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Comparative Analysis of Essential Oil Components of Bergamot from
Different Origins by GC-MS
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(School of Pharmacy, Southwest Medical University, Luzhou 646000, China)

Abstract: The components of essential oil of fresh fruit of bergamot from different origins were compared and
analyzed.The essential oil of fresh fruit of bergamot from 10 batches were extracted by steam distillation and the yields
were calculated. The components of the samples were analyzed by GC-MS, correlation analysis and cluster analysis.The
results showed that a total of 117 compounds were identified in the essential oil of fresh fruit of bergamot from 10 batches,
they were mainly monoterpenes, alcohols and sesquiterpenes, among which (+)-dipentene and y-terpinene were the most
abundant components.There were 9 common components and some of which were significantly correlated with each other
by correlation analysis(P<0.05).Cluster analysis divided bergamot from 10 batches into 4 categories: S1 and S2 were
grouped into one class, S6, S7 and S9 were grouped into one class, S3, S4, S5 and S8 were grouped into one class, and S10
was grouped into one class.In summary, there are some differences of the components in essential oil of bergamot from
different origins, and the content of the same component also has great differences in essential oil of bergamot from
different origins.
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Table 1 Sample information of fresh fruit of bergamot
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Table 2 The yield of essential oil of fresh fruit of bergamot
from 10 batches (X +SD, n=3)

MIX(S6) . PUINELRHTT P VTIX (S7) . EEPRTTRFIX
(S8) A FHE AT RIAML T 0.50%, FE7-AN[A] 4,
JIMSh TS T & AR R 22 57
22 )IBFrEmRS S

BC1.2.07 30 S A RS e, 12,27 T A
SAFHEREIRE, 4345 20477 1) 1B TFAETH Y B

G TEIFEZ(%) . N . N
~ e TP, o B 1 S DU A KR T A i R
S2 0.66+0.02 (S9) o ASTE]y™= b )1 435 TF-HE 70 50 55 ZE BIF O DL 3,
zz gizigg;‘ AN ) 7= i) |3k A i A e 3 117 Sy, Herp
.38+0.
g5 0.5220.01 FAREIS N Y 22 4 fFEREE 19 4, B 35 4 |
S6 0.600.02 211 AL BRHZE 7 A4 BESE 11 AL RIRSE 5 AL OV
s7 0.59+0.04 . ;
. o 3 AL B 3 A, KRR | A, BT —f
9 0.46:0.03 VR TRE AT, 43 BRASAS[E] =4 ) 1 98P T A1k
510 0.3810.02 PRSI IARD S S SR I 4.
2501 &
2001
< 150
a, J
1004
so] g 2. ° 3 8 F |
1 £ % 8§ g < & (B =
Dedte 0 Pmad alzit ogr om i:
0 -f\\rl“ = ?" 'Ii?\"" ‘\v TFJ%FF{:“H \gﬁl‘\gww e T = {m T ';\% g T ’
0 10 20 25
PR FARF ] (min)

