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[ly Processed Foods

mmmmmm

i | 1 =
1/ % . - n
g iy . A WY
i ¥ Jo D el - -
l}jl' i /_,. VErT 4

Baking '» Roasting Frying Pateurizatio Sterilization Pasteurjiiation Pasteurization Deodorization‘ »»Roasting
150-250°C 150-250°C 170-190°C 70-100°C 110-130°C 70-100°C 70-100°C 150-260°C 150-200°C
Sterilization
.. 110-130°C
Food Composition P
(] ] AA>7/
(Reaction Mixture) IR { e ” e M,
T
= Carbohydrates \ I — R
. P t ° e — //,AA{ \ \ a \t
ro el nS ° ° ///i/./ }\ Lys
o Heating / Cooking T SR g l
" Lipids e o R
= Minerals = T/t induced complex chemical reactions Ty 7 o
N . u H H Lys Hl_""""*-x.‘l_‘
= \/itamins Changes in food composition LA S o
» Effects on food quality and safety { »[
" Water = Considerations on risks and benefits i P g

» Need for product reformulations and/or process modifications



Thermal Process Contaminants

= Asparagine

= Ascorbic acid
= Sugars

= Polyunsaturated fatty acids
= Acylglycerols

= Creatin(in)e
. J

Precursors Naturally
Found in Foods

- Thermally Processed Food Products
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Processed cereal /=
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children ¥4

__Mean 69 pg/kg } ‘
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Asparagine Carbonyl OH ' 0
N-Glycosyl conjugate Amadori compound

= The Maillard reaction is responsible for o e
the formation of acrylamide in foods %\i
during heating at elevated temperatures. o 7 SRd N
= Asparagine which is a major precursor oﬁy\ﬁ %\I
of acrylamide occurs naturally in plants. sotomeotine 0 >Y
= Asparagine concentration is considered N /
as the limiting Factor for acrylamide N A 7T
Formed in Foods. In practice, the foods
rich in free asparagine and reducing i P N
sugars have the highest potential to form N %\Aﬁr O//T”\ZANA(R
acrylamide. O L ren
= Carbonyl compounds are known to | we
accelerate acrylamide fFormation during w1 \ I 2
heating. Foods may be considered as a M e o Y 4\/\
pool of carbonyl compounds. \
Figure P e

Formation mechanism of acrylamide.

Acrylamide



Mechanistic Basis of Mitigation
+ Carbonyls + Heat — Acrylamide

« Decreasing asparagine level as low as possible by selecting cereals with low asparagine, diluting with low asparagine
cereals, using asparaginase, extending fermentation time where possible

« Blocking carboxyl group of asparagine by adding divalent cations
Targeting carbonyl/dicarbonyl compounds as the accelerating factor

 Avoiding or minimizing reducing sugars, replacing fructose with glucose, using glucose oxidase, extending fermentation
time where possible

« Limiting sugar fragmentation reactions leading to a-dicarbonyl and a-hydroxy carbonyl compounds by replacing
ammonium bicarbonate with alternatives where feasible

« Trapping sugar fragmentation products by adding thiol and/or phenolic compounds
 Addition of amino acids to compete with asparagine for carbonyl compounds
Targeting thermal load and T/t history of the baking process

 Decreasing overall thermal load by adjusting T/t during baking

« Decreasing surface-to-volume ratio of product

 Avoiding very high baking temperatures and maintenance of uniform control of the color
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Carbohydrates | | Ascorbic acid Amino acids
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Summary of possible routes
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Chlorqp/r

Maximum limltﬁgr
3-MCPD and its este,r

= 20 ug/kg in hydroly égetable prote
* 1250-2500 pa/kg in vegetable 61&‘
= 15 pg/kg ininfant formula -
Glycidyl esters \\\1 R
= 500-1000 kg in vegetable oil: aﬁd
= 6 ug/kgininfant formula 1

Fats and Oils

Chloropropanols and related substances are contaminants that can be
formed during food processing, particularly when high temperatures are
applied to fats and oils. The original maximum levels for 3-MCPD and its
esters in specific food products for infants and young children were

established by Regulation (EU) 2020/1322. /




Chloropropanols
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Mechanism of the Formation of chloropropanols
and related substances from acrylglycerols
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Maximum limits are not regulatedin EU.
= Caramel Color I (also known as plaLp‘er fgn ‘..r,_f-f{i". S o,

= Caramel Color Il (caustic sulfite caramel) LS
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Coke, Beer Candy, Bakery Products

The International Agen y for Research on Cancer classified
methyllmldazole (-4-MEI) as Group 2B indicating sufficient-evidence of
carcinogenicity.in experlmental animals while no human data were
available. In 2011, California listed 4- MEI as a cafcmoge.n under the

Proposition 65. <1 A g =
_ "#




Methylimidazole
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Mechanism of the formation of methylimidazole



AGEs in Foods

Maximum limits are not pegulaér
" |n vitro -
" |n vivo#

UHT-Treated and Powdered Milk Products

Advanced glycation end products (AGES) are proteins that become
glycated as a result of exposure to sugars.

They are a biomarker implicated in aging and the development or
worsening of many degenerative diseases, such as diabetes,
atherosclerosis, chronic kidney disease, and Alzheimer's disease.




Maillard Reaction in Foods

T>100°C Caramelization

Protein
Reducing Peptide-bound
carbohydrate Amadori product
CH,OH
0 O OH
OH 'U\«OH HO fi
R'O HO CHy—N—
OH OR' §
| Early stage ||
Figure

General reaction scheme of the Maillard reaction leading to the formation of dicarbonyl compounds and advanced
glycation end products (AGEs) in foods during thermal processing.



Maillard Reaction in Human Body

T=37°C

food

Figure

PONH2
S » | GO-AGEs
e.g. GOLD, G-H1
Alilo- Glycolaldehyde — | Glycol-AGEs

oxidation e.g. GA-Pyridine

Formation mechanism of advanced glycation end

products (AGEs) in the human body.
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Anti-Glycation Scenarios
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Dicarbonyl Compounds

Maximum limits are not regulated in EU.

Dicarbonyl compounds form advanced glycation end (AGEs) products that play a role
in diabetes, aging and Alzheimer's diseases.




Dicarbonyl Compounds
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Examples of the structures of a-dicarbonyl
compounds generated in foods because of
Maillard reaction, sugar decomposition and
lipid oxidation reactions
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HMF

Figure
Formation mechanism of HMF
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Heterocyclic Amines.
Ma;;wmmated_w

Roasted Meai:s "

. . ‘\' ° .
Heterocyclic amines (HCASs) are a'greup of mutagenic compounds found in
cooked meats, particularly well-done meadts:

HCAs in the form of amino carbeline or amino imidazo-azaarene groups are
formed during frying, broiling, smoking, or barbecuing meat and fish at high
temperatures due to the abundance of amino acids or creatine in these foods.




Heterocyclic Amines

HN
NH,
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Strec!<er Creatine
degradation
Amadori Heat l
rearrangement NH;
Y ] \N/\<N
R N R
g | 4 + /& + IQ compounds
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R N Aldehyde Creatinine Aldol reaction
Pyrazine Pyridine
Figure

Formation mechanism of heterocyclic amines in foods via the Maillard reaction



Take home message

Eating is not Free of risk
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