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Abstract

Musa acuminata (Musaceae) is a wild species native to South East Asia. In addition to its potential as a food crop, different
non-food morphological parts of the plant have been investigated for various pharmacological activities, including anticho-
linesterase and antioxidant activity. This study aimed to characterize Musa leaf extracts based on their phenolic composi-
tion and their agro-morphological traits. A metabolomic approach was applied to discover biomarkers that can be used to
separate eight accessions of the species originating from five different countries. Statistical analysis was employed for data
analysis. The antioxidant activity and total phenolic content was measured by Ferric Reducing Antioxidant Power (FRAP)
assay and Folin—Ciocalteu colorimetric method, respectively. Over 500 metabolites were observed. Thirty-one of them were
important for defining variations among the accessions. The identities of some of these markers were confirmed based on
their MS? fragmentation. These include Quercetin O-rhamnoside-O hexoside (m/z 609), Kaempferol-3-O-rutinoside (m/z
593), Quercetin O hexoside (m/z 463), Hexadecanoic acid (m/z 255), Rhamnoside-O-rutinoside (m/z 623). Country of origin
and methods of extraction did not play any significant role in the separation, although extraction of accessions by Soxhlet
gave better yield (20.0-60.0%) than by sonication (18.4-23.0%). Accession TMp 24 from Nigeria gave the highest yield in
both methods of extraction. The sonicated accession TMb 8 exhibited highest antioxidant activity having FRAP values of
49.14 mg GAE/g and 125.10 mg TROLOX/g. The next accession in FRAP activity was the sonicated leaf extract of TMb
116 with 31.69 mg GAE/g and 121.57 mg TROLOX/g. The PCA analysis allowed the separation of the accessions into two
groups. The metabolomics approach was found to be informative as a screening tool of the Musa accessions. The extracts
showed good antioxidant activity and can be a potential source of bioactive metabolites for industrial use.
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Introduction

Musa spp. (bananas and plantains) are good sources of car-
bohydrates, proteins, other vitamins and minerals. They
contain different amino acids like threonine, tryptamine,
Electronic supplementary material The online version of this tryptophan, as well as flavonoids, dopamine, beta-carotene
article (https:/doi.org/10.1007/s11694-018-9725-4) contains and sterols [1]. Different parts of banana have been studied
supplementary material, which is available to authorized users. for various biological activities such as; stem as antidiabetic
[2], fruits for wound healing [3], fruits as antiulcer [4, 5],
peel as immunomodulatory agent [6]. The antidiabetic activ-
ity of the flower extract has also been reported [7]. Also,
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(DOCA)-induced elevated mean arterial blood pressure, pre-
vents the onset of DOCA-induced hypertension in rats [9],
and enhances antimicrobial activity [10]. In a study by Rai
et al. [11], the high potassium (K) and sodium (Na) con-
tent of plantains was correlated with the glycaemic effect.
Agarwal et al. [12] reported the wound healing activity of
both methanolic and aqueous extracts of plantain banana
(M. sapientum var. paradisiaca) in rats. Kumar et al. [13]
reported that orally administered banana pulp powder had
significant antiulcerogenic activity in rats subjected to
aspirin, indomethacin, phenyl butazone, prednisolone and
cysteamine, and in guinea pigs subjected to histamine.
Banana pulp powder not only increased mucosal thickness,
but also significantly increased thymidine incorporation into
mucosal DNA. Owing to the numerous medicinal applica-
tions of bananas and plantains, it is important to have a
precise identification of the different accessions based on
their individual phytochemical profile using a metabolomic
approach.

The ultra-performance liquid chromatography-quadru-
pole time of flight mass spectrometric (UPLC-QToF-MS)
fingerprinting technology employed in this study allows bet-
ter separating effects in terms of improved detection lim-
its and chromatographic resolution with greater sensitivity
[14]. The precision of the fragmentation pattern obtained
in UPLC-QTOF-MS system makes it a powerful analyti-
cal technique [15, 16]. It is widely used for quality control
of medicinal plants, characterization of metabolites and as
a means of cultivar identification [17]. However, there has
been no report of the use of the UPLC—QTOF-MS tech-
nique to identify the metabolites in the leaf samples of Musa
acuminata, which is a wild species of Musa. Our earlier
study on these accessions showed that they possess moder-
ate antioxidant activity. The antioxidant activity of the Musa
spp. leaf samples was evaluated through their ability to scav-
enge the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals.
The radical scavenging activity of all the plants extracts was
dose-dependent [18]. Hence, the aim of this study was to

investigate the Ferric Reducing Antioxidant Power (FRAP)
and polyphenolic profiles of eight M. acuminata accessions
from five countries, using the UPLC-QTOF-MS. The pro-
file of the polyphenolic compounds for each accession was
studied in the leaves, using two extraction methods in order
to possibly generate marker compounds for cultivar identi-
fication. Furthermore, the metabolomics profiling was com-
pared to the agro-morphological classification of the same
Musa spp.

Materials and methods
Chemicals and reagents

All chemicals (reagents and analytical grades) were pur-
chased from Sigma-Aldrich (Bremen, Germany). Ultrapure
water was obtained from a Milli-Q purification system (Mil-
lipore, Molsheim, SA, France). The HPLC grade acetonitrile
and formic acid were purchased from Merck (Merck, Darm-
stadt, Germany).

Collection of plant material

Leaf samples of the eight M. acuminata accessions known
as Tropical Musa banana (TMb) and Tropical Musa plantain
(TMp): TMb 8, TMb 55, TMb 82, TMb 106, TMb 116, TMb
145, TMp 24 and TMp 36 were obtained from the Musa
spp. field collection held by the genetic resources centre of
the International Institute of Tropical Agriculture (IITA)
in Ibadan, Nigeria. The accessions originated mostly from
European and Asian countries (France, Brazil, Sri Lanka,
Nigeria, Phillippines) including one accession of unknown
origin (Table 1). The harvested leaves of the different acces-
sions were dried in the oven (Gallenkamp Economy incu-
bator) at below 40 °C for about 24 h and pulverized into
powder using a Mallex blender.

Table 1 Passport data of M.

