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Effect onquality of decoction pieces by different drying methods and moisture
content of fresh Saposhnikoviae Radix cutting

YU Di, YANG Xin-xin, WANG Ying, SONG Lai-hui, XU Tian-yang, YU Peng
Changchun University of Chinese Medicine, Changchun 130117, China

Abstract: Objective To investigate the key indexes such as the best cutting moisture content and subsequent drying methods in the
fresh cutting process of Fangfeng (Saposhnikovia Radix, SR), so as to provide a basis for improving the quality of SR fresh-cut slices.
Methods The scoring standard was established by evaluating the warping rate, fragmentation rate, texture of medicinal materials,
whether or not with sticking knife and other indexes to select the optimal cutting interval. Thirteen drying methods of prepared slices
were investigated. The contents of four kinds of chromone, prim-O-glucosylcimifugin, cimifugin, 5-O-methylvisamminol and sec-O-
glucosylhamaudol, were determined by HPLC method, and the content of total polysaccharides was measured by UV method. The
quality of prepared slices was investigated by the contents of four kinds of chromone, total polysaccharides, alcohol extract and sliced
paste rate as indexes. Entropy weight-TOPSIS method and cluster analysis were used to evaluate the quality of prepared slices obtained
by different drying methods. Results The best cut moisture content range was (40 + 3)%—(50 £ 3)%. The indexes of prepared slices
obtained by different drying methods were significantly different. The results of variance and Entropy weight-TOPSIS analysis showed
that the quality of prepared slices dried by vacuum drying at 70 “C, forced air drying at 80 ‘C and 40 ‘C was better. The results of
cluster analysis showed that freeze-drying, sun-drying, shade-drying, vacuum drying at 60 ‘C and forced air drying at 40—80 C
were grouped into one group, which showed that there was no significant difference among these drying methods. prim-O-

glucosylcimifugin, 5-O-methylvisamminol, cimifugin contributed greatly to the clustering. Conclusion The scoring standard of
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moisture content of SR cut while fresh is scientific and reasonable, the result is accurate and reliable, and it is operable. After fresh-

cut, different drying methods and temperatures have great influence on the comprehensive quality of cut slices. Using Entropy weight-

TOPSIS method to evaluate the quality of fresh-cut slices is scientific, and the ranking results can be used for reference, which is

beneficial for enterprises to choose reasonably according to the actual production.

Key words: Saposhnikoviae Radix; fresh cutting; drying method; multi-index; entropy weight-TOPSIS method; cluster analysis; prim-

O-glucosylcimifugin; cimifugin; 5-O-methylvisamminol; sec-O-glucosylhamaudol
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Table 1 Binomial table of SR weight curve at different gears

= —— r

PN Y=0.3557 X2—12.685 X+ 147.57 0.998 0
H Y=0.263 1 X>—8.632 8 X+91.104 0.990 1
7B Y=0.206 9 X>—6.676 5 X+69.29 0.9870
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Table 2 Scoring standard of moisture content interval of
fresh cutting for SR

RN PR 2 4R bR PEAMARAE G5 10 4D

ZiM s A REDI 0
BN (A5 0.5
AR GBS 1.5
A (5D 2.5
S LA N D) R 0.5
t/h BT 15
E1 BRREMETEEE i NET] 25
Fig.1 Curve of SR weight with drying time SR MAE (=40%) 0.5
80 SR (10%~40%) 1.5
W (<10%) 25
“7 W HO BB (=5%) 05
= WA ED (1%~5%) 1.5
%“' EH S (<1%) 25
20 o MM TR E S KREIL (20+3) %~ (30+
3) %I, 2P O R, —UIEIE,
0 e 1 SRR . PR A 4R, ¥ (40£3) %~
ih (503D %fifiE Nt AT & 7K Z X JH] .
B2 BN &KRBEHTRE (L Ehsk 2.2 B KEEIHIAEFRAE R IK A REE
Fig.2 Curve of moisture content of SR with drying time HY 13 2544, B 300 go T B IKEN
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Table 3 Scoring results of moisture content interval of fresh cutting for SR

