HEAT TRANSFER IN PASTEURIZATION AND STERILIZATION

New advances in continuous cooking and high-heat, short-time process methods hinge

on successful heat transfer . .

THI- APPLICATION of heat to pasteur-
fze or sterilize food prodw..ts is onc of the most important
aperzlions in the processing of agricultural products, The
food industry is continually on the lookout for new equip-
ment and procedures that will permit them to pmduce
higher quality products at lower cost, The trend in all
heat processes is toward more rapid heating and cooiing,
higher temperatures with correspondingly shorter process.
ing ‘times, and continuous methods to replace batch
npcratlcrns.

When a product is sterilized, it s free of viable micro-
organisms, Pasteurization on the other hand is a less
severe heat process designed to reduce the microbiological
pcpulation, but does not render the product sterile. Pas-
teurization is generally carried out at temperatures of 212
deg. F. or below. Food products arc pasteurized or ster-
ilized to be made safe from @ public health stand point, and
to prevent spoilage. Milk is heat- processe& or pastenrized
to be made free of pathogenic organisms. The heat proc-
ess reduces the peneral Dbacterial Popu[ahou giving the
product a much longer storage life than the raw sroduct.

In canned food Clestridiam hotwlinam, an anacrobic
spareforming organism, can produce a potent Loxin that is
likely to be [atal if present in the food, All recommended
process times for canned foods should be adequate to de-
stroy this organism. In general a sterilization process
sufficient to destrey all other spoilage organisms will also
free the product from Clostridium botulinum. A properly
sterilized canned food will be preserved indefinitely.

The pasteurization or sterilization of a food product can
cause quality changes that may render the product un-
salable. Milk that is over-pasteurized has a cooked flavor.
Canned foods may lose color, Havar, and essential nutri-
ents during-heat processing; the total quality loss Is a
function of the time and temperature of the cook. The
effect of temperature on teactions that produre quality
deterioralion is not the same as the éffect of temperature
on the rate of destrnction of bacteria} spores. In Fig. 1
a thermal destruction curve for thiamine, a heat lzhile
nutrient used as an index of quality lnss, fs compared with

a curve for Putrefactive Anaerobe No. 3679, a heal re-
msranr sporeforrmng spoilage organismy. D values repre-

-sent the time fer 90 per cent destruction -at a given tem-
peratuce. ‘The quality loss for a given amount of bacterial
destruction decrcases with increasing temperahires, High
temperaturc sterilization with appropriately shorter held-
ing time produces a higher quality product.

T The uulliors are associabe professor and professor, respoectively, at the
University of Massachuselts. heir paper was delivered before the Amerl-
can Baciety of Agrimtniral Engineers at Clicugo, IlL, Dec. 1933 and is
comtribmtion Mo, 028 of the Mass, Agr. Esp. S, Amherst.
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The time required to reduce the number of organisms
present in a food by a given amount decreases as the proc-
essing temperature increascs. The public health regulation
for milk pastcurization, 30 minutes at 143 deg. F. or 15
seconds at 161 deg. F., is an example of how the rate of
destruction of hacteria increases with temperature, The
term describing the temperature characteristics of an og-
ganism Is "z value”, which is the number of degrees
Fahrenheit for the thermal death time curve to traverse
one fog cycle. It we
is generally be-
lieved that the

bacteria are de-
stroyed is  loga-
rithmic. This has
praclicel  signifi-
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Fig. 3, Sanitary tubrlar heat exchanger.

for on percent roduction in numbers of arganisms) varies
fog different organisms and for the same’ organism in
dillerent food products.

The resistance of bacteria to heat is greatly affected by
the pH value or acidity of the food product. Canned foods
arc uswally classified accerding to their pH dnto (1) acid
foods, those with a pH below 4.5 and (2% low acid
foods, pH above 4.5, Acid foods can be sterilized effec-
tively by processcs at 212 deg. F., but low acid foods
must be processed at higher temperatures,

The methad of sterilizing or pastenrizing the food
product will influence the process time, Low acid foods of
pumpable consistency may be rapidly heated in a heat
exchanger, then held in a tube uatil sterilization is com-
plete and finally cooled and fillcd into sterilt containers
under zsepiic conditions. Acid foods such as fruit juices
may be pasteurized by heating in a heat exchanger, hold-
ing in a tube or vat until sterilization is complete and then
filling the containers with the hot product, In this method
the container is sterilized hy the hot product.

