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(2] MU UEDABRESIRE - REARMAIRERAMGERRI  AMEGERYD  BESZRIZESR - K
DEABSRZFEMACREE  EHEEE EEERNREEREE At TRHENSLREEHEES
BHBESRER - BYHNERRE  HEREME AR - Al BRHESFTM Y08  FIBEMR - &30
ALANHOM ~ ZRoH - TP RS RSB EEmE LB REEREf - It/ \BEF R E T ERABMAENE
A R EZBNSERER AR - R - BRDAERS I \BE R 2SR EMNARRBEME - Bt - K
MR UL ) \IB1E T8 MAHAE TR E R B (oil stability index, OSI ) REEHRIEEILRELNREE - SEREMKA
B BMEEE  BERASLE E—PRFPHARNALEREL - MREREHN - JVEARE D - DIEIE{CH
B OSI &S ( 6.00 +0.06 h ) - B/RESE(CIREMERE ; MK - 2R RIIBEMRA OSI KRIE(E/NR 1 h) -
HERENRE - HACOhatREMRETECERAHIEAE T ABMEMKAN -  BBSLERE ; K&iT
H - ZHa B E RS CREMREBEARETERZ T ABMEDEAEN - EXFaRAZhMERBS(E
RS - EMEEHR oSl KA EREM -

(B ) MME AR ERE - BRLE BEh BHEI8 -

Investigation of the oxidation stability of 8 plant seed oils

Wen-Chun Chan! Yi Chiu' Hui-Ting Chang ?
Liang-Jong Wang > Fu-Lan Hsu *"

[ Abstract] Lipid plays important roles in maintaining body temperature, protecting organs, and promoting absorption of fat-
soluble vitamins. However, when oil is exposed to air, moisture and light, the valuable nutrients in the oil begin to oxidize and
deteriorate and cause discoloration, off-odor or loss of nutritional value. Therefore, understanding the oxidative stability of the
oil is very important for producers and consumers. There are many kinds of vegetable oils, and their oxidative stabilities are
different. Among them, perilla seed oil, walnut oil, borage oil, camellia oil, korean pine seed oil, sesame oil, pumpkin seed oil
and sweet almond oil are 8 commonly pressing seed oils available on Taiwan market. The 8 seed oils are mainly composed of
unsaturated fatty acids, and it is worthy to investigate the oxidative stability of them. However, there are few studies on the
oxidative stability of these 8 seed oils. Therefore, this study analyzed the oil stability index (OSI) of the 8 plant seed oils and
the factors affecting the oxidative stability of the oil, including fatty acid composition, total phenolic content, acid value and
peroxide value. The experimental results showed that the sweet almond oil had the highest OSI (6.00 + 0.06 h), indicating that
its oxidative stability was the best among the 8 tested oils. The OSI of perilla seed oil, walnut oil and borage oil were the lowest
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and less than 1 h, and their oxidative stabilities were poor. Sweet almond oil has higher oxidation stability mainly because it is
mainly composed of monounsaturated fatty acids and has the lowest peroxide value; while perilla seed oil, walnut oil and
borage oil have the lowest oxidation stability because they are mainly composed of polyunsaturated fatty acids, and higher acid
value and peroxide value of perilla seed oil and walnut oil which reduce their OSI and oxidation stability.

[ Key words] Acid value, Oil stability index, Peroxide value, Seed oil, Total phenolic content.
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HEEASRatnEESNAR - HEUH
RETTLUE Bh A BRI B0 < (R - (2R IR
HHEE A D E - K MIRKLURIZ G A B
A AN BRSNS - ELE - RASH BB HR AL
MREBRANEE ZHESLTEEEER

it

EUMBIEK  BEEERABASEEY  KEmEmlE
RBEEHBEKMEVE ( Shahidi and Zhong, 2010 ) * 24
m  AEEREAETERIER - RE - KB
KARBEASHIENRARSTZRELELR
8L BREEEARTIK  RIKEESNEERMN
%2 EMmMEEIHIENFRFHERE ( Kochhar and
Henry, 2009 )- AR EE2E M EEHIBERRE( oil
stability index, OSI )5 IEAHEE( Parker et al., 2003 )-
oSl 2 ERAMRERENEZER EaFE
TEENEERARBEENRENA - HiEE
e RERAEERNFEERERBEER
HBERED - ETHBENERS(EEER - SUBRFT
B2 OSI BERT~ERAHANELEEHELT
( Farhoosh et al., 2008 ) -
HIESEREREMHERIAFZREFE - E
IEABHME  BIfEELRAR BE - BELE
BRI E(ERK 25 ( Liu and White, 1992 ; Choe
and Min, 2006 ) - JHREEZEH = E HBFAIEA -
WM E R iERRNEE A HEE S|
EREMFERK - M=_KEHHAEEZ2H8 3 @R
feel 1 EEHUERRBEMAMNIEEY  H - 5
BRI D& 3 KEE - DRI IRk B iR
4ERVERFNAS AR B ( saturated fatty acid )~ Wi 5 1
& €8 52 19 B8 70 A 8 AN A5 A5 B&( monounsaturated fatty
acid ) - DIRIKEE EA 2 A EER#IZ T AR
BERGBE ( polyunsaturated fatty acid ) ( Rustan and
Drevon, 2005 ) B F AR S LRGN RE P SEEBIAR[E
MBEA—ENEY  NMEZE T ABEMIEREKN

