Pre prints.org

Article Not peer-reviewed version

Innovative Culture Media Designed with
High-Mountain Tuber Peel Extracts
Improve Selectively the Development
and Detoxi-Fying Capacity of
Lactobacilli Strains

Cecilia Hebe Orphée , Maria Inés Mercado , Fernando Eloy Argafiaraz Martinez , Mario Eduardo Arena,

Elena Cartagena i
Posted Date: 12 August 2025
doi: 10.20944/preprints202508.0834 v1

Keywords: tuber peels sustainable utilization; innovative natural product-based culture media; pathogenic
and non-pathogenic bacteria; Lacticaseibacillus paracasei CO1 genetic characterization; bio-detoxification
capacity

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/1488917
https://sciprofiles.com/profile/3437887
https://sciprofiles.com/profile/1560109
https://sciprofiles.com/profile/3089446

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 August 2025 d0i:10.20944/preprints202508.0834.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Innovative Culture Media Designed with High-
Mountain Tuber Peel Extracts Improve Selectively
the Development and Detoxi-Fying Capacity of
Lactobacilli Strains

Cecilia Hebe Orphée !, Maria Inés Mercado 2 Fernando Eloy Argafiaraz Martinez ?,
Mario Eduardo Arena '? and Elena Cartagena 2*

! Facultad de Bioquimica, Quimica y Farmacia, Universidad Nacional de Tucuman (UNT), Ayacucho 471, CP
4000, Tucuman, Argentina

2 Instituto de Morfologia Vegetal, Area Botanica, Fundacién Miguel Lillo, Miguel Lillo 251, San Miguel de
Tucuman, Tucuman T4000JFE, Argentina

* Correspondence: elena.cartagena@fbqf.unt.edu.ar

Abstract

The study provides valuable insights into the sustainable utilization of edible tuber peels from
high-mountain regions, which constitute promising reserves of bioactive phenolic compounds with
the potential to enhance the biotechnological properties of lactic acid bacteria. Thirty-two extracts
derived from peels of different varieties of tubers, such as Oxalis tuberosa Mol. (Oxalidaceae), Ullucus
tuberosus Caldas (Basellaceae) and Solanum tuberosum L. subsp. andigena (Solanaceae) from the
Argentinian Puna were incorporated into lactobacilli cultures and individually evaluated. These
selectively enhance the development of the probiotic strain Lactiplantibacillus plantarum ATCC 10241
and of Lacticaseibacillus paracasei CO1 from ovine origin, without promoting the growth of pathogenic
bacteria when small amounts of each extract are incorporated into the culture media. To determine
the main compounds concentrated in the phytoextracts, a bio-guided study was conducted. The most
significant results were obtained by O. tuberosa phytochemicals added to the culture medium,
yielding promising increases in biofilm formation and biosurfactant activity. These adaptive
strategies developed by bacteria possess key biotechnological significance. Furthermore, the bio-
detoxification capacity of mutagenic substances, particularly of the novel strain CO1, along with its
mode of action and genetic identification are reported for the first time. In conclusion, lactobacilli
strains have potential as fermentation starters, and natural product-based culture media contribute
to multiple bacterial biotechnological applications in both health and the environment.

Keywords: tuber peels sustainable utilization; innovative natural product-based culture media;
pathogenic and non-pathogenic bacteria; Lacticaseibacillus paracasei CO1 genetic characterization;
bio-detoxification capacity

1. Introduction

Lactic acid bacteria (LAB) have a long history of application in fermented foods due to their
beneficial influence on nutritional, organoleptic, and shelf-life characteristics. Lactic acid
fermentation is one of the most extensively investigated processes because of the significant
application potential of lactic acid bacteria biomass in the food, chemical, and pharmaceutical
industries. LAB have traditionally been the main probiotics used in food processing as starter
cultures, pharmaceuticals, and biological control agents. More recently, the enormous relevance
currently attributed to the beneficial intestinal microbiome for human health has led to increased
interest in lactic acid bacteria.The nutraceutical industry is actively promoting the use of Lactobacillus

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0834.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 August 2025 d0i:10.20944/preprints202508.0834.v1

2 of 16

in food as probiotics [1-3]. Nutraceuticals are substances that provide medical or health-promoting
benefits, including the prevention and treatment of diseases, such as food supplements, herbal
products, probiotics, and prebiotics, which are now of great importance to boththe pharmaceutical
and food industries [4,5].

Native Andean tubers 'Andean treasures' play a crucial role in the nutrition and economy of
farmers in the Puna region of Argentina. Since ancient times, they have been used for nutritional and
medicinal purposes. Andean tubers grow at high altitudes under challenging conditions of drought,
freezing temperatures, and UV exposure, holding potential for exportation and further research in
terms of adaptation and use in other regions of the world. They are drought-resistant and adaptable
to various agro-climatic conditions [6]. Many of them are categorized as neglected and underutilized
species despite offering high vitamin, micronutrient, starch content, dietary fibres, and antioxidants
associated with medicinal properties and health benefits [7]. Moreover, S. tuberosum peels exhibit
healing properties for wounds and burns [8,9].

