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Summary

Aiming at the domestic production of Ephedra Herb (Mao) in Japan, cloned plants of Ephedra
sinica and three other taxa were cultivated in Abashiri-shi (Hokkaido), Atsugi-shi (Kanagawa

Prefecture), and Miyakojima-shi (Okinawa Prefecture) to determine the most suitable location for

Ephedra cultivation. Ephedra plants grew best in Kanagawa Prefecture, which is located at

central part of Japan, whereas those in Okinawa Prefecture in southern Japan showed poor

growth, which could be attributed to high nighttime temperature or strong ultraviolet irradiation.
Long-term exposure to LED light inhibited the growth of all four taxa. No clear increase or

decrease of total alkaloid content was found in all cultivation experiments performed in this study.

The results suggest that a relatively cold region is suitable for cultivating Ephedra plants in Japan.
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Introduction

Ephedra sinica Stapf, E. intermedia Schrenk & C. A.
Mey., and E. equisetina Bunge are the plant materials
of Ephedra Herb (also called “Mao’ in Japanese)
recorded in the Chinese Pharmacopoeia and the
Japanese Pharmacopoeia (JP 17). The cultivation of

these three plants particularly E. sinica started in China
in the 1980s. However, as ephedrine-type alkaloid
contents in the cultivated plants were generally lower
than those in wild ones, herbal products derived from
cultivated E. sinica could not be sold in the crude drug

market. As a result, many ephedra farmers discontinued
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farming?.

We have conducted a series of studies to verify that
cultivated E. sinica plants meet the standards specified
in the JP 17, namely, Ephedra Herb (Mao) shall contain
no less than 0.7% of total alkaloids (as ephedrine and
pseudoephedrine) calculated on the basis of dried
material. Our previous studies showed that
ephedrine-type alkaloid contents and their composition
ratios were mainly controlled by genetic factors®®. We
also found that total alkaloids content in the harvested
plants was increased by regular application of urea
solution, thereby meeting Pharmacopeia standards®.
However, the basic properties of Ephedra plants for
cultivation have not yet been elucidated. In this study,
E. sinica and three other taxa were cultivated in
Abashiri-shi (Hokkaido), Atsugi-shi (Kanagawa
Prefecture), and Miyakojima-shi (Okinawa Prefecture)
to determine the suitable cultivation location. Besides,
Liu et al. ® investigated the effects of light exposure
time and light intensity on cultivation of Ephedra
plants, and showed that the dry weight and the alkaloid
content had significantly decreased in below 6 hours
light exposure group. In this study, we investigated the
effect of light exposure time by using LED as the
additional light source. To minimize the influence of
genetic factors, clones of Ephedra plants identified
morphologically and molecular biologically were used

in our experiments.

Plant Materials

As our objective was to investigate the effects of
cultivation location and light exposure time on plant
growth and ephedrine-type alkaloid content, we used
cloned plants to suppress variations due to genetic
factors. Cloned plants that were propagated by stem
cuttings or stock splitting from the four taxa listed
below were used, and cloned plants having similar
stock size were selected. For the three species of
Ephedra plants listed in the JP 17, it is rather difficult
to produce cloned strains by cutting or splitting, while
it is relatively easy for hybrids plants and E.

likiangensis used in this experiment. In addition, E.
intermedia and E. equisetina listed in the JP 17 are said
to be difficult to cultivate in China.

SS-1: This individual belongs to E. sinica and is
cultivated in Tokyo University of Agriculture. It was
propagated by stock splitting to obtain cloned plants.
Second year seedlings were used.

Ep-13: This individual has been cultivated
continuously in the Research Center for Medicinal
Plant Resources, National Institute of Biomedical
Innovation, since its introduction from Washington,
D.C. in 1956. It was reported that the origin of Ep-13
was a hybrid between E. likiangensis Florin and E.
gerardiana Wall. according to sequencing analysis of
the rDNA ITS1 region as well as the chloroplast trnL-F
and trnK regions”. Cloned stocks have been cultivated
in related research institutes in Japan including Tokyo
University of Agriculture, and individuals used in this
study were propagated by stem cuttings. Third year
seedlings were used.

NPA-1: This individual was collected during
1985-2001 field surveys in western Nepal and
cultivated continuously in Kanazawa University. It was
initially identified as E. pachyclada Boiss. on the basis
of morphological characteristics but later confirmed to
be a hybrid between E. gerardiana Wall. ex Stapf and
E. intermedia Schrenk & C. A. Mey.®. Cloned plants
were propagated by stem cuttings in Tokyo University
of Agriculture. Third year seedlings were used.

EL-1: This individual belongs to E. likiangensis
Florin and is cultivated in Kanazawa University.
Cloned plants were propagated by stem cuttings in
Tokyo University of Agriculture. Third year seedlings

were used.

Methods

1) Cultivation experiments at different locations
Cultivation experiments were conducted in

Hokkaido-Okhotsk Campus, Atsugi Campus, and

Miyako Sub-Tropical Farm of Tokyo Agricultural

University located in Abashiri-shi (Hokkaido),



Atsugi-shi (Kanagawa Prefecture), and Miyakojima-shi
(Okinawa Prefecture), respectively. Cloned plants
having similar stock sizes were selected and
transported to each location. Each cloned plant was
transplanted into one Wagner pot (1/2,000a size with
three holes cut on the bottom to improve drainage)
containing Yahagi sand (commercial potting soil
consisting entirely of silica sand taken from the Yahagi
River in Aichi Prefecture), and 50 g of MagampK
(Hyponex Japan Corporation. N * P + K * Mg=6 *
40 - 6 « 15) was added as basal fertilizer. At all three
locations, three cloned plants each of SS-1, Ep-13,
NPA-1, and EL-1 were set in a sunny spot under the
same conditions. The plants were irrigated until water
drained out from the bottom of the Wagner pot once a
week in the first month, after which the plants were
irrigated only if rainfall was insufficient. The same pot,
soil, and fertilizer were used, and transplanting was
done by the same researchers (M. Mikage and H.
Inoue). The transplanting date was October 17th for
Atsugi-shi, October 24th for Abashiri-shi, and
November 1st for Miyakojima-shi, respectively, in
2018. All terrestrial stems were harvested from the base
of stems and their dry weights were measured.
Thereafter, total alkaloid (as ephedrine and
pseudoephedrine) contents were determined. The
harvest date was November 15th for Atsugi-shi,
November 1st for Abashiri-shi, and December 1st for
Miyakojima-shi, respectively, in 2019.

