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Abstract: Elettaria cardamomum belongs to the Zingiberaceae family. It contains components (phenolic 
compounds, alkaloids, terpenoids) it has antioxidant, anti-inflammatory and antimicrobial effects. The purpose of 
this study is to research the effect of glucose-citric acid based natural deep eutectic solvent (NADES) on the 
antioxidant activity of Elettaria cardamomum. In this study, glucose-citric acid was used as a NADES and 
methanol-water was used as a conventional solvent. The radical scavenging activities, phenolic compound and 
tannin amounts of the extracts obtained as a result of extraction with two different solvents were found. Antioxidant 
activities of extracts prepared with natural deep eutectic solvent were found to be higher. It has been shown that 
NADES, which are less harmful on the health and environment, have low toxicity and are environmentally 
friendly, can be used in extraction instead of traditional solvents such as hexane, benzene, and methanol. 
 
Keywords: Antioxidant activity; Elettaria cardamomum; NADES. © 2021 ACG Publications. All rights 
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1. Introduction 

Bioactive compounds such as phenolics, polysaccharides, terpenoids found in plants show 
antioxidant, antimicrobial, anti-inflammatory and properties [1, 2, 3]. Depending on their activities, bio-
compounds derived from different and vegetables herbs have been applied in various formulations in 
the pharmaceutical, food, cosmetic industry and medicine [4]. The bioactive compounds found in the 
plant are mostly obtained by extraction processes using aqueous organic solvents such as hexane, 
methanol, chloroform [5, 6]. Generally, the use of traditional solvents such as hexane, benzene, etc. can 
be detrimental to the surroundings and user health as they show toxicity, volatility, and flammability 
[7].  

Nowadays, environmentally friendly processes are becoming increasingly important as there is 
a strong concern for reducing energy, water, solvent consumption and carbon emissions [8]. Deep 
eutectic solvents (DES) have been reported as an alternative to traditional solvents to increase efficiency, 
improve process selectivity and reduce energy consumption [5]. DES is easily synthesized, less 
detrimental to the surroundings and less toxic than traditional solvents. These solvents are formed by 
complexing a hydrogen bond acceptor (HBA) with a hydrogen bond donor (HBD) [9]. When using 
natural ingredients for DES synthesis, natural deep eutectic solvents (NADES) with lower 
environmental effects and toxicity are obtained [10]. 
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Natural deep eutectic solvents (NADES) are bio-based ionic liquids that are composed of two or more 
compounds such as organic acids, sugars, amines and amino acids. Molecular interactions between 
NADES components provide inherent properties for these solvents like insignificant vapor pressure, 
high thermal stability, regulable viscosity, high miscibility [11]. NADES has several advantages such 
as non-toxicity, low burning, low erosion and low environmental hazards. These properties are crucial 
to green chemistry. Thus, NADES provides an alternative to avoid problems caused by the use of organic 
solvents. 

Elettaria cardamomum belongs to the Zingiberaceae family. Elettaria cardamomum contains 
calcium, magnesium, potassium, phosphorus, iron minerals, flavonoids such as catechin, quercetin, 
carotenoids such as lutein and beta carotene [12, 13, 14]. Elettaria cardamomum shows antioxidant, 
anticancer, antidiabetic, antifungal, anti-inflammatory properties with its bioactive compounds [15, 16]. 

In the literature, there have been studies in which cardamom is extracted with traditional solvents such 
as methanol and shows antioxidant activity. However, there is no study on its antioxidant activity when 
natural deep eutectic solutions are used [17]. The aim of this study is to investigate antioxidant activity 
using natural deep eutectic solvents (NADES) that can be easily synthesized and are less harmful to the 
environment and health than traditional solvents. 

 

2. Materials and Methods 

2.1. Instrumentation  

 
The antioxidant activity and phytochemical component amount of Elettaria cardamomum seed 

extracts were determined using a UV-Vis spectrophotometer (SpectraMax Plus 384 Microplate Reader, 
California, USA) and Fourier-transform infrared spectroscopy( FT-IR Perkin Elmer 100). The samples 
were mixed with the aid of a vortex (IKA MS3 from Germany, SIEHE-IKA). 

 

2.2. Preparation of Glucose-Citric Acid Based NADES  

 
 Citric acid and glucose were weighed at a mole ratio of 1: 1 [18]. Water was added at 15% by 

weight to reduce viscosity. In the capped bottle shown in Figure 1, a clear liquid was obtained by stirring 
continuously for two hours at 80oC. NADES based on 20% by weight diluted glucose-citric acid was 
used in FTIR (Fourier-transform infrared spectroscopy) measurement. Here, glucose-citric acid based 
natural deep eutectic solvent, abbreviated as G-C NADES.  

