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Abstract: The purpose of this study was to investigate the main antioxidant active components in Olea europaea
pomace. The antioxidant abilities of different extracts from O. europaea pomace was determined by 1, 1-diphenyl-2-
picrylhydrazyl free radical (DPPH - ) scavenging method. Furthermore, the antioxidant compounds were extracted with

solvents, isolated by various column chromatography (silica gel, ODS and Sephadex LH-20) , and identified by nuclear
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magnetic resonance spectrum (NMR). The results were as follows: (1) The ethyl acetate extracts of O. europaea pomace

exhibited potent antioxidant activity, characterized with half-inhibitory concentration (IC) at 119.11 pg + mL" to

scavenge DPPH - . (2) Seventeen compounds, gallic acid (1), hydroxytyrosol (2), protocatechuic acid (3), tyrosol

(4), catechin (5), vanillic acid (6) , caffeic acid (7), vanillin (8), syringic acid (9), cynaroside (10) , oleuropein
(11), eugenol (12), quercetin (13), luteolin (14), rutin (15), maslinic acid (16), oleanolic acid (17), were

isolated from the antioxidant parts of O. europaea pomace. Among them, compounds 1, 6, 7, 9, and 15 were isolated

from O. europaea pomace for the first time. The study identify the material basis of O. europaea pomace against oxidative

stress, which provides a reference for its development and high-value application.
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Sephadex LH-20 3} ( 3 [E GE Healthcare 7y
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2 mL sample ( different concentrations) +
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B 40% ) B BE VR, 70 2545 2465 ) 8(8.7 mg) 9
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(K;[Fe(CN) 1) I 2 HM:, ESI-MS m/z; 169.2
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Fig. 2 DPPH - scavenging rates of different
extracts of Olea europaea pomace

(nm): 276,"H-NMR (400 MHz, DMSO-d,) §:
6.62 (2H, s, H-2, 6); "C-NMR (100 MHz,
DMSO-d,) §: 119.4 (C-1),107.5 (C-2, 6),145.1
(C-3,5),136.4 (C-4),165.7 (C-7), X% s
5 SCHR (#FE0K 5 ,2016) iRl e AR — B, i e 1k
W1 NEE TR, CH O,

k&2 WE AWM RY, ESI-MS m/z.
177.1 [M+Na]*, IR » &8 (cem™) ;3 387,1 606,
1 525,808,769, H-NMR (400 MHz, CD,0D) §:
6.65 (2H, m, H-2, 5),6.51 (1H, dd, J=8.0,
2.0 Hz, H-6),3.61 (2H, t, J = 7.6 Hz, H-8),
2.64 (2H, t, J = 7.2 Hz, H-7) ;" C-NMR (100
MHz, CD,0D) &: 130.2 (C-1),114.5 (C-2),
144.1 (C-3),142.6 (C-4),115.3 (C-5),119.4

(C-6),37.8 (C-7),62.7 (C-8) ., | ¥R%I 5 Sk
(ElBe 4 ,2011) i SR — 3, B E & 2
Jy BB 432 CH |, 05,

EW 3 HEB K, ESI-MS m/z: 153.1
[M-H] . IR v KB (em™) .3 420,3 200, 1 700,
1 650,1600,1 509, UV \ MOH (nm) . 260," H-
MNR (400 MHz, CD,0D) &; 7.44 (1H, dd, J =
7.2, 2.0 Hz, H-6),7.42 (1H, d, J=2.0 Hz, H-
2),6.78 (1H, d, J = 7.2 Hz, H-5);" C-NMR
(100 MHz, CD,0D) &;: 121.3 (C-1),116.2 (C-
2),144.3 (C-3),149.8 (C-4),114.1 (C-5),122.3
(C-6),166.6 (C-7), FrigHds 5 SCHk (AR a R
85,2020) B A — 2, S E AW 3 M E L
X, 208 C,H O,

e 4 HEBK, ESIMS m/z: 139.2
[M+H]*,IR » KB (em™ )3 400,3 100, 3 020,
1600,1 520,1 450,1 372,1 350,1 180, 1 120,
1 060,790,720, UV \ MOH (nm) ;223,275," H-
NMR (400 MHz, CD,0D) &: 6.94 (2H, dd, J =
6.4, 2.4 Hz, H-2, 6),6.71 (2H, dd, J = 6.4,
2.4 Hz, H-3, 5),3.61 (2H, t, J = 7.2 Hz, H-8),
2.64 (2H, t, J = 7.2 Hz, H-7) ,” C-NMR (100
MHz, CD,0D) &: 129.5 (C-1),129.7 (C-2, 6),
114.8 (C-3, 5),155.5 (C-4),38.3 (C-7),63.1
(C-8) LA %530k (EWEREAE 2011 E5 b
85,2015 A FEA —B, BB B AW 4 g,
53 F N CH 0,

