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Bananas and plantains (Musa spp.) are used as nutritious foods, and at the same time, are a source
of phytoconstituents for the pharmaceutical industry. As biological activities of especially the pulp and
peel of Musa spp. have been documented, this study investigated the variation in the secondary metabo-
lite profiles of the leaves from field, in vitro-grown and acclimatized accessions. The genetic fidelity of
the diverse accessions was assessed using diversity array technology sequencing. It showed that the in
vitro-grown accessions were true-to-type with the field samples. The antioxidant and anticholinesterase
activities of the samples from different culture systems (field and in vitro) were evaluated by UV-
spectrophotometry and compared to high-performance thin-layer chromatography-effect-directed anal-
ysis (HPTLC-EDA). The latter was applied for the first time for effect-directed profiling of the polar
and medium polar sample components via different biochemical and biological assays. Compound zones
showed acetyl-/butylrylcholinesterase inhibition (zones 1-4), o-/S-glucosidase inhibition (zones 1 and 2)
as well as antioxidative (zones 1-3) and antimicrobial (zone 4) activities. Structures were preliminary
assigned by HPTLC-HRMS. The HPTLC was effective for bioactivity-guided characterization of the bioac-
tive constituents in Musa spp. accessions. Accumulation of useful metabolites, especially compounds with
antioxidant and anticholinesterase properties, was higher in samples from in vitro system. This validated
the use of plant tissue culturing as an alternative method for large scale production of plant material and
supply of bioactive constituents.

© 2019 Published by Elsevier B.V.

1. Introduction

(EDA), in combination with chromatography, makes detection and
characterization of bioactive compounds in plant samples easier.

High-performance thin-layer chromatography (HPTLC) is a ro-
bust, simple, rapid, and efficient tool in the quantitative analysis of
compounds. It enables a highly sensitive high-throughput screen-
ing for the rapid analysis of a large number of compounds [1]. It
is widely used for quality control of medicinal plants and char-
acterization of metabolites. Bioassays with cuvette, petri dish and
microtiter plates gives a sum of parameters, which can be due
to antagonistic or synergistic effects but the specific compounds
responsible for the bioactivity are unknown. Biological and bio-
chemical assays can be combined with chromatography and reveal
the bioactivity of single compounds. The effect-directed analysis
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Thus, thousands of compounds in a complex plant mixture are re-
duced to few important bioactive ones [2]. Several researchers have
developed HPTLC-enzyme inhibition assays and other bioassays,
e.g., cholinesterase and glucosidase inhibition [3,4]. In the past,
to get structural information about unknown compounds, HPLC
was in most cases combined with high-resolution mass spectrom-
etry (HRMS) [5], while the hyphenation of HPTLC with spectro-
metric/spectroscopic detectors received little attention in analyti-
cal chemistry [6]. The isolation and online transfer of zones of in-
terest to a mass spectrometer became easier with the availability
of the first TLC-MS interface introduced in 2009 [7]. More so, it
was possible with MS? experiments to assign molecule ions and
their fragment ions. This powerful hyphenation of HPTLC to HRMS
ensured a fast, quantitative, reproducible, high-throughput, precise
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and cheap analysis [8]. However, the complete structure elucida-
tion of a molecule requires in addition nuclear magnetic resonance
(NMR) analysis [9], especially in the case of a new and novel com-
pound. These techniques are important, especially in the recent
search for bioactive molecules in Musa spp.

Musa spp. (bananas and plantains), belonging to the family
Musaceae, are not only important food crops but have also been
reported for various medicinal uses. Traditionally, dried fruits of
banana, the flowers and roots are used orally for diabetes [10];
the extracts from the leaves are used for wound healing [11] and
fruit as a mild laxative [12]. Other pharmacological activities, re-
ported for different parts of Musa spp., include anti-ulcer, hypo-
glycemic and antimicrobial activities among others [13,14]. It is
therefore an important species for the production of bioactive sec-
ondary metabolites. Plant tissue culture is an alternative method
of plant material supply for the production of desirable medicinal
compounds from Musa spp. leaves. It is a less destructive source of
plant material compared to field and also ensures sustainable con-
servation and rational utilization of biodiversity [15]. In vitro plant
tissue culture tool can be a reliable supplemental method to tra-
ditional agriculture in the industrial production of bioactive plant
metabolites [16]. However, true-to-type clonal fidelity is one of
the most important pre-requisites in the micropropagation of plant
species. The occurrence of cryptic genetic defects potentially aris-
ing via somaclonal variation in plants regenerated in vitro can limit
the broader utility of the micropropagation system [17]. Therefore,
it is necessary to establish genetic uniformity of micropropagated
plants to confirm the quality of the plantlets for its commercial
utility.

In the past, other chromatographic methods have been used
for the detection of phytochemicals in Musa spp. Thin-layer chro-
matography (TLC) analysis was used to confirm the presence
of flavanoids in the Musa spp. extract [18]. Anthocyanins and
their derivatives have also been identified from different parts
of Musa. The volatile fractions of the pulp and whole fruit of
two banana cultivars were characterized by [19] using headspace
solid phase micro-extraction (HS-SPME) and gas chromatography-
mass spectrometry (GC-MS). Vilela et al. [20] also identified fatty
acids and sterols in the pulp of different banana cultivars us-
ing GC-MS. Sonibare et al. [21] characterized field-grown Musa
acuminata leaves using ultra performance liquid chromatograpghy
quadrupole time of flight (UPLC-QToF)-MS. This analysis revealed
the presence of flavonoids, fatty acids and sugars. Phytoanticipin, a
strong antifungal agent, was isolated in Musa spp. using bioassay-
guided vacuum liquid chromatography (VLC) purification and LC-
MS for characterization [22]. Several researchers have also re-
ported various biological activities of Musa spp. using majorly cu-
vette assays, spectrophotometric methods and in vivo animal mod-
els [13,14,23]. Report on HPTLC analysis of Musa in literature is
scarce; Bonnet et al. [24] reported the use of an HPTLC method
for the quantification of dopamine in the peel of the Cavendish
banana.

HPTLC-EDA-HRMS has not been exploited for a straightforward
characterization of bioactive secondary metabolites in Musa spp. so
far. Thus in this study, HPTLC was hyphenated to acetyl and bu-
tyryl cholinesterase, «-glucosidase, B-glucosidase, a-amylase, Ali-
ivibrio fischeri, Bacillus subtilis and Salmonella thyphimurium assays,
which was aimed at identifying bioactive molecules with multi-
ple biological activities in Musa spp. The suitability of HPTLC for
a high throughput bioprofiling was evaluated on 15 different taxo-
nomic reference Musa spp. accessions comprising different genome
groups of Musa acuminata and Musa balbisiana, which are rep-
resentatives of Musa spp. global biodiversity. This was combined
with a comparative study of the bioactivity of field, in vitro-grown
and acclimatized taxonomic reference accessions reported for the
first time.

