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2. Spray-freeze drying
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1. Cryo-protectant
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3. Field-Emission Scanning Electron Microscope (FE-SEM)
4. Multiple Scattering E ffect
5. Dynamic Light Scattering (DLS)
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6. Hausner ratio
7. Carr’s compressibility index
8. Angle of repose
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Fig 1 The scanning electron micrographs of the NLC-Maltodextrin powders produced under different spray-drying
operating conditions. The codes are representing the following conditions: 110-5 for T;,: 110 °C, T, 76 °C, FFR
(feed flow-rate): 5 mL/min; 110-15 for T;,;: 110 °C, Ty 62 °C, FFR: 15 mL/min; 180-5 for Ti,: 180 °C, Toy: 116

°C, FFR: 5 mL/min; 180-15: T;,: 180 °C, Tou: 98 °C, FFR: 15 mL/min.
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Fig 2 The size distribution of NLC particles in the
redispersed spray-dried NLC-Maltodextrin powders,
in comparison with the original NLC dispersion. The

codes are representing the following conditions:
110-5 for Ti: 110 °C, Tyt 76 °C, FFR

(feed flow-rate): 5 mL/min; 110-15 for Tj,: 110 °C,
Tou: 62 °C, FFR: 15 mL/min; 180-5 for T;,: 180 °C,

Tou: 116 °C, FFR: 5 mL/min; 180-15: T;,: 180 °C,

Tou: 98 °C, FFR: 15 mL/min.
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Table 1 The powder production yield, total NLC content, moisture content, and some physical properties
of the powders spray dried at different operating conditions.

Spray drying ~ Moisture Yield Total NLC in Bulk Density Tapped Density Angle of Repose  Hausner Ratio  Carr’s index
condition  content (%) (%) powder (%) (g/mL) (g/mL) (©) (Dt/Db) (%)
110-5**  39+002° 516+34° 276+11° 035+002° 042+001° 31.5+0.1° 1.19+£0.01° 1600+1.26°

110-15 41+0049 663+28¢ 325+13° 038+002° 045+0.00¢ 420+21° 1.19+0.02% 16.09+1.122
180-5 26003 424+39% 238+07% 024+004° 029+0.01° 31.0+13° 12140.02% 17.14+1.84%
180-15 29+001° 463+33° 337+15° 031+003° 037+001° 39.0+04° 1.19+0.01* 1563+1.362

* Values with different letters in each column indicate significant difference (p <0.05). The values represent the
mean of at least three replicates + standard deviation.
** The codes are representing the following conditions of the spray drier operation:

110-5 for Ty: 110 °C, Ty 76 °C, FFR (feed flow-rate): 5 mL/min; 110-15 for Ti,: 110 °C, Ty 62 °C, FFR: 15
mL/min; 180-5 for T;,: 180 °C, Ty 116 °C, FFR: 5 mL/min; 180-15: T;,: 180 °C, Ty 98 °C, FFR: 15 mL/min.
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ABSTRACT

ARTICIE INFO

The NLCs are potent carriers for lipophilic bioactive compounds. In this study,
the NLC:maltodextrin (6:10) solution at the inlet temperatures of 110 or 180 °C,
and the feed flow rate of 5 or 15 mL/min was spray-dried and the powders
characteristics were evaluated. The SEM micrographs showed the particle
morphologies of hollow spheroids with smooth surfaces. The powder production
yields as high as 66% was achieved. The sizes of NLC particles after the
redispersion of the spray-dried powders shifted to higher amounts [from 57.3 nm
(in the biggest size before drying) to 93.7 nm (in the biggest size after drying)],
but were below the acceptable size of NLC systems. The measurement of
flowability indices such as Carr’s compressibility index (in average 16.21),
Hausner ratio (in average 1.20), and angle of repose (31-42°) showed that the
samples were categorized as the powders with good flowability. The results of
this study revealed that NLC systems can be successfully spray-dried by using
maltodextrin as the excipient without any drastic changes in the particle size.
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