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Prediction of histamine formation

Histamine formation by M. psychrotolerans can be predicted for vacuum
packed fresh tuna and it is markedly faster at 4.4 ‘C compared to 2.0 'C

D

Emborg & Dalgaard (2008b) - sssp.dtuaqua.dk

Prediction of histamine formation oty
-——
Salt is essential to prevent toxic concentrations of histamine in
chilled vacuum-packed cold-smoked tuna
>
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DTU Food Seafood Spoilage and Safety Predictor (SSSP) software — sssp.dtuaqua.dk
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Prediction of histamine formation in marine finfish

* New combined model for M. psychrotolerans and M. morganii predicts
histamine formation for a wide range of storage temperatures

* The model allows the effect of delayed chilling to be predicted

25°C for 22 h
5°C

Delayed chilling: 25°C for 17 h
Then chilled storage at: 5°C
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Seafood safety prediction — histamine formation =

Exercise 1: Morganella — effect of storage temperature

Histamine formation in fish can be due to both psychrotlerant and mesophilic
bacteria. Use the SSSP model ‘Morganella morganii and M. psychrotolerans

— growth and histamine formation’ to predict the effect of storage
temperatures between 0°C and 25°C on the time to toxic histamine formation:
- With an initial concentrations of 1 cfu/g for both M. morganii and M.
psychrotolerans predict the time to formation of 500 mg histamine/kg:

Temp. (°C) Most important bacterium
0°C
5°C

10°C

15°C

20°C

25°C

Time to 500 ma/kg

DTU Food 28/29
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Seafood safety prediction — histamine formation

i

Exercise 2: Morganella psychrotolerans — effect of NaCl and CO,

Histamine formation in chilled cold-smoked tuna can be due to
Morganella psychrotlerant. Use the SSSP model ‘Morganella psychrotolerans
— growth and histamine formation’ to predict the effect of salt (NaCl) and

storage atmosphere (% CO, in MAP) on histamine formation at 5°C:

- With an initial concentrations of 1 M. psychrotolerans/g predict the time to

formation of 500 mg histamine/kg in a product with pH 5.9:

% NaCl in water phase % CO, Time to 500 mag/kg
3% 0 %
3% 30 %
5% 0 %
5% 30 %

(Info. can help evaluate the effect of uneven salt distribution in smoked tuna)
DTU Food 29/29
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Seafood safety prediction 2

Presentation and PC exercises concerning Listeria monocytogenes
in ready-to-eat seafood

Paw Dalgaard
(pad@aqua.dtu.dk)
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Outline

- Predictive models for Listeria monocytogenes
- Why — predictive models
- Available predictive models for L. monocytogenes
- International validation study
- Application of models
- Examples

- Exercises
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Why — predictive models =

- The EU-regulation (EC 2073/2005) differentiates between ready-to-eat
foods that are able or unable to support growth of L. monocytogenes

Ready-to-eat foods Critical limit Comment
N in 25
Able to support growth 0?: TS) 9 When produced

It must be documented that 100
Able to support growth 100 CFU/g CFU/g is not exceeded within the
storage period

It must be documented that growth

Unable to support growth 100 CFU/g is prevented

- Documentation — product characteristics, challenge tests, predictive
models

- Similar criteria has been approved by the Codex Alimentarius
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Why — predictive models

M

- More people becomes sick from listeriosis

- Complex products — several parameters affects growth of bacteria
- Increased assortment of products

- Wish/demand for products with reduced content of preservation

- Regulations — documentation

- Fast answer

- Flexible

- Easy to use

- Knowledge about products characteristics and storage conditions
are needed



Predicting the growth of bacteria in food

| — Spoilage microorganisms
----- Pathogenic microorganisms

\

Critical concentration of
spoilage microorganisms

""" Critical concentration of
1 pathogenic microorganisms

Storage time

Conc. of microorganisms (Log cfu/g)

