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OD660

Time (d)

Fig. 2 Effects of temperatures on the growth of
Sporosarcina globispora
Medium : trypticase sov broth (pH 7.3, NaCl 0.5%)
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D-value (min.) z-value
spectes 82.5C | 87.5C | 90°C |92.5°C | 95°C | 100°C (C)
S, globispora 24,6 3.8 — 1.2 — — 7.6
S. psychrophila — — 3.6 — 1.5 0.5 11.7
P polymyxa — — — 1.5 0.7 0.3 13.3
. putrefaciens — — 5.9 3.0 1.6 — 8.8
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K341

Phenomenon z (°C)
heat denaturation of whey proteins 7
Bacillus stearothermophilus spores 10
Maillard reaction 13:9
heat denaturation of Casein 25
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Schematic process flow of a rotary Fullwater immersion autoclave(retort) (Type SRZ)

https://www.youtube.com/watch?v=cLtjgnIKGgA
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5 110 115 120 120 120 120 120 120 120 120
LEAF F121.1/105E 1 5EEJE FWWF4 >
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F121.1/10 7.31
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Inviscid Core Boundary Layer
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Laminar and turbulent flow

P P2 P P2

C 2
v

Vimax

PPy Velocity ‘

ickly at the centre of the tube and not
essentially flat, with all fluid travelling

50

Velocity

During laminar flow (smooth, steady flow) the flow profile is parabolic, with the fluid tra
moving at the edges of the tube. During turbulent flow (fluctuating and agitated flow) th
at the same velocity except at the tube edges where flow velocity is zero.
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IF|Ps

Institute For Thermal Processing Specialists

Document G.005.V1

GUIDELINES FOR MICROBIOLOGICAL VALIDATION OF THE
STERILIZATION OF ASEPTIC FILLING MACHINES AND
PACKAGES, INCLUDING CONTAINERS AND CLOSURES
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6.7. Determination of Microbiological Challenge Locations for the Packaging
Material Sterilization

6.7.1. Depending on the technological solution adopted by the manufacturer, the
packaging material may first be sterilized and then aseptically formed into
packages, the packages may be formed under non-aseptic conditions and
then be sterilized, or the packaging material can be pre-sterilized.

6.7.1.1.

6.7.1.2.

6.7.1.3.

6.7.1.4.

Every spot on the surface of the packaging material or a preformed package may not
receive the same sterilization.

There may exist one or more spots on the surface of the packaging matenal, the
“weakest point,” that is likely to receive the least sterilization dose.

With the aid of physical, chemical and geometrical considerations, including fluid-
dynamic modelling, the package or packaging matenal should be "mapped” to
determine the weakest points.

In principle, the microbiological validation could concentrate only on the weakest
points, but it is advisable to challenge several spots to confirm that the weakest spots

have been correctly chosen.



6.9. Develop a Protocol for Validation Testing

6.9.1. Test Methodologies for Microbiological Validation of Sterilization
Processes

6.9.1.1.

6.9.1.2.

6.9.1.3.

In general, microbiological validation provides evidence that the
processes applied for machine and package sterilization deliver a LCR
higher than a stated target value for a suitable test organism.

There are a variety of test methods that may be used for
microbiological validation of any sterilization process. References are
available that provide more detail on these methods. Generic
information is provided in this document for the most common
microbiological validation test methods.

Count Reduction Test — The Count Reduction test is based on knowing
the initial count on the inoculated carrier/substrate and then recovering
and enumerating the number of microorganisms that have survived the
sterilization process. This method requires the presence (recovery)
and enumeration of surviving test microorganisms. The experiment
should be designed so that the colony forming units are in the
countable range when the target LCR is achieved. Absence of
surviving organisms indicates that the target LCR has been exceeded.
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6.9.1.4.

