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Abstract

The objective of this study was to determine the effects of supercritical carbon dioxide (SC-CO,) extracts from
red pepper (RP) or pine needles (PN) on the physicochemical properties of perilla oil (PO). Subsequently, the
physicochemical properties of the perilla oil containing SC-CO, extract at 0.1% and PO without extract were compared.
Oxidative stability was measured based on viscosity, acid value (AV), peroxide value (POV), antioxidant
(2,2-diphenyl-1-picrahydrazyl) activity, p-anisidine value (p-AV), and fatty acid composition. All the samples were
studied under medium temperature (65C) accelerated oxidation conditions for 24 h. The viscosities of PO with
PN extract and PO without extract significantly increased with increasing storage time, but that of PO added with
RP extract was not significantly different (p<0.05). The oxidative stability properties, such as AV, POV, and p-AV,
indicated that PO with RP or PN extracts exhibited superior oxidative stabilities than PO without extract. The antioxidant
activities of all samples was significantly decreased with increasing the oxidation time (p<0.05). No significant
differences in fatty acid composition between PO with and without extract were observed (p<0.05). Thus, the SC-CO,
extracts affect the lipid oxidative stability in perilla oil and may be used as natural antioxidant for food preservation.

Keywords : perilla oil, supercritical carbon dioxide, red pepper, pine needle oxidative stability

I Aladedunye 5, 2009). S7}Z QHxI5l0] 918 E7|20j= n-3

A 1B ISR RAR] Aute]EdlAKo-linolenic acid, @;)O]

E7M(Perilla frutescens Britton var. japonica Hara)= &2 AA| AEFALO] 60% ©]ARS 2FAI8HTL Itk HwangT} Choe,
THLabiatac)oll £3M= YA 2EAER 3=, 3, %, 2011; Songd} Park, 1994). £3], of]o] ZAHEINAKHEPA),
Y& S0 B}y glom, x| Aol oF 31-44% $Ha-5) T ASARIAKDHA)L: Bsdlil Qa2 &, 417, Wt S0
Qo] FASARR e ol8EAL SItHAhn &, 1991 FHAECIRRe Zo] HEdel wet ofg 229 71l 2
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Aol Ao=w HueE lom, AUolx A g= d
ZJepato g oMol Z4] oA F¥HHashimoto 5, 1994),
el27] A Al Gatchalian 5., 1994), B A3t % B4
% 714, w5 ] ekl pkelo] SlckNagatsu 5 1995).
Teik S0 Al el Sl T A
Qo] 23709] olEATE 1 LERESAHLOR 7}
BA 5 Bol 2 AR B4 SR E8 5 o
Ot 37 29150 ©J5) 24 AHih Ao BAHS 7}
A1 chBelitz, 1999; Channon¥} Trout, 2002).

