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Abstract: This paper deals with the investigation of the iotpaf the heat treatment of
reconstituted skim milk conducted at different temgtures, and the adding of
demineralized whey on the protein solubility, sdééuprotein composition and interactions
involved between proteins in a chemical complexm@wmrcial skim milk has been
reconstituted and heat treated at 75°C, 85°C af@ @@ 20 minutes. Demineralized whey
has been added in concentrations of 0.5%, 1.0 &%.2The soluble protein composition
has been determined by the polyacrilamide gel mphbresis (SDS-PAGE) and by the
densitometric analysis. Due to the different changecurred during treatments at different
temperatures, proteins of heat-treated samplesicomy added demineralized whey have
had significantly different solubility. At lower teperatures (75°C and 85°C) the adding of
demineralized whey decreased the protein soluliiit$.28%-26.41%, while the addition of
demineralized whey performed at 90°C increasedstilable protein content by 5.61%-
28.89%. Heat treatments, as well as the additiosteafineralized whey, have induced high
molecular weight complex formatior-Lg, a-La and k-casein are involved in high
molecular weight complexes. The disulfide inter@tsi between denatured molecules of
these proteins are mostly responsible for the faonaof coaggregates. The level of their
interactions and the soluble protein compositioe aetermined by the degree of
temperature.
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1. Introduction

The heat treatment of milk during commercial preaasg operations results in a number of physico-
chemical changes in the milk constituents. Sigaificchanges occurring upon heating milk above 60
°C include the denaturation of whey proteins, titeractions between the denatured whey proteins and
the casein micelles, the conversion of solubleigalcmagnesium and phosphate to the colloidal state
[1, 2, 3]. The level of these changes dependsotimthhe temperature and length of heat treatment.

Casein is the major protein component of milk whiepresents 75-80 % of all milk proteins [4].
Due to its complex composition, casein belongsht group of phospho-glycoproteins [4, 5]. Also,
casein belongs to the group of heat-stable protbesause it does not coagulate when subjected to a
high heat treatment.

The whey protein fraction represents about 18-20% o total of milk proteins. This fraction
contains four major proteing:lactoglobulin -Lg), a-lactalbumin ¢-La), blood serum protein (BSA)
and immunoglobulin (Ig). These proteins repres&®¥520%, 10% and 10% of whey protein fraction,
respectively. Besides the major proteins, the wihagtion contains numerous minor proteins such as
proteose peptone fraction (PP), osteopontin, vitabinding proteins, lactoferrin and about sixty
indigenous enzymes. Whey proteins are heat-labdeems. According to Donovan and Mullhvill [6],
heat decreases their stability in the followingesrd®P>0-La> B-Lg>BSA>Ig. When whey proteins are
exposed to high temperatures, they irreversiblyatiee and coagulate. The denaturation of whey
proteins starts at 65°C, but it mostly occurs dynmilk heating at temperatures above 80°C. The
degree of whey protein denaturation is frequengiemined by the degree g denaturation, since
it represents about 50% of all whey proteins [7].

During heat treatment, milk proteins may interaotl &orm chemical complexes. The protein
complex between-La andp-Lg, a-La andk-casein, as well as the complex betwpdry andk-casein
develops. In literature, the chemical complexesvbeh milk proteins are known as co-aggregates of
milk proteins.

In recent literature, the two theories explain timechanism of the co-aggregate formation.
According to the first one, it is a two step pracel the first step, the denatured whey proteins
aggregate at a ratio dependent on the initial iddsd whey protein concentrations. These complexes
subsequently associate with the casein micellasgltine prolonged heating [8]. The major interactio
appears to involve the thiol-disulfide exchangectieas between the denaturpd.g andk-casein at
the micelle surface. The second theory by Motta.€9] suggests that at high temperatyreg first
denatures, and then interacts with casein. At hdnigemperature (90°C/10 minjLa denatures and
binds with filaments of-Lg.

Several authors [8, 10, 11] have investigated ffecteof different processing factors on the co-
aggregates formation.

