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ABSTRACT 

Objective: The present study evaluates purification, characterization of anthocyanin from in vitro culture of teak and its antioxidant potential.  

Methods: Anthocyanin was extracted from in vitro culture, purified by using amber lite XAD column and fractionated by Liquid chromatography 

mass spectrometry (LC-MS/MS). Various antioxidant assays were carried such as 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH), 2,2'-azino-bis-3-

ethyl-benzothiazoline-6-sulphonic acid (ABTS), Oxygen radical absorbance capacity (ORAC), Nitric oxide (NO) and Hydrogen peroxide (H2O2). 

Results: Liquid chromatography mass spectrometry (LC-MS/MS) revealed the major fraction as cyanidin 3-(2-xylosyl-rutinoside) with unknown 

peaks. The amount of anthocyanin was 15.23 mg/g monomeric anthocyanin. Further, the potential antioxidant capacity of the teak anthocyanin was 

comparable to common vegetables and fruits. Similarly, high correlations of anthocyanin with antioxidant activity, such as oxygen radical 

absorbance capacity (ORAC), 2,2'-azino-bis-3-ethyl-benzothiazoline-6-sulphonic acid (ABTS), and 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) (r 

= 0.95, 0.93, and 0.80) were found.  

Conclusion: The high anthocyanins content and potential antioxidant activity suggests that teak anthocyanin may be applied in the food industry as 

a good source of natural pigments. 
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INTRODUCTION 

Anthocyanins are flavonoid class of phytochemicals, a group 

predominant in vegetables, flowers, fruits, and seeds. The 

flavonoids, the unique group of phenolics in foods, comprise 4000 

types of C15 aromatic plant compounds with multiple substitution 

patterns. The common examples are cyanidin, pelargonidin, 

petunidin, quercetin, kaempferol, (luteolin, apigenin, myricetin, 

naringin, hesperetin, naringenin, catechin, epicatechin, gallocatechin 

and derived molecules such as genistein and daidzein. Daily intake is 

approximately from 0.5 to 1 g, but variability was accounted in 

consuming flavonoid products [1]. 

Colorful anthocyanins are bioflavonoid phytochemicals. The free-

radical scavenging and antioxidant capacities of anthocyanin 

pigments are the most highly utilized potentialities in human 

therapeutic targets, but, research outputs suggest that other 

mechanisms of reactions were also responsible for the noticed 

health benefits [2]. Anthocyanin also provides protection of deoxy 

ribonucleic acid (DNA) cleavage, estrogenic activity, enzyme 

inhibition, boosting immunity, anti-inflammatory activity, lipid 

peroxidation, decreasing capillary permeability and fragility, and 

membrane strengthening [3, 4]. The position, number, and types of 

substitutions of the individual anthocyanin molecule was related 

with its bioactive properties [5] and also the structure/function 

relationships influence the intracellular localization of these 

pigments. 

Induction of phytochemicals via in vitro cultures may be of demand 

for obtaining molecules that are not easy to synthesis or isolate from 

in vivo sources. Anthocyanin is of importance to the pharmaceutical 

industry, complemented by documented research papers that have 

been proven their in vitro production [1]. The role of media, physical 

conditions, precursors, growth regulators, and elicitors and 

stressors on the production of these compounds were proved. 

Anthocyanin pigments as therapeutically important and have been 

an accepted dogma in folk lore medicine around the world. For 

instance, Hibiscus anthocyanins have been used in remedies for liver 

dysfunction and hypertension; and bilberry anthocyanins used for 

vision disorders, microbial infections, diarrhea, and diverse other 

health disorders. In many cases, the mechanism of these molecules 

in human health is not properly elucidated. In fact, certain cases 

suggest that anthocyanin activity is potentiated only as crude 

mixtures [6-8].  

Tectona grandis L. the teak belongs to Lamiaceae, a large deciduous 

tree with light brown bark, leaves simple, with minute glandular 

dots, flowers are with a pleasant smell. The plant is most widely 

cultivated for valued hardwood and is native to India, Myanmar and 

South-East Asian countries and dominants the tropical plantation 

forestry. The plant is therapeutically significant to cure several 

disorders according to Indian herbal system of medicines like 

treatment of urinary discharge, bronchitis, cold and headache, in 

scabies, used as a laxative and sedative, as diuretic, anti-diabetic, 

analgesic and anti-inflammatory [9, 10] The reported 

phytochemicals were Juglone, (antimicrobial), betulin aldehyde 

(anti-tumor activity), lapachol [11]. In this juncture present study 

aims in isolation of anthocyanin from in vitro culture, its purification, 

fractionation and analysis of AOX potentials. 

MATERIALS AND METHODS 

Plant material 

The healthy fresh leaves and nodes of Tectona grandis were 

collected from wild teak plantations of Nilambur hills, Kerala, which 

is a place lying between 11 °16’ N and 76 °13’E. 

Chemicals 

Amberlite XAD-7, 2,2-diphenyl-1-picryl-hydrazyl-hydrate free 

radical assay (DPPH), 2,2'-azino-bis-3-ethyl-benzothiazoline-6-

sulphonic acid assay (ABTS) 2,4-dichlorophenoxy acetic acid (2,4-D), 

naphthalene acetic acid (NAA), Kinetin and 6-benzyl-aminopurine 

(BAP) were obtained from Sigma-Aldrich, Banglore, India. Butylated 

hydroxytoluene (BHT) and Murashige and Skoog (MS) media were 
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procured from Himedia, Mumbai, India. All other reagents and 

solvents are of analytical grade. 

