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Abstract

The unsaponifiable from rice bran oil was fractionated into 4-desmethyl-’4-monome-
thyl- and 4, 4-dimethylsterol (triterpene alcohol) fraction by thin layer chromatography
(TLC), and sterol composition of the each fraction was apalyzed by gas liquid chromatog
raphy(GLC). The sterol peaks not well separated by GLC were further fractionated
by AgNO,-TLC, then analyzed using GLC. Each components in the three sterol fractions
were identified by GLC and gas chromatography-mass spectrometry.

As the results, ten sterols were confirmed as 4-desmethylsterol, nine as 4-monomet-
hylsterol and four as 4, 4-dimethylsterol.

Such uncommon phytosterols in higher plants as fucosterol, 24-ethyllophenol, 4a-
methylstigmasta-7, 25-dienol and 28-isocitrostadienol were detected in rice bran oil and
the biosynthetic pathways of the phytosterols were deduced with all the identified

sterols.
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BLe mlavis aeste —#e oW #
e sterolpEol Yol LY KRE AF
32 Qo] Akl fHio) v MEEREC] MR A
2% sterolEo] £4 gz e Hifol
FERS KR sterole] R =& MRS
U5 B = BAMCR Wiz velstd X
Wil sterol £AFBEE 44 E ARoR o
F Rt JEAA FigtHE Wz oAE
thin layer chromatography(TLC)o] <JsiA 4-
desmethyl-, 4-monomethyl-, 4, 4-dimethylsterol
(triterpene alcohol)®] # fractione. 2 ¥ 0
Hd welA £ o £ fractiong acetyllk A#A o
2 acetate® AgNO;Z 3 %471 TLC(AgNO;-
TLC)2A ot 2AY EFoz el H¥ist
drh. {EESY sterole * 2 gas liquid chromato-
graphy(GLC)® GLCe| #its mass spectrome-
trydll ol#iA FEESH o
o] #3rol 220l gl sterole] ERKL L o
s Zoh
4-desmethylsterols
cholesterol =cholest-5-en-38-ol
campesterol =24R-methylcholest-5-en-38-ol
24-methylenecholesterol==24-methylenecholest-
5-en-34-ol
stigmasterol = 24S-ethylcholesta-5, E22-dien-33
-ol
24-methylcholesta-5, 24-dienol = 24-methylchol-
esta-5, 24-dien-38-ol
sitosterol =24R-ethylcholest-5-en-33-o0l
fucosterol =stigmasta-5, E24(28)-dien-38-ol
A5-avenasterol =28-isofucosterol =stigmasta-5,
Z24(28)-dien-38-ol
A7-stigmastenol =24R-ethyl-ba-cholest-7-en-33
-ol
A"-avenasterol =5a-~stigma-7, 224(28)-dien-35-
ol
4-monomethylsterols
lovphen01=4a—methyl—5a—cholest—7—en—3,8—ol
obtusifoliol=4a-, 14a-dimethyl-24-methylene-
5a-cholest-8-en-34-ol
31-norcycloartenol=4a~, 4a-dimethyl-9, 19-
cyclo-5a-cholest-24-en-343-ol
cycloeucalenol=4a, 14a~dimethyl-9, 19-cyclo-24
-methylene-5a-cholest-35-o0l
gramisterol = 4a-methyl-24-methylene-5 ¢-cho-

lest-7-en-35-ol

24-ethyllophenol = 4a-methyl-24¢é-ethyl-5a-cho-
lest-7-en-38-o0l

4a-methylstigmasta-7, 25-dienol=4 a-methyl-5
a-cholesta-7, 256-dien-38-ol

¢8-isocitrostadienol = 4a-methyl-5a-stigmasta-
7, E-24(28)-dien-3-o0l

citrostadienol = 4a-methyl-5a-stigmasta-, 7, Z-
24(28)-dien-38-o0l

4, 4-dimethylsterols

cycloartanol=9, 19-cyclo-6a-lanostan-33-ol

cycloartenol=9, 19-cyclo-5a-lanost-24-en-38-ol

24-methylcycloartanocl=24£-methyl-9, 19-cyclo
-5a-lanostan-34-ol

24-methylenecycloartanol=24-methylene-9, 19-
cyclo-5a-lanostan-36-ol

cyclobranol = 24-methyl-9, 19-cyclo-5a-lanost-
24-35-0l
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S Vel EEH oA £5E Kkl A n-hex-
aneg HA T¥poz mHT 715 HEsd
btz Aty &Y A3ME 189, KEMH
102, BE1E 0.8¢) gl vt