End Point Test — The End Point test is based on exposing inoculated

carriers/substrates with known initial counts to the sterilization process,
incubating the carriers/substrates using appropriate methods (e.qg.,
media and growth temperature) and observing for growth of surviving
microorganisms. A binary response—growth or no growth—is
obtained, where “no growth” implies sterility of the sample. Estimation
of mean survivor load is done using statistical tools when several
replicate samples are available, some of which show growth. This
method can also be applied to a single inoculated sample; in that case,
no growth (sterility) of the sample is required for the test to be
considered successful though the uncertainty associated with the
binary information should be taken into account.
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6.9.2. ldentifying the Target Organism and the Target Log Reduction

6.9.2.1. The purpose of microbiological validation is to demonstrate that
commercial sterility is achieved.

6.9.2.2. The identity of the target organism for the specific sterilization process
and the required logarithmic cycle reduction must be determined,
justified and documented.

6.9.2.3. The target organism is the pathogenic microorganism of public health

concern that is most resistant to the specific sterilization process being
employed.

6.9.2.3.1. Clostridium botulinum has historically been considered the target
organism for sterilization by moist heat, dry heat, and peroxide
sterilization technologies.

6.9.2.3.2. For some sterilization technologies, more than one target organism
may also have to be considered, for example, Bacillus cereus.
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Sterilization Process

Common Surrogate
Microorganisms

Comments

Saturated Steam/
Superheated Water

Superheated Steam &
Dry Heat

Hydrogen Peroxide +
Heat

Hydrogen Peroxide + UV

Peroxyacetic Acid

Clostridium sporogenes
Geobacillus
stearothermophilus

Geobacillus
stearothermophilus
Bacillus polymyxa
Bacillus atrophaeus’

Bacillus atrophaeus’
Bacillus subtilis

Bacillus atrophaeus’
Bacillus subtilis

Bacillus atrophaeus’
Bacillus subtilis SA 22

This sterilization process is unlikely to apply to the
aseptic filler. Product pathway is a possible exception.
Use of G. stearothermophilus, a thermophilic
microorganism, is advantageous in that it eliminates
and/or reduces the need for aseptic technique when
recovering exposed carriers.

Microorganisms listed are used when mode of
microbiological inactivation is dry heat.

It is customary to use spores of these organisms when
testing the effectiveness of packaging sterilization
devices utilizing PAA (VDMA, 1997). No generally
accepted surrogate organism has yet to be identified
for compliance with US FDA regulations.
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5.2 Test method

i) Investigation of the critical process parameters prior to the test run is recommended (e.g.
concentration of the hydrogen peroxide, temperatures)

i) Provision of at least 25 packaging units’ which for the test have been inoculated under the
same conditions. Each packaging unit has an initial microorganism count of at least 10° spores for
the test.

iii) Determination of the initial count IC for 5 artificially infected packaging units from ii). To get
out the microorganisms from the inner surface of the containers, they are rinsed with a test
medium. On sheet packaging the microorganisms are removed by swabs in accordance with DIN
10113-2. Determination of the recovery rate RR in accordance with the following formula:

RR=1/5(Z(IC/IC))*100
IC;: empirically determined initial count for packaging uniti; i=1, ....,5
IC: theoretical initial count.

iv) Setting of the specified machine parameters. It is advisable for the machine manufacturer
and the machine operator to jointly agree the parameters.

V) Introduction of at least 20 infected packaging units into the filling machine. In multiline filling
machines the infected packaging units have to be uniformly distributed across the individual lines
with the filling line to be mentioned on the individual packaging units. When there are more than 2
lines it has to be ensured that at least 10 packaging units can be investigated on each line. The
total number of packaging units to be introduced has to be correspondingly increased.



