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Chemical Compositions of Brassica rapa L.

WANG Zhengde ', PING CUO Raoji ¥, BAO Huan ¥, QIAN Chunbo ¥, XU Junju®, HAI Meirong '*’
(1) Agronomy and Biotechnology College of Yunnan Agricultural University, Kunming Yunnan
65020; 2) Innovation and Utilization of Chinese Herbal Medicine Germplasm in Southwest China
National Local Joint Engineering Research Center, Kunming Yunnan 650201; 3) Limei Tibetan
Hospital, Leiwugi County, Changdu City Tibet 855600; 4) Tobacco College of Yunnan
Agricultural University, Kunming Yunnan 650201, China)

[ Abstract ] Objective  To study the chemical constituents of Brassica rapa L. and find its active
components. Methods  The chemical constituents of Brassica rapa L. were exiracted by methanol reflux, separated
and purified by silica gel column chromatography, thin layer chromatography and Sephadex LH-20 column
chromatography, and the structural spectrum was determined by spectral analysis ( nuclear magnetic resonance
hydrogen spectrum, carbon spectrum). Results  Seventeen compounds were isolated and identified as: (1) 1-(4—
hydroxyphenyl ) —2—propanone; (2) 4-(2-butoxyethyl) phenol; (3) I-methoxy—3-indoleacetonitrile; (4) 2,
2" —oxybis( 1, 4) —di-tert-butylbenzene; (5) Glycerol monopalmitate; ( 6) 1-butyl phthalate—2—isobutyl
phthalate; (7) Dibutyl phthalate; (8) 1-methoxy—3-indole formaldehyde; (9) 3, 7-Dimethyl-n-octan—3 o —ol—
I-yl-benzoate; ( 10) Di( 2-ethylhexyl) phthalate; ( 11) B —sitosterol; ( 12) TgSSTg; ( 13) 3-
Indolecarboxaldehyde; (14) Caffeic acid; (15) Quercetin; (16) auriculatum A; (17) Liquiritin. Conclusion
1~5, 8~9, 12~ 13 were isolated from this plant for the first time. The discovery of the above compounds further

enriched the chemical compositionof Brassica rapa L. and provided a preliminary experimental basis for the
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comprehensive development and utilization of Brassica rapa L. plant resources.

[ Key words] Brassica rapa L..; Chemical constituents; Isolation and identification
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100%) Ve i, 15 3 Fr.7.3 6 K (200 ~ 300 H )
TECAMEE - NEI=10 : 1 ~6 : 4)¥EBiFr.7.3.5,
2 HPLC(80% ZJiE/K , ty: 21.5 min) 52L&
14, Fr.7.4 2 TLCCA B © NER=7 : 3)#53 5L G
Y15 MALA W) 16, Fr.7.7 £ ODS H: (4,3 i FP -
K (30% ~ 100%) P& W 45 2 Fr.7.7.5, 2 il &
TLC(f7 ik - NEA=8 : 2), HEMLEY 17,

2 &R

& 1. HEBAR. 'HNMR (600 MHz,
CDCly) 8:2.5(3H, s, -CH;), 6.88 (2H, d, J=
8.5Hz, H-3, 5), 791 (2H, d, J=8.7 Hz, H-2,
6), 9.35 (1H, brs, —OH); "C NMR (151 MHz,
CDCly) 8:196.9 (C=0), 160.0 (C-4), 130.9 (C-
1), 13048 (C-2, 6), 1152 (C-3, 5), 29.7 (C-
7), 263 (-CHy). LA EEE S SClRARoE B A — 2L,
TSR R 1- (4 230838 ) -2 R Y

