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Ipomoea aquatica, An Underutilized Green Leafy Vegetable: A Review
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Abstract: Fruits and vegetables are emerging fast as most economical and nutritious global foods. They were
declared as healthy foods of the millemmivm and also described as nutraceutical foods of the century, owing
to their health benefits. Ipomoea aquatica Forsk., a commonly grown green leafy vegetable is a rich source of
vitamins, minerals, proteins, fibers, carotenes and flavonoids with many health benefits. It grows as a common
weed in lakes and fresh water ponds but it is usually neglected because of lack of complete knowledge about
this green leafy vegetable. This study describes useful information about I. aquatica, current research carried
out so far and some of the medicinal properties identified and explored. This plant can be used as a natural
source and as a nutraceutical substitute or as a functional food.
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INTRODUCTION

Food science has a growing literature about fiuits
and vegetables imparting greater benefits to humans.
Considerable epidemiological evidence suggests an
assoclation between consumption of a diet high n fruits
and vegetables and decreased risk of cardiovascular
diseases, hypertension, diabetes, stroke and various
forms of cancer (Brandt er al, 2004, Craig, 1999).
Although fruits and vegetables account for only 10%
of total calories consumed, they make a significant
contribution to overall health. Fruits and vegetables have
a regular place in traditional Indian cuisine.

Among various types of vegetables, leafy vegetables
are most commonly consumed in ancient Indian daily diet.
The importance of leafy vegetables in the developing
countries has been recognized only now due to their
nutritional and medicinal value. Green leafy vegetables
occupy an important place among food crops as these
provide adequate amounts of crude fiber, carotene, a
precursor of vitamin A, vitamin C, niboflavin, folic acid and
mineral salts like calcium, wron, phosphorus etc. They are
also fair sources of proteins, containing about 2-7% and
they are equal to legumes, soybeans or whole egg
(Aletor et al., 2002; Rao et al., 1990). They form cheap and
best source of food. Green leafy vegetables are highly
seasonal and are available in plenty at a particular season
and can be easily cooked. However, edible green leafy

vegetables appear to be underutilized through out the
world and, in some area, may even be dimmished m use.
Green leafy vegetables are rich source of a mumber of
micronutrients and phytochemicals and it was the
phytochemicals that appeared to provide much of the
disease fighting power. In this context, this study
provides some useful information of I. aquatica, about its
nutritional importance, current work carried out and some
important medicinal properties.

Classification: Ipomoea aquatica Forsk. belongs to
the Class: Magnoliopsida; Order: Solanales, Family:
Convolvulaceae; Sub class: Asteridae (Pullaiah, 1998).

Botanical description: [. aguatica is an aquatica or semi
aquatica plant, trailing or floating, herbaceous, sometimes
annual or perenmal, with long, hollow stem possessing
large number of air passages and rooting at the nodes,
found throughout India (Fig. 1). Leaves are elliptic or
ovate-oblong, cordate; flowers are infundiuliform, 2-2.5 cm
long, white or pale purple, solitary; fruit 15 a capsule
(Anonymous, 1959; Edie and Ho, 1969; Gamble, 1921,
Payne, 1956; Synder et al., 1981).

I aguatica is found trailing on moist soil or mud
along the margms of stagnant streams, fresh water ponds,
ditches, marshes and wet rice flelds; sometimes found
floating on water bodies. Tt occurs both in wild and
cultivated state and is easily propagated by cuttings. Tt

Corresponding Author: K. Nagendra Prasad, Department of Studies in Botany, Umversity of Mysore, Manasagangotri, Mysore,
570 006, India Tel: 91-821-2515653 Fax: 91-821-2517233



Int. J. Bot., 4 (1): 123-129, 2008

Fig. 1: Ipomoea aquatica 1 its natural habitat

grows rapidly producing dense masses of foliage within
a few weeks of planting. Tt 13 one of the most popular
green leafy vegetable. Its commonly called as aquatica
morning glory, Chinese water spmach, kangkong, morming
glory, swamp cabbage, swamp moming glory, water
convolvulus, water  spinach (Anonymous, 1959,
Candlish et al., 1987, Chen et ai., 1991; Edie and Ho, 1969;
Payne, 1956; Synder et al., 1981, Wills et al, 1984).