AR 2L AstAle F8 821 F shQl AsHES
< FE AAGEC] At A BlEH Xdo] AlgkEH 2;
Tt 2 (free radical) A4RESo] ofsf Tk 7] A
wpito] /g Efo] Af(rancidity)7} R 124 o] 2
oAl ALSPIA| A (antioxidant)E 7FIA] =W ARSlbY 52t
A3E AR HYSAA iRk A JAIE B9
e WAk AR oA SR BekChoest
Min, 2005; Choe2} Min, 2007; Min, 1997; Warner, 1997),
QiHoz fAe| HENE WP AT sHom
BHA(butylated hydroxyanisole), BHT(butylated hydroxytoluene),
TBHQ(tert-butylhydroquinine) 5 $HAITAISHA| 7} AR&-E] o]
A3 glont, T AR S0 = Qe HelEd
L 5 A W FAEARI JRE vHIvE o At B
EHA o]F dAlsh] gt M FAEHAIC] HE 9 A+
Q7% 3 QJtk(Branranen, 1975; Koleva®} van Beek, 2002;
Ku®} Kang, 2010; Lorenzo %5, 2018; Yagi, 1987). HAZA}
SH7F A ol A= ol 7HA] A=A AolE Alsh= H]
TSty R =T Q] O W (Becker 5, 2004; Cheo®?} Min,
2006; Giese, 1996; Kim 5, 2014; Ku®} Kang, 2010), A%}
Aol gt A2 HHEAOE caraway(Yu 5, 2005),
cumin(Lee 5, 2019), rosemary(Nieto 5, 2018), thyme(Martins
5, 2015), clove(Gulcin 5, 2012) 50| R %Qlom, HAg+
ASH]| AR 2= 2 AHA{Rababah 5, 2004), A7}{(Chandran
5, 2017), 22]7}=(Rojas?} Brewer, 2007) 5 FAE AA,
Qi (Lee 5, 2006), %A (Ramarathanan 5, 1988), ZHKim,
2012), Y= (Jeon 5, 2013), 3 ¥ (Sultanna 5, 2009)2} Z
< 7 A8AE, sz (Hermund 5, 2019), FHUHChang
S, 1992)9} -2 FHkAA, B8 53249 carnosine T
2ZE(ONeill 5, 1999) So] HE|glct

A (Capsicum  annum Ly= LU AEZ 7|3
(Solanaceae)°f| &= SlotolZ2 &ElA 2™ (Byyun
5, 2016), IFFEE0] 78 B Tk, I, A
3t 4 A5 Y 57} Sl A0 E HAE UK (Chen 5,
2012; Kim 5, 2010; Surh 5, 2000; Yoon 5, 2012). $-1159]
F& A4 carotenoid ] S22 & F+2 capsanthin} capsorubin

2kl AEA )0 (Weissenberg 5, 1997; Uquiche -5, 2004),
ascorbic acid, carotenoid, quercetin, kaempferol, luteolin,
capsaicinoid@} 2+ phenolic SIME-S o5 h3otal Qo]
=2 ARt 2442 7okl B s 9t Howard -5, 2000;
Lee 5., 1995; Miean®} Mohamed, 2001; Song 5, 2010). <&
Q(pine needley> AUSH(Pinus densiflora S.)2] YOZ FQ
AL WSS, 18, B, A48E 5 3t
A Ao} I ool ElS 11, &0l a3t
7} 9okal B %I Choi, 2009). 5 E22- chlorophyll,
carotene, terpenoid, quercetin, kaempferol 52| Z2tE 0|
%, tannin, 20| S8HE, o-oniene, B-pinene, xamphene
S AR9EN g9 s slgEe] ¢4 SIthLim 5,
2002). 2150} £912 95 HAFASIA Aol = B
Slal(Park 5, 2019), EA7HA] 1150t &90] Tt A= 5
2 AZE 535 E4EA EX(Kim 5, 2018; Nam¥} Lee,
2020), FHBE EA(Hung 5, 2018; Kuk 5, 1997), £9&
gejsto] 253 FEE9] AR H|W(Kang 5, 1996;
Kim 5, 2021), 3248 53 4747154 &3t A-KSong
5> 2011; Yoon 5, 2010) & A|gt2]Ql AAjo|ch

olo] & AFollAE YU, 715 o= 3t SME
A2 e ol 8slo] 57182 AFshL, a5 = &
ARHE AR A 2237 B9l AAFARA =
S5 AlEsle] 271800 7Rt & 7154 B9l olsket
A B4 d A7) W AR
A Alst B B9t 712 AT ARE AR S

(o)

