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its antioxidant activity

B B Byt
CHEN Yun-yun'
# £

HAN Yu-ze'

FHE
WANG Jin-ying'*
LI Ying-zia'

(1. Filg AR F i 9T
2. Filg R ZALIHRAS S @ RO F A 9 = . 5l 1T

F X!
WANG Xing-rui'
! ENiE

WANG Shu-zhen'
810016
810016)

(1. College of Agriculture and Animal Husbandry , Qinghai University, Xining ., Qinghai 810016,

China; 2. State Key Laboratory of Plateau Ecology and Agriculture, Xining , Qinghai 810016, China)

HEBHN: ARG HFARREEREAL RIS 0K E
AR, Fik: A FHiEE 20 A RE =, 5 A T RAF
AR ERBEAR G R RABEEEMNE L RIEEFRF
et B R AR F R TR FETRBE S E, F A
DPPH A WA= ABTS Ay L ifrh e A M LA FE
h, ER.FHELERRA . . SHGERFFRELZASE
£+ 2% (P<C0.05) , JF 3R 5% % vt 4> B &) 2) 48 3 A= IF 30 5
Bt As £ 4 F 45 A h 7.53~23.33.0.85~2.55 mg/g;
FAFETRBHARFFRARFE DB EHEAF
% DPPH A A f ABTS a A eitt ., L£ZF 2 F
(P<<0.05), Si:FH &4 REF =3 & A6 ZRHF P A
MEESZERR LA RIFGRAALE S,

KB L RAT; B ARARIE & AR & AR AR & KRR
Piopnca

Abstract: Objective: It provides a basis for promoting the high-
value utilization of flaxseed and its processing by-products in
Qinghai. Methods: Using linseeds from different producing areas
and varieties in Qinghai province as raw materials, and the
content of lignan and its component-secoisolariciresinol
diglucoside and secoisolariciresinol in 20 kinds of flaxseeds in

Qinghai were determined by reversed-phase high performance lig-
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uid chromatography, based on DPPH and ABTS f{ree radical
scavenging ability to evaluate the antioxidant activity of these two
lignans. Results: The content of lignans in flaxseeds from
different producing areas and varieties in Qinghai Province was
significantly different (P<C0.05), and the content ranges of sec-
oisolariciresinol diglucoside and secoisolariciresinol were 7.53 ~
23.33 mg/g, 0.85~2.55 mg/g. respectively. Secoisolariciresinol
diglucoside and secoisolariciresinol have scavenging effects on DP-
PH and ABTS free radicals. There were significant differences in
the antioxidant activity of lignans in 20 kinds of flaxseeds (P <C
0.05). Conclusion: Linseeds from different producing areas and
varieties in Qinghai Province have different lignan content, which
has good antioxidant capacity.

Keywords: flaxseed; flaxseed ligans; reversed-phase high per-

formance liquid chromatography; antioxidant activity
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1.3.2 WARAFERMIREC  ARHESCHRLO — 101f 18 o
ot S RRRT Ry 4 g BRIBCES I 6006 £ L 1D HE
(mpgpwpey * Vem)1 : 15 (g/mL) 85 I3 400 W, 18
FEET ] 15 min, 4l 48 , 8.0, b5 VOUE MR 45 )5 13 SDG B
EYRBK . H 0.2 mol/L ) NaOH & #2 BUR pH
I ZE 11,50 T 2 h, f 1 mol/L &g & 45 v #1 . 41%
TR 45 J5 158 SDG MUK - 2 0.45 mm % R 2T 4 1 1 9%
At HPLC Wl .

