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Resolution of liquid phase and determination of main components in different
phases of Puerariae Thomsonii Radix by different processing methods

YANG Xunyue, HUANG Yousheng, XIE Liuming, JIAN Linglong, DONG Huanhuan, ZHU Weifeng
School of Pharmacy, Jiangxi University of Chinese Medicine, Nanchang 330004, China

Abstract: Objective Phase separation of the decoction of raw Fenge (Puerariae Thomsonii Radix, PTR), stir-fried PTR and simmered
PTR was carried out, and the main components in the different phases of each decoction of PTR were characterized, so as to provide
scientific references for the analysis of the mechanism of the effect of traditional Chinese medicine decoction. Methods High-speed
centrifugation and dialysis techniques were used to separate the phases of the decoction of different species of PTR and establish a
phase separation process. The particle morphology of the different phases of the decoction was observed by transmission electron
microscopy (TEM); the particle size, polydispersity index (PDI), and potential were observed by Malvern particle sizing instrument;
the UV and Fourier transform infrared spectroscopy (FTIR) were combined to characterize the different processing methods and the
main components in the different phases of the decoction. HPLC was used to determine the content of polysaccharides, total flavonoids,
total amylose, resistant starch, as well as the content of puerarin, 3-methoxypuerarin, soybean glycosides, genistein, and soybean
glycosides, etc., and to evaluate the content of the five index components. The drug loading capacity of the precipitation phase, colloidal
phase and real solution phase in the decoction of raw PTR, stir-fried PTR and simmered PTR were evaluated. Results The morphology

of the precipitation phase and the real solution phase of the three decoctions differed significantly, and the particle morphology of the
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colloidal phase was spherical, and the Tyndall effect was obvious in the colloidal phase. The polysaccharides, total starch, total
isoflavones and isoflavones in the decoction were concentrated in the colloidal phase. The polysaccharide content of the colloidal phase
in raw PTR, stir-fried PTR, and simmered PTR accounted for 159.53%, 333.48%, and 236.72% of the whole solution, respectively;
the total starch content of the colloidal phase in raw PTR, stir-fried PTR, and simmered PTR accounted for 462.70%, 395.15%, and
351.70% of the whole solution, respectively. The total flavonoids content in the colloidal phase of PTR, stir-fried PTR and simmered
PTR accounted for 570.00%, 432.87% and 659.93% of the whole solution, respectively; and the ratio of the colloidal phase of
isoflavonoids content to the whole solution was as follows: simmered PTR > stir-fried PTR > raw PTR. Conclusion The decoction
of PTR was characterized by the presence of three phases: precipitation phase, colloid phase and real solution phase, and could be
effectively separated by high-speed centrifuge and ultrafiltration tube method. Among the three different phases of the decoction, the
content of the colloidal phase was significantly higher than that of the other phases, and the content of the active ingredients in the
colloidal phase of simmered PTR was higher in different concoctions. The above results may provide some references for the
multidimensional study of the potency of Chinese herbal decoctions.
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Fig. 1 Sample diagram of PTR with different processing

methods
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Fig. 2 Schematic diagram of splitting process for different phases
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Table 1 Particle size, PDI, { potential and conductivity for different phases (X £ s, n=3)
Fift/nm PDI i /mv H 5% /mS
EhE BORE JRBE ThE EORE  BRE  ARE BPRE ORRE  EhE BUhE REE

JUEM 677.97427.23 1176.33+176.25 1409.33£76.39 0962003 0.95+0.07 0.8610.04 -3.33£0.31 -3.2710.81 -2.48+0.03 2.14£0.14 2.42+0.14 2.4840.18
etk 88.6712.66  82.08+1.42 53731074 0.51£0.08 0.50£0.02 0.39£0.01 -3.92£0.44 -4.03£0.33 -3.08£0.57 4.8610.65 5.17+0.17 5.31+0.77
HIFHH - - - 0.57£0.05 1.00+0.00 0.7820.07 -6.98£0.52 -5.85£0.66 ~7.00£0.87 3.61£0.27 4.57£0.46 2.4810.18
KA 559.57415.54  787.27467.55 1228.00195.71 0.5610.08 0.7740.05 0.840.02 -3.1940.13 —4.82+0.57 -4.29+0.20 4461045 4.97+0.57 2.0910.14