Andean potatoes possess high antioxidant and antimicrobial potential for effective nutraceutical
formulations, owing to the presence of antioxidant polyphenols, including chlorogenic acid,
caffeoylquinic acid and its derivatives, flavonoids, flavonones, anthocyanins, and coumarins, among
others. Oca potatoes, mashua, ulluco, and other high-mountain tubers constitute natural sources of
antioxidants, establishing their value as functional foods. Many of their constituents can neutralize
free radicals, which are important in the fight against cancer, cardiovascular, and neurovascular
diseases. They also exhibit antibacterial, antiviral, anti-inflammatory, antimutagenic,
anticarcinogenic, antihyperglycemic, antiallergic, antithrombotic, and vasodilatory properties
[7,10,11]. Additionally, potato peels represent a significant agro-industrial byproduct with notable
potential for valorization due to their rich composition of bioactive compounds [12].

In this study, we address the design of innovative Lactobacillus culture media based on natural
products to improve the biotechnological properties of bacteria. Chemical and spectroscopic
characterization of the phytochemicals obtained from peels of different varieties of edible tubers from
the Argentinian Puna, such as Oxalis tuberosa Mol. (Oxalidaceae), Ullucus tuberosus Caldas
(Basellaceae) and Solanum tuberosum L. subsp. andigena (Solanaceae) were individually evaluated.

This research provides insights into the sustainable utilisation of these peels as a natural source
of selective promoters of a probiotic Lactiplantibacillus plantarum strain and of an environmental
isolate of Lacticaseibacillus paracasei CO1 from ovine origin. These phytoextracts, added in small
amounts into culture media, do not stimulate the development of the tested pathogenic bacteria. In
addition, the bio-detoxifying power and genetic identification of the novel indigenous strain CO1 as
well as its technological capacities were also determined for the first time.

2. Materials and Methods

2.1. Natural Product Source

Tubers were collected in the high mountain plateau of the Puna desert (2500-4000 m) and
obtained in the Feria Nacional de la Papa Andina (Alfarcito, Salta, Argentina). Species were identified
and classified by Dr Maria Inés Mercado (Foundation Miguel Lillo) in collaboration with Dr Andrea
Clausen and Dr Ariana Digilio of the Banco Activo de Germoplasma EEA-INTA-Balcarce, Argentina.

The selected species were identified by their morphological characteristics as Oxalis tuberosa Mol.
var. oca rosa and var. oca blanca, Ullucus tuberosus Caldas, and five varieties of Solanum tuberosum L.
subsp. andigena var. miskila azul or negra, var. miskila colorada, var. chila, var. cuarentona and var. castilla
blanca.

2.1.1. Natural Product Extraction

Thirty-two dried extracts were prepared from peels of O. tuberosa (var. oca rosa and oca blanca),
U. tuberosus, and S. tuberosum L. subsp. andigena (var. miskila azul or negra, miskila colorada,
cuarentona, chila, and castilla blanca).
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Full ethanol extract obtained by maceration method using 96% ethanol solvent (EE), and
aqueous extract obtained by infusion at 50 °C during 30 min (AE), and their sub-extracts obtained by
partition of AE with ethyl acetate (EAS) and ethanol (ES) were prepared from each sample. Then, the
solvent was removed using a rotary evaporator, and the extraction yields were calculated and listed
in Table 1.

2.2. Bacterial Strains

2.2.1. Probiotic and Environmental Bacteria

A food origin-probiotic bacterium, Lactiplantibacillus plantarum ATCC 10241 [13], and a wild
isolate of Lacticaseibacillus paracasei CO1 found in the soil and healthy sheep stool from a farm were
employed for the bioassays. The culture media employed were PTYg (15 g/ L peptone, 10 g/ L
triptone, 10 g/ L yeast extract, and 5 g/ L glucose, pH 6.0 + 0.1), and PTYg modified by the addition
of natural products in concentrations of 25-100 ug/mL (pH 6.0 £ 0.2). Stock cultures were preserved
in appropriate PTYg broth containing 20% glycerol (v/v) (=80 °C).

2.2.2. Pathogenic Bacteria

Gram-negative bacteria included Escherichia coli ATCC 35218, E. coli O157:H12, and Salmonella
enterica serovar typhimurium ATCC 14028. While indigenous pathogenic isolates of S. corvalis (SF2)
and S. cerro (SF16), provided by Dr Maria Angela Jure (Professor at Catedra de Bacteriologia, Facultad
de Bioquimica, Quimica y Farmacia, Universidad Nacional de Tucuman, Argentina), were also
employed. All bacteria were biofilm-forming strains.

