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K1 2L, seigis R bpnt

0.25 um) ; N E K (99.999%) , FE - H4 3t
1.0 mL-min'; #F ACRAE L ASE R 250 °C, F2 7
THE 40 °C UG 1445 5 min, FELL 5 °C-min™ k%%
FETFE 220 ¢, ZR)F 20 °C-min ' 4kEE FTFE 250 C,
FEORFE 2.5 mine MS ZfF: 22 FHRE 260 C; &1

JRIRLEE 230 °C; 4 HATHRLE 150 °C; )73 EI,

HLFAER 70 ev; FA45 TR TG 20 ~ 400 amu.

1.4 BRI XFELGEE ST (par)
FAb PR, 15 B, A SIMCA-AP 3 {417
F T, A OPLS-DA A 25 4 5 45 i
VIP > 1 HEAASBRMHT P < 0.5 347 2% S AR

2 HRS0

2.1 GC-MS RIAHIBHY T AT FALLIE 21 4RIEGHS
ARME T R T TR B TR LI 1, 21, SRES AR
fef i ARG 156 FRE R PEYIE (55 1, 2), Hi
o Il S I 2 e 00 81 1) 4 R T ) O B (123 F) 1L
2T SRS A (108 F) 22 2 Rk v [l e I 2] 442
R AT 76 Fh, AN 2 3 OREITARE Hh 4% A M) o
KA, WP 7 0 BB, Hrp s 5 26.2%,
BT AT A CBRLG E  BRBEE)  6.4%, 150 B S
IR R ARG £

120

100 | g ffnt TIC: 1.75¢+07
& 80 | ZriffEnt TIC: 1.70e+07
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0 4 811 1417202326293235384144
A (8] /min

B2 20, SRS S R T T A TR
22 EAVIRESSRNLERSHT SilasiREm,
OPLS-DA A 57 /) R2 F1 Q2 {H I KT 0.5, &
BRI AT F by 22 e i R e i, B %

Wi 1 o FIA AT AEYE . 7E OPLS-DA A1 4% 5t vl s 7 i
x1 O REBSREMNELMYREE
BT BT min ety TR,
EANGR N Zre(n fif it
fig Ester

