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1. Chenopodiaceae
2. Active Antimicrobial Food Packaging
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1. Water Absorption Index (WAI)
2.Water Solubility Index (WSI)

3. Bulk Density

4.Tapped Density

5. Flowability

6. Detroit
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1. Field Emission Scanning Electron Microscope (FESEM)
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Table 1 Classification of powder flowability
based on CI and HR values [12, 21].

Flow property CI (%) (dimelll-lsﬁmless)
Excellent 0-10 1-1.11
Good 11-15 1.12-1.18
Fair 16-20 1.19-1.25
Passable 21-25 1.26 -1.34
Poor 26-31 1.35-1.45
Very poor 32-37 1.46-1.59
Very, very poor >38 >1.60
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Fig 2 Effect of foam thickness on moisture content.
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Table 2 Mean values of moisture content, moisture ratio, drying rate and effective diffusivity of red
beetroot pulp foams at various foam thicknesses.

Thickness  MC (g water/g MR

DR (g water/g

(mm) dry matter) (dimensionless)  dry matter)/ min Derr (m’/s)
5 1.279*+0.140 0.354*+0.004  0.027°+£0.000  5.550 x 107* + 4.859 x 10"°
6 1.326*+ 0.050 0.367°+0.014  0.023°+0.002  6.451 x 10”° +4.307 x 107"°
7 1.332%+0.021 0.369*+0.006  0.019°+0.001  7.388 x 10°°+1.753 x 10™"°

"The same letters in the same column indicate there were no significant different (p >0.05) between treatments
according to Duncan test. Number of replicates: n = 3.
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Table 3 Effect of foam thickness on the qualitative properties of the red beetroot pulp powder.

Property Thickness (mm)
5 6 7

Bulk density (gr/cm’) 0.561°+0.003 0.550" £ 0.003 0.539°+ 0.003
Tapped density (gr/cm’) 0.632°+0.003 0.624" + 0.002 0.614" +0.002
CI (%) 11.234*+0.105 11.858% + 0.462 12.106° + 0.407

HR (dimensionless) 1.126* £ 0.002 1.135® £ 0.006 1.138° £ 0.003
WSI (%) 77.033*+0.709 76.400° + 1.082 75.367* £ 0.651

WALI (dimensionless) 2.994" +0.623 3.418%+0.425 3.659" + 0.481
Moisture content (%) 6.087*+ 0.078 6.282" +0.163 6.627°+0.317

"Different superscript letters ** in the same rows indicate a significant difference (p <0.05) between treatments
according to the Duncan test. Number of replicates: n = 3.
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Table 4 Color parameters of foam mat dried red beetroot pulp powder at various foam thicknesses.

Color coordinates Thickness (mm)
5 6 7
L 37.704°+3.152 35.806°+3.213 34.671*+2.899
a 33.406° £ 1.550 31.333®+1.041 28.528*+1.634
b 5.233°+0.252  5.011°+£0.448  4.622°+0.601

"The same letters in the same raw indicate there were no significant different (p >0.05) between treatments
according to Duncan test. Number of replicates: n = 3.
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Fig 6 FE-SEM images of the foam-mat dried red beetroot pulp powder particles at scale of 5 um (a, to c,;), and
50 um (a; to ¢,), at foam thicknesses of [a] Smm (a, to a,); [b] 6mm (b, to b,); and [c] 7mm (¢ to cy).
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Red beetroot as a rich source of bioactive and health enhancing compounds has a high potential for
use in a wide range of foods and its powder with containing these compounds, can be used as a natural
antioxidant and colorant in the food industry. In the present study, red beetroot pulp powder was
produced by foam-mat drying technique. Drying kinetics, physicochemical and microstructural
properties of the resulting powder were investigated. To prepare foam, 2% ovalbumin (w/v) was added
to the red beetroot pulp and stirred for a specific time and speed. Prepared foam was spread on
aluminum plates at thicknesses of 5, 6 and 7 mm and then dried in a hot air cabinet dryer at 50 °C and
constant air velocity of 1 m/s. Results showed that increasing foam thickness from 5 to 7 mm had no
significant effect on moisture content and moisture ratio but significantly (p <0.05) reduced the drying
rate by about 29.63%. The effective moisture diffusion coefficient was significantly affected by the
foam thickness and ranged between 5.550 x 10~ and 7.388 x 10~° m?%s. Also, with increasing foam
thickness, due to increasing drying time and more denaturation of proteins, an increase in Carr index
and Hausner ratio was observed, resulting in a decreasing trend in the flowability of the powders. Bulk
and tapped densities of powders were significantly decreased due to the change in moisture content,
caused by the increase in foam thickness. Thickness had no significant effect on water solubility index
and water absorption index. The microstructure analysis of the produced powders by field emission
scanning electron microscope showed that with increasing foam thickness, cracking and surface
roughness of powder particles increased. The results of this study and further studies can lead to
optimization of red beetroot powder production as a natural food coloring and better preservation of its
nutritional and functional properties.

Key words: Foam-mat drying, Red beetroot powder, Drying kinetics, Effective moisture diffusion
coefficient, Functional properties
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