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• Ex. :

– Spoiling m.o.

– Pathogenic m.o. (including toxins)
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• Ex. :

– Glycolysis

– Proteolysis

– Lipolysis

– Enzymatic browning

⇒⇒⇒⇒ Enzymes
� reaction rate is function of substrate concentration, 

temperature, pH, …

� denaturation by heat, extreme acidity/alcalinity, high 

ionic strength, …

⇒ also by M.O. (or added ingredients)

A. Clinquart et al. 5Wagralim, Oct. 20th 2011

Mechanisms limiting food shef life
–Biochemical

Mechanisms limiting food shef life
–Biochemical



A. Clinquart et al. 6Wagralim, Oct. 20th 2011

Mechanisms limiting food shef life
–Chemical

Mechanisms limiting food shef life
–Chemical



A. Clinquart et al. 7Wagralim, Oct. 20th 2011

Mechanisms limiting food shef life
–Physico(-chemical)

Mechanisms limiting food shef life
–Physico(-chemical)



Factors influencing food conservabilityFactors influencing food conservability

A. Clinquart et al. Wagralim, Oct. 20th 2011 8

Intrinsic 

factors
(Ex : aW, pH)

Intrinsic 

factors
(Ex : aW, pH)

Mechanisms related 

to microorganisms

growth

Mechanisms related 

to microorganisms

growth

Extrinsic 

factors
(Ex : T°, O2)

Extrinsic 

factors
(Ex : T°, O2)

Non microbial 

alteration 

mechanisms

Non microbial 

alteration 

mechanisms

Food Food 
conserconser--
vabilityvability



[I
F

T
/F

D
A

, 
2

0
0

3
]

[I
F

T
/F

D
A

, 
2

0
0

3
]

A. Clinquart et al. 9Wagralim, Oct. 20th 2011

Factors influencing food conservability

– pH

Factors influencing food conservability

– pH



[J
a

y
, 

1
9

8
6

]
[J

a
y

, 
1

9
8

6
]

Approximate 

pH values 

permitting the 

growth of 

selected 

microorganism

s

Approximate 

pH values 

permitting the 

growth of 

selected 

microorganism

s

A. Clinquart et al. 10Wagralim, Oct. 20th 2011

Factors influencing food conservability

– pH

Factors influencing food conservability

– pH

P
a

th
o

g
e

n
s



pH of meat and meat products and comparison with other foods fropH of meat and meat products and comparison with other foods from m 

animal originanimal origin
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Water activity is defined as follows :

P ERH

aw =    =    
Po 100

P = partial vapor pressure of food moisture at temperature T  ;

Po = saturation vapor pressure of pure water at temperature T

⇒ the result is expressed by a number  between 0 and 1.

ERH = equilibrium relative humidity at temperature T.
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for the intensity with which water associates with various 

non-aqueous constituents and solids.
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Competition Competition 
effecteffect

Growth of Salmonella spp. (inoculated at 2 log10 cfu/g) in irradiated (= without 

natural flora ) vs non irradiated (= with natural flora) pork minced meat  stored 

under MAP (70%O2:30%CO2) during  12 d. at +8/10/12°C.

[Y. Adolphe, L. Delhalle, A. Jasick, G. Boseret, R. Duré, G. Daube, 

A. Clinquart. Food Micro 2010, Copenhagen]



+ aerobic m.o.
+ oxidation
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Classification

[From Bøgh-Sørensen, 1995]

Some « hurdle » values

[From Labuza and Fu, 1995]

PHYSICAL

Heat processing (sterilization, pasteurization, blanching)

Storage temperature (chilling, freezing) < 4°C (1)

Radiations (UV, ionizing)

Electroagnetic energy (microwave, RF, PEF)

Photodynamic inactivation (light)

Ultrahigh pressure

Ultrasonication

Packaging (active, edible)

Atmosphère (modified, controlled)

Hypobaric storage

Aseptic packaging

Microstructure
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Classification
[From Bøgh-Sørensen, 1995]

Some « hurdle » values
[From Labuza and Fu, 1995]

