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ABSTRACT 

The effect of heat treatment and addition of wtley protein concentrates 
(WPC) solution (3% protein) on the mcological properties of acid skim milk gels was 
investigated. Milk samples were pasteurized. boiled and UHT treated. WPC was 
added to healed skim milk at ratios ofO. 5, 10. 15, 20 and 25% vlv. Gel formation was 
followed using lhrombelaslograph 10 detennine the gelation time (r) and curd 
firmness (K;zo). Coaxial viscometer was used to determine the changes in viscosity 
during acidification. Results i ndlcaled that increasing the addition of WPC reduced 
the gelaUon time (r) for both unhealed and heated milk samples. The time required to 
gel curd firmness was Increased with increasing WPC added for unheated and 
pasteurized milk. Moreover. gel fonnaUon was Iosl in boiled and UHT milks. The 
viscosity of acidified gels decreased with increasing the added WPC. The viscosity of 
acidified boiled skim milk showed decreased vatues and weak gel. UHT treated skim 
milk faited to form firm curd and its viscosity was affected slightly by acldl1lcation. 
Keywords : Whey protein concentrates (WPC), Cow skim milk, Heat treatment, 

Gelation time, Curd firmness,VlSCOsity. 

INTRODUCTION 

In acid milk gels, such as yoghurt, the overall visual appearance, 
microstructure and rheology are important attributes that contribute to the 
overan sensory perception and functionality of these produ.cts. The heat 
treatment of milk is one of the most important processing steps affecting both 
the texture and rheological properties of these products (Robinson & Tamime 
1993; MuUvihiU & Grufferty, 1995). Pasteurization, bailing and sterilization are 
used extensively for the preservation of milk by and also 10 modify the 
functional properties of many dairy products. Heat processing leads to many 
changes in milk including denaturation of whey proteins and their interaction 
with casein mlcenes and with each other. 

The rheological properties of acid milk gels formed by acidification 
with Glucono-Oella-Lactone (GOl) have been reported (Arshad et af. 1993; 
Cobos et 81. 1995; Van Vliet & Keelels 1995 and Farrag et al. 200 1). Also, the 
effect of heat treatment on the small and large deformation. rheological 
properties of acid milk gels formed wilh GOL was discussed (Lucey et 81. 
1997). 

Whey protein concentrates (WPC) are widely used as food 
ingredients in the production of variety of dairy products, meat and beverages 
(Cayol and Lorienl, 1997) as it has a good nutritional value. II is absorbed, 
utilized and reta Ined better which make it beneficial to people consuming it in 
their diel. Moreover, WPC has a good water holding capacity and can 
improve the rheological properties of food products (Maubois and amvier 
1997). 
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The objectiVe of the present study was to evaluate the rheological 
properties of GDl-induced gels from heated CfYrN skim milk mixed with whey 
prolein concentrate. 

MATERIALS AND METHODS 

MATERiAlS 
1· Skim milk 

Fresh cow skim milk samples (9.1% T5, 2.8% TP) were pasteurized 
and boiled with 10 sec. holding time, then rapidly cooled to the gelation 
temperature 40"C while UHT skim milk was obtained from Enjoy Co. (8.16% 
T5, 2.7% TP). Raw, pasteurized. boiled and UHT skim milk was adjusted to 
pH 6.6 before acidifrcation. 
2- Preparation of Whey Protein Concentrates 

Edam cheese whey was obtained from Arab Dairy Co. (Kaha , 
Katiabia, Egypt). Whey was ultrafiltered at 45°C using a Carbosep pilot plant 

(OreUs - France) equipped with 6.3 m2 of Inorganic membrane at Inlet 
pressure of 5 bar. Ultrafiltration was continued to a concentration factor of 20 
(refractometer reading 16% TS ). The retentate was diluted with permeate to 
obtain whey protein concentrates containing 3% protein before adding to skim 
milk. 
3- Preparation of samples: 

Whey protein concentrate containing 3% protein was added to heated 
skim milk (warmed at 40·C) at the ratio of 5, 10,1 5,20 and 25% (vlv), stirred 
for 5 sec and acidified with 2% GDl (Pftzer Co.), immediately before 
measurement of gelation and viscosity. 