=

= AN AR ElE th EEoE SRS
A(Cheongju, Korea)ollA] 813t 212 Algol A4 %
7] ERkgol 2% =g wWi7hA] 25T YSAXE
AAISITHKIm 5, 2018). E749] 2= E7E 40T ols}
9] 2LofAf 2kasto] ZHAof| Blaatar, AN, A|et &
4T Bslo] Alg2 ARESIHL). A5 (Capsicum annuum
L= AFAOlA Aufe =3 F59 S5 NHUEA
(Nonghyup Co., Ltd., Seoul, Korea)ol|A L43to] A5 =
A AL, FGHEL SN GoloHES 4558
stol BAAZANAE. 9L BAOIN B (Korean red
pine tree) O ZXE] XF|5t0] o] ASk>-A(Ezenhouse Co.,
Ltd., Moongyeong, Korea)ol|A AZXEHR 7y U Axst A
2 FYst0] A8t HE At ZUALISRE 3
2 A BFEA) No30HET7]: 0.6 mm)yS E35}1 No.50
A==7]: 03 mm)of] Aj= RS Foto] -80CT Y] U4

i
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At 228 AR A8

|

AA 287 FBEAS FE517] flste] 2AARlIsk
2(SC-CO,) 2272|(SCE-05, TLSHIN AUTOCLAVE Co.,
Ltd, Daejeon, Korea)E ARESIHLE. oA SletAE <= 99.99%
2 A8t 2EYAL 255 Belz QML o))
A AYRHARE o] ok WA, 529 S 41
FAAZ A& 500 g= TSI oliteREAE A-H(CO,
gas container)ZH-E check valves AA 1 mAEHI
(HP pump)o] 13 749}slgich. olm) oliksteia Zgixel
FE3} BAE WA Sfsto] W coolen AAJ3lo]
oY ISfetA0] 7|3k WAEIIE. Z1QE oWISfRkAL €3t
Z47|(BPR)| 25t} o] A=, A A (pressure
guage)°l| 93 ¥=o] SO, FEXE o|FHU
FERY Y& 2 Loj1, 2u= HE Y 2224719 9
sto] 2EEgloH, FHFLEA(TC)O] 2fsto] S =AM
2t ARo] 22270 vt 2225 B9 22T B340
Z YA o]AkslEtA = micro-metering valves S9f E2%
(separator 1, 2)0llA] 7]A| ojilefetAiet FE2EE =9l
o 2 ARe] 222AL 083} Pk nREANR Rue
2% 60T, 35 MPaolA] 2417} 2251917 (Kwon 5, 2011),
SATAAZELL 40T, 40 MpaollA] 2A17F F&3510] 3]
51t Woo 5, 1999). ZF &8-S 80T oA Y5 Hitst
HA Aol ARSI

Azg{ EH| 2 7igMst

247}0] 290 kSt ABAY 2EES 0.1% A7}
% E7188 50 mL Almol AT Y A4 QE(S
RESEARCH, JSOF-150, Gongju, Korea)ol|A] 24A|7F &<t
65CoNA FARE FEsISith AlE+= 0, 3, 6, 12, 24A7F
A0 2 AQFstaL, 1587t 4=29] HAAeTE <QtollA
T 242 AASIIHLee 5, 2020).

A =23
Jatslo] He Az HsE Amu] Slsie] AR 30
S FHoj| &1, 25T 9|4 Brookfield viscometer(DV 11
+, Brookfield engineering labs, MA, USA)E ARE5F 0 H,
SC4-34 spindleE ©]&5}%1l, spindle speed= 10 rpm,
spindle increment= 10 rpm O & AA5}o] ANH=E =4

= Y= 2ARP7] f5te] AOCSH(AOAS, 1990)°] ofsh At
7h 8 SRISHE7HE stk Ak A2 5 ¢of ehibanol:
cther 1:1(viv) E33 89 30 mLE do] §34I7] T, A
Al9FOZ 1% phenolpthalein(100 uL)E 7}ste] 0.1 N
potassium hydroxide(KOH)/ethanol &M 0 & AA35}Q{ct. %]
Aleke] A84Ho] 20-30%7t A& HiE STHo=E A5}
of 2HE 0.1 N KOH o222 AIE AAlstgict

