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For the first time quantitative effects of liquefied gas extraction temperature, the correlation of the 
extractant volume and the raw material mass, humidity and the average size of the raw material 
particles have been analyzed in the lipophilic complex (LC) yield from the overground part of yellow 
bedstraw (Galium verum L.) using the response surface methodology (RSM). For this research, the 
four-factor and the three-level Box-Behnken design has been chosen; it contains four covariates, 
namely the extraction temperature – Х1, the ratio of the extractant volume (ml) and the raw material 
mass (g) – Х2, the raw material humidity – Х3 and the average size of the raw material particles – Х4 
based on the results of one-factor test. Twenty seven experimental studies have been conducted 
with three repeats in the centre of the design to assess the proper operational margin of the sum of 
squares. The experimental results obtained have been set at the polynomial equations of the second 
order using the multiple regression analysis, and analyzed by the corresponding statistical methods. 
With the help of solving the regression equation and by means of the analysis of the response sur-
face of contour plots the optimal conditions of the LC extraction have been determined: the extraction 
temperature – 35°C, the ratio of the extractant volume (ml) and the raw material mass (g) – 8, the 
raw material humidity – 7% and the average size of the raw material particles – 1 mm. It has been 
found that the most significant factors for the process under research are the extraction temperature, 
the ratio of the extractant volume (ml) and the raw material mass (g), and the raw material humi- 
dity. Comparison of the data obtained with the data of literature sources confirms the relevance of 
the subcritical difluorochloromethane choice as an extractant for the LC obtaining. Summarizing all 
above-mentioned information it may be concluded that the use of liquefied difluorochloromethane for 
the LC extraction from the overground part of yellow bedstraw (Galium verum L.) is promising from 
the viewpoint of the modern pharmaceutical technology, and the use of the RSM as an instrument for 
the process optimization allows reducing the costs for carrying out the pharmaceutical development.

Currently, the increasing interest to extraction of 
bioactive substances (BAS) from the overground part of 
yellow bedstraw (Galium verum L.) is observed in the 
world [3, 7, 8, 10, 21]. For the extraction of complexes 
of the plant origin of different composition from yellow 
bedstraw, the supercritical СО2, US and extraction in 
the apparatus of a Soxhlet type [3, 10, 12] were used. 
However, the basic disadvantages of the methods men-
tioned are complexity and the need of large amounts of 
the extractant, as well as the cost in time and material 
support of the process.

The liquefied gas extraction has a lot of advantages  
in comparison with the above-mentioned methods, among  
which there are reduced terms of the process and de-
crease in using solvents with a satisfactory target pro- 
duct yield [1, 2].

At the same time in many related studies the experi-
ments were carried out empirically by means of chang-
ing some parameters of the extraction process with other  
parameters being steady. In the unplanned research, in 
addition to the considerable number of tests, spent time 
and costs, the regularities among operational character-
istics were not established [3, 8, 21].

The experiment planning is successfully used for de- 
termining the most influential factors in the multifacto-
rial systems. The response surface methodology (RSM) 
is used for optimization of the process conditions tak-
ing into account the interaction between the factors. The 
RSM is a set of mathematical and statistical methods, 
which are useful for modeling and tasks analysis where 
the result depends on several variables [16]. The most 
wide application of the RSM can be found in the ex-
periment planning, in such situations when the number 
of input variables impacts the results called responses, 
which are not that easy or impractical to depict with 
the help of the severe mathematical relation [5, 11, 14, 
18-20]. The Box-Behnken design is a modified central 
composite design, which does not have fractional facto-
rial points. In such designing, the combinations of vari-
ables are in the centre and the medial points of the edge 
plane of variables [9].

The general aim of this work was to use liquefied 
difluorochloromethane in the LC extraction from the 
overground part of yellow bedstraw and develop the ef-
fective extraction process. The RSM was used for the 
extraction conditions optimization (temperature, the ra-
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tio of the extractant to the raw material, humidity and 
the average size of the raw material particles).

