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Abstract : Zanthoxylum bungeanum seeds are the main byproduct of Z. bungeanum. At present,the researches of Z. bugeanum
seeds mainly focus on lipid,and less researches on other chemical components. The chemical composition and nutrient compo-
sition of Z. bugeanum seeds from Jinyang, Hanyuan and Wudu were analyzed using chemical method and chromatographic
technique to fully exploit nature resources. Results indicated that 92 volatile compounds and 28 non-volatile compounds were
identified in three samples. The volatile components were mainly alcohols, carbonyls, esters, terpenes, of which only seven
compounds were same components, and the non-volatile components were mainly phenols, alkaloids, fatty acids, coumarins,
lignans , of which 18 compounds were same components. Meanwhile , the nutritional composition,including protein, oil and sug-
ar,were analyzed in this paper. Through the systematic research of this paper,the material basis and research ideas were pro-
vided to further develop the edible and commercial value of Z. bugeanum seeds.
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Table 1  Content of nutritional ingredient in Z. bugeanum seeds
EFRA & Content( % )
Nutrient content 4:FH Jinyang H AP Wudu i Hanyuan
H LW Total polysaccharides 2.45 4.20 4.30
SR Total grease 27.44 22.04 33.31

R2 WESREBHRSSE

Table 2 Content of amino acid in Z. bugeanum seeds

& & Content(mg/g)

Amino acid

4:FH Jinyang A Wudu YR Hanyuan

KA R Aspartic acid 11.97 12.62 8.65
J3& 8 Threonine * 5.83 4.27 3.16
22 R Serine 6.12 5.04 3.76
AR Glutamic acid 29.41 22.45 17.93
H& [ Glycine 6.47 6.13 4.25
2 Alanine 5.37 4.72 3.57
Bt Cystine 2.8 2.85 1.97
B Valine * 6.4 5.85 4.09
H AR Methionine * 1.37 1.4 1.11

F A W2 Isoleucine * 4.68 4.29 3.07

LR Leucine 9.16 8.11 5.78

Ji% 5 iR Tyrosine 5.15 4.54 3.19
KN R Phenylalanine * 4.89 4.64 3.53

HE IR Lysine * 5.46 5.16 4.14
Y1%R Histidine 3.58 2.91 2.29
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2:5% 2 ( Continued Tab. 2)

i Content(mg/g)

Amino acid

4:FH Jinyang AR Wudu YR Hanyuan
KA Arginine 14.3 14.57 8.14
&2 Proline 8.38 6.74 5.15
SVEBERR Total amino acid 131.3 116.3 83.8
WINFFE IR Essential amino-acid 37.79 33.72 24.88
AR TFE IR Non-essential amino acid 93.55 82.57 58.88

W LA, R,

Note; * Essential amino acid, the same below.
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Table 3 Comparison of the proportions of essential amino acids to total amino acids in Z. bugeanum

seeds with WHO/FAO recommended amino acid pattern spectra

L] Proportion( % )

Wi R IR ; THO i3
Essential amino-acid | mﬁliv Eflg ;‘jﬁ Hzﬁj)in ;i?ﬁi%f ﬁl{i

Y ) by FAO/WHO
SRR Tsoleucine 3.56 3.69 3.67 4.00
ZLE R Leucine 6.97 6.97 6.90 7.00
WL Lysine 4.16 4.44 4.94 5.50
M2 + # & B2 Cystine + Methionine 3.17 3.65 3.68 3.50
KN R + %% R Phenylalanine + Tyrosine 7.64 7.89 8.02 6.00
JRE IR Threonine 4.44 3.67 3.77 4.00
AR Valine 4.87 5.03 4.88 5.00

x4 TEMBLERERILGSEEREORNELRR

Table 4  Comparison of the proportion of essential amino acids in Z. bugeanum seeds and the ideal protein standard

H A5 Proportion( % )

eIty
Indicator 4 raw DL PRARER (M bR
Jinyang Wudu Hanyuan Ideal protein standard
INVEEILG/ B E Hg
Jéﬁﬁ%‘%&/u %%& . . 28.77 29.00 29.70 40.00
Essential amino acid/Total amino acid
WA S LR M/ R A SR iR
AL R R B/ AR R 40.40 40.84 42.26 60.00

Essential amino acid/Non-essential amino acid
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Fig. 1  Total ion chromatogram of volatile oil in Z. bugeanum seeds from different areas by GC-MS
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Table 5 GC-MS results of volatile oil in Z. bugeanum seeds

TRAH P
i = &1 Content( % ) N

% Reemion  HFst et " - pen

No. time Formula . ,h Compound M iR DU Class

(min) weight Jinyang Wudu Hanyuan

1 3.158 C,H,,0 116 2-FH3L2- LI 2-Methyl-2-hexanol - <0.5 - [IEES
2,4- -2 6-FF -1 .