2.3. Genotypic Characterization of Novel Isolate

The wild isolate's entire genomic DNA was extracted using a PrestoTM Mini gDNA Bacteria Kit
Quick Protocol from Geneaid in accordance with the instructions. Two primers were used to amplify
the 16s rDNA, one of them was 27F (5'-GTGCTGCAGAGAGTTTGATCCTGGCTCAG-3') and the
other was 1492R (5'-CACGGATCCTACGGGTACCTTGTTACGACTT-3") [14]. The thermocycler
from My Cycler (Bio-Rad Laboratories) was utilized to conduct the polymerase chain reaction. For
the PCR mixture, 1.5 mmol/L MgCl 2.5 uL 10x reaction buffer, 100 umol/L dNTPs, 0.5 pmol/L of each
primer, 4 mL bacterial DNA, and 1.5 U Taq polymerase (Invitrogen). An initial denaturation at 94 °C
for 5 min, followed by 30 cycles of denaturation at 94 °C for 1 min, hybridization at 52 °C for 2 min,
and extension at 72 °C for 2 min with a final extension step at 72 °C for 7 min was performed.
Amplification products were separated by electrophoresis (80 v) on a 0.8% (w/v) agarose gel stained
with SYBR Gel DNA Safe Stain (Invitrogen) in 1x TAE buffer (40 mmol/L Tris-acetate, 1 mmol/L
EDTA, pH 8).

MACROGEN Inc. (Korea) sequenced the PCR products after purifying them with the PCR
Purification AccuPrep Kit (Bioneer, USA). 16S rRNA gene sequences were edited using Chromas Pro
software (version 1.5, Technelysium Pty. Ltd., 2003-2009) and analyzed with DNAMAN software
(version 2.6, Lynnon-Biosoft).

To determine sequence homologies, they were compared the obtained sequences with those
from the GenBank/EMBL/DDB] database using BLAST software
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) and determined which is the closest relative.

To determine sequence homologies, these were compared to the obtained sequences with those
from the GenBank/EMBL/DDB] database using BLAST software
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) and determined which is the closest relative.

The 16S ribosomal DNA sequences of the isolated strains were deposited in the GenBank.

2.4. Bacterial Growth
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In a microtiter polystyrene plate with 96 wells, the diluted overnight culture (105 CFU/mL) was
added to each one of the wells.

Extracts of plant species (EE, AE, EAS, ES) were assayed (n=6) at 25, 50 and 100 pg/mL, dissolved
in DMSO-H20 50:50. Control cultures contained the diluted culture (180 uL) and 20 uL of the solution
of DMSO-H:0.

The bacterial cells were exposed to a maximum of 0.25% DMSO and were cultured in liquid
medium at 37 °C. Bacterial growth was measured as absorbance at 600 nm using a microplate reader
(Power Wave XS2, Biotek, VT, USA).

2.5. Biofilm Biomass Quantification

Crystal violet-based assay was used to quantify the development of biofilm on a polystyrene
microplate, which was based on a protocol published [15] with some adaptations for the performed
micro-method.

The removal of crystal violet binding to biofilm from each well was done using 200 puL of 96%
ethanol for 15 min at 37 °C with shaking for a total of 15 min.

A microtiter plate reader (Power Wave XS2, Biotek, Vermont, USA) was used to determine the
absorbance (560 nm) of ethanol solutions

The results of this bioassay, expressed as a percentage, were calculated using the following
formula:

Biofilm formation (%) = As / Ao x 100, where Ao is the absorbance of the control, and As is the
absorbance of each sample.

2.5.1. Specific Biofilm Index Determination

The specific biofilm index [16], which expresses the amount of biofilm that each bacterium forms,
was determined as the relationship between the formed biofilm (measured at 560 nm, in our case)
and the bacterial growth (measured at 600 nm) after 24 h of incubation, according to the following
formula:

Specific biofilm index = Aseo nm/Aso0 nm, where A is the absorbance measurement.

2.6. Surfactant Activity

The oil dispersion test is a rapid and sensitive method for detecting surface active substances.
Thus, it is a useful tool for discovering the LAB surfactant activities. After 24 h of incubation, the
bacterial cells were removed by centrifugation (3500 rpm, 15 min at 4 °C, 2193 x g), and the
supernatants were filtered through a 0.22 um pore size filter to obtain cell-free supernatants. For the
assay, 20 uL of mineral oil was placed in a crystallizer of 250 mm in diameter, containing deionized
water (100 mL), over millimeter paper according to the protocol developed by Cartagena et al. (2021)
[17]. Then, 10 pL of each cell-free supernatant was placed in the center of the oil film. If a surfactant
is present, the oil is displaced, and a clearing zone is formed. The diameter of this clearing zone on
the surface of the oil correlates with the biosurfactant content and its activity [17-19]. The clear halos
(mm) visualized under visible light were measured fivefold compared to the control. Polysorbate 80
(Tween 80, Merck, Darmstadt, Germany) was used as a reference standard. The PTYg and modified
PTYg media (both without bacteria) showed no activity.