2. EHstE

1 Ee AsE Hid 4% = —FEY R
fihel IN alcholtt KOHE Mustel N, gas® %
o] Yo EZgdA 1M BEAD =& &

KxE AN KEWS B, AHAA % ethyl
etherz.4 3E4 HHAH HMEKS At alkali
7 QelAmAx FRFEA AA8 S K
Na;S0.2 A A5& %A 7] 2 ether® #WEsto
2AsEe QA9

3. TLC

20X 20cme] 42 o] Wako gel B-10-& 0. 5mm
A2 stz BEEH 105°CalA EA R
od7)d 10%¥°l B 55 FAMYg £43E chlo-
roform P plateds 0. 3ml4 fg4ko 2 spotting
33 hexane-ether(7: 3)€ B2 HA 605HE
Bgstgth. 0.01%¢ rhodamine ethanol Ko =
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A A FRANR(3600A) Fel A 2asg @ 57
9] bandz JrEs Qleh. & ol B WUERGHEl A
% R AL A8 (fraction 1), 4, 4-dimethylsterol
(fr. 2), 4-monomethylsterol (fr. 3), 4-desme-
thylsterol (fr. 4), M LA (fr. B)ojch.® 1 &
Z Fr. 2,3,4= GLC=2Z A ARucfi”(free sterold]
& acetate] GLC RRT )& #lEsled &% #4

¥ fraction® & FERe Y ok

4. AgNO.Z2 TLC(AgNO,-TLC)

99 37 fractiong ©hA] o] 4rEjE SIS QL
# & AgNO,-TLCE #Misl =t 10% AgNOs%
®A7 Wakogel B-102 2 #iie] —# TLCs
< Jikez plated wkEs ofsdl % sterol
fractiong MK EE—pyridine(l: 1)2 H4] Hik
o) wheh acetylft A/A & acetated 3.4 line
spottingsle] benzene-hexane (1:1) BEKo=
6057 Pl EAEWEE WY e HEe
2 stqirch
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5. GLC: FID7} 2o}9l: Shimadzu GC-4BM
gas chromatograph (Kyoto, Japan)E o= #
ElEeke e ek, Column: OV-17(1.5%)%
FIE3L glass column(2mX3mm ID), column {§
B : 265°C, HrHisgmE « 280°C, carrier gas (N»)
WisH 0 60ml/min, o] {&{fell Al sitosterol 30min
oA ¥Hisl =}, relative retention time (RRT)+&=
sitosterole] o] 3l fHEMHEZ A, 223 4% sterold]
SELE PEEEY g4 GLC peak FHHS
1005282 A viebd] 9 et

6. Mass spectrometry

Shimadzu LKB-7000%! gas chromatograph-mass
spectrometer (Kyoto, Japan)z 4] MWEstg.oxd
1.5% OV-17 column$ 44 columnififg : 270°C,
carrier gas(He) : 30ml/min, ion source: 280°C,
molecular separatori@fg : 275°C, ionfk BEE + 70
eV, trap current: 60xA, NETEEE 3500V =9 v}

A el A sterol k49 [ES e 22ql £

Table 1. Relative Retention Times of the Authentic Specimens of Sterol on OV-17 Column

Compennes Posion of doube - Qurer st
4-Desmethylsterols
cholesterol 5 — 0.62
Campesterol 5 24R-CH, 0.81
stigmasterol 5,22 245-C;H; 0.88
sitosterol 5 24R-C,H; 1.00
A5-avenasterol 5, 24(28) 242-C,H, .11
A7-stigmastenol 7 24R-C,Hs 1.17
A"-avenasterol 7, 24(28) 24Z-C,H, 1.31
4-Monomethylsterols
lophenol 7 — 0.82
obtusifoliol 8, 24(28) 14a-CHsg, 24-CH, 0.95
31-norcycloartenol 24 14a-CHjs, 9, 19-cyclo® 0.99
cycloeucalencl 24(28) 14a-CH,, 24-CH,, 9, 19-cyclo 1.11
gramisterol 7, 24(28) 24-CH, 1.12
4, 4-Dimethylsterols
cycloartanol - 9, 19-cyclo 1. 02
cycloartenol 24 9, 19-cyclo 1.24
24-methylenecycloartanol 24(28) 9, 19-cyclo,24-CH, 1.37
24-methylcycloartanol — 9, 19-cyclo,24-CH, 1.34

a: RRT=Relative retention time for sitosterol(30 min.) is taken as 1.00.

