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Abstract 
 

Xanthorrhizol, a bioactive compound with different health benefits, is present in the rhizomes of Curcuma xanthorrhiza in 

abundance. In this work, natural deep eutectic solvent (NADES) based on choline chloride (CC) and organic acids (lactic acid, 

malic acid, and citric acid) were used as green solvent alternatives to organic solvents to extract xanthorrhizol from C. 

xanthorrhiza. CC-based NADESs and xanthorrhizol extracts were characterized. Three different native NADES were applied 

in this study, namely choline chloride-citric acid (CC-CA), choline chloride-malic acid (CC-MA), and choline chloride-lactic 

acid (CC-LA). The antioxidant, DNA damage protective, and toxicity activities were investigated. The results showed that all 

NADES were more polar than ethanol. All NADES were viscous and had density more than water and ethanol. The FTIR 

studies confirmed the formation of hydrogen bonds between the two components (choline chloride and organic acids). Due to 

its lowest viscosity, CC-MA was selected for xanthorrhizol extraction. HPLC analysis showed that extraction using CC-MA 

obtained similar amounts of xanthorrhizol and curcuminoids. NADES and their extracts showed DPPH radical scavenging and 

Fe3+ reducing activities. Although weaker than ethanol extract, all solvents and their extracts mitigated H2O2-induced oxidative 

damage to pBR322 plasmid DNA. Based on a real-time bacterial assay, all NADES and their extracts were benign to 

Staphylococcus aureus. However, NADES were more active against Escherichia coli, although their respective extracts are 

less toxic to E. coli. In conclusion, CC-MA NADES is the novel green extraction solvent for xanthorrhizol. Its low toxicity 

allows for potential application as a protective DNA damage agent. 
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Introduction 
 

Curcuma xanthorrhiza (family Zingiberaceae) is a valuable 

Indonesian medicinal plant with various health-promoting 

properties. Its rhizomes have been used for generations as 

one of the ingredients in jamu formula to treat different 

health issues, including constipation, hemorrhoids, fever, 

liver diseases, and appetite booster (Rahmat et al. 2021). It 

possesses terpenoids and phenolic bioactive compounds, 

including xanthorrhizol. A body of literature has reported 

the anticancer, antibacterial, antidiabetic, and protective 

pharmacological activities of xanthorrhizol on the liver and 

kidney (Oon et al. 2015; Simamora et al. 2022). 

Researchers have used conventional methods of maceration, 

percolation, and Soxhlet extraction using organic solvents 

(methanol, ethanol, acetone and hexane) to obtain C. 

xanthorrhiza extract with suitable biological activities. Ethanol 

maceration is the recommended method by the Indonesian 

Herbal Farmakope (Kesehatan 2017). These extraction 

processes are time- and labor-consuming and incompatible 
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with thermolabile compounds. (Mangunwardoyo and Usia 

2012; Salea et al. 2014; Nurcholis et al. 2018). 

As an alternative and environmentally friendly 

extraction method, green extractions are recently introduced 

to extract bioactive compounds to replace hazardous organic 

solvents. In general, deep eutectic solvents (DES) are 

mixtures of two or more components with specific molar 

ratios with lower melting points upon mixing than their 

constitutive components (Florindo et al. 2019). NADES is a 

subset of DES with components that are natural metabolites 

derived from plants. Compared to organic solvents, NADES 

possesses many desirable properties, including its non-

flammability, low volatility, high thermal and chemical 

stability, wide polarity range, low vapor pressure, low cost 

of preparation, and readily accessible starting components 

(Radošević et al. 2016). 

Previous studies reported the use of NADES for the 

extraction of different bioactive compounds, including 

phenolic compounds, anthocyanins, flavonoids and 

curcuminoids (Cui et al. 2018; Bi et al. 2020; Ahmad et al. 

2021; Patil et al. 2021), thus showing the potential of 

NADES for ready-to-use plant extracts for human 

consumption. Previously, our study revealed that NADES 

with two components (glucose and lactic acid: 1:3) was 

suitable for extraction of xanthorrhizol from rhizomes of 

C.xanthorrhiza (Simamora et al. 2023). In the present study, 

we explore using choline chloride instead of glucose as 

NADES for xanthorrhizol extraction. NADES must be well 

characterized—including their physicochemical properties 

(polarity, viscosity and density) and biological activities, 

such as antioxidant, DNA protective and toxicological 

activities. 

This study aimed to apply selected choline 

chloride-based NADES (CC-NADES) for extraction of 

xanthorrhizol from C. xanthorrhiza. For this purpose, 

choline-chloride (CC) was mixed with lactic acid (LA), 

malic acid (MA) and citric acid (CA). The mixtures without 

or with extracts of C. xanthorrhiza, were examined for their 

physicochemical properties (polarity, viscosity and density) 

and bioactivities (antioxidant, DNA protective and 

toxicological activities). We would then compare the 

effectiveness of choline chloride NADES in extracting 

xanthorrhizol. In this study we compare with ethanol 

extraction as standard for xanthorrhizol extraction from 

rhizome of C. xanthorrhiza. 

 

Materials and Methods 
 

Chemicals and reagents 

 

Choline chloride (CC) was purchased from Xi’an Rongsheng 

Biotechnology (Xi’an, China). 2,2-diphenyl-1-picrylhydrazyl 

(DPPH), Lactic acid (≥ 85%), DL-malic acid (≥ 99%), Citric 

acid (> 99.5), Nile red and 2,4,6- tris (2-pyridyl)-s-triazine 

(TPTZ) were obtained from Sigma Aldrich (St. Louis, 

MO, USA). pBR322 DNA was obtained from BioLabs 

(New England, USA), GelRed nucleic acid gel staining 

10.000x was obtained from Biotium (Fremont, USA). 

Tris-Acetate EDTA buffer 10x and Tris-EDTA buffer (pH 8) 

ultrapure grade were bought from Vivantis (Selangor, 

Malaysia). Bromophenol blue buffer dye was purchased 

from Geneaid Biotech (New Taipei city, Taiwan). 

