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Abstract

Unconventional food plants (UFPs) are increasingly valued for their nutritional composi-
tion and bioactive potential. This study proposes a comprehensive characterization of the
chemical and bioactive properties of Pereskia aculeata Miller (Cactaceae) (PA); Xanthosoma
sagittifolium (L.) Schott (Araceae) (XS); Stachys byzantina K. Koch (Lamiaceae) (SB); and
inflorescences from three cultivars of Musa acuminata (Musaceae) var. Dwarf Cavendish,
var. BRS Platina, and var. BRS Conquista (MAD, MAP, and MAC), including the as-
sessment of physical, nutritional, phytochemical, and biological parameters. Notably,
detailed phenolic profiles were established for these species, many of which are poorly doc-
umented in the literature. XS was characterized by a unique abundance of C-glycosylated
flavones, especially apigenin and luteolin derivatives, rarely described for this species.
SB exhibited high levels of phenylethanoid glycosides, particularly verbascoside and its
isomers (up to 21.32 mg/g extract), while PA was rich in O-glycosylated flavonols such
as quercetin, kaempferol, and isorhamnetin derivatives. Nutritionally, XS had the high-
est protein content (16.3 g/100 g dw), while SB showed remarkable dietary fiber content
(59.8 g/100 g). Banana inflorescences presented high fiber (up to 66.5 g/100 g) and lipid
levels (up to 7.35 g/100 g). Regarding bioactivity, PA showed the highest DPPH radi-
cal scavenging activity (95.21%) and SB the highest reducing power in the FRAP assay
(4085.90 uM TE/g). Cellular antioxidant activity exceeded 2000% in most samples, ex-
cept for SB. Cytotoxic and anti-inflammatory activities were generally low, with only SB
showing moderate effects against Caco-2 and AGS cell lines. SB and PA demonstrated
the strongest antimicrobial activity, particularly against Yersinia enterocolitica, methicillin-
resistant Staphylococcus aureus (MRSA), and Enterococcus faecalis, with minimum inhibitory
concentrations ranging from 0.156 to 0.625 mg/mL. Linear discriminant analysis revealed
distinctive chemical patterns among the species, with organic acids (e.g., oxalic up to
7.53 g/100 g) and fatty acids (e.g., linolenic acid up to 52.38%) as key discriminant variables.
Overall, the study underscores the nutritional and functional relevance of these underuti-
lized plants and contributes rare quantitative data to the scientific literature regarding their
phenolic signatures.
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1. Introduction

A diverse group of nutrient-rich vegetables that remain relatively unfamiliar to the
general public is commonly referred to as PANCs (Plants with Alternative Nutritional
Components) or unconventional food plants (UFPs) [1]. This designation also encompasses
species that are either marketed on a very limited scale or lack commercial value, as
well as those that are processed using less common methods [2]. In recent years, there
has been a growing scientific and consumer interest in UFPs because they can deliver a
broad spectrum of nutrients, including proteins, carbohydrates, minerals, vitamins, dietary
fiber, and phenolic compounds [3]. Typically excluded from the “traditional” diet due to
limited awareness or culinary customs, UFPs can have one or more edible parts—such
as leaves, roots, fruits, or flowers—whether they grow spontaneously or are cultivated,
native, or introduced [4]. Numerous studies have described the widespread use of UFPs in
traditional medicine for both the prevention and treatment of various diseases, including
neurodegenerative, renal, and cardiovascular disorders. These plants have been reported
to demonstrate antioxidant, anti-inflammatory, and anticancer properties [5], making them
of considerable interest for food and pharmaceutical innovation [2].

The genus Pereskia, belonging to the Cactaceae family and the Pereskioideae subfam-
ily, has been investigated regarding its chemical composition and biological activities [6].
Species of this genus are known to be rich in phytochemicals such as phenolic compounds,
carotenoids, and terpenes, which contribute to their antioxidant, antimicrobial, and anti-
inflammatory potential [7,8]. The leaves of Pereskia aculeata have been traditionally used to
treat inflammatory disorders, support wound healing, and as an adjunct therapy in can-
cer [9]. Notably, the high mucilage content of P. aculeata confers stabilizing, emulsifying, and
thickening properties, positioning it as a natural hydrocolloid of interest in the development
of food and pharmaceutical products as a replacement for synthetic emulsifiers [10].

Another example is Xanthosoma sagittifolium (L.) Schott (Araceae), locally referred to as
“tannia,” which contains syringic acid; caffeic acid; quercetin [11]; and a range of minerals
such as iron, calcium, potassium, and zinc. The leaves of this species are recognized for their
nutritional richness, especially their contributions of vitamins A and C [1]. Aragjo et al. [12]
strongly recommended the inclusion of X. sagittifolium in human diets as an important
source of calcium, potentially helping to prevent conditions like osteoporosis. Furthermore,
its content of carotenoids and chlorophyll has been linked to notable antioxidant and
anticarcinogenic activity [1].

Unconventional plants from the Lamiaceae family have also been investigated, includ-
ing Stachys byzantina K. Koch, which shows remarkable antioxidant potential. This species
is notable for its abundance of nutraceutical compounds, high mineral levels, and elevated
concentrations of vitamins C and K. It also contains significant amounts of fiber, protein,
carbohydrates, and essential amino acids [13]. Extracts of S. byzantina are rich in phenolic
compounds with diverse biological activities, such as caffeic, chlorogenic, and ferulic acids,
as well as rutin, apigenin, verbascoside, stigmasterol, 3-sitosterol, and lawsaritol [14].

The banana inflorescence (Musa acuminata Colla, Musaceae) represents an edible by-
product of banana cultivation [15]. Commonly referred to as banana flower or banana
blossom, it consists of a dark reddish floral structure attached to the end of the peduncle, in-
cluding the stalk, bracts, and flowers [16]. Despite its high potential for the development of
value-added foods and functional products, this botanical part remains underutilized [17].
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Banana inflorescences are particularly valued for their pronounced antioxidant activity,
which helps neutralize free radicals and reduce the risk of chronic diseases. They are rich
in a variety of phytochemicals, including alkaloids, glycosides, steroids, saponins, and
terpenoids, as well as phenolic compounds such as tannins and flavonoids [18].

The growing interest in the use of underutilized and unconventional food plants has
stimulated research aimed at identifying sustainable and nutritionally valuable alternatives
for food and pharmaceutical applications. Species such as Pereskia aculeata Miller, known
as ora-pro-nobis, are notable for their richness in proteins, dietary fibers, and bioactive
compounds with antioxidant and antimicrobial properties, making them promising can-
didates for the development of functional ingredients and edible coatings [19]. Likewise,
crops such as cocoyam (Xanthosoma sagittifolium) play a strategic role in food security in
tropical regions, although they remain underexplored in terms of technological research
and product innovation [20]. The incorporation of plant extracts with bioactive properties
into films and edible coatings offers a sustainable approach that helps reduce postharvest
losses, enhances the stability of sensitive compounds, and meets consumer demand for
natural and environmentally responsible solutions [21]. Additionally, Stachys byzantina
has attracted attention for its high content of fiber, vitamins, and minerals, combined with
culinary versatility and the potential for cultivation with low input requirements and sig-
nificant contributions to agroecological systems, reinforcing its value as an unconventional
food plant and a promising source of functional ingredients [22].

Despite the recognized nutritional and functional potential of UFPs, their incorpora-
tion into industrial food products remains limited. In recent years, some progress has been
made with the development of functional flours, natural colorants, and antioxidant addi-
tives derived from unconventional plants, as well as their incorporation into biodegradable
edible films and coatings to extend shelf life and reduce synthetic additives. However,
several challenges continue to hinder large-scale applications. These include limited agro-
nomic standardization and supply chains, variability in phytochemical composition due to
environmental factors, and scarce toxicological and allergenicity assessments required for
regulatory approval. Additionally, the sensory characteristics of many UFP-based products,
such as bitter taste or atypical aromas, can restrict consumer acceptance. Addressing these
limitations through targeted technological innovation and interdisciplinary research is
essential to unlock the potential of UFPs as sustainable alternatives in the food industry.

This research aims to show UFPs or PANCs as alternative sources of nutrients as well
as bioactive properties, namely in the leaves of Pereskia aculeata; Xanthosoma sagittifolium;
Stachys byzantina K. Koch; and three varieties of Musa acuminata, i.e., var. Dwarf Cavendish,
BRS Platina, and BRS Conquista.

2. Materials and Methods
2.1. Materials

Acetonitrile (99.9% purity, HPLC grade) was supplied by Lab-Scan (Lisbon,
Portugal). The radical scavenging reagent 2,2-diphenyl-1-picrylhydrazyl (DPPH) was
sourced from Alfa Aesar (Ward Hill, MA, USA). Standards for phenolic compounds and
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) were obtained from Sigma
(St. Louis, MO, USA). The reagents necessary for the FRAP (Ferric Reducing Antioxidant
Power) assay, including sodium acetate trihydrate, glacial acetic acid (analytical grade),
hydrochloric acid (analytical grade), ferric chloride hexahydrate, ferrous sulfate heptahy-
drate, and TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine, molecular weight 312.34 g/mol), were
purchased from Sigma Aldrich (product code T1253 or equivalent). The Folin—Ciocalteu
reagent was also obtained from Sigma Aldrich (St. Louis, MO, USA). Sodium carbonate,
along with monobasic and dibasic potassium phosphate salts, was provided by Merck
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Millipore (Darmstadt, Germany). Sodium acetate and potassium chloride were purchased
from Thermo Scientific (Waltham, MA, USA). Ethanol and all other ancillary reagents
were acquired from Sigma Chemical Co. (St. Louis, MO, USA). Ultrapure water used
throughout the experimental procedures was produced by a Milli-Q system (TGI Pure
Water Systems, Greenville, SC, USA). Bacterial and fungal strains used in this study were
obtained from Frilabo (Porto, Portugal). All cell lines, with the exception of macrophages,
were sourced from the Leibniz Institute DSMZ—German Collection of Microorganisms
and Cell Cultures GmbH (Inhoffenstrafle 7B, 38124 Braunschweig, Germany). Macrophage
cells were provided by the European Collection of Authenticated Cell Cultures (ECACC),
Culture Collections, UK Health Security Agency (Porton Down, Salisbury, SP4 0JG, UK).

2.2. Sampling

The banana inflorescence of Musa acuminata var. “Dwarf Cavendish” was sourced
from Madeira Island in Portugal (32°45'24.6” N 17°01'01.9” W). The varieties BRS Platina
and BRS Conquista were obtained from the Sao Manuel Experimental Farm of the Sao
Paulo State University (UNESP) in Sao Paulo, Brazil (22°46'09” S 48°34/18"” W). Stachys
byzantina K. Koch, Xanthosoma sagittifolium, and Pereskia aculeata were also from the UNESP,
but from the Faculty of Agricultural Sciences, Botucatu (22°51'07.0” S 48°25/'55.0” W). In
the Brazilian context, Pereskia aculeata, Xanthosoma sagittifolium, and Stachys byzantina are
considered non-conventional food plants (PANC), while the banana inflorescences are
regarded as agricultural by-products with emerging potential for food applications. This
classification is provided solely to describe their origin and does not imply any difference
in processing. Following collection, all the plant materials were thoroughly rinsed with
distilled water to eliminate surface residues and subsequently dried in a forced-air oven at
40 °C for 12 h to preserve their bioactive constituents [23-25]. After drying, most samples
were ground to a fine powder (20 mesh) using a knife mill (Grindomix GM 300, Haan,
Germany), and the samples were kept in their dried, unground form for specific analyses.

The identification details of all the studied species were documented in the Materials
and Methods Section. Voucher specimens of Pereskia aculeata (BOTU 35880) and Stachys
byzantina (BOTU 40945) were deposited in the Irina Delanova De Gemtchujnicov Herbarium
(BOTU), Botucatu, Brazil. Leaves of Xanthosoma sagittifolium and inflorescences of Musa
acuminata var. BRS Platina and BRS Conquista were also identified at the same institution,
although voucher numbers for these samples are pending confirmation. The inflorescences
of Musa acuminata var. Dwarf Cavendish were authenticated based on reference material
held by the Instituto Politécnico de Braganga, Portugal.

2.3. Nutritional Analysis

To determine the centesimal composition of Pereskia aculeata, Xanthosoma sagittifolium,
Stachys byzantina, Musa acuminata Dwarf Cavendish leaves, and Musa acuminata Conquista
and Platina inflorescences, standard methods were applied (AOAC, 2016) [26].