Origin and distribution: /. aguatica 1s supposed to be
originated in China (Edie and Ho, 1969). It 1s distributed
through out India, Sri Lanka, Tropical Asia, Africa and
Australia (Kritkar and Basu, 1952). The plant is grown
wildly as weed in India and USA (Anonymous, 1959,
Reed, 1977) while in South East Asia like Malaysia, China,
Hong Kong, Singapore and Indonesia, the plant 18 grown
commercially (Candlish ef al., 1987, Chen et al., 1991).

Composition: The leaves of I. aquatica contain the
following: moisture 90%, protein 3%, fiber 0.9%, fat 0.4%,
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carbohydrate 4.3%, mineral matter 2%, nicotinic acid:
0.6 mg/100 g; riboflavin: 120 mg/100 g; vitamin C:
137 mg/100 g; vitamin E: 11 mg/100 g and ash: 1.4%
(Anonymous, 1959). The young terminal shoots and
leaves of 1. aquatica are eaten as green leafy vegetable
and in salads (Tsmail et al, 2004) and as fodder
(Phimmasan et al., 2004). I. agquatica leaves are also very
rich in proteins (Ngamsaeng et al., 2004), carotenes
{Chen and Chen, 1992), amino acids like aspartic acid,
threonine, serine, glutamic acid, proline, glycine, alanine,
leucine, tyrosine, lysine, histidine and argimne (Rao and
Vijay, 2002), minerals like sodium, potassium, calciwm,
iron, magnesium and zinc (Duc et al., 1999), sugars like
glucose, fructose, sucrose (Wills ef al., 1984), fiber, lipids
and fats (Imbs and Pham, 1995), organic acids like malic
acid, citric acid, oxalic acid (Wills ef al., 1984), vitamins
(Duc et al, 1999), starch (Candlish et af, 1987),
polyphenols like myricetin, quercetin, luteolin, apigenin,
kaempterol (Chu et al., 2000; Daniel, 1989; Miean and
Mohamed, 2001), dihydroquercetin glycoside
(Prasad et al., 2005a) and ash (Ogle et al., 2001 ) contents.

Nutrition: Moisture, nitrogen, protein and amino acids
like aspartic acid, threonine, serine, glutamic acid, proline,
glycine, alanine, cysteine, valine, methionine, isoleucine,
leucine, tyrosine, lysine, histidine and argenine content of
I aguatica by Sutaria and Diego (1982) were estimated
using AOAC methods. Alpha-tocopherol content of
L. aquatica with other leafy vegetables were analysed by
Candlish (1983). Wills et al. (1984) studied vitamins like
vitamin C, thiamin, riboflavin, niacin, protein, fat, sugars
like glucose, fructose, sucrose, starch, dietary fiber,
organic acids like malic acid, citric acid, oxalic acid, ash
and minerals like sodium, potassium, calcium, iron,
magnesium and zinc contents for 15 Chinese vegetables
mncluding 1. aguatica. Candlish et al. (1987) studied the
dietary fiber (non-cellulose polysaccharide, cellulose,
lignin) and starch content in vegetables that are
extensively grown and consumed in Southeast Asia
mcluding 7. aguatica. Rao et al. (1990) estimated the lipid
contents like non polar lipids, glycolipids, phospholipids,
fatty acids, amino acids like aspartine, threonine, serine,
glycine, proline, alanine, leucine, tyrosine, histidine,
aspergine, argenine, minerals like calcium, magnesium,
iron, zine and copper of I aguatica.

