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Abstract 26 

In the present study, natural deep eutectic solvent composed of choline chloride and ascorbic 27 

acid (CHCL/AA NADES) was formulated for enhancing the solubility and antioxidant 28 

properties of antioxidant extracts from fruit wastes of Mangifera pajang. The solubilities of 29 

Mangifera pajang’s antioxidant extracts in water and CHCL/AA NADES at different water 30 

contents (0 – 50 wt%) were investigated. It was observed that the antioxidant extracts were 31 

most soluble in the CHCL/AA NADES with 10 wt% of water, and the concentration of 32 

antioxidant was found to be approximately 15% and 4% as compared to water and pure 33 

CHCL/AA NADES, respectively. The positive effect of water on NADES can be related to 34 

the reduced viscosity of NADES, where the viscosity decreased up to 74% upon addition of 35 

water. Aside from that, all the tested CHCL/AA NADES enhanced the antioxidant capacity 36 

of antioxidant extracts by 1.3–14.64% compared to the antioxidant extracts in water. This 37 

finding highlights the role of CHCL/AA NADES as an antioxidant capacity enhancer. 38 

Noteworthy, the antioxidant extracts solubilized in the CHCL/AA NADES system formed a 39 

nano-scale cluster structure, as depicted by the TEM image, suggesting that the CHCL/AA 40 

NADES could potentially use in nanoformulation that provides protection to the antioxidant 41 

extracts.  42 
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1.0 Introduction 54 

Over the past two decades, ionic liquids have been regarded as potential solvent due to 55 

its unique properties such as low melting point, chemical and thermal stability and low vapor 56 

pressure. Considering these properties, ionic liquids are widely used in medicine, chemistry 57 

and nanotechnology industries (Zdanowicz, Wilpiszewska, & Spychaj, 2018). Notably, ionic 58 

liquids are also exploited in the formulation of Active Pharmaceutical Ingredients (API) and 59 

drug delivery. Research has shown that the utilization of ionic liquids could enhance the 60 

solubility of drugs and facilitate the delivery of bioactive compounds to the targeted site 61 

(Halayqa, Zawadzki, Domańska, & Plichta, 2019). Nevertheless, the toxicity and high cost of 62 

ionic liquids often limits their applications (Kudłak, Owczarek, & Namieśnik, 2015).  63 

For these reasons, deep eutectic solvent (DES) which can be prepared by mixing 2 or 3 64 

hydrogen donor (HBD) and hydrogen acceptor compounds (HBA) has been proposed by 65 

Abbott, Capper, Davies, Rasheed, and Tambyrajah (2003). Upon mixing, the HBD and HBA 66 

components will interact with each other through hydrogen bonding (Jiang et al., 2019; 67 

Zhang, Vigier, Royer, & Jerome, 2012). The most commonly employed hydrogen bond 68 

acceptor is choline chloride while the hydrogen bond donors are amino acids, alcohol, 69 

carboxylic acids and sugars (Dai, van Spronsen, Witkamp, Verpoorte, & Choi, 2013). One of 70 

the unique features of the DES solution is that it has a lower melting point than that of its 71 

individual HBD and HBA components (Meng, Zhao, Duan, Guan, & Zhao, 2018). DES 72 

exhibits the advantages of ionic liquid and not only that, it is low cost and low or non-toxic, 73 

renewable and often biodegradable (Tomé, Baião, da Silva, & Brett, 2018). Moreover, the 74 

physicochemical properties of DES could be easily altered to suit vast applications (Cunha & 75 

Fernandes, 2018; Mbous et al., 2017; Tomé et al., 2018). In particular, Choi et al. (2011) 76 

prepared the eutectic mixtures of two or more natural compounds and denominated them as 77 

natural deep eutectic solvent (NADES). Since NADES are synthesized by natural 78 

compounds, they have no adverse effects and compatible with food, pharmaceutical and 79 

cosmetic formulations (Benvenutti, Zielinski, & Ferreira, 2019). Owning to these properties, 80 

the number of publications adopting these solvents as a solubilization vehicle for bioactive 81 

compounds was exponentially growing (Dai et al., 2013; Faggian et al., 2016; Y. Liu et al., 82 

2018; Morrison, Sun, & Neervannan, 2009; Shamseddin et al., 2017; Silva, Reis, Paiva, & 83 

Duarte, 2018; Sut et al., 2017). These reports confirmed the effectiveness of NADES in 84 

improving the solubility of bioactive compounds and can be used as solubilization enhancers 85 

in the development of drug delivery system. Among these reports, the NADES formulation 86 
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designed by Silva et al. (2018) is found to be interesting as the components used to synthesize 87 

the NADES, choline chloride and ascorbic acid are green from the point of view of green 88 

chemistry. Such that choline chloride is a non-toxic nutrition additive which is approved 89 

under Council Directive 70/524/EEC8 (Radošević et al., 2015), where the benefits of 90 

ascorbic acid (which is also referred to as Vitamin C) as dietary antioxidant are universally 91 

recognized. Predominantly, ascorbic acid readily scavenges reactive oxygen species (ROS), 92 

modulate neurological functions and prevent scurvy (Cheng et al., 2018). It is evident that the 93 

NADES composed of choline chloride and ascorbic acid offer exciting possibility in for 94 

solubilizing vehicle for bioactive compounds. However, it is rather surprising that no study 95 

to-date has provided information regarding the effect of this NADES system on the solubility 96 

of antioxidant compounds.  97 

Antioxidant compounds are known as molecules that are able to stabilize, inhibit, 98 

deactivate and scavenge free radicals, thus protecting the human body against oxidative 99 

damage (Oroian & Escriche, 2015). Knowing the role of antioxidant compounds in reducing 100 

or preventing the oxidative damage, numerous antioxidant sources have been studied. In 101 

particular, Agudo et al. (2007) pointed out that many of the underutilized indigenous fruits 102 

possess good antioxidant properties that might be useful as phytomedicine. Mangifera pajang 103 

is found to be one notable underutilized fruit by the fact that they are locally available but 104 

universally erratic. Previous study performed by Abu Bakar, Mohamed, Rahmat, and Fry 105 

(2009) shown that the fruit wastes of M. pajang (peels and kernels) contain higher level of 106 

antioxidant compared to its flesh, and yet the fruits remain under-utilized. Furthermore, a 107 

recent review paper highlighted its antioxidant properties and economic potential, bringing 108 

about a bright prospect to utilize the fruit wastes as natural sources of antioxidant products 109 

(Jahurul et al., 2019). 110 

Therefore, in this work, we prepared and characterized the choline chloride/ascorbic acid 111 

natural deep eutectic solvent (CHCL/AA NADES). Subsequently, we evaluate the solubility 112 

of antioxidant extracts in the aqueous form and the choline chloride/ascorbic acid NADES 113 

antioxidant compounds of fruit wastes of Mangifera pajang. Moreover, the feasibility of this 114 

eutectic mixture to enhance the antioxidant activity and morphology of antioxidants in 115 