Predictive models for L. monocytogenes

- Growth and growth boundary model for L. monocytogenes in lightly
preserved seafood (Mejlholm and Dalgaard, 2009)

- Temperature \
- pH

- NaCl/water activity

- Smoke components (phenol)
- Nitrite

- CO,

Acetic acid

Benzoic acid

Citric acid

- Diacetat

- Lactic acid

Sorbic acid )
- Interactions between all these parameters
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Predictive models for L. monocytogenes

Growth model of Giménez and Dalgaard (2004) including the effect of
temperature, NaCl/water activity, pH, lactic acid, nitrite and smoke components

1

Expanded with terms for the effect of diacetate and CO, as well as interactions
between all the environmental parameters

|

Calibration of model to data for growth of L. monocytogenes in well-
characterised lightly preserved seafood (n = 41)

|

Growth and growth boundary model of Mejlholm and Dalgaard (2007) including
the effect of 8 parameters + interactions between all these parameters

|

Expanded with terms for the effect of acetic, benzoic, citric and sorbic acid as
well as their contribution to interactions between the environmental parameters

|

Growth and growth boundary model of Mejlholm and Dalgaard (2009) including
the effect of 12 parameters + interactions between all these parameters
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Predictive models for L. monocytogenes

Model of Mejlholm and Dalgaard (2009)

2
=T . a, — ay mi —
wompy | T Ton) | (@ ~ 8y min) J-t0@te a0 [qo_[LACLT | (P =P)
Tref _Tmin) (awcpl -a [MICUIaclic acid] P

| (NIT o —NIT) 2_(cozmax_COZequinbrium)_ 1- [DAC, ] 11- [AAC, ]
NIT CO; max [MIC y iacetare ] [MIC § cceic acia ]
,[1_ [BAC, ] ]_[1_ [CAC, ] ],[1_ [SAC, ] @
[MIC U benzoic acid ] [MIC U citric acid ] [MIC U sorbic acid ]

win ) mx

1 , w<05
Elp(e)) =12(1-y), 05<y<l
0 , w2l

Interactions between the environmental
parameters (Le Marc et al. 2002)

_ Pe,
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Predictive models for L. monocytogenes =

- Validated for a wide range of lightly preserved and ready-to-eat seafood
- Validation —» comparison of predicted and observed growth

- Growth rates

- Growth/no-growth

- Cooked and peeled shrimp
- Cold-smoked and marinated seafood

- Brined shrimp Increasing complexity
- Benzoic, citric and sorbic acid
- Acetic and lactic acid

o
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Predictive models for L. monocytogenes

1 of Foo

Journal of F Vol. 72, No. 10, 2000, Pages 21322143
Copyright @, Inte for Facd Protaction

Development and Validation of an Extensive Growth and Growth
Boundary Model for Listeria monocytogenes in Lightly Preserved
and Ready-to-Eat Shrimp

OLE MEJLHOLM* AND PAW DALGAARD

Seafood and Predictive Microbiology. Aquatic

v and Seafood Hygiene. National Institute of Aqt Resources (DTU Aqua), Technical
University of Den la k

watic
Plads, Building 221, DK-2800. Kgs. Lyngby, Denmark

MS 09-054: Received 4 Febmary 2009/Accepted 27 April 2009
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Predictive models for L. monocytogenes
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- Other predictive models for L. monocytogenes

- Pathogen Modeling Program (http://pmp.arse

CIES Forcumors Revenrch Soriicn

Pathogen Modaling Frogram (FMP) Online
oii—-——
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Predictive models for L. monocytogenes

rrc.gov/)

- Temperature

- Nitrite
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- Other predictive models for L. monocytogenes

- Combase predictor (http://www.combase.cc/)

Zi|Growth Predictor;

conc.(log cells{g)
1.00

167
233
3.00
3867
433
499
565
6.29
6.81

1000

N

697

LiBIalE Monocyiogenasiniocts wilh Scenpm ~

cvne. g )