b: 9, 19-~cyclo=93, 19-cyclopropane ring.
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#HE-S Table 1o] F7sle o

50gl A EA3E 2.48(4.8%)% A%
vt o[ A& Itoh® 59 A-feolx wlshbe] —RAY
o2 o e HIlA 2o KEHBEE el
= e 273ES TLCEA 4 579 frac
tione] WEE-L fraction 1({REM:4E) : 0. 438
(18%), fr. 2(4,4-dimethylisterol) : 0. 652(27%),
fr. 3(4-monomethylsterol) : 0. 19g(8%), fr. 4(4-
desmethylsterol) 1.06g(44%)% 2= spot line <
Aol & fr. 5(BHEH T 1 0.072(3%)7F dol 94
th, 37]¢] sterol fraction (fr. 2~4)9] Wiz
2A8Ed A 79%(1.90g)gl o AE B A
o]l EZ fr. 2,3,49 3719 fractionul-g Fudk
o},

e

2. 4-Desmethylsterol #ggk

4-Desmethylsterol fractione] GLCel] 2 & 447
4 RE Table 20] FRgrt

Table 2. Approximate Composition(%) of the
4-Desmethylsterol Fraction of Rice
Bran Oil by GLC

RRT®
% Sterols
Free Acetate
0. 62 0.82 tr cholesterol
0.81 1.07 19 campesterol
0.82 1.09 9 24-methylenecholesterol
0.88 1.16 15 stigmasterol
0.99 1.31 5 24-methylcholesta-5, 24
-dienol
1.00 1.33 41 sitosterol
1.05 1.39 to fucosterol
1.11 1. 47 6 A8-avenasterol
1.17 .57 3 47-stigmastenol
1.31 1.76 1 4'-avenasterol

a: RRT for sitosterol(30 min.) is taken as 1. 06

% GLC peake] R vhent o] o] Solzich.
% cholesterol®& RRTZ A stigmasterol, 4%-aven-

asterol, 47-stigmastenol, A7-avenasterol& RRT

% mass spectrum$ BEHES 1A 44 H
%@HN] meRslgdch. RRT 0.819] peak: mass
spectrumsl] ] 3t® HF ion(M*)e] m/ed00% 398

ol velhd glom o]Fd ¢lej 4 M-CHs;, M-H,0,
M-CHy-H;0¢) ¥l @3t BIZU peak & £% [ie3
Z 9vh #HehA o] peak: F sterole] E4W
2 Holxd old HHEL MHOY d=ut
(Akamegashiwa) % 3 (Capsicum) 7ol A}
% 4 d9.ed adsh 2o o] BAHES cam-
pesterol (RRT 0.81, C;sHauO, MW 400)9} 24-
methylenecholesterol(RRT 0.82, C,sHueO, MW
398)ql Aoz Ropxlth, RRT 1.009) peak:
A9 sitdsterolo]ﬂ—jl X gro1] mass spectrumdl]
A FSLE Mto] m/e 4149} 398¢) 4 feh 27
9] steroREEHI A& v M*E m/e 4144
Z+= A & sitosterolelx FRFEE Y Rul M*o] m/e
398¢]] Vel sterole &3 e FEELEE] A
24-methylcholesta-5, 24-dienolg] A o = MERF o}
% 4~desmethylesterol acetyl{k3l =
AgNO;-TLCo] 2}8]4) Fig. 15} o) 4704 band
E SREE 9o start lineZ9] A-band: GLCo|
25w 24-methylencholesterol®} 47-avenasterol

fractiong

solvent front

S arv e e VAT TIWERTY -0 A0 O gl

start line

Fig. 1. Separation of 4-desmethylsterol acetate
fraction by AgNO,-TLC

9] acetate peak$l 7] RRT 1.31¢] k41 peak
7} B4}l o] A9 mass spectrumg Fig. 20 #
g HF on(MH)E 2olA dm m/e 380(M
-AcOH, HBiE 100%), 365(M-AcOH-CH; 30
%), 296[M-AcOH-C¢Hy,(side chaing] #4BAZY)
86%1, 281(M-AcOH-CsH,,-CH,, 32%), 228[M-
CuHyo(D-ringo] a BHZ4)—AcOH, 38%], 213[M-
CioHaa(D-ring9] b BAZY)—ACOH, 709159 BAZL
ione] s|arslgict. o] Bzl patterng Itoh®F-
2% 24-methylcholesta-5, 24-dienyl acetatee]