1 12.82 1E LR Z. 1K Hexanoicacid, ethylester 0.34 0.15

2 13.50 FH R 1% i Formicacid, pentylester 0.02 0.01

3 13.94 Jii-4- L4555 T HE (E)-Hex-4-en-1-ylbutyrate 0.02 0.01

4 13.94 L TRIFELEE Aceticacid, hexylester 0.06 0.03

5 14.82 Jii-3- 2 R £ P Ethyl(Z)-3-hexenoate 0.08 0.09

6 15.25 ZR 15N Leafacetate 0.95 0.91

7 26.64 7K1 F S Methylsalicylat 0.40 0.14

8 18.58 SR T Octanoicacid, ethyleste 0.02 0.02

j—y 5 — i — B ATHE

? 2901 i: §: i-;rijet%hyi-,I? i;?:rg(;:)lj(;fjoﬁ;utyrate o 0.03
10 12.50 F 2 5 3l 1-Butanol, 3-methyl-, formate — 0.02
11 13.65 M2 -3- I B2 B R 1-cis-Hexenylmethylcarbonate — 0.01
12 16.06 2-CU#iTiR LI 2-Hexenoicacid, ethylester — 0.04
13 24.13 (Z) -C.&-3-C. 4l 3-hexenylester, (Z)-Hexanoicacid 0.14 0.03
14 14.77 (E) -3-C. M2 £ g Ethyl(E)-3-hexenoate 0.08 0.04
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&Rl
BB (EIEmin e AERS B 73550 %
EAN R - SN Al
15 15.30 3-HIER-3-C Ml 3-cis-3-Hexenyliso-butyrate 0.15 _
16 3.18 ZFR 2.1 EthylAcetate 0.01 _
17 13.79 2-F BN R-3-C /i lik Butanoicacid, (3E)-3-hexen-1-ylester 0.02 _
18 27.45 K% #R .1 Ethylsalicylate 0.02 _
19 36.28 ¥R £ 5 Hexadecanoicacid, ethylester 0.01 _
20 13.76 CL - 1-5E P ER TR Propanoicacid, 4-hexen-1-ylester — 0.02
Wi Aldehyde 0.00 0.00
21 1.98 LB Acetaldehyde 2.84 2.44
22 2.34 N Propanal — 121
23 3.05 T'B% Butanal 0.01 0.01
24 4.81 1% /¥ Hexanal 0.02 0.02
25 8.14 J2 20-2-H F-2-T % 2-Methylcrotonaldehyde 0.11 0.58
26 9.33 S R-2-1 MM (B)-Pent-2-en-1-al 0.07 0.10
27 11.08 P Heptanal 0.02 0.10
28 12.38 JZ-2-CLJAMEE trans-2-Hexenal 53.97 5223
29 17.60 (E, E)-2, 4-C. _Jfili% (E, E)-2, 4-Hexadienal 0.87 0.66
30 19.28 (E, E)-2, 4-H¢ —J#M trans, trans-2, 4-Heptadienal 0.20 0.20
31 25.17 2-Z FEH ¥ 3-3-Ethylbenzaldehyde _ 0.05
32 26.29 2 -2-CJs-4- 48 AR (E)-4-Oxohex-2-enal _ 0.04
33 9.57 3-CUJA P 3-Hexenal 0.17 0.04
34 31.26 2-FEE-IE T BE 2-Methylbutyraldehyde _ 0.24
35 20.65 I Benzaldehyde _ 0.04
36 15.40 (E)-2-BEsf trans-2-Heptenal 0.01 _
37 20.25 ZE¥E Decana 0.02 _
Al Ketone 0.00 0.00
38 5.94 1-18J#-3- 2-1-Penten-3-on _ 033
39 30.25 b-£2ilil b-Tonone 0.30 0.16
40 15.84 FH JL BT 1-Methyl-5-hepten-2-one 0.06 0.02
al .16 3, 4,8, 8a-Pll-8a- {1 -1, 6(2H, 7H)-ZR ¥ B 001
10-Methyl-5(10)-octalin-1, 6-dione
42 28.42 a-%% i a-lonone 0.47 _
“ 3131 4-[2,2,6-=H %—7-%%%:%[4.1.0]5%-1-%]-3-T&%—2-@I5J 0.05 -
3-Buten-2-one, 4-(2, 2, 6-trimethyl-7-oxabicyclo[410]hept-1-yl)
2 Acid 0.00 0.00
44 25.27 Y EFAEA LR (3aS, 3bR, 48, 7R, 7aR)-7-methyl-3 — 0.15
45 28.27 C. /iR Hexanoicacid 0.58 0.71
46 30.54 J23-3-CLAMR trans-3-Hexenoicacid _ 0.17
47 30.85 JZ 3 -2-CVTAR trans-2-Hexenoicacid 0.04 _
48 30.76 3-CUTR 2-Hexenoicacid 0.06 031
49 32.59 = L% Trichloroaceticacid, dodec-9-yn 0.01 _
% Alcohol 0.00 0.00
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S5 {7 B4 B [H) /min aw) HXVR R
EANGR sy fif ot
50 3.99 Z.B% Ethanol 3.25 1.98
51 10.75 1-JJi-3- 1-Penten-3-ol 0.32 0.20
52 16.75 [ -3- 2 4i-1-B% (E)-3-Hexen-1-ol 0.11 0.18
53 17.35 i Leafalcohol 12.04 12.05
54 17.90 2 3-2-CL B trans-2-Hexen-1-ol 0.43 0.37
55 20.12 1-Z. 3£ B 2-Ethyl-1-hexanol 0.13 0.14
56 28.87 7% H i Benzylalcohol 0.41 0.55
57 29.61 2, PhenylethylAlcohol 0.46 0.82
58 13.54 1-J%E¥ 1-Pentanol 0.03 0.03
59 19.44 2- W 3k-6-Pik-1-B% 2-methyl-6-Hepten-1-ol 0.07 0.07
60 6.34 2-"J"fi% 2-Butanol — 0.01
61 12.04 3-FE-2- 1% 3-Methyl-2-pentanol 0.19 _
62 20.61 3-23E-4-F He TR bg- 1B 3-Ethyl-4-methylpentan-1-ol 0.05 _
kIR Furan 0.00 0.00
63 4.24 2-Z.FENKIR 2-Ethylfuran 2.06 233
64 14.68 2-(2-J805 FE) R cis-2-(2-Pentenyl)furan 0.09 0.17
65 14.70 (E)-2-(1-% M 3) kI E-2-(1-pentenyl)-Furan 0.13 0.14
66 12.59 1-1E LW 2-Pentylfuran 0.04 0.02
JekE Alkane 0.00 0.00
