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Abstract
Onion skins, actually recycled as organic fertilizers, could be used as a substrate in environmental-friendly bioprocesses
to recover high-value bioactive compounds and food ingredients.

In this work, a bioprospecting method was carried out including 94 bacterial and 45 yeast strains from several agri-food
and environmental niches to verify their ability to grow on onion skins as unique nutrients source.

Red and yellow onion skins were assessed by newly selected starter-driven liquid submerged fermentation assays
mainly aimed at the release and modification of polyphenols through microbial activities. Fermented onion skins were
also investigated as a inexpensive favourable source of microbial enzymes (amylases, proteases, lipases, esterases, cel-
lulases, xylanases).

In red onion skins, the treatment with Lactiplantibacillus plantarum TB 11-32 produced a slight increase of bioactive
compounds in terms of total phenolics, whereas with the yeast strain Zygosaccharomyces mrakii CL 30— 29 the quercetin
aglycone content increased of about 25% of the initial raw material.

In yellow onion skins inoculated, the highest content of phenolic compounds was detected with the yeast strain Sac-
charomyces cerevisiae En SC, while quercetin aglycone increased of about 60% of the initial raw material in presence of
the bacterial strain L. plantarum C 180 —34.

In conclusion, the proposed microbial pre-treatment method can be a potential strategy to re-use onion skins as a fer-
mentation substrate, and as a first step in the development of a biorefinery process to produce value-added products from
onion by-products.
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Introduction

The world production of onion (Allium cepa L.) is about
47 million tons every year and, during the past 20 years, this
horticultural crop became the second most important one
(FAOSTAT 2018). Before harvest, onion bulbs are generally
pulled from the soil to stop growth. Then, they are cured for
a few days in the field to reduce excess moisture from the
outer skin and neck to prevent excessive shrinkage of the
onion. During storage this step allows also for color devel-
opment. A huge amount of waste (stalk, roots and skins)
derives from industrial processing of onions. In Europe, a
by-product production of about 50,000 tons per year was
registered by Spain, Netherlands, and the UK, the main
European onion producers (Roldan et al., 2008; Sharma et
al. 2016; Santiago et al. 2020).

The onion wastes are rich in fiber and bioactive com-
pounds and represent a source to develop different bioprod-
ucts such as polyphenols, pigments, organic acids, enzymes,
and bioenergy (Sagar and Pareek 2020). However, the dif-
ferent chemical composition of onion waste categories lim-
its their use as whole waste.

Onion skins removed from edible bulbs represent the
major waste of onion processing, since they are unsuitable
as landfill disposal or animal feed because of their compo-
sition and smell. Therefore, sustainable onion production
requires the valorization of their skins by turning this waste
into “by-product” (Gontard et al. 2018). Onion skin waste
is a source of phenolic chemicals, primarily quercetin and
its derivatives, luteolin, and kaempferol, myricetin, isorh-
amnetin derivatives and carbohydrates (Benito-Roman et
al. 2020; Sagar et al. 2020). Onion skin cell walls show a
very complex structure, mainly formed by pectin (42.4%),
hemicelluloses (36.6%), and cellulose (21%) (Munir et
al. 2018). This by-product is also an interesting source of
pectin, which is highly requested at global level (Kim et al.
2019) and the phenolic compounds can have many phar-
macological properties, such as antioxidant, antimicrobial,
anticarcinogenic, antimutagenic activities, and their antidia-
betic potential (Benitez et al., 2011; Ren and Zhou 2021).

The theory of waste valorization is strictly associated
with sustainable technologies for the recycling and the
reuse. Fermentation is one of the most promising frontiers
to start from biomass feedstock and, through various tech-
niques such as solid-state fermentation (SSF), submerged
fermentation (SmF), or anaerobic digestion to recover
the nutrients by a biological extraction process, by creat-
ing value-added products and “green” energy (Carmona-
Cabello et al. 2018).

Whole microbial cells can act on the cell wall matrix,
leading to the bioconversion of the plant fibers i.e. cellulose,
hemicellulose, pectin and lignin, and allowing the release
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of polyphenols and organic acids (Barcelos et al. 2020;
Ramires et al. 2020; Sayago-Ayerdi et al., 2021). Several
studies demonstrated that during fermentation of agri-food
wastes microbial hydrolitic enzymes, such as amylase, pro-
tease, B-glucosidase, xylanase, cellulase can break down
cell wall components and consequently facilitate phenolic
mobilization, whereas esterase and lipase can be responsible
of phenolics evolution essentially by esterification (Bei et
al. 2018; Dey et al. 2016; Hur et al. 2014; Yin et al. 2020).
The predominance of one or more of these enzymatic activi-
ties, positively correlated with the increase of the release
or the bioavailability of phenolic compounds, can be con-
sidered a key attribute for the selection of new candidate
microbial starter for the treatment of agri-food by-products.

The fermentation process has been considered as an effi-
cient method to obtain the chemical modification of phe-
nolic compounds from agro-industral by-products, and to
enhance their release and eventually to increase the antioxi-
dant activity (Gulsunoglu-Konuskan and Kilic-Akyilmaz
2022). Improvement of bioactive compounds extraction
from plant products using a microbial fermentation process
has been reported before, e.g., for apple pomace, black soy-
beans and Larrea tridentate leaves olive mill wastewater,
orange skin waste (Cheng et al. 2013; Ramires et al. 2020).
In SmF, the microorganisms develop in a liquid medium
obtaining the nutrients required for their growth and meta-
bolic activities by the raw material. This process allows the
monitoring of the relevant parameters for microbial growth,
such as pH and temperature, with very high efficiency.

Several fermentation approaches were explored for
potential re-using onion wastes by lignocellulosic biomass
treatment, such as for bioethanol production in presence
(Kim et al. 2019) or not (Ganguly et al. 2021) of a enzy-
matic saccharification step for bio-sugar production and
for producing acetone, butanol, ethanol using Clostridium
culture (Poe et al. 2020). Also, acetic acid was obtained by
fermenting dried onion waste with Acefobacter acetii (Kim
etal. 2019).

In this study, two different onion cultivars, the red onion
cv “Cipolla rossa di Tropea” and the yellow onion cv Recas
were chosen, since they are common in commercial produc-
tions in Italy and Spain, respectively. The traditional and
commercially relevant Italian Protected Geographic Indica-
tion (PGI) onion variety “Rossa di Tropea” from Calabria
Region (Italy) is an outstanding food product with several
peculiar organoleptic properties and a distinctive taste made
by a delicate and persisting aroma. The yellow cv Recas
is late cycle and long-day onion, with a good firmness and
high density and good storage capacity. Benitez et al. (2011)
reported that the skins, which are rich in polyphenols and
flavonoids and a relative high antioxidant activity, could be
considered as a potential functional ingredient. Moreover,
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the remarkable bioactivity of red onion “Cipolla rossa di
Tropea” skins suggested several potential applications in
different industrial sectors as nutraceuticals, pharmaceuti-
cals and food (Celano et al. 2021).

