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Stellingen

1. Gebreken in melkprodukten door activiteit van melklipoprotetnelipase en/of
melkproteinase kunnen worden voorkomen door de melk een adequate hitte-

behandeling te geven.
Dit proefschrift.

2. Activiteit van bacteriéle lipasen en proteinasen in melkprodukten kan alleen
worden voorkomen door maatregelen te nemen die leiden tot het verhinde-
ren van groei van gramnegatieve bacterién in de melk waaruit deze produk-

ten worden gemaakt.
Dit proefschrift.

3. De aanbeveling ,,Eet gevarieerd”, die voortkomt uit vrees voor voedings-
deficiénties, lijkt in strijd met de uitkomsten van proeven met ratten door
Ross & Bras (1974). Deze dieren bleken betere levensverwachtingen te
hebben wanneer ze steeds hetzelfde voeder kregen dan wanneer ze vrije

keuze hadden uit verschillende soorten voeder,
Ross, M. H. & Bras, G. {1974), Dietary preference and diseases of age. Nature, 250: 263-265.

4. De stabiliteit van een continue cultuur van yoghurtbacterién in melk in het
pH-gebied van 6,3 tot 5,5 is te verklaren doordat Streptococcus thermophi-
lus voor een snelle groei in meik afhankelijk is van de door de langzamer
groeiende Lactobaciflus bulgaricus gevormde kleine peptiden en amine-

zuren.
Driessen, F. M. (1981), Protocooperation of yogurt bacteria in continuous cultures. In: Mixed
culture fermentations. Eds. M. E. Bushell & J. H. Slater. Acad. Press, London — New York —
Toronto — Sycney — San Francisco, p. 99-120,

5. Tijdens de bereiding van yoghurt wordt de groei van Lactobacillus bulgari-
cus in melk gestimuleerd door koolzuur dat door Streptococcus thermophi-

fus woerdt geproduceerd.
Driessen, F. M., Kingma, F. & Stadhouders, J. (1982}, Evidence that Lactobacillus bulgaricus
in yogurt is stimulated by carbon dioxide produced by Streptococcus thermophilus. Neth,
Milk Dairy J., 36: 135-144.

6. Om bij het toepassen van een gesloten systeem voor het verhitten van melk
voor de yoghurtbereiding een goede procesbeheersing mogelijk te maken,
is het noodzakelijk de melk te ontiuchten.

7. Het is niet waarschijnlijk dat de significante toenem’ing van de proteoiyti-
sche activiteit die Noomen (1975) vaststelde in melk die 15 s op 72°C was
gepasteuriseerd, kan worden verklaard door een gedeeitelijke inactivering

van een natuurlijke proteinaseremmer.
MNoomen, A. (1975), Proteolytic activity of milk protease in raw and pasteurized cow's milk.
Neth. Milk Dairy J., 29: 153-161.



10.

11.

12,

Monsters rauwe melk van dezelfde bacteriesamenstelling en met een zelfde
kiemgetal kunnen desondanks verschillen in bacteriéle kwaliteit.

Karnemelk heeft na bewaren in een gasdoorlatende verpakking een betere
smaak dan na bewaren in een gasdichte verpakking, doordat in het eerste
geval de aromacompaonent diacetyl beter behouden blijft.

Het afbreken van caseine door middel van proteolytische enzymen met het
doel colloidaal calciumfosfaat in caseinemicellen te bestuderen kan aanlei-

ding geven tot foutieve conclusies.
Holt, C., Hasnain, S. 8. & Hukins, D. W. L. (1982), Structure of hovine milk calcium phaesphate
determined by X-ray absorption spectroscopy. Biochim. Biophys. Acta, 719: 299-303.

Bij manipulatie van het genetisch materiaal van melkzuurbacterién teneinde
betere zuursels voor de zuivelbereiding te verkrijgen, dient rekening te wor-
den gehouden met het feit dat deze bacterién in zuursels elkaar bein-

vigeden.
Wouters, . T. M. & Stadhouders, J. (1982), Genetica van melkzuurbactarién; een weg tot
nieuwe toepassingen? Zuivelzicht, 74: 1071-1073 en 1172-1174; Voedingsmiddelentechnolo-
gie, 15 {24) 19-21 en (26) 26-28.

Het verdient overweging de hoogte van de hendenbelasting — naar analo-
gie van de wegenbelasting — te bepalen naar het gewicht van de hond.

Proefschrift F. M. Driessen

Lipases and proteinases in milk. Qccurrence, heat inactivation, and their
importance for the keeping quality of milk products.

Wageningen, 2 september 1983
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ABSTRACT

Driessen, F.M. (1983). Lipases and proteinases in milk. Dccurrence, heat
inactivation and their importance for the keeping guality of milk products.
Doctoral thesis, Agricultural University Wageningen (157 pp., English and Dutch

summaries).

The occurrence and heat inactivation of native and bacterial lipases and
proteinases in milk were studied.

Production of these enzymes by Gram-negative psychrotrophic bacteria in milk
was found to take place towards the end of exponential growth and in the
stationary growth phase.

Kinetiecs of heat inactivation in milk of milk lipoprotein lipase, alkaline
milk proteinase and lipases and proteinases of some Gram-negative bacteria are
given.

The effects of residual lipolytic and proteclytic activity on the keeping
quality of milk products were studied. In order to prevent activity of native
lipases and proteinases, the milk should be heated sufficiently. The only way of
preventing activity of bacterial lipases and proteinases in milk is to take
measures against the growth of Gram-negative bacteria in the milk to be

processed.

11
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Chapter 1

IRTRODUCTI N

1.1 Seope

The keeping quality of raw milk is comparatively poor. For the preservation of
milk and milk products a heat treatment in the dairy is often applied. However,
liquid milk and milk products may deteriorate after heat treatment. Sometimes
rapid deterioration occurs through microbial growth as a consequence of
recaontamination or insufficient heat treatment. The composition of fhe milk also
changes as a result of chemical reactions. In addition milk may slowly
deteriorate from the effect of the residual activity of enzymes, such as those
which are the subject of this study: lipases and proteinases.

Lipases act upon emulsified fat (triacylglycerides). During this hydrolysis,
di- and monoglycerides and finally glycerol are formed together with free fatty
acids (FFA). The build up of FFA may produce a rancid or soapy flavour. In some
products {e.g. cheese) a moderate lipolysis may be desirable for flavour.

Proteinases act upon milk proteins, to form smaller peptides and ultimately
amino acids. Certain small peptides may induce a bitter or sstringent taste in
milk. The action of proteinases may also change rheolecqical properties and
defects such as gelation can occur.

Lipases and proteinases in milk may originate from two sources, namely from:
- the milk itself (indigenous}j
- micro-organisms growing in the milk {exogenous).

Some of these enzymes have a considerable thermoresistance, and therefore they

may be important to the keeping quality of milk products, even when these

products are sterilized. Deterioration depends on residual enzyme activity and

the conditions of storage. This study deals with the following topics:

- the presence of indigenous lipase and proteinase in milk;

- the circumstances favourable for production of exogenous lipases and
proteinases in milk;

- the thermoresistance of these enzymes in milk;

- consequences of (reeidual) activity of these enzymes for the keeping quality
of milk and milk products;

- recommendations concerning the prevention of lipolysis and proteoclysis in milk
and milk products.

1.2 Milk enzymes
faw milk contains many enzymes. It is not yet clear whether enzymes in milk

13



serve some purpose or whether they should be considered as extraneous material
introduced into milk during the secretory process (Johnson, 1974). However, the
enzymes produced by bacteria can not be considered obligate components of milk
(see Section 1.3). Comprehensive reviews have been published on the role and
significance of about forty five enzymes which have been reported to be found in
normal milk {Jenneas & Patton, 1959; Shahani, 1966; Groves, 1971; Shahani et
al., 1973; Johnson, 1974; Fox & Morrissey, 1981).

