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Introduction 

Anthocyanins are polyphenolic pigments responsible for the 

red, blue, and purple colours to various flowers, fruits, grains, and 

tubers of terrestrial plants.
1
 They exist mainly as anthocyanidin 

aglycones and anthocyanin glycosides. The anthocyanidins are 

subdivided into 3-hydroxyanthocyanidins, 3-deoxyanthocyanidins, 

and O-methylated anthocyanidin, while, anthocyanidin glycosides 

include 3-monoglycosides and 3,5-diglycosides.
2
 Anthocyanins are 

considerably affected by pH of solution; appearing as red in acidic, 

purple in neutral and blue in alkaline conditions. Their maximum 

absorption ranges from 520 - 540 nm.
3
 Anthocyanin-rich plants have 

been applied as food colourants instead of synthetic food dyes, 

functional food ingredients and dietary supplements.
4,5

 Traditionally, 

anthocyanin-rich plant extracts have been used as herbal medicines by 

Indians, Europeans, and Chinese to treat hypertension, pyrexia, liver 

disorders, diarrhea, urinary problems, and common cold.
6
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The use of anthocyanins as pharmaceutical ingredients has been 

studied under different in vitro, animal, and human models.
1
 They act 

as a strong radical scavenger due to a positive charge at the oxygen 

atom of the C-ring of basic flavonoid structure.
5
 Also, they exhibit a 

wide range of other biological activities such as anti-cancer, anti-

inflammation, anti-diabetes, anti-aging, UV protection, immune 

system enhancement and eyesight improvements.
1,4,5

 Therefore, the 

consumption of anthocyanins may contribute to the prevention of 

various diseases, such as; cancer, diabetes, cardiovascular, and 

neurological disorders. Rhodomyrtus tomentosa (Ait.) Hassk belongs 

to the family Myrtaceae and is native to Southern and Southeastern 

Asia. The fruits of the plant is traditionally used by the Vietnamese, 

Chinese and Malay in the treatment of diarrhea, dysentery, 

gynaecopathy, and stomachache.
7
 So far, various constituents from R. 

tomentosa fruits have been identified such as triterpenes, steroids, and 

phenolic compounds.
8,9

 Notable, anthocyanins from R. tomentosa 

fruits were also reported in different studies. Liu et al.
10

 have indicated 

that maximum yield of anthocyanin from the skin of R. tomentosa 

fruits was achieved up to 4.358 ±0.045 mg/g at the extraction 

conditions of 60% ethanol containing 0.1% (v/v) hydrochloric acid, 

15.7:1 (v/w) liquid to solid ratio, 64.38°C with a 116.88 min 

extraction time. Although anthocyanin content is mainly present in the 

skin of R. tomentosa fruits, the separation of skin from fruits is 

impossible in large scale of anthocyanin production. In the study of 

Cui et al.,
11

 anthocyanin content in whole fruits of R. tomentosa was 

shown up to 29.4 mg/100 g dry weight via using the extraction solvent 

of trifluoroacetic acid:methanol (1:99, v/v) for 48 h in the dark at 

room temperature. However, the extraction conditions under various 

extraction parameters should be further investigated. The present 
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Fruits of Rhodomyrtus tomentosa (sim fruits) are comprised of high amount of anthocyanin 

content. They are among the richest sources of anthocyanins, an indication that the plant is 

endowed with potential bioactive agents. Anthocyanins are plant pigments that play important 

roles in plant physiology, as well as, beneficial health effects to humans. In this study, optimal 

conditions for extraction of total anthocyanins of R. tomentosa fruits and their antioxidant 

activity were investigated. Parameters, such as solvent, acid concentration, solid-to-solvent, 

ultrasound, temperature, and time were applied for investigation of extraction efficiency of 

anthocyanins of the plant. Total anthocyanin content was determined via the pH differential 

method. Antioxidant activity of the anthocyanin-rich extract was then examined using DPPH 

and ABTS
+
 radical-scavenging assays and DCFH-DA method. The results showed that total 

anthocyanin content of up to 123.9 mg/kg was obtained from the sim fruits under the extraction 

conditions of acidified 50% aqueous ethanol by hydrochloric acid solution 0.1 M at a solid-to-

solvent ratio of 1:4 with the assistance of ultrasound for 60 min before being processed at a 

temperature of 60
o
C for 60 min. The anthocyanins-rich extract was able to scavenge DPPH and 