67 11.27 +—%¢ Dodecane 0.02 0.05
68 15.13 2,2, 6-=HIIEIFPbE 2, 2, 6-trimethyl-Cyclohexanone 0.04 0.02
69 14.34 + =%t Tridecane — 0.01
70 2249 2- 34, 8,8-= ﬁ34%-4-m%%-:%[520]ﬂ% - 013
2-methylene-4, 8, 8-trimethyl-4-vinyl-Bicyclo[520]nonane
71 4.45 2,2,4,6,6-HHILBHE 2, 2, 4, 6, 6-pentamethyl-Heptane — 0.02
72 24.77 1-FEE IR [410]B#5¢E 1-Methylbicyclo[410]heptane _ 0.04
73 21.83 FEHE Cyclooctane — 0.02
74 38.44 PR+ Pkt Cyclotetradecane 0.02 —
J# 4% Olefins 0.00 0.00
75 8.01 4,8-"H3-1, 7-T- "% 4, 8-Dimethyl-1, 7-nonadiene — 0.29
76 9.76 2, 3- " HIBE- 11504 2, 3-Dimethyl-1-pentene 0.17 0.12
77 21.19 WA Fi-4(14)- ") cis-muurola-4(14), 5-diene 0.20 0.14
=) — A1 _ZKPE
8 22.06 i:;Lsrozﬁri;fsl:fn%ez;fglgfm%et-h;lzie{bf}fzgf(-)()lecene(440) 0.88 0.30
79 2747 8165 772)3,852,112 2-;iii;rlt;§fc;j 13, ’37, ’71, 11 Ez%traene - 0.11
80 9.55 3-Z.-1-J%4% 3-Ethyl-1-pentene _ 0.09
81 19.26 1-Z 5 O i 4-Ethyleyclohexene — 0.05
82 25.78 BAFZIA Azulene — 0.25
83 6.20 4-ZJ5e K1, 59 "M 4-Ethyl-1, 5-octadiene 0.01 _
84 17.47 4-F3E-1, 4-C 4% 4-Methyl-1, 4-hexadiene 0.20 _
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4% BRE T min sty WAL
EARCRCIU . SEik
fi Phenolics 0.00 0.00
85 34.53 T Eugenol 0.01 0.05
86 29.5 4-fif§ H-4-H 28 4-Methyl-2-nitrophenol — 0.02
fi Ether 0.00 0.00
87 2.15 WP HEHE Dimethylsulfide 0.29 1.48
88 10.42 1-Z.3EEW} 1-ethyl-Thiophene 0.01 _
89 1.83 LMk Ethylether _ 031
RS Nitrogenouscompound 0.00 0.00
90 2.82 1,1,3,3,5, 5-75 H 335 =i 2U5¢ Hexamethylcyclotrisiloxane _ 0.03
O T e el
92 26.54 ZK3E Oxime-methoxy-phenyl . 0.16
93 26.84 N, N-— T EH B N, N-Dibutylformamide 0.02 _
LAY Oxygenatedcompound 0.00 0.00
94 11.17 B HIA H LA LE Decamethylcyclopentasiloxane 0.04 0.13
95 5.73 J\H LA DU 4A4E Octamethylcyclotetrasiloxane 0.11 _
96 11.68 AL S 7-Oxabicyclo[410]heptane 0.60 0.81
97 2.92 J\H JE = HE4U Octamethyl-Trisiloxane _ 0.02
98 8.54 | FH 3L U 4UlE Decamethyl-Tetrasiloxane _ 0.01
99 2.92 J\H 3 =k %(E octamethyl-Trisiloxane _ 0.02
A2 Monoterpenes 0.00 0.00
100 10.28 b-H 4 b-Myrcene 0.04 0.02
101 10.1 beta-7K /4 b-Phellandrene 0.02 0.03
102 19.37 (18, 3S)-J2 :-4-# 4 (+)-4-Carene 0.03 0.02
103 13.34 b-Z §4f b-Ocimene 0.02 —
104 19.52 AT Cyclohexen 0.02 _
105 18.86 (-)-cis- B4t (-)-cis-Carane 0.01 _
2528 Sesquiterpenes 0.00 0.00
106 19.09 o-FEFE AT a-Cubebene 0.60 0.62
107 26.39 a-JikMii a-Copaene — 0.19
108 19.72 2245 Ylangene 0.43 0.43
109 19.92 FAMLLZE Copaene _ 0.10
110 20.48 B-J 55/ beta-Bourbonene 0.29 0.22
111 20.94 o-1l7 254 a-Gurjunene 023 019
112 25.25 Jii- 2, -F&HLLER cis-b-Copaene _ 0.17
113 23.60 F B Aristolene — 0.04
114 22.46 a- B BIAM o-Guaiene _ 2.58
115 23.75 M Aromandendrene _ 0.32
116 22.86 I ETE N Cyclosativene _ 0.83
117 23.08 (+)-E1&) (+)-Sativene 0.05 0.09
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@Rl
AHXT BT i 73550/ %
s PREEMTE)/min aw) - -
grffifnt  gpeadifnt
118 27.91 KM BGermacra-1(10), 4, 7(11)-triene 0.14 0.23
119 24.81 g- AR =M g-Muurolene 0.94 0.88
(Ir, 9r, e)-4, 11, 11-= HIJE-8-1F T HE XA 720]-4-His
120 23.79 (IR, 9R, E)-4, 11, 11-Trimethyl-8- 0.91 0.51
methylenebicyclo[720]undec-4-ene
121 23.11 FZE 5 Epizonarene 0.04 _
122 24.5 (-)-b-15 K (-)-b-Chamigrene _ 010
123 25.41 o-1ii# i a-Bulnesene _ 1.44
124 25.6 g-JT T4 g-Selinene _ 027
125 23.58 (-)-g-EEE ik (-)-g-Cadinene _ 0.20
126 32.99 (H)-g-ir25M (+)-g-Gurjunene 0.04 0.02
127 21.17 K4 LM DGermacreneD 0.41 0.09
128 22.00 LBENH Beta-ylangene _ 0.07
129 22.66 A1 ¥ Caryophyllene 258 _
4,11, 11- = H FE-8- FH H 37 [7.2.0]-4-+—
130 22.59 4, 11, 11-Trimethyl-8-methylene- 1.58 0.50
bicyclo[720]undec-4-ene
131 24.23 SEIU Tsoledene 0.04 0.12
132 2434 X% Humulene 0.66 0.27
A-FERN G
133 26.36 1.62 0.97

