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Abstract

There are five common forms of phytosterols: free sterols (FS), steryl ferulates
(SF), steryl glycosides (SG), acylated steryl glycosides (ASG) and steryl esters (SE).
The aim of this study was to develop simultaneous methods to determine free and
conjugated phytosterols by LC/APCI-MS (liquid chromatography/atmospheric pressure
chemical ionization-mass spectrometry) and LC-ELSD (liquid chromatography-
evaporative light scattering detector), respectively, to overcome the degradation and
isomerizaion drawbacks caused by acid hydrolysis and alkaline saponification in the
traditional method. The suggested method was using NH, solid-phase extraction (SPE)
cartridge as clean-up tool before LC/APCI-MS analysis. The triglycerides but also steryl
esters were removed from sample extracts. The recoveries of this method were 83.69 to
106.89 %, evaluated by using free phytosterols as standard. Replacing hydrolysis
methods by SPE could avoid sterol isomerization and retain intact sterol conjugates.
Individual compound of FS, SF, SG and ASG was separated by reverse phase C18
column and detected by APCI-MS. All phytosterols give an intense characteristic ion
corresponding to the loss of a water molecule from the sterol moiety. The limit of
detection (LOD) for free sterols was 5-50 ng/mL. NPLC-ELSD could separate and
detect lipid (phytosterol) classes synchronously without further sample pretreatment.
Sterol esters still could not be quantified by NPLC-ELSD because of the coelution of
wax esters and steryl esters. The limit of detection (LOD) for phytosterols was 0.5-5
pug/mL. Results showed significant difference in the phytosterol contents of samples

between measurement by LC-MS and LC-ELSD. Since the lack of single pure standard



of phytosterol conjugates, it is hard to accurately quantify by LC-MS. ELSD provides a
more uniform response to structurally similar analytes, so here we speculated that the
results measured by LC-ELSD were much accurate than LC-MS. Avenasterol,
campesterol, stigmasterol and B-sitosterol are predominate among sample phytosterols.
The major phytosterols in brown rices are FS and SF (y-oryzanol) and there is less SG
and ASG in brown rices. Legumes all have high content of FS and ASG but no SF.

Soybean and black soybean contain much higher amounts of SG than other samples.

Keywords: phytosterol conjugates, brown rice, legume, liquid chromatograph/tandem

mass spectrometry, atmospheric pressure chemical ionization, evaporative light

scattering detector



APCI
ASG
ELSD
ESG
ESI
EIC
FS
GC
HSE
LC
MS
SE
SF
SG
SIM
SPE

Atmospheric pressure chemical ionization
Acylated steryl glycoside
Evaporative light scattering detector
Esterified steryl glucoside
Electrospray ionization

Extracted ion chromatogram

Free sterol

Gas chromatography
Hydroxycinnamic acid steryl ester
Liquid chromatography

Mass spectrometry

Steryl ester (Steryl fatty acid ester)
Steryl ferulate

Steryl glycoside (Steryl glucoside)
Selected ion monitoring

Solid phase extraction
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F- &S Y AR
14+ Ff% (phytosterols) >t = ¥ (triterpene) g B> 5 a3t 1 £ ¢

ERT PR SRR S I T TS LT AR PN

e 2R 3 EREAE O U REPRARE 1-2% 0 AL P e A
fitenE BT IS 0 PEREET P RFARE S 5% & { § (Moreauetal, 2002)

3 % 3v4% (Solanaceae) t£4~ 7 7 B € "&£ F [ (Moreau et al., 2002) > 4r 4 i
(Solanum lycopersicum) # S ##H & F % A ¢ pd EHAFEIZ 7 8% PEFHM
(Whitaker, 1988) - ¥ & A ¥ i & B & ergosterol > d ** & A7 B3 es i o -
#.#- ergosterol A5 fungal sterol (Weete et al., 2010) & # pF a2 4~ Fps > 2

FRA 2 IFFL #-H H O~ e Ffg 4 25 (Piironen et al., 2000; Moreau et al., 2002) °

- B
e 4 5p 7 Aol p > i FHEET A 5 4-desmethylsterols ~ 4-dimethyl-
sterols % 4-monomethylsterols = #& o 4-desmethylsterols 7 4 §Lgk + % £ 3 ¥ A >

‘b L .

¥4 FEE ¢ 5§ 5 o B-sitosterol ~ stigmasterol % campesterol ¥ At AF

4-monomethylsterols (4= gramisterol) f- 4-dimethylsterols (4= cycloartanol) 4 %|**

AR -2 - B A (R 2- AR LS ABL £ S FAPo

Hax e P 17 £ % i 4-desmethylsterols ™ (Moreau et al., 2002) -

Gramisterol Cycloartanol

(24-methylenelophenol)
Bl 1.4-7 32 44-2 7 A4 4 A

Fig 1. 4-Monomethyl and 4,4-dimethylphytosterols (Moreau et al., 2002)
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4-desmethylsterols ™ FH? W R+ P £ 48 AR A4 5 27 282 20 1
B A (B2 2 B 3)e < "4 hFfR & 5 5% 6 Jup (RL'isr®l 41) 5 - Bt
SALE AS R TG VA AR A G T B BB B 2 AS (B A
= AT HPEAS 2 AT FRFF G w R G (alkyl) 247G It aprat s i
W22 R 23 E 242 28(247) BmZ A o 77 28 2 29 BRAAE aH 24 Bipk b
BF U AAC Aodeit A 2 BEER S 7 A& (methylene) & ¢ % & (ethylene) -

e FfE Y A 2R R RIAE S 2 A FIRE SR AR (stanol) » 4 sitostanol e

) T D
[ ,‘_‘bj\ [ JJ Nea
t\ ,J J I_‘J\_",'L,\_'_J

Campestanal Campesterol Epibrassicasterol

~ ! I

¥
[ e N e W Sy

- 1 BT U
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Ergostanol 22 Dihydrobrassicasterol Brassicasteral Ergosterol
Bl 2. 456 &7 KBk C28 {4 FfE

Fig 2. C28 4-desmethyl phytosterols (Moreau et al., 2002)
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Fig. 3. C29 4-desmethyl phytosterols (Moreau et al., 2002)
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R BEEM S Y 4G 4485 & & FIRE (steryl conjugates) (] 4) -
SEPE 3L e A 2 7 e el B4t

fig i* & Ff% (sterylester » SE) 5 Ffg &2 P dpp g4t & 0 ¥ L& 7 16 &
18 g ke ot 7 4pfrin ippedt % (Zdzislaw, 1992) -

P4 ik FIFE (steryl glycoside» SG) = Fft pEA -2 & 2 D 3§ 41 B
A4 5 - BEEAF > 4o Pesitosteryl glucoside > » 4 23 4 BEELS F
i tE 0 dojilz 2 ¢ A4 3 0 Bositosteryl 3-O-gentiotetraoside ¥ i3 4 B § § 4
(Kojimaetal., 1989) ; 't 7 = st § {rd s ~ PEAEFLZ 6-3 § - RUPEGL S o
FEg e ¢ oo gl ko (Kovganko and Kashkan, 1999) -

fin i“ EH & FIf% (acylated steryl glycoside » ASG) = pE ¥ i Fff hpE» + 1 b
6 5k b ez s - FodmpLfig Y 4ER o F L VREL s & fig it BB 3E 01 (Zdzislaw,
1992) » = 3 Fyippa g + F H s R st *f? (Kovganko and Kashkan,
1999) -

Hydroxycinnamic acid steryl ester (HSE) £ steryl ferulate (SF) > 5 Ff§ &t = i
A% (triterpene alcohol) fri® #if& (ferulic acid)~¥+-4 E ¢ (p-coumaric acid) g roert

f& (caffeic acid) (Fang et al., 2003) 14 fig it 4

it

P RFEIRE S SR AT R E R fEF
S o 4ol Y ¥ A8t eh y-oryzanol & HSE - y-oryzanol ¢ i & & 4 3
24-methylencycloartanyl ferulate ~ cycloartenyl ferulate - campesteryl ferulate %

[-sitosterol ferulate (Xu and Godber, 1999) -



Alkaline
hydrolysis
Alkaline Y y
hydroly5|s
CH—CHCOO

ocn3
Steryl Fatty Acid Ester (SE) Hydroxycinnamate Steryl Ester (HSE)
(Sitosteryl stearate) (Sitostanyl ferulate)
Alkaline
Acid hydrolysis Acid
hydrolysis hydrolysis
0
H,COH l \/\/\/\/\/\/\/\/\E’O\CH l
o Yo 20 o
no'{H HOYH
OH OH
Steryl Glycoside (SG) Acylated Steryl Glycoside (ASG)
(Sitosteryl 3-D-glucoside) (Sitosteryl (6’-O-stearoyl) p-D glucoside)

B4 e Ly FAM S
Fig 4. Structures of phytosterol conjugates. The sites of cleavage via alkaline hydrolysis

(saponification) and acid hydrolysis are indicated with arrows (Moreau et al., 2002)

Z &~ e FHER 2 IRE
MR R - A L
195 Berger & 4 m?}gk‘?@’ v F REHEY P F S FESERE G
160-400 mg (Berger et al., 2004) ; @ 4= ¢ {e4 FfE i & KR g5 b o & E 3
AAAMASE TEF s AL E S SRS ARESEY 0 (3
4r% & B 0 Tarahumara o % % A R CHFES P & - & p hfe b AREFETE Y
500 mg > @ "&£ FfE P~ £ & 71 mg (Cerqueira et al., 1979) -
BE SR AT A B 2 PR B R UG AR AR 00 0 W ePRST FR (S F M o A R
P FEE R T F F % ¢ o sitosterol sk T F X 0.5% 0 campesterol ) 5 1.9% ;
sitostanol =k jx & 5 0.04% > campestanol iz X 5 0.16% > FfE AS ke

GEAGR R (S aR T F R S T 90%; @ PE B ER e T F X 5 56% (Ostlund Jr et al., 2002) o
5



FiE L A S 4o 2 AS AEEEAE R E R 0 0 4 B SR e % (Gylling
and Miettinen, 2005) o

R R 1 enflg R FIAE A 284 A M ALK B P d B (Miettinen
etal., 2000) > #= Moreau & A ;25 {54 Ffpend EM AL AL & 5 p d & (Moreau
etal.,2002) - Lin % % cds e F S8 % BEom o Mg PEH AR P i fin 1 & FIR A
WA PR 2 F R MOERRRR T A % IR i PR AR KRR 2
PES A A LR A AME k- AL KRS BAR - (XL BT LA
A2 7 RACKFES pd i Ta BILE MOERR S TaE M L A o) BiES g T PR
HEFAMBGHIFZ L RPELAROZ IS aBFR " > Brfpm By L AR

K6 % e (Linetal., 2011) -

R B S

B RY A AN A B fod B f 8 PR R e 1 (Tabata
et al., 1980; Miettinen et al., 2000; Lin et al., 2009; Lin et al., 2011) » ¥ 3 < [f&&ﬁfr 1o
¥ pg 7~ £ 3 #4008 (anti-cancer) (Awad and Fink, 2000) ~ #f £+ FUp & 3 0 R
(Awad et al., 2008) ~ % % 3 & (immune modulation) (Bouic, 2001) ~ % ¥ (anti-
inflammatory) (Islam et al., 2008) % #r|7% % (anti-ulcer) (Goel and Sairam, 2002)
Bl o0 e L v PR PR AL TR B A WA 2 SR
wAE o R ITE RPEH U FIRARERE F BFRD CLEARIE &g - R Y= sk b e L

BOaM b R R g L i3 R 0 SfE S amyotrophic lateral
sclerosis-parkinsonism dementia complex (ALS-PDC)> H 3% T F i E KM PR
CF g feb AP VARG Mo AT IPIEEME A g 8% (ks (Cycas
micronesica, cycad) &+ ¢ 7 7 13 Mok B > 4o B-N-oxalylamino-L-alanine
(BOAA) % B-N-methylamino-L-alanine (BMAA) (Ly et al., 2007) - fe d ™ i# 5L} i

W@kéﬁaﬁé—i—]ﬂ;g LB H 54§k+nHL3L"'KA\ )y tp 1t 19# 4 SR =Y 5 J\, :]V}rrw ek~



AL A RRA € Bt oREERT z‘ﬁ;ﬂff—i (Duncan et al., 1990) > & 77 iz ML pa ¥ Ac
#2514 ALS-PDC 3 & Jr ¥] (Shaw and Wilson, 2003) °

d N3P IR Jh FlF T 2LoRk 3 4247 B > Khabazian & A JE R4+ ¢ A 3 Mg
I+ et B-sitosteryl B-D-glucoside (BSSG) ~ campesteryl B-D-glucoside % stigmasteryl
B-D- glucoside = fafEH i FIfF - L fEH & FIfE L 7 2 & field potentials ~ %
L2 fenden Fgps i~ BUQA Fiwie I pon d ¥ % (lactate dehydrogenase,
LDH) %% ; m BSSG enfie gk » T PB-sitosterol fptF % ® I A E RS |4
(Khabazian et al., 2002) - 12 BSSG jaJZ | &iE# 4 & < fwmi% tk NSC-34 > 2% &
7T = S BSSG kAR E 5 A& A % (Tabataetal., 2008)- % BSSG (# £ :
10, 100 % 1000 pg/=) A& C57/BL6 | R 10 3F {8 » @yl et fi > & F &£ 29
H lumbar spinal cord feei@do4l B B0 3 34% 5 @ Ak {5 BSSG &
Fie 223 >3 B 7 BSSG HE MR oeed FdA g deh R FRE"> (10 pg
-33%; 100 ug: -31%; 1,000 pg: -44%) - &+ @& &1k 4 & BSSG {4 » lumbar spinal
cord JauriEd A 5 (93 R0 (Tabata et al., 2008) - & 47 g4 ‘e PE A F
f% > Bon % z 7 8 £ 0 stigmasteryl glucoside % B-sitosteryl glucoside » 42 & 8
B2 chpagfa+ ¢ 75 0.790 mg/g stigmasteryl glucoside % 0.722 mg/g B-sitosteryl
glucoside (Marler and Shaw, 2010)

Nt R BRI AFAREE SN G A RE I P R A

a@kéﬁi?f§—+ 714z ALS-PDC 3 Fﬁjf“} » e 173 Fig - d_bk—g.;i. .



$ZE i AL 1 P
Gp gl Y i AR RV A RS LABSRAL R B
ARG T A fde 1 ALY A4 F 5 F o 4ef kB BAE 2 sk E (Piironen et

al., 2000) -

— R
B GAEg ¢ 3 B R B 5 2 R R S A

Py 2% (degumming) FF ¢ R 3 A FIAE ST i%"“$~i ko /R
0¥ FR| & A Gk i>ed FfE > d  (bleaching) ¢ i FIfEA 2 SR o dofig It

>

(r"

BEFER T A g mA T A - FERSF b - MoK A 4 2H4E (P eh steroidal hydrocarbons %
£ 41 % (Kochhar, 1983) -

FEHA AR FER GBS 3 (carth) W (50 ATEME B AL AR
% A8(14) FfE > A5 BfEing £ ke P4 " KX (Biedermann et al., 1996) o 4~ ¥¥ Eifi
# ¥ &1 24-methylenecycloartanol 4% {s R| § B 4£i* 22 cyclobranol % ¥ - 7
1 A7 gatAR B 44 (Lanzon etal., 1999) -

Steroidal hydrocarbons (sterenes) € fe 4 b » cnFfig At & PFE e 2 F i
2 4% 4. (deodorization) PF*t B B IEB T chA 4 KA $ > 4o steradienes %
steratrienes; e AF 4 F § Mo BV A5 7 G R HEEEETS { LD A3S B (L
®] 5) (Kasim et al., 2009)- & ** steroidal hydrocarbons # & ¥ '# b #q @ 07 & H i

PAeRIE ZET A A CERARA T BEEE (FE ) ik

#% (Verleyen et al., 2002) -

CAm
W AR SR AG AT SRR A T F B AR Gl REALE

Bits € 224 % i“ & & (Savage and Dutta, 2002; Otaegui-Arrazola et al., 2010)



FpEF AP H S F 1 i FAE (oxysterols) » 7a/B-hydroxysterols ~ 7-ketosterols
5,60/B-epoxysterols % triols & & ¥ AL W RID| e FEE AP (B 6); FIfEpj4d
s PR AL F ME R Aoz BB d 1 e720-% 25-hydroxysterols ¢ 2 i&3E F i
f% ez & # ™ (Piironen et al., 2000) -

% BT stigmasterol *t 180°C 4v#t{s » % A P EiRMERE OF LA E
B » WRIRZF P~ MiRMHF Y A4 0 do stigmastan-4,22-dien-3,6-dione -
stigmastan-3,5,22-trien-7-one % stigmastan-2,4,6,22-tetracne % - ot TR F 1t {5~

#-H A4 T MK~ 5 0 F & (Menéndez-Carreio et al., 2010) -

R
(a)
R
-H,0
_ = R
A
HO
(b) R
HO
R

S, Bk R 4
Figure 5. Postulated mechanism of sterol dehydration to form (a) steradienes and (b)

steratrienes. R is designated as alkyl chain (Kasim et al., 2012)
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joog :
] HO oy HO (0

HO z
OH 7B-hydroxy 7-ketone

7a-hydroxy

(> ¥ on

R

HO o

HO OH 25-hydroxy

3B,5,6p-triol

5,60-epoxy

B 6. RS R i A4
Figure 6. Functional groups of major oxidation products of sterols (R, sterol nucleus)

(Piironen et al., 2000)