2. Material and methods
2.1. Reagents and chemicals

All chemicals used in the study were of analytical grade.
They include gallic acid, anhydrous sodium carbonate, sodium
acetate, aluminum chloride, sodium hydroxide, Fast Blue B salt,
acetic acid, citric acid, o-naphthyl acetate, acetylcholinesterase
(AChE) lyophylisate (Electrophorus electricus, electric eel),
butyrylcholinesterase (BChE) from horse serum, hydrochlo-
ric acid (32%), o«-glucosidase from Saccharomyces cerevisiae
(1000U/vial), a-amylase from hog pancreas (50U/mg), sodium
chloride, sodium monohydrogen phosphate, bovine serum al-
bumin (BSA), tris(hydroxymethyl)aminomethane (TRIS), eser-
ine, Folin-Ciocalteu reagent, quercetin, acetylthiocholine iodide
(ATCI), 5,5’-dithiobis [2-nitrobenzoic acid] (DTNB), 2,2-diphenyl-
1-picrylhydrazyl (DPPH®), 2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ),
ferric chloride hexahydrate, ascorbic acid, 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (trolox), physostigmine,
acarbose, imidazole, 2-naphtyl-a-D-glucopyranoside, 2-chloro-
p-nitrophenyl-o-pD-maltotrioside (CNP-G3) and formic acid,
were obtained from Sigma-Aldrich (Steinheim, Germany).
2-Naphthyl-8-D-glucopyranoside ~ (95%) and  B-glucosidase
from almonds (3040U/mg) were provided by ABCR, Karl-
sruhe, Germany. 1-Naphthyl acetate was obtained from Ap-
pliChem, Darmstadt, Germany. 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazoliumbromide (MTT, >98%), methanol, ethanol
(95%), ethyl acetate, Bacillus subtilis spores (BGA, ATCC 6633), and
toluene as well as HPTLC plates silica gel 60 F,s54, 20 x 10 cm, were
purchased from Merck, Darmstadt, Germany. Luminescent marine
bacteria Aliivibrio fischeri (DSM no. 5171) were obtained from the
Leibniz Institute, DSMZ, German Collection of Microorganisms
and Cell Cultures (Braunschweig, Germany). Natural products
reagent (NP, diphenylboryloxyethylamine or diphenylboric acid
B-ethylamino ester) were purchased from Carl Roth, Karlsruhe,
Germany.

2.2. Plant materials

Accessions from the Musa taxonomic reference collection (15)
were collected from the Genetic Resource Centre, International In-
stitute of Tropical Agriculture (IITA), Ibadan, Nigeria. These acces-
sions were selected based on their genome group. They comprise
Musa acuminata and Musa balbisiana species, which are represen-
tatives of Musa biodiversity. More accessions, landraces (10) from
IITA and a Musa sapientum accession from the Botanical Garden of
the University of Ibadan were also selected for the genetic fidelity
study. The passport data of the Musa spp. used is given in Table
S-1.

2.3. In vitro propagation and acclimatization

All the in vitro materials used were obtained through meris-
tem regeneration from suckers of the accessions, collected from
the field and established in vitro culture using the IITA in vitro
genebank routine protocol [25]. The sterilization and in vitro prop-
agation protocol used is as described by Ayoola et al. [26], using
Murashige and Skoog basal medium supplemented with growth
hormones (0.18 mg/L of indole-acetic acid and 4.5mg/L of ben-
zyl amino purine) [27]. Plantlets with a well-developed root were
carefully washed free of agar, transferred to a prepared pot con-
taining sterile top soil and covered with a wet plastic bag for hu-
midity. Pots were maintained in an insect-proof room with a warm
and bright environment. The plastic bags were removed after 10
weeks and plantlets were left to grow for up to 7 months.
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2.4. DNA extraction and diversity array technology sequencing
(DArTseq) single-nucleotide polymorphism (SNP) analysis

Genomic DNA was obtained from each field (26) and in vitro-
grown (26) accessions using 150 mg of young leaves from both
field and in vitro samples according to CTAB protocol [28] with
some modifications [29]. The quality and quantity of all the ex-
tracted DNA samples were checked on Nanodrop spectrophotome-
ter and further confirmed on 1% agarose gel run in TAE buffer at
100V. A total of 56 high quality DNA samples (50 wL of 100 ng
uL~1) including four technical replicates as control for sequenc-
ing error from three accessions Orishele (field), Simili radjah (both
field and in vitro) and Safet velchi (in vitro) (Table S-1) were sent to
Diversity Array Technology (http://www.diversityarrays.com), Can-
berra, Australia to generate SNP markers. SNP markers was gen-
erated using next generation high-throughput DArTseq approach
which represents a combination of both complexity reduction us-
ing restriction enzymes method [30]. Sequence generated in FASTQ
files were further processed using proprietary DArT analytical
pipelines. The discovered SNP were run against the phytozome
database ‘Musa acuminata DH Pahang v2’ which was used as the
reference genome. A total of 150556 SNP was derived from DArT-
seq approach and further filtered based only on minor allele fre-
quency (MAF) >0.01 as there was no missing data after imputa-
tion. Data filter, MAF, heterozygosity analysis, pairwise identity-by-
state (IBS) genetic distance matrix and genetic relationship clado-
gram analysis-based IBS matrix using neighbor-joining (NJ) method
were completed using Tassel 5.2.25 software [31]. Heterozygosity
results were taken into Excel to generate MAF and heterozygosity
distribution plot. Similarly, IBS genetic distance matrix was used in
R-program [32] with ggplot and gplots packages.

2.5. Preparation of plant extracts

Young leaves from the field (the first and second leaves), 6
weeks old in vitro-grown leaves and 7 months old acclimatized
leaves were collected, freeze dried and separately milled into pow-
der. Powdered field samples (50g), 3 g in vitro-grown and 5 g accli-
matized samples were weighed. They were extracted in methanol
(plant sample-to-methanol 1:10, w/v). Extracts were filtered and
concentrated in vacuo. These residues were stored at 4°C and
2.5mg each were re-dissolved in 1 mL methanol for HPTLC anal-
ysis.

2.6. UV spectrophotometry for evaluation of antioxidative activity

2.6.1. Total phenolic content (TPC) and total flavonoid content (TFC)

The method of Khatoon et al. [33] was used to evaluate the to-
tal phenolic content (TPC) of all the extracts. Blue colored com-
plex are formed when samples containing phenolic compounds
were reduced by the Folin-Ciocalteu reagent. Total phenolic con-
tent was expressed as mg gallic acid equivalent (GAE)/g ex-
tract which was calculated from the regression equation of gal-
lic acid calibration curve (y=0.0095x+ 0.1325, r2=0.9793). Alu-
minum chloride colorimetric method was used to evaluate the to-
tal flavonoid contents of the plant samples [34]. The TFC was ex-
pressed as mg quercetin equivalent (QE)/g extract, calculated from
standard curves (y=0.0077x + 0.0884, r2 =0.9980) prepared with
6.25-200 g quercetin/mL.

2.6.2. DPPH® cuvette assay

The antioxidant potential of the extracts was determined by
their ability to scavenge the stable radical DPPH® according to the
method described by Susanti et al. [35] and Ayoola et al. [26] with
slight modifications. Briefly, 3 mL of freshly prepared DPPH® so-
lution (0.1 mM) in methanol was mixed with 2mL of the ex-

tract/standard at different concentrations (1.6 to 100.0 ;g/mL). Ab-
sorbance was measured at 517 nm using a UV/visible spectropho-
tometer after incubation at room temperature for 30 min in the
dark. The experiment was carried out in triplicate. The percentage
inhibition of DPPH* free radical scavenging activity was calculated
using the following equation:

% inhibition = [(absorbance of control - absorbance of test
sample/absorbance of control)] x 100%.