Same milk enzymes may be of importance in certain aspects of milk
technology. They are responsible for the development of specific flavour
compounds or defects in milk and milk products. On the other hand, the heat
lability of certain enzymes furnishes the basis for important tests to assess
the extent of heat treatment to which a sample of milk may have been subjected.
Thus, the destruction of alkaline phosphatase is widely used as a test for the
adequacy of pasteurization (IDF/FIL-Standards 63:1971)., It is remarkable that
milk does not deteriorate more rapidly in view of the wide spectrum of enzymes
present in milk and the natural substrates that milk contains for several of
these enzymes. It has to be considered, however, that:
- most enzymes in milk occur in very low concentrations;
- many ,equilibria in milk do nat favour enzymatic actiwvity;
- some changes in milk are not or hardly noticed organcleptically or physically.
In addition some of these enzymes do not wark in the form in which they exist in
milk. This is particular true for the milk enzymes in this study, lipoprotein
lipase and alkaline milk proteinase. The substrate far milk lipoprotein lipase,
milk fat, is protected by a membrane and proteinase in milk exists for a greater
part in the zymogen form.

All enzymes can be inactivated by heat treatments. The heat inactivation of

these enzymes is described more fully in this study.

1.3 Occurrence of lipolytic and proteolytic bacteria in milk and milk products
Milk and milk praducts may contain a variety of micro-organisms capable of
secreting lipases and proteinases which subsequently may alter these products.
The introduction of refrigerated storage of bulk raw milk at the farm for two ar
three days and the subsequent storage of bulk raw milk at the dairy factory far
an other day at low temperature favours the development of a psychrotrophic
bacterial flora in milk. Spoilage of the milk by mainly Gram-negative bacteria
rather than by lactic acid bacteria has become possible (Stadhouders, 1973;
Thomas, 1974a, b). The Gram-negative bacteria in particular produce
extracellular lipases and proteinases that may be remain {partly) ective after
the usual heat treatments aspplied in the manufacture of dairy products.
Investigations of the psychrotrophic flora in bﬁlk tank milk have shown that as

14
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far as Gram-negative rod-shaped bacteria are concerned the dominant genus is
usually Pseudomonae with lower proportion of Acinetobacter

{ Achromobacter/Alcaligenes) , Flavobacterium and coliform organisms (Thomas,
1974b). Also paychrotrophic thermaduric spore formers have been isclated from
pasteurized milk, all representatives af the genus Baeillus {Langeveld et al.,
1973; Priest, 1977). The optimum growth temperature of psychrotrophic
Gram-negative bacteria may lie between 20 and 30 °C (Harder & Veldkamp, 1971),
and according to Eddy {1960) they are able to grow belaw 5 °C and according to
Kandler (1966) below 10 °C. The genera referred te above originate mainly from
water and soil and get into the milk via improperly cleaned equipment (Witter,
1961).

The thermoresistance of the Gram-negative psychrotrophic microflora of raw
milk is generally low. Assuming that a satisfactory reduction of the microflora
is equivalent to a decrease to 10-10 it can be calculated that a conventional
high-temperature short-time pasteurization (HTST) treatment will kill &ll the
organisms whose thermoresistance is known (Cogan, 1979). For practical
application a thermization treatment of 10 s at 65 °C is sufficient ta eliminate
these psychrotrophic bacteria (Gilmour et al., 1981; Stadhouders, 1982}.

In milk products two main groups of bacterial lipolytic enzymes can be
defined, namely lipases from micre-organisms added during a production process,
and lipases from contaminating micro-organisms. Examples of the first group are
found in numerous cheese varieties, and also in some fermented milks which are
inoculated with micro-organisms that cause development of a specific flavour
(Kosikowski, 1977). In addition lactic acid bacteria may also be responsible for
limited proteolysis in cheese {Stadhouders & Veringa, 1973). However, lipases
from the first group of microbisl lipases will not be considered further.

This study deals with the lipases originating from Gram-negative
psychrotrophic bacteria, espeecially lipases having a high heat stability. These
enzymes can remain active after the thermal desth of the bacteria and as a
consequence flavour defects may develop in products. These defects are described
as soapy or rancid. It has been known for a long time that Gram-negative
bacteria can produce thermoresistant lipases {Sthngen, 1912; Stadhouders &
Mulder, 1960), and that during cold storage of raw milk the lipolytic flora will
increase (Witter, 1961; Stewart et al., 1975; Chapman et al., 1976; Muir et al.,
1978).

In general bacterial proteinases are mainly produced by the same
Gram-negative psychrotrophic bacteria that produce lipases. Comprehensive
reviews on these proteinase producing bacteria have been written by Law (1979},
Suhren (1981) and Fox (1981). In addition tp the thermolsbile bacteria some
thermoduric bacteria can produce extracellular proteinases (Washam et al.,
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1977). Psychrotrophic spore formers are also well known for their ability to
produce extracellular proteinases (Priest, 1977}, but their total numbers and
rates of growth are usually too law to be of impertance in milk. Bacterial
proteinase activity can cause flavour defects in milk and milk preducts. These
defects can be described as astringent and bitterness. Textural failures can
also be a consequence of proteclysis, namely coagulation or gelation of milk or

milk products.

1.4 Kinetica of heat inactivation of enzymes
Enzymes are globular proteins and possess a specific secondary and tertiary
structure. The native confarmation af the enzyme, maintained mainly by
hydrophobic interactions, hydrogen bonding and often by some disulfide linkages
and internal salt bridges, can be destroved by heat treatments. The peptide
chain will unfold {partially). The unfolding as such is a reversible process,
but hest denaturation is often found to be irreversible. This can probably be
attributed to the release of reactive side groups, that now may react at high
temperatures. Reorganisation of 5-5 bridges may also occur. These changes in the
protein prevent refolding to the native state. Arguments for this assumption are
supported by accompagnying changes in physico-chemical characteristics of the
peptide chain such as intrinsie viscosity, sedimentation and diffusion rate,
circular dichroism and optical rotation dispersion {Tanford, 1968). Since enzym
activation is dependent on the native globular structure of the enzyme, enzymes
may lose their activity. Despite the reactions of side groups being responsible
for the irreversibility, it is often the unfolding of the peptide chain that is
the rate determining step. Both inactivation of enzymes and denaturation of
globular proteins follow similar kinetic pesrameters. Enthalpy and entropy are
uvsually large, while the constant of inactivation depends on external conditions
such as pH, ionic strength and in some cases the presence of substrate for the
enzyme. The kinetics of heat inactivation of enzymes, as described in this
section, hold for one kind of molecule, but not, for instance for isozymes.
Sometimes denaturation of globular proteins may accur in two stages.

The denaturation generally proceeds according to a first order reaction and

the denaturation rate is given by:

-de/dt= R'c (1.1
or, after integration:
In co/c = k't (1.2)

in which k' represents the reaction caonstant (s-1), ¢ the reaction time
(s}, ¢ the concentration of the native protein at time £ , and ¢y its original
concentration. It is seen in Eq. (1.2) that there is a linear relation between
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log ¢ and ¢ :
2.303 Cg
log — (1.3)
k' ¢
The time required to destroy 20 % of the activity, where ¢ = 0.1 ¢y is defined

t =

as D (decimal reduction time). Thus Eq. (1.3) gives:
2.303
D=z {1.4)
k!

k' depends on many parameters, among which temperature is an important factor.
According to Eyring's theory of the activated complex:

k' = kT/h exp -AGA/RT (1.5)

where k is Boltzmann's constant (1.38 10723 3.k=1) and & is Planck's

constant (6.62 10-*4 1g), T is absolute temperature (K), ® is the gas constant
(8.314 1.k, mo1-1) and AG* is the Gibbs free enerqy of activation for the
reaction. According to the second law of thermodynamics:
AG* = AE* — TASH (1.6)
where H is enthalpy and § is entropy.