Imbs and Pham (1995) analyzed total lipids, fatty
acid, triglycerides content and phospholipid content of
I aquatica. Tron and vitamin C content of L agquatica
grown in three sites of Vietnam were mvestigated by
Duc et al. (1999). The nutritional value of I. aguatica with
yielding crops such as rice, sugarcane and maize were
compared by Munger (1999). Tt is urged that investment
in crops such as /. aquatica may be a suitable and cost-
effective way to supplement the caloric and nutritional
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value of current crop production. Micronutrient
composition like ash, calcium, iron, zine, carotenes like o
and P carotenes by Ogle et al. (2001) were determined.
Iron, calcium, P carotene, ascorbic acid and oxalic acid
content of I. aguatica consumed by the tribals of Purnia
district of Bihar, India were analyzed by Rao and Vyay
(2002). The dieting pattern of rabbits fed with water
spinach were mvestigated by Phimmasan et af (2004).
Ngamsaeng et al. (2004) analyzed water spinach as

protein supplements for ducks feed as basal diet.

Carotenes: Ortaliza et al. (1969) estimated the carotene
contents and its availability of I. aguatica. The effects of
L. aguatica on cholesterol metabolism in rats were studied
by Chen et al. (1984). Chen et al. (1991) characterized the
major carotenoids in water convolvulus (Ipomoea
agquatica) by open-column, thin layer and high
performance liquid chromatography. Comparing the
absorption spectra and retention time with reference
standards the compounds were identified as -carotene,
cryptoxanthin, lutein, lutein epoxide, viecloxanthin and
neoxanthin. Carotene composition and contents of
1. agquatica were analyzed by Tee and Lim (1991) by
AOAC and HPLC methods. They found that AOAC
method gave a falsely elevated result, where as the HPL.C
method successfully separated the major carotenoids. The
carotenoids identified were lutein and p-carotene and
were compared to that of reference standards.
Carotencids and chlorophylls in 1. aquatica were
determined by Chen and Chen (1992) usmg liquid
chromatography. These carotenes and chlorophylls were
analyzed by High Performance Liqud Chromatography
(HPLC). Fourteen peaks were detected in HPLC, of which

12 pigments were identified. These pigments include
neoxanthin, violaxanthin, cryptoxanthin, lutemn epoxide,
lutein, cis-lutein, chlorophyll b, chlorophyll b,
chlorophyll a, P-carotene and cis [P-carotene. These
samples were then compared with standards by thin layer
chromatography.

Tee et al. (1996) investigated the biological utilization
of carotenoids of Ipomoea aquatica using rats and found
biocavailability of the major carotenoids was high, as
evidenced by the accumulation of retinol of the
experimental rats in relation to crystalline retinol
concentrate. Wills and Rangga (1996) analyzed carotene
contents of I aguatica by reverse phase HPLC and
gradient elution. The carotenes identified were zeaxanthin
(Fig. 2a), lutein (Fig. 2b), anthraxanthin, flavoxanthin,
auroxanthin, luteoxanthin, neoxanthin (Fig. 2¢), B-carotene
(Fig. 2d), violoxanthin (Fig. 2e), cryptoxanthin (Fig. 2f),
neoxanthin a and neoxanthin b. These samples were
compared to standards and identified. Provitamin A and
carotenoids from I agquatica of different maturity and
origin were investigated by Hulshof et al. (1997). The
carotene contents were different when collected from
different places. Also, the carotene content of mature
plant was high compared to that of young plants.
Provitamin A carotenoid content of I aquatica at
different maturity and origin was reported by Paul ef al.
(1997).

Flavonoids: Daniel (1989) estimated the polyphenol
contents of I. aquatica and identified quercetin 3'-methyl
ether (Fig. 3a), quercetin 4'-methyl ether (Fig. 3b) and
anthocyamins. Flavonoid contents of 1. aquatica like
mycertin, quercetin, luteolin and apigenin content were

iw o M o
HO HO
(a)

()

CH,
Moﬁ M
on oH CH,
©) (
OH
M M
HO HO

©)

d)
®

Fig. 2: Carotnees from Ipomoea aquatica (a) Zeaxanthin, (b) Lutein, (¢) Neoxanthin, (d) p-carotene, (e} Violoxanthin and

(f) Cryptoxanthin)
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Fig. 3: Flavonoids from Ipomoea aquatica. (a) Quercetin 3'-methyl ether, (b) Quercetin 4'-methyl ether and (¢) 7-O-B-D-
glucopyranosyl-dihydroquercetin-3-O-¢-D-glucopyranoside)

identified by Chu et al (2000). Chlorophylls of
1. aquatica were investigated by Miean and Mohamed
(2001). Prasad et al. (2005a) isolated a 7-O-B-D-
glucopyranosyl-dihydroquercetin-3-0O-a-D-
glucopyranoside (Fig. 3c¢) and it was characterized using
UV, MS and NMR data.

