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[& A0 % BCFE (500 mg/3 mL),GL Sciences Inc 2
A FoA A2 38 Sk [ o B AR
1.2 U#{E5E&

AY220 BIHLF RV, HABHEAF; Ac-
quityTM ultra %88 = B0RAH B35, 3 [E Waters
/5 ) 5 Triple TOF 5600+ = 5 PU A% FF — = 43 #F K AT
) BT (B KRRk sgii ), EE
ABSCIEX A1l ;752N 480l WA 66T, g
ASCHL 43 BT AL 25 A BR 23 7] RE-2000A B %5 Jig % 78
AL, LR AR A PRA B smiVac B 25 80U
4540, YL E GeneVac 2wl ;GZX-9076MBE Hi #4 %
WA, RS A R Al EIFEAs);
CR2IN = IR .OHL, B A H 7 THLFE 24t
FS-1200pv 7 il A BEE ,  1g AE Ml A A A
RN ] HH-6 50 10 18 K i 8, 7195 [ B g A
FRAF
1.3 Ak
1.3.1 ArdEfRay el o S R
FREC 100.0 mg o HS BEPRAE , IS 5 TooK S B 3
it 5 E 45 2 100 mL, HERIWLE 10 mL FFH LK 2
M5 E 25 2 100 mlL, W A0 VA T R b v

AC, o] 5 A 2 £ 9 L ME BRI 10 ¢ — S fb Bk
(M) 75K &8, I AGE it iR BE IR (85% ) , ¥ fiff Ji 7
2% 100 mL, WH 1.5 mL FRER T 100 mL £
25 S, FH R 1R A 4%

PRt 100.0 mg o 8 BERRAE, INAGE & TCK &

Fist VA A 5 2 25 2 100 mL, il AT HC 10 mL, G
KPR ZE 100 mL, IS A8 TR R A E TR
A3 5% B 0,0.5,1.0,1.5,2.0,2.5 mL A5 #E W T it
BOIMATK L EERNFE R 4 mL, A 2 mL @5 5i
B AH A7 15 min, T 520 nm P KT 5E OE
JE DL AR AR AR, DA O AR AR
ol bRt £k . 15 20 19 09 75 B y=0.063x-0.0066,
R?=0.9965, KW HS it 8 MR JETE 0~62.5 pg/mL
WEZPE LR R AT,
1.3.2 RS roms 4 55 Tt i) i BB B 55 et 5 k7 T
FE - FREL 500 mg AE3KY, A 2.5 mL 45 Fl
I, $8 20 87 20 min, i 38 K 08 U B B IR
Pl , 45 ClezZ £ 1,8 T 10 mL LK O, B
I mL A5 AE WO 3 mL JGK OREFE T, #%
IR 7 D A B e

1.3.3  [EIAH 2 T 43 25 A 0 54 st
1.3.3.1 i B 659 M 59 Mt e R0 0 £ 55 T | 56 e
WEH B WERA PR HCAE S 8y 1.000 g, fMA %5
ml G005 A $2 0O vE an BTk 45 Clie 28, m
1 mL &G E W, RERAETINA 5 mL 05764k, I
FE 1 mL, 56 SE005 V6 00 Ui B S B (FS) R0 HS I e
(SE), FHEJ5 , A 1 mL C ke B3 5 FE A P i -
SN (RBLEL 10 1) PR B8 Bk Ak (55 BERE 1T (ASG) #l
S BEWEH (SG), TG , I 1 mLL P8 — 53 A i (1A
UL 95:5) B %,
1.3.3.2 Ve mERCAHOINA 5 mL & %E s 1L B
1.3.3.1 W s 1A sE A i AR R, e
Bit— Ol (B 99: 1) BB SE, B A 2 k-4
Bk (PR IL 85:15) W FS,

Diol SPE # (500 mg,3 mL) il A 5 mL BE ke i
b, ¥ 1.3.3.0 RS 2 AN Ve I AR
Bkt — S N (R L 97 :3) WeAkJ= , S A BE ke —
SENEE (AR 92:8) R ASG, Hh A B e -5
P (R FLEE 85:15) BRI SG.,

