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AcrylamideAcrylamide

• Certainly toxic molecule

• IARC (1994) has classified acrylamide as a probable carcinogenic molecule

• Diet as a source of acrylamide

• EFSA: acrylamide levels in foods must be reduced
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USA Environment Protection Agency has released the draft of the report on acrylamide toxicology. 

- The Reference Dose (RfD) for noncancer effects (peripheral degenerative nerve changes detected microscopically 

Certainly Toxic molecule 

Probable carcinogenic molecule 

- The Reference Dose (RfD) for noncancer effects (peripheral degenerative nerve changes detected microscopically 
in animal studies) has been raised to 0.003 mg/kg-bodyweight/day.

- EPA considers the mode of action for carcinogenicity to be mutagenicity. 

- EPA used only conservative linear low-dose modeling to derive cancer potency. 
Their estimated total lifetime cancer risk from exposure to 1 µg/kg-bodyweight/day over 70 years is 8 x 10-4.

- Carcinogen classification: "likely to be carcinogenic to humans".
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Press release 26 November 2007

HEATOX project completed – brings new pieces to the Acrylamide Puzzle
The three-year project included 24 partners from 14 countries

These are conclusions of the European research project HEATOX:

Certainly Toxic molecule 

Probable carcinogenic molecule 

These are conclusions of the European research project HEATOX:

-Increasing toxicological evidence suggests that acrylamide in food might be a cancer risk factor.

-Sufficient analytical methods to detect acrylamide in relevant foods are now available.

-There are ways to decrease exposure to acrylamide, but not to eliminate it.

-Acrylamide is not the only risk factor in cooked foods. 
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Diet as a source of acrylamide
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EFSA says acrylamide levels are rising not 
falling.(INTERNATIONAL)  
18 May 2009 Food Chemical News 
ISSN: 0015-6337; Volume 51; Issue 12 

Levels of acrylamide, a suspected carcinogen that forms during high-temperature cooking, are 
increasing rather than decreasing in key food products, according to a new survey published last week 
by the European Food Safety Authority. 

EFSA raises a question mark over voluntary initiatives undertaken by the food industry to reduce the 
levels of acrylamide using the toolbox promoted by the Confederation of European Food and Drink 
Industries (CIAA). Cookies had 243 [micro]g/kg acrylamide in 2003-6, rising to 317 [micro]g/kg by 
2007. Acrylamide in breakfast cereals rose from 116 [micro]g/kg in 2003-6 to 156 [micro]g/kg in 2007. 
Acrylamide in french fries rose from 284 [micro]g/kg in 2003-6 to 350 [micro]g/kg in 2007. 

EFSA says the reduction in acrylamide in bread could be partly due to changes in processing of crisp 
bread products, where acrylamide has been reduced in non-fermented products by 25-75%. 

"There seems to be an overall trend towards lower acrylamide values over time," EFSA concludes, 
cautioning that reduction isn't consistent across all food groups and that many food categories show an 
increase. "It is not clear if the acrylamide toolbox has achieved its effects," the report says. 

The report is based on data from member-states, with Germany supplying the lion's share of the 
samples for 2007. The report follows the commission recommendation that member-states monitor 
acrylamide in foodstuffs in 2007, 2008 and 2009. 
 

EFSA: acrylamide levels in foods 
must be reduced
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EU Members \ JECFA 
…latest news!
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At present only mitigation 
interventions are available

Most mitigation strategies 
are reported in the CIAA 

Toolbox
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Biscuit sector brochure recommends for biscuits crackers and crispbread:Biscuit sector brochure recommends for biscuits crackers and crispbread:Biscuit sector brochure recommends for biscuits crackers and crispbread:Biscuit sector brochure recommends for biscuits crackers and crispbread:

• Ammonium bicarbonate (ABC) replacement,
• Fructose replacement in recipes with ABC, 
• Substitution with more highly refined flour,
• Bake to lower colour, same moisture,
• Extended bake at lower temperature to same moisture

CIAA Toolbox also includes potential measures for some applications:CIAA Toolbox also includes potential measures for some applications:

• Agronomical developments (sulphur application, crop selection)
• Substitution with lower asparagine cereals or non-cereal components
• Amino Acids (glycine)/Calcium/pH
• Rework reduction
• Extended fermentation
• Reduced resting time for unfermented dough
• Asparaginase.
• Oven profile optimisation, 
• Bake to higher moisture
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Combinations of pressure, temperature and time 
were chosen on the basis of literature data 
relevant to the physical properties of acrylamide 
as well as the results of preliminary trials.
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Samples preparation & analysis

Previously ground samples were subjected to the vacuum treatment. 

Also, aliquots of the ground samples were hydrated before the vacuum treatment. Weighed Petri dishes containing 
approximately 5 g of sample were introduced in vacuum desiccators saturated with water vapor. Samples were left in the 
desiccators for the time (varying from 1 to 24 h) necessary to reach different water activities.

