J. Agric. Scl. Mansoura Univ., 29 (4): 1817 - 1925, 2004

RHEOLOGICAL PROPERTIES OF ACIDIFIED HEATED SKIM
MILK AS AFFECTED BY THE ADDITION OFWHEY PROTEIN

CONCENTRATES
Farrag, A. F.; Nadia M. Shahein and Hala. M. F. EI-Din
Dairyling department, NRC, Calro, Egypt

ABSTRACT

The effect of heat treatment and addition of whey protein concenlrates
(WPC) solution (3% protein) on the rheclogical properies of acid skim milk gels was
investigated. Milk samples were pastsurized, bolled and UHT Wreated. WPC was
added to healed skim mitk at ralios of 0, 5, 10, 15, 20 and 25% viv. Gel formation was
followed using thrombelastograph to determine the gelation time (r) and curd
firmness (Kz). Coaxial viscometer was used to determine the changes in viscosity
during acldification, R esults indicated that Increasing the additlon of WPC raduced
the gelation time (r) for both unheated and heated milk samples. The time required to
get curd firmness was Increased with increasing WPC added for unheated and
pasteurized milk. Moreover, gel formation was lost in bolled and UHT milks. The
viscosity of acidified gels decreased with Increasing the added WPC. The viscosity of
acidified boiled skim milk showad decreasad values and weak gel. URT Urested skim
milk failed to form firm curd and its viscosity was affected slightly by acidification.
Keywords: Whey proteln concantrates (WPC), Cow skim milk, Heat realment,

Gelation time, Curd firmness,Viscosity.

INTRODUCTION

in acid milk gels, such as yoghurt, the overail visual appearance,
microstructure and rheology are imporlant attributes that contribute to the
overall sensory perception and functionality of these products. The heat
treatment of milk Is one of the most imporiant procassing sleps affecting both
the texture and rheological propenies of these producls (Robinson & Tamime
1993; Muilvihill & Grufferty, 1995). Pasteurizalion, boiling and steriization are
used extensively for the preservation of milk by and also to 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 micelles and with each other.

The rheological properties of acid milk gels formed by acidification
with Glucono-Delta-Lactone (GDL) have been reported (Arshad et al. 1993;
Cabos et al. 1995; Van Viiel & Kestels 1995 and Farrag ef al. 2001). Also, the
effect of heat treatment on the smalt and large deformation, rheoclogical
properties of acid milk gels formed with GOL was discussed (Lucey ol al.
1997).

Whey protein concentrates (WPC) are widely used as food
ingredients in the production of variety of dairy products, meat and beverages
(Cayot and Lorient, 1897) as It has a good nutrtional value. it is absorbed,
utilized and retalned better which make It beneficial to people consuming it in
their diet. Moreover, WPC has a good water holding capacity and can
improve the rheological properties of {ood producls (Maubois and Ollivier
1997).
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The objective of the present study was to aevaluate the rheological
properties of GDL-induced gels from heated cow skim milk mixed with whey
protein concentrate.

MATERIALS AND METHODS

MATERIALS
1- Skim mik

Fresh cow skim mitk samples (9.1% TS, 2.8% TP) were pasteurized
and bolled with 10 sec. holding time, then rapidly coaled to the gelation
lemperalure 40°C while UHT skim miltk was obtained from Enjoy Co. (8.16%
TS, 2.7% TP). Raw, pasteurized, boiled and UHT skim milk was adjusted to
pH 6.6 before acidification.
2- Preparation of Whey Proteln Concentrates

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

(Orelis ~ France) equipped with 8.3 m2 of inorganic membrane st inlet
pressure of 5 bar. Ultrafiltration was continued to a concentration factor of 20
(refractometer reading 18% 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 {o heated
skim milk {(warmed at 40°C) at the ratio of 5, 10, 15, 20 and 25% (v/V), stirred
for 5 sec and acidified with 2% GDL (Pfizer Co.), immedialely before
measurement of gelation and viscosity.

METHODS
1- Gelalion measurements )

The gelation lime and curd firmness were determined using
thrombelastograph (Hilige, Germany) as described by Abd El-Salam et al.
(1996). The gelation time (r) is the time lapces from the addition of GDL until
the formation of acid induced gel commences while thecurd firmness (Ky) is
the time from the first sign of gel formation until the width of the ampiltude is
20 mm. Longer time for K5q Indicate weeker gel. A paraliel experimental

was carrled out 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 ef al (2000). The measuring syslem was C30 with 60 sec inlervals and
shear rate of 570 1/s at 40°C.

