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Abstract

The Camellia family is one of the four famous woody oil plants. The oil pressed from
camellia seeds, known as Camellia seed oil, is rich in monounsaturated fatty acids. It also
provides various benefits to health, such as relieving stomachache and preventing
cardiovascular diseases. The most common way of using camellia oil is to cook at low
temperatures. It is also suggested that Camellia seed oil is suitable for high temperature
cooking since its smoke point is around 220°C. However, there was little study on the
effects of cooking temperature on the quality of Camellia seed oil. In this study,
commercial Camellia brevistyla seed oil was continuously heated at 100, 140 and 180°C
for 24 h and analyzed for the influence of cooking temperature on the quality and activity
of C. brevistyla seed oil, including the oil color, fatty acids, total polar compounds, acid
value, peroxide value, oxidative stability, a- tocopherol, squalene and volatile compounds.
There is also a comparison with the properties of the thee pressed seed oil, C. brevistyla
seed oil, flaxseed oil and sunflower oil, at high temperatures. In the biological activity
study, heat shock test and paralysis test were conducted by use of Caenorhabditis elegans
as a model organism to investigate whether C. brevistyla seed oil has the prolong the
lifespan and anti-Alzheimers disease effect. The effect of different cooking temperature
on the activity of C. brevistyla seed oil was also explored.

The effect of cooking temperature on the quality of C. brevistyla seed oil showed that
as the cooking temperature increased, the color of oil lighten, then turned yellow, while
the amount of fatty acids, a-tocopherol and squalene decreased. In addition, the total polar
compounds content and acid value increased, the peroxide value increased first and then
decreased, and the oxidation stability index decreased in C. brevistyla seed oil during
heating time. Moreover, volatile oxidation compounds such as long chain aldehydes
related to rancid odor were produced. Compared with flaxseed oil and sunflower oil, C.
brevistyla seed oil is more stable because of higher monounsaturated fatty acids
proportion and the higher oxidative stability index. In addition, C. brevistyla seed oil at
high temperature has lower degree of oxidative degradation. In the C. elegans activity
study, the C. brevistyla seed oil can eftectively improve the thermotolerance of N2 wild
type C. elegans in high temperature stress and inhibit the f-amyloid-induced paralysis

toxicity of GMC101 transfergenetic C. elegans, yet this effect weaken with higher
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cooking temperature.

Based on the above results, among the three pressed seed oils, high oleic acid C.
brevistyla seed oil is more suitable and has lower degree of oxidative degradation at high
temperature. And C. brevistyla seed oil has the potential to prolong the lifespan of C.
elegans and apply to the treatment or prevention of Alzheimers disease. However, the
quality and activity of C. brevistyla seed oil decreases with the increase of cooking

temperature.

Keywords: Camellia brevistyla seed oil, Caenorhabditis elegans, Cooking, Color, Fatty

acids, Oxidative stability, Volatile compounds.
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iBicAept 2 2 (Myristicacid > Cl4 1 0) o=t & ff& (Linolenicacid - C18 :
3> O0mega-3 "3 ") £ 58 &2 KW 25 1% (FF x> 2015; Maeral., 2011 ;

Yuan et al., 2013 ; Suetal.,2014 ; Yang et al., 2016)

W bW AR EARY > TR AR T FEFF NP R AT L
KFRF A 2 PEEERG R 0 PRAL A 6 B R ST W Y ear ek s B
A% RARay B s s RIF 5 R Y 2R 2 3 (Paul

and Mittal, 1996 ; Gydrik et al., 2006 )
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(2) Hydrocarbons

Squalene ( & X% ) & = 31 &4 » AAFHARL & & 0 Fpdr 0 RS ITF
R R VTR AT P F I @ (S S8 W ¢ I 5 Squalene s 0 ¥
ARERER G f«?%rﬂ?}?k cheFUR F R LA 4 S W ERTMN BN R AR R
Yo & &k st (Kelly, 1999 5 Owen, 2000 ; Zhao et al., 2004 ; Popa, 2015) - = &

7 ¥ Squalene 7 £ 4 ¢ 130 - 220 ppm (Li ef al., 2006 ; Fang et al., 2015) -
q

Bl 1.Squalene z_ it ¥ ;—Eﬁé
Fig. 1. Chemical structures of squalene.

(3) Tocopherols

Tocopherols (2 ¥ f=) # - faa2 % E» 2734y V& > 7 iv pd A&
A > kB4 B ¥ 4 & v fd Tocopherols (a- ~ -~ y-% 3-Tocopherol ) » 12
o-Tocopherol ch2 IEM & B » fitrid P - AL & = 4 » By Ly 43
FABE > 2 3 g G FTet (Kiritsakis » 1998) © = & 4 ¢
Tocopherols 177 & ¥ 270 - 450 ppm > 7z £ "8 & 5 a-Tocopherol > y-Tocopherol >

B-Tocopherol > 8-Tocopherol( & #&= i % »1994; #J& 2. % »2016; Fangeral., 2015 )-

Bl 2. a-Tocopherol 2_ i* § % ’}ﬁ

Fig.2. Chemical structures of a-tocopherol.
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(4) Sterols
= &% ? Sterol 7 £ 9% 29 mg/100 g» 2 & 7 7 Stigmasterol ( & Ff% ) ~
Sitoterol (. Ff% ) # Campesterol (¥ FIfF ) 3 A > A > E W g f

By B O(24RFE > 1994 BIELE > 2016)
(5) Polyphenols

2
(=

BPZF SRt &4 0 ¢ 7 Benzoicacids (¥ 7 fi%) ~ Cinnamic

wt

acids (¢ 42f& ) ~ a- Hydroxyphenylacetic acid (a-#3 % ¢ &) ~ Flavan-3-ols (§ =
fi% ) ~ Flavonols ( & fit % ) ~ Flavones (% % fi* ) # Dihydroflavonoids (= & & fi¢
fR) ¥ it kR PR G 20.56-88.56 ug/ g ¢ 45 76.2 - 90.4% Phenolic
acids » 2.1-9.7% Catechins fv 4.2 - 17.8%H # § fr#g * & ¥ > 4o Naringenin -

Quercetin 2 Kaempferol ¥ (Wanget al.,2017)

2. FEMZASEE

TEGAESPEAREG TS INR T AEEGDBAES T S E AT
PAE A Fr M (A EREs 2 R 2R (FAO)HE 5% 3% @ (Ren
etal ,2015) T ERTFF WA NF RN LG FHEL S EN dodF s
FPF L s gk gEH %% (Chenetal, 1996 ; Wu et al., 2005 ; Lee and

Yen, 2006 : He et al.,2010) » 04T 3 35 F b 2 i b e

(1) 3 izt
LeefrYen (2006) f1* ® A% (Methanol) ~ ¢ fk¢ fiy (Ethylacetate) ~ i fif
(Acetone) % ¢ 3% (Acetonitrile) 487 i3 A EF B2 R > #TiH2 2 A5 B fr
i FDPPHp o i fpé%E ( DPPH: radical savaging assay) 'Z % Trolox§ & #1¥
it it 4 (Trolox equivalent antioxidant capacity, TEAC Assay ) > B| ¢ = & 5 B~ 47
2 g A RERT B RN BERL LG RE DA S E RS DIy
o Tef % HPLCHL™ ff 5 3~4 & B 20 P B8 TR0 ¥ g Vi Ao

8
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http://terms.naer.edu.tw/detail/534434/?index=2

> %] % Sesamin £ 2,5-Bis-benzo[ 1,3]dioxol-5-yl-tetrahydro-furo [3,4-d][1,3]dioxine
PERTEES (AN EFB) DA A P E o IRE R
Fliod AL 2 Frd| A MNP R I0 § 3% ¥ o' MO H2 &
L HFEMEE R PrF|APPHA 2 o Ri3 o 0 T A AR R e P

FERPE DGR B AP R
(2) 2 o3 Ll

AT EAER A R LY WA B R SR e L

"
\*’T

iR G ORTE AR R Foow AR R A R L B o N i
BRRE L LR Bt e B g gk & U4 9o 2 (Feng, 2001 5 Yuan
et al., 2005 ; Zhu et al., 2005 ; He et al., 2010) » § FILEZ Fw ¢ A d 2

Kaempferol glycosides % & fit 55 i* & 4 % & fa+o L ¥* (Liveral,2014)

(3) Frd] R E 1

W Fg P 7 kR oigipRc B g R e MR A 1L 0 Omega-3tg sk (X I
Ba ) A 59 %% MUK L R P R e eOmega-67g AL (T e ) o i H ok L R
e R g AP T o €I L Bt BT F - fApE o @ i F
T lm iz B AR T dmie WO B350 b sk DB @ e B 4 & (Tripoli et al., 2005 )
Siegel (1987) 7% % farfg hpe¥t* B KR mie chd L B8 S % kx o 7
e BT TR RS R e o P R RS C BULR TN TR

Bk 7 REL * BnG B R &270 g7 3o B J oaadrd| s

(4) BELREF il

FengfrZhou (1996) 75 5 2 Kb ~ 2 i 2 b = A1 4 b foiy it o
A2 g R 2 P Py i F ¢ (Lipid peroxidation) 2 #2585 > &%
B H A2 o B BB B e R A e LA FEEEY - A 2 Omega-3
PR E R DA M RTE S Y o Rl

9
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(5) " m Pq % s EH %l b

LDL (Low density lipoprotein) & - f& ™% & *5 39 > f F FF"EHAE T L
Weimed® > @ FLDLER < 0 53 bu ¥ 9 EHM > BHAFY R 5]
o Eeimie 05 55 CBAS  ASE R RA o R gL
%\")ﬁ:&mlgf‘}fﬁﬁ_;{* Deng# + (1993) P34 * p 8% S5 » &
¢z Ak fig ~ BPEE AR 2 LDLJ B 35T %% > @ HDL (High density lipoprotein »
BRASGRY ) RARH e AP v & F A p o Chen® £ (1996) E* p 4
AR A ML RARGES EN T R B R BRI G o

SR H A Ao a0 blRE 2B

wt

7“3’4)3 o ;g‘_i;&gﬁa-‘r—}?%d P,}lﬂ‘ﬁ\jigr—‘g

HDL: &) ~ 3 $ITXB2f# 30 2 # i LT 5 B F L F 2 iv7 > f »eust

BEREI o

(6) His 2 HE 1

Tu® 4 (2017) L E Fd S AL DT A G2 BB B R8T o
PR AR S 2 BN FE (YA ~ # ksl 39 (Heat shock protein )
frPGE2 (# 7P AE2) g 2 » 02 s i g 1~ doie = Jod ~ B
FeE A A oL e MA R R G B E S R0 B EE R

RO R fercd o M et R che ok o

Lee® 4 (2007) 3 %= £ ¥ GCClLzH Fent BERIFF P2 P 2%

BT o % R b ARG 2 X Bl Ry HiEE > 3 4 # % 4 *x (Glutathione, GSH)

1

ZECHRBIE MpEeaniTr > 2l BCClyE Henx BUFEE f“:}Ef:} VK R =
x o £ 7 ¥ 5CClsiA ek BUFBRAR B cnifd (7% > H |7 su B g it 22 p d

mFET Mo

=f

10
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S @ pF R

@5 P ¥ i F & (Autoxidation) 5 p o Fh4asF F R § b Fg Bde 3 R RETG D
WEARY X PR B F R AR EFF LT R b s T FR b Ay
(Acylglycerols) t Asd&prat =8 M2 & R+ 4igd > TS 4R E p d 24
B A EIrE A Y FEY AL Ao BF pd AR A R
B R L fipt b g BB A o SAAE R R A 2 7 X i i F 1 4 (Hydroperoxide )
AHRAFApD AV THEF P AFES AR AT Y HARA A
‘S sy PAPFERD T CTRAE

o

fit ~ e~ g B RARIG R A
4 b ik (Choe et al., 2006) © ¥ 5 1“ p o fhfrd @B F it 07, 2@ F Byt
§ #4omR (Velasco ef al., 2003) > ® =t 5§ (* & J 075 % 3F & 7 5|7 | g @

