Journal of Applied Horticulture, 8(2): 143-146, July-December, 2006

Anthocyanin accumulation in the hypocotyl and petal of
Red Agati (Sesbania grandifiora), an ornamental legume

Kitti Bodhipadma', Sompoch Noichinda'!, Sasikan Udomrati!, Goravis Nathalang?,
Boonyuen Kijwijan® and David W.M. Leung*

'Department of Agro-Industrial Technology, Faculty of Applied Science, King Mongkut's Institute of Technology North
Bangkok, Bangsue, Bangkok, 10800, Thailand, *Department of Biology, Faculty of Science, Mahidol University, Bang-
kok, 10400, Thailand, *Department of Biology, Faculty of Science, Khon Kaen University, Khon Kaen, 40002, Thailand;
“School of Biological Sciences, University of Canterbury, Private Bag 4800, Christchurch 1, New Zealand, E-mail: david.
leung@canterbury.ac.nz

Abstract

Seeds of Red Agati (Sesbania grandiflora), an ornamental leguminous tree, were germinated in vitro under both light and dark
conditions for 7, 10, 15, 20 and 25 days. The localization of anthocyanin-containing cells and level of total anthocyanin content of
hypocotyl from several developmental stages were determined. In the hypocotyl of light-grown seedlings, anthocyanin-containing
cells were observed in epidermal and sub-epidermal layer and peripheral cortex while none was found in that of dark-grown seedlings.
On day 7, the hypocotyl of light-grown seedlings had the highest anthocyanin content (290 pg/g FW). Moreover, Red Agati’s petal at
various developmental stages was also examined for the total anthocyanin content. It was found that the petal of 3 cm length had the
highest total anthocyanin level (455 pg/g FW). It is concluded that the hypocotyl of light-grown Red Agati seedlings is an attractive

alternative source of anthocyanins to the petal as the seedlings can be raised and be made available throughout the year.
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Introduction

Red Agati (Seshania grandiflora), a perennial nitrogen-fixing
ornamental tree, belongs to the family Fabaceae. The origin of
this leguminous plant is not known but it is considered native to
Southeast Asian countries. In Thailand, it is commonly grown
in backyard gardens. This plant and a closely related species,
Agati (Sesbania grandiflora), are useful for reforestation as
they have extremely fast growth rate. They are also used for
forage, firewood, pulp and paper, food, green manure and
landscape decoration (National Research Council, 1979;
Thiengburanathum, 1993; Bray, 1994; Gutteridge, 1994 and
Jensen, 2001). The petal of Red Agati is large, distinctively rose
pink or red in color while that of a related species, Agati, is white
or yellowish, reflecting the differing anthocyanin content in the
vacuole (Markham et al., 2000).

Anthocyanins are plant phenolic compounds in the flavanoid
group. They generally are responsible for the red, purple and
blue colors in plant parts such as fruits, vegetables, flowers,
leaves, roots and tubers. All natural anthocyanins are glycosides
called anthocyanidin. Anthocyanins are receiving renewed
attention for their potential health benefits as antioxidants and
anti-inflammatory agents (Kalt and Dufour, 1997; Wang et al.,
1997; Wang et al., 1999).

Plant tissue culture is one of the important biotechnological
tools which has been applied in various aspects, such as,
micropropagation (Bodhipadma and Leung, 2002a; Haw and
Keng, 2003), in vitro flowering and fruiting (Bodhipadma and
Leung, 2002b; Bodhipadma and Leung, 2003) and secondary

metabolite, especially anthocyanin production (Rao and
Ravishankar, 2002; Filippini ef al., 2003).

Though there were some publications on tissue culture of
Sesbania, the objective of most of them was to propagate this
plant (Shanker and Ram, 1990; Shanker and Ram, 1993; Sinha
and Mallick, 1993; Detrez et al., 1994). Unlike Agati, Red
Agati has a remarkably red petal that would be a good source of
anthocyanin. However, the hypocotyl of a Red Agati seedling
is also red. This could be a more attractive and convenient
source for anthocyanin production than petal. With this goal in
mind, the present study was undertaken to compare the amount
of anthocyanin extracted from the hypocotyl and petal of Red
Agati and investigate the time during their development when
maximal accumulation of anthocyanin might occur in the
appropriate organ.

