Characterization of Citrus oil

(mainly orange oil,mandarin oil, tangerine oil)

INOMA Susumu, MIYAGI Yoshihiro and AKIEDA Takashi*
*Central Customs Laboratory, Ministry of Finance
531, Iwase, Matsudo-shi, Chiba-ken, 271 Japan

Citrus fruit oils included a lot of d Limonene as one of terpene. It seemed to be
possible to suppose used fruit by aroma about many of them, but a few was difficult.
Main aroma materials were oxygen atom containing terpene inclulded in oils a little.
It seemed to be possible to distinguish citrus oils by detectation of their
characteristic compounds or comparison with their composition. As content rate of
characteristic compounds were low, then it was necessary to analyze them carefully.

Orange oil, Mandarin oil and Tangerine oil also included a lot of ¢Limonene and
their aroma were similar. But they had difference in peak pattern of Gas-
Chroma tography (GC), so we found that it was also possible to distinguish them by
comparison with their composition obtained from GC-peak pattern and detectation
of characteristic compounds, etc.

In Orange oil, d-Limonene was cotained at rate of 93~96%, Myrcene was cotained
at rate of 1.5~1.9%, a sort of aldehyde was rich as compared with other compounds
and sesquiterpenes were contained hardly.

In Mandarin oil, d-Limonene was contained at rate of 67~76% and Y -Terpinene
contained at rate of 1.5~1.9%.They had difference by method of manufacture.

The characteristic compound of mandarin oil was Methly N-methyl anthranilate
and its content rate was about 0.34~0.59%. Mandarin oil has aminelike odor and
bluish fluorescence by this. Thymol methyl ether was not detected in them. Their
optical rotation were about +70°.

In Tangerine oil, d-Limonene was contained at rate of about 90% and Y -Terpinene
contained at rate of 2.2~3.1%. The characteristic compound of tangerine al was
Thymol methyl ether and its content rate was about 0.04~0.13%. Methly N'methyl
anthranilate was not detected in them.
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29 1989
1988 886
Orange oil
Orange oil Lemon oil 92
Lime oil Neroli
oil Petit grain oil
Fig. 1
Orange oil Lemon oil Lime oil
Fig. 1 Peel oil of Citrus fruits (Type of fruit oil)
Citrus Juice pressed —“—‘: Mainly peel part Peel oil
fruit | from whole fruit Juice ——\: Essence oil
\ Water—soluble essence
L Peel Peel oil (cold press oil)
Fruit Juice Juice oil
Orange Table 1 HS TARIFF (CHAPTER 33 HEADING 01)
Mandarin Tangerine
peel oil Stat.
Cod DESCRIPTION
GC GC No. No‘e
MS 33.01 Essential oils:
Lemon oil Essential oils of citrus fruit:
Li 1 B 3 . 3301.11 | 000 Of bergamot
ime oi ergamot oil Grapefruit oil 3301.12 | 000 OF orange
3301.13| 000 Of lemon
3301.14 | 000 Of lime
3301.19 | 000 Other
Essential oils other than those of citrus fruit:
3301.29 Other:
CCCN Orange oil 1 Petit—grain oil,etc
Mandarin oil Tangerine oil Orange 190 Other
oil 33.01 1 111 2 Other
(3] Other
239 Other
1988 1 Table 2 HS TARIFF (CHAPTER 08 HEADING 05)
HS
3301.12 (Bergamot
Lemon - Lime No. DESCRIPTION
3301.19 3.2 08.05 Citrus fruit, fresh or dried:
Table 1 0805.10 Oranges :
08.05 Table 2 Orange 0805.20 Mandarins (including tangerines and satsumas)
Mandari T . clementines, wilkings and similar citrus hybrids
andarin angerine 0805.30 Lemons (Citrus limon, Citrus limonum) and limes
33.01 (Citrus aurantifolia)
Mandarin oil Tangerine oil 0805.40 |  Grapefruit:
3301.19 Orange oil 0805.50 | Other

Mandarin o1l Tangerine oil




Table 3

(1) Classification by Tanaka Chozaburo
Citrus fruit belong to Rutaceae family and consist of Citrus, Fortunella, Poncirus,Clymenia genus, respectively.
Main is Citrus genus.

