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Abstract: In this paper, an analytical method for the determination of 4 organic acids (chlorogenic acid, caffeic acid, isochlorogenic acid A
and isochlorogenic acid C) and 14 flavonoids (quercetin, rutin, luteolin, cynaroside, kaempferol, astragalin, apigenin, rhoifolin, baicalein,
baicalin, quercetin-3-methylether, diosmetin, chrysin and kaempferide) in Lonicerae flos were developed and validated by solid phase extraction
and liquid chromatography with tandem mass spectrometry (LC-MS/MS). In Lonicerae flos samples, the organic acids and flavonoids were
extracted by methanol solution (concentration: 50%), ultrasonication for 40 min, and cleaned up with HLB column by solid phase extraction.
The methanol eluent was filtered through nylon membrane and analysis by LC-MS/MS. The solution was separated by Mightysil RP-18 column
(150 mm x 4.6 mm (i.d), 3 pm) and the quantitative detection was performed on LC-MS/MS by multiple reaction monitoring (MRM) mode
under negative electrospray ionization (ESI"). External standard method was used for quantitation analysis. The limits

E[BE W

SRR, A I, WS A B (- eR IR 5 LD ARAE A LR R B RRSE AL A 0 35 2 0] DU B BHE,2021,37(3):275-285

SHI Ying-zhu, HOU lJian-bo, XIE Wen, et al. Simultaneous determination of organic acids and flavonoids in Lonicerae flos by liquid

chromatography-tandem mass spectrometry [J]. Modern Food Science and Technology, 2021, 37(3): 275-285

WiksEEA: 2020-08-13

HEWB: ERESHEITREE (2017YFF0211000)

&N £ (1986-), &, SRIIEF, WRAME: ARPHYZERN
BREE: BEK (1983-), 5B, #t, SEATEM, WRAR: ARRERLEIAR

275



R EmiB Modern Food Science and Technology 2021, Vol.37, No.3
of quantification (LOQs, S/N>10) were 0.005 g/kg~0.05 g/kg. Single-laboratory method validation data were determined, the calibration

standard curves concentrations were 0.05~1.00 g/kg and the correlation coefficient of calibration standard curves was more than 0.993. The
recoveries were found in the range of 69.2%~116% and the relative standard deviations were 3.3%~12.0% at the respiked levels (10.0, 20.0 and
40.0 g/kg for chlorogenic acid; 1.0, 2.0 and 4.0 g/kg for caffeic acid; 5.00, 10.0 and 20.0 g/kg for isochlorogenic acid A and isochlorogenic acid
C; 0.05, 0.10 and 0.20 g/kg for other compounds). This method was suitable for simultaneous determination and confirmation of 4 organic acid
and 14 flavonoids in Lonicerae flos.
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Fig.1 The chemical structures of investigated organic acids and
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1 BUEVEREERRIENESEMS
Table 1 Standard information and optimized mass spectrometric parameters of compounds

] BEF/mz) F&EF/(mz) HFEVBEN BEAVENV BEETHTEEV
353.1 191.2* -50 -22 -15
353.1 161.1 -50 -30 -15
179.0 135.0%* -65 -23 -15
whoedE BR
179.0 107.1 -65 -32 -15
o " 515.2 353.4% -90 -23 -15
FEREE A
515.2 191.2 -90 -45 -15
o " 515.2 353.2% -90 =27 -15
FERER C
5152 173.1 -90 -45 -15
301.1 151.1* -100 -30 -10
301.1 179.1 -100 =27 -10
" 609.2 300.2* -150 -50 -14
7T
609.2 151.1 -150 -70 -14
" 285.2 132.9%* -115 -48 -10
AEFE
285.2 150.8 -115 -36 -10
- 447.1 285.1%* -110 -40 -15
ABEH
447.1 151.0 -110 =72 -15
- 285.1 92.9% -115 -50 -15
NEP=S.7)
285.1 117.1 -115 -58 -15
447.1 284.1* -105 -40 -15
HrEF
447.1 255.2 -105 -58 -15
. 269.2 117.1* -100 -47 -10
FEE
269.2 150.9 -100 -35 -10
5772 269.2* -130 -53 -15
FiRA
577.2. 413.2 -130 -45 -15
269.1 223.1* -95 -34 -12
269.1 241.1 -95 -32 -12
445.1 269.1* -70 -26 -15
TR
445.1 113.1 -70 -23 -15
315.2 300.2%* -75 =27 -15
MR F-3-F 3k Ek
315.2 271.3 -75 -43 -15
299.1 284.2* -110 -30 -15
Het RE
299.1 151.2 -110 -50 -15
2534 142.8* -120 -38 -10
aMmE
2534 63.3 -120 -55 -10
299.1 284.1* -90 -31 -15
LAE
299.1 151.1 -90 -44 -15