 

Plant material 

 

Rhizomes of C. xanthorrhiza were collected in December 

2021 from Balittro (Research Institute for Herbs and 

Spices), Bogor, Indonesia. A voucher specimen (voucher 

number: B-609/V/DI.05.07/3/2022) was deposited in the 

Herbarium Bogoriense, Bogor, Indonesia. The plant was 

identified by the Centre for Biosystematics Research and 

Evolution, Bogor, Indonesia. 

 

NADES preparation and characterization  

 

The CC-based NADES used in this study were prepared by 

heating and stirring. The constituting components were 

weighed using molar ratios (Table 1). The mixture was 

heated to 70°C and stirred constantly to obtain a clear and 

homogenous eutectic mixture. Water was added (25%, v/v), 

and the mixture was stirred for another 30 min. The NADES 

obtained were kept in a closed bottle stored at ambient 

temperature. 

 

Determination of NADES physicochemical properties  

 

The viscosity of CC-based NADES was measured at room 

temperature, using an Anton Paar ViscoQC 300 viscometer 

(Austria). A DG26 spindle type was used which was run for 

30 s at 300 RPM. The density of the prepared NADES was 

determined by weighing 1 mL of each NADES using an 

M214Ai BEL analytical balance (Monza, Italy). 

Measurements were conducted in three replicates. 

The polarity of NADES was evaluated using Nile red 

(9-diethylamino-5-benzo[a]phenoxazinone) as an indicator, 

as described previously (Jurić et al. 2021). The Nile red 

solvatochromic probe stock solution was prepared in 

ethanol (0.001 g/L) and NADES (980 µL) was added with 

20 µL of Nile red stock solution in a 1 cm quartz cell. 

Maximum absorbance was determined in the visible region 

(400 – 750 nm) by a Libra S22 spectrophotometer. The 

molar transition energy was calculated using the following 

formula (Craveiro et al. 2016): 
 

ENR (kcal mol-1) = 28591/λmax (Equation 1) 
 

All measurements were performed in three replicates at 

ambient temperature. 

 

FTIR Analysis 

 

Infrared spectra of CC-based NADES and their starting 

components were recorded at room temperature on an FTIR 
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spectrophotometer (Agilent Cary 630, Santa Clara, USA), 

operated in an attenuated total reflectance (ATR) mode. 

The spectral range for the measurement was 400 – 650 

cm-1, with a spectral resolution of 4 cm-1 and an 

accumulation of 64 scans. 

 

Extraction of C. xanthorrhiza 

 

Ethanol extraction of C. xanthorrhiza: For comparison, 

extraction by ethanol was performed following a 

recommended method in the Farmakope Herbal Indonesia 

(2017). Rhizome powder was macerated in ethanol (96%) in 

a 1:10 ratio. After 24 h, the supernatant was separated by 

filtration, and the macerate was re-macerated twice using 

half the volume used in previous maceration. All filtrate was 

pooled and evaporated under reduced pressure in a Rotary 

vacuum evaporator (R300-Buchi, Flawil, Switzerland) to 

obtain dry crude extract. It was kept at 4°C until further 

examination. 

 

Ultrasound-assisted extraction of C. xanthorrhiza with 

NADES 

 

CC-based NADES extraction was performed in ultrasonic 

bath (Bandelin Sonorex Digitec, Berlin, Germany). 

Rhizome powder was blended with NADES in a flask in a 

1/15 solid to liquid ratio. The mixture was sonicated for 20 

min at 40°C (40 kHz), thereafter was centrifuged at 7000 

RPM for 10 min. The supernatant was obtained by filtering 

the mixture through a Whatman filter paper (No. 1). It was 

kept at 4°C away from the light until further biological 

activity examinations. 

 

HPLC analysis of xanthorrhizol in extract 

 

Chromatographic analysis of xanthorrhizol and 

curcuminoids was conducted using an HPLC method as 

previously described (Simamora et al. 2023). Separation 

was performed using a C18 column (150 mm x 4.6 mm, 5 

µm, Zodiac life science, Hyderabad, India). Solvent A 

(acetonitrile) and B (0.07% (v/v) formic acid in water) were 

used as a mobile phase, with a flow rate of 0.6 mL/min. 

Xanthorrhizol and curcuminoids were separated using a 

gradient elution as follows, 0–5 min, 45–50% A; 5–10 min, 

50–55% A; 10–25 min, 55–60% A, 25–35 min, 60–65% A, 

35–45 min, 65–70% A, 45 – 60 min, 70–100% A and 60–65 

min 100% A. Xanthorrhizol was identified at 275 nm, whereas 

curcumin, demethoxycurcumin and bisdemethoxycurcumin at 

425 nm. The linearity range for xanthorrhizol was 5–400 

µg/mL, and for curcumin, demethoxycurcumin and 

bisdemethoxycurcumin were 2.5–100 µg/mL).  

 

Surface morphology characterization  

 

Scanning electron microscopy (SEM) images of 

rhizome powder and macerates were obtained using a 

Jeol JSM-IT200 SEM equipment. Samples of rhizome 

macerate were dried and coated with a thin layer of gold. 

The measurement used 20 kV accelerating voltage. 

 

Determination of antioxidant activity of NADES and 

NADES extracts 

 

DPPH radical scavenging assay: The ability of NADES 

and NADES extracts to scavenge free radicals was assayed 

using DPPH radical scavenging method, according 

Simamora et al. (2023). Fifty µL of samples were serially 

diluted in methanol and was added with 80 µL of DPPH 

solution (0.06 mM). The mixture was shaken for 30 min at 

25°C in a microplate shaker/incubator at 300 rpm 

(Thermostar BMG Labtech microplate shaker). The 

absorbance was measured at 515 nm by a BioRad iMark 

plate reader (Hercules, CA, USA). The inhibition percentage 

was calculated according to the formula: ((Ac–As)/Ac) x 

100%, where Ac was absorbance of control solution, As was 

absorbance of samples (NADES or NADES extracts). IC50 

values were calculated for each sample by regression linear 

equations which were obtained by plotting the percentage of 

inhibition against concentrations. Experiments were 

conducted in three replicates.  

