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ACRYLAMIDE* FOODACRYLAMIDE* FOOD



What we learnt so far? What we learnt so far? 

•• Mechanism of its formation Mechanism of its formation 

•• Factors affecting Factors affecting 

•• Possible mitigation strategies Possible mitigation strategies •• Possible mitigation strategies Possible mitigation strategies 

•• Next Step ? Next Step ? 
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Difference Difference in these chips in these chips OBVIOUS OBVIOUS ! ! 

~~50 50 µµgg//kgkg ~~2280800 0 µµgg//kgkg

Acrylamide is visible !Acrylamide is visible !
vgokmen@hacettepe.edu.trvgokmen@hacettepe.edu.tr



AimAim

•• We aimed to develop a computer vision based We aimed to develop a computer vision based 

image analysis image analysis technique to predict technique to predict 

acrylamide acrylamide level in fried potatoes and bakery level in fried potatoes and bakery 

products. products. products. products. 

A FactA Fact : Browning and acrylamide formation : Browning and acrylamide formation 
take place simultaneously during heating!  take place simultaneously during heating!  

Q: Can we relate them?  How?Q: Can we relate them?  How?
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Acrylamide & Color (Browning)Acrylamide & Color (Browning)

AcrylamideAcrylamide
O

NH2

RRGGBB

BrownBrown



Acrylamide in FoodsAcrylamide in Foods

•• Possible human Possible human carcinogencarcinogen, first detected in , first detected in 
2002 in heated foods. Forms in foods high in 2002 in heated foods. Forms in foods high in 
asparagine  asparagine  if heated at if heated at >100>100ooC C as a result of as a result of 
Maillard Maillard reactionreaction. . 

•• Fried Fried foodsfoods

•• Baked Baked foodsfoods

•• Roasted Roasted foodsfoods
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Maillard ReactionMaillard Reaction
N-substituted glycosylamineAldose Sugar

+ amino compound
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+ H2O

Amadori rearrangement product (ARP)

1-amino-1-deoxy-2-ketose

Reductones Fission products 
(acetol, diacetyl, pyruvaldehyde, etc)

> pH 7 > pH 7 ≤ pH 7

-2H

-3H2O-2H2O

Schiff’s base of 

hydroxymethylfurfural 

(HMF) or furfural

Dehydroreductones

+2H

+ H2O

LC Maillard (1912)

3-APA
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- CO2 Maillard

Lipid Oxidation
Dehydroreductones
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Strecker 
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-CO2
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+ amino
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Melanoidins (brown nitrogenous polymers)Melanoidins (brown nitrogenous polymers)
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+ amino

compound

NH2

O
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There is a chemical mechanistic basis to There is a chemical mechanistic basis to 

relate acrylamide with browning !relate acrylamide with browning !



Factors Affecting Acrylamide Factors Affecting Acrylamide 

Formation in FoodsFormation in Foods

AgronomicAgronomic RecipeRecipe ProcessProcess Final PreparationFinal Preparation

recipe
…….

……..

Acrylamide Toolbox Acrylamide Toolbox 

Same factors affect also browning !Same factors affect also browning !



Browning in FoodsBrowning in Foods

•• Thermal processingThermal processing of foods at extreme of foods at extreme 

temperatures results in temperatures results in surface browning surface browning as a as a 

result of result of Maillard reactionMaillard reaction. . 

•• Fried Fried foodsfoods

•• Baked Baked foodsfoods

•• Roasted Roasted foodsfoods
images of … images of … 

browned browned foods  foods  
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Understanding a Understanding a digital imagedigital image

ZOOM INZOOM IN

ZO
O

M
 IN

ZO
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pixelspixels

Digital images are made Digital images are made 

of nof nthth number of pixelsnumber of pixels

ZO
O

M
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O

M
 IN
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PixelPixel

•• A typical image captured by a digital camera A typical image captured by a digital camera 

consists of an consists of an array of vectors array of vectors called pixels. called pixels. 

•• Each pixel has Each pixel has redred, , green green and and blue blue color values : color values : 

BB

m

n

RR
GG

BB

vector vector nn

vector vector mm
form a matrix in size of form a matrix in size of nn xx mm
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Image Data (Image Data (image.jpgimage.jpg))

The picture is read between The picture is read between 0 0 –– 255  255  

pixelpixel--byby--pixel as ‘pixel as ‘RGBRGB’ space. ’ space. 

An An 1024 x 768 1024 x 768 image image 

786,432 786,432 pixels (data points)  pixels (data points)  786,432 786,432 pixels (data points)  pixels (data points)  

2,359,296 2,359,296 numbers (RGB values) numbers (RGB values) 

*1 megapixel means one million pixels ! *1 megapixel means one million pixels ! 



Color Difference (Color Difference (ΔΔE)E)

GG

Point  1Point  1

The The difference difference is the straight line is the straight line distance distance between between 

two color points in color space !two color points in color space !

