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Sandarac resin, a natural gum base, is described as “a substance composed mainly of sandara-
copimaric acid obtained from the secretion of sandarac trees” in the List of Existing Food
Additives in Japan. To evaluate its quality as a food additive, the main constituents in a sandarac
resin product were investigated. Three constituents were isolated and identified as sandaracopi-
maric acid, sandaracopimarinol and 4-epidehydroabietic acid by MS and 2D-NMR. Quantification
of the main constituent, sandaracopimaric acid, was performed by HPLC and its content in the

product was determined to be 11.6%.

Key words:
acid

Introduction

Most natural food additives have many constituents,
but to date, there have been few investigations on the
constituents in most of them. It is necessary for the
evaluation of natural food additives to analyze the con-
stituents as completely as possible, since the chemical
nature and concentrations of the constituents may
differ depending on the extraction and processing
methods, and the collection season of the plant of
origin. We have been investigating the main and minor
constituents in various food additives, for which there
are no analytical data and/or reports, in order to devel-
op official analytical methods" 2,

The List of Existing Food Additives in Japan® stipu-
lates that sandarac resin is a natural gum base, which is
a substance composed mainly of sandaracopimaric acid
(1) obtained from the secretion of sandarac trees. San-
darac tree is Tetraclinis articulata (Vahl) Mast., belong-
ing to the Cupressaceae family. It is native to Morocco
and is a coniferous tree closely related to arborvitae.
The existence of several diterpenoids in the leaves of T.
articulata has recently been reported?. Sandarac resin
has been used for many years as a natural resin for
artwork. Many reports®® have been published on the
characterization and identification of natural resins for
painting. It was reported that the dominant component
in sandarac resin used for painting is sandaracopimaric
acid (1). However, the main constituents of sandarac
resin as a food additive have not been clarified. In this
study, we identified several constituents of sandarac
resin as sandaracopimaric acid (1), sandaracopimarinol
(2) and 4-epidehydroabietic acid (3) by MS and 2D-NMR,

food additive; gum base; sandarac resin; Tetraclinis articulata; sandaracopimaric

and quantified the content of the main constituent,
sandaracopimaric acid (1), by HPLC.

Materials and Methods

1. Sample and chemicals

A sample of sandarac resin product was obtained
through the Japan Food Additives Association. Silica
gel 60 Fasq (20 cm X 20 cm, Art. 1.06715) (Merck Co.,
Ltd.) was used for TLC. Silica gel 60N (63-200 ym Cat.
No. 37565-79) (Kanto Chemical Co., Inc.) was used for
open column chromatography. All chemicals were of
reagent grade and were used without further purifi-
cation.

2. Spectroscopic analysis

NMR spectra were recorded on JNM-ECA800 and
JNM-ECAB00 (800 MHz and 500 MHz) instruments
(JEOL Co., Ltd)) with chloroform-d (CDCls) as the sol-
vent. 'H-NMR and '3C-NMR spectra were referenced
internally to tetramethylsilane (TMS). Assignments of
the proton and carbon signals of all isolated compounds
were confirmed by pulse field gradient (PFG)
heteronuclear multiple quantum coherence (HMQC),
PFG heteronuclear multiple bond connectivity (HMBC),
double quantum filtered correlation spectroscopy (DQF-
COSY) and nuclear Overhauser effect (NOE) experi-
ments. High-resolution electron impact mass spec-
trometry (HR-EI-MS) spectra were obtained with a JMS-
700 (JEOL) mass spectrometer. Melting points were
determined using a MP-S3 apparatus (Yanaco New
Science Inc.) without correction.
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3. TLC and HPLC conditions

Analytical and preparative HPLC conditions: pump,
PU-1580 (JASCO); detector, UV-1575 (JASCO); column,
Mightysil RP-18 (4.6 mm i.d. X250 mm (for analysis), 20
mm i.d. X250 mm (for preparation), Kanto Chemical);
column temp., 30°C; solvent, acetonitrile(CH;CN)-water
(H,O)~acetic acid(AcOH)=90:10:0.3; injection volume,
10 uL (for analysis), 100 4L (for preparation); flow rate,
1.0 mL/min (for analysis), 8.0 mL/min (for preparation);
detection, UV 210 nm.

TLC conditions: developing solvent, chloroform
(CHCla)-methanol(MeOH)=75: 1. After development to
about 10 cm, the spots of constituents were visualized
by spraying the plate with 50% sulfuric acid (HzSO.)
followed by gentle heating.

4. Isolation of compounds 1, 2 and 3

Sandarac resin product (5.0 g) was dissolved in CHCl;.
The solution was added to a small amount of silica gel
with stirring and then the solvent was evaporated in
vacuo. The silica gel with absorbed sandarac resin was
applied on an open silica gel column and fractionated
by eluting with CHCls~MeOH (100:0—0:100 gradient),
with monitoring by TLC. The eluates were concentrat-
ed in vacuo, affording seven fractions (Frs. 1-7). Fr.2

Table 1.

(610 mg), including compounds 1-3, was fractionated
by preparative HPLC (see preparative HPLC conditions)
to give pure compounds 1 (146 mg), 2 (94 mg) and 3
(113 mg), respectively.