 

 
 

Figure 1. C: Citric acid, G: Glucose, G-C: Glucose-Citric acid based Nades 
 
2.3. Characterization of Glucose-Citric Acid Based NADES 

 

 FT-IR was used for the characterization of the obtained NADES. The absorbance measures were 
carried out within the spectra between 600 and 4000 cm−1. 
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2.4. Extraction of Elettaria Cardamomum Seeds 

 
Elettaria cardamomum seeds were bought from herbalist in Istanbul, Turkey. Cardamomum seeds 

(0.5 grams) were macerated for 24 hours in 5 ml of NADES solvent and 5 ml methanol:water (1:1). 
After the incubation period was completed, the seeds were separated by filtering and the obtained 
extracts were used for the investigation of antioxidant parameters. 

 
2.5. Determination of Antioxidant Activity 

 

2.5.1. DPPH (1,1-diphenyl-2-picrylhydrazyl) Free Radical Scavenging Activity 

 
The scavenging activity of the DPPH cationic radical is often used to evaluate the antioxidant 

activity of compounds. The Brand-Williams method was used to test the DPPH radical scavenging 
activity of the sample [19]. Plant extract (0.75 ml) was mixed with 1.50 mL of DPPH solution prepared 
in ethanol (0.05 mM). The mixture was held at room temperature for 30 minutes. At the end of the 
period, the absorbance at 517 nm was measured in the UV-Vis spectrophotometer. The scavenging 
activity of the DPPH radical was calculated by the following equation :  
 

DPPH Scavenging (%) = (𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑠𝑎𝑚𝑝𝑙𝑒𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 ) 𝑥 100   (Eq 1) [20] 

 
where Acontrol indicates the absorbance of the control (DPPH solution without sample) and Asample 
indicates the absorbance of  plant sample. 
 
2.5.2. ABTS [2,2'-azinobis- (3-ethylbenzothiazoline-6-sulfonic acid)] Radical Scavenging Activity 

 
ABTS radical scavenging activity is based on the reduction of radical and discoloration by the 

addition of antioxidants to the cationic radical formed by the K2S2O8 oxidation of ABTS [21]. 
The 7.4 mM ABTS solution and 2.6 mM potassium persulfate solution were mixed in equal volumes 
and left in the dark at room temperature for 12 hours. 1 mL of ABTS radical solution was diluted with 
methanol so that the absorbance at 734 nm was 1.1 ± 0.02. Sample (150  μL) and 2850 μL of ABTS•+ 
radical solution were mixed and left in the dark for 2 hours. The control solution was prepared using 
distilled water instead of the sample. At the end of the time, absorbance was measured at 734 nm. In the 
calculations, ABTS% radical scavenging effect was found with the formula below [20].  
 

ABTS Scavenging (%) = (𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑠𝑎𝑚𝑝𝑙𝑒𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 ) 𝑥 100 (Eq 2) 

 
where Acontrol indicates the absorbance of the control (ABTS solution without sample) and Asample 
indicates the absorbance of the test sample. 
 

2.5.3. DMPD (N, N-dimethyl-p-phenylenediamine) Radical Scavenging Activity 

 

The DMPD radical scavenging method converts the DMPD to the cation radical form (DMPD•+) 
at acidic pH or in the presence of an oxidant. 100 mL of 0.1 M acetate buffer (pH 5.3) and 0.2 mL of 
0.05 M FeCl3 are added to 1 mL of 100 mM DMPD solution. 1 ml of this mixture was mixed with 0.5 
ml sample. In the control solution, water was added instead of the sample. After 10 minutes, the 
absorbance at 505 nm was measured with a spectrophotometer. DMPD+ radical scavenging activity was 
calculated by the following equation [20]. 
 

DMPD Scavenging (%) = (𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑠𝑎𝑚𝑝𝑙𝑒𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 ) 𝑥 100 (Eq 3) 
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Where Acontrol indicates the absorbance of the control (DMPD solution without sample) and Asample 
indicates the absorbance of the test sample. 
 
