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Abstract - Perilla is an annual plant in the family Lamiaceae and are widely cultivated in Asian countries. Perilla leaves are
important sources of bioactive compounds and are reported to exhibit anti-inflammatory, antibacterial, anti-cancer and
antioxidant effects, drawing attention as functional food materials. We examined caffeic acid, rosmarinic acid, total phenol
content, and antioxidant activity in the leaves of 18 perilla accessions obtained from the gene bank of the National Agro-
biodiversity Center, Jeonju, Korea. The caffeic acid content ranged between 9.86-27.52 mg/g with an average content of
17.75 mg/g while the level of. rosmarinic acid was in the range between 49.14 and 90.30 mg/g with an average content of
61.88 mg/g. The total polyphenol content ranged between 138.39 g GAE/mg dried extract (DE) and 378.19 18 GAE/mg DE
with an average content of 225.93 g GAE/mg DE. Cluster analysis based on the content of caffeic acid, rosmarinic acid. and
antioxidant activity showed that the accessions collections were grouped in two distinct classes. The first group contained
six genetic resources with high content of rosmarinic acid, and antioxidant activities respectively. The second group
contained 12 genetic resources with high content of caffeic acid. These results could help develop new varieties of nutrient
dense perilla resources.
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52 st gl 3491 P3RS vA| ™ (Bampouli et al.,
2014; Burkhardt et al., 2015, Dincer et al,, 2017; Javanmardi
et al , 2003; Jinxue et al, 2021) &4 AAA| =2 Z-835F 4= Q)
The 2ot 715/d Al Al oF Al A
ol 3R] Ao 7 BE|o] QItHAdisakwattana et al, 2009;
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shwaran et al,, 2018, McDougall et al,, 2005; Meihui et al.,
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Acetonitrile, ethyl alcohol, methyl alcohol, water+=Thermo
Fisher Scientific (Inc., Co., MA, USA)o|A] F+4J5t51 0, &

Absl 2hg 57} A2kl 1, 1—diphenyl—2—picryl—hydrazyl (DPPH),
Folin—Ciocalteu Reagent, sodium carbonate (NagCOs), formic
acid 2 FFE 07 ALE3t L-ascorbic acid, gallic acid=
Sigma—Aldrich (St, Louis, MO, USA)ol|lA I3}t =
A|9FL- analytical grade® ARE-8}STH

Caffeic acid ¥ rosmarinic acid ¥<F &34

A& E7099] caffeic acid & rosmarinic acid -2 Ultra
High Performance Liquid Chromatography(Z /<N I 2
ulE 725, UHPLC, Agilent 1290 Infinity I LC, Agilent
Technologies Co., Ltd., Santa Clara, CA, USA)E 0]-&5}o]
Akl on 8N A2E flel AN caffeic acid 9
rosmarinic acid+= Sigma—Aldrich (St, Louis, MO, USA)©]| 4]
Tt A 2702 Table 12} 2t}
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A 204 §ES- - 750 ol Al SFEE S3H9Ic 3
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Table 1. Conditions of UHPLC for identification and deter-
mination of rosmarinic acid

Instrument Agilent Technologies 1290 series

Column  Eclipseplus C18 (1.8 gm, 2.1 mm x 50 mm)

(A) : 0.1% formic acid in water

Mobile ph:
obile phase (B) : 0.1% formic acid in acetonitrile

Flow rate 0.4 mL/min
Injection 2 uL
Wavelength 330 nm
Time (min) A (%) B (%)
5 85 15
10 82 18
15 10 90
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Caffeic acid ¥ rosmarinic acid g=F &3
Caffeic acid F5-8-2-2 0.007-0,500 mg/mL2] THAA o2
3)45}o] UHPLCE 54 3 ApdS 2481501, 099962
o AAAe] ABAE)Z BecHRg, 1), S7A9) 1874
A &9 caffeic acids B+t 17.75 mg/gS $He-51aL Qlglom,
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Fig. 1. Calibration curve of caffeic acid Std. solution.
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A

3k 2412 1T242238 (27,52 mg/g) .2 ) EEE 2 7}
Q1 Th(18.33 mg/g) Kk OF 1,58 =& e
H 9K Table 2).