. . IITA accession Species name Cultivar name Type Genome Origin
acuminata accessions from . oo
. . identifier
five different countries used
for UPLC/QTOF-MS and TMb 8 Musa acuminata Borneo Banana AA France
antioxidant analyses TMb 55 Musa acuminata ND Banana - Unknown
TMb 82 Musa acuminata Muga Banana AAA Brazil
TMb 106 Musa acuminata Ouro Mel Banana AAA France
TMp 116 Musa acuminata P. Raja Plantain AAB France
TMp 24 Musa acuminata Egjoga Plantain AAB Nigeria
TMp 36 Musa acuminata Muracho Plantain AAB Phillippines
TMb 145 Musa acuminata P. Awak Banana ABB Sri-Lanka
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Extraction and sample preparation

Musa acuminata (TMb 8, TMb 55, TMb 82, TMb 106, TMb
116, TMb 145, TMp 24 and TMp 36) leaf powders (5 g)
were extracted in a Soxhlet apparatus with 100 mL of aque-
ous MeOH (70%) for 9 h and extracted by sonication for
30 min, respectively. The extracts were filtered using What-
man No. 1 filter paper, and filtrates were concentrated in
vacuo and freeze dried on a Freeze dryer for 12 h. Extracts
were stored at —20 °C until needed for analysis. Extracts
were thawed at room temperature, dissolved in 70% MeOH
(5 mg/mL), filtered through a membrane filter (0.45 um) and
used directly for the LC-MS analysis.

UPLC-QTOF-MS analysis

The spectrometry was performed on an IMPACT HD Q-ToF
mass spectrometer (Brucker Daltonics, Bremen, Germany)
connected to Agilent 1260 Infinity UPLC system via an elec-
trospray ionization interface (Milford, MA, USA).

QToF-MS conditions

The Q-ToF consists of a binary solvent delivery system, a
Hystar autosampler and photodiode-array detection (PDA)
system. The chromatography was performed using an Agi-
lent Poroshell 120 EC-C18 column (3.0 50.0 mm, 2.7 pum).
The mobile phase consisted of water containing 0.005%
formic acid (A) and acetonitrile containing 0.005% formic
acid (B). The UPLC eluting conditions were optimized as
follows: linear gradient elution from 10% B to 50% B in
10 min, 50-90% B in 6 min followed by isocratic 90% B for
3 min and a return to 10% B at 20 min. The flow rate was
0.6 mL/min, the temperature of the column and autosampler
were maintained at 30 and 10 °C, respectively. Equilibration
was done for 5 min. The injection volume was 2 pL. The
scan range for the PDA was 180-380 nm. Detection was
performed in both positive and negative ion modes in the
m/z range of 100-1500 Da, with an acquisition time of 0.5 s
in centroid mode.

Liquid chromatography-tandem-mass
spectrometry conditions

The LC equipment (Agilent 1100 series, Karlshuhe, Ger-
many) comprised a binary pump, an auto sampler with a
100 pL loop and a DAD detector with a light-pipe flow cell
(recording at 254, 280 and 320 nm and scaning from 200 to
600 nm). This was interfaced with ion-trap mass spectrom-
eter fitted with ESI source (Bruker Daltonics HCT Ultra,
Bremen, Germany) operating in full scan, auto MS" mode to
obtain fragment ion m/z. Tandem mass spectra were acquired
in auto MS” mode (smart fragmentation) using a ramping

of the collision energy. MS operating condition was set at 4
precursor ions for MS?, 3 for MS? both in the negative and
positive ion modes, a dry gas flow rate of 10 L/min and a
nebulizer pressure of 10 psi, as described in literature [19].

Data acquisition and analysis

All MS data acquired were processed using Data Analysis
4.2 (Brucker, Bremen Germany) and MZmine 2.14.2 [20].
The threshold for molecular formulas determination was
set at 5 ppm. The data were analyzed for total ion chro-
matogram, mass detection, and chromatogram building. An
aligned peak list was generated on the MZmine by using
retention time (tz), peak area and mass data m/z. The aligned
peak list was subjected to PCA (axes 1 and 2) using peak
area of the most abundant peaks. Extraction method (Sox-
hlet, sonication) and origin (France, Brazil, Nigeria, Sri
Lanka, Phillippines, unknown) were set as variable param-
eters in the analysis. Unique markers that could explain the
variability in the accessions were sought based on their
intensities.

Biomarker identification

The m/z data obtained through the UPLC—QTOF-MS based
on retention time and peak areas were employed to calcu-
late the proposed molecular formula of each marker using
MZmine software. The software proposed the formula by
matching experimental and theoretical isotopic pattern of the
markers. Suggested formulas are arranged according to the
percentage of fitness. The formulas proposed were further
identified by subjecting them to an online database search
(KEGG).

Agro-morphological data acquisition and analysis

Agro-morphological characters from IITA Musa germ-
plasms morphological descriptors, including 32 vegetative

Table 2 Percentage yield of M. acuminata accessions obtained by
Soxhlet and sonication extraction methods

Accession % Yield (g)
Soxhlet Sonication

TMbD 8 0.997 (19.94) 1.126 (22.52)
TMD 55 1.237 (25.74) 0.921 (18.42)
TMb 82 1.165 (23.30) 0.977 (19.54)
TMb 106 1.109 (22.18) 0.958 (19.16)
TMDb 116 1.297 (25.94) 0.920 (18.40)
Tmp 24 3.045 (60.90) 1.150 (23.00)
Tmp 36 1.618 (32.36) 0.980 (19.60)
TMb 145 1.703 (34.06) 1.030 (20.60)
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and fruit characters of the Musa field accessions were uti-
lized to compute a distance matrix before being used for the
clustering. The characters utilized are: Pseudostem height
(m), main underlying colour of the pseudostem, sap colour,
blotches at the petiole base, petiole canal of the third leaf,
petiole margin, petiole margin colour, edge of petiole mar-
gin, colour of cigar leaf outer surface, bunch position, bunch
shape, rachis position, rachis appearance, male bud shape,
male bud size (cm), bract apex shape, bract imbrication,

colour of the bract external face, bract internal face colour,
bract behavior before falling, compound tepal basic colour,
lobe colour of compound tepal, anther colour, dominant col-
our of male flower, number of hands, number of fruits on
third hand, fruit length (cm), fruit shape, fruit apex, remains
of flower relicts at fruit apex, fruit pedicel length (mm),
fusion of pedicels. The DISTANCE procedure in SAS was
used to compute the simple matching coefficient between
each pair of banana cultivars based on dummy codes. The
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Fig. 1 Representative base peak chromatograms of M. acuminata
accessions: a TMb 82 from Brazil showing ¢ as Quercetin O-rhamno-
side-O-hexoside, i as Phloretin/Luteolinflavan and o as linoleic acid.
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CENTROID method was used to perform the hierarchical

cluster analysis using the distance matrix produced by the
DISTANCE procedure as input data.

