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This article presents the results of the study of the process of extraction of biologically active sub-
stances from the flowers of Calendula officinalis using pressure enhanced solvent extraction. The
Timatic Micro laboratory extractor with the volume of 0.5 | designed for laboratory use when working
with small amounts of the solvent and the product was used. The principle of its operation is based
on a double action of pressure — low pressure and percolation of the plant raw material. It is possible
to use various types of solvents (alcohols, water, glycerol, oils). The effect of the raw material parti-
cle size, the time of extraction, the number of cycles on quality parameters of the product has been
studied. As a result of our studies, it has been found that the completeness of the BAS extraction is
greatly influenced by the number of working cycles, as well as the time of the extraction process. The
time of compression/decompression of the system was affected to a lesser extent. Thus, the optimal
parameters of the calendula flowers extraction process are: extractant — 70% ethanol, degree of the
plant raw material fineness — 3-5 mm, the ratio of the raw material to the extractant— 1:10, the extrac-

tion time — 5 hours, and the number of cycles — 75.

Calendula tincture is a well known drug that is in
constant demand from buyers due to low prices and a
wide range of the pharmacological action. Pot marigold
possesses the anti-inflammatory, antibacterial, wound
healing, spasmolytic, hypotensive and sedative proper-
ties, increases the metabolic function of the liver. A wide
therapeutic activity of calendula is explained by the pre-
sence of a considerable number of carotenoids, flavonoids,
salicylic acid, vitamins and other compounds [8-11].

At chemical and pharmaceutical enterprises Calen-
dula tincture is obtained by simple maceration or perco-
lation with 70° ethanol [1, 3].

These methods of tincture production do not meet
modern requirements since the time required to obtain
the finished product is long enough, and the plant raw
material is exhausted only by 70% [2, 3, 5, 7].

Pressure enhanced solvent extraction takes the con-
ventional solvent based extraction technology to a new
level. This extraction technology effectively combines
the use of solvents and elevated pressures to provide su-
perior yields of high quality extracts from naturally oc-
curring materials [4].

Extraction is carried out by the combined effect of
compression/decompression and forced percolation of the
solvent under pressure through the raw material layer. The
extraction cycle alternates between dynamic phases ob-
tained via a programmed pressure and static phases for
transfer of the desired extract into the solvent [4, 6, 12].

Experimental Part

Calendula flowers (Calendula officinalis L) were se-
lected as the study subjects [2, 10].

The process of extraction of calendula flowers by
pressurized solvent extraction (PSE) was investigated,
and the technology for obtaining of calendula tincture
using a 0.5 | Timatic Micro extractor was developed.

The experiments on studying the effects of the par-
ticles size, the extraction time and the number of the
working cycles on the yield of extractive substances were
conducted.

To study the effect of the extraction time on the yield of
extractives 50+0.5 g of the powdered calendula flowers
was loaded in the extractor, filled with 70° ethyl alco-
hol (the ratio of the raw material to the extractant was
1:10), left for 1 hour for swelling and then extracted for
60, 120, 180, 240, 300, 360, 420 min. The parameters
of the extraction process are shown in Tab. 1.

While studying the effect of the number of working
cycles on the yield of extractives the following param-
eters of extraction given in Tab. 2 were used.

After extraction the resulting extract was drained
and clarified for 48 hours in the refrigerator at 8-10°C.
Then the extract was filtered, and a dry residue was ob-
tained.

The samples obtained were tested according to the
requirements specified in analytical normative documents
(AND) [2, 10].

Results and Discussion

The completeness and speed of extraction of the ac-
tive ingredients from the plant raw material depend on
technological properties of the material, difference in
concentrations, the time of extraction, the nature of the
extractant and other factors, which should be conside-
red in the extraction process.

The particle size affects the extraction process be-
cause it determines the phase interface between the ma-
terial and the extractant. The effect of the degree of the
raw material fineness on extraction of Calendula flow-
ers was studied (Fig.).

The results showed that the most complete yield of
extractive substances from the raw material was for par-



ISSN 1562-7241

NEWS OF PHARMACY 3(83)2015

29

Table 1

The parameters of the extraction process

Equipment Timatic Micro, 0.5 |; Filter bag, 100 mcm
The set Compression — 8 min,
parameters decompression — 8 min

Temperature — 20°C, pressure — 5 bar

Time of extraction | 1-6 hours

T 5 TS
Calendula flowers Humidity — 8+0.3%, particle size

3-5 mm, 50+0.5 g each batch

Table 2

The parameters of the extraction process

No. of the
experiment

1 Compression — 8 min, decompression — 5 min
2 Compression — 5 min, decompression - 5 min
3 Compression — 5 min, decompression — 2 min
4 Compression — 2 min, decompression — 2 min
Temperature — 20£1°C, pressure — 5 bar

The set parameters

Time of
extraction

Calendula
flowers

4-6 hours

Humidity — 8+0.3%, particle size - 3-5 mm,
50+0.5 g each batch
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27 A

26 -
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Fig. The yield of extractives of Calendula flowers
depending on the size of particles.

