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Background - Acrylamide

* |ARC refer acrylamide as a carcinogen for animals and probably for humans;

* Acrylamide is formed in a wide group of foods:
* Potato Products
* Breakfast Cereal
e Coffee
e Pastry & Bakery Products
* Snacks
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 Formed during thermal processing of food by caramelization and lipid oxidation, which can
generate undesired substances on food, like acrylamide



Acrylamide - Toxicity and Classification

1994 IARC classified acrylamide as a 2002 European Commission classifies

carcinogen for animals and probably this compound as Category 2 for
for humans (Group 2 A) carcinogenicity and mutagenicity




Acrilamida — Toxicidade e metabolismo

Oxidation process begins through cytochrome

Glycidamide reacting with DNA can give rise to




Acrylamide - European Legislation
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Acrylamide - Regulation 2017 1

Approach to mitigating

Acrylamide levels Scope of application
- p * French fries

p | e Bread

Implementation of * Breakfast Cereal
good hygiene practices e Bakery and Pastry Products
N J e Coffee
e > e COFFEE Substitutes

Application of e Ba by food
procedures based on
HACCP principles




Acrylamide — Regulation 2017 2

Application of mitigation
measures

Analysis of acrylamide
contents in the final product

AA contents
below
reference
levels?

Distribution

Precursor p
Arietieg

Otato

Storage and

transport
conditiOns

* Potato bieaching




Acrylamide — Regulation 2017 _5

Application of mitigation
measures

Analysis of acrylamide
contents in the final product

No

Analysis of
acrylamide
contents in the
final product

Distribution




Application of mitigation
measures

Analysis of acrylamide
contents in the final product

Analysis of
acrylamide
contents in the
final product

Distributi
on

Acrylamide — Regulation 2017 _6

Food

Benchmark level

French fries (ready-to-2af)

500

Potato crizps from fresh potatoes and from potato doush
Dotato-bazed crackers
Orther potsto products from potato doush

Soft bread

(2)Wheat basad bread

50

(b)Soft bread other than wheat based bread

100

Erzakfast cersals (excl porridas)

— bran products and whole gram cereals, zum puffed gram

300

— wheat and rve basad products ()

300

~ maize, oat, spalt, barley and rice based products ()

150

Bisauits and wafers

350

Crackers with the exception of potaio based crackers

Crisphraad

350

Ginger bread

Products zimdlar to the other products in this category

300

Foast coffes

Imztamt (zoluble) coffee

250

Coffee substinates

{a)coffea substitutes exelusively from cersals

500

(b)coffes substitutes from a mixhare of careals and chicory

{c)coffea mbstitutes exclusively from chicory

4000

Babw foods, proceszed cereal based fivods fior infant=s and voung children
exchuding biscuits and rusks ()

Biscuits and rusks for infants and voung children (%)

150




Acrylamide — Regulation 2017 7

Application of mitigation
measures

Analysis of acrylamide
contents in the final product

Analysis of
acrylamide -
contents in the

final product

Distribution

No Consumers

The packaging of final products shall have
recommended cooking instructions and shall
comply with Regulation (EU) No 1169/2011 of the
European Parliament and of the Council.




Acrylamide Mitigation Strategies 2

* Recipe
— Potatos

e Addition of Amino Acids
e Use of rosemary extract in frying oil
e Ascorbic acid and green tea treatments

e Addition of calcium salts, citric acid, vanadium salts or
acetic acid

e Radiofrequency application of heating after drying

It is important that
mitigation strategies do not

affect sensory and
rheological properties.

— Cereals

e Ammonium bicarbonate replacement with sodium
bicarbonate

e Glycine and Spice Addition
e Application of bamboo leaves or tea polyphenols
e Addition of pure phenolic compounds




Acrylamide Mitigation Strategies 3

* Processing
— Potatos

e Decrease frying temperature
e Reduce frying time
e Use of asparaginase enzyme

— Cereals It is important that
e Increase fermentation process time mitigation strategies do
e Use of asparaginase enzyme not affect sensory and

—_ Coffe rheological properties

e |[ncrease roasting temperature

* Increase roasting degree

e Coffee dilution

e Supercritical CO2 extraction in the processing phase
e Cysteine Addition Heat Treatment




Project MISAGE - Goal

 Development of different combinations of national ingredient and by-
product extracts to reduce the concentration of acrylamide and advanced

final glycolysis products.

