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Abstract - The Korean daily intake of vegetable oils has increased about 2.5-fold from 17 g/day to 46 g/day for the last
several decades. Perilla (Perilla frutescens var. frutescens) has been cultivated in Korea for a long time as a dietary oil seed
which has the highest content of a-linolenic acid, accounting for nearly 60%. It is known that the main role of ALA is as a
precursor to the longer-chain -3, eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA), the metabolic products
of a-linolenic acid (ALA, ®-3). Dietary »-3 fatty acids reduce inflammation and the risk of chronic diseases such as heart
disease, cancer, and arthritis, but they also may act as functional components for cognitive and behavioral function. Thus, a
-linolenic acid is one of the essential nutrients in modern dietary patterns in which much linoleic acid is consumed.
Nevertheless, perilla oil, rich in a-linolenic acid, can be easily oxidized, giving rise to controversies with respect to shelf life,
the deterioration of the product’s commercial value, and further related toxicity. Recent research using genetic modifications
has tried to develop new plant oil seeds that balance the ratio of w-6/w-3 fatty acids. Such trials could be a strategy for
improving an easily oxidizable property of perilla oil due to high a-linolenic acid. Alternatively, appropriate application of

antioxidant to the oil can be considerable.
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S43 7 S ARUO RA RS S B4 Rl ) SR 7210l B triglyceride® S4o] Wt 25 F
oAb e, A ulo QAR SO AIGOR o] AAYOR BREG MEUS THE T4 A gue

U 2] Sata1o] 71 Lee et al, 200% Lee etal, 2012),  7FEPo] weh Ao EQE)=E] §7) Edo] ofake 2

o (=) = o [

wX2 XHd, Ed H MalH s
Fat -&- Fat (g/day/person)
50 mm Fat (% energy/day)

o] gAAAT A4S

AN D7HA] f-2lufetoll A Al AR A, 5 .

N, BA, GF, o577k Solu, et 7= L5d7A 5
Q3 222 7k2ECh(Jang, 1995; Choi, 1998; Chung, 2012). -
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Table 12 212 FollA] AL EE SQlEjis olno] gAY ©
S HOJETHKREL 2012), S92 74| A& 1966 99.6% O 07071 T2 7S 7475 76777 7870 0 61 52 B3 54 8 6 7 5 50 60 91 %250 94 95 96 01 U5
o} 1982400 ol 8,592 F23] Aot
Syt A A2 52 1968E Y T2 o831 Fig. 1. Annual changes in fat intake (g/day/person) and fat ratio
=92 yoldoa AAGHAA AEo] S2tHJang, 1995; on energy intake (% energy of fat /tot.al energy/day) by Korean.
Sajo Corporation, 2014). EARFE0] W 20124 oA Adapted from Korean Nutrition Society (2011).
WATEL STl 1,780 B, WA A A8% TR B oo s
0.2% <220 2 YQITHKHIDL, 2013), S715-= 2| o]| ufet A1 Lo .
SwrhvEn, 2A7PyAtste] 48E7] il AEEe S | 0
of EefUA] 93 20 HAlTHTable 1), 201248 71 Z0.2 M
M T2 A71%) SAEE) ARAD FeE eo2 4 (B) 0
B Pelutet S o) 4 Aol S ol 4 gick. mo-0 N NANAANNAN,
FHol A A8 A7 IERIT B)) ST ) A T Ny,
BRI E) ) 2EY(6 5 E) ) S447] 55,47 B0 B e B B s
2 XA 715 o] AHJHTHKHIDI, 2013), H.C—0
Fig. 2. Structure of triglyceride. (A) general structure of
|29 3}5+A A=A triacylglycerol. R, R' or R" denote 3 molecule of fatty acyl
A A, G FRELE Z0] 07| Qujjo] =11 A group bound to one molecule of glycerol. (B) triacylglyceride

composition, right part from top to bottom: stearic acid (18:0),

o]go] 7153l Q| EdE A A8 71=3t G2 5 Al

o] I7Fst 7l defotel, 48 :_ A1E 48 a-linolenic acid (18:3) and a-linolenic acid (18:3). In a-linolenic
=

FrEfal gy, dnbA 0 & Aol A A AEiE 715 oll) acid (18:3), carbon number 9,12 and 15 denote position of

AEE A" (fat) &2 A ASTHGurr et al,, 2002). ’%‘%“wg double bonds from carboxylic acids not from methyl group.

