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Abstract

Conjugated linolenic acid (CLnA) and conjugated linoleic acid (CLA) are positional geometric isomers with
three and two double bonds, respectively. In this study, perilla seed oil containing 60% a-linolenic acid (C18:3)
and 30% linoleic acid (C18:2) was used as a reaction substrate. After the perilla seed oil was hydrolyzed, con-
jugated fatty acids were synthesized using different reaction parameters, such as reaction time and concentration
of sodium hydroxide. As a result, CLnA, CLA, and other newly synthesized conjugated isomers were present
at levels of 14.5%, 14%, and 42.2%, respectively, when the reaction was performed with 20% NaOH, at 180°C,
and for 1 hr. The results of GC-MS and fourier transform infrared spectroscopy (FT-IR) showed that CLnA
isomer of cis-9, trans-11, and trans-13 octadecatrienoate, CLA isomer of cis-9, trans-11, and trans-10, cis-12
octadecadienoate, and other conjugated isomers were produced. Using urea, a-linolenic acid could be concentrated
from perilla seed oil hydrolysate. After concentration by urea, the concentration of a-linolenic acid reached about
70%. After alkaline-isomerization was performed on the urea fraction containing 70% a-linolenic acid, the con-

tent of CLnA increased up to 16.6%.
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THeH S5 2 dF T4 fFodE n-3AEY a-

linolenic acid(C18:3)7} &o] AZ g
SHAYAHE S A F conjugated 2 olF 2% A
w2} &3k} Linoleic acide] A3t ?‘éEHSﬂ-—‘E 24, acyl”]
TAstE '@ 1t ol A% v Aol sty 1Y
g xo] IS A9 conjugated FENY linoleic fatty acid,
conjugated linoleic acid(CLA)&}+al B A& A ®o}. 1
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(2-5). CLAE Aoy wt%Eo oF 1% o]ste] g
2 FAFF o, Ay o] AA FolA 53] cis9, trans-

ol
—_

It @7, o5 BE

E_%
fgo

o < A
I oot

ol

loﬂlum

oft 32

*Corresponding author. E-mail: ktlee@cnu.ac.kr
Phone: 82-42-821-6729, Fax: 82-42-822-6729

11 CLAS®} trans-10, cis-12 CLA7} 8@ 28] =&
Ao Z HAHJTHE). ¥FH, CLnA o] dAA Y HS 54
]o].oﬂ UJ—_O_ o]:o] 5L0% 7—]0; OLE%X% oh;]_ Takaglg}
Itabashi(7)9] X it W=W, 5 (Tung oil) 9} &5 (hitter
gourd) X w2 7 68% <} 56%9] cis-9, trans-11,
trans-13 CLnA 0] AAAS £33 o, A F(pome-
granate) ¥ = 83%9] cis-9, trans—11, cis-13 CLnAS ¥+
3t g Buslth CLnAE §8E2d o8 =%
RS ¢ sl g A EHE JHAH, s @
Al F A 2 SRS At Aoz A UATH®).
Conjugated e}l A4S linoleic acidy} linolenic
acidg H2 20X &) Zulo o o] 2} whgd
93l AAE 4 o™ Nathalie QA(9)°ﬂ w2 7%
NaOH propylene glycolS ©]83lo] HAFE 180°Col A 2
Al W3S AlEEEAS 739, CLnAZE 31% 4= Atk &
AF| A= a-linolenic acid’} EH3F & 7] & (perilla seed
oil)g °]&3t CLnAE FA3taA Atk 71852
linolenic acid”} ¢F 60%, linoleic acid”} ¢F 10% ?é}-rrﬂoi
92 ™ a-linolenic acid®} linoleic acid %S Eo]7] $3)

$ 7z



Ho
&
°
Sid
i
il
N,
ot
N
b
M
e
o
o
op

A LA A LR oleic acid(C18:1) FHFS W57] 9%
B Qs FH3AT. A S G 2
ol AWM melting pointe] Xpo]lS o]-&&le] B3}
= W 5ol Jdou £ ARdAME FHEokE o] &s i8S
Al At S-#lols CONHp)Rl 7] SE2 Z3A
A 2-e olsAgte] fle At 2gste 248 34
sle A4S 7FAI A5h10). SEHolE o &3 EE W
AA & o} o]F AT o] B2 AtES w587 A%
WO R 2olal ek, & A9 HAL g otE o&
3t w59 E7|5 Fd 2SR VRS EY o