2.3.1. Protein Content

The protein content was quantified according to the AOAC protocol [26], employing
the Macro-Kjeldahl technique and applying a nitrogen-to-protein conversion factor of
6.25 (N x 6.25). For each analysis, 0.100 g of dried sample was accurately weighed into
digestion tubes and treated with 15 mL of concentrated sulfuric acid in the presence of
a catalyst mixture (K,SO4/CuSQOy). The digestion process was carried out at 400 °C for
70 min. After the digestion was complete and the samples cooled, the contents were
transferred to a Kjeldahl distillation apparatus (Pro-Nitro-A model, JP Selecta, Barcelona,
Spain). An automated alkaline distillation followed by titration was performed within the
instrument to determine the total nitrogen content.
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2.3.2. Crude Fat

The crude fat content was assessed following the AOAC 920.85 method [26], em-
ploying Soxhlet extraction with petroleum ether selected as the solvent for its non-polar
characteristics. During the procedure, the solvent was continuously recirculated through
each sample for 30 extraction cycles to ensure complete recovery of the lipid fraction. Upon
the completion of the extraction, the petroleum ether was evaporated, and the residual fat
was dried and accurately weighed to determine the crude fat content.

2.3.3. Ash

The ash content was determined according to the AOAC 923.03 method [26], which
entails the incineration of organic material at elevated temperatures. For each analysis,
0.25 g of sample was accurately weighed and placed in crucibles. The samples were
subjected to incineration in a muffle furnace (Optic Ivymen System, N-8L, Barcelona, Spain)
at 550 °C for 5 h. The resulting ash was then cooled in a desiccator and weighed to quantify
the inorganic residue.

2.3.4. Carbohydrate and Fiber Content

Digestible carbohydrates were calculated as the difference between 100 and the sum
of all other components (including dietary fiber).

The total energy value was determined according to the formula established by Euro-
pean Regulation (EU) N°. 1169/2011 of the European Parliament and the Council (2011):

Energy (kcal) =4 x (gproteins + gcarbohydrates) + 9 x (glipids) (1)
The results were expressed in Kcal and KJ, as shown in Table 1.

Table 1. Nutritional composition of the different PANCS L

Nutritional Profile (g/100 g dw)
Parameters PA XS SB MAD MAC MAP

Soxhlet fat 525+ 0.08¢ 43540089 233+005° 735+0058 390+001f 59+01¢

Crude protein 113+04¢  163+03f 127+05¢ 75+02° 6.4+02° 72+£0.12
Ash 127+069  1214+02°¢ 9.6+ 042 11.4 £ 03P 9.1+02P 11.0£0.22
Fiber 455+12b  377+042 598+02° 60.07+005° 665+03° 488 +04f
Carbohydrates 25 +2¢ 2944+01¢ 154+07° 133+£022 268+039 1414062
Energy (kcal) 282 444 2975406 255+ 2b 271+1°¢ 2872 +04° 24984132

1 different letters in each line represent a significant statistical difference with a p-value of 0.05. X. sagittifolium
(Taioba)—XS; S. byzantina (Peixinho-da-horta)—SB; P. aculeata (Ora-pro-nébis)—PA; M. acuminata var. Dwarf
Cavendish (banana inflorescence)}—MAD; M. acuminata var. Platina (banana inflorescence)}—MAP; M. acuminata
var. Conquista (banana inflorescence)—MAC.

The total dietary fiber (TDF) content was measured in accordance with the AOAC
985.29 method [26], utilizing a combination of enzymatic digestion and gravimetric analysis
with the TDF-100A assay kit (Sigma-Aldrich Chemie GmbH, Buchs, Switzerland). For each
determination, 0.25 g of sample was weighed in quadruplicate. The procedure consisted
of three sequential enzymatic steps: gelatinization with «-amylase at 95 °C, proteolytic
digestion with protease at 60 °C to remove protein, and hydrolysis of residual starch using
amyloglucosidase at 60 °C. Following enzymatic treatment, dietary fiber was precipitated
by the addition of ethanol, and the mixture was allowed to stand at room temperature
overnight. The precipitated fiber was then collected by filtration under vacuum using glass
crucibles, thoroughly washed with 78% and 95% ethanol followed by acetone, and dried
at 105 °C overnight. The dried residue was subsequently weighed to determine the total
dietary fiber content.
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2.4. Physical Parameters
2.4.1. Water Activity (aw)

Water activity was assessed using a Dew Point Water Activity Meter 4TE (AquaLab,
METER Group, Pullman, WA, USA). This instrument provides high-precision mea-
surements by determining the dew point temperature of the air in equilibrium with
the sample [27].

2.4.2. Moisture

Moisture content was determined by the oven-drying method in accordance with
AOAC Official Method 925.09. Approximately 1 g of each sample was accurately weighed
and placed in a drying oven set at 105 °C for 24 h. The moisture percentage was calculated
using the equation: % moisture = [(mi — mf)/mi] x 100%, where mi represents the initial
weight of the sample and mf corresponds to the weight after drying to a constant mass.

2.5. Chemical Parameters
25.1. pH

The pH was measured using a titrator equipped with a potentiometric probe (Hanna
Instruments HI 902). Prior to analysis, the samples were homogenized in distilled water
to ensure uniform dispersion. The pH electrode was then immersed in the prepared
suspension for measurement. Calibration of the instrument was performed using standard
buffer solutions with pH values of 4.01 and 7.00 to guarantee the accuracy and reliability of
the readings.

2.5.2. Total Acidity

The total acidity was determined according to the procedure described in [28]. For
each analysis, one gram of the sample was accurately weighed and diluted in 100 mL of
distilled water. The pH of the resulting solution was recorded prior to titration. Titration
was carried out using 0.1 M sodium hydroxide until the pH reached between 8.2 and 8.4.
The acidity was calculated using the following equation:

Acidity (molar solution per 100 mL) = (V x f x M x 100)/A (2)

where V represents the volume of 0.1 M sodium hydroxide used, f is the correction factor
for the standard sodium hydroxide solution, M is its molarity, and A denotes the sample
mass in grams.

2.5.3. Total Solids

The determination of total soluble solids was conducted according to the methodology
described in [29]. A 1 g portion of the sample was weighed and diluted in 20 mL of distilled
water. The mixture was stirred for 15 min to promote the dispersion of soluble components.
Following agitation, the suspension was filtered to remove any insoluble residues, thereby
ensuring that only the dissolved fraction was subjected to analysis. The clarified solution
was then evaluated using a digital Brix refractometer (Handheld Electronic Saccharimeter),
which measured the °Brix value. This parameter reflects the percentage of total soluble
solids—predominantly sugars—present in the aqueous extract.

2.5.4. Fatty Acids

Fatty acids extracted from crude fat were converted to their methyl esters by reacting
with a mixture of methanol, sulfuric acid, and toluene (2:1:1 v/v/v) for at least 12 h at
50 °C under agitation (160 rpm). After methylation, 3 mL of deionized water and 3 mL of
ethyl ether were added to separate the phases. The organic layer was collected and dried
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over anhydrous sodium sulfate. Prior to analysis, the samples were filtered through 0.2 um
nylon syringe filters (Whatman, Phenomenex, Torrance, CA, USA) into HPLC vials. Gas
chromatography was performed using a YOUNG IN Chromass 6500 GC system (Gyeonggi,
Republic of Korea) equipped with a split/splitless injector (250 °C, split ratio 1:50), a
flame ionization detector (260 °C), and a Zebron-Fame capillary column (30 m x 0.25 mm
ID x 0.20 pm film thickness, Phenomenex, Lisbon, Portugal). The oven temperature
program started at 100 °C (2 min), increased at 10 °C/min to 140 °C, then ramped at
3 °C/min to 190 °C, followed by 30 °C/min to a final temperature of 260 °C. Hydrogen
was used as the carrier gas at a flow rate of 1.2 mL/min (measured at 250 °C). Fatty acid
methyl esters were identified and quantified by comparing retention times with those
of a certified standard mixture (47885-U, Sigma, St. Louis, MO, USA). Data acquisition
and processing were carried out using the Clarity DataApex 4.0 software (Prague, Czech
Republic). The results were expressed as the relative percentage of each fatty acid present
in the samples [29].

2.5.5. Organic Acids

The profile of organic acids was analyzed by ultra-fast liquid chromatography (UFLC)
coupled with a photodiode array detector (PDA) using a Shimadzu 20A series system (Shi-
madzu Corporation, Kyoto, Japan). Separations were carried out on a reverse-phase
C18 SphereClone column (250 mm X 4.6 mm, 5 um particle size; Phenomenex, Tor-
rance, CA, USA). An isocratic elution was employed with 3.6 mM sulfuric acid as the
mobile phase, maintained at a flow rate of 0.8 mL/min and a column temperature of
35 °C. For extraction, approximately 1.0 g of the freeze-dried sample was weighed (ex-
act mass recorded) into a beaker covered with aluminum foil. Twenty-five milliliters of
4.5% (w/v) metaphosphoric acid were added, and the mixture was stirred magnetically
for 20 min at ambient temperature to ensure the complete extraction of soluble acids.
The solution was then filtered through qualitative filter paper into a 20 mL test tube and
subsequently transferred to an amber vial (1.5 mL) for chromatographic analysis. Quan-
tification was based on calibration curves prepared with commercial standards, and the
results were expressed as grams per 100 g of dry weight [30]. The final analysis was
performed using UFLC-DAD. The following calibration curves were used to quantify the
detected organic acids: Oxalic: y = 1 x 107x + 432.019; Quinic: y = 629,770x + 4980.2;
Malic: y = 930,178x + 62.016; Ascorbic: y =6 x 10”x + 793,159; Citric: y=1x 100x + 65.994;
Succinic: y = 642,286x — 6828.9; Fumaric: y = 4 x 107x + 119.019.

2.5.6. Phenolic Compounds

For the analysis of bioactive compounds, extracts were prepared by maceration fol-
lowing the method described by Oliveira et al. (2024) [31]. Briefly, 1 g of powdered
sample was weighed and diluted in 30 mL of a hydroethanolic solvent consisting of 70%
ethanol and 30% distilled water. The mixture was homogenized on a microplate shaker
(Multimatic-9N, Selecta, Abrera, Barcelona, Spain) for 2 h at 100 rpm and subsequently
centrifuged (Thermo Fisher Scientific, Osterode am Harz, Germany) at 1500 rpm for 10 min.
The resulting supernatant was collected and filtered through no. 4 filter paper (Chmlab
Group, Barcelona, Spain). The filtrate was then lyophilized using a freeze dryer (Coolvac-
uum Technologies, Triepic-55 model, Granollers, Barcelona, Spain) to obtain a dry extract
powder. For phenolic compound profiling, the lyophilized extracts were reconstituted in an
EtOH/H,0 solution (20:80, v/v) to a final concentration of 10 mg/mL and filtered through
a 25 mm Clarify-Ny syringe filter (Phenomenex, Torrance, CA, USA) [32]. The analyses
were performed using an LC-DAD-ESI/MS" system (Dionex Ultimate 3000 UPLC, Thermo
Scientific, San Jose, CA, USA) equipped with a diode array detector set at 280, 330, and
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370 nm, coupled to a linear ion trap electrospray ionization mass spectrometer (LTQ XL,
Thermo Finnigan, San Jose, CA, USA) operating in negative ionization mode. Compound
identification was achieved by comparing the chromatographic retention times and spectral
data with literature references and, when available, with authentic commercial standards.
Calibration curves were established using peak areas detected at each wavelength for rep-
resentative standards of different phenolic classes. The following calibration curves were
used: luteolin-7-O-glucoside: y = 13,848x — 10,349; chlorogenic acid: y = 312,503x — 199,432;
verbascoside: y = 124,233x — 18,873; protocatechuic acid: y = 214,168x + 27,102; p-coumaric
acid: y = 504,847x — 45,869; sinapic acid: y = 543,305x — 25,202; quercetin-3-O-glucoside
(rutin): y = 9617.8x — 4374.7. The results were expressed in mg/g of extract.

2.6. Bioactive Parameters
2.6.1. Preparation of the Extracts

For the bioactivity assessments, extracts were prepared following the procedure de-
scribed in [32] with slight modifications. Briefly, 5 g of the sample was weighed and
combined with 40 mL of a hydroethanolic solution composed of 70% ethanol in water. The
mixture was homogenized for 12 h at 100 rpm in an incubator shaker (Edmund Biihler
GmbH, Schindéckerstrafle 8, 72411 Bodelshausen, Germany). After incubation, the suspen-
sion was centrifuged (Thermo Fisher Scientific, Osterode am Harz, Germany) at 1500 rpm
for 15 min. The supernatant was carefully collected, filtered through Whatman No. 4 filter
paper, and subsequently lyophilized to yield a dry powdered extract.

