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Analysis of Essential Oils in Leaves of Citrus depressa
HAYATA by Gas Chromatography.:----- On the Monoterpenoids.

Kozo HOKAMA

Summary

The essential oils (this will hereafter be referred to as SE) obtained by steam
distillation of leaves and branchlets of Citrus depressa Hayata (so called Hirami-
Lemon or Shiikwasha) were removed fatty acids and phenols containing in it by
washing with alkali solution and carried out as the following methods.

a) Fractional Distillation
b) Gas Chromatography
c¢) Infra-Red Spectroscopy
As the result, the next facts were known.
(1) The SE was separated into six fractions.
(2) a-Pinene, B-Pinene and Linalool were found in the SE.
These substances were identified by a comparison of their Gas
Chromatography and IR Spectra with those of pure reference components
of the distillated fractions, SE, SE3 and SE6, respectively.

' (3) Also, either Myrcene, 1-P-Menthene, 4-P-Menthene or 3-Carene;
a-Terpinene or Dipentene; m-Cymene or P-Cymene; and r-Terpinene

seem to exist as unknown components.

1. #% il

O baND AL, HROEOR X, Wl aE LT 4ET 5/ NREEMBET, £
AFEIREERECH E VYR CABCROERYEED e — 7 VIUE TOEORA L L
TW5B X5 Thsb. L b L2-Shilkuwashd DL LT OERTHS. T, O bikh
LALWV AR DV E Y EOBBENBERINDA, AEIVE YV LISABRNRES,
S, 2747, BREECEWLDOTHD.® REREKRIHL, ERL LTOffENRZLL,
R S TR EEMORBACHT AARA L RBL Lish o 1o2d, EFE, va—AKPE L
TOBENEZ Y, WMELLHTCRBACEEINI S L LT3,

W H T L b Le— TR B LD, A VYH—2 =7, #—=TF—, H—Ev—%
BEORENRSD L5 THEN, HRORZ b3 ANRd, LubLL—RER-e- LM
FELTWDS. BED, H—7F—,»— Y —FARECHTHRASHOEREOZ L v RE
FLTWw3. (Fig 1) Thbd, HALBEENTRIILVRELCHY -7 F —F LTHM



BB OK ¥ XE ¥R KEE (EER 45

MMEEINL VIRE Lich — € —FBOHES X U0MER KRKEH U TE iy K
BV — A THKR UTHARIE RIS R, FAA ETBC T DRSS EOERILNE 1S

100

0 | | e

| | 1 1 L

4000 3200 2400 1900 1700 1500 1300 1100 900

Fig. 1 1R Spectra of Essential Oil of So-called K2-achii
(Citrus depressa Hayata) grown in South Okinawa
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Fig. 2 Citrus depressa Hayata
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Leaves & branchlets of Citrus trifolia Hayata
Steam dist
Crude essential oil
l Dehydration
Refined essential oil (SL)

Soluble l NaOH aq. Unsoluble
Washing,
! Dehydration
acids phenols Essential oil (SE)

Fig. 3 Extracting methods of essential oil (SE)

2-3 & @ (SE) oB#E»E
ki (SE) 20cc & b, RLEAFEESPERE (KYOWA IV-L Concentric Tube. plate
80; FUMNKZEEBEMETRIE) 2HHA LT, BEIEYF\ 685 %»EBI-. (Table.1)

Table 1. Effects of the fractional distillation of SE

Fraction No. 6.p. (°C)/mmHg. yield (c.c.) yield (v%)
SE 1 56~58/20 0.25 1.25
SE 2 53~54/15 0.15 0.75
SE 3 58/15 0.10 0.50
SE 4 66~72/15 5.75 28.75
SE 5 72/15 4.35 21.75
SE 6 88~90/15 1.30 6.5

Residue 2.50 12.50

24 SEZFHOHAIOAT I IS5TL—

OBLINBADEES SE1~6 ¥HAZ <257 4 —RIXVHSHLIHERSY Table 2
hiF 5. Table 2 OHEMEF(EIZ a-pinene % 1.00 & LAfETH%.

