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Fig. S1. HPLC chromatogram showing the phenolic profile of flaxseed extract after 5 days of germination. Peaks correspond to identified phenolic compounds as determined by retention times and standards. 


Table S1.  ANOVA for the selected factorial model and Fit Statistics

	ANOVA
	Fit statistics for the model

	Responses
	F-value
	p-value
	Model
	R2
	Adjusted R2
	Predicted R2
	Adeq. precision

	TPC
	838.94
	< 0.0001
	factorial
	0.999
	0.9983
	0.992
	95.09

	TFC
	1124.79
	< 0.0001
	factorial
	0.999
	0.9987
	0.991
	106.60
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	Fig. S2.  Predicted vs. actual value graphs for (a) TPC and (b) TFC.
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Fig. S3. Pareto charts illustrate the impact of various factors on TPC (a) and TFC (c). Factors that exert a positive influence are represented in orange, whereas those with a negative influence are depicted in blue. Additionally, half-normal charts display the effects of enzymes as variables on TPC (b) and TFC (d).





	
	Intercept
	GD
(A)
	β-GL
(B)
	PAL
(C)
	POX
(D)
	PPO
(E)
	CAT
(F)
	AB
	AD
	BE
	CE

	Regression coefficients (TPC)
	10.180
	5.505
	2.354
	-1.602
	2.381
	-2.671
	1.54298
	4.409
	
	-5.831
	5.809

	p-values
F- values
	
	0.015
16.65
	0.036
9.50
	0.0421
8.68
	0.0097
21.63
	0.179
2.65
	0.058
6.88
	0.035
9.76
	
	0.0226
13.01
	0.0271
11.61

	Regression coefficients (TFC)
	1.068
	2.841
	0.929
	-0.268
	0.579
	-0.4177
	0.938
	
	1.973
	1.650
	

	p-values
F- values
	
	0.0035
38.10
	0.0304
10.77
	0.0993
4.57
	0.0215
13.41
	0.3423
1.16
	0.0012
67.33
	
	0.0026
44.83
	0.0098
21.42
	


Table S2: ANOVA results of factorial models and regression coefficients for enzymes associated with the biosynthesis or liberation of total phenolic and flavonoid contents. Statistically significant variables are indicated in bold (P < 0.05).
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Fig S4: Diagram for numerical optimization approaches
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Fig.S5. Desirability ramp plots for the factors influencing the maximum production of TPC and TFC in flax sprouts.






Table S3. presents the maximum levels of phenolic and flavonoid compounds produced by the Flax seeds during the germination process, along with the actual and predicted niche parameters associated with their production. *Relative error (%) is calculated using the formula: [(experimental value - predicted value)/experimental value] x 100.
	Measurement
	Parameters
	Responses
	Desirability

	
	GD (day)
	[bookmark: _Hlk202474559]β-GL
(U/g seed)
	[bookmark: _Hlk202474689]PAL (U/g seed)
	[bookmark: _Hlk202474729]POX
(U/g seed)
	[bookmark: _Hlk202474799]PPO
(U/g seed)
	[bookmark: _Hlk202474875]CAT
(U/g seed)
	TPC (mg GAE/g
	TFC
(mg CE/g)
	

	[bookmark: _Hlk202479149]Actual
	5
	[bookmark: _Hlk202474544]22.27
	[bookmark: _Hlk202474704]15.25
	[bookmark: _Hlk202474755]215.5
	[bookmark: _Hlk202474835]240.66
	[bookmark: _Hlk202474860]192.13
	14.5
	3.33
	
1

	Predicted
	5.044
	37.1
	16.05
	241.09
	186.6
	101.84
	14.7
	3.55
	

	*Relative error% 
	
	1.38
	6.6
	




	
	TPC

	
	GD xβ-GL(AB)
	PAL × PPO (CE)

	
	Individual GD
	Individual β-GL
	Combination
	individual
PAL
	Individual
PPO
	Combination

	GD (A)
	1
Min
	0
	1
Min
	5
Min
	1
Min
	5
Max
	
Min

	β-GL (B)
	0
	19.3
Min
	19.3
Min
	19.3
Min
	37.1
Max
	37.1
Max
	

	PAL(C)
	
Min

	16.05
Min
	0
	10
Min
	16.05
Max
	10
Min
	16.05
Max

	PPO (E)
	