Callus induction  

For the initial establishment of callus culture nodes and leaves were 

used as the source of explants. The explants were surface sterilized 

using mercuric chloride for 3 min and washed thoroughly ion 

distilled water and were used for callus induction. The explants 

were then placed on the MS media supplemented with various 

concentrations and combinations of 2,4-dichlorophenoxy acetic acid 

(2,4-D), naphthalene acetic acid (NAA), Kinetin and 6-benzyl-

aminopurine (BAP) alone or in combinations for callus induction. 

The explants were cultured in test tubes and maintained in the 

culture room at of 22±4 °C and at a 16h photoperiod. Each test tube 

contained single explant.  

Subculturing  

Observations were made till one month of inoculation. After 

successful callus initiation 5-mm 3 calli was taken from one-month-

old callus and was placed on 20 ml Murashige and Skoog media (MS 

media) with the same combination of phytohormones. For each 

media, there were five replicates. Observations were recorded every 

alternate day.  

Anthocyanin induction  

The different hormones play an important role in anthocyanin 

production. In this study different hormonal combinations were 

used for triggering anthocyanin production. 

Determination of anthocyanin content in fresh callus 

Fresh calli (0.5 g) was weighed in 15 ml plastic centrifuge tube and 

broken to small pieces using forceps. Five millilitres of methanol 

containing 1% concentrated hydrochloric acid (HCl) at 4 °C was 

added to the sample. The tubes were vortexed and the samples were 

centrifuged at 15000 g for 20 min at 4 °C. Absorbance of the clear 

supernatant was measured at 528 nm. Anthocyanin content was 

calculated according to the method described by Mori et al., [12]. 

Total anthocyanin yield was expressed as (µg g-1) fresh weight of 

callus. 

Extraction and purification of anthocyanin 

Anthocyanins were extracted with methanol containing 0.5% 

hydrochloric acid (HCl) (v/v). Teak leaves were also pre-soaked in 

water containing 0.5% hydrochloric acid (HCl). In this case, this was 

done to improve the extraction yield of anthocyanin because direct 

methanolic extractions provide poor yield. The extraction was 

performed in the refrigerator at low temperatures (5 °C) to avoid 

hydrolysis of potential acyl groups in the anthocyanin structure and 

its degradation. After extraction, the extract was filtered, and the 

methanol was removed by evaporation under reduced pressure at 

relatively low temperatures (<30 °C). 

Liquid-liquid partition 

The combined aqueous concentrates after evaporation were purified 

by partition against ethyl acetate to remove chlorophylls, 

stilbenoids, less polar flavonoids and other non polar compounds 

from the mixture.  

Amberlite XAD-7 (adsorption chromatography) 

The aqueous extracts obtained after the liquid-liquid partition step 

will also contain other water soluble compounds including 

anthocyanins, like free sugars and aliphatic acids. These non-

aromatic compounds were removed with the use of Amberlite XAD-

7 column chromatography.  

Amberlite XAD-7 adsorbs the aromatic compounds including 

anthocyanins and other flavonoids in aqueous solutions, whereas 

free sugars and other polar non-aromatic compounds were removed 

by washing with distilled water until the eluted water has a neutral 

pH. Then the adsorbed anthocyanins and other flavonoids were 

eluted using methanol containing 0.5% hydrochloric acid (HCl) 

(v/v) as mobile phase [13]. 

Liquid chromatography-mass spectrometry (LC-MS/MS) 

analysis 

Subsequently, the column eluted fraction with highest anthocyanin 

content was used for the Liquid chromatography-mass spectrometry 

(LC-MS/MS) analysis. The experiment was performed on a Thermo 

Scientific Dionex UltiMate® 3000 RSLC system with chromate-

graphic separation achieved on a Thermo Scientific Acclaim® RSLC 

120 C18 reversed-phase column (2.1 × 100 mm, 2.2 µm) operated at 

40 °C with gradient elution at 0.5 ml/min. The mobile phase 

consisted of three components: A) acetonitrile, B) deionized (DI) 

water, and C) 20% formic acid. Mobile phase C was held constant at 

10% to provide 2% total formic acid in the mobile phase throughout 

the run. Mobile phase A was ramped from 0% to 8% from 11 to 42 

min, then held for 13 min before returning to the initial composition 

from 55 to 60 min. Electrospray ionization (ESI) was used as the 

interface and was operated in positively selected ion monitoring 

(SIM) mode. The probe temperature was set at 500 °C and needle 

voltage was set at 2000 V. The cone voltage was set at 50 V for all 

SIM scans with a span of 0.3 amu for each SIM 

Antioxidant assays (AOX) 

2,2-diphenyl-1-picryl-hydrazyl-hydrate free radical assay 

(DPPH) 

The free radical scavenging activity was followed by the 2,2-

diphenyl-1-picryl-hydrazyl-hydrate (DPPH) method described by 

Blois [14] and the absorbance was measured at 517 nm. The lower 

absorbance of the reaction mixture indicates higher free radical 

scavenging activity. Butylated hydroxyl toluene (BHT) was used as a 

standard. 