2) Continuous cultivation in Miyakojima-shi

In Miyakojima-shi, the growth in the first year was
worse than in the other two locations, so cultivation
was continued for another year. The plants were
top-dressed with 30 g fermented oil cake every 4 month
and well irrigated in the second year. Growth state was
continuously monitored and all terrestrial stems were
harvested from the base on December 19th, 2020. The
stems were weighed after drying and total alkaloid
contents were determined.
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3) LED exposure experiment

Two groups of cloned plants, each consisting of
three cloned plants each of SS-1, Ep-13, NPA-1, and
EL-1, were transplanted under the same conditions.
One group of plants were set separately in a glass
greenhouse that has no heating system or LED
treatment. Another group (long-term LED exposure
group) of plants, setting 5 m apart from the other group
in the same greenhouse, were placed on a
stainless-steel shelf with 6 LED light (SunBlaster LED
Strip Light 18W) set 120 cm above the plants, lighting
on from 16:00 to 20:00 from May 23rd to December
20th, 2019. Both groups of plants were irrigated twice a
week, and all terrestrial stems were harvested from the
base on December 20th, 2019. The terrestrial stems
were dried and their weights measured, after which
total alkaloid contents were determined.

4) HPLC analysis of ephedrine and pseudoephedrine

The quantitative analysis of ephedrine and
pseudoephedrine was conducted according to a
reported method with slight modification?.

For sample preparation, 100 mg of powdered sample
that had been dried at 105 °C for 15 h was suspended in
5.0 mL of extraction solvent (containing 4.8 g of
sodium dodecyl sulfate, 0.8 mL of phosphoric acid, 390
mL of acetonitrile, and 610 mL of pure water). The
suspension was allowed to stand at room temperature
for 20 min and then subjected to ultrasonication for 25
min to extract ephedrine alkaloids. After centrifugation
at 3000 rpm for 15 min, the supernatant was filtered
through a membrane filter (pore size: 0.20 1 m) and
preserved in a capped HPLC vial until analysis.

The conditions for the HPLC assay for ephedrine and
pseudoephedrine are as follows: Shimadzu Nexera-i
HPLC system (LC-2040C 3D Plus), ODS column (150
mm X 2.1 mm i.d., Kinetex 1.7 xm XB-C18,
Phenomenex), guard column (C18 for 2.1 mm i.d.
column, SecurityGuard ULTRA, Phenomenex), mobile
phase: 27 mM sodium dodecyl sulfate
solution/CH3CN/H3PO4 (660/340/0.87), flow rate:
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0.35 mL/min, sample injection volume: 2 L, column
temperature: 40 °C, and detection wavelength: 210 nm.

Results
1) Cultivation experiments at different locations

As shown in Fig. 1, terrestrial stems from plants
cultivated in Atsugi-shi had the greatest average dry
weight, followed by those in Abashiri-shi and
Miyakojima-shi, suggesting poor growth particularly in
Miyakojima-shi. This tendency was observed in all four
taxa.

Total alkaloid contents are shown in Fig. 2. SS-1
exhibited a different tendency from the other three taxa.
In Miyakojima-shi, cloned SS-1 plants had the highest
total alkaloid contents and cloned Ep-13, NPA-1, and
EL-1 plants had the lowest alkaloid contents relative to
those cultivated in Atsugi-shi and Abashiri-shi. Ep-13
and EL-1 plants cultivated in Atsugi-shi and
Abashiri-shi had almost the same total alkaloid
contents, whereas Ep-13 and EL-1 plants cultivated in
Miyakojima-shi had less than half of the total alkaloid

contents in Atsugi-shi and Abashiri-shi plants.
Furthermore, NPA-1 plants had the lowest total alkaloid
contents regardless of cultivation location.

Moreover, cloned SS-1, EP-13 and EL-1 plants
cultivated in 3 different locations had almost the same
composition ratio of ephedrine and pseudoephedrine
(Fig. 2). However, cloned NPA-1 plants showed
different composition ratios of ephedrine (E) and
pseudoephedrine (PE) in Abashiri-shi (PE : E=0.05% :
0.08%. PE/E=0.63), Atsugi-shi (PE : E=0.14% : 0.03%.
PE/E=4.67) and Miyakojima-shi (PE : E=0.35% :
0.05%. PE/E=T).

2) Continuous cultivation in Miyakojima-shi

Plants in Miyakojima-shi were top-dressed with 30 g
of fermented oil cake and well irrigated in the second
year; these resulted in better growth than the first year.
After the two-year cultivation, all three plants of SS-1
survived whereas one plant each of Ep-13, NPA-1, and
EL-1 withered. The average dry weights of terrestrial
stems harvested in the second year were 6.87 g for SS-1
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Fig.1 Average dry weight of harvest cultivated in different locations

SS-1: Ephedra sinica, Ep-13: a hybrid between E. gerardiana and E.

likiangensis, NPA-1: E. pachyclada collected in western Nepal (a hybrid

between E. gerardiana and E. intermedia), EL-1: E. likiangensis.



(average of three individuals), 46.87 g for Ep-13
(average of two individuals), 23.77 g for NPA-1
(average of two individuals), and 32.42 g for EL-1
(average of two individuals). In all four taxa, the
average dry weights of terrestrial stems increased
markedly relative to the first year, but SS-1 growth was
much slower than the growth of the other three taxa.
Total alkaloid contents also increased in the second
year to 1.13% for SS-1, 0.46% for Ep-13, 0.30% for
NPA-1, and 0.46% for EL-1. The composition ratios of
ephedrine and pseudoephedrine of all four taxa were
almost the same as those in the second year (Fig. 2).

