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Rapid identification of chemical constituents in the dried stem bark
of Asparagus officinalis L. based on UPLC-Q-TOF-MS/MS
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(Modern Research Center for Traditional Chinese Medicine, the Key Laboratory of Chemical Biology and
Molecular Engineering of Ministry of Education, Shanxi University, Taiyuan 030006, China)

Abstract: Ultra-performance liquid chromatography-quadrupole-time of flight mass spectrometry (UPLC-Q-
TOF-MS/MS) coupled with a molecular network analysis strategy was used to identify the chemical constituents of
the stem bark of two kinds of asparagus. The chemical constituents were identified by determining an accurate
molecular weight, the fragmentation pathway, and comparison with the mass spectrometry data from the references.
A molecular network was established based on the similarity of MS/MS fragmentation patterns. A total of 107
compounds were identified or tentatively deduced, which included 46 saponins, 13 flavonoids, and 48 other
compounds. The chemical compounds identified in the stem bark of white and green asparagus differed greatly: the
white asparagus was rich in saponins, while the green asparagus was rich in flavonoids. In conclusion, the chemical
constituents of asparagus stem bark were characterized rapidly using UPLC-Q-TOF-MS/MS and molecular network
analysis, with 10 compounds and 45 targets determined from the HIT 2.0 herbal ingredients' targets platform. This
work will provide a theoretical basis for the resource utilization of asparagus.
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Figure 1 Base peak intensity (BPI) chromatograms of the stem bark of asparagus in positive ion mode by UPLC-Q-TOF MS/MS analysis.

A: White asparagus stem bark; B: Green asparagus stem bark. The peak numbers hereby are consistent with those in Table 1
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Table 1

Identification of chemical constituents in asparagus stem bark. a: Identified by comparing with the MS data from references

[20-32],
5

b: Identified by comparing with the MS data from Sciex OS 2.0 library; c: Identified by comparing with the MS data from GNPS; d: Identi-

fied by comparing with the standards. W: White asparagus stem bark; G: Green asparagus stem bark.

