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(54) Title: A METHOD OF IMPARTING AN ULTRA-SHORT, MOMENTANEOUS HEAT TREATMENT TO A LIQUID

v

(57) Abstract

In a method of providing a brief heat treatment to 2 li
very short and easily adjustable holding time at elevated tem
into the liquid to amounts exceeding those which condense b
sterilization, of heat sensitive materials including food produc

quid by mixing steam therein followed by flash cooling at reduced pressure,
perature is obtained by adjustable increase of the amount of steam injected

y contacting the liquid. The method is efficient for heat treatment, such as
ts of high viscosity.
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nmaterials it is often advantageous:to apply a relative- 'y high
tenmperature for a short. period in preference to using a nore prol onged
treatnent at |ower tenperature. 20 Thus, when the desired benefici al
effect .of the heat treatnment, for i nstance destruction of

m cr oor J4P P28 and their.germs, is enhanced to a gr e RGI/DEXVIOSE9 by

rai se of tenperature than the heat damage is increased by such a raise,
it can be advantageous to performthe 25 heat treatnment at rel ati.vely-high
t'enper at ure avoi di ng an increasedijheat damage by substantially

shorteni ng the time period in which the material is at elevated

t enper at ure. This principle is utilized i.a. in the socalled 30

UHT processhngE@ﬁoﬂ1bg t ,tlfe at
anbi ent tenperature. . mﬁl{kﬁb@%%&r’g% ?’{Hd)ﬁged WM?@%%A rior art
t echnol ogy MENE; $Of AeLdQPEPerence is made to H Burton:-

“U tra-Hi gh- Tenperature Processing of Mlk and 35 MIk Products (Elsevier

pl i ed Sgl ?‘le d %l | %he&nventlon 2

The present invention relates to heat treatment of
heat sensitive liquids by steam injection. The heat
treatment may have different purposes such as complete
or partial sterilization or stabilization of liquid
food products or pharmaceuticals, or stripping of
volatile components from the liquid.

10

Background of the invention
1S

'When'“apply;ng a: heat treatment to heat -sensitive

. materials it is often advantageous to apply a relative-
ly high temperature for a short period in preference to
using a more prolonged treatment at lower temperature.
20 Thus, when the desired beneficial effect of the heat

treatment, for instance destruction of microorganisms

and their germs, is enhanced to a greater extent by

raise of temperature than the heat damage is increased

. by such a raise, it can be advantageous to perform the

25 heat treatment at relatively high temperature avoiding

an increased heat. damage by substantially shortening

the time period’ 1n which the material is at elevated

temperature.

This principle is utilized i.a. in the socalled

UHT processing of milk with a view of obtaining a long
shelf-life at ambient temperature.

30

For .a more detailed explanation of prior art
technology within this field reference is made to H.
Burton: Ultra-High-Temperature Processing of Milk and

35 Milk Products (Elsevier Applied Science Publishers



Lid., -1988). Also Ulnmnn's Encyclopedia, 5th - ed. (1988).,, Vol. A 11,
pages 549-552, discusses UHT steri - lizing of mlk and expl ai ns how

vari ous conblnatlons of heatln;THup?H ure influence mcrobial
spores 5 { ctlon vitam n de Sgp éﬁT jgeactiv | otein
denat ur at ‘i] # col or changes. é LAC C ?#gﬁﬂ?gfoggsrg

esses e of
tenperature is achi eved by using indirect heaters or direct heaters in
whi ch steamis contacted with and condenses into the 10 liquid to.be .

tTeat ed. When exploiting the prgsent invention, only direct
steam heating cones into consideration as. heating system because a

very rapid teg@eratupgs) NCNERTS USlmanfi! HCiBhcpsSlepeden, fsem t hedel ow
description f E#g 1 |1nv n | on._ Besi %23_%#}&@@ resct heg,gjir t%l’l .nciple is
| ess suitabl 1'i fﬁd hi §RIA5 06 9P |%

processi ng ofllmﬂrig odrrpm.ﬂ.k:eané exphaits rigostearioushcomnbihatiidns ict
contacted w ime L0k! QURHL DY RS SAGL1LEROUTR B-bBYEA! s, NO! ding

agh cool i ng step erein a nonentaneous _evapor a- tive
cool i ng t aResgAtgaction, Vltal“ﬁ-né e steaatiP st FPETRRcECBERENGC ISR meen t he
l'iquid and stRiadiak eferddtig@dibi a’ﬂd(lc&g_d:@r@qanges From the m xi ng zone

he | d h h 25 h he _d f
the heat i1 eat rht CHRGPRRFBSRE. IHFor LARECROP Siurt FOPREEFRAE. 25 ont

of all parts aghigwed ipuuging J.ndlrelcm heatesst bovokigkedd hBatters rigterred
to above, &Kh?crpoéééélh'iéy 6&5@5@&%‘9&6 %n&OEéﬁQQH§@§eQr&tc?3crﬂe’30 passing
the hol di ng zone. However, | S 1S descri
10 liquid to be treate '
When exploiting the present invention, only direct
steam heating comes into consideration as heating
system, because a very rapid temperature increase is
crucial as evident from the below description of the
15 invention. Besides, the indiréct heating principle is
. less. suitable for .liquids of high viscosity. .
Typicélly UHT processing of milk 'éomprises a
heating step in which the milk is contacted with steam,
followed by passage through a retention or holding zone

to a flash cooling step wherein a momentaneous evapora-
tive cooling takes place.

20

In the heating step direct contact between the
liquid and steam takes place in a mixing zone.
From the mixing zone the liquid passes through a
25 holding zone decisive for the duration of the heat
treatment and which is 1mportant for a unlform treat-
ment of all parts of the liquid.
In the literature referred to above as well as in
Encyclopedia of Food Science, Food Technology and
30 Nutrition, pages 2305-2313, 1993, it is emphasized that
the holding zone at all times during operation must be
completely filled with 1liquid. This means that the
amount of steam introduced in the mixing zone must not
exceed the amount which condenses therein.

35 From the holding zone the liquid passes through a

t



sonet hing to be avoi ded. Therefore; when said textbook, page 102, in the
description of direct heating states that "sone of the steamis
condensed", this just’ reflects the fact that lspge of '([;e st eam m ght not
be 35 comdesmeigbut is vented | pgwt |l 1 ber at edpcT/DK97/00589

2a fromthe liquid being haa?%d;ﬁg;ﬂggn%ﬂe question of i ntentional
W t hdr awi ng non- condensed st ealm-t-heglly (=} ol ding zone. Also in

Encycl opedi a of Food Science, - Food Technology and Nutrition, pages, -
2305-2313, 1993, 5 it is enphasized tBat the hol ding zone at ~all tines
during operation nmust be conpletely filled with |iquid. Thi s means t hat
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iquid is cooled to a temperature at which it is

not subjected to any heat damage.

The vapours formed by this evaporation- are with-
drawn to a condenser, usually supplied with heat-
regeneration means, and the nbn—evaporated part of the
liquid is recovered from the bottom portion of the
chamber as a marketable product or as an intermediate
for further processing. .

