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TR —— (Filipendula vulgaris Moench)

DUCTION

(Filipendula vulgaris Moench, Rosaceae) is a perennial naturally occurring on sunny,
semi-dry, limestone meadows and neglected areas in Europe and Asia. All organs of this plant —
rhizomes, tuberous roots, leaves and flowers are a rich source of phenolic compounds, especially

dmparison of extraction parameters

Extraction method Extraction time Solvent usage Extraction cycles Solvent evaporation

) i ) - ) A) Under reflux 1.5-2h 100 ml 2 manual in external evaporator
ﬂagan_g_()ls aIlC(li phenollulle. acuciis.l Ran maJ.[enaziS. _h herll)) (Flllp eg(.iulaed.vylg Cllrl]; herba) B) Sonication-assisted extraction 1-15h 100 ml 2 manual in external evaporator
an un ergroul} . parts (Filipendu _ae v g ars ra lx) aV:e cen us,'e l,n tra. ftiona ) uropea.n C) Classic Soxhlet apparatus 50 h 250 ml approx. 10 manual in external evaporator
medicine as anti-inflammatory, antipyretic, analgetic, antirheumatic, diuretic, and diaphoretic L ,

D) Biichi Extraction System B-811 4—-6h 100 ml 20 automated

agents. The decoction of underground organs has often been used to treat kidney problems,
breathlessness, wheezing, sore throat, congestion, stomachache, and diarrhea. Moreover,
the tuberous roots and young leaves are edible — cooked as a vegetable or eaten raw
as a component of salads. Leaves and flowers are decorative and can be used for beddind and cut
flowers.

Fig. 3. Blichi Extraction System B-811

The aim of this study was to find the optimum extraction conditions (method and solvent)
for determination of phenolic compounds in rhizomes (r), tuberous roots (t), leaves (1), and
flowers (f) of dropwort.
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Fig. 4. Extracts obtained in Bilichi Extraction System
with methanol (left) and ethanol 40% (right)
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Fig. 5. Sample chromatograms of the extracts obtained in Bilichi Extraction System from tuberous roots (left),
leaves (center) and flowers (right) (Spectrum Max Plot)
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Table 2. Content of phenolic compounds - rhizomes (mg 100g” dry weight)

Catechin derivatives Solvent Extraction Method Mean for Phenolic acids Solvent Extraction Method Mean for
A B C D solvents A B C D solvents
Ethanol 391.53 400.52 240.40 23052 315.74 3 Ethanol 35.58 3357 33.89 35.86 34.72 a
(-)>-Epigallocatechin  Methanol 252.70 240.42 320.28 337.54 287.74 b Ellagic acid Methanol 20.80 18.85 17.10 16.71 18.36 b
Mean for methods 322.11a 320.47 a 280.34 b 284.03 b Mean for methods 28.19 a 26.21b 25.49b 26.28 b
Ethanol 491.36 503.00 528.04 542.50 516.22 b Ethanol 192.33 202.82 211.88 22085 206.97 a
. . . . (+)-Catechin Methanol 517.87 458.60 567.80 549.06 523.33 3 Gallic acid Methanol 99.97 118.98 105.80 110.16 108.73 b
t materlal was harvested fI'Om the plantatlon Of dI'OpWOI't eStabllShed 1n the Mean for methods 504.62b  480.80c  547.92a  54578a Mean for methods 146.15b  160.90a _ 158.84a 16551 a
: . . . . Ethanol 367.02 384.05 437.33 428.20 404.15 b
experimental field of the Department of Vegetable and Medicinal Plants, WULS — SGGW (Fig. 1) (Mpicatechin  Methano 10290 34175 assgl 45968 413305
. o . o Mean for methods 384.98 b 362.90 c 443.08 a 443,94 a
from seeds collected from natural sites located in Podlasie region, Poland. Two-year-old plants oo Ethano 14872 15042 14788 14513  14804b
. . . . o alatpeg Methanol 157.44 151.71 157.80 160.86 156.95 a
were dug out in October. Raw material was dried by convection at 60 °C and then ground ; Mean for methods _153.08 ns._151.06 ns._15284ns._ 15299 ns.

in alaboratory mill (Fig 2.).
Table 3. Content of phenolic compounds - tuberous roots (mg 100g" dry weight)

Catechin derivatives Solvent Extraction Method Mean for Phenolic acids Solvent Extraction Method Mean for
A B C D solvents A B C D solvents
Ethanol 319.33 331.56 291.00 297.62 309.88 a Ethanol 77.62 34,57 122.04 130.90 91.28 a
(-)-Epigallocatechin ~ Methanol 255.09 228.74 254.85 254.58 248.31b Ellagic acid Methanol 57.46 26.24 74.83 78.12 59.16 b
Mean for methods 287.21 a 280.15ab 27292 b 276.10 b Mean for methods 67.54 b 30.40c 98.44 a 104.51 a
Ethanol 399.26 402.54 641.38 634.75 519.48 b Ethanol 625.77 682.00 743.68 761.72 703.29 n.s.
(+)-Catechin Methanol 605.50 512.18 646.13 651.99 603.95 a Gallic acid Methanol 658.38 596.53 777.96 790.87 705.93 n.s.
Mean for methods 502.38 b 457.36 ¢ 643.75 a 643.37 a Mean for methods 642.07 b 639.27 b 760.82 a 776.29 a
Ethanol 413.45 401.35 659.79 698.44 543.25b
(-)-Epicatechin Methanol 676.75 641.95 765.56 793.81 719.51a
Mean for methods 545.10 c 521.65c 712.67 b 746.12 a
. . . Ethanol 364.57 315.37 447.29 454.08 395.33 b
- . : LRS- Es. S A A . ; (-)-Epigallocatechin
. . ‘ . . o : galate Methanol 507.41 349.86 500.71 520.34 469.58 a
Fig. 2. a) rhizomes (r) b) tuberous roots (t) c) leaves and flowers (I) d) flowers (f) Mean for methods 435.99c  33261d  47400b 487212

