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ABSTRACT

Anthocyanins were isolated from male bracts of 67 wild banana (Musa spp.
and Ensete spp.) accessions distributed in Thailand. With high performance liquid
chromatography (HPLC), mass spectrometry (MS), and tandem mass spectrometry
(MS/MS), six major anthocyanin pigments were identified: delphinidin-3-rutinoside
(m/z 611.2), cyanidin-3-rutinoside (m/z 594.7), petunidin-3-rutinoside (m/z 624.8),
pelargonidin-3-rutinoside (m/z 579.3), peonidin-3-rutinoside (m/z 608.7) and
malvidin-3-rutinoside (m/z 638.8). By type of pigment, wild bananas can be divided
into four groups. The first group, comprised of M. acuminata, M. itinerans and Musa
sp., contained five types of anthocyanin but not pelargonidin-3-rutinoside. The second
group, comprised of M. acuminata subsp. malaccensis, contained three types of
anthocyanin: cyanidin-3-rutinoside, peonidin-3-rutinoside and malvidin-3-rutinoside.
The third group comprises all yellow bract color in which no anthocyanin was
detected. The forth group, comprises of M. balbisiana, M. velutina, M. laterita, M.
acuminata subsp. zebrina and E. superbum, contained cyanidin-3-rutinoside and
delphinidin-3-rutinoside. The three remaining groups, which could not be classified
according to type of pigment, were 1) M. coccinea which contained cyanidin-3-
rutinoside and pelargonidin-3-rutinoside 2) M. ornata which contained only peonidin-
3-rutinoside and 3) M. acuminata subsp. siamea with yellow plus little purple edges
bract color contained delphinidin-3-rutinoside and peonidin-3-rutinoside. Total
anthocyanin contents in analyzed bracts ranging from 0-2.23 pmole/g bract. The
differences between anthocyanin types and proportions revealed a biochemical
diversity of wild bananas, which might be useful for identification of banana species
or inferring flavonoid metabolic evolution among each banana group.

KEY WORDS: MALE BRACT/ FLORAL PIGMENT/ ANTHOCYANIN/
MUSACEAE/ PHENOLIC COMPOUNDS

75 pp.
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CHAPTER |
INTRODUCTION

1. Overview on the bananas

Banana (Figure 1) is an important fruit crop of the world. They form an integral
component of the farming system in humid agro-ecological zones of the tropics [1].
Bananas are produced for local consumption and trading mostly in the tropical and
subtropical areas [2]. Bananas belong to the plant family Musaceae. Musa is the
largest genus in the family and was classified into five sections based on their
chromosome number and morphological characters i.e., Musa x=11, Rhodochlamys
x=11, Australimusa x=10, Callimusa x=10 and Ingentimusa x=7 (x is the number of
chromosome in haploid genome) [3], [4]. Most cultivated bananas are believed to
originate from two wild banana species in Musa section: Musa acuminata Colla and
M. balbisiana Colla [1], [5], [6]. Simmonds [1], [4], [7] proposed that wild and
cultivated bananas had their origins in Southeast Asia and were later introduced to
other regions in tropical and subtropical parts of the world. In many Southeast Asian
locations, male buds of some wild and cultivated bananas are consumed as vegetables,
and bract color is a potential source of food colorants [8].

In banana classification [4], male bract color is one of the most discriminating
characters among others. Most bananas have the bract colors of red, purple, or violet
bract, while cyanic-green or yellow are rare [4]. In M. acuminata, the variation in
bract colors is correlated with the compositions of the pigment mixtures [4].
Preliminary results by paper chromatography [4], [8], [9] and by acid extraction [4],
indicated that glycoconjugated anthocyanin is the major pigments in bract color.
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Foliage leaf

Petiole

Peduncle

Fruit bunch
Rachis

Male Inflorescences
or male bud

Pseudostem

Sucker

Figure 1 Line drawing of a wild banana plant; M. acuminata accession SS&JS 307

(Line drawing by Ms. Potjana Kiatprapai)
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2. ANTHOCYANINS

2.1 Introduction to anthocyanin

The word anthocyanin, derived from two words in Greek anthos or flower and
kyanos or blue. Anthicyanins, the secondary metabolite produced by plants are water-
soluble pigment which are responsible for colors of plant from purple, blue, pink,
orange, and red, of most flowers [10]. Anthocyanin also found in other plant organs,
i.e. root and leaves and accumulating in the vacuoles of epidermal or subepidermal
cells [11].

Anthocyanins belong to a class of phenolic compounds collectively named
flavonoids [11]. They have roles in attracting the insect and birds for plant pollination
and seed dispersal, protect plant from light stress, and inhibition of pest infestations
and fungal infections [12]. Anthocyanin pigments are glycoside of anthocyanidin.
They exist in several forms from six common anthocyanidin aglycones; pelargonidin,
cyanidin, peonidin, delphinidin, petunidin and malvidin (Figure 2) [11].

2.2 Structure and properties

Anthocyanins are Cis (C¢C3Cs) phenolic compound, composed of two rings; A-
ring is hydroxycinnamoy! system and B-ring is benzoyl system and numbering system
shown in Fig. 2 [11]. The common attaches of sugar to anthocyanidin is glucose,
rhamnose, galactose, xylose which general glycosylation position are 3-, 5-, and the
rare position at 7- of hydroxycinnamoyl ring sometime linked to 3’- or 5’- of benzoyl
ring [10]. Acyl groups have been found in anthocyanin from many plants. The
common acyl group is aromatic acid such as hydroxycinnamic acid, p-coumaric acid,
caffeic acid and ferulic acid [11]. Aliphatic acyl group are also found in anthocyanin
such as malonic acid, acetic acid, malic acid, oxalic acid and succinic acid [10].

Anthocyanin has many forms (Figure 3) with different colors that affect stability
of anthocyanin [10]. At pH 1-3 anthocyanin is in flavylium cation form with red color,
at pH 4-5 form carbinol pseudo-base with colorless, at pH 6-7 form quinonoidal-base

with blue to purple color, then turn to chalcone form with yellow color at pH 7-8 [13].
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OH OH

, el 5 )

HO Oy o HO @ Oy ocH,
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Delphinidin Malvidin

Figure 2 The core molecular and common six anthocyanidin aglycones.
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|
OH Glycosyl

H* flavylium cation

/,/{) pH 1-3 H&\OH_

H

OH

! |
OH Glycosyl OH Glycosyl
quinonoidal base carbinol pseudo base

] ] H / pH 6-7

OH
o a2l

|
OH Glycosyl
Chalcone
pH 7-8

Figure 3 An example of transformation of anthocyanin (cyanidin-3-rutinoside) by pH

differences.
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2.3 Anthocyanin synthetic pathway

Studies of anthocyanin synthesis in many plants has been reported such as apple
skin (Malus domestica Borkh.) [14], [15], strawberry (Fragaria x ananassa Duch.)
[10], blue berry (Vaccinium myrtillus L.) [16], petunia (Petunia hybrida Hort.) [17].
Common biosynthetic pathway is shown in Figure 4. Anthocyanin synthetic pathway
is a branch of flavonoid biosynthesis pathway, starting from convention of p-
coumaroyl CoA and 3 molecules of malonyl CoA to tetrahydroxychalcone which
further isomerized to nariginin then a hydroxyl group is added at C3 position of A-ring
to form dihydrokaempferol.  From dihydrokaempferol, a hydroxyl group is added at
C3’ position of B-ring to form dihydroquercetin or 2 hydroxyl groups are added at
C3’, 5 positions of B-ring to form dihydromyricetin.  Then 3 types of
dihydroflavonols were reduced at C4 position into 3 common leucoanthocyanindins
which further loss of hydroxyl group at C4 to form anthocyanidin aglycones;
pelargonidin, cyanidin, delphinidin. Glycosylation makes anthocyanidin aglycones to
anthocyanins and post modification at B-ring hydroxyl group by methyltransferase to
produce 3 additional common anthocyanins; peonidin, petunidin and malvidin.

2.4 Study of anthocyanin in other plants

Individual anthocyanin in many plants has been successfully identified by high
performance liquid chromatography (HPLC) [18], [19] and mass spectrometry (MS)
i.e., Musax paradisiaca L. [8], concord grape (Vitis labrusca L.), roselle (Hibiscus
sabdariffa L.), red cabbage (Brassica oleracea L.), red radish (Raphanus sativus L.),
red fleshed potato (solanum tuberosum L.) [20], Tart cherries (Prunus cerasus L.),
elderberry (Sambucus nigra L.), bilberry (Vaccinium myrtillus L.), chokeberry (Aronia
melanocarpa Elliott.) [21], black soybean (glycine max (L.) Merr.) [22], strawberry
(Fragaria x ananassa Duch.) [23], grape (Vitis vinifera L.), highbush blueberry
(Vaccinium corymbosum L.), black raspberry (Rubus occidentalis L.), red raspberry

(Rubus idaeus L.) [24], black currant (Ribes nigrum L.) [25], and bananas [26]. The

anthocyanin profiles of 50 red table grape cultivars (Vitis vinifera L.) studied by HPLC
showed possibility to distinguish all 50 cultivars from each other [27].

Survey of the wild bananas in Thailand [28], [29] showed diversity of bract
colors that somewhat related to their original locations. Since the classification of
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banana by the color of bract as a character tool with visual bract color or the
photographic image is not reliable because the effect of the environment and cameras
during the picture taken and image processing, which cause the color in photograph
not the same as real color bract. However, information on this character in relation to
diversity of native bananas is scarce. The study of anthocyanin components as a
chemical marker that cause variation of colors in banana bract along with
morphological [28] and molecular [29] analyses would be useful in correlation and

validation for classification and distribution pattern of the wild bananas in Thailand.
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Figure 4 Biosynthesis pathway of anthocyanin (modified from petunia [16]). The
enzyme names are CHS, chalcone synthase; CHI, chalcone isomerase; F3H,
flavanone-3-hydroxylase; F3’H, flavanone-3’-hydroxylase; F3’5’H, flavanone 3’,5’-
hydroxylase; DFR, dihydroflavonol 4-reductase; LDOX/ANS; leucoanthocyanidin
dioxygenase/ anthocyanidin synthase; UFGT, UDP glucose:flavonoid 3-O-
glucosyltransferase; Rt, UDP rhamnose:anthocyanidin-3-O-glucoside

rhamnosyltransferase; Mt, methyltransferase.
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OBJECTIVES

1. To investigate types and amount of anthocyanin pigments and relationship with
bract color.

2. To investigate anthocyanin patterns and their similarity among wild bananas in
Thailand this might be used for banana classification.
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CHAPTER Il
MATERIALS AND METHODS

1. MATERIALS

1.1 The banana collections

The wild banana accessions in this experiment were collected from many parts of
Thailand (Figure 5). To construct our germplasm collection, the suckers were taken
out from their original habitats and grown ex Situ in a private garden at Nakhon
Pathom, Thailand. Global position system (GPS) for their native locations and
morphological characters were recorded on sites. Specimens were preserved and
deposited at Saun Luang Rama IX Herbarium.