S 3,4,5,6,7,8 mL AR IE LRI
R R £
1.3.33 KAHSHEEZEMNE % 13250
J5 I 7 W B e SR A BT A (R AR R R O T
it 0k 2 14 5%
1.3.4 UPLC-Triple-TOF/MS #G:illl 43 #r
1.34.1 MEBORAH O F M A5 Agilent
eclipseplus C18 1 (4.6 mmx100 mm, 1.8 wm) ; Jit
A A:90% H BE B AH . LM -5 N B (R B 1
1) 5 K 0.6 mL/min; K50 25 . 28 40 0] UL 5 46 35
£ :210 nm; HE IR 30 C5 #EAEE 10 wL; 3 sh A A
JEVERL LR 1,
1.3.42 Jugk & AR EE R (AP-

R1 REBERREY

Table 1 Liquid gradient elution conditions

B 8] /min AEh A8 A% A3 A8 Bl%
0 100 0
25 5 95
33 5 95

Cl), — 24413 A 3h = 914 w35 L
+5.5 KV FAFETE B .mz 100~1 000; 55 1 J5 IR .
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600 °C; % BI“< Gasl Jk /1 :344.75 kPa; HiBi<
Gas2 J& 77 :344.75 kPa; I K SRR 25 5 ppm 3
Bl 58 HL R (DP) . 100 V; B A fEER . 10V,
1.4 HEFRITESH

BRI ST oAb, a0 B A9 50Hi 45 SRR 2 1K
KUk b FAT IS, B0 26 J5 vk o < 5 {H b 1
227, Ml Peakview PN HEAT B3 K] 4 B 45 0 Al
H Origin 2019 47 ¥4k 4b #5534, 44 Chem-
Draw Professional 17 2] §§ BEgg#2

2 HERE5RWH
21 EXHREEESE
B e 4R Ol kT e R N R TR
520 nm EAMGHEK T IMBOLE , 258 BCE M,
S HS S N (5.034+0.097 )mg/g ,RSD=1.733%,
2.2 SPE A[EMFRBE BT il X & B2 % B = 10 %2 M
B & 1 (a,b) AT, SE Yk 12 Bl & Uk i i AR AR
B e N AR E B 7E 5~6 mL Y, PR
R ERAN (P<0.05),6 mL J& B 2 1k B i 7R A
hn,SE Ve & JC W] AR (P>0.05) ;FS BEI & 7E

500
0 a
2 400+ a 2 g
£
3 |
: Sl b b f"/
R S
=
= 100k
0 1 1 | | 1 | ]
2 3 4 5 6 7 8 9
YR AR TR
Eluent volume/mL
(a)
2500
= 20001 a 2 4, a
=]
= L
= § 1500
8 =
.S 1000}~ b
g b
= so0F
0 | 1 1 1 | |
2 3 4 5 6 7 8 9
R AR AR

Eluent volume/mlL

(c)

VBB AR BN T 5 mL B 2 R R 3,6 mL A
Ji e 8 3 BN (P<0.05) , 76 7 mL I SR B, il ad
FS F1 SE BG4 A ol 1, SRR EUN T 5
mL B SE K58 2l , 53 FS Bl ik 1 SE /17
16, HI T LU RS 5 mL Z BT FS YE B & Bl BE Ak
U R, 78 6 mL 2 )5 SE PEli & 3%A & 4
B T, B AE 6 mL £ 45 SE 2 kM 5 4, ) nf
¥ 6 mL &N SE M AEE AR FL, TH5 e SE
{6 B8 &4 (334.69+18.09 ) g, 1T FS PEBE &7 6
mL B B — AN AR, 71K 6 mL 24 FS B fe vk
JEEAAFR HE B FS 938 5 1 (695.64+31.50) g
M 1 (e, d) AT, ASG A9 1k i 0 I 25 1 I T
BB I, 7€ 6 mL kb B KA, 7 4~5 mL
P, o B S N (P<0.05) , VERR AR BL R T 6
mL J5 , e i 22 58 B 3 (P<0.05) ;SG 1 1 it 1t
TEVEL AR TN 3~5 mL B i 20 /0 (P<0.05) ,5~
6 mL B BJF, HZ 5 25 A 8 3% (P>0.05), @it
ASG 1 SG EUGXS LA Hrnl £5, Ve R BUNF
6 mL I} ASG R5E2 VM, F3 SG HIRA ASG,
ASG PEBEEAE 6 mL Z 5 A8 b R K, ATk Be i