The antioxidant activity of each sample was expressed in terms
of ICso (micromolar concentration required to inhibit DPPH® rad-
ical formation by 50%), which was calculated from the linear re-
gression curve.

2.6.3. Ferric reducing antioxidant power (FRAP) cuvette assay

The determination of antioxidant activity through FRAP was
carried out according to literature [21,36]. The FRAP reagent was
freshly prepared using 300 mM acetate buffer, pH 3.6 (3.1 g sodium
acetate trihydrate, plus 16 mL glacial acid made up to 1:1 with dis-
tilled water). TPTZ (10 mM) in 40 mM hydrochloric acid and 20 mM
ferric chloride hexahydrate in the ratio of 10:1:1 was used as the
working reagent. The FRAP reagent (2.85 mL) was added to 200 uL
extracts and the absorbances were taken at 595nm wavelength
with a spectrophotometer after 30 min. The calibration curve of
trolox was used to estimate the activity capacity expressed as mg
trolox equivalents per g extract (mg TE/g extract).

2.6.4. Anticholinesterase cuvette assay

The inhibition of acetylcholinesterase was determined spec-
trophotometrically using the modified Ellman’s colorimetric
method [37,38]. Samples, eserine, DTNB and substrate (acetyl-
choline iodide, ATCI) were dissolved in phosphate buffer (pH
8.0). In a 96-well plate, the reaction mixture consisted of 40 pL
phosphate buffer (pH 8.0), 20 pL of varying concentrations of the
test samples (0.1 to 1 mg/mL of sample and 0.06 to 0.5 mg/mL of
positive control, eserine) and 20 pL of the enzyme (0.26 U/mL).
The reaction mixture was incubated for 30 min at 37 °C, and then
100 pL of 3mM DTNB was added. The reaction was initiated by
the addition of 20 pL of 15mM ATCI. The rate of hydrolysis of
ATCI was then determined spectrophotometrically by measuring
the change in the absorbance per minute (AA/min) due to the
formation of the yellow 5-thio-2-nitrobenzoate anion at 405nm
over a period of 4min at 30s interval. Buffer was mixed with the
enzyme alongside other reagents and served as negative control.
The experiments were carried out in triplicate and percentage
inhibition was calculated as follows: AA=(1 - a/b) x 100, where
a is AA/min of test sample and b is AA/min of negative control.
ICsg was calculated from the linear regression curve by plotting
the percentage inhibition against extract concentration.

2.7. Statistical analysis

Each antioxidant activity assay was done three times from the
same extract in order to determine their reproducibility. Analysis
of variance was used to test any difference in antioxidant activities
resulting from these methods. Duncan’s new multiple range test
was used to determine significant differences. Correlations among
data obtained were calculated using Pearson’s correlation coeffi-
cient (r).

2.8. HPTLC-EDA method

2.8.1. Separation system

Apart from the cholinesterase assay (15 or 25 pL/band), 10
nL/band were sprayed on the HPTLC plate for all other assays by
an automatic TLC sampler (ATS 4, CAMAG, Muttenz, Switzerland)
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using 7-mm bands, 8-mm distance from the lower edge and au-
tomatic track distance. After mobile phase development, a polar,
acidic solvent system (ethyl acetate - toluene - formic acid - wa-
ter, 3.4: 0.5: 0.7: 0.5) as well as a medium polar solvent system
(toluene - ethyl acetate - methanol, 6: 3: 1) were used to separate
most of the plant components. The development was done in an
unsaturated 20cm x 10cm Twin Trough Chamber (CAMAG) up to
a migration distance of 60 mm, which took ca. 30 min. The chro-
matogram was documented by the TLC Visualizer Documentation
System (CAMAG) UV lamp at UV 254nm and 366 nm (CAMAG).

2.8.2. Post-chromatographic derivatization

The chromatogram developed in the polar, acidic mobile phase
was derivatized using a reagent sequence. After intermediate dry-
ing, the same plate was dipped (1) first in NP reagent, (2) fol-
lowed by ninhydrin reagent and (3) lastly diphenylamine aniline
(DPA) reagent. The plates were heated on the TLC Plate Heater
(CAMAG) at 110°C for 3 to 5min before dipping in NP reagent,
and thereafter documented at UV 366 nm. After immersion in ei-
ther ninhydrin or DPA reagents, the plates were heated at 110 °C
for 3 to 5min and documented at white light illumination. The
chromatograms developed in the medium polar mobile phase were
immersed in p-anisaldehyde sulfuric acid reagent and heated at
110 °C for 3 to 5min. For all, immersion time was 2s at a 2.0-cm/s
immersion speed using the TLC Immersion Device, CAMAG.

2.8.3. Neutralization of chromatograms

After development in the acidic mobile phase, chromatograms
were neutralized using the Derivatizer (CAMAG) according to Elu-
fioye et al. [38]. Briefly, before the assay application, the chro-
matograms were dried in a stream of cold air, and phosphate
buffer (8%, pH 7.5) was piezoelectrically sprayed on the plates,
followed by plate drying in the Automatic Development Chamber
(ADC 2, CAMAG).

2.8.4. HPTLC-DPPH® assay

The chromatogram was immersed (immersion speed 2.0cm/s
and immersion time 55s) in 0.02% methanolic DPPH® solution. The
chromatogram was documented at white light illumination (re-
flection and transmission mode) after 1, 10 and 30 min. The ab-
sorbance of the chromatogram was measured at 546 nm using the
mercury lamp in the fluorescence mode without optical filter.

2.8.5. HPTLC-AChE/BChE inhibition assays

The cholinesterase inhibition profiling was performed according
to Azadniya et al. [39]. The sample volume sprayed as 7-mm bands
was 25 pL/band for the polar, acidic mobile phase, but 15 pL/band
for the medium polar mobile phase, while the other HPTLC con-
ditions remained the same as described. The positive control was
a methanolic physostigmine solution (0.1 to 1ng/band). Briefly,
the neutralized chromatogram was piezoelectrically sprayed with
1mL TRIS buffer 0.05M, pH 7.8, then with 3 mL enzyme solution
(6.66 AChE units/mL or 3.34 BChE units/mL in 100 mL TRIS buffer,
0.05M, pH 7.8, containing 1 mg/mL BSA). The plate was incubated
at 37 °C for 25 min and piezoelectrically sprayed with the substrate
solution (90 mg «-naphthyl acetate and 160 mg Fast Blue B salt in
90 mL water - ethanol, 2:1), followed by drying at room tempera-
ture. White inhibition zones were detected on a purple background
at white light illumination (transmission and reflection modes).

