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Abstract. Summer savory (Satureja hortensis L.) is a plant source of essential oil belonging to the Lamiaceae 
family, widely used in the food industry. The present work aims to determine the physicochemical parameters 
of food emulsions containing the essential oil. The summer savory essential oil with main components 
carvacrol (63.71%), γ-terpinene (20.47%), and p-cymene (5.08%) was used in this study. Several model 
variants of emulsions have been developed with varying amounts of emulsifier (2 and 3% soy protein isolate), 
oil phase (20 and 40% sunflower oil), and essential oil (0.2 and 0.4%). The following physicochemical 
parameters of the emulsion were determined: Gibbs free energy, enthalpy, and entropy. This parameter was 
used to determine the thermal effect of the system. The process was determined as exothermic with the 
negative enthalpy. Emulsions prepared with 2% soybean protein isolate, 40% oil phase, and 0.4% essential 
oil were characterized by some good results with high equilibrium constants and high Gibbs energies. Model 
variants of salad diet dressings had also been developed, with 0.2 and 0.3% essential oil, which were qualified 
by sensory analysis. The overall evaluation of salad dressings showed that the evaluators perceived with best 
sensory properties in those with 0.2% essential oil. 

1 Introduction 

The summer savory (Satureja hortensis L.), family 
Lamiaceae originates from the lands around the 
Mediterranean Sea and the Middle East, where it has 
spread worldwide. Today it is a popular essential oil plant 
cultivated in many countries of Europe, North America, 
and Central Asia [1, 2]. 

Summer savory is a short plant that grows in dry, sunny 
places. They reach 15-50 cm in height and have small 
leaves 1 - 3 cm long. The flowers grow from the stem in 
circular racemes and are white to pink-violet. The stem is 
straight, 30 - 45 cm high, four-edged, and branched from 
the base [1, 2]. 

Summer savory essential oil is a yellow to reddish-
yellow liquid with a spicy, characteristic savory odor and 
a sharp, mildly spicy taste. The main components are 
carvacrol (14.3 - 77.6%) and thymol (0.01 - 46.0%). Also 
found: linalool (about 26.0%), -terpinene (7.6 - 52.9%), 
р-cymene (2.8 - 16.0%), -pinene (0.1 - 2.1%), -
terpinene (0.6-5.3%), -pinene, myrcene, etc. [1, 3 - 11].  

The oil finds application in food products [12, 13] due 
to its antimicrobial [3, 6, 10 - 17] and antioxidant 
properties [4, 5, 7, 12, 14, 17-19]. 

The present work aims to develop food emulsion 
products with essential oil of summer savory and to 
monitor some of their physicochemical parameters. 

2 Materials and methods  

2.1 Raw materials 

Summer savory essential oil was used in this study, 
provided by an essential oil producer in the vicinity of the 
city of Plovdiv. 

Eighteen emulsions with different oil and water phase 
ratios were developed and presented in Table 1. 

2.2 Determination of thermodynamic parameters 

Three series of emulsions were prepared. The first sample 
was obtained with oil, water, and soybean protein isolate 
(SPI). Second – with addition of 0.2% v/v essential oil and 
third with 0.4% v/v.  

The content of the essential oil used in the samples 
was determined according to our preliminary unpublished 
data. The smaller essential oil amounts were not 
influencing the smell of the final product, and with more 
significant amounts – a rougher smell and taste of the 
emulsions were obtained. 
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Sunflower oil was used for all emulsion preparation as 
a stabilizer, and was added SPI in three concentrations 
(Table 1). The sunflower oil was slowly added and 
homogenized for 2 min by mixing, and the essential oil 
was added in a continuous phase [20]. 

 

Table. 1 Composition of emulsions - pure and with the 
addition of essential oil 

Emulsion  Compositions in mass, % 

No 
Sunflower 

oil 
Water SPI 

Control emulsions 
1 20 79 1 
2 40 59 1 
3 20 78 2 
4 40 58 2 
5 20 77 3 
6 40 57 3 

addition of 0.2% essential oil 
7 20 79 1 
8 40 59 1 
9 20 78 2 

10 40 58 2 
11 20 77 3 
12 40 57 3 

addition of 0.4% essential oil 
13 20 79 1 
14 40 59 1 
15 20 78 2 
16 40 58 2 
17 20 77 3 
18 40 57 3 

 
With spectrophotometer measurements of absorbance 

equilibrium constant was estimated for all samples using 
the so-called “dilution method” [21]. The investigations 
were performed using a Camspec M107 UV/VIS 
spectrophotometer. Measurements were done at 385 nm. 
The following equation calculated the Gibbs free energy 
 

KRTG ln−=        (1) 
 

where:  
R is the universal gas constant (R = 8.314 J/K. mol),  
T is the absolute temperature (K), and  
K is equilibrium constant. 

