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Effects of roasting pretreatment and different oil-extraction processes on
flaxseed oil quality
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ABSTRACT: Objective To compare the effects of roasting pretreatment combined with different oil-extraction
methods on the quality, antioxidant activity and volatile aroma of raw and roasted flaxseed oils. Methods Raw and
roasted flaxseeds were used as materials, and oil samples were prepared by supercritical CO, extraction (SC-CO,) and

spiral pressing (SP). Their basic physicochemical properties, fatty acid composition, total phenol and tocopherol content,
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antioxidant activities [1,1-diphenyl-2-picrylhydrazyl radical (DPPH), 2,2’-azino-bis(3- ethylbenzothiazoline-6-sulfonate
acid)diammonium salt cation (ABTS") and ferric reducing antioxidant power (FRAP)] and volatile aroma components
were determined, and the effects of different processing methods on oil quality were analyzed. Results Both different
oil-extraction methods and roasting pretreatment significantly affected the quality of flaxseed oil. The SP roasted group
showed the highest iodine value, peroxide value and relative content of polyunsaturated fatty acids and total unsaturated
fatty acids, reaching 178.00 g/100 g, 0.13 g/100 g, 69.56% and 89.61%, respectively. The untreated SC-CO, group
exhibited the highest acid value and tocopherol content, at 2.00 mg/g and
3.96 mg a-TE/100 g, respectively. The roasted SP group had the highest total phenolic content (0.62 mg/g), which was
not significantly different from that of the untreated SC-CO, group (0.60 mg/g, P>0.05). In terms of antioxidant activity,
the untreated SP group exhibited the strongest ABTS* radical scavenging capacity, whereas the SP roasted group showed
the highest FRAP. Volatile aroma analysis indicated that roasting combined with SP promoted the accumulation of
volatile compounds such as aldehydes, ketones, alcohols and pyrazines. Conclusion Roasting pretreatment and
different oil-extraction methods significantly affects the nutritional quality, antioxidant activity and volatile aroma
characteristics of flaxseed oil, providing a theoretical basis for optimizing flaxseed oil processing technology and its
high-value utilization.
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-BHAFI R 1 mol/L, bRt REFRHEABRA A,
1.2 UE5E%

7J-606 SR AL (AR SE T % K &6 BRAF);
HA221-50-06 SC-CO, % & (B il Tl A4 8 s S AL IO PR
#]); ThermoTrace 1310 KA AT (35 EFEER L /RBME 2
F]); Waters 2695 Tl =5 20 3 AH 2 15 A (38 B IR 45 H A Al
CARY 300 #2¢4hA] L 435 56 B i (36 B BL B 8 Al )
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W RATRE KD TAL B AR A B I R ot L, K S0 R
FEBR 244U, B 2000 g J5UkE, B THE IR HLO R R,
16 130 °CEMEF R 20 min, KPHFEH Y 20 r/min, W50
gifUn, BRI HGE EEE, &A1,

SC-CO, #2HUE: T SC-CO, E 4RI MG . ZEHUA
% WREE 45 °C, JEJ1 30 MPa, WifE 40 kg/h, KB 4 h,
FEIPIAFIMRAEAE T IR E R, 4 CLIRAFA

SP i R IBE R EALAE IBE 4 B TR 140 °CT ik
17 SP.SP i g5, R HEER)G B T i,
4 °CILRAF4
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W PR . B E 1.0, 2.0, 3.0, 4.0, 5.0 mL %
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P EAS A T s R B R B FIRAR VR . A3 IR 1 mL
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WA 6 mL 10% Na,CO, %k, ZZIB/KESR, MR .
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518 nm AN EWIERE, 1CM 4o LA 4.0 mL 95%Z. %5 1.0 mL
PSR BOR ATEAFEMZS H, T 518 nm AN EW LR, id
H 4. HAER(1)IHE DPPH H BT RR %
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LARE it 5T B W B2 M B AR AR(X, mg/mL), DPPH [ &
BRI HPABR() 2 A2, TR BR K 3] 50% 0
X R FRE S B EE, B DPPH [ Hh J3E BRiE vy 2 Hom
il e ¥ (half maximal inhibitory concentration, ICsy, HL{V
mg/mL).

