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Analysis on chemical constituents of fruit of Chaenomeles speciosa by
UPLC-Q-Exactive Orbitrap-MS

SHENG Jie-ying', ZHOU Hong-lei', ZHOU Qian?, SUN Li-li*, JIANG Hai-qiang', ZHANG Shi-ming’,
GUO Feng-xue', HOU Li-jing’, ZHANG Cui-shan', DONG Shu-hong'

1. Shandong University of Traditional Chinese Medicine, Jinan 250355, China

2. Shandong Academy of Traditional Chinese Medicine, Jinan 250000, China

Abstract: Objective An ultra-high performance liquid chromatography coupled with hybrid quadrupole-orbitrap mass spectrometry
(UPLC-Q-Exactive Orbitrap-MS) method was developed to rapidly analyze and identify the chemical constituents from the fruit of
Chaenomeles speciosa. Methods The analysis was performed on a Halo Cg column (100 mm x 2.1 mm, 2.7 um) by gradient elution.
The mobile phase consisted of 0.05% formic acid-acetonitrile and 0.05% formic acid-water at a flow rate of 0.3 mL/min. The column
temperature was at 40 C. The information of the compounds was acquired in positive and negative mode. Results Totally 25
compounds were identified, including five kinds of free amino acids, 11 organic acids, two glycosides, three flavonoids, and four
triterpenes. Conclusion The established method is accurate, rapid, and sensitive, which provides a reference for further clarifying the
material basis of its efficacy and the selection of quality control indicators.
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Fr Iz HIERFER  (UPLC-Q-Exactive Orbitrap-MS)
FORE UM EARBEAT 2853 34T, RIS AR X HEE
IR, S i) — . —RREEdE AR R
Bl FEUCRC AN 226 30wk, PR R B R, B AR
AN D I R EA TR SR 2R
1 UESHH
1.1 {488

UPLC-Q-Exactive Orbitrap-MS PUZAT-& Hi 37
HUB B2 PR IS4 . Ultimate 3000 38 i R00AH (4
R (R RBHE AR, E£E)D; Halo-Cis
BigHE (100 mmX2.1 mm, 2.7 um, AMD A7,
FHED; KQ-250E AU IHBEAT CE Lk A A
A RAF]D; CP225D- /54y 2 — ¥ RV (Sartorius
AG ], HEED,
1.2 k7

g, 2 (Fisher AF]); ZZM/K (JRE
IRAFD; X JELAEIR (IS PRF8032441, Jit
BHOH98%). FFER (LS PRF7022322, Fi&E4)r
95%). IR (L5 PRF7121942, i
98%). ZEJEFR (Ht'5 14811207, &% 98%)
PN T RS B AR T KA PR A ] s % B 5538
BEE (S Q-003-110225, JRE/>% 98%). HE
R (45 X-006-110812, JF =541 98%) 6T %,
G BAYRAA IR A F s X RS (S
110B022, JmD% 98%) ML REEREH
BRAT; SRS L ZSEy (kS C26)8Y38642, i
388 98%) 1T BRI AR AR A F s X HE
T (IES 100080-200306, JFEEEL 95%)
F ] 24 A R AR
1.3 #Ht

HAMZH (JIE5 20161001 W H Z#UE3H
IR M KA IR AT, S RPEYREE
R FWEHIZE E NARIN Chaenomeles speciasa
(sweet) Nakai IR, BEAJNK A il 44 775 BUE
ARIRZGHF, FE (ChEZGHL) 2015 SERRTEE, Paid, T
%, Vldih, WTRIMSSKEA T M, JMRERA G,
BAMNRGES . PIHARLL R, SHRIER, RIR.
2 FHE
2.1 ®IEEHG

%4 N Halo Cig#t (100 mm X 2.1 mm, 2.7
um); AFUREN 0.3 mL/min, #3540 C, #EFf
50 uL, WiEhH A 9 0.05% H R KAWL B 4 0.05%
HR G BEEEYEL: 0~15 min, 15% B; 15~

22 min, 15%~40% B; 22~60 min, 40%~90% B
60~60.1 min, 90%~100% B; 60.1~67 min, 100%
B: 67~67.1 min, 100%~15% B; 67.1~70 min,
15% B.