Substitution of Eq. (1.6) in (1.5) gives:

k' = kT/h exp(-AH*/RT) explas*/R) (1.7)

It is generally assumed that AF* and AS* are independent of T and this may be
more or less true for a limited range of T . Consequently, for this assumption
the plot of log (k’/T) versus 1/T should give a straight line, the slope of
which is AH*/R. Hence, we know AF%. With the experimental value of k' the free
energy of sctivation {AG*) follows from Eq. (1.5):
A6* = BPIn (R/R) + In 7 - 1n k'] = 8.314 7 (23.76 + In T-1n k') (1.8)
AS* can be calculated from Eq. (1.8)

For the denaturation of an enzyme the activation entropy AS#% is large and
positive. The unfolding of the peptide chain is a consequence of the release of
numerous bonds per molecule. The release of these bonds is accompanied by
considerable increase in the conformational entropy of the unfolding peptide
chain. This is also true for the activetion enthalpy AH%*, that is largely caused
by the disruption of numerous weak bonds, such as hydrophobic interactions.
Table 1.1 contains examples of protein denaturation and enzyme inactivation. It
is seen that despite the large and varying values of AF* and AS* (increasing
with molecular weight), AG* is fairly constant. Using measurements of the
absolute rate of inactivation at various temperatures information can be
obtained about the contribution of A¥* and AS* to the reaction rate. In the case
of inactivation as a consequence of denaturation of the enzyme, the mentioned
values had to be more or less in accordance with those of the denaturation of
proteins with comparable malecular weights.

In practice one often does not determine k' , but rather the time needed tao
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Table 1.1 Activation enthalpy (=enerqgy) (AH"), entropy (AS*) and free enerqy

(AG*} in the heat denaturation of some proteins (Walstra & Jenness,

1983).
Protein Molecular AHY AS* AG*
weight (kdomo1~1)  (J.mo1-T.k-1) {kJ.mo1-1)

Insulin S 800 150 100 113
Hemoglobin 17 000 316 640 103
Chymosin 31 Q0o 375 870 94
Alkaline

phosphatase 40 000 450 1 00O 108
Lactoperoxidase 82 000 775 1 950 106

inactivate an enzyme [see Eq. (1.4)]. It is usual to plot log D against the
temperature T (in °C), and aften a straight }line is obtained if the temperature
range is pot too wide. This relation is derived from the Arrhenius theory,
according to which the reaction constant %! can be written as:
k' = ¢ exp (-E3/RD) (1.9)
where C is designated as the 'frequency factor'. According to Eg. (1.9) there is
also e linear relation between ln %k’ and the reciprocal temperature 7 (K). As
shown previously this relation is, however, not precise (see Eq. (1.5)1, but
because of several small uncertainties the curve gives a goad fit for practical
purposes. The deviation is often less than 1 % of the theoretically better
approximation accerding to Eyring, because in the relation:
AR* = E5 - BT = £ (1.10)
the factor RT (=2.7 kl.mol-1) 'is neglected (see also Table 1.1). For reasons
of general acceptance the plot log k’ versus 1/T has been used in this study.
The parameters (yg and Z, which are often used to characterise the effect
of a heat treatment, are explained briefly as follows.
The temperature dependence of a reaction can be given as (g, defined as
the factor by which dc/dt is increased if the temperature is raised by 10 °C, By
comparing k% and k7,10, Eq. (1.9) gives:

k?no _

1n = 1n Qg = E3fRT. (T + 10) = 10 E}/RT2 (1.11)

r

r
For the denaturation of a protein a Qg of approximately 100 is quite normal,

while for chemical reactions Qqp is usually 2 to 3 (Booy, 1964). However, from
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Eq. (1.11) it is seen that Qg depends on the tempersture. For reactions with
yp = 2 and 100 at 320 K this gives £ of about 60 kd.mol-1 and 390
kd.mol-1, respectively.

The Z value is defined as the temperature rise (K) needed to increase the
reaction rate by a factor 10. Consequently, from Eq. (1.11) follaws:
Z = 10/1n Qg = RT2/E3 (1.12}

The Z value depends also on the temperature.
1.5 Description of the heat treatments used in this atudy
1.5.1 HBeat treatments with longer holding times

1.5.1.1 Heat treatments below 100 °C in glass tubes

At temperatures below 100 °C samples of skim milk or culture fluid were heated
in glass tubes with an inner bore of 10 mm and a wall thickness of 1.0 mm.
Samples were preheated in a water or oil bath maintained at 15 °C above the
desired temperature. The temperature was controlled with a thermocouple fitted
in the centre of the tubes. During the preheating period, which lasted about 40
s, the tubes were shaken. At the desired temperature the tubes were quickly
transferred to a thermostatically controlled water bath (& 0.1 °C) and held st
this temperature for various periods of time. The samples for 'zero time' were

cocled immediately after prebeating.

1.5.1.2 Heat treatments below 100 °C in capillary tubee

The rather long preheating time of the heat treatment described in the previous
section can be shortened by applying the capillary technique, in which capillary
tubes with an inner bore of 2.4 to 2.9 mm, filled with (0.1 ml of sample were
heated in a water bath set at the desired temperature (% 0.1 °C). The preheating
time was assumed to be 7 s {Stern et al., 1952; Stern & Proctor, 1954; Franklin
et al., 1958).

1.5.1.3 Heat treatments above 100 °C

At temperatures above 100 °C samples of culture fluid were heated in a
mini-sterilizer, consisting of a stainless steel vessel with an inner diameter
of 50 mm and a height of 300 mm. This vessel was supplied with an airtight screw
cap through which a stirrer shaft with an air lock was mounted. The stirrer
shaft with & propellor blades was rotated at 1 300 rpm. The samples were
prehested in an oil bath maintained at 15 °C above the desired temperature. The
temperature was controlled with a thermocouple, fitted 10 mm from the wall and

30 mm above the bottom of the tube. At the desired temperature the equipment was
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quickly transferred to & thermostatically controlled oil bath (£ 0,1 °C) and
held at this temperature for various periods of time. Than the sample was cooled
in a water bath. Samples for 'zero time' were cooled immediately after
preheating. For heating at 110, 120 and 130 °C the time needed for preheating
was 110, 132 and 157 s, respectively.

1.5.2 Heat treatments with a flow-through mini-pasteurizer

Pasteurization treatments of samples of skim milk or culture fluid were carried
out with s flow-through mini-pasteurizer, developed at the Netherlands Institute
for Dairy Research. This equipment was built up with several stainless steel
spirals, submerged in thermostatically controlled water baths. The residence
times of the samples in the preheater and heater were 17 and 3 s, respectively.
The length of the holding section was varied by the use of different spirals.

The cooling spiral was submerged in cold water.

temparature 1°C)
15¢

—
o

=
-

100
time {s}

Pigure 1.1 (Top) time-temperature profile of an indirect UHT-sterilizer. 0-1:
preheater; 1-2:homogenizer 71-74 °C; 2-3:heating in counter eurrent,
74-95 °C; 3-4:1holding section, 2 s at 95 °C; 4-5:steam heater,
95-13% °C, 17.5 s; 5-6:holding section, 2.4 s at 139 °C; 6-7:cooler
in counter current, 139-50 °C, 21.6 s.

Figure 1.2 (Bottom) time-temperature profile of a direct UHT-sterilizer.
0-1:preheater; 1-2:holding section, 5.1 s at 75 °C; 2-3:steam
injection, 75-140 °C, -0 s; 3-4:holding section, 5.1 s at 140 °C;
4-5:caoling by evaporation, 140-70 °C, ~D s; 5-6:homogenizer, 76-79
°C, 2.5 s; é-7:cacler, 79-20 °C, 15 s.
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1.5.3 Desoription of the ultra-high—temperature (UHT)-steriliaers

The UHT-sterilization procedure is carried out commercially either by a direct
or an indirect heating system. Direct heating is besed upon steam injection into
the product, follawed by an evacuation tp remove the injected water vapour.
During indirect heating the product is separated from the steam by a wall,
usually by the use of concentric tubes. In this latter procedure heating and
cooling of the product proceed more slowly. The course of temperature with time
in both heat treatments is illustrated in Pigures 1.1 and 1.2 (Hallstrém &
Dejmek, 1977). The way in which keeping quality is affected by the sterilization
pracedure was one of the objectives of this study. In the following sections
descriptions are provided of the equipment used in this study for the
UHT-sterilization treatment. Because the heat inactivation of the alkaline milk
proteinase was studied in detail with an Alfa Laval VTIS sterilization plant,

this plant is described more extensively.

