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Abstract The levels of lignans and the antioxidant capacity of perilla oils (15 types, PO) consumed
in Korea were determined. Mass spectrometry coupled with liquid chromatography was used for
measuring the lignan content in the perilla oil, while the antioxidant activity was analyzed using
the contents of polyphenols and flavonoids along with radical scavenging activity. The range of the
total lignan content was 15.281 to 1,336.688 pg/100 g, with PO3 demonstrating the highest amount.
The antioxidant activity showed that POS had the highest polyphenol content and radical scavenging
capacity, while PO2 showed the highest flavonoid content. Radical scavenging activity showed a
strong correlation with polyphenol content. These results indicate that perilla oil could function as
a functional food, particularly with respect to antioxidant activity.

Keywords lignan, antioxidant activity, perilla oil, radical scavenging capacity, correlation

1. MZ2

[

o

SM(Perilla frutescensyi= 3H=t, T 5 SOMAOHA| oA Auj=]n, AFH o0& A& L ok
2 851 SithAhmed, 2018). E74°l= E2jHlE, ¥ZE0|E, Hdiay FAE 2ot
o, ZadEos HEAl EgtElols, 2Oy 5 A 7152 YERfE SgHEo] Qe A
2 d#A QUrh(Lia®t Baron, 2025). £7152 718 Y&t 71508, tE A8/ H|g] "4
AL o-2lEdllAibE =2 208 R0t Qlof 717 715Ado] St A8 Ve o' Brpt
I QltK(Sargi 5, 2013). Takeuchi 5(2007)9] & H9 Ao oot AWolA o-2EdlAkS o
o| TAHHERIAT W T TAFSIARQIARC 2 H3tE]|of FOkZ AoHAlA HRt ofl et AETA A oY
(Blondeau 5, 2015), A E F4] AA|(Yang 5, 2013) 5O 7]ofsk= ZAC& HilEo] glow o]
e} 7152 YIS 71T & e AF 2AE 5 K (Cho 5, 2009; Gu 5., 2019).
a-ZEAAL o] Qo= EFHE, BEAHE, HEESAAL 5o 40| 23] glomn, o]t
AHEEL S} FYE 59 7|5S M= AR HEo] Qlth(Zamani Ghaleshahi 5, 2020).
E7189 Az oA thefet A R HsF BT 4= lthRozanska 5, 2019). T
gk uto] A2 90| B Y| AA 2|7t FHEAHE, DPPH 2tz &A /o] f-YoiA 37I%t 5t E
FHEY vz StE T2 AT A Kol 1204 71y, ket S dof mAet o

v Y

lo K|
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AR e T 4 oy S B4 25 2
< =OIAU M2 At B4 4] FAH] 4k} <
88< =0l Hl 719¢ += SIth(Huang 5, 2022). E3t
A2F oM 79 A8 '] 7[R SEEHUA
7159 4 EA40] HIkd 4 dtH(Jung 5, 2012).

AaES 27144 tAe] BARE R, 2 20l2,
AR} g, dARsleA o] ZokEm TRt AJESH
Ao ¥hgAdE Fofoh= ARt 3kehE] 548 7HAAL Q)
(Schieber®} Chandel, 2014). 184 SA4AAS LS 5614
/g0l &L EQHEsto] AltolA DNA, & 59| &4 &
TS 4= 9lom, B3 BAAES 19T AEolA Bt
A= o] A HEAI L] 755 ASHAZo RN T o]
ik Aol 7lojste Ao LA Ut (Ha 5, 2008). 7]&
Aol WEW Yad SRS AlE W SG4ALES A
7111, A &4E UAIske b 7]ofste A0 & HilEo]g)
THApers 5, 2003). gI1d2 HEHQ AEY EH¥ ==,
et Akt antidt oty J, FEF, AAERA &
AL S 7= Ao 7 BT o] Qltk(Hamade 5, 2021; Li
5, 2023). £3| secoisolariciresinol(Seco), matairesinol(Mat),
pinoresinol(Pin) 52 22 212 FAFAIA ngo s &
A= (Andargie 5, 2021; JaroSova 5, 2024), FAtsHs0] &
Foto] 7159 AE Ak A% MBS ST A
o8 dHA UthKim -5, 2022a). THA 2 A A= Al
7152 R 2ad g AFAer EAskL, Mt
o} ggate] ABAE B7IstaA gtk ol & #s 2718 W
2 AR AR &S BAsk, 7189 71548 AE
aAEA ] 7S YotR A S EH

