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ABSTRACT

Background: The aim of this study was to compare the fatty acid composition, antioxidant activity, and the content of two major
phenolic acids, caffeic and rosmarinic acids, of 45 Perilla accessions collected from Russia.

Methods and Results: A total of 45 accessions of the genus Perilla were used in this study. The antioxidant activities of these acces-
sions were analyzed using a spectrophotometer, and their caffeic and rosmarinic acid contents were determined using a reversed-
phase ultraperformance liquid chromatography (UPLC) system. The Perilla seed oil was recovered using hexane in a soxhlet
extraction method. The fatty acid compositions were analyzed using a Shimadzu QP2010 gas chromatography-mass spectoroscopy
system. The results showed that accessions IT226732 and 1T274300 had the highest content of caffeic and rosmarinic acid, respec-
tively. A cluster analysis based on antioxidant assay results and concentration of phenolic acids led to the categorization of Perilla
accessions into three major groups. The accessions in Group I were characterized by higher caffeic and rosmarinic acid content and
antioxidant activity, compared to the accessions in the other two groups (p < 0.05). The total oil content ranged between 28.39 and
46.89%. The compositions of oleic, linoleic, and linolenic acid ranged from 11.83 to 19.55%, 11.92 to 16.71%, and 59.19 to 67.28%,
respectively.

Conclusions: The results of this study indicated that accessions 1T274300, 1T226732, 1T274293, 1T235818, and IT235820 could be
used as a source of functional materials.
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T §== AREE o A ghom AgelA —’}%55_ e &
E7 [Perilla fiutescens var. japonica (Hassk.) Hara.]= 2 Xk o] FgEI T o8y 738 v IS 7K

FEvERe] g A F SRR QIECA S, ok AUol 3 FFo] AMEE AREE L %)]\E]' (Hong et al.,
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ghaflato] AlEolm H v, dolxEg), o|FE, #Alol F EANL AFet A A QAR Hol EEe AAERE

AN E A= ot E70s 218 o= d27E 7] S} sl &n7F solvhal AQle] 7ls/de] deAH

>

TCorresponding author: (Phone) +82-63-238-4931  (E-mail) sjs31@korea.kr

Received 2019 March 25 / st Revised 2019 March 28 / 2nd Revised 2019 April 8 / 3rd Revised 2019 April 12 / Accepted 2019 April 12

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.

96


https://crossmark.crossref.org/dialog/?doi=10.7783/KJMCS.2019.27.2.96&domain=http://medicinalcrop.org/&uri_scheme=http:&cm_version=v1.5

S FEARS] X[t Ho| 3 ehtist & Hlw

Agoz AHZF soual glom oo gt dEMY FF
Mg stod AFALte] 7FssliATH (Hyun er al., 2003).

EAYoE P-carotene, caffeic acid, luteolin, quercetin,
rosmarinic acid 52| UEAloF] AE A W ZTiR o=
ditol b FREA de AR dHA oen
(Yamazaki and Saito, 2006; Asif, 2012), 53] caffeic acid
= ZuEA SEEA EAAAIR 2Hgslal AR Ed
2 i 2 ol EEEAlY] AES AAIE 4 okl gEA 3
T} (Oh and Lee, 2003). Caffeic acid®] ©]gA|?] rosmarinic
acide AHNA A= SANAE AASKE 9T o
2A QA w3t B 7hg AW o el Fal el A,
gutole] 22k S 7L itk deEA] Ut (Cho,
2003; Oh, 2003; Ryu and Kim, 2008).

7 SHLE dZHE 7ES AY TR TE0] 48
2 ol ol&HoA gtom FHIdde 7| AFELE A
oA ABAsHA] Zste] 4R A sl oksle om|7E-3 A
Wake] Wol xFE 9l E7]8 g FEEUF US =
olx2L t}. E7 F4oll= a-linolenic acid’} ¥ o=
23] et o= Aoll4] DHASH EPAR Wsto] I35
S ZHES 5, I &9, ¥ Jes FXgke &2
ol d&HA AU

o tiere e Yoz gzl EAd4EA (reactive

oxygen radical, ROSy= & o FA] X3k Aol o3l =2
H-3/3S 7AW o= AlsA 2E# A0 A3HA flo] Hrt.
Pk A ARAES FAsie] AEe 23 23S
Jo7m, FAMo|, M=, AdHA Ag, &
AR AgEde S vX= T A W AHA] =
FA ok wEbA A S44ARE AAE] S8 Tk A
T7F AgPE 7 S ® olz}t (Jennings and Barnett, 1988;
Fridovich, 1989) A< dhikslAlo] tigh A =3k ehds] 2
P= A AT (Um et al, 2017; Jeong et al., 2018; Seong
et al., 2018).

N T

B ATE Ak AN SRE B0 A0S hes
e A 243 5490 WA By Bk slglon
2 Al W g AP EE A9 GRS o8}
A7k we SR ) FAANS Aol 7154 BAR

#HE AT N EZAER AFetaat s

1. dellis

2 Aol AME" Brlot - S [Perilla frutescens
var. japonica (Hassk.) Hara.] 45 AFd3} Sb=F t|=&% 3 #}
B2 TR BEALE ol 88isien 20179 A
HEE A oA AR EGM BFANES #-83te] Aul

sle] Sfaigir.

Caffeic acid®} rosmarinic acid A& 4 2 ks &4
Ao AR AEe AZXE EAY 22 IE5SFEHA|
=

ASE-200 (Dionex, Sunnyvale, CA, USA)Z ©]&3alo] F=3}
nom FEEls 75% olerE, AV 1,200 psi, 70C &
Ao® stk 28 AN8E X3%5%7] HT4X (American
Laboratory Trading Inc., East Lyme, CT, USA)S ©]&3}o]
40C 270N F=3le] FHsiih =AW gk a0 AL
|8 NS 7AxE B TAE 5 ¢S e s
o F2E ZAYE olgsle] At 4] A|RE o838t

2. Aot
kst 24 ®7HE A9 22%-azino-bis  (3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS), 1,1-diphenyl-2-

picryl-hydrazil (DPPH), folin—Ciocalteu reagent, potassium
ferricyanide  [K3Fe(CN)s], phosphate  buffer  (NaH,PO,-
Na,HPO,), trichloroacetic acid (TCA), ferric chloride

(FeCl;-6H,0), sodium acetate (CH3;COONa), HCI, acetic
acid, 2,4,6-tripyridyl-s-triazine (TPTZ) @ ¥FE o2 AL&3
gallic acid, L-ascorbic acid+= Sigma-Aldrich (St. Louis,
MO, USA)IIA FJ3stath 919 EE A2k analytical

grade= Ag-3IS1T).