TRISHE7R= Al& 1 go] acetic acid:chloroformE 3:2(v/v)
L9 25 mLE do] &3A]7] F, potassium iodide(KI) &1
ImLE go] 17 AR v, 1% ZE 88 ARk
Z 1 mLE 7[5t & 0.01 N sodium thiosulfate(Na,S,03) &M
< ol-&sto] HgHo] F¥o| H wiE FUHOE ks
he 2ot

Acid value (mg KOH/g) = (Vi - V) x 5611 x F /S
Vii 2 AIF9] 0.1 N KOH &H49] ZA4H]ZKmL)
Vo: 3A12] 0.1 N KOH 829] 27 4H|ZH(mL)
F: 0.1 N KOH &<9] 97}

S: AZAFFH(e)

Peroxide value (meq/kg) = (V3 - V3) x F x 0.01 / S
Vi £ A[E9] 0.1 N NaS,0;5 849 A AH]FHmL)
Vo SAIEE] 0.1 N Nay$,05 & 9] 27 4H|ZHmL)
F: 0.1 N Na,S,0; 8] o7}

s: AR )

DPPH (2,2-diphenyl-1-picrylhydrazyl) #oj| 2|gt ]|
Mstoryy 23

Lee 5(2007)2] W'H A]& 50 mg= 0.10 mM DPPH(95%
isooctane) 5 mLo H7Fslo] QRAIOIA 3087+ AN =,
UV/VIS-spectrophotometer(UV-1800, Shimadzu Corporation,
Kyoto, Japan)Z 517 nmoj|A] S5 =751tk DPPH
A 7t AR A7) SYES o]§3le] WEge

Cehl

p-Anisidine value(p-AV) &%

p-AV= AOCSHO| 9J8] 27531HTHAOCS, 1990). A& 100
mgS 25 mLY] isooctane®]| -85} UV/VIS-spectrophotometer
£ 350 nmollA SBEE SASIUTE o] &Y 2.5 mLoj
0.25%(w/v) p-anisidine 8 0.5 mLE 35111 1587 ¥
ARl &, 5Y 1PgolA =S SA5HL Tt Alo] 5]
p-AVE Albsleltt.

p-anisine value = 25 x (1.24s - 4b) / W
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As: OFYAIH Aok} ¥kgSE 50| A7 g9 T
Ab: oFJAIH Aokt HEgo}7| Ao Az 8989l S8
w: A= FA(g)

AgM B

QANEL] AMAE EHE 918 Lee 52020)0] HHE A}
85199t} A& 50 mgo] 0.5 M KOH/MeOH 9 mLE 3315}
o] 90T 24204 1587 &3 A|HHAEE methylation
A1717] Y5k methanolo]l =21 boron trifluoride(BF;)E 1
mL. A7kote] 2L LwolA 287 M AT Wat 7, ut
SAo 23} NaCl & 2.5 mLe} WREZEEY Sa-
cholestane(Sigma-Aldrich, St. Louis, MO, US)< &-3-5}al
= hexane 2 mLE 7Folgich AdEe] &, 23t 500
pL bis(trimethylsilyl) trifluoroacetamide(BSTFA)S 715t
F 70CO14 20 min ¥FGAIA AMAS REAAZAL. F=
A=l A|FE= DB-5 capillary column(30 mx0.25 mm, 0.52 pm,
Agilent J&W, Santa Clara, CA, USA)o] A& GC(GC-
2010 plus, Shimadzu, Tokyo, Japan)S ©]-8-5}0] EAJ5Ict.
o5/ EIAE ARESIBeH, 42 &9 1 nlL,
Injection 2+ 200CE A5t Oven %= 70T
A 287F FAIRE F 320C71A] £F 10T 7HEes &1 &
320CoA 587F §A519eE GC 28-S E5) BalEo] Yy
AGAREL2 27} 0] 28} BE(70 ev)Q] AHFEA7|(GC/MS-
TQ 8030, Shiadzu, Tokyo, Japan)= AZE|ch AsFEA7]
9] ion source ¥ interface <= ZFzZF 230T e} 280CE A
ot o, MS AHEHLZ m/z 4504 8007HA|2] A &
70 =04 0.3 s9] scan event A|7H} 3333 u/sQ] AT £
ERE R,

