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Table 1Details of samples with different content of chelating agents, salts and emulsifiers

samples °hela:$§;ge“ts Salts (%) Emulsifiers (%)
EDTA SCD CaCl, NaCl Tween 80 lecithin
Tl 0 5 0 0.08 0 1
T2 0 5 0.01 0 0 1
T3 5 0 0 0.08 0 1
T4 5 0 0.01 0 0 1
T5 0 5 0 0.08 0.1 0
T6 0 5 0.01 0 0.1 0
T7 5 0 0 0.08 0.1 0
T8 5 0 0.01 0 0.1 0
Control 0 0 0 0 0 0
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1. Particle Size Analyzer
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Table 2 Chemical characteristics of the skim milk powder containing chelating compounds, minerals
and emulsifiers.

Ash Moisture

o
Samples (%) (%) (°D) pH
T1 8.70+£0.01° 2.55+0.20 14.75+0.25° 6.7840.005°
T2 7.86+0.07° 2.14+0.05% 15.50+0.50° 6.714+0.05®
T3 7.1540.04 3.0940.48° 21.00+0.50° 6.22+0.03°
T4 7.87+0.03¢ 3.12+0.08" 21.50+1.00° 6.19+0.03¢
TS 9.06+0.11° 2.22+0.20° 14.75+0.25° 6.78+0.01®
T6 8.49+0.02° 2.20+0.08° 14.75+0.25° 6.67+0.05"
T7 8.62+0.11° 2.01+0.01° 18.00+1.00° 6.37+0.06°
TS 8.29+0.14¢ 1.97+0.01° 21.00+1.00° 6.25+0.08°
Control 7.81£0.05° 2.41+0.20¢ 12.75+0.25¢ 6.60+0.005¢

*Means, in each column, followed by at least one letter in common are not significantly different at the 5%
probability level-using Duncan’s Multiple Range Test.
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Table 3 Physical characteristics of theskim milk powder containing chelating compounds, minerals

and emulsifiers.

Samples particle size diameter Bulk den3sity Heat stability ‘
(nm) (gr/cm’) (Degree of coagulation)

T1 1641.58+11.25° 0.59+0.007%¢ 440.01°

T2 530.27+4.95° 0.53+0.001¢ 440.02°

T3 274.56+0.95% 0.61+0.040® 1+0.01°

T4 342.20+1.30° 0.56+0.050" 2+0.03¢

T5 349.03+1.00° 0.64+0.050° 5+0.01°

T6 211.35+3.85¢ 0.55+0.020% 3+0.01°

T7 203.07+2.40¢ 0.60+0.010® 2+0.02¢

T8 170.39+1.60° 0.57+0.003" 1+0.01°
Control 418.5013.50° 0.49+0.004° 2+0.03¢

*Means, in each column, followed by at least one letter in common are not significantly different at the 5%
probability level-using Duncan’s Multiple Range Test.
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2. Dynamic Light Scattering
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Fig 1The tubes containing recombined skim milk
powder after an autoclave thermal stability test.

Sl el ws s o (T e sulSw
5l e Ll eSO el appl L Sl
5 ekiS WS falye by dS O a1y OF Cle
ool LEDTA & wo a by [5] aodls oo

Mumber

100

74

50

%

0 L bl esle opl EDTA 4 o5 oM Jole 0
oAl i s 1 O ke 5 il odS O 4 Odeer
e SMad et 3 e endS Dl (8L LS L sl
s 53 5 edd oS b b edS Wgn H1 s el W5 e
o e DL IOl 534S S Sl fes o510l
A g oS tagn 55 end opl alie ad S5
Jole V] s S salie sy a5 S plamil (Yo ) O1Ces
Osy S o gl s o3l s se s LS
My A S8 e by s b plald el o
sl 5 e Slaglisn L OAd S5 a Ll &S
s e 36 Gbls ol GBS s Son e eSS
Osdy Sist el D3 ol 058 S S 5 eSS o
03 sl e edalin ¥ Jode 55 oS Olamen [A] il
CaCly « NaCl a5 5 2l 53 51 50 Jlas 53
538 Sl Gla 05 S L aandS Wy slins 15l 4 e
Il aldl sl A5 gla Joe Sl 4D 53 5 okl
wars LAY slles 5 S S s ool ol
eSOl L S slaslas S sdel s 4 =l
S 8 B, EDTA e 55 1) olhd eslil ol

53l SlS am Ales s D3 o3Il O a3l s il

osls olas 1

50 0000

Diarneter (nm)

‘Re\ Hurm, = 10000 Cum. Nur.= 5053 Diarn. (o) = 171.97

YyV

Chart 1 Particle size distribution in the sample
of T8.

