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ABSTRACT 

 
The physical properties of  milk fat emulsions formulated with 20% butter oil and ~ 80% protein solutions 

(3.2% protein) of sodium caseinate (SC), mixed sodium caseinate with whey proteins (SCW, 3:2), mixed 
sodium caseinate with soy proteins (SPS, 3:2) or mixed sodium caseinate with both of whey proteins and soy 
proteins (SCWS, 3:1:1) were evaluated. The results showed that SC emulsion had the best whipping ability and 
fat destabilization (P < 0.05), while SCS emulsion had the best creaming rate, proteins load and fat 
destabilization among all protein emulsions. SCW and SCWS emulsions had medium proteins load, fat 
destabilization, and whipping ability between SC and SCS emulsions. The shear stress (apparent viscosity) of 
SCS emulsion was the highest while that of SCWS was the lowest; although the differences among all 
emulsions were not significant (P > 0.05). These results can be useful in selecting suitable protein type and 
percentage for the preparation of milk fat emulsion. 
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Inroduction 

 
Emulsions are complex and unstable thermodynamically systems, composed of two immiscible liquids 

phase. In oil/water emulsion, oil is dispersed in a continuous aqueous phase in a form of very small fat droplets. 
A thermodynamic balance between the two emulsion phases is assured by the use an emulsifier, which 
decreases the interfacial tension and keeps the emulsion stability. Proteins and emulsifiers are widely used as 
functional ingredients for the formation and stabilization of emulsions. These molecules contain simultaneously 
polar and non-polar regions, which give them surface-active properties (Rouimi et al., 2005).  

The surface activity of milk proteins results in to their rapid adsorption at the oil-water interface during 
emulsification, producing a stabilizing layer that protects oil droplets against subsequent flocculation or 
coalescence (Vega & Roos, 2006; Singh & Ye, 2009; Ye, 2008; McClements, 2010 and Singh, 2011). Hu et al. 
(2003) reported that whey proteins can be used as emulsifiers due to their excellent surface activities, which can 
avoid the coalescence or creaming process of the dispersed phase, giving stability to the oil/water interface. The 
native forms of whey proteins are characterized by rigid and compact structures stabilized by covalent and non-
covalent intermolecular interactions. Under heat treatment, whey proteins undergo unfolding, interaction of 
reactive groups such as thiol groups (-SH), formation of intermolecular disulphide bonds (S-S) and protein 
aggregates. In food emulsions, partial denaturation of whey proteins can result in the formation of a thicker 
coating than the native form and increased emulsion stability (Kiokias et al., 2007).  

Currently there is considerable and increasing interest in the health benefits of soy-containing foods, in 
particular their role in lowering the potential incidence of certain cancers (Messina et al., 2009). Due to its 
nutritional value and low cost, currently, soy protein is the largest commercially available vegetable protein in 
the world (Messina & Barnes, 1991). Globular proteins such as soy and whey protein are used as emulsifiers in 
number of commercial food (Al-Bakkush, 2008). Sipos (1994) reported that the multiplicity of groups attached 
to the peptide chain of the protein, such as lipophilic, polar, nonpolar, negatively and positively charged groups, 
enables soy proteins to associate with many different types of compounds.  

The thermal stability of food protein ingredients is dependent on a variety of conditions including their 
interaction with water, pH and ionic strength (Mohamed & Xu, 2003 and Ryan et al., 2008). Recently, Ryan et 
al. (2008) reported that inclusion of calcium salts reduced the thermal stability at 140°C of aqueous dispersions 
of soy protein isolate and soy protein hydrolysate ingredients. Extensive research has been carried out to 
understand the adsorption process, the composition and the structure of the adsorbed protein layers and how 
they influence the physical and chemical properties of emulsions (Singh, 2011). Therefore, the aim of this work 
was to study the effect of protein type; casein, whey protein and soy protein, on the physical properties of 
reformulated milk fat emulsion. 
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Materials And Methods 
 
1. Materials: 

 
Fresh butter was obtained from dairy processing unit, Faculty of Agriculture, Cairo University, Giza, Egypt. 

