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FOREWORD

This monograph is one of a series of studies designed for the use of the
food-processing industries of developing countries. The approach used and the
criteria tollowed are based on the concept that processes and techniques must be
adopted that will produce goods that can compete in quality, price and reliability of
supply with goods from countries whose industrialization began earlier. This concept
is considered valid even when capital for investment and skilled labour may be in
short supply and present markets for the products limited or even non-existent. No
country, and especially no developing country, can afford to waste its resources by
building industries whose products are too high in price and/or too low in quality to
gain acceptability in the world market.

The objective of UNIDO in publishing this series of studies in the
food-processing industry is therefore to help the developing countries to gain good
technical insights into selected areas of food-processing and to avoid obsolescent
procedures and processes. It is hoped that these studies will provide reliable and
practical information for governmental authorities and for potential private and
institutional investors.

The present monograph was prepared by Mr. Sune Holm of Alfa-Laval AB.
Sweden in the capacity of consultant to UNIDO. The views and opinions are those of
the consultant and do not necessarily reflect the views of the secretariat of UNIDO.
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INTRODUCTION

Sterilization of foods. to give them practically unlimited shelf life without cold
storage. has recently become of topical interest. Because of sterilization. supermarkets
became practicable, and distant places could be provided with safe. unspoiled foods.
Even tropical countries can now be supplied with a large and increasing variety of
processed foods.

Sterilization of food is by no means a new phenomenon. The development of
the sterilization technique started during the first half of the nineteenth century in
the form of heat sterilization in closed packages. Nicholas Appert (1752 1841) is
regarded as the discoverer of the sterilization technique. Previously the only ways of
keeping food were the natural ones such as salting, drying, fermenting, natural
freezing and aseptic treatment. In 1860 Louis Pasteur successfully sterilized milk by
heating it to 125°C at a pressure of 1.5 atm. Even today heat treatment is the most
important method tor sterilizing food so that it can be kept for long periods of time.
Treating foods with ultra-violet, infra-red or radio-frequency rays, and gamma and
beta irradiation have all been extensively tested, but so far no practical method has
been found to replace heat treatment.

The technique of heat sterilization of milk has advanced rapidly over the years.
Since Pasteur’s time new forms of heat sterilization have been developed but now the
following three systems are in most frequent use:

{a) Onc-stage sterilization: Warm bottles are filled with milk heated to about
80°C, capped and sterilized in an autoclave at 110-120°C for 10- 20
minutes;

{b) Two-stage sterilization: The milk is heated to 130- 140°C for a few seconds
in a pre-sterilizer. After the bottles are filled the autoclave sterilization takes
place at a somewhat lower temperature than one-stage sterilization;

(¢} Continuous sterilization (UHT): The milk is heated, either by means of
direct injection of steam or indirect heating, to 135-150°C for a few
seconds, followed by cooling and aseptic filling of containers. There is no
need for post-sterilization of the milk although pre-sterilization of the
equipment is required.

The first two methods, and particularly the second, have been widely used.
However, these processes result in milk that has a slightly brown colour, a strong
cooked or caramelized taste and often considerable sedimentation. The third method
kills bacteria before the cooked flavour and discolouration can set in, and the aseptic
filling of the containers immediately after sterilization eliminates the need for further
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In studying the conditions for sterilization at even higher temperatures it has
been found that the difference between the time required for sterilization and for
brown discolouration increases. That is why it is more favourable to work with
temperatures above 135°C. It is then possible with a wide margin to obtain sterile
milk before the discolouration reaction sets in. This procedure is used today
modern plants for sterilizing milk.

Through experiment various scientists have determined the so-called temperature
coefficient (Q10). which states the increase in reaction rate for a temperature
increase of 10°C. Q10 for brown discolouration has been found to be approximately
2.6 = 3 (Burton 1953) while Q10 for the killing of spores is said to be = 10 (Rahn
1945, Clegg 1950) and recently as high as 20 to 30 (Franklin ef al. 1955 and 1959),
Thus, a temperature increase of 10°C results in a ten times more powerful killing
effect of the spores but the speed of the reactions leading to brown discolouration
increases only three times. For example, heating for 60 minutes at 110°C has the
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but they would develop only at temperatures igh o Gt those (o whi b food 1
bkely to be exposed. Untortunately the meanmg of commercnal <tenhation i ot
clearly defined. The lack of mtemational acceptance of « <terdizar w standard can
produce nsky conditions as defimtions and standards tor stenhization var greathy
from place to place.

The term “free from™ should also be delmed. bven if one sainple ot a batel ot
milk 18 proved free from micro-organisms. it cannot be assamed that another sample
trom the saime batch would be similarly free. If the reaurement s it only one
container out of [.OOO mav be anfected {1.e. *hai dhe safety martin st be 99 9 per
centhatis statistically possible to determine thet $5.225 contamers mist be tested of
which not more than 78 may be defective 101 not cconomically teasible 10 R
out such testing. Should the requirement be that onhy one contamer ont of 100 1
permitted to be miected Cie o cortamty of 99 per centd. then 1571 contaners must
be tested ot of which not more than 22 am avera e of Fie 70 may be defo. Tive

Consequently the varions definitions of sten'ization and the varous standards
tor producing a stenle product and checking the ~tenhty of 4 product are Casing
difficulties and nusundesstandings. Because of thns. 1 ik shiondd be processed so that
it has almost unhmited keeping quality trom g practicas ierobiofogical view et

The International Dary Federation comsiders that stertdized nalk must +omam
stable and show no sign of bactenal dcvelupment after ancubation at o
temperatures: 30 ¢ 17C for fourteen days. and $57 ¢ 17'C tor seven duy s respectively
The latter temperature can be omitted under conditions o temperate chimates The
shelf life of UHT milk stored under noriaal conditions is from four to cight weeks or
longer. Shelf life depends upon the ambient temperature among cther factors.

Pasteurization and UHT treatment do noi produce the same  results
Pasteurization of milk produces a product that is hvgiemcally without defect but
which, as it is not germfree. must be stored in a cool place natl consnmed. The
consumer must be supplied with pasteurized milk daily or every two or three days. In
comparison UHT milk is completely sterile and therefore is not subject (o
bacteriological infection. If 1t s packed properly  milk cmn he kept withot
refrigeration for several weeks. reqmring lewer delivenes. windh s ot preat
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importance o mdustriahzed countries where the population s concentrated m larae
centres. Milk wath long shelt ite as particularly usetul in tropical countries

Sterthzation plants are now nroperation all over the world. They process mamly
nulk. but also other products. At irst there was considerable consumer resistance to
the ¢wked flavour ot the milk, and business activity was slow. 1he trend was
gradually reversed. however as people grew used to the new tlavour. and plants have
continued m full operstion and have even been able to broaden thew product range
With the constant advances m technology . and given the wide acceptance and more
extensive distribution of milk products throughout the world. it nay be possible
the future to sterlize liquid dairy products without affecting the flavour




Chaprer One

GENERAL VIEWPOINTS ON MODERN HEATING SYSTEMS

As has been pointed out. the time-tem perature curves of figure 1 show that heat
treatment must take place at high temperatures and with short holding times to
obtain optimum results. Plants fulfilling these requirements have been in operation
for several years. These plants all have the same purpose  to prolong the shelf life of
milk with a minimum change in other characteristics.

Heating can be effected by direct steam injection or by conduction through
heat-transfer surfaces, either plates or tubular. The various systems have different
heat treatment efficiencies.

Indirect heating in a plate heat exchanger takes place by heat transfer from a
heating agent to the liquid to be heated. The heating agent is hot water or steam. The
heat passes through a plate or a tube wall, usually made of stainless steel. The flow
must be turbulent. The heat quantity transferred is Q =k - F - D¢m where k is the
heat transfer coefficient, F the surface and Dym the logarithmic mean temperature
difference. The heat transfer coefficient depends on the flow rate and viscosity of the
liquid and on the thickness and thermal conductivity of the plate. The transfer of
great quantities of heat in a short time requires large surfaces. great temperature
differences and high flow rates.

A heat transfer coefficient of 3,000 4.000 kcalth-m? -“C s regarded as
acceptable for heat exchangers with a heat transfer surtace of stainless steel. Where
steam injection is concerned, a heat transfer coefficient is not involved. However. the
direct contact results in a film coefficient of heat transfer normally about
100,000 120,000 keal/h -m* -°C. Rapid temperature increases are obtained by
means of injection. -

Figure 2 shows the temperature-time graphs for four different sterilizing plants.
Graph 1 shows direct heating; graphs 2. 3 and 4 represent sterilizers with indirect
heating.

The diagram shows the different holding times for the different methods. Steam
injection is the gentlest heat treatment. The total heating time for temperatures over
75°C is consequently longer for all indirect heating than for steam injection.

The choice of equipment affects the final product. For example, it is necessary
to choose the most gentle method of heating if a minimum of cooked flavour is
desired. However, such a chvice may be unimportant if a certain degree of cooked
flavour is preferred or can be accepted, or if the milk is used in a flavoured product
in which the added flavour dominates.
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Gapli 2 ionn a plant usig veny powertul heat treatinent., comseguently the
product will hase o distmec cooked Pavour. This results from the length ot the
bolding time epresented by the stright bronen live. Phas holding tnie oi about
85O actsas astabiizer Stabibiz ation is desirable as it profongs the operating tine.

