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Abstract: Objective To establish a quantitative method of drugs’ molecular bitterness (MB) which is only related to the properties
of the drug molecule itself. Methods In this paper, berberine hydrochloride was used as standard bitter substance and berberine
hydrochloride, quinine, matrine, tetrahydropalmatine, andrographolide, gardenoside, puerarin, naringin, L-arginine, arbutin,
leonurine, limonin, swertiamarin, aloin, gentiopicroside, sinomenine hydrochloride, oxymatrine, geniposide, sophoridine with
different concentrations solutions were used as research carriers, based on the minimum limit method, the bitterness threshold
concentration (BTC) of bitter monomer was predicted by traditional human taste panel method, and calculated the MB using BTC
finally; Using berberine hydrochloride, matrine, oxymatrine, andrographolide, puerarin solutions with different concentrations as the
carriers, the response value of different concentration solutions were measured by electronic tongue. Then, the BTC of the bitter
molecules were predicted, and finally the MB of the bitter monomers was predicted. Results It was measured that the relationship
between the proportion of people who felt bitter and the concentration of bitterness monomer conforms to the Weibull curve by using
traditional human taste panel method, then the BTC was calculated from the fitted curve, and finally the MB of 19 kinds of bitter
monomers were measured; Within the measurement range of the BTC test, the electronic tongue sensors only got valid data for the
measurement of berberine hydrochloride and matrine, but the sensor that responded to them were different, and the information
between the different sensors were independent, so the BTC of matrine could not be obtained by using electronic tongue. Conclusion
A method for the determination of MB based on BTC was established by using traditional human taste panel method, and the MB of
19 bitter monomers were determined; Although we failed to establish the MB determination method by using electronic tongue, it
can be used as a reference for the further study of quantitative methods of bitterness.

Key words: minimum limit method; bitterness threshold; molecular bitterness; traditional human taste panel method; electronic

tongue; berberine hydrochloride; matrine
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RS2 AR T ARL, SRS 4 15 S AR L R
Ziatn] DUH AH/B S5MREKR, vk Bk SR
THBKMELE . VF2 2250 7 A& YHE R
AR, WAL, P, wEE. EIRIKUL KL &R
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ZE A A R E PR R R A TR A A,
L5 C10017584, FiE#0N>98.5%: i 2.
EHRLEFK. FOENER. BT BIRE. Mk
H. LAEEMR. BER. SRR SE Ty
FREDRHARAF, #5558 JT20140418.
JT20141010.JT20141026.JT20150214.JT20141102.
JT20150222. 20140412, JT20150401. JT20150326,
JFR B B0 5N 98.12%- 98.12%- 98.28%- 98.12%-
98.54%- 98.08%- 98.0%-. 99.59%-. 98.05%; Fri5
TR R, A, R, BREE
Bl AATESI. ST BE e B T
REF YR ARAR, #5578 HXNMKS-
150210 . HXZYCKG-150326 . HXLHG-140815 .
LDKG20150411.YSQTJ20150315. YHKSJ20150409.
JNPG20150415. HDI20150415, Jifi &% 5 A
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98.60%- 98.20%.
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(1) IEAGHLRECH]: HEFFRE 7.46 g SALER,
FH 500 mL Z& KA fE, RS HERI A 300 mL
TR G, DI NAERFR R 0.56 g &
AAH, e, HAEE 1000 mL 2, E
7, B,

(2) PNIHEERECH]: #ERR R 300 mL Jo/K
LE, 5 500 mL Z& KRR S, A5 M 8.3 mL

x1 19 MEREGFFERKRE C SRAEIERHAKLELS) P HUEFIE
Table 1 Fitting equation between different concentration (C) of 19 bitter monomers and the proportion (Po) of people who

