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Differential analysis of volatile metabolites in different parts of
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Abstract : Cinnamomum camphor is a valuable aromatic plant resource. Studying the volatile components of different parts of
C. camphor can provide a basis for further extraction and screening of natural active substances. In this study, fresh leaves and
fruits of C. camphor were used as materials, and the headspace solid phase microextraction-gas chromatography-mass spec-
trometry ( HS-SPME-GC-MS) was used for broad targeted metabolomics analysis. A total of 1 158 secondary metabolites were
detected in leaves and fruits,including 16 categories,such as terpenes,esters , heterocyclic compounds , hydrocarbons , ketones
and aldehydes,among which terpenes, esters and heterocyclic compounds accounted for the highest proportion of secondary

metabolites. PCA and cluster analysis showed that compared with the fruits,there were 141 up-regulated metabolites and 417
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down-regulated metabolites. KEGG enrichment analysis showed that the differential metabolites of leaves and fruits mainly in-

volved in the biosynthesis of sesquiterpene and triterpenes , monoterpenes , phenylpropanoids and other pathways. The terpenes

were the main volatile components in C. camphor while the relative contents of terpenes in leaves and in fruits accounted for

92.33% and 82.73% ,respectively. The results revealed the categories and relative content of secondary metabolites in leaves

and fruits of C. camphor were quite different. This study provided a theoretical guidance for the fine exploitation and utilization

of leaves and fruits of C. camphor.
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Table 1  Metabolites of leaves and fruits
Fh2k Class ¥4 Number 5 Lt Proportion( % )
i Terpenoids 282 24.35%
i Esters 196 16.93%
JEFRAL A Heterocyclic compounds 177 15.28%
% Hydrocarbons 87 7.51%
fili] Ketones 86 7.43%
{2 Alcohols 75 6.48%
& Aldehydes 65 5.61%
J54% Aromatics 62 5.35%
fify Phenols 39 3.37%
i Acids 34 2.94%
i Amines 23 1.99%
SHALAY Sulfur compounds 11 0.95%
R MAEY Nitrogen compounds 8 0.69%
HAhZE Others 6 0.52%
fif Ethers 4 0.35%
=i {42 Halogenated hydrocarbons 3 0.26%
J23t Total 1158
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Table 2 Relative content of metabolites in leaves and fruits
M Leaf S Fruit
oK N AR it RN AR it
