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Antioxidant Potential of Canna: an overview
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Abstract

Canma, the solitary genus of the family Cannaceae and order Zingiberales, comprises of about 51 species of Mlowenng
plants. Canma species are native of South America but with the course of time they have been distributed throughout
the world. 1t 13 an important plant not only from the ormamental point of view but also it is an imponiant plant for
starch production as well as its medicinal values. From the primitive time, village people commonly use Canna as
herbal medicines in their daily dealings. Different plant parts like rhizome and leaves of Canna have been used for the
treatment of inflammatory diseases, fever, hypertension, diabetes, menstrual disorders, malaria ete. Phytochemicals
with high antioxidant activities reported from the members of genus Canna. Mareover, isolation and identification of
chemical compounds shows the presence of derivatives of pelysacchande, anthocyanin and phenylpropanoid
compounds, The present study reflects a comprehensive review on biological activities of Canna species with
special reference 1o some other members of Zingiberales.
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Introduction

Orxidation is a necessary evil, which is essential for
biological energy production in most of the living
organisms, but excessive reactive oxygen species
produced in different oxidative reactions are
accountable for various health hazards to human
life causing the development of degenerative
diseases (Chang and Slikker, 1995). Antioxidant can
slow down or terminate the activity of the oxidative
chain reactions by way of removing free radical
intermediates by being oxidized themselves. These
processes usually occur in human body and are
constantly inhibited by an efficient network of
antioxidant {Bagul er af, 2005). Plants often
contains good amount of antioxidants. Different
bioactive phyiochemicals like phenols, flavonoids,
carotenoids, proanthocyaniding, flavonols and
ascorbic acid can be utilized to scavenge the excess
free radicals from human body (Pran, 1992).
Keeping these views in mind, uptake of
phytochemicals has increased significantly since i
might drift the balance towards a sufficient
antioxidant status {Goyal er af |, 2010).

Human plant intimate relation begins from the
prehistoric pericd. With the development of sociul
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and cultural sense in primitive men, their
dependence on plant resources for food, fodder,
fuel, drug and shelter also increased, In this early
part of twenty first century, with increased
globalization and modemization, our society has o
great concern for human health. So there is -
demand for healthy food habit, Plants have been
considered to be the major source of natural food
containing large quantities of antioxidants (Larson,
1988 and Middha er af , 2009). Uptake of
phytochemicals has increased significantly to
maintain sufficient level of natural antioxidants.
Therefore plants have gained immense importance
for their efficiency to produce high quality of herbal
food. Among all, Canna is one of such plants,
producing large quantities of starch and natural
antioxidants.

The family Cannaceae

Camma, the only genus of the family Cannaceae, 15
popularly known as an ornamental plant with
bemutifiel lowers. Various morphological, cytological
and taxonomical characteristics of family
Cannaceae is closely related to other members of
Zingiberales like Musaceae, Strelitziaceae,
Lowiaceae, Helicomaceae, Zingiberaceae,
Costaceae and Marantaceae (Cronguist, 1981). I
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has fong been recognized as a distinet, monophyletic
group closely related to the family Marantaceac
based on results of phylogenctic analyses of
molecular and morphological data (Prince, 2010),
Thus, Cannaceae is accepted by all taxonomists
as a distinct entity at the family level within
Zimgiberales, with all types of proposed taxonomic
classification (Kress, 1990). The members of the
order Zingiberales like banana, turmeric, ginger ete.
are very popular for their medicinal values
(Gonzdlez-Montelongo ¢f al, 2010; Yan and
Asmah, 2010; Nagendra chari ei al., 2013).

Ethnomedicinal uses of Canna

The beautiful ornamental Canna has gained its
economic importance in terms of food and herbal
medicine. From the earlier days Canna has been
used as traditional medicine in different parts of
Asia, more specifically in Southeastern Asian
countries like Thailand, Malaysia, Japan, Vietnam
etc. In India, the Manipuri community of Barak
valley of Assam used crushed root to tremt fever
{Choudhury er al, 2010). In northern India, the
rhizome is used by the rural people to cure
hypertension, menstrual disorders. Canna root is
also popular as an anti-inflammatory agent (Singh
efaf., 2010). In Thailand, Canna root has also been
used a5 a medicine for treating diabetes
{Punintrapiban e al, 2006). In Iragi traditional
medicine the whole plant is wsed as diuretic,
demulcent and sudoforic agent {Al-Douri and Al-
Essa, 2010). Mot only in Asia but also in ather
continent like Africa, ornamental Canna is used
traditionally by the local people for curing various
ailments. Canna plays a very important role in
Nigeria as its extract 15 locally used to cure malaria.
Further, Canna is an excellent folk medicine 1o
control birth rate (Lawal ¢ af, 200100, Thoagh
Canna is used as traditional medicine throughout
the world but the scienufic evidence 15 restricted

