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From: Raffan and Halford 2019

In cereal-based food, the quantity of free 
asparagine has been identified as a key factor in 

acrylamide formation.
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From: Raffan and Halford 2019

In cereal-based food, the quantity of free 
asparagine has been identified as a key factor in 

acrylamide formation.

Food industry recommends the use of 
grain with low free asparagine content 
to reduce acrylamide levels in cereal-

based products.
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Working Group 2 - Lowering asparagine levels through better breeding activities and farming practices, for 
reducing downstream acrylamide formation in cereals-based products. 
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CROP 
MANAGEMENT

14 old Italian bread wheat varieties

2022

Evaluated Parameters:
- two seeding density 

levels
- three nitrogen levels (NL) 
- two sulphur levels (SL)

1

- grain yield 
- rheological 

characteristics
- free asparagine content

Soofizada et al. 2022. https://doi.org/10.3390/agronomy12020351
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- grain yield 
- rheological 

characteristics
- free asparagine content

Evaluated Parameters:
- two seeding density 

levels
- three nitrogen levels (NL) 
- two sulphur levels (SL)

14 old Italian bread wheat varieties

• increased by 111% as NL increased;
• decreased by 85.1% with the SL 

treatment.

CROP 
MANAGEMENT 

20221
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- grain yield 
- rheological 

characteristics
- free asparagine content

Evaluated Parameters:
- two seeding density 

levels
- three nitrogen levels (NL) 
- two sulphur levels (SL)

14 old Italian bread wheat varieties

• increased by 111% as NL increased;
• decreased by 85.1% with the SL 

treatment.

“135 kg N ha-1 combined with 6.4 kg 
S ha-1 can improve the technical 
performance of ‘old’ wheat 
wholegrain flours while maintaining 
free asparagine as low as possible.”

CROP 
MANAGEMENT 

20221
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2024

5 bread wheat varieties

- technological properties
- free asparagine content
- acrylamide level in 

bread

Evaluated Parameters:
- genotype
- location
- two levels of sulphur

fertilization

GxExM

CROP 
MANAGEMENT 2

Szafranska et al. 2024. https://doi.org/10.3390/agriculture14020207
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5 bread wheat varieties

- technological properties
- free asparagine content
- acrylamide level in 

bread

Evaluated Parameters:
- genotype
- location
- two levels of sulphur

fertilization

GxExM

The localization had the biggest influence on the total variance in the measured 
technological parameters of wheat grain, followed by cultivar, and then by the 
interaction between the localization x cultivar (localization x sulphur for free 
asparagine).

CROP 
MANAGEMENT

20242
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5 bread wheat varieties

- technological properties
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- acrylamide level in 
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Evaluated Parameters:
- genotype
- location
- two levels of sulphur

fertilization

GxExM

The localization had the greatest share in the total variance of the 
measured acrylamide content in bread, followed by S Fertilization 
and then by cultivar.
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5 bread wheat varieties

- technological properties
- free asparagine content
- acrylamide level in 

bread

Evaluated Parameters:
- genotype
- location
- two levels of sulphur

fertilization

GxExM

The localization had the greatest share in the total variance of the 
measured acrylamide content in bread, followed by S Fertilization 
and then by cultivar.

CROP 
MANAGEMENT

20242

“Asparagine content in wheat 
and acrylamide in bread varies 
mostly depending on cultivar 
and environment.”
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2025

6 bread wheat varieties, differing in Fusarium head blight 
(FHB) resistance.

CROP 
MANAGEMENT 3

AUDPC: area under disease progress curve 

- sugar content
- free amino acid content

Evaluated material:
- flour from Fusarium infected grains
- flour from Fusarium non-infected 
grains

Spanic et al. 2025. https://doi.org/10.3390/plants14101504
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2025

6 bread wheat varieties, differing in Fusarium head blight 
(FHB) resistance.

- sugar content
- free amino acid content

Evaluated material:
- flour from Fusarium infected grains
- flour from Fusarium non-infected 
grains

CROP 
MANAGEMENT 3

The total content of free 
amino acids in flour from 
FHB-infected varieties 
increased in proportion to 
their susceptibility. 