HEEEZ T AEMERKREEESNELEEN
( Sanchez-Machado et al.,2015 )° I54N - SHAS T2 5
RIBPKMEFLEMSBIE - HEEBKEEKER
BB A A RERE M BE ( free fatty acid, FFA )
( Preschaeral.,2014 ) M AEEIERBEREERIE
AR ENREBEIEY ( hydroperoxide ) -
SHEtyEEEaEaERE  EFEHMBEL
1 BEIRMRBEIEY ( cyclic peroxides ) IRE R
BEEY) (epoxy hydroperoxides )+ _ & @& LY
( dihydroperoxides ) & B & 8 | E ¥ ( keto
hydroperoxides )5 - ELEMEEBUHIEING - m
BESIEEBMESE (Frankel, 1988 ) BEILE
( peroxide value, POV B & HIE M P Wik &1L E
) - TMENSBEEYRRE ( Cebieral., 2017 ) H
KB EREENEMAERE  BEHZBEEENR
BEREsEMEINME ( Fregaetal., 1999 ) &
ERIENEEIRE M - 22 RIEPEBRAN
MR UME(EEYS - RIDDER AT
BHEE - BERIENEEIEE ( Hoed, 2010 ). M
ReHENELEREEN -

BYRETER SEEFRAPEEES
o DB MEmvER - Hb - 2BFRZHNE
ZAlEEET  EINERRE RAEEEENR
R - ERZEYEF NP - KEFH ( perillaseed
oil 2B EEH a-linolenic acid BEE BN A FB AN 3%
B ( Lee and Song, 2012 ) ; #Z#H ( walnut oil ) &
2ABAIEMREEE ARRERERE - WiEL
ME%EE ( Zhang et al., 2011 ) ; FRIEEH ( borage
oil ) A y-linolenic acid A LUBAEZLARIE -~ 2B
78 KO B BER SR IE ( Kotnik et al., 2006 ); E4<
A ( camellia oil ) EBTIERE - (REFRANOH -
BELMEERKRBEH RERFEEZINY (Liet al,
2011 ); #AKFIH ( pine nut oil ) 77 FIRSRIE A iR 15
8 - PREIMASFN MM iE K HDHIB 8 2 F& ( Wang ez al.,
2011 ); ZRisH ( sesame oil ) O PR MR E [E 2
KEROMEERAERR (Kurt, 2018 ); B/ H
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( pumpkin seed oil ) DILURL AR S /B2 ~ 5K 95 K B8
B3 - UK = RE It B R 3E AHRE fiE AR ( Stevenson et
al., 2007 ); &1 (almond oil ) BB - 188
RN BHEREINR ( Ahmad, 2010 )° /A
BEYEFHER 70-80% =2 R AE IR 4E
B(FR1) REZEINRERRHE  Am B
BN\ EEYEFREEBEENERTR
- AESHRSESCEE M RAEEET -

AMREBAWEHRIZEME LT RIEE
R~ 2kl TRES EDM ~ 55 5358 £LAA T JH( korean
pine seed oil )~ = fi)H ~ B JIUM B K B 251 H( sweet
almond oil ) &1& F BN 2 HIEREIEHERTE
HIEEEERBREMNER - MAEIHREARS - BRE - 1B
SIEBRBEEHIEZE ( total phenolic content, TPC )
% E—IIRIAEEDEFRZEEEEYR
rEEAREE -

II - SR EAE
(1) M
AEFFE AN IR fe R g BN 2 N\ B E YR

FH( & 1) BEPNESZ iR Sesamum indicum )

SRERIOM( Perilla frutescens )~ B3N H( Cucurbita
moschata )~ WWHBEH ( Borago officinalis ) &8
M ; BINUBEBESR ( Camellia oleifera )~

MOH( Juglans regia )~ ZLAA R JH( Pinus koraiensis )