3) LED exposure experiment

The average dry weights of terrestrial stems from all
four taxa subjected to long-term LED exposure were
less than those of untreated taxa (Fig. 3). In addition,
the SS-1 LED exposure group had higher total alkaloid
contents than the Ep-13, NPA-1, and EL-1 LED
exposure groups (Fig. 4). The composition ratios of

ephedrine and pseudoephedrine of cloned SS-1, EP-13
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and EL-1 plants showed no difference between LED
exposure group and blank control group. However,
cloned NPA-1 plants showed different composition
ratios of ephedrine and pseudoephedrine in LED
exposure group (PE : E=0.16% : 0.10%. PE/E=1.6) and
blank control group (PE : E=0.05% : 0.01%. PE/E=5).

Discussion
1. Suitable location for Ephedra cultivation

In the Northern Hemisphere, daytime is longer in
high-latitude regions from spring to autumn. The
average dry weights of terrestrial stems were greatest
for plants grown in Atsugi-shi, followed by those
grown in Abashiri-shi and Miyakojima-shi. Moreover,
the average dry weights of terrestrial stems were lesser
in the long-term LED exposure groups than the
untreated groups. These results may show that the
influence of temperature is more related to the growth
than the sunshine duration and relatively low
temperature condition is more suitable for Ephedra

cultivation than the high temperature condition. The
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Fig.2 Average ephedrine and pseudoephedrine content of harvest cultivated

in different locations

SS-1: Ephedra sinica, Ep-13: a hybrid between E. gerardiana and E.
likiangensis, NPA-1: E. pachyclada collected in western Nepal (a hybrid

between E. gerardiana and E. intermedia), EL-1: E. likiangensis.
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Fig.3 Average dry weight of harvest after treated by LED light exposure
LED: Group that treated by long-term light exposure by LED light source,
Blank: No LED light exposure treatment.

SS-1: Ephedra sinica, Ep-13: a hybrid between E. gerardiana and E.
likiangensis, NPA-1: E. pachyclada collected in western Nepal (a hybrid
between E. gerardiana and E. intermedia), EL-1: E. likiangensis.
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Fig.4 Average ephedrine and pseudoephedrine content of harvest after
treated by LED light exposure

LED: Group that treated by long-term light exposure by LED light source,
Blank: No LED light exposure treatment.

SS-1: Ephedra sinica, Ep-13: a hybrid between E. gerardiana and E.
likiangensis, NPA-1: E. pachyclada collected in western Nepal (a hybrid
between E. gerardiana and E. intermedia), EL-1: E. likiangensis.



high nighttime temperature or strong ultraviolet
irradiation in the low-latitude region may explain why
Ephedra plants grew poorly in Miyakojima-shi.
Besides, as Ephedra plants originating in a relatively
cold region were used in our experiments,
Miyakojima-shi might be too hot for growth. Some
species of the genus Ephedra are distributed in hot
regions, such as E. aphylla Forssk., which grows in the
tropical deserts of Egypt, and if such species were used
in our experiments, the results would have been
different. On the other hand, NPA-1 was originally
collected in the Himalayan Mountain Range at altitudes
of 2500-3500 m, where the environment is quite
different from the three cultivation locations in our
experiment. Therefore, the possibility that none of the
three locations are suitable cannot be excluded. We
conclude that in Japan, Ephedra cultivation using
mainly E. sinica should be conducted in a relatively
cold region. In Abashiri-shi in Hokkaido, the field was
covered with snow for nearly six months in a year, but
Ephedra cultivation was little affected. As to the
correlation between light exposure time and alkaloid
content, alkaloid content of E. sinica decreased by
longer light exposure time by LED, whereas those of
other 3 taxa increased. Further studies are warranted to

clarify this issue.

2. The amount of total alkaloid content

The total alkaloid contents of all four taxa cultivated
in Miyakojima-shi increased in the second year. In
general, young Ephedra plants have low alkaloid
contents immediately after cultivation, but their
alkaloid contents increase every year until the plants
grow to a certain size, which usually takes five years'®.
This may explain the increase in total alkaloid contents
observed in Miyakojima-shi, although the effects of
appropriate fertilization and irrigation cannot be
excluded. It should be noted that before embarking on
the cultivation experiments in this study, we
experimentally planted 30 seedlings of E. sinica and 30
cloned plants of Ep-13 in a field located in

ERtEMMZE 43(1)2021F

Miyakojima-shi in April 2016, and found almost no
growth and withering of most plants. We attributed the
poor growth of Ephedra plants in Miyakojima-shi to
the dark-red soil derived from Ryukyu limestone in
Miyako Island (called “Shimajiri Mahji” locally).
However, as a result of cultivating E. gerardiana in
Atsugi-shi in 2016, it grew better in Shimajiri Mahji
soil than Yahagi sand (unpublished data), indicating
that the soil is not the main reason for the poor growth
of Ephedra plants in Miyakojima-shi. Other possible
reasons may be climate factors, particularly the relative
high nighttime temperature, considering all the
experimental plants in this study, including the parents
of hybrids, grow in cold regions where the
temperatures are below freezing on winter nights. SS-1,
a E. sinica stock found through our study, have high
total alkaloid content possibly due to genetic factors. In
Miyakojima-shi, although SS-1 grew poorly compared
with the other three taxa, its total alkaloid content was
the highest, indicating that the trait that SS-1 has high
alkaloid content was not affected by climate factors. In
addition, although Miyakojima-shi was hit by typhoons
several times during the two-year cultivation
experiment, no Ephedra plants were affected by the
strong wind, confirming that they are wind-robust
plants.

3. Experimental results and cloned plants

We had previously reported that ephedrine-type
alkaloid content and its composition ratio were mainly
controlled by genetic factors®#. Therefore, in this
study, cloned plants were used to eliminate variation in
total alkaloid content due to genetic factors. This also
meant that data obtained from individuals in this study
do not represent their respective taxonomical groups;
for example, other individuals belonging to E. sinica
may show different tendencies from SS-1. On the other
hand, Ep-13 is a cloned stock that has been propagated
continuously in the Research Center for Medicinal
Plant Resources, National Institute of Biomedical

Innovation, from the original individual introduced
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from Washington, D.C. The origin of Ep-13 was
identified to be a hybrid between E. likiangensis Florin
and E. gerardiana Wall.”, and its cloned stocks have
been cultivated in related research institutes in Japan.

