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Abstract ; Rice is a major dietary staple in many communities owing to its high nutritional value

and characteristic aroma. Oryzanol, a mixture of ferulic acid esters of triterpene alcohols and
phytosterols, is a major group of phytochemicals found in rice. 24-Methylenecycloartanyl feru-
late (24MCA-FA) , cycloartenyl ferulate (CA-FA), and campestanyl ferulate (Camp-FA) have
been identified as the primary components of oryzanol. At present, for the quantification of
oryzanol in rice and rice products, UV spectroscopy or high performance liquid chromatography
(HPLC) is widely employed. However, these methods cannot differentiate individual oryza-
nols, resulting in higher measured values. To extract oryzanol, methods including liquid-liquid
extraction, acidulation extraction, and direct solvent extraction have been typically employed,
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as they do not require specific extraction instrumentation. However, there has been no system-
atic study on the direct solvent extraction and purification conditions of oryzanol in rice. In this
study, a rapid and accurate analytical method based on HPLC-MS/MS and mixed-mode anion
exchange ( MAX) solid-phase extraction was established to determine the content of three
oryzanols (24MCA-FA, CA-FA, and Camp-FA) in rice. The MS parameters, such as the colli-
sion energy of three ion pairs of each oryzanol, were optimized. Further, the chromatographic
separation conditions and response intensities of the oryzanols in different mobile phases were
compared. The effects of different pretreatment conditions on the extraction efficiency of the
three oryzanols in rice samples and different purification conditions on their recovery were in-
vestigated. Combined with the external standard method, the three oryzanols in rice were suc-
cessfully quantified. The results showed that the baseline separation and highest response for
the three oryzanols were achieved using the Agilent Eclipse XDB-C8 chromatographic column
(150 mmx2. 1 mm, 3.5 pm) when methanol : acetonitrile in a 1:1 ratio (v/v) and an aqueous
solution of 5 mmol/L ammonium acetate were used as the mobile phases for gradient elution.
The extraction rate of the three oryzanols was highest when using 2.5 g of the sample, adding
20 mL of methanol, soaking for 12 h, ultrasonicating at a temperature of 40 C for 20 min, and
centrifuging the extracted solutions at 4 500 r/min for 10 min. The samples were purified by
MAX, and the sample matrix effect was found to be lesser than 1. 6%—10. 8%. Under the opti-
mum conditions, the calibration curves of the three oryzanols showed good linearity ( correla-
tion coefficients 7 =0. 998 3) within their respective linear ranges. The limits of detection were
in the range of 0. 5-1. 0 pg/L, and limits of quantification were in the range of 2. 0-3.5 pg/L.
Accuracy and precision experiments were performed on rice samples spiked at three levels (2,
5, and 10 times the background concentration), with three replicates. The average recoveries
of the three oryzanols ranged from 86. 1% to 110. 6%, and the relative standard deviations ( RS-
Ds) were between 0. 9% and 3. 2%. The method showed good performance when applied to the
analysis of real samples. In conclusion, the developed method can determine the content of the
three oryzanols in rice quickly and accurately, and can be used for the subsequent measurement
of oryzanol compounds in rice.

Key words: high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/

MS) ; mixed-mode solid-phase extraction; oryzanol; rice
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do, 3£ [ ) ; Milli-Q 8 4fi 7K {¥ ( Millipore, 3£ [{ ) ;
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=96% ) ; 56 % FHK A Milli-Q #84ti/K, FH T
FRAE A ) FR e K AR RIS T i BH SR A T 7
1.2 fREB BRI H

B R V5 V0 B B . FH 5 DS B BC ) Camp-FA it
FEYEEE A 100. 0 mg/L, CA-FA F1 24MCA-FA i &
WRESN 1000. 0 mg/L WIARHERE A, T-20 TR
AF o 0 W — i e P B v A VR, Y R e o) ot
HIREE 1.0 mg/L IR GHRIEAI , B T-20 TR,
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131 #FHRR

