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Effectiveness of Regulation measures and their impact on 
consumer exposure

Long-term monitoring of acrylamide levels in commercial products

Introduction
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INNOVATIVE FORMULATIONS OF CEREAL-BASED FOODS

• Alternative cereals • Pseudocereals • Other ingredients

CURRENT CONSUMER’S NEEDS TO BE MET

Whole grains, fibre, protein Sugar content

Introduction
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INNOVATIVE FORMULATIONS OF CEREAL-BASED FOODS

Sensorial changes Nutritional improvements Gluten-free products

Toxicological consequences

Introduction
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Objective of the study

Relation with characteristics of each product

composition, format or thermal processing conditions

Acrylamide in commercial cereal-based products marketed in Spain



Marta Mesías

Objective of the study

Compliance with the 
European Regulation

Changes in acrylamide levels 
over the past two decades1 2

Acrylamide in commercial cereal-based products marketed in Spain
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Material and methods

Commercial cereal-based products marketed in Spain

Breakfast cereals
(n = 60)

Biscuits
(n = 80)

Crispbread-crackers
(n = 65)

April 2025
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• Samples containing chocolate coatings, dried fruits, or added 

nut were deliberately excluded (avoid confounding effects)

    CHARACTERIZATION

• Nutritional data

(declared on packaging labels)

• Classification criteria

Material and methods

Commercial cereal-based products marketed in Spain
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SAMPLES OF BREAKFAST CEREALS

CLASSIFICATION CRITERIA

• Processing type (rolled, extruded, granola, flakes, biscuits, 

sticks and puffed)

• Major cereal (oat, corn, rice, rye, spelt, wheat or mixed)

• Type of grain (refined or wholegrain)

• Gluten-free status (yes/ no)

• Without added sugar (yes/no)

• Presence of honey (yes/no)

• Presence of sweeteners (yes/no)

Material and methods
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SAMPLES OF BISCUITS

CLASSIFICATION CRITERIA

• Major cereal (oat, corn, rice, rye, spelt, wheat or mixed, 

buckwheat)

• Type of grain (refined or wholegrain)

• Gluten-free status (yes/ no)

• Without added sugar (yes/no)

• Presence of honey, egg, butter (yes/no)

• Presence of sweeteners (yes/no)

• Presence of leavening agents (NaHCO3, NH4HCO3) (yes/no)

Material and methods
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SAMPLES OF CRISPBREADS-CRACKERS

CLASSIFICATION CRITERIA

• Type of product/format (thin breads, round breads, crackers 

and slices)

• Major cereal (wheat, rice, rye, corn, mix, spelt, buckwheat, oat)

• Type of grain (refined or wholegrain)

• Gluten-free status (yes/ no)

Material and methods
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ACRYLAMIDE ANALYSIS

SAMPLES

LC-MS/MS

Material and methods
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Acrylamide in BREAKFAST-CEREALS

< 15 – 569 µg/kg

Mean: 114 µg/kg. Median: 83 µg/kg

n = 2 < LOQ

outlier

extreme

Samples
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Acrylamide in BREAKFAST-CEREALS
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Acrylamide in BREAKFAST-CEREALS

Puffed cereals

Group 1 (n = 39)

Group 3 (n = 21)

95% < B.L.

Mesías y col. (2025)

Samples



Type of breakfast cereal involve different processing conditions
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Acrylamide in BREAKFAST-CEREALS
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Acrylamide in BREAKFAST-CEREALS

Rolled cereals: steaming whole grains followed by mechanical flattening

Moderate temperatures and minimal Maillard reaction (low acrylamide)
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Acrylamide in BREAKFAST-CEREALS

Granola: Baked at moderate temperatures (130–160 °C), usually with 

added oils and sweeteners, which can promote acrylamide formation
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Acrylamide in BREAKFAST-CEREALS

Biscuits: typically rich in sugar and fat, baked at 180–200 °C 

Combination of composition and T: moderately high acrylamide levels
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Acrylamide in BREAKFAST-CEREALS

Puffed: oven puffing (rapid heating at atmospheric pressure 

to vaporize internal moisture or gun puffing (sudden pressure 

drop after being superheated, causing explosive expansion)

Short (30–90 s) but intense heat (200–300 °C):

favors acrylamide formation
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Acrylamide in BREAKFAST-CEREALS

MARKET STUDY 2025
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Acrylamide in BREAKFAST-CEREALS

MARKET STUDY 2025

Rice Oat Rye Spelt Corn Mix Wheat
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Acrylamide in BREAKFAST-CEREALS

Factor                Mean ACR (µg/kg) ± SD

Type of grain
Refined 125 ± 127a
Whole grain 102 ± 70a

Source of protein
< 12% total E 112 ± 106a
> 12% total E 118 ± 94a

Low sugar content
< 5% 73 ± 74a
> 5% 134 ± 109b

Without added sugar
Yes 76 ± 83a
No 129 ± 106b

Factor                Mean ACR (µg/kg) ± SD

Source of fibre
< 3% 49 ± 34a
> 3% 119 ± 105b

Gluten free
Yes 44 ± 33a
No 120 ± 104b

Presence of honey
Yes 151 ± 159a
No 103 ± 79a
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Acrylamide in BREAKFAST-CEREALS

