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Progress of studies on quality characteristics of flaxseed processing
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Abstract ; Flaxseed, a potential source of o — linolenic acid, lignans, polyphenols, phytosterols and tocopher-

Research Institute ,

ols, has broad application in food and healthcare industries. However, the contents and compositions of these bio-
active components were susceptibly affected by planting area, variety, processing tissue and techniques, leading to
decreased value — added utilization of flaxseed, flaxseed oil and defatted flour. This paper systematically reviewed
the quality characteristics of flaxseed for value — promoted techniques. The techniques include extraction and purifi-
cation of specific bioactive components, optimization of processing technology, development of high — value products
and improvement of variety breeding.
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Table 1 Fatty acids composition of flaxseed oil

g EL '{i‘lﬂﬁ%& e W5BR 2 i, Fatty acid composition/% ;3
; ariety - - - - - -
Continent Country numbor C16: 0 C18: 0 C18: 1 C18: 2 C18: 3 Cl4: Ref.
. 1 6.11 5.11 33.14 9.9 45.28 - [12]
T3 i 1 5.4 3.9 21.3 16.2 55.3 - [13]
Asia China
1 5.83 3.27 20.18 16.22 53.06 - [11]
®eWr 3 5.80~9.36 4.72 ~7.31 19.46 ~24.22 15.01 ~21.04 37.19 ~53.80 - 6]
El] Tunisia 1 7.76" 3.95¢ 20.54¢ 17.70* 48.95¢ -
Africa B 3 5.6~7.6 3.1~3.6 20.9 ~22.1 18 ~19.2 47.4~50.75 0.6~0.8 [14]
Egypt 1 4.38~5.22 3.46 ~4.12  18.21 ~18.50 15.60 -15.88 56.28 ~57.08 - [10]
T B =
Oceania New Zealand 1 6.08 2.73 15.20 16. 66 59.34 - [7]
THH ESits e _
Turkey ! 6.86 4.9 No data was provided 38.31 [15]
B b
Europe Lithuania 7.7 4.2 21.2 18.1 48.2 07 i
% 1 7.2 4.4 24.4 17.4 46.1 0.5
France
1 5.27 3.54 22.8 15.1 53.13 -
Jg%iﬁl-l g 1 5.30° 4.38° 25.29° 14.87° 50.10° - (9]
0 “anads b b b b b
America Canada 1 7.85 2.37 21.33 15.09 53.35 -
3 - 2.76 ~3.62 18.6 ~20.67 14.58 ~16.47 53.18 ~57.0 - [16]
M il RALAHE
South America Brazil 2 4.12/6.11 2.66/5.64 No data was provided 48.34/39.65 B 8]
¥/ Note:a: W FEFFH2 il Flaxseed hull oil ;b : it 57 IV FEFF{ 7 Peeled flaxseed kernel oil
x2 TRHFMLFRFHPHRABRESE
Table 2 Secoisolariciresinol diglucoside content of flaxseeds and flaxseed oil
. - ; N %
P Pl A AL GRS Secj?s%ic?rtfim)l j(ﬁ
Continent ~ Country Variety number Extraction method diglucoside content Ref.
T ih BEMLNG . 50% Z BRI £
AA' Chi 1 Defatted by Hexane, then extracted by Whole seed 5.47mg/g,{" Dehulled [21]
s ma ethanol — water (50% ) mixture seed 2.95 mg/g, JiZ Hull 12. 17 mg/g
R A5~ B EERIGINAR , 1IE C i i, SPE 435
’ﬁmki‘;i‘a 3 Seed oil obtained by CHCl; - MeOH ,dissolved in Hexane, 0.093 ~0. 11 pg/g ¥l Seed oil [23]
JEM then methanol - water mixture was added ,and SPE separation
Africa W S COy A IFRFF, — H 3 B e A, PP B K
Fovnt 1 Seed oil obtained by supercritical CO, extraction and extracted 32.28ug/g ¥l Seed oil [10]
ar by methanol, and dissolved in dimethyl formamide solvent
BT IECHELG , H AN A ) 7K
; 6 Flax seed sample was defatted with n — hexane, 4.957 ~10.062mg/ g ¥f Seed [25]
Switzerland . . .
methanolysis and enzymatic hydrolysis
w e - 14.8-25.9 +) —-SDG/
BT I BN WK 95% £ A
Southern 17 Flax seed sample was defatted with n — hexane, LaR p
. . . 2.5~5.0mg( -) -SDG /g
Sweden alkaline hydrolysis, then the extraction by ethanol (95% ) WA 8 Defatted |
1,919 8me( +) -SDG /g [24]
W T CLARIBEN B . 95% £ BRI SO} Defatied powder
Europe Central 10 Flax seed sample was defatted with n — hexane, alkaline H atec powoe
Sweden hydrolysis, then the extraction by ethanol (95% ) 2 %ﬁ_ﬂiﬁl} IBgls - ()1 - S[;G /8
’ 517 Defatted powder
g 1YL, 4 - AR EBEFN 95% 6.1 ~13.3mg/g 4= FF Seed;
Sweden 11 UHEHX WK I BRBRBR AL , A A€ B 11.7 ~24. Img/g
Extraction with 1,4 — dioxane/95% ethanol Hilg 4 Defatted powder (18]
Fh 15 (1: 1, V/V) , and the extract was subjected to 8.4 ~12.7mg/g 4-FF Seed;
Denmark base hydrolysis, the hydrolyzed extract was then 14.4 ~20.8mg/g
enma passed through a reversed — phase column ifIE# Defatted powder
S DI VoM L ST e AT THRER
Je2Em ek lm 5 CO, NG , Gk fift 5 H BRI 20.19mg/g 45.93mg/g.27. 52mg/ g,
orth xtraction with acetone, cold pressed, n — hexane, L 2mg/g 4. Tlmg/g 55, Oomg/ g
Nortl C%l 1 Extraction witl 1d | I 51.72 47.71 53.08mg/ [22]
America anada petroleum ether and supercritical CO, After TR IV R F B2 RS # Defatted hull

