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Quality Change of Flaxseed QOil during Frying Process
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Abstract: The nutritional composition, physicochemical indexes and harmful substance contents of flaxseed oil during
frying process under conventional frying condition were studied in this paper, and its frying performance was
comprehensively analyzed by principal component analysis. The results showed that the unsaturation of flaxseed oil without
frying was 81.77%. The content of a-linolenic acid was 47.50%, which was a kind of high nutritional value edible oil.
During the 60 h (5 d)170 °C continuous frying, the color, acid value, peroxide value, refractive index, carbonyl value, polar
components, tocopherol content and fatty acid composition of flaxseed oil changed significantly (P<0.05) , and there was no
Benzo (a) pyrene produced in the whole frying process. The content of five main fatty acids (a-linolenic acid, oleic acid,
linoleic acid, palmitic acid and stearic acid) all showed downward trend, and the content of five saturated fatty acids which
were below C17:0 (octanoic acid, capric acid, lauric acid, myristic acid and palmitic acid) increased gradually with frying
time extended, the content of other fatty acids decreased. The analysis of frying performance showed that the acid value of
flaxseed oil after 35 h frying had exceeded the national limit, and other indexes were within the national limits. Frying for
30 h had basically reached the frying limit of flaxseed oil. It would not be recommended to use flaxseed oil for frying
beyond the limit, it would be a healthy frying oil within 30 h.
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SRR (Linumusitatissimum L.), J&M€WJHREF, —4F4=
BOAFEY), B —FhEEE AR R E T . AT
MERRA R Ty & B EY 22—, Pl FE 5 hT
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B EEAY., 7 R = o P i X AT AR A A R 7 s 24
MERRAFIH, 2 FH SRR P32 Tl 5, & & 708
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TE 60% Z I, 2 o~V JRR IR F1 P T 2 1) 25 22 A8 ) >k
PR, o o RRIR VT AEAR N FE AL Ry 1k R TR
( Eicosapentaenoic acid, EPA) Fll — | & 7~ M IR
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1 MR5E%
1.1 MRIEEE

M RFFIH AT EEAE 2 T B2 E
FIRAA S5 RHR R TE; adlkdFmH
(99.5%) . p- LB (97.8%) . -2 LB (99.4%) . 5-7F
B (98.6%) . FHEE, PUE kg (Aigsl) {EHE
Dr.Ehrenstorfer GmbH Fr#E 5 A R 52 4L 28 7l 5 L
(taggal) TEEIRGCRMHCA R E; L8k ik,
B, 2. 4-—aEFEEmE hEE 2 ERIE R E]; 58
BHZK Milli-Q ALK ML s X B . 37 AR s
iR R ARIRAR . T — kIR Hh =g i Leis i fl
AR AF] S

DF80A ~7.:CHLKERS WAk f L as A FR A H]; <
JEEE AL (7890B-7000D EI #5) & [EZeHEERI A
FRZS Al LC-20A AR 154 H AS &5 Evolution
350 AP LAOGRETE SRR IR B A F] 5 )
PELH ST E L (EOPC) 1Ay 355 IREBHECA R H] ;5

+ 54y =z —RKFE(METTLER-ML204T)
-FeRIZ AR A

1.2 LWHE

1.2.1 RYERE SRS SHEARRIRREE 2l
KEA R, DA Sh A8 S5 tH R [ g ) S22,
AT VAN R KE T ) P R, e A AT I KE S
getel, BKE UM RS2 Raznim 57 197150k
TN 5 L W ERAF I AE (170£3) °C 4514~ 34T R
K, £F 20 min ME—HIL, FHILEL 100 g 2 A RIKERR
FRE 3 min, 87 WV, BEORRIKE 12 h, ZELERIE 5 d,
FERHE 60 he FE 0. 1. 2, 3. 4. 6. 8. 10, 12, 14,
18,22, 26, 30, 35, 40, 45, 50, 55, 60 h HlAE, R
FESE R PO S IET, ITHOHAETE 4 °C vKAR T3
BPERAT, D5 I, BOHARE 2 P80 3B 5 o