Antioxidant activity

The accessions were tested for antioxidant activities using
the FRAP [21] and the Folin—Ciocalteu total phenolic test
[22]. For the FRAP assay, to a 10 uL. sample of each acces-
sion (500 pg/mL) was added 200 uL of freshly prepared

Table 3 Selected maker compounds that mostly contributed to variation in M. acuminata accessions analyzed by UPLC/Q-TOF-MS

Peak RT (min) Acc. Proposed compound identity Molecular formula [M-H]™ m/z
Measured mass (Da) Theoreti-  Mass mSigma
cal mass accuracy
(Da) (ppm)

1 0.5 12 Bergapten C,HgO, 215.0331 215.0350 8.9 55.8
2 0.5 7 Quinate C;H,,04 191.0563 191.0551 - -
3 0.5 1 Rosmarinate C5H,60g 359.0746 359.0761 - -
4 0.5 14 Citric acid CHgO4 191.0201 191.0197 -2.0 6.1
5 0.6 1 Vanillic acid hexoside C4H 504 329.0889 329.0878 =35 43
6 1.0 1 O-Feruloylgalactarate Ci6H 301, 385.0784 385.0878 -2.0 1.9
7 1.1 2 4-O-Caffeoylquinic acid C6H; 309 353.0883 353.0878 -9.0 19.3
8 1.7 1 Epicatechin/catechin C30Hy015 577.1352 577.1351  —0.2 5.6
9 1.9 4 Ferulic acid-O-glucoside CH,009 355.1037 355.1035 -0.8 5.1
10 2.3 1 Catechin/Epicatechin C,sH,,O¢ 289.0717 289.0718 0.2 34
11 2.5 1 4-O-Feruloylquinic acid C,7H,,04 367.1033 367.1035 0.4 39
12 2.6 1 Sinapic acid-O-glucoside C,;H,,0 385.1144 385.1129 - -
13 3.0 5 Quercetin 3-O-beta-p-glucosyl CyH;3,0,7 625.1420 625.1410 -1.6 6.1

(1> 2)-beta-p-glucoside
14 32 3 Phloretin/Luteoliflavan C;5H,,05 273.0771 273.0768 —0.9 1.8
15 35 4 Kaempferol 3-Sophortrioside C33H,00,, 771.2006 771.1978 - -
16 3.8 1 Quercetin 3-O-hexoside C, Hy0O5 463.0889 463.0882 —-1.4 6.1
17 39 1 Geranyl arabinopyranosyl-glucoside C,H360¢ 447.2244 23
18 42 2 Quercetin 3-0-(6-O-malonyl-beta- C,,H,,05 549.0888 549.0886 —0.4 2.3

p-glucoside)
19 4.5 8  Kaempferol-7-O-glucoside C, HyyOpy 447.0942 447.0933 2.1 34
20 4.7 1 Furcatin C,0H501 427.1618 427.1599 - -
21 6.1 3 Quercetin C;sH,004 301.0359 301.0354 -1.9 16.1
22 7.2 1 Luteolin C,sH;(O0¢ 285.0413 285.0405 2.8 7.8
23 7.2 15 9,10-Dihydroxy-8-oxo-12-octadecenoic ~ C;3H;,05 327.2185 3272177 =26 1.0

acid
24 74 2 Rhamnetin Ci6H,,04 315.0519 315.0510 2.9 1.8
25 8.6 1 Flavanol 3-O-(alpha-L-rhamno- Cy;H300¢, 545.1673 545.1664 -1.5 114

syl-(1> 6)-beta-p-glucoside)
26 9.0 1 5-O-Methylembelin C,3H,30, 307.1924 307.1915  -2.9 5.1
27 133 11 12,13-Epoxy 9Z-octadecaenoic acid C,3H3,0; 295.2286 2952279 -2.6 3.4
28 158 1 Corticosterone C,H;,0, 345.2059 345.2060 - -
29 172 15  13-Hydroxydocosanoic acid C,,H,,0; 355.3226 3553218 =25 6.1
30 187 12 Octadecanoic acid C,3H560, 283.2646 2832643  -0.7 6.4
31 18.8 1 Betulinic acid C;0Hy30; 455.3536 4553531 -1.2 53

m/z data were obtained through the UPLC-QTOF-MS based on retention time and peak areas

RT retention time

Acc. number of accessions

@ Springer



M. A. Sonibare et al.

Table 4 Mass spectrum (MS") fragmentation of compounds in M. acuminata in the negative ion mode, showing percentage relative abundance

of fragments
Compounds Parent ion (M—H) Characteristic m/z of ion in negative mode (relative abundance
in %)

Bergapten 215.0331 MS2—179 (100), 213 (47), 177 (11), 143 (6), 113 (6), 89 (5)

Quinate 191.0563 MS?

Rosmarinate 359.0746 MS2— 323 (100), 163 (95), 247 (91), 287 (35), 359 (29)

Citric acid 191.0201 MS2— 111 (100), 87 (40), 173 (35)

Vanillic acid hexoside 329.0889 MS2— 167 (100), 209 (97), 267 (30), 239 (21); MS>—108
(100), 140 (40)

O-Feruloylgalactarate 385.0784 MS?—191 (100), 353 (39)

4-0-Caffeoylquinic acid 353.0883 MS2—173 (100), 135 (9), MS>—93 (100), 111 (61), 72 (36),
155 (13)

Procyanidin B dimer 577.1352 MS2—407 (100), 451 (24), 289 (12), 559 (7), MS*—285 (100),
389 (18), 339 (5), 255 (3)

Ferulic acid-O-glucoside 355.1037 MS2—193 (100), 134 (7)

Catechin/Epicatechin 289.0717 MS2—245 (100), 205 (40), 125 (4), MS*—203 (100), 227 (74),
187 (47), 97 (37), 161 (20), 181 (30), 243 (28), 81 (9)

4-0O-Feruloylquinic acid 367.1033 MS2—173 (100), 193 (12); MS*—93 (100), 72 (32)

Sinapic acid-O-glucoside 385.1144 MS2—223 (100), 205 (95), 154 (94), 316 (43), 263 (16)

Quercetin 3-O-beta-p-glucosyl (1 > 2)-beta-p-glucoside 625.1420 MS?—463 (100), 301 (33); MS>—301 (100), 363 (4), 255 (3)

Phloretin 273.0771 MS?

