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Background
Many food ingredients, such as enzymes and probiotics, are spray
dried to provide shelf-life. A major hurdle to apply spray drying is the
extensive optimisation required for formulation and drying conditions
to obtain powders of acceptable quality. Therefore, a platform based
on single droplet drying mimicking spray drying was developed1,2. It
allows, in combination with a novel viability enumeration technique, to
screen amongst others survival percentages of probiotic bacteria as a
function of drying conditions and formulation.

Single droplet drying
A platform was developed
for controlled drying of
single
sessile
droplets.
Small
droplets
are
dispensed
with
a
pneumatic micro-dispenser
on a hydrophobic surface.
Sessile droplets are dried at
specific air temperature and
relative
humidity.
Dried
particles are harvested for
further analyses.

Figure 3. A) Measured and modelled enzyme inactivation as function of drying air temperatures of 80
(blue), 85 (red), 95 (black) and 110 oC (green) during single droplet drying. B) Measured and predicted
enzyme inactivation during laboratory-scale drying. The error bars indicate the standard deviation

Drying of probiotic bacteria
Spray drying of probiotics consumes much less energy compared to
freeze drying, but is problematic because of low survival rates. A
novel viability enumeration technique was developed and used to
evaluate survival of L. plantarum WCFS1 during single droplet drying
(Figure 4)4. Influence of carrier formulations on residual viability was
investigated systematically and large influences of glass transition
temperature and molecular weight of the solid carrier on survival were
found.
Figure 1. Single droplet drying platform with
pneumatic dispenser, drying air channel,
deposition platform and camera.
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Experiments and modelling of drying droplets
Drying behaviour of water droplets and maltodextrin suspensions was
investigated (Figure 2).
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Figure 4. Schematic overview of the combined single droplet drying of probiotic bacteria and viability
enumeration procedure. 1) microbial culture suspension, 2) single droplet drying, 3) reconstitution and
staining, 4) fluorescence microscopy analysis.
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Figure 2. Time series of droplets drying comprising water only (top) and 20 w/w% maltodextrin DE6
(bottom)

Inactivation of β-galactosidase during drying
β-galactosidase was used to investigate the influence of drying on
enzyme activity (Figure 3)3. Next to single droplet experiments,
inactivation kinetics were modelled as function of temperature and
moisture content. Inactivation kinetics was combined with an effective
diffusion model to develop a predictive tool. This model was used to
reversely estimate the parameters of the inactivation kinetics from the
single droplet drying experiments. Inactivation kinetics were verified
by comparing model predictions and experimental data from
laboratory-scale spray drying.
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Figure 5. A) Viability fractions after single droplet drying at air temperatures of 25 (red) and 70°C
(blue). B) Viability fractions after drying with different formulations of glucose (blue), trehalose (red), and
maltodextrin DE6 (green) dried at 25°C. Initial dry matter was 20% w/w and initial droplet size was 600
μm. The error bars indicate the standard deviation and the solid lines are drawn to guide the eye.

Conclusions
• Screening platform developed for gaining insight in the influence of
drying and formulation conditions on heat sensitive ingredients.
• Future research is directed towards different powder functionalities
as function of drying and formulation parameters (e.g. morphology,
surface properties related to wetting behaviour and encapsulation).
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