E %€ #: PEG-4000/celite 545

A7 A ARSIMmEBEI LM OUFHAT VAL FRFETCAKIEZERTA LIS D

w2 REFNCERS L THW .

» T ARE: 100°~130°C

Fr )7 —HRA: KEHFA

PEREREEY)E . a-pinene
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Table 2. Gas chromatograph effesct of SE
Sample | Column (gr‘f;gg?g) Peak (I) Peak (1) Peak (1I)
o R.T. R.T. Content |R.T. Content|R. T. |. Content
SE  [Temp (O (min) | (mim) RBYV T (0p)lmimBRVL T (9 (mim) R RV 77 (9%)
SE 100 6.7 6.7 |1.00| 63.07 | 10.6 | 1.58 | 18.11 | 12.6 | 1.87 1.77
SE 2% 100 6.9 6.9 |1.00 10.9 | 1.58 13.1 ] 1.89
SE 3* 100 7.6 7.6 | 1.00 12,11 1.59 14.8 | 1.94
SE 4 100 7.2 6.7 | 1.00 0.50 | 11.1 | 1.54 2.17 |1 13.3 | 1.84 1.3
ES 4 130 3.4 Trace Combined (1) and (II) into one 4.52
SE 5 130 3.5 Trace Trace ((I)+(M))
SE 6 120 4.4 (6.8)**(0.78)! (3.17) | | I
E 6 : |
ioEeal 130 (5.0 (0.74)  — .
| | | | |
Sample Peak (N) Peak (V) Peak (W) Peak (W)
R.T. Content|R.T. Content|R.T. Content| R.T. Content
SE (min) R.R.V. (%)|(min) R.R.V. (26)|(min) R.R.V. (%)| (min) R.R.V. (%)
SE 16.5 | 2.46 2.39 | 21.0 | 3.12 5.26 | 24.2 | 3.61 9.40
SE 2%|16.9 | 2.44 21.50/ 3.20 24,91 3.70
SE 3*| 18.8 | 2.46 24.0 | 3.15 28.213.71
SE 17.7 | 2.45 5.86 | 25.2 | 3.49 | 70.30 | 27.2|3.77 | 19.9
SE 7.412.19 6.46 | 10.6 | 3.18 | 74.1 | 11.2|3.33 | 14.9
SE 77|27 | 156|117 |3.34| g1 |15 |38 ) 67 | 313 | so2| 467
SE 11.9 1 2.67 | 14.0 |14.1|3.24 3.5 52.0 | 11.94 | 76.05
SE 6
+Linalool 8.9 | 2.60 — | 10.5|3.09 — 40.1 | 11.79 —
Sample Peak (V) . The R.R.V. of substances recording in the literature ;
RT Content (under the conditions of colum temp, 130°C, statio- Corrfe):zltir;dmg
SE (rr..\.in') R.R.V. (%) nary phase, PEG-4000) ¢
SE 1 a—Pinene (1.00) I
SE 2% A-Pinene (1.58) n
SE 3* Myrcene (1.70), 1-P-Menthene (1.72),
4-P-Menthene (1.71) } i
SE 3-Carene (1.82)
SE a—Terpinene (2.09), Dipentene (2.29) N
SE 7-Terpinene (2.88) v
SE 59.5 | 13.66| 3.17 | m—Cymene (3.14), P-Cymene (3.15) Vi
SE 6 .
+Linalool 44.0 1 12.94 — | Linalool I
Unknown viI

R.T.=Retention Time

R.R.V.=Relative Retention Time

* The Contents of SE2 and SE 3 could not be measured, for lack of them.

#* Might be the decomposition Products of Linalool

2-4-1

2 % SE1~SE 3

SE 1~SE 3 XA RIC K Lc & IZ i\, ERS L a-pinene, B-pinene T SE 1 i} a—
pinene, SE 3 {% B-pinene, SE 2 i} a-pinene, B-pinene MERHDTH 5. FOft, v —
7 (VD) ORFHHENEZLSEENT 5. ik, SE2, SE3 34 v Al EBETE

th o .