Butter oil was prepared by the method of Amer et al (1985). Sodium caseinate (LACTONAT EN) was obtained 
from Lactoprot Deutschland GmbH, Germany. Whey protein concentrate (WPC) was imported from Agri. 
Mark, USA. Soy protein isolate was purchased from Lustrel Laboratoires SAS (Saint Jean de Vedas, France). 
The chemical composition of used proteins is shown in Table 1 as data of the supplier. 
 
Table 1: Chemical composition of used protein as the data of the supplier.  

Items 
Protein type 
Sodium caseinate WPC SPI 

Total Protein (%) > 88.5 > 81 > 89 
Moisture (%) < 6.0 < 5.3 < 5.0 
Fat (%) < 2.0 < 5.5 < 0.5 
Carbohydrate (%) < 0.3 < 10 < 0.3 
Ash (%) < 4.5 < 3.0 < 4.5 

WPC, Whey protein concentrate; SPI, soy protein isolate 
 

2. Methods: 
 
Emulsions formulation: 
 

Sodium caseinate, whey protein and soy protein solutions (3.2% protein) were prepared by dispersing the 
required amount of protein in distilled water under continuous stirring at room temperature for 4 h. Emulsions 
were formulated from 20.0% butter oil and 80.0% SC, SCW, SPS or SCWS blends to create four treatments as 
described in Table 2. Formulated emulsions were preheated to 60ºC, homogenized using laboratory double stage 
homogenizer (Rannie, Copenhagen, Denmark), 13.6 MPa first stage and 3.5 MPa second stage, then heated to 
78ºC for seconds and cooled to 4±2ºC. Sodium azide was added at the rate of 0.02% as preservative. All 
formulated emulsions were prepared in triplicates. 

 
Table 2: Abbreviations and description of formulated milk fat emulsions.  

Abbreviations Formulated milk fat emulsions 
SC 20.0% butter oil and 80.0% sodium caseinate solution. 

 
SCW 20.0% butter oil and 80.0% mixed sodium caseinate and whey protein (3:2) solution. 

 
SCS 20.0% butter oil and 80.0% mixed sodium caseinate and soy protein (3:2) solution. 

 
SCWS 20.0% butter oil and 80.0% mixed sodium caseinate, whey protein and soy protein (3:1:1) solution. 

 

 
Shear stress: 
 

Shear stress of milk fat emulsions was measured according to Farrag et al. (2006) using a coxial cylinder 
viscometer (Bohlen V88, Sweden) attached to a workstation loaded with V88 viscosity program. The system C30 
was filled with emulsion at the measurement temperature of 20°C. The rheological parameter (shear stress) was 
carried out in the up mode at shear rate ranging from 88 to 924 S-1. 

 
Creaming rate: 
 

Emulsion instability was measured as the rate of creaming over 1 wk of storage as described by Scott et al. 
(2003). After their preparation, (d 0), emulsions were placed in  100 ml graduated cylinders up to mark , capped, 
and stored at 4 ±2°C. Initial fat content was determined and fat content of the lower phase of each emulsion was 
analyzed in duplicate after 1, 3 and 7 days of storage using the Gerber method (AOAC, 2007). The creaming 
rate was calculated as follows:  
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Fat destabilization index: 
 

Fat destabilization index was determined according to Goff and Jordan (1989) by dilution of formulated 
emulsion ((1:500 distilled water) before and after whipping for 20 min in a mixer ((Heidolph No. 50 111, Type 
RZRI, Germany) at speed setting 10 and measurement of the turbidity (absorbance) at 540 nm. 