1.2 The banana bract collections

The bracts used in this experiment (Figure 6) were taken from an ex situ
germplasm collection. Male bract which outermost and non-opening (Figure 7) was
harvested, and wrapped in paper, kept in sealed plastic bag, immediately brought to
the lab and stored at 4°C in refrigerator. Collected bracts were subsequently extracted
within one day after harvesting. List of wild banana accessions, their visual bract

colors, scientific name, local name and source location are presented in Table 1.

2. METHODS

2.1 Anatomy of the bracts

Observation of anthocyanin in banana bract was preformed under light
microscope. Bract was cut and visualized under microscope both cross section and
two sides of epidermal layer. Confirm of anthocyanin was done by leasing of
anthocyanin in vacuole with mild acidified aqueous methanol [11] (60% methanol

containing 0.027% HCI (v/v)).
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Figure 5 The original locations of wild bananas used in this study. Numbers indicated

accession numbers appeared in Table 1.
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M. acuminata subsp. siamea 1, with purple,
blue bract color, found in the north to lower central

and west to east and northeast of Thailand.

M. acuminata subsp. siamea 2, with red
purple, purple and blue bract color, found in

western and north-western part of Thailand

M. acuminata subsp. malaccensis 1, the typical
form, with red, pink purple or purple brown bract
color and sometimes with yellow color streaks

commonly found in southern part of Thailand.

M. acuminata subsp. malaccensis 2, Kra
Isthmus form, with rusty brown, purple brown, pink
purple and red purple bract color, found in Ranong

and neighboring provinces.

Figure 6 Bract colors of wild bananas in Thailand.

note: Identification based on [28], [29]



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 13

M. acuminata subsp. siamea with yellow bract
color, found in northeastern and eastern of Thailand

along with M. acuminata subsp. siamea 1.

M. acuminata subsp. truncata, with deep blue
bract color, found only in highland of Yala

province.

M. laterita., orange red bract color, found in

western part of Thailand.

M. balbisiana, with mostly red and green bract
color found rarely as wild, but commonly in

cultivation throughout Thailand.

Figure 6 Bract colors of wild bananas in Thailand. (continue)
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Musa sp., with purple or red-purple bract color
outside and cream to yellow inside, found in
northwestern part of Thailand.

E. superbum, with red bract color, found in

lime stone mountains in many parts of Thailand.

E. superbum, with yellow bract color found in

Kanchanaburi province.

E. glaucum, with only green bract color, found
in many parts of Thailand, both in wild and

cultivated areas.

Figure 6 Bract colors of wild bananas in Thailand. (continue)
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M. itinerans, with red-purple to purple brown

bract color, found in the northern part of Thailand.

M. coccinea, probably imported from other

countries.

M. velutina, probably imported from other

countries.

Figure 6 Bract colors of wild bananas in Thailand. (continue)
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Opening bract

Outer side of bract
Dropped bract

Inner side of bract

Outermost and non-
opening bract

Figure 7 Banana male bud showing bracts. (A) Opening bract, (B) Outermost and
non-opening bract and (C) Dropped bract. (Line drawing by Ms. Potjana Kiatprapai)
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2.2 Anthocyanin extractions

To extract anthocyanin content in banana bracts [11], one gram of the fresh bracts
were cut into small pieces and ground with 60% aqueous methanol containing 0.027%
HCI (v/v) [30]. The slurry was transferred into 15 ml capped tube, adjusted volume to
15ml with 60% aqueous methanol containing 0.027% HCI (v/v), and kept in dark at
4°C overnight. After centrifugation at 4000 g, the supernatant were collected, adjusted
to final volume of 14 ml and stored at -20°C in freezer until analysis.

2.3 Measurement of total anthocyanin in bract

Total anthocyanin in the extracts were measured with pH-differential method as
described by Gusti & Wrolsted [31], [32]. Total anthocyanin content was calculated
as equivalent mole of cyanidin-3-rutinoside. Spectral absorption of the extract sample
were measured with UV-Visible spectrophotometer (UV-201PC; Shimadzu, Japan).
The extract was divided into two parts, the first part was 5 times diluted with 2.5 mM
KCI, pH 1.0, the second part was 5 times diluted with 0.4 M Sodium acetate, pH 4.5,
then both parts were left to develop color at room temperature for 15 minutes. Then
the spectra were measured absorption at 700 nm and at maximum absorption
wavelength in visible range (A max-vis), was fixed at 530 nm. In the scanning mode of
absorption, the absorption was recorded from 400 nm to 720 nm. The absorption
(optical density unit; OD) at 700 nm and at 530 nm was extracted from ASCII files of
each sample. Total anthocyanin was calculated in equivalent mole/g fresh weight to

cyanidin-3-rutinoside (e=32298 (OD.M".cm™), MW=595.53) as following equations.

L. A toral = (A 530-A 700) pr1.0 — (A 530-A 700) pH4.5

A ot X Dilution Factor
€=32298x1

2. [Anthocyanin] (mole/l) =

[Anthocyanin](mmole/ml) x Extract Volume (ml)
Bract weight (g)

3. Anthocyanin (mmole/g pract) =
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2.4 Analysis of anthocyanin components using High Performance Liquid
Chromatography (HPLC)

To analyze the anthocyanin components in wild bananas, the extracted samples
were filtered through 0.45 pm nylon membrane (Millex, Millipore). The 20 pl of each
sample was loaded into the column by auto injector. All samples were analyzed with
reverse-phases high performance liquid Chromatography (HPLC model 717 plus Auto
sampler, pump model 600 and detectors model 2996 photodiode array (PDA);
Waters). The column used was a reverse-phase column (Nova pak C-18; Waters)
diameter 3.9 mm and lengths 300 mm with protected guard (Symmetry C-18 type;
Waters). Solvent A was acetronitrile containing 0.1% trifluoroacetic acid (TFA) (v/v).
Solvent B was 3A grade H,O containing 0.1% TFA (v/v). The program (condition)
used was a linear gradient from 15% to 95% solvent A for 45 minutes and return to
15% solvent A in 2 minutes, then equilibrate at 15% solvent A for 13 minutes before
the next sample analysis. The flow rate used was 0.5 ml/minute. The PDA data of
anthocyanin were simultaneously recorded from 260 nm to 650 nm with program
“Millennium 2000 and were online detected at 530 nm and 280 nm during analysis.
Standard cyanidin-3-rutinoside was used to confirm anthocyanin peak both by
individual injection and by spike in samples.

For further identification of each anthocyanin components in extract by mass
spectrometer, 60 pl of samples (Selected samples; SS&JS 96, 106, 178, 206, 319)
were used in HPLC analysis, then anthocyanin peaks were simultaneously fractionated
with fraction collector. The collector was set to collect samples every minute for 30
minutes, flow rate at 0.5 ml/min; 500 pl per fraction. Then the fractions were kept at -
20 °C until analysis with mass spectrometry.

The data from HPLC give information of acylation and glycosylation position in
anthocyanin structure [11] [31] [32]. Acylation of anthocyanin information is
interpreted from the ratio of absorption at 310 nm (A 3;9) to Absorption at maximum
absorption in visible region (A j max-vis); A 310/ A 2 max-vis. If percent ratio of A 310/ A %
max-vis 18 1less than 50 %, interpretation would be no acylation, from 50 % to 70 %
should have single acylation and if it more than 80 %, it should have two acylations.
While glycosylation position information is from the ratio of absorption at 440 nm (A

440) to absorption at maximum absorption in visible region (A 3 max-vis); A 440/ A % max-vis-



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 23

If percent ratio A 440/ A 3 maxvis around 30 %, it is interpreted that anthocyanin should
have glycosylation at position 3 of anthocyanidin aglycone, and if it less than 20 %,
anthocyanin should have glycosylation at position 3 and 5 of anthocyanidin aglycone

(Figure 8).

OH Glycosyl

0] Glycosyl

Glycosyl B

Figure 8 Glycosylation positions of anthocyanidin. (A) 3-glycosylation, (B) 3, 5-
diglycosylation.
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2.5 ldentification of anthocyanin using Mass Spectrometry (MS)

The anthocyanin fractions were directly infused via auto injector with the flow
rate 150 pl/hour into mass spectrometer (Esquire 3000 plus; Bruker) equipped with
electro spray ionization (ESI) source. Then the anthocyanin fraction (single peak)
were analyzed in MS in positive ion mode both molecular ion mass (M") and their
tandem mass spectrogram (MS/MS). (see parameters setup in Appendix B)

The molecular mass and their tandem mass spectrograms of anthocyanin obtained
were matched to molecular mass and tandem mass spectrogram of anthocyanin in
others plants from previously reported. Standard cyanidin-3-rutinoside chloride was
used as a positive anthocyanin (M'; 595 m/z and MS/MS; 449, 287 m/z).

Mass spectrometry data particularly molecular ion mass (M') will give
overall expectation of anthocyanin molecular mass ion and tandem mass spectrograms
will tell type of anthocyanidin aglycone and their putatively glycoside during fraction

of molecular ion mass into daughter ions; fragmented ions, (Figure 9).
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Figure 9 Mass spectra of standard cyanidin-3-rutinoside chloride (mw 630.98), A is
mass spectra of cyanidin-3-rutinoside (m/z 594.8), B is tandem mass spectra of
cyanidin-3-rutinoside; fragmented ion are m/z 448 (M'-162) and m/z 286.7 (cyanidin
aglycone)
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2.6 Cluster analysis of the wild bananas using anthocyanin profiles

Combine types of anthocyanin with ratios of area under the anthocyanin peaks
from HPLC (as following equation; an example is cyanidin-3-rutinoside peak from
SS&JS 106). Cluster analysis was then performed based on similarity of interval data
(SIMINT; Computes a variety of similarity and dissimilarity of interval data) which
are anthocyanin types and ratios of area under each anthocyanin peak as input data.
Using NTSYSpc 2.1 (Rohlf, 2000) with Sequential, Agglomerative, Hierarchical, and
Nested (SAHN) clustering method and Unweighted Pair-Group Method, Arithmetic
average (UPGMA), and dendrogram was generated.

area peak of cyanidin - 3 - rutinoside in SS & JS106

Ratio area under peak = : -
total areas of all anthocyanin peaks in SS & JS106
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CHAPTER Il
RESULTS

1. Distribution of anthocyanin in bananas bract

Anthocyanin pigments of wild bananas were found in vacuoles of epidermal
cells on both outer and inner sides of the bracts. Almost all of epidermal cells except
stomata apparatus on the outer side of the bract uniformly contained red vacuoles,
while less than 50% of epidermal cells on the inner side stored anthocyanin with

various color of vacuoles (Figure 10).

Figure 10 Anatomy of bract tissue and cells. (A) cross section of the bract, black
arrow indicated outer side, white arrow indicated inner side; (B) epidermal cells on

the outer side of bract and (C) on the inner side of bract.
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2. Anthocyanin absorption spectra of wild banana bracts in visible region.

