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FEE WFCHENT T — D IR ORI 2465 B (0 28 B Ak 2 a3 s ik . 28 B RE AR 25% (v/v) LK%
W B AR 5 min, A5 HEEE R T Poroshell 120 EC-C,, (54 (50 mmx4. 6 mm, 2.7 wm) #E472047,0. 1% H
FRIK - LI (9416, v/v) SEREVEME A0 1.5 mL/min, RS8P0 0 BEASOGT S50k BE 1 28 e H RN %8 B Rt
FERAM TSR, W05 T e A5 3 2 A Xf Bt 18 S W AC Bt 4 I FH v A58 R €8 S X 7 35 75 2810 1) 45 W s e 1 24 7 2
TE, AT AR A 2 A% B 1) S5 W SORS U 95 1 341 mm, 97 8 57 1) o R0V €80 335 58 A0 A5 WAL D8 K 3 1) D 0 285 2R
N, ERR G EFS AR B A R R (r=1.0000) , K H R AE BRI 1.5
wmol/L F1 3. 0 wmol/L, -4 AnkR B 435124 99. 0% (RSD= 1. 4% ) F197. 5% (RSD=0. 9% ) , i@zt L4 & S50 AH
{02 AN SO K 32 AL S8 A R (B3 AR 5 0 10 28 e Bl R 28 i FE R N8 e 2 R I S i E 45 1,
IRPIRN T I E S R — B, AMER A ¢ RIS 07 5 (o E 2 80) 2020 RS TR 2 1 S5 SR HEAT LR, X e
25 R PRI ik T B 25 5 (P>0. 05) o Z 7R FERT 10 min, A7 F W FIEAE 0.5 mL, RAEA 1A% IRS,
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KRR . = ROBAR 8% s SFRISOR A s i se B AT s B R R O R R

hE K S .0658 XREFRIAAG A

Abstract: Fraxini Cortex is a traditional Chinese herbal medicine that has been used for thou-

sands of years to treat dampness-heat diarrhea, dysentery, red or white vaginal discharge,
painful swelling or redness of the eyes, and nebula. It contains various chemical components,
including coumarins, iridoids, phenolic acids, and flavonoids. Coumarins are important active
ingredients in Fraxini Cortex and have antibacterial, anti-inflammatory, antioxidant, antitu-
mor, and antiviral activities. Aesculin and aesculetin are two major coumarin components of
Fraxini Cortex that are widely used in its quality evaluation. Previous HPLC methods for deter-
mination of aesculin and aesculetin present several limitations, such as long analysis times and
high solvent and reference compound consumption.
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In this study, a rapid, eco-friendly and cost saving HPLC method for the determination of
aesculin and aesculetin in Fraxini Cortex was established by using the core-shell column and
equal absorption wavelength ( EAW). Different factors influencing the extraction process, such
as the extraction solvent, temperature, and time, were assessed to obtain the optimal extrac-
tion conditions. The results showed that Fraxini Cortex samples could be well extracted by ul-
trasonic extraction for 5 min with a 25% ethanol aqueous solution. A core-shell column was
used, and different mobile phases and flow rates were investigated to obtain the best rapid-
HPLC separation conditions. The optimized HPLC conditions were as follows: a Poroshell 120
EC-C; column (50 mmx4.6 mm, 2.7 pm), acetonitrile-0. 1% formic acid aqueous solution
(6:94, v/v) as the eluent, a flow rate of 1.5 mL/min, and a column temperature of 25 C.

The EAW of aesculin and aesculetin was a key factor in their determination using a single ref-
erence compound. EAW selection was performed in two steps. First, the UV spectra of two
equimolar concentrations of the reference compounds ( aesculin and aesculetin) were compared
to determine the EAW of the two analytes. The EAW results were then verified by the HPLC
analysis of the reference compound solutions. The final EAW of aesculin and aesculetin was 341
nm. The determination of aesculin and aesculetin using only one reference compound (i. e.,
aesculin) was achieved by HPLC-UV at this EAW.