Phe duect hiesting method 1s preterable when flavour and operating tines gie
uporant An nduect beating plant coabso be made 1o operate with short holding
times i canbe carned out by specral platages but often this leads to hnoted
Operaang tiies Some planis can be operated to onby aboat two hoars at a4 tie
s s oot proactical and ot pecesary beaause mternmediate cleaming s possible
without i attectng the g operation ol the plant. Interruption of production
vt be avorded onbe by intioducimg o batter between the stenhizer and filhng plant, 4
so-calted asepie tank

Fhe pervatig tne or aostenthzer with direct heating can be abont titiccn hours
the vaw matenat s of pood quahty - The thermal stability nmust not be reduced tor
example by an exeessnehy losw pHoor an unfavourable salt balance. A high quality ot
Lew tnatenal s usially detined as lugh protem stability against alcohol. 1o be suitable
tor stentivation. otk should not floceutate at an ateohol concentration of below 75
per cet Fhe opeating tines 1 mdirect heating stenlizers may sometunes be more
hmated. but it s novmally possible 1o caleutate with tines corresponding to one shitt.

A diect heating plant pernmts greater flexibifity . For example. 1t is more suitable
when used tor products with ditterent viscosities e tume-temperature graphs also
show that the direct lieating method penmuts the greatest flexibility in capacity.
Capacity changes normally meun changed bolding tunes, but as holding time for the
direct nethod iy already very short, the capacities can be changed without notable
ctfect on the Havour of the final product. From a bactenological point of view it is

not possible to merease the capacity above the maxumum calculated. as the holding
e nay then hecome too short
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Stec to be naected dire oty mine Yood st he of the tnehes quahty Baust

Do sl and e o chienucals The eanimie of steain b cttected by several
metods These e Aassitied acconding 1o thie tinal demands on the stean and the
quralite of the st o be Cleaned | he deanmg of steain s normalhy relatnvely
struple procedine

> centrtugal hiter (higare 30 that removes solid particles. wates droplets and any
hienmcats dssedved mothe ater s nrethod s satistactony only o the chenncals are
not e a pasweots state durmy the tiltering process. Better cleanmg etficiency s
obtamed with an actvate t carbon filter in series with the centrifugal filter (figure
3B A steam venerator (Higere 30) mast be used o neither of these two systenis s
satntictony At s really o bonler heated by stean. Boer and pipes are made of
staanless steel and theretore airculation cleanmg with aad can take place. This
chiates the wse o chemicals to prevent botler scale Ordinary city water 1y
nornady used. The st un generator requires 4 higher steam pressure from the niun
bonier The pressure drop of the generator should be calculuted for pressure drop of
about 4 atn m order to keep the price within reason. 1 his means that. if the stenlizer
requires a certain pressure from the boiler. this pressure should be ncreased by about
4 atim when usmg o steam generator. The efticiency of an activated carbon filter
satisties ngorous demands.

Phice diftesent steany pontving svstens are illustrated m figure 2 Fhe sanplest

Lo sum up. a filter for cleaning steam for steam mection should satisty the
tolowmg demands (a/ separation of water droplets: (h) solid particles (scale. rust,
botler scale. ete.). (¢ separation ot ol and (d/ separation of salts.

The st two iterns have been tubilled according to alternative A of figure 3.
Separation of ol requires a Hlter with sctivated surfaces sucit as activated carbon. A
steam generator can be used to separate salts, since an efficient filter is difficult to
fing

Requirements regarding the feed-water for the steam generator must be set
relatively high. Softened fresh water (< 0.5 German hardness degree) should be used.
Condensed water is acceptable if the equipment does not contaminate the water
while producing it. Condensed water containing oil. for example, cannot be
tolerated. The feed-water pump should be of the centrifugal type. since piston pumps
may leak oil into the feed-water.

Direct steam injection has also a legal aspect. The laws of certain countries Go
not perit any substance to be added to milk. Whether the methods involving the
addition of water violate these regulations has been discussed frequently.

In Sweden investigations have determined that this method does not contravene
the laws on additives. A similar decision has been made in most of the other
countries with the same laws. The general opinion has been that the regulations have
been intended only as a guard against adulteration and do not apply in this case.
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Figure 3. Steam-purifying svstems




Chapter Do

DIFFERENT STERILIZING UNITS

During the last few years a number of types of sterilizing equipment units *
fulfilling modern requirements have appeared on the market. They are classificd
below according to the different systems of sterilization:

Direct heating

fa) Alfa-Laval, VTIS

(b) Alpura (APV), Uperizer

(c) Breil and Martel, Thermovac

(d) Cherry-Burrell, |

(e} Creamery Package

(f) Laguilharre

(g) Paasch and Silkeborg, Palarisator

Indirect heating

fa) Ahlborn

(b) Alfa-Laval

{c) APV  Ultramatic

fd) Chemy-Burrell, Il (Spiratherm)
(e) Creamery Package

(f) Sordi

(g) Stork (Sterideal)



Chaprer hre

DESCRIPTION OF EQUIPMENT
Direct heating systems

la-Laval, VIS
Figure 4 presents a flow diagram for the Alfa-Laval vacu-therm instant sterilizer
(VHS) The itk m the VS plant flows to a balance wnk (1) from where it is
pumped by a centrifugal pump (2) to two plate heat exchangers (3. 4) where it is
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I Balance tank 9 Aseptic vacuum chanu.
2 Centrifugal pump 10 Ascplic centrifugal pump
3 Prehecter, condenvy It Aseptic homogenizes
4 Prcheater 12 Aseptic plate cooler
S Hagh-pressure pump 13 Vacuum chamber
6 Steam injector 13 Contrifugal pump
7 Holdirg wbe 15 Diversion-flow cooler
8 Flow-diversion valve 16 vacuum pump

Finere 4. Flow diagram for Alfa-Laval vac - therin instant sterilizer
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heated by ameans o egenciation with steam hon 1 Vst v abe g
by vacanmm steanm to 75 € 1he regeneratine secton CORSCRICEIY b I g o e
Fhe nulk s dhen pumped by the agh-pressie pump €1 thone e steann Ac. b
Cor whiere stean of > gt heats it to abont 140 ¢ e o hcnon ot
Phrotthmg dives G the outlets tromn the ow- diversion valve keep the presan
approxintel e thereby preventimg o from baime. bn the Brotdine tube )1
itk s Kept at HOC tor aboat 4 seconds and then contimues ol 1,
How-diversion vabe (%) 1o an aseptic vacuum chamber t99, Here the s o
mamtaiied ata fevel corresponching to temperature ot 700 77 0 Iy the v ne
chamber the temperature of the milk drops instantaneousts 1o Ta o 77 0w o
F2C oabove the wmperatire betore the steam mjection - The twemperature e the
vacnume chamber st be slightly higher than before the steam iection s e
enthalpy ot the myected steam and of the vapour are not adentical he milh whicly i
now sterile, s pumped by an aseptic cerinfugal pump 110y w0 o ept
homogenizer (11 and then to an aseptic plite cooler €12) where the mnlk i conled
to about 20°C.

The flow-diversion valve (%) will automatically send rhe itk thiough anotier
vacuum chamber (13 and a cooler (15) back o the balance tank.

The unit is amso equipped with a complete CIP (chienmcal in-place) swstem fon
automated cleaning. This also inctudes the plant sterilization. which must he carned
out prior to production and is done by steam under pressure. 130°C for 30 mmmtes

APV Uperizer

A tlow diagram for the APV Upcrizer is shown in ligure S Fhe milk s pomped
from the raw milk tank (1) through two preheating stages (2) and (2). and 1is
temperature is raised to 75 80°C. It is then pumped through the steam-injection
head (4) to which steam at about 140 Ib/in?® s supplied through a controb valve | he
steamn. i condensing, gives np its latent heat to the milk and ranes the nilk
teniperature instantancously to 150°C. Phe milk temperature 1y detenmmed by g
controller (R;) that operates a valve in the ligh-pressnre steam hine. The mean
holding time at this temperatire. 2.4 sec. is determined by the volume of the holding
tabe and the throughput of the plant. After the holding tube. the milk 1s spraved
into the expansion chamber (5. in which a constant vacunm 15 maintaned by the
water condenser and ciection pumps (6). The milk is cooled by expansion m this
chamber to a temperature approximately equal to that betore steam myection it the
temperatures betore and afwr  heating are related correcthy . with the fial
temperature about 2.5°C above the initial temperatitre. the amount of water added
as steam s exacthy compersated for by that removed diring cooling Fach individual
plant 1s cahibrated so that the temperature difference is correct and no change m the
dry matter content results.

The vapours from the expansion chamber are used as the heating medum w the
first preheater The temperature difference is controlled by a ratio contioller (K, )
that senses the difference between the milk temperature before stean mjection and
the vapour temperature [rom the expansion chamber. The vapour temperature s
cons ot deternmned by the constant vacuum in the expansion chiamber. so the ratns
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I Raw milk tank T Aseptic homogenizer
2 Preheater 8 Tubular water cooler
3 Preheater R Temperature controlier
4 Steam imection head R, Ratio controlier
S bxpansion chamber L Level controlier

> Water condenser and ejection pumps

Faore 50 Flow diagram, APV Uperizer

controller maintains a constant mitk temperature betore steam injection by varying
the amount of vapour passing to the preheater. The second preheater is supplied with
d pre-set quantity of steam at atmospheric pressure.

A pool of treated milk is held in the bottom of the expansion chamber. This
pool is maintained at a fixed depth by a level controller (L) that acts as a restricting
valve in the milk line before the stean-injection head.

Milk is extracted from the expansion chamber by an aseptic pump and passes to
an aseptic homogenizer (7) and a sterile tubvlar water cooler (8). The homogenizer is
placed after the sterilizing process to remedy certain defects in texture that were
found when homagenization preceded sterilization.

