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Characterization and Functional Properties of Lactosyl
Caseinomacropeptide Conjugates
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Ovine caseinomacropeptide (CMP) was modified with lactose through Maillard reaction under 44%
relative humidity and 40 °C for various periods (0—11 days). Different lactosylated CMP forms were
separated by capillary electrophoresis and reversed phase high-performance liquid chromatography
(RP-HPLC) and identified by RP-HPLC coupled with electrospray ionization mass spectrometry (ESI-
MS). Around 55—60% of CMP was lactosylated under the conditions assayed, with the monolactos-
ylated form being the most abundant one, followed by the di-, tri-, and tetralactosylated species.
During the first days of incubation amino acid analyses showed a decrease in lysine and NH,-terminal
methionine, which coincided with an increase in the furosine content. However, from the ninth day of
incubation, further degradation of Amadori compounds prevailed over their formation. Solubility, heat
stability, and emulsifying capacity of the native and modified CMP were investigated. Lactosylation
improved the emulsifying activity, but it did not modify the great solubility and heat stability of native
CMP.
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INTRODUCTION cheese whey fraction and consists of a mixture of peptides that
differ, mainly, in the degree of glycosylation and phosphory-
lation. The structural microheterogeneity of bovine CMP,
regarding the peptide and oligosaccharide structures, as well as
the carbohydrate and phosphorylation sites, is quite well
establishedl4). However, less is known about post-translational
gnodifications in CMP from other species. Ovine CMP possesses

Nonenzymatic glycosylation of peptides and proteins may
affect both their functional properties and biological activities
(1—3). Foaming and emulsifying properties of milk proteins
are enhanced through glycosylatiof(7), whereas improve-
ments in emulsifying&) and gelling @) properties of egg white
proteins have been achieved by the attachment of carbohydrate . . -
during the early stages of the Maillard reaction. Advanced stagesa lower glycosylathn degree than bovine CMP, and its most
of the Maillard reaction of glycated proteins lead to protein abundant form is diphosphorylatefig. o ) )
polymerization and browninglo, 11), thusy glycosylat|0n Of It has been I‘epOI‘ted that CMP exhibits bIO|Oglca| and
proteins through the Maillard reaction should be performed functional properties, which may render it a valuable source of
under controlled conditions to prevent color changes and lossProtein in the food and pharmaceutical industrie§) (Further-
of solubility. more, theO-glycosyl residues of CMP are thought to have a

Modification of physical properties such as charge, hydro- significant effect on its funptional anql bio.logical activitids);
philicity, or viscosity may explain the functional changes thus, controlled glycosylation may give rise to glycomacropep-
observed in glycated proteins. Improvements in solubility can tides with new or improved properties. CMP contains four
be due to an increase in negative net charge and a decrease jRotential reactive amino groups to be nonenzymatically gly-
surface hydrophobicity caused by the addition of hydrophilic Cosylated. These sites are constituted byetaenino groups of
groups (2). On the other hand, the exposure of new hydro- the three lysine residues, situated in positions 6, 7, and 11, and
phobic regions at the surface of modified proteins may improve the a-amino group of the Ngtterminal methionine.
their adsorption at interfaces, and, therefore, their emulsifying  In this work, the influence of nonenzymatic lactosylation
capacity b). Furthermore, the carbohydrate moieties could be under controlled conditions on selected functional properties
oriented to the aqueous phase, inhibiting the flocculation of oil of ovine CMP was studied. We have used capillary zone
droplets by electrostatic repulsiof3). electrophoresis (CZE) and reversed phase high-performance

The C-terminal fragment af-casein (residues 16669 in liquid chromatography (RP-HPLC) to monitor the formation
bovine milk and residues 16671 in ovine and caprine milks),  of lactosyl CMP conjugates via Maillard reaction. The number
the so-called caseinomacropeptide (CMP), is present in theof lactose residues linked to the CMP was determined by RP-

HPLC coupled with electrospray ionization mass spectrometry
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the extent of lactosylation. Finally, solubility, heat stability, and
emulsifying properties of CMP, native and lactosylated to
different degrees, were measured.

MATERIALS AND METHODS

Lactosylation of CaseinomacropeptideOvine milk (Manchega)
was provided by a local dairy farm from the central region of Spain.
Whole caseins and CMPs were prepared as described previdgsly (
Purity of ovine CMP, as calculated from the contents of lysine and
methionine 18), was~94%.