Table 3
The effect of the extraction time on the yield of
extractives
Time (.)f N”f“ber of Dry residue, %
extraction working cycles
60 4 0.94+0.03
120 8 1.02 £0.04
180 11 1.13+0.05
240 15 1.25+£0.04
300 19 1.31£0.05
360 22 1.48+0.03
420 26 1.56%0.03

ticles with the size of 1 mm (28.15+0.38%). However,
excessive grinding leads to contamination by ballast sub-
stances and causes difficulties in the product purifica-
tion. The raw material with the particle size of 3 to 5 mm
has the value of this index with the difference in bias bet-
ween 27.1120.47% and 26.08+0.42%, respectively. Based
on the results of the research we believe that to use the
plant raw material with the particle size of 3-5 mm is
the most optimal.

For our further studies a small Timatic extractor from
Tecnolab (Perugia, Italy) was used. For industrial ex-
tractions the firm manufactures a larger Timatic extrac-
tor (200 1). The advantages of these extractors are their
relatively low cost and further maintenance support by
the manufacturing company.

Timatic is a solid-liquid extractor used for indus-
trial production of herbal extracts. According to the ma-
nufacturer, percolation is achieved by alternating the dy-
namic phase, during which a pre-set pressure is genera-
ted, followed by the static phase, so that the solvent pen-
etrates into the plant cells and releases again. The pres-
sure phase prevents the formation of channels, as well
as partial over-saturation of the solvent. Another advan-
tage of this equipment is that it can be used for many
different liquid solvents. It is semi-automatic, easy to
handle, with a well designed display, with an automatic
warning system and an automatic cleaning programme.

The effect of the extraction time on the yield of ex-
tractives. Selection of the optimum extraction time is
required to obtain economically profitable tinctures on
an industrial scale. The experimental results of studying
the extraction time impact on the yield of extractives
are shown in Tab. 3.

The extraction rate was lower than expected. Ac-
cording to the requirements of AND the dry residue con-
tent in the calendula tincture should be not less than 1.7%.
In the extracts obtained this parameter was in the range
of 0.94-1.56%, and it did not satisfy the requirements.
Of the possible explanations there is a rather small num-
ber of compression-decompression working cycles. The
next step of our research was to study the effect of com-
pression-decompression cycles on the yield of a dry residue.

The effect of the number of working cycles on the
yield of extractives. The process parameters, i.e. the com-
pression time, the decompression time and the number
of cycles were varied (Tab. 2). The experimental results
are shown in Tab. 4.

It was noted that of all parameters the number of
working cycles had the greatest impact on the extraction
process, while the time of compression/decompression

Table 4

The effect of the number of working cycles
on the yield of extractives

Working cycle/ Number of working cycles /
Time of Dry residue, %

extraction, h 240 300 360

1 19/ 23/ 27/
1.29+0.04 1.55+0.04 1.76+0.03

3 24/ 30/ 36/
1.51+£0.03 | 1.76 +0.05 | 1.95+0.03

3 35/ 43/ 51/
1.68+0.04 1.96+0.05 2.17+0.04

4 60/ 75/ 90/
1.88+0.05 2.21+£0.04 | 2.28+0.05
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Table 5
The results of determination of the calendula tincture quality indicators
Parameter Calendula tincture Requirements of AND
Description A yellowish-brown liquid |a yellowish-brown liquid
Dry residue,% 2.21+0.05 not less than 1.7 %
Alcohol content % 69.00+1.84 the final alcoho! concentration is not less than 69 per cent
of that of the initial extraction solvent
Heavy metals Corresponds not more than 0.001%
Thin-layer chromatography Corresponds according to the SPhU
maximum 0.05 % v/v of methanol and maximum
Methanol and 2-propanol Corresponds 0.05 % v/v of 2-propanol
Microbiological purity Corresponds not more than 1,000 bacteria and 100 fungi

had no significant effect. Thus, the optimal parameters
of the calendula flowers extraction process have been
suggested; they are: extractant — 70% ethanol, degree
of the plant raw material fineness — 3-5 mm, the ratio of
the raw material to the extractant — 1:10, the extraction
time — 5 hours, and the number of cycles — 75.

Thus, with such parameters of the technological pro-
cess the time extraction (compared to 48 hours in conven-
tional percolation) significantly reduces, and the yield
of extractives increases by 5%

The tincture obtained was tested for compliance with
the requirements of AND: description, the content of al-
cohol (not less than 65%), heavy metals, dry residue (not
less than 2.1%) and microbiological purity. The results
are presented in Tab. 5.

According to the research results the indicators of
quality of the product obtained meet the requirements
of AND.

