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International preferences for pork appearance: I.
Consumer choices

T.M. Ngapo * b & &, |.-F. Martin ?, E. Dransfield % ©
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https://doi.org/10.1016/j.foodqual .2005.07.001 Get rights and content

Abstract
Using the same digital photographs ofpnazl

cover, colour, marbling and drip}12,590 consumers f[‘DIIl 23 countrieq each selected

Color - most important
characteristic of pork




Color is a subjective physical-physiological-psychological
characteristic as It exists only in the observer's eyes and brain.
Because color perception differs from person to person, and
depends upon lighting and numerous other factors, many
Industries (including food) rely on human vision coupled with
an instrumental system of color measurement.

Physical  Physiological Psychological
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The colour of an object can be described by several colour
coordinate systems. A colour system (model) is a three

te representation of colour.
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CIE Chromacity Diagram

LAB
Adobe RGB

sRGB

LAB Colour has a bigger gamut (more colours) than the other colour spaces
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How is the instrumental color of meat measured?

W.N. Tapp llI, JW.S. Yancey *, | K. Apple 1 . O 68 a rt i C I e S

Department of Animal Science, University of Arkansas Division of Agriculture, Favetteville, 72701, USA

ABSTRACT

Peer-reviewed journal artides (n= 1068) were used to gather instrumental color measurement information
in meat science research. The majority of articles, published in 10 peer-reviewed journals, originated from
European countries (44.8%) and North America (38 5%). The predominant specie was pork (44.2%), and most
researchers used Minolta (60.0%] over Hunter (31.6%) colorimeters. Much of the research was done using
illuminant Dgs (323%); nevertheless, almost half (48.9%) of the articles did not report the illuminant
Moreower, a majority of the articles did not report aperture size { 73.6%) or the number of readings per sample
(52.4%). Many factors influence meat color, and a considerable proportion of the peer-reviewed, published
research artides failed to include information necessary to repliate and/or interpret instrumental color
results; therefore, a standardized set of minimum reportable parameters for meat color evaluation should be
identified.

0

© 2011 Elsevier Ltd. All rights reserved.,
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ELSEVIER Meat Science 39 (2001) 187-191

www.elsevier.com/locate/meatsci

Effect of illumination source on the appearance of fresh meat cuts

S. Barbut *

Departments of Animal and Poultry Science, University of Guelph, Guelph, Ontario, Canada N1G 2W1

Received 24 September 2000; received in revised form 14 February 2001; accepted 14 February 2001

Abstract

The effects of incandescent (INC), fluorescent (FL), and metal halide (MH) light sources on the appearance of fresh beef, pork
and chicken meat were investigated. The color of all meats was more desired (P <0.05) when presented under an INC light source.
The color used to describe beef meat presented under INC light was red, but dark brown or dark red under FL and MH. Relative
luminance data, collected with a fiber optic probe connected to a photo diode array, demonstrated the reason to be a lack of redness
in the commonly used FL. and MH light sources. This difference was more pronounced in dark red beef cuts than in lighter pork
and chicken cuts. © 2001 Elsevier Science Ltd. All rights reserved.



llluminant: A source of light used to illuminate
samples or standards.

Source

lluminant

llluminant D65 (noon daylight, 6500 K)



Huminant ClE: C, DG5

Light source Pulsed xenon lamp

SAMPLE SURFACE
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LIGHT
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A. Girolami et al. |/ Meat Science 93 (2013) 111-118




Computer Vision System
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CVS illuminant - 6500K daylight white lighting

PHILIPS Produc data F

General Information

Lighting e

Cap-Base G13 | Medium Bl-Pin Flusrascant]
Life To 10% Fallures (Mam) &6000h

8000 h
Life to 50% Fallures Preheat {Mom) 10000 h
LSF 2000 h Ratad 99 %
LSF 4000 h Rrated 99 %
LSF 6000 h Rated 59 %
LSF 8000 h Rated 99 %
LSF 12000 h Rataed B9 %
LSF 16000 h Rated 33%
LSF 20000 h Rated 2%

MASTER TL-D 90
Graphica

MASTER TL-D 90 Graphica 36 W/965 SLV/10

This TL-D lamp has excellent color rendering which makes it very suitable for the

graphical and printing industry to check the guality of printed material.




