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Abstract: Objective The subjective evaluation analytical hierarchy process (AHP) and entropy weight method were used to optimize
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Methods Appearance properties, water-soluble extracts, content of benzoylmesaconine, content of benzoyl aconitine, content of
benzoylhypacoitine, and total amount of diester diterpenoid alkaloids were used as evaluation indicators. Based on the results of single
factor investigation, an orthogonal experiment was established with cooking time, water bleaching times, steaming time and drying
temperature as the main factors. The content of aconite in each processing link was determined by HPLC, and the content changes of
six ester alkaloids were analyzed and compared. Results The soaking in brine solution with a concentration of more than 20% can
achieve the purpose of antisepsis, and the quality of aconite soaked for more than 20 days was relatively stable. The optimum process
conditions for processing Heishunpian were as follows: cooking time 8 min, water bleaching times 4 times, steaming time 3 h, and
drying temperature 60 ‘C; During the processing, the total amount of diester alkaloids gradually decreased, the content of monoester
alkaloids decreased during soaking and rinsing, and the content of monoester alkaloids increased during cooking and steaming.
Conclusion The processing technology of Heishunpian obtained by the experimental optimization is reasonable, stable and feasible.
Each link in the processing process has different degrees of effect on the components of ester alkaloids, which can provide a reference
for further discussion of modern processing methods of Heishunpian.
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Table1 Evaluation standard of appearance character of Heishunpian
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Fig. 1
Heishunpian sample (B)
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Table 2 Priority judgment matrix and W; of pairwise comparison of six evaluation indexes
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PO URERIN 1 1/2 1/3 1/3 1/3 1/4 0.060
IR B 2 1 12 12 172 1/3 0.097
2 R 2 3k R O A 3 2 1 1 1 172 0.176
2% A 5 3K BB 3 2 1 1 1 172 0.176
2 R I 2 3K DR O 2 3 2 1 1 1 172 0.176
X MG 1Y A ek 4 3 2 2 2 1 0.314
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(2) ZHIaE: LT, PRSI E N
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MR/, BL (R EIZG80) 2020 4R iz AR E 1 7 i)
LR FEL” RYENE, A5 min FEARELD, &
il 20 min JG 2584 “PhK7; i 10~15 min £F &1
RESR. R, %5 10 min 1F Ayl fE R A

(3) JKIZEEREL: W€ & HIIT A 10 min, &E

F=4 WETZMEIRMAFENBESEHEM (XLs5,n=3)

Table 4 Effect of bile infusion process on alkaloid content

in Heishunpian (X + s, n=3)

WER BT PRI UERBL ARV
ME/(mgg™) HaE/(mgg™)

10 10 0.203£0.005 2.470£0.071
15 0.141£0.004 1.470£0.043

20 0.095£0.002 0.721£0.021

25 0.124£0.003 1.450£0.042

30 0.163£0.004 0.926£0.027

20 10 0.139£0.004 1.650£0.045
15 0.084£0.002 0.981£0.028

20 0.11740.003 0.431£0.012

25 0.1134+0.003 0.853£0.025

30 0.060£0.001 0.533£0.019

30 10 0.062£0.002 1.350£0.041
15 0.083£0.003 0.852£0.025

20 0.097£0.003 0.413£0.012

25 0.098 £0.002 0.841£0.025

30 0.093£0.002 0.552£0.016

40 10 0.082£0.002 2.060£0.053
15 0.051£0.001 1.140£0.034

20 0.076 £0.002 0.41110.012

25 0.11740.003 0.926£0.026

30 0.027£0.008 0.306£0.009

x5 FBHIENBRAEREEEYES E0FNE

(Xts,n=3)

Table5 Effect of cooking time on properties of Heishunpian
and their alkaloid content (X £S,n=23)

A& il PR FAREAL AR U 2 A
|B]/min BE/(mgg™) BE/(mgg™)
5 i > 0.130%0.003 0.315+0.009