Kaempferol 3-Sophortrioside 771.2006 MS2—301 (100), 343 (13), 609 (10), 657 (3); MS>—179 (100),
151 (94), 300 (56), 398 (5), 233 (11), 107 (8)

Quercetin O-rhamnoside-O-hexoside 609.1476 MS2—301 (100), 271 (6), 343 (5), 179 (4); MS*—179 (100),
151 (92), 300 (74), 271 (49), 107 (11)

Quercetin O-rhamnoside-O hexoside dimer 1219.304 -

Quercetin 3-O-hexoside 463.0889 MS2—301 (100), MS3>—300 (100), 179 (81), 151 (57), 271 (35)

Quercetin-O-hexoside 463.0893 MS?—301 (100), 271 (6), 343 (5), 179 (4); MS>*—179 (100),
300 (60), 151 (71), 273 (22), 257 (20), 107 (8)

Geranyl arabinopyranosyl-glucoside 447.2244 MS2—284 (93), 255 (26), 327 (14), 357 (4), 151 (3)

Quercetin 3-0-(6-O-malonyl-beta-p-glucoside) 549.0888 MS2—265 (100), 163 (97), 503 (87), 387 (72), 339 (39), 235
(35)

Kaempferol-7-O-neohesperidoside 593.1528 MS2—285 (100), 327 (6), 429 (3); MS>—257 (100), 267 (41),
229 (34), 163 (17)

Isorhamnetin 3-O-(6-O-rhamnosyl-hexoside) 623.1633 MS2—315 (100), 300 (20), 271 (14), 357 (4); MS>—300 (100),
191 (45), 81 (80)

Kaempferol-7-O-glucoside 447.0942 MS? 285 (100), 255 (31), 327 (10); MS>*—255 (100), 83 (31)

Furcatin 427.1618 MS2—369 (100), 325 (28), 223 (49), 161 (77), MS*—160 (100)

Quercetin 301.0359 MS2—151 (100), 299 (73), 233 (12), 107 (6)

Luteolin 285.0413 MS2—285 (100), 151 (10), 257 (8), 213 (3)

9, 10-Dihydroxy-8-oxo-12-octadecenoic acid 327.2185 MS2—291 (63), 229 (100), 171 (59), MS’—211 (100), 183 (8),
125 (41)

Rhamnetin 315.0519 MS2—300 (100)

Flavanol 3-O-(alpha-L-thamnosyl-(1 > 6)-beta-p-glucoside)  545.1673 445 (100), MS?>—513 (44), 193 (9), 469 (5), MS>—175 (100),
193 (92), 134 (26), 430 (12), 403 (7), 458 (6)

5-O-Methylembelin 307.1924 MS2—289 (100), 235 (44), 185 (23), 121 (64), MS*—270
(100), 247 (22), 185 (7), 125 (36)

Mukaadial 265.1486 MS2—97 (100)

Unknown 699.3829 MS2—653 (100), 397 (20), MS>—595 (4), 397 (100), 305 (16),
235 (13)

12, 13-Epoxy 9Z-octadecaenoic acid 295.2286 MS?>—277 (100), 171 (70); MS*—233 (100), 275 (68), 143
(10), 97 (6)

Unknown 555.2858 MS2—225 (100), 299 (33), 255 (2), 485 (18), 207 (14), 243

(10); MS®—207 (100), 125 (95), 165 (79), 81 (71)
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Table 4 (continued)

Compounds Parent ion (M-H) Characteristic m/z of ion in negative mode (relative abundance
in %)

Corticosterone 345.2059 MS?

Linoleic acid 279.2338 MS2—261 (100), 279 (21), 207 (7), 243 (4); MS*—259 (100),
243 (12), 148 (8), 125 (13)

13-Hydroxydocosanoic acid 355.3226 MS2—353 (33), 309 (42); MS*—307 (100)

Hexadecanoic acid 255.2348 MS?—253 (100); MS*—235 (100), 253 (10)

(9Z)-Octadecenoic acid 281.2491 281 (100), 279 (49), 263 (21); MS>—261(100), 279 (98), 97
(11

Octadecanoic acid 283.2646 MS2—281 (100), 165 (6), MS*—281 (100), 237 (6), 109 (7)

Betulinic acid 455.3536 MS2—409 (100), 356 (6)

FRAP reagent in a 96 well plate. The FRAP solution
was prepared by mixing 10 mM acetate buffer, 1 mL of
2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ) solution and 1 mL
of FeCl;-6H,0. The plate was shaken gently, incubated in
the dark for 10 min and absorbance was measured at 593 nm
with a Biochrom EZ Read 2000 (v. 1.1a) microplate reader.
Total phenolic content was measured by pipetting 30 puL of
sample (and standard) into eppendorf tubes. This was made
up to 100 uL with deionized water before adding 100 puL of
Folin—Ciocalteu reagent. The tubes were vortexed for 2-5 s
and after 2 min 800 uL of Na,CO; solution was added to
each tube. The final mixture was vortexed and incubated in
the oven at 40 °C for 20 min. The tubes were cooled at room
temperature and 200 uL of the mixture was transferred in the
96-well plate for absorbance measurement at 725 nm. For
the two assays, Gallic acid and Trolox 0-0.5 mg/mL were
used as standard antioxidants.

Results and discussion
Extraction methods

A total of eight different Musa accessions were chosen for
phytochemical analysis. Firstly the extraction protocol was
optimized. The methods of extraction (Soxhlet and soni-
cation) affected the yield of extract. The yield of samples
extracted with 100 mL of aqueous MeOH (70%) for 9 h rela-
tive to the dry weight (5 g) of starting plant material ranged
from 20.0 to 60.9% in Soxhlet extracted samples and from
18.4 to 23.0% in sonicated samples (Table 2). Expectedly,
the accessions extracted by Soxhlet gave more yield than
the ones extracted by sonication. This is in agreement with
the report of Sanghi and Kannamkumarath [23] in compar-
ing extraction methods by Soxhlet, sonicator and microwave
for screening pesticide residues from solid matrices. They
found that sonicator extraction was less efficient than other

methods. Accession TMp 24 from Nigeria gave the highest
yield in both methods of extraction.

