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Quality of pressed Xanthoceras sorbifolia oil during storage
based on microwave pretreatment

LI Xin, SHANGGUAN Huijuan, YANG Bo, LI Wenlin

(Hubei Key Laboratory of Lipid Chemistry and Nutrition, Key Laboratory of Oilseeds Processing, Ministry of
Agriculture, Oil Crops and Lipids Process Technology National & Local Joint Engineering, Oil Crops
Research Institute of the Chinese Academy of Agricultural Sciences, Wuhan 430062, China)
Abstract ; Schaal oven method was used to study changes of acid value, peroxide value, p — AV, to-
copherol content and fatty acid composition and content of Xanthoceras sorbifolia oil obtained by cold
pressing from microwave — pretreated Xanthoceras sorbifolia seed kernel during storage, and the effect of
microwave pretreatment on the oxidation stability of Xanthoceras sorbifolia oil was evaluated. The correla-
tion between these indexes was analyzed. The results showed that the peroxide value and K,;, of Xantho-
ceras sorbifolia oil increased rapidly in the early storage period, tended to be flat in the middle storage pe-
riod, and increased rapidly in the late storage period, while the acid value, p — AV and K,,, increased
continuously. The tocopherol content and oxidative induction time decreased rapidly in the early and late
storage periods, but slowly in the middle storage period. The ratio of unsaturated fatty acid to saturated
fatty acid decreased. The correlation analysis showed that the oxidation stability of Xanthoceras sorbifolia
oil during storage was closely related to the tocopherol content, peroxide value, acid value, p - AV, K,,,
and K,,,. In addition, appropriate microwave treatment was beneficial to enhance the oxidation stability of

Xanthoceras sorbifolia oil.
Key words ; Schaal oven method ; Xanthoceras sorbifolia oil; microwave pretreatment ; storage quality ; ox-

idation stability

I #5 HHE:2019 - 06 - 28 ;& [E H #:2019 - 10 -21

EEEA 2 (5(1995), B WL BI5c A Biaeor i pwe oA ARG EQ TR 57 e S LA + SRR B e e, 22
£ S 2 1 T ( E-mail ) 574494830@ qq. com., B AE PR S5 4 B L X BB, FH P2kl X

B 1R 230, BF5E 5t ( E-mail) wenlinli2005@ 163. com., B AU 2015 4R B (T HeAR A iRl



42 CHINA OILS AND FATS

2020 Vol. 45 No. 4

KB IL) AR K1 B S SRR AR AL, 3¢
TERAF M 30% LU b, 30 60% LA L il
FRONHLFIRE R & i 90% LA b, Horb I Jh iR & e =
B OBER 2 355 T W R E R AR SOE R
MEREE, SAEFEN V, MY 8T YR
0 R SRR A 0 R, A TR
RERBMHAERG LK LT RBERENBED R .
A, SCORE ST LU T A e s

H AT, SO R A B I R S GE M s 7
PRIGE IR CO, FERUESE' | 1L50 FEbsik
A TR 4 BB L T R i (HAE A I R AR R A5 )
LRI A CO, ZEIUE iR, H a8 5 5, Tolk,
AT AR R o S B AR R TR I Tl , By
IR FE P 2 BIE AT B AT B ST 2 R R AR Ry
ST DUTE— R U TR E Y 6 Al R R 254
Pk i 4R R, ELREEE AL AR e A AR
AL B i ) SRR e M DX T —
S SRR S I R | I R A5 N i
iR , 7% 5 % LR SR AL TR W, 5% k0 il B 04 % Rt
TR E AL S = A/ N T I R A 5, (T R
RALAE AR, R I, AR E RN
TEFRAR" o 7 S I0H7 It T4k B 14 94 o SR S il
£ 60 °CH I REG S5 A 50 d, I HEAE ittt
RN (AV) (it S A(E (POV) \p — & RE(H (p -
AV) Ky, Ky E B B 7 52 R D5 R 4 AR 45 19 A2
b, TS T4 P SC eSS T i 9 1R] 6% 7 5 4
A R SR AR PR R B2
1 #R5hE%
1.1 sE3atst