2] FvlE ©] &34 conjugated A"Ake FAd3taLz} skl

1 gas chromatograph(GC), GC mass spectrometry 2} fou—

rier transform infrared spectroscopy(FT-IR) #41-& £3}
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(36%6), trans—10, cis—12 CLA(50%), cis—9, c1s—11, trans-11,
trans-13 CLA(1.1%), trans—9, trans-11; trans-10, trans—-12
CLA(15%)Z2 AL, @Ete] B w2 (Sungnam, Korea)
ZEH AFLUY. Standard EZZ AFE-E eladic acid
(C18:1, trans—9-octadecenoic acid, 99%)%} oleic acid(C18:
1, cis—9-octadecenoic acid, 90%)+= Sigma Aldrich Co.(St.
Louis, MO, USA)ZFE FAsIATh Aol AF8-% hex-
ane, ethanol, methanol, propylene glycol2 Daejung Chem-
ical Co.(Siheung, Korea)dl A T332
droxide®} urea= Junsei Chemical Co.(Tokyo, Japan)ol 4]
Tt A& ATE 717184 Al AHEE =

24g SFAGS Agshark

™, sodium hy-

£ Aoke

10 g9 E7]188 74X o4 1 N potassium hydroxide
|4 200 mLE Y3 #Asg v

HJ Llasaciss i ’\1301]
A ‘@ﬂo}“r/} Lls
water<} 300 mL <]
StAT) ¢, ol &

=5
drochloric acid 8 9-& °] sl pH 3 4

ethyl etherE ¥l
—A?:S_ 6 M hy*
o -r] 300

EE’E _"

FZoAM 45 A2l hexaneF T #2354 sodium sulfate
anhydrous columng ©]&3lo] 7 2 EFES AAS H,
rotary vacuum evaporator(N-1000, EYELA, Tokyo, Japan)
9} NoE 0]&3}e] n-hexaned #4333t
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Conjugated Linolenic Acid(CLnA)2] A 1735

=7|18 726li=9| ellot 24
1000 mL9] methanolol] 7}=E38lE A LAF 10 g2 ¥ o]
A FH, 20 g9 ureas Wil BF FAX| A 71EsH

vhsl ATt hRetAl §3iA1Z] H AAHSA 7171 S 2441
b 4°C A L9 W3t} Filter paper(125 mm, 20 pm,
GE Healthcare, Whatman, Maidstone, UK)Z o] &3+ 7+¢t
o740 Mpa)E o|-&3te] AT AA S F4g ¢
gols fHdoZHE EAZ FH EEZWIZ FAHA,
1% hydrochloric acid §9-& ©]-83} pH 2 =0 ZH .
Ol—?* 300 mL9] hexanes ©| &3l BX3E7} & A4k
£ 29 FEs A2 hexaned < SHTE A
3§] FAIBIAT. T ¥, sodium sulfate anhydrous columng-
o] &3t i g BEFES A A3k, rotary vacuum evap-
orator(N-1000, EYELA)9} NoE ©] 8319 n-hexane2 A
Adted AlEE ARSI

azz| o4 &St Hs

Lo} B =E g-linolenic acidy] ¥Fako]
50 g& 3-neck round flaskell ¥ 290 g2} propylene glycol
St} olAe Ha¥E CLnA *3”
74(12)01] +39 160~180°Ce] 2=ellA A|ZHE, NaOH &
B2 wgate] A2 Wttt WzhE vhg-Ee 30%
9] hydrochloric acidE ©]&3}e] pH 3 A2 WFo] FH 3
Mol & H, 2EZW 7] 74 300 mLe| hexanes ©]&
sto] 29 &35tk 59 hexaned 9ol 49} 2ol vac-
3} n-hexane< #| A3} AT}
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uum evaporatore} NoS o] &

AL oiMEIETE X 2 thin layer  chromatography

) o425} gl oJa) AR FAE olsierd
e dotr 7] A 4713 9 FAFEHETHI4)E AOCS
o] F3ted =43t} Oleic acid(C18:1, cis—9 octadece-
noic acid)E standard2 W&} W9 E7]5S TA
o thin layer chromatography(TLC, 20x20 cm, Merck,
Darmstadt, Germany)°ll spotting 3te] 7] &9 hexane:
diethyl ether : acetic acid=50:50:1(v/v/v)<& AF&3}e] A7)
A7l = 1A1ZE Hell TLC 4L A A8kt
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CLnAS| UV spectrophotometer =&