0 4425 897
time (h)
:';‘;?:'II acetic(ppm) max 10000
Temp (C] pH Ay
min 1 14 0.924
max 35 75 1

= Q@
Predict . ZoomlIn

Growth model: Baranyi, J.and Roberts, T A 4
(1394): A dynamic approach to predicting
bacterial growth in fond. Intermational Joumal

- Temperature
- pH
- NaCl/a,,

- Acetic acid
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Predictive models for L. monocytogenes =
- Other predictive models for L. monocytogenes
- PURAC
{14 Opti.Farm Lister is pro 3 @BEE . Temperature
® " PH
Opti.Form  Listeria Control Model 2007 - NaCl
Growth of Listeria monocytogenes:
5 - Nitrite
- Mixtures of

organic acids
- Acetic acid
- Diacetate

- Lactic acid
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- Predictive models for Listeria monocytogenes
- Why — predictive models
- Available predictive models for L. monocytogenes
- International validation study
- Application of models
- Examples

- Exercises
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International validation study

M

- Objective — to evaluate and compare the performance of
existing predictive models for L. monocytogenes on

- A large number of data from different ready-to-eat foods

- Data from different laboratories and countries

DTU

International validation study =
Parameters included in the models

Predictive Tem NaCl/ H Smoke CO. Nitrite Acetic acid/ Lactic Inter-

Models P-4, comp. 2 diacetate  Acid actions

Delignette-Muller _ _ _ _ _ - - -
et al. (2006)

Augustin et al.
(2005)

Zuliani et al.
(2007)

PURAC (2007)

DMRI (2007)2

Mejlholm and
Dalgaard (2009)

a Danish Meat Research Institute
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International validation study
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Number of growth responses for L. monocytogenes

Products Growth No-growth Total
Meat 442 260 702
Seafood 160 33 193
Poultry 50 14 64
Dairy 55 0 55

707 307 1014

- Collected from 37 independent sources (published and unpublished data)
- More than 20 different types of products
- 50% of the products were added acetic acid/diacetate and/or lactic acid

- More than 100 different isolates of L. monocytogenes
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International validation study

M

- Growth rates (M.,
- Calculation of bias and accuracy factors
- Bias factor = 1.0 — predicted growth is equal to observed growth
- Bias factor > 1.0 — predicted growth is faster than observed growth
- Bias factor < 1.0 — predicted growth is slower than observed growth

- Bias factor — to graduate the performance of models (Ross, 1999)
- 0.95-1.11 —» Good
- 0.87-0.95 or 1.11-1.43 — Acceptable
- < 0.87 or > 1.43 —» Unacceptable

- Growth/no-growth responses
- Correct predictions
- Fail-dangerous predictions
- Fail-safe predictions



