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ABSTRACT

The identification of compounds in a group of anthocyanins, which were
accumulated in leaves and seed of the black rice cultivar Kumdoisakhet and BGMSN
11, was performed by the use of high performance liquid chromatography (HPLC)
having photodiode array as detector together with those techniques employing HPLC
combined with an electrospray ionization mass spectrometry (ESI-MS) and a tandem
mass spectrometry (MS/MS).

At the first part of the study, bran of the black rice cultivar Khumdoisakhet
was ‘used as sample for the selection of a suitable solvent for extraction and for
optimization of HPLC conditions for the separation of components in the crude rice
bran extract, as well as the conditions of electrospray ionization in LC-MS technique.
It was found that 0.5 % formic acid in methanol was the most appropriate solvent
among methanol, methanol:dichloromethane (1:4 v/v), and isopropanol used for

extraction of anthocyanins from the black rice bran. The optimum HPLC condition



employed Zorbax Eclipse plus Cig with a dimension of 4 x 100 mm and 3 um particle
sizes as a chromatographic column. The mobile phase consisted of methanol and
0.5% acetic acid in water at the ratio of 10:90 (v/v) with a flow rate of 0.4 ml/min.
The optimized ESI condition resulted in the following parameters; fragmentor voltage
110 V, capillary voltage 3500 V, drying gas temperature 350 °C, drying gas flow 12
ml/min, and nebulizer pressure 30 psi. The informative product ion mass spectra
useful for structural characterization of the black rice anthocyanins were obtained by
performing collision induced dissociation (CID) with argon as a collision gas at
energies of 15, 20 and 25 V.

Positions of anthocyanins in each HPLC profile of the crude rice sample
extracts were determined by the use of data processing in reconstructed ion
chromatogram mode monitoring at a specific ion mass corresponding to the
characteristic or molecular ion of the anthocyanins of interest. These anthocyanins
were confirmed by their UV-Vis spectra obtained by DAD. Structural characterization
of the black rice anthocyanins was then performed by analyzing their ESI-MS and
ESI-MS/MS spectra, which revealed the presence of ten anthocyanins, cyanidin-3-O-
glucoside, cyanidin-3-O-glucoside-5-O-rhamnoside, peonidin-3-O-glucoside,
cyanidin-3-O-diglucoside, cyanidin-3-O-diglucoside-5-O-glucoside, cyanidin-3-O-(p-
coumaroyl)glucoside-5-O-glucoside, cyanidin-3-O-(feruloyl)glucoside-5-O-
glucoside, peonidin-3-O-diglucoside, malvidin-3-O-(p-coumaroyl)glucoside-5-O-
glucoside, and peonidin-3-O-(p-coumaroyl)glucoside-5-O-xyloside, and the two
tentatively identified anthocyanins; cyanidin-3-O-xyloside glucoside, and cyanidin-3-

O-xyloside glucoside (isomer). Among these identified anthocyanins, cyanidin-3-O-



diglucoside-5-O-glucoside, cyanidin-3-O-(p-coumaroly)glucoside-5-O-glucoside,
cyanidin-3-O-(feruloyl)glucoside-5-O-glucoside, peonidin-3-O-diglucosid, peonidin-
3-0O-(p-coumaroyl)glucoside-5-O-xyloside, and malvidin-3-O-(p-
coumaroyl)glucoside-5-O-glucoside, were found in leaves or seed of black rices for
the first time by this study.

The relative contents of each anthocyanin in the extracts of leaves and seed of
the two black rice cultivars at seven growth stages; seeding, tillering, booting, milk
grain, dough grain, maturation, and post harvest, were determined by the use of
LC-ESI-MS. Results revealed that the accumulation of anthocyanins in each part of
the rice plant, leaf or seed, was dependent of their chemical structures with a number
of sugar and acylate groups. Monoglycosidic anthocyanins such as cyanidin-3-O-
glucoside and peonidin-3-O-glucoside were only found in seed of the black rice
cultivar BGMSN 11 that has green leaves, but found in both leaves and seed of the
cultivar Kumdoisakhet, of which its leaves are purple-black. Anthocyanins with two
or three sugars or acylate groups tended to stay in the leaf part, generally their
contents were highest in leaves at booting stage, except for peonidin-3-O-diglucoside
and peonidin-3-O-(p-coumaroyl)glucoside-5-O-xyloside that were found in both
leaves and seed. Overall, there was no correlation among the structures of

anthocyanins, their relative contents, and growth stages of both black rice cultivars.
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