WHSE-& conjugated diene¥ conjugated triene®] 43
318 ¢35kl AOAC(15)d A AAE WS AL-83 T
Spectrophotometers ©]&3f W& 9 S3 =S %74 3hd
Z}Z} 235 nm<} 268 nmellA] HU X & 5%
a1, o] FFEE ©]83}9 conjugated chenelz} conjugated
triene 2] 5&‘“*& AL 4 ot &ZE] o] A3 vESe 9
3 AAAdE WESES 10 ug/Le] 5=Z ethanolol 3|43k H,
uv spectrophotometer(UV—17()0, Shimadzu, Kyoto, Japan)
= o] &3} diene® conjugated ©]A A 9] 233 nm EFE
¢} triene®] conjugated ©]A & A 9] 268 nm, 262 nm, 274
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nm $F=E

= 245k 34 A%k thg AN L Bl
conjugated diene™ triene®] 3FHS A AFSFA T
Absorptivity, a=A/bc

=observed absorbance
b=cell length in cm
c=g sample/L final dilution used for A measurement
Absorptivity at 233 nm, az=asss—aog
a0=0.03
Absorptivity at 268 nm, a3=2.8[axs—1/2(ass + azu)]
% conjugated diene=0.91 X az

% conjugated triene=0.47 X a3

o =4 2N

e o] g A3l whol| o3t AAE WHgEo At
ZAS Yolr 7] 98t methylationg 3+ ¥, gas chroma-
tograph(GC) £24& AA5FA ) Test tubed] A& <F 25
mg< #H3F 0.5 N NaOH methanol 98 1.5 mL Y9l
A3} o3, 100°ColA] 583 9H-8-3kaL 10~20°Col A g
Zrat At

Wzt A]Z9 BF3-methanol €9 2 mLS %3 100°Ceol
A 287 BhA] Whg-3te], 10~20°Coll A W23ttt Iso-oc-
tane 2 mL9} 23} NaCl €94 1 mLE ¥ oF 18 <
g & A4E2] 711500 rpm)% o] g3t F Fo= F
T =S 539 Y 2 & anhydrous sodium sulfate col-
umns FHAA FES 43138 AAS
B2tk £4 X flame ionized detector(FID)$} GC
(Hewlett-Packard 8690 series, Avondale, PA, USA)E A}
gstgon 24 242 o 2tk Columnd SP™-2560
(biscyano propylpoly siloxane, 100 m x 0.25 mm i.d, 0.2 ym
film thickness, Supelco, Bellefonte, PA, USA)S A&3l4
t}. Column oven 2%+ 110°ColA 158 &< FA F,
3°C/min¥ “d2 AlA 250°C7HA] =2stH 3023t A5+
peakd] £7] §8< =9} Injector 5 & 225°C, detector
L5 = 285°CE Z+zF A A3 AL, split ratiose 200:1E 4
carrier gast Hel & 0.7 mL/ming FAAIHOH AF 1

LE FYste] A 248 AYsid.

GC-MSE 0|&8t fatty acid methyl ester £44
&g o] dAdg) vkl 93 AdH WS-Ee AEst A

T A A4S

Wk 248 doli 7] $138te] GC-Mass spectrometry (MS)
48 A3t £47]7]= Clarus 600 GC-MS(Per-

kinElmer, Waltham, MA, USA)E °]-&3a}911, SP™-2560
(biscyanopropylpolysiloxane, 100 m x 0.25 mm i.d, 0.2 ym
film thickness, Supelco) column<- o] &3}o] A E-S Ea]s}
At Column &=+ 110°ColA 168 52 #A &, 3°C/min
A e AlA 250°C7HA e 3023t A8kt Mass
spectrometry | A1 ionization source= electron(EI mode).2.
2 AL-E 70 eVel At} Injection porte} interface temper—

ature®] &=+ Z+Z 225°CoF 200°CE A A3 o o457

AFS A83F T GC-MS EAlo 2 A8 MS spec-
trume GC-MS AZE¢|o]2 A% NIST Library(Mass
spectral search program, version 2.0, Milford, MA, USA)