[ ]
—
=

International validation study 22
Predicted growth boundary
T / No-growth
area
m B Correct
E =+
)
B Fail-safe
% T M Fail-dangerous
©
a -
M Correct
Growth
T area
Parameter A
M Growth observed M No-growth observed
. . . DTU
International validation study =
Bias/accuracy factors
Products n I\IiSIIIig?:tZI- Augustin et Zuliani et PURAC DMRI Mejlholm &
(2006) &l (2005) al. (2007) (2007) ~ (2007) Dalgaard (2009)
Meat 702 2.3/2.4 2.1/2.5 1.3/2.1 1.4/1.8 1.1/1.5 1.0/1.5
Seafood 193 1.7/1.8 0.7/1.9 1.2/1.6 1.3/1.5 1.4/1.6 1.0/1.4
Poultry 64 1.5/1.9 2.0/2.1 1.0/1.5 1.0/1.5 1.2/1.5 0.9/1.5
Dairy 55 0.7/1.6 0.9/1.3 1.0/1.3 0.9/1.3 1.3/1.6 0.9/1.3
Total 1014 2.0/2.2 1.8/2.3 1.3/1.9 1.3/1.7 1.2/1.6 1.0/1.5
3 < > 3z 2
o o o o o 3
o o D D D o
D ] e T °
2 =3 5 o )
Q Q o o o
=X =2 o [} [}
] []
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International validation study =
0.70 + Mejlholm and Dalgaard (2009)
0.60 +
E 0.50 +
o
? 040+
o
Q
g 0.30 +
c
g 0.20 1
O
0.10 +
O All data (n = 640)
Bias/accuracy factors = 1.0/1.5
0.00 +
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
Growth rate - observed
) o DTU
International validation study =
Bias/accuracy factors
Products n ﬁf::gpgtgf Augustin et Zuliani et PURAC DMRI Mejlholm &
(2006) - (2005) al. (2007) (2007)  (2007) Dalgaard (2009)
Meat 702  2.3/2.4 2.1/2.5 1.3/2.1 1.4/1.8 1.1/1.5 1.0/1.5
Seafood 193  1.7/1.8 0.7/1.9 1.2/1.6 1.3/1.5 1.4/1.6 1.0/1.4
Poultry 64 1.5/1.9 2.0/2.1 1.0/1.5 1.0/1.5 1.2/1.5 0.9/1.5
Dairy 55 0.7/1.6 0.9/1.3 1.0/1.3 0.9/1.3 1.3/1.6 0.9/1.3
Total 1014 2.0/2.2 1.8/2.3 1.3/1.9 1.3/1.7 1.2/1.6 1.0/1.5

Without the effect of
acetic and lactic acid
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International validation study

0.70 T Augustin et al. (2005)
0.60 +
e) £
S 0.50
-
Q
e)
© 040 ¢
o
'
£ 0301
R
o
2 020 ¢
3 .
=
V]
0.10 + B Product with acetic acid/diacetate and lactic acid (n = 211)
Bias/accuracy factors = 3.1/3.3
O Product without acetic acid/diacetate and lactic acid (n = 392)
0.00 + Bias/accuracy factors = 1.2/1.9
1 1 1 1 1 1 1 ]

000 0.10 020 030 040 050 0.60 0.70

Growth rate - observed
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International validation study

i

Percentage of correct growth/no-growth predictions

Delignette-

Products n Muller et al. Augustin et Zuliani et PURAC DMRI Mejlholm &
(2006) al. (2005) al. (2007) (2007) (2007) Dalgaard (2009)

Meat 702 63 76 82 65 81 86
Seafood 193 83 70 89 83 86 96
Poultry 64 78 78 84 78 95 97
Dairy 55 100 100 100 100 100 100
Total 1014 70 76 85 71 83 89
Fail-dangerous (%) 0 9 10 0 4 5
Fail-safe (%0) 30 15 5 29 13 6

Interaction (+/-) - + + - + +
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International validation study

M

- The performance of six predictive models for L. monocytogenes was
evaluated on more than 1000 data sets from ready-to-eat foods

- To predict growth in complex foods — predictive models with a
corresponding degree of complexity are needed

- Predictive models can be generally applicable — product specific models
are not necessarily needed

- Ready to be used for assessment and management of food safety
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Outline

M

- Predictive models for Listeria monocytogenes
- Why — predictive models
- Available predictive models for L. monocytogenes
- International validation study
- Application of models
- Examples

- Exercises



[ ]
—
=

Application of models - examples

M

2. Seafood Spoilage and Safety Pred
File Options Help

Time-Temperature Integration Software
= Seafood Spoilage and S afety Predictor [SS5P)
=)~ Relative rate of spoilage (RRS) models
Fresh seafood from temperate waters
Fresh seafond fram tropical waters
Cold-smoked zalmon
Cooked and brined shrimps
RRS models with user-defined temperature characteristics
Comparizon of observed and predicted RRS data
=) Microbial spoilage models [MSh4]
Photobacterniurm phosphoreun
H25-producing Shewanella
tS models with uzer-defined parameter values
Comparizon of observed and predicted data
Histamine formation models
=) Listeria mohocytogenes in chilled seafood
Growth boundary of L. monocytogenes
Listeria monocytogenes and lactic acid bacteria [LAE]

e
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Application of models - examples
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Product development/reformulation
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1 » Reduced content of salt: 3.0 - 2.0 % NaCl in the water phase
g
= o - Higher pH: 5.7 - 6.1
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Application of models - examples
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Product development/reformulation