FrE o EP AR 4T

d i Y E R A AR O AR G HFTIES 0 @ 7 g & AR
BRfERS 2 4pk o PE R L NZ B R HEE A4 5 p & B 4E o F]2t Heupel
s BB HEMOTE ST L R ARELT G kPP 3 (Heupel, 1989) -
FIF 5 MRS R - BAREFR R S v}?cr‘ ¥R * ez (Gunawan
etal., 2006) ~ ¢ f (Rozenberg et al., 2003) ~ = % 7 = (Oliveiraetal.,2008) ~ % 7/
¥ A% (Miller and Engel, 2006) ~ 5 At (Rudell etal., 2011) ~ ® A% (Fangetal., 2003)

F A W * A2 - § 1Y B E P~ (supercritical carbon dioxide extraction)
(Moreau et al., 1996) it {7 Ffig = 4 F B~ o

LT R R RRA T BRI AR S LR ER 2 IR
&+t (Flynnetal, 1979) - Bar % 4 B p-sitosterol % "4 %Rt 3 &t #8575 H
PERRRER G M < "R < @R < Afr (Baretal, 1984) ; Wei ¥ £ Rl E
B-sitosterol ** ¥ * 3 A MY FfERZ TR < Dk < U < PR <

¢ fiz (Weietal., 2010) -
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y-Oryzanol i fik~ 7 fk~C FeC fig® = 4 P %% PR AR 0 B RS
Ak & e eg R R B (Kumar et al., 2009) © fig * & Ff%4- cholesteryl acetate
BRARLTMH < o < BEM < [k (Baretal, 1984) ; B-sitosteryl maleate %
stigmasteryl maleate %o fk ¢ fiz ¥ 3 f2R & >/ M (Wangetal., 2007) - pE 3 i

¥ o

\\\?{r

FIFR > G R B R L AROF T2 T
¢ * Folch ;* (Folchetal., 1957)> 1 & ©/% g (2:1>v/v) R{cz B E s 3

B i B A B H @ nE B o v;gw Bl AF /T BEB LY ok 5/
7 A et 5 (solvent-to-tissue ratio) = MPF o Foar £ A 4 AR A K 0 F & 4o r FE
SR A A R AR o B RS BR A Gx BEE ARHER KA T BEK 0 g
- B RBEEDOFHBEEART 2F Dk 4o di- 2 triglycosylsterols (Grunwald

and Huang, 1989) -

S Y Ry

BT 6 PR A ) PE A A FPR SMEH4ET AE Y fR K274 SE~ASG 2 HSE
g4 d kk-KfE (& v > saponification) 4 o d 3T LGP FRE S VR KL
Rt PHBREELREEp D LR (¢ 2 hpJd LAMBZ S ELEFARK
REENGE LR PF B B2 R AR I R E B i (KR
gk 8 L F - '?5 w3 (Toivoetal., 2001) 1243 & fs Ffs Kz ¥ ¥9pik 5° % &

AT R WK ES ?ff”‘ Brfgaiatpyad £33 4

% fa i (5 9mfk) BfE (Kochhar, 1983) > Tig 5 # % § 3 ¥ i ARG
(SG 2 ASG) - tidh Fg i RiEA2Y » € KA ‘% (Toivo etal., 2001) » F& & * §g &
'Lﬁ* K #ary enlg & ik FfR A fi% o

B

F_L
ki

LR FRS T AR R S AR ¢ R A AR 6
e AR 2 EFNk S Fd B R EEEEAF T RER RS

%‘« ? en A 5 9 (Kamal-Eldin et al., 1998; Moreau et al., 2002) > Toivo & 4 #%= 3
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BB E BT R S BRI PR R R e i d RS RS
0~ 42% » B Feok 2 e P AMKIFAL p 4 A (Toivoetal, 2001) o
O dg R fET RE R - B EPNR BB REASRTR) 4R A
(S L PR -

e fk ~ #k-k #2775 4% 8L > Biedermann % X 987 7 B o 0 #- latosterol (A7-
cholesterol) ** 80°C RpL/" fRiz R ® F & B %M1 AT-FHE W HEFF R
B 40 1B 505 05 0 A8(14)- & AT-BIR et GJiE BB 4e > A 7 APROKFRIEE T
latosterol & 4 £ 4£ it (Biedermann et al., 1996) - Kesselmeier & 4 ihf Zdp &) AS-
% AT7-avenasterols ¢ ff&-KjzeniEsze % j2 (Kesselmeier et al., 1985) ; Kamal-
Eldin % 4 (Kamal-Eldin et al., 1998) #- fucosterol % f&-Kf#{s 12 GC-MS 4 47 &
¥ > B+ 3 fucosterol ~ AS5-avenasterol 2 H 8 3§34 4% > IFJ":}i nAAR f?ih
s 5 ROk fRIEET R LAt B 5 ethylene A B E[E L g € FIT
i & 2 B HE 3L (carboniumion) @ AR AA RIS LRI - 4 T E
BTV - RARARUPFH - FEAL R (B 7))@ 3= s is Ko Bl
BHARL T A GC-MS Bl Bn R a~b 2 ¢ ik E G fFioR AS-
avenasterol § o

ek ?),?L*"é?fr PR AT 2 481 55 ethylene B FfE ALK R AT
BTARLERETF RTAL BT ¢ ergosterol Bl § AFECKFET R (B
2012) o Ft A H7 7 oL AR SR OEY & A PR Y BLORfRT G § M e
BHARBDZE -

P

E-

@}I%#] NERE bl R PRBET g AL B4t o & Oliveira ¥ 4 7
Tipd o RE TRt BARDE EA PP NG § 4ok jR(S > 4-dimethyl %
4-monomethylsterol esters # ¥ e p & i FfE 2 " AL 3 A doTE B M 4 > BT B
TR, i FRE L  Fukk -k 20312 > e cycloeucalenol ~ cycloartenol %

24-methylenecycloartanol (Oliveira et al., 2008) - ¥ 3 =< }?L:}F] B R i # en kraft
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pulping (kraft process) # 2 >4-dimethyl % 4-monomethylsterol esters £ Hw % f?fm

%4 17 it % f ° (Tenkanen et al.,

fi 1 {5 FIFGAR VE i P AR Y g oK R 0 ok
2003) -

d 200 BE AL PR epk 7 48 4% > Kesselmeier % 4 & *  B-glucosidase %
FALRYERFEERBREEE

kjapE i s FfE (Kesselmeier et al., 1985) &
o e PEoRfREZ paH W

FfE 0 A4oié * A e AR s (lipase) K fEfn it A FfE T
fin (Fischer and Holl, 1990; Tenkanen et al., 2003) ; Nystrom % A 12 7 | Xk 0
B-glucosidase % steryl esterase 4 %] K f2fEH i (SG, ASG) % steryl ferulates
(Nystrom et al., 2008) o e f¢ * f¥ & -k fE~ F B> 4o & LA ERR RS 93

%R (Kesselmeier etal., 1985) ~ ¥ % & — |4 (Kesselmeier et al., 1985) ~ f% % -k f#:#

G E R BB E SR T T Ak Ra B R B kRS L A

;,H;Zji.n % o
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Fucosterol AS-Avenasterol

+H$

'

B T
leruary ‘varoonium ion

Secondary Carbonium ion

®
E B

A5-Avenasterol Fucosterol A5,24(25)stigmas-
ionol (i
\rl/ tadienol (isomer c)

A9,23.stigmasta-
dienol (isomers a & b)

Bl 7. Fucosterol % AS5-avenasterol (fd fié Lt &2 4 B 41t 7% it 841
Figure 7. Representation of the hypothetical acid-catalyzed isomerization of fucosterol

and A5-avenasterol (Kamal-Eldin et al., 1998)

= HmEA A
A BRI F § R RS AL A T B S A el B LR
A F MR ET /}E‘fﬁ (enrichment) # &-¢ eFE AR~ & o @ * Q& A Fk K
177 (thin-layer chromatography, TLC) ¥ P& & 37 [ cnid & it Ffs I 4441 &
$ 2+ (Yamauchi et al., 2001; Caboni et al., 2005) > 7= ¥ % @& * ¢ 41 & 47 (column
chromatography, CC) (Whitaker, 1988) ~ # # %] B »<i% 48 & 47 ¥ {= (preparative
preparative high performance liquid chromatography) (Xu and Godber, 1999) % 4 it
Ef s d 3 PR YR RE R TE R SR AR B2 (solid

phase extraction, SPE) & {7 FfE~ 3> % 1 5 é”d’?‘}]%v’ AP EAR B (T 2

oA IR & LA den % TR o
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Table 1. Separation of sterol conjugates by normal phase SPE cartridges

Cartridge  Condition Sample Elution solvent (ratio, v:v) Saponification’ References
type solvent solvent SE FS HSE ASG SG
Silica CHCl; CHCl; CHCl; CHCl3/ Me,CO - Me,CO Y (Picchioni et
90:10 al., 1994)
Alumina Hex Hex/DEE Hex/DEE Hex/DEE/EtOH - - - Y (Phillips et al.,
(neutral) 20:80 20:80 25:25:50 2002)
Silica CHCI, CHCl; CHCI; - - MeOH Y (Phillips et al.,
2005)
Silica Hex Hex/EA Hex/EA Hex/EA - - - (Cunha et al.,
90:10 90:10 90:10 and Y 2006)
Hex/EA/EtOH
25:25:50
Silica, Hep Hep/DEE - - Hep/DEE Me,CO N° (Nystrom et
90:10 90:10 and al., 2007)
50:50
Silica CHCl; CHCl; CHCl; J CHCl3/Me,CO N’ (Wewer et al.,
Hex/DEE Hex/DEE 50:50 2011)
99:1 85:15

-: Not mentioned in the paper.

SE: steryl ester, FS: free sterol, HSE: Hydroxycinnamic acid steryl ester, ASG: acylated steryl glycoside, SG: steryl glycoside.

CHCl;: chloroform, DEE: diethyl ether, EA: ethyl acetate, EtOH: ethanol, Hep: 1-heptane, Hex: hexane, Me,CO: acetone, MeOH: methanol.

! SE and FS fractions were saponified after SPE. *: HSE fraction was further purified using an acid—base wash. *: Sterols were directly infused into the Q-TOF

mass spectrometer via nanospray ionization.
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d 3 Ffg iR @;’g%é ARl A FI4p F P (4o silica 2 alumina)
B AR B o S P PSS RARERSLE o fd 2
PEH & FIRY At FApZP~F F 43 - Cunha & X g silica 2 alumina & 49
FApEPm o fefg i 2 fd GBS ALY O BRI RIS F TR L
£ e alumina AP FE® L RPREL > T FIAN TR £ FRF BT
# {5 fE% 47 silica F4p ¥ 5™ 27 ¥ % (Cunha etal., 2006) -

Lechner # 4 A Fp 5 Pa L4k 474 U B S A ig s &
P Apma g KEENE o B @ silica FIAREBm BT L {Shp d &
fin 1 FIPR 2 AR AR B D= FhH W fig A B ST L § 4R K 474 47 (Lechner et
al., 1999) -

-

=

=~ B AT E R
(—) # 1 & +7;2 (Gas chromatography, GC)

F AR AT ¥ 2 kA 4T BP0 Y (Abidi, 2001) > A AT RS F G
g sTA i (derivatization) & A 474 FacSIALE > TRF AR PR F L
TMS (trimethylsilyl) i€ {7474 > Bk 2 ke & 7 A7 f=d {* E &4 47607 500 f
e R AR RS SV A & 5 Va3 Rl % (Flame ionization detector, FID) % F ¥ »
Na g P A L R R L e iRy o @ R BT Aokl oh
£l S I ] ﬁn.éé—f]&%gm o

FARERATZH BRI AL F s YockiE o P FERETHE PERE G RO
éﬁ?%wﬁoE%ﬁ%ﬁ%ﬁ%%&*ﬁi“@ﬁ%%’E?ﬁéiﬂé%
(Rozenberg etal., 2003) > 4o FfEpERA L 74 L 2 R 222 AR EHR %
(Pieber et al., mmymmﬂw1ﬁ4ﬁwm%ﬁ@( 2 ASG) Bt A g B o
B FADRATE AR R RB E DL H7iEE @ g = "L (Caboni et al., 2005;
Pieber et al., 2010) -
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(=) B rxig4p k4772 (High performance liquid chromatography, HPLC)
IEOTF AR R T2 0 RAR K AT AT A TR B ROE e 0 © 5 LR e
RIS N0 i * At A 45 SR enEIE (Abidi, 2001) -

1. & #p/% 4P & 472 (normal phase liquid chromatography, NPLC)

LARRAR R ATE ¥ 20T AR BAR S YT Shea 2
H w2 g s B ik 7 4 $7 (Moreau et al., 1990; Conforti et al., 1993;
Christie and Urwin, 1995) ; & 4p k& 7% enif 2L 5 1% $ 8 & 177 F 3 4 17 3 = f850
a8 (lipidclass, ¢ Z 4 Ffg) > ed W #Hdfpid § d MR EET B &L &
FIE 6 e ATIE R FIEE o AP K 4790 2 & AR IEAP 1T DB B B fR 4 5 o
T3 PR THEREEE 2B ARG E R B (Abidi, 2001) - & 2 S §Fi@ * I 4p
ARk A7 A A7 BIAE A9 55 AR o

2. ¥ 4pik4p K 1772 (reverse-phase LC, RPLC)

d 3 FIHERBS TR il @ * GapRip AT R b
75 & 3 7 -k (non-aqueous) 1% 6 Ap 1L G A 174 A F T E Y (Abidi, 2001;
Lagarda et al., 2006)c# #>4p % & * ? fE~2 3~ B A 82 v & vxvm (tetrahydrofuran)
£5 8 @;{%d S CI8 g4 gt *hs ¥ 2 C8(Yuetal, 2007) ~ C30 (Stoggl et
al., 2005)% Phenyl-hexyl (Mezine et al., 2003) % § 414 F o4 3 5 @& * if4pikp &
1705 A AT 4 FIFG 07 2 BT o

3. WRE

R B4 2 b O E R (4o 7-dehydrocholesterol v ergosterol) %
HSE & en#ps 4 = % 280 2 325nm § UV sxesh s Hapx Sdcpd 53 %8
i FIE 3 @ RS ATRA L o s 5 bk g iRl E (UV detector) FF 2 Zf & 200-210
nm LK TAEE R 6 fRR Y AP RESEA (W07 BRE R R 0
UV AUk £ (cut-off) *+4f -
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73 ESTSHR Rl B (evaporative light scattering detector, ELSD) <k 32 5 & ¢
fon ey #o4pia e ~ 5 1© B (nebulizer) B F M FHM (FFA5F) REA
2 F % (aerosol) ; § " 5 iR &3 R if 0 &~ R F (drifttube) & H ¢ dr g
S o B AR S e BEE > BFIFE hFRIP TS BRI EF ¢ o
Fo i U KR E P D Sk BT A 4 0 0 AT RS - Fahr i E R
d k= 1&%8 (photodiode) # k& & H# ¢ (photomultiplier tube) /7 (Young and
Dolan, 2003)

A R P B iR EE S % B AL P T B R D] R 3N it £
BEPIRTAREEFR A FARFEFaM IRBIZF T8 E > H7 kD
RGP FARBAPT 5 d B EAP AR EF D B AR 0 F WIITEF R
% (Refractive index detector, RI) fe¥ b kiR B cr 4] » Z 3 LA B BT
R PR T AR AR TE (Young and Dolan, 2003) - ¥ F] Z 3 k4t
e Rl BB HAR T O £ 5 ¥ A 2 35— R KIE (response) © ¢ A AT I AF e
o pE > v B - 8 2oriienth £ M2 8 2248 8 540 e 47 e0d § (Young
and Dolan, 2004) -

B3 (mass spectrometry) i P& Ac/&R B 0 j€4 F 3+ (molecularion) % 3
FREFTRERS o PR BTA 0 A 1 EF AT RIHY (selected ion
monitoring, SIM) & % B~#t 3 & 47 @] (extracted ion chromatogram, EIC) = ;4 #
Hakirt @2z 2o 27 B g o E-‘E?frﬁ SATE RECH @ i P
RN CIORI-RARE ol AR -t TR I} S TS i )
(electrospray ionization, ESI) #5#;* &+ i ek @ (Trosken et al., 2004) » #x = )gl%
PR BT R A TR G E S F B4 ICE 42 (atmospheric pressure
chemical ionization, APCI) ¥ 5 5%t~ ;% (Lagardaetal., 2006) > e » 3 R4 < [’?c%%
TR AR A e~ 473 B % & B ehF R (Caboni et al., 2005; Schrick et
al,2011) e ~ 5 B4 B2 RP LB EARRIHET FH S RF 5
APCI *f % (APClnozzle) 4v#fs § 1“8 » P58 » ¥4 3 TR - BT v o
w4 A4 7 AT (coronadischarge) » i3 # 4 + A, = S+ > A A G B Fp

B S E FRE AT EIE R TR A -
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Table 2. Normal phase liquid chromatography analysis of phytosterols

Detector Stationary and mobile phase (v:v) Sample solution  Sterol investigated Matrix References

UV, FID Lichrosorb Si-60 (100 % 3.0 mm, 7 um) CHCI; SE, FS, ASG, SG  Plant tissues (Moreau et al.,
A =1sooctane-THF (99:1), B =1PA, 1990)
C= HzO

ELSD Lichrosorb Si-60 (100 % 3.0 mm, 7 pum) CHCIl;:MeOH = SE, FS, ASG, SG  Wheat flour (Conforti et al.,
A =Hex-THF (99:1), B=1PA, C = H,O 2:1 1993)

ELSD Spherisorb S3CN (100x 3.2 mm, 3 um) CHClL; SE, FS, ASG, SG  Potato (Christie and
A =1soHex-MTBE (98:2), B =IPA- Urwin, 1995)
CHCIl;- AA (82:20:0.01), C = IPA-H,0-
TEA (47:47:6)

ELSD LiChrosorb DIOL (100x 3 mm, 5 pm) Hex SE, FS, SF Corn fiber (Moreau et al.,
A =Hex/AA (1000:1), B =1PA 1996)

ELSD LiChrospher Si-60 (125 x 4 mm, 5 um) CHCls ASG, SG Edible plants (Sugawara and
A = CHCI;, B = MeOH-H,O0 (95:5) Miyazawa, 1999)

ELSD, UV, MS  LiChrosorb DIOL (100% 3 mm, 5 um) CHCI;:MeOH = ASG, SG Lecithin, (Moreau et al.,
A = Hex/AA (1000:1), B=1PA, C=H,0 85/15 Biodiesel 2008)

SE: steryl ester, FS: free sterol, HSE: Hydroxycinnamic acid steryl ester, ASG: acylated steryl glycoside, SG: steryl glycoside.