It is important that a vigorous mixing of steam

into the liquid takes place in the mixing zone, especi-

ally when the liquid to be treated is of high viscos-
ity, such as concentrates of milk and other food
pfoducts. _Equipment suitable for this purpose - is
deséribéd in Applicant’s published-International Patent
Applications WO 94/13395 and WO 96/22830, incorporated
herein by reference.

The apparatus described in said two International
Patent Applications is of the type having a disd-shapéd
rotor in a housing into which the steam injection is
carried out in a limited zone above the rotor at a
distance from both the circumference and the centre of
the rotor. This type of apparatuses enables very fast
heating of even high-viscosity 1liquids, within the
dairy industry it is known as a Niro LSI™ apparatus.

It is a drawback of the above described prior art
processes that the minimum time period, in which the
liquid is at maximum temperature cannot be reduced as
much as desired. In the period necesssary for the
liquid to pass through the holding zone, the liquid is
near or at the maximum temperature. Passage through
such a zone having a certain volume has hitherto
usually been regarded as important for obtaining the

|



3. restricting nmeans creating a substanti al
I|qU|d reaches a chanber of | ower pressure

evaporation takes place, whereby the liquid is cooled to a tenperature at
which it _is 5 not subjected to any heat damage. Pes f or med
by thisvg%gﬂﬁﬁ%ﬁlon are with- drawn to a condenser, “usually supplied
"W th heat- regenerati on neans, and the non-evaporated part of the
liquid is recovered fromthe bottom portion of the 10 chanber as a -
mar ket abl e product or as an internedi aie for further processing.
It is inmportant that a vigorous m xing of steam into the liquid takes
pl ace in thdesigey) zmsultaspedoreoved,l y eoratruutilarngli d fentherdaseated i s
of high vis bt ni ga Kk _food
broduct's.  CARUSRNE: ciit JBP S BFL FFTEE bEDbERrRasThn] o AN
Appl i cant-' sﬁnnﬁhsrwxpr¢m%§$mmqonendth}gnﬁ Suchpﬁﬁl&ﬁﬁ(ﬁﬁF3ﬂ§€hl§3395 and

'gFi96422§3PpressuresTgﬁdaEBﬁE?E%&§@¥&HHﬂ§§jéétsﬁiﬂlﬁéﬂahmﬁﬁrﬁﬁéona| 20
Pat en plications is o e avjng a di scz:sha in a
housi ng i mt &' SHRTSHEY HeE s‘t’%a‘lt}i‘ rr#%clt’r ‘{] d B forcgg%hr°u9% Che
holding zone when the processing
described above.

pressure ‘drop, . and the:
wher ei n a nonent aneous

-
-

is performed as

Summary of the Invention
10

It is an object of the invention to provide a
method for heat treatment of a ligquid by direct steam
heating, by which method it is possible to adjustably
reduce the time period in which the liquid is at
maximum temperature and at the same time obtain an

- efficient heat treatment .of all parts of the liquid.

We have now found that- the above object -and other

advantages may be obtained by mixing an amount of steam

15

into the liquid in the mixing zone greater ‘than the
amount which condenses in the heating step. Thereby thg
non-condensed steam will partly displace the liquid
from the holding zone and‘decrease the residence time
thereof in said zone. Surprisingly this decrease of

residence time can be obtained without impairing the

20

25 function of the holding zone as a means for securing an

efficient heat treatment.

Consequently, the invention deals with a method of
imparting an ultra-short, momentaneous heat treatment
to a liquid by mixing steam into a stream of said
ligquid in a mixing zone, passing the stream of liquid
through a holding zone'and, after passage of a pressure

30

controlling restricting weans, subsequently into a
flash cooler, which method is characterized in that the

amount of steam mixed into the stream of liquid, is

35 larger than the one which condenses by cqntacting the
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holdlng zone if only the amount of steam that condenses
by contacting the liquid had been used.

The method is not restricted to the use of any
specific apparatus for forming the'mixing zone, but it
is essential that a quick and efficient mixing of the
liquid and the steam is obtained using only a very
short residence time for the liquid in the zone.

As an example of an apparatus suitable for creat-

ing the mixing zone is the Niro LSI™ apparatus
described above. Obviously a prolonged residence time
in the mixing zone after contact-with steam has started

.would prevent obtainment of the above spec1f1ed object
.'of the invention. -

The holding zone may encompass a separate unit or
vessel, but it may also be a part of the same apparatus
which creates the mixing zone and/or be formed in pipes

and other equipment connecting the mixing zone with the’

restrlctlng means.

As restricting means an adjustable wvalve may
suitably be used which enables maintenance of a pres-
sure in the mixing zone and the holding zone correspon-
ding to the maximum temperature desired in the liquid.
In case a non-adjustable restricting means such as an
orifice plate is used said pressure can of course be
obtained by adjusting the amounts of steam and liquid
introduced into the mixing zone.

Downstream of the restricting means the pressure
is sufficiently low, below or above atmospheric pres-
sure, to ensure a flash cooling of the liguid by
evaporation. The surplus of steam, which reaches the

flash cooling step, is withdrawn to the condenser

WO

I tz%né\/brvﬁ(t\!ﬁr 1re.‘€ﬂ£&:%tdr uebeeaehf%e.awmes ther&estri g_t t the
ecreasi ng sal r er roc SSIn conditions
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5. velocity at which the liquid can.-be forced through the - holding zene
when the processing is perfornmed as descri bed above. Summary of
the Invention 10 It is an object of the invention to provide a
nmet hod f treatment of a liquid by direct steam by whi ch
met hod i‘?{’.’g’&?&%s. ble to adjustably reduce the tinme pe'ir:}?g% "lﬂ)g whi ch t he
liquid is at 15 maxi numtenperature and at the sane tinme obtain an
efficient heat treatnent of all parts of the l|iquid. - W have. now
found that the above object and other g advant ages may be obtai ned by
m xi ng an anount of steam into the liquid in the m xing zone greater
than the = 2bgetthet whthhttmndmm&'idﬂrééwe@ehyi Iﬂ:@xeSttﬁ:ﬂueﬂ'&Hﬁé&lysthe

non- condens I S fromthe hol ding
zone and degérl’a?%%%ées én’l‘(—:% éjf ﬂg%eé{]‘%dé jélqu % sai d

zone.

Surprisingly thi BYletheapyosess acqaxsiidenceotthe davepsiont aJtnest wi t hout
i mpai ri ng t&eossﬁélé Ltf‘t?tféﬁh&f ttﬂzeez%@l@e%ezeaﬁpaﬁoﬁ FRaNB; uring an
ef ficient t treatne Consequent |y, %%%e I nven on eals with
a net hod ¢ “the m?%b%??l hETRRTAFEFe- %%o}?ssnﬁhﬁﬁt Quscherat thag nent

to a |iquidMbsem posgibleawmitht eha Fhrieamadft shirkct Hkddmuhshting M xi ng

zone, passi e ui n one. and, after
passage of %‘%‘g&sgéé ALk |<"llﬁt i g aL|mngl S eﬁn&@{%eﬂdg n%afejfl’nzéeq gﬁ%s]er&]%ent |y
into a t$¢a§hxéﬁgléﬁnemhlch nmet hod is characterized in that the

10 Brief Description of the Drawin

The sole Figure on the drawing diagrammatically
shows a flow-chart of an embodiment of the method

according to the invention.
1S

Detailed Descriotion of Preferred Embodiments

On the drawing a mixing zone is represented by 1.

