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ABSTRACT 
The superficial appearance and color of foods are the first parameters of quality evaluated by 
consumers and are thus critical factors for acceptance of the food item by the consumers. The colour 
of these products is likely to change when exposed to air (e.g. oxidation, greying). The 
characterization of this colour change over time is a necessity in order to evaluate the acceptability 
of a genotype by the consumer. The present document aims at describing step by step a 
standardized procedure to characterize this color change over time.  

The principle relies on repeated image acquisition of the same RTB product over time followed by 
image analysis to characterize RTB product colour evolution at each timestamp. After image 
acquisition, the first step aims at identifying the pixel coordinates of the RTB product using 
segmentation based on RGB values of the first image. This procedure allows to subtract the 
background from all images of a series. The RTB product colour is then characterized at each 
timestamp allowing to estimate colour difference indices and colour change dynamic. 

Key Words: Food quality; Browning; Computer vision; Non-destructive measurement; Colour 
index; Color difference metrics 
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1 SCOPE AND APPLICATION 
The superficial appearance and color of foods are the first parameters of quality evaluated by 
consumers and are thus critical factors for acceptance of the food item by the consumers. The SOP 
for calibrated color measurements of RTB foods using image analysis, 
https://doi.org/10.18167/agritrop/00663, explains how to use a computer vision system to realize a 
standardized characterization of tuber, root or banana colour products. 
However, the colour of these products is likely to change when exposed to air (e.g. oxidation, 
greying). The characterization of this colour change over time is a necessity in order to evaluate the 
acceptability of a genotype by the consumer. Building on the SOP for calibrated color measurements 
of RTB foods using image analysis, https://doi.org/10.18167/agritrop/00663, the present SOP 
describe the additional steps necessary to be able to screen RTB product colour change. 

2 REFERENCES 
2.1 Perception of colour difference 
• Luo MR, Cui G, Rigg B. 2001. The development of the CIE 2000 colour-difference formula: 

CIEDE2000. Color Res Appl 26:340 –350. 
• Mokrzycki W, Tatol M. 2011. Color difference Delta E - A survey. Machine Graphics and 

Vision 20(4):383-411. 

2.2 Colour space transformation 
• Leon K, Mery D, Pedreschi F, Leon J (2006) Color measurement in L*a*b* units from RGB 

digital images. Food Research International 39: 1084-1091 
• Rec. ITU-R BT.709-5. 2002. Parameter values for the HDTV standards for production and 

international programme exchange (1990, revised 2002). International 
Telecommunication Union, 1211 Geneva 20, Switzerland. 

2.3 Colour Indices 
• Croes AW. 1961. Measurement of flour whiteness. Cereal Chem.38:8. 
• Judd DB, Wyszecki G. 1975. Color In Business, Science And Industry. 3rd ed. NewYork, 

NY. John Wiley & Sons, pp.420-438. 
• Hunter RS. 1979. The Measurement of Appearance. New York, John Wiley and Sons, 

pp.18-57. 
• Francis FJ, Clydesdale FM. 1975. Food Colorimetry: Theory and Applications. Van 

Nostrand Reinhold/AVI, New York. 
• Buera M, Lozano R, Petriella C. 1986. Definition of colour in the non-enzymatic browning 

Process. Die Farbe, 32. 318-322. 
• Pathare PB, Opara UL, Al-Said FAJ. 2013. Colour Measurement and Analysis in Fresh 

and Processed Foods: A Review. Food Bioprocess Technol, 6:36–60 
• Akissoe N, Hounhouigan J, Mestres C, Nago M. 2003. How blanching and drying affect 

the colour and functional characteristics of yam (Dioscorea cayenensis-rotundata) flour. 
Food Chemistry 82, 257–264 
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• Rhim J, Wu Y, Weller C, Schnepf M. 1999. Physical characteristics of a composite film of 
soy protein isolate and propyleneglycol alginate. Journal of Food Science, 64(1), 149–
152. 

• O’Leary, E., Gormley, T., Butler, F., & Shilton, N. (2000). The effect of freeze-chilling on 
the quality of ready-meal components. Lebensmittel-Wissenschaft und Technologie, 
33(3), 217–224. 