ABTS
+
 radicals with IC50 values of 0.0173 ± 0.001 µg/mL and 0.0238 ± 0.0002 µg/mL, 

respectively. Moreover, the inhibitory activity of the anthocyanin-rich extract on intracellular 

reactive oxygen species production from macrophage RAW 264.7 cells was also evidenced. As 

a result, anthocyanins from R. tomentosa fruits might be a useful source of ingredients for the 

prevention of oxidant-induced disorders.  
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study was conducted to optimize the extraction conditions for 

anthocyanin content from R. tormentosa fruits and further investigate 

its antioxidant activity due to scavenging free radicals and inhibiting 

intracellular reactive oxygen species production in macrophages. The 

total anthocyanins in foods/plants can be measured by the pH 

differential method and expressed as cyanidin-3-glucoside 

equivalent.
10

 The principle of this method is due to the change in 

absorbance of anthocyanidins at respective pH values. It was reported 

that anthocyanidins can be transformed into flavylium cations at low 

pH and hemiketal forms at pH 4.5.
12

 Since the pH differential method 

is a rapid and simple method and does not require high-cost 

instrumentation, it was used for measurement of total anthocyanins in 

R. tomentosa fruits in the present study.  

 

Materials and Methods 

Materials  

The ripe fruits of R. tomentosa were collected from Phu Quoc district, 

Kien Giang province, Vietnam in July 2019. It was verified by 

Institute of Tropical Biology (District 3, Ho Chi Minh City, Vietnam) 

under the number of 14651. Ethanol was purchased from Xilong 

(China). All other reagents were purchased from Sigma–Aldrich (St. 

Louis, MO, USA).  

 

Extraction parameters 

Whole sim fruits were air-dried under shade and powdered using a 

grinder. The powder was soaked with solvents under different extract 

conditions: 

 (i) Use of 3 different solvents; 50% methanol, 50% ethanol and water 

and further use of ethanol in varying concentrations of 10%, 30%, 

50% and 70%; 

(ii) Acidification with 0.1 M each of HCl, acetic and citric acid and 

further use of different concentrations of HCl (0.05, 0.1, 0.2 and 0.4 

M)’ 

(iii) Ratio of R. tomentosa fruit powder-to-ethanol 50% (1:2, 1:3, 1:4, 

1:8, 1:12, 1:16); 

(iv) Ultrasonic time (15, 30, 60, and 120 min); 

(v) Extraction temperature (25, 40, 60, and 80
o
C) and extraction time 

(1, 2, 4, and 6 h).  

Total anthocyanin content was used as criteria for screening the 

optimal extract condition. The anthocyanin content was measured via 

pH differential method. Total anthocyanin content was expressed as 

milligram anthocyanin per kilogram dried fruit powder (mg/kg).  

 

pH differential method 

The pH differential method was performed by spectrophotometric 

method as previously described by Lee et al.
12

 The anthocyanin 

extract solution was diluted in KCl buffer (0.025 M, pH = 1) or 

CH3COOH buffer (0.4 M, pH = 4.5) and the absorbance was measured 

at 520 and 700 nm (Genova   Nano, Jenway, UK). The anthocyanin 

content (mg/kg) was expressed as cyanidin-3-glucoside equation (1): 

 

Anthocyanin content = 
           

     
   

 

 
     ……………………... (1) 

 

Where, A (absorbance) = (A520 – A700)KCl buffer – (A520 – A700)CH3COOH 

buffer; MW (molecular weight of cyanidin-3-glucoside = 449.2 gmol-1); 

DF = dilution factor; l = pathlength cm; ℇ = molar extinction 

coefficient = 26,900 L mol
-1

cm
-1

, for cyanidin-3-glucoside; and 10
3
 = 

factor for conversion from g to mg; m = gram of R. tomentosa fruits (1 

g) in a tested volume (V) of 4 mL. 