Class Cﬂﬁ H %d CAS Relative C{JC = %d CAS Relative
ompoun content( % ) ompoun content( % )
=) —y- K A Bl b s
W ) BER 20873992 6.91 £0.47 Ak 13744-1555  7.05 0. 94
Terpenoids  (-)-y-Elemene Cubebene
S Y e EE N
FENE Je 464459 5.37x1.57 () - S A 65354-33-8 6.39 +0.91
(-) -Menthol (-) -a-Cedrene
T i )
507-70-0 5.37 £1.57 B4 Copaene 3856-25-5 2.67 £0.21
Borneol s
(+)-FREFE
B 1, 2, 4-Metheno-1H-indene, octa-
TT 138-86-3 3.36 £1.09 hydro-1, 7a-dimethyl-5-( 1-methyle- 22469-529 2.67 +0.21
Amonene thyl)-, (18,28, 3aR, 4R, 58, 7aS,
1,7- = HIE4- R N3 =R [ 4. 4. 8R)-
0.02,7 ] B8%5E-3-F a5 LR Mg
4-Isopropylidene-1, 7-dimethyltricy- 62332:96-1 1.30+1.03 Methyl eugenol 105873 2.54=1.04
clo[4.4.0.0 ] decan-3-one
) oo Pridnamivit 09 >3 = i\
() -a-HEREA I 17699-14-8 1.26 +0.51 L T 123123-37-5 2.37 +£0.27
a-Cubebene Methyl eugenol
B _ S HLHME -~
5-Santalol 77429  1.25+1.09 5-Cadinene 483-76-1  2.37 £0.27
< - R B
1:(””?% 475-20-7 1.05+0.17 B 4:1—&\}:7“7 523477 2.37 +0.27
Longifolene B-Cadinene
4o, 8- HHL2-(Y-1-H5-2-35) -1,
2,3,4,4a,5,6,7-)\5 2% Kibgs
4a, 8-Dimethyl-2-( prop-1-en-2-yl )- 103827-22-1 0.88 £1.11 I ifol 475-20-7  2.31 +£0.48
1,2,3,4,4u,5,6,7-octahydronaph- ‘ongtiolene
thalene
1-(1,5- 2 E AL ) 4- 12 -
Benzene, 1-( 1, 5-dimethylhexyl ) 4-  1461-02-5 0.88 £0.25 YR 29873992 1.85+0.28
(-) -y-Elemene
methyl-
TR A 52 M
b R i 2yl
i Butanoic acid,3,7-dimethyl-2,6-0c-  106-29-6 2.35 £1.82 2 ﬁa%zjxﬁﬁ ik 94-33-7  0.73 +£0.17
Esters . 1,2-Ethanediol ,monobenzoate
tadienyl ester, (E) -
SEIS10- i i =y = fiATiG
2 I)L‘-EJ?E 10 %ET@&EE 29021-37-2 1.65 +0.25 3 b%%bfﬂﬁgﬂ 108058-81-7 0.69 +0.22
2-Pinen-10-yl isobutyrate Hexanoic acid,5-hexenyl ester
AT 4 L2 F i i R 0B TR T
e 134203 0.97 0,37 27URAB-10-HE5E T Rl 29021372 0.56 0. 10
Methyl anthranilate 2-Pinen-10-yl isobutyrate
2-F8 L HOR T R TR CRC e
1,2-Ethanediol , monobenzoate 94337 0.52£0.22 Hexanoic acid , hexyl ester 6378-65-0 054 £0.09
PRI Y i PRI Y i
2-Propenoic acid, 3-phenyl-, methyl 19713-73-6 0.36 +0.01 2-Propenoic acid, 3-phenyl-, methyl 19713-73-6 0.51 +0.34
ester ester
e (E) -PIFERR H iR
£ 5 =3
HR%LUC;@&V‘]EH 2381-87-5 0.20 £0.05 2-Propenoic acid, 3-phenyl-, methyl 1754-62-7 0.33 +0.06
Dehydromevalonic lactone fer, (E)
ester, -
(1R,5R,8R)-7,7-— H H-6- H
JEHR[6.2.1.01,5 ] —2-f " N
(3aR, 6R, 8aR )-7, 7-Dimethyl-8- 30557-76-7 0.16 +0.04 2'@%11'?@@*;@4:@?. . 122-72-5  0.31 +0.06
methylenehexahydro-1H-3a,6-metha- --henyl--propanol, acelate
noazulen-3 (2H) -one
] 7 isTiE A S i FH TG
U etk 2 Ml 35153-107 0.16 20,03 % AMIRIARIf 134203 0.31 +0.04