22 JRiEEH

BRI 2. B 1K HESIL; B4 H
JE 3500 V; BAEEE 350 C; YHNTEEE 350 C;
G RAETEE m/z 80~1 000; Z2#FFE N 70 000;
S-Lens RF Level }y 55, B PRI &4 BT
J HESI; B0 H % 3 000 V; B R E 350 C;
JRWIRFE 350 °Cs B REJEHEl m/z 80~1 2005 4
#E% 9 70 000; S-Lens RF Level 4 55,

23 HiXmAEGRR &

BEART AL 025 g, FEERE, HEMA
T5%FHEE 10 mL, PREFiE, HA L 30 min,
FRRFRE R, H 75% F AR 2 080k i =, 8,
JEVL 0.22 um JEME, B
2.4 NEBEAGSE

Or RS RO . R LR . SRR
RERTR. R, L&EM. R, SRR, &1
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25, A& X IR A AV, TR R R TG
TS A5 TR A SR A R RS R, BT 4
CLRAT
3 ERARFEUERSHEE

R A SR A VA VB TR At B B i 2, 9%
“2.17 TUF B E KT T, A RIREIE. £
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2. MR Xcalibur TH5 H 1 70 FRAG 1 T B4, 4 5K
Bl 15 B AR S 201 I e 5 BV AR N 43 1 R
ZNF 5X107° (RN R FAL R L, e &0
TGS AL S o P AR EE AL A R 25844k
LA EHRERE (BEPIECAR. s
WA > T i CAS 5D, 5706 B i — 2%
JRIERE, B SCEREE R, PR IE T AE AL
By e BB AT FRHERT H 25 Bk sy
LRI BRI S Py A HLERZS 11 F. TR 5 FhoA
= 4 Al I 9 R R e R HEAT B
BRI o B DT Ak 25 By (P AR T CR BE B R) L AH
TR e — PR A & g R e
FETFIE L.

3.1 FEERE
B4 [A]E 0.69~1.44 min, F& 7HRT,
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Fig. 1 Positive (A) and negative (B) UPLC-Q-Exactive MS

base peak ion flow chart of fruit of C. speciosa

RIEFRIE Y T 3B i [MAH] AR E R, S2
5o R IIE B N R R K 2 B R Ok 2
NH; #1 COOH Ef, OH, 5 3CHRIEPHISF, 4tk
PR, JLHEWTH 5 FhaEERR, 7l R AR
AR MAR. RNARMTEIR. LL 5 ST
NI EPING], 7B 132,102 17 [M+H] =
[ERAIS, k2 COOH Ml NH; JERUEAE E [ 86.097 05
[M+H—COOH]". 69.070 69 [M+H—COOH—
NH;]". 57.034 29 [M+H—NH;—CH] % /5 1,
m/z 69.070 69 &1 1] {E s Re Al A T = A — R A+
FEHBUR 7B 1. 28BS R, 454 SciikiEt,
HEWT 5 50T B A VAR
3.2 BB

s TR, KER 7 A ALK Or B8 I [R) £E
0.99~2.71 min, VTR B BT[] 7E 32.34 min.
LR B A] 0.99 min 53 m/z 117.017 94 ) [M—H]
FRitES, BB m/iz 99.007 30 [M—H—H,0]
73.027 92 [M—H—CO,] -~ 55.017 37 [M—H—H,0—
CO,]» Z5& CHvfaE™, M ABRIR. A%
IFEJZE 1.03 min 753 191.055 40 [M—H] . 173.044 82