Flours Reducing Agents Bread formulations Bread characterization Output

valuation
\
o YES _._I\ ' i
— Affi;gg/" wmm——p Proceced | \ Nutritional
\/ \ P
N

NO Manual of good practices for bakeries
industries

Reject i . o
] Contaminants colosiee Nationa 1 Publications
roperties
N\ T\




Project MISAGE - the challange

preparation of v m
Sensory extracts and )

properties determination
(ESHTE) of contaminants
(INSA)

|

Rheological
properties

(IP Santarém) ‘5____/ (ESHTE/INSA)

Processing




Project MISAGE — Activities

1. Preparation of extracts and definition of precursors (INSA / ESHTE)

o Task 1.1 - Determination of Maillard Reaction Precursors
¢ Task 1.2 - Preparation of reducing agents and determination and quantification of antioxidant activity

2. Production Test (ESHTE / INSA)

Task 2.1 - Pre-preparation of breads followed by sensory acceptance tests and determination of acrylamide
and advanced glycolysis products.

Task 2.2 - Bread production (variables: reducing agent concentration, baking process

Task 2.3 - Sensory characterization and determination of consumer acceptance

3. Determination of rheological characteristics (IP Santarém)
Task 3.1 - Evaluation of the rheological characteristics of bread produced in activity 2

4. Bromatological analysis of final products (INSA)
Task 4.1 - Determination of contaminants (acrylamide and AGEs)
Task 4.2 - Nutritional Characterization (protein and fiber)

5. Data Collection and Processing (INSA / ESHTE / IP Santarém)

Task 5.1 - Data analysis to select the best extract formulations




Acrylamide formation in food

Acrylamide is formed when foods are heated to:
Etemperatures above 120 ° C for moderately Iong
perlods under the limited presence of water.

.The cooking process, in particular, frying or roasting at hlgh
| 'temperatures, induces a higher degree of acrylamlde ,
'formatlon :

.....



Acrylamide formation in food

P m —
- The primary route of acrylamide formation

!is the Maillard Reaction, betweeni
!asparagine and reducing sugars (fructosei

I or glucose, for example). :
T d

: The first step is the formation of a Schiff:
EBase, which after decarboxylation |s
Ehydrolyzed to form 3-aminopropionamide§
| (3-APA), a potent precursor of acrylamide, or :
can directly form acrylamide. :

OH
NH, COOH "HO NH,
e -
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ASPARAGINE REACTIVE CARBONYL SCHIEE BASE
FROM
MAILLARD REACTION l
NH NH
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NHi HO \ lﬂp )

) NH, NH,
2\/\ -NH )\/ }\/\
3
0 NH, ——» P F 0 ~o

+AMINOPROPANAMIDE STRECKER

ACRYLAMIDE ALDEHYDE
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Acrylamide formation in food
» Secondary reaction route

H\
[ —mmmmmm e e e — e m—mm—m————— - - 1 i CED
I Acrolein is an unsaturated aldehyde produced from triglycerides through an i c=C
: intense heat treatment that also leads to the formation of acrylamide. : H o H
: : acrolein
o T L L L e T T T T T TP P P P PP PP PP PP PP PIT PP PPT PP o
/\)L Amlno acids, such as B-alanine and aspartic acid, can OY\‘)J\OH
Fa! i aIso lead to the formation of acrylamide. i OH NH,
Beglaning b Aspartic Acid
(o)
..................................................... HaV o N /H\OH
' Another secondary route for acrylamide formation that only occurs in certain , 0 1{/\
food groups, such as meat, is the carnosine pyrolysis reaction. | Camosine N-<
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]
é Extraction Preparation

» Aqueous Extract

Rocha pear
peal

X o
Water V

Agitation Filtration

\\/ 60 min




Extraction Preparation
> Dry Extract

itati i Filtration
Agitation Centrifuge

60 minutes }5000 rom for 15 minutes

Evaporation of the
ethanol
40°C



Analytical procedure
» Total Phenol Content (TPC)