1.2.2 HYLFERRAOIIRE R Molecular Devices
M2 A e SR A8 I ST ASE B B 60, 8 200 pL YRR
A 96 FLAH, 7E 425 nm AL RE AR IOGREN S, B
SeFEH I 2 Z:7% (GB/T 5527-2010 B P AEST
SEFE LI 2 YUY BRAE I 2 225 {GB 5009.229-
2016 B A2 4 E SObRUE RS TR A I a2 Y0 a4
AR I 2 272 (GB 5009.227-2016 B i &4 E 58
T £ it v el S A I D15 PR LA (4 0 22
{GB 5009.230-2016 & /%2 4= E ZEbR & i Tk 3k
MBI Y2 AR ZH 43 9 2 225 {GB 5009.202-
2016 B ih 22 4 E SR & A A 2H 43 (PCO ]
72 (il A& B PR A 2T Y3

1.23 FIH(oEEFEMME %GB 5009.27-
2016 E i FEGARUER S PRI (o) BEAYIE DY,
SR FH SRR AR TSRS, TR S g bR ST
() BEATTF BRI, il AHVEEE Sy 2 i 7K (82:18)
1.2.4 BEWIMR & EMIME S riks5inifE BIS
201712 #ERMFR I 100 mg T 250 mL [5)i5 B
g1, A 2% SEEALEN P EEA TR, TR 515 T 80 °C UK
Y B =AW e, MBI LA 15% =9 fk
WHH ESYA A 7 mL, B[R S min, BN PSR EIE =
W, HEFRINA 10 mLIEC %E, PRFE 2 min, W )2 1E
O e, 8 i IO/ B R 4N 7K R i 0.22 um A HLAH BE
B5E, it GC/MS MxE . 78 TR FHSMRIE, #5737 Fhlg
JUT PR AR HE HE 2R, S0 IR I 1R R FE R 2R AH o R &0y
KT 0.995, FAFES 3 MEE.

A AT 551 AgilentDB-23(60 mx0.25 mm,
0.25 pum) 38 M 50% 550P9 3k B I 58 i S e (B i A 5
IREFRT: 60 °C 1443 3.0 min, 2RS4 15 °C/min F}
2 160 °C, H-LL 8 °C/min JHE & 210 °C, F- LU
3.2 °C/min FHEZE 230 °C 433% 10 min; 2% M4l
Z, Vi 1.0 mL/min; #HAE AR EE 270 °C, 41 kb
S 501, #EFEE 1 pl,

iS4 i B AT BB T (SIMD),
FARIRIERE— T E BT 2~3 MEME T, BT

Fiti MY
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YRR 230 °C; BB ESRER: 70 eV; PURATIREE 150 °C,
2 CRJEE 270 °C.
1.2.5 AFHESEMNE S8 rihS25 30k [26]:
HEFAFREX 2.0 g BE5L T 50 mL 250479, A 5 mL
ik L F 10 mL 2. 0.5 g Fidh I, IS5 5
JIA 5 mL 50% KOH ¥ . #5GF T 80 °C /Kt
Y5 ALV 30 mine BAKSE ST BIAR K v
HI, A 20 mL ZFk- ik (1: 1) FEEBGEF, IRiEhR
% 6 min, FERSIR-G P E 150 mL 43R, 7
U 20 mL $EEOA IR IR 2 B 0K, & IR IO
W, A KK IR BOAE R b JRBOA WG Tk
TR 4M, 2% 2 in 1 AR T, - sl It
ZZE 5 mL FEIMP, i 0.22 um JEE, EARAE G
TEALAHT, P B B ] M, MR 1 o

(O 3EHE: Agilent ZORBAXRx-Sil(5 pm, 4.6 mmx
250 mm); FshAH: 1IE Ve - PSR M IR F EE (98:2);
JitiE: 1.0 mL/min; ZEYCHEMAS: AT 294 nm, &
HHE K 328 nm; A& 35 °C.
1.3 HUEAIE