[M—H—H,0] . 85.027 96 [M—H—C3Hs0;], %

BSCHARIED, HEMHONZE R . (B R LE 1.05
min 755 173.044 56 [M—H] i {55, A BT
4 155.033 69 [M—H—H,0] . 137.023 13 [M—
H—H,0—H,0] . 111.043 74 [M—H—C,H,05] .
93.033 04 [M—H—CH,04] , 45& %58 5 K SRk
B, HENHCAZERRR . RN AR 1.13 min 753
m/z 169.013 32 ¥ [M—H] Fiik(55, HI 151.002 59
[M—H—OH] . 125.023 12[M—H—COO0] , 45& X
RRIRGE!™), HE OB TR - AR B I ZE 1.14 min
i, HEL m/z 191.055 30 [M—H] iz 5, BHAE
TN 173.044 51 [M—H—CoHoO4] ~ 161.023 30 [M—
H—CoHgO4] > &5 45 X i B2 STk I Pl 3L A
RS o AR BH I AILE 1.17 min, 733 m/z  153.018 20
1) [M—H] 55, BH B4 109.028 06 [M—
H—CO,] +91.017 32 [M—H—CO,—H,0] .81.033 01
[M—H—C,05], &4t IR s fociriag!™, e
FORFILETR o R B B[R] 7E 1.35 min £33 179.034 09
[M—H] &S, WA EFH 135.043 87 M—H—
CO,] ~ 107.049 4 [M—H—C,05]", Z5& IR & KL
RATRED O, SR A INHERR . R B I RIZE 1.57 min
4% 137.023 21 [M—H] . 119.012 60 [M—H—
H,0] . 108.020 33 [M—H—COJ , 4i& CukipiE!?,
HEMFOHREOR R . (REEEHETE 1.77 min 732
291.086 18 [M+H] (55, A BTN 273.076 48
[IM+H—H,0]". 207.065 35 [M+H—C,H,0,]".
189.054 14 [M+H—C,H,05] "+ 177.054 58 [M+H—
CsHe03]"+ 165.054 61 [M+H—C¢HgOs] "« 161.059 75
[M+H—CsHgO4] . 147.044 05 [M+H—2H,0—
CeH40,]" 139.038 97 [M+H—CsHgO5]", 454 3CHik
A, A LR . AR IAILE 2.71 min 155
367.103 85 [M—H] i {55, A5 T4 191.055 68
[M—H—CoHgO5] + 179.034 19 [M—H—CgH,,05] -
135.043 91 [M—H—CoH ;0] « 93.032 73 [M—H—
CyHOs] s S5 SCiRaE!™, e Ay 44 5 e F
Fig. fRBEFIAIZE 32.34 min 753 281.247 53 [M+
H] RS, WA E TN 263.236 76 [M+H—
H,0]". 221.226 53 [M—COOH—CH,]". 179.143 25
[M—COOH — C4Hg]"+ 165.127 29 [M— COOH —
CsHyo]"» S5&SCHRARIE!™, HEM NI IR .
33 HEEEE

FETRET, CREAWTAICE 3 min, 331 609.146 79
[M—H] Jii%ES, #5858 300.028 08 [M—
H—C,H,,00] « 271.025 27 [M—H—C3H2,0,0] -
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93.032 69 93.033 2
A
7302762 73.02789 | 111043 74
TIEGE St o 0221575103;7032043 91 o048 6 O T4 o313 173.044 56
61.986 48 3»0““‘83‘ | ‘129 017 4? ‘ ‘ R “ 0 ‘9‘94007}26129,0}7%1 ‘ 155»‘033 69
50 70 90 | 110 | 130 | 150 170 190 5070 90 110 130 150 170
m/z m/z
191. 054 7 191. 055 3
B
85.02762  161.022 86
o 12nossar " EeR, . 027192127038 68 173.04451 26818088 ‘
T T T T T T T T : : ; A, : : : : :
S0 100 150 | 200 250 | 300 350 30100150 200 | 250 | 300 | 330
m/z m/z
109.017 66 109.028 0
c
153.017 65 153,018 20
65.037 89 81.032 89 [120.6297 65.038.1081.033 01108.020 24 133 013 95
60 80 100 120 140 160 U6 80100 120 140 160
m/z m/z
135.043 43 59.012 28
D 71.012 26
179.033 49 89.022 87 135.043 85
134.035 60 179.034 26
91.053 58 107.048 97 1136046 72 ‘ Tor9ag 11902287 |
60 80 100 120 140 160 = 180 60 80 | 100 | 120 | 140 160 | 180
m/z m/z
609.144 5 271.02527| [300.028 08 609.146 8
300.026 89
E 271.024 20
301.034 42 255.03000 | B01.035 37
255.029 11

