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Determination of multiple functional substances in different processed products of
Polygoni Multiflori Radix and principal component analysis
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Abstract: Objective To study the effect of different processing methods and conditions for bioactive constituents in Polygoni
Multiflori Radix (the root tubers of Polygonum multiflorum) and their change regularity, in order to optimize and establish appropriate
drying methods and conditions. Methods The stilbene glucoside, free-anthraxquinones, combined-anthraxquinones, and catechin
from 12 kinds of Polygoni Multiflori Radix in different processing methods were determined by MEKC-DAD. The multiple functional
substances of principal component analysis (PCA) was made to standardized treatment for the comprehensive evaluation of the 12
samples by different drying methods. Results The contents of multiple functional substances in different processed products from
Polygoni Multiflori Radix presented the certain regularity. The contents of stilbene glucoside and combined anthraquinone were the
highest in Polygoni Multiflori Radix which was cut into thick pieces dried in the sun, the total free anthraquinones were the highest in
Polygoni Multiflori Radix which was cut into thick pieces dried at 70 “C, the content of catechin was the highest in Polygoni Multiflori
Radix which was cut into thin pieces dried at 40 ‘C. The comprehensive evaluation index obtained with PCA showed that the sample
cut into thick pieces dried in the sun was significantly higher than those with other samples. Conclusion The influence of processing
methods by the determination of multiple functional substances in Polygoni Multiflori Radix has been investigated and a scientific basis
for the suitable processing method of Polygoni Multiflori Radix provided.
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Table 1 Sample information of Polygoni Multiflori Radix

G DI )RR BN VRIS i DI )5 BN VRIS
S1 W i+ S7 B -1

S2 W 40 CHET S8 E9 40 CTHET
S3 W 50 CHLT S9 B R 50 CHET
S4 W 60 CHLT S10 B R 60 CHtT
S5 W 70 CHT S11 JE Py 70 CHET
S6 W 80 CHLT S12 B R 80 CHtT

2 AEEER
2.1 MEREART &

FE PRI 2K CM5 1 4.53 mg K E 3.13 mg.
KB HE 3.05 mg. KR 3.50 mg. JLA#H 2.29
mg. KMy 2.04 mg. 25 KB% 2.15 mg, HHEE
WP E AT H— 10 mL B, #85, #if8 %
LI KRR REamHEE ., KR, LR,

RIEMY . 25 K3 TR LS A0 0453, 0.313,
0.305. 0.350. 0.229. 0.204. 0.215 mg/mL IS
W, B1E,
22 #WiX@AREHE

R ARIL 1.0 g 45 48 18 5 e (O RR Sl b A G
80 Hfi), MHEE: 20 mL, #/ (500 W, 40 kHz)
PEH 30 min, JEIL, JEAFIIANHEE 20 mL, 5
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(500 W, 40 kHz) #2H 30 min, J€id, A IFIEMR,
MW E RS 50 mL S, #25, £ 0.45 um 1l
FLUBHE I 38, ERARHERA A A GE — 2R SR
T B A LR 2D

RGN 25 mL SRUEWE, CEHIEHEEI T,
IKIBZET, KA 20 mL 8%ELMRIEW, HAH 5
min, I 20 mL S5, KA HOIAIER 1 h, BUH,
SERA AL, BBRSE, DR ENETEA R, TE
HIFEIN WL, AT, BRI 15 mL
FUTIRPESEI 3 Ik, AIFEUIRL o, pkit
FH F R AR e A 21 10 mL S0, 0 PR S %10
A, ERE, B EAE B (e B R
2.3 HKEH

RIRTATMEERA TEEBHE (75 pum X 64.5 cm),
ARKIE 56 cm (Agilent BHEABRATRD; 155 HfR
SR 25 mmol/L BiifP. 30 mmol/L SDS-10% Z.Ji&
(pH {4 9.60); Ky 254 nm; BT HLE 25 kV
JE 3R 25 kPa, 5 s; IGATHE 24 °C. BANEAEH]
R 0.1 mg/L NaOH 1t HEZB/KFIIZ 74800
WOEFIPEYE 104 10 5 min, Kb 0] 55 FH 2147 5
min, XS SEER PGSR LK 1.
24 FEFER
240 ZMERRFELE REEWIO L 0.01, 0.05,
0.1. 0.5, 1.0~ 5.0 10.0 mL, HHEEASE 10 mL.
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-2 2-KHE A ERHE 4 KHm S-LEER
6- KB 7- KB 2% Ak

