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Abstract — The influence of high pressure (HP) on the stability and activity of the milk alkaline pro-
teinase plasmin was examined. Assays of enzyme activity following HP treatment of plasmin in
phosphate buffer (pH 6.7) indicated that the enzyme was extremely pressure stable, retaining almost
all activity even after treatment at 600 MPa for 20 min at 20 °C. Plasmin was also extremely stable
when HP treated in buffer containing 25-mb~1sodium caseinate, and in cheese. However, HP treat-
ment in buffer containing 5 mmL-1 B-lactoglobulin resulted in enzyme inactivation at pressures

> 400 MPa, indicating that the presencddactoglobulin greatly destabilises the enzyme under

high pressure, which is analogous to the effect of this protein on the heat stability of plasmin. In
separate experiments, hydrolysisefasein by plasmin at 20 °C for 30 min at various pressures
(300-800 MPa) was studied. Parallel control incubations were performed at atmospheric pressure.
Urea-PAGE analysis of digests showed that primary proteolyfiscakein was decreased at

P> 400 MPa. As judged from RP-HPLC analysis, production of 2%-TCA soluble peptides by plas-
min appeared unaffected Rt< 700 MPa, above which pressure the rates of peptide production
decreased. Overall, plasmin is relatively pressure stable in most systems and can hydrolyse its pre-
ferred substratg3¢casein) at pressures up to 700 MPa, but is sensitive to destabilisation by denatured
-lactoglobulin.

plasmin / high pressure / specificity / stability

Résumé— Stabilité de la plasmine sous l'influence de hautes pressiohdnfluence des hautes
pressions sur la stabilité et I'activité de la plasmine bovine a été examinée. Les déterminations de I'acti-
vité enzymatique suivant le traitement a hautes pressions de la plasmine dans une solution tampon
phosphate (pH 6,7) a indiqué que I'enzyme était trés résistante a la pression, conservant presque
toute son activité, méme apres un traitement a 600 MPa pendant 20 min & 20 °C. Lorsque la plasmine
a été traitée dans une solution tampon contenant 2Blmbde caséinate de sodium ou dans le fro-

mage, elle s’est aussi avérée trés stable. Cependant, le traitement a hautes pressions dans une
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solution tampon contenant 5 my_~1 de B-lactoglobuline, a entrainé l'inactivation de I'enzyme

pour des pressions > 400 MPa, indiquant que la préserfizadmglobuline déstabilise fortement
I'enzyme sous hautes pressions, ce qui est analogue a I'effet de cette protéine sur la stabilité thermique
de la plasmine. Par ailleurs, I'hydrolyse d@deaséine par la plasmine a été réalisée a 20 °C pendant

30 min a différentes pressions (300-800 MPa). En paralléle, le controle témoin a été réalisé a pres-
sion atmosphérique. L'analyse des hydrolysats avec PAGE a montrée que la protéolyse primaire a dimi-
nuée lorsque la pression > 400 MPa. L'analyse avec RP-HPLC a montré que la production par la plas-
mine des peptides solubles dans 2 % TCA n’'a pas été affectée a pression < 700 MPa, mais au-dessus
de cette pression, les taux de production des peptides ont diminué. Ainsi, la plasmine est relativement
stable a la pression dans de nombreux systémes, elle est aussi capable d’hydrolyser son substrat
préféré B-caséine) a des pressions jusqu’'a 700 MPa, mais est déstabilisé@-fmutdmlobuline
dénaturée.

plasmine / haute pression / spécificité / stabilité

1. INTRODUCTION ultra-high temperature (UHT) milk [15].
Casein in milk increases the thermal stabil-
The principal proteinase in bovine milk ity of plasmin [1]. The mechanisms and
is the alkaline serine proteinase p|asmirkinetiCS of thermal inactivation of plasmin
(E.C. 3.4.21.7) [5]. Most of the potential have been extensively studied [1, 16, 22].

plasmin activity in milk is in the form of e sensitivity of plasmin to high pres-
the inactive precursor plasminogen, which i e (Hp), however, is far less well defined.