4. Ephedrine-type alkaloid composition ratio

NPA-1 originating from western Nepal is a hybrid
between E. gerardiana Wall. ex Stapf and E.
intermedia Schrenk & C. A. Mey.®. Cloned plants
propagated by stem cuttings were used in this study,
but the composition ratio of ephedrine and
pseudoephedrine varied markedly between individuals
especially in the LED exposure experiment. As cloned
plants are genetically identical, the possibility that
certain factors altered gene expression to result in
different phenotypes cannot be excluded, and further
research is needed. Our group investigated the seasonal
fluctuation of ephedrine-type alkaloid content and its
composition ratio using individuals belonging to E.
sinica and found the following: (1) the composition
ratio of ephedrine-type alkaloid stabilized after July
and (2) the composition ratio of pseudoephedrine in
May and June was lower than those after July
(unpublished). The results suggest that although the
composition ratio of ephedrine-type alkaloid is mainly
controlled by genetic factors, this ratio may vary in an
extreme case, e.g., individuals are in an early growth
stage or a very poor growth environment, which may
result in the unstable composition ratio of
ephedrine-type alkaloid in NPA-1 in our experiment.

5. Ep-13 and EL-1

In the cultivation experiments at different locations,
the total alkaloid contents of Ep-13 and EL-1 showed a
similar tendency. Ep-13 is a hybrid between E.
likiangensis Florin and E. gerardiana Wall., meaning
that Ep-13 is closely related to EL-1, which would
explain the same tendency shown by these two taxa.
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Z 5

KRS CREORE LI HEOEE - HIEE1T5 22 HMCY IV v
v (Glycyrrhiza uralensis Fischer) 24 3 AR L 0 KR Z1T o7, — K&K DS
BEE LT, TOH ESNESETHDLZ E QM THOEENEERTHDLZ & (ER
OFHEEN 80gLLE) @7 VF LY F Ui (GL &N 20%U ETHLHZ )& L.
WIS — YR LB BA % A b o VB S, 2 FAREREB L O3 FEAREROIE
BIOGLEEAAE L. I5IT, A M VBN OB HICHT AIEEE (B R)
AL, ENEERICE L2 3 %5 (NA-14-1, NA-14-2, NA-18) #i®ikL7-. Zh 5 3
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RINCHOWTIE, FRRTRBROBEEZMW T bOTH Y, B3 - HEOARE « Bk

MATRE & 72 o7z,

F¥—7— K : H¥#, Glycyrrhiza uralensis Fischer, {EAE, SFEEGE, 7V FL) Fo

W &

Summary

Glycyrrhiza uralensis Fischer cultivars must be individually selected to establish a

licorice-production method in Japan. Preliminary cultivars with the following attributes were

selected: 1) erect aerial architecture; 2) vigorously growing underground parts (taproot fresh

weight must be 80 g or more); and 3) glycyrrhizin (GL) content must be 2.0% or greater. The

selected preliminary cultivars were cultivated in a field for 3 years, after which the yield, GL

contents and survival rate of the preliminary cultivars were investigated to develop three new
cultivars (NA-14-1, NA-14-2, NA-18) suitable for the domestic production of licorice.

Key words: Glycyrrhizae Radix, Glycyrrhiza uralensis Fischer, individual selection, vegetative

propagation, glycyrrhizin content

e

[l

BATFEOEN EIC X0 KOWEEITE 4 D
L, £/, BEREEOESRESLHWERRR E
(2 K0 R OHINC P E BRI O F A DR A S
TV D. FKAEEMATCIX, 2o X5 2iERE
o LAk (RTAAR, RAM) 728, BURTIERRE
e s AN w: g o) S MOy b D U NP Ty )
D& HVEM DFRE Y AT BN > > T

—J7, FKEEEMITOREL 2 O bR THD L,
L7 RS K 9 0D R[] ThR & 72 BN BS S
, HELEEINTWERENIE->TWS Y,
T, BARNCHIRA DG THEfH OIS
Th HIES LI & ZE DR T IZERAE DK FH IR 48
WSO T 5 & DRk’ H 5 V.

S5, EEE btz x TV D EBIE, B
FIZxHT 2 WFFIIRE <, TOFEITEFEEITHDY
TWD2, LnLedb, BEEKDOREE 54
ORI HEZR ENDDOEAITKEFEL TWHDHD
NHARTH DI, 295 LW, AR 5% 4 -
LI ERROENARET, AREROMMRE L VD
RENPOREEETHY, EFEERICLE-TH—
DOERIEE LTI H DB MAEE X L.

DX RN D, HEIREMITTIX, 2014

[

LA R, A, E%E, BERoELEKEY
DOFEFICER L, BRAKOHMR L IRIAZEIT 5
PNASAEENE AR AR G ST AEHE L, AR (4
PE) « Hm (k) ZAHAICHER LHWRN 5,
EREEAE DL EMATITH Y A TN D.
SEOMMETIE, A HEOKLFHEM TH 5
~ AFL® Glycyrrhiza uralensis Fischer D4Rk X 0
RER TG Lo B ER OER ATV, 3 Rz
B0 T, ZOWBREFLRTH.

