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Abstract: Objective: This study aimed to investigate the
difference of bioactivators from different flaxseed. Methods: 12
flaxseed varieties were used as study objectives, 8 kinds of bioac-
tivators from different varieties of flaxseed were measured and
analyzed by principal component and clustering. Results: The
order of effect of flaxseed varieties on bioactive substances was as
follows: lignan™ total cyanide>>flavone>>phytosterol™total phe-
nolic acid > tocopheronic acid > FRAP value > DPPH value.

3 principal components were extracted by principal component a-
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nalysis and their accumulative contribution rate reach to
82.925%. The first, second and third principal component were
mainly determined by flavone and FRAP values, lignan and toco-
pheronic acid, total cyanide and total phenolic acid, respectively.
12 flaxseed varieties were divided into three groups by clustering
analysis, and their comprehensive assessment value reduced suc-
cessively. Group I include Bayall, Ningyal7, Baya9., Longya8
and Lunxuan2, Group II include LongyalO, Ningyal6 and
Ningyal6 and Jinya7, and Group III include Lunxuanl, Jinya8,
Yiya3 and Yiya4. Conclusion: Comprehensive score of Bayall is
the highest, and it has higher nutritional value.

Keywords: flaxseed; bioactivator; principal component analysis
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Table 1 Information of {laxseed varieties
I RN 7 Hb I I 7 Hiy
P 3 A B . 8 LNz SE:!
T 4 B s B AL B . 10 ok ER
T 16 7 B[ "7 PN
T 17 T B[ i B8 NN
Rk 1 WS SRR Z W || W 9 WALk E
ik 2 WS SRR Z M | B 11 LIk b

ToogeRE 1 AR L 2 i S A DR PO R 2 e 4R kL
AR itk BRI VAR B B R KA B AR A

1.2 E5RH

e hh—7] L4356 5% FE . DUS00 M, 35 [ Beckman
Coulter A7 ;

KA 3% : Agilent 6890 i, & F Agilent 23 F 5

75 I W BEES : Elmasonic E120H &Y, 7% [ Elma 2\ 7 ;

BB RO AR (A 384X . UPLC 24, 25 [/ Waters 237 5

JE DU A2 A - SZC-101 B, 1 i £F K AR A PR 7 5

FOT (R-5143) 1, 1-Z % B-2-fi§ B 37 Jif (DPPHD .
95% , 35 Sigma 2\ ;

2,4 ,6- = BERE =B (TPTZ) :99 % » 3 [E Sigma /A ] ;

Y- B W (T-1782):96 % , 3% [ Sigma A 7 5

6-%% k-2, 5, 7, 8-PU B BE OR JF = & ik mR-2-R R
(Trolox) \5a-H & %56 : 97 % , 3 B Sigma 2\ 7 ;

FED) W95 % , FH % 0 KA TRA R ITHEA A

KB % (SDG) 98 %, I it [A) A ¥ B R FRA A .
1.3 MEMBSA*
1.3.1 AMZES®E =% Eliasson 207 i)k FH €4 3% 72
FABUB . HEFIFRER 0.25 g JBEHE W BRFFH3 . Jm A 40% &
BEVA I 5 mL, MR R B 30 min,4 000X g B5.0320 min, &
SR 3 LA I I . A 0.3 mol/L A AL HHIAE ]
10 mL, 87 P /K f# 30 min, F 3.0 mol/L B R % W 8 1Y
pH HZ 3~5, MK EARZE 25 mL,20.22 pm &L
UE 5 HERE ST

i BEAESRMITRF S HMENETUEVREEREEIR SO

1.3.2 B &S 2% Koski %" 1) Folin-Ciocaileu
Fofm s R s R, B 0.5 mL $2E AN A 25 mL L4
B, BN Folin-Ciocaileu 3077 1 mL 148 F1 8% 2 44 1
(20 g/100 mL)3 mL, HXMZE K EARE 25 mL, e iHiES)
J5 L WEOGHEE 1 h,765 nm AW E WO EEAE