CONCLUSIONS

The process of extraction of biologically active sub-
stances from the flowers of Calendula officinalis using
pressure enhanced solvent extraction has been studied.
The effect of the raw material particle size, the time of
extraction, the number of cycles on quality parameters
of the product has been determined. Thus, the optimal
parameters of the calendula flowers extraction process
are: extractant — 70% ethanol, degree of the plant raw
material fineness — 3-5 mm, the ratio of the raw material
to the extractant — 1:10, the extraction time — 5 hours,
and the number of cycles — 75.
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OOCNIOXEHHSA NPOLECY EKCTPAKLUII KBITOK KANIEHOYNU NI TUCKOM

F0.B.lOduHa

Knroyoei crnoea: KaneHdyna nikapcbka, Hacmouika; mexHornoaisi; ekcmpazygaHHsi rid muckom
HasedeHi pesynbmamu OocnioxeHHSs rpouecy sury4eHHs BAP 3 kg8imok kaneHOynu rikapCbKoi 3 eu-
KopucmaHHSIM iHmeHcugikosaHo2o Mmemody ekcmpakuii nid muckom. [Npu pobomi sukopucmosysa-
Jniu nabopamopHul ekcmpakmop Timatic Micro o6’emom 0,5 n1, npu3dHavyeHul 0551 nabopamopHo20

8UKopUCMaHHS rpu pobomi 3 He8erTUKUMU KillbKOCMAMU PO34YUHHUKa i npodykmy. MpuHyun toeo Oif

rpyHmMyemsCcsi Ha nooeiliIHOMY 8Miu8i MUCKY — 3HUXEHHI MUCKY | MepKonsauii pOCIUHHOI CUPOSUHU.
Moxrnuee sukopucmaHHs pi3HUX murlie pO34YUHHUKIG (criupmie, eodu, eniyepuHy, onii). byrno eugyeHo
8r1/1U8 PO3MIPy YaCMUHOK CUPOBUHU, Yacy ekcmpakuil, yucra poboyux YUKIie Ha MoKasHUKU SSKocmi
ompumaHo20 rnpodykmy. B pedynbmami 0ocnidxxeHb byrio 8CmMaHOB/IEHO, WO Ha MO8HOMY 8UJTyYEH-
Hs1 BAP b6inbwul ennue YuHUMmMb KiribKicmbs poboYuUX UUKIII8, @ MaKoX 4Yac rpouecy ekcmpakuii. Yac
Komnpecii / 0ekomnpecii cucmemu Mag HeaHaqyHuU ennus. [Npu ubomy 6yrnu ecmaHo8eHi onmumarib-
Hi napamempu eedeHHs1 Npoyecy ekcmpakuii Keimok kaneHAynu: ekcmpazeHm — 70% emaHor, cmy-
MiHb MoOPI6HEHHST POCIUHHOI cupoBuHU — 3-5 MM, criiegiOHOWeHHS cuposuHU 0o ekcmpazeHmy 1:10,
yac ekcmpakuii — 5 200UH, KiflbKicmb pobo4yux yuknie — 75.

M3YYEHUE NMPOLIECCA 3KCTPAKLUWU UBETKOB KANEHAOYNbI NOA4 OABITIEHUEM
0.B.KOduHa

Knroyeenle cnoea: KaneHdyna nekapcmeeHHasi; Hacmouka, mexHOos102Usl; 3KCmpaKkyusi rnod
daeneHuem

lMpusedeHbl pe3ynbmamel uccriedosaHus rpouyecca ussrnedyeHuss BAB u3 ysemkos kaneHOyrbl fe-
KapcmeeHHOU C UcCrofb308aHUeM UHMeHCcUUUUpo8aHHO20 Memoda 3KcmpaKkyuu nod 0aeneHuem.
Bbin ucnonb3oeaH nabopamopHbil 3kempakmop Timatic Micro o6bemom 0,5 1, npedHa3Ha4eHHbIU
0151 nabopamopHOe20 UCronb308aHus npu pabome ¢ HebonbWUMU Korludecmeamu pacmeopumerisi
u npodykma. lNpuHyun e2o delicmeusi OCHOB8aH Ha OBOUHOM 8030elicmeuu 0asieHUsT — MOHUXEeHUU
0asrieHUs U NepKossyuu pacmumesibHO20 Cbipbsi. BO3MOXHO UCronb308aHUe pasuYyHbIX muroe pac-
meopumened (crnupmos, 800bI, enuyepuHa, maca). bbino usyyeHo enusHue pasmepa Yacmuy, Cbi-
PbS1, BpeMEeHU 3KCmpaKkyuu, Yucnia paboyux YUKII08 Ha rnokasamersiu Ka4ecmea rosiy4eHHo20 rnpooyK-
ma. B pesynbmame uccriedogaHutl bbIsi0 ycmaHo8r1eHo, Ymo Ha rosiHomy u3enedeHusi BAB 6onbuwee
8/IUsIHUE OKa3blgaem Koru4yecmeo paboyux UUKII08, a makxe epemMs rpouecca skcmpakyuu. Bpems
KoMrpeccuu/0eKoMrpeccuu cucmeMbl 0Kasblgasio HeaHa4umersibHoe enusiHue. [pu amom bbinu ycma-
Ho8/IeHbl onmuMalsibHble napamempbl 8e0eHUS npoyecca SKCmpakyuu Ueemkos KaneHOy bl IKC-
mpazeHm — 70% amaHors1, cmerneHb U3MEeSIbYeHUSI pacmumeribHO20 Chipbs — 3-5 MM, COOMHOWeHUe
Cbipbsi K akcmpaceHmy 1:10, epemsi akcmpakyuu — 5 yacos, Kornudecmeo pabodyux yuknog — 75.