11-Dodecen-1-yl acetate

Methyl anthranilate
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%23 2 ( Continued Tab. 2)
- H Leaf SRS Fruit
ES R AT P fk R IR P i
Class C% A ; CAS Relative c% A ; CAS Relative
o content( % ) ompouny content( % )
e 2- P K YRR TP
L Q) AT
Fi (2) 8- ML L TRl 28079-04-1 0.16 +0.04 Benzoic acid, 2-( dimethylamino )-, 10072-05-6 0.29 +0.25
Esters 8-Dodecen-1-ol , acetate, ( Z) -
methyl ester
G 1 TR A TG .
4- M1 BN AR 30563-30-5 0.04 +0.04 AR T R 136-60-7  0.22 +0.06
4-Penten-1-olpropanoate Butyl benzoate
KL EY - K
R =] (37 S ) S
Heterocyclic fi 4:¥L*f§ ki 3900793-7 6.23 +4.75 (1S,7aR)-2,3,5,7a-Tetrahydro-1- ~ 520-63-8  0.90 +0.25
Sesquirosefuran .
compounds hydroxy-1H-pyrrolizine-7 -methanol
WK H i 6-Z H-1 429 — A
Methylphenidate H345-1 2.38+1.87 1,4-Benzodioxan-6-amine 22013-33-8 0.31+0.08
‘ 5,6- & -6- 5L -2 H- Mt i -2 -
~(2-n 1-7% i
1-(2-IRI ) -1 TR 3194-17-0 1.21 +£0.35 2H-Pyran-2-one, 5, 6-dihydro-6-pen- 54814-64-1 0.29 +0.08
1-Pentanone, 1-(2-furanyl ) - wl
yl-
] A — A U T
¢-a& 1’4.2&]’4‘#%#% 22013-33-8 0.72 +0.11 VH-EEf -5 Eﬁ 4418-61-5 0.27 +£0.15
1,4 Benzodioxan-6-amine 1H-Tetrazol-5-amine
34,5 6,7 o -
3-Pentyl4, 5,6, 7-tetrahydro-1 H-in-  22122-914 0.54 +0.44 E “ . 3731519 0.24 +0.11
dazole 2-Pyridinemethanamine
2-(1-HEE L 3E) -TH-ME Mg JF [ 2, 3-
3-Dkne-1 - P i b ] ik uE
3-Imidazol-1-ylpropanenitrile 23996-534 0.36 £0.10 1H-Pyrrolo[ 2, 3-b | pyridine, 2-( 1- 27257-18-70.23 £0.04
methylethyl ) -
2-FPJE-3 (2-R TG ) A4 2- L BEIR Tk g
2-Methyl-3 ( 2-furyl ) acrolein 874-66-8  0.28+0.24 2-Acetylbenzofuran 1646-26-0  0.22+0.03
RITHE 4-(1,2,4-=m4-5)-1,2,4-= %
(1S,7aR)-2,3,5,Ta-Tetrahydro-1- ~ 520-63-8 0.27 +0.33 M 16227-159 0.17 +0.03
hydroxy-1H-pyrrolizine-7-methanol 4 ,4'-Bitriazolyl
7 A T, 3o A2
SRR 2- LH-1E s -2
7-Methoxy4-methyl-1,  3-dihydro- 64376-03-0 0.16 £0. 12 1 H-Pyrrole-2-carbonitrile 9513944 0.17 £0.08
2H-1,5-benzodiazepin-2-one
L H-ALE % -2 1H-RL % -3 -Jiff
1H-Pyrrole-2-carbonitrile 9513944 0. 11 £0.03 1 H-Pyrrole-3-carbonitrile 7126-38-70.17 +0.08
Fif] 1-(3-C AR AL ) T 1-(3-Z S8 IEHHE ) TN
Ketones 1-(3-Ethoxyphenyl ) acetone 23037470 5.84£0.15 1-(3-Ethoxyphenyl ) acetone 23037470 7.60 £5.34
l_ A _+P = _‘l—" 1. > ]
4P RO 09934 3.09+0.54 | A1 1009-14-9  5.45 £0.81
Acetophenone ,4'-hydroxy- 1-Pentanone, 1 -phenyl-
(E)-8-H3-5-(1-H R 2, %) -6,8-
4-C -3 T -2
4-Hoxen3-one 2497214 1.36 +£0.39 6 .8-Nonadien-2-one , 8-methyl-5-( 1- 5486848-3 1.26 +0.34
methylethyl) -, (E) -
_"‘h 1 - Vi = /_‘;X A_""T ]
VA1 1009149 0.63+0.36 * FEHEARLHE 99934 0.84 £0.14
1-Pentanone, 1 -phenyl- Acetophenone ,4'-hydroxy-
= N il _ f= b =
2,2,3- = AL Tl . 1449496 0.44 +0.13 2- LI L 7250944  0.47 £0.18
Cyclobutanone 2,2 ,3-trimethyl- 2-Acetoxyacetophenone
2-Z Pk SE IR 2 i 2-Acetoxyaceto- 1-— S ¢ B
phenone 7250944 0.33 £0.29 | H-Inden-1 -one. 2 3-dihydro- 83330  0.42 +0.30
(E)6,10-F135-5 9Ttk 21 S
5, 9-Undecadien-2-one, 6, 10-dime-  3796-70-1 0.32 +0.03 47PN 70-702  0.19 =0.02

thyl-, (E) -

Paroxypropione
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%23 2 ( Continued Tab. 2)
HH Leaf SRS Fruit
2k it St B
Class feit o e fetr o TR
CAS Relative CAS Relative
Compound Compound

content( % )

content( % )

(E)-8-HH-5-(1-H B 2 ) -6, 8-
] T 5 -2- 1
Ketones 6,8-Nonadien-2-one, 8-methyl-5-( 1-
methylethyl) -, (E) -