CHCL/AA NADES were studied. 116 
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2.0 Materials and methods 117 

2.1 Chemicals and materials 118 

Ascorbic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent powder and absolute 119 

ethanol were purchased from Merck (Germany), where the aqueous ethanol was prepared by 120 

mixing the absolute ethanol and distilled water at right composition (54%). Choline chloride 121 

was purchased from Sigma-Aldrich (Germany). All chemicals and reagents used were of 122 

analytical grade. The fresh fruits of M. pajang were collected from a retailer in Sarawak, 123 

Malaysia. The fruit wastes of the fruit (peels and kernels) were separated and dried at 60   124 

for 24 hours. The dried fruit wastes were grounded into fine powders, kept in an air-tight 125 

container and stored in a freezer (-20  ) until further analysis (Abu Bakar et al., 2009). 126 

2.2 Extraction of antioxidant compounds from fruit wastes of M. pajang 127 

The extraction was conducted based on optimum parameters obtained from previous study 128 

(Ling, Chan, & Nandong, 2020). Briefly, 0.5 g of peel powders and 0.5 g of kernel powders 129 

were mixed with 30 ml of 54% aqueous ethanol and extracted for 2 h at 51  using an 130 

incubator shaker (SASTEC) which set at a speed of 178 rpm. The mixture was then subjected 131 

to centrifugation at 4000 rpm, 25  and 20 minutes. The supernatant was collected and the 132 

solvent was evaporated using a rotary evaporator (1100S-WD, EYELA). Finally, the 133 

antioxidant suspension was freeze dried using freeze dryer (Fisher 1.5L, Labconco). The 134 

antioxidant powders were stored in amber storage bottle and kept in a freezer for further 135 

analysis. 136 

2.3 Preparation and characterization of choline chloride/ascorbic acid natural deep 137 

eutectic solvent  138 

The natural deep eutectic solvent was prepared by using the method of Silva et al. (2018) 139 

with modifications. The choline chloride and ascorbic acid were weighted at molar ratio of 140 

1:1. 1:2 and 2:1 by using an analytical balance (Sartorius balance QUINTIX 613-1S, 141 

Germany). The mixture was heated at 40  under constant stirring speed of 100 rpm by using 142 

a heating plate (Bibby Scientific, UK) until the formation of a homogenous clear liquid. The 143 

mixture was allowed to cool to room temperature before storing in the storage bottle for 144 

further analysis.   145 
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2.4 Characterization of deep eutectic solvent 146 

2.4.1 Polarized optical microscopy (POM) analysis 147 

A small droplet of natural deep eutectic solvent at molar ratio of 1:1, 1:2 and 2:1 was 148 

deposited on a microscopic slide for observation at a magnification of 10x. The polarized 149 

light image was observed at room temperature and captured using a Nikon ECLIPSE 150 

LV100N polarizing microscope (Nikon Corporation, Japan) coupled with Nikon DS-Fi2 151 

camera and the analyzer software (Silva et al., 2018). When there is no presence of solid 152 

crystalline structure, the polarized light image is uniformly black (Aroso et al., 2016). 153 

2.4.2 Proton nuclear magnetic resonance (
1
H NMR) analysis 154 

The 
1
H NMR analysis has been used to study the ionization states of proton and determine 155 

the structure of the molecules. It quantitatively determines the distribution of protons by 156 

detecting the proton spectra (Delso, Lafuente, Muñoz-Embid, & Artal, 2019; Tan et al., 157 

2016).  The 
1
H spectra were recorded at 500 MHz on a JEOL. ECA 500 spectrometer (JEOL, 158 

USA). The solvent used was dimethyl sulfoxide-d6 (DMSO-D6) and tetramethylsilance 159 

(TMS) was used as a reference with the chemical shift values ( ) are quoted in part per 160 

million (ppm).  161 

2.4.3 Fourier transform infrared spectroscopy (FTIR) analysis 162 

The NADES was scanned by using FTIR spectroscopy (Agilent Technologies Cary 630, 163 

USA), at a resolution of 4      in the wavelength range of 4000 to 400     . The 164 

functional group present in the sample was analysed using IRsolution FTIR control software 165 

associated with the instrument.  166 

2.4.4 Viscosity measurement  167 

The viscosity of CHCL/AA NADES at different water level were measured using a 168 

viscometer (Fann Model 36SA) at a speed of 6 rpm.  169 

2.5 Solubility measurement 170 

The solubility testing was carried out according to the method which described by Soares et 171 

al. (2017) with slight modifications. An excess amounts of antioxidant powders were added 172 

to the CHCL/AA NADES. The mixture was shaken for 24 h using an orbital shaker (KS 501 173 

digital shaker, IKA WERKE, Germany) at 100 rpm to ensure homogeneity.  After the 174 

saturation, the samples were subjected to centrifugation for 25 min at 1500 rpm. The 175 

supernatant was subjected to dilution and assayed by using a UV-visible spectrophotometer 176 

(LAMBDA Bio, PerkinElmer, USA) at the optimum wavelength (212nm and 277nm). 177 
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Besides that, aqueous NADES were prepared by adding different concentration of distilled 178 

water (10 to 50 wt%) to study the effect of water content on the solubilization capacity of 179 

NADES. Each experiment was repeated three times. A calibration curve using the antioxidant 180 

extracts and CHCL/AA NADES as the standard was prepared for quantification. 181 

2.6 DPPH Analysis 182 

The antioxidant activity of the antioxidant-CHCL/AA NADES were estimated by using 2,2-183 

diphenyl-1-picrylhydrazyl (DPPH) as free radical model which adapted from Magalhães, 184 

Segundo, Reis, and Lima (2006) and Brand-Williams, Cuvelier, and Berset (1995). An 185 

aliquot of 0.1 ml of extract or control (absolute ethanol) was mixed with 3.9 ml of        186 

mol/L DPPH in absolute ethanol. The mixture was shaken vigorously and left to stand at 187 

room temperature for 30 min in the dark condition. The mixture was measured using a UV-188 

visible spectrophotometer (LAMBDA Bio, PerkinElmer, USA) at 517 nm. A standard of 189 

ascorbic acid was prepared according to the method described by Abu Bakar et al. (2009). A 190 

standard curve was obtained by plotting the logarithm of absorbance of control/absorbance of 191 

sample versus its concentration ranging from 0.02 to 0.5 mg/ml. The slope and intercept of 192 

the line provide a relationship between the absorbance and concentration. The final result was 193 

expressed as mg ascorbic acid equivalent antioxidant capacity in 1 g of sample (mg 194 