converted to active plqsmln by a_heterogeSOme preliminary reports suggest that
neous group of plasminogen activators [2ingigenous plasmin activity in milk can sur-
13]. vive pressure treatments at 400 Mpa [10,

Plasmin activity influences the quality 18]. HP treatment of milk is known to affect
of many dairy products [5, 13]. Plasmin is armany properties of milk, for example,
alkaline serine proteinase with a pH opti-improving gelation properties during ren-
mum of 7.5, which readily hydrolyses net or acid-induced coagulation in manu-
B-casein andi -casein and, more slowly, facture of yoghu_rt _and cheese _[3]. However,
ag;-casein [8]. Plasmin-mediated hydrolysisas plasmin activity has a wide range of
of casein influences milk coagulation prop-effects on the functional properties of dairy
erties and cheese yield [19] and is imporproducts, including the acid and rennet coag-
tant in cheese ripening, where it appears talation properties of milk [11, 19], it is
be mainly involved in primary proteolysis of important to understand the stability of plas-
caseins (particularly-casein), through minin HP-treated systems.

which action it may enhance the flavour of The objective of the present study was

cheese [4]. to perform a fundamental study of the
Plasmin is relatively heat stable in simplebarostability of plasmin activity. Two sets of
buffer systems, but is greatly destabiliseegxperiments were performed. Firstly, the
when heated in the presencef®fac- activity of plasmin against a fluorescent sub-
toglobulin, due to thiol-disulphide inter- strate after pressurisation in buffers con-
change reactions between the disulphid&ining various milk constituents, such as
bonds within the enzyme structure and theaseins and whey proteins, was determined.
exposed thiol group of denatur@dac- Secondly, the activity of plasmin against its
toglobulin [12, 16]. This leads to greatly preferred substrat@-casein, while under
reduced plasmin activity in, for example,high pressure, was also examined.
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2. MATERIALS AND METHODS chamber dimensions of 37 nwB00 mm,
and an immersion fluid of 15% castor oil in
2.1. Enzymes and substrates ethanol. The maximum temperature increase

during pressurisation was 20 °C at 800 MPa,

For the study of enzyme activity remain-and pressurisation times quoted refer to

ing after high pressure (HP) treatmentholding times at constant target pressure,

bovine plasmin was prepared by activatiorexcluding pressurisation and depressurisa-
of bovine plasminogen with urokinase. Ation times.

0.1 mL aliquot of plasminogen (from bovine £ enzyme inactivation studies bovine
plasma, Slgma-AIdnc_q Chemie Gmbh, Gerasmin was added, immediately prior to
many, 1.176 unitmL™", where one unitis pressurisation, to different buffers (at dilu-
the amount of enzyme that will produce &jons from 1:13 to 1:20) and subjected to
AA,75 0f 1.0 froma-casein in 20 min at yeatment at a range of pressures at 20 °C

pH 7.5 at 37 °C) was mixed with 0.1 mL ¢ gifferent time intervals (1, 10, 20 and
urokinase solution (Sigma-Aldrich Chemie 3 min). Buffers used were:

Gmbh, Germany, 1 000 Ploug uritd 1) - _
and the volume made up to 2.0 mL by thd®) 100 mmoL~*phosphate buffer, pH 6.7;
addition of 50 mmoL-1 Tris-HCI buffer, ~(P) 100 mmoL~*phosphate buffer, pH 6.7
pH 8.5 (containing 20 mmadl-! lysine, containing 5 mgnL~* B-lactoglobulin;
140 m mmoL-1NaCl and 50% (w/v) glyc- (c) 100 mmol ! phosphate buffer, pH 6.7
erol). The mixture was incubated at 37 °C  containing 25 mgnL~! sodium caseinate.
for 1 h, to give a maximum vyield of plas- ) o
min. PureB-casein an@-lactogiobulin were UPon release of pressure, plasmin activity in
also purchased from Sigma. The purity ofeach of the samples was meas_ured using the
the former was determined to be very higH‘Iuorescent assay method of Richardson and
by urea-PAGE analysis (see, for exampleP’earce [28]. Denaturation Bflactoglobu-
Fig. 3, lane 1), while the latter gave a singldin after HP treatment of buffer (b) was

peak on RP-HPLC analysis, also indicatingi&termined by diluting samples 1:10 with
a high purity. deionised HPLC grade water (containing

