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Abstract

The objective of this study was to investigate the distribution of functional compounds in perilla leaves of various genetic resources
and their antioxidant activities. A comprehensive analysis of functional compounds was conducted for 90 genetic resources, focusing
on total polyphenol content (TPC), total flavonoid content (TFC), individual phenolic content (IPC), and lutein. Their antioxidant
activities were then analyzed based on their radical scavenging capacity using ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) and DPPH (2,2-diphenyl-1-picrylhydrazyl). The TPC content exhibited a range of 13.19 to 35.85 mg gallic acid equivalent/g,
whereas the TFC content varied from 11.74 to 46.51 mg catechin equivalent/g. Total IPC was detected in a range of 6,310.98 to
40,491.82 pg/g. Lutein was detected at levels between 70.97 and 597.97 ug/g. ABTS and DPPH radical scavenging activities of
perilla leaves ranged from 30.39 to 58.58 mg trolox equivalent (TE)/g and from 7.74 to 46.56 mg TE/g, respectively. Furthermore,
correlation analysis demonstrated that rosmarinic acid, a phenolic acid, exhibited a significantly positive correlation with antioxidant
activity. These findings suggest that various genetic resource of perilla leaves could effectively mediate antioxidant capacity. Results
of this study provide valuable information for use of perilla leaves in Korea as functional food materials.
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F| T vpofFel AR MY 5o A% WAl gk A
HE9] o] =11, A B4 E 7)54d0] St AR
off et THE A S7IsHL ATHKIm 5 2022). S-2]ueto]
WE FAZE F olCl 70 [Perilla fiutescens var. japonica
(Hassk.) Hara.]= 3=+ $402 3, Ql:, & &5 o}
Alotoll A de] A= = EEY S7&C) &5t= 14
A 28 AEoth A= FE FHRFE AFT 5HoE
S707t Al Elo] ghou X S/ 4H] SV E Eio
Ot A A 4xH] AFO] FGCE 2T SAYE F50I
7o A AgAte] 7l A tHLee S 2009). =53t ]
oF 7}k gt wfjiZofl A AEe oyt Q! el A A
A, HE 9 Fgozn wo| AAk(Kim 5 2022). T3 g
gt A= A, a3} T, o=, S5 2 29 o 59
T AREEI o, A FREo] U= Aol Hfae
R, Wighol, W9t 9 IS} KA} ol AR ool
A Qo] 7154 JAEE NE7FX] 7} E=chMercurio & Behm
1981).

chokstk 2ol Yo g Al EAJAkA(reactive oxygen
radical, ROS)= = O] FA] Z5F Ao 9] &2 W34
< 7HAH o= Ate}d AEFH A9 A H]lo] Hrk(Kim
S 2019). wEbA] HE Al EZW AL AAE s Ak
o &ttt JEES ol A3lskL e A7elthKim
5 2020), FHAAL AR 2 0e] JABHE ZA5HT NE-
kB(nuclear factor kappa B)S H|&3St OHFst Al AE A AE
3} AL 2N SRS SXIRTH(Zhang 5 2002). &
& 9% 9 P9 WS o5 220 sl AAEE BT
s7] 913t 1 AR e &g Fol Stol L, 1 At
sy S BA, B4, T 9E D Y, 24, m
9 59| 9% WEE KA HrkGuo 5 2011, A 24
Rag AAN 90 e A7 ABET AL E oy
2}(Jennings & Barnett 1988), A HALSHA|of st oL ESH
Zks] APE T JYth(Um 5 2017).