Botanical Classification list of Citrus fruit
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Genus Subgenus Section Subsection Example of Species
Citrus | Archicitrus | Papeda
159 Limonellus Eulimonellus Lime : Citrus aurantifolia Swingle
species Megacarpa Bergamot : Citrus bergamia Risso et Poit.
Pseudopapeda
Citrophorum Citrioides Citron : Citrus medica Linne’
Limonioides Lemon : Citrus Limon Burm.f.
Decumanoides
Cephalocitrys Decumana Shaddock : Citrus grandis Osbeck
Intermedia Grapefruit : Citrus paradisi Macfad
Aurantium = Medioglobosa Natsudaidai : Citrus natsudaidai Hayata
—— Aurantioides Bitter orange, Seville orange, Sour orange : Citrus aurantium Linne
ORANGE GROUP || | Sinensioides Sweet orange : Citrus sinensis Osbeck (Orange, Navel,Blood etc)
= Osmocitrioides
Metacitrus | Osmocitrus Protosmocitrus
Euosmocitrus Yuzu : Citrus junos Sieb.ex Tanaka
Pseudoacrumen
Acrumen = Euacrumen Satsuma mandarin, unshu : Citrus unshu Marc.
Microacrumen
“ I: Citriodora Mandarin : Citrus deliciosa Tenore
MANDARIN GROUP or Citrus reticulate Blanco var. mandarin
Dancy tangerine : Citrus tangerina Hort.ex Tanaka
or Citrus reticulate Blanco var.tangerine
Pseudofortunella T

(2) Classification by Swingle
Citrus fruit belong to Rutaceae family and consist of Citrus,Fortunella, Clymenia.Poncirus,Eremocitrus,
Microcitrus genus, respectively.Main is Citrus genus.

Genus Subgenus Section Species
Citrus | Papeda Papedocitrus
Eupapeda
Eucitrus Citron : Citrus medica Linne’
Lemon : Citrus limon Linne Burm.f{.
Lime : Citrus aurantifolia Swingle
i Sour orange, Bitter orange, Seville orange : Citrus aurantium Linne”
ORANGE GROUP Myrtle-leaved orange,Chinotto orange : Citrus aurantium L.var.myrtifolia
Sweet orange : Citrus sinensis Osbeck
Mandarin orange : Citrus reticulate Blanco
MANDARIN GROUP | Mandarin : Citrus reticulate Blanco var.mandarin

Tangerine : Citrus reticulate Blanco var. tangerine

Sour mandarin : Citrus reticulate Blanco var.austera Swingle

Pummelo, Shaddock : Citrus grandis Osbeck
Grapefruit : Citrus paradisi Macf.
Indian wild orange : Citrus indica Tanaka

Tachibana orange : Citrus tachibana Tanaka
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HS Orange
Sweet Orange Citrus sinensis Osbeck
Bitter Orange Citrus aurantium
Linne  Mandarin Mandarin Orange
Citrus reticulate Blanco Citrus reticulate
Blanco var. mandarin Tangerine

Citrus reticulate Blanco var. tangerine

(Table 3)

Orange oil Mandarin oil Tangerine oil

Tangerine oil

(Table 4)

Table 4 type and number of sample

Orange oil 12 oils
Mandarin oil 7 7
Tangerine oil 4 7
Lemon oil 1 7
Lime oil 1 7
Bergamot oil 1 7
Grapefruit oil 1 7
Satsuma mandarin oil 1 7
Request sample 2 7
GC
GC 9A FID
C R3A
0.05p 1
80 1
He
(1 ov
OV 101 0.2mm® X 25m 0.24 m