 
Protein load: 
 

The adsorbed protein on the surface of fat globules was determined by measuring the protein content 
(AOAC, 2007) of the aqueous phase of formulated emulsion before and after centrifugation (Sigma Laborzentri 
Fugen, 2 K15, Germany) at 10,350 xg for 30 min at 20ºC (Cano-Ruiz and Richter, 1997) and freezing at -30°C 
for 45 min. The adsorbed protein was calculated from the difference between the initial and final proteins of the 
aqueous phase and expressed as protein load.           

 
Whipping properties: 
 

Whipping ability measurement was made at 5 min intervals for a total of 20 min. A 200 ml formulated 
emulsion was whipped in a mixer ((Heidolph No. 50 111, Type RZRI, Germany) at speed setting 10 under 
freezing conditions according to procedure described by Smith et al. (2000). The stability of the whipped 
emulsion was measured as described by Mangino et al. (1987). A 100 ml whipped emulsion (after 20 min) was 
left in graduated cylinders at 25±2ºC and the decrease in the volume was measured at 30 min intervals for a total 
of 120 min.  

 
Statistical analysis: 
 

Analysis of variance (ANOVA) and LSD test were conducted using a Statistical Analyses System (SAS, 
2004). A probability to p≤0.05 was used to establish the statistical significance.  

 
Results And Discussion 

 
Creaming rate: 

 
The effect of protein type on the creaming rate of milk fat emulsion during storage at 4 ±2°C for 7 days is 

shown in Table 3. The Duncan test showed that the protein types had a substantial effect on the instability of 
milk fat emulsion (P < 0.05). SC emulsion showed significantly higher cream rate (P < 0.05) compared to other 
emulsions throughout the storage period. Also, the creaming rate of SCWS emulsion was higher than that of 
SCW or SCS emulsion, the difference being significant only at day 7. However, there was no significant 
variation (P > 0.05) in creaming rate of SCW and SCS emulsions. Over the storage period, all emulsions 
displayed an increased rate being significant (P < 0.05) at day 1, 3 and 7 for SC emulsion, whereas for SCWS 
emulsion the changes were significant at day 3 and 7. Earlier studies have reported that the creaming rate could 
be related to protein load, droplet size distribution and/or emulsion viscosity (Wiking, 2005; Abd EL-Aziz, 2008 
and Raikos, 2010). A strong negative relationship (r = -0.52**) was formed between the proteins load (Fig. 2) 
and creaming rate (Fig 1). A similar observation was found by Abd EL–Aziz (2008). Van Lent et al. (2008) 
showed that high homogenization pressures led to small fat globules and consequently less free proteins in the 
serum because of the higher surface area that needs to be covered. The protein molecule acts at the water/fat 
interface to produce stable emulsion, preventing the oil droplets from coalescing. Also, in this respect, the 
creaming rate of emulsion may be inversely correlated with droplet size distribution (Elizalde et al., 1988). 
(Sliwinski et al., 2003) documented that the amount of protein adsorbed at the emulsion droplet increased with 
increasing temperature for whey protein stabilized emulsions. However, in this study, the creaming rate was not 
related to the emulsion viscosity. 

 
Table 3: The creaming rate of formulated milk fat emulsions as affected by protein types during storage at 4 ±2°C for 7 days. 

Emulsions 
Creaming instability (%) 
1 day 3 days 7 days 

SC 21.0c ±0.30 27.5b ±2.50 42.0a ±4.00 
SCW 1.87f ±0.05 2.05ef±0.13 2.44ef ±0.52 
SCS 2.00ef±0.08 2.43ef±0.15 3.97ef ±0.19 
SCWS 4.05ef±0.07 6.90de±1.00 10.74d ±1.16 

Means with the same letters are not significantly different (P < 0.05); SC, 80.0% sodium caseinate solution; SCW, 80.0% mixed sodium 
caseinate and whey protein (3:2) solution; SCS, 80.0% mixed sodium caseinate and soy protein (3:2) solution; SCWS, 80.0% mixed sodium 
caseinate, whey protein and soy protein (3:1:1) solution. 
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Proteins load: 
 
