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Abstract: This study aimed to evaluate the sequential hydrolysis of the biomass from unconventional
and versatile Y. lipolytica to recover mannoproteins, carbohydrates, and other compounds as well
as to determine the antioxidant activity of ultrafiltered fractions. The crude biomass underwent
autolysis, and the resulting supernatant fraction was used for mannoprotein recovery via precipitation
with ethanol. The precipitate obtained after autolysis underwent acid hydrolysis, and the resulting
supernatant was ultrafiltered, precipitated, and characterized. The process yields were 55.5% and
46.14% for the crude biomass grown in glucose and glycerol, respectively. The mannoprotein with
higher carbohydrate content (from crude biomass grown in glycerol) exhibited a higher emulsification
index of 47.35% and thermal stability (60% weight loss). In contrast, the mannoprotein with higher
protein content (from crude biomass grown in glucose) showed a better surface tension reduction of
44.50 mN/m. The technological properties showed that the crude biomass and the food ingredients
are feasible to apply in food processing. The fractionation of the acid hydrolysis portion allowed the
evaluation of the antioxidant power synergism among the components present in the hydrolysate,
mostly the protein peptide chain. The sequential hydrolysis method is viable for extracting valuable
products from Y. lipolytica.

Keywords: ultrafiltration; mannoprotein; glycerol; antioxidant activity; protein; thermogravimetry;
Fourier transform infrared spectroscopy (FTIR)

1. Introduction

Yarrowia lipolytica has recently become one of the most widely studied unconventional
yeasts. This oleaginous yeast is strictly aerobic and exhibits the capability to produce a wide
array of bioproducts, including proteins, sugar alcohols, lipids, amino acids, organic acids,
and terpenoids [1-3], utilizing various substrates such as hydrophilic compounds like
glucose and glycerol, as well as hydrophobic substrates like fatty acids [4-7]. Furthermore,
a dimorphic yeast exhibits different growth forms (round multipolar budding cells and
pseudo hyphae) that improve its biotechnological applications. The economic feasibility of
Y. lipolytica in the bioprocess is related to its robustness to fermentation conditions, stability,
tolerance to inhibitors, high cell density, protein secretion, safety, and others [8].

The yeast cell wall composition, composed mainly of glucans, mannoproteins, and
small amounts of chitin, can be affected by different parameters such as growth conditions,
culture strain, carbon source, temperature, pH, and aeration [9-11]. In general, those
components are arranged in layers, consisting of an inner layer composed of cross-linked
3-1,3- and (-1,6-linked glucans and chitin providing mechanical strength, and an outer
layer consisting of mannoproteins covalently linked by (3-1,6 glucan [12,13]. However, the
dimorphic Y. lipolytica modulates its cell wall, mainly affecting the protein content. Thus,
the protein content in yeast form is 15%, whereas the hyphae form has 6%. Moreover, the
other cell wall components are similar with 70% carbohydrate, 5% lipids, and 0.6-0.8%
phosphorus [9,14].
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The application of Y. lipolytica in the food and feed industries is regulated worldwide
by governmental agencies. This microorganism is classified as “safe to use” and received the
indication “generally recognized as safe” by the US FDA [15]. Furthermore, the European
Food Safety Authority (EFSA) and the International Dairy Federation (IDF) recognize it
as a “microorganism with a documented use in food” [16]. The EFSA Panel on Nutrition,
Novel Foods, and Food Allergens (NDA) has considered Y. lipolytica yeast as safe biomass
for use in food supplements at amounts of up to 3 g/day for children aged 3 to less than
10 years and up to 6 g/day thereafter [17]. Among the biomass highlights, its high protein
content (ranging from 30% to 56%) stands out, along with significant levels of essential
amino acids (lysine, phenylalanine, valine, tryptophan, isoleucine), B-complex (B1, B2, B6,
pantothenic acid, niacin, folic acid, and biotin), E vitamins, and minerals [18], all of which
play a fundamental role in maintaining human health.

Another essential food ingredient is mannoprotein, a glycosylated molecule (~90%
sugars, mostly mannose) that acts as a structural component in the outermost layer of the
yeast cells [19]. Mannoprotein has an amphipathic structure due to the protein bonded with
carbohydrates, leading to emulsifying and stabilizing properties [20]. Moreover, manno-
proteins show technological features, mainly in the wine industry, due to the reduction
of haze formation, prevention of tartaric salt precipitation, increase in the aroma of wine,
and interaction with phenolic compounds that improve color stability and reduce the
astringency of wine [20-22].

Due to the composition, Y. lipolytica yeast biomass can also be used for the extrac-
tion of intracellular compounds, which is a strategy already adopted to add value to
agro-industrial by-products such as astaxanthin from Xanthophyllomyces dendrorhous, and
mannoprotein, -glucan, and bioactive peptides from the spent brewer’s yeast [23-27].
However, different methodologies (enzymatic, physical, chemical, or mechanical) must be
applied to disrupt the yeast cell wall [14]. Mechanical techniques (such as bead milling
and ultrasonication) are employed to physically break the cells, although they exhibit low
efficiency due to limited penetration power [28-31]. Physical-chemical methods (such
as osmotic shock and thermolysis) involve subjecting the cells to harsh conditions of os-
motic pressure or temperature, with thermal degradation of bioactive compounds being
a significant drawback [14]. The chemical methods (alkali or acid, organic solvents, deep
eutectic solvents, detergents, and ionic liquids) act in the cleavage of cell wall component
bonds, which improves the cell wall permeabilization and leakage of intracellular com-
pounds [32,33]. The enzymatic mechanism (autolysis and exogenous enzymes) also has
great permeabilization by attacking macro compounds (protein, glucans, lipids) by en-
zymes without destroying the cell integrity [26]. Moreover, the use of endogenous enzymes
(proteinases, glucanases, and chitinases) during autolysis makes the process cheaper than
the use of commercial enzymes [34,35]. Moreover, the combination of methods can be a
feasible alternative to improve the disruption of cell walls and the release of components
such as mannoprotein, 3-glucan, other proteins, and bioactive peptides [26,36,37]. For
example, autolysis is a feasible first step due to the mild temperature, pH, time conditions,
and great penetration power [34]. This method showed promising results when combined
with acid shock and pulsed electric fields to extract RNA and mannoprotein [22,38].

After the hydrolysis process, the hydrolyzed solution is rich in dispersed or solubilized
components, requiring a recovery and separation process for bioproducts with high added
value. The yeast hydrolysates, for example, are composed of different fractions of proteins,
carbohydrates, RNA, and bioactive peptides, the fractionation by ultrafiltration being a
good downstream process since different membrane sizes can be applied to separate those
components [39]. The application of hydrolysis, recovery, and purification processes is
crucial as they significantly influence the functional, bioactive, and technological properties
of the components, as well as the overall cost of the process [24,40].