Experimental Part
The object of the research was the crushed dried 

herb of yellow bedstraw collected during the flowering 
period [15].

All reagents were of analytical purity.
The experiments were carried out on the experimen-

tal plant developed by us, which provides the extraction 
in a closed cycle, and were successfully tested using 
industrial equipment.

The liquefied difluorochloromethane was used as 
an extractant (freon-22).

The herb of yellow bedstraw (Galium verum L.) was 
subjected to extraction; it was crushed to the particles 
size of 0.25-1.75 mm with humidity of 4-10%, in the ratio 
of the raw material to the extractant of 1:2-1:14, at the 
temperature of 20-50°C, for 2 hours, the first 40 min of 
which the consumption flow rate of the extractant was 
100 ml/min per 1 kg of the raw material, and the rest of 
the time the consumption flow rate of the extractant was 
reduced twice [4].

After completion of extraction the residual solvent 
was distilled, the extracts obtained were removed from 
the collector, rinsed by dichloromethane, the washings 
were combined with extracts and dried to the constant 
weight in the vacuum-drying cabinet at the temperature 
of 40ºС, and then in the desiccator under phosphorous 
oxide (V).

The LC yield Y, %, in terms of the absolute dry start-
ing materials was calculated according to the following 
formula:

where: mе – is the mass of the LC obtained, g; mн – is 
the mass of the weighed amount of the herbal raw mate-
rial loaded to the extractor (s), g; W – is humidity of the 
test weighed amount of the raw material, %.

To determine the optimal factors of the LC subcriti-
cal difluorochloromethane extraction from the overground 
part of yellow bedstraw the four-factor and three-level 
Box-Behnken design was used. The similar designs have 
high statistical characteristics of optimality and provide 
the same precision of a model in all directions of hy-

perspace at the minimal number of tests [9]. The priory 
information showed that the linear models were not 
adequate regarding the given extraction process, there-
fore, a task was set to develop a model of the second 
order in the form of a quadratic polynomial:

where: Y – is the objective function; βi, βii, βij – are the 
design coefficients of the model; k – is the number of 
the factors; ε – is uncertainty between the values ob-
served and the predicted values, respectively.

The analysis and the graph plotting were carried out 
using the STATISTICA software (Version 10.0 Trial). 
After the dispersion analysis the suitability of the poly-
nomial model was determined through the correlation 
coefficient R2. Its statistical significance was verified 
with the help of F-test with the probability of (P) 0.001, 
0.01 or 0.05. Significance of the regression coefficients 
was also verified with the help of the F-test.

Four covariates were selected, namely, the extrac-
tion temperature – X1, the ratio of the extractant volume 
(ml) and the raw material mass (g) – X2, the raw ma-
terial humidity – X3, and the average size of the raw 
material particles – X4. Covariates’ encoded values are 
shown in Tab. 1. Twenty seven experimental studies were 
conducted with three repeats in the centre of the design 
to assess the proper operational margin of the sum of 
squares. We duplicated each experiment and the aver-
age value of the LC yield was taken as the response, Y. 
Based on the previous experimental results and values, 
which are available in literature, covariates and their 
critical experimental elevations were selected as shown 
in Tab. 1.

Results and Discussion
The results (Tab. 2) indicate that the process para-

meters significantly influence on the LC yield. Response 
values (the extract yield Y, %) under various experi-
mental combinations for encoded variables are given in 
Table 2. The yield was from 2.16% to 3.48%.

