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The Perilla frutescens var. japonica HARA is widely cultivated in Korea for vegetable leaves and oil
seeds. Perilla species have been used for food and medicine and are known to contain many functional
compounds. In this study, we investigated the functional compound contents of Perilla during its
growth stages to analyze the optimal harvest time and conditions. The contents of the Perilla sprouts
were analyzed according to culture environment and days of growth. Sprouts grown in soil under
natural light conditions showed high rosmarinic acid (23.19£0.16 mg/g) and GABA (0.55£0.05 mg/
g) content. Therefore, the results suggest that 6 to 8 days after sowing in soil under natural light con-
ditions was the optimum harvest condition for sprouts. Also, the functional compounds of Perilla were
analyzed according to growth stage and plant part. As a result, caffeic acid and rosmarinic acid ex-
hibited the highest content in the stage from vegetative growth to reproductive growth (0.28+0.03 ~
0.30+0.07 mg/g rosmarinic acid and 20.60+7.02 ~19.37+3.18 mg/g caffeic acid), and luteolin and
GABA showed the highest content in the reproductive growth stage and in the early stages of vegeta-
tive growth, respectively (31.11£2.98 ~22.35+1.64 ug/g luteolin and 0.42:0.09 ~ 0.37£0.04 mg/g
GABA). It was confirmed that the content of caffeic acid (0.34£0.03 mg/g), rosmarinic acid (55.22+9.33
mg/g) and luteolin (1,044.89£6.72 ng/g) was the highest during the bolting stage. Overall, we identi-
fied the timing of the highest level of functional compounds in the sprouts and mature leaves of
Perilla. These results suggest a suitable harvest time and conditions for sprouts and leaves for the use

of Perilla as a functional material.
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Fig. 1. Comparison of CA, RA, LT, GABA contents of the PF sprout according to culture environment. (A) Caffeic acid (B) Rosmarinic
acid (C) Luteolin (D) GABA. The PF sprouts were cultivated for 10 days. Growth medium and sprout tray were grown
in a growth chamber with long-day (16L:8D) conditions at 22°C and 60% humidity. Soil conditions were grown in a greenhouse.
All values are presented as the mean +SD of triplicate; ND, not detected.
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Fig. 2. Changes in CA, RA, LT, GABA contents in the PF sprout at six different growth times. (A) Caffeic acid (B) Rosmarinic

acid (C) Luteolin (D) GABA. The PF sprouts were cultivated in a growth chamber for 6 to 16days with long-day (16L:8D)
conditions at 22°C and 60% humidity. All values are presented as the mean +SD of triplicate; ND, not detected.

Table 1. Physiological parameters of Perilla frutescens during the growth stages

. Sowin Harvest Pairs of true Plant height inflorescence .
Cultivar Dateg date Mark Leave stage (cm) ’ height (cm) Description
2020.01.28 V3 3 6.910.4
2020.02.04 V4 4 11.3£0.7
2020.02.12 V5 5 14.7£1.8
. 2020.02.18 V6 6 18.5£2.6
PC e:%ﬂ‘éf:gf ?2)1099‘ 20200226 V7 7 277426
’ ’ 2020.03.09 R1 9 32.3+2.0 inflorescence initiation
2020.03.17  R2 9 36.7£4.6 15 lowest node flowering start
2020.03.25  R3 9 48+2.0 5 Full flowering
2020.04.07 R4 9 51.0+1.8 8.9 Seeding
. Sowin: Harvest Pairs of true Plant height inflorescence L
Cultivar Dateg Date Mark Leave stage (cm) ’ height (cm) Description
2020.01.28 V3 3 7.2£05
2020.02.04 V4 4 12+0.8
2020.02.12 V5 5 16+1.2
Perilla frutescens ~ 2019.  2020.0218 V6 6 21.5+1.6
cv. Bora 12.09 2020.02.26 V7 7 29424
2020.03.25 R2 8 39£2.6 1.6 inflorescence initiation & lowest
node flowering start
2020.04.07  R3 8 42£3.6 5 Full flowering
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2} 0.1% formic acid in Water (B)2 AH-&-3tH . o] 574 21 E2 Azt vle xEAFA ABAL )T 099% o