2,2'-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid assay 

(ABTS) 

The 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) 

assay was performed by the method proposed by Herraiz and 

Galisteo [15]and is based on the oxidation of the ABTS by potassium 

persulfate to form a radical cation 2,2'-azino-bis-3-

ethylbenzothiazoline-6-sulphonic acid (ABTS+). The absorbance was 

taken at 734 nm and the activity was expressed as percentage 

inhibition of 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid 

(ABTS) radicals. 

Hydrogen peroxide radical scavenging activity  

The ability of the anthocyanin to scavenge hydrogen peroxide was 

determined according to the method of Ruch et al., [16]. Absorbance 

of hydrogen peroxide at 230 nm was determined for a period of 10 

min against a blank solution containing the phosphate buffer 

without hydrogen peroxide. 

Ferric reducing/antioxidant power (FRAP) assay 

The total antioxidant potential of the sample was determined using 

the ferric reducing ability of plasma by ferric reducing/antioxidant 

power (FRAP) assay proposed by Benzie and Strain [17]. The 

antioxidant capacity was expressed in ferric reducing/antioxidant 

power (FRAP) unit, in mmol mmol Fe2
+. G-1calculated by linear 

regression curve of iron sulphate standard.  

Oxygen radical absorbance capacity (ORAC) assay 

Both hydrophilic and lipophilic oxygen radical absorbance 

capacity (ORAC) assays were carried out using Cary Eclipse 

fluorescence spectrophotometer following the method described 

by Prior et al., [18].  

Nitric oxide (NO) radical scavenging power 

Nitric oxide (NO) radical scavenging assay was performed as 

described by Jakobek et al., [19]. The absorbance was recorded at 

546 nm. Nitric oxide (NO) radical scavenging activity was calculated 

using a formula similar to that used for 2,2-diphenyl-1-picryl-

hydrazyl-hydrate (DPPH) radical scavenging assay. 

Statistical analysis 

All data were reported as mean±standard deviation of 12 replicates. 
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The data were analyzed using one-way variance analysis (One Way 

ANOVA). All statistical analysis was performed using the SPSS 10.0 

software package. 

RESULTS AND DISCUSSION 

The phytochemicals found in plants have different potentialities as 

antioxidants. Generally, antioxidant activity of the extract and the 

yield depends on the selected solvent. In this study, anthocyanin was 

isolated from in vitro culture, purified and fractionated for 

evaluating antioxidant potential using various assays. 

In vitro culture 

Sterilization with ethanol followed by 0.1% mercuric chloride 

(HgCl2) solution for 5 min and further treatment with 3% sodium 

hypochlorite solution+2 drops of Tween 20+0.05% fungicide for 20 

min yielded 95% contamination free cultures. While comparing with 

the sterilization protocol proposed by Ramesh et al., [20] this 

procedure was simple i.e., it involves treatment of the shoot explants 

with 1% Bavastin, 0.1% Streptomycin, 70% ethanol, 0.05% mercuric 

chloride, 5% sodium hypochlorite+Tween-80 and finally rinsed in 

sterile distilled water. Irrespective of the hormones used optimal 

callus induction was noticed with leaf when compared to nodal 

explants. This may be due to the fact that leaves are more immature 

and therefore highly meristematic.  

In the present study, MS medium supplemented with 6-benzyl-

aminopurine (BAP) (1 mg/l)+naphthalene acetic acid (NAA) (0.2 

mg/l) yielded higher biomass of callus from the leaf explants 

followed by MS medium with 2 mg/l 2,4-dichlorophenoxy acetic acid 

(2,4-D)+0.5 mg/l kinetin. After 21st day of inoculation on the culture 

media, significant callus induction was noticed with 6-

benzylaminopurine (BAP) (1 mg/l)+ naphthalene acetic acid (NAA) 

(0.2 mg/l) and dichlorophenoxy acetic acid (2,4-D) (2 mg/l)+kinetin 

(0.5 mg/l) for leaf and nodal explants 92.5% and 80% respectively. 

Fully grown callus could be maintained in both induction and basal 

Murashige and Skoog (MS) medium for longer periods in terms of 

healthy greenish and friable callus for easy multiplication. 

 

Table 1: Hormonal combinations and percentage of callus induction in T. grandis 

Leaf Concentration (mg/l) Callus induction (%) Callus growth grade 

Hormonal combinations    

MS medium 0 1.8 - 

MS+2,4-D 0.5 4 + 

MS+2,4-D 1 13 + 

MS+2,4-D 2 43.3 + 

MS+2,4-D 3 25 + 

MS+2,4-D 4 29 + 

MS+2,4-D 5 31 + 

BAP+NAA 0.5+0.2 57 ++ 

BAP+NAA 1+0.2 92.5 ++++ 

BAP+NAA 0.5+1 50 ++ 

BAP+NAA 0.5+2 60 +++ 

2,4-D+KIN 2+0.5 73 ++++ 

2,4-D+KIN 1+1 60 +++ 

2,4-D+KIN 1+2 52 ++ 

2,4-D+KIN 2+1 48 + 

2,4-D+KIN 3+1 41 + 

2,4-D+KIN 2+2 5 - 

2,4-D+KIN 2+3 32 + 

2,4-D+KIN 3+4 29 + 

2,4-D+KIN 4+5 18 + 

2,4-D+KIN 5+6 13.2 + 

MS+CW(ml/l) 5 23 + 

MS+CW(ml/l) 10 25 + 

MS+CW(ml/l) 15 28 + 

MS+CW(ml/l) 20 30 + 

All the values are mean (12 replicates)±SD. P<0.05 (significance at 5% level) 