The aim of these experiments was to investigatanipact of different heat treatments, as well as
the addition of demineralized whey, on the charigasoccur in reconstituted skim milk.
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2. Experimental Part

Heat treatments. Commercial skim milk powders (92.79% of dry mgt@05% of fat, 30.07% of
proteins,95.44% solubility) have been obtained from Impaz (Zajecar, Serbia). The experimental
skim milk samples have been prepared by reconstitgkim milk to 9g/100g in deionized and filtered
water (0.45um filters, Milipore Co., USA). Reconstituted skimilknsamples have been left to
equilibrate at 4 °C over night, and centrifugedobeffurther treatment. Skim milk samples have been
treated at 75°C, 85°C, and 90°C for 20 minutesafeid samples have been left to cool at ambient
temperature and centrifuged at 3.000 rpm for 15umes prior to further analysis.

Reconstituted skim milk with the demineralized whedded was prepared according to the
following procedure. Skim milk was reconstituted deionized and filtered water (0.486n filters,
Milipore Co., USA). Samples have equilibrated af 4ver night, and centrifuged before the adding of
the demineralized whey. Demineralized whey pow®ér38% dry matter, 0.1% fat, 10.03% protein,
97.67% solubility) was added in concentrations &8, 1.0% and 2.0%, equilibrated at 4 °C over
night, and centrifuged at 3.000 rpm for 15 minyggser to further treatment. These samples were also
treated at 75°C, 85°C, 90°C and 95°C for 20 minutesled at ambient temperature and centrifuged at
3.000 rpm for 15 minutes prior to further analysis.

Soluble protein content detection. The change of soluble protein content was dedebtethe
method of Bradford [15], using bovine serum pro{@®8A, Sigma, USA) as standard.

Soluble protein composition. The soluble protein composition of the treatemnskiilk samples
was detected by the SDS-polyacrilamide gel elebwogsis (SDS-PAGE) performed according to
Fling and Gregerson [16] on 12.5 % and 15% slab Bebr to the electrophoresis, soluble proteins
have been diluted to 2 mg/émith the sample buffer (pH 6, 8). Two types of thld samples have
been prepared, with and without 2-mercaptoethar@0506).2-Mercaptoethanol was used as
dissociating reagent to obtain degradation of agregptes possibly formed by disulfide interactions.
The vertical electrophoresis unit LKB-2001-100 wased in conjunction with the power supply
Macrodrive 5 and Multitemp Il (LKB, Sweden). Sam®I(0.017 crhfor 12.5% and 0.02 cthwere
run at 50 mA for five hours. The gel was stainethvhe 0.23% solution of Coomasie Blue R-250 for
90 min., and destained in the methanol/acetic saidtion (5% methanol, 7% acetic acid). Destained
gels have been scanned using the Scanexpress 1RMGGac, Germany) and analyzed with the
SigmaGel for Windows version 1.1 software (Jand®l Gorporation, USA). Detected polypeptides
were identified using the standardsoeka, B-Lg, k-casein,a-casein,-casein (Sigma, USA) and the
low molecular weight kit (LKB-Pharmacia, Sweden).

Each reported value is the mean value of thregrdétations of three replications.
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3. Discussion

3.1 Protein solubility

According to results presented (Table 1), the treatment and the addition of demineralized whey
have different effects on the soluble protein contélhe protein solubility of the heat-treated
reconstituted samples with no added demineralizeelywvas the similar. The soluble protein content
of these samples has been in the range from 20g6B0®mI| — 21.81 mg/100ml. This indicates that the
used heat treatments have no significant influemcthe soluble milk protein content.

The addition of the demineralized whey (DW) hadeaddnt influence on the soluble protein content
of the reconstituted skim milk. Namely, the additaf the demineralized whey has reduced the soluble
protein content of milk treated at 75°C and 85 10.87%-26.41%, and 5.28%-9.89%, respectively.
On the opposite, the heating of milk at 90°C hasedased the soluble protein content from 21.21
mg/100ml to 22.40 mg/100ml — 27.21 mg/ml (Table.d)for 5.61%-28.29%. These data suggest that
the lower temperatures, combined with the additibthe demineralized whey, promote the formation
of the insoluble high molecular weight co-aggregatehile the higher temperature (90°C) causes
further degradation of proteins and co-aggregatdsracreases their solubility.