This wmay typically be formed by a Niro LSI“'appafaﬁus
or other equipment enabling a similar fast mixing of
steam and liquid. The liquid to be treated is fed td
the mixing zone through a conduit 2 and steam is
provided through conduit 3. The steam is introduced in
an amount corresponding to the maximum temperature at
25 which it is desired to heat the liquid, adjusted to
compensate heat loss in the equipment. The steam may be
superheated, but typically its temperature is 6nly'

little above the saturation temperature or at the
saturation temperature.

20

30 It is an essential feature of the method according

to the invention that the amount of steam introduced

through 3 is in excess of the minimum amount required

to obtain the desired heating, that means the amount of

steam introduced is higher than the amount which
35 condenses by contacting the liquid.



amount of steam nixed into the streamof liquid, is 35 larger than the

one whi ch condenses by contacting the - WD 98/ 07328

PCT/ DK97/ 00589 | i qui d, whereby the non-condensed portion of the

st eam to obtain passage of the liquid through di ng
zone W Uﬁ%"ﬁ’%@d residence tinme therein conpared w tkeflﬁgg?l%‘glg%ence
time obtained in the sane 5 holding zone if only the anbunt of steamthat
condenses by contacting the liquid .l;lad been used. The .net hod
'is not restricted to the use of any specific apparatus for formng the

m xi ng zone, but kh the | ial | *%HP! ffd.cient .mxing of
the 10 |i qu;ﬁg and t hees'%g‘g%a?'?%%’btt gieyé?tl% %ﬂ%n J'y a Ci\3ea[rf'§/tcérerbeslhncﬁt
resi dence tiNE2FGF tAR| igiddted the Xk, water creafedn byampieawf an

appar at us sucbabeasheioty e@herein | paskbe Mixtdy. Zongips the Yhisn LSI[err]

The T xi ng. 25dEEReE e e PR o BB rok P8, CaiEren i ARFH et
obt ai nmentS okhehaigine: zpeei Li edrstjidsttes a holding or retention
zone. Also the non-condensed portion of the steam
introduced through 3 passes from the mixing zone into
the holding zone in pipe 4. |
The liquid as well as the surplus of steam leaves
the pipe 4 through a valve 5. In a preferred embodiment
this wvalve may be adjusted to provide a back pressure

suitable for maintaining the desired conditions in 1
and 4.

10

That part of the steam, which is not condensed, as
15 well as the heated ligquid pass from valve 5 into a
flash cooler 6 where a pressure substantially below the
‘one residing in the holding zone in pipe 4 causes a
momentaneous evaporatién, wﬁereby that pafﬁ of the
liquid which does not evaporate is cooled to a tempera-
ture typically not far from the temperature at which
the liquid were introduced through conduit 2.

20

The vapour formed by this evaporation together
with the non-condensed steam introduced through 5 is -
- withdrawn through a duct 7 to a condenser (not éhown)
25 for pressure control.

The liquid cooled by the evaporation collects in
the bottom portion 8 of the flash cooler from where it
is recOvered; suitably by means of a pump 9.

Adjustment according to the invention of the
amount of steam led to the system through conduit 3
forms a very convenient and efficient way of adjusting
the total residence time of the liquid at elevated
temperature. By increasing said amount sufficiently it
is possible to reduce the time period from the liquid
35 contactes the steam in 1 to the liquid passes valve §

30



of the invention.

The' hol di ng zone may enconpass a separate unit

or vessel, but it may also be a part of the sanme apparatus 20 which

creates the m xing zone and/or be formed in pipes
connecting the mxing zone with the

and ot her equi pnent

restricting neans. As

restrict WRYa2% an adj ustabl e val ve may sui tably ERCTARIRT/ORFRSC h

enabl es mai ntenance of a pres-
'zone correspon-

I case a non-adjustable restricting neans such as an-

25 sure in the m xing zone and the hol di ng
ding to the nmaxi numtenperature desired in the |lgquid.

orifice plate is

used sai d pressure can of course be obt ai ned by adjusting the anounts

of steam and Jrqukf

t.r oduced to the I n
Downst r eam of- Fhe-t &8P |%cf°frin‘d‘grreté?15 ggl‘,lé Prac'f’so%uﬁfl cFRBt1y 1 ow,
bel ow or abovermeampidinia tpimes - period s.lfrm,o tourpluy cofs dteah wepki ng  of
the liquid byged. evaporation. The-surplus of steam which reaches the

35-flash cooling step, is withdrawmm_to the condenser

WD 98/ 07328

PCT/ DK97/ 00589 When it is desired to heat the liquid at a tem-
S perature above 100°C, for example when sterilizing milk

products at approximately 150°C in 1/100

sec., the

pressure in 1 and 4 will be over-atmospheric.

If on the other hand the maximum temperature is

below 100°C an under-atmospheric pressure exists in the

.10 mixing zone and the holding zone.

In the following important fields of appliéation

are summarized.

Especially when the mixing zone has moving,

agitating mechanical means to ensure a
15 efficient dispersion of the steam into the

rapid and
liquid as

‘is the case f.inst. by ‘the Niro LSI"" apparatus, the."
liquid to be treated can be a high viscous food pro-'

duct, preferably concentrate of milk or

of a milk

fraction or a fractionated or whole egg product, which

20 is subjected to the heat treatment with

a view of

reducing the contents of microorganisms or microorgan-

isms spores.

Typically such heat treatment may preceed a spray
drying or other processing of the liquid food product.

25

The liquid can f.inst. be a concentrate of baby-

30

35

food or of milk or milk fractions with or wit_hout_

addition of other components such as sugar, such
products -having a dry solids content of 40-75% by
weight and the steam temperature is then above 110°C,
preferably 120-160°C and the amount of steam is
adjusted to obtain a residence time for the liquid at
that temperature of 0.5 sec. or less, preferably 0.01-
0.2 sec.

By such a treatment the amount of germs of Bacil-

lus cereus can be reduced from 106/m1 to below 100/ml



6. . t oget her mnth t he vapour created by the monent aneous evapor ati on
of part of the ‘heat ed i quid By the process according to the
invention it is possi bITEIS gHEEﬂdw\g BEER lgem dence tinme for the liquid at

5 t he R BigRsbEMPeraturefto I (bl 1/10 p(r)];c\gggteshalié?ér’%ﬁ%%gfég?ns: gl e

wth the prior art direct tsteam-heathg \
condensed before | eaving the m xi ng zone. 10 Brief Description of

t he Draw ng The sol e Flgureson t he draw ng di agrammmati cal | y.
shows a flowchart of an enbodi nent of the rret hod according to the

t I o ref d odi
ERVSEeIgpaMAéé}h°%§§?%§&fgﬂgﬁﬁi%#zg%fg dECt TEES m %ﬁ? Eﬁ%ﬁ ?Qﬁlcally be
formed by a %ﬁ?%eLSF[EPF]lQQBaFGdusn 2@yomuhananayahpwmmt andbktheg a

fsn g\ I'ar faStSﬁlﬁbﬂﬂl@ff Inde&te@ﬁ)a”ﬂs| hek %r%a%ﬂeéﬁsﬁaga?nﬁfgsa%aat gsl IdZd
ed to i, xin hr oug condui and

t hr ough. condﬁ?f i§ h?ngﬁéﬁwﬁﬁf§qw € af anothel %oFFé%bpnd!ng
to the nax5nganenpeaEEUtheaSI 2anvbeckept bslowsdr2dmly beptickiay i quid,
adjusted 10 pelow 0.1 ml.