ABTS' H i ZE 5 BRAE S 2 Bk Sk S P 4 Oy 1k
FHEB Y, HAASIRWT: HEriH ABTSH H 3 EH):
# 7.00 mmol/L ABTS /K #(0.028 g ABTS+7.5 mL 7K)5
2.45 mmol/L 1 FREREI KA (0.02 g AL ARIREM+30 mL 7K)
1 RRUR G, WAL 12~16 ho SRJG FHIEK 2 BEfi B
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IR VRERE S I ER B IR R ST FRAP JrkIlE .
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PR HBERH AR Fe® bR, T2 hbmEiZ.
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FRAP TAEHH 0.3 mol/L, pH 3.6 RUBERRZE il . 10 mmol/L
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RIRVERE Fe? B T 10 mL HE& T, A 3.0 mL
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WESFARMITBE 2014 RRTTIESHE 7E (National Institute of
Standards and Technology Mass Spectral Library 2014, NIST
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P SEseIR 3 REE, 4iRUSFBEARERZER
TRo SCIGECHRT A Excel 2016 MEATHEHE, KIFR4 IR A
Origin 2021 ¥4 . Geit4#i7E DPS 9.01 #fkhilkfy, RHA
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2 FER5HH

2.1 AREMIAXNXEAG 5% TR HE AR
FREVEZ

AN EIN T 7 2 B 5 AR SRR A T JE A AL 48 A5 1
MR 1 iR, R eI, RS T2 R R sk
Tk ) 5 A 0 RR RE il Rl PR AL S AR B B E R
(P<0.05), MYA T, 78 SP &0 T, Kb Wikb B i >
178.00 /100 g, % & T RABHA 171.00 g/100 g
(P<0.05); #£ SC-CO, 5T, Kikb Wik ¥ /5 MU FpE =
171.00 g/100 g, B4 J7 T, SC-CO, AALFBLH I 554 2.00 mg/g,
RERbTAL PSR E 1.80 mg/g; SP 444 N ER M AR, Wi
ZH3 512 1.30 mg/g F1 1.40 mg/g. 1 EALE 7T, 76 SP 4%
PR, B WA A B R 0.13 g/100 g, 83w T HAbA
(P<0.05), T SC-CO, RALFRL F AN 0.04 g/100 g, BAKAE
A AN ZERA W, BWHERFE 190.80~191.80 mg/g Z 1],
R EE R, R D T B VBRI R AL B A R R AR
R LT AATEE S . Khattab ZEP7HF5 201, #ilG 5%
TARAE O AT H A B AR . B iU A D 4
R Z AR & 5, Ul BRI 204 5 ) W RRAF I
HY A FIAR B R IR & . Pradhan P4 SC-CO,. SP
FIVEFIBEECL B, HIG S CO, AT IREE T BV FRAT
W, HAMTFHREEFGLMN o3 fl 06 R,
Waszkowiak 21295 Y, K50 2 b WRRFF N 254, IFnT
RETE = TR 20 40 % s S AR A Sls:, TR B G5 b il B 2
SRR B SR S SR A R e M. TR, AR SR O
AL ERA WLE . PR AL AL IE R 22 5, T BB il v 7 5K
NF AL 5 f B e it k0 A B Rk 2548 A A ST A
FEME MM K .
2.2 ARIMIA XA S T RRFF i A B BR 2H B
REEMEI

AN RN Ty 2RO B i 5 A SRR T i U PR 4 A
WIS 2 R, mEE 2 oW, REGNH T2 &R
T Ao P A 55 A W JRRAT T A3 B W R & it ELAT S R )
(P<0.05)o AS[FIALSIMAE R T B 2H B A — 3, LA o0

R1 AREMIARI A S S TR hERER IR ARSI

Table 1 Effects of different processing methods on the basic physicochemical properties of roasted and raw flaxseed oil

Tl T2 ik # HLfE/(g/100 g) &t /(mg/g) T EARAE/ (/100 g) A/ (mg/g)
AAbH 175.00+2.83% 2.00+0.06° 0.04+0.01¢ 190.80+4.41°
SC-CO,
Jis kb 171.00+1.41° 1.80+0.07° 0.09+0.00° 191.3044.31°
AAbH 171.00+1.41° 1.30+0.06¢ 0.09+0.01° 191.80+5.03"
SP
Kk 178.001.41° 1.40+0.04° 0.13+0.01° 191.80+6.05

T B9 PR Rl /NG P B i 2 WA (25 P 22 57 (P<0.05), 2 3~4 [l



%5 18 3]

