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Optimization of extraction process and establishment of quality standard for
quinic acids from Acanthopanacis Cortex
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[ Shaanxi Provincial Collaborative Innovation Center for Industrialization of Traditional Chinese Medicine Resources, State Key Laboratory for Research and

Development of Characteristic Qin Medicine Resources ( Cultivation) , Shaanxi University of Chinese Medicine, Xianyang 712046, China ]

ABSTRACT: AIM To optimize the extraction process for quinic acids from Acanthopanacis Cortex, and to
establish its quality standard. METHODS With methanol concentration, solid-liquid ratio and ultrasonic time as
influencing factors, extraction rate as an evaluation index, the ultrasonic extraction process was optimized by Box-
Behnken response surface method on the basis of single factor test. TLC was adopted in the qualitative identification
of Acanthopanacis Cortex and its adulterants. The HPLC fingerprints were established, after which the contents of
chlorogenic acid, 1, 3-dicaffeoylquinic acid and 1, 5-dicaffeoylquininic acid were determined, the analysis was
performed on a 35 °C thermostatic ChromCore AQ C 4 column (250 mmx4. 6 mm, 5 pwm), with the mobile phase
comprising of 0. 1% formic acid-methanol flowing at 1. 0 mI./min in a gradient elution manner, and the detection
wavelength was set at 254 nm. RESULTS The optimal conditions were determined to be 70% for methanol
concentration, 1 : 30 for solid-liquid ratio, 210 W for ultrasonic power, 40 min for ultrasonic time, and 30 min for
extraction time, the extraction rate was 2.636% . The TLC spots demonstirated good resolution. There were 28
common peaks in the fingerprints for 26 batches of medicinal materials with the similarities of 0. 217-0.992. The
average contents of chlorogenic acid, 1, 3-dicaffeoylquinic acid, 1, 5-dicaffeoylquininic acid in 20 batches of
decoctioin pieces were 0.43, 0.31, 0.36 mg/g, respectively, and the average total content was 1. 10 mg/g.
CONCLUSION

adulterants, thus evaluate the quality of this medicinal material.

This stable and reliable method can be used for the identification of Acanthopanacis cortex and its

KEY WORDS: Acanthopanacis Cortex ; quinic acids; extraction process; quality standard ; Box-Behnken response
surface method; TLC; HPLC fingerprints
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Tab.1 Information of Acanthopanacis Cortex medicinal materials

' ) S W B ] g EilR=2 sl
S1 v B 5 24 R E A BE 2024 4 8 A — 121523-201703 g
S2 N 2024 44 A MONE) 240404 g
S3 N 2024 44 H il 240404 g
S4 L 2017 %2 A Wb 20170201 g
S5 [ 2024 44 H WALE & — Fiw)i):3
S6 2= 2024 44 A i) 20240406 gz
S7 G 2024 44 A e 20240101 gz
S8 G 2024 44 A bl 20240101 g
S9 R 2024 4 4 A YL 20240101 Fhn e
S10 L 2024 44 A AR 20240101 Fon g
S11 =M 2024 4F 4 H 1L vg 20240215 g
S12 =M 2024 44 A )i 240404 g
S13 | 2024 44 A LY Eel] — g
S14 G 2024 4E 4 A P 20240101 g
S15 ZIM 2024 4E 4 A S 240404 g
S16 3 2024 4E 4 A IR 20240101 Fhn e
S17 3 2024 44 A i} 20240101 FmEz
S18 3 2024 -4 H Ly RN 20240101 Eiw) )3
S19 L 2024 -4 H g 20240101 Fohn gz
$20 =M 2024 44 H Wi 240404 gz
s21 ZH 2024 44 H HM 20240406 g
S22 ZH 2024 44 H uF 240404 Fng
$23 ZIM 2024 -4 H 17g 20240215 e hn Kz
S24 = 2024 4E 6 A AT 20240604 J
S25 G 2024 46 A BRI 20240601 il
$26 2= 2024 46 A L 20240604 FAEES ||

*2 EAMERARER

Tab. 2 Information of Acanthopanacis Cortex decoction pieces
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2.1 RRERIZLMLL

2.1.1 BREZFRE 55 H R EEREU 5L
(0, 10% . 30% . 50% . 70% . 90% ). KH& (1 :
10, 1:20, 1:30, 1:40), #@HEE (20, 30,
40, 50 min), ZESULE 1, b Er g, H R
YR 70%  RRELE R 1 30, AT 40 min
HNEFAIES S 3/

1 BEHRAEER

Fig.1 Results for single factor tests

2.1.2  Box-Behnken M ik 750 N 2250 L Al
T, DIHFEATRIMEL (A) . BHELL (B) . HAE
] (C) MmEE, IR (V) WiFMmiEir,
BT =HE = AR, FRAEIE3, 4R
T4, FEMPIIES, W ILE 2,

