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Optimization of extraction and purification technology for phenolic acids and
flavonoids in stems and leaves of Salvia miltiorrhiza
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Abstract: Objective To study the optimum condition for the extraction and purification of phenolic acids and flavonoids in the stems
and leaves of Salvia miltiorrhiza. Methods The contents of phenolic acids and flavonoids were determined by ultra performance
liquid chromatography (UPLC). The extraction process was evaluated by single factor test and orthogonal design with yield of dry
extract and the content of phenolic acids (including danshensu, protocatechuic acid, protocatechualdehyde, caffeic acid, salvianolic
acid B, rosmarinic acid, and lithospermic acid) and flavonoids (including rutin, isoquercitrin, kaempferol-3-O-rutinoside, and
astragalin) as index. The effects of extraction method, extraction solvent, ratio of material to liquid, extracting time, and extracting
times on the extraction of stems and leaves of S. miltiorrhiza were investigated. Macroporous adsorption resin was used to purify the
sample, and the purification process parameters were investigated to determine the optimum purification process. Results The
optimum condition for the extraction of the stems and leaves of S. miltiorrhiza is that eight times of 50% ethanol for three times reflux

extraction and 1 h for each time and AB-8 macroreticular resin was selected for the purification. Optimum process was as following:
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The concentration of sample solution was 1.0 g/mL; The loading quantity of the sample was 0.15 g dried extract of per gram; The resin

column chromatography was eluted with 3 BV of 40% ethanol. Under these conditions, the total purity of phenolic acids and flavonoids

could reach 40.83%. Conclusion The optimum technology is stable and feasible for the extraction and purification of phenolic acids

and flavonoids in the stems and leaves of S. miltiorrhiza, and can provide reference for further development and utilization.

Key words: Salvia miltiorrhiza Bge.; phenolic acids; flavonoids; danshensu; protocatechuic acid; protocatechualdehyde; caffeic acid;

rutin; isoquercitrin; salvianolic acid B; kaempferol-3-O-rutinoside; astragalin; rosmarinic acid; lithospermic acid

P2 RIS TEEHEYI TS Salvia miltiorrhiza Bge.
TR SR ZE, Honkey, PERSE, HAVEIMIFAZE.
FEEIEE . BRI R s,
B PR . AL, EEMER. DU
SR FANE TR E T PSR AL BT S A
PS5 SRR PR32 I FH O o 1035 9975 114
WU BEE IR T E YK, PSSR
BB, SRS 25 AL BRI 72 A2 T K
BIPHS ZEM SR AL, R AT R A AT
I FEIRIR S, $R =TS BHER AR .

P22 FEEEMRAE. IR, =
FELEFETREENT, HAPBMRERS SIS
M5 P22 AR S o PR BRI o o —
KEAMBRENANRENEY . ZHITRIRIE K
APUAMAER S T4 R ¢ 4R E. HEE
. Horp PG B A2 H AT AN T A VR F S
KARF=z —10, BAPIIME . SCEMIEIR. (RAT
S FRIT ET™, ool I PR AT R RIVA YT A
F o PR an S . P T A EA B I
VRIS DU PR AR S5 2 B T

ARSI A R IR AT O PR |, LS 2
T PR % B R o A AR 5, R B R R S
Je TEAZ RIS S 25 By B A5 280 A7 1) e FE B X
T2, TR DKL B o gk AT 4liAb s 4R,
CAHAA P 2 250 B YR B AR F SR BERL 22 Ak 4 .
1 NESEHF
1.1 &8

Waters Acquity UPLC R 4t, 5 A 5
4, HEESS, CHCEFEIRCINES s Waters A A ;
Sartorius BT125D HL-F-73#r R, il EZER 2 i A
Al; EPED H4AUK RS, M5 HAGRHIKER
FRAT; KQ-250E AU A E Ve, EILRAIE S
XA RAT; AnkeGL-16 GIL BB LML, g%
ERPEEAER s AR ST AR AL, AR T LI
EHAARAA
1.2 KSR

REZl K2 Milli-Q 24K & R Al L.