1.5.3.1 The Alfa Laval VTIS gterilization plant and its operation

Layout of the plant . A diaqram of the Alfa Laval VTIS sterilization plant used
for the experiments is shown in Pigure 1.3. Milk was pumped through the

preheater' with a centrifugal pump. In the preheater the milk was heated to about
80 °C. A high pressure pump then pumped the preheated milk inta a steam

Gﬁ@

Figure 1.3 General lay out of the Alfa Laval VTIS sterilization plant used in
this study. 1. Milk inlet; Z. centrifugal pump; 3. preheater; 4. high
presgure pump; 5. holding pressure gauge; 6. direct steam injector;
7. steam pressure gauge; 8. steam cantrol valve; 9. thermocouple;

10. holding tube with three back pressure valves; 11. flash chamber;
12. outlet vapour to condensor and vacuum pump; 13. cooler; 14.

laminar flow cabinet; 15. sampling point.
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injector, where it was heated instantaneously to the temperature of
sterilization. Then the milk flowed through a holding tube with a total length
of 1.8 m and an inner diameter af 10 mm. During the operation one aof three back
pressure valves (type Saunders) was adjusted to maintain the desired pressure
during the sterilization treatment. The other two valves were then fully opened
to minimize the pressure drop across the first valve. The milk flowed through
the vacuum chamber, in which low pressure was maintained by a vacuum pump. At
this law pressure milk evaporates thus cooling it until the temperature
approximates that of the preheated milk. This treatment restores the eriginal
dry matter content of the milk. The milk was then removed from the bottom of the
vacuum chamber by a centrifugal pump to the cooler and on to a sampling point in
the laminar flow cabinet.

At three places along the holding tube provision was made to measure the milk
temperature with copper-constantan thermocouples.

From other investigations it is known that for direct steam injection heating
several operation conditions must be fulfilled (Burton, 1958; Stroup et al.,
1972; Edgerton et al., 1970). An important condition is the back pressure in the
holding tube. If the pressure is too low there will not be complete condensation
of the injected steam into the milk, and this will cause a variation of the
temperature in the holding tube. Furthermore s certain excess back pressure is
necessary to prevent separation of dissolved gas as a consequence of the rise in
temperature. Experimentally, it emerged that the back pressure in the holding
tube should be at least 0.2 bar above the product saturation vapour pressure.
Although constent temperatures were attained with such a pressure excess, the

holding pressure was mastly maintained at 0.5 bar sbove the saturation pressure.

Plant operctiom. The plant was sterilized by operating it with water at a
temperature above 130 °C for at least 30 min. To switch from sterilization of
the plant to normal operation, back pressure control was taken over by ane af
the hack pressure valves. The required temperature and pressure conditions were
adjusted. The steam supply was controlled by the steam control valve to give the
operating temperature. The vacuum pump was started and the flow adjusted with a
positive displacement pump to give a flow of liquid at the sampling point of 60
litres per h. When the plant conditions were stable at the required pressure and
temperature the circulating water was repiaced by milk. If necessary slight
corrections of the pressure and temperature were made. The samples were taken
after ample time for the milk to pass through the plant.

When more than one temperature treatment was used the highest temperature was
applied first followed in succession by the lower ones to avoid contamination of

the highly sterilized product. Before setting a new holding time the temperature
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was increased by opening the steam pressure contral valve. The new holding time
was adjusted by using another expansion valve to maintain the back pressure,
keeping the product pressure and temperature censtant. At this new holding time
the desired plant operating conditions were adjusted and when the conditions
were stable again a second experiment was carried out as described above.

1.5.3.2 Reliability of the Alfa Laval VIIS sterilization plant for studying the
heat inactivation of ensymes in milk
The true residual enzymatic activity after a certain heat treatment will be less
than the measured one, as a consequence of the spread in the residence time in
the holding section, and also of the profile of heating and cooling. All milk
particles cannot flow at the same rate. In general, the spread of the velocities
about the mean will depend on the deqree of turbulence in the liquid flow and
the geometry of the equipment. It was calculated that the spread in residence
time was negligible. However, this calculation was checked, in which use was
made of a bacteriological method, based upon the determination of the thermal
death rates {TDR} of bacterial spores at various heating temperatures. At the
same temperatures and holding times the thermal inactivetion of spares
determined with the capillary technique according to Stern & Proctor (1954) was
compared with the thermal inactivation of spores by direct heating with the

sterilizer.

Baeteriql spores. A suspension of Baeillus stearothermophilus var.

ealidolactis strain 6241 from the collection af the Netherlands Institute of
Dairy Research was streaked on the surface of an Oxoid nutrient agar (ONA) plate
containing 10 ng MnZ+/kg. The agar plates were incubated at 63 °C for 3 days

in plastic bags, to prevent drying out. Spores and vegetative cells were
harvested by rinsing the plates with a gquerter strength Ringer solution. Spore
suspensions were prepared by heating the solution at 85 °C for 15 min and

further dilution with skim miik.

Thermal death rates with the capillary technique . The capillary tubes (see
Section 1.5.1.2) containing skim milk with spproximately 107 spores/ml were
heated in a glycerol bath and further cooled in water. The capillary tubes were
disinfected in a solution of chlorine (0.2 ml/l; v/v) and placed in a 10 ml
sterile flask with 4 ml quarter strength Ringer solution. The tubes were crushed
with a flamed glass bar. The residual number of spores was determined with
DTS-agar after incubation (in plastic bag) for 3 days at 63 °C (Busta, 1967}.
When a spore count less than 10 per ml was expected, the spore suspension in

milk was centrifuged for 15 min at 12 00D g after addition of 1 % sodium-citrate
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Figwre 1.4 Decimal reduction time (DRT) curve for spores of Bacillus
stearothermophilus var. ecalidolactis strain 6241.
O—0 Determined with a capillary technique.
O—0 Determined with direct heating with the Alfa-lLaval YTIS

sterilizer,

(w/w) to concentrate the spores. The sediment was washed with quarter strength
Ringer solution, and the spores were counted. In this way a reduction of spores
up to 10-6 could be estimated.

At various temperatures holding times were chaosen in such a way that TDR
cauld be determined. The decimal reduction time (DRT) curve, given
in Pigure 1.4, was logarithmic, although a 'tail' was observed at high

temperatures.

Thermal death rates with direct heating. Skim milk with approximately 107
spores/ml was heated at various temperatures. The holding times were chosen in
such a way that TDR could be determined. The DRT values are shown also
in Figure 1.4.

The results of these experiments prove that the Alfa Laval VTIS sterilizer is

suitable for studying the thermal inactivation of enzymes.

1.5.3.3 The Stork Sterideal VTS sterilization plant and its operation

Layout of the plant. A diagram of the Stork Sterideal VTS sterilization plant
used for the experiments, is given in Figure 1.5. Milk was pumped through a

preheater with a pressure pump and there the milk was heated with steam to about
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Figure 1.5 General lay out of the Stork Sterideal VTS sterilization plant used
in this study. 1. Milk inlet; 2. high pressure pump; 3. preheater;
4. sterilizer; 5. holding section; &. coaler; 7. steam valve; 8.
steam control valve; 9. water valve; 10. steam pressure gauge; 11.
thermocouple; 12. product pressure gauge; 13. back pressure valve;
14, laminar flow cabipet; 15. sampling point.

80 °C. Then the milk flowed into the sterilizer, in which the milk was gradually
heated to the sterilization temperature. There was no holding tube between the
preheater and the sterilizer. The sterilizer was connected with exchangable
holding tubes of about 5, 15, 30 or 45 s. After the sterilization treatment milk
was cooled with tap water. At the end of the plant milk was collected at a
sampling point in a laminar 'flow cabinet. During operation the back pressure
valve (type Saunders) was adjusted to maintain the desired pressure during the
sterilization procedure.

The amount of steam for preheating and the amount of tap water for cooling
were controlled by hand. The amount of steam for the sterilizer was controlled
automatically. Milk temperature at the end of the preheater, sterilizer and
cooler was measured with copper-constaentan thermocouples. Plant pressure during

the sterilization trestment was measured with a pressure gauge.

Plant operatton . The plant was sterilized with water by operating at a
temperature above 130 °C for at least 30 min. The required temperature and
pressure were adjusted. The steam supply was controlled by a steam control valve
to give the operating temperature. The capacity was about 100 1 per h. When the
plant conditions were stable at the required pressure and temperature the
circulating water was replaced by milk. If necessary, slight corrections of the

temperature and pressure were made.
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When more than one sterilization temperature was used, the highest

temperature was applied first followed in succession by the lower ones, te avoid
contamination.