Extract
H,O
Folin-Ciocalteu

760 nm

TPC was determined by the Folin-Ciocalteau method. A colorimetric with absorbance read at 760 nm. A
calibration curve was performed with gallic acid. Results are expressed in mg equivalents of gallic acid per g

sample (mg eq. GA / 8 mple)-




Analytical procedure
» Scavenging effect on DPPH radical

The antioxidant capacity was analyzed by the elimination of free radicals of 2,2-diphenyl-1-picrylhydrazyl (DPPH*). The
absorbance of each solution was measured at 517 nm.

Absence of light,
during 40 min



Analytical procedure
» Sample preparation and AA determination by UPLC-MS/MS

Extraction
Water + Sample Agitation

UPLC-MS/MS Solid Ph.ase
Acrylamide Determination Extraction



Production tests

* Eight distinct batches were produced:
* two types of flour —wheat and rye
* Aqueous extract (a) and Dry Extract (d)
* Traditional Oven (A) vs Convection Oven (B)

e All variables were defined and controlled

* (fermentation time, cooking time, cooking temperatue and
homogeneity of premixes).

e Each batch was composed of one control sample and five
replicates with the addition of the extract.




Sensorial evaluation

e appearance, odour, texture, taste, colour,
and overall acceptability for both bread
crumb and crust.

* For hedonic evaluation a 9-point scale
was used where 9 was considered
excellent and 1 extremely unsatisfactory.

e verify the existence of differences
between samples using the control and
the replicates.




Results

> Wheat bread hedonic evaluation (Global)

Hedom o

A

Hedonic sensory evaluation - WBCO

——e WECD+ =t WB[d]CQ === WE[]CO B

EC Wisual Color
Globzlzppredation 20 EC Visual Strange colars

EBC Flavor Sweet flavor EC Qlfactory Strange smells

EBC Flawor Strange flavors EC Texture Hardness

EBC Flavor Flavor intensity EC Texture Breakability

CE Texturs Chewiness EC Flawor Flavor intensity

CE Texture Humidity EC Flavor Strange flavors

CE Texture Elasticity EC Flavor Sweset flavor

EBC Olfactory Strange smells EBC Visuzsl Color intensity
EBC \isual Strange colors

Hedonic sensory evaluation of Wheat Bread (WB), (A): cooked in a traditional
oven (TO) and (B): convection oven (CO); 9-point scale where 9 was excellent and 1

extremely unsatisfactory.

The addition of the extract in agueous form (a):
] in the Convection Oven (B) had a higher score than the control (7.1 / 7.4)
- The addition of the extract in dry form (d):

/

** in a Traditional Oven (A) had a higher score than the control (7.7 / 7.8)

Evidence:

- The only batch to show a decrease in terms of hedonic valuation was:

wheat bread with dry extract in the Convection Oven - with a lower
texture score, especially the breakability, important factors in the

consumer acceptance



Results
» Rye bread hedonic evaluation (Global)

Hedonic sensory evaluation - RBTO

The addition of the aqueous extract (a) —e—RETO* —e—RB[]TO —e—RB[ITO A
ECVizmal Colorx
Global appraciation : EC Visml Stmanze colors

————

EC Olfartory Stranse

EBC Flavor Swest flavor
=mells

1 in a Traditional Oven (A) had a higher score than the control (7.8 / 8.2)

EBC Flanor Strange flarors EC Textuwres Hardness

EEC Flavor Flavor it zity EC Texture Breakshilry

CE Texture Chewinass EC Flanor Flavor mten sty

The addition of the dried extract (d)

CE Texture Himidity EC Flavor Stranze flavors

o

¢ in the Traditional Oven (A) had the same score as the control (7.8 /7.8) O Tevme Blaiciy EC Pl Suset faver

EBCG].f‘a:mlu:r Stranze EBC Visusl Color i ity
EBC Visual Stranss colors

Hedonic sensory evaluation - RBCO

——RBCO* ——a—RB[d]C0O =—a—REB[a]CO B
EC Vizmal Color
Global sppreciation 10,0 EC Visual Strange colors