 

Ferric reducing antioxidant power assay 

 

The ability of NADES and NADES extracts to reduce Fe(III) 

to Fe(II) was assayed using FRAP method, based on Benzi 

and strain with some modification (Simamora et al. 2023). In 

this assay, the colorless Fe(III) – (2,4,6-tripyrydyl-s-triazine) 

complex was converted into the blue color Fe(II) – (2,4,6-

tripyrydyl-s-triazine) complex by antioxidant compound by 

way of electron transfer mechanism under an acidic 

condition. FRAP reagent was prepared by mixing 2,4,6-tris 

(2-pyridyl)-s-triazine (10 mM) in HCl (40 mM), FeCl3 (20 

mM) and acetate buffer (300 mM, pH 3.6) in a 1:1:10 ratio. 

In 20 µL samples serially diluted with water, was added 280 

µL of FRAP reagent. The mixture was incubated at 37°C for 

30 min at 300 RPM in a shaking incubator (Thermostar 

BMG Labtech); thereafter the absorbance was read by a 

BioRad iMark plate reader (Hercules, CA, USA) at 593 nm. 

Trolox (50 – 800 µmoL/mL) was used to generate a 

standard curve, and results were presented as a trolox 

equivalent/gram sample. FRAP activity was compared with 

ethanol extract. Experiments were conducted in three 

replicates. 

 

DNA protection assay 

 

The ability of choline chloride-based NADES and their 

extracts to protect the supercoiled pBR322 DNA against the 

damaging effects of •OH radical-induced oxidative 

condition was assessed based on the reported method (Jeong 

et al. 2009). The reaction mixture contained pBR322 DNA 

(0.5 µG, 5 µL), samples of different concentrations (5 µL), 
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FeSO4 (1 mM, 2 µL) and H2O2 (1 mM, 2 µL), followed by 

the addition of phosphate buffer saline (10 mM, pH 7.4) to 

bring the total volume to 17 µL. The reaction mixture was 

incubated for 30 min at 37°C, and thereafter was stopped 

with the addition of bromophenol dye (10 mM Tris-HCl pH 

7.6, 60 mM EDTA 0.1% bromophenol blue, 0.1% xylene 

cyanole FF, 50% glycerol). The mixture which was added 

with the GelRed staining (Biotium) was loaded onto an 

agarose gel (0.85% in TAE buffer) and electrophoresed at 

60 mV for 60 min. DNA separation was visualized and 

imaged under UV light using a C238 Azure gel 

documentation system (Dublin, California, USA) and bands 

were quantified using ImageJ software. The inhibition of 

DNA damage was calculated using equation 2: 

Inhibition on DNA damage (%) = (sc-DNA with 

oxidative radicals and samples/sc-DNA without oxidative 

radicals) × 100 (Equation 2). 

 

Toxicity assay with the use of bacteria 

 

The toxicity of choline chloride-based NADES and extract 

were investigated using Escherichia coli ATCC 33218 and 

Staphylococcus aureus ATCC 25923 as model organisms. The 

bacterial growth was measured by a real-time bacterial growth 

assay as previously described (Simamora et al. 2023). The 

bacteria were grown overnight in Luria-Bertani (LB) broth in a 

shaking incubator (37°C, 300 RPM). In a corning tube, the 

overnight inoculum (500 µL) was diluted with LB media (15 

mL) and added with NADES or NADES extract of C. 

xanthorrhiza samples (50 µL). The tube was placed in a 

bioreactor RTS 001/001C (BioSan SIA, Riga, Latvia), which 

was set at 500 RPM. The optical density of the culture was 

read at 850 nm at 15-min intervals for 20 h. Fresh culture 

without samples was used as a negative control. Ethanol 

extract of C. xanthorrhiza was used for comparison. 

 

Statistical analysis 

 

Data were processed using IBM SPSS statistics v25. Means 

between groups were analyzed by one-way ANOVA. 

Differences among groups were considered significant at the 

level of P < 0.05. 

 

Results  
 

NADES characteristics 

 

Physicochemical properties of CC-NADESs: The 

physicochemical properties including polarity, viscosity, and 

density were determined for CC-NADES. Results were 

presented in Table 2. The polarity of ethanol was included 

for comparison. 

The polarity of choline CC-NADES was empirically 

measured using a fluorescence solvatochromic probe Nile 

red. Generally, a slight variation in ENR can be seen in 

choline chloride-based NADES. 

The polarity of CC-NADES in this study is in the 

following order, CC-CA (pKa = 3.14) > CC-MA (pKa = 3.51) 

> CC-LA (pKa = 3.86). The highest density was found for 

CC-CA, followed by CC-MA and CC-LA. The studied 

NADES were viscous at room temperature (> 0.1 Pa s), in 

the following order CC-CA>CC-MA>CC-LA. Regarding 

the density, all the studied NADES showed higher 

density than water (by more than 15%) and 40% denser 

than ethanol. 

 

FTIR spectra analysis of NADES  

 

The formation of a eutectic mixture occurs via 

intermolecular H-bonds between precursors of NADES. One 

typical technique to identify H-bond interactions in a system 

is FTIR spectroscopy. To this end, all CC-based NADES 

were scanned by FTIR spectroscopy and the results were 

compared with those obtained for their starting components 

The lactic acid spectrum presented a broad band in 

the 3600 – 3150 cm-1 range, associated with O-H 

stretching vibration. The C = O stretching of the 

carboxylic group appeared at 1718 cm-1. The C-O 

stretching of hydroxyl and carboxylic acid functionalities 

was observed at 1207 and 1040 cm-1. 

