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Abstract: Objective To carry out the comparative study on the physicochemical properties and toxic substance basis of Zhongjing
Paofuzi (processed Aconiti Lateralis Radix Praeparata) and four modern Paofuzi, so as to provide a basis for the modern processing
and production of Zhongjing Paofuzi. Methods The differences between four modern Paofuzi and Zhongjing Paofuzi based on their
texture characteristics, starch granule morphology, polysaccharide content, alkaloid content, and other indicators were compared.
Results The surface hardness, internal hardness, and internal toughness all showed that Paofupian 2 (stir fried Baifupian) > Paofupian
1 (stir fried Heishunpian) > Chaofupian (stir fried Fupian) > microwave Paofuzi ~ Zhongjing Paofuzi; The infrared absorption peaks
of starch in the five types of Paofuzi were similar, but starch granules could be clearly observed in Chaofupian, while the starch in the

other four types of Paofuzi showed a high degree of gelatinization. The yield of crude polysaccharides was in the sequence of
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microwave Paofuzi > Zhongjing Paofuzi > Chaofupian > Paofupian 2 = Paofupian 1. There was a significant difference in the alkaloid

content between Zhongjing Paofuzi and four modern Paofuzi; The total content of diester type alkaloids was Zhongjing Paofuzi >

microwave Paofuzi > Chaofupian > Paofupian 2 =~ Paofupian 1; The total content of monoester type alkaloids was microwave Paofuzi >

Chaofuzi > Zhongjing Paofuzi > Paofupian 2 > Paofupian 1. The total extraction rate of alkaloids from microwave Paofuzi and

Zhongjing Paofuzi was similar, but higher than the other three types of Paofuzi. Cluster analysis was used to comprehensively analyze

the above indicators, and the results showed that the five types of Paofuzi can be divided into two categories. Among them, Zhongjing

Paofuzi and microwave Paofuzi were clustered into one category, while Chaofupian, Paofupian 1 and Paofupian 2 were clustered into

one category. Conclusion Compared with the other three modern types of Paofuzi, microwave Paofuzi is more in line with Zhongjing

Paofuzi, with better detoxification effect, shorter production cycle, and easier industrial production. Microwave Paofuzi is the modern

inheritance and innovation of Zhongjing Paofuzi.

Key words: Zhongjing Paofuzi; Paofupian; quality evaluation; microwave Paofuzi; Chaofupian; texture characteristics; starch;

polysaccharide; alkaloids; infrared spectrum
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Fig.1 Preparation process flow of five products of processed Aconiti Lateralis Radix Praeparata
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Table 1 Appearance characteristics of different products

of processed Aconiti Lateralis Radix Praeparata
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Fig.2 Appearance characteristics of different processed
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Table 2 Surface hardness, internal hardness and internal

toughness values of different products of processed Aconiti

Lateralis Radix Praeparata (X £ 5,n=5)
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JAM R 1 8222945452 953.531+34.022™ 17 426731
JIME 2 109.438+3.976™ 1409.689+23.422 26 0051449

ORI T 59.0204£2.740°  461.960+13.540 80594278

S HeE: *P<0.05  *"P<<0.01 **P<<0.001.
*P<0.05 "P<0.01 ""P<0.001 vs Zhongjing Paofuzi.
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Fig. 3 SEM images of different processed products of Aconiti Lateralis Radix Praeparata
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WL EL S pl EN R AR BB A, 10 S A BRI )
TR, TEELINREEIR ., 55 (R 3) BoR, T

x3 FEE. E8M. REMSERERNEER
Table 3 Determination results of precision, repeatability,

stability and recovery

. RSD/% IEE IR /%
K faetk EEM SFIE RSD
EHEE S LE 064 404 215 100.04 246
2% F I 5 3K SR 159 470 3.84 10171 4.40
FHBEXK S SKERL 233 3.91 279 10226 2.15
75 S 2.84 - - 98.55 4.18
VTR 1.82 416 474  99.68 4.17
5 30 1.74 - - 98.88 1.57

“=7 FoRART MBI ECR L E =R, £ 4 H.
“—” indicates that the quantitative limit is not detected or reached, same
as table 4.

HIEE B R AE 98.55%~102.26%, RSD %1/N T 5%,
RUZ R 5, 7T T 6 P A4 & &0 E .
2.6.10 A EME IR 7R & D S B
T M A MR 1 R A 2 A R
PEIR SV B SV, o0 R RS IR S
ul, JENBAR R, WE, AFEN 1 mL/min,
FEE 30 Co SRAAMgE— Sk TH RS AP
L

2.6.11 FESUEERTTL K S FRAS[E BT S
HPLC EIEHHE SN « A2 (il fis QOIS AR LR V7
MRS AE” (2012 B, SR LE S, KHIEEY)
H 3N EEE, S54GRS EE R, #l
T 1. 2+ 3 20 592K LT 2 Sk Jima . 2K HH
5SS 2R RS S SR 1 R 2
I IERAATE S —8 R NFHARE R, skt
RO Bt () i I B AR T S AHARL,  7E 28 min