Fhe operating tempeiature of 150°C gives a margin of safety for the production
of milk that is sterile for ult practical purposes. However, some safeguard is necessary
in case the processing temperature should fall. for example, through loss of steam
pressure. This safcguard is operated by the mil temperature. If it drops to 146°C an
audible and visible alarm is given. but the sterilizer continues to operate on milk as
usual. I the temperature falls still further. to 142°C, the raw milk inlet valve closes,
and soft water is introduced instead of milk. Filling is automatically cut off after a
suitable lapse of time to prevent non-sterile packs from being produced. When this
second stage has started and water has replaced milk in the sterilizer, it is not possible
torevert to milk flow without re-sterilizing the equipment.
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DESCRIPTION OF 1QUIPMI NT (R

An Upenzer can be cleaned by circulation. In most svsteans installed so tar the
control of the circulation cycle has been by manual operation of valves. However.
plants with automatic controf of the m-place cleaning cycle have also been designed.
Equipment stenilizing is effected by circulation of water heated 1o §307¢

Cherrv-Burrell sterilizer

Figure 6 presents 4 Now diagram for Cherry-Burrell (direct) sterilize.. Milk s
supplied by a centrifugal pump to u positive pump, which forces the milk through a
plate or tubular preheater (1) to give a temperature of about 70°C. A positive pump
is required to give the pressure necessary to pass the milk through the steam-injector
head (2). which follows the preheater. The steam injector raises the temperature to
138 150°C dcewdmg to requirements. For thuid milk. a temperature of about
145°C is recommended., with a mean holding time of four scconds. From the holding
tube the milk passes into an aseptic Aro-Vae unit (3), which acts as an expansion
cooler to a controlled temperature of about 70°C by co:trol of the maintained
vacuum. The cooled milk is extracted from the expansion chamber by an aseptic
pump and is homogenized in an aseptic homogenizer (4). Tubular coolers (5) reduce
its temperature to about 10°C for aseptic filling.

Helder
) n
w (¢
o
“w Nller

Comtritugal  Pugitive Pasitive
pump pump pumgp

I Tubular ur plate preheater 4 Aseptic homogenizer

2 Steam-injector head 5 Tubular coolers

3 Fxpansion cooling chamber 6 lxpansion de-aerating chaniber

Figure 6. Flow diagram, Cherry-Burrell {(direct,

It is normally recommended that an additional expansion chamber (6), acting as
a de-aerator, should be included in the circuit immediately alter the preheater (1).
This de-aeration removes off-flavours and reduces the oxygen content of the milk,
but its primary purpose is to reduce the amount of milk deposit formed in the
steam-injection head.

Automatic controls are normally required to maintain the processing
temperature and the difference between the milk temperatures bcfore steam
injection and after expansion cooling in order to control solids content. In the
United States the regulations of individual states determine the quality of steam
required; it may be “culinary” steam obtained by treating normal processing steam.
or steam produced from fresh water in a steam generator.

This type of direct heating equipment can deal with throughputs of 400 6,000
gal/h. The aseptic Aro-Vac is a development of the normal vacuum chamber used for
de-aeration and off-flavour removal, but designed for sterile operation with steam
sealing off all possible leakage points, such as sight glasses, inspection holes and
connexions. If the vapours removed during cooling are to be used for preheating, the
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condenser s not requied. Fevel eontrolers mantam a pool o the product at 1he
bottom o1 the chamber by controllmg either thie product mlet rate or the outler rate

s and Sukchong Palarisaror

\ How diagianm ot the Paasch and Silkeborg Palaresaton s shown i freene 7 Malk
v pumped from the batance tank (B through the tirst tbular preheator (2) where it
s heated byovapours passaing trome the expansion coolmy vessel 1o the ejector
condenser. In the secoud tubular preheater (3) the milk is heated by low-pressare
steam ane o a controlled temperatare of about 757°C and it 1s then mjected mto the
heating chumber (4) atier passing a three-way diversion valve . 1he steamn pressure m
the heatig vessel is antomatically controlled to give a temperature of 145°C. From
the heating chamber the milk passes nto the expansion cooling chamber (5). The
temperature and pressure in the expansion chamber are controlled to give 9 milk
temperature of g little over 75°C by varying the amount of water supplied to the
condenser toy The dry matter content of the processed milk is determined by the
difference between the temperatures after the second preheater. controlled by the
preheating steant sapply. and after expansion cooling. cantrolled by the condenser
water supply.

At released from the milk m the heating chamber is extracted by a pilot line to
the condenser, and then from ihe condenser by a vacuum pump.

LPsteam -»%

i
L

)

® >
I Batance tank 6 Condenser
2 First tubutar preheater 7 Tubular water cooter
3 Second tubutar preheater 8 Aseptic homogenizy ¢
4 Hoeating ciamber 9 Chilled water coolers
5 Uxpansion cooling chamber 10 Sterile balance tank

Figure 7. Flow diagram, Paasch anu Sitkeborg Palarisator

The milk is pumped from the expansion chamber by an aseptic pump, and passes
through a small tubular water cooler (7) to an aseptic homogenizer (8). The
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houwpenizer pumps the nitk thronghe chilfed water Coolers (9 im0 stertde balbance
tnk CHO) Fhe o above (he itk 1 the balace Lk kept stende by o bacteryl
filter

Fhere s alwavs some ancert ity as 1o the hotding tine plant of tis ki
because of the tnie ot takes the nik Lo pass through the heating Chainber 1y the
presence of a pool of ik Hf unde tenmmed voluime gt the bottom of 0 heanpg
chamber  Fhis uncertamty wommimized e the Palaisaton by the use or devel
controllers. Fhe homogenwer (%) operates as a pump.extiacting a certam quanity of
nulk from the expansion chamber (3) according to the needs of the packing svstem
The expansion chamber i kept fitled by means of a level controtier which actimutes 4
preumatic valve at the mlet ot the heating chamber (4). | he heating chamber
fied with a second fevel controller. which actuates 4 pneumatic valve between the
heating and expansion chambers. Fhe chtect ot these controllers s 1o mamtm g
constant volume in both chambers. irrespective of the rate of milk flow.

If the sterilizing temperature falls 3°C below the set operating temperatures g
visual alann 1s given but processing continues. However. if the temperature falls 5 ¢
belov the set level an sudible alarm s given, and both the pump extractmg milk from
the expansion chamber and the homogenizer stop so that no unstenle milk reaches
the balance tank. Milk dlready i the tank can be Glled sately. but the equipment
must be cleaned and re-sterilized before being started again with milk. h ;s
recommended that the Palarisator should be cleaned by circulating a cleaning agent
through the whole equipinent.

Sterilization of the equipment from the heating chamber forward 1o the balance
tank, with the pipes to the filting machine. is by steam under pressure to give a
temperature of at least 120°C for & minimum of 30 minutes.

Aspects of stearmrinjection equipment
Three types of steam-injection equipment are illustrated by
figure 8 Steam-injection head, Alfa-Laval V11IS:
figure 9 Steam-ingection head. Cherry-Burrell; and
figure 10 Product jection head. Palansator.

Figure 8. Steam injection head, Alfa-Laval
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Figure V. Steam-imection head, Cherrv-Burrell
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Figure 10, Product injection head, Palarisator

The three above-mentioned types of sterilization equipment all heat the product
by mixing steam with it. The method of mixing varies. The two types first described
(VTIS and Cherry-Burrell) inject steam under pressure through a nozzle into the milk
stream. The third type, Palarisator, sprays the milk into a vessel containing steam of
required pressure and temperature.

Instantane ous temperature increase is obtained in all three types of equipment.
The figures show that the nozzles have been designed in different ways. The
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Indirect heating systems

Fhe followmng sterilizers with indire

cUheating are deseribed hejow - Ahlhory,
Alta-Laval. APV and Sords, plute

scand Cherry-Burrell and Stork. tubes (spiralsy,

Ahlborn indirect heating sterilizeor

Fhe Ahlborn stertlizer is an mdircetly heated. plate-type equipimient cluding
two stages of de-aeration in the process (figure ),

Fhe milk is pumped from the raw mulk tank (1) through a regencrative section
(3)und a hot-water-heating section (4) to give a controlled temperature of 72°( the
milk is held at this temperature for 80 seconds in a plate-holding section (3) v hich 1
meorporated i the plate pack. The pre-holding treatmient is intended to stabilize the
nilk against deposit Tormation. After the holding time the milk is homogenized. 1he
homogenizer (6) does not have to be of the aseptic type.as the sterihzation process
coines later.

Phe homogenizer is followed by a de-ae

rator. This consists of 4 main water
cooler (7). which discharge

S mto g vacunm chamber (¥) connected to g vacuum
PuInp (9). At this stage the dissolved gas m the milk is removed togeiher with some
of the volatile sulphydr_\,‘lfontaming compounds produced during the 80-second
holding at 72°C. The de-aeration takes place without any removal ol water.

Milk is pumped from the vacuum chamber through 4 hot-water-ieating section
(1) and then through a steam-heated section (12) to give a final processiig
temperature of 139°C. A steam pressure of about 40 Ib/in* is required in the final
heating section. The milk immediately passes Irom the steam heating section to a
second de-aeration stage, identical with that used earlier and consisting of a cooter
(13) and a vacuum chamber (14). This de-aeration stage removes further volatile
sulphy dryl-containing compounds produced during the final heating to the full
sterilizing temperature. It is said 1o give an cxcellent flavour to the milk. The
temperatui of the milk is reduced to 72°C in this stage.