Fio LEFDERS Y LT EF R TR AR KA B
Hrw e tta et > FEEF P AMI- EAR S 4 £ aF L A

( Guillen and Cabo, 2002 ) -

Ra ZAERY DB R L ER P F R FEARAER  FTEER
NE G LFEE N L FERERT BB gAY - AN EF L A
FULAKE-REZRICE - FILFREREY VP F BAFE -2 BT
oK RE g g AT AL G BH A RE AR F L AL Z R
CRMAGRFEF BT QL T ARG A ST AR Y A A
EEEN ALY R EE S AL PIF I A { ER R
Fovk i =0 B2 50 /ﬂ%"—‘ﬁ 8 * s % (Saguy and Dana, 2003 ; Ziaiifar et al., 2008 ;
Santos et al., 2013 ) o

11
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E PR f AR TR 3 MR AR T R R
Btk {4k 2 AR AER e Mgt s 82 F Efr e § igpk
B G g & RO & T % i S AE P AR
R RAEEARY DEFFRERY THEFG A  F FERDEFRT OERM
AL - At F R PER S TE A A A MR DR Tt
MEREPFFERTEFIHNEFETRLEEL A LR (F 7 1986; Kochhar,

2001 ; Stevenson et al., 1984 ) o

1. i 7 &3 (Sensory evaluation )
B E T RRAR T FORFERTR D AT RCALT PR
AR @R qpd ~ FrRZ AR ZHF L F o sa @ 1% § rhefna gk

I ET g S TRk BRI P g R A AR 0 B R R Ry

)t-

TREAL DT VP PFR BT TR UL T A2 AL R
BEPMR G FEEATY SR Y G AR R R (Fe B

1986 ; Kalogianni et al., 2009 ; Sahasrabudhe et al., 2019 ) -

2. P TRp T E
#i ¢ (Color)~42;2 & (Foaming) ~ k& (Viscosity )~ § “% 2 ( Smoking
point) ~ 475+ % (Refractiveindex ) % 4 & ¥ #c (Dieletric contant ) % 3~ 32 jp] 2>

iz (32 7 > 1986) -

WUFS i P IR W P i d s AZEAER AR B R EFERE T
B greh o T AU Kok kv Rk kR R A ERERPI &%

o IR T E B O € AT e e 4T ¥ el & 2499
Ry AR T b R AT B e o

12
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v B8 p) 72

¢ Ay F 7 £ (Total polar compounds) ~ &% (Acid value) ~ # ¥ i
% (Peroxide value ) ~ # i (lodine value) ~ 7k % # % £ 4 7 & (Non-urea-adduct
fraction) ~ % 4 fi*% ;3 4 2 £ (Petroleum ether insoluble oxidized fatty acids) % i
%k % #k Koz ~ Ko7o ( Extinction coefficients Kosz ~ Ko7o) & — 4% * chit 5 p| 2
i (3E> 7 > 1986)
(1) #fittfz i

W H AR BT A BEARY W2 HRARE X IEY oq & 2 FE R
fe &I B > 4oy W - g (Diglycerides) ~ 4 i ¥ iz (Monoglycerides ) ~ #53f
AR EERENRAEL N CREFTAY S B RES TOREL T mE
&4, (Casal et al, 2010) > BAZY 7 ¢ & 4 — B4 g 17 > doThl 7y 7t § 48
(Cyclic fatty acid monomers ) 2 /i % 7 S & 4 % > a3 & ¢ gdimidic & H &
AHFFTETEALB - HAFFHEAR & FIL BB T ENIRRIF
B T g o BTE S 2 AR TLRAERE T £ 7 £ 25% 0 o gt 2
FAHREIREFEIPP T I ELF oML M e 2 LG (FRE

1988 ) °

(2) pif

WA R AL LSRN S BARRE - By WA e
Fb gk § ok fRE B F b K W fat T S R S PR L
PRM AR R R A 0 Ay PR
(3) &% 1

MR E R FNEY S AL AR ATE TR LBy iR B
ARG 0 2 AEF N PR REE A Ao d NEF SRR
T FAF R P R i Ay R HEIARNTE TR .

13
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(4) =
BT SRR e Y R R A o B B § SR 2 R A e S R
B wepl BARE 0 B RARG kRO RN R F S B 5

FHF NG BT g

(5) P2z &
MFS R BB ZE = 0.7%2 FLE < 170°CE b EL
PR EE = 1.0% BV ARG W g R i i gt % R B fopE

RERRPITTR S > 2 REF A AT RN F RS

4. h g b S R
BEriimfline B8 PR F 2 FF 8 F % 098461015 5Lz R T F &
MU 2 IR BERRRE M T A ERE Y > Btk 7L
Mg BE F A R 2 RiEE P 7 0 RURFACT AT
(1) B 2R &R M3 170°CHE (75 Wi YF b 3 Mg pFIre | g ) o
(2) W' Fid iF ERFR AR TR T G FAREN T - A2 o
(3) ki 4246 2.0 mg KOH/g °

(4) Bild 77 £ 25%11F o

14
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AEYHE S R IFR &2 AR
(=) i *apfé
Tekin # 4 (2009) #-ts % b ~ MR EAfa R ~ HRFITHD - F B F
A0 175°CT 4 Sho R4 25h > 1 F b PR e § %1 > 2 CIE Lab
G o FF PR A e e N L B AL RN o F TR
tha (a:f B=%¢ ;0 E=cd ) T SRBEI BN BN 2T F R

=,

—

2oabd o e HIE%E Bt s e M ehb (bif B S T E=F ) %

FaeR e g # d Hagw s A kARE o

Nunes % 4 (2013) #-4F siq ¥¥ A 7d *+ 50 ~ 100 ~ 150 % 200°C4c#: 2 h >
W R R T Ao R0 o 1 CIE L*a*b* )k Sud 1 o 200°CHe Fr2 i 2
b*p A H s BRACET 2N M AT d ¢ 5 AR A 150 &
200°CHe BB 2 L¥Rg » AT d X ra* a4 BEASCBRTARFLE

AEE S R RTFIAEF LMY E SR AR TR

(2) mampaind

Chatzulazarou ¥ * (2006) %= ¥FEAR M ~ X580 ~ Eifffaid 2 EiH & 2
KR EM (viv=1:1) 2 175°CT & X P B 2 E 4B 25h £ §71 % >
AT PR A R o BN BT o w A ¢ A ety L Bl K A S A7 A
Fofgipfa b B TE O U W AT R F o AN P L R G
TR AR s g REE L B R R FF VKRR B S E F (Varela, 1980 )
AR Y LR A R AR EIER TR ETRI K BRI

7% 5B %% (Andrikopoulos ef al.,2002 ; Casal et al., 2010 ) »

Romero ¥ 4 (2003) #-4F 54~ E B &2 % W f % i & 180°CT & <

W0 F P £ TS AT H R AR E A HL c KGN T2 AN 0 B LA

PRI EART AEI MY TR ERFTN MO IR R E AR
15
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o W TS B VEIS 0 A fE chk g R E BRI R ARBR S 5 B o

<

T e g R AR 0 5 AT I T A LR P b

PLFEARF L MR EFTRY DRI IR M

(Z2) $BPEP i g

Casal % 1+ (2010) #4224~ e il i ~ 2 fhA~ P il io ~ R i 0 22 ¥ 1
B 170°CT & 3h"F-=x > 2 ® BaM 5 F 7 B4 25% 5 o (0 i o
T dp ) o W T E G e 7 £ 4 B[ H55-7.0265~6.0% 13.5%
BHe Fiead @il Fresbhg d? DRBEFTZEEF D FRETH
M Ae 0 B AR ISh o REdy TrEDREEy TR 25%9d 0
Fatk o H e ow BIE R A 24 2 27 h 12 AHREY T 3 BATE 25% 0 T Bt
APF R FAR B R EF R OFRR R P Tl e T e

MEGFTEH B X R REAL TR B EF R # HURLE -

By TR B R S LA R4 o PIE A2 F B E B g ih
B g g § A e oig SRR BIRE 0 B At B RS TR 4 chid
P F 5T F E R %% (Brenesetal., 2002 ; Kalogianni et al., 2010 ; Uriarte

and Guillén > 2010) -

() fiy

Casal % % (2010) #3435 YriEcifiid 2 M4~ Y0 ~ MW B 22 4R
Fi w 170°CT % 3hi'f- XATHEELE - 13 ¢ JEHEPF T2 £4216 25%
Sk IR S R L M F TR LA R R 7100 0.1% > B B
0.8% (2009 ) o & % Ao i “Far o w AW OPFRR R W) 3T 0.3% 0 HORF
T L R 5 0.1% 5 KER P PERE R e 0w AR ORARRL B A T 4o
B 2T h B EER A A 0.5-0.7%2 B 0 @ 3F TS chpEAL B TR NE M U PR

fed Fide 0 2 G 1SS 3 0.2% 0 ARER TR 0.1% 0 LR 0 Ei e
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ZEREREDTER REF MBI ApF o BN GFRR RSN FER
Z APMALT 2 F o

Chatzilazarou ¥ 4 (2006) #-4F A= {FEALH ~ 25800 ~ Eififaid 2 B9
BLEHREW (viv=1:1) A 175°CTE X B FELEEEGH 250 238
IX2 . AP EEGRT c FREBF 10h 8 2 fE Fg2Z fl 'y & peH| 4 o
Andrikopoulos # 4 (2002) #-4FsAi- {FEIM S F* FEES A FIEET R

S FRTE S % > A B B 180°C~170°CT i 1 & 2h s AT HE AR

n\\:

BB SR B PR 2 fE R ] 0.49%% 4 T 0.88 % 0.71%>
BHEFEFTE D 014%H4c 2 0358 028% 27 FAE §EF *AFEH
B 4o o
(1) &5 4
Daskalaki & 4 (2009 ) :l%—v}ﬁ‘ﬁ,d: %> 180°CT 4c# 1h» ¥ % 30 min & ’}‘?’}ﬁ‘ﬁ
W2 iEF o F B 2 EF & H 48 8@ Carrasco-Pancorbo %
4 (2007) e e B 2 180°CT 4o 3ho A 473§ 1 2 B 1o Ak
FohfF s Y EAR A i F 1§ 9 10.54 mequiv of Oo/kg > Eifid G4 1 h2
WE LB TEL 620 mequivof Oxkg @ 1 2 25h Py it 1 FdFfE 2 > @ 2
7 4o 4B% > )t % % 22 Cheikhousman % 4 (2005) 277 %% 40k > d >0 iE§
Mgt AR T LA AR TP ARG T A KT A A

HRiEE TR .

Andrikopoulos 3 4 (2002) H#-iFsi-{FfEcifiie 2 " FEMN A BiEET
B }‘T}E,‘Jy CFRTE B % 5 4 W A 180°C~170°CT {7 1 B2 2h s 0 AT HEF
PR FRAT APt r g AiEF L > Casal & 4 (2010) #
BB e E SR b~ S E BT 27 ho B F 1§ fdie 12 h IE{ e
AR SRIF AT R QR BRPFLEF P RT s BETHEPE R
ZoF PRSP AL EREF YT EDEA
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(#) #2455 4T ¢S
Gomez-Alonso % + (2003) #-4F 4~ {E {4 12 180°Cd *F & & % 10 min
FA2F o REFHOX > AP FEAFEER M Y § peaE i & 4+ Tyrosol (p-HPEA )
% Hydroxytyrosol(3,4-DHPEA )%z £ % “ 2 % s X B2 dng (V5o & B p o
oA {F A @ Hydroxytyrosol# H 474 4+ (3,4-DHPEA-EDA) 7 £ i T
» % 1= *F {6 > Hydroxytyrosol 7 £ & "% R 4> 8 1503 60% > ¥ f % 6% ¢ *F i
FI™ B4 8 e010% > 28 @ Tyrosol (p-HPEA) % H j74 # (p-HPEA-EDA and p-
HPEA-EA) 4f 4 £ i% ] **Hydroxytyrosol 2 # ji=# $ - xTyrosol*t B iF i 'F ¢ i
Ao s oh s GDPPHI % p d Aiksh s B $Oi 150 5 paT & 2 b
LEMERGE R 0 d R 42 740 pmol Trolox/kg®# % #£3%250 umol Trolox /kg e
Esposto % % (2015) #-4Fsi{FE M ST 7 F el 3% 2 R Ea o
Al 4 0 2180°C4e A 12h »M30min~1~2-4-6~8~10% 12hB N4tk > &
VARt A BRI o BEMT 0 B F30min BN SR A 2 ER
FeT o 3 %904% 0 H ¢ o =Y (Oleuropin) #7242 H = 230 4 »
2 p §  F i< Hydroxytyrosol (3,4-DHPEA) % # =4 % (3,4-DHPEA-EDA)