S0 s the time of great concern for the researehers
b explore this area scientifically,

Phytochemical constituents & Antioxidant
activities

Yarious experiments have been carried oul 1o

isolate and identify different compounds of
omamental and edible Canna. Srivastava and
Vankar in 200 0 isolated six methylated anthocyanin
glycosides from red Canna indica flower. These
compounds are malvidin 3-0-{6-0-acetyl-b-D-
glucopyranoside }-5-0-b-D-glucopyranoside,
malvidin 3.5-0-b-D-diglucopyranoside, Cyanidin-3-
O-{600-0-a-rhamnopyranosyl }-b-glucopyranoside,
Cyanidin-3-0-{600-0-a-rhamnopyranosyl)-b-
galactopyranoside, Cyanidin-3-0-b-
glucopyranoside, Cyanidin-0-b-galactopyranoside.
From the bright red flower of Canna indica,
Srivastava and Vankar in 2010b further isolated and
identify four different compounds of anthocyanin
pigments other than quercetin and lycopene. These
compounds are  Cyanidin-3-0-{6"-0-a-
rhamnopyranosyl)f-glucopyranoside, Cyanidin-3-
04 6"-0-a-rhamnropyranosyl}-f-galactopyranoside,
Cyanidin-3-0-f-glucopyranoside, Cyanidin-0-p-
galactopyvranoside. In 2004 So0k and his coworkers
isolated two phenylpropanoid sucrose esters namely
3-0-p-coumaroyl-6-0-feruloyl-b-D-fructofurancsyl
t-O-acetyl-a-D-glucopyranoside and 3,6-di-0-p-
coumaroyl-b-D-fructofuranosyl 6-0-acetyl-a-D)-
ghicopyranoside from dry rhizome of Canra edilis
Ker Gawler (Sook ef al, 2004). Along with the
above compounds one phenylpropanoid sucrose
ester, four phenylpropanoids i.e. caffeic acid,
rosmarinic acid, caffeoyl-4"-hydroxyphenyllactic
acid and salvianolic acid and a sucrose ester
derivative were also isolated (Sook eraf , 20047, A
number of different terpenes such as monoterpenes,
sesquiterpene, diterpene and some fatty acid along
with their ester derivatives from the essential o1l of
Clawmt irritica rhizome were identified by Indravan
and his group in 201 1 {Indrayan eral , 2011). Zhang
and his coworkers isolated a novel compound 1.¢.
030 d-dihydroxyphenyliaceyloy)-6-hydroxy-1-
methoxy-1, 2.3 d-tetrahvdronaphthalene-2-
carboxyhic acid from the aqueous extract of Canna
vifulis. Some phenolic compounds were also
solated from the same plant by Zhang and his
coworkers. These compounds were identified as
terulic acid, |-caffeoylquinic acid, 3-caffeoylquinic
acid, 4-calfeoylguinic acid, S-caffeoylquinic acid,
sahicylie acid and pallic acid ( Zhang e af | 2001,
Subscquently, Zhang confirmed the antioxidant
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activities of the isolated compound of € ammr eodidi
rhizome. So due to the presence of above mentioned
antioxidative compounds m Canna rhizome, it might
be considered os a adeal plant having preat
pharmacentical potentinl. Further, antioxidant
compounds i banana, tormeric and ginger were
also studied. Various phytochemicals were found
in commercial banana {Musa cavendis) and was
proved 1o be a good source of natural antioxidants
(Lewis of al., 1999: Someya ef af., 2002 and
Veneziano er al , 2004). Chandraju and his
coworkers in 201 1found considerable amount of
sugar compounds lke glucose, fructose, sucrose
and maltose from banana peel (Chandraju o7 al.,
20013, Further research proved banana as o natural
food colorant due to the presence of different
anthocyanin pigments (Alexandra ef af., 2001).
Some bicactive compounds like curcuminoids
{curcumin, desmethoxycurcumin  and
bisdesmethoxyeurcuming and gingerols (6-gingerol.
8-gingerol, 10-gingerol) were isolated from turmeric
and ginger through high performance liquid
chromatography, All the compounds were proved
as therapeutical significant molecules { Wichitnithad
et al., 2009; Jayaprakasha er al . 2002a; Hiserodl
et al., 1998: Jitoe ef al,, 1992 and Schwertner and
Rios, 2007}