2.6.2. Total Phenols

The total phenolic content in the ethanolic extracts was quantified using a colorimet-
ric assay adapted from the method of Singleton and Rossi with some modifications [33].
In brief, 1 mL of the extract was combined with 1 mL of Folin-Ciocalteu reagent. Af-
ter allowing the mixture to react for 3 min, 1 mL of saturated sodium carbonate solu-
tion was added, and the volume was brought to 10 mL with distilled water. The re-
action mixture was incubated in the dark for 90 min. Subsequently, absorbance was
measured at 725 nm using a spectrophotometer (model 4255/50, Beriango, Spain). Quan-
tification was performed using a gallic acid calibration curve prepared in 70% ethanol
(y = 5.8096x — 0.0508; R? =0.999). All the measurements were carried out in triplicate. The
results are presented as mean values + standard deviations and expressed in milligrams of
gallic acid equivalents (GAEs) per gram of extract.

2.6.3. DPPH

The antioxidant capacity of the extracts was assessed using the DPPH (2,2-diphenyl-1-
picrylhydrazyl) radical scavenging assay, following the protocol described by [34]. Extract
aliquots prepared as specified in Section 2.6.1, with volumes ranging from 20 to 150 uL,
were mixed with the DPPH working solution to achieve final concentrations between
13.33 and 100 pg/mL in a total volume of 3.0 mL. For the negative control, 150 uL of distilled
water was added to 2750 pL of the DPPH solution. To validate the assay performance, a
positive control containing 150 uL of butylated hydroxytoluene (BHT) was prepared under
the same conditions. All the samples were incubated in the dark at ambient temperature for
60 min. Absorbance readings were recorded at 517 nm to determine the radical scavenging
activity. The results were expressed as %AA (percentage of antioxidant activity), calculated
using the following formula:
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The antioxidant activity was assessed using the DPPH radical scavenging assay. The
results were expressed as %AA (percentage of antioxidant activity), calculated using the
following formula:

%AA = (1 — (A1 — A2)Ac) x 100 3)

where Al is the sample absorbance, A2 is the blank absorbance, and Ac is the negative
control absorbance. A higher %AA value indicates a greater ability of the sample to
neutralize free radicals.

2.6.4. FRAP

The FRAP (Ferric Reducing Antioxidant Power) assay was carried out based on
the method described by [34]. For the preparation of the reagents, a 40 mM hydrochlo-
ric acid solution, a 300 mM acetate buffer (pH 3.6), a 10 mM TPTZ solution, and a
20 mM ferric chloride solution were freshly prepared each day. The FRAP working so-
lution was obtained by combining the acetate buffer, TPTZ, and ferric chloride solutions
in a 10:1:1 ratio. A 1000 uM Trolox solution was used to generate a calibration curve
(y = 0.0458x — 0.1446; R? = 0.999). For each determination, 100 puL of the extract, 3 mL of
the FRAP reagent, and 300 uL of distilled water were mixed in triplicate. A blank was
prepared by replacing the extract with 100 uL of solvent. The mixtures were homogenized
and incubated at 37 °C for 30 min. Absorbance was then measured at 593 nm using a
spectrophotometer. This assay quantifies antioxidant capacity by monitoring the reduction
of ferric (Fe3*) to ferrous ions (Fe?*), which results in an increase in absorbance. The FRAP
values were expressed as milligrams of Trolox equivalents per gram of extract (mg TE/g).

2.6.5. Cellular Antioxidant Activity

The cellular antioxidant activity (CAA) assay was conducted according to the proce-
dure described by [35]. The extracts were initially dissolved in water at a concentration of
8 mg/mL, and serial dilutions were prepared using 2’,7’-dichlorodihydrofluorescein
(DCFH) and HBSS (50 uM) to obtain final concentrations ranging from 500 to 2000 uM.
The RAW 264.7 murine macrophage cell line was employed for the assay. The cells were
cultured in DMEM supplemented with L-glutamine, penicillin, streptomycin, fetal bovine
serum, and non-essential amino acids, maintained at 37 °C in a humidified atmosphere
containing 5% CO,. Following detachment and centrifugation, the cells were resuspended
to yield a density of 70,000 cells/mL. Aliquots of 300 pL were seeded into black-walled,
clear-bottom microplates and incubated for 48 h. After incubation, the medium was re-
moved, and the cells were washed with HBSS. Subsequently, 200 uL of the extract solutions
at concentrations between 32.5 and 2000 uM were added and incubated for 1 h. After a
second wash with HBSS, the cells were treated with 100 pL of 600 uM AAPH solution. Flu-
orescence readings were recorded every 5 min over a 60 min period (excitation wavelength
485 nm and emission wavelength 538 nm) using a Biotek FLx800 microplate reader (Santa
Clara, CA, USA). Quercetin was used as a positive control, while wells containing only
DCFH and culture medium served as negative controls [30].

2.6.6. Cytotoxicity and Anti-Inflammatory Activity

The extracts were tested for cytotoxic activity against three human tumor cell lines:
gastric adenocarcinoma (AGS), breast carcinoma (MCF-7), and cervical carcinoma (HeLa),
as well as one non-tumor primary cell line (VERO), derived from the kidney of the African
green monkey (Chlorocebus aethiops). Tumor cell lines were obtained from the Leibniz-
Institut DSMZ (Braunschweig, Germany). The cells were seeded into 96-well microplates
and exposed to various concentrations of the extracts, up to a maximum of 400 pg/mL.
Cell viability was assessed using the sulforhodamine B assay (Sigma-Aldrich, St. Louis,
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MO, USA). Absorbance readings were recorded at 540 nm, and ellipticin was employed
as a positive control. The results were reported as Gl5) values (1g/mL), representing the
concentration required to inhibit 50% of cell proliferation [36]. For anti-inflammatory eval-
uation, the murine RAW 264.7 macrophage cell line was cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM), supplemented as described by [31]. The inhibitory effect on
nitric oxide (NO) production was measured, and results were expressed as ECsy values
(ng/mL), indicating the concentration necessary to achieve 50% inhibition. Dexamethasone
(50 uM) was used as the reference positive control.

2.6.7. Antimicrobial Activity

The antibacterial and antifungal properties of the extracts were evaluated using a
serial microdilution assay, following the protocol described by [31]. Extract concentrations
ranged from 0.0078 to 10 mg/mL. For antibacterial screening against foodborne pathogens,
the extracts were tested against five Gram-negative bacteria—Enterobacter cloacae (ATCC
49741), Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 9027), Salmonella en-
terica (ATCC 13076), and Yersinia enterocolitica (ATCC 8610)—and three Gram-positive
bacteria—Bacillus cereus (ATCC 11778), Listeria monocytogenes (ATCC 19111), and Staphylo-
coccus aureus (ATCC 25923). In addition, antibacterial activity was assessed against clinically
relevant strains, including five Gram-negative bacteria—Escherichia coli (VRU12881), Proteus
mirabilis (VRI7884), Klebsiella pneumoniae (VRI17214), Pseudomonas aeruginosa (VRU14123),
and Morganella morganii (VRU14272)—and three Gram-positive bacteria—Enterococcus
faecalis (VRU14041), Listeria monocytogenes (VRU17684), and methicillin-resistant Staphylo-
coccus aureus (MRSA, VRI17654). Antifungal activity was also examined against Aspergillus
fumigatus (ATCC 204305) and Aspergillus brasiliensis (ATCC 16404). Minimum inhibitory
concentrations (MICs) were determined for all the tested microorganisms. Ampicillin
(0.078-20 mg/mL) served as the positive control for antibacterial assays, while ketocona-
zole (0.039-10 mg/mL) was used as the reference antifungal agent.

2.7. Statistical Analysis

In this study, all the experiments were conducted in triplicate, and the results were
expressed as means with corresponding standard deviations. Prior to analysis of variance
(ANOVA), the data were assessed for homoscedasticity and homogeneity of variances
using Levene’s test. When the assumption of homogeneity was met, Tukey’s post hoc test
was applied to identify significant differences between groups. In cases where variance
homogeneity was not confirmed, the Tamhane T2 test was employed instead. To enhance
discrimination among the samples, linear discriminant analysis (LDA) was performed. The
stepwise method was applied for variable selection using Wilks” A test with F-to-enter and
F-to-remove thresholds set at 3.84 and 2.71, respectively. The leave-one-out cross-validation
procedure was used to validate the model.

3. Results
3.1. Nutritional Composition

Table 1 presents the centesimal composition content of the different studied species,
expressed in grams per 100 g of dry matter (g/100 g dw). The statistical analysis revealed
significant differences among the species for the main evaluated parameters (p < 0.05).

The lower than the average of 20% commonly described in the literature (Cruz et al.,
2021) [37]. This variation may be related to factors such as cultivation conditions and the
developmental stage of the leaves.
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SB stood out due to its high fiber content (59.8 g/100 g), surpassing the values previ-
ously reported for PA (39.01 g/100 g) by Takeiti et al. (2009) [35] and approaching those
found in sweet potato leaves (45.9 g/100 g), as indicated by Silva et al. (2022) [38]. The
protein content (12.7 g/100 g) was also considerable, although slightly lower than the
14.33 g/100 g reported by Silva (2022) [38] for freeze-dried leaves. In a study conducted by
Botrel et al. (2020) [39], SB cultivated in the Brazilian Cerrado showed higher values for
protein and fiber than those found in ora-pro-nébis, reinforcing its high nutritional value.
Additionally, the low total sugar content (2 g/100 g) observed in this study supports the
recommendation of SB as a suitable ingredient for glycemic control diets [40].

XS showed outstanding nutritional performance in Table 1, with the highest protein
content among the samples (16.3 g/100 g), confirming its potential as a high-quality plant-
based protein source, in line with global trends in the search for sustainable and nutritious
ingredients [41]. The predominance of insoluble dietary fibers, already reported for this
species [25,42,43], contributes to beneficial physiological effects, such as improved intestinal
transit and cholesterol reduction [44].

The banana inflorescences from the MAD, MAC, and MAP cultivars presented a
proximate composition consistent with data from the literature, which highlights their
still underutilized nutritional potential [17]. As shown in Table 1, the main components
were carbohydrates and dietary fiber. These values support previous studies that describe
banana inflorescences as relevant sources of these nutrients [45,46]. Although the protein
content was moderate (ranging from 6.4 & 0.2 to 7.5 £ 0.2 g/100 g), it contributes to the
overall nutritional profile of the inflorescences, reinforcing their potential as a versatile
plant-based ingredient. The application this plants in meat products as a fat substitute,
contributing to improved oxidative stability, moisture retention, and reduced cooking
losses [47-49]. However, the literature emphasizes that genetic variations between cul-
tivars and environmental growing conditions can influence the final composition of the
inflorescences, and thus, it is recommended to focus on general nutritional trends rather
than direct comparisons between studies [50]. Such similarities are likely related to com-
parable maturity stages and similar climatic conditions during cultivation, which are
known to strongly influence macronutrient profiles. Additionally, methodological differ-
ences in moisture correction and analytical protocols may account for minor discrepancies
among studies.

3.2. Physical and Chemical Parameters

Table 2 presents the physical and chemical parameters of the different analyzed
species. The statistical analysis revealed significant differences among the species for the
main evaluated parameters (p < 0.05). The predominant values presented in Table 2 indi-
cate that MAC exhibited the highest water activity (0.44 & 0.01), whereas MAP showed
the lowest (0.32 & 0.01). Regarding the moisture content, XS (11.35 £ 0.48%) and MAC
(11.27 £ 0.51%) recorded the highest values, while PA presented the lowest (3.82 £ 0.12%).
These findings are consistent in terms of pH trends with the data reported by Pérez
et al. (2007) [51], who observed moisture (11.04 &+ 0.09%), pH (6.5), and water activity
(0.67 £ 0.01) in fresh leaves. However, it should be noted that given the present study
analyzed dried samples, the moisture and water activity values are not directly comparable
and should be interpreted only in relative terms. Similarly, the moisture contents reported
by Silva et al. (2023) (83.3-91.1%) [19], correspond to fresh leaves, whereas the current
values were obtained after controlled drying, resulting in reduced water content. The
observed consistency in pH and water activity values may be attributed to the intrinsic
physiological properties of each species and the standardized drying process applied,
which tends to reduce variability in residual moisture content. Environmental factors
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during plant growth could also contribute to these results. With respect to pH, SB showed
the highest value (6.33 £ 0.03), whereas MAP displayed the lowest (5.88 £ 0.03), high-
lighting interspecies variability. Total acidity was highest in XS (4.25 £ 0.05 M /100 mL),
followed by MAC (3.72 £ 0.45 M/100 mL), while PA exhibited the lowest value
(1.70 £ 0.11 M/100 mL). These results reflect the presence of organic acids, such as oxalic
and citric acids, as previously described by Cruz et al. (2021) [37]. The total soluble solids
content ranged from 0.90 % 0.01 °Brix in SB to 2.00 = 0.10 °Brix in MAP, which may be
associated with a higher concentration of soluble compounds. For banana inflorescences,
the observed moisture (7.8-11.3%), pH (5.88-6.14), and water activity (0.32-0.44) values
are in agreement with those reported by Ramu (2017) [52] and Swe et al. (2012) [53], who
described moisture contents between 7.36% and 9.37% in different Musa sp. varieties,
supporting the reliability of the present findings. The quality of biological materials after
drying can be preserved by monitoring parameters such as residual moisture content and
appropriate storage conditions. Information on the equilibrium moisture characteristics of
dehydrated matrices is essential, as it determines their stability, susceptibility to moisture
uptake during storage, and overall shelf life [54].