Aliquots of a solution consisting of 2.0 mg/mL CMP and 2.5 mg/
mL lactose (Scharlau Chemie) (lactose/CMP molar ratia4) in 0.1
M sodium phosphate buffer, pH 7 (Merck), were lyophilized. These
were kept under vacuum in a desiccator at’@dand a water activity
of 0.44, achieved with a saturated®O; solution (Merck), for various
periods (0, 2, 5, 7, 9, and 11 days). In addition, control experiments
were performed with CMP stored at 4C without lactose during the
same periods (heated CMP).

Analysis of Lactosylated Forms After incubation, the powders were
dissolved in distilled water and free lactose was removed by ultrafil-
tration through a centrifugal filter (Centricon YM-3, 3.000 MW cutoff,
Millipore). After removal of lactose, samples were reconstituted in
distilled water at 2 mg/mL and analyzed by CZE, RP-HPLC, and RP-
HPLC-ESI-MS.

CZE followed the method described by Recio et &9)(Separations

Moreno et al.

x 3.9 mm i.d.) at a flow rate of 1.5 mL/min. Solvent A was HPLC
grade methanol (Waters)/0.01 M sodium phosphate buffer, pH 7.3/
HPLC grade tetrahydrofuran (Waters) (19:80: 1) (v/v/v); solvent B
was HPLC grade methanol/0.01 M sodium phosphate buffer, pH 7.3
(80:20) (v/v). The gradient used was described in1&f Detection
was performed by fluorescence using 340 and 425 nm for excitation
and emission, respectively. Calibration curves of lysine and methionine
were built up by using commercial pure standards {260 nmol/
mL) purchased from Sigma.

For determination of 2-(furoylmethyl)lysine (furosine), 500 of
the filtered hydrolysate was applied to a previously activated Sep-Pak
Cis cartridge (Millipore). Furosine was eluted with 3 mE® N HCI
and 50uL was injected. Analysis of furosine was by an ion-pair RP-
HPLC method using a §gXAlltech furosine-dedicated) column (250
4.6 mm i.d.) and a variable wavelength detector at 280 nm (LDC
Analytical, SM 4000). Operating conditions were as follows: column
temperature, 35C; flow rate, 1.2 mL/min; solvent A, 0.4% HPLC
grade acetic acid (Scharlau Chemie) in double-distilled water; solvent
B, 0.3% KCI (Merck) in solvent AZ0). Calibration was performed by
using solutions of known concentrations (from 0.52 to 5.2 mg/L) of
commercial pure standard of furosine (Neosystem Laboratories). The
presence of furosine in hydrolyzed CMP samples was confirmed by
RP-HPLC-ESI-MS using the previously mentionegllitech column,
maintained at 37C and with 2% acetic acid as mobile phase. The
flow rate was 0.6 mL/min, and the ES parameters were as follows:
fragmentor voltage, 40 V; needle potential, 4 kV; gas temperature, 320

were performed using a Beckman P/ACE System 2050 and a hydro- °C; drying gas, 10.0 L/min; nebulizer pressure, 0.28 MPH.(

philic coated fused-silica capillary, Supelco Celect P1 (37 xrb0

um i.d., with a slit opening of 10« 800xm). Electromigrations were
run at 45°C, with a linear gradient from 0 to 5@A in 10 min, followed

by a constant current of 5@A. Detection was at 214 nm. The
electrophoresis buffer (pH 3.0) contained 10 M urea (Sigma), 10 mM
citrate buffer (Sigma), and methylhydroxyethyl cellulose 0.05% (w/v)
(Serva). Sample buffer contained 10 M urea, 167 mM Tris (Sigma),
42 mM 3-morpholinopropanesulfonic acid (Fluka), and methylhydroxy-
ethyl cellulose 0.083% (w/v).

RP-HPLC and RP-HPLC-ESI-MS followed the methods described
by Moreno et al. 15). RP-HPLC separations were carried out with a
C18 Nucleosil column (300 A, 25@ 4.6 mm i.d., 5um particle size)
(Macherey Nagel Dren). Operating conditions were as follows:
column temperature, 40C; flow rate, 1 mL/min; solvent A, 1%
trifluoroacetic acid (TFA) in double-distilled water; solvent B, 1% TFA
in HPLC grade acetonitrile (Scharlau Chemie). The elution was
performed with a linear gradient by increasing the concentration of
solvent B as follows: 640 min, 21.6-37.6%; 4G-42 min, 37.6-

Functional Properties of CaseinomacropeptideMeasurement of
functional properties was always performed after the removal of free
lactose as described above.

