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Abstract The principal objective of this investigation was to identify adequate species for the harvest of Perilla fiutescens
leaves, which provide profound antioxidant activities, and harbor abundant caffeic acid and rosmarinic acid. Namchun,
Donggeul-2, Bora, Sae-bora and Neul-bora variants of the plant were assessed herein. In this study, we evaluated the
antioxidant effects of these plants, and utilized an HPLC system to verify their caffeic acid and rosmarinic acid contents.
Dried Perilla frutescens leaves were boiled at a temperature of 100°C for three hours, and were lyopholized in a freeze-
dryer. The extracts were then processed in order to confirm their antioxidant activities via 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical-scavenging activity assay, ferric-reducing antioxidant power (FRAP) assay, total flavonoid content and
total polyphenol content assays. According to the observed antioxidant results of the five tested species of Perilla
frutescens leaves, Bora and Donggeul-2 were shown to have more potent antioxidant activities than the other tested
variants. The scavenge 50% of DPPH radical (SC,, of DPPH) values were 241 pg DM/mL in Donggeul-2 and 261 pg
DM/mL in Bora. Based on the results of the FRAP assay, the Bora variant showed a value of 796 mM FeSO,- 7H,0O/g
DM, and Donggeul-2 exhibited a value of 748 mM FeSO,- 7H,0/g DM, of which the total polyphenol contents were
measured as 69.4 ¢ GAE/kg DM and 61.8 g GAE/kg DM, respectively. Moreover, the Bora variant had the highest level
of caffeic acid, and Donggeul-2 showed the highest rosmarinic acid content among the tested samples (0.87 mg/100 g wet
base and 121 mg/100 g wet base, respectively). According to the results of this experiment, we selected two species, Bora
and Donggeul-2, which were both verified to contain adequate and favorable antioxidant activities.
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(). ¥ A7) I AFAF EAA EF FEE0| terr-butyl
hydroperoxide® ¥ WX Akshs &3 oAty Fo
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Table 1. Instrument and condition for identification and
quantification of caffeic acid and rosmarinic acid in HPLC
analysis

Instrument Varian Prostar
Column Waters spherisorb 5 pum ODS2 (4.6x250 mm)
A: 0.05% trifluoroacetic acid B: MeOH
Mobile phase 0—20 min (A:B=50:50), 20—21 min (A:B=0:100),

21—25 min (A:B=0:100), 25—26 min
(A:B=50:50), 26—28 min (A:B=50:50)

Retention time 6 min (caffeic acid), 11.5 min (rosmarinic acid)

1 mL/min

340 nm

Flow rate

Detector

Aol ARE-3F caffeic acid, rosmarinic acid, gallic acid, Folin
and Ciocalteu’s phenol reagent, sodium carbonate, aluminium
(1) chloride hexahydrate, quercetin dihydrate, sodium acetate tri-
hydrate, acetic acid glacial, 2,4,6-tripyridyl-s-triazine, iron (III)
chloride hexahydrate, iron (II) sulfate heptahydrate, 1,1-diphenyl
2-picrylhydrazyl, L-ascorbic acide= Sigma(St Louis, MO, USA)=
2E Yst] AL
& E2llE HY ¥ & Eewsolc gy

= Zg¥E 3 Folin-DenisH-& 4 W slo] A3k
\3]-(14). 5, FEE 100 pLell Folin-Ciocalteu reagent 0.25 mLE

T TFT 04mLg 2o Mg F 20% Na,CO, 3} &
1.25 mLE 7Fete] & 45, A20x 40% WS & spectropho-
tometer(BioTek, Winooski, VT, USA)E ©| &3} 725 nmollA &
FE 24t EFEERE gillic acid?] 55 gEldle] =
A F FF A 2 ste] AtsIATH(S).

