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ABSTRACT

Objective: Anthocyanins are the water-soluble pigments most commonly present in flowers, fruits, and vegetables. Anthocyanins have been reported 
for is antioxidant, anti-inflammatory, antibacterial properties, and other health benefits in human. This study was performed to extract and determine 
the anthocyanin and to access the antioxidant properties of the most commonly used fruits, vegetables, and flowers in Thailand.

Methods: Extraction of anthocyanin and its aglycones from the selected samples and determination of anthocyanin and anthocyanidins using reversed-
phase high-performance liquid chromatography analysis. Determination of total antioxidant ability using 2,2′-azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid, 1, 1-diphenyl-2-picryl-hydrazil, and Ferric reducing antioxidant power assay.

Results: Maximum distribution of tested anthocyanin and anthocyanidin contents was observed in the extracts of Jambolan plum, Ceylon spinach, 
purple sweet potato, purple lettuce (PLe) followed by common plum (CP) and red dragon fruit. The extracts of ma-kiang, purple eggplant (PE), 
red grape, and PLE showed the maximum amount of cyanidin 3-glucoside, delphinidin 3-glucoside, peonidin 3-glucoside, and malvidin 3-glucoside, 
respectively. Likewise, the maximum concentration of cyanidin, delphinidin, peonidin, and malvidin was found in common plum, red khae, red 
cabbage (RC), and PLe, respectively. Ma-kiang extract exhibited the maximum antioxidant activity followed by RC, CP, and PE extract compared to the 
other extracts.

Conclusion: The present study primarily profiled the anthocyanin content of selected fruits, vegetables, and flowers. Among the tested samples, ma-
kiang extract showed the high cyanidin 3-glucoside content and antioxidant activity. Further, detailed study on the anthocyanin content at different 
climate and geographical conditions and other factors are necessary to develop nutraceutical or cosmetic product with a functional ingredient.
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INTRODUCTION

Anthocyanins are the most important and largest subgroups of flavonoids 
and are responsible for the red, blue, and purple color of the flower, 
fruits, and vegetables. These water soluble pigments occur primarily 
as glycosylated anthocyanidin, i.e., one or more sugar moiety (mono-or 
di- or trisaccharide forms of sugar such as rhamnose, galactose, glucose, 
arabinose, and xylose) bonded with the aglycone [1]. Anthocyanins are 
stable due to the glycosylation, whereas anthocyanidins are less stable 
and are rarely found in nature [2]. Almost 635 anthocyanins were 
identified [3] and among these pigments, glycoside forms of cyanidin, 
delphinidin, pelargonidin, peonidin, petunidin, and malvidin are the 
most commonly distributed anthocyanins in nature [4,5]. Anthocyanins 
are most commonly present in the flower and fruits. Apart from these 
plant materials, they are present in other parts of plants such as stem, 
leaves, and storage organs [6]. The edible parts of the plants that are rich 
in color pigments are widely used in the beverage and food industries [7].

Many studies have been reported for the anthocyanin content in 
vegetables and fruits. The present study focused on the fruits (Jambolan 
plum (JP), roselle (Ro), red dragon fruit (RDF), mamao (Ma), red grape 
(RG), common plum (CP), pomegranate (Po), ma-kiang (MK), and 
cherry (Ch)), vegetables (ceylon spinach (CS), purple sweet potato 
(PSP), red cabbage (RC), purple eggplant (PE), purple lentils (PL), 
purple lettuce (PLe), and purple taro (PT)), and flowers (red khae (RK), 
butterfly pea (BP)) that are widely used in Thailand. Syzygium cumini 
(L.) Skeels is a tree native to India, and these trees are also cultivated in 