1.3.3 EEI&E 2% Kim S0 0@, /s .
WHC 1 mL BECYOA 10 mL L@ F, 2 0 A
0.3 mL 19 5% WA BR 9V W A 0.3 mL 9 10 %0 fil§ B2 48 ¥
WLIRSEH#E 5 min, HIFE—IK (Vg : V=13 DIF
W2 F 8 5 min, AMNAT W43 GG BE T FE 503 nm AL
FE WG EAA

1.3.4 WS E 2% Azadmard-Damirchi 20207 19
SAREIEES R BB, KEBEFREL 0.03 g & K AilE WK
FFIMAA 10 mL HZE B0 N, FEMA0.5 mg/mL 5a-HH
4% 150 pL A1 3 mL 19 2 mol/L S A AL — Z BV -
BEWIRAT, T 70 CHEIRFERMALS min, FEIRABH)E
B 1.5 mL IEC %M 2 mL $ZEK , BB 5 min
JG 1500X g B0 10 min, BAE4RE3 K. & LIER,.H
N, FJG B 100 pL (4 Tri-Sil ¥ 3 . 8 75 il Bh A7 4= 1k
30 min, N, KT, % T 1.5 mL 1Y 1F & kg » gEA7 A (0 1%
SYMT R BRI R AT E A,

1.3.5 WE/AYEE % GB 7486—87 $h4T.
1.3.6 AEBM&E % HBEEE A G, /N

BB AREC 0.1 g W RRAF I, 43 B A 1 mL
0.05 g/mL #AEZE CHEW, TT/K LB S5 mL Fl 0.5 mL )
14.26 mol/L AL E W, & T 70 CHEERK LBk
30 min, WHEZERFINARZEK 3 mL, IEC ki — LR
LR (Vimem * Vies =15 ¢ 85) VW 5 mL, i€ % 2 B
5 min J5 1 500X g B.0 15 min, EERRK 3 WA
W N, B3 T 100 pl. 25— W iE— 2 1 2 g
W Vo 2 Vi 2 Vagesm =60 3 20 2 200 11,3 500X g
B0 10 min, B E I W RE S HT

1.3.7 DPPH AMEWKRAES =% Szydlowska
Czerniak 25V W05 35 R MEE B0, RER 0.5 mL &£ BL4 .
filtA2.5 mL 38.0 pg/mL Ay DPPH H 5% %, e i 1R 27
WO E 30 min J&5 515 nm &b E W% BE (R L LU B2 R 28
EROPiN

1.3.8 MIrEILiE 1 £ Szydlowska-Czerniak %1% §y
Tk R mE s, BURERY 1.0 mL MR F )5 9 FRAP T{F
W 2 mL T 10 mL W@ H 32K E R 10 mL 5 e iR
5], G E 20 min J5E 593 nm 2N E WO EEAE
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Table 2 Analysis of 8 kinds of bioactivators

R EN s B A/ s vl ) 65 1 e/
(10 ?mge+g » (10 2mge+g H (10 2mge+g H (10 ?mge+g H
P 3 369.24+22.21¢4 278.32+6.41¢ 51.0243.88abcd 425.36£5.90"
P 4 281.35+4.634 298.74+10.91¢ 34.0140.214 594.3646.70°
T 16 485.62+12.58b« 343.91410.67bcde 58.0242,274b¢ 461.32+17.02%
T 17 708.24+21.71% 406.12+3.82% 68.03+2.05° 414.38+6.89"
k1 390.16+9.39¢ 346.28+6,13bcde 41.0942.49¢ 601.37416.32%
Rt 2 575.24411,13b 411.84+12.57% 62.13+2.87% 452.73+13.00%
B IE. 8 642.61420.692¢ 467.43+5.52¢ 66.61+3.69° 351.214+11.17¢
B . 10 461.31414.450 421.37+£4.77% 59.01+2.66% 371.25+8.60¢
B 7 364.13+17.12¢ 341.84+2,76bcde 53.344+4,17%¢ 515.434+11.18%
H 8 318.63+7.03¢ 288.84 111,894 46.21+3.00b 401.31+14.53%
W 9 925.34413.00° 378.21+8.532d 54,364,982 525.134+12.16%
W 11 931.33410.98% 381.26+12.22%¢ 66.36+3.26° 442,37+ 21.45%
T ssz77 s6s.6s  ss.02 63.02

