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Abstract

With the advancement of biotechnological approaches and the rapid growth of the food and pharmaceutical
industries, along with the well-documented health benefits of probiotics, the role of these microorganisms in the
development of functional foods and dietary supplements has attracted increasing attention in recent years.
Nevertheless, maintaining probiotic viability throughout processing, particularly during freeze-drying and
subsequent storage, remains one of the major challenges in the commercial production of probiotic-based
products. Accordingly, the aim of the present study was to investigate the potential application of bitter vetch
(Vicia ervilia) seed protein isolate as a cryoprotective agent at concentrations of 1, 5, and 10% on the viability of
Lactobacillus acidophilus La-5 during freeze-drying and storage for 42 days at 4 °C, in comparison with skim
milk as the control. The lyophilized samples were also structurally characterized using Fourier-transform infrared
spectroscopy (FTIR), X-ray diffraction (XRD), and scanning electron microscopy (SEM). The results
demonstrated that the formulation containing 10% bitter vetch seed protein isolate exhibited a more compact and
protective microstructure than skim milk for bacterial cells and significantly improved the survival of L.
acidophilus La-5 even at the end of the storage period (4 x 107 CFU/mL versus 9 x 10* CFU/mL for the control)
(p < 0.05). Overall, these findings indicate that bitter vetch seed protein isolate at a concentration of 10% can
serve as an effective, natural, and biocompatible cryoprotectant, representing a promising alternative to
conventional compounds commonly used in probiotic preservation formulations.
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Cryoprotective Effect of Vicia ervilia Seed Protein Isolate on the Viability of
Lactobacillus acidophilus LLA-5

EXTENDED ABSTRACT

Introduction

Probiotic preservation during industrial-scale processing remains a major challenge in functional food
development, especially when utilizing freeze-drying (lyophilization) for storage and delivery. Freeze-drying,
while effective in prolonging shelf life, often causes substantial damage to probiotic cells due to ice crystal
formation and dehydration stress. The use of cryoprotective agents is thus critical to ensure cellular integrity and
viability. Traditionally, dairy-based protectants such as skimmed milk and whey protein have been used due to
their high protein and sugar contents. However, growing interest in plant-based, cost-effective, and sustainable
ingredients has prompted the exploration of novel natural cryoprotectants. Vicia ervilia (bitter vetch), a legume
native to the Mediterranean basin, is rich in protein and bioactive compounds, and has recently garnered attention
for its potential functional applications. This study investigates and compares the cryoprotective efficacy of
Viciaervilia seed protein isolate (VSPI) and skimmed milk (SM) on the viability of Lactobacillus acidophilus
LAS during and after freeze-drying.

Materials and Methods

Vicia ervilia seeds were processed to extract protein using isoelectric precipitation, which was found to yield the
highest extraction efficiency based on prior studies. Three concentrations of VSPI (1%, 5%, and 10% w/v) were
prepared and used as cryoprotectants. Skimmed milk served as the control due to its industrial relevance. The
probiotic strain L. acidophilus LAS was mixed with each cryoprotectant, then subjected to freeze-drying. To
analyze chemical functionality, Fourier-transform infrared spectroscopy (FTIR) was conducted on the freeze-
dried powders. X-ray diffraction (XRD) was employed to assess crystalline or amorphous structure. Scanning
electron microscopy (SEM) provided morphological observations of the protective matrix surrounding probiotic
cells. Viability was measured at intervals (5, 21, and 42day) using plate counting and expressed as CFU/mL.
Results

FTIR analysis of VP revealed clear amide I (1654 cm™), amide II (1541 cm™), and amide III (1245 and 1169
cm™') bands, indicating a well-maintained peptide structure. A broad peak at 3424 cm™ suggested active —OH and
—NH: groups capable of hydrogen bonding. Similarly, SM exhibited functional groups relevant to cryoprotection,
though the peaks were less intense. XRD patterns of VS PI showed broad peaks in the 26 range of 15-35°,
characteristic of amorphous or semi-crystalline matrices, whereas SM showed multiple sharp peaks, including at
20 =~ 20°, indicative of a more crystalline phase. These structural differences suggest superior flexibility and
mechanical protection in the VS PI matrix. SEM imaging supported these findings: VSPI-treated samples showed
a smooth, dense surface without cracks, while SM-treated cells exhibited brittle, fragmented surfaces.
Discussion

Viability results indicated that VS PI had a concentration-dependent protective effect. At day 5, all samples had
comparable viability (approx. 1 x10% CFU/mL). However, by day 42, a clear divergence was observed: SM-treated
samples declined to 13x10° CFU/mL, whereas 10% VSPI maintained 4x107 CFU/mL. These findings confirm
that VS PI at 10% concentration offers significantly greater cryoprotection. The improved performance is likely
due to the protein's ability to form stable, flexible matrices that minimize mechanical damage, preserve membrane
integrity, and suppress ice crystallization near cell membranes. The amorphous structure observed via XRD
further supports this hypothesis, as it is known to provide superior protection under freeze-drying conditions
compared to crystalline structures. Previous research with plant proteins such as soy, rice, and pea supports these
outcomes, highlighting that molecular weight alone does not determine protective capacity rather, protein
structure, functional groups, and matrix formation are crucial factors.

Conclusion

The study demonstrates that VSPI particularly at 10% concentration, is a highly effective natural cryoprotectant
for preserving L. acidophilus LAS during freeze-drying and storage time. Its functional groups, amorphous matrix-
forming ability, and morphological properties enable it to outperform conventional dairy-based protectants such
as deproteinized whey, especially in long-term storage. These findings suggest that VSPI can be a promising
plant-based alternative in the formulation of probiotic products, aligning with current trends toward clean-label
and vegan-friendly functional foods. Future studies should investigate the scalability, sensory effects, and
compatibility of VSPI in real food matrices.
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