ik L p

2. M=z I gk

2.1. g 2 ASf

Al E7152 20243 =] &HEIL Q= 15%(PO1-15)
= ez 22l Y ARG AY] d@urEA T4
Sto] ARgolRiTt. ERE Aglol ARget PO1-05= AEA2EA4
O AZg £71808, P06-P11& ALYZ, P12-15& ¥Y
2 gAor AR AFold Y EEE 65 F
syringaresinol(Syr)¥} medioresinol(Med) ChamFaces Co.
(Wuhan, China)?] Al&ES F+YstAH, 459 21 &5
9l Seco, Mat, lariciresinol(Lar) ¥ Pin} 2,2'-azino-bis(3-
ethylbenethylbenzothiazoline-6-sulfonic acid)(ABTS), Folin-
Ciocalteu’s reagents, catechin hydrate2 Sigma-Aldrich Co.
(St. Louis, MO, USA)IA Felstelct %28 Az 2
LC-MS/MS o|gAtof| AFE-E+= Heh2T} acetonitrile(ACN)-2
Honeywell Burdick & Jackson Co.(Muskegon, MI, USA)°f| 4]

416

Folstsict.

2.2 |2 F5&8 HEX

A 5718 1559 27 32 95}0] 2 mL microtube
o 22 0.1 g 7} 3t 3, 1.5 mL| 100% wehe-g 47}
sto] 187 vortexing 5H3Th 0|8 28T} 2£7|E Al&5}o]
40°Col A 3087 &3] -20°Co] 1A)7F HH4] & wjghg St
28l 22,250 xg ZANA PRHAT AL 02 um
nylon syringe filter2 oj3¥} & FEXof A5t}

2.3. BxEY XA

6%9] 2|1 EEE(Seco, Mat, Lar, Pin, Syr, Med)S ||
o] gofote] TS T REEH O R AMESIYIOH, HE
G2 1.5625-200 ng/mLE 3]Asto] Aol ANG-SIIH.

2.4. 29 LC-MS/MS 247/7] & =

6%9] 2| 1W(Mat, Lar, Pin, Syr, Seco, Med)S FA] 45}
7] 93} liquid chromatography-mass spectrometry(LC-MS/MS)
(Shimadzu, Kyoto, Japan)ZS ©]-&35fc] B4t AMASH &
A 27& Table 1°] YeER|ICH

2.5 FECO/HE 2 FE5HL0/E BEF 24

50 mL conical tubed] A& 2F 15 g¢& 3t H W 15
mLE 7150 1087t vortexingS 33 ¥HESIQIc) o] ¥4
7|04 2,862 xg, 1027+ YHEH & JAEZ Hglog
A1ZoS )| 15 mL conical tubed] AE}OH, T ASH
S Ao ARG E718 AR 1559 SE2YE g2
IS%E& 53 57|15 A& 25 pLofl 2% Na,CO; 500 uLE
718t T 50 pLY Folin-Ciocalteu A|2FS H7Fslo] ¢4
A 58I HASHTHFolin®t Denis, 1912). $&2|¥E
2 750 nmo| A S FLEE £4ot] 5L, mg gallic acid
equivalents(GAE)/mLZ YENJQIct

FTENE ot FFE 7|5 HEE FEE(50 ub)ol 5
F55(250 pL)?}F 5% NaNOy(15 pL)yE 71619 2™, vortexing
St & 6827t Ao WA 519 tH(Zhishen 5, 1999). T3 10%
AlCl; 89 30 uLE 7Fsto] vortexings @M, 58 &
1 M NaOH &9 100 uLZ H7}stich o] 510 nmoj| A &
T8 2%45}97, Z7= mg catechin equivalents(CE)/mL

2 739t

=}

2.6. ABTS 20zt 275 &
ABTS @tz AASS 243517 3, ABTS €94 0.5 mL
o €718 F&E& 25 uLs 7} vortexing 51o] 404 305
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Table 1. LC-MS/MS analytical parameters for the determination of six lignan