CIES kA, 6 E S E B e AR D101, HDP-
100. X-5. AB-8. HDP-450. S-8. NKA-9 7 k7L
W B AR A S50 B b i R R A SR A PR AR HoA
P E R R o B 4k, 0 R A =R A R A A
1.3 #Hf,

SR LSRR (HIE5 110809-201205) J7 )L
ZcmE (b5 110810-201007 ) . W HEER (it =
110885-200102). T (5 100080-201409). ik
EER (S 111871-201203) ¥ [E F E & 5424
an AL E BT B s AR S ER (S MUST-
13030108) F#fft Bz (fit5 MUST-15070211). %
U (L5 MUST-13092006) 111 25f)-3-0-25 7
PEEE (L5 MUST-16041507) 45558 (b5 MUST-
15022407). FHHE B (35 MUST-13030203).
R A (L5 MUST-13030701). FIEy G C (it
MUST-15011305) #4083 AL 5038 K [F QA RHA
BRAR], JESEIHIKT 98%.

FFZZM 258 T 2016 47 H R HILAREA B T
KEX DI, YR RL R P ES KBRS R
BAREENERHBEEEHEY S Salvia
miltiorrhiza Bge. WHL =250 FEEL T 50 C XU
+, TSR R 40 H 0, IR 5 TR ORAF A H
2 FAEEHR
2.1 FFESEMEMEHER S EENE
211 tiEKAE BaEFEN Waters Acquity UPLC
BEH C g #£(100 mm X 2.1 mm, 1.7 um); #3435 C;
MBNAE R CIE-01% F B /KW, BT : 0~1
min, 5%ZME; 1~3 min; 5%~10%ZM§; 3~7 min,
10%~15%ZfiE: 7~11 min, 15%~21%2Z 5 11~
15 min, 21%~33%ZME; 15~17 min, 33%~70%
ZME; 17~18 min, 70%~80%Z.ff5; 18~20 min,
80%ZJE: 20~21 min, 80%~5%Z M5 KFRE
0.4 mL/min; HEFER 2 ul; A 280 nm (FHEY
PRI ) A1 254 nm GRS ). X R AR
e (280 nm) LA 1.

2.1.2 FHIEE S RIS R, BLS
B B LZRIE . WMHERR . 7T St i ZRm-
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PSR 2-F)LHERR 3-F)LAERE 4R 5-5T 6-Sfi

BH T-EM3-0-EFHE  S-ETUE 9-REFR
10-578  11-FHHR B 2-FHBR A 13-FHHR C

1-danshensu 2-protocatechuic  acid 3-protocatechualdehyde
7-kaempferol-3-O-

10-iithospermic acid

4-caffeic acid S-rutin 6-isoquercitrin

rutinoside  8-astragalin  9-rosmarinic acid

11-salvianolic acid B 12-salvianolic acid A 13-salvianolic acid C
1 REMBRER A AEENER B) SAEEN
“@iLEHMS (C) B UPLC EliE
Fig. 1 UPLC of reference standard solution (A), sample of
S. miltiorrhiza (B), and sample after purified (C)

3-O-EFWEH . Bl RIEFR. BHR L
Mg B. A. C WMEE, ETiRasRd,
90% FF I fill I & FF 2 & 0.155 mg/mL. J5 LA TR
0.115 mg/mL. J& JLZ%E 0.111 mg/mL. MiIHEES 0.135
mg/mL. 7 T 0.123 mg/mL. 54 0.122 mg/mL.
L Z5[3-3-0- 24 0.112 mg/mL. %5 =95 0.152
mg/mL. HKIEFER 0.123 mg/mL. LHEE 0.178
mg/mL. FIEER B 0.109 mg/mL. FHHEE A 0.179
mg/mL. FHBER C 0.098 mg/mL 178 A X R FIE W .
2.1.3 A& BUREURIEE, A EAM
MARFL, B2, JER, 13 000 r/min 20> 10 min, HY
BB, £ 0.22 pm WALIERE ER, BIAE.