AEAC/g).  195 

2.7 TEM analysis 196 

The antioxidants were dissolved in CHCL/AA NADES and was scanned using transmission 197 

electron microscopy (TEM) analysis. The morphology and size of the sample was visualized 198 

and determined by using TEM. 1 ml of the sample was dispersed in 20 ml of absolute ethanol 199 

and sonicated. A drop of diluted sample was dropped on a formvar-coated copper grid. The 200 

grid is then fixed over the stage of TEM. The TEM micrograph was observed via a 201 

transmission electron microscopy (JEOL Model 1230). 202 

3.0 Results and Discussions 203 

3.1 Characterization of choline chloride/ascorbic acid NADES 204 

3.1.1 POM analysis 205 

In this work, we prepared CHCL/AA NADES at different molar ratio (1:1, 1:2 and 2:1) and 206 

the formation of a liquid at room temperature was assessed by using POM analysis. POM 207 

images allow the observation of the presence of crystals, where the POM image is uniformly 208 

black if there is no crystal-like structure. The POM images obtained are illustrated in Table 1. 209 
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The result of the POM analysis corroborates with the visual observations, where among all 210 

the three tested mixture, only the CHCL/AA NADES at molar ratio of 2:1 present the aspect 211 

of clear and transparent liquid without any visible crystals and retain it upon cooling, as 212 

evidence in Table 1. On the other hand, the visual observations and POM image for 213 

CHCL/AA NADES (1:1) CHCL/AA NADES (1:2) denoted the presence of crystals. In the 214 

case of CHCL/AA NADES at molar ratio of 1:1, only small amounts of crystals were 215 

noticed; nonetheless, the NADES still retain as a liquid after 24 hours. Whereas, when the 216 

AA component is in excess, instead of clear liquid, a viscous pasty-like solid was obtained. 217 

The mixtures are very viscous, making them very difficult to manipulate. These observations 218 

show that the molar ratio of the NADES components define the physical structure of 219 

NADES. In fact, in a general ‘eutectic’ solvent, at the eutectic ratio, the intermolecular 220 

hydrogen forces between the two components are balanced. The formation of hydrogen 221 

bonds, which generate significant intermolecular order prevents the mixture from crystallize 222 

and forms a stable deep eutectic mixture (Hammond, 2019). That said, an excess or lack of 223 

either one of the NADES component can make the mixture metastable and results in the 224 

formation of crystalline particles. The POM images obtained in this study are with good 225 

agreement with the previous study conducted by Silva et al. (2018) and therefore, the 226 

CHCL/AA NADES at the molar ratio of 2:1 were prepared for subsequent studies. 227 

3.1.2 1
H NMR analysis 228 

The 
1
H NMR analysis has been used to study the ionization states of proton and determine 229 

the structure of the molecules. It quantitatively determines the distribution of protons by 230 

detecting the proton spectra (Delso et al., 2019; Tan et al., 2016). The 
1
H NMR analysis on 231 

the synthesized CHCL/AA NADES and its neat component, choline chloride and ascorbic 232 

acid were performed. Figure 1 presents the proton spectra of CHCL/AA NADES. By 233 

comparing the NMR signals, it was found that the signals for hydroxymethyl groups (R-CH2-234 

OH) of both choline chloride and ascorbic acid were overlapping, whereas the rest of the 235 

signals can be basically assigned to the molecular groups of choline chloride and ascorbic 236 

acid, manifesting that the high purity of CHCL/AA NADES. The chemical shift for choline 237 

chloride (Figure A.1), appeared at   (ppm) 3.093 (s, 9H, CHCL-H1,2,3), 3.394 – 3.428 (m, 2H, 238 

CHCL-H4) and 3.737 – 3.749 (m, 2H, CHCL-H5). On the other hand, the chemical shift of 239 

ascorbic acid (Figure A.2) was observed at   (ppm) 3.737 - 3.749 (m, 3H, AA-H6,7), was 240 

overlapped with CHCL and 4.718 (s, 1H, AA-H8). These findings explain that the OH groups 241 

of ascorbic acid may interact with choline chloride and then form intermolecular hydrogen 242 
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bonds which enhances the solvation capacity of NADES (Huang et al., 2018). Considering 243 

the formation of hydrogen bonds, the possible hydrogen bonding interaction between choline 244 

chloride and ascorbic acid are also depicted in Figure 1 along with the 
1
H NMR spectra. 245 

3.1.3 FTIR analysis 246 

The formation of CHCL/AA NADES and their interaction between the two molecules can be 247 

observed by using a FTIR spectroscopy. The FTIR spectra of pure choline chloride, ascorbic 248 

acid and their eutectic mixture are illustrated in Figure 2. Figure 2(A) shows the spectra of 249 

pure choline chloride. Predominantly, a broad band at 3220 cm
-1

, which belongs to O-H 250 

stretching vibration and a vibration band at 3011 cm
-1

, which can be referred to the stretching 251 

mode of C-H stretching vibration were observed. Meanwhile, vibration bands at 1483 cm
-1 

252 

refer to an alky group was also observed confirming the characteristic of choline chloride 253 

(Delgado-Mellado et al., 2018). On the other hand, a strong absorption at 1751 cm
-1 

and 254 

intense band at 1654 cm
-1

, which can be ascribed to the C=O stretching and C=C stretching 255 

vibrations, respectively were noticed in Figure 2(B), corresponding to the characteristics of 256 

ascorbic acid (Yohannan Panicker, Tresa Varghese, & Philip, 2006).  257 

It was reported that the formation of NADES are relies on hydrogen bonding (Vanda, Dai, 258 

Wilson, Verpoorte, & Choi, 2018; Wang, Liu, Zhao, Wang, & Yu, 2019). In infrared 259 

spectroscopy, the changes of bond length and corresponding vibrations of hydrogen bonds 260 

can depict the establishment of hydrogen bond (Maréchal, 2007). It can be noticed that the 261 

spectrum of natural deep eutectic solvent which presented in Figure 2 was roughly an overlap 262 

of the choline chloride and ascorbic acid, especially the vibration band that correspond to the 263 

amino group (864 – 1200 cm
-1

). As can be seen, the vibration bands which appeared at 3220 264 

cm
-1

 on spectrum of choline chloride was shifted to 3250 cm
-1 

in the CHCL/AA NADES. The 265 

shifting of the O-H stretching vibration suggests the formation of hydrogen bonding between 266 

the pure choline chloride and ascorbic acid when the NADES is formed. Moreover, the C-H 267 

stretching vibration which was observed at 3011 cm
-1

 disappeared when the NADES is 268 

formed, indicating the existence of hydrogen bonding (Liu, Zhang, Chen, & Yu, 2018). In 269 

addition, comparing Figure 2(B) and Figure 2(C), it can be noticed that the absorption bands 270 

of ascorbic acid in the range of 3200 cm
-1

 to 3600 cm
-1

 become broader and wider bands in 271 

Figure 2(C). This could once again ascribe to the formation of more hydrogen bonds between 272 

ascorbic acid and choline chloride (Yue, Jia, Yao, Sun, & Jing, 2012). 273 
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3.2 Solubility testing 274 