E: AR EETA.

1.1.4 &K% OTUE FIEREER R 50 mL A BT, K ERZE 50
FREL 0.5 g e OREAfE] 0.01 @) BT 50 mL H % mL, J&%J, HU 1 mL fiin 8.5 mL 7KF1 0.5 mL ¥R E5AR,

BLOEH, 0 0.5 g TBHQ, AN 40 mL 50% ) FHEEA RHEIR ) H %% % HLB BAHAERUE T (KK 5 mL

T, W5, #8740 min (100 W, 37 kHz, 30 C), FREEAT 5 mL 5% FHEEABOEAG) 5 N 5 mL 5% H S

FrER IR EIR)E, T 8500 r/min iE 20 5 min, JE VRO, #T, o 10 mL R EEIHATVERE, FR IR

278



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.3

1~2 mL/min, WEEAHGEBE, €52 10mL, #25,
i 0.22 um HHLIERE, B 1.0 mL E 5B, I 40%0)
AR E RS 25 mL, JRE1A), At tit-
R I TS I 5E

1.2 HfE i

A A VRN S 6 A Ve e YRR €08 - £ BB 4
AT, DAARAE AR IETIAR Y WNALAR, AR
BRI X (ghkg) JBAAFRA AR R bR AT
LG, XS SR ROEAT E BT

2 ZR51He

21 JEGHWEE

AARIG 22 b E 25 iR, SR s 2
ITHEHL, FFEEE T ARG S, PraRINTE
USRI . 455 R0, B IERAE 37 kHz AT 80
kHz, AR 100 W, STHEHEE R ER I 225
ELEGER A TR ZE 104 204 30+ 40 50. 60 min [{JF2HEX
&L, 76 40 min B PJECR RS, SRR T
40 min J5, WARAEARPISERER . MR 48R
R A FIFLRREIR C & &, FUE AR =Um A
AR T ISR T 10%~15%. XFt TBHQ
FPTIR If BRI AR AN [FI BT ORI B L, 25 SRR,
TEEAPUENFIIESL T, (25 I R T 70%,
FE TBHQ M J& » L2 1) I 22 ] AR 2 80% LA L,
IS ZE RIS =L 10%. 25 bAS 0L, Bk Bis
B 37 kHz, A0 100 W, # A A 40 min, 50%
FEEV, TBHQ fR497 NI EIRESLE .

22 BT

AIRIGHEELT Cg MTHLB P ] AH A BRI
TS OL, LR IS 52 5RO 1% - AR B 125 0
EIERZERT, FEminmsgt R roematt. B 1 mL
200 ng/mL [FIFRIHER (50% FEEAW 0.5 g TBHQ) ,
I 9 mL 7K, FEERFRIKFE RN 0% 2.5% 5%-
10%- 15%MLtfoe, A LR, KL 5 mL 1)
10%- 20%- 30%-+ 40%- 50% H EEE G TREER 10
mL FEEI TS R aE 2 FoR, BRMEIAETE B
THE S B AL SRR B E, AN ER R
T ORBER, WA Rail. FRR. g
ARSI R SN Y SRR I ESS Y - P A
WS T B A SRR IS OL, WA AR FE I #h R 4%
K, ERERIRFE 5% AR BRI b HRBE
SEIGCRIL, (EHEES RN 20%, 1E Cig BAAEEUE