2.1.4 ZMHXFRFER HUREX RSB, 755

B2, 104 20, 100, 200 fi5, £80.22 um fFfFLIEME
eI, % “2.1.17 BUR SRR OGRS T, A
Xof B B B R P R AR (X0, WA R AR AR
(Y, exhilbriEdh 4, FEATZMERIE, THEEIETT
o USALEYIMERELL (SIND) 25T 3 B AR B 5
BIRFEHE BRI (LOD), MLELEMN SIN
ST 10 BAH R 5T B FE A E e B FR(LOQ) .
GER A RNNFIFSER Y=3 343.5 X—401.43,7=0.999 9,
2R VB 0.775~155.000 ug/mL, LOD 3.08 ug/mL,
LOQ 10.26 ng/mL; Ji JLAER Y=7 311.4 X+2 259,
r=1.000 0, &M 0.575~115.000 pg/mL, LOD
1.30 pg/mL, LOQ 4.34 ug/mL; J5)LAEE Y=23 129
X+1934.7, r=1.000 0, Z&VEJEH 0.555~111.000
pg/mL, LOD 0.39 pg/mL, LOQ 1.28 pg/mL; Hnnj
R Y=14 635 X—600.47, r=1.000 0, Z&ttiufE
0.675~135.000 ug/mL, LOD 0.59 ug/mL, LOQ 1.98
pg/mL; ] Y=9316.4 X+1 769.1, »=1.000 0,
£RMEVEH 0.615~123.000 ug/mL, LOD 2.25 pg/mL,
LOQ 7.49 pg/mL; S#ft 7 Y=12 745 X+1425.9,
r=1.000 0, Z&MJEMH 0.61~122.00 ug/mL, LOD
1.76 pg/mL, LOQ 5.87 pg/mL; 11Z51-3-0-Z %1
H Y=6 513.9 X—2 071.6, r=0.999 8, ZM:JuH
0.56~112.00 pg/mL, LOD 3.36 pg/mL, LOQ 11.21
ng/mL; L ATEH Y=9617.6 X+1 136.3, ¥=0.999 9,
LR MEVEH 0.615~123.000 ug/mL, LOD 2.30 pg/mL,
LOQ 7.66 pg/mL; KIEFE Y=9 060.4 X—907.77,
r=1.0000, Z&ME7EH 0.615~123.000 pg/mL, LOD
1.07 ug/mL, LOQ 3.58 pg/mL; “KE[R Y=5 744 X—
2599.6, r=0.999 9, £ i 0.89~178.00 pg/mL,
LOD 1.48 pg/mL, LOQ 4.94 pg/mL; FIEE B Y=
52877 X—1162.7, r=0.999 9, £ 0.545~
109.000 pg/mL, LOD 1.25 pg/mL, LOQ 4.17 pg/mL;
FHBER A Y=13 188 X—2 514, r=1.0000, 2t
0.895~179.000 pg/mL, LOD 0.53 pg/mL, LOQ
1.78 ug/mL; FHREE C Y=10 563 X—1 290.8, r=
1.000 0, Z&M:JEH 0.49~98.00 ug/mL, LOD 0.71
pg/mL, LOQ 2.36 pg/mL.

2.1.5 REHERLS  BUREX S BOESRE 6
R, IR0 IR (0 T I e TR o %56 HER i € 3 e
U T AN () RSD 38/INF 1.33%, R B A 2 R 47
2.1.6 FREMELS BRI T Z S At i
Wi, 2HF 0. 2. 4. 8. 12 24 h FEEEE, id%
I VT AN o 2% 32 LA I IE TR AR 1) RSD 34/
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T 1.79%, KM 24 h AERE .
217 ERMERE REHERRTZ, 1%92.1.3”7
TN J7 3 AT 2% 6 A B VL AR CEEREIN €
TCSRAE i & P IR T AR . % L eI 1 AR
[¥] RSD ¥I/NT 1.57%, RUITNEELIERLF.
2.1.8  fOREREMCERRL  HC A& AR bR B A
AR 6 13, REEINN—E B AR BRI 1%
“2.1.37 WUT J7 ik & Bl i I, IE I sk &
R B [ WA 8 i b B 20 DT B8 TR [l YA 2 0y
98.05%~104.00%, RSD 4 0.19%~2.35%.
2.1.9 FEAIETTE ARBUTS MR, R0
295 g, 1M “2.1.37 WU Ty ik & Pl v i, 4%
M “2.1.17 BUF il I E B HR AR &
22 FASEMHERTIZMR
221 FRRHUTIEFEE

(D) EAERBGE: BPIS M2, Wi Ed
40 HIf, FEEMICMIIAR 5 g, LLERREE Y 1 08,
L (300 W, 50 kHz) $2HL 2 ¥R, HRHT ]
NEK 0.5 h, M FEAR KT & .

