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Abstract: To investigate the chemical differences among different organs (stems, leaves, and fruits) of Acanthopanax senticosus, volatile
and non-volatile metabolites were comprehensively characterized for the first time by the combined application of UPLC-Q-TOF-MS and
GC-MS. Multivariate statistical analyses, including principal component analysis (PCA) and orthogonal partial least squares-discriminant
analysis (OPLS-DA), were conducted to identify and evaluate differential markers among the three organs. Using variable importance in
projection (VIP) > 1 and P < 0.05 as the screening criteria, 47 non-volatile differential metabolites were identified from 177 characterized
non-volatile compounds, including 13 flavonoids, 16 phenylpropanoids, 7 triterpenoids, 6 organic acids, 3 amino acids, and 2 other compounds.
In addition, 24 volatile differential compounds were screened from 87 identified volatile constituents, comprising 11 olefins, 6 alcohols, 3
ketones, 2 fatty acids, 1 sesquiterpene, and 1 aromatic hydrocarbon. The differential constituents exhibited distinct tissue-specific distribution
patterns, with flavonoids predominantly enriched in leaves, phenylpropanoids and lignans enriched in stems, and mono- and sesquiterpenes
mainly enriched in fruits. This study systematically elucidated the chemical differences among different organs of Acanthopanax senticosus,
providing a scientific basis for its resource development, quality evaluation, and comprehensive utilization.

Key words: Acanthopanax senticosus; Differential markers; gas chromatography-mass spectrometry; liquid chromatograph mass

spectrometer analysis

J TN (Acanthopanax senticosus (Rupr. et Maxim.) Harms) JNTUIEHEYS, T/ TRERILHX, HiE

ks EHA: 2026-6-12; f&EIEHEA: 2026-08-07; 1#% HHA: 2026-08-07

E&WH: BUTEESMAITR (2025ZX05A05); 2025 FENTEFEHVFEARAA XHNE-EEE; BLTHEARFESME (LH2024H061)
{E&E N B (2000-), %, WMLARE, HRAR: $25%¥, E-mail: 15514904357@163.com

BifEE: E€E (1981), 5B, L, MiRR, MxAE: $H%, E-mail: jinhaihuo@126.com


mailto:15514904357@163.com
mailto:，jinhaihuo@126.com

MR ERmEE Modern Food Science and Technology 2027, \Vol.43, No.8
YL X, R L 26 AN A FME R R B A g, o & =i Bt 3R R RS 2 Mis e R,
EAT R S SR AT 238 7. S Foin T 4 L B s A 25 R, o SRR RO R . R
TESR . BN T S e R s kB

R TIAR A AL AR AARZE 9, AEZERA RIS RMHE LU, KIITEFPRAZ i B A B it e
RN, ML R, 25, L SRS E AL EA T EA ., PRI, TR AR RO R A S T
FREUR R AA IS L. AR, RITUNA RO H A 22, Horh AR & S i A =ik e,
HRMAY, MZEPANGRIRA N ER, REAEAE % H A R R En . R, H Rl
Thnsths b EAL B R I FATHROEgs,  HE LY HOT AR R 78 70 1t -

TR, UPLC-Q-TOF-MS RIEA S i3, e RS S sl s e i, 5 2 N TR R I &)
HIPRE % 5E ;. GC-MS M Fl THE A M SR 70 B 5 70 M o PIRHEORIC S BRI BERS 78 70 K B AR FS, SRR
Ve A RSB AR IS, 454 PCA. OPLS-DA Zfb2fit- &2 tiirik, lit— ik 2 &
PIRUERIERR G, OB BRI S R AN AR 22 57 40 b7 1 2 B R TR B,

AT, KT R TFINA RO A S O — et 7, (HIERIR FEESE T HE . Stk SR
KARFRB BN, R AR AN, X LA 4T S WA [T 37 ) SRS B it SR AE o IR, (B XA
[FJ AL 2 R AR AR AT, X AL TR) 22 A 2 o0 SR AER R S SR G (15 b, R 3 3R T InAN R EB AL
Ji PP B ZE A TR R o

BT LRI ZE e BN R, KA UPLC-Q-TOF-MS &5 GC-MS BXHIH ARG &bt ik,
X AN S PIREAT LB, BRI RO R S AR R MR Y, fide B SR e i 22
FPREN, YR SO Z AT KA T7 18], DA Tuindt B SIS R0IR BT R S5 N iR 5% .

