5526 45 24 1) FESREAFZERE Vol. 26,No. 24
20204E 12 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2020

H T UPLC-Q-TOF-M S35 R4yt &k 10 B
FRSE Je FLA L 22 #hk b 2 il ) 22 7

%5 %, wWESE, B
(IFPEHRF HFR, L7 KiE 116600)

[(HZE] B0 & RO 655 - DU O - AT I A)E I BT 1S 2 (UPLC-Q-TOF-MS®) 4 AR 25 &5 UNIFL £ 4 /7 i A 77 ik
PR 3 A R S AR S AR T Y 22 S A 2 B DL SR LA B A e 0y o 7 R ACQUITY UPLC BEH C, (535 A
(2.1 mmx100 mm, 1.7 pm), 73 0.3 mL-min™, JEFE &5 2 pL, i s A 0.1% H R K I I (A ) -2 15 (B) B BE e B (0~11 min, 98%~
70%B; 11~15 min, 70%~55%B; 15~16 min, 55%~35%B; 16~20 min, 35%~5%B ; 20~20.5 min, 5%~98%B;20.5~22 min, 98%B) ;
B H IS 25 B VR (EST) , IE B8 1 K A X, o B 4198 3 1Bl m/z 50~1 5005 254 5 i/ 23 A (PCA) FiIE 22 i e /> — 36 32 -4 1) 4
B (OPLS-DA) - Fo AR S I BT )5 19 22 5 PR 43, OF R A i 5 22 Bk i A2 iy o 86 R 0020 S S h & A 64 R L 2 1L 4
A AR S8 B A2 A3, ML 5 A2 Bk 18 Tl Ak 2 Ji o3, AR S 5 Bk AD AR 92 22 SRR A 190, R E O R M TS IR
RRMBH IS . G WD T 5 22 53 Pk B A3 F0 Rk 22 k38 2 00 1 27 J8 40 45 SR 43 B, B0 e 08 92 RO AR S R IR B 22 P, TE 5
TR R T AR SR ) 20 B AT A ARSI 1 AL A 5 R R Sy A T Y S B AR

(R B8, 2RI M &8k UNIFLEUE R A5 i s ML 88 s 280 € 1 - DU AT - AT I i) R JG i 3%
(UPLC-Q-TOF-MS")

[hE43%EE] R22;R28;R943.1;0657 [Ef#RiIEFE] A [XEHE] 1005-9903(2020)24-0144-09

[doi] 10.13422/j.cnki.syfjx.20201551

[ o) 2% H R 3t 3k http://kns.cnki.net/kcms/detail/11.3495.R.20200509.1629.001.html

[M&HERARBEE] 2020-5-11  10:09

Analysis of Differential Chemical Compositions of Aurantii Fructus Immaturus
Before and After Stir-frying with Bran and Chemical Compositions of
Wheat Bran After Processing by UPLC-Q-TOF-MS*

PENG Fang-fang, LIN Gui-mei’, ZANG Bin-ru
(School of Pharmacy, Liaoning University of Traditional Chinese Medicine, Dalian 116600, China)

[ Abstract] Objective: To quickly analyze and identify the differential chemical compositions of
Aurantii Fructus Immaturus before and after stir-frying with bran and chemical compositions of wheat bran after
processing by ultra-high performance liquid chromatography-quadrupole time-of-flight mass spectrometry
(UPLC-Q-TOF-MS") combined with UNIFI database screening method. Method: ACQUITY UPLC BEH C,,
column (2.1 mmx100 mm, 1.7 um) was used for chromatographic separation with 0.1% formic acid solution
(A)-acetonitrile (B) as the mobile phase for gradient elution (0-11 min, 98%-70%B; 11-15 min, 70%-55%B;
15-16 min, 55%-35%B; 16-20 min, 35%-5%B; 20-20.5 min, 5%-98%B; 20.5-22 min, 98%B) at the flow rate
of 0.3 mL-min" and the injection volume of 2 pL. The analytes were determined in positive ion mode with

electrospray ionization (ESI) and data collection range of m/z 50-1 500. Principal component analysis (PCA)
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and orthogonal partial least squares discriminant analysis (OPLS-DA) were used to find the component
differences between raw and processed products of Aurantii Fructus Immaturus, and the chemical compositions
of wheat bran after processing were determined. Result: There were 64 compounds in raw products, 58
compounds in bran-fried products, and 18 compounds in wheat bran. There were 19 different components
between raw and processed products of Aurantii Fructus Immaturus, mainly volatile oil, flavonoids, phenolic
acid, coumarins and saponins. Conclusion: Based on the analysis of these different components before and after
stir-frying with bran and the chemical compositions carried by wheat bran, the stir-frying with bran can alleviate
the intensity of Aurantii Fructus Immaturus, which proves the necessity of stir-frying with bran for the