Lipid emulsion is stabilized by a layer of protein adsorbed at the surface of fat globules (Krog, 1991 and 

Millqvist-Fureby et al., 2001). Therefore, the protein load may be influenced by the type of protein used in milk 
fat emulsion. As shown in Fig 1, the presence of whey protein or soy protein with sodium casienate in emulsion 
increased the protein load on the oil–water interface compared with sodium casienate. SC emulsion had 
significantly the lowest protein load (P < 0.05) than SCW and SCS emulsions. However, the protein load of 
SCS emulsion was higher than that of SCW emulsion (P > 0.05). The increasing in protein load could be 
attributed to the decrease in fat globule size (Fatouh et al., 2006) and the increase in the thickness of the protein 
layer covering the oil droplet, which increases the density of the droplet (Monahan et al., 1996). Also, native 
proteins move more quickly to the oil-water interface facilitating the covering, while aggregated denatured 
proteins results in the formation of thick membranes on this interface (Kiokiasl et al., 2007). Ye (2008) 
indicated that caseins adsorb preferentially at the oil–water interface at high protein concentrations, whereas at 
low protein concentrations (< 3.0%), whey proteins were preferentially adsorbed in comparison to caseins. 
However, the presence of both soy and whey proteins with sodium casienate in emulsion (SCWS) decreased the 
protein load compared to SCW or SCS containing emulsion (P < 0.05). 
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Fig. 1: The proteins load of formulated milk fat emulsions as affected by protein types [SC, 80.0% sodium 

caseinate solution; SCW, 80.0% mixed sodium caseinate and whey protein (3:2) solution; SCS, 80.0% 
mixed sodium caseinate and soy protein (3:2) solution; SCWS, 80.0% mixed sodium caseinate, whey 
protein and soy protein (3:1:1) solution]. 

 
Fat destabilization: 

 
Fat globules are mechanically damaged by the shear forces and the ice crystallization process, which leads 

to agglomeration and partial coalescence of the fat globules (Koxhalt et al., 2001).  Fig 2 illustrates the fat 
destabilization of SC, SCW, SCS and SCWS emulsions after whipping for 20 min under freezing conditions. 
SCS emulsion had the highest fat destabilization (P < 0.05), while SC emulsion had the lowest fat 
destabilization (P < 0.05). Fat destabilization of SCWS and SCW emulsions was higher than that of SC 
emulsion, the difference being significant only between SCWS and SC emulsions (P < 0.05). Also, differences 
in fat destabilization between SCWS and SCW emulsions were found no significant. This means that, soy 
protein and whey protein had adverse effects on the fat destabilization, however, fat destabilization was more 
pronounced in soy protein containing emulsion (SCS). Also, fat destabilization may be correlated with the type 
of protein covering the oil droplet. Positive correlation was found between fat destabilization and protein load (r 
= 0.67**). 
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Fig. 2: Fat destabilization of formulated milk fat emulsions as affected by protein types under freezing condition 

for 20 min [SC, 80.0% sodium caseinate solution; SCW, 80.0% mixed sodium caseinate and whey 
protein (3:2) solution; SCS, 80.0% mixed sodium caseinate and soy protein (3:2) solution; SCWS, 
80.0% mixed sodium caseinate, whey protein and soy protein (3:1:1) solution]. 