AA: acetic acid, CHCl;: chloroform, Hex: hexane, iso-Hex: isohexane, IPA: isopropanol, MTBE: methyl tert-butyl ether, MeOH: methanol,

TEA: triethylamine, THF: tetrahydrofuran.
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Table 3. Reverse phase liquid chromatography analysis of phytosterols

Method Stationary and mobile phase Separation/clean Sterol Matrix References

detection up method investigated

UV, APCI-MS Luna C18 (150 x 2.0 mm, 3 pum) TLC, Silicagel SG, ASG Red bell pepper (Yamauchi et al.,
MeOH-EtOH column 2001)

APCI-MS Prevail C18 (150 % 2.1 mm, 2 pm) SPE SG, FS Spelt and wheat (Rozenberg et al.,
H,O/ACN-MeOH 2003)

ELSD, ESI-MS  Luna C18 (250 x 4.6 mm, 5 um) TLC SE Wheats (Caboni et al.,
ACN-IPA 2005)

DAD, APCI-MS  Prontosil 200-3-C30 (250 x 2.0 mm, 3 um) centrifugation HSE Rice bran oil (Stoggl et al.,
MeOH-tBME (75:25) 2005)

UV, API-ES-MS  Eclipse XDB-C8 (150 x 4.6 mm, 5um) - HSE Rice germ and bran  (Yu et al., 2007)
ACN-H,O

DAD, APCI-MS  Chromolith Performance RP-18e SPE SG, FS, ASG, SE  Apple peel (Rudell et al.,
(100 x 4.6 mm) (for initial 2011)

H,0/MeOH (20:80, v/v)-EtOH identification)

SE: steryl ester, FS: free sterol, HSE: Hydroxycinnamic acid steryl ester, ASG: acylated steryl glycoside, SG: steryl glycoside.
ACN: acetonitrile, EtOH: ethanol, MeOH:methanol, IPA:isopropanol, tBME: tert-butyl methyl ether

API-ES: atmospheric pressure interface-electrospray, DAD: diode array detection.
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T ~pd R EEEABA N
BH LB SRR BHTI MR R BHT N
4 (unsaponifiable) #» » f1% B4R F B2 i 4 % (F & 44 2 HB) > B 3

F 10 & 7.2 ~ 47 (Piironen et al., 2000) ; 4 i€ * R 4p K 4772 A 47 R 3 5724 b o gt
GEAA L WRIE R D X Ap i B FEIRES &0 B A MR & FIFEH AR
ALK FRE T A B 1 (s R /iR A e B¢ A 3Tk 4p & (Heupel, 1989) -

50 PER R Z £ 0 Toivo % 4 (Toivoetal., 2001) 42 B pL i (7 pa-kfz >
B a it maARyPkRE S X2 HETA TN FAEITIEA T o
HRRM AR AR KRE Y RIS R AT AR RN @ Y 4R
b F o e AREY IR EOHATMR R 2o B0 2R

FRACERFABES AP ELAL oA FRENY 2 77 YL RR o RS
R FRPI RS RHEa ;0 RIERKKfEIE AS-avenasterol 17 £ 4T
o BT TfARATR HR ARRORERET 2L SR

Breinholder ¥ 4 (Breinholder et al., 2002) 17 F4p 3 B~ A g 2t4m 14 7 5 (p o
B2 fin v & FFE) 2 PEPal (PR A FIR) o 2Rt P ik 2 1 {8 05 AP K 47 4 11
FEAD B EARCAFRBSEE R BTSRRI AT AR A AT
BRI R R BRRIPER BRI 0 82 2 s BiRRIZHEE S BRF R OHEE 0 T

Aty ARy £ 0 2 #F EORREL O RATE PR AL B o

Pav e g 50 R kAT S AR E B A 3T A e FAE
T Ru AT A BN (212 £3) $BERFAMBT L& ¥ /K
far i enp d i FHEE 2 F (Cunhaetal., 2006; Nystrom et al., 2007) °
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B

- & R &R
- ~#&F (Oryza sativa)
feptdd Bl fFR &> HITERE F fAheT
98 mpiT: 3221395~ 3221455, ~ Sm 1150 SR 715~ 5@ 4010 5L~
L9599 EHiT: B 1455 S 115 SR TLEL S92 01050~ S 4L
9 B ARE S o fBEUT 3 B RES R INA B 7 BN Bk i (B =2.20000 rpm)
Beds o Bds iE 2 5 REBHAGHERE T N 250 g Rk 0 B S fsE X
I

T B

[

R s & %5‘ A2 ST AR AT
+ & (Glycinemax, #Zp 4t £ *)~ 2 & (Glycinemax(L.)Merr., 2 p * F) > &

A
L..

(Vigna angularis, 2 p - #) > % & (Vignaradiate, 2 p ~#) - =2 (Phaseolus
coccineus L. var. albonanus Bailey, & p o &) c 2 7 5 3% B 8 (%] 220000 rpm)
Beds o B iR 4 REHBHE RPN 0 B 50g B BE S 4 x2
% o

Fo8ER

e B AR

1. Campesterol » & =97% » ¥ v 2 it §k3' ¢ 4 » (Tokyo, Japan) °

!

2. Cholesterol » % & =99% » Sigma (St. Louis, Mo, USA) o
3. Cholesteryl palmitate > & =97% > MP Biomedicals (Boston, MA, USA) -

4. Ergosterol » ¥ & =95% > & 3 it % 1 ¥4k3% € 4+ > (Tokyo, Japan) °

5. Esterified steryl glucosides > % & =98% > Matreya LLC (Pleasant Gap, PA, USA) -
6. Sitostanol > % & =95% » Sigma (St. Louis, Mo, USA) -

7. Steryl glucosides > % & =98% > Matreya LLC (Pleasant Gap, PA, USA) -

8. Stigmasterol > # & =95% » Sigma (St. Louis, Mo, USA) -
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9. Tristearin » & =97% > MP Biomedicals (Boston, MA, USA) °
10. B-Sitosterol > # & =97% » ¥ <= 2 it E k3% ¢ 4+ (Tokyo, Japan)
11. B-Sitosterol > & FfE =95% > Calbiochem (Darmstadt, Germany) °
* po 7 B-Sitosterol 75.5%, Sitostanol 13.0%, Campesterol 8.4%, Campestanol 1.3 %

12. y-Oryzanol » % & 98.7% > #A %% & 51 ¥tk;% € 4 (Wakayama, Japan) °

%

?{r

% ]z campesteryl ferulate 13.2%, B-sitosteryl ferulate 7.4%

%

N\

cycloartenyl ferulate 36.3%, 24-methylencycloartanyl ferulate 40.7%

A%

.
-
~ A A

g |

>

[u—

Acetone : & 7.5 0 B R 99.9% > B 2 & (Miaoli, Taiwan) ©
2. Acetonitrile : F## 5% 0 ¥ & 100% » J.T. Baker (Philipsburg, NJ, USA) -

(8]

Chloroform : & 47 > ¥ & 100% - J.T. Baker (Philipsburg, NJ, USA) -
4. Ether : & 47 » ¥ & 99.9% - J.T. Baker (Philipsburg, NJ, USA) -

5. Ethyl acetate @ :# % % » 3 & 99.9% - J.T. Baker (Philipsburg, NJ, USA) -

6. Methanol - & 45 .% » ¥ & 99.9% » Mallinckrodt Chemicals (Phillipsburg, NJ,
USA) -

7. Methanol @ 3% 5 » & 100% - J.T. Baker (Philipsburg, NJ, USA) °

8. n-Hexane : & 7% » #* & 99% > J.T. Baker (Philipsburg, NJ, USA) -

9. 2-Propanol : & 7.5 > ¥ & 99.7% > J.T. Baker (Philipsburg, NJ, USA) -

E

= g

1. Formicacid : :##& % » ¥ & 99.7% » Riedel-de Haén (Germany)

2. Butylated hydroxytoluene (BHT) @ ## % & » % B =99% - Sigma (St. Louis, Mo,
USA)
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Lo
1

§ . RERA
N S TR

7 5 3% Bk 4511095 Knifetec Sample Mill> Foss Tecator i (Hoganés, Sweden)

—_—

2. -ki#H (Shaker bath) : Hotech % i¢ (Taipei, Taiwan)

3. FRIE¥#H (Rotary evaporator) : RE111 > Buchi ¢ (Flawil, Switzerland)
4. FRIENEW T KiEH (water bath) © 461 > Buchi ®i¢ (Flawil, Switzerland)
5. 4zF A%< % B (Ultrasonic cleaner) : power sonic 420 > Hwashin 2 7 i3

(Korea)

- FpE

I H4pEPg
Strata® NH,, 500 mg / 3 mL Tubes > Fp Phenomenex (Torrance, CA, USA)
Strata® SI-1 Silica, 500 mg /3 mL Tubes > P& p Phenomenex (Torrance, CA,

USA)
Sep-Pak® Plus tC18 cartridge, 400 mg » f&p Waters (Milford, MA, USA)

2. FAPEPE 3§ A E ! Sample preparation unit © Merck % :¢ (Dermstadt,

Germany)

3. 4 4 ¥ : Bio-Vac 240 Suction System » 4 P & ¥ #:¢ (Taipei, Taiwan)

’

%R A AR AR

1. HPLC /mikRiBps s 4 4 ¥T  Millipore ®i¢ (Billerica, MA, USA)

2. HlEjmhEy g A#¥ 3 o 7 (Hsinchu, Taiwan)

3. R # g% (Nylon membrane) : 47 mm x 0.22 um > £ p Chrom Tech (Apple

Valley, MN, USA)
4. g (filter paper) : No.1,9.0cm I.D. » B p Whatman (Springfield Mill, UK)

5. #F % (Syringe filter) : Nylon, 13 mm x 0.22 um » p£p  Agilent
Technologies (Santa Clara, CA, USA)
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1. & Thermo Scientific %% (Waltham, MA, USA) :
L+ L3 F 3 & - Finnigan LXQ Linear Ion Trap Mass Spectrometer » 7 =~ # /&
A E g R (APCI) 2 T E 533+ R (ESI) 4#£4- (Probe)
p ¥ i1k B (Autosampler) : Finnigan Surveyor autosampler plus
& +7 §1;f (Pump) : Finnigan Surveyor LC pump plus, sample loop volume: 25 pL
&= A8 5] V45 P E  (Photo Diode Array detector) : Finnigan Surveyor PDA
plus detector
By REP~ 2 i J2 #048 (data acquisition and processing software) : LXQ tune and
Xcalibur 2.0.7

2. &4pk 47§ £ (HPLC column) :
Kinetex C18, 150 x 2.1mm [.D. 2.6 pm, 10 nm>Phenomenex (Torrance, CA, USA)
KrudKatcher Ultra HPLC In-Line Filter 0.5 um Depth Filter x 0.004in ID »
Phenomenex (Torrance, CA, USA)

Iy
ra

I ARR AR AT- 7B R ATH R B kB

1. 4 Hitachi = #l:¢ (Tokyo, Japan) :
& 7 §1F (Pump) : Model L-7100
ek kv Bk iR (UV-VIS Detector) © Model L-7420
p# 84k ® (Autosampler) : Model L-7200 - & 884 : 20 uL

2. ¥R E (columnoven) : Model EOC-1 > = {7 2 @ #i¢ (Taipei, Taiwan)

3. A BATE WP E (evaporative light scattering detector) @ Varex MKIII ELSD »
Alltech 2> 7 % (Deerfield, IL, USA)

4. #m#3 3F BREH (Oilless Piston Air Compressor) : Model M450GX > Gast
Manufacturing = # %1% (Benton Harbor, MI, USA)

5. BIpREP~2 aJ? #0488 (data acquisition and processing software) : SISC
chromatography data system > P p 3t & 2> @ (Taipei, Taiwan)

6. i%4p% 47 ¢+ (HPLC column): Chromatorex Diol SPS 100-5 (250x4.6 mm I.D.

5 um, 10 nm) PEp  Fuji Silysia Chemical (Aichi, Japan)
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R
- R AR

HFE2g ek &2 (B EEFELY %M &6 > 125mL EF) v 487
¥ o 4v» 0.1 mL (10 mg/mL, 3>t ¥ %) 7 BHT (butylated hydroxytoluene) i® 5 $w
FiLA o 4er 10mL "> @23 ART 1 A4 H 4 20mL & 7 > 3%
30C kit - 5P~ 20 ~ 48 o 5 P~% 1 Whatman No. | Jg\ (Z /£ 9cm) %
RIZFHL B D RMEFL 0 AL g R T R A ELY o R R B
B Mo EAF Z P X AhE PR A0C KB FRIRS fFof£ 1 6mL & 7w o
FEFEER (B BHT ER §0.05%) > “7F &% 5 =2 £4F (n=3) -

o B R
%% Pinkart ¥ 4 {1%* NH, F4p 5 B~p & Hflcd $ 75 Feh™ 3¢ (Pinkart et

al., 1998) 2 Russo % A f1* NHy Flfp 5B g Aggd dode i ¢ PR R AR o 2
(Russo etal., 2005) 4c 2 ifec > B-FIAREB-F 4B FEE T HF £E 1+ > @7
FIGE PG B3 A o N 3mL & iE it NH, HAp B4 (500 mg/3
mL) > 4e » $R 5% 200 ul > 2 & MR/ T fig (95:5,viv)6mL k3 = i 4 g 2
fip “ A FIfE R & B 4ex & SmL éng B[ rZ Yo p d i B2 steryl ferulate

LRNEORY BRI ARG T BA o £ fchiT
RKeng 7~ pR 2 PRI R iR R RIRSEI fc6 0 2mL T BRw g o gl
£ %2 022 pmNylon 4 F i Bibjg s » 2mL ¢ 530 ®530-20C #
LC-MS % 47 -

=N NEAPRAR R AT B BT R A AT FIRE
(-) Afrige

AR S B YR T (SR S 0 B B~ o SRR S 25l -
#* 445 Kinetex C18 (150 x 2.1 mm, 2.6 um) > ¥ HiE & 30C ;s # #4053 A&
ok Bre sz CrUppledaizfp i BEApY 27 0.1% " fhoinE i 0.3
mL/min » & 4745 & & SfE o iE F 4o o
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Time (min) A (%) B (%) C (%)

0 15.0 42.5 4.5
10 0.0 50.0 50.0
30 0.0 50.0 50.0
32 0.0 20.0 80.0
80 0.0 20.0 80.0
82 15.0 42.5 42.5
100 15.0 425 42,5

(=) HF&

#- cholesterol ~ campesterol ~ stigmasterol ~ B-sitosterol % sitostanol /% ** 3 fif
¢ T AR S 100 pg/mL SRE A R b A7 pEL T AR B ZIFR TS 4R E SR
gro 2LH — 45 e B y-oryzanol % esterified steryl glycosides i ** 5 fif > steryl
glycosides %3t & 7+ 4 W 1% 5 steryl ferulate~ fiy 1 B 4 i % pE 4 i FIfs iR 8 5
e P AT 2 A B FRRR S TS HRY R SRR S

(2) Ao f& FIAR i dewofe

#- cholesterol -~ campesterol ~ stigmasterol ~ B-sitosterol % sitostanol % be Pk
FHE (2 g ¢ £ 30-90 2 180 pg (4o &SR kA 05 1.5 2 3.0
pg/ml) » ik w RS E B AR Z R ERE KRR 5 LC-MS A 4783t
ﬁ%%’%¢ﬁéd@ﬁ%@ﬂiﬁ%%ik%%ﬁ%ﬁﬁﬁ’?ﬁéﬁéé&

'ﬂﬁ?mzl bew TR A o

() HE4 R T2 4
1. P53t if 2% 2

4t AR S AR SN B RARD D 25 WA AR g
o BHRF USSR B e EE > R TARFARS T (Rfcpd &7
AR 55 | pg/mL > siig 5 pl/min) 2 5iikiR (2 %:® @g=1:1- jmiE 300 pl/min) -
BRfeBARERI FHRY W2 TH T B (auto tune) A F R E £
Boo © L p s 42 AF sheath gas - aux gas ~ %R % %4 o B-sitoserol fd 3
5L (M/2397) A B i > 32yt tunefile (%5 A 47 P A0 % a3 iE 2

29



Capillary temperature: 150°C, APCI vaporizer temperature: 350°C, Sheath gas flow: 20

arb (arbitrary unit), Aux gas flow: 5 arb, Source voltage: 6 kV, Source current: 5 pA,

Capillary voltage: 5V

2. Mz A TS AR AR RA

B EF - = ;ﬁ For e P FIER cAL S LB 0 FR Y hapbe g BRFE 2T % H iz
3 (collision-induced dissociation, CID) » ¥ {#Z 4+ e X F3¥ » 2351 E5 83
A BB PR AR AY %Y PR CID R ES 25% -