(2) 4FgRlfk: BUYZZEm a8, e
40 HIf, FEEMIMIIAR 5 g, LLERREE Y 108,
LB SR 2 K, SREUN B R 1 h, UE fibs
R

(3) LR+ /KRLEE: BTS2 2454,
i JEid 40 Hf, FEEAKEZGMBIAR 5 g, BLEHR
BN 108, ZBEMIAAR 1 K, 421 hy BEfR/E
B LIERREY 10 8, JKETESRH 1K, $23 1 h,
EIF 2 IR, MESRAR ALY

GERRHW], LR RIRER FE AR O ISR B
15 WO QR IR AT B R M IES I B 5
WA 1.
222 REUEFFESE BUTSZEM4H, BEEd
40 Hif, FEEMIM IR 5 g, LERRLIEN 108,
FEMIRBCY 2 I, SREUN TR ERR 1 h, KA
x1 REGENASENHERLR S . BERERIRER
BRI
Table 1 Effects of extraction method on phenolic acids,
flavonoid, and their total content

S ¥/(mg g ™)

By

WRTE wrnn wmran R
8 FE PR ILE 3.46 31.07 34.53
V- AGIM kS 4.55 43.97 48.52
ZIE R A KRB % 4.06 40.37 44.43

[ SRR H (30% 50% 60%- 70%- 90%)
SRBU T2 25 By IR IS 73 S s B ey 5
Wi. S5RETH], FESZEM IR KPS ) &
b L EEARAR 7> BRI T R TS N, £E ZBE 60%0 ik
FEAE, JBE QEEAR D BT i R . AR 2.
x2 REBRFNASEMELRSS . BERERIRERD
EHNT

Table 2 Effects of extraction solvent on phenolic acids,

flavonoid, and their total content

J B B/ (mgg )

e
WA ey mmras | BE
K 2.68 35.56 38.24
30%Z. B 3.52 37.61 41.13
50%Z. B 3.95 37.07 41.02
60% 2. % 4.55 4.97 48.51
70% 2. 1% 4.53 36.79 4132
90% . [ 3.92 31.94 35.86

223 BHREEES B EN A, B 40
Hif, MEMRMAMMAR S g Bl 60%L 0, $2H
RECH 2 IR, SEEU TR N EER 1 h, BEEAREREEL
1:8.1:104 15124 1515, 120 RHZEUS4
B, REW, SRR 115K, BE
RFEE, SHESELHEER. WEK3.

224 RN EESE B MM, M fEiad
40 Hif, HEMEZAMMAS g Ll 60%LEE, K
WEE 108, $FREHUKEL 1 Ik, FBEAE HIHE U [F)
(1.0~ 1.5+ 2.0 2.5, 3.0 h) XFFEEUR 5 B = A5 .
SRR, PES 2 TR SR AR Ry B N
[B] O35 hn i v, E 2.0 h IS IR B WEEAE, f B A 18]
Bhmm . WK 4. HTFHRIR B e M,
ANEAREINHA, MuESE 1.0. 1.5. 2.0 h #HTIER
3 RURLEASZEMREER S BEBLRIRERE
EppA

Table 3 Effects of ratio of material to liquid on phenolic

acids, flavonoid, and their total content

Ji B4 B/(mg-g ")

Pt ELESP %y LilleND %y B
1:8 4.33 44.52 48.85
1:10 4.75 42.80 47.54
1:12 4.88 43.81 48.69
1:15 5.03 45.42 50.45
1:20 5.14 4521 50.35
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A

