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1  ZE: %5 (Perilla frutescens (L.) Britt.) Z &% AMMZ —, AARTARBRR A EHt (HFBZE
PF1’, ‘¥ E PF2’, ‘#HE%¥ & PF3’, ‘#hE W& PF4’, P ENE PFS) XA SERRE, FIHRT LKA
EE, AREAERBRERARBRERLEF T ERRIRRRIYE., 2240 REIEARKACHERE
75%. Frigrt 1:80 g/mL. #IRATE] 2h, REGEE 70 °C, HRBREHT, %A, ZBRERERS, 20 (16.82+
0.60) A= (80.42+2.66) mg/g. FFE &A% % rt, PRI &9 S B4t RE & ™ (17.77£0.29) mg/g, PF5 % BA42 IR
& & (804242.66) mg/ge HANEFWEREY, FRSMAEH T ELARTFHRALER, L+ PF5S®
ABTS' & i &£ F R % (IC,, 150.3142.46 pg/mL) . DPPH A &1 A i#Fk AL /1 (ICs, 88.0443.61 ng/mL) B & TR A
%% (P<0.05) . MEBRSIE, SBRREL ABTS' A WA FLE, LERHNEIFME (P<0.05) , XA
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Abstract: Perilla frutescens (L.) Britt. is one of the edible and medicinal plants. The purpose of this study was to compare
the flavonoids and polyphenols extracted from different varieties of P. frutescens leaves ('Korean green PF1', 'Chinese PF2',
'Korean purple PF3', 'Korean bicolor PF4', 'Chinese bicolor PF5'), and to explore their antioxidant activities in vitro.
Optimization of extraction process of flavonoids and polyphenols from P. frutescens leaves was studied by single factor
tests and orthogonal test. The results showed that the optimum parameters were ethanol concentration 75%, solid-liquid ratio
1:80 g/mL, extraction time 2 h, extraction temperature 70 °C. Under these conditions, the extraction amount of flavonoids
and polyphenols was the highest, which were (16.82+0.60) mg/g and (80.42+2.66) mg/g, respectively. Among different
varieties of P. frutescens leaves, PF3 had the highest content of polyphenols (17.77+0.29) mg/g, PF5 had the highest
content of flavonoids (80.42+2.66) mg/g. The results of antioxidant activity showed that the leaves of different varieties of
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P. frutescens had good antioxidant activity. Among them, the ABTS" free radical scavenging rate (ICs, 150.3142.46 pug/mL),

DPPH free radical scavenging ability (ICs, 88.04+3.61 pg/mL) and total reducing power of PF5 were the strongest

(P<0.05). Correlation analysis showed that polyphenol extraction amount was significantly correlated with ABTS" free

radical scavenging rate and total reducing power (P<0.05), flavonoids extraction amount was significantly correlated with

DPPH free radical scavenging rate and ABTS" free radical scavenging rate (P<0.05), and was extremely significant with

total reducing power (P<0.01). This study would provide a theoretical basis for the development and utilization of different

varieties of P. frutescens leaf resources.

Key words: Perilla frutescens (L.) Britt. leaves; different varieties; polyphenols; flavonoids; extraction process; antioxidant
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22958 (Perilla frutescens (L.) Britt.), JEIER—4F
A AR, IR EAL ST 25 & AR, ZEFR =
FAFPAA T RUCRAE S R PR e 2, SRUNE R
WHVEL SE 2 AN DI BE T B, BEASIRYT B2 . i
i L AR O M A SEEREY, T DU FERL . Reiink,
BRAEOREY, A RKEPSTRH, IRz
FhiE P B A HAT P « BOBEPR IS AP S AL ST RE .
FRIZIESED BFFE R, SOt h S A TR L AR R
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T AN REESE BE R LS, B T R
SE 33 TG F VA M AT T LB T 2, SR A T
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6-fi R (ABTSY) A v A AL RHE A BR A F] 5

ferrozine(FEIEHE)  JbREREFRIHFARAF; 1,1-
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Table 1 Abbreviations of different P. frutescens varieties
FFs i P FveE 3 NN FERHAL
1 PF1 i fisul E£3i) A
2 PF2 i HE) okAn, Ny
3 PF3 A ] HEH -3 MR
4 PF4 i ] SE pUSEh A
5 PF5 | SE PUeEh MR