Malic acid showed a sharp peak at 3436 cm-1 attributed 

to the O - H stretching vibration. The stretching vibration C = 

O appeared at 1679 cm-1. Peaks at around 1440 cm-1 are 

related to the C-H bending vibration of the -CH2-. The peak 

at 1097 is attributed to C - O stretching vibration. 

On the spectrum of citric acid, sharp and broad bands 

at 3492 and 3283 cm-1 were attributed to O - H stretching 

vibrations. The C = O stretching of the carboxylic group 

appeared at 1742 cm-1. 

Choline chloride (CC) spectra presented a sharp band at 

3218 cm-1 corresponding to the stretching vibration of the O - 

H group. The peak at 950 cm-1 was identified as the stretching 

of C-N of the quaternary ammonium compound, as also 

reported by others (Mulia et al. 2015; Abou-Taleb et al. 2022). 

FTIR spectra of CC-LA, CC-MA and CC-CA showed 

characteristic bands of several functional groups. O-H 

stretching vibration occurred at a range of 3369 to 3343 cm-1, 

C-H stretching was observed between 3006 to 2929 cm-1, 

C=O stretching vibration occurred at a range of 1720 to 1714 

cm-1 and C-O stretching vibration at ranges 1174 to 1138 cm-1. 

 

Extraction and quantification of xanthorrhizol 

 

This study used all NADES (CC-LA, CC-MA and CC-CA) 

for extraction of C. xanthorrhiza. Extraction conditions were 

optimized previously for these systems i.e., S/L ratio 1/15, 20 

min sonication time, and 25% (v/v) water content in NADES), 

and CC-MA was demonstrated to obtain the highest amount of 

xanthorrhizol (Nadia 2022). The same optimized conditions 

were applied to the NADES studied here. 

HPLC analysis showed that CC-MA extract obtained a 

similar amount of xanthorrhizol than curcuminoids (Fig. 2). 
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The yields obtained were 7.42 ± 0.50, 7.33 ± 0.03, 0.49 ± 

0.001 and 3.17 ± 0.03 mg/g for XTZ, Cur, BDMC and 

DMC, respectively. Whereas, for ethanol extract; the 

yields were 11.38 ± 0.04, 1.38 ± 0.01, 0.24 ± 0.06 and 

0.71 ± 0.03 mg/g, respectively. The chromatograms of 

each extract can be seen in Fig. 3. 

As shown in Fig. 4 A1 and A2, untreated dried 

rhizome particles show an intact surface that is clustered 

together (A1 and A2). In contrast, rhizome powder shows 

numerous microfractures and ruptures after treatment with 

combined CC-MA and UAE. The particle surface was 

disintegrated, which can be caused by the penetration of 

CCMA and ultrasonication. This may indicate an enhanced 

capability of CC-MA UAE to disintegrate the 

polysaccharide wall structures of the rhizome. By 

comparison, the rhizome particles soaked in ethanol 

maceration did not change appreciably (B1 and B2). 

Although the particle fragmentation was noticeable (Fig. 

4A), the outer surface was preserved, with only slight 

deterioration. 

 

Bioactivities of CC-NADES extracts 
 

Antioxidant activity: Two methods were applied for 

measuring antioxidant activities, FRAP assay and DPPH 

assay. Either by FRAP or DPPH assays, all CC-NADES 

showed weaker reduction capacity than CC-NADES 

extracts. CC-NADES extracts showed higher reduction 

capacity compared to CC-NADES. Although, ethanol extract 

yielded higher activity than all CC-NADES (Table 3). 
 

DNA protective activity 
 

Upon treatment with CC-NADES (CC-LA, CC-MA and 

CC-CA) at concentrations from 1.38 to 44.11 mg/mL), the 

 
 

Fig. 1: FTIR analysis of CC-based NADES and the starting 

components. 
 

 
 

Fig. 2: Yields of extraction by (A) CC-MA and (B) ethanol 

(96%). XTZ (xanthorrhizol), Cur (curcumin), BDMC 

(bisdemethoxycurcumin) and DMC (demethoxycurcumin) 

 
 

Fig. 3: HPLC chromatograms of (A) standard compounds (1) 

bisdemethoxycurcumin, (2) demethoxycurcumin, (3) curcumin, 

(4) xanthorrhizol; (B) CC-MA extract of C. xanthorrhiza; (C) 

Ethanol extract of C. xanthorrhiza 
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supercoiled form was restored and the relaxed forms (oc-

DNA and lin-DNA) disappeared (Fig. 5), dose dependently. 

The quantification of oc-DNA due to the treatment of studied 

NADES (CC-LA, CC-MA, and CC-CA) shown in Fig. 5, 

reveals that NADES were effective in protecting DNA 

against damage caused Fenton reagents. Restored DNA 

reached 60 and 70% in the presence of CC-MA and CC-CA 

at 22.06 and 44.11 mg/mL. At these concentration levels, CC-

MA and CC-CA suppressed the formation of oc-DNA, 

amounting to 50 and 30% of oc-DNA for CC-MA. The 

addition of CC-CA decreases oc-DNA to 70 and 50% of oc-

DNA. In comparison, CC-LA was able to protect plasmid 

DNA more strongly. Higher increases in native DNA were 

observed for CC-LA, obtaining 70 and 80% at 22.06 and 

44.11 mg/mL, whereas at these concentrations, oc-DNA was 

reduced, to only 30 and 20%.  

In the case of CC-NADES extracts, they showed more 

effective protection against DNA damage than CC-NADES. 

For example, extracts of CC-MA at 22.06 and 44.11 mg/mL 

gave retention of sc-DNA by 70 and 80%. CC-CA restored 

sc-DNA to 45 and 70% at 22.06 and 44.11 mg/mL, 

respectively. As in CC-LA, treatment of CC-LA extract 

resulted in 70 and 90% of sc-DNA, suggesting a 

condition almost like untreated plasmid DNA. The 

fragmentation of DNA was decreased, leaving only 30 and 

20% of oc-DNA. 

