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ABSTRACT

Metschnikowia pulcherrima ELM-GS-3 was isolated from damaged Granny Smith apples and identified via
MALDI-TOF MS and ITS sequencing (97.89% similarity, NCBI database). Pulcherrimin production was
confirmed on FeCls-supplemented media by maroon-red pigment formation and microscopic analysis. Food
waste-derived media, including potato peel, onion skin, watermelon rind extracts, and diluted molasses, were
evaluated for biomass and pigment production. Onion skin extract yielded the highest biomass (9.78+0.1
¢/L) and pulchetrimin (7.63£0.6 g/L), followed by molasses and watermelon tind. FTIR analysis confirmed
iron presence, while SEM revealed an amorphous microporous 3D structure. Absorbance peaked at 420
nm in alkali solution, consistent with low solubility except in alkaline conditions. The pigment’s low solubility
profile, except in alkali, aligns with its stability characteristics observed in the literature. This study
demonstrates the potential of food waste in pulcherrimin production and the biotechnological relevance of
M. pulcherrima ELM-GS-3.
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YERLI BiR ELMA IZOLATININ FONKSIYONEL OZELLIiGi: ATIKLARIN
DEGERLENDIRILMESI YOLUYLA METSCHNIKOWIA PULCHERRIMA ELM-
GS-3 TARAFINDAN PULKERIMIN URETIMIi

oz

Metschnikowia pulcherrima ELM-GS-3, hasar gérmils Granny Smith elmalarindan izole edilmis ve
MALDI-TOF MS ile ITS dizileme yontemleri kullanilarak tanimlanmustir (%97.89 benzerlik, NCBI
veritabant). Pulcherrimin dretimi, FeCls igeren besiyerinde bordo-kirmizi pigment olusumu ve
mikroskobik analiz ile dogrulanmistir. Patates kabugu, sogan kabugu, karpuz kabugu ekstreleri ve
seyreltilmis melas gibi gida atiklarindan tiiretilmis besiyerleri, biyokiitle ve pigment tiretimi acisindan
degetlendirilmistir. En yiiksek biyokitle (9.78%0.1 g/L) ve pulcherrimin (7.63£0.6 g/L) Gretimi sogan
kabugu ekstresinde gézlemlenmis, bunu sirastyla melas ve karpuz kabugu takip etmistir. FTIR analizi
pigmentin demir igerdigini dogrularken, SEM analizi amorf ve mikroporoz 3D bir yap: ortaya
koymustur. Pigmentin alkali ¢6zeltide maksimum absorpsiyon dalga boyu 420 nm olarak belirlenmis
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ve disik ¢oziinurlik profili, literatirde bildirilen stabilite 6zellikleriyle uyumlu bulunmustur. Bu
calisma, gida atiklarinin pulcherrimin dretiminde potansiyelini ve M. palcherrima ELM-GS-3’in

biyoteknolojik 6nemini ortaya koymaktadir.,

Anahtar kelimeler: Mezschnikowia pulcherrima, pulkerimin, sogan kabugu, atik, fermantasyon, ITS

dizileme

INTRODUCTION

The increasing global focus on sustainability and
environmental preservation has highlichted the
need to find innovative ways to reduce food waste
and utilize it as a resource for value-added
products (Lin et al.,, 2014). Food waste and by-
products are generated in significant quantities
during food processing, and if not managed
propetly, they contribute to environmental
pollution and greenhouse gas emissions
(Gustavsson et al., 2011; Tiwari and Khawas,
2021; Sarker et al., 2024). In recent years, there has
been growing interest in the valorization of such
waste streams to produce value-added products
(Galanakis, 2012; Mishra et al., 2023). Food
wastes and by-products are rich in carbohydrates,
fibers, and micronutrients that can serve as
essential carbon and nitrogen sources for
microbial growth. These substrate
contain abundant polysaccharides, vitamins, and
minerals, which promote microbial activities and
can be harnessed in bioprocessing and biorefinery
applications to produce value-added compounds
such as biofuels, organic acids, and biopolymers
(Kosseva, 2013; Kampen, 2014; Nair et al., 2017).
Studies have reported that different types of agro-
industrial wastes can serve as effective substrates
for producing microbial pigments, thereby
reducing production costs and promoting
sustainable practices (Panesar et al., 2015; Ramesh
et al, 2022). This approach aligns with the
principles of a circular bioeconomy, which aims
to create sustainable production systems while
reducing environmental burdens (Koutinas et al.,
2014: Vea et al,, 2018).