Many foods are placed in the container before they ate
sterilized or pastenrized. The rate of heating of 2 filled
container depends upon s size and shape, the heating
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medium, the equipment for heating, and the physical
characteristics of the feod. Most foods can be classilied
into ane of three categories according Lo heating char-
acteristics: (1) the product is a liquid or contains frec
liquid and heats by convection, (23 the product containg
starch or exhibits thixotropic characteristics (heats in-
itially by convection but lzter changes to conduction),
and (3) the product heats by conduction anly.

Altheugh a great deal is koown about the mechanics
of heating containers of food, the rate aof heating of a
product is detetmined experimentally. Rate of heating
dara are ohrained by locating & thermecouple in the con-
tainer at lhe zone of slowest heating (usvally called the
coid zone) and then by measuring the temperature at
regular “intorvals during the processing cycle, A time-
temperalure curve can be plotted fram the data abtained.

The thermal resistance characteristics of the spoilage
organism in the partladar food product aud the time-
temperature heating curve for the food product in the
conlainer are necessary to .caloulate a process time. Proc-
ess times for food products sterilized ar pasteurized in the
container ate made adequate for the slowsst heating or
cold zone in the container, The destruction rate character-

‘Istics of the organism that the process is designed Lo de-

stroy and the heating rate data may be integeated in order
to artive at the desired process time. Bigolow (2) orig-
imated z graphical method for the solution of this prob-
lem, and Ball (1% originated the mathematical method.
Olson and Stevens (3) designed 2 nomograph for the
solution of this problem.

The difference between in-contziner and pre-sterilization
(sterilization prior to filling in sterile container) is pri-
marily i the rate of heating and cooling which has a lim-
iting effect on the processing temperature. The processing
temputature for -products sterilized in the cootainer is
usuzlly 250 deg. I'. or below, Products may be heated lo
300 deg. F. in continuous heat exchangers. In Iig, 2
time-temperature curves are illustrated of equivalent in-
container and pie-sterilization proccsscs for the same {ood
product, ) )

Equipment for the high temperature sterilizition and

© ascpiic canning of pumpable low acid foods, as exempli-

s
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Fig. 4 (et} plate beat exchanger showing produce and beating medinm paths and Vig, 5, sectional view of scraped surface type.



fied by the Martin aseptlc canining sysiem, bas been de-
veloped. (GP, Feb. *33). Such products as soups, juice,
fluid milk, and corn-kave been processed by this methad.

A program for the commercial adaptation of the Mar-
tin system for glass containers is being carried on by the
Glass Conlainer Manufacturers Institute and the James
Dole Engineering Co. The initial unit for applying this
system to glass is expected to be in commercial use lates
this year. Food products processed in this manner lose
very little of their initial gualily, The trend in the in-
dustry appears to be directed toward the newer candiing
methods ‘that utiliz¢ higher processing temperatures and
continuous handling methods,

Hea? Transfer Equipment

General types of heal transler equipment in use in the
food processing industry are:

A, Heat exchangers for pre-sterilization:
L. Conventional {ubular heat cxchangers
2. The plate heat exchanger
3. Scraped surface type heat exchapgers
4. Belt cacker [or viscous foods
B. Heal exchangers for in-container sterilization:
1. Wertical and horizontal retorts
2. Agitating-type retorts
3. Spray-lype heaters and coolers.
4. Licuid or vapor bath healers and coolers

The conventional tibular heat exchanger consists of one
or more small tubcs inside 2 larger tube, The fond prod-
uct flows theough the small tobes, while the heating
medium surcounds the outside of the tube or tubes and
is contzined by the ontside tube o jacket. When 2 true
tube within a tubc heater Is wscd, the heating medium
and product fow counter-currently.

