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I Sample |

U

I Sample pretreatments I
- Grinding
9

Ultrasound-assisted extraction
(UAE)

-> Centrifugation
-> Evaporation

2 E

l Post-UAE steps '

Post-hydrolysis steps
-> Cooling & centrifugation
-> Dilution
-> Evaporation
- Reconstitution in solution with ISs
-> Filtration

l Method 4:\%}
validation

UPLC®-MS/MS
\ l analysis /
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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"

. Solvent
Temperature| Time

Number of factors Assay | ey (min.) Conce(;t)ra“o"
Number of experiments _ 1
Number of central points >
3
4
Box-Behnken 5
N = 2k(k-1) + C, c
8

= 3 factors (X,)

3 levels/factor
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_ Solvent
Level Tempoeéature T|r_ne concentration
(°C) (min.) %)
-1 20 10 10
0 50 50 50
1 80 90 90

Temperature Time Solvent'

J {\ Assay C) (min) conce:tratuon
- %9
@iﬁ ) ? 1 50 50 50
:-&3:'*:4‘ E 2 50 50 50
E‘% 3 80 50 90
) L 4 50 90 90
5 20 50 90
X [ 6 20 90 50
! 7 80 90 50
8 50 50 50
9 20 10 50
3 3 3 10 80 10 50
Y =P+ Z B;X; + Z BiX? + Z By XX, 11 50 90 10
=1 i=1 i=1 12 50 50 50
Second-order equation 13 50 10 90
14 20 50 10
15 50 10 10
16 80 50 10

7



J

Gembloux Agro-Bio Tech
- Université de Liége
__ Wallonie :

Fichier Edition Tableaux Lignes Colonnes Plans Analyse Graphique Outils Afficher F¢ Factors

X1 - Temperature (°C) -

L
@ MeOH_Box-Behnken_Isoflavones_2015 / X2 > Time (min.)
= MeOH_Box-Behnken_iso | ¢~ ~'| configu Y_MeOH ]
BEH?(m““é&;ﬁéh’ﬁi{éﬁ“ & ratiol?l X1 X2 | x3 | _Total X3 - Solvent concentration (%)
offees [ 1| 000 so| so| so| 7419
2000 50 50| 50| 7512
Edition 3|+0+ 80 50 90| 6926
Supprimer 410++ 50 90 90 657,6

5[-0+ 20 50 9| 67173

6|-+0 20 90 s0| 7694

7[++0 80 90 s0| 72001

8 | 000 50 50 50 726 N\N\_

9|0 20 10 I RN

10]+-0 80| 10| so| 8302 N

11 [0+- so| 90 10| 2862 N

12 | 000 50 50 s0| 6542 N\

13[0-+ 50 10 90 646
@Sconaes (e 14 |-0- 20 50 10| 2388 Results i
:;g’"’ﬁ:"”’m“ & 15 [0-- 50 10 10 352 (Isoflavones concentration) [
40 % 16 | +0- 80 50 10| 5875
A X3 % \\
4 Y_WeOH_Total 3k NG

Matrix
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Application - results processing
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\_,3 Fichier Edition Tableaux Lignes Colonnes Plans Analyse Graphlque Outils  Afficher Fenétre Aide

‘. O = gé . B 2 H.° CSJ "é’éﬂ.’} & 2 P 4+ A _>QOH‘ MeOH_Box-Behnken_Isoflavones_2015 v

v @ Reponse Y_MeOH_Total
¥ Graphique des valeurs observées en fonction des valeurs prévues
T o0 =
800 ot
700 R ™
o .
I £ 600 SR
@ e S

Y_MeOH_Total
Obs
w
o
(=]
1
\\\

o

o

=]
1
N

200 1—1— T T T T

200 300 400 500 600 700 800 9S00
Y_MeOH_Total Prévu P=0,003 R

carré=0,95 Ecart type résiduel=63,698

7| Résumé de Fajustement J 87,4% of the variations can be
R carré 0,949675 .
R carré austé ograer T T T T T > explained by the model s
Ecart-type résiduel 63,69784 N
Moyenne de la réponse 631,7125 ,\
Observations (ou sommes ponderees) 16 I s
= \

¥| Analyse de la variance ‘
el / \

Degré(s) Somme des . . . / \
Source de liberté carrés Carré moyen RapportF The mOdeI IS S|gn|f|cant / \

Modéle 9 45039971 510444 12,5805 -
Résidus 6 2434449 4057,4 | Prob.> F (p-value<0,05)

Total 15 48374420 0,0030*

¥ Manque d'ajustement |
Degré(s) Somme des Rapport F

Source de liberté carrés Carré moyen 3,1919 ] . £

Mangue d'ajustement 3 18537,022 6179,01 Prob.>F 4) The IaCk—Of_fIt IS nOt Slgnlflcant /

Erreur pure 3 5807,468 193582 | 0,1830 @ =—— (p-value>0,05)

Erreur totale 6 24344 490 R carré max.

