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bstract

The purpose of this study was to investigate the use of the artificial taste sensor in the evaluation of 11 medicinal plants and 10 Chinese medicines
ith bitter and/or astringent tastes, and to assess the possible application of the sensor in the evaluation of taste and quality control of medicinal
roducts.

Aqueous extracts of the six bitter medicinal plants could be classified into three types, and those of the five astringent medicinal plants into two
ypes, on the basis of sensor output pattern profiles. These differences seem to derive from the different structures of the main components.

In the principal component analysis of the taste sensor output of 10 Chinese medicines, a new measure developed, the ‘Euclidean distance’,
efined as the distance between a control and the targeted substance on the principal component map. This measure offers a possibility for indicating
he different tastes of Chinese medicines.
Lastly, we confirmed that berberine adsorption on the surface of the artificial membrane of the taste sensor was of the Langmuir type. The
erberine content in extracts of medicinal plants could be evaluated by the taste sensor, and it was shown to be possible to use the taste sensor for
he quality control of medicinal plants.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Medicinal plants and Chinese medicines have been available
n the Japanese market for a long time. They have varied tastes
predominantly sweet, bitter, pungent, or astringent), some of
hich are particularly complex as they have several active con-

tituents. Products which are predominantly bitter or astringent
eed to be taste-masked in order to improve compliance. To our
nowledge, there has been no previous quantitative evaluation
f the taste of medicinal plants or Chinese medicines.

The artificial taste sensor has already been used quite exten-
ively to characterize the taste of foods or beverages such as beer,
ake, green tea, etc. (Toko, 1998; Tan et al., 2001a,b; Taniguchi
nd Ikezaki, 2001; Kim et al., 2005). Up to now, there have been
omparatively few applications of the taste sensor in the field

f pharmaceutical development, although this is an area which
s currently under examination (Legin et al., 2004). We have
reviously demonstrated the usefulness of the taste sensor in

∗ Corresponding author. Tel.: +81 798 45 9957; fax: +81 798 41 2792.
E-mail address: takahiro@mukogawa-u.ac.jp (T. Uchida).
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redicting the bitterness of a number of medicines (Miyanaga
t al., 2002), and it has also been shown to be useful in the
valuation of bitterness suppression (Uchida et al., 2003).

In the present study, the application of the taste sensor was
xamined in the evaluation of the taste (bitterness or astringency)
f extracted solutions of commercial medicinal plants and/or
hinese medicines. First, the taste sensor outputs for 11 typical
edicinal plants included in Chinese products available on the

apanese market were examined. Principal component analysis
as then carried out to distinguish between the bitter and/or

stringent medicinal plants. Secondly, the sensor outputs of 10
hinese medicinal products with bitter and/or astringent tastes
ere classified into one of two types: either Coptis Rhizome

nd/or Phellodendron Bark type or tannin type, using principal
omponent analysis of the taste sensor output, with berberine
nd tannin solutions, respectively, as controls. The ‘Euclidean
istance’, defined as the distance between control and targeted
ubstances, was proposed as a new criterion to denote the taste of

hinese medicines. Thirdly, we looked at various concentrations
nd corresponding sensor outputs of solutions of berberine, the
ain component of a number of particularly bitter medicinal

lants, such as Coptis Rhizome and Phellodendron Bark.

mailto:takahiro@mukogawa-u.ac.jp
dx.doi.org/10.1016/j.ijpharm.2007.09.017
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Table 1A
Medicinal plants used in the study

Crude drugs name Family

Gentian Gentianaceae
Swertiae Herb Gentianaceae
Bitter Orange Peel Rutaceae
Picrasma Wood Simaroubaceae
Coptis Rhizome Ranunculaceae
Phellodendron Bark Ranunculaceae
Geranii Herba Geraniaceae
Houttuynia Herb Saururaceae
Rhubarb Polygonaceae
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upli Strobilus Moraceae
hinese Nutgalls Anacardiaceae

Finally, the amounts of berberine in Coptis Rhizome and
hellodendron Bark from various locations were evaluated using
oth the taste sensor and HPLC, in an effort to evaluate the accu-
acy of the taste sensor data and its application in the quality
ontrol of medicinal plants.