I 3
TR AR T

| JOBH 2
| S B [
| BT
Y | I | W | U —
0 10 20 30 40 50 60 70
t/min

- LT 5 S Bl 2R PR INE 5 S S s 3-8 B U 1% S J ek «
1-benzoylmesaconine; 2-benzoylaconitine; 3-benzoylhypacoitine.
E5 AEMFESImA HPLC s EiE
Fig.5 HPLC spectra of different processed products of

Aconiti Lateralis Radix Praeparata
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JREIHBL 1 AR U, TR E F ) (g e 22
min 7oA FFAE I AN R I, B T A e )
dh, RIH R Rk

2.6.12 EWESEXSEL 5 BT A e
SEMEHRIWEK 4 Pron, AR YIS 2

KT 0.010%, MUEER A0 535/ T 0.020%,

AR (R E 258 2020 SRR IR T 254 5
WO MIARR S EESR. SR, 4 Fh
BT A S B B 2 5 (P<<0.01. 0.001 )
FATE A AR B B N M T (1128 mg/g) >4

x4 TEMFEFIRHEDHEE (X£s,n=3)

Table 4 Alkaloid content of different processed products of Aconiti Lateralis Radix Praeparata (X £s,n=3)

B (mg-g ™)

TR S %%ﬁ@i%ﬁ %Wﬁt% ﬂ*s%ﬁ@&t%k %ﬁ% WEE i M@E#@ ﬂﬁ‘é?‘i@% o
53K S5 3k SR BLEm Sk T T

M7 0.26340.006 0.079+0.001 0.058+0.001 - 0.189+0.004 - 0.400+0.008 0.189+0.004 0.589+0.009

WOH R 0.453+0.011** 0.128+0.002"* 0.197+0.012** - 0.045+0.008"* - 0.778+0.025" 0.045+0.008" 0.823+0.015"

JEHT A1 0.113+0.002° 0.022+0.002" 0.030+0.002" - - - 0.166+0.006" - 0.1660.006""

JaM A2 0.22540.009" 0.035+0.001 0.018+£0.001™ - - - 0.278+0.008" - 0.278+0.008"

TR 0.64540.015™ 0.172+£0.004"* 0.311+£0.006™ - 0.096+0.003* -  1.128+0.025"" 0.096+0.003""* 1.224+0.028""

SR T "P<0.05 P<<0.01 P<0.001.
*P<0.05 *P<0.01 *P<0.001vs Zhongjing Paofuzi.

Bt fr (0.778 mg/g) > P M1 (0.400 mg/g) >
JE A 2 (0.278 mg/g) >HIME A 1 (0.166 mg/g):
U T A R B A AT S M P T (0.189 mg/g) >l
BT (0.096 mg/g) >HPH A (0.045mg/g); 6
e 284 A R B A B M T (1.224 mg/g) > 10
B A (0.823 mg/g) >fl M1 (0.589 mg/g) >
IR AT 2 (0.278 mg/g) MM 1 (0.166 mg/g).
2.7 RBIEEIILL

BUFR SR OB A 1L R 2.
WM T 10 g, 737 E T 500 mL B R,
B 10 f5 7K 100 mL, JnFAEIR RS, WA
fEHARFFRGIIRAS, 2070 F 15, 304 60, 120, 240
min 5 MR SEAT BURE & T o K P15 K74 27K R
LA 3000 r/min &0 (B503F42049 81 mm) 10 min,
FIEWA 0.22 pm FRFLIEREIERL, BTSSR N
PR IR TR,

R “2.67 TUR 7T & &E, B84k
VAR IR R A I, R BT Sk R A H
PR Sk SR R PR S Sk A0 PRV A,
Fa s 731 B S (AR R LR 5. B
Bl R LR A BB M I~ A SR B - > I B~
JFF 1A~ F 2, 76 15 min I BT H SRR N
BT (35.86%) >t (33.36%) >4
B (25.20%) >4 1 (16.85%) ~HaH 2
(16.18%); TE 30 min R H AR ORI 7
(46.91%) >fp FHLI T (41.25%) >4 F

(28.19%) >4} F 2(23.61% ) ~ M H 1(22.39%);
£ 60 min o Bl H AR IO LB ¥ (55.45%) >
I T (50.82%) >R A 2 (31.93%) ~kb
B (30.48%) ~MIFff 1 (30.11%); 7E 120 min
IR AR ORI B T (60.23%) > {5t b
T (56.36%) MMt 2 (3931%) >HHH 1
(37.18%) UG (33.43%); 7F 240 min I A H!
FAR NP I T (58.84%) > 1h St bt 7
(5725%) > A 1 (44.85%) > A 2
(36.18%) ~IBHfF (35.90%) .