The cooling sections (7.

I3) associated with the de-gerators, and the
hot-water-heating s

tion (11), share a common water cucuit, so that an indirect
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I Raw milk fank 9  Vacuum pump

2 Pump 10 Pump

3 Regeneralive section 11 Hot-water-heating section
4 Heating sechion 12 Steam-heating section

S Plate-holding section 13 Cooler

6 lomogenizer 14 Vacuum chamber

7 Main water cooler 15 Qlosed vessel

8 Vacuum chamber

Figure 11, Filow diagram. Ahlborn indirect heating sterilizer

regenerative effect is obtained. The milk is finally cooled to a filling temperature of
about 20°C by the incoming raw milk in the first regenerative section ( 3).

The temperature of the milk in the pre-holding section is controlled by a
temperature-sensing element in the milk hne that controls the temperature of the
heating water. The sterilization temperature is controlleC by a similar clement in the
milk line that controls the pressure of the steam for heating. The temperature to
which the milk is reduced in the second de-aeration stage is automatically maintained
at 72°C by control of the water flow through the indirect regeneration circuit.

The equipment is sterilized by the circulation of water under pressure. The
vacuum pumps for the two de-aeration units are isolated. The regenerative section ( 3)
and the homogenizer (6) are by-passed. The raw milk tank is isolated, and the
circulation is completed through a closed vessel (15). With the water cooling circuit
out of action, the whole equipment reaches the sterilizing temperature of 120°C
which is maintained for 30 minutes. When sterilization is complete, the cooling and
regenerative sections are brought into action, and the contiviler for the final
processing temperature raises the temperature to 139°C. Normal circ ulation can then
be established completely. and filling can begin Circulation cleaning is used, with the

help of spray balls built into the vacuum chambers (8, 14). No manual cleaning is
necessary .
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Figure 12 Flow diggram, Alfa-Laval indirect sterilizer

The milk 1s pumped by a pump (1) to a preveater ( 23 where 1t as prehieated o
approximately 70°C and then flows to a de-aerating chamber (3) where de-aeration
takes place. This can be considerable. as built-in condensers make possible bohng
without any loss of product. By a pump (4) the milk 1s pumped from the vacuum
chamber to the final heater (5) where it is heated to about 138°C. Atter bemng held at
this temperature for approximately tour scconds the itk s cooled dovn to about
757C in an aseptic cooler (0) and then homaegenized in an aseptic homogener (7). 1t
is finally couled to about 20°C 1 an asevtic final cooler (). passes through i
flow-diversion valve (9) and is finally filled.

leating is done with water according to a particular circulation sysiem. This
means that heat regeneration always occurs between water and product and wever
between product and product. A product will theretore never stand sull v any part
of the equipment during either forward or retum flow.

The plant is fully automatic with respect to equipmw nt sterilization. production
and cleaning. 1t also has an automatic supervising equipment-sterilization guard.

De-aeration takes place at 70°C and can. as was mentioned. be considerable
because of flashing. which can be permitted as the built-in condensers prevent any
loss of product. Any off-flavours in the raw product will then be removed. Aeration
also takes place and this increases the operating time. Heat stabilization should be
used if very long operating times arc required: 83°C is a normal stabilizing
temperature.
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Piee cormprent s bt tor masimom teabthtv New components can casthy be
added and oe casidy adapred as thie phlant s abready prepared tor automation Ths
means that the ke wp ot the process toaareat extents s optional The equipment
doonbed s o crask coohne which e howevers be casdy anstalted it the quahin
ot the prodict requies it The antomation abo mchades so-calted imtermediane
Cleanaie s which can be carned ot a shiort time tabout 40 manntes) Nsepsis can be
dnnbamed oy the cloammne process thas perimtiing aumtermpted operanon ol

the plant tor Tone pereds

VLU ltramatie stonidesor

vl deeea of the APV Ultramatic stenhizer s preseoted i figare 13 1w
meonung itk s pamped from the balance tink t1) through o regeneratve sechion
O and o Towspressure steam heating section €3) The stean hieating section s
automatically controlled by o prenmmatically operated control svstem to give o nalk
outlet temperature of 85 C 0 The nulk then enters a holding vessel ¢4) where ttis hebd
For g mean tnoe ot v mates The purpose of thas holding period s to reduce the
artonnt of ik sehds deposited i the Tater loeh-temperiature sections of the heat

exhanser.
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t ﬁaluncc tank 7 Final heating section
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5 Homogenwer 11 Water fill
6 Sccond cegunerative section 12 Automatic control box

Figure 13

Flow dagram, APV, Ultramanc sterilizer

I'rum m«; holding vessel the milk is pumped to the homogenizer (5). As the
homogenizer is placed before the sterilizing section of the heat exchanger. it does not
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necessariv have to be designed for aseptic operation. Whether. nan nwdirect
sterthizer. the homogenizer needs to be placed downsticam Trom the stenhizer s sull
debated. Sinee an asephic homogemzer s more expensive than the standand ty pe. the
APV Company nstalls the homogenizer upstream trom the sterilizer wherever 1 i
acceptable.

Milk passes from the homogemzer 10 a second regenerative section (0) and trom
there to the final heating section (7). heated by steam at about 50 th:in® The steamn
supply s automatically  controlled by a pneumatically operated svstem from a
temperatire-sensitive element in the hot milk, to give a normat nnlk temperatiie of
1357C. The clement also determines the operation of the Now-diversion controller.
whiclt actuates the air-operated Now-diversion valve () il the nulk temperature falls
significantly below 135°C. Diverted imilk flows through a water-cooling section (1)
back to the balance tank.

In Torward flow the milk passes through the two regencrative sections (6) and
(1), and a water-cooling section (10) belore leaving the plant at 10 15°C for filling
In a plant of this kind 80 to 90 per cent of the heat requirement is obtaimed by
regeneration,

Although this is the standard system it can be modified if necessary. The
imiportance of rapid heating and cooling in minimizing the cooked flavour of sterile
milk has been emphasized. In particular, the denaturation of soluble proteins in the
retarder vessel may cause a cooked flavour. When aseptically filled sterile milk
competes with pasteurized milk and the best flavour possible is sought, it may be
desirable to climinate the holding vessel and reduce the amount of heat transfer by
regeneration.

However. climination of the holding vessel restricts the operating time.
particularly with certain milk supplies, and this introduces commercial problems of
plant operation.

The automatic controls built into the Ultramatic equipment arc very
comprehensive. The operator commences the process by pushing the sterlizing
button. The equipment is automatically filled with water (11), which is circulated
and heated to 145”C without cooling in a closed circuit, which includes the final
heating section (7), the regenerative sections (6, 2) and water cooling section (10),
the pipe to the filling machine. and the filling valve. At the same time the aseptic
Tetra Pak machine (figure 18) is sterilized by its own system.

When the pre-set sterilizing time has elapsed, and if a signal has been received
that the sterilizing cycle of the filling machine is complete. milk is antomatically
admitted to the cquipment, and the controls take over the regulation of the
temperature. During this time the homogenizing valves are automaticaily oaded.
When the full processing temperature is reached. the equipment changes to forward
flow from diverted flow, a small amount of milk is allowed to leave the equipment.
and filling begins.

At the end of the run the operator pushes the shut-down button. The equipment
is automatically emptied of milk, flushed with water, stopped and drained. If, for
any reason, the supply of milk fails, this sequence will be followed and the
machinery will shut down.

Cleaning normally involves circulation of a single detergent solution. When the
cleaning button is pressed, the equipment is recharged with water, which is
automatically heated to the correct cleaning temperature. An audible or visible alarm
then instructs the operator to add detergent to the circulating water, although this
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Phe ik warer and deerpent caants are conttolfed by operied Zepin
valves Hiab oparate smaoroswitches tooanterfock thens withe the automae coniao
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Clierrv-Burrcll indrrect heating stenli:er

Fabular hear exchangers (Spiratherin) are used for heating at temperatures above
70°C and tor coolmg the stende product. as they have no gaskets and can withstand
high pressires The heat exchangers consist of spiral tubes arranged in cyhndrical
lreating chammbers. (See tigure 14 tor Dow diagram.)

Hot water. cold water or stean may be used as the heat-transfer mediuin. I
water s used. the cylinder s fitted with a series of baftles to direct the water flow
and nrove heat-transter coetficients. For heating by steam, mean product flow
velocities of 18 to 22 feet per second are used to improve heat transfer and reduce
the amount ol deposit forimed. In the lower temperature heating sections, or the
cooling sections, lower velocities of cight to twelve feet per second are adequate. The
product tubes in the heat exchangers will withstand pressures up to 4,000 Ib/in? and
the heating medinm shells will withstand up to 150 Ib/in?.

1 Plate or tubular preheater 4 Tubular coolers
2 High-pressure pump 5 Aseptic homogenizing vaive
3 Tubular heater 6 De-aerator

Figure 14, Flow diagram, Cherrv-Burrell {indirect)

The product is pumped through a plate or tubular preheater (1) to give a
temperature of about 70°C. It then passes through a high-pressure pump (2), which is
the pump section of a homogenizer. This provides the pressure necessary to force the
product through the subsequent tubular heating sections and to homogenize the milk
later if this is necessary. Tubular heater (3) with steam as the heating medium raises
the product temperature rapidly to 138 150°C, and the sterilizing temperature is
maintained in an air-insulated tubular holder for up to eight seconds according to
requirements. The product is then cooled in tubular coolers (4) to about 10°C for
aseptic filling. If homogenizing is needed, an aseptic homogenizing valve (5) is
included in the cooling line where the temperature is about 70°C,
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Fhe prodict pressare o alwavs mamtined uvhier than e P :
heatteamseer mednnm an the tmal spical cooler Dy arestin tion af e <tenfs oo ol
(o produce back pressie: Aaseptic stramer s boed wmseditey betore the i s
remove any bmed-on or undissolved particles

M owath e direet heatmg svstem constdered above 10 s 1 oo iadedd o
de-aerator (0) be fitted atter the prehicater and betore the biobe prosae ASTEERR RIS
will vemove anv ot favonrs that are ot removed mthe wdinect heatn - o g
dunng flash cooling atter stenbization. De-acration usiably llones o Rons er prog e
ruin by reducing the anount of depostt formation me the Tater Gl INTETERINERN
stages of the process.