EBC Flavor Swest flavor 8,0 EC Olfactory Stranze

EBC Flavor Stange flavors EC Testhure Harmdness
EBC Flavor Flavor -
5 ity EC Texture Breakabality

CE Texture Chemwmess EC Flavor Flavor mtensiby

CE Texture Hummdity EC Flavor Strange flavors
CE Texture Elasticity

EBC Olfactory Strange
smells

EC Flavor Sweet Savor
EBC Visual Color ntensity
EBC Visual Stranse colors
Hedonic sensory evaluation of Rye Bread (RB), (A): cooked in a traditional oven
(TO) and (B): convection oven (CO); 9-point scale where 9 was excellent and 1 ex-
tremely unsatisfactory



Results
» Hedonic evaluation (Global)

Table 1 — Results of the hedonic evaluation of wheat and rye bread with and Evidence:

without the addition of Rocha pear peer extract cooked in two types of oven. . o
= there were only two out of eight combinations

Bread
Crust . o
Cru?t evaluation| Crust evaluation - , Br“dtf_“mb crum.b Bread crumb evaluation- | Bread crumb evaluation - teSted ShOWIng to be nOt appllcable; namely.

evaluation - ) Texture Crust evaluation - Flavor er:;lu:ltluln- evaluation Texture Flaror et
Visual isual - oha

Olfactary Olfactory - Wheat Bread / Convection Oven / dried extract

Color Strange| Strange Hardness |Breakability .Fl:u'u.r Strange |Sweet . Culur Strange| Strange Hlasticit| Humidits | Chewiness .Fl:u'u.r Strange | Sweet
colors | smells " |intensity| flavors |flavor |intensity| colors | smells ) ) intensity| flavors | flavor [ d]

WBTO* | 75 | &0 83 14 11 13 19 [ 81 78 82 83 14 13 146 19 80 | 82 | 17
WB[TO| 80 | 84 84 1.8 8.0 8.0 T4 [ 82 ] T8 82 80 78 146 18 8.0 16 | 80 | T8

WB[TO| 78 | 84 1.8 80 §2 8.0 18 [ 78 78 80 14 78 §2 8.0 8.0 T4 | 76| T4 - Rye Bread / Convect|on Oven /aqueous extract
WBCO* | 63 | &1 19 6.3 6.1 T4 80 [80 | 77 80 81 14 13 T4 8.0 80 | 80 | T1
WB[ICO 74 | 80 6.8 6.6 62 146 18 [72] T8 80 80 12 10 T4 18 T4 | 76 | 66

WB[)CO| 68 | T8 80 38 32 18 18 [ 74| T8 80 82 14 18 1.8 §2 78 |82 ] 74 [a]

RBTO* | 74 | 82 19 13 11 146 80 [82] &0 82 83 78 18 8.0 19 82 | 81 ) 78
RB[TO| 82 | 82 81 74 6.4 g4 84 [84] 80 82 g4 78 ] ] ] 80 | 80 | 78
RB[JTO| 76 | 82 ) 146 10 T4 16 [ 80 ] 80 82 84 78 §2 g4 8.0 82 | 84| 82
RBCO* | 70 | 82 ) 6.8 6.0 18 81 [ 81 81 83 82 14 146 18 18 81 | 79| 73

megeol 70 | so [ s | o2 [ oss Jovs [ s [us[ s [so [ oo [ [ e [ s | e[ sl Nosignificant differences were observed between
RB[aJCO| 66 | 82 ) 12 6.8 T4 16 [ 80 ] 80 82 84 14 18 T4 146 68 | 80 | 48
8D 0332] 0173 | 0417 0,640 0,830 0301 | 0230 [0342] 0120 | 0111 | 0230 0245 | 0377 0,301 0210 | 0416 | 0234 | 0436

" : the control and the replicates
Legend: WB- Wheat Bread; RB- Rye Bread; TO — Traditional Oven; CO — Conventional Oven; P

[d] — dehydrated extract; [a] — aqueous extract; * - Control Sample; SD — Standard deviation