EHE1TA ( Prunus dulcis ) SRKNEYH -
(1) ZEmp B AT

A RFEANERBEELTP ( potassium
hydroxide, KOH ) Fisher, USA ) #{E#( potassium
iodide X Sigma, USA ) L fZFBE( gallic acid, GA )
( Sigma, USA )~ fix B8 # ( sodium carbonate )( Sigma,
USA )~ IRACHIEESA ( sodium thiosulfate ) ( Merck,
Germany )~ FRBE S #4 ( sodium hydrogen sulfate
anhydrous ) ( Scharlau, Spain ) & Folin-Ciocalteu
reagent ( Sigma, USA ) AR FEAAEIEESD
fi2 ( ethanol ) ( Fisher, USA )+ Z B ( diethyl ether )
( Fisher, USA ) XE&E4 ( acetic acid glacial )( Fisher,
USA ) BP#2 ( methanol )( Merck, Germany )~ £
2 ( isopropanol ) ( Merck, Germany ) & £ ¥ %
( isooctane ) ( Acros, Belgium )

e T e

1 J\iE g mrIIheER -
AEZOR ;B ZME ; C MR ; D EHEC
A E SREOR ; F: BIIEH ; G IIBEH ;
H : #IfAKH »

Fig. 1 Appearance of 8 plant seed oils. A: camellia oil;
B: sesame oil; C: walnut oil; D: sweet almond oil; E:
perilla seed oil; F: pumpkin seed oil; G: borage oil; H:
Korean pine seed oil.

(1) 737&
1. AEREEH

2% CNS 14876 (2004) - LUHREEIEIBE DT
1% ( 892 Professional Rancimat, Metrohm ) #1T OSI
DT - FEEN 3 g M - ERZERME 9 Lh KRE
120°CZIRIE T - A HEER SRR BRIRIETA
EFuARKZERUYE  BRKEBERKE
HEBEEL - dRBETEEEIRASIH
B BB AEE EAEEESEMRRER - UL
BE0% OSI B EBRER 2 -

2. MERnBEAE AR

£ CNS 14759 (2009) - #5HEFLE 40-60 mg 2
HAE - A 4mL ¥k - EBEHABRE - BIA
0.2 mL S EEIHEFEEAAE - DL vortex BIZIIRE -
ETHEPIRCRIE - #ENMA 1 g ZMESP
M - B0 5 min - XL 300 uL J0A 1.2 mL
FEZHHE - D045 um RIRIKIEIE®E - B 1.5mL
FARHEEBANTEE ( gas chromatography-mass
spectrometry, GC-MS )( QP2010, Shimadzu ) 177
i - BATEE%S SP2380 ( AFEEE 0.2 um - A
0.25mmx30m ) BHFEREYR 150°C - i@ 1
min; FHRZEZE 10°C/min; #2458 250°C - 13F@ 2 min e
@ emm E & 230°C @ T ARRER 250°C - BE)
HRBERMES | mL/min - 2REER 501 &3
BNEBRES2 -
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Table 1 Fatty acid composition of 8 plant seed oils from previous researches

Content (%)

Constituent = X X X X X X X
Oil 1 Oil 2 Oil3 0il4 Oil5 Oil 6 Oil 7 Oil 8
Myristic acid (C14:0) - 0.10 - - - - - -
Palmitic acid (C16:0) 7.1 10.23 9.60 3.7 7.4 15.81 6.44 4.70
Palmitoleic acid (C16:1) 0.4 0.07 - - - - - -
Stearic acid (C18:0) 1.0 7.22 4.93 2.3 2.1 3.80  2.58 1.86
Oleic acid (C18:1) 68.5 38.98 39.11 18.8 81.7 2432  14.13 16.92
Linoleic acid (C18:2) 23.0 4272 4338 51.2 8.8 3546 51.44 14.53
Linolenic acid (C18:3) - 0.16 0.28 12.7 - 15.00 16.29 62.26
Arachidic acid (C20:0) - 0.52 0.53 - - 3.13 - -
Gadoleic acid (C20:1) - - - 0.7 - - - -
cis-11,14-Eicosadienoic acid (C20:2) - - - 0.6 - - - -
cis -8,11,14-Eicosatrienoic acid (C20:3) - - - 1.2 - - - -
Behenic acid (C22:0) - - - 0.1 - - - -
Erucic acid (C22:1) - - - - 1.46 - -

Oil 1 : 1M ( Moayedi et al., 2011 ); Oil 2 : F/IFH

=R

Oil 4 : #IAAKFM ( Matthdus et al., 2018 ); Oil 5 :

( Aktasetal., 2018 ); Oil3 : ZRfH ( Kurt, 2018 );

A (Sueral,2014); Oil 6 : FRIEEH ( Soto et al.,

2008 ); Oil 7 : #HkH ( Xie et al., 2018 ); Oil 8 : 5£EkHFF)H (Lietal., 2017 )°

3. BMEZE

KRS EWE L Kujala e al. ( 2000 ) Z 555
7% BEREMARESR (v:v=1:1) ECERK
R MfER GATEREERZSEREMR  MUE
BEFKEEREDAIS 0.0625 - 0.0312 ~ 0.0156
0.0078 /& 0.0039 mg/mL ~ GA A& - B 60 uL JH
A 960 uL EBEFK - BAIA 60 uL 2.0 N i
Folin-Ciocalteu reagent - #5285 5 min EINA 120
uL 35% X BE #A % - B RIES 3 min & - XL 13000
rpm B0 S min - BUBRE A cuvette PRADHIEE
FHAIEEDE R 750 nm WIRYEE - #Bk S ER
AEERZERXJEYE=EmFAEY
GA HHEIZ = ( gallic acid equivalent, GAE ) - Y71
IFRTFBHEZBMEZE  SRNEBRER3 -