V) Introduction of at least 20 infected packaging units into the filling machine. In multiline filling
machines the infected packaging units have to be uniformly distributed across the individual lines
with the filling line to be mentioned on the individual packaging units. When there are more than 2
lines it has to be ensured that at least 10 packaging units can be investigated on each line. The
total number of packaging units to be introduced has to be correspondingly increased.

vi) Carrying out the test run. If possible the packaging units should be filled during the test run
to 25 % of the nominal filling volume with sterile skimmed milk cooled to room temperature or a
sterile, pipettable or filterable liquid. The packaging units are to be cooled immediately after filling.
The test data are then documented.

vii) If during the test run the packs are not filled with a test medium the sterilized packaging
units are to be passed on as quickly as possible after the test run for microbiological analysis in
order to avoid falsification of the test results.”

viii) Determination of the survivor count (SC) for each of the arificially infected packaging units.

iX) Calculation of the microorganism count reduction (for worked example see Appendix Il).
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Code of Practice
Testing the Effectiveness of Aseptic Plants Fitted with Packaging
Sterilization Devices

Mean logarithmic count reduction =
log(Initial count) — log(Final count) =
log(IC) — log[((1/PU)*£SC;)*100/RR]
PU: Total number of artificially infected packaging units examined

In the case of multiline filling machines analysis of the results from the individual lines is
recommended.

X) The test yields a positive result when for each line investigated at least the mean count
reduction previously set is achieved.
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6.1 General procedure

In the end-point test the packaging is also artificially inoculated with test microorganisms as in the
count reduction test but in this case in three graduated infection stages each being greater by a
power of ten than the one before.

The main difference with respect to the count reduction test is that in the end-point test the
artificially infected packaging is filled with a sterile culture medium matched to the test
microorganism and after an incubation phase only the number of unsterile packaging units is
determined. Beyond the effectiveness of the packaging material sterilization the end-point test
provides information about the entire process from supplying the product and filling through
recontamination-free closure of the packs.

/1



6.2 Test method
i) Performance test using packaging units which have not been artificially infected” (optional).

i) Provision in each case of at Ieast 100 packaglng units selected for the test each unit having
an initial microorganism count of 10°, 10° or 10" spores of the test microorganism.'™ "

i) Uniform distribution of the packaging units over the packaging lines in the case of multiline
filling machines.

iv) Setting of the predetermined machine parameters. It is advisable for the machine
manufacturer and the machine operator to jointly agree the parameters.

V) Test run using the test medium (e.g. sterile skimmed milk or a culture medlum matched to
the test microorganism). Incubation of the closed packs (at least one week at 30 °C)™. The number
of unsterile packs is then determined . Unsterile packs are to be investigated with regard to the
microorganisms which occur.™

vi) Determination of the mean logarithmic cuunt reduction for each of the three levels of
contamination according to the following formula™ (for worked example see Appendix I11):

Mean logarithmic count reduction =
log (Initial count per pack) — (log In (Number of packs tested/Number of sterile

packs))

Vi) The test yields a positive result when at least the previously established value for the mean

count reduction is achieved for each test series.
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Code of Practice

Testing Aseptic Plants: Sterilizing the
Sterile Zone in a Machine Interior



4.2 Test method

i) Prior to the test the points in the sterile zone of the machine interior relevant for sterilization
and hence to be checked have to be identified. In doing so the involvement of the machine
manufacturer is advisable.

i) Preparation of the required numbers of test strips respectively inoculated with 10°, 10* and
10” microorganisms (for instructions see Appendix I1).

iii) Introduction of the test strips into the clean and dry machine paying particular attention to
the relevant positions for sterilization identified under i).