__ Inette eg s on L. wrncapangene = B
[ 1 L .
A e rum i

Product 1 L] ety Iw\.q | Mo bl

P2 ara e P i
(e - [ [

Nl ? Benzoic and sorbic acids are not suitable for preservation of

. products with high pH — concentrations above the legal limit of

- 2000 ppm are needed to prevent growth of L. monocytogenes
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Application of models - examples
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Product development/reformulation
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Application of predictive microbiology models

Product development Quality control

(Taget characteristics) (Acceptable variation)

Validated

Predictive model

Customers Authorities

(Documentation) (Documentation)

Outline
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- Predictive models for Listeria monocytogenes
- Why — predictive models
- Available predictive models for L. monocytogenes
- International validation study
- Application of models
- Examples

- EXxercises
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Application of models - exercises
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Exercise 1: Growth of L. monocytogenes

Model: Listeria monocytogenes in chilled seafood — growth of L. monocytogenes

A ready-to-eat food has the following characteristics:
- Temperature: 5 °C

- 2.5% NaCl in the water phase

- pH6.1

- Smoke components: 8 ppm phenol

- 25% CO, at equilibrium

- 500 ppm acetic acid in the water phase

- 8000 ppm lactic acid in the water phase

- Initial concentration of L. monocytogenes = 1 CFU/g
- Storage period (shelf life) = 21 days
- No lag time for L. monocytogenes
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Application of models - exercises

Exercise 1: Growth of L. monocytogenes - continued

a) Is growth of L. monocytogenes prevented in this product? Yes/no. If no —
what is the concentration of L. monocytogenes following storage for 21
days at 5 °C
Answer: (CFU/qg)

b) How much should the concentration of acetic acid be increased to
prevent growth of L. monocytogenes at 5 °C
Answer: From 500 ppm acetic acid to ppm acetic acid

¢) How much should the concentration of acetic acid be increased to
prevent growth of L. monocytogenes at 5 °C if the concentration of
smoke components is 15 ppm phenol instead of 8 ppm phenol
Answer: From 500 ppm acetic acid to ppm acetic acid
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Application of models - exercises

Exercise 1: Growth of L. monocytogenes - continued

d) Use the initial characteristics from question a) and predict the
concentration of L. monocytogenes at the end of the following storage
period: 14 days (336 hours) at 5 °C (retail) + 2 hours at 15 °C
(transport) + 7 days (168 hours) at 8 °C (home storage)

Answer: log (CFU/g)

e) After how many days will the product reach the critical limit of 100

CFU/g (= 2 log CFU/g)
Answer: days
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Outline

- Predictive models for Listeria monocytogenes

- Why — predictive models

- Available predictive models for L. monocytogenes
- International validation study

- Application of models
- Examples

- EXxercises



Application of models - examples =

Distance to the growth boundary (psi-value)
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Psi (v) —» measure of the distance between sets of
environmental parameters (i.e. product characteristics and
storage conditions) and the predicted growth boundary
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Application of models - examples

M

MIC organic acid B

+ Predicted growth boundary (v = 1.0)

