








AKNOWLEDGEMENTS ............................................................................................................................. i 

INDEX ................................................................................................................................................... iii 

ABSTRACT .............................................................................................................................................. v 

LABURPENA .......................................................................................................................................... vi 

1. INTRODUCTION ........................................................................................................... 1 

1.1. Food colorants: Allure Red, Blue Brilliant and Tartrazine ............................................................ 1 
1.1.1. Allure Red (E-129) ..................................................................................................................... 3 

1.2. Digital image analysis. ................................................................................................................ 6 

1.3. Univariate analysis. .................................................................................................................... 8 

1.4. Multivariate analysis. ................................................................................................................. 9 

2. OBJECTIVES ............................................................................................................... 11 

3. EXPERIMENTAL ......................................................................................................... 13 

3.1. Equipment and software. ......................................................................................................... 13 

3.2. Standard preparation. .............................................................................................................. 13 
3.2.1. Jelly standard preparation ...................................................................................................... 13 
3.2.2. Candy standard preparation ................................................................................................... 15 

3.3. Image-taking procedure. .......................................................................................................... 16 
3.3.1. Previous studies ...................................................................................................................... 17 
3.3.2. Study of depth optimization ................................................................................................... 19 

3.4. Image control. .......................................................................................................................... 21 
3.4.1. Color pattern .......................................................................................................................... 21 
3.4.2. Shewhart control chart ........................................................................................................... 23 

4. RESULTS AND DISCUSSION ........................................................................................ 25 

4.1. Univariate analysis for the determination of Allure Red, Brilliant Blue and Tartrazine in both 
Jelly and Candy standards .................................................................................................................... 25 

4.1.1. Results of the determination of food coloring in Jelly based standards ................................ 26 
4.1.2. Results of the determination of food coloring in Candy based standards ............................. 32 
4.1.3. Discussion ............................................................................................................................... 37 

4.2. Multivariate analysis for the determination of Allure Red, Brilliant Blue and Tartrazine in both 
Jelly and Candy standards. ................................................................................................................... 38 

4.2.1. PLS results for Jelly standards ................................................................................................. 38 
4.2.2. PLS results for Candy standards ............................................................................................. 41 



4.3. Discussion ................................................................................................................................ 45 

5. CONCLUSIONS .......................................................................................................... 48 

5. ONDORIOAK .............................................................................................................. 49 

6. REFERENCES ............................................................................................................. 50 

APPENDIX I: STUDY OF FACTORS THAT INTERFERE IN IMAGE TAKING PROCEDURE. ........... I 

Volume study.......................................................................................................................................... I 

Study of different volume standards.................................................................................................... IV 
B mold ..................................................................................................................................................... IV 
C mold...................................................................................................................................................... VI 

Mold study ........................................................................................................................................ VIII 

APPENDIX II: DEPTH STUDY ................................................................................................XI 

Allure Red .............................................................................................................................................XI 

Brilliant Blue ...................................................................................................................................... XIII 

Tartrazine ........................................................................................................................................... XV 

APPENDIX III: INTERFERENCE STUDY .............................................................................. XVII 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 







 



 

 

 

 

 

 

 

 

 



 

 𝑌 = 𝑎 + 𝑏𝑋 + 𝑒𝑟𝑟𝑜𝑟

 𝑌 = 𝑎 + 𝑏1𝑋1 + 𝑏2𝑋2+ . . . +𝑏𝑘𝑋𝑘 + 𝑒𝑟𝑟𝑜𝑟
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 𝐶𝑒𝑛𝑡𝑟𝑎𝑙 𝑙𝑖𝑛𝑒 (𝐶𝐿) =  
∑ 𝑅𝐺𝐵 𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑖

15
𝑖=1

15

 𝑊𝑎𝑟𝑛𝑖𝑛𝑔 𝑙𝑖𝑛𝑒𝑠 = 𝐶𝐿 ± 2𝑠

 𝐴𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒𝑠 = 𝐶𝐿 ± 3𝑠
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