The main objective of this study is to valorize onion skins
by using a microbiological treatment able to improve the
release and the extraction of polyphenols content of these
by-products.

In this study microorganisms (yeasts and bacteria) from
different natural origins were selected for their ability to
grow in presence of red and yellow onion skins as unique
nutrient sources.

SmF approach on red and yellow onion skins, inoculated
with selected microbial starters, was applied to enhance
the release of polyphenols as well as on changes in their
profile and relative amount of single polyphenols. By this
approach, an improved recovery of polyphenols from the
onion skins and an enrichment in the aglyconic form of
specific phenolic compounds, are expected. The hypothesis
is that microorganisms can (i) act by hydrolytic enzymes
on the vegetable cell wall structure and glycosidic link-
ages, releasing polyphenols and also (ii) use their secondary
metabolism to promote the chemical modification of pheno-
lic compounds (Slama et al. 2021; Gulsunoglu-Konuskan et
al. 2021). Following this route, the major microbial enzy-
matic activities found in the fermented products were also
investigated.

Materials and methods
Feedstock sampling

Red onion skins (cv Cipolla rossa di Tropea) were kindly
supplied by the Italian company Azienda Agricola Veltri srl
(CZ, Italy), yellow onion skin samples (cv Recas variety
Citation) were provided by PROCECAM (Association of
Onion Producers of Castilla-La Mancha, Spain). Onion skin
samples were packed in aerated bags at production plant
sites in June 2021 and transferred to the laboratory in 3-5
days, then samples were immediately grinded by a labo-
ratory knife mill (Grindomix GM 200, RETSCH Gmbh,
Haan, Germany) at maximum speed for 5 min and stored
at — 20 °C for further experiments.

Microbial species and culture conditions
In this study, a number of 94 bacterial strains were chosen

among two phyla frequently associated with plant material
and the production of fermented foods:

e Proteobacteria (alphaproteobacteria Acetobacter, Agro-
bacterium,  Sphingomonas,  gammaproteobacteria
Dickeya, Enterobacter, Erwinia, Hafnia, Pantoea, Pec-
tobacterium, Pseudomonas, Serratia);

e Bacillota (synonym Firmicutes, Oren and Garrity 2021)
(Bacillus, Lactiplantibacillus, Leuconostoc, Levilacto-
bacillus, Paenibacillus, Pediococcus, Staphylococcus).

Also, a number of 45 yeast strains were selected among
species (Aureobasidium, Candida, Debaryomyces, Geot-
richum, Hanseniaspora, Kluyveromyces, Metschnikowia,
Pichia, Rhodotorula, Saccharomyces, Trichosporon, Zygo-
saccharomyces) generally associated to food fermentation
and treatment of waste/by-products of vegetable origin.

The entire collection set of yeast and bacterial strains
were selected from the CNR-ISPA microbial collection
(Table S1 and S2).

Bacillus spp. strains were grown on Nutrient agar
medium (Merck KGaA, Darmstadt, Germany) at 25 °C
for 2-3 days; Bacillus simplex strains, Paenibacillus spp.,
Sphingomonas spp. were grown on Tryptic soy agar (Merck
KGaA, Darmstadt, Germany) at 30 °C for 2—-3 days; LAB
strains were grown on Man, Rogosa and Sharpe (MRS) agar
medium (Microbiol Diagnostics, Cagliari, Italy) at 30 °C for
3-5 days under anaerobic conditions; Staphylococcus spp.
were grown on MRS Agar with replacement of glucose as
carbon source with sucrose and addition of 7.5% marine
salts (VibrantSea, Seachem Laboratories Inc., Madison GA,
USA) at 37 °C for 3-5 days, under anaerobic conditions.
Pseudomonas and Enterobacteriaceae strains were grown
on Nutrient Broth added with 1% (w/v) glucose at 30 °C for
1-2 days. Acetobacter spp. were grown on GYC medium
(Hommel 2014) modified as follows (mGYC): 50 g/L glu-
cose (VWR Chemicals, Leuven, Belgium), 10 g/L yeast
extract (Merck KGaA, Darmstadt, Germany), 2 g/LL CaCO,
(Merck KGaA, Darmstadt, Germany) for 48—72 h at 28 °C.
All media were added with 0.05 g/L nystatin.

Yeast strains were all grown on Sabouraud dextrose agar
medium (LABM, Heywood, Lancashire, UK) added with
0.1 g/L of ampicillin (Sigma-Aldrich, Darmstadt, Germany)
and 0.05 g/L of kanamycin (Sigma-Aldrich, Darmstadt,
Germany) and incubated at 30 °C for 2—4 days.

Yeast and bacteria collection screening on onion
skins-based media

Microbial media for yeast and bacteria collection screen-
ing were prepared following the indications of Niu et al.
(2017) with some modifications: 2 g/L casein peptone
(Sigma-Aldrich, Darmstadt, Germany), 2 g/L soy peptone
(Sigma-Aldrich, Darmstadt, Germany), 2 g/L NaCl (Sigma-
Aldrich, Darmstadt, Germany), 20 g/L agar (Sigma-Aldrich,
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Darmstadt, Germany) and a specific percentage (w/v) of
ground onion skins. Preliminary experiments have been
performed in order to evaluate the suitable quantity of the
onion skins to prepare the agar media (data not shown). The
final selected percentages of the ground onion skins added
to the mixture were 3-4-5% (w/v). These concentrations are
corresponding to a final hydrated ground onion skins prepa-
ration percentage of 15-20-25% (w/v). The weight increase
of hydrated onion skins was measured after the incubation
of the initial samples in presence of water excess for 30 min
and the draining until the weight was stable. It resulted
about 5-fold higher than the initial weight value.

The incubation conditions were the same used for
the growth on laboratory media. Microbial strains were
screened for their ability to survive and grow on different
onion skins (OS) concentrations by applying an arbitrary
scale: 0, no growth; 1, slight growth; 2, medium growth; 3,
intense growth (similar to the growth optimal medium, used
as control); 4, > growth on the optimal medium.

The growth scores were used to obtain a Weighted Mean
Growth (WMG) value for each strain. The equation was
defined as follows:

WMG = [(N1x2) + (N2x3) + (N3x5))/10.

N1 =scale growth on 15% concentration OS.

N2 =scale growth on 20% concentration OS.

N3 =scale growth on 25% concentration OS.

2 =multiplier value for the growth at 15% concentra-
tion OS.

3 =multiplier value for the growth at 20% concentra-
tion OS.

S=multiplier value for the growth at 25% concentra-
tion OS.

10 =numerator (sum of the multiplier values).