10 L 0.181+0.005 0.389+0.011
15 > 0.136+0.004  0.3140.009
20 sk 0.123£0.003 0.295+0.008

24h KRB AN 1. 2. 34 4. 5. 61k, HE
IR VREHIR I Ca2t 35 8 K S v B s 78 A=
YIRS U 2 AR A mE e, SRR 6. R
FERTEARXATEER=CFENMEES8E—T
B J5 BOBUE )/ B AT 25U - FRREER 1 R, B
2 WIERIH Ca? &8 TR 13.3%, 55 3. 4. 51K
TR, 435N 86% 87% 90%, Tk 3~5 K
APIEAGER R s B KRB N, i A AR
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Table 6 Effect of number of water rinses on Ca** content of
soaking solution and content of mono- and diester type

alkaloids in Heishunpian (X £s,n=3)

KIRE Ca?"/ FER R AR, XS T A
Ve (mgmL™")  HE/(mgg') HE/(mgg!)
1 1.43040.042 - -
2 1.240+0.038 - -
3 0.20140.059  0.054+0.002  0.065+0.002
4 0.19140.057  0.0454+0.002  0.05440.001
5 0.1364+0.028  0.03840.001  0.05240.001
“r kA

“~" not detected

WK 2 B AUOUTSG 70 A= ek 5 B350 T T PG

(4) ZEHTR]: 15 B LB ] 23008 24 34 4.
Sh, 5 ELZE I [ BRI A S e B AR e A
RS R, 45R IR 7. SRR M,
M 2 h FRITEE . AEET FIHIREDRR;
ZEMIE R, o T O 2 A ik ) R 2R A
AR, CUABMS R H 1, B R A
ol 1 5 I 7% T ) PR3 I i 980/ B 28 AR Ak
SEAe BTG N, B — i S 7R A R X
A= Wy 5 M DAV A T e e B 1 o =, AR AR
SCHERAIF AU B 3 el Bl 2R AR B B B S 3 AL
BeAY AV S B LU, BB, AR F A
JRABAEXT B . [RIk, DA BRE TR A A 0 2 A
W Er i LA TR AR R AT 2 I R A B . 2K
2~3 h FLE A P U R AR e L 2
T, 3~5h 2 RS, 7E7EH 3 h AR &
KA. B, ¥EFE 3 h A R A& E .

(5) FIRRFE: WETHRIRE 78 55, 60,
65+ 70+ 75 °C, FHEETJRiR FE 0T B IR 2 AR ) 5 XL

RT FREIETE) TRy b A BEEY A Y0 S TR B A A
EREM (X+s,n=3)

Table 7 Effect of steaming time on content of monoester
alkaloids and diester alkaloids (X £ S, n =3)

M BEREVAEIL WERAVEYIR SRR A
WHA/m  ER/(mgg")  ER/(ugg!) EURESEL
2 0.164+0.004  8.8540.30 19
3 0.167+0.005  7.7340.20 22
4 0.1594+0.004  7.5040.20 21
5 0.1510.004  7.40%0.20 20

P 28 A= Wi o B LA s, 25 R LR 8. &5
REIR, RS0 RBIR HAR . A2 E KoK o5
KBTS (REZH) 2020 FHOME, BAR
T BE N R A AR S B 22 AN K 55~60 °C I FRLIER
A WS XU T AE AR A e L R BT E A,
60~75 CHI &8 HIZHT R, TR N 60 CHY
SR, ik, & 60 CHENRETHREE.
%8 TIRBENEESBELENENE (X£5,n=3)

Table 8 Effect of drying temperature on content ratio
(Xts,n=3)

TR REETAEYIL UERR AT FARE S AR A
E/IC  RE/(mgg") KME/(mgg') AVESEL
55 0.18610.005 8.00£0.20 23.25
60 0.275%0.008 6.20£0.30 44.35
65 0.176 20.005 5.20£0.10 33.84
70 0.221£0.007 7.00£0.40 31.57
75 0.23940.007 8.10£0.20 29.51