CyH,;cO ’ ’ - - R

2 4.958 e 140 2 ,4-Dimethylhepta-2 ,6-dien-1-ol <0.5 7~

3 7.617 CgH,60 128 1-3£J75-3 - 3-Octenol - <0.5 - e

4 14.333 C,oH;30 154 4-filj#A 1 4-Thujanol <0.5 - - I8

5 14.333 CyH 30, 170 FrREEE 4R Ak Linalool oxide - 2~5 - 8/




842 KRR IE 5 & Vol. 35
%% 5( Continued Tab. 5)
TR BA s A] p S C
= &1 Content( % )
=3 Retention 43 F 3 Mﬁl¥? EY - — s
No. time Formula © ELE a Compound gl A DL Class
(min) weight Jinyang Wudu Hanyuan
6 16.058 C,H;50, 170 J2 R -E AL T AR trans-Linalool oxide <0.5 0.5~2 - [IEES
7 21.500 CipHyg0 154 FFERE Linalool 32.58 24.17 - ik
- o7 -2, 8- -1 B (1S,4R)-1- .
C,oHsO i ’ - _ 3
8 22.133 1076 152 Methyl-4-( prop-1-en-2-yl) cyclohex-2-enol <0-5 s
9 22217 CoH,;g0 154 E]Lit—@ fof He-2-45-1-f% cis-Mentha-2-en-1- <0.5 B B g
B -2, 8- -1 BT IR (1S,
10 23.467 CioH;0 152 4R)-1-Methyl4-( prop-1-en-2-yl ) cyclohex- <0.5 <0.5 - [IEES
2-enol isomer
11 23.808 CipH;530 154 2-ii§i 755 2-Terpenol <0.5 <0.5 - gk
12 27.700 CoH;50 154 (-) 4-iig fh P (-) -Terpinen-4-ol 7.14 - <0. CeS
13 27.742 C,oH,0 150 ] B B8 P 4-Phenyl-2-butanol - - <0. [l
14 28.850 C,yH;s0 152 (=) -JI-SFWRBERSE ( -) -cis-Isopiperitenol - - <0. [IEES
15 29.158 CipHyis0 154 a-FATEE (-)-a-Terpineol 6.55 <0.5 <0. R
16 30.217 CoH0 152 K -FFFERE trans-Carveol - - <0. ok
17 30.233 C,oHy50 154 y—ﬁﬁ;ﬁ:ﬁ y-Terpineol 7.23 - - L8
18 31.175 CipH;s0 152 B Carveol - - <0. ik
19 35.550 CoH,0 150 Hi#& B Cumicalcohol - 0.5~2 <0. sk
(3S,3aR,3bR,4S,7R,TaR ) 4-5TH 33,
T-ZHENE-TH- A 1,33 [1,2]
20 45.242 Cy5sH,s0 222 H3-FE (35,3aR,36R,4S,7R ,7aR) 4-Iso- <0.5 - - LS
propyl-3 , 7-dimethyloctahydro-1 H-cyclopenta
[1,3]eyclopropal 1,2 ]benzen-3-ol
21 47.675 Ci5sHysO 222 Wi F I Elemol <0.5 - - [IEES
22 51.042 CisHy, 0 220 SIS Tsospathulenol <0.5 <0.5 - e
; 4(15),5,10 (14)-KRI FH M = -1-FL 4 5
C,sHy, 0 > _ 2 g
2 32.642 1577 220 (15),5,10(14) -Germacratrien-1-ol <0.5 <0.5 LES
E,E,Z-1,3,12-1 JLk =45, 14- 8 E s
C H O ’ ’ 1~y ’ ’ _ _ T
24 60.858 1977342 294 E,Z-1,3,12-Nonadecatriene-5 , 14-diol <0.5 Bk
25 2.533 CsHgO 84 3-HI3E2-T % 3-Methyl-2-butenal <0.5 - - PrRAEE
26 2.567 C¢H}, 0 100 2-CL i 2-Hexanone - <0.5 - PR
27 2.692 CgH},0 100 C\ % Hexanal <0.5 <0.5 - PR
- - IR 2, 2-Dimethyl- -
28 3905 CoH0, 12 2,2- W33 (2H) -WE Mg 2, 2-Dimethyl 0.5 ~ ~ —
3(2H) -furanone
29 3.517 C,H,,0 114 4-HFL2-CU ] 4-Methyl-2-hexanone - <0.5 - PR
30 4.208 C;H,,0 114 2-Bififi] 2-Heptanone <0.5 <0.5 - PRI
31 4.517 C;H,,0 114 JKIERE Heptaldehyde <0.5 <0.5 - BRI
32 6.400 C,H,,0 112 2-FEfEE 2-Heptenal <0.5 <0.5 <0. PR
33 6.625 C,HsO 106 R HIE Benzaldehyde <0.5 <0.5 - PRI
34 8.292  CyH,0 140 fe’ni'ftp%'s DERTRE 2,6-Dimethyl-5-hep- - <0.5 - Bk
35 8.750 CgHgO 128 Y- Octanal - <0.5 - PR
36 12.983 CgH,, 0 126 JZ 2-2E15E (E)-2-Octenal - <0.5 - FREL
JER TN S 0 il 5-Iso-
1 a0 GHL0  px STEREERIR(31.0) 8 A2 5l i os .

