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How to encapsulate and spray dry CBD and THC 
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Organic solvent-based samples must be spray dried un-
der inert atmospheric conditions to allow for safe process-
ing conditions. Depending on oxygen sensitivity of the can-
nabinoid to be formulated, emulsion type samples can be 
processed under nitrogen atmosphere to reduce the con-
tact to ambient oxygen to minimum. The Inert Loop B-295 
is the ideal accessory to establish inert conditions with a 
minimal nitrogen consumption.

Some cannabinoids are reported to be sensitive to the in-
fluence of light. To reduce the impact of light to these sub-
stances, BUCHI offers amberized glassware that help re-
ducing the influence of UV-light to a minimum.

The option to process samples under highly reduced oxy-
gen atmosphere and minimal UV-light impact offer maximal 
protection of formulated cannabinoids. Since BUCHI instru-
ments offer these options, they are well suited to realizing 
cannabinoid formulations on a small scale.

Nanoemulsion formulation and spray 
drying of cannabinoid

Spray drying processes on a Mini Spray Dryer B-290 
typically result in powder particle sizes of 2 to 25 µm at a 
throughput of one liter of sample per hour. The minimum 
sample quantity is 30 mL. Setup and cleaning times are 
short. 
To formulate full strength CBD oil, a set of 200 to 250 mL na-
noemulsions and controls were prepared as summarized in 
Table 1. Emulsions were passed through a Microfluidizer® 
processor equipped with a Y-type interaction chamber 
under desired pressure a few times to obtain a nanosized 
emulsion with narrow size distribution. Resulting formula-
tions were about 25-27 % (w/w) solids solutions at a ratio 
of 10:1 (encapsulant:CBD/MTC oil).

Table 1. Controls and experimental formulations of CBD oil
Formulation

1 2 3 4

Sample
MCT emul-
sion control

MCT/ Hemp 
nanoemulsion

Maltodextrin 
control

MCT/ Hemp 
nanoemulsion

Hemp Oil 
CBD [g] 0 3.12 0 3.12

MCT Oil [g] 3.12 3.12 0 3.12

Polysorbate 
80 [g] 1.25 1.25 1.25 1.25

Maltodextrin 
[g]
(added pre 
emulsion)

62.5 62.5

Maltodextrin 
[g]
(added post 
emulsion)

53 53

H2O [mL] 200 200 250 250

Spray drying and encapsulation are two approaches that 
can be used to improve the bioavailabity of cannabinoids 
after oral ingestion. BUCHI’s Mini Spray Dryer B-290 offers 
efficient production of dried powders from cannabis oil. 
BUCHI’s Encapsulator B-390/B-395 Pro offers the possi-
bility to encapsulate different concentrations of cannabis oil 
into core-shell or matrix type microparticles. In this advisor, 
studies showing the spray drying and encapsulation of 
CBD hemp oil are presented. All results were in accordance 
with expected values. 

Abstract

1. Introduction 

Laboratory scale spray drying is used to convert liquid sam-
ples into solid powder. The spray drying process and sam-
ple characteristics affect the properties of the final powders 
or “formulas”. The technique is ideal for testing a series of 
different formulations, since small liquid volumes can be 
quickly transformed into a solid powder and analyzed later.

Cannabinoids, such as CBD and THC, have been shown 
to have considerable therapeutic effects. However, both 
CBD and THC suffer from low bioavailability of approxi-
mately 6-9% when administered orally. To enhance oral 
bioavailability, several formulation approaches can be ap-
plied. One of these is bioavailability enhancement by incor-
poration of CBD and THC into liquid nanoformulations or 
nanoemulsions. 

Cannabinoids exhibit very low water solubility. For example, 
the water solubility of THC is 2.8 mg/l  at 23 °C. However, 
cannabinoids exhibit good solubility in organic solvents, 
such as ethanol or oils. Because of their solubility charac-
teristics, it is necessary to formulate cannabinoid samples 
either as emulsions (O/W) or as organic solvent solutions 
(ex. ethanolic solutions).

Part I: Spray Drying
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Figure 1. Emulsion approach (left) and SSD approach (right) in cannabi-
noid formulation
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Spray drying parameters for each formulation are provided 
in Table 2. Mid-range processing parameters were selected 
to allow room for potential optimization of spray drying out-
comes (i.e. particle size, solubility) on a per-formulation ba-
sis.

Table 2. Mini Spray Dryer B-290 process parameters

Formulation

1 2 3 4

Experiment
Control 

MCT MCT/ Hemp Control MCT/ Hemp

Tin [°C] 170 170 170 170

Tout [°C] 90 91-94 89-90 85

Aspirator [%] 90 
=35 m3/hr 90 90 90

Feed [%] 30 
=9.5 ml/hr 30 30 30

Gas [mm] 40 
= 670 L/hr

40 
= 670 L/hr

35 
= 540 L/hr

45 
= 830 L/hr

To determine a baseline of solubility, 250 mg samples of 
each spray dried formulation were dissolved in 10 mL wa-
ter at ambient temperature and observations recorded. The 
particle size of the oil droplets was measured in liquid na-
noemulsion state and after dissolution of the spray dried 
powder in water to compare the effect of spray drying on 
the size distribution of the dispersed oil droplets.