3. Caffeic acid 2} rosmarinic acid &gt 3

SEAY A FY caffeic acid®} rosmarinic acid®] S
Ultra High Performance Liquid Chromatography (UHPLC,
ZIENA I ZulE T T, Agilent 1290 Infinity 11 LC,
Agilent Technologies Co., Ltd.,, Santa Clara, CA, USA)E ©]
83l =4 si9lem B4 2712 Table 13 ZTh

Table 1. Conditions of UPLC for identification and determination
of caffeic acid and rosmarinic acid.

Instrument Agilent Technologies 1290 series
Column Eclipseplus C18 (1.8 ¢m, 2.1 mm X 50 mm)
Mobile 0.1% formic acid in water (A) :

phase 0.1% formic acid in acetonitrile (B)
Flow rate 0.4 m¢/min
Injection 2 1l
Wavelength 330 nm
Time (min) A (%) B (%)
5 85 15
10 82 18
15 10 90




2ICFY - Awraris Derbie Assefa - HO|&l -

4. & Z¢|H= &2 (Total polyphenol contents, TPC)
TS
= %ﬂfﬂléﬁ ?:Ek~ Waterhouse (2002)2] Folin-Ciocalteu

2433t} 96 well platee] 1,000 ppm Al
Fohn & Ciocaltew’ phenol 100 /4 & Wt
93 3 #7F A2 BASNY 2% Na,
CO; 100 & ¥ 5 32U P 30 B2 A4 v-3-
& wolaZEH ] EZH (Eon, BIO-TEK, Winooski, VT,
USA)E o]&3le] 750z FE5=E

=
& FEBYR AHSl) 294 3t

=431t} Garlic acid
Bhiksle] vl wslch

5. DPPH assay

E]":]% AA &4S 582 + = DPPH assay= Piao
5 (2013)2] HHS A Th 96 well plateo] sample

IOOMQ 150 uM DPPH €9 150 b & o] ad=2 9 ot
T30 #7 Ao vEEAIZ F mpo] AR ZE o] EE T
(Epoch, BIO-TEK, Winooski, VT, USA) & o|-&3&}o] 517
nm o)X FFEE AT Ascorbic acid equivalent &%
2 gHtsto] Blasieltt.

6. ABTS assay

=38 2= 9=
E o

oz AA 4 39T 4 A= ABTS assay= Re 5
(1999)2] WHS F3Eth ABTSENS 7mM ABTS9+
2.45mM potassim persulphateE 41¢] 12 A|7F o] ¥l gk
T YARA st FHSATE 96 well plateel] sample 10 £
o} FH)E ABTS € 190 =L E o] TU= U A F 30
E7F Ao WkgAlZl FH rlo]a2EZd|e|EZ|H (Epoch,
BIO-TEK, Winooski, VT, USAYS ©]&-3le] 734mmolx &
Fe s =AU 2A-HS T

o-1-=

ascorbic acid equivalent

7. Ferric reducing antioxidant power (FRAP) assay

ksl 24 o UE FRAP assay= Benzie
Strain (1996)2] WS Fwddth. FRAPEY S 0.1M
acetate buffer (pH 3.6), 10mM tripydyltriazine (TPTZ)/40
mM HCIl, 20 mM ferric chloride solution (FeCly:6H,0)=
10:1:19] ¥]&R Eg}ate] Frlstar 37Ce) HaAakt. 96
well plateol] A& 10 o] 0] FRAPE 3004 & & ?3
T sd7 " Aesigie. 37CHA 30 27F wAI &
uolZZ Z o] EE|H (Epoch, BIO-TEK, Winooski, VT,
USA)E olgal] 593 m =2 F3=S 248t 243ke
e gl M

[e)
248

ascorbic acid equivalent

8. Reducing Power (RP) assay
Yen # Chen (1995)°] %S 313} reducing power

HHot - Ojxf=2- 0|

98

-0BA - AR

oF=2]

assays Fall st B ST 1.5ml wbeo] AR
60 (£, 02M phosphate buffer (pH 6.6) 150 /&8, 1% KjFe
(CN)s 150 105 B2 T 50CeA] 20 £7F wHSAIATE 7]
ol 10% trichloroacetic acid 150 L& Y3 13,000 rpmoZ
10 7 ARSI 96 well plateol] &<l 100 1L, 3
2} 574 100 4, 0.1% ferric chloride 20 (4 53 & &
A= S At Ad2eA 10 7 §REAIZ] § wlo]=
ZZolE8H (Epoch, BIO-TEK, Winooski, VT, USA)YS
ol g3l 700mmE FF=E 43U S ascorbic
acid equivalent EE==2 $Hibate] H]wEIRATE

9. ZXIgt 2t 5
A FFE A7) flsto] Ax skl EHIg
1gol #ate

T =2

Tecator AB, Hilleroed, Denmark) ©]

&

A
Sl 2 3le] Soxtec™ 2043 (FOSS
g3t EA ekt

=

ar

Al

10. Ao Z2d
F=T A 50 U=

80C ol A

methanol

EHoﬂ
10 #2F A
SAS 718ta 4} water
848 AR so] A2NS 3

o WHSAIRIT T o] 2

0.5 N NaOHE 7}t &
, 14% boron trifluoride-
s d=ot A2
> st & SHEF (NapS0y)
SE PR HAsjel 7hx
AZvlET 3 (QP2010 Ultra, Shimadzu, Kyoto, Japan)S
ol-gate] AWt AL EAETh Silica capillary AH
[HP-INNOWAX (Agilent Technologies Inc., Santa Clara,
CA, USA), 30m x 0.32mm x 025 /m}S o]&3lo], FYPF 2=
= 200C, ﬂame ionization detectors 250ColA AR
AA7Es 352 0.6 min 'S AT LELEE BT
4TA 25()“(:77}1] AEA713L 250CHA] 10 87 |§X)51 7t
7he] v A7 ST 7} peake] WA HhHel )

oo ek
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11. SAHIX2]

BE Adde ZAHe FAEAL

LSy
project.org, R i386 3.5.1, Vienna, Austria)E
p<0.058] 270A kel FrelidS g

R ZZ2I¥ (wwwir-
o] g3tn o,

&

2}
1. Caffeic acid®} rosmarinic acid & =H

UHPLCE E3+ 84 Az 32 o) caffeic acid, 11.3 &
o rosmarinic acid’} HEZF T (Fig. 1).