Compound 1: sandaracopimaric acid”, colorless nee-
dles, mp 171-172°C (from MeOH), [a]¥ —17.7° (¢ 0.13,
EtOH) (1it®: mp 171-173°C, [y’ —19.8° (¢ 0.2, EtOH)).
HR-EI-MS: m/z 302.2220 Mt (Calcd. for CyH3002 m/z
302.2246).

Compound 2: sandaracopimarinol®, amorphous solid,
@]y —9.5° (c 0.092, MeOH) (it?: [alf —20° (c0.1,
MeOH)). HR-EI-MS: m/z 288.2440 M™* (Calcd. for
Cz0H320 m/z 288.2453).

Compound 3: 4-epidehydroabietic acid!®, colorless
prisms, mp 149-150°C (from aq. EtOH), [y’ +128° (¢
0.094, MeOH) (lit.!": mp 144-145°C, [a]%’ +106.6° (¢ 0.8,
MeOH)). HR-EI-MS: m/z 300.2094 M™ (Caled. for
Ca0H2502 m/z 300.2089).

'H- and '*C-NMR data of compounds 1, 2 and 8 are
shown in Table 1.

5. Quantification of sandaracopimaric acid (I)
Sandarac resin product (50 mg) was dissolved in

MeOH (10 mL). The quantity of sandaracopimaric acid

(1) was determined by using an absolute calibration

NMR Data of Compounds Isolated from Sandarac Resin

Sandaracopimaric acid (1)

Sandaracopimarinol (2)

4-Epidehydroabietic acid (3)

Positiond

6 6u® (J in Hz) 8¢t Syt (J in Hz) 8¢ 6yt (/ in Hz)
1 383 1.13 dt 50, 128 39.0 1.00 dt, 5.1, 12.4 394 1.38 dt, 43,132
1.64 br.d, 12.8 1.71 br. d, 124 2.24  m overlapped
2 186 1.55 m overlapped 184 1.45-1.60 m overlapped 200 16 m
1.98 ° m overlapped
3 37.0 131 br.d, 12.8 355 1.32-1.47 m overlapped 375 1.08 dt, 4.0,132
1.78 dt, 5.0, 12.8 2.24 m overlapped
4 47.3 — 379 — 43.9
5 489 191 dd, 2.7, 12.8 47.9 1.34 m overlapped 529 1.57 dd, 1.5 121
6 249 1.26 m overlapped 22.5 1.30 m overlapped 21.0 216 m
1.45 m overlapped 1.47 m overlapped 2.01 m overlapped
7 35,5 211 br. dt, 5.5, 14.2 35.8 2.06 br.t, 11.8 32.1 286 br. dd, 4.6, 14.2
2.21 ddd, 1.8, 4.6, 14.2 2.23 ddd, 1.8, 4.3, 11.8 2.78  dt, 4.6, 14.2
8 136.6 — 137.1 — 135.1 —
9 506 180 br.t 7.8 50.6 1.75 br. t, 7.5 145.5 —
10 37.8 — 38.2 — 384 —
11 182 150 m overlapped 18.9 1.44 m overlapped 1255 7.17 d, 8.0
160 m overlapped 1.58 m overlapped
12 345 136 dt 36,123 346 1.32-1.47 m overlapped 1241 699 dd, 17,80
1.45 m overlaped
13 374 - 37.5 — 145.8 —
14 120.2 521 br.s 128.8 5.20 br.s 1269 688 d,1.7
15 1489 576 dd, 105,173 149.2 577 dd, 10.6, 174 335 281 hep.,, 6.9
16 1102 487 dd, 1.5 105 110.1 4.87 dd, 1.4, 10.6 24.1 121 d, 6.9
490 dd, 15,173 4.90 dd, 14,174
17 26.1 103 s 26.0 1.03 s 24.1  1.21 d, 6.9
18 184.4 — 72.3 3.12 d, 10.9 183.7 —
3.39 d, 10.9
19 168 120 s 18.0 0.80 S 288 132 s
20 15.2 083 15.7 0.83 S 233 111 S

All signals were assigned based on DQF-COSY, HMQC, and HMBC experiments.
a) Recorded at 200 MHz. b) Recorded at 800 MHz. c) Recorded at 125 MHz. d) Recorded at 500 MHz.
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curve based on peak height at UV 210 nm of compound
(1) isolated from sandarac resin product.

Results and Discussion

1. Identification of the main constituents in sandarac
resin

The silica gel TLC profile of the sandarac resin prod-
uct is illustrated in Fig. 1. Several spots were observed
on the TLC plate along with the tailing spot after
spraying the plate with H2>SOy, followed by gentle heat-
ing. The spot at Rf 0.28 was the most intense one. The
HPLC profile of the product is illustrated in Fig. 2. Six
to seven peaks were observed, and the largest peak
(peak B) at Tr 13.0 min corresponded to the most in-
tense spot on the TLC plate. In order to identify the
major constituents, the sandarac resin product was
fractionated via silica gel and preparative HPLC, afford-
ing compounds 1 (peak B), 2 (peak C), and 3 (peak A).
The structures were elucidated on the basis of the spec-
tral data.