(Fig. 4)
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Stationary Phase: PEG-4000/Celite 545 2m; Carrier Gas:H:
Flow Rate: 69.7 ml/m; Column Temp.: 100°C; Recorder Sens.: 2mv

Fig. 4 Gas Chromatogram of SE 2

242 B % SE4 |
a-pinene, B-pinene DE&HFIIP 7, ERAL 7-Terpinene TixisL & Bbh s (V)

)
(M
P n m (V)
e e A A L
5 10 15 20 25

Time (min)

Stationary Phase: PEG-4000/Celite 545 2m; Carrier Gas: H:
Flow Rate: 70.5 ml/m; Column Temp.: 100°C; Recorder Sens.: 8 mv

Fig. 5 (a) Gas Chromatogram of SE 4

B-Pinene (agreed to (I)+(I))

| " w
(§9) )
kj\ - - L —
0 5 10 15

Time (min)

Stationary Phase: PEG-4000/Celite 545 2m; Carrier Gas: H:
Flow Rate: 72.3 ml/m; Column Temp.: 130°C; Recorder Sens.: 4mv

Fig. 5 (b) Gas Chromatogram of SE 4 mixed B-Pinene
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Limonene

m

V)
(I +(W)

P

0 5 10 15
Time (min)

Stationary Phase: PEG-4000/Celite 545 2m; Carrier Gas: Ha
Flow Rate: 72.3ml/m; Column Temp.: 130°C; Recorder Sens.: 16mv

Fig. 5 (c) Gas Chromatogram of SE 4 mixed Limonene

L L

DT THB. THEHT0~T4%bEEhTn5%. Fofft (IV), (VID DS % FRENEY,
15%& AT, (D) & (M) ixH 7 A{EE 100°C Tkl 2T, 130°C Cli—#re—27 1L
7D T, SE4IEH#ED B-pinene HRA L7F, (ID+D) o —27k—FK LT, (I)+
(1) X B-pinpene Th 5 Z L BRI NI, 1, (V) O — 273 Limonene DF N Tl
Wzt HRARBOSERER SN, (Fig. 5 (a)~Fig. 5 (¢))
243 % % SE5

a-pinene (X2 FE N TWwig\. B-pinene ((ID+(IM)) dEHEETH 5. TRHE
(V) DRFERBKS T, 87 %L & EH Tw5. Linalool 2:#15%, Fo, KRHEIKRS (VD)

76.7%, (V) BNL5%EEN TS, S (V) % Limonene T\~ Z L33, REARET
WA IN. (Fig. 6 (a), 6 (b))

)

(cvin?

[&7>]

35

Time (rain)

Stationary Phase: PEG-4000/Celite 545 2m; Carrier Gas: Hp
Flow Rate: 72.3 ml/m; Column Temp.: 130°C; Recorder Sens.: 16mv

Fig. 6 (a) Gas Chromatogram of SE 5 mixed a-Pinene



50 N : HAI7mr= 757 4 —EBOHZNABA(LVLE b Lo ~)DEDKHDODHT

Limonence

(RRV-2.61 \

(m)+(H)
e “" 1 N 4 N\ A
5 10 15 20 o5 30 (3

Time (min)

Stationary Phase: PEG-4000/Celite 545 2m; Carrier Gas: He
Flow Rate: 72.3 ml/m; Column Temp.: 130°C: Recorder Sens.: 16mv

Fig. 6 (b) Gas Chromatogram of SE 5 mixed Limonene

2-4-4 B 5 SE 6
Linalool (VID) A ER S TT76% SxhTwb. (VD) OFKSIE, SE 6 wF#E & Linalool

May be, Decomposition ‘)

Product of 1inalool

j (L

| — . . .