PHYSICO-CHEMICAL
Water activity (a

w
) < 0,91 (2)

pH < 4,6 (2)

Redox potential (Eh) 
Salt (NaCl) > 2-3,5% (2)

Nitrates (NO
3

-), nitrites (NO
2

-) ≥ 120 ppm NO
2 

(2)

Carbon dioxide (CO
2
) > 10 – 20% (2)

Oxygen (O
2
)

Ozone (O
3
)

Organic acids (lactic, acetic)
Ascorbic acid
Sulphite (SO

2
)

Smoking
Phosphates
Glucono-δ-lactone
Phenols
Chelators
Antifongic
Ethanol
Propylene glycol
Maillard reaction products
Spices, herbs
Lactoperoxidase
Lysozyme
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Classification

[from Bøgh-Sørensen, 1995]

Some « hurdle » values
[From Labuza and Fu, 1995]

MICROBIALLY DERIVED

Competitive flora

Starter cultures

Bacteriocins

Antibiotics
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Combined processes Combined processes 

(FLAIR 1990(FLAIR 1990--1994)1994)

Minimally processed foods Minimally processed foods 

(FAIR 1996(FAIR 1996--1999)1999)
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Safety barriers for shelf life extension of Safety barriers for shelf life extension of refrigeratedrefrigerated foods foods (Labuza and Fu, 1995) (Labuza and Fu, 1995) 

Type Barrier 

Primary Refrigeration (<4°C) 

Secondary Aw < 0.91 

 pH < 4.6 

 High levels of non pathogenic competing microorg. 

 > 120 ppm nitrite (meat or poultry products) 

 NaCl 2-3.5% (meat or poultry products) 

 CO2 > 10-20% 

 Antimicrobial agents (natural or synthetic) 

 Scavenger / emitter / active packaging 

 Mild pasteurization (heat, µ-waves, irradiation, light) 
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InflInfluence of intrinsic uence of intrinsic 

physicophysico--chemical chemical 

characteristicscharacteristics

(a(aWW, pH) , pH) on the on the 

conservaconservability of bility of 

meat productsmeat products

(n=79).(n=79).

(Clinquart (Clinquart et al., et al., 1998)1998)
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E = 10-20% CO2 + 2-10% O2 + N2, +4°C

F = 15% CO2 + 40% O2 + 45% N2, +4°C

G = 50-60% CO2 + 40-50% O2, +4°C

H = Air, +4°C

I = 100% O2, 1-3°C 

ShelfShelf--life for beef products as based on microbiological factors obtailife for beef products as based on microbiological factors obtained with ned with 

different combinations of gas atmosphere composition and temperadifferent combinations of gas atmosphere composition and temperature conditionsture conditions
(R(Röönner U., 1995. Food Preservation by combined processes, Final Renner U., 1995. Food Preservation by combined processes, Final Report FLAIR Concerted Action No.7, Subgroup B)port FLAIR Concerted Action No.7, Subgroup B)
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• Fresh meat

Air MAP Vacuum
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Months
at -1°C

Weeks
at +4°C

1 week
at +4°C

(70% O2:30%CO2)(70% O2:30%CO2)

3-4 days
at +4°C

Shelf lifeShelf life

Low TLow T°° Atm.Atm.



Conclusions (i)Conclusions (i)

• The « hurdle » technology
– contributes to a great extent to the food 

conservability,

– is not the only way to control food 

quality/safety ; to extend food shelf life
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Conclusions (ii)Conclusions (ii)

• A « hurdle » effect is reproducible only in 
reproducible conditions
– Intrinsic factors

• Food : composition, physico-chemical properties, …
• Microorganisms : type and number

– Extrinsic factors
• Environnemental conditions
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Conclusions (iii)Conclusions (iii)

• A preservation technology has to be 

validated
– predictive microbiology 
– microbiological / physico-chemical durability test (shelf life)
– challenge test (pathogens behavior)

• and controlled
– raw materials / ingredients quality
– constant conditions
– GHP (PrP), CCP, critical limits, surveillance, …
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