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What we learnt so far?

Mechanism of its format

Factors affecting

ion

Possible mitigation strategies

Next Step ?
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Difference in these chips OBVIOUS !

<
P

~50 pg/kg ~2800 pg/kg

Acrylamide is visible !
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Aim

e We aimed to develop a computer vision based
image analysis technigue to predict

acrylamide level in fried potatoes and bakery
products.

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

Q: Can we relate them? How?

vgokmen@hacettepe.edu.tr



Acrylamide & Color (Browning)

Acrylamide




Acrylamide in Foods

carcinogen
asparagine >100°C
Maillard
* Fried
e Baked

e Roasted
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LC Maillard (1912)

Maillard Reaction

Asparagine Asparagine / carbonyl

- cox /Maillard
\ 3-APAJ
l- NH,

Lipid Oxidation

Acrylamide

“,
\\‘
e

There is a chemical mechanistic basis to
relate acrylamide with browning !
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Factors Affecting Acrylamide
Formation in Foods

ClAA

Agronomic Recipe Process Final Preparation

®

Acrylamide Toolbox

Same factors affect also browning !



Browning in Foods

e Thermal processing
surface browning
Maillard reaction

e Fried
e Baked
e Roasted

images of ...
browned foods
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Understanding a digital image

Digital images are made
of n™" number of pixels

pixels
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Pixel

e A typical image captured by a digital camera
consists of an array of vectors called pixels.

e Each pixel has red, green and blue color values :

x.(n ,m)-

= |x,(n,m)

_xb(n ,m)_

vector n o
|:> form a matrix in size of nxm
vgokmen@hacettepe.edu.tr vector m



Image Data (image.jpg)

The picture is read between 0 - 255
pixel-by-pixel as ‘RGB’ space.

An 1024 x 768 image zi:,:,3) = BLUE
786,432 pixels (data points) Columns 1 through 17
2,359,296 numbers (RGB values) 2z8 215 206 204 202 203 204 204

ZZ26 213 204 202 zZ0O0 199 Zoo 199

Zil:,:,2) = o 201 200
1 202 201
Coluwmns 1 through 17 g 199 195

232 219 210 208 zZoe 207 Z03 203
230 21v 208 206 204 203 204 zZ03

Zi:,:,1)1 = RED 205 204
Z0e zZ0E
Colunns 1 through 17 203 202

227 214 =Z05 203 201 =202 203 203
225 212 203 Z01 199 193 199 195
2z1 zZo5 201 Z00 199 199 Z00 1949
2z4 212 =203 202 200 200 201 200

* . 77 . I 230 216 205 =201 155 197 155 197
1 megapixel means one million pixels !



Color Difference (AE)

The difference is the straight line distance between
two color points in color space !
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AE =\/(R,~R)?+(G, -~ G,)* +(B, - B’
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Measure Browning !

Do you know any device available in the market which measures browning?

7'y I o — background

’
-
¢
2
'
'
-’
-’
'
’
’
-’
-’
’’
-’
-’
-’
'
o’
3
-
-
-
-
Pad
’

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



Browning Ratio

n of brown pixels

Browning Ratio = _
n of total pixels

How to Procedure (Algorithm)

e Determine mean reference values

e Classify (segment) pixels according to their distance
(Euclidian) to the mean reference values

e Count pixels in each groups (except background!)
e Compute browning ratio

4\
vgokmen@hacettepe.edu.tr We need d COde ’ -



Mean references for potato crisp

Background
(white)

R 08330 0.5870 1.0000
G 0.6940 0.3080 1.0000
B 0.1530 0.0540 1.0000

We have 3 references (yellow, brown, background)

vgokmen@hacettepe.edu.tr



Segmentation Process

Region 1 -Yellow

S}a3Sed Joluno)

Region 2 - Brownish

Segmentation is based on calculated Euclidian distances (AE),
if the pixel is closer to yellow or brown, it is assigned or classified accordingly!

vgokmen@hacettepe.edu.tr



Algorithm in Practice

e Capture the IMAGE
e Run the algorithm to segment the image

e Compute the browning ratio from the
segmented image

e Calculate the level of acrylamide from the
matrix-matched calibration

Matrix represents a specific food formulation or product !

