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ASEPTIC PROCESSING

Aseptic processing was initially developed to improve the quality of products which were to be
canned aseptically. Typically, retort or hot pack operations had been used as a preservation tech-
nique in conjunction with a glass or metal container. With the development of the aseptic canning
system, a cold sterile product could be filled and sealed in a sterile container and the advantages
of indefinite shelf life from a bacterigl ical standpoint could be realized. Product quality was

improved because continuous HTST fechniques were used minimizing thermal degradation.

The advantages to be gained by using aseptic processing with aseptic packaging as opposed to retort
or hot pack operations are:

. improve flavor.

= SN

. Improve color,
. Reduced loss of nutrients.

. Control texture.

a o

¢. Maintain a consistent product regardless of container size.

f. Eliminate container cooling problems and stack burn.

g. Pack heat-sensitive products (which could not be processed
using conventional retort or hot pack techniques) by providing
for a cold, sterile fill. This has allowed the warehousing, trans-

porting and selling of many products without using refrigeration.

Aseptic processing of the product requires inactivation or removal of the undesirable Miroorganisms,
and maintenance of the product free from undesirable organisms. The processing system must be

designed to allow this in a commercial economical manner.

Until fairly recently, heat was the only method used to commercially sterilize products assptically
processed. Filtration has been used on beer with success and other approaches, such as irradiation and
pressure, have been investigated. Heat has proven successful and satisfactory for a wide rangs of pro-
ducts because of mechanical aspects and microbiological phenomena concerning thermal inactivation
of bacteria. Mechanically, heat has the attribute of lending itself to measure and control. Bacteri-
ologically, a great deal of information has been compiled over the years which allows close definition

1/ High=Temperatur: Short-Time
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of the processing parameters necessary for various processes. A good many products can be contin-
uously sterilized with heat without adversely affecting their quality. Such is not the case with retort
or hot packed items where the container size and confiquration, product viscosity, physical structure,
etc., have a hearing on heating and cooling rates possible. Continuous heat exchangers can be designed
and arrangen <o that practically any temperature profile desired may be obtained. Whether “'in con-
tainer’ or continuous heat is apphied to the product, the same basic principles of thermal inactivation
of organisms apply. Because of mechanical aspects, different approaches to the application of bacteri-

ologicar data are sometimes used.

Racteria are the most resistant to heat in the microorganism world; yeast, molds and enzymes being
less resistant. This discussion which follows will therefore deal primarily with the inactivation of

hacleria vath heat.

DparEs e Mo Baalecistant than respective vegetative cells. Hence, most thermal processes are
decigned to inactivate spores which may be present. Because of the extra heat resistance of some
wpores, cortan special procedures may be required. These usually involve either **conditioning"

the spore to be moreiesistant to the actual process, or causing germination of the spore to a vege-

tative celt which will be more resistant,

In essence, bacteria are inactivated at a logarithmic rate by heat, once a predetermined minimum
temperature is reached. As the temperature is raised, the rate of inactivation increases reducing

the time required. For many organisms, elevating the product 18°F. or 109C. reduces the time
equired formactivation of the population by ten fold. For example: If five minutes were required
tu inactivate a population of organisms at 2509F ., then thirty seconds would be required to do the
same job at 2680F. (2500 +  180F )

The number of degrees Fahrenheit to alter the time required for equivalent inactivation ten fold

is referred to as the Z value. As mentioned, for many products it is around 189F ., but may be more

or jess.

By detinition, the time in minutes required to inactivato a population of organisms in a specified

environment at 250°F  is referred to as the F value. This does not allow for, or consider, the
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time-temperature relationships existing in heating the population of organisms to 250°F. or cooling
it to the final temperature.

Various types of bacteria react in different manners to heat, and variances occur within a population
of given organisms so that some are more heat resistant than others. Factors affecting heat resistance
of spores and cells are:

1. Initial concentration = the more cells or spores present, the greater the heat treatment
required to kill all of them,
2. Previous history -

8. Culture medium - in ganeral, the better the medium for growth, the more resistant
will be the cell or spore.

b. Incubation temperature - the resistance usually increases as incubation temperature is
raised toward the optimum for the organism. It increases further as the temperature
spproaches the maximum for growth.

€. Phase of growth or age - cells are least resistant during the logarithmic growth phase,
and most resistant during the late lag phase and maximum stationary phase.

d. Desiccation - some spores have increased resistance after drying, while with others this
is not a factor,

3. Composition of substrate (product) in which cells or spores are heated.

8. Moisture - moist heat is more effective than dry heat. This is probably related to the
increased amount or efficiency of the thermal energy and the rate of coaguiation of
proteins in the cells or spores.

b. piH - generally cells or spores are least resistant in acid mediums, followed by alkaline
mediums. They are most resistant in neutral mediums.

¢. Other constituents — NaC1 and sugar render a certain degres of protection for cells
and spores up 1o a certain concentration. Increased amounts tend to reduce the resis-
tance. Colloidal materials, such as proteins and fats, offer protective characteristics
thereby increasing the resistance. Antiseptic and germicidal agents aild heat in the des-
truction of celis or spores. )

4. Type of cell or spore - .

8. Those with high maximum optimum growth temperatures are ususily more resietant

than those with lower optimum growth temperatures.
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b. Bacteria that clump or form capsules are more resistant than those that do not.
¢. Colls with high fat content are more resistant than others,
d. Many cocci are more resistant than rods, but there are many exceptions.

The above factors, correlated with the time and temperature of exposure, wili affect the death

rate. Products retort or hot packed processed, have many factors affecting process time which in-
clude the thermal death time and the heat penetration rate. The thermal death time can be deter-
mined by tests and transposed using well established procedures for determining the process. A typical
thermal death time curve iliustrates how this data may be transposed. (Figure 2

From this curve it can be seen that inactivation of this particuiar population of organisms requires
15 minutes at 2500F. The F value is 15 and the 2 value (slope of the thermal death time curve) is
18. The same sterilization effect can be obtained by using 2689F . for 1.5 minutes or 286°F. for
.15 minutes (9.0 seconds).

Thermal death time curves are prepared for the specific product and interpreted for the process.

Aseptic processing usualiy uses HTST techniques to produce products having the best characteristics

from the color, flavor, odor, stability, etc., standpoint. Hence, temperatures in the 280° . 300°F,
range are used for periods from 1 to 30 seconds.

The temperature to be used in the process is always correlated with time. When indirect heat exchange
systems are used, it is possible to consider lethality effects during the come-up and the cooling portions
of the cycle in addition to the holding time. This is not possible with direct systems. The come-up

and cooling portions of the process at temperatures high enough to affect the lethality are infinitesimal.

Over-processing can be very detrimental to the product. The graph (Figure 3) indicates lethality for
a typical non-acid product versus thermal degradation when processed two different ways. 1f the product

is extremely heat sensitive, thermal degradation beyond that associated with meeting conditions for
lethality may be excessive.
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Many considerations enter into which type of system should be used. Regardiess of the system,

it is necessary that certain conditions exist when relating system and equipment design to the pro-
cess desired. Once the basic design of the system (direct or indirect) has been established, it must
be arranged properly to produce sterile products of the desired quality. It is necessary to determine
the process parameters and consider certain mechanical aspects.

Factors which must be determined include:

8. F value required and Z value existing,

b. Heat penetration rates (viscosity, particies, etc.).