Identification of phenolic compounds

The UPLC-QTOF-MS/MS analysis allowed the detection
of a total of 592 constituents in the negative ion mode in the
eight Musa accessions using a compound search algorithm
of the LC-MS data set. Forty-one compounds were found in
all accessions, irrespective to country of origin and method
of extraction, while 551 were variable. Figure 1 shows a rep-
resentative base peak chromatogram of M. acuminata acces-
sions TMb 82 and TMb 55 from Brazil and an unknown
origin, respectively. 41 out of the 41 common markers were
eluted between 3 and 20 min. The relative abundance of the
compounds was obtained with reference to their peak area
based on 5 g of dried leaf sample per accession (see Sup-
plementary Table A1). The extracted ion chromatograms
of the common compounds in negative ion mode at m/z
609 for Quercetin O-rhamnoside-O hexoside (a—c) in TMb
145b and at m/z 463 for Quercetin O hexoside (d—f) in TMb
106a are presented as Supplementary Figs. A1-A3. The list
of selected markers that contributed to the variation in the
accessions is also presented in Table 3. Thirty-one of the
characteristic markers were found to be informative, 49% of
which were found only in one accession each. The identities
of some of these markers were confirmed based on their MS?
and MS? fragmentation (Table 4). These include Quercetin
O-rhamnoside-O hexoside (m/z 609), Kaempferol-7-O-neo-
hesperidoside (m/z 593), Quercetin O-hexoside (compound
8; m/z 463), Hexadecanoic acid (m/z 255) and Rhamnoside-
O-rutinoside (m/z 623). The fragmentation patterns of these
compounds correspond to those that had been reported in
literature [24-27]. Using these markers, the most distinct
accession is TMb 145b from Sri Lanka, extracted by sonica-
tion. It contained 16 diagnostic markers such as two proan-
thocyanidins Epicatechin (4 beta->8) ent-epicatechin (Com-
pound 1; [M-H]™ m/z 577.1352) and Catechin/Epicatechin
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Fig.2 Structures of some identified compounds from Musa accessions obtained through the UPLC-QTOF-MS analysis based on the proposed
molecular formula of each marker using MZmine software
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(Compound 2; [M-H]™ m/z 289.0717), 4-O-Feruloylquinic
acid (Compound 10; [M-H]™ m/z 367.1033), 5-O-Methyl-
embelin ((M-H]™ m/z 307.1924) and Corticosterone (Com-
pound 20; [M-H]™ m/z 345.2059); that were not found in
any other accession. The precursor m/z 289 is known to
favor fragmentation pattern reported in literature for (epi)
catechin [28]. Other markers such as: Rosmarinate (Com-
pound 15; [M-H]™ m/z 359.0746), 1-O-Vanilloyl-beta-D-
glucose(Compound 11; [M-H]™ m/z 329.0889), O-Feruloyl-
galactarate (Compound 12; [M—H]™ m/z 385.0784), Sinapic
acid-0-glucoside (Compound 17; [M-H]™ m/z 385.1144),
Quercetin 3-0-glucoside (Compound 6; [M-H]™ m/z
625.1420), Luteolin (Compound 3; [M-H]"; m/z 285.0413),
Flavanol 3-O-(alpha-L-thamnosyl-(1 > 6)-beta-p-glucoside)
([M-H]™ m/z 545.1673) and Betulic acid (Compound 19;

[M-H]™ m/z 455.3536) were found only in TMb 8b, TMb
106b, TMb 106a, TMb 145a, TMb 106a, TMb 8b, TMb
82a and TMb 8a, respectively. Among the detected com-
pounds, Flavonols and related glucosides, other phenolics
and their adducts, and other metabolites were identified, as
presented in Fig. 2. Some of the metabolites identified in
the extracts are known to be bioactive. For instance, querce-
tin is considered a strong antioxidant due to its ability to
scavenge free radicals and bind transition metal ions [29].
Also, quercetin has been reported to protect against the more
obvious environmental causes of free radicals such as smok-
ing. Begum and Terao [30] found that quercetin aglycone
and its conjugate metabolites (quercetin 3-O-8-glucorionide
and quercetin 3-O-B-glycoside) could protect erythrocytes
from membrane damage caused by smoking. The antiradical

Component 2 (21.1%)

T y T
-10

H T
Component 1 228.1%)

T T T
5 10

Y T™Mb 8, A: TMb 55, v TMb 82, O: TMb 106, =: TMb 116, [: Tmp 24, >: Tmp 36, ¢: TMb 145

Fig. 3 Principal component analysis of M. acuminata accessions based on most abundant peaks from UPLC-QTOF-MS analysis
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capacity of catechin, epicatechin, quercetin and rutin was
reported by Iacopini et al. [31]. Caffeoylquinic acid and feru-
loylquinic acid possess strong antioxidant activity in vitro
[32] and in vivo by increasing the resistance of LDL to lipid
peroxidation [33].

The PCA analysis using the first two principal compo-
nents allowed the separation of the accessions into two
groups (Fig. 3). Group A is made up of TMp 24, TMp 36
and TMb 145 from Nigeria, Phillipines and Sri Lanka,
respectively with TMb 55 being enclosed in the group but
very distinct to the other accessions of the group. The dis-
tinction of the TMb 55 can be explained by the fact that

@ Springer

this accession contains the least number of markers and its
unknown origin (information not provided in the available
passport data). Group B comprised TMb 106, TMb 116,
TMb 82 and TMb 8. In this group, the closeness of the
two France-originated accessions TMb 106 and TMb 116
is confirmed. However, TMb 8, which is also from France
appeared to be distantly related to the other accessions in
this group. The group B seems to be tied by the Caribbean
and South American origin, assuming that the France origin
refers to the French departments in Caribbean. Though, in
Fig. 4, showing the factor loading data points contributing
to difference in accessions, the markers related to the origin
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Clustering Banana Cultivars with Morphological attributes
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Fig.5 Dendogram showing the relationship of M. acuminata accessions based on 32 agro-morphological descriptors
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Fig. 6 Ferric chloride reducing antioxidant power of Soxhlet and son-
icated leaf extracts of M. acuminata accessions: a accessed by Gallic
acid equivalent; b accessed by Trolox equivalents

contributed significantly less in the accessions’ variation,
compared to other markers, which were more differentiat-
ing. These markers include peaks with m/z data: 327, 591,
433, 255, 569, 265, 191, 609, 329, 287, 463, 447, 451, 431
and 377.