1. MR B LOHE
1-1. KE¥irH

G. uralensis OFE1-1%, 2013 FEIZATRAERIE AR
AR ZE U T, MRSt RSN =
T XVEALE.

1-2. REBROTEHEES S L UFERHG

2015 AFZ— =R b (264 ) ICHEEREL T
1572 A B % Bk UL SEARAT PN OO BRSNS L X
(100 m?), /)X (200 m?2), JRAE T FE i -l
X (20 m?), NHFHEARHIX (10m2) @ 4 FEHIZ,
Z I 210 B, 400 ik, 150 £k, 80 #kZ &Hi L 7-.
ESSRMEE LI, BEE LT 10a b2 2t
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HERE (CGEABO KM, JEEEL : B3, EINT, B
UHERE, BRE, 33, N:POs:K:0 X4 0.65% :
0.8%:1.24%), &+ AJK100kg & 7ed K H kL,
B TR o7, £7-, MERFCBREZE L 7-
2, TN Gl am~ /v F &t Lz,

1-3. REZHEO-HOX MO HEMEHTERE

BREE L VR LA by (REEE L 0
Bl 1 RAbrrafnk) X, 2 filc2d &
IWZHIRrL (R5em, FEA b)), IR L7-N—
IF¥ 2 T4 bEHITHBRA LI, BEIZONT
1%, 3~6 At C25 BEEA Y b (875 cm)
F7o0F 128 B M UA T AT, EINRO E
SANT R CHEBER LUE. £, BE&E+HIL,
REL OMRD) EA—N—=Iv T2 A (P HED
2X) BIRAELELOEHAWE. KIZ, EEEE
TR & [RIRR DO JE AR A 1T - 7= IR AL TRl 1L 1 X 0 7k BR
B35 (500 m?) 35 X ONRAEF-RI R HIX. (54 m?),
RN T A ARIX (180 md), NHSHARMIX (150
m2) ~HRFEHNZEM L=, 2019 4= 11 A& R
O A NHE L, 2020 4= 11 A2, Rk L7=d
NRTCOREINHELT=.

1-4. JUFILIF B (GL) SEBIE

A EMOMEH LY 5em F2°5 10cm £TO
T, EROKWMAOF TRS GL FEPMEWN
WALES T 7L, BT TEC L D
GL ZREMDONRTYXEEE L. V7L
IEFE e O HICFREZR IR Y < w12 L CAR
R S -0 40 ClC CHIRm R L7, WwIg,
R =T L E—WB-1 (K7 2 kS
) TR L7 R 100 mg & A B Y IEISERE L,
50% =% / — /L% EMEZ 10 ml iz, 20 SrfElEE
Bt L2, Zoiitiis 045um O 7 4 L H—
TABL, GfTHY 7 v L. ZUFLYF
VERORERES L, EHGERMEIEL X 2T R —
YA =AM ORBRIER T 7Y FY F B
e (1405-86-3) & U 7=,

IR v~ 75 7 4 — (HPLC) D&/,
#Z 2 Cosmosil 2.5C18 2.0 i.d. X100 mm (NACA-
LAI TESQUE, INC.), B#ifH :28% 7 k=K U

Vv (W% EEREEA), Wik @ 0.4 ml/min, i UV
254nm, R 1 40°CE L7z, MRS IE, &6
17 SOE HARSKR 7 9 IZRE# STV A &R ICie -
T adTo7=. 7V F U F B ORI,
56 min TH-o7-.

1-5. U714 UF> (LIQ) E28E

GL ZEAIEDT-DIZIRHM LT KEH b1
100mg & A& YEIHEREL, 10%T4% ) —/L%
IEREZ 10ml Nz, 20 SRS EMH Lz, 2o
% 0450m O7 4L Z—TAHL, SHH
b Fve L. V2 AU F ORI,
SIGMA # Liquiritin from Glycyrrhizae root (L8045,
Lot SLBB6168V) = H V>, STD1:3.994 mg/10mL,
STD2: 1.997 mg/10mL, STD3: 0.9985 mg/10mL,
STD4: 0.4993 mg/10mL, STD5: 0.2496 mg/10mL &
R AL, BEmRAER LT,

HPLC ™ 4:f1%, # F 2 : Cosmosil 2.5C Clolester
20id.X100mm (7 7 4 7 A7), B@#hA:
5% * % 7 — /v (1% BEl: & A), ¥k : 04
ml/min, #&H UV 254 nm, iRE:40 C & L7z, F7z,
PREFIFFETIE 15.5 min C, [EUFE#RIE, y=8599050x
+107735, R=0.99998 T&h - 7=.

2. BERHIVEE

2-1. FiEHER

TEaER & LT, 2013 2 — 3—K v MZ X
D EW LI RA 2 TREFKE B HX 035
WZHERH, 3 FERIFEE L (BE 1), 2015 40> 11
HITILFE LTz 3424 56 FRIZDOWT GL B /37
VX ERE L. TORR, GL FROKEMEIX
A 12 O 3.79%, RIETHRER S 40 O
0.49% T, 2RO FHEIX, 152 £ 0.62% ThH-
7z (Fig. ). ZHHDRERND, FAEKD 3 F4k
ECiE, ERMoNT YR KREL, §F 17 &E
AR (R OHE Y Zilii=3 2 & RN
ThHDEHWTEZ, LoLAaRD, GL G&N
20%LL EA R UT-miR S 11 fEiR (22180 19.6%)
HY, EREETLZEICEY RTORE R
TR - HEOAENFRETHL LW L. £
7o, BRI L LCiE, TOM EEAENETH
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Pa=N
GLEG&E (%)
S o B B N N w w »
o al o a o a1 o a o
o o o o o o o o o

FH1 TRFREEHX ORER B TORE: O+

HZL OMTHOEENTFETHLZ L (FR
DOFEEN 80g LLE) @7V FALYFUmE
(GL) &N 20% LU ETHHZ L) HEEL LT-.

2-2. GLEEZHEEL L 1 RiB#HRHER

2015 4ED 5~6 J T/ T TRk IR EGRET N oo
BN X (NA), /IR ITHK (KO), JRAES
FA TR HIK (NN) 38 L OUSHR R HIX. (RO) @
4 B FEAEMR A B LT-. 8% 3 4 B @ 2017 4F
8 HlIZHI EOABREZITV, BENMEEH LE
LTz 45 fERZ Pl L, R 11 HIicH
D EFCEREfFERE GL 522 AL
(Table1). 723, RO O TiX, £FAEE 2
LTEY 3 FHOAGFRIT 0% TH-oT. ZDOFH
BRERED, GL &8N 20% LU EEZ R LB L
L C, NA ®#H 5 6% 7 184K (NA-11, 12, 14-1,
14-2,16,17,18), KO M 5 1% 4 fHK (KO-4,
5-1,5-2,9), NN [H#52>51% 7 fEK (NN-1,3, 4,5,
7,8,9) #—UEK L.