2.6. Quantitative Phytochemical Analysis 

 

2.6.1. Determination of Total Phenolic Compounds 

 

The method developed by Slinkard-Singleton (1977) was used for total phenolic compound 
evaluation [22]. After adding 45 mL distilled water, 1 mL Folin-Ciocalteau reagent to 1 mL sample 
solutions at a 1000 μg/mL concentration, the mixture was thoroughly mixed with a shaking machine. 
After standing for 3 minutes in this mixture, 3 mL of 2% (w/v) Na2CO3 was added and incubated for 2 
hours on the shaking machine. After incubation, the absorbance of the mixtures at 760 nm was measured. 
Distilled water was used instead of extract as blank and gallic acid was used as standard. Total phenolic 
substance content is expressed as the equivalent of the standard used per μg in 1 gram sample. 
 
2.6.2. Determination of Total Tannin Content 

 

0.5 mL of Folin phenol reagent, 1 mL of plant extract and 5 mL of 35% Na2CO3 were mixed [23]. 
The mixture was left at room temperature for 5 minutes. At the end of the period, the absorbance at 640 
nm was read using a UV-Vis spectrophotometer. The tannin content was calculated by the calibration 
curve of tannic acid and the results are expressed as tannic acid equivalent (mg/g). 
 
3.  Results and Discussion  
 
3.1. Characterization of Glucose-Citric Acid Based NADES 

 
The 3650−3200 cm-1 peak is characteristic of hydroxyl groups. The peak at about 1224 cm-1 is 

the C-OH band. The signal at 1025 cm -1 corresponded to the stretching action or rotation of the pyran 
ring of glucose [24]. In the GC NADES spectrum, frequency shifts and changes in absorbance values 
were observed compared to single glucose and single citric acid. Peaks in the C=O absorbances ranged 
from 1750 to 1660 cm-1.The results show that hydrogen bonds are well formed between glucose and 
citric acid in G-C NADES [25].  
 

 
Figure 2. FT-IR of Glucos, citric acid, Glucose-Citric acid-based NADES 
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3.2. Determination of Antioxidant Activity 

 
Results of the in vitro antioxidant activities using three different assays (DPPH radical scavenging, 

ABTS radical scavenging, DMPD radical scavenging) were expressed as percent inhibiton. In the DPPH 
test, the ability of Elettaria cardamomum to act as a donor for hydrogen atoms or electrons to reduce 
DPPH to DPPH-H was spectrophotometrically measured. In the ABTS test, the reaction between ABTS 
and potassium persulfate forms the ABTS radical cation (ABTS+) and a blue green color is observed. 
When the antioxidant is present, the radical reverts to a colorless state. The DMPD cationic radical 
(DMPD+) is formed as a result of a reaction between DMPD and potassium persulfate and is then 
reduced in the presence of antioxidants. Due to the good extractability of phytochemicals, the 
antioxidant activity of the extract obtained with Nades solvent was higher than the extraction with 
methanol:water. The extracts prepared with glucose and citric acid based natural deep eutectic solvent 
have higher cleaning activity of DPPH, ABTS and DMPD radicals compared to the extract prepared 
with methanol and water. Results of  DPPH, ABTS and DMPD scavenging activities are shown in Fig. 
3. 
 

 
 

Figure 3. DPPH, ABTS, DMPD radical scavenging activities of extracts 
 
3.3. Quantitative Phytochemical Analysis 

 
The phytochemical analysis of the extracts are shown in Table 1. The physical or physicochemical 

properties of the solvent often affect the extractability of target compounds from a solid matrix. Due to 
its good extractability, the amount of phytochemicals in the extraction with Nades solvent was found to 
be higher than the extraction with methanol:water. The level of total phenolic compound was found 
higher in G-C NADES (198.25 µg gallic acid equivalent (QE)/g) and lower in methanol:water extract 
(146.32 µg gallic acid equivalent (GE)/g). When the total tannin content amounts were measured, it was 
seen that the tannin level of the G-C NADES extract (132.085 mg tallic acid equivalent (TAE) /g extract) 
was higher than the methanol: water extract (82.39 mg TAE /g extract). 
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Table 1.  Quantitative phytochemical analysis of extract 

Samples Total Phenolic Content (µg GAE/g) Total Tannin Content (mg TAE/g) 
G-C NADES 198.25 132.085 

Methnaol:Water (1:1) extract 146.32 82.39 
 
 

4. Conclusion 
 

A novel, simple, and environmentally friendly NADES method was developed for the extraction 
of antioxidants from the seeds of Elettaria cardamomum. The amount of phenolic compound and tannin 
in the extract prepared with NADES and the radical scavenging activity in connection with these were 
found to be higher than the extract prepared with methanol-water. Finally, it has been observed that the 
present natural deep eutectic solvent is an effective and suitable medium for the extraction of active 
biocomponents such as phenolic compound. 
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