The newly developed HPLC method revealed a good linear relationship between the two tar-
get analytes (7=1.0000). The limits of detection (LODs) and limits of quantification ( LOQs)
were 1.5 pmol/L and 3.0 pmol/L, respectively, and the average recoveries of aesculin and
aesculetin were 99. 0% and 97. 5% . The stabilities of the sample solutions were examined, and
the two analytes demonstrated good stability for 24 h. The contents of the target analytes in 10
batches of Fraxini Cortex were determined using the proposed EAW method and the classic ex-
ternal standard method ( ESM) , and comparable concentrations were obtained. The contents of
aesculin and aesculetin in the 10 batches of Fraxini Cortex were 0.26% —2.80% and 0. 11% -
1. 47%, respectively. A t-test was conducted to compare the results of the proposed EAW tech-
nique with those obtained via the method reported in the Chinese Pharmacopoeia, and no sig-
nificant difference between the two assay methods was noted ( P>0.05). Comparison of the
newly established EAW method with those reported in the literature revealed that our method
required only 10 min to complete and used as little as 0. 5 mL of the solvent and only one stand-
ard. Therefore, the developed EAW method is a rapid, simple, eco-friendly, and cost-effective
analytical method that is suitable for the determination of aesculin and aesculetin in Fraxini
Cortex and its related products. The proposed technique is an improved method for determining
aesculin and aesculetin and contributes to the enhancement of the quality evaluation of Fraxini
Cortex.

Key words: high performance liquid chromatography ( HPLC) ; equal absorption wavelength

(EAW) ; core-shell chromatographic column; aesculin; aesculetin; Fraxini Cortex
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WO TS BRIk AR s g A
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R 245 B0 ) 0 2 1) 25 B2 2 5 S 0 19 v TR B
JEZ R N R 2 BT . SCHERIRIE 28 B
SRR s B I 52 7 TR A AE S B B ) X B
THAEZ M), s S8 U0 SR PR 5 T2 4 o, B
REF[A] 8. 5 min, AR €35 3B I 1] 63 min ; X 5 1
S50 OR P T 37 a2k 1) B i R B ) 60 min, Y A
B HrNE ] 60 min, LA_b 77 ¥k 1 40 AT ] 2
TE 60 min DL I, [F] B5F AR 75 22 2 AN XF B8 5 k47
E

TR RSCIROR €0 T - 8 ARG 437 5 e Ry 3 ot
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FAE R T 28 A A —FE | R DL 75 R
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BV WMER S R M R AR
AN ST A IR A Ry G T 38 K A T S B X 2
F R FNZ f O AT 5 5 I 2 e SR P B — %o B
I AT ZAH R IE R Pl e, oo st A
A ARG AR AR R A b e B B A A T R —
Tl T r 2477 M A bR 43 B A 0 A YA € A
X531 T3 e (33 A 11 4 Z2 FL IR, A% 5 280 (0 3%
FURHE f JCFLRE A% K SN2 B A ZFLE 7 )2 4 A
() —FpFe i LR, H 2 AL 5T )2 g T #E
AR T B T AR e R DN DR LA T A
B, TR A e UKL ELAT B A aE A T A RAR, Il
FHEE s B 20T A0 B Al LATE 5 HUIBORE (533 L S B
AL OB €033 P PR AT, EAS B T b 15
AL ARIEBUT AT AR 5 7= Ml A ARG R 3R I
R A, H AT E g & U R s A S

FIAESH 2R 55 2 F b 25 B8 (9 WOA (3% 43 B2 A
WFE R A% 7 C g AL R 58 S AW e K R H AR 57
TR IR B E R PR RN LR
PR HPLC 2387 J7 vk, i 58 8 28 B SR T4 Y
FARSETHR AL TS

1 SLIEEH

1.1 {88 G R A

Agilent 1260 Infinity — X SRR AH G35 Ag-
ilent 1260 Infinity —fX =208 AH (354X, Cary 60 7
SR UL 43 O O BE it (3% E Agilent A A ),
XPE205DR #4477 43 2 — K- ( 2[5 Mettler Tole-
do 7~ dl), Milli-Q %Y #A 4fi /K AY (f& % Millipore 2
")), P300H & 7 {Y ( 7[5 ELMA A +)) .

ToK S (BT 2) W) 1A AR R R 1k 2 ot A PR
ocwl R (g al) W B g R T R A B
A, O (ke W A Bk 3 R R A R A
Al R (L 99.77%) | % e 2% (i E
99. 94% ) ¥4 A B B A R A FRA F]

2 RO RE L 10 41 (S1~810) , ¥4 4R E I &=
AEr 25 00 % 22 S KRB Y1 A I B Praxinus
chinensis Roxb. 11147 jz 5% 1 Kz, Hirr S1~83 ok
R SEZ L B0 A RN ), S4 S [ I R HR 25 R AR R
HIRAF],S5~S10 ATk,

1.2 XtHRMEARES

K BRI B % L R 4% 20. 18 mg, 47
BIINICK B E AR 10 mL, IR, 538k B4y
W4 5917 pmol/L Fl 11 320 pmol/L HY Xt f& & fif
B, HHEBREER R B OEMN R EE
W, N 25% (v/v) BETK0 WH EA5 3 v B 43 3] oy
147.9 wmol/L F1 148.2 pmol/L YR & Xt I &b
YEW .