The absorption spectrum of anthocyanin in visible region (400 nm — 700 nm) was
shown in Figurel1l A and B. All sample were normalized in equal bract fresh weight
In Figurell A, all samples of, Musa acuminata subsp. Siamea 1, siamea 2,
malaccensis 1, malaccensis 2, truncata, zebrina and Musa sp. showed very similar
absorption spectrum with the maximum absorption ranging from 500 nm to 550 nm in
the same type of solvent (0.25 mM KCI1 pH 1.0). M. acuminata subsp. siamea in
yellow bract color, there is no absorption in these visible regions. The rests of wild
bananas; M. laterita, M. balbisiana, M. itinerans, M. coccinea, E. superbum and also
showed absorption the same as M. acuminata in Figure 11 A. M. coccinea had the
maximum absorption around 500 nm which differ from others wild bananas. E.
glaucum with yellow bract color and M. ornata with light pink purple bract color

were no absorption in visible region like in yellow bract color of M. acuminata.
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1.4 - = M. acuminata subsp. siamea 1
= M. acuminata subsp. siamea 2
12 A M. acuminata subsp. malaccensis 1
= M. acuminata subsp. malaccensis 2
M. acuminata subsp. siamea (yellow bract)
1 = M. acuminata subsp. truncata
5 = M. acuminata subsp. zebrina
_%’ 0.8 - = Musa sp.
g
&
A 0.6
o
0.4
0.2 1
0 i
400 450 500 550 600 650 700
Wavelength (nm)
1.4 4
—— M. laterita
12 — M. balbisiana
’ —— M. itinerans
B — M. coccinea
1 — M. velutina
5 —— E. glaucum
_%’ 0.8 - — E. superbum (red bract)
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5]
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Figure 11 The absorption spectra of anthocyanin in crude extracts.
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3. High Performance Liquid Chromatography (HPLC) chromatograms of wild
bananas.

As the HPLC was programmed for increasing the ratio of non polar solvent over
time, the most polar anthocyanin was eluted first and the least polar one was eluted
last. From anthocyanin structures, the elution series of anthocyanin in wild bananas
were  delphinidin-3-rutinoside,  cyanidin-3-rutinoside,  petunidin-3-rutinoside,
pelargonidin-3-rutinoside, = peonidin-3-rutinoside = and  malvidin-3-rutinoside,
respectively. there are corresponding to degree of hydroxylation and methylation of
anthocyanins.

The sample chromatograms of anthocyanin in crude extract of wild bananas
bract acquire at 530 nm (detected wavelength) from HPLC is shown in Figurel2 A to
P. All wild bananas possess six peaks (no.1-6) of anthocyanin which different types
and quantities. M. acuminata subsp. siamea 1 and subsp. siamea 2, possessed the
same five types of anthocyanin (peak no. 1, 2, 3, 5 and 6) while subsp. malaccensis 1
and subsp. malaccensis 2 possessed the same four types of anthocyanin (peak no. 1, 2,
5 and 6), M. acuminata subsp. truncata possessed only one anthocyanin peak (peak
no.6), M. acuminata, with yellow bract did not show any anthocyanin peak, M.
acuminata subsp. zebrina possessed one type of anthocyanin (peak no. 2) which differ
from M. acuminata subsp. truncata, and Musa sp. possessed three anthocyanin peaks
(peak no. 2, 5 and 6). In M. balbisiana, M. laterita, M. velutina and E. superbum
possessed two peaks of anthocyanin (peak no. 1 and 2). M. itinerans, possessed five
peaks the same as in M. acuminata subsp. siamea 1 and 2 but in different the amount
of each anthocyanin type. M. ornata possessed one trace peak of anthocyanin (peak
no. 5) this peak was detected in very low absorption value. M. coccinea possessesd
two anthocyanin peaks (peak no. 2 and 4) one of this (peak no.4) not found in other
banana samples in this experiment.

The character of anthocyanin peaks; retention time and maximum absorption
wavelength from 260 nm to 650 nm together with percentage ratio of absorption value
at 310 nm and 440 nm per maximum absorption at visible region (% A31o /Avis-max and
% Aua0/Avis-max, respectively) from HPLC chromatograms are shown in APPENDIX
C. The ratio of % A3z10/Avis-max and % Auga0/Avis-max Toughly imply about acylation on

anthocyanin and glycosylation on anthocyanidin aglycone, respectively. From the
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experiment, % A 310/Avis-max Were below 50% (see discussion and APPENDIX C), this
indicated that anthocyanin in wild bananas should have no acylation.

The value of % As40/Avismax Of all peaks were around 30% indicating that all
anthocyanins should have glycosylation at position 3 of anthocyanidin aglycone, not
at positions 3 and 5 of anthocyanidin aglycone.

The retention time of anthocyanin peaks from each sample were slightly shifted
by minor variations during the experiment but the elution series of anthocyanins were
still in ordered. To guarantee that all wild bananas possessed six types of anthocyanin
but had only shifted of retention time, an experiment was established by mixing all
crude extracts and was run in HPLC. The result is still shown in well ordered for six
peaks of anthocyanin in the chromatogram (see Appendix D).

However, in yellow bract colors and M. ornata, another detected wavelength was
established during analysis with HPLC (at 370 nm for monitored flavonoid
compounds; absorption of hydroxycinnamoyl system). The chromatograms detected
at 370 nm shown in figure 13 A to O, wild bananas shown many peaks of flavonoid
(square boxes). In yellow bract color and possessed flavonoid peaks in the same
retention time that anthocyanin was eluted and after 20 min which present in all wild
bananas in these experiments. However, there are other flavonoid detected in M.
ornata, M. itinerans, M. acuminata subsp. zebrina, M. balbisiana, M. coccinea and M.

velutina.



Kasipong Kitdamrongsont Results / 32

M. acuminata subsp. siamea 1 (.14 - M. acuminata subsp. siamea 2

0.10 - A B
6 SS&IJS 96 0.12 A 6 SS&JS 233
0.08
0.06 -
0.04
1
0.02 4 ML 5
0.00 4 ‘ ‘ ‘ ‘ ‘
0 5 10 15 20 25 30
. . M. acuminata subsp. malaccensis 2
0.10 5 M. acuminata subsp. malaccensis 1 0.10 -
C D SS&IJS 115
0.08 4 2 SS&JS 106 0.08 | 6
6
0.06 0.06 1 5
0 5
0.04 0.04
0 2
0.02 - 1 0.02
1
0.00 Y T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
0.10 E M. acuminata subsp. siamea (yellow bract) 0.10 + F M. acuminata subsp. truncata
0.08 SS&JS 173 0.08 1 SS&JS 206
0.06 - 0.06 -
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Figure 12 HPLC chromatograms of wild bananas detected at 530 nm. A, M.
acuminata subsp. siamea 1; B , M. acuminata subsp. siamea 2; C, M. acuminata
subsp. malaccensis 1; D, M. acuminata subsp. malaccensis 2; E, M. acuminata subsp.
siamea with yellow bract; F, M. acuminata subsp. truncata; G M. acuminata subsp.

zebrina., and H, Musa sp. Peak no.0 in all chromatograms is unbounded compounds.
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Figure 12 HPLC chromatograms of wild bananas detected at 530 nm. I, M. laterita; J,

M. balbisiana; K, M. itinerans; L, M. coccinea; M, M. velutina; N, E. glaucum; O, E.

superbum and P, M. ornata. Peak no.0 in all chromatograms is unbounded

compounds. (continue)
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Figure 13 HPLC chromatograms of wild bananas at 370 nm. A, M. acuminata subsp.

siamea with yellow bract; B, E. glaucum; C, E. superbum with yellow bract; D, M.

ornata and E, M. velutina.
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Figure 13 HPLC chromatograms of wild bananas at 370 nm. F, M. acuminata subsp.
siamea 1; G, M. acuminata subsp. siamea 2; H, M. acuminata subsp. malaccensis 1; I,

M. acuminata subsp. malaccensis 2 and J, M. itinerans.(continue)
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Figure 13 HPLC chromatograms of wild bananas at 370 nm. K, M. acuminata subsp.
zebrina; L, M. acuminata subsp. truncata; M, Musa sp.; N, M. balbisiana and O, M.

coccinea. (continue)
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4. Mass Spectrometry of anthocyanin from wild bananas.

Six types of anthocyanin detected by HPLC method were analyzed by mass
spectrometer as described in material and methods. The molecular ion (m/z) of
selected anthocyanin peaks from wild bananas; SS&JS 319 (peak no.l), 206 (peak
no.6), 178 (peak no.2), 223 (peak no. 4), 183 (peak no.1 and 2), 96 (peak no. 1, 2, 3
and 6) and 106 (peak no. 2, 5 and 6) were shown in Table 2. Molecular mass ions of
six anthocyanin peaks were 611.2, 595.8, 624.9, 579.4, 608.7 and 638.8 m/z,
respectively. During tandem mass spectrometry (MS/MS) analysis, molecular ions
produced fragment ions at 464.8, 448.6, 478.6, 433.3, 462.6, and 492.7 m/z indicating
that all molecular ions lost 146 m/z, corresponding to a rhamnosyl group and further
loss of a glucosyl group (162 m/z) to yield the common anthocyanidin aglycone
cations at 302.7 (delphinidin, Dp), 286.7 (cyanidin, Cy), 316.6 (petunidin, Pt), 271.3
(pelargonidin, Pg), 300.7 (peonidin, Pn) and 330.7 (malvidin, Mv), respectively
(Figure 15 and 16 for example).  The fragmentation pattern of molecular ions
matched with those of previous studies in Musa x paradisiaca [8] and blackcurrants
[25] (see APPENDIX E). This confirmed that the rutinosyl group attaches to the
anthocyanidin core, and the fragmentation pattern from anthocyanin in peak no. 2
from wild banana SS&JS 106 was identical to standard cyanidin-3-rutinoside chloride
(Figure 9).

Combine the data from HPLC and mass spectrometry, then anthocyanin in wild
bananas bract was assigned as following: peak no.l; delphinidin-3-rutinoside, peak
no.2; cyanidin-3-rutinoside, peak no0.3; petunidin-3-rutinoside, peak no.4;
pelargonidin-3-rutinoside, peak no.5; peonidin-3-rutinoside and peak no.6; malvidin-
3-rutinoside, as shown in Figure 17. From these assigned anthocyanin, M. acuminata
subsp. siamea 1, 2 and M. itinerans possessed 3-rutinoside of delphinidin, cyanidin,
petunidin, peonidin and malvidin. M. acuminata subsp. malaccensis 1 and 2
possessed 3-rutinoside of delphinidin, cyanidin, peonidin and malvidin (some sample
possessed petunidin). Musa species possessed 3-rutinoside of cyanidin, peonidin and
malvidin. M. acuminata subsp. zebrina possessed one type of anthocyanin which is
cyanidin-3-rutinoside, while in M. acuminata subsp. truncata possessed malvidin-3-

rutinoside.
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M. laterita, M. balbisiana, M. velutina and E. superbum possessed the same two
anthocyanin types which are delpinidin-3-rutinoside and cyanidin-3-rutinoside. M.
coccinea possessed cyanidin-3-rutinoside and pelargonidin-3-rutinoside.

With total anthocyanin experiment the amount of each anthocyanin contents was
calculated as following equation i.e. cyanidin-3-rutinoside in peak no.2 (for each wild

banana).