“=7 AERLARA DN R P AR DU BB

“~ for data detected without the measuring range of the particle sizer.
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Fig. 6 FTIR spectra of different phases of PTR
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TNREEHBICNHE, H5EMEML TR T 62.52%,
{EARS T UTVE A S IRV, TR 1 22 B o =70
HOHE =, N 349.66 mg/g.
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Table 2 Polysaccharide mass fraction in different phases

®4 TREESTHREHRESH

Table 4 Total starch mass fraction in different phases

. ZHi/(mgg™") v R (mg-g ")
*inu A=y NE Y NN = P A ﬁéuu Ny =y N= Y =3 B\
R E B 5 g Gy B Tk 5
PLVEH 867.64 713.29 325.11 UIHEM 133.88 149.64 77.09
Jiz A A 416.33 622.28 349.06 Jiz A 164.86 108.31 125.17
BEIRWAE 300.51 381.71 189.97 BRI 12.06 10.21 17.21
FK AR 260.97 186.60 147.46 JKFR 35.63 27.41 35.59

FLEA [FAHZS TR 2 e & &, 45 R 3R 3 TR,
A2 M B 7K BV AR 1 22 W 2 B 32 40 A R LTE AR
KA, BRI 2 SN 6.34 g W T
DUUEARI 5.72 go HASWAH 208 S EEBAL, 0N
0.71 g. MiwIHlfE, BEMHEEERRERETNL,
AZEE ST TR MR A RERL. FHhE
DUEAH Z B BB AE M B UM PR T 73.43%, A
1.52 g, FIEHAHP R ZHES EA — e S m
1.68 g, HIRMEHT 2SS ERE LA, 55817,
3 B8 A M 1) (R 3o AR T BeAEAE VE R R IR ) 2 B
KT AR, ZRE A RIS, Pt %A
N REHE T RS R 25 1 () 2 B KV, 1X ] e
IO J5 208 AL AR R R AR I i R o K 8 A S
BERETERERIC, EMEIUEHZHEERN
1.89 g, WAMBEVEMHETE N T 66.95%, Wik
MR Z S EAN 433 ¢ BAEMBREMEE N
T 30.94%, HIEWAE 2 S B E . B
AT TR BN 55 2 W2 B R A bR . THRE
IS SEE M EZE IR 2 —, ZHRBRATE 3
Tk 2 ) it P XA S PR R AR R, I e R A AT RE A
ki 5 K B A S
272 AFEMEEHSERSERIE RAER &
BN GNE S aERS®. B&5E
SERWER 4 PR, EREAER S RS FAH S 1
TER R R BRI, Rk 2 B AETE DUTE AR A
A, BB ek R BUE 0 e DU AR T AR
e 133.88 mg/g HBL EFH&EHA, LA T 11.77%,

3 TRESHHZREEE=

Table 3 Polysaccharide content in different phases

MR G FREES, THT 42.41%. 1545805 K
RFHI 164.86 mg/g FHLIL, KDy & 5 A 55 e i
AL HIA FRRFE ) N REESR, 258 34.30%F1
24.07%.