151.002 00243.02 4272562
10701201 ”309? 343.0457  485.6904

151.002 56 243.029(7

107.01257 | 1| p43.046 4 450638 9
50 150 250 | 350 | 450 | 550 so ' 1s0 250 30 aso | sso
m/z m/z
287.055 21 287.054 87
F
15301842 519054 82 81.070 56 215.179 69
81.03422121.02885 18902895 258,052 15] L 105“07‘933‘ 153.01842 ™ " 95120010 |
T7577100 125 150 175 200 225 250 275 50 75 100 125 150 175 200 225 250 275
m/z m/z
4713467 471348 4
G
61.98659  170.882 51 132.866
| 12690104 25485574 325254 33407‘ 3309 7104873 249.529 22 319.096 8 407.3321 |
60 50 %0 240300 360 430 4% 60 120 180 | 240 | 300 360 420 480
m/z m/z
4113615 411362 1
H 95.086 00
: T 39.356 4 95.086 02 163.147 98
107.085 09.179 21.101 3 203.179 32
31.210 8
H \ 2312“’0429725723 ‘ \l\ f ‘F 29725 54 | ‘
bl " LB sty | ALl 297258 543410850, ‘
60 120 180 | 240 300 360 420 60 120 180 | 240 | 300 360 420
m/z m/z
4553520 455353 5
]
131.900 48 198.906 83 407.3300 | 89.543 31 160.237 61 207.601 17 4073319 |
60 120 180 240 300 360 420 60 120 180 | 240 | 300 | 360 420
m/z m/z

A-FFHR  B-BHAEIR  C-JRJLKIR D-WIMFRR E-& T F-ILEM  G-ILHRR H-RECRIR TR

A-shikimic acid B-chlorogenic acid C-protocatechuic acid D-caffeic acid E-rutin F-kaempferol G-hawthorn acid H-oleanolic acid

2 REMNES

0 MEHKRIBR (D 9 MBS UPLC-Q-Exactive MS [Ri&[E
Fig. 2 UPLC-Q-Exactive MS spectrum of nine components in mixed reference solution (I) and sample solution (II)

J-ursolic acid
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Table 1 Characterization of chemical constituents in fruit of C. speciosa by UPLC-Q-Exactive Orbitrap-MS
65 min —ik MAH) B M-H] EiRE e iRz g —
(mlz) (mlz) (mlz) (X10%)

1069 17409513 17511895 — CHN,O, 0901 175.119 11 [M+H]', 116.070 95 [M—CH,NyJ", 71.069 21 [M—COOH— Hé%fe"
CHN,T', 70.065 92 [M—CH,0,—CHN;[', 60.056 49 [M+H—NH;—
COOH—CH;]'

2091 11808652 11808626 — CHyNO, 2243 118.086 52 [M-+H]', 72.081 52 [M—COOH]’, 59.073 80 [M+H—NH,— 4@
CoH]', 58.065 99 [M+H—COOH—NH;]

30099 117.017% — 1701824 CHO, 2564 117.017 94 [M—HJ, 99.007 30 M—H—H,0], 73.027 92 [M—H—C0;", 3"
55.01737 M—H—H,0—C0,]"