7

Table 1. Annual production and import of perilla, sesame and rapeseed seeds in Korea”
(Unit: metric tons)

1996 2001 2006 2011
Seeds production import production import production import production import
Perilla 25,175 13,886 22,597 2,754 18,142 22,656 33,936 26,557
Sesame 29,370 67,572 24,096 77,356 23,461 85,567 12,704 81,941
Rapeseed 1,849 1,945 739 528

“Data was extracted from 2011 Food Balance Sheet (KREI, 2012). These seeds are major oil resources supplied and cultivated in
Korea.
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AlE Aol Al EAHIE, tocopherol, polyphenol H o
q v

A4 AJEL 7h71 QItk(Lee and Choi, 1990; Asif, 2012).
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Linoleic acid {LA, C18:2, omega-6)

HO CHs

6
o
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Fig. 3. Structures of major fatty acids. In C18:3, 18 denotes the
carbon number of fatty acids and the 3 denotes position
number of double bonds. In omega-3 series fatty acids (ALA,
EPA and DHA), first double bond comes at third carbon
position from methyl group. In omega-6 fatty acids (LA and
AA), first double bond comes at sixth carbon position from
methyl group.
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1999). A4 F_F ALA= Aol A 4291 285 o eicosa—
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Z|HFAFO| T} (Fig, 4; Sprecher et al,, 1995; Burdge, 2006), ©]
ot A8-2 0—6 Z|HFAF] LAY %= 3]-8-%|9] arachidonic acid
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Fig. 4. Biochemistry of linoleic acid and a-linolenic acids and their principal derivatives (arachidonoic acid, eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA). The long-chain PUFAs (AA, EPA, DHA) are incorporated into the plasma membranes. An
enzyme, called cyclooxyganase or lipoxygenase cause the conversion of AA or EPA from membranes to prostanoids or leucotrienes.

Adapted from Patterson et al. (2012).
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(20:4, AA) = Fghe] B g A|UjthAtell A LA (0—6)2F ALA (0-3)
= ARl 9]0 2t Spector, 1999; Schmitz and Ecker,
2008).

QL3 ipol w2 10007 o} 7R 57} AT -6
3 AR MIE 111 R0l ol A0 2T gk, 254
& 5-151 el E A Y o2 FHEHY 0-3 AAHS
AHZOILF )2 ZHASHL, 09 i 6 Ao AaHio]
33 $719.9) B0l A 27k A3l HelekSimopolous,
2002; KHIDI, 2013).

Lee and Oh (2001)% BH2910] AR} o—6/0—3 HE-L
6-10:1 1 9]of] Qlekar Whaegh vt Qlet, 2=¢l 21219] 0—6/0-3
A[RAE v Aot G o] AFR S HALR Sho] 4-10:1 <2
S HAHER AokStE v Qlth(Korean Nutrition Society,
2010), Kim et al, (2004)-& 421 313 ALA; 0.9-1.2 g,
EPA; 160-172 mg W DHA; 17-240 mg A=) 0—3 AJHARS: 4]
23k, -8 Ao B0 Srlget BB 7)olE
b zicka ek v Qlek, QHOLS ATA 02 AkEo] 4
¥l EPAS} DHAZ} 03 A4te] 5241 3o Hrpet
(Hibbeln et al., 2006; Kolanowski ef al , 2006), G+ d7-¢f
ojsh, 213} QLLelo] 4 AlESFo] DHASEPA B
27.8-0.2% 2] vl WSIE ANE BER: ALAL
EPAE DHAS] AESHY a0 353 4 U8 Aaitt
(Tsuchiya et al,, 2008; Park, 2010).

S7iRel S

Seute] 571 A9
S7s Seluket 9 FobAlofelA] HuSIal Ao

Table 2. Chemical properties of edible plant oils”

ot e daA AER FAE AFste S (Perilla
frutescens var, frutescens)2} A& o|8s= X}Z27|(Perilla
frutescens var, crispa) 2 et dHtdo g a3t S &
Z}0) 8] &=ES 40% U L]0 th(Lee et al , 2002; RDA, 2014).
Fool weh dojxl S A 2 EeAy F4
A2 95% oV e ARARITE, 71 9o QIA1E (4% He) H Al
AHIE(F2 B—sitosterol, 1-2%), Y—tocopherol X! polyphenol
AH o] E0] Q)tHShin and Kim, 1994; Adhikari et a/, 2006;
Asif, 2012; Lee et al., 2013).