— TR 2L H ST AT R 2R LR
AR H; UPW-N15UV RPN 4kl _EE R
AL BN A RN F]; BSM 220.3 B FRF il
UK H TR A R Fl5 101-3AB 7Y /i Py X4
R RETH RS FD-1A BB 2R B TR
TR AR A A7 BN F] s M200PRO ZUfif
P SEEMABIESA BRA R IR AL
1.2 SLWHE
1.2.1 2RURnasll 2RI T2 BUR T AR
Ay BRI — 15 B T — TR — M i A O —
P TINE > URAE— R R T

PRAEEE & KR A A HRh AR AY AP [ XG5 T
kst 40 7S, BL 1.00 g JiE T 150 mL 4EFE
T, 2 BB E 1 SR B . R L . BRI g
BB R] 45 4 AR 2R AT 3L, K A48 O A T4h
VB EFR, BN . TS TR R ORI 7R K
PEATHRAR, PR AR 56 U S T L2 R UR T L)
JREE TR SRR TR, A FEA FH o
1.2.2  Zy, FEEREEBGEIE B e AR
TR (R, MG, T IR RS B
250 pg/mL FYBRAE I, X R HESS WA TR B T e,
EFNHEESHM 0, 20, 30, 40, 50, 60 Fl 100 pg/mL
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PRVAE B FIR A PR AR i (45 7 760 nm
WA R SR, LA 198 AR BE AR AL R (%),
W SCRE A AL R (y) BOLRPE BT 5 F2 A y=0.007 1x+
0.0639, R*=0.9974, X} RatrEth Lt 58 28 o2 B
EAE G A Ny LT/ K e Y S
T

TP B P S 225 ROV A5 (4 v i
BRI, K7 T e S E T A% 1500 pg/mL f7°5 T dRiE
W o X RR UGS WA TG BE AR R, 45 B B 53 50 Ky
0. 300, 500, 700, 1000, 1500 pg/mL [/ T ARz
W FHMVAYFRER-AN PR AR W (U5 76 510 nm ARSI
JCEE, IPT T U BE R AR (%), TSGR A AR (y)
FIRPE BT 7 F2 h y=0.0006x+0.0337, R?>=0.998, Xif
TR TR TSP O T R SR IR .
1.2.3 FAEZELLE
1.2.3.1 LPFEMREERERE  MEFRFRELESTRITHY 1.00 g
TN =AM, ¥R L 1:40 g/mL 23 BiHnA 285
e A 45%. 55%. 65%. 75%. 85% M L BEHE T,
TE 70 °C /K 3 h, #uE, P PE ORI Z 1y . 2R b
B, i e I
1.2.3.2 BHE LY ESE  HESHRRECEE IR 1.00 g
TN =S, 43 3Rl L 1:20, 1:40., 1:60,
1:80. 1:100 g/mL K 65% ZBEIEW, 7E 70 °C /K
3 h, FUE, WE PR 28 . SEERHE IR, B ffE
B L.
1.2.3.3 $RECGREEWER:  HEFRECE TR 1.00 g
JEA =, Rl L 1:60 g/mL A 65% 114
AW, 53 HITE 40, 50, 60, 70, 80 °C $2HX 2 h, Hli
V&, I HE R ) 22 1 . S Pt R, A S fE R R
1.2.3.4 $RHETRIAYSERE  HEFRFRELESTRITHY 1.00 g
JRA =M, #eRE L 1:60 g/mL A 65%
VSR, Sy A HREL 1. 2, 3. 4. 5 h {E 60 °C 7K,
FhuE, e PRI 2 1y . B R G, A SRR
]
1.2.4 B RS R S SR , DL Rk
B RPN EL . SREGEE | SREUS RSP R, L
Py R ) B2 HOHE A 5 5248 b, SR 4 IER 3 KK IE
AR, XTSI R B T 2 Tk, P EOK
LR 2,