3 DEFINITIONS 
A colour chart is a flat, physical object that has many different color samples present. Typically 
there are two different types of colour charts:  

• Colour reference charts are intended for color comparisons and measurements. Typical 
tasks for such charts are checking the color reproduction of an imaging system, aiding in 
colour management or visually determining the hue of color. Example, the ColorChecker 
chart. 

• Colour selection charts present a palette of available colors to aid the selection of spot 
colors, process colors, paints, pens, crayons, and so on. 

A colour space is mostly a system for describing color numerically. It rely on a "color model", i.e. 
an abstract mathematical model describing the way colors can be represented as tuples of numbers 
(e.g. triples in RGB or quadruples in CMYK). 

4 PRINCIPLE 
The principle rely on repeated image acquisition of the same RTB product over time followed by 
image analysis to characterize RTB product colour evolution at each timestamp. After image 
acquisition, the first step aim at identifying the pixel coordinates of the RTB product using 
segmentation based on RGB values of the first image. This procedure allow to subtract the 
background from all images of a series. The RTB product colour is then characterized at each 
timestamp allowing to estimate colour difference indices and colour change dynamic. 

5 APPARATUS 
Material Image 

Ceramic (or coated metal) knife.  

Ceramic knives are known for being chemically 
inert, which means they are perfect for cutting fruits 
and vegetables that are prone to browning. 
Compare to metal knife it reduces the risk of 
catalytic reactions with metal ions.  
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Material Image 

Photo studio lighting kit 

i.e. a couple of monolights with stands and 
softboxes or umbrella. If available, choose LED 
light. The significant advantage of LEDs is that they 
tend to stay relatively cool, they last a long time, 
and use a fraction of the energy of fluorescent, 
incandescent or tungsten bulbs.   

Reference color chart 

Commercial colour chart is readily available at low 
cost, but they also cover a wide range of colour, 
including additional colours. We advise building a 
custom colour calibration chart using product-
specific colours more able to improve colour 
corrections (See Creation of a color reference chart 
for RTB foods colour characterization, 
https://doi.org/10.18167/agritrop/00673). We 
recommend printing the chart on a matt quality 
paper. Of course, after printing the chart, it is 
necessary to measure the colour of each patch 
with a chromameter and record values. At least 
one patch of the chart should be pure white.  

  

Camera  

Numeric camera with manual mode and, if 
possible, a remote shutter to minimize the vibration 
when taking the image and getting a sharper result. 
If not available, we can use the built-in timer of the 
camera. A second battery could reveal useful.   

Intervalometer or remote control 

To avoid vibration, camera movement and the 
shadow cast by the user when taking the picture, it 
is necessary to use a remote control or 
intervalometer. 
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Material Image 

Dark background  

The background should be a matte surface with 
high contrast compared to the plant organ to study. 
For rounded-shape organs (e.g. tuber) a sand bed 
can be used under the background to prevent it 
from rolling. 

 

Tripod with extension pole (giraffe) 

Tripod should at least reach 2m and extension pole 
2.5m.   

 

Bubble level   

A levelling base rotule is a must.  

 

6 PROCEDURE 
6.1 Image acquisition 

Image acquisition follows the procedure described in the SOP for calibrated color measurements of 
RTB foods using image analysis, https://doi.org/10.18167/agritrop/00663 (see section 5.1 to 5.3). 
However, for each genotype, instead of a single image, a series of images is taken. The frequency 
and duration of acquisition depends on the product being studied. For example, we perform yam 
tubers images every 30 seconds for 15 minutes, i.e. 30 images per genotype.  
In order to be able to compare the images of the same series, the acquisition device must remain 
unchanged during the whole series of photos. It is therefore necessary to avoid vibrations, camera 
movement and the shadow cast by the user when taking the picture. To do this, it is preferable to 
use a camera with an intervalometer option that allows you to program the frequency and duration 
of a series of photos (Figure 1). Otherwise it is possible to control the camera's shutter release 
remotely using a remote control or an external intervalometer device plugged on the camera. In any 
case, it is necessary not to touch the camera during measurement in order not to make it move. 
Indeed, the initial (i.e. on the first image) pixel coordinates of the product is used on subsequent 
timestamp. If the camera or the product move, even slightly, it can introduce a bias into the colour 
characterization.  
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Figure 1 : Example of intervalometer settings. 