1000
gf a
= | a
§ 800 ) .
il
@ % 600 b b
=
£ 4001
=
=
2001
0 ! 1 I 1 1 ! |
2 4 5 6 7 8 9
TR IR A AR
Eluent volume/mlL
(b)
2000
50 a
32
= 1500
e é 2 ® be
5 < be
« - 1000+ c 1
B
=
= 500+
0 ! ! L ! ! ! |
2 3 4 5 6 7 8 9
R TN

Eluent volume/mlL

(d)

T AN EV/ING B3R R 22 59 1 35 (P<0.05)

B 1 %% SE(a) FS(b) . ASG(c).SG(d) % E R 2 0Y
Fig.1 Effects of eluent volume on the elution amount of SE (a), FS (b), ASG (¢) and SG (d)
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ASG B VEMESE 4, IHL 6 mL N Ho AR B A L
BEHF ASG PB4 (1 856.69+38.22 ) g, SG 7E¥E
B AR RN 5 mL B P80 2>, 5~6 mL B4
Tt BEET R R SG A PR I, 7E T mL 5 Uk
Ji B LA RS | R 7 mL SE S H R BRI A
I SG ¥E i o0 (828.66+32.78 ) g,

2.3 UPLC-Triple-TOF/MS &t 8

231 AESEH AW S AL B U €00 1 R T
B3R 4 FhE55OIRAS Y S B 28 UPLC-Triple-TOF/
MS S BT ARG, 8 1 3 P DL TR 2, 43T [T v 45 0
FEL5 A SOk P 4% 55 B TS A R AT, e R
FER m HoAT e 2 S B Bl S I B TR R

e 388 2 i o e S M B A EE R B, X iR
ZENLITELS ppm DAL AY 2> TN EAT 0 1k, 2207 1k
T2 4 AU 8 6 B0 (18] 2a) , 1~4 2303 S HS
S {5 W PR L B4 (5 5 3 A A R U (14
2b), 1~3 3 5l D S5 5 B LR e . 5L I R
Pt \B—4% 5 B il AR TR , 2 /1> {5 BERE 0% (18] 2¢) , 1~2
3930 R SR S A A BT -1 B AR . S
AN AL £ BB g (1] 2d), 1~5 43 51 A 22 0 S e
R AR AR R | 3 S I e W
W PR TG | 2 155 2 ¥ 4 W SRR IR T B F4 T ] 2
B B TR IR B—4 4 14 4 W S R TR T

8.0x10° |- 8.0x10°
6.0x10° 6.0x10° -
fy i
B2 g0x10° F = S 4.0x10° -
= =
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i [ s i)
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. (a) (h)
2.0x10° 25x10° -
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1.5x10° -
o & 2 15x10° |-
£ Loxio° W E
o S 2
= ﬁ B Z o}
SIOX‘OS » UMM\_\
12 5.0x10° M
0.0 1 1 1 1 1 0.0 1
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i e I ]
Time/min Time/min
(c) (d)
B2 f#XEfEE UPLC-Triple-TOF/MS B FR it E
Fig.2 UPLC-Triple-TOF/MS total ion current chromatogram of phytosterols from cauliflower
232 URE S (FS) B AT FS &0 BKME  m/z 395.3668 5% h 5 1 U (5] 3a) , M4 AH G 3C

BULER 2, X ) g Tk An # 3 BT 4 i I
TR R B T, JF S AECSCER X, 15 2 A5 K
X, HEEW 18 [M+H-HO"E T 1§ m/z
395.3368 #F1 T HBIE ST 155 mEe 1211012,
mlz 147.1163 ,m/z 161.1325 ,m/z 175.1474 ,m/z
2572260,mlz 2972565,m/z 3533215,mk 3793372,