The SI is measured at a dry solids
contents of 13% by weight according to ADMI.

In the present specification and the attached
claims the term milk is intended to cover whole milk as

10 well as skim milk.

When treating a liquid comprising egg yolk or egg
white or both, the maximum temperature is preferably
only 65-70°C for a period less than 0.5 sec., preferab-
ly of 0.01-0.2 sec. to avoid coagulation of the prod-

uct. However, with suitable additives it is possible to
use higher temperatures.

15

Examples .of - other products sultable for belng :
treated by the method according to the 1nventlon,
either as such or as concentrates, are coffee

20 whiteners, fruit juices, sweetened condensed milk and
icecream mixes.

The method may be used for liquids in the shape of
solutions, emulsions, dispersions, suspensions og
slurries, for instance within the food and drink
industry or the pharmaceutical and cosmetical industry.

The method may also find application when the
liquid to be treated contains a compound more volatile
than the other components thereof, in which case the
Creatment involves a removal of a substantial part of
the volatile component by stripping thereof. Thus the
method may be used to reduce the contents of alcohol in

a2 fermented brewerage while maintaining an acceptable
taste and flavour thereof.

25

30

In the following the method according to the

35 invention is further illustrated by means of comparison



conpensate heat loss i'n the equi pnment. The steam nmay be super heat ed,
but typically its tenperature is only
tenperature or at the saturation tenperature. 30 "It is an
essential feature of the nethod according
ammount oWGRHA8 nt r oduced

ahount required to obtain the desired heating, that nmeans the anount
of steam introduced is higher than the anmount which 35 condensgs by
contacting the liquid. VO 98/07328 '

PCT/ DK97/ 00589 7 In the

enbodi nent d
wat er create

eam con

R YO s S LR e e zone. ‘Also the
non- condensed portion of the sieam

I ntroaduced t hrough 3 passes fron1thé_-
m xi ng zone into t he hol di ng zone in pipe 4.

5
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This comparison Example as well as the embodiment
Examples 1 and 2 below were performed in a plant

corresponding to the one described above in connection

with the drawing. For mixing the liquid to be treated

and the steam a Niro LSI ™ apparatus was. used. A

sensor was inserted in the holding zone to measure the
maximum temperature achieved by the liquid' being
treated.

The comparison comprised two runs. The starting
material for both was a whole milk concentrate having
a dry solids contents of 47% by welght and at an

_1n1t1al temperature of 65°C.

' The amdunt of steam led to the m1x1ng zone corre-
sponded to the one which, based on theoretical calcula-
tions (including heat loss to the equipment), would
condense completely when heating the liquid to the
below specified temperatures.

Before the heat treatment spores of Bacillus
cereus were added to the milk concentrate to obtain a
concentration of such spores of 2.7 x 10 /ml

After the treatment the concentrate was cooled to
65°C in the evaporative cooler, and the concentration
of remaining spores of Bacillus cereus was measured.
Said concentration is indicated below as CFU/ml,
meaning "Colony Forming Units per ml".

In these runs where the holding zone was complete-
ly filled with liguid, an approximate residence time
for said liquid in the hoiding zone can be calculated
to 1 sec.

Details from these two runs appear from the belew
Table:

littl e above the saturation

to the invention that the
through 3 is in excess of PCT@KA7HNSAM

%ﬂgcgﬁgoﬁgﬁehtqg g 5}%; bei ng heat ed and diluted by the
y S I'on therein passes into a pipe 4
whi ch,. together with the exit part of the equi prment form ng

5 the
" m xing zone 1 constitutes a ho



The liquid as well as the surplus of steam|eaves 10 the pipe 4 through a
valve 5. In a preferred enbodi nent this valve may be adjusted to
provi de a back pressure suitable for maintaining the desired conditions
in 1 wOYR/09328 _ That part of the steam which ispafpreopeigysed, as
15 well as the heated liquid pass fromvalve 5 into a flash cooler 6
where a pressure substantially bel ow the one residing in the holding
zone in pipe 4 Causes a nmonment aneous evapoération, whereby that part
of the | i qui d which does not evapopate is cooled to a tenpera- 20 ture
typically not far fromthe tenperature at which the liquid were

i ntroduced through conduit 2. The vapomudf armed Butl2s

evapor ati on tgggggg&ate £ non-condensed steamintr ced through 5
S " wi thdrawn through_ a uct to a condenser “(not shown 25 for

pressure contr§ Ialm tlow, kg/ine | i qui d cool ed by tHfe" evaporaﬁon collects in
t he bOttOﬁ]pStEBﬂnp&e@Eu&hQ bagsh cooler fromwhaere it 31% recovered,

suitably b Adj ust t. accordi to the
i nvention %f @E%%ﬁl %(?mgﬁ%%rgf’ steamled to the ¢ temthr % h conduit 3
forns a very%mm dritgudidd tefvbegiagmrenay Cof adjulst i ng 120 he total

resi dence ti mpdle dddertad i3 €l evated tenperature. By increasing
sai d amount &tfftfeIxCItefaat |médttat:1:eatrdeitpo%%‘tﬁ| to g qfugs the {igey p2Liod from

the liquid 5 contactes.the steamin 1 to the Iiqul asses val ve 5
9 % fﬁ method used to determine thé]spoég concentra-

tion comprised dilution of the concentrate neces-
sitated by the high wviscosity thereof. This
dilution implied that the minimum spore concen-
tration to be recorded as the result of this
determination method is <1.Ox102, even 1f no
15 colony forming units were found.

10

By visuai and organqléptié evﬁlugtién'oﬁ the treated
product this was found acceptable, but determination of
the solubility index according to ADMI, measured at a

20 dry solids contents of 13% by weight, revealed that the
' product treated at a maximum temperature of 120°C had.

a SI of 0.4. Preferably, this index should be below
0.2.

25 Example 1

This Example was carried out using the same
equipment as used in the above Comparison Example.

A whole milk concentrate having a drxry solids
contents of 47% by weight was heat treated from an
initial temperature of 65°C to the various maximum
temperatures indicated in the below Table.: As it also
appears from said Table when compared with the above
Comparison Example, steam was used in an amount sub-

35 stantially exceeding the amount corresponding to

30
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8 for flash-cooling to only a small fraction of the corresponding-7'

time period if no surplus of steamwere used. When it is

desired _tqQ heat the liquid at a tem 5 perature above 100[err] C, for

exanypl e‘«ﬁéﬁ’%}?@ri lizing mlk products at approxi mat 5?&”1‘3%?@??] Cin

1/100 sec., the pressure in 1 and 4 will be over-atnospheric.