Caffeic acidE 0.54-1.09mgg'e] WS Holxw Ht
0.78mg-g'S FF3t ATk FF WEREFFA UAH
0.73 mg-g"), THF (0.37 mg-g ™y} EAlol AR Ha S
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Table 2. Caffeic, rosmarinic acid contents and antioxidant activities of leaf extracts from 45 perilla accessions.

N, Accession Caffeic acid Rosmarinic acid TPC DPPH ABTS FRAP RP
Number mg-g” 1g-GAE-mg'DE 1g:ASCE-mg™'DE
1 IT220385  0.65+0.04dfh 45.58+3.330dh 96,97+ 11l g1 75+0.09%¢ 108.28+2.968%  162.73+1.12¢8"  143,05+1.37¢defshi
2 1T220387  0.72+0.04%®" 41 07+2.95%fkh 88.77+1.34' 68.11+0.30° 98.87+2.45hik 114.85+4.88 103.20+1.371
317220388  0.78+0.04%  47.98+2 28 98 57+0.48BN  §0.55+0.38% 109.06+5.138"k  196.20+3.69° 125 64+0.79%"
4 17220389  0.90+0.07%def 81.96+1.662 113.59+0.24%cefBh 97 33+0,38%¢ 138.07+0.68"df  213,30+2, 7758 155 §7+0,79¢delh
5 17220390  0.77+0.072°%  64.29+0.780<®  10553+0.43B"  87.97+1.38%¢ 125.92+1.36%8B"  216.96+8.86°f"  138.07+0.79°f"
6 17220391  0.73+0.03>f® 73.38+2.51cdefe 115191 45%cdefehi g9 9340 43¢ 129.45+3.598Ni 196 20+3.76B 153 58+(0.79dcfEM
7 IT220392  0.79+0.01%%  7581+1.86"4"  126.60+1.20"%"  93.14+1.22% 149.43+4.906  287.80+5.30 192.571+2.38Pdefs
8 17220393  0.83%0.07B  7370+6.012°%  97.32+0.60<8"  78.24+1.00% 112.59+2.048h 172.01+4.23%% 137 55417 37¢cfh
9  1T220394  0.67=0.02°7f" 50.87+3.57>8  100.66+0.99°%"  80.30+0.66™ 116.12+3.53/8" 164.69+1.12°8"  138.92+1,37¢dclh
10 IT220395  0.83%0.02bcdfB 58.80+1.042°¢f%  119,43+0.52%BN 97 69+0,68% 136.50+4, 750t 189 5042 574 {55 4741, 37cdefghi
11 1T220396  0.98+0.04% 60.91+2.562°¢f% 129 24+1 3% 85.57+0.15%¢ 114.16+1.80/8" 175.68+5.69%8"  138.07+1.59%fh
12 1T220397  0.68+0.03kh 64.82+3.180df% 113,870,672 92 34+0,92% 140.42+0.68"dfN  203,52+5, 20BN 159 53+ 3 4bcdelshi
13 IT220398  0.93+0.08% 84.74+6.51% 129.59+0.75%< 93.44+0.09% 168.64+1.80  261.42+1.84%°¢  196,18+2.10bcf
14 IT226731  0.82%0.05%cf 51.57+2.310®B  104,35+0.7248"  g0.35+0.71%¢ 109.85+2.458"k  158.82+3.46%" 120.14+1.59"
15 IT226732  1.09+0.08° 85.94+5.81% 140.99+2.14% 93.74+0.35% 171.38+2.04% 285.60+9.90* 210.38+2.38%0<
16 17226733 0.74+0.05%8 77.52+1.12%0de 124 7041 05%B 93 69+0.52% 149.04+2.358 225 75+0.4204  209.46+2.86
17 1T226735  0.58+0.03%" 39.94+2 55 91.06+1.48¢ 76.49+0.86™ 105.54+0.008"%  133.97+3.768" 116.94+1.37'
18 IT226737  0.710.06" 57 50+4 30l 94.19+0.12¢8" 78.54+0.53%¢ 113.38+0.68/" 176.65+7.63%8B  121.06+2.388
19 IT226738  0.84+0.04d%  5478+2 720 113,38+0.432dBh g5 67+0.432° 120.43+1.80°8"  171.53+3.468" 13847079
20 IT226739  0.94+0.03%< 55.02+1.358 115192036 86.02+0.60% 131.0122.45P4e8N 1761741 2796 134.80+1.37°8"
21 17226742  0.80%0.013>f® 5741203698  105.60+0.218"  §501+0.572¢ 122.39+2.45%8  175.92+6.40%8"  130.22+0.79°fN
22 IT226743  0.58+0.03%" 56.49+1.682°¢%  11526+0.73BN 97 03+0,17%¢ 125.92+0.68%8" 242 12+11,79l 151 75+2 gecdelshi
23 IT226744  0.55+0.03¢" 54.44+3,54b8 115404055 90,38+0.45%° 134.54+1.3620fN 226 97+6.40°4  157,24+3 46bcdelshi
24 IT226745  0.84+0.08%0<ck 74.24+5. 70l 127.92+0.75%df 93 84+0,15® 156.10+4.24%0cdet 236 50+7,192cdel 189 7741 37bcdeleh
25 IT235818  0.59+0.01°8" 38.80+0.13%" 108.38+0.99Pe® g3 31+0.45%¢ 119.65+3.53%%"  158.58+2 64" 123.81+0.00
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Table 2. Continued.

