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Analysis on chemical constituents of branch bark of different Eucommia ulmoides
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Abstract: To explore the chemical composition and content characteristics of the branch bark of different Eucommia clones
under the short-period foliar forest model and provide a basis for the quality control and rational utilization of the branch bark
of E. ulmoides for foliar forests. The main active components and volatile components of the branches bark of 8 E. ulmoides
clones were determined by high-performance liquid chromatography, headspace solid-phase microextraction,and gas chroma-
tography-mass spectrometry,and their fingerprints were studied by Fourier transform infrared spectrometer. The results showed
that the iridoids such as aucubin, geniposidic acid, and genocide were higher in E. ulmoides branch bark,and the content of
each active component was significantly different among the eight clones. Seventy volatile substances in 7 categories of esters,
alcohols , aldehydes , terpenes , ketones , lactones ,and alkenes were isolated and identified from the branch bark of 8 E. ulmoides
clones. Among them, alcohols, aldehydes , and esters were the main volatile constituents of E. ulmoides branch bark. The rela-
tive contents of terpenoid isophotal in clones EU2, EUS5, and EU8 were the highest, accounting for 7. 24% ,9. 40% , and
6.35% ,respectively. Principal component analysis showed that the main active components contributing to the clones EU1,
EU4 ,and EUS on PC1 were iridoids. Eight clones of E. ulmoides were divided into three groups,of which group I included
clones EU1,EU4,EUS, group Il included EU3,EU4, and group III had EU2,EU6,and EUS. PLS-DA screened Twenty-two
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differentially volatile components. Substance components are mainly ester volatile components. EUL, EU4, and EUS clones

have infrared solid absorption peaks at 1 053 ¢m™. This study provides a reference for the future development and utilization

of E. ulmoides leaf forests.
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HPLC chromatograms of mixed standard solution (A) and sample solution (B)

TE: L BRI 2. s IR 3. SRIETIR 4. LIRS, mUeFAT:6. AMIRRE AIAIME T ;7. H B3, Note: 1. Aucubin;2. Geniposidic

acid ;3. Chlorogenic acid ;4. Catechin;5. Geniposide ;6. Pinoresinol diglucoside ;7. Astragaline.
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Table 1 ~ Content of active components in the branch bark of different E. ulmoides clones( ug/g)
TR A i

Tt R Content of active components( pug/g)
Clone number — gentsiiiss 5P M SRR [ 3 ST MR AT SR

Aucubin Geniposidic acid ~ Chlorogenic acid Catechin Geniposide  Pinoresinol diglucoside  Astragaline
EUI 32837 £231.8" 14 366 £100.8° 1 911 £30.5% 63 +0.4° 10 394 £90.8° 1182 £8.7° 152 £2.6¢
EU2 18 784 £325.3" 15204 +30.2" 2617 £36.9° 65+0.1¢ 5735+15.11 584 +3.9f 265 +1.8f
EU3 16 133 1435 6903 £69.5" 2580 +30.2¢ 61+0.6 1713 +£89.08 547 +11.2¢ 1002 +6.6°
EU4 32561 £827.8° 12592 +169.5% 1801 £63.1" 56 0. 78 12 538 £391.6° 1662 +47.7° 447 +7.3¢
EU5 39 366 +£528.4* 15 656 =182.0* 3 306 £99.8" 67 £1.1° 10 918 +153.7" 899 £19.2¢ 278 £5.0°
EU6 22 629 +£320.2° 9337 £38.4'  2432+19.7" 90 +0. 1° 4731 +147.3° 482 +2.9" 585 +3.1¢
EU7 27 121 £150.6% 10 722 +13.5° 3 595 +32.4* 74 +0.4° 2992 +86.8"  1365+1.8" 637 +4.6"
EUS 9028 +0.3" 7410 £49.1¢ 2440 £48.1° 53 £0.4" 995 £9.3" 614 £2.3° 585 £6.4°
ﬁﬁigﬁt 24 807 +9 401.9 11 524 +3 231.5 2 585 +576.0 66 +10.9 6252 +4 181.6 917 +411.6 494 +253.3

TE R =51 h PR R R To P R W) 8 B35 25 5%, PR R FoR A B 122 5% (P <0.05) .

