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� Biocide(s) can be vaporized 
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! Food grade biocides

- acetic acid, peroxide, 
peracetic or carbonic acids
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PrinciplePrinciple

�Partitioning of the gaseous biocide/s 
from a carrier gas into the moisture 
on the surface of a perishable 
foodstuff is governed by 

the Second Law of Thermodynamics.



! The biocide in gas phase is in a 
higher energy state than the liquid 
phase 

! Therefore the vaporex process 
relies on the constant of  energy 
transfer from a higher to a lower 
state.
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PrinciplePrinciple
�Transiently high surface concentrations
�Some diffusion into food
�Most foods equilibrate within 24 h
�Some residual activity
�Any biocide that is volatile can be 
optimized by the vaporex process.



� A rapid rate of partitioning and 
short contact times (<10sec) 
minimize the size of application 
equipment 

� most existing process lines can be 
utilized with minimal modification.

PrinciplePrinciple



Influence of pH on % undisocciated acid
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� Cooking inactivates cells
� Post process contamination
� No terminal anti-listerial treatment
� Generally not reheated substantially 
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� Combined at inoculation 

� inoculated hot dogs were air dried for 
20 min. 

� six-strain mixture of 
L. monocytogenes was inoculated 
onto the surface of RTE hot dogs. 
� Cocktail of strains

� Scott A
� 5 meat isolates
� Grown at 8-9oC, 4 d
� Combined at inoculation 

� inoculated hot dogs were air dried for 
20 min. 



StudyStudy

� Treated with different 
concentrations of acetic acid vapor
(AAV). 

� Inoculated and treated hot dogs 
were stored at 4 and 8°C for periods 
of up to 28 days. 

� Treated with different 
concentrations of acetic acid vapor
(AAV). 

� Inoculated and treated hot dogs 
were stored at 4 and 8°C for periods 
of up to 28 days. 



StudyStudy
� Hot dogs were sampled following the 

initial treatment with AAV, after 24 h 
and then every seven days. 

� Samples were analyzed for 
L. monocytogenes by 
enrichment and enumeration. 

� Hot dogs were sampled following the 
initial treatment with AAV, after 24 h 
and then every seven days. 

� Samples were analyzed for 
L. monocytogenes by 
enrichment and enumeration. 



CountsCounts

� General diluent - Fraser broth (without 
selective supplement) 
Added selective supplements (1/2 Fraser), 
incubated broths at 30oC

� Counts � selective and non-selective agar
� Broths streaked when black, or at 7 d.
� Confirmed presumptive colonies 

� General diluent - Fraser broth (without 
selective supplement) 
Added selective supplements (1/2 Fraser), 
incubated broths at 30oC

� Counts � selective and non-selective agar
� Broths streaked when black, or at 7 d.
� Confirmed presumptive colonies 





5.77 d homogenate
5.1 - 5.57 d
5.0 - 5.422 h
4.3 - 4.61 h
2.9 - 3.530 s

Surface pHTime after treatment
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Incubation 
time

(days)

Mean 
biocide 
conc. 

(mg/cm2 hot 
dog)

CO2/AAV 
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(°C)

Hot dog 
temp. 

at 
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(°C)

Treatment
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36
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2
22
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1
2
3

Test conditions used for treating hot dogs
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� Studies showed that surface treatment of 
inoculated hot dogs with AAV resulted in a 
2 D reduction after 24 h storage. 

� An additional 3 D reduction was noted in 
some treatments during extended storage 
indicating the treatment had a residual 
effect.

� Studies showed that surface treatment of 
inoculated hot dogs with AAV resulted in a 
2 D reduction after 24 h storage. 

� An additional 3 D reduction was noted in 
some treatments during extended storage 
indicating the treatment had a residual 
effect.

StudyStudy



� The data indicate that this process has 
potential to offer a validated pathogen 
reduction step 

� part of a risk management system.
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- Biocide dilution effect -

decreased efficacy
� Retain traditional preservatives
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� No FSA data yet

� Can be minimized by  addition 
of alkali e.g. calcium hydroxide 
to food emulsion
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� Consumable cost typically 
0.5 to 5c/lb of treated 
product

� Relative to surface area to 
mass ratio

CostCost
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� Balancing of flavor profiles
� Point of application

� sliced meats
� Engineering of dedicated 

equipment
� Investigate treatment of 

carcasses
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point of application in the process line
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- buffering effect of food
- quantity and type/s of biocide used

� Acetic acid can cause flavor detriment if 
not optimized.
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