most of the tropical and subtropical countries [8,9]. The tree parts such 
as leaves, fruits, seeds, and barks have been reported for its medicinal 
properties and also known for its use in traditional herbal medicines 
[10,11]. The fruit of S. cumini is a berry and commonly known as JP. 
Hibiscus sabdariffa L. is an edible herb commonly known as roselle, 
which is native to Africa and also grown in tropical and subtropical 
countries [12-16]. Roselle (Ro) flower petals are also widely used as 
food colorants, an ingredient in traditional medicine and reported for 
its health benefits in human [13,17]. McKay et al. (2010) revealed that 
the daily intake of roselle tea reduces the blood pressure in both pre 
and mild hypertensive adults [18]. Hylocereus costaricensis is a tropical 
plant native to Mexico and South America and commonly known as 
super RDF or red pitaya [19,20]. The red berries of Vitis vinifera L. are 
commonly known as RG, and these berries are rich in anthocyanins and 
flavonols [21]. The grapevine is mainly cultivated for the wine industries 
[22]. Prunus domestica is also known as European or CP, which is rich 
in phenolic phytochemicals [23] and CP are reported as a good source 
of natural antioxidants [23-25]. Punica granatum L. is commonly 
known as pomegranate (Po) native to the Middle East [26] and also 
cultivated in tropical and subtropical regions [27]. Po is reported as a 
functional food that is rich in antioxidants [26]. Cleistocalyx nervosum 
var. paniala is known as ma-kiang (MK), which is found in Northern 
Thailand and other parts of Southeast Asia [28,29]. Prunus avium is 
known as cherry (Ch), and these fruits are rich in phenolic compounds 
including anthocyanins [30]. Basella rubra L. is commonly known as CS, 
which are rich in phenolic compounds and exhibits higher antioxidant 
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property [31]. Ipomoea batatas (L.) Lam. is known as PSP native to South 
America and grown in tropical and subtropical regions [32]. Teow et al., 
2007, reported that the anthocyanins in PSPs showed high antioxidant 
activity compared to the other colored sweet potatoes [33]. The PSP 
are used as natural food colorants in Asia [34]. Brassica oleracea Linn 
is commonly known as RC and used as a food colorant due to its stable 
anthocyanins [35]. The eggplant (Solanum melongena L.) has different 
color patterns such as purple, white, and green [36]. Lactuca sativa L. 
is commonly known as lettuce, which is a leafy vegetable ranging in 
colors from green to purple. L. sativa L. is native to the Mediterranean 
region [37]. Sesbania grandiflora (L.) is commonly known as corkwood 
tree, vegetable-hummingbird (English), khae (Thai) [38], and its flower 
are pink, red, or white in color. Clitoria ternatea L. is commonly known 
as BP plant. The anthocyanin isolated from its blue colored flower is 
used as natural food colorants in Thailand [39].

The current study aimed to extract and to determine the anthocyanin 
present in the selected fruits, vegetables, and flowers and also to 
determine the free radical scavenging ability of the anthocyanin extracts 
using 2,2′-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS), 1, 
1-diphenyl-2-picryl-hydrazil (DPPH), and Ferric reducing antioxidant 
power (FRAP)assay. Few studies have reported that several external 
factors such as climate, nature of the soil in the place of cultivation 
and other factors such as different varieties, and its stage influence 
the composition of compounds responsible for the antioxidant 
property [40,41]. The purpose of the present study was to catalog the 
anthocyanin content and antioxidant properties of fruits, vegetables, and 
flowers, which were commonly used for dietary consumption and/or 
medicinal purpose in Thailand. Moreover, this is the first study explaining 
about the anthocyanin content of mamao, red khae, and purple taro.

METHODS

Sample collection and extraction
The fruits such as JP (S. cumini (L.) Skeels), Ro (H. sabdariffa L.), RDF 
(H. costaricensis), Ma (A. puncticulatum Miq.), RG (V. vinifera L.), CP 
(P. domestica), Po (P. granatum L.), MK (C. nervosum var. paniala), ch 
(P. avium), and vegetables such as CS (B. rubra L.), PSP (I. batatas (L.) 
Lam.), RC (B. oleracea Linn), PE (S. melongena L.), PL (V. unguiculata 
subsp. Sesquipedalis), PLe (L. sativa L.), PT (C. esculenta var. Esculenta), 
and flowers such as RK (S. grandiflora (L.) Desv.), BP (C. ternatea L.) 
were collected from the Chiang Mai local market, Thailand. All these 
samples were compared with the herbarium specimen of Faculty of 

Pharmacy, Chiang Mai University, Thailand.