For comparison, ethanol extract of C. xanthorrhiza 

showed strong protective activity against OH-induced 

pBR322 DNA damage. However, the ethanol extracts 

inhibited DNA damage more than NADES extracts, with 

similar protective activity was obtained at a much lower 

concentration range (0.037 - 0.59 mg/mL). 

 

Toxicity profile of CC-NADES against E. coli and S. 

aureus 

 

Toxicity profile of CC-NADES against E. coli: The 

bacterial growth curves of E. coli in the presence of choline 

chloride (CC)-based NADES and extract are shown in Fig. 6 

and presented as incubation time versus optical density at 850 

nm. The control solution (culture media with no NADES) 

shows expected growth, with a short lag phase (adaption time) 

lasting only for a few min. High exponential growth followed 

the first growth phase, as demonstrated by the steep slope. 

Among the investigated NADES, only CC-CA completely 

inhibited E. coli, representing the high toxicity of CC-CA on 

E. coli. On the other hand, CC-LA and CC-MA still allowed 

Table 1: The composition of the studied NADES and their abbreviations 

 
Component 1 Component 2 Mole ratio NADES abbreviation Appearance  

Choline chloride lactic acid 1:1 CC-LA Slightly viscous, transparent 

Choline chloride malic acid  1:1 CC-MA Slightly viscous, transparent 
Choline chloride citric acid 1:1 CC-CA Highly viscous, transparent 

 

Table 2: Physicochemical characterization of the studied NADES systems 

 
NADES Polarity (ENR, kcal mol-1) Viscosity (mPa s) Density (g cm-3) Appearance  

CC-LA 48.25 ± 0.06bcd 20.76 1.15 ± 0.007bcd Slightly viscous, transparent 
CC-MA 47.76 ± 0.04ad 130.20 1.26 ± 0.007acd Slightly viscous, transparent 

CC-CA 47.73 ± 0.08ad 4566.00 1.32 ± 0.004abd Highly viscous, transparent 

Ethanol 52.12 ± 0.00abc 1.88 0.78 ± 0.007abc  
Data are expressed as mean ± SD (n = 3) 

Different letters indicate statistically differences, analyzed using a Tukey analysis 

 

Table 3: Antioxidant activity of the studied NADES and extracts of C. xanthorrhiza 

 
Samples FRAP (mmol TE g-1 NADES or solvent)* FRAP (mmol TE g-1 NADES extract)* DPPH (IC50, mg/mL) DPPH (IC50 Extracts, mg/mL) 

CC-LA 0.044 ± 0.002bcd 4.99 ± 0.66bcd 69.54 ± 6.90c 47.46 ± 2.00bcd 

CC-MA 0.019 ± 0.001acd 0.84 ± 0.05ad 106.97 ± 24.78c 82.82 ± 5.64acd 

CC-CA 0.023 ± 0.001abd 0.43 ± 0.02ad 176.94 ± 10.62ab 101.58 ± 6.61abd 
Ethanol 0.057 ± 0.00abc 22.7 ± 0.23abc NM* 0.46 ± 0.03abc 
Data are expressed as mean ± SD (n = 3) 

Different letters indicate statistically differences, analyzed using a Tukey analysis 

 

 
 

Fig. 4: Scanning electron microscopy images of dried 

rhizome powder of C. xanthorrhiza (A1, A2), powder after 

extraction by ethanol (B1, B2), and powder after extraction by 

CC-MA UAE. Images were captured at 2500x and 10000x 

magnifications 
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bacterial growth, although the inhibition effect was 

observed. In addition, lower yields at the stationary and 

prolonged lag phases were observed for E. coli growth, 

indicative of E. coli inhibition. E. coli growth was inhibited 

with the addition of CC-LA. A prolonged adaption time (lag 

phase) and low growth rate were observed, as demonstrated 

by the shallower slope. This curve suggests inhibition on E. 

coli growth. CC-MA appeared more toxic to E. coli than CC-

LA. CC-MA significantly reduced the growth of E. coli. 

Although similar lag phase time and growth rate to CC-LA 

were observed, the final maximum OD of CC-MA culture was 

lower than culture supplemented by CC-LA, indicating that 

CC-MA is more toxic than CC-LA. In contrast to CC-LA and 

CC-MA, treatment of CC-CA on E. coli prevented the 

growth of E. coli. 

For all the studied NADES, the toxicity effect on 

E. coli was lower when we treated the culture media with 

CC-based extracts of C. xanthorrhiza. Unlike CC-LA, 

adding CC-LA extract resulted in a diauxic growth of E. coli. 

A higher yield was observed, suggesting the extract’s lower 

toxicity to E. coli than CC-LA. The C. xanthorrhizol CC-MA 

extract had a similar yield to CC-MA, although the CC-MA 

extract had a shorter lag phase. This result highlights 

the inhibition of CC-MA extract on E. coli. Unlike with 

CC-CA, growth was still observed, even though we 

obtained a low yield when we treated the culture media with 

CC-CA extract. By comparison, treatment with ethanol or 

ethanol extract of C. xanthorrhiza did not affect E. coli. This 

result indicates the cellular tolerance of E. coli to the extract. 

 

Toxicity profile of CC-NADES against S. aureus 

 

The studied NADES and their respective extracts were 

relatively safe for S. aureus (Fig. 7). A short adaptation time 

similar to the control was observed for all studied NADES 

and their extracts, except for CC-MA and CC-MA extract. 

All NADES showed lower growth rates and yields than the 

control. Although growth in the presence of CC-MA was 

observed, this NADES inhibited S. aureus growth. CC-MA 

prolonged the lag phase and slowed the growth rate of S. 

aureus. In addition, the culture reached the stationary phase 

after 12 h, compared to the growth profiles of other NADES 

(between 2 and 7 h). This result indicates that CC-MA 

prevented S. aureus growth. A comparison to the CC-MA 

extract was done. As with CC-MA, CC-MA extract had a 

similar yield at the stationary phase, although this phase was 

attained after a prolonged exponential phase, like CC-MA. 