50 5 ) 260 1

3 /min 76

270

(2) PEG

Carbowax 20M 0.2mm® X 25m 0.2H4 m

29 1989
50 5 220 12
3 /min 73
260
GC
MS)
M 80B
He
80 1
70eV 160
(1) ov
OV 101 0.2mm® % 25m 0.2 m
50 5 260 1
3 /min 76
270
(2) PEG
Carbowax 20M 0.2mm® X 25m 0.24 m
50 5 180 20
3 /min 68
260

Orange oil Mandarin oil Tangerine oil  Gas

Chromatogram  Fig. 2

d
Limonene
(1) Orange oil
12 Table 5
d Limonene Sample 91
95 o  Pinene 0.7
Myrcene 3 B Pinene

Y Terpinene p Cymene Terpinolene

N Decanal Citronellal Neral Geranial

Sample K 5 Telpeneless oil
(2) Mandarin oil

7 Table
d Limonene 65 173



Orange oil (Column:0V=101)

®
Y Y Y

Mandarin oil (Column:0V-101)

®
Tangerine oil (Column:QV-101)
@ ®
®
©
0 [
L. ¢
w2 0 |

91

Orange oil (Column:PEG-20M)

Mandarin oil (Column:PEG-20M)

(Column:PEG-20M)

Tangerine oil

Fig. 2 Gas—Chromatogram of Orange oil, Mandarin oil and Tangerine oil
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Table 6 Main Volatile Components in Commercial Mandarin oil
(Column : OV-101) (UNIT : %) From Table 7
P COMPOUND SampleA | SampleB i SampleC | SampleD | SampleE | SampleF : SampleG | SampleD | SampleG
e | Reten- | Habitat country ITALY | FRANCE i ITALY ITALY ITALY ITALY | FRANCE | ENGLAND
a |tion | Habitat region Sicily Sicily Sicily Sicily
k |time | Maker BRANCA | Charabot i Lionel.H ESPERIS | Bush B.A PFW
No. | Rt |Ripe degree GREEN | GREEN | YELLOW RED  iDISTILLED
@ | 8.15 | a-Thujene 0.91 0.34 0.83 0.82 0.91 0.88 0.52 0.64 0.64
@ | 8.43 | a—Pinene 2.65 2.87 2.40 2.29 2.58 2.4 1.67 1.95 1.9
8.96 | Camphene 0.03 0.04 tr tr 0.02 tr 0.12 0.04 0.05
@ | 10.15 | Sahinene 0.36 0.45 0.30 0.31 0.30 0.29 0.28 0.37 0.29
@ |10.29 | B-Pinene 2.48 1.73 1.96 1.89 1.86 1.79 1.75 2.05 1.31
® | 11.22 | Myrcene 2.27 2.11 1.68 2.03 2.18 2.10 1.42 2.18 2.23
11.72 | a-Phellandrene 0.06 0.05 0.05 0.07 0.08 0.07 fr 0.08 0.10
12.13 | A 3-Carene 0.06 tr tr tr tr tr tr 0.05
12.40 | a-Terpinene tr tr 0.14 0.30 0.29 0.16 tr tr 0.23
® | 12.56 | p-Cymene 3.06 1.20 3.65 1.38 1.24 1.62 11.12 2.68 1.25
@® | 13.31 | d-Limonene 66.59 68.64 65.51 68.05 66.83 67.23 72.88 71.16 73.35
14.19 | trans- Ocimene 0.04 0.06 tr tr 0.03 0.02 tr 0.04 0.05