When the holding secticn was changed, the aperating procedure for the plant
was re-started.

Acknowledgement . S, Bouman, G. Hup and J. Stadhouders are acknowledged for
permission of publishing their results concerning the characterization of the
profile of hesting of the Alva Laval ¥TIS sterilization plant.
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Chapter 2

MILK LIPOFROTEIN LIPASE

2.1 Introduction

Raw milk contains endogenous lipolytic activity. Since the discovery of both the
enzyme and a means of determining its activity by Rice & Markley (1922) this
lipase has been the subject of many studies. Bovine milk has considerable
potential lipolytic activity but very little lipolysis occurs in most samples of
raw milk. In milk the fat globules - droplets of 0.2 - 10 pym in diameter - are
surrounded by a membrane of amphipolar molecules, proteins and phospholipids,
which protects the triglycerides against enzyme attack. The enzyme probably
originates from capillary endothelial cells in the mammary gland and is thought
to be secreted into the alveolar lumen together with milk proteins and lipids.

For a long period of time it was thought that milk cantained several
lipalytic enzymes (glycerol-ester hydrolases: EC 3.1,1.3). This conclusion was
based upon variation in the relative lipolytic activity towards different
substretes (Frankel & Tarassuk, 1956 a, b). According to the location of
activity in milk, Tarassuk & Frankel (1557) distinguished between a naturally
active or "membrane lipase" and a “plasma lipase”. Cows' milk was also found to
contain a lipoprotein lipase (EC 3.1.1.34), most of which was observed in skim
milk. However, the triglycerides of cream were not hydrolysed by this
lipoprotein lipase (Korn, 1962).

In the seventies new evidence about the nature of the milk lipase system
became available. Several groups of research workers discovered that milk lipase
was in fact the same enzyme ass the lipoprotein lipase described by Karn (1962},
and that this enzyme was the principal endogenous lipase of normal bovine milk.

Lipolysis in raw milk is promoted by the addition of blood serum {Jellema &
Schipper, 1975}. The defect known as spontanecus rancidity may be connected with
the presence of an activator im the milk {Driessen & Stadhouders, 1974 and
1975). This activator is probably part of the high density lipoprotein fraction
of skim milk, which appears to have immunological determinants in common with
high density lipoproteins from cows' blood (Castberg & Solberg, 1974). These
observations are in agreement with the conclusion that the major lipolytic
enzyme in bovine milk is a lipoprotein lipase (Dlivecrona et al., 1975). It was
shown with immunological techniques that milk lipoprotein lipase is structurally
related to the lipoprotein lipase present in post~heparin blood plasma (Hernell
et al., 1975). However, bovine colostrum has a low lipolytic activity with
characteristics other than those of a lipoprotein lipase (Driessen, 1976a).
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2.2 Biochemistry of milk lipoprotein lipase

Milk lipoprotein lipase exists as a dimer with a molecular weight of about

100 000 daltons (Iverius & Ustlund-Lindqvist, 1976}. Chemical analysis shows
that the enzyme is a glycoprotein containing 8.3 % carbohydrate (Iverius &
Ustlund-lLindqvist, 1976). Bovine milk contains 1 - 2 mg enzyme per litre, that
is 10 - 20 nM (Diivecrona, 1977). Milk lipoprotein lipase can have a very high
turn-over rate. With 1,3-diolein as a substrate, at pH B.5 and 25 °C, &
turn-aver rate of more than 3 000 s-1 was measured (Olivecrona, 1977). With this
turn-over rate, milk would be rancid in 10 - 20 s. In practice this does not
occur.

The enzyme is highly surface-active. Most of it is located in the milk plasma
(Castberg et al., 1975). The largest proportion being associated with the casein
micelles. Lipase-casein binding is mainly through ionic forces, but hydrophobic
interactions may alsc contribute (Downey & Murphy, 1975). Bovine milk
lipoprotein lipase binds with high affinity to heparin, and thie property can be
used for the purification of the enzyme by affinity chromatography, on a column
af heparin-substituted agarose (Dlivecrona et asl., 1971; Egelrud, 1973)}.

Heparine-bound lipoprotein lipase is catalytically active and can be
stimulated by the cofactor apolipoprotein C II, henceforth called cofactor.
Therefore, it can be postulated that milk lipoprotein lipase, in addition to its
active site, has at least three other functional regions:

- an interface recognition site;

- a region for interaction with the cofactor;

- a region for interaction with heparin and other polyanions {Bengtsson &
Clivecrona, 1981}.

The pH optimum of bovine milk lipoprotein lipase against triacylglyceride
emulsions is between 8.0 and 9.0, and the optimum temperature ranges from 35 to
40 °C (Brockerhoff & Jensen, 1974).

A number of different proteins can inhibit lipase activity. This inhibition
is probably caused by competition of these proteins with the cofactor (Bengtsson
& Olivecrona, 1977). Activity is also inhibited by the reaction products, long
chain fatty acids. Therefure, for the determination of lipase activity a fatty
acid acceptor, such as CaZ* ar serum albumin, should be included in the assay
mixture (Scow & Olivecrona, 1977).

Milk lipoprotein lipase acts predominantly on the fatty acids in the
a-position of triascylglycerides (Brockerhoff & Jensen, 1974). Experiments with
equimolar quantities of triascylglycerides show that there is a preferential
hydrolysis of the triacylglycerides with lower carbon numbers (Jensen et al.,
1964). Dne reason for this apparent specificity may be that short chain fatty
acids tend to be more frequently situated in the a-position. Alternatively,
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since the diffusion rate of low molecular weight triacylglycerides in fat is
higher than those of larger triacylglyceride molecules, so the low molecular
weight triacylglycerides preferentially move close to the water-fat interface

where lipolysis takes place.

2,3 Theroresistance of milk lipoprotein lipase

Trout (1950) found it necessary to pasteurize the milk, either hefore or
immediately after homogenization, in order to avoid lipolysis. Lipolytic
activity seems to be destroyed by a conventional high-temperature short-time
(HTST} pasteurization. The conditions required to inactivate the enzyme have
been investigated by various research workers. A survey of these results, shown
in Taeble Z.1, does not indicate a clear relationship between heat treatment and
residual activity, because individual results are concerned with only one
time-temperature combination and are obtained from different experimental
conditions. Therefore the heat inactivation of milk lipoprotein lipase was

investigated in more detail.

Table 2.1 Survey af the thermoresistance of the milk lipolytic enzyme, measured

by various investigators.

Authors Inactivation of the Calculated

milk lipase after
initiasl activity

heating for: log
residual activity
Hetrick & Tracy (1948) 58 at 8BS °C 12.10
Harper & Gould {(1959) 17.6 s at B2 °C 19.66
Sjgstrom (1959) 258 at 80 °C 16.67
Nilsson & Willart (1961) 208 at 80 °C 13.34
Andersen & Kjaergaard (1962) 16 s at 76 °C* 3.80
Shipe & Senyk (1981) 16.7 5 at 76 °C* 3.97

*S5ufficient for pasteurized homogenized milk.

2.3.1 Materials and methods

Milk. Verious samples of milk were drawn aseptically from a limited number of
cows. The bacterial counts of these samples of milk were in all cases below 400

per ml. The cream was separated by centrifugation in sterilized tubes at 3 300 ¢
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for 15 min at 4 °C. Approximately 50 % of the membrane material originally
associated with the fat globules was found in the resultant skim milk (Koops &
Taragsuk, 1959),

HBeat treatments. At temperatures below 65 °C aliquots of skim milk were heated
in glass tubes according ta the method described in Section 1.5.1.1.

At temperatures above 65 °C pasteurization treatments were carried out in a
flow-through mini-pasteurizer according to the method described in
Section 1.5.2.

Assay of lipase activity by the pH stalt method. Activity measurements were

made using a substrate of butter oil, emulsified with gum arabic as recommended
by Parry et al. (1966). The composition of the substrate was as follows: 10 g
gum arabic; 10 g butter oil; 0.67 g NaCl; 4.4 g bavine serum albumin, and 400 IE
heparin in 100 g distilled water. Emulsions were prepared with a Branson
sonicstor, Model S 125, operated at full power for 3 min while keeping the
sample container in ice. This treatment produced fat globules with a size
ranging from 0.5 to 2.3 um.