Materials and methods

Plant materials: Mature dry seeds of Red Agati were obtained
from a local garden of Nonthaburi province. To avoid possible
complications from microbial contamination during raising
seedlings from seeds for the present experiments, the Red Agati
seeds were germinated under aseptic conditions: they were
immersed in sterile distilled water overnight before they were
surface-sterilized by soaking in 70% (v/v) ethanol for 30 seconds,
1.5% (v/v) sodium hypochlorite for 15 minutes and rinsing them
three times with sterile distilled water. After seeds germinated
in vitro on the medium (see Medium) under both light and dark
conditions for 7, 10, 15, 20 and 25 days, hypocotyl from these
seedlings were cut and examined for total anthocyanin content
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and its localization. Flowers of Red Agati were collected from
local garden of Nonthaburi province. Only petal parts 3, 6 and 9
cm in length were used to analyze for total anthocyanin content.
The collection was made after the opening of the petals in 4, 7
and 12 days, respectively.

Medium: MS basal medium (Murashige and Skoog, 1962) in this
study were adjusted to pH 5.7, gelled with 0.8% (w/v) agar, and
autoclaved at 121 °C and 15 psi for 20 minutes. All the cultures
were kept in a growth room at 25 °C under 16 hours illumination
from white fluorescent lamps (3,180 Lux) or in the dark.

Determination of total anthocyanin content: Total anthocyanin
content was measured using a method modified from that of
Fuleki and Francis (1968). 1.5 g of hypocotyl from seedlings
grown in vitro under both light and dark conditions after 7, 10, 15,
20 and 25 days, or petal (3, 6 and 9 cm in length) were blended
with a mixture of 95% (v/v) ethanol and 1.5 N HCI (1.28: 0.23
mL). One mL of the extraction mixture was mixed with 95%
ethanol and 1.5 N HCI (10.75: 1.88 mL) in a 20-mL vial wrapped
with aluminum foil. This was gently shaken, kept overnight at 4
°C and then centrifuged at 6,870 x g for 10 min. The absorbance

a ! . | ;b (= =

Ml
5
=

[
5]

T

Ty =
)
| -
=
g — = =
o - &
£ x 7 =" 3

.

ek

Fig. 1. Red Agati grown in vitro on 7, 10, 15, 20 and 25 days under light
(a, ¢, e, g and i, respectively) and dark (b, d, f, h and j, respectively)
conditions.

of'the supernatant was read at 535 nm. Total anthocyanin content
was calculated according to Fuleki and Francis (1968).

Anthocyanin localization: Hypocotyls of Red Agati seedlings
grown in vitro under both light and dark conditions for 7, 10,
15, 20 and 25 days were cut independently with a razor blade.
The free hand sections were then placed in a drop of water on a
glass slide, covered with a cover slip and examined under a light
microscope to localize the anthocyanin-containing cells.

Results

Morphology of Red Agati seedlings: Red Agati seeds,
germinated in vitro developed normally into healthy seedlings
in the light but not in the dark (Fig. 1). On day 7 in the light, the
cotyledons started expanding and emerging from the seed coat
while in the dark by day 25, the cotyledons still remained inside
the seed coat. On day 10, true leaves could be found on some
seedlings under light conditions. It was clearly seen that plant
height was greater in the dark than in the light throughout the
experiment (Fig. 2). Hypocotyls of dark-grown seedlings were
white while those grown in the light were red. However, the red
color appeared lighter as the hypocotyls grew.

Localization of anthocyanin in hypocotyl of Red Agati: When
free hand sections of Red Agati hypocotyls, cultured under both
light and dark conditions in vitro, were examined under a light
microscope, it was revealed that anthocyanin could not be found
in hypocotyls of dark-grown seedlings at all developmental
stages. In contrast, anthocyanin was evidently present in the
hypocotyls of light-grown seedlings (Fig. 3). The anthocyanin-
containing cells were found in the epidermal and sub-epidermal
layer. Besides, some could be seen in the peripheral cortex of the
hypocotyl. The hypocotyl on day 7 appeared to have the highest
number of anthocyanin-containing cells.