LTS 41.55 15.95 19.30 17.48

- BEeEa/ AT i/ DPPH H Hi L3 bR 2/ FRAP/

(1072 mg HCN « g 1) (107 2mge-g b (1072 pmol Trolox » g ') (102 pmol Trolox+ g 1)

P 3 6.34+0.31¢ 15.02+1.52%¢ 7 035.26+£41.76% 10 821.34+58.54¢
P 4 12.06+1.31* 14.0940.26% 5 031.26+24.464 8 342.67483.87¢
T 16 7.21+0.60% 15.034£1.87%¢ 7 001.324£202.16%¢ 13 148.25+127.534bcd
T 17 10.0641.22¢ 15.3441.54%b¢ 8 065.214109.49% 14 864.394322.23*
ik 1 7.9140.69" 14.01£1.05%¢ 6 664.62+335.06" 10 668.23+84.284
ik 2 6.414+0.42¢ 13.814£2.14" 8 155.294+153.84* 14 378.94+49.68*
[ . 8 7.6440.14b¢ 17.624+0.89% 7 213.21467.21%¢ 13 589.21495.962¢
B . 10 8.8140.84Pb¢ 16.2440.72% 5 849.42479.08¢ 11 921.284+151.57b«
i 7 9.71+0.642 16.3541.18% 6 843.61+217.13%¢ 13 988.34+237.06
H 8 8.42+0.33bc 13.4141.72" 5 885.214-296.86<¢ 12 791.23+415.20%b<d
W 9 9.7140.88 12.35+1.26¢ 7 142.364274,19%¢ 12 184.28+275.302>d
W 11 7.33740.45% 8.864+1.164 6 842.31£63.752¢ 13 086.37+162.7620<4

A 8.47
A RE/ % 19.91

14.34 6 810.76 12 482.04

15.68 13.07 14.74

T AR R R 22 5 3 (P <0.05)
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K, f B 281,35~ 931.33 mg/100 g; MR & & R
278.32~ 467. 43 mg/100 g; ¥ H & & A 34. 01 ~
68.03 mg/100 g,5 Oomah 451 17 18 FY AIF 57 45 S 2 A — 3K
(35 ~ 71 mg/100 g); 1 ¥ # M¥ & & & 351. 21 ~
601.37 mg/100 g; BFALYI & 5N 6.34~12.06 mg/100 g;
B RN 8.86~17.62 mg/100 g; 12 A & Tl I R A7 12
I SR AT B — 5 19 22 5 . DPPH [ B 3L 7 bR
%A 5031.26~8 155.29 pumol Trolox /100 g,k F 3 [E A% I
BEFF T AL 3 2 (12 000 pmol Trolox/100 @) ; FRAP
{49 8 342.67~14 864.39 pmol Trolox/100 g, 8 L4
EHEY TR KE S /MEZ MR EEZES. 8
EYTE Y BT S R REOR R, R B R A 5 R AR K
Jy 41.55 %%, Uk BT 0 RR FF & RO R By R A S W A K
DPPH H 538 Br 2 19748 5 R B/ 13.07% , BLI T

i BEAESRMITRF S HMENETUEVREEREEIR SO

5 AR RS R BN 0.753, bk B3 EAI G MY
S T B B M DG RO — 0,712, BEAR 3 A
X HE S & 5 DPPH H H 2535 bR % (FRAP {H /94 3¢ R 4L
4 0.712,0.827 , 2 1) B F IEAHC; DPPH A LG BR T 5
FRAP A ERECH 0.754, R BEEMH L, HAKEY
JOT 22 1) 2 BN [ A o 0 A OGP L AH DG PR SR 25,

2.3 EMSHH

2.3.1  ERATIREL DL 8 R AWy MY BRI 12 A4 WK
FE AR AP RG  8 < 12 4 B, A R 38 7 X H b A7 3 L4 4
Br g5 R UL 1 AIER 4, B3R A ATAL RT3 A 3 LA X
B9REAE (K T 1. Hoy 22 5Tk R 4 B R 51.270%,
18.685%,12.970 % , B ML 1] WLER 1 3 i or il 2] T 3 B AE
L, B 2 simk Rk F) 82.925% . W AT IR 3 4
BLAT 3 A F B E LK Peas vPeaz Peas s HHER 5 A HLH

