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Abstract It is difficult to describe the taste of Processed
Aconite Root (PAR) because it contains toxic compounds,
and tasting poses some risk to the examiner. Therefore,
there is no description of the taste of PAR in the latest
Japanese Pharmacopoeia, although the taste of crude drugs
has been regulated as a criterion for judgment. In this
study, we revealed the objective taste of PAR by using a
taste-sensing system. The PAR samples examined were
classified into four types by how the samples were pro-
cessed: PAR1 processed by autoclaving; PAR2-a processed
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by autoclaving after rinsing in salt (sodium chloride)
solution; PAR2-h processed by heating after rinsing in
calcium chloride solution; PAR3 processed by treating
with hydrated lime after rinsing in salt solution. The most
characteristic taste factor of PAR is an aftertaste of cationic
bitterness, which was detected in all PAR sample solutions,
even at the concentration of 0.1 mg/ml. In addition, anionic
bitterness and saltiness were detected in all sample solutions at
1 mg/ml. Furthermore, umami was detected in the PARI,
PAR2-a, and PAR3 sample solutions at 1 mg/ml. Detailing
the analyses of the four taste factors on the four sample types,
we found each type has its own characteristic taste pattern. On
the basis of these results, we proposed a method for discrim-
inating one PAR type from another by using the system.

Keywords Processed Aconite Root - Taste evaluation -
Japanese Pharmacopoeia - Discrimination method -
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Introduction

Aconitum plants, such as A. carmichaeli Debeaux (Ran-
unculaceae), which contain diester-type aconite alkaloids
(DAs) in their entire bodies, particularly in their roots, are
known as a poisonous herb in Europe. In Asia, however,
the tuberous root of Aconitum plants has a long history of
use as a poison and also as a crude drug; for example, it is
listed in the low-grade item portion of Shen-nong-ben-cao-
jing, which is the earliest known book of Chinese materia
medica [1].

Depending on their toxicity, crude drugs derived from
the tuberous root of Aconitum plants are divided into two
types. One is the raw type, which is the dried tuberous root,
and the other is the processed type, which is appropriately
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processed and then dried. The former is highly toxic
because of its high content of DAs. Hikino et al. [2]
reported that LD50s to mice by oral administration of the
raw tuberous root of A. carmichaeli are 1.61 g/kg (col-
lected in Hokkaido, Japan) and 5.49 g/kg (collected in
China), although the severity of toxicity in this type varies
widely depending on the production region and the time of
collection. Thus, prior to medicinal use, the tuberous root
of Aconitum plants is generally processed by heating,
immersing in salt (sodium chloride) solution, or coating
with hydrated lime to attenuate the toxicity and control the
medicinal effect. Almost all crude drugs in Japan made
from the tuberous root of Aconitum plants are now classi-
fied as this processed type. The root is used for its analgesic
properties, cardiotonic action, and alleviating coldness of
the extremities [3-7] and is blended into many Kampo
formulae, such as Hachimijiogan, Maobushisaishinto,
Shinbuto, and so on.

In Japan, the second edition of the Japanese National
Formulary (Kokumin Iyakuhinshu) adopted the processed
type of the tuberous root of Aconitum plants in the
monograph of Aconiti Sinensis Tuber in 1955 [8], and the
seventh edition of the Japanese Pharmacopoeia (JP7)
adopted its contents without modification in 1961 [9]. In
1966, however, the monograph was deleted in the revised
version of the JP7, probably because of this crude drug’s
ambiguous toxicity [10]. Then a variety of studies were
performed on component characteristics and quality eval-
uation of both the raw and processed types of the crude
drugs because of the medicinal importance of the tuberous
root as a crude drug [2, 11-20]. Subsequently, in 2004,
Processed Aconite Root (PAR) was newly adopted in
Supplement II of the JP14, with strict control of the DAs by
a purity test [21].