it B 5 mL SDG % - ] 1 mol/L ;28 pH {d
% 2.5,90 C/KIFMRM 3 h.48 SECO BB , 4 0.45 mm
it R T 4E 5 o U 1 HPLC P& .
1.3.3  SEJRRANE AR ME T AR AR B & AR R
A g% SDG # SECO Hr i i BT il 5L — & ¥R BE ¥ Bl 1) A
WEWE . 76 OO0 0 R AH 6435 45 00 R HEAT B RE ARG D K A
WY R R X SUEERR Y E AT A A5 A% o il
RO 2, RGO e 5 g m AT, 45 R
PLF 3R EIR (mg/g) .
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Table 1 Information on 20 flaxseed samples M — C‘\;/N ’ o
i) 2P/ /0 4R/ m s 4
P 101.57 36.56 2 645 QH1~3 A
PG GE  101.67 36.92 2 720 QH4 MW RABE R 2k me/gs
TOFEE 101,28 36.72 2666 QM5 C—RBBEARERNRRAEE, mg/mL;
WAREE 10195 36.84 2 520 QH6~9 v %m?&%ﬁ’mu
WA 102.80  36.30 1800  QH10~12 Niﬁiﬁm%&;
WHRT%  102.09 36.47 2 114 QH13~16 W RO A I T
: : 1.3.5 WARARERIAMEENE SB[l —13]
WAL 102.46 35.84 1860 QH17~18 e
wWALITIR 101.62 37.37 2 880 QH19 (1) DPPH [ th 35 7% B 8 41 « F R B4 50 60 % 19
WAVURE 10298 8649 2000 QHE0 2. B4 RE 0TS B S04 7 41 R4 2940 19 0.2 mmol /L
% 2 SDG #1 SECO ByI&E# B 13 4> #f
Table 2 Regression analysis of SDG and SECO
PR AER) BT [ENE Wy MXRRE LKMEWEH/(pg s mL™Y R EE/min
SDG Y=14 393X —56 455  0.998 4 20~320 6.791
SECO Y=3959.9X+2 759.7  0.999 6 8~80 32.406
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Table 3 Liquid chromatography conditions of flax lignans
O 35 2% SDG SECO
EREL Ci3(4.6 mm X250 mm),5.0 mm Ci5(4.6 mm X250 mm).5.0 mm
ELNiRlINEN 210 nm 280 nm
HE iR 35 C 30 C
it 1.0 mL/min 1.0 mL/min
PERE 5.0 mL 5.0 mL
— A K (F0.05 26 Y B R A HIK (& 0.1 % fBS R
Bl Bk
0~15 min,5%~100% B; 0~35 min,15%~25% B;
o B 5 B 2% A 15~18 min,100% B; 35~36 min.25%~15% B;

18~20 min,100%~5% B

36~40 min,15% B

i) DPPH A% Vs * Voerne =1 0 1 IR &, EHE MO
#E 30 min, MW E 517 nm A BAE L #%2(2) 155 DPPH
B HAE R 2

C=<1—2—‘1’)><100%, (2
A

C— HMHEFRE. %

A, = HHA WM

ARSI E .

(2) ABTS A L5 GE S : 7.40 mmol/L. ABTS F 7K
5 2.60 mmol/L it i B2 #1 IE WH% Vasrssw * Viewmmnn —
1: 1IRA) SR BOCHE 12 h, {f F1 AT JCK Z B R,
R 6 EEAE 734 nm Ak Ky 0.70420.02, 18 ABTS TAEWK.
C AN [ BT 2 ke BE A 9L 43 A B 1.00 mL, im A ABTS T
FEW 3.00 mL, IR 5], 6 10 min, Jll & 734 nm &b %
JEEE R (DI ABTS [ B 2R 15 B %
1.4 BiELESH

RIS EHE AT 8 3 K, 45 RIBCE ¥, 8 ] SPSS
26.0 BRAFHEATBHE GE 1T 5347 A M 43 T R ] Pearson XY
WA 56, W M2 5 OR M LSD £ & WAk, Origin
2019 BAER .
2 iR 50
21 AEARMIERTFARBERESESHM

H % 4 A %1,SDG & &~ 7.53~23.33 mg/g,SECO
FHEN 0.85~2.55 mg/g. AR & RO RR R AR NG E & &
Z I8 BAT g 35 25 5 (P<C0.05)

PR AT AR 2 2 58K fif J5 3 2245 B SDG, A [f] &
] SDG & 4 22 S AR & 52 dc 8 A L BB O™ B T AL TR
(QH-19) #(23.334+0.14) mg/g, & it w KA HF = 8 T
Pi 7 Rl (QH-4) 2y 7.53 mg/g. SDG & H =20 mg/g Y
AR 5 Rl H AR 15 AN E AL RRAT Y SDG Rk T~