€. Maximum silowabie temperatures the product witl withstand.

d. Allowable heating and cooling time in the lethal temperature range, which will not
be detrimental to the product.

¢. Time-temperature relationship in the holding tube and the lethality effect.

1. Lathal effect during heating and cooling and whether 10 use.

8 Holding tube size (length and diameter).

. Product vapor pressure and required back-pressure.

i. Possible changing process conditions and their affect on lethality and thermal
degradation.

The F velue required, and Z value associsted with the product, can probably be determined from
previous 1est work; assuming the product in mind is fairly common. Various resesrch and service
organizations have this type of information, which is also used in establishing retort processes. With
this information, the time-temperature relationship can be determined.

TMMMWMMWM&!&“Mdmwﬁﬁh‘ﬂh“coﬂﬂﬂ“wﬁh
in the lethal range, should be considered in calculating the fixed holding time. Extremely heat-
sensitive products such as bananas, should be processed so excessive heating and holding of the pro-
duct is minimized. The majority of products aseptically processed are not this hest-sensitive and

870 *‘over-processed™. In certain situations, this is thought 10 be an attribute of the process. This
safety factor is believed 10 be adventageous because of varying raw product conditions and possible
veristions in the microorganisms present,
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if an indirect system is used (and it is desired 10 include lethality effects during the heating and cool-
ing portion of the process) the area under the lethality curve for these sections can be added to the
ared of the curve under the holding time. The area under the lethality curve must be equal to, or
greater than, the area under the thermal death time curve required for a safe process. iIn other words,
the F value of the process must be oqual to, or greater than, the theoretical value required as deter-
mined from the thermal death time curve.

The thermal death time curve and generally the process profile curve (for indirect heet exnchangers)
in the heating and cooling area are logarithimic. It is possible to get an accurate estimate of the
tethality effect by.using the basic formula defining the thermal death time curve, and using values
taken from the process profile curve for the appropriate periods of time.

The thermal death time curve expressed in minutes at any temperature “T" is designated & "'t",
and the equation for this curve is:

o -

This is an empirical equation that has been established as being satisfactory. In this equation, F
and Z represent the values described earlier and is the thermal desth time of the organism at
temperature T, when F equals 1 or 1/t is the sterilizing rate at temperature T, or:

! L T '

n . " =x m(lE

mmmmmmmmummmmnm At 2 given time @
and temparature T, 1/ can be determined and plotted ageinst ©. The area under this curve repre-
sents the F value. Fumutkdmmmhdmomumhmlwmm.
hcmwwmmmnommmm”m. The reason for this is that
mmrmmm..mmmumm.nmw insignificant.

é
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To ustrate:  assume a Muid material ntohwomm.w«mwm“m.
The process profile is shown in Figure 4. The hold is two seconds at 3000F. An average velocity
sufficiont for turbulent flow exists. The yield stress of the material is not significant from the stand-
point velacity distribution in the tubes will affect the lethal rate, and heat penetration will be uniform
ond instantanesous. Assume Z = 18, Using the values existing in the process, the area under the
lethality curve can be determined by integrating.

S fa |

M.ad«tmﬂndhm““mmhm "

%
. 280.1 oquals the iethal rate
" F antiley 2 ot any temperature T

nmm“dtammmomumumw
velugs, & total effect of the process may be determined. If the required F value is known, the pro-
€08 can be ovelusted for its effectivencss. '
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Time Temperature Contributed

(Min.) OF, F
HEATING SECTION 1/60 260 .060
1/60 283 1.131
1/60 292 3.835
1/60 297 6.751
1/60 299 8.380
HOLDING SECTION 2/60 300 20.000
COOLING SECTION 1/60 266 .093
1/60 256 .001
TJOTAL 9/60 or 9 seconds 40.251

Accumulative F values - Indirect Heat Exchange System

The values of 1/t can aiso be determined at regular intervals, plotted against time and the area under
the resulting curve will give an approximation of the total F value of the process. This method re-
Quires determining the area under this curve, which in essence has already been done.

1t can be seen that an accumulated or total F value considering the total time the process was above
250°F ., and figured every second, is slightly greater than 40. If the F value is figured strictly on the hold
time of two seconds and 300°F . using the basic formula for F, it would be oequal to slightly more than
20. The arithmetical sum of F used for calculating total F gives a much closer approximation and yet
sllows some safety if calculated properly.

1t can be seen there is a considerable difference in the two values. If an extremely heat-sensitive
product or otherwise physically or chemically sensitive product was being processed, the lowest
possible safe F shouid be used. Assuming indirect heat exchangers are used, and both patterns with-
in the heat exchanger are known, the F contributed in come-up and cooling portion are significant.

It is obvious the calculation of F for the process with direct steam injection-flash cooling, must be
based on the hold only as the times Mhhcmup and cooling portions of the process
sbove lethal temperatures are insignificant.
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Determination of F value to evaluate or develop a process was used, as it is a universally recognized
approach. Much of the technical data relating to inactivation of bacteria is available in a form which
will allow the use of this technique. Other methods could have been used, such as the D value where
probability of surviving orgenisivis is involved. 1t +s not the purpose of this discussion to explore

all the various bacteri~iogical aspects of aseptic processing; rather to explore factors relating to

process design.

In ail heat ex~ihangers and holding tubes, the minimum time any particle is at a specified temperature
must be knowr. If turhulent flow conditions exist, it can be safely assumed that all particles have
a maximum velocity of the entive mass. Hence, the residence time in the holding tube can be figured

on the actual calcuiated velocity where it is assumed various velocities do not exist in the tubes,

It 1s highiy desirable that turbulent flow conditions exist in holding tubes in particluar, and in smooth-
walled tubular heat exchangers. If such conditions do not exist in heat exchangers, fouling may be
increased. |f residence times within the heat exchanger during the come-up and cooling cycles are
used to contobute to the overall F, they may be impossible to actually determine. Fouling causes

areduction in the effective tube 1.D., increases in velocity, and a reduction in residence time.

The sizing of holding tubes should be done in such a manner that turbulent flow exists. This prine
ciple has been followed in many “legal” processing parameter aefinitions established for certain food
processes. The technical reasons, as with smooth tube heat exchangers, are to reduce fouling,

insure constant velocity for all particles, insure 3gainst possible sloughing of deposits, etc. These

factors should be considered when designing holding tubes:

a. Base hold on the temperature of the product in the holding tube; not on the
displacement of the pump transferring the product through the system, which
is probably operating at a different temperature. The specific volume of the
product will change with temperature.

b. Back-pressure in the holding tube should be S - 10 p.s.i.g. above theoretical
vapor pressure at the temperature of the hold. |f fluctuating flow rates are
anucipated, create back-pressure with 3 compensating device.

€. Many holding tubes (and tubular heat exchangers) are CIP. Tubes, therefore,

should be sized with this consideration,
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d. If product viscosity is such, that creating turbulent conditions in the holding
tube is impractical, consider an agitated hoider.

o. Fibrous, particulated, or highly viscous products require time to distribute heat
10 il particies. 11 is often best to reduce the temperature and increase the time,
to insure that equilibrium conditions have been met.