Table 2= 012 41872 APAF B @ @ =715 H|w gt o]
CHMattson and Lutton, 1958; Tan et al, 2002; Lee et al.,
2012). i, S99, 715, LM 52 LAS 50% ©|
AR B ALA B0l o Ao e a0
ToE Zow, AlfjE)7] 418 A8 oS dHKnothe et
al , 2002; Lee et al., 2012).

S L LEEEEEY

Aol A 9] ALAL] Raljdi e S PAL = ZHARE T}
wel wjRg Aelsln A RS vel 4j3ie ALAC)
16-33%+= 48171 oo Ato}E|of CO, = HijEEtH(DeLany et
al , 2000; Arterburn et al , 2006), XA 0 & GQl%= ALA
9] 85%+= 3-A131E E3]] o U AL o2 AAEITHBarcelo—Coblijn
and Murphy, 2009).

Table 38 %2 A1) 3I1A 7153 20K Aol o

2

713, A7 Azt Fofl B2 DHAE ALAR T R 29

olF a0l o B oty HHEE FA5ke T A

Major fatty acids (%)

Kinds - - - - - - 0-6/0-3 Todine index
Linoleic acid a-Linolenic acid
soybean oil 51 7 7.3 136
olive oil 10 0 10 87
grape seed oil 62 2 31 141
canola oil 22 10 2.2 108
corn oil 55 0 55 129
palm oil 10 0 10 55
sesame oil 50 <1 50 110
perilla oil 15 61 0.25 194

“Adapted from Shin and Kim (1994), Tan et al. (2002), and Lee et al. (2012).
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Table 3. Biochemical functions of major fatty acids”

Class Fatty acid

Functions

Linoleic acid (LA)

Component of most tissues, and as epidermal permeability barrier
Precursor of arachidonic acid

-6
S Eicosanoid synthesis
Arach AA -
achidonic acid (AA) Components of membrane phospholipids
a-Linolenic acid (ALA) Precursor of EPA and DHA
. L Ei id synthesi
Eicosapentanoic acid (EPA) 1cosan91 Syn es1s. . .
03 Competitor of arachidonic acid

Components of membrane phospholipids in retina, brain, testes and sperm

Docosahexaenoic acid (DHA)

Modulation of integral membrane proteins

Regulation of gene expression

“Adapted from Spector (1999), Gurr et al. (2002), and Schmitz and Ecker (2008).

Table 4. Physiological effects of eicosanoids and the related products from fatty acids”

®-6: Arachidonic acid (20:4)

©-3: EPA (20:5) and DHA (22:6)

Products Functions Products Functions

PGD2 PGD3

Prostaglandins iglliz Pro-arrhythmic iglsz Anti-arrhythmic
PGI, PGI;

Thromboxanes TXA, Platelet activator TXA; Platelet inhibitor
TXB, ‘Vasoconstriction TXB; Vasodilatation
LTA4 LTA;
LTB, LTB;s

Leukotrienes LTC4 Pro-inflammatory LTCs Anti-inflammatory
LTD, LTDs
LTE, LTEs

Resolvins Il:\\/]]?l Anti-inflammatory

Neuroprotectin NPD1 Anti-inflammatory

“Adapted from Gurr et al. (2002), and Schmitz and Ecker (2008).

o]tH(Spector 1999; Schmitz and Ecker, 2008), £3|, E]jo}7]
o] DHA®] @77} A1, 1 d7] QA58 7 ARtk At
X Qlth(Horrocks and Yeo, 1999; Ghebremeskel et a/,, 2000;
Uauy and Dangour, 2006; Innis, 2007),

ALAS] 21 7152 BPAC] Sf3] o]H40. 2 WplslE %
S}CH(Sinclair ef al , 2002; Arterburn et al , 2006), &%l v}
B, AR ALARRE EPAR O] AW H2hHe-2- 8-20%, DHA
2=0.5-9%% YrHArterburn et al, 2006; Swanson et al.,
2012), £3] DHAR O] A|Uf Hehe-2 EPAC]A] &af= 7|
AL R] k= 51t} (Sinclair et al, 2002; Burdge, 2006;
Brenna et al, 2009). &1} dHo] aaAof o) At