K o 7] M WA GRETS | BK B ) M W REVES

R/% % Fl% G104 | F/% R% F/% GFY 105

7013 R OFENE #EJ)BZ 7037 097 4.00 40+£3 K TMAHT AEJ] 3.67 831 8.67
WOHERNE E )% 39.58 3.58 BT ANET) 1172 1.54
ANV EJVEZ 21.09 1.13 AN OBWAY AEJ] 558 0.96

FEE 4352 1.84 PIME 6.47 4.79

60+3 K JFiMiENE I Z 5143 1.22 3.67 30£3 K LAY AEJ] 5.62 11.01 4.67
O BHVEE IS 4226 1.53 OAReDIH - 717 641
ANV FETIEU> 1734 1.46 N ORREYIHL - 243 885

FEE 3639 1.41 PIME 518 8.62

5013 K FMLAEEK EEJIED 2222 429 7.33 203 K AeebIdl - 5.62 11.01 3.00
AT IS 1554 0.54 OAReDIH - 7.17 1291
NCBAYT AET] 1160 2.40 NV - 243 1595

FIE 1691 2.16 FIAE 5.18 39.87

40%~50%J5 0H], A TR OB B R TR, BRI T AR R R K 4
Frde AT b3 . Al S AT (40~80 'CH. B M 3. MRIER KGEEEEDIHI R A AN, BHET
T (40~70 CH. BT W, Mk TEE. ¥ EEmEiEsEk, 70 CET KL 80 Culi X 115



F8 B 2022F58 $£53% BIH  Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 9 - 2681«

x4 BIREETHIRAERERRIMIMER
Table 4 Processing information and appearance characters of fresh cut decoction pieces prepared by SR
FrIT K% CIRURERON

40 CHATHE 740 ARRBOKERtS, VI EEERS LBk, ARE, AREREG, BBUIRSEE; R
50 CHXTHE  6.68 AMRECKERtL, VIR ibise i bith, ARE, REE, HBGHRaE; U
60 CHXTHE 6.00 AMREKERE, VIR bR A /e te, AR, ARG, RBOIRGEE,; Ui
70 CHNTHE  8.25 AMREAFTEE, VIR IR O EIRER G, AR ORI G, BIRGPIRSE; R
80 CHXTHE 8.89 AMRIEAFMEM, VIRt AR, ARMKEEO, HBGHRaE; U
40 CHZ T 868 AMRBUKERth, VIR AL BRI, ARE, REROEFEEG, ABUPRSEE; U5
50 CHZTHE 7.41 SMREORERt, VIR MR OB, AR, ARG, ABORGEE,; <R
60 CHZ T 959 SMREKEEM, VIEHRFEHEOELGG, AR, REEOEEG, RBGHREoE; <R
70 CHAE TR 7.53 SREGKIAG, UNHEERGET, RERE, KRG, RBOMRSEE, Futgin, U
TR 8.77 AMREKERE, VIR AR ARk, AR, ARHREEERG, RRGHRaE; U
RURT IR 9.65 AMREAFIRE, VIR AR ARG, AR, KRG, FIRGPIRSE; R

A 9.00 AMREKEREL, VIR AR ARG, AR, KRG, RIRGPIRSE; R
Liny 8.89 AMREKEREL, VIR AR LA IRER L, AR, ARHIG, ABUMIRGEE; R

40 CHAT 50 CHZETH# 6otﬁ§$ﬁ 70 CHZETHE
El3 B RZEISRIAETEA R A RSN
Fig.3 Appearance characters of different dry decoction pieces cut fresh from SR
T T 0 B R o TR P I B, B A B, RRPUSSEIN 2201 TR AR HA T A T I E N
BTN A TR R REN T, Pk 232 WAMEREENE BWAFETERITERG
RO IS, TTRERZRNERMEE PR % 10 g, 4ZIRbRHEZ IR I 18] S B X

W, e N SRR e B AR R e i o 218, B, BT RTZL, JeB RO IRIE 30 min, — R
23 ERHEY. RRHEXR. BZESENE 7 KR 30 min, RN 6 fEE/KATE 20

231 ERYYIESENE SROPEZR)2020 4 min. HFTEZGHIKRYEE 100 mL, K2 EEZ5W 10
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mL RO TREEERENZEKILF . KIBETE,
105 CHAE T 3h, BETRBMA N R ZIR GRS
FRE, IHEHER,