Results

» Acrylamide content

Lewvels of acrylamide in WEBCO and RBCO samples

1800
1600

1400
1200
100
200
G00
400
200
o

WEBO WE1 WB2X WB3I WEBE4 WE3S EE2 EE3S
WE EB
m [d] =m[a]
Levels ofacivlamide in WBTO and RBTO samples

1400
1200
1000
800
600
400
200
0

WBO WB1 WB2Z WB3 WB4 WBS RBEZ RB3 RB4 RBS

Levels of AA (ng/kg) - determined in (A): Wheat Bread (WB) and Rye Bread (RB)
cooked in a convention oven (CO); and (B): Wheat Bread (WB) and Rye Bread (RB)
—dehydrated extract; [a] — aqueous extract

cooked in a traditional oven (TO); [d]

m[d] =[a]

The AA content in control samples for:

Wheat Bread (WBO) - ranged from 497 — 1178 pg/kg
Rye Bread (RBO) - ranged from 1000 — 1510 pg/kg

* These values are:

- lower than others (EFSA in 2009 and 2011)

- similar, in a range of 65 to 1271 ug/kg in crisp bread (Mojska et al,
2010)

- higher, some studies reported lower AA concentrations in bread
products (Mojska et al., 2010; Wang et al. 2016)

* |t was shown that the AA content in the Rye Bread was higher than
in the Wheat Bread, which is in agreement with other studies

* Comparing the two types of the oven in both bread (WB and RB)
was observed that, in general, in the Traditonal Oven AA content is
lower than in the Convection Oven



Results
» Acrylamide content

Levels of acrylamide in WBCO and RBCO samples RedUCtion rate Of AA
1300
1600
1400 . . . .
1200 The average of the values obtained in the five replicates was
1000
300 i i i i i calculated
600
400
200 . . .
0 " this value was compared to the value of AA content obtained in the
WBO WBl WB2 WB3 WB4 WDBS EB2 REE3
WE RB control sample
m [d] =[]
Levels of acrylamide in WBTO and RBTO samples EffeCt Of the pear peel extracts:
1400
1200 . .
1000 * AAreduction varies between
800
600
00 - 27.3% (Wheat Bread; dried extract (d) in Convention Oven) - 4.26%
0 (Rye Bread; agueous extract [a] in Traditional Oven)
WEO WEB1 WB2Z WB3 WB4 WBS ERB2 EB3 RB4 RES
=l =il * For the Rye Bread the best reduction was accomplished with
Level_s of AA (pg{kg) - determined in (A): Wheat Bread (WB) and Rye Bread (RB) dried extract [d] in the Traditional Oven: 19 2%

cooked in a convention oven (CO); and (B): Wheat Bread (WB) and Rye Bread (RB)
cooked in a traditional oven (TO); [d] —dehydrated extract; [a] — aqueous extract



Conclusions

The effect of extracts varies with:

_ the matrix Reinforcing the importance of
- type of oven understanding the acrylamide
- with the interactions of phenolic compounds (AA) formation and mitigation

in each matrix

Best results

 wheat bread (WB) baked in a convection oven (CO) and in which the dry extract ([d]) was
added

* To use a traditional oven (TO), the best results would be achieved in: wheat bread added
with aqueous extract.

(since the remaining combinations in this type of oven showed little expressive mitigation
values)



Conclusions

* Formulas
Various combinations of e Composition of extract

variables must always be « Type of oven
assessed and validated * The acceptability of bread

* When compared to the use of other compounds, is that it is a
natural agent

* In comparison with other studies, it has good sensory

for AA: acceptance

e Good results achieved with a bakery product, such as bread, and
not in products with more ingredients such as cookies, biscuits
or cakes, for which it is easier to mask the taste.

Advantages of using pear peel
extract as a mitigation agent

 Depending on the acrylamide (AA) mitigation effects, these results enable us to select the best baking process
according to the varieties of bread and oven

* One of the major challenges in the development of new formulations of high consumption products, such as bread or
bakery products, relates to the acceptance of the innovated products by its usual consumers.

 Therefore, further studies are already planned to determine the acceptance of the selected formulas by potential
consumers
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