alkaline hydrolysis, and extracted by methanol
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A 79. 4mg/100g , AT RE 55 5 R RN E Oy i 45
FA K AR 2006 B M 2 2 14 52 W A X
/N, Khattab 5438 (9 285 5 38 W] 23 591 % AT IE C e 8
Il 5% CO, FIE 75 71 25 A5 2 i SRR FF I i AR &
Wy & 5k 34. 47 ~34. 82mg/100g' " . W J§R AT I 8
SHER KA, Herch S5 42 JE =R FRFF
WMy - AT =R & N 10,5 ~ 26, 4mg/kg
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M (£ 6) o Sargi 554128 7] — B FRFF7E AN [7]
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Table 3 Polyphenol content of flaxseeds and flaxseed oil
; Sl R IGH A ; : = %
wg mm SRR SRR BT i
Continent  Country numbe}; site Extraction method Polyphenol content Ref\
T R KRy 14.23 16 Ghmg WIFR ke il (41
% Je Hr Seed Extracted by methanol — water mixture Caffeic acid 14.23 —16. 64mg/kg in oil
Tuisia | FOE 60% IR B 624mg W ke i -
Hull oil Extracted by methanol — water (60% ) mixture Gallic acid 624mg/kg in oil
JBEERS HIMKERZ B 162 ~362mg P TR/ 100g (14]
Defatted powder Extracted by deionized water Gallic acid 162 —362mg/100g
e F G AR A
Africa 1 Seed oil obtained by n — hexane 15.69mg/kg (in oil)
793 solvent extraction, extracted by methanol
ko e IR CO, SRR, A1)
1 Seed Seed oil obtained by supereritical 47.58mg/kg (in oil) [10]
’ fluid extraction, extracted by methanol
TS 70 A I JRRAF 0 , Y SR IR
1 Seed oil obtained by accelerated solvent 20.88mg/kg (in oil)
extraction , extracted by methanol
L RRFF 11792 190 . 161 mg & £ FH#2/100g
1 Seed Tk /B KA Gallic acid 117, 92, 190
Jb2Em V. Extracted by water, water/ methanol , and 161mg/109g respcl\. [29]
North UIEPN it by methanol, methanol/water 159.90,120 ,67mg 1 £ 2/1005
A Canada 1 Defatted ’ P Gallic acid 159, 90, 120
merica powder and 67mg/100g respct.
3 T RAT P i 2 L Iy SR 790mg - 1030mg 1287
Seed Extracted by methanol 23 )5 12/100g ¥
| ali K $EE S 90mg #LTfR/100g
e ey Total phenolics was extracted by water Gallotannic acid 90mg/100g
South &M I Defated 90% ZBEHERLZ By 83mg f1'7° i/ 100 130
Americe Brazil ’ d i Extracted by ethanol (90% ) Gallotannic acid 83mg/100g
merica | powder i ,90% 2 T i £ 1 975mg LT Z/100g
Enzymatic hydrolysis, then extracted by ethanol (90% ) Gallotannic acid 975mg/100g
Lithuania b f,jt’il ZE K ZE IRy Gallic acid 352mg/100g [14]
E 1 © ddc Extracted by deionized water 185mg & 1H2/100g
France p‘owk‘ er Gallic acid 185mg/100g
gon ke DR LRI B W) 383me Y1 /100 s
Europe Turkey powder Extracted by the ethyl acetate Gallic acid 383mg/100g
P, 10.7 ~23. 16mg % % 5 [/100g,
B p Deﬁ:ted 1: 1 ZEEFIKEEE 10.23 ~25.97mg Fal%Rz2/100g [25]
Switzerland ’ d ’ Extracted by ethanol (50% ) 10.7 —23.16mg p - coumaric acid/100g;
powder 10.23 —25.97mg ferulic acid/100g
JPEM P W R 60% FF 4% B A iy 1 369. 3mg & & F R/ kg i (7]
Oceania New Zealand Seed oil Extracted by methanol (60% ) 1 369. 3mg gallic acid/kg in oil
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Table 4 Phytosterol content of flaxseeds and flaxseed oil
TR AEY {55 B LA Phytosterol
T i i : T
Continent  Country " arlgl)’_ EX‘{{T“"“ Total ~ RAFHIRE Sl 4 BF LHRE B-fHEME MW - AHUGEE  RERE " Another ?{tl?}(
number site phytosterols Brassicaterol ~ Campesterol ~ Stigmasterol [ — Sitosterol ~ Avenasterols 8 —sitostanol ~ Campestanol phytosterols el.
HfE 1 TWRRKF 441.83 9.33 112.06 53.53 237.5 29.59 _ [38]
S China Seed oil  mg/100g mg/100g mg/100g mg/100g mg/100g mg/100g -
Asia e RRFFZ 47.5%° b b b b I
China 1 Dehulled seed 12. 8¢ ¢ 0.2%b 31.2%" 10.2% > 57.6%" 0.1%"> d [37]
Al Bl 3 LR 116179 ¢ 3.2-3.9%°¢ 3.1-3.6%¢ 2.8-4.7%"°
Afrika Egypt Seed
M %E RS
el Lithuania ! Seed 13.2%¢ B 3.7%¢ 3.3%¢ 3.2%¢ B (14]
B eSE WK
wope kM 1 DK e 3.3%¢ 3% 3.1%¢
1 AERRAFH 183 40.2 8.6 83.6 21.6 <13 2.7 26.0
JegEm £ Seed powder mg/100g mg/100g mg/100g mg/100g mg/100g mg/100g mg/100g mg/100g 39]
North . - 39
America \erica . TR 210 49.7 14.2 96.0 20.9 <1.3 2.9 26.5
Seed mg/100g mg/100g mg/100g mg/100g mg/100g mg/100g mg/100g mg/100g