19 mg/g. WK AR LSRR KMRG FZE5F SECO, i
JeTT (QH-19) B AF H SECO % & fie i By (2.55 &
0.12) mg/g, P4 75 B (QH-5) IF B A7 & SECO & 7t &% A%
$7(0.85+£0.22) mg/g. SECO & & =>2 mg/g WA
5 B, oAy 15 A b BlOE BRFF 9 SECO & & 24 0.89 ~
1.99 mg/g, LA, W REAF B SDG Fl SECO (r = 0. 986,
P<C0.01) &1 B A WA 5% . R W) SDG % 1 5 19 R
FF A, SECO & A X 55 /85 . 3% A BB 5 W2 RRAT o A i
FMAEEIE R KRR E A %, WIHKF T i SECO 5851
854 LAIT 3R 5 36 v WA B A 28 1 (SDGOTE XA AE . SDG
RE WK R 20 B 1 SDG., 3@ 1 B /K fig 5 BR /K A
SDG W g 24, B i i SECO™ . i 1 ] RE & 52 Wi 3k
B BE RS o PR A S RRRT 0 A R A B A R B R
ol R ol U G AL~ S o |l I
CQH-19) W JBRAT 1 W B A g 38 4% & o i
2.2 AEAFMTERIFABEEESW

B 1 AT R AS [ 7 b IR AT B S R i K BR &R
GRMAA B FEELE R (P<C0.05), HILTTH. R FK
HE L VH TR I AR RN B AR L B 0 S RRORF R Y
ARG RYEES TER VL BRMEL. G TE
PEFIVY T Y

AN 7P A S RRFF Hf SDG & R 22 Ak, T
W RRFF Y SDG - 35 4 & Ry (16.95£5.09) mg/g, H
SDG &1 =15 mg/g WS FIA 2 A4S 18 7R BB W RFF P i
SDG V-1 4 & Jy (15.77 1 3.38) mg/g. Hith SDG & 7 =
15 mg/g WS A 3 A5 1 R RAE AT P 9 SDG -3
& N (16.86 £4.95) mg/g, HHp SDG & & =15 mg/g
WA 2 45 0 AR 22 W RRFF 1 SDG F X & 1
(14.6243.20) mg/g, Hth SDG & 4 =15 mg/g {1 &
A 24 WA TR RRAT H 1Y SDG & it i 5, O (23.33 %
0.14) mg/g, V5T Kl M &AL, 7.53 mg/g.

ASTRD = i @) SRR FF H SECO & i 22 ek i 3 (P <
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0.05), P47 & H WK FF i) SECO -3y & i 2 (1.83+
0.58) mg/g.H it SECO F#=>1.5 mg/g WM A 2 1
1R H @) WRFF P SECO F ¥ & & S (1.73%
0.38) mg/g,HH SECO ##>1.5 mg/g MM FIAE 314

x4 SEFAAEMITKFHARESZSE
Table 4 Contents of lignan from different varieties of
flaxseedsin Qinghai mg/g
7 i SDG SECO
QH-1 10.98+0.15" 1.16+0.11f
P QH-2 17.20+1.01¢ 1.84+0.13¢%
QH-3 22.67+0.21" 2.4840.14%0
Firkim QHA 7.5340.22i 0.8940.11¢#
PTEE QH-5 7.75+0.25¢ 0.8540.22¢
QH-6 15.0840.32! 1.6840.09¢
o QH-7 12.0240.07¢ 1.3140.07¢
e ]
QH-8 20.9440.15¢ 2.2940.14b
QH-9 15.0340.14! 1.6440.15¢
QH-10 11.0240.16" 0.90+0.12#
WARM  QH-11 22.4440.155 2.45+0.13abe
QH-12 17.1340.06¢ 1.8740.08¢
QH-13 17.1540.12¢ 1.814-0.11¢
} . QH-14 11.2240.140 1.2240.141
AR T 4%
QH-15 18.16£0.12¢ 1.9940.12¢
QH-16 11.9540.08¢ 1.31+0.08f
: QH-17 10.9440.25" 1.204-0.12¢
1 ARG
QH-18 12.08£0.18¢ 1.3440.17¢
wALTTE QH-19 23.334-0.142 2.55+0.12%
WBREH QH-20 20.6140.14¢ 2.2540.11¢
T FEEANEFER LR BE(P<0.05),
301
250 .
CPY i
= ﬁIjﬁ@
s 20¢ & Y 75/)3
S e
ﬂl\ﬂv L X : N
iz BB £ I 0
- i 4 1
z 10l & [ RE[AN)
S & W 2R AR AT
]
<
S5+ :E:i
0% > bebee
0 e —
SDG SECO