Silica el column chromatography is a traditional
methed used to purify individoal chemical
compound from a mixture of compounds. It is
basically meant for the separation and purification
of organic compounds on the basis of their polarity
level. Low cost and disposability of silica gel attract
the researchers to use as stationary phase in column
chromatography, Though silica gel column
chromatography is suitable for compound
separation, il is a time consuming process and
sometimes gives poor result due o band tailing
{Clark et al., 1978). Though separation and
purification of antioxidant compounds wis nol
studied in Canna, Bhattacharya and his coworkers
separated the mixture of erganic moelecules m
zinger, on the hasis of their polarity level. They
further investigated the presence of phytochemical
constituents and m vitro antioxidant activities of
these solvent fractions and concluded ginger to be
a therapeutic agent | Bhattacharyva ef af . 200%),

Although Canna rhizome has long been used as a
commercial source of starch, production of high
guality food items has not yet recerved attention
from researchers. So much interest is 1o be given
in the direction of prospective food research in
Canna. Recently this line of rescarch starts by
Atrove. In 2007, Atrooz investigated the antioxidants
like polyphenols and fMavonoid contents of
methanolic extracts of plant seeds of Canna indica
{Atrooe, 2007). Vankar and his co-worker
performed the phylochemical constituents and
antioxidant activity of methanclic extracts of red
and yellow varieties of Canna indica. They carried
out the comparative study of total phenol, flavonoid
and antioxidant activity by |, 1-Diphenyl-2-picryle-
hydrazyl (DPPH) assay and Trolox equivalent
antioxidant capacity (TEAC) assay. (Vankar and
Srivastava, 2008). Some pharmacological studies
such as laxative, cardiotonic activities, for
investigation of total polyphenolic contents and
antioxidant activities of edible flower extracts has
been done. /m vitro Antioxidant Activity of
methanolic extract of aerial parts of Canra indica
was studied by Joshi and his coworkers in 2009
{ Jashi er al, 2009). The antioxidant activity of the
seed extract of Camna indica was evaluated for
their antioxidant activity by DPFH radical
scavenging activity, reducing power, RBC's
hemolysis and linoleic acid oxidation along with the
determination of the phenolic and flavonoid contents
All these experiments showed strong antioxidant
activity and high content of phenolics and flvonoids
{ Atrooz, 20001, Indravan and his co-workers sudied
the antibacterial activity of the essential oil of
Canna indica rhizome showing inhibitory effect
against some nmportant gram pos itive and negative
hacteria (Indrayan of al., 20010

Despite the uses of Canna as food and folk
medicine for human, it 15 also utilized asg an
alternative tor conventional antibiotics in animal
hushandry,

Till dote we know very little on the phyvtochemical
constituents of Canna, but it has been well explored
in close Zingiberales. Research on some members
ol pingiberales showed thar they have considerable
armwosent of antiosidants. Someya and his coworkers
had studied the presence of total phenolics and
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antioxidant activities in banana, They found that
both phenolics and antioxidant activities were more
abundant in peel than in pulp. High antioxidant
activity in banana is atiributed 1o its phenolic content
(Someva ¢f al., 2002). Presence of differemt
phytochemicals, high antioxidant activities and
antibacterial activity in banana was further
mvestigated by various scientists (Kanazawa and
Sakakibara. 2000, Mokbel and Hashinaga, 2005;
Vijayakumar ef af., 2008 and Gonzalez-Montelongo
et al, 2010). Some other Zingiberales like turmeric,
zinger is also proved to have some antioxidant
activities. Turmeric, basically a spice is well known
for its medicinal properties. In India and China, it is
long been used as a herbal medicine for various
ailments like cough, anorexia, diabetic wounds,
hepatic disorders and rheumatism ete. High
anticxidant and antiradical activity found in turmeric
was because of the presence of higher amount of
polyyphenolic compounds. Curcumin, a major
component of Curcuma longa is a natural
antioxidant having antimutagenic, antitumor, anti-
inflammatory, antiparacitic, antispasmotic and
antibacterial activities. It was investigated that
turmeric extract reduces lipid peroxidation by
enhancing the antioxidant enzymes. Turmeric leal
wis also studied to have higher antioxidant activities
(Jayaprakasha er af., 2002b; Ruby e al, 1995;
Chattopadhyay er al., 2004; Araujo and Leon, 2001;
Pulla Reddy and Lokesh, 1994 and Yan and Asmah,
2010). Ginger was studied for high antioxidant
activity and was established as a therapeutically
significant food material { Ahmad et al., 2008 and
Nagendra chari ef al., 2013},