. Experimental

.1. Materials

The bitter medicinal plants used in the study were Gen-
ian, Swertiae Herb, Bitter Orange Peel, Picrasma Wood, Coptis
hizoma, and Phellodendron Bark, while the astringent plants
ere Geranii Herb, Houttuynia Herb, Rhubarb, Lupli Stro-
ilus and Chinese Nutgalls. The Chinese medicines used were
rengedokuto (three products), Unseiin (four products), and
kadama abdobt medicines (three products). Names and fam-

lies of the medicinal plants and Chinese medicines used are
isted in Tables 1A and 1B.

The medicinal plants were all purchased from Nippon Fun-
atsu Yakuhin Co. Ltd. (Osaka, Japan). Berberine chloride

tandard for crude drug testing was purchased from Wako Pure
hemical Industries (Osaka, Japan) and dissolved in 900 mL
f hot water. The solution was made up to 1000 mL with cold

ater and this solution was diluted with 10 mmol/L KCl to
btain solutions of 0.003, 0.012, 0.031, 0.078, 0.201, 1.226, and
.452 mmol/L. All other reagents were of special reagent grade.

able 1B
hinese medicine used in the study

rade name Chinese medicine Company name

-1
Orengedokuto

A
-2 B
-3 C

-1

Unseiin

D
-2 B
-3 C
-4 A

-1 Akadama
abdomen
medicines

E
-2 F
-3 G
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.2. Preparation of sample solutions for taste sensor and
PLC analysis

Pulverized samples of each medicinal plant (about 0.2 g each,
xcept for Coptis Rhizome and Phellodendron Bark, for which
he sample size was about 0.05 g) were accurately weighed
nd placed in a beaker to which 90 mL of water was added.
n the case of commercial Chinese medicines, 0.02 g packages
f Orengedokuto and Unseiin, and 0.1 g package of Akadama
bdobt medicine were used. In the case of pulverized Coptis Rhi-
ome and Phellodendron Bark, about 0.05 g of each was used.
he samples were stirred for 30 min using an agitator at room

emperature, after which 5 mL of 0.2 mol/L KCl was added, and
he suspension made up to exactly 100 mL with purified water.
mount of each medicinal plant for extraction was determined to
eep quantitative analysis for sensor or HPLC. As an extraction
ime, 30 min was employed since in advance we tried 20, 30, 40,
nd 60 min extraction time and confirmed drug amount evalu-
ted by sensor output or HPLC method became almost constant
fter over 30 min extraction (detail data not shown). In addi-
ion, water was employed as an extraction medium during the
xperiment, and solvent such as an alcohol might remove vari-
us components from artificial sensor and thereby cause damage
n sensor characteristics. Fifty milliliters of the above extracted
olution was used for sensor measurement and, after filtration
hrough a membrane with 0.45-�m pore size, for HPLC.

The conditions for HPLC were essentially the same method
s described in the evaluation of berberine in JPXV. The
0 �L of the prepared sample was injected onto a chromato-
raph (Shimadzu LC-10AT, Kyoto, Japan) equipped with an
ltraviolet absorption photometer detector (Shimadzu SPD-
0AV, Kyoto, Japan), an integrator (Shimadzu C-R6A, Kyoto,
apan) and a reversed-phase column (CAPCELL PAK C18,
.6 mm × 250 mm i.d., Shiseido Co. Ltd., Tokyo, Japan). As
obile phase, 3.4 g of potassium dihydrogen phosphate and

.7 g of sodium lauryl sulfate were dissolved in 1000 mL of
mixture of water and acetonitrile (1:1). The flow rate was

djusted so that the retention time for the berberine peak could be
aintained at about 11 min. The wavelength was set at 345 nm.
tandard deviations for the berberine peak area after five-time
epeated experiments were within 1.5% as relative value and
ts reproducibility was almost the same level as defined in the
PXV.