Amount of anthocyanin (umole/g) = Total anthocyanin x area under peak no. 2

Sum of area under the peak of all peaks

The amount of anthocyanin in fresh tissue from 67 samples of wild banana
samples were ranging from 0-1.12 pmole/g for delphinidin-3-rutinoside, 0-1.17
umole/g for cyanidin-3-rutinoside, 0-0.25 umole/g for petunidin-3-rutinoside, 0.34
umole/g for pelargonidin-3-rutinoside, 0-1.02 umole/g for peonidin-3-rutinoside and
0-1.25 pumole/g for malvidin-3-rutinoside respectively. Total anthocyanin contents

from each 67 samples were ranging from 0-2.23 pumole/g (Table 3).
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Figure 14 The mass spectra of anthocyanin peak no.2 from SS&JS 106. A, mass
spectra of molecular mass ion at 594.7 m/z (black arrow); B, mass spectra of daughter
ions at 448.6 m/z and 286.7 m/z (black dash arrow) obtained from tandem mass

spectrometry.
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Figure 15 An example of fragmentation from molecular mass ion of anthocyanin

peak no. 2 from SS&JS 106. (m/z value in fig. are calculated by ChemBioDraw)
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Table 2 Molecular mass ion and tandam mass ion of anthocyanin peaks from selected

wild bananas.
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Accession  Peak [M]" Fragments ' Identity *
no. no. m/z m/z
96 1 611.2 464.8,302.9 Dp-3-rutinoside
2 595.8 448.7, 286.7 Cy-3-rutinoside
3 624.9 478.7, 316.7 Pt-3-rutinoside
6 638.8 492.7,330.6 Mv-3-rutinoside
106 2 594.8 448.6, 286.7 Cy-3-rutinoside
5 608.7 462.6,300.7 Pn-3-rutinoside
6 638.8 492.7, 330.7 Myv-3-rutinoside
178 2 594.6 448.5, 286.6 Cy-3-rutinoside
183 1 610.8 464.8, 302.7 Dp-3-rutinoside
2 594.7 448.6, 286.6 Cy-3-rutinoside
206 6 638.8 492.7, 330.6 Mv-3-rutinoside
223 4 597.4 433.3,271.2 Pg-3-rutinoside
319 1 611.2 465.0, 303.0 Dp-3-rutinoside

', [M"-rhamnose] and [M"-rhamnose-glucose]

?, Proposed anthocyanin pigment, identified by combination of HPLC data, Mass

spectra and previous reports in other plants (see APPENDIX E).

Rq
OH
+
s I
o
=
?
OH Glu.
?
Rhamnose

1. Dp-3-rutinoside; R4=0OH, R,=0OH

2. Cy-3-rutinoside; R;=0OH, R,=H

3. Pt-3-rutinoside; R{=0OCHj;, R,=OH

4. Pg-3-rutinoside: R;=H, Ry,=H

5. Pn-3-rutinoside; R{=OCHs;, R,=H

6. Mv-3-rutinoside; R;{=0OCHs, R,=OCHj,

Figure 16 Structure of anthocyanin in wild bananas of Thailand. Dp, delphinidin; Cy,

cyanidin; Pt, petunidin; Pg, pelargonidin; Pn, peonidin; Mv, malvidin.
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Table 3 Anthocyanin contents from bracts of wild bananas in Thailand.

Anthocyanin content (umole/g fresh bract)’

No. Accession no. 1? 2 3 4 5 6 total
1 2 0.01 0.04 0 0 0.02 0.06 0.13
2 3 0.16 0.76 0 0 0 0 0.92
3 6 0.02 0.21 0.04 0 0.39 0.92 1.58
4 7 0.10 0.06 0.07 0 0.06 0.93 1.22
5 8 0.03 0.08 0.03 0 0.22 0.47 0.83
6 9 0.03 0.19 0 0 0.12 0.48 0.83
7 19 0.02 0.05 0.01 0 0.04 0.22 0.35
8 27 0 0 0 0 0 0 0
9 45 0 0 0 0 trace’ 0 trace
10 57 0.11 0.33 0 0 0 0 0.44
11 91 0.38 1.17 0 0 0 0 1.55
12 96 0.20 0.14 0.20 0 0.12 1.18 1.85
13 100 0.23 0.36 0 0 0.07 0.14 0.79
14 106 0.02 0.57 0.06 0 0.62 0.74 2.01
15 108 0.04 0.15 0 0 0.36 0.72 1.27
16 109 0 0.33 0 0 0.53 0.24 1.09
17 113 0 0.21 0 0 0.46 0.26 0.93
18 114 0 0.49 0 0 1.02 0.07 1.58
19 115 0.04 0.19 0 0 0.70 0.87 1.80
20 116 0.07 0.36 0 0 0.49 0.84 1.76
21 125 0.01 0.19 0 0 0.47 0.32 0.98
22 126 0.07 0.10 0 0 0.13 0.79 1.09
23 127 0 0.12 0 0 0.10 0.16 0.38
24 132 0.07 0.14 0.07 0 0.19 1.16 1.63
25 135 0.11 0.55 0 0 0 0 0.66
26 139 0.04 0.45 0 0 0.44 0.26 1.20
27 142 0.18 0.34 0.13 0 0.20 0.88 1.73
28 145 0.19 0.64 0.12 0 0.47 0.80 2.23
29 146 0.39 0.36 0.25 0 0.12 1.07 2.19
30 147 0.09 0.03 0.10 0 0.08 1.06 1.36
31 155 0 0.51 0 0 0 0 0.51
32 168 0.05 0.09 0 0 0 0 0.14
33 172 0.12 0.32 0 0 0.42 0.73 1.59
34 173 0 0 0 0 0 0 0
35 174 0.13 0.16 0.14 0 0.10 0.95 1.48
36 177 0 0 0 0 trace trace trace
37 178 0.02 0.11 0.00 0 0 0 0.13
38 181 0.23 0.09 0.12 0 0 0.66 1.10
39 182 0.06 0.11 0.06 0 0.06 0.81 1.11
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Table 3 Anthocyanin contents from bracts of wild bananas in Thailand (continued)

Anthocyanin content (umole/g fresh bract)'

No. Accession no. 1? 2 3 4 5 6 total
40 183 0.06 0.50 0 0 0 0 0.56
41 206 0 0 0 0 0 0.63 0.63
42 223 0 0.02 0 0.34 0 0 0.36
43 224 0 0 0 0 0 0 0.00
44 228 0.02 0.06 0.03 0 0.13 0.48 0.72
45 233 0.12 0.08 0.08 0 0.10 1.25 1.64
46 238 0.02 0.05 0.03 0 0.15 1.22 1.47
47 242 0 0 0 0 0 0 0

48 243 0 0.58 0 0 0 0 0.58
49 245 0.01 0.07 0 0 0.02 0.40 0.49
50 246 0.09 0.13 0.07 0 0.13 0.26 0.67
51 247 0.25 0.33 0.20 0 0.29 0.56 1.62
52 274 0 0.19 0 0 0.27 0.49 0.96
53 281 0.01 0.05 0 0 0.07 0.07 0.20
54 283 0.04 0.12 0.02 0 0.20 0.37 0.76
55 286 0.01 0.04 0.01 0 0.03 0.29 0.38
56 289 0.02 0.03 0 0 0.06 0.20 0.31
57 290 0.02 0.03 0.01 0 0.02 0.26 0.34
58 291 0.01 0.02 0 0 0.02 0.09 0.13
59 293 0.06 0.12 0.07 0 0.16 0.56 0.96
60 306 0.01 0.05 0 0 0.01 0.25 0.32
61 307 trace 0 0 0 trace 0 trace
62 310 0.04 0.06 0.05 0 0.10 1.05 1.31
63 312 0.03 0.07 0.04 0 0.09 0.63 0.87
64 313 0.04 0.27 0.04 0 0.09 0.23 0.68
65 314 0 0.31 0 0 0.21 0.34 0.86
66 318 0 0 0 0 0 0 0

67 319 1.12 0.63 0 0 0 0 1.75

| As equivalent moles to cyanidin-3-rutinoside [31]

2 Peak no., corresponding to delphinidin-3-rutinoside, cyanidin-3-rutinoside,
petunidin-3-rutinoside, pelargonidin-3-rutinoside, peonidin-3-rutinoside and
malvidin-3-rutinoside respectively.

3,<0.001 pmole/g bract
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5. Relationship of anthocyanin between wild bananas

The relationship between wild bananas based on types of anthocyanin and their
ratio of area under the peak of each anthocyanin were analyzed with NTSYSpc 2.1
program to generate the dendrogram (Figurel8) of wild bananas in the experiment.

The dendrogram shows the dissimilarity coefficient of wild bananas in the
experiment, less dissimilarity value means that they were more similar to the others.
Dendrogram shows possible of 4 groups of wild bananas (Al to AIV) and other out-
group wild bananas (B-1 to B-3).

The first group is Al, this groups possessed 4 to 5 type of anthocyanins which are
delphinidin-3-rutinoside, cyanidin-3-rutinoside, petunidin-3-rutinoside, peonidin-3-
drutinoside and malvidin-3-rutinoside. Al group can be divided into 2 sub groups
which are AI-1 and AI-2. Wild bananas in AI-1 group mostly are M. acuminata
subsp. malaccensis 1 and 2, Musa sp., M. itinerans (SS&JS 2 and 313) and M. laterita
(SS&JS 246), however some M. acuminata subsp. siamea 1 and 2 also found in this
Al-1 group. Wild bananas in AI-2 group mostly are M. acuminata subsp. siamea 1
and 2, one accession of M. itinerans (SS&JS 306), M. acuminata subsp. malaccensis
2 (SS&JS 9), M. acuminata subsp. siamea; yellow bract with streak of pink color
(SS&JS 177) and M. acuminata subsp. truncata (SS&JS 206). Similarity within these
2 sub groups possibly influence by ratio of area under the anthocyanin peak from
HPLC (Table 4), in Al-1 by cyanidin-3-rutinoside (0.1-0.4), peonidin-3-rutinoside
(0.1-0.4) and malvidin-3-rutinoside (0.35-0.6), wild bananas AI-2 by Delphinidin-3-
rutinoside (0.01-0.06), cyanidin-3-rutinoside (0.05-0.12) and malvidin-3-rutinoside
(0.6-0.8).

The second group is All, this group possessed 3 to 4 type (mostly 3 types) of
anthocyanins which are delphinidin-3-rutinoside, cyanidin-3-rutinoside, peonidin-3-
rutinoside and malvidin-3-rutinoside. Wild bananas in this group mostly are M.
acuminata subsp. malaccensis 1 and one of subsp. malaccensis 2, Musa sp. is also
found in this group. Anthocyanins that possibly influence this group are cyanidin-3-
rutinoside (0.2-0.4), peonidin-3-rutinoside (0.35-0.65) and malvidin-3-rutinoside (0.2-
0.3).
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The third group is AIIL, this group does not possess any anthocyanin pigment.
Therefor all wild bananas with yellow bract color (M. acuminata subsp. siamea, E.
glaucum and E. superbum) are in this group.