Instrument Shimadzu Nexera X3 system
HPLC Column Agilent Poroshell 120 EC-C18 column (1.9 pm, 2.1 X 50 mm)
Column oven temperature 30°C
Injection volume 3 uL
Flow rate 0.3 mL/min
Mobile phase A: Distilled water
B: Acetonitrile
Gradient Table Time (min) A (%) B (%)
0 95 5
4.5 50 50
6.5 50 50
6.51 95 5
9 95 5
Instrument Shimadzu LC/MS-8050
MS/MS Ionization mode Electrospray ionization source, negative mode

Nebulizer gas flow
Heating, drying gas flow
Heat block temperature
Interface temperature

DL temperature

3 L/mim
10 L/mim
400°C
350°C
100°C

MS/MS parameters

Compoundl) Quantifier ion (m/z) Qualifier ion (m/z)
Lar 359.45>329.15 359.45>160

Mat 357.45>83.05 357.45>122.05
Med 387.45>99.0 387.45>193

Pin 357.45>151.15 357045>135.90
Seco 361.05>165.15 361.05>121.10

Syr 417.45>181.15 417.45>166.10

DLar, lariciresinol; Mat, matairesinol; Med, medioresinol; Pin, pinoresinol, Soco, secoisolariciresinol; Syr, syringaresinol.

7 FAFGYTHRe 5, 1999). 0% 2T]Z 47152 735 nmol
| FHEE 2Hsjo] 2R

>~

N

Q72310 B715) $9E @1 2 Pt 4
e PEEEEAR Brlsigon, AT Ae) 57
SAS ver. 9.4(Statistical Analysis System, SAS Institute Inc.
Cary, NC, US)Z ALgalo] Il 24b BHS 597,
Duncan’s multiple range testg ©o]-&s}o] 9432 FRIsHAth

ool

‘04

A
i

Me

7. SH 24
o

|
dr
flo st

[¢)
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(p<0.05). E3F SPSS(Statistical Package for the Social
Science, Ver. 12.0, SPSS Inc. Chicago, IL, US) T2 73S
ol-gsto] FE] 1 T FASE &4 7] AHAE 5t
ek
AT

3. % ¥ D

3.1. AIB 57|59 2|7 3t
A S715 1589 S8 A2 15.281-1,336.688 pg/100
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g H= SRIFUTH(Table 2). PO39] F] 1 o] 7MY &=
%11(1,336.688 pg/100 g), TS O 2 PO5(1,251.455 ug/100
g), PO1(877.460 pg/100 g) M2 &7 Yebdth PO3 Al&
o] 395 22 & Syr9 $K(1,177.635 pg/100 g)o] 7H
=90, 1 222 += Pin°| 83.496 ng/100 gO & &Qtom,
Secox= PO39 A9 HEEATH11.084 ug/100 g). Seco, Mat,
MedE A5t UHA] Al 72 212 PO5 Al=ofA 79
Ao g w2 S etk §H, POI5 A5 FE|l1d &
o] 71 Wok, Pingt AEE Q10 M, Mat} Med: HE =
718004 AEEA Lottt

2 AFEAT AT S7)5 AL gad 24 2 ool &
o7} ATt Wu(2007)°] WEH 715 180°CoJlA] 47t
7FEA] ﬂl‘ir ohg Hsk7E A9 o, 200°Co) A 2027t
7tEg A ArbE FEE ST, AAEE S FEEA
U2 Zo g HIgh HE Stk o] A2o|A 9] dA 7t £4
2 o] S v § Utk A AARH #atE of
Yzt 7129] ek vh2] dA] Z|HRAL ofu| Ak, 2| S.9] LA
AR ol FAFE & 5 e 58T 8R0E IHA Sl
THHou 5, 2024). Cho 52009} SME 2AHS 7 4=s}