The fresh samples were washed thoroughly using the distilled water. 
The washed samples were dried at 50°C for 48 h and then chopped or 
grinded before extraction. Anthocyanin and anthocyanidins content of 
all the samples (each 10 g) were solvent extracted (methanol: 0.1 N HCl; 
85: 15), filtered, evaporated, and the percentage of yield was calculated 
as described in the previous publication [42].

Determination of anthocyanin and anthocyanidins
Anthocyanins and anthocyanidins present in the extracted samples 
were determined using reversed-phase high-performance liquid 
chromatography (HPLC) as described in the previous publication [42]. 
Cyanidin 3-glucoside, delphinidin 3-glucoside, malvidin 3-glucoside, 
and peonidin 3-glucoside (Tokiwa Phytochemical Co., Ltd, Japan) were 
used as standards for the determination of anthocyanin. Cyanidin 
chloride, delphinidin chloride, malvidin chloride, and peonidin chloride, 
(Extrasynthese, France) were used as standards for the determination 
of anthocyanidin.

Determination of antioxidant capacity
Free radical scavenging ability was determined by performing the ABTS, 
DPPH, and FRAP assay as described in the previous publication [42,43]. 
The antioxidant capacity was represented as mg trolox equivalent 
antioxidant activity (TEAC) per gram of extract for ABTS and DPPH 
assay. The reducing power was represented as mg FeSO4 equivalent per 
gram of extract.

Statistical analysis
The experiments were carried out in triplicates. The values in the 
results were represented as mean ± Standard deviation. Statistical 
analysis was performed using one way - analysis of variance (SPSS 
version 17 statistical software [Chicago, SPSS Inc., U.S.A]). The 
significant differences in anthocyanin content and antioxidant activities 
among the fruits and vegetables used in this study were determined 
using the post-hoc test (Least Significant Difference). Differences at a 
p<0.05 were considered to be statistically significant.

RESULTS AND DISCUSSION

The samples were collected, and the contents were extracted by standard 
extraction (methanol: 0.1 N HCl) method. The yield of extracts obtained 
from the samples (fruits, vegetables, and flowers used in this study) was 

Table 1: Percentage of the yield of extracted fruits, flowers and vegetables

Common name Scientific name Sample code % of yield
Jambolan plum Syzygium cumini (L.) Skeels. JP 63.90±6.71
Ceylon spinach Basella rubra L. CS 27.65±2.90
Roselle Hibiscus sabdariffa L. Ro 56.45±5.93
Red dragon fruit Hylocereus costaricensis RDF 63.75±6.69
Mamao Antidesma puncticulatum Miq. Ma 79.90±8.39
Red grape Vitis vinifera L. RG 90.00±9.45
Purple sweet potato Ipomoea batatas (L.) Lam. PSP 82.15±8.63
Red khae Sesbania grandiflora (L.) Desv. RK 62.75±6.59
Red cabbage Brassica oleracea Linn RC 29.35±3.08
Common plum Prunus domestica CP 89.20±9.37
Pomegranate Punica granatum L. Po 56.25±5.91
Purple eggplant Solanum melongena L. PE 29.90±3.14
Butterfly pea Clitoria ternatea L. BP 33.20±3.49
Ma kiang Cleistocalyx nervosum var. paniala MK 39.55±4.15
Purple lentils Vigna unguiculata subsp. Sesquipedalis PL 18.50±1.94
Purple lettuce Lactuca sativa L. PLe 17.20±1.81
Cherry Prunus avium Ch 89.65±9.41
Purple taro Colocasia esculenta var. Esculenta PT 5.80±0.61
S. cumini: Syzygium cumini, B. rubra: Basella rubra, H. sabdariffa: Hibiscus sabdariffa, H. costaricensis: Hylocereus costaricensis, A. puncticulatum: Antidesma 
puncticulatum, V. vinifera: Vitis vinifera, I. batatas: Ipomoea batatas, S. grandiflora: Sesbania grandiflora, B. oleracea: Brassica oleracea, P. domestica: Prunus domestica, 
P. granatum: Punica granatum, S. melongena: Solanum melongena, C. ternatea: Clitoria ternatea, C. nervosum: Cleistocalyx nervosum, V. unguiculata: Vigna unguiculata, 
L. sativa: Lactuca sativa, C. esculenta: Colocasia esculenta, JP: Jambolan plum, CS: Ceylon spinach, Ro: Roselle, RDF: Red dragon fruit, Ma: Mamao, RG: Red grape, 
PSP: Purple sweet potato, RK: Red khae, RC: Red cabbage, CP: Common plum, Po: Pomegranate, PE: Purple eggplant, BP: Butterfly pea, MK: Ma-kiang, PL: Purple lentils, 
PLe: Purple lettuce, Ch: Cherry, PT: Purple taro