2 IEZIKR N EKE

Table 2 Factors and levels of orthogonal test

K
K&
1 2 3
A TR (%) 55 65 75
B B Lb (g/mL) 1:70 1:80 1:90
C REBURE (°C) 50 60 70
D $2EUHA] (h) 1 2 3

1.2.5 ZEEVEOAEE ST A R T2, 2R

JFHARR A2 X5F 22 193 R0 1) 4 W P 48 b B A T A R
IRt

1.2.5.1 Hddabrfete  $2R() R BN EbRm
BAE A TARUEARAL B, B 4578 T k M ER X, X,
Ky X HoH X=X, X5 oo0s X, b A k=16, B
AARPR B AL S BECR Y, DISRAR Yy, B93IR
=H

X;; — min(x;)

5= max(x;) — min (X;) AW

Ao Yy AR PREE AR AL S B ME X RO
251 YO § P PR AR B, Hod i=1,2,..,
6.j=1,2,...,16.
1.2.52 RS IEPREER SRR E S
TR IS T e B 0 S, T —ZH BRI 5 B
k2 (2), Horp Py ansX(3) pross, Herp j=1,2,.,
16, #7 P;=0, Nz X5(4).

E, = ~In(n)" > P, InP, X @
i=1
Pij:Yij/ZYij ﬁ (3
i=1
limP;InP; =0 X @D
pij—0

2 B, W5 § AR .
1253 HREAISPRIACE BB MR E BRI
A, HE LSS BRIE B4 B, E,, By E,.
I BB A S PR B 2SN (5) R i
B AR R A, 1h 2O
AR B, WL A SRR A W=y, At
1B, o i=1.2, A A LSRN 5 AN, FEIH
ik 1y =11,=0.5, FRATRE 4 bR IR .
1-E

YT k-3l e

o M5 § A FRPRIACE =B Hoh k=2,
1.2.6 RZMLAELRRR T AR
1.2.6.1 M DPPH H HILiEREES S8 Meng
SEUST I 7 O EE ME ek, JT4%X 1 1158 DPPH H
LT R R . FETAFREL 2 mg DPPH ¥ T JC/K 2B
T, A A 25 mL, #1454 100 umol/L i) DPPH #
o VIRESHE S BIR 62,5, 125, 250, 500, 1000
F1 2000 pg/mL FEE AT S; B 1 mL AR T
&, IMA 3 mL DPPH &, #&2), #5630 min,
F 517 nm AW SCEE R A BES; L1 mL JosK 2
B QR MASIROGRE R Ay 25 ;5 LA 3 mL Jo/k 2.
B 1 mL AR T, ASIOGRE A, XTRR

DPPHE ﬁ%ﬂ%@%%(%):l_%xmo x (6)

s Ay WA (TAIBOGHE; A, AAE SO
A, W HALHIEOCREE .
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1.2.6.2 5 ABTS' F Ry RE Z: M R 1L
SEUOT (S Dy R IS A 2, BC e AR R A VA T
(140 mmol/L) #1 ABTS % # (7 mmol/L), 1:1 IR%,
WEGIHCE 16 h, 193] ABTS Y454 148 FHRTINA I /K
A TR RS, T HAE 734 nm ALAIIOGE N 0.70+
0.02, 155 ABTS T AEW . LIFEFHE S350 62.5.
125, 250, 500, 1000 #2000 pg/mL AYFEREHATIR
s B 0.3 mL FEWE, A 3 mL ABTS TAEWK, iR
NV 6 min S5 57 BPEPE K 734 nm AR RE WK S'GEE
A A, BEAR; DL 0.3 mL JG/K 2B, TAS I G
B Ay 25 H; LA 3 mL oK 4EES 0.3 mL BRI T
TREG, M A, SFREL L Vo BYRESR A BHPEXT G, 3%
= 2 1145 ABTS' [ I BE05 IR %,

A A,
x 100
A

x (D

Hh: Ay M2 IO A SRR IROGEE(E;
A, RRT HELH I G RE AL
1.2.6.3 MERRIES)  SRAERE LA R B Akt
PEATINE I3 25080k, RGBT oI : e s
0.2 mol/L MBEPRER S v W : A VWM 0.2 mol/L
Y Na,HPO, # ¥, B % #% >} 0.2 mol/L Y NaH,PO,
YW . B A VAU 37.5 mL, B AW 62.5 mL, B,
A[153] pH M 6.6, W)E R 0.2 mol/L MIBRELZE rhigs
W LIRESLHE S 62.5. 125, 250, 500, 1000,
1200. 1600 1 2000 ug/mL AIRERIEF TG, B 1 mL
ST BE I RE S, SN 2 mL BERRZE pPYAE I 5 mL
1% ZREAET R, 50 °C KEEV 20 min, EEIEN
A 5mL 10% =& 4%, #257, BL L35 W 3 mL, A
0.5 mL 1% =&Ab8k, IR FES, #'E 10 min J5 T
700 nm PEAAME RS CIETT N A . FEPREZE L
R AL 5 mL 5B FORAE R as A RRZE TR
Ay, BIRFE ¥ R

