A method for the
assessment of in-line
pasteurization of
food-processing
equipment

Food-processing equipment that cannot be or does nol need
to be sterilized may need lo be pasteurized, and il is im-
portanl to test the hygienic characteristics of such equipment
to ensure that it can be pasteurized effectively. Here the pro-
cedures recommended by the Test Methods subgroup of the
Furapean Hygienic Equipment Design Group (EHEDG) are
summarized. This paper is the fourth in a series of asticles fea-
turing the EHEDG to be published in Trends in Food Science
& Technology. The EHEDG is an independent consartium
formed to develop guidelines and test methods for the safe
and hygienic processing of food. The group includes rep-
resentatives from research institutes, the food industry,
equipment manufacturers and government arganizations in
Europe.*

Food-processing equipment may need to be pasteurized
or sterilized (see Definitions), it would, therefore, be
useful for ecquipment to meet both requirements.
However, easy-to-clean equipment may contain con-
struction materials that cannat withsland treatment with
steam al 120°C because ol insufficient resistance to
cither the 1emperature or the pressure required. Such
equipment may nevertheless be very suitable for
hygienic processing in applications where sterility is nol
essential, for example in the production of pasteurized
products or of milk products such as yoghurt or butter-
milk that prevent the growth of sporeforming bacteria
as a result of fermentstion by lacie acid bacteria.
Alternatively, it may be desirable to avoid unnecessary
sterilization {(e.g. to save energy). however, sterilizable
cquipment is not nececssarily also pasteurizable.
Therefore, a method has been developed ta determine
whether such equipment can be pasteurized by circu-
lation with hot water 1o reduce the number of relevam
vegetative microorganisms and fungal spores to below
delection levels.

*Readers requiring further inforuction on the FHEDG are referred 1o Ref, 1.
Oetarls of previously published EHEDG anlictes are piven in Kefs -4,
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Required materials
Indicator microorganisms

The survival rate of heat-resistant ascospores of the
fungus Neosarrorya fischeri var. glabra (CBS 11159) is
used as an indicator of the efficacy of the test pasteur-
ization proccdurs.

Before N. fischeri was accepted as a suitable test strain,
several heal-resistance experiments were carried out with
differem spore suspensions. Rales of destruction of the
spores at various temperatures (measured as 'D-values’)
are given in Table 1. As can be seen, there i5 a range in
the measured D-values at certain temperatures, For this
reason, it is advisable to check the heal resistance of
stored spore suspensions regularly, A suitable procedure
is to pasteurize a sample of the suspension at 80°C for 30
minutes just before use, If, during this time, the level of
viahle spores decreascs by less than a factor of ten, the
spores can be used for the pasteurization experiments.

Definitions*

Hygienic equipment Class 1: Equipment that can be cleaned
in-place and freed from relevant microorganisms without
dismantling.

Hygienic equipment Class Hl: Equipment that is cleanable after
dismantling and that can be freed from relevant micraorganisms
by steam sterifization or pasteurization after reassembly.

Pasteurization: Thermal destruction of vegetative
microorganisms, excluding thermoresistant bacterial spores.
Clean equipment is pasteurizable if it can be freed from such
nticroarganisms by treatment with hot potable water of up

to 95°C for 20 minutes; alternalive conditions can be used
depending an lecal circumstances. {In the dairy industry, usually
refers to the destruction of pathogeni: and some spoilage
Microonganisms.)

Sterilization: Removal or destruction of microerganisms,
including all relevant bacterial spores. Clean equipment is
steamyhot-water sterilizable if it can be {freed from refevant
microsrganisins by Ireatment with saturated sleam/water at 120°C
for 30 minutes (alternative canditions can be used depending on
local circumstances).

* These definitions have been drawn up by the EFHEDG in an attempt to
prevenl confusion reparding lerminclogy relevant la hygicnic processing.

Table 1. Rale of destruction of Neosartorya fischeri ascospares al
various temperatures

Temperature (°C) D-value (minutes)®

80 >30
83 4-6
85 1.8-4.3
87 0.3-15
90 =0.2

*1ime to reduction uf the caunt of calony-larming units by a {aclor of 10
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The fungus is cultivated on oatmecal agar (*Difco
0052°, Dilco Laboratories, Detroit, ML USA) at 37°C
for ~14 days. The culture is examined microscopically
for the presence of the characteristic ascospores, then
the surfaces of the agar plales are scraped wilth a
sterile spatula and the biomass is suspended in physio-
logical saline. The main part of the mycelium is
removed by filtration, and the suspension of spores is
pasieurized at 80-81°C for 10 minutes. Pasteurized
spore suspensions are cooled then siored at —18°C. In
this way, only the relatively heat-resistant ascospores
survive. These may be kept for a year without losing
relevant characterisiics.