During the experiments the pH stat wss connected to a Metrochm precision
potentiometer, type £ 353 B. The pH was kept constant at B.75 by the automatic
addition of 0.02 N NaOH. The temperature was regulated by a thermostatically
controlled water bath at 37.0 + 0.1 *C. One unit of lipolytic actvity is defined
as the number of micro-equivalents of alkali required per minute to titrate the
FFA released per ml of sample while maintaining a given pH. The number of units

was calculated from the initial slope of the recorded pH stat curve.

Pasteurized milk. Aseptically drawn milk was pasteurized at various temperatures
and subsequently homogenized at 20 MPa and 50 °C. Sterilized bottles were filled
aseptically with this milk and stored at 7 °C. During storage the milk fat
acidity was measured by the modified BDI-method (Driessen et al., 1977). for the
duration of the experiment the number of viable micro-organisms was estimated on
Piate Count agar to which 1 % skim milk had been added (PCM-agar}. The poured
plates were incubated for three days at 30 °C. Only the results from milk with

counts below 100 per ml were taken into account.

2,8.2 Resulte

2.3.2.1 Heat tnactivation of milk lipoprotein lipase

The thermoresistance of the lipase system in skim milk was investigated aver a

temperature range of 50 to 70 °C. For each temperature the logarithm of the
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FPigure 2.1 Inactivation of the milk lipoprotein lipase by various heat

treatments.

residual enzyme activity was plotted ageinst the heating time. The resulis are

given in Figure 2.1. From these data linear regression lines were calculated,
togetner with D (decimal reduction time) and k' {(constant of inactivation).

These values were expressed as (reciprocal) seconds. The kinetic and

thermodynamic parameters of the inactivation of the enzyme are given
in Table 2.2. The Qqp at 70 °C was calculated to be 16.7. The reaction

kinetics are discussed in Section 1.4.

Table 2.2 Kinetic and thermodynamic parameters af the heat inactivation of

lipoprotein in skim milk,

Tempe- 103 D Reaction Activation
rature T rate Gibbs free enthalpy, entropy,
constant, k' energy, AG* AR HS*
(°cy (k-1 (s) (10-3 g-N) (k1.mol=1)  (kdJ.mol-1) {J.mol-1.k-1)
45 3.145 11 150 0.2 100.6 231.5 411.6
50 3.096 3 470 0.7 99.0 231.5 410.2
2.5 3.072 1 88D 1.2 98.1 231.4 409.5
5% 3.049 940 2.4 97.0 231.4 408.8
57.5 3,026 510 4,5 96.1 231.4 409.4
60 3.003 270 8.5 95.1 231.4 409.3
62.5 2.981 126 18.3 93.7 231.4 410.4
65 2.959 74 31.0 92.9 231.3 409%.5
67.5 2.937 43 53.3 92.1 231.3 408.8
70 2.915 16 142.2 90.0 231.3 412.0
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Inactivation of milk lipopratein lipase by various heat treatments appeared
to follow first order reaction kinetics (see Figure 2.1). There is also a linear
relationship between k' and T. The results are given in Table 2.2, and presented
as an Arrhenius plot in Pigure 2.2, This plot is characterized by the equation:
log k' = -12.220 (103/7} + 34.667 (rZ = 0,996) (2.1
For the milk lipoprotein lipase the relationship between D and
temperature T’ {°C) is given in Pigure 2.3. The plot is chesracterized by the
equation:
log D = ~0.112 T + 9,136 (r2 = 0.998) (2.2)

Eqs. (2.1) and (2.2} can be used to predict the relative lipolytic activity of
heat-treated milk.

it M

2% 295 300 305 310 315 1037 kY

7 &5 60 55 50 45
temperature (°C)

Figure 2.2 Arrhenius plot of the inactivation of the milk lipoprotein lipase.
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Pigure 2.3 Thermal destruction curve for the milk lipoprotein lipase.
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2.3.2.2 Lipolystis in pasteurized homogenised milk

In view of the thermoresistance of milk lipaprotein lipase it can be expected
that some lipolysis will occur in pasteurized homogenized milk. From Eq. (2.2)
it can be calculated that at a typical tempersture for HTST pasteurization, for
instance 72 °C, the D for inactivation is 11.B s. Therefore, residual lipolytic
activity in pasteurized homogenized milk heated at various temperatures for 10
8, was investigated. The results of a series of experiments are plotted

in Pigure Z.4.

It is abvious from these experiments that lipolysis can occur in homogenized
milk, pasteurized at 72 °C. Within 3 or 4 days this milk is likely to have a
rancid taste and therefore the keeping quality will be reduced. To ensure good
keeping quality milk should be pasteurized at a higher temperature, for example
at 78 °C for 10 s. No milk lipoprotein lipase activity is measured after a heat
treatment of 10 s at 85 °C.

BDI value imM NaOH /100 g fab
8

1F

s, 7% _ limitof _ _ |
vancid Tiavour
10s, 80%

105, 85 9%

0 1 z 3 4 ) 6 H 8 ]
days 8t 79

Pigure 2.4 Course of the acidity of the fat during storage at 7 °C of

hamogenized whole milk, pasteurized at various temperatures.

2,3.3 Diecusgetion

In milk the fat is pratected against lipolysis by the intact fat globule
membrane. When this membrane is somehow damaged lipolysis can occur. The
intensity of the fat splitting activity in milk will depend on the residual

activity of the enzyme after the heat treatment and on several other factors.
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Inactivation of milk lipoprotein lipase follows the kinetics of a first order
reaction. The Gibbs free energie during the heat treatment was approximstely
93 k3d.mol-1 at 65 °C.

As previously stated, milk has a high potential lipolytic activity. It can be
calculated that under optimum conditions for lipolysis, milk would be rancid in
10 to 20 s. From the kinetics of inactivation, as measured in this study, the
number of D (1/10M, in wich n = number of D) necessary for inactivation
according to various investigators was calculated. These values are given
in Table 2.1 column 3. For complete inactivation milk must be heated until
approximately n = 15 had been reached. Although the amount of lipoprotein lipase
in milk is high, the number of D far total inactivation is such that it may be
assumed that Eqs. (2.1) and (2.2) should not be extrapolated too far beyond the
range of experimental conditions. In this study a heat treatment of 10 s at 85
°C, appeared to be sufficient for complete elimination of lipolysis in
pasteurized homogenized milk. However, in this milk the conditions were not
optimal for lipolysis. The milk is stored cold and has a suboptimal pH. In these
conditions lipolysis appears to be inhibited sufficiently when the milk has been
heated to an equivalent of 3.9 D (Andersen & Kjaergamard, 1962; Shipe & Senyk,
1981). This observation was confirmed in this study, a heat treatment for 10 s
at 78 °C corresponds to 4.0 D.

Homaogenization of raw milk causes very rapid lipolysis and hence a soapy,
rancid flavour detectable within 5 to 10 min of the treatment (Mulder'& Walstra,
1974).

The activation energy for the denaturation of globular proteins depends on
the molecular weight of the protein, assuming that, per unit weight
approximately the same number of emino acid residues is available for bonds
responsible for globular cenformation of the protein. For the denaturation of a
globular protein with a molecular weight of 50 000 the AH* and AS* are at least
500 kJ.mol-1 and 1 000 J.mel-1.K-1, respectively (Walstra & Van der Haven,
1979). Since the results given in Table 2.2 are less than half these values, it
is unlikely that the ipactivation of lipoprotein lipase in milk can be fully

explained by destruction of the globular structure of the protein.
2.4 Milk lipoprotein lipase activity in milk and milk products

g.4.1 Raw milk

When the membrane is damaged, lipolysis will occur in raw milk without addition
of a cofactor {Deeth & Fitz-Gerald, 1976). Therefore, lipolysis can be expected
in milk products where the milk fat substrate is present in an attackable form.