EBHEIT=A-A, A (8

o A RSO GEE A A, S R TFOKIOG
EX-
1.3 #HiELIE

% Excel 2019 F1 SPSS 26.0 #E47%55 3 40 3 F0
SrMT. FEIHESTAT R, PSR R Z Rl FHARUE Pearson
AT 48T, P<0.05 NI KRR ueeH (a4 W&k
25, P<0.01 NI ZR R0 20 (0] 22 550 i 2, FH Excel
2019 FATLHIE R
2 HBRESH
2.1 EFMHER I ZRGBEERLRER
2.1.1  AN[R] L s B X S8 Dk B . 22 Py B UG 1Y)
s FIE 1AL K 1B AT, B B 3 g R,
EAIET G S C v )| =l A ) s e W L 37 (3 E- P
£ 65% AT, Z W 2B & i =5, S0 16.88+0.36 mg/g-

ABTS* H HETEBRE (%) =1-
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K1 AR S B FURRA H X 2 TRt G
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Fig.1 Effects of different ethanol concentrations and solid-
liquid ratio on the extraction amount of flavonoids and
polyphenols from P. frutescens leaves
TE: Ar AR S B2 S BB B2 U, B: AN[R] SRk B 22 1
B, Co ANRDRHA LU S B S BUE, D: ASTRDRNA LU A S5
Bt W] — R AN F/ING FRE0R B 2257 (P<0.05) .

Bt B s R R 38 M, B MO 7] BB P R AP, A
MIF R W PRI B LB B B3R, SR
AR O Se A A TR RE, 2 L BRI IR F] 65%
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A, AR G i, O 60.31+4.08 mg/g. 4 ZEEHk
BEYRLAR T, B A PR EBCGR Se i A s TR e, T
AEJE i TR lAT — o KM, AR 80t e 1) O T
RS T AS R P8l B iis iU BRtk, 2525 18
BedE 55% . 65%. 75%H LA R IEASIR I 2514
2.1.2 A[EPBRRE EL X TR R ER . 22 By PR B 1Y
ma &l 1C. B 1D SHAFERE L. ZBEHREE 65%. $i#
BUREEE 70 °C L $EH 3 h B ETRT 2R . 220 S B
PAR AR S, AR LL 2R TG G, 221 | R ) $2
B2 TS N S e TAS 8, 76 1:80 g/mL B 42 BUE
IRF e . X TR e — s, B R
BN PN = A L N L DT e == il N S 7 | e a1 L
RIS 5 s L T e 2t P PR A TR XA I 1)
PEBEEICIEIERT . DRIk, 2552508, #6P5 1: 70, 1: 80,
1:90 g/mL ARHE ELAE R 1E AT IR 5514

2.1.3  AS[A) R B Xt 58 Dk B ] . 22 M R B 1Y)
somn AHIE 2A L K 2B AL, ANFIRBUERE . 2l
BE 65%. B L 1:80 g/mL. $2HX 3 h B, 5 2R 4
AL B SIS T SRR A, 7E 70 °C Bfik
FIR=iE, 80 °C AL S paipe S I At 2H(P<0.05 ).
ZI R ST R R RIS G T2, 7 60 °C
BRI E . X T RER HH TR T nl sl o+
PGz B, ARSI RN, Z2 My A i 24 o 7E 1571
R A A B RGO, TRLRE o WU S BSR4 2 AN B
BRI AR, DRI, 2567508, 1564 50. 60, 70 C
VER IEAS IR 1 4547F