1-Isopropyl-4, 7-dimethyl-1, 2, 3, 5, 6, 8a-hexahydronaphthalene
(lar)-labeta, 2, 3, 3a, 4, 5, 6, 7Tbp-/\F-1,
1, 3abeta, 7-PU H F- 1 - R [a] 55
134 25.58 — 0.34
(1aR)-1abeta, 2, 3, 3a, 4, 5, 6, 7Tbbeta-Octahydro-1,

1, 3abeta, 7-tetramethyl-1H-cyclopropa[a]naphthalene

135 26.9 Hil4%5 Cubenene 0.10 0.08
136 21.13 MR it Bicyclosesquiphellandrene _ 0.04
7 )37 (s, 12, 62)-8-¢ N Hk-1-HT JE-5-3F F SR+ 2E- 1, 6- _ 0.29 -
(S, 1Z, 6Z)-8-Isopropyl-1-methyl-5-methylenecyclodeca-1, 6-diene
138 27.15 o-AK >~ 1b-Cadina-4, 9-diene 0.04 _
139 23.27 SFK -4 Isolongifolene _ 0.02
140 25.83 WK A= )L Bicyclogermacrene 0.87 0.27
141 25.85 M4 #4914 Elemeneisomer 0.63 027
142 25.50 b-J7F ¥ b-Selinene 016 _
143 20.91 WHL (-)-Cyperene 0.07 o
144 25.63 a-A< = Jl#i a-Muurolene 0.44 _
145 20.98 d-FFJfi delta-Selinene 0.04 _
146 22.89 b-A A beta-Guaiene 0.13 _
M BE Monoterpenol 0.00 0.00
147 21.54 J5HERE Linalool 0.08 0.08
148 28.37 Tt B Geraniol 0.40 1.55
149 33.88 Fe il Espatulenol 0.38 0.14