Asian J Pharm Clin Res, Vol 9, Issue 6, 2016, 218-224
 Chaiyasut et al. 

220

tabulated (Table 1). Each extract was subjected to anthocyanins, and 
anthocyanidins estimation by HPLC analysis. The major anthocyanidins 
such as cyanidin, delphinidin, peonidin, malvidin, and its aglycone 
forms such as cyanidin 3-glucoside, delphinidin 3-glucoside, peonidin 
3-glucoside, and malvidin 3-glucoside have been examined.

All samples (each 10 g) were extracted using methanol: 0.1 N HCl 
(85: 15). The values are represented as mean ± SD (n=3).

The distribution of anthocyanin and anthocyanidin contents studied 
in this study was observed to be varied in each extract. Among the 
extracted samples, maximum distribution of tested anthocyanin and 
anthocyanidin contents was observed in the extracts of JP, CS, PSP and 
PLe followed by CP and RDF. Many studies have revealed the presence of 
anthocyanin in fruits and vegetables. The anthocyanins such as glycosides 
of delphinidin-diglucoside, malvidin-diglucoside and petudinin-
diglucoside [44] have been reported to be present in the JP. In the present 
study, the presence of anthocyanins in JP include cyanidin 3-glucoside, 
delphinidin 3-glucoside, malvidin 3-glucoside, and anthocyanidins 
include cyanidin were identified by HPLC analysis (Figs. 1a-c and 2a). 
Malvidin 3-glucoside, cyanidin, peonidin, and malvidin was found in the 
CS extract (Figs. 1d and 2a, c, d). Usenik et al. (2009) reported the content 
of anthocyanin in P. domestica L. during the ripening of fruit using HPLC. 
The study stated that the anthocyanins namely, cyanidin 3-rutinoside 
followed by peonidin 3-rutinoside, cyanidin 3-glucoside, cyanidin 
3-xyloside, and peonidin 3-glucoside were present in the ripe plum. This 
study concluded that the content of anthocyanin is increased during the 
ripening process [45]. Similarly, Miletić et al. (2012) reported that the 
anthocyanin content increased during the ripening process [23]. The 
mono- or di- acylated derivatives of cyanidin and peonidin are the major 
anthocyanins of PSP [46]. Cyanidin 3-glucoside, delphinidin 3-glucoside, 
delphinidin, and peonidin were found to be present in the PSP extract 
(Fig. 1a, b and 2b, c). The PLe extract contains malvidin (Fig. 2d) and 
peonidin 3-glucoside, malvidin 3-glucoside, and less amount of cyanidin 
3-glucoside (Fig. 1a, c, d). CP extract contains cyanidin 3-glucoside, 
delphinidin 3-glucoside, and cyanidin (Fig. 1a, b, and 2a). RDF extract 
contains delphinidin 3-glucoside, peonidin 3-glucoside, and malvidin 
3-glucoside (Fig. 1b-d).