Colour Temperature

warmGlow

2200K

Soft White
2700K

Bright White
3000K

Daylight

SO00K

Daylight
Deluxe

6500K
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Davice-Spacific Color Information

m— YK Printer Device-Specific Color Information

Device-Spacific Color Information -

Davice-Specific Color Information

-

Device-Specific Color Information

Device-Specific Color Information

International Color Consortium (ICC) Profiles — device calibration
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Dell UltraSharp 25 Monitor | UP2516D

Refined standards for ideal color coverage.

Expect vivid, accurate color precision, ultrathin bezels and the widest color
coverage to suit your professional needs with the Dell UltraSharp 25 Monitor
with PremierColor.

+ |deal color coverage: Enjoy exceptional color accuracy a{

consistency right out of the box with an extremely precisgDelta-E < 2
factory calibration. The new UP2516D Monitor with Premigrcolor ‘
offers wide coverage of industry color standards with four color
spaces, plus user-enabled color customization.

+ Outstanding view: Experience seamless dual or multi-monitor setup
with ultrathin bezels. You can count on beautiful clarity with QHD
resolution, plus consistent color across and ultrawide viewing angles.

« Unrivaled reliability: Get complete peace of mind with Dell'’s Premium
Panel Guarantee and Advanced Exchange Service.

Wide color coverage: The new Dell UltraSharp 25 Monitor witl’iPremierCnlur offers 100% Adobe RGB and 100% sRGElas well as
two new color spaces: 100% REC 709 and 98% DCI-P3, which are ideal for video editors during post-production work and animation
designers who deal with color-critical projects.
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Total color difference (AE) was determined by using the standard
equation:

AE = J(ag* — aj)* + (be — by )* + (Lg* — Ly (1

Values for ac, bg, Le were obtained from the meat products using
CVS, and for ay, by, Ly using Minolta. MEAT SCIENCE

The clear threshold for human meat-color difference
detection has not been established but a possible value could be around
2-6 (Larrain, Schaefer, & Reed, 2008). The values of AE in a range from
2 to 10 indicate that the difference in color is perceptible at a glance
and when they are larger than 10, we can conclude that colors are more
opposite than similar (Brainard, 2003). According to Ramirez-Navas
and Rodriguez de Stouvenel (2012), all the color differences with AE
values larger than 6 are considerable.
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CVS vs Minolta CR 410




1. | dark skin 37132
2. | light skin 130 | 65.711 | 1813 | 17.81| 22YR| 6.47/4.1
3. | blue sky 157 | 49927 | -4.88|-21.925| 43PB| 495/55
4. | foliage 67| 43.139 |-13.095 | 21905 | 6.7GY| 4.2/4.1
5. | biue flower 177 | 55.112 | 8844 |-25399| 9.7PB| 547/6.7
6. | bluish green 170 | 70.719 |-33.397 | -0.199 | 258G 716
7. | orange 44 | 62.661 | 36.067 | 57.096 5YR 6/11
8. | purplish blue 166 | 4002 | 1041|4594 | 7.5PB| 4/10.7
9. | moderate red 99 | 51.124 | 48.239 | 16.248 25R 5/10
10. | purple 108 | 30.325 | 22.976 |-21.587 5P 3/7
11. | yellow green 64 | 72.532 |-23.709 | 57.255 5GY| 7.1/91
12. | orange yellow 46 | 71.941 | 19363 | 67.857| 10YR| 7/105
13. | blue 150 | 28.778 | 14,179 |-50.297 | 7.5PB | 29/12.7
14, | green 73 | 55.261 |-38.342 | 3137 | 025G | 54/8.65
15. | red 60 | 42,101 | 53378 | 28.19 5R 4/12
16. | yellow 31| 81.733 | 4.039| 79.819 5Y| 8/11
17. | magenta 149 | 51.935 | 49,986 [-14.574 | 2.5RP 5/12
18. | cyan 161 | 51.038 |-28.631 |-28.638 5B 5/8
19. | white (.05*) 242 | 96.539 | -0425| 1.186 N 95/
20. | neutral 8 (.23") 200 | 200 | 200 | 81.257 | -0.638 | -0.335 N 8/
21. | neutral 6.5 (.44%) 160 | 160 | 160 | 66.766 | -0.734 | -0.504 N 6.5/
22. | neutral 5 (.70%) 122 | 122 | 121 | 50.867 | -0.153 | -0.27 N 5/
23. | neutral 3.5 {.1.05%) 85| 85| 85| 35.656 | -0.421 | -1.231 N 351/
24, | black (1.50°) 52 | 52| 20461 | -0.079 | -0.973 N 21
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As reported by X.rite As measured with Minolt; As measured with CVS
(mean £ SD) (mean £ SD) aEmc
L* P [ Ln* am* be* AExm L* a* be* AExc