E70Y ol &= luteolin, caffeic acid, quercetin, rosmarinic acid,
lutein 52} Bl 9 7|5 o] o A5HL Q= AR
24 9tH(Yamazaki & Saito 2006). £3] luteolinS ZaHE
Lo|=A StEE gHto|BAe} njw 2y, A S
7}A] 3L (Jeon 5 2014), caffeic acide= H=AF 5 AlTAHS] A=
o2 Ay, 38, ol 5o ZgtE o] Yo H(Li 5 2019), 4t
SIAEFA 8 9 aflatoxin®] F4hS AAD 5 QUokal &
A UTHOh & Lee 2003). Caffeic acid®] ©]$}FA| 2l rosmarinic
acidte AWOIH WAL BHALE AATE AL o
24 Fatstel Ao ool 1(Kim 5 2019), Wob E

T3oE FofjA7]= 28-S A BF TES AYE vE
NA B A5 oA e Bk TR Ack
(Hyun 5 2003). E3F luteinZ == 2159 JEA| &of =4
st Alg B35 9] 7]50] Qo] & AR =8 F= AL
2 A Q3(Semba & Dagnelie 2003), Y 2 3}t &4
7R o2 gHgAge] ot /o] Uth(Granado
2003).

FAAHolgt AAAA ] EA st T4, W E, T, &
5 2E 494 9 WAL DNA, genome 5& EHl0,
A= =2 VYol AF A= ¢ BEXo L5 EVHES &
A Z(Oh Y 2004) 259 9% F-5-FAHcommon her-itage)
O 2 QA Y. SYuEh= oF 268te] 19| AlERAA}
A2 243t St A 591 220 A BRI B4
A Y ZASH= 1SS 1% H12]o]th(Shin J 2012). whelkA]
S} e A A s dle A2Ae B
o B WAL AT BOHS BASIol & WRst US A0E
HQlth(Kwak 5 2012). @A AE7M9] 7|54 & 4kt
o] Tt G EEUE chopshA Agsol Hiislol
UARE, FAA S 7= AR 1Y R84 E £
o] i FAlst &0 it A= RES Aot wf
2hA], 2 AFoflA = TAA LR o] &HA7E EaL, A=A
89 Zpol7t et AR LS YR A= /-84
B} g1t R4S BISlo] ARAZ T, T 2
EMY ¢ FARYY Aol &85t 754 AE AF
Heol §-83t 7|22 7S ATt ot

f

of o

ofy

RN
Mgl HZ @ Al
Aol AHBT AEARE TUBATLY BAHA
LA A Bk 007H10] EABAE 20220 7
A 0 A9 SYATY GEABE A
A Aol A5 ol o] Qg St T EAAZN] AR
Shick. apkst B4 24 9 71 AE 240] A8 Trolox
ABTS, DPPH, Folin-Ciocalteu’s reagent, gallic acid, catechin
hydrate, sodium nitrite, aluminuim chloride hexahydrate, sodium
carbonate 5= Sigma(Sigma-Aldrich Co., Steinheim, Germany)
2re 2kl AgSTt AHSE AkE amytcal
HPLC 532 AHggich

.1_41"‘-11._‘

2. & Z2|#l= &2 (total polyphenol contents, TPC) L
& Efl20|= g2t (total flavonoid contents, TFC)
A=A AFE 0.5 g2 80% methanol 20 mL 7}3f 24417

=
Hh2Z (multi shaker MMS, Eyela)dlo] JE57] 2EES Az
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sto] Ag o] ARESIYTE & E8| = $EF-2 Folin-Ciocalteu
phenol reagent’} F+&-22] E2|H =/ SitEo] o gy
of ZHEd FMo g st AS YR g Woo 5(2010)
o wye wWRslel st YA FEl 104
Folin-Ciocalteu reagent 100 pLE 7}o}1l 557F Hitst 5,4 7.5%
Na;CO; 80 WLE 7Fsto] E3bskqitt. Aol Al 3027t TAAIZ
& 750 nmof| 4] Spectrophotometer Reader(VERSAmax)& S35
=75 Gallic acidS ¥ S8 = st FdA= 25k
11, mg gallic acid equivalent(GAE)/g(dry basis)Z WEFH AT}
% EetE ol E FF2 Dewanto 5(2002)9] ¥l weh
225 100 pLof| S5 400 uLe} 5% NaNO, 30 uLE 7|3t
5, 52 & 10% AICL; - 6H,0 30 nLE 7}sto] £8519ct}. 6
B 3 | N NaOH 200 (L, 252 240 L= 7}t & 7sHA
voltex §F ¥, 13,500 rpm, 5% 59t YAEZ|5] A5 200
uLE FSHeh ¥HgAe] 3 E gk 510 nmof| A S7451H3
O, (+)-catechin(Sigma-Aldrich Co.)& ¥&F EZ=E oo 3
FA-S ZAJ51HE AL, mg catechin equivalent (CE)/g (drybasis)Z
Rt