Compound 1 showed a molecular ion peak at m/z
302.2220 in HR-EI-MS. The ion peak indicated that the
molecular formula could be represented as CgoHzp0:.
The 'H-NMR spectrum showed three singlet methyl
signals [60.83 (3H,s), 1.03 (3H,s), 1.20 (3H, s)], vinyl
groups [65.76 (1H, dd, /=17.3, 10.5 Hz), 4.87 (1H, dd, J=
10.5, 1.5 Hz), 4.90 (1H, dd, /=17.3, 1.6 Hz)}, a detached
olefinic group [65.21 (1H, br. s)], and many methylene

signals. The !3C-NMR spectrum showed a carboxyl
group (6 184.4), two olefinic signals including an exo-
methylene group (6110.2, 129.2, 136.6, 148.9), and 15
other signals due to methyl, methylene, and methine
carbons. All the 'H- and '®*C-NMR signals of compound
1 were assigned based on 2D-NMR results (DQF-COSY,
HMQC, HMBC). Compound 1 was identified as sandara-
copimaric acid™® (Fig.8). The reported 'C-NMR
assignments® at C-4, 5 and 18 of 1 should be revised

<—Rf = 0.28

a b

Fig. 1. Silica gel TLC profiles of sandarac resin product
and sandaracopimaric acid (1)

a) Sandarac resin product. b) Sandaracopimaric
acid (1). Solvent: CHCly;: MeOH=75:1. Spots were
visualized with H2SO4/heat.

[ | ]
¢] 10 20 min
Fig. 2. HPLC profile of sandarac resin product
Peak A=4-epidehydroabietic acid (3).
sandaracopimaric acid (1).
marinol (2).

Peak B=
Peak C=sandaracopi-

according to our assignment.

Compound 2 showed a molecular ion peak at m/z
288.2440, indicating that its molecular formula is
CooHs20. The 'H- and '3C-NMR spectra of compound 2
were very similar to those of sandaracopimaric acid (1).
Comparison of compound 2 with sandaracopimaric acid
(1) indicated that compound 2 is also an isopimarane
derivative having one hydroxyl methyl group ['H:
53.12,3.39 (each 'H,'d, =10.9 Hz), 13C: 6 72.3], instead of
the carboxyl group at C-18 on sandaracopimaric acid
(1). Since the '|*C-NMR data of compound 2 were the
same as the literature data for sandaracopimarinol,
compound 2 was identified as sandaracopimarinol®
(Fig. 3).

The molecular formula of compound 3, CpoH2s0,, was
deduced from the molecular ion peak at m/z 300.2094.
The 'H-NMR spectrum showed two singlet methyl
signals [61.11 (3H, s), 1.32 (3H, s)], a doublet methy]
signal [§1.21 (6H, d, J=6.9 Hz)], three aromatic signals
[66.88(1H,d,/=1.7Hz),6.99 (1H,dd,/J=1.7,80Hz), 7.17
(1H, d, /=8.0 Hz)], and many methylene signals. The
13C.NMR spectrum showed a carboxyl group [§ 183.7]
and an aromatic group [6124.1, 1255, 1269, 135.1,
145.5, 145.8], and 13 other signals derived from methy],
methylene and methine carbons. NOE was observed for
the methyl group {6 1.32 (3H, s)] on C-4 with H-5a [ 1.57
(1H, dd, J=1.5, 12.1 Hz)]. By comparison of the spectral
and physical data with published data'’'?, compound
3 was identified as 4-epidehydroabietic acid!® ') (Fig. 3).

Other peaks on HPLC were still mixtures of two or
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" CH,0H

sandaracopimaric acid (1)

sandaracopimarinol (2)

4-epidehydroabietic acid (3)

Fig. 3. Structures of sandaracopimaric acid (1), sandaracopimarinol (2) and 4-epidehydroabietic acid (3)

more diterpenoids, and hence could not be identified at
this time. The concentrations of the other diterpenoids
appear to be lower than that of sandaracopimaric acid
(1), because peak B due to sandaracopimaric acid (1) was
the largest on HPLC. Therefore, the main constituent,
sandaracopimaric acid (1), was selected as a characteris-
tic constituent to develop a quality standard and/or
verification test of sandarac resin.

2. Quantification of sandaracopimaric acid (1) in san-

darac resin product

In order to quantify sandaracopimaric acid (1), a
calibration curve based on peak height was prepared
within the range of 0.25-2.0 mg/mL of sandara-
copimaric acid (1). The concentration of sandara-
copimaric acid (1) in the sandarac resin product was
found to be 11.6% by HPLC. Since neither other sanda-
rac resin products nor 7. articulata, the origin of sanda-
rac resin, are available in Japan, comparisons could not
be made. However, we concluded that the sandarac
resin product used in this research had been derived
from T. articulata, since sandaracopimaric acid (1), a
characteristic constituent in sandarac resin, was
detected as the main constituent.

