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Y= EH B (41 =96%) Sa-HEEE 2, 4,6- =M IE
HEZWE(TPTZ) (1, 1 — 2R 3 -2 — = Rl 5L 6
(DPPH) 4§, Sigma-Aldrich ( 17 ) 515 A FRA 75 N,
O- A ( =W AL Ak ) = 9 S Bt ( BSTFA, 2l i =
99%) 1% — W I fk e (TMCS ) 117 A A i) ( 4l i
=99%) , 3% [E NU-CHEK /A ] ; N -8 ( MDA ) i 5
(L =96%), Mt S AEY A HEE 5N
B ECGE BERR L O, Yo ikl KT s T
YL T A BR 2 7] oAt 23 B 213500, R K% Ak
A BR A A
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Scientz— 10N BV VR THRAL, T B08 2 4 W RHY
JBeA 5 BR 28 7] 3 HH-S6 74 e #AHe 38 /K v 4, b o B
i AK 4AL AR 25 7] DHG B A #hgh R A, i —
TERMFALER A ] 5 B 3L E A .6890N # S AH
T (GC) 1Y, 1290 788 &5 A0 AH (335 ( HPLC) AY, 26
[ Agilent 2 7] ; Multiskan GO 4> i K B AR AY , 35
Thermo 23 A ; LC - 6AD Y 24 il £ ¥ A (2 35 4,
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Table 1 Basic information of 20 kinds of commercially available flaxseed flours
G5 BORER Pl LR R IR WAk BRI A
U REWIRE BN RGRR R S00 /% BIRCTRRAE BRRADEES 6
2 WO B AR Ik R 250 w8 BIETHRL BEADEES 6
¥ mEWEE wEy waen SRS ﬁg@.’? 250 /% BITHRAL BRIDEILY 9
¢ wmewmer ws socas SEAREHI a0 g mmTme FHERGE 0

5' WEOWRE WA TR 485 R 500 g/ 4% ke

6 WETR WK GRS CERES 2 300 g/ T AR, B HDE E S
7RO R IR g R 20 g/ BT BRADEES 12
8 WEWRH B IGRBY e A 200 /i BT BREDELES 12
o WEIHK R (GRS 1 KR 500 ¢/ 4 ISR 6
10" WwEWHF  NEGE R % AR 160 o/t kg4 18
0RO IR IR RS 2 S00 g/ ISR TARE BEHDEES 6
' oA ISR i s ; BT AR AL

12F EORRE NS RESLS i S 250 o/ 3B B B 5 V% 7k 12
130 BEURE PE IGRBUE BB e 300 g% SIRTIE. 6
140 MEIAGH R RN Y S00 g/l BISTHRA BEADEES 6
IS WEWRE EE (R 9% 0L 453 /4 BTG BRIDEIY 12
1 mewl e sk GEEEEHE oo mmrma memtey o
7 meERlE Al sk EEEEEEI oo muTme mertey 0
180 BEIAREE BT IGREUE  RBRGURE AR 250 g0 BIRTHRAL BERDLES 12
100 wERE mgn s GEARAHE s BMERE. L 0
20' WEWREE  EE P P AL 160 /Bl BISCTHRAL BERDEIS 18

H A Shimadzu A 7] .

1.3 EWA*E

1.3.1 EFEERBSNE WA TEED G
NREBTAUK > & o S H (B L2 EEhnE &
TR BRI AE ) (GB 5009. 5—2025) 12 (Fr
LAREFEE & iR E ) (GB 5009. 6—
2016) PRI B AR A B AR ARE B K
) (GB 5009. 3—2016) " v {5 P AT AE
1.3.2 EFEEHRABNE 2% Q. C. Deng
SEUS O P RAES R, R RRORF A 5 A T
TR E T ,60 CHHE 8 h, KR LAY
AHEFH N, T, 3R75 0 K, FREC 0. 050 ¢
R CHRECWFRAF, A 1 mL 0.5 mol/L H 4
WS R BETR AT, 100 CINFA 5 min, FHAEH 2 5 mL 3¢
AT, IMA 1 mL = %L, 60 C /K% 30 min, Fif
BT mL 5B F/K A1 mL 1B %8, WHERAT S min,
5000 r/min £5.0> 10 min, B2, I GC AL