1-stilbene  glucoside 2-emodin 3-aloe-emodin 4-rhein

5-catechin  6-chrysophanol 7-physcion

1 &S (A) S (B) # MEKC-DAD ik
Fig.1 MEKC-DAD chromatograms of reference substances
(A) and samples (B)
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MRRE P . DAL &Y 15 e Lk %5 T
3 CS/IN=3) I (1) AH I 5 ot 94 B Aff o e A ) PR
(LOD); AEALGWIIIEMELLAE T 10 (SIN=10) I
(1R A P A e e I PR (LOQ) £ R L 2.

£2 FREMZ. LOD #1 LOQ
Table 2 Calibration cure and results of LOD and LOQ

D%y [l 75 & r 2P/ (ug'mL ™) LOD/(ugrmL ™) LOQ/(ng'mL™")
TR Y=T744.24 X—8.1 0.999 4 0.453~453 0.133 0.362
NS Y=17435X—11.8 09999 0.313~313 0.105 0.138
PLERIER Y=219X+7.62 0.999 6 0.305~305 0.048 0.125
K Y=412.24 X+6.7 0.999 8 0.350~350 0.108 0.205
LR Y=830.32X+2.15  0.9995 0.204~204 0.042 0.139
N Y=14433 X+3.45  0.999 6 0.215~215 0.018 0.078
KEHETFH  7=4178X+78 0.999 5 0.229~229 0.068 0.102
242 REERE BURSXEMER, A “237 243 EEMERE BUE-ITTAERRAR, 54227

TN I GE S5 F N ELLRERE 6 I, Al SRAT AL I [A]FE
AR, WWHE RO KR FERIE. K
PR LA ER . KBy KB Rk AR ) RSD
SN 2.78%12.34%4.72%-2.71% 4.24%.3.76%-
4.56%, iIL WS a1 RSD 4371 3.03%-2.64%-3.88%-
1.48%-. 3.44%. 1.60%- 4.13%. 4 RE %L1
R 2 R R

T i e R S, AT 6 Ik, AR “2.37 T
N HVKSAFHREIE, THE RO KR,
PR ER. NER. ILRE. KEH. KEERA
figh 7 2 73 $0 1K) RSD 20514 3.62% 2.37%- 1.79%-
2.54%. 3.31%. 1.70%. 4.17%, iL# W E# RSD
234 1.15%1 0.83%-+ 0.79%- 1.04%. 0.91%- 0.42%
0.53%. Z5HRIIZIT VLI E SR AT
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244 FOEMERAE  HUE AR AR L
WIAE 0. 1. 64 12, 18, 24 h RN E, £E “2.37
TR KA ERE 0 AT, i SRV T AR I 1]
SR ORI ORIE. PTERTER. KR,
JUAEE . R K3 5 R [ AR 1) RSD 43k
3.70%- 1.03%- 4.46%- 3.04%. 4.69% 3.23%. 1.98%,
IER T I RSD 2305124 2.35%- 3.73%. 4.08%-
2.73%- 4.76% 4.38%- 3.22%. &5 RFUIFENAE
24 h WESE T R UF,

2.4.5  OFEDDBCERRES R BRI E 1A
a6 1), AFERRE, HlkE % MmN — &1
TOROKETE. OREE. MEREE. KER.
JUA . KMy KB 2 R I, % “2.37

TR 7 vk A A e, BRI,
W, SR IR, KIER. PSR E.
KRIEM ILFFE . KB Wy K H# F T3[R
W 4 99.71% + 100.56% « 101.50% -
100.28%- 99.88%. 99.16%. 101.24%; RSD %}
Wk 1.82%. 2.48%. 1.75%-. 2.35%-. 3.25%-
1.80%. 1.47%.
2.5 HmNE

Ha BRI VR N R B A0 LUK, HEAT I E
R AF BV e 1 ¢ F VSR il R R T R R
PRI R K. JLRHE. KEm. KR
i [ o B (6 TR T o B = I B T iy
B B B TR D . 4RI 3.
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Table 3 Determination of multiple functional substances in Polygoni Multiflori Radix (n = 3)