4, BRERBEILE

B&E (acidvalue, AV ) KBELERRTESD
RlI£%& CNS 3647 (2003) % CNS 3650 (2003) - M fE
P& ( Titration Excellence T35, Mettler Toledo )
AIRE -

BEENAR DA | g MAEPTE Rt AE BT R Z

MRS - AERTABIE 2.5 g MRIFEMN
D PLI35mL O/ OBEARR (viv=1:1) A8
WA 0.1N S8R IEERRBEZS pH 10 ZEE
BE AT STEERE SBRNEBRER 3

BEE( mgKOH/g -V xCx56.1+W .................. 1
V= BEMEZESSLHIEAR (mL)

= SR8l lBEARZE

W= BmZEE (g)

RRE (N)

BEACEZHEERIABTE 5 g MRFRBEMN
o Bl4omL KEERE/RESHBRR (viv=3:2) &
& . B 0.5 mL BBANREMEERAR K 30 mL KB
FIK - WA 0.01 N MARENVEERRBEEESE

BEREZEZESH ko 2 SIEHEBEAIL
B SRNEBERESS -

BE(EE (meq Oskg )= (S-B)xNx 1000 +

S = BREFTEREZIM IR INAR (mL )
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B = ZERERFUEEZMICMERNA R (mL )
N= MARMNARZEERE (N)
= ZmZEE (g)

=

5. #EtHE

A BREIBEF SAS # 58S L Scheffe JAH#ETT
DT - ERBEBR 95% - WA SPSS A EtEREE S
OSI BHHE M S EETT Pearson 1HEA DT -

I ~ ZEREASTER
(1) BFHimis B EIs s

S OSI B MAE 2 2 E M AL IEAB R ( Parker et
al., 2003 ) # A DIRREE M EEIZE M -
2 BN\ EEYREF B OSI KIEHA1TMAY OSI &
= (6.00+£0.06h ) HRAEE/IFH (3.83+0.09
h) RERH (2.98+0.14h ) SLERIH - ZHkH -
MBEEHRREZHE/NR 1h - EAHTRN/\EE
MIEF P EE( M OSI &S - RAES(EE
EMERE  KR&iA  ZCHRITIBE R OSI &

iz
ENE E
R
fol A =it
=R
I E M
Pittid

I U
RO

& RRESEEREMEE © Kochhar and Henry
(2009 ) BB P o4 )\ IEEY)H OSI - Hp -
A1HAY OSI 4% 10.2 h - HEMFFT Z ) \FE M P HE
e - MR Z 0SI 442 h - HEIFFEZ)\1E
MPRHRE - —ERARKBRMER -

(1) & HAYRE ML 4B Y

*= 2 B\EEYEFAZiEmEEAR - B4
RO PEL)\BENEFHERA 0% LA
EFAEREE - Hop - B ARE X HAEZELE T
REBFAERHEE oleic acid C18:1 YEAL - 7 Al& 67.94
K 82.85 % ; BTN & i M 3 ZH oleic acid &
linoleic acid ( C18:2) ZBA - 2 #&AZ oleic acid Y
ZE70 A% 37.17 K 40.50% - linoleic acid IEZE
DA% 44.93 K 45.10% ; ALK B RAZMREZE
PIZ e A8 PE BAEE linoleic acid 2BAY - /ALY
BEENERIRERY 47.65 K 60.67% ; IRIBERRAEE
ZH oleic acid - linoleic acid & a-linolenic acid
(C18:3 ¥R HE2E 0 A% 20.67-37.85 % 19.33%;
Kol EZUZ T AEMAAEE a-linolenic acid
AR - 1L 7 EASREIREERY 59.98% - AT \iE

OSl (h)
2 N\FEEYEFHHIEREEE - 8BS mean+SD (n=2); FEAFEBETRSEBFIEEREE
FE(p<0.05)-
Fig. 2 Oil stability index of 8 plant seed oils.
Values: mean + SD (n = 2); data with different letters are significantly different p < 0.05.
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Table 2 Fatty acid composition of 8 plant seed oils