Alkaloids: Seven aliphatic pymrolidine amides with
branched and linear saturated C,.-C,, acyl moieties were
detected by Tofern et al. (1999) in the vegetative part
(stem and leaves) of I agquatica. One of the
compounds was isolated and characterized as 1-(14-
methylhexadecanoyl) pymrolidine and compared with
synthetic compound. Yajima and Yabuta (2001)
mvestigated the synthesis and configuration of a novel
pyrrolidine  amide namely 1-(14'-methylhexadecanoyl)
pyrrolidine from I. aquatica.

Storage studies: Kailasapathy and Koneshan (1986)
studied the loss of ascorbate content in eight leafy
vegetables including I aquatica due to wilting, from
harvest up to a period of 24 h at environmental
(24.7-25.8°C) and under refrigeration (4.4°C) temperatures.
Quality changes like browmng and changes in leaf and
stem tissues of I aguatica during storage at various
temperatures (1 and 20°C) was analyzed on 5th day by
Hirata et al. (1987). The structural changes m leaf and
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stem tissues of 1. agquatica in relation to chilling imury
and browning were investigated by Ose et al. (1990).

Processing: Candlish (1983) suggested that steaming of
I. aguatica had highest carotene content than that of
fresh and boiled one. The presence of cis-isomers of
[-carotene in I. aquatica were examined before and after
traditional Indonesian ways of cooking by Van der
Pol et al. (1988). Yield of carotenoids of 1. aquatica were
analyzed by Chen and Han (1990) under different methods
of cooking. Mazizal et al. (1997) reported the
retention of vitamin C, iron and P-carotene in
I aguatica under different cooking methods. Total
carotenoid and P-carotene contents during processing
like cooking, sun drying, frying and fermentation were
investigated by Speek et al. (1988). Van der Pol et al.
(1988) compared the
isomers (w-carotene, B—carotene, neo-B—carotene, neo-U-
B-carotene) contents of I agquatica before and after
cooking. Mazrizal et al. (1997)studied the retention of
B-carotene of I. aguatica when prepared using different
cooking methods like boiling, microwave steaming and

frying.

examined and cis-carotene

Tissue culture studies of Ipomoea aguatica: Effect of
light on growth and chlorophyll formation of I. aguatica
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hairy roots were investigated by Masahiro ef al. (1996).
Methods for introducing foreign genes for 1. aquatica
and regenerating the plant by Masanori et al. (1997) were
developed. The method comprises co-cultivating the
nodes of the explant with dgrobacterium tumefaciens
carrying the target foreign gene. Hirofumi et al. (2000)
followed the development and characterization of a
photoautotrophic cell line of 1. aquatica hairy roots. The
derived photoautotrophic  hairy roots had Thigh
chlorophyll content and activities of 1,5-ribulose-
biphosphate carboxylase content were more than those of
the parent plant. Ninomiya et al. (2003) investigated the
changes in chlorophyll content in phototautotrophic hairy
roots of I. aguatica. Callus initiation and its antioxidant
activity of I agquatica was compared with that of the
mother plant and it was found that the antioxidant activity
was high in callus cultures (Prasad et al. 2006).

Antioxidant studies: Ismail ez al (2004) estimated the
antioxidant and phenolic contents of I. aquatica.
Antioxidant activity of leaf extracts and purified
compound isolated from I. aquatica were determined by
Prasad et al. (2004, 2005 a) by DPPH, metal chelation and
lipid peroxidation methods.