Solubility. Native, heated, and lactosylated CMPs were dissolved in
distilled water or 0.05 M sodium phosphate buffer (1, 2, and 5 mg/
mL). The pH was adjusted to 3, 3.6, 5, and 7 by gsinM HCI or
NaOH. After 30 min of stirring at room temperature, the solutions were
centrifuged for 15 min at 4C and 350@. Solubility was expressed as
the percentage of the total CMP concentration, determined by measuring
the absorbance at 226 nm in the supernatants and using a standard
curve previously prepared. In all cases, before absorbance was
measured, CMP solutions were diluted twicehn@ M urea (Sigma)
to prevent the interference of nonsoluble solids.

Heat Stability Native, heated, and lactosylated CMPs were dissolved
in distilled water (1 mg/mL) at pH 4 and 7 and heated at different
temperatures (8095 °C) for 15 min. Samples were then cooled to
room temperature and centrifuged for 5 min at@ and 3500, to
precipitate aggregates. Finally, the CMP content of the supernatants

100%. Absorbance was recorded at 214 nm using a Beckman 166 UVwas measured as indicated above, and was compared with that of the

detector (Beckman Instruments).
RP-HPLC with on-line ESI-MS separations were performed with a
C18 Zorbax column (15& 2.1 mm i.d., Sum patrticle size) (Hewlett-

corresponding unheated samples.
Emulsifying PropertiesEmulsifying activities were measured by
spectroturbidity following the method described by Chobert et2&). (

Packard). The mobile phase, column temperature, and gradient appliedTo prepare the emulsions, 3 mL of 0.1% CMP aqueous solution and 1
were those mentioned above. The flow rate was 0.2 mL/min, and mL of rapeseed oil#, volume fraction of the dispersed phase).25)
detection was accomplished by using a diode array detector series 110Qvas shaken together with an Ultra-turrax type TP 18/10 (Janke and
(Hewlett-Packard), at 214 nm. ESI-MS analyses were performed on a Kunkel), and homogenizations were carried out for 3 min at the
quadrupole 1100 MSD mass spectrometer (Hewlett-Packard) equippedmaximum power. After 24 h of storage at room temperature and 30
with an atmospheric pressure ionization ion source (API), and the ES min of heating of the emulsions at 8G, turbidity was again measured
parameters were as follows: needle potential, 4 kV; gas temperature,to determine the emulsifying stabilitAEAI).

330°C; drying gas, 10.0 L/min; nebulizer pressure, 0.35 MPa. When

required, minor peaks were collected from the RP-HPLC system after

several analyses, lyophilized, and directly analyzed by ESI-MS through RESULTS AND DISCUSSION

infusion of the sample solution (26L) using a flow of 4 uL/min Characterization of Lactosylated Forms of Caseinomac-
through the electrospray interface. ropeptide. CZE electropherograms of CMP incubated with

Amino acid analysis and determination of furosine were carried out |actose are shown ifigure 1. One main peak with a migration
af(t;r acid Sé/d:'jOWS;S of ”]‘ceci/tl‘;r?dhp%""dler_s- Brti)efly, 4??]‘)“ 8dN 110 time of 26-27 min was observed in the native CMP profile

was added to 2 mg o in hydrolysis tubes and heated at ; ; ;
°C for 23 h under inert conditions, followed by the addition of 2 mL E::(Iaggre ::Zéﬁg:lgfszzw(gr;'\grc)) w:rura?tfgﬂ\;]wth La;&gsfhzh:rvgae\g of
of 8 N HCI and filtering through Whatman no. 40 filter paper. . pp . 9 . gp ’

For amino acid analysis, 150 of the filtered hydrolysate was taken Wh',Ch increased upon stor.age while a simultaneous IOSS, of the
to dryness, dissolved in 90 of 0.4 M sodium borate buffer, pH 10 ~ Main peak was observedigure 1b—d). Such peaks, which
(Merck), and submitted to an automatic precolumn derivatization with Were absent from CMP samples incubated in the absence of
o-phthaldialdehyde (OPA) (Fluka). The separation of amino acids was lactose (results not shown), could correspond to lactosylated
carried out on a Novapak C-18 column (60 Aueh particle size, 150 forms of CMP. At low pH, CMP is positively charged and, in
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Figure 1. Capillary electrophoresis patterns of ovine CMP incubated with lactose at 40 °C for 0 (a), 2 (b), 7 (c), and 11 days (d).

