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Abstract— The development of luteolin extraction technology using NaDES (Natural Deep Eutectic Solvent) with celery (Apium 
graveolens) samples will result in technological advances in the self-sufficiency of medicinal raw materials derived from local 
natural resources. The objective of this research is to develop extraction method for luteolin compounds and to characterize the 
particle size nanoparticle extracts. Choline chloride is utilized as an HBA, lactic acid, glycerol, and glucose as HBDs. These 
substances are employed in combinations of 1:1, 1:3, and 1:5. Ultrasonic-assisted extraction (UAE) was performed with 
variations in time (15, 30, 60 minutes) and temperature (30, 50, 70°C). The %yield of luteolin compound was identified by UV-Vis 
spectrophotometer. Liquid chromatography-mass spectrometry (LC-MS/MS) was utilized to characterize each compound NaDES 
extract. Characterized particle size and zeta potental of each NaDES extract was using a particle size analyzer (PSA). The 
optimal %yield of 1.2468% was achieved through choline chloride-lactic acid (1:3) at 60 minutes and a temperature of 70°C. The 
characterization of luteolin 3'-methyl ether 7-malonylglucoside and luteolin 7-primeveroside compounds was successfully 
identified in apium graveolens NaDES extract. Characterization of the particle size and zeta potential values of each group of 
choline chloride–lactic acid, choline chloride–glycerol, and choline chloride–glucose were 292.2 nm, 428 nm, and 198.3 nm, 
respectively, with corresponding potential values of 167 mV, 133.9 mV, and 71 mV. Celery extract considerable potential for 
further development. Obtaining samples is a simple process, and the extract exhibits significant promise in supporting 
Indonesia's autonomy for domain of medicinal raw materials. 
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1. INTRODUCTION 

Conventional extraction methods are still employed 
as solvents in the food, cosmetics, pharmaceutical, and 
traditional medicine industries [1,2]. Conventional 
solvents, such as ethanol, methanol, chloroform, n-
hexane, and ethyl acetate, which are frequently utilized 
in extraction processes, exhibit a tendency to be poorly 
biodegradable, flammable, and highly toxic [3]. The 
development of more targeted natural substance 
extraction technology has led to the emergence of 
natural deep eutectic solvents (NaDES) as a potential 
alternative to conventional solvents [4,5]. The study of 
compound characterization and particle nanoscale 
dimensions presents a range of opportunities for further 
formulation studies for targeted therapy. Specifically, the 
nanoscale size of particles has the potential to enhance 
the effectiveness of candidate drug ingredients for 
therapeutic purposes [6–8]. In accordance with the 
findings of preceding studies, the team has effectively 
identified luteolin compounds in celery samples. These 
samples have been found to contain luteolin (4), In this 

research design, the team will optimize NaDES-based 
extraction results using acid derivatives, glucose 
derivatives, and natural alcohol solvents. The research 
design is expected to support the following objectives: 
determination % yield luteolin compound and 
characterization NaDES extraction of celery (Apium 
graveolens). 

NaDES (natural deep eutectic solvents) function as 
natural eutectic solvents in green extraction processes 
[9–11] The material's biodegradability is a factor that will 
contribute to its decomposition in the environment [12]. 
The NaDES solvent synthesis process entails the 
amalgamation of hydrogen bond acceptors (HBA) and 
hydrogen bond donors (HBD) components, resulting in 
the formation of hydrogen bonds with a customizable 
molar ratio [13–15]. The NaDES solvent synthesis 
process is characterized by its low temperature 
operation, typically below 100°C, and its relatively brief 
processing times [4].  
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UV-Vis spectrophotometers are effective instruments 
The objective of this study is to analyze target 
compounds and identification of % yield results [16,17]. 
The NaDES ultrasonic method has been demonstrated 
to enhance cell permeability through an extraction 
process that is brief in duration and conducted at 
ambient temperature. This process has been shown to 
improve the effectiveness of the yield[18]. It has been 
demonstrated that superior results can be achieved 
when using alternative solvents in place of 
methanol/ethanol [19–21]. The LC-MS/MS instrument 
provides accuracy in characterizing the compounds 
extracted from green NaDES [4]. It is imperative to 
furnish data concerning the types of compounds that 
were successfully extracted [22] The characterization of 
particle size is achieved through the utilization of a 
Particle Size Analyzer (PSA) instrument, in conjunction 
with a study of zeta potential values. This 
methodological approach provides a comprehensive 
assessment of particle size and stability [8,23]. The 
results of the NaDES extract are presented herein. 