Thus, this study aimed to evaluate a two-step process for cell disruption (autolysis
and acid hydrolysis) to extract intracellular compounds from unconventional and versatile
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Y. lipolytica IMUFR] 50682 cultivated with different carbon sources (glucose and glycerol)
as well as to evaluate the recovery of antioxidant activity compounds by ultrafiltration.

2. Materials and Methods

The two-step process for cell disruption (autolysis and acid hydrolysis) to extract
intracellular compounds from Y. lipolytica IMUFR] 50682 cultivated with different carbon
sources (glucose and glycerol) was conducted according to Figure 1.
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Figure 1. Flowchart of two-step cell wall disruption of Yarrowia lipolytica IMUFR] 50682 to obtain food
ingredient. The boxes with black backgrounds represent the two main products generated in the process.

2.1. Materials

Yeast extract, peptone, hexadecane, glycerol, bovine serum albumin (BSA), 2,2-diphenyl-
1-picrylhydrazyl (DPPH), 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), potas-
sium persulfate, 2,4,6-tris(2-piridil)-s-triazina (TPTZ), and 6-hydroxy-2,5,7 8-tetramethylchroman-
2-carboxylic acid (Trolox) were purchased from Sigma-Aldrich®, St. Louis, MO, USA, EUA.
All other chemicals used were of analytical grade and were used as received without any
further purification, obtained from Vetec®, Rio de Janeiro, Brazil (glucose), Synth®, Diadema,
Brazil (ethanol 96%), and Isofar®, Rio de Janeiro, Brazil (acetone, hydrochloric acid, sulfuric
acid, and methanol). The B-glucan Assay kit (K-YBGL) was obtained from Megazyme®, Bray,
Ireland. The ultrafiltration membranes were obtained from the company Nadir®, Wiesbaden,
Germany (50 kDa UHO050 P; 20 kDa UP020 P; 10 kDa UP010 P; 1 kDa NP010 P).
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2.2. Microorganism Maintenance and Biomass Production

Y. lipolytica IMUEFR] 50682 stored in stock solution (glycerol 30% v/v, —80 °C) was
propagated in YPD (w/v: 1.0% of yeast extract (Sigma-Aldrich®), 2.0% of peptone (Sigma-
Aldrich®), 2.0% of glucose (Vetec) medium in 500 mL shaker flasks containing 200 mL
(160 rpm, 28 °C, 72 h). After 72 h of cultivation, it was inoculated as 1 g/L of dry weight cells in
1 L shake flasks containing 400 mL of YPD and YPG medium (replacing glucose with glycerol
P.A. at the same concentration) at 250 rpm, 28 °C, for 48 h [4,41]. The biomass production
was carried out repeatedly to obtain a single batch for application in the assays (without
monitoring the fermentation parameters). The biomass was washed with distilled water,
centrifuged (4000 rpm, 5 min, 20 °C), and then dried in an oven (60 °C, 18 h). The dry biomass
granulometry was standardized to 0.5 mm, and it was kept in screw-capped tubes (25 °C).

2.3. Two-Step Cell Wall Disruption of Yarrowia lipolytica IMUFR] 50682

A combined method of autolysis followed by acid hydrolysis was used for cell wall
rupture. The autolysis was carried out in shaker flasks by adding distilled water to the
dry biomass (15%, w/v) under the following conditions: pH 6, 60 °C, 120 rpm, 24 h. The
suspension was centrifuged (2.057 g, 5 min, 20 °C), and the supernatant was reserved for
mannoprotein extraction (Section 2.4). The precipitate was submitted to the second step
(acid hydrolysis) of cell wall rupture. The acid hydrolysis was carried out by adding water
in the same concentration as the autolysis (15%, w/v) at pH 2 adjusted with HySO4 (Isofar®)
and kept for 1 h, at 60 °C and 120 rpm. Finally, the suspension was centrifuged (2.057 g,
5 min, 20 °C), and the supernatant was reserved for ultrafiltration separation. The precipi-
tate was dried in an oven (60 °C, 18 h), its granulometry was standardized to 0.5 mm, and
the dry mass was characterized as a food ingredient [34,38].

2.4. Mannoprotein Extraction and Characterization

The supernatant from the autolysis process (Section 2.3) was used for mannoprotein
extraction. The precipitation was carried out in pre-weighed beakers, where a 3-fold amount
of ethanol 96% (Synth®) was added to the volume of the supernatant to precipitate the
mannoprotein. The suspension was kept at 4 °C for 18 h; the supernatant was discarded, the
precipitate was dried (60 °C, 18 h), and weighed to calculate the mannoprotein extraction
yield (EY) [42] according to Equation (1). The dry mannoprotein was diluted in deionized
water at a final concentration of 30 mg/mL to determine the surface tension, emulsification
index (EI), and carbohydrate and protein content. Moreover, it was evaluated using
thermogravimetric analysis and Fourier transform infrared spectroscopy (FTIR):

o _ Wr
EY% = W 1)

W; = Weight of dried mannoprotein
W = Weight of dried yeast

2.4.1. Surface Tension (ST) and Emulsification Index (EI)

The ST of 30 mg/mL mannoprotein solution was determined using a Tensiometer K 100
(Kruss®, Hamburg, Germany) by the ring method at room temperature (25 + 2 °C). The EI was
determined by adding 1 mL of hexadecane (Sigma-Aldrich®) to the same amount of sample,
vortex-mixing for 2 min, and leaving it to stand for 24 h, then calculated by Equation (2) [4].

o/ He
El% = 7 (2)
H, = Emulsified layer height
H} = Total height of the liquid column
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2.4.2. Thermogravimetric Analysis (TGA)

The mannoprotein extracted from Yarrowia lipolytica using a combined method was
analyzed through thermogravimetry to evaluate its thermal stability. The sample was
weighed (8 mg) on alumina pans. The test was conducted under a nitrogen environment
(60 mL/min) at a heating rate of 10 °C/min up to 600 °C using a thermal gravimetric
analyzer (TGA 50, Shimadzu®, Kyoto, Japan).

2.4.3. Fourier Transform Infrared Spectroscopy (FTIR)

The chemical characteristics of Y. lipolytica before and after cell rupture and manno-
protein extraction were detected using an FTIR spectrophotometer. Samples of lyophilized
yeast biomass and mannoprotein were put on the ATR sampling accessory of an FTIR
spectrometer; 64 scans and an analysis window between 4000 and 400 cm~! with a 4 cm ™!
resolution were used. The FTIR graph was generated and the peaks were compared with
those in the literature.

