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Study on superposition law of drug bitterness based on tongue taste
evaluation and electronic tongue evaluation
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Abstract  Traditional Chinese medicine ( TCM) decoction contains complex bitterness. In this paper the simple mixing of TCM
monomer bitter substances is used as the eniry point to study the law of bitterness superposition. With berberine hydrochloride ( alka—

loids)  geniposide ( terpenoids) and arbutin ( glycosides) as mother liquor sophoridine ( alkaloids) gentiopicroside ( terpenoids)
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and puerarin ( glycosides) as additive substances these different additive substances were mixed with different mother liquor according
to concentration gradients to form different liquid mixtures. The bitterness of the additive solution and the mixtures was evaluated by tra—
ditional human taste panel method ( THTPM) and electronic tongue; the bitterness—concentration fitting model of the additive solution
and the liquid mixtures was established by Weibull and logarithmic curves. By comparing and analyzing the bitterness—concentration
model and the bitterness difference ( Al,/Al,) of the additive solution and the mixture the influence of mother liquor on the bitterness
of the mixture was investigated. The results showed that both the additive solution bitterness model and the liquid mixture bitterness
model were consistent with the Weibull model and the logarithmic model ( THTPM: R*=0.887 0 P<0.01; electronic tongue test:
R*=0.753 2 P<0.05) . The fitting degree of the Weibull model was generally higher than that of the logarithmic model; the bitterness
difference ( Al,) was monotonously decreasing; the fitting equation of tongue bitterness and electronic tongue bitterness: R*=0. 874 2
P<0.01. In this article through the superposition of different kinds of TCM bitter substances THTPM and electronic tongue test was
combined. It was found that the bitterness after superposition was still in Weibull or logarithmic relationship with the concentration of
additive substances; THTPM showed that the effect of bitter mother liquor on the bitterness of the mixture decreased with the increase
of the concentration of the additive; the bitterness of the electronic tongue was obviously related to the bitterness of THTPM. However
further verification is needed later by optimizing the concentration gradient and expanding the sample size.
Key words  superimposed bitterness; Bitter law; electronic tongue; tongue taste
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Table 1  Test results of sophoridine tongue bitterness

sample 0.01 g-L! 0.02 g*L"! 0.04 g-1"! 0.08 g*L"! 0.16 g*L™! 0.32 g*L"! 0.64 gL
sophoridine 1. 06 1. 48 1. 68 2.02 2.86 3.35 3.67
S1+ sophoridine 2.08 2.39 2.45 2. 64 3.08 3.37
S2+ sophoridine 2.68 2.85 3.11 3.13 3.41 3.89
S3+ sophoridine 2.31 2.64 2.71 2.73 3. 16 3.65
S4+ sophoridine 2.94 3.08 3.09 3.51 3.84 4.10
S5+ sophoridine 2.72 2.81 2.84 3.22 3.78 3.98
S6+ sophoridine 3.57 3.81 3.90 4.31 4.33 4.71

2 3

Table 2 Fitting model of three additive concentrations on superimposed tongue bitterness

bitter substance

Weibull model

Logarithmic model

n
sophoridine 7 R*=0.991 1 P<0.01 R*=0.973 2 P<0.01
gentiopicroside 7 R*=0.999 2 P<0.01 R*=0.917 5 P<0.01
puerarin 7 R?=0.9927 P<0.01 R*=0.988 7 P<0.01
S1+ sophoridine 6 R?=0.976 7 P<0.01 R*=0.9558 P<0.01
S2+ sophoridine 6 R*=0.964 3 P<0.01 R*>=0.929 3 P<0.01
S3+ sophoridine 6 R*=0.952 4 P<0.01 R*=0.887 0 P<0.01
S4+ sophoridine 6 R?=0.987 2 P<0.01 R*=0.937 0 P<0.01
S5+ sophoridine 6 R*=0.987 4 P<0.01 R*=0.903 9 P<0.01
S6+ sophoridine 6 R*=0.963 9 P<0.01 R?=0.961 6 P<0.01
S1+ gentiopicroside 6 R*=0.993 7 P<0.01 R*=0.909 6 P<0.01
S2+ gentiopicroside 6 R?>=0.971 8 P<0.01 R*=0.896 2 P<0.01
S3+ gentiopicroside 6 R*=0.989 7 P<0.01 R*=0.928 0 P<0.01
S4+ gentiopicroside 6 R*=0.9825 P<0.01 R*=0.959 4 P<0.01
S5+ gentiopicroside 6 R*=0.9729 P<0.01 R*=0.962 1 P<0.01
S6+ gentiopicroside 6 R*=0.944 9 P<0.01 R*=0.911 5 P<0.01
S1+ puerarin 6 R*=0.971 5 P<0.01 R*=0.941 7 P<0.01
S2+ puerarin 6 R*=0.9759 P<0.01 R*=0.971 9 P<0.01
S3+ puerarin 6 R?=0.990 3 P<0.01 R*=0.947 2 P<0.01
S4+ puerarin 6 R*=0.976 3 P<0.01 R*=0.919 8 P<0.01
S5+ puerarin 6 R*=0.928 1 P<0.01 R*=0.9222 P<0.01
S6+ puerarin 6 R*=0.9553 P<0.01 R>=0.889 6 P<0.01
3.3 0.753 2 P<0.05
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Fig.1 Weibull model of relationship between tongue bitterness ( I,) and concentration ( ¢) of three kinds of additives and mixtures
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Table 3  Fitting model of three kinds of additive concentration on superimposed electronic tongue bitterness