Using the multiple regression analysis of the exper-
imental data the response and factors are related by the 
following second-order polynomial equation:

Y, % = 1.4695 + 0.029233Х1 + 0.0547Х2 + 
+ 0.17495Х3 – 0.08393Х4 – 0.00025Х1

2 –
– 0.00075Х2

2 – 0.0117Х3
2 + 0.0557Х4

2 – 
– 0.0003Х1Х2 + 0.0016Х1Х3 + 0.0016Х1Х4 + 
+ 0.0007Х2Х3 – 0.0126Х2Х4 + 0.0172Х3Х4,

where: Y, % – is the yield of LC, X1, X2, X3, and X4 – 
are encoded values of the extraction temperature, the 
ratio of the extractant volume (ml) and the raw mate-
rial mass (g), the raw material humidity and the average 
size of the raw material particle, respectively.

Analysis of variance of quadratic regression model 
has shown that the value of the correlation index R2 is 
0.9347. At the same time the low value of the variabil-
ity index indicates a high degree of accuracy and suf-
ficient reliability of the experimental values.

Table 1
Covariates and their elevations  

in the Box-Behnken design construction

Covariates Symbol
Factor level

-1 0 1
Extraction temperature, °C X1 20 35 50
Ratio of the extractant 
volume (ml) and the raw 
material mass (g)

X2 2 8 14

Raw material humidity, % X3 4 7 10
Average size of the raw 
material particles, mm X4 0.25 1 1.75
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Fisher’s test signification is used as a tool to check 
significance of each coefficient, which, in its turn, may 
indicate an interaction pattern between variables. The 
research results showed that the extraction temperature 
was the most important parameter that influence on the 
LC yield. The ratio of the extractant volume (ml), and 
the raw material mass (g), as well as the raw material 
humidity appeared to be less important factors. An av-
erage size of the raw material particle does not statisti-
cally influence on the extract yield.

The equation obtained gives us the opportunity of 
predicting the corollary of four parameters on the LC 
yield. Six independent response surfaces and their cor-
responding counter plots are shown in Fig. 1-2.

Two variables within the experimental range were 
depicted in one 3D-superficial portion, while two other 
variables were held constant at zero level. Circular or 
elliptical shapes of counter plots indicate whether inter-
actions between variables were significant or not [6].

In the case of liquefied gas extraction of overground 
parts of yellow bedstraw the average size of the raw 
material particle has a negative effect on the LC yield. 
There was insignificant decrease in the LC yield with 

decreasing the size of particles X4 to the lower threshold 
level (Fig. 1C and 2C). Meanwhile, increase in the ex-
traction temperature (X1) to the central level resulted in 
increase in the LC yield as shown in Fig. 1А, 1В and 1С 
and 2А, 2В and 2С. At temperatures above this level the 
LC yield slightly grows due to the complete depletion 
of the raw material. At a temperature of the lower level 
the LC yield is low enough; it may be associated with 
unsatisfactory extractant characteristics for the process 
studied. It has been noticed that the temperature regime 
in the central level can be considered as quite thrifty. 
Taking into account the results obtained the heating of  
the extractant is impractical because of increase of energy  
requirement and the raw material overheating, which can  
cause destruction of thermolabile BAS.

Insignificant increase in the LC yield occurs even 
when the ratio of the extractant volume (ml) and the raw 
material mass (X2) was increased in the range from 8 
to 14 (Fig. 1A and 1D and 2A and 2D). When reducing 
the ratio of the extractant volume (ml) and the raw ma-
terial mass the LC yield is reduced, and it indicates the 
necessity of using additional portions of the extractant, 
which is energy disadvantageous considering the mode 
of plant operation for extraction of liquefied gases.