Rosmarinic acid F&-8M-2 0.007—0.500 mg/mL2] T4 4]
o7 3Asle] UHPLCE H4 3 Aekde AAsrgon,
099958 12 244 o] AR & R 3ltt (Fig, 2). A
91 182191 A]E9] rosmarinic acid:= Jﬂ% 61,88 mg/g 3Ho-5}
agllen, tﬂ%g 49.14-90,30 mg/go| it} 2EE
ol The, 9 @ OkG= 49 00 mg/g, 64.21 mg/g, 28,94 mg/go]
oJth. Rosmarinic acid 113+ 212 11226619 (90,30 mg/g) -
2 2ES 5 7P =2 22 B3 o364, 21 mg/g) K} oF

144 =2 FHFS B9 o (Table 2), £4] 270 & 7Y Al

=25 FA5HIHFig. 3).

acid 3%}
CEER

% Z8) 9= d=F(Total polyphenol contents, TPC)&A
zE20 ths, e U okSE 12,35 ug - gallic acid
equivalent (GAE)/mg - dried extract (DE) 201,10 ug - (GAE)/
mg - (DE), 191,90 ug - (GAE)/mg - (DE)©] &efa H3ict, 184+
709 - E2|vls T2 138.39-378,19 ug - (GAE)/mg - (DE)
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Fig. 2. Calibration curve of rosmarinic acid Std. solution.
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Fig. 3. Chromatogram of caffeic acid, rosmarinic acid in Perilla leaf (IT226619).
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Table 2. Caffeic acid, rosmarinic acid contents and antioxidant activities of 18 accessions Perilla leaves extracts

No. Accession Origin Caffeic acid Rosmarinic acid TPC DPPH
Number mg/g 1g(GAE)/mg-DE g ASCE/mg DE
1 IT226619 KOR 9.86+0.36 90.30+2.60 378.19+1.17 122.90+0.09
2 1T105964 KOR 11.85+0.39 66.00+1.68 289.55+1.43 119.87+0.35
3 IT117091 KOR 20.35+0.52 65.14+1.64 289.86+1.74 120.10+1.35
4 1T242238 KOR 27.5240.62 67.48+1.74 182.62+5.14 111.98+0.14
5 IT218811 UNK 21.07+0.53 63.13+1.57 232.5643.14 115.634+0.31
6 1T242159 KOR 22.534+0.55 61.12+1.49 138.3940.71 102.214£0.20
7 IT117102 KOR 11.75+0.39 60.67+1.47 260.04+0.8 118.67+0.29
8 1T221569 KOR 21.20+0.53 59.24+1.42 150.29+1.22 103.02+0.15
9 IT104886 KOR 14.38+0.43 59.16+1.42 306.18+1.60 118.70+0.16
10 1T285949 KOR 14.61+0.43 55.21+1.27 204.574+6.10 114.3440.16
11 1T242254 KOR 13.52+0.42 54.59+1.24 237.21+2.46 116.20+0.13
12 1T235300 KOR 21.65+0.54 54.37+1.23 192.88+0.67 108.10+0.39
13 1T226620 KOR 20.48+0.52 52.1941.15 179.49+1.41 104.16+0.21
14 1T242096 KOR 19.47+0.50 50.05+1.07 167.08+1.13 102.2440.50
15 IT117006 KOR 20.72+0.52 49.29+1.04 155.1743.14 105.59+0.09
16 1T247375 KOR 17.97+0.48 49.1441.04 176.85+1.18 78.05+0.34
17 1T274907 KOR 17.25+0.47 67.25+1.72 222.84+1.31 121.27+0.07
18 17226692 KOR 13.26+0.41 89.5442.57 302.93+0.66 118.80+0.12
19 o KOR 18.33+0.47 49.00+0.18 2.47+0.53 88.77+0.72
20 =IReS KOR 16.02+0.40 64.21+0.26 40.2240.24 94.61+0.43
21 ok KOR 13.49+0.36 28.94+0.16 38.38+0.12 88.6320.64

