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Why are air fryers attracting scientific attention for baking 
biscuits?

Knowledge Gap

Very limited information is 
available on how the

air-fryer design and heat-
transfer affect process

contaminant formation in 
biscuits

Consumer 
Perspective

Scientific
Concern



Nutritional potential

Widely consumed worldwide

energy dense quick satiety
added nutritional value 

formulated with whole grains, fibre, and functional 

ingredients

Convienence and 

long shelf life
popular snack 

across all age group

appealing sensory 

properties
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Nutritional concerns

high in sugar saturated fat refined flours

• Rippe, J. M., & Angelopoulos, T. J. (2016). Relationship between added sugars consumption and chronic disease risk factors: Current understanding. Nutrients, 8(11), 697. https://doi.org/10.3390/nu8110697
• Gaesser, G. A. (2019). Perspective: Refined grains and health: Genuine risk, or guilt by association? Advances in Nutrition, 10(3), 361–371. https://doi.org/10.1093/advances/nmy104
• Sanders, L. M., Zhu, Y., Wilcox, M. L., Koecher, K., & Maki, K. C. (2021). Effects of Whole Grain Intake, Compared with Refined Grain, on Appetite and Energy Intake: A Systematic Review and Meta-Analysis. 
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Acrylamide formation? 

During baking

*High Temperature Applied
*Formulations
promote Maillard reactions
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Home-made biscuits: tradition and connection

Nicolosi, A., Laganà, V. R., & Di Gregorio, D. (2023). Habits, health and environment in the purchase of bakery products: Consumption preferences and sustainable inclinations 
before and during COVID-19. Foods, 12(8), 1661. https://doi.org/10.3390/foods12081661

Air-fryers are no longer used only for fries; they have become home-baking appliances.



Acrylamide
formation

FormulationHigh 
temperature

applied

Time

Baking devices

Tempature

Dough composition

Moisture content

pH
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Potential Health
Risk of Acrylamide

Maillard-driven contaminant formation 

Moisture loss

Surface Temperature

vary considerably across 
domestic cooking appliances

• “Possibly carcinogenic to humans” compound by the 
International Agency for Research on Cancer (IARC) in 1994 
and classified in group 2A.

• The European Commission has classified acrylamide in Category 
1B as a carcinogen and mutagen, and in Category 2 as a 
reproductive toxicant.

• The European Chemical Agency (2022) included acrylamide in the 
List of Substances of Very High Concern
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234.
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• EC (European Commission). (2017). Commission regulation (EU) 2017/2158 of 20 November 2017 establishing mitigation measures and 
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Acrylamide Levels in Home-Baked Biscuits?

Variations in 
cooking

appliances

Choice of raw
material

Whole grain cereals
Pseudocerals flours

Free asparagine Reducing sugar

Variable in acrylamide levels

Differs in the Thermal
environment and Moisture

dynamics
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Objective of Study

To evaluate the formation of 
acrylamide in cereal-based 

biscuits baked using different air-
fryer technologies and a 
conventional oven under

conditions that mimic typical
domestic practices

The overarching goal was to identify potential 
risks associated with air-fryer use and to 
provide consumers with evidence-based 

recommendations for preparing healthier, safer 
biscuits at home.

Can air fryers really 
help us prepare safer

biscuits at home?



Raw Material Processing Technology

Refined Wheat
(Triticum
aestivum) 

Whole Wheat
Flour (Triticum

aestivum) 

Whole Grains
• Rye (Secale cereale), 
• Spelt (Triticum spelta), 
• Oat (Avena sativa),
• Buckwheat (Fagopyrum

esculentum) 



Study Design and Biscuit Preparations

Formulation
(AACC Method 10–54) 
Dough Composition 

(per batch)
▪ 64 g shortening
▪ 70 g granulated sugar
▪ 2 g salt
▪ 1.6 g sodium bicarbonate

NaHCO₃
▪ 0.8 g ammonium bicarbonate

NH₄HCO₃
▪ 30 g distilled water
▪ 160 g sifted flour (variable)

Processing Conditions
▪ Mixed with an artisan KitchenAid

(model 5KSM125) stand mixer
under controlled conditions

▪ Rested at room temperature:
30 min

▪ Rolled out and cut into uniform
disc

▪ Standardised size: 5 cm diameter
× 3 mm thickness (experimental
consistency)

▪ Identically scaling for all samples



Lyophilization
Samples were first 

lyophilised to ensure
(i) moisture removal

(ii) stabilise the matrix for 
subsequent chemical 

analyses

Key Maillard
Precursors analysis

High-Performance Anion-
Exchange Chromatography 
With Pulsed Amperometric
Detection (HPAEC-PAD)

Reducing Sugars
• Reducing sugars (glucose, 

fructose, and sucrose) were 
measured as carbonyl 

precursors. 





Free
asparagine 
content was 
quantified as 
the primary 
amino acid 
precursor. 