Medicinal importance: In Aywveda (Indian traditional
medicine), the extracts of leaves of 1. aguatica are orally
admimstered to alleviate the disorders like jaundice and
nervous debility. This plant is used medicinally in
Tt effectively used against
nosebleed and high blood pressure (Duke and Ayensu,
1985; Perry, 1980). The juice of 1. aquatica 1s used as
emetic in cases of opium and arsenic poisoning
(Anonymous, 1959; Chopra et al., 1956). Dried juice has
purgative properties (Anonymous, 1959; Chopra et al.,
1956; Nadkarmi, 1954). Leaves and stems are said to be
cooling. ITn Assam, the plant is given for nervous and
general debility (Anonymous, 1959, Chopra et al., 1956).
It 15 used also for piles (Anonymous, 1959), as
anthelmentic (Anonymous, 1959, Nadkarmi, 1954), used in
leucoderma, leprosy, jaundice and liver complaints
(Nadkarni, 1954)

This plant 1s supposed to possess an insulin-like
principle according to indigenous medicine in Sri Lanka
(Tayaweera, 1982). The medicinal uses of hitherto report
includes: effect on liver diseases (Badruzzaman and
Husain, 1992; Nadkarm, 1954), eye diseases (Jain and
Verma, 1981), constipation (Samuelsson ef af., 1992) and
the inhibition of prostaglandin synthesis (Tseng et al.,
1992). Mackeen et al (1997) demonstrated moderate
antinematodal activity of . aquatica against pme wood
nematode, Bursaphelenchus xylophilus. The aqueous

Southeastern  Asia. is
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extract of this plant also possess hypoglycemic effect
(Malalavidhane et al., 2000, 2001, 2003). This plant also
Ppossesses antioxidant activity (Prasad ef al., 2004, 2005 a).
This plant also shows moderate anticancer activity
against Vero, Hep-2 and A-549 cancer cell lines
(Prasad et al., 2005 b).

REFERENCES

Aletor, O., A A. Oshodi and K. Tpinmoroti, 2002. Chemical
composition of common leafy vegetables and
functional properties of their leaf protemn
concentrates. Food Chem., 78: 63-68.

Anonymous, 1959. Wealth of India, Raw Materials. CSIR,
New Delh, 5: 237.

Badruzzaman, S.M. and W. Husain, 1992. Some aquatica
and marshy land medicinal plants from Hardoi district
of Uttarpradesh. Fitoterapia, 63: 245-247.

Brandt, K., L.P. Chrstensen, J. Hansen-moller,
S.L. Hansen, J. Haraldsdottir, I. Jespersen, S. Purup,
A Kharazmi, V. Barkholt, H. Frokiaer and M. Kobaek-
Larsen, 2004. Health promoting compounds in
vegetables and fruits: A systematic approach for
identifying plant components with impact on human
health. Trends Food Sci. Technol., 15: 384-393.

Candlish, TK., 1983. Tocopherol content of some
Southeast Asian Foods. I Agric. Food Chem.,
31: 166-168.

Candlish, I K., L. Gourley and H.P. Lee, 1987. Dietary fiber
and starch contents of some Southeast Asian
vegetables. I. Agric. Food Chem., 35: 319-321.

Chen, M L., D.F. Chia and J.Q. Run, 1984. Effect of
dietary vegetable (Water convolvulus) on cholesterol
metabolism inrats. J. Nutr., 114: 503-510.

Chen, BH. and L.H. Han, 1990. Effects of different
cooking methods on the yield of carotenoids i water
convolvulus (Ipomoea agquatica). . Food Prot.,
53:1076-1078.

Chen, BH., SH. Yang and L. H. Han, 1991. Characterization
of major Carotenocids in water convolvulus (pomoea
aguatica) by open-column, thin layer and high
performance liquid chromatography. J. Chromatogr.,
543: 147-155.

Chen, BH. and Y.Y. Chen, 1992. Determination of
carotenoids and chlorophylls in water convolvulus
(Ipomoea agquatica) by liquid chromatography.
Food Chem., 45: 129-134.

Chopra, RN., SL. Nayar and I.C. Chopra, 1956. Glossary
of Indian Medicinal Plants. CSIR, New Delhi.

Chu, Y.H., C.L.. Chang and H.F. Hsu, 2000. Flavonoid
content of several vegetables and their antioxidant
activity. J. Sci. Food Agric., 80: 561-566.