I the asseinbly of the knger stenhzers from the contponent it al weded
constructuon is employed wherever possible 1o reduce the nsk of contammation It
cotexions have to be made i the stertle line between the processimy plant and the
filier, aseptic connectors jacketed with high-pressure steant are used. Sombarly an
valves used in sterile lines will contain high-pressure steam ghinds.

Sterilization of the equipment before operation s preferably cooied out by
circulation of water under pressure and at high temnperature. A water enperatune of
FSO'C, with a pressure of 60 tb/in? is recommended.

Any degree of automation can be built into the sterilizing systems described o
give temperature control iz recording, warning of incorrect operation and so forth
However, the amount of automation will depend on circumstances. and particularh
on the throughput of the plant; too much automatic control s not considercd
justified economically in the small units.

Sordi, Steriplate sterilizer

The Sordi sterilizer (figure 15) is another plate-type. indirectly heated sterilizer
with one stage of de-aeration after sterilization. The sterilizer is assembled as a
compact unit, complete with its control system on a common base plate.

Raw milk is pumped from the raw-milk tank (1) through two regenerative
sections (2. 3) to give a temperature of 75°C At this temperature it is homogenized
(4). and it may also be centrifugally clarificd. The use of a clarifier is suppeved 1o
reduce considerably the deposit formation in the high-temperature sections. e
clarifier comes before the homogenizer. which in its turn lfeeds the highi-pressure
pump, which supplies the succeeding stages.

The milk then returns to the plate heat exchanger. and a third regeneritive
section (5) raises the temperature of the milk to 108°C. A tubular holding section ()
allows the milk to be retained at this temperature for about 33 seconds. 1his holding
section helps to reduce the deposit formation in the final heating section.

After the holding section, the milk again returns to the plate heat exchanger. and
a final heating section (7) raises the milk temperature to 135°C. The heat.ng medium
is hot water at a temperature of about 139°C. The water is heated by steam in a heat
exchanger (%) and is pressurized with compressed air at 9C Ib/in?® to prevent boiling
The temperature of the hot water is controlled by a temperature-sensitive cleinent m
the hot mulk line.

A pneumatically operated flow-diversion valve (9) actuated by a temperature
recorder/controller is fitted at the outlet of the final heater. If the milk is not at the
required temperature, it is diverted through a water cooling section (10) and retumned
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o a separate tank torrctarned itk 1 the temperature s sabistactory - the mllk ™
passed to the regeacrative sections (30 3). After two stages of regenerative cooling the
milk temperature 1s 70 Coand the nulk feaves the plate heat exchanger and pisses 1o
a vacnum de-aerator (HH m which a pressure of about 4 b’ s mamtaned by a
waterejector €12 No water i removed from the milk duning de-acratnon,
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I Raw-milk tank 8 Heat cxchanger

2 Furst regenerative section 9 Flow diversion valve
3 Second regenerative section 10 Water-cooling section
4 Homogenizer i1 Vacuum de-acrator

5 Thid regencrative section 12 Water cjector

6 Tubular holding swection I3 Water-cooling section
T Final heating section

Figure 15 Flow diagram, Sordi, Steriplate

The milk is extracted from the vacuum vessel by an aseptic pump, and is
pumped through a final regenerative section (2) and a mains water cooling stage (13)
to give a filling temperature of 15°C. With a total of three stages of regeneration, the
combined regenerative effect is about 75 per cent.

The processes of cleaning and sterilization are automatically time-controlled by a
series of fourteen electronic timers. These timers operate pneumatic valves. After an
initial water rinse, cleaning is effected by the circulation of alkaline solution for 40
minutes at a temperature of 80 90°C. followed by rinsing water at the same
temperature running to waste, then acid for 25 minutes, also at 80-90°C, and a final
hot water rinse. The alkaline and acid cleaning solutions are kept in tanks mounted
with the raw milk balance tank.

Equipment sterilization is carried out by the circulation of hot water at the full
processing temperature of 135°C with the water cooling sections inoperative. The
sterilization circuit does not include the raw milk tank: therefore the circuit can be
operated under pressure at full temperature. The cleaning and sterilizing circuits
include both the forward flow and the diverted flow lines.
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Stork, Sterideal sterih=or

Figure 16 shows a flow diagram for the Stork . Sterides sterihizer Milk enters the
cquipment at the float-controlled balance tunk (1) and s pramped by centrituga
puinp () to a five-cylinder positive displacement pnimp (2). This i the pumpiny
section of 4 homogenizer: in g normal homogenizer the pumpimg section detines
directly to the homogenizing valves. whereas in this case thie valvesare separate from
the pumping section in the milk line. lHowever. the valves are sull mechamalh
mounted on the body of the homogenizer. or pump: they are contimnously Fipped
and derive their oil-loading pressure in the normal way.

1 Baiance tank 10 Regenerator, first cooling section

2 Centrifugal pump Il Regencrator, sccond cooling section
3 Five-cylinder positive displacement pump 12 Second homogeni/iny valve

4 Circuit sterilizer 13 Mains-water cooler

5 Regenerator, first heating section 14 Chilled-water cooler

6 First homogenizing valve 15 Filling machine

7 Regenerator, second heating section 16 Rinsing tank

8 Tubular heating section 17 Detergent feed tunk

9 Holding section 18 Auxihiary cooler

Figure 16, Flow diagram, Stork, Sterideal

The five-cylinder pump was developed especially for use with tubular sterilizers
because the greater number of cylinders and the low piston speed reduce the
fluctuations in the output pressure. With fewer than five cylinders, it is necessary to

. use air bottles to absorb the pressure fluctuations which might otherwise causc
undesirable mechanical vibrations in the pipework. These air bottles are difficult to
clean and stcrilize and should be eliminated from an equipment intended for
producing sterile milk.

The high-pressure pump (3) provides pressure to pass the milk through the
remaining stages of the equipment, and to operate two homogenizing valves. b irst,
however, milk passes from the pump through the circuit sterilizer (4). which has no
function during normal operation. After the first part of the regenerator (5). when
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the mmbh s o~ e anbh feaves the revencraeor and retuns o the s
homogenizmg valve (o). The homogemzmg pressure hiere s notmally abont
200 kg em® (2000 1wy, but e can be remote contiolied at any value up o
20 kg om?® (3730 b

Phe second part ot the resenerator €7) heats the nuth 1o 120°C The anlk then
passes to the il tabubar heatme sechion (vE where s eated mdirecth by stean
o 13550 € b he aequied temperatine s mamtamed by 0 pneumatic contiol
sSwatem operatoig on the steam mbet vabve A holdig section (9) Ny OF ay not pe
incladed

Phe coohng section o the reeenerator isalse divided mto two sections ( 10, i
with the second homogemzing valve €120 interposed where ihe milk temperature is
o> O The maximun homogenizntg pressure that can be used i ths second stage is
SO Rhe e S0 T ) but g mmimum pressare of S kgiem® (75 than? ) is alway's
Apphed durie normal operation to- prevent boiling of the milk at the operating
temperature - The total pressure of the two homogemizing valves mnst not exceed
220 Rgem? 13,750 1hont).

Mk feaves the regeneraton at about 30 C and then passes to mams und chilled
water cooters (130 14) before passing to the filling machine (15).

When the nulk supply stops. the equipment is antomatically rinsed with water
supplied from the rimsing tank (16) through a three-way valve in the nilk line. The
steanm supply to the tinal heating section. the water supplies to the coolers. and the
homogenizing valve pressure are all reimoved at this time. On the other hand, steam is
automatically supplied 10 the circuit sterilizer (4) so that the water temperature is
slowly raised. alter water has completely displaced milk and rinsing is complete,
recirculation as established through the three-way valve above the rinsing tank. The
water temperature is then steady at 80°C.

After the rinsing period alkaline detergent is introduced from the detergent feed
tank (17) into the rinsing tank to give the necessary concentration, and is circulated.
Atter an mtermediate water rinse. mitric acid ol suitable concentration folows, and
finally u third water rinse. All the solntions circulated are at the steady temperature
ob XOCoand the circulation periods are determined by the programme timer. The
nchmeny then automatically shuts down,

Lo sterilize the equipment. water heated to 140°C by the circuit sterilizer (4) is
irculated througli it The sterilizing temperature is controlled by a pneumatic system
operated on the steans supply to the circuit sterilizer. This temperature 1s maintained
through the regenerative sections. the homogenizing valves. steain heating section and
milk pipe lines as tar as the auxiliary cooler (18). and the circulating water
teniperature s reduced to 60°C until the circuit sterilizer is reached again. At the
sane tine, g throttle valve at the outlet of the auxiliary cooler is brought into action
to provide back pressure to prevent builing: in normal operation this is provided by
the second homogenizing valve.