At & Bz A9} §3 o] acetated ik
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Fig. 2. Mass spectrum of 24-methylcoholesta-5, 24-dienyl acetate

el A & free sterol& RRTZ} 0.994 7. =
k4] o] sterolg 24-methylcholesta-5, 24-dienol
(CosHiO, MW 398)al Aoz FMER Thied
start lineZe 4 FwWlsle 3B w|skA] mely B-
band¢] GLCe] 4] &= 45-avenasterol acetate®] peak
(RRT 1.47)8} 7] RRT 1.394] A& peaks} +f
et 919ich EREEASIY A& of peake] mass
spectrumsl| w2 W m/e 394(HIRE 86%), 379
(10%), 296(1009%), 281(20%), 273(4%), 255
(5%). 253(6%). 229(4%), 228(7%), 227(5%),
213(10%)-59] BiZ iono] viehd glemd of pit-
tern& ] 2 Aé—avenasterol acetate®] mass spec-
trumfiZ patterns} A —Fstx 9k o]
band®] acetate E&HS WK HNA & free
sterole] GLCe} 4] 4%-avenasterol:2- RRT 1.11¢)
o]z #Ee e peake] RRTE 1.053 =
ItohE0] o 8}w 4°-avenasterol (isofucosterol,
Z-24(28)-ethylidene, Ib)~7} F7Eshe MR 74
{E4ol) = A5-avenasterol?] #{n] 44 ) fucosterol
(E-24(28)-ethylidene, la) (scheme ZIF)E i
oz AfEtE dF @ETn gher] KAkl A
% fucosterols #Higkul olh. =k RRT 1.05
sterol2 - mass spectrum?} RRT=Z ®.o} fucos-
terol(CooHes0, MW : 412)9) A o2 HEEI e
4-desmethylsterolE &%) GLCol A 3= A
Skorm 249 peak % RRT 0.81, 0.82 % 0.99,

1.009] # sterol 4 & thE AgNO,-TLCE fpsl
acetate?] GLC peakzZe] Table 2¢]4 ®E u}
s o] B ot

Lk} 7ol Jfihe] 4-desmethylsterol fraction
o4& 10589 sterolo] HERHAovk o] BF A&
BArel  4'-stigmastenol(39) 3 4"-avenasterol (1
%)% Brotebdl REIL M-sterold] Aoz molAl
KBRS 4-desmethylsterol e £ 9] A5-sterolZo]
2la & 4 9ok 24-methylenecholesterol.2- Idler
SO0 S A] g AL E (oysters), W §2)
(clams)oll 4 iz BpEe o) JwmOd A s 2
o] of & 1}F (akamegashiwa), A A (mustard),
Z(capsium) o] 4 £ BHH 2 glos 2 g4
o Ml A= de Sfistm gl= Aom ahoh
24-methylcholesta-5, 24-dienol-&- Itoh-5-® 4] o) sk
RS HAR(Solanaceae) WilyRE 7o) 1
Kooz FESz 9o #3774 (Lycium
chinese Mill)d]] = 4—desm'ethylster01 fractiong]

27%% Sstx Qe Aoz gEs i 9

3. 4-Monomethylsterol#f sk

4-Monomethylsterol fraction?] GLCoj o8 4
i RE Table 3¢ FEaigheh

lophenol, obtusifoliol, 31-norcycloartenol-2 R-
RT$} mass spectrum£- Bl B oA Hig
a4 FEstg ek o] fractions] FRsre o] 2
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Tabie 3. Approximate Composition(%) of the
4-Monomethylsterol Fraction of Rice
Bran Oil by GLC

RRT:

I 9 Sterols

Free Acetate

0.74 0. 96 12 —

0.82 1.07 3 lophenol

0.95 1.23 4 obtusifoliol

0.99 1.29 7 31-norcycloartenol

1.11 1.44 22 cycloeucalenol

1.12 1. 46 17 gramisterol

1. 26 1. 63 6 -

1.32 1.70 7 24-ethyllophenol

1.36 1.76 1 4-methylstigmasta-
7, 25-dienol

1.42 1.83 tr 28-isocitrostadienol

1.50 1.94 21 citrostadienol

a: RRT for sitosterol(30 min.) is taken as 1. 00.