Malt extract

Malt extract (*Oxoid L39°, Oxoid Ltd, Basingsioke,
UK) is flushed through the test apparatus to provide 2
growth medium for any indicalor ascospores remaining
on the equipment atter the pasteurization 1est procedure,
The antibiotic oxytetracycline (Gisl Brocades NV,
Delft, The Nelherlands) is added to prevent the growth
of bacterta, which may interfere with detection of the
indicator microorganism; the ascospores themselves are
resistant to oxyletracycline,

As purt of the test cireuit (between the two diaphragm
valves: see Fig. | and ‘Pasteurization procedure’,
below) contains a certain quantity of water, which can-
not be drained easily, care must be taken 1o ensure that
the mall extract vessel contains a quantity of double-
strength medium to compensale for the water present in
the circuit. In this way, the desired end concentrations
of malt extract solution (20 g/1) and oxytetracycline sol-
ulion {100 mg/1} arc obtained by mixing the contents of
the circuit and the mall extract vessel (via the peristallic
punip; see below).

Test equipment

Prior (o testing, the equipment (o be investigated is
dismantled and thoroughly cleaned, degreased and
descaled. The dismantled equipment (if relatively small)
should then be slerilized in an autoclave at 120°C for
30 minutes or, alternatively, the equipment can be re-
assembled and sterilized in-line by steam for 30 min-
utcs. If the consiruction materialc of the (est item are not
compatible with mitoclaving, chemical decontaminaiion
should be undertaken using a suitable biocide (e.p
1000 ppm hypochlorite for 20 minutes, followed by
rinsing with sterile distilled water).

1Q

Holting vessel with tapwater
Centrifugal pump

Plate heat-exchanger

Mseplic thermomuter
Diaplragm valve

Aseplic sampling tap (see Fig. 3)
Apparatus to be tested

Malt extract vessel

Peristaltic pump

Bacteriafair hlter
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Fig.1
Test ¢ircuil for pastevrizability test.
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1 Malt extrart vessel . 4
2 Aseptic sampling tap /
(seg Fip, 1)
3 Blivd plate
4 Racteriafair filter
5 Clamp
6 Erleameyer flask for

filter-sterilized oxytetracycline
(added after autociaving}

Fig. 2
Malt extract vessel amangement during autoclaving.
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Fig. 3

Aseplic sampling tap on a short pipe, shown in cross section.

A rubber diaphragm valkve thlack), constructed integralty with the
sampling tube connecting the mali extract vessel and the
Erlenmeyer flask ar bacteriafair filter (see Fig. 2), is conteolled by the
spindlle, which apens/closes a 6.5mm diameter hale in the pige,
releasing sample into the sampling tube. The housing is of stainless
steel. Such a 1ap. also incorporating two additional valves (not
showni to pernit decontamination of the valve chamber and
sampling fube, is commercially avanable (Type 55 (rom

Het Stempel BY, Zwiindrecht, The Netherlands).

54

Test procedure
Equipment soiling

The spore suspension is diluted with physiological
saline to a concentration of ~5 x 107 spores/ml. The
inner surface of the apparatus to be investigated, including
all parts in contact with each other afier rcassembly
(e.g. gaskets and gaskel grooves), is wetied with the
diluted spore suspension using a small brush (aute-
claved at 120°C for 30 minutes before use). The equip-
menl is allowed to dry at ~20°C and a relative humidity
of 55-65% for two hours, after which it is reassembled.
A samiple of the diluted spore suspension is taken to
determine the spore conceniration by plaling on malt
agar and incubating at 37°C fer 2 days.

Pasteurization procedure

An example of a circuit for carrying out the pasteur-
ization test is shown in Fig. 1.

An useplic vessel containing double-strength malt
extract is sterilized in an autoclave at {20°C tor 30 min-
utes, using the arrangement shown in Fig. 2. This vessel
is connecled to the test circuit via two aseptic sampling
taps (see Fig. 3) on shont pieces of pipe. To avoid the
growth of spore-forming bacteria that may still be
present after the pasteurization procedure, filter-stetilized
oxytetracycline is added by means of the Erlenmeyer
flask (see Fig. 2) 10 a concentration of 200 mg/l after
sterilization of the mall extract and cooling to ambient
lemperature. Subsequently, the aseptic sampling taps are
closed.