Table 1 Bacterial and yeasts strains selected by considering the high-
est Weighted Mean Growth (WMG) values obtained after the plate
screening step in presence of increasing concentrations of red or yel-
low onion skins as unique nutrient source

Red onion skins

Microbial Species WMG value Reference
Code

Acetobacter tropicalis G25b 3.8 14

Lactiplantibacillus plantarum TB 2.3 30

11-32

Metschnikowia pulcherrima 2047 1.8 45

Zygosaccharomyces mrakii CL 2.8 57

30-29

Yellow onion skins

Microbial Species WMG value Reference
Code

A. tropicalis G25b 3.5 14

L. plantarum C 180 —34 2 28

Candida boidinii ASy 3 33

Saccharomyces cerevisiae En SC 3.5 71

@ Springer

Laboratory-scale fermentation assays

A submerged batch fermentation was set up for feedstocks
treatment. The raw material was homogenized and used to
prepare samples to be singularly inoculated with selected
microbial strains. The final volume fermentation in glass jars
(100 mL) was prepared adding 25 g of hydrated onion skins
and 50 mL drinking water. Prepared mix was heat treated
in water bath at 90 °C for 10 min, cooled and inoculated
with 25 mL of fresh microbial suspension prepared as fol-
lows. Firstly, microbial inoculum was prepared growing the
selected strains in specific media, incubating at 28-30 °C
for 1648 h under mild stirring. The final inoculum of 4
different starter microorganism for each onion skins source
(Table 1) was adjusted in 25 mL starter solution (casein pep-
tone 0.5 g/L; soy peptone 0.5 g/L; NaCl 2 g/L) to obtain a
final value corresponding to 7 log;, CFU/ml for yeasts, and
8 log;o CFU/ml for bacteria and added to the heat-treated
feedstock mixture. The fermentation was carried out for ten
days at 30 °C under aerobic static conditions.

Microbiological, physical-chemical analyses,
enzyme activity assay of fermented onion skins

Microbiological assays

Microbiological analyses of samples were carried out fol-
lowing the procedure described by Ramires et al. (2022)
with some modifications. Ground onion skins were incu-
bated 1 g/L (w/v) peptone water (Sigma-Aldrich, Darmstadt,
Germany) for 1 h under agitation (150 rpm) at room tem-
perature; an aliquot of liquid fraction of heat treated onion
skins and fermented samples were diluted with 1 g/L (w/v)
peptone water and analyzed on agar media plates:

Plate Count Agar (PCA, Heywood, Lancashire, UK)

with 0.05 g/L nystatin (Sigma-Aldrich, Darmstadt, Ger-

many) and incubated for 48—72 h at 30 °C was used for
total bacterial count;

e Violet Red Bile Glucose Agar (VRBGA, LABM, Hey-
wood, Lancashire, UK) incubated at 37 °C for 18-24 h,
for Enterobacteriaceae;

e Violet Red Bile Agar (VRBA, LABM, Heywood,
Lancashire, UK) incubated at 37 °C for 2448 h, for
coli—aerogenes bacteria; Baird Parker Agar Base (BP,
LABM, Heywood, Lancashire, UK) incubated at 37 °C
for 24-48 h, for Staphylococci;

® Bacillus ChromoSelect Agar (BCSA, Sigma-Aldrich,

Darmstadt, Germany) with Polymyxin B supplement

(Sigma-Aldrich, Darmstadt, Germany) incubated at

30 °C for 24-48 h, for Bacillus spp.;
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® Pseudomonas agar (LABM, Heywood, Lancashire, UK)
added with CFC supplement (LABM, Heywood, Lan-
cashire, UK) incubated at 35 °C for 2448 h, for Pseu-
domonas spp.;

e Sulphite-Polymyxin-Sulphadiazine Agar (SPS, Biolife
Italiana srl, Milano, Italy) incubated at 35-37 °C for
18-48 h under anaerobic conditions, for the detection of
Clostridium spp.;

® Acetobacter spp. were grown for 48—72 h at 28 °C on
modified GYC medium (mGYC) containing 50 g/L glu-
cose (VWR Chemicals, Leuven, Belgium), 10 g/L yeast
extract (Merck KGaA, Darmstadt, Germany), 2 g/L
CaCO; (Sigma-Aldrich, Darmstadt, Germany) (Hom-
mel 2014) and 0.05 g/L nystatin (Sigma-Aldrich, Darm-
stadt, Germany).

e Yeast total count was determined on Sabouraud dex-
trose agar medium (LABM, Heywood, Lancashire, UK)
added with 0.1 g/L of ampicillin (Sigma-Aldrich, Darm-
stadt, Germany) and 0.05 g/L of kanamycin (Sigma-
Aldrich, Darmstadt, Germany) at 30 °C for 3—4 days.

pH and liquid/solid ratio

Fermented and non-fermented samples were filtered by
polyamide filter 355/51 (Saati, Milan Italy) using a vacuum
pump in order to separate solid and liquid portions. The
solid and liquid fractions for each sample were measured by
weighing and the results have been expressed as their ratio.
The pH was measured by the pHmeter (Hanna Instruments
srl, Ronchi di Villafranca Padovana, Italia).

Enzymatic activity assays

Enzyme activity assays for a-amylase, protease, esterase,
lipase, cellulase and endo-xylanase were carried out to
evaluate the amount of these enzymes deriving from both
microorganisms and plant cells in the liquid portion of the
samples. All experiments were conducted in triplicate.

For crude enzyme solution preparation, an aliquot of
each fermented and unfermented sample was filtered by
polyamide filter 355/51 (Saati, Milan, Italy), and the result-
ing liquid fraction centrifuged at 15,000 x g for 15 min at
4 °C and the resulting supernatant was used for the assays.

a-Amylase activity assay

The o-amylase assay was performed as described by
Ramires et al. (2022). Briefly, the reaction mixture con-
sisted of 50 uL substrate solution (1% potato starch in pH
7 phosphate buffer), 93 pL of phosphate buffer at pH 7 and
72 uL of raw enzyme solution. One Unit (U) of activity of

a-amylase is defined as the amount of enzyme required to
release one micromole of glucose reducing-sugar equiva-
lents per minute.

Protease activity assay

The method by Walter (1984) and Moyano et al. (1996),
modified with the use of casein (0.66% (w/v) in 50 mM
Tris-HCI buffer pH 8 as a substrate, as proposed by Sigma-
Aldrich Company, was followed for this activity test. Prote-
ase enzyme activity was measured as a change in absorbance
at 765 nm using the microplate reader Infinite M200 PRO
(Tecan, Switzerland). One unit of enzyme activity was
expressed as 1 pmol of tyrosine min~! mg protein™!.
Esterase activity assay

The carboxyl ester hydrolase (esterase) activity was deter-
mined using a modified spectrometric method (Lopes et al.
2011) following the hydrolysis of p-nitrophenylbutyrate
(p-NPB) to p-nitrophenol at 37 °C for 5 min. One unit (U)
of esterase activity was defined as the amount of esterase
needed to release 1 pmol of p-nitrophenol per minute from
p-NPB.