W, A5 KD TAL IR AN (] ik T2 SRR i S5 4 5 235

FRER . IR . WM ER FAEA IR EZE R RR, o a- R
TR S i, N 50.77%~53.90%; TR FI I R 2> 5]
9 19.87%~20.83%7F1 15.13%~15.66%., ILAL, £4bBHLH 1
FIRIIR . B FNGITR . 22 AN A0 AR 7 e LS AT
N8 Wi R & B2 B 10.34%~13.27% . 20.06%~21.04% .
65.92%~69.56%F1 86.69%~89.61%, o, SP B IbH LA
LR D 1R R SN 1 AN g T R AR N i B R, Ak
69.56%7#11 89.61%, T SC-CO, AAb B 18N Ag i R 7 & 15
A 13.27% B AKE, AS[E A FRLH AR 5 R 4 i 25 R,
& B RS o T A 38 R A9 T 25 AR A2 I JBROFT Y LA AS 1 g
IR A T B BEAS ZH BUARAE . Khattab 2827 8OR [R 32 BUT
FITAFEIRRAT I & B, JLRE TR 4 sl B AR BT, {HER I 5
Tt AR 25 BT EL A AT AR R Al 7 R AR A v 22 SRR g Ui R
£t Pradhan 2284345 1, SC-CO, 44 5 SP Ab P4
bR T, HI R CO, AT 3RS Y -3
-6 JENTER . WRRATIM & a- MW RRER AL MR, EHMIR
w-3 ZAEFNG R A R JEP, BeAh, Suri 2P
FHH, KD AR 5 BRI R R IR . AR IR | TR
IR A o- 0 BRR 55 ETERR NI & = R i e fk, T
0 3 R AN A RE R L 8 T A L Bt AR S el B R
B, ASFFE 45 Ab B AR i ER 2 L B ARR RE, TSP KR kD
2 Zo AN AR 195 R R AN 1 R AR D R AR R % TRl i, AT
B 5 0 1 402 1T g R 5 B AN [l il ek 7y =X Mg Joi 4 4 $2 B
ZRAK,
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AN T 5 20 2] 5 A SRR I A S A A B D i
AISEIRANER 3 TR o B3R 3 W] O, N[l T2 B kb wikh
F XTI 5 A SRR T A T R A 7 I 2 AR B
Wil (P<0.05) . 78 S By 7 5 7 1], SC-CO, AALHZH 4 0.60 mg/g,
T SPARANHAL Y 0.55 mg/g, KIS TIAL IS, SC-CO, 4154
By B TREE 043 mg/g, T SP W04 BEME In =
0.62 mg/g, SC-CO, RALHILH 25 7R B (P>0.05) . 7EE B
TRV, RGFRAAEFFGEI LT TR,
SC-CO, RACFRLH £ 755, M 3.96 mg o-TE/100 g, 454040 F %
% 2.61 mg a-TE/100 g; SP ARALFEL Ky 3.62 mg a-TE/100 g,
JEIbZE T FEZE 2.86 mg a-TE/100 g, FiRZEREH], KEyFI
A B RS TR PR R T 2 MR AF 25 5 . RACFEA
R, SC-CO, 4 B & i T SP 4, X S S A BIE
IR R AT o B A A — 37, RS A A AT A I R
FFANZER, FHHL S NS TG T Ao XA AR b A SR,
R, B b R b S 1 i T RBAZ 2R R R L S B
BRI F A5G RS AL R, 1 -4 FWHAE 120 ~
160 °CHERE Z61F T 5L FRERAH Ak, RIRI I T 2% b
Eit R MR i S R bt A R S S Y R, A g R
S REARE LA 2R A, Wk a AT S
BRI, WTRE SR R IFPRIZS A . TR B
PERCA Ry XA R 22 5

F2 AREMIFARXPAE S 5 IR s A BRLA AL K & B B2 (%)

Table 2 Effects of different processing methods on the fatty acid composition and content of roasted and raw flaxseed oil (%)