METHODS 
1- Gelation measurements 

The gelation time and curd firmness were determined using 
thrombelastograph (Hillige, Germany) as described by Abd EI-Salam et a/. 
(1996). The gelation lime (r) is the time lapces from the addition of GDl until 
the formation of acid induced gel commences while thecurd firmness (Kro) is 
the lime from the first sign of gel formation until the width of the ampiltude is 
20 mm. longer time for K20 indicate weaker gel. A parallel experimental 

was carried oul under the same conditions and changes in pH was recorded . 
2- Viscosity measurements 

The changes of viscosity during gel formation versus time were 
followed using coaxial viscometer (Bohlin V88, Sweeden) as described by El­
Din 8t al (2000). The measuring system was C30 with 60 sec intervals and 
shear rate of 570 1/s at 40·C. 

All experiments were carried out in three replk:ales and mean values 
were reported . 

RESULTS AND DISCUSSION 

Gelation time (r) of acidified heated skim milk as affected by adding 
WPC is illustrated in Fig. 1. Addition of WPC to heated skim m~k reduced its 
gelation time (r). PasteuriZed skim milk showed highest gelation time with or 
without added WPC followed by UHT treated, boiled and unheated skim milk. 
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The gelation time was 2130. 1620, 1~50, and 1050 sec for pasteurized, UHT, 
raw and boiled in the treatments without adding WPC, then decreased to 
1050,.~10. 570 and 780 in case of adding 25% WPC in the same order. 

Tab le (1) : Percentage decrease in gelation time (r) of acidified raw and 
h t d skim Ilk Ith dd d WPC ••• m w • • 

%Idded WPC Unheated Pasteurized BoliltcI UHT 
11.11 18.18 .5.71 7.4 1 

10 33.33 31 .17 11 .43 2:2.22 

I 
37.77 33.17 2.5.71 25.92 
SS.55 40.2l; 25.71 48.30 
57.77 45.5' 33.33 "'.00 

Table (1) shows the percentage decrease In gelation lime (r) for 
acidified raw a nd heated s kim milk with added WPC. These resuits clearly 
indicated that increasing the concentraUon of WPC reduced the gelation time 
(f) . Acidified pasteurized skim milk showed highest reduction in gelation time 
(r) of 18.18% compared with other samples when 5% WPC were added. The 
structure of gels made from unhealed skim milk was reported to be Irregular 
wilh area of dense protein clusters while gels made from heated skim milk 
appeared more regular with clearly defined pores and thinner, straight strands 
compared to unheated skim milk, (Locey et al. 1999). 

The pH recorded at gelation time (r) of acidified raw and heated skim 
mllk Is shown in Fig. 2. Increasing the concentration of WPC added increased 
slightly t he pH values a t gelation I ime of raw m ilk. I twas 4 .93, 5.13, 5.17, 
5.20, 5.25 and 5.29 with 0, 5, 10, 15,20 and 25% of added WPC. However, 
addition of WPC did not affect the pH values al (r) for acidified healed milks. 
Johanna and Skelle (2003) reported that acid gels prepared from heated 
whey prolein-depleted milk had longer gelation lime and lowel gelation pHs 
than Ihose prepared from heated skim milk. 

Increasing the quantity of WPC added to skim milk increased the time 
of curd firmness (K20) of acidified raw and pasteurized skim milk as shown in 
Fig. 3. Curd firmness time increased from 930 to 1770 sec with increasing 
WPC added from 0 to 25% for unheated skim milk, and it was 1230, 1380, 
1830, 1890 and 2070 sec with 0, 5, 10, 15 and 20% WPC added to 
pasteurized skim milk. Moreover, no finn coagulum was observed for acidified 
boiled and UHT skim milk even the pH was dropped to 5.0. Onwulata ef al 
(2003) reported that get strength was lost of heated WPC at 75·C and 100GC. 