9
= T5HF AFYE 1T226619 (378,19 ug - (GAE)/ng - (D) AL
o, 2E5F & =2 2 B3 20110 ug - (GAE)/
mg - (DE)) Ko} oF 1,9 v =& oeks Ueplith(Table 2),

DPPH Radical £7%

S 2552 o, i 2 9= 88.77 ug - ascorbic
acid equivalent (ASC)/mg - dried extrant (DE), 94,61 ug -
(ASC)/mg - (DE), 88,63 ug - (ASC)/mg - (DE)#= H.{ct, 182}
A 7 G- AAFY 2] DPPH radical A27%S B+ 111,21 ug -
(ASC)/mg - (DE)QO1 78.05-122.90 ug - (ASC)/mg - (DE)
HSIE Bt Ao 718 $<=ah 33H2- 1T226619 (122,90
ug - (ASC)/mg - (DE)), IT274907 (121,27 ug - (ASC)/mg - (DE)),
IT117091 (120,10 1g - (ASC)/mg - (D)2 QA= HE Bt
o|%{tHTable 2).

187491 S74)

FR BN 2R AL A 2 FYReR A

A Ho)9] 86.59%= S|4 71551, caffeic acid2} rosmarinic

acid 32 7+9] 7]0J =7} %9t Table 3), TPCS} DPPH 3+
33.03%, 27.44%= Dim19]|, caffeic acid®} rosmarinic acid $F
2F0) 712 65.25%, 21.43%= Dim20]] B2 7]} 3}, Diml
I} Dim2= Z1A| Hol9] 65%, 21.6% 40| 7Hs3tHFig, 4),

Caffeic acid= rosmarinic acid®} —0,21, TPC} —0.57 ,
DPPH®} —0,269] 2-9] 8-9JA1 2 H ¢ 9™ rosmarinic acid+=
TPC2} 0,63, DPPHSL 0,65 2] 9F2] 2143& M eirt 3,
ghAksh 24 %7} AgQl TPCR} DPPHE 0,727 & 42 %)
QoI (*Ep (0,01, #¥%p { 0,001)S K.Y (Fig, 5, Table 4),
o] ZA¥}= TPC} DPPH Afolof] =2 13Hdo] Qlth= o]%19|
A Aol fARBHA| YEFATHUm et al,, 2017; Tao et al.,
2009). #H=3HE 9] ShQl caffeic acid= TPCRF 52 #
O3S UeRHth S92 Hli=53l3E 5 caffeic acid 2ot of
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Table 3. Eigenvalues generated and eigenvector by principal component analysis of Perilla 18 accessions
Characters PC1 PC2 PC3 PC4
Caffeic acid -0.6308 0.7500 0.0846 0.1801
Rosmarinic acid 0.7943 0.4298 -0.4213 -0.0822
TPC? 0.9268 -0.1395 0.0507 0.3452
DPPH’ 0.8448 0.3089 0.4037 -0.1669
Standard deviation 1.6213 0.9285 0.5918 0.4315
Proportion of Variance 0.6503 0.2155 0.0876 0.0466
Cumulative Proportion 0.6503 0.8659 0.9535 1.0000

“Total polyphenol content (TPC, 1g-GAE/mg:-DE),
’1,1-diphenyl-2-picryl-hydrazyl (DPPH, g ASC/mg-DE).
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Fig. 4. PCA-biplot of Perilla genetic resources showing indi-
vidual Perilla genetic resources, caffeic acid and rosmarinic
acid content and antioxidant activities on the first two principal
components (CA; caffeic acid, RA; rosmarinic acid).
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Fig. 5. Pearson’s correlation coefficients between CA, RA,
TPC and DPPH in 18 Perilla leaf accessions (CA; caffeic acid,
RA; rosmarinic acid).