Int. J. Bot., 4 (1): 123-129, 2008

Craig, W.I., 199%. Health promoting properties of common
herbs. Am. J. Chin. Nutr., 70 (suppl): 3491-5499.
Daniel, M., 1989. Polyphenols of some Indian vegetables.

Curr. Sci, 58: 1332-1333.

Due, BM., D. Humphries, . T.B. Mai, A H. Dao, T.M. Co,
HH. Nga and P.T. Kim, 1999. Iron and vitamin C
content of commonly consumed foods in Vietnam.
Asia-Pacific J. Clin. Nutr., 8: 36-38.

Duke, T.A. and E.S. Ayensu, 1985. Medicinal Plants of

China. Reference Publ., Algonac, ML

Edie, HH. and BW.C. Ho, 1969. Ipomoea aquatica as a
vegetable crop in Hong Kong. Econ. Bot,, 23: 32-36.

Gamble, J.3., 1921. Flora of the Presidency of Madras,
India.

Hirata, K., K. Chachin and T. Twata, 1987. The quality
changes of some vegetables used i the tropical
and subtropical area during storage at various
temperatures. J. Jap. Scc. Hortic. Sci., 34: 566-573.

Hirofumi, N., T. Masaki and T. Masahito, 2000.
Development and  characterization of a
photoautotrophic cell line of Pak-Bung hairy roots.
. Biosci. Biceng., 89: 151-156.

Hulshof, P.I.M., C. Xu, P. Bovenkamp, P. Muhilal and
C.E. West, 1997. Application of a validated method
for the determination of provitamin A carotenoids in
Indonesian foods of different maturity and origin.
I. Agric. Food. Chem., 45: 1174-1179.

Imbs, AB. and L.Q. Pham, 1995. Lipid composition of ten
edible seed species from North Vietnam. J. Am. Oil
Chem. Soc., 72: 957-961.

Tsmail, A., Z.M. Marjan and C.W. Foong, 2004. Total
antioxidant activity and phenolic contents in selected
vegetables. Food Chem., 87: 581-586.

Jain, S.P. and D.M. Verma, 1981. Medicinal plants in the
folklore of Northeast Haryana. Natl. Acad. Sci. Letters
(India), 4: 269-271.

JTayaweera, D.M.A., 1982, Medicinal plants used in
Ceylon. Part II, National Science Council, Colombo,
Srilanka.

Kailasapathy, K. and T. Koneshan, 1986. Effect of wilting
on the ascorbate content of selected fresh green leafy
vegetables consumed i Srilanka. J. Agric. Food
Chem., 34: 259-261.

Kritkar and Basu, 1952, Indian Medicinal Plants. Parbani
Press, Kolkata.

Mackeen, M.M., MA. All, M.A. Abdullah, R.M. Nasir,
NB. Mat, RR. Abdul and K. Kawazu, 1997.
Antinematodal activity of some Malaysian plant
extracts against the pine wood nematode,
Bursaphelenchus xylophilus. Pestic. Sci., 51: 165-170.

Malalavidhane, T.S., S.M. Wickramasinghe and
ER. Tansz, 2000. Oral hypoglycemic activity of
Ipomoea aquatica. J. Ethnopharmacol., 72: 293-298.

128

Malalavidhane, T.S., SM. Wickramasinghe and
ER. Jansz, 2001. An aqueous extract of the green
leafy vegetable Ipomoea aguatica is as effective as
the oral hypoglycemic drug tolbutamide mn reducing
the blood sugar levels of wistar rats. Phytother. Res.,
15: 635-637.

Malalavidhane, T.3., S.M. Wickramasinghe, M.S. Perera
and E.R. Jansz, 2003. Oral hypoglycemic activity of
Ipomoea  agquatica in  streptozotocin-induced,
diabetic wistar rats and type 11 diabetes. Phytother.
Res., 17: 1098-1100.

Masahiro, K.O., N. Hirofumi, T. Masahito and T. Setsuji,
1996. Effect of light imradiation on growth and
chlorophyll formation of Pakbung green hairy roots.
I. Chem. Eng. Tap., 29: 1050-1054.