2.4.4. Total Carbohydrate and Protein Determination

The sample was diluted in distilled water, and the total carbohydrates were quantified
by the phenol-sulfuric acid method (Vetec) using glucose as standard [43]. The soluble
protein was determined by the Lowry method using bovine serum albumin (BSA) as the
protein standard [44]. For mannoprotein analysis, a 30 mg/mL solution was used.

2.4.5. Determination of Total Glucan, f-Glucan, and x-Glucan

The Beta Glucan Assay kit (K-YBGL, Megazyme®, Wicklow, Ireland) was used to de-
termine total glucan, 3-glucan, and o-glucan as soluble fiber [45] using the manufacturer’s
recommendations.

2.4.6. Optical Microscopy

Cell morphology of the crude biomass and food ingredient was evaluated by optical
microscopy (Nikon Nikon Eclipse E200, Tokyo, Japan) 1000%, in oil immersion, phase
contrast mode.

2.5. Technological Properties
2.5.1. Water Holding Capacity (WHC) and the Index of Water Solubility (IWS)

The water holding capacity (WHC) and the index of water solubility (IWS) were
carried out using the sample (crude biomass and food ingredient separately) and mixing
it in distilled water (5%, w/v) in a pre-weighed centrifuge tube (50 mL). The mixture was
vortexed and then kept for 30 min, at 200 rpm, 25 °C. After centrifugation (2.057x g, 25 min,
25 °C), the supernatant was placed in a pre-weighed Petri plate, kept in an oven (70 °C,
18 h), the weight of the dry residue was measured, and the WHC was determined using
Equation (3). The dry residue (soluble solids) in the supernatant was determined after
drying in an oven at 70 °C for 18 h [28]:

WHC <g) _ mass of the centrifugation res.idue ' 3
g sample mass — mass of the evaporation residue

mass of the evaporation residue

TWS(%) = sample mass

x 100 (4)

2.5.2. Oil-Binding Capacity

Similarly, for the oil-binding capacity (OBC), the samples (crude biomass and food
ingredient separately) were mixed in 5 mL of vegetable oil (5%, w/v). The volume of
supernatant collected after centrifugation was measured, and the OBC was calculated
using Equation (5):
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OBC <g> _ mass of oil absorbed by the sample 6)
mass of the sample

2.6. Ultrafiltration

The ultrafiltration process was carried out in a stirred dead-end cell with 300 mL using
NADIR® membranes of different molecular weight cut-offs—50 kDa UH050 P; 20 kDa
UP020 P; 10 kDa UP010 P; 1 kDa NP010 P—used successively to obtain different fractions
(F1: >50 kDa; F2: <50 kDa and >20 kDa; F3: <20 kDa and >10 kDa; F4: <10 kDa and > 1 kDa;
F5: <1 kDa). The system was operated at 5 bar and 25 °C. The retentate and permeate were
collected separately to determine carbohydrates, proteins, and antioxidant activity [46,47].

2.7. Antioxidant Properties

The antioxidant activity was determined by the ABTS, DPPH, and FRAP methods using
the samples after acid hydrolysis and fractionated by ultrafiltration. The ABTS method was
carried out by reacting 5 mL aqueous ABTS (Sigma-Aldrich) solution (7 mM) and 88 pL
potassium persulfate solution (140 mM) to produce the ABTS radical cation (ABTS*) and kept
in the dark for 16 h. The ABTS radical was diluted with ethanol to obtain an absorbance of
0.7 £ 0.05 at 734 nm. In the dark, 15 uL of the samples was added to 1500 uL of ABTS radical
solution, and after 6 min, the absorbance at 734 nm was measured [48].

The DPPH method was carried out by reacting 45 uL of the sample with 1800 uL of
60 uM 2,2-diphenyl-1-picrylhydrazyl (DPPH, Sigma-Aldrich®) in methanol (Isofar®) solu-
tion. After 30-min incubation in the dark, the absorbance was measured at 515 nm. The
results were expressed in uM of Trolox (Sigma—Aldrich®) equivalent [48].

The FRAP method was carried out by preparing the FRAP reagent (1 mL of TPTZ
10 mM (Sigma-Aldrich®), 1 mL of FeCl; 20 mM, and 10 mL acetate buffer (Isofar®) 300 mM
pH 3.6) in the dark. The reaction was carried out by mixing 15 uL of the sample with 285 uL
of the FRAP reagent. After 30 min of incubation in the dark, the absorbance was measured
at 593 nm, and the results were expressed in uM of ascorbic acid equivalent [49].

2.8. Proximal Composition

The proximate composition of the samples (crude biomass and food ingredient) was
determined by the ash content in a muffle (1150-3P-W3, W-THREE, Piracicaba, Brazil);
lipid content by a Goldfish extractor (TE-044-5/50, TECNAL®, Piracicaba, Brazil); mois-
ture content by the gravimetric method using a moisture analyzer oven (M5-Thermo 62L,
Belengineering, Italy). Nitrogen content was determined by the micro-Kjeldahl method
(TE-040/25), and protein content was calculated using a conversion factor of 5.8. Total
carbohydrate content was obtained by difference. The total energy value expressed in
kcal/100 g was estimated using conversion values of 4 kcal/g for protein and carbohy-
drates and 9 kcal/g for lipids. Analyses were performed in triplicate, according to the
methodologies described by AOAC International [50].

2.9. Statistical Analyses

All experiments were carried out in triplicate and all analyses were performed at least
in triplicate. Results were expressed as average values £ standard deviation. The results
for both substrates were submitted to Test T to evaluate the best carbon sources (glucose
and glycerol) and other results were submitted to analysis of variance (ANOVA) one way
and comparison of means by the Tukey HSD test (p < 0.05) using Statistica 7.0 software
(version 8.0, StatSoft®, Tulsa, OK, USA).
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3. Results and Discussion
3.1. Obtaining Mannoproteins from Yarrowia lipolytica IMUFR] 50682 Autolysis

Yarrowia lipolytica IMUFR] 50682 was cultivated in two different culture media con-
taining glucose and glycerol as carbon sources to assess mannoprotein production and,
consequently, the potential of utilizing alternative carbon sources to enhance production
and reduce associated costs. Afterwards, Y. lipolytica IMUFR] 50682 biomass was used
as a raw material for the extraction of mannoproteins using an autolysis technique to
obtain information about its structure and functionality, since such characteristics affect its
application in the food and beverage industry, including acting as stabilizers, emulsifiers,
antioxidants, surfactants, among other properties of interest [51].