r1

3. ABTS & DPPH radical 27 &AM
WS FE2Y A &4 E42 ABTS ¥ DPPH
A7 ZAS =45}99.0H, Trolox equivalent antioxidant
capacity(TEAC) i< WPt S5t chRe 5 1999).
ABTS radical &7 &AL 7.4 mM ABTS %Qﬂﬂ} 2.6 mM
potassium persulfate 802 1:1 H]&ZE 412 F AR20fA] 124]
2+ naelo] ABTS Joleg FAAA FHE Zol 0811
o FA7F HER SRTE SASHH 20 1L A=A =
0] ABTS solution 200 uLE E5:3t0] 3087 ¢49kg- A1
T 735 molA SBES Zgas

DPPH radical &7 %’*{J—S— 20 UL YEH 2559 02 mM
DPPH solution 200 tLE B39 1, 3087 4utke A7l &
520 nmoj| A ELEE é@é}ﬂu}. ABTS @ DPPH radical 4~
A 4 240] REZLZ Tolwd AL8olo] M 2
Aot o, A= &AFSFE-E mg trolox equivalent (TE)/100
g (dry basis)2 LEFHSITE.

radical

rqu

4. Phenolic compounds %! lutein &2k

Q=709 phenolic compounds &5 9|3 E4H A= 0.5
g0l 80% methanol 20 mLE 7}5}0] 3A17F wHl 2&519ich.
EST lutein &2 5] 2 AlF 0.2 gof] Acetone 15 mL
£ &55ko] 3087 229} FE5t0] B4 ARSI 9
F 42 High Performance Liquid Chromatography(HPLC, <Y
A A2 0FE 181, Ultimate 3000, Thermo fisher)S 0]-8-5}0]
274519991 phenolic compounds®] FA4 -2 Table 1,

E]O

ZAree] 7154

g3 Ul st 24 381

lutein®] B4 XL Table 29} Zt}.
5. E)ﬂﬁAi

= A3 5t BA &9 2 R studio(ver. 4.2.0)&
o]-&3t o, p<0.05 oA 7o HASHAL, Ao
AlELA] (Correlation analysis), w-35-4](CA; cluster analysis) %
T8 EA(PCA; principal component analysis)& 435}
c}. AlaA BA-L Pearson’s correlation coefficientS 7] WO
2 ool ST, B/ SAAUS] T 4L Hofsi
Ho} 7HA8kst7] 918 ‘pheatmap’ 2Ho] H2 F(library) S ©]&
sto] 2ULHE BN heamap@ AR, E,

Table 1. The analytical conditions of HPLC for identi-
fication and determination of phenolic compounds

HPLC Ultimate 3000
YMC Triart C-18 (502 mm, 1.9 pm)

(A): 0.1% acetic acid in water
(B): 0.1% acetic acid in acetonitrile

Instrument

Column

Mobile phase

Flow rate 0.4 mL/min
Injection vol. 5 uL
Wavelength 330 nm

Time(min) A (%) B (%)

1 95 5
3 85 15
9 81 19
12 72 28
16 40 60
22 95 5

Table 2. The analytical conditions of HPLC for identification
and determination of lutein