.3. Sensor measurement and data analysis

The taste-sensing system SA402 of Intelligent Sensor Tech-
ology Co. Ltd., Atsugi, Japan, was used in the study. The
etecting sensor part of the equipment consists of five electrodes
omposed of lipid polymer membranes, whose components are
hown in Table 2. The measurement procedure was the same
s that described in a previous paper (Yoshikawa et al., 1994;
iyanaga et al., 2002; Uchida et al., 2003). The relative sensor
utput represents the difference (Vs − Vr) between the poten-
ials of the sample (Vs) and of the reference solution (Vr). Fresh
0 mmol/L KCl solution containing 0.3 mmol/L tartaric acid
corresponding to saliva) was used as a reference sample and
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Table 2
Lipids component used in this study

Channel Lipids component

1 Phosphoric acid di-n-decyl ester
Dioctyl phenyl-phosphate

2 Phosphoric acid di-n-decyl ester
2-Nitrophenyl octyl ether

3 Hexadecanoic acid
Dioctyl phenyl-phosphate

4 Dioctyl phenyl-phosphate
5
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Tetradodecylammoniumbromide
Dioctyl phenyl-phosphate

lso to rinse the electrodes after each measurement. The mea-

urement interval was set at 30 s, and electrodes were thoroughly
insed after each measurement.

S-PLUS 2000J (Mathematical Systems, Inc., Tokyo, Japan)
as used as calculation software for multiple regression

i
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ig. 1. (A) Sensor output profiles of six bitter and/or astringent medicinal plant ex
atterns of four astringent medicinal plants. The data of tannin is given as astringency
f Pharmaceutics 351 (2008) 36–44

nalysis. Principal component analysis was performed using
ve-channel data for the medicinal plants and Chinese medicines
xtracts.

.4. Calculation of Euclidean distance

In general, the difference between the control and the targeted
ample was calculated based on the Euclidean distance of sample

(control) and sample B according to the following equation:

(A1 − B1)2 + (A2 − B2)2 (1)

here A1 is the first principal ingredient score of control, A2 the
econd principal ingredient score of control, B1 the first principal

ngredient score of the sample, and B2 is the second principal
ngredient score of the sample. We tried to use this value as a
riterion for bitterness or astringency. In the actual calculation of
he ‘Euclidean distance’ (defined as the distance between control

tracts. The data of berberine is given as bitterness control. (B) Sensor output
control.
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Fig. 2. Principal component analysis using data from 11 medicinal plants. The
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nd the targeted substance), either 0.031 mmol/L of berberine or
.05% of tannin was employed as control.

.5. Relationship between concentration of berberine and
ensor output

The sensor output value was plotted along the horizontal axis
nd the berberine concentration (0.003, 0.012, 0.031, 0.078,
.201, 1.226, and 2.452 mmol/L) along the vertical axis. The
orrelation between the two sets of values was evaluated. The
orrelation between the reciprocal of the berberine concentration
horizontal axis) and the reciprocal of the sensor output value
vertical axis) was also examined.

. Results and discussion

.1. Sensor analysis of medicinal plant extracts

Fig. 1A shows the sensor output profiles for the six bit-
er medicinal plant extracts. These could be divided into three
roups. The bitter tastes of Gentian and Swertiae Herb seemed
ue to their component secoiridoid glucosides (gentiopicnoside
nd swertiamarin, respectively). In Picrasma Wood and Bitter
range Peel, the main components conferring a bitter taste are

he triterpene derivatives, quassin and d-limonene, respectively,
hile the plants in the bitterest group, Coptis Rhizome and Phel-

odendron Bark, contain berberine-type alkaloids. The Coptis
hizome and Phellodendron Bark extracts showed large output
alues in channel 2, which corresponds to bitterness.

The sensor output patterns of the five astringent medicinal
lants could be divided into two groups, as shown in Fig. 1B.
he most astringent showed a comparatively large response on
hannel 5, which contains tetradodecyl ammonium bromide in
he sensor membrane, with positively charged tetra-ammonium
ons. Our pilot study shows that relative value on channel 5
ell-reflected gustatory sensation of astringency feeling (detail
ata not shown). The astringency of all five astringent medici-
al plants appeared to be due to tannin derivatives: geraniin in
eranium Herb (Okabe et al., 2001), quercitrin in Houttuynia
erb (Fabjan et al., 2003), tannin in Chinese Nutgalls, rhatannin

n Rhubarb (Yokozawa et al., 1991), and xanthohumol in Stro-
ilus (Wang et al., 2004). Iiyama et al. (1994) have performed a
rief evaluation of the astringency of gallic acid, using tannin as
ontrol. Even in the present study, tannin was used as astringent
ontrol.