 

Discussion 
 

Inherent properties of the studied NADES, such as polarity, 

viscosity, and density affect the extraction performance of 

NADES towards xanthorrhizol. Therefore, suitable NADES 

should be used to enhance extraction. Solvent polarity is an 

important indicator of solvent strength which affects affinity 

towards various polar and semipolar phytocompounds. The 

polarity of NADES is assessed based on the max response 

of the Nile red in the presence of NADES. The charge 

transfer mechanism occurring in the probe can be associated 

with the hydrogen bond ability of NADES to the Nile red 

probe (Pandey et al. 2014). More polar solvents shift the 

max to a longer wavelength, which leads to lower ENR by 

equation 1. Results in Table 2 show that all NADES were 

more polar than ethanol. However, among the studied 

NADES, the polarity was slightly different. The slight 

variation observed can be associated with the acid strength 

of the HBD components, i.e., CC-CA (pKa = 3.14), CC-MA 

(pKa = 3.51), and CC-LA (pKa = 3.86). 

According to Eq. 1, the experimental values of ENR 

for CC-CA yielded a value of 47.73. This value differs 

only by 0.3% from the value reported previously 

 
 

Fig. 5: DNA protection effect of (A1-2) CC-LA and (B1-2) CC-

MA and (C1-2) CC-CA and their respective extract, and (D) 

Ethanol extract. Lanes 1 and 2 are pBR322 DNA in the absence 

and presence of FeSO4/H2O2, respectively. Lanes 3 – 8 are 

pBR322 DNA treated with varying concentrations of samples. 

Underneath the agarose gel figure is the quantification of bands 

for each sample. Results are presented as mean ± SD from two 

repeats. OC: open circular conformation, Lin: linier, SC: 

supercoiled conformation 
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(Craveiro et al. 2016). CA which contains three carboxylic 

acid functionalities, compared to only two and one groups 

for MA and LA, respectively, is the strongest acid. In 

addition, more -OH groups in HBA and HBD also increases 

the polarity of the synthesized NADES, as the -OH group 

can act as H-bond binding sites, to produce stronger 

interaction and more polar NADES (Jurić et al. 2021). 

Accordingly, its combination with choline chloride brings 

about the most polar choline chloride-based NADES, followed 

by CC-MA and CC-LA. Ethanol yielded the highest ENR value 

(51.54), implying the least polar solvency. This result is 

reasonable since ethanol only has one -OH group. 

Density can be explained by the hole theory, which 

assumes that NADES are composed of holes and vacancies 

(Abbott et al. 2004). Accordingly, the physical properties of 

NADES, including density, depend on the molecular 

organization and packing of NADES components. 

When CC was mixed with HBD, the average hole 

radius was decreased and results in an increase in 

NADES density (Lee et al. 2021). With more -OH groups 

in CA, CC-CA may form more hydrogen bond interactions 

between components, resulting in more compact molecular 

organization, thus higher density NADES. 

The viscosity of NADES originates from extensive H-

bond interactions between CC and HBDs. Compared to MA 

and LA, CA—with its three carboxylic acids and one -OH 

functional group—presents maximum H-bond interactions 

with CC, resulting in highly viscous NADES. Other factors 

may contribute to the highly viscous nature of NADES, i.e., 

large ion size and small void volume (Qin et al. 2020). In 

addition to H-bond formation, electrostatic and Van der Waals 

interactions also cause high viscosity (Qin et al. 2020).  

Confirmation of the formation of H-bond between the 

starting components of NADES can be seen from analysis 

of FTIR spectroscopy. It can be observed that FTIR spectra 

of CC-based NADES maintained characteristic bands of the 

starting constituents (Fig. 1). The preservation of the 

constituents’ bands indicates that intermolecular forces were 

the driving force in the formation of NADES (Mjalli 2016). 

In CC spectrum, O-H stretching vibration of choline chloride 

was observed at 3218 cm-1. This band was observed as a broad 

band at longer wavenumbers in all CC based-NADES, i.e., 

CC-LA, CC-MA and CC-CA at 3341, 3343 and 3369 cm-1, 

respectively. The wide band observed and the band shifting 

strongly confirms the formation of hydrogen bonds between 

chloride anion and the hydroxyl group of organic acids 

(Doldolova et al. 2021). It is noticeable that the breadth of this 

band differs among CC-LA, CC-MA and CC-CA, with 

increasing order. The wider band at this wavelength may 

suggest that HBA (CC) and HBD had more hydrogen bond 

interaction, as also observed by other researchers (Alioui et 

al. 2022). The extensive hydrogen bond network present in 

CC-CA is also seen in its high viscosity value (Table 2). 

With regard to the spectra of hydrogen bond donors, C=O 

vibration of the carboxylic group was observed at longer 

wavelength in CC-LA, CC-MA, and CC-CA (1718 to 1720, 

1679 to 1720 and 1694 to 1714 cm-1, respectively). The red 

shift of C=O stretching has been reported to be associated 

with the hydrogen bond interaction between carbonyl 

group and hydroxyl groups (Phaechamud et al. 2016). It 

is also worth noting that an additional characteristic 

peak that originating from CC (950 cm-1) appeared in 

all NADES, which is attributed to C-N+ stretching 

vibration (Abou-Taleb et al. 2022). 

When used for extraction, highly viscous solvents 

such as NADES are difficult to disperse, thus restricting 

mass transfer and hindering efficient mass transfer and 

diffusivity. In addition, viscous liquid requires higher energy 

consumption for mixing or pumping in the preparation and 

separation steps. The results were low extraction efficiency. 

 
 

Fig. 6: Growth curves of E. coli treated with choline chloride-

based NADES (lactic acid, malic acid and citric acid) and C. 

xanthorrhiza extracts in NADES. Control (red line) corresponds 

to culture lacking NADES or extracts. Ethanol and ethanol extract 

were measured for comparison 

 

 
 

Fig. 7: Growth curves of E. coli treated with choline chloride-

based NADES (lactic acid, malic acid and citric acid) and C. 

xanthorrhiza extracts in NADES. Control (red line) corresponds 

to culture lacking NADES or extracts. Ethanol and ethanol extract 

were measured for comparison 
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However, highly viscous NADES, such as those observed in 

CC-based NADES, may be a desired characteristic for 

extraction since it allows stable molecular interaction 

between NADES and the target compounds (Mitar et al. 