Table 2. Physical and chemical parameters of the PANCS 1.

Physical and Chemical Parameters

Parameters PA XS SB MAD MAC MAP
Water activity ~ 0.424+0.02¢ 04040019 040+0019 036+001°¢ 0444+001F 032+001P
Moisture % 384012 113+ 054 73+03P 7.8 +£0.3bc 113+ 054 81+04°
Dry mass% 962 +0.14 88.6 +0.52 92.7 +0.3¢ 922 +0.3bc 88.7 +0.52 91.8 +0.4P

pH 62+0.149 6.07 £0.04¢ 6334003 610+0.09% 614+003°9 588+ 0.03P
Total acidity 1.7+0.1P 425+ 0.05¢ 324+03¢ 19 +03P 3740549 3.05+0.05¢
Total Solids 1.204+0.01¢ 140+0019 090+0.01P 1.75+005¢ 1.83+0.05°¢ 20+01f

1 different letters in each line represent a significant statistical difference with a p-value of 0.05. X. sagittifolium
(Taioba)—XS; S. byzantina (Peixinho-da-horta)—SB; P. aculeata (Ora-pro-nébis)—PA; M. acuminata var. Dwarf
Cavendish (banana inflorescence)—MAD; M. acuminata var. Platina (banana inflorescence)—MAP; M. acuminata
var. Conquista (banana inflorescence)—MAC. Moisture and dry mass expressed in percentage, total acidity in
uM /100 mL, and total solids in °Brix.

Table 3 presents the individual profiles of fatty acids and organic acids across the
analyzed species, revealing significant differences among them (p < 0.05). Palmitic acid
(C16:0) was predominant in MAD, while linoleic acid (C18:2n6c) was more abundant in
MAP and MAC. x-Linolenic acid (C18:3n3) stood out among the polyunsaturated fatty
acids, especially in PA and XS. Succinic acid was the major organic acid in MAC and
MAD, whereas oxalic acid was more concentrated in XS. These findings indicate that
banana inflorescences are rich in both saturated and unsaturated fatty acids, particularly
linoleic and «-linolenic acids, which are known for their cardiovascular benefits [52,55].
The presence of organic acids such as succinic, malic, and citric may also contribute to
the antioxidant and technological potential of these matrices [52]. The high oxalic acid
content observed in XS, as previously reported [1], may influence its mineral bioavailability
and industrial applicability. In PA, the detection of citric, malic, lactic, and tartaric acids
is consistent with the known acidity profile of green leafy vegetables [37]. Although
some studies have reported different proportions of fatty acid classes [56], the general
predominance of unsaturated fatty acids across banana inflorescences reinforces their
nutritional relevance.
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Table 3. Profile of the individual fatty and organic acids, expressed in relative percentage and g/100g

of dry weight, respectively 1

Fatty Acids
Parameters PA XS SB MAD MAC MAP
C12:0 033 +£0.01P 0.154+0.012 n.d. 2.89 +0.024 0.69 £0.01°¢ n.d.
C14:0 2.04 +0.03b 2.76 £0.01°¢ n.d. 374 +0.014 0.83+0.012 nd.
C15:0 0.45+0.01b 022 +0.012 nd. nd. 0.68 +0.01°¢ nd.
C16:0 21.88 +£0.02° 2229+ 0.01°¢ 21.71 £ 0.012 415+01f 29.26 + 0.03 © 26.18 +0.07 4
C17:0 n.d. 0.334+0.012 n.d. n.d. 0.53 +0.01b n.d.
C17:1 n.d. n.d. n.d. n.d. n.d. n.d.
C18:0 561 +0.02¢ 3.71+0.012 486 +0.05P 112 +02f 7.49 +0.014 820+ 0.05¢

C18:1 463+0.01b 4.06 +£0.022 82+01¢ 18.70 £ 0.03 f 15.23 £ 0.01 ¢ 11.02 £ 0.01 4
C18:2 1197 £0.022  19.25 +0.014 172 4+02¢ 125+ 03P 29.23 + 0.06 © 30.98 + 0.09
C18:3 5238 +0.02¢ 4337 +0.01°¢ 4794 0.14 nd. 9.84 +0.042 13.16 + 0.03 P
C20:0 0.75 4+ 0.012 3.88 +0.01P n.d. 94+014 5.82 4 0.04 ¢ 10.50 + 0.05 ©
C20:1 n.d. n.d. n.d. n.d. 0.36 +0.012 n.d.

SFA 31.06 £0.01°  3334+001¢ 26.59 + 0.06 2 68.7 £02¢ 4530 £+ 0.08 4 449 +0.149
MUFA 463+0.01P 406 +£0.022 82 +0.1¢ 18.70 £ 0.03 f 15.59 + 0.02 ¢ 11.02 £ 0.01 4
PUFA 6435+ 0034  62.62+0.02°¢ 65.09 £+ 0.03 ¢ 12.5 +0.32 39.1+0.1P 441 4+0.1°

Organic acids

Oxalic acid 5.26 +0.014 7534+ 0.01f 2.65+0.022 716 +0.01¢ 444 +0.01°¢ 3.76 +£0.01P
Quinic acid n.d. n.d. n.d. 548 +0.02°¢ 443 +0.01P 3.88 +0.04°
Malic acid 124 +0.04¢ nd. n.d. 1.02 +0.02P 1.04 +£0.01° 0.90 +0.012
Ascorbic acid 0.010 £ 0.0001 @ nd. 0.02 +0.01b 0.13+0.014 0.11+0.01¢ 0.11+0.01°¢

Citric acid 275+0.012 n.d. n.d. n.d. n.d. n.d.
Succinic acid 1.390 &+ 0.001 P nd. n.d. 1.06 +0.012 17.30 £ 0.06 4 2234+ 0.02¢
Fumaric acid 0.07 £0.012 0254 0.01f 0.16 £0.01¢ 0.12+0.01b 0.19 £0.01¢ 017 +£0.014
Total organic acids  10.71 4 0.05 ¢ 7.77 £0.01P 2.85+0.022 14.96 + 0.05°¢ 27.50 & 0.06 f 11.06 + 0.08 4

! different letters in each line represent a significant statistical difference with a p-value of 0.05. X. sagitti-
folium (Taioba)—XS; S. byzantina (Peixinho-da-horta)—SB; P. aculeata (Ora-pro-nébis)—PA; M. acuminata var.
Dwarf Cavendish (banana inflorescence)—MAD; M. acuminata var. Platina (banana inflorescence)—MAP; M.
acuminata var. Conquista (banana inflorescence)}—MAC. Fatty acids: C12:0 lauric; C14:0 myristic; C15:0 pen-
tadecanoic acid; C16:0 palmitic; C17:0 heptadecanoic; C17:1 cis-10-heptadecenoic; C18:0 stearic; C18:1 oleic acid;
C18:2 linoleic; C18:3 linolenic; C20:0 arachidic; C20:1 cis-11-eicosenoic; C20:5n3 cis-5,8,11,14,17-eicosapentenoic.
The calibration curves used to determined organic acids are as follows: oxalic: y =1 x 107x + 432.019;
quinic: y = 629,770x + 4980.2; malic: y = 930,178x + 62.016; ascorbic: y = 6 x 107x + 793,159;
citric: 'y =1 x 10°x + 65.994; succinic: y = 642,286x — 6828.9; fumaric: y = 4 x 107x + 119.019.
n.d.: not detected.

Phenolic Compounds

The identification parameters and the quantification of the detected phenolic com-
pounds are presented in Table 4. Phenolic compounds in the extracts were identified
by comparing their characteristics with commercial standards, including retention times,
Amax, molecular ion, and major fragment ions, as shown in Table 4.

In the XS sample, 21 phenolic compounds were tentatively identified (Figure S1,
Supplementary Materials), all belonging to the flavonoid class. Among them, flavones were
predominant, with a broad representation of apigenin and luteolin derivatives, mainly in the
form of C-glycosides and O-C-glycosides. Flavonols, such as quercetin and isorhamnetin
derivatives, as well as a methoxylated derivative of the flavone diosmetin, were also
detected. This alignment with previous research likely reflects the stability of the phenolic
composition in these taxa, influenced primarily by genetic background and post-harvest
handling practices. However, variations in extraction solvents, chromatographic conditions,
and sample preparation can also contribute to differences in quantitative results.
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Table 4. Identification and quantification (mg/g extract) of individual phenolic compounds in the
analyzed PANCs (mean + SD) 1.

Xanthosoma sagittifolium Schott (Araceae) (XS)

