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This paper summarizes guidelines for the microbiologically
safe aseptic packing of sterilized food products, as rec-
ommended by the Furopean Hygienic Equipment Design
Group (EHEDG). The value of a quantitative approach to
identifying, avoiding and monitoring the risks of contamination
with undesirable microorganisms is emphasized. This is the
third in a series of articles featuring the EHFDG to be
published i Trends in Food Science & Technology. The
EHEDG is an independent consortium formed to develop
guidelines and test methods for the safe and hygienic processing
of food. The group includes representatives from research
instiutes, the food industry, equipment manufacturers and
government organizations in Europe *

In theory, aseptic packing is exuremely simple: a prod-
uct. free from undesired microorganisms. is packed in
packing material that is also free from undesired
microorganisms; during this operation, microorganisms
are denied access to the product or packing materiat.
However, in practice, aseptic packing is usually a rather
demanding process.

“Readers requining further mfoimation on the EHEDG are retetred W Trends
1 Food Stience & Technology, Vol 3610 p 277,
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Microbiologically safe
aseptic packing of food
products

Methods of freeing the product from microorganisms,
decontaminating the packing material, and sterilizing air
in contact with the product and packaging are well
understood. Other potential sources of microbial con-
tamination, however, are often not recognized.

Firstly, it is essential to decide which microorganism+
are relevant (see Definitions). It is also important, ye
relatively unusual, to quantify the risks of contamination
with microorganisms from the various sources. It is
even more uncommon 10 quantify the target — to deter-
mine the maximum level of relevant microorganisms
acceptable in the packed product, or. in otiver words, the
maximum number of packs contaminated with poten-
tially harmful mi. roorganisms — yet this is necessary, as
it is not realisti atiy possible to reduce the risk to zero.

This paper discusses a quantitative approach to the
aseplic packing of food products to achieve an accept-
ably low risk of contamination. It also summarizes the
EHEDG’s guidelines on the design, operation and main-
tenance of aseptic packing machines. The EHEDG
intends to prepare delines on the non-asepti
packing of food.
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Definitions*

Astptic equipment: Hyglenic equipment that is, in addition,
impermeable to microorganisms.

Cleanability: The suitability to be freed from soil,

ion of mic isms: | ible physical or chemical
damage to microorganisms to prevent them trom surviving and
multiplying. Thermal destruction employs heat, possibly in
combination with water or sieam; chemical destruction employs

biocidal chemicalis).

Hygienic equipment Class I: Equipment that can be cleaned
in-place and freed trom relevant microorganisms without
dismantling

Hygienic equipment Class 1z Equipment that is cleanable atter
dismantling and that can be freed from relevant mncvoorgamsms

by steam sterili; or pa after

In-place cleanability: Suitability to be cleaned without
dismantling.

Microbial impermeability: The ability of equipment to prevent the
ingress of bacteria, yeasts and moulds from the environment to
the product area,

Product contact surface: Al surfaces of the machine that
intentionally or unintentionatly come n contact with the
product, or from which product or condensate may drain, drop,
or be drawn into the product or contamer, including surfaces
{e.&. unsterilized packs} that may indirectly cross-contaminate
product contact surfaces or containers,

Relevant microorganisms: Microorganisnis thacteria, veasts and
moulds) able to contaminate, multiply or survive in the product
and harmful to the consumer or to product quality,

Soil: Any undesired matter, including product residues, whether
ot nol containing microorganisms.

Sterilization: Removal or destruction of microorganisms,
mcluding all relevant bactenal spores.

*These detintions have heen deawn up by the EREDG i an attempt to
prevent conhusion regarding termunology relevant to hyiienic processing,

Responsibility

The producer is always responsible for the product
packed and. hence. the producer must define the accept-
able risk. possibly in consultatton wilh interested par-
ties. such as public health authorities and customer,.
The minimum requirements for the packing machine
depend on this target level.

As requirements may differ between products, it is
essential that requirements are re-specitied if other prod-
ety are to he pucked on an aseptic packing machine. 11
needed, packing machine settings must be changed.

