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Table 1. Drying condition for spray dried milk powders
Spraying Air temp. (C)* Liquid feed Nozzle pressure
(Kgf/cm?)
Milk powder method Inlet Outlet Concentrate Temp.* Atomizer speed
(%) £C) (r.p.m.)
W.M.P.** Nozzle 173 95 41 78 80
M.M.P. Nozzle 171 96 51 78 180
W.M.P. Atomizer 170 78 40 45 12,000
SM.P. Atomizer 170 78 36 45 12,000

* temp.: Temperature,

*W.M.P.,, whole milk powder; M.M.P.,, modified milk powder; SM.P,,

skim milk powder.
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Table 2. Composition of various milk powders
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Fig. 1. Particle size distribution as cumulative perce-
ntage of volume of spray dried mitk powder.

(unit: %)

Milk powder Drying method Moisture Protein Fat Carbohydrate Ash
W.M.P.* Spray, nozzle 301 2543 2751 38.24 5.81
W.M.P. Spray, atomizer 2.95 25.34 27.62 38.33 5.76
W.M.P. Drum 4.96 24.39 26.46 38.66 5.53
W.MP. Freeze 2.87 2458 2727 39.68 5.60
S.M.P. Spray, atomizer 444 28.19 131 5843 7.63
M.M.P. Spray, nozzle 2.62 17.18 23.14 53.62 34

*W.M.P., whole milk powder; SM.P., skim milk powder; M.M.P., modified milk powder.
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Fig. 2. Microphotograph of freeze dried whole milk
powder (X400).

Fig. 3. Microphotograph of drum dried whole milk
powder (X 280).
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Fig. 5. Microphotograph of spray dried whole milk
powder (Atomizer){X 760).

Fig. 4. Microphotograph of>spray dried whole milk
powder (Nozzle)(X570).

Fig. 6. Microphotograph of spray dried skim milk
powder (Atomizer)(X 380).
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Table 4. Flow properties of various milk powders

Flow property
Angle of Angle of

Milk powder Drying method

repose slide

(deg.) (deg)
WMP.* Spray, (N)** 449 175
W.M.P. Spray, (A) 464 16.8
W.M.P. Drum 429 314
W.MP. Freeze 42 246
SM.P. Spray, (A) 325 237
MM.P. Spray, (N) 437 16.3

* WMP., whole milk powder; MM.P., modified milk
powder ; SM.P. skim milk powder.
**(N), nozzle; (A), atomizer,

Table 3. Tapped bulk density, Loose bulk density and Hausner ratio of various milk powder

. . Tapped bulk Loose bulk Hausner ratio
Milk powder Drying method density (g/cm®) density (g/cm®) (Ho)
W.M.P.* S.N.** 0.437 0.386 1132
W.M.P. SA. 0.385 0.317 1215
W.M.P. D. 0.479 0.382 1.254
W.M.P. F. 0.343 0.264 1.299
WM.G. F. 0.281 0.259 1.085
SMP. SA. 0.398 0.353 1.127

*W.M.P,, whole milk powder; W.M.G., whole milk granule; SM.P,, skim milk powder.
**SN., spray, nozzle; S.A., spray, atomizer; D., drum; F., freeze.
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Table 5. Moisture, density and compressibility of milk powders.

Constance of Irrecoverable
Drying Moisture Initial regression Eq. 2 Work in
Milk powder  method (% dry weight bulk compression
basis) density a b (% of total)
(g/cm®) (g/cm®) compress-
ibility

W.M.P.* Spray, (N)** 3.01 0.348 0.520 0.091 87
W.M.P. Spray, (A) 2.95 0.308 0.402 0.056 89
W.M.P. Drum 4.96 0432 0.647 0.079 85
W.M.P. Freeze 2.87 0.266 0457 0.069 82
S.MP. Spray, (A) 444 0.390 0.438 0.029 85
MM.P. Spray, (N) 2.62 0.398 0.584 0.111 74

*W.M.P., whole milk powder; SM.P,
**(N), nozzle; (A), atomizer.

skim milk powder M.M.P.: modified milk powder.
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Effect of drying method on rheological properties of milk powders
Sang-Cheon Lee*, Kyu-Seob Chang, Young-Deok Park and Hyun-Ah Kang (*Namyang airy
Prouduct co., Department of Food science and Technology, Chungnam National University,
Taejeon, Korea and *Namyang Dairy Product Co.)

Abstract : Milk powders were made by several drying methods and raw materials, and
rheological properties of milk powders were investigated by an Instron Universial Testing
Machine. The results obtained are summarised as follows. Bulk density of the drum dried
whole milk powder was 0.382 g/cm® and was higher than that of other milk powders. The
Hausner ratio, angle of repose and compressibility of the spray dried skim milk powder
were 1.127, 32.5° and 0.029 respectively. This result indicated that skim milk powder sho-
wed free flowing characterristics. The compressibility of the drum dried whole milk powder
was decreased by the decrease of moisture content. Compressibility of the milk granule
was 0.056 and was lower than that of milk powder. The spray dried milk powder of a
grobular shape had higher solidity than the freeze or drum dried milk powder. The drum
dried milk powder particles consist of irregular shape.