The forth group is AIV, this group possesses 1 to 2 types of anthocyanin which
are delphinidin-3-rutinoside and cyanidin-3-rutinoside. Wild bananas in this group are
M. balbisiana, M. laterita, M. velutina, M. acuminata subsp. zebrina, E. superbum
with red bract color and one of M. acuminata subsp. siamea 1 (SS&JS 91). Ratios of
area under the peak of both anthocyanin; 0.1-0.6 for delphinidin-3-rutonoside and
0.35-0.9 for cyanidin-3-rutinoside, are major factor of classification for this AIV
group.

The last out-group are present in figure 18 as B-1 to B-3. B-1 is M. acuminata
subsp. siamea with yellow bract color and streak with purple color (SS&JS 307). B-2
is M. ornata (SS&JS 45) and B-3 is M. coccinea (SS&JS 223).
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Table 4 Ratios of area peak of each anthocyanin from HPLC
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Accession no.

Anthocyanin *

Group (SS&JS) 1 2 3 4 5 6 Bract colors 2
2 0.08 0.32 0 0 0.17 043 | RD
145 0.09 0.29 0.05 0O 0.21 0.36|PB
313 0.07 0.40 0.06 0 0.14 034 | RP
106 0.01 0.28 0.03 0 031 037 |RP
281 0.05 0.26 0 0 0.34 035|RD
127 0 0.31 0 0 0.26 043 |PL
314 0 0.36 0 0 024 039 |RP
6 0.01 0.13 0.03 0 0.25 0.58 | BL
8 0.03 0.10 0.04 0 0.26 0.57|BL
Al-1 108 0.03 0.12 0 0 0.28 057 |RP
116 0.04 0.20 0 0 0.28 0.48 | PB streak YW, RP
172 0.07 0.20 0 0 0.26 0.46 | RP
283 0.05 0.16 0.03 0 0.27 0.49 | BL+PL
274 0 0.20 0 0O 0.29 051 |PB
115 0.02 0.11 0 0O 0.39 048 | PP
142 0.11 0.19 0.08 0O 0.11 0.51|PB
146 0.18 0.17 0.11 0 0.05 049 |PL
246 0.13 0.19 0.10 0O 0.20 0.38| PP
247 0.15 0.20 0.12 0 0.18 0.34 | BL
7 0.08 0.05 0.06 0 0.05 0.76 | BP tip YW
233 0.07 0.05 0.05 0 0.06 0.76 | BLtip YW
147 0.07 0.02 0.08 0 0.06 0.78 | PL
238 0.01 0.03 0.02 0 0.10 0.83]|PL
310 0.03 0.05 0.04 0 0.08 0.80| PL
126 0.06 0.09 0.00 0 0.12 0.73 | BLtip YW
132 0.04 0.08 0.05 0 0.12 0.71 | BL+PL tip YW
312 0.04 0.09 0.05 0 0.10 0.73| BL
182 0.06 0.10 0.05 0 0.06 0.73 | PLtip YW
286 0.04 0.10 0.02 0O 0.09 0.76 | BL
Al-2 290 0.06 0.10 0.02 0 0.05 0.77 | BL+PL
245 0.02 0.14 0 0 0.03 0.81]|BL
306 0.04 0.16 0 0 0.03 0.77 | RP
9 0.04 0.23 0 0 0.15 0.58 | PB
19 0.06 0.16 0.04 0 0.11 0.63 | PPtip YW
291 0.07 0.13 0 0 0.13 0.68 | BL+PL
228 0.03 0.08 0.04 0O 0.18 0.67 | RP
289 0.05 0.10 0.01 0 0.19 0.65 | BL+PL
293 0.06 0.12 0.07 0O 0.16 0.58 | PP
96 0.11 0.08 0.11 0 0.07 0.64|BL
174 0.09 0.11 0.10 0 0.07 0.64|PL
181 0.21 0.09 0.11 0 0 0.60 | PLtip YW
177 0 0 0 0 0.09 0.91]|0G
206 0 0 0 0 0 1.00 | Deep BL
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Table 4 Ratios of area peak of each anthocyanin from HPLC (continue)

Accession no. Anthocyanin ! Bract
Group (SS&JS) 1 2 3 4 5 6 colors ?
109 0 0.30 0 0 0.48 0.22 | OR streak YW
113 0 0.22 0 0 050 0.28 |RD
All 125 0.01 0.19 0 0 047 032 |RP
139 0.03 0.38 0 0 0.37 0.22 | RD streak OR, YW
114 0 0.31 0 0 0.65 0.04 | PP streak LG tip YW
27 0 0 0 0 0 0|YW
Alll 173 0 0 0 0 0 0| GY+YW
224 0 0 0 0 0 0 | GY+YW
317 0 0 0 0 0 0| MG
3 0.18 0.82 0 0 0 0O|PB
135 0.16 0.84 0 0 0 0| GR
178 0.16 0.84 0 0 0 0| RP
183 0.11 0.89 0 0 0 0| DG
AlV 57 0.25 0.75 0 0 0 0|OR
91 0.25 0.75 0 0 0 0| BL
155 0 1.00 0 0 0 0 | BL+PL
243 0 1.00 0 0 0 0|OR
100 0.29 0.45 0 0 0.08 0.17 | PB streak YW
168 0.38 0.62 0 0 0 0 | pale PL
319 0.64 0.36 0 0 0 0| RP
B-1 307 0.70 0 0 0 0.30 0 | BP, PL tip BY+YW
B-2 45 0 0 0 0 1.00 0 | Light PP
B-3 223 0 0.06 0 0.94 0 0| OR

' 1 to 6 corresponding to delphinidin-3-rutinoside, cyanidin-3-rutinoside, petunidin-3-
rutinoside, pelargonidin-3-rutinoside, peonidin-3-rutinoside and malvidin-3-rutinoside,
respectively.

2 see color chart in APPENDIX A for Abbreviations.
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CHAPTER IV
DISCUSSION

1. Anthocyanin in the banana bracts

In this study, found anthocyanin are stored only in epidermis cells, however
anthocyanin can be found in other cells i.e. leaf mesophyll cells[11]. Under light
microscope, it could not identify about the storage form of anthocyanin in bract.
Previous studied by electron microscope report many storage forms of anthocyanin in
vacuole i.e. free anthocyanin, anthocyanic vacuolar inclusions (AVIs; membraneless
proteinaceous matrix) [33-35]. Moreover in AVIs can be found many forms in
lisianthus (Eustoma grandiflorum Salisb.) such as vesicle-like, rod-like and irregular
shape [36]. However recently reported that anthocyanin which stored in AVIs form
are diglycoside and acylated anthocyanin [34]. Identified anthocyanin in wild
bananas bract are one glycoside, thus it can imply that storage form might not be in
AVIs form. However, to study storage form of anthocyanin in bract compare to other
plants need ultra structure analysis.

The different color of vacuole in epidermis cells on both outer and inner side of
bract probably come from cellular concentration of each anthocyanin in each vacuole
of each epidermal cell or from pH in vacuole which affected structural
transformations of anthocyanin [10]. In addition, combination of metal complex i.e.
magnesium ion together with intra- and intermolecular copigments i.e. flavone cause
bluing of the color [10, 35, 37, 38], however presence of some flavonoids increase the
stability of anthocyanin [35]. From HPLC data at 370 nm which used for monitor
other flavonoids (not anthocyanin), many peaks were detected and appeared in all
wild bananas. These might imply the interaction between anthocyanin and other
colorless flavonoids, however it needs further study before confirm their interaction.
Moreover, study of flavonoid in bract might reveal accumulation of flavonoid
associate in anthocyanin biosynthetic pathway and imply happening in yellow bract
color and also in M. ornata with light pink purple bract color that could not be

strongly detected anthocyanin in this study.
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The store of anthocyanin in epidermis cells on both outer and inner side of bract
might be to protect bract from stress during exposure to sun light [35] and might play
role in attracts pollinator for pollination process by assist pollinator to locate the
flower, However, banana inflorescences also have many other factors to invite

pollinators such as nectar, smell, and pollen [39], [40].

2. Relationship of anthocyanin in wild bananas

Anthocyanins in wild bananas were identified as 3-rutinosode of delphinidin,
cyanidin, pelargonidin, petunidin, peonidin and malvidin which corresponds to
previous studies in banana [8, 9, 26]. These six types can divide based on the
substitution at positions 3’ and 5’ of anthocyanidin aglycone into 2 groups. The first
is methylated anthocyanin; peonidin, petunidin and malvidin. The second is non-
methylated anthocyanin [9].

From dendrogram based on type of anthocyanin and ratio of area under each
anthocyanin peak (HPLC). Al and All groups which composed of M. acuminata
subsp. siamea 1 and 2, subsp. malaccensis 1 and 2, Musa sp. and M. itinerans contain
3 to 5 anthocyanin types which both methylated and non-methylated anthocyanin,
these may imply that methylation of anthocyanidin aglycone occur in Al and All
group. Al-1 and Al-2 might be able to synthesis anthocyanin from dihydromyricetin
more than from dihydroquercetin (see Figure 18 and Table 4), but inversely in All
that might be able to synthesis anthocyanin via dihydroquercetin more than
dihydromyricetin. However, wild banana in Al and All groups are in Musa section.
M. laterita SS&JS 246 is grouped into Al-1, this M. laterita gives different
anthocyanin profile from the rest of M. laterita which possess 2 types of anthocyanin.
However, this SS&JS 246 found next to SS&JS 247 which is M. acuminata subsp.
siamea 1. In Al-2 M. acuminata subsp. truncata SS&JS 206 is in this group but is has
only malvidin-3-rutinoside, this may imply that it might be able to synthesis
anthocyanin only via dihydromyricetin. However M. acuminata subsp. siamea with
yellow bract color SS&JS 177 is grouped in the Al-2 group from some detected ratio
of malvidin-3-rutinoside peak.

In Alll group, yellow bract color group which is not detected any anthocyanin.

Imply for this group is they might have problem in anthocyanin synthetic pathway



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 51

probably the step of turning leucoanthocyanidin to anthocyanidin or any steps prior to
this step [33].

In AIV group which compose of M. balbisiana (Musa section), M. acuminata
subsp. zebrina (Musa section), M. laterita (Rhodochlamys section), M. velutina
(Rhodochlamys section) and E. superbum with red bract color, possessed 2 types of
anthocyanin which are non-methylated anthocyanin. Thus may imply that AIV group
might be able to synthesis anthocyanin via both dihydroquercetin and
dihydromyricetin only or this group is unable to do methylation of anthocyanin. M.
acuminata subsp. siamea 1 SS&JS 91 and M. itinerans SS&JS 100 are in this AlIV
group, however SS&JS 100 also possessed methylated anthocyanin but in very low of
ratio.