) SC-CO, SP
il - -
HRAb K AbF K kb

TR 0.02+0.00° 0.02+0.00° 0.02+0.00° 0.02+0.00°
FER R 5.19+0.20° 6.060.22° 5.55+0.20° 5.74+0.17%
FEAE R 0.07+0.01° 0.08+0.00" 0.07+0.00" 0.07+0.01*
B S 0.04+0.00° 0.04:0.00° 0.06:£0.00° 0.05+0.00°
JE-10-~ 45 R 0.03+0.00° 0.04+0.00° 0.04+0.00° 0.03+0.00°
i 7.83+0.23° 5.14+0.22° 5.82+0.20° 4.42+0.18¢
TR 20.60+0.86" 20.83+0.90° 20.81+0.88" 19.87+0.97*
R 15.15£0.64° 15.13£0.67° 15.25+0.73" 15.66+0.67*
o~ JFRER 50.77+1.87° 52.40+2.00° 52.10+2.08° 53.90+1.98"
AR 0.20+£0.01° 0.12+0.01° 0.1420.00° 0.12+0.01°
TR 0.07+0.00¢ 0.10£0.01* 0.11+0.01* 0.08+0.00"
HLFAR VTR 13.27+0.56" 11.38+0.45° 11.58+0.41° 10.34+0.35"
AL AN T T2 20.77+0.52° 21.04+0.92° 21.03+0.89* 20.06+0.98"
ZAAARNIR 65.92+2 47" 67.54+2.68" 67.35+2.81° 69.562.65"
SN AAR DR 86.69+3.49° 88.58+3.59° 88.38+3.70° 89.61+3.63°

TE: BT PR A A /ING B A i 2 WA 25 1 22 57 (P<0.05), 5 [l
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F* 3 ARMIAE ARG SE LR 0SB FE S 20520
Table 3 Effects of different processing methods on the total
phenol and tocopherol content of roasted and raw flaxseed oil

*4 AEMIARNHASSETRFARELFENRT
Table 4 Effects of different processing methods on the
antioxidant activity of roasted and raw flaxseed oil

25
HT L WA BE(mgle) HH
(mg a-TE/100 g)
Feab B 0.60+0.02° 3.96+0.08"
SC-CO, —
iy 4 0.43+0.01°¢ 2.61£0.13¢
AAbH 0.55+0.03° 3.62+0.11°
SP
S kb 0.6240.02° 2.86+0.10°

24 AREMIARXEAGSE T HRFHRIELEN
oAl

AT T 20 il 5 A W RRRF I T A P A S
W 4 Pon. # 4 5580, RGN0 T2 K b )y =0t
W RRAFIM BT AT P EA B35 R (P<0.05), DPPH [ Hi3E
T ERBE S B E A R T b, TSP RACFRAL 2K,
90.57 mg/mL, FEBHFH: DPPH A fiEEE Jiiii; SC-CO,
KA 5, H 0.89 mg/mL, HiEALEE 1A XA TS .
ABTS* [ BT BRAE I FT FRAP X5 LUK B e s 1
SR, Hith SPORALIRA] ABTS' H AL I R AE IR, N
318.42 pmol/L, 2 @ T H 4 & 4 (P<0.05); SP Kiibdl
FRAP i, 4 1033 umol/mL. B/MANE, ANFEALFIZH1E
DPPH . ABTS*#I FRAP iP A R R IIFA B2 3, 1
B Sl 3ok T2 AR b T4 B S R A £ S P e 4 i L
AT HEARK R . Mohamed ZEBURIFSTRIA, KD RIS X
SR PR B G P BTy | 2 BT S 6 1 Aoy B i bt
A ALIEYE . Munteanu 201451, DPPH. ABTS'Hll FRAP %
PUAACTEAN D5 i 0 LRI AR ], Horp FRAP 3288 e 7
BEFHE ), T DPPH H1 ABTS ¥ M [ AR BR R0, RIIHT
SEALTEVEASBLOUR I B — BT . TIPS TR TR
2RI Aot 2 BH, AR TRI I T XA MR
T hE S HAT 3520, H DPPH [ B K% K AE /1 Fl FRAP 1y
AT EIHATE R I 0L, A#F5EH SC-CO, AkbHi
I HATR R I B A B &, {HH DPPH Al ABTS'H
HH SLIE BRBE DA [P G, U8 B ROF T S 2 16
BT AR TR B AR B A 2 mi AT L) 552 22 1R
FRgm ., DR, AR = SRR A A IS PR T
MR A DPPH, ABTS' A LT FRAP S5 248525 500 #T

. DPPH HH  ABTS'HH
W gm s s FRAP
T2 e emEem R HE /(umol/mL)
J1/(mg/mL) /(umol/L)
RALFL  0.89+0.04°  229.23+6.92°  7.85+0.24°
SC-CO, - b
¥4 0.82+0.03*  204.54+5.52¢  9.26+0.21
RAEBE  0.57+0.04°  318.42+7.69°  9.27+0.25°
ki kb 0.74+0.03°  258.25+7.33°  10.33+0.32°