Agro-morphological traits

Morphological trait measurements are among the various
methods that have been employed to estimate the genetic
diversity of species [34]. The morphological traits varied
significantly among the accessions and were used to separate
the accessions according to their morphological closeness
(Fig. 5). The morphological clustering confirmed the close-
ness of TMb 106 and TMb 8, which originated from France,
having similar morphological characters (same pseudostem
height (<2 m), blotches at petiole base, petiole canal of the
third leaf, petiole margin, and petiole margin colour, edge
of petiole margin and colour of cigar leaf), as suggested by
the metabolomics method. But, the two methods diverted in
the grouping of TMp 36 and TMb 82, which are grouped as
very closed by the morphological characters but very differ-
ent when metabolomics markers are considered. The diver-
gence between the two methods occurred also for the three
accessions (TMb 145, TMp 24 and TMp 116) as they are
separated respectively away from the 2 by 2 groups defined
precedently by the morphological character analysis. The
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Fig.7 Total phenolic content of Soxhlet and sonicated leaf extracts
of M. acuminata accessions: a accessed by Gallic acid equivalent; b
accessed Trolox equivalent

difference in the clustering observed from the morphological
analysis is likely due to phenotypic plasticity of the plants in
response to changes in the habitat environment [35], regard-
less to the metabolomics. Oritz [36] already reported the
high influence of the environment on morphological varia-
tion in Musa germplasm, which is similar to our report. In
summary, the two clustering methods converged only in the
grouping two accessions.

Antioxidant activity and total phenolic content

Reactive oxygen species have been implicated in the inci-
dence of many chronic diseases. In recent times, studies
aimed at sourcing for new antioxidants from plants have
been on the increase [37-39]. This is because the biological
activities shown by many plants have been linked to their
antioxidant potentials. Therefore, many plant phenolics
have been evaluated for their antioxidant activities [40—42].
It follows that the antioxidant potential of many of these
compounds may explain their biological activity. In the
present study, the antioxidant potential of the accessions of
Musa was investigated by the FRAP and Folin—Ciocalteu

@ Springer

methods. All the accessions demonstrated antioxidant capac-
ity at various levels. The sonicated accessions exhibited
higher FRAP ranging from 12.33 to 49.14 mg GAE/g and
43.52 to 125.10 mg TROLOX/g (Fig. 6). The TPC ranged
from 30.48 to 88.84 mg GAE/g and 162.97 to 484.51 mg
TROLOX/g in Soxhlet extracted accessions (Fig. 7). The
two closely related accessions in both metabolomics and
agro-morphological analyses; TMb 8 and TMb 106 gave the
highest FRAP and TPC values when extracted by Soxhlet
using GA and TROLOX as standards. It therefore follows
that the presence of important polyphenolics in the Musa
accessions, especially, TMb 8 and TMb 106 could suggest
them as important repositories of bioactive compounds with
enormous health benefits.

Conclusions

In this study, metabolomics markers were identified and
used to cluster the M. acuminata accessions. The grouping
patterns in the M. acuminata accessions provided by two
methods of diversity analysis based on metabolomics and
agro-morphological characters were rather different. This
suggests that no correlation link is relevant between the two
analytical methods. This study identifies the presence of
polyphenolic compounds and significant antioxidant poten-
tial of Musa leaves extract which indicates their potential as
source of bioactive phytochemicals.

Acknowledgements The authors would like to thank Mrs. Anja Muel-
ler for her technical assistance in the ion trap experiment. This research
received financial support by Alexander von Humboldt foundation
through the return fellowship awarded to MAS to Germany for part
of the study.

Compliance with ethical standards

Conflict of interest The authors report no declarations of interest.

References

1. L.A. Ross, Medicinal Plants of the World, vol. 3. (Humana Press,
Totowa, 2005). https://doi.org/10.1007/978-1-59259-887-8

2. B. Suneetha, D. Sujatha, K.V. Prasad, Antidiabetic and antioxidant
activities of stem juice of Musa paradisiaca on alloxan induced
diabetic rats. Pharmanest Int. J. Adv. Pharm. Sci. 1, 167-176
(2010)

3. PXK. Agarwal, A. Singh, K. Gaurav, S. Goel, H.D. Khanna, R.K.
Goel, Evaluation of wound healing activity of extracts of plantain
banana (Musa sapientum var. paradisiaca) in rats. Indian J. Exp.
Biol. 47, 32-40 (2009)

4. R.K. Goel, K. Sairam, Anti-ulcer drugs from indigenous sources
with emphasis on Musa sapientum, tamrabhasma, Asparagus rac-
emosus and Zingiber officinale. Indian J.Pharmacol. 34, 100-110
(2002)


https://doi.org/10.1007/978-1-59259-887-8

Leaves metabolomic profiling of Musa acuminata accessions using UPLC-QTOF-MS/MS and their...

5.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

P. Prabha, T. Karpagam, B.A. Varalakshmi, A. Sohna, C. Packi-
avathy, Indigenous anti-ulcer activity of Musa Sapientum on pep-
tic ulcer. Pharmacog. Res. 3, 232-238 (2011)

M. Singhal, P. Ratra, Investigation of immunomodulatory poten-
tial of methanolic and hexane extract of Musa acuminata peel
(plantain) extracts. Global J. Pharmacol. 7, 69-74 (2013)

S.P. Dhanabal, M. Sureshkumar, M. Ramanathan, B. Suresh,
Hypoglycemic effect of ethanolic extract of Musa sapientum on
alloxan induced diabetic mellitus in rats and its relation with anti-
oxidant potential. J. Herbal Pharmacother. 5, 7-19 (2005)

S.C. Shanmuga, S. Subramanian, Musa paradisiaca flower
extract improves carbohydrate metabolism in hepatic tissues of
streptozotocin-induced experimental diabetes in rats. Asian Pac.
J. Trop. Biomed. 2(Suppl 3), S1498-S1503 (2012). https://doi.
org/10.1016/S2221-1691(12)60444-4

K. Mangathayaru, G. Umeshankar, G. Muralitharan, E. Cord-
airayen, J. Vasantha, Antimicrobial activity of some indigenous
plants. Indian J. Pharm. Sci. 66, 123 (2004)