 

Table 2: Nodal culturing in MS media supplemented with different combinations of BAP and NAA in T. grandis for callus initiation 

Nodal Concentration (mg/l) Callus (%) 

Hormonal combinations   

MS medium 0 0 

BAP+NAA 0+0 0 

BAP+NAA 0.5+0 9.5 

BAP+NAA 0.5+0.2 22.7 

BAP+NAA 1+0.2 32 

BAP+NAA 1.5+0.2 36 

BAP+NAA 2+0.2 44 

BAP+NAA 2.5+0.2 40 

BAP+NAA 0.5+0.5 50 

BAP+NAA 1+0.5 64 

BAP+NAA 1.5+0.5 74 

BAP+NAA 2+0.5 80 

BAP+NAA 2.5+0.5 40 

 All the values are mean (12 replicates)±SD. P<0.05 (significance at 5% level) 
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Narasimhan et al. [21] attempted in vitro culture of teak, jack, 

mulberry in Murashige and Skoog (MS) medium containing glycine 

and gibberellic acid. Similarly, Omar and Novak, Rao and Vaidyanath, 

and Litz et al. [22-24] were successfully established calli in date 

palm, sesamum and gymnosperm species with the combinations of 

dichlorophenoxy acetic acid (2,4-D) and Kinetin. The present study 

also reports callus initiation and multiplication with leaf and nodal 

teak explants with 6-benzylaminopurine (BAP)+naphthalene acetic 

acid (NAA) and dichlorophenoxy acetic acid (2,4-D)+kinetin in MS 

media. Similarly, enhanced rate of callusing in Aquilaria malaccensis 

has been reported by Saikia et al. [25] using dichlorophenoxy acetic 

acid (2,4-D) and kinetin combinations. 

As the second phase, sub culturing of calli was attempted with 

dichlorophenoxy acetic acid (2, 4-D), kinetin (KIN), 6-

benzylaminopurine (BAP), naphthalene acetic acid (NAA), coconut 

water either singly or in combinations. Interestingly, dichloro-

phenoxy acetic acid (2,4-D)+kinetin (KIN) combination did not 

enhance callus growth but, irrespective of explants, the combination 

began to alter the colour from 30thday of inoculation from brownish 

to pink pigmentation. The results suggest that dichlorophenoxy 

acetic acid (2,4-D) and kinetin (KIN) probably induce anthocyanin 

biosynthetic pathway. It is worth to note that the medium containing 

1.0 mg/l with dichlorophenoxy acetic acid (2, 4-D) and 2.0 mg/l 

kinetin (KIN) yield callus with remarkable anthocyanin contents 

from leaf explants.  

Interestingly, leaf explants yielded 0.06 to 15.23 mg/g anthocyanin 

levels. The results tempt to state that 6-benzylaminopurine (BAP)+ 

naphthalene acetic acid (NAA) produced optimal callus growth 

whereas with dichlorophenoxy acetic acid (2,4-D)+kinetin (KIN) 

yielded remarkable anthocyanin content. It is interesting to state 

that there is an inverse correlation between callus growth and 

anthocyanin accumulation. 

 

Table 3: Sub-culturing of calli in MS media supplemented with different hormonal combinations and respective anthocyanin content in T. grandis 

Leaf Concentration (mg/l) Anthocyanin content (mg/g callus) 

Hormonal combinations  

MS medium 0 0 

MS+2,4-D 0.5 0.06 

MS+2,4-D 1 0.09 

MS+2,4-D 2 0.12 

MS+2,4-D 3 0.19 

MS+2,4-D 4 0.23 

MS+2,4-D 5 0.24 

BAP+NAA 0.5+0.2 0.27 

BAP+NAA 1+0.2 6.84 

BAP+NAA 0.5+1 3.3 

BAP+NAA 0.5+2 4.2 

2,4-D+KIN 1+1 8.92 

2,4-D+KIN 1+2 15.23 

2,4-D+KIN 2+1 9.8 

2,4-D+KIN 3+1 7.6 

2,4-D+KIN 2+2 4.2 

2,4-D+KIN 2+3 3 

2,4-D+KIN 3+2 2.6 

2,4-D+KIN 3+4 3.8 

2,4-D+KIN 4+5 4.9 

2,4-D+KIN 5+6 2.59 

MS+CW(ml/l) 5 0.38 

MS+CW(ml/l) 10 0.41 

MS+CW(ml/l) 15 0.42 

MS+CW(ml/l) 20 0.28 

All the values are mean (12 replicates)±SD. P<0.05 (significance at 5% level) 

 

Meyer and Van-Staden [26] induced anthocyanin from callus 

cultures of Oxalis linearis using the same combination. Taha et al. 