wnS 53 oS il EDTA bvg ondS 05 003 o3

LopodS sladisy aslsl 5o 5 A8 2l S 0y ckls



https://fsct.modares.ac.ir/article-7-25834-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-16 ]

Lﬁ&d‘jﬁw}a‘ oS A.TM-\:A CJL.:SJJ L>'>-J" Q:jjj\ JJ\

O‘)&M}$E-JMM

gl =

[1] Institute of Standards and Industrial
Research of Iran (2011), Milk powder
Specifications. ISIRI no 2012. [in Persian]

[2] Bylund, G. (2003). Dairy processing
handbook: Tetra Pak Processing Systems
AB.

[3] Schuck, P. (2011). Milk powder: physical
and functional properties of milk powders.
In: Academic Press.

[4] Sikand, V., Tong, P., Vink, S., & Roy, S.
J. J. o. d. s. (2016). Physicochemical
properties of skim milk powders prepared
with the addition of mineral chelators.
Journal of dairy science, 99(6), 4146-4153.

[5] Huppertz, T., & Fox, P. F. J. 1. d. j. (20006).
Effect of NaCl on some physico-chemical
properties of  concentrated bovine
milk.International  dairy  journal, 16(10),
1142-1148.

[6] Hussain, R., Gaiani, C., &Scher, J. J. J. o.
F. E. (2012). From high milk protein
powders to the rehydrated dispersions in
variable ionic environments: A review.
Journal of food engineering, 113(3), 486-
503.

[7] Millqvist-Fureby, A., & Smith, P. J. F. H.
(2007). In-situ lecithination of dairy powders
in spray-drying for confectionery
applications. Food Hydrocolloids, 21(5-6),
920-927.

[8] Lallbeeharry, P., Tian, Y., Fu, N., Wu, W.,
Woo, M., Selomulya, C., & Chen, X. J. J. o.
d. s. (2014). Effects of ionic and nonionic
surfactants on milk shell wettability during
co-spray-drying of whole milk particles.
Journal of dairy science, 97(9), 5303-5314.

[9] Balde, A., &Aider, M. J. P. T. (2017).
Effect of cryoconcentration, reverse osmosis
and vacuum evaporation as concentration
step of skim milk prior to drying on the
powder properties. Powder Technology, 319,
463-471.

[10] GEA Niro Method (2006).Determination
of Powder Bulk Density. No. A2a .

[11] Murrieta-Pazos, 1., Gaiani, C., Galet, L.,
Cuq, B., Desobry, S., Scher, J. J. C., &
Biointerfaces, S. B. (2011). Comparative
study of particle structure evolution during
water sorption: skim and whole milk
powders. Colloids and Surfaces B:
Biointerfaces, 87(1), 1-10.

YYA

A Jssls alS o 53 1 T S G ((Saus ool
oML 3 (g 5586 PHOI e (2SO a5 LB
35 ol S ol Sl G opl 3 p S d Sl
GL e g Obosen sk NaCl 5 SCD s 5

Al s & g0 sl 4 S 1y 5l

S S a4

5 liedgol oS &3S LS 5 sls 0L rasy onl
S (ol oL 53 ke kS 5 3 e O
Sl s e e A s b3 ol gl ey
Solm slled fpmes Lpd o o Ok KOS
oy S s Jlle ny b olul B 5l A 8
Ol 03 s cose 5 Al 6 bled ple 4 Cod
s EDTA A o5 ol ks il Sl e
Ao ol a5 bl boled ple 4 S CaCl2
S O Lo o Ol SaS il i SIS
Slis o zin NaCl 5 SCD Ar 85 ol sl Koo
e s ol en 4 bl o s L gl ey JEs
2ol g HU b gl DL 5ol Ol mls
A o Ok SEF S Sl ol s
Crge Pl 5 oS AN LS S Bl oo Sl
sslial Ghass ool 53 08 e OF 5ol L 2
Sl @olul bl 4 2w NaCl 5 SCD 5l Ol ses
G ol s S gy s S o sy S
»NaCl 5 SCD A+ 55 51 Olej s eslinal sls 0L
$2 Sas Dlosart spp 4 e bled ol b oalis

Sl sl =0

0L g et &S5 55 S e ol sl 9 S i oS L
gr)"ﬂ SULGl 5 ol g Oslajl 8 Jlasl 5 LaS a5 5 g
AT o Jony 13,08 5 S5 JLes


https://fsct.modares.ac.ir/article-7-25834-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-16 ]

W’Q/\ :\)Jﬁ- c\-\ 692 c/\/\n)l.q.:r

dl\.l.'c GW}(}J&

[17] Eshpari, H., Tong, P., &Corredig, M. J. J.
0. d. s. (2014). Changes in the physical
properties, solubility, and heat stability of
milk protein concentrates prepared from
partially acidified milk. Journal of dairy
science, 97(12), 7394-7401.