SHAE

EAAZE Windows& SAS 9.4 version(SAS Institute
Inc, Cary, NC, USAYS 08310} p<0.05 o4 A4
(analysis of variance)Z AA|3F &, Duncan®] T HY
¥ (Duncan’s multiple range test) 22 -2]43S HSI )
T ASEY g Alole] A £A4S f15o] Pearson
AR S NSl

Za o o
HE
FZ EE £90) 294 otk 22 Hlo|

£ 57180 AEs 2% Aok Fig 13 2o 0.1% F1
2 2otk £28 WATE 1D 4ARWA

53.98-54.00 cpsi QM0 2 Hjol7} gl A0E etk

o4
oo 2

80
—O— Control
A 0.1%RP 4
75 v 3
—i- 0.1%PN
—_
%)
o,
Q
~
2
‘B
Qo
Q
R4
>

Thermal oxidation time (h)

Fig. 1. Viscosity of perilla oil added with supercritical carbon dioxide
extracts of red pepper (RP) and pine needle (PN) stored at 65C
for 24 h.

Values represent the meantSD (n=3). Means with different letters above
a graph are significantly different at p<0.05. a-e, for the samples at
different storage time.

ghHol, 0.1% &9 2944 oA FEE M=
53.98-64.29 cps2 7FEAISIATIO] SRt mEl 5-oF 0
2 Axrt F7Veke A2 E UETHp<0.05). 2] 7
$-, 53.98-74.38 cps= 7}EAISE A7to] F7Kst| whet M
ol F43] T7loke AoZ YErith ek, 2YgA o4t
SlEkd 22 H7olA 718 Ao bt vt
AR == AZ I 4 U]} Sharoba 5(2012)2 71E
Abslol| W A18-3-0] ER|3IeRA EAJRIste} AA] AL
A 71ARIo] Zglol] et fA19] Hert 76l 71
257} 2848 A JA] EoRrItial HasH9irt. Chammen
5(2015)2 714A]9] AgxAo| w2 FAsA o] Atst
B3} ZAPA] a-tocopherol H2]G7F A% 1-3FA7HA] Ak
5ol AT Bk}, A= IEAEEES &
g3t TR0l Qlom, Autg o= A8[0] Hr= Alslrt X
FAE F7olal, Fro F7k= oI5 2T 3, cis-F
9] trans-g 0 29| oS}, 1204 9] FZA 71ASTHRS
olgt FEAel B4 ol 7IIstkal ® st ¢lth(Perkins,
1967).

o i L el ]

TIF B &9 2AACKEEA 55 7P 271

o] A7}o] w|A= P3RS Fig. 2(A)° YERQITE izt

o] 7%, 0.44-3.00 mg KOH/gC & 7194k} Mo wak

ol F43] 7= Ao YeRdth 0.1% S115 &
7110 AL 0.44-0.44 mg KOH/g 02 2}o]7} Q9o

© 1o o

i
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@A)

4
—O— Control

B 0.1%PN

3 —4&- 0.1%RP

Acid value(mg KOH/g)

Thermal oxidation time (h)

(B)

100

—O— Control
—— 0.1%PN
80 F —A— 0.1%RP

Peroxide value (meq/kg)

Thermal oxidation time (h)

Fig. 2. Acid value and peroxide value of perilla oil added with
supercritical carbon dioxide extracts of red pepper (RP) and pine
needle (PN) stored at 65C for 24 h.

A, acid value; B, peroxide value.