sources

Microbial pigments are of particular interest due
to their diverse applications in the food,
pharmaceutical, and cosmetic industries, where
natural colorants are preferred over synthetic
alternatives (Dufossé, 2006: Kalra et al., 2020; Lyu
et al.,, 2022; D1 Salvo et al., 2023). Among the
various microorganisms capable of pigment
production, yeasts have emerged as promising

candidates due to their fast growth rate, ability to
utilize diverse substrates, and stability under
different environmental conditions (Bernard et
al., 2024).

Pulcherrimin-producing Metschnikowia strains are
widespread among yeast communities that
colonize ripening fruits, floral nectar, and tree sap
fluxes. They are also frequently detected in fruit
juices and during the fermentation of wine
(SlAVikové etal., 2009; Gragca et el., 2015; Sipiczki,
2020). It is a non-pathogenic yeast species known
for its ability to produce pulcherrimin, a maroon-
red pigment formed by the chelation of iron with
pulcherriminic acid (Tatay-Nuflez et al., 2024).
Pulcherrimin has demonstrated various biological
activities, including antimicrobial effects, which
are attributed to its ability to sequester iron,
thereby inhibiting the growth of competing
microorganisms and  showing  significant
photoprotection against UVA-induced damage
and cell death, antioxidant and cytoprotective
activities (Sipiczki, 2006; Kantor et al., 2015;
Pawlikowska et al., 2020; Charron-LLamoureux et
al,, 2023; Kregiel et al., 2024).

This study aims to explore the potential of using
onion (Alium cepa L..) skin, watermelon (Citrullus
lanatns) rinds, potato (Solanum tuberosum L.) peels,
and molasses as substrates for pulcherrimin
production by Metschnikowia pulcherrima ELM-GS-
3. The study also involves a comprehensive
characterization of the produced pulcherrimin to
determine its structural and chemical properties.
The specific objectives of the research include (i)
identification of M. pulcherrima ELM-GS-3, (i)
evaluation of food waste and by-product
substrates for microbial biomass and pigment
production, and (iii) characterization of the
produced pulcherrimin using various analytical
techniques. By demonstrating the feasibility of
using food by-products for pulcherrimin
production, this study contributes to the
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development of sustainable bioprocesses and
supports the shift towards a bio-based economy.

MATERIALS AND METHODS

Isolation of Metschnikowia pulcherrima
ELM-GS-3

The yeast strain Metschnikowia pulcherrima ELM-
GS-3 was isolated from damaged Granny Smith
apples showing black spots surrounded by a
reddish halo which were obtained from a local
producer in Corum, Tirkiye. The apples were first
washed with sterile distilled water, and the
damaged portions were excised under sterile
conditions. The excised tissue was macerated in
sterile 0.85% saline solution and allowed to
incubate at 30°C for 24 hours to promote the
growth of indigenous microorganisms. The
resulting suspension was streaked onto Yeast
Extract Peptone Dextrose (YPD) agar plates and
incubated at 28°C for 48 hours. Colonies
displaying characteristic white to cream coloration
were selected and purified by repeated streaking
on fresh YPD agar plates.

Identification of Metschnikowia pulcherrima
ELM-GS-3 by MALDI-TOF MS

Sample preparation was conducted according to
Karasu-Yalcin et al, (2021) by using protein
extraction method. To extract the cells using this
method, 1 mL aliquots of liquid culture were
taken and centrifuged at 13 000 g for 2 minutes.
The cell pellet was rinsed twice with sterile
distilled water and air-dried for 20 minutes.
Following this, the cells were lysed with 70%
formic acid (volume used was proportional to the
size of the cell pellet, approximately 30 L) and
acetonitrile was added in an equal volume. The
supernatant was spotted onto MTP 384 Ground
Steel Target (#8280784 Bruker, Germany)
following extensive vortexing and centrifugation
(13 000 g, 2 minutes). For each aliquot, a total of
four spots for sampling (1 L each) were analyzed.
After the sample spot had air-dried, it was covered
with 1 L of matrix (10 mg/mlL o-cyano-4-
hydroxy-cinnamic acid [¢-CHCA], Bruker) and
allowed to air-dry once more prior to being
analyzed with the Autoflex Speed (Bruker
Daltonik GmbH, Germany) using MALDI-TOF
MS. The instrument is equipped with a 355 nm

nitrogen laser, which was discharged in linear
positive mode at the sample spots at a frequency
of 55 Hz. Each spectrum was generated by
aggtregating 100 samples' profiles.