F AP o ﬂfm\ﬁfg,@ VS AR AR R R BT A e

Silva % % (2010) 4 %/ §1* 60 g » 180°C s FFIEA b ~ 4= FF AT -

B F IR kM A B R T2 WA P & B ¥ B A 4 Tocopherols
ZER cBEHT O AENIF2ZETH ~ 2K W 2 X 2 0 Tocopherols 7 &
#5024 < 3 180°CP ¢ Tocopherols & £ % > » @ e » &4 (5§ #

teerAB g > e Rl E G A £ 7 5 o0 Tocopherols S5id MFis & » b ¢ o B AW R
Tocopherols = 1% & » {74 1 & 4 a-Tocopherol 5 i » # @ @]z y-Tocopherol
7 53 0 2R F# a-Tocopherol & » $&/p] a-Tocopherol +* y-Tocopherol

BRI T REE .
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(=) EFH- 7

@ g ¢ g 5 RikR¥ 5 Aldehydes ~ Alcohols ~ Carboxylic acids# Esters & > 4v
&% #6:Aldehydes ~ Alcohols £ #jrk 5 B - Esters £ % 4 3 B ; Carboxylic acids
RlEpeek s TR B0 R 2 FRA T Mo A R A4 25 V4%
g Fa A ek o Ly AL X S d WELAEERA A2 0 doHeptanal
Nonanal ~ E-2-Decenal 2 E-2-Undecenal ¥_ » Hexanal, - E,E-2,4-Decadienal ~ E-2-
heptenal 2 E-2-Octenal P'| €37 i I; ;b fik X #1°% f23 2 (Kaluaeral.,2007) o gt ¢t »
% 47 frAldehydes# #  Aldehydes#g it & 4 { & & 14 > 4vE E-2,4-Decadienal & 7

e 3 e L 73 (4 (Boskou et al., 2006 ; Katragadda et al., 2010 )

Nunes % 4 (2009) W A YRR 3550 > 100 ~ 150 % 200°C4e #42h > %
ZERMERZERR P 2 PP LS LA 2GCMSA 172 B R T 24T
FHEF T E2ZHT o R4 BES0°Cie iz TP 7 7 #2% 7 £ 2 Alcohol »
Ester% Terpene#g i & = » @ 150% 200°C+4c £ 2_ &4 4 7] 12 Aldehyde 2 Carboxylic
acid s 2 > ® & pl4dde {of 7 & {rAldehyde 7 £ #« % > 4-Octanal ~ Nonanal

E-2-Nonenal ~ E-2-Decenal 2 E E-2,4-Decadienal & o

(~) B g

# *q 48 ©dp #ic (Oil stability index » OSI) % 77 i %5 § i* 8 T 2 47 3%
(Farhoosheral.,2008 ) » i 3 #-d Fa > B E 7 ¥ 0% VIRET > WPl a kY
b2 pEREL HiE w5 OSI) HR & 50 iy P2 KXPEF - 7 %%U?I'-T‘é o
oz L4 OSIAX B 0 b Pp 4% 4% %o Carrasco-Pancorbo ¥ 4 (2007) #-
Tﬁ’%ﬁ‘}\% 3t 180°C4c# 3h> OSId 25h ™ % Sh> OSIMEF 4e B pF A S 4e @ T % »

?%\?’}Eﬁfﬁ-‘}ﬁi ¥ vz A‘L‘H’.“{f%ﬁ%if&ﬂ&i‘aﬁﬂ Mo 53 o
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W R Py ¢ g sk P & {o R o Chatzilazarou ¥ 4 (2006) # 7 & o
RAE il ~ 2K R 2 R B RN BRED BT AL AR AR A
THOIN B ZANREF TR LMY RRET AR E S A o AR b

B R4 R A o

Conjugated diene (£ #°= %) 7 ? 425§ Az £ F L2356 o i

Mg MARR o KRB a7 o BT 9 Conjugated diene 7 2 ¥+ B

woAp o BOF TS~ 2o 221 4 0 o9 Conjugated diene 14013 § 0 & T B

o

Bredd iy A RN oATHLINE PR AE RM(Silvaetal,

B

2010) »

p-Anisidinevalue (% #":E) 24 7 HPFE -MEPRE - F L A orik
2o B B PR Py R D F I R R o F 7% e p-Anisidine value “E ¥ b U PF R 3
dodm B F 3 3 4 0 B <0 p-Anisidine value RIS B S Tl E 18 4F T kR
d gt F Al i E a4 RF TR U R SRR TR T e
2 (Casaletal.,2010) -

Bk fg B E R G 0 g e B fe A 2 h3 25 F cRomero % 4 (2000) #54%
FIEF b VR o R Y 180°CH YF 4 F & & 20 min 0 A 1 4 A FE
IRk E ey B o ATE e ¢ I Bk i E e A TRk sk H
MR EENFEAH a5 o xm U@ FerIPIFaidn? A

RS TR F VS R o)
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- R
() w#

AR 2 i e LR (B R FRIY) F BHRFTN 2
PR pIFRAT R 2T Y 2B Lk (Camellia brevistyla) ~ I Jfr

( Linum usitatissimum ) 2 % 1= ( Helianthus annuus ) 8+ ¢ M- & T;ET 22 (B/3)e

Bl 3. ‘B B ~ TR - Fop2 2l 5EF (4 22 +)
Fig.3. C. brevistyla seed oil, flaxseed, sunflower seed and C. brevistyla seed.
(=) #Aa®Eb
1. % R'é&fE B (Caenorhabditis elegans)
AEF R * 2 Celegans & k5 5 d W22~ F A+ Hmed HEFT AT
T FERPEHE &2 N2 (Wild-type) % A Fl#&m 8 4 GMC101 (dvls100[Punc-
54::humanA-beta 1-42::unc-54 3’UTR+ Pmtl-2::gfp] ) °
2.~ % 1% & (Escherichia coli OP 50 )

d R Er3IBme s pbEPT Y FHERBERE -
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(2 ) Bk & 57235
IR TR * 20 B R & 3£ Methyl pentadecanoate ( Sigma ) ~ Potassium
hydroxide( KOH, Fisher )~ Sodium chloride( NaCl, Sigma )~ Sodium sulfate anhydrous
(Na2S0s, J.T. Baker )~ Tetramethylammonium hydroxide( TMAH, Acros )~Potassium
iodide (KI, Sigma-Aldrich ) ~ Gallic acid ( C7HeOs, Fisher ) ~ Folin-Ciocalteu reagent
( Fisher )~ Acetic acid ( CH;COOH, Fisher )~ Sodium thiosulfate ( Na»S,Os3, Merck )~
Sodium hydrogen sulfate anhydrous ( NaHSOs, Scharlau ) ~ Squalene ( Acros ) ~ o-
Tocopherol( Sigma )~ Cholrsterol( Sigma )~ Potassium phosphate monobasic( Acros )~
Potassium phosphate dibasic ( Sigma ) ~ Agar ( Sigma) ~ LB Broth ( Affymetrix )
Peptone ( Bioshop )~ Quercetin ( Sigma ) ~ Caffeine ( Acros )o $ * 2_;% 4 & 3£ Ethanol
(Fisher) ~ Ether (Fisher) ~ Hexane (Merck ) ~ Dihydrogen monoxide ( Sigma ) ~

Isopropanol( Merck )~ Isooctane( Acros )~ Acetic acid( Fisher )~ Choroform( Merck )-

A AR
(=) WHE# &

Hf dcz mi LR LR R SRS R A (RfER Y R B0 SX-
TBO2) B # 3 7 & (YW B 4 60 - 90°C) > #+{lib Ffes (4 2T 3+ §
B oo L AR IRALN o AR & R R T R0 4°Ck 4 0 F s R

AT Wi F (%) = (b G g) X 100

=) oGRS
Se B EE A S Z BN 1P 120 gi@iL L F A YES Y 0 A FUR R 100 -
140 2 180°C (4§ * % F ~ AW E B FHBRLER) 24 24h> > 816
2 24h A wB~dU R 2.0 FEAEALL R~ I 2 F TS Bl 180°C R
53 B B L Kb R T N S 2GR B 1000140 2 180°C4e #4 5 *+ 30 2 60 min

BB AR BRA BT o
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(Z) Wrappd SFHGE%

Bk~ 1.5mL #23 3% Cuvette ] * % ¢k k/7 &k & & 2k 3 % (Ultraviolet
- visible spectroscopy » HITACHI U-3010) 4 #7 » 12 & & 380 nm ~ 780 nm % $5 4"
77 LRFTHEF (%T) *TiF8dpd MF7 ¢ Lt CIE 1976 L*a*b*
gk kiR E D65 kiR LB A 10° L* it 2 R E (L*=0> 24 ; L*=100>
vd )rathitsd Flied (a*f B = %F ;0 E = d ) bR ES FF
d (b*:f i = Fd ;e =xd ) F3-HJ LE (AE*) 2 5 ¢ Jpdc (Yellow

Index ) » 2+ 5 2 N 4o

AE* = (L — L1)? + (a; — a1)® + (b — bp)?

100 (1.28X-1.06Z) . ,
Yellow Index = v s B XY SNZ A3 FIEE -

() g vppe A 45 28 5%

RSk M F 40 & 47 B ¥ & (Gas chomatography-mass spectrometry > Shimadzu »
QP2010) & 7447 (F #7225 > 1990) 2P~ 0.05g + T = ? >t 10mL =%
FEP o R Aer B e EE D 10mL o fe ¥ 0.5% (wiv) PRR R o H AR R
0.1gi%* 3mL ¢ ffs > 4v » 0.5mL25% TMAH 27 g it & &> # % & & 10
min & > 4v > 3SmMLH0 ¥ b F s> £ 4 » 3mL&fra AR 3R A K 3R
» 1mL0.5% (wiv) pfRif o Bob B g R I R &FL7 0 e~ EoRERELAN oK
P g im T GCMS e &#g¢ 0 81k GC-MS 274 47 o & 474 45 SP2380
(P ER 02um:e p T 0.25mm*x30m) > ? 118 B 478 170°C » % 40 min ;
R i# 5 3°C/min ; %08 200°C > 458 50mine # 1 BE & 5 230°C 2 » BE R

5 250°C B ApF M E #nid 5 0.75mL/min > At 5 405 1o
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(1) @ ply iz

W 7q @ it P B (Total polar compounds ; TPC) 7 & (2148 * o 'F o
FoE-iE Hk Bl R (Testo 270, Germany ) A 47 » BRI ¢ A T ¥ B2 1 7
HoRr o SARpE R P

%4 CNS3647 (8 % o "ate skt -Peh 2 BlROT & % p & T F Tk

(Mettler toledo - Titration excellence TS) & {7385 o #FEf=B~ 2.5 g 27 R *3F

T4 35mL e fR/e gk (Ll /v) iF57%% £ 1001 N 5 t40/e
FRiB % 5 F %ok o F TL pHIO Z jf =M B> T 28N HHpE

Fi (mgKOH/g) =VxCx56.1/W

V= fF 223§ s (mL)
=gFitepRrigEERE (N)
W= 2 £% (g)

(=) 85 %

%% CNS3650(& * jb *ateSki2-BF L pl)xr®* p &g o Tk
(Mettler toledo > Titration excellence T5) & {7 3%5k o #FFEf=E~ 5.0 g 2 1> f

TAF 0 v AOmL kPEEE/ B ¥ g i (3:2,vV) TERBAL Lt 0.5mL & fr

o3 2 30 mL 2 4ok o ©2 0.01 N A S AR AR L Uk 0 F R
TETRPERCLFER BT AN EHESF o
#3 % (meqOokg) = (S-B) xNx1000+W
S= jf worif 422 B S ERpR4N A% (mL)
= Z U RS TAS L AR AR LA B R (mL)
N= sl pipsars  2ER (N)
W= t#s2£8 (g)
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( ~ ) o-Tocopherol 2 Squalene 7 & 4 47