SCREAL, T 2018 AFEFK™ A L PEEEM o

CA59G 7Y ¥ HE ML, 75 [ Komet /A F]; MARS
Xpress % P 2800 0 f# 1, 26 B CEN 3] LC -
OAD E A A5 7890A AR IEAX , 55 [ Agi-
lent 23 F] ;743 YA AL AR PRI 2 Y, i £ Metrohm
23] UV —1900 22505006 BT, HAS Shimadzu 23
] 502000 22T E I, S5 TA A+
1.2 ¥
1201 R Tk B M SC e SR 9 A i) 4%

5 B B T PR S SRR A K o AR R 1
0, P B Pk 3 4 1Y SO SR AT K 4 2 8% Al
10% , R 7K 53 V-4 Je , o FOCE T 0 s A, 43
SILEWCE T 800 W A1 1200 W R 4bFH 6 min, SR /5
BT TR A A EER, FIH CAS9C RIAHEHLIE
P, AL AR e T Oy 1 R A T o

65 CLAF , JUT A AR 48 B O B 24 I BP0 19 4k 1
RVESGEA I . B S50 55 T IR A T35 5
1.2.2 eSS Schaal HEAR % SC56

43 SRR BOAS 228 it 9 Ach 41 A S5l SR 9 (X R )
800 W .6 min f3f J5 il Ak B () SC 68 5 3l (A 1) AN
1200 W .6 min i 38 1 b B (% SC 56 S 90 (IR AR 2)
30 g T30 mL BRI, 25704 30 i, B H 5
JifCEAE 60 CHERAR T, AR 3 d BRI,

1.2.3  FRALFE BRI E

Fath G AR BRIITR 7352 - GB 5009.229—
2016 .GB 5009. 227—2016 . GB 5009. 168—2016 ]
TrENAE ;p - T FEAE S IR AOCS. cd18 - 90 Y7
BEIAE 3 Ky Koy 22 IR GB/T 22500—2008 ()75 v il
BTSSR AOCS. ce8 — 89 [y 77 v 42 ; E Ak

Fili R S HESCHR [ 10 ] A% 5 36 U 5 5 Ak 75 5 B )
(OSD) ZHESCHERL 1T ] A9 5 R o
1.2.4  Hdaba

SEEGEPE R A Origin 9.1 F1 IBM SPSS statistics
20 PEFTAEEI B 538 A Duncan 35351745 4 B] (4 22
ST, P <0.05 2R R, P <0.01 K2
SR
2 Z#ER55H
2.1 e AR BN FRAMAE p - &
A BB 6 % v

R i R u o AN R - o = W A A (Y
N, 237 e A U B RR T R A5 /Ny R
30 3 A S e SR vl A A ek R P A R AN o Ak
B, AT DATE — s P B I s W St S 7o 1) A 1 U
FEo B TMAR E AL I A 0 7 ) B AR E
st —20 RO, AR /I - T I 4 A A
Y1,p — WA RE T LFRs R S A fe v = AR i —
GAAL AR SO R R R R
TRAE K p — A REAE AL WL 1 ~ B 3,

AP 1 ~ & 3 FIHT  SCRE SR il 7E i Y B, R A1
BTN, HIG R PR = il T R T A 35 S
JEE SR CIHIRE 2) B sy, FL R R B 3 il
FE) L A ARG K AL, /i 10 d N2t AR (E
Keap e, i T 2% ,40 d J5 OB &, 50 d 3¢
SEER I A 3 A fRfE E M 0. 16 mmol/kg 3 K %]
14 mmol/ kg ; FMAE Y p — T[] 7 Ji (75 it 7809 ) 45
SRPGEIE R 7 50 d PIXTREAY p — i B RE(EL 0. 02
HamE] 2.0, 2 B SO0 i A AL P RS
a2, v I T R AL B A SC S I (T RE 2) 1)
p — Ta AR IR = o BT, SO R
TMAER Y it B AGAEL RN p — Ta7 7 JHE (L I i K ESF ] F1Y