MALDI TOF/TOF MS (Autoflex Speed from
Bruker Daltonics, Germany) in combination with
the MALDI Biotyper 3.1 software program was
used for identification based on the analysis of
mass spectra. The mass spectrometer was
calibrated with a bacterial test standard from
Bruker (Bruker Daltonics GmbH, Germany).
This calibration kit comprises a typical protein
extract of E. coli DH5 alpha spiked with two
additional pure proteins (RNAse A and
myoglobin) to cover an overall mass range of 3.6
to 17 kDa. Before each analysis, the calibration
procedure was performed again. MS-signals were
acquired for each sample in linear positive mode
between 2000 and 20 000 Da m/z by summing
500 laser-shot spectra in accordance with the
manufacturet's automatic technique
MBT_FC.pat. The voltages of IS1 and IS2 ion
sources were 19.99 kV and 19.80 kV, respectively.
The lens had a voltage of 6500 kV and an
extraction pulse of 200 nanoseconds. The laser
intensity was between 50 and 60%.

Identification was conducted in Scientific
Industrial and Technological Application and
Research Center of Bolu Abant Izzet Baysal
University, Turkey. Mass spectra were analyzed
using Biotyper software (version 3.1; Bruker
Daltonics) and the Biotyper database version DB-
6903, which contained 6903 reference MALDI-
TOF MS profiles (6120 of bacteria, 776 of fungi,
and 7 of archaea). Using a score, the Biotyper
software quantified the degree of similarity
between experimental profiles obtained from
microorganism isolates and reference profiles.
The value of the score is determined by the
similarity between the observed and stored
datasets. A score greater than 2.3 (green) indicates
an exceptional species-level identification, while a
score greater than 2.0 indicates a good species-
level identification. The score between 1.7 and 2.0
(vellow) indicates a reliable identification of the
genus. In contrast, a score value of less than 1.7
(red color) indicates that thete is no substantial
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similarity between the unknown profile and the
database (Karasu-Yalcin et al. 2021).

Identification of Metschnikowia pulcherrima
ELM-GS-3 by Sequence Analysis of the
Internal Transcribed Spacer (ITS) Regions
For DNA isolation, the EurX GeneMATRIX
Plant & Fungi DNA isolation kit (Poland) was
used. After DNA isolation, the quantity and
purity of the obtained DNA were assessed using
the Thermo Scientific Nanodrop 2000 (USA)
spectrophotometer. For the PCR analysis, the
universal primers ITS1 and ITS4 were used to
amplify the target gene regions for species
identification. The primer sequences were as
follows: ITS1 5'
TCCGTAGGTGAACCTGCGG 3' and 1TS4 5'
TCCTCCGCTTATTGATATGC 3.  PCR
conditions included an initial denaturation at
95°C for 5 minutes, followed by 40 cycles of
denaturation at 95°C for 45 seconds, annealing at
57°C for 45 seconds, and extension at 72°C for
60 seconds. A final extension was performed at
72°C for 5 minutes, and the temperature was then
lowered to 4°C to complete the PCR.

The amplification products obtained with the
Kyratec  thermocycler analyzed by
electrophoresis on a 1.5% agarose gel prepared
with 1x TAE buffer, run at 100 volts for 90
minutes, and visualized under UV light using
ethidium bromide staining. A single-step PCR
performed to amplify a region of
approximately 700 base pairs, using Solis Biodyne
(Estonia) FIREPol® DNA Polymerase Taq
polymerase enzyme. The presence of a single
band on the agarose gel indicated successful PCR
amplification. For PCR product purification, the
single-band samples were purified using the
MAGBIO "HighPrepTM PCR Clean-up System"
(AC-60005) according to the manufacturer's
procedures. Sanger sequencing was carried out at
Macrogen's laboratory in the Nethetlands, using
the ABI3730XL Sanger sequencing device
(Applied Biosystems, Foster City, CA) and the
BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA). The reads
obtained with ITS1 and ITS4 primers were
assembled into a contig to create a consensus

were

was

sequence using the CAP
algorithm in BioEdit software.