PAR in the JP is subdivided into three categories
(PARI-PAR3) in accordance with how it is processed:
PAR1 processed by autoclaving; PAR2 processed by
heating or autoclaving after rinsing in sodium chloride,
rock salt, or calcium chloride solution; PAR3 processed by
treating with hydrated lime (calcium hydroxide) after
rinsing sodium chloride solution. The JP set an upper PAR
limit for individual and total contents of aconitine, jesa-
conitine, hypaconitine, and mesaconitine, which are repre-
sentative DAs, by high-performance liquid chromatography
(HPLC) analysis. In addition, the amounts of total alkaloids
are controlled by colorimetric titration assay.

In the course of our successive studies for quality con-
trol of crude drugs [22-37], we used a taste-sensing system
to objectively evaluate the taste of crude drugs and Kampo
formulae [38—40], as the taste of crude drugs has been
regulated as a criterion for judgment by the JP. In the JP7,
for Aconiti Sinensis Tuber, the taste was described as
“slightly salty, then prolonged numbing” [9]. However, in
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modern books on medicinal plants and crude drugs, there
are no descriptions of the taste of the tuberous root of
Aconitum plants and PAR. In the JP15, the latest JP edition,
the taste of PAR is also not described, because tasting
poses some risk to the examiner due to the intake of DAs
[41].

In the 1990s, a taste-sensing system was developed by
Toko et al. [42—44] for objective taste measurement based
on the concept of modeling the mechanism of human taste
recognition. The system is composed of a sensor unit,
which consists of various artificial lipid membrane sensor
probes and a personal computer. Taste data are obtained
from the change in electrical potential of the artificial lipid
membranes when the taste substances interact electrically
with, or are absorbed to, the membrane.

In recent years, using the taste-sensing system, we have
examined the taste of PAR collected by the official work-
ing group for the establishment of the monograph of PAR
in the JP14 Supplement II (PAR-WG). The PAR samples
provided were previously classified into four types by how
they were processed: PARI, PAR3, and PAR2-a (auto-
claving type) and PAR2-h (heating type). In this study, we
report the results on taste characteristics of the four types of
PAR samples measured by the taste-sensing system. In
addition, based on these results, we propose a method for
discriminating one PAR type from another using the
system.

Materials and methods
Materials
Processed aconite root samples

Forty-seven PAR samples were provided by the PAR-WG.
All major companies handling PAR in Japanese markets
have participated in the PAR-WG, and the PAR samples
were collected by the PAR-WG in 2001 and 2002.
Therefore, these samples are thought to be representatives
of PAR in the Japanese markets. The number of PAR
samples classified by typical processing was as follows:
PARI1, 13; PAR2, 23; PAR3, 11. PAR2 samples were
further subdivided into PAR2-a (12 samples) and PAR2-h
(11 samples) by how the samples were processed: PAR2-a
is autoclaved after being rinsed in sodium chloride solu-
tion, whereas PAR2-h is heated (steamed) after being
rinsed in calcium chloride solution. All samples were
stored at the Research Center for Medicinal Plant
Resources, National Institute of Biomedical Innovation
(NIBIO), Tsukuba, Japan. Brick and cut type PAR samples
were pulverized using an electric mill and passed through a
no. 50 sieve (300 pum).
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Chemicals and reagents

A solution of 30 mM potassium chloride in 0.3 mM tartaric
acid was the reference solution in the taste measurement. A
30% ethanol aqueous solution containing 100 mM hydro-
chloric acid was used as the washing solution for negatively
charged artificial lipid membrane sensor probes and a 30%
ethanol aqueous solution containing 100 mM potassium
chloride and 10 mM potassium hydroxide for positively
charged probes. Potassium chloride, tartaric acid, ethanol
(99.5 v/v%), and potassium hydroxide were purchased from
Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
Hydrochloric acid (35-37%) was purchased from Nakalai
Tesque, Inc. (Kyoto, Japan). Ultrapure water was obtained
by an EQS-10L system (Nihon Millipore K.K., Tokyo,
Japan). The internal solution for the artificial lipid membrane
sensor probes containing 3.3 M potassium chloride in satu-
rated silver chloride (AgCl) aqueous solution was obtained
from Intelligent Sensor Technology, Inc. (Atsugi, Japan).