The remaining groups, can not grouping may result from they possessed different
of anthocyanin profile; B-3, M. coccinea SS&JS 223 (Callimusa section) possessed
cyanidin-3-rutinoside and pelargonidin-3-rutinoside which is unique in this study.
Thus imply for SS&JS 223 that it might be able to synthesis anthocyanin mainly via
dihyderkeamferol and a little via dihydroquercetin and unable to do methylation. B-2,
M. ornata SS&JS 45 (Rhodochlamys section) potentially possessed peonidin-3-
rutinoside [9] this may imply that it prefer synthesis via dihydroquercetin and has
methylation system. B-1, M. acuminata subsp. siamea with yellow bract SS&JS 307
possessed delphinidin-3-rutinoside and malvidin-3-rutinoside, may imply that it might
be able to synthesis via dihydromyricetin and also presence of methylation system,

however amount of anthocyanin are very low.
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p-coumaroyl CoA + 3 Malonyl CoA

CHS
CHI
F3H
Dihydromyricetin W Dihydrokeamferol W Dihydroquercetin
DFR DFR DFR
Leucodelphinidin Leucopelargonidin Leucocyanidin
LDOX / ANS LDOX / ANS LDOX / ANS
Delphinidin Pelargonidin Cyanidin
UFGT UEGT UFGT
Rt Rt Rt
Delphinidin-3-rutinoside Pelargonidin-3-rutinoside Cyanidin-3-rutinoside
Wt Mt
Mt
Petunidin-3-rutinoside Malvidin-3-rutinoside Peonidin-3-rutinoside

Figure 18 Possible limiting steps in anthocyanin synthesis pathway in each wild
banana group (Name of each group in orange color at limiting step) which cause

anthocyanin phenotypes in studied wild bananas
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3. Characterization of anthocyanin in wild banana

The detection of anthocyanin using photodiode array detector (PDA) in HPLC
sometime might not give satisfying result of anthocyanin characters such as maximum
absorption wavelength, absorption value at a desirable wavelength. During the PDA
measurement of absorption, it could not refer to the baseline absorption value of the
solvent at that time. Therefore the instrument may record baseline value both in
positive and negative values. Thus absorption value at wavelength 310 nm, 440 nm
and at lambda maximum in visible region will affect value of % A 310/A vis-max and %
A 40/A vismax. These values of many accessions are negative or over 100% which
made the interpretation of acylation or glycosylation are difficult. However these two
values are just used for roughly estimate acylation and glycosylation of anthocyanin.
These calculated formulae came from statistical analysis of results from previous
studies [32], so it can only for remind but not confirm structure of anthocyanin. It
should be coupled the data from others methods such as mass spectrometer, NMR and

report from other plants to confirm true structure of anthocyanin.
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CHAPTER V
CONCLUSION

Analyses 67 samples of wild banana bracts collected from various parts of
Thailand by high performance liquid chromatography (HPLC), mass spectrometry
(MS) and tandem mass spectrometry (MS/MS) showed that wild banana bract
possessed 3-rutinoside conjugation of six common anthocyanidin aglycones;
delphinidin, cyanidin, petunidin, pelargonidin, peonidin and malvidin, respectively.

Pelargonidin-3-rutinoside presented only in M. coccinea. Different bract colors in
M. acuminata subsp. siamea 1 and 2, subsp. malaccensis 1 and 2 possessed the same
anthocyanin types with different proportions. M. acuminata subsp. truncata had only
malvidin-3-rutinoside which was different from that in other M. acuminata
subspecies. All M. acuminata and M. itinerans possessed non-methylated and
methylated anthocyanins pigments.

M. velutina, M. laterita, M. balbisiana and E. superbum revealed two types of
anthocyanin which are non-methylated group. This wild banana might be a diverted
group in terms of anthocyanin synthetic pathway from M. acuminata.

Lack of anthocyanin in wild bananas with yellow bract color indicated deficiency
of anthocyanin. This might be due to some steps of gene expression or gene
regulation in anthocyanin biosynthesis could be inhibited. To study what causes the
yellow bract phenotype in bananas, they should be studied others flavonoid profiles in
these yellow bract compare with the normal ones, or searching into the critical
metabolic or regulatory step in biosynthetic pathway by some experiment such as
gene complementation analysis.

Wild banana in Thailand based on type of anthocyanin and proportions of each
anthocyanin can be clearly divided into 4 groups

1. Al-1and Al-2 possessed 4 to 5 type of anthocyanin which are non-methylated

and methylated anthocyanin
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2. All possessed 3-4 type of anthocyanin which are non-methylated and
methylated anthocyanin
3. Alll yellow bract color which does not possess anthocyanin
4. AIV possessed 2 type of anthocyanin which are non-methylated anthocyanin
The remaining groups are B-1, B-2 and B-3 which could not classified into
previous groups (Al to AIV group) according to their unique patterns of anthocyanin

types and proportions.
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APPENDIX A

Color chart for bananas

R 240 G 247 B 232
CoMOY10KD

COLOUR CHART A COLOUR CHART B
CREAM, CR WWHITE; WWH
R 253 G221 B8 211 R 253 G234 B 242
COMISY 10K O COMOYSHKO
ELLCW, WA CREAM, CR
F 255 G 2238 93 F 240 G 247 B 232
COMI0Y 7SKO CSmMOY10K0

ATERY GREEM, Wiz IWORY, Y

R233 G 2158162
COMISY 40K O

GREEM YELL 0, G

R 185 G163 6129
C30M 30 Y 35K 0

WELLOWA,

255G 2456109
COmMOY FOKO

LIGHT GREEM, LG

R 207 G218 B 169
C2OMSY 40K 0

MEDIM GREEM, MG

F 1458 G152 B 146
CA45m 15y S0K 0

GREEM, GR

R 205 G137 B129
CZ20M4a0y 50K 0

DARK GREEM, DG
R 97 G100 6 83
CYSM B3 Y 30K 0

ITE; WwH
R 255 G 254 B 242
COMOYSKO

ORAMGE RED, OR

R 230 G838 72
CSMBOY FEKO

RED, RD
R 218 G 30 B 66
CAOMI00Y 7SO

FIMK PLURFLE, PP
F 240 G 90 8120
COMBOY 35 KO

BRIGHT % ELLOWY, BY

R245 G 205815
CaMISY 100K O

ORAMGE, OG

R247 G143 6 25
COMSOY 100K 0

ORANGE RED;, OR

R2ZI0GEIB 72
CaMBOY FSK O

RED; RD
R 216 G 30 B 66
C10M100 Y 75K O

RED PURPLE, RP
R148 G 438101
CA0MI00Y 45K 0

PINK; PK

220 G008 124
Cl1OM7SY 35 K0

RUSTY BROWN, RB

R 165G 94 B 95
C40m TSy BOK 0

BEIGE PIMK; BP
R239G205B176
CaM20Y 30K 0

PLURFPLE BROWHN, PB

R84 G1208 138
CYam S0y 40K 0

SILWERY, 5%

RI1G3 G191 B 178
C3SmMI1SY 30K 0

RED PURFLE, RP

R 163 G G4 8110
CaomMany 40K 0

PLURPLE; PL
F130GS38127
CEOM Ay 20K 0

BLLUE; BL

R 920668104
Ca0Ma0 Y 0K 0

LIGHT GREEM, LG

R207 G215 8169
C2OMSY 40K 0O

GREENM, GR
R141 G142B130
CS0M 40y 30K 0

DARK GREEM, DG

RA7 1008 &3
CPaMBESY S0KO

Note: Defined by Color chart from “Descriptor for Bananas” [41]
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APPENDIX B

Mass spectrometer parameters setup

The mass spectrometer parameters in tune panel were set as following:

Source: capillary 4000 V
end plate -500V
neubulizer 10.0 psi
Dry Gas 7.0 I/min
Dry temperature 250° C

Expert parameter: Skimmer 40V
Cap ext 121V
Oct1DC 10.00 V
Oct2DC 1.01V
Trap Drive 45
Oct RF 100.00 V
Lens 1 -10.0V
Lens 2 -35.0V

Polarity: Positive

Trap: ICC, Target 30000
Max. Accu Time 200 ms
Scan 50 to 3000 m/z

Average 8
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Table 5 Characteristics of anthocyanin of wild bananas in Thailand

Accession | Peak | RT Maximum % A 310/ | % A 40/ | Amount of
no. No. ? | (min) absorption Avismax” | Avismax® | anthocyanin
wavelength (nm) (umole/g)®

2 1 6.6 |276.9,525.4 39 26 0.01

2 8.8 | 281.6,370.7,518.2 14 29 0.04

5 17.3 | 281.6,525.4 10 29 0.02

6 18.8 | 276.9, 348.3, 532.7 15 25 0.06

3 1 6.7 | 279.2,530.3 37 27 0.16

2 8.4 | 281.6,520.6 21 30 0.76

6 1 10.6 | 284.0, 348.3, 527.9 - - 0.02

2 14.8 | 218.6, 331.5, 518.2 - 27 0.21

3 17.3 | 284.0, 530.3 - - 0.04

5 20.0 | 281.6, 331.5, 520.6 8 30 0.39

6 20.6 | 274.2, 350.6, 530.3 13 25 0.92

7 1 6.7 | 274.5, 326.8, 527.9 33 23 0.10

2 8.6 |276.9,355.4,6518.2 22 19 0.06

3 9.9 |272.1,329.2,527.9 21 10 0.07

5 17.0 | 272.1, 326.8, 523.0 - 11 0.06

6 18.9 | 276.9, 345.9, 527.9 11 24 0.93

8 1 10.6 | 276.9,525.4 20 27 0.03

2 13.6 | 279.2,525.4 3 26 0.08

3 14.6 | 281.6, 333.9, 525.4 5 29 0.03

5 17.2 | 279.2,535.2 - 20 0.22

6 19.6 | 279.2,525.4 - 23 0.47

9 1 6.7 | 276.6, 326.8, 527.9 - 23 0.03

2 8.6 |279.2,520.6 23 27 0.19

5 17.3 | 272.1, 520.6 - 18 0.12

6 19.0 | 274.5, 348.3, 532.7 12 24 0.48

19 1 6.7 | 279.2,523.0 - 25 0.02

2 8.7 | 281.6,520.6 23 22 0.05

3 10.1 | 274.5,523.0 23 - 0.01

5 17.4 | 281.6, 341.1, 520.6 - 12 0.04

6 18.9 | 276.9, 345.9, 530.3 11 22 0.22

27 Not detected

45 5 16.8 | 265.0, 353.0, 523.0 44 37 trace

57 1 6.6 | 281.6,525.4 53 31 0.11

2 8.3 | 281.6,520.5 12 30 0.33
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Table 5 Characteristics of anthocyanin of wild bananas in Thailand. (continue)

Accession | Peak | RT Maximum % Ao/ | % A 440/ | Amount of
no. No.? | (min) absorption A vismac | A vismad | anthocyanin
wavelength (nm) (umole/g)"

