Evaluation of the Effects of Heat Treatment, High-Shear Microparticulation, and
Xanthan Gum on the Functional Properties of Lathyrus sativus Protein Isolate for
Plant-Based Food Formulations

ABSTRACT

This study evaluated the techno-functional and structural properties of grass pea (Lathyrus sativus) protein isolate (GPI) across five
distinct treatments: Grass Pea Isolate (GPI), heat-treated GPI (HGPI), HGPI with xanthan gum (HGPI1+XG), microparticulated
HGPI (HGPI1+MPs), and a microparticle-xanthan gum complex (HGP1+MPs+XG). Alkaline extraction yielded a high-purity isolate
(91.27%). Although thermal treatment induced protein denaturation leading to undesirable macro-aggregation, incorporating
xanthan gum during high-shear microparticulation effectively prevented particle coalescence via protein-polysaccharide
interactions, boosting microparticle yield to 92.03%. Structural modification and partial chain unfolding @stablished an optimized
3D macromolecular network, reducing the least gelation concentration (LGC) to 8%. The HGPI+MPs+XG complex exhibited
superior performance, with notable increases in pH-dependent solubility, emulsifying capacity, emulsion stability\water-holding
capacity (WHC, 82.76% to 98.49%), and oil-holding capacity (OHC, +97.77%). Fluorescence micrascopy, PDlpgs (0.07 xm),
Sutter number (5.91 wm), and DPI (1.06 wm) observations confirmed the fommation of spherical, homogeneous, and stable
microparticles. Disulfide bond analysis indicated that sulfhydryl groups were directly involved in driving this structural stability.
Overall, these findings indicate that microparticulated grass pea protein complexes held significant potential as texturizing and
emulsifying agents for clean-label food formulations and potential application in plant-based matrices, pending further sensory
evaluation, texture profile analysis (TPA), and real-food matrix stability studies.
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Introduction

Developing plant-based meat and cheese analogue$ with appropriate textura} properties remains a significant challenge in food
engineering. While alternative proteins are increasingly sought to“meet global nutriational demands, their native structures often
lack the requisite techno-functional attributes to accurately replicatejthe sensory and structural complexity of animal-derived
tissues. Grass pea (Lathyrus sativus) has emerged as a'‘promiSifg, cost-effective, and high-protein legume, particularly noted for its
rich lysine content. Nevertheless, native legume proteins‘eften |exhibit |poor solubility and a high propensity for thermal macro-
aggregation, resulting in structuralinon-uniformitytand unfavorable organoleptic profiles in final food formulations. To circumvent
these limitations, microparticulation via high-shearjprocessing (Ultra-Turrax at 10,000 rpm) serves as a strategic texturization
approach, Carefully targeting particle sizéythresholds smallesthan 10 pm to optimize mouthfeel and structural. Although thermal
processing facilitates the\denaturation of glebular proteinsithereby exposing amphiphilic and hydrophobic domains to enhance
water-holding capacity (WHE)-the inherent thermodynamic driving force toward self-aggregation often restricts their individual
application. Recent advancements havepshifted toward the fabrication of protein-polysaccharide complexes to stabilize these
microparticulated matrices. Xanthan'gum (XG), an anionic heteropolysaccharide, acts as a potent hydrocolloid stabilizer due to its
exceptional hydratien capacity and rheoelogy-modifying properties. When integrated under sequential thermal and high-shear
regimes, XG mitigatesithe coalescence of denatured protein fragments by establishing a highly viscous continuous phase and
potentially forming an interlocking, mosaic-like network with microparticulated proteins (MPs). While literature addresses
microparticulation in commen %ses like pea protein, systematic insights into the combinatorial interaction between grass pea
protein isolate (GRI) and XG under coupled thermal-mechanical shear remain limited. Therefore, this study aims to evaluate five
experimental treatments including Grass pea protein isolate (GPI), Heat-treated GPI (HGPI), thermally treated GPI and xanthan
gum (HGPI+XG), /microparticulated GPI (HGPI+MPs), and the combined complex (HGPI+MPs+XG) to elucidate their
physicochemical, interfacial, and structural characteristics. This research provides a scalable engineering framework for developing
high-performance texturizers suitable for advanced clean-label food systems. However, their performance in the formulation of
meat and cheese analogs requires additional research, including texturometric tests (TPA), sensory evaluations, and stability studies
in real food matrices.