Values represent the meantSD (n=3). Means with different letters above
a graph are significantly different at p<0.05. a-e, for the samples at
different storage time.

o, 0.1% £ 228 J717L9] 42 0.44-1.14 mg KOH/gO.
2 foHoR F7Pke 20 UETHp<0.05). a1
E= &9 2UAKIEA 255 7P 718 AP
AN 7= Ao R YEdTh A7H= glyceride©] ester’} 2
QAT AL Fofl s et AR wof A7 Al
E 58} FAlol Eolig o= ARt 5 23Rl Akt
oo s FA9 AeE S5k 7Iee® dEA St
(Yoon 5, 1988). A7} 450l Y3F= == 81 =2= 74
o] R, a7 A A5 BAY 2AF /5, Akt

o] A=, 71E2k 5°] L™ (Jacobson, 1967), o=t 4

7Ve SAToEZN FA9 Al T 7FEES] SOl 485
A 9] gFuje] AYA JTF, ASARR 4, EAd Aot
59 Q1 EAASIE Yo7l FEAAre] ¥ St
& 34 7Fs3HA SithNaz 5, 2004).

TIF B &Y A oslEA 225 H7PT £
59 FisHE7) nlRl= JRES Fig. 2(B)oll YEFHITE o
Z79] B2 3.53-69 meqkgl R 71AAKSI} RS0l ujet
IRBIE7PT F20H| S7F6l3i) BhHo] A ojAkskekA
FE2E 7oA IREEZ P dAlEls Ao Yeht
= 0.1% BI1F 225 A79) 749 3.53-5.00 meq/kg,
0.1% &Y 225 79 S 3.53-36.54 meq/kgP 2 7}
At Jgde] et ASIETPE §-9H 02 STk
Ao = VERITHp<0.05). IAIEHE7H= FA]9] 7] As4t
3t A= Yeifis AEZA §A0 =] Qe 13} AL}
AY3ER] A slolERdAB RS S0l AR fA9 &
7] A 9 57 17kS E2gske b] ARgEthJang 5, 2020).
Cho 5(2009)> FAKIEMIo] 2 E7]82] 49 IKSET}
7} FE5H| 71Tkl B 116191 0™, O’Braien(2004)y 34k
SRS FA9ke] Ao akgo] olsf ARSI
7l Zo& Hilsoth

&5t 24 (DPPH 2iC|ZE A7S)

S5 B &9 AN 228 H7PF E7]
9] alsiego] m|x= YIRS Fig. 300 YERHIE HY
St 229l DPPHE ARBPIAIEARZRE M2} 52 F45
Alg wrod vigtdg ATEHA Syt #slelH, o]
Yg]2 DPPHHLS AAE9] +84 32 77180 FE2E9
A SRR de] ARSI Qi SHA|RE, DPPH
g Az 52 AR ofyef, S04 fafE kst
o] osiAx vt Feiz Mgk 5= Qlof, o] B
2 fA2EE PgEl= §A 45 2 EE DPPH S8%
HolE g-8ato] FgF oz ZHsto] fR9 ASRIYAdS
d|Z3}= o] o]8E|ojZthLee 5, 2007). 7] DPPH g}t]
d AAE 9T A, 279 A 6330% FEOE
T R A 7 Ao YERT ¥ 0.1%
T3 9 0.1% £ 29AkERA 255 W= 7
7+ 79.32%, 76.11% 5:329] =2 AALS 7R Ao
ERGTHp<0.05). 7FEAESIA|Ztof| whE gRAkSE S-S B4
AT}, 2T0] FL 63.30-45.00% 20 F 7HAGIAT,
T3 228 A7 79.32-74.44% SF0|9loH, &9 =
£5 #y}te] DPPH HE AA%L 76.11-53.00% 52320
2 8o Fachs A0R UEHTHp<0.05). A7t
Y]] 42 FAE A8 ¥ lardi= DPPHY| S3&E
A FAAAE 5= glo), AR B2 4 AlFEE 22 Alst

o
-

i o}o{r pols



752 AARALRESA] A28 Aos (2021)

&

=

2

=

131

&

)

8

L 60

=

2

= 50}

%) —O— Control

8 40l A 01%PN

T —B- 0.1%RP

&

A 30 : : :
0 3 6 12 24

Thermal oxidation time (h)

Fig. 3. Antioxidant activity (DPPH) of perilla oil added with
supercritical carbon dioxide extracts of red pepper (RP) and pine
needle (PN) stored at 65C for 24 h.