JFRFF R DPPH H M %78 BR R 0 R i fe /b, W A8 5 X W RRAE ) 2 3
FECR /DA A R FROFE & Bh X 8 Bl Az 1 3% M i Y Pea1=0.3332, +0.378x, +0.480x; — 0.335x, —
HHFNIABESE> SR STES KBS B> 0.2470; +0.0200, +0.3982, +0.42825 » D
WEBESE > SHRS E >4 FMRS B >FRAP > Pea»=0.530x; —0.071x, +0.3492, +0.039x; —
DPPH H i #E R R, 0.76025+0.0702; —0.084z5 (5)
2.2 EMEEYRZENEXES T Peas;=0.2492; +0.463x, +0.0742; +0.149x, +
MEITH, AKBESESEHRTE KBS EZ 0.7902; +0.2270, —0.1352; +0.004a5 , (6)
5] (4 KH 06 220k 0.581 1 0,681, 5 1 35 1F AH G ; SR & &= FH D 1,38 4 F36 5 W0, Pea.y I T ZEBTHER 51.270 %6
xR3 EYEEYRZEAMNEXE
Table 3 Correlation between the different kinds of bioactivators

EER 1 x2 £ x4 x5 £ kY g

xT 1.000

xT2 0.581" 1.000

X3 0.681" 0.753"* 1.000

xZ —0.204 —0.448 —0.712** 1.000

xs —0.122 —0.130 —0.409 0.433 1.000

X —0.500 0.221 0.031 —0.268 0.093 1.000

X7 0.525 0.481 0.712** —0.272 —0.485 0.041 1.000

xs 0.443 0.557 0.827** —0.557 —0.339 0.108 0.754" " 1.000

Tox  RMEEE, 2 MRS, 2 WIS, 2 Y S 2

DPPH A i 75 BR A o5 : FRAP fif5 * .

TE 0.01 K- COUID A 835 AH OG5 » . 78 0.05 7K ORI 35 A G
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Figure 1 Principal component diagram
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i Al FRAP {8 9 5 5 Pea 1875 25 57K % 2 18.685 %4, 76
Pea MIEBXP  ABETREGOMETH SR () R
BB L4391 0.530 F10.760, 1] 1 Pea,, 328 A B £
A B B & B2 s Peas 07 22 5THRFE N 12,9709, 18
Peas BIERR A, BEMAY )& EMBEBR (o) 57
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x4 EHOSWHLEE.T@®EMEITTEHE x5 ERSMBERAESHEER
Table 4 Eigenvalue of the principal components the con- Table 5 Principal component eigenvectors and
tribution rate and the rate of cumulative contri- loading matrix
butions . Pcaa Pca.2 Pca.s
F sy FRIEAE TR/ % it stk % FREm R BT RREE BAT FFEmM R ARAT
Pea.t 4.102 51.270 51.270 x1 0.333 0.675 0.530 0.648 0.249 0.254
Pea. » 1.495 18.685 69.955 X2 0.378 0.765 —0.071 —0.087 0.463 0.472
Pea. s 1.038 12.970 82.925 x3 0480 0.973  0.000  0.000  0.074  0.075
x4y —0.335 —0.678 0.349 0.427 0.149 0.152
FEH Ak (ED E O M8 mEUE (K 6). MES x5  —0.247 —0.501 0.039 0.048 0.790 0.805
A, X Pc,,\.llTﬁﬁvﬁjEﬂE 8 1 U(Xl)ﬁ%ﬁﬂ‘] 1,000, i X6 0.020 0.040 —0.760 —0.930 0.227 0.231
I W 8 78 Pox, [ ITAME B AR 4 19 U (X ) {52/ x7 0.398 0.806 0.070 0.086 —0.135 —0.138
xg 0.428 0.867 —0.084 —0.103 0.004 0.004

R0 B 4 7E Peay BVF 43 5l s X Pear T & U
11 B UX D E K 1.000, BB 11 7E Pea.. FIE4Y
S M 8 B UCX ) E /MK 0, UL BE T 8 7€ Peas
BV ARG X Peas ME L 4 B UX) KN
1.000, Ut W1 F 4 7F Peas D AF4> B, M E 3 1Y
UX D EEN R 0. BEHIE 3 7E Peas LIP3 A%,

