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Approach
Spiral-filter press
(low O2 conditions)

95 °C, 120 s 

PET bottles:
mono-/multilayer

Juicing

Pasteurisation

Ambient & accelerated 
conditions (T & t) “ASLT”

Filling
Mono Multi

Part I. COLOUR

Part II. FLAVOUR

•Targeted approach
•Sensory testing

•Untargeted approach
•Targeted approach
•Sensory testing
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Storage time (weeks)

X = X∞ + (Xo- X∞)exp (-kTt)
kTref = 0.068 ± 0.004 week-1

Ea = 55 ± 2 kJ mol-1

X∞ = 11 ± 1

a* value

Storage at higher temperature
• Faster anthocyanin degradation
• Faster change in redness

Clear effect of storage time

X = X0 exp (-kTt)
kTref = 0.169 ± 0.012 week-1

Ea = 39 ± 6 kJ mol-1
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Storage time (weeks)

Monolayer bottle

X= X0 exp (-kTt)
kTref = 0.070 ± 0.005 week-1

Ea = 63 ± 4 kJ mol-1
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Storage time (weeks)

Multilayer bottle

Anthocyanin content

Effect of oxygen availability
• Colour loss: monolayer >multilayer

8 w

20 °C 28 °C 35 °C 42 °C

0 w

RED BROWN

Would you still consume this strawberry juice based on its colour?
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Storage time (weeks)

𝑆 𝑡 = exp −𝑒𝑥𝑝
ln 𝑡 − µ

𝜎

Non-parametric estimate
Weibull model

⚫

Survival analysis

20 °C 

28 °C 

35 °C 

42 °C

2.15 ± 0.05 

1.52 ± 0.03 

0.70 ± 0.05 

2.60 ± 0.04

µ (shape) σ (scale)

0.49 ± 0.03

0.43 ± 0.03 

0.71 ± 0.05 

0.58 ± 0.04

Colour-based sensory shelf-life?

20 °C 

28 °C 

35 °C 

42 °C

4.7 ± 0.02 w 

2.7 ± 0.02 w 

0.8 ± 0.01 w 

6.6 ± 0.03 w

75% acceptance 50% acceptance

7.2 ± 0.2 w

3.9 ± 0.08 w 

1.6 ± 0.05 w 

10.9 ± 0.3 w

Sensorial testingAnalytical approach CONCLUSIONS
• Colour evolves during storage
• Negative effect of 

temperature abuse storage 
and high oxygen availability

• Potential of ASLT!

• Colour changes are shelf-life 
limiting

• Shelf-life:
o Reached fast during 

storage
o Depends on acceptance 

limit and temperature

Importance of consumer 
acceptance tests for shelf-life 
investigations 
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Same trend for all storage temperaturesClear effect of storage time

Sensorial testingAnalytical approach

2-Methyl butanal

Benzaldehyde

Mono(O-methyloxime)-2,3-butaandione

α-Terpineol

Furfural

Dimethylsulfide

Dehydroxylinalool
oxide

Decrease Increase

Benzyl acetate

2-Methylbutyl acetate

Hexanal

2,3-Butanedione

2-Hexenal

◼     ◆     ⚫

0 w 1 w 2 w 3 w 4 w 12 w 16 w 20 w 24 w 28 w 32 w

20 °C 

greenfruity fresh
Aldehydes, esters Aldehydes, terpenes, 

sulfur compounds

Process induced (e.g. 
Strecker degradation) and 
formation continues 
during storage

Marker selection VID coefficients (│VID│> 0.7)

Mono

No clear effect 
of oxygen!Multi

Can changes in the volatile fraction be noticed 
by the human senses?

20 °C 

Mono

0 weeks
0 weeks
0 weeks
0 weeks
0 weeks
0 weeks
0 weeks

1 week
2 weeks
4 weeks
8 weeks
16 weeks
24 weeks
32 weeks

Non-stored sample Stored sample

They were significantly different 
(ɑ = 0.01)

12 characteristic aroma compounds

Esters

Ethyl acetate
Butyl acetate
Hexyl acetate

Ethyl butanoate
Methyl butanoate
Ethyl hexanoate

Aldehydes

2-hexenal
Hexanal

Terpenes

Linalool
α-Terpineol

20 °C 28 °C 

35 °C 42 °C

Mono

Mono

Anthocyanin content Ascorbic acid content CIE L*a*b* values Kinetic modelling (kTref & Ea) Visual inspection Survival analysisAcceptance testing

Effect of temperature is compound-dependentClear effect of storage time
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Storage time (weeks)

C = C0 exp (-kTt)
kTref = 0.018 ± 0.003 week-1

Ea = 51 ± 8 kJ mol-1

Ethyl acetate
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C = C∞ + (C0 – C∞) exp (-kTt)
kTref = 0.343 ± 0.042 week-1

Ea = 48 ± 6 kJ mol-1

Hexanal

C = C0 exp (-kTt)
kTref = -0.026 ± 0.003 week-1

Ea = 76 ± 3 kJ mol-1

Dimethyl sulfide
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Linalool
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Storage time (weeks)

C = C0 exp (-kTt)
kTref = 0.021 ± 0.003 week-1

Ea = 87 ± 6 kJ mol-1

Would you still consume this strawberry juice based on 
its aroma?

Sulfur compound

Dimethyl sulfide

Volatile acid

Acetic acid

Untargeted GC/MS fingerprinting approach Targeted GC/MS approach Difference testing
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• Non-stored sample (56%): too intense & artificial
• Higher acceptance of stored samples
➔ Aroma changes are not critical
➔ Importance of acceptance test!!

Chemometrics (PLS regression) Kinetic modelling (kTref & Ea)

Acceptance testing

No clear effect of storage time ( if t>0 weeks)

CONCLUSIONS
• Flavour evolves during 

storage
• Effect of temperature and 

oxygen availability?

• Potential of ASLT?!

• Flavour changes are not 
shelf-life limiting

➔Importance of consumer 
acceptance tests for shelf-life 
investigations 

Take home messages

Storage time Storage temperature

Sensory impact

Oxygen availability

Colour changes are shelf-life limiting!
• Other food products?
• Gain in-depth insight?

• Impact of product factors?
• Isolate brown-coloured 

compounds

COLOUR

Sensory impact

Storage time Storage temperature

FLAVOUR

Potential of an integrated and science-based 
approach to study and evaluate quality changes 

during storage and to predict a product’s shelf-life

Food product

Storage conditions

Analytical approaches

Sensory tests

Data analysis

31/12/2022

31/12/2022

Integrated science-based approach

FOOD QUALITY CHANGES

Non-stored Stored

60 0

ConsumersStorageProcessingProduction

“From farm to fork”

Quality losses
• Colour degradation
• Flavour changes
• Decrease in nutritional value
• Loss of texture
• …

Shelf-stable products

31/12/2022

HOW TO STUDY FOOD QUALITY CHANGES?

Storage conditions

Storage factors?

• Actual conditions
• Accelerated conditions

(ASLT)

“Integrated 
approach”

Analytical approaches

• Targeted - ‘known’
• Untargeted - ‘fingerprint’

Sensory tests

• Are these samples different?
• Why are samples different?
• Acceptable for consumption?

Data analysis

• Chemometrics
• Kinetic modelling
• Survival analysis

Food 
waste

Economic
impact

20 °C 28 °C 35 °C 42 °C 

32 w 32 w 12 w 8 w

Monolayer bottle
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