Particle size is reported in terms of the mass median diamter 
(D50) of the oil droplets in the nanoemulsions and of spray 
dried particles, respectively, as summarized in Table 3.

Table 3. Experimentally measured values of D50 for oil droplets in na-
noemulsion, particle size of the spray dried particles as well as D50 for oil 
droplets after dissolution in water.

Formulation

1 2 3 4

Sample ID Control MCT MCT/ Hemp Control MCT/ Hemp

D50 of oil as  
nanoemul-
sion [nm]

130-140 130-140 N/A 90-130

D50 of spray 
dried pow-
der [µm]

11.59 5.15 7.88 5.37

D50 of oil 
after dis-
solution of 
SD powder 
[nm]

130-140 130-140 N/A 90-130

Particle size of the spray dried particles was approxi-
mately 10 µm, with a range of (5-12 µm) as noted in Ta-
ble 3. The powder was free-flowing. The oil droplet size 
was unaffected during encapsulation by spray drying, as 
indicated by equivalent D50 recordings before and after the 
spray drying process.

Conclusion

A BUCHI Mini Spray Dryer B-290 was used to produce wa-
ter soluble powders from an insoluble oil. In this example, 
CBD hemp oil was made into a stable nanoemulsion in wa-
ter and encapsulant material, then successfully spray dried 
to obtain free-flowing powders with size ranges between 5 
and 12 µm.
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Introduction

“Prilling by vibration” refers to the breaking up of liquid jets 
into small droplets. This is done by an encapsulator using 
vibrational frequencies. The liquid jet can consist of several 
types of solutions, emulsions or suspension. When using a 
concentric nozzle, it can result in core-shell capsules.

Lipids like oils and fats can be found in high fat meals but 
also in lipid based oral formulations of cannabinoids. Re-
cent research revealed that they play an important role in 
cases where cannabinoids are ingested orally. Data shows 
that lipids can increase the systemic exposure to orally ad-
ministered cannabinoids like CBD and THC.

Cannabinoids exhibit very low water solubility, but excellent 
solubility in oils. Hence, dissolving cannabinoids in oil and 
subsequently entrapping the oil in solid round particles is 
one approach for enhancing cannabinoid bioavailability.

The Encapsulator B-390/B-395 Pro is the perfect instru-
ment to screen a series of formulations of precisely formed 
oil carrying particles. The Encapsulator B-390/B-395 Pro 
can be used to achieve homogeneous droplets in combina-
tion with oils: matrix type particles and core-shell capsules 
as displayed and compared in Table 4.

Table 4. Comparison of core-shell and matrix type particle production in 
Encapsulator B-390/B-395 Pro

Core-shell Matrix type

Possible particle 
diameters 400 - 1800 µm 160 - 2000 µm

Max. Oil loadings 25% 20%

Extrusion method Coextrusion by means 
of a concentric nozzle

Extrusion by means of 
a single nozzle

Sample feed
Feed1: Polymer 
solution 
Feed2: Oil

Pre-formed emulsion of 
polymer and oil

Max. productivity (larg-
est nozzle) 25-35 mL/min 30-40 mL/min

Appearance

Core-shell as well as matrix types particles can be produced 
from alginate, however the technique is also applicable to 
other polymers like chitosan, pectin, gelatin and others. To 
obtain dry particles, suitable drying techniques such as fluid 
bed drying or drying in a rotary evaporator or freeze dryer 
must be applied in a subsequent step after use of the En-
capsulator B-390/B-395 Pro.

The Encapsulator B-390/B-395 Pro can be used to 
generate large microbeads at much higher throughput (up 
to 40 mL/min) compared to small particles (1 mL/min) since 
productivity only depends on the diameter of the chosen 
nozzle. The ideal frequency range is mainly directed by 
the nozzle size, and to a lesser extent by factors such as 
viscosity and others. How nozzle size influences flow rate 
and frequency is displayed in Table 5.

Table 5. Recommended frequency- and flow rate range according to 
nozzle size

Nozzle [µm]
Flow rate range [mL/
min]

Frequency range 
[Hz]

80 1.1-1.2 1300-3000

120 1.5-1.8 1000-2500

150 2.3-2.8 800-1800

200 3.5-4.5 600-1200

300 6.0-8.0 400-800

450 11-15 200-500

750 19-25 40-300

1000 30-40 40-220

A concentric nozzle system with an inner and outer nozzle 
is used to produce core-shell type particles. The possible oil 
load depends on the combination of inner and outer noz-
zle diameter, which is used for the coextrusion of polymer 
solution and oil.

Core-shell formulation approach

To produce cannabis oil-core microcapsules with a Ca- 
alginate membrane, an Encapsulator B-390/B-395 Pro 
with a shell nozzle of 400 μm and core nozzle of 150 μm in 
diameter were used.