0.29

0.19

a)

1

b)

_

0.17

0.11

0.03

-0.01

¢

2

1

d

0.03

0

5

10

15

-0.01
20

5181

Time (min)
Figure 2. RP-HPLC patterns of ovine CMP incubated with lactose at 40 °C for 0 (a), 2 (b), 7 (c), and 11 days (d).

coated capillaries, migrated toward the cathode according to The chromatographic profiles of native and lactosylated CMP
its ratio of net charge to mass. Therefore, the longer migration obtained by RP-HPLC are shown Figure 2. Native CMP
times of the lactosylated forms could be due to a lower positive (Figure 2a) presented one main peak, designated 1, with a
charge or a larger molecular size. Because binding of a sugarretention time of 13.5 min, which was previously identified as
to lysine gives rise to a slight change in thi€;pvalue of the the diphosphorylated carbohydrate-free form of ovine CB).
amino group 23—25), the net positive charge of lactosylated The chromatograms corresponding to the CMP incubated with
CMP could be slightly lower than that of native CMP at low lactose indicated the appearance of a series of peaks less retained
pH. Moreover, the addition of one or several lactose residues than the main peak, designated®in Figure 2b—d, that could

to the peptide chain would lead to an increase-6f18% in correspond to lactosylated forms of the CMP. The shorter
the molecular mass of the CMP, reducing the mobility of the retention times of these peaks can be attributed to the incorpora-
lactosylated forms. Otte et aR%) and Fayle et al.26) observed tion of lactose residues into the peptide chain that leads to an
a similar behavior in the analysis by capillary electrophoresis increase in CMP hydrophilicity.

of fB-lactoglobulin incubated with lactose and ribonuclease A The identification of the different lactosyl CMP conjugates
incubated with dehydroascorbic acid, respectively. was achieved by RP-HPLC-ESI-M%dble 1). The use of ESI-
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Table 1. Experimental Molecular Masses of the Different Lactosylated & 0 ocmp
Forms of Ovine Caseinomacropeptide and Assigned Contents of S I Dgxz:gt
Lactose Residues and Phosphate Groups Derived from the ° & ; oMPaaL
RP-HPLC-MS Analyses Eso B OMPs4L
=
obsd lactose and phosphate caled gw
peak?® molecular mass® content (mol/mol) molecular mass® §
1 6965.1+ 1.3 0 lactose, 2P 6964.4 Sa0
2 72885+0.5 1 lactose, 2P 7288.7 S
3 76128 £0.7 2 lactose, 2P 7613.0 .20
4 7937.7+14 3 lactose, 2P 7937.3 2
54 8261.9+15 4 lactose, 2P 8261.6 §1o
X

o

a Peak numbers refer to Figure 2. ® Mean + SD (n = 3). © Average molecular R 5 7 o ] "

mass values calculated from the primary amino acid sequence of ovine CMP Incubation time (days)
ublished by Joliés et al. (36). ¢ Determined by off-line HPLC-MS. . T .
P y (36) y Figure 4. Percentage distribution of the lactosylated forms of ovine CMP
Ja— incubated with lactose at 40 °C for up to 11 days. The graph shows
b means + SD.
80001
i:: A4 Table 2. Contents of Methionine, Lysine, and Furosine Obtained after
— ol 1823.2 Acid Hydrolysis of CMP Incubated with Lactose and Determined by
100 o] RP-HPLC
] A8 bt 70
e 80— 9121 A7 - methionine lysine furosine
9 ] 10422 A8 A5 incubation (mol/100 mg (14mol/100 mg (mg/100 mg
§ o A9 12158 14586 time (days) of CMP) of CMP) of CMP)
s |1 808 0 136401 408+28 0.00
[ 1 A 2 8.2+0.3 31.0+04 0.61£0.02
2 40 AO 5 85+0.4 29.4+06 0.98+0.06
2 ] 7299 7 85+08 289+06 1.04+0.08
x 20 N 9 78+0.7 28.3+0.3 1.22+£0.05
- 11 6.4+0.2 242+10 1.04 +£0.02
0 S N — 2 Incubation was carried out in duplicate, performing two separate chromato-
600 1000 1500 miz graphic analyses of each sample.