(2) AR E ARG 3 A F AT TR A KN, Peas

T AMESE . AR EE .o ISR, M
B s ALY SR s AT W SR, DPPH A
3R, o . FRAP 18,

1 51 kRl 51.270% sPea B BTHE R A 18.685% s Peas 1Y
TIRR AN 12.970% , 7T FH R (2) H 8 & E 4 AL E .
3 A E R BIALE S35 M 0.618,0.225,0.156 (% 6)

*6 ZAERENERERBE.D ERARHERF
Table 6 Comprehensive index values, weightiness, subordinative function values and D values and quality rank
iR a(el SRR pR A (E
st o D fH Hey
Pcaa Pca.z Peass U(X1) U(X3) U(X3)
Pl 3 —0.395 —0.525 —1.899 0.541 0.209 0.000 0.382 11
R 4 —2.265 0.211 1.192 0.000 0.427 1.000 0.252 12
T 16 0.181 —0.314 —0.733 0.708 0.272 0.377 0.558 7
T 17 1.092 —0.137 1.168 0.972 0.324 0.992 0.828 2
Lopu| —0.960 0.359 —0.414 0.378 0.471 0.481 0.414 9
L 2 1.024 0.112 —0.749 0.952 0.398 0.372 0.736 5
B 3. 8 1.189 —1.232 0.691 1.000 0.000 0.838 0.749 4
Bl 3. 10 0.113 —1.088 0.718 0.688 0.042 0.847 0.567 6
H 7 —0.244 —0.716 0.491 0.585 0.153 0.773 0.517 8
i 8 —0.642 —0.382 —0.974 0.470 0.252 0.299 0.394 10
W 9 0.131 1.564 0.971 0.694 0.827 0.929 0.760 3
W 11 0.777 2.148 —0.462 0.881 1.000 0.465 0.842 1
CfbRRE 0.618  0.225 o156

(3) AV AREX OB R EAEMMEN D E

BIAR/INCEE 6) ARYE D (B X 12 A W JBE T & F 2 47 HEF
FOF S 300F 11> 17> 3005 9>>B I 8> %% 2>
Bl 10> 16> % 7> 1> W 8> 3>
W4,
2.3.3 BAEAHH  RAIRIBEELX X 6 iy D HHF1T
REOHT B T RZEHDRIE (L 2>, B AT LR R
Fe oW R 4 o =R R B M BRI BEAR, 56 1
AR 11 FW 17 800 9 B W 8 Atk 2,55 11 38
AFEPE W 10,77 16 MTEIW 7; 45 M RGFHHE1.F W
8P 3 NP 4,

Ll
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Figure 2 Clustering dendrogram



&M | Vol.38, No.9

3 g5

SRR i A G S8 PR R N B A Wi R A — R B R
M, 32 B 4343 e s A — 3 g0 3 2 R i 1 FRAP
fEYE B EM D FEAAME SR MAT & 2k
FE LR T M FEE R B S BRI A RHE
LA TET I 11 5 B B 18 o5 R i i, SR 28
AHT 12 AR 5 FR AT R 4 o = K E . IS I A X
DL 1 8 i A 4 3 M 0 o A5 1Y, A G SRR AT PN H A
YITE Y A R — Y

£ & Uk

[1] IR ZE, 458, VPoLme, 5. SE R b 32 598 55 043 19 43 A i
FEI. R, 2012, 37(12): 64-66.

HU X J, LI Q, XU G Y, et al. Distribution of the main nutritional
components in linseed[J]. China Oils and Fats, 2012, 37(12): 64-66.

[2] 2%, RV, B AT AR, S5 SR PR R T 4 5 0 3% R IR i

FRALIR Y A7 23 BT [J]. Ot 1 2 506 3 20 A7, 2014, 34(9):
2 538-2 543.
XING L, ZHAO F M, CAO Y F, et al. Principal component analysis
of mineral elements and fatty acids composition in flaxseed from
ten different regions[J]. Spectroscopy and Spectral Analysis, 2014,
34(9): 2 538-2 543.

