N

N

Influence of mineral environment on the buffering
capacity of casein micelles

Francoise Salaun, Bernard Mietton, Frédéric Gaucheron

» To cite this version:

Frangoise Salaun, Bernard Mietton, Frédéric Gaucheron. Influence of mineral environment on the
buffering capacity of casein micelles. Milchwissenschaft Milk Science International, 2007, 62 (1),
pp-20-23. hal-01454013

HAL Id: hal-01454013
https://hal.science/hal-01454013
Submitted on 31 May 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01454013
https://hal.archives-ouvertes.fr

20

Sataiin, Buffering capacity of casein micelles

Influence of mineral environment on the buffering capacity of

casein micelles

By F. SALAUN', B. MIETTON?, and F. GAUCHERON"

1UMR 1253 Science et Technologie du Lait et de 'ceuf, inra-Agrocampus rennes, 65 rue de Saint Brieuc,
35042 Rennes Cedex, France. e-mail: frederic.gaucheron@rennes.inra.f
2Service expérimentation, ENILBIO, rue de Versailles, 30801 Poligny Cedex, France

The buffering capacity of casein micelle suspensions is a physico-chemical characteristic depending on the mineral
and protein composition, on the interactions between these compounds and on the physicochemical environment. In
this study, buffering capacity was maximum at pH about 5.2 and was mainly due to the acid-base properties of inor-
ganic phosphate solubilised during acidification and organic phosphate from phosphoserine residues of caseins. Ad-

dition of calcium chloride to suspensions of casein mice
addition of sodium phosphate or sodium citrate increase

Hes in water slightly increased buffering capacity, whereas
d buffering capacity both qualitatively and quantitatively.

These changes were due to intrinsic acid-base properties of the added compounds (citrate and phosphate) and to the

physicochemical modifications of micellar caseins induced.

Einfluss der Mineralstoffumgebung auf die Pufferkapazitat von Caseinmicellen

Die Pufferkapazitét von Caseinmicell-Suspensionen ist gine physikochemische Eigenschaft, die von der Mineral-
und Proteinzusammensetzung, den Interaktionen zwischen diesen Bestandteilen und der physikochemischen Umge-
bung abhéngig ist. In dieser Studie war die Pufferkapazitdt maximal bei einem pH-Wert von ca. 5,2 und beruhte im
wesentlichen auf den Saure-Basen-Eigenschaften des anorganischen Phosphats, das wahrend der Sauerung gelost
wurde, und dem organischen Phosphat aus Phosphoserinresten der Caseine. Der Zusatz von Calciumchiorid zu Ca-
seinmicell-Lésungen in Wasser erhohte leicht die Pufferkapazitat, obwohl der Zusatz von Natriumphosphat cder Nat-
riumcitrat die Pufferkapazitat sowohl qualitativ als auch quantitativ erhdhte. Diese Veranderungen beruhten auf den
intrinsischen Saure-Basen-Eigenschaften der zugesetzten Bestandteile (Citrat und Phosphat) und auf den induzierten

physikochemischen Veranderunge der micellaren Caseine.

25 Casein micelles (buffering capacity, minerals)

25 Caseinmicelien (Pufferkapazitat, Mineralstoffe)

1. Introduction

Acidification is a fundamental technological step for
the manufacture of acid caseins, yoghurts, fermented
milks and cheeses. Many physico-chemical modifica-
tions of casein micelles have been described during
milk acidification e.g. protonation of acid groups induc-
ing demineralisation of casein micelles (1-3) and de-
creases in solubility, hydration and zeta potential of
caseins (4, 5).

These modifications are influenced by the buffering
capacity which expresses the ability of a solution 1o
resist variation in pH induced by dilution or by addition
of acid or base. For example, it can be evaluated as
the molar quantity of acid or base required to change
pH by one defined unit. Several authors have defined
the elements contributing to the buffering capacity of
milk as being soluble phosphate, colloidal calcium
phosphate, citrate, bicarbonate, caseins and whey
proteins. Compilation of the results published in the
literature indicates that the contribution of milk con-
stituents is 35, 5, 40 and 20 % for caseins, whey pro-
teins, soluble minerals and colloidal calcium phos-
phate, respectively (6-13).