The solubility of bioactive compounds is one of the key parameters to ensure sufficient 275 

bioactivity level for health benefit effects. Here, we studied the solubility of M. pajang’s 276 

antioxidant compounds in aqueous and CHCL/AA NADES at different water contents (0 – 277 

50 wt%). Prior to the solubility testing, the optimum wavelength of antioxidant compounds 278 

were accessed to be 212 nm and 277 nm by using UV-visible spectrophotometer, which was 279 

found to corroborate to the structure of antioxidant compounds (Friedman & Jürgens, 2000).  280 

Considering the solubility of bioactive compounds is a key parameter to ensure sufficient 281 

bioactivity level for health benefit effects, the solubilization capacity of CHCL/AA NADES 282 

system was evaluated and the results were shown in Table 2 and Figure 3. It was found that 283 

the solubility of antioxidant extracts in CHCL/AA NADES were increased by approximately 284 

11% as compared to water, indicating that the CHCL/AA NADES system exhibit outstanding 285 

solubilization capacity. With respect to this finding, the solvation capacity of DES was also 286 

evidenced in the study reported by Duarte et al. (2017), where the solubility of ibuprofen was 287 

increased up to 12-fold when incorporated in a choline chloride-based DES. Additionally, Li 288 

and Lee (2016) found that DES based on choline chloride, glycolic acid and oxalic acid 289 

significantly improved the solubility of itraconazole up to 53600-fold, as compared to their 290 

aqueous solubility. Remarkably, the increment of solubility in this study is rather low as 291 

compared to these studies, which is reasonable, considering that the bioactive compounds 292 

they studied are hydrophobic and have relatively low solubility. In our case, the antioxidant 293 

extracts used in this study are mainly phenolic acid which is hydrophilic in nature (generally 294 

favors the hydrophilic interaction with water) (El Riachy, Priego‐Capote, León, Rallo, & 295 

Luque de Castro, 2011; Jahurul et al., 2019; Materska, 2010). Since the antioxidant extracts 296 

can interact well with the water, the magnitude of increment is smaller. Even so, the 297 

solubility of the antioxidant extracts in the CHCL/AA NADES is still substantially higher 298 

compared to its solubility in water. This suggests that the CHCL/AA NADES plays an 299 

important role as a liquid phase for solubilizing the hydrophilic bioactive compounds. 300 

It was reported that the addition of water could increase the solubilization capacity of the 301 

NADES (Dai et al., 2013). So, in a further step, the effects of different percentage of water 302 

(10 - 50 wt%) on the solubilizing capacity of CHCL/AA NADES system was also studied. 303 

Based on Table 2 and Figure 3, the solubility of antioxidant extracts in aqueous CHCL/AA 304 

NADES displayed the same behavior at both optimum wavelengths. It was found that 305 

antioxidant extracts are most soluble in CHCL/AA NADES system with 10 wt% of water, 306 
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where the solubility was increased by approximately 15% and 4% as compared to water and 307 

pure CHCL/AA NADES, respectively. This finding is in good agreement with the study 308 

reported by Dai, Witkamp, Verpoorte, and Choi (2015), where they found that addition of 309 

water improved the solvation ability of DES. However, it was observed that the solubility 310 

decreased dramatically when the water content increased from 20% to 50%, reaching nearly 311 

the same solubility values in water. It is known that the formation of NADES relies on 312 

intermolecular hydrogen bonds between the constituent components. As water is introduced 313 

into the system, hydrogen bonds between the components are broken and new hydrogen 314 

bonds are established between them and water. In this condition, the physicochemical 315 

property of the NADES change (Gabriele, Chiarini, Germani, Tiecco, & Spreti, 2019). In this 316 

context, upon dilution with water, the hydrogen bonding between the components of NADES 317 

broken and this may lead to disappearance of NADES supermolecular structure. The 318 

hydrogen bonds between the choline chloride and ascorbic acid are likely to break and the 319 

dilution of water creates an aqueous solution of the free forms of the individual components 320 

(Meng et al., 2018). At this stage, the CHCL/AA NADES system losses its unique properties 321 

and exists like a liquid with individual choline chloride and ascorbic acid. This is in 322 

agreement with previously reported experiments (Dai et al., 2013; Gutiérrez, Ferrer, Yuste, 323 

Rojo, & del Monte, 2010). A simple illustration of the rupture of hydrogen bonds is presented 324 

as Figure 4.  325 

Another interesting finding is that the solubility of antioxidant compounds in the CHCL/AA 326 

NADES system with 10 and 20 wt% water was much higher than that in the pure CHCL/AA 327 

NADES system. The positive effect of water on NADES can be related to the reduced 328 

viscosity of NADES. Referring to Figure 5, the viscosity of CHCL/AA NADES system is 329 

affected by the water level. It was observed that the viscosity reduced from 51570 cP to 8.92 330 

cP with the addition of water. It was reported that high viscosity of NADES is correlated to 331 

the presence of extensive hydrogen bonding interaction between the components of NADES 332 

(Dai et al., 2015). Clearly, pure CHCL/AA NADES which possess extensive hydrogen bonds 333 

network are relatively viscous (51570 cP). High viscosity then hinders the solubilization 334 

capacity as there is no space to dissolve the solutes. When 10 wt% of water added to the 335 

CHCL/AA NADES system, the viscosity decreased up to 74% as compared to pure NADES. 336 

The reduction of viscosity then causes changes in the structure of NADES, where the H-337 

bonded structure is loosened, this provides more spaces for the solubilization of the 338 

antioxidant extracts, and consequently increase the solubility (Dai et al., 2015). 339 
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Another potential explanation could be attributed to the polarity of antioxidant extracts and 340 

the CHCL/AA NADES system. Our study showed that the CHCL/AA NADES system with 341 

10 wt% of water resulted in highest solubility of antioxidant extract, whereas the antioxidant 342 

extracts in both CHCL/AA NADES system with 50 wt% of water and water exhibited a 343 

similar solubility result. This finding suggests that the solubility of antioxidant extracts is 344 

influenced by the polarity of CHCL/AA NADES system, where the polarity can be affected 345 

by the addition of water. From this finding, one conclusion can be drawn, the polarity of M. 346 

pajang’s antioxidant compounds are identical to the polarity of CHCL/AA NADES system 347 

with 10 wt% of water. It is also interesting to point out that upon dilution of water, the 348 

polarity of CHCL/AA NADES increases to a polarity index similar to the polarity of water, 349 

hence, results in similar solubility value in water. The influence of polarity on the solubility is 350 

supported by study reported by Dai et al. (2013), where they found that the addition of 5% of 351 

water to the DES increase the polarity and further enhance the solubility of rutin. As 352 

demonstrated in this section, it is noteworthy that CHCL/AA NADES system can indeed 353 

enhances the solubility of bioactive compounds which makes that the nutraceutical and 354 

pharmaceutical applications of CHCL/AA NADES system more feasible. 355 

3.3 Antioxidant assay 356 

Following the solubility testing, the antioxidant extracts that solubilized in water and 357 