14.61 | y-Terpinene 18.46 19.95 19.86 19.90 20.89 20.61 6.71 15.86 14.81
© | 16.12 | Terpinolene 0.73 0.60 0.85 0.88 0.96 0.94 0.39 0.64 0.83
16.57 | n-Nonanal 0.05 tr 0.04 0.03 0.06 0.05 tr tr 0.04
@ | 16.70 | Linalool 0.13 0.19 0.25 0.15 0.16 0.16 0.30 0.16 0.86
18.19 | Limonene oxide 0.11 tr 0.09 tr tr tr 0.14 0.08 tr
18.42 | Limonene dioxide 0.14 tr 0.08 tr tr tr 0.23 0.08 tr
19.10 | Citronellal tr 0.02 tr tr tr tr tr tr 0.09
20.65 | Terpinene-4 -ol 0.06 tr 0.08 0.10 0.08 0.05 0.26 0.07 0.04
@ | 21.14 | a-Terpineol 0.17 0.05 0.23 0.24 0.18 0.14 0.28 0.13 0.21
@ | 21.91 | n-Decanal 0.07 0.13 0.05 0.07 0.10 0.11 tr 0.17 0.09
22.56 | trans-Carveol tr tr tr tr tr tr 0.16 0.04 tr
23.13 | cis—Carveol tr tr 0.05 0.03 tr tr 0.13 0.04 0.05
23.34 | Carvone tr tr tr tr tr tr 0.08 tr tr
23.43 | Citronellol tr 0.03 tr 0.05 0.03 0.03 tr tr 0.06
24.74 | Perillaldehyde 0.07 0.08 0.08 0.05 0.06 0.05 0.05 0.04 0.09
@ | 26.43 | Thymol 0.06 0.07 0.08 0.07 0.05 0.04 0.05 0.06 0.05
27.04 | n-Undecanal tr tr tr tr tr tr
28.10 | trans-2-Hexenyl butyrate 0.14 tr i tr 0.26 tr tr
29.83 | Neryl acetate tr 0.03 tr tr tr tr tr tr tr
30.86 | Geranyl acetate 0.04 0.04 0.09 tr tr 0.03 tr 0.06 tr
@® | 31.15 | Methyl N-methyl anthranilate 0.54 0.53 0.72 0.58 0.56 0.51 0.26 0.72 0.70
31.44 | a~Copaene tr tr tr tr tr
31.90 | n~Dodecanal tr tr tr tr tr tr tr
32.70 | B-Caryophyllene 0.07 0.06 0.11 0.11 0.10 0.10 tr 0.10 0.07
35.97 | r-Cadinene 0.03 0.03 0.05 0.04 0.04 r tr 0.05 tr
36.66 | a-Farnesene 0.13 0.16 0.18 0.18 0.15 0.15 tr 0.23 0.13
37.25 | 6-Cadinene 0.02 tr tr tr tr
46.01 | a-Sinensal 0.26 0.15 0.31 0.26 0.28 0.27 tr 0.24 0.21
T OTAL 99.71 99.69 99.72 99.88 99.97 99.84 99.07 99.96 99.84
Y Terpinene
15 21 (3) Tangerine oil
5.0 4 Table 7
Methyl N Sample D d Limonene 71.16 Y Terpinene
methyl anthranilate 15.86 O Pinene 1.95 B Pinene 2.05
0.51 0.72 GC Table 6
Methyl N methyl anthranilate 0.72
Thymol methyl ether
0.26 Thymol methyl ether Tangerine oil

Tangeritin

Mandarin oil
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Table7 Main Volatile Components in Commercial Tangerine Oil, Satsuma mandarin Oil(Unshu mikan oil)and Request Sample