Peak RT Amax [M-H]™ MS? MSs? Ms* Tentative Identification Calibration Results
(min) (nm) (m/z) Curve mg/g Extract
1 7.19 609 482’6212’5291’ 399, 369 - Luteolin-di-C-hexoside L7G 0.89 + 0.01
473,503, 383, L. .
2 8.72 327 593 575, 353, 395 353, 383 - Apigenin-di-C-hexoside L7G 1.286 + 0.002
473,503, 353, L. .
3 9.67 335 593 413, 456, 576 353, 383 - Apigenin-di-C-hexoside L7G 13.0+£0.1
4 1111 579 489,459, 519, 369 - Luteolin-C-hexoside-C- L7G 0.5266 + 0.0003
399 pentoside
503, 383, 413, ) Apigenin-C-hexoside-C-
5 11.64 623 533, 563 383, 485 (acetylpentoside L7G 0.1699 =+ 0.0003
503, 545, 443, Apigenin-C-hexoside-C-
6 12.77 334 563 353,473, 383 383 - pentoside L7G 8.67 + 0.02
473,545, 503, 353, 383, Apigenin-C-hexoside-C-
7 13.57 335 563 443,353, 383 405 - pentoside L7G 21.32 + 0.05
271, 255, . . .
8 14.43 755 300, 301, 609, 179,161, ) Quercetln—O—dl(%eoxyhexosyl— Quergetlp—3— 1.0133 + 0.0001
489 151 hexoside O-rutinoside
443,545, 383, 354, 383, Apigenin-C-hexoside-C-
9 15.34 563 473, 515, 545 283 - pentoside L7G 5.214 £+ 0.003
473,503, 457, ) Apigenin-C-deoxyhexoside-C-
10 16.86 577 533, 541,383 353 ghucoside L7G 0.779 + 0.001
11 1736 333 577 77,559, 53 363 Apigenin-C-deoxyhexoside-C- L7G 0.2739 + 0.0004
383, 353 glucoside
12 1826 331 431 311, 341 283 - Apigenin-6-C-glucoside L7G 1.565 + 0.001
13 19.99 709 545, 425 335,365 02365 Apigenin-C-(p-coumaroyl)- L7G 0.6308 + 0.0003
305 hexoside-C-pentoside
335, 365, Apigenin-C-(p-coumaroyl)-
14 20.99 709 545 425 305 hexoside-C-pentoside L7G 1.966 + 0.002
15 2163 739 545 425 335, 365, Aplgemn—C—(ferulo.yl)—hex081de— L7G 0559 + 0.001
305 C-pentoside
22. Apigenin-C-(shikimic
16 61 719 545 425 365, 335 acid)-hexoside-C-pentoside L7G 0.3067 + 0.0002
18 2414 709 545, 563, 425 425 - Apigenin-C-(p-coumaroyl)- L7G 0.480 + 0.003
hexoside-C-pentoside
19 2647 352 623 314, 315,299 299 - Isorhamnetin-O-deoxyhexosyl- - Quercetin-3- 0.81 4 0.04
hexoside rutinoside
315 329 637 Trihydroxy-dimethoxyflavone-
20 274 783 o oae 299, 300 - deoxyhexosyl-hexoside- L7G 0.186 £ 0.001
271,299 .
deoxyhexoside
21 289 607 298,299 283,284 22256, Diosmetin-O-deoxyhexosyl- L7G 0.297 + 0.002
227 hexoside
Total 59.9 +0.1°
phenolics
Stachys byzantina K. Koch (Lamiaceae) (SB)
Peak R? Amax [M—H]~ MS? (m/z) MSs? Ms* Tentative identification Calibration Quantification
(min) (nm) (m/z) Curve mg/g extract
1 817 326 353 191,179 - - 5-0-Caffeoylquinic acid Chl‘;’i‘;gemc 8.02 + 0.03
2 1167 639 621 92200 151,163 B-Hydroxyverbascoside I Verbascoside ~ 0.2374 - 0.0008
3 12.11 639 621,529, 487 459 - -Hydroxyisoverbascoside II Verbascoside 0.286 4 0.001
4 1599 330 755 593 s61 1227 2.0 Arabinosyl verbascoside  Verbascoside 6.81 = 0.01
315,297, . .
5 16.68 330 623 461 161,135 - Verbascoside Verbascoside 45.83 +0.01
6 18.02 330 753 623 461 - Verbascoside derivative Verbascoside 0.606 + 0.001
7 18.73 327 623 461 %2’ ?Z' - Verbascoside isomer II Verbascoside 1.290 + 0.002
8 194 326 623 461 o Verbascoside isomer ITI Verbascoside ~ 1.712 = 0.003
9 20.16 330 769 593, 637, 461 461, 315 - Leonoside A or Allysonoside Verbascoside 1.101 £ 0.003
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Table 4. Cont.
Stachys byzantina K. Koch (Lamiaceae) (SB)
Peak RF Amax [M—H]~ MS? (m/z) MS? Ms? Tentative identification Calibration Quantification
(min) (nm) (m/z) Curve mg/g extract
10 20.78 709 665 503, 623 461 Malonyl-verbascoside Verbascoside 0.329 £ 0.005
11 20.78 252,340 651 609 285,447 241,201 Luteolin-O-acetyl-dihexoside L7G 0.399 + 0.004
301, 463, ) Hypolaetin
12 20.78 667 625, 607, 301 445 -O-acetyl-allosyl-hexoside L7G 0.399 £ 0.004
13 2117 637 461 315 135 Eukovoside Verbascoside 0.934 4+ 0.005
14 2151 665 285 241,185 _ Luteolin-O-acetyl-hexosyl- L7G 0135 + 0.002
133 glucoronide
625, 607, 445, 463, 445, Hypolaetin
15 2205 667 505, 463, 301 301 . -O-acetyl-allosyl-hexoside L7G 0.132 4 0.001
Total Phenohc 8.02 + 003"
acids
Total a
flavonoids 1.07 £ 0.01
Total c
Phenylethanoid 59.130 % 0.002
Total 68.22 + 002
phenolics
Pereskia aculeata Miller (Cactaceae) (PA)
Peak RF Amax: [M—FH]~ MS? (m/z) MS? Ms* Tentative identification Calibration Quantification
(min) (nm) (m/z) Curve mg/g extract
153, 225, 191, . . . Protocatechuic
1 7.92 285 165,109 109 - Protocatechuic acid pentoside acid 0.1711 4 0.0001
163, 205, 313, p-Coumaric p-Coumaric
2 701 457 337 19 ) acid-pentoside-hexoside acid traces
3 875 s IR MR Sinapic acid hexoside Synapticacid  0.0214 % 0.0002
4 1245 316 355 191,209, 337 - - p-Coumaroyl hexaric acid P'C‘;‘ggarlc 0.1802 + 0.0003
301, 609, 591, } ) Quercetin-O-pentoside-O- Quercetin-3-
5 1542 353 741 723,741 deoxyhexosyl-hexoside O-rutinoside 47+01
300, 301, 445, 271, 255, . . Quercetin-3-
6 16.69 595 463, 475, 505 151,179 - Quercetin-O-hexosyl-pentoside O-rutinoside 0.29 + 0.01
271, 255, . . Quercetin-3-
7 16.99 595 300, 301, 463 179,151 - Quercetin-O-hexosyl-pentoside O-rutinoside 0.215 + 0.003
107,151, ) Quercetin-O-deoxyhexosyl- Quercetin-3-
b 1741 351 609 301 179, 255 hexoside O-rutinoside 57402
9 1761 352 609 301 179,151 - Quercetin-3-O-rutinoside (rutin) ~ 21eTeetinS- 451 +0.02
O-rutinoside
Isorhamnetin-O- .
10 1843 353 755 o1 605,609 300 - deoxyhexoside-hexoside- Quercetin-3- 22401
623 . O-rutinoside
pentoside
285, 459, 429, 151, 257, } Kaempferol-O-hexoside- Quercetin-3-
11913 579 447 229 pentoside O-rutinoside 04465 £ 0.0003
12 1953 593 285 257,229 - Kaempferol-O-deoxyhexosyl-  Quercetin3- 13, , 59y
hexoside O-rutinoside
13 2016 609 315 300 - Isorhamnetin-O-hexoside-  Quercetin3- 549 , g0
pentoside O-rutinoside
14 2099 593 285 257,229 - Kaempferol-3-O-rutinoside Quercetin-3- 514 4 0,002
O-rutinoside
15 2126 353 623 315 300 - Isorhamnetin-O-deoxyhexosyl- Quercetin-3- 33402
hexoside O-rutinoside
16 2183 623 315 300 ) Isorhamnetm—O—.deoxyhexosyl— Quergetlp—3— 041 + 0.03
hexoside O-rutinoside

Total phenolic
acids
Total

flavonoids
Total
phenolics

0.3728 + 0.0002 2
24+1P

24+1°¢
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Table 4. Cont.
Musa Acuminata var. Dwarf Cavendish (Banana inflorescence—MAD)
Peak RF Amax [M—H]~ MS? MS? Ms? Tentative identification Calibration Quantification
(min) (nm) (m/z) Curve mg/g extract
1 564 314 487 163,307, 341 - p-Coumaric acid dihexoside p'C?C‘iIga“C 0.212 + 0.006
2 855 315 529 487, %gg' 307, 163,145 - p-Coumaroyl-acetyl-sucrose P 'C?C‘irgaﬂc 0.347 + 0.007
3 1412 315 571 529, 511, 307 307, 469, ) p—Coumaroyl-dl-acetyl-sucrose p-Coumarlc 0.128 + 0.001
487,163 isomer acid
301, 591, 489, 179, 151, ) Quercetin-O-deoxyhexosyl- Quercetin-3-
4 14.32 352 755 373 255 deoxyhexosyl-hexoside O-rutinoside 0.15 4001
5 149 571 529,307,511 488,163 - p-Coumaroyl-di-acetyl-sucrose  p-Coumaric 0.129 + 0.004
isomer acid
6 1584 315 571 529, 307 307,487, } p—Coumaroyl—dl—acetyl—sucrose p—Coumarlc 250 + 0.02
469, 163 isomer acid
179, 151, . .. . Quercetin-3-
7 17.68 609 301 227,273 - Quercetin-3-O-rutinoside (rutin) O-rutinoside 0.106 £ 0.003
3 2024 315 613 571, 308, 425, 307,529 ) p—Coumaroyl-trl-acetyl—sucrose p—Coumanc 0.064 & 0.003
461 isomer acid
9 2205 314 613 571, 307, 529, 529, 307 ) p—Coumaroyl—tn—acetyl—sucrose p-Coumarlc 0.44 + 0.02
512 isomer acid
10 2474 315 613 571 520,307 487,469 P-Coumaroyl-triacetyl-sucrose  p-Coumaric 0.79 + 0.02
isomer acid
11 2876 315 655 613,307 571 529,307 p-Coumaroyl-tetra-acetyl- p-Coumaric 0.178 + 0.005
sucrose isomer acid
12 3098 315 655 613 571, 553, 509 p—Coumaroyl—.tetra—acetyl— p—Coumarlc 1.26 + 0.02
307 sucrose isomer acid
13 3705 315 697 655,613,595 613,595 571 p-Coumaroyl-penta-acetyl- p-Coumaric 0.240 + 0.004
sucrose isomer acid
Total phenohc 634012
acids
Total a
flavonoids 0.26 +0.01
Total 65+01b
phenolics
Musa Acuminata var. Platina (Banana inflorescence—MAP)
Rt  Amax [M—H]~ > 3 Tentative Calibration Quantification
Peak (min) (nm) (m/z) MS MS identification Curve Curve mg/g extract
1 564 314 487 163,307, 341, - p-Coumaric acid dihexoside ”'C‘;Lc‘i‘zi‘am 0.0509 =+ 0.0002
2 6.93 611 285, 485, 501 241,217 - Luteolin derivative L7G 0.1332 4 0.0008
301, 591, 489, 179, 151, ) Quercetin-O-deoxyhexosyl- Quercetin-3-
3 1442 352 755 373 255 deoxyhexosyl-hexoside O-rutinoside 0.35+0.01
4 1584 315 571 529, 307 307, 487, ) p—Coumaroyl—dl—acetyl—sucrose p—Coupﬂarlc 0.1355 + 0.0003
469, 163 isomer acid
179,151, . .. . Quercetin-3-
5 17.68 609 301 227,273 - Quercetin-3-O-rutinoside (rutin) O-rutinoside 1.32 +0.02
6 209 593 285, 441 - - Kaempferol-3-O-rutinoside Quercetin3- 1159 1 00003
O-rutinoside
7 2411 315 613 571 529,307 487,469  p-Coumaroyl-tri-acetyl-sucrose p'CzIC‘iIga“C 0.0576 = 0.0001
8 2876 315 655 613, 307 571 529, 307 p-Coumaroyl-tetra-acetyl- p-Coumaric 0.019 + 0.001
sucrose acid
9 3039 315 655 613,307 571 529,307 p-Coumaroyl-tetra-acetyl- p-Coumaric  n157 + 0.0001
sucrose acid
10 3705 315 697 655,613,595 613,595 571 p-Coumaroyl-penta-acetyl- p-Coumaric 4 169 4+ 00002
sucrose isomer acid
Total Phenolic 209 4+ 0.01
acids
Total a
Flavonoids 0.1867 + 0.0005
Total

phenolics 2.278 £ 0.009 P
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Table 4. Cont.
Musa Acuminata var. Conquista (Banana inflorescence MAC)
Peak RF Amax [M—H]~ MS? MS? Ms? Tentative identification Calibration Results
(min) (nm) (m/z) Curve mg/g extract
1 564 314 487 163,307, 341 - - p-Coumaric acid dihexoside p'C?C‘irga“C 0.0706 + 0.0003
2 693 611 285,485,501 241,217 - Luteolin derivative L7G 0.274 + 0.001
3 794 353 173, gg 191, - - 5-O-Caffeoylquinic acid Chl‘;rc‘;gemc 0.134 + 0.003
301, 591, 489, 179, 151, ) Quercetin-O-deoxyhexosyl- Quercetin-3-
4 1442 352 755 373 255 deoxyhexosyl-hexoside O-rutinoside 0.37+0.01
307,487, . p-Coumaric
5 15.84 315 571 529,307 169, 163 - p-Coumaroyl-di-acetyl-sucrose acid 0.158 £ 0.002
179,151, . . . Quercetin-3-
6 17.68 609 301 227,273 - Quercetin-3-O-rutinoside (rutin) O-rutinoside 1.8 +0.1
7 209 593 285, 441 - - Kaempferol-3-O-rutinoside Quercetin-3- 4 35, 40,0004
O-rutinoside
8 2411 315 613 571 529,307 487,469  p-Coumaroyl-tri-acetyl-sucrose p'c‘;‘ggarlc 0.054 =+ 0.002
9 2876 315 655 613,307 571 520,307  PrCoumaroyl-tetra-acetyl p-Coumaric 0.020 + 0.001
sucrose acid
10 3039 315 655 613,307 571 529, 307 p-Coumaroyl-tetra-acetyl- p-Coumaric 0.0426 = 0.0005
sucrose acid
11 3548 315 697 655,613,595 613,595 571 p-Coumaroyl-penta-acetyl- p-Coumaric 0.0210 = 0.0001
sucrose acid
12 3705 315 697 655,613,595 613,595 571 p-Coumaroyl-penta-acetyl- p-Coumaric 0.064 + 0.001
sucrose i1 somer ac1d
Total phenohc 056 & 0.01
acids
Total
flavonoids 24£01
Total 3.0+ 0.1
phenolics

1 retention time (Rt), wavelengths of maximum absorption in the visible region (Amax). The calibration
curves used to samples are as follows: luteolin-7-O-glucoside (L7G): y = 13,848x — 10,349; chlorogenic acid:
y = 312,503x — 199,432; verbascoside: y = 124,233x — 18,873; protocatechuic acid: y = 214,168x + 27,102;
p-coumaric acid: y = 504,847x — 45,869; sinapic acid: y = 543,305x — 25,202; quercetin-3-O-rutinoside (rutin):
y =9617.8x — 4374.7; luteolin-7-O-glucoside (MAP and MAC): y = 504,847x — 45,870. X. sagittifolium (L.) Schott
(Araceae) (Taioba)—XS; S. byzantina K. Koch (Lamiaceae) (Peixinho-da-horta)—SB; P. aculeata Miller (Cactaceae)
(Ora-pro-ndbis)—PA; M. acuminata var. Dwarf Cavendish (banana inflorescence)—MAD; M. acuminata var. Platina
(banana inflorescence)—MAP; M. acuminata var. Conquista (banana inflorescence)—MAC. Different superscript
letters in the same row indicate significant differences between means (p < 0.05). The respective chromatograms
can be found in the Supplementary Materials between Figures S1-S6.