In autolysis, endogenous enzymes hydrolyze cell wall components, and the endoge-
nous proteolytic activity is the most important one in the process. However, glucanases
and chitinases are also important. This process usually takes place by applying yeast cells
to mild conditions of temperature (50-55 °C) and pH (5-6) for at least 24 h, without the
requirement of expensive equipment [52].

Table 1 shows the characterization of the soluble fraction rich in mannoproteins
after autolysis of the crude Y. lipolytica biomass concerning carbohydrate and protein
content. The cells that used glycerol as a substrate released more carbohydrates and protein
than the ones that utilized glucose. This result could be related to cell wall modulation
due to different carbon sources. Cell wall modulation involves the production of cell
wall polysaccharides and enzymes responsible for cell wall remodeling, assembly, and
degradation. For instance, the expression of the FKS gene is associated with (3-1,3-glucan
synthesis, with FKS1 expression prevailing under optimal growth conditions, while FKS2
expression is induced in response to various stresses such as glucose limitation and the
presence of alternative carbon sources like glycerol [53].

Table 1. Characterization of the soluble fraction rich in mannoproteins (supernatant) obtained after
autolysis of the crude biomass of Yarrowia lipolytica IMUFR] 50682.

Substrate Carbohydrate (g/L) Protein (g/L)
Glucose 15.10 £0.34° 38.52 +£0.38°
Glycerol 2333 +1.702 4994 + 0422

For each trial, different superscript lowercase letters in an identical column denote differences (p < 0.05) between
the mean values according to Test T.

Furthermore, the type of carbon source also significantly influences biosurfactant
production by Y. lipolytica. The evaluation of biosurfactant production using glucose and
glycerol showed higher production compared to hydrophobic sources (like olive oil). This
phenomenon can be attributed to the hydrophobic nature of the surface of Y. lipolytica, which
enhances biosurfactant production when utilizing glycerol and glucose as substrates [4].

3.2. Characterization of the Soluble Fraction Rich in Mannoproteins
3.2.1. Composition, Surface Tension, and Emulsification Property

The use and application of an unconventional ingredient obtained from innovative
processes require the evaluation of its physicochemical, structural and technological prop-
erties to understand its behavior during application in a food matrix, or even to predict
how its characteristics can influence the properties of the material to which it will be ap-
plied [14]. Thus, the mannoprotein extraction yield, composition, surface tension, and also
emulsification index of the final mannoprotein solution were evaluated.

Table 2 presents the characterization of mannoproteins extracted from Y. lipolytica
IMUEFR] 50682, where it is observed that the substrate used by the microorganism affected
the extractability and the characteristics of the mannoprotein. The extraction yield was
higher for mannoprotein extracted from Y. lipolytica cultivated with glycerol, reaching a
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value of up to 10.13%. These results indicate that almost 50% of mannoprotein from yeast
cell walls was extracted since its total value is approximately 20-25% [20].

Table 2. Characterization of the mannoprotein from Yarrowia lipolytica IMUFR] 50682.

Glucose Glycerol
Extraction yield (%) 7.70 £0.10P 10.13 £0.102
Total Carbohydrate (g/L) 14.65 + 0.34 b 19.63 + 1.26
Total Protein (g/L) 3097 +1.442 2385 +1.62P
Surface tension (mN/m) * 4450 +1.60° 4921 +£1.102
Emulsification index (%) * 372+1.60P 47.35+4.73%

* Mannoprotein solution (30 mg/mL). For each trial, different lowercase letters in an identical row denote
differences (p < 0.05) between the mean values according to Test T.

It is important to note that the protein content was higher for mannoprotein extracted
from the cells that used glucose (30.97 g/L) as a carbon source than the ones that used
glycerol (19.63 g/L). The higher extraction of mannoprotein from cells that used glycerol
as substrate can be explained by the presence of long and highly branched carbohydrate
side chains linked to asparagine residues and to the presence of disulfide bridges that are
connected to the outer layer of mannoprotein [54].

The total carbohydrates in the mannoprotein solution of 30 mg/mL were 14.6 and
19.6 g/L for Y. lipolytica produced in glucose or glycerol, respectively. The concentrations
of carbohydrates and proteins in the mannoprotein solution are important for the emulsion
system. The mannoproteins have emulsifying and stabilizing properties due to the am-
phipathic structure of their highly glycosylated molecule, (~90% sugars, mainly mannose)
being located in the outermost layer of the yeast cells acting as structural components [22].
In the emulsion, proteins facilitate the formation of a viscoelastic layer at the oil-water inter-
face, while carbohydrates increase the size of the interfacial layer [55]. The carbohydrates
can act by minimizing emulsion stability by improving protein—protein interactions and
developing a multilayer cohesive protein film at the interface that prevents foam collapse
and enables the formation of a more stable foam [56,57]. The high protein concentration
enhances the amphiphilic character of mannoproteins, thereby improving their overall
emulsifying properties [58].

The surface tension is an essential parameter for molecules with emulsification power,
such as mannoprotein, because it decreases the surface tension of particles, avoiding the
formation of larger particles and keeping the emulsion droplets stable for a long time [59].
This property is important in the food industry in the production of mayonnaise, ice cream,
sauces, and other foodstuffs [60].

The mannoprotein extracted from Y. lipolytica cultivated in media with glucose showed
better results, decreasing the surface tension to 44.50 mN/m, indicating a good emulsifying
power and an EI of 37.20%. In comparison, the extracellular biosurfactant from Y. lipolytica
IMUER] 50682 showed a 67.7% EI and 20.9 mN/m surface tension [4]. Furthermore, an
average surface tension of 40 mN/m was found for the extracellular biosurfactant of
Y. lipolytica isolated from dairy products in the rural region of Pernambuco (BR) [61]. Using
an enzymatic process with (3-1,6-glucanase, a mannoprotein from the cell wall of S. cerevisiae
reached an extraction index of 11% and retained an EI of 25% for 7 days [19].

The EI test determines whether the biosurfactant has emulsifier properties by calculat-
ing the ratio of the height of the stable emulsion layer and the total height of liquid formed
after vortexing and leaving it for 24 h. The high stability of the emulsion is evident for
mannoprotein with a higher carbohydrate content (19.63 g/L) derived from glycerol as a
substrate, as supported by its higher emulsification index of 47.35%.

The EI measures a biosurfactant’s ability to improve contact between oil and water.
Thus, a higher index indicates that the interaction between oil and water is strong and
stable [62]. Meanwhile, mannoproteins with higher protein content (30.97 g/L), like those
obtained using glucose as substrate, show a higher surface tension reduction (44.50 mN/m).
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These properties are related to amphipathic properties, which give the ability to form
hydrophobic and hydrophilic regions in the same molecule [19].