2020 47 25 45 & 5 4 W) T

L 43

FER AR AR B3 (P <0.01)

250 w3t
il
- JiER2

2.0F

A
1.5F
I.O}M

0.5
0

TR (KOH)/(mg/g)

10 20 30 40 50
fif et )/ d
1 fEFHA E) SO RImER T Y AL

—_
W

[ =ty
| - uhEl
A AR

—_
[\S)

el
T

W
T

i 4 AU (E/ (mmol/kg)
o

10 20 30 40 50 60
1% 98 I 6 /d
fEmEXER TR ENTHL

(=]

[ -t
20F -o- il FEL
- A2

0 10 20 30 20 50
{5 7% B 1)/
B3 e EREp -EEFERENTWL

2.2 fEERE A AT SUER W Ky B Ky 8%

g A s E A= R G R AL =4, 3 i U
A HE T AR R 1 LB 45 4 , 75 2540 232 nm Al
270 nm 4bA FRAE WO TR I, Koy, AT Koy 5390 26
g S AR TR G SR ) A s SR R
PR 7=y A =0 i BB R, AT AR Sk A S i AR A AR
JEWEELE bR, AR, 2 B g i) S A A i
o SRR T A 6] Koy B Ky B AE A L B
4 K5,

0 ll() ZI() 3I() 4I() SI()
it 38 P V) /d
B4 fiEmEEERE K, NTh

oI 4 S Al 2% 20 SO SR b e it e 3] 1)

Ky Mo Ky BRI A H . Koy 7RI 10 d NG K3
Mo, TR TF22 ,40 d 5 OHRETRG R, LR K i #
il AR EEA T . A4 SOERM B Ky,
TE A R 300 1] 386 K A4, 40 d e P v, Ho
oAk PR A SCRE AT IR 1 A 2) Koy X IR Y
Bio HT SR, S8 K AR, B
P53 T e BAS [ G T A B 9 SOt v Ko BAT i
FEZER (P <0.05) , fiff 78 A (8] X SC e Sl Ky,
Koo B 52t 2.2 (P <0.01)
0187 o it

| @ IhFE
T A IhEE2

2012
< 0.00
0.06
0.03 . . . . ,
10 20 30 40 50
£ 548 I T8/

B S fEEHEE SR Rl Ky BN

2.3 fEEAT AT SER P AT B S a
B —RKRENELE R, G a- 8-
y - O -AEMW 4 B, BRI BRI, 7RI
ErE LR EE PR A EEAERTY . Ed
W, SOERMEH o — vy - 8 - LEFW, S 450
mg/kg VA b, Hdy - B Y 80% £, AF W
S R A B SRt S T A 18] 1) A8 A UL T 6 ~
K9,

- %] IR
-o-jiliFE1
-2

0 1.() 2.0 3‘0 4.() 5‘0
£ 548 I 18]/
6 XERMEHPEEETHREENTL

70
on
=4
£ 60
=
$250F u
ET? -o-jiliFE1
40 A ahiFE2
"\T‘ e
3
30 1 1 1 1 J
0 10 20 30 40 50
g s fal/d

7 XERMEFEE o - EFHIENTL

Hi&1 6 ~ [51 9 A H1:800 W #i4bHH 6 min A] LA$i
e SCREAR M (AR 1) B 2R 8 5 i, et P2 Bl e it
AL BRI , SRR AT A ER S B , (2 7 1 o



44 CHINA OILS AND FATS

2020 Vol. 45 No. 4

oy B AT, S N {H & 1 200 W HikbHE 6
min W] R B A B 32 0k, (A5 SCTeE S (IRe
2) A SRR o E SCORE SR R 1], 4%
THRE) A2 T 1 e o i i G A [R] J2E < 3% 3 B AIG, AT
10 d W5 R R, P22, 5 WP R B, LA
T~E9 MAREATTIEE , « - EFHMy -4
Bl R, - TN N FER S, X 5 30k
(16 J45GE A —50, b 3k Hr & B, S i Ak B0
SCRERIM A B B & A BE (P <0.05) , fif
S FoF [E0) % 5 JEh A 1 2 7 B o A A S R I (P <
0.01),
—.400