Conclusion

This report is the first investigation of the major
constituents of commercial sandarac resin product used
as a food additive. The major constituents were
isolated from the product and identified as sandara-
copimaric acid (1), sandaracopimarinol (2) and 4-
epidehydroabietic acid (8) by 2D-NMR. Based on TLC
and HPLC analyses, we confirmed that the main consti-
tuent was sandaracopimaric acid (1) and its content was
found to be 11.6%. This result will be useful for setting
official standards for sandarac resin as a natural food
additive.
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Analysis of Constituents in Urushi Wax, a Natural Food Additive
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Urushi wax is a natural gum base used as a food additive. In order to evaluate the quality of
urushi wax as a food additive and to obtain information useful for setting official standards, we
investigated the constituents and their concentrations in urushi wax, using the same sample as
scheduled for toxicity testing. After methanolysis of urushi wax, the composition of fatty acids
was analyzed by GC/MS. The results indicated that the main fatty acids were palmitic acid, oleic
acid and stearic acid. LC/MS analysis of urushi wax provided molecular-related ions of the main
constituents. The main constituents were identified as triglycerides, namely glyceryl tripalmitate
(30.7%), glyceryl dipalmitate monooleate (21.2%), glyceryl dioleate monopalmitate (2.1%), glyc-
eryl monooleate monopalmitate monostearate (2.6%), glyceryl dipalmitate monostearate (5.6%),
glyceryl distearate monopalmitate (1.4%). Glyceryl dipalmitate monooleate isomers differing in
the binding sites of each constituent fatty acid could be separately determined by LC/MS/MS.

(Received January 16, 2006)
Key words: BRI food additive; v /b o Urushi wax; + U 7Y &Y K triglyceride; I&8H;
B fatty acid; ¥ 227 0=+ 2757 1 — /HESEE GC/MS; k7 v< + 757« —/EESTE
LC/MS
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B, &5 LTEONEBOTHE, FEnE 7)Yy v
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b, BEDITK, #WAEDTHICERArEEVaY Y 70
JFREIE LTBESNTE LD TH 30, RARBRFINY
ELTHOH LR FLWRRHNELT, Fa—oavH
by, F e VFaPRERSICHVONE, RRBRRINY
ELTHVWONA®RA S, BERIYDEGE I Ty
ov | OZHTHESH, v rvvnBEMSBLNT,
JURY IS EFERESETEEORVS. ] &
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BB, BSESNVIFUVBREDE ) ANLVE VDS &
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RIS LTov oy, ERETREEY K5

ENTVE DD, OHBPEREEIC >V TOHERK
{, BREMIAEECLRNEKTSH 3.
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HEEgEEoy Lo vBRIREEHAN, GC/MS KL BE
FHEEHEER D D &2 1T - 0. BERFBEEIC D W Tid, Bk
AS3BLIUKBEIOLADI TOWEN LD B0, FDLD
KHASHET Y 7)Y FEERSL TSI 20
TOBEMEIHEZE SN, I TELITLC/MS 2
WV, wveehilETnAZEN S0 ) KOS
HEBEL, &Y 7YY FOESIEIBREEZESHIC
T2EEBIL, TNSMY T Y FOFEEBRT-/HDT
HeTiEDT 5.

ERAE

vl v o v (FEZ urushi wax) 3, ZeERBROY
ZEBE LB -0y PO 1REE, IR EEUERTH
oy bO1REDE 2HREEXBLARRBNYHEZEL
TAFELK., SEAF LAY v o oBlRER, B~HER
OFIREWETH - 7. ERBEFHE RS 48~54C, B
i 30 LIF, W AAbAlE 200~235, 3 v Fffi 5~40) (<8
BLEERTHZ. DTRRTHITE, Co2®{E>
% ZNnZN3EOBELAHTEITY, ESFER 2K
RO EERD, FRELUTRLE

)Y &Y FEESR (Table 1) & LT, glyceryl 1,2,3-
tripalmitate (PPP) & Doosan Serdary Research Labo-
ratories %4, glyceryl 1,2-dipalmitate 3-oleate (PPO),
glyceryl 1,3-dipalmitate 2-oleate (POP), glyceryl 1,2-
dioleate 3-palmitate (POO), glyceryl 1,2-dipalmitate
3-stearate (PPS), glyceryl 1,2-distearate 3-palmitate
(PSS), glyceryl 1-palmitate 2-oleate 3-stearate (POS) &
Larodan Fine Chemicals AB#H&ID b D& ER L. 7
WIF VEEAFIIAFN, ATTY VEEAFILIRT
W, ALAVEEAFLT TN, 5% EIKEA Y/ —
BRFIMETEGROR, ZofhoEiid o~ Tl
W&EH B\ I3 HPLC HAE/R L.

3. = =

AR wwbss 7 /EESH (B BRI
GC/MS system (GCMS-QP5050), Bifikifs n< r 75
7 JEBOWEN: Waters #8! LC/MS system (LC: Alli-

Table 1. Structures of TG Standard Samples

CI{J: - CI}ﬂI - CI|{2
- 7

Compound formula MW R, Ro R,
PPP Cs1HgsOp 807.3 P P P

PPO Cs3H 0006 833.3 P P (0]

POP Cs3H10006 833.3 P 0 P

POO Cs5H)10206 859.3 P 0 O

PPS CesH 10206 835.3 P P S

PSS Css5H 10505 863.4 P S S

POS Cs5H 10406 861.4 P O S

TG: triglyceride
Palmitic acid (P), Oleic acid (O), Stearic acid (S)

ance 2695; 7 x M ¥ A 4 — K7 L1 &g (PDA) 2996
photodiode array detector; MS: Quatro Micro API).