Preparation of sample solutions for taste measurement

A pulverized and sieved PAR sample was weighed and
suspended in ultrapure water at concentrations of 1 or
0.1 mg/ml and then extracted by sonication for 10 min at
25°C. After centrifuging at 1,710x g for 10 min at 25°C,
the supernatant was filtered with cotton. Potassium chloride
and tartaric acid were added to the filtrate at concentrations
of 10 mM and 0.1 mM, respectively. This solution was
applied to the taste-sensing system for taste measurement.
Aqueous solution containing 10 mM potassium chloride
and 0.1 mM tartaric acid was used as a blank control.

Taste measurement

The objective tastes of the PAR samples were measured
fundamentally according to our previous report [38] using the
taste-sensing system SA402B (Intelligent Sensor Technology,
Inc.) equipped with a sensor unit, which consists of artificial
lipid membrane sensor probes of anionic bitterness, astrin-
gency, saltiness, umami, and catatonic bitterness (C00, AE1,
CTO, AAE, and ANO, respectively) (Table 1).

The artificial lipid membrane sensor probe is composed
of silver-wire electrode, the surface of which is coated with
Ag/AgCl, with a sensor body made of polypropylene, and
artificial lipid membranes made by mixing lipids (which
play an important role in taste sensing) with a polymer. The
internal cavity of the artificial lipid membrane sensor probe
is filled with the internal solution. The reference solution
was measured by the sensor unit for 30 s, and the electric
potential at the endpoint of measurement (Vr) was recor-
ded. Then, the sample solution was measured by the sensor
unit in the same manner (Vs). After measuring the sample

Table 1 Characteristics of taste information on taste sensors

Sensor probes Taste information

CO00 Anionic bitterness (initial taste)
Aftertaste of anionic bitterness® (aftertaste)

AEl1 Astringency (initial taste)
Aftertaste of astringency” (aftertaste)
AAE Umami (initial taste)
CTO Saltiness (initial taste)
ANO Aftertaste of cationic bitterness® (aftertaste)

* Converted from change of membrane potential caused by absorp-
tion (CPA) values of each sensor probe; others converted from rela-
tive potentials

solution, the sensor unit was briefly rinsed in the reference
solution, then the reference solution is measured again by
the sensor unit for 30 s (Vr'). Finally, the sensor unit was
washed by the washing solution and then rinsed by the
reference solution for the next measurement. All mea-
surement procedures were carried out at the room tem-
perature. Electrical potential changes between the sample
solution and the reference solution, which occurs before the
sample solution measurement (Vs — Vr) is called the relative
potential and used to calculate the initial tastes. The change in
electric potentials of the reference solution between before
and after sample solution measurement (V' — Vr) is called
the change of membrane potential caused by adsorption
(CPA) value and used to calculate the aftertaste [45].

This system detects two types of taste: the initial taste
and aftertaste. The initial taste means the taste a person
senses when food and/or drink is in the mouth, whereas
aftertaste means the taste a person senses after swallowing
food and/or drink. Estimate of taste intensity from the
outputs of the artificial lipid membrane sensor probes is
based on the Weber—Fechner’s law that the intensity of the
perception is proportional to the logarithm of stimulus
intensity. For taste, it is said that humans normally recog-
nize a change of taste if the concentration of the taste
substance is changed by 20% [46, 47], and this 20% change
was defined as one unit of taste intensity [44].

In this study, relative potentials (Vs — Vr) obtained
from the C00, AE1, AAE, and CTO sensor probes were
used to measure selective initial taste. CPA values (VI — Vr)
obtained from C00, AE1, and ANO sensor probes were used to
measure selective aftertastes.

Statistical analysis

Values are shown as mean = standard deviation (SD).
Mann—Whitney U test was applied to test the difference
between two independent groups. Kruskal-Wallis test was
applied to test the difference among four independent
groups, and when significance was noted, Mann—Whitney
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U test was applied to each independent groups. For each
test, a value of P < 0.01 was considered to be significant.