+46% 

-16% 
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2025

6 bread wheat varieties, differing in Fusarium head blight 
(FHB) resistance.

- sugar content
- free amino acid content

Evaluated material:
- flour from Fusarium infected grains
- flour from Fusarium non-infected 
grains

CROP 
MANAGEMENT 3

+51% The most FHB susceptible varieties accumulated 
the highest level of free asparagine.
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2025

6 bread wheat varieties, differing in Fusarium head blight 
(FHB) resistance.

- sugar content
- free amino acid content

Evaluated material:
- flour from Fusarium infected grains
- flour from Fusarium non-infected 
grains

CROP 
MANAGEMENT 3

"Winter wheat breeders may have an 
opportunity to reduce free asparagine 
concentration in the grain by identifying and 
selecting genotypes carrying FHB 
resistance."

+51% The most FHB susceptible varieties accumulated 
the highest level of free asparagine.
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CROP 
MANAGEMENT

2025/20264 5

2 bread wheat varieties (Bologna, modern variety, and 
Sieve, old variety)

- grain yield 
- quality:

Foliar Se application

• protein content
• starch concentration
• free asparagine 

levels
• phytic acid content

- grain yield 
- protein composition
- mineral bioavailability
- dough properties

Foliar S and Se application

Beshah et al. 2026. https://doi.org/10.1016/j.fcr.2025.110229

Beshah et al. 2025. https://doi.org/10.1016/j.fcr.2025.109969
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CROP 
MANAGEMENT

2025/20264 5
Grain yield was not 
significantly affected by either 
Se or S treatments

S treatment mostly affected 
free asparagine (82.5 % 
variation).

Se further reduced free 
asparagine, particularly under 
adequate S conditions. 



24ACRYRED • COST Action CA21149 • Reducing Acrylamide exposure of consumers by a Cereals supply-chain approach targeting Asparagine

CROP 
MANAGEMENT

2025/20264 5
Grain yield was not 
significantly affected by either 
Se or S treatments

S treatment mostly affected 
free asparagine (82.5 % 
variation).

Se further reduced free 
asparagine, particularly under 
adequate S conditions. 

“These findings support 
the adoption of targeted 
foliar fertilization strategies 
combining Se and S to 
improve wheat quality.”
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CROP 
MANAGEMENT 6 2026

3 bread wheat varieties (Aubusson, Giorgione, Solehio), 
with medium susceptibility to foliar disease and 
Fusarium head blight (FHB) resistance

Two years field trial. 
Aubusson analysed for five agronomic years.

Evaluated agronomic conditions: combined 
effect of soil tillage + fungicide application
• MT, minimum tillage,
• CT, conventional tillage,
• NF, untreated control, 
• F, fungicide application at flowering

- Free asparagine in wholegrain and refined 
flour

- Acrylamide levels in biscuits
- deoxynivalenol (DON) contamination in 

wholemeal flours and biscuits

Guarino et al. 2026. https://doi.org/10.1016/j.jafr.2026.102916
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CROP 
MANAGEMENT 6 2026

CT_F (conventional tillage + fungicide 
application) showed the lowest levels of free 
asparagine (ASN) in wholegrain flour and 
acrylamide (AA) in biscuits

ASN in wholemeal flour:
MT_NF 
CT_NF -22%
MT_F -37%
CT_F -48%

AA in biscuits:
MT_NF 
CT_NF -14%
MT_F -18%
CT_F -22%
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CROP 
MANAGEMENT 6 2026

CT_F (conventional tillage + fungicide 
application) showed the lowest levels of free 
asparagine (ASN) in wholegrain flour and 
acrylamide (AA) in biscuits

ASN in wholemeal flour:
MT_NF 
CT_NF -22%
MT_F -37%
CT_F -48%

AA in biscuits:
MT_NF 
CT_NF -14%
MT_F -18%
CT_F -22%

“Agronomic practices that ensure an appropriate 
grain filling can dilute free asparagine in whole 
kernels and reduce the acrylamide content of 
wheat-based products.”
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cereal genotypes wheat genotypes

Several studies have reported data on the differing propensities of cereals 
genotypes to accumulate free asparagine in the grain.