Conclusion

A series of work have been carried oul by different
scientists on different members of Zingiberales
showed their efficiency as potential medicine. As
a member of Zingiberales, we must think that Canna
may have some therapeutic uses. Though Canna
15 popular as an ornamental plant, the Indian tribes
like Lepchas, Bhutias and Nepalis consume the
starchy rhizome as their regular food (Sekar and
Mariappan. 2007). Since decade it has fascinated
the anention of researchers, worldwide due 1o i1s
nutritional and medicmal values. Some work on

dietary uses and medicical values of Canna has
been carried out but review of literature did not
provide any substantial work on nutritional values
and antioxidative properties of different species and
cultivars found in eastern India. So scientific
experiments and validation are essential 1o ensure
Canna as a safe food additive and have significant
rale in the pharmaceutical and nutraceutical
industries. Thus, a lot of research needs to be
explored on detailed antioxidative properties of
different cultivars of Canna found in the eastern
part of India.

References

Ahmad, 1., Zahin, M., Agil, F., Hasan, S_, Khan, M.
5 A, & Owais, M. (2008). Binactive
compounds from Punica granatum,
Curcuma longa and Zingiber officinale
and their therapeutic potential. Drugs of the
Furture, 33(4), 329-346.

Al-Douri, N. A., & Al-Essa, LY. (2010). A survey
of plants used in Iraqi traditional

medicine. Jordan Journal af
Pharmacewtical Sciences, 3(2), 100-107,

Alexandra Pazmifio-Duran, E., Giusti, M. M.,
Wrolstad, R. E., & Gloria, M. B. A_(2001).
Anthocyanins from banana bracts { Mura x
paradisiaca) as potential food
colorants. Food chemistry, 73(3), 327-332.

Araujo, C_A.C., & Leon, L, L. (2001). Biological
activities of Curcuma fonga. L. Memorias
do Instituto Oswaldo Criez, 96(5), 723-728.

Atrooz, O. M. (2007). The incorporation effects
of methanolic extracts of some plant seeds
on the stability of phosphatidylcholine
liposomes. Pakistan Journal of Biological
Sciences, 10(10), 1643- 1648,

Atrooz, 0. M. (2009). The antioxidant activity and
polyphenolic contents of different plant seeds
extracts, Pakistan Journal of Biological
Sciences, 12(15), 1063,

Bagul, M. 5., Kanaki, 5. N. & Rajani, M. (2005).
Evaluation of free radical scavenging
properties ol two classical polyhedral



Antioxidand Potential - Mishra & Sen 1)

formulations, [Indian Journal af
Experimental Biology, 43, T32-736.

Bhattacharva, M., Mandal, P, & Sen, A, (2009).
In vitro detection of antioxidants in different
solvent fractions of Ginger (Zingiber
officinale Rosc.), Indian Jowrnal of Plant
Physiology, 14(1), 23-27.

Chandraju, 5., Mythily, R, & Kumar, C. C.(2011).
Extraction, isolation and identification of
sugars from banana peels (Musa
sapientum) by HPLC coupled LC/MS
instrument and TLC analysis. Journal aof
Chemical and  Pharmaceutical
Rexearch, 3(3), 312-321.

Chang, L. W., & Shkker Jr, W. (Eds.).
(1995). Neurotoxicology: approaches and
methods. academic press.

Chattopadhyay, 1., Biswas, K., Bandyopadhyay, L.,
& Banerjee, R. K. (2004). Turmeric and
curcumin: Biological actions and medicinal
applications. Current science, 87(1), 44-33.

Choudhury, M. D., Bawari, M., & Singha, L. S.
(2010). Some antipyretic ethno-medicinal
plants of Manipuri community of Barak
Valley, Assam, India. Ethnobotanical
leaflets, 20101), 4.

Clark W §, Khan M, Mitra A, (1978). Rapid
Chromatographic Technique for Preparative
Separations with Moderate Resolution.
Jowrnal of Organic Chemistry, 43(14),
2923-2925,

Cronquist, A. (1981). An integrated system af
classification of flowering plants.
Columbia University Press.