The major flavonoid compounds tentatively identified were apigenin-C-hexoside-
C-pentoside in peaks 7, 6, and 9, and apigenin-di-C-hexoside in peak 3. Other rele-
vant flavonoids included apigenin-C-(p-coumaroyl)-hexoside-C-pentoside (peak 14) and
apigenin-6-C-glucoside (peak 12). In lower concentrations, there were isorhamnetin-O-
deoxyhexosyl-hexoside (peak 19) and trihydroxy-dimethoxyflavones. Peaks 6,7, 3, and 9,
all derived from apigenin, showed a deprotonated molecule [M-H]~ with m/z 563 (peaks
6, 7, and 9) and m/z 593 (peak 3). These compounds exhibited fragmentation patterns
characteristic of C-glycosylated flavonoids. Peaks 3, 6, 7, and 9 displayed neutral losses
of 60 Da, 90 Da, and 120 Da, corresponding to internal sugar moiety (pentose and hexose)
fragmentation [57,58]. Main phenolic constituents in XS are consistent with those reported
in the specialized literature [57-60]. Ntengna et al. (2019) [61], also reported high levels
of apigenin-pentosyl-hexoside and lutein derivatives in cocoyam leaves, which belong
to the same species but may correspond to a different cultivar. Despite differences in
environmental conditions and plant treatment, both studies confirm the predominance of
flavones as key phenolics in this species.

In the SB sample, 15 compounds were tentatively identified, distributed among dif-
ferent chemical classes (Figure S2, Supplementary Materials). The phenolic profile was
largely dominated by phenylethanoid glycosides, with verbascoside and its structural
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derivatives standing out [62,63]. Additionally, smaller amounts of phenolic acids, such as
5-O-caffeoylquinic acid [62,64], and flavonoids, including luteolin and hypolaetin deriva-
tives [63,65-67], were also detected. The major compounds tentatively identified were a
verbascoside derivative (peak 6) [62,63,68,69], followed by 5-O-caffeoylquinic acid (peak
1) [68-71] and 2’-O-arabinosyl verbascoside (peak 4). In lower concentrations, verbascoside
isomer III (peak 8; 1.712 % 0.003 mg/g extract), verbascoside isomer II (peak 7) [62,63],
and leonoside A or allysonoside (peak 9; 1.101 & 0.003 mg/g extract) were identified [67].
Other compounds, such as eukovoside, malonyl-verbascoside, and luteolin and hypolaetin
derivatives, were found in even smaller amounts [62,67]. The most abundant compound,
verbascoside (peak 6), exhibited a deprotonated molecule [M-H]~ with m/z 623, and
characteristic fragments at m/z 461, 315, 297, and 161, resulting from successive losses of
caffeoyl (162 Da) and glycosidic residues (162 Da) [62,63]. 5-O-Caffeoylquinic acid (peak 1)
showed [M-H]™ at m/z 353, with a typical fragment at m/z 191, resulting from cleavage of
the quinic acid core and loss of the caffeoyl group (Rijke et al. 2006) [57,63]. This result is in
agreement with recent studies reporting the majority content of chlorogenic acid in plants
of the Stachys genus [72]. 2'-O-Arabinosyl verbascoside (peak 4) presented [M-H] ™~ at m/z
755, with fragments at m/z 593, 461, and 315, indicating sequential losses of pentose (132 Da)
and hexose moieties (162 Da), confirming its diglycosylated structure. The verbascoside
isomers (peaks 7 and 8), both with [M-H] ™ at m/z 623, displayed fragmentation behavior
similar to the main verbascoside compound, including losses at m/z 461, 315, 297, and
161 [62,63]. Peak 9, tentatively identified as leonoside A or allysonoside, showed [M-H]~ at
m/z 769 and main fragments at 1/z 593, 637, 461, with a loss of 176 Da in MS?, suggesting
the presence of a glucuronyl moiety [67,73,74].

In the PA sample, 16 phenolic compounds were tentatively identified (Figure S3, Sup-
plementary Materials), predominantly belonging to the flavonol subclass of flavonoids.
The phenolic profile was primarily composed of O-glycosylated derivatives of quercetin,
isorhamnetin, and kaempferol [7]. A small number of phenolic acids, such as protocate-
chuic, p-coumaric, and sinapic acid derivatives, were also present in trace amounts [75-77].
Among the quercetin derivatives, quercetin-O-pentoside-O-deoxyhexosyl-hexoside (peak
5) and quercetin-3-O-rutinoside (rutin) (peak 9) were the most abundant. Peak 5 exhibited
[M=H]™ atm/z 741, with MS2 fragments at m/z 723 (—18 Da, H,O), 609 (=132 Da, pentose),
591 (=150 Da, deoxyhexose), and 301 (—162 Da, hexose), indicating sequential losses of
neutral sugar moieties. Rutin (peak 9) showed [M-H]™ at m/z 609 and a major fragment
at m/z 301, attributed to quercetin, after the neutral loss of rutinose (308 Da) [7,37,77,78].
Among the isorhamnetin derivatives, isorhamnetin-O-deoxyhexoside-hexoside-pentoside
(peak) and isorhamnetin-O-deoxyhexosyl-hexoside (peak 15) were tentatively identified.
Both compounds showed [M-H]~ ions at m/z 755 and 623, respectively, with fragment
ions at m/z 315, corresponding to the isorhamnetin aglycone [37,57,59,78]. Kaempferol-
O-deoxyhexosyl-hexoside (peak 12) was identified with [M-H]™ at m/z 593 and a key
fragment at m/z 285, corresponding to the kaempferol aglycone. According to studies, PA
are phenolic-rich foods, and their leaves present quercetin, caffeic, ferulic, gallic, chloro-
genic, and protocatechuic acids; rutin; isorhamnetin; catechin; kaempferol; and some
glycosylated derivatives of these compounds [7-9,37,79]. In those studies, kaempferol and
quercetin were identified in PA using LC-DAD-ESI/MS" [7,11,37].

In the inflorescences of the three Musa acuminata varieties: Dwarf Cavendish (MAD),
Platina (MAP), and Conquista (MAC), a total of 22 phenolic compounds were tentatively
identified (Figures S4-56, respectively, Supplementary Materials), mainly belonging to
the classes of sucrose phenylpropanoid esters (11 compounds), O-glycosylated flavonoids
(8 compounds), and phenolic acids (3 compounds) [80,81]. Among them, sucrose esters
derived primarily from p-coumaric acid were predominant [46,80,81]. These compounds
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exhibited characteristic fragmentation patterns, such as neutral losses of 42 and 162 Da,
associated with the cleavage of acetyl groups [81] and the formation of base fragment ions
at m/z 307 (sucrose moieties) and m/z 163 (free p-coumaric acid ion) [81]. These dissociation
pathways are well-documented in the literature, as discussed by Maier et al. (2015) [82].

In the MAD variety, the main phenolic constituents were three isomers of p-coumaroyl-
di-acetyl-sucrose (peaks 3, 5, and 6) [46,81], with peak 6 being the most abundant, followed
by the triacetylated isomers peaks 9 and 10. These compounds showed deprotonated
molecular ions [M-H]™ at m/z 571 or 613, and underwent sequential losses of 42 Da
(acetyl group), indicating multiple substitutions on the sucrose core. In the MAP variety,
acetylated derivatives of p-coumaroyl-sucrose were also identified, with p-coumaroyl-di-
acetyl-sucrose (peak 4) [81] being the most abundant among the phenolic esters. More
structurally complex esters, such as tri-, tetra-, and penta-acetylated derivatives (peaks
7 to 10), were also detected. These compounds also exhibited fragmentation profiles in-
volving sequential losses of 42 Da [83]. In the MAC variety, p-coumaroyl-di-acetyl-sucrose
(peak 5) was also the predominant constituent, followed by tri- and tetra-acetylated deriva-
tives (peaks 8 to 10).

In addjition to the major phenolic esters, O-glycosylated flavonoids such as quercetin-
3-O-rutinoside (rutin) and glycosylated derivatives of kaempferol and isorhamnetin were
detected [80,81,84,85], especially in the MAP a and MAC varieties, although at lower
concentrations. Furthermore, 5-O-caffeoylquinic acid (chlorogenic acid) was identified
in the MAC variety (peak 12), along with minor luteolin derivatives [64,80,81]. These
findings highlight the potential of banana inflorescences as a rich source of phenolic
compounds [57,82,83].

3.3. Bioactivity Measurements

Table 5 presents the bioactivities of the PANCs extracts, including their antioxidant,
cytotoxic, and anti-inflammatory properties. The total phenol content determined with the
Folin—Ciocalteu reagent varied significantly among the samples (p < 0.05).

Table 5. Antioxidant, cytotoxic and anti-inflammatory activiy of the different PANCS 1.

Antioxidant Activity

Parameters PA XS SB MAD MAC MAP
Total Phenols  14.1 £ 0.7 121 4+0.7P 38 +3° 6.0+032 69+032 50+032
DPPH 952+ 2f 445+05P 84.00+0.01¢ 765+ 054 61.2+04°¢ 82.8+09°¢
FRAP 1911 £ 56 ¢ 2530 + 179 4086 +412°© 612 +£20° 772 + 18P 573 4+ 52P

CAA >2000 >2000 511 + 21 >2000 >2000 >2000

Cytotoxicity (ICsp pg/mL)

Caco2 290+ 3b >400 111 £ 272 326 + 8¢ >400 >400

MCF7 >400 >400 190 £ 6 >400 >400 >400

AGS >400 >400 255+52 >400 336+ 4P >400

HeLa >400 >400 217 £2 >400 >400 >400

Vero >400 >400 >400 >400 >400 >400

Anti-inflammatory Activity (ICsp ug/mL)
RAW264.7 >400 >400 140.0 £ 0.92 >400 >400 >400

1 positive control TBARs: Trolox = 139 + 5 ug/mL; CAA: quercetin % oxidation inhibition: 95 + 5% oxidation
inhibition at 0.3 ug /mL (Concentrations maximum tested: 2000 uM). Cytotoxicity activity: Positive control
ellipticine: AGS (gastric adenocarcinoma)—1.23 + 0.03 ug/mL; Caco2 (colorectal adenocarcinoma)—1.21 4 0.02
ug/mL; MCE-7 (breast adenocarcinoma)—1.02 =+ 0.02 ug/mL; VERO (renal epithelial cell line from an African
green monkey)—1.41 £ 0.06 pg/mL; cervical carcinoma (HeLa); anti-inflammatory activity RAW cells (murine
macrophage cell line)—6.3 & 0.4 pug/mL. Total phenols expressed in mg/GAE/g extract; DPPH in % of AA, FRAP
in uM TE/g sample, and CCA in % of oxidation inhibition. Different letters in each line represent a significant
statistical difference with a p-value of 0.05. X. sagittifolium (Taioba)—XS; S. byzantina (Peixinho-da-horta)—SB; P.
aculeata (Ora-pro-nébis)—PA; M. acuminata var. Dwarf Cavendish (banana inflorescence)—MAD; M. acuminata
var. Platina (banana inflorescence)}—MAP; M. acuminata var. Conquista (banana inflorescence)—MAC.
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Table 5 reveals a significant antioxidant activity of the extracts from the analyzed
PANC:s, especially Pereskia aculeata (PA), which showed the highest DPPH activity, while
Stachys byzantina (SB) stood out in the FRAP assay. These results are in agreement with
the literature, which highlights the high antioxidant capacity of PA leaf extract, including
activity superior to the Trolox standard in DPPH assays (72.9 &+ 3 pg/mL) [77], as well
as values of 774 umol TE/g for aqueous fruit extract [8]. The banana inflorescence also
demonstrated relevant activity, supported by the presence of polyphenols and dietary
fibers, which, according to Lau et al. (2020) [46], are closely associated with its antioxidant
potential. Most samples exceeded values of 2000% in the cellular antioxidant activity
(CAA%). Only SB (510.84 + 20.61%) showed moderate effects against the Caco-2 and AGS
cell lines, which may be attributed to its significant phenolic content (48.24 mg GAE/g).
XS with 24.15 mg GAE/g [36] is also recognized for containing flavonoids, condensed
tannins, and phenolic acids, which contribute to its antioxidant activity. However, the
antiproliferative effects of these species still require further investigation for potential
pharmaceutical applications. It is known that the values obtained by this method do not
necessarily reflect the phenolic content but rather the total reducing compounds in the
samples, so they can be considered more of a measure of antioxidant activity. Nevertheless,
no significant anti-inflammatory activity was found in the banana inflorescence samples
analyzed in the present study.