3. wERFPEE TR T E R

el 7 kR anp d B FEREE 53 0% 1 10000, 5000, 2000, 1000, 500, 200,
100, 50, 20, 10, 5,2, 1 ng/mL » 12;% 48 & 47 B B B 2% R A 17 0 Bedp P % peak
smoothing (A% T ) ek 21 &4t WERZFA o oM AU TR EAT I E
H Rsquare {# o ¥ 1 3% 4 gwk it (Signal-to-noise ratio, S/N) = 3 pFeijk & 2
%R B P& (limit of detection, LOD) ; j& *## &2t wk vt (Signal-to-noise ratio, S/N)
= 10 Femk B 25 R B 28 1% (limit of quantitation, LOQ) °

21 F
s

>

TE

v Bk AT A8 Xcalibur iE 8 FIfs 4 MR 4 — A 5 oK dndo s B i e
1 extracted ion chromatogram (EIC) E# %8+ Bz > @ N 2 k¥ g ff o p d &
FfE L H R 27 § 0 &% 5.eh avenasterol P17 stigmasterol T_E - o ik
LR ARE - P RES > ) RS AR AR R LR
[ A

@ % avenasterol —“‘Ff P2 stigmasterol & o Steryl ferulate ¥ =7 cycloartenyl

"P“‘

(m\

qﬁ?ﬁgﬁﬁ] e BSItOStCI‘Ol '?—lz ’ "t‘ rl BSltOSterOI LF— s 1L Jw—;{pg‘ s r‘]]ﬁ%i"

ferulate, cycloartanyl ferulate % 24-methylencycloartanyl ferulate> & 7 2 cis-ferulate

A ¥ 11 B-sitosterol T_E
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E o~ 0L ARR AR K AT B A A R ATE R R B A T AR
(—) ~Frix i

WS B 1 ik SR L E O R TR LT 45 F 2 0.22 pm Nylon iB iR E B b
Bor2ml b4 HREHT 0 LR B R B A4 0 B HRMAE S 20l 0 @ % F 4k
Diol (250 x 4.6 mm, 5 um) > & iR & 30C s #F4p 5 At e (2F 0.1% 7
ft) 2 B: BfAf - mi#E 5 1.OmL/min-~ & 74 5 it > iE 2 4o

Time (min) A (%) B (%)
0 100 0
5 100 0
7 99 1

20 99 1
25 80 20
35 75 25
40 15 85
50 15 85
a2 100 0
B 100 0

7 RETH R R S8R T B4 g & (Drift tube temperature) : 75°C >

W

i+ % 5§85 (Nebulizaer gas flowrate) : 2.2 SLPM (Standard Liters Per Minute) >

(=) HF&

12 cholesteryl palmitate (fig i fx F]f%) ~ tristearin (= f&4 ¥ fig) ~ B-sitosterol (p
? i FIfi#) ~ y-oryzanol (steryl ferulate) ~ esterified steryl glycoside (fs f* f# H i FIf%)
% steryl glycoside (5% i & FIfg) 75 TE * R4 &> “,% steryl glycosides /% >t % #:
" g =2:1(viv) i Folch &7 » AR E R0 2305 7 o MARE LR & fe gl 3
200 pg/mL (steryl glycosides % esterified steryl glycoside & 100 ug/mL) &% & /% i%
oA E BRI RIRROBRITLRE SRS -
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(Z) wEMFPUE 78 IR AT DU RE LR BT

Cholesteryl palmitate ~ B-sitosterol % y-oryzanol =fe @)k & % 1,5, 10, 20, 40,
80, 120, 160, 200 pg/mL ; tristearin ~ esterified steryl glucoside % steryl glucoside =
ek R 5 10.5,25,5, 10,20, 40, 60, 80, 100 pg/mL » 12k & 2 # 4 & f# b (28
TR EMT - H H Rsquare B ¥ 123544 enwkt (Signal-to-noise ratio, S/N) =
3 pFek B 75 R B P& (limit of detection, LOD) ; /& % #2n skt (Signal-to-

noise ratio, S/N) = 10 p¥ ik & 2 5 & B & &2 (limit of quantitation, LOQ) °
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= S i E

B ARG MRS T R H R A R R R g A R 4
BABIRR SR h R RBE PRt R A AT 2 S A T F
HLBIES AR LERMERET NSRRI R R M-

BAfER D Y AREESERY SR BAME L DB RR Y
F i@ A PR e fE R RAF 0 2 @ fk > y-oryzanol % fig 1 BE A Ak e FIAR AR
S d TR R PR AR E R RARL > R E Do B4
E0T AR 1L Ap R AT T iR SR ] o DR TR SR d iRk 4R

FEREEL R B AT R [T reTie 7 g Al (Moreau etal., 1990;

oY

Christie and Urwin, 1995) » #-{5 3 53320 & ¢ >  FpE i Gl kR RF > 3
Bk O AR AR fR o B g /% FR 201 (viv) 0 Folch 3 & T AR fE o

Hemp A ER LT B AR R RSB ARSI B T - T RNE B
BEBFAPRRDLE AR B EN BRI R R R ABAY TR
i %% %% (broadening) # % (distortion) (Snyder et al., 2010) « 7ifi 4p & 47 4
4R FIFR TR Bk BF o o A dRE R P A T A FAR P15 e B ROk AR IR 400
Ao AT A L B g A (B 8-A) 0 & Rt B ALRSE A R R SR
U S R 3 0T MR 10 B 18 el (B 8-B) A 0 B R (5
EP i AR R S AT 2 SR 2T R o AR SE DA
WRHRFE LB B LE R P ERE BTSRRI
e P ERPET AFIA A L R AT o

FErdek o Ho wARHY T ERT BB A E A
PEMmREREA > PRI BORRAZE D A F PR IRAEX RF B
o FH B R T b (R SRIRIT 100 pg/ml) A AR o A
Fd PR A FMY NP A BEEEARBY BRI F 0 A OHARERT
BRI B EE 0 @ % Folch 7342 &3 3% 0k A hpEH & B R S
PRt g dedh @ * Folch 2 557 B Al By B v 4P % dj sefen™ iz o 2
d3FFAPRE S VHBORHBREFFEERTLARTT S o
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RT: 14.00-40.00 SM: 15B
NL: 8.97E5

Base Peak m/z=
9 (A) 350.00-450.00 F: ITMS + ¢
8 APCI corona Full ms
[50.00-2000.00] MS
g7 20111120-BR-CHCI3
<
S 6l
2
3
2 5
@
2 4
o
&3
2
1
0

NL: 1.77E5

gmz H Base Peak m/z=
E 350.00-450.00 F: ITMS + ¢
803 (B) \ APClI corona Full ms
B [50.00-2000.00] MS
705 20111125-br-chcl3-meoh-
B 10x
S603 /
3 50] |
250
[
§o
& 307 |
205 |
103
B e RN M Ry e Ly Mg L M e b S M e et b s st Mt s o s Ma et L e M s i st g g ]
14 16 18 20 22 24 26 28 30 32 34 36 38 40

Time (min)

B 8. o HE 4 FPR5 I 4 cite Ap A 448 5 JE W5
Figure 8. LC-MS chromatograms of brown rice phytosterols extract (A) dissolved in

acetone (B) diluted the acetone solution 10 times with methanol

$o oW @A e K R W R A S ik A
- b AR AR AR A7 Had 2
(—) P&

Bid 2 4> 2 prE 7 Kinetex C18 (150 x 2.1mm, 2.6 pm) ¢ 40 &3 7 %
prrt g1 Kinetex C18 &2 # 6 2 48 41 Kinetex PFP (150 x 2.1mm, 2.6 um) %
YMC hydrosphere C18 (150 x 2.0 mm, 5 um) 3t 6 & p d i FfE L sk > %
% %21 Kinetex C18 ¢ L4 37 % i 8 ** YMC hydrosphere C18 ¢ 4174 YMC ¥
H ¥# campesterol % stigmasterol 4 % & @ Kinetex PFP § 41|81 & % ¥

Wehp d fi FIEE A BER o F)t A B 4 Kinetex C18 F 1 (718 A 47 -

(=) #E4pEH

LA e B AR A FAp T T 100%0F AR PE A AR D E 4 e
%ﬁ%@ﬁﬁ@ﬁﬂ%%ﬁﬁﬁwﬂﬁﬁﬁﬁﬁgw—@%ﬁﬁ?1m%¢%wﬁ
A HER AR o R R R AT R R R gAp BT AR 8 5 o M
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PEy 18 B % campesterol — stigmasterol © ? fg eni & Bl4p & (Abidi, 2001) ; & &
FoE% AT %% Kinetex CI18 § 413 k-7 fg &t E-R-7 fiR/e % i ) 5L e
F ¢ % campesterol — stigmasterol o p* # # % k-7 fif & 58T & * ¥ campesterol %
stigmasterol 4 &t > o @ * ¢ HINA N 2B T TR PR 2 AR A
ok o BEEAFImE e At s 1l BEARE ARG L2 EA
RAYP (B9 A et Gl L R4 FT g {4 DA docsk > 2 d 3L kR R
PT RS o W Av M € RAETFTRET R A o F]Ut G AR T B R L M
Vb s 1l EFEIE L A5 #0 4R

fio * PEH A& FIAEF § 0 C18 g WAL » FIp B R 475 A 30 4 4
FB TR B H SRk ko RIET AR 6] 60 ~ 70 ~ 80 ~ 90 2 100%:T A
FEOEE o R BT T R B 5 80%PF ¥ A [ BE A A FIAE oA Hotk A 0 @ gk
AR B A B Bk R enz EH ek 0 ARG
THET - AT o @ 4R R R, 1 R FIA Y 20 H R e bR 0t 2 Y
Fa L 4 gt CIB FALd » Fl A TR FARF D2 58 2@ 3 247 -

RT: 10.00-25.00 SM: 15B

NL: 1.568E5
= Base Peak m/z=
95; CA 350.00-450.00 F: ITMS + ¢
= APCl corona Full ms
903 [200.00-1000.00] MS
BSE 20120303-mix-std-85-100%-
3 10min
=
75;
0]

ST
355 \l,
255
.
155
]
:
:\\H\HH\\H\M\HMHw\H\\HH\H\wH\w\\H\HH\HH\HH\HH\HH\
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Time (i
B O. #d:4p 7 f52 ¢ ol 6 5 101 Prenfide F AR S Ap & 47 8 5 0 3 ) 3
Figure 9. LC-MS chromatogram of phytosterol standards, mobile phase consisting of
methanol:acetonitrile 1:1. Extracted ion chromatogram in the 350 to 450 m/z range. CA:
campesterol, ST: stigmasterol
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© Fdp FEE A i b A

9 R B G0 CIS LY 0 kR e 4k A
%,_g{,pgg&—éﬁ‘;ﬁdmuj\"ﬂﬁbgﬁ%ﬁ‘;ﬁ'i%\ e pr o g 2 s A e 4
A hHp RS £ o

(= ) Silica SPE

- BAni ot B S é)’% (L% 1) &* & silica # F F4p % B¢ (SI-1 Silica, 500
mg, Phenomenex) #FZ > & 1 ° #r7| gy 2B TR R SaE L o @ 12
ELERERF S A BN E FAOREEBRRORE NI R L @ (Vy,
90:10 ~ 85:15 ~ 80:20 ~ 70:30 ~ 50:50 ~ 0:100) 7niie » 5% &g i & =:e @ =85:15
77 WA ehpd fi% yoryzanolo i F A RO @H WA @ & 1 ¥ ApFen
RRED Sl LE - -ERLE PRSI PR R RO YA A R AR E R

EHI B FMAM FER Ll AL R I /e peh ko

(=) CI18 SPE

¥ 44 Toivo % % = ;2 4c iz (Toivoetal, 1998) > i * CI18 # F «h%l4p
¥4 (tC18,400mg, Waters) > ipl3id fhen ki 505 1 P AR 2 FIAPE B3 > £ A
Bk T R de BT A PR AR R R B AT K ~50% 7 R ~80%7 AR E 10%
§ 07 ARk SR AT 10%E /0 fE K §F BEF A - p 9 & - y-oryzanol »
AR PEH S AR 2Dk o el - NP € - Rk A BNz Y B
$F YLt FLeR @Y CIS H AT -

(=) NH, SPE

g ECK ®* fhsilica 2 CI8 BAp P i iR ik 2 B A
BT NH AAR T B d AR 5% A s R A enA g k& ARF I H & v
A e S e oo i b Pinkart ¥ 4 A k3 4% a0 3 (Pinkartetal.,
1998) % Russo ¥ 4 A #frds 4= b ¢ *£F s 0 2 (Russo etal,, 2005) 4 12 i w12

o4

Loe g it NHy B4 4e 2330 & B ksl R i UL & mie fhe fig (955, viv)
kA S Bk g RER R A PINEN A EEARE y-oryzanol v f

36



Wﬁﬁuhﬂﬁﬁwq%’“%mﬁ1ﬁﬁ FfE c BAE DK R Y
Mg o RAAFEEFN DT RN A md HA A TR A NH
ABEBE VT L R R EIFE 2 Z BRY 4 fg A 4 (Pinkart etal., 1998)» fe
AP ATH &Y XA AT i FRE o R e R fh e fig (9515, viv) #-H -
Hikd o @ fip ﬁLw%ﬁm%ﬁddﬁa@*Nmﬁﬁﬁﬁﬂﬁﬂﬁ K45
Bl4-® 10 #7577 > cholesteryl palmitate (i % fig i* i& FIfF) *t A4 5 & & ‘mpFie )
# 4 o tristearin (& Z fH W fg) AR L T 9 25%R A @m ] ne i ko d
W N AT R AL R R B e AR R L B gk o JERTIT R Y 44
I%ﬁhimr]ﬁ+3"?+“’ R A - BRI RS RHES > £V

o

E Rk Bpn i R Sy

2001 Tristearin
Cholesteryl palmitate
1504
>
E 100
0] { B-Sitosterol
O.
0 5 10 15

minutes
W 10. = pie4f i g 2 AME R 550 NH, # 40k 45 )
Figure 10. HPLC-ELSD chromatogram of lipid standards using NH, column
(Spherecolon NH;, 250 x 4.6 mm, 5 pm, Phenomenex) as stationary phase.
The gradient starts at 100% hexane at 0-5 minutes, and increases to 15/85,

hexane/isopropanol at 25 minutes, flow rate is 1 mL/min
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= P AR T

@*ﬁ%ﬁﬁﬁﬁ?ﬁ’%%i+ £ AmE - FEST R ok
o r B S RS AR ST SRS o & EHESY 53 s Al

T BT BRA L R R Ep MR > LR RGO RS LR T

HES S

(-) # PRGBS APCI & F 58 T o e+ 30 5E

R ] ERRBEELZREFIFHR? > AR EFPEL R
BOpTRA TR ARBIIG BT A2 > M pd A MR A
ROFHL o MR W RAEE A R L PRRIR O YD AT TR
PIFM S RSN TR T RGBT B FFRE L THST
350 4 4 500 LC-MS & 47 AR 5 2 4% 508 18 {5 FIfR o i+ gL
5 R TR

Bfe p FEAEE R 5 LC-MS A 47{8 83 » A d i -~ steryl ferulate ~ &
A fa PR G AR APCI 1 % EAT bkt § 3 AMAM (3 5%
B Sk S [MAHHL0)T B (LA 42 B 1) 3 % < fechatt &
#* (Yamauchi et al., 2001; Rozenberg et al., 2003; Stoggl et al., 2005; Rudell et al.,
2011) » & + % BFIFE I B AT WL Mz 350-450 2 B > & & A 17 T 3 ]
Pre EHS miz FRIALEFRT BRI BEIIFRGORE o pd i FRE
¥ 3 #35 e [MFH-2H]" 2 [M+H-4H]" st > o= ¥ A S S L A A+ 2 2
%. & (dehydrogenation) % ¥ i* (cyclization) (Rozenberg et al., 2003) ; * F % 7
ergosterol A # # 3 e4 F 33 (molecular ion) 3L (m/z 397, [M+H] ") 48]
BT F RS G ABA T A R EA L o 8 R R
THABREIRARAS RS TR SRS e S

YR 12 4 o BEH G BRI R S AL p ) R FmA R S B RRpEA (R
FEiE) B2 2% 43435 ([Aglycone +H-2H]" % [Aglycone +H-4H]") » i
L EEAF A Y R & TR o A3 3T MELY Yamauchi ¥ 4 &0 [M+Na] "
(Yamauchi et al., 2001) % Rozenberg %  ¢» [M+ H,0] " (Rozenberg et al., 2003)

HE o A% YL EMR [MAH] s+ 45 58 AR #HiE R (APCI
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vaporizer temperature) * T /B (Source voltage) i {733 B A & M ELH B R 40 > @
By mAREHLAFHRFATAE o J WRHRE D) LA L Tl R

