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Abstract: Objective In view of the subjectivity and safety of the traditional “tasting slightly hemp tongue” to evaluate the end point
of processing of Caowu (Aconiti Kusnezoffii Radix, AKR), the feasibility of using electronic tongue technology to quantify the grade
of hemp tongue of processed products of AKR was explored, and a prediction method of diester alkaloid content based on taste

characteristic value was established. Methods AKR was selected and processed according to different time periods to make different
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samples of AKR. The contents of six alkaloids (diester alkaloids and their monoester derivatives) were determined by artificial sensory
evaluation, electronic tongue taste detection and HPLC. Combined with multivariate statistical analysis method, the dynamic
correlation between sensory intensity score, alkaloid content and electronic tongue characteristic response value was analyzed, and the
evaluation of AKR’s tongue feeling grade and the prediction curve equation of total diester alkaloids based on electronic tongue
characteristic response value were established. Results With the prolongation of processing time, the score of Ma-tongue sensation
decreased significantly (» = —0.85, P < 0.01), the bitterness value of electronic tongue increased significantly (» = 0.96, P < 0.01), the
content of diester alkaloids such as mesaconitine, hypaconitine and aconitine decreased gradually, and the content of monoester
alkaloids such as benzoylmesaconine, benzoylaconitine and benzoylhypaconine increased gradually. Partial least squares-discriminant
analysis (PLS-DA) combined with one-way analysis of variance showed that the bitterness value (VIP value > 1, P < 0.01) was an
important taste index for the electronic tongue to distinguish different numb-tongue sensation of AKR. The bitterness value of electronic
tongue was significantly correlated with the score of numbness (» = —0.93, P < 0.01) and the total amount of diester alkaloids (» =
—0.78, P <0.01). The logarithmic regression equation of Y=-3.123 0 InX + 5.915 4, R> = 0.937 3 was obtained by fitting the bitterness
value (X) of the electronic tongue with the numbness score (Y) curve. The exponential regression equation of Y =3.814 5 ¢ 0790 X, R? =
0.875 5 was obtained by fitting the electronic tongue bitterness value (X) with the total amount of diester alkaloids (Y), and the
prediction result of the equation was good. Conclusion The bitterness value of electronic tongue can be used as an index to objectively
quantify the level of numb-tongue sensation and predict the content of diester-type alkaloids in processed products of AKR, which
provides an objective quantitative basis for judging the end point of processing of AKR.

Key words: Mongolian medicine; Aconiti Kusnezoffii Radix; electronic tongue; stingy tongue feeling; alkaloids; correlation analysis;
artificial sensory evaluation; multivariate statistical analysis; mesaconitine; hypaconitine; aconitine; benzoylmesaconine;

benzoylaconitine; benzoylaconitine; partial least squares-discriminant analysis
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B4 TRIMREZRESKIES PLS-DA [E
Fig. 4 PLS-DA diagram of taste information of AKR with

different hemp tongue sensations

x4 BREBESHER

Table 4 Results of one-way analysis of variance

L Favk LS

FRRN Tou mEm pE GEE PE 9F

=

BB vs P SRR <0.001 HEE  0.400 0.002 &%
B EvHURE <0001 HEE <0001 HREZE <0.001 HEE
BEREvRE <0001 HEE <0001 HREZE <0.001 HEE
SRR EvsHRE <0001 tREFE <0.001 H2E <0.001 HEE
PR v LT <0.001 fRE3FE <0.001 HRFE <0.001 KEFH
WOREV RS <0001 HEE 0778 <0.001 fRZ#
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24 OIS SREIEREX S XoF N R R T 8 SN B R s R AE