2.7. Chemical and Spectrochemical Analysis

Qualitative reactions with ferric chloride solution (1%) and aluminium chloride solution (5%)
were preliminary implemented to characterize phenolic and flavonoid compounds [20] in the
phytoextracts selected from a bio-guided study. These reactions are often used in organic chemistry
to identify the phenolic functional group. UV spectroscopy analysis was also carried out. This
technique allows the detection of conjugated double bonds, aromatic compounds and a,p-
unsaturated carbonyls, according to the absorption maxima [21]. UV spectra were obtained using a
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Shimadzu UV-Vis 160 A spectrometer (Shimadzu, USA). Extracts were dissolved in EtOH
(spectroscopic grade, Sigma-Aldrich, Argentina) and placed in quartz cuvettes for UV measurements.

2.8. Lactobacilli Fermentation into Modified Media

LAB were statically grown in 10 mL of PTYg supplemented with a solution of phenol at 100
pug/mL (pH 6.0 £ 0.2) for 7 days at 37 + 1 °C in borosilicate glass tubes (10 mL) in duplicate. In the
same way, o-phenyl phenol (OPP) was incorporated to the L. paracasei CO1 culture medium (PTYg)
modified by adding EAS of O. tuberosa var. oca rosa (25 pg/mL, pH 6.0 + 0.1), which was selected for
its bioactivity and also evaluated. The inoculum was adjusted to 106 CFU/mL. Control experiments
(without the addition of phenolic compounds or O. tuberosa EAS) were also performed.

2.9. Specific Enzyme Inhibition

The enzymatic activity of phenol oxidases in the L. paracasei CO1 culture was investigated with
the oxidase test (Merck, Darmstadt, Germany) and corroborated by the addition of phenol solutions
in concentrations ranged from 5-50 pg/mL, and combinations with dithiothreitol and ascorbic acid
(as reducing agents) that were individually incorporated into the cultures in order to determine the
enzyme inhibition [17,22].

2.10. Electron Microscopy

To determine the cell morphology of L. paracasei, the Scanning Electron Microscopy (SEM) was
employed. Phenol was chosen as a representative mutagenic substance [23] for the treatment. The
samples (T and C) were fixed in Karnovsky's solution (formaldehyde 2.66%, glutaraldehyde 1.66%,
and phosphate buffer 0.1 M, pH 7.4) and incubated overnight at 4 °C for morphological and
ultrastructural studies. The fixed samples were washed and dehydrated by routine technique. ZEISS
Crossbeam 340 (Carl ZEISS NTS, Oberkochen, Germany) field emission scanning electron microscope
was used to examine the samples previously coated with gold.

2.11. TLC and GC-MS Analysis

From cultures modified with a solution of O. tuberosa EAS (25 pg/mL) after seven days of
incubation, the added mutagenic compounds (PhOH and OPP, separately) were extracted and
analyzed by thin layer chromatography (TLC), using SiO. plates (GF254, Merck, Darmstadt,
Germany), CHCl3:CH;COOCHs (92.5:7.5%), as mobile phase, and UV radiation to detect
chromophores (such as phenols). Finally, an analysis by gas chromatography-mass spectrometry
(GC-MS) was performed.

A Thermo Scientific TSQ 9000 triple quadrupole GC-MS/MS system (Thermo Scientific,
Waltham, MA, USA) equipped with a DB-5 capillary column (5% phenyl-methylpolysiloxane, film
thickness, 0.25 pm, inner diameter, 0.25 mm) was employed. The initial temperature of the column
was 60 °C for 3 min. A temperature program was applied, ranging from 60 °C to 300 °C at a rate of
10 °C/min, followed by a final hold at 300 °C for 5 min. Carrier gas was helium (flow 1 mL/min). The
main volatile constituents were determined by comparing their mass spectra with those of the
WILEY/NIST mass spectral database (National Institute of Standards and Technology, Gaithersburg,
MD, USA) and with authentic standards.

3. Results and Discussion

3.1. Identification of a Novel Lacticaseibacillus Paracasei Strain

Based on the 16S rRNA gene sequence of the isolated strain, the comparative analysis using
different databases (BLAST, NCBI, and RDP) allowed the identification of a species with a high
identity score. This sequence was deposited in GenBank, making it publicly available for further
research.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The isolated strain Lacticaseibacillus paracasei was lyophilized and incorporated into the
LIVAPRA strain collection with the CO1-LVP105 code (Access number GenBank: PV763827.1).