RIS 5 RS T R AR AT DR HE T A S P 1
RSB (CoHigO) o Mo ZE1OBE BEM+H-H,O " i —
NEEWYE TR ERN, BRbSEER §
S WA N C17 % B 25 84 Il 98 /i e HL
B mlz 297 PP B T4, REH A BET2Z
L YIRS B C B, R R miz 161 B
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YIS, X5 N TSR 3R RS RN S B A R PR T2
SHEA Y 2 B[M+H-H,0" % T 1% m/z 383.3668 i
7 = G ik S o, 45 3 miz 109.1017 ,m/z
133.1011,mk 147.1165,mk 161.1325,mkz 1731325,
215.1796,m/z  243.2097 ,m/z 287.2738 ,m/z
3833668 i B 1 (1] 3b), 275 AHSE SCRRM,
FLRLf AL 5 S0 (S B — B, R HEWT AL 5 9 2
SR 8 B (CsHagO) o XL 3 BY[M+H-H,0[*
B P mlz 409.3822 HEAT G T E 2 o M, A5
#| m/z 109.1015,m/z 121.1013,m/z 137.1319,m/z
149.1321,mkz 163.1476,mlz 1751484, mlz 245.2257,

mlz 259.2412 ,m/z 353.3205,m/z 409.3822 Z5EHF F

mlz

B0 (8] 3e), 2L L 5 0P B R AR AT A
IEHEWT AL &4 3 M P B3 5B (CxoH0) o Khatal 2517
W58 &, 78 APCI FH & LT | P B3 GRETE m/
z 409.5 b A —FIEM+H-H,0]", 2% i3 R m/
z 1373 —DEMB=WE 7. MG 411
[M+H-H,O0]" FI& m/z 397.3821 dAT g iitk 54
fi# oy Mr, 19 %) mliz 133.1018,m/z 135.1165,m/z
147.1173,mlz 203.1791,m/z 2151793, mkz 2432105,
mlz 255.2100,m/z 287.2723 ,m/z 397.3821 ZH%
BT 3d), AR I S g4 (5 B — 20,

R HE WAL &9 4 S B4 B B (CoHs0) o

*2 FS—ZRikER

Table 2 FS first-order mass spectrometry chart

5 MR A e (m/z)

%5 £+ @ B 18] /min 23 45 e (m/z) S ET % £ /ppm
[M+H-H,O[
1 26.869 395.3668 395.3672 CyH47* -1.1
2 28.157 383.3668 383.3672 CysH4T* -1.1
3 29.424 409.3822 409.3829 CyH49* -1.7
4 31.702 397.3821 397.3829 C,9H49* -2.0
1.0x10° |-
8.0x10? |-
o %‘ 6.0x10?
Mg
= 401107
2.0x10°
0.0
100 150 200 250 300 350 400 450
J5 gy Eb
m/z
(a)
3.0x10° |-
2.5x10° |-
o 2.0x10° |
'
= T 15x10° |
=
1.0x10° |-
soxi2 |5 5 £ 8§ £ |2 |§ ‘ §
0.0 Eui \.:l\znﬁ - m ;IJ gJIJ.J Lﬁu | dlk ‘L bt bos o
100 150 200 250 300 350 400 450
JB fif L

m/z
(b)
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@

T
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0.0
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1.6x10°
1.4x10° |
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Intensity

6.0x10% -

4.0x10%

133.1018
135.1165
147.1173

2.0x10% -

0.0
100

150

2.3.3 B EEMR (SE) BTG br  H EEBR AR APCI IE
B AR B S M-FA+H] 8 Fr 8 70 Al 3 i
AR B T [M=FA+H] B B bE , X 23 AS [5) § B A% Y
Mg . XHAE G 1 AT 90500 240 53 A, 45 3 miz