(Columm: OV-101) (UNIT : %)
Tangerine Oil Satsuma Request Sample
COMPOUND
SampleA | SampleB | SampleC | SampleD | SampleE | SampleF | SampleG
P | Reten- Habitat country USA USA USA ENGLAND | JAPAN USA
E EII‘ ?rrrlle Habitat region Florida Florida Florida Wakayama | California
No. Rt | Maker PIC UHE LH Bush B.A Sunkist PFW
) 8.15 | a-Thujene 0.22 0.16 0.12 0.64 0.20 0.08 0.64
@ 8.43 | a—Pinene 1.19 0.89 0.84 1.95 0.95 0.838 1.96
©) 10.15 | Sabinene 0.24 0.18 0.21 0.37 0.15 0.19 0.29
@ 10.29 | B-Pinene 0.43 0.34 0.25 2.05 0.42 0.25 1.31
® | 11.22 | Myrcene 3.11 2.17 2.39 2.18 1.95 1.42 2.23
11.72 | a-Phellandrene 0.05 0.03 0.04 0.08 0.02 tr 0.10
12.13 { A 3-Carene tr tr tr 0.05
12.40 | a—Terpinene tr tr 0.02 tr tr 0.23
® | 12.56 | p~Cymene 0.26 0.92 0.55 2.68 1.05 2.38 1.25
@ 13.31 | d~Limonene 87.40 89.26 91.12 71.16 90.03 86.74 73.35
14.19 | trans—Ocimene 0.23 0.23 0.12 0.04 0.08 0.05
14.61 | r -Terpinene 4.48 3.49 2.61 15.86 3.55 14.81
@ | 16.12 | Terpinolene 0.21 0.16 0.14 0.64 0.19 tr 0.83
16.57 | n—Nonanal 0.02 tr 0.05 tr tr tr 0.04
D) 16.70 | Linalool 1.22 1.16 0.69 0.16 0.17 0.19 0.86
18.19 | Limonene oxide 0.02 0.07 tr 0.08 0.14 tr
18.42 | Limonene dioxide 0.02 0.07 tr 0.08 0.48 tr
19.10 | Citronellal 0.06 0.05 0.06 tr tr tr 0.09
20.65 | Terpinene—4 —ol tr tr tr 0.07 0.04
@ 21.14 | a-Terpineol 0.06 0.05 0.05 0.13 tr tr 0.21
@ 21.91 | n-Decanal 0.18 0.13 0.16 0.17 tr 0.05 0.09
22.56 | trans- Carveol tr 0.02 0.04 tr
@ | 23.37 | Thymol methy! ether 0.13 0.12 0.10 0.47
24.65 | Geraniol 0.02 tr tr tr
24.74 | Perillaldehyde 0.04 0.04 0.04 0.04 tr 0.09
4 | 24.92 | Geranial tr 0.02 tr | tr 0.06
® | 26.43 | Thymol 0.05 0.06 0.04 0.06 0.09 0.05
27.04 | n—Undecanal 0.03 0.03 0.02 tr 0.32
29.01 | Citronellyl acetate 0.02 0.03 tr tr
29.83 | Neryl acetate 0.02 tr tr 0.41
30.86 | Geranyl acetate tr 0.02 0.02 0.06 0.01 0.25 tr
@® | 31.15 | Methyl N-methyl anthranilate 0.72 0.70
31.44 | a—Copaene 0.02 ; tr 0.03 tr 0.03 0.10
31.90 | n—Dodecanal 0.04 | 0.03 0.03 tr 0.07 tr
@ | 32.70 | B-Caryophyllene ; 0.10 0.06 0.07
33.18 | «—Humulene 0.04
@ | 35.37 | Valencene 0.05 0.02 0.05 0.08
35.97 | y—Cadinene 0.05 0.15 tr
® | 36.66 | a—Farnesene 0.02 tr 0.03 0.23 0.47 0.13
37.25 | d~Cadinene tr tr 0.02 tr 0.08 tr
@ | 46.01 | a—Sinensal 0.10 0.10 0.09 0.24 0.21
T O T A L 99.94 99.80 99.94 99.88 99.75 94.44 99.74
Mandarin oil (4) Satsuma Mandarin oil Unshu mikan oil
Tangerine oil Sample A Table 7
Sample C d Limonene d Limonene 90.03 Y  Terpinene
87 91 Y  Terpinene 2.6 4.5 3.55 Tangerine oil
Orange oil  Mandarin oil Methyl N methyl anthranilate Thymol methyl
Thymol methyl ether
ether 0.10 0.13
Methyl N methyl anthranilate Tangeritin (5) Citrus Oil