 
Whipping ability: 

 
Whipping ability determines the ease with which air can be incorporated into the emulsion. Whipping 

ability of SC, SCW, SCS and SCWS emulsions under freezing condition for 5, 10, 15 and 20 min are shown in 
Table 4. The Duncan test showed that the protein type had significant effect on the whipping ability (P < 0.05). 
The whipping ability values of SC emulsion were significantly higher (P < 0.05) than those of other emulsions 
during whipping time (20 min). A similar observation was found by Indrawati et al. (2008). They observed 
higher whipping ability in the case of sodium caseinate stabilized foams. The whipping ability is markedly 
affected by molecular size and structure of protein. Disordered, small and flexible proteins reduce the surface 
tension earlier and faster than ordered, rigid and larger proteins (Martin et al., 2002). Also, the whipping ability 
values of SCW emulsion were higher than those of SCS and SCWS emulsions from min 10 onwards, the 
difference being significant only at 15 and 20 min. The whipping ability values were similar in both SCS and 
SCWS emulsion throughout the whipping time (P > 0.05). These results indicate that, soy protein showed higher 
negative effect in whipping ability of emulsion than whey proteins. The decrease in whipping ability may be 
related to the high fat destabilization (r = -0.72**), which may retard air incorporation. 

 
Table 4: The whipping ability of formulated milk fat emulsions as affected by protein types under freezing condition for 20 min. 

Emulsions 
Whipping ability (%) 
5 min 10 min 15 min 20 min 

SC 86.3b ±0.72 91.3ab ±0.72 96.2a ±1.20 98.8a ±0.92 
SCW 37.5g ±1.44 48.8def ±3.60 65.0c ±4.33 71.8c ±4.05 
SCS 40.0fg ±2.88 43.8efg ±2.16 50.0def±1.44 52.5d ±1.24 
SCWS 33.8g ±5.05 41.3efg ±3.06 51.4de ±5.05 53.8d ±4.94 

Means with the same letters are not significantly different (P < 0.05); SC, 80.0% sodium caseinate solution; SCW, 80.0% mixed sodium 
caseinate and whey protein (3:2) solution; SCS, 80.0% mixed sodium caseinate and soy protein (3:2) solution; SCWS, 80.0% mixed sodium 
caseinate, whey protein and soy protein (3:1:1) solution 
 
Foaming instability: 

 
As shown in Table 5, statistical analysis showed that the protein type had significant effect on the foaming 

instability of milk fat emulsions (P < 0.05). In particular, the SC emulsion had the highest foaming instability, 
while the SCWS emulsion had the lowest foaming instability. This indicates that, emulsion of higher whipping 
ability had also higher foaming instability and vice versa. The SCW and SCS emulsions had medium foaming 
instability (P < 0.05), although the foaming instability of SCW emulsion was higher (P < 0.05) than that of SCS 
emulsion. Globular protein results in higher foam stability due to its ability to form cohesive, elastic and viscous 
film (Phillips, 1981). Also, Zhoa et al. (2008), found the partial coalescence (which reduce the foaming 
stability) of whipped cream with sodium caseinate was higher than those with whey proteins. By increasing the 
time, the percentage of foaming instability increased in all emulsion except SCW emulsion; that was more stable 
compared with other emulsions. 
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Based on foaming instability relative to the percentage of air incorporated (Table 6), the foaming instability 
of SCW emulsion was higher than that of SC emulsion at min 30 and 60 but remained stable and similar in both 
emulsions. In this respect, Marinova et al. (2009) reported that adsorbed casein layers were denser and thicker 
thus ensuring better stabilization than the globular whey proteins. The foaming instability of SCS emulsion was 
lower than that of SC and SCW emulsions at min 30, 60 and 90, after which the foaming instability of SCS 
emulsion was the highest (P < 0.05). A similar to Table 5, SCWS emulsion had the lowest foaming instability 
compared to other emulsions (P > 0.05). 

 
Table 5: The foaming instability of formulated milk fat emulsions as affected by protein types at 25 ±2°C for 120 min. 

