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Context – lots of protocols 
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Methodology - Box-Behnken 

Experimental Design 

Objectives: 

Researching factors of influence // Understanding the impact of factors and their 

possible interactions // Finding optimal conditions //  

''Decreasing the number of assays --> decreasing development costs'' 

Box-Behnken 

X1 

X2 

X3 

≥ 3 factors (Xn) 

 

3 levels/factor 
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Assay 
Temperature       

(°C) 

Time                       

(min.) 

Solvent 

concentration  

(%) 

1 0 0 0 
2 0 0 0 
3 1 0 1 
4 0 1 1 
5 -1 0 1 
6 -1 1 0 
7 1 1 0 
8 0 0 0 
9 -1 -1 0 

10 1 -1 0 
11 0 1 -1 
12 0 0 0 
13 0 -1 1 
14 -1 0 -1 
15 0 -1 -1 
16 +1 0 -1 

… 0 0 0 

N = 2k(k-1) + C0  

Number of experiments 

Number of factors 

Number of central points 



7 

Level 
Temperature   

(°C) 

Time             

(min.) 

Solvent 

concentration 

(%) 

-1 20 10 10 

0 50 50 50 

1 80 90 90 

Assay 
Temperature       

(°C) 

Time                       

(min.) 

Solvent 

concentration  

(%) 

1 50 50 50 

2 50 50 50 

3 80 50 90 

4 50 90 90 

5 20 50 90 

6 20 90 50 

7 80 90 50 

8 50 50 50 

9 20 10 50 

10 80 10 50 

11 50 90 10 

12 50 50 50 

13 50 10 90 

14 20 50 10 

15 50 10 10 

16 80 50 10 

Application – UAE optimization with Box-Behnken design 

𝑌 = 𝛽0 + 𝐵𝑖𝑋𝑖 +

3

𝑖=1

 𝐵𝑖𝑖𝑋𝑖
2 +

3

𝑖=1

 𝐵𝑖𝑗𝑋𝑖𝑋𝑗

3

𝑖=1

 

Second-order equation 
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Application - results processing  

Factors 
 

X1  Temperature (°C) 
 

X2  Time (min.) 
 

X3  Solvent concentration (%) 

Matrix 

Results 
(Isoflavones concentration) 
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Application - results processing  

The model is significant 
(p-value<0,05) 

The lack-of-fit is not significant 
(p-value>0,05) 

87,4% of the variations can be 

explained by the model 
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Application - results processing  

𝑌𝑀𝑒𝑂𝐻−𝑇𝑜𝑡𝑎𝑙 = 718.325 + 46.0625𝑋1 − 21.4375𝑋2 + 151.15𝑋3 − 25.725𝑋1𝑋2
− 83.4𝑋1𝑋3 + 19.35𝑋2𝑋3 + 59.65𝑋1

2 − 3.9𝑋2
2 − 228.975𝑋3

2 

Second-order polynomial model 

Significant impact  
(p-value<0,05) 
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80°C 

54,4% MeOH 

10 min. 

869,8 ± 135,4 µg.g-1 MS 

Total 

Compromise 

Application – to find a compromise 

Compound 

 

Factors X1 

Temperature  

(°C) 

X2 

Time 

(min., sec.) 

X3 

Solvent 

concentration 

(%) 

Y 

(µg.g-1 MS) 

Conditions Predicted l Pred. Inter. m Obtained (n=7) n 

Optimal 80 10 54,4 869,8 ± 135,4 1036,6 – 703,1 

Optimal 80 19,54 50,7 476,3 ± 85,9  619,1 – 333,4 

Optimal 80 10 57,1 305,1 ± 45,6  374,5 – 235,8 

Optimal 80 90 68,4 66,0 ± 6,7  73,9 – 58,1 

Optimal 80 29,44 60,7 19,2 ± 2,7  23,3 – 15,1 

l Predicted content ± half confidence interval (α=0.05), m Prediction interval of 95%, n Mean value ± standard deviation 

Total 

Formononetin 

Biochanin A 

Genistein 

Daidzein 

Selected 

Selected 

Selected 

Selected 

Selected 

80 a 

a 

a 

a 

a 

10 b 

b 

b 

b 

b 

55 c 

c 

c 

c 

c 

869,7 ± 135,6 

474,2 ± 98,6 

304,9 ± 45,4 

63,6 ± 6,4 

18,9 ± 3,5 

1036,6 – 703,0 

620,4 – 328,2 

360,8 – 249,0 

71,4 – 55,7 

23,2 – 14,6 

892,3 ± 57,4 

517,2 ± 50,1 

291,6 ± 26,8 

62,9 ± 6,2 

20,7 ± 2,3 
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Optimized and validated method 

Sample 
pretreatments 

(Grinding, 
homogenization & 

freeze-drying) 

Ultrasound 
Assisted 

Extraction 

(80°C, 10 min & 55% 
MeOH) 

Enzymatic 
hydrolysis 

(20°C, 18 h & pH 6) 

Post-hydrolysis 
steps 

(Dilution, evaporation, 
solubilization of dry 
residues & filtration) 

UPLC®-MS/MS 
analysis 

EMA VICH GL49 (http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/04/WC500105053.pdf) 

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/04/WC500105053.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/04/WC500105053.pdf
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Conclusions 

 This methodology allows to propose a reliable and 

robust analytical method for simultaneous 

quantification of isoflavones in forages.  (‘‘Quality’’) 

Experimental design 

 To obtain a maximum of information with a small 

number of assays  allowing to find the optimal 

conditions for UAE and hydrolysis process 

among the numerous and divergent conditions 

proposed in literature. 



Thank you for your attention 

Centre wallon de Recherches agronomiques  
Département Valorisation des Productions agricoles 

www.cra.wallonie.be  -   f.deams@cra.wallonie.be 

Acknowledgements: 

 

- Public Service of Wallonia (PhytoHealth project, Moerman funds) 

- Members of PhytoHealth project, C. Rasse (SMCS-IMMAQ, UCL) and C. Jasselette 

  


