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crepidatum Lindl is a local medicine in Yunnan, both of which have the function of nourishing yin and stomach. To
reveal the differences in chemical composition between the two species, ultra-performance liquid chromatography-
quadrupole-time of flight mass spectrometry (UPLC-Q-TOF-MS/MS) was used to analyze the chemical composi-
tion of stems and leaves of D. officinale and D. crepidatum. Principal component analysis (PCA) and partial least
squares discriminant analysis (OPLS-DA) were used to determine the differences in metabolites between species
and parts of Dendrobium. Fifty-eight chemical compounds were identified in the two species. Analysis indicated
that the side ring of alkaloids connected with nitrogen was readily cleaved during analysis. The results of PCA
analysis showed that the stems and leaves of D. officinale and D. crepidatum could be easily differentiated, and the
chemical constituents of D. officinale and D. crepidatum were significantly different. OPLS-DA analysis showed
that there were 16 metabolite differences between the stems and 22 differences in metabolites between the leaves of
D. officinale and D. crepidatum. The main metabolite differences in components between the two Dendrobium
species were dendrocrepidine B, dendrocrepidine C and dendrocrepine. There were 14 differences in metabolites
between the stems and leaves of D. crepidatum. In conclusion, the chemical compositions of D. officinale and
D. crepidatum are quite different; the small molecular compounds of D. officinale are mainly terpenoids and
flavonoids, and the content of alkaloids is low. There is no significant difference between stem and leaf. In contrast,
D. crepidatum is mainly composed of alkaloids and terpenoids, with crepidamine and dendrocrepine as its unique
components, and there are great differences in the components between stems and leaves. This study provides a
theoretical basis for the development and utilization of Dendrobium resources.
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Figure 1
crepidatum's stem (CS), Dendrobium crepidatum's leaf (CL)
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Figure 2 Fragmentation pathway of quercetin in positive ion mode
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Table 1 Identification results of metabolites in stems and leaves of two Dendrobium species