Celery (Apium graveolens) has health benefits [24] 
containing luteolin compounds [25–27] with antimicrobial 
bioactivity [28], anti-inflammatory [29], anti-cancer [27], 
[30–32], antioxidants [26] anti-viral [32] anti-diabetes 
and anti-obesity [25] Choline chloride was selected as 
the HBA, and lactic acid, glucose, and glycerol were 
selected as the HBDs because they are part of three 
types of HBA categories: acids, sugar/glucose 
derivatives, and natural alcohol derivatives. These 
categories have been proven to be effective as solvents 
for the extraction of bioactive compounds [5,18,20,33-
36]. 

2. EXPERIMENTAL SECTION 

2.1. Materials 

The research was conducted at the Pharmaceutical 
Biology Laboratory at the Sekolah Tinggi Ilmu 
Kesehatan Harapan Ibu Jambi from June to September 
of 2025. The materials used in this research were Celery 
(Apium graveolens), luteolin, choline chloride, lactic acid, 
glucose, glycerol, demineralized water, DMSO 
(Merck™), acetonitrile (Merck™), ammonium 
formate(Merck™), and formic acid (Merck™). 

2.2. Instrumentations 

The research was conducted in an experimentally. 
The present study encompassed the collection of plant 
specimens, their subsequent identification, the 
extraction of natural compounds, and the analysis of 
these compounds using a LC-MS/MS (Liquid 
Chromatography Tandem Mass Spectrometry) 
(Waters™), Particle Size Analyzer (PSA)-zeta potential 
(Microtrac™), and UV-Vis spectrophotometer 
(Shimazu™). The apparatus used in this research were 
cuvette, sonicator, homogenizer/vortex mixer, glass 
bottle, Erlenmeyer flask, beaker, stirring rod, Whatman 
filter paper, funnel, centrifuge, Masslynx, MSConvert, 
and Sirius. 

2.3. Sample Determination 

The sample used was a portion of soybeans obtained 
from Jambi. The determination of plant samples was 
carried out at the Taxonomy Laboratory of the 
Department of Biology, Faculty of Mathematics and 
Natural Sciences, Padjadjaran University, Indonesia. 

2.4. Synthesis of Solvents and Green Extraction 
with NaDES Ultrasonics 

Luteolin extraction was performed from celery (Apium 
graveolens) samples by optimizing the NaDES-based 
ultrasonic method. [18,33,37,38]. The components of 
NaDES were weighed according to the molar ratio of 
HBA (choline chloride). In order to synthesize a 
homogeneous NaDES solvent, the following reagents 
are required: lactic acid, glucose, glycerol, 
demineralized water, and HBD at a ratio of 1:1, 1:3, 1:5, 
or 25% w/w. The reagents are then added and mixed 
using a hotplate stirrer at a temperature of 80°C. The 
stirring speed should be set to "Number 3" and the 
mixture should be stirred for up to 3 hours [39–41]. 

The NaDES extraction process was carried out using 
a sonicator instrument by designing treatments at 
temperatures of 30°C, 50°C, and 70°C with durations of 
15, 30, and 60 minutes, respectively. The extraction 
treatments were performed thrice, for a total of 243 
extraction treatments. [4,18,33,40,42]. 

2.5. Identification of Compounds and 
Characterization of NaDES 

The maximum wavelength was ascertained through 
the utilization of a UV-Vis spectrophotometer, with 
luteolin serving as the reference standard. The range of 
wavelengths that yielded maximum absorption was 
determined to be between 345 and 350 nanometers 
[43–45] DMSO has been utilized as a solvent for luteolin 
[46]. Subsequently, a calibration curve was generated 
by implementing five concentration variations (triplo) 
utilizing the standard compound luteolin.  