FRA ARG, ELAR 254 . HP —INNOWAX {713 A%
(AEBHEH 30 mx0. 32 mmx0.25 um) ; FHEFE
¥4 50 C G, %4 1 min, Pk 25 C/min THE
200 °C, 5L 3 °C/min FHEZE 230 °C, f£FF 18 min;
HERE RIS I 28R ¥ 58 250 °C, 850N He, i
H 1.5 mL/min, 43 R 10 01
1.3.3 ERERFEEHRE 1) EFHIE,
Z% Y. X. Cong %" fy ik, FREL 2.00 g KGR
TERRAH, FHIE S beE A ZE 25 mL, JRA], 1t 0.22 um
UERES , R HPLC {SGHAT A kil . BARSR AR .
Inertsil HPLC COLUMN fif i %I 4 3% 43 (4.8 mm x
250 mmx5 wm) ;AT IE e S S INBE AR
499.5 1 0.5, F:3 N 30 °C; PERERE N 20 wL; Wi N
1.0 mL/min, SRR MREE B4 T B A,
FVE B W B AN TR AR W e R

2) HEP S B e . 2% T AR ik, R
HU1.00 g & A4 WA, B T 50 mL B0 4
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RN 0.5 mL T B4 0. 5 mg/mL Y Sa—
JIELESS P2 PN RS 5 9L 10 mL ¥R BE N 2 mol/L Y £ B -
KOH ¥ ¥, % ¥ J5 & T 60 °C /K8 K b = J
60 min; B EE, A 4 mL 225 F/KF1 10 mL IF &
BE , IABHETR T, 5000 v/min 0> 10 min, B35, N
A 1.5 g JoK Na,SO, J& i, DL BRIK 43 B A
100 pL BSTFA-TMCS RS ( —H AR 99 1 1),
105 °C W 15 min, B HIEZRE, A 1 mL IEC
BE IR GIRS) 1 min, M GC AT AT,
K2 K. Agilent DB — SHT 0335 A= (8 40 & 4
30. 0 mx220 pmx0. 10 pm) ; #EFEEN 1 L, D
FR I ZHEE 2 A 320 °C ; HEARTRE R 60 °C , PR +F
1 min, % 40 C/min FHE = 310 °C, f£F 10 min;
RSN He, Wit 4 2.0 mL/min, M R 25 : 1,5
i~ 50 mL/min,
1.3.4 RERFEEDMTEALEENE 1T
P 7K B2 ) B B, HEB AR 0.30 g S RRFF B T
10 mL B0 H A S mL ARFU 0k 80% i F B
IR, 20 T IR HEHEEL 10 min, 788 75 fff Bh $2 B
10 min, 7000 r/min &0 15 min, B R, # F R
HREG I 2 K, A1 LW, B RE K $
Yy, ROCIRAE 25 o

2) BB FI R & B . B E RS X Yu
ST I AT GE , ¥ 0. 25 mL F s /K 4R U S
T 10 mL L @A T, A 2.5 mL ZE0% 7K AT 0. 25 ml
AR, #5527, # & 3 min, JIIA 0.5 mL /@A
Na,CO, YW, BOCEHE 1 h, 7E 765 nm KA E
W, e g5 R LR B F IR Y & (Gallic Acid
Equivalent, GAE ) F/~ , B0 5 mg GAE/100 g,