FRELZ) 2.5 g BEART 100. 0 mL 2045 TR imA
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B 12 h, i E 58 5 S AR IR B Dl 40 T A&
7 20 min, X 4 500 r/min B> 10 min, B 10. 0 mL
FWEWRAE R T, 30% F K IR TR (S 1% &
K)ELRZES. 0 mL, gk,
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B IR ZMKUOE 5.0 mL FIEEHTS. 0
mL 1% ZK S 0I5 B9 MAX [ AH 2 B0k, F-55
SIS, 0 mL 1% ZA /KA 5.0 mL T BE L, 5
JE 5.0 mL 7 4% FH R Y P B TR e, WG4 v it
W, I W E 2 E 10.0 mL, B W W, i 0.22
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{03 # 4 Agilent Eclipse XDB-C8 ( 150 mm x ] CATA
2.1 mm, 3.5 pm) , FizshAH A 5 mmol/L ZR%E: , f 6
f}ﬁﬁ]*ﬁBﬂﬂﬁE‘@ZH%:lI(V/V),?}-ﬁﬁ()?)s g i Camp-FA
mL/min; #E6 45 C; JERERE2.0 uL, BREZZEMERE 5 ]
FF:0~3.0 min, 20% B ~95% B; 3.0~ 14.0 min, |
95% B; 14.0 ~ 14.1 min, 95% B ~20% B; 14.1 ~ :
20.0 min, 20%B. 0
8.5 11.5
1.4.2 U4
ST e o NS _ 1 R=1.18
H A S5 L B TR TR (EST ) 3 o1 b ]
S E ST (CUR) « 210 kPa; B35 Hi JE (IS) « —4 500 : CAFAY
VB FURIRE (TEM) : 450 C; Z L SHETI(GSL) . 2 o
310 KPa; 5Bk J1 (GS2) . 240 kPa, £ )% > ]
y I R Z 44
Jo7 Wi ( MRM) #E2R 42, Analyst 1. 6. 3 # {4 R 458 5
N3 AY N A ans :
OB MBS SRS TR R AR 1, 5] 24MCA-FA
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Table 1 MS parameters of the three oryzanols under the 04+t
multiple reaction monitoring (MRM) mode 10.0 10.5 11.0 1.5 12.0 12.5 13.0
Parent Product . Collision
Compound ion ion Declustering energy/ ] ¢
potential/V 81 Ry=121 R,~129
(m/z) (m/z) eV ]
Campesteryl ferulate 5754  560.4" -50.45 -51.46 § 6] A_FACamp-FA
(Camp-FA) 193.0 -50.45  -49.25 I
Cycloartenyl ferulate 601.4 586.6" -56.86 -55.60 E‘ 2]
(CA-FA) 1750 -56.86  -55.89 g
24-Methylenecycloartenyl 615.5  600.5* -63.45 -56.64 = |
ferulate (24MCA-FA) 175.3 -63.45 -58.28 2i
* Quantitative ion. il
[T o+ 7T
2 ZFERET 10.0 10.5 11.0 115 12.0 12,5 13.0
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YR WG Y, H Agilent Eclipse
XDB-C8 a3t o ik 15 B G 2 e 02 1l 81 8 A,
BE SR T\ 5, H/NTF ik S 1A, R B 3
T 5y Br g5 i PE A& 9, ik £ Agilent Eclipse
XDB-C8 itk R 3 i R oy B A, BYE R
TER I OGP R BOu g T AR O B A
CHEVE R Eh A B R 3 Fh4s 4 40 55 1 K (0 3%
WA L, WE 1a FiR, S shH B S CHEET, &
T 2 B A I S A B S I TR R B LA SR X R B
%, H 24MCA-FA (o350 AR 5 anEl 1b AT, 4
TLBAH B Sy W BEI (0,3 06 B I G BT B0 06
TERFR HAE0, H 3 Fh 4 4 5 1 s 30 0 G 4o 3 i
R4 Camp-FA Fil CA-FA 7 LW/ BN R, =
1.05,Camp-FA Fll 24MCA-FA 7 B i R, =

t/ min

1 AEFEzEB X IHBLEZNBERBILIEN N
Fig. 1 Influence of different mobile phase B on the
resolutions and chromatographic peaks for
the three oryzanol
a. acetonitrile; b. methanol; c. methanol : acetonitrile =1 :1
(v/v).
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PR 4RI, ] RS HAF AR EUSCR | (E Bl = % 2 B
RS R R R GG, Bk, &1t 5 & 4 K
- Ly (47) A IE 32 S50 5 5245 TR 386 4 2 3R B AL
RAFZI . PREL 2.5 g FEah, 23 FEAS [RDBHE LE (BD
FE 5 B S PR BOR AR R, g¢/mL) (1:15,1:20,1
125 .1:30) FEHUK (85% .90% .95% . 100% HI ) 1=
MR (6,912 15 h) AR (35,40 .45.50 C)