Accession Caffeic acid Rosmarinic acid TPC DPPH ABTS FRAP RP
No. Number mg-g”' 1g-GAE-mg™'DE 1g-ASCE-mg™'DE
26 IT235819  0.66+0.03%  47.25+2 53bcdefeh 106 92+0,6420fN  86.82+0.35%  123.57+0.68%8  166.88+2.24%" 129 76+0.79¢"
27 IT235820  0.81+0.030<®  4824+1.12°d%  100.10+0.60°%"  83.06+0.46"  112.98+2 728" 157.36+1.53" 122.89+0.79
28 IT246851  0.88+0.0709  74.67+4.260%  12555+0.840%  8868+1.35%  139.64+2.350k  216.71+3 610Ul 159 5317 37bcdelghi
29 11246852  0.82+0.080  64.60+6.082°U%  115.89+0.79beh 89 88+0.09  136.1122.350efh 198, 88+7.220defehi 145 79+ (,00cdelehi
30 IT260616  0.6420.024¢%" 55.32+1.67°%8  107.89+0.42°8N 87 47+0.31%  119.26+3.59%"  216.96+4.71°8  126.10+0.79
31 17274282 0.86=0.070f% 58 06+4.73%d®  100.45+0.436 85 .42+0.94%¢ 111.81£2.458h 164.93+5.50°%"  149.00+2.10%efeh
32 IT274283  0.77%0.02%  61.46+3 .37kl 114,780,360 90,73+0.232¢ 129.84+2.458 187 16+1.47%60 16549+ 1, 59bcdelshi
33 IT274284  0.60+0.0448" 46.31+2.810dB 93 7141 08feh 76.89+0.23%¢ 104.75+3.788k 133.66+5.088" 121.98+0.79%
34 IT274285  0.65+0.04%f" 59.38+1.33%cdefe  113.38+0,1208N 89 08+0.23%* 136.11+3.110efehl 180.07+7.84%8" 156,79+ 1.37¢defshi
35 IT274286  0.89+0.08%cdf 57.85+3.54>d  117,00+1,19%cdefhi 89 §3+0.97%* 134.54+2.96PCfh 173 24+1.94%80 148 54+ 37¢defshi
36 I1T274287  0.97+0.05% 55.48+3.30°9B  114.78+0.55%cdkh 91 79+0.35%c 143.95+0.68%%"  203.52+1,120defhi 154 95+(, 79cdelghi
37 IT274288  0.72%0.02°%  37.70+0.17%" 94.54+0.36" 75.03£0.26  105.15+1.808%* 148.08+5.40f8" 110.98+0.79'
38 I1T274290  0.93+0.08% 40.52+2.10%fh 89.67+0.12" 72.68+0.35" 86.33+3.59% 119.98+4.99" 113.73%1.59'
39 11274291 0.62+0.03% 47.84+0.620908"  116,72+0.64%BN 87324046  113.77+1.18%1  178.61+7.120"  135.26+0.79%f"
40 17274292  0.86+0.00%d  5578+1.58"48  106.92+1.47°BN  86.02+0.69"  116.51+0.68%"  161.75+4.04%" 129.76+1.59%"
41 IT274293  0.88+0.00®  9502+2.25° 133.48+0.87% 93.89+0.312 163.94+4.13% 242 36+592% 264 .88+1.59
42 11274296  0.76+0.023°f%  76.61+3.932def 128 75+, 373bcde 93.59+0.31% 176.48+3.39% 225.75+3.38>df%  215.87+1.37%¢
43 17274299  0.76+0.03% 82 52+0,62%° 132.16+1.34%¢ 93.64+0.23% 160.4120.68%4  255.06+2.24%de 198 93+1,59bcde
44 IT274300  0.92+0.05%< 98.50+2.40° 148.85+1.05° 94.80+0.09* 190.59+3.39° 326.39+5.13° 234.65+1.59%
45 17274301  0.62+0.05%" 55.21+3.65"98  110.88+1.39"BN  90,58+0.38%° 116.12+5.138 187.65+8.56°N 148 54+ 2 3gcdefehi
Mean 0.78+0.04 60.75+2.59 112.54+0.81 86.64+048 129.52+2.46 194.70+4.56 152.78+144
Max 1.09+0.08 98.50+2.40 148.85+1.05 94.80+0.09 190.59+3.39 326.39+5.13 264.88+159
Min 0.55+0.03 37.70+017 88.77+1.34 68.11+030 86.33+3.59 114.85+4.88 103.20+137
Anyu 1T229431  0.73x0.01°%%8  30.22+0.25" 88.21+0.43' 76.29+0.17  126.31£0.68  146.12+5.138" 115.56=0.00'
Dayu 17274277  0.37+0.03" 4.47+0.22" 29.32+0.24) 19.26+0.17¢ 62.82+3.59% 49.15+1.12 27.16+0.79
Daeyu 11276227  0.90£0.06%"  46.38+2.96°¢8"  107.54+0.12°¢8  90,08+£0.30"¢  129.45+4.45%6N  192.29+9 58l 746.25+0, 79l
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Fig. 1. Peak of caffeic acid was detected at 3.2 min (a) and a peak of rosmarinic acid was found at 11.3

min (b) by UHPLC system.

Q1 0.78 mg-g '} Bre S Bom s =2 caffeic
acidS -3k AYS 1T226732 (1.09mg-g Yo 2 3=+ thx
5 T 7P =2 S Bl Ui (0.90mgg HHE T =
2 e HATh

Rosmarinic acide 37.70 - 98.50 mg-g™'9] W& WS HSY
om Hit 60.75mg-g e FiEFS Bk d= h2EFE
oMFE 30.22mgg’!, THE 447mgg 2 Ao} FHEAY
W T 6075 mg-g 1B WSS Hlew M &
£ rosamrinic acidE -3t A 1T274300 (98.50 mg-g™)
ZES T P =2 FHHE 2 Ui

o7 3= YZREF
SheS BST) (Table 2).