1 375 120 133 39500 110£00 | 132200 22| 381+¢00 13.1:00 | 142%00 15 27

2 65.2 148 175 653200 188200 | 166200 41| 66.120.1 20.1:00 18:0.1 54 21

3 50.4 -1.6 -214 | 499200 | 01200 | -207200 1.7 | 48800 -1.7%01 | -20.7¢00| 1.7 1.9

4 431 | -146 221 | 4394£00 | -147200 | 205200 18| 41.2:00| -138:00/| 202%00]| 28 29
S 55.3 11.4 -253 | 550203 | 146201 | -23620.1 36| 545200 124200 | -239200| 1.9 23

6 71.4 -32.7 1.6 705202 | -287¢00 | -1.6200 $2| 73.1:01 -30.2200 0.1£00 34 34

7 61.4 329 55.2 63.1200 | 294200 | 568200 42| 610200 309200 | 55.1200 2.0 31

8 40.7 16.9 -45.1 | 409200 | 21.0£00 | 435400 44| 389:00 200:00 | -44.7201| 3.6 25
9 49.9 45.9 139 | 528200 | 435201 | 184200 59| 503200 429201 | 168201 | 4.2 3.0
10 30.2 249 -22.6 31500 | 240£00 | -179£0.0 $.0| 322201 270201 | -188+0.0 48 3.2
11 72.4 -27.5 58.5 719200 | -27.2200 | 53.1:00 $4| 740201 | -270:00| 539:01| 4.9 23
12 709 15.6 66.5 720£0.1 119200 | 683201 42| 720200 11.1200| 663200 46 2.2
13 29.6 21.4 490 | 31.1£01 | 227400 | 46.7£0.1 30| 299200| 241200/ -46.1:00| 4.0 1.9
14 556 | -40.8 333 | 556200 | 407400 | 29.6£0.0 37| 570201| -406:01| 282+01| 5.3 2.0
15 40.6 50.0 255 454:01 | 48620.1 | 27.1200 $3| 438:01 489201 | 279:00| 4.2 1.8
16 81.0 -1.0 800 | 820400 | 44200 | 794200 36| 810200 -34200| 786:00| 28 1.6
17 51.0 499 -169 | 528200 | 529£00 | -195200 44| 52700 523200 | -179%00 3.1 1.7
18 521 -24.6 -26.2 S08+£00 | 275200 | -285400 39| 518:01 -28820.1 | -27.6+00 44 1.9
19 96.5 0.7 14 946400 | 04200 34200 28| 93.1:00 -2.0£00 2001 3.7 26
20 81.3 -0.6 0.2 799400 | 04200 | 05200 16| 790200 -20:00| 10:00| 29 1.9
21 66.8 -0.6 0.4 659+00 | 06200 | 03200 11| 66.0:00 -20200| 00:00]| 1.6 14
2 50.9 0.1 0.2 505400 | 05200 | 04200 09| 488:0.0 -20:00| 00:00| 28 2.3
23 35.7 0.2 -1.2 36.7:00 | 05200 | 02200 15| 37.1:00 -20:00| -10:00| 23 337
24 20.5 0.0 -1.0 222200 0.1+0.1 0.2£00 2.1 | 232201 -1.0:00 02:01 3.1 13
Average AE 34 34 2.2




INN@ VATION

MATTERS

FLEISCHWIRTSCHAFT

EBERFLE(SUH)
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How the color of game meat
should be measured

Computer vision system vs. colorimeter

By Igor Tomasevi¢, Vladimir Tomovi¢, Francisco J. Barba, Dragan Vasilev,
Marija Jokanovi¢, Branislav Soji¢, Jose Manuel Lorenzo and Ilija Djeki¢