[3] @ e, B Vb vh, FEIR, S5, AN IR) Sl E JRRRF 2R B BT R A A 4
Br[31. o EORHE 2% 41, 2018, 40€6): 879-888.

YU X, HUANG S S, CHENG C, et al. Composition and antioxidant
characteristics of different flaxseed cultivars[J]. Chinese Journal of
Oil Crop Sciences, 2018, 40(6): 879-888.

[4] ADOLPHE J L, WHITING S J, JUURLINK B H, et al. Health
effects with consumption of the flax lignan secoisolariciresinol
diglucoside[J]. Brit J Nutr, 2010, 103(7): 929-938.

[5] e - Coe, i an ey - bR, BTHRLSSR - R BE, LA

[l B SDG X % 2 3L Mk b B 40 N 3% e e b 5L € 7 149 52 i [J].
HERE, 2017(6): 5-10.
GULIA B, DILIHUMA T, AILANUER K, et al. Effects of different
concentrations of sdg on the mammary gland epithelial cells prolif-
eration and lactating capacity in cow[J]. Grass-Feeding Livestock,
2017(6): 5-10.

[6] NACI D, IGNACIO C. Testing the SDG targets on water and sanita-
tion using the world trade model with a waste, wastewater, and re-
cycling framework[J]. Ecological Economics, 2019, 165: 1-11.

[7] VERLEYEN T, VERHE R, HUYGHEBAERT A, et al. Identification
of a-tocopherol oxidation products in triolein at elevated tempera-
tures[J]. Journal of Agricultural and Food Chemistry, 2002, 49(3):
1 508-1 511.

[8] JIANG Q. Natural forms of vitamin E as effective agents for cancer
prevention and therapy [J]. Advances in Nutrition, 2017, 8 (6):
850-867.

[91 RAEDERSTORFF D, WYSS A, CALDER P C, et al. Vitamin E

i BEAESRMITRF S HMENETUEVREEREEIR SO

function and requirements in relation to PUFA[J]. British Journal of
Nutrition, 2015, 114(8): 1 113-1 122.

[10] fl Mg Ft. AR R E X XS AELE R A SCHESE 18 8 1 R 23 A 1t 119
D] LR P E AR B, 20110 3.

ZHOU X D. The effect of vitamin E on key transporter and cata-
bolic enzyme of vitamin A in laying hens[D]. Beijing: Chinese A-
cademy of Agricultural Sciences, 2011: 3.

[11] GALLI F, AZZI A, BIRRINGER M, et al. Vitamin E: Emerging
aspects and new directions[J]. Free Radical Biology and Medicine,
2017, 102: 16-36.

[12] PIIRONEN V, LINDSAY D G, MIETTINEN T A, et al. Plant
sterols: Biosynthesis, biological function and their importance to
human nutrition[J]. Journal of the Science of Food & Agriculture,
2000, 80(7): 939-966.

[13] MRXSE, BRaEOL, B 55, 5. S0 R FF Y T B W43 B B JH BF 52
HERE[I]. B Toll, 2014, 35(2): 220-223.

LINF Y, LIN Z G, QIU G L, et al. Progress and application re-
search in functional components of flaxseed[J]. The Food Industry,
2014, 35(2): 220-223.

(14] X523, D75 i, B0 we 3, 45, SRR FF I T & B4 1 B 5 it
JE[T). b ORHE 24 41, 2016, 38(D: 126-134.

DENG Q C, MA F L, WEI X S, et al. Progress of studies on quali-
ty characteristics of flaxseed processing[J]. Chinese Journal of Oil
Crop Sciences, 2016, 38(1): 126-134.

[IS]ENOSRT, VELAZQUEZ K T, MCCLELLAN J L, et al. Lowering
the dietary omega-6: omega-3 does not hinder non-alcoholic fatty-
liver disease development in a murine model[J]. Nutr Res, 2015, 35
(5): 449-459.

[16] BARRE D E, MIZIER-BARRE K A, GRISCTI O, et al. Flaxseed
oil supplementation manipulates correlations between serum indi-
vidual mol% free fatty acid levels and insulin resistance in type 2
diabetics. Insulin resistance and percent remaining pancreatic j3-
cell function are unaffected[J]. Endocrine Regulations, 2016, 50
(4): 183-193.