The NaDES group has demonstrated considerable 
aptitude in the development of extraction methodologies. 
The identification of extracted compounds was 
subsequently undertaken, employing a technique 
designated as LC-MS/MS (Liquid Chromatography 
Tandem Mass Spectrometry). The analysis was 
performed using mobile phases, namely eluent (A), 
which consisted of demineralized water and ammonium 
formate (99.9:0.1), and eluent (B), which consisted of 
acetonitrile and formic acid (99.9:0.1). The analysis was 
conducted at a flow rate of 0.2 milliliters per minute, 
employing a step gradient [4,44–46]. The duration of the 
procedure was 23 minutes, and the injected volume was 
5 µL. A gradient step was performed. The initial interval 
(0–4 minutes) was allocated exclusively to mobile phase 
A, while the subsequent interval (4–6 minutes) was 
devoted to a 40% proportion of mobile phase A. The 
ensuing interval (16–18 minutes) encompassed 100% of 
mobile phase B, and the final interval (18–22 minutes) 
was dedicated entirely to 100% of mobile phase A [22]. 
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The files with the ".raw" extension were obtained 
through liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) analysis. The Masslynx 
version 4.1 software was employed to visualize the 
chromatogram results, which were subsequently 
converted from the ".raw" extension to ".mzml" using the 
msconvert software. The (.mzml) file was analyzed 
using Sirius software, version 6.3.1, to successfully 
extract the compounds from the NaDES-based 
analytical method development [4,22]. 

The PSA instrument is utilized to examine the 
dimensional characteristics of particles, employing a 25-
milliliter sample [8]. The subsequent section is devoted 
to the presentation of the results obtained from the 
NaDES extraction process. The Zeta Potential of the 
system was measured to predict the stability of the 
NaDES extraction results with zeta values. The zeta 
potential was measured using Zeta Sizer, which is 
based on the effective electric charge on the particle 
surface. 

3. RESULT AND DISCUSSION 

The focus of this study is the compound known as 
luteolin; consequently, the identification and 
characterization of this compound are of paramount 
importance. The highest detection of luteolin was 
obtained in the NaDES (natural deep eutectic solvent) 
extract treatment with choline chloride: lactic acid (1:3) 
in the ultrasonic treatment for 60 minutes at a 
temperature of 70⁰ C, yielding a total of 1.2468% (Fig. 
1a). The NaDES ultrasonic treatment, administered at a 
temperature of 70⁰ C for a duration of 60 min, was 
identified as the optimal treatment for achieving the 
maximum yield percentage of luteolin compound (Fig. 
1b-1d). 

The optimization of temperature in ultrasonic-
assisted extraction using NaDES has been 
demonstrated to yield an optimal yield profile. It has 
been demonstrated that an increase in temperature from 
30 to 70°C results in a substantial enhancement of the 
percentage yield of the extracted compound. However, 
temperatures that exceed 70°C lead to a decline in yield, 
attributable to the thermal degradation of thermolabile 
compounds [47-49]. The enhancement in ultrasonic-
assisted extraction efficiency using natural deep eutectic 
solvents (NaDES) at elevated temperatures is facilitated 
by three primary synergistic mechanisms: The reduction 
in NaDES viscosity has been shown to intensify the 
mass transfer coefficient and accelerate the rate of 
molecular diffusion (1). Furthermore, the elevation of 
molecular kinetic energy has been demonstrated to 
increase the solubility and mobility of target analytes in 
the solvent phase (2). Finally, the destabilization of 
intermolecular interactions between bioactive 
compounds and plant matrix structural components has 
been observed, primarily through disruption of cell walls 
and weakening of hydrogen bonds, which facilitates the 
release of compounds from cellular compartments (3) 
[50-52]. An increase in temperature during the extraction 
process has been shown to result in a decrease in 

surface tension, thereby enhancing the solvent's 
capacity to penetrate the porous matrix [53]. The 
optimization of acoustic cavitation phenomena is 
achieved through the modulation of thermodynamic 
parameters. This modulation intensifies the mechanical 
and chemical effects at optimal operating temperatures 
[54]. Temperature has been demonstrated to exert a 
significant influence on the percentage yield of the target 
compound. However, elevated temperatures, which may 
be attained during the extraction process, have been 
observed to exert a deleterious effect on the yield of the 
target compound. This may also have ramifications for 
the outcomes of subsequent testing in bioactivity 
evaluations in silico, in vitro, and in vivo. 