propylbicyclo[ 3. 1.0 ] Hexan-2-One
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%% 5( Continued Tab. 5)
TREART . Gl C
= &1 Content( % )
=3 Retention 43 F 3 Mﬁl¥? &Y - — sk
No. time Formula © ELE a Compound gl A DL Class
(min) weight Jinyang Wudu Hanyuan
38 25.808 CoH s O 140 (E) 2-F-¥%% trans-2-Nonenal - <0.5 - BRILAE
~ A-(1-H3E 236 ) 23 & A1 4-(1- .
CyH,,0 - j
» 27.858 o 138 Methylethyl ) -2-cyclohexen-1-one 9.09 <0-5 Hk s
40 31.933 CipH,0 150 D-FEFFE] D( + ) -Carvone - - <0.5 PRI
JEVTN RS- B - - 2- 0=
41 32,275 CoM0 152 ITNIES-AUALSIRC G-I 2-lsopro - - <0.5 Pk
pyl-5-methylcyclohex-3-enone
42 39.125 Ci4Hy O 210 (E)2-+ DUtk trans-2-Tetradecenal - - <0.5 PR
5- Tk — &2 (3H) K IR il 5-Dode- s s
CisH30 - _ %
43 67.658 1677302 254 cyl4,5-dihydro-2 (3H) -furanone <0.3 AR
44 69.325  CyoHy0 238 (Z) 9-75BMilE (Z)9-Hexadecena 0.5~2 2~5 31.37 A
45 2.833 CeH,,0, 116 &2 Tl Butyl acetate <0.5 <0.5 <0.5 IS
7 — W 2 ik
46 3.433  C,H0 o4 2L BEH LA Ethylene glycol - - <0.5  fE%
monoacetate
47 3.800 C,H,,0, 130 H 2 IE T JiE Ethylene glycol monoacetate <0.5 <0.5 - [IEES
48 3.892 C,H,,0, 130 LRSI Tsoamyl acetate <0.5 - - fig2
49 4.592 CeH,n 0, 146 2N . 2T Ethylidene diacetate - - <0.5 i
50 32.908  Cj,HyO0, 196 ZRNAINEE Terpinyl acetate 15.02 8.98 - IS
51 36.358  C,H,,0, 196 B 5B L R B-Terpinyl acetate <0.5 - - IR
52 38.117 C,Hy 0, 196 a-1i 5 L BRHEE a-Terpinyl acetate 2~5 - <0.5 i
53 39.133  C;,HyO, 196 TEAEEE 21215 Neryl acetate <0.5 - - fis2&
54 40.208 Cy,Hyy 0, 196 Bt 12 F Ml Geranylacetate 2~5 2~5 - RS
55 63.467 C;3H;0, 282 -+ NI R TR Ethyl hexadec-9-enoate - - - [l
-HUIR I BR-2, 6- —FF HE BR IR L-As ic N
56 63.617 CyHgOy 652 LUUIRIMER2,6-— ERAHARHR L-Ascorbic <0.5 0.5~2 2~5 sk
acid-2,6-di-O-palmitoyl
57 66.750 C;3H;,0, 280 9-+ )\ Bdf4-M g 9-Octadecen-4-olide - <0.5 - (IS
58 67.592  CoHy0, 296 + (k) MR H S Methyl 9-octadecenoate <0.5 - - FiE2k
59 73.550  CgHss0; 312 KRR 45 K H MR Glycidyl palmitate <0.5 <0.5 <0.5 fig 2k
60 77.000  Cy Hy O, 354 B R H g 9, 12-Octadecadienoicacid - - <0.5 IS
P s LisTE 9. ~
61 77.233  CyHyuO; 340 ft;@?ﬁ BURRM 2-Hydroxypropyl stea <0.5 <0.5 - S
(Z)-5, 11,14, 17-= - &% DU ¥ B2 P B
62 77.483 Cy H;, 0, 318 (Z)-5, 11, 14, 17-Eicosatetraenoic acid - - <0.5 fig 2k
Methyl Ester
63 78.467 Cy Hys 04 338 TR 45 7K H R 2 ,3-Epoxypropyl oleate - - 2~5 FiE2k
64 5.242 CioHg 136 MAAER Thujone <0.5 <0.5 - [
65 5.483 CioHyg 136 &M Pinene <0.5 <0.5 - [
66 7.133 CioHyg 136 t24% Sabinene 0.5~2 <0.5 - 2
67 7.283 C10H16 136 E}Jﬁ(-ﬁ-jﬁﬁﬁ (—)»,B—Pinene <0.5 <0.5 - lﬁ}i’ﬁﬁ
68 8.983 CioHyg 136 3-1 4% 3-Carene <0.5 <0.5 - 3
69 9.558 CioHyg 136 4-EE 8 4-Carene <0.5 <0.5 - 2
70 10. 642 CioHig 136 D-¥¢#54% D-Limonene - 2~5 - [
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%% 5( Continued Tab. 5)
5 B3 15 ] y S 20 0
= &1 Content( % )
=3 Retention 43 F 3 Mﬁl¥? EY - — s
No. time Formula © ELE a Compound gl A DL Class
(min) weight Jinyang Wudu Hanyuan