. 0.1% v/v trifluoroacetic acid), centrifuging
Cheddar cheese was manufactured usi 16 000g for 10 min (after which step a

a standard protocol in the Processing Hall of-ecipitate of insoluble protein was clearly

University College Cork and sodium gnharent) and analysing the supernatant b
caseinate was obtained from the Irish Dair;Rﬁ);p_HpL():_ ysing P y

Board. For the specificity experiments,
porcine plasmin (Sigma-Aldrich Chemie
Gmbh, Dublin, Ireland), which is knownto  2.3. Activity of plasmin against
have an identical cleavage specificity to [B-casein under high pressure
bovine plasmin [17], was used.
To examine the activity under high pres-
. o ) sure of plasmin ofi-casein, isolatef-casein
2.2. Pressure inactivation studies (2 mgmL-Y) was dissolved in 50 mmar?t
ammonium bicarbonate buffer (pH 8.4), in
Pressurisation of samples (in 700 the presence of sodium azide (0.05% w/v)
plastic Eppendorf tubes) was carried out ato inhibit bacterial growth, and porcine plas-
room temperature in a Stansted Fluid Powamnin was added (0.0625 units_—1, where
high pressure vessel (Stansted Fluid Powelr unit is the amount of enzyme that will pro-
Ltd, 70 Bentfield Road, Essex, CM24 8HT,duce aAA,,,.of 1.0 froma-casein in 20 min
England). The pressurisation vessel hadt pH 7.5 at 37 °C). The solution was imme-
a maximum pressure limit of 900 MPa,diately incubated at 20 °C at a range of
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pressures (300-800 MPa) for times up to 3. RESULTS
30 min. Hydrolysis reactions were termi-
nated after removal from the HP chamber 3.1. Pressure inactivation of plasmin
by boiling for 5 min. Rates and products of
hydrolysis were examined using urea-PAGE After pressurisation for 20 min at
and RP-HPLC. 300-600 MPa, plasmin was extremely pres-
sure sensitive in the presencefofac-
toglobulin, as compared to plasmin pressure
treated in the presence of sodium caseinate or
_ in buffer alone (Fig. 1). In buffer, plasmin
Samples of hydrolysates pitasein were s, in fact, more pressure sensitive than
prepared for urea-PAGE by the addition of3_|actoglobulin, although bot-lactoglob-
an equal volume of double strength samplg|in genaturation and plasmin inactivation
buffer [20] and_electrophoress conditionsyere almost complete (> 90%) after treat-
were as described by [15]. Hydrolysatespent at 500 MPa for 20 min. Inactivation
were prepared for RP-HPLC analysis by they indigenous plasmin activity present in
addition of an equal volume of 4% trichlo- cheqdar cheese showed that plasmin was
roacetic acid (TCA), followed by centrifu- yery pressure resistant in such a product
gation at 16 00@ for 10 min and analysis i ) o ) .
of a sample of supernatant (17%). Since plasmin was significantly inacti-
Reversed-phase HPLC was performed usingated at 400 MPa in the presencg3déc-
a Beckman HPLC system (Beckman, SafPglobulin, samples of enzyme in the same
Ramon, Ca., USA), consisting of a modepuffers were treated at 400 MPa for differ-
506 autosampler, a model 126 programent time periods (Flg. _2). Plasmin inactiva-
mable solvent module and a model 166 pration in buffer containing-lactoglobulin
grammable detector module (interfaced withncreased almost linearly with duration of
a personal computer using Beckman Goldeéatment and, after 30 min at 400 MPa, it
Nouveau software). A nucleosik€olumn ~ was largely inactivated (> 90%). Inactivation
(250 x 4.6 mm, 5um particle diameter, of plasmin and denaturation @flac-
300 A pore size) was used for all separatoglobulin, in the buffer where both were
tions (JVA Analytical, Unit 1, Longmile present, appeared to be, in both cases, first-
Business Centre, Longmile Road, Dublinorder reactions. Again, plasmin was far more
12, Ireland). Solvent A consisted of 0.1%stable in phosphate buffer, in cheese and in
(v/v) TFA in deionized HPLC grade water the presence of sodium caseinate than in the
and solvent B consisted of 0.1% TFA inpresence of-lactoglobulin.
HPLC grade acetonitrile, and the flow rate
used was 0.75 minin—L. The elution profile ] ]
consisted of initially increasing solvent B 3-2. Hydrolysis ofp-casein
from 0 to 30% over 25 min, increasing to by plasmin under high pressure
50% B over 45 min and finally holding at
50% B for 6 min. The column was washed The effect of high pressure on primary
by increasing to 95% B over 2 min, hold-proteolysis off3-casein by plasmin in
ing for 10 min and returning to 100% A over50 mmolL~tammonium bicarbonate buffer,
2 min. Final re-equilibration was at 100%pH 8.4, was studied by Urea PAGE (Fig. 3).
A for 15 min before injection of the next Primary proteolysis op-casein appeared
sample. The peak areas of separated pepraffected relative to an unpressurised con-
tides were determined by integration. Therol at 300 MPa, with extensive degradation
gradient described by [12] was used to measf this protein being visible in lanes 2 and 3.
suref-lactoglobulin denaturation, using the However, increasing residual intfictasein
same HPLC system. was apparent after incubation relative to the