C.S. Alisi, C.E. Nwanyanwu, C.O. Akujobi, C.O. Ibegbulem,
Inhibition of dehydrogenase activity in pathogenic bacteria iso-
lates by aqueous extracts of Musa paradisiaca (var sapientum).
Afr. J. Biotechnol. 7(12), 1821-1825 (2008)

. PK.Rai, D. Jaiswal, N.k.. Rai, S. Pandhija, A.K. Rai, G. Watal,

Role of glycemic elements of Cynodon dactylon and Musa
paradisiaca in diabetes management. Lasers Med. Sci. 24(5),
761-768 (2009). https://doi.org/10.1007/s10103-008-0637-0
P.K. Agarwal, A. Singh, K. Gaurav, S. Goel, H.D. Khanna, R.K.
Goel, Evaluation of wound healing activity of extracts of plan-
tain banana (Musa sapientum var. paradisiaca) in rats. Indian
J. Exp. Biol. 47(1), 32-40 (2009)

S. Kumar, C.K. Mishra, A. Ahuja, A. Rani, R.K. Nema, Phyto-
constituents and pharmacological activities of Musa paradisi-
aca Linn. Asian J. Biochem. Pharm. Res. 2(4), 15-20 (2012).
Retrieved from http://www.ajbpr.com/issues/volume2/issue4/
FINAL 18.pdf

G. Madhukar, E.T. Tamboli, P. Rabea, S.H. Ansari, M.Z. Abdin,
A. Sayeed, Rapid, sensitive, and validated UPLC/Q-TOF-MS
method for quantitative determination of vasicine in Adhatoda
vasica and its in vitro culture. Pharmacog. Mag. 10, S198-S205
(2014)

R. Plumb, J. Castro-Perez, J. Granger, 1. Beattie, K. Joncour, A.
Wright, Ultra-performance liquid chromatography coupled to
quadrupole-orthogonal time-of-flight mass spectrometry. Rapid
Commun. Mass Spectrom. 18, 2331-2337 (2004). https://doi.
org/10.1002/rcm. 1627

L. Novakova, L. Matysova, P. Solich, Advantages of applica-
tion of UPLC in pharmaceutical analysis. Talanta. 68, 908-918
(2006)

R. An, L. You, Y. Zhang, X. Wang, Y. Ma, A rapid UPLC
method for simultaneous determination of eleven components in
“Ge-Gen-Qin-Lian” decoction. Pharmacogn. Mag. 10, 464469
(2014). https://doi.org/10.4103/0973-1296.141821

1.O. Ayoola, B. Gueye, M.A. Sonibare, M.T. Abberton, Anti-
oxidant activity and acetylcholinesterase inhibition of field and
in vitro grown Musa. L. species. J. Food Meas. Charact. 11(2),
488-499 (2017)

R. Jaiswal, S. Deshpande, N. Kuhnert, Profiling the chlorogenic
acids of Rudbeckia hirta, Helianthus tuberosus, Carlina acaulis
and Symphyotrichum novae-angliae leaves by LC-MS(n). Phyto-
chem. Anal. 22, 432-441 (2011)

T. Pluskal, S. Castillo, A. Villar-Briones, M. Oresic, MZmine
2: modular framework for processing, visualizing, and analyzing
mass spectrometry-based molecular profile data. BMC Bioinform.
11, 395 (2010). https://doi.org/10.1186/1471-2105-11-395

K. Thaipong, U. Boonprakoba, K. Crosbyb, L. Cisneros-Zeval-
losc, D.H. Byrnec, Comparison of ABTS, DPPH, FRAP, and

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

ORAC assays for estimating antioxidant activity from guava fruit
extracts. J. Food Comp. Anal. 19, 669-675 (2006). https://doi.
0rg/10.1016/j.jfca.2006.01.003

N. Cicco, M.T. Lanorte, M. Paraggio, M. Viggiano, V. Lattanzio,
A reproducible, rapid and inexpensive Folin-Ciocalteu micro-
method in determining phenolics of plant methanol extracts.
Microchem. J. 91, 107-110 (2009)

R. Sanghi, S.S. Kannamkumarath, Comparison of extraction
methods by Soxhlet, sonicator and microwave in screening pesti-
cides residues from solid matrices. J. Anal. Chem. 59, 1032-1036
(2004)

R. Jaiswal, L. Jayasinghe, N. Kuhnert, Identification and charac-
terization of proanthocyanidins of 16 members of the Rhododen-
dron genus (Ericaceae) by tandem LC-MS. J. Mass Spectrom. 47,
502-515 (2012). https://doi.org/10.1002/jms.2954

R. Jaiswal, H. Miiller, A. Miiller, M.G.E. Karar, N. Kuhnert, Iden-
tification and characterization of chlorogenic acids, chlorogenic
acid glycosides and flavonoids from Lonicera henryi. L. (Capri-
foliaceae) leaves by LC-MSn. Phytochemistry. 108, 252-263
(2014). https://doi.org/10.1016/j.phytochem.2014.08.023

M.A. Patras, B.P. Milev, G. Vrancken, N. Kuhnert, Identifica-
tion of novel cocoa flavonoids from raw fermented cocoa beans
by HPLC-MSn. Food Res. Int. 63, 353-359 (2014). https://doi.
org/10.1016/j.foodres.2014.05.031

F. Sanchez-Rabaneda, O. Jauregui, R.M. Lamuela-Raventés, F.
Viladomat, J. Bastida, C. Codina, Qualitative analysis of phenolic
compounds in apple pomace using liquid chromatography coupled
to mass spectrometry in tandem mode. Rapid Commun. Mass
Spectrom. 18, 553-563 (2004). https://doi.org/10.1002/rcm.1370
D. Callemien, S. Collin, Use of RP-HPLC-ESI (-)-MS/MS to dif-
ferentiate various proanthocyanidin isomers in lager beer extracts.
J. Am. Soc. Brew. Chem. 66, 109-115 (2008)

Y. Sakanashi, K. Oyama, H. Matsui, T.B. Oyama, T.M. Oyama,
Y. Nishimura, Y. Oyama, Possible use of quercetin, an antioxi-
dant, for protection of cells suffering from overload of intracellular
Ca%*: A model experiment. Life Sci. 83, 164—169 (2008). https://
doi.org/10.1016/j.1fs.2008.05.009