k&Y 2. BEWMA ., HNMR (600 MHz,
CDCl,) §:9.02 (1H, s, OH), 7.10 (2H, d, J=
8.4 Hz, H-5), 6.80 (2H, d, J=8.4 Hz, H-4),
3.46 (1H, t, J=73Hz, H-1), 335(2H, t, J=
73 Hz, H-1'), 2.65 (2H, t, J=72 Hz, H-2),
144 (2H, m, H-2" ), 128 (2H, m, H-3' ),
0.84 (3H, t, J=74Hz, H-4' ); BC NMR (151
MHz, CDCly) &: 1547 (C-6), 1302 (C-4),
129.5 (C-3), 115.7( C-5), 71.3 (C-1), 69.5 (C~
1), 34.7(C-2), 30.7 (C=2"), 19.7 (C-3"), 14.1
(C-4"), DA% 5 Sk oA — 3, M
H4-(2-THRFL KL ) KBy 12,

G 3. EHEMRY . "HNMR (600 MHz,
CDClL) &:7.61(1H, d, J=8.0 Hz, H-7), 7.40
(1H, dt, J=82Hz, H-4), 727(1H, t, J=
7.5 Hz, H-6), 7.21(1H, s, H-2), 7.19 (1H, t,
J=8.0Hz, H-5), 407 (3H, s, N-OCH;), 3.83
(2H, d, J=0.9 Hz, H-10)."C NMR (151 MHz,
CDCly) & :136.2 (C-1), 126.0 (C-9), 1229 (C-
2), 1202 (C-5), 1182 (CN), 118.0 (C-4),
111.5 (C=7), 104.7 ( C-3), 14.4 (C-10), LI E%
P 5 ORI AR — 3, B - AR -3
H5| W 2 3

k&YW 4. AEL . HNMR (600 MHz,
CDCly) &:7.54(2H, d, J=8.6 Hz, H-6, 6'),
7.39 (2H, t, J=2.2Hz, H-3, 3'), 7.16 (2H, m,
J=8.6, 25Hz, H-5, 5'), 1.43 (9H, s, H-8 ~

10, 8 ~10"), 130 (9H, s, H-12 ~14, 12’ ~
147); BC NMR (151 MHz, CDCL;) &:147.8 (C-1,
1, 1469 (C-2"), 1469 (C-2), 1384 (C-4),
1244 (€3, 3'), 13843 (C-4'), 1248 (C5, 5'),
118.6 (C-6), 118.6 (C-6'), 363 (C-7, 7'), 34.8
(C-11, 11"), 31.4(C-8~10, 8 ~10'), 30.2 (C-
12~ 14, 12" ~14"), DL S SOk R E S A —
#H, H%EEN 2, 2-oxybis(1, 4)-di-tert—butyl-

benzene!* .

k&% 5. AHEAK. 'HNMR (600 MHz,
CDCly) 6:4.18 (1H, dd, J=11.6, 44 Hz, H-la),
412 (1H, dd, J=11.6, 6.0 Hz, H-3a), 3.65 (1H,
dd, J=11.4, 49 Hz, H-1b), 3.57 (1H, dd, J=
11.2, 4.8 Hz, H-3b), 3.90 (1H, m, H-2), 2.35
(2H, t, J=7.5Hz, H-2'), 0.88 (3H, t, J=6.9Hz,
H-16"); *C NMR (151 MHz, CDCly) 6:174.3 (C-
1), 702 (C-2), 65.1 (C-1), 63.3 (C-3), 34.1
(C-2"), 319 (C-3"), 30.1(C-5"), 29.6 (C-6"),
29.6 (C-7"), 29.6(C-8"), 29.6 (C-9'), 29.5 (C-
10"), 29.4 (C-11"), 29.3 (C-12"), 29.2 (C-13"),
20.1 (C-14"), 22.6 (C-15"), 14.1 (C-16"), LI F
B 5 SO JE A — B, MO S BAR AR R T
TR