Conzalez-Montelongo, R, Lobo, M. G, & Gonzdlez,
M. (2010). The eifect of extraction
temperature, time and number of steps on
the antioxidant capacity of methanolic
banana peel extracts. Separation and
Purification Technology, T1(3), 347-355.

Goyal, A. K., Middha, S. K., & Sen, A (2010}
Evaluation of the DPPH radical scavenging
activity, total phencls and antioxidant
activities in Indian wild Bambusa vulgaris

“Vittata”™ methanolic leaf extract. Journal
of Natural Pharmaceuticals, 1(1), 40-45.

Hiserodt, R. D, Franzblau, §. G, & Rosen, R. T
(1998), Isolation of 6-, 8-, and 10-Gingerol
from Ginger Rhizome by HPLC and
Preliminary Evaluation of Inhibition of
Mycobacterium avium and
Mycobacterium tuberculosis. Journal of
Agricultural and food Chemistry, 46(7),
2504-2508.

Indrayan, A. K., Bhojak, N. K., kumar, M., Shatru,
A, & Gaur, A (2011). Chemical composition
and antimicrobial activity of the essential oil
from the rhizome of Canma indica
Linn. Indian Jownal of Chemistry-Fart B
Organic Including Medicinai, 50(8), 1136.

Jayaprakasha, G. K., Jagan Mohan Rao, L., &
Sakariah, K. K. (2002). Improved HPLC
method for the determination of curcumin,
demethoxyecurcumin, and
bisdemethoxvcurcumin, Journal  of
agricultural and food chemistry, S0(13),
I668-3672.

Jayaprakasha, G. K., Jena, B.S., Negi, .5, &
Sakariah, K. K. (2002). Evaluation of
antioxidant activities and antimutagenicity of
turmeric oil: a byproduct from curcumin
production. Zeitschrift fur Naturforschung
C-Journal of Biosciences, 57(9-10), 828-
835,

Jitoe, A., Masuda, T., Tengah, L. G: P, Suprapta,
D, N., Gara, . W., & Nakatani, N. (1992},
Antioxidant activity of tropical ginger
extracts and analysis of the contained
curcuminoids. Journal of Agricwltural and
Food Chemistry, 40(8), 1337-1340.

Joshi. ¥, M., Kadam, V. 1., & Kaldhone, P. R
(2009). In-vitro antioxidant activity of
methanolic extract of aerial parts of Canna
indica L. Jouwrnal of Pharmacy
Research, 2(113, 1712-17135.

Kanazawa, K., & Sakakibara, H. (2000). High
content of dopaming, a strong antioxidant, in
cavendish banana. Jowrnal of agricultural
and food chemisery, 48(3), 844-84 8.



el NBU tournal of Plant Sciences Vol 8 No, | 201d

Kress, W. 1. (1990). The phylogeny and
classification of the Zingiberales.” Annals

af the Missouri Botanical Garden, 698-
721,

Larson (1988). The antioxidants of higher planis.
Phytockemistry, 27, 969-978.

Lawal, 1. 0., Uzokwe, N. E., Igboanugo, A. B. I,
Adio, A. F,, Awosan, E. A., Nwogwugwu,
1. 0., & Adesoga, A. A. (2010). Ethno
medicinal information on collation and
wentification of some medicinal plants in
Research Institutes of South-west
Nigeria. African Journal of Pharmacy
and Pharmacology, 4(1), 1-7.

Lewis, D. A, Fields, W. N, & Shaw, G P (1999),
A natural flavonoid present in unripe plantain
banana pulp (Musa sapientum L. var.
paradisiaca) protects the gastric mucosa
from aspirin-induced erosions. Jowrnal of
ethnopharmacology, 65(3), 283-288.

Middha, 5. K., Mittal, Y., Ushal, T., Kumar, D.,
Srinivasan, R., Vashisth, L., & Nagaveni, M.
B. (2009). Phyto-mellitus: A phyto-chemical
database for diabetes. Biginformation, 4(2),
T8,

Mokbel, M. 5., & Hashinaga, F. (2005).
Antibacterial and antioxidant activities of
banana (Musa, AAA cv. Cavendish) fruits
peel. American Journal of Biochemistry
and Biotechnology, 1(3), 125-131.

Nagendra chari, K. L., Manasa, D., Srinivas, P, &
Sowbhagya, H, B, (2013). Enzyme-assisted
extraction of bioactive compounds from
Ginger (Zingiber officinale Roscoe), Food
Chemisiry, 139, 509-514.