9J+= RRT 1.11 peak¥ mass spectrume]] &&=
2719} sterolig 449l Aoz Byrh o RBEW
peak$ ZHEAA 2 e | XSS FERE noh
A4 7] Yo o] fraction 170mgg acetylfk
AA AgNO,-TLCE Higstg . = 27 Fig. 3
s} zro] 3709 band(A : 3lmg, B:50mg, C:59
mg)s Yoz er £ bande] GLC chromatog-
ramg Fig. 4(a,b,c)ol EiRg e},

solvent front

J start line

Fig. 3. Separation of 4-monomethylsteryl acet-
ate fraction by AgNO,-TLC,

Band A¢] GLCE Fig. 4-ao] A 2 ulo} 7bo]
peak-1(RRT 0.96, free 0.74)3 peak-2(RRT 1.
63, free 1.26)c] ERHE ol Fx U9 o F
2] mass spectrume] w2 RFijEE I A ion
ol MW7} 452(free sterol 410) 2 ZlEslgod
2 H 2 olojA = PR peakZ A 24-methylenedt
ok BFol 20e] “ERELe] YokE AL dRe
g AEe T BEE B3 ions A o
Heen 94 REELE WA HAo o
band®] 2+& peaksl peak-3(RRT 1.76,
36)+ mass spectrumdl] 9JF = 45T ion(M*)e]
m/e 468(CsHs0,, HIBE 7%)4 3 2 419
+3 ionezAE m/e 4563 (M-CH;, 18%), 408
(M-AcOH, 62%), 393(M-CHs-AcOH, 21%), 355
[M-C-H,(side chain®sBi%)-CH,, 11%1, 327
[M-CyoH,s(side chain)-2H, 100%1, 302[M-Ci,Ha,

free 1.

(b) (c)

T T T T
i T T

0 30 4G 50 min. 0 30 40 50 min. 8] 30 /4(,) S(I) 66 min.
st Internal standard(sitosterol) st Internal standard(sitosterol) s: Internal standard(sitosterol)
1: ) o 41 lophenol acetate 8: Gramisterol acetate
2: Unidentified .

: 5: Obtusifoliol acetate 9: 24~Ethyllophenol acetate

FRT o i 3 7 i
3: 4d-Methylstigmasta-7,25-dienol 6: 31-Norcycloartenol acetate 10: 28-Isocitrestadienol acetate

acetate 7: Cycloeucalenol acetate 11: Citrostadienol acetate

Fig. 4. GLC chromatogram of A-(a), B-(b) and C-band(c) separated from the 4-monomethyls-

teryl acetate fraction by AgNO;-TLC.
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Fig. 5. Mass spectrum of cycloeucalenyl acetate.

(D-ring9] bBHzY), 13%1, 287[M-C:Hus(D-ring
o 6bZY), 21%] (Fig. 2 BI), 269(M-CyoHis-
AcOH‘ 26%), 267(M-CioHie-2H-ACOH, ,29%)
242(M-Cy;Hp-AcOH, 21%). 227(M-CyHz5-AcOH,
31%)% < BEY —’F Asiek o] BIZL patternd
Bolgers-1o] g AF-(Clerodendrum campb-
ellii)ol) A BA¥ES o % 2 ‘%”)0] B (Cucurbit-
aceae) T il A HHig ¥} 9l Eda-methyl-24¢-
ethylcholesta-7, 25-dienol acetate®] 723 FA
ffyo 2 Jflstg o2 o] sterolg 4a-methylstig
masta~7, 25-dienol acetate (C3H;50,, MW  468)
2k . fad iAol A citrosta
-dienole} 7o) TEAGY B R omet
hylZ A% 4'-stigmastenole] o] =& AR
% WE de= 47 ik band BE Y,
ftisled 28 GLC chromatogram2 Fig. 4-bo}
Zr}. Peak-4 (RRT 1.07, free 0.82)% lophenol
peak-5(RRT 1.23, free 0.95)%& obtusifoliol, pe-
ak-6(RRT 1.29, free 0.99)3+ 31-norcycloartenol
acetateq] 2 Bi#sterol?] RRT U mass spectrum
2 Heiste] wezRslglth. Peak-7(RRT 1. 44, free
1. 11)9 mess spectrum€ Fig. 5ef 4=

