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Table 1- Classification of flowability of powder
based on Cl and HR values

Flowability Carrindex Hausner ratio (HR)
(ChH, %

Excellent 0-10 1.00-1.11
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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: Massof powder (g) A

Bulk D = [A]
ulk Density( ) Volume of powder(cm3)

Tap Density(p; ) = Massof powder(g) [A]

Final tapped volume (cm3)
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Figure 1- Effect of air velocity on moisture content of

foam during drying
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Figure 3- Effect of air velocity on drying rate
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Figure 2- Effect of air velocity on moisture ratio of
foam during drying
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Table 2- Mean values of moisture content (MC), moisture ratio (MR), drying rate (DR) and effective moisture

diffusivity (Derf) at various air velocity

Air velocity (m/s)

2 3 4
MC (g w/ ary mater) 3.064° £ 0.386 2.623% £ 0.396 3.004% £ 0.347
MR (dimensionless) 0.352% + 0.044 0.291¢ + 0.037 0.3312 + 0.042
DR (g w/g ary mater)/ Min 0.096% % 0.011 0.151% % 0.010 0.110% + 0.010

Deft (m?/s) 1.391x10% +1,148x10®  1.723x10°® + 6.626x10%°

1.391x10% + 1.148x101°

“Different superscripts within the same line represent significant difference at P<0.05.
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Table 3- The qualitative properties of the raspberry powder at various air velocity

Air velocity (m/s)

property > 3 )

Bulk density (g/cm?) 0.252% + 0.001 0.250% £ 0.002 0.225" + 0.004
Tap density (g/cm3) 0.302° + 0.004 0.286% £ 0.001 0.278% + 0.001
Absolute density (g/cm3) 1.204° +0.014 1.121° + 0.004 1.110* £ 0.001
Carr index (%) 16.575° + 0.362 12.588? + 0.406 22.457°+ 0.232
Hausner ratio 1.199° + 0.005 1.1442 + 0.005 1.289% + 0.004
Moisture content of powder (7) 18.740% + 0.012 18.850° + 0.041 19.380° + 0.013
Intragranular porosity 0.791* £ 0.0013 0.777* £ 0.009 0.799* £ 0.003
Water solubility index(%) 57.493* + 1.429 57.644° + 2.523 61.693° + 1.223
Water absorption index 7.868° + 0.042 7.661% + 0.031 8.181° + 0.096

*Different superscripts within the same line represent significant difference at P<0.05
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Table 4- Color parameters of raspberry powder at different air velocity

Air velocity (m/s)