Table 4 Effects of extraction time on phenolic acids,

flavonoid and their total content

F= 5 REURETSEMRIEHEMR S BERER S RER
=/
Table 5 Effect of extraction times on phenolic acids,

flavonoid, and their total content

RESE/(mgg ™)

FRESB/(mgg ™

S ARy BREMRSr AR Bt ISRy e Py 8-y
1.0 3.96 36.48 40.45 1 436 41.56 45.92
1.5 4.05 36.84 40.89 2 5.11 49.68 54.79
2.0 3.97 39.59 43.56 3 5.90 53.67 59.57
2.5 3.83 37.77 41.60 4 5.50 51.74 57.24
3.0 3.92 38.38 4230
LR BNV R, B G B LT
W EE. Hn b B, BB 100 73, L RbR T AR

2.2.5 REGREFES WSS AN 2, e
40 HIf, HHEMIZAMMAS g LL60%LHEE, K
WEE 128, FREUS A ARRIR 1.0 h, BEARHUREL 1.
2. 3. 4 SHREEUR SRR, 4R RIMER
HORE 3G 0, P2 25 b By B2 S S I 28 R 2y
s 2 LR, I3 REREAHE LTt

L 5.

22,6 B BPFZZEM246, BEd 40
H i, KSR 9 2R AR, S0 5 g 1% Lo3%
IEARIS R AT IR . MR RIS EE R,
AR B (A BHREL (B). $REUEE (O,
PEHLREL (D) RHEERE, HIEH 3 MK, &

SRR T 251

ARSI VAFT 2 25 PR IR I K SRS Ay B

BUE 25009, REMSENEZREO0.1, 7EHIEG
HHAT BB 5, PAGEA VBN IE AT 1R 56 25 SR it
THEMNT AT r =B B/ ERKMEX0.9X
100-HZ B E/IR B FHKME X0.1X100. KF
AE BRI LG R R 6, =TI 7,

TEAC TR 45 2 B AR 22 e /N 1) B TR 3 iR 22
AT 77 ZE 5007, SR FEVEH £ D>C>A>B,
B2 48 bR B2 B H T 2 R ORI AL (P<
0.01). ZEEAFSE (P<0.05). REUET (P<
0.05). WZEHTEE R IR, BHEEEHEELER (1) 5200
RSP E ZS . 86 % HEM K EIE
H AT AR ), E ST S 2R g R 2 K B
K SR T 28 A\BCDs, B ABEAAF %L
50%, RHELEAN 118, $2EL1.0h, $RHL3 K.

F®6 L3 EXRIWRITRERSIHT
Table 6 Design and results of Ly(3*) orthogonal test

s A% B C/h D ME/(mgg™) BEREY% ZEEVRAY
1 50 (1) 1:8(1) 1.0 (1) 1(1) 50.23 28.57 74.82
2 50 (1) 1:10(2) 1.5(2) 2(2) 63.22 32.40 93.16
3 50 (1) 1:12(3) 2.0(3) 3(3) 67.70 35.54 100.00
4 60 (2) 1:8(1) 1.5(2) 3(3) 64.38 3253 94.74
5 60 (2) 1:10(2) 2.0 (3) 1(1) 4736 28.00 70.84
6 60 (2) 1:12(3) 1.0 (1) 2(2) 64.24 29.03 93.57
7 70 (3) 1:8(1) 2.0 (3) 2(2) 62.78 33.83 92.98
8 70 (3) 1:10(2) 1.0 (1) 3(3) 67.09 31.51 98.06
9 70 (3) 1:12(3) 1.5(2) 1(1) 4727 2351 69.45
K, 267.98 262.53 266.45 215.11
K, 259.15 262.06 257.35 279.71
K 260.49 263.02 263.82 292.80
R 8.83 0.96 9.10 77.69
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Table 7 Analysis of variance

TIERIE EEVIIM BHE FH wEE
A 15.096 1 2 98.2817 P<0.05
B (IR%£) 0.153 6 2
C 14.620 9 2 95.1879 P<0.05
D 11533605 2 7508.8572 P<0.01