1 RSk

11 &5

ACQUITY ™ ik e iie 3, 251 Waters A+ : Triple TOF ™5600+% Jfiie {3 (it Bt 55 25 15 ESI A1k
SEALEHLES IR APCD), 3£ AB SCIEX AT]; Clarus 680-SQ 8T Uk ith- i itk ¢ X (El Y5, 25 PerkinElmer
A]; LGR20-W B SidtA VR 2Ol AL L B O LA PR A

I R (iga), EE Merck A WER ((ilhal), B IH/REHEAR]; ik (60~90 C, /3T
a), VEpRRlEERA AR A

12 HHMRESLEE

I FUIAEAR T 2025 4 9 HR H B ITA 7 IR0, BENLRAE 10 BRIERRFE S, 408 S It 01 4 e il
T Acanthopanax senticosus (Rupr. et Maxim.) Harms, SKERIFE A NZE. . B, ZFA+. B, i 40
H )5 2 FH o A8 B 75 PSR — A B 00 TS R AL A 2 2 5, RIS — e PR IR S i ] (2025 4F:
9 H) KEFES, LUBA KB B ZE S AR LA 4l BIsom, T8-3B a1 1 T bk

13 RIF=E
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Table 1 Gradient elution program for the analysis of chemical constituents in Acanthopanax senticosus

Time/min 0.1 Formic acid in water/%(V/V)  0.1% Formic acid in acetonitrile/%(V/V)
0 95 5
10 65 35
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20 0 100
201 95 5
25 95 5
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Fig.1 Total ion chromatograms (TICs) of different parts of Acanthopanax senticosus
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Table 2 Identification of differential chemical constituents of Acanthopanax senticosus in positive and negative ion modes