As shown in Fig. 2, principal component analysis was used
o estimate the largest and second largest relative contribution
actors (PC1 and PC2) from the sensor data. The relative con-
ributions of PC1 and PC2 are 69% and 18%, respectively, with
he two axes indicating bitterness and astringency, respectively.
he data for different concentrations of quinine and tannin solu-

ions (bitterness and astringency controls, respectively) are also
hown in Fig. 2. The six medicinal plants said to show bitter-

ess were located between the low and high concentrations of
uinine solution. The data for Coptis Rhizome and Phelloden-
ron Bark were located close to the most concentrated quinine
olution. It is suggested that the extracts of Coptis Rhizome and

w
b
t
s

argest and second largest relative contribution factors, PC1 and PC2, from all
he sensor data. The relative contributions of PC1 and PC2 are 69% and 18%,
espectively, and x and y axes represent bitterness and astringency, respectively.

hellodendron Bark mainly contained berberine, which has a
itterness intensity similar to that of quinine.

The four astringent medicinal plants were close to the lower
annin concentration, indicating that the taste of the extracts is
imilar to that of low concentrations of tannin solution.

Since the medicinal samples used here were the complex
ixture of various compounds such as alkaloids, other nitrogen

ontaining compounds, and flavonoids, we have to examine their
esponse to the present sensor and develop the specific sensors
esponsive to those components in near future.

.2. Sensor analysis of Chinese medicine extracts

.2.1. Sensor output profiles of Chinese medicines
Sensor output profiles for extracts of the 10 Chinese

edicines (three Orengedokuto products, O-1, O-2, & O-3; four
nseiin products, U-1, U-2, U-3, & U-4; and two Akadama

bdobt products, A-1 & A-2) are shown in Fig. 3. The sensor pat-
erns of the Orengedokuto and Unseiin products, which contain
optis Rhizoma and Phellodendron Bark, were very similar to

hat of berberine, as expected, berberine being the main compo-
ent of Coptis Rhizoma and Phellodendron Bark. The Akadama
bdobt products A-1 & A-2 contain Chinese Nutgalls, which
re very astringent; sensor output profiles of these two products
ere similar to that of tannin. The sensor profile of A-3, which

ontains Geranii Herba in addition to Coptis Rhizoma, and Phel-
odendron Bark, was slightly different from those of A-1 & A-2,
eing less bitter and astringent.

.2.2. Principal component analysis for Chinese medicines
Fig. 4 shows the principal component analysis using data

rom the above 10 Chinese medicines. The largest and second
argest relative contribution factors, PC1 and PC2, had relative
ontributions of 69% and 18%, respectively, and the axis of
C1 almost coincided with the calibration curve of berberine
0.003 mmol/L, 0.031 mmol/L, 0.201 mmol/L). Orengedokuto
O-1, O-2, and O-3) and Unseiin (U-1, U-2, U-3, U-4) products,

hich contain berberine, were all directly located on the cali-
ration curve of berberine. Therefore, the bitterness intensity of
hese seven samples can be calculated from the bitterness inten-
ity of berberine in human gustatory sensation results. The data
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distances’ which means their taste resembles that of the control
(0.031 mmol/L berberine), that is, quite bitter. In the previous
Fig. 3. Sensor output profile for extracts of

uggest that the bitterness of the O-3 extract was greater than
hat of both O-1 and O-2, which might suggest a difference in
he berberine content.

The location of the various concentrations of tannin solution
ncreased along the berberine axis as the concentration of tan-
in increased. The two products (A-1 & A-2) which contained
hinese Nutgalls, were located very close to the standard tannin

olutions and were therefore likely to be strongly bitter. A-3,
hich contained Geranii Herba, was located between berberine

nd tannin.