Chemical methods for cell disruption have been documented in various yeast species
for the extraction of diverse bioproducts. Examples include Xanthophyllomyces dendrorhous,
Sporidiobolus pararoseus, Xanthophyllomyces dendrorhous, and Saccharomyces cerevisiae, where
the process yield can reach values exceeding 60%. Nevertheless, the comparison between
processes is limited due to the lack of data or detailed information for comparison. Addi-
tionally, the processes are specifically developed for the extraction of specific components
from the process [36].

3.2.2. FTIR Structural Characterization of Mannoprotein

FTIR spectroscopy was performed to elucidate the structural characteristics of the
mannoprotein obtained from Y. lipolytica cultivated using different substrates. Figure 2
shows that the mannoprotein obtained from different substrates had similar characteristic
peak trends, but different peak intensities. The absorbance peak can indicate the functional
groups and chemical bonds of molecules, whereas the peak intensity can demonstrate the
concentration of these chemical species [5,63].
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Figure 2. Characterization of the mannoprotein extracted through autolysis of the crude biomass of
Yarrowia lipolytica IMUFR] 50682 growth in (—) glucose or (—) glycerol.

The mannoproteins from Y. lipolytica IMUFR] 50682 cultivated in glucose or glycerol
substrate had a typical mannoprotein band at 810 cm ! which is characteristic of mannan.
The absorption peaks at 3250 cm ! are ascribed to an asymmetric stretch of the -NH group,
while the 2920 cm ™! is ascribed to the C-H bond of the methyl group. In addition, the
peaks 1040 cm ! (C-O vibration) and 1460 cm ! (C-H deformation vibrations) indicate
the pyranose ring, corresponding to the saccharide fraction of mannoprotein [19].

Amide I and II absorption bands are the most significant vibration bands on the protein
skeleton. The peaks at 1620 cm ™! (amide I) and 1540 cm~! (amide II) indicate acylamino
absorption peaks due to the peptide bond’s C-O stretching vibration. Meanwhile, 1390 cm ™!
is assigned to the skeletal vibration involving stretching of the C-N bond of amide III [64].

Compared with the cells grown in glycerol, mannoprotein extracted from Y. lipolyt-
ica cultivated using glucose as substrate exhibited weaker absorption from 2000 cm™! to
500 cm ™!, probably due to different amino acid composition; the same behavior was observed
for mannoprotein from Saccharomyces cerevisiae obtained from different treatments which pre-
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sented different secondary protein structures due to the amino acid content. Moreover, a higher
protein/carbohydrate ratio showed strong absorption in the peaks at 1600-1300 cm ™! [65].
The mannoprotein spectra profile differences are directly related to its emulsification
properties. For example, a higher protein/carbohydrate ratio in yeast mannoproteins indi-
cates excellent emulsifying properties because of the high protein content [19]. Moreover,
the amino acid composition of yeast mannoprotein, arranged into an amphipathic structure,
is related to the emulsification properties due to protein molecular weight. For example,
proteins with low molecular weight generate a system with active surfaces. Meanwhile,
proteins with higher molecular weight generate more stable and viscous emulsions [60].

3.2.3. Thermogravimetric Characterization of Mannoprotein

Thermogravimetric measurement was performed to verify the thermal stability of
mannoprotein extracted from Y. lipolytica cultivated in glucose and glycerol substrates by
determining the weight of the sample subjected to a continuous increase in temperature [66].
Figure 3 presents the different stages of thermal degradation of both mannoproteins. The
first weight loss ranged from 7 to 10% for glycerol and glucose, respectively, and was
associated with water evaporation up to 100 °C. The second weight loss ranged from 9
to 13% for glycerol and glucose, respectively, and was related to the start of carbohydrate
degradation up to 200 °C. The final weight loss ranged from 43 to 68% for glycerol and
glucose, respectively. This degradation stage started at 220 °C and is attributed to the degra-
dation of structural water and the cleavage of protein, polysaccharides, and lipids [67].
These results indicate that mannoprotein from Y. lipolytica cultivated in glycerol was more
thermally stable than that obtained in glucose. This is related to their different chemical
compositions, primarily due to the carbohydrate and protein content. The thermal degrada-
tion of macroelement carbohydrates, proteins, and lipids occurs simultaneously at 164-497,
209-309, and 200-635 °C, respectively [68].
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Figure 3. Thermogravimetric analysis of mannoprotein extracted through autolysis of the rude
biomass of Yarrowia lipolytica IMUFR] 50682 growth in glucose (A) and glycerol (B).

3.3. Characterization of Crude Biomass and Food Ingredient
3.3.1. Chemical Composition and Technological Properties of Crude Biomass and Food Ingredient

The mannoprotein extraction process mentioned in Section 3.1 results primarily from a
soluble fraction rich in mannoprotein (a solution containing the components released during
autolysis), in addition to another two fractions, a solid fraction after acid hydrolysis (food
ingredient), and a liquid fraction obtained as supernatant of the acid hydrolysis step, that was
submitted to a concentration process, being denoted as “ultrafiltered bioactive” (Section 3.4).

The process yield shows that Y. lipolytica cultivated in media containing glucose
and submitted to sequential hydrolysis (autolysis followed by acid hydrolysis) presented
the highest yield, reaching 55%, which was better than the one grown in glycerol (46%)
(Table 3). Once again, the substrate used for biomass growth significantly influenced the
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cell wall characteristics, consequently, in the extraction process and material composition.
The substrate is directly related to the cell wall composition. Mannan, glucan, and chitin
are the main Y. lipolytica cell wall carbohydrates [9]. Moreover, using glucose as a carbon
source promotes a yeast cell wall with approximately 70% carbohydrates, 7% amino sugars,
15% protein, 5% lipids, and 0.8% phosphorus [9]. Thus, the carbon source is directly related
to the cell wall composition [69]. For example, glycerol increased the carbohydrate content
in Saccharomyces cerevisiae var. boulardii’s cell wall by 58% after cultivation in a medium con-
taining 3% glycerol. Moreover, this strain had a higher content of mannoprotein compared
with brewer’s yeasts S. cerevisine R9, which are mainly composed of 3-glucans [70].

Table 3. Technological properties of Yarrowia lipolytica IMUFR] 50682 biomass cultivated in glucose
and glycerol as substrate and the properties of the food ingredient.