Color parameters

2 3 4

L 32.123% + 1.652 30.310* + 1.103 36.023" + 0.619

a 26.078% = 1.690 33.463% + 2.277 22.7532+ 1.712

b* 7.847* + 0.495 9.193% + 0.096 9.097% £ 0.542

AE 30.850° + 1.992 24.272% £ 2.364 23.723* £ 0.395

Chroma 26.695%+ 1.722 34.217° + 2.433 33.477° +0.371

Hue angle 15.997% + 0.469 15.404% + 1.050 15.000% + 0.499
“Different superscripts within the same line represent significant difference at P<0.05.
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Introduction: Due to the nutritional status and health effects of raspberry as a fruit rich in nutrients
such as anthocyanins and phenolic compounds, the resulting powder can while have these
compounds, increasing the variety and consumption of raspberry products (Si et al., 2016). However,
because of its high moisture content and vulnerable texture, raspberry fruit corrupts very quickly and
is difficult to keep fresh, even in cold storage conditions. Therefore, maintaining the quality of
raspberry fruit after harvest and also increasing its storage time is one of the goals of raspberry
growers around the world (Palonen and Weber, 2019). The drying process of fruits and vegetables
prevents chemical and biochemical spoilage of the products and increases their shelf life by reducing
the moisture content. However, some undesirable physical and chemical changes such as loss of color,
texture and nutritional value may also occur during drying, which reduce consumer acceptance
(Dehghannya et al., 2017; Kayran and Doymaz,2017). Foam mat drying is an alternative method of
drum dryer, spray dryer and freezer dryer for the production of food powder. Food products become
a stable foam by adding foaming agents and stirring in the presence or absence of foam stabilizers
and are dried using different heat streams. Therefore, with the proper selection of foaming agents and
drying conditions, a high quality powder can be obtained (Qadri et al., 2010; Javed et al., 2018).
Despite the impact of air velocity on drying Kinetics and other process parameters and consequently
on the qualitative and functional characteristics of the dried product, few studies have been done on
the effect of air velocity on foam mat drying of agricultural and food products. Therefore, according
to the potentials of raspberry fruit and foam mat drying method, the aim of the present study was to
evaluate the effect of drying air velocity (2 to 4 m/s) on the effective moisture diffusion coefficient,
drying kinetics and also on the physicochemical properties of raspberry powder produced by the foam
mat drying method.

Material and methods: Black raspberry fruit after being prepared from the local market in the north
of the Iran (Gilan province) was stored at a temperature of 4°C. The raspberry fruit was first
completely crushed by a food processor and passed through mesh number30.Ovalbumin and
methylcellulose with a concentration of 0.5%were used as foaming agent and foam stabilizing agent,
respectively and added to the raspberry pulp. The resulting mixture was mixed with an electric stirrer
at maximum speed for 10 minutes and the resulting foam was spread in a thickness of 7 mm on an
aluminum plate. Drying was performed with a convective hot air dryer at a temperature of 70°C and
an air velocity of 2 to 4 m/s. Drying kinetics and effective moisture diffusion coefficient, as well as
physicochemical properties of raspberry powder such as bulk and tap density, powder flowability,
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absolute density, water solubility index (WSI) and water absorption index (WAI), powder mass
porosity, moisture content and color were evaluated according to the methods described by
Dehghannya et al (Dehghannya et al., 2018, 2019).

Results and discussion: In the present study, the drying kinetics of raspberry by the foam mat drying
method and the physicochemical properties of the resulting powder under the influence of air velocity
were investigated. The results showed that the effective moisture diffusion coefficient (Defr) was in
the range of 1.391 x 10®to 1.723 x 10®m?/s and the increase of drying air velocity from 2 to 3 m/s
and 3 to 4 m/s had a significant effect on it (p<0.05).However, increasing the drying air velocity had
no significant effect (p> 0.05) on moisture content, moisture ratio and drying rate of the product
during drying. Changes in Carr index and Hausner ratio at different drying velocities were statistically
significant (p <0.05) and increasing the air velocity from 2 to 3 m/s reduced their values, which
indicated the improvement of the powder flowability at air velocity of 3 m/s. Furthermore, the mean
values of MC, WSI, WAI, Chroma index and brightness of raspberry powder significantly increased
with increasing drying air velocity (p <0.05). However, the bulk and tap density and absolute density
and the overall color difference of raspberry powder decreased with increasing drying air velocity
(p> 0.05).

Conclusion: The results of this study showed that the hot air velocity used in the drying process can
be effective on the effective moisture diffusion coefficient and thus on the quality characteristics of
the produced powder. So that, its effect on effective moisture diffusion coefficient, bulk and tap
density, flowability, absolute density, WSI, WAI, moisture content and brightness of powder were
significant. It should be noted, that the effect of air velocity in different values and in accordance with
other process conditions, on different parameters is variable. Raspberry powder produced by foam
mat drying method, due to its high anthocyanin content, can be used as a natural additive in dairy
products, desserts, jams, jellies and other food products and the results of this study can increase the
quality of the powder and improve its nutritional and functional properties by optimizing the drying
process.

Keywords: Raspberry powder, Foam mat drying, Functional properties, Drying kinetics, Effective
moisture diffusion coefficient