Hza y 4 - UL REAEA S A ik s b AN Sy 4 — TEHUIE SRR i s Oy 4 - WU Rqe AR AR i d 6 4 — FYRE 6 b 1) 5 ik, B RO B A 13. 4% BRI R

1.9% TR 45. 9% FrHE JRHE 16. 0% e i e SR BALY & 1k

Note: a:level of 4 — demethyl sterols in unsaponified compounds; b:level of individual isomer in 4 — methyl sterols; c:level of 4 — methyl sterols in unsaponified compounds; d:the main 4 — methyl
sterols: obtusifoliol (13.4% ), cycloeucalenol (1.9% ), gramisterol (45.9% ), citrostadienol (16.0% ) ; e:level of phytosterols in unsaponified compounds

*5 IRFMIRIFHPETHESE
Table 5 Vitamin E content of flaxseeds and flaxseed oil/ ( mg/100g)
5 5 ﬁ:ﬁﬁ %EX%E{E 4EH: & E Vitamin E 2}?
Continent Country Variety ]LX[I"E'lCthl’l o - EHW B-E EL Y- EED 8- EHM B )LM}(
i number site o — tocopherol B — tocopherol vy - tocopherol § — tocopherol ~ Total tocopherols Ref.
ﬂ[(}” rh 4 A 0.65 ~0.98 - 19.57 ~36.02 0.86 ~1.03 21.08 ~36.02 [12]
Asia China Seed
RIS 3 LJRRFE - 35.5~43.4 - 35.5 ~43.4° [6]
Tunisia Seed oil
X RIER =R
Faypt 3 Seed ol - - - 17.9 ~24.5 [14]
IEC LA
- TIRRFF i
I?%&t 1 n — hexane 0.66 32.18 1.86 34.70
£yp solvent
traction
A9 o -
i B 5 €O, 3
793 QA RSl
Egypt Superecritical 0.62 32.30 1.90 34.82 [10]
° fluid
extraction
T ) A
- AL
Fevnt 1 Accelerated 0.60 32.10 1.77 34.47
£YP solvent
extraction
LRI ! WHCFE ) 50 - 75.67 - 79.4
Turkey Seed oil (151
L 1 AHRFS 0.10 - 13.93 - 14.6"
Wi Turkey Seed
Buope s R _ vi s
Lithuania Seed oil ’ (107
I R ) 4
France Seed oil :
KM B DIRER R
Oceania New Zealand ! Seed oil - 37 - 37 (7]