Acrylamide determination was carried out following an LC-MS\MS strategy by the adoption of acrylamide                           
(d3 -acrylamide) as internal standard (water extraction\centrifugation\SPE clean up previously executed).
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••pure acrylamidepure acrylamide
••cookiescookies
••potato chipspotato chips

were subjected to treatments. were subjected to treatments. 
After the treatments, samples were immediately After the treatments, samples were immediately 

Samples treatment

After the treatments, samples were immediately After the treatments, samples were immediately 
removed from the oven, wrapped in aluminum removed from the oven, wrapped in aluminum 
foil and stored in desiccators until analysesfoil and stored in desiccators until analyses
were performed (within 24 h)were performed (within 24 h)

Source: 
Nicoli, M. C., & Anese, M. (2006). 

A process for removing acrylamide from foods. 
Patent N°PD2006A000332.

Experiments of acrylamide removal were made by using an
apparatus consisting of an oven (5Pascal, VS-25 SC), connected to a 
rotary vacuum pump (BOC Edwards, E2M40) able to achieve a 
pressure of 0.133 Pa in few seconds when the oven was empty.
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Results – some examples

Source: 
Anese, M.; Suman, M.; Nicoli, M.C. 

“Acrylamide removal from heated foods”
Food Chemistry 2010, Vol 119, pp. 791-794.
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Why acrylamide can be quickly removed from the                                              
model systems but not so easily from the foods?

Possible role of water?
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Acrylamide removal is favored by 
high water activity values

(volatile compounds entrapped into the low 
moisture matrix and released during 

moistening: structural collapse of the system)
- lipid film on the product surface that determines a physic 
impediment to acrylamide evaporation?

- modulated interactions between acrylamide and some 
endogenous polar components?
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Only partial acrylamide removal

Higher acrylamide removal from cookies than from 
potato chips

…effect!!…effect!!The superficial lipid film hurdles acrylamide removalThe superficial lipid film hurdles acrylamide removal

AcrylamideAcrylamide--food components interactionsfood components interactions
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Possible formation of acrylamide?Possible formation of acrylamide?
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Possible mechanism for acrylamide formation during the low 
pressure treatment

asparagine + sugar Schiff base
H2O

decarboxylated Schiff base

CO2

∆

3-aminopropionamide

acrylamideacrylamide + NH3

acrylamideacrylamide + imine

+ H2O

∆
Source: 

Zyzak et al. (2003). Acrylamide formation mechanism in heated foods.                                      
Journal of Agricultural and Food Chemistry, 51, 4782–4787.
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Acrylamide removal Acrylamide removal = f (food matrix; process conditions)= f (food matrix; process conditions)

Ambivalent role of pressure ?Ambivalent role of pressure ?

a) It affects acrylamide removal                                                               

b) It affects acrylamide formation

Process variables                                                         
(P, T, t, water, matrix, …)

A
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y
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b) It affects acrylamide formation

Source: 
Anese, M.; Suman, M.; Nicoli, M.C. 

" Technological Strategies to Reduce Acrylamide Levels in Heated Foods”

Food Engineering Reviews 2009, Vol-1(2), pp. 169-179.
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Conclusions

� Treatment efficacy is dependent on products characteristics:
• Cookies treated at 0.05 and 2 torr gave a final reduction of 43% and 33 %, respectively
• Cereals biscuit\bar and Chips showed lower reduction percentages, between 17- 20 %

� Treatments at 0.05 or 2 torr have complete different impact in terms of scale-up costs & similar efficacy

� Preliminary sensory trials after the treatment trials showed that when the vacuum treatment was carried � Preliminary sensory trials after the treatment trials showed that when the vacuum treatment was carried 
out for short-medium lengths of time the product’s volatiles profile and flavor were not or only slightly 
affected.

� This technology would represent a promising and alternative strategy to mitigation interventionsaimed 
at reducing acrylamide levels in foods.
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Further areas of investigation

� Better understanding of “matrix effect” to maximize acrylamide stripping

� Better understanding of the role of each variable to maximize acrylamide removal while minimizing its 
formation by means of the vacuumprocess

� As acrylamide mainly forms in the surface, it is likely that (to be confirmed by ad hoc experiments) the 

� Evaluation of technology scale-upto verify its potential sustainabilityas a future solution for example 
in new production lines (e.g. hydration step after the ovens followed by a vacuum step where both 
acrylamide and the excess of water are removed…) and complete compatibility on the sensory 
propertiesof the treated foods

� As acrylamide mainly forms in the surface, it is likely that (to be confirmed by ad hoc experiments) the 
vacuum treatment can be carried out on the whole productinstead of on the ground one
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