-139-

ALA7} EPAZ 71312 o LAR HE] AAR 9] TS AajE|n
2, A AA/EPAH] O] #72 H- 1igko = HSIAIXICKFig, 4),

Aol A AA= cyclooxygenase—2 B+ lipoxygenase )]
ol&j 2-A<E prostanoidsﬁ]r 4—A|E leukotrienes 2 A Z}+E] o]
9%, U5, BT 5o G 242 ki) vy
EPAE 9T EZMW 3-A1€ prostanoids®} 5-AA
leukotrienes = F2He| o], AA Frefj o] 2| k= ANk 2+
-5 el ditTable 4; Spector, 1999; Tapiero et al., 2002;
Schmitz and Ecker, 2008).

L) 15801 52 Skl SO EPAS: A4 42
Aelgo] Sl dojuit Held Aeld weg vEe Y
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kO & 2 A5} (Sugano and Lee, 1989; Tapiero et al , 2002;
Schmitz and Ecker, 2008), "1 P& S7J8-2] ALA= &-=+3]
O 2 Ao o] FAIQ1 AA/EPA BIE AI5H Sk Alo] P
oth(Ezaki et al, 1999; Sinclair et al , 2002; Arterburn et
al , 2006; Nogi et al., 2007; Schmitz and Ecker, 2008), A%}
Agk Aol AAA ALAY| ofanyt Hug B glok
(Lorgeril and Salen, 2004; Harris, 2010).

A+3tel 54

A|HFe} At (rancidity)«= “2H7F U= 520] 2hRlojollA] -
efjah, 28RS F4 At =4 A 7, W, &
ol 7191ekch, RS FAl= AL FE e AR AL &
elgol Z1etsl It 3710k o] el e, sk 4 o
3| 1g 4= QIth(Frankel, 1991; Esterbauer ef al,, 1993;
Kolanowski et al, 2006)

FAY A= 25, BX3E E= tocopherol 52 ¢
& Q1R}of| o) FEFS BH=THGordon, 2000; Yoon and Surh,

D) T I

Rate of oxidation

(A)

50 100 Hours

Fig. 5. Autoxidation of ethyl fatty esters in air at room temperature.
(A) Ethyl oleate (18:1) (B) Ethyl linoleate (18:2) (C) Ethyl
linolenate (18:3) (D) Ethyl arachidonate (20:4). Adapted from
Holman and Elmer (1947).

Table 5. Characteristics of some perilla seeds developed in Korea”

2012), 53| k= A Ao EasleE Uehl= 2 0 53F
o] 5 A5tE7] 4% A4S 2kl Qti(Table 2; Holman
and Elmer, 1947; Gurr et al,, 2002; Tan et al., 2002), ALAx
LA E= ZejAbEc) oS 27t gol Aete7] 41 44e
Zh=tHFig, 5). o] SHoIA =2 T2 ALAS 2h= 57
o] FAM e FHsP] 3t FEY 552 AT
o]th(Lee et al,, 2012).
> S7M0lA Dol 7= AENE Bl 5t A
Hep 22 AP 5 Holed], ok v 2ol lignan
ool wheh A E= Fatetd 8ol B ZolthKim
et al, 1996, Wang et al,, 2010; Jung et al,, 2012; Yun and
Surh, 2012). 72 Akslol= tocopherol, rosemaric acid
o) quishy 24, Farshe] Ax18o] £, shete] ol
wsl, w1 sas] v o) By 2elo] Weislol ot
(Kashima et al., 1991; Asaf, 2006; Jung et al, 2012).
3t S0 Q] 18351 37| JE-E perilla ketone (3—furyl
isoamyl ketone) &= UK=L, 7H5olu AX|FollA FH
F(pulmonary edema) 5 H|7|%59] &2 Fddsh= 2oz &
A THWilson et al , 1977; Seo and Baek, 2009), Kim et al
(20000)-2 3F=2AF E7)3-0] perilla ketone©®] 245}, &
uff 35 o) S7 15t a Wil b ek, 18y vl Oklahoma
9} ABAL BB A perilla ketone S H25H] Hhrks
Bt §lo] ofof thet Aeket EAo] Bad Ao s Abr¥rt
(Nice et al, 2014),

o 1o
rm 2o
32 do

£ 4

7158 FXIXIES Y

571 B39 42 Aol

FAE 0 S RAAL) IS B FR A
o]th(lLee et al, 1991; Ohlrogge, 1994; Singh et al., 2005). %
Zutoll A= 1965\ 78 S0 Aeig sk, 19724 o