1S 0F 43 AT e e AR RE AR A [X 43 AS [R] JRR
TRE G W E R, IAmF LA,
T YU A2V 0 5T I BAE 2 R R, K
Origin 2021 3R L2537 5 (VIP>1) fidk ik
(R0 R RO S B HEAT B2 7R3 AH S 43 AT (Pearson
correlation analysis), 55 WLIE 5. HIE 5 A, [
SV W IRME B EE AL (r=-093, P<
0.01), HZ21F 75 BIARAEA 2.2 IEAH R (r=0.85,
P<0.01), HZVFo5RWEAREZE EMHX (r=
0.78, P<<0.01).
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muk | 0.78 ~0.80 Wk . —0.2
-0.6
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5 FRKERESOZTS SREERXMERE
Fig. 5 Heat map of correlation between taste score and

taste value of AKR with different hemp tongue sensations

P12 DA X 73 AN [ BR o J R 5 A 2T B
ERAZENERE. ZERAER, EEMEZEFR
Bao [FIRE, FLTEIRSEE S PLS-DA £ 04ttt H)5l
THEBRX DA RS EES K FBL wrah 7%
PROTEIGREE, H LA PP A ROV IR . FE T
ZSEMEBRTETEAR 5 D200 AR M, e
5 HZVE R R BRI TR . DE AN
B, HZPPo A g, BEATHA G . A
RN Y=-3.123 0 InX+5.9154, FIHIRECH
R*=0.937 3 [UMISGTEXT Kt 2k, &5 KUK 6 o
AR S0P 25 R AT B RAEAE 0.86~1.18 I

6 .
N Y=-3.123 0 InX=+5.915 4,
R R2=0.9373
Sk
O 9 -
0 :
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HEIR{E
6 EWRESOZTFS MM EZ

Fig. 6 Regular curve of bitterness value and taste score

1.96~3.37 X I (/) B 5 JRR oSBT S 0h h 45 IR
Ty WEIRMEAE 3.61~5.56 I X B A B 1% R 5 R 58
SEPONWORT s ERAETE =6.31 I XS R L 5 R
SR TCIRR T -

25 AEIRERESTERT T

251 (Ot @ik F A Waters Extend-Cig £+
(250 mmX 4.6 mm, 5pum); LLZJE-VUEMg (25 :
15) NWEIAH A, L 0.1 mol/L BEER# /KIS UNR SN
FHB; BREEVEML: 0~45 min, 13%~18% A; 45~
85 min, 18%~24% A; il KN 235 nm; iR
N30 C; MAFUREN 1.0 mL/min; #EFEE 10 uL.
2,52 NS B BT Sk R
IR SRR 2R R BRSSO T Sk
R SR 5 S Bt B IE &, NN 10% R B /K%
W, EHRZE 2mL, R, ol &R RN
1.145. 1.475. 0.850. 2.320. 1.090. 0.560 mg/mL %}
R A -

253 AKSIAINHIE BUREZ) 0.5 g, KRR
€, BAZEHEY, IR 0.75 mL, FEE A
SN RE-BAIR QR GV (10 1) 12.5 mL, FRE
i, MR (ThFE 300 W. $F 40kHz, /Kif
7E25 ‘CLAF) 30min, 4, HRERE, HRRH
RE-FE IR B8 (10 D (@RI R, #451, JEid.
K B USRI 6.25 mL, 40 °C LRy [FIYv 7
B, FRIEREIMA 10%8E8K 1.5 mL &, 3E
ik, BN, RIS S A TR

254 JikHHEER

(1) EJFMRY: B “2.5.27 TN &I
WIS R, EAE 2mL, 5], Hil# IR A6 I
W BUEF SRS, $5I8 “2.5.37 TR ikl &
BER AR 1R 92517 TR AAE &R, 4R
SE B S P TRORGT R AR, e SRt ], 45 R
Bl 7 Fias o B i i b B 2R T S Sk AR T
5 3L B IR KBRS Sk RRIA B R 2R 7y B,
b 2% VAT HRAF I o B 5, FL S0k Bt 9
TEARF LR BE T B] B35 H T RAFtailkg, RFEGR
R IT.