Microbial contamination rates from various sources
The microbiad contamination rate (CR) is detined as
the atmber of contaminated packs divided by the totul
number of pucks filled. The ol CR of the packed
product tprovided than the individual rates are much
staller than 1) s the sum of the individual CRs con-
tibuted by a aumber of sources: packing material

(CR,,,\); air (CR,,); product adhcring to the filling nozzle
(CR,,, .} product (CRu )i pack integrity (CR )
and other sources, such as the product contact surfaces
in the open-pack area (CR,.,). The measured total value
of CR should be less than or equal to the acceptable
contamination rate for the packed product. Hence, if the
acceptable contamination rate is x.

CRyu + CRy + CRyc + CRy i + CRuy + CRo S ¥

Thus, for example, if all contributions except pack-
ing material together contribute a contamination rate
of 0})\. then the packing material should contribute
CR,a s O.kx If, without decontamination treatment,
it would contribute. say, 1000x, then to ensure that its
contribution is able, the dec ion treat-
ment must result in a reduction factor (R) of at least
(1000x/0. 1Ly); thus, R 2 10*.

A comprehensive review of this approach is provided
inRef, 1.

Differences in the risks of infection in aseptic
processing and aseptic packing

In process lines, with or withowt a buffer tank, there is
usually a continuous flow of preducy, so that a single
microorganism ablc o grow in the product may affect
the entire batch. On the other hand, after the product
has been divided into individual, physically separated
portions, a nicrobiclogical hazard caused by a single
microotganism will be contined.

For example, if a pasteurized product in a stirred,
1000-litre buffer tank is contmminated with a single
microorganism, which is allowed o multiply (at a suit-
able temperature and storage time), the number may
easily increase to 10" - an average concentration of
1 microorgamsm/g. Consequently. depending on the
intensity of mixing, this may result in every pack tilled
being infected and spoiled.

However, if the same microorganism infeets the prod-
uct dunng packing, even it it multiplies 10 a level of
10" microorganisms/g, it cannot infect any other pach:
only one pack will be spoiled.

Requirements for equipment used in aseptic packing
Materials and surface finish

All product contact surfaces must be resistant to the
cleaning agents and 1emperatures used. The supplier
should list any materials ased that are not resistant to
commonly used cleaning and decontamination chemi-
cals or conditions.

The surlace roughuess, Ry, (Ref. 2) of the product
contact side must be less than 0.8 pm.

Equipment for iilling and dosing of product

Aseptic packing machines must be equipped with
aseptic fillers. To ensure that the equipment is easily
cleanable in-place. it should have no *dead’ spaces or
crevices, and no areas of fow velocity of the cleaning
liquid. During decontamination, ail of the product con-
tact surfaces should reach the specificd conditions.
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The equipment must be bacteria-tight to prevent
the p ion of microorg; from the non-product
side to the product side. To this end, moving-shaft
passages between the sterile and unsterile areas must
be avoided, unfess they are scaled against the ingress
of microorganisms. This may be achieved by using
diaphragms, bellows and double seals with a flush in
between. The flush should remove or destroy micro-
organisms so that they do not enter the product side.
The fluid used in the flush should be nontoxic.

Al product contact surfaces must be resistant to the
product under the process conditions. In principle, stain-
less steel |AIS] (American Iron and Steel Institute)
series 304 to 316 or better] should be used. Non-metallic
materials should comply with the US Food and Drug
Administration (FDA)Y' regutati Some materials
have so little resilience that they may creep under process
or cleaning conditions; these should be avoided or used
with great care, as lhEIr shape may deform pcrmanemly
under load. More detailed guidelines on the s of
materials for food contact applications will appear in a
forthcoming EHEDG publication.

The interior of the packing machine

To reduce the risk of contamination with microorgan-
isms from the immediate environment of the exposed
product, the interior of the machine, including all parts
that may come into direct or indirect contact with prod-
uct, air or condensate, should be cleaned sufficiently.

Preferably, the design should allow cleaning in-place
{CIP) of the interior. If this is not possible, each part
must be accessible for cleaning by hand. with or without
" I

g, Decc inati must take place after
reassembly.
Exposure of product
The risk of infc can be minimized by minimizing

the time the product is exposed to air in an open con-
tainer; thus, the container should be sealed as soon as
possible after filling. During transfer from the filling
station (o the sealing station, the product must be pro-
tected against remnummauon through the air. The air
may have to be d d, and the air p

should be highest in the exposed product area.