FIFE R ] (20,30 ,40 .50 min) f 2544 FH2HL,

M 2 22 R B K/INAT S0, £ 30T 3 Fpar 4
F PRI 052 WA R IR R - B O BB 5 5>
R [A] SRR L > R B ) > B R B . DL 3 R
RPN S FE A8 IR, 5 AR B AL HR R
HE R 1:20 (g/mL) | FF RT3 %L 100% |
IRUIIFE] 12 h R IR 40 °C UK A A 20 min,

F2 EXXHHER
Table 2 Orthogonal test results
No Solid-liquid ratio/ ¢ (Methanol)/ Soak Ultrasonic Ultrasonic Camp-FA/  24MCA-FA/ CA-FA/
(g/mL) % time/h temperature/ C time/min (mg/kg) (mg/kg) (mg/kg)
1 1:15 85 6 35 20 0.36 2.66 1.10
2 1:15 90 9 40 30 0.42 3.46 1.42
3 1:15 95 12 45 40 0.53 5.10 1.93
4 1:15 100 15 50 50 0.52 3.45 1.31
5 1:20 85 45 50 0.30 2.30 0.91
6 1:20 90 6 50 40 0.58 4.56 1.80
7 1:20 95 15 35 30 0.50 3.94 1.55
8 1:20 100 12 40 20 0.63 6.16 2.24
9 1:25 85 12 50 30 0.28 3.24 1.34
10 1:25 90 15 45 20 0.38 3.82 1.56
11 1:25 95 6 40 50 0.50 3.50 1.37
12 1:25 100 9 35 40 0.50 3.22 1.25
13 1:30 85 15 40 40 0.29 2.31 0.95
14 1:30 90 12 35 50 0.47 3.68 1.47
15 1:30 95 9 50 20 0.49 3.19 1.25
16 1:30 100 6 45 30 0.56 4.30 1.63
K, 5.56 4.01 5.73 5.17 5.96
K, 6.37 5.90 4.67 5.85 5.66
K, 5.24 5.96 6.77 5.83 5.75
K, 5.15 6.44 5.14 5.5 4.94
R 1.22 2.43 2.09 0.65 1.02
222 HAEHEHRL
MAX B Ao s aifb s ke &9, % T 15 —=— Camp-FA

BHERFIR S R, R A MAX ZE IO 4k
PERGR . B 5.0 mL HEEFD 1% 2K i1k MAX
IR, L 30% .40% .50% 80% S /K VAU (& 1%
K ME R LR 2 BIECH] 5. 0 mL ot vk B Ry
100 pg/L MRS PR EAE Lt 3 Fhar4E R )
TR G R o B 3 R A 4E R AE MAX
FEPAEZEB RN, G5 R WE 2 Frn, 2 LR
7 30% HI K I W (2 1% Z K ) I, 3 Fh 3 4 = %
BRI <1% , Bl AE W AR R N, 2838 3208
FhiE, iR 3 P4 R e 5 4 R H T MAX A1
FE B E L REIAT R 30% FHBE K (7 1% 2K .

[ S ORAIE 3 R A 4t 3R BB 58 R UL, B 58 &
1% 2% 4% 5% H 12 (1% 12 5 O 80 T[] Mg 38 ) 5%
M, Hr Il 3 25 SRR B, 3 R 4 25 1) [l KR Bt 7

1 —®—CAFA
1 —A—24MCA-FA

Penetrability rate / %

50 60 70 80

o(Methanol) / %

H2 REREERS M RSN 3 MasE
FERGHI (n=3)

Fig. 2 Influence of loading solvents with different

30

volume fractions of methanol on the pene-
trability rates of the three oryzanols (n=3)
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Fig. 3 Influence of eluents with different volume
fractions of formic acid on the recoveries
of the three oryzanols (n=3)
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2.3 ER¥M

