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Induction of Foaming under Low Vacuum by Needle Stimulation of Solution for
Controlling Drying Process in Vacuum Foam Drying
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“ Vacuum foam drying” 1is a promising drying technique that allows quick and
effective desolvation without heating. However, “ foaming” occurs randomly even under a
sufficiently foamable condition and the timing of the foaming during the drying is hard to be
controlled; The heterogeneous foaming results in different drying histories and consequently
different characteristics of the dried products. On the other hand, we eventuallg found that, that,
when the vacuum drying was aborted at a certain extent of drying and stimulated by sticking the
sample solution with a steel needle, the resurgence of the vacuum drying immediately bring about the
foaming at 100% probability. In order to establish the technique to uniform the product qualities
obtained by “ vacuum foam drying,” the impact of the needle stimulation on the solution foaming was
herein investigated under different conditions. The mechanism by which the needle stimulation
induces the inevitable foaming was also discussed.
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Fig. 1 Observed foaming process in vacuum foam drying,
combined the needle stimulation.



Needle vacuum foam drying

o-maltose
(Fig. 2)

1 pm

1,000x 10:072m

500

Fig. 2 SEM images of (a,b)a-maltose sample (c,d) a-maltose
and aily flavor (cinnamaldehyde), obtained from methanol
solution by vacuum foam drying. A needle stimulation of the
sample solution was conducted after 60 min initial drying and
secondary drying was then done for 30 min. The attained
vacuum dry was ca.1000 Pa.
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Fig. 3 Drying profiles of sugar (a-maltose) dissolved in
methanol during vacuum foam drying at 30°C. Initial
sugar concentration and solution volume were 100 pg/ml
and 100 pl, respectively. Needle stimulation was applied at
300r 60 min.
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Fig. 4 Foaming probabilities for MeOH, EtOH, or IPA
solutions containing PVP (2.5k, 10k, 24.5k) and a-maltose as a
function of the initial drying period before the needle-
gtimulation. Volume of the sample solution and temperature
were 100 pl and 30+1°C , respectively
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Fig. 5 Dissipation of cinnam aldehyde from a-maltose
solid dispersion vacuum (foam) dried from methanal.
Solid dispersion sample were stored at 30°C with ca.
1000 Pa
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