k&9 6. TLMIRY) . "H NMR (600 MHz,
CDCly) &:7.72 (2H, m, H-3, H-6), 7.53 (2H,
m, H-4, H-5), 409 (2H, d, J=6.7Hz, H-1'),
2.03(1H, m, H-2'), 430 (2H, t, J=6.7Hz, H-
1), 1.76 (2H, m, H-2""), 1.48 (2H, m, H-3"),
0.99 (3H, t, J=74Hz, H-4"'); “C NMR (151
MHz, CDCly) &:167.7 (C=0), 167.6 (C=0),
1323 (C-1), 1322 (C-2), 1309 (C-4), 1309
(C-5), 1288 (C-3), 1288 (C-6), 71.7 (C-1"),
65.5 (C-1""), 30.5(C-2""), 27.7(C-2"), 19.1 (C-
3'7), 13.7 (C-4""). DL b%dE 5 SOk s A —
B, BUEE MR T R-1-T BE-2-5 T ER"

fb&9 7. LEAMIRY . "H NMR (600 MHz,
CDCly) 6:7.72 (2H, dd, J=7.0, 33 Hz, H-3,
H-6), 7.53 (2H, dd, J=5.7, 3.3 Hz, H-4, H-
5), 43 (4H, t, J=6.7 Hz, H-1"), 1.78 (2H,
m), 1.59 (4H, s, J=7.5, H-3"), 0.96 (6H, t,
J=7.4Hz, H-4'); "CNMR (151 MHz, CDCl;) §:
167.7 (COO-), 1323 (C-1, 2), 1309 (C-4, 5),
128.8 (C-3, 6), 65.5(C-1"), 30.5(C-2"), 19.1
(C-3"), 13.73 (C-3"), VI L HHE5 SCk i S A
— 3, WMOEENEAR R TR
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L&Y 8: FAMARY . 'H NMR (600 MHz,
CDCly) §:9.97 (s, CHO), 831 (1H, d, J=79
Hz, H-7), 7.89 (1H, s, H-2), 7.49 (1H, d, J=
8.1 Hz, H-4), 739 (1H, t, J=7.6 Hz, H-6),
734 (1H, t, J=7.5 Hz, H-5), 420 (3H, s,
OCH3) ; ®C NMR ( 151 MHz, CDCly) &: 184.1
(CHO), 132.6 (C-7), 131.7 (C-2), 124.6 (C-5),
123.5 (C-4), 122.1 (C-3a), 121.6 (C-7a), 114.0
(C-3), 108.7 (C-6), 66.8 (~OCH,). LI ¥ 5
SCHRHR B FEA — 3, e o 1- 4 2 -3 -5 g
Eﬁﬁff“[lfﬂo

AW 9: FEMARY . 'H NMR (600 MHz,
CDCly) 6:7.70 (2H, dd, J=5.7, 3.3 Hz, H-3',
H-7'), 7.53 (3H, dd, J=5.7, 3.3 Hz, H-5', H-
6'), 422 (2H, dd, J=11.4, 59 Hz, H-1), 1.68
(1H, d, J=6.2Hz, H-3), 1.35(1H, m, H-9),
0.92 (1H, m, J=7.5Hz, H-8), 085 (1H, m, J=
6.8 Hz, H-10); *C NMR (151 MHz, CDCly) &:
167.7(C-1"), 1324 (C-2"), 130.8 (C-3"), 130.2
(C-5"), 130.0 (C=7"), 128.7 (C-4"), 128 (C-6'),
68.1 (C-1), 30.5(C-2), 67.2 (C-3), 229 (C-4),
23.9 (C-5), 23.7 (C-6), 38.7 (C-7), 11.1 (C-8),
29.0 (C-9). LA b-%ds 5 SCk e A —3, i
Y5E M 3, T-Dimethyl-n—octan—-3 o —ol—1-yl—benzo—
6[1910