 

Radical scavenging assay 

Radical scavenging activity of anthocyanin-rich extract solution (AE) 

was determined by 1,1-diphenyl-2-picryl-hydrazyl (DPPH) and 2,2՛-
azinobis-3-ethyl benzothiazoline-6-sulfonic acid (ABTS) assays as 

previously described.
13

 Briefly, AE (1.4 µg/mL) was two-fold serially 

diluted by distilled water to achieved different concentrations of 0.7 

µg/mL, 0.35 µg/mL, 0.175 µg/mL, and 0.0875 µg/mL; and 100 µL of 

each dilution was mixed with either 100 μL of DPPH or 900 μL of 

ABTS
+
 solution. Both mixtures were incubated at room temperature 

for 30 min (for DPPH) and 6 min (for ABTS
+
) in the dark and 

absorbance was then measured at 490 nm (for DPPH) and 734 nm (for 

ABTS
+
). Ascorbic acid was used as a reference and diluted by distilled 

water into different concentrations of 5, 10, 15, 20, 25 µg/mL. The 

radical scavenging ability was determined using the formula (2), (OD, 

optical density):  

Scavenging ability (%) = 
           –          –       –         

           –         
                        

                                                                                      ………….     (2) 

 

Where, ODcontrol = +DPPH/ABTS
+
 –AE; ODblank = –DPPH/ABTS

+
 

+AE; ODAE = +DPPH/ABTS
+
 +AE; 

50% inhibitory concentration (IC50) of AE on DPPH and ABTS
+
 was 

indicated via radical scavenging ability (%) of AE at a range 

concentration of 1.4 µg/mL, 0.7 µg/mL, 0.35 µg/mL, 0.175 µg/mL, 

and 0.0875 µg/mL. Likewise, IC50 of Ascorbic acid on DPPH and 

ABTS
+
 was indicated via radical scavenging ability (%) of Ascorbic 

acid at a range concentration of 5, 10, 15, 20, 25 µg/mL. 

 

Reactive oxygen species assay 

The production level of reactive oxygen species (ROS) was examined 

in Ralph and William’s cell line 264.7 (RAW 264.7 cells) using a 

method described by Eruslanov and Kusmartsev.
14

 RAW 264.7 cells 

(2x10
4
 cells/mL) were incubated with 100 µM dichloro-dihydro-

fluorescein diacetate (DCFH-DA) for 45 min in the dark at 37
o
C. The 

washed cells were then treated with AE from sim fruits (5 µg/mL) for 

60 min before being stimulated with 500 µM H2O2 for 5 min. The 

fluorescence intensity was measured for each period of 15 min at 

excitation and emission wavelengths of 485 nm and 535 nm, 

respectively.  

 

Cell viability assay 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) 

method was applied for cell viability test.
15

 Briefly, RAW 264.7 cells 

(2 x 10
4
 cells/mL) were treated with AE (2, 5, and 10 µg/mL) for 24 h. 

The culture medium was then replaced by 100 µL of MTT solution 

(0.5 mg/mL) for 4 h at 37
o
C before adding 100 µL of DMSO. 

Absorbance was measured at 540 nm and percentage of the cell 

viability was calculated as compared to the blank group (without AE 

treatment).  

 

% Cell viability = 
      

         
       

 

Statistical analysis 

Data were analyzed using the analysis of variance (ANOVA) test of 

statistical package for the social sciences (SPSS). The statistical 

differences among groups were assessed by using Tukey’s post hoc 

test. Differences were considered significant at p < 0.05.  