6.2 Colour correction of all images 
Depending on the stability of the acquisition device (i.e. type of lighting environment and camera 
setting), it may be necessary to perform a colour correction. To do so, the reference chart placed on 
each image is used according to the procedures described in the SOP for calibrated color 
measurements of RTB foods using image analysis, https://doi.org/10.18167/agritrop/00663 (section 
5.4 and 5.5) in order to homogenize the exposure of images of the same series. 

6.3 Initial tuber pixel coordinates 
After image acquisition and colour correction, the first step aim at identifying the pixel coordinates of 
the RTB product on the first image of the series. To extract pixel coordinates we process image 
segmentation based on RGB values to differentiate the object from the background (see SOP for 
calibrated color measurements of RTB foods using image analysis, 
https://doi.org/10.18167/agritrop/00663, section 5.6). To remove smaller object (e.g. colour chart 
patches), an opening is applied (i.e. an erosion followed by dilation).  
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6.4 Colour quantification at every timestamp 
Once the RTB product coordinates of the first image is known, other images of the series can be 
cropped using these pixels information. This procedure allow subtracting the background from all 
images of a series. The colour characterization is then done using RGB values of remaining pixels. 
Depending on the colour index, different colour space could be used (i.e. L*a*b*, RGB, HSV).   

7 EXPRESSION OF RESULTS 
7.1 Colour difference 

Here we propose 3 colour difference indices. But many others can be used depending on the product 
specificity and the awaited colour change (i.e. White index or yellow differences).  

7.1.1 Browning index difference 

The browning index (BI) represents the purity of brown colour and is reported as an important 
parameter in processes where enzymatic or non-enzymatic browning takes place (Buera et al., 1986; 
Palou et al., 1999). The difference I browning index can be calculated as follow: 

𝑥𝑥 =
(𝑎𝑎∗ + 1.75𝐿𝐿∗)

(5.645𝐿𝐿∗ + 𝑎𝑎∗ − 3.012𝑏𝑏∗) 

𝐵𝐵𝐵𝐵 = [100(𝑥𝑥 − 0.31)]/0.172 

∆𝐵𝐵𝐵𝐵 = 𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 − 𝐵𝐵𝐵𝐵15 𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚𝑖𝑖𝑚𝑚𝑚𝑚 

7.1.2 Colour difference 

The ∆𝐸𝐸2000∗  colour difference formula is the reference colour difference equation approved by the 
CIE. It includes not only lightness, chroma, and hue weighting functions, but also an interactive term 
between chroma and hue differences for improving the performance for blue colours and a scaling 
factor for the CIELAB a* scale for improving the performance for gray colours. ∆𝐸𝐸2000∗  can be 
calculated as follow: 

∆𝐸𝐸2000∗ = ��
∆𝐿𝐿′

𝑘𝑘𝐿𝐿𝑆𝑆𝐿𝐿
�
2

+ �
∆𝐶𝐶′

𝑘𝑘𝐶𝐶𝑆𝑆𝐶𝐶
�
2

+ �
∆𝐻𝐻′

𝑘𝑘𝐻𝐻𝑆𝑆𝐻𝐻
�
2

+ 𝑅𝑅𝑇𝑇
∆𝐶𝐶′

𝑘𝑘𝐶𝐶𝑆𝑆𝐶𝐶
∆𝐻𝐻′

𝑘𝑘𝐻𝐻𝑆𝑆𝐻𝐻
 

∆𝐿𝐿′ = 𝐿𝐿2∗ − 𝐿𝐿1∗  

𝐿𝐿� =
𝐿𝐿2∗ + 𝐿𝐿1∗

2
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𝐶𝐶̅ =
𝐶𝐶2∗ + 𝐶𝐶1∗

2
 

𝑎𝑎1′ = 𝑎𝑎1∗ +
𝑎𝑎1∗

2
�1 −� 𝐶𝐶̅7

𝐶𝐶̅7 + 257
� 

𝑎𝑎2′ = 𝑎𝑎2∗ +
𝑎𝑎2∗

2
�1 −� 𝐶𝐶̅7

𝐶𝐶̅7 + 257
� 

𝐶𝐶̅′ = 𝐶𝐶1′+𝐶𝐶2′

2
  and ∆𝐶𝐶′ = 𝐶𝐶2′ − 𝐶𝐶1′ where 𝐶𝐶1′ = �𝑎𝑎1′2 + 𝑏𝑏1∗2 and 𝐶𝐶2′ = �𝑎𝑎2′2 + 𝑏𝑏2∗2 

ℎ1′ = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎2(𝑏𝑏1∗,𝑎𝑎1′ ) 𝑚𝑚𝑚𝑚𝑚𝑚 360°  