Colorimeter

Wild boar

Rabbit

Pheasant







Tab. 2: Similarity test results (tests A and B)
Tab. 2: Ergebnisse der Ahnlichkeitsanalyse (Test A und B]

Frequency of similarity

Level of similarity

CVS vs. colorimeter

(test A) (test A) (test B)
Quail 100% 2.7 +1.3° CVS (100%)
Wild boar 100% 3.4+ 1.3° CVS (100%]
Rabbit 100% 2.7 +1.2° CVS (100%)
Deer 100% 4.1 +0.8° CVS (100%]
Pheasant 100% 3.2 +1.2%° CVS (100%)

Likert scale ranks from 1 “very low”, 2 “low”, 3 “moderate”, 4 “high” to 5 “very high”
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Evaluation of poultry meat
colour using computer vision
system and colourimeter
Is there a difference?

Prof. Dr. Igor B. Tomasevic?, Prof. Dr. Vladimir M. Tomovic®, Dr. Slavisa
Staji¢?, Dr. lvan Nastatsijevicc, Dr. Jose M. Lorenzo?, Prof. Dr. llija V.
Djekic?
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Comparison of a computer vision system vs. traditional colorimeter for color | f) |
evaluation of meat products with various physical properties ||

Igor Tomasevic™", Vladimir Tomnvicb, Bojana Milovanovic”, Jose Lorenzo®, Vesna :t}ﬂrdeviéd,

Nedjeljko Karabasil®, Ilija Djekic’

* Department of Animal Source Food Technology, University of Belprade, Faculty of Agriculture, Nemanjina &, 11080 Belgrade, Serbia
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4 Inssitute of Meat Hygiene and Technology, Kadanskog 13, Belgrade, Serbia
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What Is the Color of Milk and Dairy Products and
How Is It Measured?

2

r

, Francisco |. Barba 40 Daniel Morlein > and Igor Tomasevic

Bojana Milovanovic *, Ilija Djekic ', Jelena Miocinovic !, Vesna Djordjevic

Jose M. Lorenzo 3 1

Abstract: Exactly six-hundred (600) scientific articles that report milk and milk products’ color results
in scientific journals in the last couple of decades were reviewed. Thereof, the greatest part of the
articles derived from Europe (36.3%) and Asia (29.5%). The greatest share of researchers used Minolta
colorimeters (58.8%), while 26.3% of them used Hunter devices. Most reports were on cheese (31.0%)
followed by fermented products (21.2%). Moreover, the highest number of papers reported color
data of milk and milk products made from cow’s milk (44.81%). As expected, goat’s cheese was the
brightest (L* = 87.1), while cow’s cheese was the yellowest (b* = 17.4). Most importantly, it appeared
that color research results reported were often impossible to replicate or to interpret properly because
of incomplete description of the methodology. In some of the manuscripts reviewed, illuminant
source (61.0%), aperture size (93.8%), observer angle, and number of readings (over 70% of all cases)
were not reported. It is therefore critical to set rules regarding the description of the methodology for
(milk) color research articles in order to ensure replicability and/or comparison of studies.
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Colour assessment of milk and milk products using computer vision )

Check for

system and colorimeter AT

Bojana Milovanovic *°, Vladimir Tomovic , Ilija Djekic ?, Jelena Miocinovic ?,
Bartosz G. Solowiej ”, Jose M. Lorenzo © ¢, Francisco J. Barba €, Igor Tomasevic *

ABSTRACT

A computer vision system (CVS) and a colorimeter were compared for their abilities to measure the
colour of twenty-seven different milks and milk products. The frequency of similarity test showed that
CVS-generated colour chips were similar to the actual sample colour in all trials (100%). The CVS-
obtained colours were found to be more similar to the colour of sample visualised on the monitor,
compared with colorimeter-generated colour chips, with values of 83.3—-100.0% depending on the milk
product. The third test showed that there was difference between colour measured by CVS and the
colorimeter; colorimeter readings resulted in a darker and yellower colour based on average L*a*b*
values, while CVS readings resulted in lighter and less yellow appearance, Compared with a colorimeter,
measuring colour by CVS was, therefore, found to be reliable and should be considered as a superior tool
for replacing traditional devices by offering improved representativeness and accuracy.
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Color assessment of the eggs using computer vision system
and Minolta colorimeter