o} e A7 ADE ol g3te] Wlamsier

A=

Fourier transform infrared spectrosoopy (FT-IR) 244

Alkaline ©]d 23} wh-gof oJ3) A H wh--=ol S8t
+ trans AWAHS #2187 9JslA AOCSU6)dd o
FT-IR(Bruker optics GmbH, Ettingen, Germany) 4=
Al 819tk Maximum resolutione 0.9 em ‘o] 3L spectral
range= 375~7500 cm '©]™, detector= DTGS Source;
SICE AHE3HATE 2ol A aLA o] el 2 EX|3tE eladic
acid®] FT-IR 42 93] trans o] A &A31A] &
£ canola oil9l eladic acidZ 10% 713 5, =23 &
7bste] €bASE oil FEIE WS EI FT- IR Hl a3 A S A
P3tA . 1~50 plY standard A1 59} ¥H8-E-8 diamond
Bxo] 3= 3 attenuated total reflec—
tance(ATR) W] &8%¥ 1 FT-IRS #4& AlP33th

crystal2 =

SAZEH

Ad Az 2000 Statistical Analysis System S/W
Package(SAS Institute Inc., Cary, NC, USA)E o] &3}
95% AlZ]F-7ko| 4] Duncan’s multiple range test(DMRT)
Z 7t fFoAs HSsATh
R

Zfz| O|MES} BISE EM

FAAE9 47 #HAiks E7FE Table 16 YR AT
AF7He} JJr/‘]'ﬁ} 37}&— vz} 191 8JJr 19°]°i° ”% TLCE ©]

= % } ——“4, HP& 4«] triacylglycerol %€}
ol EV|1ERY ‘;%%RF&% Helll= AL g8 5 A
ol vhgEo] e At FHE Wzt AE

3]

Conjugated diene¥} conjugated triene® UV-spec-
trophotometers ©]-&3te] Z3tA =™ 235 nm<} 268 nm
o] FF=AA HAE UERdTh ]9} 2 54 o] &3}
o] CLnA%} CLAS] A4S ERlstdnt A4t o 571
Z 7R S 2029 NaOH propylene glycol £9-&- 9]

Table 1. Acid and peroxide value of the maximally isomerized
reactant

Acid value Peroxide value
Perilla seed oil 1.6+0.0 NDV
Maximally isomerized 191.8£1.6 1914

reactant

All values are mean+SD (n=2).
Not detected.
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83l 1A17F St 180°Coll A wHe-3F HkS-E(A)H Al T2 o5 B3t E71E IR Ee] &FE o] dAs Hkgo
CLA °o|AAA £3E(B), 2181 T 99 CLnAS ¥ 3 9]3] A conjugate triene®} diene®] EF AAHIT= AL
3t Y= T/ (Tung oil, O)9 F3 == v w3t oHFig. & g AdRoen o= Miki¢t Teruo(17)7} AA & UV-spec—

1). CLA®} CLnAS EF X831 e HHSE(A)S 235 tra®} HINSIA S W FJA3S YERI AT AOAC(15)o A
nm%} 268 nmolA =& &3 o™, CLnAZ AAE B whebA 235 nme] F3= oA 2k 262 nm,
22 CLA o] 3ZA