1.3 #il@mAinsH&

Z R R ik =S RS AR 50 mg, B
T 50 mL BLAEH, A 25% (v/v) L EEKE R 10
mL, 50 Ci# 5 (T3 380 W, #i % 37 kHz) $2HL 5
min, $54), WIS, 3 0. 22 wm A HLIER, 75
14 @iEEH

o 3% #+ & Agilent Poroshell 120 EC-C,, ( 50
mmx4.6 mm, 2.7 pm) , HE 25 C, KO
15-0. 1% (v/v) FERKIER(6:94, v/v) , FEREVRI,
W 1.5 mL/min, #ERER 1 WL, &009% K 341 nm,

WP 4 nm,,
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21 THREHMRWK
211 BEEAHMA

T P R IR — 0 3 (5 /35 2 ) P 25 M R S R IO
25, BT SCRR R %07 s LA - 7K R i 30 ) 22 gz
LA IEATHR B ARSEE S T 3R — Rl
P R AR il ) 2% 7, R BRIV R L RN K AE A
PEIUA R, it — 20 XA R TR B0 & B KW
PRI AR R A BOR B AT T R R
BE RABREM Y ATINGE 2 . EAREK T
ANFERF4(0.25% .50% [ 75% Fi1 100% ) 1 2 sk
VTR AR EUR 45 1 K B 25% K UL FARFR Oy By 2
P 7K VS A B IS 7 o) 2% e PP 3R RN 28 e AR IR
B (8 1a) , Z B3 25% LKA LA R
B DA K HAR M 5 0 sh AR R 33 AR By 7= A i 7
BN, BB 25% £ BE KA RAE R EBUA I, i
FEACAN R B2 4 o i (g ) 55 B HUA R 44 A (mL)
A EEA (1 :100 .1:200,1:500) %F 22 Kz B & FIZE 2 2
RILCRA M | & I HCZ4 b I 5 4 B A
U HARME A P SR BOR AR (Bl 1b) e
K 1:200 #EATHEHR, @ A SR AR (1.2.5,
10 min) AYE LB F H2HL 5 min B AT 58 5 73 M
YR FE R EL (B 1c) , @it A R BGREE (30,50,
70 C) B HE LB 50 C A1 70 CHHA B A HEL
R(E 1d), % & 50 CREFERAR, FIILESE 50 C
VERFEBGREE . 25 1Tk, AR S04 Uy 2 M s
F#IAR 2 50 mg, BT 50 mL .04 T, A 10 mL
25% L EEKIAEW,50 CH#EA 5 min,

212 @A Rt

AU 5628 Je s AW i G ' R Bk
FHI TR AR R sp A AU =2 | 20, KA 3
L TR R K 5 WL B TR /K T TR 5 B i A 22 R A Tl
C s B2 ALRER A5, 43Tt [ 25~63 min,
FeR IR B A @SN RIS, 52240
OB b, 1 3R0R} AT 5 28 45 0 43 B o) [ e 70 2 2k
TP R RSN TSI g o B, R
T Poroshell 120 EC-C, #%5¢ (4154 (50 mmx4. 6
mm, 2.7 pm), [FIEFXEK-F B 0. 1% B R 7K I k-
F I K- 0. 1% H RAKIA - 06 4 Rt stk
FIAT T R R B AR 0. 1% H R K %
- R, Btk o 2RO Mg e, it
AR 338 (1. 0 mL/min 1 1. 5 mL/min) , &
PAE 1.5 mL/min A3 R 4B s 8] BH $5 46 % HL 53
B (R) A2y BR (R>1.5) , UL N
1.5 mL/min, A< J5 0] SEELXS 28 Bz (9 Hes 34, 2
S RTIZE R S R i g el A C 4
Z Lk 68 35 FE A LE, A% 5T 60 A M T
NG B S R AR DN [ B 3% AR A
XAt A5 A A A% 0 EL 3t 4 22 L (0 % A 2 5
— 2 B ASRAK ST R A A B R 1 e L) S
Wi B, A% e i 4R s IR A A% 52 1 0] BUAH AR
th—E S EIE
213 FRUBUR I KK 8 IF