Figure 3. Electrospray mass spectra of the diphosphorylated monolac- )
tosylated form of ovine CMP (peak 2 in Figure 2 and Table 1). The HPLC, ~55-60% of CMP was lactosylated under the condi-

mass spectrum is characterized by a series of ions with m/z values tions assayed.

corresponding to their multiply protonated forms (Ax). The inset represents The contents of lysine, methionine, and furosine of the CMP

the deconvoluted spectrum after ESI-MS analysis. samples incubated with lactose are shownTable 2. The
concentrations of lysine and methionine of native CMP were

MS to study the glycation of several proteins suchpdacto- similar to the theoretical values (43.2 and 14#0l/100 mg

globulin 27, 28) and lysozymeZ9) was recently reported. The  of CMP, respectively). An important decrease in methionine
increase of 324.3 amu, resulting from attachment of 1 mol of and lysine was found after 2 days of incubation with lactose,
lactose/mol of CMP, allowed the identification of mono- (the suggesting that lactosylation took place in both amino acids.
mass spectrum of which is shown #igure 3), di-, and This decrease coincided with the increase in furosine observed
trilactosylated species of the CMP, which were contained in after 2 days of incubation. From the second to the ninth days
RP-HPLC peaks 2, 3, and 4, respectively. The molecular massof incubation, the content of methionine remained constant while
of peak 5 could not be determined by RP-HPLC on-line with the content of lysine decreased and that of furosine increased
ESI-MS, and a previous concentration step was required. Theslightly. Nevertheless, a considerable decrease in both amino
molecular mass value obtained (8261.9) was in accordance withacids took place between 9 and 11 days of incubation, which
the presence of a tetralactosylated form. It should be noted that,occurred simultaneously with a decrease in furosine. These
even if the lysine residues occupy close positions in the CMP observations indicate that, from the ninth day of incubation,
chain, conjugates with all reactive sites lactosylated were found the degradation of Amadori compounds prevailed over their
after 5 days of incubation. formation, also suggesting that methionine and lysine could
Determination of the Extent of Lactosylation. The distribu- participate in collateral or advanced stages of Maillard reaction.
tion of the different lactosylated forms of the CMP after certain For instance, it has been described thaticarbonyl intermedi-
incubation periods was estimated from the relative areas of theirates derived from the decomposition of Amadori compounds
corresponding RP-HPLC peaks, and it is showFigure 4. A can form different heterocyclic and smaller carbonyl compounds,
considerable formation of lactosylated compounds was found which are susceptible to reaction with amino aci@s, 31).
after 2 days of incubation except for the tetralactosylated form, Furthermore, thisx-dicarbonyl intermediate can undergo nu-
which was not identified at this incubation time. After the fifth  cleophilic addition reactions with amino acids via Strecker
day of incubation, only a slight increase in the percentage of degradations31).
all lactosylated forms was observed, with the monolactosylated Functional Properties of Native and Lactosylated Caseino-
form being the most abundant one, followed by di-, tri-, and macropeptides.Solubility and Heat StabilityNative ovine CMP
tetralactosylated species. Assuming that the ultraviolet responsewas soluble in distilled water at 1 and 2 mg/mL at the pH values
at 214 nm is equal for all of the CMP species detected by RP- studied (3, 3.6, 5, and 7), although a slightly lower solubility
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Table 3. Solubility of Native CMP Dissolved in Distilled Water and %0
0.05 M Sodium Phosphate Buffer as a Function of pH2 £
solubility (%) 20 !
1mg/mLof  2mg/mL of 1 mg/mL of 5 mg/mL of
distilled distilled 0.05 M sodium 0.05 M sodium 200
pH water water phosphate buffer  phosphate buffer —’:0
7.0 97.8 +2.5° 98.9+1.6 98.6+24 99.7+15 N;; 150
5.0 905+ 1.6 90.3+0.9 101.5+£2.7 100.5+2.8 =
36 834x23 904+26 100.6 £+ 1.6 99427 =
3.0 91.0+26 89.8+1.8 100.2£1.9 99.9+17 —e— native CMP

— # — CMP Lac (2 days)
- - & - CMP Lac (5 days)
— = - CMP Lac (9 days)

2 Solubility is expressed as a percentage of the total CMP in solution. Mean +

SD. 50

was observed at acid pHéble 3). A similar behavior was | ¥ ‘

reported for bovine CMP dissolved in distilled water at 1 mg/ °r T T T T T !
mL (22). However, in 0.05 M sodium phosphate buffer, the oH

solubility of CMP was~100%, even at a concentration of 5
mg/mL and acid pH Table 3), probably due to a salting-in
effect that decreased electrostatic attractions between molecule
and to the competition of Nawith protons 82).

The fraction of native CMP insoluble at pH 5 was separated
after centrifugation and analyzed by RP-HPLC-ESI-MS, show-
ing the presence of impurities derived from rennet action on
casein fractions other thar-casein. Therefore, these data
indicate that the elimination of the fraction insoluble at acid
pH would contribute to obtain CMP with a higher degree of
purity, when it derives from whole casein or milk.

Evaluation of the heat stability of native CMP showed that
it was almost 100% soluble after heat treatments at#0°C,
regardless of the temperature and pH.