Lipase activity assay

A spectrometric method was also performed for the mea-
surement of lipase activity using p-nitrophenyl palmitate
(p-NPP) as a substrate (Park et al. 2007). The assay was
performed on 1 mL of crude enzyme solution properly
diluted as described by Maiorano et al. (2022). One unit
(U) of lipase activity was defined as the amount of lipase
required to release 1 umol of p-nitrophenol from p-NPP in
1 min under the corresponding conditions.

Endo-xylanase activity assay

This assay specifically detects the activity of endo-xylanase
and not the activity of the enzyme xylosidase or exo-xyl-
anase. The endo-xylanase activity of the supernatants was
assayed using Xylanase Assay kits (XylX6 method) (Mega-
zyme, Bray, Ireland), by following the manufacturer’s
instructions as described by Maiorano et al. (2022). The
endo-xylanase activity (one unit) was defined as 1 umol of
pNP released from XylX6 per minute.

Cellulase activity assay
The catalytic activity of microbial cellulases was tested

using a cellulase assay kit (CellG5, Megazyme, Bray, Ire-
land), as the method provided by the manufacturer, and as
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described by Maiorano et al. (2022). The cellulase activ-
ity (one unit) was defined as 1 pmol of pNP released from
CellGS5 per minute.

Phenolics content analyses
Polyphenols extraction

Fermented samples were lyophilized and about 0.50 g of
each dried sample were mixed with 20 mL of 60% EtOH
(ethanol/water 60:40) containing 0.5% v/v trifluoroacetic
acid (TFA). The mixtures were kept under constant stirring
(150 rpm) for 30 min at room temperature and the extracts
were collected after centrifugation at 4500 x g for 10 min.
The extractions were performed twice adding 10 mL of
fresh solvent to the pellets and the supernatants were com-
bined for further analysis.

Determination of total phenol content

Total Phenol Content (TPC) in the extracts was determined
by the Folin-Ciocalteu colorimetric method as reported by
Cicco et al. (2009) with slight modifications. Briefly, 100 uL
of each extract was mixed with 500 pL of Folin-Ciocalteu
phenol reagent and 500 pL of distilled water. After agita-
tion and 3 min standing 1 mL of 20% sodium carbonate
(Na,CO;) and 2.9 mL of distilled water were added. Sam-
ples were left in the dark at 40 °C for 20 min and the absor-
bance was spectrophotometrically measured at 750 nm. The
calibration curve was plotted versus concentrations of gal-
lic acid ranging from 25 to 400 pg/mL, used as a standard.
The results were expressed as mg of gallic acid equivalents
(GAE) per gram of dry sample (DW). Two parallel determi-
nations of each sample were performed and average values
were calculated.

HPLC-DAD analysis

Aliquots of hydroalcoholic extracts, filtered on 0.45 pum
with CA filters, were analyzed by HPLC-DAD using the
Agilent 1260 Infinity Series Chromatograph system, sup-
plied with Agilent Open Lab CDS Chem Station Software
(Palo Alto, CA, USA). The instrument was equipped with
1260 HIP Degasser, G1312B binary Pump, G1316A Ther-
mostat and G4212B DAD Detector. For separation, analyti-
cal 5 um Phenomenex Luna C18 (4.6 X250 mm) column
(Phenomenex Torrance, CA, USA) was used. The mobile
phase was methanol (solvent A) and acetic acid/water (5:95
v/v) (solvent B) and the gradient profile was: 0-25 min,
15-40% A, 25-30 min, 40% A (isocratic), 30—45 min,
40-63% A, 4547 min, 63% A (isocratic), 47-52 min,
63-100% A, 52—56 min, 100% A (isocratic), with a constant
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flow of 1 mL/min. Furthermore, the identification of the the
main phenolic compounds was performed comparing the
spectra and retention time of the pure available standards,
as reported by D’ Antuono et al. (2018).

Statistical analysis

All data represent the mean of at least three independent
replicates (n=3). Data are presented as mean values + stan-
dard error of the mean values. For microbiological analy-
ses, t-test assay was applied to compare differences between
microbial counts; for L/S ratio and enzymatic activities,
Kruskal-Wallis test followed by Dunn’s multiple compari-
sons test were applied to establish significant differences
among means values (p<0.05). Statistical comparisons
were performed using Prism 6 software (La Jolla, CA, USA,
www.graphpad.com).

The mean values related to phenolic content were sub-
jected to one-way ANOVA followed by Fisher’s post hoc
test. Results analysis was performed using the software
STATISTICA 6.0 (StatSoft, Tulsa, OK) and was considered
as significantly for p <0.05. The OriginPro 2016 software
(OriginLab, USA) was used for further analyses. Principal
component analysis (PCA) was used to compare microbio-
logical, chemical, biochemical parameters associated with
the fermented and unfermented samples.

Results and discussion

Microbial screening and selection of best candidates
for fermentation experiments

To guide the efforts to assess a simplified method for estab-
lishing best microbial strains able to use onion skins as the
unique fermentation substrate and possibly improve the fol-
lowing extraction of bioactive compounds (polyphenols)
from this by-product, a wide range of bacterial and yeast
species were assayed. A total number of 94 different bac-
terial and of 45 yeast strains belonging to the CNR-ISPA
collection were used for the screening on the two feedstocks
(red and yellow onion skins).

As the first step toward the selection of functional micro-
organisms, a simple growth medium, prepared with differ-
ent percentages of onion skins and a negligible quantity of
additional nutrients, was set up to check the growth capa-
bilities of different strains.

Microbial growth was measured by applying an arbitrary
scale (as described in the Material and Methods section). A
query database was elaborated reporting the growth scores
of the entire microbial collection used in this study on the
tested feedstocks.
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In this study, the obtained growth scores were used to
confer a Weighted Mean Growth (WMG) value to each
strain. By this score the ability of each microbial strain to
grow at increasing feedstock concentrations was pondered
and encouraged. The WMG value was used to select the
best-performing strains as candidates starters to drive the
subsequent step of onion skins submerged fermentation
experiments (Table S1 and S2).

The analysis of WMG for bacteria ranged from 0 to 3.8
with an average value of 0.7 for red onion skins, and from 0
to 3.5 with an average value of 0.4 for yellow onion skins.
Among bacteria, a number of 37 and 68 strains did not grow
on agar plate supplemented with at least the 15% hydrated
red and yellow onion skins, respectively, and for this reason
they were not considered anymore during the study. Only
the Acetobacter tropicalis G25 b strain showed a score near
4 for red and yellow onion skins.

Among Proteobacteria, the average WMG resulted
0.7 and 0.07 for red and yellow onion skins, respectively,
whereas for Bacillota (syn. Firmicutes) these values were
0.7 and 1.05 (Table S1). These evidences revealed that tested
members of Bacillota phylum were more able to adapt for
growth in presence of these two peculiar feedstocks than
strains belonging to Proteobacteria and that the two consid-
ered Phyla showed a broader range of sensitivity to yellow
onion skins than to red ones. The ability to grow in presence
of onion skins as main nutrient source varied among all bac-
teria genera (Fig. 1).