Emulsions 
Faoming instability (%) 
30 min 60 min 90 min 120 min 

SC 33.0b ±0.58 42.0a ±0.58 47.4a ±1.44 47.5a ±1.44 
SCW 31.0b ±2.02 32.0b ±2.02 32.5b ±3.90 32.5b ±3.90 
SCS 15.5c ±0.29 15.5c ±0.87 21.0c ±0.58 29.5b ±0.87 
SCWS 0.00e ±0.00 2.50de ±0.29 4.00de±0.36 8.50d ±0.29 

Means with the same letters are not significantly different (P < 0.05); SC, 80.0% sodium caseinate solution; SCW, 80.0% mixed sodium 
caseinate and whey protein (3:2) solution; SCS, 80.0% mixed sodium caseinate and soy protein (3:2) solution; SCWS, 80.0% mixed sodium 
caseinate, whey protein and soy protein (3:1:1) solution 
 
Table 6: The foaming instability of formulated milk fat emulsions relative to foaming capacity as affected by protein types at 25 ±2°C for  
              120 min. 

Emulsions 
Foaming instability (%) 
30 min 60 min 90 min 120 min 

SC 33.4bc±0.34 42.5abc±0.28 48.1ab ±1.11 48.1ab±1.11 
SCW 45.1ab±6.07 46.5ab ±6.17 47.1ab ±7.32 47.1ab±7.32 
SCS 29.6c ±1.36 33.5bc ±2.57 40.2bc ±2.21 56.4a ±3.20 
SCWS 0.00e ±0.00 4.60de ±0.10 7.60de ±0.72 16.2d ±2.09 

Means with the same letters are not significantly different (P < 0.05); SC, 80.0% sodium caseinate solution; SCW, 80.0% mixed sodium 
caseinate and whey protein (3:2) solution; SCS, 80.0% mixed sodium caseinate and soy protein (3:2) solution; SCWS, 80.0% mixed sodium 
caseinate, whey protein and soy protein (3:1:1) solution 

 
Rheological properties: 

 
The results of shear stress of SC, SCW, SCS and SCWS emulsions are given in Fig. 3. The shear stress of 

SC and SCS emulsion (on increasing shear rate, corresponding to the upward curve) were higher values than 
that of SCW emulsion and SCWS, indicating that SC and SCS emulsion has higher apparent viscosity than 
SCW and SCWS emulsion. This was similar to the observation of Zhoa et al. (2008), who found higher 
improvement in texture characteristics of whipped cream made with sodium caseinate than that made with whey 
proteins. The shear stress of SCS emulsion was slightly higher (P > 0.05) than that of SC emulsion. This is 
confirmed by the higher (P < 0.05) protein load (Fig 1) of SCS as compared to other emulsions. Also, there was 
no difference in the values of shear stress of SCW and SCWS emulsion except at shear rate 446 and 639 S-1, the 
shear stress of SCW emulsion was higher than that of SCWS emulsion (P > 0.05). 
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Fig. 3: The shear stress of formulated milk fat emulsions as affected by protein types at shear rate ranging from 

88 to 924 S-1. [SC, 80.0% sodium caseinate solution; SCW, 80.0% mixed sodium caseinate and whey 
protein (3:2) solution; SCS, 80.0% mixed sodium caseinate and soy protein (3:2) solution; SCWS, 
80.0% mixed sodium caseinate, whey protein and soy protein (3:1:1) solution]. 



2729 
J. Appl. Sci. Res., 9(4): 2723-2730, 2013 

 

 

References 
 

Abd El-Aziz, M., 2008. Properties of butter oil fractions and its formulated emulsions. Egypt. J. Dairy Sci., 29: 
53-61. 

Al-Bakkush, A.A., 2008. Improvement of functional properties of soy protein. Ph.D thesis, Heriot-Watt 
University, School of Life Sciences, Edinburgh.  

Amer, M.A., D.B. Kupranyez and B.E. Baker, 1985. Physical and chemical characteristics of butter fat fractions 
obtained by crystallization from molten fat. J. A.O.C.S., 62: 1551-1557. 

AOAC, 2007. Official Methods of Analysis, 19th ed. Association of Official Analytical Chemists Washington, 
DC, USA. 