With respect to heated and lactosylated CMP (for 2, 5, and
9 days), no changes were observed in the values of solubility

and heat stability obtained at acid and neutral pH at a found a 22-60% decrease in emulsifying stability. Regarding

concentration of 1 mg/mL as compared to native CMP, - - )
indicating the absence of important structural changes such aslactosylated CMP, emulsion stability was enhanced only in CMP

’ A ncubated with lactose for 2 days at pH 3 (24.5%) and pH 7
aggregations and polymerizations. These results suggest that o : . X . ;
CMP could be incubated with lactose during periods sufficient 14.1%), _vvhereas an increase in the time of incubation (5 "?‘”d
S . : o - 9days) did not modify the emulsion stability as compared with
to obtain highly glycosylated forms without impairing their native CMP
solubility and heat stability. The resuI:[s resented in this work show that CMP can be
Emulsifying PropertiesThe emulsifying activity index (EAI) P

. lactosylated through the Maillard reaction to a considerable
of ovine CMP (1 mg/mL) was measured over a range of pH lycosylation degree without substantial conformation changes
values (3-7). The EAI values obtained for native CMP were glycosy ) ges,

comparable to the values reported for bovine CMRasein as monitored with several analytical techniques. Ovine CMP
(22), and g-lactoglobulin () and superior to those described presented a QOOd emulsifying aptivjty that was S"gh"y improved
for [é-casein 0, thus showing a good emulsifying character. by lactosylation, although the binding of lactose did not change

. g - its low emulsion stability properties.
The results obtained proved a good emulsifying activity at pH L . .
values =6, whereas at pH 4 and 5 emulsions could not be h I(;r:ar?iligi?nh :ﬁglcéréﬁ?art\r/]vaeti atssc())‘l:ligcc):zzaﬁ;epsr(():frllnlfea\(ljvﬁg
formed. These pH values are close to it¢gH 3.6), suggesting ydrop 9 ght poly

that a change in the ionizable groups may affect the Structuresubstantial improvements in emulsion stability without signifi-
of the CMP and, therefore, its emulsion activi®2). Mink- ggg};fﬂ:ﬁgﬁ;l Isntagirlnitmsrggliﬂ?aiﬁzgat? 't%llf/lg%'ur?;‘he Ihlggs )
iewicz et al. 83) indicated that a decrease in pH may leadtoa | .. y ma y CM g glycosy
. L . . __lation suggests the feasibility of the formation of conjugates of
decrease in voluminosity of CMP particles due to suppression . ; . L o
: ; . . . . CMPs with polysaccharides while keeping its excellent solubility
of internal electrostatic and steric repulsions. This change in

voluminosity could have a significant influence on the confor- and heat stability properties.
mation of CMP and, therefore, its emulsifying capacity. ABBREVIATIONS USED

No .differenc'es were observed between the emulsifying AEAI, emulsifying stability; CMP, caseinomacropeptide;
activities of native and heated (for 2, 5, and 9 days) CMP over czg capillary zone electrophoresis; EAI, emulsifying activity
the range of pH studied,~37, probably due to its high heat jnqex- ESI-MS, electrospray ionization mass spectrometry; RP-

stability (results not shown). Groubet et &) @nd Chevalier  p| ¢ reversed-phase high-performance liquid chromatography.
et al. @ observed a lower emulsifying activity in heated

B-lactoglobulin over native3-lactoglobulin. This result was  LITERATURE CITED

attl‘lbuted to the faCt that hea“ng nat|ﬁdactog|0bul|n |eadS (l) (_?,r'oubetl R’ Chobert’ ‘]_M, Hae'nﬂ@ Functional properties
to structural changes, such as polymerizations, that affect its of milk proteins glycated in mild condition§ci. Aliment1999
solubility and, therefore, its emulsifying activity. 19, 423-428.

Figure 5. EAI of native and lactosylated (for 2, 5, and 9 days) CMPs as
a function of pH. The graph shows means + SD.

A slight improvement in the emulsifying activity was
observed after lactosylation of the CMP. As showrfFigure
5, this was more pronounced in the CMP stored for 5 and 9
days than in that stored for 2 days, suggesting that the
lactosylation degree of CMP might be related to its emulsifying
properties. In fact, the RP-HPLC chromatograms and furosine
values had shown an important increase in the lactosylation
degree between 2 and 5 days of incubation, which was much
less pronounced between 5 and 9 dd&jigiire 2 andTable 2).