71 12.100 CipHys 136 B-% )i B-Ocimene <0.5 <0.5 - i K

72 13.008 CioHyg 136 -l 14 y-Terpinene 0.5~2 <0.5 - [

73 17.558 CioH,0 150 LI H Perillene <0.5 <0.5 - [

74 41.725 CysHyy 204 £177¥% Caryophyllene 0.5~2 2~5 - [

75 42.233 CisHyy 204 v M y-Elemene <0.5 - - [
(2,2,72)-1,5,9,9-)4 FFHE-1,4,7-35—

76 43.267 CisHyy 204 W=4Hs Z,7,72-1,5,9,9-Tetramethyl-1 ,4, <0.5 <0.5 - [
7-cycloundecatriene

77 45.950 CisHy, 204 v 22K y-Ylangene 2~5 - - [

78 50. 142 C;sH,, 0 220 A ALY PRI T Humulene epoxide 11 <0.5 0.5~2 - [

79 78.292 CprHy 234 (Z,Z)'“f"tﬁi)%-%,g,ll—:‘kﬁi (Z,7)-Hep- _ B 0.5 -2 -
tadeca-1,8,11-triene

80 3.825 CsHjo 106 Xt —H 2K Paraxylene - - <0.5 He

81 6.067 CioHig 136 (-) -3 (-)-Camphene <0.5 - - He

82 7.867 CiyHyg 170 2,2- " H 2 ¢ 2, 2-Dimethyldecane - - <0.5 He

83 10. 167 CioHyy 134 P-4 46 )% P-Cymene - <0.5 - He

84 12.342 CioHys 138 23745 2-H J-6-3F B L Dihydromyreenol - <0.5 - HE

85 22.817 CioH;60 152 TS EAE ALY ( + ) -Limonene oxide <0.5 - - He

86 41.050 C4Hy 198 4.,6-_H A "¢ 4 ,6-Dimethyl dodecane - - <0.5 HE
(2,2,7)-1,5,9,9-4 H1%E-1,4,7-3+—

87 43.267  CsH,, 204 BRI Z,7,7-1,5,9,9-Tetrameth- <0.5 <0.5 - HE
yl-1,4,7-cycloundecatriene isomer

88 45.083 CyoHyy 282 —+4%& Icosane - - <0.5 He

89 45.708 Ci3Hyg 184 5-NFE-58 3¢ 5-Propyl-decane - - <0.5 Hy

90 48.858 C;sH,, 0 220 AT EALY) (-)-Caryophyllene oxide 0.5~2 5.41 <0.5 HE

91 50. 000 C,sHs, 352 2-F 3L — 445t 2-Methyltetracosane - - <0.5 He

9 51.817 CroHa 268 2,6,10, 14-p4 -+ F e 2,6, 10, 14- B _ <0.5 o
Tetramethylpentadecane

2.2.1 BEMEY ZIHUE 8 Flr, B (Z) 9-+ 75l M s (0. 5% ~2% )

3 A=A E H LS I 24 R EERIE A,
o 4 BHLT 13 A, DORLL 14 i, BREFLL 7 R 4 FH
IR E ¥ P BE R T R B LS R L () 4-
il i T L ce- A TR T Ry 2, HL e AR I 1) A X A
15, N 32.58% , (=) -4- i BE A - Y B B R 1 24
H 7% o DOBRLIME 45 % 0 A B i 3252 L5
TR K LA A R 3, HL v 5 AR B Y AR X O
24.17% ,FF R BEAALY) & A 5% ~10% Z A, i
HRLTHUH 7 PR R A S BN T 0.5% , I
AN AL a-FA N 3 AN 7= A E % & T P Y A AR
A3, HAE 3 AN E P ag &S 2R R R
2.2.2 BAEMLSH

BRIEAL A Y AR 4 3 7 M AR
A& % e i 20 Fhg ik &4 Hrh 4

AN, HASTURD 543 1) & 5 Y8 /N TF 0. 5% o DUTRZEAR
H 15 F, LU 4-C1-H 3R 2 %) -2-30 2 4-1-d
(9.09% ) M (Z) -9-+ NI (2% ~5% ) £, H
AIUF L 1 & /N T 0. 5% o IRHEBLLHLE 6
fft, o (Z) 9 R BB IERY 5 5K T 10% ,
WS BN 0.5% o BEAh, (Z2) 9-+ 5Bk J
N 2-PHEIE N 3 AP Hh LA H YA 1)
2.2.3 ERRALEY