/5



Appendix |
Test microorganisms for aseptic plants

Survey by Bernard et al. (1990)

Sterilization method Test microorganism
Superheated steam Bacillus stearothermophilus
B. polymyxa
Dry heat B. stearothermophilus
H,O, + heat B. subtilis A or B. subtilis var. globigii
H,O, +UV B. subtilis A.
Heat of formation B. stearothermophilus
Gamma radiation B. pumilus
Wet heat B. stearothermophilus
Clostridium sporogenes

/6



eI T1YVIICHITHZIERERR
¢ i)

PEITFAVIIID A TSAIBE
BY GER- Bk E TO)ERHE

%W’(\)ﬂ'ﬂ('tﬁlﬁb\umg NTLES%
Geobacillus stearothermoph/lus ZFa%E 5B
UFFT=ANIY D T—TREE RICILTZ7R0)

TR BRI mmRIXEIZREIVITFLY

cEYV1HBDVENENDFESICKVEFRITOD ARk
5L\|El:§ﬁ0),mzﬁ. BDH TEHMHREETHEH

Z\\ee e UL
/7




VDMA

VDMA-Documents
Food Processing Machinery
and Packaging Machinery

Aseptic Production Lines:

Unsterility Risks in Product and Feed
Lines
- Planning and Installation Faults

/8



3.1 Case study: “Liquid and air pockets”

Air pocket

-

U

Water pocket
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3.3 Case study: “Cleaning silhouette”

In a length of pipe of relatively large cross section which is filled at the start of production an air
pocket forms during production due to outgassing from the product. This can give rise to “cleaning
silhouettes™ during cleaning.

Air accumulating during
production in the upper length
of pipe can result in cleaning

silhouettes
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3.4 Case study: “Change in pipe cross section”

When narrowing or widening of a pipe is incorrectly carried out water pockets or air bubbles may
form. There is the risk of cleaning silhouettes in zones of low turbulence.

“Pipe widening”

==

%

3

*
r

EO///

Transitions of inherently correct shape form an undrainable water

pocket due to incorrect installation position. 8 1



3.5 Case study: “Dead lengths of pipe”

"Death length of pipe"

s
%
S

Lengths of product line which, for
example, are brought into operation
only during a cleaning phase fill up
with product on starting up again
under sterile conditions and this
remains enclosed there for relatively
long periods of time.
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3.8 Case study: “Dead spaces”
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Problem:
In the dead spaces the exchange of liquid with the main stream
is inadequate.

The consequences are:

+ |ong residence time for the product

+ cleaning silhouettes

« risk of accumulation of product residues.

All of this favors microorganisms being left behind which may
grow later.
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Rough Bacterial ldentification Scheme

* Coryneform group

- Bacillus Nigrosin

» Actinomyces | = Micrococci

« Lactobacillus I ! » Staphylococc

* Pseudomonas RODS coccl » Sarcina

+ Enterohacteriaceas = Streptococci

+ Alkaligenes * Pediococci

* Agromonas

* Serratia

GRAM STAIN CATALASE
+ -
+ - l | l
* Bacillus * Pseudomonas = Micrococci « Streptococci (chains)
« Actinomyces - Enterobacteriaceae + Staphylococci * Pediococci (packets)
« Lactobacillus ileﬁ;ﬂﬁiggz » Sarcina (tetrads)
= Conyneform grou
M grotp = Serratia
CATALASE OXIDASE
+ | -
) : -
«Lactobacillus l ¢
« Pseudomonas (no gas) * Enterobacteriaceae (gas from glucose)
« Aeromonas (gas) » Alkaligenes (no gas from glucose)

* Sermatia (no gas from glucose, red colonies on TCA at 20°C)

87

« Bacillus {(Rods in Chains & Spores)
» Actinomyces (filamentous)
» Conyneform group {imegular, coccobacilli, no spores)