. Content (%)
Constituent - ) 3 3 . ; . -
Oil 1 0Oil 2 Oil 3 Oil4 Oil5 O0il6 0Oil7 Oil8
Palmitic acid (C16:0) 396 10.95 8.16  4.26 8.03 10.28 540 517
Stearic acid (C18:0) 0.75 5.88 4.68 1.88 1.74 478 1.95 1.83
Oleic acid (C18:1) 67.94 37.17 40.50 27.84 82.85 2021 22.12 18.04
cis-13-Octadecenoic acid (C18:1) - 0.71 1.03 0.48 - 0.46 0.81 0.83
Linoleic acid (C18:2) 26.78  44.93 45.10 47.65 7.18 37.85 60.67 14.16
5,9-Octadecadienoic acid (C18:2) - - - 1.89 - - - -
a-Linolenic acid (C18:3) - - - - - - 9.04 59.98
y-Linolenic acid (C18:3) - - - - - 19.33 - -
5,9,12-Octadecatrienoic acid (C18:3) - - - 14.03 - - - -
Nonadecanoic acid (C19:0) - 0.36 0.52 0.35 - - - -
cis-10-Nonadecenoic acid (C19:1) 0.58 - - - - 2.01 - -
Gondoic acid (C20:1) - - - 0.97 0.29 4.08 - -
5,11,14-Eicosatrienoic acid (C20:3) - - - 0.64 - - - -
Nervonic acid (C24:1) - - - - - 1.00 - -
Saturated 471 17.19 1336  6.49 9.77 15.06  7.35 7.00
Monounsaturated 68.52 37.88 41.53 29.29 83.14 27.76 2293 18.87
Polyunsaturated 26.78  44.93 45.10 64.21 7.18 5718 69.71 74.14

Oil1 : B&E1TH ; Oil2 : B/IFFH ; 0il3 ;
Oil 7 : #ZHkH ; Oil 8 : KEF/H -

B EF R BE AR BE A8 A% B2 B A B SR 45 SR AE 1L
(R1) BCHEEEXHEZARBETARMIE
e EIERZAEZERETKZ TN
MAEMBR AR - AAR - TRIBEM - 2O KRR
FATMEZDZ AR AN -
—HREHEAEENEZARAS - HPW
EBETEhEatRBEMNEERR— -
ERFBE AR - %ﬁ*ﬁ@ﬁﬂﬁﬁﬁﬂﬁ&yﬁxﬁgﬂﬂﬁ
I =P o ABMMERERES S -
ZERSHESEEEMRE - Zliﬁﬁnqjs'ﬁ?
Ol ZYCHEIRBER2RZZ T ABMER
BE8  DAlE 7414 69.71 K 57.18% (%R 2 )
HIEHE oSI RE (B 2 ) EEEEMN G/ \iEE
MIETHZ PR ZER © Parker eral. ( 2003 ) LEEX &
ZNM ( caraway seed oil )~ KA ( hemp seed
oil )* E#EHFH ( cranberry seed oil ) K ERZEE
JH ( carrotseed oil ) ROREAABR4H A KMBE | (EIBE
M HZ oA BMMEER =89 57 58.66°79.29
67.57 & 13.47 % - DIKiAF M2 o A8 F A5 A5

ﬁ/ﬁﬂ Oil4 : AW #%/Hﬂ Oil5 : BEH ; O1l6 : I %E/Hﬂ ;

KIEES SLRENEE  WERAXMAL
SRAEEL -
() EFHBHESE

B 3 RN\BEVEFHZENEZE S

N AN AT EZERG4 0.021 £ 0.002 GAE
mg/g - ERBIREEEM 0.018 +0.001 GAE mg/g -
BERZROH KEMRAAANE 25075 0.016
+0.002 * 0015i0001 50.013+0.001 GAE mg/g -
RIEZERER/HE(OR - SXBRZR - 72
Bl%S 0.010 +0.001 ~ 0.008 + 0.000 E2 0.009 + 0.001
GAE mg/g °

At /\EEYEFRPLIEHES{CER OSI
e (B 2) BEAMEBE2ERE ; KM
OSI BR1E (B 2) MEAMBSEAIERS - Siger
etal. (2008 ) MIRAERMABILIRS - EMEKERAK
R =W BErd - BRE - 853id s K
FifAF o EEF”r’%iE SKgM R m IS 9 T&fE+
BiERZADEIERMBARERERE - Ho
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EE M
Py b
%R

ab

cd
bc

de

cd

0.000 0.005

0.010

0.015 0.020 0.025

TPC (GAE mg/g)
3 N\IEENEFHZERBEEE - BER mean+SD (n=3); FRAFEERSAHBFHEEREER

(p<0.05)-
Fig. 3 Total phenolic content of § plant seed oils.

Values: mean = SD (n = 3); data with different letters are significantly different p < 0.05.