2.5 ARIMIARI A SE T RIFHEL RS
AL

ANEIN T 2O 2l 5 A SRR A I e M AR o i R
WANEE S AE 1R, %5 BoR, ARG TS REEE
Rb BN A 5 W RRA T R R RS R A B E Y
I (P<0.05). ZEEEZAL G, 2,3- I LI (U AE SP RE kD
P, B ERBAAZA S 'R 1.02%, 1 SC-CO, &
ALERZA R 0.59%; 2-H BL-2- IR J2 (B,E)-2,4- ¢ I FE
R AL IS S B, RIS Y S
KA G YR, 3,5-9 - 2-FAE KT IO AL B S S kg,
W SP KIS AL B iR A 3.69%; 2,3- T i 7E SP A AL A £
AR 0.59%, HAREZLA WA Ry o4 b i 2 Bk
BT, RIS YR, 10 -3-BEAE SP R A A B
WEN 2.96%, W-2-BumESAd Ak, B
W1 T AR AP 2-F 5E-2,3- T WU AE SP 4 # i . g
KRR H A RAL G UITER D45 & SP AbHIAE S 35
Ko WEREIES I, »-C INBRTE SC-CO, 41AT SP 41+
By rTR 2, DL-1Z BEINBRLERT D I5 & g A T o ZEnR
K HABZ I A, 2,3,5- = H KLNLBETE SP RS2 & ik
TR, 2- 2 3k-5-F ke K Atk R Ak 5 W) F2 BEAE R D
Pk RILEIRAAE SPZH A Y, whmiZe kS
FEAFAE TR G SP ACFIAE S b . RSP E 25 Rk —
HF W, SP AHTERES | S SRR AL A b s R A A
L BRE . EBER RNERSAE A o AR e b A
T, SC-CO, 4 BIASE LMo & A, 28Uk aF
R o &AL PR PR b S B B A s A B o0 A 22
52, VLSRN0 T 20 B 0 Tt Ak 3 A 48 2 e 3 T RRA i A
VERMER AL, FIE AT & o 4

F S5 TREMIARITHRESE T RFIFHIZE L MRS HET S ERENE(%)
Table 5 Effects of different processing methods on the relative content of volatile compounds in roasted and raw flaxseed oil (%)
o - ™ SC-CO, SP