I . Molecular  [M+H]"/ Error .
No. . Identification _ Mass Fragment ion w Source
/min formula [M-H] /ppm
1 21.86 p-Sitosterol-3-0--D- C,H,0, [M+H]" 10455210 0.2 883.4666,737.4084,591.3526  + c
glucuronoside+2Rha+Glc
2 21.92 Stigmasterol glucoside+2Rha C,H, 0, [M+H] 867.4720 —0.3 849.4618,721.4105,705.4176, + c
575.356 5,559.356 9, 413.304 0
3 22.10 Gracillin+Glc C,,H,,0 [M+H]" 10475330 0.0 885.4835,723.3549,577.2993, + c
415.2519,271.205 3, 253.195 0
4 22.24 p-Sitosterol-3-0-p-D- C,H, 0, [M+H] 899.4630 0.0 737.408 6,593.294 3,591.3507  + c
glucuronoside+Rha+Glc
5 22.36 Dongnoside E C,,H,,0,, [M+H]" 10355330 -0.9 903.483 1,873.4843,741.443 1, + c
579.3879,417.336 0,273.221 1
6 22.37 Pamaqueside / agavoside B C,H,0, [M+H] 7554200 ~—1.4 737.4056,593.368 7,431.2432, + c
413.311 5,395.294 0
7 22.43 Pseudoprotoneodioscin+Gle C,H,0,,  [M+H]" 11935960 -0.5 1031.5383,869.4861,723.4277, + c
577.373 0,415.320 1,253.194 1
8 22.57 Aspidistrin C,,H,,0, [M+H]" 10335210 -0.6 871.4701,739.4307,577.3735, + c
415.3209,397.310 2, 271.205 6
9  22.71 Shatavarin IX C,H,0, [M+H]" 9034950 -0.5 741.4406,597.3258,579.3869, + al”
417.335 6,285.257 5, 273.221 6,
2552105
10 22.82 Protodioscin C,H,,0, [M+H]" 1049.5530 -0.3 887.498 1,741.4388,725.3710, + al!
433330 1,415.3222
11 2296 (255)-26-0-B-D-Glucopyranosyl- C,H,0,,  [M+H]"  901.4780 -1.3 739.4259,577.3720,433.258 1, + !
5p-furost-20(22)-ene-34,26-diol- 415.320 0, 283.242 6, 271.205 9,
3-0-f-D-glucopyranosyl-(1—2)- 253.195 1
p-D-glucopyranoside
12 23.25 Compound 7 (isomer) C,H,0,,  [M+H]" 11935960 -0.7 1031.5451,869.4894,723.4313, + c
577.3712,415.3199,253.192 6
13 23.27 Stigmasterol glucoside+Hex+ C,,H,,0,, [M+H]" 10295260 -1.9 867.4694,721.4135,575.358 1, - c
2Rha 413.303 1, 395.291 5
14 23.42 Pseudoprotoneodioscin C,,H,,0,, [M+H]" 1031.5420 -0.9 869.4849,577.3716,4153185, + al!
271.204 6,253.194 1
15 23.50 Polyphyllin D+Glc/ C,,Hy0,, [M+H]" 10175250 -0.6 855.4717,709.4143,577.3726, + c
parisyunnanoside B 415.3196,271.2051,253.194 6
16 23.53 Asparanin BS C,,H,,0,, [M+H]" 10195420 -6.8 857.4806,713.3650,579.3869, - c
417.3335,273.221 7, 255.209 3
17 23.71 Yamogenin glucoside+Gle+xyl ~ C,H, O [M+H]' 871.4680 —0.7 709.4151,577.3726,415.3207, + c
271.206 0, 253.194 8
18 23.73 Gracillin C, H,0, [M+H] 885.484 0 -0.8 723.4303,577.3743,415.3208,  + c
271.205 6, 253.194 9
19 23.85 Polyphyllin VI C,,H,0, [M+H] 739.4260 -0.9 577.3732,433.2587,415.3182, + c
397.3112,271.205 6, 253.195 2
20 23.99 Aspacochioside D/asparinin B C,H,0, [M+H]"  887.4980 -2.3 741.4417,579.3879,417.3367, + a4
273.2220,255.211 1
21 24.01 (255)-5p-Spirostan-3p-yl-O-[0-0- C,H_ 0, [M+H] 7254470 0.0 581.3302,563.3924,417.3334, + al*
L-rhamnopyranosyl-(1-4)]-4-D- 273.220 6,255.210 1
glucopyranoside
22 24.02 (255)-54-Spirostan-3§-0l-3-0-f-  C,H,0,  [M+H]" 8734840 -1.4 711.4269,579.389 1,435.2736, + a™
D-glucopyranosyl-(1—2)-[5-D- 417.3358,285.258 6,273.2199,
xylopyranosyl-(1—4)]-4-D- 2552100
glucopyranoside
23 24.06 Dioscin+2Rha C, H,0,, [M+H]" 11615650 0.3 1015.5037,723.4304,577.3718, + c
415319 3,397.308 4, 253.195 2
24 24.34 Dioscin+Rha C,, 1,0, [M+H]" 10155430 -0.1 869.4858,577.3734,4153197, + c
379.312 6,253.195 9
25  24.58 Asparagoside A C,H,,0, [M+H] 5793890 -1.5 417.3352,285.2570,273.2213, + al??!