Instrument HPLC Ultimate 3000
Column Supersil column (4.6x150 mm, 5 pm)
Mobile phase (g):: 7;:&?:2:;221
Flow rate 1.0 mL/min
Injection vol. 10 uL
Wavelength 450 nm
Time(min) A (%) B (%)
1 70 30
15 10 90
20 70 30
25 70 30
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$ A (eigenvalue) & 7]} (contribution)& EZ LERQITE.
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1. & Z2|H= &2 (total polyphenol contents, TPC) !
£ Eat=E=0|= &2 (total flavonoid contents, TFC)
90+ AL A FE2ES F EYHE T S
A Az} Fg 26.55 mg GAE/g, 13.19~35.85 mg GAE/g®] 9]
2 YEP o H(Table 3), & E2dl& 1= AL IT117017
(35.85 mg GAF/g)o| it} oA Kim 5(2019)9] AEA 4
Ao gHatst G4 HrE AtolA = BEQ R &
Za)y RS 2932 mg GAR/gO 2 SASH Avtg B
At F ZetH o= F =34 AY Hd 31.12 mg CE/g,
11.74~46.51 mg CE/g®] $=F HAZE UEF O (Table 3), &
ZdtHo|E WgkeF AW TS FHARY IT117017(46.51 mg
CEg R & ZF Eojvls 1ohF Ardat -2 AP = Yehyt
o} o] AFH(Kwak 5 2013)0 AL} JAA FEES
ZetE o= S5 v BEAg AdFoA SR & S8t
Hiol= gleFo] oF 100 mg GAE/100 g0 & H o] A3
TFETH 2 AoA thaA @2 3 A3E BT, ol At
| AR Al 2, & Wy 9 24 5ol Zol7t 7]
=2l AoF YZrEthKwak 5 2013).

2. ABTS % DPPH radical &7 &

AEN FEE9] ks A2 ABTS 2 DPPH radical 4
A &4e St A= /o ©E ABTS?} DPPH
radical®}9] A3t J&E 7} ofE 4= 910 B E(Shin 5 2008), &
Aol A= F radical 2A BFZ BF B4 AdEA
FZE9 ABTS radical 2459 &7 A3 AA AL B+
47.67 mg TE/g, 30.39~58.58 mg TE/g] &4 HY=Z Lelyto
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™(Table 3), ABTS radical £75°] 7F4 =2 AL 24
4313291 1T113193(58.58 mg TE/g)= WEFHTH DPPH radical
2% &7 A3 AA| ALY Bt 46.56 mg TE/g, 7.74~46.56
mg TE/gS] &4 HYZ Yl O.(Table 3), DPPH radical 4
Aol 7V 2 A B3 =W 8F S 1T105990(46.56
mg TE/@)= UElEth dE719] EdHs dio] F4ahd
4 AE S4S dovl= B4 TF 24 24= Had
v QUA(lzumi 5 2012), APAF & 2 A7 25 &
o =] A=A AL St A S T = AL
2 Uetgo, ik it 9 &% 5o $83% AEE
AT = WS Ao ® AZ4HthKim 5 2022).

3. Phenolic compound & lutein EH2F

Kim 5(2023), Lee 5(2009)°14 AEH £F9] 7|5 &
24 A7} 2953 AW, BF 249 127} HE §
BALo] et A= oF7 vl AHolth, B
2 A=719 phenolic acidQ] rosmarinic acid®} caffeic acid,
flavone 43+-Q1 apigenin, luteolino] 22, ZA|, 54 AF+7} A
Y= vF I (Meng 5 2009), & Ao A= AE7H2] phenolic
compound®] rosmarinic acid, caffeic acid, luteolin®} carotenoid
Ql lutein B4-S IR YEM FE2E9 caffeic acid T
T 24 23 Hat 823.68 nglg, 60.61~1,589.55 ng/g®] o
H Q)2 YERO B (Table 3), caffeic acid’} 7FY &2 AHYS
1T318022(1,589.55 ng/g), 7P -2 A2 1T274644(60.61 11g/g)
CHFig. D). o] A (Kim 5 2019)014 AS7H =&
E48 BA3%E 23} caffeic acid §HFo] 540~1,090 png/g HEY
2 e, B A7old AT 957het 4 9 24 3
Hite th2A9E FARE 23ts Bfuidt). Rosmarinic acid
2k B A} W 20,689.14 ugle, 6,195.46~39,464.55 1g/g®]
3tk #ol2 Ueldoni(Table 3), T3HF 2H1S IT117017
(39,464.55 1g/g)2 & EdjHls 4 T EStE Lot 1
AT 2 A0 2 WERIT: Luteolin F 4 Ay}
o 27.31 uglg, 0~65.92 nug/g®] TF HYZ YERE ©. H(Table