The optimization of extraction duration has been 
shown to induce an increase in % yield through a series 
of synergistic mechanisms. These mechanisms include 
(1) intensification of interfacial contact between the 
solvent phase and the cellular matrix, which accelerates 
the molecular diffusion of target compounds, (2) 
achievement of thermodynamic equilibrium in extraction, 
which requires a characteristic time to optimize the mass 
transfer rate, and (3) accumulation of acoustic cavitation 
effects, which results in progressive structural disruption 
in the ultrasonic-assisted extraction system. However, it 
has been demonstrated that extending the duration of 
extraction beyond optimal conditions can induce 
thermochemical degradation of thermolabile 
compounds, including flavonoids. In addition, 
sonochemical degradation of polyphenols can occur 
through a series of reactions involving free radicals, 
oxidation, and molecular fragmentation catalysed by 
cavitation phenomena [55-58]. It has been demonstrated 
that an increase in the duration of ultrasonic extraction 
results in an enhancement of the percentage yield of the 
extracted compound. However, it should be noted that 
this increase is inherently constrained by a maximum 
limit. Degradation may potentially occur if extraction is 
carried out beyond the optimum time. 
The characterization of compounds extracted from 
celery (Apium graveolens) by NaDES was performed 
LC-MS/MS. The results of the LC-MS/MS analysis of the 
target extraction sample were analyzed with 
chromatogram analysis with Masslynx software. The 
".raw" data from LC-MS/MS analysis was then converted 
to "MZML" with MSConvert software. The "MZML" data 
is analyzed with Sirius software to identify the extracted 
compounds. The luteolin calibration curve by UV-Vis 
Spectrophotometer was shown in Fig. 2a. 

A total of thirteen secondary metabolite 
compounds/NPCs (natural product compounds) were 
obtained, including ten alkaloids, one terpenoid, and two 
shikimates and phenylpropanoids (Fig. 2b, Table 1). 
The compound luteolin 3'-methyl ether 7-
malonylglucoside was successfully extracted in the 
choline chloride–lactic acid group. A total of fourteen 
secondary metabolites were obtained, including seven 
alkaloids, seven shikimates and phenylpropanoids (Fig. 
2c, Table 2). However, the luteolin compound (Luteolin 
7-(6''-malonylneohesperidoside) was second detected in 
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Fig. 2 (a) The % yield of luteolin obtained from NaDES extract of Celery (Apium graveolens); Chemical Structure of Luteolin (b), 
Luteolin 3'-methyl ether 7-malonylglucoside (c), Luteolin 7-Primeveroside (d) 

 
sirius software for the NaDES choline chloride-glycerol 
group. A total of ten secondary metabolites were 
obtained, including one alkaloid, three terpenoids, and 
six shikimates and phenylpropanoids (Fig. 2c, Table 3). 
The extraction of the compound luteolin 7-primeveroside 
was achieved in the choline chloride–glucose group. 
These results confirm the presence of luteolin, the target 
compound for extraction, in celery (Apium graveolens). 

The choline chloride–lactic acid extract group has 
been demonstrated to possess a high degree of efficacy 
in the extraction of complex flavonoid glycoside 
compounds. The efficacy of choline chloride–lactic acid 
(ChCl-LA) extraction is contingent upon its high acidity 
characteristics, with lactic acid functioning as a 
hydrogen bond donor that provides multiple binding sites 
through its carboxyl (-COOH) and hydroxyl (-OH) 
groups. 