ℎ2′ = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎2(𝑏𝑏2∗,𝑎𝑎2′ ) 𝑚𝑚𝑚𝑚𝑚𝑚 360° 

∆ℎ′ = �
ℎ2′ − ℎ1′                                      |ℎ1′ − ℎ2′ | ≤ 180°
ℎ2′ − ℎ1′ + 360°       |ℎ1′ − ℎ2′ | > 180°,ℎ2′ ≤ ℎ1′

ℎ2′ − ℎ1′ − 360°       |ℎ1′ − ℎ2′ | > 180°,ℎ2′ > ℎ1′
 

∆𝐻𝐻′ = 2�𝐶𝐶1′𝐶𝐶2′ sin�
∆ℎ′

2 � 

𝐻𝐻′��� = �
(ℎ1′ + ℎ2′ + 360°) 2       |ℎ1′ − ℎ2′ |⁄ > 180°
(ℎ1′ + ℎ2′ ) 2                      |ℎ1′ − ℎ2′ |⁄ ≤ 180° 

𝑇𝑇 = 1 − 0.17 cos(𝐻𝐻′��� − 30°) + 0.24 cos(2𝐻𝐻′���) + 0.32 cos(3𝐻𝐻′��� + 6°)− 0.20 cos(4𝐻𝐻′��� − 63°) 

𝑆𝑆𝐿𝐿 = 1 +
0.015(𝐿𝐿� − 50)2

�20 + (𝐿𝐿� − 50)2
 

𝑆𝑆𝐶𝐶 = 1 + 0.045𝐶𝐶′��� 

𝑆𝑆𝐻𝐻 = 1 + 0.015𝐶𝐶′𝑇𝑇����� 

𝑅𝑅𝑇𝑇 = −2�
𝐶𝐶′7����

𝐶𝐶′7���� + 257
sin �60°. exp�− �

𝐻𝐻′��� − 275°
25°

�
2

�� 
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Following Mokrzycki and Tatol (2011), a standard observer sees the difference in color as follows: 

• 0 < ∆𝐸𝐸2000< 1 - observer does not notice the difference, 
• 1 < ∆𝐸𝐸2000< 2 - only experienced observer can notice the difference, 
• 2 < ∆𝐸𝐸2000< 3.5 - unexperienced observer also notices the difference, 
• 3.5 < ∆𝐸𝐸2000< 5 - a clear difference in color is noticed, 
• 5 < ∆𝐸𝐸2000 - observer notices two different colors. 

7.1.3 Chroma difference 

Exposure variation strongly affect colour differences based on the luminance (L*). Since it is useful 
to look at colour errors independently of exposure error, the chroma difference omit ΔL*. The chroma 
difference can be calculated as follow: 

∆𝐶𝐶 = (∆𝑎𝑎∗2 + ∆𝑏𝑏∗2)1 2�  
 

This formula do not entirely remove the effects of exposure variation since a* and b* are affected 
somewhat by exposure, but they reduce it to a manageable level. 

7.2 Colour dynamic 
Beyond colour difference, colour change dynamic can also help to discriminate between genotypes 
(Figure 2). Looking at the evolution of colour indices over time allows to identify trends, or even to 
deduce relevant indicators (e.g. area under the curve, speed of evolution or time needed to reach a 
stable colour). 
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Figure 2 : Example of color index dynamic for five yam genotypes cultivated in two contrasted sites. 

7.3 Repeatability 
A preliminary experiment using the reference colour chart for yam flesh (Figure 3) at a different time 
of the day with different tripod height was carried out in order to test the repeatability of the color 
characterization. The idea was to compare colour values of the same patches of the colour reference 
chart between the different images. Results showed an average color difference between images of 
∆𝐸𝐸2000 = 1.35 indicating differences only experienced observer can notice.  
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Figure 3: Reference colour chart for yam tuber flesh with RGB value label. 
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