 

Results and Discussion 

Effect of extraction parameters on anthocyanin content 

Effect of solvent type and concentration 

Nature and concentration of solvent is among essential parameters for 

investigation of extraction conditions of total anthocyanin content. 

Herein, three solvents including water, 50% methanol, and 50% 

ethanol aqueous solutions were used for anthocyanins extraction from 

the fruits of R. tomentosa. The total anthocyanin content was 8.3, 16.5, 

and 10.2 mg/kg using 50% methanol, 50% ethanol and water, 

respectively (Figure 1A). This indicated that 50% ethanol extract was 

more effective than water and 50% methanol in the anthocyanin 

extraction. Ethanol as an effective solvent for the extraction of 

anthocyanins was further investigated using 10%, 30%, 50%, and 70% 

ethanol. This afforded 0.2, 2.8, 16.4, and 13.4 mg/kg of anthocyanin 

from sim fruits, respectively (Figure 1B). This further confirms that 

50% ethanol extract was effective in extraction of anthocyanins from 

dried fruit powder. This supports the findings of other studies in which 

50% ethanol has been reported for the extraction of anthocyanins from 

Vaccinium corymbosum,
16

 black rice
17

 and Prunus salicina.
18
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Effect of acidification at different concentrations  

It has been reported that acidified organic solvent is useful for the 

extraction of anthocyanins from plants.
19

 The addition of an acid can 

disrupts the cell membranes, thus enhancing anthocyanin extraction 

and stabilization.
1
 In this study, three acids including acetic (0.1M), 

citric (0.1M), and hydrochloric acid (0.1 M) were used for the 

assistance of anthocyanin extraction. It was revealed that a total 

anthocyanin content of 39.3, 16.9 and 12.3 mg/kg was obtained for 

hydrochloric, acetic and citric acids, respectively (Figure 2A). This 

indicates that HCl acid was more efficient than acetic and citric acids in 

the extraction of anthocyanins from the plant. In the same trend, hydrochloric 

acid was also reported to be effective in the extraction of anthocyanins from 

Vaccinium corymbosum
16

 and black rice.
17

 Furthermore, various 

concentrations of HCl (0.075 – 0.4 M) was examined to determine which 

was best for extraction of anthocyanins from sim fruits. As shown in Figure 2B, 

the concentration of hydrochloric acid in a range of 0.075 – 0.2 M increased 

total anthocyanin content from 20.6 mg/kg to 44.8 mg/kg. However, the 

increase in hydrochloric acid concentration up to 0.4 M reduced total 

anthocyanin content to 39.5 mg/kg (Figure 2B). In this sense, hydrochloric 

acid 0.1 M was preferred for the further investigation. 

 

Effect of ratio of R. tomentosa fruit powder-to-ethanol 50% 

The effect of ratio of R. tomentosa fruit powder-to-ethanol 50% on 

total anthocyanin content was also investigated in a range of 1:2 – 

1:16 (g/ml). The results showed that total anthocyanin content 

increased in a range ratio of 1:2 (4.7 mg/kg) to 1:8 (44.5 mg/kg). 

However, there was a decrease in total anthocyanin content at the ratio 

of 1:16 (39.4 mg/kg) (Figure 3A). Although the highest anthocyanin 

content was observed at the ratio of 1:8, the ratio of 1:4 (43.6 mg/kg) 

was preferred to avoid wasting the solvent.  

 

Effect of ultrasonic time 

Ultrasound has been widely applied for the extraction of bioactive 

compounds from plants due to increase in the extraction yield and 

reduction of extraction time, solvent consumption, and temperature.
19

 

The ultrasound-assisted extraction has been used to extract anthocyanin from 

red cabbage (Brassica oleracea L. Var. Capitata f. Rubra),
20

 Jabuticaba 

(Myrciaria cauliflora) peel,
21

 and strawberry (Fragaria ananassa Duch).
22

 In 

this study, ultrasound-assisted extraction significantly increased total 

anthocyanin content up to 53.7 mg/kg within a period of 60 min. 