Materials and Methods

Grass pea protein isolate (GPI) was extracted using alkaline solubilization at pH 9.7 (using 1 M NaOH) followed by isoelectric
precipitation at pH 4.2 (using 1 M HCI). The precipitate was recovered by centrifugation (7600 xg, 30 min, 4 °C), neutralized,
freeze-dried, and stored at -20 °C. A completely randomized design (CRD) was employed to evaluate five experimental treatments:
(1) Grass pea protein isolate (GPI) (Control), (2) Heat-treated GPI (HGPI) (T; 80 °C for 30 min), (3) Combined HGPI and 3%
(w/w) xanthan gum (HGPI1+XG), (4) Combined HGPI and microparticulated (HGP1+MPs) (MP; Ultra-Turrax at 10,000 rpm for 5
min), and (5) Heat and microparticulated GPI with 3% (w/w) xanthan gum (HGPI+XG+MPs). The primary response variables
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included microparticulate yield, protein solubility, water/oil holding capacities (WHC/OHC), emulsifying activity/stability indices
(EACI/EASI), least gelation concentration (LGC), particle size, and Fluorescence microscopy, PDIpLs, Sutter number and DPI. All
experiments were performed in triplicate (n=3). Statistical significance was determined using one-way Analysis of Variance
(ANOVA) followed by Duncan’s multiple range test at a significance level of P<0.05 using SPSS software (Version 22).

Results and Discussion
Proximate Composition and Microparticulation Yield

The proximate composition of grass pea (Lathyrus sativus) flour and its resulting protein isolate (GPI) demonstrated that the
alkaline extraction process serves as a highly efficient downstream separation technique. This extraction significantly reduced the
crude fat, moisture, fiber, and ash fractions, thereby isolating a high-purity protein matrix with a concentration of 91.27%. This
isolated protein served as the core macromolecular ingredient for all subsequent formulations.

During conventional thermal processing, the protein experienced widespread denaturation, which_triggered_irreversible macro-
aggregation, leading to a highly non-uniform and coarse structural texture (HGPI). To mitigate this structural limitation, high-shear
mechanical micronization was deployed. When thermal treatment was coupled with microparticulation alone (HGPI+MPs),
83.84% of the denatured protein aggregates were successfully converted into stableimicroparticles with a well-defined average size
of 6 um. Notably, the integration of xanthan gum during this thermal-mechanicaliprocessing (HGPI#XG+MPs) Significantly
elevated the microparticle yield to 92.03%. This increase confirms that xanthan gum, effectivelyhexerts a stabilizing, anti-
aggregation effect, establishing an interlocking mosaic-like network that physically entraps the protein fragments and prevents their
coalescence via electrostatic protein-polysaccharide complexation.

Techno-Functional Profiles: Solubility, Emulsificatien,’and Hydration

The techno-functional attributes of the samples were strictly governed by pH and structural modifications. The thermodynamic
solubility profiles of all samples remained highly pH-dependent, maintaining a typi€al U-shaped curve. While native GPI exhibited
the lowest overall solubility across the investigated pH range, the completsl): modified complex (HGPI+XG+MPs) achieved a
combined increase in solubility. This improvementgis, attribiited to structural unfolding and high-shear homogenization, which
disrupted the tight globular configuration of the grass pea protein:

Interfacial properties followed a similar trend. HGPI+XG&*MPs demonstrated the highest emulsifying capacity and emulsion
stability, followed by HGPI+MPs and HGPI+XG. This‘enhancement is driven by the structural exposure of previously buried
hydrophilic and hydrophobic demains, which lowers the interfacial tension at the oil-water interface. Additionally, the high
hydrophilicity of xanthan gum promotes robust hydregen bonding within the continuous phase.

