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ABSTRACT
In the food industry there is a need for bioactive components to be encapsulated in edible matrices. Encapsulation is applied to protect bioactive compound, to mask a sensory property, or control the release of the active ingredient at the intended target in the body. The particle size and
shape affect kinetics of particle dissolution and release of the active ingredient. The objectives of the study are to determine the operating parameters to produce hydrogel spherical particles via vibration-extrusion; and to characterize the effect of nozzle size and particle production
parameters on particle size distribution and shape as evaluated by sphericity (Sp). The results will lead to development of models to predict particle size and shape desired for specific applications. The alginate-pectin hydrogel particles were produced by extrusion technique assisted with
vibration using an encapsulator unit (BUCHI-390, BUCHI, Flawil, Switzerland). The nozzle diameter (80, 120, 150, 200, 300, 450 μm), the frequency of vibration (180-1600 Hz), and the pressure (400-700 mbar) were varied while the total gum concentration of hydrogel solution (1.1%wt), the
solution flow rate (0.05 g/s) and the voltage applied to the gelling bath (500 V) were kept constant. The particle size was determined by using Image J software from photographs obtained with a microscope at 10X or 60X magnifications. Top and side view orientations were taken to calculate
sphericity. Average particle size increased from 374.5± 108.8 µm for a 120 µm nozzle at 1600 Hz frequency to 1256 ± 112.3µm for a 450 µm nozzle at 180 Hz frequency. The hydrogel particles closest to a sphere (Sp<0.05) was obtained with at a Sp value of 0.086 with a 200 µm nozzle at and
a frequency of 900 Hz. The results indicate that the average particle size increases over a wide distribution with increasing nozzle opening. The particle size is also affected by the frequency of vibration for a given nozzle. These findings are significant in determining optimal parameters for
producing desired particle sizes and shapes for a specific application such as the production of slow- versus fast-release hydrogel particles.

INTRODUCTION
• In the food industry, there is a need for bioactive

nutritional components to be encapsulated in edible
matrices for a variety of applications1.

• Encapsulation is applied to protect
bioactive compound, to mask a sensory property, or
control the release of the active ingredient at the
intended target in the body2.

• The particle size, shape, and properties affect kinetics
of particle dissolution and release of the active
ingredient in the human body3. Spherical particles are
preferred, i.e., the sphericity factor is between 0 and
0.054. The goal is to create a particle that delivers the
maximum effect of the compound to the consumer.

• The extrusion technique produced with the BUCHI B-
390 encapsulator utilizes vibrational energy at specific
frequencies to disrupt a jet of solution exiting the
device through a nozzle (Fig. 1).

This energy separates the stream into uniform beads,
which are cured by a pH buffer solution with an applied
voltage to break surface forces and limit deformation of
beads upon entry5.

OBJECTIVES
The objective of the study are to determine the
operating parameters to produce hydrogel
spherical particles via vibration-extrusion; and to
characterize the effect of nozzle size and particle
production parameters on particle size distribution
and shape as evaluated by sphericity.

METHODS
The experimental steps (Fig.2) and parameters (Table1) were followed to produce particles and analyze the particle diameter and sphericity:

RESULTS
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• Multiple frequencies were tested for each 
nozzle, until finding one that produced 
spherical particles (Fig. 3)

• Mean particle diameters are over 2 times 
larger than nozzle size, possibly due to 
higher viscosity of solution (Table 2)

• Relatively large distribution spreads for 
particle diameter

• 200 and 300 μm nozzle showed highest
sphericity and smallest standard deviation

• 150 μm nozzle showed lowest sphericity 
and produced disc-shaped particles

• 300 μm mean diameter outlier (1395 μm)

Fig 2. Experimental process

CONCLUSIONS
• Individual particles were obtained using 120, 150,

200, 300, and 450 μm nozzles. It was not possible to
obtain separated particles with the 80 μm nozzle,
likely due to the high viscosity of the solution.

• As the diameter of the nozzle decreased, frequency
needed to be increased to observe a separation of
particles.

• As the diameter of the nozzle increased, the
diameter of the particles produced also increased.

• No clear trend was obtained when comparing
sphericity and nozzle diameter size. However, the
200 and 300 μm nozzles produced the most
spherical particles with Sphericity values of 0.0865
and 0.0872, respectively.

• These findings are significant in determining optimal
parameters for producing the desired particle sizes
and shapes for a specific food application, such as
the production of slow- versus fast-release hydrogel
particles.

FUTURE WORK
Next steps include: 
• Produce larger sample sizes (100+ particles) with 

new frequency values for each nozzle, aiming to 
improve the sphericity,

• Explore the batch-to-batch reproducibility of 
particles

• Evaluate the storage effect on particle size and 
sphericity.

• Investigate effects of viscosity on required 
parameters

Challenges in standardizing the Method:
• High viscosity of solution (150 mPa*s at  

30/s) created difficulty extruding from very 
small (80 μm) nozzles and required higher 
vibrational energy to separate stream

• Manual particle analysis leaves room for 
error and deformation

• Frequent blockages in unit required tear-
down of unit for cleaning after use

• Extended storage past 1 week could alter 
particle size

80 μm
120 μm @ 

1600 Hz
150 μm @ 

1200 Hz
200 μm 

@ 900 Hz
300 μm 

@ 600 Hz
450 μm 

@ 260 Hz
Mean Diameter (μm) 374.5 652.3 524.1 1395 1079

Standard Dev. (μm) 108.8 180.3 61.85 165.7 155.9

Sphericity factor 0.1190 0.2464 0.0865 0.0872 0.1990

Standard Dev. 0.0810 0.1025 0.0327 0.0444 0.1180

Nozzle Diameter & Frequency (f)

No 
particles 

Table 2. Mean particle diameter and Sphericity factor by operating parameters

Operating Parameters
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- Nozzle diameter (80, 120, 150, 200, 300, 450 μm)
- Frequency of vibration  (180-1600 Hz)
- Pressure (400-700 mbar) 
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Hydrogel solution:
- Formulation (Alginate-pectin hydrogel in ethanol-pH buffer 
1.2 gel solution, 1.1% Total Gum Concentration)
- Viscosity (150 mPa at 30/s)
Encapsulator:
- Amplitude (Level 3)
- Flow rate (0.05 g/s)
Gelling/curing bath (pH 1.2 Buffer):
- Stirring speed
- Volume (by weight) (200 g)
- Voltage (500 V)

Table 1. Experimental parameters for encapsulation

Fig 1. a) BUCHI B-390 unit b) Hydrogel particles

Fig 3. Particle 
shapes 

obtained with 
the 150 μm 

nozzle at 
different 

frequencies