Wl RS % X Yu & 3 7 b 47 0 %
H 0. 45 mL HEE/KARIY E T 10 mL @S H R
PKMMA 0. 03 mL Jit & 73 50CH 5% B NaNO, ¥ I
0.03 mL B E0Ck 10%H9 AL(NO,) , ¥, IR A
FRHE 6 min, JITA 0.4 mL i 3508 4% NaOH %
T, TARFR R 80% (AnJCHFR UL, T 3CH /354
FRATMEO) B P BABOE A E 1 mL, ## & 15 min,
£ 503 nm A EWIGEE , eSS R LA T Y i
(Rutin Equivalent, RE) #I/R , 51474 mg RE/100 g,

I)ARBESEME, 2% C. Cheng %" 1k,

W — 5 B BB U 0. 22 pum JEBEL 8 , 1
FITC % PDA K 28 19 UPLC SUHEAT /M Fr b, H
2509 . RP18 (A 1EFE (100 mmx2. 1 mmx1.7 pm) ;
LB A S 100% I EE; A B 4 0. 5% BSTR /K i
B T A 0. 10 mL/min s K 25 % 4 8 280 nm, i
BN 2.0 L N 0. 1 mL/min, BB REBE A1
S} 15%A,0~8 min;15% ~28%A , 8 ~ 12 min;28% ~
55%A ,16~24 min;55% ~85%A ,24 ~28 min;85% ~
15%A ,32~33 min;15%A ,33~35 min,

4) RSN EAIE R E . DPPH H H S35 BR g
J1(DPPH {8 ) 2% A. Szydlowska-Czerniak 25> 1}
Dyt g . FREGE & DPPH FRifE 5 s T H
HFBEZE 1 mmol/L, HL 0.4 mL HIEE/AKIEH,
A 0.26 mL ¥ K 1.0 mmol/L (%) DPPH - Hl %
W, IRBETR ST, 25 CHEIEE 30 min, 7E 517 nm I
KA e W RE DA By 25 R R 7K s
A E ARHERS R BT B VR EE (X) 5 HX ) DPPH (A
(V) FEATERAE R, 43577 F2 Y=0.028 0X-0.049 1,
R*=0.994 5, MELE R UKEEESERE Yat
(Trolox Equivalent, TE) F&/~ , .0/ A mg TE/¢g,,

BT8R RE 1 (FRAP ) 2% A. Szydlowska-
Czerniak 252" ()7L BEA I . BR 0. 02 mL FHEE/K
PEH, N 0. 28 mL IR F 5 FRAP TAEW,37 C
BEEHFE 20 min J5, 7 593 nm AL E G L ¥
IKEEMEEA: R B BRSBTS B (X)) 5 X R
FRAP fH(Y) #EA 74T, A5 58] 7 F V=0. 758 6X-
0.1122,R*=0.997 1, MEL5RLUKEHELEER E
248 (Trolox Equivalent, TE) 275 , 547 4 mg TE/g.
1.3.5 WHRKFMAEREMA=IME 0.2 ¢
WRRAF#Y 5 1 mL IECHEIR A, W€ 5 min, 1000 1/
min .0 5 min, BT ZA PR N, T, 3K15 W0k
Frili, 2% R. Homma %52V (505 B2 W RRF- 0 5
2.8 mL HIEE-TBEAR (VOB - V(TED=2: iR
AL M 15 WL HEE N 3. 94 mol/L AR LR £ 1A
15 WL #RJE R 0.072 mol/L HY Fe™ VA, i TR
A7, 2T 20 min, 7E 510 nm AL E WERE
B A ) ——Re T U AR (LPO) &
HORFAMR e &, Dt E AL A 5 R S e ROR,
BN pmol/g, FFIZMFRFFIMS 2.0 mL MR EEH
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0. 145 mol/L BACE HLZ 2 (TBA ) W IR &, Wh/K s
T 15 min J5 ¥ 1, 5000 r/min B 0> 15 min, 7E
532 nm PASALMGEWICRE SR B A Y)—
A B 2R S W ) 5 ( TBARS ) {H R FH A MR E B
PA1,1,3,3-T0 S4B Y R, 50N nmol/g .,
1.4 HEZITHH