Table 1. Soluble protein content of heat-treated recautsiit skim milk*

DW (%)~ Soluble proteins (mg/100ml)

75 °C 85 °C 90 °C
0 21.81 20.63 21.21
0.5 16.05 18.59 27.21
1.0 19.44 19.54 25.71
2 19.10 18.85 22.40

*the mean values of three replications
*DW- demineralized whey

3.2 Soluble proteins composition

The SDS-PAGE profile of soluble proteins of theraated reconstituted skim milk is shown in
Fig.1, while densitometric analysis is shown in fig
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Figure 1. The SDS-PAGE pattern of the untreated reconetitakim milk on 12.5 % gel; 1. 2.
Reconstituted skim milk (the sample without andgample with 2-mercaptoethanol, respectivelyy, 3.
—-La, 4.x-casein, 5, 63-Lg, 7.p-casein, 8. Molecular weight standards. The SD8telphoretic
profile of the soluble skim milk proteins (Fig.iné 1) contains five major bands identifiedogs
caseinf-caseing —La, 71 kDa-band, and three minor bands identdiggiLg, k-casein and 141 kDa-
bands. According to the densitometric analysis.(Ejgthe five major soluble components represent
83.71% of the soluble protein fraction. Furthermane content of the casein fraction ard.a is
69.86% and 6.92%, respectively.
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Figure 2. The densitometric analysis of the soluble praémthout 2-mercaptoethanol) of the
reconstituted skim milk.
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Contrary too—La, the diffused bands @fLg andk-casein represent only 1.84% and 1.89% out of
the soluble milk proteins. According to our presaavestigation [17], raw milk contains 5.27% and
22.30% of soluble&-casein ang-Lg, respectively. This indicates the high leveldehaturation during
the skim milk preparation. Besides, this may imiplgt the 71kDa-, 141 kDa- bands are the soluble
chemical complexes amomrecasein-Lg ando—La.

The effect of different temperatures on the skintkkrabluble proteins is shown in Fig. 3. For the
reason of a better observation, the separatioméas performed on 15% gels using the samples with
and without 2-mercaptoethanol.
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Figure 3: The SDS-electrophoretic analysis of the heatitieaamples. a. The sample treated at 75°C
(1. without and 2.with 2-mercaptoethanol); b. Tample treated at 85°C (3. without and 4.with 2-
mercaptoethanol); c. The sample treated at 90 *@i{bout and 6. with 2-mercaptoethanol). The

arrows indicate soluble 64 kDa and 57 kDa co-aggesy

SDS-profiles of the heat-treated samples could ibigletl into two zones. Zone A contains high
molecular weight components (m.w. 50.000-141.000)ereas zone B corresponds to 40 -10 kDa-
fractions (Fig 3). Zone B contains the most impatrtailk proteins includingx-, -, k- caseinf-Lg
anda-La.

SDS-PAGE analysis clearly indicates that the chameomplexes between whey proteins and
casein are formed when the reconstituted skim omi#ergoes further heat treatments. Some of these
complexes are soluble under experimental conditexmd are characterized by the high molecular
weight fractions in zone A. Depending on the degrieeemperature, 5-7 high molecular weight bands
have been identified in zone A. These componemsesent 20.36%-35.32% of the soluble proteins.
At a lower temperature (75°C), two dominant compkexharacterized by m.w. of 141 kDa and 71
kDa have been formed. These complexes represeo3&nd 9.22% of the soluble proteins,
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respectively. At higher temperatures (85°C, 9042 kDa-band has disappeared almost completely
and has been observed as a diffused zone (FigurgcgbContrarily, 71 kDa-band is more stable and
represents 8.54%-10.35% of the soluble proteins.
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Figure 4. The comparative densitometric analysis of thelslel reconstituted skim milk proteins
treated at (1) 75°C and (2) 85°C for 20 min, an8iG&C for 20 min; with (a) and without (b) 2-
mercaptoethanol.
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According to the SDS-PAGE (Fig.3) and the resuftthe comparative densitometric analysis
(Fig.4), most of the soluble co-aggregates aredhalt of the disulfide interactions. Namely, aftiee
use of 2-mercaptoethanol, the most intensive bafidso-aggregates (141 kDa and 71 kDa-bands,
Fig.3, Fig.4.1) have disappeared almost completsya result of the degradation of co-aggregates
with 2-mercaptoethanol, the contentpelg ando—La soluble forms have increased to 16.23%-20.5%
and 7.55-9.81%, respectively. Furthermore, it isials that solubility ofc-casein also increased.
Thus, it could be concluded that these interactiocurred between the denatured molecules- of
casein-Lg anda—La. Corredig and Dalgleish [18] demonstrated thatextent of the interaction of
whey proteins and the raw milk casein micelleseased in time and with the temperature of heating,
at temperatures between 75°C and 90°C, while theuatrof associated-La increased between 80°C
and 110°C. Contrarily, in the case of reconstitudkan milk, a high participation ai—La in soluble
co-aggregates was obtained even at 75°C (7.55%g.rm&y imply that most ad-lactalbumin of skim
milk has previously been denatured.