Acetobacter tropicalis strains were the best performers
for both the two types of onion skin samples, followed by
Serratia liquefaciens, Staphylococcus pasteurii, Levilacto-
bacillus brevis, Lactiplantibacillus plantarum, Leuconostoc
mesenteroides. Pediococcus spp., and finally Paenibacillus

Fig. 1 Bacterial isolates grouped
in genera/species ability to grow
in presence of different percent-
ages of onion skins homogenate
as main nutrient source in plate
medium. The reported score

is the average value of all the
weighted mean growth (WMG)
value for the strains belonging to
each genus/species
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spp., whereas Sphingomonas and Bacillus simplex strains
showed a preferential growth in presence of yellow onion
skins.

All yeast strains tested were able to grow on the plates
containing yellow or red onion skins homogenates, albeit
at different levels (Fig. 2 and Table S2). Good results were
obtained for strains belonging to species Aureobasidium
pullulans, Candida spp. (C. boidinii, parapsilosis and
tropicalis), Debaryomyces hansenii, Metschnikowia pul-
cherrima, Pichia anomala, Rhodotorula diobovata, Zygo-
saccharomyces mrakii.

The analysis of WMG for yeasts showed values varying
between 1 and 2.8 with an average value corresponding to
1.6 for red onion skins. The WMG values varied 1.7 and 3.5
for yellow onion skins, reporting an average value of 2.1.
These evidences revealed that yellow onion skins as unique
carbon source affected yeast growth lesser than red ones.

At the end of the screening, it was observed that, except
for some bacterial strains, yeasts always showed higher
WMG values than bacteria.

The bioprospecting approach carried out on 139 total
microbial strains growing on semi-defined microbiologi-
cal media including different percentages of red or yellow
skins allowed to select some strains showing the highest
WMG values (Table 1) useful for subsequent steps of the
procedure.

Submerged fermentation of onion skins
homogenates

Unpasteurized red and yellow onion skins preparations con-
tained initial counts of Enterobacteriaceae (5.7 log;, CFU/
mL for red, 5 log,, CFU/mL for yellow onions), Bacillus
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Fig.2 Yeast species ability to
grow in presence of different per-
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spp. (4.5 log;, CFU/mL for red, 4.3 log;, CFU/mL for yel-
low onions), Staphylococci (3.6 log;, CFU/mL), total bac-
terial count (6 log;, CFU/mL), yeasts and moulds (6 log,
CFU/mL) for both red and yellow onions.

These results are in accordance with previous observa-
tions reporting that onions contamination can occur during
handling, processing, and storage by the presence of sev-
eral microorganism such as Bacillus cereus and its spores,
lactic acid bacteria, coliforms, Pseudomonas sp., yeast, and
moulds (i.e. Aspergillus sp.) (Pezzutti et al. 2005; Savitha
et al. 2022).

Therefore, all fermentation tests were subjected to a heat
treatment step to reduce possible interferences on growth
and activity of the exogenous starter strains. Indeed, after the
heat treatment, no spoilage or potential pathogen microbes
were detected in red and yellow onion skins preparations,
with the exception of Bacillus spp. ranging from 3.6+0.2
and 3.8 +0.3 log,, CFU/mL in red and yellow onion skins,
respectively and Enterobacteriaceae (3.1+0.2 log,, CFU/
mL) only in red onion skins.

A submerged batch fermentation approach was set up for
feedstocks treatment. Few studies have already investigated
the possible value of red and yellow onions as the sole sub-
strate for bacterial fermentation (Bisakowski et al. 2007,
Kimoto-Nira et al. 2020) and none with yeasts. In this study,
the onion skins raw material was homogenized and used to

@ Springer

Hanseniaspora uvarum

]
I Red onion skins

Yellow onion skins

[ 0= “n .©n U v
BEEQNEQRERGQ<
SESCSLXTUCSTOFT O
SEEEQ3583SSS €
X0O05<SET D85S ¢E
o < VDS Q =
SSSERS T O
ESc oS8T SOXRO
:~\u\-EE¥ Swn O >
PAe A SSSSEguUwE
oS8 "8E85598s§
SSa@E £gss5823¢8
g .Q .EE_UQ_::EEB
S a atSgosgcs<x
O Xx o] S 0O S o
=~ = S8 S0
L < = DQ.QOU
> S S-S5 9
0 = QZQUQO
32 Q SRS
= 0
5<§ Vo
S
=

prepare samples to be inoculated with microbial selected
strains.

Cultures of the selected bacterial and yeast strains were
used to inoculate onion skins homogenates at a final con-
centration of about 8 log,;, CFU/mL for bacteria and 7 log,
CFU/mL for yeasts to allow the fermentation process start-
ing rapidly and finishing in a limited period of time, by also
outcompeting the residual autochthonous microbiota of
onion skins, especially spore forming bacteria.

The load of yeasts, Acetic acid bacteria (AAB) and LAB
during fermentation was monitored at the 4th and 10th day.
As reported in Table 2, viable and culturable counts of AAB
and LAB were about 5-6 log;, CFU/mL at the 4th day
fermentation.

As already demonstrated during the screening step on
plates, the bacterial strains of Acetobacter tropicalis and
Lactiplantibacillus plantarum are expected to live to acid
pH present in the onion skins preparations, varying between
3.83 and 4.4 at the initial stage (Table 3). Indeed, the abil-
ity of Acetobacter sp. to survive in very harsh environment,
such as extreme acid conditions in grape must and wines,
has been reported (Francois and Kappock 2007; Bartowsky
and Henschke 2008). Also, the promising ability to persist
in severe conditions and to modify vegetable matrices char-
acterized by high polyphenols content, such as olive mill
wastewaters, was previously demonstrated for the selected
strain Acetobacter tropicalis G25b (Ramires et al. 2020).
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Table 2 Microbial changes (log;, CFU/ml) occurring in red and yellow
onion skins during fermentation (n=3)

Microbial Species Medium Fermentation time Refer-

(days) ence

Code

Red onions

4 10
Acetobacter tropicalis mGYC  6.1+54a 3.15+1.87 14
G25b b
Lactiplantibacillus MRS 522+442 34+2.62b 30
plantarum TB 11-32 a
Metschnikowia pul- SDA 6.18+5.36 536+4.92 45
cherrima 2047 a a
Zygosaccharomyces ~ SDA 6.48+5.69 642+5.72 57
mrakii CL 30 —29 a a
Yellow onions

4 10
Acetobacter tropicalis mGYC  631+521 3.17+2.48 14
G25b a b
Lactiplantibacillus MRS 5.15+4.03 236+1.61 28
plantarum C 180 —34 a b
Candida boidinii ASy SDA 6.94+5.73 6.75+5.25 33

a a
Saccharomyces cere- SDA 6.52+5.28 6.05+5.83 71
visiae En SC a a

Values are the means of three independent measurements, + standard
deviation. t-test statistic assay was applied to compare differences
between counts of microbial strains at 4 and 10 days of fermentation
for each treatment

Moreover, the use of Lactiplantibacillus plantarum
strains has been already proven for a wide range of fer-
mented foods and by-products, remarkably vegetables,
where difficult environmental constraints to adapt and sur-
vive are present (G-Alegria et al., 2004; Mufioz et al. 2017;
Tufariello et al. 2015; Zhou et al. 2020).