contig assembly

Inoculum Preparation

Inoculum was prepared in 100 mL of sterile
Tryptic Soy Broth (Merck, Germany) medium in
a cotton-plugged conical flask to prepare an
inoculum from the strain grown on a YM agar
slant, including (g L1): yeast extract, 3; malt
extract, 3; peptone, 5; glucose, 10; and agar, 15, at
28°C for 48 hours. The flask was incubated for 48
hours at 30°C with 100 rpm agitation in a shaking
incubator (Lab Companion, South Korea)
(Mujdeci, 2021).

Fermentation Process

Fermentation was initially conducted in a
synthetic fermentation medium to confirm
pulcherrimin production by M. pulcherrima ELM-
GS-3 strain. For this purposes, 150 mL of sterile
synthetic minimal broth [1% glucose (w/v), 0.3%
(NH4)28O4 (w/v), 0.1% KH,PO4 (w/v), 0.05%
MgSO, X TH2O (w/v), 0.05% yeast extract (w/v),
0.05% FeCls (w/v)] was inoculated with 5% (v/v)
of the inoculum in cotton-plugged Erlenmeyer
flasks. The flasks were then incubated at 28°C
with 130 rpm agitation for 7 days (Kregiel et al.,
2022).

The subsequent stage of the fermentation
experiments involved the production of
pulcherrimin using potato peels, watermelon
rinds, and onion skins, as well as molasses, as
substrate sources in the fermentation medium.
For this purpose, the modified method described
by Mujdeci (2022) was used. Molasses was
sourced from a sugar factory in Corum City,
Turkey, and diluted at a ratio of 1:10 (v v-1).
Watermelon rinds, onion skins, and potato peels
were used as fermentation media after separate
preprocessing. In this method, 2 L of distilled
water were added to 1000 g of peel. After boiling
the mixture at 100°C for 30 min, the extract was
separated by filtration using cellulose filter papers.
Before sterilization, 0.05% FeCls (w/v) was added
to each extract and the mixtures were used as
fermentation media. Sterilization of the
fermentation media was carried out at 121°C for
15 min using autoclave.
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The fermentation was carried out in 500 mL
Erlenmeyer flasks containing 200 ml of the
fermentation medium. The medium was
inoculated with a 10% (v/v) inoculum of M.
pauleherrima ELM-GS-3, prepared by culturing the
yeast in YPD broth for 24 hours at 28°C. The
flasks were incubated at 28°C for 7 days with
constant shaking at 150 rpm.

Extraction and Purification of Pulchertimin
During the experiments, 10 mL of each culture
was sampled from the fermentation medium for
every 24 hours and centrifuged at 4°C and 2599 %
g for 20 minutes. The resulting precipitate
containing yeast cells and red pigment was treated
with 50 mL of 99.8% methanol per 10 g of wet
yeast biomass at 4°C and incubated overnight.
Following incubation, the vyeast cells were
centrifuged at 4°C and 2599 X g for 20 minutes
and washed twice with 25 mL of distilled water.
The yeast biomass was then resuspended in 2M
NaOH and centrifuged again (4°C, 2.599 X g, 20
minutes). The pH of the supernatant was adjusted
to 1.0 using 4M HCI, followed by incubation at
100°C for 30 minutes. The resulting pigment
precipitate was collected by centrifugation (4°C,
2599 X g 30 minutes) and washed three times
with 25 mL of distilled water. To obtain pure
pulcherrimin, the steps of dissolution in NaOH
and precipitation with HCl were repeated three
times. Finally, the red pigment was collected by
centrifugation and stored at —20°C, as desctibed
by Kregiel et al. (2022). The concentration of
pulcherrimin in each fermentation medium was
determined as the dry weight of pulcherrimin per
liter of fermentation medium (Mujdeci, 2022).