Cultivars Years Oil content (%) a-Linolenic acid (%) 1000 Grain weight (g) Productivity index
Dulseam 2013 42.7 61 34 97
Dami 2013 41.0 63.3 3.9 96
Dayou 2004 46.0 59.8 3.7 104
Dasil 2001 35.5 54.6 3.7 91
Kwangim 2010 35.8 60.5 42 110
Sacyeupsil 1994 36.8 62.5 52 100

(standard cultivars)

“Data was extracted from RDA (2014).
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T 54 Eat ol ¥R Ag7H] o G0l 5% N
2JtHTable 5). 1&UF SA|ZFY O 2 4] E7j= AL H|Zo] UF
i, SAEI A AE 02 EJEW ook =uiel 55 A =

oo 4 gick B4 S 4

o t2 CEREES R R
ol 292

= G Aol 24& o] 1H} S5E A

THShin and Kim, 1994; Lee et al., 2010; RDA, 2014).

iﬁ als

71578 A=A EEAL] E-18:3 F =H

e aAbEo] BE3 SollA -3 AR 35S 4
Q= 2431 S-AAFY o tH(Simopoulos, 2002; Damude and
Kinney, 2008), L2t} BFA3E 0—6/0-3 HE ZEA] 551,
Ak8}E]7) 4 Ao AJgte] 9lrk(Shin and Kim, 1994; Wang
et al,, 2010). Yin ef al, (2014)& Bo] I 922] GmFAD3 9A
A ESIS10] TR ALA S Sl BN Al
S SIE, R 0-6/0-3 1 5 2|58 A1

M F5Y 42 vi$- 9n] ¢l& A o|tk(Ichihara and
Suda, 2003; Damude and Kinney, 2008). =EA] 0—3 A4k
= ok @A EA A 7FA] o e 2| o] a7
%o ItH(Ursin, 2003; Damude and Kinney, 2008).

SohEate] AZA] EASHS ALA ALY Als-
desaturase -S-AA}, PerFADSF= Chung et al, (1999)°f 2J3}] %]
o® HAESIH S Aol & oo PerFADSHA
£ 7k71 Q)tHHwang et al , 1999; Kim et al, 2008), A 27}14]
PerFAD3Z o714 tholl =qisto] A ALA ke 285k
7o) 5312 S vl QoA 5, 2009) S7Hll A ALA B
S8 W] 0-8/u-6 FHL 25| IR A AL
Harg v gict,

Jung et al, (2011)& FAEE] Bl oA QrEj Al 71w
BrFAD2 77341 WA AI5to] LASHALA 91e R &5
2 st AEA oA LA= FADZ (A12—desaturase
Ho g SAtC R EE ALY FADS (Al5—desaturase)
oz TAZHE ALAS SHASH] EHEZE(oleic acid
linoleic acid — a-linolenic acid), § --ZA}2] 243} v
B Folo] 219 RIS RS Ao] AT 4 9)
Aog Helth

31 Vrinten et al. (2005)2 ool A FADS -S-ARE A|A
5ho] ALA RS 3291 01 Rahman et al, (2013)2 §]’°1'7H

ol A2 84 (Brassica oleracea)o| 4] ALA TS 25% -5
O 2 ZFAAZT} Harris et al (2008)-2 tf5o]] A6—desaturase

ARE =9)5}0] stearidonic acidS 53t thHS AJASH

~

g ok o

o PN

H} it
E7)ol £A3H= y—tocopherol-> G-%] 9] ASLE AA|5h=
293t 982 $H(Shin and Kim, 1994; Cahoon et al,
2003), YHFA 0 2 tocopherol OJAA=a) B) v ) 6—isomer?)
40 2 3PASL = o] B71E| It Haung et al, 1994). Lee et

al (2008)- S]] $HoF y—8S a—8 0 & M7 T} y—
tocopherol methyltransferase 5445 =15}¢] a—tocopherol
S 290, ol2let 7149 8- Erh%] Fusig} A7
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