Mg F/redm (7:3>v/v) (F5 3% fe i 400 ppm a-Tocopherol ~ Squalene
Wedigie 2 20%00 # o SR e 4T fe B SRR R 5 10%00 #% + 20 ppm
&5 ik~ 10%0 th + 40 ppm 1573 7% 2 10%00 % + 60 ppm f5 &% ik 2 1479
BOERME EL > B RWE IR > B SFL 0 2 UPCC (Ultra performance

convergence chomatography * Waters acquity UPC?) i {7 A 47 o
(1) @73 T RER

4 CNS14876 (& * b 3 sk R LA L IR £ 8 7 7§ 4R
& (Metrohm > 892 Professional rancimat ) i& {7 385 o B3R 4 » 2 g3 -k 50g 3t
ETRPICE TR IFS  mTE kY AT R 2 ps/em P HTRF AR
FEZ - F Bab3gd i » H5F Bd A $f init | Be 8T Ry
BE KT ZFMEOLMYER 120°0C»F 85 CHRBET @At TR
K2 AT T S AT TR TR (S R gt R VAR BT RZ
O EETREER LB LPFFY TL R LA RAL T R

H g 45 "5 48 Tdp % (Oil stability index » OSI) -
(1) gL o7

%+ Nunes & £ (2013) =8k > 1 g2 % % » 50°C-Ki# L # 5 min & >
YL TR 7 F AP He 3 B~ (Head-space solid phase microextraction, HS-SPME ) & #*
DVB/CAR/PDMS %4 ‘& ( Divinylbenzene / Carboxen / Polydimethylsiloxane ) 4z & &
o R 3 e RAER R Ao E T 2 T3 M 2 4 (Volatile organic compounds ) °
B~ 30min {4 » # SPME % ;% » > :£4 GC-MS (Shimadzu > QP2010) i& {7 = &
BHFE 4T o R AR AT 0 B s s DB-S (AR 0.25 pmoc pojT
0.25 mm x 30 m) > ¢ Hi & 47§ 35°C > #§ 2 min; 2 g# F 5°C/min ; ¥§
250°C > #F 1min- ¥ IR &R 5 230°C > 2~ B &R 5 220°C > #H4p 5 H70
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# 5 1 mL/min o =~ g (k2 T E (NIST 11 database ) 2 B & Bt 3 » & 12
n-Alkanes (C7-C3o) 7ep Frdf (F0E 2 T 9182 7% § pFFF (Retention time ) 3+ 5 i
£ # 2_ Kovats index (KI) & < }F*J% Bt ¥ (Adams, 2007 ) > LM L2 2 pH 2

oSG (%) £ o

KI (x) = 100P, + 100[(log RT(x) — log RT(Py)) / (log RT(Pn+1) — log RT(Py))]
RT(Pn)fr RT(Po+1) : 5 #&#icn 2 n+ 1 ¢ n-Alkanes 2_ % § P /¥

RT(x):% A4t £ x 2 FERF > 2 RT(Py) = RT(X) = RT(Pn+1)

(+-) &8s FREEFR

1. E. coli OP 50 & %

F=B~ 5 g Tryptone ~ 2.5 g Yeast extract ~ 2.5 g NaCl 2 1 N 0.5 mL NaOH #4c »
500 mL & F#L? » £ 4 » 500 mL ddH>0 #4353 »fie ¥ = = LB broth medium>
fer o~ FE S Y 1 121°CH B F 20 min > FFip f E & o A E Rk (T L ¢
EEIPE A ALY 2 & =22 E coliOP50 ¥ - % » % » LBbroth medium > ¥

W 37°CEr A 47 B %9 24h > LB broth medium ¢ %273 3 o

2. NGM agar plate % %

P~ 3 gNaCl~ 17 gAgar~ 2.5 g Peptone ~ 1 mL Cholesterol ( 5 mg/mL in Ethanol )
% 25 mLK phosphate buffer (pH6.0) 4¢ » & 77557 » £ 4c » 975 mLddH20 # %
24 5 el 2 Agars (¥ % ¢ 12 121°CH Bid ] 20 min > E2ii o i8
Wis > 4o x5 0.22 um Filter g2 2 mL 0.5 M CaCl, 2 MgSO4 » 2 £353 (& »
der I0mLAgar 8 B /S 6ecm 2. ¥ Wi A w P > FiLEEERE 0 2tr 4°CikiF

¥ o°

3. C. elegans * 32 %
GMCI01 # Fl## 7 s B3 % 5+ 16°C2 N2 B9 4 a3 % 200018 % 149
# E. coli OP 50 fi% 22 NGM agar plate » #FaR 5 & & {8 > VR3] 7 7 B— o] B
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# 1 A0 E. coli OP 50 fFik 22 NGM agar plate ©

4. C. elegans 2. #. (R 5. 33 %

%+ Lithgow & %+ (1995) 2 Wei & 4 (2016) :#5% >z T ff (T ez 4r »
0.005~0.01 ~0.02~0.04 2 0.08% (v/v) 2. % fr R AER R 2 B3 L A & 50
** LB broth medium © > 12 0.1% DMSO (v/v) i 5 ¥ Pl o ¥t 200 uL 2 7
%% B2 e NGM agar plate » FH R A g% 18 » 119 £ 5B~ 20 & 14 N2
254 fA M S > NGM agar plate + > S £ 4785 3 B 23 20°Cx %407 24 h
s r KRB R 37°CE 44 2ho (6 R BB BRRAA 2 FEFT

VR $/Jﬁ;ﬁ;£ﬂﬁ§2ﬂaj/%ﬁ’?dﬂﬁ)ﬁ% ,L F = o

5.GMCI101 z Flg 78 & 8 2 frB (Paralysis) :#5%

%+ Dostal & 4 (2010) 2 Wei & 4 (2016) 32 > ;£ » 0.005~0.01~0.02 -
0.04 2 0.08% (v/v) 2. % I R 48 B 2 &40 K b 2 3 {208 >t LB broth medium
? oo 3 02 0.1% DMSO (v/v) i® 5 ¥ P8 %o -0t 200 ul 2. 4]3?]’11’3’1 % T 5z & e NGM
agar plate » FH KA FTUE S > 1w £ 5PB 20 §© L4 GMCI01 A Flg 78 50 2 0
NGM agar plate + > G £ 48 s 3 2230 20°C4 £ 87 24 h{s » 2 » 25°C
S & 47 48ho f& MR BB R FMA Z Frl )0 19 & SE AL A

LR FEHBESEEDF RE R R

('L: ) ,f‘fb"%"";’ e

RS WPt Mean+ S.D. % 3 > ¢ * SPSS szt gt 12 Scheffe /2 & {7 53t &
1otk EEFATERTEZRE > RHERRES 95% pM s 17d A F te T
(Pearson’s test analysis ) i {7 53t 4 47 o 8 4 = & 2 3 = & &~ +7 (Principal
component analysis * PCA ) i& {7 33 2 47 c A B ¥ % Bedp 1 5 4 T # 2 (Student’s
T-test) 2. ke A fie 5 % R Bl t 87447 WL 7 p<0.05>**%& 7 p<0.01>

st W T Epdle R nt LR .
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4 N 2t k21 2/
2255345

- CRAERRMEE LR R 2 B

PARBZFE W EELED AR 2ZEBELEREFEI > eSS
d S%d BrkEEF 4 03100 2 140°CH g T mip h A AR F Y A5 d

FE BN E 0 P 180°C e B T B L B A B S g d sk (R 4)e

#3100 ~ 140 2 180°C4e 42 784 L B 1 # % b %/7 8k A sk k3 kA
15 d5d ¢ LHHEke agrd 5 CIE 1976 L*a*b*fd $dic i R E > 4ok |
ST5R o R br BB Kb 2 L¥va*~b*2 YI 4 92.13+-13.65~120.83 2 108.40
fEd ol Kb 3t 100°C4e 4T H L* ~a*2 AE** 8 h pF 5 94.35+-10.80 2 10.80 -
BRASHPEPREP RSN > A RERF 25 4 S b*2 YL 3 8h g
110.70 2 107.07 > Z A 4 B PFAARE P B L > A FLAPFERF 2 a T%H &5
G F b 20 & IR GBS S 3T 140°CAe A 8h T H LE¥~a*~b*2 YI 4 100.72 >
5501930 2 2873 & A defiz P L E W B FAL R A P BpER S A
ERHFRCCAEYTEHARFT A aBFR AT ERLER G I FILP
B A REF Y A G R ;2 180°Chc 8h T H L*2 ax 1t A
3 9883 %2-657 @ 16 h (5hF4c #PFR 2 @ T < b¥dr YIP|4c £ 8 hpFT %

I 30.08 2 44.03> 16 h &g pE @+ 2@ 2 > 2 AE*ER BT "2 i 5 £

@

TR E e 3 180°CHe A Hib § AR BEIFER P EELER T B

BRAYABT 25 FHP AR E PARBRZ N Fiipl o

W AR ENBRTARHNCEFRC 2 RTAG S AR AL R R
AP RT RGN DG ISP T IEARI ALY T ASEAL S
BERRG S BEDFM T PRI AR TR RN RER
FFE L F b e R ARERZ Y VR o £ e IR e 0 0
AR 7RG Rp 02 % % (Tekin e al., 2009 ; Nunes et al., 2013 ) °
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Unheated &h 16h 24

s

T ~l6h 24

B 4. Z&4r L £ 35 100 ~ 140 2 180°C4e#4 24 h 42 ¢ fpd 2 %1t

Fig. 4. Changes occurred in the color of C. brevistyla seed oil during the thermal
treatment at 100, 140 and 180°C for 24 h.
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Z 1. BHL F 83T 100 ~ 140 2 180°C4e #: 24 h B4R ¢ b g gf ¢ Sz %1
Table 1. Changes occurred in the color parameter of C. brevistyla seed oil during thermal treatment at 100, 140 and 180°C for 24 h.

Temp. (°C) Time (h) L* a* b* AE* YI
Unheated 92.13+0.19 -13.65+0.12 120.83 + 0.46 - 108.40 + 0.00
8 94.35+0.19 -10.80 + 0.45" 110.70 + 2.47 10.80 + 2.47 107.07 + 1.21
100 16 100.08 + 1.08" -5.61 +£0.81° 18.02 +3.47" 103.43 +3.19 26.83 +5.00"
24 100.02 + 0.68" -4.68+0.53" 15.31 +1.70" 106.20 + 1.41 23.23+242"
8 100.72 + 0.60" -5.50+0.29° 19.30+1.97° 102.22 +1.78 28.73 +2.90"
140 16 102.77 £ 0.18" -5.39+0.39" 15.13+1.76" 106.55 + 1.69 22.03 +2.48"
24 102.40 + 0.42" -6.15 +0.65" 1621 £1.97" 105.39 +2.29 2323 +£2.63"
8 98.83 +0.75" -6.57+0.20" 30.08 £ 0.59" 91.27+0.73 44.03 £ 1.10"
180 16 96.96 + 3.53" -8.89+0.13" 40.83 +3.32" 80.32 + 3.41 56.07 +4.11"
24 96.12 £ 0.77" -10.13 + 0.45" 52.35+7.22" 68.84 + 7.63 67.90 + 7.95"

Mean + S.D. (n = 3), * indicates the treated group has statistical difference from the untreated group (p < 0.05)
The values of L*, a*, b*, AE* and YT are statistically analyzed individually.
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S RERRHERLEN P EETZ PR

(=) RAEE R HEHL FS ¢ g hpt e S 2 035
%2 Lamind B2t 1004140 2 180°C4e £ 24 h 429 "3 pfhe 4 B2 81
FbeBiEir L AW 2 A B AR S e L d 66395 mg/g HE kA G BAFHE I
ML d 4 7683 2 7510 mg/g > R A Pafied 15.60 mg/g 0 & P tApL T B G
B S F5F o i ipfiie s kg o e fergpf s B A3 ot hpi 2§ A% B ey
Rfe 7 A4 B A 924266395 % 7510 mg/gc M H A% p i rEE T £ BB 0
T e AR R P AL g R R R AR S % - R (BRE L2015 Yuanet al,,
2013)
fedr F 3t 100 ~ 140 2 180°CHe #4T o L &pfor whfi 2 B IFHL E A Pn ik
WIBEARELCBCHEZEANAFEINNT6O-TT 2 15-1Tmg/g> &P EH 5 3
H A7 &pfoigipfh2 b fa3 100°CHr £ 27 140 2 180°C4e# 8 hprH 2 & & P &
B o FARRFR 5140 2 180°C4e£4is 2 £ & T "5 48% > Y 140 2 180°C
te# 24hts B 78 5 585.99 2 547.42mglg; i 5 A Ao AR I b fANEE
FREZPR A EFTE 100140 2 180°C4c#1 24 h{s 2 5 & 5 1%
W 04.13 ~ 3474 2 2507 mg/g > F A Apferg imfile A kg o0 B ¥ 100 ~ 140 2
180°C#c#. 24 h s » H A2 & {eigipfa 7 £ A B0 297~ 11.74 2 17.53% > %
~H AEferg AL 7 £ A WY 14.60 ~ 5374 2 66.61% > d 10 Sy T AeE L
Fo Y TR AES Y BT -
SEVoomE L RN P 2 AR R R RS AR EF AR RN
H A2 &5{cgipfaz § A2 oz 2 TR OHP R 0 E AT el iRk
BEARR B FRE SRR Y W P R S A ey A BT MR A D
2 % — & ( Andrikopoulos et al.,2002 ; Romero et al., 2003 ; Chatzulazarou et al.,2006;

Casal et al., 2010) -
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Z 2. i L A 3 100 ~ 140 2 180°CHe # 24 h i A7 P "k 7 £ 2. % 1t
Table 2. Changes occurred in the fatty acid content of C. brevistyla seed oil during thermal treatment at 100, 140 and 180°C for 24 h.