2.8.6. HPTLC-a-glucosidase, --glucosidase and -a-amylase
inhibition assays

The glucosidase inhibition profiling were performed according
to Jamshidi Aijdi et al. [40]. As ethanolic positive control solu-
tions, acarbose (3 to 18pug/band) or imidazole (3 to 7pug/band)

were used. Concisely, 2 mL substrate solution (60 mg 2-naphtyl-a-
D-glucopyranoside or respective S-anomer in 50 mL ethanol) were
piezoelectrically sprayed on the neutralized chromatogram and
air-dried for 2min. The plate was pre-wetted with 1 mL sodium
acetate buffer (pH 7.5). Then, 2mL enzyme solution (100 units
a-glucosidase or 200 units B-glucosidase in 10mL buffer) were
sprayed. The plate was placed horizontally in a pre-prepared hu-
midity box and incubated at 37 °C for 15min for a-glucosidase or
30min for B-glucosidase. Finally, 0.5mL of an aqueous Fast Blue
B salt solution (2 mg/mL) was sprayed on the chromatogram. Plate
images were taken directly and after plate drying (via the ADC 2
humidity control) at white light illumination (transmission and re-
flection modes). Enzyme inhibitors were detected as white zones
on a purple background. For the HPTLC-«-amylase inhibition assay,
plates were dipped into the ethanolic substrate solution (1.4 mg/mL
CNP-G3), dried for 2 min (hair dryer) and immersed in the enzyme
solution (1.2 mg/mL «-amylase in sodium acetate buffer, pH 7.5).
After 15 min incubation at 37 °C in a moistened polypropylene box,
the autogram was dried and documented at white light illumina-
tion. Active compounds were detectable as bright zones against a
yellowish green background [41].

2.8.7. HPTLC-Bacillus subtilis bioassay

The Gram-positive antibacterial profiling was performed ac-
cording to Jamshidi-Aidji and Morlock [42]. The positive control
was a methanolic tetracycline solution (0.4 to 1.2 ng/band). Briefly,
the chromatogram developed in the medium polar mobile phase
was dipped for 7s at an immersion speed of 3cm/s into the B.
subtilis suspension (optical density at 600 nm of 0.8), incubated at
37°C for 2h and then visualized by immersion into a 0.2% PBS-
buffered MTT solution for 1s at an immersion speed of 3.5cm/s
and incubated at 37 °C for 30min, followed by heating at 50°C
for 10 min. Active microorganisms reduced the MTT into the pur-
ple formazan. Thus, white antimicrobial zones were observed on a
purple background [43] and documented at white light illumina-
tion (reflection mode).

2.8.8. HPTLC-Aliivibrio fischeri bioassay

The Gram-negative antimicrobial profiling was performed ac-
cording to Kriiger et al. [44]. The positive control (PC) was a
methanolic caffeine solution (0.5 to 6pg/band). Briefly, the chro-
matogram developed in the medium polar mobile phase was im-
mersed for 2 s into the luminescent A. fischeri suspension prepared
according to European Committee for Standardization [45] (the
proper luminescence was visually checked by shaking the flask in
a dark room). The change over time of the instantly luminescent
bioautogram was monitored for 30 min and documented with the
BioLuminizer (CAMAG) using an exposure time of 30s and 1 min
trigger intervals. Dark zones indicated the luminescence inhibition
of the bacteria and thus a lower bacterial metabolic activity [46].

2.8.9. HPTLC-SOS-Umu-C bioassay

A genotoxic assay with Salmonella thyphimurium bacteria
(SOS-Umu-C bioassay), newly developed in a parallel research
study [47], was applied on the samples to indicate any geno-
toxic substances or mutagens in the samples. The standard 4-
nitroquinoline-1-oxide was used as a positive control.

2.9. HPTLC-ESI-HRMS

The HPTLC plates were pre-washed by development (up to
9.5cm each) twice with methanol-formic acid 10:1 (V/V), followed
with acetonitrile-methanol 2:1 (V/V) [48]. The Musa spp. leaf ex-
tracts were applied in triplicate (as three sets) and developed. The
chromatogram was cut (smartCut Plate Cutter, CAMAG). The first
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section was used for the bioassay, the second section for deriva-
tization (with either natural product reagent for the polar, acidic
mobile phase or anisaldehyde sulfuric acid reagent for the medium
polar mobile phase), while the third section was for HRMS record-
ing. For the latter, the positions of the active zones were trans-
ferred on the chromatogram for HRMS and marked at UV 254 or
366 nm using a soft pencil. The zones were eluted with methanol
(flow rate 0.1 mL/min) using the TLC-MS Interface 2 (CAMAG) or
Plate Express (Advion, Ithaca, NY) coupled to the QExactive Plus
mass spectrometer (Thermo Fisher Scientific, Dreieich, Germany).
Full scan mass spectra (m/z 50—800) were recorded in the posi-
tive and negative ionization modes with the following settings: ESI
voltage 3.3KkV, capillary temperature 320 °C, and collision energy
35eV. Nitrogen was produced by a SF2 compressor (Atlas Copco
Kompressoren and Drucklufttechnik, Essen, Germany). Data eval-
uation and background subtraction were performed by Xcalibur
3.0.63 software (Thermo Fisher Scientific).

3. Results and discussion

3.1. In vitro propagation and genetic conformity between field- and
in vitro-grown Musa spp. accessions

The results of this study confirmed that biomass production
from Musa spp. is possible within a short time using in vitro prop-
agation (Fig. S-1). This method is not restrained by environmental
conditions and can also give good extraction yield, like field ma-
terial. This method confirms the amenability of Musa spp. to plant
tissue culture reported by several studies [49-51].

From the DArTseq analysis, a total of 150.5 K SNP markers were
generated with imputation for missing markers and further filtered
for MAF >0.01 and retained 114285 SNPs which was used for the
genetic fidelity study. Out of 114 K SNP, 93524 SNP were distributed
all over 11 chromosomes of banana genome (Table S-2) and 20064
SNPs were not aligned on reference genome, while 697 SNPs were
distributed on 12 chromosomes of mitochondrial genome. Minor
allele frequency ranged from 0.018 to 0.50 (Fig. S-2). The propor-
tion of heterozygous ranged from 0.009 to 0.2436 (Fig. S-3) in both
field and in vitro samples and the average heterozygosity propor-
tion was 0.12. The pairwise genetic distance matrix among the
Musa spp. accessions ranged from 0.0199 to 0.4968 between the
56 field- and in vitro-grown samples (Fig. S-4). The pairwise IBS
genetic distance found 23 out of the 26 accessions true to type
between in vitro and field material except Egjoga, P. raja and P.
Jaribuaya accessions and seen in the Neighbor Joining (N]) clus-
tering based on IBS genetic distance matrix (Fig. 1). The genetic
distance based on NJ-tree mapping showed that the true-to-type
field and in vitro-grown accessions were grouped together based
on their genetic similarity. Similar result was obtained from the
heterozygosity proportion distribution of the 56 banana samples.
Molecular markers (e.g., SSR, ISSR and RAPD) have been widely
used in crops for genetic relationship analysis [52-54] including
SNP markers [55-56] that are most widely accepted nowadays in
worldwide molecular research. This study suggests that banana ac-
cessions, which are true-to-type between field and in vitro lines,
can be used for large biomass production of Musa spp. within a
short time using in vitro plant tissue culture and supply of sec-
ondary metabolites.

3.2. Total phenolic (TPC) and flavonoid (TFC) content

The total phenolic and total flavonoid content varied consider-
ably among the accessions. Many of the accessions have high phe-
nolic content. The total phenolic content ranged from 2.4+0.3 to
124.54+12.7 mg GAE/g extract with both field and in vitro-grown
simili radjah (ABB) having the highest phenolic content, while the

total flavonoid content ranged from 0.4+ 0.1 to 60.1 £6.3 mg QE/g
extract (Table 1). Field and in vitro-grown Musa balbisiana Tani (BB-
wild), Musa balbisiana HND (BBwild) and Dole (ABB) had consis-
tently low total phenolic and total flavonoid contents. Across all
the tested accessions, in vitro-grown samples had higher total phe-
nolic content whereas, field-grown leaf samples had higher total
flavonoid content.