(46.38 mg-g hye] oF 2 v =&

2. & ZdH= &2 (Total polyphenol contents, TPC)
=X

HAAlo} - EJ [Perilla fiutescens var. japonica
(Hassk.) Hara] AF1¢] s IS HE 11254 1
gallic acid equivalent (GAE)mg™' dried extract (DE)S X%
o 88.77-148.85 1g-GAE-mg'DEQ] WS B} &= o)
2FF tHel 739 2932 18:GAEmg 'DES] w2 ZEdE
s Bow il 79 107.54 1g-GAE-mg 'DES] o
2 35 fZ2EFF T 7P =2 %S Bou gAlol 74
A Haroh W s Btk el g 8821 ue

5

GAE'mg 'DESZ #jAlo} FApe] 7 W& TPC s 1
o1 ¢l 1T220387 (88.77 1g-GAE-mg 'DE)#} B8 718 1

ATh (Table 2).
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3. shuist &M &
7 249 A%, @

FRAFIS] DPPH radical 27 A4S
= PZFF 5 7P =& 2 Hel U= 90.08 1g-ascorbic
acid equivalent (ASCE)-mg'DE 7S Hor 2o} =k
o] HHIS 86.64 ug-ASCE-mg 'DEE  SH+ (76.29 1g:
ASCE-mg'DE), U+ (19.26 42-ASCE-mg'DE)Et} =& 3Hs
Bom, grlol =1 AYLS 68.11 - 94.80 1g- ASCE-mg'DE
e e HYow 7P =2 S Bl ARIS [T274300
%At} (Table 1).

ABTS®| ol A5 S 543 A3, eirlof 2ol
FAL 12952 g ASCE'mg'DE®] S Hdom 8633-
190.59 1g-ASCE-mg 'DEQ] W& MY HAth 7FF =& 3
S Hol AL 1T27430001900H, 3= Hx&E= = 71 =
L 7Hs ®el i 12945 12 ASCE-mg 'DEE #AJo} A
o] H#k vt #he Btk (Table 2).

FRAP 37} A3}, 3= tiz2EF5 oH, o, Uil a2
146.12, 49.15, 129.45 g ASCE-mg 'DEE #r]o} 2Fe] o
4] 194.70 12- ASCE-mg 'DER T} ¥r 7+ Wit} A
of 3 A F 7Y T2 #E Bl A2 1T274300% S
o 114.85-326.39 g ASCE'mg'DES] W& E¥E HYT
(Table 1).

7 21 ghlE A4S 918l RP assays &gk A3 st
= YZEF 2 S 14525 42 ASCE-mg 'DE, SHre=
115.56 1g-ASCE-mg'DE, UH+= 7.16 g ASCE-mg 'DEC] %k
< BT} #Alol Ao H#gkS 152.78 1g-ASCE-mg 'DE
S 2301 103.20 - 264.88 1g-ASCE-mg 'DES] E¥2 B3]
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Table 3. Total oil and fatty acid contents of seed extracts from 45 perilla accessions.

o8| - A

No. Accession Total oil Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid
No. (%) (%) (%) (%) (%) (%)
1 17220385  35.55+0.08"¢  6.86+0.01"  1.97+0.03% 16.29+0.21%d  13,00+0.33° 61.88+0.62%
2 IT220387  39.94+0.35%  6.16+0.00  1.84+0.012° 14.68=0.10°9  12.54+0.12° 64.77+0.44%¢
3 IT220388  37.95+0.67%  6.25+0.01%  1.58+0.012° 14.09+0.09°“  11.92+0.08" 66.16+0.21%
4 17220389  46.89+0.47° 5.57+0.02f 1.76+0.02%° 12.91+0.11%¢ 13562011  66.21+0.17%
5 IT220390  39.39+0.71%  6.16+0.012<"  1.34+0.01% 16.83+0.45  14.78+0.45%  60.90+0.27%
6 11220391 28.39+0.35¢ 7.09+0.01? 2.24+0.01° 19.55+0.23? 11.93+0.78" 59.19+0.58°
7 1T220392 35.80+0.18"¢  6.56+0.03"%  1.16+0.02¢ 13.62+0.55"9  13.45+0.55  65.21+0.74%
8 17220393 38.15+0.00%¢  6.61+0.02°"  1.44+0.00% 13.70+0.42°%  13,00+0.41° 65.26+0.412¢
9 11220394  35.34%0.39%¢  6.83+0.01°%%  1.62+0.01% 14.57+0.25"%  12.83+0.21° 64.16+0.84%°
10 17220395  40.45+0.17%9  6.09+0.03%"  1.41+0.02" 15.21+0.10%%  12.14+0.23° 65.15+0.54%°
11 17220396  30.32+0.47°¢  6.97+0.04% 2.15+0.01° 16.23+0.11%d  12.96+0.34° 61.69+0.63%°
12 17220397  32.28+0.44>¢  6.63+0.04%<  1.89+0.00% 16.62+0.47%d  13.58+0.36®  61.27+0.12%¢
13 17220398  35.52+0.08"¢  6.90+0.02*¢  2.06=0.00% 17.10£0.20"  14.20+0.58"  59.74+0.86™
14 1T226731 38.92+0.51%¢  6,05+0.03%  227+0.012 13.88+0.44>9  13.40+0.75°  64.40+0.61%
15 17226732 45.76+0.13° 5.74+0.07cdf 1.82+0.00%° 14.31+0.23%  12,63+0.52° 65.50+0.542
16 17226733  41.18+0.80"  6.30+0.00"  1.31+0.01" 12.87+0.31°  14.15+0.53%  65.36+0.712>
17 11226735 37.52+0.22%4  6.52+0,000  1,65+0.01%¢ 14.78+0.26"%  12.38+0.12° 64.66+0.622
18 1T226737  35.89+0.88  6.27+0.04% 1 .48+0.02%° 13.95+0.15>  13,02+0.12° 65.28+0.432°
19 17226738  38.23+0.114  6.22+0.04% 1 .35+0,02" 12.29+0.13%¢ 14112047  66.03+0.35%
20 17226739  40.27+0.02¢ 6,110,020« 1.35+0.01% 13.04+0.58"%  12.74+0.85P 66.75+0.62
21 11226742  46.21+0.36 6.3320.03%" 1 46+0.01%° 13.73+0.69°% 14412052  64.07+0.64*
22 11226743  43.18+0.24"  6.46+0.02°  1.571+0.02%¢ 13.47+0.74>%  14.89+0.23"  63.68+0.15%F
23 IT226744  43.23+0.28™  6.20+0.01%"  1,68+0.02%° 13.92+0.54"¢  15,00+0.33"  63.20+0.713>
24 IT226745  43.74+129%  5.94+0.022°"  1.48+0.01%° 14.63+0.85"4  12.81+0.42" 65.14+0.58%¢
25  1T235818 40.94+0.17%4  6.21+0.04%  1.40+0.01 12.28+0.71% 12.83%0.63" 67.28+0.41
T} (Table 2). 7l oleic acid®} linoleic acid’} 242t 14.24%, 13.58%%Z