At the end of the process the bacterial plate counts
reduced (to about 3 log;, CFU/mL at 10th day fermenta-
tion), this was possible due to the higher concentrations of

polyphenols and the limited availability of nutrients in the
samples as a result of microbial activities (Table 2). Indeed,
the inhibitory effect of different phenolic compounds (such
as tannins, terpenes, alkaloids, etc.) partly attributed to their
higher concentrations was determined for different LAB
(Piekarska-Radzik and Klewicka 2021; Garcia-Ruiz et al.
2012) and Acetobacter (Chen et al. 2022) strains.

Concerning yeasts, they maintained high count val-
ues during and at the end of the process (about 67 log,
CFU/mL). These results are not surprising, since they are
acidophilic organisms and the more adapted to resist low
pH values and the high concentrations of phenols of sev-
eral challenging niches, such as grape must/wine and
olive mill wastes (Bleve et al. 2011, 2016; Liu et al. 2015;
Ramires et al. 2020). Also yeasts strains belonging to the
species and Candida boidinii, Saccharomyces cerevisiae
and Metschnikowia pulcherrima are generally adapted to
develop in presence of stress conditions and to produce
positive effects on the phenolic compounds (i.e. anthocya-
nins, hydroxycinnamic acids, flavonols, etc.) (Kelanne et al.
2020; Minnaar et al. 2019; Ramires et al. 2020). In addition,
the yeast Zygosaccharomyces mrakii strain was isolated and
selected from fermented olives and already showed their
ability to adapt and survive under difficult environmental
constraints (Bleve et al. 2014; Tufariello et al. 2015).

As a preliminary evidence, the liquid/solid ratio showed
a statistically significant increase in treated yellow skins (C.
boidinii ASy code 33 and S. cerevisiae code 71, p<0.05),
thus suggesting a potential degrading microbial activity of
the plant cell walls of these feedstock (Table 3).

Bio-chemical analyses
Enzymatic assays Previous studies demonstrated that bac-

teria and yeasts produce many different types of enzymes
during fermentation, e.g., glycoside hydrolase, cellulose- or

Table 3 pH and liquid/solid ratio in red and yellow onion skins after 10 days fermentation (n=3)

Red onion skins

Yellow onion skins

Strain Refer- pH L/S ratio Strain Refer- pH L/S ratio
ence code ence code

Acetobacter tropicalis G25b 14 3.93 3.59+0.51 Acetobacter tropica- 14 5 5,94+0.22
lis G25b

Lactiplantibacillus plantarum 30 3.73 3.67+0.44 Lactiplantibacillus 28 4.5 5,71+0.17

TB 11-32 plantarum
C180-34

Metschnikowia pulcherrima 2047 45 3.91 4.10+0.39 Candida boidinii 33 4.96 6,25+0.29™
ASy

Zygosaccaromyces mrakii CL 30 —29 57 3.97 3.98+04 Saccharomyces 71 4.7 6,52+0.41"
cerevisiae En SC

Unfermented” TO 3.83 4.26+0.41 Unfermented” TO 4.4 5,21+0.32

* Measured at the starting point of the test. Values are the means of three independent measurements, + standard deviation. ANOVA statistic
test, followed by Dunn’s multiple comparisons post-test, was performed to compare each fermentation treatment with the control Unfermented

(** p<0.05)
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Table 4 Enzyme activities associated with fermented red onion skins

RED ONION SKINS Esterase Lipase Endo-Cellulase Endo-Xylanase Amylase Protease
mU/mL U/mL U/mL U/mL U/mL U/mL
Unfermented (TO) 1.19+£039a 34.60+0.76a 6.71+0.39a 0.22+0.06 a 15.46+0.56a 188.54+2.04 a
Acetobacter tropicalis 1.09+0.07a 58.96+2.40b 9.32+0.56 b 3.28+0.28b 15.77+£0.58a 197.13+1.99a
G25b
Lactiplantibacillus plantarum 1.89+0.13b 52.65+1.39b 7.03+0.04 a 1.88+0.21 ¢ 1490+041a 218.64+1.63
TB-11-32 b
Metschnikowia pulcherrima 2047 1.37+0.08 25.63+0.38a 7.41+0.65a 2.26+0.21c¢ 13.90+0.40a 227.69+1.79
a,b b
Zygosaccharomyces mrakii CL 30— 29 1.93+0.10b 4545+2.53 556+0.16a 3.06+0.13b 16.01+0.28a 145.57+1.74a
a,b

Data are expressed as mean +standard deviation (n=3). Different letters within each column indicate difference in polyphenol concentrations
between the samples (p <0.05) as determined by one-way ANOVA followed by Dunn’s multiple comparisons post-test

Table 5 Enzyme activities associated with fermented yellow onion skins

YELLOW ONION SKINS Esterase Lipase Endo- Cellulase Endo-Xylanase = Amylase Protease
mU/mL U/mL U/mL U/mL U/mL U/mL
Unfermented (T0) 0.77£024a 11338+2.78a 6.63+£0.02a 490+042a 6.43+0.12a  139.10+2.25
a
Acetobacter tropicalis 1.10£0.0l1a 157.92+8.24b 10.69+0.75b 5.02+0.65a 13.76 £ 0.14b 135.75+5.09
G25b a
Lactiplantibacillus plantarum 1.85+0.14b 149.56+8.78b 11.56+0.68 b 1.03+0.50 b 14.80+£0.65b 126.08+1.69
C180-34 a
Candida boidinii 0.87+0.03a 123.23+2.78  12.09+0.57b 1.25+0.23b 12.68+£0.28 b 136.53+4.92
A5y a,b a
Saccharomyces cerevisiae En SC 2.01+0.02b 68.65+442c 6.63+0.02a 4.56+0.58 a 10.97+0.68 b 87.66+3.49
b

Data are expressed as mean = standard deviation (n=3). Data are expressed as mean + standard deviation (n=3). Different letters within each
column indicate difference in polyphenol concentrations between the samples (p <0.05) as determined by one-way ANOVA followed by Dunn’s

multiple comparisons post-test

xylan-degrading enzymes, and esterase, which break down
plant cell walls or starch and depolymerize polysaccharides
(Hur et al. 2014).

