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Abstract. Extraction of phytochemical compounds is closely related to particle size and 

solvent. This research evaluates the effect of particle size of butterfly pea (Clitorea 

ternatea) powder and percentage of ethanol (EtOH) solvent (0%, 40%, and 80%) using 

ultrasound-assisted extraction on total phenolic content (TPC), total flavonoid content 

(TFC) and antioxidant activity using 1,1- difenil-2-pikrilhidrazil (DPPH) method. The 

crude EtOH extract was extracted from dried powders of C. ternatea with various 

particle sizes (crude,> 30 mesh, > 50 mesh, > 70 mesh, and < 90 mesh). The abundance 

of phytochemicals showed results at smaller particle sizes. The particle sizes decreased 

as the TPC, TFC, and antioxidant activity significantly increased (P<0.05). C. 

ternatea at the smallest particle size (< 90 mesh) in 40% EtOH have the highest 

abundance of TPC and TFC, 62.70±1.83 mg GAE/g dry samples, and 167.23±0.73 mg 

quercetin/g dry samples, respectively. Furthermore, the antioxidant activity under the 

same treatment conditions and smaller particle size significantly increases the IC50 

value. The particle size in < 90 mesh;40% EtOH has the highest DPPH radical 

scavenging activity at 68.83±0.95 %. The findings from this research stated that the 

particle size and solvent percentage could improve the extraction process for 

phytochemical compounds. Antioxidant activity had a strong correlation with total 

phenolic and flavonoid content. 
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1. Introduction 

The herbaceous plant Clitoria ternatea is a species belong to Fabaceae family, which has 

several health advantages. It has drawn attention recently due to its possible medical uses and 

ability to provide natural food coloring and antioxidants that can be added to food to make it 

look prettier. Locals refer to the commercially available C. ternatea flower as "Bunga telang" 

and utilize it extensively as a food coloring. To access its bioactive components, which are what 

give it its antioxidant qualities, extraction is essential [1]. Given its various advantages, research 

on C. ternatea should be done to find the best conditions for extraction and, as a result, to extract 

the most bioactive components for use in health applications [2]. Selecting an extraction method 

that will produce anthocyanins with a low cost, high purity, and stability is, therefore, essential. 

The extraction of anthocyanins from dried blue pea flower petals using organic solvents has 
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been the subject of several investigations [3]. C. ternatea is a good source of naturally occurring 

antioxidants, as evidenced by the extractable phenolic, flavonoid, and anthocyanin components. 

The most widely used solvents for extracting plant antioxidants include ethyl acetate, acetone, 

methanol, and ethanol. However, different species of plants have varying solvent 

efficaciousness when removing bioactive chemicals from them [4]. Despite the need for more 

agreement regarding the optimal extraction solvent, organic aqueous mixtures rather than a 

single solvent achieved higher extraction efficiency. A solvent's capacity to extract specific 

compounds depends on the material it pulls, including variations at the variety or cultivar level 

[5]. This study aimed to examine the active compounds of C. ternatea flower extracts, including 

total flavonoids, phenolic compounds, and antioxidants in various particle sizes using ethanol 

solvent.  

 

2. Methods 

2.1. Sample Collection and Preparation 

      Fresh samples of C. ternatea were collected from Central Java in various geographical 

stratifications. The voucher specimen number of C. ternatea herbarium was found in the 

Jenderal Soedirman University's Faculty of Biology. Following its removal from the tree, 

the petal was frozen for a whole night in the refrigerator. It was then placed in a freeze drier 

set at -20ºC for three days to eliminate moisture and produce a powder that could be 

extracted. Dried powders of C. ternatea with different particle sizes (crude, > 30 mesh, > 50 

mesh, > 70 mesh, and < 90 mesh) were used to extract the crude ethanol extract. Following 

total drying, the materials were crushed into a powder and placed in vacuum-sealed bags 

within a desiccator to await additional examination. The percentage of ethanol (EtOH) 

solvent was 0%, 40%, and 80%.  

2.2. Quantification of total phenolic  

The Folin-Ciocalteu technique Barbosa et al. 2020 was modified to assess the total 

phenolic content by utilizing gallic acid (GA) as a standard. GA was weighed at 1.3 mg, and 

1.3 mL of methanol was added to yield a 1000 ppm concentration GA solution. GA 

preparation solutions were prepared at concentrations of 210, 180, 150, 120, 90, 60, 30, and 

0 ppm to generate a GA standard curve. Subsequently, a 96-well plate was designed and 

loaded thrice with 20 uL of GA solution. A micropipette was used to add 100 uL of Folin-