HE 2 =T R RO TR
233 BiRRZHES NS

(1) KR SRV 2% RS PROE D-To7K i %
FEXTHE AL 10.1 mg, INZliKE &% 100 mL £,
PEAT, 53 BRI BN 0.101 mg/mL [ %F I8 S 757 -
APIREC 1. 24 3. 4. 5. 6mL MBAEBRERE
100 mL 2T, 752 5] S B R0 HE A
GRIP

(2) LRI TR £ IR SO R 0.25 g,
FEERRE, BT, N 80%ZME 100mL,
A 1h, PR, FFEREETIER, IRAUERIZE —ik
7&K 100 mL, JiFAEl 2 h, RRGER, TRk
FRIFH KGR 4 I, Bk 10 mL, &IFIERS
Ve, A, R E 250 mL I, MREZE,
A, ool

(3) BEINE: KHER “2.3.3 (D7 Bk
AN [E) TR P (PR FR AR . “2.3.3 (2)7 TR A
BHAIATR 2 mL B HERE B, BB 5%ER 1
mL, $2%5), MIERENKRR 5.0 mL 585, ME
S5min, B 40 C/KEH PRI 10 min J5 7RI E 7KK
AR ER, B, HEIM 6 E T 489 nm il
EWOCEE (4) 1H.

(4) FruEfhZ ML) : %A “23.3 (1)”
TR AN A S sk B D-TE /K 3 61 B 5o IR S v, 1%
“2.3.3 (3)7 TR 8 SR 77 200 5 o DAJSE FER FE
FEAAAE (XD, WOGE MR (), 2] D-ToK
i PEARERN 2R, BRIEIHTTFE Y=14.716 6 X—
0.0174,r=0.999 5, 25 K. KW, D-To/KH# & HEE 10~
60 ng/mL 5 4 [H 2 RIFHILERR.

24 HBEHFR. FAMRE. 5-0-FEHEHRMKEEH .
ZFHEESEHNE

24.1 HPLC MEZH %A N Diamonsil
Plus Cig /1 (250 mm X 4.6 mm, 5pum); JishH N H
BE-7K, BEEEVEML: 0~5min, 35%~45%HF; 5~
10 min, 45%~60%FHlE; 10~15 min, 60%~80%
HEE; 15~20 min, 80% FHE; AL E 1.0 mL/min;
Kl K 254 nm; #E3E 30 °C; #EFERE 10 pL. i
L 4.

2.4.2 XRS5 RS B AR R 2
. FHRRER . 5-O-HEEHIOREE . Z P4

3
A 1
4
A
. 3
B
L
ENUV-SN N
0 ) 10 ' 20 ' 30

t/min

ITHRES 2THRE  3-5-O-MBEANITREE 4 ZFmT

1-cimicifugoside 2-cimifugin =~ 3-5-O-methylvisamminol = 4-sec-

O-glucosylhamaudol

4 RAXR®A (A) SRS (B) B HPLC
Fig. 4 HPLC of mixed reference substances (A) and SR
sample (B)
10.0mg, & 10mL &N+, HECARZE, B2,
c ) R B R BE A8 1 mg/mL (14956 B o £ 45 VK
2.4.3 MHKmiEsl g B XM 6 ST
MR 025 g, FEHFRE, B 50mL B ZEHEHIR Y,
IR 10 mL, FRERE, KBEIG 2h, HBUH
BATRE R, FMERCRIRE, RRAE . Hst
JERZE 0.22 pm FASLIEBE S, MR VAL a A
244 HBMERRFEL  pHL “2.427 TR & XTHE
i fifs 2 UG B ) R E MR . FHIR R B RN
40. 80. 160. 240. 320. 400 pg/mL; F+#kZHike
A4, 8. 16+ 24, 32, 40. 60, 80 ug/mL; 5-O-F
TR EEE AR 40, 804 160, 240, 320.
400 pg/mL; Z @M EMiRE N 8. 164 32, 48. 64,
80 pg/mL. 73 HFEZ WL EL 10 uL, 39\ & RO (i
A3, DI HE BT SR FE AR AR AR (X0, TR
RPN (YD, 2l & o bR 2, 19Tk E
HFREIAT RN Y=18 106 X140 049, r=0.9999; T
FRZ A5 FE N Y=28 812 X+37 206, r=0.9999;
5-O-H FL4E BT B K RE HF [RH 728 Y=19 100 X+
202091, r=0.999 9; Z Mt [BAT7FEN Y=32737
X+217 497, r=0.999 6.
245 {UIRKEHEFELE ks B “2.4.27 T
HE i 2 VR, 1) 2% BT BV B N IBRZ 160 pg/mL
FHFRE 16 pg/mL. 5-O-FF ZE4EHTFKRBE T 160 ug/mL.
Zor M 32 pg/mL VRGBT, 1492417
TR (i 4 I SR 6 VK, 10388 A W T B
THETERRERT . FHRRER. 5-0-FF JE 4k B K 1
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Zop My E TR AR 1Y) RSD fH 73708 0.29% 1.55%.
1.89%- 2.01%, KRG L RIT.