CHCL/AA NADES system with different percentage of water (10 – 50 wt%) were prepared 358 

and subjected to DPPH radical scavenging assay to investigate the antioxidant capacity. 359 

DPPH assay is selected as it is a promising way to indicate the presence of antioxidant 360 

compounds. The assay is easy and low cost since the radical compounds is relatively stable 361 

and need not be generated (Kedare & Singh, 2011). The DPPH assay results are illustrated as 362 

Figure 6. The DPPH assay showed that the highest antioxidant activity was obtained at 363 

aqueous CHCL/AA NADES system with water inclusion of 10 wt% (12.53 mg/g). 364 

Remarkably, all the tested antioxidant-loaded CHCL/AA NADES solution exhibited a higher 365 

antioxidant potential (1.3-14.64%) than the antioxidant in aqueous form. Greater antioxidant 366 

activity can be attributed to one of the components of CHCL/AA NADES system, ascorbic 367 

acid. Ascorbic acid is well known natural antioxidant due to its capability in scavenging free 368 

radical species (ROS) (Putchala, Ramani, Sherlin, Premkumar, & Natesan, 2013). The 369 

inclusion of ascorbic acid may contribute to the increased antioxidant activity of antioxidant-370 

CHCL/AA NADES system. This fits into our hypothesis of the role of NADES. Another 371 

notable finding is that the antioxidant activity of CHCL/AA NADES system with 10 wt%, 20 372 
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wt% and 30 wt% of water content slightly outperformed the pure CHCL/AA NADES system. 373 

This phenomenon is coherent with the above-mentioned effect of viscosity on the solubility 374 

of antioxidant compounds. It implies that the physicochemical properties of NADES may 375 

exert a big effect on the antioxidant activity. Given this information, it can be concluded that 376 

CHCL/AA NADES system with 10 wt% water shows an excellent ability in improving the 377 

antioxidant activity, which once again highlights its potential in food, nutraceutical and 378 

pharmaceutical industry. 379 

3.4 Morphology of antioxidants in the CHCL/AA NADES system 380 

The morphology of antioxidants in the CHCL/AA NADES system was observed using 381 

transmission electron micrographs (TEM), as depicted in Figure 7(A) and (B). From the 382 

Figure 7(A), it was observed that the sample of particles were spherical in shape with average 383 

diameter of 50.05 nm and all the particles are within the range of 15.78 – 101.78 nm, 384 

indicating that the fabricated system has the potential to be formulated into nano-formulation 385 

system (Manuel et al., 2019). Aside from that, Figure 7(B) clearly shows that the antioxidants 386 

dissolved in CHCLC/AA NADES system formed cluster structure, where an amount of 387 

antioxidant extracts aggregated and well-rounded in the center of CHCL/AA NADES (lighter 388 

color). With this observation, it can be said that the CHCL/AA NADES may act as a carrier 389 

system which provide an enhanced stabilization effect (Shin, Kim, & Park, 2015). The 390 

agglomeration is possible when the antioxidant come into contact with the CHCL/AA 391 

NADES droplets, where they enter the droplet until the droplet internal volume is saturated 392 

with the particles and finally lead to formation of aggregates with spherical shape 393 

(Maghsoodi, Derakhshandeh, & Yari, 2012). Another explanation for the formation of 394 

aggregated clusters of antioxidants could be ascribed to the heterogeneity of mixture, where 395 

H kkinen, Alshammari, Timmermann, D’Agostino, and Abbott (2019) stated that the 396 

addition of water improved the heterogeneities in the mixture of alcohol-DES and found that 397 

self-aggregated clusters of molecules become more significant at heterogenous mixture. 398 

Since 10 wt% of water was added to the CHCL/AA NADES, it is possible that the water acts 399 

as a liquid solute and distribute the heterogeneity in the mixture. Consequently, the diffusion 400 

of antioxidants become slower and the aggregates are formed. Taking into account that some 401 

degree of agglomeration of antioxidants which are not incorporated in the center of 402 

CHCL/AA NADES may be attributed to the inadequate amount of CHCL/AA NADES, 403 

where the NADES is insufficient to contain all the antioxidant extracts inside. With these 404 
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observations, CHCL/AA NADES system show a clear protective effect and can be denoted as 405 

a potential carrier to protect the antioxidants or other bioactive compounds.    406 

4.0 Conclusion 407 

In this study, a NADES system composed of choline chloride and ascorbic acid (CHCL/AA 408 

NADES) was prepared and characterized. The solubility behavior and antioxidant capacity of 409 

M. pajang’s antioxidant compounds in the synthesized CHCL/AA NADES was 410 

demonstrated. The molar ratio of choline chloride and ascorbic acid at 2:1 was found to be 411 

the optimum composition ratio as it allows the formation of a complete liquid solvent. The 
1
H 412 

NMR analysis indicated the high purity of CHCL/AA NADES was obtained and the 413 

hydrogen bonding interaction was confirmed by FTIR analysis. CHCL/AA NADES with 414 

addition of 10 wt% of water system displayed outstanding solubilization capacity, where it 415 

increased the solubility of antioxidant extracts by 11% as compared to water. The addition of 416 

water (10 wt%) to the natural deep eutectic solvent reduced the viscosity of CHCL/AA 417 

NADES and as a result improved its solubilization capacity by 4%. Since the CHCL/AA 418 

NADES successfully enhanced the solubility, the effects of temperature and the shaking 419 

speed on the solubility of antioxidants are of great interest and shall be studied in future 420 

works. Aside from that, the antioxidant extracts that dissolved in CHCL/AA NADES system 421 

exhibited a higher antioxidant potential (1.3-14.64%) as compared to that dissolved in the 422 

aqueous form. It is also interesting to found that the antioxidant molecules were found to 423 

agglomerate and well-rounded in the center of CHCL/AA NADES system, as depicted in the 424 

TEM. Based on the TEM, it can be observed that nano-sized cluster was formed and it can be 425 

denoted that the CHCL/AA NADES system showed great promising in protecting the 426 

bioactive compounds, which further studies such as stability and protectability of the 427 

CHCL/AA NADES nanoclusters should be considered. These findings in this work highlight 428 

the potential of CHCL/AA NADES system as a novel formulation for improved solubility 429 

and therapeutic properties, allowing them to fit for nutraceutical and pharmaceutical 430 

applications. 431 

Acknowledgements 432 

The authors greatly acknowledge Curtin University Malaysia for their financial support 433 

through the Curtin Malaysia Higher Degree Research (CMHDR) Grant and the authors 434 

appreciated Universiti Malaysia Sarawak for providing facilities supports.  435 

Conflict of Interest 436 

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/ 



15 

 

There is no conflict of interest with materials discussed in this manuscript. 437 

References 438 

Abbott, A. P., Capper, G., Davies, D. L., Rasheed, R. K., & Tambyrajah, V. (2003). Novel 439 

solvent properties of choline chloride/urea mixtures. Chemical Communications(1), 440 