SLABATAR o $HPEAT B B R T 0t B R R LB R 0 on L ek
pod i B R LR kg o

Steryl ferulate e/ 3 B 4c®) 13 #77 > H A R g5 ML 2 H A 5 § fpigen-
@ s (B 14) é)’%t‘ o APCI & 7 #5587 & 47 steryl ferulate ",% P H E A A
Bw-karmug et K A2 4 23 35 5 (Fangetal., 2003; Stoggl et al., 2005) > p =
i ?;EL'ﬂ Eol gt AgpEdepl s [M.]T Bl o & 4 ¢ 5] eh isomer-409 %
isomer-423 i H B g Ay 5L 5 409 2 4235 Stoggl & A A 47de S e R IR
y-oryzanol ¥ A Frit &40 3 409 2 423 a5 (Stoggl et al., 2005) » d % = ;ﬁ
ML w2 cycloartenyl ferulate %2 24-methylencycloartanyl ferulate 4p e > 12— =t
FREUBL R ip] v ac 5 @ Avit & 3 angginge -

v R IR A S AT UG M+ HO] " (Rozenberg et al., 2003)
% [M+Na] " (Yamauchi etal., 2001) » &4 F %7 & 24 cha 3 33+ MEF = 46 °
[M+H]" ~ [M+H-H,0]" 2 [M+H,0] " (R % 4 % [B] 15)c 5t 5% B 153 | >
2 befovg 7k (Croo 2 Ciso) fia “AE5 e  PEH B M H A 5 485 358 [M
+H-H,O]" % B dis > 2 & 2 ol 80 5 K 2 B3 s 5L 10% > @ % e foiy s
(Cisa > Ciga 2 Ciga) b5 PR A FIMRI T 7 B2 LiEF S By
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# 4. 5 LC-APCI-MS & 7478 {54~ Hps crdF i+ 2 F FF

Table 4. Molecular mass, MS data and retention time (RT) for standard sterols and phytosterols found in samples, analysed by LC/APCI-MS

Compound Molecular Characteristic ions (intensity * %) RT (min)
Steryl glucoisdes = [M+H]" [Aglycone +H-2H]" [Aglycone +H-4H]"  [Aglycone + H -H,0]"

Avenasterol glucoside 574 575 (1.3) 411 (9.2) 409 (33.8) 395 (100) 8.05
Campesteryl glucoside 562 563 (0.2) 399 (4.6) 397 (7.1) 383 (100) 8.88
Stigmasteryl glucoside 574 575 (0.7) 411 (7.9) 409 (10.5) 395 (100) 9.11
B-Sitosterol glucoside 576 577 (0.4) 413 (4.0) 411 (5.9) 397 (100) 9.83
Free sterols [M+H]" [M+H-H,0]" [M +H-2H]" [M +H-4H]"

Ergosterol 396 397 (7.4) 379 (100) 395 (4.7) 393 (22.2) 11.52
Cholesterol 386 369 (100) 385 (23.0) 383 (23.0) 13.79
Avenasterol (AS5+A7) 412 395 (100) 411 (15.0) 409 (16.5) 14.00
Campesterol 400 383 (100) 399 (22.0) 397 (22.2) 15.28
Stigmasterol 412 395 (100) 411(22.0) 409 (21.5) 15.66
B-Sitosterol 414 397 (100) 413 (23.0) 411 (23.1) 17.15
Stigmastanol (sitostanol) 416 399 (100) 415 (0.8) 413 (9.1) 19.22
Steryl ferulates M] " [M-Ferulate+ H -H,O]"

Cycloartenyl ferulate 602.9 603 (4.9) 409 (100) 18.67
Cycloartenyl cis-ferulate (Isomer-409) 602.9 603 (1.9) 409 (100) 19.87
24-methylencycloartanyl ferulate 616.9 616 (2.8) 423 (100) 20.20
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Campesteryl ferulate

Stigmasteryl ferulate

24-methylencycloartanyl cis-ferulate (Isomer-423)
B-Sitosteryl ferulate

Cycloartanyl ferulate

Acylated steryl glucosides

Campesteryl (6’-O-linolenyl)- B-D-glucoside
Stigmasteryl (6’-O-linolenyl)- B-D-glucoside
Avenasteryl (6’-O-linoleoyl)- B-D-glucoside
B-Sitosteryl (6’-O-linolenyl)- B-D-glucoside
Campesteryl (6’-O-linoleoyl)- B-D-glucoside
Stigmasteryl (6°-O-linoleoyl)- B-D-glucoside
B-Sitosteryl (6’-O-linoleoyl)- B-D-glucoside
Avenasteryl (6’-O-palmitoyl)- B-D-glucoside
Avenasteryl (6°-O- oleyl)- B-D-glucoside
Campesteryl (6’-O-palmitoyl)- B-D-glucoside
Campesteryl (6’-O-oleyl)- B-D-glucoside
Stigmasteryl (6’-O-palmitoyl)- B-D-glucoside
Stigmasteryl (6’-O-oleyl)- B-D-glucoside
B-Sitosteryl (6’-O-palmitoyl)- B-D-glucoside
B-Sitosteryl (6°-O-oleyl)- B-D-glucoside
B-Sitosteryl (6°-O-stearyl)- B-D-glucoside

576.9
588.9
616.9
590.9
604.9

834
822
836
836
824
836
838
812
838
800
826
812
838
814
840
842

[M+H]"
835 (34.1)
823 (11.6)
837
837 (20.2)
825 (15.6)
837 (31.7)
839 (16.3)
813 (5.4)
839 (2.1)
801 (1.5)
827 (6.7)
813 (0.2)
839 (8.4)
815 (1.3)
841 (5.6)
843 (1.3)

[M +H-H,0]"
817 (26.8)
806 (21.3)
819

819 (11.9)
807 (16.1)
819 (22.2)
821 (12.0)
795 (8.1)
821 (1.4)
783 (5.8)
809 (8.7)
795 (7.6)
821 (10.9)
797 (4.1)
823 (6.6)
825 (10.7)

576 (4.0)
588 (7.6)
616 (0.5)
590 (4.4)
604 (3.3)

M +H,0]
852 (1.9)
840 (8.9)
854
854 (19.6)
842 (10.3)
854 (23.0)
856 (13.0)
830 (6.2)
856 (1.9)
818 (4.5)
844 (4.8)
830 (7.4)
856 (10.8)
832 (5.0)
858 (4.3)
860 (3.8)

383 (100)
395 (100)
423 (100)
397 (100)
411 (100)

[M-Fatty acid-Glc+H -H,0]"
395 (100)
383 (100)
395 (100)
397 (100)
383 (100)
395 (100)
397 (100)
395 (100)
395 (100)
383 (100)
383 (100)
395 (100)
395 (100)
397 (100)
397 (100)
397 (100)

20.63
21.01
21.66
22.94
23.18

34.18
34.56
36.51
36.62
39.29
39.72
42.38
43.59
43.62
46.15
46.50
46.53
46.60
50.12
50.39
62.40
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20120330-mix-STD-all #4351 RT: 17.15 AV:1 NL: 1.22E5
F: ITMS + ¢ APCl corona Full ms [200.00-1000.00]
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Figure 11. Mass spectrum of -sitosterol standard
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Figure 12. Mass spectrum of B-sitosteryl glucoside standard
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20120330-mix-STD-all #5114 RT: 20.20 AV: 1 NL: 1.06E5
F: ITMS + ¢ APCl corona Full ms [200.00-1000.00]
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Figure 13. Mass spectrum of 24-methylencycloartanyl ferulate standard
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Figure 14. Mass spectrum (m/z 600-630) of 24-methylencycloartanyl ferulate standard
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20120330-mix-STD-all #10712-10730 RT: 42.34-42.41 AV: 10 NL: 7.38E4
F: ITMS + ¢ APCl corona Full ms [200.00-1000.00]
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Figure 15. Mass spectrum of B-sitosteryl (6’-O-linoleoyl)- B-D-glucoside (mixed
standard)
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RT: 0.00 - 70.00 SM: 15B 9 12-15
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Figure 18. LC-MS chromatogram of mixed phytosterol standrads, base peak mode, m/z 350-450. 1: avenasteryl glucoside, 2: campesteryl glucoside, 3: stigmasteryl glucoside,
4. B-sitosteryl glucoside, 5. ergosterol, 6: cholesterol, 7: campesterol, 8: stigmasterol, 9: B-sitosterol, 10: cycloartenyl ferulate, 11: sitostanol, 12: isomer-409, 13:
24-methylencycloartanyl ferulate, 14: campesteryl ferulate, 15: stigmasteryl ferulate, 16: isomer-423, 17: B-sitosterol ferulate, 18: cycloartanyl ferulate, 19: B-sitosteryl
(6°-O-linolenyl)- B-D-glucoside, 20: campesteryl (6’-O-linoleoyl)- B-D-glucoside, 21: stigmasteryl (6’-O-linoleoyl)- B-D-glucoside, 22: B-sitosteryl (6’-O-linoleoyl)-
B-D-glucoside, 23: avenasteryl (6’-O-palmitoyl)- f-D-glucoside, 24: campesteryl (6’-O-palmitoyl)- B-D-glucoside, 25: stigmasteryl (6’-O-palmitoyl)- B-D-glucoside, 26:
B-sitosteryl (6’-O-palmitoyl)- B-D-glucoside, 27: B-sitosteryl (6’-O- stearyl)- B-D-glucoside
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() 4 Ak 17k E B 2 55 L 535

BRSBTS T R U Z T
L P chR T B R (F TR & A E R hikdy o 1995 Abidi PEIZ 5 2t
104 47k P e B gl (Cora) 2 F AR (FH4EEP) 57 28 0 ©L F
R TR AT kY S R RS W B st R R A A 4 R
£ (Abidi, 2001) -

Lo ER
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AR B F L4 L 24-ethyl A BT 5 = BE4Ean cholesterol B2 2R stigmasterol
+ 3 2 B4t F1H & 24-cthyl ZA[B] > wcig 2% i<t cholesterol o stigmasterol %
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Figure 19. Extracted ion chromatogram (EIC) for m/z 395 of brown rice sample
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2. > @ ¥ 3 fie fach steryl ferulate (y-oryzanol) $+ % $#cp d L FERAF T (f
sitostanol ) » % § 5 fig * PEH A& FAF (LB 18)- @ A F %k B & & TP g
FREAFIRAR (pd EFM) =240k 0 &2 prang & dp @ (Breinhdlder etal,
2002; Rozenberg et al., 2003) -

2. BRI
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A FHERG B o bk RPETRAR (S ) MR T

3. Steryl ferulate (y-oryzanol)

AR 2 y-oryzanol iE 7 LC-MS & {78 8 ¢ “,f 1 % 2A4E 5T ¢ campesteryl
ferulate ~ cycloartenyl ferulate » 24-methylencycloartanyl ferulate % [-sitosteryl ferulate
rek s ¥ 2% Me® ih cycloartanyl ferulate % stigmasteryl ferulate > H i A G
cycloartenyl ferulate — 24-methylencycloartanyl ferulate — campesteryl ferulate —

stigmasteryl ferulate — B-sitosteryl ferulate — cycloartanyl ferulate -
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423 chz €34 5 @ cycloartenyl ferulate » € F]£ PR~ b FF i@ isomer-409 737
£ 3 40 0 H 4pen steryl ferulates + o oA chE - %A 4 0 FaEE - B3 ?'}I?ef;i
kg o+ feruloyl esters # &_% [ 7 trans-cinnamic acids X 3| p k& ¥ £ L& UV R
WpF € A 2 tran-to-cis 3 # f* ¥ & (Hartley and Jones, 1975; Arin et al., 1995;
Van Boven et al., 1996) » d % 4 FBfk S pF g 2@k » Bt 5 piliE 2 4 o faip)
steryl trans-ferulate € F]P8 sk @ F0 4 $& % 5 steryl cis- ferulate ; @ & C18 ¢ 417
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cis-%] € v* trans-A# ¥ pF 7 { & (Akihisa et al., 2000; Fang et al., 2003) > isomer-
409 %2 isomer-423 » AP EE od U FHREEE )E% N E %7 isomer-423
% 24-methylencycloartanyl cis-ferulate > @ isomer-409 5 cycloartenyl cis-ferulate >
H &eir steryl ferulates e cis A fE» 7 AR ST 0 R AAFHREITFEET A4
kA ox trans Az B FHF TR cis B ERABRRE L mEA
I N - A ’*)’j% z 3 steryl cis-ferulate ;% 7 5 o

“% BFaglot > ¥ - &4 steryl ferulates = e 34 500 UV @] > d 305
Wt e 2 930 UV325nm ff Bt sofot &0 it LC-MS A 47 1 5 pF
F PF2K 2. PDA (8] B3t 325 nm R o 4o 22 #7om F T PR 18-24 & 45 Rl
# % % % steryl ferulates © 2% H e UV B BE#rEd 7 P B i ¥ H

P E BT Bl ¢ steryl ferulates eFd & o
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Figure 21. Extracted ion chromatograms of brown rice extract solotions (A+C) devoid

of daylight and (B+D) exposed to daylight
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Figure 22. LC-MS chromatogram, base peak mode, (A) m/z 350-450 and (B) UV (325
nm) chromatogram of y-oryzanol standard. 1: B-sitosterol, 2: cycloartenyl ferulate, 3:
sitostanol, 4: isomer-409, 5: 24-methylencycloartanyl ferulate, 6: campesteryl ferulate, 7:

stigmasteryl ferulate, 8: isomer-423, 9: B-sitosteryl ferulate, 10: cycloartanyl ferulate

4. fig ' PEH R AR

F-45t g 1 B s B0 4T 4 47 i ;’;Jemf') ) il ¥ ’r% ¢ ORETE iy v B iy 1
R FIER e B s S o4 P WAL 0 A e i B B 5 Ciso — Cig — Cieo —
Ciso (Abidi, 2001) « 39 % & ¥ A 45 fia i pEH &AM cnfBap s 2 5 > g 34 1 it
;%8 B (Yamauchi et al., 2001; Rozenberg et al., 2003; Rudell et al., 2011) » & »F
B FRAVER DK L Cioo— Ciga » L2 F el gk g W 0 5
W3 e NF A M TER LR o N YA AR P & AR S
BTG A R A e B VA R A R AW IR T HA 4 A
ST LS G HETH T g o d STE P g 1 PR AL B 0 AR S &
PEAA P 6 B S A AR 0 T T kY B A SRR RS AT
Ay ? R R EFERTALG Y R R E Y R B 6
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T~ AR HRHEIE TR

AT G R OREMRE G A 2’ B354 0.999 - Ruibal-
Mendieta % % %7 7 B+ stanols 3t &K B P i P& (160-200 ng/mL) =ik
? &pfep d fy FpEcniE (40-60 ng/mL) ® (Ruibal-Mendieta et al., 2004) ; ~# 7 %
RSP E (LA S) Fefoaf @ AR R E M RHE S 520 ng/mL 2
REFTEE'LE 50ng/mL ; i &efofi o sitostanol & B P& 5 50 ng/mL > &
B E®&'T5E 200ng/mL o & Zarrouk & A %77 %% 4pF > B sitostanol ik F
PR e 8 2 e fop d f B X (Zarrouk et al., 2010) o d 3tk F i
1 LXQ B # k¥ Ruibal-Mendieta % A c87 3 #7i¢ * e LCQ B+ & % 2 & i >
Zarrouk % A et % B R L A RN SRS A A g R VR F] e

SFE R TER

405 p o E R B R

Table 5. Calibration curve of free sterols

Sterol LOD LOQ Calibration range Calibration r’
(ng/mL) (ng/mL) (ng/mL) equations”
Cholesterol 5 50 50-1000 Y =553.53X + 8254 0.9998
Campesterol 20 50 500-10000 Y =422.09X + 86713 0.9997
Stigmasterol 20 50 500-10000 Y =169.41X + 27649 0.9997
B-Sitosterol 10 50 500-10000 Y =427.99X + 70538 0.9999
Sitostanol 50 200 200-5000 Y =128.08X + 12404 0.9991

a: X represented concentration of sterol. Y represented peak area of sterol.