RAHHE, Tl T 250 P EER T4 68. 418% |
BHE EE 12 31,487, M B[R] 35 min, $2HCR N
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% 3 Box-Behnken M5z % E E K F
Tab.3  Factors and levels for Box-Behnken response

surface method

KO A HERBUM% B RN C BRI/ min
-1 60 1:25 35

0 70 1:30 40

1 80 1:35 45

#& 4 Box-Behnken N HXiZiT5&ER

Tab.4 Design and results for Box-Behnken response

surface
RS A HEAFIMU% B BRELL € BT /min Y $2H0%/%
1 60 1:25 40 2.196
2 80 1:25 40 2. 069
3 60 1:35 40 2. 067
4 80 1:35 40 2. 062
5 60 1:30 35 2. 464
6 80 1:30 35 2.300
7 60 1:30 45 2.210
8 80 1:30 45 2.175
9 70 1:25 35 2.173
10 70 1:35 35 2.511
11 70 1:25 45 2.329
12 70 1:35 45 1.857
13 70 1:30 40 2.574
14 70 1:30 40 2.561
15 70 1:30 40 2.593
16 70 1:30 40 2.577
17 70 1:30 40 2.587
RS FEDWER
Tab.5 Results for analysis of variance
He i ¥y A B ¥y FAH PiA
BT 0.87 9 0. 096 227.22 <0.000 1
A 0.014 1 0.014 32.49  0.0007
B 0. 009 067 1 0.009 067  21.40  0.002 4
C 0. 096 1 0. 096 226.54 <0.000 1
AB 0.003 711 1 0.003 711  8.76  0.021 1
AC 0. 004 171 1 0.004 171  9.84  0.016 4
BC 0.16 1 0.16 386.30 <0.000 1
A2 0.18 1 0.18 419.05 <0.000 1
B? 0.32 1 0.32 750.82 <0.000 1
c? 0.031 1 0.031 73.83  <0.000 1
B 2% 0. 002 966 7 0.0004237  — —
JEAI 0,002 366 3 0.000 778 8 4.95  0.0782
4iiR2E  0.000 629 3 4 0.000 1573  — —
B 0. 87 16 — — —

H2.633% , FETISLIRIEIE MG WG T E, [
B2 BT R REFEAGIR R, K ILEIE N F AR 4
$70% . BRELE 12 30, @S] 35 min, # LR
AL T LT 3 HEERUF RS, 45 R E 6, nHIZ
T2RENTT,



2026 4F 7 A
Fa8 K HETH

Bk %

Chinese Traditional Patent Medicine

July 2026
Vol. 48 No. 7

{E: AL B, C. YRl WBEARFR 3 i, BRI LL A )
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B2 & FE R EE

Fig.2 Response surface plots for various factors

Fo WIFXELER (n=3)

Tab. 6 Results for verification tests (n=3)

K55 P/ % IR /% ARXT522/%
1 2.626
2 2.642 2.636 0.114
3 2,641
2.1.3 BHLSIEWEE R ERRAM B (i

4 Fhi) 1g, BTEEHIEH T, MA 30 mL 70%
B, 8 (IR 300 W, #% 40 kHz) AbHE 35
min, %, 70% HHEERN R IR A T, BT, ad
UE, BUEEIEW, 0.22 pm WFLIERES uE, EIES,
2.2 KgymE RHKGME, 5R KT,
RIS 2025 AEAR (R E G ME (A
1 12.0%)

2.3 TLC & M%) R 7 v 8 5 5
mL, 75T, BRIEMA | mL P EEE MR, 18 2025
AERR (T EZ ) R A (GEN 0502), )
B RV S 0 RS WA 1 pL, TR — Rk
WER L, AR OER-HR-K (30:2:2) K@
FEA, RIF, B, B, BELL 10% B R O B
W, 105 C Jn# 2= B 0 B @ i, TRAMBT
(365 nm) FHfL, Z5RULIE 3, HBbrl s, 254f,
Xof B R AN S s A ) B BRE A, 0 B R
BUDASRERR . 1, 3-ZWIMEBEZE TR, 1, 5-ZmiHE
ks TR R Aa br b L SR B 5 S21, S22 5 HiAth