EHEAN [) 532 M 1) 5 7K BV A A [R) AR S 1)
VER AR I, R IE A R E R T R B
i1, ABHAEKBEAS [FABZS A EE R/ INBIR T i
FA HAAHAE, Hem AT 28%, THELE R (R
5) RKIL, VEM IR BB AR R AR, DUTE
AR S DB HUERY o A HT B A=K B R AR AH 1
SUEM SN 249 g, WHEETUTEMN 0.88 g A
FIRWAETT 0.03 go MBI fE, HKRRE A A
RS EEE TR, HREMOERGEN 144 g,
VUM MIER &8N 032 go B0 B /K BT A4 AR
ek &8 580 Hh EEE, RS
FEM BN 1.50 g, DUEMAHBIEM &8N 045g. A
WEFLR A, BEE MR FE I s 55 Hh vE ks & =g
Wrak 200, TITIE AR AT LA R e SR i 7K B A
HAEM T EAREA e d R is = 51128,
X ] BE AR B M S S TE AR B e T AR A
FR2 AR A 1R DR A
2.7.3  AFMEEFIERFIHAERE S Englyst
(AR SMEAUTE AR AR kR, RS FREL 0.2 g A
[ AHASRE S 20T 0.1 mol/L ZRENVAW T, 441 2
B HIARACN 20 min AT 120 min, 2 EIES)
JEET 37 CHERIRGHFZFAEF, MA 2.5 mL a-JE
¥EE (580 U/mL) 1 2.5 mL #E{LEE (30 U/mL).

x5 TRBESHTHREMSE

Table 5 Total starch content in different phases

. 2 W/g . MIEN g
*iﬂﬂ SA= NE Y NN = FH A\ 1‘$nn A=y NE g NN =T FH A\
R TEI R 5 JEH & R T IR 5 e
PLVEH 5.72 1.52 1.89 VIR | 0.88 0.32 0.45
Jiz A A 6.34 8.17 433 Jiz A 2.49 1.44 1.50
BEIREAR 0.71 1.68 0.62 VAT 0.03 0.04 0.05
KA 6.63 3.76 2.89 JKE 0.91 0.55 0.78
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BT 37 CHIRIRG T4 100 r/min &% 20 min
AT 120 mino 4350 78 X6 2 A TR) R HE S 7 B 288 85 00
TIANTE/K B K, 5000 r/min 250> 10 min, H L
JEW 0.2 mL + 25 mL &, A@BAKME 2
mL, I 1.5mL ] DNS ¥, #/K# 15 min, %
HEER, HBA/KERSR 25 mL. LUK
R, T 540 nm bWE 4 {H, HEGEEE SR (Y=
0.7129X—0.0357, R2=0.9980, £t 0.2~1.0
mg), RATIHE Sk K RE .

PIEHLTEN: RDS=G20X0.9/TG

2RI ALTEN: SDS=(G120—G20) X 0.9/TG

PN : RS=(100—RDS—SDS)
G20~ G120 2 BN TENEEE 20+ 120 min J5 774 B JR B 5
2 (mg), TG HNTREMFEREHE (mg)

PUEHETERT (RDS) HEN M5 Ja R i i
BN T, AR S 7 A e b s 1 Ve
1biER (SDS) sEUEM SIS TH TR, B [H] 538
BETBCHIET RS, AT AERF LA OB 7R AR X Ptk
TER (RS) NLZARE NN — 2 TERs, A5
W, HBRE RIMUURR S E AR ke, =4
ai THATE AR, HERe e iR el P20, &5
R 6 B, Prikiek 3 B4 T R AARAE I sE
F . AR B UTIEA . A A TR BV VE A T IR FE
AN (92.13+£12.06). (136.47+6.83) mg/g, #}
B R J5 K BV DTUE AH S AR A R e MR VE 4 1Y)
SRBERE, 29N (49.07+2.86). (107.42+
6.14) mg/g, TMIHE B RARA PV TER & 2
REENBR S . ATHAREFER B, PIMETER vl RE ek &
AR A LB RN 2 AR FH ) 32 B B kil 2 — B,
T F L AR AR A, R AR A AT Be vk &
IK R A SO

* 6 AFREETTEMRESH
Table 6 Starch mass fraction in different phases

B $/(mgg™)

B ioen ks SR
K B ULE AR 29.96+3.92 11.78+1.54 92.134+12.06
EMETTEM  53.05+2.71 11.624+059 84.974+4.34
HN B UTE AR 19.69+1.15 6.714+0.39 49.074-2.86
Ak B IR AR 24.96+1.25 3.43+0.17 136.47+6.83
EMER AN 22794140 3.864+0.24 81.6545.01
JRk B AR A 13.094+0.75 4.66+0.27 107.42+6.14
M E WA 1114022 0.19+0.04 10.7642.10