Orange oil Mandarin oil Tangerine oil Lemon



Table 8 Main Volatile Components in Commercial Citrus oil
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(Clumm:0V-101) (UNIT: %)
Orange Mandarin Tangerine Lemon Line Bergamot Grapefruit—T
COMPOUND
SWEET BITTER DISTILLED
a-Thujene 0.82 0.16 0.15
«—Pinene 0.71 0.71 2.29 0.89 tr 1.05 0.70 0.65
Camphene tr 0.70 tr
Sabinene 0.42 0.25 0.31 0.18 tr tr 0.72 0.50
B-Pinene 0.03 0.46 1.89 0.34 1.41 5.11 tr
Myrcene 3.08 2.44 2.03 2.17 0.58 1.13 0.36 1.98
a~Phellandrene 0.07 0.03 tr 0.41 tr
A 3-Carene 0.11 tr fr tr tr tr
a~Terpinene 0.03 tr
1,4 -Cineol 2.90
p-Cymene 0.10 0.92 tr 2.39 3.61
1, 8~Cineol 1.38 4.52
d-Limonene 93.48 93.50 68.05 89.26 90.06 45.26 26.71 92.92
trans— Ocimene 0.05 0.09 tr 0.23 tr 0.47 0.13 0.13
_r-Terpinene tr 19.90 3.49 tr 10.97 1.156
n~Octanol 0.04 0.10 0.09 tr tr
Terpinolene 0.88 0.16 0.08 8.60 tr tr
n-Nonanal 0.06 tr 0.03 tr 0.21
Linalool 0.60 0.23 0.15 1.16 1.95 tr 18.60 tr
Fenchyl alcohol 0.84
Limonene oxide 0.02 0.15 tr 0.07 tr tr 0.28
Limonene dioxide 0.02 0.09 tr 0.07 tr 0.18
p-menth-3-en-1-ol 1.14
Citronellal 0.11 tr 0.05 0.28 tr
Borneol 1.02
Terpinene—4 —ol 0.10 tr 0.88 tr
a—Terpineol 0.05 0.17 0.24 0.05 tr 8.55 0.12 tr
n-Decanal 0.43 0.17 0.07 0.13 1.56 1.39 tr 0.17
trans — Carveol 0.02 0.11 tr 0.02 0.10 tr 0.24
cis—Carveol tr 0.03 tr tr tr 0.12
Carvone tr 0.06 tr 0.08 0.13 0.21
Thymol methy! ether 0.12
Citronellol 0.05
Neral 0.10 tr 0.92 0.13 tr
Perilladehyde 0.03 0.21 0.05 0.04 0.15 0.11 tr
Geranial 0.15 0.06 0.03 1.58 0.16 tr
Linalyl acetate 38.13
Thymol 0.07 0.06
n-Undecanal tr tr tr 0.03 tr tr tr
trans — Hexenyl butyrate 0.12 tr
Neryl acetate tr 0.09 tr tr tr 0.47 tr
Geranyl acetate 0.03 0.11 tr 0.02 0.13 tr 0.64 0.13
Methyl N-methyl anthranilate 0.58
a—Copaene 0.03 tr tr tr 0.16
n-Dodecanal 0.11 tr tr 0.03 0.16 0.16 tr
B -Caryophyllene 0.03 0.06 0.11 0.10 1.02 0.18 0.46
a—Bergamotene 0.10 tr 0.20
Valencene 0.02 tr 0.02 0.53 tr
7 —Cadinene 0.06 0.04 0.47 tr
a-Farnesene tr 0.18 tr tr 1.82 tr
B~ Bisabolene 1.17 0.31
¢ —Cadinene 0.03 tr tr 0.12 0.13
a-Sinensal 0.03 0.26 0.10 tr
Nootkatone 0.84
Bergaptene 0.11
T O T A L 99.89 99.06 99.72 99.80 99.27 97.91 97.93 99.10
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Table 9 Physical and Chemical Constants of Citrus oil
Sweet orange oil Bitter orange oil Mandarin oil Tangerine ol
Botanical nomenclature | Citrus sinensis Osbeck | Citrus aurantium Linne” | Citrus reticulate Blanco var.mandarin | Citrus reticulate Blanco var. tangerine
Color pale yellow~dark orange | pale yellow~dark yellow | green, orange yellow~red orange
Specific gravity d;s 0.842~0.846 0.845~0.851 0.847~0.853 0.844~0.854