0 1020 30 40 50
fig i s 1] /d
8 XERMEEAE y-EEHIENTL

'KI . 4 n:\
-@- i FEL
ﬁ: - AR
30 1 1 1 1 J
0 10 20 30 40 50
fifs B 7]/

9 XERMEBHAES-EEHIENTL

2.4 T R xF U R i A ALATAE IR 69 %R

Ze A B A (DSC) Al fE R G HIREE T,
MY 5T 5 2 L) 22 6] 19 e i 22 Bl I B2 1) 28 1k ¢
Fo it DSC A LIt g iYL A 1R TR, A Ak
AL HA TR VE E NE PR E M M SCE R
DSC 1 WL 10, SC7ab S 1 i i 30 [ 420 A 1 i
AR LI 11

251

— i B
2,00 -l i

0 50 100 150 200 250 300 350
i/ C

10 fEREATCE Rith DSC %%
F1E 10 R AT, SCREAR Y A AR i i B 2 DSC
R P B U B A T A EE o e BT 11 TR 3

(Y fRlciplz T AR AT B 48 s SCRER Gl 1) /9 %04
A AAIELIE o SCIREA I Y SR A AR i 1L 8 I 3 R ]
M RE A AT AR, 1T 10 d T B, v 722,30 d
Ja SCHEEREAR . 35 R 20 AT A BN [R] St [l il A
1 553 2 68 8 Y S A S B it B AT A I 3 2
(P <0.01) , fiff st ] X6 S ek 24 il (4 48P 2 it JEE
AR FERE (P <0.01),

-4 A
& 165 -O-ﬁgl
160 2

0 1‘0 2‘0 3‘0 4‘0 5‘0
figg e s 1)/ d
B 11 XERBGEEESESLERRENTL
2.5 AEFR AT A AT SO R i BALAE T A R ol
Rancimat 353005 i 1 S8 A0 RS OE T, J2 ) i
AT RS rhE A E S S A, I R Y A AL
FEAE I i S A A v P A (R R VR R R SNy
T AZRIB K b 38 K F SR AR A, ok
S WG B A AR B B o ik g A A S I ]
1, R AR e PEBR R o SCTaE R 7 it 7 10 1)
AT T R 2 At S LR 12,

14

oy
-o- i1
S SRliik= )

—_
N X O N
T T

AL TE S )k
[NS RN

0 IIO 2I0 3I0 4IO SIO
I 1/
B 12 SO S 8 AL SR B AL

FTIET 12 A] 1,800 WA ip F3 i B SCTef 2R 4
6 min , A7 B T $2 w5 SO AR (e 1) B9 SAfB AR E
Mo BRIA AT REIE . —J7 1118 >4 A4 folc g A PO SR SR
PN ERZS B IR, 5 BCR A PR AL PR RO IR A
Wty 25 g Wt ik R ¥4 H 5 3 — D T A ip Ak B I Ul
BEREAL , 5 PERAEAR , DT85 1 3R B9 S8 A0 A E 1
(R Gl D3 i (R RE 2) ] BERSEIR PRI i Jot 1
B AR I SRR E T TR AR S
SIS TR 45 it 2 il RS 1] ) S 528 AR, 117 10 d B
BRI GE R R B, RE R R
B, AN RV (R 1 S 2 6 IR 4R AL 5 5
TR A 2 5 22 5% (P <0..05) , SOl 2R B S8 AL 7 5
FIF 6] i i RS 1] ) S A2 fAH S % (P < 0..01) ¢



2020 47 25 45 & 5 4 W) T

L 45

2.6 AR ARSI R A K 45 AR A A8 K T
K IBM SPSS statistics 20 X 800 W {5 i 4b

FH6 min 1% 3CEE M AR 1) i 5800 8] A G pr

SAALTE IR o A A R S AT AR S

FRUATHOHE T SR IR 1.
F1 CERM AR A KRR ST

WH  EFEH 08I POV p-AV AV Kyo
0SI  0.893*

POV -0.911 ™ -0.936 "

p-AV-0.931"-0.944" 0.910"