4, AW gigk o XUk =M

2 P2 W 3876% BAoH TP v g
28.39% (IT220391), 71 =& 7 46.89% (IT220389)2-2
FRIFATH o2 2 S Hole AU 4621%
(IT226742), 45.76% (IT226732)2] #Ho= HE o|Jut
(Table 3).

7 FAe] AAE A2 28} Akt Barsh Ak
o] ko] TA HE dom, A 24 F 7 B
S-S 12l linolenic acide Bt 64.18%2] 7S Hom
59.19 - 67.28%°] WS HATE L o ® w2 TS 7t
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A=A 11.83-19.55%, 11.92-16.71%] HS Btk
qugez vre skekS 71Z palmitic acid, stearic acide
637%, 1.62%°] BHS BIJow 557-7.09%, 1.16-
227%2] HHE EATE (Table 3).

L

]

Rosmarinic acid®} caffeic acide &4, 32kst 237} e
Aoz 4dHA Qe (Vilalva er al, 2018; Choi et al.,
2018), ZZ3} 29 2| rosmarinic acid %S Hwd A2
ol 2™ XAuolE (Mentha spicata L.)2] TaFo]



Table 3. Continued.

S FERRe| XAt $HO| W EHMS

No. Accession Total oil Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid
No. (%) (%) (%) (%) (%) (%)
26 IT235819 38.53+0.51¢  6.37+0.03  1,52+0.02°*  13.21+0.85"% 13.31+0.85"  65.60=0.16"F
27 IT235820 41.43+0.08"  586+0.01%%  1.45+0.02 11.83+x0.47°  13.69+0.23"%  67.17+0.74°
28 IT246851 34942020 6.75+0.022°9F  1.35+0.04*  14.06+£0.58™% 13.60+0.41  64.25+0.56™F
29 IT246852 33.62+0.42%¢  6.26+0.029F  1,74+0.01  14.85+0.57°% 14.52+0.10*  62.63+0.67%°
30 IT260616 38.11+1.08°¢  6.30+0.01%F  1,68+0.01%  12.70+0.51°%  13.17+0.45°  66.15+0.63®
31 IT274282 39.48+0.56¢  6.33+0.0109"  1.76+0.05%  14.07+0.16°% 12.78+0.85"  65.06+0.18%F
32 IT274283 36.90+0.25°¢  6.62+0.040F  1.85+0.04  14.12+0.24°%  1439+0.68"°  63.02+0.27%¢
33 IT274284 38.70+0.55¢  6.39+0.02%F 1594004  12.79+0.10°¢  12.79+0.65"  66.44+0.45
34 IT274285 38.71+0.19%¢  6.46+0.02°¢"  1.31+0.00  13.31+0.22°% 1512+0.58"  63.81+0.28%¢
35 IT274286 44.78+0.64"%  5.73+0.04%  1.63£0.02"  13.01+0.21%% 16.71+0.52°  62.92+0.27%F
36 IT274287 38.87+0.55"¢  6.26+0.010"  1.82+0.02°  14.19+0.07°% 1532+0.07"  62.41+0.85%F
37 IT274288 36.43+0.974  6.43+0.02°09  1.71+0.01°  13.31+0.84>% 14.35+0.42"  64.20+0.64%F
38 IT274290 36.74+0.46¢  6.47+0.02°9  1.47+0.01°  14.45+0.57°% 12.96+0.75"  64.65+0.47%F
39 IT274291 39.18+0.51¢  6.63+0.0109"  1.48+0.02°"  14.79+0.27°% 12.87+0.54"  64.24=0.55"°
40 IT274292 42.83+0.36"  6.29+0.010%  1.622+0.04  14.06+0.12% 14.63+0.41"  63.40+0.32%¢
41 IT274293 38.47+0.14¢  §.83+0.023%4  1,55+0.03%  14.65+0.17°% 14.98+0.56*  61.99+0.47%¢
42 IT274296 40.12+0.17%  6.12+0.05®4F  1.88+0.012°  15.14+0.25% 15242074  61.62+0.25%°
43 IT274299 37.17+0.15%¢  6,92+0.04%  1.29+0.01°  14.02+0.74°9% 1335+0.15"  64.42+0.61%F
44 IT274300 40.04+0.53%  6.58+0.0509F  1.36+0.02  14.52+0.45"% 1262+0.14>  64.92+0.81
45 IT274301 37.98+0.15%¢  6.14+0.064"  1.77+0.02%  13.25+0.87°% 12.47+0.56"  66.37+0.21®
Mean 38.76+0.40 6.37+0.02 1.62+0.02 14.24+0.38 13.58+0.44 64.18+0.50
Max 46.89+0.47 7.09+0.01 2.27+0.01 19.55+0.23 16.71+0.52 67.28+0.41
Min 28.39+0.35 5.57+0.02 1.16+0.02 11.83+0.47 11.92+0.08 59.19+0.58
Anyu 17229431 45.56+0.36"  5.81+0.02°%"  1.81+£0.10%  17.61+0.12®  13.97+0.01®  60.80=0.01%*
Dayu  IT274277  47.71+0.44*  6.11=0.05%9"  2.58+0.06 17.01+0.43"  14.98+0.01"  59.32+0.01°
Daeyu  1T276227 35.66+0.24¢  6.15+0.01°  2.18+0.04° 15.34%0.45"%  16.59+0.01*  59.74%0.01"

*Values are expressed means = SD (standard deviation).