Bojana Milovanovic'® - Vladimir Tomovic? - llija Djekic' - Bartosz G. Solowiej - Jose M. Lorenzo*? -
Francisco J. Barba® - Igor Tomasevic’

Abstract

The scientific journal articles (n= 150) were examined to obtain instrumental egg color data published in the period
2009-2020. The majority of articles originated from Asia (42.0%). investigated yolk color (45.3%), selected Minolta device
(65.3%). The greatest part of papers failed to include parameters such as port size (92.0%), observer (90.0%), illuminant
(84.0%). technical replicates (70.0%) and calibration method (66.7%). and, therefore, this represents a key matter in con-
ducting comparative research to ensure equivalence in order to trace and compare different research data. Furthermore, the
usage of a computer vision system (CVS) for egg color analysis was investigated. The color of five egg species (chicken,
ooose, duck, quail and turkey) was estimated using a CVS and a traditional colorimeter. The CVS-produced color was highly
similar to the actual color of egg sample (ranging from 75.0 to 100.0%). The color of eggshell gathered through the Minolta
depicts brighter, less “red” and more “yellow™ appearance than CVS. Regarding the color of yolk samples, Minolta had
lighter (except the goose’s yolk), more “green” and less “yellow™ color, whereas CVS indicated the appearance of albumen as
lighter (except quail’s). more “red” and less “yellow™ than colorimeter. Those results read by Minolta showed a non-real color
of egg samples, whereas CVS-obtained color was highly similar to the actual egg color sample. Considering these results,
it could be concluded that the CVS is a superior alternative for replacing traditional devices by providing better accuracy.
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Estimation of fat content in fermented sausages by
means of Computer Vision System (CVS)

Stefan Simunovié!, Sara Rajié, Vesna Dordevié!, Viadimir Tomovi¢’, Dragan Vijadinovié?, Ilija Pekic?,
Ieor Tomasevié®

Abstract: The aim of this study was fo investigate the possibility of computer vision system (CVS) application in fat content
estimation for different types of fermented sausages. Four different types of local fermented sausages with different fat contents were
studied: Njeguska, Kulen, Pirotska and tea sausage. Results obtained for CVS-estimated fat content were compared fo the results of tra-
ditional chemical analysis. Relative errors of fat content estimation in Njeguska, Kulen, Pirotska and tea sausage were 1.47%, 0.46%,
20.84% and 11.19%, respectively. Results of t-test showed a significant (p=0.01) difference between mean fat contents obtained by CVS
and chemical analysis in the case of Pirotska sausage. On the other hand, there was no significant (p=<0.01) difference between mean
fat contents obtained by the two methods for the rest of the analysed sausages. The results indicate CVS has potential for application
in the analysis of fat content of fermented sausages.

Keywords: computer vision, fat content, fat estimation, fermented sausages, dry sausages.
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Figure 1. Results of colour segmentation analysis of Kulen sausage: original image (left). background colour
adjustments (middle) and colour segmentation (right).
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Estimation of fat cover of bovine carcases by means of
computer vision system (CVS)

S Simunovicl, S Rajicl, V Djordjevic!, V Tomovic?, D Vujadinovic® I Djekic* and
I Tomasevic

Abstract. The aims of this study were to obtain percentages of meat and fat cover for SEUROP
classification system reference images using a computer vision system (CVS) and to calculate
classification intervals which could be used 1 the future for construction of cheap and easy to
use classification devices for small slaughterhouses. Lowest percentages of fat cover were found
for the first class marked as “low” (the lowest fat content) and they gradually increased to the
last class marked as “very high” (the highest fat content). Based on the obtained results. decision
making intervals were proposed. In the present study, classification only refers to classification
of adult bovine animals based on fat cover.



2.2. CVS analysis

As the background of the reference images is black and significantly differs from color of meat and fatty
tissue. it was not necessary to change it. However, the images were imported into Adobe Photoshop
2020 (Adobe Inc., San Jose, CA, USA) software in which the color of the entire image was changed to
black and white in the way that there was a clear color difference between meat and fat parts (Figure 2).
This procedure was repeated for each of the reference images. The images were then imported into
ImageJ (National Institutes of Health, Version 1.45 K) software which was used for the purpose of color
segmentation, wherein three clusters were defined. The first cluster represented the color of meat, the
second indicated the color of fatty tissue while the third referred to the background color.