109.1017,m/z 133.1011,mk 1351169,mk 1471167,
mlz  189.1644 m/z 203.1787,mlz 243.2105,m/z
2572261 ,mlz 2812482 m/z 3012899, mk 3833671,
m/z 663.6085 S Fr B U (K] 4a) ,m/z 383.3671
SRy SE I ORS B RE AR I m/z 281.2484 N W i R
(CisH30) FFAEIE  m/z 663.6085 M4 T 5 Tk 1R
It AH O SR, 55 5% vl 5 2 I 9 7R B 43 oL e B
WEAHY, R HERTL S8 1 = S B iR
Fi (CaeH750,) o Rocha Z5P°5% F ESI-MS 1 H3 B i i
X SR v ) £ B R AR AT A0 BT, I 25 R R SE
B & Ak A 40 (IM+NH") J2 3 0% | 88 BT % 2 on
T [(M+NH,)-NH;]*(m/z 663.7) F Bt (I i, 45 51
S S B BEES T [(M+NH,) -NH;—FA]*(m/z 383.4)

250

2432105
255.2100

250
JoAT L

300 350 400 450

J A Lt
m/z
(c)

397.3821

o
d
N
N
=
=
&

450

m/z

(d)
B3 FS&IE—HREE
Fig.3 Secondary mass spectrogram of each peak of FS

M B, AT 58 2GS Wl 1823l e . Xk &
Y2 AT s 2 53 A 15 3 m/z 105.0704,
mlz  147.1161,m/z  187.1481,m/z  189.1632,m/z
203.1788,m/z 2432102,mk 2552110,mk 2832644,
mlz 363.3059 ,m/z 395.3674,m/z 677.6236 ZHE
BT UgE (& 4b),m/z 395.3674 g 5 B FFAE 04 |
mlz 283.2644 il TR ( CsHyO,) 47 Mk W m/z
677.6236 J 41 B T, 5 5§ Bl R R 4 F T
A, H LWL &9 2 b 5 B R R, T
N CyHgOso Tan FFPILLIE I M {5 W HE A2
Ry PR AR HEDE I AR W) {6 B 0 B AR M B L i
BT mlz 394,m/z 255,mlz 43 1 J 5§55 B AR g
MRFIE 1 Xk &9 3 64T 9 0 ik 46 v At
53] mlz 161.1331,m/z 175.1490,m/z 189.1631,
mlz  203.1786,m/z  257.2258 ,m/z 261.2564 ,m/z
2832622, m/z 3153060,mk 3553364,mk 3973824,
mlz 679.6389 “F % i B T (Kl4de), Hri m/z
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397.3824 Jy B4+ (i BERF RIS  m/z 283.2622 il 0 UL HEW AL G W 3 O B A% HS B O AR IR

@&3 (C18H3402)f|%:1£m% ,m/z 679.6389 ﬂgﬁ?%%ﬂlﬁ , (C47H8202) o
S5 FH O SCHR™, 5 B4 (85 B3 iR 18 43 1 I & AH

®3 SE—ZRiEER

Table 3 SE first-order mass spectrometry chart

) . S5 R AT Ve (m/z) N o L
Y% #~ B B 12l /min 9 AT e (m/z) 8 AT X £ /ppm
[M+H-FAJ
1 28.470 383.3671 383.3672 CH4T* -0.3
2 30.470 395.3674 395.3672 CyH47+ 0.4
3 31.751 397.3824 397.3829 CyH49* -1.3
1.6x10° % [M-FA+H]"
1.4x10° - i R
1.2x10° | [PASHT"
2 Loxo’ | Bl
g 5
H L goxi0? 3
E H
6.0x10% -
[M+H]"
4.0x10? - N\
2.0x102 ig l l ¢
0 1 (VAR §
100 200 300 400 500 600 700
Jfif LG
m/z
1.0x10° - (a)
8.0x10% -
B
oz
;?4: i:* 6.0x10% |-
5
[M+H-FAT+
4.0x10° - [EASHI
[M+H]*
2.0x10? - hl .
i B H §
00 ’\TulLIJl W b LLE Ll:l h .l\ liua L...J .I“im i & I
100 300 400 500 600 700
Jfar Le
m/z
(b)
1.0x10° |-
&Oxloz L /\/WW/\)L
2 600 é Bl

S
Intensity

[FA+H]"

4.0x10°

2.0x10?