Flows through scraped surface heat exchangsrs do not present the same problems as with smooth-tube

types. Turbulence is mechanically induced by the mutator. Hence, using the come-up and cooling
cycies for contribution to the total F, is quite acceptable. Otten, holding tubes furnished with such
units are not properly sized to provide turbulent conditions, and the process may either be insuffi-
cient or some perticle of the product will be overheated. An agitated holding tube can remedy the
situation,

it is possible to determine the various velocities in smooth tubes when turbulent conditions do not
onist (such as with viscous products), if enough information is known about the product. The fol-
mcm-mnmmioo’mmmmny (V max.) — minimum hold — to the
Sverage velocity :

P LA
g
} ) *

58 ') TR

where § = pssudoplasticity factor

0t s aacessery to determine “s™, which can be & problem. If this value is not known, it must be
determined by viscometer tests and the results plotted. A question always comes up as 10 whether
ummmmmmmymumwmymmdmmw.
cansidering holding tube conditions. Factors such as temperature, fouling, bends in tubes, surface
conditions of the tubs, and changing conditions within the tube, all can have some effect. For this
remson, practical sizing of holding tubes (where passible) dictates agitated holding tubes or sizing
mesth tubss with turbulent conditions existing.
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ASEPTIC EQUIPMENT DESIGN

Formal design codes for aseptic processing equipment do not exist. Various principles which must

be followed in the design of aseptic processing equipment, however, have been determined. These
principles have been developed over the years through experimental work in food and dairy processing
Operations, laboratories and other similar facilities.

Originally, standard food or dairy processing equipment was modified to it the individual aseptic
spplication required. Many times this was done by the food processor because of his intimate know-
ledge of the probiems invoived. The main criteria was 1o insure that the equipment could be operated
safely from a bacteriological standpoint, snd sometimes mechanical considerations were overiooked
or neglected.

Modern design principles incorporate consideration of the food Processing problems, including unit
operations involved and aseptic factors, slong with mechanical factors. Because of the increased
activity in this field, it is hoped that standard design principles will be established to alleviate certain
reguiatory problems now existing. Depending upon the industry, the local area, the method of market.
ing the product, the type of product, eic., various nonapplicable regulations may be applied to the
oquipment and system invoived, Often, such reguiations are not compatible with the food processing
operation and cause a hardship on those involved,

R | NTS FOR | ING EQUIPMENT A

1. The equipment must be sanitacy either from the standpoint that it can be clesned
in place, or readily dismantied for manual cleaning. All other specific sanitary
#spects typical for standard food processing equipment apply,

2. The squipment Must.be canable of being initially sterilized. This infors that it must
hemdﬂmmm«honwmmuu

should be free from cracks or Crevices 3o the sterilizing media contacts aii product
contact surfaces. Providing for the sterilizing media to contact i product surfaces
is particularly important if chemical Sterilization is to be used,

3. The mwmtmmwm which

mnmoducompmayctauawmtmmmmmmyu
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operated 30 the product zones are under greater pressure than the surrounding
atmosphere or heat transfer media. Any areas where seals are necessary, should

be arranged in such a manner that an effective bactericidal media is provided.

4. The equipment must e capable of gperating in 2 groticient manner from the

standpoint the unit operation it is performing is accomplished in an effective
manner, operating costs for performing the operation are not excessive, and
maintenance is realistic.

5. The equipment should be desioned for the appiication of cisan-in-glace techniques,
6. The equipment must be desioned to conform to existing safety codes or in such
a manner that it will operate in a safe manner in the event codes do not exist.

7. The equipment myst be desianed 1o consider local, state and federal eoulatory of
Isal considerations if they exist,

Aseptic processing systems must be initislly sterilized. Usually such initial sterilization cycles are
based upon the premise that clean equipment is present. Sterilization cycles are not based upon a
certain degree of dirtiness, or filth or soil being present on the equipment. Itis impossible to develop
a sterilization cycle considering certain percentages of filth or soil. It is impossible to assume how

much is or might be present, hence, it is mandatory that the sterilization cycle be based upon the use of
clean equipment.

It equipment is not in a good, clean, sanitary condition, the initial sterilization cycle may not be
effective and all products processed will be contaminated. Economic implications slone do not

allow this. Other facets considering the sthics, safety, etc., associated with producing food products in
non-sanitary equipment, apply as they do with any other type of food processing operation,

One aspect of this area was discussed relative to sanitation aspects of the equipment. In addition,
high temperatures are normally used and the equipment must be designed to operate efficiently
during the sterilization cycles when temperatures may be as high as 300°F. This means the equip-
ment must be designed to allow for expansion. Gashketing and seal materials must be capable of
withstanding these temperatures without chamically breaking down or physically becoming
softened.
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Pressures will be associated with the application of hot water or steam at temperatures requived
for sterilization. At 300°F ., water or steam has a vapor pressure of approximately 52 p.s.i.g. The
equipment must be designed, therefore, to withstand the pressure that is associated with the temper-

atures used in the sterilization cycle.

If possible, the equipment should not include any cracks or crevices, excessive seals, etc. |f seals, cracks,
Of crevices are required, the number should be kept to a minimum and they should be arranged in
such a manner that sterilization can be accomplished without excessive difficulty.

The exclusion of cracks, crevices, voids or pockets is particularly critical when chemical sterilization is
used. Heat can be conducted to cracks and crevices, while chemicals may not be able to migrate to
these surfaces. Yet if they are not initially sterilized, they can later cause contamination of the pro-

duct as soil containing microorganisms can possibly work into the product zone.

Moving parts (particularly those which may have to move in and out of the sterile zone) should be
arranged so they are initially sterilized and maintained in a sterile condition.

Sterility is best maintained by having a completely closed system, such as an all welded tank or
pipe. This principle should be employed whenever possible to reduce the chances of contamination
due to mechanical failure or human error.

If a system or equipment can be arranged in such a manner that all sterile product zones e at greater
pressures than the surrounding atmosphere or heat transter media, this is desirable. Any leakage which
does develop will be from the sterile product to the wrrounding area, as opposed from a contaminating
area to the sterile zone. This is not possible in all types of systems, and seals must be utilized.

Bactericidal seals are recommended at any joint or juncture where the product zone is under less
pressure than the surrounding areas which can contain contaminants, and wherever reciprocating or
rotary seals or similar moving parts are present. It is ossential that the seal area not only provide a
barrier 30 contaminants cannot enter the sterile zone, but aiso a bactericidal agent which will inac-

zone if a leak should develop. This is based on the Premise that the seal area is kept at a higher pres-
sure than the product zone,
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Common seslants for seels include steam, chiorine solutions, and iodine solutions (Figure 6). Bac-
tericidal seals are mandstory if recipracating parts are moving in and out of the sterile zone. In this
situation, it is necessary 10 provide a seal ares of greater length than the stroke of the reciprocating
member to insure that no portion of the reciprocating member in the product zone is ever exposed
to atmosphere where it could possibly become contaminated. At one time, a philosophy was used
that the reciprocating member could be resterilized before entering the sterile zone. With most de-
signs, this is not practical as reciprocating members may move at a faster rate than sterilization can
be effected (Figures 7 & 8).

Other spproaches, relative to 0ais, have been used successfully. The use of lower pressures and 3
non-bactericidal media can be used if the pressure differential relationship between the product
zone and the seal zone can be maintained so leakage will be from the product zone to the seal zone.
The theory behind this approach is: Any leak in the 108l will be from the product zone to the seal
area, and contamination will not result. This philosophy does not apply where 2 sedling media is
required for other purposes, such as lubrication of reciprocating plungars, mechanical sealing of
rotating seals, etc. Also, it is not always practical to maintain low enough pressure to have an
adequate pressure differential between the product zone and the seal area. This is particularly true
when the sesl is applied in vacuum vessels.