585mgg’ o 7MY w2 s T

AT} (Shekarchi et al., 2012). ¥ AFAz} E49] =EFF  IT274287 AYL 489mgoz HeEsE7Me F 6 i,

Z 7P B S 7 thRE 4638 mg-g! oo, BA| rosmarinic acid 20| =& [T274293 AFH-S 494.59 mgo 2

of A F P =L TS 7 AYE 985mgg! EF 239 9 4u =& S Btk

(IT274300)2-% EH o] ¢F 2 vl =& $FS HIT} (Table 2). AU AR Qlete] A, of HH oSt Aol
3 EAY d45FEE9] caffeic acid®} rosmarinic acid sHA Z7Velar 9lom olo wet AEZEAS ZFER= free

9] RS vwd Ao 2 AE 100g VISR 5 radical AAE 93 v, AF, HIEWIUE, Sl 5 Thekst

HetS7l 9] caffeic acid®] THFS 087mg, TF 2 59 AA FZ2EE o83 sk A7t Edd] o]FofA| L 9l

rosmarinic acid®] $HFS 121mg 02 HIES
al, 2009), ¥ A+ A4S AE 100g 7+ FHFo=z 3ls}

o™ (Lee et

= JloR HiH N
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o} (Han et al.,
Sung et al., 2018).

caffeic acid $FaFo] &&

2016; Jo et al.,

galol 53 Aol

2016; Park et al., 2018;
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Table 4. Eigenvector and eigenvalues generated by principal
component analysis of perilla 45 accessions.

Characters PC1 PC2 PC3 PC4 PC5

Caffeicacid 0196  0.942 -0.169 0.039  0.000
Rosmarinicacid 0.399 0.108 0.499 0.076 -0.580
TPCY 0.409 -0.005 -0.332 -0.093 0.426
DPPH? 0.381 -0.241 -0.658 -0.129 -0.543
ABTSY 0.414 -0.078 0.045 -0.155 0.390
FRAPY 0396 -0.167 0.092 0.817 0.156
RP 0.402 -0.090 0.410 -0.525 0.101
Standard 2320 0938 0536 0418 0.356
deviation
Proportionof y 2c 0126 0041 0025 0.018
variance
Cumulative 205 895 0936 0960 0.979
proportion

"Total polyphenol content (TPC, xg-GAE-mg™'DE), #1,1-diphenyl-
2-picryl-hydrazil (DPPH, ug-ASCE'mg™'DE), ¥2,2-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid (ABTS,  ug-ASCE-mg™'DE),
“Ferric reducing antioxidant power (FRAP  xg-ASCE'mg'DE),
*Reducing Power (RP, 1g-ASCE-mg 'DE).

- THOt - OKf2- O|FH - OlzM - O8] - &&=

B A Az wEd, 112743005 FZ2gdls g%
(148.85 /12:GAE-mg'DE), DPPH  (94.80 112'ASCE-mg 'DE),
ABTS (190.59 1g-ASCE‘mg'DE), FRAP (326.39 /g-ASCE-
mg 'DE)NA 7P =2 & HESIAL, IT274293% RP
(264.88 112" ASCE-mg” ' DEPIA 7P & ke Bl

FAE A A Al 1, Al 2 FAESE AR Wole
89.5%Z 1A 7Fssl Al 1 FAARBOEE 76.9%Z AT
I A3 ABTS # & ZT¥E 3] 719=rt =34k
(Table 4).

ABTSE RP9} 0.906*, & Z2|slE &= 0.902* o =
L 9ko] AAAAE HA O rosmarinic acide} FAFsF EHx
A7y GEFe] ARTAIE BF 0.7°] e =2 4] A

|2 Btk (p < 0.05) (Table 5).

Rosmarinic acid®] “di&o] =4 i A (1T274300)y>
RPS A|93t Uz itsl &4 7t golX= 7F =7
UeERd 2S8Rl & = AATH RPAIAE 1T274293 AF9]
264.88 1g:ASCE-mg 'DEZ 7P =A Yehsth. 2o 43
EAY caffeic acid?} rosmarinic acid $FF =37k 3Aak
slEgd 7t 3] 2R A 3 e 2FeE YFe] A
o IF 1 & =& caffeic acid (0.86mg-g™), rosmarinic
acid (8343 mg-g) AR, =& 8L T4 g Holm F 9

[‘J oL

X,

Table 5. Pearson correlation coefficients between antioxidant activities and major phenolic phytochemicals.

Characters Caffeicacid ~ Rosmarinic acid TPCY DPPH? ABTS? FRAPY RP?

Caffeic acid 1.000* 0.481* 0.433* 0.237 0.371* 0.286 0.334*
Rosmarinic acid 1.000%* 0.818* 0.731* 0.859* 0.837* 0.882*
TPC 1.000%* 0.862* 0.902* 0.850* 0.852*

DPPH 1.000* 0.837* 0.805* 0.776
ABTS 1.000* 0.874* 0.906*
FRAP 1.000* 0.822*
RP 1.000*

Motal polyphenol content (TPC), ?1,1-diphenyl-2-picryl-hydrazil (DPPH), *2,2-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid (ABTS),
YFerric reducing antioxidant power (FRAP), *Reducing Power (RP). Pearson correlation coefficients was conducted using average values of each
variable (n = 45) by R statistical analysis. *Correlation is significant p < 0.05.

Table 6. Average values of each groups based on antioxidant activities and major phenolic phytochemicals.

Name Caffeicacid ~ Rosmarinic acid TPC” DPPH ABTS” FRAPY rRP”
g":“';)' 0.86° 83.43° 132.56° 93.75° 165.11° 260.74° 212.51°
((;“;“ﬁ’g; 0.77% 60.88" 11553 89.50" 130.30° 198.68" 149.18
g‘:‘%’; 0.75 49.28¢ 99.53¢ 80.24¢ 110.96° 157.70¢ 12651

Motal polyphenol content (TPC), #1,1-diphenyl-2-picryl-hydrazil (DPPH), ¥'2,2-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid (ABTS),
YFerric reducing antioxidant power (FRAP), ®Reducing Power (RP). *Same letter between rows are not significantly different by Duncan’s

Multiple Range Test (DMRT) (p < 0.05).
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Fig. 2. Hierarchical clustering analysis of antioxidant
activities in perilla 45 accessions. Cluster analysis is
one of the methods for analyzing unsupervised
learning, and is an analysis that classifies entities
based on the similarity of information. Hierarchical
cluster analysis used R statistics to standardize
variables, measured the similarity of entities, and
connected close entities.