& & & & A3l Methanol : 0.1% formic acid in qoz HHFAe AAA o d5dgE AU
Water = 66 : 34 (V/V) Hl &2 E43 90 MEFYFL 10
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Fig. 3. Comparison of Caffeic acid contents of different P.frutescens Parts during the growth stages. (A) Namcheon (B) Bora. Plants
were cultivated in pots in a greenhouse for 4 months until it reaches a maximum growth stages. All values are presented
as the mean +SD of triplicate; ND, not detected.
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&3 EAYNA ] 2204 Jne] SFEYG 2 FF 3} A oh(Fig. 2A). Rosmarinic acid7} 3F % 69 ol 18.26+0.01
< el ThFig 1B, Fig. 1D). |83 AFE 49 Bols  mg/g 8% ol 18.22:0.63 mg/go 2 FFol BA AZH e

Aoz ARSI 7154 stdEe] Bl T7tsk, A U, 335 F 1699 11.08+021 mg/go 2 7439 th(Fig. 2B).
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K Namcheon Bolting 55.219 30.105
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1}
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g 5.00 \
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V3 V4 V5 Vé V7
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Fig. 4. Comparison of Rosmarinic acid contents of different P. frutescens Parts during the growth stages. (A) Namcheon (B) Bora.
Plants were cultivated in pots in a greenhouse for 4 months until it reaches a maximum growth stages. All values are
presented as the mean + SD of triplicate; ND, not detected.
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GABA #4 23, 3% F 699 033+0.01 mg/g, 8%l 030+ Caffeic acid &3}
000 mg/go & 7H4 E& o] AZHAL, ol F AA 3 Aad dEN] A5
Tadte @4 B (Fig. 2D). FlavonoidAl &< lu- Fs £43 A (Fig. 3). €A
teohn— A&LF7L Agss AA3 ol FrtstA. , FHENI RS EAR
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= HQ]‘ BIEAE B wdty
7

FH Q14 o] =& 4°i
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U‘H A= a
T 6ol 7244026 pg/gol Ao, HF F 14U Aol 1447+ = TH14]. A S DA vb_“j. 3}, caffeic acide &7}
070 ug/go2 7} =& F&E HAt(Fig 20). QoA FEYZAA AYFeR Fojrke EA F29

V6, V7, R1 tage"ﬂ i ES Eote A, dd S o A
MSCH o o2 foH 7|SM 51889 &2k B3| VoA ol 9l 0.28+0.03 mg/g, 71+ 0.04+0.01 mg/g, V7

715 2A=M SN HAH A7 E Tetetr] ) A 9& 0234002 mg/g, £71% 0.05+0.02 mg/g, RITHA
Aed A7 ASAAE, B caffeic acid, rosmarinic A A& 030£0.07 mg/g, 7] 0.12+0.00 mg/g= YEMY
acid, luteolin, GABAY| ¥#wstg FAs4th £4& A% ATh(Fig. 3A). Caffeic acid®] F&F& YA o] F A A3
FHEN} BetE o] ASEAE FFRBEAT V (Vege- dastth. #9824 23, Fof F90lA 03940.03 mg/g
tative)Z HH5t A1, HA W FEAE R (Reproductive) 2 O % 7} B2 caffeic acid7t AE0] HAU L, 9, 7] £0=
Hetdtt. 4 dA 9 A AR Table 19 £7]5 0]t caffeic acidE ot e L= YERH.