xRT KGMEER

Tab.7 Results for water determination

' FEHL KX/ % RSD/% Y FEHL IR/ % RSD/%
S1 Xof B2 H1 5.15 2.19 S14 P 7.61 0.27
s2 TR 6.36 1.61 Si5 3 6.72 1. 69
S3 L 6.10 2.17 S16 IR 7.92 1. 60
S4 i W= 6.10 1.89 S17 i) 7.46 1.52
S5 WALE & 7.66 3.79 S18 BRI 7.16 2.73
S6 i) 6.94 1.46 S19 e v 7.99 2.25
S7 g 7. 60 2.44 S20 Wi 6.43 0.41
S8 S 7.35 1.65 $21 Ho 7.61 2.18
S9 HpiN 7.58 2.51 S22 I 6.98 0. 00
S10 7R 7.62 2.43 $23 1Ly 6.87 1.63
Si1 1L7g 6.87 1.52 S24 REy /RN 5.75 1.76
S12 )i 6.43 3.04 825 BT 6.37 2.22
S13 PO IR 7.92 1.24 826 b B 6.15 1.65
HER AR B RO, TSI AN A B R B, B
7 AR TR BB A, I PR B TR R S A N 2.4.2 3% %1 ChromCore AQ C, {6 3% 4

2.4 HPLC

2.4.1 XEAEBEHE KERIRSER ., 1, 3-
TEBEZE TR . 1, S- T UiMEBEZS TR T IR A 4%
5.00 mg, # T 5 mL &, WEEHEITESZ2Z)

(250 mmx4.6 mm, 5 pm); WA 0. 1% H R
(A) -WEE (B), BREEVEME (0~ 10 min, 10% ~
20% B; 10~ 35 min, 20% ~40% B; 35 ~ 47 min,
40% ~48% B; 47 ~50 min, 48% ~76% B); ARV
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e 1~3 0N ER )RR . 1, 3-ZWmHEEREZE TR, 1, S-—OmMEREZE TR, S1~S22 AN, S23 MM, S24~S25

SKEIFH I, S26 RHLLEFHIN,

B3 FHME TLC &igE

Fig.3 TLC chromatogram of Acanthopanacis Cortex

H# 1.0 mL/min; #1835 °C; MK 254 nm; #f
& 10 pl,

2.4.3 MEEEREK B “2.4.17 TR XIS
WIE 7 “2.4.27 WG S T HERE I E 6
W, MARSRIERR 1, 3-ZomiERiZE 7R, 1, 5-—
MR 4 T R U4 TR AR RSD 43918 0. 17% . 0.51% .
0.22% , FUNIHGHE R,

244 EEMRAE BEFE-#GH (HS
20170201) 6 3, % “2.1.3” Wi F J5ikhl 45 Hhix
FRUATR, TE €2.4.27 TGS SRR,
RERERR . 1, 3-ZOMMEREE TR . 1, S-Z e
2 TRRIGTE AL RSD 2354 1.04% . 0.71% . 0.73% ,
RZ R EE R,

2.4.5 RUEMERAE  REWELS R IER (S

20170201) 10 wL, T 0, 2, 4. 6, 8, 12, 24,
48, 72 h 7E “2.4.27 TGRSR e, D
RERERR . 1, 3-ZMIMEREE TR, 1, S-ZMnHEmE
ZE TR AL RSD 43914 0.52% . 1.23% . 1.42% ,
FUAVSTRAE 72 h INFEE Tk BT,

2.5 HPLC s Bi#ds B 26 M BER (T
4500), H <2137 TR Jr ikl A& R S TR
TE “2.4.27 TUAREAE T BRI G, KA O
A Ak SRR E M R R
(2012A Ji0), LAS1 WS, RHZ K IELHTT
LPEIEICRC AT, EAr iR acEE, WK 4, ATAA
28 ML HXEE S A E TR IAE 3 A4, 9
MERIRIR (W 1) . 1, 3-TMNHEREZE TR (1 2) .
1, S-ZOnMEmEZE TR (1 3) .

4 26 #t AN R HIRE MR HPLC $59LEi%
Fig. 4 HPLC fingerprints for 26 batches of Acanthopanacis Cortex and its adulterants
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FEEATARRLBEE PEAY, 25 R 0L 8, Hdbnl %0,
26 25 ML BETE 0. 217 ~0.992 JLHI N, % S21
(0.689) . S22 (0.645) 4b, ¥JKTF 0.9, FIHH