Factor                Mean ACR (µg/kg) ± SD

Type of grain
Refined 125 ± 127a
Whole grain 102 ± 70a

Source of protein
< 12% total E 112 ± 106a
> 12% total E 118 ± 94a

Low sugar content
< 5% 73 ± 74a
> 5% 134 ± 109b

Without added sugar
Yes 76 ± 83a
No 129 ± 106b

Factor                Mean ACR (µg/kg) ± SD

Source of fibre
< 3% 49 ± 34a
> 3% 119 ± 105b

Gluten free
Yes 44 ± 33a
No 120 ± 104b

Presence of honey
Yes 151 ± 159a
No 103 ± 79a
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Acrylamide in BISCUITS

33 – 1180 µg/kg

Mean: 184 µg/kg. Median: 146 µg/kg

extreme

Samples

outliers
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Acrylamide in BISCUITS

extreme

Samples

outliers

B.L. 350 µg/kg

89% < B.L.



Marta Mesías

MARKET STUDY 2025
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Acrylamide in BISCUITS

Rice Oat Rye Corn Mix WheatSpelt Buckwheat

Type of cereals
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Factor                Mean ACR (µg/kg) ± SD

Type of grain
Refined 160 ± 154a
Whole grain 251 ± 179b

Low sugar content
< 5% 164 ± 89a
> 5% 193 ± 188a

Without added sugar
Yes 163 ± 86a
No 194 ± 190a

Presence of butter
Yes 78 ± 22a
No 193 ± 169a

Presence of NaHCO3

Yes 245 ± 305a
No 173 ± 122a

Factor                Mean ACR (µg/kg) ± SD

High fibre
< 6% 156 ± 108a
> 6% 231 ± 225b

Gluten free
Yes 171 ± 197a
No 186 ± 162a

Presence of honey
Yes 273 ± 181a
No 178 ± 163a

Presence of egg
Yes 194 ± 146a
No 179 ± 174a

Presence of NH4HCO3

Yes 276 ± 305b
No 168 ± 122a

Acrylamide in BISCUITS



A
cr

yl
am

id
e

 (
µ

g
/k

g)

Marta Mesías

Acrylamide in CRISPBREAD-CRACKERS

extreme

Samples

outliers

0

100

200

300

400

500

600

MARKET STUDY 2025

< 15 – 498 µg/kg

Mean: 84 µg/kg. Median: 69 µg/kg

n = 6 < LOQ
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Acrylamide in CRISPBREAD-CRACKERS
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B.L. Crackers: 400 µg/kg

B.L. Crispbread: 350 µg/kg

99% < B.L.

Acrylamide in CRISPBREAD-CRACKERS
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MARKET STUDY 2025
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<15-133 µg/kg

44-498 µg/kg36-291 µg/kg

<15-111 µg/kg

Acrylamide in CRISPBREAD-CRACKERS
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MARKET STUDY 2025
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Acrylamide in CRISPBREAD-CRACKERS

Type of cereals
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Factor                Mean ACR (µg/kg) ± SD

Type of grain
Refined 69 ± 49a
Whole grain 104 ± 95b

Source of protein
Yes 111 ± 101b
No 72 ± 55a

Factor                Mean ACR (µg/kg) ± SD

High fibre
> 6% 106 ± 88a
< 6% 58 ± 41b

Gluten free
Yes 32 ± 30a
No 92 ± 75b

Acrylamide in CRISPBREAD-CRACKERS
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Acrylamide in BREAKFAST-CEREALS

ACRYLAMIDE IN BREAKFAST CEREALS (2006-2025)
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• Rufián-Henares et al. (2006). Mol Nutr Food Res 50, 756.           • Mesías et al. (2019). Food Control 105, 94.
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Acrylamide in BREAKFAST-CEREALS

ACRYLAMIDE IN BREAKFAST CEREALS (2006-2025)
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Acrylamide in BISCUITS

ACRYLAMIDE IN BISCUITS (2007-2025)

• Rufián-Henares et al. (2007). Food Addit. Contam. 24, 343 • Mesías et al. (2019). Food & Funct 10, 6624
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CONCLUSIONS

• Acrylamide levels in cereal-based products have decreased in recent 

years and most samples show concentrations below the benchmark 

levels established by European regulations. However, it is important to 

continue monitoring both formulation and, especially, the thermal 

processing conditions used in the production of these foodstuffs to 

prevent the formation of high acrylamide levels.

• Effective mitigation strategies focused on ingredient selection, 

especially in innovative formulations, and optimized processing are 

essential to further reduce acrylamide content and, consequently, the 

potential health risks associated with chronic exposure to this 

contaminant.
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Thank you for your attention

04.06.2026

THANKS
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