FE UV SRR AERE S e SRR vh o T4
DA A 47 5 1) A7 A sl HE A A 3 b2 TR 3R
V) 422 52 M) 5 T PRI, AT 552 W 5 000 490 Wi 37 5 32 14
PR ARSIEG SR 1.3 7 R4 B 43 ) &
G RE S TR R AR IS R S, 4 S DA
P R BRI R L IR ORE SV RO 7]
e TR A o i 2 RN R b o i £, 3 ok A X ME =
(J5 T o 1 4 ) bR/ 5 R0 s o TR A R - 1)
100% T155 3 P 2 28 i LR , AT 56 o v 2%
FAT T s 2 d A 4 T R LT CA-
FA ) ME 2} 53. 1% 30 A 56 5T 4% 58 %007, 24 MCA-
FA [) ME “A—22. 0% %88 A 3 0 i 200 5 AL s
3R YEER ME N 1. 6% ~ 10. 8% , FF fi 1) 35 5 %4
VS, 2 AR i 6 U AT 0 RS2 i 5 /)N
2.4 fREMZE BXRHF WHRFESR

W 3 Tl Ak 22 T 1l 2R B B AR I TR
DAREI A i B AL bR, T iR B (ug/L) St A
WR2hlbrrE 2R g5 a3k 3 fr7s, Camp-FA | CA-
FA 7£ 1.0 ~ 500.0 ng/L F1 24MCA-FA 7£ 5.0 ~
1000. 0 wg/L Ju Bl N 2 RAFMZME LR HHEREL

4 FERTIMAHRERUE.EHE R
Fig. 4 Matrix effects of the three oryzanols in rice
before and after the purification

(r’)¥=0.998 3, LI 3 Fi 5 4 2 8 1 &5 (0 i i
FIMEME L (S/N) A 3 A1 10 HTE A H R (LOD) #15E
HIR(LOQ) , Z5HR KM, 3 Fiss4E K1 LOD 4 0.5
~1.0 pg/L, LOQ }2.0~3.5 ug/L,
2.5 MARERNBITIRAERZE

B AR AR T AE & AR, A2
ISR T I E R K v 3 RS 4k K AT AT, LA
PEHE 3 M E R AR & B D B RK L R (P
722) AT BSGE:  InbR A R R 3 Ay
EZANE SR 2.5 F110 f5, 2 1.3 55 Baiab
HORAKEEENE 3 K, HE 4 4580 H,3
BUEE BT A 86. 1% ~ 110. 6% , AH X bk 1
P24 0. 9% ~3. 2% , FRIAA T7 1 HAT R4 rY e 2

x4 BAPIMBLESHOMRERERIBEEE (n=3)

Table 4 Spiked recoveries and RSDs of the three

oryzanols in rice (n=3)

Background/ Added/ Found/ Recovery/ RSD/
Compound

(mg/kg)  (mg/kg) (mg/kg) % %

Camp-FA 0.3 0.6 0.96 110.1 2.6
L5 1.76 97.6 2.1

3.0 3.17 95.5 1.0

CA-FA 0.5 1.0 1.58 108.5 0.9
25 2.65 86.1 1.3

5.0 5.27 95.5 2.1

24MCA-FA 2.5 5.0 8.03 110.6 1.6
12.5 14.52 96.2 3.2

25.0 28.40 103.6 3.1

R3 IMEERMEMEFTE LEEE BAXRY AHRMEER

Table 3 Linear equations, linear ranges, correlation coefficients (r?), LODs and LOQs of the three oryzanols

Compound Linear equation Linear range/ ( ng/L) r? LOD/ (pg/L) LOQ/ (pg/L)
Camp-FA y=2.45x10°x+1.21x10* 1.0-500.0 0.9991 0.5 2.0
CA-FA y=2.31x10°x+6.33x10° 1.0-500.0 0.9992 0.5 2.0
24MCA-FA y=4.24x10*x-9.44x10° 5.0-1000.0 0.9983 1.0 3.5

y: peak area; x: mass concentration, pg/L.
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Table 5 Determination results of the three oryzanols in the actual samples

I, ZITER R P A e R IAL S W & p I E R
HZEAEH,

No. Species Sample name Camp-FA/ (mg/kg) 24MCA-FA/ (mg/kg) CA-FA/ (mg/kg)
1 conventional Indica rice Zhongzao 39 1.68 17.19 3.08
2 Huanghuazhan 2.92 25.57 5.50
3 conventional Japonica rice Jia 67 2.06 17.19 9.28
4 Indica Hybrid rice Zhongzheyou 8 5.57 42.51 8.95
5 Huazheyou 1 3.07 25.48 5.39
6 Japonica Hybrid rice Jiayou 5 2.49 24.70 6.89
7 Indica Japonica Hybrid Yongyou 1540 3.90 32.49 6.44
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