No. Compound Formula MW R/min Ton type Classification Ref.
1 Flakinin B C,H,,0; 296.162 3 2.941 [M+H] Terpenoids [15]
2 Dendronobilin N CH,,0, 268.167 4 2.987 [M+H]" Terpenoids [16]
3 Dendronobilin K CH,,0, 268.167 4 3.102 [M+H]" Terpenoids [16]
4 Aduncin CH O 294.110 3 8.286 [M+H]" Terpenoids [17]
5 Dendroside D isomer 1 C,.H,0, 592.273 1 10.639 [M+H]" Terpenoids [18]
6 Dendroside D C,H,0, 592273 1 10.287 [M+H]" Terpenoids [18]
7 Dendronobiloside C/D C,H,0, 560.283 2 10.363 [M+H]" Terpenoids [19]
8 Inosine isomer 1 C,,H,,N,O; 268.080 7 0.661 [M+H]" Alkaloids [20]
9 Inosine C,H,N,O, 268.080 7 0.941 [M+H] Alkaloids [20]
10 Dendrocrepine isomer 2 C,,;H,,ON, 516.3351 2.457 [M+H]" Alkaloids [21]
11 Drepidamine C,H,NO, 287.188 5 3.125 [M+H] Alkaloids [21]
12 Nobilonine C,,H,,NO, 293.199 0 2.609 [M+H]" Alkaloids [21]
13 Crepidine isomer 3 C, H,)NO, 3432147 2.682 [M+H]" Alkaloids [21]
14 Crepidatumines C CH,,NO, 287.188 5 2.722 [M+H] Alkaloids [21]
15 Dendrocrepine isomer 1 C,;H,ON, 516.335'1 2.732 [M+H]" Alkaloids [21]
16 Crepidine C, H,)NO, 3432147 2.777 [M+H]" Alkaloids [21]
17 Dendrocrepidine C CH,,O,N 287.188 5 2.823 [M+H] Alkaloids [21]
18 N-Methyldendrobinium isomer 1 C,,H,;O,N 278.2120 2.858 M] Alkaloids [22]
19 Dendrocrepidine E C,H,ON, 533.3379 3.417 [M+H]" Alkaloids [21]
20 Dendrocrepidine E isomer 1 C,,H,ON, 533.3379 3.365 [M+H]" Alkaloids [21]
21 Dendrocrepine C;H,ON, 516.335'1 2.987 [M+H] Alkaloids [21]
22 N-Methyldendrobinium isomer 2 C,,;H,;O,N 278.212 0 2.987 M]" Alkaloids [22]
23 Crepidine isomer 2 C, H,)NO, 3432147 3.021 [M+H]" Alkaloids [21]
24 Shihunidine C,H,,NO, 203.094 6 3.041 [M+H]" Alkaloids [23]
25 Ddendrocrepine isomer 3 C,;H,ON, 516.3351 3.057 [M+H]" Alkaloids [21]
26 Dendrocrepidine B C,,H,,NO, 345.194 0 3.083 [M+H]" Alkaloids [21]
27 Homocrepidine B isomer 1 C,,H,,NO, 345.194 0 3.323 [M+H] Alkaloids [21]
28 N-Methyldendrobinium C,,H,,ON 2782120 3.106 M1 Alkaloids [22]
29 Dendrocrepidine D C,,;H,,NO, 272.165 0 3.151 [M+H]" Alkaloids [21]
30 Homocrepidine B CH,,NO, 289.204 1 3.201 [M+H] Alkaloids [21]
31 N-Isopentenyl-dendroxinium C,H;;NO, 360.253 8 3.281 M1 Alkaloids [21]
32 2-Hydroxydendrobine C,H,NO, 279.183 4 3.289 M]" Alkaloids [24]
33 Crepidine isomer 3 C, H,)NO, 3432147 3418 [M+H]" Alkaloids [21]
34 Crepidine isomer 1 C, HyNO, 343.214 7 3.469 [M+H]" Alkaloids [21]
35 Crepidine isomer 5 C, HNO, 3432147 3.526 [M+H]" Alkaloids [21]
36 N-Isopentenyl-dendrobinium C, H;,)NO, 332.2589 3.824 M]" Alkaloids [21]
37 Mubironine B C,H,,ON 249.172 8 12.065 [M+H] Alkaloids [15]
38 Dendrine C,,H,,NO, 335.209 6 5.981 M1 Alkaloids [25]
39 6-Hydroxynobiline C,,H,,ON 309.194 0 3.045 [M+H]" Alkaloids [26]
40 Dendrobine C,H,;O,N 263.188 5 9.075 M]’ Alkaloids [27]
41 Dendroamine C,H,,O\N 279.183 4 9.053 M1 Alkaloids [28]
42 Gigantol isomer 1 C,H,0, 274.120 5 3.891 [M+H]" Bibenzyls [29]
43 Gigantol C,H,0, 274.120 5 3.533 [M+H] Bibenzyls [29]
44 Dendrocandin K C, H,,0, 514.199 1 4.492 [M+H]" Bibenzyls [30]
45 Chrysotoxine C,H,,0; 318.146 7 5.423 [M+H]" Bibenzyls [31]
46 Crepidatin CH,,0, 318.146 7 5222 [M+H]" Bibenzyls [21]
47 Isoschaftoside isomer 1 C,H,0,, 564.147 9 2.659 [M+H] Flavonoids [32]
48 Isoschaftoside C,H,0, 564.147 9 2.716 [M+H]" Flavonoids [32]
49 Kaempferol C,;H,,0, 286.047 7 2.747 [M+H]" Flavonoids [29]
50 Rutin C,H, 0, 610.153 3 2.865 [M+HT Flavonoids [29]
51 Quercetin CH,,0, 302.042 6 2.872 [M+H]" Flavonoids [29]
52 Dihydropinosylvin methyl ether CH,0, 228.1150 3.281 [M+H]" Flavonoids [29]
53 Violanthin C,H, 0, 578.163 5 7.923 [M+H]" Flavonoids [33]
54 Schaftoside C,H,0, 564.147 9 2.609 [M+H]" Flavonoids [32]
55 Apigenin-6-C-a-L-arabinoside-8-C-f-D-xyloside C,H,0,, 534.1373 2.838 [M+H]" Flavonoids [34]
56 Glucosylvitexin C,,H, 0,4 594.158 4 2.749 [M+H] Flavonoids [35]
57 Confusarin C,,H, O 300.099 7 7.912 [M+H]" Phenanthrenes [36]
58 Denobilone B C,H O, 260.104 8 7.682 [M+H]" Phenanthrenes [37]
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Table 2 Percentage of each component in the total peak area of identified substances (%)