If on the other hand the maxi mumtenperature. is bel ow 100[err] C an.

under - at rospheric pressure exists in the 10 mXxing zone and the hol di ng

zone. In the follow ng inportant fields of application are

. sumari zed. complete E5RE6hakkiowhen the m xing zone has noving,
agitating nechanigah neanE to ensure a r%ﬁ%g and 15 effgcient,dispersion

the P

of the steaminto If gbPa, BR3C THRARMRALIPITEHsOf bPadl T o
LSI{err] appeezeus, whére addedjuitd tobbaithreat ebttsll hwndritganssicous food-
pro-  ductperRbef gkl AC e of mlk or of amlk ~ fraction or
a fractioqgte%egrAitheqeégigrogggyﬁaﬁhich

ter the treatment the concentrate was cooled to

65°C in conventional manner in the evaporative cooler.
The various parameters as well as the concentra-

tion of spores after the treatment were as follows:

10
Concentrate flow, 1/h 123 131 125 122 133
Steam flow, kg/h 22 25 27 29 33
Steam pressure, bar 2.0 2.2 2.4 2.6 3.0
Steam temperature, °C 120 123 125 123 133
15 Maximum liquid
temperature, °C 118 121 123 127 131
Spore concentration
. after the heat treat- 5 - 1 o 2
20 ment, CFU/ml . 2.0x10° 8.5x10 7.2%10°  2.0x10 _<1.0x10-2
As explained in the Comparison Example above the
result of the spore concentration analysis indicated as
<l.0x102 reflects the fact that actually no . colony
forming spores were revealed by propagation.
25 The treated milk concentrates did not show any
~kind of burning, discolouration or destruction of other
functional properties. The solubility index after heat
treatment at 131°C was 0.1. when determined by using
the same method as in the above Comparison Example.
30
Example 2
Also in this Example the material to be treated
was a whole milk concentrate having a dry solids
35

contents of 47%'by weight and at an initial temperature

of 65°C. The same equipment was used as in the above
Comparison Example and in Example 1.

Before treatment spores of Bacillus stearothermo-

L —



20.i's subj ected to the heat treatrrent with a view of
¢ontents of mcroorganisns or i sms spor es.
Typical ly such heat treatment dryi ng. or other

reduci ng the

processj e liquid food LT HAS EEN The |i agigdaz@9 nst be
a conce%as?‘%ﬁ%é] baby- f oov ' mfl k fracglegns V\no{’ b

wi t hout addition of other conponents su $ sugar, such products
having a dry solids content of 40-75% by - wei ght and the steam .-

tenperature is then above 110[err]C, 1530 preferably 120-160[err]C and
the anobunt of steam is adjusted to obtain a residence tine for the

IOI gw d at  phiIAtwd ARAIRA R SbtRin 2 CoriedBst:idk efigeabby 6£01-
SecC.

h f f | -
| us cereus a‘ar%’ﬂeo‘lgéu gQFgBtr thgé?’}'WgnEo rg'g?t o%"{%@f’%ﬁra% “aes 35-

9 W thowodieat tmtane&ﬁc afn tdhee Evechontat ikke scoxebers. t hat t he taste is
not impaired in afjje UGN [Alraliterdds Bhe mefAbUPRLY' ¥nk"EBKAS) 1S
not unaccept ably 1 ncrease

5 concentrations after the heat treatment appear from the
following Table:

Run 1 Run 2

Concentrate flow, 1l/h 142 140
10 Steam flow, kg/h 37 45
Steam pressure, bar : 4.3 5.2
Steam temperature, °C 147 153
Maximum liquid temperature, °C 146 152

Spore concentration 3 2
15 after the heat treatment, CFU/ml  7.4x10 <1.0x10

It is remarkable that even when the test organism,
the very heat stable Bacillus stearothermophilus, is
used as.test organism, a substantially complete spore

20 destruction is obtained in Run 2. This result was
obtained without any kind of burning, discolouration or
other destruction of functional properties, and the
solubility -index after the heat treatment at 152°C
(measured as above) was only 0.1. This surprising
result is due to the fact that the surplus of steam
used in this Example is substantially above the amount
which condensates by contact with the concentrate  in
the mixing zone. This will be evident by comparing the

various parameters with those of the above Comparison
30 Example. '

25
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For -instance for the heat treat it of a whole milk 5 concentrate the-SI . i
can be kept bel ow 0Y®Sapect gpaced  hol'ow 0.1 M. The SI is neasured at P
a dry solids cont MI wei ght according to ADM . In the
present specificatio he 1 bagges fhe termnil k is intended

t-0 cover wenos/eriz8 | k as 10 well as ski%@&l'@ Not pnly conR€HDKaT/eMsMi | k but
al so fresh mlk for consunptilon ma CD ; by the nmet hod.

Wien treating a liquid conprising egg yol k or egg white or both; the
rmaxi mum tenperature is preferably 15 only 65-70[err]C for a period |ess

than 0.5 sec., preferab- ly of 0.011%.2 sec. to avoid coagul ation of the
pr od- uct. However, with_suitable additives it is possible to .- use
hi gher tenperatures. P ;Ex'%rﬁ)ll%ér ofC dt Herl d‘f(ﬁjuct s suitable for

being 20 treated hy. theneeHddbhcimaitihd cah haltpaeshbel, momegitiaher .as
SR A 25 nR WA Byl O O cpat by SHELSng SUREEAN SO NN e

m |k and icecream ni Xes, “and al’so- non-darr ducts 'such as fruit
j uices. a stpeameehoseidyl imuiddh farmixipgdgona. t passiage tdfe 25

sol utions, 5 PEUSHWNSE AP StAPSughSUSPERAIGRY 96ne SA&T HfRer for
instance within the food and drink |-ndustr% or .t he pharmaceuti cal
and cosmeti cR2FRARL Pf. @ Pressung CRBLEGI 1ARG aFSBEFIREIEYpMSEHS on when
t he | i qui csulmsdxpuénieht ethcond aEhash eosernd odr & wolaatd Ite S& t-han t he
ot her conponent reof, .i hch qiﬁﬁ h treat NepL 5 i v removal
of a subst_antef?a? %2% g%‘ thgtt\rll\gh\séol% | e“E cgﬁpc?r?gr?t%by S ?i gé?%ge%hégr eof .

Thus the et rerm e Hauisedst bargencehanct ke mustwhigh gawiasises
.10 by contacting the ligquid, whexeby the non-cond.ensed

poftion of the steam serves to obtain'passage of the
liquid through the holding zone with reduced residence
time therein compared with the residence time obtained
in the same holding zone if only the amount of steam

15 that condenses by contacting the liqguid had been used.

~ *" 2. A method according -to claim 1, charac-
terized in that the mixing zone has moving,
agitating wmechanical means to ensure a xapid and
efficient dispersion of the steam into the liquid.