Bl 1
Fig.1

F 3 TR BT T3 o3 B T DL

Table 3 Isolation and identification of bergamot essential oil
from different origins
i ST (Fh) LRy (Ff) By B (%)
S1 32 25 99.63
S2 35 33 99.92
S3 95 61 92.94
S4 87 54 97.66
S5 89 58 95.68
S6 70 58 99.63
S7 69 54 99.63
S8 70 54 96.95
S9 38 34 98.38
S10 47 43 99.68
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Total ion flow diagram of bergamot essential 0il(S9)
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Table 4 Relative mass fraction of components in bergamot essential oil from different origins (%)
P a2 25 AF *ﬁgg? S1 S2 S3 S4 S5 S6 S7 S8 S9  S10
3-LIFH12- -1 40
1 J#%(3-Ethenyl-1,2-dimethyl-1,4- Hi§  C,H,, 134 - - 0.34 - - 0.02 001 0.05 - -
cyclohexadiene)
2 -2 B4 (a-Ocimene) i CH 136 038 061 - - - - - - - -
=] J
3 Dﬂijﬂi ia(14§46§)t rzi’e?l'e) HiE CHyg 136 - - - - - 007 002 011 013 009
4 M ((1R)-(+)-0-Pinene) Bl CoHg 136 - 3.22 - - 3.32 - - 156 268 2.03
5 2-B )7 (2-Carene) Wi ClHye 136 199 157 - 186 1.69 226 - 3.09 - -
6 1247 (Sabinene) i CoHyg 136 - 0.06 - 0.10 - 026 021 - 028  0.30
7 il i (Terpinolene) i CoHyg 136 056 075 225 - - - 1.71 - 248 142
8 o-JR#% (a-Pinene) i CoHyg 136 1.52 - 406  1.68 - 212 070 0.60 0.59 -
9 8-4-E5)fi (5-4-Carene) i CoHyg 136 - - - 065 039 137 094 1.8 146 0.5
10 07K 4 (a-Phellandrene) Ml C, H,q 136 0.06 007 017 0.07 - 016 0.0 022 017 0.5
11 (+H)-F7450 ((+)-Dipentene)  Hifli  C,H,q 136 4846 47.69 2735 28.69 3749 39.11 4142 33.84 3247 4348
12 o2} (0-Thujene) B CHg 136 021 073 120 038 120 087 028 079 120 087
13 y-FAMH (y-Terpinene) B CHyg 136 3539 3330 1875 21.73 1829 2774 26.14 20.17 2527 1553
14 #KJfis (Camphene) i CHye 136 002 003 024 003 008 004 001 003 004 003
15 By (Ocimene) il ClHg 136 021 035 1.10 030 048 077 031 105 112 072
16 AEER (Myrcene) i CoHyg 136 099 1.17 200 101 253 204 160 191 183 253
17 ZEWE-B-TEME ((1S)-(1)-B-Pinene) i C,oH,q 136 127 285 477 248 459 308 192 276 361 238
2363 /P 3E-2-2 0
18 (2-Methyl-6-methylideneoct-  #iiili  C,Hyq 138 - - - - - 0.08  0.14 - - -
2-ene)
19 (R)'/%”Ujﬁi i(dLel)monene LM o0 152 - - - = 02 - = = = 005
1,4-—F H-4- 2 B -1 3R C 0
20  (1-(1,4-Dimethylcyclohex-3-en-1-  Hiiff  C,,H,;:O 152 - - 0.32 - 0.13 - - - - -
yl)ethanone)
2- S-S H B O B4
21 (2-Isopropenyl-5-methylhex-  #iiii  C,,H,O 152 - - - - 1.37 - - 3.71 - -
4-enal)
22 KA 4% (Sabinene hydrate) Bl C,H,0 154 0.01 0.0l - 0.10 - 0.07 - - - 1.70
23 AB-SNIE (0-Cymene)  F5&E  C\Hy, 134 290  2.51 - _ _ _ _ _ _ _
24 p-S1ELZ (p-Cymol) I CHy, 134 - - - 557 - - - - 459 338
1,2,3,4,4a, 5,6,7-/\ & -4a-H1 325
25 (1,2,3,4,4a,5,6,7-Octahydro-4a- F5&¥% C, Hg 150 - - 0.06 - 0.06 - - - - -
methyl-Naphthalene)
26  3-#f¥ (3-Furancarboxaldehyde) i C,H,0, 96 - - 0.10 - 0.03 - — _ _ _
27 IECEE (Hexanal) W CHpO 100 - - 002 - o010 - - - - -
28 T-/#% (Nonanal) B CyH 0 142 - - - 006 051 004 004 0.10 - 009
2,4,6-— HI3E-3- 3R - 1-FR 1%
29  (2,4,6-Trimethylcyclohex-3-ene-  C,H,,0 152 - - - - - 0.11  0.15 - - -
1-carbaldehyde)
30 AL (Neral) B C,H;0 152 - - - - - 540  7.84 - 6.26 -
31 FrAgE (Citral) ®  C,H,O0 152 - 047 1.09 225 213 - - - - 9.96
32 I (Geranial) B CHO 152 - 041 073 148 - 385 544 431 516 6.88
33 o-7F P (Rhodinal) [ C,H,0 154 - - - - - - - 0.90 - -
34 (H-FEFME (R)-(H)-Citronellal) B CHO 154 - 0.49 - 028 023 017 017 - 035 032
35 IEZE[HE (Decanal) M CH,0 156 - - - 0.02 - - 0.02 - - -
36 +—# (Undecanal) B C, H,,O 170 - - - - - 0.01  0.03 - - -
37 T (Carvacrol) B C,HL,O 150 - - 0.47 - 0.31 - - - - -
38 lz;iﬁ'ytfﬂfjif’i ISI') B CHuO 150 - - o1 - o010 - - - - -
39 A5 (Thymol) By C,H,,0 150 - - 029 027 - _ - _ - _
40 FH 5L BT (Sulcatone) M C4H,,0 126 - - 0.06  0.03 - 0.10  0.06 0.07 - 0.12
41 ZEJER 7B (L(-)-Carvone) il C,H,0 150 - - 0.10 - 0.09 - - - - -
'y} A JiER B ((+)-Carvone) Ml CH,O 150 - - - 0.07 - 0.03 - - - -