[18] de Kort, E. J. (2012). Influence of calcium
chelators on concentrated micellar casein
solutions: from micellar structure to viscosity
and heat stability.

[19] Gao, R., van Halsema, F., Temminghoff,
E., van Leeuwen, H., van Valenberg, H.,
Eisner, M., & van Boekel, M. J. F. c. (2010).
Modelling ion composition in simulated milk
ultrafiltrate (SMUF) II. Influence of pH,
ionic strength and polyphosphates. Food
Chemistry, 122(3), 710-715.

[20] de Kort, E., Minor, M., Snoeren, T., van
Hooijdonk, T., & van der Linden, E. J. 1. D.
J. (2011). Effect of calcium chelators on
physical changes in casein micelles in
concentrated micellar casein solutions.
International Dairy Journal, 21(12), 907-913.

[21] Crowley, S. V., Megemont, M., Gazi, 1.,
Kelly, A. L., Huppertz, T., &O'Mahony, J. A.
J.. . D. J. (2014). Heat stability of
reconstituted milk protein  concentrate
powders. International Dairy Journal, 37(2),
104-110.

Yv4

[12] Kosasih, L., Bhandari, B., Prakash, S.,
Bansal, N., &Gaiani, C. J. J. o. F. E. (2016).
Effect of whole milk concentrate carbonation
on functional, physicochemical and structural
properties of the resultant spray dried powder
during  storage. Journal of  Food
Engineering, 179, 68-77.

[13] Institute of Standards and Industrial
Research of Iran (1978).Determination of the
ash content of processed cheese.ISIRI no
1755. [in Persian]

[14] Institute of Standards and Industrial
Research of Iran (2006). Milk and milk
products — Determination of titrable acidity
and value pH —Test method .ISIRI no 2852.
[in Persian]

[15] Odagiri, S., & Nickerson, T. J. J. 0. D. S.
(1964). Complexing of Calcium by
Hexametaphosphate, Oxalate, Citrate, and
Edta in Milk. I. Effects of Complexing
Agents on  Turbidity and  Rennet
Coagulationl. Journal of dairy science,
47(12), 1306-1309.

[16] Tan, K. E. (2016). Study of Rehydration
Properties of Powder Produced from
Chelated Skim Milk.


https://fsct.modares.ac.ir/article-7-25834-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-16 ]

JFST No. 88, Vol. 16, June 2019 ABSTRACT

Effect of somechelating agents, emulsifiers and salts on functional
characteristics of skim milkpowder

Rajaee, M. H. 1, Daneshi, M. % 3*, Hosein Vaezi'

1. M. Sc. graduated, Department of Food Science and Technology, Yazd Branch, Islamic Azad University,
Yazd, Iran
2. Assistant Professor, PhD, Department of Food Science and Technology, Yazd Branch, Islamic Azad
University, Yazd, Iran
3. Food and confectionary Research Center, Yazd Branch, Islamic Azad University, Yazd, Iran
4. Assistant Professor, PhD, Department of Plant Breeding, Meibod Branch, Islamic Azad University, Meibod,
Yazd, Iran

(Received: 2018/10/10 Accepted:2019/05/04)

Physical and functional properties of the milk powder play an important role in the formulation of
various food products. In this study, the effects of adding Lecithin (1%) and Tween 80 (0.1%) as
emulsifiers, di sodium EDTA and sodium citrate dihydrat (SCD) each one 5 mM as chelating agents,
NaCl (0.08%) and CaCl2 (0.01%) as salts in improving Physical and functional characteristics of skim
milk powder (thermal stability, bulk density and particle size distribution) were investigated. These
compounds were added to skim milk prior to spray drying.The results showed that chelating agents
and salts had different effects on the heat stability of milk powders when compared with the
emulsifiers. The heat stability of milk powder enhanced when SCD and NaClused simultaneously,
while it was reduced significantly, with using EDTA and NaCl and consequently, the higher heat
stability was found for powders produced by tween80, SCD and NaCl. The best particle size
distribution and bulk density were observed for samples treated with Tween 80 and the milk powder
produced by adding of Tween 80, EDTA and CaCl2 led to betterparticle size distribution. In general,
the results of this study showed that simultaneous useof Tween 80, SCD and NaCl resulted in
improved functional characteristics of non-fat milk powder.
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