Gram Oxidase/ Name Fat Protein Lactose Sugars Product
Katalase colour
MNeq. Oxidase Pseudomonas Soapy/ Coagulation No Gas No Gas No effect
positive Ransic Heat resistant Small pH
Heat resistant enzymes change
ENZYmes
Neq. Oxidase Enterobacteriaceae | - Coagulation Acid + Gas More Acid + | Change
negative No heat Gas due to pH
resistant drop
enzymes
Pos. 3%:mlase Lactobacillus - Coagulation Acid + Little Acid + Little | Change
gative Separation due | Gas Gas due to pH
to lactic acid drop
formation
Pos. Katalase Streptococcus - Coagulation Acid + Gas Acid + Gas {-)
negative pH=<5
Pos. Katalase Sarcina + - - (+) {-)
positive Staphylococcus + - - (+) {-)
| _— WHTTOCoCCUuS - - - B -
Pos. Katalase Bacillus Soapy / Coagulation (-) (-} ()
positive Ransic pH~52-58
Heat resistant
enzymes
— |
Pos. Katalase Actinomyces T 1+ T+7 {+) {-)
positive
Gram Oxidase/ Name Smell Source TPC Heat Temp.
Katalase resistant killed
MNeg. Oxidase Pseudomonas Fishy Water “Greenish” - 75°C
positive Cabbage Enzymes
Fruity +
MNeg. Oxidase Enterobacteriacea “Dry shit™” Faeces Mo colour - 75°C
negative Acid Air ENZYyMes -
“Everywhere"
Pos. Katalase Lactobacillus Pleasant Sewage - 85°C
negative Acid, Fermented
Butter smell | products
Pos. Katalase Streptococcus Sewage - 85°C
negative Fermented
products
Pos. Katalase Sarcina (-} Paper Yellow/big - 70°C
positive Staphylococcus (-) Human Gold - T0°C
Micrococcus (-) Air Rediyellow - 100°C
Pos. Katalase Bacillus Flat/bitter Dirt/soil Sporeforming + 20M20°C
positive 4"140°C
Pos. Katalase Actinomyces Soil “Powder™ 4+ 100°C
positive




Step 1 : Overview of the installation

UHT 1

UHT 2

UHT 3

AT1

AT 2

AT 3

AT 4

AT S

ATH

AT 7

UHT 4

—

AT 8

-

AFM 6

AFM 7

AFM 8
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Systematic trouble shooting
data collection : Pattern

# defects filler A # defects filler B
40 Mo. of Defect
30 [ ]
20 .
[ ]
10 " d
* b
i . NE SN 0N ¥ )

1.11
" 1 | | | | 1 1 1 | | | | 1 1 1 [} 1 1 | |
Filler A B e 8 mmn
11 1 |} |} |} |} | | |} | | | | 1 |} | | | | |

Filler B ] T Dl n

Filler C
AT _l Ll L 1 1 1 II_I L 1 L L L 1 1l 1 1 1 L L L 1l L L 1
1 11 1 1 1 1 11 1 I 1 1 1 I 11 I 1 1 11 1 1 I
UHT — _E—
| 11 1 L L | ] 1 L | 1 1 L ] | 1 | ] 1 1 L JE PR P
0 1 2 3 4 5 B 7 8 a 10 11 12 13 14 15 16
Time

Steriization | ISRRISRERN] v stop | wormai siop

| PATTERN NO. 2 | PATTERN NO. 4 | PATTERN NO. 5

PATTERN NO. b PATTERN NO. 9
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55°C

30°C

55°CYH > FILBE

30°CY > FILEBE
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@ N -'

@ UHT installation

Steam

Product line between
Aseptic Tank and
A-valve of filling machine

Walve arangement

with sieam barrier

%
YD)

nk

@ Drainaga CIP

e

<€

Product line between
A-valve and steam barrier
& end valve cluster

@ Aseptic Filling machine *®
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PATTERN NO. 2 PATTERN NO. 4 PATTERN NO. 5 PATTERN NO. 6 PATTERN NO. 9
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Learning from incidents in Japan

Tetra valve “B”

Found small residual fouling on

the inside surface of valve
body after CIP

Valve Stem




Learning from incidents in Japan

T GCo valve “C”

Found small residual fouling on
the surface after CIP where
steam barrier is applied in the
back side of valve stem




Learning from incidents in Japan

T Co. valve “A”

Found no remarkable residual
after CIP
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