246 HEWHELR HEMREHGXBHK 6 1, %
“2.4.37 TR J7iE £ A AR, % “2.4.17 T
NS EEERE 10 uL BT 0T, R R T
FHRRER . 5-O-F LYK . Z P My & 5
09 RSD 1573 518 1.99%. 2.42%. 1.93%. 1.14%,
KPZITEMER R I,

247 FamMEE MRS R “2.4.37 UK ik
ARSI, FiRNCE, &% ‘2417 R
WEAAESTAIAE 04 24 4 8. 12, 24h #HEFF 10 uL 3
1753, ME & B A, THEFARREE . F+
BRER 5-O-F L AEWRORBE Y . 2058 Wy 7 0 T AR
RSD 1H 2518 0.26% 1.96%. 1.09%. 0.96%, #*
A S VA VRAE 24 h WFAETE BT

2.4.8 fIIFEREINLEFELEE  PATFRELC A& 2= 5K
MR 614, &7 0.125 g, FEEFRE. % 100% 5 &
KPS BIINAR R SRR R . FHRER . 5-0-
HHERSE TR BT . P By T R, $% “2.4.37
TR 70 4% SR A, % “2.4.17 TR
ZAFHERE 10 uL BT 00T, 20 Bl S SA R [l
RHARSD. SERFHRRET. FHIRE . 5-0-F 54k
B K W . 2 P By 1 7 200 FE UK 4 B oA

99.61%- 94.23%. 98.35%. 101.34%, RSD 735 A4
1.73%. 2.16%- 1.36%. 2.63%.
2.5 ARITFESAXTEE X EIFHIR R e Rk 5
=N

B AN R4 77 =R BRA B (AR B 45 %5 48
PR AT 7 22000, BT 40 “C B A
HER, ZREEEHEES T M, BREY
B8 AR T X s T8 40 Cherm, & 70 CEZET
BRIF) 19.32%, 40 CHE TR HE R 52 RSN
TR 1.39 £, ZHEEERM TR 1.83 £4,
{240 CE TS 4 Fh e S B & 2 A 52 A i3
Sof HE 0 JE R & I, 70 °C B TR TR
F. S-O-H R EE T . XM & ERE,
80 CHN TR TR FAAMRET & ERE .
80 CHMN TS 70 C 25 T4 (o R i &2 2= 40 Lk
BT B TN, BEERE T E, B RERT) R
A4 R RIS A2 TR, EE TR
R & AR EFESS, BT R
BREMETE LTS . B TR, frEEE
s, FHRET ST R 2 & & 2 7 AR
o ZEE SR EIR 40 CEIATHE. 80 CHIA N
70 CEZ T 3 Pk S Fabrsi & s
EE, SR IE S,

x5 MRRAARTHEAANEREY. HER. SERAERINSENNE

Table 5 Determination of content of alcohol extract, extract rate, total polysaccharide and chromone in different drying