AR A R, IRVE M (S21 ~S26) 5 I1F &
(S1~S20) FHMIEZERR A, 5 “2.37 Wi FZR
#ﬁlo

®8 HUENESER

Tab. 8 Results for similarity determination

G5 7l AL (ZH]) AHABLEE (X FR) G FEHL AL (ZHR) AEABLRE (X5 R

S1 X R 24k 1. 000 0.991 S14 = 0.943 0.974

S2 bE N 0. 963 0.987 s15 T 0. 952 0.981

S3 il 0.988 0.988 S16 "R 0.956 0.970

S4 WAt 0.993 0.983 s17 ] 0.958 0.976

S5 WALE B 0. 986 0. 969 S18 AT 0. 942 0.974

S6 i) 0. 995 0.992 S19 ] 0.958 0.983

S7 B 0. 941 0.973 $20 Wi 0. 991 0. 990

S8 B 0.933 0. 968 S21 Hf 0. 671 0. 684

S9 MBI 0. 955 0.977 S22 L7 0.637 0. 654

S10 14 0.954 0.979 $23 117G 0. 663 0. 687

S11 1) 0.954 0.977 S24 Ly XN 0.143 0.217

S12 )i 0. 969 0. 987 S25 Ly AN 0. 400 0. 468

S13 LB 0.993 0.988 S26 L 0. 508 0.569

2.6 A= 2.6.2 ZMECRFLE KEE WO IR A RGE 5,
2.6.1 (kK DLES, PP A PR 22 1 000,00, 600. 00, 360.00, 216.00,
129.60, 77.76, 46.66, 27.99 pg/mL, 1w “2.4.27
AT T HERRIRE LUK RE, J i e JE A AR b
(X), WEMBCA AR (Y) #EA7IIE, Z5R W% 9,
ARSI ERS AT B NG R AT,
2.6.3  IAERIERLE KSR R SR
TR 2GR (S4) 6 1y, &3 0.083 g, JinAIE
BEGE IR e <2, 1,37 3R 7 i oA It o
W, 7F “2.4.27 WG HEREIE, T W
Wow, 458, SRR, 1, 3-UNHEREZE TR, 1,
5- WA 2 T IR ST YRR RIS 43 5 R 104, 28% |
He AL BT ARG, | R

LR 2.1, 3-ZomiEsEZE TR 3. 1, S-MnmEmEZE TR
1. chlorogenic acid 2. 1, 3-dicaffeoylquinic acid 3.1, 5
dicaffeoylquininic acid

5 #£&ME4% HPLC &ifE

Fig. 5 HPLC chromatograms of various constituents

98.32% . 98.92% , RSD 434ll°4 0. 68% . 2.66% .
1.70% .

2.6.4 FESEEIE  BC20 #HZhAE, 7 <2.1.37
WUR ikl s S W, 7E “2.4.27 A5
TR H#EE, AR, 4R IE9,

x99 BRALMXR

Tab.9 Linear relationships of various constituents

1'% BV Epiys R? RMEVE R/ (pg-mLh)
LR Y=11 768X+79 339 0.999 7 27. 99~600. 00
1,3-WEmESs T R Y=18 091X+70 945 0.999 8 46. 66~ 1 000. 00
1,5-ZMHERE S TR Y=13 805X+81 270 0.999 8 27. 99 ~600. 00

H AT, S4 rh&s o & i i, S2 Thak)R
fR. 1, 3-ZMnmMEmELE TR S s, S5 1, 5-Z
MNP 2 7 R o i A A A o 2 i i
0.43, 0.31, 0.36 mg/g, FHESEN1.10 mg/g,

B30 #HEAR F, i <2.1.37 TR 7 gkl it
WRAATR, 78 “2.4.27 T &4 F oA 2,
TR A, 458003 10, ULl AL, S004 145 Ak
Sy, S027 HERIEER F R AR, S009 1,
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3-MNMEBEZE TR 1, 5-MNMEmEZE TR
% & A& &2 0 0.54, 0.40, 0.44
mg/g, FHEEGHE N 1.39 mg/g, LIEERADT

0.88 mg/g MhrE, K 19 #K A A, AR
H 63% ,

K10 ERSEENEER (mg/g, n=2)

Tab. 10 Results for content determination of various constituents (mg/g, n=2)

%' SRR 1, 3-THNMEREZE TR 1L5-TrEREE TR || S mERR 1 3-TUnmEmEE TR 1, 5-ZonnksEEE TR
S1 0. 69 0. 43 0.42 S11 0.31 0.25 0. 40
s2 0. 18 0.13 0.18 s12 0.21 0.15 0.18
S3 0. 66 0.54 0.58 S13 0. 63 0.38 0.29
S4 1.33 1.03 0. 86 S14 0.20 0. 16 0.25
S5 0.30 0.22 0.11 S15 0.23 0.17 0.24
6 1.05 0. 56 0. 64 S16 0.24 0.26 0.29
S7 0.24 0.16 0.28 S17 0.29 0.25 0.35
S8 0.26 0.17 0.31 S18 0.20 0. 14 0.23
S9 0.20 0.18 0.23 S19 0.27 0.18 0.30
S10 0.24 0.18 0.28 S20 0.94 0.73 0.75

S001 0.27 0. 16 0.20 S016 0.35 0.33 0.32

S002 0. 84 0. 56 0.57 S017 0.32 0.27 0.29

S003 0.26 0.17 0.19 S018 0. 86 0.71 0. 64

S004 1.21 0. 54 0. 66 S019 0.31 0.26 0.29

S005 0.24 0.15 0.17 S020 0.92 0. 66 0.72
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