However, a prolonged sonication time of up to 120 min exhibited no 

significant increase in total anthocyanin content (Figure 3B). Thus, 

ultrasonic period of 60 min was set for the next step of anthocyanin 

extraction. 

 

 

Effect of temperature 

In general, a higher temperature means more energy consumption 

during the extraction process and enhances both the solubility and the 

diffusion coefficient.
23

 In order to determine the influence of temperature on 

anthocyanin extraction, different temperature levels were set at 25 (room 

temperature), 40, 60, and 80
o
C. Notably, the increase in temperature up to 60

o
C 

remarkably augmented total anthocyanin content (126.7 mg/kg) in the 

extract solution (Figure 4A). However, total anthocyanin content was 

reduced to 100.8 mg/kg as the temperature was set at 80
o
C. This result 

indicates that the temperature of 60
o
C could be acceptable for the 

further extraction process.  

 

Effect of extraction time 

Extraction time is an important parameter for optimization process due 

to economizing energy and cost. In this study, different periods of 

extraction time ranging from 1-6 h were set for the extraction of total 

anthocyanin content from R. tomentosa fruit powder. It was shown 

that a maximum extraction time period of 2 h produced the highest 

yield of total anthocyanin content (123.9 mg/kg), while a prolonged 

extraction time of up to 4 h and 6 h gradually reduced amount of 

anthocyanin in the extract solution (Figure 4B). The prolonged 

extraction time may lead to degradation of anthocyanins due to 

increase in oxidation.
24

 Likewise, it has been reported that longer 

extraction time significantly decreased total anthocyanin content 

during 4 h of extraction.
25

  

Therefore, the period time of 2 h was preferred for the extraction of 

anthocyanins from R. tomentosa fruit powder. 

 

Recommended optimal conditions 

Accordingly, all the investigated parameters affected the extraction 

efficiency of anthocyanins from R. tomentosa fruit powder. The 

optimal extraction conditions from this study have been revealed to be 

50% ethanol acidified with 0.1 M HCl solution at a at a solid-to-

solvent ratio of 1/4 with an assistance of ultrasound for 60 min before 

being processed at a temperature of 60
o
C in 60 min. A total 

anthocyanin content of up to 123.9 mg/kg was obtained for the fruits 

of R. tomentosa at such optimal extract conditions. In the same trend, 

Liu et al. have reported that maximum yields of anthocyanins of up to 

4.358 mg/g was achieved from dried skin sim fruits using 60% ethanol 

solution containing 0.1% (v/v) HCl at solid-to-liquid ratio of 1:15.7 

(w/v), temperature of 64.38°C, and extraction time of 116.88 min.
10

 

Due to the different materials used for the extraction of anthocyanins 

(R. tomentosa fruits and R. tomentosa fruit skin), the yields of 

anthocyanin content were incompatible.  

 

 
Figure 1: Effect of solvents (A) and different ethanol concentrations (B) on the extraction of total anthocyanin content of R. tomentosa 

fruits. Each determination was made in three independent experiments and the data are shown as means ± SD. 
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Figure 2: The effect of acids (A) and different concentration of HCl (B) on the extraction of total anthocyanin content from R. 

tomentosa fruits. Each determination was made in three independent experiments and the data are shown as means ± SD. 

 

 
Figure 3: The effect of solid-to-solvent ratio (A) and ultrasonic time (B) on the extraction of total anthocyanin content of R. tomentosa 

fruits. Each determination was made in three independent experiments and the data are shown as means ± SD. 