e s HEEIRES & (MeOH) ,mp 172 ~
174 °C, ESI-MS m/z: 289.2 [M-H] , IR v KB
(em™):3 374,2 938,2 853,1 627,1 520,1 146,
UV N MeOH (nm) ; 207, 280,'H-NMR ( 400 MHz,
CD,0D) &: 6.72 (1H, d, J=8.7 Hz, H-5") ,6.68
(1H, dd, J = 8.7, 1.8 Hz, H-6"),6.67 (1H, d,
J =18Hz, H-2"),5.88 (1H, d, J = 1.8 Hz, H-
6),5.80 (1H, d, J = 1.8 Hz, H-8),4.55 (1H,
d, J=7.8 Hz, H-2),3.92 (1H, m, H-3),2.79
(1H, dd, J = 15.0, 5.7 Hz, H-4b),2.41 (1H,
dd, J=15.0, 8.7 Hz, H-4a) ; "C-NMR (100 MHz,
CD,0D) &: 81.3 (C-2),67.7 (C-3),27.3 (C-4),
156.4 (C-5),94.8 (C-6),156.1 (C-7),93.8 (C-
8),155.4 (C-9),99.3 (C-10),130.7 (C-1"),
115.1 (C-2"),144.7 (C-3", 4"),114.3 (C-5"),
119.1 (C-6") ., Fris%kdis 5 S0k ( 85 Mi4E,2020) i
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k&Y 6 AR, ESI-MS m/z: 169. 1
[M+H]" IR v KB (em™) .3 484,1 685, 1 598,
1206,1 114,1 029, UV \ M0 (nm) 207,216,
259,290,'H-NMR (400 MHz, CD,0D) & 10.53
(brs, COOH),8.04 (brs, OH),7.45 (1H, d,
J=1.5 Hz, H-2),7.28 (1H, dd, J=8.0, 1.5 Hz,
H-6),6.68 (1H, d, J=8.0 Hz, H-5),3.80 (3H,
s, OCH,) ,"”C-NMR (100 MHz, CD,0D) &: 124.4
(C-1),116.1 (C-2),152.5 (C-3),148.6 (C-4),
114.0 (C-5),123.3 (C-6),171.2 (C-7),56.3
(OCH;) . DA% 5 SCmk (#3055, 20125
ZERE 75 2013 ) RGE FEAR — 2, MUK ER A Y 6
HERR, 1k CH0,,

G&W 7 A RS & (MeOH) , mp 207 ~
209 °C,FeCl,( L FEH W) N 7 i 8, ESI-MS
m/z: 181.1 [M+H]", IR v &% (em™ ) : 3 306,
2758,1 600,1 518,1 326,1 211,977,814, 668,
516, UV N MO (nm). 210, 280, 313,'H-NMR
(400 MHz, CD,0D) &: 7.40 (1H, d, J=12.8 Hz,
H-7),6.89 (1H, d, J=2.0 Hz, H-2),6.84 (1H,
dd, J = 7.2, 2.0 Hz, H-6) ,6.64 (1H, d, J=7.2
Hz, H-5), 6.13 (1H, d, 12.8 Hz, H-8) ; "C-NMR
(100 MHz, CD,0D) &;: 127.6 (C-1),116.1 (C-
2),146.5 (C-3),148.3 (C-4),115.6 (C-5),122.7
(C-6),146.5 (C-7),114.8 (C-8),170.4 (9-
COOH) , DL b3 %in 5 STk (22 AR R 4 AC2F
2012 ; 223 55,2020 ) il A — 5, s e i
Y7 mmERR |, 71X CoH 0,

k&YW 8 IRE @A, mp 81 ~83 °C, ESI-
MS m/z: 151.2 [M-H] ., IR » KB (em™) .3 195,
2.860,1 700,1 620,1 520, UV \ M9 (nm) 310,
279,214,'"H-NMR (400 MHz, CDCl,) &: 9.69
(1H, s, 7-CHO) ,7.43 (1H, br d, J=6.8 Hz, H-
6),7.38 (1H, brs, H-2),7.02 (1H, d, J=6.8
Hz, H-5),6.21 (1H, s, OH),3.95 (3H, s, 3-
OCH,) ., C-NMR (100 MHz, CDCl,) &: 129.5 (C-
1),108.3 (C-2),151.2 (C-3),146.8 (C-4) ,114.1
(C-5),127.1 (C-6),190.3 (C-7),56.1 (3-
OCH;) . DAl i % 5 Sk (% )1 #ak O 48
2011 ; 25l 2245 ) 2013) RIE LA — 5, i e b &