[27] obtained similar anthocyanin content from calli cultures of 

ornamental plants. Maharik et al. [28] also noticed similar feature in 

in vitro culture of Cratae gussinaica. 

Extraction and quantification of anthocyanin 

The anthocyanin from the pigmented callus were extracted and 

quantified which showed 15.23 mg/g monomeric anthocyanin 

content. From the present study, it can be confirmed that the 

induction of anthocyanin production from the callus can be 

enhanced by using the hormones dichlorophenoxy acetic acid (2,4-

D) and kinetin (KIN) 

Purification and fractionation by Liquid chromatography-mass 

spectrometry (LC-MS/MS)  

Subsequently, the anthocyanins extracted from the pigmented callus 

were subjected to purification by Amberlite-XAD column. The eluted 

fraction with highest anthocyanin content was further subjected to 

LCMS/MS analysis for the identification of key components in it. The 

major anthocyanin eluted from teak callus at 2.5-3.9 min. Based on 

the comparison with literature data, the peak corresponding to m/z 

at 727.5was identified as cyanidin 3-(2-xylosylrutinoside). The 

remaining peaks at m/z 681.5, 623.2, 439.2 depicted the fragments 

of the above mentioned anthocyanidin. Two unknown non 

comparable peaks were also obtained from the analysis.  

Antioxidant assays (AOX) 

2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) assay is one of the 

reliable method for analyzing the antioxidant potential of 

phytochemicals. It is a stable free radical that receives an electron or 

hydrogen, with a subsequent change from a violet to pale yellow 

colour in solution, and has been commonly employed to evaluate the 

free radical-scavenging power.  

The reducing capacity of the 2,2-diphenyl-1-picryl-hydrazyl-hydrate 

(DPPH) radical was quantified by a decrease in OD at 517 nm 

induced by the phytochemical. Table 4 displays the 2,2-diphenyl-1-

picryl-hydrazyl-hydrate (DPPH) scavenging potential of the purified 

anthocyanin of teak. Concentration dependent antioxidant (AOX) 

potential was noticed with teak anthocyanin (p ≤ 0.05) i.e., at 5 

μg/ml the % of inhibition was 42.7±0.87 whereas at 25 μg/ml the 

respective value was 96.5±0.87 (p ≤ 0.05). The IC50 value of 

anthocyanin and that of ascorbate were 7.34 and 25 μg/ml 

respectively. 
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Table 4: Percentage of DPPH radical scavenging effect of anthocyanin with various concentrations 

Concentration (µg/ml) DPPH (%) 

5 42.7±0.87 

10 64±1.2 

15 70±3.8 

20 84.43±4.7 

25 96.5±0.87 

30 97.2±0.99 

Ascorbate (25) 50±0.54 

BHT (25) 48±0.18 

All the values are mean (12 replicates)±SD. P<0.05 (significance at 5% level) 

 

Ferric reducing/antioxidant power (FRAP) assay estimate the 

reducing potential of an antioxidant reacting with a ferric 

tripyridyltriazine (Fe3+-TPTZ) complex to form a coloured ferrous 

tripyridyltriazine (Fe2+-TPTZ). The reducing properties associated 

with the presence of phytochemical exert their action by breaking 

the free radical chain through donating hydrogen atom. Ferric 

reducing/antioxidant power (FRAP) assay showed positive 

correlation between reducing power and anthocyanin content (table 

5) i.e., the IC50 value of anthocyanin was 19.4 μg/ml. Generally, 

phenolics have redox powers, therefore function as reducers, 

hydrogen donors, and singlet oxygen scavengers i.e., redox potential 

of phenolics tune the antioxidant potentials in plant extracts [29]. 

Adedapo et al., [30] evaluated antioxidant (AOX) potential of Bidens 

pilosa and Chenopodium album using acetone and methanol extract 

showed high ferric reducing/antioxidant power (FRAP) activity in 

comparison to aqueous extracts. Tawaha et al. [31] have recorded 

high variation in the antioxidant (AOX) potential of the aqueous and 

methanolic extracts of the Jordanian plant species analyzed and 

interpreted the results due to the difference in the solubility of 

phytochemicals extracted from non-polar to polar solvents. 
  

Table 5: Percentage of ferric reducing antioxidant power of anthocyanin with various concentrations 

Concentration (µg/ml) FRAP (%) 

5 23±0.2 

10 37±2.6 

15 44.4±1.1 

20 52.5±5.2 

25 64±3.8 

30 69.8±0.67 

Ascorbate (25) 84.7±6.9 

BHT (25) 78±0.12 

All the values are mean (12 replicates)±SD. P<0.05 (significance at 5% level) 

 

2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) assay was stable for 
evaluating the free radical-scavenging power of anthocyanin. But, it 

depends upon many components like reaction time, the nature of 
the polyphenol, and the redox potential of the molecule. 2,2'-azino-

bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) radicals are 
highly reactive radical with fast when compared to the DPPH 

radicals. The reaction comprise reduction of the bluish-green 2,2'-

azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) radical by 

hydrogen-donating molecule, and the scavenging of the 2,2'-azino-
bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) radical is 

evaluated by the OD at 600 nm.  

