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ensilication parameters for lysozyme, including stirring conditions, buffer
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Protein Stability; integrity. Phosphate buffer significantly enhanced encapsulation (80%)
Lysozyme; compared to Tris-HCI, and increasing pH to 7.6 improved profein loading.
Pharmaceutical These findings offer valuable insights for developing more efficient and
Applications. biocompatible protein delivery systems, highlighting the potential of

ensilicated proteins for future pharmaceutical applications.

protein thermal stabilisation and contribute to

INTRODUCTION developing more stable and accessible biologics.

Protein-based biopharmaceuticals are crucial in
therapeutic interventions, valued for their high MATERIALS AND METHODS
affinity, specificity, and minimal toxicity. However,
their inherent instability during manufacturing,
storage, and delivery poses significant
challenges, often leading to misfolding,
aggregation, and loss of efficacy. Traditional
stabilisation methods like Ilyophilisation and
cryopreservation are frequently costly and energy
intensive.  Ensilication, a novel approach,
encapsulates proteins within a protective silica
shell, offering enhanced thermal stability without
requiring harsh chemical modifications or reliance
on cold chains (Chen et al., 2017). This study aims
fo systematically identify and opfimise critical
factors in the ensilication process to improve

All the materials were purchased from Sigma-
Aldrich Company Ltd (UK) and Fisher Scientific
(UK). Ultra-pure water (Milli-Q) was used.
Ensilication was performed following a modified
Sartbaeva protocol(Abdulkareem et al., 2024).
Protein concenfration was measured using UV/Vis
spectrophotometry at 280 nm. The influence of
agitation rate and fime, buffer composition (Tris-
HCI, phosphate, PBS, citrate), buffer pH (7.0-8.2),
and protein  and silica  quantities  was
systematically evaluated. Confirmation  of
ensilication was performed by Fourier Transform
Infrared Spectroscopy (FTIR). Lysozyme activity
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was assessed using the EnzCheck fluorescence
assay. Surface morphology was investigated
using Field Emission Scanning Electron Microscopy
(FE-SEM. Statistical analysis involved one-way
ANOVA with post-hoc Tukey HSD test and Partial
Least Squares Regression (PLS-R) using IBM SPSS 29
and XLSTAT software.

RESULTS AND DISCUSSION

Ensilication of lysozyme yielded a dry powder with
approximately 67% efficiency. Stiring fime
influenced efficiency up to 20 minutes, while
stiring rate had no significant effect (data not
shown). Buffer composition played a crucial role
in encapsulation efficiency and drug loading
(Figure 1); overall protein ensilicated (EE) was 80%
with phosphate buffer (pH 7.2), and 74% with PBS
(oH 7.4) while preserving lysozyme activity (Figure
2).

1001 r100

60

Protein Loading %
Ensilication efficiency %

<o

Phosphate pH7.2  PBS pH 7.4 Citrate pH 6

Tris-Hcl pH 7

Ensilication buffer composition

Ea & ) | 80

ng %

L 40

Protein Loadin
*
Ensilication efficiency %

F 20

T T T o
7.4 76 7.8 8 8.2

Ensilication buffer pH

Fig. 1. Effect of Buffer composition and pH on the
protein loading and overall protein ensilicated.

Citrate buffer (pH 6) failed to encapsulate
lysozyme due to insufficient electrostatic
interaction. Increasing buffer pH from 7 to 7.6
significantly enhanced both Protein loading and
encapsulation efficiency, reaching a maximum at
pH 7.6 (Figure 1), aftributed to increased ionisation
of silanol groups. FTIR analysis confirmed
successful  lysozyme encapsulation, showing
characteristic protein and silica peaks, with shifts
indicating restricted protein  conformational

freedom within the silica cage (Figure 2). FE-SEM
analysis showed that particle morphology and
porosity were buffer-dependent, which may
influence release kinetics. Carbonate-based
alkaline solutions were identified as effective and
safer alternatives to hydrofluoric acid for protein
release, maintaining lysozyme activity.

Fig. 2. Influence of Buffer Selection on Lysozyme
Ensilication.

CONCLUSIONS

This  study successfully demonstrated the
encapsulation of lysozyme within a silica matrix,
achieving high efficiency and identifying optimal
condifions for the ensilication process. Key findings
highlight the superior performance of phosphate
and PBS buffers, and the significant impact of
buffer pH on protein loading. These optimisations
provide a valuable framework for developing
more efficient protein delivery systems.
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