Ol

Table 2. Lignan content of commercial perilla oil

£ IoIA Ze, 9, S92, oflAle] Wishh
gstol 7189 B4 JeE v1A 4 Aok st S
DeAN 2AYT T AT AFYE AT AL N =
~gelAY 2AgelA] §a dEshe Y o oet &
T E TF PIshso] Sttt sHAtHSiger 5, 2017).
ojF AFolA F& ol wt 2715, M FAR 5 E
il % AEE Papol et chEA verdoha skt
(Jung 5, 2012; Lee 5, 2013). 0]} tj&0], 7] &= o] ¢
Al 27189 gad 240 92 & & Y= 84 =, Dossou
5(2023)9] AFAAME o 71 F59] S0 T A
< ot 2 PAske2 SAM] et thEvkal St wEbA
Al 5715 1589 g0 o5 Aole S715 AE IA0lA
HAel= 2AE 2 9 A7 4R A & EsHF 9l g9l9
f]OH 3RS b l:ﬂ—o]—.Q_ 7—]0; Q]:]-

32 ME S7/59 SBNS Y SB2H-0/C B
2prizt A5

£ dFofA gol 571E 1559 22 ¥ St
ol et} Pz 4452 Table 30 Uehfiich SETH)

Sample Lignan content (pg/100 g)

Seco Mat Lar Pin Syr Med Total lignan"
PO1 ND? ND 37.977+1.3939% 55.648+3.464° 783.835+24.738° ND 877.460+27.847°
PO2 ND ND 59.493+2.299" 79.935+1.984 485.685+49.839° ND 625.113+49.298¢
PO3 11.084£0.310°  ND 64.474+6.296" 83.496+2.548" 1,177.635£119.893*  ND 1,336.688+114.725"
PO4 ND ND 50.369+2.121° 55.201£6.967° 245.564+32.791° ND 351.133+23.721°
PO5 ND ND 44.359+0.653¢ 43.149+1.520¢ 184.267+4.924° ND 271.775+6.970°
PO6 ND ND 66.726+4.714" 85.899+3.426 1,098.830+148.226" ND 1,251.455+145.915"
PO7 ND ND 28.089+1.5741 25.427+2.269" 70.150+2.234° ND 123.666+4.402
POS8 ND ND 29.398+2.512f 30.961+4.206° 47.754+4.196° ND 108.112410.786""
PO9 ND ND 26.850+0.535% 21.942+2.119f 45.295+3.417° ND 94.088+1.998%"
PO10 ND ND 22.831+0.123%" 21.084+1.636" 77.943+2.797° ND 121.858+1.764'
PO11 ND ND 36.059+2.179° 59.543+2.147° 80.611+6.787° ND 176.213+6.508°
PO12 ND ND 21.046£0.279" 15401+ 0.9358  26.162+2.304° ND 62.609+2.9592"
PO13 ND ND 21.268+0.958" 16.016+0.4528 61.854:£0.494° ND 99.139+0.937%"
PO14 ND ND 23.014+0.292¢" 24.624+1.006" 29.755+3.994° ND 77.393+5.178%"
PO15 ND ND ND 15.281:£0.324¢ ND ND 15.2810.324"

DTotal lignan = Seco + Mat + Lar + Pin + Syr + Med.
?Not detected.

Values are mean+SD (n=3).

YValues with different superscript letters in the same column indicate significant differences by Duncan’s multiple range test at p<0.05.

418

https://doi.org/10.11002/fsp.2025.32.3.415



Food Sci. Preserv., 32(3) (2025)

Table 3. Total polyphenol and flavonoid content, and ABTS
radical scavenging capacity of commercial perilla oil

Sample Total polyphenols Total flavonoids ABTS radical
(mg GAE"/mL) (mg CE”/mL) scavenging
capacity (%)
PO1 0.329+0.0107  0.137+0.023% 49.830+0.241°
PO2 0.308+0.034° 0.146+0.014" 45.578+1.443"
PO3 0.447+0.007° 0.142+0.006° 79.195+0.882°
PO4 0.258+0.005¢ 0.1130.008" 45.805+1.122"
PO5 0.325+0.003° 0.112+0.012% 66.270+0.882¢
PO6 0.455+0.020° 0.124+0.026™  81.406+0.962°
PO7 0.198+0.009° 0.1200.008™° 32.256+0.080"
POS 0.233+0.017¢ 0.082+0.012% 45.692+1.283"
PO9 0.201+0.005° 0.098:0.002 34.637+0.080°
PO10 0.139+0.010" 0.042+0.002¢ 20.748+0.481
PO11 0.402+0.003" 0.1000.005% 75.000+0.882°
PO12 0.187£0.017° 0.0360.008¢ 13.492+0.481%
PO13 0.171£0.000¢f 0.0710.000°" 15.646+0.321)
PO14 0.118+0.003" 0.052+0.003 16.610+0.56 1
PO15 0.179£0.012° 0.077+0.002%" 11.508+0.561"

YGAE, gallic acid equivalents.