+7F fon (M¥)o] m/e 468(IHLHRE 11%)el }e}
Y gden ols)a m/e 453 (M-CH;, 8%), 425
(M-CH(CHs)2, 9%), 408(M-AcOH, 100%), 393
(M-AcOH-CH,, 16%), 363(M-AcOH-43, 16%),
353[M-CsH1105(A-ringBiZy), 35% 7% 283(M-C,

o] sterol& ##
AA %

Hi,-AcOH, 32%)%-9 BA%tione #lZ¥+
7)o A #3] m/e 3538 3002 Fig.

ulop o] Aplins

3tk
Sl Al B
-190) 1] Audier5-194] 2l8t 935~
19-cyclopropane ringg 7=z 9l 43 sterol
o] FeokpRzi]l Aelv. kY
& [ cycloeucalenol acetated] 1A 3 FHik
o g —F3ts gloxmz o] sterole cycloeucal-
enolacetate (CyHs:0;, MW 468)8} . [H%E st ok
% band co] GLC chromatogram& Fig. 4-c9}
Zer. 449 GLC peakds peak-8(RRT 1. 46,
free 1.12)9] mass spectrumol <] m/e 454 (M¥),
439(M-CH;), 394(M-AcOH), 379(M-CHs-Ac
OH), 370[M-CeH,2(24-methylenefio] 213t Mec
Laffertyt#ifi )11 327[M-CyH;(side chain)-2H
base peak], 269(M-AcOH-CgH,,), 242[M-AcOH
-Ci1Hzo(D-ring9] apz!)]sl 227{M-AcOH-Cp,Ha:
(D-ringe] bpAzZd)1(Fig. 2 2IR)E9
B dgoen o EEZ pattern® Tamura51%0)
o}gl gramisterol (24-methylenelophenol) acetata
o 2w HAWOE % Fem Yt wet
A o] sterol&- gramisterol acetate(CyHgo0p MW
454)et 3 WE= vh. Peak-9(RRT 1.70,
32) ¢ mass spectrume] Al M*+*& m/e 470(HIME
8%)d ol i, o]lolA m/e 455[M-C,oH, (side ch-
ain)-2H, 100%], 302[M-C;;Hs(D-rings] a-BHH
27%], 287[M-Ci3Har(D-ring®] b-BR%ZL), 42%]
(Fig. 221%), 269(M-CyoH.i-AcOH, 18%), 242

spectrum pattern

ion peakE

free- 1.
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(M-AcOH-CoHas 36%), 227(M-AcOH-Cy:Hor,
48%)%59| Bz long £ 4 94k m/e327aA
AT-f580], 233 m/e 3277 1 ¥ 9| BAZY iond)
A side chainel] 24-ethylgtr} fFEd G AL #
W 4 9orxzg o sterol& 24-ethyllophenol
acetateq] Aoz Hwslgrh. olA L ItohTPd]
93ty 7R $(Selanaceae)e]  7}=| (Shinkuro,
Solanum melongena L.)FETF el 4-monomeyl-
sterol fraction®] FEWHH(65%)L ol Fxm o
250 el HEgERER ¥k Ed] 2129 mass
spectrum pattermz £ A 3tz gl #e}
A peak-9sterol-2- 24-ethyllophenol acetate(Cs,
Hsi0,, MW 470)0) Aoz 3 Peak-11
(RRT 1.94, free 1.50)¢] mass spectrumel] 4 =
m/e 468(M*, 5%), 453(M-CH,, 5%), 408(M-
AcOH, 7%), 393(M-CH,-AcOH, 11%), 370[M-
CiH;4(24-ethylidenefe] ©13 McLaffertyiifg),
49%], 355(M-C:H;-CHs, 5%), 327[M-CyHis
(side chain)-2H, 100], 310(M—C1_0H19—CH3, 22%),
295(M-C;H,,-AcOH, 8%), 269(M-CyH;s-AcOH,
20%), 267(M-CiHys—2H-AcOH, 37%), 242[M-
Ci:Hap(D-ringd) a-BE2e)-AcOH, 10%], 227[M-
CisHys(D-ringe] b-BfiZ0)-AcOH, 25%1%9] ion
peaks} vhEl} 9glem o) BAZ pattern FIEY
2] citrostadienol (CsoHseO, MW 426)2] acetate
g A & —FEkz dAdch W e peak-
10(RRT 1.83)-& AgNO;,-TLC=2A 4#islty] 779
4-monomethylsterol fractiondl A &= vel}z &
SkEl Aol BEHEACZA HEF mass spect-
rumdj o] 3bw m/e 468(M*, 4%), 453(5%), 408