20 3. A method according to claim 1 or 2, c h a -
racterized in that the liquid is a viscous
food product, preferably a concentrate of milk or milk
fractions with or without addition of other components
such as sugar, or a fractionated or whole egg product,

25 which is subjected to the heat treatment with a view of
reducing the contents of microo:ganisms_or'micrqorgan-
ism spores. .

4. A method according to claim 1 or 2, c h a r-
acterxrized in that the liquid is fresh milk for

30 consumption. _ _

5. A method according to claim 3 in which the
liquid is a concentrate of baby food or milk or a milk
product, with or without addition of other components
such as sugar, such products having a dry solids

35 contents of 40-75% by weight, and wherein the tempera-

% e L o mos %




a fernmented: bremerage mhlle mai nt aj ni ng an acceptable 35 taste and fl avour

t'her eof . 9a In the follow ng the
met hod according to the invention is further illustrated by means of
conpari son WO 98/ 07328

. PCT/ DK W@ 8Bigg28 10 anBCERESEPENt
exanpl es.
= . ; 15

ture of the steam is above 110°C, preferably 120-160°C,
and the amount of steam is adjusted to obtain a resi-
dence time for the liquid at .that temperature of 0.5.
sec. or less. - ' -
5 6. A method according to claim 1 or 2, wherein the
liquid is a non-dairy food product.

7. A method according to claim 3 wherein a liquid
comprising egg yolk or egg white or both is heated at
65-70°C for a period less than 0.5 sec.

8. A method according to claim 1 or 2 wherein the
heat treatwment is performed on a liquid containing a
component more <volatile than the other components

thereof and the treatment is made to remove a substan-

10

tial part of said volatile component by stripping
15 thereof. o

9. A method according to claim 8 wherein ' the
llquld is a fermented brewerage from which a content of

alcohol is reduced by stripping during the treatment.

20
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Conpari son Exanple - 5 Thi s conparison Exanple as well as the

enbodi ment ©~  Exanples 1 and 2 below were perfornmed in a plant

correspondllg to the one described above in connection with the

dr awi ng. We88012&i ng the liquid to be treated and t hePET/DXAT/6058¢ r 0 LSl

TM appar atus 'was -used. A 10 sensor was inserted in the holding zone to

neasure the maxi mum t enper at ur e achi eved by the liquid being

treated. The conpari son conpngéed two runs. The starting,

material for both was a whole milk conCentrate having 15 a dry SO|IdS

contents of 47% by wei ght and at an initial tenperature of 65[err]C

The anpunt of steamled to the m xing zone corre- sponded to the one

whi ch, based on theoretical calcul a- tions (including heat. loss to the

eqU|pnent) would 20 condense conpletely when heating the liquid to the

bel ow speci fi.ed tenmperatures. = -- Before the hg;t treatment spores of
" Bacillus cereus were added to the m |k concentrdtye to obtain a .

concentration of such spores of 2.7 x 10[err]/m. ~—m= After the

treatnment the concentrate was cooled to 65[erf]iC in the evaporative

cool er, and the concentration of remaining r of Bacillus cereus

was neasured. Sai d concentratipn is indicafed bel oy as CFU

meani ng " Col ony Form ng Units per ‘i " ;ji_—

3 ‘ ~6
axal 5]
2\
—




30 In these runs. where the hol ding zone was conpl et e- ly filled

with liquid, an approximte residence tine - for said liquid in the
hol di ng zone can be cal cul at ed to 1 sec. _ Details fromthese
two runs appear fromthe below 35 Table: WO 98/ 07328

PCT/ DK97/ 00589 : _ : ' Run 1 Run 2
Concentrate flow, 1/h 132 2128 Steam fl ow, kg/h

14 16 St eam pressure, bar 3.7 3.7 5 Steam

tenperature, [ertt&., 1988). Alsob%ﬂlmann slﬁhcycldﬂ@ﬁﬂﬁﬂnbtﬂU|ded
tenmperature, [err

oncent r at after
t he heat treatne #S%éﬁtvxﬁ} 9A0}}0[8?9?S 549- gg%@[éﬁ?fusses bit &%t hod
used to detern ngitzlhagspbreitknoedtexgplaits how viai rdiouso pmbd e tdidns iodn  of

'Erﬂiesconcent rate Hggging time and %:'.etnﬁ;[eezdatwret q.%éllucg}xc | %ﬁ%%:'otﬂiatlhgb%ges
5 destruction, vitamin destruction, enzyme deactlvatlon,
‘protein denaturatlon and color changes
~ In UHT processes the increase of temperature ‘is
achieved by using indirect heaters or direct heaters in
“which steam is contacted with and condenses into the |
10 liquid to be treated. |

When exploiting the present invention, only direct
steam heating comes into consideration as. heating
system, because a very rapid temperature .increase is
crucial as evident from the below description of the

15 invention. Besides, the indirect'heafing principle is
less suitable for liquids of high viscosity.

Typically UHT processing of milk comprises a
heating step in which the milk is contacted with steam,
followed by passage'thrOUgh a retention or holding zone

20 to a flash cooling step wherein a momentaneous evapora-
tive cooling takes place.

In the heating step direct contact between the
ligquid and steam takes place in a mixing zone.

'~ From the mixing zone the liquid passes through a

25 holding zone decisive for the duration of the heat

‘treatment and which is important for a uniform treat-
ment of all parts of the liquid.

‘In the textbook of H. Burton referred to above,
the possibility is mentioned of non-condensed steam

" 30 passing the holding zone} However, this is described as
something to be avoided. Therefore, when said textbook,
page 102, in the description of direct heating states
that "some of the steam is condensed", this just
reflects the fact that some of the steam might not be

35 condensed but is vented together with air liberated

AMENDED SHEET



dilution inplied that the minimum spore concen- tration to be

recorded as the result of this determ nation nmethod is
<1.0x10[err], weven if no 15 colony formng units were found. _
By visual and organol eptic evaluation of the treated product this was
found acceptabl e, but determ nation of the solubility index according
to ADM, neasured at a 20. dry solids contggts of 13% by wei ght, reveal ed
that the product treated at a maxi numtenperature of 120[err]C had

a Sl of 0.4. Pfef@bﬁbthe pLT &16”%@&n§h%§bﬁe@$l¥ﬂCW% notVa2quest?dn of
Exanple 1 carried out. using_ .the

equi pnent as use&lnFﬁnFHQnaEJo‘(’/bt %?%d?? qnsed stea th\mkbtgi%I k

concentrate havi hglditgy znld .dsA180 dﬁntEZE&ySCMpé&f/abbfV\H'@:ﬁd B3 cheat,

treated f t f. 65 C t |
temper at ur 5. | ndFeaed e R EREaNoPEY T i) (Padts 23057 TR I3

sai d- Tabl e wheh dconpia esinphddizdk thave the hcﬂmq:mm zoneBeazrpabl stiews was

used in an am)”“&u%%g op8rati8Rthfd Y XeapdldL 1N & AT L &8 183RRdi ng

to
This means that the amount of steam introduced in the.