3.3. Total antioxidative and anticholinesterase activity

All the samples showed a dose dependent DPPH® free radi-
cal scavenging activity by reducing the purple colored and stable
DPPH*® radical to the yellow-colored diphenylpicrylhydrazine. The
values of the concentration of the extract that can give 50% inhi-
bition (ICs5q) ranged from 10.7 +0.3 to 257.9 + 2.3 ng/mL (Table 1).
In vitro-grown samples gave the highest antioxidant activity when
compared to their field counterpart. Similar result was obtained
from previous study [25]. FRAP assays are widely used to deter-
mine the efficiency of antioxidant compounds in plants to compete
with the FRAP reagent and reduce the ferric to the ferrous blue-
colored TPTZ complex. The trolox equivalent ranged from 4.3 4+0.1
to 152.2+2.8mg TE/g extract with in vitro-grown samples again
having better antioxidant activity. Musa balbisiana Tani (BBwild)
and Musa balbisiana HND (BBwild) exhibited low antioxidant po-
tential in these assays. For the AChE inhibition, most of the in
vitro-grown accessions gave better AChE inhibitory activity than
the field accessions (Table 1). One of the in vitro-grown accessions,
Calcutta 4 (ICs9: 11.54+6.1 ug/mL), gave a better activity than the
reference standard eserine (ICsg: 31.2 4+ 7.3 pg/mL).

3.4. Correlation among the antioxidative cuvette assays

The correlation among the antioxidant assays as determined by
Pearson’s coefficient r is shown in Table S-3. Different antioxidant
assay methods (DPPH® and FRAP) were employed in this study be-
cause it is assumed that more than one assay would reflect bet-
ter the antioxidant potential of a complex mixture of secondary
metabolites [57]. Each assay would also help to better know the
mechanism of the antioxidant activity. The correlation of the an-
tioxidant assays with the phytochemical composition among the
field accessions was generally lower than the correlation among
the in vitro-grown accessions (Table S-3 A). This is similar to the
result obtained from the accessions tested in a previous study
[26]. The result revealed a relatively good correlation between the
DPPH*® and FRAP assays among both, the field (r=0.61) and in vitro
(r=0.66) grown accessions. For the in vitro-grown samples, there
was a strong correlation between TPC and DPPH®, and between
TPC and FRAP, but a weak correlation between TFC and DPPH®.
Teixeira et al. [58] also noticed a strong correlation between TPC
and antioxidant assays in all their studied medicinal plants but a
weak correlation between TFC and antioxidants. This indicates that
other phenolic compounds apart from the flavonoids are responsi-
ble for the strong antioxidant capacity of the samples.

3.5. HPTLC method

For the first time, HPTLC was used to reveal the chemical finger-
print of Musa species field accessions in comparison with in vitro-
grown accessions. Polar solvent systems were investigated due to
prior information noted from the cuvette assay about the high
phenolic content of the Musa spp accessions. Among the differ-
ent mobile phases tested (Fig. S-5), a polar, acidic mobile phase
comprising of ethyl acetate - toluene - formic acid - water (3.4:
0.5: 0.7: 0.5) gave the best separation and was used. The deriva-
tization with the NP reagent revealed the fingerprint of phenolic
compounds and flavonoids in the Musa spp. Phenolic compounds
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Fig. 1. Neighbor joining tree of field and in vitro-grown Musa spp. accessions using 150 k SNP markers.

are known to have a wide pharmacological activity range, such as
antimicrobial [59], antioxidant [60], anti-inflammatory [61], antidi-
abetic [62], and antiulcer [63] properties among others. Phenolic
compounds were found to be abundant from in vitro-grown sam-
ples (Fig. 2C). This is in support of the result obtained from the

cuvette assay with the in vitro accessions giving higher TPC than
the field-grown accessions. Also, the flavonoids shown as dark UV-
absorbing bands at 254nm and as green and orange fluorescent
bands after derivatization in the NP reagent are seen in the field
accessions, but not in the in vitro-grown accessions (Fig. 2C). Inter-



Table 1
Means (n=3) of total phenolic content (TPC), flavonoid content (TFC), FRAP antioxidant potential, ICso of DPPH® free radical scavenging and AChE inhibitory activity of field-grown and in vitro-grown
Musa spp. accessions.

No  Accession Gen group TPC (mg GAE/g) TFC (mg QE/g) FRAP (mg TE/g) DPPH ICsq (pg/mL) AChE ICsp (pg/mL)

Field In vitro Field In vitro Field In vitro Field In vitro Field In vitro
1 P. Mas AA 18.1+£2.7¢ 72.1+0.1¢ 9.6+3.1° 3.4+0.0 9.8+ 1.5¢ 533+03g 954407 ¢ 25.4+2.14 219.1+13.82 137.2+23.8"
2 Simili Radjah  ABB 859+14% 124.5+12.7° 303+27° 113+0.7° 18.8+04° 140.3+23" 282+1.32 10.7 +0.3* 610.6 £127.1¢ 5413 +81.14
3 Red Dacca AAA 19.7 £3.1¢ 38.54+3.5¢ 240+1.7¢ 3.8+0.2° 11.8+0.9° 102.4+3.0° 563+1.8° 2514124 376.3+40.2¢ 282.3+59.8¢
4 Pelipita ABB 14.4+1.5¢F  21.7+4.1f 241418 25+0.1g 169+05° 27.7+1.7 53.9+0.5b 46.9+0.1f 282.7 +19.4b 429.0 + 54.04
5 Safet Velchi AABcv 33.6+0.8¢ 55.8 +3.74 3.6+0.9" 05+03¢g 113+02¢ 63.9+0.9° 78.8+0.34 22.8+0.64  687.0+26.1¢ 1050.0 +£274.1¢
6 Igitsiri AAA 16.34+0.8¢ 43.040.9 9.440.5" 1.3+01g 162+22¢ 781+24° 65.5+1.0¢ 341+1.0f 430.8 +£45.6° 791.3+36.1¢
7 Zebrina AAwild 33.8+0.1¢ 56.3+3.3¢ 11.6+03° 1.6+02g 224+20* 523+30g 528+0.1° 17.940.5>  419.0+15.1¢ 633.5+71.84
8 Dole ABB 76+15¢g 9.8+0.2f% 43+02¢g 06+02g 84+1.2¢ 229426 100.0+£2.2¢F  682+1.6g 2170.0+£3729g 771.5+16.4¢
9 Foconah AAB 34.6+1.8° 87.5+4.3 11.4+0.5¢ 14.6+14° 14.6+069 152.2+2.8* 56.2+0.7" 12.2+0.8%  514,3+90.3¢ 289.449.8¢
10  Gros Michel AAA 484+14> 56.5+0.7¢ 60.1+£6.3* 04+01g 86+0.2¢ 89.0+0.24 101.4+0.8f 49.0+0.8° 1637.0+253.1 g 434.6+37.54
11 P. Ceylan AAB 27.2+2.54 76.3 +0.3b¢ 28.7+£2.0¢ 8.6+0.2¢ 5.7+0.2f 66.5+0.9° 257.9+2.31 228405  5557+17.8¢ 420.9 +37.24
12 P Jaribuaya AA 29.2+04%  66.9+0.7¢¢ 11.1+0.6° 24+06g 23.8+04* 545+22¢g 92.2+25° 23.7+02%  981.8+62.6¢ 494.0 + 46.24
13 Calcutta 4 AAwild 32.94+0.5¢ 75.6 4+ 2.4¢ 42402¢g 55+0.7¢ 43+0.1° 100.7+3.5° 148.4+25¢g 2024029 1124.0+31.3¢ 11.5+0.1%
14 M. balbi HND  BBwild 163 +£1.1¢ 19.6 4 2.0f 18.8+2.6¢ 1.1+£03g 44+0.7° 32.4+04" 190.1+£11.2"  116.4+1.4" 1280.0+91.9° 1181.0+91.3¢
15 M. balbi Tani ~ BBwild 3.9+04" 24+03¢g 30.8+2.8> 1.1+06g 161405 10.6+0.5 148.9+55¢g 15444641  752.3+453¢ 780.4 +£21.5¢