SCHRFR TE 7 vk T H R T AN IR X 2 B
28 2 R RN B2 O & AT B i 2 T 31
T X} FRE it R A i, LA A T TR T R 22 OGS Ry
TR VR ) BT [P, 5 R AT A Ik s ot 4%

2.0 2.0 2.0 2.0
1 ] L1 Aesculin 1 1
a 1 b 771 Aesculetin ¢ d
_ . 1.5 i i
1.5 Aesculetin g 15 j Aesculetin 15 ] Aesculetin
- = 1 VU 7 ZEe -
EN = ] N X
E 104 g 107 £ 1.0 E 1.0
é Aesculin 3 é o Aesculin é Aesculin
0.5 1 1
0.5 1 0.5 0.5
] 0- ] ]
0 1:100 1:200 1:500 0 e 0 et
0 20 40 60 80 100 Ratio of sample weight (g) to 0 2 4 6 8 10 30 40 S50 60 70

¢(Ethanol) / %

extraction solvent volume (mL)

Extraction time / min Extraction temperature / ‘C

B1 ARARREGMNEERR . FEZESENEM
Fig. 1 Effects of different extraction conditions on the contents of aesculin and aesculetin
a. volume percentage of ethanol in aqueous solution; b. ratio of sample weight (g) to extraction solvent volume (mL) ; c. extraction

time; d. extraction temperature.
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S PR XF R V5 v EL AT AR TR) 28 S S 0 AR R v
BB LTSI P . FEIR IR, PR Rt 7%
V125 A S AR (], LG A A ] — A 49 JBE A Ry X
s BV AT S BT PR AR 43 A 0 1 B s DU (R B ANT
BRAMROE R AT AR ELIESE I T A AR
s X5 PR e 3 A 0 P T B 2

R T ARATZE B R ANZE K O R SR SRR
1, SR FH 584011 UL 43 550 B T X 28 Bz & (20. 13
pg/mL) FZE Hz 2,2 (20. 17 wg/mL) B R 5 i
PEATEE . B 2a AT, SRR B I ZR i R R
% K O BRI MRAE 52 OIS rh O A AE S M SO
Ko XFEH 2 DTG R IE R R AZE K &
REAMEWNEINER B R CRILFE R HED
—ANBEIEIA AR 43 B /0, SO AR R) 3T ik
JERSWR T, Z2 e SR TR B R Wk B B v, BT LATE
RS T 28 O R RSN IR A T %
KWV E S PR S 50 O A5 Uk B I 28 e HH R (29, 58
pmol/L) FlZE ¢ 2, & (29. 64 pmol/L) %t I8 i 14 ik
PEFTER AN A I, W HeER 2 RO BT A 4
SIS (E 2b) &P 226 nm Fl 342 nm & H L Hh
M 107 468 1 114 2 NSRS G o SR FH HPLC XA i i
WHAT 3 M, e M AE 226 nm 401 342 nm

“
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Fig. 2 UV spectra of aesculin and aesculetin
a. equivalent mass concentration; b. equivalent concentration.

AR IS KL, I ZE K H R 2R R FE 342 nm
A () e 1 T R R S I I 0L R R £ MR R T 226
nm Zb ) EGEE, LR 342 nm 1E A3k HPLC
SEMIN e P, IF AT T — 20,

R TR AC AT OA, SERSR T 2 AR
(] AT 52 360 =5 ) A () 3 S0V A i A (IR = 1.
Agilent 1260 Infinity —f{; S5 % 2. Agilent 1260
Infinity —4%) XF 55 Wk B2 09 53 M W s W 247 o0 bt , DA
340 341 342 343 1 344 nm NGB K 30 sF AN A
WK TR EME L OEIERA(E 3), 24
AN 7] e SO AR £ T A ) G T 445 SR 12 S 7, 2 A IR L
R R 341 nm BF, AN 20 B 40 1) 06 T L e 4%
i, I E RS T 341 nm /E 4 HPLC 284045 WG Ik
Ko XA RGN A E (1.2 .46 nm) #4711
BRI TR 28 B 2R ZE e R I TN AR B R
K, Ee Rk RN 984 4 nm,
214 FHLFBEEWHEM

2 1.3 T A e A VR, 4% 1. 4 T A
SAFHREHT TR 2 A 5255 = 1 [F] AL 5 5 30
FEATEA I BISEATINE 6 10, LAZE f H 2%l 2 IR
(S), WA A2 B & F M A4 B8 B 1] 35 06 43 0l hy
1.73.1.78, RSD 43 4 0.29% 0. 40% , 3 B ] L)
P28 B R AR 2 e | FAE X £ B3 I 8] 2 6 28 1
LEMAGEIE,