Note : The same letters in the same column in the table indicate no significant difference between clones, and different letters indicate significant difference

(P<0.05).
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Fig.2 Total ion chromatogram of volatile components in branch bark of different E. ulmoides clones
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Table 2 Relative content of volatile gases in branch bark of different E. ulmoides clones

P e 2R VR Y $XT At Relative content(% )
Serial Rl 2RI Volatile
number Reference RI component EUlI EU2 EU3 EU4 EUS EU6 EU7 EUS
i Alcohols
1 1097. 48 1.099.47 3-Ffl -1 -} 3-Methyl-1-pentanol 2,79 1.72 1.25 1.93 1.84 3.63 2.53 2.59
2 1 130. 06 1119.07 2-Z R FE 2 2-(Ethylthio) Ethanol — 2.57 5.46 1.25 6.28 1.19 1.36 1.88 1.68
3 1131.67 1121.68 FRCUEE Cyclohexanol 0.82 0.03 0.46 0.20 0.29 0.97 0.35 0.15
4 1171.30 1171.74 A 2-C M EE trans-2-Hexenol 0.81 0.30 0.48 0.57 0.93 1.07 0.63 0.41
5 1253.67 1 246.73 1-B# 1-Heptanol 1.82 0.81 1.20 1.60 1.52 2.01 1.64 1.41
6 1351.88 1341.08 1E2 [ n-Octanol 1.24 1.69 1.80 1.68 1.27 0.95 1.04 0.8l
7 1425.32 1 416. 67 1,6-C% — 1,6-Hexanediol 1.77 0.26 1.12 2.24 1.18 2.49 1.99 2.57
8 1 525.06 1529.79 24 Decanol 0.97 0.23 0.60 0.38 0.63 0.93 0.90 0.39
9 1 630. 35 1624. 14 1--—J 1-Undecanol 1.88 2.61 1.13 1.13 1.49 1.85 1.31 1.24
10 1 792. 36 1 794. 08 1,10-%% — ¥ 1,10-Decanediol 0.53 1.64 0.75 0.94 0.8 0.97 0.61 1.17
11 1 906. 73 1907.19 |+ U Tetradecanol 0.11 0.14 0.24 0.15 0.17 0.15 0.16 0.10
12 1961.79 1 966.23 | =il Tridecanethiol 0.49 0.53 0.71 0.63 0.8 0.72 1.06 0.84
13 1 995. 88 2 001. 54 ++H i Pentadecanol 2,36 1.50 2.67 2.26 3.65 2.62 3.18 3.92
14 2 079.75 2 095. 89 J75H2 Hexadecanol 0.19 0.51 9.51 0.49 1.08 1.66 0.45 1.86
15 2 665. 26 2 661.99 11875 Behenyl alcohol 5.93 2,02 2.12 0.59 0.60 0.39 0.15 0.59
16 2 844. 01 2 855. 12 sf;ftssi:fgﬁi 0.33 0.38 0.74 0.31 0.34 0.18 0.12 0.33
% Aldehydes
1 1.098.52 1 096. 60 JIFi-3-CL 4751 cis-3-Hexenal 1.89 1.11 0.87 1.37 1.58 2.45 1.78 1.46
2 1111.51 1110.23 Hep’fﬁiiiﬁ??ﬁeml 1.83 513 1.33 599 1.02 1.17 1.83 1.50
3 1183.64 1172.19 B Heptylaldehyde 1.10 0.54 0.46 0.63 0.67 0.94 0.83 0.71
4 1274.13 1275.59 2-2E A i 2-Phenylpropionaldehyde 0.17 0.02 0.09 0.06 0.08 0.22 0.22 0.09
5 1487.52 1 489.23 X 2-2% trans-2-Decenal 4.56 3.68 2.46 3.74 1.87 3.12 3.09 1.69
6 1553.53 1549. 59 |- Undecanal 1.90 1.34 1.10 1.60 1.16 1.80 1.10 0.84
7 1652.31 1 643.94 FKERS Lauraldehyde 1.30 0.89 1.88 1.47 1.34 1.39 1.47 0.9
8 1 682.78 1683.79 szﬁiiiiﬁﬁm 1.73 1.04 1.47 1.72 1.53 1.52 1.60 1.46
9 1 736. 61 1 738.29 | = Tridecanal 2.07 1.60 2.04 1.72 2.51 2.36 2.47 1.92
10 1855.33 1 832. 64 P 25 Myristic aldehyde 1.86 2.27 2.55 2.34 1.90 2.33 3.11 1.46
11 1 891. 89 1877.43 O CIE% Hexanal dihexyl acetal  4.40 2.82 2.26 3.86 5.96 3.72 0.70 3.68
12 1 895.21 1913.31 Isovaliﬁfyiﬁiﬁfmm 4.01 4.31 4.78 3.94 3.40 4.04 4.68 3.43
il Terpenoids
1 1339.43 1341.32 JU & 3 A B2 Tetrahydrolavandulol 0.04 0.06 0.32 0.08 0.19 0.10 0.72 0.23
2 1423.08 1 423.96 PY S A Tetrahydrogeraniol 3.24 2,37 1.22 2.21 1.66 3.09 2.22 251
3 1 486.25 1502. 98 FEFERE Nerol 1.14 1.37 1.55 1.75 1.48 1.60 1.14 1.52
4 1 496. 70 1 499. 64 ZHET5HERE Ethyllinalool 0.92 0.95 0.8 0.74 0.99 1.03 0.93 0.78
5 1 561. 68 1 560. 76 HERR Humulene 0.63 0.14 0.25 0.56 0.37 0.33 0.31 0.39
6 1 964.75 1.948. 10 St JLZFEE Tsocaucalol 2.15 3.63 4.41 3.11 3.58 2.29 3.41 2.87