The aim of this study was to evaluate more pre-
cisely the contributions of the different milk compo-
nents to buffering capacity by comparing the buffering
capacities of sodium caseinate and casein micelles
suspended in water and milk. We then studied the
buffering capacity of casein micelles in different min-
eral environments containing controlled amounts of
sodium, calcium, phosphate and citrate. These results

Milchwissenschaft 62 (1) 2007

are discussed in relation to the physico-chemical
properties of casein micelles and mineral solubilisation
induced by acidification.

2. Materials and methods

51 Casein micelle, sodium caseinate, milk and
mineral solutions

Phosphocaseinate powder was prepared according
to ScHuck et al. (14). By dispersing this powder in
aqueous .solution, the casein micelle suspensions
have the same behaviour in terms of acidification as
milk casein micelles (15).

Sodium caseinate was prepared from casein mi-
celle suspension by three successive acidifications (to
pH 4.6 with 2 M HCI) - alkalinisations {to pH 8.0 with
1 M NaOH); the product was then Iyophilised.

Different stock mineral solutions were prepared
from analytical grade salts (NaCl (500 mM), CaCl,
(60 mM), trisodium phosphate {250 mM; pH 10.8) and
trisodium citrate (90 mM; pH 11.2)).

2.2 Preparation of suspensions containing micellar
casein and minerals

Simple mixtures were prepared by adding defined
amounts of the stock mineral solutions to casein mi-
' 3-goncentration of casein

dium caseinate was
ad a casein concentra-
f bacterial and fungal
1 {CaHaHYO,SNa, Sigma,
fo the different suspen-
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sions stored for 15 h at 4°C before buffering capacity
measurements.

2.3 Buffering capacity measurement

Acid titrations were performed on 30 g samples at
25°C from initial pH to 2.5 using 0.5 M HCI added in
0.2 mL increments at 60 s intervals. The evolution of
pH was followed on a pH-meter 686 Tiiroprocessor
(Metrohm, Roucaire, Switzerland) for milk and simple
mixtures. Buffer indices (dB/dpH) were calcutated for
each addition of acid according to the formula of VAN
SLYKE (16} and indices were plotted against pH val-
ues. The resulting buffering curves indicated i} the
buffering capacity at a pH value or in a defined pH
range, i) the pH for maximum buffering (determined
with a precision of 0.1 pH unit) and iii) the intensity of
buffering capacity determined from areas under the
buffering curve calculated by integration of peaks in a
defined pH range.

3. Resulis and discussion

3.1 Buffering capacity of sodium caseinate, casein
micefles and milk

The buffering capacities of sodium caseinate, ca-
sein micelle suspensions and raw skimmed milk were
compared in the same experimental conditions (Fig.
1). During acidification of these three suspensions,
two buffering peaks were obsetved in a pH range 4.8-
5.2 and at about pH 3.5.

For sodium caseinate, the buffering peak at pH 5.2
corresponded mainly to acid-base properties of or-
ganic phosphate from phosphoserine residues and to
a lesser extent to histidine residues which have pK
values at about 6.6. i should be noted that the pH
value of 5.2 is lower than pKa values of phosphoseri-
nes in the phosphopeptide (1-25) of B-casein or in -
casein. WALSTRA & JENNESS (10) and BAUMY et al.
{16) reported pKa of the second ionisation of organic
phosphate at about pH 6.8. In other studies, buffering
capacities of sodium caseinate and calcium caseinate
have been reported to be maximum at pH 5.6 {17, 18).
The differences ohserved may be related to different
materials and methods used for their determination.

