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1. Spouted bed dryer
2. Bulk properties

3. Wettability

4. Dispersibility

5. Optical
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Fig 1 Schematic diagram of the spouted bed dryer: 1-
Concentrated milk, 2- Peristaltic pump, 3- Spouted
bed dryer, 4- Cyclone, 5- Milk powder, 6- Heater, 7-
Blower

1. Bulk density
2. Tapped density
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4. Total color difference
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Table 1 Classification of powder flowability
based on Carr index

Carr index Flowability
<15 Very good
15-20 Good
20-35 Fair
35-45 Bad
>45 Very bad

Table 2 Classification of powder cohesiveness
based on Hausner ratio

Hausner ratio Cohesiveness
<12 Low
1.2-1.4 Intermediate
>1.4 High
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1. Cohesiveness
2. Carr’s index
3. Hausner ratio
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Table 3 The experiments carried out by the spouted bed dryer

Sample Milk flow rate (ml/min) Inlet air temperature (°C)
SHH 3.556 120
SHM 2.500 120
SHL 1.334 120
SMH 3.556 100
SMM 2.500 100
SML 1.334 100
SLH 3.556 80
SLM 2.500 80
SLL 1.334 80

* S: Sample, H: High, M: Medium, L: Low
The first index represents the sample, the second indicates the temperature, and the third one represents the milk
flow rate. Example: SHM, a sample that is dried at high temperature and medium milk flow rate
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Fig 2The outlet air temperature at different
conditions of the drying process
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flow rate (QL) on the product recovery (R)
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Table 4 The bulk density, tapped density, Carr index and Hausner ratio at different conditions

Sample  BD (g/cm’) TD (g/cm’) CI HR MC
SHH  0472+0.005  0.714£0.000  33.850+0.731  1.513+0.017 2.857+0.062
SHM  0462+0.010  0.683+0.022  32323+0.714  1.478+0.016 2.583+0.120
SHL 0.435+0.000  0.625+0.000  30.435+0.000  1.437+0.000 2.477+0.084
SMH  0518+0.012  0.822+0.016  37.018+2.367  1.587+0.060 3.803+0.034
SMM  0.509+0.012  0.791+0.030  35.614+0.868  1.554+0.021 3.617+0.062
SML  0.500+0.000  0.751£0.026  33.333+2.357  1.502+0.052 3.587+0.141
SLH 0.546+0.014  0.884+0.036  38.207+0.965  1.619+0.025 4.320+0.094
SLM  0.532+0.018  0.859+0.036  38.064+0.882  1.615+0.023 4.220+0.094
SLL 0.510£0.024  0.812+0.030  37.259+0.591  1.595+0.015 3.940+0.053

SC 0.488+0.012  0.690+0.024  29.286+0.714  1.414+0.014 4.600+0.140

BD: Bulk density, TD: Tapped density, CI: Carr’s index, HR: Hausner ratio, MC: Moisture content
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Fig 6 The effect of inlet air temperature and milk flow rate (QL) on the a) Hausner ratio (HR) and b) Carr’s index
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Fig 7 The effect of inlet air temperature and milk flow rate (QL) on the color characteristics (L*, a* b* and AE) of
the milk powders

Table 5 The obtained models relevant to the physical properties of the milk powder evaluated by the
experimental data

2 P value P value
Response Model R predict (model)  (lack of fif)

MC =0.38 +0.0967 T +0.1460 QL - 0.000674 T*T 0.966 0.000 0.342
BD =0.258 +0.00616 T +0.01375 QL - 0.000040 T*T 0.798 0.000 0.830
TD =0.517 +0.00812 T +0.03496 QL - 0.000063 T*T 0.871 0.000 0.978
HR =1.8133-0.003417 T +0.02896 QL 0.851 0.000 0.863
CI =4624-0.1410T+1.211 QL 0.713 0.000 0.786
a* =8.76-0.2152 T -0.2476 QL + 0.001291 T*T 0.805 0.000 0.993
b* =28.37-0488 T-0.414 QL+ 0.003116 T*T 0.908 0.000 0.366
L* =131.91-0.735T-2.11 QL + 0.002705 T*T + 0.0357 T*QL 0.863 0.000 0.516
AE =-5.05+0.1366 T-1.247 QL 0.873 0.000 0.100
R =-179.7+4.175T-5.001 QL - 0.01794 T*T 0.942 0.000 0.208

MC: Moisture content, BD: Bulk density, TD: Tapped density, HR: Hausner ratio, CI: Carr’s index, a*: Redness,
b*: Yellowness, L *: Lightness, AE: Total color difference, R: Product recovery, QL: Milk flow rate, T: Inlet air
temperature, T*QL: Interaction of milk flow rate and inlet air temperature.
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In this study, the effect of the inlet air temperature and milk flow rate on the physical properties of the
milk powder obtained from the spouted bed dryer was investigated. Milk samples were dried at three
levels of inlet air temperature (80, 100 and 120 °C) and three levels of milk flow rate (1.333, 2.500, 3.556
ml/min). The effect of these factors on the physical properties (bulk density, tapped density, flowability,
color, and moisture content) of the powders was evaluated. The effects of the mentioned factors on the
physical properties of milk powder were determined and modeled using response surface methodology.
The optimum inlet air temperature and the milk flow rate was obtained 93.82 °C and 1.333 ml/min,
respectively. Under these conditions, the desired values for each physical parameter were predicted and
compared with the experimental data.
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