X5t A Fe EFE A= 235 nmol| 268 nm, 272 nme] 3% Ztoll A conjugate diene?] ShaFyt
ARt £ FREE YERAT ¥, CLAES $Hrskar ol conjugated triene®] & AAFstATH A, §ESAI M
A &L T4Y A 268 nmoll A 7Y =2 FHEE YE NaOH s=°] ©& g7 o|dds) vhgE9 FIEE =
e AL & F AUk Fig. 19 A B, 2831 CE Bl s A3t conjugated diene™} trieneo] 3% W3S Fig. 20
H 235 nme} 268 BIo A Hk-g-E3 CLA o] 2 A, el e} HE-8-A) 7ol w2 conjugated triene®} diened]
T el frArs k-4 zZE Yelle s & F Aok FEFe 100l A 6417 ALolell triene®] -9 12~18%= &
zo)E HolA] ekttt Diene®] 7-9- 10384 1A1ZF Alo]e
A) o7 = 45% A 0% = FeFo] At ot 612 Fol= ¢
06 25%7kA ZFAEHTh 9, dZEkgo| EulE ALeH
05 / \ NaOH¢] &F%°| W& conjugate diene®} conjugated triene
/ \ 9] g HalE A9 EH conjugated diene?] A-$-oE 20%
o / /N NaOH AHg Ao 718 =& F3e dehiiot, con-
03 / jugated triene®] 7-$-oll= NaOH &X7} 5% A 40%7}#]
02 \/ Folx|H 1 gaFo] 8%dlA 165% 2 F718FR Y 60%
0.1 \ NaOH AF& Ao 1 gaFo] oF 10%2 HAa3t4ad.
\ CLnA®} CLA °]AZAE 9] retention time(RT) &<
0200 250 300 350 A E71E 7HEAE(A), &4 o] A3} vH-E(B),
Wavelength (nm)
B 50% | A)
09 X i
o —— b
o ——
o I — o
s
03 \ 20%
02 | 15%
0.1 \ 10% .///.\.\.
0200 250 300 350 %
Wavelength (nm) 0%
c) 14 10min 30min 60min 360min‘
50% | B) —&-triene
12 45% —&—diene
1 /\ 40% ‘\/\/‘
o /J M 35%
/ \ 30%
06 / ﬁ 25%
04 / UA\ 20%
02 1% .—_—./-/-\-
10%
0

5%

200 250 300 350
Wavelength (nm) 0%
Fig. 1. UV absorption spectra of alkaline isomerized reactant, 5% 10% 20% 40% 60%
CLA and tung oil. (A) alkaline isomerized reactant with 20% Fig. 2. The change of triene and diene conjugated form %
NaOH for 1 hr; (B) CLA isomers; (C) tung oil. Concentration: from UV absorbtion spectra (A: time, B: concentration of

10 pg/mL ethanol. NaOH).
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Fig. 3. Gas liquid chromatogram of (A) perilla seed oil hydorlysate, (B) alkaline isomerized reactant (20% NaOH for 1 hr),
(C) Tung oil and, (D) CLA mixture. (a) oleic acid (18:1), (b) linoleic acid (18:2), (¢) a-linolenic acid (18:3), (d) CLA isomers (cis—9,
trans-11 CLA, trans-10, cis-12 CLA), (e) other conjugated isomers, (f) CLnA isomers (cis—9, trans-11, cis-13 CLnA, cis-9, trns-11,

trans—-13 CLnA, trans-9, trans-11, trans-13 CLnA).

F4(C), 18] 3L cis-9, trans-11 Z trans-10, cis-12 CLAZ}
247} 36%}F 50% 2 FAE CLA o324 E3E(D)2 GC
chromatogram= H] 223} 9 tH(Fig. 3). Fig. 3o X &= nle}
Zo]l 718 7IFEAEQ)CUAA B £ AW C18:29)
C18:3 HaEo] ¥4z o443 v3(B)S ¢ 7 i
Abe}A 3, 22 conjugated isomersEo] AAE AL g
AT F AR &2 o] A} vkl g AAPE 9=
E T (@FE2 CLA o|34A 8= fA18 RTE YE
W om, o] peakE2] F area%= °F 14.2%°]R o} o=
spectrophotometer 2 38 &35 & o] &3+ stz AAl )9}
= YXA3HA] eskth. v, gz o] 4 ds)l vkl o3 A
AE J3E F (OFES CLnAE 70% ©14 g3l e
E90 74 9259 RT/} GA1619T, % area%s 166%
Z M spectrophotometerE ©]-8-3 CLnA & A4t X9} &
AT wEkA gzl o] ds) wkgel 9t CLA9
CLnA ¥ ©]¢]9] HA(e)7} AP AE FAT 4 AU