10 15 40 45 50 55
Time (min)

Stationary Phase: PEG-4000/Celite 545 2m; Carrier Gas: He
Flow Rate: 70.5 ml/m; Column Temp.: 120°C; Recorder Sens.: 8mv

Fig. 7 (a) Gas Chromatogram of SE 6

(VD) ¢ Lanalao) ®
May be. Decomixsition
Product of 1 nalooy
& a-Pinene vy
/ (W) '
1 ) P st 0
== 1 -~ E— - 1
45

[¢ [y 10 ©30 % 40 ¥

Time (min)

Stationary Phase: PEG-4000/Celite 2m; Carrier Gas: H.
Flow Rate: 72.3 ml/m; Column Temp.: 130°C; Recorder Sens.: 8mv

Fig. 7 (b) Gas Chromatogram of SE 6 mixed «-Pinene, Linalool
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EFMZTCRBRLLEER, ©— /7% LK —F| L7=DT, Linalool THDHZ LAERINL.
¥ 7z, a-pinene, B-pinene I X ORMERRS (V) o — 7 nELHERL, (V), (VD,
(VD) R ENTRRERRS LT, 14%, 3.5%, 3%&EhT\%. (Fig. 7(a), Fig. 7(b))
245 £ B

(1) €—7 (I), (I BIV® (WD ORSEHFAZ vr= 27T 7 4 —8IOFRAGTHIC
X, ThZha-pinene, S-pinene ¥ X' Linalool ThHsHZ & RNEEH I NI

(i1) €—7 () DRDEL DOHERREES S Myrcene (1.70), I-P-Menthene (1.72),
4-P-Menthene (1.71) 8 X0t 3-Carene (1.82) @35 %, filTikicvwheELbhb.

(i) €—7 (W) OEPE L DOHEMNREED B> a-Terpinene (2.09), Dipentene (2.29),
DEN TR EEZBRS.

Gv) ¥—7 (V) OE o EEME» S r-Terpinene (2.88) Tikisu vt # 2
bhb.

(v) €©—7 (V) o5 1E m—Cymene (3.14), p—Cymene (3.15) Df Tl d &
ZEz1bhb.

i) E—7 (WD ORSEIERERRL, FHTHS.

2-5 SE ZBEHROFRIMNEBRARZ L

SE DFES 1~6 OFRSNBIRA N7 + A RE L THI. (BRERFLFHICHIFHE
BT B A7)t DC-301 ZGERD

2-5-1 ® # SE1~SE3
YV IARRCRAETE eh o k.
2-52 % 4 SE4 LU SEb

MFRABIA =27 + VITFEA & —F L. 3400cm™ M, 1700cm™ fffEds £ 08 1250 cm™?
CARFIREI ORISR D b\ DT OH &, SCOEKIV=AFAENEE L. o
T, /T AXVRILKFELEZS. (Fig. 8)
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Fig. 8 1R Spectra of SE 4

2-5-3 B 2 SE6
3260 cm™! i© OH ffEIRBIOEVRINHE 2 5 B. LarL, >C=0%, = A7 10RINIL
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KBDHRIR. Thi, ERHEITAa—A (B2 TARY) THB. (TAH ) FERS
BHRELTHAEDTC, 7=/ —MIFEELE.) BB Linalool OFHFRABRINA X7 b v &
SE 6 DFRLA, FRAY, BTEE—H LK. ¥Rs7r<t /771 —DfFFRLIBALT,

SE 6 O H4 1% Linalool Th B Z L35 h o 7. (Fig. 9, Fig. 10)
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Fig. 9 1R Spectra of SE 6
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Fig. 10 1R Spectra of Linalool

3, & £

) vbaNbA (H—7F—H) OERIV/NELLB/IHERER (SE) DRSO
THAT.

(2) FHABRARZ PARBIOHFAZe=r 75774 —-REXY, T/ TAXVRAEKEL
LT a-pinene ¥ L' B-pinene DEEMN HRAEIh, Fh, T/ VT vyTra—rL 1T
X Linalool 2AFERR I hic.

(3) a-pinene, B-pinene ¥ XU Linalool i3%hZh SE 1, SE 3 &8 XU SE 6 DX
ThH5.

(4) SREZTRS & LT, Myrcene, 1-p-Menthene, 4-p-Menthene, 3-Carene ® 5 H—
&, a-Terpinene, Dipentene ® 5 H—#, m-Cymene, p-Cymene © 5 b —F ¥k X O° 7-
Terpinene DHFENTFHRIND A, HRACELRH, o T.
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(1) FEPH—ES . BAMBERRE. (T%) p. 481
@) ibid
(3) HPE=ES: FRROME p. 35