7 2195.88  2203.24 SHEE Tsophytol 0.62 7.24 3.63 0.64 9.40 4.58 4.70 6.35
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2:5% 2 ( Continued Tab. 2)

ac) 1R ER SR SR Ry X2 i Relative content( % )
Serial RI FRYE R Volatile
number Reference RI component EUl EU2 EU3 EU4 EU5S EU6 EU7 EU8

il Ketones
2-( AR BL ) BR SR

1 1135.81 1139.30 . 1.22 6.05 0.01 6.06 0.01 0.01 0.01 0.96
2-( Dimethoxymethyl) cyclopentanone
2 1 545. 64 1 544. 17 -+ —fi] Cyclododecanone 0.34 1.09 0.25 0.17 0.63 1.29 0.24 0.41
o oo o T
3 1 647.02 1 646. 60 PH -6 -2 -1t -2 3.31 1.91 2.18 3.23 2.63 4.79 4.80 4.04
Tetrahydro-6-octyl-2h-pyran-2-one
4 1 883.99 1882.15 S-S5 M5 5-Cyclohexadecenone 0.92 0.35 0.39 0.60 0.41 1.29 0.87 1.16
5 2 007. 36 1 990. 45 2-+75H 2-Hexadecanone 0.38 0.26 0.93 0.32 0.97 0.66 0.99 0.88
11 Alkenes
1 1 656. 64 1659.31 1-+VUkRH 1-Tetradecene 0.45 0.46 0.52 0.56 0.40 0.64 0.49 0.31
2 1.844. 15 1 848.02 +75H5 Hexadecene 0.08 0.50 0.84 0.74 0.67 0.43 0.37 0.27
3 2 895. 18 2 889.72 (Z)9-B#4#s (Z)-9-Heptacosene 4.08 5.57 8.93 4.70 3.36 1.73 0.41 2.60
NP Lactones
1 1628.10 1 620. 24 AHBEP TS Xylonolactone 0.55 0.52 0.52 0.52 0.46 0.73 0.30 0.43
2 1 736. 69 1 736. 61 B+ F AR Cyclopentadecanolide .26 1.28 2.04 1.97 2.51 2.78 2.19 0.56
3 2 259.31 2 271.80 IR AR R Sinulariolide 1.88 2.06 2.07 2.76 2.99 2.50 3.78 5.22
fig Esters
1 1 207. 59 1203.18 F AR W47 156 Menthyl formate 0.04 0.58 0.02 0.54 0.04 0.04 0.02 1.15
= o 2yl
2 1322.33 1315.81 WEE\DTEF'PEHE[ 1.13 1.97 0.49 1.19 1.20 1.14 1.42 1.03
Tetrahydrogeranyl formate
3 1 384.57 1 377. 60 AR 17 ig Menthyl propionate 0.55 0.41 0.02 0.39 0.08 0.17 0.60 0.24
4 1391.11 1 396. 59 TRAL T HE Geranyl bromide 0.20 0.21 0.09 0.15 0.10 0.26 0.18 0.11
7N 2 A il
5 1513.01 1 505.78 (2SR SIS .76 1.92 2.11 1.33 1.23 2.12 2.21 1.95
Methyl (2-troponyloxy) acetate