 
     

 
Figure 4: The effect of temperature (A) and time (B) on the extraction of total anthocyanin content of R. tomentosa fruits. Each determination was 

made in three independent experiments and the data are shown as means ± SD. 
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Free radical scavenging activity 

Free radicals are reported to be unstable and reactive chemicals 

comprising of one or more unpaired electrons in their atoms or 

molecules.
26

 They induce cell damage via passing unpaired electron, 

causing oxidation of cell components and biomolecules such as lipids, 

proteins, and DNA.
27

 Thus, free radicals have been considered to play 

a major role in pathogenesis of diseases such as cancer, diabetes, 

aging, Alzheimer’s disease.
28,29

 Antioxidants play important functions 

in neutralization of the free radicals, protection of the cells from 

radical-induced damages, and prevention of disease pathogenesis.
30,31

 

Herein, the free radical scavenging activity of anthocyanin-rich extract 

of R. tomentosa fruits (AE) were investigated via DPPH and ABTS
+
 

radical assays. The results showed that AE significantly scavenged 

DPPH and ABTS
+
 radicals. The IC50 values of AE for DPPH and ABTS

+
 

scavenging activity was to 0.0173 ± 0.001 µg/mL and 0.0238 ± 0.0002 µg/mL, 

respectively (Table 1). Especially, the free radical scavenging activity of AE 

was observed to be higher than that of vitamin C, strawberry, blackberry, 

blueberry, and roselle in Brazil
32,33

, raspberries in Poland
34

, and Berberis 

integerrima bunge in Iran.
35

 These results indicated that AE from R. 

tomantosa fruits is a potential antioxidant agent for prevention of free 

radicals-induced diseases. 

 

 

Table 1: Radical scavenging activity of anthocyanin-rich 

extract of R. tomentosa fruits (AE) and vitamin C 
 

Sample IC50 (g/mL) 

 DPPH ABTS
+
 

AE 0.0173 ± 0.001 0.0238 ± 0.0002 

Vitamin C 21.841 ± 0.041 18.281 ± 0.029 

 

 

 

Inhibition of intracellular production of reactive oxygen species  

Reactive oxygen species (ROS), including; hydrogen peroxide, 

superoxide radical, and hydroxyl radical are byproducts of normal 

metabolic processes in cells.
36

 High concentration of these radicals cause 

cell damage, leading to the pathophysiology of diabetes mellitus, 

hypertension, cancer, atherosclerosis, and chronic inflammatory 

diseases.
37

 Thus, reduction of ROS production in the cells are suggested 

for the prevention of such disease. In this study, the inhibitory activity of 

anthocyanin-rich extract of R. tomentosa fruits (AE) on intracellular 

ROS production from macrophage RAW 264.7 cells was examined. The 

findings revealed the intracellular ROS level significantly increased 

from H2O2-stimulated cells. Conversely, this increase was mitigated in 

AE-pretreated RAW 264.7 cells (Figure 5A). Moreover, Figure 5B 

showed that the AE treatment at a range of 2-10 µg/ml did not cause 

significant decrease in cell viability, indicating low cytotoxic effect of 

AE on RAW 264.7 macrophage. Consequently, anthocyanins from sim 

fruits may contribute to the reduction of intracellular ROS production, 

ameliorating the oxidative stress in the cells. 

 

 

Conclusion 

In the present study, the optimal conditions for anthocyanin extraction 

from R. tomentosa fruits and its antioxidant activity has been 

examined. The total anthocyanin content was up to 123.9 mg/kg under 

optimal extraction conditions. Moreover, anthocyanin-rich extract was 

shown to possess antioxidant activity via scavenging free radicals and 

inhibiting intracellular ROS production from macrophages effectively. 

Hence, anthocyanins from the fruits of R. tomentosa were considered 

as a potential agent for down-regulation of oxidant-induced disorders. 

However, Further studies should focus on the isolation and 

characterization of the anthocyanins, as well as, some of their 

biological activities.    

 

 
Figure 5: Inhibitory activity of anthocyanin-rich extract (AE) and vitamin C on intracellular production of reactive oxygen species from 

macrophages (A) and cell viability (B). Each determination was made in three independent experiments and the data are shown as 

means ± SD; DCF, 2'-7'dichlorofluorescin; Blank = -H2O2 –AE; Control = +H2O2 –AE. 
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