2.4. Analytical methods
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Figure 1. Inactivation of plasmin activity (whole lines, open symbols) and denaturatig+iact
toglobulin (dotted lines, closed symbols) in the following systems: 0.1_mMghosphate buffer,
pH 6.5 (1); 0.1 molL~1 phosphate buffer, pH 6.5, containing 5-myg~1 B-lactoglobulin O, e);
0.1 mol. =1 phosphate buffer, pH 6.5, containing 25-mig~! sodium caseinatd) and cheese
(<€), over a range of pressures (treatments in each case were for 20 min).

Figure 1.Inactivation de I'activité de la plasmine (lignes pleines, symboles ouverts) et dénaturation
de lap-lactoglobuline (lignes pointillées, symboles fermés) dans les systémes suivants : solution
tampon phosphate, 0,1 Motl, pH 6,5 (\) ; solution tampon phosphate, 0,1 mol, pH 6,5, avec

5 mgmL~1 B-lactoglobuline O, @) ; solution tampon phosphate, 0,1 rhof, pH 6,5, avec

25 mgmL-1 caséinate de sodiurfil} et fromage ¢), pour une série de pressions (traitements de
20 min dans chaque cas).

100 — o] =

Log (% residual activity)
Log (% native B-lactoglobulin)

10 T T T T T T d
1] 5 10 15 20 25 30 35

Duration of Pressure Treatment (min)

Figure 2. Inactivation of plasmin activity (whole lines, open symbols) and denaturatig+act
toglobulin (dotted lines, closed symbols) in a range of systems (see Fig. 1), for a range of times, at
400 MPa pressure (except sodium caseinate-containing buffer, which was treated at 800 MPa).

Figure 2.Inactivation de I'activité de la plasmine (lignes pleines, symboles ouverts) et dénaturation
de laB-lactoglobuline (lignes pointillées, symboles fermés) pour une série de systemes (Fig. 1),
pour une série de temps, pour une pression de 400 MPa (excepté pour la solution tampon de caséi-
nate de sodium, qui a été traitée & 800 MPa).
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12345678 Figure 3. Urea-polyacrylamide gel elec-
trophoretograms (pH 8.9; 12.5% T,;
4% °C) of boving3-casein (2 mgnL1,
<—y-caseins lane 1) in 50 mmoL~-1 ammonium
. bicarbonate buffer (pH 8.4), hydrolysed
<4—P-casein by porcine plasmin (0.0625 unitsL—)
: for 30 min at 20 °C at atmospheric pres-
sure (lane 2), or at 300, 400, 500, 600,
700 or 800 MPa (lanes 3-8).