AV -0.800™ -0.918™ 0.781" 0.919™

Kyo  =0.9627 -0.945™ 0.950 ™ 0.981™ 0.871"

Ky -0.9347-0.925™ 0.993™ 0.925* 0.772* 0.958

TE o FRIRTE 0. 01 7K ORI | 825G

HIZE 1 A] 1 SO MR R a] , H OST 54
FW &R T IEAE, 5 POV.AV p - AV Ky, |

K232§5ﬁ%ﬁ*ﬁ3\é;POV 5 AV\P - AV\Kzszszmﬂmi
B TEAR DG . RISt S T 7R A D [B] A9 A A AR e
HEAEFW & POV AV p - AV %—‘?&tﬂ*ﬁaé

2.7 AR BT IR 3 SRR o A b BR 48 AR 0 %

KA AR XTI:E%(HHE’JM}?WEJEZL T
BME VBRI 2, 3R 2 WA, SO T A o B
YoE Y 10 FhEZARITR , Ho PR 2y 5 32% , i
a2 5 40% AR Y 5 2.5% , AN FIG DT IR 5 ik
91% L) I,

A LH IR B A i R ST ) A B 1 R T R
(SFA) & B34 n, AN A 5 iR (UFA) 5 133
WA, FEA# R 60 d B, X BE VAR 1 FIVHAE 2 1Y
UFA/SFA 23 BIFEAR T 6.23% 2.00% 3.96% , iR
N, Wk R D, 2 N R g T IR
(PUFA) & & BRI 2

R2 fERHEXERMERRARKESENENL

Xt HE RO NR DT R 5 /%

ThEE 1 B ARIITR 5 /%

hEE 2 AR ITRR 5 /%

T R

0d 30d 60 d 0d 30d 60 d 0d 30d 60 d
C14:0 0.032° 0. 033" 0.033" 0.032° 0. 033" 0. 034" 0.033" 0. 033" 0. 034"
C16:0 5.409" 5.469° 5.593¢ 5.414" 5.478" 5.503° 5.396° 5.473¢ 5.541
C18:0 2.217" 2.268" 2.476¢ 2.218° 2.227" 2.242¢ 2.218" 2.308° 2.373
C18:1 32.686"  32.764° 32.930' 32.680"  32.773° 32.972¢ 32.644° 32.765° 32.869°
C18:2 40.743" 40. 635 40.190° 40.745" 40. 695° 40.587° 40. 740" 40. 630" 40.532"
C18:3 0.385° 0.375° 0.358" 0.387" 0.378* 0.364" 0.384° 0.374° 0.358"
€20:1 7.117" 7.073" 7.013" 7.112¢ 7.082° 7.048¢ 7.106' 7.071* 7.043"
€22:0 0.521° 0.535" 0.575" 0.524" 0.532° 0.562¢ 0.539° 0.546" 0.546"
C22:1 8.317"' 8.305™ 8.300" 8.307° 8.260° 8. 188" 8.389¢ 8.258¢ 8. 180"
C24:1 2.575" 2.5451 2.535¢ 2.583¢ 2.545¢ 2.501" 2.553¢ 2.543¢ 2.527"
SFA 8.179° 8.305" 8.676" 8.188" 8.269° 8.341° 8.185" 8.359" 8.493¢
UFA 91.821"  91.696" 91.325° 91.813*  91.732 91. 660" 91.816*  91.641° 91.508"
MUFA 50. 694° 50.686"  50.777¢ 50.681° 50. 659° 50.709" 50.692° 50.637" 50.618"
PUFA 41.127%  41.010°  40.548" 41.132%  41.073°  40.951° 41.124' 41.004°  40.890"

TR EARAN RN SRR 22 5 B3 (P <0.05) .
3 % i’n»: MR S 30, AN ARG 7 R e B AR, Ho b =R
(1)L Schaal HEAR 1L 5L, J 30 S5k 5 I 7E PR VMR S 3G N, WML & /D, Z AR IR IR

it ], 3o AR A Ky, ZE R 5 S PR v, R I

A2 B K L 50 d, SOt AR v AR B S 2

0. 16 mmol/kg # K 3] 14 mmol/kg, K,;, M 0.9 41 (1] fLYE% BB E, DIE%, 5. OSSR M st R (1],

B 4.7 IR p — A WA S Koo WIS K5 AR HiEfE . 2011,36 (1) :67 - 72.