3AEHAHE A 19 RS Y.
g LA 12 B, OB £ MR R b PR
(15.02% ) \o-ifi i LIRHE (2% ~5% ) B - s
(2% ~5% ) MEEAERE LG (0. 5% ~2% ) .
DURLIHE 8 i, 2 S FRAN IS (8. 98% ) | i
MRAF TR (2% ~5% ) F L-GLIR AR -2, 6- — AR IR
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B5(0.5% ~2% )4 aG. RAPLLHUE 9 Fh, 2 L-
PUIR M FR-2 , 6- A7 152 15 A1 7ok 152 206 7K H 7ol 1 2
HEBEWE 2% ~5% 2], A, 3 A r=His H /Y
A WA B TR T IR L-PUR I R-2 , 6- — K Aie R i
FEEREI R 455 7K H- g
2.2.4 WHEEY

I IAL S Y e — 2 S G, 2o Hf 2
YR (C o Hy) L5 (C s Hy, ) 28 RS
M) AFE AR N . 3 A s R H 48 Kl
A 16 P2 G, Hh &R E 14 #,
FEDL y- IR =20 AWy -l s Fa P L -
LI & BAE 2% ~ 5% Z 18], K20 -1 b s 0
AT SR 0.5% ~2% (8], IELIHLH
13 B, LL D-F7 a0 A A7 9 AN AR S8 A0 i R A 1T SR
F, D-FPREIG A PT80S AE 2% ~ 5% Z ], 3%
AL RS T & 76 0. 5% ~2% A, iHpLT
BB A BL 1 Frikis2ie &y, 0 (Z,2)-1,8,11-
FEk =, A RTE0.5% ~2% 2], WAh,3 4
77 Hi A 7 % R A & BRAAT A 2R R
2.2.5 Hiw

Hvk FEME Pk B ks bele 2SS
13 Fp, H & BHZMHE 4 Fh DUELLAE 4 Fh,
RABLIMUE 8 Fh o Horp, MG LY 3 A=
AR E H AT 1Y, 2 A DCIR 2T AR E )

L, NS5 % s EEHAOWEPNEERZ, N
0.5% ~ 2% ; /£ AP M E 11 & & B AL, DT
0.5% . BrAaTiwE Y —3 lash , i
TEAN A = WA H A i 43 A R [R) AH AR XS 7 & o LA
AR, ¥4/NF 0.5%

2.2.6 LR 5

BUH T R R R 2, A 3 A7 H R
H 45 & i i S e i 92 Fhi%E R PEY) B, 5 00
WP, K R IR 2 & W 2L R VR A AL AR
H M AEABUFFH A R A B9 A0, X AR ARURT T A3 IXUBR
AEE T WM B E R MRS ol
s AT 2R I A L B SR R R A
yjﬁﬁ[l%l(ﬂ .

AN, 3 AN Mo b H B #5 m hAUE 7 AN 3R
55, 530 oA T B BETR T 1R L-PU A I fR-2 , 6-
TRABRER L (Z) <91 ST T\ 2- B0 T A
5K HIHEE AT R, SR T AR LA
2 LIS AR TR PR & I R A i L
WHA —Er 25, JF W T BORE i 8] SOR S T AY
Z5 . W TIREFEAHA =K L  Ju R, H
i JOT T 6 PR b ) A R RN [R] T 2 A 25 5
2.3 WBIFEEZERS ST

TEIE BRI R 3 N7 o g B E RE S
TR RAE B 2 ~4 HENTEE FIRE, il

B2 &MIMBRBWMELE(A)MG(B)EFEXTHEBETFRE

Fig. 2 Total ion chromatogram of extract of Z. bugeanum seeds from Jinyang under ESI* (A) and ESI'(B) mode
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B3 NERAMBRIMAELE(A)MA(B)BEFRXTHEBEFRE

Fig. 3 Total ion chromatogram of extract of Z. bugeanum seeds from Hanyuan under ESI* (A) and ESI'(B) mode

B4 HBAMBREMELE(A) MG (B)BEFEXTHEBEFRE

Fig. 4 Total ion chromatogram of extract of Z. bugeanum seeds from Wudu under ESI* (A) and ESI'(B) mode
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BH YOSV S E R A5G SR s R TR
T i 1 D A AR L M 1 28 MBS, At T
X AL ER B E R ORIBRSEY I, ARG
BIL%E6,
2.3.1 mr#k