Results

Taste patterns of PAR obtained by the taste-sensing
system

Seven taste factors were measured by the artificial lipid
membrane sensor probes used in this study. Anionic bitter-
ness, astringency, umami, and saltiness were measured as
taste factors of the initial taste, whereas the aftertastes of

Anionic Bitterness

Aftertaste of
Cationic
Bitterness

Astringency

\

Aftertaste of
Astringency

Aftertaste of
Anionic
Bitterness

Saltiness

Umami

—e— PAR1 (n=13), — M - PAR2-a (n=12)
O PAR2-h (n=11), = PAR3 (n=11)

Fig. 1 Taste patterns of each type of Processed Aconite Root (PAR).
Data were obtained by the taste-sensing system SA402B. Aqueous
solution containing 10 mM potassium chloride and 0.1 mM tartaric
acid was measured as the blank control. Taste values of aftertaste of
cationic bitterness were obtained from 0.1 mg/ml sample solutions
and the others from 1 mg/ml. Details of each taste value in a radar
chart are described in Table 2

anionic bitterness, astringency, and cationic bitterness were
measured as taste factors of the aftertaste (Table 1). Figure 1
and Table 2 show the taste patterns of water extract from the
PAR samples and the taste intensities of each taste factor in
each type of PAR sample. The aftertaste of cationic bitterness
was detected in all PAR sample solutions, even at a concen-
tration of 0.1 mg/ml. In addition, anionic bitterness and salt-
iness were detected in all PAR sample solutions at 1 mg/ml.
Furthermore, umami was detected in PAR1, PAR2-a, and
PAR3 sample solutions at 1 mg/ml. In contrast, astringency
and the aftertastes of anionic bitterness and astringency were
not detected in most of PAR sample solutions.

Differences in taste intensities among four PAR types

Next, we investigated the detailed characteristics of the four
taste factors detected in the water extracts of four types of PAR
samples, namely, the aftertaste of cationic bitterness, umami,
anionic bitterness and saltiness. As shown in Fig. 2, at 0.1
mg/ml concentration, PAR2-h and PAR3, both the nonauto-
claved type, had higher intensity of aftertaste of cationic bit-
terness than PAR1 and PAR2-a, both autoclaved types
(Fig. 2a). In addition, the taste intensity of the aftertaste of
cationic bitterness was significantly higher for PAR1 than for
PAR2-a, even at 0.1 mg/ml concentration. The tendency was
more clearly at the 1 mg/ml concentration (Fig. 2b). As for
umami, PAR2-h showed negative taste intensity, meaning that
the taste value was lower than that of the blank control, whereas
the other PAR types showed positive taste intensity at 1 mg/ml
(Fig. 3). For anionic bitterness and saltiness, PAR3 showed the
highest taste intensity (Fig. 4a, b). These data clearly suggested
that each PAR type has specific taste features.

Discussion
Taste of PAR obtained by the taste-sensing system

In the measurements by the taste-sensing system, the
aftertaste of cationic bitterness was detected in all four

Table 2 Taste intensities of each taste factor in each type of Processed Aconite Root (PAR) samples

Processed Aconite Taste intensities of each taste factor (mean + standard deviation)

Root samples

Abbreviation Anionic Astringency Aftertaste of anionic Aftertaste of  Umami Saltiness Aftertaste of cationic
(number) bitterness bitterness astringency bitterness
PARI (n = 13) 087 £0.16 022+0.14 0.07 £0.08 0.07 £0.03 218038 0.51=+0.09 5.55=%1.06

0.60 + 0.29*
PAR2-a (n =12) 0.50 £ 0.10 —0.01 £0.05 0.03 £ 0.07 0.01 £ 0.04 1.61 £0.28 0.66 £0.12 1.47 £ 0.37