Figure 2. Computer vision analysis of bovine carcases:
original image (left). black and white adjustments (middle) and
color segmentation (right).



Table 1. Percentages (%) of meat and fat of bovine carcases in the
thoracic cavity and outside of the carcass of reference images obtained

by CVS
Categories
L S A oI VH
Meat 52.49 43.93 4023 3897 36.42
Outside of the carcase o /o<1 5607 5977 61.03 63.57
Meat 42.66 41.45 3938 33.83 30.50
Inthe thoracic cavity o <5 3¢ 5854 60.62 66.17 69.50

4. Conclusion

The study showed the possibility of CVS application in fat cover estimation of reference images for
classification of bovine carcasses based on fat content. However. the limitation of this study was in the
lack of a reference method for carcass classification based on which results could be compared. In
addition. CVS showed difficulties in distinguishing between color of fatty tissue and color of bones and
connective tissue. In the future. there is a need for development of a mathematical model that could be

incorporated in classification software.
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Food oral processing—A review

. E 3
Jianshe Chen

Procter Deparrment of Food Science, University of Leeds, Leeds L82 9JT, UK

Received 8 June 2007; accepted 17 November 2007

Abstract

Food oral processing is an essential procedure not only for the consumption and digestion of foods but also for the appreciation and
pleasure of food texture and food flavour. The consumption of a food inside mouth involves various oral operations, including first bite,
chewing and mastication, transportation, bolus formation, swallowing, etc. Exact mechanisms and governing principles of these oral
operations are still not fully understood, despite of continuous efforts made by scientists from food. psychology. physiology, dental and
clinical studies, and other disciplines. This article reviews recent progresses and literature findings about food processing and
transformation in mouth, with particular attention on the physiology and rheology aspects of oral operations. The physiological
behaviour of human’s oral device is discussed in terms of biting capability, tongue movement, saliva production and incorporation, and
swallowing. The complexity of oral processing is analysed in relation to the rheology and mechanical properties of foods. The swallowing

and oral clearing process is also examined for its criteria, triggering mechanism, bolus deformation, and the rheology of swallowing.
@ 2007 Elsevier Ltd. All rights reserved.
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Analysis of Pungency Sensation Effects from an Oral
Processing, Sensorial and Emotions Detection
Perspective—Case Study with Grilled Pork Meat
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Abstract
The influences of three different culinary methods: cooking, sous vide and grilling

were studied with regards to quality and oral processing characteristics of pork ham.

Besides instrumental analysis of color and textural properties of pork ham, sensory
panel with 12 trained panelists participated in temporal dominance of sensations, oral
processing analysis, boluses collection, particle size distribution analysis, and saliva
incorporation. The results revealed that number of chews, mastication time and saliva
incorporation are correlated with textural properties and cooking losses. In-mouth
sensation was intertwined with juiciness, fibrousness and firmness depending on the

culinary methods. Cooked pork ham showed highest results for hardness and cooking

loss. Firmness and fibrousness were dominant sensory attributes. Sous-vide results
show that firmness and juiciness dominated during the first third of consumption

time. This corresponds with textural values for lowest values for hardness and

cooking, number of chews and total exposure time. Sous-vide also resulted in lower

values for number of chews and total exposure time associated with oral processing.

KEYWORDS

cooking, food chewing behavior, grilling, particle size distribution, pork ham, sous-vide,
temporal dominance of sensations
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Figure 3

Commercial burgers. Plant-based: (#) pea protein base and (§) soy protein base. (¢) Beef based. The images
were made using the computer vision system described in Tomasevic et al. (2019).
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Figure 2

Meat boluses obtained after 7 and 15 chews and at the moment of swallowing. Cubical samples (20 x 20 x 20 mm) of cooked products
(with indicated inner temperature after roasting) were used. (#) Pork ham (72°C), (b) pork neck (72°C), (¢) pork back (72°C), (d) beef
ham (72°C), (¢) beef ham (66°C), () beef ham (60°C), (g) beef neck (72°C), (b) beef neck (66°C), (i) beef neck (60°C), () beef back
(72°C), (k) beef back (66°C), and (/) beef back (60°C). The images were made using the computer vision system described by Tomasevic
etal. (2019) and following the procedure for bolus analysis described previously in Djekic et al. (2021).
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