70-71.  441 

Abu Bakar, M. F., Mohamed, M., Rahmat, A., & Fry, J. (2009). Phytochemicals and 442 

antioxidant activity of different parts of bambangan (Mangifera pajang) and tarap 443 

(Artocarpus odoratissimus). Food Chemistry, 113(2), 479-483. 444 

doi:https://doi.org/10.1016/j.foodchem.2008.07.081 445 

Agudo, A., Cabrera, L., Amiano, P., Ardanaz, E., Barricarte, A., Berenguer, T., . . . 446 

Larranaga, N. (2007). Fruit and vegetable intakes, dietary antioxidant nutrients, and 447 

total mortality in Spanish adults: findings from the Spanish cohort of the European 448 

Prospective Investigation into Cancer and Nutrition (EPIC-Spain). The American 449 

journal of clinical nutrition, 85(6), 1634-1642.  450 

Aroso, I. M., Silva, J. C., Mano, F., Ferreira, A. S. D., Dionísio, M., Sá-Nogueira, I., . . . 451 

Duarte, A. R. C. (2016). Dissolution enhancement of active pharmaceutical 452 

ingredients by therapeutic deep eutectic systems. European Journal of Pharmaceutics 453 

and Biopharmaceutics, 98, 57-66. doi:https://doi.org/10.1016/j.ejpb.2015.11.002 454 

Benvenutti, L., Zielinski, A. A. F., & Ferreira, S. R. S. (2019). Which is the best food 455 

emerging solvent: IL, DES or NADES? Trends in Food Science & Technology, 90, 456 

133-146. doi:https://doi.org/10.1016/j.tifs.2019.06.003 457 

Brand-Williams, W., Cuvelier, M.-E., & Berset, C. (1995). Use of a free radical method to 458 

evaluate antioxidant activity. LWT-Food science and Technology, 28(1), 25-30.  459 

Cheng, H., Li, L., Zhang, M., Jiang, Y., Yu, P., Ma, F., & Mao, L. (2018). Recent advances 460 

on in vivo analysis of ascorbic acid in brain functions. TrAC Trends in Analytical 461 

Chemistry, 109, 247-259. doi:https://doi.org/10.1016/j.trac.2018.10.017 462 

Choi, Y. H., van Spronsen, J., Dai, Y., Verberne, M., Hollmann, F., Arends, I. W., . . . 463 

Verpoorte, R. (2011). Are natural deep eutectic solvents the missing link in 464 

understanding cellular metabolism and physiology? Plant physiology, 156(4), 1701-465 

1705.  466 

Cunha, S. C., & Fernandes, J. O. (2018). Extraction techniques with deep eutectic solvents. 467 

TrAC Trends in Analytical Chemistry, 105, 225-239.  468 

Dai, Y., van Spronsen, J., Witkamp, G.-J., Verpoorte, R., & Choi, Y. H. (2013). Natural deep 469 

eutectic solvents as new potential media for green technology. Analytica chimica 470 

acta, 766, 61-68.  471 

Dai, Y., Witkamp, G.-J., Verpoorte, R., & Choi, Y. H. (2015). Tailoring properties of natural 472 

deep eutectic solvents with water to facilitate their applications. Food Chemistry, 187, 473 

14-19.  474 

Delgado-Mellado, N., Larriba, M., Navarro, P., Rigual, V., Ayuso, M., García, J., & 475 

Rodríguez, F. (2018). Thermal stability of choline chloride deep eutectic solvents by 476 

TGA/FTIR-ATR analysis. Journal of Molecular Liquids, 260, 37-43. 477 

doi:https://doi.org/10.1016/j.molliq.2018.03.076 478 

Delso, I., Lafuente, C., Muñoz-Embid, J., & Artal, M. (2019). NMR study of choline 479 

chloride-based deep eutectic solvents. Journal of Molecular Liquids, 290, 111236. 480 

doi:https://doi.org/10.1016/j.molliq.2019.111236 481 

Duarte, A. R. C., Ferreira, A. S. D., Barreiros, S., Cabrita, E., Reis, R. L., & Paiva, A. (2017). 482 

A comparison between pure active pharmaceutical ingredients and therapeutic deep 483 

eutectic solvents: Solubility and permeability studies. European Journal of 484 

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/ 

https://doi.org/10.1016/j.foodchem.2008.07.081
https://doi.org/10.1016/j.ejpb.2015.11.002
https://doi.org/10.1016/j.tifs.2019.06.003
https://doi.org/10.1016/j.trac.2018.10.017
https://doi.org/10.1016/j.molliq.2018.03.076
https://doi.org/10.1016/j.molliq.2019.111236


16 

 

Pharmaceutics and Biopharmaceutics, 114, 296-304. 485 

doi:https://doi.org/10.1016/j.ejpb.2017.02.003 486 

El Riachy, M., Priego‐Capote, F., León, L., Rallo, L., & Luque de Castro, M. D. (2011). 487 

Hydrophilic antioxidants of virgin olive oil. Part 1: Hydrophilic phenols: A key factor 488 

for virgin olive oil quality. European Journal of Lipid Science and Technology, 489 

113(6), 678-691.  490 

Faggian, M., Sut, S., Perissutti, B., Baldan, V., Grabnar, I., & Dall’Acqua, S. (2016). Natural 491 

deep eutectic solvents (NADES) as a tool for bioavailability improvement: 492 

pharmacokinetics of rutin dissolved in proline/glycine after oral administration in rats: 493 

possible application in nutraceuticals. Molecules, 21(11), 1531.  494 

Friedman, M., & Jürgens, H. S. (2000). Effect of pH on the stability of plant phenolic 495 

compounds. Journal of agricultural and food chemistry, 48(6), 2101-2110.  496 

Gabriele, F., Chiarini, M., Germani, R., Tiecco, M., & Spreti, N. (2019). Effect of water 497 

addition on choline chloride/glycol deep eutectic solvents: Characterization of their 498 

structural and physicochemical properties. Journal of Molecular Liquids, 291, 499 

111301. doi:https://doi.org/10.1016/j.molliq.2019.111301 500 

Gutiérrez, M. C., Ferrer, M. L., Yuste, L., Rojo, F., & del Monte, F. (2010). Bacteria 501 

incorporation in deep‐eutectic solvents through freeze‐drying. Angewandte Chemie 502 

International Edition, 49(12), 2158-2162.  503 

H kkinen, R., Alshammari, O., Timmermann, V., D’Agostino, C., & Abbott, A. (2019). 504 

Nanoscale Clustering of Alcoholic Solutes in Deep Eutectic Solvents Studied by 505 

Nuclear Magnetic Resonance and Dynamic Light Scattering. ACS Sustainable 506 

Chemistry & Engineering, 7(17), 15086-15092.  507 

Halayqa, M., Zawadzki, M., Domańska, U., & Plichta, A. (2019). Polymer – Ionic liquid – 508 