k&Y 10. TEER, 'HNMR (600 MHz,
CDCly) 6:7.72 (2H, dd, J=5.7, 3.3 Hz, H-3,
6), 753 (2H, dd, J=5.7, 33 Hz, H-4, 5),
431 (4H, t, J=6.7Hz, H-1'", 1'7), 1.79 (2H,
m, H-2", 2""), 1.55 (s, 13H), 1.44 (16H, m,
8x CH,), 0.96 (6H, m, H-b', b'"), 0.90 (6H, t,
J=72Hz, H-7", 7"); *C NMR (151 MHz, CDCl,)
8:167.7 (C=0), 1323 (C-1, 2), 130.9 (C-3, 6),
128.8 (C-4, 5), 655 (C-1", 1'"), 314 (C-2",
2'"), 30.5(C-3", 3""), 29.7(C-4", 4""), 295
(C-5", 5'"), 229 (C-6", 6'"), 19.18 (C-a’, a'"),
14.1 (¢=7", 7'"), 1373 (C-b', b'"). LI E%IE
SR E A2, S AR R (2 -
L) TR,

fEaY 11 HEs k. 'H NMR (600 MHz,
CDCly) &: 5.35(1H, m, H-6), 5.02 (1H, dd,
J=9.0. 15.0 Hz, H-23), 5.16 (1H, dd, J=85.
150 Hz, H-22), 352 (1H, m, H-3), 0.92 (3H,
d, J=65Hz, H-21), 085 (3H, t, J=6.5 Hz,
H-29), 0.87. 0.82 (3H, eachboth, d, J=7.5, H-
26, 27), 0.68. 1.01 (3H, d, J=2.0Hz, H-18,

at

19); *C NMR (151 MHz, CDCly) &:37.2 (C-1),
319 (C-2), 71.8 (C-3), 42.3 (C-4), 140.7 (C-
5), 121.7 (C-6), 31.8 (C-7), 31.6 (C-8), 50.1
(C-9), 36.5(C-10), 21.1 (C-11), 39.7 (C-12),
422 (C-13), 56.7 (C-14), 24.3 (C-15), 28.2 (C-
16), 56.7 (C-17), 11.8 (C-18), 193 (C-19),
36.1 (C-20), 18.7 (C-21), 33.9(C-22), 26.0 (C-
23), 458 (C-24), 29.1 (C-25), 19.8 (C-27),
23.0 (C-28), 11.9 (C-29). LA %5 Sk iE
FEA—F, W B-AHEERY,

kAW 12: FAik, "H NMR (600 MHz,
CD,0D) 6:4.36 (2H, d, J=94Hz, H-1, 1'),
3.25 (2H, dd, J=9.0. 9.5 Hz, H-2, 2'), 3.17
(2H, dd, 3.18 (2H, dd, J=9.0. 9.1 Hz, H-3,
3') , 3.08 (2H, dd, J=9.0. 9.5 Hz, H-4, 4'),
3.14 (2H, m, H-5, 5'), [3.62 (1H, dd, J=
12.0, 53 Hz), 3.84 (2H, dd, J=120, 1.8 Hz) ,
H2-6, 6']; "CNMR (151 MHz, CD,0D) §:90.6
(C-1, 1'), 81.0 (C-5, 5'), 78.1 (C-3, 3'),
712 (C=2, 2'), 70.0 (C-4, 4'), 61.6 (C-6, 6),
Dbt 5 ekl AR —3, ke nh
TgSSTg!,

fb&W 13 ¥E kA, 'HNMR (600 MHz,
CD;0D) §:9.79 (1H, s, H-10), 8.06 (1H, d, J=
7.8 Hz, H-4), 8.01 (1H, s, H-2), 7.38 (1H, d,
J=8.0Hz, H-7), 7.21 (1H, m, H-5), 7.14 (1H,
td, J=7.6, 1.2 Hz, H-6); ®C NMR (151 MHz,
CD,0D) 6:186.0(C-10), 138.3(C-2), 118.7(C-3),
1243 (C-5), 1222 (C-6), 1209 (C-4), 111.7
(C=7), 1375 (C-8), 1236 (C-9), VI %5
SCHRAGE FEA— B, B oy 3-Mg| W F ik 22