Different areas
FREAR R KR 25 5 .35 (P<C0.05)
Bl HHEFRFRERFRAEFEESE
Figure 1 Contents of lignan of flaxseeds from different

areas in Qinghai
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AR RO R FF R i SECO P ¥ & & oy (1.74+
0.69) mg/g. H:# SECO F®=>1.5 mg/g MM FAH 2 1
AR % RR ¥ P SECO P 1 & 4 2 (1.58+
0.35) mg/g, HH SECO & =15 mg/g W HFE 2 4
YA TR RRFE h SECO & B R (2.55+0.12) mg/g,
G 7 95 VR A B %, oM (0.85£0.22) mg/g,

G HIEA 9 AR PR g TR R RS
TG 7 8 v DL R 7R R JRROFF A 5 v B R IR R A
P Ho A 5 AN 7 b, 5 AR R R AR
MBS I AT AR IR R A S S0
giiniA -2,

2.3 TERFPARBERARLEEDN

2.3.1 DPPH H i 3LiE bR GE DPPH H i AL A3 A
B AN A A A B AR E N, it DPPH A 275 Bk
RE )W A AETE M BT A AL RE I 0y —Fh k. R S W]
HL20 ML RRFF RPN R R A BB BT ALRETT
HLR[FRE 1) 2% 5 8 % (P <<0.05), SDG #l SECO X}
DPPH [ M1 B E 4 9k 53.18% ~ 62.97%,
52.87%~61.86% , Hot, Wb IR (QH-19) W JkFF A i
K30 EAL BE 71 838, SDG il SECO () DPPH [ iy 5% %
AN 62.97 % ,61.86 %6 P T HK5H (QH-4) W JBR AT A
B30 AL BE F1 i ik . SDG Al SECO fy DPPH § iy 3 7 %
MK 53.18% ,52.87% ,

T EE A E] 7wk F I T R RSB R
-2 P TR R WM B A R SDG 9 DPPH [ H 3 3 bR
AT AR, 4 Wk 62.97%, 59.34%, 58.50%, 58.50% ;
SECO ¥y DPPH [ Hy HE 35 B 3R 5008 1 7= b 43 51 2 g AL 1)
BRI EBRRM. A FTES, 5530 61.86%.
60.32%,56.89%,56.73% . & I, AL 1R B AR AR EL 18
AR AR BRI LA B VG 7 R T SRR R R iR 3R 1 TR
AIE PEAR T oA 7= i o AS TR 7 B TR] — 7 b [ SRR AR
ERVAMBE DAL, SHmEH S MR —
. WRRARER &t BRI E &2 A A KRS,
S S5 A T e () A5 IR B 0 5 L, R I K B 3R A T
AT T E RS R A 22 S0 i AN [ G Ry
Al — Wy b I, 7 3R A O it R R
2.3.2 ABTS Al AIEFRAES) Bk 6 WA, i 20 f
WRRFF PRI R B A Kb Ak Rg )y, BOR T
FE TR 22 5 5. 3% (P <C0.05), SDG HIl SECO %} ABTS f
H 1 0 TR B8 1 4 Bl 52.98% ~62.59%,51.08% ~
61.99% . Hoh i db 1TVR (QH-19) W jf FFAF 5 3T A Ak
fiE S1%5 58 . SDG 1 SECO 1) ABTS A i 3 7 B R 20 3 A
62.59% ,61.99 %05 7 Kl (QH-4) W RRFERE 5 3 E AL
e J1 351K . SDG 1 SECO /) ABTS [ i 567 Bk 245 5 0
52.98%,51.08% .
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Table 5 DPPH free radical scavenging ability %
il i SDG SECO
QH-1 55.2640.13%k 53.26+1.09<
PiTEg QH-2 58.5541.22¢ 56.3740.42b
QH-3 61.6941.34b 60.5640.58"
FETGE  QHA4 53.1840.90! 52.87+0.294
FiFEE  QH-5 54.3340.71k 52.9140.534
QH-6 57.5340.88%"  55.16+0.67"
] QH-7 56.45+0.66M 54.7842.94b
N
QH-8 60.2440.68< 60.15+1.16%
QH-9 56.1220.691 55.2140.37"
QH-10 55.2240.67k 52.8940.204
WARRM  QH-11 61.7140.33b 61.3641.07%
QH-12 55.6240.531 56.41-0.86"
QH-13 57.69-+0.501 56.46+0.68"
] QH-14 57.3140.43%0  53.3540.74
1 7%
QH-15 58.354-0.33¢ 60.14+0.69%
QH-16 60.660.36% 53.2941.05¢
\ QH-17 58.2140.70¢ 53.3240.69<
15 AR 1L
QH-18 57.0240.338h  53,3540.38<
WAL QH-19 62.9740.33% 61.86+0.29°
WHREH  QH-20 59.3440.46% 60.3240.70%