EICHEEARHNBH B/ EHE - BEEHE
FREBENBENPRELE - I AEEYE !
ZERMEBEIEENFEEERYUAAIERRE - B
BEaVARBEYHRRZNEERIZ— TR
FiENEFHZBMEHRLEYNEERSE
WA - BEESY ZERNREEEEREIT
AR B AREYHZE ERnEZEs.
HERSEETA—E85 -

(Iv) EFHBRERBREE

NEEYEFANBERBAS(LEMNE 3 Fr
T~ BFHZBEMEETMR (348 £ 0.01 mg
KOH/g ) KAZ#kH ( 3.28+0.01 mg KOH/g ) & -
B/IAOM (2.99+0.02 mg KOH/g ) K= A ( 2.93
+0.01 mg KOH/g ) HR - BEREN BRI H
(1.11 £ 0.01 mg KOH/g ) BRE% DA 1 g HAEd
kAR EE ( free fatty acid, FFA ) FrEE &L/
22 BREUSFRHIED FFA #ZBhisKE#
FHIEEHS  EMREHEENE(EREY - A4
)\ EEYEF P ESFORRZYHNE E &
= HRZHW FFA 22 @ O/8E%EH OSI 1K (
2) WIREA - BAEE(ERESRE -

=3 N\EEyeraziRERBRILE

Table 3 Acid value and peroxide value of 8 plant seed

oils
_— [ BELE
(mg KOH/g) (meq Oy/kg)
EHAE{H 233+0.01° 0.16+0.02¢
B I H 2.99+0.02° 1.68+0.12°¢
= i 2.93+0.01° 0.26+0.01¢
FAR YN i 1.11+£0.01°¢ 2.10+0.27 b
HEOH 2.09+0.114¢ 1.97 +0.10 b
MIBE M 2.19+0.02 < 1.37+0.04°¢
2k 3.28+0.01° 6.27+£0.61°
SKEOH 3.48+0.01° 2.78+0.15°

HES mean+ SD (n=3); FEFZEERNZAEE
FHHEEREEZEE (p<0.05)-

NEEYREFhmzBgEEEP  DUztin
BEEERS (6.27+0.61 meqOykg ) HRABEK
BRMFOM (2.78 £ 0.15 meq Ox/kg )~ ALAAKTIA ( 2.10
+£0.27 meq Ox/kg ) REFOH( 1.97£0.10 meq O/kg )
BE(EERERZMOM(0.26+0.01 meq Ovkg ) &
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x4 \EEYREFHHRRERMARMSEZHE L

Table 4 Pearson correlations between oil stability index and other parameters of 8 plant seed olis

SFA MUFA PUFA TPC AV POV

r -0.005 0.469 -0.467 0.147 -0.027 -0.622

r: Pearson 1BRE1A 8L ; SFA : BBRIFEAHEE ; MUFA : BB o ARERFNASRAEE ; PUFA : 2 0 ARBEFIAAGEL ; TPC :

MEMEZE ; AV BE ; POV : B&AMLE -

FHE1H (0.16+0.02 meq Oxkg ) - BEALEHS
RNEZARZNEBELY  SBSLEYNS
EFSRAKEELHMBAELY  REHES
b EMRERESERES - ZYhBEEE
B ZNEHARSHE(EY - BEHEZ OSI
(E2) R&E(BEY -

(V) B aNEtREET

= 4 B)\EEYREFHY OSI HAZIESHE
FAERM - SRR OSI BEELY VEALRE
ZERAEREMY - Ho - OSI SR eaFAEEE 4 5l &
BELEZHAURS  PBRERAMESIEN
HEMRE  RTMESYESEEaEMNat
BEY  MEENEERAMHEE - Ayyildiz ef al.
(2015) TNMEEVHBERN EEBE M ARSI BE A AT, -
maEbmn  HEEhEEAE YN ZEHE@E
FRLUARE Z @ EB BT ABARE—ERE -
BlUNAs AR B A AL B R B R S E B EMMNESE
RE - BEeERR RS2 ERS  BERK
EHENEEY meEdlEPEEna sy - Bl
BB hERSEEY - Bt - e AR/ \EE
MEFHZ OSI - REMHBAAEAL - B ESE - BB
FBEEEMAOITER - DUR\EEiET A
HEEREN - BAMRERERE . \EEYE
FaZE  ZHENZTARNERRZERS
(69.71% ) BEIEZEERE ( 0.009 GAE mg/g )"
FHAEE & ( 3.28 mg KOH/g ) KBEIEE ( 6.27 meq
Oy/kg ) DI UE R ZMHA BRI B R E B E b
MzERE - EIAMFMEEEEMR 0SI &
£ (0.05h) HELEBEUE  SEWEER/AH
FN\EEYEFRTERS - B HECOHZER
PZ T AEBMAEIE (26.78% ) EEBEAS
(233 mg KOH/g ) BB FEE&IE ( 0.16 meq
Oy/kg ) EILEZE{HAZ OSI & & (6.00h ) TR
HEtBEURAMFIEMBIES - AFFETD
ERHZEZRABANENREEHEARE

(7.18% ) BEABMBZEHRIE - OSI +5F5 - #H
Hina b n 2 AR BEBEENBE NI {REL
mE/ArPRAE - BERZH BRERERE T
TEBERZBIE - diRSEFHZEEBES
( Nederal et al., 2012 ; Yangetal.,2018 )+ EIL - &
DR EM CEER RN E R EEBRE -
ZHEZHARRAERE  ET7HBENSEIEE
EMRRZHE D -