- 278 - B Tk B4 20214 4 A

k4
=2 Ew A xR ;mggq: S1 S2 S3 S4 S5 S6 S7 S8 S9  S10
5-FAE-3-(1-H AL 248 )-4-C
B ey ez GO 12— = o - oo
one)
44 Peiﬁciiﬁfﬂﬁ;w) Bl C HO 154 - - 0.10 - 0.12 - - - - -
45 2-+—[iil (2-Undecanone) il C,H,0 170 - - - - - 0.08 - 0.27 - 0.15
46  KIRFFHEID (Germacrene D) il CsH,, 204 - - - 0.32 - 032 040 066 0.15 -
47  AEEAEHE Bicyclohexyl) kik&  Cp,H,, 166 - - - 0.53 - - - - - -
gy TR GJ\gf;hyl'z'b“ten'l' B CH,O 86 - - 003 - 002 - - - - -
49 zﬁfﬁi fl))?miffog T CHLO 150 0.02 0.2 - - - 0.03  0.02 - - -
50 p-Mentha-1,5-dien-8-ol i CH, O 152 - - - - - 0.15  0.08 - - -
51 (S)'Mﬁ'gﬁi nkfl??: ®Cs m cno 152 - - - - - - - 021 016 036
52 (Z)-F - E ((Z)-Carveol) B CHO 152 - - - - 0.05 - 003 - - 0.04
53 B ZEWE (Carveol) B CH, O 152 - - 0.12 - 0.18 - - 0.13 - -
>4 3jl)TmEitil%féf)cziferll-%ogj M CioHyO 154 - - - B a 0.73 B - - B
55 BULLE (Thujyl alcohol) B CH O 154 006 - - 021 - - - - - -
7-HIRE-3- W HEE S04 1B
56  (7-Methyl-3-methylideneoct-6-en- B¢ C, H,{,O 154 - - - - - - - - 021 047
1-ol)
57 ST (Isogeraniol) BE  CyH0 154 - - - - - 0.04 - 0.18 - -
58 SR (Isopulegol) fE  CHj O 154 - - 0.05 - - 0.01 - 0.04 - -
59 (+)-#5% ((+)-Fenchol) % CH,0 154 0.07  0.04 - - - 0.04  0.02 - - -
60 4-i 475 (Terpinen-4-ol) i CH,40 154 1.17 118  3.49 - 2.71 - - - - -
61 FFWE (Fenchol) B C,HO 154 - - 021 0.03 0.15 - - 0.08 - -
M 6- (5 PR 3 )-3-F L3R L -2-
62 J&-1-BE (Cis-6-(isopropyl)-3- i CHO 154 - - 0.05 - - 0.05 0.04 0.07 - -
methylcyclohex-2-en-1-ol)
63 ()-4-il A ((-)-Terpinen-4-ol) ~ #%  CH; O 154 - - - 331 - 234 147 300 285 -
64 FEALTE (Nerol) FE  C,H,O 154 - 0.14 2.08 338 - - 070 258 042 093
R -4-(5F ) -1- LR L -2-
65  J-1-F (trans-4-(Isopropyl)-1- i CHO 154 - - 021 009 026 006 004 008 005 0.03
methylcyclohex-2-en-1-ol)
66 M (Geraniol) BE  CyH0 154 - 0.11 276 278 195 058 085 200 041 080
67  o-FATMEE ((S)-(-)-o-Terpineol)  E¥  C,H,0 154 370 133 511 486 337 310 191 344 352 145
68 J5#%R% (Linalool) % CH0 154 005 018 185 155 093 055 052 116 042 057
69 m*“*g;iﬁi ﬁil()(R)‘(J“)' E O CH0 156 - - - - 8 - - ===
70 (E)'ifﬁfﬁﬁiég'}:uran B CHO, 170 - 00l 018 006 - 00l - - - -
71 (-)-J7 L B ((-)-Spathulenol) B CH,0 220 - - - 0.15 0.14 - _ . , _
72 WL B (Spathulenol) B CH,O 220 - - 031 021 023 - - 0.01 - -
73 HEKZEEE (Patchouli alcohol) 7 CisHO 222 - - - - - 0.05 004 - - -
74 JUNABAEAEE (trans-Nerolidol) ¥ CH,O 222 - - - - - - - 0.02 - 0.02
75 J2 U1 ¥ ((-)-Cubenol) B CisHyO 222 - - 0.09 - - - - 0.01 - -
76 R ((-)-Globulol) i CsH, 0 222 - - 0.81 - - - - 0.01 - -
77 T-FIAAEE (t-Cadinol) i CsHp O 222 - - - - 033  0.01 0.1 - - -
78 o- 5B (0-Cadinol) i CH, O 222 - - 0.30 - 0.45 - - 0.01 - -
79 SAEATEEE (D-Virdiflorol) B CH,O 222 - - - - - 0.05  0.05 - 0.02  0.02
80 KT (Epiglobulol) fE  CisHyO 222 - - 038 0.04 0.4 0.0l - 0.02 - -
81 215 24 (a-Bisabolol) fE  CisHyO 222 - 0.07 089 023 026 0.06 004 0.10 - 0.02
82 (+(>;1J!)ﬁ6677dlfy}rﬁ§nii(ff; YOm0 2 - - 084 - 02 - - - _ _
83 M (Zingiberene) ffkiE CsHy, 204 - - 0.63 - - - - - - -
84 OSF TAEH: (- ks CsHy o 204 021 009 - - - - - - - -