JITA SIS B EE AT 3 IR, ISP E bR 2E R
7o BoYE{di ] SPSS Statistic 23 #EAT i E M7 2257
T, P<0.05 /R BT I FHE22 55 SR AT SIMCA14.0.
Microsoft Office Excel 2013 #4724 E 5537
2 HBRESH
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2.1.1 P BEE RURERTRI AR, JhAE P Hn
¥R, 24 h JailAE T )2 B IR ZLIRDTIE, 7ERITKE
Z 30 h i, WA A PRI IR, X 5 AR KE
HFLFE ARG B 2 AR R M S B A, anE 1 TS, T

B SR 2 RAFIIZRME G R (y=0.1351x+0.2001,
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Fig.1 Change of absorbance of flaxseed oil during
frying process
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Fig.2 Change of refractive index in flaxseed oil during frying
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R R4 T S AR T i S AR U R 1)
Az K AE AR I AR, QRS | SRRSO 7
PRAEEOL T, AT MR MR 257 0.00~3.00 mg/g
FFE I NPT, BRIE ARG 3.00 mg/g #TT AE PR
WA | RIS R0, AEFR EAa il B e 4
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&l 3 Al Y, R W RRTH R RE b B b, IR 5225 |
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1E 26 h J YT AR BE U] 4R, RikEZ 35 h A,
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Fig.3 Change of fatty acid in flaxseed oil during frying
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J&, i EALE R B E 0.23 g/100 g [ESbnvEST
AALAE I AR B 0.25 g/100 g, FH kAT
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Fig.4 Change of peroxide value in flaxseed oil during frying
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30+
254 -
20_ _ /-77.

-
15+ i;

104 7
J 7

O_

FRIEMT (meq/ke)

(I) lIO 2‘0 3'0 4|0 5|0 6|0
FCKETE] (h)
IR SRTH IV SR e Db
Fig.5 Change of carbonyl value in flaxseed oil during frying
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(Kl 6), B PEZH 43 AH LE AR FE PR, 5 RIYERTH] 5 R 47
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HRAERR AR ME . FE SRR HERR A E R B = e, AR R
PREZH A3 Fn it £ 0 T 58, SIERRFFIAE 170 °C 1Y
RIREARBR A 64.8 ho

307
251 s

204 /i

W2 43 (/100 g)
x

(I) 1|0 2'0 3'0 4'0 5‘0 6|0
FUERT] (h)
K6 SRRk B AR R 2H S 92 £l
Fig.6 Change of polar component in flaxseed oil during frying
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fbE ROV IR S SRR e B B R,
T D 7 RIRE TR TP 2801 (o) B8 5 2, DA R
YHI A DT, R SR AR Rl ) gaad el Zead
170 °C 'F 60 h I RIKE, BIKEAS []HsHE] ) SRR T A
s BAIAAS B 2RI () B
2.2 EFIERR
2.2.1 JRWIER  ASSZEE LA H S RATI S AT IR
Jiimg 17 B, ST 1 /100 g BINIEHSTE 5 #h, &4
T 1 /100 g BINBIIAR 12 A, & 7 Ju NV FRAT T4
NERR TR B B T i Il o U5 v SV RROF il v
B FLAPIR TR S S: -V BRIR | TR . VIR | Rt
fi . B AETR, ForP A AN RIS 81.7%, HAANME RN
Re iR (MUFA) Ry ihig, Hoa i N SRR & 51y
17.2%; Z A NG iR (PUFA) S a-NVJRRAR | SV.7H
iR, A w4 ) o S IE I PR B B Y 47.5% . 16.5%
BT FR W, PUFA & B0 iy RUKERR 2 PRI, r LA
XS RRF I B EA T RE W IR 2 BE 0 T f LR ErERE R
HEEMNE X

MELE R B IR, 5501 60 h BUVESS, WAk SNE
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Fig.7 Total ion flow chromatogram of fatty acids of
flaxseed oil