The emulsifying stability valuesAEAI) of native CMP
showed a large pH-dependent decrease from 26.1 to 47.1% with
decreasing pH values from 7 to 3. These data are similar to the
values reported for bovine CMP by Chobert et &2)( who



5184 J. Agric. Food Chem., Vol. 50, No. 18, 2002

(2) Chevalier, F.; Chobert, J.-M.; Popineau, Y.; Nicolas, M. G.;
Haertle T. Improvement of functional properties gflactoglo-
bulin glycated through the Maillard reaction is related to the
nature of the sugaint. Dairy J. 2001, 11, 145-152.

(3) Chevalier, F.; Chobert, J.-M.; Genot, C.; HagrfleScavenging
of free radicals, antimicrobial, and cytotoxic activities of the
Maillard reaction products ofi-lactoglobulin glycated with
several sugarsl. Agric. Food Chem2001, 49, 5031-5038.

(4) Aoki, T.; Kitahata, K.; Fukumoto, T.; Sugimoto, Y.; Ibrahim,
H. R.; Kimura, T.; Kato, Y.; Matsuda, T. Improvement of
functional properties ofs-lactoglobulin by conjugation with
glucose-6-phosphate through the Maillard reactieood Res.
Int. 1997 30, 401—-406.

(5) Hattori, M.; Ogino, A.; Nakai, H.; Takahashi, K. Functional
improvement off-lactoglobulin by conjugating with alginate
lyase-lysateJ. Agric. Food Chem1997, 45, 703—-708.

(6) Murray, B. S.; Liang, H.-J. Enhancement of the foaming
properties of protein dried in the presence of trehaldsAgric.
Food Chem1999 47, 4984-4991.

(7) Shepherd, R.; Robertson, A.; Ofman, D. Dairy glycoconjugate
emulsifiers: casein-maltodextrinsood Hydrocolloid200Q 14,
281-286.

(8) Nakamura, S.; Kato, A. Multi-functional biopolymer prepared
by covalent attachment of galactomannan to egg-white proteins
through naturally occurring Maillard reactiohahrung200Q
44, 201-206.

(9) Handa, A.; Kuroda, N. Functional improvements in dried egg
white through the Maillard reactiod. Agric. Food Chenil 999
47, 1845-1850.

(10) Kato, Y.; Matsuda, T.; Kato, N.; Nakamura, R. Maillard reaction
of disaccharides with protein: suppressive effect of nonreducing
end pyranoside groups on browning and protein polymerization.
J. Agric. Food Chem1989 37, 10771081.

(11) Yeboah, F. K.; Alli, I.; Yaylayan, V. A. Reactivities ofglucose
and p-fructose during glycation of bovine serum albumih.
Agric. Food Chem1999 47, 3164-3172.

(12) Haertle T.; Chobert, J. M. Recent progress in processing of dairy
proteins: a reviewJ. Food Biochem1999 23, 367—407.

(13) Nagasawa, K.; Takahashi, K.; Hattori, M. Improved emulsifying
properties of3-lactoglobulin by conjugating with carboxymethyl
dextran.Food Hydrocolloids1996 10, 63—67.

(14) Mollé, D.; Léonil, J. Heterogeneity of the bovine-casein
caseinomacropeptide, resolved by liquid chromatography on-line
with electrospray ionization mass spectromedryChromatogr.

A 1995 708 223-230.

(15) Moreno, F. J.; Recio, |.; Olano A.; pez-Fandio, R. Chro-
matographic characterization of ovireasein macropeptidé.
Dairy Res.200Q 67, 349-359.

(16) Abd El-Salam, M. H.; EI-Shibiny, S.; Buchheim, W. Charac-
teristics and potential uses of the casein macropegtitleDairy
J. 1996 6, 327—341.

(17) Dziuba, J.; Minkiewicz, P. Influence of glycosylation on micelle-
stabilizing ability and biological properties of C-terminal frag-
ments of cow’sc-casein.Int. Dairy J. 1996 6, 10171044.

(18) Gonzéez de Llano, D.; Polo, M. C.; Ramos, M. Production,
isolation and identification of low molecular mass peptides from
blue cheese by high performance liquid chromatographairy
Res.1991 58, 363-372.

(19) Recio, |.; Lpez-Fandin, R.; Olano, A.; Olieman, C.; Ramos,
M. Study of the formation of caseinomacropeptides in stored
ultrahigh-temperature-treated milk by capillary electrophoresis.
J. Agric. Food Chem1996 44, 3845-3848.

(20) Resmini, P.; Pellegrino, L.; Batelli, G. Accurate quantification
of furosine in milk and dairy products by a direct HPLC method.
Ital. J. Food Sci.199Q 2, 173-183.