Characterization of Pulcherrimin

For spectrophotometric analysis, the purified
pulcherrimin was dissolved in methanol, and its
wavelength spectrum was recorded using a UV-
Vis spectrophotometer (Shimadzu UV-1800,
Japan) over the range of 200-800 nm. The the
wavelength giving maximum absorption (Amax)
was determined to confirm the presence of
pulcherrimin. The structural characteristics of the
extracted pulcherrimin were further analyzed
using Fourier-transform infrared spectroscopy
(FTIR) (Thermo Scientific/Nicolet IS10, Thermo
Fisher Scientific, Waltham, MA, USA). The

pigment was mixed with KBr to form pellets, and
the spectra were recorded in the range of 4.000-
600 cm-!, with 40 scans at a resolution of 4.0 cm-
1. The molecular structures of pulcherrimin
particles were assessed using a scanning electron
microscope (SEM) (Quanta FEG 450, FEI,
Amsterdam, Netherlands).

For solubility assessment, 0.1 g of purified
pulcherrimin samples was dissolved in 10 mL of
distilled water, 1 mol L.t KOH, and 1 mol 1.
NaOH solutions, as well as various organic
solvents such as chloroform, ethyl acetate,
ethanol, methanol, acetic acid, ether, petroleum
ether, hexane, and acetone. After stitring at 25°C
for 1 hour, the solutions were filtered through
coarse  filter  paper. The  absorbance
measurements of the filtrates were carried out at
Amax, as described by Mujdeci (2021).

RESULTS

Identification of Metschnikowia pulcherrima
ELM-GS-3

Among the yeast strains isolated from damaged
Grany Smith apples (data not shown), pinkish,
round colonies with smooth edges (ELM-GS-3)
were identified as M. pulcherrima with a log score
value of 1.954 as a result of identification by
MALDI-TOF MS. Fig. 1 illustrates raw MALDI-
TOF MS profile of M. pulcherrima (a) and
matching result of experimental profiles and
BioTyper database (b). Validation of the
identified species was performed by sequence
analysis. PCR products obtained by amplification
from ITS regions were sequenced and compared
with the DNA sequence databases of The
National Center for Biotechnology Information
(NCBI). The species was confirmed as
Metchikowia pulcherrima with 97.89% similarity.

To determine if the identified M. pulcherrima ELM-
GS-3 strain produces pulcherrimin, cells were
inoculated into FeCl containing YM agar and the
synthetic minimal broth described in Section 2.5.
Maroon-red pigment formation was observed
(Fig. 2a, b). Additionally, cells grown in the
fermentation medium were examined under a
light microscope, and intracellular red pigment
formation was documented through photography
(Fig. 2¢).
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Figure 1. a: raw MALDI-TOF MS profile of M. pulcherrima ELM-GS-3, b: matching result of
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Figure 2. a: M. pulcherrima GS-3 colonies on YM Agar including 0.05% FeCls (w/v), b: pigment
production in synthetic minimal broth, c: light micrograph of the pulcherrimin produced M. pulcherrima

ELM-GS-3 cells (in circle) at Day 7 of fermentation in glucose containing fermentation media (scale
bar = 10 pm).

Valorization of Food Wastes and By-products
for Pulcherrimin Production

The graph showing the change in biomass
concentration of Mechnikowia  pulcherrima ELM-
GS-3 over time in potato peel, onion skin, and
watermelon rind extracts, as well as diluted
molasses medium, is presented in Fig. 3.

In experiments using potato peel extract and
molasses solution as the fermentation medium,
the highest biomass concentration was recorded
as 3.70£0.1 g/L and 7.67+0.5 g/L, respectively.

When watermelon rind extract was used, the
biomass concentrations of M. pulcherrima ELM-
GS-3 were relatively higher, recorded as 9.60£0.1
g/L. Onion skin extract was identified as the
medium that most effectively supported the
growth of M. pulcherrima ELM-GS-3, yielding
9.7810.1 g/L biomass. Fig. 4 shows the biomass
obtained on the 7t day of fermentation. As seen
in the photograph, the biomass obtained from
onion skin was dark maroon due to intracellular
pigment production. In watermelon rind, all cells
did not produce the pigment, and the
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pulcherrimin-producing cells were clustered in
the center of the pellet. In potato peel extract and