k&Y 14: @k A, 'HNMR (600 MHz,
CDCly)) 6:7.55(1H, d, J=158Hz, H-7), 7.06
(1H, d, J=2.0Hz, H-2), 695 (1H, dd, J=82,
2.1 Hz, H-3), 6.80 (1H, d, J=38.1 Hz, H-5),
6.24 (1H, d, J=158 Hz, H-8); *C NMR (151
MHz, CDCly) &:173.6 (C-9), 152.0 (C-7),
149.6 (C-3), 1493 (C-4), 1279 (C-1), 1254
(C=6), 18.0 (C-5), 117.6 (C-2), VI F¥I 53
HRAE B A — B, Bl S nERR 2

k&Y 15 Bk A, '"HNMR (600MHz,
CD,0D ) §:6.17 (1H, d, J=1.5Hz, H-6), 6.38
(1H, d, J=15H, H-8), 7.82(1H, d, J=1.7 Hz,
H-2), 6.87 (1H, d, J=6.8 Hz, H-5), 7.69 (1H,
dd, J=1.7, 6.8 Hz, H-6 ); *C NMR ( 151 MHz,
CD,0D) &: 1469 (C-2), 136.7 (C-3), 176.5
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(C-4), 157.7 (C-5), 99.1 (C-6), 164.9 (C-17),
94.4 (C-8), 1623 (C-9), 104.1 (C-10), 121.4
(C-1"), 1157 (C-2"), 1458 (C-3"), 1483 (C-
4'), 1162 (C-5"), 1237 (C-6" ), LI 5
SCHRIGE FEA— B, Wl i 2224

LAY 16: WREAMARY . 'TH-NMR (600
MHz, CDCl;) &:7.67 ( 2H, m, H-2, 6), 7.72
(2H, m, H-3, 5), 422 (2H, t, J=6.6 Hz, H-
1'), 1.64 (2H, m, H-2'), 128 (2H, m, H-3'),
1.37 (2H, m, H-4'), 0.86 (3H, d, J=7.2 Hz, H-
5), 4.14 (2H, m, H-1""), 1.64 (1H, m, H-
2'"), 126 (2H, m, H-3""), 134 (2H, m, H-
4'"), 129 (2H, m, H-5""), 091 (3H, t, J=7.2
Hz, H-6""), 0.88 (3H, t, J=7.2 Hz, H-7"");"“C
NMR (CDCl;, 150 MHz) §:131.6 (C-1), 131.5 (C-
2), 1285 (C-3, 5), 131.5(C-4), 131.4 (C-6),
166.9 (C-7), 166.4 (C-8), 673 (C-1'), 29.6 (C-
2'), 23.1 (C-3"), 18.2(C-4'), 13.8 (C-5"), 64.9
(C-1""), 38.0(C-2""), 29.7 (C-3""), 282 (C-
4'"), 223 (C-5""), 132(C-6""), 10.5(C-7""),
DL g 5 SCHk ol A — 30, R etk G

auriculatumA %

&% 17 AEEAR, "H NMR (600 MHz,
CD,0D) &:7.71 (1H, d, J= 87 Hz, H-5),
741(2H, d, J=8.7Hz, H-2', 6'), 7.15(2H, d,
J=8.6Hz, H-3", 5), 653 (IH, dd, J=8.7. 2.3
Hz, H-6), 6.34 (1H, d, J=2.2 Hz, H-8), 545
(1H, dd, J=129, 29 Hz, H-2), 495 (1H, d,
J=159 Hz, H-1""), 390 (1H, dd, J=12.1, 2.1
Hz, H-6"a), 3.70 (1H, dd, J=12.1, 5.6 Hz, H-
6"b), 3.04 (1H, dd, J=169, 129 Hz, H-3a),
2.73 (1H, dd, J=16.9, 3.0 Hz, H-3b); C NMR
(125 MHz, CD,0D) §:193.1(C-4), 166.8 (C-7),
1653 (C-8a), 159.2 (C-4'), 1344 (C-1'), 129.8
(C-5), 1287 (C-2', 6), 117.7(C-3', 5'), 1149
(C-4a), 111.8 (C-6), 103.8 (C-8), 80.6 (C-2),
44.9 (C-3); glucose: 102.1 (C-1""), 74.8 (C=2""),
78.1 (C-3""), 713 (C-4""), 779 (C-5""), 62.4
(C-6""). LA L%d 5 SOk iE A —2, Sl e
eGP H B P