0.19 + 0.06*
PAR2-h (n =11) 0.19 £0.23  0.01 £0.03 0.09 £ 0.05 0.04 +£0.02 —1.33+0.85 0.99 +£0.15 10.53 £+ 2.38*
PAR3 (n = 11) 361 £157 0.75+£020 —-0.10 £ 0.09 —0.02 £0.03 280+ 023 250+ 045 7.94 + 0.66"

 Taste values obtained from 0.1 mg/ml sample solutions; the others were obtained from 1 mg/ml
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Fig. 2 Taste intensities of aftertaste of cationic bitterness in each
type of Processed Aconite Root (PAR). Data were obtained by the
taste-sensing system SA402B. Sample solution concentrations were
0.1 mg/ml (a) and 1 mg/ml (b). Each value represents the

PAR types, whereas umami, anionic bitterness, and salti-
ness were detected in some PAR types. In contrast,
astringency and the aftertastes of anionic bitterness and
astringency were not detected in any PAR sample solutions
(Fig. 1; Table 2).

Considering PAR components, we thought that the high
intensity of the aftertaste of cationic bitterness may derive
from alkaloids. It is of interest to analyze the contents of
alkaloids in the tested PAR samples and to deduce the
correlation between their contents and the taste intensities
of the aftertaste of cationic bitterness. Results of the related
experiments will be reported elsewhere.

As far as we know, there is no description for umami in
the JP, probably because the Pharmacopoeia is not the
standard for food. Therefore, our data suggest that the taste
of PAR could be described as “strongly bitter with salti-
ness” if a description of taste is needed in the JP. As
mentioned above, the taste of Aconiti Sinensis Tuber was
described in the JP7 as “slightly salty, then prolonged
numbing” [9]. It is of interest that numbing is not a taste
and could not be measured by the taste-sensing system.
Although the way of processing by which Aconiti Sinensis
Tuber in the JP7 was prepared seemed to be different from
those of the PAR examined, some taste factors, such as
bitterness in Aconiti Sinensis Tuber, might be masked in
the sensory test by its strong numbing qualities.

The AAE sensor probe used for umami detection
responds to amino acids. PAR includes higenamine
(demethyl coclaurine), a benzylisoquinoline-type alkaloid,
as well as various terpenoid-type alkaloids, such as acon-
itine [3, 48]. This means that amino acids such as tyrosine,
a precursor of higenamine, could exist in PAR. In addition,

mean =+ standard deviation (SD). Details of each value are described
in Table 2. *P < 0.01 compared with PAR1, TP < 0.01 compared
with PAR2-a, and 8p < 0.01 compared with PAR2-h

F -

. *T§

Taste intensity of Umami

1
PAR2-h

PAR1 PAR2-a PAR3

Fig. 3 Taste intensities of umami in each type of Processed Aconite
Root (PAR). Data were obtained by the taste-sensing system SA402B.
Sample solution concentration was 1 mg/ml. Each value represents
mean =+ standard deviation (SD). Details of each value are described
in Table 2. *P < 0.01 compared with PARI, P <0.01 compared
with PAR2-a, and *P < 0.01 compared with PAR2-h

Matsui et al. [49] reported that Kako-Bushi-Matsu origi-
nating from A. japonicum contained many kinds of amino
acids. Thus, it is plausible that PAR also contains sub-
stantial amounts of amino acids and shows some intensities
of umami, although the original plant of most tested PAR
samples is A. carmichaeli.

It is interesting that PAR2-h showed negative taste
intensity in umami (Fig. 3). All PAR2-h samples in this
study were processed by steaming after rinsing with cal-
cium chloride solution. Therefore, PAR2-h probably con-
tains calcium salt. The artificial lipid membrane sensor
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Fig. 4 Taste intensities of anionic bitterness (a) and saltiness (b) in each
type of Processed Aconite Root (PAR). Data were obtained by the taste-
sensing system SA402B. Sample solution was 1 mg/ml. Each value

probes of the taste-sensing system were designed by
emulating the biological membrane, and the sensor probe
for umami detection includes phospholipid as a component
of the sensor membrane. Furthermore, it is known that
phospholipids in the biological lipid bilayer membrane
respond to calcium ion [50]. Considering these facts, we
thought that an excess amount of residual calcium ion in
PAR2-h might affect sensor output and result in the neg-
ative taste intensity for umami. In the early processing
stage, PAR3 was coated with hydrated lime (calcium
hydroxide). However, it is known that calcium hydroxide is
removed in subsequent processes, and we think this is the
reason PAR3 showed the positive intensity of umami.