Ciocalteu reagent to the 96-well plate, which was then homogenized and incubated for five 

minutes. It was set for two hours after adding 80 uL of 20% Na2CO3 solution to the 96-well 

plate. Subsequently, a 96-well plate was prepared and loaded with 20 uL of GA solution 

three times. A micropipette was used to add 100 uL of Folin-Ciocalteu reagent to the 96-

well plate, which was then homogenized and incubated for five minutes. It was set for two 

hours after adding 80 uL of 20% Na2CO3 solution to the 96-well plate. For each treatment, 

repeat the process using a 20 ul sample of TGF kombucha. An Elisa Reader was used to 

measure the absorbance at 765 nm after two hours of incubation. A calibration curve was 

constructed using the relationship between GA content and absorbance at each 

concentration. The gallic acid concentration relationship and the absorbance of the gallic 

acid reaction with the Ciocalteu Folin Reagent are displayed on the x-axis. The gallic acid 

equivalent (GAEq) of the total phenolic content was determined in milliliters (mL) as mg 

dry extract [6]. 
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2.3.  Quantification of total flavonoid 
Quercetin standards were created to calculate the total flavonoid levels. Weigh one milligram of 

quercetin and add one milliliter of methanol to get a quercetin solution with a concentration of one 

thousand parts per million. Quercetin preparation solutions containing 160, 140, 120, 100, 80, 60, 

40, 20, and 0 ppm were prepared to establish a quercetin standard curve. Then, using a micropipette, 

100 uL of 10% AlCl3 and 1 M KCH3COO solutions were added to the 96-well plate and incubated 

for 30 minutes. Afterward, a 96-well plate was created and filled with 10 uL of quercetin solution 

thrice. For each treatment, repeat the process using a 10 uL sample of flower extract. Using the 

correlation between quercetin content and absorbance at each concentration, an Elisa Reader was 

used to detect absorbance at 415 nm after incubation. This allowed for the creation of a calibration 

curve. One way to express the total flavonoid concentration is as mg of quercetin acid equivalents 

(QAEq) per milliliter. 

2.4. Antioxidant activity of 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) assay 

Using a modified procedure [7], a DPPH control solution was created as the initial step 

of antioxidant activity [6]. 0.2 mM DPPH was produced by dissolving 0.78 mg of DPPH 

powder in 10 mL of ethanol. Next, methanol was used to dilute the 100% kombucha sample 

to 10, 20, 30, 40, and 50%. A 96-well plate was filled with a 40 uL sample, and 160 uL of 

DPPH 0.2 mM was added. The absorbance was measured at a wavelength of 517 nm using 

an Elisa Reader after 30 minutes in the dark. A standard curve for ascorbic acid at a 1000 

ppm concentration was created by weighing 1 milligram of ascorbic acid and adding 1 mL 

of methanol. Serial 10, 20, 30, 40, and 50 ppm diluted ascorbic acid preparation solutions 

were employed. The next step involved building a 96-well plate, filling it with 40 uL of 

ascorbic acid solution three times, and then using a micropipette to add 160 uL of 0.2 mM 

DPPH solution to the plate and incubating it for 30 minutes. Following incubation, the 

absorbance was determined at 517 nm using an Elisa Reader and a microplate reader 

(Multiskan® Go, Thermo Scientific, Vantaa, Finland). The formula calculated DPPH 

radicals at each concentration of the sample solution: 

% Antioxidant activity = (Ak − As) ∕Ak × 100% 

Wheres: (Ak)=the absorbance of DPPH, (As)= the absorbance of the sample 

2.5. Statistical analysis 

Linear equations are calculated using Microsoft Excel 2010. Mean data values are 

presented with standard error. To determine the significance of the variables investigated, 

analysis of variance (ANOVA) was performed on the responses in particle size and 

percentage of ethanol. A one-sample t-test based on IBM SPSS statistic 23 examined the 

significant level of the anticipated and experimental values of phenolic, flavonoid, and 

DPPH. 

3. Results And Discussion 

The ultrasonic-assisted extraction (UAE) method uses sound energy at extremely high 

frequencies (more than 20 kHz) to break all plant cells and increase the surface area so that the 

solvent may pierce them. Changes in total phenolic, flavonoid, and antioxidant activity affect 

particle size. The standard curve for each parameter of total phenols, flavonoid, and antioxidant 

levels is y=0.0201x+1.0088, y=-0.0007x+0.1407, and y=-0.0032x+0.4139 (Figure 1-3).  
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Figure 1. The Phenolic standard curve 

 
Figure 2. The Flavonoid standard curva 

 

 
Figure 3. The DPPH standard curve 

 

The abundance of phytochemicals showed results in smaller particle sizes. The particle sizes 

decreased as the total phenolic, flavonoid and antioxidant activity significantly increased 

(P<0.05). C. ternatea at the smallest particle size (< 90 mesh) in 40% EtOH have the highest 

abundance of TPC and TFC, 62.70±1.83 mg GAE/g dry samples, and 167.23±0.73 mg 

quercetin/g dry samples, respectively (Table 1.).  
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Table 1. Total phenolic content, flavonoid content, and antioxidant activity 