0.0
100 200 300 400 500 600 700

Jfar be
m/z

(c)
4 SE &IEZFHRERE

Fig.4 Secondary mass spectrogram of each peak of SE
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234 SBEEBETT (SG) Bkt 7E SC my i H L
TE 2, W B4 Gl 5 2 D—NH g 4 25 1 ) 3 42 31§55
BEfY) C3 3k I, SG ] K figf A Bl 5§ ™, SG 4% 14
HIRFER W 4, iR 2850 (5 B, 75 X Hik
1T G 2w b, WA 1, 24 5] mlz

109.1009 ,m/z 135.1164 ,m/z 161.1324 ,m/z
175.1482 ,m/z 189.1645 ,m/z 203.1794 ,m/z
215.1804 ,m/z 243.2099 ,m/z 257.2264 ,m/z
273.2574 ,m/z 301.2880,m/z 383.3674,m/z
563.4326 %W Fr B 1 0 (& 5a), 5 A OC SCHER!
Fboxt, 5 W 0 5% R B 7 o 3R 6 R m/z
563.4326 N5y FE U, IHER LG 1 3
TS B AT (CuHs06) o LAY 2 1 [M+H-

161.132,0,m/z  189.1630,m/z  203.1787 ,m/z
215.1794 ,m/z  243.2099 ,m/z  257.2259 ,m/z
261.2568,mliz 2872730,mk 3153052,mk 3973832,
mlz 577.4461 %1% Fr 851 (€] 5b) , 45 4G AH 56 3C
MRS R 5 B4 S BEAE AT A, B BEE AT
() 8 A% bR B o B-4F B B2 ,m/z 577.4461 R 57+
B UL S 2 Sy B4 S B AR AT
(C3sHeOg) o Munger S5 DL 1 3 Foft {55 B At (14
FEFR M MS/MS 35 b = ZL YRR AF Il miz 147 F
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Fig.5 Secondary mass spectrogram of each peak of SG
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Fig.6 Secondary mass spectrogram of each peak of ASG
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Identification of Free and Bound Phytosterols in Cauliflower
by Solid Phase Extraction Combined with UPLC-Triple-TOF/MS

Feng Simin'??, Wu Sijie', Jiang Jiaping', Liao Jie’, Sun Peilong'?, Shao Ping'*
('College of Food Science and Engineering, Zhejiang University of Technology, Hangzhou 310014
*Key Laboratory of Processing Technology of Food Macromolecule Resources in China Light Industry
(Zhejiang University of Technology), Hangzhou 310014
‘Zhejiang Huacai Testing Technology Co. LTD, Shaoxing 311800, Zhejiang)

Abstract Phytosterols have been widely concerned for their efficacy in lowering cholesterol, anti—-tumor, anti-inflamma-
tory and anti-oxidation. In order to find out the composition of phytosterols in cauliflower, both free and three kinds of
conjugated phytosterols were separated by solid phase extraction, and then the species and structure of phytosterols in
cauliflower were identified and analyzed by UPLC-Triple-TOF/MS. The results showed that the free phytosterol (FS) in
cauliflower were stigmasterol, campesterol, lupeol and [-—sitosterol. Campesterol linoleate, stigmasterol oleate and B-
sitosterol oleate were identified as three phytosterol esters (SE). Campesterol glucoside and B-sitosterol glucoside were i-
dentified as phytosterol glycosides (SG). Acylated sterol glycosides (ASG) include campesterol glucoside palm oleyl ester,
campesterol glucoside eicosapentaenoic acid ester, stigmasterol glucoside linolenic acid ester, B-sitosterol glucoside eicos-
apentaenoic acid ester and B-sitosterol glucoside linolenic acid ester.

Keywords cauliflower; phytosterols; solid phase extraction; UPLC-MS