JUi P &5 N 92.86% [ 2 60.84%; IR Wi TR A
AR 81.77% RBEZE 52.48%; B2 (C8:0) ., 2%
BiR(C10:0) . AKERR(C12:0) . PIEFERR(C14:0) . £554H
12 (C16:0) FFP-EaR LT ARFIIR IR & m 52
WiTb s a, B L E SR B kL
[ RRB IR O R I SR R B EE A SR RITKERT
[E S RRAFII R 17 PRI & B W3 1,

222 AFWH AEEBEIMIRT AR DTERY), G
5T 22 BH A & W vl LA SE S 7 I FE RUKE L R Hh 19 45
AR A RTKE R T, IR, HE H S AU R, 2
SR PECE T RPUEAE R A A FE . 2eiF
FEUANFE 2 PR, RGRKE MR 4 Fh A B0
EEA IR a-FEEH WY 2.95 mg/kg; f-E B WAL H,
y- F W 497.02 mg/kg; 5--E F Y 1.69 mg/kg, Fir
- B W N S (99.1%), MIELE RS Oleg 25140
P S5 SRAEAF . FERIKE R, -2 E B WY, -4 F
W43 7E 40, 18 h HAEEKHBRLA T, y-AE BF 4
£ 60 h 19 B K o B2 ) 4y i o 208.40 mg/kg, Hw

T, & 5 d(60 h) IiELLRINE)G, il EAufE AR
KRR ARAE, WIFARK I () B8 BPRZE 43 I
PRI R FH T R bR BR A A oA o, g
FEATUEBH T SRR T FE RIS FR i R A P4
6. BT AERE TT, VAW RRAF IS —F LR AR | fdt
RS BEERTKE M

232 MEXFR RESHOGPEAL S RTKERS ] A
B R FIA A e AR S E RN e R AR S T, AN
2% 3 PN FHARSCPERT 0, RIKE A ) X SRR I B4
HIHRLFERR . E IR AR WS, #REA —
RE MM, P IRt . b SAARE . BRBET  AR
PAEZH 4y BRI K I 18] 1 B TG R, Yo te B A H
By . BB IR A E FEFE bR R KRR 8] 08 B T/ )S, 14
BH R I TR SRRV P4 O AT R s i) . Horpr
P 2H 435 RUKE RS AL E B0 g AR S, vl LAFE
AT HTREKERH A B A28, IR st HA B4y
LM AR S, T LA Sy RICKE 1 FH v DR s s i i 5 AR
FBE.

2.3.3 EMGTHT RS BIKERTR] R S R AR T
SRR S A SPSS 23.0 & SIMCA 14.0 F#tf7 3
SRS 5T, AT PR UEAREE | FEAE X TR T R AR
B R = A~ B AST, G5 IRRBA, BT = S a DTSR
9 89.7%. 5.4%. 2.8%, R FTHREIE 97.9%,

BT RFERN 58.46%.

HAFMEAE IR T 1, RESV T A JUaf Beds 19 22 A

F 1 A[E FKER TR S 17 FARITIRR 1Y% i (2/100 g)
Table 1 Contents of 17 fatty acids in flaxseed oil at different frying times (g/100 g)
BIYERHE (h)
ST S
2 3 4 6 8 10 12 14 18 22 26 30 35 40 45 50 60