R ZR I R AR 2 Bt , £ HLB A AR,
S KT 30% M 2R R R ATIIHERR 2 gt fii, HLB
AU AL ISR AR E IR T Cog FEIAHAEHL
Fo PR HLB [AHZERUE,  HIRE IR A

CEA S%ERIR), 5% HEEME, FHEEHlt i 75 2t AT

.
120
90
N
£ oor - L
& - 2.5%h
30k & 5% R
¥ 10%ZE R
— 15%EE 1

0 1 1 1 1 1 1 1 1 1 1 1 1
=Pl A . . . & A e K
N
[ 2 NEEEGREE HLB EIHEZERE P AL BRI EL &
Fig.2 The results of different HCI concentrations in HLB solid
phase extraction columns

23 BEAHNEE

SZIGNT G Mightysil RP-18, 3 pm, 4.6x150 mm 5§
Inertsil ODS-3, 3 um, 4.6x150 mm ailif:, HEEEK 2
G, 0.15% F RIS EK KA H ARt &
YIdAT o L. A5 RERH, MFEEIGET T, SR
2. WIHERR. FERIR A. RERER C 7F Mightysil
RP-18 14 B R T Inertsil ODS-3, 3% F71E
Mightysil RP-18 S5 Bk ik L B iy, 55427t
2 4 f% . KIERH] Mightysil RP-18 JA43 B Hx H ARk
EWAT T TR R BTSRRI AR R T
N, FEEAA U S-S P 5 ST T
T CREENAE BRI, 2T RBEHE
HEARAAHIN S SR 3~5 £5) , LFEH R
AbIER ] BT UL, RIHR F R A LAH
X AR AT 4y 8. o LA [ A N R REAN
BUAH, 7K 0.15% FF RV MU /K AR (1) 73 B A 0L, DA
Mightysil RP-18 ikt gfil, 7E 0.15% HRREH 15
S NETERIMARF K (PSR MR 4%
JRR A\ FERRR C FEARED 0.15% F RN E S
eI 5 ERE) o LRGN, SR LL Mightysil RP-18
o EAE, HIEEAN 0.15% FH RSN, S Ards
RN 3 FR, 12 T AL &0 R & an ¢
JRIR A HSRERERR C, (IR E A AR R AT LA IR
LS

24 A HHEE

279



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.3

SR F IS5 1 07 A A B AR R ik AT B
BT ARMIRAR S TR T, RS TR TR
B, MHFEFITaEM. SEEKE EC/657
TR (ST s PIER, SRR NMEEIE
T BN BARb & 05e EE, UMSHEEL . IE LT
TN TR E N B TR 2 RN I £ T
B & Pl SN AL P S S W 1

B SRR FR353.1>191.2
£ 15x10°
k|
Oo 1 ok ‘I‘ ] - 1 1 JI
> nneERR 179.0>135.0
Z 50x10°
k|
00 1 1 1 1 1 ]
> FERERA 515.2>353.4
2 L0x10° AN
g
0.0

E’F?%J?E&c 515 2>353 2

2
B 1.0x10° - /
Q
: Ut
0.0 l S,
z W&%w 1>15| 1
Z 5.0x10° -
Q
E k
0.0 I . , : : .
2 1.0x10* 777609.0>300.2
g
]
00 I T T 1 T ]
0 5 10 15 20 25 30
t/ min
2 AR Z285.2>132.9
G 3x10° |
5
E
0.0 ] . s —— , .
> AR ETF447.1>285.1
% 4x10° | NG
= l
0.0 7 : - - , |
zs
2 1x103 - 111 751285.1>92.9
g
S
0.0 - — ~ “I - I 1 )
2 B RYETF447.1>284.1
B 1x104 -
b
4
0.0 - — . : : .
2 sx100 f FE#269.2>117.1
g
E
0.0 I . - : : .
2 5x1.0° BN 577.2>269.2
g
E
0.0 I . - , , .
0 5 10 15 20 25 30
t/ min

