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Abstract

In this Research Communication we present a study of the effect of Ca-binding salts on the
recovery of milk fat globule membrane (MFGM) from buttermilk. Sodium phosphate buffer
was used for the purpose of MFGM recovery from buttermilk for the first time and we showed
that 0.1 M buffer at pH 7.2 was the most effective for the recovery of MFGM. The fact of high
efficacy of sodium phosphate buffer in recovery of MFGM from buttermilk allowed us to sug-
gest that MFGM in buttermilk is present in association with casein through Ca- bridges
formed between phospholipids of MFGM and phosphate groups of casein, primarily with
k-casein as the peripheral protein of casein micelles.

Buttermilk, which is a relatively inexpensive and widely available by-product of butter produc-
tion, is a rich source of milk fat globule membrane (MFGM), a milk component which can be
considered as a valuable nutraceutical (Spitsberg, 2005). In recent years new findings about
health benefits of MFGM have been published (Snow et al., 2010; Fuller et al., 2013;
Billeaud et al., 2014; Hernell et al. 2016). Given a sustained interest in MFGM as a nutraceut-
ical, the isolation of large amounts of this milk component is important. For obtaining viable
amounts of MFGM from buttermilk Corredig et al., 2003 proposed microfiltration of butter-
milk in the presence of sodium citrate which causes dissociation of casein micelles and thereby
provides better conditions for the isolation of MFGM fraction. Below we present the recovery
of MFGM from buttermilk by using sodium phosphate buffer in comparison with sodium cit-
rate and other Ca-binding compounds.

Materials and Methods

Fresh industrial buttermilk was provided by the butter producing facilities of Yosef Tal Factory
(Afula, Israel). All chemicals were analytical grade, obtained from Aldridge-Sigma (Israel) and
Merck (Germany).

SDS-PAGE

The 12% SDS-PAGE and Western blotting were done as described by Spitsberg et al. (1995).
The quantification of protein was determined with Bradford Reagent (Bio Rad, USA) according
to the protocol provided by the vendor.

Differential centrifugation

Differential centrifugation was performed using a Stratos (Germany) centrifuge at low tem-
perature 2–4 °C. In the preliminary experiments we demonstrated that the MFGM from bovine
milk was completely recovered in the sedimented pellet at 32 000 × g for 60 min using the
angle rotor with 15 ml tubes.

Isolation of MFGM fraction from buttermilk

The pH of 0.5 l of buttermilk was adjusted to 4.6 with diluted HCl. The mixture was left for
30 min at room temperature and then was cooled to 2–4 °C and centrifuged at 10 000 × g at
2–4 °C for 15 min to collect the co-precipitated casein and MFGM. The 10 000 ×
g-supernatant (first supernatant) was subjected to centrifugation at 32 000 × g for 1 h to collect
MFGM not precipitated with casein and still present in the solution. The co-precipitated
casein and MFGM was mixed with one of a number of different Ca-binding salts (listed in
Table 1) in ratio 1 to 10 volume to volume. After that the mixture was centrifuged at
2000 × g at 2–4 °C for 15 min and the 2000 × g-supernatant was centrifuged at 32 000 × g at
2–4 °C for 1 h to get the pellet of MFGM. The pellet of MFGM was collected and suspended
in 5 ml of water and after that the protein concentration was measured with Bradford reagent
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and the final result was normalized to 100 ml of buttermilk. This
suspension which, as we suggested, represents the recovered
MFGM was analyzed by 12% SDS-PAGE.

Results

SDS-PAGE and immuno-blotting of the isolated MFGM

Judgment on the presence of MFGM in a sample of buttermilk
was based on the specific position of certain proteins in gel
after running 12% SDS-PAGE (Fig. 1). These proteins are xan-
thine oxidase (XO), glycoprotein CD36, butyrophilin (BTN),
and fatty-acid-binding protein (FABP) (Spitsberg et al., 1995;
Mather, 2000; Spitsberg, 2005). Analysis of the MFGM fraction
clearly showed the presence of XO, CD36, BTN, and FABP
(Fig. 1, right-hand side). In addition, the immune-blot (Fig. 1,
left-hand side) revealed the presence of FABP in the MFGM iso-
lated from buttermilk. There was no essential difference in protein
composition between MFGM obtained with the different
Ca-binding salts which we used.