F S eolue] SRS 7} = 100 ploll 2% AICly+ 6H,0
S 100 uL 7¥stal 5% WAE £, % 7k 430 nmollA &
Jalitt. EFE2 25 quercetin dihydrateS AFESFATH1S).
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Ferric-reducing antioxidant power (FRAP) Assay

FRAP 4& Benzie®} Strainol] 2]3t Wl (162 <4 HE3F}
of =43l FRAP reagent=4] 40mM HClol &38)A7]
10mM  TPTZ(Q24,6-tripyridyl-s-triazine) ~ 2.5mLol  20mM
FeCl,-6H,0 2.5 mL3} pH 3.69] 03M acetate buffer 25 mL-23
7FskAtE. 1 % FRAP reagent 3mLell =¥ E4% F=

12
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Fig. 1. Peaks of caffeic acid and rosmarinic acid. As standard materials, a peak of caffeic acid was detected at 6 min and a peak of rosmarinic

acid was found at 11.5 min by HPLC system.
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Table 2. Total polyphenol, flavonoid, FRAP, and DPPH SC of hot-water extracts from various the leaves of Perilla frutescens

Namchun Donggeul-2 Bora Sae-bora Neul-bora
Total polyphenol (g GAE/kg DM) 53.140.7<V 61.842.3° 69.4+4.5° 48.6+3.4% 58.8+£2.2%
Flavonoid (g QE/kg DM) 29.9+11° 20.5+4.5° 39.0+7.5° 29.1+5.4° 64.5+3.6°
FRAP (mM FeSO, - 7H,0/g DM) 604+44° 748+62% 796+80* 530+13% 687+£1.9%®
DPPH SC,, (ug DM/mL) 32446.7° 24143.6° 261£7.0° 324419 429414

Total polyphenol content expressed as gallic acid equivalents (GAE), flavonoid content expressed as quercetin equivalents (QE), and ferric-reducing
antioxidant power (FRAP) in extracts. Each value is mean+standard deviation of three replicate experiments. Each sample was dry matter (DM).

UDifferent letters in a row indicate significant difference (p<0.001).

< 37°CNA 52 A3 Foll 593 nmellA
FAEE 24 BF FTHOE FeSO, THOS A3l 2=

SHATH(15).

DPPH radical-scavenging assay

EAY ¢ FEY9 radical scavenging property= 27121
DPPHOl| th3t 4758 Z733th(17). olgk&el =<1 200 pM
DPPH reagent 100 pLell = AlE 100 ulLE ¥l & 45
o} F AElR 3087F et T 515SnmollA] Azl WE §3
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588 g, GHEM7} 53.1 g, MEEE7} 48.6¢ gallic acid equiv-
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7t F50 e § Eetiol= TS 343 AN (Table 2),
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Ferric-reducing antioxidant power (FRAP) assay
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Fig. 2. Caffeic acid contents and rosmarinic acid contents of
various leaves of Perilla frutescens. A, NamChun; B, Donggeul-2;
C, Bora; D, Sae-bora; E, Neul-bora

DPPH radical-scavenging assay

DPPH= 3lstd o= oPgale gtz 7R Q)
4 BZRE 515mmolA Hd FE=E 7HH, AAE wew
Fort Aagit $eEe] e EAY v AAE WolF
»1 DPPHe| #jt]Zo] &EEI I 5] Bepo] Tl =
FS A FHE dgolti(13). EREFEE SC kol 429+14
pug DM/mLE A3 W2 free radical-scavenging 58-S 7FA
I ANT, MEIFENE 324+19 ug DM/mL, SHENE 324+
6.7 ug DM/mL, BFE71E 261+£7.0 ug DM/mLS YeERIRITE 5
F23E 241+3.6 g DM/mLE 7P =& ksl S 7 9l
S THTable 2).
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Fig. 3. Radar charts demonstrating characteristic features in the antioxidant properties of various species of leaves of Perilla frutescens".
YScale expressed as the ratio when each value is compared with correspondingly maximum. A, NamChun; B, Donggeul-2; C, Bora; D, Sae-
bora; E, Neul-bora; I, Flavonoid; 11, Total polyphenol; 111, FRAP; IV, DPPH; V, Caffeic acid content; VI, Rosmarinic acid content.
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Fig. 4. Peaks of rosmarinic acid and caffeic acid in various leaves of Perilla frutescens. Rosmarinic acid and caffeic acid in various leaves of
Perilla fiutescens have been analysed by HPLC system at 6 min and 11.5 min, respectively. A, NamChun; B, Donggeul-2; C, Bora; D, Sae-bora;

E, Neul-bora.
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