LOD: limit of detection, LOQ: limit of quantitation.
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s e FIRE O 4 v ofT S

ALK R B PA BFRE 302902 180pg THREH KT o Wit
BZBER RFRIMAREFTE U LC-MS A4 HiE %ok 6977 > LB p IR
FE S A ok B e o 43 83.69-106.89%2 F 0 39 3 80% o

d 34k BB FAP 5 PR 1L s k974 F oh2 2 (Pinkartetal., 1998) Bt 0 &
BRI TRRE S w e pr o gl R R AR 2GS Ts KT 2T
R OERE CEFIRE) > B AR JTF 5 82.67%2 84.67% » ¥ pkini K B 1
NH, Fl4p 52 ¢ o2 42fia ™ 6 FIfR 2 2 fa] i fia (A9 SR DP Do Pf e 284
Froosipok) g - B IRA ) FIfE RS g A AR SRS R L B e
o & S Hcp d B FEEYEITF 9E A 90%

i L B b RS AROE - R AR T AR AR SOY T o
ie i steryl ferulate ~ BE i FIf% 2 fig " PEH AL H ST AR B ALY 309 p o B BRRF
FRERLOEET > PR RPFEFRPFE o R @A~ Wt m 3mL 2 £ 3
mL HE > AT SRR TR 3ml F 3 EEAAR L 3mL e

PIBEHE AR BRARRTRY AT ET A R E WGBS F

RN S TSN LR

%6, pd fi FIpR i b v e

Table 6. Recoveries of added free sterols

Recovery (%)
Compound Amount of sterol added (ng)
30 90 180

Cholesterol 84.76 + 1.25 92.59 + 3.90 89.81 + 1.16
Campesterol 88.85 + 2.78 87.04 + 257 9130 =+ 3.39
Stigmasterol 89.98 + 7.72 88.89 + 6.19 91.11 + 4.5
-Sitosterol 106.89 + 9.87 9556 += 7.70 86.48 + 5.77
Sitostanol 83.69 + 1.58 84.81 + 449 88.52 + 2.10

Data were shown as mean + SD (n=3).
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Figure 23. LC-MS chromatogram of phytosterol extract of Tainan No. 11 brown rice, base peak mode, m/z 350-450. 1: avenasteryl glucoside, 2: campesteryl
glucoside, 3: stigmasteryl glucoside, 4. B-sitosteryl glucoside, 5. avenasterol, 6: campesterol, 7: stigmasterol, 8: unknown, 9: B-sitosterol, 10: cycloartenyl ferulate, 11:
isomer-409, 12: 24-methylencycloartanyl ferulate, 13: campesteryl ferulate, 14: stigmasteryl ferulate, 15: isomer-423, 16: B-sitosterol ferulate, 17: cycloartanyl ferulate, 18:

B-sitosteryl (6’-O- palmitoyl)- f-D-glucoside
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Figure 24. LC-MS chromatogram of phytosterol extract of soybean, base peak mode, m/z 350-450. 1: avenasteryl glucoside, 2: campesteryl glucoside, 3: stigmasteryl
glucoside, 4. B-sitosteryl glucoside, 5. avenasterol, 6: campesterol, 7: stigmasterol, 8: B-sitosterol, 9: campesteryl (6’-O-linolenyl)- B-D-glucoside 10: stigmasteryl (6’-O-linolenyl)-
B-D-glucoside, 11: avenasteryl (6’-O- linoleoyl)- B-D-glucoside, 12: B-sitosterol (6’-O-linolenyl)- B-D-glucoside, 13: campesteryl (6’-O-linoleoyl)- B-D-glucoside, 14: stigmasteryl
(6°-O-linoleoyl)- B-D-glucoside, 15: B-sitosteryl (6’-O-linoleoyl)- B-D-glucoside, 16: avenasteryl (6’-O-palmitoyl)- B-D-glucoside, 17: Campesteryl (6’-O-palmitoyl)- -D-glucoside,
18: stigmasteryl (6’-O-palmitoyl)- B-D-glucoside, 19: B-Sitosteryl (6’-O-palmitoyl)- B-D-glucoside, 20: B-Sitosteryl (6’-O-stearyl)- B-D-glucoside
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fofetr Fpp e - LB o2y g d i BRSO ERE T LR
ol & Bt FIfE R A B 5 Bsitosterol pERIFRLH L E 0 campesterol %
stigmasterol 14t #idE o @ A F p oo fk FFR R4 5-c0 avenasterol * H & fi
HAos3 gz ,fsﬁ#ﬁldp e stigmasterol Z_& o steryl ferulate & p o i Fpg R Foh
it &% @ 11 B-sitosterol H TE &Py o

REA P § F Mbar e steryl ferulate (y-oryzanol) > A BH#EZ B B eOpEYH A2 fiy
f“ B3 i FIfE (Sugawara and Miyazawa, 1999) - & stk 2 B 457 cfe b Ffig 2 =
Fk o AR 2 B EL B e P e 2L REIGE T 0 T AR H%E
BRAF S BRI P ELD TR BHEFES AL - ¥ 98 E Y ivin
B 139 5.2 09 £ Tk f 5 (2 E Ak &0 w2 EH IFTs 47t R o

RO (fm 1150) 2 24 (R 2) k47 ¥ B L% 23 2 § 24 -

(—) HEK
1. A 45 % mm

dEF RS opd BFEIEBAGEIL LG 448 (& 7% % 8) P-sitosterol 17 £ &
% ° campesterol % stigmasterol =X Z_ > avenasterol < % 3 7 ¥ &M o 2K R E
T ReY KR 4 B AR e (Kurodaetal, 1977)e ¥ %57 ¥ 00 F 3 HRIT] 2§
cholesterol % sitostanol » £ix= 87 £ % M T &'V - 8 £ ivfkF p d 5 7
ﬁg§é14%29%mgm0g’3§§$ﬁﬁﬁ§p 21395 BMi 5@ 4010
FLo00 £ ivhEt pd i FfEAE 5 2840-37.82mg/100g> Z EEH B 5 o ¢ 4410
oM o R TLE -

PEH A AR (% 9% 4 10) 2 & 3 B-sitosteryl glucoside ~campesteryl glucoside
stigmasteryl glucoside % avenasteryl glucoside » 98 # ¥ iT#&:} ¥ avenasteryl
glucoside #7% £ M3 T &2 o "T BRDBILEFLAR DI E53 > Apt R
sz B ARFALE > /20 1.64-2.49 mg/100 g - 99 = ¥ FF FEpEY & FRE 7 2
gt~ o £426.37-10.44 mg/100 g -

Rk ¢ oenfin PEH A TR (2 11 2 £ 12) =& % Bsitosterol F A s campe-

sterol fr stigmasterol # i< ¥ fic® > M3 2 F 4 (palmitic acid, Cig0) % ¥ fik
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(oleic acid, Cis:1) 17 BHef (= FmZd K74 Hec s B LR) > & L i i
(linoleic acid, Cys) 4% chFfg 5p[1F B-sitosterol » & F SkE K fin ﬁ%fpf ik FpE
o R enfip e v )§J% PR B i pEH A AR TR RESRARR (2 1,% ¢
A Creo: 29.9%, Cisa: 22.7%, Cigo: 42.5%) (Kuroda et al., 1977) o

y-oryzanol i & i3 &3t #EY > 7 & A fEHK Y 5 Bt (Yuetal, 2007)
Mok R BT T N HEE & E 7+ £ y-oryzanol o A F BB IFREL P eh
steryl ferulate 2 & 7 24-methylencycloartanyl ferulate ~ cycloartenyl ferulate
campesteryl ferulate % B-sitosterol ferulate > ¥ 3 7 € #.°> ¢1 stigmasteryl ferulate
% cycloartanyl ferulate; ¢ % % &2 < /I?e 18 ## (Xu and Godber, 1999; Fang et al., 2003) -
¥ 3. y-oryzanol méﬁé“{f 7 A & e trans-ferulate #2484 Ff% fin 425 0
(Lerma-Garcia et al., 2009) » :# # 7 & cis-ferulate fiy it _lgi-;%ﬁ (Akihisa et al., 2000;
Fang et al., 2003) ; »§ 2% # P {¥ & isomer-423 % isomer-409 > w < &3 = ﬁ AR
% 24-methylencycloartanyl cis-ferulate % cycloartenyl cis-ferulate » H 4 steryl

ferulate % cis-ferulate it &4 A F % k& 4715 2 T & trans- ferulate 3| 5% &

P

VAR m g gL A 752 & (Fangetal., 2003) 0 2= F‘ et

o

Ik

2. - EH TSN FIRE 2R
PR ERIEROEFMR T E AT 5 AR R FHMRRTEF R AT
F1I5F AR ELADTAS RAMBZELFREFALARL OB AP IFIDMA 09 £

e %3‘ ARG T - TR FRL S EPITREEFRAALF LA 7 2R

o F1 R 98 ERE R & A TR RF 5 2 FRAR LR EL 0 S o TS
woe ¥ YRS FAE 0 2 99 EAR S F 1Y b FIER U SLR 3 v 5 FIAR
%&i%ﬁ@ﬁ%°ﬁﬁﬁ&@%kﬁé%ﬁéﬂ$H0%iﬁm$§w

avenasterol °

W E#YHTRAFHEE " EHERARTF B EY T ez E57 5 o
RN RSB R R G AR R R R S PR A R
KRz BfEnF (3T AR08 &Y TR A2 fa 1 PEH G AR KSR T -



Steryl ferulate % 98 & # 75 B F chk 5 22 139552 S5 1155599 &
Wirn sa 11g - B e - 5% (Luetal,2011) « S35 7 F & 4
WieW S AMORF LT HFLE > 55 1R 5B 71 SR 7900 e 4ol £
s a ERELR -

B d R (2 16) 2 2L EHM (X 17% £ 18) thEfE> 1 & 3
[-sitosterol ~ campesterol ~ stigmasterol % avenasterol o y* & % & < }Fﬁe 18+ (Geuns,
1973; Kojima et al., 1998; Ikuo, 2005) -

4z ==

HEEvE stigmasterol % avenasterol 37 & iz campesterol 3

I ®EAVERM o S B AR &P
d AL FIE G RS 46.45-7924mg/100g fEEhi BEERE > FE it
$22287Y 3483 EIm
FRFAMR - A %L 5T 22287 BHAABSZ EA Y5 3118 2 29.87
mg/l00g> =2 7 £5 M5 7.10mg/100 g5 e sp 2kt dp ¢ 27 % £ ofig

T fi B-sitosterol F 0 ¥ hEE F R

Ik ¥ jt S % (Sugawara and Miyazawa, 1999) -
PEH A s F BRI AR S CieoCiso~Cis Cigo % Cigzo iz Cigo 2 Ciss
N ERE O INAEREZFRE I BHERAMBE RS 528 o 2 AR

etk 2 Bt B 7 G BB 8 29 pEH & FfF (Sugawara and

Miyazawa, 1999) o ¥ ¢t & #g ¢k 5-° & & R 5|5 steryl ferulate g % o
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Z 7.98 £ itk & p d BEFHFEZE

Table 7. The contents of free strols of brown rices harvested in the first crop of 2009 (mg/100 g)

Rice cultivars

Analytes AL OB BRI SR 718 % 139 & B % 145 5 59410 %
Avenasterol 213 + 191 + 0.10 175 £ 025 3.16 £ 029 183 = 046 219 = 082
Campesterol 340 + 409 + 030 379 £ 0.52 476 + 0.18 273 £ 030 262 £ 0.17
Stigmasterol 448 + 585 + 0.65 539 + 0.96 635 + 635 353 + 0.57 297 + 0.08
B-Sitosterol 11.58 + 1257 + 1.07 11.68 + 2.01 1560 + 0.80 831 + 128 719 + 032

Total 2159 + 2443 + 212° 2261 + 3.4 2086 = 189" 1639 + 261° 1498 + 139°

Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly

different (p<0.05).

% 8.99 £ itk & p d BEHFETZE

Table 8. The contents of free strols of brown rices harvested in the first crop of 2010 (mg/100 g)

Rice cultivars

Analytes SAT9 5 Sa 118 ok T1ER B 22 145 5 A% Sk SF S 4010 B
Avenasterol 3.46 + 3.14 + 0.14 260 + 0.10 380 + 0.13 328 + 020 646 + 039
Campesterol 552 + 639 + 0.18 498 + 0.08 578 + 0.6 571 + 035 6.14 + 0.33
Stigmasterol 7.17 =+ 7.87 + 0.07 6.47 + 0.34 6.77 + 041 6.98 + 0.47 6.65 + 0.29
B-Sitosterol 18.65 =+ 17.70 + 0.28 1436 + 0.15 1738 = 0.70 1592 + 0.95 1857 + 0.29

Total 3480 + 3510 + 0.66° 2840 + 0.679 3373 + 1.50° 3189 + 1.97° 3782 + 1.31°

Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly

different (p<0.05).
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% 9.98 & iTkK R SPEH L Af 7 2

Table 9. The contents of steryl glucosides of brown rices harvested in the first crop of 2009 (mg/100 g)

Rice cultivars

Analytes = AL 9 5L e 1150 = B 715 % 22 139 51 % 22 145 51 o7 4010 5L
Avenasteryl glucoside trace trace trace trace trace trace
Campesteryl glucoside 0.15 + 0.03 031 £+ 0.09 0.35 =+ 0.04 0.75 + 0.05 025 + 0.11 022 = 0.12
Stigmasteryl glucoside trace 029 £+ 0.05 0.25 =+ 0.05 0.61 + 0.05 trace trace
B-Sitosteryl glucoside 149 += 0.02 1.85 =+ 027 1.89 + 0.16 3.63 + 022 1.72 + 0.55 148 + 0.55

Total 1.64 + 0.05° 245 £ 041° 249 £ 025 499 = 032° 1.97 = 0.65° 1.70 £ 0.67°

Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly

different (p<0.05). trace: less than LOQ.

% 10.99 & T4 L 1% &P H & ApFchz £

Table 10. The contents of steryl glucosides of brown rices harvested in the first crop of 2010 (mg/100 g)

Rice cultivars

Analytes o AL 9 5L oa 118 e e ThEL %zt 145 B A% Sk Sk o 4010 B
Avenasteryl glucoside 0.61 = 0.08 040 + 0.04 0.52 + 0.07 0.53 + 0.11 0.78 = 0.05 046 + 0.06
Campesteryl glucoside 1.03 + 0.02 0.82 + 0.03 0.86 + 0.01 1.08 + 0.04 121 = 0.08 0.64 = 0.01
Stigmasteryl glucoside 096 + 0.02 088 + 0.10 0.79 + 0.03 1.01 £ 0.06 1.08 + 0.05 061 + 0.06
B-Sitosteryl glucoside 6.13 + 033 541 + 0.13 D= S G0 1 6.82 =+ 035 737 £ 0.32 464 + 037

Total 873 + 0.45° 750 + 0.30° 744 + 0.22¢ 943 + 0.56° 1044 + 0.50° 637 + 0.49°

Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly

different (p<0.05).
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Table 11. The contents of acylated steryl glucosides of brown rices harvested in the first crop of 2009 (mg/100 g)

Rice cultivars

Analytes e L9 5L oa 115 o B 715 % 22 139 51 % 22 145 5L e P A0 10 B
B-Sitosteryl-18:2-Glc trace 0.14 =+ 0.02 0.15 = 0.04 026 = 0.02 trace trace
Campesteryl-16:0-Glc trace 0.14 + 0.01 0.14 + 0.02 024 + 0.01 trace trace
Stigmasteryl-16:0-Glc trace trace trace trace trace trace
B-Sitosteryl-16:0-Glc 1.31 + 0.04 1.36 £ 0.07 132 + 0.13 1.93 + 0.07 0.70 + 0.10 066 = 0.17

Total 131 £ 0.04° 1.64 + 0.10° .61 + 0.19° 243 = 0.10° 070 = 0.10° 066 + 0.17°

Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly

different (p<0.05). Steryl-18:1-Glc were quantified with steryl-16:0-Glc. trace: less than LOQ

212,99 & 5 ioREF B S  BEY A TR

Table 12. The contents of acylated steryl glucosides of brown rices harvested in the first crop of 2010 (mg/100 g)

Rice cultivars

Analytes e L9 5L e 1150 wule 71|15 % 22 145 55 A%k 5K e P A 10 5L
B-Sitosteryl-18:2-Glc 0.14 £+ 0.02 0.10 = 0.01 trace 0.13 + 0.01 0.13 = 0.02 trace
Campesteryl-16:0-Glc trace trace 0.14 =+ 0.02 trace trace 0.14 = 0.01
Stigmasteryl-16:0-Glc trace trace trace trace trace trace
B-Sitosteryl-16:0-Glc 1.93 + 0.10 1.79 + 0.07 1.15 + 0.02 1.44 + 0.04 1.37 + 0.07 1.37 + 0.07

Total 208 + 0.12° 1.89 + 0.08 129 + 0.04° 147 + 0.07° 1.50 + 0.09° 1.58 + 0.08°

Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly

different (p<0.05). Steryl-18:1-Glc were quantified with steryl-16:0-Glc. trace: less than LOQ
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# 13.98 & ¥ (T4t $& & steryl ferulates 7 &

Table 13. The contents of steryl ferulates of brown rices harvested in the first crop of 2009 (mg/100 g)

Rice cultivars

Analytes = L9 5L o 11 5 o B 715 % 22 139 52 B 22 145 5o o7 4010 5L
Cycloartenyl ferulate 16.09 + 0.25 19.61 + 6.48 13.59 + 7.02 20.38 £+ 1.60 11.18 + 1.49 1092 + 1.10
Isomer-409 4.68 + 043 6.07 + 2.05 583 + 142 557 + 0.20 327 + 0.79 3.04 + 1.02
24-methylencycloartanyl 2332 + 047 21.78 + 4.24 16.88 + 5.38 2096 + 2.00 16.09 + 1.64 1822 + 2.39
ferulate
Isomer-423 6.54 + 0.59 6.57 + 130 6.64 + 0.3 520 + 0.07 420 + 0.18 453 £ 0.20
Campesteryl ferulate 811 = 0.12 945 + 049 820 =+ 0.52 10.76 + 1.06 6.03 + 1.11 550 £ 1.06
Stigmasteryl ferulate 0.90 £ 0.08 0.89 = 0.28 0.73 + 0.19 1.11 = 0.08 044 =+ 0.09 049 =+ 0.11
[B-sitosteryl ferulate 488 + 0.08 470 + 0.76 4.00 + 0.67 550 + 0.38 296 + 0.46 292 + 0.30
Cycloartanyl ferulate 0.59 + 0.03 0.70 + 0.15 045 =+ 0.20 0.56 + 0.08 0.35 + 0.07 0.33 + 0.03

Total 65.12 + 2.05° 69.77 + 1574° 4271 + 890°  70.04 + 547° 4452 + 583" 4594 + 622°

Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly

different (p<0.05).
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Table 14. The contents of steryl ferulates of brown rices harvested in the first crop of 2009 (mg/100 g)

Rice cultivars

Analytes = AL 9 5L e 115 o BO71 5 B ze 145 & A% Sk SF e P A0 10 B
Cycloartenyl ferulate 19.39 + 2.18 3142 + 0.92 7.02 + 0.67 11.86 + 0.76 13.50 £ 1.40 801 + 0.17
Isomer-409 625 + 1.13 291 + 0.34 330 + 0.28 1.69 + 0.10 449 + 0.52 246 + 0.21
24-methylencycloartanyl 24.61 + 225 3167 + 0.67 10.03 = 0.85 17.25 + 1.40 17.27 + 137 19.16 + 041
ferulate
Isomer-423 742 +£ 125 240 + 0.16 412 + 0.34 2.09 0.11 530 + 0.61 533 + 0.49
Campesteryl ferulate 8.53 + 0.1 11.23 + 0.07 6.52 + 0.11 811 + 0.82 9.08 + 0.62 6.87 £+ 0.10
Stigmasteryl ferulate 1.03 + 0.02 1.12 + 0.05 047 + 0.05 0.71 + 0.02 0.70 + 0.03 0.63 + 0.05
B-sitosterol ferulate 553 + 0.26 6.01 + 0.09 2.65 £ 0.14 330 + 0.33 4.02 + 0.38 3.18 £ 0.08
Cycloartanyl ferulate 0.65 = 0.03 1.17 £ 0.01 0.26 + 0.01 041 = 0.03 0.38 = 0.04 021 =+ 0.03

Total 7342 + 7.63° 87.93 + 230° 3438 +£ 247° 4542 + 359 5473 + 498° 4586 + 1.54°

Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly

different (p<0.05).
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Table 15. The comparison of phytosterol contents of brown rices between two crop

years (mg/100 g)

Crop Rice cultivars

year SO B sa 115 SR TIE Bz 145 o410 8
Free sterol

98 & 2159 =+ 251 2443 £+ 212 2261 + 374 1639 =+ 2.61 1498 + 1.39
99 & 3480 =+ 1.12* 3510 =+ 0.66* 2840 =+ 0.67 3373 £+ 1.50* 37.87 + 1.37*%
Steryl glucoside

98 & 1.64 =+ 0.05 245 + 041 249 =+ 025 1.97 = 0.65 1.70 + 0.67
99 & 8.73 + 045* 7.50 + 0.30% 744 + 0.22% 943 + 0.56* 6.37 + 0.49*
Acylated steryl glucoside

98 & 1.31 = 0.04 1.64 =+ 0.10 1.61 + 0.19 070 + 0.10 0.66 + 0.17
99 & 2.08 + 0.12% 1.89 = 0.08 129 + 0.04* 147 + 0.07* 1.58 + 0.05*

Steryl ferulate
98 # 65.12 = 205 6977 + 1574 4271 890 4452 + 583 4594 + 6.22
99 & 7342 £ 7.63* 8793 + 230 3438 =+ 247 4542 =+ 359 4586 =+ 1.54

H

Data were shown as mean + SD (n=3).