methods of SR decoction pieces

FHEAM  BELWY%  HEEY%  SH% élﬂﬂ/% ‘ ‘

FHIRE FHRE  5-O-RIEgEMBTKEY  Z5PMmE  AJRRaR
A0CHA T4 43.6610.60° 46.3410.26° 3.84+0.54* 0.420%0.050¢ 0.040+0.004¢ 0.45040.043°  0.060%0.006¢ 0.980+0.095¢
S0CHATHE 39.3340.04° 41594039 2.48+0.22¢ 0.450+0.006¢ 0.04040.001¢ 039000974 0.070%0.001¢ 0.950+0.090¢
60°CH AT 39.4940.30¢ 38.004£0.20¢ 2.09£0.10° 0.480+0.003° 0.03040.002" 0.470£0.009  0.080%0.001° 1.070%0.010¢
70CEA T4 372320417 40.65+0.08¢ 2.92+0.18> 0.470+0.017¢ 0.04040.001¢ 0440400364 0.080%0.005" 1.040+0.059¢
80°CHX T 38.0140.14¢ 37.25+033¢ 2.4240.12¢ 0.540+0.001* 0.050+0.011° 0.44040.048¢  0.120£0.007* 1.14040.057°
40CHEZEFH: 37.794047¢ 45.90£11.06° 2.5720.14¢ 0.260+0.004¢ 0.13040.002° 0.49040.008  0.080%0.002¢ 0.950+0.016¢
50CELZ T4 41.1940.66° 39754027 2.66%0.08° 0.370%0.003¢ 0.100+0.005¢ 043040008 0.070%0.001¢ 0.980+0.009¢
60°CHE =TI 38.73£0.34¢ 37.67+0.33¢ 2.1620.15° 0.430%0.014¢ 0.090+0.003¢ 0.5004+0.007°  0.080%0.015¢ 1.090+0.012¢
70°CE T4 36.59+1.80° 39354047 2.3940.06° 0.340+0.014" 0.250+0.003 0.640+0.008  0.120%0.003* 1.360+0.003°
BT 40.80+0.56° 36.98+0.91¢ 2.68+0.05° 0.490%0.006° 0.030+0.0041 0.510+0.024>  0.070£0.000¢ 1.110+0.037¢
i T 429140420 33.274023¢ 2.1940.38 0.440%0.009¢ 0.070+0.005¢ 0.49040.027°  0.070%0.001¢ 1.060+0.044¢
AR 412240170 39.2840.72° 2.6420.09¢ 0.560+0.015¢ 0.030%0.003 0.3600.098¢  0.060%0.003¢ 1.000+0.111¢
Wk 38.8020.20¢ 39.0240.08¢ 2.93+0.49° 0.53040.026* 0.010+0.002! 0.4304+0.074¢  0.080%0.001¢ 1.050+0.100¢

RSB G AN R 5B a~i FR IR —AhBLE 22 7 IAF) 5% 2K

different letters a—i represents a significant difference of 5% between the same treatments
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2.6 FFREZETIHIRA TR TIES B HER-
TOPSIS 74

TARGE R — P B R ) 7%, i R
AVEMFER AW RE, IR 2 S TP, &
LA Tabn AL AR 1) E X, A5 B E R,
FRbR BB HORE BBk, RURBCEEK . TOPSIS AR
WUHE S, R R 2 1R bR 2 07 RV S HET 1)
W, B EALERNE U EAR A E S, MRS
(1) TOPSIS WRFEHIE, A& TOPSIS EHT,
FIWT B KR &7 A 0112,
2.6.1 BAERAREITE BIRE m NREX R,
RIS, i=1, =, n; j=1, =, m. BEIEE
AR (D T, BT AT E
ARG —, BETH SR ETabraT, Ze &I
AN EHEAME AT R AL AR,y AREEIH— LA FR S
MEEE. A (2) Py RERES j DifEhs T3 i M
KA HIZFERR I EEE TR AR . A (3 4%
T, 4 k=1/Inn, P;=0 ] PjnP;=0, 155
JWHERR IR E. AR (4 & IREEBMIURE,
THEBMER. &R&KBAN 4 RAANL D
13BN S THRPRIOE, wAUERE, 4R EK 6.

xij= (x—min[x1j, ***» Xzj])/(max[xi, ***, Xp] —min[xy;, >+,
an]) (1)
n
Pij:xij/ZXij,izly =1, m @)
i=1
n
¢g=—k Y PilnPy,j=1, -, m (3

i-1
k=1/Inn>0, 2 >0
di=1—¢j,j=1,"*,m 4)
Wj:dj/zdfrjzlr'"rm (5>
j=1
2.6.2 TOPSIS #HE/F WA R R A
(6) 1FRINBLRFHIE, WRIEAX (1) F2HRMNTT
*6 IHEXTENELR
Table 6 Weight result calculated by entropy method