3R E ks e 8 R B Rk G
Y, B RERE R TR R R RR PR AR R R 4 24
M St LR AR M T

SRIRTRASW T A3 BT« LAV 2 A1), LA B8 Bsf 1] Sy
13.31 min, 1 2 74X T HAESF 5 FIEH m/z
353 [M-H] o 9o b n] WLRRAEAR Fr B 1 245
TR m/z 191 IR m/z 179 [ M-H ", [a] i+t B G %5
TEIRR A B m/z 135, 32/ m/z 179 $#14 44( CO,)
TR, 38 I B A I 45 A Sk 0 i 2 fk
B IR R R

B2 BT A3 AT - DAUE 11 Ry 3], AR B8 sk ] oy
6.79 min, 7 5 F T HIED T 5 F 16 R m/z 463
[M-H] . HEBE— 1 COWEEE RS TR m/
2301, 255 SCHR AN SR AR ik ) 20 45 o ok 4 22 Bk
H/ MR
2.3.2 AHHE

3 A HB AR E S 10 T AR sl
Hrb G HLUHE th AWl 2 i 2 47 9 il DUIR AL
MEHRZ A 6 F RESLHH h AR, LA 5
it ASCLAE 16 Fnige 19 S (UL 5 FilEl 6) , 1)
TEAE Dk ) ST ik SR A A

U 16, HARBEIHE] A 10. 06 min, 1F 2 F A
HEr ¥R 7y m/z260 [M+H] " e
MR h v CHy 513 2 R85+ F1,FL 28—~
H, O 15 2| i e K0 B F i F2(m/z 227) , Z )5
B CO K CH, F=AE 3 FREF F3 (m/z 199) I F4
(m/z 184) . i T A I 45 4 Sk ™, ey
LR

U 19, HARBEEHE] A 13,36 min, IF 2§ F A
HEr 7RI m/z260 [M+H] " 981
iR T C 2% A RDA (Gl R Hr- Bl SR £ 2 1y ) T
HE SN 2ty A i B e KBS R R FS (m/z 188)
UL 6, [AEEHF B PR 2400 FECAR L 1 & 2k,
T BT m/z 134 fl m/z 106, @1 T (5 E
FL A SR bR HL 75 HUAR
2.3.3 Hib

PURpHRE s 10 N HALRALE Y, [ dE
6 FHEIIER 1 FOARREZ (1 R L3R (1 R 1

MR

OCH,4
ﬁ' OCH.
O~~~ ’ -CH,

N

OCH,

o) OH"
H OCH. OCH
o N 3 o N 8
N\ N
OCH, OCH,

CMHIANO; CIJHHNO;
J-HZO

: ~

= N C N, C

o N /Cl CH, P~AN ] o Oo~ANA 1
\ G N NG
0 OCH, OCH,
C, HNO," C,,H,NO, C:H,NO,’

B S HFEHRBER

Fig. 5 The cleavage pathway of skimmianine

r‘ﬁ—{o l-n‘\r‘o
B|C ﬂ.ﬁ
OH
s} 0

CysHNOy

6 BHBWHIRBEE
Fig. 6 The cleavage pathway of schinifoline

CH,(NO,"

2.3.4 ZRpH

HIZ% 6 J1,3 /7= H B AR E AR i P 3 Y 28
MG, AL H 23 A, G FHZHE 27 4, 3%
JRELHUH 20 4> XF HREL,3 A U AR &
PERIT B 28 0N TR S8 R 0 28 MG A7
18 Bl 3 A7 H BB H BT 34 . Hor, V- X
BT B IBE e 1 4- £, HE 48 — F 4y 1 Tk N AE U AL )
el o At 3 A A H AR — 2, B
VSR B A R R R A I A IR R
W1, BB 32 AN [ 77 3 B 52 i o 7 A 8 U A AR 4
A — s 22 5 H L B B A R s 2
458