6 1 524. 42 1 530.17 ABR A 51 Citronellyl propionate 0.09 0.08 0.07 0.04 0.06 0.12 0.16 0.11
7 1 568. 66 1579.91 kR — T HE Dibutyl maleate 0.22 0.07 0.19 0.36 0.17 0.21 0.19 0.12
8 1573.32 1 565.08 LEENRRC g Hexyl levulinate 0.46 0.34 0.40 0.38 0.51 0.48 0.36 0.27
9 1629.61 1624.53 TREFFNE Citronellyl butyrate 0.90 1.01 0.48 0.80 0.44 1.06 0.92 0.66
10 1 694. 95 1 690. 46 TR 250 Decyl butyrate 1.05 0.66 1.61 1.31 2.07 2.21 1.56 1.86
11 1718.83 1718. 88 TR 7 Mg Citronellyl valerate 0.16 0.09 0.11 0.11 0.15 0.11 0.15 0.10
A o Wil
12 1751.05 1754.07 3R R LA 0.20 0.50 0.24 0.28 0.62 0.20 0.34 0.50
Menthyl 3-oxohexanoate
13 1.807.57 1.801.16 +7S N Hexadecalactone 0.36 0.57 0.83 0.50 0.39 0.61 0.24 0.51
14 1 839. 37 1 826.34 H 2 5 T g Tsobutyl laurate 5.13 0.17 0.11 0.16 0.15 0.08 4.94 0.12
i =4 R ATEE
15 1 840. 62 1835.19 Jll{\ﬁﬁj.zﬁ@n@ﬂﬁa 0.02 2.35 0.02 0.71 0.05 2.58 2.11 4.53
cis-Nerolidyl acetate
16 1858.61 1879.16 THR+ M Dodecyl butyrate .76 1.15 2.63 1.53 1.97 2.92 3.53 2.21
R BN =2 = 113
17 1989.91 1989.91 10— i 0.28 0.43 0.18 0.31 0.44 0.52 0.57 1.00
hexyl 10-Undecenoate
(Z) 6 /\J#TR T i
18 2 188.53 2 178.33 (£)6-Octadecenoic acid methyl ester 0.10 0.56 0.28 0.35 0.65 0.15 0.42 0.50
(Z,72)9,12-+ )\ Bk )R s
19 2 200. 48 2 198.24 (7.7)9.12-Octadecadiencic acid methyl estero' 08 0.10 0.40 0.12 0.50 0.09 0.16 0.18
_ 7 =3
20 2 207. 69 2 199.54 17 Eﬁ%{—./\@&.ﬁﬁ P 2.26 3.36 5.55 2.89 11.73 4.60 6.62 4.51
17-Methyloctadecanoic acid methyl ester
21 2 263. 10 2 276.70 LR iMEE Oleyl acetate 0.83 1.65 2.34 1.13 1.40 2.24 2.79 4.67
22 2 333.59 2 331.04 BRRAR B i Methyl ricinoleate 0.41 0.81 0.25 0.29 0.36 0.25 0.29 0.41
23 2 552.42 2 566. 15 A7 — 2 —3¢Tig Dioctyl phthalate 0.32 0.50 0.44 0.33 1.81 0.8 1.26 1.58
24 2 593.57 2 581.05 TEMEER 527 Tsooctyl palmitate 7.06 0.12 2.89 4.31 0.19 0.08 0.23 0.92