Firstly, 4.0 g of Na-alginate powder was added to 200 mL 
of deionized water and dissolved with a blender. The solu-
tion was left undisturbed until all the air was released, and 
the solution became clear. Air bubbles can also be removed 
by placing the solution in a sonication bath or under a vacu-
um. Then, 1.47 g of CaCl2 (dihydrate) and 0.1 mL of Tween 
80 were dissolved in 100 mL of water. Tween 80 helps pre-
vent the capsules from bursting during their entry into the 
solution.
The alginate was first pumped through the shell nozzle. Af-
ter obtaining a stable droplet chain, the cannabis oil was 
pumped through the core nozzle. Both flow rates were 
slightly adjusted to obtain a stable chain of mono-centric 
droplets (Fig. 2), which produce the liquid core microcap-
sules after landing in the gelling bath.

Part II: Encapsulation
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The final process parameters were:
• Shell nozzle size: 400 μm
• Core nozzle size: 150 μm
• Flow rate: 10 (shell) & 1.5 (core) mL/min
• Frequency: 600 Hz
• Pressure: 0.5 bar
• Amplitude: 3
• Charge: > 2000 V

Figure 2. Stable chain of droplets that consist of a cannabis oil core 
enveloped within alginate shell

The particles were left to harden in the CaCl2 bath for 20 
minutes. Capsules were then washed with plenty of water.

The following cannabis oil core microcapsules were ob-
tained (Fig 3.)

Figure 3. Image at 40X of cannabis oil core microcapsules produced 
using the BUCHI Encapsulator B-395 Pro

The percentage of loading (make-up) of the microcapsules 
with cannabis oil (liquid) can be calculated using the micro-
capsule volume, liquid-core volume and volume of sphere 
equations.

The cannabis oil yield was > 95% in core microcapsules 
with spherical morphology. The percentage of oil loaded 
was 15 % with a standard deviation of ± 2.5%.

Matrix particle formulation approach

To produce Ca-alginate microbeads incorporating cannabis 
oil, Encapsulator B-390/B-395 Pro were used with a 300 
μm nozzle.

Firstly, 4.0 g of Na-alginate powder was added to 200 mL 
of deionized water and dissolved using a blender. Canna-
bis oil was added (maximum 20% of cannabis oil) to the 
Na-alginate solution. The oil was emulsified in the alginate 
solution using a blender. The solution was left to sit until all 
air was released.

Then, 1.47 g of CaCl2 (dihydrate) and 0.1 mL of Tween 80 
were dissolved in 100 mL of water. A stable droplet chain 
was obtained on the Encapsulator before starting with the 
production/hardening process. Electrostatic charge was 
used to disperse droplets and prevent collision before en-
tering the hardening/gelling bath. The droplets were allowed 
to harden for at least 30 minutes after the very last drop had 
landed in the gelling bath. The micro-beads were washed 
with copious amounts of deionized water to remove any 
unreacted material.

The final process parameters were as follows: 
• Nozzle size: 300 μm
• Flow rate: 7.5 - 8 mL/min
• Frequency: 600 Hz
• Pressure: 0.5 bar
• Amplitude: 3
• Charge: > 1000 V

Cannabis oil particles at different concentrations of the total 
capsule volume were successfully encapsulated. For ex-
ample, cannabis oil at a concentration of 2 % of the total 
capsule volume was obtained at a yield of 99 % in spherical 
Ca-alginate microbeads of a size of 953 µm (Fig. 4). The 
standard deviation was ±1.8%.

Strobe light

Alginate shell

Cannabis oil (dyed for 

visual effects)

Core diameter (dc)

Microcapsule 

diameter (dm)
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Conclusion

The formation of core-shell capsules with Na-alginate and 
cannabis oil using the Encapsulator B-390/B-395 Pro was 
demonstrated. With the different concentric nozzle sizes 
available for the Encapsulator B-390/B-395 Pro the cap-
sule size can be chosen in the range of 400 - 2200 μm. 
The method of encapsulation (emulsified) cannabis oil into a 
Ca-alginate matrix was demonstrated with various concen-
trations of cannabis oil (recommended ≤ 20% of oil) on the 
BUCHI Encapsulator B-390/B-395 Pro. With the different 
single nozzle sizes available for the Encapsulator the parti-
cle size can be chosen in the range of 150 - 2000 μm.

Figure 4. Image at 40X displaying cannabis oil (at a conc of 2% of the 
total capsule volume) encapsulated within  
Ca-alginate micro-beads of size 953 μm.

Alternatively, cannabis oil at a concentration of 20 %   of the 
total capsule volume was encapsulated within Ca-alginate 
microbeads of a size of 1085 µm (Figure 5). The standard 
deviation was ±4.5 %.

Figure 5. Image at 40X displaying cannabis oil (at a conc of 20% of the 
total capsule volume) encapsulated within  
Ca-alginate micro-beads of size 1085 μm.
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