Many of the tubular heaters manufactured today, an
example of which {5 shown in Fig. 3, contain four or more
tubes inside the jacket, and the product that is being
heated or cooled passes through the heater a number of
times, Fiow dhrough the heater is directed by rehrens
milled in the heads or by special direcling grids or gas-
kets. The heads can be quickly opened for inspection and
cleanivg., All parts in contact with the food product are
of stainless steel. Steam is vsually the healing medium
when these nnits serve ag heaters; and either sweet water

or direct cxpansion ammonia or freon, when the units.

serve as coolers. In goneral there is no limit to the mexi-
mum temperature to which a product can be hested in
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Fig. 6. Diagram of belt cooking nnit.

this type of equipment, provided the steam jacket and
tubes will withstand the necessary pressuces.

The plaic heat exchanger is very important to the food
industry In geners] and it is the hezrt of the “high short”
milk pastenrizer. The heal exchanger is madc up of
formed stainless skeel plates. Hetween the plates is a
gasket that prevents leakage and serves to direct fow.
The plates coatain inlel and outlet ports for both the
product and heating medinm, as illustrated in Fig, 4. The
heating medium is directed in a counter current pattecn
ta the matecial being heated. After cach use both the
product side and heating mediem side of the plate can
be thoroughly cleaned, Since both sides of the heat ex-
changer are sanitary, the hot pasteurized milk can be vsed
to hezt the cold raw incoming milk, This pertion of the
high-short unit is called the repeneration sectton and re-
duces the stezm or heat requirements of the nperation by
about 73 per cent.

The plate heat exchanpger is a very compact mnit when
physical size is compared to the square fect of heat tians-
fer area. With this type unit plates cen be added ar re-
moved to vary the heat transfer area, also the length of
time the preduct is in the heat exchanger can be con-
trolled by varying the nuraber of parallel paths.

The maximum temperztures attanable in the plate heat
exchanger are [imited by the gasket material and the pres-
sure the gaskets will stand without mptare. The dajcy
type wnit 15 vsually limited to temperatures below 212
deg. F. Plate heat exchangers are available that can be
used to heat liquid {ood products to temperatures af 280
deg. F. The heating medium is water with the water
temperatures maintaincd by the addition of steam in the
heating water surge tank, When (he plate heat exchanger
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is used for cooling, sweet water ot brine is the refrigerant.

© The scraping type heat exchanger (Fig. 3) was first
used for the continwons freezing of ice ceam where the
scraping action was necessary to obtain high heat trans.
fer rates after {reezing started. T'he heat transfer in a
viscous prodoct not agitated is primarily by conduetion.
The product next to the heating medium surface is quick-
Iy heated, but the temperature gradient drops rapidly be-
cause of the low thermal conductivity and high heat capac-
ity of the product mass. By mechanically scraping the sur-
fare and by mixing the product at the same Hime, . the
effect of thermal conductivity of the product is evercome,
and a rate of heat transfer is oblained that is limited pri-
marily by the resistance of the heat rransfer surface and
the convection coeficient of the heating medium.

The scraping type heat exchanger is ideal for heating
puress, puddmgﬁ and soups up to the sterilization tem-
peratures in g single pass. In this vnit the ratio of heat
exchange area to volume is high, and the quantity of prod-
uct in the heat exchanger is small; therefare, the time of
heating s very shott. This type of heat exchanger is be-
ing used to heat and cool producis prior to aseptic can-
ning. Many near-liquid.foods that normally suffer severe
quality loss during in-can sterifization cin be proccssed
with Iittle Aavor change by this methed.

The belt cooker (Fip. &Y Is a recent inovation that
makes possible the heating and subsequent sterilization
of food products that cannot be pumped. This apparatus
is gimple in principle and operation and has made possihle
contimuons  pre-sterilization of nonfowing conduction
heating, food products. The entire conveying unit can be
rolled oul of the pressure chambe: fcr cleaning and in-
spection.

The vertical ar horizontal retoct is still standard in
many plants where the food products are pastenrized or
sterilized in the container. These rctorts or antoclaves are
primarily used for sterilizing {food products at tempera-
tures np to 250 deg. F. Loading 2nd unloading these
units is a batch operation, and in many cases they ate
still manually controlled, It is possible to control vertical
or horizontal retacts by instrunients so that the entire
cook s carried on automatically. This type of operation
produces 4 more uniform product at a lower cost.