Leaf of Stem of Leaf of Stem of
No. Compound . . . .
D. crepidatum D. crepidatum D. officinale D. officinale

1 Dendronobilin K 0.22 0.41 0.00 0.00
2 Dendronobilin N 0.13 0.19 0.00 0.00
3 Aduncin 0.00 0.04 0.11 13.97
4 Flakinin B 0.08 0.04 0.00 0.00
5 Dendronobiloside C/D 0.10 0.31 1.14 8.19
6 Dendroside D isomer 1 0.97 0.45 7.96 2.75
7 Dendroside D 9.47 7.03 55.63 45.65
8 Shihunidine 0.08 0.01 0.00 0.00
9 Mubironine B 0.04 0.04 0.13 1.16
10 Dendrobine 0.08 0.04 0.63 0.00
11 Inosine 0.07 0.00 0.59 0.00
12 Inosine isomer 1 0.04 0.00 0.33 0.00
13 Dendrocrepidine D 0.52 0.52 0.00 0.00
14 N-Methyl-dendrobine isomer 1 0.31 0.33 0.00 0.00
15 N-Methyl-dendrobine 1.07 1.96 0.00 0.00
16 N-Methyl-dendrobine isomer 2 0.99 1.50 0.00 0.00
17 2-Hydroxydendrobine 0.57 1.21 0.00 0.00
18 Dendroamine 0.06 0.02 0.58 0.00
19 Crepidamine 6.16 6.43 0.00 0.00
20 Dendrocrepidine C 9.34 9.82 0.00 0.00
21 Crepidatumines C 7.53 14.23 0.00 0.00
22 Homocrepidine B 4.14 3.91 0.00 0.00
23 Homocrepidine B isomer 1 6.42 5.38 0.00 0.00
24 Nobilonine 0.69 0.32 0.00 0.00
25 6-Hydroxynobiline 0.82 0.09 0.00 0.00
26 Dendrocrepidine E isomer 1 7.19 0.82 0.00 0.00
27 Dendrocrepidine E 10.64 13.52 0.00 0.00
28 N-Isopentenyl-dendrobinium 1.10 1.35 0.00 0.00
29 Dendrine 0.13 0.06 0.00 0.00
30 Crepidine isomer 1 0.55 0.21 0.00 0.00
31 Crepidine isomer 2 1.12 0.33 0.00 0.00
32 Crepidine isomer 3 1.43 0.09 0.00 0.00
33 Crepidine 9.05 8.94 0.00 0.00
34 Crepidine isomer 3 0.61 0.40 0.00 0.00
35 Crepidine isomer 5 2.39 1.49 0.00 0.00
36 Dendrocrepidine B 8.23 13.16 0.00 0.00
37 N-Isopentenyl-dendroxinium 0.21 0.06 0.00 0.00
38 Dendrocrepine isomer 1 0.11 0.07 0.00 0.00
39 Dendrocrepine isomer 2 0.45 0.28 0.00 0.00
40 Dendrocrepine 0.69 1.54 0.00 0.00
41 Ddendrocrepine isomer 3 0.08 0.16 0.00 0.00
42 Gigantol isomer 1 0.17 0.11 0.00 0.00
43 Gigantol 1.25 0.87 0.00 0.00
44 Crepidatin 0.46 0.57 0.00 0.00
45 Chrysotoxine 0.04 0.03 0.12 0.00
46 Dendrocandin K 0.06 0.12 0.00 0.00
47 Dihydropinosylvin methyl ether 0.07 0.17 0.00 0.00
48 Kaempferol 291 0.90 0.00 0.00
49 Quercetin 0.07 0.00 9.33 2.32
50 Apigenin-6-C-a-L-arabinoside-8-C-4-D-xyloside 0.00 0.00 0.93 0.63
51 Isoschaftoside 0.00 0.00 1.04 1.66
52 Isoschaftoside isomer 1 0.00 0.00 1.26 1.80
53 Schaftoside 0.00 0.00 1.13 1.81
54 Violanthin 0.01 0.01 0.03 0.00
55 Glucosylvitexin 0.78 0.22 0.21 8.03
56 Rutin 0.11 0.00 17.41 6.65
57 Denobilone B 0.07 0.00 0.65 0.00
58 Confusarin 0.14 0.23 0.80 5.37
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H4), 38 HE FE VTR H 2+ 208 C (H,,0,N, HEIZ AL &
Wy 2-%8 3 41 fifH i (2-hydroxydendrobine). 3 H m/z
261.097 1 4y 2- 8 3 A1 b 2 — 23+ H,0 7= AR [ 1
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190.079 1y m/z 219.084 3 %<2 NH (CH,) II#¥F Jv, X 4F
BRI E Y — BRIRE, & & TR A E0E
PERY, % 58 A B W) 2- 38 B A A (2-hydroxyden-
drobine), ZfFEEAL 1A 3.