A comparison of the extraction efficiency of organic 
acid-based DES (deep eutectic solvent) and polyol-
based DES (glycerol) reveals a notable disparity in their 
respective capabilities. The former exhibits a superior 
extraction efficiency for polar compounds, such as 

polyphenols, when compared to the latter. This 
distinction can be attributed, at least in part, to the 
higher polarity and lower pH values of the carboxylic 
acid system associated with polyol-based DES. The 
molecular structure of lactic acid enables the formation 
of extensive hydrogen bonding networks with target 
molecules, particularly glycoside compounds. This 
process occurs through conformational stabilization and 
solubility enhancement in polar-acidic media [59-61]. 

The efficiency of luteolin compound extraction in 
ChCl-glycerol NaDES serves as an indication of the 
complexity of molecular interactions in deep eutectic 
solvents [62]. The phenomenon of extraction failure can 
be attributed to the incompatibility between the 
parameters of the target compound, luteolin, which is a 
moderately polar flavonoid, and the solvation 
environment characteristics of ChCl-glycerol [63]. The 
extraction of the pain compound was achieved in this 
group, thereby demonstrating the efficacy of the 
treatment in specific groups [64].  Natural compounds 
containing flavonoid metabolites necessitate solvents 
that exhibit optimal non-covalent interaction properties.
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Fig. 2 Luteolin calibration curve (a), Chromatogram NaDES Extract: choline chloride–lactic acid (Luteolin 3'-Methyl Ether 7-
Malonylglucoside: RT: 4.920 min.) (b), choline chloride–glycerol (c), choline chloride–glucose (Luteolin 7-Primeveroside: 
RT: 4.853 min) (d) 

Table 1. Characterization chemical compounds in NaDES extract choline chloride – lactic acid by LC-MS-MS 

No Name Formula Mass RT 
Confidence 
Score 
Exact 

NPC pathway 

1. Cordycepin C10H13N5O3 251.24 2.861 0.086 Alkaloids 

2. 5-Fluoro-4-nitro-1-pentylpyrazol-3-amine C8H13FN4O2 216.21 4.134 0.003 Alkaloids 

3. Pentadecyl nitrite C15H31NO2 257.41 4.640 0.039 Alkaloids 

4. 3-[4-[[2-chloro-5-[(2S,3S,4R,5S,6R)-3,4,5-
trihydroxy-6-(hydroxymethyl)oxan-2-
yl]phenyl]methyl]phenyl]imidazolidine-2,4-
dione 

C22H23ClN2O7 462.90 4.707 0.126 Alkaloids 

5. 3-oxo-3-[(3,4,5-trihydroxy-6-{[5-hydroxy-2-(4-
hydroxyphenyl)-4-oxo-4H-chromen-7-
yl]oxy}oxan-2-yl)methoxy]propanoic acid 

C24H22O13 518.42 4.773 0.861 Shikimates and 
Phenylpropanoids 

6. Luteolin 3'-Methyl Ether 7-
Malonylglucoside 

C25H24O14 548.40 4.920 0.79 Shikimates and 
Phenylpropanoids 

7. N-ethyl-2-[[2-[2,4,6-trioxo-3,5-bis(prop-2-
enyl)-1,3,5-triazinan-1-
yl]acetyl]amino]acetamide 

C15H21N5O5 351.36 5.713 0.003 Alkaloids 

8. [2-(4-Ethylanilino)-2-oxoethyl]-methyl-[2-oxo-
2-[4-(trifluoromethoxy)anilino]ethyl]azanium 

C20H23F3N3O3 410.40 5.780 0.008 Alkaloids 

9. 1-(4-ethylcyclohexyl)-N-(oxan-4-
ylmethyl)methanamine 

C15H29NO 239.40 5.980 0.037 Terpenoids 

10. N-(4-amino-1,1-difluoro-2-methylbutan-2-yl)-
2-methylpropanamide 

C9H18F2N2O 208.25 6.553 0.007 Alkaloids 

11. 4-[4-[Bis(2-ethylhexyl)amino]-2-
methylphenyl]imino-3-(2-ethylhexyl)-1,2-
oxazol-5-one 