RS ETR UL (P E AR HER ) R (n =
3), K SPSS 21.0 B fF A7 W B R Jr 22 40 B
(One-way ANOVA) , # | Duncan £ & H 546 56 1
%% 2 2 )22 5 | i MoK E S P<0. 05, [
Origin 2021 # AR, 381t Hiplot Pro 44 il 5
KoK,

2 R 55

2.1 MELRMFHEREESH

20 FTT B W RRAF A EAE B LR 1, R 1 A]
1,20 PR RRRF R 6 B NS, 4 F
H 28,2 Fh™ A E S, e mE ™ FHE (B 1l
REE . PR SRR 1 77 1l 2 MO JRRAT 32 7 [X 4
SR A X > 20 FlIEBRFFRY R HBVE T 2
A7 R ST R T SR R B OCkEE
FEILAT 7 U ks DL RO e R AR Ak
ReoE PRI IR AR ) o U —4 W RRAT A R
T G T2, 197 i 207 R R RS ) T2, R A
15 A JFRAT B U SR AR IR G B 20, (AR
2, VT RRAT R SR T T 8k | JBE R B i 25 9028 1 #
FRFTREA . P, AR RRFF A 7 T 2B
Fi2E 5 B K Z % AMRIR 2L FE By T2, i KR
FEHBOR B T IRRRF BB SR T 8D T - T RRIR
G 25 | IF [RS8 1 S0 JRRAF b 2 U4
MRS PUE RN FRA SN, AR %
B, GG U E, Tk Ab B BE S [R] B )5 Bl
A SR 7K i R AU TRURR #7  ME ak H , ok —3  JBRBR
IR 90% LA L, I FERIE L BROFF (K ) B FH 28 4
PRI L EA N B AR

20 FIEIRRFF A3 1) £ 2B T 2 3 2 43 oAy i 26 4%
PSS, o, 8 PO RS A AN G —  FAS
FEl R 160 ~500 o/ ; Hisx 12 Bl oy 48%e B A% 2
HG—, KEH 500 g/488 250 o/ 4%, 53 J kot A

WO ghE A SFaIE A, Ho 177F 27 s A
HAREE, 137 I SRy B i i 4 e HL D', 187 Sk I
ARSI A A S (H R, 3% 4% 167 (177 il 197 R
TR G R AR S AR ELREOG . 20 Fh i B R
FERY DR BT EIAE 6 A~ H S LA 1, o 1070 2071
IR B AR OIS 25 18 A~ H 20 i B W RRAT 3
PN S5 A28 35 A 17 AR B a1 M8 A sk Y, I v
5% 4% 127 13" FN 19" BN HL, 9" AR IR e i alive
o P, SRR GO RRATRY ™ i TR FH 1 f 4
T FrASIR] AR 2056 LA/INIAK B 48 kA
TR+
2.2 MELRMFMEZERMS S

20 FRTTES W RRATR LB SR WA 2, thak
2 AJ 1, 20 FhT R U RRRF R oK 43 A 1,95 ~
7.13 g/100 g, Horr 7% 8% 15 (18"l 207 W JFR 743
KOS EHBEAK, N 5.69~7.13 ¢/100 g; 17 5% 9%,
10% 13% 14* Fl 16" R FF K3 HH K 43 & RN, R
1.95~2.02 g/100 g, SVJBRAT P48 i (9 i i 15 &, Bk
WHRE—FIEAK S & AT, EE AT &
B, A TR) it B ST R ) 7K 43 % iR 6. T5% ~
9. 09% ,3X FELIH A T BRAFAS [] 1) it Aol |7 b 1AL
RBE . BRT Bk 22 AR iR K 4 i, R
FER I Tk 72 v iy 2 ik O =X s R] A S 40l
S ife— DR ERL R K o i I IR A S U TR
BB 7= i K 43 2 fe 22 ) A 22 Sk
JRFF A 1) 385 R IR /K - R 2 i 405 A 20T o A 455 g
AR IETE N I G BT Ak R, HRERS BRI A &
1y B TRSF AR WSS [ b 3 v 5 500 0 T AR, 0 T 4 %
gt A A T 4 AR