255.2115
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Continued
No. t“_ Identification Molecular  [M+H]/ Mass Error Fragment ion W G Source
/min formula [M-H] /ppm
26 24.60 p-Sitosterol-3-0-p-D- C,H,0, [M+H]" 7534420 -3.1 591.3841,271.2068,253.1952 - + ¢
glucuronoside+Gle
27  25.10 Stigmasterol glucoside C,,H,, 04 [M+H] 5753580 -0.7 557.3448,413.3015,377.2799 + + ¢
28  25.44 Compound 9 (isomer) C,H,0,  [M+H]" 9034950 0.5 741.4422,597.3210,579.3887, + - a*)
417.336 9, 285.260 6, 273.221 2,
255.2119
29  25.88 Stigmasterol glucoside+Rha C,H,O0, [M+H]" 7214150 0.7 575.3604,541.3486,413.3060 + + ¢
30 25.89 Compound 14 (isomer) C,H,0,  [M+H]" 10315420 0.2 869.4890,723.4325,577.3730, + + a®
415.321 0,271.205 3,253.195 8
31 26.09 Compound 22 (isomer) C,H,0, [M+H]" 8734840 -14 711.4269,579.3891,4352736, + - a
417.335 8, 285.258 6,273.219 9,
2552100
32 26.09 SarsasapogenintH,0 C,.H,0, [M+H]" 4353470 -0.7 417.3379,399.3209,3032287, + + ¢
277.2189
33 2632 Compound 20 (isomer) C,H,0, [M+H]"  887.5000 -1.6 725.4432,579.3879,417.3339, + - a**¥
2732209, 255.210 7
34 26.66 Sarsasapogenin C,,H,,0, [M+H]"  417.3360 -1.0 399.3282,273.2217,255.2109, + + a
199.148 7
35  28.04 Sarsasapogenin M C,H, 0,  [M+H] 757.4370 -0.8 595.3060,577.297 7,415.2478, + + a®
397.2420
36 2839 YamogenintH,0 C,.H,0, [M+H]" 4333310 -22 4152687,397.3142,279.2310, + - ¢
253.191 0, 147.117 4
37  28.82 Filiasparoside D C, H,0, [M+H]" 7114310 0.3 579.3853,567.3174,417.3351, + + a
399.325 0, 285.255 4, 273.220 9,
2552109
38 28.95 Dioscin C,H,0, [M+H]"  869.4890 0.0 723.4308,577.3711,4153204, + + a®
397.309 6, 271.206 4, 253.196 0
39 29.22 Asparanin A/ (25S)-5f-spirostan-  C,,H.,0,, [M+H] 741.4420 -0.1 579.3875,435.2735,417.3358, + + a®
3-0l-3-0-f-D-glucopyranosyl- 285.258 3,273.221 2,255.210 1
(1—2)-p-D-glucopyranoside
40  29.42 Prosapogenin A/ polyphyllin C C,,H,0,, [M+H]" 7234310 -0.4 577.3700,415.3194,271.2055, + + b
253.195 1, 157.100 5, 85.027 8
41 29.46 Polyphyllin D C,H, 0,  [M+H] 855.4730 0.2 711.360 1,709.408 7,577.3690, + + ¢
415318 8,271.205 4, 253.194 4
42 29.71 (25S)-5B-Spirostan-3p-0l-3-O-a- C,H,0,,  [M+H]"  871.5050 -1.1 579.3910,417.3372,293.1236, + - a*’
L-rhamnopyranosyl-(1,2)-[a-L- 273.2219,255.210 6
rhamnopyranosyl-(1,4)]-5-D-
glucopyranoside
43 29.75 Filiasparoside C C,H,0, [M+H]" 8574890 -0.5 725.4480,579.3877,417.3351, + - a
273.2209,255.210 7
44 30.37 Yamogenin C,H,,0, [M+H]" 4153210 -0.8 397.3131,271.2053,253.1951, + + b
147.116 4
45 32.83 Stigmasterol C,H,0 [M+H]" 4133780 -2.0 395.3663,315.2254,271.2038, + - a*
173.130 8
46 35.40 25S-Spirosta-1,4-dien-3-one C,,H,,0, [M+H]"  411.2890 0.0 393.2771,267.1744,239.1793  + - a
47 9.52 Kaempferol-3-O-rutinoside-7-O-  C,_H,0,,  [M+H]' 7572190 -0.2 595.160 0,449.106 3,287.0550 - + a®
glucoside
48 9.61 Quercetin diglucoside C,H,0, [M+H]"  627.1550 -0.4 609.2537,465.1036,303.0501, - + a®
257.044 0, 165.014 8, 85.028 6
49 10.84 Isorhamnetin-3-rhamnosyl- C,H,0,, [M+H]" 7712340 -1.3 609.1720,463.1208,317.0650 - + a
rutinoside
50  11.21 Isorhamnetion-3-O-rutinoside-7- C,,H,0, ~ [M+H]"  787.2290 -1.7 641.1702,625.1763,479.1182, - + a®
O-glucoside 317.0650
51  13.43 Quercitin-3-O-glucosylrutinoside  C,,H,0,,  [M+H]" 7732130 -0.7 611.1532,465.102 1,303.0493, + + b
129.052 1, 85.027 3
52 1431 Rutin C,H,0,  [M+H] 611.1610 -0.5 465.1019,303.0502,285.0406, + + d,a"

257.044 0, 229.049 7
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No. [R_ Identification Molecular  [M+H]/ Mass Error Fragment ion W G Source
/min formula [M-H] /ppm