2.1.4  AS[R]REHCH TR X S8 Dy i 2 ] . 22 Py $ B 1Y)
s fRIE 2C. B 2D Bl BERE BRECE AR, £
P B AR GRS T HEA T N R, a3, 78
2 h B, B E R R s 76.26+1.03 mg/g. {BEEH
B AT R, Z2 15 AN B PR B 4%, W REJE 5%
IR ZE g RIS R 22, AR NSRS
MR AR T B R N, SRR G FRERY, Rk, R
PEHEHESTA] 1. 2. 3 h HIEASIRIGAI 551

2.2 IEARRAEIKITEER RIIE

TERLP 2R S0 A [, Ve 2R BE (A) L B
He(B) | $#2EU A (C) | #2HUEEE (D) AR 2R, 3517
PO ZE =K IEAZS IS . 45 KDL 2, $EHuER
TRy BT A IE A IG 45 SR DLER 3,

IS R BUARAF X 58 3 i 22 1 R il B B 114 52
MR B ASTA], R EDERTC BH 2 PS 30 R 1145 ik
P2 3R 3 AT, B LR ) 22 it S 1Y R R I
A C>A>D>B, RIHEHGHR X5 22 fy B RS2 0
ek, HO®: Wik 5 | $RER ] B b, 3l ad b
Bk ABER]HN, 4 DRI A B,C3D;, BIZ,
By BE A 55%, B 1:80, $RERATTE] 3 h, $2HL
W 70 °C; 52 me AR B HCE Y BRI T A
A>B>C>D, B} 2, i B %) 55 7 I 22 il e B 32 1) e
K, HRE RN b . PREGERE | HEE TR, i g

2023 4F 6 A
A 80
~ a H 3
3 b c
E 60}
1
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E 40t
::[5\\
20 1 1 1 1 1
30 40 50 60 70 80
BB (°C)
B 24,
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= 16t
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S
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C 80p a
&b
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E 60t
i
2
b4
E 40t
0
20 1 1 1 1 )
0 1 2 3 4 5
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Fig.2 Effects of different extraction temperatures and
extraction time on the extraction amount of flavonoids and
polyphenols from P. frutescens leaves
T Ac AN RIS IO G B R $2 IR, B: A [ 4 BGH HE 22 193
Ui, C: AN [RI4R IBU T) B8 B I S RO, D A [R] JRORE 1] 5 8
P F U [/ — R RING PRk os BA B P25 & (P<

0.05).

k {E AT, 4 DR WK AB,C3D,, BRI 2
HeBE Ry 75%, B bR 1:80. $2EUSE] 2 h. #2EUE
J& 70 °C,
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R3O, EEEECRE E AR A5 R
Table 3 Results of orthogonal experiment for polyphenols and
flavonoids extraction amount in P. frutescens leaves

" ES SRR R

A B C D (mg/g) (mg/g)
1 1 1 1 1 16.31 44.76
2 1 2 2 2 17.62 58.48
3 1 3 3 3 17.80 54.78
4 2 1 2 3 16.61 57.19
5 2 2 3 1 16.64 67.37
6 2 3 1 2 15.51 59.69
7 3 1 3 2 16.87 74.03
8 3 2 2 3 16.22 71.79
9 3 3 1 1 15.35 72.63

Kigm 1724 1660 1572 16.10
kygm 1625 1683 16.82 16.67
Kigm 1615 1622 17.10 16.88
Rym 110 061 138 078
Kiwm 5267 5866 59.03 61.59
Kysm 6142 6588 6249 64.07
Kygmy 7282 6237 6539  61.25
Rym 20.14 722 637 281

K4 ZPERIBGRRIRR 2200 b
Table 4 Variance analysis of the regression model of
polyphenol extraction amount

FEAKIE  WZEEHRM ARE B Ff PlE
A 7.08 2.00 3.54 89.72  <0.001
B 1.57 2.00 0.78 19.89  <0.001
c 8.92 2.00 446  113.10  <0.001
D 2.67 2.00 134 3387  <0.001
R 0.71 18.00 0.04
js¥an 16.98 27.00