Nel 7ol EgEo] Utk t2eE2E 2w I (18 AHd),
IF I (18 AHY)) o2 =2 AR ksl &4 ghs B
t} (Table 6, Fig. 2).

A #dilsls X4 A3, = I2RES A= 0.0622

22 9], M= 0.7622 42 9], T 3782 48 &9
€ BEom Ao} A F 49 3 A 1T274300,
IT226732, 1T274293 2.12, 1.56, 1.522 3= tizEE7}
Hlwste] #2 A alsls A5E 2T (Fig. 3). 919
REICI=

A9l 3 A rosmarinic acid FEHE &

Fig. 3.

ol SIS}

X O Eikéé Hljjl

=

Table 7. Eigenvector and eigenvalues generated by Principal
Component Analysis of fatty acid composition.

PC1 PC2 PC3 PC4  PC5
Total oil 0.452 -0330 0211 -0.463 -0.654
Palmiticacid  -0.431 0.254 -0.511 0.121 -0.676
Stearic acid -0.348 -0.185 0.710 0.505 -0.275
Oleicacid  -0.509 -0.051 0.171 -0.622 0.169
Linoleicacid ~ 0.057 -0.769 -0.392 0.285 0.098
Linolenicacid 0.476 0.445 0.084 0.219 -0.023
Star.‘d"f"d 1757 1173 0951 0652 0.455
eviation
Proportionof -y 1o 5559 0151 0071 0.035
variance
Cumulative oo 6244 0895 0966 1.000
proportion
FAY 2 Pt ti=EER] vy @1.71%)F 7P =
e uglow el 49 3 g B B 7K AN
46.89% (IT220389)2 & tREEQ S (45.56%), Tl
(35.66%)E Tt =2 7S BT

F <+ Aol =, alpha linolenic acid®] EI=Z A17A|
FAPES BESAL A AE YellA AE Ad 2Ed X
3-S5 3N 7= I BAEJCH (Lee ef al., 2018;
Ganguly er al., 2018), & &Alol 5 70 A4 A&
% linolenic acid’} H 64.18%% ¥ kS HTh 24
o zre] He ol 3 Mo s UREFET A4 <M
(60.80%), THT (59.32%), W+ (59.74%)2] SRt =A Y
Elyton o M w2 FHE Hl AL 67.28%

==

5

Anyur
274288
226085
274290
220387

Dayu

Relative antioxidant capacity index (RACI) of perilla 48 accessions. Relative antioxidant capacity index (RACI) is

a relative index, and the antioxidant capacities obtained by other chemical methods can be compared. The
antioxidant value obtained with each chemical method was converted to a standard score and the data compared.
The standard score is thus calculated as fellows; (x-u)/c where x is the measured data, p is the mean, and o is the

standard deviation.
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Table 8. Pearson correlation coefficients for oil composition of

perilla.

Total Palmitic Stearic Oleic Linoleic Linolenic

oil acid acid acid  acid acid

Total oil ~ 1.000 -0.747* -0.327* 0‘5_55* 0.284 0.438*
Palmitic acid 1.000 0.135 0.526* -0.162 -0.503*
Stearic acid 1.000 0.526* -0.061 -0.522*
Oleic acid 1.000 -0.167 -0.825*
Linoleic acid 1.000 -0.392*
Linolenic acid 1.000

Pearson correlation coefficients was conducted using average values
of each variable (n =45) by R statistical analysis. *Correlation is
significant p < 0.05.

Table 9. Average values of each groups based on fatty acid

composition.
Total Palmitic Stearic Oleic Linoleic Linolenic
oil acid acid acid acid acid
%“f%)' 3241° 6.89° 2.06° 17.16' 13.14° 60.75°
gﬁ“ﬁ’;; 4034° 631" 1.65° 14.27° 14.94° 62.84
Group Il 59 513 6315 1530 13.71° 13.08° 65.37°
(n=28)

*Same letter between rows are not significantly different by Duncan’s
Multiple Range Test (DMRT) (p < 0.05).

o

R

(IT235818) L B =2 THFE HA AL 67.17%
(IT235820) #t& EATh

o 2R AE21 oleic acid®} linoleic acide] A%,
R = diERETel Hlste] =4 JERA] %k
IT220391} 1T274286> ZH2F 19.55%, 16.71%= &
FLHO =2 TS BT (Table 3).

A Sk A 2430 AR B A A 1, Al 2
FAROE AA WMol 744%=Z 4] 7Vssh o= Awst
=4l oleic acid®} linolenic acid®] 7199=7} =Q4Th (Table
7). linolenic acid®} oleic acide= -0.8252 743+ &< A
AL HAO™ palmitic acide} AW A& T3 -0.7479] =
S S AAIAZ BYY (p < 0.05) (Table 8). THEA]
Az 3 78] 2FeE yFoFer, 15 1 (28 &)y
linolenic acid A&°] 65.37%= ThE 259l Hst] =4 Y}

o & 1 (5 AR oleic acid AdE°] 17.16%= Tk
& IZEEY =4 e (Table 9).

2 A A, Hrlol A A F g ti2EE QM
o, tlf-9F BlazEted rosmarinic acid $Hge] =L Atksl &
AJo] =A VERS 1T274300, 1T226732, 1T274293% linolenic
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acid &o] =2 T235818, 1T23582074-& 7154 S/ 9+

o 712 A5= &8 F s o= Asdn.
Y, SR LEE eSS A g8deEA
7157 AR gHo FAEe B8 At 7
ek &5, =7hE S Aol g thFg7e st
of B} o] 71 AdS Adsie] AHAFAENA R
V=S ATE AEHT JHolrt

ARl =
2 ATe w21 S99 sdHIsdA
HIARY (A S PI01249301)2] Aol 2]8]] o] Fozl A}

2 oo ZA=HYL
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