3.1.1. Origin

1 agtcgaacga gttctcgttg atgatcggtg cttgcaccga gattcaacat ggaacgagtg

61 gcggacgget gagtaacacg tgggtaacct geccttaagt gggeggataac atttggaaac
121 agatgctaat accgcataga tccaagaacc gecagggttct tggctgaaag atggegtaag
181 ctatcgcttt tggatggace cgeggegtat tagctagttg gtgaggtaat ggetcaccaa
241 ggcgatgata cgtagcccaa ctgagaggtt gatcggecac attgggactg agacacggec
301 caaactccta cgggaggcag cagtagggaa tcttccacaa tggacgcaag tctgatggag
361 caacgccgeg tgagtgaaga aggctttcgg gtegtaaaac tetgttgttg gagaagaatg
421 gtcggcagag taactgttgt cggegtgacg gtatccaacc agaaagccac ggetaactac
481 gtgccagcag ccgeggtaat acgtaggtge caagegttat ccggatttat tgggegtaaa
541 gcgagcegeag geggtttttt aagtctgatg tgaaageect cggettaacc gaggaagege
601 atcggaaact gggaaacttg agtgcagaag aggacagtgg aactccatgt gtageggtga
661 aatgcgtaga tatatggaag aacaccagtg gcgaaggegg ctgtctggte tgtaactgac
721 gctgaggctc gaaagcatgg gtagcgaaca ggattagata ccctggtagt ccatgecgta
781 aacgatgaat gctaggtgtt ggagggtttc cgeccttcag tgecgeagcet aacgcattaa
841 gcattccgec tggggagtac gaccgcaagg ttgaaactca aaggaattga cgggggceccg
901 cacaagcggt ggagcatgtg gtttaattcg aagcaacgceg aagaacctta ccaggtcttg
961 acatcttttg atcacctgag agatcaggtt tccecttcgg gggcaaaatg acaggtggte
1021 catggttgtc gtcagctcgt gtcgtgagat gttgggttaa gtcccgeaac gagegceaacc
1081 cttatgacta gttgccagca tttagttggg cactctagta agactgecgg tgacaaaccg
1141 gaggaaggtg gggatgacgt caaatcatca tgecccttat gacctgggct acacacgtge
1201 tacaatggat ggtacaacga gttgcgagac cgcgaggtca agctaatctc ttaaagcecat
1261 tctcagttcg gactgtaggc tgcaactcge ctacacgaag tcggaatcge tagtaatcge
1321 ggatcagcac gecgeggtga atacgttcee gggecttgta cacaccgece gtcacaccat
1381 gagagtttgt aacacccgaa gecggtggegt

3.2. Effects of Tuber Peel Extracts Added into Culture Media on the Non-pathogenic Bacteria Development

3.2.1. Food Origin-Probiotic Lactiplantibacillus Plantarum ATCC 10241

In our study, all natural products derived from Andean tuber peels were unable to inhibit
planktonic growth and biofilms of the food-derived probiotic Lp. plantarum ATCC 10241, when they
were added to the culture medium. Conversely, the oca rosa EAS (50 pg/mL) addition stimulated
biofilm formation by 75.94% after 24 h of incubation (Figure 1A); while S. tuberosum subsp. andigena
var. chila extracts, ES (100 pg/mL) and EE (50 pg/mL), did it in a 69.31% and 50.22%, respectively. In
the case of ES from the variety blanca, the biofilm increment was 61.22% at the highest concentration
of 100 pg/mL. Likewise, the best growth promoting effects were determined with AE (100 pg/mL)
and ES (25 pg/mL) of oca blanca with increases of 59.94% and 54.16%, respectively (Figure S1B-H,
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https://doi.org/10.20944/preprints202508.0834.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 August 2025 d0i:10.20944/preprints202508.0834.v1

7 of 16

supplementary material).
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Figure 1. A. Effects of O. tuberosa var. oca rosa on the Lactiplantibacillus plantarum ATCC 10241 cultures. EAS:
Ethyl acetate sub-extract. AE: Aqueous extract. ES: Ethanol sub-extract. EE: Ethanol extract. All experiments (n=

6) showed significant differences with respect to control (p < 0.05), except for bars with asterisks.

3.2.2. Lacticaseibacillus Paracasei CO1

In line with the results obtained in our study of the Lp. plantarum ATCC 10241 strain, many
extracts demonstrated potential as L. paracasei CO1 growth and biofilm promoters (p < 0.05). The
highest levels of biofilm stimulation were determined when the oca rosa natural products, EAS at 50
pg/mL (43%) and AE at 25 pug/mL (39%) were added into the culture media (Figure 2A). The aqueous
extract of U. tuberosus (50 pg/mL) also increased biofilm biomass reaching 36.19%. At the maximum
concentration of 100 pg/mL, EE and AE of miskila colorada stimulated 62.27% and 51.52%,
respectively. Finally, increases of 40.52% and 38.59% with EE of cuarentona and ES of chila were
observed at 100 pug/mL (Figure S2B-H, supplementary material).