.2.3. Use of ‘Euclidean distance’ in analysis of Chinese
edicine extracts

As mentioned above, the sensor output patterns of the 10

itter and/or astringent Chinese medicinal products could be
lassified into two types, Coptis Rhizome and/or Phellodendron
ark type, and tannin type. In the principal component analysis

ig. 4. Principal component analysis using data from 10 Chinese medicines to
stimate the largest and second largest relative contributions.
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kinds of Chinese medicine (10 products).

f the taste sensor output of these Chinese medicines, we mea-
ured the ‘Euclidean distance’ (the distance between control and
he targeted sample in the principal component map), and eval-
ated the possibility of using this as a measure of the different
astes of Chinese medicines.

In the calculation of the ‘Euclidean distance’, the bitter-
ess and astringency control points were taken as 0.031 mM
erberine and 0.05% tannin acid, respectively. The calculated
Euclidean distances’ between the test samples and controls
re summarized in Table 3. Coptis Rhizome and/or Phel-
odendron Bark extracts show comparatively small ‘Euclidean
ection, it was shown that the bitterness intensity of O-3 was
reater than that of O-1 or O-2. This was confirmed by the

able 3
uclidean distance for analysis of 10 Chinese medicines

Euclidean distance

0.031 mmol/L Berberine 0.05% Tannin

-1 105.6 85.0
-2 104.1 84.0
-3 67.8 105.0
-1 127.1 84.6
-2 129.2 78.4
-3 132.0 87.8
-4 115.9 84.0
-1 144.8 36.9
-2 160.8 40.4
-3 92.3 66.9
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Euclidean distance’ of O-3 (67.8), being appreciably less than
hose of O-1 (105.6) and O-2 (104.1).

In the case of the ‘Euclidean distance’ for astringency, values
f 36.9 and 40.4 were calculated for A-1 and A-2, respectively
distance between samples and control 0.05% tannin), while 66.9
as obtained for A-3, which contains less Chinese Nutgalls than
-1 and A-2, indicating that the astringency of A-3 is expected to
e less than that of A-1 or A-2. In the map of principal component
nalysis, A-3 is located between the 0.031 mmol/L berberine and
.05% tannin solutions.

In the case of the Unseiin products, the ‘Euclidean distance’
alues for bitterness of U-1, U-2, U-3, and U-4 (127.1, 129.2,
32.0, and 115.9, respectively) were larger than those of O-1,
-2, and O-3 (106.5, 104.1, and 67.8, respectively), indicating

hat the bitterness intensity of the Unseiin products is expected
o be less than that of Orengedokuto products. The ‘Euclidean
istance’ values for astringency were about the same for both
nseiin and Orengedokuto products, which indicate that the

stringency of two groups is similar.

.3. Relationship between concentration of berberine and
ensor output value

The relationship between the concentration of berberine and
he sensor output value of channel 2 was examined using berber-
ne solutions of 0.003, 0.012, 0.031, 0.078, 0.201, 1.226, and
.45 mmol/L. The following scheme was used to describe the
inding of berberine to the taste sensor membrane with constant
urface area.

If the interaction between a group or free receptor P in a
ensor membrane and a berberine molecule D is written

+ D = PD (1′)

he equilibrium constant K is written

= [PD]

[P][D]
(2)

here K is the association constant, [P] is the free receptor
oncentration in the sensor membrane, [D] the concentra-
ion of berberine, and [PD] is the concentration of the
eceptor–berberine complex.

If the total sensor membrane is designated [Pt], we can write

Pt] = [P] + [PD]

r

P] = [Pt] − [PD] (3)

ubstituting the expression for [P] from Eq. (3) to Eq. (2) gives

PD] = K[D]([Pt] − [PD]) (4)
PD] + K[D][PD] = K[D][Pt] (5)

[PD]

[Pt]
= K[D]

1 + K[D]
(6)

h
r
a

f Pharmaceutics 351 (2008) 36–44 41

If r is the number of moles of berberine bound [PD] per mole
f total free receptor concentration on the membrane [Pt], then
= [PD]/[Pt] or

= K[D]

1 + K[D]
(7)

he ratio r may also be expressed in other dimensions, such as
M of berberine bound per x mM of receptor concentration y.
q. (7) is one form of the Langmuir adsorption isotherm.