. Content (mg/g)
Temp.  Time . . . .
Palmitic acid Stearic acid Oleic acid Linoleic acid
(°C) (h) SFA MUFA PUFA
C16:0 C18:0 C18:1 C18:2

Unheated 76.83 + 1.53 15.60 + 0.88 663.95 + 18.51 75.10 £ 2.77 92.42 +2.41 663.95 + 18.51 75.10 + 2.77
8 76.95 + 0.95 15.02£0.31 659.64 + 11.87 71.92 + 1.99 91.98+ 1.25 659.64 + 11.87 71.92 + 1.99
100 16 75.31+0.72 15.31+£0.73 641.96 + 3.52 64.49 +2.78" 90.32 + 0.45 641.96 + 3.52 64.49 +2.78"
24 76.70 + 1.23 15.75+0.39 644.22 + 4.34 64.13+0.42" 92.45+1.56 644.22 + 4.34 64.13 +0.42"
8 77.83 +0.14 16.39 £ 0.03 644.55+ 1.81 62.58 +0.30" 94.22+1.27 644.55+ 1.81 62.58 +0.30
140 16 77.05+0.26 16.26 + 0.43 610.27 +3.24" 4856+ 1.92" 94.15 + 0.47 610.27 +3.24" 4856+ 1.92"
24 76.80 + 0.92 16.77 + 0.53 585.99+10.56"  34.74+3.02" 94.73 + 1.34 585.99+10.56"  34.74+3.02"
8 78.86 + 1.03 16.59 +0.31 639.62 + 8.09 58.75+2.79" 96.27 + 1.17 639.62 + 8.09 58.75+2.79"
180 16 78.63 + 0.74 16.79 + 0.62 599.67 +2.86" 41.97+2.93" 96.66 + 1.28 599.67 +2.86" 41.97+2.93"
24 77.16 +2.00 16.66 + 0.86 547.52 +£2.43" 25.07 +3.09 95.62 +2.81 547.52 +£2.43" 25.07 +3.09"

Mean + S.D. (n = 3), * indicates the treated group has statistical difference from the untreated group (p < 0.05)

SFA: Saturated fatty acid, MUFA: Monounsaturated fatty acid, PUFA: Polyunsaturated fatty acid
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174 (Palmitic acid » C16:0)

HO)WW\M/\/\CHB

A "5 fa (Stearic acid » C18:0)
)W
HO CHs
7 2 (Oleic acid » C18:1)

I
HOMW\/\/\/V\CH

%7 & (Linoleic acid » C18:2)

3

Bl S et ¢ 3R FiApL BB
Fig.5. Chemical structures of the main fatty acids of C. brevistyla seed oil.
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(=) RAER RS K LB TR 2B
BEEF T A A RERE L KB F A REEF B WAL
EiE Ly PR A FEEIRRT ST MY REPB ST R0
25% > 1% 5 Heib g i o
Bl 6 5 @il A b >t 100~140 2 180°CHe #1427 Riltd Mz £ 2 %1t
Abfzml L F R REEF T RS 75% ELRAEF D EiLF
3t 100°CHe £ T MRS 7 9 10% 0 © A F R > 3 140 2 180°CHe £

THEES TR R 2 ABR > T 140°CHe# 16 h 1S BB T 5 R 5 26.7%

-

AL B FARTE S F W N 0 dp iR 180°C B 8 h SRR ME S F T B 5 22.2%
BT R Sed 16 h B EEY T 7 £ Al BRI F O 2 B0 dp ik

d gtk

Kit™

¥ v dmfnd B3t 100°CR * T SR 5 140 2 180°CTF A u| i *
8 ~16hisy P F~EAfHF > FZRILLATZIFL# -

Casal %+ (2010) #-7 F % 52 {0 2 H75 & 170°CT % 3 h jd /-
ZoX Y RS T EARE 2% iR B EE 2 REP T R
Se B PERF R Ae @ W Ae 0 ¥ AT 24 h (SAQHE 25% 0 B AR F LR ARY ¥
FABTR N F o 2 e g T P IRE 0 AT S IRAE L o Brenes ¥ 4 (2002)
M2 5 H b FfE2 A B 1 180°CT 4 15351015202 25h>
REFR2MBEIRNPRESZ T B EESFERD 2 AEEF T EEF
SBPER A e AT 25 h P REEF T2 EA NS 148 2 28.1% 0 11 %
AR ety AR S N 2 BB T ERE B AL B LA AR
2/ e FfE2 AV 2 g AR e R S AR o B gt Y L aEAR Y B
PP T EDRH 7ol mEyr PR PR & TRER 4 PIE A 2@ 5
B BB At i inie s R fg 1Y E S 2 (Kalogianni et al., 2010 ; Uriarte

and Guillén, 2010 ) -
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45 O8h

40 -
+ m16h

35 1

|

30 | . 24 h

o

TPC (%)
S
-

15 -
10 - ab ab

ab a
0
Unheated 100 140 180
Temp. (°C)

Bl 6. Bl &3 100 ~ 140 2 180°C4r £t 24 h 427 Ry Fz 22 %1

Fig. 6. Changes occurred in the total polar compounds of C. brevistyla seed oil during
thermal treatment at 100, 140 and 180°C for 24 h. Limit of detection is 40% ;
Mean + S.D. (n = 3), Different letters (a-f) are significantly different according
to Schefte’s test (p < 0.05).

(

I

) RAEE R R 2

BT F M oRiEER R R B KE R R et T i R fE S PR
AL B AT Y AR IR T IFL R Rt P ERRE
(Stevenson et al., 1984 ) » #AGINR TS * ¥ *Fib 2 ik § 4218 2.0 mg KOH/g T 7
Far o 7 5@t 93100~ 140 2 180°C4c £ 24 hiAzw phif 2 # 1 o
Abcget B 2 el 5 0.72mgKOH/g » # & CNS - &3 % ik 1528 1.5
mg KOH/g ; ‘& Kb 3t 100°CHe #6427 feif S FR L > T A el
LR 2 EE EBFLR 140 2 180°CH A TEB FEF L AFE L A5 )
s moatae s 24 h LT A W) 5 2.03 2 2.55 mg KOH/g » 4238 Fimst & * i 'F
WA AR s b PR A Bt Bt 100°CR P T S E AR 6 140 %

180°CT™ A ulft % 24h {52 ¥ &% o
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Casal % 4 (2010) +* g 7 I % B0 2 750 &4 170°CT & 3h
o KATES % T Y MAREY T F R ACE 25% 5 b o v B AR Y AR R
2B o PRPE R S T L MR T AR A (] 0.1% (N EE
# 0.19mg KOH/g) » i A 17 | >+ 0.8% (% %2+ 1.50 mgKOH/g) %%
BEm gl TFAc R o w A RFEREL B ] 2T 0.3% o M E T his ik
Bh 0.0% 5 SE PRI 4 0w S SPEAEL R AR R 4 0 B 27 h 1
HEAANB05-07%2 B » B 5 RS E 52 L L BB 8 ARG E LR

ER R BRTEE LR T PR RERS S -

37 O8h
f
— O16 h
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T
o ° m24h
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e d
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Unbheated 140 180

Temp. (°O)
Bl 7. &L F 20 100 ~ 140 2 180°C4c 44 24 h i A2 ¢ fh i 2 % 1

Fig. 7. Changes occurred in the acid value of C. brevistyla seed oil during thermal
treatment at 100, 140 and 180°C for 24 h. Mean + S.D. (n = 3), Different letters
(a-f) are significantly different according to Scheftfe’s test (p < 0.05).
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(=) ‘iéﬂ: )iifrP%iprk/&ﬁi ILI% gf‘s_fi

FoAEAF LR By DL iER AN o api L 0 F LA Ep
4R ET2EF 0B P R(1kgR Y T2 EF 52 % § E(meq)
) Fodig? EF 2R oW PR AR CPRARE RS A EELE W
2100~ 140 2 180°Ce #BAZ B F M2 B0 > AR EH L K 2 BF
% % 0.86 meq of Ox/kg > ## & CNS - &= K i3 %% 6 meq of Or/kg > 3¢
100 2 140°CHe# T s P g F MR A A & A A8 180°CH £ T R
ERERL 0 BN 100~ 140 2 180°C4e £ T fo b ¥ 4o 24 h pFiBF 1t

A% 5 14.96 ~ 12.09 2 2.33 meq of O2/kg ©

FAFTAERF 2R L% T o B BR AR H Y GRE A0
PUBF B BRI F B L F R R EB B AR 180°C e BT 2 iE F (- ArE i
PR G R i P LA sF LA T LA RS M A A

TR A A DL F A s LAY §FEF L TR
T g KRR L F R e RS R REE TV RPN M Sk

FUEAF ARG

%+ Daskalaki & 4 (2009 ) g >t 180 °CT 4edt 1 ho WIREF 1
EH A2 AR T v iy t4-BpiEF 1§ € 34 @ Carrasco-Pancorbo % £ (2007)
Rer oA RS 2T 180°CT 4 3h A9 F P F 2 Bt A
A PP P F 1 %) 10.54 mequiv of Oo/kg » B SS4ed 1 h2 iEF
T3 620 mequivofOykg @ 1 2 25h By iV iRaFfg< > R A% 2
ARFL o Ty C WY T EABE WA YRR R g AERES
BEETAERAR YA A AL S ARBR S T Y EF PR MU E 2 AR
ABRM i PRTIELN Y LA CRREZSY T ARFNFLIER

MR AR BRI ELF PREERE-

37

do0i:10.6342/NTU201903429



25

] O8h
d @16 h
20 -
W24 h
o0
~
< 15 ~ cd
o
o
g bed
— 10 A T abcd
% abc
& abc
5 ]
. . @ ab
N | B
Unheated 100 140 180
Temp. (°C)

Bl 8. “Eir.l A3t 100 ~ 140 2 180°C4e # 24 h Az Y ¥ it f 2 1

Fig. 8. Changes occurred in the peroxide value of C. brevistyla seed oil during thermal
treatment at 100, 140 and 180°C for 24 h. Mean + S.D. (n = 3), Different letters
(a-d) are significantly different according to Schefte’s test (p < 0.05).
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() %A= R¥@E4 L %% 7 a-Tocopherol 2 Squalene 3 £ 2. 8448

- B

B 9 2@t F 3 100 ~ 140 2 180°C+4c #tiE 4% ¢ a-Tocopherol 7 & 2. %
it o K4v#@ir &% ¢ a-Tocopherol 7 # = 153.87 ppm » v}]?c R S N
% 4p 4 (Fangetal.,2015) @40 F b 4 #1142 a-Tocopherol 7 # % ¥ 3 48§

-

FHm TS 3 100~ 140 2 180°C4e# 8 h prz & 4 %] 5 18.43~2.83 2 047

ppm > @ = BIE R ¥ 34 16 h PP A% 4) a-Tocopherol 7 & » % % ¥ 4 a-
Tocopherol 7 & *t4e & s Hix™ " » B UL » @ v o i P BRER S %
I EA L F AR 2B 8h R REL 7 B WE % 0 A 4e a-Tocopherol 7 2
Lix T "% > ¥ 4 o-Tocopherol iF 5 Fug i ¥ Wik mfast s it > Aa 38T &

3R 0 e e AR R TP -
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Unheated 100 140 180