280

z 0L B2 #269.1>223.1
AN L
£
00 1 1 L 1 - 1 » ]
2 FA17445.1>269.1
2 1x10* |
j2)
g
00 1 1 1 1 1 ]
> M 1 2 -3- F B ik 315.2>300.2
Z sx10° -
Q
£
00 1 1 1 1 1 ]
> AR 299.1>284.2
% 1x10° \
£
00 1 1 1 1 1 ]
2 4>142.
£ saet H#%253.4>142.8
Q
: |
00 il - - .I A ‘1 o . A -
> Ix10°F 1155 %:299.1>284.1
z N
Q
£
00 1 1 1 1 1 ]
0 5 10 15 20 25 30
t/ min

& 3 iR EE-FL/ RiEEBEER (2 ng/mL)
Fig.3 The separation result of LC-MS/MS

2.5 RN E

TRIEE I T B i Ry 2R 8 o
R (BT 2 /%= AR A VR o o 7 3 -
LT ANFR TV N R ) X 100%/ VA7) AR i S 58
B MRRAHFIEE (40 ng/mL) FRE I TAERANIE 5
TIIFRER R AL S YIS S NBREE, W%k 2 FR,
BALE W FINEIR L NT 15%, BRI RS
2 SR VAR TE B S R TR RS, TR R F R BE-0.15%
FHIRVATI (AL 4:6) FRRsRig et T4F th 2R va i
e s,

26 FHEWAMERR, RERMERESLR

FEMf € SEI 26 A N E TR, TrikE s R (LA
S/N>10 1) 0.005 gkg (R, AT RBEEA.
LRV TRER . WS H R R-3-FERED , 0.025
ghkg ORBEZR., HENE. FHARRMLEZ M
0.05 gkg (M. WIHHE. FLRIFRE A, REREIR
C. WHEM. BERMAWFE) . MIKEE 0.05. 0.10.
0.20.0.50 1 1.00 g/kg ML TAE AR T I,
DAFRAESRUETHAR Y NOAAKR, DARFIUPIR B9k E X
(g/kg) NIEALPRGHIRRAE TAEIIZ R 3 R, 28
P FRRRIMIE R E 7 KT 0,993



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.3

2 WRIEERMN S U EINERYZIER
Table 2 The matrix effect of Lonicerae flos on the investigated compounds (n=3)

e BF 2 QUQ3/(mlz) #KSE S ng/mL) FEFK| TR T b FLIRE Jops AT AnAR A BLAR B Jops B T34 /%
SRR 353.1/191.2 40 122000 115000° 5.7
oo AR 179.0/135.0 40 298000 280000 6.0
FEREE A 515.2/353.4 40 46200 49000° 6.1
FEERERC 515.2/353.2 40 34300 32000° 6.7
R E 301.1/151.1 40 586000 648000 -10.6
FT 609.2/300.2 40 420000 429000 2.1
ABEH £ 285.2/132.9 40 249000 274000 -10.0
ABRF 447.1/285.1 40 213000 214700 0.8
NIFS:%) 285.1/92.9 40 66500 71100 6.9
EREF 447.1/284.1 40 699000 744000 -6.4
Yy 269.2/117.1 40 266000 287590 -8.1
PR 577.2/269.2 40 180000 176970 1.7
X% 269.1/223.1 40 53000 57530 -85
FE 445.1/269.1 40 419000 477000 -13.8
MR & -3-F A Ek 315.2/300.2 40 360000 389000 8.1
Aot Rk 299.1/284.2 40 383000 389990 -1.8
bk 253.4/142.8 40 18300 20100 9.8
NP - 299.1/284.1 40 626000 641720 2.5