Fig. 1B, 1D and 1F and 2B, 2D and 2F also show 
that the LC yield increases with validity of the raw ma-
terial humidity in the core range. It has been found ex-
perimentally that when increasing the moisture content 
the LC yield significantly reduces; it can be explained 

Table 2
The four-factor Box-Behnken design  

for RSM and responses observed

Experiment, 
No. X1 X2 X3 X4

Yield of the 
extract Y, %

1 -1 -1 0 0 2.16
2 -1 1 0 0 2.52
3 1 -1 0 0 3.24
4 1 1 0 0 3.48
5 0 0 -1 -1 2.68
6 0 0 -1 1 2.88
7 0 0 1 -1 2.99
8 0 0 1 1 3.35
9 -1 0 0 -1 2.83

10 -1 0 0 1 2.78
11 1 0 0 -1 3.45
12 1 0 0 1 3.47
13 0 -1 -1 0 2.47
14 0 -1 1 0 2.88
15 0 1 -1 0 2.78
16 0 1 1 0 3.24
17 -1 0 -1 0 2.73
18 -1 0 1 0 2.63
19 1 0 -1 0 3.30
20 1 0 1 0 3.48
21 0 -1 0 -1 2.99
22 0 -1 0 1 3.19
23 0 1 0 -1 3.35
24 0 1 0 1 3.33
25 0 0 0 0 3.45
26 0 0 0 0 3.45
27 0 0 0 0 3.44

Fig. 1. Response surface plots showing the effect of variables  
(A) Х1 and Х2; (B) Х1 and Х3; (C) Х1 and Х4; (D) Х2 and Х3;  

(E) Х2 and Х4; (F) Х3 and Х4 on the LC yield.
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by the limited difluorochloromethane absorbency. At 
the same time the lack of the raw material humidity also 
affect on the LC yield. Such dependence was observed 
by researchers [2, 13, 17].

Therefore, based on the abovementioned informa-
tion it can be asserted that an optimal process is extrac-
tion of yellow bedstraw (Galium verum L.) herb crushed 
into the particles size of 1 mm with 7% humidity in the 
following ratio of the extraction raw material: the ex-
tractant of 1:8, at the temperature of 35°C for 2 hours, 
the first 40 minutes the extractant specific consumption 
should be 100 ml/min per 1 kg of the raw material, and 

the rest of the time the extractant specific consumption 
was reduced twice.

CONCLUSIONS
For the first time the effective process for the LC 

subcritical difluorochloromethane extraction from the 
overground part of yellow bedstraw (Galium verum L.) 
has been developed. The four-factor, three-level Box-
Behnken design and the RSM have been applied to op- 
timize the extraction parameters. The maximum LC yield –  
3.45% can be reached under the optimal conditions found  
and experimentally confirmed. The process developed 
has been tested in industrial conditions.
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ОПТИМІЗАЦІЯ ПАРАМЕТРІВ ЗРІДЖЕНОГАЗОВОЇ ЕКСТРАКЦІЇ НАДЗЕМНОЇ ЧАСТИНИ 
ПІДМАРЕННИКА СПРАВЖНЬОГО МЕТОДОЛОГІЄЮ ПОВЕРХНІ ВІДГУКУ
А.В.Проскочило, В.Г.Дем’яненко, Д.В.Дем’яненко 
Ключові слова: підмаренник справжній (Galium verum L.); екстракція; дифторохлорометан; 
методологія поверхні відгуку; план Бокса-Бенкена
Вперше були досліджені кількісні ефекти температури зрідженогазової екстракції, співвідно-
шення об’єму екстрагенту та маси сировини, вологості та середнього розміру частинок си-
ровини на вихід ліпофільного комплексу (ЛК) із надземної частини підмаренника справжнього 
(Galium verum L.) із використанням методології поверхні відгуку (МПВ). Для цього досліджен-
ня було обрано чотирифакторний, трирівневий план Бокса-Бенкена, в якому чотири неза-
лежні змінні, а саме температура екстракції – Х1, співвідношення об’єму екстрагенту (мл) 
і маси сировини (г) – Х2, вологість сировини – Х3 та середній розмір частинок сировини – Х4 
засновані на результатах однофакторного тесту. Було проведено 27 експериментальних 
досліджень із трьома повторами у центрі плану, щоб оцінити чисту похибку суми квадратів. 
Отримані експериментальні дані були встановлені на поліноміальних рівняннях другого по-
рядку з використанням множинного регресійного аналізу, а також проаналізовані відповідни-
ми статистичними методами. Вирішуючи рівняння регресії, а також шляхом аналізу поверх-
ні відгуку контурних графіків були визначені оптимальні умови екстракції ЛК: температура 
екстракції – 35°C, співвідношення об’єму екстрагенту (мл) і маси сировини (г) – 8, вологість 
сировини – 7% та середній розмір частинок сировини – 1 мм. Було визначено, що найбільш 
значущими факторами для досліджуваного процесу є температура екстракції, співвідношен-
ня об’єму екстрагенту (мл) і маси сировини (г) та вологість сировини. Порівняння отриманих 
даних із даними літературних джерел підтверджує актуальність вибору докритичного ди- 
фторохлорометану в якості екстрагенту для одержання ЛК. Підсумовуючи вищевикладене, 
можна зробити висновок, що застосування зрідженого дифторохлорометану для екстракції 
ЛК із надземної частини підмаренника справжнього (Galium verum L.) є перспективним із по-
зицій сучасної фармацевтичної технології, а використання МПВ у якості інструменту для 
оптимізації процесу дозволяє скоротити затрати на проведення фармацевтичної розробки.