mixing zone excluding steam possibly vented together- .
with air before leaVing the holding 2zone must not
.10 substantially exceed the amount which condenses there-.
in. _ _ ' o
From the holding zone the liquid passes through a
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12 conpl ete condensati on. Before -the heat treatnment spores of
Baci | | us cereus were added to obtain a total concentration :
thereof of 1.2x10[err] CFU ni. 5 © After the treatnent the concentrate
was cool ed ‘to 65[err] C in conventional manner in the evaporative

cool er. The various paraneters aswell as the concentra- tion
of spores after the treatnent were as foll ows: Run

1 Run 2 Run 3 RUPeétBHEt§nglﬁeanscggﬁﬁﬁﬂggﬁi%ukﬁ@ﬂnﬁyal pre%%ﬁrela%op125
122 133 Steam_fl qw, k St eam

pressure, bar 2apd xhe élﬂulé Feaghes a ghamhatnBér QWX PEPFFEEE 120
123 125 129 1%ﬁeré5nl\/axmmén&amwls evaﬁcﬁ:rﬁtﬁ.rcﬁi WHaked @ﬂh]c@ where]bi;8

21128 1 Bk 13y USRI cencRlLgl b ot b esl 4
S not subjécted to any heat damage.

The vapours formed by this evaporation-are.w1th-
drawn to a condenser, usually supplied with heat-
regeneration means, and the non-evaporated part of the
ligquid is recovered from the bottom portion of the

10 chamber as a marketable product or as an intermediate
for further processing.

It is important that a wvigorous mixing of steam
into the liquid takes place in the mixing zone, espepi-
ally when the liquid to be treated is of high viscos-

15 ity, such as concentrates of milk and other food
products. Equipment suitable for this purpose is
described in Applicant’s.published International Patent
Applications WO 94/13395 and WO 96/22830.

.The apparatus described in said two International

- 20 Patent Applications 'is of the typé having_a disc-shaped
rotor in a housing into which the steam injection is
carried out in a limited zone above the rotor at é_
distance”from both the circumference and the centre of
the rotor. This type of apparatuses enables very fast

25 heating of even high-wviscosity 1liquids, within the
dairy industry it is known as a Niro LSI™ apparatus.

.It is a drawback of the above described prior art
processes“that'the minimum time period, in which the
liquid is at maximum ﬁemperature,cannot be reduced_as

30 much as desired. In the period necesssafy_ for the
liquid to pass through the holding zone, the liquid is
.nearnor at the maximum temperature. Passage through
such. a zone having a certain volume has hitherto
usually been regarded as important for obtaining the

. P T Y ‘_"-.;'Z.f.f'?." .
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As expl ai ned in.the'Cbnparison Exanple above the result of the spore

concentration analysis.indicated as <1.0x10[err] reflects the fact

that actually no col ony wformng spores were reveal ed by propagation:

25 The ‘treated m |k concentrates did not show any kind of = '
burni ng, discolouration or destruction of other functional properties.
The solubility index after heat treatngnt at 131[err] C was 0.1. when
determ ned by using the sane method as-in the above Conparison _
Exanpl e. 30 without heat damage of thEXpP#BHEcZ. This means RSO tHethis

D o O e e Rng bRl g e eV ng
of 65[err]C. The selmbEhitprentienassisedasnot Uhdcteptably irfOrgsedon
: sEi(ggflot?th?mI-n EXE%?'Enétance for th%efﬁégttrt%%gé?nré%tsr)oof eg %tl-xoﬁaemnluj.flg
.5 concentrate the SI can be kept below 0.2 ml, typically
below 0.1 ml. The SI is measured at a dry solids
contents of 13% by weight according to ADMI. .
In the present specification and the  attached
claims the term milk is intended to cover whole milk as
- 10 weil as skim milk. Not only concentrated milk but also
fresh milk for consumption may be treated by the
method.
When treéting a'liéuid comprisiﬁg egg yolk or egg
white or both, the maximum temperature is preferably
15 only 65-70°C for a period less than 0.5 sec., preferab-
ly of 0.01-0.2 sec. to avoid coagulation of the prod-
uct. However, with suitable additives it is possible to
use higher temperatures. _ '
Examples of other produéts suitable for being
20 treated by the method according to the invention,
_either as such or as concentrates, are coffee
whiteners, sweetened condehsed milk and icecream mixes,
and also non-dairy food products such as fruit.juicés.
The method may be used for liquids in the shape of
25 solutions, emulsions, dispersions, suspensions og
slurries, for instance within the food and drink
industry or the pharmaceutical and cosmetical industry.
' The method may also. find application when fhe
liquid to be treated contains a compound more volatile -
30. than the other components thereof, in which case the
treatment involves a removal of a substantial part of
the volatile component by stripping thereof. Thus the
method maylbe used to reduce the contents of alcohol in
a fermented brewerage while maintaining an acéeptable
35 taste and flavour thereof. '
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13 philus were added to obtain a concentration thereof of

1.4x10[err]-/m . After the treatnent the concentrate was cooled to
65[err]C in the evaporative cool er. - The various parameters of the
nmet hod and the spore 5 concentrations after the heat treatnent appear from
t he f-ol | om ng Tabl e: _ Run 1.

Run 2~ Concentrate flow, 1/h 9a142 : 140 10 Steam f.| ow,

kg/ h 37 45 Steam pressure, bar

4.3 - 5.2 St eapyt r § r 3 -
Vi mum | qui d terrperg?ueér eﬁ@ @dﬂ]l‘éw:.h%r ]:936 method accorcﬂ%ﬁé to tﬂé |
concentration 151§Y@6F19ﬁelﬁe%l¥rﬁh%ﬁtlﬂém3tr@m§dmby meang198 CO'Eﬂam(ﬁGPer r]
It is remarkabl e that even when the test organism t he. very heat. stable
Baci | | us stearothernophilus, is used as test organism .a substantially
conpl ete spore 20 destruction is obtained in Run 2. 'This result was

- obt ai ned wi thout any kind of burning, discolouration or ot her :
destruction of functional properties, and the  solubility index after the
heat treatnent at 152[err]C (rmeasured as above) was only 0.1. This
surprising 25 result is due to the fact that the surplus of steam used
in this Exanple is substantially above the anount '

AL Y
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whi ch condensates by contact with the concentrate in the m xi ng zone.

This will be evident by conparing the various paraneters wth those of

t he above Conpari son 30 Exanpl e. - From said paraneters it is

possi ble to cal cul ate that the specific density of the mxture of liquid
and =~ non-condensed steamin the holding zone in the two Exanpl es was
in the order of approximately 1/100 of thei85 specific density of the
liquid totally filling the - 13a

hol di ng zone |r1pmmﬂmanwen@saddedheothpaims@nc&hcémﬁfat1oﬁ}tm®meobasfs

one hundr edth or* tHSS BT & A Serel TR (SRR | S5 ERRTSTE o cFes a5’
i ndi cat ed above.gooksd app. 65°@emn ﬁhesevaperaESVGen@elertlne in the :
Exanpl es has been in the PLALRSLOT bk er S the method and the spore .