T A SBR[ 2R 25 5 5.3 (P <<0.05)

N WA AN [8] 7= ok & b TR U AR SR D IR
&V 2R - ¢ W0 R AT B i P SDG ¥ ABTS [ Hi 3 5 Bk
BG4y N 62.59%, 62.33%, 60.19%, 58.92%,
SECO 1) ABTS [H i S 1% [ 2 5058 1 ™ b 23 3 2 A6 1]
VAR RER TP B R R AL, 88 61.99%,
60.59% ,60.23% ,60.01% . & L, ifFdb TR 2R S 4R P
TR A AR BRI SRR AT R IR R AP E ML TR
il 5 A7 b 9, AT RE R B T WA PR B R & R .

3 H5R

T 9 D77 HURY T RRAF R IR R & i Kpi s aE
15 B (P<C0.05) , Hodifg 6 11U (QH-19) 1 37 bk
FEANG R & & et - 19 7 K8 (QH-O Y IR A, 1 & 1A
JERESEEEHMNL 3 . AR R AR T D) F KR
H 10 RRRF R IE R & T T ORE K0 T R IR A
WA WIRAT P AR R B BRI LA LR Iy, o,
WAL TR CQH-19) W BRFFAE & 1 B A s M B . 9 A
77 I A AR R R AR P W AR R R B Y T P YRR
FEARBR R PR ALTE P 2 T HoAl 5 Ay . 5 4k
A HE— 25 K3 W44 AN [ )™ R R R AR 1 1 X K IR

Table 6 ABTS free radical scavenging capacity %
7 %'y SDG SECO
QH-1 59.9440.09¢ 59.68+0.264
PG 7 QH-2 60.0540.11°¢ 59.7540.194
QH-3 62.5440.21% 61.2640.09"
VY 7 R QH-4 52.98+0.06% 51.08+0.38"
TEE QHS 53.0240.20# 51.16+0.22"
QH-6 58.7840.364 57.65+0.29%
QH-7 58.6540.304 57.69+0.27#
1375 H. 1)
QH-8 62.3940.20" 60.75+0.12¢
QH-9 58.7440.424 57.92+£0.07#
QH-10 57.5540.19f 57.67+0.43¢
R R QH-11 62.4540.13* 61.86+0.15°
QH-12 60.584-0.47" 60.51+0.37¢
QH-13 59.9840.19¢ 59.12+0.62°¢
) QH-14 57.6540.33" 59.5640.304
QH-15 60.0240.32¢ 58.49+0.43"
QH-16 58.0240.38¢ 57.9740.341
5 QH-17  58.4940.34%  58.09-0.30%
XN
QH-18 58.5340.424% 58.1340.221%
WAL TR QH-19 62.59+0.39* 61.99+0.242
W 4 SRR QH-20 62.33+0.34% 60.59+0.06¢

T RS RE R R R 22 5 % (P<<0.05),

R TEVESEAT IR AR - Ty 75 ¥ S JBROFF 2% m 0
Zia A SRS SR

5% 3Lk
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