BB AWM 1.89+0.36 0.11+0.02 8.22+157
¥ BUATRA 0.77+£0.06 0.204+0.02 16.23+1.33

274 AFEMHEEFHEEHSE B9 MRS
BERFEA AR, WERARIEL 0.1 g, FHIEARELF SN
CTEFIRIE 30 min JEHCH, IR 750 70%(0)
PRV (FREE 12 25), #75 (80kHz. 50 C)
FEHL 120 min. AHE =R (25 C) Jar 2R E,
FE51, RIS EAAR AR o 500 pL FF S VAR
F 50 puL 5% NaNO2 ¥ /501 & > i B X M. 6 min.
BIN 50 uL 10% AI(NO3): W, #HE XN 6 min. 5
JE NI 50 uL 70% FEEFT 400 pL /) 1 mol/L NaOH
W, BB N 15 mine 7F 510 nm P KR4
FEHCEET R e e 4 (BB, FARYR LMoLt
B3] A {65 AARERZ AT 12 (Y=3.634 3
X+0.0485, R2=0.9996), ¥ Hr=R K IR A
THIAXE B ER S S &

BERES I =CXV

BEBERE=CXVXm
C A AEW BT TR IE, VNIRRT, m A
B 55N R 25145 00 1

B 2 B R R BTy, R TN
B RE AN R A S HR P SRR o VR . A M A7)
AW B A AL B A S5 70 200N 36.48 mg/g, Jfi]
i 5 SRR AR A Hh R R B A A A B R
T8 I 25 R A A A B8 1 o 704K (96.01 mg/g) 1=
TIEM E A (88.76 mg/g). SR TE/KFIBANZA
o BV S B 5 2 B R, S IR AEAE 2,
{H T HAEKBGRARAS S 5 TG, B TRRE
AR A AR, S AT 23%, PRI 58 5
WA A7) 22 B3 A 0 S /K BRI AR A (3R 8D, Bt
B SRR R B8, AN RN B M ) i
A B B Bt i T HARAR RS, TRR B A K
HIVR 3 FARAS T A SRS . AR ARPAR 7%
IR, SR B S B ONTE IR > R R > A
a3, S5 A LA R —EL
275 MEAFEAESHARESFEESZ0NE K
FEMEERE. -HAESRE. Ko, kbR

*®7 AERSHHERFRESH

Table 7 Mass fraction of total flavonoids in different phases

SR /(mg-g ™)

Ff

B B E B
PUVEAH 17.08 35.38 18.32
JB A AH 36.48 96.01 88.76
HIEAH 38.87 73.54 46.30

FK AR 6.40 22.18 13.45
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*8 AEESHTHEESE

Table 8 Total flavonoids content in different phases

. SR /mg
*?nn M\ NS NI = B /A B
s TH K & W &
UTTEA 111.74 76.17 106.92
Jee A4 AR 550.10 1273.62 1 060.43
FUIAAR 92.81 322.01 136.99
KBTI 162.73 446.73 263.40

G IDNIA IOl G B oin - SRkt ] o0y ] Al e Y
B R EIREE 735108 0.104 0.104 0.05. 0.10. 0.10
mg/mL F¥JVR & X B VA

RS BRI RIS AR B B 5 SRR &
PITUERE S R S SRR T8 0.1 ¢ TER
W, FH 35%CEE, fRhite 125, 5 S0 C, i
(TR 250 W. #iK 40Hz) 4LFE 60 min, ¥4,
i 35% CREAN kR R, #E5), IT 0.22 um JE
JEE,  BRAS i VA

FIH Agilent Eclipse Plus Cis i #: (250 mm X
4.6 mm, 5pum), IZHLBNHH L M5-0.1% B ShK
ERE KA B : 0~15 min, 8%~18%ZE;
15~20 min, 18%~30%Zf%; 20~25min, 30%~
40% M 25~28 min, 40%~50%Z.HE; 28~30
min, 50%~8%ZJF; HEAEE 10 uL; P 250 nm;
FEIR 30 C; AR 1 mL/min; 3T HERE 5
Ik EWIE 7 . 3 Fioky B K BV S AR o
(A D AR 241 GRSl /A = A< 8