C8:0 0.0015 0.0044 0.0089 0.0094 0.0090 0.0185 0.0211 0.0247 0.0256 0.0389 0.0426 0.0518 0.0540 0.0626 0.0622 0.0753 0.0743 0.0698
C10:0 0.0002 0.0000 0.0003 0.0003 0.0002 0.0007 0.0009 0.0012 0.0012 0.0017 0.0020 0.0022 0.0027 0.0030 0.0030 0.0033 0.0030 0.0031
C12:0 0.0034 0.0040 0.0052 0.0056 0.0066 0.0108 0.0128 0.0156 0.0164 0.0211 0.0242 0.0255 0.0301 0.0327 0.0325 0.0350 0.0349 0.0315
C14:0 0.0643 0.0625 0.0672 0.0714 0.0697 0.0863 0.0929 0.1062 0.1049 0.1260 0.1357 0.1318 0.1688 0.1654 0.1644 0.1706 0.1705 0.1461
C15:0 0.0278 0.0266 0.0255 0.0251 0.0250 0.0250 0.0247 0.0247 0.0246 0.0246 0.0242 0.0237 0.0235 0.0232 0.0230 0.0225 0.0223 0.0169
C16:0 5.3507 5.4765 5.5331 5.6141 5.6486 5.7121 5.7439 5.8572 5.8792 5.9240 6.0467 6.0692 6.0835 6.1060 6.1649 6.2014 6.2333 6.7792
C17:0 0.0836 0.0806 0.0760 0.0758 0.0739 0.0728 0.0721 0.0713 0.0708 0.0704 0.0698 0.0698 0.0694 0.0693 0.0671 0.0663 0.0651 0.0472
C17:1n7  0.0510 0.0444 0.0446 0.0474 0.0410 0.0409 0.0397 0.0419 0.0376 0.0401 0.0399 0.0359 0.0385 0.0389 0.0386 0.0357 0.0351 0.0284
C18:0 5.2495 4.8682 4.7911 5.0909 4.4676 4.4501 4.4328 4.5886 4.2939 4.5202 4.3937 3.9889 4.4126 4.2618 4.2368 4.0581 4.0238 3.1173
C18:1n9t  0.0426 0.0396 0.0405 0.0430 0.0400 0.0428 0.0437 0.0465 0.0429 0.0496 0.0518 0.0498 0.0574 0.0581 0.0577 0.0580 0.0616 0.0506
C18:1n9¢  17.227 16.126 15.566 16.540 14.803 14.696 14.797 15.250 14.455 15.216 15.013 14.164 14.772 14.682 14.596 14.263 14.301 10.935
C18:2n6c  16.528 15.781 14.972 15.909 14.295 13.811 14.018 14.346 13.483 14.018 13.753 12.913 13.262 13.358 13.279 12.596 12.560 9.532
C18:3n3  47.503 45.981 44.748 46.609 43.548 42.731 42.878 43.415 42.159 42.724 42.287 40.379 40.899 40.986 40.833 39.368 39.190 29.745
C20:1n9  0.2263 0.2060 0.2028 0.2155 0.1907 0.1888 0.1862 0.1939 0.1768 0.1890 0.1897 0.1690 0.1832 0.1846 0.1836 0.1728 0.1762 0.1380
C20:2n6  0.1928 0.1730 0.0667 0.0709 0.0634 0.0678 0.0701 0.0720 0.0675 0.0709 0.0699 0.0617 0.0662 0.0654 0.0650 0.0584 0.0571 0.0455
C22:0 0.1815 0.1704 0.1604 0.1583 0.1505 0.1463 0.1449 0.1404 0.1393 0.1386 0.1379 0.1357 0.1334 0.1326 0.1300 0.1226 0.1213 0.0870
C24:0 0.1239 0.1121 0.1122 0.1192 0.1042 0.1031 0.1005 0.1038 0.0934 0.1012 0.0961 0.0836 0.0996 0.0920 0.0915 0.0883 0.0886 0.0684
UFA 81.77 7835 75.64 7943 7298 71.58 72.03 73366 70.42 7231 7140 67.77 69.28 69.37 69.05 66.55 6638 52.48

TFA

92.86 89.16 86.42 90.6

83.54 8220 82.68 8430 81.07 8327 8238 7836 80.36 80.326 80.03 77.40 77.22 60.84
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Table 2 Content of tocopherol inflaxseed oil after deep-frying in different time (mg/kg)