Certain genotypes maintain low and stable levels of free asparagine in the grain.

GERMPLASM EVALUATION / MULTI-ENVIRONMENT TRIALS

IDENTIFICATION 
OF GENETIC 
RESOURCES
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IDENTIFICATION 
OF GENETIC 
RESOURCES

1

Review in “Selekcija i Semenarstvo” 
(“Plant Breed and Seed Production”)

“In Serbia, there are no guidelines for the 
cultivation of cereals with a reduced 
potential for acrylamide formation.”

2022

Nikolic et al. 2022. doi: 10.5937/SelSem2202013N
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Analysis of 54 bread wheat cultivars - used in the Italian 
market

Tafuri et al. 2023. https://doi.org/10.3390/plants12061349

IDENTIFICATION 
OF GENETIC 
RESOURCES

2 2023

Foggia
Vogher
a

Grosset
o

• 3 growth locations

• 2 years

36 varieties in 2018–2019
3 field trials: 3 locations 

36 varieties in 2019–2020
3 field trials: 3 locations 

18 varieties in both years 
6 field trials: 3 locations for 2 years
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IDENTIFICATION 
OF GENETIC 
RESOURCES

2 2023

First year of field trials (2018–2019) Second year of field trials (2019–2020)
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IDENTIFICATION 
OF GENETIC 
RESOURCES

2 2023

stable content

variable content

high content

low content

Identification of cultivars with low and stable free asparagine content
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IDENTIFICATION 
OF GENETIC 
RESOURCES

2 2023

stable content

variable content

high content

low content

Identification of cultivars with low and stable free asparagine content

“These materials can be 
useful to dissect the 
mechanisms
involved in free 
asparagine 
accumulation in wheat 
grain, and in breeding 
programs to reduce the
acrylamide-forming 
potential of wheat 
varieties.”
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IDENTIFICATION 
OF GENETIC 
RESOURCES

3 2025

26 (13 open-pollinated – OPC, and 13 hybrids cultivars - HC) 
winter rye cultivars

• 2 cultivation managements (integrated and intensive), 
differing in the amount of nitrogen fertilization and 
fungicide protection.

• 2 years (2018/2019 and 2019/2020)

Szafranska et al. 2025. https://doi.org/10.1016/j.jfca.2025.108605
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IDENTIFICATION 
OF GENETIC 
RESOURCES

3 2025

• Free asparagine content varied widely among 
cultivars (370–1098 mg kg-1);

• Weather conditions strongly affected its levels; 
• Nine cultivars were highly affected by crop year 

and cultivation technology;
• The highest free asparagine content was found 

in HC SU Arvid;
• The highest free asparagine content was found 

in HC KWS Serafino had the lowest;
• OPC Dànkowskie Amber showed the lowest 

variability.
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IDENTIFICATION 
OF GENETIC 
RESOURCES

3 2025

• Free asparagine content varied widely among 
cultivars (370–1098 mg kg-1);

• Weather conditions strongly affected its levels; 
• Nine cultivars were highly affected by crop year 

and cultivation technology;
• The highest free asparagine content was found 

in HC SU Arvid;
• The highest free asparagine content was found 

in HC KWS Serafino had the lowest;
• OPC Dànkowskie Amber showed the lowest 

variability.