4. BABEIFEED GC/MS i

vy o vBIE 675 mg A EEICEDIRD, 5% Bk
KEAS / —VAEKEIOmML, RvEY3FEERAT ) a—
e 2HBRERNTRA L, Bkt T3 RERIG S
Wi, WEIBK LomL 204, ~F 4 v (3mLx2[E)
THIH L, ~F 4 ViR ES I mLIBE L. Qi
ANESUEMATISmLICHEELLE SO I10EHR
RLcbDE GC/MS ITER & Ui, B&EIEITEL #
FNIXFUEL (VI FUBEAFNLIRFIN, ATFT
N VEEAFLTRTN, LA VYEEAFLZZATIL) D
1.0 mg/mL ~+ 4 VAR EHE L, ZEEEns L. )
DIRVELMET GC/MS B %17 - ..

GC/MS HIFESMH: # 5 4, DB-1 (0.25 mm X 30 m,
JEE, 0.25 gm, J&W Scientific); # 3 & A, 100
kPa: * v Y ¥ —# ZHE, 1.0 mL/min; HEADRE,
300°C; » 3 Li8E, 180°C—~5C/min—300°C (8 min);
1 & VIBBE, 250°C; A4 vz xF¥~—, 70eV; FA
2, 1.0uL; BREAFR, 270 v b ]); BEE-
K, EI 2% v vk (m/z 50~800).

5 pUZUEY RO LC/MS H&U LC/MS/MS 531F

oo BEE~Fg VI ERL, BE 5.0 ug/mL
HEB L b0 2SR & L, Kusaka & OHFEY 25
LT, IROEMT LC/MS %17 - 12,

LC/MS&#: LC&#H: # 5 4, Capcell Pak C18
(4.6 mm i.d. X250 mm, 5 um, Shiseido); ##, 0.4 mL/
min; 7 7 ARE, 40°C; BEME, 7 b=hYb-nF it
v=2-7 0N/ —u=60:0:40 (0 min)—40:20:40 (50
min)->40: 20 : 40 (60 min); PDA, 192~600 nm; #&HiE
B, 220nm. MS &#: v — 2BE, 130°C; AR,
400°C; MiiEiE# 2 #E, 300 L/hr;, 2 — ¥ H X, 50L/
hr; #+ 5 Y —8BF, 30kV;, - EHE, 60V (APCI
pos); A ¥ + VEIHH, m/z 100~ 1,000; SIM (Selected
lon Monitoring) [M+Na]'. MS/MS &#: 32— v &,
25 V(APCIpos), a3 ) ¥ag v HAR, TAITv, a)¥a
VB, 40V. '

6. PUTUEY FOEE

Ao oI~ Fy CICERL, BE 50 ug/mL
ICFEBLL 72, Bl PPP (1 ug/mL), PPO (1 pg/mlL), POO
(0.1 ug/mL), POS (0.1 xg/mL), PPS (0.2 ng/mL) B L T
PSS (0.1 ug/mL) 2 S UEEREEBRE, ~*4 %M
WTHB LA, ChsE LC/MSIIEALK. Bfiici
BIRA & g SIM) EEFEABL, RIKRT YT Y+
YRS FEEEAF v A2 E=y—AAEL, 7ot s
56— S EEERYD, REEEBE TR L IR,
LEMN) Y Y FEAEELT

PPP: m/z 829.6[Mppp+ Nal™; PPO: m/z 855.6[Mpro +
Na]'; POO: m/z 881.6[Mpoo + Nal]*; POS: m /z 883.6
[Mpos + Na]*; PPS: m/z 857.6[Mpps + Nal*; PSS: m/z
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885.6[Mpss+Na] .
7. BRMFLLOEE

A+ vD7Ta sy bAF v m/z 551.3[PP) ; m/z 577.3
[PO)"; m/z B79.3[PS]"; m/z 603.3[00]"; m/z 607.3
[SS]; m/z 605.3[0S]" ® MRM (Multiple Reaction
Monitoring) HIEE =TV, P Y 7Y LY KT &I T Oy
JrAA YD BT EIS LAY —- S EELERD, EBRT
BonBELET I Eicky, BEEOGESL L UE
GEHEEL .