Y 8 WEERE, 1 CH 0,5,

&9 A EE S (MeOH) , mp 205 ~ 212
C ,FeCl,-K, [ Fe( CN) , ] 5 I 5 i 0, 1R B s V5 T
F W 4 ¥ €5, ESI-MS m/z: 197.2 [M-H] ., IR v
KBr(em™) :3485,2916,2 848,1 686,1 600,1 525,
1 436,1378,1282,1204,1 112,1 027,873, UV
\ MeOH(nm) 220,274, 'H-NMR (400 MHz, CDCI,)
8:7.22 (2H, s, H2, 6),3.78 (6H, s, 2-
OCH,) ; *C-NMR (100 MHz, CDCl;) 8:119.7 (C-
1),106.5 (C-2, 6),145.7 (C-3, 5),139.5 (C-
4),56.1 (2-OCH,),170.1 (COOH) ., DL Ik iE%k
i 5 S0k (BFAT B4 2017 LA 4 2019) HRE
A - MEEREW I NT FR, 4+ 1L
j"7(:491'110050

&% 10 # (k) K (MeOH) , HCI-Mg Fl
Molish Sz i 4 5 BH . ESI-MS m/z: 449.4 [ M+
H]*, IR v KBr(em™) : 206,253,349, UV \ MeQH
(nm) :256,268,350,' H-NMR (400 MHz, DMSO-
d,) 6:12.64 (1H, s, 5-OH) ,7.35 (1H, dd, J =
1.8, 8.8 Hz, H-6"),7.27 (1H, d, J=1.8 Hz, H-
2'),6.82 (1H, d, J = 8.8 Hz, H-5"),6.73 (1H,
d, J=1.8 Hz, H-8),6.70 (1H, s, H-3),6.39
(1H, d, J = 1.9 Hz, H-6),5.01 (1H, d, J = 7.5
Hz, H-1"),3.10~3.75 (5H, m, H-2"~6");"C-
NMR (100 MHz, DMSO-d, ) &: 164.8 (C-2),105.5
(C-3),182.3 (C-4),161.6 (C-5),100.0 (C-6),
163.4 (C-7),95.2 (C-8),157.3 (C-9),103.5 (C-
10),121.8 (C-1'),114.1 (C-2"),146.1 (C-3"),
150.2 (C-4"),116.3 (C-5'),119.4 (C-6"),100.3
(C-1"),73.6 (C-2"),76.8 (C-3"),69.9 (C-4"),
77.7 (C-5"), 61.2 (C-6") ., VL F%¥8 5 ik (X1
S5 234 ,2020) A FEA — 2, S e LAY 10 R
ARRBFEH 2K C, HyO, 6

k&Y 11 FHEB K, ESI-MS m/z: 563.1
[M+Na]" IR » KB (em™ ) .3 408,2 952,2 920,
1707,1 631,1 522, 1 442,1 385,1 306, 1 284,
1161,1076,1041, UV \ M9H(nm) :232,283,'H-
NMR (400 MHz, DMSO-d,) 8: 7.51 (1H, s),6.69
(1H, d, J=8 Hz, H-5'),6.67 (1H, brs),6.54
(1H, d, J=8 Hz, H-6'),6.07 (1H, ¢, J=17.4
Hz, H-8),5.91 (1H, s),4.19 (1H, m, H-1'a),
4.11 (1H, m, H-1'b),3.96 (1H, dd, J=9.25,
4.6 Hz, H-5),3.72 (1H, brs),2.76 (2H, t, J=
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7.0 Hz, H-b),2.71 (1H, dd, J = 4.6, 14.5 Hz,
H-6a),2.43 (1H, dd, J=9.25, 14.5 Hz, H-6b),
1.64 (3H, d, J=7.4 Hz, H-10) ;" C-NMR (100
MHz, DMSO-d,) &: 93.8 (C-1), 153.8 (C-3),
107.9 (C-4),30.4 (C-5),39.9 (C-6),171.8 (C-
7),123.5 (C-8),129.0 (C-9),12.1 (C-10),167.3
(C-11),66.1 (C-a),35.0 (C-b),50.6 (OCH,),
65.5 (C-1'),34.0 (C-2"),129.3 (C-3"),115.7
(C-4"),144.8 (C-5'),143.5 (C-6"),115.0 (C-
7'),119.9 (C-8"),99.5 (C-1"),73.3 (C-2"),76.5
(C-3"),70.0 (C-4"),77.0 (C-5"),61.3 (C-6"),
L RE AR 5 SR (TR B S, 2017 ) B B A B
WX etk &Y 11 Sk M, K
quZSHSZOIBO