[17] ELIASSON C, KAMALELDIN A, ANDERSSON R, et al. High-
performance liquid chromatographic analysis of secoisolaricires-
inol diglucoside and hydroxycinnamic acid glucosides in flaxseed
by alkaline extraction[J]. J Chromatogr A, 2003, 1 012(2): 151~
159.

[18] KOSKI A, PSOMIADOU E, TSIMIDOU M, et al. Oxidative sta-
bility and minor constituents of virgin olive oil and cold-pressed
rapeseed oil[J]. Eur Food Res Technol, 2002, 214(4): 294-298.

[19] KIM D O, JEONG S W, LEE C Y. Antioxidant capacity of
phenolic phytochemicals from various cultivars of plums[J]. Food
Chem, 2003, 81(3): 321-326.

[20] AZADMARD-DAMIRCHI S, HABIBI-NODEH F, HESARI J, et
al. Effect of pretreatment with microwaves on oxida-tive stability
and nutraceuticals content of oil from rape-seed[J]. Food Chem,
2010, 121(4): 1 211-1 215.

(F#% 145 1)

45



&M | Vol.38, No.9

MIAO Y X, LIAO M X, SUN A H, et al. Extraction of total fla-
vonoids from Dendrobium officinale flowers by ultrasonic-ethanol
synergistic and its antioxidant activity[J]. China Brewing, 2019, 38
(4): 155-159.

[15] &R, koK, DR, 4. 20 T4 i 53 R 42 B 1 2 fi ik
BeHU A A VEWESE (3], H 1 B A A 4 B D, 2021, 40(8): 20-26.
QUAN Y X, HUANG B B, BEI ] Y, et al. Optimization of extrac-
ting process of total flavonoids from the leaves of Ormosiahosiei
and the antioxidant activity [J]. Chinese Wild Plant Resources,
2021, 40(8): 20-26.

[16] 5 5, 2% B, Il ol 0, 26 . o g 01 35 0 A 7 2 B G LB o i

PRI 2 R B AR S e A A M B 5T (0] £ dl Tk BL B, 2016,
37(17): 225-231.
KOU L, LI L, LU L N, et al. Optimization of extraction of total
flavonoids from Caragana korshinskii kom with ultrasound tech-
nology by response surface analysis and evaluation of its antioxi-
dant activity in vitro[J]. Science and Technology of Food Industry,
2016, 37(17): 225-231.

[17] THE B8, I E3E, B . iy oz i (15 £ 7 7 0 7 By 2 5 i AR G
SR Y AT ST 0] & DAl B, 2018, 39(10): 211-215.
XIANG Z B, WU X L, ZHONG X. Ultrasonic-assisted ethanol ex-
traction techniques of the total flavonoids from the leaves of Ca-
narium album by response surface methodology[J]. Science and
Technology of Food Industry, 2018, 39(10): 211-215.

(18] iR 77, 053, X200, up i, TAD i G A R Ml ool 2% e o

T ZHFE]. A 24, 2015, 29(6): 1 135-1 141.
ZHONG W F, WANG Y H, LIU H Y. Optimization of extraction
process of total flavonoids from Suaeda salsa by response surface
methodology[J]. Journal of Nuclear Agricultural Sciences, 2015, 29
(6): 1 135-1 141.

[19] FEI P, XU Y F, ZHAO S J, et al. Olive oil polyphenol extract in-
hibits vegetative cells of Bacillus cereus isolated from raw milk[J].
Journal of Dairy Science, 2019, 102(5): 3 894-3 902.

[20] LTI R, FEI P, MAN C X, et al. Tea polyphenols inactivate

FIRGE EMHESERLEMRNIZRURN KRBT ANMEIER

Cronobacter sakazakii isolated from powdered infant formula[J].
Journal of Dairy Science, 2016, 99(2): 1 019-1 028.

[21] BRAMATI L, AQUILANO F, PIETTA P. Unfermented rooibos tea:
Quantitative characterization of flavonoids by HPLC-UV and de-
termination of the total antioxidant activity[J]. Journal of Agricul-
tural & Food Chemistry, 2003, 51(25): 7 472-7 474.