(2] FEARE, BOALIL, o 5, 45 AN [R) P ot SCoet 5 7 i et B i

M i SRR R IR S SR S I TR R R e D) PR
R, YRR A1

(2) & G 1 Sl LAk B w5 1 SCE R Pt R
I ) 5, A B TR e SO AR A AR E
RS 73 A 2 W SCoRE SR il e i A0 i) ) S AR 1k
ST G RAE R p - HAEES )
K

(3) Sl 2R i A Jon o S A S5 56 30 1], A R M

TR MITRALN A [T]. A g , 2017 ,42(3) 77 - 81.
[3] VENEGAS — CALEON M, RUIZ - MENDEZ M V, et al.
Characterization of Xanthoceras sorbifolium Bunge seeds:
lipids, proteins and saponins content [ J]. Ind Crop
Prod, 2017, 109. 192 -198.
[4] #p222 X052, B4 % RRUEGEEECER T
AR, hEmR,2018,43(7) : 119 - 123.

(TF4E% 66 )



66 CHINA OILS AND FATS

2020 Vol. 45 No. 4

Eur J Lipid Sci Tech,2012, 114(4) . 372 -374.

[6] LID M,WANG W F,QIN X L,et al. A novel process for
the synthesis of highly pure n —3 polyunsaturated fatty acid
(PUFA) - enriched triglycerides by combined transesterifi-
cation and ethanolysis [ J ]. J Agric Food Chem, 2016, 64
(34) :6533 —6538.

[7] SHEN Z P,WIJESUNDERA C. Effects of docosahexanoic

acid positional distribution on the oxidative stability of mo-

del triacylglyceol in water emulsion [ J]. J Food Lipids,

2009, 16(1): 62 -71.

Wi/ Nk, 77 L, Wi, 55, i 4B EPA/DHA il =8

FRmEE G [ T 1 AR TR ,2009,9(3) :552 - 557.

AKIMOTO M,IZAWA M,HOSHINO K,et al. Lipase — cat-

alyzed interesterification of soybean oil with an @ —3 poly-

(8

(R

[9

[

unsaturated fatty acid concentrate prepared from sardine oil
[J]. Appl Biochem Biotech,2003, 104(2) :105 —118.
[10] ZHANG Z,LIU F,MA X, et al. Two — stage enzymatic
preparation of eicosape ntaenoic acid (EPA) and docosa-
hexaenoic acid ( DHA) enriched fish oil triacylglycerols
[J].J Agric Food Chem,2017,66(1) ;218 —227.
(1] 857, LK, ok ie, 5. LUK el il 46 45 il 3%
it DHA — HhmE LT . A Eg ,2012,37(2) 142 - 45.

[13] SUN Z M,XUE C H,GUO Z X, et al. Preparation of tria-
cylglycerols enriched in DHA from single cell glycerides
via molecular distillation and enzymatic glycerolysis[J].J
Aquat Food Prod Technol ,2015,24(8) ;796 - 806.

[14] FEMEZR, THk, MRS, . IR ITIR L 165 BT ZHT5E
[J]. 4 TRHE, 2015,23(1) .35 -37.

[15] FRWEMS, Eefti~2, X, 45 IRE A IER el R L
BRE T ZAHIEABLT . g 2018, 43(9) 8 — 14.

[16] YANG B J,ZHENG L,HAN X T, et al. Development of
TLC - FID technique for rapid screening of the chemical
composition of microalgae diesel and biodiesel blends[ J].
Fuel, 2013, 111:344 -349.

(17 ] Zetfe. iR e A 6 5 20 U [ M. bt A2 Tl i
WAL, 2006.