4

No-growth
area

Organic acid B

i Growth
area

v p1oe aluebio DN

Organic acid A




Application of models - examples
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T MIC organic acid B
1. e No-growth
~~~~~~~~~~~~~~ area
m T
o]
o 4
]
Q
c 1 3
@
(@) |
frast %
o 1 Y
Growth
area “ y '
L L L L

v pioe oluehlo DN

Organic acid A

Application of models - examples
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Distance to the growth boundary (psi-value)
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Variability in product characteristics and storage conditions
- Temperature: 5 °C —» 8 °C
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Application of models - examples
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T MIC organic acid B
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Application of models - examples
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Distance to the growth boundary (psi-value)
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Variability in product characteristics and storage conditions
- Temperature: 5 °C —» 8 °C
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ot = Benzoic acid: 1100 ppm — 900 ppm

. - Sorbic acid: 1000 ppm — 800 ppm
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Application of models - examples
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T MIC organic acid B
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Application of models - examples
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Distance to the growth boundary (psi-value)
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1 ? Variability in product characteristics and storage conditions
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- Benzoic acid: 1100 ppm — 600 ppm
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Application

DTU
of models - examples =
7 MIC organic acid B
T e a No-growth
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Application of models - examples =
- International validation study
il- si-value
Predictive model Fail da_ng_erous psi-valu
predictions (mean + SD)
Mejlholm & Dalgaard (2009) 47 1.22+0.31
- Safety factor (psi-value) - mean + 2 SD = 1.84
Product Temp. NacCl Phenol CO, Acetic acid Lactic acid psi-value
(GO NN 1)) (ppm)  (%0) (ppm) (ppm)
A 5 40 6.0 0 0 2000 9000 1.0
B 5 40 5.9 0] 25 3450 13000 1.84
C 5 26 59 10 0 3450 13000 1.84



... Listeria monocytogenes growth boundary model

=1 =Ty i Ll
Product charactenstics
T atas T 2-15°C Drganic acids in water pahze of product
NaClin watet phase % [ 38 oax Acelic acid (ppm) 0-11000
H [ 60  5g.77 Berzoic acid (o) 0-1200
Smoke conpanents - phenolpen] | o o Chic acid o) 0-6500
% 002 in headspace gas at equibium % p-1m0% Dlacie (o) 0-2000
i, mo/kg I o 0w Lacticacid ppr] S
Psi (W}value for boundaty to be plotted Sabic acid (ppm) 0-1000
m;miﬁbmﬁ”w Fixed levels of the first variable are plotted for various Temperatuse-Benzoic acid-Sorbic acid 3 i [ Apph
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- Predictive models for Listeria monocytogenes
- Why — predictive models
- Available predictive models for L. monocytogenes
- International validation study
- Application of models
- Examples

- Exercises
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Application of models - exercises

Exercise 2: Distance to the growth boundary (psi-value)

Model: Listeria monocytogenes in chilled seafood — growth of L. monocytogenes

For a ready-to-eat food the following variability in product characteristics
and storage conditions has been registered:

- Storage temperature: 5.0-7.0 °C

- 3.0-4.0% NaCl in the water phase

- pH5.9-6.1

- Smoke components: 5-12 ppm phenol

- 20-30% CO, at equilibrium

- 2000-3000 ppm acetic acid in the water phase

- 7000-12000 ppm lactic acid in the water phase

- Initial concentration of L. monocytogenes = 1 CFU/g
- Storage period = 30 days
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Application of models - exercises

Exercise 2: Distance to the growth boundary (psi-value) - continued

a) Predict the psi-value for the least and most preserving combination of product
characteristics and storage conditions
Answer: Psi = and for the least and most preserving
combination of product characteristics and storage conditions

b) How much should the concentration of acetic acid be increased to obtain a psi-
value of 1.0 for the least preserving combination of product characteristics and
storage conditions?

Answer: From 2000 ppm acetic acid to ppm acetic acid

c) By mistake the concentration of CO, is only 5% in the packages. How much is the