Values represent the mean=SD (n=3). Means with different letters above

a graph are significantly different at p<0.05. a-e, for the samples at
different storage time.

[e] =2 X o
P29 2UAY U AASEE @ ASE fARRE
SRS Ak A AT 4 gHe Belo] g AoR
ehefzto] Wt
5|7 ARPEASAS ARKA] Bl 4 oA 9
3] AR ECHLee 5, 2007). Magsood 5(2017)2 ThoFst A
A ZRE 3531 AAFPAESIA= aromatic ring, phenolic
ringo] <o) AL w0} Tl 57|18 QYT
710f5tar, 285419 & Akeh A2 AlzolA4 DPPH 2t
4 2A50| Phdchkes 9 YRl F Alslo] o5 i
H AR SR 7|Q1%t Aoz & Alsly) APEH Alsh
H FAESRE o] WAsH Hw, ARPYAEEo] AF
skRA9] S s JAIsH | Ssl AR E7] wiel2tal
H stk

p-AnisidineZ}

FI% Ex $9 ZYACWS: 252 Wb 5]
59 p-anisidine”}of| 1|2]= F3F= Fig. 40 UERARA 24
AIRE 7k@Atsto] oJsf tiRO] % 53.00 AnVE 4]
F7Foke A= YEHTH(p<0.05). ¥HHof| 0.1% &35 &
= &9 259 A7 A9 27 1.30 AnV, 3.70 AnV
2 U THp<0.05). 2AAoslA 55 710 ofsf
S7159 p-AnisidineZP7} QA== A I 5 AT
p-Anisidine7}= 22} ARSI ERQ] alkenal -5 S35 A2
E(Min, 1998), FHH 0= o] &EojX]= A-&FA|Q A%

60

—O— Control a
50 M- 0.1%FPN

—4A- 0.1%RP

I
[}

p-anisidine value
[\ (O8]
S [«

—_
(=]
T

Thermal oxidation time (h)

Fig. 4. p-Anisidine of perilla oil added with supercritical carbon
dioxide extracts of red pepper (RP) and pine needle (PN) stored
at 65T for 24 h.

Values represent the meantSD (n=3). Means with different letters above
a graph are significantly different at p<0.05. a-e, for the samples at
different storage time.

10 AnV oJal2 =0 JrhMultari 5, 2019). Gao 5
(20162 &2 shelol A7 He AfEel Audg 7HAH,
FAY] ExSe, FEIYA Y Aokl HE, A - &
% 59 vERtoE Qloto] WAE 4= okl Hasieit

Ex $9 2A0ls: 242 AP 2]

of B]2]= P Table 10] YEPHAE A
HHAE 24 B2 palmitic acid, stearic acid, oleic acid,
linoleic acid, linolenic acid”} S4% 2, Gu 5(2019)°] 2
13t 57189 F8 A4 BEF fFARE A UERH S
o}t 7159 7MY 583k AHF4RI linolenic acid7} 2F 60%,
oleic acid F 16%, linoleic acid 2F 13%= WERY linolenic
acid7} 5 AP4ko 2 Yeydth 0.1% S35 S35 7}
F9] 7L palmitic acid, stearic acid, oleic acid, linolenic
acid AHAIS] 49 G920 Holsh gl A2 Lpebt
O, linoleic acid®] S ¥t TAsk= Aoz Yepjolt
oA o g Zpol7t Qlis ALE UEITHp<0.05). 0.1% &
Q9 FEE FU79] 7S, palmitic acid, oleic acid, linolenic
acid= K7t 271519921 linoleic acid= QF7F ZHASH= Ao
2 Uepto, BE A 240 FH o= Zpolzt gl
= AL2E YEITHH(p<0.05).