T e ANEIEAE 00 & 45 b SCIR RGBS mg/g, SEH N BZE me/100g, JFSCHBALAT 385 ¢ BLIE o, vy, & - £ H IR, 73

%0.12.0.16 10.31mg/100g

Note:a:level of vitamin E (not including tocotrienols) ; b:we considered that the concentration of tocopherols should be expressed as mg/100g ( the
concentration was labeled as mg/g in the original paper) ; c:level of vitamin E including o — Tocotrienol (0. 12mg/100g) , vy — tocotrienol (0. 16mg/

100g) and § - tocotrienol (0.31mg/100g)

g5 RE

UEAFA, M JRRFF B BRIl E 2 9T A e
ASFRZREI AR o PRI A B PR 257 0
Iz IRARE TN E ] o - IR A B R

7

IR FEE 25 2 RE B0 e 5 ) AT 53 114 B 22 9y Joi
iy, PRI T A S A I S D BRI I3 5 1 A A R 1A
PR S N 3R AT N B2l i B STk A 4
B R0 R SRR LU LA T3 T« (1) SRR Fh
R 2, A AR P R AL SS9

y \
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FHRE LU AF 6 AP, A [ DCAHG it 5 22 S 0k .3
(2) A AN, o - SERRER AP 3R AR T B &5 AT AE
BORZE S A2 W S 22 5 B/ (3) JUhn T3z i
R RRZL A , R 3R EEATAE T R, 2 W)
AAAET LR A ) B e 12 7 1 10 22 e O R DL
IE 5 (4) T 20 Tk H 45  R e 79 i BT 5O

TR IR 22 AR T 25 R, Q0 it R I A0 SR 14 34 T
SRR A E B AR S SR Y
2K, T e i A B R — S8 T R BT O A ) i
YRR B DR B 5 BN W R 2K AR T 0 H A,
ARER R N TE S I

F 6 TWRIFRIEFIFHREIMIENLTEE
Table 6 Antioxidant activity in vitro of flaxseeds and flaxseed oil
S ) Fn PR SEBGHAL GRS YA LR R Antioxidant system B%
C t'J L C }Jt Variety Extraction Extraction ik
ontment LOunty - imber site method DPPH FRAP ORAC ABTS Ref.
R 7
N Ay . H
Jlﬁtﬂu IRy \lll,jﬁff *F M thm ‘fufﬁxt' 35.6% ~ - 0.23 ~0. 65mmol - [16]
"% Canada cated  Tethanol exiacion, 63.5% TE/g T3t
America seed acetone extraction ,
water extraction
WK RAMEACHT JHILE  RSMELRT JE LR
e 70% H i i Bt Before and after Before and after
1 b fE:l}jJ Methanolic (70% ) - in vitro digestion in vitro digestion -
e extraction 3.9,12.2 27.0, 279.4
powder FeSO, (FS)/¢g wmol TE/g [40]
N PRAMEACHT LR RSMELRT E LS
E ] HE,E’EH R Before and after Before and after
South Brazil 1 s ZRIR/K AR — in vitro digestion in vitro digesti -
America razt Defatted Water extraction g m vitro digestion
) 5.9,18.1 40.9, 188.4
powder FeSO, (FS) /g wmol TE/g
| VR FF TR 1. ?fnnmol 0.33 mmo B 3.38 mmol
Seed Worki luti Trolox/g Trolox/g Trolox/g (8]
1 NAR or ltng %to ution 1. 56mmol 0.76 mmo _ 3.7 mmol
Seed extraction Trolox/g Trolox/g Trolox/g
e e SE T i
Africa  Tunisia Hull oil Melhanf)]lc 78.55% - - - [32]
extraction

| S F FGS S RRAT I ity SRR AT T80 £
GEAIBIETT , T FE AR SRR A S 28 7 [ 22—, SRR
FERMRE DX SO A )3z, P an PR A 2 o Bl 3
A KT B s A B R 30 5, A ™
AR SRR 2 R B E R, U JRRAF A O — B e &
AW Ry ELASCR T S 0 R SRR BEORE, Al £
BUATBERE L, BEREAF %2 U0 18 PR T XU 1
JRESR AN R SRR AL AN R], TF & 3 AT %) 1
F e BRI i, 76 LS BORIESE P o 5 28 B TR A
ALERE 0 S N | R v 1 0 S
ENUELAEERIA/S E Y Eip AL e A S 7/ R R
P B S 258 SR L WY RE S, 483 75 R 3 G B
AP SRR DT A AT PR 1 Wy IR Ak, S 52 BE
P JRRFF B 23 SN A A I A e (e A i TR it
LRI SE SCEEAN U, A A1) 8 3 1 B R e 35 Ak
AR T2 fh AL S TR RFF Bl F R
i, DEFE IR 7 1 fl R PR
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