Among the extracted samples, only two of the tested anthocyanin 
and anthocyanidin contents were observed in the extracts of RG, BP, 
and PL. Kallithraka et al. (2009) reported the anthocyanin content 
in the red V. vinifera spp. grapes of forty-six varieties cultivated in 
Greece and revealed that Syrah variety was rich in anthocyanin 
content compared to the other varieties. The study also reported 
that malvidin 3-O-glucoside was prevalent compared to other 
anthocyanins (peonidin 3-O-glucoside, petunidin 3-O-glucoside, 
cyanidin 3-O-glucoside, and delphinidin 3-O-glucoside) present in the 
grapes [47]. Figueiredo-González et al. (2012) reported the profiles of 
anthocyanin and flavonol content in red V. vinifera L. berries of three 
varieties namely Brancellao, Mouratón, and Gran Negro. The skin of red 
berries from V. vinifera L. contains glycosides of cyanidin, delphinidin, 
malvidin, peonidin, and petunidin. The study reported that the content 
of anthocyanin in the skin of RG varied in each variety. Brancellao 
variety contains high cyanidin-3-O-glucoside content, whereas Gran 
Negro variety contains high malvidin- and peonidin-3-O-glucoside 
content. Mouratón variety contains a high content of delphinidin- and 
petunidin-3-O-glucoside [48]. In the present study, the RG extract 
contains 3-glycosides of cyanidin and peonidin (Figs. 1a and c). The 
anthocyanins present in the blue colored BP flowers are malvidin-3-β-
glucoside, and delphinidin-3-β-glucoside [49]. The BP extract contains 
malvidin 3-glucoside (Fig. 1d) and its aglycone (Fig. 2d). The PL extract 
contains cyanidin-3-glucoside, delphinidin 3-glucoside (Figs. 1a and b).

The extract of Ro, Ma, RK, PT, RC, Po, PE, MK, and Ch showed only one of the 
tested anthocyanin and anthocyanidin contents (Figs. 1 and 2). Kouakou 
et al. (2015) reported that the calyx of roselle contains predominantly 
delphinidin-3-O-sambubioside, cyanidin-3-O-sambubioside and also 
contains cyanidin-3-O-glucoside, delphinidin-3-O-glucoside. The 
callus of roselle contains predominantly cyanidin-3-O-sambubioside, 
delphinidin-3-O-glucoside, and also contains cyanidin-3-O-glucoside, 
delphinidin-3-O-sambubioside, malvidin-3-O-glucoside, and petunidin-
3-O-glucoside [50]. In the present study, cyanidin-3-glucoside was 
observed in the Ro and Ma extract (Fig. 1a). There are no previous 
reports on the anthocyanin present in Ma, RK, and PT. Delphinidin was 
observed in RK and PT extracts in the present study (Fig. 2b). The major 
anthocyanins of RC are cyanidin-3-diglucoside-5-glucoside derivatives 

Fig. 1: Content of anthocyanin in the extracts of fruits, vegetables and flowers used in this study. (a) Cyanidin 3-glucoside, (b) delphinidin 
3-glucoside, (c) peonidin 3-glucoside, (d) malvidin 3-glucoside. The values are represented as mean ± standard deviation (n=3). 

Alphabets (a-j) indicates the order of significant differences in the respective anthocyanin content between the extracts (p<0.05)