S AL A A

Eldecalcitol intermediate

4RI

Paroxypropione

70-70-2

54868483 0.11 +0.10 L1, 17X R3] 2-fil

66748-84-3 0.10 +0.03

0.09 +0.07

[1,1’-Bicyclopentyl ] -2-one 4884246 0.13 £0.04
(E)-6,10-—H 55 9+ B 2-

i

5, 9-Undecadien-2-one, 6, 10-dime- 3796-70-1 0. 11 £0.02
thyl-, (E)

4,7,9-5 5 = J#-3-M

Megastigmatrienone

38818-552 0.08 +0.01

iEnd&E Relative content (%)

W E Leaf % R3% Fruit

B3 FE—fRiEtmaEr SRS hgiadss
Fig. 3 Relative content of the same metabolite in leaves and fruits
A () -y-EFH B A B BRI R s D225 CHOR IR E - LR FH i 5 F 62031, 4- 26801 38 G RT3  H:
TH-NHEIE 2 5 1:1-(3- L EERTE ) TN 5 J o4 -0 228 1 5 K 1R - 100 5 Lo 2- 2 B S B R 2 M (E) -6, 10- 2 385, 9 — B s 2-
fili], Note:A:(-)-y-Elemene;B:Longifolene; C: Methyl anthranilate; D1 ,2-Ethanediol, monobenzoate ; E : 2-Propenoic acid,3-phenyl-, methyl ester;

F:1,4 Benzodioxan-6-amine ;G :(1S,7aR)-2,3,5,7a-Tetrahydro-1-hydroxy-1 H-pyrrolizine-7-methanol ; H ; 1 H-Pyrrole-3-carbonitrile ; I ; 1 -( 3-Ethoxy-

phenyl) acetone ; ] ; Paroxypropione ; K ; 1 -Pentanone , 1 -phenyl-; L.: 2-Acetoxyacetophenone ; M : 5 ,9-Undecadien-2-one ,6 , 10-dimethyl-, (E) -.

2.5 ERRKREMHT

MR SRS L, — 30 558 =AY, DL
ZE5eAF A (fold change , FC) 112 1N I i) — i,
FC=2 2 bl . FC<0.5 i, Horp 141 SUH
Yy bRk, 417 AU TRk (L3R 3 AK
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Table 3 Differential expression of metabolites in different parts

HH s $252 Leaf vs Fruit

eSS
Class B Total 1% Up T4 Down
i Terpenoids 120 26 94
i Esters 113 15 98
Ze IR A ) Heterocyclic compounds 67 19 48
fifl Ketones 44 13 31
#2 Hydrocarbons 43 21 22
fi¥ Aldehydes 39 12 27
i Alcohols 36 10 26
F5 4% Aromatics 31 5 26
% Phenols 22 8 14
fix Acids 17 5 12
W Amines 12 2 10
EEN A ulfur compounds
EWEY) Sulf pound; 4 1 3
fi¥ Ethers 3 0 3
RS Nitrogen compounds 3 1 2
X {ttE Halogenated hydrocarbons 2 1 1
HAthZ Others 2 2 0
it Total 558 141 417
T T
¢+ g | g e
.8 " L | 1. .
DR R
FRPCHY o = § o y2 & C
oy b . ® >
® . - si 1o .’E‘r
) o e e g D e L it
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| |
" §
[ Statistics
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1 | *  Down:417
054 l : Insignificant 600
U ' l
| |
| |
I I
I I
] |
| I
I I
I |
] ]
| )
I 1
004 I I
' v —rt .
-16 8 4 210 Y2 4§ 8
log:FC