Although it is quite useful for expressing berberine binding
ata, the use of this formula does not necessarily require that
eceptor binding be an adsorption phenomenon. Expression (7)
an be converted to a linear form, convenient for plotting, by
nverting it

1

r
= 1

K[D]
+ 1 (8)

f v independent binding sites are available, the expression for
, Eq. (7), is simply v times that for a single site or

= v
K[D]

1 + K[D]
(9)

nd Eq. (8) becomes

1

r
= 1

vK

1

[D]
+ 1

v
(10)

n alternative manner of writing Eq. (9) is to rearrange it first
o

+ rK[D] = vK[D] (11)

nd subsequently to

r

[D]
= vK − rK (12)

ata presented according to Eq. (12) is known as a Langmuir
lot. Although the above model and corresponding equations
ave previously been used in the field of protein binding, they
ay also be suitable for use in the case of drug-sensor membrane

inding.
As shown in Fig. 5A, the maximum sensor value of the ver-

ical axis corresponds to the maximum number of theoretical
ound sites per unit area, if the adsorption is of the Langmuir
ype. Toko et al. demonstrated a linear relationship between the
oncentration of electrolytes and corresponding sensor potential
n the range of 0.05–300 mV membrane potential, which means
here is no saturation of the measurement capacity in this range
Shimakawa et al., 2004). We also confirmed that there was no
aturation of the sensor potential when various concentrations
f amino acid solutions were used (unpublished data).

As shown in Fig. 5B, good linearity was obtained between the
eciprocal of the concentration of berberine, and the reciprocal
f the sensor output value [y = 0.00011x + 0.0054 (r = 0.992)].
In relation to the value of v obtained in the present study, we
ave stated that the maximum vertical axis value in Fig. 5A rep-
esents the maximum number of theoretical drug binding sites
vailable. In fact, we actually observed the electric potential
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Fig. 5. (A) The relation between sensor output (mV) and various concentrations
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As mentioned above, the use of the taste sensor in quality
control screening would allow the rapid evaluation of many sam-
ples in a single run. The taste sensor seems therefore to be a
f berberine (mmol/L). The data indicates Langmuir adsorption. (B) The relation
etween the reciprocal of the berberine concentration and the reciprocal of the
ensor output value.

ather than the theoretical bound sites per unit area on the sen-
or membrane. In the present study, v = 185.3 mV was obtained
rom the intercept of the reciprocal graph of Fig. 5B. This might
uggest that we have to be able to detect berberine concentra-
ions at much lower levels than 185.3 mV, in other words, in the
nsaturated area.

.4. The possible use of the taste sensor in quality control
f medicinal plants

The possibility of quantitative determination of berberine in
optis Rhizome and Phellodendron Bark from different loca-

ions was examined. Fig. 6 shows the sensor response pattern
f channels 1–5 for three kinds of Coptis Rhizoma (C-1, China
Hubei); C-2, Japan (Fukui); C-3, China (Sichuan)) and three
inds of Phellodendron Bark (P-1, Japan (Tokushima); P-2,
hina (Hunan); P-3, China (Sichuan)) using the taste sensor.

n this study, we used 0.031 mmol/L berberine as standard.
lthough there were differences in sensor output values of Cop-

is Rhizome and Phellodendron Bark from different locations,
he sensor response patterns of the sensor were similar in all
ases, and the output value of channel 2 showed the highest
alue in every case. The results suggest that the berberine content

f Coptis Rhizome and Phellodendron Bark could be predicted
y the sensor output value of channel 2. We then tried to draw
calibration curve using the relation between the sensor out-

ut value and the concentration of berberine. The relationship

F
o
o
o
t

ig. 6. Sensor response pattern of channels 1–5 for six different samples of
hinese medicine. Coptis Rhizoma (C-1, C-2, C-3); Phellodendron Bark (P-1,
-2, P-3).

etween the logarithmic value of the concentration of berberine
0.003, 0.012, 0.031, 0.078, and 0.201 mmol/L) and taste sen-
or output value was shown to be linear (Fig. 7), represented by
he straight line: x = 0.013 (R2) − 2.85 (r = 0.9998), where the y
xis is the taste sensor output value (R2 represents the relative
alue of channel 2) and the x axis is the logarithmic value of the
oncentration of berberine (mmol/L).