TEMPERATURE 
ASSESSMENT

Rotating Basket Air-Fryer

TEMPERATURE 
MEASUREMENT

External Probe Monitoring

AVERAGE OPERATING 
TEMPERATURE ESTABLISHED

2 31



Rotating-basket 
air-fryer, 

top-mounted
heating element,

1400 W, no allowed
temp control

Static-basket air-fryer
fixed upper 

resistance and high-
velocity airflow,

1500 W, adjustable
temp control

Convective, 
air-forced, electric
oven, 53 L internal

capacity

Eight biscuits were prepared in duplicate

preheated to the target 
temperature before placing 

the samples inside



▪ Measured on the surface in both doughs and biscuits (top
and bottom)

▪ Four separate measurements of
▪ L* (lightness),
▪ a* (redness) and
▪ b* (yellowness) were taken at different spots on the food

surfaces to evaluate colour distribution.
▪ E index calculated as= (L*2 + a*2 + b*2)1/2

Color Determination

a portable Konica Minolta CM-
3500D spectrophotometer 

(Konica Minolta, Osaka, Japan)

operating in the CIELAB colour space



Acrylamide determination by
LC-ESI-MS/MS

**Determination of acrylamide by LC-ESI-MS/MS (liquid chromatography coupled with electrospray
ionization tandem mass) spectrometry using ¹³C₃-acrylamide as Internal Standard

**Validated isotope-dilution LC/MS-MS method with external proficiency verification

Mesias, M., & Morales, F. J. (2025). Acrylamide- and hydroxymethylfurfural-forming capacity of alternative flours in heated dough systems. 
Foods, 14(9), 1597. https://doi.org/10.3390/foods14091597





Statistical Analysis

▪ All statistical analyses were conducted using IBM SPSS 25.0 (SPSS IBM 
Inc., IL, USA) and Statgraphics Centurion XVI.I software. 

▪ Results were expressed as means and standard deviations (SD). 
▪ The normality of data distribution was assessed using the Shapiro-Wilk test 

and homogeneity of variances was verified using Levene’s test. 
▪ Differences between the mean values were evaluated using one-way 

analysis of variance (ANOVA) followed by the Tukey’s post-hoc test at a 95% 
significance level. 

▪ Relationships between the parameters analyzed were explored using 
Pearson’s linear correlation coefficients, considering statistical significance at 

p < 0.05.
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Recognised as the key precursor 
of acrylamide and a limiting factor 

in cereal-based products 
Importantly, the amount of
asparagine alone does not fully
explain acrylamide formation.
Other amino acids, as well as
the relative balance between
asparagine and the broader
amino acid profile, also play a
role in determining acrylamide
levels



Žilić, S., et al. (2020). Acrylamide formation in biscuits made 
of different wholegrain flours, depending on their free 
asparagine content and baking conditions. Food Research 
International, 132, 109109.
https://doi.org/10.1016/j.foodres.2020.109109

https://doi.org/10.1016/j.foodres.2020.109109


Acrylamide (μg/kg) levels in biscuits formulated with different flours and baked using different devices.
Values are mean ± SD. Different lowercase letters indicate significant differences among devices within the same flour type (p < 0.05),
whereas different uppercase letters indicate significant differences among flours within the same device (p < 0.05).

✓ Acrylamide levels varied substantially 
by flour type and heating technology, 
ranging from 81 to 1320 μg/kg. 

✓ The static-basket air-fryer produced 
the highest acrylamide (up to 1320 
μg/kg), whereas the rotating-basket 
air-fryer yielded levels comparable to 
those of conventional oven baking (up 
to 515 μg/kg and 540 μg/kg, 
respectively).

✓ Buckwheat-based biscuits consistently 
showed the lowest contaminant levels
among other cereal types.

✓ Even with identical dough 
formulations and nominal 
temperature–time settings, the design 
of the heating element and resulting 
heat-distribution patterns within each 
device are critical determinants of 
acrylamide formation.



Rotating basket 
air fryer 1400 W

Oven convective, 
air-forced

Static basket 
air fryer 1500 W
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53.0 ±
0.3d

49.7±

0.3c

E index
overall color

intensity

Device design and flour type influenced browning intensity.

✓ Darker color ≠ higher
acrylamide

✓ Flour composition 
strongly influenced color 
development

✓ No significant correlation 
between E-index and 
acrylamide



Color development (E index) followed similar trends to acrylamide
formation, supporting its use as a rapid indicator of thermal processing
intensity.

Static-basket air-frying showed darker and more heterogeneous
surfaces than those baked in the rotating-basket air-fryer or
conventional oven.

Flour type remained the primary determinant of biscuit colour, with
wholegrain formulations exhibiting distinct browning patterns
compared with refined wheat biscuits.

Buckwheat biscuits exhibited moderate colour development
together with the lowest acrylamide levels among the tested
formulations.

Device design significantly influenced surface browning,
highlighting the role of air-distribution geometry in thermal reaction
pathways.

Color Development Findings



Main Findings

✓Acrylamide ranged from 81 to 1320 µg/kg, depending on the flour and the
device.

✓Static-basket air-frying promoted the highest acrylamide formation 
among the evaluated technologies.

✓Air-fryer air-distribution geometry significantly dictates acrylamide
formation.

✓Buckwheat biscuits showed the greatest mitigation potential, because 
they yielded the lowest contaminant levels across all devices.

✓While rye was the most susceptible flour to acrylamide formation.



THE AIR FRYER MODEL IS AS IMPORTANT AS THE TYPE OF FLOUR  



Future Directions

✓Air-frying is not inherently a safer alternative to conventional
baking.
✓Future mitigation strategies should consider not only recipe

reformulation but also appliance design and heat-transfer
dynamics.
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Thank you for your attention ! ☺
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