ICE, catechin equivalents.

Values are mean+SD (n=3).

YValues with different superscript letters in the same column indicate
significant differences by Duncan’s multiple range test at p<0.05.

L RS 0.118-0.455 mg GAE/mLY] WY& vehdo,
PO5(0.455 mg GAE/mL)7} 7F4 &=9k31, PO3, PO119A] Z+
7} 0.447, 0.402 mg GAE/mLE YeRgth 3+ PO14(0.118
mg GAE/mL)|A 7H¢ W2 ool HAEHUH &5
o]= k2 0.036-0.146 mg CE/mLY] WY& AEE o,
PO2°JA] 0.146 mg CE/mLE 7} =9kttt PO3L 0.142 mg
CEmLE ThgO0 & =& s HAR PO29} PO39] /-9
29l Aol YRR %9ttt ESE PO129JA1E 0.036 mg
CE/mLE 7P W2 $ETH rolt 3hdZ Yt S71%
2 ASH g 12oA EME Fot 7|AE FEohe AL
E AzREY, A2 F Fe 2ot AR 7159 et
A g gAst 58S Aohs 842 ZEote Ao BiE
o] ItHHuang 5, 2024). o]d ArollA E7159 A4, Ak,
At Qb S shRbE 22 B - 35hd E4L S
9] 2A¢ 270 A FFE Werhal Bk th(Park 5,

L gug, 4ake So| wotsol Masldi 2 foEd
o] 4T 4 qlom], BelmAks, PId B APA 5 ofe]

https://www.ekosfop.or.kr

ogfo] ¥sls}7| & SFth(Park &, 2021). ©]
S| oA FAY, BA @1 Z[ohe A2 4
2l Rk HhA 94 25 9 29A ojidletA =&
ol AtEo] Qlovt, BAGE Esto] 7+ dRHo] 7HY
gutA o g AFEE Y th(Chen 5, 2022; Kim 5, 2022b;
Wei 5, 2021).

ABTSY] ]zt AA5-2 11.508-81.406%2] THFsH H <)
2 Uesth §5] PO5oI|A 81.406%2] 2tt|Z &5 UE
ol A= FollA 7HE gt AeksZ Helow, thgo =
L P03(79.195%), PO11(75.000%) =02 =2 ztjzt &AH
55 2k ¥ PO159] ABTS Sz 42452 11.508%%
1589 715 394 7MY B2 ieksE HeEelth
ABTS 2tt)d 4750 9= VA= 482 Edu= 3k
EE ¢4PA qlon, & AT A9k FEYHs ¢ EE 0]
T o] 2 NaEs 5% S 27A5E oSl vt
9, 3EHE 9 St oo|t dbgo] 7MY ¥ POISE
td 2ATE 7P WA UEth 719 248 2049
2= 27189 7154 E459 et 2 9 Aol
T2 vAH, 1204 FE S dF ikt E4o] EoiE
= oy A2 Akt £4do] AEYIE Sth(Wang 5,
2010; Zhao 5, 2012). WA A== E7189 5 9 o
o 2AY 25 9 47 R 9 Ao = QIS FEYHE &
gtE-o|lE 9 ABTS 2ttjZd 2758 g9 Ao|7F yehd
Ao g WHETH(Seo 5, 2022).