-

Table 3. Summary of functional compounds and antioxidant activities

Antioxidnat compound content

Individual fucntional compound content (ug/g)

Antioxidnat activity (mg TE/g)

TPC" TFC? Caffeic

Rosmarinic

(mg GAF/g)  (mg CEg) acid acid Luteolin Lutein ABTS DPPH

Average 26.55 31.12 823.68 20,689.14 27.31 433.09 47.67 22.73
Range 13.19~35.85 11.74~46.51 60.61~1,589.55 6,195.46~39,464.55  0~65.92 70.97~597.97 30.39~58.58  7.74~46.56

cV? (%) 15.21 17.49 28.46 2473 64.65 19.22 15.47 3532

Y TPC: total polyphenol content.
2 TFC: total flavonoid content.
9 CV: coefficient of variation.
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Fig. 1. HPLC chromatograms of phenolic compounds
from high caffeic acid resource IT318022 and low caffeic
acid resource IT274644: (1) caffeic acid, (2) rosmarinic acid
and (3) luteolin.

3), luteolin®] 7} &2 A2 1T304335(65.92 ng/g)Ath.
Lutein 3 242 EZ-EHS 0.078125~60 pg/mLe] THA|
545t} HPLCE &4 & 7&‘%*3_ ZpA5Lgl om, AFA|4
0.9993 OJAFO 2 =2 2XALS B} <k B Adt g
433.09 nglg, 70.97~597.97 ug/gS] ‘%}HE UFEREO.H(Table 3),
lutein®] 7H& =& AL [T201780(597.97 nglg), 7Hg F<
A0 1T328843(70.97 1g/g) -2 LEET)

4. AR 24

AE=7 90AFAe Hish & EHE(TPC) T, & ST e
O|=(TFC) &, IALS} E4J(ABTS, DPPH), phenolic compound
9 lucin B BAE S T AsE olBslol 4uuAS
HA 51 th(Fig. 2). TPC2} TFCE= ABTS 2 DPPH radical A7
I w2 G JHEAE HA=H, ABTS radical 2275
DPPH radical 47157k AFH4(0.918, p<0.001), TECS} DPPH
radical A7A57F0] AFHA(0.775, p<0.001), TFC?} ABTS
radical A7A57F0] AFTH(0.773, p<0.001), TPC} ABTS
radical A7%57F9] AFEHA(0.663, p<0.001) TPC DPPH
radical 2:757+0] AFTHA(0.652, p<0.001) =08 BE 90|
X9l ope] AL BT, oleie Zake A5l
% Souls B9 & Sehuiols Hefo] FHalsh LA
EZ AHAE itk A% A2 3HKim 5 2022)2F A
RelSi. ok E2H0] shol =5 A17]( -0 AHg2t]
2ol MAE oo A A4S AATILE 275
= RUSEL T Areln Azt B3], 74 WS}
SrE o4& rosmarinic acid®} luteolin®] -84 AEQI
lutein®]] H]8] =2 AAAAE E YT} Rosmarinic acids &
M} A=719) F8 4 HsitezA, E7) 928 w3t
SrEZ3F AlE|&Ad 9] Ao tisf A3t Lee & Cho(2021)9]
Aol mad, #IIFY FHEEFRE S e
rosmarinic acid ggo] @75 E2AY0|= AT

AT B s 24 383

DPPH
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Rosmarinic acid
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Fig. 2. Correlation analysis between functional compounds
and antioxidant activities. Correlation analysis was performed
based on pearson's correlation coefficient. TPC: total polyphenol
content, TFC: total flavonoid content.