k&Y 12 AHEMm AR, ESI-MS m/z; 165.2
[M+H]* IR » KB (em™) 1 3 400, 2 900, 2 850,
2760,1 620,1 590, UV \ M0 (nm) ;236,280,"H-
NMR (400 MHz, CDCL,) &: 6.74 (1H, d, J=6.4
Hz, H-6) ,6.70 (1H, dd, J = 6.4, 2.0 Hz, H-5),
6.68 (1H, d, J=2.0 Hz, H-3),5.90 (1H, m, H-
8),5.00 (2H, m, H-9),3.77 (3H, s, 2-OCH,) ,
3.32 (2H, d, J=7.0 Hz, H-7); "C-NMR (100

Hz, CDCl,) 6: 146.9 (C-1),145.8 (C-2),111.0
(C-3),131.2 (C-4),119.1 (C-5),110.5 (C-6),
39.2 (C-7),136.8 (C-8),114.9 (C-9),54.8 (2-
OCH,) o VAl ik 1% £ 40 55 SOk (¥ I 58 55, 2014
FE%,2018) REFEA G 12 H
T&M, 51k € H,0,,

k&Y 13 #EA KK, ESI-MS m/z: 301.2
[M-H] ", IR v KB (em™) .3 378, 1 662, 1 615,
1543,1 362,1 245, UV \ M0 (nm) . 256,300,
370,"H-NMR (400 MHz, DMSO-d,) 6: 7.58 (1H,
d, J=1.8 Hz, H-2"),7.47 (1H, dd, J=6.4, 1.8
Hz, H-6"),6.85 (1H, d, J=6.4 Hz, H-5"),6.56
(1H, d, J=1.8 Hz, H-8),6.14 (1H, d, J=1.8
Hz, H-6)." C-NMR ( 125MHz, DMSO-d,) 6:
147.7 (C-2),136.9 (C-3),176.8 (C-4),163.5
(C-5),98.9 (C-6),165.2 (C-7),94.1 (C-8),
157.8 (C-9),104.2 (C-10),123.5 (C-1"),115.7
(C-2"),145.5 (C-3"),147.5 (C-4"),115.7 (C-
5'),120.9 (C-6"), b R%HE 5 SCHR (75 B 4%,
2015) fiRiEFEA 3, B E LG 13 At &R,

ﬁ‘?iﬁﬂ{lClSHwO”

G 14 B AR K, ESI-MS m/z: 285.1
[M-H] ., IR » &8 (em™) ;3 413,1 653, 1 609,
1512,1 443,1 373,1 265,1 164,1 119, 1 030,
838, UV N MOH (nm) . 268, 346,"H-NMR ( 400
MHz, DMSO-d,) &: 12.90 (1H, s, 5-OH),7.34
(2H, dd, J=6.8, 2.0 Hz, H-2', 6'),6.84 (1H,
d, J=6.8 Hz, H-5'),6.60 (1H, s, H-3),6.38
(1H, d, J=1.5 Hz, H-8),6.13 (1H, d, J=1.5
Hz, H-6); "C-NMR (100 MHz, DMSO-d,) 6:
148.9 (C-2),101.5 (C-3),180.6 (C-4),160.4
(C-5),97.5 (C-6),163.1 (C-7),92.6 (C-8),
162.5 (€-9),102.9 (C-10),120.5 (C-1"),115.0
(C-2"),156.5 (C-3"),144.8 (C-4"),112.7 (c-
5),117.2 (C-6") , LU b5t 5 ek (52
2021 AEFEA—F, MEELEGY 14 jwk@
L ) e W ClSHmOf,O