Masanori, F., N. Atsuliko and Y. Kazuya, 1997. Methods
for introducing foreign genes into tropical aquatica
plant Ipomeea aquatica and regenerating the plant.
Patent CA Section 3.

Mazrizal, AM., DW. Giraud and J.A. Driskell, 1997.
Retention of vitamin C, iron and P carotene in
vegetables prepared using different cooking
methods. T. Food Qual., 20: 403-418.

Miean, K.H. and 3. Mohamed, 2001. Flavonoid (myricetin,
quercetin, kaempferol, luteolin and apigenin)
content of edible tropical plants. J. Agric. Food
Chem., 49: 3106-3112.

Munger, HM., 1999. Enhancement of horticulture crops
for improved health. Hortic. Sei., 34: 1158-1159.
Nadkarmi, 1954. Indian Materia Medica. 3rd Edn. Popular

Books, Bombay.

Ngamsaeng, A, S. Thy and T.R. Preston, 2004
Duckweed (Lemna mrnor) and water spinach
(Ipomoea aquatica) as protein supplements for
ducks fed broken rice as the basal diet. Livestock
Res. Rural Dev., 16: 18-24.

Ninomiya, K., Y. Oogami, M. Kino-Oka and M. Taya, 2003.
Assessment of herbicidal toxicity based on non
destructive measurement of local chlorophyll content
1in photoautotrophic hairy roots. J. Biosci. Bioeng.,
95: 264-270.

Ogle, BM., AD. Ha-Thi, G. Mulokozi and L. Hambraeus,
2001, Micronutrient composition and nutritional
mmportance of gathered vegetables in Vietnam. Int. J.
Food Sci. Nutr., 52: 485-499.

Ortaliza, I.C., IF. Del Rosario, M.M. Caedo and
AP. Alcaraz, 1969. The availability of carotene in
some Philippine vegetables. Phlullipme I. Sci,
98:123-131.

Ose, HK., K. Chachm and T. Iwata, 1990. Structural
changes in cells and chilling injuy of water
convolvulus (Ipomoea agquatica) stored at low
temperature. J. Tap. Soc. Hortic. Sei., 58: 171-177.



Int. J. Bot., 4 (1): 123-129, 2008

Paul, IM.H., C. Xu, P.V.D. Bovenkamp, A. Muhilal and
C.E. West, 1997. Application of a validated method
for the determmation of pro-vitamin A Carotenoids in
Indonesian foods of different maturity ad origin.
I. Agric. Food Chem., 45: 1174-117%.

Payne, W.I., 1956. Ipomoea reptans, Poir. A useful
tropical fodder plant. Trop. Agric. Trin., 33: 302-305.

Perry, L.M., 1980. Medicinal Plants of East and Southeast
Asia: Attributed Properties and Uses. MIT Press,
Cambridge, MA.

Phimmasan, H., S. Kongvongxay, P. Chhayty and
T.R. Preston, 2004, Water spmach (Ipomoea
aguatica) and Stylo 184 (Stylosanthes guianesis
CIAT 184) as basal diets for growing rabbits.
Livestock Res. Rural Dev , 16: 46-59.

Prasad, N.X., A P. Kulkarm, M.S. Mahesh, S.M. Aradhya
and G.R. Shivamurthy, 2004. Studies On antioxidant
activity of selected vegetables using in vitro model.
Soc. Free Radical Res. India Bull.,, 3: 23-26.

Prasad, NK., 5. Divakar, GR. Shivamurthy and
SM. Aradhya, 2005a. Tsolation of a free radical
scavenging antioxidant from water spinach (Ipomoea
aquatica Forsk.). J. Sci. Food Agric., 85: 1461-1468.

Prasad, NK., R Chandrashekar, G. Ashok,
G.R. Shivamurthy, P. Vijayan and SM. Aradhya,
2005b. Cytotoxic Properties of Ipomea aguatica
Forsk. Leaf. Ind. J. Pharmocol., 37 (6): 397-398.

Prasad, N.K., M. Shiva Prasad, S.M. Aradhya and
G.R. Shivamurthy, 2006. Callus induction from
Ipomoea agquatica Forsk. leaf and its antioxidant
activity. Ind. J. Biotechnol., 5: 107-111.