Total anthocyanin content in Red Agati hypocotyl: Total
anthocyanin content was measured in hypocotyls of germinated
seeds in vitro under both light and dark conditions for 7, 10, 15,
20 and 25 days. It was revealed that hypocotyls of light-grown
seedlings had the highest anthocyanin content (290 ug/g FW) on
day 7 (Fig. 4). Then total anthocyanin content decreased sharply.
In contrast, anthocyanin were not detectable in hypocotyl of
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Fig. 2. Height of Red Agati grown in vitro at various developmental
stages (values are means of 20 replications £ SD). Value in day 25
dropped because explants mostly died and mean of this stage are included
all of those 20 replications.
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dark-grown seedlings (Fig. 4).

Total anthocyanin content in Red Agati petal: During Red
Agati flower development, the petal increased in size and length.
The petal of 3 cm in length had the highest total anthocyanin
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Fig. 3. Cross section of Red Agati’s hypocotyl grown in vitro on 7, 10,
15, 20 and 25 days under light (a, c, e, g and i, respectively) and dark
b, d, f, h and j, respectively) conditions. Scale bar = 100 pm.
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Fig. 4. Total anthocyanin content in hypocotyl of Red Agati at various
developmental stages (values are means of 9 replications + SD).
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Fig. 5. Total anthocyanin content in petal of Red Agati at various
developmental stages (values are means of 9 replications + SD).
content (455 ng gFW). Total anthocyanin content obviously
decreased when the petal length increased further (Fig. 5).

Discussion

The demand of natural anthocyanins has been growing due
to their beneficial attributes for human health and well-being
when compared to synthetic dyes (Mayer and van Staden, 1995;
Stintzing and Carle, 2004). Though leaves and fruits from other
plants are the good source of anthocyanins, such as, 188 and
375 ug/gFW of total anthocyanin content were found in purple
basil leaf and acerola fruit, respectively (Simon, et al., 1999;
Vendramini and Trugo, 2004), hypocotyl and flower of Red
Agati could provide high amount of anthocyanins as well. In this
research, total anthocyanin content of Red Agati in reproductive
(petal) and nonreproductive (hypocotyl) tissues were investigated
for the first time. Reddening was found in hypocotyl of Red Agati
seed germinated under light condition. This phenomenon, the
presence of a red color in seedling, was also discovered in several
Pinus species and many dicotyledonous epigeous seedlings,
especially hypocotyl part which developed a red pigmentation
shortly after it emerges from the soil into light (Nozzolillo et
al., 2002).

In Red Agati hypocotyl, anthocyanin was observed in the
epidermal and sub-epidermal layer and peripheral cortex. There
have been many reports showing that localization of anthocyanin
varies depending on the species. Mostly, anthocyanins are found
in or just below the epidermis (Chalker-Scott, 1999; Nozzolillo
etal.,2002). However, Hara et al. (2003) found that the location
of anthocyanin-containing cells in radish hypocotyls changed
during growth. On day 14, these cells were seen in the peripheral
cortex but they were mostly found in the pericycle cells on day
21. This finding differed from the present result as the distribution
of anthocyanin-containing cells of Red Agati hypocotyl was still
in the sub-epidermal layer and peripheral cortex and remained
or unchanged throughout the experiment.
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There have been a number of reports showing that light is an
important factor for anthocyanin synthesis (Matsumoto et al.,
1973; Chalker-Scott, 1999). Our results are also in agreement
with these studies. Nevertheless, callus culture of Vitis and
strawberry produced large amounts of anthocyanin in the dark
(Yamakawa et al., 1983; Nakamura ef al., 1999).

Total anthocyanin content in Red Agati hypocotyl on day 7
under light conditions was comparable to that of the 3-cm long
petal. Furthermore, the developmental changes in their total
anthocyanin content appeared similar.

Anthocyanin accumulating pattern in Red Agati hypocotyl of
seedlings grown under light and dark condition was totally
different. The localization of anthocyanin were mostly found in
sub-epidermal layer and peripheral cortex at all developmental
stages. The early developmental stage of both hypocotyl and petal
had the higher amount of total anthocyanin content than the late
developmental stage. Thus from the present results, the suitable
time to harvest Red Agati hypocotyls for anthocyanin extraction
would be on day 7 after sowing seeds under aseptic conditions.
Similarly, petal of 3 cm long would also be ideal. Although total
anthocyanin content was less in hypocotyl than in petal, the
former is more readily available and would be a more favorable
source or an attractive alternative to petal of Red Agati to use
for anthocyanin production. Further studies would be needed to
examine if the anthocyannin profiles in the hypocotyl and petal
of Red Agati are comparable.
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