(2) MR RFHLEE: P “2.527 TR KA X
AVATIOE R, AR IRRE SR RN R AR (LA, %
MR “2.5.17 TR (a2 R TR, 1o e
Fo DI R M B T Bk B AR AL bR (XD, (i
RCRPALRR (V), ikttt Ze, #4724,
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-8 B 2 S s 2- 4 I % S S 3 HY BB V% Sk J ek
455 s 5-T0 Sk 6-5 Sk
1-benzoylmesaconine; 2-benzoylaconine; 3-benzoylhypaconine; 4-

mesaconitine; 5-hypaconitine; 6-aconitine.
7 RAEXEM (A) MEESHM (B) B HPLC
Fig.7 HPLC of mixed reference substances (A) and AKR
sample (B)

AR EE 7 FE 23 ) 2R F R 2 Sk J Y=138.05 X+
0.3492,R*=0.999 9, 135l 11.4~1145.0 pg/mL;
2K B L R, Y=138.47 X+0.080 7, R2=0.9997,
LRAMEVEHE 2.9~147.5 pg/mL; A HERR S SR Y=
125.10 X+0.238 9, R2=0.999 6, £k {u [ 4.2~85.0
ng/mL; Fr kbl ¥=129.63 X+0.4440, R2=0.9999,
LEVETER 5.8~2320.0 pg/mL; K13k Y=116.38
X+0.0412, R2=0.999 9, Z&I* T [l 5.4~545.0 pg/mL;
B30 Y=123.37X—0.226 0, R?=0.9995, Z&Eiu
5.6~560.0 ug/mL. A1, 7KL S Sk 5. 2K
PR 5 Sk BB 2R IR O S Sk sl 3 5 Skl IR
53l Bkt oC R R, EA R B2 N
I RIFREMER R

(3) FEFERY: B “2.5.27 TN &I
WG R, EAE 2mL, B4, il R G0 R
W $%HR “2.5.17 DU R S AR adbRERT I, ik
HBERE 6 U0, 03k 6 P A WBE oK H G BT S Sk AR R
PR 5 Sk Bl 2R IR O S S ity 3 5 Skl IR
53l B Sk B i AR, 1B H RSD 73N
0.64%- 0.93%- 1.02%- 0.38%-. 1.05%. 0.64%, %5
RBYNZA TG L R o

(4) FarE Mt : BUAER SRS, 12 “2.5.37

TR 7 & A i VA, T2 IR “2.5.17 TR (i
M BT HIE G 04 3. 64 9. 120 16 h BEFERS:
M, 185k 6 FhAEYIRRCR FBEHT 2 Sk S, 2K I
SKIEHR . 2R PR RS Sk SR B S Shmil RS Sk
B Sy ek i A, I RSD 239008 2.87%-
3.19%-+ 3.28%- 0.64%-+ 0.90%. 0.57%, %5HRKH
BER L IETRAE 16 h WAZEME B IT.

(5) EE ML WAL FEM, % “2.53”
TR J7 AT H % 6 i i s, 1%/ “2.5.17
TR S S REAIN, A0Sk 6 P A=W me ok H L BT
53R R P LS S IR 2 I Ok 5 Sk
B RSB DSk i i A, THE
HF 2% RSD 43514 2.23% 5.24%+ 4.97%-
1.09%- 1.67%- 1.72%, Z5RRAIT LR LRI