C34H57N3O2 539.80 7.672 0.01 Alkaloids 

12. 2,6,6,9,9,13,13,15-Octamethyl-7-(2,2,6,6-
tetramethyloctyl)hexadecan-2-amine 

C36H75N 522.00 7.732 0.127 Alkaloids 

13. 1-Tert-butyl-3-(2,2-difluorobutyl)urea C9H18F2N2O 208.25 8.292 0.017 Alkaloids 
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Table 2. Characterization chemical compounds in NaDES extract choline chloride – glicerol by LC-MS-MS 

No Name Formula Mass RT 
Confiden
ce Score 
Exact 

NPC partway 

1. (2R)-1-(ethylamino)propan-2-ol C5H13NO 103.100 4.627 0.068 Shikimates and 
Phenylpropanoids 

2. 6''-Malonylapiin C29H30O17 650.500 5.910 0.582 Shikimates and 
Phenylpropanoids 

3. 21-[(2,5-Dioxopyrrol-1-yl)methyl]-28-[(1-
ethylcyclopentyl)methylidene]-9-hydroxy-8-
methyl-4,29-dioxa-10,11-dithia-17,35-
diazaoctacyclo[21.9.2.112,16.01,5.02,22.0
15,20.024,32.027,31]pentatriaconta-
2(22),5,13,15(20),16,18,27(31)-heptaene-
3,30-dione 

C43H45N3O7S2 779.27 4.820 0.014 Shikimates and 
Phenylpropanoids 

4. N-[4-(1-azepanylsulfonyl)phenyl]-3,5-
dinitrobenzamide 

C19H20N4O7S 448.105 4.973 0.001 Shikimates and 
Phenylpropanoids 

5. Apiin C26H28O14 564.148 5.273 0.690 Shikimates and 
Phenylpropanoids 

6. 5-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-
7-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
[[(2S,3R,4S,5S)-3,4,5-trihydroxyoxan-2-
yl]oxymethyl]oxan-2-yl]oxychromen-4-one 

C27H30O15 594.158 5.500 0.651 Shikimates and 
Phenylpropanoids 

7. 3-[[5-[3,4-Dihydroxy-4-
(hydroxymethyl)oxolan-2-yl]oxy-3,4-
dihydroxy-6-[5-hydroxy-2-(4-hydroxy-3-
methoxyphenyl)-4-oxochromen-7-
yl]oxyoxan-2-yl]methoxy]-3-
oxopropanoic acid 

C30H32O18 680.600 6.110 0.529 Shikimates and 
Phenylpropanoids 

8. Apigenin 7-(6'''-Acetylallosyl-(1-
>2)Glucoside) 

C29H32O16 636.169 6.973 0.566 Alkaloids 

9. 6-ethyl-4-(2-propan-2-ylidenehydrazinyl)-
1H-pyridin-2-one 

C10H15N3O 193.122 10.331 0.003 Alkaloids 

10. 3a,6a-Bis[(phenylmethylidene)amino]-
1,3,4,6-tetrakis(allyl)-
tetrahydroimidazo[4,5-d]-imidazoline-2,5-
dione 

C30H32N6O2 508.259 11.231 0.013 Alkaloids 

11. Ac-DL-Tyr-DL-hArg-DL-Tyr-NH2 C27H37N7O6 555.281 13.557 0.008 Alkaloids 

12. tert-butyl N-[3-hydroxy-5-[(2-methylpropan-
2-yl)oxycarbonylamino]pentyl]carbamate 

C15H30N2O5 318.215 13.630 0.071 Alkaloids 

13. 7alpha-(6-Aminohex-1-yl)-bis(tert.-
butyldimethylsilanyloxy)estra-1,3,5(10)-
triene 

C36H65NO2Si2 599.455 14.063 0.021 Alkaloids 

14. N-[3-(butanoylamino)-5-[(4-tert-
butylcyclohexanecarbonyl)amino]-4,4-
dimethylcyclohexa-1,5-dien-1-yl]-4-tert-
butylcyclohexane-1-carboxamide 

C34H57N3O3 555.440 14.370 0.033 Alkaloids 

 
However, the ChCl-glycerol system is incapable of 
providing a suitable solvation environment for the 
effective solubilization of luteolin.  