[22] # i, XUZEAR, A, S Sk B2 b S w4 B X i P
PR A A R (0], A Tl 2021, 42(7): 142-145.

YANG P, LIU B L, TANG Y, et al. The extraction of total flavonoids
from Polygonum capitatum and its antibacterial effect on preserved
chicken breast meat[J]. The Food Industry, 2021, 42(7): 142-145.

[23] # K, FWIEA. B2 Fh 7 B 1 2 3 B A A B 4 0]
AR, 2018(4): 14-18.

DONG F, GUO X N. Extraction and antimicrobial activity of total
flavonoids from Chenopodium quinoa seeds[J]. Gansu Agricultural
Science and Technology, 2018(4): 14-18.

[24] FEHE, XU/, AR BE, S5 5802 b BB R 4R I T 24k

T FCAM B AR A BT (7], BUAR BB B2 2, 2018, 45(10): 1 850-
1 854.
CHU C, LIU X X, WU C X, et al. Optimization of extraction
process of total flavonoids from Prunus cerasifera and its antibac-
terial effect[J]. Modern Preventive Medicine, 2018, 45(10): 1 850-
1 854.

[25] ST, X6, =0, A W 5F R R IR 4R B R A RO
BTG TED]. & 54 W EOR 4k, 2021, 40(11): 77-83.

WU M M, LIU Y, YAN X, et al. Optimization of extraction process
of total flavonoids from Prunus cerasifera and its antibacterial
effect[J]. Modern Preventive Medicine, 2021, 40(11): 77-83.

[26] SHI C, SUN Y, ZHENG Z W, et al. Antimicrobial activity of sy-
ringic acid against Cronobacter sakazakii and its effect on cell
membrane[J]. Food Chemistry, 2016, 197: 100-106.

[27] JOSHI S S, HOWELL A B, D'SOUZA D H. Cronobacter sakazakii
reduction by blueberry proanthocyanidins[J]. Food Microbiology,
2014, 39(5): 127-131.

(E#% 45 70O

[21] SZYDLOWSKA-CZERNIAK A, TROKOWSKI K, KARLOVITS
G, et al. Determination of antioxidant capacity, phenolic acids, and
fatty acid composition of rapeseed varieties[J]. J Agr Food Chem,
2010, 58(13): 7 502-7 509.

[22] SZYDLOWSKA-CZERNIAK A, DIANOCZKI C, RECSEG K, et
al. Determination of antioxidant capacities of vegetable oils by fer-
ric-ion spectrophotometric methods [J]. Talanta, 2008, 76 (4):
899-905.

[23] £ e, EFEA, 055, 5. R [R5 RO R A5 5 4 4 BT

5 iR TEO D] 2 & S P, 2021, 37(7): 26-32.
WANG LY, WANG X M, JING R Y, et al. Comprehensive quality
evaluation and analysis of nutrition components of various
flaxseed[J]. Food & Machinery, 2021, 37(7): 26-32.

[24] ETHE, FhoR, F AR, . A FWRAT R 2 B R S i W e

Rl LR G VA (9], B RS LBR, 2021, 37(9): 53-59, 72.
WANG LY, SUN Q, WANG X M, et al. Measurement of amino
acid and comprehensive quality assessment of different flaxseed
variety[J]. Food & Machinery, 2021, 37(9): 53-59, 72.
[25] Emift, £ &%, 55, 2. mE 15 D) KR AT E - & B
LAV I]. B A S HLAE, 2021, 37(5): 227-232.
WANG LY, WANG X M, JING R, et al. Comprehensive evalua-
tion of nutrition quality of commercial Auricularia auricular from
15 production area[J]. Food & Machinery, 2021, 37(5): 227-232.
[26] OOMAH B D, MAZZA G, KENASUHUK E O. Flavonoid content
of flaxseed. Influence of cultivar and environment[J]. Euphytica,
1996, 90(2): 163-167.
[27] QUEZADA N, CHERIAN G. Lipid characterization and
antioxidant status of the seeds and meals of Camelina sativa and

flax[J]. Eur J Lipid Sci Tech, 2012, 114(8): 974-982.

145