(6) IFEEIW LS : FEEPRI S IEN 6 FhA:
Yms S B AE RS RN 025 g, I8 2537 TR
TEPAT IS 12 A, 6 A “2.5.2”
TiUT B H B 2 Sk el 2K T BE 2 Sk k. R H
I Ik 5 Sk JE AR B IS TIE ., B4 6 A
“2.5.27 TR BTSSR0 RSk S S mRoT HE
WHOER . %I “2.5.17 TN GRk &1 BHtkE,
K EIRIETAR, TH B RS RSD fH, 45
2 P BERT Sk SR R G g Sk e R R BRI S
S A DS N DR N D it R S I =2
B W BN 102.44% « 104.79% « 105.22% -
98.91%-+ 99.32%. 101.47%, RSD 4374 1.92%.
3.93%. 4.10%- 1.41%. 129%. 1.38%, F£WiZ%J
E R R
255 FENE B3 MAFRKEBRESFE, 1%
M8 “2.5.37 WU J7 ik A A, i “2.5.17
TR A% AT AN, 23 e s &R i b LR
RO R B BEHT 5 Sk R, 4% R It % =k St
R FIE RS Sk R AR AR CGHT 2 Sk
R Bk fArkigmin, IR RE S
o 3 HEAERRE AL 5 6 P AW o &5 £
SPIMEINZR 5 PR B S SR AE M 2 0~1.0h I,
JoT B 43 I A L B R A T R BRI, %2 3.0 h
I 5T B HON 0 mg/gs S Skl 5 5 S it 4 5L
A TA— 3, BEAE LI R] R e T R PR 2R
A 5,00 2.5 h INBTESECN 0 mg/g: KR
1 SRR AE M 2 0~ 1.5 h i, 5 &0 Bt e sl et
[B) R e T bR, TS S EEARSE, % 3.0h
LB A, 2RI R, RIS T R
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x5 TRKRERES 6 MEVHEE
Table S Contents of six alkaloids in different hemp tongue sensations AKR
R/ (mg-g™h) i U/ (mg-g )
@ﬂﬁEBMABMHMAEiffhm,HA M}ziﬁz%W&EBMABMHMAiﬁﬁth.HA M}Eiff
il S B S B DR =R DSy
ARG 0429 0.055 0.064 0548 5.0351.027 0.734  6.796 | JE#3.5h 2.403 0.272 0.163 2.838 0 0.089 0  0.087
JH10.5h 1.072 0.086 0.061  1.219 1342 0.669 0.256 2242 |XE#I4.0h 2.535 0.309 0.179 3.022 0 0063 0  0.063
JHI1.0h 2.012 0.180 0.077 2269 0.418 0.444 0.122 0977 |#fl4.5h 2362 0258 0.184 2805 0 0043 0  0.043
HHI1.5h 2.684 0215 0.131  3.030  0.156 0.346 0.048 0.552 |#H5.0h 2.457 0285 0.189 2931 0 0026 0  0.025
HHI2.0h 2579 0260 0.126  2.964  0.032 0.205 0.025 0262 |##5.5h 2334 0261 0236 2.831 0 0 0 0
HHI2.5h 2.921 0309 0.187  3.416  0.003 0.135 0 0.140 |##16.0h 2,502 0.294 0.212 3.008 0 0 0 0
JH3.0h 3.172 0315 0234  3.721  0.001 0.157 0 0.158
PR IE 5 =k sl 5 2 PRI ok 155 Sk Dl 2 B AR A i 3 . 1 gfﬁ%*‘if \
— 3, B M R KT B SRS, £ 3.0h 2 . ' : . . :
R AT G AT e osna
WK AR LT SR, P e
704 L FRRLE A ELAUB A TR 3.0 b g MMoR
I BESZ IR AR ZOK R, BRI — D W R A EHQH}__
[ B A= Wl J R R D), S B NI T BEE %iﬂ ;(5) Eﬁ
Hil 5 BB Ak TR, KR Bk B Bh &P Jihl 2.0h3 F
W, AR G PR, R oo =
TR, WAE S5 AR A R A - o ol
2.5.6 AR EREIOMNT R Origin 2021 AR S|
A AS [R]JRR v SR B 5 6 P AR e AT RS {gzﬂ jg Eg
FKotr, SR NE 8. HE 8 Al%N, ] 0.5h FY 1] 5.0 h-1
M2 KU 10D B A 15~ s
6.0 h BTN K, WINRHIMARERIE, e
LSRR, HRESBEE RaEER . X
S5 IR 5 W I R RHIE AR R — B, 1 BRI E%ﬁj
HE& B AMEAE— & MAHRE . Eﬁ&g
2.6 MOESESKEERXMEST Kol 2.5 b1
e R RS B RGERS TR
2 IHISEYE, SR Origin 2021 B iRy fon3oh2
S 3.0 h-1

