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Characteristics of Particle Structure of Delactosed Nonfat Dry Milk
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Abstract

in comparison with calcium caseinate, delactosed nonfat dry milk has a greater particle size but also a higher
bulk density, reflecting the differences in their composition and physical structure. Particles of delactosed nonfat
dry milk were bigger than those of nonfat dry milk as a result of swelling and aggregation. The particle size was
shown not to be correlated with the bulk density. The differences in particle characteristics between delactosed
nonfat dry milk and nonfat dry milk were caused by the removal of lactose producing highly porous particles.
The particles of delactosed nonfat dry milk were observed to be much more irregular, rough, hollow, fragile, and

swelling as a result of solvent treatment.
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Fig. 1. Experimental procedure for extraction of lactese from nonfat dry milk (NFDM).
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Table 1. Particle size distribution of various samples tested

For Ca~-caseinate size (X 20) d n nd nd? nd? nd*
<lcm 0.5 465( 79.3) 232.5( 53.6) 116.3( 24.7) 58.11{ 7.74) 291( 1.9
~2 1.5 108 ( 97.6} 162 { 91.0} 243 { 76.3) 364.51 56.3) 546.7 ( 36.8)
2~3 2.5 10( 99.3) 25 (96.8) 62.5( 89.0) 156.3( 77.1) 390.6( 61.7)
3~4 3.5 4(100) 14 (100 49 (100) 171.3 (100} 600.3 (100}
4~5 4.5 0 {100} o (100) 0 (100) o (100 0 (100

For DENFDM
<1 0.5 225( 52.1) 1250 21.1) 56.3(5.7) 281 ( 1.2 1430 0.2)
~2 1.5 109¢( 77.3) 163.5( 51.8) 245.3( 30.6) 367.91( 17.6) 551.8( 9.9)
2~3 2.5 86( 97.2) 215 (92 537.5( 85.1) 134.8( 77.2)  3359.4( 68.6)
3~4 3.5 2100} 42 (100} 147 (100) 514.5 (100) 1800.7 (100}
4~5 4.5 0(100) o (oM 0 000 ¢ 00 0 (100

For NFDM

1 0.5 3820 69.9) 191 ( 38.4) 95.5{ 13.2) 47.8( 3.3) 2390 0.7

1~2 1.5 m (90.3)  166.5( 71.8)  249.8( 47.7)  374.6( 28.8)  561.9( 16.5)
2~3 2.5 51 98.5) 112.5(0 94.4) 281.3{ 86.5) 70310 76,60 1757.8( 66.1)
3~4 3.5 8(100) 23 (1000 98 (100) 343 (100 1200.5 {100}
4~5 4.5 0 (100} o (100 G (100 0 oo 0 (100}

DENFDM : Dejactosed nonfat dry milk
NEDM : Nonfat dry milk

Table 4. Chemical analysis of various samples tested

Table 2. Particte size distribution and mean of diameter of - - .
arhee st ' " Component Commercial caseinate  DENFDM  NFDM

particles
. - Cations divalent

. ] Ca-caseinate  DENFDM  NFDM 20.5 3.28 1.02
Diameter (pm} () {grm) Cations monovalent
Arithmatic mean 37 615 45.5 Protein (%) 88.5 78.60 34,58
Volume-surface mean 80 1145 101.5 Fat{% 0.2 0.80 1.02
Weight mean 106.3 127 120.5 Carbohydrate (%) - 3.80 51.90
Surface mean 45 75.5 57.5 Moisture (%!} 7.0 4.25 3.35
Volume mean 54.5 86.5 69.5 Ash (%) 3.8 9.30 7.87
Abbreviations ! See the Table 1 Abbreviations : See the Table 1
Table 3. Bulk density of various samples tested TEE 23 58 558 MR 2 alSE g
Packing ype  COCaseinaie  DENFDAM  NFDM o} 53] ' BA 4 ARUEE calcium casei-

LR (g/mi) (g/mb) B/m)  nate(0.282g/mi) BTk oF Fuf 7}, %ﬂl‘%% BehE

Loose 0.282 0.526 0.500 i A JEhydc. olg) & 21gEl ) o) f-e 4
Close 0.385 i 0.571 0.704 | DA a2} A B (SW@Hing)%]_ Abel of] 4
Abbreviations © See the Table 1 frapol ok &, AAFY PFEL A L ¥
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Fig. 2. Surface microstructure of experimental samples.
A 1 Ca-caseiate (spray dried, X 300)
B = NFDMIbefore treatment of solvent, X 2K}
C : DENFDM (after treatment of solvent, X 2K)
Abbreviations 1 See the Table 1.