BRAEELD G RJEME e 5 RBHME 4 BERE wi%
i) 0.908 2 0.091 8 13.15
HHEF 0.940 1 0.059 9 8.58
EZ 0.863 1 0.1369 19.61
FH IR T 0.953 8 0.046 2 6.61
T2 0.843 3 0.156 7 22.45
5-O- B4R BT 0.956 5 0.043 5 6.23
ZH BT 0.836 9 0.163 1 23.36

RERHHTE, itz (8) 15315 IE M E AR
PHE, AR AMAAMERNGEE C (9, FELL
BEHEATHERE , B IR A St AN R T 450 A H S
AIEBUR 7, BTN ER IR 7. 70 CHET
fE. 80 CHUN TR 40 CHEXTHRHELERT 3 £i7,
FEIX 3 P RGO T4 07 SR T ol 7% .

Jr— (6)
VY =max(vij» s ***» yn) (D)
Vo =min(yij> yz> ***» Vi)

D=1y 012 ®

i=1
J

D=L = v
i=1

Ci=Di /(Di +Di") 9
R BIREYIRA R E TR TOPSIS iFN LR
Table 7 TOPSIS evaluation results of fresh cutting of
different drying methods of decoction pieces prepared by SR

" IEHEAER AEARM AL HEE

TR s o oo o &8
40 CH AT 0306 0.258 0.458 3
50 CTHORTHE 0346 0.106 0.235 12
60 THATHE 0338 0.121 0264 10
70 THATHE  0.297 0.150 0.336 5
80 CH M T 0.278 0.249 0.473 2
40 CHAFH: 0.284 0.163 0.365 4
50 CET T 0.298 0.148 0.331 6
60 CETTM 0325 0.116 0.263 11
70 CHEHFFE 0221 0.334 0.602 1
T+ 0.297 0.138 0.317 7
i+ 0.356 0.139 0.281 9
PR 0.322 0.144 0.309 8
OB 0.364 0.104 0222 13

2.7 FFRGEEIHIR A AR TR A RS

i& I SPSS AUV 21.0 R G A FEA AT 04T,
FH T8 T B0 4 s R A, PRI {8 A K-prototype 5%
FoMiiih. mARIAGR) 3 BBE, Ll
15.38%- 69.23%- 15.38%. HAHE T4, 50 ‘CH
FTEONE 1 HT BT BT 60 CTEET
fE. 40~80 CHA T NEI2; 40 C. 70 CTH
TR 3, BRERIE 4,

IR 8 XA Iy 22 W 25 R b g R ]
B, FHRRET . THRRER . 5-O- PR BE 4R Bk s 1y 3 A
fabr EIH BN, UL 3 AR R EN



FEH 20202FE58 $£53% B 9W  Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 9

» 2685 »

EESR TSN
50 CHZTH#

Rk 3:
40. 70 C
HAE TR

B2 T
WF. B
60 CHZ T
#. 40~80 C
ST M

B4 BRARFHEARNIRABRERS
Fig. 4 Cluster classification of decoction pieces of different

drying methods of SR
xk8 BAXKIFESNRERILER

Table 8 Analysis of variance of cluster categories and

comparison results of differences

RAEEr F1iH PiH
2 1.788 0.217
HER 0.845 0.458
Z 0.064 0.939
VAN S ¢ 7.980 0.008
VAN 11.969 0.002
5-O- B 2 i K e 7 7.271 0.011
ZAW 1.873 0.204

TURERR, ANFETE T 2 A TEIR 3 Fi 6 5 i
orE LA R, RN U 3 KT IE
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3 e
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AN . IR 2 M 1) B R )R SRR
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iz FH R 2444 8 B m] ARG AR B S 5K 2%,
DA SRRSO M R TRIE R T EIESKE, N
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FRPRESP MEEV)R O B, SR Eaim. Hrh
TERRZEN 5-O-H B 4E BT oK g o ([ 245 1)
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YERBT R Z R O R ER R S B BB PR
B AT A4 22N TR R 1R 24 80 2 P R4
FRUS16), RT3 m B AR 97 28 B A AR
F B RE R TR B RS E. K7 R
BARGE A AL-TOPSIS 25 B AN [ -4 7 20
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