IV -~ &

AR E 65 E M ol LA 2R A M IE R F
HEAMBAET  HBEZTABNMERES=A
RBARWEE G - XA\ FEEYEF HD SR8
MiE M EsR/ PWMHECHE(EBEEMRE -
M B ARXEZ T BN AKRER TR « Ztk
HERBEERSCIEEMRIEE - 24 - BEIFEA
B AR EREEE N E—REZE - BlFEHE
it aEtY=28s  EIREREHEZSE
EBEM  MEEH PN EENEFERIRET
MHREZEZ— NEABHBESYERERE T8
olENHERNE(EEEM - FIL - 2 7 HkEiE
EM - BT HEETIRE - AMAFTER S AN
BEiEy NRESHEEEENEE 6
IR BB ESE BRENURBSELE T
B\ EEYE T HNAER HERS(EEET B
ARBEEHTMAREFTHEBUREHEEN R
FRAI -

V ~ B
AHRARTHIREEE BB HEARA
107 BRI 1.6.2-75-G2 ASTRHED - HULeR -



2009 F 6 A \iEEYREFHAILE

EMZRE

107

VI ~ £E3XRK

10.

11.

12.

thEE R EE K124 CNS 3647 ( 2003 ) B AH
PetRBR% - MEBZAE - KBENRERRS-
EP:;LEEHH?MEE CNS 3650 ( 2003 ) B FH
Ieiais - BREEEZIIE - KIBEIZER
B -

hEREEZRIZLE CNS 14759 (2009 ) BF
HRPERERE - BRI Pl ZAE - KEEME
R -

hER B R1F % CNS14876( 2004 ) B FHH
Peiais - REMBREZAE - KEEMEE
Ahmad, Z. (2010) The uses and properties of
almond oil. Complement. Ther. Clin. Pract. 16:
10-12.

Aktas, N., K. E. Gerg¢ekaslan and T. Uzlasir
(2018) The effect
treatments on quality characteristics of pumpkin
seed oil. OCL 25: A301.

Ayyildiz, H. F., M. Topkafa, H. Kara and S. T.
H. Sherazi (2015) Evaluation of fatty acid
composition,

of some pre-roasting

tocols profile, and oxidative
stability of some fully refined edible oils. Int. J.
Food Prop. 18: 2064-2076.

Cebi, N., M. T. Yilmaz, O. Sagdic, H. Yuce and
E. Yelboga (2017) Prediction of peroxide value
in omega-3 rich microalgae oil by ATR-FTIR
spectroscopy combined with chemometrics.
Food Chem. 225: 188-196.

Choe, E. and Min D. B. (2006) Comprehensive
reviews in food science and food safety. IFT 5:
169-186.

Farhoosh, R., R. Niazmand, M. Rezaei and M.
Sarabi (2008) Kinetic parameter determination
of vegetable oil oxidation under Rancimat test
conditions. Eur. J. Lipid Sci. Technol. 110: 587-
592.

Frankel, E. N. (1988) Hydroperoxidation of
unsaturated fatty esters. Basic Life Sci. 49: 265-
282.

Frega, N., M. Mozzona and G. Lerckerb (1999)
Effects of free fatty acids on oxidative stability
of vegetable oil. J. Am. Oil Chem. Soc. 3: 325-

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

329.

Hoed, V. V. (2010) Phenolic compounds in seed
oils. Lipid Tech. 22: 247-249.

Kochhar, S. P. and C. J. K. Henry (2009)
Oxidative stability and shelf-life evaluation of
selected culinary oils. Int. J Food Sci. Nutr. 60:
289-296.

Kotnik, P., M. Skerget and Z. Knez (2006)
Kinetics of supercritical carbon dioxide
extraction of borage and evening primrose seed
oil. Eur. J. Lipid Sci. Technol.108: 569-576.
Kurt, C. (2018) Variation in oil content and fatty
acid composition of sesame accessions from
different origins. Grasas Y Aceites 69: e241.
Kujala, T. S., J. M. Loponen, K. D. Klika and K.
Pihlaja (2000) Phenolics and betacyanins in red
beetroot (Beta vulgaris) root: distribution and
effect of cold storage on the content of total
phenolics and three individual compounds. J.
Agric. Food Chem. 48: 5338-5342.

Lee, J. and Y. O. Song (2012) Perilla oil rich in
a-linolenic acid suppresses hepatic SREBPs and
NF-xB expression in hypercholesterolemia-
induced apolipoprotein E knockout mice. Food
Sci. Biotechnol. 21: 807-813.

Li, H., G. Y. Zhou, H. Y. Zhang and J. A. Liu
(2011) Research progress on the health function
of tea oil. J. Med. Plants Res. 5: 485-489.