S AR RR R RS F =X Y

SRR B EE=CX VX m
C RUETHRHS N PR3 75 TR S, v b % AT /N
PSR IRAR, m R 55 R R SR TR 1 o 4

i 5 A SR W R B KA 2 ) £ BN Gy
TIEMER B, BImERE . REHSZIEEH
(1) 3= B A0S, Ry B /K B A S B T 2l 432
FESAMIERAEM . ARE B ETUEH &
OO % S B R R oy & AT, WA R
T 1R KR B UTIE A % S R 2R Ay I TR
K8 B ARy B UCRE AR R ) S SRR B S &, T
YOH B FLI AR P e B 2R R O & B T
AR S I RN B S A

58 S L] i 7K RITIR H 5 AE S S B 5
SIRESBNE 9, BEENK 10, HERS &AM
ARSI S EAE B MEEYE, HKENRE
AR ER R, 3-HEIEERE. KETSRS B

e 3495 »
a 1
2 3
% A A 4 3
1
b
2 3
M L o >
1
C
2 3
M L B >
d 1
A2 i 4 5
1
€
2 3
,,AJ LA A 5 L 3
1
f
i
“ A 4 A >
1
) i 4 5

L 4 3
5 10 15 20 25
t/min
I-ERE; 2-3-FEEERE; 3-KEH; 4-4kbREF; 5s-KEtF
TGo

L)

1-puerarin; 2-3-methoxypuerari; 3-soybean glycosides; 4-genistin; 5-

soybean sapogenins.

B 7 AEEZSH RS ERR B i E
Fig. 7 Chromatograms of indicator components of

isoflavones in different phases

FART R B KRR A, HHGRIRHE R
oo 2 FiR s S EEE S, 2908 (17.85+
0.11) mg M (5.48+0.04) mg. Tk & 2S5,
HOKBOR R ER R 3-FEERRE. K9
H BRI E S5 o AT AR B K BRI A4
A, AR RARA T KRG 768 & [(5.9740.03) mg ]
BEETAME [(3271£0.00) mg] MiFEHHE
[(5.484+0.04) mg].
3 it
HZHFINEHEERR, HLHAP 2, %
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Table 9 Mass fraction of each index component of isoflavones in different phases

e S &5 H/(mg-g™)
B R — — — — ——
BiRE -HEREERE NGA:S YoplART KEH T
AR B VLA 9.65+0.01 4.5240.00 1.6440.00 0.50+0.00 0.354:0.00
A B A A 18.98+0.02 9.9040.01 2.9340.00 0.924-0.00 0.224-0.00
A VAR 22.42+0.02 11.08+0.00 3.4240.00 1.054-0.00 0.5740.00
TEIE B VT IE A 9.1240.03 3.9740.05 1.4840.00 0.7940.00 0.5940.00
TEID Y B R AR 17.68+0.05 8.8340.02 2.4640.01 1.3540.01 0.4140.00
SERD B B VA 23.73£0.20 11.76 +0.06 3.2340.04 1.634-0.02 0.554:0.01
S B IE A 12.5640.02 5.86+0.04 2.0340.00 0.624-0.00 0.27+0.00
8 A A 18.9640.02 9.88+0.11 2.7640.00 0.7940.00 0.504-0.00
R B PV 23.82+0.04 11.61+0.16 3.3740.01 1.1640.00 0.4540.00