All experiments were carried out in three replicates and mean values
were reported.

RESULTS AND DISCUSSION

Gelation time (r) of acidified heated skim milk as affected by adding
WPC is lllustrated in Fig. 1. Addition of WPC lo heated skim mitk reduced its
gelatlon time (r). Pasleurized skim milk showed highest gelation time with or
without added WPC foilowed by UHT treated, boiled and unhealed skim milk.
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The gelation time was 2130, 1620, 1350, and 1050 sec for pasteurized, UHT,
raw and boiled in the beatments without adding WPC, then decreased lo
1050, 810, 570 and 780 in case of adding 25% WPC in the same order.

Table k1): Percentage decrease In gelation time (r}) of acidiflad raw and
heated skim milk with added WPC.

% added WPC Unheated Pasteurized Bolled UHY
3) 11.91 18.18 5.71 7.41
10 33.33 31.17 11.43 2.2
15 37.77 3.77 25.71 25.92
20 S5.55 40.26 25.714 48.30

52.77 45.54 33.33 50.00

Table (1) shows the percenlage dacrease In gelation time (r) for
acidified raw and h eated s kim milk with added WPC. These results clearly
indicated that increasing the concentration of WPC reduced the gelation time
(r). 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 ofgels made from unheated skim mllk was reported to be irregular
with area of dense prolein cfusters while gels made from heated skim milk
appeared more regular with clearly defined pores and thinner, slraight strands
compared to unheated skim milk, (Lucey ef al. 1999).

The pH recorded at gelation time (r) of acidified raw and heated skim
milk is shown in Fig. 2. Increasing the concentration of WPC added increased
slightly the p H values al gelation time of raw mllk. it was 4.93, 5.13, §.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 at (r) for acidified heated milks.
Johanna and Skelte (2003) reported thal acid gels prepared from heated
whey prolein-epleled milk had longes gelation time and Jower gelation pHs
than those prepared from heated skim millk.

increasing the quantity of WPC added to skim milk increased the time
of curd firmnass (Ky) of ecidified 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. Morgover, no firm coagulum was observed for acidified
boiled and UHT skim milk even the pH was dropped to 5.0. Onwulala ef af
(2003) reported 1hat gel strength was lost of healed WPC at 75°C and 100°C.

The percentage Increase in the time reguired 1o reach firm curd (Kzp)
of acidified raw and heatad skim milk with added WPC sre shown in Table 2.
it iustrates that decreasing the cassinfwhey protein ratio produced larger
aggregales which gave more weak gels (Guyomarch el af ,2003).

Table (2): Percentage Increase In curd firmness time ( Ky ) of acidified
raw and heated skim milk with added WPC.

% added WPC Unheated Pasteurized Bolled UHT
o) 25.81 12.20 Ng ng
10 25.81 48.78 Ng ng
15 32.26 53.66 Ng ng
20 32.26 €8.29 Ng ng

5 50.32 ng Ng ng

ng: No gel formation
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Fig. 1: Galation tima (r) of haated skim milk acldl{led with 2% GDLI40°C as
3ffected by added WPC.
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Flg. 2: pH changaas at gelation time (r) of heated skim mi(lk acidifiad with
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Table (3) shows the changes of pH values al Kz of acidified raw and heated
skim milk with added WPC. Acidified skim milk gels formed at higher pH and
lower lemperature are stronger and show less susceplibility to syneresis.
Unhealed milk serum caseins play a key role in gelalion kinetics and
characlerislics of the final gel formed. (Vasbinder ef a/, 2003).

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

% added WPC Unheated Pasteurizad Bolling UHY
0 4.55 4,55 5.01 ng
5 4.80 4.60 5.03 np
10 4.68 4.80 ng ng
15 4.72 4.60 ng ng
) 4.64 4.63 ng ng

5 4.90 09 ng ng

np: No gel formaltion

Tha changes of the apparant viscoslty of acldified heated skim milk
are shown in Fig. 4. Unheated acidified skim milk gel showed highesl
viscosity values of 226 mPas after 430 sec from onse! acidification, ang then
decreased as a result of deformation of the gel. Bolh pasteurized and boited
milks showed simllar behaviour during gel formalion. On contras! the viscosity
of UHT skim milk was not affected by acidiflcation showing the highest
viscosity values of 134 mPas at onset of acidification which slightty changed
during gel formation.

