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Abstract—Canna indica is a prominent species complex in 

tropical and subtropical areas. They become indigenous in Southeast 
Asia where they have been introduced. At present, C. indica complex 
comprises over hundred hybrids, are cultivated as commercial 
horticulture. The species complex contains starchy rhizome having 
economic value in terms of food and herbal medicine. In addition, 
bright color of the flowers makes it a valuable ornamental plant and 
potential source for natural colorant. This study aims to assess 
genetic diversity of four varieties of C. indica complex based on 
SRAP (sequence-related amplified polymorphism) and iPBS (inter 
primer binding site) markers. We also examined phytochemical 
characteristics and antioxidant properties of the flower extracts from 
four different color varieties. Results showed that despite of the 
genetic variation, there were no significant differences in 
phytochemical characteristics and antioxidant properties of flowers. 
The SRAP and iPBS results agree with the more primitive traits 
showed by morphological information and phytochemical and 
antioxidant characteristics from the flowers. Since Canna flowers has 
long been used as natural colorants together with the antioxidant 
activities from the ethanol extracts in this study, there are likely to be 
good source for cosmetics additives. 
 

Keywords—Canna indica, antioxidant activity, genetic diversity, 
SRAP, iPBS  

I. INTRODUCTION 

NTIOXIDANTS are compounds that can interrupt or 
reduce the oxidation of lipids or other molecules by 

inhibiting the beginning or propagation of oxidizing chain 
reactions. The antioxidant activity of phenolic compounds is 
mainly due to their redox properties, which can play an 
important role in adsorbing and neutralizing free radicals, 
quenching singlet and triplet oxygen, or decomposing 
peroxides [1]. Commonly, there are two basic categories of 
antioxidants, natural and synthetic. Nowadays, interest has 
increased considerably in finding naturally occurring 
antioxidants for use in foods or medicinal materials to replace 
synthetic antioxidants, which are being restricted due to their 
carcinogenicity. Therefore, natural antioxidants have become 
a major area of scientific research. The significance of 
searching for and exploiting natural antioxidants, especially 
those of herbal plant, has increased greatly in current years. 
There is a growing interest in natural additives as potential 
antioxidants [2], [3]. Although a diversity of herbs is known to 
be sources of phenolic compounds, their compositional data 
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are inadequate. Moreover, various herbs along with 
ornamental plant contain numerous phytochemicals in 
addition to phenolic compounds. Many of these 
phytochemicals possess significant antioxidant capacities that 
are associated with lower incidence and lower mortality rates 
of cancer in several human associates [4], [5].  

Canna indica L. originating from tropical and subtropical 
regions belongs to the family of Cannaceae [6]. It is a 
perennial rhizomatous herb and widely cultivated as 
ornamental plants. Although the species was previously 
considered as simple foliage plants, during the last two 
centuries of cultivation and improvement they changed them 
into attractive ornamental flowering plants with decrease in 
plant height, variability in flower colors and such other 
positive attributes, currently experiencing significant growth 
with over hundred cultivars available today [7]. Hundreds of 
hybrids have evolved from complex crosses between various 
species of C. indica. As the distinction between these hybrid 
groups have been blurred by further inter-breeding involving 
parents from one or more than one species, varieties and 
hybrids. Moreover, all parts of the species like rhizomes, 
leaves, flowers and seeds are rich source of antioxidants which 
in turn present evidences of biological activities and medicinal 
properties [8], [9]. 

Currently, the rapid progress of molecular biology 
techniques has provided new approaches to organism 
identification. One of the most promising is the DNA marker 
technique as it offers great potential to the analysis of plant 
genetic structure, diversity, and functionality that are required 
for marker assisted distinguish schemes. The available DNA 
marker techniques include random amplified polymorphic 
DNA (RAPD), restriction fragment length polymorphism 
(RFLP), amplified fragment length polymorphism (AFLP), 
inter simple sequence repeat (ISSR), and simple sequence 
repeat (SSR), SRAP, and iPBS [10], [11]. Of these, the SRAP 
and iPBS techniques are recognized as a simple, efficient, and 
cost-effective marker system that could be used in multiple 
molecular biology studies, including genetic diversity analysis 
[12]. For successful application of SRAP and iPBS authorize 
an effective polymorphism characterization of target 
organisms particularly in plant species. In this study, genetic 
characteristics, agronomic traits and correlation of 
phytochemical characteristics and antioxidative properties of 
four Canna indica varieties were investigated. Different 
parameters like presence of total phenols, flavonoids, ferrous 
reducing power, hydrogen peroxide scavenging assay and ß-
carotene bleaching assay of the four color flowers was to 
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TABLE III 
IPBS PRIMERS USED IN THIS STUDY 

primer Sequence (5'-3') 