150 35.74 S ELBU I Espatulenol 0.04 0.01
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&Rl
T LR B2 S R] /min (st PR
grefifnt  spgfifnt
151 32.26 FEAEALEE Nerolidol 0.32 0.04
152 34.73 t-HE A BE tau-Cadinol 0.01 —
FATERE MonoterpeneAldehyde 0.00 0.00
153 2321 IFPEFE 2, 6, 6-trimethyl-1-cyclohexene-1-carboxaldehyde 0.42 0.25
154 25.07 iz 2: Z—t;rfet%hyfcilii-;—i?l -methanol 0.10 0.15
155 24.64 (2)-3, 7-—H5E-2, 6- K5l (2)-3, 7-dimethylocta-2, 6-dienal _ 0.04
- EEOR 27 -2- TP
156 27.09 2: 2-diritiy%gc[;:llo][illlg]hip%;er?:e‘:ﬁj-carboxaldehyde 0.05 T
T — FORA I EZ )
T2 L RESESFEEHNELEYRBES T i
Fhz L fnt s fifnt (e LN
fif Esters 15 15 10
i Aldehydes 12 15 10
fifl Ketones 4 4 2
2 Acids 4 4 2
fi& Alcohols 12 11 10
Wi Furans 4 4 4
Jif% Alkane 3 7 2
J#iJ& Olefins 5 8 3
1% Phenolics 1 2 1
fiik Ethers 2 2 1
&8 Oxygenated compounds 3 5 2
&R/ ALE W) Nitrogenous compound 2 3 1
HiTif Monoterpenes 6 3 3
{5215 Sesquiterpenes 26 32 18
HTEEE Monoterpenol 6 5 5
HiTifEE Monoterpene aldehydes 3 3 2
ait 108 123 76

VIP {E>1 H 255 W& VPE P<0.05 SRt Timkar | &f
ity W % e I [ ) 22 AR (35 3) o G 21 A
ERVEY R &R E, SOl A st 5,
802.53 ng-g's £ {4 il 15 2% fF - 31K, Sy 465.84
ngglo BGRG LR I S | BRI S
s TGRS LA sEnt . H o-@BIAK . ot
BT TNEE . IRETE G . BBV A R AE T4k (05
TOASEEIF AT L oK EI | o- 58 2 TR 2
FEAE T LR A mEmtrh o 5 Ah, 210 5 i 5% fif

MR A A S A, HIXT R 72.4%; Wk E
AP, 12.1%; B8 1Rl (5 1.4%; 7 1l 5 6.4%; B
2, 5 19.6%. HH KA R e Ak
B AN (35.5%) , HR B (9.06%) o
] &0 € S 5 5% B i Ak B 0 A 7 b, ARG B o
17 69.3%; A 1 Fl, i 3.8%; 5 2 Fh, i 22.6%;
BE 2 Ff, 7 4.1%, HhE&BEEENEY R o-@
BIANE (32.6%) . HUH o-fiZI5 (13.1%) . 4- (0
i 5 5% i A AN 1) P S 2 A M o
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*3 A REBBREMHNREDES
e/ pggh)
=) ) (REANE]/min - VIPIS4y  pff log, AT RO
ARGy e St
i Terpene
1 FEAEBUEE Nerolidol 32.26 142 3.66E-03 20.55 2.77 2.89
2 Kl Espatulenol 33.88 125  5.07E-03 2429 9.98 1.28
3 o- A1 AH alpha-Guaiene 22.46 434  9.62E-03 — 190.22 -8.44
4 a-fiZ2) o-Bulnesene 25.41 320 9.62E-03 — 105.88 -7.6
5 {171k Caryophyllene 22.66 405  9.62E-03  165.69 — 8.25
6 a-A< 22 IHi#% a-Muurolene 22.86 1.66  9.62E-03 28 — 5.68
7 (H-HETER (+)-Cyclosativene 25.63 225  2.84E-02 — 60.92 -6.8
8  g-EEWNiME g-Cadinene 23.58 1.03  2.84E-02 — 14.43 —4.72
9 A Humulene 24.34 136  450E-02 4222 19.6 1.1
J#)% Olefin
2-5¢ N JE-5-F 3E-9-
10 ;IF Iif;j;ﬁfy (1‘_‘;_0) 22.06 174 3.03B-02  56.6 2237 1.33
methylene-bicyclo-1-decene(440)
Ji Alcohol
11 JIii-2- T84 185 (2Z)-2-Penten-1-ol 15.53 1.04  4.53B-02  30.62 45.82 —0.58
12 # P PhenylethylAlcohol 29.61 414 507B-03  60.77 198.55 -1.7
ff Aldehyde
13 ;i iiyiijn&iﬁe 8.14 200  4.34E-03 6.92 43.12 ~2.63
14 P Propanal 2.34 250  2.84E-02 — 88.87 -7.35
filil Ketone
15 a- 2%l a-lonone 28.42 1.73 2.84E-02 30.18 — 5.79