9

molasses solution, a reddish color was observed
due to pigment-producing cells.
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Figure 3. Variations of biomass and pulcherrimin concentrations with time

Figure 4. Biomass precipitated from cultures in a: potato peel extract, b: watermelon rindextract, c:
onion skin extract, and d: molasses solution

The pulcherrimin concentrations produced by M.
paulcherrima ELM-GS-3 over time are shown in Fig.
3. While it was found that potato peel extract was
not suitable for pulcherrimin production, the
highest pulcherrimin production (7.63+0.6 g/L)
was obtained with onion skin extract. The highest
pulcherrimin  concentrations obtained from
molasses solution and watermelon rind extract
were determined to be very close to each other
and 4.72£0.0 and 4.64+0.7 g/L, respectively.

Characterization of Pulcherrimin

The first step in characterization of pulcherrimin
included FTIR analysis. The FTIR transmittance
spectra of the pulcherrimin obtained in this study
and in the study by McDonald (1963) are
demonstrated in Fig. 5. The indicated peaks (700—
1700 cm) correspond to the absorption bands of
pulcherrimin, consistent with those previously
repotted for Candida pulcherrima (McDonald,
1963). The peak at 580 cm! is attributed to the
presence of the heaviest ion in the compound,
iron (Fe) Mazeika et al., 2021).
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Figure 5. Fourier-transform infrared spectroscopy spectra of a: pulcherrimin produced by M.
pulcherrima ELM-GS-3, b: pulcherrimin produced by C. pulcherrima (McDonald, 1963)

In this study, the second assay for pulcherrimin
characterization involved investigating the
molecular structure using SEM. The pulcherrimin
sample exhibited an amorphous (irregular) shape
with dimensions ranging from 75 to 150 nm. At
higher magnification, the pulcherrimin sample

demonstrated a 3D network structure with the
presence of microporosity. The pores in the

pulcherrimin particles are indicated by arrows in
Fig. 6.

/4 .

Figure 6. Scanning electronmicrograph of pulcherrimin nanoparticles at 10.0, 25.0, 50.0, and 100.0 KX
magnifications

3
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Maximum absorbance of alkali solution of
pulchrerrimin = was observed at 420 nm.
Pulcherrimin exhibits low solubility in distilled
water and most organic and inorganic solvents,
except aqueous alkali, and shows resistance to
degradation in concentrated acids which are
distinctive characteristics of this pigment. In this
study, significant similarity was observed with the
literature. The pulcherrimin sample was insoluble
in water and a range of organic solvents, including
chloroform, ethyl acetate, ethanol, methanol,
acetic acid, ether, petroleum ether, hexane, and
acetone, but was soluble only in alkali.

DISCUSSION

The present study demonstrated the potential to
valorize food waste and by-products for
pulcherrimin ~ production using the yeast
strain Metschnikowia pulcherrima ELM-GS-3, with
successful isolation and characterization. The
strain was identified through MALDI-TOF MS
and ITS sequencing, confirming its identity as M.
putlcherrima. This identification method, along with
its pigmentation capability, aligns with previous
studies reporting the natural ability of M.
pauleherrima to produce pulcherrimin which is a
pigment involved in microbial competition
(Turkel and Ener, 2009; Sipiczki, 2020).

In this study, onion skin extract was the most
favorable medium for biomass production and
pulcherrimin  synthesis, with the highest
pulcherrimin yield compared to other substrates.
Onion production, as one of the most widely
consumed vegetable crops, is on the rise due to its
valuable dietary, medicinal, and functional
properties. According to the latest FAO data,
global onion production has steadily increased,
reflecting its high demand for dietary, medicinal,
and functional uses. In recent years, China and
India have led global production (FAOSTAT,
2022). Following these leaders are countries like
the United States and Turkey, which also
contribute significantly to global onion output.
Given the vast global production of onions,
finding ways to utilize onion skin is of great
importance. In previous studies, onion skin was
used as a substrate in fermentation media to
produce some bio-products (Genemo et al., 2021;