“Overall, harvest year had the greatest effect on Asn content (67 %), followed by cultivar 
(14 %) and the interaction between harvest year and cultivar (9 %).”
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IDENTIFICATION 
OF GENETIC 
RESOURCES

4

Characterization of 11 spring Tritordeum breeding lines 

Comparison with modern cultivars of durum wheat, bread 
wheat, and naked barley

Wiwart et al. 2025. https://doi.org/10.1016/j.jfca.2025.108605

Tritordeum (Tritordeum martinii A. Pujadas, nothosp. nov.) is a relatively new allohexaploid crop obtained by crossing 
diploid wild barley (Hordeum chilense Roem. et Schultz) (HchHch) with tetraploid durum wheat (Triticum turgidum 
ssp. durum (Desf.) Husn.) (AABB)

2025
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IDENTIFICATION 
OF GENETIC 
RESOURCES

protein content
ash

wet gluten
gluten index

Free asparagine content in grain
content of acrylamide in bread

20254

14%
0.60%
34.3%
51%

185 mg/kg
15 μg/kg

13.3%
0.54%
31.9%
90%

188 mg/kg
21.9 μg/kg

Tritordeum vs     bread wheat 
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IDENTIFICATION 
OF GENETIC 
RESOURCES

protein content
ash

wet gluten
gluten index

Free asparagine content in grain
content of acrylamide in bread

20254

“The lower acrylamide content in Tritordeum bread is likely due to its reduced asparagine 
content, lower starch damage content and denser bread structure. However, other factors, 
such as sugar composition and Maillard reaction kinetics, may also play a role in this 
outcome.”

14%
0.60%
34.3%
51%

185 mg/kg
15 μg/kg

13.3%
0.54%
31.9%
90%

188 mg/kg
21.9 μg/kg

Tritordeum vs     bread wheat 
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GWAS and QTL identification

Complex genetic architecture 
of the trait 

No major-effect QTL have 
been identified - multiple loci 
with moderate additive 
effects.

-
High influence of the 
environment

Instability in MTAs - many 
loci exhibiting environment-
specific effects. -

Strong G×E interactions Potential pleiotropic effects 
on agronomic traits, such as 
yield and grain quality. -

Heritability of free asparagine 
content is medium to high.

Possibility to breed for this 
trait. +

MULTI-ENVIRONMENT 
TRIALS

INTEGRATIVE 
APPROACHES

STUDY OF 
GENETIC 

ARCHITECTURE
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STUDY OF 
GENETIC 

ARCHITECTURE
1

• Robigus ×Claire doubled haploid population

• 2 years field trial (2017–2018, 2018–2019)

✓ Linkage analysis 

✓ Identification of quantitative trait 
loci (QTL) controlling free amino 
acids and other traits

Evaluation of: 

amino acids composition grain related trait:
• grain diameter
• kernel hardness index (KHI), 
• Grain weight measurements
• Grain length, width, and area
• Hagberg falling number

“High free asparagine and low lysine concentrations limit 
the nutritional value of wheat grain”

Tafuri et al. 2023. https://doi.org/10.3390/plants12061349

2023
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STUDY OF 
GENETIC 

ARCHITECTURE
1

• Robigus ×Claire doubled haploid population

• 2 years field trial (2017–2018, 2018–2019)

“High free asparagine and low lysine concentrations limit 
the nutritional value of wheat grain”

2023
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STUDY OF 
GENETIC 

ARCHITECTURE
1

“Breeding for lower free 
asparagine and higher lysine 
using Claire and Robigus
diversity is possible but 
limited.”

• Robigus ×Claire doubled haploid population

• 2 years field trial (2017–2018, 2018–2019)

“High free asparagine and low lysine concentrations limit 
the nutritional value of wheat grain”

2023
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STUDY OF 
GENETIC 

ARCHITECTURE
2

• 201 genotypes (180 landraces) of Triticum turgidum L. ssp. 
durum (Desf.) originated from 33 different countries from the 
Global Durum Panel (GDP)

• 3 years field trial

Genome Wide Association 
Study (GWAS)

Metabolomic analysis
(+/- UPLC-HRMS) –

RT

M/Z

Identification of candidate genes

Tafuri et al. 2025. https://doi.org/10.3390/plants12061349

2025
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STUDY OF 
GENETIC 

ARCHITECTURE
2

*

** *

TRITD4Bv1G182260 (PAT1)

TRITD7Bv1G225350 (PAO)

TRITD7Bv1G172590 (LDH)
TRITD7Bv1G172680 (LDH)

Identification of six QTNs associated to free asparagine content 
in the grain and four candidate genes involved in this trait.