B4 =FKEHHAL

Fig. 4 Differential metabolite volcano map
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Table 4 The metabolites of the top 20 fold change
75 o (= H%  pc | EfoRm
No Compound Formula Class > Type of change
VNGRS 3 . A
1 Pheno]%f‘ffy]_ CoH0 2446697 ) 11.99 A
2 Iﬁﬁfﬂ CuHig0  15687-27-1 i -12.01 A
LR . | -
G, H,0 -36- g -
3 2-Propenoic acid,3-phenyl-, ethyl ester R 103-36-6 i 12.02
4 Un';l;fal ChH,0 112447 s -12.28 A
T8 T ; T
C;;H,0 29- & -
> Nonanoic acid, ethyl ester e 123-295 e 12.30
2,3,5- = H 528 %
6 Decane 2 3E‘§l5-mif§y1- Cofy 62238113 e 1233 B
J22-+ I . A
7 Z—Biode;tnalh?@f) ) Cj,H5, 0 20407-84-5 23 -12.47 A
8 %%fﬁff CisHyO  28400-11-5 i -13.01 A
2-ZBEHE-3- TR [ b ] gy T
G, H,,08 312 Zeip A -
? 2-Acetyl-3-methylbenzo[ b ] thiophene e 18781312 ML) 13.32
3R EERR . i T
CoHgO 30- _
10 3-(3-Hydroxyphenyl ) acrylic acid 9T 588-30-7 13.63
(2R-Fix)-1,2,3,4,40,5,6,7- )\ & -, 0,400, 8- DU FH B2 2% I i Ty
11 2-Naphthalenemethanol ,1,2,3 ,4 ,4a,5,6,7- Cy5Hy0 1209-71-8 it -13.83 h
octahydro-a, «,4a,8-tetramethyl-, (2R-cis) -
H-y =4 . iﬂ
12 10-?1)3-1[«:11%%;01 CisHy0 15051817 it -13.83 Lk
T TIENER[4.1.0] BEke T
CisH -11- 17 -
13 7-Octylidenebicyclo[ 4. 1. 0 ] heptane 157726 82253-11-0 ke 14.28
14 2- AL L PR CgH;NO, 610-69-5 i -14.43 L
2-Nitrophenyl acetate ST '
[1R-(1a,5a,68) ]-6-H 3-2-T H J-6-(4-H
FE3- BB ) WUER[3. 1. 1] Bk " T
CisH 21- -
15 Bicyclo[ 3. 1. 1 ] heptane ,6-methyl-2-methylene-6-( 4- 15772 35123212 i 14.47
methyl-3-pentenyl) -, [ 1R-(1a,5a,68) -
2-L IR HE LR . " T
C,Hq0,S K % _
16 Acetic acid,2-[ (1-thioxoethyl) thio ] - 46T 17930-82-4 L 14.86
TR TR T
CysH,,0 E Y% -
17 Butylated hydroxytoluene T 128370 Ik 15.21
4,7,9-EF =453 . . ik
I C3H;50 -55- i -
18 4,7,9-Megastigmatrien-3-one 1B 38818-55-2 Pl 15.77
- T
CyHg O K i -
19 1H-Inden-1-one,2 ,3-dihydro- o8 83330 Fil 18.65
20 2-REL AR RLE) 5 CH,0 58502855 ke 20.53 T

Benzene,2-methyl-1,4-bis( 1 -methylethyl ) -

2.6 E=RRKEMRBEEINT

FIHT KEGG K3k 22 f 7 A i 7 ML 552 ) 22 5
PR AT T AT , 22 A AL A 1) 30 264
R, WA S B, 22 AU T B R
TEYCAAI B A= 10 1AV B R =il 2B )
A AR AR ) A I R B LR ) B A TR A