The purified anthocyanin of teak showed the highest 2,2'-azino-bis-

3-ethylbenzothiazoline-6-sulphonic acid (ABTS) value with 25 

µg/ml anthocyanin i.e., 90.43±2.4 (table 6) and was more or less at 

par with the synthetic antioxidant ascorbate 92.7±3.7 (p ≤ 0.05). 

 

Table 6: Percentage of ABTS radical scavenging capacity of anthocyanin with various concentrations 

Concentration (µg/ml) ABTS (%) 

5 27.9±0.92 

10 50±3.8 

15 65±0.64 

20 79±4.8 

25 90.43±2.4 

30 92±0.99 

Ascorbate (25) 92.7±3.7 

BHT (25) 60±0.32 

All the values are mean (12 replicates)±SD. P<0.05 (significance at 5% level) 

 

Oxygen radical absorbance capacity (ORAC) assay is unique since it 
scavenges a biologically analogue radical source. The merit of this is 

that it couples the inhibition time and its degree of radical 
generation, as it takes the oxidation event to completion and uses 

the area of the curve to estimate the antioxidant power [32]. The 
total oxygen radical absorbance capacity (ORAC) antioxidant activity 

of teak anthocyanin was marginally less than synthetic antioxidant. 
However, the oxygen radical absorbance capacity (ORAC) value was 

comparable with the values of fruits and vegetables consumed 
around the world. Interestingly, cooked foods also have significant 

antioxidant activity, but with reduced antioxidant activity, which 
could be due to the structural loss of polyphenolics and to the 

formation of other related less reactive antioxidants via Maillard 
reaction products or pyrolysis products.  

Further, antioxidant power using the 2,2'-azino-bis-3-ethylbenzo-

thiazoline-6-sulphonic acid (ABTS) radical cation was compared to 

those derived from the oxygen radical absorbance capacity (ORAC) 

assay based on the reduction of peroxyl radical by hydrogen-donating 

antioxidant molecules. The value was 642 μmol TE/g (table 7). 
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Table 7: Effect of various concentrations of anthocyanin on oxygen radical scavenging activity 

Concentration (µg/ml) ORAC (μmol TE/g) 

5 490±3.7 

10 510±2.8 

15 525±2.5 

20 584±3.2 

25 609±3.5 

30 642±4.0 

Ascorbate (25) 742±2.8 

BHT (25) 689±3.3 

All the values are mean (12 replicates)±SD. P<0.05 (significance at 5% level) 

 

The diverse antioxidant activities obtained from the various assays 

may reflect a relative difference in the ability of anthocyanin to quench 

and reduce 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid 

(ABTS) and 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) radicals. 

Commonly, polyphenols are highly correlated with antioxidant potential. 

Fruits and vegetables contain a mixture of polyphenols and therefore 

display more antioxidant activity. Nevertheless, in the present work, the 

results show that the oxygen radical absorbance capacity (ORAC), 2,2'-

azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) and 2,2-

diphenyl-1-picryl-hydrazyl-hydrate (DPPH) values were strongly 

correlated with the anthocyanin content (r = 0.9499, 0.9251, 0.8081). 

Many reports were published regarding the phenolics and antioxidant 

capacities of plant extracts, fruits, and vegetables. Lipophilic and 

hydrophilic antioxidant (AOX) power of common foods in the USA 

showed a strong positive linear relationship between phenols and the 

antioxidant capacity of fruits and vegetables [33]. Pomegranate juice 

ellagitannin was compared for its antioxidant potency via 2,2-

diphenyl-1-picryl-hydrazyl-hydrate (DPPH), oxygen radical 

absorbance capacity (ORAC) and ferric reducing/antioxidant power 

(FRAP) assays; the order of antioxidant (AOX) activity was consistent 

across the different methods, except oxygen radical absorbance 

capacity (ORAC) method [34]. Similarly, phenolics composition of 

European fruits was correlated with antioxidant activity by Borges et 

al. [35]. Their study proved that ellagitannins, as potential antioxidants 

in pomegranate juice. Pillai et al. [36] quantified polyphenolic content 

and antioxidant (AOX) power of potato tubers using the oxygen radical 

absorbance capacity (ORAC), 2,2-diphenyl-1-picryl-hydrazyl-hydrate 

(DPPH) assays especially with in purple-fleshed potato tubers and 

compared to other vegetables. 

Hydrogen peroxide (H2O2) scavenging activity 

Purified teak anthocyanin showed significant scavenging activity of 

hydrogen peroxide (H2O2) in a dose dependent manner (r2 = 0.990), 

with an IC50 value of 23.53 μg/ml, whereas the IC50 value for 

ascorbate was 27.8 μg/ml (r2 = 0.993) (table 8). Hydrogen peroxide 

(H2O2) is a weak oxidising agent and can directly inactivate enzymes 

by the oxidation of thiol groups. H2O2 can cross cell membranes 

drastically in to the cell and likely reacts with Fe2+, Cu2+ ions, to form 

hydroxyl radicals, a powerful oxidizing agent. This may leads to toxic 

effects. Anthocyanin acts as free radical scavenger due to their 

hydrogen-donating and scavenging potentiality [32].  
 