2o D TR ey WO I TR D 4 TR 4 T S 14 4 19
MR T EY . Il , sl BA 2 M4
WIS AU O R PRS2
— RIELUR AR Ry Sl B 2646 & W), Tz o0 A
TIPS AT, HA 2 B A B DAk, ok
T B T AR R TR R . A
K TFAY R0 — R HF BA YY), e R 1
FEERFETE > 2 — , BA YU TR B At
AR P BT 2 AT A A e S R
KB WITR , H 2B AR RSN T, 128
T BAT DR 7 B IR L B I s T 12 Mg 25 5%
SO st BT B MU PR S L
NH DL DSy, R R H 3 — 2 BT K R BA
RRZSFEHrE
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Table 6 HPLC-Q-TOF-MS results of non-volatile composition in Z. bugeanum seeds
Lo . m/z - . F=[X. Region
X N =3 W o ok L
e VE s I BT By : — %
No. time on RS (ER BLibANIE] ‘ 6 Formula MS/MS dentification _E &M PR Class
(min) mode Observed Theoretical ( X10°) result Wudu Jinyang Hanyuan
1 1.29 [M-H]- 2710810  271.088 3 2.7 C1oH3607 ;?86?5026‘152‘ M1, BESAF Arbutin vV vV Voo Ok
. 191.054 6,179. 033 2, HratsiR 5
- : Cy6H,50 *
2 331 [M-H]"  333.0857 353.0937 23 1671879 135.044 3 .90.814 2 Neochlorogenic acid v v Voo
248.898 3.,180. 910 9
-H]- X CapHag0, > Y e Eudelat o
3 3.63 [M-H]-  385.1506 385.1716 5.4 22Hp606 136,908 6 12,0840 Tl Budelatin Vv Y Alg
154.086 6.,170. 112 7
H- . CyoH,7NO, : * Timurami 4
4 3.76 [M-H]- 2141079 214.114 4 3.0 0Ny 8 6 57,035 6 Timuramide D vV vV Voo
8- F S T i g - g
5 407 [M+H]* 258.1197 258.1046 5.9 Cy5H,sNO; ;:76(5)3223 0478 8-Methoxydimeth- vV Vo Y
: ylpyranoquinolone
89.0374.77.0379.92. oo
6 4.47 [M+H]* 163.0367 163.031 1 3.4 CoHgO5 026 3. 115. 0531, 155. *WW% vV Vv vV FEZ
Umbelliferone
8977
233.043 8.,205. 048 7
- 5 Cy6H g0 N N AT i act A
7 4.50 [M-H]-  353.0858  353.0937 2.3 16115809 191054 4 148,948 9 ¢ Chlorogenic acid vV vV [PES
-4 i Cryptochlo-
8 4n [M-H]-  353.0789 353.0937 4.2 Cigyg0p O3 O81 2010300, BARR Copuochlo- /g
185.040 6 rogenic acid
297.107 6,282. 085 9, N-FataRmLIE »
+ C,5H,oNO 4
o 3% [MyH]T 311345 3141309 LI O 65.0825.222.065 1 Netrans ferulic amide V.oV oV EE
149.021 8.,147. 078 4
+ C16Hp5NO : * Timuramide Wy
10 6.55 [M+H]* 296.1817 296.1778 1.3 16H25NO4 121,063 4.81.052 8 Timuramide A vV vV Vo R
463.084 5.301.032 5, 4 2 Bk 15/ 5 Wit 7 17 *
H- ; Cy1Hy0 ¥
67 [MH]" 463.0844  463.041 2.1 alloie S o s s Hgeidloein Y Y Y B
121.063 4,128. 060 5,
12 6.81 [M+H]* 296.1814 296.1778 1.2 CgHpsNO,  143.083 9.105.068 4,  Timuramide A isomer Vv L
79.053 3
. 463.084 5.301. 032 5, 4 42 Bk #/5 f Jt 45 .
- : €y Hyo0 ) ‘ WK
13 6.84 [M-H]™  463.0840  463.094 1 22 2T0TI2 300,045 .271.0225  Hypericin/Isoquercitrin v v Vo E%
449.172 5,287. 052 2,
207.027 9.,153. 017 4,
61.027 5
.
4 74 M *H]_ ﬁg-égg ? 3‘4‘3(1)3; ; (;50 CorHagOpy  447.090 0.285.038 5. Mk Quercitrin v oV E3
(M-H] : : : 284.030 0,255 027 7.
227.032 6,174. 954 5,
130. 965 4
303. 046 3.85. 027 3,
[M+H]* 449.1026  449.1013 0.4 . 71.048 2 ik W 4y S b
CyHyo0 St
15 7.3 [M-H]-  447.0893  447.099 7 2.2 21207 447.089 1,300.023 7,  Quercitrin isomer v v Vo %
301.031 8,271.022 3
16 10.06  [M+H]*+ 260.0880  260.084 7 1.3 Cy4H,3NO, §i7(')(3)§532 +199.060 6. B2, Skimmianine Vo A
215.055 4,200. 032 2 .
+ Cy3H;;NO : R Fagari 5
17 1026 [M+H]* 230.0741 230.074 1 0.0 afNOs e 30 1033 YHERRBL y-Fagarine vV Vv L,
77.037 4,91. 053 0, 4-ZIHAL W% ;
+ CioH YA
18 10.51  [M+H]* 135.1148 135.1098 3.7 1oH 14 103,027 105.084  4-Ethyloylene vV v Vo Rk
242,114 3188. 068 4
+ C,5H,,NO : S Schinifoli 2L
19 13.36 [M+H] 260.1247  260.121 1 1.4 15117N03 134,058 2.106. 063 9 H MU Schinifoline vV AR
V23S A00A,
20 14.47  [M+H]* 272.1242 272.1211 1.3 CigHizNO; 242,078 2,230.078 4, 1" . vV Vo
Zanthobungeanine
149.045 1
152. 104 5.105. 069 1,
21 18.75  [M+H]*+ 2742127 274.2095 1.2 CgHyNO  91.0528.79.053 0, y-LIHIZ y-Sanshool vV Vv W,
57.069 1
2 23.65 [M-H]- 253.2146  253.2232 3.4 C16H300, 253.215 3,235. 207 2, ﬁ‘mf‘m& . vV Vv Vo Bl
71.013 2 Palmitoleic acid
55.053 6.,69. 068 9
. . [
3 24.06 [M-H]- 2812447  281.2545 3.5 CygH340, 81.069 0.83.084 3, L[ 73 St vV Vv Vo Wi