2019). In addition, viscous solvents may aid extraction in 

conjunction with ultrasonication. Using viscous solvents for 

ultrasound-assisted extraction increases the cavity threshold 

for bubble implosion. Viscous solvents also require more 

ultrasonic energy to initiate mechanical vibration. However, 

the low vapor pressure of NADES causes a more intense 

bubble collapse, leading to a more effective impact on the 

destruction of plant cell walls. 

Extraction yields by using CC-MA could be due to the 

synergistic effect of using CC-MA as an extraction solvent 

and ultrasonication during extraction. SEM images were 

taken to examine the extraction process and its possible 

mechanisms. The morphology of rhizome surface treated 

with CC-MA showed cracking and loose structures (Fig. 

4C). This may indicate an enhanced capability of CC-MA 

UAE to disintegrate the polysaccharide wall structures of 

the rhizome. In comparison, rhizome treated with ethanol 

and without treatment showed little alterations on the 

surface morphology, as seen in intact and smooth surface 

(Fig. 4A and B). Others have reported the combined effect 

of NADES and ultrasonication in enhancing extraction. Fu 

et al. (2021) compared extraction by CC-MA and CC-MA 

combined with UAE to extract phenolic compounds from 

Carya cathayensis and found that CC-MA coupled with 

ultrasonication caused more fragmentation and ruptured 

surface compared to treatment with only CC-MA (Fu et al. 

2021). Although ethanol extract obtained higher yield of 

XTZ, it should be noted however, that extraction using CC-

MA was achieved in 20 min sonication time, far shorter than 

a few days extraction time in ethanol maceration. Further, 

the use of ethanol as extraction solvent brings about health 

concerns due to its flammability. On the other hand, by 

having low vapor pressure, the use of CC-MA for extraction 

negates this negative effect. 

Similar to other solvent systems, ultrasonic waves 

induce mechanical vibration mediated by CC-MA, leading 

to the formation of cavitation bubbles. Successive 

propagation causes the cavitation bubbles to exceed the 

threshold leading to implosion that creates instantaneous 

local high pressure and high temperature. These mechanical 

effects generate shock waves and microjets that are 

responsible for the loosening and disintegration of plant 

material (Tao and Sun 2015). Although viscous solvent such 

as NADES requires higher ultrasound intensity to reach the 

cavitation bubble threshold, however, due to their low vapor 

pressure, the collapse of the cavitation bubbles brings about 

a more violent agitation that enhances extraction (Zhang et 

al. 2018). All these characteristics of NADES may be the 

contributing factors that increase extraction efficiency. 

The antioxidant activity of NADES is still poorly 

reported, but several reports are available (Radošević et al. 

2016; Jurić et al. 2021). Previous research has suggested 

that the individual components of NADES, such as their 

organic acids, exhibit different modes of antioxidant 

activity. The present study evaluated the antioxidant activity 

of CC-based NADES, and their extracts of C. xanthorrhiza 

were evaluated with FRAP and DPPH radical scavenging 

assays. 

The observed antioxidant activity of NADES by 

FRAP assay indicates that NADES can contribute to the 

electron-donating ability. However, the studied NADES 

generally showed weak activity compared to ethanol. 

Although organic acid components (LA, MA and CA) are 

known antioxidants due to their ability to donate 

electrons or protons, our results showed weak reduction 

activity for the acid-containing NADES. It is likely that 

upon incorporation of CC with the organic acids in 

eutectic mixtures, charge delocalization of the anions 

through H-bond interaction with CC may reduce the ability 

of the organic acids to donate electrons. Jurić et al. (2021) 

have reported reducing the capacity of CC-based NADES 

with LA, MA, and CA (1:1, 20% water). However, their 

results cannot be directly compared to ours because of the 

difference in the methodology and water content used in the 

CC-based NADES. The higher reduction capacity of 

NADES extract compared to NADES suggests the 

contribution of the extracted compounds to the reducing 

power. CC-LA extract showed the highest activity, followed 

by CC-MA extract > CC-CA extract. Notably, ethanol 

extract showed the highest reduction capacity. 

The radical scavenging activity of the studied NADES 

is expected because the forming components (LA, MA and 

CA) are well-known radical scavenging compounds (Tang 

et al. 2013). The radical scavenging activity of NADES 

extracts was stronger than NADES solvent (Table 3), which 

is plausible due to the different antioxidant compounds 

extracted by each NADES from C. xanthorrhiza. It has been 

reported that the proton/electron donating ability correlates 

with the presence of the -OH groups of antioxidant 

molecules (Mensor et al. 2001), that could be associated 

with the -OH groups attached to diarylheptanoids or 

terpenoids known to be present in C. xanthorhiza (Awin et 

al. 2016). It is worth noting that a similar pattern was 

observed for the radical scavenging activity of NADES and 

their extracts. NADES containing CC-LA presented the 

strongest activity, followed by CC-MA and CC-CA. By 

comparison, ethanol extract showed the strongest activity as 

observed by FRAP assay. 

The protection effect of CCLA, CCMA and CCCA and 

their extracts against DNA oxidative damage was evaluated 

by an in vitro DNA cleavage assay using pBR322 plasmid 

DNA. Conversion of supercoiled plasmid DNA into relaxed 

forms (open circular and linear forms) has been used as an 

index for DNA damage (Kumar et al. 2013; Huang et al. 

2022). In this assay, FeSO4/H2O2 was applied to induce OH 

radicals to cause oxidative damage to pBR322 plasmid DNA. 