Pratt, D. E. Natral antioxidants from plant material.
In: Huang M, Ho C and Lee C (Editors).
Phenalic compounds in food and their effects
on health 11 Antioxidants and Cancer
prevention {ACS Symposium Series 507).
Washington DC: American Chemical
Society; 1992, pp. 54-71

Prince, L. M. (2010). Phylogenetic relatienships
and species delimitation in Cannag

(Cannaceae), Diversity, phylogeny, and
evaelution in the monocatyledons. Aarhus
University Press, Denmark, 307-331.

Pulla Reddy, A. C., & Lokesh, B. . (1994), Effect
of dictary turmeric (curcuma lenga) on
won-induced lipid peroxidation in the rat
liver, Food and chemical taxicology, 32(3),
279-283,

Purintrapiban, 1., Suttajit, M., & Forsberg, N. E.
(2006). Differential activation of glucose
transport in cultured muscle cells by
polyphenolic compounds from Canna
tndica L. root. Biological and
Pharmaceutical Bulletin, 29(10), 1995-
1998,

Ruby, A. J., Kuttan, G., Dinesh Babu, K_,
Rajasekharan, K. N., & Kuttan, R. (1995).
Anti-tumour and antioxidant activity of
natural curcuminoids, Cancer letters, 94(1),
79-83.

Schwertner, H. A., & Rios, D. C. (2007). High-
performance liquid chromatographic analysis
of 6-gingerol, 8-gingerol, 1 0-gingerol, and 6-
shogaol in ginger-containing dietary
supplements, spices, teas, and

beverages. Journal of Chromatography
A, 856(1), 41-47,

Sekar, 8., & Mariappan, 5. (2007). Usage of
traditional fermented products by Indian rural
tolks and IPR. Indian Journal af
Traditional kmowledge, 6(1), 111-120.

Singh, P. K., Kumar, V., Tiwari, R_K., Sharma, A,
Rao, C. V., & Singh, R. H. (2010). Medico-
Ethnobotany of *Chatara’Block of District
Sonebhhadra, Uttar Pradesh,
India. Advances in Biological
Research, 4(1), 65-80.

Someya, 5., Yoshiki, ¥, & Okubo, K. (2002).
Antioxidant compounds from bananas

(Musa Cavendish). Food Chemistry, TH{1),
J51-354

Sook Yun, Y., Satake, M., Katsuki, 8., & Kunugi,
AL (200M), Phenylpropanoid derivatives from
edible Canna, Canna  edulis.



Antioxidant Potential - Mishra & Sen o]

Phyvtochemistry, 65(14),2167-2171,

Srivastava, J., & Vankar, P. 5. (2010). Canna
indica flower: WNew source of

anthocyanins. Plant Physiology and
Biochemistry, 48(12), 1015-1019,

Srivastava, ., & Vankar, P. 5. (2010). Methylated
anthocyanidin glycosides from flowers of
Canna indica. Carbohydrare
research, 345(14), 2023-2029,

Vankar, . 5., & Srivastava, J. (2008). Comparative
study of total phenol, flavonoid contents and
antioxidant activity in Canna indica and
Hibiscus rosa sinensis: prospective natural
food dyes. International Journal of Food
Engineering, #3).

Veneziano, A., Vacca, G, Arana, 5., De Simone,
F., & Rastrelli, L. (2004). Determination of
carbendazim, thiabendazole and thiophanate-
methyl in banana (Musa acuminata)
samples imported to Italy. Food
chemisiry, 87(3), 383-386.

Vijayakumar, 5., Presannakumar, G, &
Vijayalakshmi, M. R. (2008). Antioxidant
activity of banana
flavonoids. Fitoterapia, 79(4), 279-282.

Wichitnithad, W., Jongaroonngamsang, N,
Pummangura, 5., & Raojsitthisak, P. (2009}
A simple isocratic HPLC method for the
simultanecus determination of curcuminoids

in commercial turmeric
extracts. Phytochemical Analysis, 20(4),
114-319.

Yan, S. W., & Asmah, R, (2010). Comparison of
total phenoclic contents and antioxidant
activities of turmeric leaf, pandan leaf and
torch ginger flower. fnternational Food

Research Journal, 17, 417-413,

Zhang, J., Wang, Z. W, & Mi, Q. (2011). Phenolic
compounds from Canna edulis Ker residue
and their antioxidant activity. LWT-Food
Science and Technology, 44(10), 2091-
2096,




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