B R %?%‘Aiﬂ?ﬁﬁﬁ/% 4 %ﬂﬁ@@/% T
KER PERER OKER OKER KEETM BE OKER FEAER AR OKER KEETM BE

S1 3.048 0.042 00015 00154 — 00221 00810 0182  0.0031 0.0266 0.0025 0.0691 0283 0.020 6
S2 2.654 0.061 — 00260 00102 00091 01063 0.146  0.0015 00114 — 00625 0221 0.0223
S3 2.665 0.069 — 0.0094 00036 00213 01033 0.102 — 0.0091 0.0036  0.0388  0.153 0.0135
S4 2.558 0069 00031 00066 00061 00088 0.0936 0.144  0.0025 — — 0.0428  0.189 0.0112
S5 2511 0.072 — — 00051 00252 01023 0103 00011 00091 — 00725 0185  —
S6 2.574 0063 00011 00165 — 0.0079  0.0885 0.158 — — 00036 00386 0200 0.0054
S7 3.167 0.050 00024 00230 00109 0.0324 01187 025  0.0016 0.0215 0.0061 00784 0361 0.0221
S8 2.844 0075 00035 00113 — 00198 01096 0.225 — — — 0.0633 0288  —
S9 3.028 0.084 — 0.0099 — 00294 01233 0.114 — — — 0.0554  0.169 0.0174
S10 2.891 0.087  0.0016 — 00095 00245 01226 0154 00022 00154 — 00637 0235 0.0164
Si1 2.558 0.102 — 00261 00036 00266 01583 0.125 — 0.0159 — 0.0450  0.185 0.008 4
S12 2748 0.073 — 0.0181 0.0085 00199 01195 0167 00026 00183 0.0048 00408 0233 0.0036
“—7 FoRARKLH
“—"undetected

2.6 ARMI&EPCA

KM SPSS16.0 ettt LM 5 5t K 244
T B, SR MEEE. LA RIS X
IS PRI ) ZH SRR R AN TR0 AT 1 5 45 ot 0 e
FHAT PCA. ARSER A 12 HEFE 5 P S b i sy
()52 4 WA 12 47 12 FIHERE,  Bdis S brif it
S 3ET PCA.PCA 43 H 42 3= i 73 (PC1. PC2.
PC3. PC4. PC5) #iAT5r#r, [RIN A& F o1
SEUF R AR R, A AT PR R IR AR A DR 28 A A
R T 5 22 e KA IE A e 4%

W5 AT R KT 1, Wk 4. Bl
A5 AN 76 SN [0 17 V2400 1 S A i 1R P

iR EFFEH, 5 AT BTk R L F]
83.135%, HEMS IR 2 M 1 S WEAS [ 0 14T B 5 (1 Y
e, RIRIERT 5 AR BT 04T .

WEEIRE . GEM A E. RS R
WAL PC1 AR &EEAT, WK S, U] PCl 4
R TR AR ZR . 45O MR R s e 2
KEEME R, FE, PC2 1% S Wi B A K &
MIZEGRR B R RIE R PC3 5 S eyl 25 700 K
TR 45 RIS B PC4 E B — 2K 206
TR G 25 R R I R PCS B R L4%
FZWE R 0T 5 AT ARG T I 1o 1)
fF B
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KA 5 A E B WA S AN RN 15 AT v
Hro LA RO RI11590 5 77 22 DT R FE e f 2 FAH
s A5 H A 1 S5 0 T S SRR i R A9 F
DIAFIME F (K /ANEAN S0 TS AR RFAIE 17 5
ATDAAR B et Al A RIA F=0329 29 Fi+
0.154 55 F»,+0.141 76 F5+0.114 99 F4;+0.090 76

Fs, Hrh FORgR135y, FioNsE 1 BBy, Fa i 2
FHGy, Fs N8 3 EWGr, Fa AR 4 ERGT, Fs
NS RS . MRS R I RRE AT BLH S AN
[FEI0 AT & S 2 a2 3 0 0T, a5 RILE 6.
HHZRE 1920 T 0, o) 1 5 )3 W (M 25549 03 B
i) B 2 A A TR