BELLUER
L. Dby 00 OBEIEIREE OERE L VTS E0H
E

vy o UBRIGICOWT TLC O (BRAIE: ~++
v=Y X F T — 7 -BERGIRE (80:30: 1), B 3w
RICLBHB) 2iT-o7cdER, FU 7Y€y VEERSE
L, BEEIENSEE Y 7 ) ) FREADEEL T EHHES
MITTE - F2,

TIT, vy o o B oMK ER T 2720
I, v vouBlEE Ly ) vz L, BohlslhEE 2
FT AT % GC/MS THIT L 7 (Fig. 1). # DiER,
FSE L TIREEER 4649 (=2 1), 594 (¥~
72), 6145 (=273 ®3-5DE— 7 pEEESNL.
NIST 54 75 ) —iREB L CIEHBE A ¥ vz 2 57 VES
LOWEORERE, ©—27 1Lid Vv IF VA FLIRT
WV (CirH3O02), M m /2 270, E— 7 2134 L4 VEEA F
T R F I (CroHas02), M':m/z 296, BL U E— 2 31
RFT Y VEEAF NI ZRF(CeHyOs), M1 m/z 298 &

12 15 min

a) !
LL
A
b) 3 6 9

74
S e OCHS
55 87 CrH®O2 o
MW:270
14,
m P e
50 ‘1‘0(’)‘ Tlds0 200 éSO " 300 350 doo 450 Mz
¢} s
69 S Sy OCH
CrsHasQ2 o]
I 264 MW:296
| J (12 Wz 298
EINE AN IO s o [
50 100 ~ 150 200 250 300 350 400 450 m/z
74
d) S Ay OCHS
87 C19H202 o
55 Mw:298
1 298 .
|L°L j01 129 199 v
e SR e . e T
50 100 150 200 250 300 350 400 450 m/z

. GC/MS analysis of fatty acid methyl esters
obtained by methanolysis of urushi wax

a) TIC, b) MS spectrum of peak 1, ¢) MS spec-
trum of peak 2, d) MS spectrum of peak 3

BIELZ TICrzo=hr7sabitBESHIBE—7
HE% 100% & LTBHBSYOHENEEERTE, -7
1,2,318, TNEFNT725%, 17.1%,88% Thh, 913
FUBAFLIXAFADED BEEHIEEICEM 1. 13
M, REBEMTES (E—-24), 1024 (—25)
BLU11.9% (E—76) Ifivho v — 7 pEE S 1.
NS, NISTSA 75 —BRBELEIT-12ER, -7
47T IFYUBATF LT ZFT N (CoHi20:), M™: m /2
326, ¥ — 7534 0% v T EHBYAFILITRFNL
(CooH1204), IM—OCH3]":m/z 339, ¥ =2 63 K24

VIV AF T ZF N (CoHis04), [M~OCHs]) : m/z
67 LEFESINL., HHMERIIF, FhLE106%, 0.8%,
02% T, INoDREILEDINIEN THY, ©—2
L2 3DSBEHBLIEFCHETS 12, Lid-T,
SEIAF Lo vy o o BRIG ORISR, ~Lvis v
B Avd vBBBXURFT Y vEBATET AT EARE
ni.

KR T, REERBRAREM S L TAFIGETH -
feov v oy BIE 2 IO EITEEHEENC > W T L
FOEHEEARD .. IhETI, BoYiEoks s &
BHOHRESSLLAL DEHN, ZRFNDELT
BroEREERRE Y & 7Y v ) FESDOISIFBERE BT
LTWwah, vivvoydFBERRIslEgEs v+
B Av4 vBBIUOZFT ) VBETH B A, KFED
v va o BIROFERE~ELL, UL, ERMELE
BRFENRIL B o, BRSO SR /S AL O MBS,
BicowTiR, BHULTVWEH00—HLAVESSES
N, Licdi- T, BERIMWILIAO BN TER SN 34
5D DIl R Ss, SEIOFE UL TV EHhEMIC
DVTE, BNCIRETEITOMENSD B LEZ B,

2. IOy OBRESELUES

RIZ, v vaBIEmORIEESRS Y Y v 27
DIEBNEROEE TS MICT 2-B1C, LC/MS 9
1T - o (Fig. 2). = OFER, RFEFEFR 44.55 5 (P-1),
45.48 53 (P-2), 46.43 43 (P-3), 49.27 4 (P-4), 50.22 4} (P-
5), 53.87 4 (P-6) D 6 DD E— 7 MEE S N7, P-3 13,
APCl(pos) IcBWT, m/z 8297 %54, chit, v
YOOUDERSEEINBE T YY) VoI5 — b (glyce
ryl tripalmitate, PPP (MW: 807.3)) OS5 FBEE 1 £+
[M+Nal* ic#EY U7z, F£/2E#IC, P-1,2, 4,5, 6 (3,
FNFNhm/z 881.8, m/z 855.7, m/z 883.8, m/z 857.8,
m/z 8858 x5 X 1. A4 /) YREBDOGC/MSicL 3
D ORER, vovv oo BEOBERISITER, £ LT
WIFVEEP), ALAVEEO), RFTY VEES) TH -
fCEEMEEA, MY Y Y FES POO, PPO, PPP,
POS, PPS B L UF PSS &L RFIFM 2 Ll Ui R, ©—
7 P-1~6 & # N ZFh—E L 1.