E: AR BRAE 10 2B ARE, R IR R ARG,
&3 LA EMEREREXRY

Table 3 The linear equation and correlation coefficients (r?) of compounds

et B T2 Q1/Q3/(mlz) KMHFA2 A% 2 5GP
SRIRBR 353.1/191.2 Y=5.84¢’x+351 0.9995
whrdE BR 179.0/135.0 Y=1.07¢"x+4420 0.9978
FERBR A 515.2/353.4 Y=2.25¢’x-0.345 0.9979
FERBER C 515.2/353.2 Y=7.36¢’x+0.386 0.9973
MR & 301.1/151.1 Y=2.07¢’x-0.427 0.9974
FT 609.2/300.2 Y=1.27¢°%-0.451 0.9995
AEBFE 285.2/132.9 Y=5.55¢’x+69.3 0.9990
REZ 447.1/285.1 Y=1.97¢x+1 0.9982
Wy Ay 285.1/92.9 Y=3.17¢°%-4.9 0.9960
REEF 447.1/284.1 Y=1.39¢%-5.25 0.9932
T RE 269.2/117.1 Y=6.45¢’x+0.127 0.9988
FFRA 577.2/269.2 Y=1.05¢°%-0.311 0.9975
FEE 269.1/223.1 Y=1.95¢’x-0.171 0.9975
HE 445.1/269.1 Y=1.09¢°x+0.493 0.9961
MR A& -3-F Bk 315.2/300.2 Y=7.29¢’x-0.591 0.9977
et A& 299.1/284.2 Y=1.31¢x-0.443 0.9943
amE 253.4/142.8 Y=1.77¢*x+0.0568 0.9956
LAE 299.1/284.1 Y=1.29¢x+3.92 0.9958
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4 WARTESP 3 MK E TR IR AR ERE
Table 4 The results of recoveries and correlation coefficients (n=6)