0,9880 9

i
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&) Fichier Edition Tableaux Lignes Colonnes Plans Analyse Graphique Outils Afficher Fenétre Aide
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¥/ Tests des coefficients
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Second-order polynomial model

Nombre de Degré(s) Somme des
Source  coeficents delberts carés RapportF Prob.>F YueoH-Totar = 718.325 + 46.0625X; — 21.4375X, + 151.15X; — 25.725X, X
X1(20,80) 1 1 1697403 41835  0,0868 MeOH-Tota 1 % 5 3 5 142
X2(10,90) 1 1 %7653 09061 03779 — 83.4X,X3 +19.35X,X3 + 59.65X17 — 3.9X5 — 228.975X3
X3(10,90) 1 1 182770,58 45,0481 0,0005*
X192 1 1 264710 06524  0,4501
X1*X3 1 1 2782224 86,8571 0,0397*
X2*X3 1 1 149769 03891  0,5658
X1#X1 1 1 14232 49 3,5078 0,102
X2*X2 1 1 60,84 0,0150 0,9065 H Y H
X3°X3 1 1 20971820 51,6876  0,0004* Slgnlflcant ImpaCt
¥ Estimations des coefficients triés | (p-value<0 05)
Terme Estimation Ecart-type Rapportt Prob.>|t|
X3*X3 -228,975  31,84892 -7,19 L 0,0004*
X3(10,90) 151,15 22,52059 6,71 0,0005*
X1*X3 834 31,84892 -2,62 0,0397*
X1(20,80) 46,0625  22,52059 2,05 0,0868 R—
X1*X1 59,65 31,84892 1,87 0,1102 = =
X2(10,90) 21,4375 22,52059 0,95 0,3779
X1*X2 -25725 31,84892 -0,81 0,4501
X2*X3 19,35 31,84892 0,61 0,5658
X2*X2 39 3184892 0,12 0,9085

":Détails des coefficients 7|

4 Surface de réponse

il
%]
2o sty
£ S
EQ s
%3 o
e %]
(=] oL
o
o
|ISEA R S Ry AL el 2 e e 17 el B e el e ) o o192 o B F R B [ o) P
2 89 38 L2 8228232208828 33238288° ¥ v © < [gmy
N M T 0N 0~ OG-0 M TODORDI-NOTOHOR~DD N o ~ Imuler
80 10 5 2 2
80 54 4
X1 X2 X3 Désirabilité




J

Gembloux Agro-Bio Tech
- Université de Liége
wallonie g

Fonnononeﬁn
869,8 + 135,4 pg.gt MS c ‘ :
Gef7istein
Total
X Y
Factors—> X1 X, 3 1
Compound Temperature Time Solvent (Hg.g* MS)
s _ concentration
Conditions\ll (°C) (min., sec.) (%) Predicted Pred. Inter. ™ Obtained (n=7) "
Optimal 80 10 54,4 869,8 +135,4 1036,6 — 703,1 892 3+57 4
Total Selected 80 2 100 55 ¢ 869,7+ 1356 | 1036,6— 7030 2 =20
Optimal 80 19,54 50,7 476,3 +85,9 619,1-333,4
i 517,2 £50,1
Formononetin Selected R b c 4742 £ 98,6 620,4 - 328,2
Biochanin A Optimal 80 10 57,1 305,1 +45,6 374,5-235,8 291,6 + 26,8
Selected a b c 304,9+454 360,8 — 249,0
Optimal 80 90 68,4 66,0 +6,7 73,9-58,1 629+ 62
Genistein 7 = 0,
Selected a b c 63,6 £ 6,4 71,4 -55,7
Optimal 80 29,44 60,7 19,2+2,7 23,3-15,1 207+ 2.3
Daidzein =
e Selected a b c 18,9%3,5 23,2 -14,6
11

I Predicted content + half confidence interval (a=0.05), ™ Prediction interval of 95%, " Mean value + standard deviation
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\ 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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» This methodology allows to propose a reliable and

Enzymatic
hydrolysi

and

!Igl robust analytical method for simultaneous

Validation ™

| / J quantification of isoflavones in forages. (“Quality”)

Experimental design

> To obtain a maximum of information with a small
number of assays -2 allowing to find the optimal

conditions for UAE and hydrolysis process

among the numerous and divergent conditions

proposed in literature.
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