Anoth«wmhabunmodwhkhprwldnuhﬂhmda.mmmuyummm
in the seal area. unmunmummmumutuummwmmmnm
mmnummnm.mmmmmmm.mmmlmmum.mmam
of the seal. This will alert the operator to make the necessary corrections, which may require shutting
downﬂnmmt(amomtuombm).mmmmumatmmovukmgmoum
corrective action. The problem lies (1) in the requirement of relying on the operator to notice any
mmwmmmnmmmnmmymummwmnm
contunhmmummmumMcmwpm.leammmmMo-
dmtmmdhndmvhﬂomtm&mﬂmuﬁuﬂnﬂuﬂom.




ASEPTIC DRUM FILLING & CORRELATED PROCESSING

INTRODUCTION

Most of the products which are filled into 55-galion drums shouid be classified as “Industrial” as
opposed to consumer or institutional. What this means is that the products will probably be repro-
cened more than "institutional’ or “"Consumer” products, may have to hold up under storage for
greater lengths of time, and may have to meet more rigid standards because of the final use or the
sophistication of the purchasing processor as related to his quality standards. Mechanical factors
related to the container are aiso different. Drums e larger than cans, are manufactured differently,
and are subjecied to greater stresses. Therefore, it shall be my purpose today to review with you the
major technical considerations, the method of transforming these considerations from theoretical

to 2 production or practical operation, and to illustrate these facts by reviewing existing successful
drum filling operations.

GENERAL BACKGROUND

Fummfmﬂiuwimmkmmmwlﬁom.mmNWMNM
information:

The products most filled in 55-galion drums sseptically are various tomato products. These include
tometo paste, tomato pures, and pizzs sauce primarily. Many of the packers handling tomato pro-
ducts aiso handie other fruit products. Included are apricot pures, peach pures, etc.

Additionsity, banana pures, appie concentrate, catsup, chili sauce, and pear concentrates are packed
in 58-gallon drums.

Experimentally, chocolate, crushed and concentrated pineapple, grape juice, concentrated milk, ice

mﬂx.mwsMNmMmMpummmmnyhmmwm.nd
drum filling standpoint. Inth#M(ManuﬂMMcmiﬂoﬁﬂlh

drum liners and coatings. In certain cases, finel product quality of the experimental packs was not

Mmofhmmm. In these cases, techniques which would fit in with available
laboratory equipment wers used and, since mast of the products had been packed successfully in

mmmmccmmmmmmmcmku. Materials used in the
drums did not appesr to be factors.
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Products various processors have expressed interest in packaging aseptically in 55-galion drums include
various fruit and vegetable purees for use in baby foods, jams and jeliies, bakeries, and ice cream manu-

facturing. With the growth in the convenience food field, it is not difficult to understand their interest.

The drum filling field has grown significantly over the past 10 years as evidenced by the fact 14
companies now are in this business, while in the late 50's there was one. Continual growth is expect-
od based upon market trends in the food industry and the degree of interest expressed by various
food packers.

Considering products which are filled in 55-galion drums may be exposed to additional processing
by a food processor and then further heated by the housewife, it is important to keep high temp-
erature exposure of the product to a minimum. The oarly drum fillers followed this principle by
using direct steam injection coupled with flash cooling and a hold was used which was minimal for

a safe process. If the product is exposed to extended thermal treatment, flavor, color, nutrient con-
tent, etc., may be markedly affected. In addition, the product may chemically and physically break
down. In many instances, chemical and physical breakdown go hand in hand, such as the destruction
of starch or pectin molecules cause lower viscosities which in turn may cause problems of physical
separation. Hence, it is usually desirable to arrange the processing system in such a manner that

the overall thermal treatment, including the heating, holding, and cooling portions of the sterilize-
tion cycle is kept to a minimum. This does not automatically mean that steam injection coupled
with flash cooling should be used as the phy: “al forces involived in condensing steam into a product
and fiashing the same from the product are many times great enough to cause physical destruction
of some of the critical long chain molecules. Other factors such as enzyme inactivation must be
considered also. It is also desirable to minimize oxygen and other gases to minimize undesirable
chemical reactions which may occur during the storage period. Reactions which can produce un-
desirable results include rancidity types involving oxygen, non-enzymatic browning reactions, iron.
oxygen, deseration is desirable both during the processing and filling operation. It also gives another
advantage of allowing more accurate and consistent fill weights.

Besides sterilization of the product which requires bacteriological inactivation, consideration shoutd
be given to inactivation of the enzymes systems present. I not inactivated, certain onzymes can
cause adverse product characteristics. As you probably know, many enzyme systoms exhibit 2 values
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considerably greater tiian bacteria. Also with enzymes the phenomena of regeneration must be
considered, hence, the thermal inactivation process must consider the Z value required not only for
initial enzyme inactivation, but also to insure regeneration does not occur. Z values as high as 100
have been nportcd for certain enzymes and it is conceivable others could have higher Z values. The
amount of work dane in this area is lacking and it would behoove those contemplating drum filling
operations to investigate this area thoroughly.

Enzymes can be inactivated at lower temperatures than bacteria, hence, system designs can incor-
porate features which are compatible with enzyme inactivation, bacteriological inactivation, and pro-

duction of high quality products. The fotal pracess or sgiourn time above the minimal temearature
raouired 1o inactivate the enzymes present should be considered and the system should be arranged

accordingly. Another consideration is the amount of shear the product is subjected to before, during,
and after sterilization. The term shear in food processing operations normally is associated with
homogenization of milk, the use of colloid mills in mayonnaise and salad dressing emulsions, or some
similar operation. Processing equipment not specifically designed to induce shear can, however,
develop considerable amounts of shear. With the use of continuous processing techniques at higher
temperatures and longer storage periods the effects of shear should be understood. Mention was
made earlier of the physical forces involved with condensing steam into products followed by flashing
it from the same product. The physical onergy causes shear which results in the breakdown of some
of the long chain molecules. Scraped surface heat exchangers induce a certain amount of shear

which can be varied considerably by the design of the scraper blades and mutator, and by altering the
speed of the mutator.

Shear after sterilization is particularly important with products containing long chain protein, starch,
or pectin molecules. |f shear is present after gel formation, the matrix forming the gel may be dis-
turbed and consistency or viscosity changed. This is particularly true if a non-thixotopic material

is being processed. Other examples of ways to produce shear unintentionally during processing include
pumping (particularly if cavitation is present), transferring the product through lines at high velocities
(turbuiencs), transferring the product through some types of fill vaive arrangements, etc.

From the discussions earlier today, it is obviously necessary to consider bacteriological inactivation
when processing products aseptically and it is also necessary to prevent contamination from re-antering
the sterile product. As these are basic fundamentals which have been reviewed, | will not dwell
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on them. Suffice it to say that the same essential principles apply to drum filling operations and
related processing systern as with any aseptic packaging system whether it be cans, flexible containers,

glass, etc.

PRACTICAL APPLICATIONS OF PERTINENT TECHNICAL FACTORS

To illustrate the employment of the technical factors discussed, a commercial drum filling system
will be examined from the design standpoint. The systemwas applied to the processing of banana
puree.