(9%), 393(8%), 370(52%), 366(7%), 327(100
%), 310(18%), 295(11%), 269(26%), 267(33

%), 242(8%),. 227(28%)% 2] ion peakd & <
Qo o]zE [E citrostadienol acetateo)
mass spectrum} H#¥s] 4% ion peakd IR
ol oRzkd o #rb e BHE patternd 2
—#3 2 dQq=t. 2l o] band Co BEAEWES
ik el A QL free sterol®] GLCel4] RRT
1.422 22X =%} mass
RRTel} A o] sterol& 4-desmethylsterol fraction

spectrum pattern¥

o] A|  d5-avenasterol(28-iso-bucosterol)2} fucos-
terol)9) B & 7o) citrostadienol ([ b, Z-24
(28)-ethylidene) 2] fof5i4:88<) 28-isocitrostad-
ienol (Ia, E-24(28)-ethylidene)al A o2 #E
# ®gkch(scheme 2HR).

skeleton

side chain(R)

29
28
!

24 s
a 1 F-24(28)~ethylidene
29
N !
N o~

b ¢ Z-24(28)-ethylidene

Scheme. Diagram of skeletons and side chains
(R) of sterols.

o] HES WREy] YA side chaind A
C-249} 284}o] o] “EfEA W& Z-, E-RiEiES
separation factor®»??(RRT" H)& iHHd 2%
t}.. & Je-avenasterol(Z-FM:RE, Ib)/fucosterol
(E-, Ia)=1.11/1.05=1.057¢] 3 citrostadienol(Z
-, I b)/28-isocitrostadienol(E-, Ja)=1.50/1.42
=1.0560.24 ¥ Ht BHBFHEANA E —
Zebz gk AL ¥ 4 A o WHE peak-10
9 i@ sterol(RRT 1.42)& 28-isocitrostadienol
(CyoHs0, MW 426)z}x mEEST vl HAE RE
7 Rtk o] sterol: BHEMEHANAN HiHd At
mER o &E lohEPel m3(capsicum), A
E3 (Datura stamonium) T el A G ER S
o 2A g vk 9k

Pkt 2 fRAA 2o ol
cycloeucalenol, citrostadienol, gramisterol7t =
Rae ol & gdor &Kfie 10%LTS SRR
Golvt. ¥ BARY A e 4 L~ 0,19~
cyclopropane ring$ 7HAE AFLE SHR K
W M-sterolrl gt AL 4-desmethylsterol?)
Kigsro) S-etE AFE YRl th AL &£
o] sterol AL BRALET 4, 4-dimethyl-—4-mon
omethyl-—4-desmethylsterold] JEE Ax FHE
cholesterol(49) o) E%z‘ﬂ-drlg = ¥ Fo] En
ko] rhRABEREQ o) fractiono] HHEQ HEEL A
5 AAE AL BRY ¢ dE dold @1
fractionel] 4] citrostadienol( I b)s} 27t} B R
Mol isocitrostadienol (fa)o] A THE A

A%-avenasterol

factiond)] A &

4-desmethylsterol  fractions]] 4]
(Ib)s} fucosterol (Ia)e] #HHig wal &Y
sterol AAARGERY ¥ BiEe 2dFE A %
ok HEkErh. & o] & 4-monomethyl-—4-
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Table 4. Approximate Composition(%) of the
4, 4-Dimethylsterol Fraction of Rice
Bran Oil by GLC

Table 5. Separation Factors of 24-Double Bond
vs. Saturated and 24-Methyl vs. Non-
Methyl on OV-17 Column

RRT» %

Sterols
1.02 3 cycloartanol
1.24 42 cycloartenol
1.37 54 24-methylenecycloartanol
1.63 1 cyclobranol

a: RRT for sitosterol(30 min.) is taken as 1.00.