53 14.33 TIsoquercetin C,H,0, [M+H]" 4651030 0.3 303.049 6,285.038 3,257.0479, + + a®
165.018 2, 153.018 4

54 15.09 Astragalin C,H, 0,  [M+H]"  449.1080 -1.0 287.0549,213.0560,165.0185, - + a®
153.018 8

55 15.62 Narcissoside C,H,0,  [M+H]" 6251760 0.1 479.1161,317.0654,285.0335, + + b
147.069 0, 129.054 3, 85.028 8

56 16.22 Kaempferol-3-O-rutinoside C, 0, [M+H]" 5951660 -0.2 449.1070,287.0550,269.0475, - + a®
213.054 4, 165.017 1

57 16.76 Isorhamnetin C,H,,0, [M+H]"  317.0660 0.1 302.0480,274.0479,165.0188, - + d,a"”
153.018 0

58  18.07 Chrysoeriol-7-O-f-D-glucoside ~ C,H,,0,,  [M+H]"  463.1230 -1.0 301.071 1,286.0473,153.0162 - + b

59  24.97 Diosmetin C,H,,0, [M+H]"  301.0710 -0.4 286.0462,258.050 8 + a7

60  0.86 Aspartic acid C,H,NO, [M-H] 132.0310 -0.2 115.0089,71.0149 + + b

61  0.88 L-Arginine CH,N,0, [M+H]" 1751190 1.7 158.0917,116.0704,112.0859, + - b
70.064 9

62 091 L-Glutamic acid C,H,NO, [M+H]"  148.0600 0.1 130.0496,102.0542,85.0286,  + - b
84.043 9, 56.049 3

63 0.99 Proline C,H,NO, [M+H]" 116.0700 -4.5 70.065 1,53.039 0 + + b

64  1.07 L-Valine C.H,NO, [M+H] 118.086 0 —1.1 73.085 0, 72.080 9, 59.049 0, -+ b
57.057 1, 56.049 5, 55.054 1,
53.038 5

65 1.81 Nicotinic acid CHNO, [M+H]"  124.0390 -3.8 106.028 4, 80.048 8, 78.033 5, + + b
53.0382,52.018 2

66  2.48 Isoleucine CH, NO, [M+H]" 1321020 -1.7 87.099 1, 86.096 1, 74.057 5, + + at
70.067 4, 69.069 7, 58.064 7

67  2.84 Leucine CH,NO, [M-H] 130.0870 0.5 113.063 0, 86.062 7, 84.083 5 + + a2

68  3.97 Phenylalanine CH,NO, [M+H]"  166.0860 -2.7 120.0802,104.0572,103.0536, + + b
91.0539,77.038 3

69  6.17 L-Tryptophan C,H,N,0, [M-H] 203.0830 4.5 186.0604, 159.0954,142.0690, + + b
130.068 7

70 0.97 Quinic acid C,H,,0, [M-H] 191.0560 1.8 173.0124,127.0440,111.0101, - + b
85.030 3, 73.030 3

71 0.99 Malic acid C,H,0, [M-H] 133.0140 -0.1 114.0361,73.014 7,70.031 2 + + b

72 1.01 Fumaric acid/maleic acid C,H,0, [M-H] 115.0040 -0.7 97.9306,71.016 3 -+ b

73 1.23 Citric acid CH,0, [M-H] 191.0200 2.8 173.0130, 155.001 4,147.0331, + + b
111.010 7, 87.010 1

74 1.64 Pipecolic acid CH,NO, [M+H]"  130.0860 -3.7 84.0801,67.0537,62.024 6, + + b
56.048 9

75 235 Amber acid C,H,0, [M-H] 117.0190 -0.9 99.011 8, 73.030 3, 55.019 3 + + b

76 3.97 Cinnamic acid C,H,0 [M+H]' 149.060 0 -3.7 131.048 1,103.0535,77.0385,  + + b
65.038 1

77 5.15 Protocatechuic acid C,HO, [M-H] 153.0190 0.7 109.0338,91.021 7 + + b

78  6.33 Chlorogenic acid C,H,0, [M+H]"  355.1020 -0.5 181.0501,163.0387,145.0279, - + b
135.043 5, 117.032 9, 89.038 0