Table 4. Person correlation coefficients between major
phenolic phytochemicals and antioxidant activities

Caffeic Rosmarinic

Characters acid acid TPC*  DPPH’
Caffeic acid  1.00* -0.21 -0.57*  -0.26
Rosmarinic acid 1.00* 0.63**  0.65%*
TPC* 1.00*  0.72%**
DPPH’ 1.00%*

“Total polyphenol content (TPC),
¥1,1-diphenyl-2-picryl-hydrazyl (DPPH),

*Correlation is significance at the levels of **p < 0.01 and
***p < 0.001, respectively.
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ug - (GAE)/mg - (DE)gke HAH. T T+ 12719 2]
o caffeic acid (17,44 mg/g), rosmarinic acid (54,12 mg/g),
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=
T

rosmarinic acid
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Fig. 6. Hierarchical clustering analysis of phenolic phyto-
chemicals and antioxdidant activities in Perilla 21 accessions.
Hierarchical cluster analysis used by R standardize variables,
measured the similarity and connected close of entities.
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Fig. 7. 2D scatter diagram of principal component analysis
(PCA) of 21 Perilla leaves based on caffeic acid and rosmarinic
acid content, TPC, and DPPH.

caffeic acid SFg2 H 4k} H|<8}al, rosmarinic acid 3HF
2 Egheto] TPCRL DPPH g = Bt Hr Woton, o] 4
= S0 9] caffeic acid &SR T} rosmarinic acid 3FeFo
TPCQ} DPPHO|| & &S 7= o7 H ot (Table 5).
o[ A-tollAl= AL S7H 189 caffeic acid, ros—
marinic acid 3} 3HAkEF S/ BRlsk= AES sielth
FAE B AT} caffeic acid®} rosmarinic acid E&Fo] A1,
A2 o=, A Ho)] 86,59%% di4] o] 7Fsdith= 2
HE golslgint, AaA 23}, caffeic acide rosmarinic
acid, TPC, DPPHS} 0,21, 0,57, —0,269] 2-9] 404 &
9.2 rosmarinic acid=TPC2} DPPHS} 0,63, 0,65 2] OF
o] oS MKk, % o P DPPHE: & 9140 ¢
THArun et al., 2021)+= o4 A-tollA] Hargl Aukel fAkg
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L8 A, T1F ToflA 631 183 AHde thE AHl 5ol
o) W WARS SIS 1849 SRl B
caffeic acid, rosmarinic acid 2} TPC, DPPHAES 17,75 mg/g,
61,88 mg/g, 225,93 ug - (GAE)/mg - (DE), 111,21 ug - (ASC)/mg
.(DR)YOn, 18 1L 1545 ng/e, 63.29 mg/g, 242,12
ug - (GAE)/mg - (DE), 114,07 ug - (ASC)/mg - (DE)$13L, L&
I+ 17.44 mg/g, 56,47 mg/g, 201,08 ug - (GAE)/mg - (DE),
101,34 ug - (ASC)/mg - (DE)itt. o= A% 9] Eelvl= ot
= =, caffeic acid %R T} rosmarinic acid $F&Fo| DPPHS}
o) o141 ekl Ao} A1 ket 1% ol
% 2 caffeic acid S B2l thé-= 18 33 mg/g0]%l S
1821 S7A 0l A 11242238 (27,52 mg/g) 7} Th-2] oF 1,54
=2 kS Btk Rosmarinic acid S Bl |2 £5
8= 64,91 mg/e .01, 182+2] S702lo) A 1T226619 (90,30

—
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Table 5. Average values of each groups based on phenolic phytochemicals and antioxidant activities

Name Caffeic acid (mg/g) Rosmarinic acid (ng/g) TPC? DPPH’
Group [ (n=6) 15.45 63.29 242.12 114.07
Group II (n=12) 17.44 56.47 201.08 101.34

Total (n=18) 17.75 61.88 225.93 111.21

“Total polyphenol content (TPC, /g GAE/mg-DE).
1,1-diphenyl-2-picryl-hydrazyl (DPPH, g ASC/mg-DE).
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