In comparison with the untreated samples (unfermented
TO, Tables 3 and 4), in yellow and red onion skins inocu-
lated with the selected microbial strains, specific enzyme
profiles were obtained (Tables 4 and 5). The reported
enzyme activities are the sum of the two components within
each sample, those deriving from the onion skins tissues
and those produced by the microorganisms. A significant
increase (p <0.05) of endo-xylanase activities was detected
in all fermented red onion skins samples, whereas the yel-
low ones showed increased a-amylase activities (p <0.05).
Interestingly, the red and yellow onion skins samples inoc-
ulated with the same Acetobacter tropicalis G25b strain
showed also an increase in lipase and endo-cellulase activi-
ties (about 1.4 and 1.6-fold, p<0.05). The inoculation of
Lactiplantibacillus plantarum strains was associated to an
increased esterase (1.6-2.4 fold, p<0.05) and lipase (1.3—
1.6 fold, p<0.05) activities in both fermentations, while in
presence of L. plantarum TB 11-32 and of L. plantarum
C 180—34 strains increased protease and endo-cellulase

@ Springer

(1.7 fold, p<0.05) activities were registered, respectively.
Finally, a significant improvement in esterase activities
was measured in presence of the yeast Zygosaccharomyces
mrakii CL 30 — 29 strain in red (1.6 fold, p < 0.05) and of the
Saccharomyces cerevisiae En SC strain in yellow onion (2.6
fold, p <0.05) skins.

Higher enzyme activities in fermented onion skins can be
considered as a good indicator of microbial starters active
metabolism performed during fermentation of a source dif-
ferent from their original habitat. Indeed, the enzymatic
profile expressed in terms of lipase, protease, a-amylase,
esterase, endo-cellulase and endo-xylanase activities have
been studied in other fermented food products inoculated
with selected bacterial and yeast starters (Jolly et al. 2014;
Maiorano et al. 2022; Ramires et al. 2022). In addition, these
activities were already correlated with the release of bioac-
tive compounds, mainly polyphenols, and with the antioxi-
dant activity, in various plant-based foods (Hur et al. 2014).

Polyphenols characterization of fermented onion skins

The qualitative and quantitative characterization of the
bioactive compounds mainly polyphenols, identified after
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microbial pretreatments, was performed by following Folin-
Ciocalteu Assay and HPLC-DAD analysis.

After 10 days of fermentation, a significant increase of
total phenol content was observed in the red onion skins
fermented samples compared to the unfermented control
(TO). In particular, the highest content of total polyphenols
was present in the sample inoculated with L. plantarum
TB-11-32 strain (Lp_30), reaching 90.96 +3.74 mg GAE/g
DW (p <0.05) (Table 6), although no significant differences
were observed among all the fermented samples.

Regarding the yellow onion skins, the fermentation pro-
cess leaded to an increase of the total polyphenol content in
all considered samples and in a range moving from 26.9 to
34.5%, expecially for the sample inoculated with S. cerevi-
siae En SC strain (Sc_71), that showed the highest content
(34.24+0.36 mg GAE/g DW, p<0.05) (Table 6). As was
reported for rye bran, brown algae, mulberry, blueberry,
yeasts have demonstrated a great potential for the bioactive
compounds release; other study demonstrated an increase of
total phenolics contents after fermentation by Saccharomy-
ces spp. strains (Hur et al. 2014).

Both the red and yellow onion skins extracts have been
also characterized for their polyphenol profile by HPLC-
DAD analysis.

In the red onion skins, the main polyphenols identified in
all the fermented samples belonged to the classes of flavo-
noids, phenolic acids and anthocyanins (Fig. 3). In particu-
lar, the quercetin aglycone was the most abundant, followed
by the glycosidic forms of quercetin that for their low rela-
tive abundance have been quantified as quercetin glycosides
(Fig. 3).

Several research investigation reported the quercetin gly-
cosides conjugated have showed lower antioxidant activity
than that quercetin aglycone (Manach et al. 1998). The bio-
availability is also affected by the sugary moiety, showing
a lower absorption of glycosydes forms respect the agly-
cone ones (Yang et al. 2012). Hence, the microbial conver-
sion of quercetin glucoside into quercetin aglycone could

be a promising strategy to enhance the bioactivity of onion
polyphenols. Other identified polyphenols were the dihy-
droflavonol taxifolin and protocatechuic acid present both
for almost 10% of total polyphenols identified, and already
identified in onion cultivars (Cattivelli et al. 2023). Recent
scientific evidences have reported that the taxifolin rich food
can influence brain function also reducing stress (Shinozaki
et al. 2023). The anthocyanins (cyanidine derivatives) were
about 5% of the total polyphenols identified and they did
not undergo variations probably due to the acidic environ-
ment of fermented products. Notewhortly to underline the
significant differences among the identified polyphenols in
the fermented samples in comparison with the unfermented
control (T0). In particular, in the samples 57 (fermented by
yeast Z. mrakii CL 30 —29) the quercetin aglycone increase
of about 25% (significant difference p < 0.05) with a simul-
taneous reduction of glycosides quercetins, probably due
to the selective deglycosylation reaction occurred on the
glycosylic moiety of quercetin glycoside, as reported for S.
cerevisiae in onion, by Chung et al. (2011) (Fig. 3).

Taxifolin, protocatechuic acid and glycosylated and
aglycone quercetins have been identified also in fermented
yellow onion skins by HPLC-DAD analysis (Fig. 4). The
results showed that the microbial treatment modify signifi-
cantly the relative abundance of the identified polyphenols
(significant difference p<0.05) compared to the unfer-
mented sample (TO).

In particular, the fermented sample with A. tropicalis
G25b (code 14) showed the higher amount of taxifolin and
protocatechuic acid (4.54 and 7.82 mg/gDW, respectively)
(p<0.05); instead, the sample fermented with L. plantarum
C 180—34 (code 28), underlined the greater increase of
quercetin aglycone of about 60% (p < 0.05) compared to the
unfermented control.