SEIRRFF oK AL A ) 32 B0 G 241 4t [ & S
T B 66 20 M S PO PR G B AT 4 M 2T YR R R AT 4
F ORI RGBT 4, {5 /0 8 U B AT ¥ 1
Bl o 20 BR85S RRFF A Th oK Ak & 1 B i L R
25.48~69.30 g/100 g, Hrfr 77 9% (10" 14" F1 17"
AT th s KA G & B, 4 59. 01~69. 30 o/
100 g, H:r O RRAF B il oK A5 4 & b e i, oA
69.30 g/100 g;2* 15% 18" Fl 19" W bR AT H5 Hfi Kk £k
B REAR, N 25.48~29.93 ¢/100 g, 2" W FRKF
KA S B AR, T 25. 48 ¢/100 g,
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Table 2 Main nutritional ingredients of twenty commercially available flaxseed flours

s Kadga/ HEASE WKLEYEE BIEREE/
(g-(1002)™) (g (100g)™") /(g (100g)™") (g-(100g)™")

AR

/%

i TR DI a7
/% TR/ % /% iR 35 8/ %

1" 1.98+0.04' 17.72+0.17° 31.92+0.10° 44.38+0.31¢
2% 2.70£0.19"  19.46+0.07"  25.48+0.13°  48.36=0.28"
3% 2.99+0.02¢  9.32+0.03"  39.2420.02'

4% 3.7620.04"  13.25£0.03°  35.42£0.03%  43.56+0.67%
5% 2.0240. 11  15.59+0.04"  41.33£0.07°  37.06+0. 39'
6" 2.48+0.04° 10.22+0.08%" 36.82+0.06™ 46.48+0. 50"
7" 5.69£0.09°  7.99£0.01°  63.22+0.05"

8% 5.89+0.07° 8.33:0.06'  33.27+0.06" 48.52+0.48"
9% 1.95£0.01' 12.20£0.04°" 69.30+0.03" 12.55+0. 60"
10 1.99+0.07  12.1820.06 64.09+0.06"  17.730. 40'
1% 2.73+0.05"  9.65£0.06"  38.06+0.05% 45.5620.21
12% 2.96+0.065 11.17+0.04® 37.00+0.05% 44.86+0. 53*
13* 1.97£0.06'  8.97+0.02"  41.88+0.04°  43.17+0. 50¢
14* 2.00+0.03'  11.92£0.05% 59.01£0.04° 23.07+0.72'
15*  6.50+0.01" 15.15£0.04° 25.66+0.03"  48.68+0. 32"
16" 2.02+0. 11 12.4320.04°  40.95£0.07°  40.59+0. 29"
17 4.48£0.03°  20.80£0.05" 59.61£0.04° 11.10£0.35"
18*  6.97£0.04 17.60£0.08° 25.75+0.06" 45.68+0.33
19% 2.75+0. 10" 16.56+0.03°  29.93+0. 06’

