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Chemical Constituents and Antioxidant Activity

of Flaxseed during Germination
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2. Guel ph Food Research Centre, Agriculture and Agri-Food Canada , N1G5C9, Canada)

Abstract: Flaxseed has been widely used in a variety of applications for over 100 years,
due to its reputation for cosmetic and health benefits. The germination may be enhanced
the efficiency of flax seed, but there is a lack of scientific evidence supporting this infer-
ence. In order to clarify this problem, the phytochemical composition of flaxseed with
different germination time (from 0 day to 8 days) was identified by using high perform-
ance liquid chromatography-diode array detector coupled with two-stage tandem mass
spectrometry (HPLC/MS?). The separation was performed on a Phenomenex ODS C18
column (4. 6 mm X250 mm X5 pm), of which 0. 2% aqueous acetic acid (V/V) (A) and
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methanol (B) were used as the mobile phase. The flow rate was 0. 75 mL/min. The col-
umn temperature was maintained at 25 “C. The diode array detector (DAD) detection
wavelength was set at 280 nm. MS analysis was carried out by the electrospray ioniza-
tion ion source (ESID) in both positive and negative ion modes. The total flavonoid con-
tent (TFC) and the total phenolic content (TPC) in flaxseeds before and after germina-
tion were measured by UV spectrophotometric method. Furthermore, the antioxidant
activity of flaxseed was evaluated by the ferric reducing antioxidant power (FRAP),
DPPH scavenging (DPPH) and oxygen radical absorbance capacity (ORAC) assays.
Compared to the non-germinated flaxseeds (0 day), twelve compounds were identified in
partially germinated seeds and sprouts (day 1-8), including sucrose, nucleosides,
purines and flavonoid. The TFC, TPC and antioxidant activities were found to increase
as the flaxseeds germinate. This research shows that germination is a good process to
increase the flavonoid content of flaxseeds as well as the antioxidant activity, and it
provides a reliable theoretical basis for development of flaxseed as health care products
and functional food.
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array detector coupled with two-stage tandem mass spectrometry (HPLC/MS?); antiox-
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Fig. 1 Flaxseeds sprouts before germination (a) and after germination

for 1 day (b), 2 days (c¢), 4 days (d), 6 days (e)and 8 days (f)
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Table 1 Lenth, weight and percentage of germination
f
for flaxseed sprouts during germination
e
% 2 it 1) K s B d
Time/ Length/ Weight/ Percentage ¢
day mm g of germination/ % b
a
0.00 1. 98-£0. 03 0 0 10 20 30
Time/min
1.44=40. 11 1.95+0. 05 4.8
3.69+1.05 1.9340.09 18.9 B2 REFH(a)MERZF1X(b),2X(c),4X(d),
'y =H4E O 33t [&]
22.28+43.26 1.8540.13 89.0 6 X(e),8 X(ORIMAR T 4 HPLC R E
Fig.2 HPLC chromatograms of flaxseed before
47.35+5.52  1.77=+0.11 92.2 o o
germination (a) and after germination for 1 day (b),
65.1447.03 1.7540.15 96. 1

x2 ITMRFHFHEMPEULETYH LC/MS® #iE
Table 2 LC/MS? datas of flaxseed sprouts

2 days (c), 4 days (d), 6 days (e) and 8 days (f)

FE O RENE LK m/z m/z T B A f&w
No. tr/min UV/nm (+) (—) MS? Compounds
1 2.18 — 365 365: 203[M+Na—glc]t, iR
185[M+Na—gle— H, O]
2 2.48 246, 273 152 — 5, [EE I
3 2.88 260 136 - i g
4 3.35 252 284 284 152[ M+ H—rib]! 13
5 3.59 257 268 268: 136 M+H—rib] " MR
6 17.70 256, 328 593 593: 503{M—H—CH,;OHCHOHCHO] ", A e e & 06
473l M—H—CH,OH(CHOH),CHO] ",
383[M—H—gle—CHO] ",
353[M—H—gle—CH,OHCHO]
7 20. 20 274, 328 563 563: 545 M—H—H,0], S
503lM—H—CH,OHCHO] ,

473LM—H—CH, OHCHOHCHO] ",
443[M—H—CH,OH(CHOH),CHO] ",
413[lM—H—CH,OH(CHOH);CHO]~,

383[M—H—glc] , 353[M—H—gle—CHO] "~
8 20. 94 274, 328 563 563; 545 M—H—H,0] R B ARl
503 M—H—CH,OHCHO]

473 M—H—CH,OHCHOHCHO] ",
443[M—H—CH,OH(CHOH),CHO] ",
413[lM—H—CH,OH(CHOH);CHO] ",

383[M—H—glc] , 353[M—H—gle—CHO]
9 22. 61 269, 349 447 447, 357[M—H—CH,;OHCHOHCHO] ", Sk o]
327[M—H—CH,OH(CHOH), CHO ]~
10 24. 41 271, 338 431 431; 341[M—H—CH,OHCHOHCHO] , H3R ZE 07)
311[M—H—CH;OH(CHOH);CHO]~
11 25.47 272, 328 563 563: 503 M—H—CH,OHCHO] , Apigenin-6-C-glu-8-C-pent' 7]
473[M—H—CH, OHCHOHCHO] ",
443[M—H—CH,OH(CHOH),CHO] ",
383[M—H—glc]
353[M—H—gle— CHO] "~
12 26. 64 269, 336 431 431, 341[M—H—CH,OHCHOHCHO], S 9] 22 L18-19]