500
Peak areas detected in laboratory 1
450 -
g Aesculetin
] |
121 |
350t
5 |
A Peak areas detected in laboratory 2
80 |
] Aesculetin
g>5>_<9: —0
60; Aesculin
e L e B
340 341 342 343 344

A/nm

3 ERENERERR FRZENBRARE
R ERNE K T B EmEm R
Fig. 3 Peak areas of aesculin and aesculetin
with equivalent concentration at dif-
ferent wavelengths
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22 AEEER
221 LMHXZ RHRMEER

Fie 1.2 ORI 2 e PR R B S R
it W, 230 25% (v/v) ST IK T W2 250 T
443.8.295.8 .147.9.74.0,14. 8 wmol/L Z 5| 1 &
F1444.6.296.4 148.2 .74.1.14.8 umol/L F ¥k
JE B BRI TR, 3 1. 4 1T Ak SR T T, LA

ST AR Y AP A AR MR EE X (pmol/L) S
AEFRHEATENE RN LUFE MR =3 F1 10 ¥ FE 43 5]
B 5 23 7 2 A 1 BR (LOD ) #lg fFR (LOQ) o

GEREWY B P RME K CRETES ALk
RN BA R LERR, MHXERE(r) =
1.000 0, 7#: A9 LOD A 1.5 pmol/L, LOQ 4 3.0
pmol/L( L& 1),

F1 FERRENMZEZENLEEE KEFRE BXRE QHRIMESR

Table 1 Linear ranges, linear equations, correlation coefficients (r), limits of detection (LODs) and

limits of quantification (LOQs) of aesculin and aesculetin

Compound Linear range/ ( pmol/L) Linear equation r LOD/ ( pmol/L) LOQ/ ( pmol/L)
Aesculin 14.8-443.8 Y=2.7820X+1.1814 1.0000 1.5 3.0
Aesculetin 14.8-444.6 Y=2.7499X+1.7877 1.0000 1.5 3.0
Y. peak area; X: concentration, pmol/L.
222 BEmEfAERE 120 -
1.3 r kA, LR — K 6 100 a
F il ST A I 5 235 SR P R G v Ot 25 P4 D7 1 R 2 80 ]
JE, SRR RO R 2R HE A Eé 60
0. 80% ,0. 69% , F % ik A M AT, 40
PR ETEIRT, TH&E 0.2.4.8, 204
12,18 .24 h #EFEIN G, A28 je R A28 B2 & R g 0]
AL RSD {51 0. 29% 0. 30% , 2 (i et wl |
£ 24 h WEE w0
223 EKFE o0
VP T 0 % R S AT AR AR, T ] Acsculin N
FSEFRIICRE 25 meg, VR M1 8 2. 501 8 L N /L
SIS AR AR e 1.3 T Oy R A AR .
W PATINRE 6 0y AR R R RN T T T et
R, 455 R, % T R R IRl 97, 1% ~ e
101. 1% , %2} 2 Z 1 i H 96. 3% ~98. 7% , V- oM
[ 4351 2 99. 0% . 97. 5%, RSD 4331 K 1. 4% . E Acsculin
0. 9% , F W T R I BLAF ]
2.3 HESH 7
F 14 58 SR A R TRA X R A 0'0 T
TRORVBE S G T 40 T, i T LI 4, 10 HiEZ8 2 ¢/ min

ERLEHEEATINGE 2 63, 73 B R HT AR 5 A S I i
BB, SRR TR R OR
VRS IR Al 23 B SAEAR R BPR H ORI
Eri, AR I5 28 B WP R A D 0 B,
AT R R CR A, AR LR 2, A
PRI DT AR IR 22 (RE) , RE = (@pgay ~@pgy )/
ey *x100% (T @y 955 PRI I A5 A9 &
I, @ AIMRIEIFGH S ) |, A8 10 HLZ8 BoAe dh
PR L INAR 2% B O 32 5 i AE R IR 1 1%

B4 (a)ZARFE.(b)MBRBFEN(c)FERBENEILE
Fig. 4 Chromatograms of (a) blank, (b) reference
and (c) sample solutions