 
The enthalpy of emulsions calculated by applying the 

Vant-Hoff equation. 
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where:  
ΔH is enthalpy of formation (kJ/mol). 

The entropy was determined by classical 
thermodynamic equation (3) [20]: 
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where:  
ΔS is entropy (kJ/(K. mol)). 

2.3 Salad dressings 

The salad dressings are prepared using the following 
technology: The necessary raw materials are placed in a 
beaker and subjected to pureeing using a blender (SOLAC 
BA5607) at maximum speed for 5 min.  

The essential oil quantity was determined according to 
the yield of the dressing (160 g) and are based on our 
preliminary unpublished data – at higher concentrations, 
the residual aftertaste was unpleasant, while at lower 
concentrations – the unpleasant effect in taste was not 
determined. 

2.4 Analysis of salad dressings 

pH measurement was provided by direct pH meter. 

Sensory assessment – 20 trained assessors conducted 
the sensory evaluation. The tested products were at a 
temperature of 10 ± 1℃, and equal amounts (5 g) of the 
sample were placed in plastic cups coded with three-digit 
random numbers and provided to the assessors in random 
order. The evaluation conditions are standard – at room 
temperature (25 ± 1℃) and in daylight. 

The food products' characteristics and specific 
indicators were defined: color, smell, taste, aroma, 
consistency, and residual taste. 

Each indicator is quantified in terms of perceptual 
intensity (amplitude) with a numerical value from 0 to 10, 
corresponding from “no stimulus” to "extremely strong 
stimulation." 

A separate scale is made for each indicator, and after 
mathematical processing, the obtained results are 
presented graphically. 

The sensory profiles of the products are presented. 

2.5 Statistical analysis 

The experiment was provided with three parallel analysis 
and presented as ± standard deviation values. Statistical 
analysis was carried out using Excel software.  

3 Results and discussion 
The summer savory essential oil had a carvacrol content 
of 63.71% [2, 16]. 

The carvacrol content determines the typical aroma 
profile of savory oil and the broad spectrum of its 
application in food practice [2]. 

The thermodynamic parameters, the Gibbs free 
energies, enthalpies, and entropies of all emulsions were 
calculated, and their values are presented in Table 2. 

The classical thermodynamics equations were used 
[22]. The first equilibrium constant (K) was estimated. K 
values differ from 6.15 to 15.088, but all were positive. In 
the Van’t Hoff equation, lnK is used. The values less than 
1 (K < 1) after logarithm presented negative values, and 
this result connected with an unstable system, but in this 
case, all K > 1. 
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The Gibbs free energy used for the criterion of 
emulsion stability was calculated using the classical 
thermodynamic equation. The emulsification process 
influences the oil phase and protein quantity. Emulsions 
prepared with 2% soybean protein isolate and 40% oil 
phase showed good results with high equilibrium 
constants and Gibbs energies. The hydrophobic 
interactions of the high oil phase stabilized the emulsions, 
so emulsions prepared with 40% oil were more stable. 
Emulsions with a high amount of protein and a lower oil 
phase were characterized by good stability, too, since 
there were also hydrophobic interactions in the proteins 
that stabilized them.  