Li, H., Z. Zhang, D. He, Y. Xia, Q. Liu and X.
Li (2017)
enzymatic extraction of oil from perilla seeds

Ultrasound-assisted  aqueous

and determination of its physicochemical

properties, fatty acid composition and
antioxidant activity. Food Sci. Technol. 37: 71-
77.

Liu, H. R. and P. J. White (1992) Oxidative
stability of soybean oils with altered fatty acid
compositions. J. Am. Oil Chem. Soc. 69: 528-
532.

Matthéus, B., P. Li, F. Ma, H. Zhou, J. Jiang and
M. M. Ozcan (2018) Is the profile of fatty acids,
suitable to

tocopherols, and amino acids

differentiate Pinus armandii suspicious to be



108 EXE BRI REIF HEE TFR FFE METSE FOREST PRODUCTS INDUSTRIES Vol.38

No.2

23.

24,

25.

26.

217.

28.

29.

30.

31

32.

responsible for the pine nut syndrome from
other Pinus species? Chem. Biodivers. 15:
€1700323.

Moayedi, A., K. Rezaei, S. Moini and B.
Keshavarz (2011) Chemical compositions of
oils from several wild almond species. J. Am.
Oil Chem. Soc. 88: 503-508.

Nederal, S., D. Skevin, K. Kralji¢, M.
Obranovi¢, S. Papesa and A. Bataljaku (2012)
Chemical composition and oxidative stability of
roasted and cold pressed pumpkin seed oils. J.
Am. Oil Chem. Soc. 89: 1763-1770.

Parker, T. D., D. A. Adams, K. Zhou, M. Harris
and L. YU (2003) Fatty acid composition and
oxidative stability of cold-pressed edible seed
oils. J. Food Sci. 68: 1240-1243.

Prescha, A., M. Grajzer, M. Dedyk and H.
Grajeta (2014) The antioxidant activity and
oxidative stability of cold-pressed oils. J. Am.
Oil Chem. Soc. 91: 1291-1301.

Rustan, A. C. and C. A. Drevon (2005) Fatty
acids: structures and properties. ELS, John
Wiley and Sons, Ltd.

Sanchez-Machado, D. L., J. Lopez-Cervantes, J.
A. Nunez-Gastélum, G. S. Mora-Lépez, J.
Lopez-Hernandez and P. Paseiro-Losada (2015)
Effect of the refining process on Moringa
oleifera seed oil quality. Food Chem. 187: 53-
57.

Shahidi, F. and Y. Zhong (2010) Novel
antioxidants in food quality preservation and

health promotion. Eur. J. Lipid Sci. Technol. 112:

930-940.

Singer, A., M. Nogala-Kalucka and E. Lampart-
Szczapa (2008) The content and antioxidant
activity of phenolic compounds in cold-pressed
plant oils. J. Food Lipids 15: 137-149.

Soto, C., E. Conde, A. Moure, M. E. Zaiiga and
H. Dominguez (2008) Supercritical extraction
of borage seed oil coupled to conventional
solvent extraction of  antioxidants. Eur. J.
Lipid Sci. Technol. 110: 1035-1044.
Stevenson, D. G., F. J. Eller, L. Wang J. L. Jane,

33.

34.

35.

36.

37.

T. Wang and G. E. Inglett (2007) Oil and
tocopherol content and composition of pumpkin
seed oil in 12 cultivars. J. Agric. Food Chem. 55:
4005-4013.

Su, M. H., M. C. Shih and K. H. Lin (2014)
Chemical composition of seed oils in native
Taiwanese Camellia species. Food Chem. 156:
369-373.

Wang, H., G. Zu, L. Yang, Y. G. Zu, H. Wang, Z.
H. Zhang, Y. Zhang, L. Zhang and H. Z. Wang
(2011) Effects of heat and ultraviolet radiation
on the oxidative stability of pine nut oil
supplemented with carnosic acid. J. Agric. Food
Chem. 59: 13018-13025.

Xie, C., Z. F. Ma, F. Li, H. Zhang, L. Kong, Z.
Yang and W. Xie (2018) Storage quality of
walnut oil containing lycopene during
accelerated oxidation. J. Food Sci. Technol. 55:
1387-1395.

Yang, K. M., F. L. Hsu, C. W. Chen, C. L. Hsu
and M. C. Cheng (2018) Quality
characterization and oxidative stability of
camellia seed oils produced with different
roasting temperatures. J. Oleo Sci. 67: 389-396.
Zhang, J., J. A. Grieger, P. M. Kris-Etherton, J.
T. Thompson, P. J. Gillies, J. A. Fleming and J.
P. V. Heuvel (2011) Walnut oil increases
cholesterol efflux through inhibition of stearoyl
CoA desaturase 1 in THP-1 macrophage-
derived foam cells. Nutr. Metab. 8: 61.