Addition of 5% WPC decreased the viscosity values of acidified
unheated skim milk gel formed (Fig. 5); il was 210 mPas afier 490 sec.
Pasteurized and boiled skim milk gets showed low viscosity values of 142 and
89.7 mPas after 610 sec of acidification. URT skim milk dld not show any
change in lts viscosity after acidification.

Increasing the percent of added WPC to 10 and 15% and its effects
on tha changes In viscosity for acldified heated skim milk are shown in Fig. 8
and 7. Unheated skim milk reached highest viscosity {gel firmness) after 370
sec from the onseat of acidification and decreased from 232 to 172 mPas with
increasing the concentration of WPC added from 10 to 15%. Boiled skim milk
with 10 or 15% WPC showed a decrease In the viscasity values during gel
formation. UHT skim milk acidifled by 2% GOL failed to form gel with and
showed unchanged viscosity versus time relationship.

Further Increase of added WPCup to 20 and 25% and its effect on
ge! formation for heated skim milk are shown in Fig. 8 and 9, respectively.
Acidified unheated skim milk shawed high viscosity values of 123 mPas after
370 sec from the onset of acidification with added 20% WPC but decreased
lo 101 mPas with increasing WPC 1o 25% alter the same time. Both bailed
and UBT skim milk failed lo form a gel with increasing the quantity of WPC
added, which may be due o the presence of large waler conlaining vaids
between the casein aggregates.

Generally the viscosity results indicated that gellation occurred mare
quickly at higher pH and with decrease the quantity of WPC added. These
rasulls were in agreement with that of Kelly and Kennedy {2001).
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Fig. 4: Viscosity of skim milk gels acidified with 2% GDL/40*C a8 affacted
by heat treatment.
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Fig. 8: Viscoelty of heated skim mllk acldifled by 2% GDU40°C as affected
by added 10% WPC.
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Flg. 7: Viscority of heated skim mik acldified by 2% GDLI40°C a8 affeclad
by ndded 15% WPC.
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Fig. 9: Viscoslty of heated skim milk acldified by 2% GDU40°C a8 aHected
by added 25% WPC.
120 Gt eme emaeeaa o = A el i i Y . ‘
100
£ 80 ——Unheated |
& |+Pasleruized
g 60 | —— Boited |
240 |THURT
S
20
| ol
10 25 450 730 970 1510

Time (Sec)

1923



Farrag, A. F. et al.

REFERENCES

Abd El-Salam, M.H.; EI-Din, H.F.; EI-Elriby, H.M. and Al-khamy, A.F. and
Shahein, N.M. (1996). The use of thrombelastograph to follow acid-
induced gelalion of buffalo milk by GDL. Egyplian J. Dairy Sci., 24: 165-
178,

Arshad, M.; Pauisson, M. and Dejemek, P. (1993). Rheology of buildup,
breakdown and rebodying of acid casein gels. J. Dairy Sci., 76: 3310-
3316.

Cayot, P. and lorient, D. (1997). Siructure-funclion relationships of whey
proteins. In Food Proteins and Their Applications, ed. §. Damodaran
and A, Paraf, pp. 225-256, Marcel Dekkar, New York.

Cobos, A.; Horne, D.S. and Muir, D.D. ( 1995). Rheological propariies af acid
milk gels. 1- Effect of composition, process and acidification conditions
on products from recombined mils. Milchwissenschaft 50: 444-448.

ElI-Din, H.M.F.; Shahein, N.M. and Farrag, A.F. (2000). Combined effect of
preheat trealment, acidification and rennet action on gelation of cow
skim milk. Egyptian J. Dairy Sci., 28; 151-162.

Farrag, A.F. Shahein,N.M. and EI-Din, H M.F. (2001). Effect of calcium and
sodivm chloride on the acid Induced gelation of raw and heated milks.
Proc. 8" Egyptian Conf. Dairy Scl. & Techn. 103-118.

Guyomarch, F.; Queguiner, C.; Law, A.J.; Horne, D.S. and Dalgleish, D.C.
(2003). Role of the soluble and micelle-bound heat-induced prolein
agaregates an network formation in acid skim milk gels. J. Agric. Food
Chem. 17; 51: 7743-7750.

Johanna F. G. and Skelte G. A.(2003). Effect of individual whey proteins on
the rheological properties of acid gels prepared from heated skim milk.
International Dairy joumnal 13: 401-408.

Kelly, P.M. and O'Kennedy, B.T. (2001). T he effect of c asein/whey protein
ralio ang minerals on the rheology of fresh cheese gels using a mode!
system. [nternational dairy Journal 11: 525-532.