3 itig

AT o A AR Z AT L R SR AN
HPLC 2575 1% I 75 Y i £ Oy 8 — 5 R Je 38

B S AT SE, MOeH s sEE 1 17 4
WEY, w3 RN EEMAEY . (1) 1-(4-52
BERIE) -2-TA R . (2) 4-(2-T S HE O 3k) Ky |
(15) WiwEmz 5 3 msleee B mife a9 : (3) 1-
FHAR IR -3-15| W O . (8) 1—FH A -3 o F % |
(13) 3-m5| e B 5 3488 W AT A= ¥ -
(6) SBAR WM -1-THi-2-7 T Hg. (7) FH_
R — T HE. (10) 482K —HIRR —(2-25) 2 i
B G (12) TeSSTg; 2 e &1 :
(15) Mitpe R . (17) HEEir. 5 DHABREY
(4)2, Bxybis(1, 4)-di—tert—butylbenzene, (5).
PR R H W ls . (9) 3, 7-Dimethyl-n—octan-3 o —
ol-1-yl-benzoate, (11) B -4 B . (16) auri-
culatumA, HHF 1~5, 8~9, 12~ 13 ¥ IRM
PR B AR, e ] T IEE AL )
W, RIETE M E St s AR ) ot S B e BL Al
PG, X e ¥ b2 o ST A R A 5T,
Gk B 22 TR A, T 2 A E A K B
L bR AT E R S,

(&5 30K ]

(1] JREGFEE. BT HIF-1 o {5538 A F R 2
L5 WU IR R A EIBLE] (D], JR: i b B2
2R3, 2019.

(2] TAMMZEG S (A R ILAE T A2 s
e w2y (5 — M) (M), dbat: DA MER &,
1995 63-65.

[3] ZhuHY HH, LiJ, Hu B, et al. Bioactive compound from
the Tibetan turnip ( Brassica rapa L. ) elicited anti—hypox—
ia effects in OGD/R—injured HT22 cells by activating the
PI3K/AKT pathway[J]. Food & Function, 2021, 12(7):
2901-2913.

(4] =z, PRE N - ERET, ZR0dh, 55, Fimdcim
P2 B st e b s R RAANRAE (1], &
h A RGN 224R], 2022, 13(4): 1050-1057.

(5] skmms, 1570, sa0ss, 5. &4 i Bt 4R IO e
AR T2 Kbt A AE AT (0], &5 Tl R
2, 2021, 42(6): 174-180.

[6] Reziyamu W, Jie B, Zhan L, et al. Biological activity of
Brassica rapa L. polysaccharides on RAW264.7 macro—
phages and on tumor cells[J]. Bioorganic & Medicinal
Chemistry, 2019, 28(7): 115330.

(7] FEFIR. PUBTCH iU A RE A3 43 88 S AR I HL



56 B BE B K222 4

%45 &

HIBFFE (D] BUMIT: $TR, 2017.

[8] Mfisk, B K, Wi g, Primsed B i ik Witk
WHPERTSE D). s 57T %, 2016, 37(16): 6-10.

[9] Hanyi H, Hongkang Z, Chang L, et al. Bioactive com-
pound from the Tibetan turnip ( Brassica rapa L.) elicited
anti-hypoxia effects in OGD/R—-injured HT22 cells by ac—
tivating the PI3K/AKT pathway[J]. Food & Function,
2021, 7(12): 2901-2913.