Temp. (°C)
B 9. ‘&4 &% > 100 ~ 140 2 180°C+4c #t 8 h {4 a-Tocopherol z & 2_ % i
Fig. 9. Changes occurred in the a-tocopherol content of C. brevistyla seed oil during

thermal treatment at 100, 140 and 180°C for 8 h. Mean + S.D. (n = 3), Different
letters (a-b) are significantly different according to Schefte’s test (p < 0.05).
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Squalene 5 = FE#g 1 &4 > EAFFFR A & Fchm Spdr > B G 3F 5 Rk s
drdid b FUR S M LR 4 S BEATH A BE EES T s ¥ (Kelly, 1999 ;
Zhao et al.,2004 ; Popa, 2015 )» 3 P eng TP B F £ B B2 L4 mi;’rgfk

Bl 10 5 @4l & 04 32 100~ 140 2 180°C+4c #4142 ¢ Squalene 7 & 2. % 1 o A 4r

A

i

et 20 ¢ Squalene 7 # 5 54.83 ppmonk 43t 2 /I%..‘sée%(Fangetal.,ZOlS)’
100°C*c#: 8 ~ 16 % 24 h 2 Squalene 7 £ 4 %] % 33.4523.13 2 14.53 ppm -
140°C % 30.60~15.20 2 7.95ppm - B] 180°C+4c 4 8 2 16h = 19.90 2 1.37 ppm >
M sv# 24 h pF A &R J) Squalene 7 £ » ¥ fvi@iil £ @ 2. Squalene 7 £ 4 F R

fERREPFRF YA TR

70

b O8 h
60 E16h
|
= 50 - T 24h
g
Naw a
3 40 2 a
% a
= 30 A ' a
a a
20 - n T
a
10 1 m i
-
-~ a
O —
100 140

Unbheated 180

Temp. (°C)
B 10. ‘@4 &4 3% 100 ~ 140 2 180°C+4c 44 24 h i 42 ¥ Squalene 7 & 2. % 1t

Fig. 10. Changes occurred in the squalene content of C. brevistyla seed oil during
thermal treatment at 100, 140 and 180°C for 24 h. Mean = S.D. (n = 3), Different
letters (a-b) are significantly different according to Scheffe’s test (p < 0.05).
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(#) RAEE AT L AWM G Uiz B
ERER L EE S BRI A & 2_4% 8 ( Farhoosh et al.,2008 )> OSI 4% % >
AR R T ;{gug‘f'—fé B G EEs e gk ko p g i ¥ (Casal
etal.,2010) > B] 11 5 &3 L & b > 100 ~ 140 3 180°C4c #tiF 42 ¢ OSI 2 % it
AdcHieis b B 20 OSI 5 1.50h » &4 b & Jd > 100°C4e £ 2. OSI A 4c £ pF 7
a5 3140 2 180°C4e# 8 h2 OSI &2 A4e#Eir LA EREF LB
AR R ES T L L PR EEL AT
FooOREF TAEE R A 33 > F ¥ o-Tocopherol %t IR OSI £ a-
Tocopherol £ 4p 2484 » 4&7B] o-Tocopherol ¥+37d "9 ¥ * £ 2 45 B o Carrasco-
Pancorbo % 4 (2007) #-4~ ¥F#EAE4 > 180°C4e# 3 h {5870 fq § M LA
170 B R FRAEIhE o A PFEH 2 OSId 25h "8 KT Sh > OSIHEF v £
RS Aehm T T A N E PR TR e A R B ARR

FEEApFARS -

2 O8h
O16h
¢ m24h
=
=
2 17
o
b
a
a a a a
0 I_I—I- |_x—|l_|- e
Unheated 100 140 180
Temp. (°C)

Bl 11, il 2% 3 100 ~ 140 2 180°C4e £y 24 h i A2 ¢ b "o 48 Tdp ez 1
Fig. 11. Changes occurred in the oil stability index of C. brevistyla seed oil during
thermal treatment at 100, 140 and 180°C for 24 h. Mean + S.D. (n = 3), Different

letters (a-c) are significantly different according to Scheftfe’s test (p < 0.05).
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2Ol 2N R RAEE R Ao T P85 - a-Tocopherol ~ Squalene 7
AR R IS BN U ERRR LS SN N IR

& iRk 2 By % % 14 Pearson’s testA 17 97 2 4p M (Ao & 347 o

WS T R RS T B2 APM 85 09192 -0.958 > 21k 2 4P
B %805 -0.976~-0.966 ¢ & B R L ARM > 7 B3 e {rig R W LR I
RS R KM AR R e BT IR TR R PR A 4 M
ARER L R 2 AR ERE R 0 H A2 o epi 2 i B3 1403 180°C
16224 hH Z EP R T LS AR o AR T ?ri?!‘]“,% 7 #2100°C e
FOhpF  EEPHE TS AR EFIEFAREPFF A A EF T oA jiL
PP T2 R RS Bl R 2 RS T2 G 5T1402 180°CHe
BATEEFAEFT AR A o m AFTRE  JRMES TR R IRE LA
ik F BB BAN N P 2 RS § R A ARy S T AR S
FAEFCARIET S A e frrg AR GIIRF 200 0 B A RS R
P B~ Fa i B 4e i P (Brenes et al., 2002 5 Chatzilazarou et al.,2006 ; Casal
etal., 2010 ; Kalogianni et al., 2010 ; Uriarte and Guillén - 2010 ) o d } i % % ¥ 5=
FRLEDAEIEER SR T R ARFIZEARRE ZER D R FRfE
FUECEFRBSBEES T2 FRAREF P 0 T2 oy Bk T
FLEHD U5 F B F 1 T ¢ 3 e e LR BRI T 2 A
fad &t & FlF o

a-Tocopherol 2 Squalene®? OSIZ_ 4p B 2 8c s %] 5 0.984% 0.887 » & % & It 4p
B# > % P o-Tocopherol 2 Squalene 7 £ # B 2. 7d 5 > H § TP &RF > 7 AKa-
Tocopherol # Squalenc 2 OSIzE 2% % % » > a-Tocopherol # Squalenc2? OSI'# 4 3. 4
BE A A T 29 OSI¥ a-Tocopherol ¥ *t 4c 18 h& i ™ *% » £ 4p 4% » &
Frod Pp4e A4 #8 > a-Tocopherol 2 Squalene 7z £ ™ "% > j# #q ¥ it f& 2 {7 *F i< (Silva
et al.,2010 ; Esposto et al., 2015) »
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# 3. fEfLb K 2 g 5Bk ~ a-Tocopherol ~ Squalene ~ S i2 4= B 2 & ~ e i ~
BF 1R b £ U e AU AP M AL
Table 3. Linear correlation for fatty acid, a-tocopherol, squalene, total polar compound

content, acid value, peroxide value and oil stability index.

TPC AV POV OSI

Palmitic acid 0.397 0.167 -0.593 -0.221
Stearic acid 0.863 0.719 -0.197 -0.450
Oleic acid -0.919** -0.976** 0.024 0.476
Linoleic acid -0.958%* -0.966** 0.002 0.536
a-Tocopherol -0.375 -0.224 -0.507 0.984**
Squalene -0.656 -0.637 -0.329 0.887**
TPC - 0.924** -0.128 -0.461

AV ) ) -0.103 -0.348
POV ) ) ) -0.372

OSI ) ) ) -

Pearson’s test, **: p <0.01

TPC: Total polar compound, AV: Acid value, POV: Peroxide value,

OSI: Oil stability index
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v
s.sz

PR R E TR A 2 B

@ g g = > kR ¥ 5 Aldehydes ~ Alcohols ~ Carboxylic acids 2 Esters
% > hopd #ic 6 1 Aldehydes ~ Alcohols #f i & 4= 22 &k 5 B > Esters #g 1* & &1 %
% 7 B :Carboxylic acids f it & 4~ Rl B2 phrh ~ Dot 200 0 ¥ (o 2 KPR 3 B>

AR RS AS L F AR A4 4k (Kalua et al., 2007)

%4 5 TR FUARARE B e F AR K T R A 4T E R L B 2T 100 ~ 140 2
180°C4r#t 24 h A2 P 2 PP A A fANFE 7 E2 1 c A L R 24T
7 M2 & 02 Carboxylicacid 5 A 5 4 #t {8 2 i b B b 2 488 1 =0 4 11 Aldehyde
%4 0% Furan $g2_ v & @30 4c b ¥ I o Refiimis b Fod ¥ 2 308 (4
AnEa$ 5 1.88 Areacounts (10%) 2 »% 100°C4c#t 8~ 16 2 24h A %] 5 2.92
6.41 %2 8.20 Area counts (10%)» > 140°C4c# 8~ 16 2 24 h % 19.93 ~ 30.68 %
37.73 Area counts (10%) > > 180°C4c#: 8~ 16 % 24 h 3 31.99 ~ 40.03 3 42.00
Areacounts (10°) > Bf L Fw ¢ 2 HE P AL BN S8R 2 a5
fe (25 AR L E S ARG AEAL R W TR A
MR P R AL ERA AR EM A e g P RN B

P2 Benk g FE o B8N R EF s o B £ 5% v (Choeand Min, 2007 ;

Arslan et al., 2017)

Bl 12 &L 2@ @ 3 100~ 140 2 180°C4r#t 24 h 427 Aldehydes ~
Alcohols ~ Carboxylic acids ~ Furan derivatives ~ Alkanes 2 Ketones 4p %+ 7 & 2. %
v d P T ACREF ROAER R 3 e > Alcohols ~ Carboxylic acids 4 2 £ > @
Aldehydes ~ Ketones # Furan derivatives % ¥ it 4= 52 4p ¥t 7 € 3 4v - Kiritsakis

(1998) 2 /3 ¢ & 2 LiEffi § -7 » BT F ¢ &) Aldehydes (1 &
#_Nonanal ) » ¥ izd it S5 8W g2 feh € A2 o 25 (Vichi ef al., 2003 ;
Kaluaeral.,2007) » @ d *3FFHESFREH L 2w ¢ Aldehydes 2. p ¥ 7 £

:‘i’éﬂi/ﬂ)ij ':S n"!i‘gfﬁ ""fr'ﬁ'irs {{f‘ﬂ: )f;:“r.’_*gb’ et L_rA‘,\JJ gﬁ 4$€L§E‘.$7 Z vk o
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Bl 132 14 3 A4FE T FIAEFRZ R LEHLFEL L2 0 804
#7 (Principal component analysis * PCA) o d PCIl $hBL 2 I T & K 4c #1874 £ 2.
i L A AR (B 13)0 # F 3485 B 2 Bl & b g 4 p s PCL $h
W% 4 0 PCl $h% PC2 #hz R & 4~ % 5 4681 2 24.42% > "L ¥ F 4 K& 5 4 »
Podie F PCLp0A 0 RAER & § F 2 2400 Kb § 45520 PCL bz fpl > 7
B A 100°C e 1T 2 AR L K i gD B 1Y A B B & e BUE LK AR 00
M & 140°C 4 180°C v &£ T 2 R LA B LF ML S Biip i > B A f®
L AW 2 o> Nunes & 4 (2013) 2877 ¢ B i# > 50 ~ 150 2 200°C 4c &
fo 2 3T 2 2 Bedp s PCA A 4718 > 7 4w 50°C 4o £ 27 A 4o #v2 fEcffin { 40 02

150 % 200°C 2 fEcfiiin +c £ L 40 02 » o4 5 % 82 AR S 4n 2 o

AN BRI F B L AR Y 25T 8 BT 2 Alcohols fr
Aldehydes » # B F v £ T 2 T L F W R F 7R E R 4AZ {0 T e
Aldehydes (8] 14)° A 4c 41 %2 100°C 4c#12_&41 1 &2 4 % 2z Alcohols 2. 1-Octen-
3-ol 2 E-2-Heptenol §= Aldehydes 2. Hexanal - Benzaldehyde - £-2-Hexenal % E-
2-Octenol ; 140 % 180°C “4v#t2 ‘&4l A ¥ % 7 Alcohols 2 1-Heptanol v
Aldehydes Zz. Octanal ~ Nonanal ~ E-2-Octenal ~ E-2-Decenal ~ E-2- Undecenal ~ E, E-

2,4-Heptadienal % FE, E-2,4-Decadienal o

AA4r$ 2 100°C 4e#rz2 @ L 2 P F 7 B ¥ 6 7 Aldehydes ~ Alcohols >
B2 § vk 3 B > 4 Hexanal 2 Benzaldehyde » # %4 #E & 3 4c > P
2z 2o 4iek s B 20 & st 4 Aldehydes » 4c Octanal ~ E-2-Octenal ~ £-2-Decenal
E,E-2,4-Heptadienal 2 E,E-2.4-Decadienal % (Caoeral,2016) 4c£ijd ¥ 3 i* &
$= ¢ 2 & {r Aldehydes ## # it £ 4 { & F 1> 4o E E-2,4-Decadienal £ § m??