(21) Sanz, M. L.; del Castillo, M. D.; Corzo, N.; Olano, A. Formation
of Amadori compounds in dehydrated fruits. Agric. Food
Chem.2001, 49, 5228-5231.

Moreno et al.

(22) Chobert, J. M.; Touati, A.; Bertrand-Harb, C.; Dalgalarrondo,
M.; Nicolas, M.-G. Solubility and emulsifying properties of
kappa casein and its caseinomacropeptitle-ood Biochem.
1989 13, 457-473.

(23) Bunn, H. F.; Shapiro, R.; McManus, M.; Garrick, L.; McDonald,
M. J.; Gallop, P. M.; Gabbay, K. H. Structural heterogeneity of
human haemoglobin A due to nonenzymatic glycosylatibn.
Biol. Chem.1979 254, 3892-3898.

(24) Nacka, F.; Chobert, J.-M.; Burova, T.; dml, J.; Haertle T.
Induction of new physicochemical and functional properties by
the glycosylation of whey proteind. Protein Chem1998 17,
494-503.

(25) Otte, J.; Larsen, K. S.; Bouhallab, S. Analysis of lactosylated
f-lactoglobulin by capillary electrophoresist. Dairy J. 1998
8, 857-862.

(26) Fayle, S. E.; Healy, J. P.; Brown, P. A.; Reid, E. A.; Gerrard, J.
A.; Ames, J. M. Novel approaches to the analysis of the Maillard
reaction of proteinsElectrophoresi2001, 22, 1518-1525.

(27) Morgan, F.; Lenil, J.; Molle D.; Bouhallab, S. Nonenzymatic
lactosylation of boving-lactoglobulin under mild heat treatment
leads to structural heterogeneity of the glycoforB&chem.
Biophys. Res. Commuh997, 236, 413-417.

(28) Morgan, F.; Bouhallab, S.; Moll®.; Henry, G.; Maubois, J.-
L.; Léonil, J. Lactolation ofj-lactoglobulin monitored by
electrospray ionisation mass spectrometny. Dairy J. 1998
8, 95-98.

(29) Yeboah, F. K.; Alli, I.; Yaylayan, V. A.; Konishi, Y.; Stefanow-
icz, P. Monitoring glycation of lysozyme by electrospray
ionization mass spectrometry. Agric. Food Chem200Q 48,
2766-2774.

(30) Ledl, F.; Schleicher, E. New aspects of the Maillard reaction in
foods and in the human bodpngew. Chem199Q 29, 565—
598.

(31) Yaylayan, V. A.; Huyghues-Despointes, A. Chemistry of Ama-
dori rearrangement products: analysis, synthesis, kinetics, reac-
tions, and spectroscopic properti€yit. Rev. Food Sci. Nutr.
1994 34, 321-369.

(32) Darewicz, M.; Dziuba, J.; Mioduszewska, H.; Minkiewicz, P.
Modulation of physico-chemical properties of bovifiecasein
by nonenzymatic glycation associated with enzymatic dephos-
phorylation.Acta Aliment.1999 28, 339-354.

(33) Minkiewicz, P.; Slangen, C. J.; Lagerwerf, F. M.; Haverkamp,
J.; Rollema, H. S.; Visser, S. Reversed-phase high-performance
liquid chromatographic separation of boviaeasein macropep-
tide and characterization of isolated fractiodsChromatogr. A
1996 743 123-135.

(34) Dickinson, E.; Galazka, V. Emulsion stabilization by ionic and
covalent complexes gf-lactoglobulin with polysaccharides.
Food Hydrocolloids1991 5, 281—296.

(35) Nagasawa, K.; Ohgata, K.; Takahashi, K.; Hattori, M. Role of
the polysaccharide content and net charge on the emulsifying
properties of3-lactoglobulin-carboxymethyldextran conjugates.
J. Agric. Food Chem1996 44, 2538-2543.

(36) Jolles, J.; Fiat, A.-M.; Schoentgen, F.; Alais, C.; Jsllé®. The
amino acid sequence of sheep-casein. Il. Sequence studies
concerning thea-caseinoglycopeptide and establishment of the
complete primary structure of the proteBiochim. Biophys. Acta
1974 365, 335-343.

Received for review January 30, 2002. Revised manuscript received
May 21, 2002. Accepted June 10, 2002. This work was supported by
the Comisitn Interministerial de Ciencia y Tecnologe (CICYT), Project
ALI98-0969-C02-01, and by the Comunidad de Madrid, Project
07G/0039/2000.

JF020118U