Glucose Glycerol
P t i ;
arameters Biomass (%) Food Illgredlent Biomass (%) Food Ir:)gredlent
(%) (%)
Process yield 55.58 £ 2.54 2 - 46.14 +2.84" -
WHC 7.85+0.302 5.15+ 049b 478 +0.18P 5.35+0.18P
WS 2912 41272 9.55 + 0.61 20.0 +1.37" 11.05 + 0.89 €
OHC 407+ 0972 3.95 + 0.89 2 3234022 3.85+0.212
Moisture 433+ 040" 558 + 0.57 2 5.90 + 0.68 530 + 0.512
T"tasloi";:ble 95.67 + 0.40 2 94.42 + 057" 94.19 4+ 0.76 94.70 + 0.51°
a-glucan (%) 2.30 & 0.02° 0.96 + 0.02 4 1.81 +0.02°¢ 33140152
B-glucan (%) 14.13 +0.32° 11.96 + 0.48 © 19.31 + 0.68 2 12.74 4+ 0.19 €
Total glucan (%)  16.43 030 P 12.05 + 0.49 © 21.11 4 0.66 2 16.05 & 0.09 ®
Ash (%) 5.63 4 0.09 2 1.12 + 0.05 € 5.73 4 0.01 2 0.66 +0.02°
Carb‘(’(},/‘%drate 38.87 + 1.15°¢ 53.79 + 1.38 P 32.35 +0.15 4 57.48 +0.722
Protein (%) 45.70 4 0.89 b 37.63 + 0.75 ¢ 4892 +1.072 33.60 +0.70 4
Lipid (%) 547 4 0.45b 2.30 & 0.08 4 9.34 4 0.112 2.96 =+ 0.05
Caloric value 387.48 384.68 407.81 390.99

(kcal)

For each trial, different superscript lowercase letters in an identical row denote differences (p < 0.05) between the
mean values according to Tukey’s test.

After acid hydrolysis, the partial composition and technological features of the food
ingredient were evaluated since even after extraction this solid fraction must have high
nutritional value due to the carbohydrate ((3-glucan, manana, and chitin) and protein con-
tent [17,71], and the feasible properties to be applied in foodstuffs as emulsifier, stabilizer,
preservatives, among others [14].

Table 3 shows the technological properties of the crude biomass of Y. lipolytica and the
food ingredient produced in both substrates. Notably, the crude biomass exhibited a higher
water-holding capacity (WHC) compared to other treatments applied (p < 0.05). This could
be associated with the higher temperature applied in both hydrolysis processes, which
can affect the stability of the polypeptide secondary and tertiary structures, increasing the
surface hydrophobicity of the protein present in the cells [28].

WHC represents the amount of water that a food product can absorb per unit of
weight [28] and is crucial for defining product yield, texture, and storage quality. For
instance, cookies and crackers require flour with low WHC to achieve a crispy texture,
while buns necessitate high water holding capacity to maintain softness [72].
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The water solubility index (WSI) indicates that the crude biomass cultivated in glucose
media exhibited the highest values (29.12%), whereas the food ingredient resulting from
the sequential hydrolysis process showed a WSI of 9.55%. Additionally, the WSI values
for crude biomass and food ingredients obtained from glycerol media were 20.00% and
11.05%, respectively.

It was observed that the two-step cell wall disruption method may have caused the
exposure of hydrophobic groups (nonpolar amino acids) of the protein, decreasing the IWS
of the treated biomass compared to the non-treated one [73]. Moreover, as previously men-
tioned, different substrates directly influence cell wall components, thereby impacting the
amount of carbohydrates, protein, and phospholipids present, resulting in the production
of distinct materials [70].

Sequential hydrolysis induces the release of cell wall components, thereby influencing
the technological properties of the food ingredient produced. The absence of manno-
proteins, for instance, in the food ingredient affects crucial properties like gel formation,
emulsification, and the capacity to absorb water and oil [19]. Another significant func-
tional ingredient is 3-glucan, known for its prebiotic effects and its potential to enhance
rheological properties, thickening, and stability of emulsions [14].

The oil-binding capacity (OBC) did not present a statistical difference, regardless of
the treatment applied, reaching values of 3.23-4.07%. OHC is a suitable parameter for
use in high-oil/fat-content foods. This parameter influences the order of adding the dry
ingredients and the mixing time for a uniform oil distribution in the dry mixture [74].

Concerning the moisture content, values ranging from 4 to 5% were verified. A
moisture level below 8% is considered safe for 12-24 months of shelf-life of products and
improves the texture and stability of yeast biomass as a food ingredient [75]. S. cerevisiae
biomass after autolysis or mechanical cell disruption method increased the moisture content
compared to the crude one [28].

One of the most critical characteristics of yeasts is the presence of polysaccharides,
especially cell wall glucans. The most abundant polysaccharides in yeast cell walls are
a-glucans and (3-glucans [76]. The last one consists of 3-(1 — 3) and (1 — 6) linkages with a
substantial structural diversity, corresponding to 29-64% of the cell wall [36]. The content of
these carbohydrates, mostly (3-glucans, is important to formulate foodstuffs with prebiotic
features apart from modulating the sensorial characteristics [77]. Commercially available
glucans from S. cerevisiae are utilized for both human and animal applications. Given
that Y. lipolytica is also recognized as a Generally Recognized as Safe (GRAS) organism, its
application spans across various industries [71].

The total glucan was higher (21.11%) in Y. lipolytica cells cultivated using glycerol as
substrate than in those cultivated in glucose (16.43%). The same behavior was followed
by B-glucan concentration with 19.31% for cells grown in glycerol, whereas the biomass
cultivated in glucose resulted in 14.13%. Nevertheless, the content of x-glucan was higher
for the microorganism cultivated in glucose (2.30%). These differences are associated
with the carbon source that can activate different metabolic routes to modulate yeast cell
walls [78]. A previous study with S. cerevisiae var. boulardii” showed that the use of glycerol
as an alternative carbon source promoted the production of cell wall carbohydrates, mostly
-glucans [70]. It is also known that under stress conditions, yeast can protect and maintain
internal homeostasis by synthesizing more 3-glucan in the cell wall [79]. After the two-step
cell wall disruption of intracellular compounds from Y. lipolytica, a smaller concentration of
the total glucan, a-glucan, and B-glucan in the food ingredient produced is detected. The
exception is the observed increase of the «-glucan content in the food ingredient produced
using glycerol. Additionally, studies have shown that x-1,3-glucan accumulates in the cell
wall during the initial growth stages of Aspergillus nidulans and is degraded under carbon
starvation, suggesting that the growth phase also influences x-1,3-glucan production [80].

The ash content varied from 0.66 to 5.73%; due to the sequential hydrolysis process
the food ingredient from both substrates presented the lowest values. The main mineral
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compositions of yeast include phosphorus, potassium, calcium, magnesium, and selenium,
accounting for over 10% of the cell dry matter [28].