No. tz/min lon Mode Measure m/z Theoretical m/z Error 1.0x10¢  Formula MS/MS lons Compound Compound Class Organ  References
503.162 6[M-H]", 341.109 6[M-H-CsH100s]
1 086 [M-H]' 503.1623  503.1618 1.1 CisHx016 323.099 7[M-H-CsH1005-H20]", 249.061 3 [M-H-CsH1005-H.0-C3HsO2] D-(+)-4=4%& (D-(+)-Melezitose) e .00 % 17
221.066 9 [M-H-CeHi00s-H20-CsHs02-COJ~,  179.056 8 [M-H-CoH1005-H20-C3Hs02-CO-C2H0]
341.110 2[M-H]", 179.057 1[M-H-CsH100s]",
2 0.89 [M-H] 3411092  341.1089 0.8 CizH20n F#E (Sucrose) e 2. % [18]
161.045 6[M-H-CsH1005-Hz0]", 119.036 3[M-H-CH1005-H:0-C2H:0]"
175.117 5[M+H]*, 158.029 O[M+H-NHs]*, 30.097 2[M+H-NH;-CO]",
3 0.92 [M+H]" 1751175 1751190 8.1 CeH14N4O2 HEE (Arginine) HUKER %+t R 19
116.070 6[M+H-NH;-CH2N:]*, 112.086 5[M+H-NH;-CO-H:0]*
133.013 8[M-H]-, 115.005 0[M-H-H:0],
4 099 [M-H]  133.0154  133.0143 8.4 CaHeOs FRH (Malic acid) HALER 2. % [20]
87.012 4[M-H-CO]-
5 31  [M-H]  447.1147  447.1149 0.3 C2iH200m 447.095 O[M-H]~, 285.040 7[M-H-CgHy,05] ABFEIF (Cynaroside) S ER .9, £ [20]
166.086 3[M+H]*, 120.080 9[M+H-HCOOH]*,
6 379 [M+H]' 166.0863  166.086 3 -0.1 CoHiNO2 KA &H (Phenylalaning) * HIKER 2.+ R [21]
103.054 9[M+H-HCOOH-NH;]*
579.138 1[M-H]", 339.051 9[M-H-C1iH1206] Wy A 3-0-F A7 A
7 399 [M-H] 579.1382  579.1345 6.4 CaH2s015 R kS [20]
284.032 4[M-H-C11H190s]~ (Leucoside)
353.088 1[M-H]~, 191.055 4[M-H-CsHsOs]
8 412 [M-H]  353.0881  353.0867 3.9 Ci6H150o 4%k R 8 (Cryptochlorogenic acid) RAFE . &[22
161.023 8[M-H-C7H1:06]
191.056 1[M-H]~, 173.046 1[M-H-H,0]", 155.035 1[M-H-2H:0],
9 087 [M-H]' 191.0570  191.0561 4.4 C7H 1206 137.024 5[M-H-3H:0]", 127.040 9[M-H-2H.0-CO], A7 (Quinic acid) H ML .09 2 [21)
109.030 6[M-H-3H.0-CO]-
353.089 6[M-H]~, 191.056 7[M-H-CsHsOs]", 179.035 5[M-H-C7H160s]
10 419 [M-H]' 353.0879  353.0881 -0.6 CieHis00 %R (Chlorogenic acid) * RAE £.¢F0 R [21]
135.045 9[M-H-C7H1605-CO2]~
179.032 7[M-H]", 135.045 2[M-H-CO:]", 134.036 7[M-2H-CO:]",
11 462 [M-H]  179.0360  179.0361 -0.5 CoHsO04 kL (Caffeic acid) * ESGE S .9 & [21]
117.036 7[M-H-CO.-H.0]-
417.139 3[M+HCOO]~, 209.081 9[M-H-C¢H140s]"» 194.057 5 [M-H-CgHy00s]> 179.034 6
12 533 [M+HCOO] 417.1422  417.1420 -0.6 Ci7H2400 ) & B (Syringin) * RAFE E S S i
[M-H-C4H;005-CHs]"> 176.048 3 [M-H-CsH1005-H,0]"» 151.039 2[M-H-CgHy,05-CH,-CO]
13 537 [M-H 3350772  335.0772 0 CieHi60s 335.079 3[M-H]", 179.035 4[M-H-C;HsO4]", 161.025 0[M-H-C;Hs0.-H:0] 5-O-omeif BLIR 3 8L RAE . R [2]
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135.046 1[M-H-C-Hs0:-CO:]"
205.097 1[M+H]", 188.069 6[M+H-NH.]*, 170.059 2[M+H-NH:-OH]",
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130.064 8[M-C:H.NO]*, 118.064 7[M-C:H.NO.]*
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134.038 1[M-H-C-H1oOs-C:H:0:]"
163.038 3[M+H]", 145.028 2[M+H-H.0]*, 135.044 0[M+H-CO]",
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283.025 5[M-H-CeHsO-H:0], 255.029 2[M-H-CeHsOe-H:0-CO]
178.996 7 [M-H-CeHsOe-CoHz05] , 151.003 8[M-H-CeHOe-CrH204]"
423.092 3[M+H]*, 243.046 8[M+H-CsH:O4]",

163.038 8[M+H-CsHs04+-CH404]", 145.029 4[M+H-CoHsO04-CH404-H20]*
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287.055 0
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Table 3 Volatile constituents and their average relative percentages in different parts of Acanthopanax senticosus

Mean Rel. Abund /wt.% Compound

No. tR/min  Formula Compound

Fruit Stem Leaf Class
1 1054  CiHis Ak (B-Myrcene) 6.7840.39 — — Mtz
2 1146 CioHis RS (a-Phellandrene) 16.6741.03 — 0.0740.01 Mz
3 1273 CioHus AR-F# A HK (0-Cymene) 274408 — — FEHR
4 1318  CioHis (+)-#7445 (D-Limonene) 10.340.33 — — Py
5 38.22 CisHaa o-HiA M (5-Elemene) 530.19 — 0.3340.02 peipe
6 4313  CisHau p-% A4 (Caryophyllene) 1.7740.01 0.3740.1 0.5440.03 Py
7 4637  CisHa (E)-p-2&%M (cis-p-Famesene) 3.2240.08 — — Iy
8 4717  CisHa Germacrene D 7.0340.28 — 1.6340.1 Mz
9 48.6 CisHaa oA (o-Bergamotene) 6.5940.93 0.8740.37 1.7840.15 Py
10 49.45 CisHaa a-i%RM (o-Farnesene) 4.1140.14 — 1.8740.1 e
1 50.13 CisHaa Sesquisabinene 1.8440.53 — 1.1140.07 Mz
12 5274  CisH20 Az B2 (Espatuleno) 0.2740.01 8.5840.05 5.3340.26 GRS
13 5341  CisH20 Salvial-4(14)-en-1-one — 1.2340.04 2.0240.34 LEES
14 5594  CisHaO  FAzidliBF (Isospathulenol) 1.8940.04 1.740.05 5.8340.22 GRS
15 57.16  CisHxO. & 25 B3 ft4% B (Bisabolol oxide B) — 7.7540.08 — RS
16 59.48  CisHaO o-41i% 2585 (Bisabolol oxide B) 14.7740.63 26.54+40.3 35.940.71 S