)

99 GG 9 €5 ¢S TG 0G 61 87 LV 9Y GV ¥¥ EV ¢V T¥ OF 6€ 8E LE 9€ GE V€ €€ ¢€ TE€ 0€ 6 8¢ L9 G VC €22 TC0C 6T 8T LTIOTSTYTETCTITION 6 8 L 9 G v € ¢ 1T

2-3. AMOCEFEH,SDERAICKT 2iEFE
(FE*) @:l*]ﬁ

FEEOAEERTFICB O TIE, W OMRITHNER
AIRTHD. a“i,e;b%, GL ZENEL, EBEN
BERECTH, 5 EIMEVRHIE TIE+50 7218 23 e fR
Hisk9, EAFEICIEE L TWiRnZ Ltk b.
EELIE, INRETICA MR UNLOBFWICET
HIEEFR (FBEF) NRMIC K th%s L Fig 1 3RO IR GL & B
LERBRL TV L2659, —RiEgK L7 fE (Fi53ER)
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Table 1 #1 F35FHA 1 0 824k U 72458 R O i 3 0 R ik 5

EAR Ahwm
Bz &5
R siem) Btk HifEE(@Q) A A GLEE (%) BififE(Q) FEAMm(g) (ERAVE/HEE)
1 2.1 3 122 R 0.883 189 149 78.8
2 31 2 140 R 1.795 67 47 70.1
3 36 4 244 R 1.407 351 206 58.7
4 2.9 5 114 R 1.535 395 289 73.2
5 26 3 56 R 0.826 178 73 41.0
6-1* 26 3 82 R 1.773 67 52 776
6-2* 33 5 80 R 0.873 3 1 33.3
7 1.9 3 42 R 1.317 137 92 67.2
8 2.4 4 78 R 1.317 155 114 735
hHFHN 9 — — — — 0.922 66 35 53.0
#H(NA) 10 2.2 3 60 R 1.983 37 28 75.7
1 2.8 4 95 R 2.172 203 161 79.3
12 2.6 4 102 R 2.143 340 217 63.8
13 26 5 126 R 1.217 291 141 485
14-1* 2.0 2 44 R 2.050 190 111 58.4
14-2* 2.2 3 66 R 2.220 121 75 62.0
15 2.7 5 174 R 1.365 170 105 61.8
16 3.0 1 144 R 2.027 61 39 63.9
17 2.7 1 74 Y 2.007 117 70 59.8
18 2.9 2 148 ry 2.190 82 65 79.3
— — — - 1.680 58 35 60.3
25 4 136 ry 1.916 91 39 429
2.8 3 130 R 1.093 238 93 39.1
41 3 160 R 2.781 892 433 485
5-1* 2.4 3 74 R 2.307 86 67 77.9
5-2% 2.7 2 100 R 2.075 82 31 37.8
6 46 4 140 R 1.469 121 93 76.9
7 3.0 4 120 ry 1.094 119 71 59.7
N 8 37 2 194 ry 0.646 93 57 61.3
(KO) 9 36 2 164 R 3.039 358 272 76.0
10 25 2 76 R 1.501 89 68 76.4
1 32 3 84 R 1.623 420 306 72.9
12 2.3 3 120 R 1.934 199 113 56.8
13 2.3 3 102 R 0.990 346 210 60.7
14 2.3 2 60 R 1.063 147 96 65.3
15 25 3 70 R 0.856 273 162 59.3
16 2.6 2 110 R 1.190 29 18 62.1
17 37 4 280 ry 1.593 88 39 443
18 25 2 88 R 1.491 91 62 68.1
1 2.2 1 80 R 2.129 83 43 51.8
2 2.2 3 40 R 1.540 121 59 48.8
3 2.0 3 48 R 2.491 272 93 34.2
RIEFE 4 2.2 5 90 R 2.128 135 76 56.3
FH 5 2.1 3 88 R 3.462 59 47 79.7
(NN) 6 1.9 4 37 R 1.343 136 88 64.7
7 2.1 2 60 R 2.601 159 87 54.7
8 2.2 1 58 R 3.971 42 25 59.5
9 1.9 2 80 R 5.621 30 19 63.3

* M EOFRA TIXR E L7223, T OFHARZ28E & L7
o EBIRBIET, RIGAKRE, YIZEKRE, rylIREYDOHMEEZTRT.
— ERBHER LA MR DR TH TR



KIZHOWT, X o VBN DB I HT 515
HREZFAE L7 (Table2). Z OFFETIE, FER
e XOEHIE LD, BRSO TICHET S
Ganbololow, BFEKEEE (B 2K
ML TRLEE. BR250ETEE0, ThEh
EARTLCHERLEM LR, SHEE0 R
ETHD 70% 0L Lo md @RI RWEZET, —ik
B L7 18 RO TiX NA-14-1 28 64.1% &
RbENoTo. HOMRIZFERREICB TR D
HETHDLZ LD, BHER LOLODOEN S
PRICBT 2 TRARE L EZE 2 D, 7ok, AH
FRHWNNZ GL FENLHMILT 9 Bk Gt
DA RBVREBBEHE 2RO AT — VBT S
.