Hydration and oil absorption gapacities were'significantly altered by the engineering treatments. The combination of heat, shear,
and hydrocolloids in HGPI+XG+MPs tesulted in the highest water absorption capacity (3.00 g/g) and oil absorption capacity (2.73
g/g). This is mechanically explained\by thefantrolled unfolding of the polypeptide chains, which facilitates capillary entrapment
within the porousylaminated maeromalecular architecture that mimics texturized animal tissues.

Foaming, Gelation,and %ructural Characterization

Converselygfoaming properties were inversely affected by the modifications. Foaming capacity (FC) and foaming stability (FS)
peaked sharply in‘the native GP1 (HGPI+XG+MPs: 39.03% and 90.29%, respectively), whereas the microparticulated HGPI-XG
complex (HGRI+XG+MPs) exhibited the minimum values (15.53% FC and 83.72% FS). The combination of intense thermal
denaturation, meehanical shear, and the viscosity-enhancing effects of xanthan gum restricted the rapid diffusion, reorientation,
and concentration of protein molecules at the gas-liquid interface. In industrial operations, this controlled reduction in foaming is
highly beneficial as it prevents manufacturing defects caused by excessive aeration during mixing.

Furthermore, the macro-structural network formation was optimized. Microparticulation effectively reduced the least gelation
concentration (LGC) from 12% in GPI to 8% in HGPI+MPs and HGPI+XG+MPs. Unlike cold-water solubility, LGC involves a
thermal dissolution process where heat induces a cohesive three-dimensional viscoelastic gel network via protein-protein and
protein-solvent interactions.

Direct structural observations were provided by fluorescence microscopy, PDI, Sutter number, and DPI which confirmed that GPI
consisted of large, irregular aggregates. Thermal treatment alone (HGPI) decreased the particle size but caused extensive
agglomeration, while HGPI+XG exhibited high size heterogeneity. High-shear homogenization in HGPI+MPs caused slight
aggregate formation due to increased collision frequency under shear stress. However, HGPI+XG+MPs displayed a highly
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homogenous, uniform, and spherical particle distribution (PDlpcs (0.07 x#m), Sutter number (5.91 xm), and DPI (1.06 zm)) ,
proving that xanthan gum successfully creates steric barriers against protein self-aggregation. DLS test determined a size of 6 pm
for HGP1+XG+MPs. Analysis of sulfhydryl and disulfide bonds identified one of the factors for the stability. Total and free
sulfhydryl contents showed a progressive increase from GPI to HGPI+XG+MPs, confirming that covalent disulfide (S-S) cross-
linking is the primary driving force behind the structural stabilization and texturization of these high-performance, clean-label and
plant-based matrices.

Conclusions

This study demonstrates that alkaline extraction can successfully produce a high-purity grass pea protein isolate (91.27%), serving
it as a viable functional ingredient for food formulations. Although thermal treatments induce protein denaturation and undesirable
macro-aggregation, the combination of high-shear microparticulation and xanthan gum effectively resolves this structural
limitation. Following thermal treatment and micronization, microparticles with an average size of 6 um were obtained. The
integration of xanthan gum prevents microparticle agglomeration through electrostatic protein-polysagcharide complexation,
significantly improving emulsion stability, solubility, water holding capacity (WHC), and oil holding capacityi(OHC). Moreover,
this combined modification reduced the least gelation concentration to 8%, promoting the formation of a stable thkee-dimensional
macromolecular network. Microscopic observations and sulfhydryl analyses confirmed that the ‘microparticulated complexes
maintain a homogenous, spherical geometry stabilized by disulfide cross-linking. Consequently, micrgparticulated, grass pea
protein isolates exhibit excellent techno-functional properties, highlighting their potential application as texturizing ingredients in
plant-based meat and cheese analogues. However, further studies including sensory‘gvaluation, texture @rofile analysis (TPA) in
real food matrices, shelf-life assessment, and regulatory considerations are requiredyto fullymevaluate their performance in
commercial food formulations. The improved functional properties (such as emulsification, Water-holding capacity, and rheological
stability) observed in this study suggest that the investigated treatments have potential applicationstin various foeod matrices,
including protein-based systems like dairy and meat analogs.However, further studieSiare required to optimize the'specific textural
attributes (e.g., fibrous structure in meat vs. micellar netwogk in cheeSe) required for each application.
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