F M A 73 4 (Boskou et al., 2006 ; Katragadda et al., 2010 )
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% 4. 12 SPME-GC/MS % #7441 & 4 3t 100 ~ 140 2 180°C4cv 4t 24 h i A7 ¥ 2 4L 14 = &
Table 4. Volatile compound identified by SPME-GC/MS in C. brevistyla seed oil during thermal treatment at 100, 140 and 180°C for 24 h.

Relative area (%)

Compound RT KI 1KI 100°C 140°C 180°C
Unheated
8h 16 h 24 h 8h 16 h 24 h 8h 16 h 24 h

Alkanes

Octane - 2.60 +0.03 1.85+0.29 0.13+0.09 2.50 £0.95 0.94+0.02 0.67 £0.04 2.29+0.04 1.42 £0.04 0.82+0.11
Ketones

1-Octen-3-one 105 986 977 - 0.70£0.01  0.57+0.02 0.47=0.00 - - - - - -
2-Nonanone 14.6 1090 1090 - - - - - - - 0.13+£0.02 0.22 £0.06 0.28 £0.00
2-decanone 17.8 1193 1192 - - - - 0.18 £0.02 0.43 £0.06 0.47 £0.01 0.46 £0.04 0.73 £0.13 0.86 +0.02
Alcohols

1-Heptanol 102 982 966 1.82+£0.10 123+0.02 1.37+0.16 1.41£022 320+0.17 1.50£0.04 148£0.11 232+0.01 1.72£0.15 1.70+0.00
1-Octen-3-ol 106 989 979 - 1.68+£0.10 4.04+0.10 3.87+031 230+024 0.68+0.02 068+0.09 1.05+£0.08 048+0.00 0.48+0.07
1-Octanol 138 1075 1068 1.46+0.02 1.57+0.14 1.27+0.33 1.99+0.11 3.12+044 259+048 3.65+1.51 425+019 242+0.18 2.12+0.29

Caboxylic acids

Octanoic acid 173 1176 1171 3.18+026 1.28+0.01 0.17£0.25 0.12+006 0.28+0.09 0.19+0.03 - - - -
Nonanoic acid 20.1 1270 1270  11.08+1.62 7.46+0.33 1.89+£020 0.61+0.06 036+0.19 042+007 029+0.07 0.35+0.09 - -
Hexadecanoic aicd 36.5 1960 4355+516  2082+272  6.04+2.15 024+0.18 1.82+023  0.78+0.02 - 0.86 +0.11 - -

Mean + S.D. (n = 2), RT: Retention Time, KI: Kovats Index.

46

doi:10.6342/NTU201903429



% 4. 12 SPME-GC/MS % #77&4L 1 & i 3% 100 ~ 140 2 180°C4c 44 24 h i 47 ¥ 2 HF M+ & (&)
Table 4. Volatile compound identified by SPME-GC/MS in C. brevistyla seed oil during thermal treatment at 100, 140 and 180°C for 24 h.

(Continued)
Relative area (%)
Compound RT KI KI 100°C 140°C 180°C
Unheated
8h 16 h 24 h 8h 16 h 24 h 8h 16 h 24 h

Alkanals

Hexanal 22 804 801 4.17+0.06 430+025 4.99 +0.47 4.26+0.82 2424043 1.59 4 0.01 1.5140.19 2.16+0.06 1.88+0.15 1.55+0.10
Heptanal 73 913 902 2.25+0.07 1.90+0.13 1.81+0.03 2.06+0.14 1.55+0.19 1.06 + 0.01 1.31+0.12 1.14 +0.02 1.08+0.16 1.25+0.11
Benzaldehyde 9.7 971 960 5.02+0.03 376 +0.01 1.27+0.64 1.77+0.78 0.24 +0.04 - y - . .
Octanal 112 1008 998 4.27+0.10 5.09 +0.20 5014051 4.07+0.11 39140.16 2524024 2.84+0.18 2.96+0.04 3434041 3.53+0.14
Nonanal 129 1048 1042 8074045 8.12 £ 0.06 9.11 +0.04 1047 + 121 7.69 +0.20 8.70+0.13 13124026  11.62+000  1263+188  1693+1.36
Alkenals

E-2-Hexenal 49 872 855 - 1.50 = 0.08 2.27+0.80 3.60 £ 0.06 1.19+£0.15 0.41 +0.05 0.31£0.05 0.59 £ 0.06 0.33+£0.03 -
E-2-Heptenal 96 969 954 - 24.13 £2.61 1996+ 1.19 1691+ 1.74 6.59 £2.20 417034 3.81+0.19 6.04+0.61 4.08 £ 0.44 3.39 +£0.05
E-2-Octenal 135 1063 1054 - 2.85+0.14 4.45+024 5.1340.79 472+0.09 275+0.07 2.95+0.17 2.92+0.05 2.65+0.01 2.64+0.01
E-2-Nonenal 168 1163 1161 - 1.53+0.16 2.90+0.04 3.63+0.58 4.15+0.07 498+023 4.56+0.16 4344015 448+0.30 5.13+0.19
E-2-Decenal 199 1266 1263  3.66+0.03 10.60 + 0.60 9.89 +2.53 21814530  2343+1.86  30.82+044 3078077  2423+0.55 33884074  31.08+1.01
E-2-Undecenal 22.8 1367 1360  3.82+127 1.83 +0.01 2.02 +0.44 5.76 + 0.08 8.02 +2.46 23.79+0.51 26.69 +3.37 16.63 +0.89 16.95+0.61 18.05+1.53

Mean £ S.D. (n = 2), RT: Retention Time, KI: Kovats Index.
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% 4. 12 SPME-GC/MS % #7&+ L & 3t 100 ~ 140 2 180°C4r #4 24 h i A2 7 2 3L F M= 4 (§)
Table 4. Volatile compound identified by SPME-GC/MS in C. brevistyla seed oil during thermal treatment at 100, 140 and 180°C for 24 h.

(Continued)
Relative area (%)
Compound RT KI 1KI 100°C 140°C 180°C
Unheated
16 h 24 h 8h 16 h 24 h 8h 16 h 24 h

Alkadienals
E,E-2,4-Heptadienal 11,5 1016 1007 - 500+£1.29  569+094  7.83+020 4.89+0.76  1.19+004  1.18+0.82  1.88+0.02  084+001  038+0.02
E,E-2,4-Nonadienal 18.5 1218 1219 - - 0.09+0.03  021+0.03  037+002 069+0.02 085+0.13  036+0.00 046+001  051+0.01
E,E-2,4-Decadienal 215 1320 1316 - 1.62+0.83  3.32+0.61 1008134 794+108 947+190 10.13+0.13 3124022  5.88+059  9.15+0.39
Furan derivatives
2-Pentyl-furan 109 995 988 - - 043+0.11  1.07+£0.18  092+002  0.64+0.17  053+006 099+0.11 094006  0.55=0.02
5-Ethyldihydro -2

(3H) -Furanone, 13.2 1055 - - - - - 041+020  0.64+0.12  0.35+0.09 0.36+£0.04  0.39£0.06
5-Butyldihydro -2

(3H) -Furanone, 19.7 1258 - - - - - - 0.27+0.15 0.65+0.18  0.24+0.06 0.41+£0.06  0.70£0.18

Mean £ S.D. (n = 2), RT: Retention Time, KI: Kovats Index.
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5. B L E A3 100~ 140 2 180°C4e 4t 24h P LB P A 2~ BB I E 2 B
Table 5. Change in the total volatile compounds in C. brevistyla seed oil during
thermal treatment at 100, 140 and 180°C for 24 h.

Area counts (10%)

Time (h)
Unheated 100°C 140°C 180°C

Unheated 1.88 +£0.23% - - -

8 - 292+036° 1993 +3.37° 31.99+6.67°%¢
16 - 6.41 £0.50°  30.68 +3.17°  40.03 + 5.249¢
24 - 820+0.27% 27.73+3.55% 42,00+ 6.75¢

Mean + S.D. (n = 2), Different letters (a-e) are significantly different according to
Schefte’s test (p < 0.05).
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Bl 12. @l & 2 32100140 2 180°C4e #: 24 h i 427 Aldehydes~ Alcohols
Carboxylic acids ~ Furan derivatives ~ Alkanes 2 Ketones 2. 4p %t 7 &
Fig.12. Relative abundance of aldehydes, alcohols, carboxylic acids, furan derivatives,

alkanes and ketones in C. brevistyla seed oil during thermal treatment at 100,
140 and 180°C for 24 h.
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A : Furan derivatives X : Alkanes + : Ketones
49

do0i:10.6342/NTU201903429



10 100°C

°
Unheated
°
— 5
X
N
<
?f"
g
I 180°C
8 0 o
-10 -5 0 5 10
-5 140°C
°
-10

PC1 (46.81%)

B 13. @b 2430 100 ~ 140 2 180°C#4c 44 24 h i A2 ® 4L A 2 4 & 4o &

kil
Fig.13. Principal component analysis for the volatile compound profile of C. brevistyla
seed oil during thermal treatment at 100, 140 and 180°C for 24 h.
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Fig.14. Principal component analysis for the volatile compound profile of C. brevistyla
seed oil during thermal treatment at 100, 140 and 180°C for 24 h.
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Fig. 15. Changes occurred in the color of C. brevistyla seed oil, flaxseed oil and

sunflower seed oil during the thermal treatment at 180°C for 24 h.
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%06, ‘AL L F e s TFpd 2 F 0 180°CKE 24 h s i8 b Py i d Sl # 1
Table 6. Changes occurred in the color parameters of C. brevistyla seed oil, flaxseed

oil and sunflower seed oil during the thermal treatment at 180°C for 24 h.

Parameter  Time (h) C FL SF
Unheated 88.40 + 1.92 92.70 + 0.01 96.46 + 0.25
. 8 92.37 +3.19 99.06 + 0.31" 95.53 + 2.65
- 16 92.18 +2.44 93.64 + 0.85 93.50 +2.22
24 90.34 + 3.09 84.23 +1.10" 89.94 + 0.24
Unheated -3.974+0.55 0.25+0.12 -0.41 +£0.00
) 8 -3.42 £ 0.50 -6.92+0.07" 3.61 +1.33
) 16 -3.61 +1.62 -5.89 +0.08" -6.46 +0.98"
24 -5.74 +£0.82 -6.95 +0.84" -6.81 +0.80"
Unheated 89.78 + 1.35 118.88 +0.22 8.61 +0.01
. 8 20.47 +3.64" 34.79 £2.72" 16.37 + 6.35
° 16 23.02 + 1.66" 63.84 +0.27" 31.89 + 7.74"
24 38.62 +2.76" 93.51 +3.09" 50.22 + 5.69"
8 69.52 +2.58 84.63 +2.90 8.62 + 6.46
AE* 16 66.96 + 2.77 55.40 + 0.47 24.26 +7.91
24 51.38 £3.86 27.61 £3.15 42.62 +5.44
Unheated 99.00 + 0.57 110.45 £ 0.07 15.40 + 0.00
8 32.05+5.87" 46.65+3.18" 24.75+9.26
" 16 35.75+0.217 78.95+0.21"  44.90+ 10.04"

24 5530+ 1.41° 111.75 £ 1.48 67.30 = 6.36"

Mean + S.D. (n=2), C: C. brevistyla seed oil, FL: Flaxseed oil, SF: Sunflower seed oil
The values of L*, a*, b*, AE* and Y] are statistically analyzed individually, * indicates

the treated group has statistical difference from the untreated group (p < 0.05)
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Table 7. Changes in the fatty acid content of C. brevistyla seed oil, flaxseed oil and sunflower seed oil after 24 h thermal treatment at 180°C.