et Th/gke) — HARENgke) M52 45 R/ (g/ke) ELESA AR AT AR £ /%

10.0 29.2~31.5 82.0~105 8.1

GRER 21.0 20.0 37.4~42.6 82.0~108 114
40.0 52.4~62.5 78.5~104 10.1

1.0 2.30~2.51 79.8~101 9.9
P 1.50 2.0 3.14~3.71 82.2~111 12.0
4.0 436~5.23 71.4~933 9.8

5.0 15.2~16.7 80.0~110 113

FERER A 11.2 10.0 19.3~21.6 81.0~104 114
20.0 27.7~31.7 82.5~102 9.5

5.0 14.5~15.8 84.0~110 103

FEREC 103 10.0 18.3~20.9 80.0~106 11.6
20.0 26.6~30.7 81.5~102 7.9
0.05 0.035~0.048 69.2~95.2 10.7

MR F 0 0.10 0.082~0.096 82.2~96.4 6.4
0.20 0.175~0.211 87.7~106 7.1

0.05 0.040~0.048 79.8~95.6 7.1

FT 0 0.10 0.084~0.108 83.7~108 9.0
0.20 0.166~0.194 83.0~97.0 53

0.05 0.046~0.058 92.0~116 9.5

AEH £ 0 0.10 0.103~0.112 103~112 3.8
0.20 0.184~0.216 92.0~108 6.0

0.05 0.119~0.123 77.8~86.4 43

AERF 0.08 0.10 0.159~0.170 78.8~89.6 4.6
0.20 0.249~0.270 84.6~95.1 43

0.05 0.041~0.051 81.6~102 7.9

Wy Ay 0 0.10 0.083~0.111 83.3~111 10.3
0.20 0.156~0.202 77.9~101 9.7

0.05 0.039~0.044 77.4~88.6 5.0
FEER 0 0.10 0.077~0.101 77.1~101 10.8
0.20 0.154~0.180 76.9~90.2 6.5

0.05 0.045~0.052 90.8~104 47

ES 0 0.10 0.088~0.108 87.8~108 8.0
0.20 0.163~0.198 81.5~99.0 7.3

0.05 0.040~0.049 80.4~97.4 6.5

TR 0 0.10 0.089~0.106 88.6~106 5.8
0.20 0.183~0.212 91.5~106 6.0
0.05 0.038~0.050 75.4~99.6 10.4

HXE 0 0.10 0.074~0.094 73.5~93.7 8.6
0.20 0.155~0.202 77.6~101 9.6
TR
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BELER
0.05 0.037~0.048 73.0~95.8 10.6
FAF 0 0.10 0.073~0.095 73.3~94.7 9.6
0.20 0.160~0.194 80.8~96.8 73
0.05 0.043~0.052 86.4~104 7.1
MR F-3-F A B 0 0.10 0.089~0.101 88.7~101 4.9
0.20 0.177~0.202 88.7~101 5.1
0.05 0.043~0.054 85.6~108 8.9
etk 0 0.10 0.090~0.100 89.8~100 42
0.20 0.177~0.201 88.3~101 4.6
0.05 0.041~0.051 81.0~101 8.4
aMmE 0 0.10 0.079~0.093 79.2~93.2 6.0
0.20 0.180~0.197 89.9~98.7 33
0.05 0.037~0.045 73.0~89.6 8.2
LAaE 0 0.10 0.080~0.100 79.5~100 9.2
0.20 0.169~0.198 84.3<99.2 5.7
Er ERE= (MRLR-ZEML) IR EX100%.
5 WRTEPBHERFFFER U S S ENELER
Table 5 The contents of organic acid and flavonoids in Lonicerae flos
5 S E/(g/kg)
SREL wBR RARREA  FEREC MEE FT AREZT KREEF EEEF O FRE
1 28.8 0.15 12.0 241 / 0.39 / 0.17 0.02 /
2 28.1 / 13.5 3.1 / 0.22 / 0.42 / /
3 293 0.20 12.4 1.5 001 004 / 0.65 0.01 /
4 247 / 10.6 2.90 / 0.31 / 0.31 0.03 /
5 21.0 1.50 112 10.3 / / / 0.08 / /
6 24.9 1.10 10.2 7.60 / 0.20 / 0.27 0.02 0.01
7 24.8 / 10.2 7.01 / 0.37 / 0.37 0.14 /
8 243 / 8.20 121 / 0.45 / 0.43 0.01 /
9 31.6 / 0.81 3.8 / 0.38 / 0.21 0.01 /
10 26.6 0.06 2.13 1.90 / 0.42 0.04 0.41 0.02 0.01
11 233 / 7.25 4.85 / 0.51 / 0.50 0.01 /

STUERACRESD OB B4R IRIR 21.0 g/kg, WIIMERR
1.50 gkg, RERJFER A 112 gkg, FEEER C 103
ghkg) , BT 3 MIRFEKCPIIA IR (AinK
TPEEERR 10.04 20.0 A140.0 g/kg, MHRERR 1.0, 2.0 Al
4.0 gkg, FLEJERE A FIRSRER C 5.05 10.0 F120.0
g/kg, HABAEY 0.05. 0.10 F10.20 gkg) , FANK
JEAKPHL 6 APATRE . MESRERR, WHERR, F4ER
& A FIRRER IR C I, P AT R VAR
JETELRIEVERE N o 5 5R W3R 4 R, RAAMRE e &,
T7E BAR R 69.2%~116%,  AH X A v i 25 -
3.3%~12.0%.

2.7 SEFRAE &R

N SEIS T ER 11 AN ILARFEHAT Rl , 45 S sk
5 R, WAL SRR, BRI A FIRSHER C
P& sfm, HIREARBREEMERET., P
8 MEAEY) (LS. BFEMTE . WER. WEH.
Withz 22-3- 0. FH AR, AREALER) &8
KT EER .
3 g

ARIeE I FE IR PR PR, BRI VAR AE,
HLB [EFHAHU L, O - H e iyl
M B, ST RPLARAE T 18 R B HURR A
FREY) (SRR WIHERR . RorER AL FER)R
BRC. MR AT REEZR. RBEH. LR,

283



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.3

KRVH . e, HEMTE. ]E5R. W5 H . M
FR-3-TEREE, AR, ABRMILIER) S8
TUTE o XF 11 A UERAERE S FRTIN5E 45 R BoR ok 5 .
ZREIR A RAERIR C. RBFEHMRZIH LT
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