2025
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STUDY OF 
GENETIC 

ARCHITECTURE
2

*

** *

TRITD4Bv1G182260 (PAT1)

TRITD7Bv1G225350 (PAO)

TRITD7Bv1G172590 (LDH)
TRITD7Bv1G172680 (LDH)

Identification of six QTNs associated to free asparagine content 
in the grain and four candidate genes involved in this trait.

“The six detected QTNs could be of 
interest for future breeding 
programs in elite varieties aimed to 
reduce acrylamide forming 
potential. 

This study gave new insight in the 
complex metabolic network that 
control free asparagine levels in 
wheat grain.”

2025
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Reference n. of analysed genotypes n. of QTLs Chromosome
Emebiri, 2014 92 varieties 1 QTL (9 SNPs) 5A

Rapp et al. 2018 149 varieties 8 QTL/SNPs 1A, 4A, 7A, 1B, 6B, 7B, 2D, 6D

Lavoignat et al. 2024 481 varieties 16 QTL (146 SNPs) 1A, 3A (2), 6A, 7A, 1B, 2B, 3B (2), 
5B, 6B (2), 7B (2), 2D

Rączka et al. 2025 174 elite winter wheat lines 15 QTL (43 SNPs) 1B, 1D, 2B, 2D, 3A, 3B, 3D, 4A, 
5B, 5D, 6B, 6D, 7A, 7B, 7D

Oddy et al. 2023 171 doubled haploid lines of Robigus × Claire 1 QTL/SNP 4B

Tafuri et al. 2025 201 landraces and varieties of durum wheat 6 QTNs 6A, 7A, 2B, 4B, 7B

GWAS and QTL identification

STUDY OF 
GENETIC 

ARCHITECTURE
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Species Candidate gene Gene name Metabolic pathway Chr
Associated 

QTL
Peak marker 

position (Mbp)
Referen

ce

T. aestivum

TraesCS3A02G077100; 
TraesCS3D02G077300

asparagine synthetase 2 (TaASN2) asparagine synthesis in seed 3A, 3D - -
Raffan et 
al. 2021

- asparagine synthetase 2B (TaASN-B2) asparagine synthesis in seed 3B - -
Oddy et 
al. 2021

TraesCS1B03G0736700
H-subunit of mitochondrial NAD(P)H 

dehydrogenase
mitochondrial electron 

transport chain 1B QGfac.rut.1B.1 468.9
Rączka et 
al. 2025

T. turgidum 
ssp. durum

TRITD4Bv1G182260
anthranilate phosphoribosyl transferase 

(PAT1)
tryptophan biosynthesis 

pathway
4B

GENE-
4008_418

609.4

Tafuri et 
al. 2025

TRITD7Bv1G172590 L-lactate dehydrogenase (LDH)
glucose metabolism / 

asparaginase II pathway
7B

BS00108573_5
1

545.2

TRITD7Bv1G172680 L-lactate dehydrogenase (LDH)
glucose metabolism / 

asparaginase II pathway
7B

BS00108573_5
1

545.2

TRITD7Bv1G225350 polyamine oxidase (PAO)
polyamine metabolism 

/asparagine-methionine 
bicycle

7B
BS00062611_5

1
697.6

Candidate genes and associated markers

STUDY OF 
GENETIC 

ARCHITECTURE
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CROP MANAGEMENT

Control of soil N/S ratio

Balanced micronutrient composition 

Avoiding water and salt stress

Disease control

IDENTIFICATION OF GENETIC 
RESOURCES

Germplasm evaluation 

Multi-environment trials

Natural deletion of TaASN-B2

STUDY OF GENETIC 
ARCHITECTURE

GWAS

QTL identification

Omics integration

BIOTECHNOLOGY

Genetic modification 

Genome editing 

TILLING
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BIOTECHNOLOGY 1 2 3

Raffan et al. 2021. doi: 10.1111/pbi.13573

Raffan et al. 2023. doi: 10.1111/pbi.14026

Kaur et al. 2026. https://doi.org/10.1111/pbi.70661

2021
2026
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✓ A comprehensive and balanced approach to soil management and fertilization, coupled with 
innovations in soil biology and digital agriculture, is essential.