psi-value reduced for the most preserving combination of product characteristics
and storage conditions, and would it be necessary to repack the product? Yes/no
Answer: From 1.90 to
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Exercise 2: Distance to the growth boundary (psi-value) — continued

d) Type in the most preserving combination of product characteristics and storage
conditions from exercise 2a). Rank the parameters (temperature, NaCl, pH,
phenol, CO,, acetic acid and lactic acid) in descending order with respect to their
impact on the distance to the growth boundary (psi-value) (use changes as
indicated in the table)

Exercises - solutions

Parameters Change Psi-before | Psi-after Psi-change Rank
Temperature 5°C—>7°C 1.90 1.55 0.35
NacCl 4% — 3% 1.90
pH 59-56.1 1.90
Phenol 12 ppm — 5 ppm 1.90
CO, 30% — 20% 1.90
Acetic acid 3000 ppm — 2000 ppm 1.90
Lactic acid 12000 ppm — 7000 ppm 1.90
DTU
—
——
—
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Exercise 1: Growth of L. monocytogenes - continued

a) Is growth of L. monocytogenes prevented in this product? Yes/no. If no —
what is the concentration of L. monocytogenes following storage for 21
days at 5 °C
Answer: 1.5 log (CFU/Q)

b) How much should the concentration of acetic acid be increased to
prevent growth of L. monocytogenes at 5 °C
Answer: From 500 ppm acetic acid to 2800 ppm acetic acid

¢) How much should the concentration of acetic acid be increased to
prevent growth of L. monocytogenes at 5 °C if the concentration of
smoke components is 15 ppm phenol instead of 8 ppm phenol
Answer: From 500 ppm acetic acid to 1740 ppm acetic acid

=
-
=
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Exercise 1: Growth of L. monocytogenes - continued

d) Use the initial characteristics from question a) and predict the
concentration of L. monocytogenes at the end of the following storage
period: 14 days (336 hours) at 5 °C (retail) + 2 hours at 15 °C
(transport) + 7 days (168 hours) at 8 °C (home storage)

Answer: 2.5 log (CFU/qg)

e) After how many days will the product reach the critical limit of 100
CFU/g (= 2 log CFU/g)
Answer: 18.6 days
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Exercise 2: Distance to the growth boundary (psi-value)

a) Predict the psi-value for the least and most preserving combination of product
characteristics and storage conditions
Answer: Psi = 0.68 and 1.90 for the least and most preserving combination of
product characteristics and storage conditions

b) How much should the concentration of acetic acid be increased to obtain a psi-
value of 1.0 for the least preserving combination of product characteristics and
storage conditions?

Answer: From 2000 ppm acetic acid to 5010 ppm acetic acid

c) By mistake the concentration of CO, is only 5% in the packages. How much is the
psi-value reduced for the most preserving combination of product characteristics
and storage conditions, and would it be necessary to repack the product? Yes/no
Answer: From 1.90 to 1.80
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Exercise 2: Distance to the growth boundary (psi-value)

d) Type in the most preserving combination of product characteristics and storage
conditions from exercise 2a). Rank the parameters (temperature, NaCl, pH,
phenol, CO,, acetic acid and lactic acid) in descending order with respect to their
impact on the distance to the growth boundary (psi-value) (use changes as
indicated in the table)

Parameters Change Psi-before | Psi-after Psi-change Rank
Temperature 5°C—>7°C 1.90 1.55 0.35 2
NacCl 4% — 3% 1.90 1.84 0.06 6
pH 59-56.1 1.90 1.32 0.58 1
Phenol 12 - 5 ppm 1.90 1.72 0.18 5
Cco, 30% — 20% 1.90 1.84 0.06 6
Acetic acid 3000 ppm — 2000 ppm 1.90 1.62 0.28 4
Lactic acid 12000 ppm — 7000 ppm 1.90 1.56 0.34 3
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Seafood safety and shelf-life prediction -
a one-day workshop
14th January 2010, Reykjavik, Iceland
Evaluation

Name (can be anonymous)

Has the workshop been useful in relation to the
work you perform today and/or expect to carry

out in the future?

Within which area do you expect primarily to
use predictive models/computer software in
relation to your work with seafood (shelf-life,

safety, both or maybe not at all)?

Has the activities included in the workshop
been sufficient for you to use the SSSP

software within your future work?

Please suggest topic(s) that you feel should be

included in future workshops of this type

Please suggest topic(s) that you feel should be

excluded from future workshops of this type

Other suggestions?