The berberine content of Coptis Rhizome and Phellodendron
ark samples from six different areas was measured using both

he taste sensor and an HPLC method. The results are shown in
able 4. Coptis Rhizome was found to contain about twice as
uch berberine as Phellodendron Bark, but there were not large

ifferences among berberine contents for samples of plants taken
rom different locations. The berberine contents evaluated by the
aste sensor were almost same as those evaluated by HPLC. This
uggests that it is possible to predict the berberine content of
optis Rhizome and Phellodendron Bark using the taste sensor.
ig. 7. The relationship between the logarithmic value of the concentration
f berberine (0.003, 0.012, 0.031, 0.078, and 0.201 mmol/L) and taste sensor
utput value (R2, relative value of channel 2). The y-axis gives the taste sensor
utput value of channel 2, and the x-axis value gives the logarithmic value of
he concentration of berberine (mmol/L).
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Table 4
Contents of Berberine-type alkaloid in Coptis Rhizoma and Phellodendron Bark using HPLC and taste sensor

Name of medicinal plant Lot no. The place of production Contents (mmol/L)

HPLC Taste sensor

Coptis Rhizome C-1 China (HUBEI) 0.090 (0.001) 0.088 (0.002)
C-2 Japan (Fukui) 0.072 (0.002) 0.069 (0.002)
C-3 China (SICHUAN) 0.113 (0.002) 0.109 (0.003)

Phellodendron Bark P-1 Japan (Tokushima) 0.039 (0.001) 0.042 (0.001)
a (HU
a (SI
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he contents were represented as the mean value and standard deviation in pare

seful tool, not only for discriminating between many kinds of
edicinal plants but also for their quantitative evaluation. There

re, however, some problems to be overcome. The taste sen-
or used in the present study could not recognize differences in
he chirality of substances such as R- and S-phenylalanine. How-
ver, Chibvongodze et al., 2001 recently developed a taste sensor
ith stereoselectivity. In their article, changes in the membrane

mpedance of optically active membranes due to interactions
etween amino acids and the membrane were used successfully
o discriminate between d- and l-amino acids. Recently, Marx et
l. (2004) have developed a highly selective and sensitive sen-
or, based on molecularly imprinted sol–gel films. Thus, it is
ossible to improve the sensitivity and specificity of the sensor
embrane to allow accurate quality control of different kinds of
edicinal plants.

. Conclusions

Eleven medicinal plants could be classified into two groups
bitter and astringent products) using principal component anal-
sis of taste sensor data from aqueous plant extracts. The six
itter-tasting medicinal plants could be further divided into three
roups on the basis of the type of compound to which they
wed their bitterness: group 1, secoiridoid glucosides (Gentian,
wertiae Herb); group 2, deformed triterpene derivatives (Bitter
range Peel, Picrasma Wood); and group 3, berberine-type alka-

oids (Coptis Rhizome, Phellodendron Bark). The five astringent
edicinal plants could be divided into two groups on the basis

f the principal component analysis of taste sensor data.
Ten Chinese medicines could be classified into two groups

bitter Coptis Rhizome and/or Phellodendron Bark type and
stringent tannin-type products) using principal component
nalysis of taste sensor data from aqueous plant extracts. On
rincipal component analysis of the taste sensor output, the
even bitter products were located close to the standard berber-
ne solutions, while the two products which contained Chinese
utgalls were located close to the standard tannin solutions.
hus, in the present study, the new measure ‘Euclidean dis-

ance’, seems to be able to distinguish between the tastes of
ifferent Chinese medicines with respect to bitterness and astrin-

ency.

The relation between the concentration of berberine and the
ensor output value of channel 2 of the taste sensor (bitterness)
as shown to resemble Langmuir-type adsorption, more berber-

T

T

NAN) 0.041 (0.000) 0.041 (0.001)
CHUAN) 0.041 (0.001) 0.040 (0.001)

is (n = 5).

ne being adsorbed on the sensor membrane as the concentration
f berberine increased.

Prediction of the berberine content of Coptis Rhizome and
hellodendron Bark samples was possible using the output value
f channel 2 of the taste sensor as well as by HPLC. There were
o significant differences between the berberine content of var-
ous aqueous extracts of these medicinal plants when evaluated
y either method.
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