This system illustrates how the aforementioned factors are resolved in a production system. The need
for proper system design was also illustrated in the same article by suggestions for the use of the
product - most of which involved additional heat treatment by the user. Some of the suggested uses
of banana puree included banana applesauce, banana syrup and topping, and banana cake donuts,

all which involve additional heat treatment (thermal degradation of the product) by a second food
processor before the product will be consumed by the housewife. Considering two food processors
will be involved with the product before it reaches the final marketplace for the consumer, the time
of storage of the product may be increased also. Hence, a second reason for insuring the processing

and packaging system is correctly designed.

Bananas, as you can probably appreciate, are quite difficult to handle. Much of the difficulty is
based upon the characteristics listed below:

1. Non-acid

2. Contain high quantities of air in the raw state

3. Oxygen sensitive (discoloration)

4. Contain enzyme systems which, if not inactivated, can cause problems
5. Heat sensitive - delicate flavor

6. Contain volatile cromatic

7. Have a tendency to burn or adhere to heated surfaces

Considering the characteristics of this product, the following system design was developed. Some
of the major design features and the reason for approaching the processing system design used follow:

1. Indirect heat exchangers were required because of the aromatic volatiles the product contains,
and must retain, to give the characteristic banana flavor.
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Shear had 1o be minimized, particularly after sterilization, to prevent breskdown of the starch
system which could adversely effect the consistency of the product.

Becauss the product does have a tendency to burn, or adhere to heated surfaces, and its vis
cosity, scraped surface type heat exchangers were in order.

2. Because of the high oxygen content of the raw product, it was necessary to deasrate the product.
From your own experiences, you know what will happen to a banana if it is exposed to air or
oxygen. Because of the problem of removing desirable volatiles, it was necessary to deasrate the
product while it was cold, immediately after mashing. Because of the temperature, extremely
high vacuums were required. Homogenization to break the product into small particles was
incorporated to facilitate the deaeration process. Once the product is deaerated, it is not exposed
to air or any other source of oxygen until the filled sterile drum is opened by the final user.

3. Because of the sensitive flavor and the problem of inducing cooked or heated flavors, special
scraped surface heat exchangers were provided. These units minimize the sojourn time in the
high temperature rangs. The total time/temperature relationship required for inactivation of
the enzyme system(s) to insure that reactivation of enzymes did not occur was determined and
provided. The holding tube length for holding time had to be correlated with bacteriological
inactivation requirements, enzymes inactivation requirements and be consistent with product

flavor and color requirements.

The product is cooled as fast as possible, however, the shear during this operation is balenced
with the cooling rate to insure excessive shear is not present. This allows for the production of
a good flavor and color but at the same time does not break down the starch molecules 1o a
point that consistency is lost.

The Drum Filler is operated in such a manner that the product does not enter the drum until the

atmosphere surrounding and within the drum are at a pre-set specified vacuum. This insures oxygen
cannot re-enter the product and protects its quality. Proper, consistent fills are also obtained.

~
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The principles employed in the design of this banana processing system must be considered in the
design of any mseptic processing system. Certain products may not be as ditficult to process be-
cause of their characteristics but all the facets discussed should be considered.

In some cases, existing product quality may not be high and the standard required for the aseptically
processed and filled product will not be great. In other cases, you may wish 10 exceed existing
product quality and incorporate those features in the processing system which will maximize the
quality of the product.

In certain situations products that are to be used within a single organization do not have to be as
high quality because a captive market exists. Unfortunately, this is not a situation many of us have
the luxury to enjoy.

Fruit pures  and tomato pastes are available primerily in #10 or #12 tins or 55-galion drums. Cer-
tain processors store paste in larger tanks and may ship from these tanks in aseptic type tank cars.
The recent trend of indusiry has been to the 55-galion drum as one of the more economical and
fiexible containers, considering the vast majority of users,

As a reference point, 32% paste is used. Higher solids paste is available and may become more common
in the future. The processing and packaging systems described below are sized based upon 32%

paste, aithough higher solids content paste can be handied at reduced rates with the same equipment,
or the rates may be maintained by altering or modifying the equipment specified.

in normal operations the paste will come from the evaporator at 130 - 140 deg. F. minimum. Cer-
tain evaporators produce paste with a higher dischargs temperature. The processing system is sized
to accept paste at 1400F ., transfer the paste through the sterilizing system, cool the paste to the
filling temperature of 90°F. and fill the paste in $S-galion drums. A nominal capacity of 12,0008 hr.
has been established for this system.

The heort of the processing system is & specific tvoe of heat exchanger which is supplied
nickel tubes and epoxy scraper blades. Mutator speeds are set to maximize heat transfer without

causing excessive blade, tube or seel wear.




FIGURE 11
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Other types of heat exchange systems are possible, such as steam injection coupled with fiash cooling,
tubular, possibly plate, or some combination of these. Scraped surface has been selected because

of its flexibility and versatility, its efficiency, and to allow Processing of the product under positive
pressure, thereby improving the aseptic integrity of the system. An agitated type holding tube is
based on the eame design provided to insure complets turbulsncs and equal holding

of all particlee without inoreasine the pressure losses noticsably.

A piston type positive displacement pump, fed by a lobed pump with a pressure relief valve, is used
to maintain exact flow rates. Varying flow rates due to slippage of the pump do not occur, hence,
product quality and sterility is assured. Maintenance costs on this type of pump will be considerably
less than with a gear type pump also.

The controls are designed to provide a safe, automatic operation while minimizing operator attention
and errors. They are tied in with the product supply system to safeguard the processing system by
switching from product to water should the product supply fail, temperature be lost, or some other

malfunction occur.

The basic flow through the system is depicted by the sttached isometric view, piping and control
schematic, and the fioor plan layout. A description of the system and its operation follow.

The supply system providee & constant supply of product or water. The water (14o°r.
supply) is kept at this temperature with steam. The probe system on both tanks senses when the

product supply fails, and switches to water when this happens. The operator is alerted through

an enunciator and light when this situation occurs. The supply vaives fesding the tanks with water

or product are automatically opened and closed as required and the position of these valves is indicated

by running lights.

Product is transferred from the supply syetem via a transfor pump to the positive displesement
piston type timing pump. A spring loaded pressure relief valve insures a constant pressure of 40 psi

on the suction of the timing pump. The timing pump is sized to deliver up to 1500-GPH at 400 psi

pressure, which is the pressure rating of the heat exchangers. A variadle speed drive

is supplied so that the flow rate may be dropped to 375-GPH. The nominal rating of the heat oxchange
system is 1200 U.S. galions or approximately 12,0000 /. of 32% paste.
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The product is heated from 140°F, to 205@F. in the tube, high pressure steam is used as

' the heat transfer medium and the tube is arranged with stacked cabinets to allow

for future expansion.

The sterilizing temperature is sensed with a thermocouple and controlled with an electronic recorder
controller and pneumatic steam valve. In the event the sterilizing temperature should fall, the operator
is alerted. Should it go below a pre-set temperature, a second alarm is sounded and the system auto-
matically switches from product to water 1n tie supply svstem. After the product

is diverted from the filler automatically. Actuation of the divert valve is through a timer connected
to the automatic valve in the supnlv svatem. T1f the orodurt temnerature is
re-established w:thout sterility being lost, the operator can switch back to
product.