Much Recent Retart Design Work Done

When food products heat completely or partly by con-
duction, the process times nccessary lo sterilize the cold
zone in the container are much longer than the roquire-
meats at the sucface of the can and reault in severe over-
cooking of this part of the product. A great deal of
work has heen carricd on in designing retorts that would
induce convection currents into these slower heating
producls and thereby produce a betier quality prodact. At
the present time there are several designs of agitating-
type tetorts available.

The continuous agitating retort is being uscd in 2 num-
bher of large canneries. This type unit has a rotating inner
cylinder and 2 helical can track around the periphery of
the retpri. ‘The contziners of food enrer the retort through
a star valve, are rolled and carried around the track, whith
induces sapid heating, and are valved out as they rcach
the other end of the unit. It is wsrally necessary to cool

the coutainers under air pressure in 2 second unit to pre-
vent budkding of cans,

An agitating retort using cnd-over-end agitation, as
preposed hy Clifcorn (3), makes possible the processing
of viscous semi-liquid products in the latger can sices
without overcooking. Heating is speeded In Lhis anit by
rotating the basket at a speed hat will canse the head-
space bubbly to ¢ross the center of the container, heating
and mixing the produoct as it procecds.

Zoned Pasteurizers Cuf Shock 1o Glass

When cans, jars, or botiles are to he pastenrized, it is
often practical to use a spray pasteurizer (Fig. 7), which
is & water-spray-type heater and cooler combination, This
apparatus may be as much as 120 ft, long and up to 10
fr. in width with a conveyor system te maove the cans,
bottles, or jars through the unit at a relatively slow rate.
Water sprays are located above the conveyor with the
temperature controlled water reservoirs located below the
wnveyor. The containers of food go in one end, proceed
slawly through the apparatus, and leave at the opposite
end. The water sprays in this type pastenrizer may oper-
atc at three to five different temperature levels. In pso-
ceeding through the pasteurizer, the product goes through
a first preheat zone, a second preheat zone, and then into
the pasteurizing rone. After the containers are pasteurized,
or have tenched the pastcurizalion temperature, they go
through a pre-cooling zone and are finally cooled by a
eold water spray. The purpose of the different zones in
the pasteurizer are to keep thermal shock to 2 minimum
when glass containers are used and to obtain uniform
heating. This type of apparams s used extensively for
pasteurizing pracessed dill pickles, and beer.

Many food plants employ the water spray principle in
confinuous coeling methods. A ma]{mty of these units,
designed and constructed by the engineering or mainte-
nance department of the food plant, are ingenious in Lheir
design and effcctive in their operation. In the majority
of these units some method is used for agitating or spin-
ning the containers under cald water sprays.

Add foods are often processed in boiling water. The
waler may be heated by a steam coil in the hottom of the
tank or stcain may be injected directly iato the water,
For batch operation the filled container is packed in crates
and immersed in the bath for the desired length of lime.
The crate is then cooled by placing it'in a tank or cool-
ing canal of cold water. Continwous water bath pas-
tearizers utilize a belt conveyor that moves the product
through the cantrolled temperature water bath. In many
plants the containers are cooled in a2 coatinuons watct
bath cooler.

A patent (4) was rzcenlly issued for the continnous
processing of [pod products by carrying them through an
oil bath at temperacures of 250 to 300 deg. F. The bath
is at almospheric prossute. After sterilizing, the con-
tainers are thoroughly sprayed to remove any oil ad-
hering to thc containers and are then cooled. This
ptocess is particularly suitable for processing the smaller
sizes of cans that will not budde under this type of
process, Otganic selvents that have heiling points be-
tween 250 and 300 deg. T can be used in this type
equipment. In general these compounds ate easier o



remave from the can and have better heat transfer chai-
acteristics than oil.

From the foregoing discussion it is obvious that the
application of heat transfer and cngincering principles
‘play an important role in the successful thermal proe-
cssing of foods. With the advent of high temperatorc
short-time sterilization and aseptic canning methods the
application of such besic principles are of particular
significance,
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