: : : . o _ Table 4. Content of phenolic compounds - leaves (mg 100g™ dry weight)
Homogenized, air-dry raw material (1 g) was extracted using two periodic extraction

. - Extraction Metho Mean for L Extraction Metho Mean for
methods — under reflux (traditional way of extraction for this raw material) (A) and sonication- e S v A 53:95 € b o TORRR W A 57:8 C____ b soens
assisted solvent extraction (B), as well as two continuous extraction methods — in classic Soxhlet Prepialociectin  Methanol ____ 13094 S868 _ 10LSA U745 1096Bb  Flegcacd Vethanol _____ 3415 1o4 M0 M2 3Wh
apparatus (C) and in modified, automated Soxhlet apparatus (Buichi Extraction System B-811 — hcaechin Viethano sase  mam  syao a7 saeab  Galcads Viethano lessi  taco st sy 137s4b
hot extraction and solvent evaporation, Fig. 3) (D). Ethanol 40% as well as methanol were Meenformetoc ARc AT MO OO R T e e
applied as extraction medium. Flavonoid solvent e — 5 N ey e R T T YR TR

Ethanol 270.58 280.64 386.41 392.06 332.42a Ethanol 127.84 267.08 531.38 539.27 366.39a
After evaporation of solvent, the residue was dissolved in 10 ml of proper solvent. . e e min me g mss oewee pw o my s wr me o
The obtained extracts were filtered with Supelco Iso-Disc™ Syringe Tip Filter Unit, PTFE Vet ees  Tooi 14l i ledis  cofecacd vetnol __ soes s ss0s  sree  snaah
membrane, diameter 25 mm, pore size 0.20 pm and subjected to HPLC. The analyses were 2T & s e N T T s e NEET
performed using a Shimadzu HPLC system equipped with photodiode array detector SPD-M10A S T PR T S v Y P o T T R Y TR V- PR
VP PDA, autosampler SIL-20 and Class VP 7.3 chromatography software. Separation was
obtained by 2.6 pm Ci8 reversed-phase column with core-shell technology. Binary gradient Table 5. Content of phenolic compounds - fowers (mg 100g" dry weight)
of mobile phase A (deionised water/phosphoric acid 0.1%) and B (ACN/phosphoric acid 0.1%) —— ___ T — _____ S
was used. The following conditions were applied: flow rate 1.0 mlxmin”, oven temperature — T = YTy o — . = e
31 °C, total time of analysis 15 min, injection volume: 1 l. UV-spectra were recorded from 190 e o oA ma ma mn mee s g omg ma s zs e
to 450 nm. Peak identification was confirmed by comparison of retention time and spectral data allc aci Vethend 061 ass  aes  wsere  siets  Astagalin ethano G721 512 emi  iass  soosee
with adequate parameters of standards purchased from ChromaDex. For quantitation e EEE— Fnor s aior eser s SEE
of investigated compounds the five-point calibration curve method was used in CLASS VP 7.3 RS v e Y T Y T T PR
. Ethanol 243.67 219.44 299.54 298.39 265.26 b
chromatography software. The content of the determined compounds was calculated (aempfero vetwnol___ 005 s _mm i mos
in mgx100¢g™ dry matter. | | | |

] ' . A - Under reflux, B - Sonication-assisted solvent extraction, C - Classic Soxhlet, D - Biichi Extraction System
The results were analysed with one-way ANOVA and Tukey's HSD test at a=0.95 using

Statgraphics Plus for Windowsv. 4.1 software. Values marked with the same small letters do not differ significantly at a=0.95, Tukey’s HSD test, n=3

ONCLUSIONS

1. There were no significant differences in the content of examined compounds between extracts obtained with modified
and classic Soxhlet, but the extraction was 12.5 times shorter (4 h) and the solvent consumption was 2.5 times lower (100 ml).
Moreover, the modified Soxhlet apparatus allows for the automated evaporation of the solvent.
In case of all other investigated methods, the extraction solvent must be removed with additional evaporator.

2. Sonication-assisted solvent extraction was the shortest investigated method (1 h including solvent evaporation),
but the content of phenolic compounds in obtained extracts was lower in comparison with Soxhlet extraction.

3. The content of investigated phenolic compounds in extracts obtained with 40% ethanol and methanol was comparable.