Content (mg/g)
Constituent FL
Unheated 24 h Unheated 24 h Unheated 24 h
Palmitic acid (C16:0) 75.81 +0.26 73.16 + 0.48 43.13 +0.61 40.21 +0.05 59.02+0.14 51.84 +0.46
Stearic acid (C18:0) 17.12+0.10 16.90 + 0.06 4420 +0.21 41.66 + 0.29 42.54+0.27 37.88 +0.03
Oleic acid (C18:1) 687.86 + 0.64 559.58 + 12.27" 272.22 +6.48 234.13 +0.20" 303.56 + 0.97 241.76 +2.62"
Linoleic acid (C18:2) 82.07 +0.24 31.66 +2.43" 151.05 +5.71 113.90 + 0.25" 558.31+2.02 329.63 +4.03"
Linolenic acid (C18:3) 3.18+0.08 - 445.71 £ 6.08 286.54 + 1.74" - -
Arachidic acid (C20:0) - - - - 2.08 £0.44 1.74 + 0.06
Gondoic acid (C20:1) 4.76 +0.08 3.41+0.06™ - . - -
Behenic acid (C22:0) - - - - 4.09 +1.04 3.62 +0.05
SFA 92.93 +0.17 90.06 + 0.43 87.33+0.30 81.87 £ 0.34 107.73 £ 0.20 95.08 + 0.60
MUFA 692.62 £ 0.56 562.99 +12.32" 27222 +6.48 234.13 +0.20" 303.56 + 0.97 241.76 +2.62"
PUFA 85.25+0.16 31.66 +2.43" 596.76 + 5.93 400.55 + 1.92" 558.31+2.02 329.63+ 14.03"
Total 870.80 + 0.57 684.72+30.70°  956.31 +£17.09 716.54 + 1.26" 969.60 + 4.88 666.46 + 16.04"

Mean £ S.D. (n=2), *: p <0.05, **: p <0.01 compare with unheated group

C: C. brevistyla seed oil, FL: Flaxseed oil, SF: Sunflower seed oil

SFA: Saturated fatty acid, MUFA: Monounsaturated fatty acid, PUFA: Polyunsaturated fatty acid
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Fig. 16. Changes occurred in the total polar compounds of C. brevistyla seed oil,
flaxseed oil and sunflower seed oil during the rise of temperature. Without
statistical analysis difference. The legal rejection point for edible oils is 25%
of TPC according to Ministry of Health and Welfare.
C: C. brevistyla seed oil, FL: Flaxseed oil, SF: Sunflower seed oil
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Fig. 17. Changes occurred in the total polar compounds of C. brevistyla seed oil,

flaxseed oil and sunflower seed oil during the thermal treatment at 180°C for
24 h. Mean £+ S.D. (n=2), * indicates the treated group has statistical difference
from the untreated group (p < 0.05). The legal rejection point for edible oils is
25% of TPC according to Ministry of Health and Welfare.

C: C. brevistyla seed oil, FL: Flaxseed oil, SF: Sunflower seed oil
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Fig. 18. Changes occurred in the acid value of C. brevistyla seed oil, flaxseed oil and
sunflower seed oil during the thermal treatment at 180°C for 24 h. Mean + S.D.
(n = 2), * indicates the treated group has statistical difference from the
untreated group (p < 0.05).
C: C. brevistyla seed oil, FL: Flaxseed oil, SF: Sunflower seed oil
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Fig. 19. Changes occurred in the oil stability index of C. brevistyla seed oil, flaxseed
oil and sunflower seed oil during the thermal treatment at 180°C for 24 h. Mean
+S.D. (n =2), * indicates the treated group has statistical difference from the
untreated group (p < 0.05).
C: C. brevistyla seed oil, FL: Flaxseed oil, SF: Sunflower seed oil
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Table 8. Effect of edible oil on the survival rates of wild type N2 C. elegans at the lethal temperature of 37°C.

Survival rate (%)

Specimen
0% 0.005% 0.01% 0.02% 0.04% 0.08%
Blank 40.0+ 5.0 - - - - -
Control 36.7+2.9 - - - - -
Quercetin' - 40.0 + 10.0 433+7.6 31.7+7.6 20.0 £ 10.0° 15.0+5.0"
C Unheated - 433+7.6 45.0+8.7 61.7+10.4" 483 +5.8 383+5.8
C 100°C / 30 min - 433+7.0 35.0+ 8.7 48.3+5.8" 35.0+ 5.0 28.3+7.6
C 100°C / 60 min - 31.7+2.9 30.0 = 10.0 45.0 + 8.7 25.0+ 8.7 26.7+2.9
C 140°C / 30 min - 28.3+10.4 33.3+5.8 40.0 £ 5.0 233+7.6 23.3+2.9"
C 140°C / 60 min - 20.0 £ 5.0" 283+29 283+29 20.0+ 8.7 18.3+58"
C 180°C / 30 min - 267429 31.7+10.4 30.0+5.0 16.7+7.6° 13.3+7.6™
C 180°C / 60 min - 25.0+5.0" 217429 23.3+29" 11.7+2.9™ 6.7+2.9"
SF Unheated - 433+7.6 31.7+10.4 383+12.6 28.3+10.4 26.7+7.6
SF 100°C / 30 min - 46.7+7.6 33.3+2.9 417429 26.7+7.6 15.0+ 5.0
SF 100°C / 60 min - 35.0+8.7 20.0+0.0" 30.0+5.0 183+2.9 13.3+5.8™
SF 140°C / 30 min - 433+ 16.0 25.0+8.7 31.7+29 16.7 +2.9™ 13.3+5.8™
SF 140°C / 60 min - 483+ 12.6 21.7+5.8" 25.0+5.0" 18.3 + 10.4" 11.7+7.6™
SF 180°C / 30 min - 433+7.6 25.0+5.07 26.7+7.6" 11.7+7.6™ 6.7+2.9"
SF 180°C / 60 min - 35.0+5.0 16.7 +2.9™ 15.0+5.0" 6.7+2.9" 5.0+5.0"

Mean + S.D. (n=3), * p <0.05, ** p <0.01 compared with control
! Quercetin as positive control, C: C. brevistyla seed oil, SF: Sunflower seed oil
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coffee ) 2. & & fr 5 5 40 2 80% ¥ 4v Caffeine ¥ § 2% "% M A& frH 5 (Dostal
et al., 2010) - Li % 4 (2018) #jsF @ v Hiv Iz 5 pEa&s CLALT6 &g » »
25°CT % 6h REARAFBRET > B5HAF AV B2 T § st
CLAL76 S A% > > 40 - 72 h P4 & 100 mg/L % p& 2 A B 5 22 il e
ERFALR P T6h A S 100mg/L § pER e A FRTF A W 5 67.67
2 3739% > £ B E 3|5 B 2 o Martorell % 4 (2013) Kokf2F P Rl A S T2
P &% (Cocoa peptide) 4k & CL4176 & f. > # Jar 4] o2 55 AR5 Fr B 5 >0
49 h t¢ % 80.3% > @ 12 Cocoa peptide = & e F H 5 5 40 — 47% > B ¥ '3 MR
ﬁﬁ@#°

£ 9 55100~ 140 2 180°C+r #12_ & L & b 22 5 10 $+ GMC101 2 Flig
RGBT 2 B o GMCI01 g 2 25°CT 35 4 48 h 18 » 354 ez il 5 id
71.7% > @ 4% 0.005~0.01 ~0.02~0.04 2 0.08% &4 L & i 2 5& Fr 5 A %]
5 383+250~21.7~233 2 333% > VEF%E MAAFRSF 0 T FRASPR
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DR 2. ¥ PR e Caffeine ch& & B 5 14 > BEom ‘Bl Kb ¥ 3 sadrd] AP s fd
FE GMCI01 A T4 78 S8 Fr B enil % o A 8 4e#is 2 B b 8 7 IS
BB S R AEE B R 4o d B 4e > A4S 100 2 140°CHe et L B H R R4
et o ot glie o B¢ sk S kR 0.005%2 ¢ H ik & 2 100°CHe
# 30min BAr L Fe TR MRS RS 3RS L R 2 0.005% Caffeine

Yk o AomEPEE L FGE R B (100°C) $tiedr L B 2 drd e ws B AB

R ER o

4

% g 0.005~0.01-0.02~0.04 % 0.08% % f= 2. S & B 5 4 & 5 60.0~41.7~

36.7~35.0 % 400%”F"”F"’$ i Ak 8 kR 0.005%2 ¢ > HARER 2 T H

RAFHFEZF e LR FLR VHEFEARAFRS > Irg 350 &a 1 R
EAp ek R Caffeine 2 Frl 3 > m AR S 4o i 2 F 1o R A B I mug 7 48

BHbem B4 B9 AEIER 002 2 0.04%2 100°C4c £ 30 min # 75 B A4
BB ¥ ARG RS T 45.0 3 41.7%> fe 7 F 304k S R e Caffeine 2 fir
B &R F R0 T dr g AB S 1EH H GMCI01 2 1 78 5 4 B ehIi % > 2 2
»x % i I+ ¥ BB 42 Caffeine £ o
Dostal % 4 (2010) # 7 %% ¢ > 4 & 3.6 mM Caffeine 2 & & fir B 5 4 &
40% > & = EBk AR S 0.005%1 ¥R e Caffeine 2 &5 5 4p i > 2 7% 3 308k
g 0.005% &4l Kb 2 S5 B S 38.3% o Martorell % 4 (2013) # 3 % ¢ 4%
Flle 2 RS K3 48h i 70% 0 b P4k @ Cocoa Peptide 2 & £ i 5 5
BT 25-37% AR RERGEAPIL c LB PO REGE  T AeEi LR
Caffeine 2 Cocoa peptide & it § »cfrd] AP /& 113 ¥ A Flg AR A 2o B % >

RRsA

-

1

LB 23S ¥ sy Bt Caffeine o

W

bt

2

E
=
i

S EALL R B F T T G oakdrd] AR A4 E GMCI01 A 7

®;
\“1

BRI G S R R 2 ek B F T A2 (%D MR
Caffeine » % 7 Lol b 7 it 2 3 Sofliv 700 Bk AP i 422 B4 o o B0
RAEER A F A o
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# 9. & ¥ GMCI101 2 Fl4 78 8 f > 25°CRr i 5 2 32 58

Table 9. Effect of edible oil on the paralysis rates of transgenic GMC101 C. elegans at 25°C.

. Paralysis rate (%)
Specimen
0% 0.005% 0.01% 0.02% 0.04% 0.08%
Blank 65.0+5.0 - - - - -
Control 71.7+104 - - - - -

Caffeine' - 40.0 = 8.7 36.7+2.9" 283+29° 26.7+7.6" 333+7.7
C Unheated - 38.3+2.9" 25.0+8.7" 21.7+5.8" 23.3+29" 25.0+5.07

C 100°C / 30 min - 51.7+7.6 38.3+58" 333+ 104" 35.0+5.0" 36.7+7.6"
C 100°C / 60 min - 63.3+7.6 533429 383+7.7 46.7+7.6 55.0+ 5.0
C 140°C / 30 min - 56.7+7.6 50.0 + 8.7 50.0 £ 10.0 60.0 + 5.0 65.0 + 5.0
C 140°C / 60 min - 60.0 + 5.0 60.0 = 10.0 61.7+2.9 71.7+2.9 733+5.8
C 180°C / 30 min - 71.7+7.6 733+2.9 78.3+2.9 76.7+2.9 80.0 + 10.0
C 180°C / 60 min - 733+2.9 75.0 + 8.7 78.9 +5.7 83.3+£2.9 86.7 +15.2
SF Unheated - 60.0 + 5.0 417+7.6" 36.7 + 10.0" 35.0+5.0" 40.0 + 5.0
SF 100°C / 30 min - 583+7.6 51.7+2.9 45.0+10.0° 417+7.6" 483 +10.4
SF 100°C / 60 min - 70.0 + 5.0 63.3+2.9 65.0+13.2 63.3+11.6 60.0 = 10.0
SF 140°C / 30 min - 65.0 5.0 51.7+7.6 40.0 = 10.0 583+7.6 56.7 +10.4
SF 140°C / 60 min - 66.7 + 7.6 66.7 + 7.6 75.0 + 5.0 733+5.8 76.7 +5.8
SF 180°C / 30 min - 66.7 £2.9 76.7 +5.8 81.7+7.7 83.3+7.6 85.0+5.0
SF 180°C / 60 min - 75.0 5.0 83.3+£2.9 85.0+ 5.0 86.7+2.9 88.3+7.6

Mean + S.D. (n=3), * p <0.05, ** p <0.01 compared with control
! Caffeine as positive control, C: C. brevistyla seed oil, SF: Sunflower seed oil
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