E: — PR AR ENZ Y 5

3 i it

FEI) rh 5 A ) I T 2 55 0y 7 A R 1
By N TIEHU & 8 A D o ik i, HoAs A
77 AT B L A AR D, Tz D T IR
Boin RAFAT U R Y 2R R
ZR A HLAL & W B[R] 20 B, AR AR o
I AE | TR RIS | IR R 2
SOREE . ANBEFTAR AR, ARG  E
PER T RSP R (BR 1, 3) o Ko
RYNPEA U . ZPEIRIE | DR Z Ry
PRAGEDIRL ), W ks BAT T A A IR, AP Hi |
R MR TR e L B ARIR IR

SR TIZY , LAE 2 B BT 7E 2065 185 5 5%
H SR AR R T AR SRR (3R 3), /R4l
ISl RERA —E MR

TGS 5T, A AU O 7 PR A7~ i G
T BTy, T AR KL IR (FE L ARAE
AR OEHSE), Tl s Bty T/
AETT, T W Tt . PR AT a1k
W it 2 RS T AR 114 B B s A I I H AT BB
T FTRBE TR 2 RF . TN
HE AL A 7 I T A () 70 S AR, e AR A T A
AR, PR, X S TG 2 S T AR A
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Comparative analysis of volatile components in the fresh leaves of

the red- and green-leaf varieties of Mallotus oblongifolius

SHI Qi', LI Juanling’, YU Wengang', TAO Jun’
(1. College of Horticulture, Hainan University, Haikou, Hainan 570228; 2. College of Forestry, Hainan University, Haikou, Hainan 570228;
3. College of Tropical Crops, Hainan University, Haikou, Hainan 570228, China)

Abstract: In order to clarify the difference in volatile compounds between the fresh leaves of the red- and
green-leaf varieties of Mallotus oblongifolius and analyze the mechanism of generation of different aroma in
the fresh leaves of these two varieties, the fresh leaves of the red- and green-leaf varieties of M. oblongifolius
were collected and their low molecular weight volatile metabolites were analyzed by using the gas
chromatography-mass spectrometry (GC-MS). The differential volatile metabolites in the fresh leaves of both
varieties were analyzed by using multivariate analysis. GC-MS analysis showed that there were a total of 156
volatile compounds in the fresh leaves of the red- and green-leaf varieties of M. oblongifoliu. Principal
component analysis (PCA) and orthogonal partial least squares discrimination analysis (OPLS-DA) found there
were significant differences in 15 volatile compounds between the fresh leaves of the red- and green-leaf
varieties of M. oblongifolius. Further analysis showed that the fresh leaves of the red- and green-leaf varieties
of M. oblongifolius were highly significantly different in the content of nerolidol, indicating that nerolidol may

be the determinant of the aroma difference between the two varieties of M. oblongifolius.
Keywords: Mallotus oblongifolius; volatile metabolites; GC-MS; differential metabolites; aroma
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