Table 8: Effect of various concentrations of anthocyanin on hydrogen peroxide scavenging 

Concentration (µg/ml) H2O2 (%) 

5 14.8±0.38 

10 23.7±0.52 

15 35±0.88 

20 42.7±0.97 

25 54.9±2.8 

30 60±0.77 

Ascorbate (25) 46±1.2 

BHT (25) 40±4.1 

All the values are mean (12 replicates)±SD. P<0.05 (significance at 5% level) 
 

Nitric oxide (NO) radical scavenging assay 

Nitric oxide (NO) radical quenching activity of purified teak anthocyanin 

was detected and compared with the ascorbate. The anthocyanin 

exhibited the maximum inhibition per cent of 267 at a concentration of 

100 μg/ml, with an IC50 value of 43.51 μg/ml, in a concentration-

dependent manner (r2 = 0.977). However, ascorbate exhibited significant 

inhibition per cent of 189, with an IC50 value of 31 μg/ml (r2 = 0.955) 

(table 9). The scavenging potential of the anthocyanin against nitric 

oxide (NO) was measured by its potentiality to inhibit the formation of 

nitrogen dioxide (NO2) through direct competition with oxygen and 

oxides of nitrogen in the reaction mixture [19]. The decrease in the 

amount of the nitric oxide (NO) radical was at par with ascorbate, which 

confirms the antioxidant potential of the anthocyanin. Nitric oxide (NO) 

is a potent pleiotropic mediator of physiological reactions in living 

organisms such as smooth muscle relaxation, neuronal signalling, 

inhibition of platelet aggregation and regulation of cell-mediated toxicity. 

Easily diffusible free radical that modulates effector molecule in various 

biological processes, including neuronal communication, vasodilatation 

and microbicidal and anticancer events [37]. Moreover, in 

pathologenicity, nitric oxide (NO) reacts with O2
.-and forms potentially 

cytotoxic reactive molecules, such as peroxynitrite.  
 

Table 9: Effect of various concentrations anthocyanin on nitric oxide radical scavenging 

Concentration (µg/ml) NO (%) 

5 5. 3±0.05 

10 17.6±0.15 

15 24. 3±0.84 

20 30. 3±0.64 

25 35±0.18 

30 41. 3±0.64 

Ascorbate (25) 45.7±0.73 

BHT (25) 38.8±0.21 

All the values are mean (12 replicates)±SD. P<0.05 (significance at 5% level) 
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Generally, antioxidants are potential in blocking the free radical 

chain reaction and are considered as effective. Further, 

phytochemicals possess aromatic or phenolic rings and capable of 

donating hydrogen atom to free radicals formed during oxidation 

and these intermediates are stable due to resonance delocalization 

of the extra electron within the aromatic ring and subsequent 

formation of stable quinones [38]. Potential phenolic antioxidants 

have low oxidation-reduction caliber and possess hydroxyl (OH) 

groups in the ortho-position on the B phenolic ring. In addition, 

phenolics with more than one hydroxyl group like catechin, are 

reactive than those with only one. Interestingly, phenolic 

compounds are not prone to molecular oxygen reactions. Dietary 

antioxidant potentiality is largely dependent on their bioavailability, 

which is, in turn, influenced by digestion and complex metabolic 

reactions occur in the gut. Further, synergistic and antagonistic 

events occur between food ingredients also dominates antioxidant 

effectiveness [39]. 

Nile et al., [38] compared anthocyanin content and antioxidant 

capacity of grape varieties using high performance liquid 

chromatography (HPLC) and 2,2-diphenyl-1-picryl-hydrazyl-

hydrate (DPPH), ferric reducing/antioxidant power (FRAP) and 2,2'-

azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) assays, 

respectively. The major anthocyanins were malvidin-3-glucoside, 

delphinidin-3-glucoside, petunidin-3-glucoside, cyaniding-3-

glucoside, and peonidin-3-glucoside with the total anthocyanin 

content ranging from 181.2 mg/100 g (Vidal Black) to 716.4 mg/100 

g FW (Catawba). Similarly there, antioxidant (AOX) potential 

showed variations. Jakobek et al., [19] also analyzed anthocyanin 

content and antioxidant activity of various red fruit juices. 

Kalita and Jayanty [37] compared potato tubers with purple-and 

red-colored flesh with polyphenol-rich fruits, blueberries and 

pomegranate juice. The range of total phenolics total anthocyanins, 

and total flavonoids were (4482–11189 µg/g), (1889–6289 µg/g), 

and (140-503 µg/g), respectively. Similarly antioxidant AOX was 

also compared. Pasko et al., [40] analyzed total antioxidant capacity, 

total phenolic contents and anthocyanins contents in Amaranthus 

cruentus and Chenopodium quinoa seeds and sprouts and 

recommended as good source of antioxidants due to their high anti-

oxidant activity. Dai et al., [41] evaluated antioxidative and chelating 

properties of anthocyanins in Azolla imbricata induced by cadmium. 

EC50 values of 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) 

radicals scavenging, 2,2'-azino-bis-3-ethylbenzothiazoline-6-

sulphonic acid (ABTS) radicals scavenging, reducing power and β-

carotene bleaching assay were 19.08, 10.69, 40.93, and 44.19 μg·mL-

1, respectively. Nikkhah et al., [42] measured in vitro antioxidant 

activity of Morus alba var. nigra by superoxide anion radical assay of 

the superoxide anion radicals. Antioxidant capacity increased with 

increase in concentration of extract. Yancheva et al., [43] confirmed 

that polyphenol derivatives of olive leaves with high antioxidant 

activity. TPC varied between 9.2±0.5 to 16.4±0.5 mg GAE*gDW-1. 