Concentration 

of ethanol 

(%) 

Particle size Total phenolic  

(mg GAE/g dry 

sample) 

 

Total flavonoid 

(mg QAE/g dry 

sample) 

Antioxidant 

activity (%) 

0% Crude 49.73±0.74 145.35±0.73 48.40±0.91 

> 30 mesh 50.55±1.67 145.55±0.34 49.07±0.87 

> 50 mesh 51.05±1.83 148.50±0.87 51.10±0.59 

> 70 mesh 52.40±1.34 150.75±1.12 51.70±0.55 

> 90 mesh 52.90±1.67 155.40±1.67 54.85±0.40 

40% Crude 54.37±0.33 160.80±1.34 62.70±0.07 

> 30 mesh 55.40±1.67 163.40±0.97 65.70±0.01 

> 50 mesh 60.10±0.76 163.20±0.52 67.05±0.03 

> 70 mesh 60.65±1.67 165.73±0.34 67.11±0.07 

> 90 mesh 62.70±1.83 167.23±0.73 68.83±0.95 

80% Crude 53.90±1.34 164.67±1.12 58.70±0.97 

> 30 mesh 54.07±1.67 164.90±0.27 61.10±0.50 

> 50 mesh 55.20±0.33 164.95±0.32 62.05±0.45 

> 70 mesh 55.85±1.67 165.32±0.80 62.90±0.80 

> 90 mesh 56.01±1.83 165.91±0.38 63.05±0.74 

 

The analysis of total phenolic contents was selected from the highest oxidant activity from 

the extraction to analyze the flower. The percentage of fresh weight/dried weight of C. ternatea. 

The antioxidant activity analysis by DPPH method found a statistically significant difference 

between 0%, 40%, and 80% ethanol-macerated C. ternatea flowers and standard Trolox 

equivalent. At > 90, mesh gave the highest antioxidant activity using macerated 80% ethanol 

C. ternatea. Because a wide range of parameters affect the extraction yield of plants, 

optimization is crucial in large-scale industrial activities involving the enrichment of their 

products with antioxidant chemicals. Therefore, to optimize extraction further, we should 

investigate additional factors, including pH, different solvents, and solvent-to-sample ratio, that 

impact the extraction yield of phenolic content and antioxidant components. To more 

thoroughly analyze the impact of each variable (such as temperature, duration, and ethanol 

concentration) on the extraction of phenolic content and antioxidant activity, a broad range of 

independent variables should be selected for this experiment. The extracted polyphenol and 

flavonoid components are best done with a high solvent ratio. This finding is consistent with 

another investigation that showed the yields of Pegaga (Centella asiatica) compounds increased 

progressively with the maximum polyphenol and flavonoid concentration attained by 

increasing the solid-to-solvent ratio [8].  

The phenolic chemicals in these everyday foods are the main antioxidant constituents. Heart 

disease and several types of cancer can be avoided with a diet high in fruits, vegetables, grains, 

and olive oil [9]. It is common knowledge that phenolic chemicals aid in delivering health 

advantages, function as defense systems against reactive oxygen species (ROS), and improve 

nutritional value and quality by altering the color, flavor, taste, and scent. Results for total 

phenolic content are still unable to indicate the amount of higher chemicals, particularly in the 

obtained extract [10]. Complete flavonoid analysis is still required as a prerequisite for an 

additional specific collection of chemicals [11]. These were higher than ethanol with other 

concentrations. However, various things need to be considered when using this solvent, given 

the highwater content in the solvent [12]. 

In contrast, the most effective solvent extract (50% ethanol) was found to have an extraction 

efficacy comparable to heat-assisted extraction at 50°C for one hour in the water extraction 
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method. This suggests that future research exploring other possible bioactivities of C. ternatea 

flowers may not need to use solvents at all. It is advised to employ water extraction rather than 

solvent extraction because it is more economical, ecologically benign, and similarly effective 

[12]. 

The total phenolic content still cannot reveal the presence of more specialized chemicals in 

the extracted material. Testing for total flavonoids is still required as a precaution for more 

precise chemical group compounds. These findings demonstrated a relationship between the 

total amount of extracted flavonoids and the rise in ethanol concentration. According to the 

study's solvent polarity characteristics, 80% of the ethanol had more complex flavonoids than 

other solvent concentrations. 

 

4. Conclusion 

Ultrasonic can be successfully applied to extract bioactive compounds with high bioactivity 

from butterfly pea flowers. The particle size in < 90 mesh;40% EtOH has the highest phenolic 

content, flavonoid content, and DPPH radical scavenging activity at 62.70±1.83 mg GAE/g dry 

samples, 167.23±0.73 mg quercetin/g dry samples, and 68.83±0.95 % respectively. As a result, 

the particle size and solvent percentage could improve the extraction process for phytochemical 

compounds. Antioxidant activity had a strong correlation with total phenolic and flavonoid 

content. 
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