Cleaning

To limit difficulties with cleaning the product contact
area, any moving parts of the machine should, as far as
possible, be situated outside the product comtact area. If
CIP is applied, the moving parts must be activated dur-
ing cleaning.

The cleaning procedure selected should take into
account the type of product packed and. hence, the type

Decontamination may fail to be offective due to
excess water residues, which may cause two major
problems: dilution of the chemical used for decontasni-
nation; and multi ion of microorgani when the
machine is cl.mdlng idle (e.g. overnight or over the
weekend), leading to insufficient inactivation of the
farge numbers of microorganisms produced. Therefore,
the equipment should be drainable, so that no water (or
other liquid) remains anywhere in the interior of the
aseptic area of the machine at the end of the cleaning
procedure.

Storage, handling and transport of packing materials
Generally, the microbial load f packing materials for
aseptic filling is low i diately after f: This
is partly due to the heat applicd during the extrusion of
plastic materials, for drying varnishes, or to melt glass.
Contamination takes place after manufacture. and
should be ¢ lled by adeqy Possible
sources of infection are dust or other matter, humidity
(moisture in the presence of even traces of nutrients will

allow the Itiphi of microor ). people,
and insects or other pests.
To limit reinfe special p may be

needed. such as:

¢ protection (by the packing material manufacturer) of
all packing material by wrapping in foil, within a box,
and with minimum use of cardboard:

removal of dust (e.g. by ionized air or filters in the
ventilation system);

 ensuring that the product contact surface is touched by
clean (and possibly protected) hands only, and not by
contaminated equipment or materials, after removal of
the protective wrapping:

© ensuring that areas where packing material is handled
are atways kept dry.

Supplicrs of the packing material must provide instruc-
tions for storage and handling of the packing material.

The tightness, and therefore the sterility, of the filled
containers can be influenced by mechanical damage or
deformation during the transport and handling ot pack-
ing material. Precautions must be taken to prevent such
faults, which may be caused by mechanical damage
(e.g. by fork-lifts, or from stacking pallets too high).
changes in the material properties due to nadequate
storage conditions (excessive temperature, humidity,
light, etc.), or deformation in the filling machine (e.g.
due to excessive heat, mechanical or chemical stress).

of soil in the machine. The develof of methods to
test the cleanability of the interior of the packing
machines is strongly recommended.

Decontamination
Dcmnmmm.mon may he achieved by hot water. steam,
hemical solutions or gascous antimicrobial agents.
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Mechanical d can be d d visually and by
applying adequate controls on packing material (sce
also DIN 16901)*.

Decontamination of packing material
The microbiological load of the packing material
{tubs, lids, bottles, eic.) must be monitored, and has 1o



Table 1. Parameters that need to be monitored in aseptic
packing processes

Parameters 1o
Process be monitored

Filtration

Filters must be sterilizable (once-only or repeatably).
‘Where once-only sterilizable filters are used, care must
be taken that the flow of air through the filters is

Decontamination of machine (general}

All methods Temperature; time

Dry heat, hot water or steam Humdity

Chemicals in hauid form Concentration

Gaseous chemicals Concentration;
hurmidity

Decontamination of process fine, Temperature; time;

even when the packing machine is not in
use. Sterilization of air filters may be achieved by means
of chemicals (low-pressure filters and filter cartridges)
or steam {filter cartridges only).

Preventive maintenance of the filter system is very
important. Filters should be replaced before their per-
formance becomes inadequate. The performance of the
filters during use may be checked by measuring the
pressure drop across the filter, by measuring the flow
rate al constant pressure, or by measuring the level of
particles in the air.

Most aseptic packages are closed by heat-sealing,

concentration;
residual amount

sealing or glue. Some containers are also
closed by conventional methods (e.g. folded seams,
snap-on lids, twist-off caps or screw caps).