a b

c d
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acylated (mono- or di-) with p-coumaric, caffeic, ferulic, sinapic acids, 
and also contain pelargonidin-3-glucoside and di-acylated forms of 
cyanidin-3-O-triglucoside-5-O-glucoside with hydroxycinnamic acids 
[51]. In the current study, the presence of peonidin was observed in 
the RC extract (Fig. 2c). The major anthocyanin present in P. granatum 
L. was cyanidin-3,5-diglucoside, which was reported to be stable during 
the pasteurization of pomegranate juice (PJ) of Hicaznar variety, and 
PJ also contains 3-glucoside of cyanidin and delphinidin [52]. Similarly, 
Turkyılmaz (2013) reported cyanidin-3,5-diglucoside as major 
anthocyanins present in the PJs of Turkey varieties and PJ also contains 
cyanidin-3-glucoside, delphinidin-3-glucoside, pelargonidin-3-glucoside, 
delphinidin-3,5-diglucoside, and pelargonidin-3,5-diglucoside [53]. The 
content of anthocyanin and antioxidant property of methanolic extract of 
Po has already been reported [54]. Borochov-Neori et al. (2011) reported 
the effect of climate on the composition of anthocyanin and its content Po 
fruit arils [55]. In the present study, the presence of peonidin 3-glucoside 
was observed in the Po extract (Fig. 1c). The major anthocyanin of 
PE was delphinidin-3-rutinoside [56]. Nasunin (delphinidin 3-(4-
(p -coumaroyl) -L- ramnosil -(1,6) glucopyranoside)5- gluco-pyranoside) 
is an anthocyanin and showed high radical scavenging activity, which can 
be used as natural antioxidant source and colorant for food, cosmetic, 
and pharmaceutical products [57]. The PE extract contains 3-glucoside 
of delphinidin (Fig. 1b). The major anthocyanin found in C. nervosum var. 
paniala was cyanidin-3-glucoside [58]. The major anthocyanin present 
in the P. avium is cyanidin-3-glucoside and cyanidin-3-rutinoside [59]. 
Similar to the previous reports, cyanidin-3-glucoside was found in the MK 
and Ch extract in the present study (Fig. 1a). The samples namely, MK, PE, 
RG, and PLe were recorded with maximum amount of cyanidin 3-glucoside 
(2.64±0.11 µg/mg of extract), delphinidin 3-glucoside (2.00±0.12 µg/
mg of extract), peonidin 3-glucoside (1.37±0.28 µg/mg of extract), and 
malvidin 3-glucoside (2.18±0.17 µg/mg of extract), respectively. Likewise, 
maximum concentration of cyanidin (0.46±0.05 µg/mg of extract), 
delphinidin (0.52±0.05 µg/mg of extract), peonidin (4.63±0.51 µg/mg of 
extract), and malvidin (0.09±0.01 µg/mg of extract) were noticed in CP, 
RK, RC, and PLe, respectively.

The total antioxidant ability of each extract was determined by ABTS, 
DPPH, and FRAP assays. The inhibitory concentration (IC50) values of 

each extract were calculated and were represented in Table 2. The MK 
extract exhibited the maximum antioxidant activity followed by RC, CP, 
and PE extract compared to the other extracts in all the tested in vitro 
models of antioxidant assays used in this study (p<0.05). MK extract 
showed the maximum free radical scavenging ability (11.62±0.16 
and 10.96±0.01 mg TEAC/g of MK extract (Figs. 3a and b) with an 
IC50 14.70±0.71 and 109.84±3.60 µg of MK extract (Table 2) in ABTS and 
DPPH assay, respectively) and reducing power (5.26±0.14 mg FeSO4 
equivalent/g of MK extract in FRAP assay) (Fig. 4). The anthocyanin 
content and the antioxidant ability of the RC were higher compared to 
the white cabbage [60]. The total phenolic content of the fresh plum 
and prunes (the dried plum) influences its antioxidant capacity [61]. 

Fig. 2: Content of anthocyanidins in the extracts of fruits, vegetables and flowers used in this study. (a) Cyanidin, (b) delphinidin, (c) 
peonidin, (d) malvidin. The values are represented as mean ± Standard deviation (n=3). Alphabets (a-c) indicates the order of significant 

differences in the respective anthocyanidin content between the extracts (p<0.05)

a b

c d

Table 2: IC50 values of extracted fruits, flowers and vegetables

Sample code ABTS assay DPPH assay
JP 51.48±1.40 120.26±3.72
CS 64.37±1.60 123.87±3.64
Ro 32.45±0.86 118.74±3.52
RDF 100.88±2.70 126.35±3.86
Ma 119.62±3.50 132.53±3.65
RG 54.15±1.50 123.64±3.80
PSP 105.58±3.10 127.06±3.88
RK 84.27±2.80 124.78±3.76
RC 20.68±0.62 110.88±3.50
CP 24.00±0.72 115.06±3.50
Po 614.83±12.20 143.06±3.87
PE 25.95±0.82 117.75±3.50
BP 130.62±3.50 134.97±4.00
MK 14.70±0.71 109.84±3.60
PL 100.20±2.71 125.73±3.50
PLe 48.00±1.50 119.69±3.71
Ch 53.27±1.44 121.66±3.72
PT 88.61±2.31 125.46±3.75
IC50: Inhibitory concentration, JP: Jambolan plum, CS: Ceylon spinach, 
Ro: Roselle, RDF: Red dragon fruit, Ma: mamao, RG: Red grape, PSP: Purple 
sweet potato, RK: Red khae, RC: Red cabbage, CP: Common plum, 
Po: Pomegranate, PE: Purple eggplant, BP: Butterfly pea, MK: Ma-kiang, 
PL: Purple lentils, PLe: Purple lettuce, Ch: Cherry, PT: Purple taro