Interpretation of the buffering capacity curves were
more complex for casein micelle suspension and milk
than for sodium caseinate because it was necessary
to take into account the contributions of constituents
present in the agueous and colloidal phases. These
differences in composition induced quantitative and
qualitative differences in the buffering capacity. The
maximum buffering capacity for these suspensions
was observed at pH 5.0-5.2. Similar results were ob-
tained by Lucey et al. (12, 19) and corresponds to the
total solubilisation of colloidal phosphate induced by
acidification (2, 20, 21). As a consequence, the “free”
inorganic and organic phosphates can be associated
with H”, resulting in a buffering capacity at pH 5.0-5.2.
By integrating buffering curves, it was determined that
the buffering capacity of milk was higher than that of
micellar casein suspension, The buffering capacity of
micellar caseins suspended in water was mainly due
to the presence of organic and inorganic phosphate.
The buffering capacity of milk was higher because
there were the supplementary contributions of soluble
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minerals (inorganic phosphate and cifrate). On the
other hand, when the maximum pH value of the buff-
ering capacities of sodium caseinate, micellar caseins
and milk were compared, they were slightly different
(5.2, 5.2 and 4.8 for sodium caseinate, casein micslle
in water and milk, respectively) (Fig. 1). Milk coniains
more minerals than sodium caseinate or micellar ca-
sein suspensions and it is therefore necessary to acid-
ify at lower pH values to solubilise all colloidal minerals
(22) and to observe a buffering peak. On the other
hand, this shift may be due to differences in the ionic
strength of the different suspensions. indeed, it is ac-
cepted that an increase in ionic strength leads to a
decrease in the apparent pK of an acid-base group.
This is clearly described by Baumy ef af. (18) who
showed that the increase in ionic strength shifts the
pKa value of the second ionisation of phosphate from
phosphoserine residues contained in B-casein and its
(1-25) phosphopeptide towards lower pH values.

areas under buffering curves from
pHES 025

0.04 §

0.00 T ‘ . T : : . :
25 30 35 40 45 50 55 60 65 70 75
pH
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Fig. 1: Buffering capacity of ® sodium caseinate {27 g ca-
sein/kg), x casein micelles suspension (27 g ca-
sein/kg) and € raw skimmed milk (27.6g ca-
sein/kg).

aea under buffering aurves
frompH65t025
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Fig. 2: Effect of the addition of NaCl (x, 100; 4, 200 and
{1, 400 mM sodium) on the buffering capacity of
casein micelles suspension (@ ).

Another buffering peak was observed at pH 3.5 es-
pecially for sodium caseinate. Although this peak was
not specifically visuaiised for milk and casein micelle
suspensions, the buffering capacity at this pH was
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high. Buffering capacity at this pH value can be attrib-
uted to the acid-base properties of carboxyl groups of
the C-teminal amino acid (pKa is 3.7 in milk) and
acidic amino acids (pKa of aspartic and glutamic acids
are 4.1 and 4.6 in milk, respectively) (10, 13). More-
over, the presence of citrate (pKa in milk 3.0-4.1-4.8)
and whey proteins in milk also contribute to a buffering
capacity around pH 3.0-3.5.

3.2 Influence of different salts on the buffering ca-
pacity of micellar caseins

Addition of NaCl up to a concentration of 400 mM
induced changes in the buffering capacity of the ca-
sein micelle suspension. A shift in the maximum buff-
ering capacity from pH 5.2 (without NaCl addition) to
5.5 in the presence of 400 mM NaCl was observed.
On the other hand, there was a decrease in the buffer-
ing capacity at about pH 3.0 (Fig. 2). The solubilisation
of micellar phosphate induced by high NaCl concen-
trations (2, 3, 22-24) could be responsible for a shift in
the expression of the buffering capacity at pH higher
than 5.2. Similarly, some exchanges between calcium
(initially in interaction with carboxyl residues) and so-
dium could explain the decrease cbserved at acidic
pH. The release of calcium induced by addition of
NaCl allowed expressian of buffering capacity of car-
boxyl groups at higher pH values.

aneas under buffering curves from
pHES 25,

0.048 .
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Fig. 3: Effect of the addition of CaCl, (x, 5; 4, 10 and [,
15 mM calcium) on the buffering capacity of casein
micelles suspension (®).