Regarding the growth promotion of this strain, AE, EE, EAS (50 pg/mL), and ES (25 pug/mL) from
the oca blanca peels strongly increased bacterial growth (60.86%, 54.72%, 54.39%, and 54.97%,
respectively); while the miskila negra EAS (25 ug/mL) produced a growth augmentation of 46.10%
(Figure S2B-H).

It is important to note that the Andean tubers" extracts did not exert inhibitory effects on the
LAB bacteria. Only oca rosa and chila phytochemicals at the highest concentration (100 pg/mL) weakly
reduced the L. paracasei CO1 growth (up to 17%) with respect to the unmodified control culture (p <
0.05). In comparison, significant reductions in biofilm formation (= 50%) were only produced by chila
ES (66.72%) and miskila colorada AE (50%) in concentrations of 25 pig/mL, as shown in Figure S2B-H
(supplementary material). However, these latter phytoextracts at 100 pug/mL increased biofilm
biomass by 38.59%, and 51.52% (respectively) due to a likely dose-dependent stress effect, as
previously reported for other natural products [22].
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Figure 2. A. Effects of O. tuberosa var. oca rosa on the Lacticaseibacillus paracasei CO1 cultures. EAS: Ethyl acetate
sub-extract. AE: Aqueous extract. ES: Ethanol sub-extract. EE: Ethanol extract. All experiments (n= 6) showed

significant differences with respect to control (p < 0.05), except for bars with asterisks.

Overall, phytochemicals concentrated in EAS, AE, and EE were the most potent at certain
concentrations. According to Table 1, they represent a good source of flavonoids, ferulic acid, and
coumarins, as is well known [10,24]. However, to our knowledge, this is the first study to investigate
the main metabolites of Andean tuber peels that promote the development of beneficial bacteria.

Andean tubers or their bioactive constituents, such as phenolic compounds [25,26], may act as
prebiotics or nutraceuticals, that is, “a substrate that is selectively utilized by host microorganisms
conferring a health benefit” [27]. Thus, the combination of LAB with Andean tuber peel extracts may
also serve as “symbiotic” that is a mixture of probiotics and prebiotics (dietary supplements), which
selectively stimulating the growth and/or activating the metabolism of one or a limited number of
health-promoting bacteria in the gastrointestinal tract, and thus improving host welfare [28].

On the other hand, in many cases, the biofilm's stimulating effects did not result in a significant
increase in growth, but rather in a probable adaptive behaviour to chemical stress, mediated by a cell-
cell communication mechanism (Quorum sensing), as published by Verni et al. [22].

Capable of colonizing almost every environment, the microorganisms have evolved a wide
range of biological responses to environmental stressors, and biofilms constitute a protective physical
barrier that confers tolerance to antimicrobial agents (disinfectants and antibiotics) by reducing the
diffusion of those toxic compounds. Moreover, they effectively reduce the grazing by protozoa.
Biofilms are multicellular complex microbial communities held together by a self-produced
extracellular matrix. They form highly diverse and complex structures that can attach to interfaces,
grow, and aggregate in layers. Particularly, biofilm-growing probiotic bacteria can improve
thermotolerance and freeze-drying resistance, and one of their important features is their capacity to
replace pathogenic biofilms by annulling competitors [29].

3.3. Impact on Gram-Negative Bacteria

Phytoextracts selected for their bioactivity did not display stimulant effects on Gram-negative
bacteria (Table S2). Some of these natural products significantly decreased biofilm formation (p <
0.05). As a result, Escherichia coli ATCC 35218 biofilm biomass was reduced by 41.64% for the U.
tuberosus EAS (3EAS) at 25 pug/mL, and 42.64% by EE of S. tuberosum subsp. andigena var. cuarentona
(7EE); while EAS of the miskila colorada variety diminished the biofilm of E. coli O157:H12 by 70.58%
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at 100 pg/mL. Coherently, these extracts decreased E. coli O157:H12 specific biofilms (SB) from 2.48
(control) to 0.73 (5EAS), and for the ATCC strain, from 0.87 (control) to 0.53 and 0.51 by 3EAS and
7EE, respectively (Table S2, supplementary material).

For Salmonella strains, significant effects were observed on the pathogenic strain S. cerro (SF-16)
with reductions of 79.86% and 42.24% by 3EAS and the miskila colorada AE (5AE), respectively, at the
highest concentration tested. Similarly, SB decreased from 3.44 to 0.78 and 1.99 by modifying cultures
with 3EAS and 5AE. In addition, 3EAS, 7EE, and EE of miskila colorada (5EE) at 100 pug/mL partially
inhibited the biofilm biomass of the S. corvalis strain (approximately 40%). For the S. enterica ATCC
14028 biofilm, the reduction was only 22.75% by 5EE at 50 pug/mL, as shown in Table S2.

