Heat stability of milk

Mike Lewis



Heat Stability

A Poor heat stability may influence the following
operations:

A Pasteurisation

A Sterilisation

A UHT

A In-container (especially concentrates)
A Evaporation



Milk sterilised at 120 C for 15 min

Increasing
additions

Different phosphates, citrate, EDTA and calcium chloride
additions



Effects of poor heat stability

A In UHT treatment, milk having poor heat
stability can give rise to fouling of heat
exchangers and sedimefdrmation. Itis best
to avoid UHT treating such milk.

A These problems may be encountered to a
lesser extent In pasteurisation and ESL milks

A Evaporators may also be susceptible to fouling
and hence to longer cleaning regimes

A Fouling of membranes also occurs



Methods for assessing heat stability

A Heat coagulation temperature
A Heat coagulation time

A Viscosity measurement

A Heat exchanger fouling

A Sediment formation

A Coagulation

A Casein micelle size

A Two main determinants of heat stability are
PH and ionic calcium
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Some observations on this methoc

A Why does heat stability go through a
maximum and minimum.

A As pH is increased, Ca2+ decreases, micelles
are less susceptible to coagulation.

A At pH maximum, +€asein dissociation occurs,
this has a destabllising effect

A However at minimum, Ca2+ is further educed
and this becomes the dominating influence



A There is an element of subjectivity in

determining the point at which coagulation
first takes place.

A However, it is claimed that it is possible to
obtain reproducible results with practice.

A A variant on this procedure is to determine
the heat coagulation temperature, which Is
the temperature required to coagulate milk in

a given time period (Rose, 1962; Horne and
Muir, 1990).



Noteworthy Observations

A However, despite all the research work, problems related

to poor heat stability of milk are still encountered In
commercial processes.

A Singh (2004) stated that the heat coagulation time (heat

stability) often correlates very poorly with the stability of
milk on commercial sterilization.

A He also pointed out that from an industry point of view,
the use of a pilot scale or laboratory scale sterilizer whict
simulates sterilization conditions used in practice
provides more reliable results and prediction of
behaviour of milk in commercial plants, although this is
not possible without access to pilot plant facilities.



Some studies on pH and ionic calciur
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Total calcium and ionic calcium in milk of
different species (average values)

Total Calcium lonic calcium
(mM) (mM)
Human 7.5 3.0
Cow 30 1.80
Goat 34 2.67
Sheep 55 2.01
Mouse 71 ?
Human Blood 2.052.5 1.1¢1.32




Measuring ionic calcium in milk

A lon-exchangeequilibration, Christianson et al. (1954).

A Murexide complexingagent, Tessieiand Rose (1958); White anc
Davis (1958).

A Use of arion selective electrodalesigned for measuring
calcium in blood (measures activity).

A Development otandardswith pH (6.7) and ionic strength
(81mM) similar to milk

A Calibrationof the system prior to use daily: (with five standard:
over range 0.25 to 3.00M)



Immersion type and flovthough
electrodes
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Calibration for 1onic calcium meter
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Guidelines for reliable results

A Immersion probe or flovthrough probes

A Divalent ions: ~ 29 mV change for 10 fold
change Iin concentration

A 8 to 9 mV per doubling of concentration

A Important to check performance and
reproducibility of the electrode

A Calibrate every day prior to use.



lonic calciumand alcohol stability for 10 different cows
over a complete lactation period

Cow lonic CalciumraM) | Alcohol stability (%)
NO Mean | sd Mean sd
6848 i 0.22 84% 5%
227 1.87 0.19 87% 7%
6737 1.92 0.29 79% 7%
6789 1.97 0.41 79% 7%
6653 2.14 0.44 75% 10%
6930 2.23 0.65 78% 12%
36 2.30 0.53 79% 6%
6790 2.38 0.56 72% 11%
6747 2.40 0.38 76% 5%
6506 DB 057 | 68% 7%
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ionic calcium (mM)
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lonic calcium against adjusted pH for several cows
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Changes in pH and ionic calcium caused by different

events
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lonic calcium (mM)

Changes in pH and ionic calcium caused by differen
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Salts that could be used

A Trisodiumcitrate (TSC)
A Dihydrogersodium phosphate (DHSP)
A Disodium hydrogen phosphate (DHSP)

A Soc
AED
AED

lumhexametaphosphatéSHMP)
‘A (disodium salt)
A {etrasodiumsalt)

AED

‘A (isodium,calciunsalt)

A Calcium chloride



Some calcium salts

A Calcium carbonates: E170

A Calcium lactate: E327
A Calcium citrates E333
A Calcium phosphates E341
A Calcium chloride E509

A Calcium hydroxide E526

A Calciumgluconate E578
A

A Calcium acetate (E263); calcium tartrate (E354); calcium
sulphate (E516); calcium oxide (E529), caldemocyanide
(E538), Calcium silicate (E552), calctgiutamate(E623),
calcium guanylate (E628), Calcilmosinate(E362); calcium
p -€onucleotides (E634)

A Calcium DISODIUM ethyled@minetetra acetate (E385)




Measuring sediment in milk

A Centrifuge milk at ~ 3000 G for 30 min to
1 h

AUseful for assessing heat stability
AEmulsion stability during storage
AAIl milk contains sediment

AOne important question is how much
sediment Is required before it can be
detected by taste?



Heat Stability Measurement (our method)
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