=

=718 7Fr2sliEe| oot =it ¢Ziz| o|dEst B

=
Sdol BHY 5715 AR APAS NaOHE
olgale] 027 o] A8 wee +8E ) A-8H NaOH

sxo wet §A4% CLAS CLnA B HkS 3.9] %
W32 A9kt (Table 2). NaOH F=7}
CLnA®] &2 #2420 2(p<0.05) 78kl 40% NaOH
ol A oF 24%9] FrEFS YERH AW 609 NaOH &= ol A
Hadte S B o9k vh24 CLAE NaOH ¥
W] we} FAd o] FoAAE YEA et &4,
4 E CLnASF CLA ©]9]9] conjugated o] &A =gt
200 NaOH F=olA 422%2 714 & 8% Gl
o U] Z3AAke C18:1, C18:2, C18:39) &aF el
A8 NaOH s=o| ma} & 2pol& BolA] gkt o] %
E71E 7t gl ¢ZERkE F 4449 CLnA¢t CLA
o] AFEAQ a-linolenic acid$} linoleic acid &g Z71A]
7171 $15te S-dlof Y& A3 EVF 7 B3E
I ol B3 E718 AWate] A4 24 & Table
20 e Seol 28 & E71F R EY] AW
A 248 E3 A AL palmitic acid(C16:0)$} stearic acid
(C18:0) & mono unsaturated A ¥4I oleic acid(C18:1)7}F
242} 70%, 1% B 51% 7HAek 1.9%, 04% % 94%E e}
Ulgh v, oo E X894 linoleic acid(C18:2) 2

o
S

=
S

L

g
Loy
a

=1
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Table 2. Fatty acid composition (area%) of CLA mixture, tung oil, perilla seed oil hydrolysate, urea fractioned perilla seed
oil hydrolysate, maximally isomerized reactant (MIR)”, and alkaline isomerized reactant with different concentration of NaOH

Concentration of NaOH

. Urea fractioned
Fatty acid CI{A Tu.lilg .f’ehnl(lla lseedt perilla seed oil MIR o o o N o
mixture  oil  oil hydrolysate "y g 1o e 5% 10% 20% 40% 609
C16:0 ND” 23401 6.1+0.0 1.9+0.0 08+00 67+0.1° 73+00" 73+01" 72+02> 78+0.1°
C18:0 ND  26+00 1.9+0.1 0.4+0.1 01£00 19+00° 23+00" 22+01* 20+0.1" 2.3+00°
C18:1 33402 54+01 191+17 94407  120+06 206+0.1° 22.1+0.3" 22.8+1.2® 22.2+0.8°24.0+0.1%
C18:2 13+01 60+00 105+21 13.1+0.0 02+00 0.1+0.0" 03%0.0" ND 0.3£0.0" 0.3%0.1°
C18:3 ND 09400 60.1+04 73.6+0.6 ND  01£00" 03£01* 02+00® ND ND
cis-9, trans-11  36.0+05 ND ND ND 67400 52+01° 51+02" 66+02" 53+0.1" 34+0.0°
CLA
trans-10, cis-12 50.3+45 ND ND ND 75400 53+01" 52402 74+02" 56+01" 31+0.0°
CLA
CLnA isomers ND  77.2+42 ND ND 166+0.1 9.8+0.3Y 10.1£0.2% 145+0.1° 24.0+0.3" 11.2+0.0°
Other conjugated 3.3+14 ND ND ND 422407 331+05" 299+0.7° 422+0.7* 226+0.8* 30.9+0.7
isomers

All values are mean+SD (n=2).

YUrea fractioned perilla seed oil hydrolysate was alkaline isomerized at 180°C, 20% KOH 1 hr.

?Not detected.

Tdyalues with different superscript letters within the same row are significantly different by Duncan’s multiple range test (p<0.05).

a-linolenic acid(C18:3)7} 242} 25% <} 22% 5713+ 13%
9} 736%E YEidl= RS AT = AUtk o]2H o}
of o3 EIH E7|E 7IEsEo] ol 8 Y £7]
F /M EAERT B2 49 CLnA%t CLAS A/433HA =
Atk Table 2014 B o} 3 A 20% NaOH &0
A gzE] o]/dds) vkl o3 AAE CLnASt CLA &3
I fdo} 3 & 20% NaOH XA &7 ol A3}
WSS 3t W o] CLnASl CLA &3S BlussE of 7}
145%°0 A 16.6%=Z, 13.9%NA 142% =2 719 AS 3
g = 9tk o]= Miki®}t Teruo(18)7F AAIEF 90% o]
a-linlolenic acid& €& o]/dA3s} W&o AH&3S
- conjugated triene¥} diene®] ZtZ} 475%9} 22.5% A H
A3 B AS W conjugated triene ZL A FAMS &
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