1 P<0.05F /R 22 T4k B3, P<0.0157R 22 M .35

2.3 FESMEEIERMIZRE
TESCIREG T7 22 BT e R UL 4, 58 5, il A,
PO PR 2R X6 58 T P 22 g3 B B ) s i O S B B,
JE> £ Pt B> PRI [A] > s Xof s il i 11
ST Ay e >R HE>$e R B> Bt ],
SR i P AERTA, PUAS PR X5
TRy, e BOR A RN . 2P Ik
FeU T 2T AR VE, TER A R B T, B2 =K,
WA 25 i RN 22 193 P2 WU P 2B 53 0l ol 74.96+0.76,

5 BRI M IREAL )y 2200 i
Table 5 Analysis of variance in regression model of flavonoid
extraction amount

JrERIE O WZESEHR AmE ¥ Fld PfE
A 1851.37 200 92568 10612.95  <0.001
B 226.20 2.00 11310 1296.68  <0.001
C 190.09 2.00 95.04  1089.68  <0.001
D 45.64 2.00 22.82 261.61  <0.001
R2E 1.57 18.00 0.09
Bt 2335.90 27.00

11 P<0.05K 7R 25 et 3, P<0.0138 7R 25 Rl i %

17.85+0.17 mg/g; fEF IR T, BEE =K,
1) A5 30 R R 22 P B BRSP4 43501 28 80.4242.66.
16.82+0.60 mg/g, 145 T IEAT UG 45 R, eI &M
FaEnAT,
24 WNESH

TELEEPPH T, B B 7 A R AR 5
FIEEMRAE TS o TR IR A 1R S Ui, T %%
SMRAEL 72 2 TR PG Z W, JL-P-AN32 52, ]
DITEAR KRR bkt e N TP 3, i i
FEFRYFIRAETE, P, ASisE0 R A5 TAY
FATAT, 45 045 HH 22 1 A0 R B A B ZR A5 B R
0.46 F1 0.54(5% 6), RN E N LR, 57
ZETITEE IR 3. S5 B SERE ST 1B
oo IR K T 22T A SR ST Y, PRI T 2 2 1)
PR AR ZESGE AR, (H 505 PR Uy v S i
REmTZmRIGE . FHISEE% R, SRR Em
BEERPEICT 250 AR SR A TR, S T4 T okid
AL

F 6 AERIE{E S E R

Table 6 Entropy value and weight coefficient of each index

E 221 JERAHTIEA WHALEB AR
Z IR B 0.33 0.46 0.40
IR 0.67 0.54 0.60
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TERAL LT A A A 2L 05 i 22 Wy . 2 1 32
WEE 3 R, HHIERT AL, PF3 My 32 B 5 s
SN 17.77+0.29 mg/g, HCh PFS ZWHREGE R 16.82+
0.60 mg/g; PF5 A2 H R ix 22k 80.42+2.66 mg/g,
HYR A PF3 w4 B S 74.93+0.89 mg/g. X AT
REJZ FH TR VE T AN R Hb X 2 05 s PR L - BAT
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Fig.3 Extraction amounts of polyphenols, flavonoids in
different varieties of P. frutescens leaves
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Fig.4 Scavenging ability of different varieties of P. frutescens
leaves on DPPH, ABTS™ free radicals and reducing power
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Table 7 The IC;, of extracts from different varieties of P.
frutescens leaves for scavenging DPPH, ABTS* free

radicals (ug/mL)
wn A DPPH [ i 3 ABTS* H 3%
PF1 181.48+11.00° 301.07+0.70®
PF2 187.36+25.46° 337.34£10.34°
PF3 149.31+1.40° 209.40+16.49¢
PF4 300.43+13.80° 279.27+20.32°
PF5 88.04+3.61° 150.31+2.46°

s W IR R R 2R B B2 5 (P<0.05)
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YA L RN AR S5,
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XoF F AR D Z2 gy | R PR R 5 O DPPH H
L. ABTS™ [ H HL97E BREE I FILENA )52 ) #E4T4H
KM (R 8) . MEEHOKRTE, SRR Z B TE—E
ME, 5 2l M EEE S P IEAH S E R . ABTS'
F LT BRI 5 ) 5 2 i A (P<0.05),
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Table 8 Correlation between active constituents and
antioxidant activity of P. frutescens leaf extracts

Z B

DPPH [ fy 5&V R % 0.05 0.517
ABTS'H B bR % 0.70° 0.60
BIRJES] 0.75 0.82"

H: *HRRP<0.05, **FKRP<0.01,
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