Cano-Ruiz, M.E. and R.L. Richter, 1997. Effect of homogenization pressure on the milk fat globule membrane 
proteins. J. Dairy Sci., 80: 2732-2739. 

Elizalde, B.E., R.J. DeKanterwicz, M.R. Pilosof and G.B. Barthalomai, 1988. Physicochemical properties of 
food proteins related to their ability to stabilize oil-in-water emulsions. J. Food Sci., 53: 845-848. 

Farrag, A.F., G.A. El-Garawany and M.H. Abd El-Salam, 2006. Flow properties of concentrated solutions of 
casein glycomacropeptide.International J. Dairy Sci., 89: 161-166.  

Fatouh, A.E., G.A. Mahran, R.K. Singh and A.I. Metwally, 2006. Effect of incorporating buffalo butter oil 
fractions on the physical properties of ice cream. Egypt. J. Food Sci., 34: 91-101. 

Goff, J.D. and W.K. Jordan, 1989. Action of emulsifier in promoting fat destabilization during the manufacture 
of ice cream. J. Dairy Sci., 72: 18-29. 

Hu, M., D.J. McClements and E.A. Decker, 2003. Lipid oxidation in corn oil-in-water emulsions stabilised by 
casein, whey protein isolate and soy protein isolate. J. Agric. Food Chem., 51: 1696-1700. 

Indrawati, L., Z. Wang, G. Narsimhan and J. Gonzalez, 2008. Effect of processing parameters on foam 
formation using a continuous system with a mechanical whipper. J. Food Eng., 88: 65-74. 

Kiokias, S., C. Dimakou  and V. Oreopoulou, 2007. Effect of heat treatment and droplet size on the oxidative 
stability of whey protein emulsions. Food Chem., 105: 94-100. 

Koxhalt, M.M.R., B. Eisenmann and J. Hinrichst, 2001. Effect of fat globule sizes on the meltdown of ice 
cream. J. Dairy Sci., 84: 31-37. 

Krog, N., 1991. Thermodynamics of interfacial films in food emulsions. In: Microemulsions and Emulsions in 
Food, El-Nokaly, M. and Cornell, D. (Eds.), American Chemical Society, Washington, DC, USA, pp: 138-
145. 

Mangino, M.E., Y.Y. Liao, N.J. Harper, C.V. Morr and J.G. Zadow, 1987. Effect of heat processing on the 
functionality of whey protein concentrates. J. Food Sci., 52: 1522-1524. 

Marinova, K.G., E.S. Basheva, B. Nenova, M. Temelska, A.Y. Mirarefi, B. Campbell and I.B. Ivanov, 2009. 
Physico-chemical factors controlling the foamability and foam stability of milk proteins: Sodium caseinate 
and whey protein concentrates. Food Hydrocolloids, 23: 1864-1876. 

Martin, A.H., K. Grolle, M.A. Bos, S.M.A. Cohen and T. Van Vliet, 2002. Network forming properties of 
various proteins adsorbed at the air/water interface in relation to foam stability. J. Coll. Interface Sci., 254: 
175-183. 

McClements, D.J., 2010. Emulsion design to improve the delivery of functional lipophilic components. Annual 
Review of Food Science and Technology, 1: 241-269. 

Messina, M. and S. Barnes, 1991. The role of soy products in reducing risk of cancer. J. Nat. Cancer Inst., 83: 
541-546. 

Messina M. and L. Hilakivi-Clarke, 2009. Early intake appears to be the key to the proposed protective effects 
of soy intake against breast cancer. Nutr. Cancer, 61: 792-798. 

Millqvist-Fureby, A.M., U. Elofsson and B. Bergenstl, 2001. Surface composition of spray-dried milk protein-
stabilised emulsions in relation to pre-heat treatment of proteins. Colloids and Surfaces B: Biointerfaces, 
21: 47-58. 