AT G| AHBAE EATHAL stof & Aol fARSG
B YEW I 3, thdRt STt o] =9 RS} 9
FHASEA et Tian 5(2021)2] o A& luteolin©]
kaempferol, apigenin, quercetin 5-9] Z&}H 0] =0 H|3] At
ﬁ]_?}_x]g FHsrdo] Y1, o3t ghrjzk AALS Ry A
A FARHAIEA dgs gohal Bagt v iek shA|gL
lutein TF-E = FARE &7 20 JHAAE HErL
=0, ol A8 E42 luteinZ EdtE o]t 9 Hz4k
of vlsf Aid o g gz a7solle FA4 FF=
A F2 Aow BZHE.
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A M4E ol-&sto] A4S S5k W & 3719 27~
HE UHoH, IF12 237 FAAC 2 HAA Y 26%E
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Fig. 3. Heatmap including cluster analysis according to functional compounds and antioxidant activities in the perilla leaves

of genetic resources. A total of eight variables were used in the analysis, which were divided into three clusters. Each cluster
is colored vlue (I), red (II) and green (III). TPC: total polyphenol content, TFC: total flavonoid content.

o 2 FRBA ATE vigo s YSA) AR 904
o FEIAIL Y FRT FAS IS BY L 4R

ABTS, DPPH, TPC, TFC 9l Z°o2 Aztgr

1.‘5.7)“
o=
Mol tet FAE BHE FHINT, TG FAR

=k
9] 710 =E Yehd Z3H= Table 49} 2t} A 15AE(PCIHS
TFA7L 4642, A BAE 5 57.98%= At Al 274
E(PC2) 1.249]| 1547%, A 3524 E(PC3) 1.19]] 13.73%, A
45/ E(PCAY 0459 5.58%, Al 55/FE(PC5)2 0.400] 4.99%,
Al 63242 (PC6) 0.089] 0.99%, A| 77244E-(PCT)2 0.079]

0.92%, Al 8FAE(PC8)Z 0.039]] 0.33%= APst= Aog
et AAof gk 2t 489 +4 7]9&2 Al 1324
B2 58.0%, Al 2FAEL 73.5%, Al 3FAEL 87.2%, A 4
FAHEL 92.8%, A 5FAHEL 97.8% Al $FAEL 100%=
et S8 B40 2 8719 FAHE] AU, F
T TR = ARG HolE Hol A¥sks 2 e &
ThE A"sk=t, 2184t 1 ol e T EAME0] 80% ]
4 22904 AAEhKim 5 2016). & AT = L7711
oS 7|2 sto A 3FAETIA] 37]9] FAHECE HA|
Hol9] 87%E AT 4= 7] WEel Al 13FFECE A=
N AL 9002 ER77F 7Hee ALSE UERT

Table 4. Summary of principal component analysis (PCA) statics and eigenvalues for functional compounds and antioxidant

activities
Principal component PC1 PC2 PC3 PC4 PC5 PCé6 PC7 PC8
TPC" -0.449 0.012 -0.057 0.071 -0.245 0.451 -0.333 0.645
TFC? -0.441 0.064 -0.096 0.187 -0.314 -0.053 -0.468 -0.661
Caffeic acid -0.224 -0.644 -0.216 0.586 0.340 -0.025 0.169 0.005
Rosmarinic acid -0.428 0.090 -0.040 -0.001 -0.491 -0.352 0.658 0.095
Luteolin -0.141 -0.690 0.388 -0.569 -0.138 -0.006 -0.071 -0.074
Lutein 0.074 -0.151 -0.887 -0.424 -0.053 -0.024 -0.038 -0.001
ABTS -0.416 0.206 0.002 -0.267 0.441 0.548 0.366 -0.290
DPPH -0415 0.177 0.030 -0.206 0.518 -0.607 -0.262 0.220
Eigenvalue 4.639 1.237 1.099 0.447 0.399 0.079 0.074 0.026
Proportion (%) 57.98 15.47 13.73 5.58 4.99 0.99 0.92 0.33
Cumulative contribution (%) 57.98 73.45 87.19 92.77 97.76 98.75 99.67 100.00

Y TPC: total polyphenol content.
2 TFC: total flavonoid content.
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