3.3. AIE /89 2[IH i Bief59 &EHEA

2 dAqoM= Al 7189 SEYHlE, StE kol
I 3R ABTS 2z 4275 7HY] A 245191
TH(Table 4). 24 23}, B =119 §o3t ¢ JaaA7
FRIE O H(p<0.01), §3], TEYH=2 2D 245 7t
T =2 ATASE YR 11 FE olof FE I, SEEE
Lo|E o7 H| WA 75t o AWIAE HAit o]l 5 &
2143} ABTS 2tt)Z &7 719 AAISE= 0.7242 19
3 2o YEg oy, SEYH s A e ATEe
2 WA Yt ol gdo] AR 4ol 7]oskAlRL,
E2|9=ol s ABTS 2oz £A5T9] A/do] oha ekst
U= A AARRIT B3 &R o| & 9 HA| SET Y|
= T(r=0.742) @ ABTS )z £7%5(r=0.720)3} -9t
BHEAE oy, SEYHET ABTS SHEAATY 4
A (=0.951)] Hlo} FRHCE F2 25 UEHH &
5| SEYHE AL ABTS )z 275 Aol AatA
7F 7P =A et A2 Eusy 23 A4 BHol
Fon EHES oo HEA slo|lEEAVIE Edeta
o] F4r Fol o] Hoju ABTS #HHZdS RAH0 8 F
Sket= 9 7)o St Litwinienko2} Ingold, 2007). 71 S| A X
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Table 4. Correlation coefficients among total polyphenols, total flavonoids, ABTS radical scavenging capacity, and total lignan contents

Total polyphenols Total flavonoids ABTS radical Total lignans
content content scavenging capacity content
Total polyphenols content 1
Total flavonoids content 0.742"" 1
ABTS radical scavenging capacity 0.951" 0.720" 1
Total lignan content 0.817" 0.705" 0.724™ 1

D™Significant differences at p<0.01 are indicated by two asterisks.

7HIZ, o2 =277l Z2olES &2 B4 ETvs St
£2 s} el £ o Rl Uik 5
2018; He 5, 2018). 3tH, &2 ¥t o1d o 7ol
Hl 14 22 JUEAE —“i‘}ittﬂ, ol Edvled gt F
AR 25 Wy 0224718 Xt oo Fxdow
SAslel WAt B Uehie Aoz AzEd. we
ABTS oz 2753 20, &t ol =0t S22 Hs
9 ABTS 2A% 70| AA4L 0.7 AL Z v 7d ¥ ok
o] FHHAE BA. ol= %"&9} 713o] Holste 2 2=
of 724 TpAlz v vlFIUZe] Aolo] 71 Mol
o

3

Ol
FE,

Q.

9tk eprio| =t Fevle] 519 15 &stel, 1 vy
A EehE, o|aBehe, Belils 5 TloRl 2ol 24
2, 3501 ot YUk 5ol A kTl 5
2021). Wb 2 Ao e AAS Foli 2 4tk
FECEE E*é W 21§ 7149 Holo] 7|9I%k oz W
S, 5] $EeE P3| Bz 2750 JFS 0]
ohe Ao P2 PPAT 44 ol el welo] glek. %
W, el o Sehuicols glekit ez A% 719

A% SESATE A OR e £l olft 2 1F
W SRIBES F2A Uy 9 YAk 19 Holo] ojg
A0E 4T 4 Stk wepd FF AL 57150 T8
wof G Tt S50 Bl sl AR U YA
st 7)a] et 454 A7E ST WAzt ek

= 93?01]*1 SRl AlRET Qe F 1589 &
29| gy %"ﬂr AN TS QobH gt} AlY AT &
2] vt RS 15.281-1,336.688 ng/100 g9 WY& SQ1E]9)
on, PO39] —ﬂzﬁ shko] 1,336.688 pg/100 gO & 304
o= 7% A Yehgch E31 2lad % Syro] ko] 0.000-
1,177.635 pg/100 g0 T2 224 2] 1do] Hlsf E3toH,
Med®} Mat= HEEA| ZAUth FEYH =Y FF2 0.118-
0.455 mg GAE/mL M2, PO57} 9-9A 0= =7 Uepir.
Z2ZglE o]t PO29JA] 0.146 mg CEmLO & 7P =2

N

420

A58 HoFQth ABTS Sz A4S 11.508-81.406%
of 89lo] g UERIOm, POSS] ehelz Aol 1 5%
BT SIS ADTS AT SAGE Y e 42

A RATFI(-0951, p0.01), £ AT A %

39 A% 27188 oz 910 Skl St Akl
g 24 Aow, S7189) /154 Sud 9 712 Aw
= Agst, BT S152 o83 154 A% o] 28

% 9le Aoz g,

ﬂJl
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