Figure 3. Electrophorégramme en gel
de polyacrylamide-urée (pH 8,9 ;
12.5% T ; 4 % C) de caséifiebovine

(2 mgmL~L, ligne 1) dans une solution
tampon de 50 mmal~ de bicarbonate
d’ammonium (pH 8,4), hydrolysée par la
plasmine porcine (0,0625 unités.~1)
pendant 30 min a 20 °C a la pression
atmosphérique (ligne 2), ou a 300, 400,
500, 600, 700 ou 800 MPa (lignes 3-8).

unpressurised control sample at pressurdmiffer systems, to elucidate the survival of
> 400 MPa. The pattern of products ofplasmin after high pressure treatment. Plas-
[-casein hydrolysis (production of slower-min was much more pressure sensitive in
moving y-caseins and faster-moving pro-the presence @lactoglobulin than in other
teose peptones) was unaffected by pressutayffers studied. The results of the kinetic
suggesting that plasmin had a similar prostudy verified that plasmin was relatively
teolytic specificity but showed decreasedarostable in buffer alone, in cheese and in
activity at high pressures compared to atmathe presence of sodium caseinate. The results
spheric pressure. concerning the effects of milk proteins on
The production of 2% TCA-soluble pep- plasmin stability are similar to previous
observations on the heat inactivation mech-

:ﬁﬁsngzn;ngmggg';yoggﬁgsg %F?é]ai) anism of plasmin. Specifically, several stud-

In general, peptide patterns produced des have reported significant protection of

high and atmospheric pressures were Simplasmln in the presence of sodium caseinate,

lar, suggesting that pressure induced quar?—nd enhanced inactivation in the presence

titative, but not qualitative, differences in Of B-lactoglobulin [1, 22, 29]. Heat inacti-

; . ation of plasmin in the presence®fac-
the hydrolysis reaction although a new pe"jlj(oglobulin is thought to be linked to the for-

of retention time approx. 36 min) appeare X . . . .
i(n the digest perforr%%d at 800 MF)I%FEEide mation of th|0|-d|sulp_h|de bonds with
production was unaffected at pressureEnfOIdEdB'IacmgIObUIIn [13, 16]. Pres-

< 700 MPa, but decreased relative tgoU"Sation also induces unfolding @ac-
unpressurised control samples at 800 MpRdlobulin [9, 18], and consequently exposes
(Fig. 5). the highly reactive internal thiol group,

which may be able to undergo thiol-disul-
phide interactions with disulphide groups
linking structural subunits in the plasmin

4. DISCUSSION molecule.

In this study the barostability of plasmin  In the absence d¢d-lactoglobulin it was
was examined in simple protein-containingound that plasmin was quite pressure stable.
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Figure 4.Reversed-phase HPLC chromatograms of 2% trichloroacetic acid (TCA)-soluble ?eptides
produced fronf-casein (2 mgnL-1) by plasmin (0.0625 unitsiL~Y) incubated in 0.05 mal~
ammonium bicarbonate buffer, pH 8.4 for 30 min at 20 °Gapa{mospheric pressure and

(b) 800 MPa.

Figure 4. Chromatogrammes phase-reverse de peptides soluble dans 2 % acide trichloroacétique
(TCA) produit & partir d@-caseine (2 mgL=2) par la plasmine (0,0625 unitgd ) incubée dans

une solution tampon 0,05 mot! de bicarbonate d’ammonium, pH 8,4 pour 30 min & 20 4 @rés-

sion atmosphérique db)800 MPa.