Antioxidant capacity was determined by four methods 2,2-diphenyl-

1-picryl-hydrazyl-hydrate (DPPH), 2,2'-azino-bis-3-ethylbenzo-

thiazoline-6-sulphonic acid (ABTS), ferric reducing/ antioxidant 

power (FRAP) and cupric reducing antioxidant capacity (CUPRAC). 

Figueiredo and Lima [44] evaluated antioxidant activity of 

anthocyanins from Sideroxylon obtusifolium fruits using 2,2-

diphenyl-1-picryl-hydrazyl-hydrate (DPPH) scavenging activity. 

Anthocyanins content were higher in the husks (236.15 mg 

cyanidin-3-glucoside 100g-1 fw) than pulp (30.49 mg cyanidin-3-

glucoside 100 g-1 fw).  

The results showed that the potential free radical scavenging 

increase with the increase of concentration used and the reaction 

time. Radovanovic et al., [45] reported 2,2-diphenyl-1-picryl-

hydrazyl-hydrate (DPPH) scavenging ability of tested wines and was 

confirmed (r2 = 0.9619). The significant correlations were obtained 

between antiradical activity and the sum of 3-monoglucoside (r2 = 

0.95594), the sum of 3-acetyl-3-glucoside (r2 = 0.9728) and the sum 

of p-coumaryl-3-glucoside (r2= 0.8873) of wine samples. Thus, in 

wines it can be concluded that, the anthocyanin composition can be 

used as biochemical marker for the authenticity of red grape cultivar 

and their corresponding single-cultivar wine. Saha and Verma [46] 

proved antioxidant activity of polyphenolic extract of Terminalia 

chebula fruits. Ge and Ma [47] analyzed composition and antioxidant 

activity of anthocyanins isolated from Yunnan edible roses.  

Natural antioxidants play an important role to neutralize the free 

radicals generated within cells [48]. In recent days, there is an 

emerging trend of evaluating medicinal plants for bioactive 

compounds as a basis for future pharmacological studies. Many 

studies reported that the plant derived antioxidants scavenge free 

radicals and modulate oxidative stress [49, 50]. Pavithra et al., [51] 

evaluated the in vitro antioxidant property of flavonoid rich fraction 

from the whole plant of Wedelia chinensis and found that it possess 

significant antioxidant potentiality that can protect the cells from 

oxidative damage. A similar study was also reported by 

Packialakshmi et al., [52] in Auricularia polytricha, in which the plant 

exhibited antioxidant activity in a dose dependent manner and it 

contain a significant amount of secondary metabolites such as 

phenol and flavonoids. 

Recent research suggests that the mechanism of action of 

antioxidants and their role in disease onset or progression via 

cellular signaling processes and control of gene expression. 

Antioxidants and reactive oxygen species (ROS) co-exist in a 

finely tuned balance that ensures normal functioning of the 

human body. Nutrigenomics focus epigenomics on studying the 

heritable changes in gene expression induced by dietary 

antioxidants/nutrients as well as interactions between the 

genome and these. Role of anthocyanins as bioactive dietary 

compounds have in regulation of epigenetic modifications that 

result in significant health benefits 

CONCLUSION 

Anthocyanins are proven biomolecules in plants. Teak anthocyanin 

was isolated from standardized in vitro cultures, purified and 

fractionated by Liquid chromatography mass spectrometry 

(LCMS/MS) analysis. Subsequently, their antioxidant (AOX) 

potential was analyzed through 2,2-diphenyl-1-picryl-hydrazyl-

hydrate (DPPH), ferric reducing/antioxidant power (FRAP), 2,2'-

azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS), 

Hydrogen peroxide scavenging (H2O2), oxygen radical absorbance 

capacity (ORAC) and Nitric oxide(NO) radical scavenging power. 

Interestingly varied potentials were noticed. IC50 values were 

comparable with synthetic antioxidants (AOXs) such as ascorbate 

and butylated hydroxyl toluene (BHT). Future studies are planned to 

evaluate its non-toxicity and hepatoprotective roles using rat 

models. 

ABBREVIATION 

2,4-D-2,4-dichlorophenoxy acetic acid, ABTS-2,2'-azino-bis-3-

ethylbenzothiazoline-6-sulphonic acid, AOX–antioxidant, BAP-6-

benzylaminopurine, BHT-butylated hydroxytoluene, CUPRAC-

cupric reducing antioxidant capacity, DNA-deoxy ribonucleic 

acid, DPPH-2,2-diphenyl-1-picryl-hydrazyl-hydrate, FRAP-ferric 

reducing/ antioxidant power, HCl-hydrochloric acid, HgCl2-

mercuric chloride, HPLC-high performance liquid 

chromatography, KIN-kinetin, LC-MS/MS-liquid chromatography 

mass spectrometry, MS-murashige and skoog, NAA-naphthalene 

acetic acid, NO-nitric oxide, ORAC-oxygen radical absorbance 

capacity, ROS-reactive oxygen species 
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