According to our results, besides the disulfideciiattions, other protein interactions are
involved in co-aggregate formation. As one can geefractions of 64 and 57 kDa (indicated in 89.
with an arrows) exist in all heat-treated sampign after the treatment with 2-mercaptoethanol.
Their presence even after reducing reagent reaatutigates that the other types of interactions are
involved in their formation. This observation isagreement with the results of Anema and Li [11].

3.3 Influence of the addition of demineralized whey on the soluble protein composition

The addition of demineralized whey to the reconttd skim milk had different effects on the
soluble protein composition, as shown in Figurea 2t lower temperature (75°C), the addition of
DW in concentration of 0.5% has caused the increfske soluble aggregates content as well as the
increase of the individual whey protein conteng(Fb). Further increase of DW content (1.0%-2.0%)
has promoted the interaction between proteins laadormation of the insoluble co-aggregates.
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Figure5: The electrophoretic* and comparative densitoraetnalysis of the reconstituted skim milk

with demineralized whey added, treated at 75 °Q€@minutes. a. The electrophoretic analysis of the
reconstituted milk with 0.5% (1, 2), 1.0% (3, 4)da2.0% (5, 6) of demineralized whey added; Na-
caseinate (7) and molecular weight standards (&hé comparative densitometric analysis of the hea

treated samples withoud) @nd with ) 0.5% of demineralized whey. c. The comparativesdemetric

analysis of samples treated with 0.5%, 1% and 20fte demineralized whey added.

*1, 3, 5 samples without 2-mercaptoethanol, andl B, samples with 2-mercaptoethanol.

As shown in Figures 6 and 7, higher temperature$G890°C) promote the formation of the
insoluble high molecular weight co-aggregates. Thus electrophoretic patterns of samples treated a
85°C, with and without DW added, are almost idaait{€ig.6), whereas the patterns of samples treated

at 90°C show the decrease @ia, p-Lg and the soluble aggregates content. The intolblgh

molecular aggregates are mostly formed during &urthteraction between the soluble aggregates and
whey proteins, as well as through the interactietwieen whey proteins added.
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Figure 6. The electrophoretic* and comparative densitometnialysis of the reconstituted skim milk
with demineralized whey added, treated at 85 °Q€@minutes. a. The electrophoretic analysis of the
reconstituted milk with 0.5% (1, 2), 1.0% (3, 4)da2.0% (5, 6) of demineralized whey added; Na-
caseinate (7) and molecular weight standards (&hé comparative densitometric analysis of the hea
treated samples, treated withoytgnd with ¢) 0.5% of the demineralized whey c. Comparative
densitometric analysis of the samples treated @#th 0.5%, 1% and 2.0% of the demineralized whey

added.

*1, 3, 5 samples without 2-mercaptoethanol, andl B, samples with 2-mercaptoethanol.
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Figure 7. The electrophoretic* and the comparative densgoicanalysis of the reconstituted skim
milk with the demineralized whey added, treateflCatC for 20 minutes. a. The electrophoretic
analysis of the reconstituted milk with 0.5% (7, BP% (5, 6), and 2.0% (3, 4) of demineralized yhe
added; molecular weight standards (1) and Na-cate({R). b. The comparative densitometric analysis
of the heat treated samples, treated withguar{d with ) 0.5% of the demineralized whey. c. The
comparative densitometric analysis of the sampésged with 0.5%, 1% and 2.0% of the
demineralized whey added.

*4, 6, 8- samples without 2-mercaptoethanol, ans, 3- samples with 2-mercaptoethanol.
Conclusion
According to the investigation of the heat treatecbnstituted skim milk, it can be concluded

that several changes take place during heat treatribe SDS-PAGE has clearly showed that heat
treatments induce the interactions between the mmajtk proteins and also the formation of co-
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aggregates. Co-aggregates formed during heat teetdmare mostly the result of the disulfide
interaction among-casein B-lactoglobulin andi-lactalbumin. Besides, other types of interactials®
are involved in their formation. The level of coegggates formation, as well as their composition, is
determined by the temperature degree and the skii previous treatment. The adding of the
demineralized whey has different effects on thelslel protein content and the composition.
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