((ΔΔE)E)
EEuclidean uclidean Distance Distance 

RR

BB

(R(R22,G,G22,B,B22))

Point  2Point  2 (R(R11,G,G11,B,B11))

Point  1Point  1

Euclid, BC Euclid, BC 300 300 

∆E = (R2 − R1)2 + (G2 − G1)2 + (B2 − B1)2
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Measure Browning !Measure Browning !
Do you know Do you know any device any device available in the market which measures available in the market which measures browningbrowning??

yellowyellow
backgroundbackground

brownbrown BROWN ? BROWN ? 

There is no generic definition of BROWN in food sector !  There is no generic definition of BROWN in food sector !  vgokmen@hacettepe.edu.trvgokmen@hacettepe.edu.tr



Browning RatioBrowning Ratio

How to Procedure (Algorithm)How to Procedure (Algorithm)How to Procedure (Algorithm)How to Procedure (Algorithm)

•• Determine Determine mean reference mean reference valuesvalues

•• Classify (segment) pixelsClassify (segment) pixels according to their distance according to their distance 

((EuclidianEuclidian) to the mean reference values ) to the mean reference values 

•• Count pixels Count pixels in each groups (except background!) in each groups (except background!) 

•• Compute Compute browning ratio browning ratio 

We need a code !We need a code !
vgokmen@hacettepe.edu.trvgokmen@hacettepe.edu.tr



Mean references for potato crispMean references for potato crisp

BackgroundBackground

(white)(white)

0.8330      0.5870      1.00000.8330      0.5870      1.0000

0.6940      0.3080      1.00000.6940      0.3080      1.0000

0.1530      0.0540      1.00000.1530      0.0540      1.0000

RR

GG

BB

We have 3 references (yellow, brown, background)We have 3 references (yellow, brown, background)
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Segmentation ProcessSegmentation Process
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Segmentation Segmentation is based on calculated is based on calculated Euclidian distances Euclidian distances (ΔE),(ΔE),

if the pixel is closer to yellow or brown, it is assigned or classified accordingly!if the pixel is closer to yellow or brown, it is assigned or classified accordingly!
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Algorithm in PracticeAlgorithm in Practice

•• Capture the IMAGE Capture the IMAGE 

•• Run the algorithm to segment the imageRun the algorithm to segment the image

•• Compute the browning ratio from the Compute the browning ratio from the 

segmented image segmented image segmented image segmented image 

•• Calculate the level of acrylamide from the Calculate the level of acrylamide from the 

matrixmatrix--matched calibrationmatched calibration

Matrix represents a specific food formulation or product !Matrix represents a specific food formulation or product !
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Image acqusitionImage acqusition

Light Source Light Source 

(D65)(D65)

Light Source Light Source 

(D65)(D65)

Camera Camera 

(megapixel)(megapixel)

4545oo

9090oo Image Transfer Image Transfer 

(USB)(USB)

Image ProcessingImage Processing

PC with PC with MatLabMatLab

ObjectObject
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Original Original vsvs SegmentedSegmented

1212% % 

Browning RatioBrowning Ratio

≈ 600 ppb≈ 600 ppb vgokmen@hacettepe.edu.trvgokmen@hacettepe.edu.tr



Case StudyCase Study

• Case 1: Potato crisps 

• Case 2: Cookies



Potato CrispsPotato Crisps
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Browning and acrylamide formation have similar Browning and acrylamide formation have similar 
kinetic trends during frying of potato crisps !kinetic trends during frying of potato crisps !
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Browning ratio relates to Acrylamide Browning ratio relates to Acrylamide 

concentration in potato crispsconcentration in potato crisps

y = 50.3xy = 50.3x

r² = 0.97r² = 0.97
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Baking Baking 

CookiesCookies
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Baking CookiesBaking Cookies
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Browning and acrylamide formation have similar Browning and acrylamide formation have similar 
kinetic trends during baking !kinetic trends during baking !
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y = 3.0013xy = 3.0013x

r² = 0.88r² = 0.88
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Browning ratio relates to Acrylamide Browning ratio relates to Acrylamide 

concentration in cookiesconcentration in cookies
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Automatic Inspection

Signal IN

COMPUTING 

DEVICE

We can monitor food processes using computer vision based matrixWe can monitor food processes using computer vision based matrix--matched calibrationmatched calibration

IMAGE ACQUSITION 

DEVICE

Signal IN

Signal OUT

INSPECTION 

DEVICE

FAILFAIL

PASSPASS
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We always measure color!

We have a pair of device ! 
(Even Homer Simpson ...)  

SSeeee

TTouch ouch 

SSmell mell 

TTaste aste 

HHear ear 

To Conclude

The color (to see) is the first sensation that a consumer 

perceives and uses as a tool to accept or reject. 

Because, the color observation allows the detection of

quality and certain anomalies or defects of a product. 

As exemplified for potato crisps and cookies, frying and As exemplified for potato crisps and cookies, frying and 

baking process can be monitored online for browning baking process can be monitored online for browning 

development, so to predict acrylamide formation. development, so to predict acrylamide formation. 