[10] FUEFE, FHYLEH, X152, 55, J58 ML A s fA:-Yis
PEFSEERE (1], "I 2y27, 2023, 21(9): 2391-2399.

[11] Xiao—Peng L1, Na G, Nan X U, et al. Isolation and identi—
fication of chemical constituents from Cynanchum auricu—
latum [J]. Journal of Shenyang Pharmaceutical University,
2015, 32(5): 347-352.

[12] Zhou D Y, Sun Y X, Shahidi F. Preparation and antioxid—
ant activity of tyrosol and hydroxytyrosol esters[J]. Journ—
al of Functional Foods, 2017, 37(10): 66-73.

[13] BRME, Jufmk, 38, 55 kAR A 1L o i oe )],
T 2524, 2018, 43(10): 2091-2096.

L14]1 BRMG, ISR, BRIG S, 55, B ARG A1~ i oF
53 (1], thEi2h, 2021, 52(23): 7088-7095.

[15] ERUE, 048, TEEAM, 5. A 2wl it
5% [1]. thi2, 2019, 50(23): 5670-5676.

L16] BFIA, /N, 2250, 5. SRR A2 R pF 5T
(1. P22k, 2011, 26(3): 162-163.

[17] LiJ T, Yin B L, Liu Y, et al. Mono—aromatic constituents
of dendrobium longicornul[J]. Chemistry of Natural Com-
pounds, 2009, 45(2): 234-236.

[18] Ma W, Qin L. Chemical constituents of arabidopsis thali—
ana[J]. Chemistry of Natural Compounds, 2014, 50(4):
776-777.

[19] Chung I M, Ali M, Hahn S J, et al. Chemical constituents
from the hulls of oryza sativa with cytotoxic activity [J].
Chemistry of Natural Compounds, 2005, 41(2): 182-189.

[20] #RJL, R &, G, 4. BRI SR SRR LA 1
o3 B BT 2 L. Hii 2y, 2021, 43(10): 2718-
2723.

[21] soscrp, wkhadt, BokivhE, 55 ML 5e iR 522510 T ik
JATRESE [J]. R R 25 K554, 2019, 38(1): 74—
77.

[22] T8, phnsg, sk B, S5 H 25 AR HUFLT 4 ALk
IyBEFE [T, Hh2htt, 2014, 37(3): 424-427.

(23] GR#e, BRopr, & 5. R 0F 46 A9 1k 2% B4y #F 55 ()],
AR, 2018, 46(4); 181-183.

(247 BRU, AR K, B8 B2, IRYT 4 228k b — AN A ) 25 =
WEEY U], srtaifte, 2008, 45(4): 515-518.

(251 waall], e, A-miler, 56, BRECAT AT 1 AN
fiid:y L. i 22k, 2023, 48(3): 700-706.

[26] Yo dh, RaHE, WRBEHE, 55, H R 2 4S8 =i a4y [J].
HERLZY, 2015, 46(11): 1576-1582.


https://doi.org/10.3969/j.issn.1005-6521.2016.16.002
https://doi.org/10.1016/j.jff.2017.06.042
https://doi.org/10.1016/j.jff.2017.06.042
https://doi.org/10.7501/j.issn.0253-2670.2021.23.002
https://doi.org/10.7501/j.issn.0253-2670.2019.23.005
https://doi.org/10.3969/j.issn.1004-2407.2011.03.004
https://doi.org/10.1007/s10600-009-9293-2
https://doi.org/10.1007/s10600-009-9293-2
https://doi.org/10.1007/s10600-009-9293-2
https://doi.org/10.1007/s10600-014-1083-9
https://doi.org/10.1007/s10600-005-0108-9
https://doi.org/10.3969/j.issn.1001-1528.2021.10.020
https://doi.org/10.3969/j.issn.0517-6611.2018.04.055

	1 材料与方法
	1.1 仪器和试剂
	1.2 植物来源
	1.3 提取和分离方法

	2 结果
	3 讨论
	参考文献