After the pre-set sterilizing time., steam is cut off from the circuit sterilizer but is
applied. under automatic control, 1o the final steam heater. Water is cut off fro.n the
auxiliary cooler but is supplicd to the mains- and chilled-water coolers. At e same
time. the minimum homogenizing pressure of S kg/cm? (75 1b/in?) is applied
automatically to the second homogenizing valve. The equipment therefore settles
down to circulate water under norimal operating conditions.

As already mentioned. the mitk sterilizing temperature is maintained by control
of the steam supply pressure at the final steam heater (X). If for any reason the
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cortect stenlymg temperature s not reached. the caupie il aatomaticathy e,
lo the nnse posibion, as i the rn had been completed The tull sequence of TSI
ceamng and sterilization must then be carned oul betore processimg e begnn oy
Stork has recently mtroduced 4 repulaling svstem on the fiial heater Uyt TTRTNEN
possible avanation of the steam supphy corresponding to ditlerent capaoties

Swnimary of indirect he aling stcril er

The mdirect heating sterilizers described ahove are sl e many wavs but i
differ in mportant respects. The choice of cquipment depends on the demands on
the final product. To obtain a minimum of cooked Navour. the phatage of the plate
heat exchangers should be calculated for short holdiang times. Heat stabilization ¢
be introduced if long holding times are reguired. but this causes 1 cooked Tavom

General equipment for sterilizers

Aseptic homogenization is used in nearly all types of cquipment (direct and
indirect heating) to obtain an effective splitting of the fat globules. Homogenization
by the high-temperature treatment has a splitting effect also on denaturated protein
(sediment). Aseptic properties are normally maintained by means of a double steam
seal for the pump pistons. The seals are made of teflon rings and the pistons are hard
chromed in order to resist corrosion. The homogenizers are normally made for a
working pressure of up to 300 kg/cm? (4.3001b/in’) in two stages. All sterilizers are
made in standard sizes 2,000, 4,000 and 6,000 litres per hour. The multiple 2.000
corresponds to the capacities of a one-half litre aseptic filling machine.

The mounting of equipment varies considerably. There are compact units such as
Alfa-Laval VTIS and Sordi Steriplate in which all components are assembled in 1
single unit on a main frame. The entire machinery is consequently assembled at the
factory. where it can be tested before delivery and then shipped as a complete unit.
Mounting in the dairy will then include only connexion of steam. electricity. water
and air.

Other types of equipment are floor mounted. but some of them (e.g. Alfa-Laval
indirect) are composed of complete blocks that are made ready at the factory and
have only to be joined and connected at the dairy. From the point of view of
mounting, the compact units are preferable. Transport problems are the only
disadvantage.

Flexible capacity is a novelty. The homogenizer has previously been the
restriction, but it can now be provided with either pre-set specds or with variable
speed transmission. The capacities can then be varied according to changes in the
filling departinent: however, changes in the holding time cause uneven product
quality. This may be corrected by changes in the heating section (e.g. in the steam
section). The Stork, Uperizer and Alfa-Laval sterilizers, among others. can be
delivered with variable speed homogenizers. The variable speed systems may be
hydraulically operated or operated by thyristors.




Chapter Four
INTERMEDIATE ASEPTIC TANK

General description

Anaseptic tank s mereasingly regarded as a necessary and mtegral part of
sterilization. Installation of such o tank is o coiplicated operation. since there must
be a guarantee that it will operate under aseptic conditions. Tlie construction of an
aseptic tank must therefore be extremely exaet. The tank must be pressure resistant
I order to stand up to equipment sterilization (approx. 2.7 kg/em? = 38 Ib/in). It
must be fitted with an aseptic air filter, which guarantees that wil-free air is sterilized.
The airis used to force the milk out of the tank.

The valve programme on inlets and outlets is arranged so that there are always
two seals with a steam seal in between when a sterile product is shut off agains'
unsterile atmosphere. Figure 17 shows how un Alfa-Laval aseptic tank system witl;

EY RETURMED PRODUC T
<

S r’ <t~ Oil-FE R

=+ Ww - Wit ]
}

,l—boo:-

O = = S1TAN

| Y}

!
!
i
‘ f
WTEN . e 81

| N

[ S

Aseptic tank
Aseptic tank
Aseptic filling machine
Aseptic filling machine
Aseptic filling machine

Figure 17 Alfa-laval aseptic tank instaligtior

Aseptic filling machine
Sterile air filter
Cleaning unit
Centrifugal pump

Lol ROV NP
XN

8




INFERMEDEA LT ASEPIIC JANK

IWo aseptic tanks €1 and 2) is untalled Fhey are cach separately connected to aneptie
filling machines (3. 4.5 and o). Fach tank has a sterile air filter (7). This spectal
mstallation s nade tor production of three different products from one sterihization

plant. The tank wnstallation makes it possible to fill three products simal

ancoushy
different filling machines.

Justification for installing aseptic tank

The aseptic tank is used for tie following purposes:
fu) Levelling out the operating times. Cleaning the ste

cleaning the tank and filling the ¢
extended.

(b) Storage when an interruption in the filling department occurs, The
continues to deliver a product of the same quality and with u
capacity to the tank while the defects in the fi
corrected.

¢) Intermediate cleaning of the sterilizer. whic! has a higher capacity than the
filling department. Filling can take place contmuously also when the
sterilizer is being cleaned.

(d) Sterilizing different products in succession when different filling machines
are used for the different products.

(e} Long-term storage of a sterile product.

rihzer takes louger than
quipment: the filling time can therefore be

sterilizer
nchanged
lling department are




Chapter Five

STERILIZED MILK CONTROL
Raw milk control

fhe most uportant demand on raw 1ailk is stability during sterilization. From a
chentical-physical point of view the stabihity of the milk protein must be such that it
resists an alcohol concentration of about 75 per cent.

From a bacteriological point of view there must be no spores that resist the
sterilization temperature. There is no known method for determining this rapidly.

However. spores that can resist sterilization temperature arc very rarcly found in
milk.

Sterilizing effect

Testing the effect of sterilization directly through storing containers from the
comnercial ©peration of a plant creates great difficulties, and the results are difficult
to interpret. sice mfections irrelevant to the sterilization process may oceur during
fiiling. A spectal method is used therefore to test the sterilizing effect of
steribization plant.

Fhe sterilizing etfect expressed as a logarithmic reduction is:

mitial spore count
final spore count

SE=log

Large amounts of spores ol some suitable type of bacteria are usually used for
direct determination of the cffect. Tests are made using a series of falling
temperatures. Spores are more ditficult to kill than living cells. and the great number
used facilitates the determination of surviving speres at i cer’ain temperature.

B. subtilis and B. stearothermophilus are used as test urganisms. The foriner are
the most common spore-formers, and the latter are extremely heat resistant. It takes
P75 times longer at 120°C to kill 99 per cent of the spores in a B. stearothermophilus
suspension than 99 per cent of the spores in a B. subtilis suspension.

Lable | shows the results of 4 test with Alfa-Laval VTIS using milk as the
sterilized medium and with spores of the two above-mentioned types as test
OLEANISINS. The sterilizing temperature has been allowed to drop from 140°C to
120°C. The number of spores in the different tests has varied between 10,000 and

30
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TS000.000 per cmt The Towest spore count that coubd be determmed was 0.0004
per cmt tapprox T ospore per Y hires), The resalts show spore-rednction figures ot 9
and more for B swbabs wad 7 oand more tor B stearothermophifus These
spote-treduc iion beares are very gl and are quite sate.

Phere e not as taany spores moordimary itk as were used i the test and
veectiinve cells tound iemiatk are much casier to kill A determmation ot the wequired
sterthizimg ettect tor vtk awall show o spore reduction figure ot at keast 7. it possible
S tor the topes of spores Tound itk Cprincipally B subnlis) The sterhizing
ctiects tound consequenthy have @ wide margan: all vegetative cetls have also been
Killed

Chemical changes and taste

Heating of milk brings about chemical changes of its components. Milk consists
mainly of fat. protein, carbohvdrates. salt and vitamins. Some enzymes are also
found in itk Salts and carbohydrates are molecularly dissolved in the aqueous
phase while protein and fat are found in the form of colloidal solutions or emulsions.

the Tollowing reactions can happen within the sterilization zone. that is when
heating miik to a maximum of 150°C for a relatively short time. The reactions that
may occur where fat is concemed are decomposition of free fatty acids and primary
and secondary oxidation. These are of minor importance at the time-temperature
combinations in question. However. the protein may undergo decomposition during
the above reactions with a result of ruptures of sccondary bonds and changes of the
molecular structure. To begin with the reactions show up as a change in the solubility
and later in the sedimentation. Proteins can also react with carbohydrates, which
means that aldehyde groups react with amino groups. This is called Maillard
reactions. The non-enzymatic brown discolouration is also important for the
carbolivdrates. In prnciple  this corresponds with the Maillard reactions (see
figure 1).

Chemical changes are chiecked with suitable analyses. The protein denaturation
can be followed by examining the amount of soluble nitrogen. the protein
decomposition through  determining non-protein nitrogen (NPN), the cystine
decomposition through determination of SH-groups, enzyme decomposition through
determining the enzeme  activity, and Maillard reactions through determining
remaming NH; -groups, cte.

After treatment in a modern sterilization plant milk has a very faint cooked
flavour and differs slightly from pasteurized milk. The taste of the milk from
different plants varies a little and milk treated in plants using the direct heating
method usually hus a slightly less cooked flavour. The flavour comes from sulpbar
compounds freed from sulpliurous amino acids. However, these compounds tend to
prevent oxidation, ard the associated harmful effects. 1t is possible to determine
analytically that the sulphydryl groups disappear gradually during storage. The
cooked favour then also disappears. Optimum taste 1s normally obtained after two
to three weeks depending on storage conditions.