The carbohydrate content was 38.87% for Y. lipolytica grown in glucose, and 32.35% for
Y. lipolytica grown in glycerol, whereas the food ingredient from both substrates presented a
carbohydrate content of over 50%. The protein content was higher for Y. lipolytica grown in
glycerol (48.92%), whereas the food ingredient from Y. lipolytica grown in glucose retained
more protein after sequential hydrolysis (37.63%).

The lipid content was 45% higher for Y. lipolytica grown in glycerol than glucose,
whereas both food ingredients had approximately 2% lipids. The intracellular lipid content
of Y. lipolytica can reach 80% of cell dry weight, triacylglycerols being composed of long-
chain fatty acids (16-18 carbon atoms in the chain) the main components [81].

The caloric value of the crude biomass and the food ingredients was approximately
400 kcal.

3.3.2. FTIR Structural Characterization of Yarrowia lipolytica Biomass and Its Respective
Food Ingredient

Yarrowia lipolytica IMUFR] 50682 cultivated with glucose and glycerol as substrate
presented similar FTIR spectra characteristic of this yeast (Figure 4). The main differences
are at the region corresponding to protein with a higher absorption for the one grown
in glycerol at amide I (1540 cm~ ') and amide II (1650 cm™!). In addition, the regions
corresponding to lipids were at 2925 cm ™! and 725 cm !, representing stretching of CH, of

acyl chains in fatty acids of triacylglycerols while 1040 cm ! was P=O stretching (symmetric)
of phospholipids in the cell wall [64].
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Figure 4. Characterization of Yarrowia lipolytica IMUFR] 50682 biomass cultivated with (—) glucose
and (—) glycerol.

FTIR spectra of Y. lipolytica cultivated with glucose and glycerol and subjected to
sequential hydrolysis are presented in Figure 5. Figure 5A presents a lower absorption for
the food ingredient in the regions corresponding to protein (3250 cm~! and 1390 cm™!)
concerning the whole cell. On the other hand, concerning the food ingredient cultivated
in glycerol, there were no relevant changes in the spectra of biomass grown on the same



Processes 2024, 12, 1132

14 of 22

substrate. Several factors can contribute to changes in the cell wall and its thickness, with
an impact on extractability, including different growth conditions such as temperature, pH,
aeration, and mostly the carbon source. The composition of the by-product has already
been reported to increase cell wall thickness in the case of S. cerevisiae [82].
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Figure 5. Characterization of the food ingredient (—) obtained from Yarrowia lipolytica IMUFR] 50682
cultivated in glucose and glycerol subjected to sequential extraction and the crude biomass (—)
cultivated in glucose (A) and glycerol (B).

3.3.3. Optical Microscopy of Yarrowia lipolytica Biomass and Its Respective Food Ingredient

Figure 6, obtained from optical microscopy analysis, presents the morphological
changes in yeast cell morphology subjected to the different cell disruption processes.
Yarrowia lipolytica cultivated in glucose and glycerol (Figure 6A and 6B, respectively) pre-
sented similar characteristics around budding cells with large vacuoles within the cyto-
plasm. After the two-step cell disruption, the cells (Figure 6C,D) were smaller, with a
high degree of damage to the roughness of the cell wall surface and aggregates. Cell wall
damage was also observed for S. cerevisiae after the autolysis process due to the ethanol
toxicity and chemical interaction causing roughness of its cell wall [28]. S. cerevisiae cells
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treated with pulsed electric fields stored for 7 days at pH 7.0 present a smaller size due to
the release of cytoplasm content during autolysis [22].

After two-steps Before two-steps

cell disruption cell disrup:

Figure 6. Microscopy of crude biomass of Y. lipolytica and food ingredient cultivated with glucose
(A,B) and glycerol (C,D) subjected to the two-step cell disruption method.

The release of cell wall components, as depicted in Figure 6B,D by the deformation of
the cell wall, leads to the production of a food ingredient with distinct characteristics from
the crude biomass. This is primarily due to the absence of mannoprotein, which, owing to its
amphiphilic nature, serves as an effective stabilizer in food emulsions such as mayonnaise,
ice cream, and sauces [83]. Moreover, a lower protein content may reduce the ability to form
gels [84], while a reduced carbohydrate content can diminish the thickening properties [14].

3.4. Ultrafiltration of Y. lipolytica Biomass Subjected to Sequential Hydrolysis
3.4.1. Composition and Antioxidant Activity

The cell wall structure of Yarrowia lipolytica comprises various components, predomi-
nantly mannoprotein, glucan, and chitin, which play roles in structural integrity, mainte-
nance, and cell replication and can be utilized as food ingredients due to their bioactivity
and technological properties [9,14,85]. Therefore, the characterization of this material and
the evaluation of its bioactivity are important for its application in different foodstuffs.

Among the bioactivities exhibited by the components of yeast cell walls, antioxidant
activity holds significance, particularly as an alternative to synthetic antioxidants, which
may have adverse effects depending on the dosage, as antioxidants aim to mitigate oxida-
tive reactions that could lead to changes in flavor, aroma, and other essential properties of
foods and beverages [26,86].

In this sense, Y. lipolytica biomass after the sequential hydrolysis was sequentially
fractionated by ultrafiltration membranes to identify the characteristics and bioactivities
of the fractions resulting from the concentration process. The ultrafiltration process was
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performed through four membranes resulting in five fractions (F1: >50 kDa; F2: <50 kDa
and >20 kDa; F3: <20 kDa and >10 kDa; F4: <10 kDa and > 1 kDa; F5: <1 kDa) and was
evaluated through protein, and carbohydrate content, in addition to antioxidant activity.

In Figure 7, it is possible to verify that a similar behavior for both components orig-
inated from cultivation with glucose and glycerol. Almost 70% of proteins presented in
the hydrolysate were quantified in membranes with a molecular weight cut-off of less
than 1 kDa (Figure 7A) for both substrates. Yeast hydrolysates are combinations of protein
fractions and peptides of varying sizes, each with minor differences in their physical and
chemical properties, such as charge and hydrophobicity [87]. The molecular weight reduc-
tion is caused by endogenous proteolytic enzymes that cleave peptide bonds and generate
peptide mixtures with different sizes and affect amino acid compositions, sequences, and
peptide structures; however, the enzyme’s specificity determines the bioactivity of the
produced peptides [88].
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Figure 7. Soluble fraction ultrafiltered and obtained from Yarrowia lipolytica IMUFR] 50682 biomass
cultivated with glucose (white) and glycerol (black). Protein (A); Carbohydrate (B). “P” refers to the
permeate fraction. Different upper/lower case letters denote differences (p < 0.05) between the mean
values according to Tukey’s test.