bitter substance sensor n Weibull model Logarithmic model
sophoridine bitterness 7 R*=0.998 0 P<0.01 R*=0.852 1 P<0.01
gentiopicroside aftertaste-B 7 R*=0.9522 P<0.01 R*=0.823 3 P<0.05
gentiopicroside bitterness 7 R*=0.999 8 P<0.01 R*=0.831 6 P<0.05
puerarin bitterness 7 R*=0.999 0 P<0.01 R*=0.997 7 P<0.01
s1+sophoridine bitterness 6 R?>=0.973 6 P<0.01 R?>=0.806 1 P<0.05
s2+sophoridine bitterness 6 R*=0.915 6 P<0.01 R*=0.960 9 P<0.01
s3+sophoridine bitterness 6 R?>=0.998 8 P<0.01 R*=0.995 4 P<0.01
s4+sophoridine bitterness 6 R*=0.994 7 P<0.01 R*=0.952 4 P<0.01
s5+sophoridine bitterness 6 R*=0.998 9 P<0.01 R?=0.880 5 P<0.01
s6+sophoridine bitterness 6 R?=0.999 9 P<0.01 R?>=0.941 2 P<0.01
s+ gentiopicroside aftertaste-B 6 R*=0.984 6 P<0.01 R*=0.896 9 P<0.01
s2+ gentiopicroside aftertaste-B 6 2=0.999 6 P<0.01 R*=0.8651 P<0.01
s3+ gentiopicroside aftertaste-B 6 R*=0.999 8 P<0.01 R*=0.888 0 P<0.01
s4+ gentiopicroside aftertaste-B [§ R?=0.999 4 P<0.01 R?*=0.873 7 P<0.01
s5+ gentiopicroside aftertaste-B 6 R*=0.999 9 P<0.01 R*=0.829 2 P<0.05
s6+ gentiopicroside aftertaste-B 6 R*=0.998 7 P<0.01 R?=0.827 6 P<0.05
s1+ gentiopicroside bitterness 6 R*=0.753 2 P<0.05 R*=0.851 8 P<0.01
s2+ gentiopicroside bitterness 6 R>=0.841 4 P<0.01 R*=0.931 3 P<0.01
s3+ gentiopicroside bitterness 6 R*=0.998 7 P<0.01 R*=0.894 0 P<0.01
s4+ gentiopicroside bitterness 6 R*=0.999 6 P<0.01 R*=0.917 2 P<0.01
s5+ gentiopicroside bitterness 6 R*=0.999 9 P<0.01 R*=0.839 1 P<0.05
s6+ gentiopicroside bitterness 6 R*=0.999 8 P<0.01 R*=0.849 6 P<0.01
s+ puerarin bitterness 6 R*=0.999 8 P<0.01 R*=0.995 1 P<0.01
s2+ puerarin bitterness 6 R*=0.999 9 P<0.01 R*=0.995 6 P<0.01
s3+ puerarin bitterness 6 R?=0.999 5 P<0.01 R*=0.999 4 P<0.01
s4+ puerarin bitterness 6 R*=0.999 8 P<0.01 R*=0.998 5 P<0.01
s5+ puerarin bitterness 6 R*=0.999 8 P<0.01 R*=0.999 5 P<0.01
s6+ puerarin bitterness 6 R%=0.999 9 P<0.01 R*=0.999 8 P<0.01
28 (P<0.01) 27 o
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Fig.2 Weibull model of e-tongue bitterness ( I,) and concentration ( ¢) of three additives and mixtures
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Fig.3 1,4, fitting model of additive solution and mixture
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