High reliability of the closu'es is an essential pre-
condition for a low rate. Sealing defects
may arise from many factors, not only as a result of the
sealing operation itself. For this reason the following

q

rec ions are given:

dosing pump and filling nozzle pressure
. Pack integrit
Decontamination of packing materials a egrity
Chemicals Te time; )
quanmy dosed;

the construction of the closure of container and lid
should be such that the required seal can easily be
obtained;

. and p should be properly distrib-

Ultraviolet radiation Energy; time
Decontamination of air
Incineration Temp
flow rate
Filtration Pressure drop
Packing Sealing time;
temperature;
pres;ure; positi

pack seal integrity

be low enough to prevent exceeding the acceptable
rate of contamination, Usually, the pucking material
must be decontaminated 10 achieve this, for example
using hydro;,cn reroxide, heat, ultraviolet light,
other ch ds, or combi s of the
above.

The manufacturer of the packing machine thlld

uted over the sealing surfaces:

all parameters for the sealing process, such as scaling
time, pressure and temperature, have to be set with a
safety margin and must be adequately controtied
(monitored und alarmed for out-of-control situations);

* if several packages are sealed in the same operation,
the packages must be uniformly sealed;

specify conditi for g specified dec

. ination of the scaling surfaces by product or

nation rates (reduction I'uclom. and provide evidence
that they are cffective.

Sterile air systems

The microbiological quality of the air supplied must
be tested und made to comply with the minimum
requirements to prevemt CR,, from being too high:
this is the responsibitity of the user of the equipment.
The conc of microorganisms in the air may
be reduced by incineration or by fiftration.

Incineration

Air s sucked from outside o1 from the superstruc-
ture of the hine inte the superbeater, where it is
heated (ypically 10 400°C), then cooled down W a
temperature suitable to the individual packing system
and ted buck to the packing machine,

other material (e.g. from splashing, dripping or foam-
ing) should be avoided:

the seal must be accurately located, especially in the
case of thermoform/tiil/scal machines, where local
deviations may occur between the forning station and
the sealing station.

Integrity testing (c.g. biotesting) of fille:! packages is
highly desirable. The further development of on-fine
monitoring of seals and closures is strongly rec-
ommended.

Moniloring

s should be 4 and properly
controlled. 1f safety limits are exceeded, the packing
process must be stopped. Various parameters may have
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to be monitored, depending on the type of aseptic pack-
ing machine used (Table 1). Depending on the machine
design, additional critical parameters may need 1o be
monitored and controlled.

Operation manual
The opcmuon or mslrucuon manual to be provided

TP 4 1

g and di The
construcuon should prcvenl unacceptable recontami-
nation of decontaminated packing material or product.
The efficiency of the aseptic packmg operation should
be validated during the ing of new equip-
ment. and critical parameters (includmg seal integrity)
must be monitored during use. Finally, if existing equip-

by the K must include  ment is to be used for the packing of a new food prod-

jon on the of lhe malenali used uct, the procedure to achieve an acceptably fow rate of
against and d h als and must be repeated in its entirety.
conditions. It must also glve recommendauom of effec-
tive cl and d procedures, and clear
instructions on preventive maintenance. . I

L This paper the guidel and hod
tod E i E

Validation by the Hygienic

It is essential that critical parameters are carefully
controlled and cannot be changed accidentally in any
way without being noticed. Particularly in the case of
products in which pathogenic or toxigenic microorgan-
isms are able 1o grow, it is essential that the complete
process is carefully validated before commercial pro-
duction is started, to minimize the chance of errors in
design or proced not being promptl gnized
Detailed procedurcs to achieve hyglemc food fac-

Design Group (EHEDG) subgroup on Packing
Machines. The full report, by M.A. Mostert,
G. Buteux, P.C. Harvey, W. Hugelshofer, P. Mellbin,
J. Nassauer, G. Reinecke, W. Weber and B. Wilke,
is available from: D.A. Timperley, Secretary of
the EHEDG, Campden Food and Drink Research
Association (CFDRA), Chipping Campden, UK GL55
6LD (tel. +44-386-84C319; fax: +44-386-841306).

turing sy will be published in a separate forth-
coming EHEDG publication: see also Ref. 5.

Conclusions

1t is of prime importance for those involved with
aseptic food packing to decide which microorganisms
are rclevant to the microbiological safety of the par-
ticulur food product concermed. Acceptably low
contamination rates must be determined for cach rel-
evant microorganism, and sources of contaminativit
must be identified and quantified. Based on the results,
measures to reduce the contamination rate to below the
maximur acceptable level must be devised.

All packing machine components that may come in
contact with the product should be of hygienic design,
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