Selective activity is a crucial matter since a balanced intestinal microbiome is necessary for the
host's health. Maintaining a proper amount of beneficial bacteria, such as lactobacilli, in the gut is
essential not only for the host's health status through the production of bioactive molecules and the
detoxification of harmful compounds, but also for protection against incoming dangerous
microorganisms. Beneficial bacteria can compete with enteric pathogens for nutrients, stimulate the
development of both humoral and cellular immune systems, and strongly adhere to the intestinal
mucosa, thereby preventing pathogen adhesion [30]. The selective antibacterial/antipathogenic
effects of diverse plant-derived compounds have also been reported in previous studies [22,31].

3.4. Chemical and Spectrochemical Data

Phenolic compounds absorb strongly in the ultraviolet region, and their spectra can be used for
detection. O. tuberosa and U. tuberosus extracts exhibited typical UV absorptions of flavonoid
compounds at 300-390 nm (band I) and band II at 250-280 nm (Table 1). These bands are ascribable
to the m— m* transitions within the aromatic three-ring system of the ligand molecule. Specifically,
band I is due to the absorption of the cinnamoyl system (ring B); while band II to that of the benzoyl
moiety (ring A) [32]. In all extracts, phenolic compounds, such as ferulic acid (287-312 nm) and
coumarin (290-300 nm) absorption peaks were also recorded [33].

These results were consistent with the preliminary chemical test data, as shown in Table 1, and
what was recently published by Vescovo and co-authors (2025), who claim that potato peels represent
a rich source of bioactive compounds, including phenolics among other constituents, as a byproduct
of significant agro-industrial value [12].

Table 1. Phytochemicals from Andean tuber peels' extracts, yields, and comparative UV spectroscopy data of

the selected bioactive extracts.

Andean Phenolic compounds uv
Peel extracts .
plant tubers Extract yields (%)  (FeCls and AICIs spectroscopy )
(Codes) Assignments
(Names) reagents) A (nm) Abs
3485  1.003 Flavonoids (cinnamoyl
group)
1AE 1.19 Positive 3255 1120 .
Ferulic acid and
303.5  1.225 .
coumarins
Oxali ; .
xalis 030 0774 Flavonoids (cinnamoyl
tuberosa var. group)
oca rosa 1EAS . Flavonoids (benzoyl
Positive
050 2824 1.243 group)
' ' Ferulic acid and
coumarins
3485  0.631 Flavonoids (cinnamoyl
3AE Positive group)
Ullucus 7.29 Flavonoids (benzoyl
2675  1.147
tuberosus group)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0834.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 August 2025 d0i:10.20944/preprints202508.0834.v1

10 of 16

3512 o704 Flavonoids (cinnamoyl

group)
3EAS 011 Positive Flavonoids (benzoyl
’ 2772 1191  group) Ferulicacid
and coumarins
430 0791 Flavonoids (cinnamoyl
Positive . . group)
5AE 2.00 3005 0461 Ferulic acid and
' ' coumarins
Fl i i 1
Solanm 415 0617 avonoids (cinnamoy
o group)
”Ssl’)‘;s”m 5EAS 0.16 Positive 3215 0.964 Ferulic acid and
. P- 300.5  0.447 coumarins
andigena : :
var. miskila 220 1110 Flavonoids (cinnamoyl
colorada group)
5EE Ferulic acid and
2.47 Positive 3055 0.965 coumarins
2045  0.956 Flavonoids (benzoyl
S group)
Solanum 000 1.843 Flavonoids (cinnamoyl
tuberosum ' ’ group)
subsp. 7EE Positive
3.15 ic aci
andigena vat. 3055 1.619 Ferulic ac1fi and
coumarins
cuarentona

AE: Aqueous extract. EAS: Ethyl acetate sub-extract. EE: Ethanol extract.

3.5. Mutagenic Compounds Biodegradation

Phenol was chosen as a representative mutagenic disinfectant [23] for its treatment; as well as o-
phenylphenol (OPP), which is usually applied in disinfections, veterinary hygiene, food and animals,
being very toxic to aquatic life with lasting effects, and causing serious eye damage and skin and
respiratory irritations [34].

Phenol was completely degraded to even 100 pug/mL by L. paracasei CO1 and Lp. plantarum ATCC
10241, after seven days of static incubation at 37 °C (pH 5.0 + 0.2). Using two chromatographic
methods (TLC and GC-MS), no traces of phenol were detected in the obtained chromatographic
profiles, indicating the ability of these LAB strains to remove the mutagenic substance.

In contrast, 20% of OPP previously added to the culture medium in 100 ug/mL solution was
degraded by the wild-type strain CO1; while this same culture previously stimulated with 1EAS at
25 pg/mL removed it up to 73%; this was inferred from the GC-MS profiles, as shown in Figure 3A-
C.