i I 5 i B W] DUE B, AE O B I [R] 4 2.74 min B,
IS Ae B EE T 245 H BRS04 B 3R A9 m/z 288.196 2
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o F N C H,,NO,, HE I i A6 & W) 2 BCBE AT i} ke
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— 7 T HO G P E KR, miz 252175 0 N miz
270.184 4 4k 4Lk % — 4y 7 H,0 Ja r= A W, miz
228.137 6 A m/z 270.184 4 it 2: C,H,O Ja 7= AL B 1,
miz 184.112 3 N m/z 228.137 6 i 2 C,H, J& 7= & [ 1
Fr, IR 5 A B R H) R N R P BORTE BK, SR RlEJiE
N FES IO IR 2 5 W 886 Ok, 23 SCikoxs BB, 2558 1%
BV NECRAT i (crepidamine), ZE A& 2 U0 4.
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Figure 3 Fragmentation pathway of 2-hydroxydendrobine in positive ion mode
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Figure 5 Fragmentation pathway of aduncin in positive ion mode
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Figure 6 Scatter plot of PCA in different parts of two Dendrobium
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Kl4h & VIPAE M ek B PR IR 22 AR (VIP{H > 1,
P1E <0.05) (K 7), 193 14 Fh 2= AR (£3). BUA
fist ZE -2 1) 22 iR, H PCA TR /ARG R —5. BA
fift % « crepidatumines C ¥ A7 b D« BC 3 A7 fist B B
S5 0 Ve 2 T P BRAT iR 2RI 2 R 1 R sy . o
crepidatumines C 7£ 25 I 1 [ LE 51 53 53 9 14.23% Al
7.53%; B FRHIRE LA 43 501 13.52% F1110.64%
32 SFEAMEMHZEERKEDIH M S-plot
KI2E& VIPAE AN A 56 PAE 57k 22 AR ) (VIPE > 1,
PAH <0.05) (KI8), £33 3 Fh 22 HARH D (R 4). Bk
ik ZE I AR AE 34N 22 AR, 150 B 2L 1) 22 S B
N, HPCATRRGE T8, Xk 31 (1) 2 A (11
T ARGEAT FO ORI, M 3 5 T A T DIERR R
fsh iy o ) o L B v T2 A SR R R B
T A T DI E B 5 BN 2.32% 6.65% AT 45.65%;
L6 R A5 40 ) 9.33% 4 17.41% A1 55.63%. A1 fift
T D S8R A s s e ) — A

33 HEAMESHMAMZZRESKHIS N
MR S-plot B &5 & VIP {1 ¢ K 56 P AR 975 0k 2 7 A
) (VIP1H > 1, PAE < 0.05) (] 9), 15 5 16 Fh 2 S AC
W (3 5). ik B 1) 22 AU LE Bk B A iR 2R AT E
TR A Ak 25 e g 0 i A 3R AT B, R BN crepidatumines