ARG e AT 28 P R QO |~ e 2 R 2 2 R 1
f IR AR AU AR Y B A e . Hop
HA B #2500l A 3 4 (P-value <0.05) , 733
DAE RSN =AW 1 FRE 2E LR ) A
RNKEILEY G G i, IEA 15 AR 25 (L
*5) . Hi A 3 MY BiRRIA I (E) -3k
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Phenylalanine, tyrosine and tryptophan biosynthesis 4 °
Metabolic pathways
Glycerophospholipid metabolism 4
N—Glycan biosynthesis
Plant hormone signal transduction 4
3 - P—value
ropanoate metabolism 1.00
Terpenoid backbone biosynthesis 4 - 075
Tropane, piperidine and pyridine alkaloid biosynthesis 4 o
Tryptophan metabolism 4 0.50
Sesquiterpenoid and triterpenoid biosynthesis 4 0.25
Biosynthesis ol sccondary metabolites 4 . 0.00
Phenylpropanoid biosynthesis 4 )
2-Oxocarboxylic acid metabolism 4 Count
Benzoxazinoid biosynthesis < ®
Biosynthcsis of amino acids . 20
C5—Branched dibasic acid metabolism
Falty acid biosynthesis 4
Glycine, serine and threonine metabolism
Isoquinolinc alkaloid biosynthesis
Lipoic acid metabolism 4
0.6 08 10
Rich Factor
5 EZRNREY KECC E£E
Fig. 5 KEGG enrichment of differential metabolites
x5 17 B A 4
Table 5 Metabolites in significant enrichment pathway
=2 5] ?‘*I‘ ;’% }5 ;'tJ_
75 fetrt (22N CAS s AL
No. Compound Formula Class Type of change
(E) -1 -1} (61 H -5 5 -2- 9 45 ) B -1 ‘
CisH 134 :
! (E)-1-Methyl4-(6-methylhept-5-en-2-ylidene ) cyclohex-1-ene 5 53585-13-0 i R
3,7, 11-=H3E-1,6,10-+ 2Bk = 4-3-82 .
LR Yy C H O i
2 1,6,10-Dodecatrien-3-ol 3,7 ,11-trimethyl- 15776 7212444 L Il
K- N
3 Lotntgij:(‘)fne Cl 5 H24 475-20-7 ITIE ‘Flﬁ]
S FERAKE X
4 3-c*ad1i%1§fe Cis Mo 483-76-1 L A
E) -1k e g .
5 (< E;_fmfi CisHyO 106285 it i
3,7-" 32 6-3 -1 N
’ ’ CoH;50 -15- 14
6 2,6-Octadien-1-ol ,3 ,7-dimethyl- 107718 624-15-7 i T
2,6- L2, 75 -1 ,6- ,
’ ’ ’ C,oH;5s0 -78- ]
7 2,7-Octadiene-1 ,6-diol ,2 ,6-dimethyl- w0ihisOz - 64142785 i el
8 Enﬁﬁf«i EH CpH,0 2244168 [ i
IH- it y
9 (?iiﬁjl CoHis0  10624-1 i T
10 LR Coln0 2216515 i L
[e] 7 ki . e -
11 ﬁiﬂi CioHp 0 104-46-1 JihE T
4R3I 4 S .
12 %ﬁifﬂj i‘;h?f% CoHpO; 458366 i T3
3 A= P HE A ik CoHL0 1404670 P i

Estragole




1690 KIRF=YIBE R 5T K

Vol. 36

2:5% 5( Continued Tab. 5)

has aw s CAS GiES AL SEAY
No. Compound Formula Class Type of change
R i
14 il Cy H, 0, 93-15-2 [ T
Methyleugenol
s (E) - i CpyH,0 4180238 F ke T

(E) -Anethole

JO T AT A- R -3-F A L R RERE
3 WitE&%R

0 P A0 2 W o A BRI BE R 22T PR
Yy LA, 7R PRI A3 BN, A A — 2 () 2L BN
Fe R ' o AR BRI e B 2 Bk vp
B AR Sy, e R AR S A X 3
e, A 92.33% F1 82.73% , X ULHERIE R
WA 2B UE S LA A 2 0 M R TR
T I X0 A A L LR SRS A RO — 2 AR
FHO HAE TR (BE 24 A 254547 A T A 1
RIEW 15 () -y-Bi s B & et m ik b i
R N R RN RS, AT Z M H T
IR " 5 ZE e e I EL A 4RO (BT LA R Y
GERIGTE T N T B AT s B R
R BUAAL PR AR E M, © ) N T AR
BB

ARAIFFE 245 55 il A ARE 8 ) At 5 2 A
FEHE R W B o S AR e — e 25 57 o AWFE
W T AR AR R TR (-) -y A
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s KM A IR s 1-(3-C EEER ) TN
P, G SRS v ) 5 e e, AR S il 7. 6%
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Y/ipi ok sl
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B RGIIL, 5 i AT T B G AR B A 1
PR AH T KA =2 Wi G, AR P R 2e A8
B MELIFRIEAL s AL RO 1% 07 T
FER B RIA ML R, Smi L SR 22 420 . ARBESE
FIFHTZS [ AR A BB 6 FH 4% R (HS-SPME-GC-

MS) , FCRATREA TR SR /I HR AR T | 5B vy 25
e RS RS T R ), FRT 2 N T
LR R Ra YN SRl g VIS

AHFFEHH HS-SPME-GC-MS £ AR WA A
FIRSCUEE 1158 AR, Hoh, 558 R
Yife ik b HRA 25, 0 BiA 141 MG i
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