A.N. Begum, J. Terao, Protective effect of quercetin against ciga-
rette tar extract-induced impairment of erythrocyte deformability.
J. Nutr. Biochem. 13, 265-272 (2002). https://doi.org/10.1016/
S0955-2863(01)00219-4

P. Iacopini, M. Baldi, P. Storchi, L. Sebastiani, Catechin, epicat-
echin, quercetin, rutin, resveratrol in red grape: content, in vitro
antioxidant activity and interactions. J. Food Comp. Anal. 21,
589-598 (2008)

A. Stalmach, W. Mullen, C. Nagai, A. Crozier, On-line HPLC
analysis of the antioxidant activity of phenolic compounds in
brewed, paper-filtered coffee. Braz. J. Plant Physiol. 18, 253-262
(2006). https://doi.org/10.1590/S1677-04202006000100018

M. Nardini, M. D’Aquino, G. Tomassi, V. Gentili, M. Di Felice,
C. Scaccini, Inhibition of human low-density lipoprotein oxi-
dation by caffeic acid and other hydroxycinnamic acid deriva-
tives. Free Rad. Biol. Med. 19, 541-552 (1995). https://doi.
org/10.1016/0891-5849(95)00052-Y

H. Fufa, P.S. Baenziger, B.S. Beecher, I. Dweikat, R.A. Gray-
bosch, K.M. Eskridge, Comparison of phenotypic and molecular
marker-based classifications of hard red winter wheat cultivars.
Euphytica 145, 133-146 (2005)

M. West-Eberhard, Phenotypic plasticity and the origins of
diversity. Annu. Rev. Ecol. Syst. 20, 249-278 (1989). https://doi.
org/10.1146/annurev.es.20.110189.001341

R. Ortiz, Morphological variation in Musa germplasm. Genet.
Resour. Crop Evol. 44, 393-404 (1997). https://doi.org/10.102
3/A:1008606411971

@ Springer


https://doi.org/10.1016/S2221-1691(12)60444-4
https://doi.org/10.1016/S2221-1691(12)60444-4
https://doi.org/10.1007/s10103-008-0637-0
http://www.ajbpr.com/issues/volume2/issue4/FINAL%2018.pdf
http://www.ajbpr.com/issues/volume2/issue4/FINAL%2018.pdf
https://doi.org/10.1002/rcm.1627
https://doi.org/10.1002/rcm.1627
https://doi.org/10.4103/0973-1296.141821
https://doi.org/10.1186/1471-2105-11-395
https://doi.org/10.1016/j.jfca.2006.01.003
https://doi.org/10.1016/j.jfca.2006.01.003
https://doi.org/10.1002/jms.2954
https://doi.org/10.1016/j.phytochem.2014.08.023
https://doi.org/10.1016/j.foodres.2014.05.031
https://doi.org/10.1016/j.foodres.2014.05.031
https://doi.org/10.1002/rcm.1370
https://doi.org/10.1016/j.lfs.2008.05.009
https://doi.org/10.1016/j.lfs.2008.05.009
https://doi.org/10.1016/S0955-2863(01)00219-4
https://doi.org/10.1016/S0955-2863(01)00219-4
https://doi.org/10.1590/S1677-04202006000100018
https://doi.org/10.1016/0891-5849(95)00052-Y
https://doi.org/10.1016/0891-5849(95)00052-Y
https://doi.org/10.1146/annurev.es.20.110189.001341
https://doi.org/10.1146/annurev.es.20.110189.001341
https://doi.org/10.1023/A:1008606411971
https://doi.org/10.1023/A:1008606411971

M. A. Sonibare et al.

37.

38.

39.

40.

K. Ghasemi, Y. Ghasemi, M.A. Ebrahimzadeh, Antioxidant activ-
ity, phenol and flavonoid contents of 13 Citrus species peels and
tissues. Pak. J. Pharm. Sci. 22, 277-281 (2009)

G. Oboh, Antioxidant properties of some commonly consumed
and underutilized tropical legumes. Eup. Food Res. Technol. 224,
61-65 (2006). https://doi.org/10.1007/s00217-006-0289-x

D. Yigit, N. Yigit, A. Mavi, Antioxidant and antimicrobial activi-
ties of bitter and sweet apricot (Prunus armeniaca L.) kernels.
Braz. J. Med. Biol. Res. 42, 346-352 (2009)

E.K. Akkol, F. Goger, M. Kosar, K.H.C. Baser, Phenolic com-
position and biological activities of Salvia halophila and Salvia

@ Springer

41.

42.

virgata from Turkey. Food Chem. 108, 942-949 (2008). https://
doi.org/10.1016/j.foodchem.2007.11.071

J. Kubola, S. Siriamornpun, Phenolic contents and antioxidant
activities of bitter gourd (Momordica charantia L.) leaf, stem and
fruit fraction extracts in vitro. Food Chem. 110, 881-890 (2008).
https://doi.org/10.1016/j.foodchem.2008.02.076

C. Quettier-Deleu, B. Gressier, J. Vasseur, T. Dine, C. Brunet, M.
Luyckx, F. Trotin, Phenolic compounds and antioxidant activities
of buckwheat (Fagopyrum esculentum Moench) hulls and flour.
J. Ethnopharmacol. 72, 35-42 (2000). https://doi.org/10.1016/
S0378-8741(00)00196-3


https://doi.org/10.1007/s00217-006-0289-x
https://doi.org/10.1016/j.foodchem.2007.11.071
https://doi.org/10.1016/j.foodchem.2007.11.071
https://doi.org/10.1016/j.foodchem.2008.02.076
https://doi.org/10.1016/S0378-8741(00)00196-3
https://doi.org/10.1016/S0378-8741(00)00196-3

	Leaves metabolomic profiling of Musa acuminata accessions using UPLC–QTOF–MSMS and their antioxidant activity
	Abstract
	Introduction
	Materials and methods
	Chemicals and reagents
	Collection of plant material
	Extraction and sample preparation
	UPLC–QTOF–MS analysis
	QToF–MS conditions
	Liquid chromatography–tandem-mass spectrometry conditions
	Data acquisition and analysis
	Biomarker identification
	Agro-morphological data acquisition and analysis
	Antioxidant activity

	Results and discussion
	Extraction methods
	Identification of phenolic compounds
	Agro-morphological traits
	Antioxidant activity and total phenolic content

	Conclusions
	Acknowledgements 
	References