NaDES ChCl-Glucose effectively extracted the 
compound luteolin 7-primeveroside, which is a glycoside 
with a complex sugar structure. The thermodynamic 
stability of the ChCl-glucose system enables the 
preservation of the primeveroside structure [65]. ChCl-
glucose, when combined with water, exhibits moderate 

effectiveness in the extraction of compounds. This 
combination can be considered comparable to the 
effectiveness of methanol in the extraction of flavonoid 
glycosides [66,67]. The selectivity of flavonoid glycoside 
extraction with choline chloride-glucose NaDES is 
related to the principle of structural compatibility. 
Glucose, acting as a hydrogen bond donor (HBD), 
possesses multiple hydroxyl groups, which facilitate the  
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Table 3. Characterization chemical compounds in NaDES extract choline chloride – glucose by LC-MS-MS 

No Name Formula Mass RT 
Confidence 
Score 
Exact 

NPC pathway 

1. 2-Fluorodecane-1,1,1-triol C10H21FO3 208.147 4.487 0.010 Shikimates and 
Phenylpropanoids 

2. (2R)-4-(methylamino)butan-2-ol C5H13NO 103.100 4.554 0.021 Shikimates and 
Phenylpropanoids 

3. Luteolin 7-Primeveroside C26H28O15 580.143 4.853 0.692 Shikimates and 
Phenylpropanoids 

4. 5-aminopentan-1-ol C5H13NO 103.100 5.193 0.215 Shikimates and 
Phenylpropanoids 

5. 5-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-7-
[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
[[(2S,3R,4S,5S)-3,4,5-trihydroxyoxan-2-
yl]oxymethyl]oxan-2-yl]oxychromen-4-one 

C29H30O18 666.143 5.253 0.147 Shikimates and 
Phenylpropanoids 

6. Apiin C26H28O14 564.148 5.273 0.685 Terpenoids 

7. Ambocin C26H28O14 564.148 5.307 0.656 Terpenoids 

8. 3,4,5-trihydroxy-6-((5-hydroxy-6-methoxy-2-(4-
methoxyphenyl)-4-oxo-4h-chromen-7-yl)oxy)-N-
(2-methoxyphenyl)tetrahydro-2h-pyran-2-
carboxamide 

C27H30O15 594.500 5.500 0.650 Shikimates and 
Phenylpropanoids 

9. N'-(2-hydroxypropyl)octadecanediamide C21H42N2O3 370.320 11.384 0.078 Alkaloids 

10. (2R)-N-[4-oxo-4-[[4-oxo-4-[(2S,4R)-4-propan-2-
yloxy-2-(propan-2-yloxymethyl)pyrrolidin-1-
yl]butyl]amino]butyl]-2,4-bis(propan-2-
ylamino)butanamide 

C29H57N5O5 555.436 14.237 0.017 Terpenoids 

 
formation of extensive hydrogen bonding networks with 
sugar moieties in target glycoside compounds.  

The mean particle size values obtained for each 
group of choline chloride-lactic acid, choline chloride-
glycerol, and choline chloride-glucose were 292.2, 428, 
and 198.3 nm, respectively (Fig. 3), while the poly 
dispersion index (PDI) values were 0.0284, 0.1404, and 
3.7300, respectively (Table 4). In contrast, less 
consistent values were observed in the choline chloride–
glycerol and choline chloride–glucose groups. The 
present study is related to the solubility of the NaDES 
extract produced in this research. 

ChCl-LA displays a monomodal distribution, with a 
single particle size of 292.2 nm and a PDI of 0.0284. 
The PDI value in question is notably low, which is 
indicative of a system that is monodisperse in nature 
and exhibits a highly uniform particle size distribution 
[68], [69]. The enhanced homogeneity of the choline 
chloride-lactic acid system can be ascribed to the 
inherent structural characteristics of lactic acid, which 
possesses a single functional carboxyl group and a 
methyl group. It has been demonstrated that low 
viscosity values can increase both mass transfer and 
uniform particle distribution [60,70]. 