4103 19105540 — 19105501 CHpO,  -3723 191.055 40 [M—HJ, 173.044 82 [M—H—H,0, 85.027 96 [M—H— %Jgf"
GH:0,

5105 173.044 44 — I73.04445  CHuOs  -1445 173.044 56 [M—H], 155.033 69 [M—H—H,0], 137.023 13 [M—H— Z&F@
H,0—H,07, 111.043 74 [M—H—C,H,04] , 93.033 04 M—H—CH,0,]

6 110 13210217  132.10191 — CHiNO, 2004 132,102 17 [M+HJ', 86.097 05 [M—COOHJ, 69.070 69 [M—COOH— "
NH;]', 57.034 29 [M+H—NH,—CH]'

7 L13 16901315 — 16901332 CHOs 1010 169.013 32 [M—HJ, 151002 59 [M—H—OHJ, 125.023 12 [M—H— & 7@
COOH]

§ 114 35308671 — 353.08759  CyHig0p  —0.619 191055 30 [M—H—CoH;05], 173.044 51 [M—H—C,H,0,], 161.023 30 ZFRY
M—H—CH,0,]

9 117 15301825 — 15301824 CHO, 0006 153.01820 [M—H], 109.028 06 [M—H—CO,]", 91.017 32 [M—H—CO,— i )L %"
H,0T, 81.033 01 M—H—C,0]

10 134 18208118  182.08144 — CoHyNO; 1484 183.081 44 [M+HJ', 165.076 17 [M+H—NH,]", 119.406 00 [M+H— Fa
COOH—NH,]"

1135 17903388 - 17903412 CoHs0, 1061 17903426 [M—H], 135,043 85 M—H—CO,], 10704925 [M—H—C,0,]  Wnufegg"”

12137 28907066 — 28007236 CiHyO 2071 289.072 36 [M—H], 271061 28 M—H—H,0], 245.081 8 [M—H— JLEZE
€Oy, 179.033 77 [M—H—CeH0,]

13 144 16608624  166.08626 — CoHyNO,  —0.091 166086 24 [M+H]', 120.080 99 [M—COOH]’, 103.039 45 [M—COOH— A EH#"
NH,]', 91.039 62 [M+H—COOH—CH—NH;]*

14157 13702332 — 13702321 CHO; 0802 137.023 21 [M—HJ, 119.012 60 [M—H—H,0]", 108.020 33 [M—H—COJ x>

15 177 29108631 — 29108618 CsHuOp 0463 291.086 18 [M+H], 273.076 48 [M+H—H,0[", 207.065 35 M+H— LR
CHO,]", 189.054 14 [M+H—C,H0:]', 177.054 58 [M-+H—C3H04]',
165054 61 [M+H—CHO,J', 161059 75 M+H—CHO,], 147.044 05
M+H—2H,0—C4H,0,]', 139.038 97 [M+H—CyH05]°

16 271 367.10236 — 36710385 CpHyOy 1075 367.103 85 [M—HJ, 191055 68 [M—H—CigHOy], 179.034 19 M—H— GEFRAEM
CeH03], 135,043 91 [M—H—CyH,,0,] 93,032 73 [M—H—CyH, 05

17° 300 609.14501 — 609.14679  CyHyOy 1120 609.146 79 [M—H], 300.028 08 [M—H—C,,Hy O] , 271025 27 [M—H— /T
CysHyOy], 255.030 00 [M—H—Cp3Hy,0, ], 243.029 75 [M—H—
CysHy0p ], 227.067 34 [M—H—CHy,0,]°

18 336 46308710 — 46308890  CyHyOp 1513 300028 08 [M—H—CHy,05], 271.025 18 [M—H—C;H,,0], 255.029 94 424k

[M—H—=C;H,,0,], 178.997 33 [M—H—CsH, 0], 151,002 58 [M—
H—=C3H;08]
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65 min —Fk M+H) Eib [M-H] ER AR RE S ) —
(mfz) (mfz) (mfz) (x10%)