Mohamed, A. and J. Xu, 2003. Effect of ionic strength and pH on the thermal and rheological properties of soy 
protein-amylopectin blend. Food Chem., 83: 227-236. 

Monahan, F.J., D.J. McClements and J.B. German, 1996. Disulfide-mediated polymerization reactions and 
physical properties of heated WPI-stabilised emulsions. J. Food Sci., 61: 504-509. 

Phillips, M.C., 1981. Protein conformation at liquid interfaces and its role in stabilizing emulsions and foams. 
Food Technol., 35: 50-57. 

Raikos, V., 2010. Effect of heat treatment on milk protein functionality at emulsion interfaces. A review.  Food 
Hydrocolloids, 24: 259-265. 

Rouimi, S., C. Schorsch, C. Valentini and S. Vaslin, 2005. Foam stability an interfacial properties of milk – 
protein surfactant systems. Food Hydrocolloids, 19: 467-478. 

Ryan, M., E. McEvoy, S. Duignan, C. Crowley, M. Fenelon, D. O’Callaghan and R.J. FitzGerald, 2008. 
Thermal stability of soy protein isolate and hydrolysate ingredients. Food Chem., 108: 503-510. 



2730 
J. Appl. Sci. Res., 9(4): 2723-2730, 2013 

 

 

SAS, 2004. Statistical Analysis System. SAS User’s. Statistics SAS Institute Inc. Editors, Cary. NC. 
Scott, L.L., S.E. Duncant, S.S. Sumnert, K.M. Watermant and K.E. Kaylegian, 2003. Influence of emulsifying 

component composition on creams formulated with fractionated milk fat. J. Agric. Food Chem., 51: 5933-
5940. 

Singh, H., 2011. Aspects of milk-protein-stabilised emulsions. Food Hydrocolloids, 25: 1938-1944. 
Singh, H. and A. Ye, 2009. Interactions and functionality of milk proteins in food emulsions. In A. Thompson, 

M. Boland, & H. Singh (Eds.), Milk proteins: From expression to foods (pp. 321e345). London, England: 
Elsevier Inc. 

Sipos, E.S., 1994. Edible Uses of Soybean Protein. American Soybean Association Bulletin, www.asaim-
europe.org/Backup/pdf/edibleuses.pdf. 

Sliwinski, E.L., P.J. Roubos, F.D. Zoet, M.A.J.S. Van Boekel and J.T.M. Wouters, 2003. Effects of heat on 
physicochemical properties of whey protein-stabilised emulsions. Colloids and Surfaces B: Biointerfaces, 
31: 231-242. 

Smith, A.K., H.D. Goff and Y. Kakuda, 2000. Microstructure and rheological properties of whipped cream 
caused by heat treatment and addition of stabilizer to the cream. Int. Dairy J., 10: 295-301. 

Van Lent, K., C.T. Le, B. Vanlerberghe and P.V. der Meeren, 2008. Effect of formation on the emulsion and 
whipping properties of recombined dairy cream. Int. Dairy J. 18: 1003-1010. 

Vega, C. and Y.H. Roos, 2006. Invited review: spray-dried dairy and dairy-like emulsions dcompositional 
considerations. J. Dairy Sci., 89: 383-401. 

Wiking, L., 2005. Milk fat stability: lipolysis with special reference to automatic milking systems. Ph.D. Fac. 
Natural Resource and Agric. Sci., Dep. Food Sci., Swedish Univ. Agric Sci., Uppsala. 

Ye, A.Q., 2008. Interfacial composition and stability of emulsions made with mixtures of commercial sodium 
caseinate and whey protein concentrate. Food Chem., 110: 946-952. 

Zhao, Q., M. Zhao, J. Wang, C. Wang and B. Yang, 2008. Effects of sodium caseinate and whey proteins on 
whipping properties and texture characteristics of whipped cream. J. Food Process Eng., 31: 671-683. 
 
 