desmethylsterol By ol 4] side chain®] #gfiel] oF
Al RS da-methyliie] B Tt B
B(d—a)0] HERTHE AE 2dFn Y
4. 4,4-Dimethylsterol(triterpene alcohol)
o} #rk

4, 4-Dimethylsterol fractione] GLCe] <& #f
mErge) MR-& Table 46 ZEyRk38kc).

o] fractions] A FE5ES 471 9] sterol% cycloar-
tanol, 24-methylenecycloartanole HEipihe] 4] £
%+ 4 R Aol® ol 5 RRTS: mass spec
trum$ FEEYTS AT WA RS
RRT 1.639] =& peaki: mass spectrume]] 2|3}
W Mtol m/e 4406] 4 o)l 3 ole) A 425, 422,
407, 371, 353, 338, 313, 301, 285, 257 % 201
5 FH ion peakrt vEbuh ek of PR
pattern& Endo%E®¢)] 43t cyclobranole] 173}
2 —Fatgens o HHA H- Ao= HE
® 9 o} h&a 72 separation factore] A Akel]
oA & FERNA T 5 Table 5ol A B w}
9} ko] side chaing] 24fre] “EEAY] T ¥
24-methylZEol Fége] w}2 separation factorE
27 gHAsg ok A factoris A REEEAE L
A —Eg 7% vebe =z RRT 1.63 sterolg
cyclobranol 2 4 FEHE 4 9 9o

o] fraction® sterolf3fit Hffistdl RER=A 4
A7l 2Eget o] FelA % cycloartenolz 24~
methylencycloartanole] &3] 96%% 53tz ¢l

o = FERE 479 sterol2 25 cyclopropane

ringg A2 Qo] FHI gk el 2 gl

ook e HES

methylenecycloartanol-»cycloeucalenol—obtusifo-

squalene—cycloartenol—24-

liol—gramisterol—citrostadienol —47-avenasterol
— A7-stigmastenol—»sitosterol—stigmasterol—cho-

lesterols} 28 Goodwing-24~?®e] 22l H4siE

Compounds compared Separation factors

24-Double bond/Saturated
cycloartenol(1. 24) /cycloartanol(1.02) 1.216
cyclobranol(1. 63)/

24-methylcycloartanol(1. 34) 1. 216
24-Methyl/Non-methyl
24-methylcycloartanol(1. 34)/
cycloartanol(1. 02) 1.314
cyclobranoi(l. 63)/cycloartenol(1. 24)  1.315

( ) :RRT, RRT for sitosterol(30 min.) is taken

as 1. 00.
Hpee] sterol B HIERER] ¥ Fo] 2w o]
fraction® = @RS = lvhe A& ¢+
1 I R 1
i

9l t}. 4-monomethylsterol 3l

delA s #FHTe sk 8

=
s
g e gl A Ao

prasien

Khe) AR L SHTSel sterolfilikg 4

i

AL ERE e 2o

A-Desmethylsterolz2 4 & 1047 FaEs 9o+
o] rfr sitosterole] LGS o] Fx gk 24
terol(1%) % Wstelwl EF7F 4-sterolg ow Jif
= SE sterol 4y fis ®olz 9T

4-monomethylsterol fractiond] A & 97 7} Ff

=
5902} cycloeucalenol, citrostadienol, gramist-
erol b EEAOlGeh HWAY Fas Spshel
sterol9] A AWK THEHEAE RdF2 g
ok

4, 4~-Dimethylsterol(triterpene alcohol) 2 A = 4
A7 BESE Qo o) B2 BF 9, 19-cyclopropane
ring% Z}A gheh o] Evh sterolA:FKe] i
ErRbe] g e) cycloartenols} 24-methylenecyclo-

artenocls} o] fractiond] 96%% Lotz & Ao
2 34 k79 4, 4-dimethylsterolys & KK S
Az AA 4-monomethylsterolz fEis = A

et
Side chaine) ] E-, Z-Ri{Rgl BT 4-desm

ethylsterol 2 A &= fucosterolg} A5-avenasterols}
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HESR LB g3L $F27H(1984)

18 2 4-monomethylsterol 2 4] = 28-isocitrosta-
dienol$} citrostadiengl2 A 72 1444 o] iGH=
Ro 2 u| Fo] Huj sterold] A4 GEEAA side
chainol | 2eh BRAIA WA Bge] dojui

A
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