods with-
in the framework of the planned research have no 
limitations. However, we did not conduct additional 
studies on the choice of preservative, which should 
be carried out by means of microbiological tests.

Prospects for further research. At the next 
stages of the research, it is advisable to study the 
biopharmaceutical profile in vitro and the pharmaco-
logical activity and effectiveness of the application in 
UC in vivo for the developed microemulsion.

6. Conclusions 
An oil-in-water microemulsion was devel-

oped, which includes about 100 % natural substanc-
es: essential oils of ordinary fennel and ordinary cumin, 
refined sesame oil, soy lecithin, apple pectin, food flavour-
ing additive “Tarragon” (0.01 %) and water cleaned. The 
resulting microemulsion has satisfactory organoleptic, rheo-
logical properties, pH, stability and is convenient for use.

The technological parameters that ensure the for-
mation of an emulsion with the most uniform distribution 
of particles of the dispersed phase in the dispersion me-
dium, 2000 rpm for 15 minutes, have been established.
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Fig. 12. Schematic representation of the chromatogram of:  
a – the investigated emulsion; b – Cumin essential oil;  

c – Fennel essential oil

Table 6
The main indicators of the quality of the developed emulsion

Characteristics Immediately after production After 3 months
Organoleptic 

properties
Homogeneous, cream-colored liquid with a pleasant 

sweet-sour taste of tarragon and essential oils
Thermal stability Stable Stable
Colloidal stability Stable Stable

рН 6.5±0.1 6.4±0.1

Viscosity, mPa·s 352±30.2 at t=20±2 ℃; 
350±26.4 at t=37±2 ℃

351±31.2 at t=20±2 ℃;
350±25.1 at t=37±2 ℃

Particle size
the base of the dispersed 

phase consists of particles 
<200 nm

the base of the dispersed 
phase consists of particles 

<200 nm
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