vgokmen@hacettepe.edu.tr



Image acqusition

Camera
(megapixel)

Light Source
(D65)

E N,
BN
L

90°

Light Source
(D65)

< Image Transfer
(USB)

J

Image Processing
PC with MatLab
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File Edit Text Go EEII Tnnls DEhug Desktnp Wlndnw HE||J w
x » NS $RBR90¢c - A b-1 7O =)

838 -[10]+ =+ [11]x % & O O
1 function [seg_im] = BrowningRatio(im_seg,u); T‘D E
2 - | u=im2double(u); - :
3- [r ¢ h]=size(im_seqg);
4 % median filter the segmentation image with a [3 x 3] window to remave lmw nil <parks Pt =
5 — filt_im=cat(3,medfilt2(im_seg(:,:, 1), symmetric),medfilt2(im_seg(: - :
6 'symmetric’),medfilt2{im_seg(:,:,3),'symmetric’)); , U’Q
7 % reduce from 3 dimensions to 2 dimensions for easy handling o §

8 — im=reshapelfilt_im,r*c,h)"; m
9 % compute the distance from cluster centers for all pixels m
10 — fori=1:3 —
11 - dist(i,))=sum({im-repmat(u(:,i),[1 r*c])).A2); . o =
12 — end O

13 % find and store the location of minimum distance cluster for each pfxel h
14 — [y loc]=min(dist);

15 — seg_im=zeros(r*c,h); 5
16 % change pixels values with their representative cluster meansgfar disnlaying

17 — fori=1:3

18 — pos=find{loc==i); Yellow

19 — seg_im(pos,)=repmat(ui:,i)'.[length(pos) 1]);

20 — end ’

21 % restore the image back to its original dimensions l

22 — seg_im=reshape(seg_im.[r c h]);

23 % display the segmented image in new window

24 — figure(2); imshow(seg_im,[]);

25 % compute ratio from segmented image

26 — BrowningRatio=lengthifind(loc==2))/lengthifind(loc~=3));

27

28 % display this ratio in command prompt

23 - disp(BrowningRatio); Gokmen et al. Journal of Food Engineering 37 (2008) 380-385

 BrowningRatio 'Ln 22 Col 32



Original vs Segmented

File Edit View Insert Tools Desktop Window Help File Edit View Insert Tools Desktop Window Help
» Ddde M RROBDEALA-2 7 » Ddde h R DDEA- 2 7

~ 600 ppb
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Case Study

e Case 1: Potato crisps
e Case 2: Cookies



Potato Crisps

3000 A 60 -
2500 | 170°C 50 -
(oT]
W 2000 R 40
- S
8 1500 | % 30 -
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_21000 - = 20
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500 |- S 10 ¢
0 4 P 0 o
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Frying time, min Frying time, min

Browning and acrylamide formation have similar
Kinetic trends during frying of potato crisps !
vgokmen@hacettepe.edu.tr



Browning ratio relates to Acrylamide
concentration in potato crisps
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Baking
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Baking Cookies

200°C 220°C
200 - 80 400 1 90
180 _ {70 350 1 80
160 - —W—Acrylamide, ng/g —ii-Acrylamide, ng/g 1 70
X 140 | —#—Browningratio, % 160 R & 300 " _g—Browning ratio, % X
Y o 00 4 60 ©
c 4 50 S c 250 S
g 20 o [ - 50 &
:g 100 1 40 -g 200 20 bo
< 80 130 § S 150 _30§
G 60 2 S o
40
20 - 10 50 4 10
0 0 0 0
0 10 20 30 0 10 20 30
Baking time, min Baking time, min

Browning and acrylamide formation have similar
kinetic trends during baking !
vgokmen@hacettepe.edu.tr



Browning ratio relates to Acrylamide
concentration in cookies
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Automatic Inspection

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

COMPUTING
DEVICE

é

Signal IN —
. Signal OUT
IMAGE ACQUSITION INSPECTION
DEVICE DEVICE

é@g . PASS
@ D)
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We always measure color!

See . .
Touch : We have a pair of device !
Smell (Even Homer Simpson ...)
Taste
Hear

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
baking process can be monitored online for browning
development, so to predict acrylamide formation.