processing technology of this herb, and provides a comprehensive experimental basis for research on processing

mechanism of Aurantii Fructus Immaturus.
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bran-fried products;
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chemical composition; processing mechanism; ultra-high performance liquid chromatography-quadrupole

time-of-flight mass spectrometry (UPLC-Q-TOF-MS")
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Fig. 1 Mirror image analysis of total ion chromatograms of

different processed products of Aurantii Fructus Immaturus

VP L FIAT AR 8 10 6T 9 L AR i ) Y 22 S 1 2 1 o
HEFTHEE

1500
1000 .
A
500 A,
—_ 0 AL
o
= R o sz
-500 [ L - * BIPSL
-1 000
-1 500 . . . . . . .
-2 000 -1 000 0 1000 2000
1]
1200 o s
800 * BRI

400
0
-400

*
*
00‘)

1.062 55*to[1]

Ny

-800

-1200 + - + . - - - .
-2500 -1500 -500 500 1500 2500

1#1]

A.PCA;B.OPLS-DA
B2 AERELEH S UPLC-Q-TOF-MSFHIFEAIF S
Fig. 2 Score plots of UPLC-Q-TOF-MS® data from different

processed products of Aurantii Fructus Immaturus

3.4 BRI HTE 2 R g M
MassLynx 4.1 T 3% F1 UNIFIE0H5 4 & 36 VT fic 7
Ty il %o AR S BR AP 1T IS 22 5 00 1k 2 B oy R AT E M 4y
BT, [T X5 VIP A >1 9 22 5 5 35 ) Ak 2% Wy i AT 465
TS 0E o 2 SR S AR S R D AR S 19 A 22
T2 W TR s LR 1, ek A 1,2,5,6,
10, 12~15, 19 Sy #RSE A ] 7 2k 10 #1552 09 46 27 1L o1
AW 3,4,7~9,11,16~18 5k 40 F1 52 A [6] T 45 52
Ak 1 A o

Xt BA R RS P47 55 8 B0 3 BT
G T R, M T 5 F I IM+H] " m/z
195.054 1, % 4 [M+H - CH,0]" m/z 164.131 9 Fl
[M+H - C,H,0,]" m/z 124.093 3 %51 5 B 1, 5 3CHik
(13 4238 1 5z X B 20 18 1) 235+ — 0, o] HE % AL &
Yo BT B . G 8 M IE K, e T T
g [M+H]" m/z 151.103 9, &% A [M+H - CHO " m/z
122.018 2 fI[M+H - C,H,]" m/z 110.062 1 R &
T, 5 SCHR [ 14 T4 38 1 5 U5 B 5 Al — S, I Ak
YRR LAY 10 8 BEEI2E  HES T3 FI1E
[M+H] " m/z 595.197 6, &% A [M+H - C,H,0 -
C,H,,0,]" m/z 348.074 0,[C,H,0,]" m/z 287.094 3,
[C,H;0,]" m/z 153.013 2 45/ i85 7, 5 SCHk[ 15 14
TE ) AR 5 AL — B0, MO AL A W o M A
G114 W EFEGCRE ST T IEIMH] m/z
163.031 8, & A [M+H - O] 'm/z 147.041 8 Fll[M -
H,0]" m/z 144.130 8 & ¢ Jr &5+, 5 ¢k [ 17 ] 4 i
(9 <= T A6 TN TR 45 48— 35, AT IZ AL & W o < B A
WHE. a1 B, S+ & FiE[M+H]
mlz 577.436 1, & 4 [M+H - C,H,,]" m/z 445.051 6,
[M+H - C,H,0 C,H,0] * m/z 166.100 3,
[C,H 041" m/z 149.035 3 %5 i B 1, 5 3CHk [ 20 4
R B-BAE 45—, HENNZA S W o B-HH
N AN o A B W D A% G KU B R
g3 AR B W B 12 20 1 SCHR |, B T 7E UNIFI 0 % 45
Y S R RG2S A RS TR R S Tk
GREREE IR (V=
3.5 SRS 25 Bk A s O AT A SCER [ 22-
23190 #, AR S b B R Ak G W Y B A B A
22.45%~33.76% , EA7 PR A7 A 5 i 18 AR
FH o BRI S0 25 AL AT R 2 G e 2 AR AR S
tag 2 J M A LA AR 200 (LPS) 5 B
Mgl A, A IE S B e T 40 i 17/98 5 % T 40 i
(Th17/Treg) KM , W45 0 R WO AE Y . X T B i
PERr , R R e kb B si b i 2 JF H 2 5 3k