	0
	17.22
Min
	17.22
Min
	17.22
Min
	186.6
Max
	186.6
Max

	Yielded TPC
	1.64
	1.25
	3
	4.92
	5.8
	7.2
	3.6
	4.2
	7
	5.7
	7.9
	9.9

	desirability
	0.84/1
	1
	0.94
	0. 9
	0.89
	0.75
	0.805
	0.836
	0.9
	0.83
	0.73
	0.7

	
	TFC

	
	GD × POX (AD)
	β-GL × PPO (BE)
	

	
	individual
GD
	individual
POX
	Combination
	individual
β--GL
	individual
PPO
	Combination
	

	GD (A)
	1
Min
	0
	1
Min
	5
Max
	1
Min
	5
Max
	
Min

	POX (D)
	0
	13.78
Min
	13.78
Min
	13.78
Min
	241.8
Max
	241.8
Max
	

	β-GL (B)
	
Min
	19.3
Min
	0
	19.3
Min
	19.3
Min
	37.1
	37.1

	PPO (E)
	
	0
	17.22
Min
	17.22
Min
	186.6
Max
	17.22
	186.6

	Yielded TFC
	0.72
	0.86
	1.25
	1.9
	1.87
	2.7
	0.33
	0.9
	1.0
	1.76
	2.2
	2.73

	desirability
	0.74
	0.8
	0.6
	0.74
	0.99
	0.9
	0.88
	0.85
	0.95
	0.82
	0.85
	0.91


Table S4: Interacting factors in changing concentrations varying TPC and TFC response. Min: minimum; Max: maximum concentrations
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Fig S6. Inhibition zone diameters of dry flaxseed and 5-day sprout extracts against human-pathogenic E. coli and S. aureus using the agar well diffusion method.


image5.jpeg
L —7 L 2
1 8 193 37.8 10 284
A:GD = 5.04483 B:B-GL = 37.1097 C:PAL =16.0591
41 @ L
13.78 250 17.22 300.2 61 1376
D:POX = 241.829 E:PPO = 186.674 F:CAT = 101.847
ﬂ ﬂ Desirability = 1.000
3 145 0305 333 Solution 1 out of 100
TPC = 14.7308 TFC = 3.5532





image6.jpeg
TFC (CE/g DW)

Perturbation

Design-Expert® Software
Factor Coding: Actual

TFC (CE/g DW)

Actual Factors

: T T T T T
-1.500 -1.000 -0.500 0.000 0.500 1.000

Deviation from Reference Point (Coded Units)

TPC (GAE/g DW)

Perturbation

10

Design-Expert® Software
Factor Coding: Actual

TPC (GAE/g DW)
Actual Factors
AGD =45
8:p-GL = 2855
A
E B
BD E
A
T T T T T
-1.000 -0.500 0000 0500 1000

Deviation from Reference Point (Coded Units)





image7.jpeg
5-day sprout extract





image1.jpeg
Data File C:\HPCHEM\1\DATA\NTRA\NOVOOS/4.D Sample Name: mngo peel

Injection Date : 3/29/2017 2:35:31 PM

Sample Name : mngo peel Location : Vial 2
Acq. Operator : A

Acg. Instrument : Instrument 1 Inj Volume : 5 pl
Acq. Method : C:\HPCHEM\1\METHODS\PHENOLS.M

Last changed : 3/29/2017 2:34:08 PM by A

(modified after loading)
Analysis Method : C:\HPCHEM\1\METHODS\PHENOLS.M
Last changed : 3/29/2017 3:40:40 PM by A
(modified after loading)
DAD1 A, Sig=280,4 Ref=off(TRAINOV00574.D)

mAU %\ <
wo §| B
300 - | i T‘\ T\
200 4 |3 “ S e = 8 [l [\/\ .
O NS 0 N - S RV SR
CEREN T g 232 & § 3 = |\JVNIL 33
0 o S 2 ] M ks P ©g T— 8B
D hoAni L e s SN . bty
10 ‘ 2 30 ' " ‘ 50 min
DADT B, 5ig=320,16 Ref=off (TRANOV00574.D)
mAU 3
400
300 -
200 S 5 o
= > { |« 3 o
100 - 2 3 S & s s g8
8 3 3 N
0 o 8 s & (I AN S
10 2 30 40 50 min
DAD1 C, Sig=254,8 Ref=off (TRANOV00574.D)
mAU ] @l
3|
400 R .
300 | g
| ]
200 | o 2 N -
o |8 ) © e © 3 3 \ A S
100 8 13 8 8 3 S & ® /\ g
18 3 S q S 5 8 3 N N &
[\ sy = el N | S —
A ————— % ——— ]
DAD1 D, Sig=360,16 Ref=off (TRANOV00574.D)
mAU 3
400
300
200 - . o
100 3 2
E R s
0 S :
. ; 5 -
10 2 30 40 50 min