This differential behavior is likely due to structural features and lipophilicity, being OPP more
stressful and stimulating to surface activity than phenol (Table 2). Biosurfactants facilitate the
solubilization and metabolism of lipophilic substances. This process is more difficult for OPP (n-
octanol-water partition coefficient = 3.06) than for phenol (n-octanol-water partition coefficient =
1.47).

It is noteworthy that the SEM analysis showed a strong increase in biofilm biomass in presence
of phenol (25 pg/mL), with a higher number of adhering cells, which are arranged in the form of solid
aggregates with slimy material in their vicinity (Figure 4B-D), unlike what was observed in the
control cells (Figure 4A). Microphotographs also revealed that treated cells present a rough surface
with a considerable number of variable-sized protrusions (Figure 4D), as an adaptive response to
chemical stress. These results are in agreement with previous studies [22,35].
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Figure 3. A-C. GC-MS profiles. A: Solution of 100 pg/mL OPP standard. B: Culture from L. paracasei CO1 treated
with 100 pg/mL of OPP. C: Culture from L. paracasei CO1 promoted with 1EAS and treated with 100 pg/mL.
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Figure 4. A-D. Scanning electron microphotographs of Lacticaseibacillus paracasei CO1 cultures grown in the
presence (treated) and absence (control) of phenol at 25 pg/mL. A: Control (2500x). B-D: Treated (1000x, 2500x
and 5000x, respectively).
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3.6. Air-liquid Surface Activity

Phenolic compounds added to the cultures enhanced the oil-spreading activity of the
supernatant, particularly when OPP or PhOH at 100 pg/mL were individually added to the L.
paracasei CO1 cultures, which had been previously incubated with the oca rosa EAS at 25 pg/mL. Halos
were, approximately, four and twice times larger than that of the control supernatant (80 + 5 mm),
and higher than tween 80 (50 + 3 mm). Probiotic Lp. plantarum ATCC 10241 strains also increased
their surfactant activity in the presence of PhOH (24%), as shown in Table 2.

It is important to note that these substances and their solvent system, previously added to the
culture media, did not exert any surface activity by themselves. Therefore, the substantial increase in
supernatant surface activity would be due to an increase in surface-active substances resulting from
induction of their biosynthesis in the LAB cultures, as reported in our previous studies [22]. The
biosurfactants' increase optimizes the biodegradation process, as explained in section 3.5.

Table 2. LAB Surfactant activity.

Supernatants Oil spreading halos (mm) | Surfactant activity*
Lacticaseibacillus paracasei CO1 80+5 100%
L. paracasei CO1 + OPP 160 +0 200%
L. paracasei CO1-EAS + OPP 3200 400%
L. paracasei CO1 + PhOH 88+1 110%
L. paracasei CO1- EAS + PhOH 169 +2 212%
Lactiplantibacillus plantarum ATCC 10241 105 +2 100%
Lp. plantarum ATCC 10241 + PhOH 130+ 1 124%
Tween 80 50+3 62.5%

*Calculated by oil spreading halos measured at the end of the biodegradation assay. OPP:.O-phenyl phenol at 100
ug/mL. EAS: Ethyl acetate extract of O. tuberosa var. oca rosa at 25 ug/mL. PhOH: Phenol solution at 100 pg/mL.

3.7. Phenol Oxidase Activity

Phenol and OPP biodegradation was carried out by phenol oxidases determined according to
Lee et al. (2007) in the Lacticaseibacillus paracasei CO1 cultures by adding specific enzymatic inhibitors
that increased the susceptibility of this bacterium to phenol, and by the oxidase test. The occurrence
of (poly)phenol oxidases in LAB was previously reported by Matthews et al. (2004) [36].

These results showed congruence with our previous studies of the Flourensia fiebrigii
phytochemicals that demonstrated stimulant effects on L. paracasei subsp. paracasei CE75 strain with
detoxifying potential, as well as enzymes and biosurfactants involved in the process [17,22].

4. Conclusions

The study provides valuable and comprehensive information on the Andean tubers' peels as
natural sources of phytochemicals mainly phenolic compounds, and their selective stimulating
effects on probiotic and environmental bacteria without promoting the development of pathogenic
bacteria.

A novel indigenous strain was also identified as Lacticaseibacillus paracasei CO1, with a promising
detoxifying activity of a mutagenic substance, phenol, in high concentrations of 100 ug/mL just like
Lactiplantibacillus plantarum ATCC 10241 did. In addition, small amounts of EAS from O. tuberosa var.
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oca rosa added to L. paracasei CO1 culture medium increased the bacterial surfactant activity and its
OPP detoxification capacity, mediated by phenol oxidases.

Given the nutraceutical and biotechnological potential of Andean tuber peels, it is essential to
promote global strategies for their sustainable applications.

Supplementary Materials: The following supporting information can be downloaded at the website of this

paper posted on Preprints.org.
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