2081 GCAACGGCGCCA 

2272 GGCTCAGATGCCA 

2076 GCTCCGATGCCA 

2077 CTCACGATGCCA 

2079 AGGTGGGCGCCA 

2080 CAGACGGCGCCA 

2083 CTTCTAGCGCCA 

2085 ATGCCGATACCA 

2374 CCCAGCAAACCA 

2378 GGTCCTCATCCA 

2380 CAACCTGATCCA 

2392 TAGATGGTGCCA 

2393 TACGGTACGCCA 

2394 GAGCCTAGGCCA 

2273 GCTCATCATGCCA 

2277 GGCGATGATACCA 

2279 AATGAAAGCACCA 

2382 TGTTGGCTTCCA 

2389 ACATCCTTCCCA 

2391 ATCTGTCAGCCA 

E. Bands Profile 

The SRAP and iPBS products were all analysed by agarose 
(1.8% w/v) gel electrophoresis at 150 volts for 30 minutes in 
0.04 M TAE (Tris–acetate 0.001 M-EDTA) buffer pH 8. The 
gels were stained with ethidium bromide (10 mg/ml). The gels 
were viewed and photographed by Bio-Imaging System 
(Syngene, Genegenuis). To determine iPBS and SRAP 
profiles, the size of each DNA band was inferred by 
comparison with a 100 bp DNA ladder (Promega), used as a 
molecular weight marker (M). Polymorphisms at all loci were 
confirmed by three repeating tests for each primer at different 
times.  

F. Gel Scoring and Data Analysis 

Only strong and reproducible SRAP and iPBS bands were 
scored. Different patterns observed were scored as distinct 
variables, using 1 to indicate the presence and 0 to indicate the 
absence of a unique pattern. A principal component analysis 
(PCA) was also conducted using a genetic distance matrix 
obtained from the binary data set. It was negated and rescaled 
(0–1), using the Euclidean distance between pair-wise 
comparison of individuals. 

G. Flower Extracts 

Different colors of fresh Canna flowers (C1-C4) as shown 
in Fig. 1 were subjected to a hot air oven at 60oC until the 
weights were not change. The dried flowers were grounded 
into powder and extracted 3 times with 95% ethanol (flower 
powder: ethanol = 1:10, w/v). The flower extracts were 
filtered with cheesecloth and evaporated to dryness in a rotary 
evaporator and stored in sealed containers until used. 

H. Total Phenolic Content Determination 

Total phenolic content of the flower extracts was examined 
by modified colorimetric methods described by [13] The 

reaction mixture of 0.1ml flower extract (50 mg/ml in 10% 
ethanol), 2.3 ml Folin-Ciocalteau reagent and 1.6 ml of 7.5% 
Na2CO3 were incubated in the dark at 30oC for 60 minutes. 
The absorbance at 765nm were measured and compared with 
gallic acid standard curve. The total phenolic contents were 
expressed as mg gallic acid equivalent (GAE)/g extract. 

I. Total Flavoniod Content Determination 

Method according to [14] was modified to determine total 
flavoniod content of Canna flower extracts. 0.5ml of flower 
extracts (10 mg/ml) were mixed with 3.5 ml reaction mixture 
(0.15 ml of 5% NaNO3 and 0.15 ml of 10% AlCl3 and 3.2 ml 
of 50% ethanol,) and stand at room temperature for 5 min. 1 
ml of 1 mM NaOH was then add to the solutions and the 
absorbance at 510 nm were measured compared with rutin 
standard curve. The total flavonoid contents were reported as 
mg rutin equivalent (RE)/g extract. 

J. DPPH Free Radical Scavenging Assay 

The DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging 
effect of Canna flower extracts were investigated according to 
the method described previously by [15]. 0.5 ml of flower 
extract at different concentration was mixed with 0.5 ml of 60 
M DPPH in 95% ethanol. The absorbance at 517 nm was 
measured after incubated in the dark at room temperature for 
15, 30, 45 and 60 min. The DPPH scavenging activity was 
achieved from (1). 

 

	 	 	 % 100 (1) 

K.  Ferric Reducing Antioxidant Power (FRAP) Assay 

Canna flower extracts were subjected to FRAP assay 
modified from the study of [16]. FRAP reagent [Mixture of 
300 mM acetate buffer, pH 3.6, 10 mM TPTZ (2,4,6-
tripyridyl-s-triazine) in 40 mM HCl and 20 mM FeCl3 at the 
ratio of 10:1:1] was prepared prior to use. 0.4 ml Canna flower 
extracts (0.5 mg/ml) were mixed with 3 ml FRAP reagent and 
incubated in 37oC water bath for 30 min. The absorbance at 
595 mm was measured compare to the FeSO4 standard curve 
and reported as µmol Fe(II)/mg extract. 

L. ß-Carotene Bleaching Assay 

This assay is a modified procedure according to [17]. 1 ml 
of ß-carotene (0.2 mg/ml) in chloroform was added to a 
mixture of 0.02 ml linoleic acid and 0.2 ml Tween40, mix well 
and subjected to rotary evaporator (40oC) until dry, 100 ml 
distilled water was then added to the remaining, vigorously 
shake until emulsion was formed. The emulsion was diluted 
with distilled water in a ratio of 1:30 (emulsion: H2O). 40 µl 
of Canna flower extracts was mixed with 60 µl diluted 
emulsion in each well of flat-bottom microtiter plate and 
incubated at 50oC. The absorbance at 470 nm was observed 
with a microtiter plate reader at every 20 min time interval up 
to 120 min. 10% ethanol was used instead of flower extract for 
control. Degradation rate (dr) and antioxidant activity (AA) 
were calculated from (2) and (3), where A0 is initial 
absorbance at time 0; At is absorbance at each 20 min time 
interval; t is 120 min 
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