The contaminated apparatus is mounted in the test cir-
cuit as shown in Fig. 1. When the Circulation system is
complete, tap water is circulaled via a centrifugal pump
and a plate heat exchanger. The temperature is measured
at the outlet of the tesicd equipment and is kept at
90 % 0.5°C. The water is circulated at a rate of 25 |/min
for 30 minutes via a holding tenk with a capacity of 1001

After this pasteurization treatment, the two diaphragm
valves are closed. The system is quickly cooled to
ambient temperature by flushing the outside with cold
water, and both clamps are closed and both aseplic
sampling taps arc opened. Then malt extract (single
strength} is circulated through the apparatus by means
of a peristaltic pump. In the meantime, a sample is taken
from the holding vessel and cooled quickly. To
determine the level of surviving ascospores in the
circulation water, samples of this water are plated onto

malt agar confaining oxytetracycline and incubated at
37°C for 3-4 days.

Deteclion of surviving ascospores

As N. fischeri is aerobic, the malt extruct is citculated
through the eguipment continuously, To maintain suf-
ficiently aerobic conditions in the lest circuit, the flow
rate, f (the capacity of the peristaliic pump) must obey
the equation f = ¢ x V. where f is in ral/fmin, ¢ is
(.02 min' and Vis the volume nf culture broth (in mi).

The malt extract is circulated and the test arrangement
is kept at a temperature of 23-25°C for at least 14 days,
because germination and growth of the mould are rather
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slow. Where applicable, the cquipment is operated sev-
eral times during (he incubalion period.

If ascospores are present in the equipmen afier the pus-
leurizalion trealment, the circulated malt extract firsi
becomes slightly wrbid, then excessive growth of white
mycelium occurs on the surface of the medium in the ves-
sel and an the vessel wall. If there is any doubt about the
identily of this growing organism, plating a sample onto
catmeal agar or mmalt agar is an casy way 1o confirm the
presence of M. fischeri.

Three test replicates are undertaken, If no mould
growth is observed in any of the three tests. it is con-
cluded that the equipment can be pasteurized with hol
water of 90°C within 3{ minutes,

Discussion and conclusions

It should be emphasized that sterilizable equipment is
not necessarily also pasteurizable. In the case of hot-
water decontamination, I1he influence of ‘cold spols” is
much greater than with sleam sterilization; with steam,
heat transter is much better. Thus, the presence of ‘dead
legs” will influence the choice of decontamination pro-
cedure, If decontamination is done with hot water, then
if air is entrapped (e.g. in dead legs pointing upwards), a
significamt surface arca might be exposed to a relatively
low water activity, and the temperature might be signifi-
cantly lower thap intended. In the case of a dead leg
pointing downwards, there is no risk that air will be
entrapped. However, in the case of steam sterilization,
condensate may become trapped, while if using hol
waiter, the water in the dead feg will become stagnamt: in
either case the heat treatment may prove insufficient.
The ability 1o test whether or not a particutar piece of
equipment can be efficiently decontaminated by pasteur-
ization is thus useful for determining whether more
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and mark clearly whether they are intended for publication.

agaressive decomamination methods or redesign of the
cquipmenl are required.

White the test method deseribed here has been shown
to be reproducible. workers new to the required tech-
niques may require a degree of lamiliarization!
Feedback to the authors {see general addeess below) is
most welcome. The authors may also be comacted in
case ol dif liculty in selecting suitahle equipment.

This paper summarizes the guidelines and methods
recommended by the European Hygienic Equipment
Design Group (EHEDG}) subgroup on Test Methods,
The full report, by B.M. Venema-Keur, J. Axis, A.
Grasshofl, C.R, Hodge, 1.T. Holah. R. Kirby, I-F.
Maingonnat, €. Teigirdh and O. Cerf, is available
from: D.A. Timperley, Campden Food and Drink
Research Association (CFDRA), Chipping Campden,
UK GL535 6LD (tel. +44-386-840319; fax: +44-386-
B41306).

The EHEDG will cenify laboratories that intend to
apply the EHEDG test methods. For details, pleasc

contact D.A. Timperley a1 the above address.
L
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