311[M—H—CH,OH(CHOH),CHO ]~

TE % FRon A W5 A X L % % B ot LA AR T 4 O 8 I ) B L A MLS” 3%
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2.3.1 LML RFZLEK B 0.010,0.040,
0.060.0. 080 Fl1 0. 100 g/L 1y JLZ% 2= %F I i v
WL AR L5 1 Tk DA O BE CAD X vk B
(O HEAT Lk 115, 45 21 JLAS 3 X B 9 e 1k
BIE RN A=2.395 2C+0. 039 2,6 &%
r=0.999 7,

# 0.00,0.04,0.10,0.30 F1 0.50 g/L 1y
R IO B A5 IR 1L 5. 2 5 iy s DA
WG EE CAD X FE (O AT 1 5, 15 2% &
FERXF BRSO A B )5 U7 8 h : A=6.820 5C+
0.146 9, 40K R % r=0.999 2,

2.3.2 WJRRF R ZF b B S R 2 T 2R
BT B i MR AN TR) & 28 B [ o v
i) G 22 Wy 28 B A 1) i D 45 R A TR 3.
TEW R & ZF B, K25 1 RIAE M S
BT A0S 22 1 28 B0 1) AR T R AR P
) it (HL B G & 2 B [B) (4 38 0, AR o v
FE 22 W 2 J o3 1) 2 B W G
2.4 THRFERFLSEPRAENFERNITEN
¥ 1000.500,250,125 il 62. 5 pmol/L fy
Ve S B LIS, ARG BE CAD Xk B (O) #E4T
MR AF 3] Ve b B Y 2 M [nl 5 5 72 Dy
A=0.001 51C—0. 041 9, 4K Z %L r=0. 997 5,
Fie 1. 6. 270 B 73k . 43 3l 1A 3 A )

ME Ao A LA FRT R &R 6 DPPH A H
FEIEBR R, LA B 3R (%) R ke 5 1 bt &1k
T,

3 IRFAFORFLEMMASHEALINEE
Table 3 Contents of TFC and TPC

in flaxseed during germination

K BE I [A] ST T MW
Time/day ~ TFC(CAE, mg/g)  TPC(GAE, mg/g)
0 0. 45-0. 02 1.0440. 10
1 0.4040. 01 1.014+0.12
2 0.50+0. 04 1.39-£0. 08
4 1. 2340.07 2.52-0. 23
6 1.98+0.15 3.0740. 21
8 2.50+0. 11 3.35+0. 34

¥ 100,50, 25,12.5 Fl 6.25 pmol/L [
trolox X B8 i W, LA WO 2 CAD XF il 261 1)
VT AR CAUC) #E4T 2k |1, 153 3] trolox Xf BR
Wl 2R PR B 5 R s A = 0,308 (AUC) —
0.777 , #H% 2% r=0. 995 0,

SRR AN [7) & 2 I5F R A s 1) 0 40 3% 1k
FELERYF R 4, & 4 ATHLLE TR F K 3
AR RS 1 R MRS 1B A AR PR T
K SERTRE A o AH B A 2 I TR A 30 AR T
AL P B T A

x4 ITHRFRFIBRFHAENTNE

Table 4 Antioxidant activity of flaxseed during germination

& ainn| B Tk R RE 1 ik 1 o L BR AR D 1k S FEORE Tk
Time/day FRAP(VcE) DPPH/ % ORAC(TE)
0 15.25+0. 20 36.9740. 10 237.4242.42
1 14.10£0. 05 35.0240. 11 229.86+1.74
2 17.65=+0. 35 38.5440.23 293.1244.04
4 25.5040. 40 43.2040. 18 506.80+0. 74
6 29.5040.75 61.8740. 62 604. 26+8. 94
8 34.1040. 40 67.6940.78 661.74+9. 66
3 & 12 M A AR BHE 26 IR 2 T

I v RO £33 - — 2% B3 6 (HPLC-
MS®) HEANS W JRR 5 2F 1AL 22 )8 o3 BEAT BIE TS - 25
SR FM] A TR ZF A LR R 2 5B R T

FBY o SN I3 Y66 BE R SRR T K 2 i
JE PR S5 B TR R 22 B 9 B oY AT E R O B O
KBk B 738 5 BE 713 (FRAP) | H H &3 R
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fie 77 35 (DPPH) 1 4 H W 5 W ik 6g 1 %
(ORAC) X W JFR T~ 4 2 i 1Y 0 A A0 1 1 47 3
Hro Z5REM LR FFE L ZEHE 1 R B Al
SN2 T 2 B R A R R R R A SR AR E
PER R, R 25 2 RENE 8 KB B A G £
FER AT 0 B BB TG 2 B R AL T T i
SR WFFER B B SE RLr FZ2  2E s HA
— 2 PR AR TE P R R AR PR AR )
B PRI M B AT A SR S A R AN
S22 T A 5 R S TE A G 10 I RR £
2 TP B 2 R 22 19 28 4y 1T RE Dk AT A AR TR
PR Z A RO ST 5 SCHR R B A 45 R — 2K
R = WRR B A AL RE T 1 — T A RO
o AW AT AR -4 Sy R A i DA R Tl Re
£ il 1 R R AL T R Y SR KR

S %3k
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