Asian J Pharm Clin Res, Vol 9, Issue 6, 2016, 218-224
 Chaiyasut et al. 

222

The purple color small sized eggplant showed a high total phenolic, 
anthocyanin content, and possess high antioxidant activity [62]. In the 
present study, RC, CP, and PE extract showed ABTS•+ radical scavenging 
activity of about 10.28±0.93, 9.09±0.45, and 8.88±0.22 mg TEAC/g of 
extract, respectively (Fig. 3a), DPPH radical scavenging ability of about 
9.70±0.87, 8.58±0.42, and 8.38±0.21 mg TEAC/g of extract, respectively 
(Fig. 3b), and reducing power of about 4.65±0.42, 4.11±0.20, and 
4.02±0.10 mg FeSO4 equivalent/g of extract, respectively (Fig. 4).

Mohd-Esa et al. (2010) reported that roselle seeds showed the strong 
and highest antioxidant activity compared to the extracts of roselle 
calyces, leaves, and stems and stated that roselle seeds as a potent 
functional food [63]. Yang et al. (2012) have reported that the extract 
of roselle calyx is a good natural source of antioxidant [15]. Veigas 
et al. (2007) have reported high antioxidant activity and stability of the 
anthocyanins present in the JP extract using the DPPH radical scavenging, 
reducing power, lipid peroxidation assay [44]. The darker cultivars 
of Ch exhibited higher antioxidant activity than the lighter cultivars 
grown in Turkey [64]. The skin of V. vinifera grape berries of blue-black 
varieties showed higher total polyphenol content, antioxidant activity 
than white grape varieties and stated that skin of blue-black varieties 
are a good natural source of antioxidants [65]. Loganayaki et al. (2012) 
reported the high antioxidant and anti-inflammatory properties of the 
methanol extract of RK flower and stated that the edible flower can 
be used as a natural source of nutraceutical supplement [66]. The PSP 
have been reported to contain high anthocyanin content, total phenol 
content, and possess high antioxidant activity compared to the red, 
yellow, and white sweet potatoes [67]. The leaves and flowers of BP 
showed high antioxidant activity and considered as a natural source 
of antioxidants [68]. The Ro extract also showed antioxidant activity 
followed by PLe, JP, Ch, RG, CS, RK in the present study (Figs. 3 and 4).

Moreover, many of the natural pharma products were derived from 
colored fruits, vegetables, and flowers for the natural bioactive 
properties. The ability of the bioactivities is attributed to the content of 
the phenolic compounds, especially anthocyanins. During the processing 
of such compounds for pharmaceutical preparations, the activity 
may lose during the physical treatments [69]. Thus, it is necessary to 
cataloging the anthocyanin content and free radical scavenging property 
of every commonly used natural source such as fruits, flowers and 
vegetables.

CONCLUSION

Overall, the current study results conclude that ma-kiang extract 
contained a high amount of cyanidin 3-glucoside and showed maximum 
antioxidant activity compared to the other tested extracts. This is the 
primary study about the anthocyanin content in the extract (methanol: 
0.1 N HCl) of mamao, red khae, and purple taro. Anthocyanins and 
anthocyanidins are prone to degradation. And the content of both 
anthocyanins and anthocyanidins also influenced by the geographical 
and climate conditions, and cultivation. Hence, further detailed study 
at different climate and geographical conditions and other factors 
may provide a detailed knowledge of the content and distribution of 
anthocyanins and anthocyanidins in these samples that can be used to 
develop nutraceutical or cosmetic product with a functional ingredient.
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