This substrate activation can be done in three ways: homogenization, fosming and
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temperature manipulation. Homogenization and foaming will cause a mechanical
damage of the membrane by which the fat loses its protection against lipolysis
more or less. By tempersture manipulation the membrane may be damaged
physically, which results in an increased content of free fatty acids during
further cold starage of the milk {Claypool, 1965).

The defect in raw milk known as sponteneous rencidity may be connected with
the presence of an activator in the milk. This activator may arise in milk by
leakage from the blood (Castberg & Solberg, 1974).

Lipolysis may occur predominantly in raw milk of cows in an advanced stage of
lactation. Feeding may also influence the lipalysis in milk., A low energy ratien
is mainly relatad to an abnormal decrease in milk production and an increase in
susceptibility to rancidity (Jellema, 1975).

Physiological processes may evoke lipolysis in raw milk. Especially hormone
involvement in milk lipolysis has been proposed because of its possible
influence upan secretion of activator substances end lipase into the milk
(Bachman, 1982).

2.4.2 Butter

The flavour of butter is readily impaired when lipolysis occurs, Since butter is
usually made from cream pasteurized at a high temperature, it is generally
considered that milk lipoprotein lipase does not play a role in increased
acidity of the fat during storage. Lipolysis occurring in butter is therefore
mainly attributed to lipolytic micro-organisms ($jostrom, 19593 Deeth &
Fitz-Gerald, 1976).

2.4.3 Cheese

The hydrolysis of fat is s normal part of cheese ripening and some of the fatty
acids liberated during the ripening are essential flavour constituents of
cheese. Enzymes that may hydrolyse fat during the cheesemaking process can
originate from rennet, milk, starter organisms, adventitious bacteria or from
added lipases.

The fact that lipolysis occurs in cheese made from aseptically drawn raw milk
demonstrates that milk lipoprotein lipase contributes to the hydrolysis of fat
in cheese made from raw milkl{stadhuuders & Mulder, 1957). In contrast, when
milk is heated at the time-temperature combination favoured by cheese factories
in the Netherlands, it has been observed that the residual activity is of little
importance in the hydrolysis of che cheese fat (Stadhouders & Mulder, 1960;
Reiter et al., 1969; Kleter, 1976 and 1977). However, measurements of the
thermoresistance of milk lipoprotein lipase in this study show that sbout 17 %
of the activity could survive a normal cheese milk pasteurization treatment,
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i.e. 10 8 at 72.°C. The apparent conflict between this observation and that from
factory results, indicates that the influence of milk lipoprotein lipase on
lipolysis in cheese is not fully understood. It is possible that the low pH of
cheese {approximately 5.2) is of significance in this phenomenon, since milk
lipoprotein lipase is labile at low pH (Frankel & Tarassuk, 1956b; Driessen,
1976). Therefore a number of important questions remain unanswered including:
why lipolysis occurs in cheese made from raw milk, and why during cheese

ripening lipolysis continues at low pH.

2,4,4 Other dairy products

Lipolysis can also be expected in cream; ice cream (mix); milk powder and
evaporated milk. During the last two decades few papers on lipolysis in these
products have been published and the review by Sjdstrom {1959) still appears to
be up to date. He reported that for ice cream mix milk should be heated for more
than 30 min at 68 °C or 25 s at BD °C. These heat treatments are in agreement
with those necessary for pasteurized homogenized milk and for cream. For milk
powder similar heat treatments are needed to prevent lipolysis by milk
lipoprotein lipase. The heat treatments applied during the manufacture of
sterilized products like evaporated milk are such that milk lipoprotein lipase

is completely inactivated.

2.5 Concluding remarks

Milk contains high concentrations of lipoprotein lipase. However, little milk
fat is hydrolysed in raw milk becasuse it is protected by the fat globule
membrane. Mechanical damage of this membrane or the presence of a cafactor of
the enzyme in the milk or both, initiates lipolysis in raw milk.

To prevent defects caused by milk lipoprotein lipase it is recommended that
milk is heated to at least 78 °C with & holding time of 10 s. It is of practiecal
importance to respect this fact, and also to prevent that homogenized milk
{returns) is mixed either with raw or with low pasteurized milk or reconstituted
low heat milk.
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Chapter 3

LIPASES OF GRAM-NEGATIVE BACTERIA IN MILK AND MILK PRODUCTS

8.1 Introduction
In thig study the lipases originating from Gram-negative bacteria are henceforth
called lipases. If lipases from other micro-organisms are involved, reference is
made in the text.

During the last two decades cold storage of milk in bulk tanks on the farm
has increased considerably, especially in the Netherlands. Consequently, the
bacterial flora present in raw milk has changed in favour of organisms that can
grow at low temperature. These organisms are the so called psychrotrophic
bacteria. A survey of the occurrence of lipolytic bacteria in milk and milk
products is given in Section 1.3.

There are relatively few reports on what proportion the milk flora produces
lipase, but results suggest that approximately one third aof the isolates from
cold stored milk is lipolytic (Stadhouders & Mulder, 1958; Kishonti & Sjbstrim,
1970; Muir et al., 1979). The lipalysis which occurs on storage of milk is
according to Muir et sl. (1978) correlated with the total count of
psychrotrophic bacteris before storage. However, milk with relatively high
bacterial counts (> 1.7-107 m1-1) were used in this study.

Lipase is secreted by bacteria during their growth in milk. It is generally
assumed that lipases produced by psychrotrophic bacteria are exclusively
extracellular, and it is certainly true that they can be almost campletely
recovered from culture supernatants (Law, 1979). Rancidity can be produced by
adding the culture supernatant of a pre-grown lipolytic strain, but not by
washed cells, to milk and pasteurizing it immediately before cheese-making (Law
et al., 1576). The amount of lipase produced per cell by Pseudomonas
fluoreecens varies with the temperature and reaches a maximum at B °C, Little
lipase activity was observed in cultures incubated at 30 °C, although the
bacterial counts were high (Andersson, 1980a).

This chapter deals with the practical significance of these lipases,
especially the conditions for enzyme production, the heat resistance of the

enzymes and lipolysis in milk products.
3.2 Biochemistry of bacterial lipases

Specificity. The lipeses secreted by Gram-negative rod-shaped bacteria are
glyceryl ester hydrolases (EC 3.1.1.3). Natural fats are insoluble in water and
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lipases act upon emulsified fat at the oil/water interface. The enzymatie
reaction rate is therefore not related to the substrate concentration, buf to
the interfacial area of the emulsion (Desnuelle, 1961). The lipase produced

by Pseudomonas fragi attacks primarily the a-position of the triacylglyceride,
but has very slight, if any, action on the B-position (Alford et al., 1964).
However, the lipase from P. fluorescens is reported to hydrolyse blood serum
triglycerides completely to glycernl and free fatty acids (FFA} (Sugiura &
Oikawa, 1977), and it is assumed that the fatty acids change their position from

B- to a- by isomerization.

Characterization. There are relatively few reports on the characterization of
these enzymes. The lipase of P. fluorescene appears to be a single chain protein
containing neither sugar nor lipid residues. Its molecular weight is estimated
to be approximately 33 000 daltons and its isoelectric pH is 4.46 (Sugiura &
Dikawa, 1977). The lipase is inhibited by heavy metals {Co, Ni, Zn, Fe, Cu, Hg,
Ag and Cd) {Lawrence, 1967; Landaas & Solberg, 1978). Activity is completely
inhibited by EDTA, but partly restored by the addition of Ca or Mg (Landaas &
Solberg, 1978). The mechanism of action of the Ca%+-ion is not clear. It is
possible that calcium may act as an acceptor of released fatty acids (Shah &
Wilson, 1965) since long chain fatty acids inhibit lipase activity (Scow &
Olivecrona, 1977). However, according to Ota & Yamada (1947) the lipase required
one CaZ*-ion for one active site of the enzyme.

Specific -5H reagents such as p-chlormercuribenzoic acid, iodoacetic acid
and potassium ferricyanide, have no effect, indicating that -5H groups are not
part of the active centre of microbial lipases (Patel et al., 1%264; lLandaas 4
Solberg, 1978). Fungal lipases may contain methionine and histidine in their
active sites (Motai et al., 1966). Lawrence and coworkers (1967) observed that
micrococcal lipase was inhibited by organophosphorus compounds and by
2,4~dinitrofluorcbenzene in alkaline solution and found that metal ion
inhibition of the enzyme was aovercome by histidine which suggests that the
active centre may contain both serine and imidazole groups.