R4 EMSHIFHEERSTHE

Table 4 Eigenvalue of principal component and contribution rate

FAAS A AEL K 7 22 DTk

JieHe ) (RFAIE A B s 22 Dk

b/
A LSRR (] T E TR % BT Z TR Y% LSRR (] T Z TR % FRTT Z TR Y%
1 3.952 32.929 32.929 3.952 32.929 32.929
2 1.855 15.455 48.385 1.855 15.455 48.385
3 1.701 14.176 62.561 1.701 14.176 62.561
4 1.380 11.499 74.060 1.380 11.499 74.060
5 1.089 9.076 83.135 1.089 9.076 83.135
x5 (ESHMPRENDEFHEER
Table 5 Factor load matrix of each constiuent in Polygoni Multiflori Radix
T kfﬁ% i Ti'”é%j@ﬁ? i ,\Ak/\@ﬁ LE — ,.Aj@ﬁ% i kﬁ%ﬁﬂﬁﬁ
el el e aial e aia i sty gEat ety g
1 0.408 -0.724  0.825 0913 0.236 -0.059 0.041 -0.052 -0.099 0.124 —0.144 0.438
2 0.610 0202 0279 —0.041 -0.097 0.021 0.521 0.184 0.166 0.018 0932  0.673
3 0.246 -0.435 0420 -0.172 -0.013 0.804 0.529 -0.064 0.110 0.826 0.035 -0.135
4 0.952 -0.353  0.103 -0.027 0.860 -0.051 0.588 -0.001 0.795 0.164 —0.061 0.337
5 0.574 -0.339 -0.071 0.021  0.258 -0.159 0.077 0901 -—0.219 0.147 0.173  0.032
F 6 ARMIAZENESHMINERSEFRRRESITFN
Table 6 Principal component factors and quality evaluation for Polygoni Multiflori Radix by different processing methods
Ffh F F, F; Fy Fs F
S7 1.133 1.587 1.562 0.684 0.320 0.948
S1 0.818 0.064 0.492 0.580 1.430 0.546
S8 1.978 0.359 —-0.570 —1.484 —1.228 0.344
S10 —0.001 0.801 —1.441 1.043 0.009 0.040
S12 —0.662 —-0.410 1.095 0.958 —0.467 —0.058
S4 0.662 -1.710 —1.165 0.610 0.643 —0.083
S2 —-0.384 —-0.670 0.330 0.976 -0.567 —0.123
S6 0.294 -1.582 0.849 -1.152 —0.284 —0.185
S9 —0.885 0.777 —0.663 —1.423 1.937 —0.253
S5 —0.550 0.516 -1.319 0.578 -1.019 -0.314
S3 —1.040 —0.483 0.454 —0.548 0.394 —0.380
S11 -1.362 0.750 0.378 —0.822 -1.169 —0.480
3 e 2R Y, 45 AR W, R [0 T AT ¥

PRI T 2R AR 5 O B HH 234
W, IR A AR s 1oy TE) (KA LA AL A B

B rh RN R O B = R, IR ORI
JREATECN 2.511%~3.167%, Hd DLJE il 5 i
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SR s U S R SR 0.081 0%~0.158 3%,
R PUE R 70 CHEA SR A0 m s 456 IR
MAEN 0.153 5%~0.361 6%, A5 F Al i
SRR ) LR R TR 00 0.003 6%~0.223 0%,
HADAE R 40 CHET SRS A0 S Rt
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R IR E R E SN T, 3R 51
Jv B X 2 2 e A — S .
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TR IRE MER S, T R IR T e
W} IR CHGAFR R IR . T P 2K ST
(P R, X T] e 5 6 R P 38 B R 4 F T ATAS
5RO G U AR I A A R S N AT 5. TRl
— VR RS, W b v i 2 R R S AR AN B
Sl B e T B A TR T 2T B
LR E N, AL 40 CHCT B, B LS50 C
MR, B LR T T PRI

LRV S R W os, T E SIS SRS PR
PR, PN T S 2 b g v AR
TR fE )RR LR A SRS PR A3 434
s PENAT T S RO TR R LR RO . 1%
SER5 R E 25800 2015 AERR— 3 ] B SRR [
HTH T )R e AR —H

ARSI T MEKC-DAD [ IHI E AN A0 105

IATE S RO DR 2
IUEHES RIS, 4t PCA LRETENY, BRWINL
IR S 2 eI T s, LI
SR e Ly T B RF i e 2 e s | N SECINE R 257 v
WAEBTR K2R G PRI A R A S A4
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