This indicates that, under certain conditionsfreatments up to 600 MPa for 20 min,

plasmin molecules can refold into the correcalthough increased plasmin activity in

tertiary structure when pressure is release@Gouda cheese following pressurisation at
and thus remain active. In Cheddar chees&00-400 MPa for 30 min during brining has
plasmin activity was unaffected by pressuréeen reported [21].
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Figure 5. Effect of pressurisation on production of 2% TCA soluble peptidesfroasein by plas-

min. Symbols refer to peaks in chromatograms in Figure 4, as follows: peak of retention time
29 min (\); peak of retention time 46 mi®}; peaks of retention time 47-48.5 mind)(and peak of
retention time 49 mirg).

Figure 5. Effet de la pression sur la production de peptides solubles dans 2 % TCA a factisdane

(2 mgmL™Y par la plasmine (0,0625 unitéd ). Les symboles référent aux pics du chromato-
gramme de la Figure 4, comme suivant : pic de temps de rétention 22 mipi¢ de temps de
rétention 46 min@) ; pics de temps de rétention 47—48.5 raiy €t pic de temps de rétention 49 min
(©).

Comparison of the results of this studyeffects of pH on the pressure stability of
with those of a study of the effect of HP onplasmin are not known, the heat stability of
proteolysis in milk [30] suggest that plas-plasmin in micellar casein systems is
min is more pressure stable in milk than irincreased at lower pH [14], which may sug-
buffer containing3-lactoglobulin, possibly gest that the enzyme is generally more
due to the combination of the protectiverobust in increasingly acidic conditions. In
effect of casein present in milk and the destgshosphate buffer alone or containing sodium
bilising effect off3-lactoglobulin. caseinate, at higher pressures (and hence

A possible important influence on the lower pH values) plasmin activity was very

results obtained from the inactivation experParostable, which may have thus been, at
iments described which must be considereFaSt partially, due to increasing stability at
is pressure-induced pH shifts in the bufferdoWer PH-

used. In phosphate- and carbonate-based In the more complex case of the buffer
buffers, pressure-induced ionisation resultsontainingp-lactoglobulin, the effects of

in a volume change and concomitant pHeducing pH on this protein, the enzyme and
shift in the acidic direction [23]. In phos- their interaction must be considered. It has
phate buffer, an increase in pressure dbeen reported that, at pH values near neutral,
100 MPa results in a decrease in pH of-lactoglobulin unfolds readily and irre-
0.2-0.3 units [9], and thus, inactivation atversibly to expose its reactive sulphydryl
increasing pressures would have occurregroup, which can then undergo sulphydryl-
at decreasing pH values. Although thalisulphide interchange reactions, while at
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lower pH values, unfolding is less favouredspheric pressure [5, 13, 32]. However, very
and the protein is protected from extensivdittle is known about this reaction at ele-
interactions [6, 9]. On heating milk, it is the vated pressures and thus, in this study, the
sulphydryl group that reacts with plasmineffect of high pressure on this digestion reac-
to inactivate the enzyme [16], which sug-tion was examined. From urea-PAGE anal-
gests that reducing pH should indirectlyysis, primary proteolysis @casein by plas-
increase the stability of the enzyme in sucmin appeared unaffected at 300 MPa, but
systems, if an analogous mechanism to hedecreased at pressuee400 MPa, relative
inactivation occurs. However, increasingto unpressurised controls. The production
pressure in the presencefefactoglobulin - of 2% TCA-soluble peptides by plasmin
decreased residual plasmin activity, whichwas unaffected at pressure treatments up to
indicates that the inactivation occurred700 MPa, compared to unpressurised con-
despite the potentially reduced reactivity oftrols. It was only at the highest applied pres-
denature@-lactoglobulin with the enzyme sure (800 MPa) that release of peptides
at reduced pH. The magnitude of decrease idecreased relative to control. Thus, not only
plasmin activity at 400 MPa was considerdis plasmin stable at high pressures in the
ably greater than that of residy&llac- presence of casein, but it is proteolytically
toglobulin, which may suggest that the reacactive, suggesting that pressure does not
tions are not completely parallel, althoughinduce reversible unfolding of the enzyme
B-lactoglobulin clearly destabilised the molecule.