Table 2. Equilibrium constant and thermodynamic parameters 
 

K ΔG ΔH ΔS 
Control emulsions 

7.738± 
0.07 

-5.069± 
0.06 

-19.545± 
0.01 

-0.049± 
0.09 

8.563± 
0.04 

-5.320± 
0.11 

-19.654± 
0.12 

-0.048± 
0.07 

9.863± 
0.02 

-5.671± 
0.07 

-19.806± 
0.10 

-0.047± 
0.02 

14.588± 
0.02 

-6.640± 
0.04 

-20.227± 
0.08 

-0.046± 
0.08 

11.800± 
0.05 

-6.115± 
0.01 

-19.999± 
0.04 

-0.047± 
0.06 

7.975± 
0.06 

-5.144± 
0.01 

-19.577± 
0.01 

-0.048± 
0.08 

Addition of 0.2% essential oil 
6.150± 

0.01 
-4.500± 

0.05 
-19.297± 

0.02 
-0.050± 

0.04 
11.613± 

0.08 
-6.075± 

0.09 
-19.981± 

0.06 
-0.047± 

0.07 
10.900± 

0.01 
-5.918± 

0.12 
-19.913± 

0.02 
-0.047± 

0.03 

15.088± 
0.02 

-6.724± 
0.02 

-20.263± 
0.01 

-0.045± 
0.01 

14.750± 
0.02 

-6.661± 
0.02 

-20.239± 
0.01 

-0.046±0.03 

11.750± 
0.07 

-6.104± 
0.01 

-19.994± 
0.01 

-0.047± 
0.02 

Addition of 0.4% essential oil 
7.463± 

0.11 
-4.980± 

0.02 
-19.506± 

0.04 
-0.049± 

0.06 
8.388 
±0.01 

-5.269± 
0.12 

-19.631± 
0.09 

-0.048± 
0.03 

8.763 
±0.08 

-5.378± 
0.05 

-19.678± 
0.02 

-0.048± 
0.07 

16.050± 
0.06 

-6.918± 
0.09 

-20.260± 
0.02 

-0.045± 
0.04 

15.933± 
0.01 

-6.898± 
0.07 

-20.252± 
0.13 

-0.045± 
0.04 

9.513± 
0.03 

-5.581± 
0.01 

-19.767± 
0.07 

-0.048± 
0.09 

Legend: K - equilibrium constant; ΔG - Gibbs free energy, 
kJ/mol; ΔH - enthalpy, kJ/mol; ΔG - entropy, kJ/(K.mol) 

 

Emulsions prepared by adding essential oil presented 
some highest values of equilibrium constant and Gibbs 
energies. The emulsions' stability was increased when the 
ΔG increased in negative value. Different emulsions 
showed different energy values; the highest values were 
observed for those prepared with 0.4% essential oil. The 

results obtained in this study showed that all processes in 
emulsions were spontaneous (ΔG < 0).  

Subsequently, by equation (Van't Hoff) the enthalpy 
of emulsions was calculated and obtained as negative. 
This parameter was used for determining the system's 
thermal effect, and with the negative enthalpy, the process 
was determined as exothermic. Entropy is the parameter 
that presents the order in emulsions. The foods usually 
observed minimal negative values connected with phase 
separation of emulsion.  

A model recipe of dietary salad dressing was 
developed, including summer savory essential oil. The 
model recipe with the inclusion of essential oil and 
products purchased from the commercial market is 
presented in Table 3. 

Table 3. Model recipes of dietary salad dressings with summer 
savory essential oil 

Raw, g Control 
sample 

Sample  
0.2% 

Sample 
0.3% 

Pine nuts 0.100 0.100 0.100 
Lemon juice 0.024 0.024 0.024 
Water 0.035 0.035 0.035 
NaCl 0.001 0.001 0.001 
Essential oil - 0.032 0.048 

 

The results of the chemical analysis were directly 
related to the sensory evaluation of the dressings obtained. 
The presence of carvacrol is associated with the odor 
typical of savory, which is why the essential oil obtained 
from it is a suitable flavouring in roasted meat and 
vegetable dishes, soft chews, soft drinks, chewing gum, 
and sauces. Due to its specific aroma and taste, its 
application in the food industry is limited to lower ranges 
of quantitative participation. 

Dietary salad dressings were used to flavor various 
meat products and were prepared several hours before 
use. The application of cold dressings, both in the 
composition of cold dishes and in warm vegetable foods, 
is based on the refreshing and complementary effect when 
combining them. 

 
Fig. 1. Sensory profiles of dietary salad dressings with summer 
savory essential oil. 
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The results of the sensory evaluations of the 
assortments are shown in Fig. 1. With the most intense 
smell, evaluators defined a dressing containing 0.2% 
essential oil. 

The ratings of the control and dressing samples with 
0.2% essential oil flavouring are close, with the lowest 
being for the 0.3% dressing. The sour and salty taste is 
rated equally for all three assortments due to the identical 
amounts of salt and citric acid used in their composition. 
After consumption, the aftertaste of the dressing with 
0.3% essential oil is more pronounced, and the bitter 
aftertaste is hardly noticeable in all three assortments. 

The overall perception of the three products showed 
that the evaluators perceived the one with 0.2% essential 
oil as the best. 

4 Conclusion 

Different variants of food emulsions with summer savory 
essential oil (0.2% and 0.4%) have been development. 
Physicochemical parameters Gibbs free energy, enthalpy, 
and entropy were calculated. The results showed that 
these food products usually observed minimal negative 
values connected with phase separation of emulsion.  

In this study, dietary salad dressings have been 
developed with the participation of summer savory 
essential oil in amounts of 0.2 and 0.3%.  

The general perception of the dressings results showed 
that the summer savory essential oil in the amount of 0.2% 
was a suitable technological ingredient for producing 
dietary salad dressings, improving their sensory 
evaluation. 
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