Means (n=3) with the same letter in the same column are not significantly different at P<0.05. ICsq of gallic acid at 1.7 0.0 pg/mL, ascorbic acid at 3.7 +0.1 pg/mL and serine at 31.2 + 7.3 pg/mL.
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Fig. 2. HPTLC-UV/FLD-EDA fingerprints of field, in vitro-grown and acclimatized Musa spp. accessions (A1-02 as assigned in Table S-1; 10 uL/band, except for AChE/BChE
25 pL/band) on silica gel HPTLC plates with ethyl acetate - toluene - formic acid - water, 3.4:0.5:0.7:0.5, documented (A) at UV 254nm, (B) at UV 366 nm, (C) after
derivatization using a reagent sequence starting with natural product reagent visualized at UV 366 nm, followed by ninhydrin reagent (no zones evident; not depicted) and
lastly (D) diphenylamine reagent, (E) after derivatization by DPPH" reagent as well as after (F) AChE, (G) BChE, (H) a-glucosidase and (I) B-glucosidase assays, all latter (E-I)

documented at white light illumination.

estingly, this result is also in consonance with what was obtained
previously from the cuvette assay. Field accessions gave higher to-
tal flavonoid content than the in vitro-grown accessions. The pat-
tern obtained by derivatization with the DPA reagent is seen in
Fig. 2D. Sugars were found in all samples when derivatized with
this reagent selective for saccharides and glycosides. This under-
lines previous studies [64], in which sugars have been reported to
be present in the leaves of Musa spp.

3.6. Effect-directed analysis by HPTLC-EDA

So far, the biological activities of Musa spp. such as an-
tidiabetic activity of the fruit [65], anticholinesterase potential

of the fruits and leaves [26] and antimicrobial activity of peel
and leaf [14] have been reported using cuvette spectrophoto-
metric assays and other in vitro and in vivo assays. For the
first time, the present study shows the biological profiles of
Musa spp. accessions using HPTLC-EDA. This work also com-
pared the biological profiles of plants grown in different en-
vironments (field, in vitro and green house). The HPTLC-EDA
helped to identify and observe clearly the compounds responsi-
ble for each biological activity, which is not possible with cu-
vette assays (sum parameter). In this study, HPTLC was hyphenated
to DPPH® AChE, BChE, «-glucosidase, B-glucosidase, «-amylase,
Aliivibrio fischeri, Bacillus subtilis and Salmonella thyphimurium
assays.
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Fig. 3. HPTLC-UV/FLD-EDA fingerprints of field, in vitro-grown and acclimatized Musa spp. accessions (A1-02 as assigned in Table S-1; 10 uL/band, except for AChE/BChE
15 pL/band) on silica gel HPTLC plates with toluene - ethyl acetate - methanol, 6:3:1, documented at (A) UV 254 nm, (B) UV 366 nm, and white light illumination after (C)

AChE, (D) BChE, (E) -amylase, (F) B. subtilis, and (G) A. fischeri assays.

3.6.1. Radical scavenging activity

The derivatization with the DPPH® reagent revealed the pres-
ence of antioxidant compounds in Musa spp. as a pattern of
whitish bands on a purple background (Fig. 2E). In vitro-grown
accessions, which have many phenolic compounds, have many
whitish radical scavenging bands unlike the field-grown acces-
sions with flavonoids but reduced number and intensity of whitish
zones. This joins the result of the correlation among the assays.
The phenolic compounds are responsible for the antioxidant prop-
erty of the plant samples, while the flavonoids contributed less.
Similarly, the HPTLC-DPPH® method revealed the variation in the
chemical profile of samples from different origin with different
genome group. Just like the result obtained from the cuvette spec-
trophotometric assays, the samples with the high TPC, TFC, DPPH®
and FRAP values also have many whitish radical scavenging bands
after derivatization with the DPPH® reagent, while samples with
low cuvette assay values have fewer bands (Fig. 2E). In vitro grown
accessions gave the highest peak area values of the radical scav-

enging compounds (Table S-4). These in vitro-grown accessions
that are rich in phenolics and antioxidants can be explored for nat-
ural products isolation.

3.6.2. Detection of AChE and BChE inhibitors

Compounds that can inhibit cholinesterase enzymes were found
in the Musa spp. accessions tested (Figs. 2 and 3). Cholinesterase
inhibitors are known to be important drugs for treating neurolog-
ical disorders such as Alzheimer’s diseases. Key enzymes found in
the human neurological system are AChE and BChE. For example,
AChE is responsible for the breakdown of acetylcholine into choline
and acetic acid, which leads to the reduction in the acetylcholine
level in the body [66]. The body has a way of balancing the sit-
uation, but in disease condition, a cholinesterase inhibitor is usu-
ally needed. Plants containing AChE and BChE inhibitors are good
sources of neurodegenerative diseases drug development [67].

The AChE and BChE inhibitors are seen as white bands on a
purple background. With the polar, acidic mobile phase (ethyl ac-
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Fig. 4. Detailed comparison of active compounds 1-3 in the HPTLC fingerprints (as in Fig. 2) for Musa spp. leaf extract F1-F3, detected at (A) white light illumination (B) UV
254nm, (C) UV 366 nm, (D) after derivatization using a reagent sequence starting with natural product reagent at 366 nm, followed by (E) ninhydrin reagent and lastly (F)
diphenylamine reagent, (G) after derivatization with p-anisaldehyde, (H) DPPHe as well as after (I) AChE, (J) BChE, (K) «-glucosidase, and (L) 8-glucosidase inhibition assays;
same applied (15 pL/band) on HPTLC RP18 W plate (M) at UV 366 nm and (N) after genotoxicity assay at UV 366 nm.
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Fig. 5. Detailed comparison of active compound 4 in the HPTLC fingerprints (as in Fig. 3) for Musa spp. leaf extract F1-F3, detected (A) at white light illumination (B) at UV
254nm, (C) at UV 366 nm, after derivatization using a reagent sequence (D) starting with natural product reagent at 366 nm, followed by (E) ninhydrin reagent and lastly
(F) diphenylamine reagent, (G) after derivatization with p-anisaldehyde, (H) DPPHe as well as after (I) AChE, (J) BChE, (K) «-amylase inhibition assays, all latter documented

at white light illumination, and after bioassays (L) B. subtilis and (M)

etate - toluene - formic acid - water, 3.4: 0.5: 0.7: 0.5), three ma-
jor compounds (Fig. 4) at hRg values 15, 44 and 83 were identi-
fied as AChE and BChE inhibitors and were observed from in vitro-
grown accessions. White bands were noticed at the solvent front
so the elution power was reduced. With the medium polar mo-
bile phase (toluene - ethyl acetate - methanol, 6:3:1), one major
compound (Fig. 5) with hRr 63 was identified to inhibit AChE and
BChE in almost all the samples tested with higher band intensity in
the acclimatized accessions. In some samples (I to O, except J1 on
start zone and M3 in front), no inhibitor compounds were detected
when the polar mobile phase was used, suggesting that those sam-
ples do not contain any BChE inhibitory compound (Fig. 2).