ОПТИМИЗАЦИЯ ПАРАМЕТРОВ СЖИЖЕННОГАЗОВОЙ ЭКСТРАКЦИИ НАДЗЕМНОЙ ЧАСТИ 
ПОДМАРЕННИКА НАСТОЯЩЕГО МЕТОДОЛОГИЕЙ ПОВЕРХНОСТИ ОТКЛИКА
А.В.Проскочило, В.Г.Демьяненко, Д.В.Демьяненко 
Ключевые слова: подмаренник настоящий (Galium verum L.); экстракция; 
дифторхлорметан; методология поверхности отклика; план Бокса-Бенкена
Впервые были исследованы количественные эффекты температуры сжиженногазовой экс- 
тракции, соотношения объема экстрагента и массы сырья, влажности и среднего разме-
ра частиц сырья на выход липофильного комплекса (ЛК) из надземной части подмаренника 
настоящего (Galium verum L.) с использованием методологии поверхности отклика (МПО). 
Для этого исследования было выбрано четырехфакторный, трехуровневый план Бокса-Бен- 
кена, в котором четыре независимые переменные, а именно температура экстракции – Х1,  
соотношение объема экстрагента (мл) и массы сырья (г) – Х2, влажность сырья – Х3 и сред-
ний размер частиц сырья – Х4 основаны на результатах однофакторного теста. Было про-
ведено 27 экспериментальных исследований с тремя повторами в центре плана с целью 
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оценки чистой погрешности суммы квадратов. Полученные экспериментальные данные были 
установлены на полиномиальных уравнениях второго порядка с использованием множествен-
ного регрессионного анализа, а также проанализированы статистическими методами. 
Решением уравнения регрессии, а также путем анализа поверхностей отклика контурных 
графиков были определены оптимальные условия экстракции ЛК: температура экстракции –  
35°C, соотношение объема экстрагента (мл) и массы сырья (г) – 8, влажность сырья – 7% 
и средний размер частиц сырья – 1 мм. Было определено, что наиболее значимыми фак- 
торами для исследуемого процесса является температура экстракции, соотношение объема 
экстрагента (мл) и массы сырья (г) и влажность сырья. Сравнение полученных данных с данными 
литературных источников подтверждает актуальность выбора докритического дифтор- 
хлорметана в качестве экстрагента для получения ЛК. Подытоживая вышеизложенное, 
можно сделать вывод, что применение сжиженного дифторхлорметана для экстракции ЛК 
из надземной части подмаренника настоящего (Galium verum L.) является перспективным 
с позиций современной фармацевтической технологии, а использование МПВ в качестве 
инструмента для оптимизации процесса позволяет сократить затраты на проведение 
фармацевтической разработки.