In Table 6, the potent antimicrobial activity of the extracts SB and PA stands out,
showing low MIC values against clinically and food-relevant bacteria such as MRSA,
Enterococcus faecalis, and Yersinia enterocolitica. These findings are supported by previous
studies that demonstrated the broad-spectrum antimicrobial action of PA against both
Gram-positive and Gram-negative strains, including Staphylococcus aureus, Bacillus cereus,
E. coli, and P. aeruginosa [7,8]. Such effects are attributed to the presence of a diverse set
of phytochemicals with natural antibiotic properties. In the case of XS, the literature also
recognizes its ability to inhibit a variety of pathogenic microorganisms, including fungi
such as Candida albicans and foodborne bacteria like Salmonella and Staphylococcus [86],
which supports its antimicrobial potential. On the other hand, the banana inflorescence
extracts (MAD, MAP, and MAC) showed moderate activity (MIC between 5 and 10 mg/mL),
consistent with their lower total phenolic contents [87], which limits their effectiveness
against more resistant microorganisms.

Table 6. Antimicrobial activity of the different PANCs 1,

Food Bacteria (mg/mL) Positive Control
Streptomicin Methicilin Ampicillin
XS SB PA MAD MAP MAC AG Img/m. Img/mL. 20mg/mL.
Gram—neg_ahve MIC/MBC
bacteria
Enterobacter Cloacae  10/10  10/10  10/10  >10/>10 >10/>10 »10/>10 10/>10 0.007 0007 nd. nd. 015  0.15
Escherichia coli 10/>10 10/>10 10/>10 >10/>10 10/>10 10/>10 5/>10 001 001 nd. nd. 015 015
Pseudormonas >10/>10 10/10  10/10 >10/>10 >10/>10 >10/>10 >10/>10 0.06 006 nd. nd. 063 063
aerugmosa
Salmonella
ontorocogition 10/10  10/10 10/10 10/10 10/10 05/10 2.5/>10 0.007 0007 nd. nd. 015  0.15
Yersinia enterocolitica ~ 5/>10  0.6/2.5 10/10 5/5 2.5/10 2.5/5 10/>10 0.007  0.007 n.d. n.d. 0.15 0.15
Gram-pos.mve MIC/MBC
bacteria
Bacillus cereus 10/>10 5/>10 10/>10 >10/>10 >10/>10 »10/>10 >10/>10 0.007 0007 nd. nd. nd.  nd
Listeria 10/>10 10/>10 5/>10 10/>10 25/>10 >10/>10 10/>10 0.007 0007 nd. nd. 015  0.15
monocytogenes
Staphylococcus 10/>10 5/>10 5/>10 >10/>10 >10/>10 >10/>10 5/>10 0.007 0007 0.007 0.007 015  0.15

aureus
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Table 6. Cont.
Clinical Bacteria (mg/mL) Positive control
Ampicillin Imipenem Vancomycin
XS SB PA MAD MAP MAC AG (20mg/mL) (mg/mL) (mg/mL)
Gram-negatlve MIC/MBC
bacteria
Escherichia coli >10/>10 >10/>10 >10/>10 >10/>10 >10/>10 >10/>10 >10/>10 <0.15 <0.15 <0.0078 <0.0078 n.d. n.d.
prlfelftiiloeiili{;e >10/>10 >10/>10 >10/>10 >10/>10 10/>10 >10/>10 >10/>10 10 >10 <0.0078 <0.0078 n.d. n.d.
Morganella morganii ~ 2.5/>10 5/>10 5/>10 10/>10 >10/>10 >10/>10 10/>10 >10 >10 <0.0078 <0.0078 n.d. n.d.
Proteus mirabilis >10/>10 >10/>10 >10/>10 >10/>10 >10/>10 >10/>10 >10/>10 <015 <0.15 <0.0078 <0.0078 n.d. n.d.
Pseudomonas 10/>10 10/>10 5/>10 >10/>10 >10/>10 5/>10 >10/>10 >10  >10 0.5 1 nd.  nd.
aeruginosa
Gram-pos.ltlve MIC/MBC
bacteria
Enterococcus faecalis ~ 2.5/>10 10/>10 10/>10 >10/>10 10/>10 >10/>10 >10/>10 <0.15 <0.15 n.d. n.d. <0.0078 <0.0078
Listeria 5/>10 10/>10 >10/>10 >10/>10 >10/>10 >10/>10 >10/>10 <0.15 <0.15 <0.0078 <0.0078 nd.  nd.
monocytogenes
MRSA 25/2.5 10/10 25/10 >10/>10 >10/>10 10/>10 >10/>10 <0.15 <0.15 n.d. n.d. 0.25 0.5
P. Acnes 10/>10 10/>10 10/>10 >10/>10 >10/>10 >10/>10 >10/>10 0.07 0.07 n.d. n.d. 0.25 0.5
Epidermites 10/>10 10/>10 10/>10 >10/>10 >10/>10 >10/>10 >10/>10 <0.15 <0.15 n.d. n.d. 0.25 0.5
Antifungal activity (mg/mL) Positive control
MIC/MEC Ketoconazole
Aspergillus
brasiliensis >10/>10 >10/>10 >10/>10 >10/>10 >10/>10 >10/>10 10/>10 0.06/0.125
Aspergillus
Fumigatus >10/>10 >10/>10 10/>10 >10/>10 10/>10 10/>10 10/>10 0.5/1

1 MIC—minimal inhibitory concentration; MBC—minimal bactericidal concentration; MEC—minimum fungicidal
concentration. Different letters in each line represent a significant statistical difference with a p-value of 0.05. X.
sagittifolium (Taioba)—XS; S. byzantina (Peixinho-da-horta)—SB; P. aculeata (Ora-pro-nébis)—PA; M. acuminata
var. Dwarf Cavendish (banana inflorescence)—MAD; M. acuminata var. Platina (banana inflorescence)—MAP; M.
acuminata var. Conquista (banana inflorescence)—MAC.

Nevertheless, previous studies reinforce their bioactive potential; for instance, Mostafa
(2021) [49] reported MIC values between 5.62 and 31.58 pg/mL against fungal strains, and
ethanol extracts of Musa paradisiaca exhibited bactericidal effects against Bacillus cereus
(2.14 mg/mL), Staphylococcus aureus (1.49 mg/mL), and Escherichia coli (1.38 mg/mL),
whereas aqueous extracts were significantly less effective [88]. Additionally, hydroethanolic
extracts of banana inflorescence were successfully used by Schmidt et al. (2016) [89], to
preserve the sensory quality of pork burgers and extend shelf stability up to 120 days by
reducing lipid oxidation. These findings suggest that SB and PA are promising sources
of bioactive compounds with potential for use in natural preservatives and sustainable
antimicrobial formulations.

3.4. Innovative Food Applications of Bioactive Compounds from PANCs

Based on the compositional and functional findings obtained in this study, the selected
unconventional food plants (PANCs) show significant promise not only as sources of
bioactive compounds but also as functional ingredients for innovative food systems. The
following discussion explores the documented potential food applications of each species
evaluated.

In addition to its nutritional composition and bioactive profile, Pereskia aculeata (PA)
demonstrates significant potential for innovative food applications. Several studies support
its use as a functional ingredient in a variety of food products. According to Almeida
(2012) [90], PA can be incorporated into formulations such as yogurts, cocoa cookies, craft
beers, green juices, tapioca, cooked rice, homemade soft drinks, orange jams, and banana-
based confections, highlighting its role as an affordable alternative with high nutritional
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value. Furthermore, its elevated protein content renders it a promising candidate for
the development of dietary supplements aimed at physically active individuals. Aratjo
(2024) [91] emphasized the social relevance of reviving the consumption of PA, partic-
ularly in low-income urban and rural communities, where it contributes to addressing
iron-deficiency anemia, osteoporosis, and intestinal constipation, in addition to strengthen-
ing regional food security. From a technological standpoint, the mucilage present in PA
leaves has been recognized for its potential as a natural emulsifier, thickening, and gelling
agent in food systems. Porto (2022) [92] described its applicability in the encapsulation
of bioactive compounds and the development of functional films and edible packaging.
Silva (2023) [19] further highlighted that due to its high levels of protein (23% dry basis),
carbohydrates (31%), and soluble fibers, along with the presence of phenolic compounds,
carotenoids, and flavonoids, PA represents a strategic raw material for the formulation
of novel functional ingredients and health-promoting food products. Complementarily,
Ferreira (2024) [93] noted that the dissemination of the nutritional benefits associated with
PA not only positively impacts consumer health but also contributes to the valorization of
Brazilian biodiversity and the promotion of family farming by integrating this species into
emerging sustainable agri-food systems.

Xanthosoma sagittifolium (XS), commonly known as taioba, also stands out as a plant
with significant potential for food and industrial applications. According to Santos
(2022) [94], the production of freeze-dried powder from XS leaves resulted in an ingredient
with a high concentration of bioactive compounds, such as flavonoids, ascorbic acid, and
total polyphenols, along with considerable antioxidant activity, indicating its applicability
as a source of functional substances for diverse food formulations. The study by Duarte
(2024) [42] further highlights that XS leaves and tubers are rich in proteins, vitamins,
and minerals, while the tubers exhibit a high starch content, positioning the species as a
promising alternative to traditional starch sources at an industrial scale. Moreover, the
utilization of this plant contributes to the valorization of Amazonian resources and the
reduction in raw material import costs. The potential of XS in ready-to-consume products
was also demonstrated by Mendes (2024) [95], who incorporated the plant into mixed juice
formulations, resulting in products with suitable physicochemical, microbiological, and
sensory characteristics and high consumer acceptance. Additionally, Siqueira (2023) [96]
emphasized the importance of XS in combating food insecurity, particularly in tropical
regions where its cultivation is traditional and can be expanded to promote nutrient-rich
dietary alternatives. Finally, Benevides (2022) [97] showed that the concentration of pheno-
lic compounds in taioba varies depending on the processing method and the plant part
used, with fresh leaves presenting the highest antioxidant content, reinforcing its functional
value for the development of natural antioxidant foods.

Stachys byzantina (SB) exhibits strong potential as a functional ingredient and nat-
ural preservative in food products. Recent studies have demonstrated that its extracts
and essential oils possess significant antioxidant and antimicrobial activities, particularly
against foodborne pathogens such as Listeria monocytogenes and Staphylococcus aureus, sup-
porting its application in the development of food products with extended shelf life and
reduced reliance on synthetic additives [98,99]. The review by Pashova (2024) [100] further
underscores the technological potential of the Stachys genus, highlighting its bioactive
properties—namely antioxidant, anti-inflammatory, and antimicrobial—and its feasibility
for use in dietary supplements and controlled-release systems. Tomou (2020) [63] adds that
Stachys species, traditionally employed in folk medicine, present complex phytochemical
profiles that support their use in the formulation of health-promoting functional foods.
Although the study by Santi (2015) [101] focused on the use of mushrooms as natural
antioxidants in meat products, it illustrates the broader trend toward replacing synthetic
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preservatives with plant-derived compounds, a context in which S. byzantina emerges as a
strategic and promising option.