3.6.3. Detection of «-/B-glucosidase and a-amylase inhibitors
The inhibition of «-glucosidase, B-glucosidase and «-amylase
is linked to the antidiabetic effect. These three enzymes are found

A. fischeri after 3min and (N) 30 min (both as bioluminescence image); same applied (15 pL/band) on
HPTLC RP18 W plate (O) at UV 366 nm and (P) after genotoxicity assay at UV 366 nm.

in the digestive system. They are responsible for the breakdown
of carbohydrates to glucose thereby increasing the blood glucose
level in diabetes patients. The inhibition of these enzymes plays
an important role in the management of diabetes, reducing the
hydrolysis of carbohydrates [68,69]. HPTLC combined with glu-
cosidase assays revealed compounds with «-glucosidase and f-
glucosidase inhibitory activity in the tested Musa spp. accessions.
Two major compounds were identified from in vitro-grown acces-
sions when the polar, acidic mobile phase (ethyl acetate - toluene
- formic acid - water, 3.4: 0.5: 0.7: 0.5) was used. They appeared
as white bands on a purple background (Fig. 2H and I). Some of
the accessions: Pelipita (J), M. balbisiana Tani (K), Dole (L), M. bal-
bisiana HND (N) and Igitsiri (O) did not show any inhibition zones
in both «- and B-glucosidase assays, and similar results were ob-
served in the cholinesterase assay. The zones of inhibition for the
field-grown and acclimatized accessions were seen at the appli-
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Table 2
HPTLC-HRMS data of bioactive compounds in the selected samples F, and Fs.
Observed Molecular Mass error
Sample Com-pound hRf mass (m/z)  Assignment formula (ppm) Intensity Formula Potential candidate (s)
F, 1 15 131.0461 [M-H]~ C4H7035N, 7.78 5.89E+07 C4HsgO3N; asparagine
133.0606 [M+H]* C4HgO3N, 1.343 9.26E+08
2 44 146.966 [M-H]~ 9.13E+07 CoHy1NO; 4-aminohydrocinnamic acid, phenylalanine,
2-amino-3,4-dimethylbenzoic acid,
2-(4-methylphenoxy) acetamide
166.0866 [M+H[* C9H13NO, 1.956 5.61E+08
3 83 218.0823 [M-H]~ Ci2H1,03N 4,632 1.90E+08 Ci2H1303N  pyrrolidinone, aniracetam
437.1717 [2M-H]~ 5.62E+07
242.0783 [M+Na]* Ci2Hi303NNa 1.754 2.95E+08
461.1676 [2M+Na]*™ 6.04E+07
F3 4 63 277.2175 [M2-H]~ Cy18H290; 2.795 1.38E+08 C1gH300, linolenic acid
301.2132 [M2+Na]*™ 1.84E+07
171.1028 [M-H]~ CoH1505 4.154 1.21E+08 CoH1503
195.099 [M+Nal+ CoHyg03Na  4.377 7.50E+07

cation zone when the polar, acidic mobile phase was used. As a
white shimmering was noticed at the solvent front (Fig. S-6A), fur-
ther less polar mobile phases were tested and revealed further in-
hibition zones (Fig. S-6C). For o-amylase, a clear inhibition zone
was detected at the solvent front for sample E3 (Zebrina, Fig. S-
6E), whereas for other samples, the white shimmering at the sol-
vent front was weaker. In order to reduce the elution power, the
medium polar mobile phase was tested. This revealed two zones
of inhibition, at hRr 40 and 63, which were in all samples more or
less intense (Fig. 3E).

3.6.4. Detection of antimicrobials

There are several reports on the antimicrobial properties of dif-
ferent parts of Musa spp. using agar well diffusion assay [70,71],
but for the first time, the inhibition of these microorganisms was
reported via HPTLC-EDA analysis. The HPTLC-B. subtilis bioassay
(Gram-positive bacteria) revealed one main antibacterial zone (hRg
63) with a very intense band in almost all the samples (Figs. 3F
and 5L). The acclimatized samples gave more intense bands. M.
balbisiana Tani, Dole, M. balbisiana HND and Igitsiri were the ac-
cessions with weak or no inhibition zones (Fig. 3F). For the HPTLC-
Aliivibrio fischeri bioassay (Gram-negative bacteria), antimicrobials
were detected based on their impact on the bioluminescence
(metabolic activity) of A. fischeri bacteria, appearing as dark (in-
hibiting) or bright (enhancing) zones on an instantly luminescent
bacterial plate background. Many dark zones of inhibition were ob-
served in the different Musa spp. accessions (Fig. 3G) with increas-
ing intensity as the time increased.

3.6.5. Absence of genotoxins

The HPTLC-genotoxicity assay via Salmonella thyphimurium bac-
teria (SOS-Umu-C bioassay) [47] applied to the plant samples
showed that the Musa spp. contained no genotoxic compounds
for the given highest amount of 38 ug methanolic extract applied
(15 pL/band of a 2.5mg/mL solution, Fig. S-7). The toxic positive
control 4-nitroquinoline-1-oxide appeared as blue fluorescence at
UV 366 nm, while the samples even at a higher amount on the
plate gave no such fluorescence after development with both mo-
bile phases (Fig. S-7). In vivo animal model studies have been used
to report the toxicity profile of some parts of Musa paradisiaca L.
The juice from the pseudostem of Musa paradisiaca was reported
to be non-toxic [72]. The ethanol extract of the leaf was found to
be slightly toxic with an LDsg of 490 mg/kg body weight of the
mice [70], while the unripe fruit extract was non-toxic and safe
for pharmaceutical use [73]. These findings support our results. In
HPTLC, still higher sample volumes can be analyzed to lower the
detectability, but was not performed in this study.

3.7. Characterization of active zones via HPTLC-HRMS

The multipotent active zones were characterized by HPTLC-
HRMS after online elution via an elution head-based interface.
The multipotent compounds 1 to 3 were obtained from only in
vitro grown accessions developed in the polar, acidic mobile phase
(Fig. 4). The band of compound 3 was very intense in vitro-grown
Calcutta 4 (F,), but was not visible or absent in some accessions
(M. balbisiana Tani, Dole and M. balbisiana HND). Calcutta 4 field
(Fq), in vitro (F;) and acclimatized extracts (F3) were considered
as representative samples based on the HPTLC-EDA assay results.
The following tentative assignment of the compounds was based
on the respective base peak in the HPTLC-HRMS spectrum, HPTLC
derivatization and literature data (Table 2).