Pullaiah, 1998. Taxonomy of Angiosperms. Regency
Publications. New Delhi.

Rao, K.S., R. Domimie, K. Singh, C. Kaluwin, E. Donals,
R. Gwyn and P. Jones, 1990. Lipid, fatty acid, amino
acid and mieral composition of five edible plant
leaves. I. Agric. Food Chem., 38: 2137-2139.

Rao, T.V.R K. and T. Vijay, 2002. Tron, calcium, B-carotene,
ascorbic acid and oxalic acid contents of some less
commeon leafy vegetables consumed by the tribals of
purnia district of Bihar. J. Food Sci. Technol.,
39: 560-562.

Reed, CF., 1977. Economically important foreign weeds:
Potential problems in the Umted States. W.S.D.A,
Agric. Hand book.

Samuelsson, G., M.H. Farah, P. Claeson, M. Hagos,
M. Thulm, O. Hedberg, A M. Warfa, A.O. Hassar,
AH Elmi, AD. Abdurahman, A.S. Elmis and
Y.A. Abdi, 1992, Inventory of plants used in
traditional medicine in Somalia: IT. Plants of
the families Combartaceae Labiatae. 1.
Ethnopharmacol., 37: 47-70.

to

129

Speek, A.I.S. Speek and W.H.P. Schreurs, 1988. Total
carotenoid and P-carotene of Thai
vegetables and the effects of processing. Food
Chem., 27 (4): 245-257.

Sutaria, P.B. and M.L. Diego, 1982. Hssential amino acid
analysis of selected Philippine vegetables and fiuits.
The Philippine J. Seci., 3: 45-55.

Synder, GH., I.F. Morton and W.G. Genung, 1981. Trials
of Ipomoea aguatica, nutritious vegetable with high
protein and nitrate extraction potential. Proc. Fla.
State Hortic. Soc., 94: 230-235.

Tee, E.5. and CH. Lun, 1991. Carotenoids composition
and content of Malaysian vegetables and fruits by
the AOAC and HPLC methods. Food Chem.,
41: 309-339.

Tee, E5., CL. Lim, Y.H. Chong and S.C. Khor, 1996. A
study of the biological utilization of carotencids of
carrots and swamp cabbage in rats. Food Chem.,
56: 21-32.

Tofern, B., P. Mamn, M. Kaloga, K.J. Siems, L. Witte and
E. Eich, 1999. Aliphatic Pyrrolidine Amides from two
tropical Convolvulaceous species. Phytochemistry,
52:1437-1441.

Tseng, CF., S. Iwakami, A. Mikajirn, M. Shibuya,
F. Hanaoka, Y. Ebizuka, K. Padmavinata and
U. Sankawa, 1992 Inhibition of in vitro
prostaglandin  and leukotriene biosynthesis by
cinnamoyl-B-phenethylamine and n-acyl dopamine
derivatives. Chem. Pharm. Bull., 40: 396-400.

Van Der Pol, F., S.U. Purnomo and H.A. Van Rosmalen,
1988. Trans-Cis 1somerisation of Carotenoids and its
effect on the vitamin a potency of some common
Indonesian foods. Nutr. Rep. Int., 37: 785-793.

Wills, RBH, AWZK. Wong, FM Scriven and
H. Greenfield, 1984. Nutrient composition of Chinese
vegetables. I. Agric. Food Chem., 32: 413-416.

Wills, RB.H. and A. Rangga, 1996. Determination of
carotenoids in Chinese vegetables. J. Agric. Food
Chem., 56: 451-455.

Yajima, A. and G. Yabuta, 2001. Synthesis and absolute
configuration of MQ-A; [ 1-(14"-methylhexadecanoyl)
pyrrolidine], a novel aliphatic pyrrolidine amide from
the tropical Convolvulaceae species. Bioscl
Biotechnol. Biochem., 65: 463-465.

contents



	123-129_Page_1
	123-129_Page_2
	123-129_Page_3
	123-129_Page_4
	123-129_Page_5
	123-129_Page_6
	123-129_Page_7
	IJB.pdf
	Page 1