- 147 -



526 B4 24 W) PEXEAHFRE Vol. 26, No. 24
2020412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2020
F1 HELEHVRIHWERERSITH
Table 1 Differential composition analysis of raw and bran-fried products of Aurantii Fructus Immaturus
& . [M+H]" m/z S
i P k3 TR o B o ,
Y /min BLiRTAN ) WAL S/ppm TR 3k
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before and after processing

3.8 il )E & Ekp A o 2 H T UNITFT AR
SRR PR R L ) IS A AR Y o R AT O 1 S M E
G, HEBR AR AR rh AU HE JE B AR IR, 2015
AF R el 2 L) e B S B R R 3 O A e
2§ AL I3 T IR U 2 S NI = 5
LA AT BEME B/ 5 LU, O T T B A o o A v T
AE H LAY BSR4 7 B0 T 0, TEARED S5 RS L X

JEL T I Y 2 BR AT A O O R R R TR R SE R A
BRAEAT T — 08 B e, R E AR R, 5 AR
ST SE A B AR O . ZERAR B/NH R R
T B — DR W R KRR B RAIE T 2 Bk TR MDA
KRR T I 22 K 0 A 1R b R AN 25 4 ik 3 AR S
WA o G5 % T 18 Rk i o A 4 Fb
PRI, 4 Fh 55 0 28 543, 3 R Y R Tk R, 3 R A
e R 2 S 7 R T 05 N = =35,
W2,

[F] A Xof 0 ) e 22 K b g AR R A S W AT 8

BT, AW 3 IR RN, HE B
[M+H] " m/z 153.120 5, &% A [M - CH,| " m/z
138.122 7, [M+H - C,H,]" m/z 110.014 9 & F &
F, 5 SCHR[29 ] 4 8 B 53 ARUER 25 44— S, i 1k
AR R Ak G 8 S BT 2 ME 4 B
[M+H] " m/z 361.083 2, &% A1 W i B F [M+H -
CH,]" m/z 346.072 2, [M+H - O] “m/z 345.102 0,
[M+H - CH, - CH - O]"'m/z 317.069 2 5% , i T J& 1%
£S5 s i N | N1 R R TRE - A S I I 12
m iz 4 & % M 3,5, 6-trihydroxy-3', 4', 7-
trimethoxyflavone. k&9 13 M4 K&l , 4> + 5
FIE[M+H] m/z 221182 1, 5 AW H B F[M+H -
C,H,] "m/z 191.104 4, [M+H - C,H,,0 - CH,] ‘m/z
119.071 455, 5 3CHR [ 31 438 10 8L T F M 454 —
AT HEM AL S Y R AL T . G 1s &
b E R m R RN HME S TR
[M+H]" m/z 415.386 7, &% A5 [M+H - CH,,| " m/z
330.041 2, [M+H - C,H,] = m/z 274.151 3,
[C,H,,0] " m/z 114.094 1 % F & 1, 55 % ik
(15,21 [4R8 BY B-4 5 M 25 40 — 2, e itk & 9
N B-A B, A A A G AR B BT A i
B SCHR B ZE R AT E R 2%
3.9 BUSEERAD AT 5 5 0 I 22 2R W] 43 e N T
R e B R B S S I S 22 Bk A R Ak G
Wy A i) 7 TR R LA S R KT Y 0 e R BB R, AT
X AR s AT 5, LR 3,

MR3IAH, K2 bEW1,2,4,8,18 /8
JG A BRI AW 6,11,14,16 I 5 2
RN AR b AR S SR I M T S 22 AR Yk A
53 i 8% U AR SO0 T TS Ak 2 AT I 25 . ELXT
T 5 22 2RI AL S U S5 R I T R
CIWER T g i oA 1L TS T i B UK K i D )
2 5K 5 A i B S TR R 43 o iy TR A 45 R i AT 4
B, 35 RS B AR 28 0 22 S LA EH B, A