6-Isopropenyl-4, 8a-dimethyl-1, 2, 3,
17 60.6 CisH2:0 5, 6, 7, 8, 8a-octahydro-2-naphthalenol — 1.7840.62 3.0640.34 B R
(IDON)

18 6315  CisHis AL (AzuloD — — 1.9530.11 -k
19 6756  CisHsO #4AF (Hexahydrofarnesyl acetone) — — 2.340.09 LEES
20 70.77  CuH0 % /RAAE (Farnesyl acetone) — — 1.6940.05 LEES
21 7267 CieHn0:. 474882 (n-Hexadecanoic acid) 0.2540.05 26.7541.62 9.9640.78 Rg Wy B2
22 7406  CaoHaoO Hi48% (Phytol) — — 2.39+40.43 S
23 7442  CisHs0: T hEz (Linoleic) 0.2240.07 14.1740.64 5.640.78 Rig Py B2
24 75.76 CsoHso A% M (Squalene) — — 1.89H.11 e

2.3 AR R KA B AR A RAT

231 HEAEILESY
HEERSRAL AR TN R 32 B A 2 MR TN 22 5 5oy HR HEHE 45 5 Y 13 NSl &4, Hoh
e R R S A R . B ESR A A IS B AR S e R, e AR R AR e B B 9B . R
U AR B B SR, BT B AR (146 w. HATHE (162 u) FIZEERE (308 W), AL RAH N
[ e A B IM-H-146] « [M-H-162] F1[M-H-308] FIAFHIERE v 251, BlEBavR Jo Bl H 70 % K 2 RDA
fifg, 774 miz 151, 135, 133 SEFHEE . RN, RN (W HO. CHs CO. CO %) MR, LA
EW 19 (R=6.72 min) M|, EMAEFEFHED T 57169 miz 463.090 1, HENH 70 CuHaOry 2K
EHIERERAE (<162 w 193] m/z 301.035 2 HFIEEMAE TCE T [M-H-CeHi00s], %5 i S E AR A H
H, AR R T miz 300.027 6 [M-2H-CgH100s] s C3 AR A BRSO, K FLfr 4685 (<29 w), AR miz oy 271.024 5
[ M-2H-CsH1oOs-CO-H] I 7 B8+, % FRErf k% —4F CO (28 u), A miz y 243.029 6
[ M-2H-CeH1005s-CO-H-COJ It g 7, N afit—B 4 (<16 w JERUEAN T IR miz 255.029 3
[ M-2H-CsH1005-CO-H-01 » X bt 2325 SCHR I RARREE i 285 6 ST (R Bt PEHE DN S 52 o A e Wbt o s Pl S A
FUEE L 2,
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Fig.2 MS/MS spectrum of hyperoside in negative ion mode (a) and its proposed fragmentation pathway (b)
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Table 4 Parameters of OPLS-DA models for different parts of Acanthopanax senticosus

2027, Vol.43, No.8

OPLS-DA R3 (cum) R (cum) Q% (cum) R? Q?
R VSt 0.622 0.956 0.933 0.483 -0.477
LC-MS RVSZ 0.712 0.993 0.972 0.605 -0.593
% VSt 0.789 0.993 0.971 0.698 -0.642
R VSet 0.978 0.990 0.962 0.420 -1.310
GC-MS R VS #E 0.989 0.995 0.977 0.534 -0.603
# VSt 0.990 1.000 0.996 0.782 -0.141
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Fig.9 Comparative analysis of differential compounds in different plant parts
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