Pharmaceutical conjugates as drug delivery systems. Journal of Molecular Structure, 509 

1180, 573-584. doi:https://doi.org/10.1016/j.molstruc.2018.12.023 510 

Hammond, O. (2019). Deep Eutectic Solvents: structure, solvation, and synthesis. University 511 

of Bath.    512 

Jahurul, M. H. A., Zaidul, I. S. M., Beh, L., Sharifudin, M. S., Siddiquee, S., Hasmadi, M., . . 513 

. Jinap, S. (2019). Valuable components of bambangan fruit (Mangifera pajang) and 514 

its co-products: A review. Food Research International, 115, 105-115. 515 

doi:https://doi.org/10.1016/j.foodres.2018.08.017 516 

Jiang, Z.-M., Wang, L.-J., Gao, Z., Zhuang, B., Yin, Q., & Liu, E. H. (2019). Green and 517 

efficient extraction of different types of bioactive alkaloids using deep eutectic 518 

solvents. Microchemical Journal, 145, 345-353. 519 

doi:https://doi.org/10.1016/j.microc.2018.10.057 520 

Kedare, S. B., & Singh, R. (2011). Genesis and development of DPPH method of antioxidant 521 

assay. Journal of Food Science and Technology, 48(4), 412-422.  522 

Kudłak, B., Owczarek, K., & Namieśnik, J. (2015). Selected issues related to the toxicity of 523 

ionic liquids and deep eutectic solvents—a review. Environmental Science and 524 

Pollution Research, 22(16), 11975-11992.  525 

Li, Z., & Lee, P. I. (2016). Investigation on drug solubility enhancement using deep eutectic 526 

solvents and their derivatives. International Journal of Pharmaceutics, 505(1), 283-527 

288. doi:https://doi.org/10.1016/j.ijpharm.2016.04.018 528 

Ling, J. K. U., Chan, Y. S., & Nandong, J. (2020). Extraction of antioxidant compounds from 529 

the wastes of Mangifera pajang fruit: a comparative study using aqueous ethanol and 530 

deep eutectic solvent. SN Applied Sciences, 2(8), 1365. doi:10.1007/s42452-020-531 

3153-x 532 

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/ 

https://doi.org/10.1016/j.ejpb.2017.02.003
https://doi.org/10.1016/j.molliq.2019.111301
https://doi.org/10.1016/j.molstruc.2018.12.023
https://doi.org/10.1016/j.foodres.2018.08.017
https://doi.org/10.1016/j.microc.2018.10.057
https://doi.org/10.1016/j.ijpharm.2016.04.018


17 

 

Liu, W., Zhang, K., Chen, J., & Yu, J. (2018). Ascorbic acid and choline chloride: A new 533 

natural deep eutectic solvent for extracting tert-butylhydroquinone antioxidant. 534 

Journal of Molecular Liquids, 260, 173-179.  535 

Liu, Y., Zhang, Y., Chen, S.-N., Friesen, J. B., Nikolić, D., Choules, M. P., . . . Pauli, G. F. 536 

(2018). The influence of natural deep eutectic solvents on bioactive natural products: 537 

studying interactions between a hydrogel model and Schisandra chinensis metabolites. 538 

Fitoterapia, 127, 212-219. doi:https://doi.org/10.1016/j.fitote.2018.02.024 539 

Magalhães, L. M., Segundo, M. A., Reis, S., & Lima, J. L. F. C. (2006). Automatic method 540 

for determination of total antioxidant capacity using 2,2-diphenyl-1-picrylhydrazyl 541 

assay. Analytica Chimica Acta, 558(1–2), 310-318. 542 

doi:http://dx.doi.org/10.1016/j.aca.2005.11.013 543 

Maghsoodi, M., Derakhshandeh, K., & Yari, Z. (2012). On the mechanism of agglomeration 544 

in suspension. Advanced pharmaceutical bulletin, 2(1), 25-30.  545 

Maréchal, Y. (2007). 4 - Infrared and Related Spectroscopies of H-Bonded Systems: 546 

Experimental Point of View. In Y. Maréchal (Ed.), The Hydrogen Bond and the 547 

Water Molecule (pp. 77-113). Amsterdam: Elsevier. 548 

Materska, M. (2010). Evaluation of the lipophilicity and stability of phenolic compounds in 549 

herbal extracts. Acta Scientiarum Polonorum Technologia Alimentaria, 9(1), 61-69.  550 

Mbous, Y. P., Hayyan, M., Hayyan, A., Wong, W. F., Hashim, M. A., & Looi, C. Y. (2017). 551 

Applications of deep eutectic solvents in biotechnology and bioengineering—552 

Promises and challenges. Biotechnology Advances, 35(2), 105-134. 553 

doi:https://doi.org/10.1016/j.biotechadv.2016.11.006 554 

Meng, Z., Zhao, J., Duan, H., Guan, Y., & Zhao, L. (2018). Green and efficient extraction of 555 

four bioactive flavonoids from Pollen Typhae by ultrasound-assisted deep eutectic 556 

solvents extraction. Journal of Pharmaceutical and Biomedical Analysis, 161, 246-557 

253. doi:https://doi.org/10.1016/j.jpba.2018.08.048 558 

Morrison, H. G., Sun, C. C., & Neervannan, S. (2009). Characterization of thermal behavior 559 

of deep eutectic solvents and their potential as drug solubilization vehicles. 560 

International journal of pharmaceutics, 378(1), 136-139. 561 

doi:https://doi.org/10.1016/j.ijpharm.2009.05.039 562 

Oroian, M., & Escriche, I. (2015). Antioxidants: Characterization, natural sources, extraction 563 

and analysis. Food Research International, 74, 10-36. 564 

doi:https://doi.org/10.1016/j.foodres.2015.04.018 565 

Putchala, M. C., Ramani, P., Sherlin, H. J., Premkumar, P., & Natesan, A. (2013). Ascorbic 566 

acid and its pro-oxidant activity as a therapy for tumours of oral cavity – A systematic 567 

review. Archives of Oral Biology, 58(6), 563-574. 568 

doi:https://doi.org/10.1016/j.archoralbio.2013.01.016 569 

Radošević, K., Cvjetko Bubalo, M., Gaurina Srček, V., Grgas, D., Landeka Dragičević, T., & 570 

Radojčić Redovniković, I. (2015). Evaluation of toxicity and biodegradability of 571 

choline chloride based deep eutectic solvents. Ecotoxicology and Environmental 572 

Safety, 112, 46-53. doi:https://doi.org/10.1016/j.ecoenv.2014.09.034 573 

Shamseddin, A., Crauste, C., Durand, E., Villeneuve, P., Dubois, G., Durand, T., . . . Veas, F. 574 