felt bitter
HIRME  n JAT 7R i 2 Xof il 2%

EhER/NBERL 5 Po=1.03 [1—e (CY532°772371], R2=(.968 3, P<0.01 Po=0.52 InC—0.63, R2=0.9387, P<0.01
B, 5 Po=1.01 [1—¢ (C010"010] - R2—=0 996 0, P<0.01 Po=0.58 InC+1.34, R2=0.9798, P<0.01
FOMEARE 6 Po=1.02[1—e € 13°7062], R2=09970, P<0.01 Po=0.91 InC—0.10, R2=0.8622, P<0.01
WHERZLE 6 Po=095[1—e(C189"276], R2=(0.994 5, P<0.01 P0=0.59 InC—0.26, R2=0.8797, P<0.01
BFFEL 5 Po=1.08 [1—e (€ 00897003], R2=(999 8, P<0.01 Po=0.75InC+1.84, R*=0.9685, P<<0.01
g & 5 Po=1.00 [1—e (C3:08)77723.71] " R2=(999 3, P<0.01 Po=0.81 InC—1.45, R*=0.9277, P<0.01
R 5 Pp=0.98 [1—e (CT0417"005], R2=( 998 5, P<0.01 Po=0.73 InC+0.78, R2=0.853 6, P<0.05
%T 6 Po=1.02 [1—e(C923"286], R2=(992 2, P<0.01 Po=0.53 InC—0.94, R*=0.8127, P<0.05
AR 6 Po=0.99 [1—¢ (CH317/?13148L94) - R2—( 992 3, P<<0.01  Py=0.57 InC—1.47, R*=0.9191, P<0.01
T B T 4  Po=39.50 [1—e (CT00N"/2358], R2=(994 5, P<0.01 Po=0.52 InC+1.37, R2=0.9898, P<0.01
HREMER 5 Po=1.00[1—e € 15277772372, R2=09973, P<<0.01  Py=0.77 InC—2.55, R*=0.9862, P<0.01
PEF 6 Po=0.65[1—e (C+1.09""12186) R2—0 9897, P<0.01 Po=0.39 InC+0.72, R2=0.968 5, P<0.01
YR o 4 Po=0.93[1—¢(C047""005], R2=()982 8, P<0.01 Po=0.95 InC+0.48, R*=0.9341, P<0.05
RERTY 5 Py=1.02 [1—e (€ 040120 R2=(9672, P<0.01 Py=0.64 InC+0.32, R*=0.9608, P<<0.01
FAE B 7 Po=0.96 [1 —e (C+899'713973652), R2=(964 0, P<<0.01  Py=0.44 InC—0.37, R*=0.9551, P<0.01
2 BEE AR 4 Py=1.00[1—g (€ 009008 R2=1 000 0, P<0.01 Po=0.43 InC+1.13, R2=0.9221, P<0.05
LK 6 Po=0.91[1—e (CH68.98"™1L0<10") 2= 990 8, P<<0.01  Py=0.58 InC—1.69, R?=0.9455, P<<0.01
P52 Bk 7 Py=0.98 [1—c(C68D"5973] R2=(.999 3, P<C0.01 Po=0.551nC—1.08, R?=0.9501, P<<0.01
e HE 5 Po=1.02 [1—e (€ 14497187417 R2=0.999 2, P<<0.01 Po=0.76 nC—2.09, R*=0.9745, P<0.01
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&2 19 #MEKEFE BTC. MB. MBI
Table 2 BTC, MB and MBI of 19 bitter monomers

FR BTC/(umol-L™) MB MBI
AAE S 7.55 13473 02981
EhER/INBET 10.17 1.0000  0.0000
e s 11.68 08704 —0.1388
%7 12.11 08398 —0.1746
T3 E B 16.73 0.6077 —0.498 0
e RE 31.37 03241 —1.1266
FIEH 32.55 03124 -1.1635
hIER T I 55.17 0.1843 —1.6910
BT 177.63 0.0572 -2.8604
oelt e 184.48 0.0551 —2.8982
i REE 221.68 0.0459  -3.0819
B 236.07 0.0431 -3.1448
Ba T 484.18 0.0210 —3.8631
R 641.48 0.0159 —4.1445
WeFH 929.70 00109 -4.5156
e 1325.89 0.0077 —4.8705
2O N TR 1 744.09 0.0058 —5.1447
EHRLER 3263.42 0.0031 57712
LAGHIR 43 748.66 0.0002 —8.3669

(R EhER T HE IR & 6 72 31 1000 mL & JfH, JEZ,
HIFE

(3) LRI #EFRE 2.24 g AL
0.045 g AR H] 500 mL /K& iR, SR)5 #4235 1000
mL B, E%, 5.