#10 FEHESHEREKRSEE
Table 10 Contents of isoflavones in different phases

B — - S — —
BIRE -HAEREERE KEF PRI KEH T
Ak B UTIER 63.1140.05 29.5440.03 10.71£0.01 3.2610.01 2.28+0.00
Ak B IR AR A 286.23+0.36 149.224+0.08 44.11+0.01 13.8740.02 3.2740.00
Ak B E R A 53.534+0.04 26.47+0.00 8.16%0.00 2.50+0.00 1.36+0.00
TE IR B UTE A 19.63+0.06 8.55+0.11 3.18+0.01 1.70£0.00 1.28+0.00
TE I B IR A4 A 234.55+0.63 117.13+0.28 32.58+0.14 17.85+0.11 5.48+0.04
TE IO B B TRUAR 103.91+0.87 51.4940.25 14.15+0.16 7.1440.09 2.394+0.03
JRR B VTR 73.3240.09 34.19+0.24 11.84+0.03 3.5940.01 1.58+0.00
JRRD B AR AH 226.49+0.29 118.00+1.28 32.94+0.02 9.4740.05 5.9740.03
O B FLI A 70.47+0.10 34.36+0.48 9.994+0.02 3.44%0.00 1.34%+0.01

B AR K. R RS R A4
BRE, T LLOE AR B AR E A K, XA
giky 5 —mrh e o AR, L AR K
AW AR AR T AR, AT A R A 671,
R ERTIFVEAYY RS2 M €Al R R CPNA N E (=1 )
BEAT ARy, H AT JC I8 F iz AR A PR A
1, WA B0k BN, EEk.
HERH (iR A5 0841 SRR B LR TS AT NAS I
W, R IS, A DU g ROy
W E KRBTSR T2, AWTikiE, T
DI AF AR IR, B PRI L
AN, (E5R7R P 2535 ] REIE L B 4RGN T
RSCIUIGH,  GKRA N 24551 A RS

WEThERREAE T, NEERKETERTZ
—, BAFEMRE. IR, SR TR A 2 A
FI, FTRA S P e, AT ORAE B A 2],
L RETIN Ebvicyys B R C 1IN NG Rl b SN N )
P AR AR ). SRS St & h 2

WY —, B EMAR. FRILE. . Pk,
PRI IS A P o 8 B M) ot 7K R A R A
B J 5 TR AT RO o K 2 B AR AE T R A AH
o UHTEERIE, W S ] & A A
FA KR 205K 2y, H anE A A
FUNT B B9 1A B S 32 AR R TR 5 B R 2R R o
HE 2 b, BT 28 eSS
2 W8 FIVE A 28 40 BEAE R 58 A5G N I8 i 7K A
HAER5HAMA S RS, I SER B8
VA5t R T 8 e R AR FH )

M B K B 5 AB S AR B Ay N e 4
R I, EmERAEAET 2R, BiEh. Bt
PEVERY . SO B AR EK S A o i o K R
49.62%%- 73.35%- 76.61%. 72.90%. 71.05%, T
A B DTUE AH ) i BB 5 o5 K B 14.81%, 2E
Wi RO B TERY KBTI 0.88%; 1B 10H:
BRI 2R, B Putkiel . SR, B
MRS o o0 ) K LR 71.79% . 79.63% -
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83.19%- 76.05%- 65.50%, HJHEL Sk S &) 60%,
M0 38 10 8 85 T vE AR 10 S B8 R & 2 5 /K BTV I
4.72%, K> F B LI VA IS E Ry o K BT
2.22%; MR 2R, BUER . PUiEiEs
SEEEE . B AR RS ) KRR 63.35%.
75.19%- 79.03%- 81.30%- 61.17%, iR ke
1 60%, T AR &5 UTUE AR RS B 7 & o 7K B
(1) 8.20%, M 55 B WA IR Ve K o 7K BV I
2.57%. IXHEIR, 1N B K B A R A5 AR B PRI )
JRFEA R R T B 2 JER S IR S
FRGIKTRL, 133 T R/ — BT gs i, R
AHSUTE AHAE bCBAT B AR E B 454, AT 32 B Rl
93 SREAEIRARAH F N “ A RAHES 7, X LR AR AH 5
AR T S8 AR R R M RSN, R IEE TR
RS PR 1240,

TEGFIMAS T AR, 2 BEFGE R A S
VR E AR R, R BN R T, DUE
FRGEUR N HLE B2 R RS, S 2R
ROFHAS AR 5T 595 HE Al

FBAR FAEHEHFARGEAZFTR

SE R
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