The reported effect, already highlighted in the red onion
skins, can be attributed to lactic acid bacteria (LAB) that
can survive to the high polyphenols amount also modifi-
cating, by action of a wide enzymatic activities and of the

Table 6 Total polyphenols Red onion skins

Yellow onion skins

content expressed as mg of gallic
acid equivalents (GAE) per gram
of dry sample (DW) in red and
yellow onion skins after 10 days
fermentation and unfermented
(T0)

Data are expressed as

mean + standard deviation (n=3)

Microbial strain

Acetobacter tropicalis G25b

11-32

Different letters within each
column indicate difference

in polyphenol concentrations
between the samples (p <0.05)
as determined by one-way

ANOVA followed by Fisher’s
Unfermented

Lactiplantibacillus plantarum TB

Metschnikowia pulcherrima 2047

Zygosaccaromyces mrakii CL30—29 57

Refer- mg GAE/g Microbial Refer- mg GAE/g

ence DW strain ence DW

code code

14 86.64+3.38a Acetobacter 14 32.30+0.46¢
tropicalis G25b

30 90.96+3.74a Lactiplantibacil- 28 33.08+0.75b
lus plantarum C
180-34

45 87.54+4.20a Candida boidi- 33 33.85+0.61a
nii ASy

86.30+4.94a Saccharomyces 71 34.24+0.36a

cerevisiae En
SC

TO 81.11+£3.39b Unfermented TO 25.46+0.25d

post hoc test
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Fig. 3 Polyphenols characterization and quantification (mg/g DW) as mean =+ standard deviation (n=3). Different letters above the col-

of red onion skins extracts by HPLC-DAD analysis. 14: Acetobacter
tropicalis G25b; 30: Lactiplantibacillus plantarum TB 11-32; 45:
Metschnikowia pulcherrima 2047, 57: Zygosaccharomyces mrakii CL
30—29; TO: unfermented onion skins as control. Data are represented
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Fig. 4 Polyphenolic characterization and quantification (mg/g DW)
in yellow onion skins extracts by HPLC-DAD analysis. 14: Aceto-
bacter tropicalis G25b; 28: Lactiplantibacillus plantarum C 180 — 34,
33: Candida boidinii ASy; T1: Saccharomyces cerevisiae En SC;
TO: unfermented onion skins as control. Data are represented as
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pH, the complex phenolics structure increasing the amount
of single compound, also enhancing the health promoting
effects of fermented food (Khubber et al. 2022; Kimoto-
Nira et al. 2020; Tsangalis et al. 2002). In addition, in the
same sample, the protocatechuic acid underwent to a strong
degradation probably for the specific microbial metabolism
of the selected strain L. plantarum C 180 —34 (Othman et
al. 2009).

Principal component analysis

Principal component analysis was used to apply an unsuper-
vised approach for analyzing the existing relationship among
the chemical, physical and biochemical datasets produced
during the study and the tested samples of unfermented and
fermented red and yellow onion skins. A total variance of
73.54% was observed for red onion skins (Fig. 5).

The two planes made using the first two principal com-
ponents (PCs) showed clustering of the red onion skins
samples into three groups. One group, consisting of samples
treated with the bacterial strain L. plantarum TB 11-32
(Lp_30), with the 4. tropicalis G25b (At_14), and with the
yeast strain M. pulcherrima 2047 (Mp_45), were closely
associated to the parameters total phenolic content (TPC),
taxifolin and protocatechuic acid, and, lipase, cellulase and
protease activities.

The second group consisted of the sample treated with Z.
mrakii CL 30—29 (Zm_57) located in the opposite portion

Fig.5 Score scatter plot of PCA

model performed on parameters

associated with all red onion skin

fermented samples. PCA vari-

ables were the data obtained from 2
the analysis of values of chemical
composition, nutritional traits,

enzyme-associated activities. 3
At_14: Acetobacter tropicalis %
G25b; Lp_30: Lactiplantibacillus 8 .Zm_57
plantarum TB 11-32; Mp_45: ~ 0
Metschnikowia pulcherrima §
2047, Zm_57: Zygosaccharomy- s
ces mrakii CL 30—29; T0: unfer- &
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2
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-4
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quercetin aglycone

of the plane (and mainly associated to pH, quercetin agly-
cone, esterase and xylanase activities). The untreated sam-
ple (TO) was located on the negative semi-axis of the first
component, discriminating it from all the other treatments.

Concerning yellow onion skins, a total variance of
71.91% was reported (Fig. 6) and also in this case, three
groups were identified.

The samples treated with the inoculated bacterial and
yeast strains were clearly separated by the untreated one
(TO). The samples treated with yeast strain C. boidinii ASy
(Cb_33) and the bacterial strains L. plantarum C 180 —34
(Lp_28) and A. tropicalis G25b (At _14) grouped together
and were characterized by quercetin aglycone, taxifolin, pH,
lipase, cellulase and a-amylase activities. The second group
represented by S. cerevisiae En SC (Sc_71) treated sample
was mainly associated to TPC and esterase activity.

The choice of microorganism to be used in the fermen-
tation process depends on the desired end products and/
or final applications of the treated samples. However, this
study suggests that mostly the release yields of bioactive
compounds (i.e. polyphenols) and the production of micro-
bial enzymes of biotechnological interest, can be improved
with a suitable choice of microorganism to re-use the
byproduct onion skins. Additionally, the preliminary evi-
dences can open the opportunity to further study the pos-
sible correlation of microbial hydrolytic enzyme activities
(such as a-amylase, cellulase, etc.) to the TPC and then in
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Fig. 6 Score scatter plot of PCA -1,0
model performed on parameters 2
associated with all yellow onion
skin fermented samples. PCA
variables were the data obtained
from the analysis of values of
chemical composition, nutritional
traits, enzyme-associated activi-
ties. At_14: Acetobacter tropi-
calis G25b; Lp_28: Lactiplanti-
bacillus plantarum C 180 — 34;
Cb_33: Candida boidinii ASy;
Sc_71: Saccharomyces cerevisiae
En SC; TO: unfermented onion
skins as control

Principal Component 2 (24.46%)

the release of phenolic, as already demonstrated by Chen et
al. (2020) for oat.

Conclusions

In the present work, a new procedure for screening micro-
bial biodiversity able to improve the recovery of bioactive
compounds and the production of enzymes of biotechno-
logical interest from the lignocellulosic material onion skins
was developed. The fermentation was performed using dif-
ferent bacterial (Lactiplantibacillus and Acetobacter spp.)
and yeast (Saccharomyces, Metschnikowia and Candida
spp.) strains. The resulting products exhibited different lev-
els of polyphenols and enzymatic activities. In fermented
yellow onion skins, the release of total phenolic compounds
was remarkable, as it was increased of about 26.9-34.5%
in comparison with the untreated sample. The treatments
of yellow onion skins with L. plantarum C 180—34 and
S. cerevisae En SC were the most promising processes in
terms of recovery of quercetin aglycone as well as of associ-
ated interesting enzymes activities. A weaker effect, but still
significant, was observed for red onion skin sample treated
with L. plantarum TB 11-32 (>11% TPC than untreated
sample). However, the treatment with the yeast strain Zygo-
saccharomyces mrakii CL 30 —29 enhanced the quercetin
aglycone content of about 25% of the initial raw material.

@ Springer
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By this way, the microbial pre-treatment driven by
selected bacterial and yeast strains here developed can be
considered as a new method, alternative to the broadly rec-
ognized traditional physical and chemical approaches, for
enhancing the extraction of polyphenols from onion skins
feedstock by a sustainable and low-cost route. The peculiar
microbial metabolic activities were also able to significantly
enrich the recovery of quercetin aglycone, which is a com-
pound greatly requested for its high antioxidant activity.
The here set-up bio-process combination with other tech-
nologies and scale-up optimization could further enhance
bioactive compounds yield and bioactivity.
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