- 149 -



526 B4 24 W) PEXEAHFRE Vol. 26,No. 24
20204 12 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2020
F2 BEEEHFNLERS DN
Table 2 Chemical composition analysis of wheat bran after processing
L& [M+H]" m/z 2%
tp/min H R ¥ M A .
”r“”J WM SEUE S/ppm Sk
1 098 1,3, 5-trihydroxy-10-methyl-2-( 3- C,,H,,NO, 326.1314 326.1305 -2.8 295.0106,257.018 7 -
methyl-2-buten-1-yl ) -9 ( 10H ) -
acridinone
2 1.02 cis-head-to-head-limettin dimer CpH, 0y  413.1158  413.1147  -2.7 347.0429,110.037 0 [10]
3 3.43 #IHLER piperitone C,H,,0 153.120 1  153.1205 2.3 138.1227,110.014 9,96.051 1 [29]
4  4.68 aurapten CH,0,  299.1568 299.1569 4.7  204.071 2,164.033 4,136.085 2, [11]
108.054 2
5 7.08 AJE7-KFRHH BB JEE ribalinine  C;H;NO, 260.1208 260.121 3 1.7 244.141 0,154.033 4,92.052 0, -
86.031 0
6  7.28 (E)-ferulic acid C,,H,,0, 195.0579 195.0579 0.2 164.1319,124.093 3 [13]
7 7.53 decanoic acid C,,H,,0, 173.1463  173.1469 3.1 158.0745,128.071 2 -
8§ 952 3,5, 6-trihydroxy-3' , 4 , 7-C,;H,O,  361.0845 361.0832 -3.6  346.0722,345.1020, 317.0692, -
trimethoxyflavone 287.058 9
9 10.65 4F K — W & — T @8 di-isobutyl C,;H,,0,  279.1518 279.1532 4.7 178.0264,151.048 8 -
phthalate
10 11.44 o-PEE i ff a-cubebene CsH,, 205.1878 205.1875 -1.5 190.0812,163.1322 [30]
11 1235 4',5,6,7-tetramethoxyflavanone CHy0,  345.1259 3451259 -1.4 314.1151,238.038 2 [16]
12 1674  6,7-"R¥EEMF K6, 7-dihydroxy C,H,,0,  373.1572 373.1576 0.7 318.1139,255.110 7 -
bergamottin
13 17.24 %4k T M caryophyllene oxide CsH,,0 221.1827 221.1821 -2.6 191.1044,119.071 4 [31]
14 20.20 B-daucosterol C,H,Of 5774389  577.4382  -1.4  445.0516,420.256 8,166.100 3, [20]
149.035 3
15 20.43 B-# {ii B B-sitosterol C,,H,,0 4153861  415.3867 1.3 330.0412,274.151 3,114.094 1 [15,21]
16 20.67 hexadecanoic acid C,(H;,0, 2572402 257.2411 3.5 242.0633,212.092 8 [21]
17 21.05 didymin CyH,, 0, 5951948 5951953 0.6  434.1521,288.0919,162.063 3, [32]
154.011 8,134.064 5
18 21.18 3,8-di-C-glucosyldiosmetin C,Hy,0,, 6251690 6251680 -1.6 373.0910,355.088 6 -

SR i 0o 1 i O T R R T SR 2 1 B 2 R
SRR 5 A i 26 R o3 I A 2 i B i - T L
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T P O 23 A0 6 0 o0 AR M A 2o AR v 5 AR S AT A
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Table 3 Comparison of response areas of common compositions in wheat bran after processing, raw or bran-fried products of Aurantii

Fructus Immaturus

LY ATTEA
S W)
ez LR E JEL ) ) e Bk
5 di-isobutyl phthalate 47 586 8559 2260
a-cubebene - - 3125
caryophyllene oxide - - 16 201
piperitone 8398 1 044 2 824
T [l 3,5, 6-trihydroxy-3',4', 7-trimethoxyflavone 3460 - 3211
3,8-di-C-glucosyldiosmetin 1486 - 1 696
4',5,6,7-tetramethoxyflavanone - 36072 2248
didymin 276 938 5805 1940
= Wy ribalinine 1604 14 070 2191
1,3, 5-trihydroxy-10-methyl-2-( 3-methyl-2-buten-1-y1)-9( 10H ) -acridinone 3533 - 1977
iR (E)-ferulic acid - 5581 4124
hexadecanoic acid - 7336 12 353
decanoic acid - - 3266
HE aurapten 19 816 - 1483
cis-head-to-head-limettin dimer 207 545 - 2692
6',7'-dihydroxy bergamottin 2422 8922 18 669
B B-daucosterol - 4481 4928
B-sitosterol 22254 5105 1 694
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