Refractive index np 1.4720~1.4740 i 1.4725~1.4760 1.4730~1.4770 1.4731~1.4752
Optical rotation «p +94° ~+99° +91° ~+96° +63° ~+78° +88° ~+86
Evaporation residue 2.2~4.7% 2.4~4.7% 2.3~5.8%
Aldehyde content 1.2~2.5% 0.5~1.0% 0.4~1.8% 0.8~1.9%
Characteristics Methyl N-methy! anthranilate Thymol methyl ether
Note Bluish fluorescence, fish-like odor Orange-like odor
Lemon oil Lime oil Bergamot oil Grapefruit oil
Botanical nomenclature | Citrus limonum Linne” | Citrus aurantifolia Swingle | Citrus bergamia Risso et Pioteau | Citrus paradisi Macf.
Color pale to greenish yellow | colorless to greenish yellow | green to vellowish brown colorless to orange
Specific gravity dis 0.849~0.855 0.855~0.863 0.875~0.880 0.851~0.853
Refractive index np 1.4738~1.4755 1.4745~1.4770 1.4650~1.4675 1.4746~1.4761
Ontical rotation ap +57° ~+66° +34° ~+47° +8° ~+24 +61" ~+83°
Evaporation residue 5~6% 5~8%
Aldehyde content 2.2~3.8% 0.5~2.5% LA~1.7%
Characteristics Nootkatone
Note citral rich Distilled oif Linalyl acetate:30~60%
oil Lime oil Bergamot oil Grapefruit oil 70 Y  Terpinene 14.8
Table 8 Methyl N methyl anthranilate  0.70
Lemon oil d Limonene 90.1 Citral Thymol methyl ether
2.5 Mandarin oil Mandarin
Lime oil d Limonene 45.3 Cineol oil
74 Y Terpinene 11.0  Terpinolene (7
8.6 0o Terpineol 8.6 Orange oil d Limonene 91 95
Borneol  1.02 o Pinene 0.7
Bergamot oil d Limonene 26.7 Myrcene 3
Linalool 18.6 Linalyl acetate  38.1
Grapefruit oil d Limonene 92.9 Mandarin oil d Limonene 65
Orange oil n Decanal 73 Y  Terpinene 15 21
Nootkatone Methyl N
0.84 methyl anthranilate 0.51 0.72
(6) Tangerine oil Thymol methyl ether
Tangerine oil Tangerineoil ~ d Limonene 90
Table 7 Y  Terpinene 26 4.5
Sample Thymol methyl ether Thymol methyl ether 0.10 0.13

oil Sample G

d Limonene

Tangerine

73.4

Methyl N methyl anthranilate



Peel oil Table 9

ml

(Fig. 3)
Methyl N methyl anthranilate

petit grain oil

Rt
Rt
PEG

Fig. 3 Naming of Hybrid of Citrus fruits
tangerine X orange=tangor
tangerine X pummelo, pomelo=tangelo

tangerine X tangelo=tangerine—tangelo

orange X pummelo, pomelo=orangelo
tangelo X pummelo, pomelo=tangelolo

lemon X orange=lemonange

lemon X lime=lemonaime

lemon X mandarin=lemandarin

No.138 p53 p86 1983
Perfumer
1972
1975
No.182 183 1968
21 19 1981
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Limonene

Orange oil Mandarin oil Tangerine oil

d Limonene

GC
Orange oil d Limonene 91 95
a  Pinene 0.7
Myrcene 3

Mandarinoil d Limonene 65 73
Y Terpinene 15 21
Methyl N methyl
anthranilate 0.51 0.72

Thymol methyl
ether 70

Tangerine oil d Limonene 90
Y  Teminene 2.6 4.5
Thymol methyl ether 0.10
0.13 Methyl N methyl anthranilate
() ( ()
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