Femperature. Bacterisl lipases are most active within the temperature range of
30 to 40 °C (Nashif & Nelson, 1953a; Lawrence, 1967; Landaas & Solberg, 1978),
but there is still substantial activity at low temperatures (Alford & Pierce,
1961; Andersson, 1980a)., These lipases are very stable at temperatures below 8
°C, and at 20 °C still 50 % of the original sctivity can remain after a storage
of about 3 months (Andersson, 1980a).
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Effect of the pH. A rough distinction can be made between micrabial lipases
originating from yeasts or fungi and from bacteria. The optimum pH of most
fungal or yeast lipases appears to be at acid pH values, while for most
bacterial lipesses it is at neutral or alkaline pH values. Crude lipases

of P.fluorescens and P. fragi are most active at pH 6.5 and 7.6, respectively
(Law et al., 1976). Other investigators report an optimum pH of 8.0 for the
lipase activity of & fluorescent pseudomonad (Landaas & Solberg, 1978). The
extracellular lipase of Achromobacter lipolyticum has an optimum pH of 7.0 (Khan
et al., 1964),

The variation in optimum pH for lipolytic activity, as reported by various
investigators, may be due to differences between species or strains of
micro-organisms. In addition pH may infiuence not only the activity of the
enzyme but slso the stability of the emulsion, since the rate of lipolysis
depends on the interfacial area. It has been suggested that the optimum pH
depends upon the nature of the substrate, the buffer solution and other external
conditions (Nashif & Nelson, 1953a; Rottem & Razin, 1964).

Water astivity (ay). According to Andersson (1980a) the rate of lipolysis is
fairly constant until a water activity of 0.54 is reached. Above this g
lipolysis increases until a three-fold activity is reached at an a, of 0.85.
Furthermore, lipolysis can ocecur in milk powder@qu < 0.6) stored at 30 °C for 18
months, when it is manufactured from milk which has been heat-treated at low
temperature or was of low bacteriologicael quality (Kjaergasrd Jensen & Sloth
Hansen, 1972).

3.3 Production of lipases by (ram—negative bacteria in bateh cultures

3. 3.1 Introduction

The lipolytic bacterial count increases in raw milk during cold storage. It is
of importance, however, to realize that bacteria have s long lag phase (about

3 days} in cold milk, otherwise it would not be possible to store milk at the
farm {Stadhouders, 1982). Bacteria produce lipases during their growth (Muir et
al., 1979) and the amount of lipase present in the medium depends on several
factors which regulate the production of lipase. For pseudomonads the amount of
enzyme produced per cell at 5 °C equale that produced at 20 °C, and a maximum is
found at 8 °C. Increasing the temperature above é °C has commonly a depressing
effect on lipase production (Nashif & Nelson, 1953b; Alford & Elliott, 1960;
Andersson, 1580a). Achromobacter lipolyticum produces the maximum amount of
lipesse at 21 °C (Kehn et al., 1964)}. Aeration promotes lipase production per
cell as in a shallow layer culture and the maximum yield per cell occurs at
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neutral pH (Nashif & Nelson, 1953b; Alford & Elliott, 1960). However, according
to Rowe & Gilmour (1982) the production of lipase by Pseudomonas spec. is
induced by a low oxygen content in a simulated milk medium.

The addition of refined oils ta nutrient broth delays the growth of P.
fluorescensa and its lipase production, but the final cell density and amount of
lipase are approximately the same as in unsupplemented nutrient broth
(Andersson, 1980b}. Pseudomonads sppear to require a source of arganic N for
lipase production, though not for growth. P. fluorescens and P. fragi produce
lipase in peptone media or synthetic media containing free amino acids, although
the amino acids are a less effective N source (Law, 1979). Despite the abundance
of information on the production of lipases by Gram-negative bacteria in
synthetic media, there remains a need for investigations in milk to establish
the effects of specific measurable perameters such as physiological stage and
tempersture con relative lipase activity. These considerations are studied and

the results discussed in the following sections.
3.3.2 Materiale and methods

Lipolytie bacteria. All the organisms used in the experiments came from the
Netherlands Institute for Dairy Research and originate from raw milk. The
strains involved in this investigation were: Pseudomonas fluorescens 22F,

P. fluorescens R11, P. putrefoaciens R4B, P. fragi R6?, Alcaligenes
viscolaetis 23al, A. viscolactie 23al, Achromobacter spec. 1-10 and Serratia
marcescens DZ.

Cultivation. Cultures, freshly grown at 20 °C, were inoculated in 150 ml
portions of UHT-sterilized homogenized whole milk in 500 ml Erlenmeyer flasks,
and incubated at 7 °C. The initial bacterial count was approximately 10%

ml-1. One strain, P. fluorescens 22F, was inoculated in heated skim milk (5
min at 105 °C), and during incubation the culture was monitared for growth and
lipase production. Growth was measured by a plating technique with Plate Count
agar containing 1 % skim milk (PCM-agar). The plates were incubated for three
days at 30 °C.

Activities of the lipases. The lipase activity of P. fluorescens 22f was
determined by the pH stat method of Parry et al. (1966). Far the estimation a
Metrohm precision potentiometer E353B was used. The reaction vessel contained 10
ml substrate to which 1 ml of culture was added. The culture was centrifuged at
49 500 g for one hour, and lipase present in the supernatant was estimated. The

pH was maintained at the optimum value 8.75 (see Section 3.3) by automatic
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delivery of 0.02 N NaOH, and the temperature maintained at 37.0 % 0.1 °C with a
thermostatically controlled water bath. The substrate for the lipase assay
congisted of 15 % butter oil emulsified in a 10 % gum arsbic solution. Emulsions
were prepared with a Branson sonic emulsifier, Model 5125, using it at full
pawer for 3 min on ice. Fat globule size in the substrate ranged from 0.5 to 2.3
pm as determined by microscopic measurements. The initiasl slope of the recorded
curve was taken as a measure of lipolytic activity, and an unit of activity
defined as the number of micromoles of NaOH regquired per minute to maintain the
given pH.

Lipase activities during the growth of the other cultures were estimated as
follows. Growth of the cultures in commercially UHT-sterilized whole milk was
determined after a fixed incubstion time at 7 or 10 °C, depending on the growth
rate st low temperature of the perticulsr strain. The culture was pasteurized
for 30 min at 63 °C and subsequently incubsted for S days at 37 °C. Cultures
were then checked for sterility and the increase in acidity of the fat during
the 5 days incubation period was taken as a measure of lipase activity. The
acidity of the fat was determined according to the modified BDI method (Driessen
et al., 1977).

3.3.3 Results

The relationship between growth and lipolytic activity of Pseuwdomonas
fluorescens 22F. The relationship between growth of P. fluorescens 22F in milk
and the lipolytic activity measured with the pH stat is given in Pigure 3.1.
Bacterial lipase could only be measured in the late exponential growth phase and
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Pigure 3.1 Relation between lipase activity and bacterial count of Pseudomonas
fluorescens 22F at 7 °C. The activity was measured with the pH stat
methad.
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in the stationary phase of growth, which means at rather high bacterial

numbers. When the activity per cell was calculated, hawever, it appeared that
the praduction of lipase was fairly constant over the range in which activity
could be measured. As the lipase activity was measured for very short incubation
times, spproximately 5 min, it can be expected that these bacteria also produce
lipase at an earlier stage of growth. Therefore other experiments were done in

milk with a longer period of incubation.

Production of lipase by some Crom—negative bacteria im milk. Various
Gram-negative bacteria were cultivated in commercially UHT-sterilized whole
milk. During their growth at 7 or 10 °C the production of lipase was measured by
determining the change of the acidity of the fat over a period of 5 days at 37
°C.

The different Pseudomonas species grew well at 7 °C, and their growth curves

were very similar to each other. Lipase production could only be measured
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Figure 3.2 Relation between lipase activity and bacterial count of some
pseudomonads cultivated in UHT-sterilized whole milk at 7 °C. The
acidity of the milk fat wes determined after 5 days at 37 °C.
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