Fo05(2,2)=19.00  Fo(2,2)=99.00

227 BubilLe DA RO s T2, T
1T 3 Bt VA AT, S R 2R A T R
FKHRHEHE N 62.88 mg/g, RSD N 3.04%. IiF
e gE R R T 2FE 4.

23 ASEMAUCTZEMAR

2.3.1 WHARMITLIE  BURFEIRPER 7 B85 K fL
WA I, FH 2 R IARRR) 95% L BEIRY 24 h,
AT, BiERer:, Y5 SRR L1
KIE Ve R TR, & .

232 KRILWMIEES e SRAFRSIREHE, ik
FF& 220 Alifk @ R o A5 AR E D101 HDP-100.
X-5. AB-8. HDP-450. S-8. NKA-9 {EHIE% 1.0 g
ChhgE = AR R, BT 50 mL H B O = £
B, AN AE T2 P2 25 RS2 U 10
mL, B/KFRERIRRE 24 h (140 r/min), £ HFrk
Gy RO REIR B, R, W YR B AN R 2
ROy, THES M IRE =R N AR R . B A
FRAS RN B AR IR DE RSN 50% LB 10
mL, FRRE TREIRFENEIRTE 24 h G, @ N
W IR B Sor &=, THECS W AR IR
SERNEK 8. FIREKY], FAWLI SRR AT
) 3 A g A HDP-100. X-5 F1 AB-8, =% [a]TCH]

*8 ANEESKASHIERSIM S MR ENELSR
Table 8 Dynamic adsorption and desorption capacities of

different resins

S ‘ WP R (mgrg ) DRIE%
PRSI o m mmge WK
D101 Mt 8.769 3479 5415 60.60
HDP-100 dEfKME 9338 3.640  71.05  66.20
X-5 M 9.646 3556 71.00  72.94
AB-8 MR 8912 3.638 7030  67.24
HDP-450 k¥t 4.004 2317  62.58  57.18
S-8 ikt 1437 3.801  11.09  51.85
NKA-9  #dE 7992 3212  61.57  60.09

BZER; H AB-8 & WEH WA &2 H R RKALR
BB IG, ARERAR, WokdE AB-8 YKL B A
VERAR LIS A PF 2 2 R BGHR I A  L

L VRS B8 = (OB YT 9 1 32 B — VB Y VR 5
EE)/THIER

R = UV A 2 T AR PR > W B R A A R
B
233 BRI SRR BB S HUTRAL B AT (1)
AB-8 UKL AE 1 g, 394y, HHET 50mL A
FEHETEI A, BRI AL T2 225 ik g4
HUGR 10 mL, 4% “2.3.2”7 TR /5i5REY 24 h, I
LB AN, S BIAR, IR K. X RN
NABFRECH 10%- 20%- 30%- 40%-+ 50%. 60%-
70%- 80%- 90%1] LBV 10 mL, [RVERE ¥k
Jit 24 h JE g, W B MR B S AN R SR R 43
B, SRWE 2. ZRERY, DRI KB
Iy NFERRI, 40%. 50%-. 60% £ EEMRIN R,
HEGH P RAEE, BUEEE 40% LB AP
100 -
80
60

e

40}
% —i— R
—a—
0 10 I 20 I 30 I 40 I 50 I 60 I 70 I 80 I 90 I
LA H %

2 EBRREER

Fig.2 Results of ethanol concentration investigation

234 EFEBUREWREEFE S PR 3 My abELF )
AB-8 BUWNIE 10 g, MBVEFEAE, BN 1.0 g/mL
249 5 mL. 0.5 g/mL 253 10 mL. 0.25 g/mL 2§
20 mL b4, AT EAEAREINS g EY,
B 1.5 g TIR4RH), HERAMmRESHE R
308.52 mg. FpsEEWELL 3 BV KERZE, 40%4
£ 100 mL PA 1 mL/min ZEATHEME, ISR, 2
S0 5 e R B RS A BRI R B TS
R, AR RIS R 25 Sl
N 90.51%- 74.95%. 66.50%. WEFF 1.0 g/mL 24
N

235 tmihZat] IR FELF ) AB-8 B AL
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Fig. 3 Leakage curve of phenolic acids and flavonoids
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