218 EXRRE I AEEWSER ST BT
2581 9 Uy, B 500 g, IR LLEE KR EH
G, EFNRBERES, P, KERE, AUIRE
FEZ)24 0.5 cm W7 v, PR ZKIREE, FHR (K (4L
PR SEMVR G D I Je ks ta, B, 78
ZHIUME . G, HEET, BT ekt
Fo MR SCHRAFF FEL7-18) 2 i B SRR S5, A
A CA) 2 5lBEE N 8+ 100 12min, V)5 24h
WAL (B) 70l E N 3 44 51K, Z&HilIs
B (C) R EN2. 3. 4h, TIEEE (D) &
W EN 554 60, 65 C. 1#%FE 9 AT IF
WsE SRR &, WIRgE RILER 9, IERIR
I E TR 10, FTESITERIE 11,

Ty R BN, B M) T2 & =R
AHP-JBUEFZ L E K /N C>A>D>B, 457
TNt S BT, ARSI T 28 AiB.CoD,, Rl
Al 8 min, 24h WIKIREE 4 X, ZHfi3h, 60 CF
5 7.5 he
2.2 HEEETZIE

B 2 45 /N oy il e i, IR HER BRI
WHEH, RN 8 min JFIAEEL, B
JE K, HUIREL) 0.5 cm, 24 h FKIRIE 4 1%,
FHVR R AR ek A5 €, B, 760 3 h Rl
T JePEE, B, 7E 60 CHIMREE R T4 7.5h,
BT, 4% HRALE H AR R s R 1) L 25 2% AT AT
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Table 9 Design and results of orthogonal experiment

FIPEE AFBS RHER W

SC85 A/min B/K C/h D/C e SR R Sk R e A‘HP'WX
RS L% BRGNS KA
(mgg") (ngg") (ngeg" (ngg™
1 8(1) 3(1)2(1)55(1) 10 213 0.175  60.10 4250  3.88 87.627 86.989  90.679
2 8(1)4(2)3(Q2) 60@2) 12 233 0.195  69.60 4970 348 92428 92963  92.710
3 8(1)5(3)4(3)653) 14 229 0.108 3950 3420 204 61.888 68.088  60.962
4 100 3(1)3(Q) 65(3) 14 22.0 0209 7830  39.00 253 84414 84841  79.566
5 1002 42 4(3) 55(1) 12 21.6 0.168 6390 3640  2.66 76837 78.046  74.930
6 10 53)2(1)60Q2) 12 239 0.152 5840 3150  2.66 73452 75732  72.069
7 12(3) 3(1) 43) 60(2) 13 22.6 0.131 50.60  28.00  2.61 68.187 71387  67.565
8 12(3) 42 2(1) 653) 14 232 0.168  60.70 3120 245 74083 76.664  71.066
9 123)53)3Q) 55() 12 232 0.156 6040  33.00 224 71.086 73566  68.100

&10 EXKEEWRSH
Table 10 Visual analysis of orthogonal experiment
K AHP % O ePS AHP-J§ L%
Ki 241942 240.228 235.161 235.550 248.041 243.218 239.385 238.601 244.352 237.810 233.815 233.709
K> 234703 243.348 247.928 234.066 238.618 247.672 251370 240.082 226.565 238.706 240376 236.675
K3 213356 206425 206912 220.386 221.617 217.386 217.521 229.593 206.731 201.132 203.458 211.594
R 28.586 36.922 41.017 15.164 26424 30.287 33849 10489 37.621 37.575 36918 25.081

®11 HESH
Table 11 Variance analysis
TRZERI AHP % G IFS AHP-J§ L%
A 147.253  2.000  73.627 3.161 119.565 2.000 59.782 5.566 236.122 2.000 118.061 1.000
B 279.511 2.000 139.756 5.999 178.270 2.000 89.135 8299 306.439 2.000 153.220 1.298
C 293.713 2.000 146.857 6.304 196.375 2.000 98.187 9.141 258.618 2.000 129.309 1.095
D 46.589 2.000  23.295 1.000 21.482 2.000 10.741 1.000 779.378 2.000 389.689 3.301

4% 3 A FERL, 20 I E SRR & B RANPEIR, 7 BT B SRR R BRI
RSD {H¥1/NT 3.0%, WM T EG AT, 4R FEMTEITH .

