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Abstract

Chromatographic analysis of serum protein in bulk milk (BM) samples using SE-FPLC
was applied to deduce on the average udder health status and on the manufacturing
properties in the dairy industry. The manufacturing properties were adversely affected
by an increase in proteinase activity due to effects of mastitis. The increased proteinase
activity in BM samples was correlated to an increase in free individual casein and
bovine serum albumin but to a decrease in a-lactalbumin and lactose.

1. Introduction

It is now widely accepted that bulk milk somatic cell count (BMSCC) can provide areliable
estimate of the prevalence of infection within herds and cows and that the main contribution
to an elevated BMSCC is madtitis, either sub-clinical or clinicd (Eberhard et al., 1982
Holdaway et al., 1986-c). This acceptance has also led to a cleaer understanding in the
relationship between mastitis, milk composition and dairy product quality.

Casein-derived products are most severely affeded by an elevated SCC and intense reseach
has addressed the effeds on cheese yield and quelity. Milk from mastitic udders exhibits
gredly increased proteolytic adivity (Grieve & Kitchen, 1985; Senyk et al., 1985 Seaman et
al., 1988 Uret et al., 1999. Involved changes on the surface hydrophobicity of native
casein miceles were irreversible and may be gplied to conclude on the udder health at atime
before effeds of the cellular immune defence ae detected (Lieske, 1999.

The new findings were to confirm by ongoing investigations in related effeds on the
composition of proteinsin whey or milk serum dueto (i) proteolysis of micellar casein, (ii) an
increasing cellular immune defence (Coffin et al., 1983 Rogers et al., 1989 Uret et al.
1999, and (iii) the "leakage" of serum constituents into milk and vice versa (Poutrel et al.
1983 Page et al., 1995 Lacy-Hulbert et al., 1996. It was redised by chromatographic
separations of the protein present in the serum of bulk milk samples exhibiting a moderately
increased proteinase adivity.

2. Material and methods

2.1. Origin and preparation of milk samples

Two kinds of bulk milk (BM) were investigated: first, (i) BM from a local farm collected
from 250 ladating cows. The mean BMSCC was estimated between 460000and 755000ml™
and values of colony forming urits (cfu) were between 14000and 22000mi™ during the time
of this gudy (5 weeks). Using this BM in cheese making (Mozzaella and a Tilsit cheese)
resulted in a poa quality and a reduced yield. The other (ii)) BM was colleded from a dairy
fadory silo. Data of BMSCC and cfu were unknown due to the use of preservatives before
sending off. Using this BM to produce functional milk protein concentrates resulted in
product qualities which were difficult to predict or to gve areliable guarantee In both milks,
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laboratory.

2.2.  Sample preparation

Proteolysis was taken into acount for preparing the samples. These were skimmed at 3000g,
15 °C for 20 min. The skimmed milk was gabilised by addition of 0.02% (w/v) NaN3 and by
aprotinin (3 mg 1) purchased from Sigma (Deisenhofen, Germany) for preventing bacterial
growth and proteolysis by serin proteinases, respedively. In this way stabilised milk samples
were cantrifuged at 45000g, 20°C for 1 h to separate the milk serum from casein.

2.3 Chromatographic analysis

The euipment used for chromatographic separation was the FPLC system of Pharmacia
(Freiburg, Germany) which was conneded to a variable UV-detedor Uvicord VW 2251and a
Shimadzu C-R 6AJ integrator. Milk serum was sparated by size exclusion (SE) in a Superose
12 column HR 10/30 (Pharmacia LKB) whereas the caein present in milk serum was
colleded from SE-eluate and separated by hydrophobic interadion (HIC) in a Phenyl-
Superose HR 5/5 column (Pharmacia LKB). Conditions used for chromatographic separations
were indicaed with the profiles shown in Figs. 1, 2.

2.3. Chemical analysis
For quantifying the ladose in skimmed milk the cuprous oxide method (IDF 1967) was used.

3. Reaultsand Discusson

A typicd chromatographic SE profile of BM serum is shown in Fig. 1. The serum protein is
separated in 6 individual protein fradions which were identified as immunoglobulin (1g) M
and G (fradion 1 and 2), bovine serum albumin (BSA, fradion 3), 3-ladoglobulin (3-Lg,
fraction 5) and a-ladalbumin (a-La, fradion 6).
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Fig. 1. Separation of serum proteins from BM samples by SE-FPLC on a Superose 12 HR 10/30 column at
20 °C and with a phosphate buffer (0.05M NaH,PO, / 0.15 M NaCl) pH 7.0. All sera were desalted on an Econo
Pak 10 DG column prior to the applicaion of 25 pl serum to the wlumn. The flow rate was 0.7 ml min;
detedion 280 nm.
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most of the protein in this fradion was precipitated what is indicaing to soluble caein (Cn).
To confirm this fradion 4 was collected from the duate of the Superose 12 column. The
protein in this fradion was isolated and analysed by a further separation in a HIC column as
shown in Fig. 2. In the profile three protein fradions are seen belonging to k-Cn, as-Cn and
as-Cn. From the dromatographic separations obtained by SE-chromatography it was
calculated that both BM samples released 1331 + 0.32% soluble Cn in the milk serum on
centrifugation at 45000 g, 20°C for 1h. When the same nditions were gplied to
recnstituted milk samples from "low hea" milk powder (Nilac, NIZO, The Netherlands)
then the soluble Cn in whey amounted to 3.65 + 0.1%. With raw milk from healthy udders the
free Cn may by estimated below this value.
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Fig2z HI-FPLC separation of individua caseins in milk serum, isolated by isoelectric predpitation; the
predpitate was washed twice at pH 4.6 and disolved in 0.48 M sodium phosphate, 25 M urea, 0.1 %
dithiothreitol, pH 6.3; a50ul sample was applied to the @lumn and duted at a flow rate of 0.3 ml min™ using a
0.48 - 0.037 M sodium phaosphate gradient together with apH 6.3 - 6.5 gadient in 2.5 M urea @ 20 °C