(4) FFINFE VAR C ) s ERTR/NBERR . 5 2
ZFOENNE. BRSO R %
“2.1.47 BN AL IE RS A 77
223 WFEMKE TS-5000Z AL HL 7 Il &
R HRAEBYhiEDE 90 s, B S RS
120 5. ZREEHIHTRIS LLHORBE 120 s, fLIRARAE
PN EIAE 30 s, RFBPETRME, JFEINEA,
WA E] 30 s 7E 2 HZ O 0 B ETEBE 3 s,
A8 BRERAB BT B2 EU k=R 30 so FEFR I
4%, LB 1 AEH, BUS 3 e SEEEE
AR BRRIEYE PRI ] R 04 35 3 A
FEANFIRE A AR
224 EFRIESE  TS-5000Z WAL 54T & G H
HIFEAR A Jek (relative value, R) A [AIFk (change of
membrane potential caused by adsorption, CPA) 561,

HE DR

R=Vs— T 3

CPA=W'—W: 4
Ve N BRBRAE S LU R R FLIAMEL, Ve 9 S B L AR T i
IR, Ve e IR B TE 2 L 220 R U 1 P 3
2.2.5 (ERISIIES  TS-5000Z B 534 C00.
ANO. BTO. AEl. GL1. CAO. CTO 7 tRAL/E%s,
HH C00 Al AE1 fE/BARA JeR I [RIK 2 Fhik (5
B, T ANO A BTO f&&as K RIRAE . kA
SRR AR TR G 4 ARAL R, 4R €00,
ANO. BTO. AEl f&/8&ds, Mt 6 Fhuku(s BAH,
HAR WA 3.

#3 AREERRER

Table 3 Sensors taste information

ks S — Wi £ 5

e S Sk ELS

C00 FRME%  #Bk (bitterness)  MRMEFWR (aftertaste-B)
ANO B - M (B-bitterness2)
BTO Bl h 2k - AL ER Rk (H-bitterness)
AEl 0k 0k Castringency) 2% (aftertaste-A)

— RN SRR bR
— indicates that there is no taste indicator
22,6 HLFEHMNALER

(1D AFEFESERGRE R ISR B 1 RRT
ANTFIRE R T TS ], A R AL AR AR AR AR ) B
PLFRIRRGE RN, 1 N ERALARZRAE T AR B2 AH
221 20%, LN T%EE 20% MBS 22 e 1R
INBERS B I, WM ZCT 1 A4, A
IE 5 NGRS BRI T B RE S 2 (B 22 701, 5 R
RS B 1 R, 45 HREI, BTO ML
FTANO fEER 0T SRR /N BEBe 2 2, LA A5 R
IRFEIRER, FER AR 23S, 35Stk
FE S0 R COO A% IR S8 A AE 1 A% S 28 of 15 2 i i 7 55
=, HBEEFEMIRERIR, HRAINRR 216K
s, EURFIRER I EIRIR /N B R A R AL
JEFE N ANO &I EEFT CO0 14K 2em N B, HEZ
ANO A% JER 25 14 M 7 AP 8 5 R 5 1 389 00 2 384 K s D
/N, COO A& AR N TR s XTS5
CENEE, BT AR I NAE S EN, AR AE
g h Y LA

(2) FRYI BTC (g : LSRR/ N EERIC A7
HEE R, SET 10249k, W98 BTC, SR
BTC I [ B 5 AL BEas i NAE, X F R A, A5
SRR FL - A5 AN R B A IR AR, 7
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LR /NEED B-bitterness2 o B-bitterness2
astringency aftertaste-B astringency aftertaste-B
J'\ _
e‘-!- .3‘ 3.83 um01~L ! 0.10 mmol-L!
l,*" L ALl 7.65 umol-L™! PP R POYRORRS 0.20 mmol-L™!
i 11.50 pmol-L ! [ i 0.31 mmol-L ™!
—q || 15.30 pmol L™! Pligws” || || === 0.41 mmol-L-
\ 23.00 pmol-L ! pr” 0.61 mmol-L"!
bitterness ‘;'.__-"’ aftertaste-A bitterness aftertaste-A.
!
v
H-bitterness H-bitterness
AT S B-bitterness2 20T A i B-bitterness2
astringency aftertaste-B astringency aftertaste-B
o 3.64 pmol-L™! . o
I TN } -
A I e 4.87 pmol-L™! !II '-...~‘;.4‘". '_';.;,’ E 1.15 mmol-L™!
San® - sssssssss —
7.28 pmol-L™! T Salle { 1.38 mmol-L™!
----- 9.74 pmol-L™! k. ! 1.73 mmol-L!
14.56 pmol-L ™! v L T 2.07 mmol-L™!
. ... 19.48 pmol-L™! N S 2.60 mmol-L™!
bitterness aftertaste-A bitterness N g aftertaste-A
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Fig. 1 Taste information radar image of samples
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Fig. 2 Sensor response diagram of berberine

hydrochloride with different concentrations
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