Table 3 Different metabolites between stem and leaf of D. crepi-

datum
Compound P VIP
Crepidamine 0.003 155 1.173 56
Crepidine isomer 3 0.001 799 2.158 45
Crepidatumines C 0.032 592 1.774 13
Kaempferol 0.000 187 2.837 34
Crepidine 0.021 959 3.392 17
Dendrocrepidine C 0.000 007 3.297 02
Crepidine isomer 3 0.038 898 1.747 11
Dendrocrepidine D 0.018 880 1.037 13
Crepidine isomer 4 0.000 112 1.092 13
Crepidine isomer 1 0.000 000 1.180 16
Gigantol 0.002 447 1.517 39
Nobilonine 0.016 435 3.290 58
Dendrocrepidine E 0.001 015 3.31520
Glucosylvitexin 0.000 725 2.748 92

Table 4 Different metabolites between stem and leaf of D. offici-

nale
Compound P VIP
Quercetin 0.000 000 2.779 12
Rutin 0.000 000 3.781 34

Dendroside D 0.000 000 6.513 22
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Figure 7 A: OPLS-DA of Dendrobium crepidatum leaves and stems; B: Permutation test of OPLS-DA model; C: S-plot based on OPLS-

DA model
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Figure 8 A: OPLS-DA of D. officinale leaves and stems; B: Permutation test of OPLS-DA model; C: S-plot based on OPLS-DA model
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Figure 9 A: OPLS-DA of D. crepidatum and D. officinale stems; B: Permutation test of OPLS-DA model; C: S-plot based on OPLS-DA

model
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Table 5 Different metabolites of D. officinale and D. crepidatum

10.64%, IR A7 fisk me B L1k 9.05%, #i  Z A1 T 1E

stems BUHA it AR B A s b A7 e, Bk B A s o
—_sompound - S T A5 27 SO A, 3 o B A e K L
Crepidatumines C 0.000 007 4.597 49 . . . . -
Kaempferol 0.000 001 1.172 98 19 9.33%, 15 T LU A5 17.41%, fE BB A it — 4y
Crepidine 0.000 016 3.684 33 155 0.07% F10.11%.
Dendrocrepidine C 0.000 006 3.874 26
Dendrocrepine 0.000 005 1.530 33
N—Methyl-dendrobine isomer 1 0.000 005 1.509 95 Table 6 Different metabolites of D. Qﬁicinale and D. crepidatum
Dendrocrepine isomer 3 0.000 112 1.016 92 leaves
Dendrocrepidine B. 0.000 004 4.463 95 Compound P VIP
N—Methyl—df:n.drobme 0.000 003 1.727 57 Crepidamine 0.000 000 1.021 75
Dendrocreylflme D 0.000 006 2.090 09 Crepidine isomer 3 0.000 000 1.670 81
Homocrepidine B 0.000 002 2.457 86 Crepidatumines C 0.000 000 3.839 51
Crepidine isomer 5' 0.000 512 1.495 60 Kaempferol 0.000 000 2,389 89
Z-Hydroxydendroblne 0.000 050 1.362 89 Crepidine 0.000 000 4204 14
Gigantol 0.002 428 110112 Dendrocrepidine C 0.000 000 4276 13
Dendroside .D' 0.011 910 2.63175 Quercetin 0.000 000 1.774 34
Dendrocrepidine E 0.000 007 4.516 34 Rutin 0.000 000 3781 34
Dendrocrepine 0.000 000 1.163 09
N-Methyl-dendrobine isomer 1 0.000 000 1.394 59
% A= ~ 5
) (VIP{H > 1, P < 0.05) (& 10), 13 2] 22 0 2 574X Crepidine isomer 2 0.000 000 1.477 62
15”% (%é 6) . Xt ff/ﬂ%ﬁiéu El@ % 5 1“2 ﬁf%ﬁ%&E ﬁ_} IH- 1 6-Hydroxynobiline 0.000 000 1.269 23
Dendrocrepidine B 0.000 000 3.536 80
N ML, — . — N
B A etk ob g T R AT LR AR, &5 SR R, Bom A N-Methyl-dendrobine 0.000 000 1.446 07
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Figure 10 A: OPLS-DA of D. crepidatum and D. officinale leaves; B: Permutation test of OPLS-DA model; C: S-plot based on OPLS-DA

model
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