(18] AL, AOKHE, FRPERR, &5 UM @IEE T e b
ANRIIIRAL ) . BUURAER, 2005(1) .63 -64.

[19] XUKRT*, FR3ES, et 4. BRILmRfb o il = 1R T
ZAMRBETELT]. hIEE, 2015, 40(5) 34 -38.

[20] LINDER M, KOCHANOWSKI N, FANNI J, et al. Re-
sponse surface optimization of lipase — catalysed esterifica-
tion of glycerol and n —3 polyunsaturated fatty acids from

salmon o0il[ J ]. Process Biochem,2005(40) ;273 —279.

[12] MORENO - PEREZA S, LUNAP,SENORANS F J, et al. [21] KRALOVEC J A,WANG W,BARROW C J. Production of
Enzymatic synthesis of triacylglycerols of docosahexaenoic omega — 3 triacylglycerol concentrates using a new food
acid; transesterification of its ethyl esters with glycerol grade immobilized Candida antarctica lipase B[ J]. Aust J
[J].Food Chem, 2015, 187:225 —229. Chem, 2010, 63(63) :922 -928.
(L% 45 7) Sk MG TR 0 B (3. ol 34 B, 2018, 43 (7 )
[5]LIJ, FUY J, QU X J, et al. Biodiesel production from 19 -22.
yellow horn ( Xanthoceras sorbifolia Bunge. ) seed oil using [12] G, WARAF AR A E AT SE [ D). TN B Rl
ion exchange resin as heterogeneous catalyst [ J ]. Biore- K2,2016.

source Technol, 2018,108,112 —118.

(6] 5KAR, BBTTE , fay &5, 55 M0 5 By 7K 70 12 g BCSCRE 2R
K T2 A B AR A3 A [T ). b = b g, 2017,
42(1) .1 -5.

[7] AZADMARD - DAMIRCHI S, HABIBI - NODEH F, HES-
ARI J, et al. Effect of pretreatment with microwaves on oxi-
dative stability and nutraceuticals content of oil from rape-
seed[ J]. Food Chem,2010,121.1211 -1215.

[8] YUHY, FANSQ, BI Q X, et al. Seed morphology, oil
content and fatty acid composition variability assessment in
yellow horn ( Xanthoceras sorbifolium Bunge) germplasm for
optimum biodiesel production [ J]. Ind Crop Prod, 2017,

97 .425 -430.

LR, LRIE R 2% , 55 AN RNICRHE P i BE 1 42 Ak A

SEVEZE S ST [ ] v 13 27 4z, 2018, 33 (10)

63 -70.

[10] OOMAH B D, SITTER L. Characteristics of flaxseed hull

oil[ J]. Food Chem,2009,114(2) :623 —628.

(11] S dfe, s, SREA, A%, B oAk HEOGr LA SR 40 i

(9

[}

[13] GOMEZ - ALONSO S, MANCEBO - CAMPOS V, SAL-
VADOR D. Evolution of major and minor components and
oxidation indices of virgin olive oil during 21 months stor-
age at room temperature [ J ]. Food Chem, 2007, 100;
36 —42.

[14] MIRALIAKBARI H, SHAHIDI F. Antioxidant activity of
minor components of tree nut oils[ J]. Food Chem,2008,
111.421 -427.

(15 ] WRIFH. sk B0k b Ak 45 44 K it i ot o 1T XUBR: B4 5 Wi
[ D] KM = g Tolk K%, 2015.

[16] Heffa =2 ARt [ M. bt fbor Tolk Hi ik, 2005.

(17 ] i, 03 64 12 J5 o B L % 75 5% A S 1R IR0 D't 46 4
BT B LD ). st Al BB ,2016.

(18] MRS, XIARFI, By e, 2 Ry vk e skt i AL AR
FEVEARSCHELT ). b R 27412, 2016,31(4) 85 - 88.

[19] NIU Y X, ROGIEWICZ A,WAN C Y, et al. Effect of mi-
crowave treatment on the efficacy of expeller pressing of
Brassica napus rapeseed and Brassica juncea mustard seeds

[J]. Food Chem,2015,63:3078 —3084.