Recovery of MFGM

The pellet of MFGM from the first supernatant contained only
1.9 mg of protein per 100 ml of buttermilk, suggesting that
most MFGM was co-precipitated with casein. Treatment of the
precipitate of casein-MFGM with the different Ca-binding salts
(Table 1) showed that sodium phosphate buffer 0.1 M at pH 7.2
was the most effective in the release of MFGM from the precipi-
tate providing 78.9 mg MFGM/100 ml of buttermilk.
Polyphosphate Calgon 0.1 M produced 72 mg MFGM/100 ml of
buttermilk at pH 7.1. Treatment of the precipitate with sodium
citrate 0.1 M at pH 7.1 produced only 24.6 mg MFGM/100 ml
and with sodium oxalate 0.1 M at pH 7.1 even less, 10.56 mg/
100 ml of buttermilk. Sodium phosphate 0.1 M at pH 4.6 yielded
1.53 mg MFGM/100 ml of buttermilk. Sodium chloride and
sodium sulfate were not effective in the recovery of MFGM
from the precipitate.

Discussion

Recovery of MFGM from the mixture of precipitated casein and
precipitated MFGM using Ca-binding salts demonstrated that
the most effective in recovery was sodium phosphate buffer at
pH 7.2 with the yield of 78.9 mg MFGM per 100 ml of buttermilk,
followed by polyphosphate, Calgon, with the yield at pH 7.1 of
72.49 mg MFGM per 100 ml of buttermilk. The pH 7.1–7.2 was
optimal for the recovery of MFGM, and its shift to alkaline or
acidic side led to reduction of the recovery of MFGM. Here it is
worthwhile to mention that Holzmuller and Kulozik (2016)
using a new analytical method, SDS-PAGE non-stain method,
found that buttermilk contains, by protein, 90 mg MFGM per
100 ml of buttermilk, and our best results are quite close to this
value.

Our findings may suggest that in buttermilk casein and
MFGM form a complex via Ca – bridges between phosphorylated
casein and phosphate of phospholipids of MFGM. Casein is pre-
sent in milk and buttermilk as micelles (Dalgleish, 1998). These
micelles are colloidal particles formed by casein aggregates
wrapped up in soluble κ-casein molecules. Calcium, naturally pre-
sent in casein micelle (Holt et al., 1986), can form a complex
between MFGM and casein micelle through its binding to
phospho-casein and phospholipids of MFGM. In the presence
of sodium phosphate buffer the assembly of MFGM – casein
micelle can dissociate into its components, especially at pH 7.2–
7.4. At this pH the ion (HPO4)

2− is predominant in the solution
and it can play a main competitive role in withdrawing Ca from
the assembly of MFGM and Ca-casein: interaction of (HPO4)

2−

with Ca leads to the formation of a hardly soluble compound

Fig. 1. 12% SDS – PAGE of MFGM recovered from buttermilk. On the right: gel elec-
trophoresis, left lane is protein standard, right lane is MFGM isolated from buttermilk
with sodium phosphate buffer at pH 7.2. On the left: immuno-blot of the part of the
gel presented on the right side; rabbit polyclonal antibody to FABP was used as
described by Spitsberg et al. (1995). XO, xanthine oxidase; CD36, glycoprotein
CD36; BT, butyrophilin; FABP, fatty-acid-binding protein.

Table 1. Effect of Ca-binding salts on recovery of MFGM from buttermilk

Treatment MFGM/100 ml BM (mg)

1 First supernatant 1.9

2 Na-citrate 0.1 M, pH 7.1 23.4

3 Na-oxalate 0.1 M, pH 7.1 10.67

4 Calgon (sodium hexametaphosphate)
0.1 M, pH 7.1 b

72.49

5 Na-phosphate 0.1 M, pH 7.2 78.9

6 Na-phosphate 0.1 M, pH 4.6 1.53

7 Na-phosphate 0.1 M, pH 5 1.64

8 Na-phosphate 0.1 M, pH 6 2.2

9 Na-phosphate 0.1 M, pH 7.4 32.44

10 Na-phosphate 0.1 M, pH 7.8 25.26

11 NaCl 0.1 M, pH 7.2 nd

12 Na2SO4 0.1 M, pH 7.2 nd

BM, buttermilk; nd, not detected.
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CaHPO4. Reduction of recovery of MFGM at pH 8 can probably
be explained by non-favorable interaction of (HPO4)

2− with the
highly negatively charged complex casein – MFGM. At pH values
below 7 the major phosphate ion in phosphate buffer is
(H2PO4)

−. This ion is not a strongly competitive binder of Ca
because Ca (H2PO4)

2 is a compound that is quite soluble in water.
We think that Ca-bridges may play a significant role in the

interaction between casein and milk fat globules (MFG) in the
process of natural lactation that favors the exocytosis of milk fat
globule.
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