5 concentrations after the heat treatment appear from the

| following Table:

Run 1 " Run 2
Concentrate flow, 1l/h 142 140
10 Steam flow, kg/h .37 45
Steam pressure, bar 4.3 5.2
Steam tempefature, °C 147 153
Maximum liquid temperature, °C = 146 . 152
Spore concentration ' ' 3 5
15 after the heat treatment, CFU/ml 7.4x10 <1.0x10

It is remarkable that even when the test organism,
 the very heat stable Baéillus stearotherniophilus, is
used as test organism, a substantially complete spore
20 destruction is obtained in Run 2. This result was
obtained without any kind of burning, discolouration'or.
other destruction of functional properties, and the
solubility index after the heat treatment at 152°C
(measured as above) was only 0.1. This surprising
25 result is due to the fact that the surplus of steam
‘used in this Example is substantially above the amount
.which-dondensates by contéct with the concentrate in
the mixigg zone. This will be evident by comparing the
various parameters with those of the above Comparison

30 Example. :

From said parameters it is possible to calculate
that the specifié density of the mixture of liquid and
non-condensed steam in the holding zone in the two
Examples was in the order of approximately 1/100 of the

35 specific density of the ligquid totally filling the



14 . PATENT CLAI MS 1. A method of

inparting a heat treatnent of desired, ultra-short duration to a liquid’
by m xi ng steaminto a streamof said liquid in a mxing zone, -5 passing
the streamof liquid through a holding zone, a pressure controlling

restricting neans and, sub- sequently, into a flash cooler, the anmount of

steam mxed into the streamof |iquid begiq3g so | arge that non- condensed
st eam pass_es through the hol ding zone 10 together with the liquid, ¢ h ar

acterize 16)owmg tbiaé HRitthe W) irRihd Sl @Rl Qbh@drb!ﬁohhﬁx&ﬂﬁyét of -

st eam m xed igto tream ei, nggﬁbove

O .
anount whi ch ens bﬁsgﬁﬁés ftiﬁ% g‘egﬂﬁ’é%sﬁame ig; EAf ExRER ﬁstﬁﬁnh%‘Fdl ng
zone and not beI@s\tidnatéﬂ asnbeﬁnrgawmbmmat@lm%mghmmdﬁedtﬂsldﬁnﬁhet| me

for ~ the liqui at condi t| 0.5 _sec.
met hod accordin H?%&cflﬁl n%e e o W al:ﬁ Omparipoy xa“}psize d PRIt gﬁch
anmount of stedm lsduseuedo abovabt aias apesi lesee. t'.i‘lms £ othe heesidendein .

L‘leg;[ ?ndlzgrcgnd' 'L PRe Ol r0- Hs Opfamiffes has beer if 'Eﬁ%h%ci%q:coéfﬁ TQJ.E)@
’ sec. ' '
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characteri zedinthat the mxing zone has novi ng, agitating

mechani cal 'neans to ensure a rapid and efficient dispersion of the steam
into the liquid. 25 4. A method according to claim1, 2 or 3, c h a
racteri zed inthat the liquidis a vi scous food product, which
IS subjected to the heat treatment with a ViEM/Of reduci ng the contents
of m coor gani sns or n1croorgan|snlsporef 5. A nethod according
toclaim4, c har ac - terized ?n that t he VISCOUS food product

S sel ected fromthe group Si f C mlk or mlk
fractions; such concentrates mﬁ?%‘ dé%??gg %ng%bEﬁii conpounds i ncl udi-ng -
sugar ; fractloned eggl35 Xr oettbs, ahd iwpslrciegy pr duket streatment of
e d in tha WELPRE, TGV MR AR on B £ 1iguich B Mmixinly ® |
met hod accord|ngstgamlanﬁp4a(ﬁUreﬁm @f csaidsliquid [iny s wWixing haenehe
liquidis a concggbedhg§ he stream of liquid through a holding zone, a

pressure controlling restricting means and, sub-
sequently, into a flash cooler, the amount of steam
mixed into the stream of liquid being so large that
non-condensed steam passes . through the holding zone
10 together with the liquid, c haracterized in
- that said duration is controlled by the amount of steam
mixed into the stream of said ligquid being above the
minimum amount which ensures passage of non-condensed
~ steam through the holding zone and not below the
15 minimum amount corresponding to a residence'time for
the 1iqﬁid in heated condition of 0.5 sec. or less.

2. A method according to claim 1, charac -
t er ized in that such amount of steam is used to
obtain a residence time for the 1liquid in heated

20 cbndition of 0.01-0.2 sec.

3. A method according to claim 1 or 2,
characterized in that the mixing zone has
moving,_agitating mechanical means to ensure a rapid
and efficient dispersion of the steam into the liquid.

25 4. A method according to claim 1, 2 or 3, '
characterized in that the liquid is a
viscous food product, which is subjected to the heat
treatment with a wview of reducing the contents of
micoorganisms or microorganism spores. o

30 5. A method according to claim 4, charac-
terized in that the wviscous food product is
selected from the group consisting of concentrates of
milk or milk fractions; such concentrates with addition

of other compounds including sugar; fractioned egg.

35 products, and whole egg products.
MR O O
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baby food or mlk or a mlk product, or such concen- trate with addition
of ot her conponents incl uding sugar, such liquids having-a dry solids
contents of 40- 75% by wei ght, and wherein the tenperature of the steam
10 i's above 110[err]C, preferably 120-160[err]C. 8. A net hod
according to anyone of clains 1-5, wherein a liquid conprising egg yol k
or egg white or  both is heated at 65-7qgﬁrr]c _ 9. A net hod :
according to clainms 1-3, wherein the 15 litlid is a non- dalry food product.

10. A nethod accordi ng tp rﬁé@l‘;&'& c&ﬂﬁ:.f? #’;&ﬂﬂn 1 t Peglt treatment is

perfornmed on a |iquid contarning ore Vof attl@’ than the
ot her conponentsc h aheraoct &ne rhb Zr%a@nehm thamnﬁhetblqwhﬁvésafgﬁﬁbtan-

20 tial part of gaid gg%aééﬁguﬁﬁgpggent by stripping t her eof .
11. A method according to claim 10, wherein the liquid is a fernmented

brewer age from which &- cAnfEHIQS accqirdim| tos cladiicds by Btdi BpRng duri ng
the treatment.s t e r i z e d in that the liquid is a concentrate of :

baby food or milk or a milk product, or such concen-

trate with addition of other components including

sugar, such liquids having a dry solids contents of 40-

75% by weight, and wheréin'the-temperature of the steam
10 is above 110°C, preferably 120-160°C.

8. A method accordlng to anyone of claims 1-5,
wherein a liquid comprising egg yolk or egg white or
‘both is heated at 65-70°C.

‘9. A method according to claims 1-3, wherein the

15 liquid is a non-dairy food product.

10. A method according to claim 1, 2 or 3, wherein
the héat treatment is performed on a liquid cohtaining
a component more volatile than the other components
thereof and the treatment is made to remove a substan-

20 tial part of said volatile component by. stripping
thereof.

11. A method according to claim 10, wherein the
liquid is a fermented brewerage from which a content of
alcohol is reduced by stripping during the treatment.
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