Lucey, J.A.; Munro, P.A. and Singh, H. (1999). Effects of heat treatmenl and
whey protein addition on the rheological properties and struclure of acid
skim milk gels. Internatlonal Dairy joumal 9: 275-278.

Lucey, J.A,; Teo, C.T.; Munro, P.A. and Singh, H. (1997). Rheological
propenties of small (dynamics) and lerge (yield) deformation of acid
gels made from heated milk. J. Dairy Res. 64: 591-600.

Maubois, J.L. and Ollivier. G. (1997). Extraclion of mitk proteins. In Food
Proteins and Their Applications, ed. S. Damodaran and A. Paraf, pp.
579-595, Marcel Dekkar, New York.

Mulvihil, D.M.  Grufferty, M.B, (1998). In P.F. Fox (Ed.), Heat-induced
changes in mitk (2™ ed. Pp. 188-205). IDF Special issue No. 8501.
Brussels, International Dairy Federation.

Onwulata, C.l.; Konstance, R.P.; Cooke, P.H. and Farrell, Jr. H.M. (2003).
Functionality of extrusion-Texturized whey proteins. J. Dairy Sci., 86:
3775-3782.

1924



J. Agric. Sci. Mansoura Univ., 29 (4), April, 2004

Robinson, R.K. & Tamime, A.Y. (1893). In R.K. Robinson (E4.), Modern dairy

Technology. vol. 2. Advances in milk products. (2™ ed. Pp. 1-48).
. London: Elsevier Applied Science.

Van viiet, T. and keetels, C.J.AM. {1995). Effect of prehealing of mitk on the
struclure of acidified mitk gels. Nethetlands Milk and Dairy J.
(1995).49:27-35.

Vasbinder, A4.. Rollema, H.S.; Bot, A. and de Kruif C.G. (2003). Gelation
mechanism of milk as influenced by temperature and pH: sludied by
the use of transglulaminase cross-linked casein micelles. J. Dairy Sci.,
86: 1556-1563.

) D g 0 38 e AL (pa ol puastald) Jadd ol 5N el g3
i Jalaall g AN (g R Y
(xﬂ\Ji§l¢LAZRA_JCgALLJaAa'@JJ-GL} wible

LY g — 2 sall e gl 56 5l

= 5o N Gl (e g ad (A G el Bl UL S G

S iy DS e Wl NSy (UHT) Gl 36 550y Jabadlly Jall g 5 i Jom

%Y A_sly ph S sl Jal a8 ot sd e %Yo 0 Y A0 VL 0 e Kay

a8y Jal 58 Uy iy yelil Thrombelastograph Jt g M pluisnty S 2 GDL

o Al aali Ay Jab )% el Gl D pusid a3 Viscometer G sl e i,

iRl

dlae il clh 6wl 250D iy s Bl A (1) et S W 00 G -
paally Jodly Gl AUSy L)

O O S Gl AN Uy e i) g bl da Sl U BB G -
s Sl Gl y 4 8 s e il

WD b oy g PO Ay %0 AR e il o) ISAGA S IS S L B a9y -
Sl 5 558 8T o Ly 220 iy ) Sliaa il Gl G jlie %7 0,0 0 Gl 30
oo Ll s aa g By B ARed) L2 SliSy ady ) A

G 8ty Jslatl ) Bl ) 0y S ((GDL %) pagntly 85 s g 3 -
D Sy e g sl st gf (g el oy UHT Ll

SRSy 5 4 s D Gl Gl (3 Al 6485 Ay die Rl pe Wb oy 3l p B e Bl -
b bl Gl ye IS0l g Tl 0 30 2y g G S0 g Ladeg 1S 2 5N
ey ity

S5y 5 % V0 Ve 0 Al s ey 3l Aade L gassdl UHT did! ol ekl -
Ve N A iy A 5 e b pade K Bty Gl B 220
%Yo

o5 A5 J2us GDL b posndd g UHT G e Jabedd ol Lldas b &5 3 -
¥ 0580 el ke Jeasia s 50

Gl e Sand T & 3 padl By A iy gy Ul O e Qe o ol 2l -
U ) B3 B il Wi JaB 580 00 2 I o Tzea b s )5 s
St G UG A g U (S (i, L g el L L ) e
Doyt g S b BB 00,6 (B LY e oy 0y 5 hE e £ Y
Al WA ¢ grlaali ey ool ol

1925