91 1 6.8 |279.2,527.9 27 28 0.38

2 8.5 |281.6,518.2 15 30 1.17

96 1 6.8 | 279.2,326.8, 527.9 69 28 0.20

2 8.7 | 274.5,518.2 23 30 0.14

3 10.1 | 272.1, 338.7,527.9 32 24 0.20

5 17.4 | 272.1, 326.8, 518.2 18 28 0.12

6 19.0 | 276.9, 348.3, 530.3 14 26 1.18

100 1 6.6 |279.2,341.1,525.4 19 25 0.23

2 8.7 | 281.6,520.6 12 28 0.36

5 17.0 | 281.6,525.4 51 41 0.07

6 18.6 | 274.5, 341.1,525.4 44 31 0.14

106 1 6.8 | 281.6,324.4,523.0 - 28 0.02

2 8.8 | 281.6,520.6 13 30 0.57

3 9.9 |274.5,525.4 27 21 0.06

5 17.6 | 279.2,329.2,525.4 8 30 0.62

6 19.2 | 276.9, 345.9, 532.7 12 25 0.74

108 1 6.8 | 276.9,326.8,527.9 - 31 0.04

2 8.9 |279.2,518.2 19 30 0.15

5 17.8 | 276.9, 329.2, 518.2 12 30 0.36

6 19.4 | 276.9, 345.9, 527.9 14 26 0.72

109 2 9.0 |281.6,518.2 14 30 0.33

5 18.1 | 281.6, 370.7, 518.2 12 31 0.53

6 19.5 | 276.9, 341.1, 530.1 22 27 0.24

113 2 8.7 | 281.6,329.2,520.6 11 28 0.21

5 17.6 | 281.6, 520.6 7 29 0.46

6 19.2 | 276.9, 348.3, 532.7 11 23 0.26

114 1 6.4 | 281.6,525.4 86 34 trace

2 8.5 | 281.6,520.6 12 30 0.49

5 17.3 | 281.6 329.2, 520.6 9 31 1.02

6 19.0 | 281.6,341.1,525.4 11 22 0.07

115 1 6.7 |279.2,370.7,523.0 51 25 0.04

2 8.8 | 281.6,523.0 16 29 0.19

5 17.6 | 279.2,523.0 11 31 0.70

6 19.2 | 279.2, 348.3, 527.9 14 26 0.87
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Table 5 Characteristics of anthocyanin of wild bananasin Thailand. (continue)

Accession | Peak | RT Maximum %A 310/ | YA 40/ | Amount of
no. No.? | (min) absorption A vismac | A vismad | anthocyanin
wavelength (nm) (umole/g)®

116 1 6.8 | 279.2, 326.8, 525.4 - 25 0.07

2 8.7 | 279.2,518.2 15 30 0.36

5 17.4 | 279.2, 518.2 10 30 0.49

6 19.0 | 276.9, 345.9, 530.3 14 26 0.84

125 1 6.7 | 274.5,532.7 56 - 0.01

2 88 | 279.2,518.2 - 24 0.19

5 17.8 | 279.2, 331.9, 518.2 - 25 0.47

6 19.3 | 276.9, 348.3, 532.7 - 18 0.32

126 1 6.8 | 286.4,527.9 - 26 0.07

2 8.8 | 281.6, 370.7, 520.6 19 25 0.09

3 10.3 | 274.5, 329.2, 527.9 42 13 0.07

5 17.9 | 281.6, 329.2, 523.0 8 24 0.12

6 19.3 | 279.2, 350.6, 527.9 13 25 0.75

127 2 85 |2745,518.2 24 32 0.12

5 17.2 | 272.1, 520.6 20 27 0.10

6 19.0 | 272.1, 329.2, 532.7 23 27 0.16

132 1 6.7 | 274.5, 326.8, 530.3 38 24 0.07

2 8.6 | 279.2, 520.6 18 27 0.14

3 99 | 2721, 338.7,527.9 24 18 0.07

5 17.1 | 274.5,326.8, 520.6 15 27 0.19

6 18.9 | 276.9, 348.3, 530.3 13 26 1.16

135 1 6.6 | 276.8,523.0 86 63 0.11

2 8.8 | 279.2, 520.6 19 36 0.55

139 1 6.7 | 274.5,525.4 55 25 0.04

2 8.7 | 281.6, 520.6 14 30 0.45

5 17.6 | 279.2,520.6 17 33 0.44

6 19.1 | 274.5, 343.5, 525.4 27 30 0.26

142 1 6.8 | 279.2, 326.8, 527.9 72 27 0.18

2 89 | 279.2,520.6 19 30 0.34

3 | 104 |272.1,3387,527.9 25 24 013

5 18.0 | 276.9, 331.5, 518.2 8 28 0.20

6 19.4 | 276.9, 350.6, 527.9 13 25 0.88
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Table 5 Characteristics of anthocyanin of wild bananasin Thailand. (continue)

Accession | Peak | RT Maximum %A 310/ | YA 40/ | Amount of
no. No.? | (min) absorption A vismac | A vismad | anthocyanin
wavelength (nm) (umole/g)®

145 1 6.8 | 279.2, 326.8, 527.9 68 30 0.19

2 8.8 | 281.6, 326.8, 520.6 16 31 0.64

3 10.0 | 272.1, 338.7, 525.4 40 33 0.12

5 17.7 | 279.2, 326.8, 518.2 14 32 0.47

6 19.3 | 276.9, 348.3, 530.3 15 26 0.80

146 1 6.7 | 279.2,530.3 29 27 0.39

2 84 | 281.6,518.2 19 28 0.36

5 16.2 | 279.2,530.3 14 28 0.12

6 18.4 | 276.9, 530.3 15 26 1.07

147 1 115 | 276.9, 345.9, 527.9 16 25 0.09

2 16.3 | 281.6, 520.6 10 24 0.03

3 18.4 | 279.2, 345.9, 523.0 16 25 0.10

5 20.6 | 281.6, 331.5, 523.0 15 30 0.08

6 21.2 | 279.2, 348.3, 530.3 14 25 1.06

155 2 84 | 281.6, 520.6 43 38 0.51

168 1 6.9 | 279.2, 375.5, 530.3 59 24 0.05

2 89 | 281.6,518.2 15 28 0.09

172 1 6.8 | 281.6,527.9 40 26 0.12

2 84 | 281.6, 370.7,518.2 20 30 0.32

5 16.3 | 281.6, 518.2 37 37 0.42

6 18.6 | 274.6, 341.1, 527.9 29 31 0.73

173 Not detected

174 1 6.7 | 274.5, 326.8, 530.3 27 26 0.13

2 85 | 276.9, 326.8, 518.2 14 28 0.16

3 9.8 |272.1,341.1,530.3 29 23 0.14

5 17.0 | 274.5, 326.8, 518.2 - 18 0.10

6 18.8 | 276.9, 350.6, 530.3 10 24 0.95

177 5 18.3 | 271.1, 518.2 - - trace

6 19.6 | 272.1, 532.7 53 16 trace

178 1 6.9 | 279.2,523.0 - 37 0.02

2 9.1 | 281.6,518.2 20 31 0.11
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Table 5 Characteristics of anthocyanin of wild bananasin Thailand. (continue)

Accession | Peak | RT Maximum %A 310/ | YA 40/ | Amount of
no. No.? | (min) absorption A vismac | A vismad | anthocyanin
wavelength (nm) (umole/g)®

181 1 6.8 | 276.9, 341.1, 530.3 21 26 0.23

2 8.6 | 281.6,518.2 33 26 0.09

3 9.7 | 2745, 341.1, 530.3 25 23 0.12

6 18.8 | 279.2, 348.3, 532.7 19 28 0.66

182 1 6.7 | 272.1,525.4 33 27 0.06

2 86 |2745,518.2 13 27 0.11

3 99 |2721,341.1,525.4 37 17 0.06

5 17.3 | 271.1,525.4 9 23 0.06

6 19.1 | 276.9, 350.6, 530.3 15 26 0.81

183 1 6.5 | 281.6, 525.4 - 63 0.06

2 85 | 281.6, 370.7,518.2 48 42 0.50

206 6 19.5 | 279.2, 248.3, 532.7 17 26 0.63

223 1 8.6 | 271.6,513.3 88 29 0.02

4 13.2 | 281.6, 503.5 10 44 0.34

224 Not detected

228 1 6.9 | 274.0, 326.8, 532.7 - 25 0.02

2 9.1 | 281.6, 370.7,523.0 20 26 0.06

3 10.8 | 272.1, 341.1, 532.7 55 12 0.03

5 18.2 | 281.6, 370.7, 520.6 14 30 0.13

6 19.6 | 279.2, 348.3, 532.7 14 25 0.48

233 1 6.8 | 281.6, 326.8, 530.3 91 25 0.12

2 89 | 281.6, 370.7,518.2 13 23 0.08

3 104 | 272.1, 341.1, 527.9 21 15 0.08

5 18.2 | 281.6, 370.7, 520.6 14 28 0.10

6 19.6 | 276.9, 348.3, 530.3 13 26 1.25

238 1 6.8 | 281.6, 530.3 98 27 0.02

2 85 | 281.6,525.4 31 25 0.05

3 96 |272.1,530.3 78 33 0.03

5 16.6 | 281.6, 341.1, 525.4 8 23 0.15

6 18.7 | 279.2, 353.0, 530.3 11 25 1.22

242 Not detected
243 2 243 2 243 2 243
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Table 5 Characteristics of anthocyanin of wild bananas in Thailand. (continue)

Accession | Peak | RT Maximum % A 310/ | Y0 A 40/ | Amount of
no. No.? | (min) absorption A vismac | A vismac | anthocyanin
wavelength (nm) (umole/g)*

245 1 6.8 | 272.1,520.6 - 36 0.01

2 8.4 | 265.0, 520.6 38 25 0.07

5 16.4 | 281.6, 520.6 - 6 0.02

6 18.7 | 274.5, 343.5, 532.7 10 21 0.40

246 1 11.1 | 276.9, 348.3, 525.4 19 26 0.09

2 15.6 | 281.6, 333.9, 520.6 12 28 0.13

3 179 | 276.9, 350.6, 527.9 9 25 0.07

5 20.3 | 279.2, 333.9, 520.6 12 30 0.13

6 20.9 | 276.9, 350.6, 530.3 19 27 0.26

247 1 55 | 281.6, 348.3,527.9 - 24 0.25

2 9.5 | 284.0, 520.6 - 27 0.33

3 12.3 | 532.7 - 13 0.20

5 18.7 | 281.6, 520.6 - 28 0.29

6 20.0 | 279.2, 350.6, 530.3 7 25 0.56

274 2 8.7 | 281.6,525.4 - - 0.19

5 17.3 | 295.8, 525.4 - - 0.27

6 18.9 | 284.0, 373.1, 532.7 - - 0.49

281 1 6.8 | 279.2,527.9 - - 0.01

2 9.0 | 281.6,520.6 17 24 0.05

5 17.9 | 279.2, 368.3, 520.6 1 22 0.07

6 19.2 | 276.9, 350.6, 530.3 13 18 0.07

283 1 6.8 | 281.6, 368.3, 525.4 - 29 0.04

2 9.0 | 281.6, 368.3, 518.2 26 29 0.12

3 10.5 | 269.8, 353.0, 525.4 78 11 0.02

5 17.8 | 279.2, 368.3, 518.2 9 26 0.20

6 19.1 | 279.2, 350.6, 527.9 13 23 0.37

286 1 6.8 | 284.0, 326.8, 525.4 - 25 0.01

2 9.0 | 279.2,368.3, 518.2 - - 0.04

3 10.5 | 269.8, 525.4 39 - 0.01

5 17.8 | 279.2, 368.3, 525.4 49 30 0.03

6 19.1 | 276.9, 345.9, 527.9 20 22 0.29

289 1 6.8 | 281.6,530.1 - - 0.02

2 89 | 279.2,518.2 33 27 0.03

5 17.7 | 515.7 - 79 0.06

6 10.1 | 274.5,527.9 81 51 0.20
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Table 5 Characteristics of anthocyanin of wild bananasin Thailand. (continue)