79 725 p-Hydroxybenzoic acid C,H,0, [M-H] 138.0240 -0.5 93.037 2, 65.050 2 + + b

80 7.89 p-Coumaroylquinic acid C,H,;0, [M+H] 339.1070 0.2 119.048 6,91.053 0 -+ a®

81 8.99 Feruloylquinic acid C,,H,,0, [M+H]" 369.1180 -0.3 178.058 1,177.0541,149.0591, - + a*
146.031 3, 134.035 3, 117.033 2

82 9.16 Caffeic acid C,HO, [M-H] 179.0350 3.2 135.0488,133.031 6, 89.041 4 -+ b

83 9.80 Ferulic acid C,H,0, [M+H]" 1950650 0.4 177.054 6,149.059 2, 145.0282  + + a°*

84 118 p-Coumaric acid C,H,0, [M-H] 163.0440 3.5 119.0523,91.0359, 65.040 6 + + b

85  13.33 Isoferulic acid C,,H,,0, [M+H] 1950650 -1.0 177.054 6,149.0592,145.0282  + + a

86 0.95 D-(+)Glucose/fructose CH,,0, [M-H] 179.056 0 2.3 119.0334,115.0432,101.0281  + + b

87 1.00 Sucrose C,H,0, [M-H] 341.1090 1.9 179.0593,119.0366,101.0265 - + b

88 1.67 1-Kestose/Neokestose C,H,0, [M-H] 503.1620 2.1 341.1176,179.0592,161.0469, - + b
119.036 5

89  12.85 Nystose C,H,0,  [M-H] 6652150 2.5 503.1771,341.1124,179.0592 - + b

90  1.69 Adenine CHN, [M+H]"  136.0620 ~-1.9 119.0354,94.040 2, 92.024 4, + + b

65.013 2
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No. t“_ Identification Molecular  [M+H]/ Mass Error Fragment ion W G Source
/min formula [M-H] /ppm
91 1.77 Cytidine C,H,N,O, [M+H] 2440930 1.8 112.049 6,95.023 3, 69.043 9, + +b
67.028 4
92 1.91 Nicotinamide CHN,0 [M+H] 123.0550 2.9 106.030 4, 78.034 1, 53.038 8, + + b
51.0229
93 2.46 Uridine C,H,N,0, [M-H] 243.0620 4.3 200.0607,152.038 6, 111.0218, - + b
83.0140,55.019 9
94 3.00 Adenosine C,,H N0, [M-H] 266.0890 3.0 134.049 8,107.037 9, 92.027 6 - +b
95 3.17 Guanosine C, H,NO, [M+H] 284.0990 0.5 152.0560,135.0293,110.0343 - + b
96 3.18 2-Hydroxyadenosine C,H N, O, [M-H] 282.0840 3.8 150.0458,133.0185,107.0383 + + b
97 9.22 p-Hydroxybenzaldehyde C,HO, [M-H] 121.030 0 -0.7 92.027 5, 65.042 3 + + b
98  10.85 Vitamin B, C, 0, [M+H] 377.1450 2.6 243.087 8, 172.086 4, 69.033 0 + + b
99  25.41 Coumarin C,H,0, [M+H] 147.0440 ~1.4 119.0499,91.054 0, 75.022 0, + + b
65.038 5
100 25.42 Dicoumaroyl glycerol C, 1,0, [M+H]"  385.1280 -1.3 367.1168,221.0809, 147.0441, - + a®
119.049 3,91.054 3
101 25.75 Coumaroyl feruloyl glycerol C,,H,,0, [M+H]" 4151390 -0.8 397.1266,271.2040,221.0803, - + a®
177.054 1, 147.043 5
102 26.04 Diferuoloyl glycerol C,H,,0 [M+H]" 4451490 -0.9 427.1370,251.0912,177.0542, - + a*
149.058 9, 145.028 1
103 27.11 Sedanolide C,H,0, [M+H] 195.1380 0.0 167.0914,149.1331,135.1152, + + b
111.078 8, 93.069 6, 91.053 8,
69.070 2
104  30.58 Linolenic acid C,H,,0, [M+H] 2792320 0.1 261.2213,149.0229,123.1161 + + b
105 33.09 Oleamide C,H,NO  [M+H] 2822790 -0.2 265251 1,247.2406,135.1159, + + b
121.099 6, 114.091 1, 95.084 7
106 33.17 Muscone C,H,,0 [M+H] 2392370 0.0 183.0833,157.0735,143.0900, + + b
109.101 1, 95.085 6, 81.068 6,
67.054 3
107 36.08 Erucamide C, H,NO  [M+H] 338.3420 -0.5 321.3143,303.0305,177.1630, + + b