* indicates significant differences between two crop years (p < 0.05).
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Table 16. The contents of free sterols of legumes (mg/100 g)

Sample
Legumes FE 2 e B % & v
Cholesterol trace trace trace 095 = 0.01 trace
Avenasterol 2.83 + 0.07 7.06 = 042 29.74 + 092 1391 + 0.28 15.09 = 0.10
Campesterol 1132 + 0.52 12.06 + 0.36 0.62 + 0.02 249 += 0.04 2.87 += 0.05
Stigmasterol 11.93 += 0.11 13.37 += 0.65 17.49 + 0.33 13.03 + 0.80 21.62 + 0.73
B-Sitosterol 20.38 = 0.92 24.02 + 1.10 6.52 + 022 30.06 + 0.99 39.66 + 1.10
Total 4645 + 1.629 5651 + 253° 5437 + 150° 6045 + 2.12° 7924 + 1.98°

Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly different (p<0.05).

trace: less than LOQ

217 EpEFERARSE 2

Table 17. The contents of steryl glucosides of legumes (mg/100 g)

Sample
Legumes + B 25 = % & “E
Avenasteryl glucoside 142 + 0.01 299 £ 0.12 2.76 £ 0.09 204 + 0.10 1.01 + 0.06
Campesteryl glucoside 7.55 + 040 6.24 + 0.25 trace 037 + 0.03 0.18 + 0.03
Stigmasteryl glucoside 496 + 0.31 472 + 0.28 233 + 0.04 294 + 0.28 442 + 047
B-Sitosteryl glucoside 17.26 + 0.89 1591 + 0.89 2.01 + 0.06 7.63 + 0.30 575 + 0.13

Total 31.18 + 1.61° 29.87 + 1.54° 710 + 0.18° 1298 + 0.71° 1136 =+ 0.71°

Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly different (p<0.05).

trace: less than LOQ
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Table 18. The contents of acylated steryl glucosides of legumes (mg/100 g)

Sample

Legumes *E 2 e B % & vz
Avenasteryl-18:3-Glc nd nd 1.88 £+ 0.05 trace trace
Campesteryl-18:3-Glc 041 =+ 0.04 trace nd trace trace
Stigmasteryl-18:3-Glc 0.35 = 0.05 trace 2.15 + 0.10 045 + 0.03 3.00 £ 0.06
B-Sitosteryl-18:3-Glc 1.72 £ 0.02 0.81 + 0.09 1.14 + 0.04 0.65 + 0.02 2.73 £+ 0.03
Avenasteryl-18:2-Glc 0.51 + 0.05 091 + 0.08 883 + 0.25 0.50 + 0.01 0.66 + 0.04
Campesteryl-18:2-Glc 482 + 0.17 291 + 0.16 trace trace trace
Stigmasteryl-18:2-Glc 415 £ 0.09 2.61 + 0.15 o4+ 0.28 1.39 + 0.11 2.38 + 0.15
B-Sitosteryl-18:2-Glc 13.61 + 0.29 934 + 038 2,68 + 0.16 2.75 £ 0.08 2.09 £+ 0.12
Avenasteryl-16:0-Glc 048 + 0.05 0.89 £+ 0.08 14.00 + 0.09 0.71 + 0.06 091 + 0.08
Campesteryl-16:0-Glc 240 £ 0.16 223 £ 0.04 D255 02 0.18 £ 0.00 022 + 0.00
Stigmasteryl-16:0-Glc 203 £+ 0.13 1.86 £ 0.03 11.04 £ 0.09 343 + 0.10 6.56 + 0.22
B-Sitosteryl-16:0-Glc 6.68 + 0.20 6.17 £ 0.39 3.57 £ 043 585 £ 0.11 597 + 0.03
B-Sitosteryl-18:0-Glc 028 + 0.01 trace trace 0.19 = 0.03 trace

Total 3745 + 126° 2772 + 136° 5144 + 144 1612 = 055 2452 = 0.72°

Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test.

Different alphabet means significantly different (p<0.05).
nd: not detected
trace: less than LOQ
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%+ Moreau % 4 (Moreau et al., 1996; Moreau et al., 2008) % 473 5 ¥ {84~
Fg ek 4riE 2 o EH Diol glis o BEApR Y ez (7 0.1%7 k) 2 &
g o @ % LB RBITH R 4740 S A ABEAF T 2 RN Tk A 1t B HEE
bt BHRRPE UIRB VAR @R A ) G AR RS
FI RS ERTRE AT T 1% BT 20448 0 219 s LTI AR A B
et e e @ % Diol FHAYZFEY MR pd BARBIOCE - itk
Ao % ke i@ % F4 § LiChrosorb Diol (100 x 3 mm, 5 pm, Chrompack) (Moreau
etal., 1996) % Lichrosphere Diol (250 x 4.6 mm, 5 um, Merck) (Perona and
Ruiz-Gutierrez, 2004) » 37 & § 2 *7i¢ * &5 Chromatorex Diol SPS 100-5 ¢ +x
(250 x 4.6 mm, Sum, Fuji Silisia Chemical) {+ 5" & < }F*J% ik g R LR o 2]
EHEA B Gk steryl ferulate ~ fig 1 pEH & FIFR 2 BEH A& FIRE o

EHFHPFE Y silica 2 NH, #45 fe silica L4~ 3iEd FfE %
Z NH, RIS B o RaFy  FEEFY R R 3 BRECZHRERH
AR YRR LG PRI IFERT TR ERNAF TR EFFT T
? Y oo I AERE o

A RACHRRIE S BR LS REJ TP L B R 0 iR AT
BAR BRI F PFT75% B P B B B O R UEBFIERE F L F IR
AT AR T AE  AFLA S A AZE £0.1mV .

HﬁD%ﬁ@%%@i%%ﬁgﬁﬁﬁﬂwﬂé%’@*ﬁ$ﬂsmﬂ
ferulate A% e $ % His = FoL % A 4 > 00 i ELSD 2 0 efad b 3k i jp| B4t 325
nm §R o FRIEFTEF L L B ¥ { SoFEil steryl ferulate o E =% o
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Figure 25. HPLC—ELSD chromatogram of phytosterol and triglycoeride standards. CP:
cholesteryl palmitate, TS: tristearin, SI: B-Sitosterol, OZ: y-Oryzanol, ESG: esterified

steryl glucosides, SG: steryl glucosides

S REBAAER R LER

WA 2 i Fa ik SR AR A T P E AR R
BRI R dek 190 AL £ REBRHETAE 055 pg/ml > R ELEET
APESIITZYRES F RS SR ES ERC PORE-LES S EE T
# (Perona and Ruiz-Gutierrez, 2004) » % Bk Bcdf S K B s o 58 > o
5160 098 SAFGERITH 0990 g @it ¥ ELSD irl%, etk &
LS r>0.99 (Conforti etal., 1993)> ELSD #p| & 2 F 5 M7 i 1354k £
g ene ) (Perona and Ruiz-Gutierrez, 2004) £ #7i¢ * 1§ 4+ (Nordbéck and

Lundberg, 1999) @ % F o
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Table 19. Calibration curve of sterols and triglyceride

Compound LOD LOQ Calibration range Calibration r
(ug/mL)  (ug/mL) (ug/mL) equations”

Cholesteryl palmitate 0.5 2.5 20-160 Y = 13.696X” + 0.9996
1713.7X - 16006

B-Sitosterol 2.5 5 20-160 Y =11.998X* + 0.9999
705X - 8246.7

y-Oryzanol 5 10 20-160 Y =6.5143X + 0.9995
130.58X + 1074.5

Esterified steryl 0.5 5 20-100 Y =9.4011X> + 0.9990

glucosides 753.99X - 8197.6

Steryl glucosides 2.5 5 20-100 Y =10.926X* + 0.9997
426.8X - 4845

a: X represented concentration of sterol. Y represented peak area of sterol.

LOD: limit of detection, LOQ: limit of quantitation.
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Figure 26. Calibration curve of cholesteryl palmitate standard
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REMGLE U (B 27) BaiZnm Pz 2B > Lhgit & FfG Ay
B2V AR R PG e BERS MIRES T EA LR
- Fir R o BRg C RRISETT A T A 5 Mkfln (waxester) 2 A B § A
(carotenoid) (Gonzalez-Castro et al., 1996; Hwang et al., 2002) » @ o ** 12 silica % #&
Feng gz ~ 84y 2 2He ol fin 2 fig i & FIf% (Nordbick and Lundberg, 1999)
R SRR &Y PR & fRDl et AT d 3 Diol ¥ ®iz Bl g 2 fn 1 i B
AEE D FE R e T FpEEE -

A ARSI - RIS RS 2B s ERAEA J i FRE
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fg PEH B FIR ERMOFEREES Vo g R ERERER MO TERT
53 LC-MSehFf g L 8cdp 2 s R S EF A R S5 il %
EHRSMNE B0 EFR0T-I0R 7 % - B 282 B 29 5 &% 11 5okt

PR AR ARAT R CERY MRS GRRE R E ST 2
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Figure 27. HPLC-ELSD chromatogram of Tainan No.11 brown rice extract. SE: steryl
esters, WE: wax esters, TAG: triglycerides
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Figure 28. HPLC-ELSD chromatogram (18-40 minutes) of Tainan No.11 brown rice
extract. FS: free sterols, SF: steryl ferulates, ASG: acylated steryl glycosides, SG: steryl
glycosides
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Figure 29. HPLC-ELSD chromatogram (18-40 minutes) of mung bean extract. FS: free
sterols, ASG: acylated steryl glycosides, SG: steryl glycosides
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% 20. HPLC-ELSD 4 {74t te 4~ Hfp ch 7 £
Table 20. Phytosterol contents of brown rices determinded by HPLC-ELSD

Rice cultivars

Sterol classes 5L 9 5L o 11 5 o B 715 B 2 145 & A% Sk Sk e P A 10 5L
Free sterol 33.16 + 435® 3524 + 148 2734 + 0.52° 3031 + 097 2803 + 2.57° 29.64 + 1.77°
Steryl ferulate 4776 + 6.00° 69.45 + 3.00° 2483 + 0.20° 28.05 + 1.489¢ 3328 + 1.97° 30.56 + 0.27°
Acylated steryl glucoside  12.52 + 0.70° 1261 + 1.32° 9.72 + 0.34° 569 + 0.79° 572 + 0.48° 1085 + 0.42°
Steryl glucoside 9.94 + 0.75° 9.10 + 026 852 + 0.16™ 6.99 + 0.36° 740 + 1.07° 8.00 + 0.32%

Data were shown as mean = SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly

different (p<0.05).

221, 2 RS AR S B R R

Table 21. The comparison of phytosterol contents of brown rices analyzed by LC-MS and LC-ELSD

Free sterol Steryl ferulate Acylated steryl glucoside Steryl glucoside

Rice Variety MS ELSD MS ELSD MS ELSD MS ELSD
AL 9 5L 35.84 £ 0.92 33.16 £4.35 73.42£2.83 47.76 £ 6.00* 2.08£0.11 12.52 £ 0.70* 8.73 +£0.40 9.94 +0.75
o@ 1150 35.10+0.57 35.24+1.48 87.93 £1.38 69.45 + 3.00* 1.89 £0.07 12.61 + 1.32* 7.50 £ 0.22 9.10 £ 0.26*
o BO71 5 28.40 £ 0.52 27.34+0.52 34.38+1.27 24.83 £ 0.20* 1.29 £0.02 9.72 £ 0.34%* 7.44 £0.14 8.52+0.16*
% 22 145 5L 33.73+1.14 30.31+0.97* 4542 +3.56 28.05 £ 1.48* 1.47 £0.07 5.69 £ 0.79%* 9.43 £0.55 6.99 + 0.36*
A% 3k 31.89 +1.88 28.03 £2.57 54.73 +£3.30 33.28 £1.97* 1.50 £ 0.09 572+0.48*  10.44+0.40 7.40 £ 1.07*
e P A 10 5 37.82+1.24 29.64 £ 1.77*  45.86 +0.94 30.56 £ 0.27* 1.58 £0.05 10.85 £ 0.42* 6.37£0.49 8.00 £ 0.32*

Data were shown as mean + SD (n=3).

* indicates significant differences between different detection methods (p<0.05).
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Table 22. Phytosterol contents of legumes determinded by HPLC-ELSD

Sterol classes Legumes

T E 2 e ZE % & -z
Free sterol 3821 + 087 5616 + 049" 3280 =+ 1.43° 4798 + 126° 6180 = 3.64°
Acylated steryl glucoside 36.13 + 0.51° 52.08 + 0.63" 50.57 + 2.23° 3032 + 1.11° 39.75 + 4.03°
Steryl glucoside 17.77 + 1.46" 19.09 + 1.46° 486 + 0.34° 9.19 + 0.30° 818 + 1.06°

Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly

different (p<0.05).

%223 A R AT EES AR AR

Table 23. The comparison of phytosterol contents of legumes analyzed by LC-MS and LC-ELSD

Free sterol Acylated steryl glucoside Steryl glucoside
Legumes MS ELSD MS ELSD MS ELSD
T E 46.45 +1.50 3821 +£0.87*  37.45+1.18 36.13+0.51 31.18+1.58 17.77 £ 1.46*
2= 56.51 +£0.49 56.16 +0.49 2772+ 1.17 52.08+0.63 * 29.87+1.45 19.09 + 1.46*
2 54.37+0.61 32.80+1.43*  51.44+0.43 50.57 £2.23 7.10+0.11 4.86 £ 0.34*
% & 60.45+1.87 4798 +1.26%  16.12+0.39 3032+ 1.11 *  12.98+0.63 9.19 £ 0.30*
-z 79.24 +0.82 61.80 £3.64*  24.52+0.58 39.75+£4.03 * 11.36+0.71 8.18 £ 1.06*

Data were shown as mean + SD (n=3)

* indicates significant differences between different detection methods (p<0.05).
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Figure 30. Content of phytosterol conjugates in brown rices. FS: free sterol, SF: steryl

ferulate, ASG: acylated steryl glycoside, SG: steryl glycoside
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Table 24. The comparison of values of acylated steryl glucoside and steryl glucoside of

legumes between reference value and experimental value

Acylated steryl glycosides Steryl glycosides
Legumes Reference value® Experimental value  Reference value® Experimental value
¥ E 38.0 36.13 11.6 17.77
2 e 99.1 52.08 27.0 19.09
e 125.1 50.57 9.1 4.86

* (Sugawara and Miyazawa, 1999)
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Figure 32. The APCI-MS spectrum of trilinolein (LLL) from brown rice
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Figure 41. Nomenclature of phytosterols ([UPAC-IUB recommendations of 1976 and
1989) (Moreau et al., 2002)
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% 1. 5 LC-APCLI-MS 4 17 #1181 4 B s Acat+ 2 75§ P5RY

Table 1. Molecular mass, MS data and retention time (RT) for standard sterols and phytosterols found in samples, analysed by LC/APCI-MS

Compound Molecular Characteristic ions (intensity * %) RT (min)
Steryl glucoisdes e [M+H]" [Aglycone +H-2H]" [Aglycone +H-4H]"  [Aglycone + H -H,0]"

Avenasterol glucoside 574 575 (1.3) 411 (9.2) 409 (33.8) 395 (100) 8.05
Campesteryl glucoside 562 563 (0.2) 399 (4.6) 397 (7.1) 383 (100) 8.88
Stigmasteryl glucoside 574 575 (0.7) 411 (7.9) 409 (10.5) 395 (100) 9.11
B-Sitosterol glucoside 576 577 (0.4) 413 (4.0) 411 (5.9) 397 (100) 9.83
Free sterols [M+H]" [M +H-H,0]"  [M +H-2H]" [M +H-4H]"