Addition of CaCl, to the casein micelle suspension
induced a slight increase in the intensity of the buffer-
ing capacity (Fig. 3). Although casein micelles were
suspended in water, the aqueous phase probably con-
tains small quantiies of inorganic phosphate (19)
which can be associated with added calcium to form
insoluble calcium phosphate (1, 24-26). There is then
a higher quantity of colloidal calcium phosphate to
solubilise by acidification. When these salts are solubi-
lised, especially inorganic phosphate, the buffering
capacity is increased. Several authors who studied the
behaviour of calcium-supplemented milk during acidi-
fication have offered this interpretation. PHILIPPE ef al.
(27), therefore, considered that more acid is required
in calcium-supplemented milk to achieve the same
micellar mineralisation as in non calcium-enriched
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milk. GUILLAUME ef al. (28) showed that the buffering
capacity of milk increases in the pH range 4.5-5.5 after
addition from 0 to 17.5 mmol CaCl; /kg milk

reas under buffering curve from
pHES 10 2.5

0.15
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Fig. 4: Effect of the addition of sodium phosphate (x, 12.5;
¥, 25 and L1, 50 mM) on the buffering capacity of
casein micelles suspension (®).
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Fig. 5: Effect of the addition of sodium cifrate (x, 9; ¢, 13
and [1, 25 mM) on the buffering capacity of casein
micelles suspension (@).

Addition of sodium phosphate or sedium citrate in-
duces qualitative and quantitative changes in the bufi-
ering capacity of micellar caseins during acidification.
Addition of 12.5 and 25 mM phosphate to casein mi-
celle suspension increased the intensity of the buffer-
ing capacity in the pH range 7.2-5.2 and 7.7-5.2, re-
spectively (Fig. 4). Below pH 52, the buffering
capacity was unchanged. Addition of 50 mM phos-
phate produced a more significant increase in buffer-
ing capacity in the pH range 8.2 to 5.5 (with a maxi-
mum at pH 6.7) and at pH 4.8. The changss in
buffering capacity were mainly due to acid-base prop-
erties of the added phosphate. For the lowest concen-
trations (12.5 and 25 mM), this ion slightly interacts
with the casein micelles (24) and the acid-base prop-
erties expressed at a pH value corresponding to the
pKa value (6.8 or 7.2 according to the physico-
chemical conditions of determination (10, 13)). When
phosphate is at 50 mM, it probably forms new calcium
phosphate saits during acid titration and it is neces-
sary to acidify more intensely to solubilise inorganic
phosphate. A new buffering peak was therefore ob-
served at pH 4.8 when phosphate was totally sotubi-
lised.
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When citrate was added to miceliar casein, the in-
tensity of the buffering capacity increased below pH
5.2, with a maximum at around pH 4.2 (Fig. 5). Citrate
is an anion containing three carboxyl groups which
have acid-base properties in a wide pH range. The
three pKa values are 3.0, 4.1 and 4.8 in milk (10}. As
these values are relatively close, buffering peaks were
subsequentty observed in a pH range between 5.2 to
2.5. On the other hand, the buffering capacity also in-
creased between pH 7.5 and 5.2. This increase was
due the chelation properties of citrate towards micellar
calcium. As a consequence of this chelation, citrate
shifts calcium ions from the micellar phase to the
agueous phase (1). At the same time, as calcium and
phosphate are associated in the micellar phase, solu-
bilisation of phosphate ions may occur {20) and con-
sequently the buffering capacity is increased in a pH
range corresponding to its pKa value (around pH 6.8-
7.2), as previously described when sodium phosphate
was added (Fig. 4). These increases in buffering ca-
pacity in the presence of phosphate and citrate are
very important for the daify industry. For example, in
cheese manufacture the addition of a mixture contain-
ing citric acid and disodium phosphate to milk in-
creases the buffering capacity and improves the tex-
ture and flavour development during cheese ripening
(29). On the other hand, addition of phosphate is a
common practice because it improves the stability of
milk during heat treatment (30}. Addition of this sait is
thus used for goat's milk, particularly unstable mik
during heat treatment. The buffering capacity of phos-
phate limits the decrease in pH due to heat-induced
reactions such as lactose degradation and calcium
phosphate insolubilisation.

4. Conclusion

The buffering capacity of casein micelles depends
on several compositional factors. Among these fac-
tors, inorganic phosphate, citrate and association of
caseins contribute to the buffering characteristic and
variations in the composition affect the buffering ca-
pacity. Interpretation of these changes must always be
taken into account of mineral modifications.
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