%12 fiow, 232 it [ “2.1.4 (17 TR GG,
2.3 ERR/EFEIES 6 FHERTL AT 2.3.3 MR mElS  [H “2.1.4 (20”7 TR,

2.3.1 Bl ARYE AHP-IEGEOUE AR 2.3.4 XGRS % A EIBOR Bk
FES TES8, o RBUEHIE RS A CEM . SRS Sk IR B Sk R B
*12 BIRAEFITZIEXEIEER

Table 12 Results of orthogonal validation of concoction process of Heishunpian

— HMIRPE IRV 2% F 7 % 5k 2 I 5 S IR Sk UGS A=)
RG5> = HY/% JE B/ (mg-g ™) A/ (ng-g™) SR/ (ng-g ™) B/ (ug-g™)

1 14 343 0.143 44.70 40.20 13.40

2 14 35.7 0.145 42.60 40.80 13.80

3 14 34.1 0.140 43.30 41.90 13.00

RSD/% 0 248 1.76 2.46 2.10 2.98
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SEAS RS SKB. Sk S R, ISR -
SHRE (10D B R 6 Fhsisy BV &5 B

ILREaR(
235 SEME  BUSIEHT AR R, 1592.1.4

(2)7 TR J5 9] 2% A it oo B2 ) Bt K et VA, R

“2.3.27 WG I E B e AR, THE 6 M

RV &, AR NE 13,
(1) ZE R HT  Sk B0, 8 FF I 0 1 Sk S

® 13 HEFTRMFERT 6 MEVWMS SEBMNELR (X£s5,n=3)

Table 13 Results of content determination of six alkaloid components in samples of each concoction node of Aconiti Lateralis

Radix Praeparata (X £S,n=3)

Ha

i U (ngg ™)

. 2R T AEML  REBK gAY T et ST £ 50 i 7Y

L5 3 b kKRB 1 3k S A=W HEWB
AMF 6140+£18.0 180.0+51 741421 868.1+260 180.1%+51 383.0%£11.0 1112+29 674.0+21.0
JHI T 84.0%22 10.6+03 23.0+£05 117.6+3.5  143.0£42 211.0+63  172.1+5.1 526.0+15.0
EMT  149.0+£43 179405 143+04 1812+46  137.0+4.1 183.0£54  1453+43 465.0+13.0
B 355104 48+0.1 44401 447+1.1 211406 221406 11.0+03  542+1.6
A 141.5£3.6 134404 941402 1643147 8.04+0.2 - - 8.0+0.2
BIFH  97.0+25 703+2.1 92402 176.5+438 43+0.1 - - 4340.1

= FMET R, TR
“—” means below detection limit, same as below tables

2 PR 55 K R i o AR A AR R 13 mI 0, Vi
TEAER L Z)E 3 Mm-S & T &
HlFIZE ) 2 f5, 3 PR e A AR e G

(2) ¥ kb RSkl &Skl & B
At R 13 ATRD, MR R S Sk IR Sk
SEETHES, SRS EAEEN G R FEEs.

(3D BLFG A= WA R0 XU 284 AE i 5 A AL
Mt R 13 AT%1, 7R Mk R e, AR
BT A e S R T AR R S A s 3 PO
RIS AL 2O SR ss, JEE A
Ve B B G B A o i, A RN 2 v B 1Y
VIS . WIR)S, SRR AL AP ER L AR B B
86.3%, XG4 Wi LU A= B -1 BRI 22.0%; & HillJE
X EGREF 7, PR AR MRRE 54.2%, WUEEELA:
VIBHREIE 11.6%; /KRG, FEEM T, Hbs
T A Wy A U 28 AR D73 ) FRAIG 75.3% - 88.3%:
AW G R, 5 E— D IRAH s B A i K
267.5%, MG AE DI FEAE 85.2%
3 g