A “'sterilization inter-lock’’ is provided to further assure a safe operation. Initial sterilization of the
system must be accomplished by subjecting the coldest spot on the <terile side to a pre-set minimum
temperature for the proper time period. Until this is accomplished product cannot be processed.
After the initial sterilization is completed, the cooling water can be started and the system is ‘‘ready"’
to process product. During the processing operation proper, if product sterilization temperature is

lost, the system diverts to water and must be re-sterilized before forward flow can commence.

Following the heater, the product is held for 3O seconds in an agitated holding tub
which insures all particles are held properly without excessive velocity, frictional losses (pressure

drop), or particie attrition. This holding tube is recommended in place of a conventional stainless

steel high velocity tube because of the length of hold, viscosity of the product, and the velocity

required for a turbulent fiow.

Temperature of the product is sensed at the end of the holding tube with a thermocouple sensor and
indicated and recorded on a multi-point recorder to provide a check on the main controller-recorder

and thermocouple sensor. The product temperature is also sensed and continuously recorded in the

-urh tank on the filler, and the discharse of the processing system.

From the holding tube the product transfers through the coolers where it is cooled to
the filling temperature using 80°F. and 35°F. water. Refrigerated water requirements can be reduced
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it higher fill temperatures are possible. 1f 1009F. fill temperature instead of 90OF . is acceptable,
refrigeration requirements can be reduced from 50 to 33 tons.

From the final cooler the product transfers through the back pressure and divert valve to the surge
tank 0N the £iller. It is susmested this tank be mounted with 12-15 £t. of head meime
tained on the ageptic fill pump. The standard mounting stands can be located in this
manner and the proper length of discharge leg furnished. If a special stand is
required, this can be furnished. If it is not practical to elevate the surse tank,
head can be develoved with a xas sterilising system where air, nitrosen, or some

other suitable gas is heated tc 600°P., held, and coolsd. The system to do this
includes the air compressor, controls, filtsrs, flow metere, heat sxchangers,

eto., pre-assembled as a complete unit.

The filler is desisned to sterilise drums at up to 300°F. at 60p.s.i.m. and fill the
tame drum under pressure or vacuum conditions. The sterilisation temperature and time,
and fill pressures and temperatures will bde dependent upon product and container
requirements. Warranties on various containers which stipulate filling under vacuum
can be met without any prodlem. Obviously, the capacity of the unit will be dspendent

upon the produot filled and the pressure or vacuum conditions required at the
initiation of the filling cycle. At the rate of 12,000#hr. of 32’ paste a 5"
vacuum can be obtained in the retort proper before filling commences without

any problem whatsoever. When non=acid products are filled which require higher

drum sterilisation temperature and lower vacuum before filling can commence, nominal
capacities of 24 = 26 drume per hour can be obtained.
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Whilst it is not the intention of the present wktecmhdnﬁmandopwmonolmxhim
inwolved in preparing tomatoes to produce tomato paste, descriptions will be given of some typicsl
modern plant, representative of present day practice in many establishments.

Fiymes, Tomatoes mey be conveyed from the receiving area into the factory by means of flumes,
and this method is becoming increasingly used. The fruit is transported by water which flows along the
flumes, assisted by a slight fall in level along their length. The dimensions of flumes vary, probably
because they are often made locally to suit the particular requirements of the plant, but usuaily

L comsist of sheet-metal U-shaped troughs about 12 in. desp and from 12 in. to 18 in. wide. The
material used may be painted steel or light alloy, aithough short runs may be made in stainless
steel. One flume may convey tomatoss to one or more washing lines, and side branches fitted

with gates enable the flow to be directed where desired. Water enters the flume through a vaive

at the feed end and flows out with the tomatoes into the primary tank of the washer. The water
therefore serves the double purpose of conveying and pre-washing the fruit. Recirculated cooling
water, or water from 3 subsequent washing operation, may be utilized as flume water if desired.

Jomato washing ynit. Almost 8l manufacturers of washing equipment have produced tomato
washers of basically similar design. This consists of a pre-washing vat fitted with a false perforated

bottom on to which the tomatoes are tipped, either directly or from the flume. The water in this
vat is continuously agitated by submerged jets of compressed air. Dust, dirt and foreign matter
washed from the fruit pass into the sump of the washer through the perforations. A rotating
transfer reel, or ‘propelier’ fitted with stainiess steel blades, transfers the tomatoes from the pre-
washing vat into a second washing tank and, according to its speed of rotation, so the rate of feeding
tomatoes into the plant can be controlled. The design of this transfer reel permits the fruit to be
muved from one tank 1o the other with the minimum carry-over of washing water. In this way

the water in the second tank does not become unduly contaminated with dirty material from the

pre-washer.

Tmmwnmmmmmmwmocm-uwwummm
washing is accomplished by further sgitation with compressed ais jets. The tomatoes are picked up
from below the surface in this tank by the upwerd sioping roller conveyor which transfers them to
the sorting table. On most modern units the rolier corveyor forms an integral part both of the washer
and the sorting table. As the tomatoes are lifted out of the washing tank they are subjected to a high
pressure water rinse from nozzies placed under 8 transparent plastic hood.
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Tomato Sorting Tables. Although there are many types of sorting belt in use for conveying the tomatoes
along in front of the sorters, the modern practice is to use roller conveyors on which the fruit is made

to rotate, thereby enabling the sorters to see all surfaces. This consists of a roller conveyor fitted
with aluminium rollers 36 in. wide and from four to soven yards in length. The sorters stand on
either side of the rollers and waste material is placed in stainless steel chutes which discharge on to
a small rubber-canvas conveyor under the sorting tatle. Some units are also fitted with a second
conveyor placed above the sorting table on to which are placed tomatoes fit for use after trimming

and this conveyor transfers these tomatoes to a sepa:ate trimming operation.

The construction of these roller conveyors is generally very robust and being entirely of metal construc-
tion (apart from the beits for removing waste and trimming tomatoes) they are relatively easy to

clean and sterilize.

Cryshers. The equipment used for breaking or crushing the tomatoes to form pulp may be of various
types. The tomatoes are made to pass between two st.inlass steel rollers with roughened surfaces
which break the fruit without seriously damaging the sceds,

Crushers which work on the principle of rotating beaters which drive the fruit against fixed racks

form part of some makers’ assembiies, whilst others chop the tomatoes by rotating knives.

Tomato juice extractors may also be utilized for pulp production for paste manufacture, but this
type of ‘break’ is more usual in plants which make tomato juices or composite tomato cocktail
beverages.

The crushed fruit in this case falls into a small stainless steel tank which provides a ‘working head’

of pulp for pumping into a tube-type heat exchanger. This head of pulp is not necessary inone type
of equipment because the tomatoes are conveyed through the horizontal cylindrical heater

by means of a screw-type impelier.

Pre-heaters. All pre-heaters utilize steam as the heating medium and, as indicated above, are usuaiy
of the tubuair or impeller type. The tubular heaters consist of a series of horizontal stainless steel
pipes of about 2 or 2-1/2 in. diameter and about 8 ft. in length, evenly spaced in a cylindrical shell.
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Steam circulates around the pipes inside this shell. The ends of the pipes fit into removable
covers at each end of the cylinder which connect them to form one continuous length, through
which the tomato pulp flows. The ends may be opened and the pipes cleaned by long brushes,

as required, and detergent solution may be circulated in regular cieaning procedures.