T R T RUERAR A 25 R B3 1 G e TR o € PO B TR R 7T 0 L o

Note ; The values in the table refer to the percentage of the chromatographic peak area of various volatile substances in the total chromatographic peak area.
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Table 3  Relative mass fraction of various types of volatile components in the branch bark of different E. ulmoides clones

e FEXT 1 434X Relative mass fraction( % )

Compound type EUL EU2 EU3 EU4 EUS EU6 EU7 EUS
% Alcohols 24. 60 19. 82 26.03 21.38 17.96 21.94 17.99 20. 07
B Aldehydes 26.82 24.75 21.27 28.43 23.03 25.06 22.87 19.20
2 Terpenoids 8.73 15.75 12.24 9.09 17. 67 13. 04 13.42 14.65
B2 Ketones 6.16 9.67 3.77 10.36 4.65 8.04 6.91 7.44
4% Alkenes 4.6l 6.53 10.29 5.99 4.42 2.8l 1.27 3.18
M8 Lactones 3.69 3.86 4.63 5.25 5.96 6.00 6.26 6.21
2% Esters 25.38 19. 62 21.78 19.50 26.31 23. 11 31.28 29.25
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Fig. 3 Clustering analysis of different E. ulmoides clones
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Fig. 4  Principal component analysis of different E. ulmoides clones
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Fig. 5 PLS-DA analysis of different E. ulmoides clones
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Table 4  Differential volatile components screened from branch bark of different E. ulmoides clones

V) 44 i Tk 225 Fold change

Volatile name VIP Los 11 Los 11 11 s 11
AL HE Geranyl bromide 1. 64 1.85 0. 83 0.45
O — O L6 Hexanal dihexyl acetal 1. 60 1.89 2.20 1. 16
5% Humulene 1.56 1.99 2.41 1.21
TERFE WS Citronellyl butyrate 1.54 1.51 0.84 0.56
-+ i Cyclododecanone 1.48 1.35 0.48 0.35
LIRS Oleyl acetate 1. 46 0.38 0.58 1.55
PO F - FH RS Tetrahydrogeranyl formate 1.43 1.85 0. 89 0.48
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%3¢ 4( Continued Tab.4)
VR AR AR GO ZFHFHL Fold change
Volatile name vIp Tos 11 T os 11 11 vs 11
T2 g Citronellyl valerate 1.33 1.54 1.42 0.93
Tk FR — T Dibutyl maleate 1.32 1. 87 1.90 1.02
H3k £ -5 -4 -38-l% Stigmast-5-ene-38-ol 1.31 0.71 1. 61 2.28
+75E Hexadecanol 1.29 0.11 0.74 6.67
N A AL FFBEBRTS cis-Nerolidyl acetate 1.28 0.14 0.12 0.90
FEHE 2 52 Tig Tsooctyl palmitate 1.28 2.45 34.19 13. 94
ZBENERC g Hexyl levulinate 1.26 1.55 1.34 0. 86
— s [ i
“—% Undecanal 1.15 1.90 1.29 0. 68
1-+—fi% 1-Undecanol 1. 14 1.51 0.90 0.59
Jii-3- L I cis-3-Hexenal 1.13 1. 67 1. 08 0. 65
S 2-C AR trans-2-Hexenol 1.08 2.03 1.37 0. 67
-5 1-Heptanol 1.08 1.50 1.33 0. 88
2 -2-2%W% trans-2-Decenal 1.05 1.95 1.22 0.62
PIRERTAE Menthyl propionate 1.03 3.33 1.06 0.32
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Fig. 6 Fourier transform infrared spectra of branch bark of different E. ulmoides clones
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