The percentage increase in the time required to reach firm curd (Kro) 
of acidified raw and heated skim milk with added WPC are shown in Table 2. 
II illustrates that decreasing Ihe caseinfwhey protein ralio produced larger 
aggregates which gave more· weak gets (Guyomarch at 81,2003). 
Table (2): Percentage Increase in curd firmness time ( K21I ) of acidified 

raw and heated skim milk with added WPC. 
% addldWPC Unheated Pnteurlzed Boiled UHT 

25.81 12.20 

~ ,. 25.81 48.78 
5 32.25 53.6& 

32.25 66.29 
5 90.32 

ng. No g.' forma!lon 
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Fig. 1: Gelation lime (r) of heeled skim milk acidified with 2% GOU40"C es 
,I'feeted by added WPC. 
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Tabla (3) shows the changes at pH values at K20 of acidified raw and healed 
skim milk with added WPC. Acidified skim m~k gels formed at higher pH and 
lower temperature are stronger and show less susceptibility to syneresis. 
Unhealed milk serum caseins play a key role in gelation kinetics and 
characteristics of the final gel formed. (Vasbinder et aI, 2003) . 

Table (3) : Changes in pH values at curd firmness time (K20 ) of acidified 
raw and heated skim milk with added WPC. 

% added WPC Unheat~ Pasteurlud BolUn UHT 
4.55 ' .55 5.01 " 4.60 4.60 5.03 " 0 .... ' .60 " , 4.72 4.60 " 4.84 4.63 " , 4.90 " " ng: No gel formation 

The changes of the apparent viscosity of acidified heated skim milk 
are shown in Fig. 4. Unheated acidified skim milk gel showed highest 
viscosity values of 226 mPas after 490 sec from onset acidification, and then 
decreased as a result of deformation of the geL 80th pasteurized and boiled 
milks showed similar behaviour during gel formation. On contrast the viscosity 
of UHT skim milk was not affected by acidincation showing th e highest 
viscosity values of 134 mPas at onset of acidification which slightly changed 
during gel formation. 

Addition of 5% WPC decreased the viscosity valves of acidified 
unheated skim milk gel formed (Fig. 5); it was 210 mPas after 490 sec. 
Pasteurized and boiled skim milk gels showed low viscosity values of 142 and 
69.7 mPas after 610 sec of acidification. UHT skim milk did nol show any 
change in lis v iscosity after acidification. 

Increasing the percent of added WPC 10 10 and 15% and Us effecls 
on Ihe changes in viscosity for acidifted healed skim milk are shown in Fig . 6 
and 7. Unheated skim milk reached highest viscosity (gel firmness) after 370 
sec from the onset of acidification and decreased from 232 to 172 mPas wilh 
increasing the concentration of WPC added from 10 to 15%. Boiled skim milk 
with 10 or 15% WPC showed a decrease In the viscosity values during gel 
formation. UHT skim milk acidified by 2 % GOl failed to f orm gel with a nd 
showed unchanged viscosity versus time relationship. 

Further increase of added WPCup to 20 and 25% and its effect on 
gel formation for heated skim milk are shown in Fig. Band 9, respeclively. 
Acidified unheated skim milk showed high viscosity values of 123 mPas after 
370 sec from the onset at acidification with added 20% W PC bul decreased 
10 101 mPas wilh increasing WPC to 25% afte, the same time. BOlh boiled 
and UHT skim milk tailed 10 form a gel with increasing the quantity of WPC 
added. which may be due to the presence o( large water containing voids 
between the casein aggregates. 

Generally the viscosity results indicated thai gellation occurred more 
quickly al higher pH and with decrease the quantity of WPC added. These 
results were in agreement with that at Kelly and Kennedy (2001). 
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Fig. 4: VisCOIIty of skim mllk g,il acidified wtth 2% GOU40' C II afflcted 
by h,at treatment. 
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Fig. 1: Vi,eoslty of h"ltd skim m1lk . cldifl.d by 1% GOU40· C '1 ."tct.d 
by ,dded 15% WPC. 
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