Tomato pulp, roughly broken and pre-heated, is pumped to a series of two or three cyciones for

the removal of skins and seeds and texture refinement. The first of these is often referred to as

a ‘pulper’ and consists of a truncated cone-shaped sieve provided with a device to regulate the setting
of the beaters. The latter rotate inside the sieve screen and force the pulp through the holes which
have a diameter of about 1 mm. The waste passes from the interior of the screen into a chute

tixed to the endplate of the cyclone. This chute is of fairly large cross-sectional area to reduce the

«hances of becoming blocked which can seriously impair the efficiency of screening.

The second and third cyclones complete the work of the pulper in removing impurities and small
dark coloured specks, and break down the fibres of the pulp so that the resulting material is of a
very fine texture. These are known as finishers and have sieve hole diameters of about 0-7 mm.

and 0-4 mm, respectively. The screens are almost always cylindrical in shape with internal beaters.

Evaporators. In the process of evaporation, or concentration, of the pulp, various types of evapor-
ator are available but some equipment (such as falling film evaporators), which may be suitable for
juices of low viscosity, cannot be used for tomato products because of the ‘sticky’ nature of the

concentrating pulp which readily gives rise to fouling of the heating surfaces.

Evaporators may be:

(a) Single pass or recirculating,
(b) Single or multiple stage,

(c) Single or multiple effect.

; The product may be circulated by convection or by pumping and the heat exchange surfaces may
be tubes, cylinders or flat.
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Forced circulation evaporators employ pumps to circulate the product through heat transfer tubes,

or along the inside surface of a jacketed cylinder where whirling vanes on a central shaft move the

puip and maintcin a turbulent condition, so preventing burn-on of the sticky material.

Inverted double-effect evaporation systems consisting of large capacity pre-concentrators followed
by two or more vacuum pans are the ‘traditional’ methods in Italy and most other producing
countries in Europe, and may be found in almost every tomato paste factory. They have not been
completely replaced by the more modern continuous systems and, very often, both types of plant
may be found side by side. The two-stage evaporation is essentially a batch process and is therefore
extremely versatile, particularly for short production runs. The vapours from the vacuum pans
(9enerally known as ‘boules’) are used as the heating media for the vertical-tube pre-concentrator,
hence the term ‘inverted double-effect’. Evaporation to a solids content of about 12% takes place
in the pre-concentrator with little effect on the colour of the pulp despite relatively high tempera-
ture and, after transfer to the vacuum pans, agitation by rotating paddles is applied and further

concentration to the desired degree continues in the thickening paste.

The concentration of pulp in continuous evaporation systems is being carried out in more and more
factories and these have many advantages over the traditional methods particularly in establishments
handling large quantities of similar quality material. One of the principal benefits claimed for this
type of plant is better flavour in the finished product due to the lower temperatures employed
throughout the concentration cycle. The maximum temperature is reached in the final stage of
concentration and does not exceed about 62°C,
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The first drum filiers wers developed for use with tomato paste and related products. They
were complete packaged units including not only the drum filling operation, but also the
aseptic processing system. Four drums were sterilized at a time in a pressurized retort where

saturated steam performed the sterilizing operation. Filling was accomplished in the same
retort under vacuum conditions. The use of pressurized steam allowed lower temperatures
which undoubtedly eliminated or reduced problems with stresses in the drum and lining and

breakdown of the lining materials, sealing compounds, etc., used. Vacuum fiiling cooled the
drums, flashed steam from the drums - thereby reducing residual moisture, and offered an
oxygen-free atmosphere to minimize chemical reactions within the product and between the
product and the container.

One specific process consists basioally in sterilizing a food product with
Pressurised steam to 60 psi, at approximately 300°F, cooling the product

under 20 to 26 in. of vacuum, and filling it also under vacuum into 55=gallon,
electrolytically tin plated containers. The process is applied to pumpable
food products, such as tomato, apricot, peach, and pear comcentrates of
different densities. Other fruit and vegetabls concentrates and purees can
also be handled and packed.

Operating sterilizetion temperatures assure a thermal treatment that will commercially sterilize
both acid and low-acid foods. Product sterilization takes place in a heat sxchanger. As product
flows through the heat exchanger, product temperature is elevated to 2200 to 3009F, depending
upon pH of food. The mors acid the product, the less it needs to be heated. After holding

the food at the sterilization temperature for a prescribed period of time, it flows on to another
heat exchanger where the food product is cooled to between 900 and 110°F. The cooled,
sterile product is then heid in a surge tank for transfer to pre-sterilized 55-galion drums which
hoid over 500 pounds of the food concentrate.

The filling operation takes placs in a refort, Containers are sterilized inside and out with
pressurized steam at 100 psi. Filling is by weight, to about 1-1/4 in, headspace, under vacuum.
While the filled drums are still in the retort, sterile closures are swedged into the drum'’s filling
opening. Next, vacuum is released, and when the retort gauge pressure reaches 2ero, the door
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is opened. An interlock control system prevents sterile products from entering the

$5-gatton drum until the sterilization cycle is satistactorily completed, thus product, package,
and sealing of drum cannot occur in other than an aseptic atmosphere. Vacuum filling in

the retort, after the drum is sterilized, has the advantages of producing a slight evaporative

cooling of the product and container, of making possible a more uniform fill, and of obtaining

a uniform vacuum in the drum after closing. These features are positive factors in obtaining

uniform product color, and in preventing flavor changes and losses of nutritive value.

The 55-gallon drum has bssn especially designed. The body, top and bottom of
the container are made trom slectroplated 18-gauge steel. The thickness of the tin coating
is 6 to 10 times that used generally for tin cans. The drum’s side seam is welded during fabri-

cation prior to plating. Top and bottom are double-seamed to the body. A 24 gauge electro-
plated cap seals off the 4-1/2 inch opening in the center of the head through which the drum
is filled. The drum withstands a vacuum of 27 inches. The interior may be coated with a
sanitary lining.

Several significant economic advantages are claimed for this stsrilization process, as follows:
(1) improved product quality; (2) one drum replaces 75 No. 10 cans (603 x 700), which

brings about lower handling and transportation costs; (3) 30% less warehouse space used;

(4) direct labor saving, as only one container need be opened and emptied, instead of 75;

(5) reduced product loss as one drum has 84% less surface area than 75 No. 10 cans; (6)

ompty drums ars sold whereas empty cans involve an expense to dispose of them.

The unit as a through put of 25 - 30 drums per hour when packing 32% tomato paste or

fruit puree. In addition to the drum filler utilizing vacuum during the filling operation, two
additional types are now availabie. One system -uges atmospheric steam for sterie
lizing the drums and basicallx includes a shroud to contain the steam which provides for initial
sterilization of the drum, a steam enclosure for filling and a steam enclosed third section for

clasing. Basically the design approach is similar to * another aseptic canning syetem except
saturated steam at atmospheric pressure is used for sterilizing the containers. This unit is
limited to applications with high acid or simvilar products.
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A second type of umit utilises pressurised steam for sterilisation Wut does not

provide for vacuum filling. The unit is most applicable to high acid products as the drum itsel!
is actually used as the retort or the pressure vessel which limits the steam pressure which can
be used.

in this study a commercially demonstrated aseptic canning process was chosen and compared
with two "incan” sterilization methods (1) Still Vertical Retort and (2) Continuous Hydrostatic.