95.084 2

Oleic acid isomer
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#23% 6 ( Continued Tab. 6)

PRER I 8] m/z

771X Region

X7 - L JEL % =21
W Retemion 1 PO0 ——————— BRE gy W T iy s
No. lime on M B mi Formula MS/MS entification RS &M BUE Class
(min) mode Observed  Theoretical ( X107) result Wudu Jinyang Hanyuan
55.053 6.,69.068 9,
24 2415 [M+H]* 281.2435 281.2405 1.1 C1gH3,0, 81.069 0,95.084 2, 3 Linoleic acid vV vV Vo e
106.099
25 25.27 [M-H]- 2812439 281.254 5 3.8 CyH340, 281.244 8 i Oleic acid Vv Vv Vo JEWiE
% 2570 [MH]- 295.2620 295.2102 2.8 C1oH60, fgﬁ;fﬁ”ﬂﬂ4‘ WERTEE Methyl oleate V. V/ i
27 25.81 [M-H]-  255.2301  255.2389 3.4 C16H3,0, 255.2303.237.2199 R Palmitic acid vV vV Voo gl
28 26.25 [M-H]-  283.2626  283.2702 2.7 CgH360, 283.261 5,263.251 3, TR R Stearic acid vV v gt

68.996 5

VR A EIA Y.

Note:“V/” indicates that the sample contains the compound.

3 itieE4R

TEEREGAEEYERNENHEEERZ
— o PRI, AR X 3 A7 o AR E B B SO LS
TG IR S B SR B 0 B e A I, Herp SO
THTE2.45% ~4.3% Z 0], SR & mAE 22. 04%
~33.31% Z[u], S IR 5 7F 83.8 ~131.3 mg/g
ZIa) . PEi  ARH AR T & R RR TR B0, 90%
DL AN RN 7 1R , 1T N ARAS B G B 114 26 55 i
iR BRIV FRAR ) & B3k 45% L . I, £ #
FEIH R 2 —F L AEAR A AR . DUIREL AT
RE & e 33% , S AT AR A B T B B L 1E
JFklz —, Hu, H 4R FAO/WHO fy 4 #1552, i
H iR 2R A 1 2E B A A B R — R A
RHER R, 3R X R R RR A T 4 T R S HL A
55, 0 JE AR L B T A i L B A 4 S . 7R
3ATEHLA AR E SO S R LRk, A A
FE% 18 AT &

A B GC-MS F1 UPLC-QTOF-MS 2545 A %}
WUH B B AT 4 B A A . UE Ak Al
e R E L HP R B2 AR
HAHER MY AL . Har 3 A= A B il e
IR R PR IE 90 280, FE AR R A,
N5 RERE il s MM . A PHELRIDUR AL 4
KRR AP, P AL E b A ) 2
B33 R A e 5 AR AL LA A 7 b DX
HAR I A EL R (Z) 9-FISHds i o AN [F]
FEHL AR E S A A BB S AN
% ZE ST RE S E JE T ) IR R (M 4
S IKITEE ) FETEAR G, 1 5 5 SRR T A 12
BT 2N RABRKOCE, J7 s 4 B

A e i i A A a0, o BEAR B, 92 1
FTEEZ bl IS a0, 2 A i %
ERI4EA 3 A B E 2 R 55 Ah oA B L PR
JE GEFRENR BT A R L DT AT R AL S AR
FAES L RAR 95 R e HA B, AT B A
P i e LT IR AL A H 45 A el Y i 22
o2 —, B R A AN A B R 7R H
o R B Tl A T R, LT
A JEAS 22 AR S A i A W A L RN
WG WIS HAT R A 25 BEAE . AR
Ve Lo 1 22 S35/ 18 BRI S 3 7= HiL 1Y
T o IZETR R, A BIRZ AN Y
SO I AR U LR AR ) B AT — s 2 S (HH 2 2
BT EA R e i etk . FLvk, N-B B 20t e
I 4- L BB 0 B M AEUR A T GE

HBCE A D AEABUR B 2R 7 i) 2 2l =y, ™
T UAEABUCR B i th 20% o KR RYARCE 727 H 9y
VERERHEA B W) sl oA ST 58 . B AERU™ B
B AFRE R, T A AR X — = 5 B 1) 8 0K L
AEERILE L @A RGNS, YT
AR A it , AN I ST T B R B e X |
AR 7 T RS RE  ERAL T  BOE A
N iE— IR G A E AR A E SR AL T 2
W,
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