ChCl-Glycerol NaDES manifest a two-population 
particle distribution: 2197 nm (6%) and 428 nm (94%), 
accompanied by a PDI of 0.1404, suggesting a 
moderately polydisperse system. The presence of the 
minor 2197 nm population suggests the existence of 

relatively large aggregates in ChCl-Glycerol NaDES 
[68]. The aggregation phenomenon in ChCl-Glycerol 
NaDES can be attributed to the elevated viscosity value 
of glycerol [71]. In this scenario, the addition of water 
may prove beneficial; however, it is imperative to 
exercise caution and take into account the bonds that 
have been established between the NaDES [72]. 
Glycerol-based N-acetyl-d-glucosamine NaDES have 
been observed to demonstrate intricate interactions with 
phospholipid membranes. These interactions have the 
potential to influence the size distribution of particles 
within the membrane, which can be achieved through 
membrane disruption and subsequent reorganization or 
reassembly [73]. 

In the ChCl-Glucose NaDES group, this signifies a 
considerable aggregation [68,69]. The presence of 
particles measuring 1 nm and 6000 nm is readily 
apparent in these conditions, where insolubility leads to 
aggregation. This aggregation can be mitigated by 
increasing solubility, thereby facilitating a more uniform 
distribution of particles [64,67]. In certain conditions, 
DES (deep eutectic solvent) has been observed to 
undergo nanosegregation, resulting in the formation of 
separate phases for its individual components [74]. The 
distribution of particle size has been demonstrated to 
have substantial implications for the solubility of NaDES 
extracts. It has been demonstrated that this will have a 
significant impact on the dissolution rate and 
bioavailability of bioactive compounds [68,75].
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Fig. 3 Particle size distribution of NaDES extract (a) choline 
chloride-lactic acid, (b) choline chloride-glycerol, and (c) 
choline chloride-glucose 

Table 6.  Characterization particle size and zeta potential of 
NaDES extract of Celery (Apium graveolens) 

NaDES 
(HBA–HBD) 

Particle size 
Zeta potential 

(mV) 
Diameter 

(nm) 
Vol % PDI 

Choline 
chloride–lactic 
acid 

292.2 100.0 0.0284 133.9 

Choline 
chloride–
glycerol 

2197.0 6.0 

0.1404 167.0 
428.0 94.0 

Choline 
chloride–
glucose 

6000.0 19.5 

3.7300 71.0 
1685.0 6.5 
198.3 70.2 

1.0 3.8 

The zeta potential values for the three NaDES 
systems demonstrate significant variation and 
remarkably high values. The following values were 
obtained: ChCl-LA (133.9 mV), ChCl-Glycerol (167 mV), 
and ChCl-Glucose (71 mV). The values in question 
exceed the conventional threshold for colloidal stability, 

which is generally set at ±30 mV [76,77]. An excessively 
elevated zeta potential value may serve as an indication 
of instrument limitations. The findings of this study 
suggest that the zeta potential values determined for 
highly conductive electrolyte solutions may not always 
be an accurate reflection of the electrolyte's true 
electrokinetic properties [78]. 

4. CONCLUSION 

The optimal %yield of 1.2468% was achieved through 
choline chloride-lactic acid (1:3) at 60 minutes and a 
temperature of 70°C. The characterization of luteolin 3'-
methyl ether 7-malonylglucoside and luteolin 7-
primeveroside compounds was successfully identified in 
apium graveolens NaDES extract. Characterization of 
the particle size and zeta potential values of each group 
of choline chloride–lactic acid, choline chloride–glycerol, 
and choline chloride–glucose were 292.2 nm, 428 nm, 
and 198.3 nm, respectively, with corresponding potential 
values of 167 mV, 133.9 mV, and 71 mV. Celery extract 
considerable potential for further development. 
Obtaining samples is a simple process, and the extract 
exhibits significant promise in supporting Indonesia's 
autonomy for domain of medicinal raw materials. 
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