Compound 1 (hRg 15) which is a blue fluorescent compound
at UV 366nm (Fig. 4) gave a base peak at m/z 133.0606, which
was assigned as [M+H]|* (Fig. 6) with C4HgO3N, as calculated
molecular formula. The sodium adduct was seen at m/z 155.0424
[M+Na]* (C4HgO3N;Na). In the negative mode, the base peak at
m/z 131.0461, assigned as [M-H]~ (C4H;03N,), underlined the pre-
vious result. Thus, the actual molecular formula of compound 1
was preliminary assigned to be C4HgO3N,. This molecular formula
fit to an amino acid (different forms of asparagine, alanine and
glycine anhydride). Though aspartic acid and other amino acids
have been reported to be present in the pulp [74] and peel [75] of
Musa spp., further experiments (selectivity of the mobile phase
needs to be adjusted) are needed to clarify the observed effects.
Compound 1 showed strong radical scavenging (antioxidant) activ-
ity and strong AChE and BChE inhibition, but moderate «- and -
glucosidase inhibition based on the HPTLC-EDA results (Fig. 4).

Compound 2 (hRg 44) showed a characteristic blue color af-
ter derivatization with the NP reagent. It showed the same effects
as compound 1. The base peak at m/z 166.0866 was assigned to
be [M+H]*™ with CgH{,NO, as molecular formula. In the negative
mode, the respective base peak [M-H|~ was at m/z 146.9660. Thus,
the formula of compound 2 (CgH;;NO,) corresponds to that of a
simple aromatic ring (benzene) with an amino group, carbonyl and
hydroxyl group attached which could be 4-aminohydrocinnamic
acid, phenylalanine, 2-amino-3,4-dimethylbenzoic acid or 2-(4-
methylphenoxy) acetamide.

Compound 3 (hRg 83) was not UV sensitive and gave a charac-
teristic yellow color surrounded by blue color after derivatization
in NP reagent (Fig. 4). In the positive ionization mode, the recorded
mass spectra of this zone showed a base peak at m/z 242.0783,
which was assigned as [M+Na]* (C1,H1303NNa). The dimer of this
compound was seen at m/z 461.1676 and assigned as [2M+Na]"
(Fig. 6). In the negative mode, the respective base peak was at m/z



12 1.0. Ayoola-Oresanya, M.A. Sonibare and B. Gueye et al./Journal of Chromatography A 1616 (2020) 460774

A~ -
P
| -
‘l.

) DU Dl Burt L g e - . i
B~ -y
3 '
|-

pw | = o PO T Ty — e snes

i
i

F_ LAk
|
e
f -
3 ———
AAAAA Shralt| Wiy Sy (P e
G- —
|
!
i - ‘-
’ M
- 1 . -
RS St BT SPIEE TR S TR T - =ta=
HZ
- —
aas

e

lomdd S aid B ST M mm am TR s = g

Fig. 6. HPTLC-HRMS spectra of compounds 1-3 in sample extract F, (A-F; condi-
tions as in Fig. 3, 25 pL/band) and compound 4 in sample extract F3 (G and H;
conditions as in Fig. 4; 15 pL/band); for zone marking, a plate stripe was supplied
to the AChE assay, and after zone elution, the plate stripe was immersed into a
suited derivatization reagents to check proper positioning.

218.0823 [M-H]~ with its dimer [2M-H]~ at m/z 437.1717. Thus,
the actual molecular formula of this compound was C;3H;303N.
From literature, this compound was found to be an alkaloid with a
pyrrolidine base. It is most likely aniracetam. Pyrrolidine alkaloids
are used as anticholinergic drugs. Based on the HPTLC-EDA results,
compound 3 showed a moderate antioxidant activity, a very strong
AChE and BChE, but no «- and B-glucosidase inhibition. Many
alkaloids from plants such as rivastigmine, galantamine and hu-

1 2

Fig. 7. Co-chromatography of sample extract F4, track 1 (10 pL/band), standard
linolenic acid, track 2 (100 ng/uL, 0.1 mg/ml methanol, 5 pL applied) confirmed com-
pound 4 to be linolenic acid (A) derivatized in p-anisaldehyde reagent and (B) after
AChE assay.

perzine A have been reported for their anticholinesterase activity
[76,77]. In Musa spp. and in Musaceae family, pyrrolidine alkaloids
have not been reported so far and this suggested preliminary as-
signment is new.

The multipotent compound 4 (hRr 63) was present in all
the samples and abundant in acclimatized accessions based on
the peak area. It was obtained from sample extract F; devel-
oped in the medium polar mobile phase (Fig. 5). Compound 4
showed a characteristic purple color when derivatized with the
p-anisaldehyde reagent. The mass spectra of this zone showed a
base peak at m/z 277.2175, which was assigned as [M-H]~ with
the formula C1gH,90,. In the positive mode, the respective sodium
adduct of this compound was seen at my/z 301.2132. Other unas-
signed fragments were also seen (Fig. 6G and H). The actual
molecular formula of this compound was found to be CigH300,,
indicating linolenic acid (octadeca-9,12,15-trienoic acid). By co-
chromatography of the sample and the standard (Fig. 7), compound
4 was confirmed to be linolenic acid. This fatty acid has been re-
ported to be present in the fruits of different Musa spp. cultivars
[78] also in the leaves [21]. This polyunsaturated fatty acid is an
essential fatty acid that cannot be synthesized by the human body
and therefore, must be supplied by external sources. Musa spp. is
shown to be an excellent source of this fatty acid. In this study,
this fatty acid is reported to have multiple bioactivities. It showed
strong AChE, BChE, B. subtilis and A. fischeri inhibitory properties,
but a weak «-amylase inhibition and no radical scavenging (antiox-
idant) activity. These multiple bioactivities of linolenic acid were
confirmed in parallel studies on Primula species in our group [79].
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Conclusions

This study for the first time provided the chemical, enzymatic
and biological fingerprints of Musa spp. using hyphenated HPTLC.
Up to 22 samples were simultaneously analyzed within a short
time. It presented a simple, fast and streamlined workflow for the
detection and characterization of multipotent secondary metabo-
lites in Musa spp. This straightforward hyphenation helped to de-
tect, characterize and even identify individual bioactive compounds
in the complex extracts. The results of the HPTLC-EDA analysis
confirmed the sum parameter results obtained by spectrophoto-
metric cuvette assays. The samples with an overall high TPC and
antioxidant activity were also seen to have many antioxidative
bands with high peak area signals, while the samples with low TPC
and antioxidant activity were seen to have fewer bands in many of
the HPTLC-EDA autograms. The in vitro-grown accessions had the
best antioxidant property and contained compounds 1 to 3, which
were not detected in the field and the acclimatized samples. Com-
pound 4 (linolenic acid) was found in all the samples, but was
abundant in acclimatized accessions. This study confirmed the use
of Musa spp. tissue cultures as an alternative mean of plant ma-
terial supply for the pharmaceutical industry and demonstrated a
suitable bioanalytical tool for activity control.
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