2 Agieojol & o2 A7bE o} Ae.
HRT IRES 22 2Nl oM T=

CMEREEDECE-CEEE L LR
Ae) sgold $2YA w1 F27} Rl BB A
oz R RS ol guiel ¥R B 7

- Algh

=& 7 Esigcy o Ak fig. 2) - A -f
calcium caseinate®h &R A2 oh=A A48 P2
7b kel WF AL o F gled 53 ajAbs UEAle]
o EFAS R A RS A FEH R &Y
H 7)1_°_i vrebgdcl ohebad olAke] =2 R R, 4
A AL oAl ¥w S B
Sofaia] = EAE A A

T

a0

]
)
zzﬂg‘

oL 7‘.} e =

-2 "J‘T‘ilu]r

U‘o

sk & ZiP_E *}E%r—}.

L] (=]
s

Calcium caseinatest 8| #W S o &4 2225
=AY A AYPEE ¥ T A LR g
B o] Arke AR Fela T2 Ae]g oyl
e Aolth @7 BA R oAb 24/
oz Bk o] Zo] 2R a7 ol g ofFe
2 gaan 9 RATEN AT U2
% o2 S4o] TR AL §AA B2 42) b
F& gEes f4R8c di GRS dAES

felAle] 2 ol BrE ke, AAlx, el el Bk
2m RAAA &, FELRE RS AL,

ZtAtel 2

o) & £ A7w] Aol B} Ay wr
o olef ZHAHE =& Th
= o

1. Hokes, J. C. = An analysis of the functional properties
of calcium caseinate as refated to imitation processed
cheese. Ph. D. dissertation. The Ohio State University,
Columbus, Ohic {1982}

2. Chakrabarty, 8. K. : Functional properties of caseinat-
es, Presented at the National Workship on Dairy Ana-
togs and Fabricated Foods at National Dairy Resear-
ch Institite, Karnal, India {1981)

3. Southward, C. R. and Goldman, A. : Co-precipitates-
Areview. N. A. L. Dairy Sci, Technol.,, 10, 101 (1975)

4, Morr, C. V. and Lin, 5. H, C. : Preparations and pro-
perties of an alcohol-precipitated whey protein conce-
ntrate. J. Dairy 5ci., 53, 1162(1970)



g BAEG YT S B A7 345

. Song, J. C.: Solvent extraction of lactose from skim
milk powder and the application of the protein as a
replacement for caseinate. Ph. [. thesis. The Ohio
State University, Columbus, Ohic {1984}

. Leviton, A. : Methanol extraction of lactose and sol-

uble proteins from skim milk powder. Ind. Eng. Chemn,,
41, 1351 {1949

. Marier, ). R., Tessier, H. and Rose, D. : Sialic acid as
an index of the k-casein contenit of bavine skim milk.
J. Dairy Sci., 46, 373(1963)

. Mckenzie, H. A. : Effects of changes in environmental
conditions on the state of association, conformation,
and structure in Milk Protein, Chem. and Molecular
Biol. Vol. |, Academic Press, NY and London, p.355
(1970)

. lanzen, ). |., Swanson, A. M, and Mcintire, | M. ¢ Part-
icle size of dried milk products. 1. A statistical app-
rozch to the measurement of particle size. J. Dairy Sci.,
36, 905 (1953)

10.

1.

Stockham, |. D. and Fochtman, E. G. : Particle size
analysis. Ann Arbor Science Publishers, Inc. Ann Arbor,
MI(1978)

Hayashi, H., Heldman, D. R. and Hedrick, T. t. 1 Influ-
ence of spray-drying conditions on size and size dis-
tribution of nonfat dry milk particles. f. Dairy Sci, 52,
3101969

. King, N. : The physical structure of dried milk. /. Dairy

Sci. Abstr., 27, 91 (1985)

. Song, ). C., Pack, H. J. and Shin, W. C. : Extraction con-

ditions for delactosed protein isolates from NFDM.
LLO.U Report, 21, 303 (1980}

. Lascelles, D. R. and Baldwin, A. ). : Dispessibility of

whole milk powder in warm water. N. Z. [. Dairy 5ci.
Technol., 11, 283(1276)

. Harper, M. K., Holsinger, V., Fox, K. K. and Pallansch,

M. §. & Factors influencing the instant solubility of milk
powders. L. Dairy 5ci., 46, 11 92 {1963)

(199433 109 19 A=)