(2017). Resveratrol formulated with a natural deep eutectic solvent inhibits active 575 

matrix metalloprotease‐9 in hormetic conditions. European journal of lipid science 576 

and technology, 119(11), 1700171.  577 

Shin, G. H., Kim, J. T., & Park, H. J. (2015). Recent developments in nanoformulations of 578 

lipophilic functional foods. Trends in Food Science & Technology, 46(1), 144-157. 579 

doi:https://doi.org/10.1016/j.tifs.2015.07.005 580 

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/ 

https://doi.org/10.1016/j.fitote.2018.02.024
http://dx.doi.org/10.1016/j.aca.2005.11.013
https://doi.org/10.1016/j.biotechadv.2016.11.006
https://doi.org/10.1016/j.jpba.2018.08.048
https://doi.org/10.1016/j.ijpharm.2009.05.039
https://doi.org/10.1016/j.foodres.2015.04.018
https://doi.org/10.1016/j.archoralbio.2013.01.016
https://doi.org/10.1016/j.ecoenv.2014.09.034
https://doi.org/10.1016/j.tifs.2015.07.005


18 

 

Silva, J. M., Reis, R. L., Paiva, A., & Duarte, A. R. C. (2018). Design of functional 581 

therapeutic deep eutectic solvents based on choline chloride and ascorbic acid. ACS 582 

Sustainable Chemistry & Engineering, 6(8), 10355-10363.  583 

Soares, B., Tavares, D. J., Amaral, J. L., Silvestre, A. J., Freire, C. S., & Coutinho, J. o. A. 584 

(2017). Enhanced solubility of lignin monomeric model compounds and technical 585 

lignins in aqueous solutions of deep eutectic solvents. ACS Sustainable Chemistry & 586 

Engineering, 5(5), 4056-4065.  587 

Sut, S., Faggian, M., Baldan, V., Poloniato, G., Castagliuolo, I., Grabnar, I., . . . Voinovich, 588 

D. (2017). Natural deep eutectic solvents (NADES) to enhance berberine absorption: 589 

an in vivo pharmacokinetic study. Molecules, 22(11), 1921.  590 

Tan, L., Chin, S. F., Miner, V. W., Dong, L., Gupta, S., & Fields, S. M. (2016). 591 

Determination of apomorphine freebase in sublingual tablets by proton nuclear 592 

magnetic resonance spectroscopy. Journal of Pharmaceutical and Biomedical 593 

Analysis, 129, 378-382. doi:https://doi.org/10.1016/j.jpba.2016.06.045 594 

Tomé, L. I. N., Baião, V., da Silva, W., & Brett, C. M. A. (2018). Deep eutectic solvents for 595 

the production and application of new materials. Applied Materials Today, 10, 30-50. 596 

doi:https://doi.org/10.1016/j.apmt.2017.11.005 597 

Vanda, H., Dai, Y., Wilson, E. G., Verpoorte, R., & Choi, Y. H. (2018). Green solvents from 598 

ionic liquids and deep eutectic solvents to natural deep eutectic solvents. Comptes 599 

Rendus Chimie, 21(6), 628-638. doi:https://doi.org/10.1016/j.crci.2018.04.002 600 

Wang, H., Liu, S., Zhao, Y., Wang, J., & Yu, Z. (2019). Insights into the Hydrogen Bond 601 

Interactions in Deep Eutectic Solvents Composed of Choline Chloride and Polyols. 602 

ACS Sustainable Chemistry & Engineering, 7(8), 7760-7767.  603 

Yohannan Panicker, C., Tresa Varghese, H., & Philip, D. (2006). FT-IR, FT-Raman and 604 

SERS spectra of Vitamin C. Spectrochimica Acta Part A: Molecular and 605 

Biomolecular Spectroscopy, 65(3), 802-804. 606 

doi:https://doi.org/10.1016/j.saa.2005.12.044 607 

Yue, D., Jia, Y., Yao, Y., Sun, J., & Jing, Y. (2012). Structure and electrochemical behavior 608 

of ionic liquid analogue based on choline chloride and urea. Electrochimica Acta, 65, 609 

30-36. doi:https://doi.org/10.1016/j.electacta.2012.01.003 610 

Zdanowicz, M., Wilpiszewska, K., & Spychaj, T. (2018). Deep eutectic solvents for 611 

polysaccharides processing. A review. Carbohydrate Polymers, 200, 361-380. 612 

doi:https://doi.org/10.1016/j.carbpol.2018.07.078 613 

Zhang, Q., Vigier, K. D. O., Royer, S., & Jerome, F. (2012). Deep eutectic solvents: 614 

syntheses, properties and applications. Chemical Society Reviews, 41(21), 7108-7146.  615 

 616 

© 2020. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/ 

https://doi.org/10.1016/j.jpba.2016.06.045
https://doi.org/10.1016/j.apmt.2017.11.005
https://doi.org/10.1016/j.crci.2018.04.002
https://doi.org/10.1016/j.saa.2005.12.044
https://doi.org/10.1016/j.electacta.2012.01.003
https://doi.org/10.1016/j.carbpol.2018.07.078


Tables 

Table 1 Polarized optical image CHCL/AA NADES system at different molar ratio of choline 

chloride/ascorbic acid 

Molar ratio of  

choline chloride: ascorbic acid 

Polarized optical microscopy 
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Table 2 Solubility and viscosity of pure NADES and NADES with different water content 

 

Sample 

Solubility (mg/ml) 

(Absorbance at 212 

nm) 

Solubility (mg/ml) 

(Absorbance at 277 nm) 

Viscosity (cP) 

Water 0.8041   0.0111 0.8017  0.0130 - 

Pure NADES 0.9035   0.0064 0.8935  0.0142 51570 

Aqueous NADES (10 wt%) 0.9428   0.0128 0.9535  0.0071 13290 

Aqueous NADES (20 wt%) 0.9271   0.0064 0.9235  0.0142 588.5 

Aqueous NADES (30 wt%) 0.8669   0.0098 0.8535  0.0071 53.5 

Aqueous NADES (40 wt%) 0.8118   0.0098 0.8185  0.0187 17.83 

Aqueous NADES (50 wt%) 0.8065   0.0037 0.7934  0.0187 8.92 
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Figures 

 

Figure 1 1H NMR spectra of CHCL/AA NADES (X: parts per Million: 1H) 

Figure
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Figure 2 FTIR spectrum of (A): Choline chloride (B): Ascorbic acid and (C): CHCL/AA 

NADES 
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Figure 3 Effect of water inclusion in the CHCL/AA NADES on the solubility of antioxidant 

compounds 

 

Figure 4 Schematic diagram illustrating the rupture of hydrogen bond between choline 

chloride and ascorbic acid upon addition of water 
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Figure 5 Viscosity of pure CHCL/AA NADES and added water percentage (wt %) 

 

Figure 6 Effects of water inclusion in the antioxidant-CHCL/AA NADES on the antioxidant 

activity 
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Figure 7 (A) and (B) TEM images of antioxidant in CHCL/AA NADES system 
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