=12
=
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B Namcheon Stem
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400.00
100.00
35.00
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25.00
2000
15.00

1000 [
i IR |
0.00

V3 v4 V5 V6 v7 R1 R2 R3 R4

ONamchun Leaf 9.255 7.380 6.615 4.850 7.795 13.925 31.105 22,350 12.225
B Namchun Stem 9.999 0.000 0.000 0.000 6.733 10.923 18.781 8.3912
B Namchun Bolting 248.104 1044.891

[ Namcheon Bolting

Luteolin (pg/g)

OBora Leaf
B Bora Stem

1,000.00 | Bora Bolting
700.00 [
400.00 [

A

100.00 *
35.00
30.00 |
25.00 r
20.00
15.00 |

10.00 ﬂ
5.00 f . H. -
V3 v4 V35 Ve

Luteolin (ug/g)

2020777

0.00
V7 R2 R3

OBora Leaf 16.643 15.833 9.908 12.795 20.670 30.743 17.040
B Bora Stem 5.607 5.457 4.115 0 20.238 10.395
[N Bora Bolting 374.305

Fig. 5. Comparison of Luteolin contents of different P.frutescens Parts during the growth stages. (A) Namcheon (B) Bora. Plants
were cultivated in pots in a greenhouse for 4 months until it reaches a maximum growth stages. All values are presented
as the mean + SD of triplicate; ND, not detected.
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Rosamarinic acid &tzh B3t Luteolin &2 H3}
o MY AEDAA A G2 ¥ rosmarinic acid Aed AEMY BSdAd B 298 Luteoling 3
o s 454 th(Fig. 4). Rosmarinic acid& caffeic acid < B3 ME}(Flg 5). Luteoline flavoneZ| € ¢] 313 & =2 4
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]
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7t ¢ HENE T rosmarinic acid &0l 2 20 % 2 st e &2 1= A th(Fig. 5B). ASTAE £4]
Aok ASAAE EX A3} rosmarinic acidE caffeic acid®b A7}, luteoling FEYART AAWATANA 7MY =&
FABHA FERAZAA AAAAZ o= Fojrte dAQ V7, o] AEH AL, M3 DAY R2, R3 DA EAEA U
R1 stage"ﬂ’ﬂ 719 Yo 71 =& IS HA{T V7 ©A Al 31.1142.98 ug/g, 22.35+1.64 ng/g AZH UL, HepE7

o GHEA dAlA 20.6037.02 mg/g, BeFE7L Aol A Aol A 30.74+3.04 ng/g, 17.04+142 ng/g o2 714 ¥ e
273+1.15 mg/gl.2 7H4 w& FFE BT (Fig 4A) < HYth(Fig. 5B). 9 BAAHL, Fo RN M w2
Rosmarinic acide 444 o] F AA 3 aste 43S B ol Aol HTh FH Fof 9ol A 2481042197 pg/g,
Aok FHE EAAH, Fo oA FH o] 5522£9.33 mg/ 1044.8946.72 ng/ g0l AEH A, B} F) F9 oA 37431+
g, He}7t 31.62+0.00 mg/goE 7} E-& rosmarinic acid 0.00 ng/gel A==t

ol AEHUT
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0.60 -
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B B Namcheon Bolting
=
o 0.40 1
E
S
< 0.30 -
m
<
o 0.20
N i i I§ § i
N N -
V3 V4 V5 V6 V7 R1 R2 R3 R4
ONamcheon Leaf 0.419 0.278 0.330 0.365 0.296 0.157 0.077 0.057 0.024
B Namcheon Stem 0.095 0.144 0.225 0.091 0.214 0.186 0.048 0.075
B Namcheon Bolting 0.087 0.103
B OBora Leaf
0.50 -
_} B Bora Stem
B 0.40 Bl Bora Bolting
-
£
- 0.30 A =
<
o
g 0.20
N I HI
oo | | N -l
V3 v4 V5 Vé V7 R2 R3
OBora Leaf 0.298 0.298 0.245 0.439 0.163 0.064 0.034
B Bora Stem 0.077 0.113 0.212 0.122 0.045 0.078
[@Bora Bolting 0.076

Fig. 6. Comparison of GABA contents of different P.frutescens Parts during the growth stages. (A) Namcheon (B) Bora. Plants were
cultivated in pots in a greenhouse for 4 months until it reaches a maximum growth stages. All values are presented as
the mean * SD of triplicate; ND, not detected.
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GABA &g Hist
Aad Aol s g 748 GABAY FF<

43 Ath(Fig. 6). FHEM S BAEAE v S o, &
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