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SASITORN BOONKERD: PAPAIN ENCAPSULATION WITHIN STARCH BY ANTI-
SOLVENT PRECIPITATION
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Currently, papain is utilized across a wide range of industries. However, it is
sensitive and destabilizes in adverse environmental conditions. Therefore, it is
necessary to encapsulate papain with a coating material to protect it from these harsh
conditions and improve its stability. In this research, acetylated cassava starch (ACS), a
biopolymer, was chosen as the coating material. Acetylated cassava starch with Degree
of Substitution (DS) of 0.037 was used, a value that is commonly produced by factories
in Thailand. For the encapsulation process, a stepwise anti-solvent precipitation
method was employed, where papain was first precipitated and then encapsulated
with the starch. The study aims to determine the optimal conditions by investigating
the effects of the type of anti-solvent, papain concentration, and solvent to anti-
solvent volume ratios on the papain precipitation process. Additionally, it examines
the impact of starch concentration, volume of the starch solution, and the type and
concentration of surfactant on the papain encapsulation process.

From the investigation of the precipitation of papain to create nanoparticles,
the results showed that ethanol was the most suitable anti-solvent for preparing
papain nanoparticles. Ethanol had the least impact on papain activity and produced
fewer sticky precipitates compared to acetone and acetonitrile (ACN). Regarding the
effects of solvent-to-anti-solvent volume ratios and papain concentration, it was
observed that these ratios influenced particle size, size distribution, zeta potential, and
precipitation yield. An optimal solvent-to-anti-solvent ratio of 1:4 was sufficient for
nanoparticle formation without excessive use of anti-solvent and can produce particles
with the smallest average size and narrowest size distribution. Moreover, the resulting
particles have good stability. Papain concentration affected particle size and zeta
potential, with a significant impact on yield only at low concentrations (10 to 15 mg/ml)
but did not affect size distribution. The ideal concentration was found to be 30 mg/ml,
which produced the most stable particles while retaining 100% activity. Under these
conditions, the papain nanoparticles had an average size of 207.6 nm and a narrow

size distribution, with a precipitation yield of 80.89%, ensuring stable and active



nanoparticles. For further encapsulation using the stepwise anti-solvent precipitation
method, increasing the ethanol volume ratio to 1:8 produced smaller size, more stable
precipitates with reduced aggregation, indicating suitability for encapsulation with
starch. Thus, for encapsulation experiments, a papain solution concentration of 30
mg/ml and a solvent-to-anti-solvent volume ratio of 1:8 were selected for the initial
precipitation step.

In the encapsulation study of papain precipitates with starch to create
ACS/Papain  composites, higher starch concentrations generally improved
encapsulation efficiency and loading capacity, but excessive concentrations led to
decrease performance due to starch aggregation, while starch solution volume
primarily influenced loading capacity. Employing surfactants aided in dispersing
particles to prevent aggregation during encapsulation. However, higher surfactant
concentrations, particularly Tween 80, improved encapsulation efficiency and loading
capacity but reduced papain activity. The optimal conditions achieved were a starch
concentration of 30 mg/ml, a starch volume of 7 m{, and a 3% v/v Tween 80
concentration, yielding an encapsulation efficiency of 96.23% and a loading capacity
of 12.40%. However, residual papain activity under these conditions dropped to
approximately 56%. In contrast, Tween 20 at 1% v/v preserved higher papain activity
(~87%), although it yielded a lower encapsulation efficiency of 69.87% and loading
capacity of 9.32%. Confirmatory analyses via fluorescent spectra and FTIR confirmed
successful papain entrapment within acetylated starch with a lower degree of

substitution.
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