RIKERK () o' EH W pAEH B S H MEE PIRA(%)
0 2.954+0.01 ND 497.02+8.61 1.69+0.15 501.64+7.93 0.00
1 2.88+0.07 ND 487.93+7.90 1.67+0.04 492.45+3.23 1.83
2 2.62+0.10 ND 477.04+8.02 1.3240.11 480.94+4.04 4.13
3 2.19+0.12 ND 456.17+7.04 1.3340.09 459.62+6.34 8.38
4 2.16+0.10 ND 420.82+7.23 1.04+0.08 424.00+2.03 15.48
6 1.87+0.18 ND 405.30+6.80 0.98+0.04 408.15+6.61 18.64
8 1.52+0.20 ND 388.58+5.64 0.70+0.02 390.72+4.33 22.11
10 1.26+0.15 ND 376.75+8.85 0.63+0.01 378.59+5.55 24.53
12 1.20+0.10 ND 372.96+9.60 0.47+0.01 374.57+5.54 25.33
14 0.85+0.12 ND 366.95+5.51 0.36+0.07 368.11+2.09 26.62
18 0.79+0.14 ND 350.20+7.62 ND 350.99+4.00 30.03
22 0.71+0.04 ND 345.41+9.10 ND 346.11+1.09 31.00
26 0.52+0.01 ND 340.3344.63 ND 340.824+4.90 32.06
30 0.46+0.11 ND 335.55+8.70 ND 335.96+4.28 33.03
35 0.22+0.19 ND 295.70+9.64 ND 295.92+3.47 41.01
40 ND ND 275.95+8.85 ND 275.90+6.25 45.00
45 ND ND 273.96+7.63 ND 273.90+7.00 45.40
50 ND ND 244.3245.67 ND 244.30+6.86 51.30
55 ND ND 214.43+8.84 ND 214.40+3.06 57.26
60 ND ND 208.48+8.90 ND 208.40+9.33 58.46

VE: B LI B bl 22 3R, RF =AML B A F-1(H; NDFRR AR E]
H3 ORI S RSN s
Table 3 Correlation between frying time and quality 1.0
parameters s 05
Ef=La r E 0.0
6,7 (425 nm) 0.989" § -0.5
Proltta —0.9667" -1.0
P E (mg/g) 0.979™ 15
AL E Value(%) 0.912” 20— : | ‘ _—
BRI (meg/kg) 0.835" S
WAL 5T (%) 0.996" L PC1(8‘9‘7 %) o
B mgke) o5 I8 AR T RRRE N80 1 57
AHFIHEITE (%) ~0.882" Fig.8 Cluster analysis of fatty acids of flaxseed oil during
S IRIR (%) ~0.867" frying process
#FF () B (ng/kg) /

#: "P<0.05; "P<0.01; ""P<0.001,
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FARYERFAAR, ST | B FRFGARAL TR G K 22
A7, I AR ERAR P B RE B BE s 25 I B (6~35 h) Kl
—Z&: BT B RRR I 19 BT iR R AR R R AR Ak, 2R
ARVCTEY) B BT Z 2R R, 78 30 h ZE AT AE3EA 2]
ST A FHRL BR; 28 = BBt (40~60 h) T h—28, 11t
B R I ZEAS iR B4R (0, VARSI bn s ARl
B GHUE I, FRANFE AR O AR A [ AR v B e, AN il
SRR B A A B AE RS Bl N . JEEk PCA 4y
AT, BRI AS R FH B 04 SRR i3 i 22300 it s
R BIFLEGTPH I IX 4y, X PR p R KE B E], JBiE

Fasttil | A AR RR T Az et =Xidds B B
3 4

AR SCRFARLIAN [R] B RT R A9 Rk 264 TRk
FERR R RN B ST, XTSRRI IR 38 R U (8. B
YEVEBEIHAT T 25600, G5 3eH: RERIVER IR
A A, ANMEFNE IR 81.77%, Hirh o~V FRIR
T ik 47.50%, B — PR EFEIHMEN E W,
BRFFHIMAEESEARE 60 h(5 d)idREr, 2 RKER E]
A ZE, SV RRAFIRM A (A5 . BR T . s S BB . RIEMT .
M2 3B R K B 1] AR B i s Poedia . B
P T B B SRR A 7 E I () B 5 PP
LG W R Co- NV RRAR . TP . VAR . ASAE R . 6
fig ) ¥y R R, C17:0 LUR Y 5 Fp+H-E8KLL AR
iR (P . 250 . HAERR . A G RERR . BEtEER) &
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