153.127 5,149.131 4
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TH IR Jo 1% 4 — B, HEBTiZ AL A PN Pseudoprotoneo-
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S L pE L SR M 73 F, W1 Hex (m/z 162.05) Rha
(m/z 146.05) Xyl (m/z 132.05) 4= i BEA%Z 55 1, B AH B
PR H e, fEIEE TET, DR et o h i am
S R B B S 4577 A m/z 417.335 8 [M+H]T, #E—
R 2 H,0 4r FrE WA m/z 399.325 1 [M+H-H,0]",
BH J5 2k 2 0 5 CH, 0, 73 3 R AE #F F m/z 255210 9
[M+H-H,0-C,H,,0,]", 8¢ K # &k % il 5 C,H, 0, 13 £
FEAERE i m/z 273.221 7 [M+H-CH,,0,] - HEM 210
LB BRI L L T C-5, C-6 A7 (KA AR, PR
BT T SR B BT O A AU AR . IE R T
O, PAHESR 2 1 70 o 1 o I 2 1 7R B 25 0 2k ) 7= AR
m/z 415.320 1 [M+H]", #8 J5 Kk Ik % 2 H,0.CH, 0, 1
FIWEH m/z 397.313 1 [M+H-H,0]" vm/z 253.195 1 [M+
H-H,0-C,H,,0,]", 8l B ¥ %k % CH, 0, 14 B R IE ¥ Fr
m/z 271.205 3 [M+H-C,H,,0,]"

1.2 GNPS O FREEFLRRPHITHH EET
BT 1940 7 W 2 3 4y 192 4y, Hodrid it
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Table 2  Characteristic fragments of saponins aglycone and

flavonols aglycone in the stem bark of asparagus

Compounds

Aglycone Characteristic ion
type
Saponin Sarsasapogenin  417.335 8,399.325 1,273.221 7,
255.2109
Yamogenin 415.3201,397.313 1,271.205 3,
253.195 1
Flavonol Kaempferol 287.0550,269.043 7,213.054 2,
165.017 8
Quercetin 303.049 6, 285.038 3, 257.047 9,
165.018 2
Isorhamnetin 317.066 6, 302.048 0, 274.047 9,
165.018 8

Pz, Mt — DI 2 R &M 23 4. Wik &)
STES T R HE S T8 7 A m/z 1 035533 3 (K
2a), 5K EML A9 (m/z 903.493 9) 4 T i & Al
7£132.045 0, Xf BL T — 43 T AHE (CH,0,), WML &
W5 145 1 3O C, H,,0,,, 18 3 HAF #2915t & m/z
1 035.533 3 (Jfi 1% % 9-0.9 ppm), LA A ¥ & 3L 1
W RHE T m/z 741.440 6.m/z 579.386 9 Al m/z 417.335 6,
HEWT 1k &4 5 EE shatavarin IX % — 73 T AHE, #E— i@
i Scifinder ¥ % (https://scifinder-n.cas.org/) 15 2%, 1
WAL &) 5 0] B8N Dongnoside E. L& ¥ 18 1E 4> T M
A T B T N m/z 885.483 2 (K 2b), 5ib&W
14 (m/z 1 031.538 3) 4> ¥ Jii & % 146.059 0, % H Xf

1@4 1064.56

Figure 2 Molecular network of saponins from stem bark of asparagus
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Figure 4 Component-target network. MTOR: Serine/threonine-
protein kinase mTOR, NLRP3: NACHT, LRR and PYD domains-
containing protein 3; MPO: Myeloperoxidase; PROCR: Endothelial
protein C receptor; PTGS2: Prostaglandin G/H synthase 2; MAPK1:
Mitogen-activated protein kinase 1; PPARG: Peroxisome prolifera-
tor-activated receptor gamma; SIRT1: NAD-dependent protein
deacetylase sirtuin-1; NR1H4: Bile acid receptor; CYP1AL: Cyto-
chrome P450 1A1; AHR: Aryl hydrocarbon receptor
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Figure 3 Venn diagram of chemical constituents in the stem bark of asparagus. The number represents the number of compounds
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