The banana inflorescence (Musa spp.), traditionally regarded as an agricultural by-
product, holds significant potential for food and nutraceutical applications due to its high
content of bioactive compounds, dietary fibers, and essential micronutrients. Rodrigues
(2020) [87] demonstrated that extracts from male banana flowers, rich in phenolics and
flavonoids, exhibit strong antioxidant activity and can be employed as natural antioxidants
in meat products without compromising their sensory attributes. Furthermore, Padam
(2012) [102] highlighted the sustainable potential of banana by-products, including the
inflorescence, for use as thickeners, natural colorants, nutritional supplements, and sources
of bioactive compounds. Studies conducted by Lau (2020) [46] and Senevirathna (2024) [15]
reinforced the relevance of the diverse range of phenolics, flavonoids, saponins, and phytos-
terols found in banana inflorescences, supporting their incorporation into the development
of functional and nutraceutical foods. Panyayong (2022) [18] and Chowdary (2022) [103]
reported the culinary use of banana inflorescences in a variety of traditional dishes in
Thailand and India—including curries, salads, fried preparations, and pickles—where
their antioxidant properties were retained after cooking. Additionally, banana inflores-
cences have been identified as a promising source of fibers and antioxidants capable of
mitigating oxidative stress and modulating key metabolic parameters, as evidenced by Noé
Aguilar (2019) [104], Amornlerdpison (2020) [105], Archana Ravindran and Jenny Ann John
(2024) [106], and Silva (2024) [107]. The valorization of these by-products contributes to the
diversification of food sources and promotes circular economy practices in the agricultural
sector. The phytochemical composition and antioxidant potential of banana inflorescence
were further detailed by Miinir Oztiirk (2023) [108], who reported high levels of phenolic
compounds, flavonoids, terpenoids, and vitamin C—confirmed in analyses of local banana
cultivars. These findings were complemented by Fingolo (2012) [109], who demonstrated
high potassium content and dietary fiber concentration in dehydrated inflorescences of
Musa acuminata cultivar “ouro”, indicating their value as a nutritional complement.

These applications align with the growing consumer trends towards natural, func-
tional, and sustainable foods, establishing themselves as sustainable alternatives that
enhance the value of alternative production chains.

3.5. Linear Discriminant Analysis

A linear discriminant analysis (LDA) was used to classify observations into predefined
groups based on a set of predictor variables. In this case, all the analyses performed on
the various plants were added to the LDA, which should define the assays that are most
relevant to each plant and scatter them in a plot. Figure 1 shows the LDA plot, in which
the banana inflorescences (MAD and MAP) are grouped (clustered) together near the
origin (0), while the other plants are scattered. Within the inflorescences, MAD and MAP
are very close together, meaning a much more similar profile than with MAC, which is
farther. The most different plant profile was found for PA, which, on the horizontal plane
(Function 1, with the highest variance accounted for), is farthest from the others. Overall,
considering the analysis in the model, MAP and MAD show very similar profiles, while
MAUC, even though being from the same species, is quite different. The banana’s profile is
also somewhat related to XS, being very different from SB. The two species that most differ
are PA and SB.
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Figure 1. LDA plot for the different plants. X. sagittifolium (Taioba)—XS; S. byzantina (Peixinho-
da-horta)—SB; P. aculeata (Ora-pro-nébis)—PA; M. acuminata var. Dwarf Cavendish (banana
inflorescence)—MAD; M. acuminata var. Platina (banana inflorescence)—MAP; M. acuminata var.
Conquista (banana inflorescence)}—MAC.

The LDA model accounted for 100% of the variance using four functions, with the
first two accounting for 97.3%, being 78.1% for the first function and 19.2% for the second.
The third and fourth functions accounted for 2.6 and 0.1%, respectively. Of the 57 analyses
included in the LDA, to obtain the discriminant function, the model only included 8§,
excluding 49, which had the least discriminant capability. The eight assays with the highest
discriminant function were C18:3 (fatty acid), Raw264.7 (anti-inflammatory assay); oxalic,
citric, and succinic acids (organic acid); AGS (breast tumor assay); total energy (nutritional
profile); and C14:0 (fatty acid). Overall, the assays with the best discriminant ability were
quite varied, namely three organic acids and two individual fatty acids.

The observed antioxidant and antimicrobial activities are likely related to the presence
of multiple phenolic compounds identified in the extracts. In particular, caffeic acid deriva-
tives and phenylethanoid glycosides have been widely reported to contribute to radical
scavenging capacity and the inhibition of microbial growth through membrane disruption
and enzyme inhibition mechanisms. The high levels of rutin and apigenin detected in
Stachys byzantina extracts may also explain the pronounced antioxidant activity observed in
the FRAP and CAA assays. Furthermore, C-glycosylated flavones and chlorogenic acid
derivatives are known to modulate oxidative stress pathways and may synergistically
enhance the overall bioactivity of the samples. These considerations suggest that the phy-
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tochemical composition directly contributes to the functional properties demonstrated in
this study.

While this work provided a detailed comparative assessment of compositional and
bioactive characteristics, it is important to acknowledge that a comprehensive elucidation
of all the biochemical mechanisms and ecological factors underlying these differences was
beyond the scope of this study. Future research should aim to explore these aspects in
greater depth to strengthen the interpretation of consistency and divergence among studies.

4. Conclusions

The potential of unconventional food plants (UFPs) as alternative sources of nutri-
ents and bioactive compounds is underscored by the findings of this study. The analyses
revealed substantial differences in centesimal composition, with Xanthosoma sagittifolium
and Stachys byzantine exhibiting high protein content, and Musa acuminata var. Conquista
being distinguished by its high fiber content. The presence of flavonoids and phenolic
acids with pertinent antioxidant and anti-inflammatory properties was indicated by the
analysis of fatty acids and phenolic compounds. This approach reinforces the nutritional
and functional value of UFPs for applications in the food and pharmaceutical industries,
thereby promoting the valorization of these constituents in the development of sustainable
and innovative products. A linear discriminant analysis (LDA) was conducted to clas-
sify the samples based on their chemical and bioactive profiles. The results revealed that
Musa Acuminata var. Platina (MAP) and Musa Acuminata var. Dwarf Cavendish (MAD)
exhibited very similar profiles, whereas Musa Acuminata var. Conquista (MAC), despite
being from the same species, was markedly different. The banana inflorescences shared
some similarities with Xanthosoma sagittifolium but were significantly different from Stachys
byzantina. The two most distinct species were Pereskia aculeata (PA) and Stachys byzantine
(SB). The LDA model highlighted that the most relevant assays for differentiation included
three organic acids and two individual fatty acids, demonstrating their importance in
distinguishing the species. The development of food from sustainable sources is one strat-
egy to meet new consumption trends and fulfill the population’s nutritional demands.
The potential to expand the food chain with minimal environmental impact is high in
the pursuit of unconventional plant-based food sources. This study focused on gathering
information on UFPs with potential applications in food products. Additionally, UFPs
contain significant quantities of bioactive compounds that contribute to health benefits.
Their incorporation into food formulations can provide nutritional, sensory, and textural ad-
vantages, meeting market demands, particularly among vegan and vegetarian consumers.
Additionally, while this work provided a comprehensive comparative analysis of the nutri-
tional composition, phenolic profiles, and bioactive properties of the studied UFPs, it did
not aim to elucidate the underlying molecular mechanisms responsible for the observed
antioxidant, antimicrobial, and cytotoxic effects. Future research should prioritize in-depth
mechanistic studies—such as transcriptomic and proteomic analyses, enzyme inhibition
assays, and in vivo models—to clarify the specific biochemical pathways involved in these
activities. Moreover, targeted investigations into the optimization of extraction techniques,
sensory profiling, safety evaluation, and strategies for the integration of UFP-derived
ingredients into food matrices will be critical to advance their industrial application and
consumer acceptance.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/sul7156718 /s1, Figure S1: Phenolic profile of Xanthosoma sagit-
tifolium (L.) Schott (Araceae) (XS) leaf extract recorded at 330 nm. Non-anthocyanic phenolic
compounds: 1—Luteolin-di-C-hexoside; 2—Apigenin-di-C-hexoside; 3—Apigenin-di-C-hexoside;
4—Luteolin-C-hexoside-C-pentoside; 5—Apigenin-C-hexoside-C-(acetyl)pentoside; 6—Apigenin-
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C-hexoside-C-pentoside; 7—Apigenin-C-hexoside-C-pentoside; 8—Quercetin-O-dideoxyhexosyl-
hexoside; 9—Apigenin-C-hexoside-C-pentoside; 10—Apigenin-C-deoxyhexoside-C-glucoside;

11—Apigenin-C-deoxyhexoside-C-glucoside; 12—Apigenin-6-C-glucoside; 13 and 14—Apigenin-C-
(p-coumaroyl)-hexoside-C-pentoside; 15—Apigenin-C-(feruloyl)-hexoside-C-pentoside; 16—Apigenin-
C-(shikimic acid)-hexoside-C-pentoside; 18—Apigenin-C-(p-coumaroyl)-hexoside-C-pentoside;

19—Isorhamnetin-O-deoxyhexosyl-hexoside; 20—Trihydroxy-dimethoxyflavone- deoxyhexosyl-
hexoside-deoxyhexoside; 21—Diosmetin-O-deoxyhexosyl-hexoside. Figure S2: Phenolic profile of

Stachys byzantina K. Koch (Lamiaceae) (SB) leaf extract recorded at 330 nm. Non-anthocyanic phenolic

compounds: 1—5-O-Caffeoylquinic acid; 2—f3-Hydroxyverbascoside I; 3—@3-Hydroxyisoverbascoside
II; 4—2’-O-Arabinosyl verbascoside; 5—Verbascoside; 6—Verbascoside derivative; 7—Verbascoside

isomer II; 8—Verbascoside isomer III; 9—Leonoside A or Allysonoside; 10—Malonyl-verbascoside;

11—Luteolin-O-acetyl-dihexoside; 12—Hypolaetin -O-acetyl-allosyl-hexoside; 13—Eukovoside;

14—Luteolin-O-acetyl-hexosyl-glucoronide; 15—Hypolaetin -O-acetyl-allosyl-hexoside. Figure

S3: Phenolic profile of Pereskia aculeata Miller (Cactaceae) (PA) leaf extract recorded at 330 nm.

Non-anthocyanic phenolic compounds: 1—Protocatechuic acid pentoside; 2—p-Coumaric acid-
pentoside-hexoside; 3—Sinapic acid hexoside; 4—p-Coumaroyl hexaric acid; 5—Quercetin-O-
pentoside-O-deoxyhexosyl-hexoside; 6 and 7—Quercetin-O-hexosyl-pentoside; 8—Quercetin-O-
deoxyhexosyl-hexoside; 9—Quercetin-3-O-rutinoside (rutin); 10—Isorhamnetin-O-deoxyhexoside-
hexoside-pentoside; 11—Kaempferol-O-hexoside-pentoside; 12—Kaempferol-O-deoxyhexosyl-hexo-
side; 13—Isorhamnetin-O-hexoside-pentoside; 14—Kaempferol-3-O-rutinoside; 15 and 16—Isorham-
netin-O-deoxyhexosyl-hexoside. Figure S4: Phenolic profile of Musa acuminata (Musaceae) var. Dwarf

Cavendish (MAD) banana inflorescence recorded at 330 nm. Non-anthocyanic phenolic compounds:

1— p-Coumaric acid dihexoside; 2—p-Coumaroyl-acetyl-sucrose; 3—p-Coumaroyl-di-acetyl-sucrose

isémer; 4—Quercetin-O-deoxyhexosyl-deoxyhexosyl-hexoside; 5 and 6—p-Coumaroyl-di-acetyl-
sucrose isémer; 7—Quercetin-3-O-rutinoside (rutin); 8, 9 and 10—p-Coumaroyl-tri-acetyl-sucrose

isémer; 11 and 12—p-Coumaroyl-tetra-acetyl-sucrose isémer; 13—p-Coumaroyl-penta-acetyl-sucrose

isémer. Figure S5: Phenolic profile of Musa acuminata (Musaceae) var. BRS Platina (MAP) ba-
nana inflorescence recorded at 330 nm. Non-anthocyanic phenolic compounds 1—p-Coumaric

acid dihexoside; 2—Luteolin derivative; 3—Quercetin-O-deoxyhexosyl-deoxyhexosyl-hexoside;
4—p-Coumaroyl-di-acetyl-sucrose isémer; 5—Quercetin-3-O-rutinoside (rutin); 6—Kaempferol-3-O-
rutinoside; 7—p-Coumaroyl-tri-acetyl-sucrose; 8 and 9—p-Coumaroyl-tetra-acetyl-sucrose; 10—p-
Coumaroyl-penta-acetyl-sucrose isémer. Figure S6: Phenolic profile of Musa acuminata (Musaceae)

var. BRS Conquista (MAC) banana inflorescence recorded at 330 nm. Non-anthocyanic phenolic

compounds: 1—p-Coumaric acid dihexoside; 2—Luteolin derivative; 3—5-O-Caffeoylquinic acid;
4—CQuercetin-O-deoxyhexosyl-deoxyhexosyl-hexoside; 5—p-Coumaroyl-di-acetyl-sucrose; 6—Quer-
cetin-3-O-rutinoside (rutin); 7—Kaempferol-3-O-rutinoside; 8—p-Coumaroyl-tri-acetyl-sucrose; 9 and

10—p-Coumaroyl-tetra-acetyl-sucrose; 11—p-Coumaroyl-penta-acetyl-sucrose; 12—p-Coumaroyl-
penta-acetyl-sucrose isémer.
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