The increase in soluble Cn in the serum of BM samples is a result of an enhanced proteolytic
adivity affeaing the olloidal stability of casein micdles and thus the processing properties
of the milk. The analysed Cn is an intermediate product of proteolysis and was degraded
further to peptides of different sizes as on as proteinase inhibitors were omitted. The
proteolysis lead to a differentiated deaease in the relative proportion of soluble Cn in raw
milk serum as shown in Fig. 2. In the diromatographic profile of BM samples no 3-Cn was
analysed due to an ealy digestion by plasmin proteinases that occurred prior to the aldition
of stabilising agents. The high proportion of soluble k-Cn may be explained by the known
resistanceto proteolytic degradation caused by plasmin.

In Tab. 1 the results of chromatographic analysis of whey protein are summarised comparing
the quantitative proportions between the individual whey proteins in dependency on the origin
of the milk samples. The alculation is based on the known coefficients of extinction at 280
nm acording to Eigel et al. (1984. The quantity of Ig's was similar in all substrates
compared in Tab. 1. It is sen that no relationship exists between BM samples with elevated
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more reliable indicator of the cellular immune defence than the concentration of Ig's.

The oncentration of BSA in BM samples increased by double the amount of that in milk
from healthy udders. This increase in protein of blood serum origin is possibly due to a
disruption of the integrity of the mammary epithelia allowing le&kage’ of serum constituents
into milk and milk constituents into the blood (Pagoe et al., 1995. As sen in Tab. 1, the
concentration of -Lg in both BM samples remained constant. This protein is known to be
relatively resistant to proteolytic a@tadk due to sructural properties in the native status
(Konrad & Lieske, 1997).

The other whey protein synthesised de novo in the mammory gland is a-La It showed a
deaease by about 33% in both BM samples that was corresponded to a deaease in the lactose
content by about 2.6 g kg™ (Tab. 1).

Chromatographic Bulk milk samples Remnstituted Datafrom

fraction of (1) (i) low-hea powder® Walstra & Jenness
IgM plus 1gG 123+0.25 138+ 0.30 12.8+0.20 13.7

BSA 16.0+0.20 153+0.22 8.1+0.30 7.2

BLg 574+0.41 564+042 60.7 + 0.47° 57.7

a-La 143+0.20 145+ 0.20 18.3+0.10° 216
Ladose (g kg™ 43.3 435 47.0 46.0

a"Nilac" skimmilk powder (NI1ZO)
b partially complexed protein due to thermal effeds

Tab. 1. Quantitative proportion of individual whey protein componentsin the serum of bulk milk samples and
renstituted milk compared with data of Walstra & Jenness(1984) (expressed as percentage)

The biological adivity of a-La is the interadion with galadosyl transferase to promote the
transfer of galadose from UDP galadose to glucose to form ladose (Walstra & Jenness
1984). This interrelation may explain the stated deficiency in the mncentration of ladose and
it has been suggested that lactose may by used as an indicaor of magtitis (Renner, 19795.
However, the deaease of a-La is probably caused by the legage of this protein out of the
milk into the extracellular fluid. Support for this theory is afforded by the detedion of
elevated concentrations of a-La in the blood of cows with elevated SCC (Mc Fadden etal.,
1988.

4. Conclusion

Subclinical mastitis is known to have a multitude of effeds on the quantity, quality and
processing properties of the raw milk. In the dary pradice the detrimental effeds of
processing such milk are lesswell known due to the relationship between BMSCC and the
adual mastitis situation in a herd was found to be rather poor (Minjen et al., 1982. Both BM
samples dudied were affeded by an incressed proteinase adivity contributed by milk
colleaed from infected udders. It requires a greder atention to the control of mastitis in the
dairiesto prevent that such milk for further refinement is processed for further refinement.
The dromatographic gpproach proposed is a powerful method to obtain this information by
one fast separation in a SE-column. The quantitative analysis of the individual proteins
fractionated from milk serum allows a differentiated insight in, first, the wlloidal status of
casein micdles indicated by the ancentration of individual freeCn and, seoond, in the status
of udder health indicated by the cncentrations of BSA and a-Lain milk serum.
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