i CAS = e EST Tk EE] i
Al 32749-94-3 2,3- H LN - - - 1.13+0.06"
A2 123-73-9 SN 0.59+0.03¢ 0.76+0.06" 0.78+0.03° 1.02+0.04°
A3 623-36-9 2-FR Rk TR g - 0.12+0.04® 0.08+0.01° 0.16+0.03"
A4 4313-03-5 (E.E)-2,4-FF — I 2.17+0.08° 4.2940.08° 2.83+0.07° 4.23+0.10°
A5 620-02-0 5-H e 0.36+0.03¢ 0.68+0.03" 0.47+0.03" 0.44+0.01°
A6 23074-10-4 5-2 KL - - 0.06+0.01° - 0.08+0.03"
A7 1003-29-8 2k FH 0.03+0.01% 0.06+0.01° 0.05+0.01*
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o o ~ SC-CO, SP
i CAS e ET] Tk RALH ek
Bl 3302-10-1 3,5,5- =R iR - - - 0.03+0.01°
Cl1 13151-34-3 3-HIFEZE L 0.02+0.01¢ 0.03+0.01% 0.12+0.01° 0.06+0.01°
C2 3760-54-1 1-FF Pk b g - 0.06+0.03* - 0.0940.01°
C3 13475-82-6 2,2,4,6,6- 10 F 3L B ke 0.72+0.03" 0.61+0.04° - -
Cc4 5911-04-6 3-HIET- 0.12+0.03* 0.12+0.01° - -
C5 38401-84-2 2-Z3-1,6- " AUIRIR[4.4]- Tk 0.05+0.01° 0.02+0.01° - -
C6 5881-17-4 3-Z K - - 0.19+0.03° -
D1 600-14-6 2,3- 1% 0.06+0.01¢ 0.33+0.03" 0.59+0.03" 0.10+0.03¢
D2 19093-20-0 (E)-5-2F4-2-T 0.27+0.03% 0.33+0.01° 0.23+0.01¢ 0.47+0.03"
D3 5704-20-1 2-FHE-3- TR 0.39+0.03° 0.20+0.03" 0.21+0.03° 0.19+0.01°
D4 5077-67-8 1-5236-2-T M 0.15+0.03¢ 0.41+0.04° 0.21£0.01°¢ 0.69+0.03"
D5 30086-02-3 3,5-3F ZM-2-1 2.32+0.07¢ 3.02+0.07° 1.46+0.06¢ 3.6940.10°
D6 38284-27-4 (BE, 5E)--3,5-_Ji-2-Fii - - - 1.56+0.06"
D7 20189-42-8 3-Z,F-4-FA -G -2, 5-— 1] 0.04+0.01° 0.03+0.01° 0.04+0.01° 0.02+0.01°
D8 141-79-7 4-F L3-8 05 -2 - 0.05+0.01° 0.06+0.01° - -
D9 616-45-5 2-NH A i - 0.17+0.03* - -
D10 1121-05-7 2,3- i BL-2- B M- 1T - - 0.03+0.01° -
El 6032-29-7 2- SR - - 0.13+0.03* 0.06+0.01°
E2 616-25-1 1-7 M -3 -1 1.3240.04¢ 1.460.08° 1.83+0.06" 2.96+0.07°
E3 1576-95-0 UG -2 - 13, 7 e 0.60+0.04° 0.68+0.04™ 0.74+0.03* 0.76+0.03*
E4 5396-58-7 2-W 32 3- T — - - 0.95+0.04° 0.49+0.03°
E5 33467-79-7 2,4-FF M- 1-E 0.3840.03° 0.13+0.03¢ 0.28+0.03° 0.05+0.01¢
E6 111-46-6 Y - - - 0.09+0.01° -
Fl 695-06-7 7-C. IR 0.44£0.04° 0.27+0.03° 0.35+0.04™ 0.27+0.03°
F2 79-50-5 DL-1Z P INBs 0.10+0.01° 0.18+0.00° 0.11£0.01° 0.16+0.01°
F3 108-29-2 y- IR N TG 0.26+0.03" - - -
F4 104-50-7 TNALE IR 0.0440.01° - - -
Gl 75135-41-0 205 PN JL Ik g - - 0.03+0.01° 0.03+0.01°
G2 70424-14-5 (E)-2-(2- 3005 %k i 0.17+0.03° - 0.15£0.01° 0.29+0.03"
G3 108-50-9 2,6-— FH Stk - - 0.12+0.01° 0.29+0.03*
G4 13925-00-3 2-Z JEmE 0.11£0.01° 0.17+0.03* - 0.20+0.01°
G5 13360-64-0 2-7, 5k-5-F i e 0.31+0.03° - 0.11£0.01° 0.52+0.03"
G6 14667-55-1 2,3,5-= F Lk 0.4440.04° 0.7620.04° 0.2940.03° 0.8120.03°
G7 10599-69-6 2 FH 5PN P I TR - - - 0.05+0.01°
G8 13360-65-1 3-Z.5k-2,5-F JLntk 0.42+0.03° 1.30+0.06° - -
G9 289-80-5 Ik - - 0.56+0.03" -
G10 110-86-1 N I - - 0.0440.01° 0.11x0.01°
Gll1 109-97-7 L g - 0.22+0.01° 0.10+0.01° 0.20+0.01°
G12 137-00-8 4-FH 352 7, FEIgE M 0.06+0.01¢ 0.27+0.03" 0.2040.01° 0.1940.01°
G13 536-78-7 3-Z HEmEnE 0.02+0.01° - - -
H1 75-05-8 LIE 0.04+0.04° 0.06+0.01° 0.07£0.01° 0.060.01°
H2 67-68-5 e ) - - 1.10+0.03* 0.9940.03"
H3 63169-61-9 2-F L R I - - - 0.2140.03"
H4 631-66-3 TR T i e - - - 0.03+0.01*
HS5 67-71-0 TR 0.11+0.01% 0.09+0.00% 0.13+0.01° 0.07+0.01°¢
H6 60-35-5 2T - 0.30+0.03" - -
H7 563-83-7 5T b - 0.0440.01° - -
H8 123-56-8 T BRI 0.03+0.01° 0.03+0.01° - -
H9 127-91-3 BTN - - 0.70+0.03" -
H10 108-95-2 KW 0.04+0.01° - 0.03+0.01° -
Hl11 105-60-2 . e - - 0.13+0.01° -
H12 4025-37-0 2-(R IR N e -1-36) 2 B 0.06+0.01° - - -
H13 111-76-2 Z ]k 0.26+0.03" - - -

T -FORRAEH
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Fig.l1 Cluster heatmap analysis of volatile aroma compounds in
roasted and raw flaxseed oil under different processing methods
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