19 1720 30103428 — 30103595 CiHy0; 1907 273.041 32 [M—H—COJ, 245.046 83 [M—H—C,0,], 229.050 63 [M— filfz %™
H—=C,04], 178.997 77 [M—H—C;H,05]

207 2106 287.05501  287.05487 - CisHigOs  —0.145 287.054 87 [M-+H]', 153.018 42 [M+H—CgH,05]', iz

2073230 47134839 — 47134688 CyHgO, 0863 471346 88 [M—HJ, 453.337 34 [M—H—H,0], 407.332 09 [M—H— WLikéfi 7
H,0—C0,"

2 234 WIMTSL BIMTH — CigHi0, 0083 281247 53 [M+HJ", 263236 76 [M+H—H,0]", 221.226 53 [M—COOH—  Ti!"™
CHyl', 179.143 25 [M—COOH —C,Hy]', 165.127 29 [M—COOH—
CsHyo]'

34052 45736762 45736792 — CuHyOy  —0.547 457367 92 [M+HH], 439357 39 [M+H—H,0], 411362 09 [M+H-H,0— FHER
COJ', 249.186 72 [M+H—C4Hy,0]"

U 48T 4338836 44338879 — Culy0y 0976 443388 79 [M+H], 425378 08 [M+H—H,0], 407368 56 [M+H— iiefal”
2H,07',221.89 93 [M+H—C,5Hy 0]

25 4302 45535197 - 45535345 CyHygO; 0838 45535345 [M—HJ, 407,331 88 [M—H—CH,0,]" i

At T T PR A
*Identified by comparing with reference standards
255.030 00 [M—H—C3H»0y;] + 243.029 75 [M—
H—C4H5,0,] « 227.034 67 [M—H—C4;H,00,] »
S T HE it S SCHRARAE ), eI A T o B
] #£ 3.36 min, 5% 609.145 01 [M—H] Fi{55,
A BTN 300.028 08 [M—H—CgH,;;05] +271.025 18
[M—H—C;H,06] ~ 255.029 94 [M—H—C;H,0-] -
178.997 33 [M—H—C3H;40;] « 151.002 58 [M—H—
CiaH6Os] > G5aSClkaE!™, HEm oy 4 22ty
G AT, REAIRIZE 1.37 min, 753 289.072 36
[M—H] {5, WA EFH8271.061 28 M—H—
H,0]. 245.081 83 [M—H—CO,] » 179.033 77 [M—
H—CHeO,] » 454 cmripiE!™, i ALEER.
PREEIFIAITE 17.20 min, 8% 301.035 95 [M—H] /&
=S, BEASETN 273.041 32 [M—H—COJ .
245.046 83 [M—H—C,0,]"+ 229.050 63 [M—H—
C,03] -~ 178.997 77 [M—H—C/H¢05] , 45& ik
OB O R BB TR, (R
7£ 21.06 min, 753 287.054 87 [M+H]", WH T
N 287.054 87 [M+H]" . 153.018 13 [M+H—
CsHeOa1 s &40 B Je SCRAR B!, e H ol
B
34 =i
EFRT, PREBEAE 32.30 min, 53]
471.346 88 [M—H] ik{ES, W14 453.33734
[M—H—H,0] . 407.332 09 [M—H—H,0—CO,] ,

2540t B B SCERARGED T, HE O R . IR
T, REE S EZE 40.52 min, 153 457.367 92
[M+H] RIEES, #A 8 TR 439357 39 [M+H—
H,0]" 411.362 09 [M+H—H,0—CO]". 249.186 72
[M-+H—C4Hy40] s &0 B R Scikgrast ™,
WHNFF IR . (R AL 42.87 min, 193]
443.388 79 [M+H] JAME(E 5, BA BTN 425378 08
[M+H—H,0]". 407.368 56 [M+H—2H,0]".
221.899 30 [M+H—C,sHy0]", 454 cakipiE!,
HEMIH Ry B HENRRE . R PR, IR B (Al 7E
43.12 min, 153455353 45 [M—H] 55, &
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