Bt F SRR B A i 24 A PR A, WU B AR
AR VE 1 A HERE MR R 120, TR N2 .
FEGE ) SR M T2 TP R B, 2 H] Ty
X AR PR o B AR A AR I8 A AN [ AR BE IR 52 e o
FOR I, B [ FI H 5 2 o B B R
— E IR

MSEBG S5 R I, AN AT B AR,
WU A MBI 10d B 2, =i 15d
IR, 7RI 20d IS EE AR E . RIS
BRAPF 7T 21221, HEWILEH EURIE BRI N, 7
e 2Y AL PR o S5 A AR e, B o RAERAL, 33
KBRS A D oy B B S . TR BT S
72 b RSN B 7 AR R B S R . {ELAE B e B
FRES. RESEET, MARELRS. Ol
ERGNWIR RGAH —E FHEAREAER, REE
ST AR

ASZIGHETE ORI, AN T 21 S 8RS
B A= WA OS2 AR i ok e E, A IR S
1) B R K et 2 5 B R A U
%y HBEFEEBRXEIE 2, HERE SN A
VIl S IR AR . SCRRBI 7T 2320k B, BLGH
) T2 AR RS B IR B A R Ay BRARER PR AR
gy, CRBEATNE” RESVRUT . TERRULB T N TR
J& W R RTEE R, G I R A S0 ) 2
A DAHEAT SEAF(HET, TSR 2R 7E I R R
M2 I P R B SRR T R, IR IR
{10 2 2 R 7 R BT IR s . AR TR SR K
B, HTEE TR TR 5 30% MIRH LR 20 d
REAZIA BT BT AR, R S A 7= FR I B2
F & A2 i T 2 — 2 fe SER, A R00E 2
g Fr A R ORAIE R MR, o T4,
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T 5 i FTE I TA =

1E & A ZE AR R Ee B A e & B
JER DRI T B S 7 A SR T UG T A= e B 7K R 1
BRECTC B (1 B B A W B B R L AR 0Bl T 7E AL
P 20 A i BRI DL R, SRR B AR =
ARG HIRTHEE, S5 L R0 TR A AEY)
Bl 2 A A R B2 B O R BAR A, 1 R
Fig 2 AL DB A 58 Ak B T X ER B A s, AT R
A HALR AR R . 4@ UPLC-Q-TOF-MS
Sr TN L ZE I HT S A2 o BN S84k, E—30
Y28 S B AE R AR R . TR A, AR T
ST BRI R T2 R s — 2R, sm SRR
Fi R IZE ) T2 Re i B2 i Bt - o R B A R A
i, (H 28 il B [a) ik KA mT B B A P BRRR 3 (AL K
DR 326 3 753 1) 28 ) T 2 B0t Bt -1 1 M il g g ke
FITER IR

HAT, AHERIE N IAT B S v ek ) 22
RO, BT RO A e g SRR IR
il B 7 F i R e AR AR B AR At A vk, R 72
HID AT 5 B ARG AT o AR SL I SR R T 2%
AATR— N L ZESE R R 24162 4 A
AR Qe DL AL Ak A ) T2 7R I B 1 [ B AR
UEA 250 A S F M ) T 25 BT X PR [ B, AT
FULA 3 o i 2R AR A R O R A e A
VN FERR, 856 AHP-RBGE LB E R MNTESR —,
1 55 3 AN PRI HLIE AN 2 SRR 1R R BR 2281, 4R
i R SR R T8, BERERSAT S (R EZG )
2020 4R O T BRI B I R, A PR
BV AT A N R B 0B AL AR IR 43 TR AR A
HPLC 2052 G i) T2 5% 1 05, R0
6 FHERZELAEMDHR RS I BN, b & M
TEX BB AR & r) e, DU NG SRR
S T2 AR SO S R 4

RBAR FAEHFARGEFE TR
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