20 7.13+0.16° 22.10£0.07* 51.58+0.11¢

6.66+0.01™ 0.18+0.10™ 17.33+0. 13" 12.89+0.25™ 55.650.48°
5.70£0.0% 0.15£0.02 24.26+0.01* 17.92+0.02' 52.11x0.01°
44.45+0. 31 6.55+0.01° 0. 13+0.01™ 26.73+0.43° 59. 340, 45'
6.36=0. 02" 0.19+0.01" 23.09£0.38° 64.99+0.32° 5.54x0. 03"
6.630.01™" 0.22+0.06™ 20.050. 04" 67. 86=0. 07" 5. 44x0. 01
6.570. 09" 0.20£0. 12" 19.05+1.41' 69.03+1.23" 5.34+0.07"*
19. 10£0. 40" 6. 54£0.01°™* 0.21£0.09™ 20.83+0.01% 67.10£0.01° 5.51+0.01"*
6.62+0.05™1 0.25£0. 14™ 19.62+0. 73" 68.4320. 62" 5.31=0. 05"
6.35+0. 01" 0.14£0.03™ 19.16+0.017 68.65£0.01" 5.82+0.01™
6.59+0.01° 0. 18+0. 05" 19.94£0. 01" 68.09+0.01™ 5.36+0.01"
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Fig. 1

Contents of non-polar lipid concomitants of twenty

commercially available flaxseed flours
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Fig. 2 Contents of polar lipid concomitant of twenty

commercially available flaxseed flours
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Analysis of the nutritional quality of commercially available flaxseed flours

YU Xiao',LI Sheng',ZHANG Chen',YANG Fan',LI Chuyu',CHEN Yashu®,DENG Qianchun®,ZHU Yingying'
1. College of Food and Bioengineering/Key Laboratory of Cold Chain Food Processing and Safety Control,Ministry of Education,
Zhengzhou University of Light Industry , Zhengzhou 450001, China ;

2. Hubet Key Laboratory of Lipid Chemistry and Nutrition ,Chinese Academy of Agricultural Sciences , Wuhan 430062 , China

Abstract ; [ Objective ] Determined to explore the influence of variety, origin, processing method on the nutritional
quality of commercially available flaxseed flours. [ Methods] The basic information, main nutritional components,
content of polar and non-polar lipid concomitants, in wvitro antioxidant activities and lipid peroxidation levels of
commercially available flaxseed flours were analyzed. Combined with multivariate analysis, the nutritional quality
and inter-product variations were systematically evaluated. [ Results ] Twenty kinds of commercially available
flaxseed flours were mainly from Inner Mongolia, Anhui and other main raw material producing areas. The raw
material varieties are mostly yellow flaxseed, which are produced by ripening process. The packaging is mainly
small size, deoxidization, dark and low temperature storage. There were significant differences in main nutritional
components and specific lipid concomitants among twenty commercially available flaxseed flours. In which, the
contents of crude proteins, total lipids, a-linolenic acid, tocopherols, phytosterols, total phenolic acids, flavonoids
and lignans were in the range of 7.99 ~22.10 g/100 g, 11.10~48.68 g/100 g, 5.28% ~59.99% (in oil),
31.18~267. 10 mg/100 g, 225.41~523.99 mg/100 g, 9.56~94. 09 mg GAE/100 g, 1.27~3.35 mg RE/100 g
and 3.91~42.56 mg/¢g, respectively. Moreover, the in vitro antioxidant activities and lipid peroxidation levels of
these flaxseed flours also manifested obvious difference, with the values of 2, 2-diphenyl-1-picrylhydrazyl free
radical (DPPH), ferric reducing antioxidant power ( FRAP ), hydrogen peroxide ( LPO) and thiobarbiturate
reactive substances (TBARS) for these flaxseed flours varied from 16. 23 ~43.26 mg TE/g, 1. 15~3. 17 mg TE/g,
10.23~510. 38 pmol/g and 9. 8 ~471. 28 nmol./g, respectively. The multivariate analyses, including principal
component analysis and cluster analysis, classified these flaxseed flours based on the raw material varieties,
producing areas and maturation method . [ Conclusion ] The variety origin of raw materials largely contributed to the
contents of main nutrients, polar and nonpolar lipid concomitants and in vitro antioxidant activities, whereas the
maturation method affected the lipid peroxidation levels of the commercially available flaxseed flours.

Key words; flaxseed flours; main nutrients; lipid concomitants; antioxidant activity; lipid peroxidation level;

multivariate analysis
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