PAR1, PAR2-a, and PAR2-h are produced after a
heating process, whereas PAR3 is not. This may contribute
to the difference in anionic bitterness taste intensity
between the former three types and that of PAR3 (Fig. 4a).

For saltiness (Fig. 4b), it is logical that PAR1 showed
significantly lower taste intensity than any other PAR
types, because PAR1 was not treated with any salts during
the processing. The differences of the taste intensities of
saltiness among PAR2-a, PAR2-h, and PAR3 may be
attributed to variety in the salt treatment procedure,
including the amounts and treating time of salts. Unfortu-
nately, we could not obtain detailed information to clarify
this point.

Discrimination among four types of PAR by taste
characteristics

It is possible to discriminate each type of PAR from the
others by their appearance when PAR exists as a whole
crude drug. However, it is very difficult to know how the
PAR was processed when PAR exists as small cuts or
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represents mean =+ standard deviation (SD). Details of each value are
described in Table 2. *P <.0,01 compared with PARI, P <0.01
compared with PAR2-a, and 8P < 0.01 compared with PAR2-h

powders. As mentioned above, we found that the taste
intensities of each type of PAR measured by the taste-
sensing system showed specific features. Therefore, we
propose a procedure for discriminating these four types of
PAR by using water extract of PAR and the taste-sensing
system. The scheme is shown in Fig. 5. First, sample
extracts at the concentration of 0.1 mg/ml (solution A) and
1 mg/ml (solution B) are prepared. Then, the taste intensity
of the aftertaste of cationic bitterness of solution A is
measured. When the taste intensity is less than +1, the
measurement is repeated with the solution B. If the taste
intensity of this measurement is not less than +4, the tested
PAR is identifiable as PARI, while if the intensity is less
than +4, it is identifiable as PAR2-a. When the taste
intensity of the aftertaste of the cationic bitterness of
solution A is not less than +1, the taste intensity of umami
of solution B is measured. If the taste intensity of umami is
observed as a negative value, the tested PAR is identifiable
as PAR2-h, while if the taste intensity is observed as a
positive value, this PAR is identifiable as PAR3. Dis-
crimination of PAR2-h from PAR3 is also possible by
comparing the taste intensity of anionic bitterness or
saltiness.

It was found that PAR2-a and PAR2-h have character-
istic taste patterns, even though they are classified as being
in the same category in the JP15 monograph. This suggests
the possibility that these two types of PAR have different
composition patterns. Further studies are needed to sepa-
rate PAR2 into two different categories in future JP
monographs.

In this study, we investigated the objective taste of four
PAR types collected by PAR-WG by using the taste-
sensing system. These PAR samples are thought to be
representative of PAR in Japanese markets, and we found
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<Unknown type of PAR sample>

Preparing the PAR sample solutions at the concentration of
0.1 mg/mL (solution A) and 1 mg/mL (solution B)

Measuring the taste intensity of
aftertaste of cationic bitterness of solution A (a)

yes /‘\ no
< +1

a

Measuring the taste intensity of
aftertaste of cationic bitterness of
solution B (b)

Measuring the taste intensity of
umami* of solution B (c)

Fig. 5 A flow chart for discrimination on the Japanese Pharmacopoeia (JP)-stipulated Processed Aconite Root (PAR) by the taste intensities.
*For discrimination of PAR2-h and PAR3 by the taste intensity of anionic bitterness or saltiness of solution B, the borderline value (c) is < +1.5

PAR taste was undoubtedly affected by its own processing
method.
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