il & (total diester alkaloids, TDA) FlEAFRRI A=)
il & (total monoester alkaloids, TMA) 5 (VIP>
1) Jide R 5 . BR JROWR S AEBEAT Rz JR b AH O
ST, SERWE 9 B, BP9 AIs, RIS X
Pis 8 A= e e B AR 3 U OC (r=-0.78, P<
0.01), SHEERAYEEEENE S EMX (=
0.54, P<<0.01); BRWMARE 5 XUHH A1 A= P o B S 0
FIEMSE (r=0.54. P<0.01), 5EARSHAL Y
BEEEIMRX (r=-0.36. P<0.05); BUHRIE 5
i 24 A= s i R AR 35 IE ARG (r,=0.70. P<

8 TRIKRERESHRIDIEBRGREE
Fig. 8 System clustering diagram of component content of

AKR with different hemp tongue sensations

0.0, 5HREERAEYGL R ZREZ IR =
—0.52. P<<0.01).

25 L, XUEE L AR VB AN B T AR P i )
TR BRIR. RUHAT OCI, RIS ES M S B2
[IFEAR TN . oy, U 2R A i B 5 Rk
R AR R, A IR A o, SRR R A=)
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Fig. 9 Heat map of correlation between component

contents and taste value of AKR with different hemp tongue

sensations

3 -
o
50
an
gl .
I Y=3.8145¢07°X,
pad) R*>=0.8755
B
|
H 1
&4
am
j=as
=3

0 T r

0 2 4 6 8

HRAE
E 10 HIRESWERAE W2 SR EZ%
Fig. 10 Regular curve of bitterness value and total amount

of diester alkaloids

2.7 FERMEHRETFUN A8 I8E

HU X1, X2, X3, X44 ADRMEES, AHD
WRAEL, ARH T R AR 55 XU 28 A= el 8 Tuy 43
4 Y=3.8145¢ 070 X, THHAT B FIHE o ) 0 244
AV R, T O TIINAE o [ B A 0 A R it )
XU A= Py e B, EEAARIN 3 UK, E SUONELSEE,
THE TN 5 B SE AR AR AE R 22, 45 R LK 6.
FH 6 RI A1, B SR A TRINE < 1) A b o s 22 35
NTF10%, FFEERE PN ERIT, REixihZaet
AR BT P T R Pl 28 A A i v
3 Wig
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6 WESEEYIW S BTN

Table 6 Prediction results of total amount of diester

alkaloids
‘ Sl mge ) O
Bedh k(i (mg'g ) o RsDm
1L 2 3 (mgg)

X1 1.59  1.037 1.022 1.034 1.139 5.16
X2 3.19 0279 0284 0.286  0.338 9.28
X3 393 0.168 0.159 0.164 0.192 8.70
X4 512 0.069 0.071 0.066 0.078 7.12

StEETEAR, R TSR TRZRER, AN
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i B E AR G, R T O AR RO F T R 2 e
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AR PR RRIRIR FEREAT € R AL, 18 1d 2 ek ik [al
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RIS RN RIS v EOV N At 6 e
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R, SRR R AT R o), R
BPERIY, S FRK A B BE /N 1 B R A A
Yok T SRR T A M BRAE — S 2R itk K R
B A R R R . AN EIIRA &, 182
HEhIR, ZHEWR, FRIREE B, A B
BE ARG XU R A el el T AR P AR D
FETR TR LA, X L (o R AR eI i 2
A RN P e R T A R, LA K PR
o IR AR TR B AR el A TR A A
Ko KPR S, SR R X
I WY 1 M N R R A, T R AR BT R AN
I FEALER o

AHLFUES B AL GUERE V. TR K
HPLC #fr, RGEHE7n 1 5 M il R R gk
HLT I SRS AE S RV 3 A B A ORI, IE
ST LTI R SRR PR SO R A
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