fo
12

FU3 EE £ 2YACNSE 358 W B



Effects of added SC-CO, extracts oxidative stability of perilla oil 753

Table 1. Fatty acid composition of perilla oil added with supercritical carbon dioxide extracts of red pepper (RP) and pine needle (PN)

stored at 65C for 24 h

Thermal oxidation time (h)

Fatty acid composition (%) Samples
0 24

Control 5.69:0.00"NS 5.69+0.01%

P ah{‘gfﬁ?o)add RP 0.1% 5.6720.04%) 5.6740.03"
PN 0.1% 5.66+0.04~S 5.70+0.01™8

Control 2.41£0.10™ 2.49+0.01™

Siestic gaid RP 0.1% 24120.11 241£0,00
PN 0.1% 2.43+0.07 2.43+0.07

Control 16.000.00™ 16.00+0.00™

Olféclsjfid RP 0.1% 16.00-0.00N 16.00£0.00™
PN 0.1% 16.00+0.00™ 16.01£0.01™

Control 13.20+0.01™ 13.16+0.05™

Lin((’g;)a‘?id RP 0.1% 13.20£0.01 13.1120.11™
PN 0.1% 13.20+0.00™ 13.17+£0.03™

Control 60.01£0.01™ 60.00::0.00™

Lino(lgiz)add RP 0.1% 60.00£0.00™ 60.00::0.00™
PN 0.1% 59.9420.07™° 59.99+0.01™

YAIl values are meantSD (n=10) and means different superscript letters within the same column are significantly different (p<0.05) by Duncan’s

test.
NS, Not significant.

59 ARl mX= dF= B7I6l] flsto] Ak, 4t
7}, iE7E AR 24, p-anisidine”t, AAF 242
AR Aes 0.1% B35 F25 A7HE Al9st
LT 71G4kste] o8 fojdo g Frlee AR YEkT
(p<0.05). A7} 9 piHE7 = 29 AS- AP 271
of Hlsh 6.84H, 19.58) S7Iok= 2= YEhEo™, 0.1% &
13 E= E9 FE55 7Y AS AR iEkE7
A== Aoz UERHTHp<0.05). A4St 2-4(DPPH 2HH
d 2 ) Ta5 B £9 355 F71ol 9sf DPPH 2}
tE 2750] S8, 71848 2gollA A= ARS:
EJoJRHA 1 o] ZaEl= Ao 2 YERGTE p-Anisidine”}
& ojz7o) A% st MeE] tet B2s 571
Sk A0 Ueeh whol 0.1% 1 Fi 49 23
2 ai7el A% moR olse Aoz vkt
(p<0.05). A|AF 24 B4 A3l palmitic acid, stearic acid,
oleic acid, linoleic acid ¥ linolenic acidE X35t 571A] A
Pito] B4R o, FH APAC 2= oleic aied?} OF
16%, linoleic acid”} <F 13% 2 linolenic acid”} F 60%=

FH YA 244S Aok A o= YERTE 0.1% S35
Z2ZE A7179] 79 palmitic acid, stearic acid, oleic acid,
linolenic acid A4t} ¢ FojH o0& Zpol7t gli= Zo=
EREOH, linoleic acid®] 739 27t TAsSh= Z1 02 et
oy fojFo=s Zo|7t gl AR YETtHp<0.05).
0.1% €Y 25 FA719 7% palmitic acid, oleic acid,
linolenic acid= 27t Z716199 11, linoleic acid= 2F7F 4
Sh= Zo® Yetod, s Ak 2404 ooz
o7} gl A2 E UERHTHp<0.05).
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