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Abstract — This study optimized the composition of deep eutectic solvents (DES) for the efficient extraction of the
phytochemicals asiaticoside and madecassoside from Centella asiatica. DESs were prepared using ethylene glycol (EG)
and choline chloride (ChCl) at varying molar ratios, with 0~30% water added. Extraction yields were quantified using

HPLC system. The optimal condition (EG:ChCl =

3:1, 20% water) yielded a total of 21.5 ng/mg. Asiaticoside showed

stable extraction across conditions, while madecassoside was more sensitive. These differences were attributed to the
hydrophilicity of their sugar moieties. This work demonstrates that adjusting water content and HBD:HBA ratio is key
to efficient DES-based extraction and offers a foundation for green extraction process development.
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HEH ot AGs A=257H F
-3}7] HOH guiA 0 7 er57-8 o] A MA|, 11831 deep eutectic
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2 AgrellA] ARE-gl ¥ 65 BrkE (Chengju, Korea)oll A 7
wahed o, At -S $lste] EFE4 asiaticoside (M=959 g/mol,
>98.5%, Sigma-Aldrich, St. Louis, MO, USA)$} madecassoside (M=975
g/mol, 295%, Sigma-Aldrich, St. Louis, MO, USA)E -jalo] A}
23151t} DESA|ZY|3= choline chloride (ChCl, >98%, Sigma-Aldrich,
St. Louis, MO, USA)%} ethylene glycol (EG, >99.8%, Sigma-Aldrich,
St. Louis, MO, USA)E 7-vll3t9] AF§-8191 12, EGSl ChClE
1A £3517] 91811 8F Z2©] E(Thermo Fisher Scientific, Waltham,
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(Dial) Type, USA)E AF&-3t3ith A% 9 F9E4 S 2l8lA
Agilent 1260 Infinity series HPLC (Agilent Technologies, Waldbronn,
Germany) 2} Symmetry C18 % (Waters, 5 pm, 4.6x250 mm)=
AFHEZ T HPLCS] ©]54F 0 2 acetonitrile (ACN, >99.9%, Sigma-
Aldrich, St. Louis, MO, USA)¥} =& ZH7} A3t} B= HPLC
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Table 1. Sample names and estimated viscosity based on DES composition
and water content. The viscosity values were estimated from
literature data at 25 °C [13-15]

HBD/HBA molar ratio DW%  Estimated viscosity

Sample ID (EG/ChCI) V) (mPa-s)
DESI-0 2 0 60
DES2-0 3 0 40
DES3-0 4 0 25
DES4-0 5 0 15
DESI-10 P 10 40
DES2-10 3 10 25
DES3-10 4 10 I5
DES4-10 5 10 10
DES1-20 p 20 25
DES2-20 3 20 12

DES3-20 4 20

DES4-20 5 20

DESI-30 2 30 15

DES2-30 3 30 7

DES3-30 4 30 4

DES4-30 5 30 3
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42 6708 thE F % £H]6Ho] Table 29 HPLCEA =713
FL3E Aol B35k 0 7 == 2] UV/Vis peak area®™
AASAS 1 IS Fig. 19 R Qi

Fig. 104 &R1& 4= Q150 asiaticoside =20 A4
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Table 2. HPLC conditions for analysis of phytochemical from Centella

asiatica
HPLC conditions
Instrument Agilent Technologies 1260 Infinity series LC
Column Waters symmetry C,q (Waters, 5 um, 4.6 x 250 mm)

Pk

Table 3. Extracted mass of asiaticoside and madecassoside in phytochemical
from Centella asiatica (n=3). Extracted mass was calculated
by each calibration curve from Fig. 1

Column oven temp. 40 °C
Wavelength 205 nm
Flow rate 1.0 mL/min
Injection volume 10 uL
Time (min) DW (%) ACN (%)
0 78 22
5 78 22
15 55 45
20 20 80
. i 25 20 80
Gradient condition
30 78 22
35 78 22
40 78 22
45 78 22
50 78 22
55 78 22
1200
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Fig. 1. Calibration curve for asiaticoside (a) and madecassoside (b)
determined by HPLC. Each sample was injected three times

to confirm reproducibility (n=3).
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Extraction solvents Asiaticoside Madecassoside
(DES-DW%) (ng/mg) (ng/mg)
DESI-0 3.74+£0.02 14.84 £0.04
DES2-0 3.80+0.01 15.31+£0.06
DES3-0 3.89+0.01 15.74+£0.33
DES4-0 4.07+0.05 1638 £0.11
DESI-10 3.88+0.01 15.40+0.03
DES2-10 4.06+0.01 16.16 £0.11
DES3-10 4.02+0.02 16.02 +0.07
DES4-10 4.04£0.02 16.35+0.05
DESI1-20 3.93+0.01 15.79 £ 0.07
DES2-20 4.12+0.01 16.89 +0.06
DES3-20 4.07+0.02 16.15+0.05
DES4-20 4.10+0.01 16.67+0.30
DESI1-30 3.53+£0.02 15.39+0.15
DES2-30 3.69 +£0.02 16.10£0.19
DES3-30 3.84+0.01 16.70£0.36
DES4-30 3.66 +0.07 16.17+£0.17
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Fig. 2. 3D plots for extracted mass of asiaticoside, (a) madecasso-
side (b) and total (c) according to water content and DES
composition (EG:ChCl molar ratio) in phytochemical from

1Centella asiatica (n=3). The black arrow indicates the point
of maximum extracted mass.
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Step 1: Check properties of target compound
- Hydrophilicity/hydrophobicity
- Molecular structure and polarity

¥

Step 2: Select DES composition
- Choose HBD/HBA (eg., Eg/ChCI)
- Screen HBD/HBA molarratio (e.g., 2-5)

¥

Step 3: Set water content range
- Design 0~30% (v/v)
- Consider maintaining DES network

¥

Step 4 : Analyze viscosity of designed solvent
- Derive optimalviscosity (10-15 mPa-s)
- Establish optimal DES composition

Fig. 3. Workflow for the optimization of deep eutectic solvent (DES)

composition for extraction of phytochemicals.
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