Ergosterol 396 397 (7.4) 379 (100) 395 (4.7) 393 (22.2) 11.52
Cholesterol 386 369 (100) 385 (23.0) 383 (23.0) 13.79
Avenasterol (A5+A7) 412 395 (100) 411 (15.0) 409 (16.5) 14.00
Campesterol 400 383(100) 399 (22.0) 397 (22.2) 15.28
Stigmasterol 412 395 (100) 411 (22.0) 409 (21.5) 15.66
B-Sitosterol 414 397 (100) 413 (23.0) 411 (23.1) 17.15
Stigmastanol (sitostanol) 416 399 (100) 415 (0.8) 413 (9.1) 19.22
Steryl ferulates M] " [M-Ferulate+ H -H,0]"

Cycloartenyl ferulate 602.9 603 (4.9) 409 (100) 18.67
Cycloartenyl cis-ferulate (Isomer-409) 602.9 603 (1.9) 409 (100) 19.87
24-methylencycloartanyl ferulate 616.9 616 (2.8) 423 (100) 20.20
Campesteryl ferulate 576.9 576 (4.0) 383 (100) 20.63
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Stigmasteryl ferulate

24-methylencycloartanyl cis-ferulate (Isomer-423)
B-Sitosteryl ferulate

Cycloartanyl ferulate

Acylated steryl glucosides

Campesteryl (6’-O-linolenyl)- B-D-glucoside
Stigmasteryl (6’-O-linolenyl)- B-D-glucoside
Avenasteryl (6’-O-linoleoyl)- B-D-glucoside
B-Sitosteryl (6°-O-linolenyl)- B-D-glucoside
Campesteryl (6’-O-linoleoyl)- B-D-glucoside
Stigmasteryl (6°-O-linoleoyl)- B-D-glucoside
B-Sitosteryl (6’-O-linoleoyl)- B-D-glucoside
Avenasteryl (6’-O-palmitoyl)- B-D-glucoside
Avenasteryl (6’-O- oleyl)- B-D-glucoside
Campesteryl (6’-O-palmitoyl)- B-D-glucoside
Campesteryl (6’-O-oleyl)- B-D-glucoside
Stigmasteryl (6’-O-palmitoyl)- B-D-glucoside
Stigmasteryl (6’-O-oleyl)- B-D-glucoside
B-Sitosteryl (6’-O-palmitoyl)- B-D-glucoside
B-Sitosteryl (6’-O-oleyl)- B-D-glucoside
B-Sitosteryl (6°-O-stearyl)- B-D-glucoside

588.9
616.9
590.9
604.9

834
822
836
836
824
836
838
812
838
800
826
812
838
814
840
842

[M+H]"
835 (34.1)
823 (11.6)
837
837 (20.2)
825 (15.6)
837 (31.7)
839 (16.3)
813 (5.4)
839 (2.1)
801 (1.5)
827 (6.7)
813 (0.2)
839 (8.4)
815 (1.3)
841 (5.6)
843 (1.3)

[M +H-H,0]"
817 (26.8)
806 (21.3)
819

819 (11.9)
807 (16.1)
819 (22.2)
821 (12.0)
795 (8.1)
821 (1.4)
783 (5.8)
809 (8.7)
795 (7.6)
821 (10.9)
797 (4.1)
823 (6.6)
825 (10.7)

588 (7.6)
616 (0.5)
590 (4.4)
604 (3.3)

[M +H,0] "
852 (1.9)
840 (8.9)
854
854 (19.6)
842 (10.3)
854 (23.0)
856 (13.0)
830 (6.2)
856 (1.9)
818 (4.5)
844 (4.8)
830 (7.4)
856 (10.8)
832 (5.0)
858 (4.3)
860 (3.8)

395 (100)
423 (100)
397 (100)
411 (100)

[M-Fatty acid-Glc+H -H,0]"
395 (100)
383 (100)
395 (100)
397 (100)
383 (100)
395 (100)
397 (100)
395 (100)
395 (100)
383 (100)
383 (100)
395 (100)
395 (100)
397 (100)
397 (100)
397 (100)

21.01
21.66
22.94
23.18

34.18
34.56
36.51
36.62
39.29
39.72
42.38
43.59
43.62
46.15
46.50
46.53
46.60
50.12
50.39
62.40
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Recovery (%)

Compound Amount of sterol added (ug)
30 90 180
Cholesterol 84.76 + 1.25 92.59 + 3.90 89.81 + 1.16
Campesterol 8885 £ 278 87.04 £+ 257 9130 + 339
Stigmasterol 89.98 + 7.72 88.89 + 6.19 91.11 + 4.75
B-Sitosterol 106.89 + 9.87 95.56 + 7.70 86.48 + 571
Sitostanol 83.69 + 1.58 84.81 + 4.49 88.52 + 2.10

Sterol LOD LOQ Calibration Calibration r’
(ng/mL)  (ng/mL) range equations®
(ng/mL)

Cholesterol 5 50 50-1000 Y =553.53X 0.9998
+ 8254

Campesterol 20 50 500-10000 Y =422.09X 0.9997
+86713

Stigmasterol 20 50 500-10000 Y =169.41X 0.9997
+27649

p-Sitosterol 10 50 500-10000 Y =427.99X 0.9999
+ 70538

Sitostanol 50 200 200-5000 Y =128.08X 0.9991
+ 12404

a: X represented concentration of sterol. Y represented peak area of sterol. LOD: limit of
detection, LOQ: limit of quantitation.
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Data were shown as mean + SD (n=3).
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44 A A = W R SRR 3

Compound LOD LOQ Calibration Calibration r
(png/mL) (ug/mL) range equations®
(ng/mL)
Cholesteryl 0.5 2.5 20-160 Y = 13.696X> 0.9996
palmitate +1713.7X -
16006
B-Sitosterol 25 5 20-160 Y = 11.998X? 0.9999
+705X -
8246.7
y-Oryzanol 5 10 20-160 Y =6.5143X? 0.9995
+130.58X +
1074.5
Esterified 0.5 5 20-100 Y =9.4011X2 0.9990
steryl +753.99X -
glucosides 8197.6
Steryl 2.5 5 20-100 Y = 10.926X? 0.9997
glucosides +426.8X -
4845

a: X represented concentration of sterol. Y represented peak area of sterol. LOD: limit of

detection, LOQ: limit of quantitation.
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£5.99 EW ik g d EAMEE (mg/100 )

Rice cultivars

Analytes SAT9E s 118 o B T1E F 2 145 % A2k EEETRTES
Avenasterol 346 + 0.20 314 + 0.14 260 =+ 0.10 380 + 0.13 328 + 020 646 + 0.39
Campesterol 552 + 0.09 639 + 0.18 498 =+ 0.08 578 £ 0.26 571 £+ 0.35 6.14 + 033
Stigmasterol 717 + 0.39 787 + 0.07 647 + 034 677 £+ 041 698 + 047 6.65 + 0.29
B-Sitosterol 18.65 + 044 1770 + 0.28 1436 + 0.15 1738+ 0.70 1592 + 095 18.57 + 0.29

Total 3480 + 1.12° 3510 + 0.66° 2840 + 0.67° 3373 + 150 3189 =+ 197° 3782 =+ 131°
Data were shown as mean = SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly different (p<0.05).
6,99 & §p IeREF HE SpE A B0 g £ (mg/100 )
Rice cultivars
Analytes oA 95 oa 115 o BO71 5 B 2 145 5 A%k f o An10 8
Avenasteryl glucoside 0.61 <+ 0.08 040 <+ 0.04 052 + 0.07 053 + 0.11 0.78 + 0.05 046 =+ 0.06
Campesteryl glucoside 1.03 + 0.02 0.82 <+ 0.03 0.86 <+ 0.01 1.08 + 0.04 121 £ 0.08 0.64 <+ 0.01
Stigmasteryl glucoside 096 <+ 0.02 0.88 + 0.10 079 <+ 0.03 1.01 = 0.06 1.08 + 0.05 061 <+ 0.06
B-Sitosteryl glucoside 6.13 + 033 541 + 0.13 527 + 0.11 6.82 + 035 737 £ 032 464 + 037
Total 873 £ 045° 750 = 0307 744 = 0.22¢ 943 + 056° 1044 + 0.50° 637 + 049°
Data were shown as mean = SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly different (p<0.05).
% 7.99 & @ T4k} & steryl ferulates 1% £ (mg/100 g)
Rice cultivars
Analytes e A9 5L oa 115 o] 5 B 2 145 55 A% Sk SE o ¥ 4010 5
Cycloartenyl ferulate 19.39 + 2.18 3142 = 092 7.02 + 067 11.86 = 0.76 1350 = 1.40 8.01 =+ 0.17
Isomer-409 625 <+ 1.13 291 £ 0.34 330 £ 028 1.69 <+ 0.10 449 £+ 0.52 246 + 0.21
24-methylencycloartanyl 2461 =+ 225 31.67 + 0.67 10.03 + 0.85 1725 + 140 1727 + 137 19.16 + 041
ferulate
Isomer-423 742 + 125 240 <+ 0.16 412 <+ 0.34 2.09 0.11 530 = 0.61 533 + 049
Campesteryl ferulate 853 + 0.51 11.23 £ 0.07 6.52 + 0.11 811 £ 0.82 9.08 + 0.62 6.87 =+ 0.10
Stigmasteryl ferulate 1.03 + 0.02 1.12 + £ 0.05 047 + 0.05 071 £ 0.02 070 £+ 0.03 0.63 <+ 0.05
B-sitosterol ferulate 553 + 026 6.01 =+ 0.09 265 =+ 0.14 330 + 033 402 <+ 0.38 3.18 + 0.08
Cycloartanyl ferulate 0.65 =+ 0.03 1.17 £+ 0.01 026 =+ 0.01 041 £+ 0.03 038 + 0.04 021 + 0.03
Total 7342 + 7.63° 87.93 + 230" 3438 + 247° 4542 + 3.59° 5473 + 498 4586 + 1.54°
Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly different (p<0.05).
# 8.99 & ¥ itk K Kk 5-fq T'-ﬁi%{fﬁ« FHEg ez £ (mg/100 g)
Rice cultivars
Analytes o L9 B sa 11 5 i B 145 5 A%k f o® 4n10 5
B-Sitosteryl-18:2-Glc 0.14 + 0.02 0.10 0.01 trace 0.13 + 0.01 0.13 + 0.02 trace
Campesteryl-16:0-Glc trace trace 0.14 + 0.02 trace trace 0.14 <+ 0.01
Stigmasteryl-16:0-Glc trace trace trace trace trace trace
B-Sitosteryl-16:0-Glc 193 £ 0.10 1.79 0.07 1.15 = 0.02 144 + 0.04 1.37 £ 0.07 137 £+ 0.07
Total 208 + 012° 189 + 008 129 =+ 004" 147 =+ 007° 150 = 0.09° 158 + 0.08°

Data were shown as mean = SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly different (p<0.05). Steryl-18:1-Glc were quantified with
steryl-16:0-Gle. trace: less than LOQ

49 2 ¢ B ABNE R (mg/100 g)
Sample

Legumes % E 2= e %8 e

Cholesterol trace trace trace 095 + 0.01 trace
Avenasterol 283 £+ 0.07 7.06 <+ 0.42 29.74 + 092 1391 =+ 0.28 15.09 =+ 0.10
Campesterol 1132+ 0.52 12.06 =+ 0.36 062 £ 0.02 249 =+ 0.04 2.87 + 0.05
Stigmasterol 1193 + 0.11 1337 = 0.65 1749 £+ 033 13.03 =+ 0.80 21.62 =+ 0.73
B-Sitosterol 2038 + 0.92 24.02 =+ 1.10 652 + 022 30.06 =+ 0.99 39.66 =+ 1.10
Total 4645 + 1.62¢ 56.51 =+ 2.53¢ 5437 =+ 1.50° 6045 =+ 2.12° 7924 <+ 1.98°

Data were shown as mean = SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly different (p<0.05). trace: less than LOQ
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# 10. 2 pEH & AfEcHz £ (mg/100 g)
Sample

Legumes % E 2= e %8 e
Avenasteryl glucoside 142 £+ 0.01 299 + 0.12 276 = 0.09 2.04 =+ 0.10 1.01 + 0.06
Campesteryl glucoside 755 £ 040 624 + 0.25 trace 037 + 0.03 0.18 + 0.03
Stigmasteryl glucoside 496 + 031 472 + 0.28 233 = 0.04 294 + 0.28 442 =+ 0.47
B-Sitosteryl glucoside 1726 + 0.89 1591 + 0.89 201 =+ 0.06 7.63 + 0.30 575 + 0.13

Total 318 = 1.61° 2987 =  1.54° 710+ 0.18° 1298 + 0.71° 1136 = 0.71°
Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly different (p<0.05). trace: less than LOQ
411, 2P A AMSE R (mg/100g)
Sample

Legumes + e 25 = %8 e
Avenasteryl-18:3-Glc nd nd 1.88 £+ 0.05 trace trace
Campesteryl-18:3-Glc 041 £ 0.04 trace nd trace trace
Stigmasteryl-18:3-Glc 035 £ 0.05 trace 2.15 £+ 0.10 045 <+ 0.03 3.00 + 0.06
B-Sitosteryl-18:3-Gle .72 £ 0.02 0.81 =+ 0.09 1.14 £+ 0.04 0.65 + 0.02 273 + 0.03
Avenasteryl-18:2-Glc 051 «+ 0.05 091 =+ 0.08 883 + 025 0.50 =+ 0.01 0.66 =+ 0.04
Campesteryl-18:2-Glc 482 £+ 0.17 291 =+ 0.16 trace trace trace
Stigmasteryl-18:2-Glc 415 £+ 0.09 261 + 0.15 594 = 0.20 139 +  0.11 238 + 0.15
B-Sitosteryl-18:2-Gle 13.61 =+ 0.29 934 + 038 268 £ 0.16 275 £ 0.08 209 + 0.12
Avenasteryl-16:0-Glc 048 + 0.05 0.89 + 0.08 14.00 =+ 0.09 0.71 + 0.06 091 <+ 0.08
Campesteryl-16:0-Glc 240 £ 0.16 223 £  0.04 022 £ 0.02 0.18 +  0.00 022 <+ 0.00
Stigmasteryl-16:0-Glc 203 £+ 0.13 1.86 £ 0.03 11.04 + 0.09 343 +  0.10 6.56 + 022
B-Sitosteryl-16:0-Glc 6.68 + 020 6.17 + 039 357 £ 043 585 = 0.11 597 + 0.03
B-Sitosteryl-18:0-Glc 028 £+ 0.01 trace trace 0.19 + 0.03 trace

Total 3745 + 126° 2772 &+ 1.36° 5144 £ 144° 16.12 +  0.55° 2452 +  0.72¢

Data were shown as mean + SD (n=3) and were analyzed by one-way ANOVA and Duncan’s multiple range test. Different alphabet means significantly different (p<0.05). nd: not detected. trace: less than LOQ.

2 120 % R 0 A4k A FEE 7 £t iR

Free sterol Steryl ferulate Acylated steryl glucoside Steryl glucoside
Rice Variety MS ELSD MS ELSD MS ELSD MS ELSD
s A9 5L 35.84+0.92 33.16 £4.35 73.42£2.83 47.76 + 6.00* 2.08+0.11 12.52 +0.70* 8.73£0.40 9.94 +£0.75
e@ 115 35.10+0.57 35.24+£1.48 87.93 £1.38 69.45 £ 3.00* 1.89+£0.07  12.61 +1.32% 7.50+£0.22 9.10 £ 0.26*
o B 7155 28.40 +0.52 27.34+0.52 3438 £ 1.27 24.83 +£0.20* 1.29+0.02 9.72 £ 0.34* 7.44 £0.14 8.52+£0.16*
F 22 145 5L 3373+ 1.14 30.31£0.97* 45.42 +3.56 28.05 + 1.48* 1.47 £0.07 5.69 £0.79* 9.43+£0.55 6.99 £ 0.36*
A%k 31.89+1.88 28.03 £2.57 54.73 £3.30 33.28 £1.97* 1.50 £0.09 5.72 £0.48* 10.44 + 0.40 7.40 £ 1.07*
e ¢ 4010 5L 37.82+1.24 29.64 + 1.77* 45.86 +0.94 30.56 £ 0.27% 1.58£0.05  10.85+0.42* 6.37+0.49 8.00 £ 0.32*
Data were shown as mean + SD (n=3).
* indicates significant differences between different detection methods (p<0.05).
413, 2 F BRI ZATERES AR £ R
Free sterol Acylated steryl glucoside Steryl glucoside
Legumes MS ELSD MS ELSD MS ELSD
FE 46.45 +1.50 38.21+0.87* 37.45+1.18 36.13+0.51 31.18 £ 1.58 17.77 £ 1.46*
2E 56.51+0.49 56.16 +0.49 27.72+1.17 52.08 £0.63 * 29.87 + 1.45 19.09 £ 1.46*
oSt 54.37+0.61 32.80 + 1.43%* 51.44+£0.43 50.57+2.23 7.10+0.11 4.86 +0.34*
% e 60.45+1.87 47.98 + 1.26* 16.12 £ 0.39 3032+ 1.11% 12.98 £ 0.63 9.19 £ 0.30*
g 79.24 £0.82 61.80 £ 3.64* 24.52+0.58 39.75+4.03 * 11.36 £0.71 8.18 £ 1.06*

Data were shown as mean + SD (n=3)
* indicates significant differences between different detection methods (p<0.05)
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