L LULEHED LCEHEITB W TIE, glyceryl dipalmi-
tate monooleate O EE{ETH 3 PPO & POP OELR X
R CRER A E N, DT 28 TER D - 72
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p-3 m/z828.7

m/z 855.7
p-2

A220

m/z 857.8
m/z P-5

|883.8
- /2 885.8
m/z 881.8 P-4 /EG/'/
P-1 .
Y

40 45 50 55 60
Retention time (min)

Fig. 2. HPLC chromatogram of urushi wax at UV 220
nm

The m/z values of the peaks show the pseudo-
molecular ions detected by LC/MS APCl(pos.)
mode

Table 2. Possible TG Isomers in Urushi Wax by LC/
MS APCI Mode

Peak Observed Predicted

No. [M+Na]'

Formula TG isomers
P-1 881.8 CssH 19206 POO OPO
P-2 855.7 CsaHi000s PPO POP
P-3 829.7 Cs51HgsOg PPP
P-4 883.8 Cs5H 10406 POS PSO SPO
P-5 857.8 CssH10206 PPS PSP
P-6 885.8 CssH10606 PSS SPS

TG: triglyceride
[M+Nal': pseudomolecular ion

B, o) 7YY FicoWTh, IEHBOEEH
BORLZESRKE RBlandickbBanic SHENL
. £-T, ¥—7 P1~61, EFBOEEMENEY
Y702 FEEEOREEM TS B EFE X/ (Table
2).

wiz, Ao LC/MS &7, BiH{ETh 5 PPO &
POP OIERBEE ULAFA 4 vidEE2 52t &n b, i
DOrY Y Y FEEEKCOVTOEETHD, B
DEEEROBEEMTH-72E LT, EPV 7YY FD
wWEhp 1 BOREEEERE TE, SIMEIKELDTE
ERgEE T L. BENY 7Y v Y FER (PPP, PPO,
POO, POS, PPS, PSS) % AW axieERE/ER L, &
2T iER, vy o vfid glyceryl tripalmitate
(PPP) 7% 80.7 £5.0%, glyceryl dipalmitate monooleate
(PPO ¥ & U'POP) % 21.2 = 2.49%, glyceryl dioleate
monopalmitate (POO % LU OPO) 7% 2.1£0.6%, glyce-
ryl monopalmitate monooleate monostearate (POS,
PSO B L U OPS) 4% 2.6+ 0.83%, glyceryl dipalmitate
monostearate (PPS 3 & U PSP) 4% 5.6 20.9%, glyce-
ryl distearate monopalmitate (PSS ¥ TF SPS) 25 1.4
+03% (mean=SD, n=4) T& b, PPP & PPO (PPO

& POP OREY) MNERNDTH S Emah -1
Laakso 53, U 7YY FORARNT bIVDT Z
TAY NG = VICBEME S LIRSS S SRR L
TWaANS ZZ THEF PPO 8 LU POP % Product ion
scan ETHIR LU EE, v 5o r 44 v [M—RCOO]*
OWEWBEICERHT 5 &, PPO T} [PP1+ /[PO]* 3
086 TH B0 L, POPTIZ046 TH b, PPO &
POP TIREA S MICETS » TWi (Fig. 8a, b). 72, 1EH
PPO B & U POP #E& LT, PPO ®E|ED, 0, 25, 50,
75,100% LB XS BB L LBEO TSI P4 A Y
H [PP]+/[PO]* 2RIFE L7z E T A, Fig. 4 IRT LI
ESBEMEIIT B &N h T, —F, v ouHl
2oy b EEWTE—2 P2 (Fig. 3¢) ® [PP]+ /[PO}"
RN ETAH, FOMEIZOTOBLU 0772 TH - 7.
Lizhi-TP21i3, PPOLPOPDRAYOE—7 TH

100 5775
a) ] 551.5
1 855.7
PP = > [POY [M+Na]
PO APV VSR FOPRION 1% PO N AFUN PYTYI PR PRI JV'Y JU TV MR 1 skl
b) 100 8775
855.7
551.5
o frrastdi bttt b ottty
c) 1007 577.5
5515
8557
R R — 5 b
d) 1007 577.6
5515
] 8557
PN S . ,
A s e ity t Ao e
200 300 400 500 600 700 8LCO0 900
miz

Fig.3. LC/MS/MS spectra of urushi wax peak P-2 in
Fig. 2 and triglyceride isomer standard samples
a) PPO; b) POP; ¢) urushi wax peak P-2 in Fig.
2: d) mixture of PPO/POP=78/22

]

05 y = 0.00396 x + 0.462
# =0982

[PPYIPO]

0 20 40 60 80 100
PPO (%)
Fig. 4. Relationship between percentage of PPO in the
mixture of PPO and POP isomers and product
ion ratio of [PP}/[PO]
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Table 8. Diacylglycerol Fragment lons of TG Peaks in Urushi Wax and Their Ratios by LC/MS/MS

Predicted , Relative intensity ratios of
Peal No. Formula TG isomers (M=RCOO] [M—RCOQ]" ion peaks
P-1 Cs5H 10205 POO OPO [00]° [POY’ [00]' /[POT! 0.37
P-2 Cs3H 10004 PPO POP (ppy! PO} (PP}’ /[PO]’ 0.78
P-3 Cs1HysOs PPP (PP
p-d CssHiiOs  POS PSO SPO [PO]’ [PS]" (0S]'  [PS]‘ /[PO]" 114
[PS]'/[OS]! 1.38
[0S]’ /[PO]’ 0.86
P-5 CssHinnOs  PPS PSP [PP]* [PS]" (PP]*/[PS]* 0.58
P-6 CssHiosOs PSS SPS (SS]" [PS]' [SS]* /[PS]" 0.84

TG: triglyceride

[M~—RCOO]}': diacylglycerol fragment ion created by the loss of a fatty acid group from the TG molecular ion.