Isocaryophyllene)
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Hk 4
qA
5257 Ew A Z *H}x%g% S2 S3 S4 S5 S6 S7 S8 S9  SI10
85 B-EVE MM (B-Cubebene) i C sH,, 204 - 0.53 - - - - 0.01 - -
86 B-Hi 74 (B-Elemene) ffkiE CsHy, 204 - - - - - 0.01 - - 0.03
KIRF B ((1E4E)- -
87 Germacrene B) b CysHa, 204 - - - - 0.08 0.13 - - -
Decahydro-1,1,7-trimethyl-4-
88 methylene-1H- fEFil CsHy, 204 - - 0.11 - - - 0.03 - -

cycloprop[elazulene
89  (-)-B-1HTEN ((-)-p-Santalene) 5Ll  C sHyy, 204
(‘*‘)'1,7';2":{'-&-%?1%% ((H)-1,7- ks
iepi-a-cedrene)
(1E, 6E, 88)-1-H1 JE-5- 31 HI k-8~
(1-HIEZHE)-1,6- 3758 I
91 ((1E,6E,8S)-1-Methyl-5-
methylene-8-(1-methylethyl)-1,6-
cyclodecadiene)

90 CysH,, 204

92 (Z)-0-%Zjlfi ((Z)-0-Bisabolene) {52l C,sH,, 204 0.15

93 (E)-B-I:WeM ((E)-B-Farnesene) 72K  C\sHy, 204
94 SMEF MR ((+/-)-3-Elemene) kil Cj5H,, 204

05 Sk a-FAPRBE (Byo- g CisHy 204 011
Bergamotene)
9% 2T %2} (Bisabolen) fifith CisHy, 204

97 A-FERAME ((+)-8-Cadinene)  f5FiE  CjsHy, 204
98 o-EFG M (a-Bergamotene) 1752 CsH,y, 204
99 (S)-B-Zjlfi ((S)-B-Bisabolene) &2l C\sH,, 204
100  B-ATTH ((-)-B-Caryophyllene) f5Filili  C sHy, 204

1oy M ()-Caryophylene oy, o

oxide)
102 HRRSLIKME (Isobornyl formate)  fiR C;,H,40, 182
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Table 5 The results of correlation analysis of common components
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