&Y 15 RE KK (MeOH) , £ £ IMT
g B 69, ESI-MS m/z: 609.1 [ M-

H] . IR v &8 (em™) ;3 430,1 655,1 607,1 509,
1 456,1 365,1 300,1 205, UV \ M9 (nm) ;363
251,210,'H-NMR (400 MHz, DMSO-d,) §: 12.43
(1H, brs, 5-OH),7.43 (2H, dd, J = 6.4, 2.5
Hz, H-2', 6'),6.71 (1H, d, J=6.4 Hz, H-5"),
6.24 (1H, d, J=2.0 Hz, H-8),6.08 (1H, d, J=
2.0 Hz, H-6),5.23 (1H, d, J=6.0 Hz, H-1"),
4.26 (1H, brs, H-1"),1.00 (3H, d, J=4.8 Hz,
CH,); "C-NMR (100 MHz, DMSO-d,) &: 156.0
(C-2),132.8 (C-3),176.8 (C-4),160.7 (C-5),
98.3 (C-6),163.5 (C-7),93.3 (C-8),156.1 (C-
9),103.4 (C-10),120.7 (C-1"),114.7 (C-2"),
147.8 (C-3"),144.2 (C-4") ,115.7 (C-5"),121.1
(C-6"),100.7 (C-1"),73.8 (C-2"),76.1 (C-3"),
70.0 (C-4"),75.6 (C-5"),66.5 (C-6"),100.2 (C-
1"),69.8 (C-2"),69.5 (C-3"),71.3 (C-4") ,67.7
(C-5"),17.2 (C-6") . LA L H¥s 5 3cimk (2 H
45,2010) R IEFEA — B, MBI EW 15
T’ﬁ}?fﬁj‘j C27H300160

k&Y 16 HEBAK, ESI-MS m/z: 471.1
[M-H] , IRv KB (em™) ;3 400,1 695, UV \ M0
(nm): 215,"H-NMR (300 MHz, DMSO-d,) &:
5.24 (1H, brs, H-12),3.50 (2H, m, H-2),3.38
(2H, m, H-3),1.51 (3H, s, H-23),1.38 (3H,
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s, H-24),1.29 (3H, s, H-25),1.19 (3H, s, H-
26),0.98 (3H, s, H-27),0.85 (3H, s, H-29),
0.82 (3H, s, H-30) ;" C-NMR (100 MHz, DMSO-
dy) 8: 46.1 (C-1),67.5 (C-2),82.6 (C-3),39.3
(C-4),55.3 (C-5),18.6 (C-6),32.8 (C-7),39.4
(C-8),47.3 (C-9),38.2 (C-10),23.9 (C-11),
122.1 (C-12),144.1 (C-13),41.5 (C-14),27.6
(C-15),23.1 (C-16) ,47.6 (C-17) ,41.3 (C-18),
46.1 (C-19),30.7 (C-20),33.7 (C-21),32.5 (C-
22),16.7 (C-23),29.3 (C-24),17.3 (C-25),17.5
(C-26),26.1 (C-27),179.2 (C-28),33.4 (C-
29),23.1(C-30), LA b BodE 5 SCmk (=A%,
2020) i FEA 2, B E LG Y 16 IR,
%%ﬁj‘j C30H4304o

EW1T AT EEH A (MeOH) , ESI-
MS m/z: 455.1 [M-H] . IR v KBt (em™) 13 407,
2930,1 694,1450,1380,1272,1 050, UV \ Me0H
(nm); 212,'"H-NMR (400 MHz, DMSO-d,) §&:
521 (1H, t, J=6.0 Hz, H-12),3.15 (1H, dd,
J=13.2, 5.2 Hz, H-3),1.16 (3H, s, 30-CH,),
0.98 (3H, s, 29-CH,),0.96 (3H, s, 27-CH,),
0.94 (3H, s, 25-CH,),0.91 (3H, s, 26-CH,),
0.82 (3H, s, 23-CH,),0.78 (3H, s, 24-CH,);
“C-NMR (100 MHz, DMSO-d,) &: 39.9 (C-1),
28.9 (C-2),79.9 (C-3),40.0 (C-4),56.9 (C-5),
19.7 (C-6),34.2 (C-7) ,40.7 (C-8) ,48.8 (C-9),
37.7 (C-10),24.1 (C-11),123.8 (C-12),145.4
(C-13),43.0 (C-14),29.0 (C-15),24.2 (C-16) ,
47.8 (C-17),42.9 (C-18) ,47.4 (C-19),31.8 (C-
20),35.0 (C-21),34.0 (C-22),28.0 (C-23),16.5
(C-24),16.0 (C-25),17.9 (C-26),26.5 (C-27),
182.0 (C-28),33.7 (C-29) ,24.4 (C-30), LI ik
TERE 5 SOk (FF AT BESE, 2017 X BA AR, 2020) 42
TEHAR 3, S BB 17 N R R, 7 F
itﬂ\j C30H4803O