Tasar and Tagar, 2022; Hsueh et al., 2023).
Genemo et al. (2021) examined bioethanol
production from cabbage and onion peels,
highlighting how optimizing the fermentation
process with Saccharomyces cerevisiae could yield a
sustainable energy source from agro-waste.
Similarly, Hsueh et al. (2023) evaluated the
teasibility of transforming onion peels into value-
added products within a circular economy
framework, emphasizing onion peels’ rich
bioactive compounds that could be harnessed for
a range of applications. Mushimiyimana and
Tallapragada (2017) further demonstrated that
acid hydrolysis and subsequent fermentation offer
a viable pathway for bioethanol production from
onion skin and similar agro-wastes. Beyond
bioethanol, Kim et al. (2019) explored a
biorefining process converting onion waste
carbohydrates into acetic acid, revealing onion
waste’s versatility as a fermentation substrate.
Additionally, Ramesh et al. (2022) discussed
pigment production via submerged fermentation,
highlighting the role of natural substrates such as
onion skins in generating bio-pigments under
optimized culture conditions. Together, these
studies underscore the potential of onion skin
valorization to produce bioethanol, acetic acid,
and pigments, reinforcing its contribution to bio-
based circular economy initiatives and waste
reduction. However, this is the first study in the
literature that used onion peel to produce
pulcherrimin.

Other substrates, such as watermelon rind and
potato peel extracts, as well as molasses, were also
investigated. While watermelon rind extract
resulted in relatively high biomass production, the
pulcherrimin yield was limited, suggesting that
although watermelon rind provides some
nutrients for cell growth, it lacks sufficient factors
required for efficient pulcherrimin synthesis.
Comparatively, Joshi et al. (2003) also decleraed
variability in pigment production depending on
the nutrient composition of the substrate,
indicating that the carbon and nitrogen ratios, as
well as micronutrient availability, play a significant
role in pigment biosynthesis.
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Pulcherrimin was characterized using several
analytical techniques, including FTIR, SEM, and
UV-visible spectroscopy. The FTIR analysis
showed characteristic absorption peaks similar to
those reported in the literature (McDonald, 1963),
which is indicative of the consistency of
pulcherrimin’s structure across different studies.
The presence of an absorption peak at 580 cm-!,
attributed to iron, is also in agreement with the
tindings of Mazeika et al. (2021), highlighting the
involvement of metal ions in stabilizing the
pigment structure. The results obtained from the
SEM analysis showed an amorphous structure
with a 3D network and microporosity, which was
consistent with studies conducted by Mazeika et
al. (2021).

UV-visible absorbance spectra of the purified
pulcherrimin showed characteristics that align
with those previously reported in the literature,
confirming its chemical properties (McDonald,
1963). The pigment's low solubility in water and
most organic solvents, except for aqueous alkali,
is a known property of pulcherrimin (Kregiel et
al., 2022), which could pose challenges for certain
applications but also suggests its suitability for
stable formulations. The stability in concentrated
acids was also observed, which is a valuable
property for industrial applications where
chemical resistance is required.

The utilization of food waste as substrates for
microbial pigment production presents significant
environmental and economic benefits. Studies
have shown that M. pulcherrima is capable of
utilizing a wide range of low-cost medium under
unsterilized conditions, making it highly versatile
for biotechnological applications (Abomohra et
al., 2020). In comparison, our study supports
these findings and further emphasizes that food
by-products can serve as cost-effective substrates
for valuable pigment production.

However, the observed differences in biomass
and pigment production across substrates
underline the importance of selecting appropriate
waste materials for fermentation processes. This
study suggests that optimizing the fermentation
medium composition, including the carbon-to-

nitrogen ratio and the presence of trace elements,
can  significantly = enhance  pulcherrimin
production.

CONCLUSION

In conclusion, this study provides wvaluable
insights into the production of pulcherrimin using
Metschnikowia pulcherrima ELM-GS-3, with a focus
on using food waste substrates to enhance
sustainability and  cost-effectiveness.  The
comparison with literature indicates that onion
skin is an excellent substrate for biomass and
pigment production, with its nutrient content
being favorable for both growth and secondary
metabolite synthesis. The characterization of
pulcherrimin was consistent with previous
reports, confirming its structural and chemical
properties. Future research should focus on
optimizing  fermentation  conditions  and
investigating other types of food waste to
improve  pulcherrimin  yield and  reduce
production costs. The valorization of food waste
for pigment production aligns well with the goals
of the bioeconomy and contributes to the
development of sustainable bioprocesses.
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