AP, BRI 75 TO A 8 25 5, S R0 4 32 mT LA
FFZ R 2 A B i) & 5 . HPLC-UV 4§
WSO INAS 10 BB R R B CER
BRI 0. 26% ~2. 80% 0. 11% ~ 1. 47% , Bt Ky
0.37%~2. 91% , H:H 9 HEAE S AT A [ 2 ) iR
(BEHERBR CEN BT LT 0.8%) .
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Table 2 Contents of aesculin and aesculetin 100 ] Aesculetin
in Fraxini Cortex samples % ]
Aesculetin 80
No. Aesculin (ESM) ]
ESM EAW -] ]
< 60 Aesculin
S1 1.22 0.11 0.11 E ]
S2 2.11 0.19 0.19 40 1
S3 1.86 0.22 0.22 201
S4 2.14 0.37 0.37
S5 0.77 1.48 1.47 O~ @
S6 0.83 0.23 0.22 ] b Aesculetin
s7 2.80 0.12 0.11 150 ]
S8 0.68 0.33 0.33 i
S9 0.41 0.40 0.40 =
< 100 4
S10 0.26 0.11 0.11 =]
ESM. external standard method; EAW. equal absorption Aesculin
wavelength. 507
24 SREFEER 0
N < Yoy N N N N T N N N T T T T T T T T T T T
Z& RS 43 R R A O s 5 (O [ 25 L) (2020 0 5 10 15 20
3 v V4 =2 S ¢/ min
I T T4 K R N ZR B SR I o, AT
WIZE 6 3, B b G LI 5, 4% R HPLC-UV BlS RA(a) #T7EH (b) (RESR) TR
) ’ ° EEHERNEILEE

G RIS B R R MBI RN G EN
0. 77% +0. 01% 1 1. 46% +0. 01% , 24 W)y 10 15 2% fe
HEMZ R LRS00 0. 77% +0. 01% F1 1. 47%
+0.01%, JH t K3t 2 L5 RV T, 45 R LA
Ty e o 25 SR T B 3 1 25 57 (P>0. 05)

AT SCk 1 IR IE T I 2 R R AMRE e £
fL C i A X 28 1z 328 f £ R b AT & w2
(£ 3) , REIFEAFAEHI S (70 min DL E) |
BHUAFITHAEZ (40 mL A EAHHIIEF L E) FIxd
TR THAE 2 (77 2 X I8 AL R 47 /8 1) B9 )
2020 4 J Sep Sci RiE T —Fhap 1) 28 J2 & w4 Bt
Tkt Al AR S v R R B, BRI T A

Fig. 5 Chromatograms of Fraxini Cortex sample by
(a) this method and (b) the method in the
Chinese Pharmacopoeia

BUAFNHAE , (EATS 75 B B A IR ) 2 A58 B A
[F el P )RR 7 7 A 52 36 2 o LA BB ), o
I RS AR T Ik = AR HE T, A5 k8
XA i ) 8 2 F AN T T SR AR DAL, 72 R
ST CREBAH O RSB RE) , 11
min A58 % B H %% B R %R B R
2, Ak R 2 0.5 mL ZHEAT 1A% B, K
REETH T HERL BRI, AR T A I A AN 3R 55
IEE L

®3 FFEEXHMENLE

Table 3 Comparison of this method with methods in literature reports

Sample extraction

HPLC separation

Number of

No. Method Solvent Tin.le/ Mobile phase Tirr}e/ Harmful solvent reference  Ref.
min min compound
1 RE 50 mL methanol 60 20 mL acetonitrile-0.1% (v/v) 20 50.0 mL methanol and 2 [1]
phosphoric acid aqueous solution 1.6 mL acetonitrile
2 UE 24 mL94% (v/v) methanol 8.5 50.4 mL methanol-0.1% (v/v) 63 42.6 mL methanol 2 [10]
aqueous solution formic acid aqueous solution
3 RE 50 mL methanol 60 60 mL acetonitrile-0.1% (v/v) 60 50.0 mL methanol and 2 [11]
phosphoric acid aqueous solution 7.2 mL acetonitrile
4 UE 10 mL synthesized DES con- 30 12.5 mL methanol-0.1% (v/v) 25 3.8 mL methanol 2 [12]
taining 20% (v/v) water formic acid aqueous solution
5 UE 10 mL 25% (v/v) ethanol 5 8.25 mL acetonitrile-0.1% (v/v) 5.5 0.5 mL acetonitrile 1 this
aqueous solution formic acid aqueous solution method

HPLC separation time was the end time of chromatogram in literature. RE; reflux extraction; UE: ultrasonic extraction; DES. deep

eutectic solvent.
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