Only those steps in the processing and canning which are diffarant were estimated. These

steps are: ‘
1.  Filling of can
2. Closing of filied can
3. Sterilization - Product
4. Cooling - Product
5,

Empty can and cover sterilization

Step #5 is not necessary in the “in-can’’ method since it occurs as a part of Steps #3 and #4.

Al process steps for product preparation including preheat to 1 75F, empty can handling,
filled (sterilized) can handling, warehousing, and distribution of services 1o the process were

all assumed to be identical in cost and therefore not a part of this comparison,

Process conditions —

1. 350 (cans per minute) #2 can (307 x 409)
Product — condensed soup or pudding

Aseptic processing employs high-temperature-short-time sterilization
of product

w

Hydrostatic — 40 min. sterilizal time — 75 min. for sterilization-cool
Vertical Retort — 112 min. cycle — 70 min. sterilizal .'me
Preheat product to 1 759F

Finished sterile canned product temp. 100°F

Cooling water temp. 550F

® N O o
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insiatied Cost
| Vertical Retorts 328,000
"W Hydrostatic — Continuous 450,000
i Aseptic System 210,000

| Equipment cost detsil — VERTICAL RETORT SYSTEM
Assume Retort Cycle

Retort come up time S min.
Process time 70 min,
Cooling time 30 min.
Loading time (last crate) 2 min,
Unioeding time -1

TOTAL 112 min.

112 min. x 380 cpm + 1140 cans per retort = 35 retorts
Cost por Retort — installed

Retort Delivered $ 2,400
Automatic Controls 3,000
Erection, Hook-up and Petforms 2,000
Crates 500
Crate Hendling Equipment 750
Water, Stesm, Air Distribution - 500

TOTAL Cost/Retort Instalied $10,150

Total Fined Capital Vertical Retort
Retort Cest 35 x $10,130 - $388,280
Crate Can Losding System 8,000
Crste Can Uniceding System . $,000
Filler installed 18,000
Closing Machine-instalied

TOTAL — 35 Retort System $401,750
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It Equipment Cost Detail — CONTINUOUS HYDROSTATIC

40 min. cook time — 75 min. in automatic continuous hydrostatic sterilizer.

Hydrostatic Cost Compiete machine FOB $250,000
Freight to site 18,000 ;
Duty 10% of FOB 25,000 ’
Installation cost Vendor est. 15% 37,500
Total Hydrostatic costs $330,500
Fitler installed 15,000
Closing Machine installed 21,500
TOTAL — Hydrostatic $367,000

I Equipment Cost Detail — ASEPTIC SYSTEM 2

Scraped surface heat transfer system for sterilizing and

cooling the food product, 1759F product heated to

275°F and cooled to 100°F before filling, 6 inch dia-

meter by 6 foot cylinders, 3 cylinders heating, 3 cylinders

cooling. $70,000

— Aseptic canning — includes can and cover
sterilizers, aseptic filler, aseptic ciosing machine and ;

controls. $112,000
CIP (clean-in-place) System — installed 10,000 :

;
Piping for process — Connecting equipment 9,000 §

Centralized Control System — Push button shut-down

and start-up, inciudes ingredient system in control, as well

as pre-sterilization and CIP Systenm. 16,000
TOTAL — Assptic System $215,000
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UNIT COST & YEARLY CosT

As in Part A" of this study only those steps of the canning process that are ditfacant were
astimated; namely:

Filling of can

Closing of filled can

Sterilization of product

Cooling of product : |
Empty can and cover storilization

o s w N -

Additionsl conditions at 350 cpm

2000 hours production/yr. or 1,750,000 cases (24 con case).
Depreciation at 10% per year,

Direct labor at $4.00/Mour. (No indirect Iabor estimated).
Water at $0.10/1000 gations.

Steem at $1.00/1000 pounds.

Electricity at $0.02/KWH,

Gas (Nat.) at $0.16/100 cu. 1.

Process Building space valued at $5/5q. ft./yr.

P:w.a.ﬂ.‘.“!v:-

Summaery of Yearly & Unit Cost Factors Compered

Yactical Ratort Hydeoatatic Assatic
Depreciation $ 29,150 $36,700 $18,300
Maintenance 16,000 7,500 7,500
Steam 13,820 3,800 5,600
Water 4,200 1,100 1,100
Electricity 2,430 1,600 1,000
Gas-Notural - - 500
Space (Building) 15,000 3,000 3,000
Direct Labor 56000 12000 10000
Total Yearly Cost $136,600 $65,700 $47,000
Unit Cost/case 0.0785 00375 0.0268
Royalty — - - 0.0168
Unit Cost/case Incl. Royaity 0.0788 0.0378 0.0436
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DETAILS ON YEARLY COST

1.  Meintenance
a. Retort. Estimated at $16,000/year based on information in another study, includes

labor and materials for repair of retorts, controls, crates, filling and closing machines. |
b. Hydrostatic. Estimated at $7,500/year and based on information from supplier. |

c. Aseptic. Extimated at $7,500/year based on personal experience with equipment
involved.

2. Steam at $1/1,000#

a. Retort. 1.3 pound steam per 1# can (No. 2) on a 2,000 hr,
year steam will cost $ 13,820 g

b. Hydrostatic. ,09 pound steam/pound product - 800 "
pounds on other start-up days on a 2,000 hr. yeer.
Steam will cost

c. Aseptic. 2,5008/0w. + 648% /nr,
31489 /Mr. On a 2,000 he. yoor - stoam will cost

3

3. Weter. At 10¢/1,000 gollon. Capaoity based on use of 55°P
water 50 this temperature was used for all. ;
a. Retort. Consumes one galion per pound can (#2 can)
water cost for 2,000 hr. year 4,200
b. Hydrostatic. 0,25 gal.® product (" 2can).
Water cost for 2,000 hr. year 1,100
c. Aseptic. 5 gpm, would expect the seraned aurfree to

be more efficient in heat transfer than "inenan" cooling

T 4

in the Rydrostatic. Laoking exact information, use same
cost as Hydrostatic. 1,100

4. Electricity. At $0.02/KWH for 2,000 hr. year
a. Retort. From another study 60.7 KW for hoisting, automatic control,

filler, closing machine and alr supply. Cost for year 2,430

e SN 1,




- B Hydrestatic, nmmwamuuommm.m

§.  Gas Netwral 36¢/1,000 cu. 1, only used for Assptic

6

2

&  Reyelyy. @allon cost $0.008/gation for specifio

-4

DETAILS ON YEARLY COST (Cont'd)

and other

c. M.ISKUOIOKU. Total 29 wy
Cost for yeor '

C.  Assptic — lmw.ﬂm.nw.

Space. At 2 value of $8/3q. ft.yr.

&  Retert, vma-mmma.ooon.nmmw
work ares, c:mmwmmmummm

1,000 sq. f1. 3,000 1. f¢. @ $5.00

b MHydrostatic. Hydrostatic System = ahow 400 5q. f¢. + 200 og. f1.

fitking and closing
€. Assptic, 470 9q. ¢,
and 130 oq. ft. Total 600 s, 11,

Laber. Direct ot $4.00 per howr

Y M4mhammmzmuum

mlmmmmcmmm. Total 7 men

5. Hydrostatic, IMMMNMIIIMMM

Total 1.5 men

‘e. Assptic. 1 men for one cannes, 1/4 man for other

Total 1.28 men

29,000/ yeer or

quipeent

$ 1600

18,000
3,000

3,000

12,000

10,000

$ 00168/
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