Regarding carbohydrates in Y. lipolytica biomass obtained from sequential hydrolysis
(Figure 7B), after fractionation using the membrane with a 50 kDa cut-off, more than 90% of
the carbohydrates from acid hydrolysis of crude biomass grown in glucose were retained.
Meanwhile, 75% of the carbohydrates from the acid hydrolysis of crude biomass grown in
glycerol were retained. This result can be explained by the different molar weights of the
carbohydrates present in the hydrolysate. For instance, the average molecular weight of
-glucan is approximately 2000 kDa for high-molecular-weight 3-glucan and 300 kDa for
low-molecular-weight (3-glucan [89]. The other carbohydrate mainly present in yeast cell
walls is chitin, which has a molar weight of 1000 kDa [90].

3.4.2. Antioxidant Property of Soluble Fraction Separated by Ultrafiltration

Figure 8 presents the antioxidant capacity of the fractions fractionated by ultrafiltration.
Different methods, including ABTS, DPPH, and FRAP, were used to evaluate different
antioxidant compounds present in the fractions since these compounds respond to other
mechanisms of action and may have synergistic interactions [91]. The ABTS method
has a complex reaction mechanism, oxidizing the ABTS by oxidants to its radical cation,
ABTS*. However, it is a simple, rapid, sensitive, and reproducible assay able to evaluate
hydrophilic and lipophilic antioxidant molecules [92]. DPPH radicals are less reactive than
ABTS" radicals. In the DPPH radical scavenging assay, the antioxidant donates a hydrogen
atom, which gives rise to the reduced form with the loss of this violet color [91]. Whereas
the FRAP method measures the reduction of ferric ions [48].
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Figure 8. Antioxidant activity of Yarrowia biomass hydrolyzed by autolysis + acid hydrolysis and
fractionated by ultrafiltration. (A) ABTS; (B) DPPH; (C) FRAP. “P” refers to the permeate fraction.
Different upper/lower case letters denote differences (p < 0.05) between the mean values according
to Tukey’s test.

In general, antioxidant activity (ABTS, DPPH, and FRAP) increased after partial ultra-
filtration of the hydrolysates (Fraction < 50 kDa). However, the antioxidant activity appears
to decrease with sequential fractionation, likely due to the synergism of components in
the acid hydrolysis fraction, which enhance antioxidant potency [93,94]. Antioxidants
can chemically reduce each other, acting synergistically to neutralize reactive species. For
instance, tryptophan was found to synergize with leucine, lysine, and arginine, thereby
enhancing antioxidant potency [95]. Moreover, the mechanism that leads to this synergism
in antioxidant activity needs further research. Still, it was shown that the C-terminal tryp-
tophan plays an essential role in the synergism among the peptide chain [96]. Moreover,
the bioactivity, primarily due to the antioxidant activity of the higher molecular weight
fractions, is related to the synergistic effects of the higher number of amino acid residues
when compared to fractions with shorter peptide chains [97].

Hydrophobic and aromatic amino acid residues (leucine, proline, valine, methionine,
histidine, and tyrosine) improve the interaction between the peptides and radical species
by strengthening the solubility of the peptides in lipids. Moreover, proline residue can act
as a proton/hydrogen donor to play its antioxidant role [98]. The antioxidant peptides
purified from hydrolysate cardiac arterial bulbs of Skipjack tuna (Katsuwonus pelamis)
containing proline-lysine-lysine obtained the highest ABTS scavenger capacity among
those isolated with the ECsj value of 0.188 mg/mL [99]. Nevertheless, hydrophilic amino
acids (tyrosine, glutamine, threonine, serine, asparagine) can act as antioxidants as was
demonstrated with the antioxidant peptides isolated from neutrase hydrolysate of skipjack
tuna (Katsuwonus pelamis) milt where the tyrosine-argenine—glutamine-tyrosine sequential
isolated presented the highest scavenger capacity for DPPH and ABTS (5.22 £ 0.21, and
6.39 &+ 0.21 EC5p mg/mL, respectively) [100].

Furthermore, the lower concentration of carbohydrates in the fractions could promote
better antioxidant activity due to bioactive peptides. A study involving protein hydrolysate
from S. cerevisiae revealed that antioxidant activity is not solely determined by the concen-
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tration of bioactive peptides but predominantly by their physicochemical properties, such
as amino acid composition, hydrophobicity, sequence, and molecular weight of the pep-
tides [26]. Moreover, it was shown that some peptides with high antioxidant activity have
a molar weight of less than 3 kDa with 2-20 amino acids and the presence of hydrophobic
amino acids, for example, proline, valine, tryptophan, and phenylalanine [101]. Yeasts
have antioxidant properties due to the main components of their cell wall (3-glucan and
mannoprotein). For instance, S. cerevisiae IFST 062013 demonstrated robust antioxidant
power through DPPH scavenging activity [102].

The extraction of mannoproteins and other compounds of interest from yeast biomass
represents a viable process that optimally utilizes available resources and offers promising
applications across various fields.

4. Conclusions

Yarrowia lipolytica emerges as a valuable source for high-value-added products with
potential applications across various industries. In this study, Y. lipolytica biomass was
efficiently produced using different substrates, with a particular emphasis on glycerol due to
its lower cost and comparable or even superior results compared to glucose. The two-step
process involving autolysis followed by acid hydrolysis for Y. lipolytica cell disruption
proved effective in extracting key components of the cell wall, with a mannoprotein
extraction yield exceeding 10% and a biomass yield surpassing 55%.

Due to its distinct composition, the mannoprotein extracted from Y. lipolytica cultivated
in the different substrates has different emulsification properties. The mannoprotein
from crude biomass grown in glucose decreased the surface tension (44.50 mN/N) better
compared to the one that used glycerol (49.21 mN/m). The composition of mannoprotein
also influenced the thermal resistance, being better for the mannoprotein (crude biomass
grown in glycerol), which has more carbohydrates (60% weight loss) than the mannoprotein
(crude biomass grown in glucose) with higher protein content (80% weight loss). The
technological properties (water-holding capacity, water solubility index, and oil-binding
capacity) demonstrated the potential application of biomass and its components in different
foodstuffs. Y. lipolytica biomass and food ingredients have {3-glucan content ranging
from 12-19%, an important result due to its technological properties and the prebiotic
effect when applied in food products. The hydrolysate and soluble fraction obtained
by ultrafiltration presented antioxidant properties in both methods but demonstrated a
reduction in antioxidant activity in sequential fractionation, indicating a synergistic effect
of the components on the general activity of the material. In the future, new disruption
methods, or the integration and optimization of existing methods, may be applied to enable
higher yields, improved ingredients, and to provide more advantageous processes.
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