ERtEMMZE 43(1)2021F

2-4. A MOCKREEEKRD 2 EHIEH LV 3IF
i THRORE

2-4-1 2 FEFIZM T EORAR

Table2 TRL7ZEIICA P LV EEFRT
& 72 NA-12, NA-14-1, NA-14-2, NA-18, KO-4,
KO-5-1, KO-9, NN-4 3 LT NN-7 @ 9 ZiffizD
WTC 2 HFAEDOH T ZFA& L7z (Table3). =0
FE, ARBHERARIE NA-17, KO-4 B X KO-5-1 ™
3 RFEA 10mm LLEZEZRL, ZOiEEIL KO-4
?D 134mm Thot=. LL, TNOITHEARE
IR BEE L TE ST, NA-14-2, NA-18 B8 L O
NN-4 @ 3 %42 609 BOEmWEEZ R LT H D
O, WL EEAED 809 LV KVMETH - 7.
WO R OEHIL 7 ZHAFREE (R) Tholo
DITREL, NA-17 1386 (Y) T, NA-18 2%

-
—

Table 2 —VkEEH L72 AR 2 kv 5l 5 O&N =R
3A 17 A fEf 4717 A R 47 17 H A -
GLE &= (R k) Ry k) ()
misES ——
MR e B MR bl B R bR R R hag gy DR
NA-12 214 1 0 137 74 0 138 61 442
NA-14-1 205 0 64 45 4 0 68 44 64.7
NA-142 222 0 60 41 14 1 74 36 486
NA-16 203 9 0 32 18 0 41 10 244
NA-17 201 26 12 64 52 26 6 116 41 353
NA-18 219 5 2 71 57 27 7 103 49 476
KO4 278 8 0 259 112 8 1 275 70 255
KO-5-1 231 16 3 45 25 8 0 69 25 36.2
KO-52 208 8 0 12 3 0 20 3 150
KO9 304 0 110 72 0 110 53 482
NN-1 213 11 0 32 0 0 43 0 00
NN-3 249 0 62 18 0 62 10 16.1
NN4 213 1 0 69 50 0 70 37 529
NN-5 346 13 0 53 4 0 66 4 6.1
NN-7 260 4 0 58 19 0 62 18 290
NN-8 397 0 2 0 0 2 3 136
NN9 562 0 4 0 0 4 1 250
¥ AEE (%) = WEEMEA FrE) X100&8 LCHEILT.
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noOHRE (ry) 221 T\ (Table3).
A ~harORRIZE L TIE, NA-14-2 BbE
BIEKT90.8g Fiz, DX NA-17 27159/

PR G L 72,

MR

Table 3 —¥RIEHL L7z 9 B0 2 SEEIRFICRBIT A HITEL ORI & GL & &

KbEE
NA-18 @ 1449 #RTH Y,

BND IR o TR
R CTEFTREICE

- ER bl N =
T B —— — —
REAEAE (mm) JERG* BiftfE(e GLERE (%) £E& (em) % (mm) HrfE (g)
NA-14-1 19 82+ 26 R 449 £287 198 + 0.65 509 £390 43+08 185 £ 150
NA-14-2 17 89 +£28 R 665 +374 1.78 =045 1546 £ 1295 48+ 1.4 90.8 £ 120.9
NA-17 12 114 +21 Y 417 +141 162+ 037 1264 + 487 42+07 715+ 444
NA-18 21 93 +30 ry 636 +393 1.63 £ 0.19 627 £ 628 36+09 144+ 183
KO-4 6 124 + 46 R 540 £251 241 =052 N/A
KO-5-1 7 134+ 20 R 508 £ 130 1.55 % 0.24 863 +49.1 53+ 14 562+ 279
KO-9 7 82+ 22 R 247+86 237 £ 051 N/A
NN-4 9 90+ 1.7 R 637 £348 125+ 0.26 96.8 £ 264 43+08 357+ 178
NN-7 10 73409 R 330+ 130 1.64 £ 0.33 395 +467 35+06 160 + 265
* o EERBIET, RIIFRAE, YVIIHEAG, rylIREYOH MG EZRT. avg. = SD
N/A: KA D7D F — X L
GLE & (%)
3.500
A
3.000 X
X
A
< 'S 4 *®
2.500 =
A X
A m n XNA-14-1
X 14-
2.000 X X Xx—r [ | ENA-14-2
¢ ¥ Xe x X % ° ® KNA-17
- o ° ° ° o NA-18
A = %RK -
1.500 . o= ] ] AKO-4
X ¢ =KO-5-1
X [ ]
- _ *KO-9
1.000
xX
0.500
0.000
0 20 40 60 80 100 120 140 160
B E E (g)
Fig. 2 —VOBHE LB RO 2 EREAR O T L 0B R E GL &8
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Table 4 NA-14-1, NA-14-2 35 KL OV NA-18 RHED 3 FREEMOFfEE L GL B LIV LIQ & &

RER
T—ﬁ;’yiﬁ ™ > S MZAA
L ERREE B DL o o
e () ;@i@m$(iﬁjetﬁg(%) LIQGE (%)

NA-14-1 10 66.7 + 23.2 1485 2.20 * 0.63 1.41 + 0.32

NA-14-2 10 1195 + 451 179.6 1.89 + 0.24 1.13 = 0.14

NA-18 10 169.9 + 556 3055 2.19 + 0.31 0.72 + 0.14

* o IUHER I D IHE S 110k 7Y v U LT, avg. = SD
GLE & (%)
4,500
4,000
X
3.500
3.000
o
2.500
X o ©® XNA-14-1
XX ° [ ] o
- " ENA-14-2

2.000 ol ® -

XX n X & m ®NA-18

u o o
1.500 X | =
1.000
0.500
0.000
0 50 100 150 200 250 300
HriEE & ()

Fig. 3 NA-14-1, NA-14-2, NA-18 %#t (N=10) O 34ERILMOK T L DEF RN E GL & &

GL G EIZOWVWTIE, KO-4 BLUKO-9 @ 2 %
FOAD 20% L EOETH-T=. 708, GL & &
2.0% Zili S TR WVRIN L S B O 72Dy, TR
DY T TN E GL EROK IRV EAEE
SNHIBEAE T 5~10cm OFy & Liz-d L%
R OIS, ARITREEE L L THET 2
XLIATHLN, FEOHEIER T2 T
b5

I EOFHAE LY, NN-4 1%, GL &&2% 1.25 +

0.26 % LK<, NN-7 i, Hu 0o Fr i & 28 fi i
Ao 72728, 20 2 R D8 7 Bk
IZDWNWT, 2 BREEROK T L DEBRIE GL
GEEa Lz (Fig.2). NA-14-1, NA-14-2 B L
NA-18 DAEFTD R I HBITE 5.