Another taste deficiency sometimes is the so-called chalky taste. This may vary

from plant to plant but it scems to be directly connected with the quality of the raw
milk.
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Nutritive value

Dunmg heating there may be changes in essential amino acids that atfect the
nutritive value. for example. decomposition of lysine. Sulphurous amino acids such
as cvsterm and metionm can decompose. producing changes in taste as well as in
nutntive value.

Some imvestigations and experiments seem to show that it is namly the vitanuns
that are affected by heat treatment. Nevertheless, the conclusion may be drawn that
UIT-treated milk is equivalent - value to pasteurized milk. Most investigations
mdicate that UHT-treated milk s definitely superior to milk that has been sterilize ]
i bottles with respect to vitamins and nutritive value.

A great number of investigations lave been carried out regarding the effect ol
heat treatment on the nutritive value of milk. Interest has been directed mamly at
pasteurization and sterilization of market wilk. Earlicr investigations were concemed
only with autoclave steritized milk as compared with HTST- (= approx. 72°Cy
I'S seconds) treated milk and untreated milk. Later when UHT- (= 140 150°(
2 4 seconds) treated milk becanmie available on the different markets interest was
directed towards these products. When studying investigations of the nutritive value,
autoclave-sterilized and UHT-treated milk must be considered separately. since
autoclave sterilization is a much more violent form of heat treatment.

The results of the investigations vary considerably depending on the method of
analysis. The term “nutritive value™ has not been clearly defined. There are many
factors that can influence the nutritive value of foods. such as protein content,
mineral content and vitamin content, but the taste of food is also important.
Another factor of importance is the keeping quality. Food that has begun to
deteriorate before it has been consumed offers little nutritive value because of its
unpalatable condition.

Several investigations and their findings regarding the effect of UHT treatment
on milk are mentioned below:

The National Institute for Research in Dairying at Shinfield. Reading. England.

(a) In an article entitled “The Effect of Ultra-high-temperature Heat Treatment
on the Content of Thiamine, Vitamin B, and B, , of Milk”, which appeared
in Dairy Research (1965) 32:13. the authors. M. E. Gregory and H. Burton,
revealed the findings of an investigation that compared direct and mdirect
sterilizers.

The vitamin content was determined by means of bacteria. Lactobacillus
Jermenti were used for thiamine and Saccharomyces carlsburgensis and
Lactobacillus leichmanii for vitamins B, and B, , respectively.

The investigation offers the following results: U1 sterilization has no
effect on thiamine, but the losses of vitamins B, and B,, are somewhat
higher than in pasteurization. However. these losses are nuch lower than for
sterilization in bottles. The investigation also shows that indirect

sterilization results in a greater loss of vitamin B, ; than of vitamin Be. The
result is reversed in direct sterilization.

(b) S. K. Kon is of the opinion that proteins in milk have a high nutritive value.
They are slightly deficient in sulphur-containing amino acids but because of
their high lysine content, they compare very favourably to vegetable
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profems. D Ron's tmdings e vevealed moan articke entitled ~ Annne Acid
Make-up of the Mk Protems in Relatson 1o thewr Nutrihive Valoe
published 1w 1967w the IDE Annal Brdlenn, part 1p 131 18314
Semar, 4 0 Septo 1901),

Moderm nethods tor maimutactuning aseptic auth dned nolk and condensed
mulk have Tiede ettect on the valite of the milk as a sonree of proten,

Aol An mvestipation carned ont on ok stenhized in the Adfa-laval VIS
produced the tollowing results Cunpublished):

Vitanuns

Vit I8, o Tosses
Vitamin By >  no losses
iamine no losses

Soluble proteins
a lactalbumin - 967 undenaturated
g lactoglobulin . 497 undenaturated

Turbidity Corresponding to 45 SO% raw milk
St-groups (thiol groups)

Free oz

Bound 48 Compared with untreated milk

Total  4%%
A loss of 20 per cent of vitamin B, occurred when the milk had been stored
lor three weeks. This was considered normal.

Article on Milk Hy ziene published by Dr. Kon in 1962:

Sterilization n bottles destroys 50% of vitamin C, 30 to 40% of thiamine.
1009 of vitumin By, and part of vitamin B,. The biological value ol the
proteins is re luced only by a few per cent.

UHT treatment s very little effect on the vitamins. The results are about
the same as for pasteurized milk, with the exception of a slightly higher loss
of vitamin By, . According {0 experiments with rats, UHT treatment has no
effect on the biological value of the protein.

Shillim and  others have found that three-week-old calves raised on
UHT-trcated milk showed a significantly smaller increase in weight than
calves raised on raw or pasteurized milk. Pol and Groot report that UHT
treatrient results in a certain loss of essential fatty acids.

FRICKER, A.. “Erndhrungsphysiologische Eigenschaften von uperisierter Milch,

1964” (Nutrient properties of uperized milk), K ieler Milchwirtschafliche I'orschungs-
berichte 16: 315--318 (1964).

The author reports on rats that were for five generations raised on uperized
milk. He finds that UHT treatment does not destroy the nutritive value of
the milk. Breeding of the animals was not affected at all. Microscopical and
histological investigations of the organs gave no reason to suspect this. An
extension of the holding time from 0.75 to 2.4 seconds did not reducc the
biological value of the milk protein.
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WAGNI R K 1L lechninehe Vertaliec der Milchbonservier e and by by
antden biologischen Wert der Silch™ oMK consers 1on processes g hen
o the hotowmcal vadoe o the nnlk )y, Forne Serten Vistros hiogeec 00

Werlbire 1ahin,
Phe anthor compares tresh malk wath U reated nnlh and AN IS TR
nuth e found that the growth of vats kg U indk was shebil et
Ciat of rats taking Fresh ndk but above that of rats Lakang pasteanzed ok
He shows the tollowmye  vesnlis tezarding the elect of wpenzaon o

Vit

Frodempth LT oolk
B carotm P4 I ug
vitimin \ P2 9 iU
vitamin b 320 AR
vitaimin B, lo 13 ug
vitamin B, 93 77 ug
nicotinic acid P14 12 ug

BERNHARD. K., L. GACHEEDLER and A, SARASIN. “Dic hiologischic Wertighert
der ultrapasteurisierten Milch™ (The biological value ol Ull] pasteurized milh i,
Bulletin der Schweizerischen Akademice der Medi=inischen Wissenschafr, Vol v
(1953) 312 324 (Basel University).
The growth of rats raised on normal food with the addition of UHT nulk
was extraordinary and was not surpassed by that of the control group
which was given pasteurized milk. Autoclaved milk resulted i reducal
growth.

There was no difference in the vitamin C content of UL . pasteunzed and
aritoclaved milk. Antoclived milk contained only 65 5 per cent while £ 111
milk contained 90.0 per cent of the vitamin C content of the pasteurized
milk. The content of vitamin B, in UHT milk and antoctaved milk was 85 3
per cent and 71 per cent respectvely of that of the pasteurized ik Fhe
factoflavin was not appreciably affected by UNIT or pasteutization

The authors are of the opinion that UHT wilk has the same brologicat vahue
as pasteurized milk and surpasses that of the autoclaved milk with respect o
vitamins C and B, because better growth of the rats was a result oF fs ase

Experiments carried out on rats at the Medical-Chiemical Tustitntion at U ppaata
University, Sweden by Prof. . Agren.
The growth of rats raised on the following dicts was examined. (@) mietionm
and casein; (b} UHT-treated and frozen dried milk. (¢ pasteunzed and
frozen dried milk: and (d) whole milk. rozen dried.
The increase in weight of the four groups was compared after a three-weck
period and the following results obtained for each group (a) Hd-gram
increase; (b) 68-gram increase; (¢) Bl-gram increase: and (J/ T4giam
mcrease. OF more scientific interest than the weight gain over 1 penod ot
time are the tollowing data;
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TABLL 2. DATA COLLLCTED FROM ENPLRIMENTS ON RATS AT UPPSALA UNIV] RSITY

Bodyv Yitrogen
nitrogen CONNUIN Protent con
wam por tion per tent in orig-
I weeks S wecks inal waterial
Diet group (x) (¢} NERA PERY PPy (2/100¢)
(a) 323 4.58 25.0 4.00 71.0 10.3
(b) 1.91 297 29 2eb 643 M6
(c) 2.24 345 23.3 3.72 o4.3 255

(d) 211 3.32 223 357 636 258

weight gamn
nitrogen consumne

weight gain
protetn consumed

INER - Nitrogen efficiency ratio

1]

hi’H{ Protein efficiency ratio

#

N- content of experimental rats
N--content of weanling rats 24 days old

Yppy o syt . ¥ ‘e > . .
PPV Productive protein value N consumed during experimental period

Note: The PPV value, which can be compared with more usual NPU (Net
protein utilization) in some countries, is an often-used nutrition value, As can be
seen from the table a certain insignificant reduction could be found.

Processing costs

Sterilization costs are very reasonable. The list below presents a comparison
between the costs for treatment in an Alfa-Laval VTIS (direct heating method) and
in an Alfa-Laval indirect heating sterilizer. The result shows that the processing costs
are lower for an indirect heating sterilizer.

Assumptions

Depreciation period 10 years

Rate of interest 8 per cent
Maintenance 2 per cent
Working days per year 250

Working hours per day 8

Annual production 2,700,000 litres
Steam costs : SKr/ton
Electricity costs SKr/kWh
Fresh water costs SKr/m?