Accession | Peak | RT Maximum %A 310/ | YA 40/ | Amount of
no. No.? | (min) absorption A vismac | A vismad | anthocyanin
wavelength (nm) (umole/g)®

290 1 6.7 | 281.6,527.9 - 68 0.02

2 8.9 |279.2,518.2 - 53 0.03

3 10.3 | 265.0, 518.2 - 71 0.01

5 175 | 281.6,525.4 - - 0.02

6 19.0 | 279.2, 355.4, 532.7 - - 0.26

291 1 6.9 | 281.6,525.4 - - 0.01

2 9.1 | 281.6, 333.9, 525.4 - - 0.02

5 17.7 | 286.6, 525.4 - - 0.02

6 19.1 | 279.2, 363.6, 532.7 - - 0.09

293 1 6.9 | 279.2,530.3 - 28 0.06

2 9.2 | 281.6,518.2 27 28 0.12

3 10.7 | 274.5, 333.9, 525.4 45 17 0.07

5 18.1 | 279.2, 333.9, 520.6 8 27 0.16

6 19.4 | 276.9, 348.3, 530.3 14 25 0.56

306 1 6.8 | 279.2,525.4 67 23 0.01

2 8.6 | 281.6,518.2 25 28 0.05

5 16.1 | 281.6,525.4 31 28 0.01

6 18.2 | 276.9, 350.6, 525.4 19 27 0.25

307 2 8.6 | 281.6,520.6 65 42 trace

5 16.4 | 272.1, 353.0, 520.6 83 51 trace

310 1 6.8 | 279.2,532.7 28 21 0.04

2 8.6 | 281.6, 333.9, 520.6 - 22 0.06

3 9.9 | 279.2, 350.6, 530.3 - 9 0.05

5 16.7 | 279.2, 373.1, 520.6 - 12 0.10

6 18.5 | 279.2, 350.6, 527.9 7 24 1.05

312 1 6.8 | 279.2,527.9 69 36 0.03

2 8.6 | 2816, 373.1,515.7 30 36 0.07

3 99 | 2721, 336.3,527.9 40 31 0.04

5 16.5 | 281.6, 515.7 11 29 0.09

6 18.4 | 279.2, 350.6, 527.9 14 26 0.63
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Table 5 Characteristics of anthocyanin of wild bananas in Thailand. (continue)

Accession | Peak | RT Maximum % A 310/ | %0 A 440/ | Amount of
no. No.? | (min) | absorption A visma | A vismac | anthocyanin
wavelength (nm) (umole/g)*
313 1 6.7 | 279.2,336.3, 523.0 21 24 0.04
2 8.6 | 281.6,518.2 8 29 0.27
3 9.9 | 281.6,3554,535.2 4 0.04
5 16.6 | 281.6,518.2 - 9 0.09
6 18.5 | 276.9, 350.6, 532.7 1 20 0.23
314 2 84 | 281.6,518.2 38 41 0.31
5 15.7 | 281.6, 520.6 22 34 0.21
6 18.0 | 279.2, 350.6, 525.4 12 25 0.34
318 Not detected
319 1 6.8 | 279.2,345.9, 527.9 13 27 1.12
2 8.8 | 281.6, 329.2, 520.6 15 32 0.63
& FromHPLC

b

describe in Chapter V * Instrument limitation’

, <, - isnegative value or value over 100% due to limitation of the instrument as

4 From area under peak of HPLC and total anthocyanin content as equivalent mole to

cyanidin-3-rutinoside
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Figure 19 HPLC chromatograms at 530 nm of the mixed wild bananas bract extract.
A; mixed of M. acuminata. B; mixed of M. coccinea, M. balbisiana, M. itinerans.
Peak no.0 is unbound compounds, no. 1-6 rutinoside of delphinidin, cyanidin,
petunidin, pelargonidin, peonidin and malvidin, respectively.
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Table 6 Molecular mass ions and their daughter ions of anthocyanin in other plants

from previous studies.

Anthocyanin

Molecular mass ion (m/z) | Daughter ions (m/z)

Black Currant (Ribes nigrum L.) [25]

Delphinidin-3-O-glucoside 456 303
Delphinidin-3-O-rutinoside 611 465, 303
Cyanidin-3-O-glucoside 449 287
Cyanidin-3-O-rutinoside 595 449, 287
Petunidin-3-O-glucoside 479 317
Petunidin-3-O-rutinoside 625 479, 317
Cyanidin-3-O-arabinoside 419 287
Pelargonidin-3-O-glucoside 433 271
Pelargonidin-3-O-rutinoside 579 271
Peonidin-3-O-glucoside 463 301
Peonidin-3-O-rutinoside 609 463, 301
Malvidin-3-O-glucoside 493 331
Malvidin-3-O-rutinoside 639 493, 331
Delphinidin-3-O-(6" coumaroylglucoside) 611 303
Cyanidin-3-O-(6" coumaroylglucoside) 595 287
Black Rapsberry (Rubus occidentalis) [42]

Cyanidin-3-O-glucoside 449 287
Cyanidin-3-O-sambubioside 581 287
Cyanidin-3-O-xylosylrutinoside 727 581, 287
Cyanidin-3-O-rutinoside 595 449, 287
Pelargonidin-3-O-rutinoside 579 271
Cyanidin-3-O-glucoside 449 287
Musa X paradisiaca (cavendish banana) [8]

Cyanidin-3-rhamnose-7-glucoside 694.8
Delphinidin-3-O-rutinoside 611.2
Cyanidin-3-O-rutinoside 595.2
Petunidin-3-O-rutinoside 625.2
Pelargonidin-3-O-rutinoside 579.2
Peonidin-3-O-rutinoside 609.2
Malvidin-3-O-rutinoside 639.2

Purple Corn (Zea mays) [21]

Unknown 899 737,575, 449
Cyanidin-3-O-glucoside 449 287
Pelargonidin-3-O-glucoside 433 271
Peonidin-3-O-glucoside 463 301
Cyanidin-3-(6"malonlyglucuside) 535 449, 287
Pelargonidin-3-(6"malonlyglucuside) 519 433, 271
Peonidin-3-(6"malonlyglucuside) 549 463, 301
Cyanidin-3-(6"ethylmalonlyglucuside) 563 449, 287
Pelargonidin-3-(6"ethylmalonlyglucuside) 547 433, 271
Peonidin-3-(6"ethylmalonlyglucuside) 577 463, 301
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Table 6 Molecular mass ions and their daughter ions of anthocyanin in other plants
from previous studies. (continue)

Anthocyanin Molecular mass ion (m/z) | Daughter ions (m/z)

Concord grape ( Vitis labrusca ) [20]

Peonidin-3-O-glucoside 462.8 301.2
Delphinidin-3-O-glucoside 456.2 303.2
Cyanidin-3-glucoside + p-coumaric 595.2 287.2
Delphinidin-3-glucoside + p-coumaric 610.8 303.2
Petunidin-3-glucoside + p-coumaric 624.8 317.2
Delphinidin-3-glu-5-glucoside + p-coumaric 773.2 610.2, 464.8, 303.2
Petunidin-3-glu-5-glucoside + p-coumaric 787.2 624.8, 478.8, 317.2
Malvidin-3-glu-5-glucoside + p-coumaric 801.2 639.2, 492.8, 331.2
Roselle (Hibiscus sabdariffa L.) [20]

Delphinidin-3-xylosylglucoside 597.2 303.2
Cyanidin-3-xylosylglucoside 581.2 287.2
Red Cabbage (Brassica oleracea) [20]

Cyanidin-3-glu-5-glucoside + sinapic 979.6 817.6, 449.2, 287.2
Cyanidin-3-glu-5-glucoside + ferulic 115.2 993.6, 449.2, 287.2
Cyanidin-3-glu-5-glucoside + 2X sinapic 1185.6 | 1023.6, 449.2, 287.2
Red Radish (Raphanus sativus) [20]

Pelargonidin-3-sophoroside-5-glucoside 757.2 595.2, 433.2, 271.2
Pelargonidin-3-sopho-5-glu + p-coumaric 903.2 741.2,433.2,271.2
Pelargonidin-3-sopho-5-glu + ferulic 933.2 771.2,443.2,271.2
Pelargonidin-3-sopho-5-glu + p-coumaric/

malonic 089.6 | 741.2,518.8,271.2
Pelargonidin-3-sopho-5-glu + ferulic/malonic 1019.2 771.2,518.8, 271.2
Red_fleshed Potato (Solanun tuberosum) [20]

Pelargonidin-3-rutinoside-5-glucoside 741.4 578.8, 433.2, 271.2
Pelargonidin-3-rutinoside 579.2 433.2,271.2
Pelargonidin-3-rut-5-glu + p-coumaric 887.2 725.2,433.2,271.2
Pelargonidin-3-rut-5-glu + ferulic 919.6 755.2,433.2,271.2
Pelargonidin-3-rut + p-coumaric 725.4 433.2,271.2
Red Raspberry (Rubus idaeus) [24]

Cyanidin-3-Sophoroside 611 287
Cyanidin-3-glucoside 449 287
Cyanidin-3-(2G-glucoslyrutinoside) 757 611, 287
Pelargonidin-3-Sophoroside 595 271
Cyanidin-3-rutinoside 595 449, 287
Pelargonidin-3-glucoside 433 271

Pelargonidin-3-(2G-glucoslyrutinoside) 741 595, 271
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Table 6 Molecular mass ions and their daughter ions of anthocyanin in other plants

from previous studies. (continue)

Anthocyanin

Molecular mass ion (m/z)

Daughter ions (m/z)

Highbush blueberry (Vaccinium corymbosum)

[24]

Delphinidin-3-galactoside 465 303
Delphinidin-3-glucoside 465 303
Cyanidin-3-galactoside 449 287
Delphinidin-3-arabinoside 435 303
Cyanidin-3-glucoside 449 287
Petunidin-3-galactoside 473 317
Cyanidin-3-arabinoside 419 287
Petunidin-3-glucoside 473 317
Peonidin-3-galactoside 463 301
Petunidin-3-arabinoside 449 317
Peonidin-3-glucoside 463 301
Malvidin-3-galactoside 493 331
Peonidin-3-arabinoside 433 301
Malvidin-3-glucoside 493 331
Malvidin-3-arabinoside 463 331
Grape (Vitis vinifera) [24]

Delphinidin-3,5-diglucoside 627 465, 303
Cyanidin-3,5-diglucoside 611 449, 287
Delphinidin-3-glucoside 465 303
Petunidin-3,5-diglucoside 641 479, 317
Pelargonidin-3,5-diglucoside 595 433, 271
Cyanidin-3-glucoside 449 287
Peonidin-3,5-diglucoside 625 463,301
Petunidin-3-glucoside 479 317
Malvidin-3,5-diglucoside 655 493, 331
Pelargonidin-3-glucoside 433 271
Peonidin-3-glucoside 463 301
Malvidin-3-glucoside 493 331
Delphinidin-3-coumaroylglucoside 611 303
Petunidin-3-coumaroylglucoside 625 317
Malvidin-3-coumaroylglucoside 639 331
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