TERIZE 120 min P, 5 Bl P10 2E P ma e
YR EFES, HEEAE 240 min /5, B
Bt AR S A PR (100 2B R SR s TP 2%
1245 U ATT ) e A RIS [R]AE 120 min 245 .
KOB A SRR 1 AEE 2 R e R TR
W, (A& RE 240 min 5, 561 60%0H
BRI T .

2.8 BRED

NS B A BT AT S b5 4 BRI
R ZE R, 0ol FiRTEbR & N &, 18 H Metabo
Analyst X} 5 Pt 2E47 K00, SR K 6.
GERRH, S MEMFRT R Ry 2 K3, Hd b
ST 5B T3, WA R A
1 AR 22— s bt 5 i e b ]
SN R DR P e ol S5 0 B ) A A
AEVIRRET . ZHE S BTSRRI . DA R
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#*5 TRMFEHRMELZRETFRHRMSLER. FEBSLER. FRERXSLER. SREEREYRATE
(Xts,n=3)

Table 5 Changes in bezoylmesaconine, bezoylaconine, bezoylhypacoitine, monoester alkaloids during boiling process of

different processed products of Aconiti Lateralis Radix Praeparata (X £ S, n=3)

- jiIE=Ni) FIH /%
[&]/min RISk 2% It 5 3K S5 28 H R IR 5 3K S S FRLE TR AR

Gs-viiliins 15 36.36+0.82 31.63+1.70 22.08+0.97 33.36+0.98
30 42.95+1.24 42.40%1.45 31.94+1.25 41.2540.97

60 50.41£0.51 55.80£0.52 45.86+4.54 50.82+0.43

120 53.46+£1.08 64.89+1.47 54.59+2.39 56.36£0.76

240 52.59£2.09 67.96+1.11 60.52+3.88 57.25+0.56

L i0an 15 28.30+4.34 24.19+6.44 18.7241.50 25.20+3.46
30 31.36+2.77 31.80+£7.43 18.5242.91 28.19%1.75

60 34.71+4.14 30.79+3.42 20.5343.03 30.48+3.88

120 36.13£4.39 40.21+3.54 22.7943.95 33.43+4.36

240 39.16£5.77 41.85+4.98 24.50+4.59 35.9046.29

JB A 1 15 18.7341.05 16.70%0.76 9.85+0.75 16.854+0.91
30 24.76+1.35 22.8741.00 13.161.01 22394122

60 33.13£1.86 30.83£1.37 18.2141.47 30.11+1.68

120 40.77+2.24 37.94+1.83 23.0941.87 37.1842.02

240 48.8942.43 45.5742.20 29.1342.29 44.85+2.31

JB A 2 15 16.7140.90 14.69£0.51 13.65+1.92 16.18+0.80
30 24.3340.51 21.4740.84 20.5740.99 23.6140.40

60 32.86+£2.42 28.20+1.74 29.0242.92 31.93£2.23

120 40.40%6.29 34.78+£5.04 36.19+£4.68 39.3146.18

240 36.94+6.83 32.51£2.97 34.88+5.07 36.1846.57

TR e Bt 15 43.14+2.08 37.95+1.95 19.59£2.40 35.86+1.02
30 56.17+2.81 51.00£2.31 25.4542.11 46.9142.36

60 63.75+£2.99 62.55+2.71 343242.71 55.45+2.81

120 66.79+3.10 68.86+£3.05 41.85%3.70 60.23+3.15

240 63.59+£2.97 67.04£2.92 44.4743.93 58.84+3.06

SERYL, PR SR T B A AR
3 g

A S PR R D7D T LR P S 8] 3 2 e
IR AR AR AR K 2k, TR ANE
%, MG R SIS, e R R
i, KRG, R T ILBRAIESE, R R L
BeURH 22 V] (A7 E A A Sb B 52 210 40 70 I I B
5 KA MR, AR TR IV Y, E
PSR B, b S M B SOUBR 2 A i B Ak T R
[E 24 80 BE B FUE, A TR R 2 58
WEAMIE, HBPE. Boh, Mg
RPN, LE M I FE o 75 I 21 SR M i 1k 77,

e LLE MR A2 7, ik e S T i T
BEATEE,  DAORIEAR S ) o 5 & R B4
A

TR FAESNIIEAR . BURFE . ERTERS
AL S5 SR B 8 AT AR LU, HLUss SEAR,
AR R B R v o TR 5 F HIAK 20 5 1)
AR BN LK 5 ] By BB RIS R 7 AR
EINBEEUE N A U R A K i, TA B2 4
R H 20, [, fETERAERE, BT A
SRR IR, (R A IR TR A KR
o TBRUETIRERE, JFrAhGE s, IITTAERT ik
TENLIE, HLGER, FOARIER. Rt
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Fig. 6 Heat maps of different processed products of Aconiti Lateralis Radix Praeparata
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