Costs of detergent SKr/kg
Labour costs SKr/man-hour
Market prices

1800 | VTIS (standard) about 350,000 SKr

1800 | Alfa-Laval indirect sterilizer about 300,000 SKr




STIRILIZI L MILK CONTROI

Alternative I 1800 1/h Alfa-Laval VTIS (direct heating)
Annual production = 2,700,000 litres

Alternative 11 1820 1/h indirect sterilizer (Alfa-Laval)
Annual production = 2,700,000 litres

TABLE 3. COMPARISON GIF ANNUAL COSTS: VTISAND ALFA-LAVAL INDIRICT
STERILIZER

Annual custs (SKr)
VTIs Alfa-1.aval
(direct) ind. ster.

Fixed annual costs
I. Depreciation + rate of interest + main-

tenance = 16% X 350,000 SKr 56,000 48,000
2. Costs for plant sterilization and cleaning:

fa)  Labour costs, weekly:

52 weeks X 2 h/week X 9.50 SKr/h 988 9%8
(b) Labour costs, daily:
250 days X 2h/day X 9.50 SKr/h 4,750 4,750
(c) Cost of detergent:
1,900 kg X | SKr 1,900 1,900
(d) Heat for cleaning and sterilization:
250 days X 17 SKr/ton X 1.5 h/day 638 638
fe)  Electricity for cleaning:
250 days X 2 h/day X 0.07 SK1/kWh 875 875
(f/  Water for cleaning and sterilization:
250 days X 1 h/day X 0.60 SKr/m? 450 675
Fixed costs, total 65.601 57,826
Variable annual costs
I. Wages:
250 days X 6 h/day X % man X 9.50 SKr/h 7,125 7,125
2. Costs for steam:
250 days X 6 h/day X 17 SKr/ton 7,905 1913
3. Costs for electricity:
250 days X 6 h/day X 0.07 SKr/kWh 4,725 4,725
4. Costs for water:
250 days X & h/day ¥ 0.60 SKr/m® 5,040 900
Variable costs, total 24,795 14,663
TOTAL COSTS 90,396 72,489

Total costs, gre/litre of product 3.35 2.69
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Fhe costs for aseptic filling. which are high particularly when the direct
heating method is employed  must be added to the processing costs. The total cost
increase as compared with pasteurized milk can be regarded as 25 to 30 per cent. In
spite of this it is cconomically justifiable in view of the money that can be saved
because of cheaper distribution, cheaper storage. reduced product losses and
increased convenience for the consumer.




Chapter Six

VARIETY OF PRODUCTS

Different products have been produced in the above-mentioned sterilization
plants. In principle it is possible to treat mechanically all liquid products, although
the effect on the characteristics of the different final products must be observed.

This requires certain development work for the adaptation as indicated in the
following products.

Whole milk and skim milk

The bacteriological keeping quality is unlimited within the compass of what the
packing plant can guarantee. This js not the case chemically-physically. Gel

formation may occur after a few months. The time depends directly on the storage
conditions, mainly the temperature.

The gel formation is probably partl
enzymes, but other factors are certainly
investigated. However, it has been show
eliminate this gel formation and obtain a

At times sedimentation problems

y the result of reactivation of proteolytic
involved also. These are at present being
n empirically that it is possible to partly
keeping quality of three to six months.

may arise. They are caused by denaturated
protein. Co:rect homogenizing pressure and temperature can greatly help to

overcome this. Whole milk is normally homogenized at 250 300 kg/cm? in two
stages and skim milk at 175 -200 kg/cm?.

Recombined milk

The ingredients are mainly the following: (a) skim milk powder; whole milk

powder; (b) unsalted, uncultured butter; butter oil; vegetable fat: fc) stabilizer
(sometimes flavour and colour).

The mixing of the ingredients is normally carried out in the following way: (a/

milk powder, fat and stabilizer (flavour and colour) are mixed in hot water
(temperature well over the melting point of the fat);(b) the mixture is homogenized
at 63°C and 150-200 kg/cm?; and (c) finally the product is cooled down to about
10°C. The product is then normally sterilized and homogenized at 150 300 kg/em?.

Experience has shown that recombined milk is very suitable for sterilization ;

very long running times have been registered. The buming-on on the heating surfaces
is usually less than with ordinary milk and easy to clean off.
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Puddines and sonlar produe i

Various puddings and custards lave been sienlized with good results Ihe
demand on the viscosity of the final product can vary. but jellv-like. tnghly viscous
product is most common Stabilizer and emulbsilier are added 1o obtain iy
consistency . Development work las been directed Fargev towards adapting Navour
and consistency to the requirements of the custone: § utire goals will probably he
aninereased assortment of (hivonrs and cheaper ingredhents, | he paddimgs are made
in the conventional way and with very little ltomogenization,

Chocodate pulk and other flavoured mitk

Fhere are no great problems with these products. 1 is important that the
flavours are not licat sensitive or volatile particutarly the latter of vacnum cooling 1s
used. If in spite of this difTerent flavours are to be used. thev must be added after the
mitk has been processed. This is carried ont by means of an aseptic systein.

The treatment prior to  sterilization may vary according to customers’
requirements. The homogenizing pressure is S0 200 kg/cm?. Long operating times
have sometiines heen vegistered with chocolate milk. for chocokate particles seem to
have a cleansing effect on the Li=ating surfaces. Other examples of lavoured milk are
strawberry iniik and orange milk.

Concentrated milk

Concentrated milk with 4 dry matter content of up to 30 per cent has been
treated. There are no special problems regarding the operation of the plant. The
previously mentioned gel formation is more accentuated in concentrated ~roducts.
Pre-heat treatment is commonty used to prevent this. It may in some cases mean
heating the product to approximately 85°C for 30 minutes.

Ice eream mix

Sterilized ice cream mix is a first-cluss product. Certain adaptations of stabilizing
and emuisifying agents have been necessary. The homogenizing pressure may vary
between 180 and 250 kg/em?.

Whipping cream

Making good steritized whipping cream is very difficult, and the problems
connected with this have not yet been solved. Sometimes it is possible to make an
dcceptable whipping cream, but at other times the cream is impossible to whip even
if the same temperatures and pressure have been used.

Tests have shown that the whippability will be better if the cream is not
homogenized, but after ten to fourteen days the body of the product is very uneven
and the product has an unpleasant appearance. If, on the other hand, the product is
homogenized, even at very low pressure (about 40 kg/cm?), the product will have a
better consistency but usually a reduced whippability. The same effect has been
noticed with pasteurized whipping cream.

It seems to be necessary to add a stabilizer to maintain the whippability. A
suitable stabilizer is, for example, glycerol, monosterate. In Norway an application
for a patent for a method using agents not alien to milk hus been filed. A mixture of
skim milk powder and buttermiik powder is added. The content of surface-active

R e
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substiaices mthe butte mnlk 15 the reason for tle food chariactersties of the tral
product. Storage conditions also attect whippability. Cool storage for

deertam lengih
ol ritne before whipping is important

Coltee cream

Stenlization of c¢ream with a Tt content from 1) (o 0% per cent s ot
technologically difficalt It i nearly always possible to obtain 4 product with
desired viscosity and body by altering the homogenization.

Problems with collee  cream are tor example “feathering™ and “free fy1
tormation™ when the eream s poured into hot coffee. This might he caused by
wrong homogenization and can be climinated 1f the homo-pressure i« lowered or if
Stabilizers are added. A change of only one to two degrees could dr

asticully affect the
chances ol aclueving the best results.




Chapter Seven

ASEPTIC FILLING

For continuous sterilization each sterilizing plant must be combiied with an
aseptic filling plant so that the sterile liquid will enter containers wituout risk of
infection. Many firms have tried over a long period to modify ordinary filling
machines, but it his been very difficult to obtain reliable results.

Pre-sterilization by means of superheuted steam has been tried. Filling has then
been carricd out aseptically. This system is used by James Dole in the United States.
The method is expensive and is therefore best suited for special products such as
condensed milk and ice cream mix.

. Filling glass bottles under aseptic conditions has been under development for a
long time but breakage has been a problem. Some prototypes of this method are now
ready for aseptic filling. A cheap aseptic containcr would certainly arouse interest in
continuous sterilizatioa and aseptic filling. Tetra Pak was the first aseptic filling
machine (see figure 18) and it fulfils the required price demands. Other types of
paper containers will be introduced shortly. However, it has been established that the
Tetra principle is highly suitable for aseptic filling.

The packing material is polythene-lined kraft, which has a very high hygienic
standard. It is possible to obtain 90 per cent sterile containers without any special
measures, but this is not sufficient. The paper must be sterilized imme diately before
the container is filled. This is done by chemicakthermal sterilization. The paper
passes through a hydrogen peroxide bath. The hydrogen peroxide is reduced when
the paper passes a heating element with a temperature of 400°C. The holding time is
approximately five seconds, and during this time the hydrogen peroxide decomposes

into oxygen and steam. which are removed. The container is then filled with sterile
milk and sealed in the conventional manner.
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Roll of laminated paper 6 Inflow of sterilized milk
kydrogen peroxide bath 7} .

‘ “los ' 5“- P. k
Initial thermal welding of edges of paper gJ Formation and closing of Tetra Pa
Heating clement for the reduction of hydrogen peroxide 9 Separation of Tctra Paks by cutting
Sterilized milk chamber 10 Finished Tetra Pak

Figure 18.  Flow diagram Tetra Pak aseptic filling machine
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