3 Win54#h

TIAOAYE R U S R i o T R v A Y IR S
Yy, HAl 7 o AR 2 | =i MR N R 2R A&
Wil Z , B A HUAA AL BT R DL T 0 LB 2 24 B
YERT o ARSCINRE T ARG 2R T A () 48 BOGR A 3
Fx DPPH - BRETT, 45 KK LR LWl HoA 2

FHPUEALTEYE , H DPPH - TEERAE ST Y 1C,, 1 M
119.11 wg - mL*', FEBLEEAE L, A H £ FhkE 4%
TR IS R 1Y LR Sl R b o B 453 17
MMEE Y, I iz RS IR 5 % O ik 4 E T 1k
BYWE, 17 MeEWh, mERI WA S
MR EWAE 3D KN RELEWAH 31D,
HEa a5 5 SR TR H AL 0.09% ,0.79% Fil
0.03%, Hh BEFMR) FHRM(6) MIHERR
(7) TR F T (15) R B IR DI AASE SR s
ha BRI EY . R TR (1) IMERR (7)
T AR (9) HWHA WL MHT A AL FTR BT
AEZGPRIEME (M JL 4, 20135 KB 4K 45 2017,
Kahkeshani et al., 2019; dos Santos et al., 2020) ,
TR (6) AMUAA BRI BT R BER L REHD
il /N R A (LA 3555 ,2020) |, JEH R R iR
1 (adenosine diphosphate, ADP) . & /= U ¥ iR
(arachidonic acid, AA) Fl#&E M. ( thrombin, THR)
WRoER MM RE B BEMHBAEN, AT
(15) Jy—Fh EZ B ISP, RE 08 0 25 55
1-FH B4R SE ML HE 25 F (MPP™) 175 5 (19 41l 75 )
T, BRI P A (ROS) A — S AL & (NO) 1y ™
Az IR BT AT B R BRI I Ah T LR
fIlK 7] MPP* 4 B i N B 22 B 40 i 988 40 L ( SH-
SYSY) ff yH2AX Fl1 COX-2 Y & 1 it % ik K F
(Enogieru et al., 2021) ,

& W BT A I P 5 A A v R R i R
A (I, 2016) , A0 ¥R LIS (2) 4T AL
PEm TREEE(4) o SIaWa 2B R AEm) HAH
X7 B PR GE T PR A TE PR BRES , BIAR AL > XT3 >
)07, R b 4 7 B B itk LR mlg At Ak H,
A1, "] REi A m-m 5 p-m SLAE IR R LG A5
FEOIAR E DT 2 = P A AL T 1 ( Xie et al., 2015)
TnmmeERR (7) B B0 R A TS M TR LSRR (3) N
T HEE(8) o A ALY B 36 B 3 LA 47 £
B R0 — 1 2 L A 0 4 e T AR TG M (Zuo et
al., 2018) ,ASCHAL S 10,13 14 15 L5 1T
AR . BT (1) AU TR R B P
thr HY =SSR I 5 R i TSIV JRR 1Y R ) 4 4
TULRG, P BAT 2 L A 254 A R R BT R
PRTE P o 2 b, T30 2 0 S RO SR i Y Ak
T 5 G v 1 R IS RN SR P e Tk i 2 AL S A K
(Liu et al., 2014) . BEAh, ¥5 SCHk i IE (Joaquin et
al., 2018; Jiménez-Herrera et al., 2019; 3= i 55,
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2021 ;Tian et al., 2021) , ZB& £ B &8 07 43 25 45 51
1) 17 LA P R I AR R R B b S L BE T,
UESE T JhAORS SR s B A f P A s

G/ L IR NGRS NN i N E Nt S iUl E
F S a4 48Tk 0 45 X AILAA R R BT sk e 1) 45
FOBEM, F R KRR PR AT A e E
TS S AR S — R E Y R 52, B R Bt
AUARTE PR, T R KSR B AR R ) B JEORE, A feT
B g T AR B R X se b A, DL e
W HTF & i A Ak 1 R AR B R AR A R Tk —
L RGERIRAMTEGE, BLAL, AR 3R A T il R
SR ) v (EAR A B KRB S AR 1 I K g2 43t T
—EMZSFEMKE
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