Area Percent Report

Sorted By ¢ Signal
Multiplier 3 1.0000
Dilution 2 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DADl1 A, Sig=280,4 Ref=off
Peak RetTime Type

[min] Width Area Height Area
# [min] [mAU*s] [mAU] %

I [==== === | === | === | ===
2.511 PBA 0.1274 41.84761 4.15924 0.0419
3.557 PBA 0.4720 4.67103e4 1285.13342 46.7935
3.541 BBA 0.2715 1704.04016 97.68791 1.7071
9.614 PB 0.1889 19.522840 1.66348 0.0196
5 10.087 VB 0.3114 156.39986 7.44628 0.1567
6 10.840 VBA 25:35556 1.25682 0.0254

Instrument 1 3/29/2017 3:41:06 PM A Page 1 of 3




image2.jpeg
Predicted

Predicted vs. Actual

16— Design-Expert® Software
| TPC
Color points by value of
p | ™C
3 I 145
10 ]
8]
6
4
24
T T T T T T T T
2 4 6 8 10 12 14 16

Actual

Predicted

Predicted vs. Actual

Design-Expert® Software
TRC

Color points by value of
TFC:

0305 I 333

Actual





image3.jpeg
t-Value of |Effect|

t-Value of |Effect|

Pareto Chart
602 Bonferroni Limit 6.01543
05 pox
=
A-GD
401
am A_ t-Value Limit 2.77645
201
100
000 { Bl
T T T T T T T T T T T T T
3 2 3 4 5 6 7 8 9 10 11 12 13
Rank
Pareto Chart
AT
LT
AD
M A-c0
615,_ L 4 Bonferroni Limit 6.01543
BE
A0 D-POX
B-B-GL
minin t-Value Limit 277645
C-PAL
205 BF
E£-PPO
ooo | K L [I [ I
T T T T T T

4 5 6 7 8 9 10 11 12 13

Design-Expert® Software
TPC

Shapiro-Wilk test
W-value = 0.708
p-value = 0014

AGD
B:p-GL
C:PAL
D:POX
EPPO
F:CAT

B Positive Effects
B Negative Effects

Design-Expert® Software
TFC
Shapiro-Wilk test

W-value = 0927
p-value = 0.580

A:GD
8:B-GL
C:PAL
D: POX
PO
F: CAT

B Positive Effects
B Negative Effects

=
®
2
9
o
R
=
E
S
<
5
b=

®
E
[
-
R
]
2
£
S
=
=
]
==

Half-Normal Plot

99_|

95

T
1255

0.00 314 628 941
|Standardized Effect|
Half-Normal Plot
99
-]
*9 F-CAT
903
90
o 9A-GD
70 OBe
2 RE
9 a2c-PAL
o
201} E-PIJ3
D:
T T T T T
0.00 189 378 5.67 755

|Standardized Effect|




image4.jpeg
Design Expert
Numerical Optimization

Goals
Testing interaction effects
Responses optimization e.g. GD xB-GL(AB) on TPC
Critriag  Goal Goal
'""G"; ) In range A B AB/Min- AB/Max-  AB/Min- AB/Max
Critria Min i Max -Max
B-GL(B)  Inrange €
S E
PAL(C) Inrange e g Input
b1 GD (A) Min 0 Min Max Min Max
POX (D) Inrange gE
S B-GL(B) 0 Min Min Min Max Max
Z®
el
PPO(E) Inrange g g PAL (C)
23
CAT(F) Inrange s 2 POX (D! - )
g B & Minmize (Min)
Responses S £ PPO (E)
TPC Maximize
P CAT (F)
STEG Maximize
Responses Maximize (Max)
TPC

SIEG None