✓ Genetic diversity for free asparagine content can be used in breeding programs.

✓ The trait is complex and multigenic, but it is possible to find specific genetic determinants that
control free asparagine content.

✓ Using integrated -omic approaches to provide novel information about this complex trait.

COLLABORATIVE FIELD TRIALS 

SHARING OF PHENOTYPIC AND GENETIC DATA 

COLLABORATION AMONG PUBLIC INSTITUTIONS AND PRIVATE COMPANIES

What we have learned…
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SIS/CNR: a successful example of public-private collaboration

Public Research Institution Private Seed Company
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X

F1

F2

F3

X

X

bread wheat

high free 
asparagine
 

low free 
asparagine
 

Production of recombinant lines for fine mapping
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✓ Validation of QTLs on bread wheat

Phenotyping (free asparagine) and genotyping (Illumina 25K Wheat Infinium Array) of 326 bread wheat

(Triticum aestivum L.) varieties representing the SIS germplasm

single-locus and multi-locus GWAS

Eleven QTNs on eight chromosomes were found as associated to free asparagine content by both GWAS

- two of them close to the QTNs reported in durum wheat



57ACRYRED • COST Action CA21149 • Reducing Acrylamide exposure of consumers by a Cereals supply-chain approach targeting Asparagine

healthy wheat

very low free 
asparagine
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✓ Better understanding of agronomic practices beyond fertilization, as well as the impact of abiotic

stresses on free asparagine accumulation in cereals.

What is still to be done…
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✓ Better understanding of agronomic practices beyond fertilization, as well as the impact of abiotic

stresses on free asparagine accumulation in cereals.

✓ Identification of genes and molecular pathways involved in free asparagine accumulation.

What is still to be done…
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✓ Better understanding of agronomic practices beyond fertilization, as well as the impact of abiotic

stresses on free asparagine accumulation in cereals.

✓ Identification of genes and molecular pathways involved in free asparagine accumulation.

What is still to be done…

GENOMICS
Identification of chromosomic 

regions associated with the trait 
of interest

METABOLOMICS
Definition of cereal grain 

composition, enabling the 
identification of molecules whose 

levels correlate with free 
asparagine

PROTEOMICS
To provide insights into the 

protein interactions involved in 
asparagine metabolism
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✓ Better understanding of agronomic practices beyond fertilization, as well as the impact of abiotic

stresses on free asparagine accumulation in cereals.

✓ Identification of genes and molecular pathways involved in free asparagine accumulation.

✓ Exploitation of genome editing for the creation of cereal genotypes accumulatin low free asparagine.

What is still to be done…
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✓ Better understanding of agronomic practices beyond fertilization, as well as the impact of abiotic

stresses on free asparagine accumulation in cereals.

✓ Identification of genes and molecular pathways involved in free asparagine accumulation.

✓ Exploitation of genome editing for the creation of cereal genotypes accumulatin low free asparagine.

✓ Set up of molecular markers for free asparagine accumulation in the grain.

What is still to be done…
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✓ Better understanding of agronomic practices beyond fertilization, as well as the impact of abiotic

stresses on free asparagine accumulation in cereals.

✓ Identification of genes and molecular pathways involved in free asparagine accumulation.

✓ Exploitation of genome editing for the creation of cereal genotypes accumulatin low free asparagine.

✓ Set up of molecular markers for free asparagine accumulation in the grain.

✓ Creation of a shared database about cereal genotypes accumulating low and stable free asparagine

levels, for breeding programs.

What is still to be done…
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July 2024
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July 2024

D2.3 Agenda for the next 5 

years for agronomy and 

plant breeding research –
M42



This article/publication is based upon work from COST Action ACRYRED, CA21149, supported by COST. COST (European Cooperation in Science and Technology) is a funding agency for research and innovation networks. Our Actions help connect research initiatives 

across Europe and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation.
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