To date, very limited study has reported the DNA 

protective effect of NADES. The DNA protective effect of 
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NADES is likely caused by the radical scavenging activity 

and reducing capacity of NADES as shown in Table 3. In 

addition, the ability of organic acids (LA, MA and CA) to 

chelate Fe(II), thus inhibiting the Fenton reaction, may also 

contribute to the DNA protective effect of NADES. 

Studies reported that extracts rich in polyphenols were 

able to protect pBR322 plasmid from OH radical’s damage 

(Yates et al. 2019; Moyo et al. 2020; Huang et al. 2022). In 

particular, several studies have reported the protective effects 

of curcumin against OH radical-induced damage on pBR322 

plasmid (Kong et al. 2009). As reported by various studies, 

the activity of antioxidants to influence diseases closely 

correlates with their ability to reduce DNA damage and 

mutagenesis (Beetch et al. 2020). Oxidative DNA damage 

caused by excessive ROS (such as OH radicals) causes 

cellular damage. It is known that irreparable DNA damage is 

involved in carcinogenesis, aging, and other degenerative 

diseases (Tiwari and Wilson 2019). Findings in the present 

study may indicate potential application of NADES extract 

of C. xanthorrhiza for the prevention of health risks by DNA 

oxidative damage, such as aging and cancer. 

The toxicity effect of the studied NADES was tested 

based on microbial bioassay method using a Gram-negative 

(E. coli) and a Gram-positive bacterium (S. aureus). 

Microbial toxicity assay provides a rapid and inexpensive 

assessment because of the short life cycle. In addition, 

microorganisms are known to be sensitive to different 

toxicants such as heavy metals, phenolics, organic pollutants 

and industrial wastes (Hayyan et al. 2016). E. coli and S. 

aureus are an ideal starting point for toxicity evaluation of 

NADES due to their relevance in human and animal health 

and biotechnology (Young et al. 2012; Fu et al. 2013). In 

this study, the time kill assay was employed for this purpose 

which measures real time monitoring of bacterial growth, 

thus provides dynamic analysis of bacterial behavior in the 

presence of toxicants. 

As other researchers have reported, a diauxic growth 

curve (Fig. 6) was observed for the control solution i.e., 

E.coli without inhibitiors (Torregrosa-Crespo et al. 2020). 

The diauxic form can result from (i) the changes in the 

physicochemical parameters of the culture media during the 

incubation period, or (ii) can be induced by the use of two 

different substrates (Torregrosa-Crespo et al. 2020). CC-based 

NADES and their respective extracts gave different toxicity 

responses than the controls. 

Results within this study showed that CC-based 

NADES showed different toxicity behavior on E. coli. 

Regarding the acids, the toxicity follows the order of 

CC-CA > CC-MA > CC-LA. This order did not correlate 

with the lipophilicity of the acids (log Kow of LA, MA, and 

CA are -0.65, -1.26 and -1.67, respectively). Protonated 

(thus uncharged) weak organic acids are more lipophilic and 

can permeate lipid bilayers, which results in cytoplasmic 

acidification (Lund 2020). In this study, each NADES (50 

µL) was added to LB media (15 mL), increasing the 

system's pH to 5-6 for malic acid and citric acid containing 

NADES and 6-7 for lactic acid containing NADES. The 

abundance of water surrounding NADES suggests that the 

hydrogen bond network in NADES may partially 

disintegrate and release the NADES components lactate, 

malate, and citrate anions. The chelation of metal ions 

mediates the antibacterial activity of citric acid (Burel et al. 

2021) and stabilization of the negatively charged 

lipopolysaccharide layer of Gram-negative bacteria is due to 

the presence of divalent metal ions. Therefore, the chelation 

of metal ions by lactate, malate, and citrate may weaken the 

bacterial membrane. 

The above findings highlight that E. coli, a Gram-

negative bacterium, was more susceptible to the studied CC-

based NADES and NADES extracts than to S. aureus (a 

Gram-positive bacterium). These results confirm previous 

studies by Hou et al. (2013) and Wen et al. (2015). They 

found that choline chloride-based NADES were more 

reactive to the Gram-negative bacteria. Although Gram-

negative bacteria possess an extra outer lipopolysaccharide 

membrane on the cell wall and are thus less susceptible to 

toxicity, our results suggest their toxicity toward E. coli. 

Zhao et al. (2015) reported that all acids containing CC-DES 

inhibited Gram-negative and Gram-positive bacteria, 

including E. coli and S. aureus. These toxicity effects were 

induced by acids in CC-based DES. However, different 

toxicity profiles were obtained in this study, in which 

CC-based NADES with LA, MA and CA exhibited slight 

toxicity on S. aureus. In the present study, we used different 

methods to obtain these results, in which a real time bacterial 

growth assay was used. By this method, the extent of toxicity 

can be better described in terms of growth rate, yields, and 

adaptation time by real-time monitoring of bacterial growth. 

In addition, using liquid media instead of solid culture media 

(disk test) presents more accurate results, as this approach 

determines the diffusivity of highly dense and viscous 

NADES, such as those investigated in this study. 

 

Conclusion 
 

In this study, CC-based NADES with LA, MA and CA 

were applied for the extraction of xanthorrhizol and 

curcuminoids. CC-based NADES showed similar polarity; 

however, their density and viscosity were varied, related to 

the acid properties of the organic acids. The FTIR spectra 

results proved the H-bonds formed between the starting 

components, which led to the formation of the eutectic 

mixture. The HPLC analysis showed that UAE-CC-MA 

gave comparable xanthorrhizol and curcuminoids yields to 

ethanol. Based on bacterial toxicity tests, CC-based NADES 

and their respective extracts were benign to S. aureus and 

caused different toxicity against E. coli. All CC-based 

NADES protected DNA from OH radical-induced damage. 

The protective activity was more robust in pBR322 treated 

with NADES extracts of C. xanthorrhiza, which indicates 

the contributing role of the extracted bioactive compounds 

in NADES. The DNA protective activity and low toxicity of 
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CC-based solvents and extracts suggest the potential to use 

these extracts in food and pharmaceutical preparations. 
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