Table 4. Diacylglycerol Fragment lons of Authentic
TGs and Their Ratios by LC/MS/MS

Relative intensity ratio of

TG (M—RCOO] [M—RCOO]' ion peaks
POO {0O0]' [PO}' (OO} /[POT’ 0.53
PPO [PP]' [PO]' [PP1' /[POY 0.86
POP [PP]' [PO]' (PP} /[PO]! 0.46
POS [PO]' [PS]' [0S}’ [PS]'/[PO]' 0.60
[PS] /[OS]! 0.66
[0Sy /[POT! 0.91
PPS [PP]' [PS]' (PP]' /[PS]' 0.74
PSS [SS]'  [PS]! [SS]) /[PST! 0.57

TG: triglyceride
[M~RCOQ]": diacylglycerol fragment ion created by the
loss of a fatty acid group from the TG molecular ion.

v, Fig. 4 DEAFR, S, PPO OEI&H 2 0 v b O EY
BELTT79% THB I ENFRENAL, ERIC, EBR
PPO L POP % 78: 22 IiB& Lcbdid, v vo vl
D~y P2 EEFGRFFERERL, mEoL—2
P2 REBREKLE 7S VAV NNy —vhBZ 1 Ui
M oT, vwivyawfd glyceryl dipalmitate mono-
oleate &, PPO & POP My 8: 2 DEISTHAEL TV 3
LHER E N (Fig 8¢, d). E—72 P-1,4~61co0Th,
Ty At v oEFESESS POO, POS, PPS, PSS
E—HLEh-tl EMS, FRENARIET 2 BHAOR
EWITH B ETFEESNL (Table 3, 4). Lo LEAS,
XT3 BHEAT N TCOEGZEAFTE Wb -, O
h o OREFERESHIC D WTIEBEIESRTH I, - 12,
ek, rUTY Y FIREVICE TN AIENBEOEEN
BHELBLZNY ) Y FEEEREDUEEST 5 & 38
LivedhcEs, )72y FOJEEARY -+
RO TRBEHEINCIKSEL, 8o SR oMk
teepET 52 &T, 1,360& 2 DIElEEY 2 L E sy
M ali3fThhTaid Bentry sy ) FEE
FKEREBTEIHETEN D » . &FE, LC/MS/
MS ¥ T7 a4 2 k4 4 v [M—RCOOY DAEXIERE %
MEFT B &ICED M) T Y &) FEBEENREETE
BT ExFLE

F & O

bhvbhit, BRI vy oo OREMEERSERD
REREE 18R CRIE) ORSEHET I EES
W, EERmy vy oo ORBE X UREEREERERED
foh ORI R A 29, Yy o gBEmo IS
DHEERBLOERE(T->7c. vvay8lGgiE, ~UY oY
Y FEERSE L, EREEREReC Y 7Y €Y i A
BT EMMR SN, GC/MS D OE, virvo
v ORERIENEE I, L LTSV F VR, 4 LA VB
RFTYVVBTHE N1, v vavBlBdo
MY Y LY FE, LC/MSSIMEI L » TERL i
B Fra & LT glyceryl tripaimitate 45 30.7 £5.0%,
glyceryl dipalmitate monooleate %5 21.2£24% &% h
THED, MBS S & LT, glyceryl dicleate mono-
palmitate A% 2.1%£0.6%, glyceryl monopalmitate mono-
oleate monostearate A% 2.6 1= 0.3%, glyceryl dipalmi-
tate monostearate 4% 5.6 * 0.9%, glyceryl distearate
monopalmitate 5 1.4+03% & h T3 I L EMHS
&Lt Ybkokdic, BERI Y VYo oZett
HEE B REM O ZHO M T A T &M TE .
72, LC/MS/MS AT 5o b A4 vibEiid
BT ik, BHBROGEMENELE L) 7Y €Y K
BHAREOBIERTESL I LERLI
BERIMIORICE, vy o DAL TVEREO
GEREOED ONTORLAIRMENIELEEhTH
5. IhoASRYEREROMRINITA 5L 5, &N
Y5t B DR RIS E D  MERISERCERET T 2 2 & s
SRUMEICN B EEZ NS, BEFERIMY Vv a v D b
D7) Y FEBIC DV TRINETHRES N TV A -
el EnS, ARRICEVEBORLY VY o v FEMED
SRR RIS R, SROSEBEIERICERTH 3
EEZORSD.

it 33

FHZLIR, EEHEHNEMRERHDS ARo%kelts
B ENEEEZ L VERL2bOTHSE, vriay
DOIEE I TV o2 Wi (BD) BARERINIG S S
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