enzyme relative to systems where this pro-
tein was not present. Further study is nec:
essary to elucidate the relationship betweecg

?ressu:je—llnduc_e& Iact?glti.bulm denatura- onqrted dissociation @ casein molecules
lon and piasmin inactivation. at pressures up to ~ 115 MPa, followed by

In comparison to other food enzymesre—assomatlon at higher pressures (yp to
reported in the literature, the results of the” 290 MPa). In the present stu@/casein
current study indicate that plasmin, partic:nydrolysis was gradually inhibited at pres-
ularly in the absence @lactoglobulin, is SUres > 300 MPa, which may have been due
relatively pressure stable. In a similar man&ither to modification oB-casein molecules
ner to peroxidase, polyphenoloxidase an@". inactivation of plasmin. When plasmin
milk alkaline phosphatase, it was almostnitially cleaves3-casein at the bonds Lys
unaffected following high pressure treat-LYSo LyS;osHiSigsand Ly 5-Gluy g the
ment at 600 MPa for 20 min. It was morehighly charged hydrophilic domain is
barostable, however, than other previouslf'€aved from the remaining hydrophobic
studied food enzymes such as catalase, phdgdion of the protein. As a result, the enzyme
phatase, lipase, pectin esterase, lactoperof€atedB-casein has a greater tendency to
idase and lipooxygenase, all of which werd€-associate when pressure is applied [24].
inactivated to varying degrees by pressurd h€ increased association of hydrolysed
treatment at 600 MPa [31]. When compare&'case'” molecules may result in decreased
to other milk enzymes, plasmin displayeosurface area available to plasmin, and con-
greater pressure resistance than IOhosph_gequent_ly decreased proteolysis. Interest-
hexoseisomerase and glutamyltransferasé9!y, Pitta et al. [26] reported improved
which were extensively inactivated follow- foaming properties of nativ@-casein fol-

ing high pressure treatment at 500 MPa fofoWing pressurisation at 300, 600 and
10 min [27]. 900 MPa for various time periods, and sug-

gested a possible changefitasein con-
The hydrolysis of3-casein by plasmin formation on pressurisation due to a modi-
has been comprehensively studied at atmdication of tertiary structure. However,

Ohimya et al. [25] monitored the effect of
ressure treatment on the turbidity of
nzyme-treate@-casein solutions, and
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Dickinson et al. [7] reported no significantand Technology at University College Cork for
effect of high pressure processing on thénguistic guidance.

surface activity of3-casein, and suggested
that3-casein is extremely barostable as it
is a non-globular protein with little tertiary
and secondary structure (only ~ 83helix). 1

Again, the effect on the enzyme reaction
of decreasing pH on treating the bicarbonate
buffer-based system at increasingly high?!
pressures must be considered. At atmo-
spheric pressure, the activity of plasming,
agains{3-casein proceeds with similar speci-
ficity but lower rate at decreasing pH values
[14]. In this study, incubation at increasing
pressures resulted in decreagedasein (4]
hydrolysis, which may thus be due to either
or both of two mechanisms, enzyme inacti-
vation or decreased pH. While these effect®]
cannot be separated under the experimen-
tal design used, it may be acknowledge
that, if the latter effect contributes signifi-
cantly to the results obtained, plasmin may
in fact be even more pressure stable than
suggested herein. 7]

5. CONCLUSION .

The present results indicate that plasmirb]
is a very pressure stable enzyme, except {n
systems incorporating+lactoglobulin. Fur-
thermore, it can readily hydrolyfecasein
under pressures up to 700 MPa, with a spedilo]
ficity identical to that observed at atmo-
spheric pressure. As plasmin is an enzyme
that has significant implications for the qual-[11]
ity of many dairy products, the development
of HP applications for such products must |
consider the possible effects of hydrolysis o
casein by plasmin post-treatment on product

quality.
[13]
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