2-4-2 3 EFIEHTEHORIK
EEH B NA-14-1 (BHE 2), NA-14-2 (B&E
3) BLOUINA-18 (BH 4) ZFEIZTHOWTIL, THE
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L7z Pk s 3 Mk L CREEITo 72 ¥
R TIZ OV TIE, NAL-4-2 BLTNNA-18 D 2 %
WS HAEfE 80 g % 5 1195 £ 4519 B &
V1699 £5569 Z/~L, TADHIT 2 FFAREGH L
FREE L C, FNEH 179.6% 35 LT 305.5% DHE N
FTho7- (Table4, Fig.3). 728, 202047 Al
BUOHIERRABE L ZA, NA14-1 B X
O'NA-14-2 [FARBEH A G O HEFER A 5T, Wi
NHHELEZA Moy b0 HFETH- 72 (BE
5). —J5, BIMROEN -7 NA-18 (2O T,
REEE D OBBAR O HE (BE 6) MR
LnbdEEBis, mMELEZA MY L HIEL
TUNT-.

ZbharOEFEIZOW T, NA-14-2 2
NA-18 LV REREZREBFE R LTz, 7ok, Ro
EREEICE LTI, A baropEaidkd 5
ZERRHTHDL EDEZND, A b a
HEAEDIRE SN TN D 9. NA-18 Rz W\ T
I, CHTREAR B O HEINIC Rh B e AR BRI EAS L T2
HEE (R RO, BlShd A he il
BHEATRE CHREETIEH D03, MRBRIC HR L CHE
B2t O TR o T,

NA-14-1 & NA-18 2O\ TlE, 2 4EMHkE: & [
ROV 7V 7RI KX BHEICB VT, F 17
BOEH AR S COREMTH D GL &5 2.0% %
=Tz N TE .

S50, ZE KR 2k, BHILICTAT
DINFEW 2 EFE L UCGREL, &SRR % 5%
i L7ofkE SR, NA-14-1 Rt (ZFEr= > ~ S0180),
NA-14-2 % (ZFE = > b S0181) 5 KUY NA-18
Fk (ZEv v b S0182) 1E, MR, weEFRER,
MR (Ea)E, v HR), wiEE, Ky, B
KWKy, X A5 (Hx¥ /) — /=% X)
OHMEWT- Lz, £72, GL &b, ThFhn
21%, 22%BLN25% TH-7-.

BW, KHBRTIXT Iuh Y v ORIEHN %
2 R LB Z TV, FKE R & DRSS T
X3 ARETHENH Y, BG~DEMN 5 HH
WPH 6 Ao TLES. EHIZ, 10 A M
IXEZEL, M B ESR LT 2 IR B R OR
PR ETOREELIFRESERD. 22T, EH

G 4 NA-18 Rk



o~

iz

=

e N\
HHS5 3FHOH Lok

U
o,

B aEz2, IHEES GL & RfEO B AT E 4 i i
T2ITIE, 3FERENEL TV D LB LRI,

3. £&H
mn B DL E LT AR « RO AEPED T2 D (2K
BEETW, 3RHKO YT ALT Y T (G
uralensis) Z®EK L7-. ZNHOXRMIL, A b
AW REGIC L A ERREM LA BIE L
ZTHY, ROFEKOEIS Table3 TR L L
T ry 2T D NA-18 1%, MrKAEFKE L CThHipe
IRRFEDORE b B HRMThH o7z, —H T, GL
SR, WINLE 17 E AR TORE
il 20% &=+ LD TH-o7=. Lo, GL &k
WCBILTIE, 30%LEEZRTEEGRRMOMEL
Ezxbhl, oI, wEEANREMEREL (BE
i) (21, GL & & 20 % UL Lo E L4,
LIQ & 05 %L ERFITHN TS O, AHKp
(LB S RIS I X D R 2 WD 2 &
MEELWEEZOND. ARIEHE LZ®EK 3 &
HixWFR b hEREOHELM - LW 4
%, EPHTTIT GL mEENHHFTE D 2 R
(KO-4 BL N KO-9) IZoOWT, L RDIEHE
(R OYEELR KD T2 OF k% Gt
THEEHIT, BRICE®EE L 3 2kt (NA-14-1,
NA-14-2, NA-18) ZHul»& L7 ERRIE 2D D
FETHD.

F (NA-14-2 Zf%)

EHEMMR 43(1)2021F

FE6 IFEHOH EofET (NA-18 ZHe)

—J7, K () MRS h, RIS T
TR, R BAS 7 EIE S GL R LIQ 22 E D
B NMEE &R THHH LIRS SN ER
RS TV ThD. RENRD TE
E O — M LI T 5B 2 Tlidd 508, GL
KEEOHEOAYIEERE R &L HEBICAR
ENCTOAKAERE AT CTHZ%EZ BT 552 T
5.
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Quiality evaluation of Phellodendron amurense bark in Nara Prefecture
by color measurement before harvesting
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Abstract

When planning the time of felling, new planting, and the use of Amur cork tree
(Phellodendron amurense) bark in Nara Prefecture, it is necessary to establish an appropriate
and easy method to evaluate the quality of P. amurense.

We have found that by measuring the yellow color of the bark of the Amur cork tree with a
colorimeter and comparing the results against a color chart, it is possible to make an accurate
visual judgment about the bark quality before cutting.

This quantitation is based on the berberine content in the bark of the Amur cork tree, the
results obtained using a colorimeter and color chart satisfy the Japanese Pharmacopeia
Seventeenth Edition standards for bark harvesting. The color of the bark determined by the
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above method before felling provides a useful criterion for identifying the berberine content

required at the time of cutting and selecting the cutting time.

Keywords: Phellodendron amurense, Color Chart, Colorimeter, Berberine
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K1 FAZEFHAD (2020)

No. HiL KR () HEHE E2ESE A we TR EHEE

1 7% BT R B ST J 28 15.9

2 ZX BT HER A BT J 27 16.9

3 2% EL T R H BT J 26 16.9

4 7% BT AR B ST i 4,000 J FE - K 80 27 21.7 X

5 7% BT R B BT J 26 19.1

6 Zx BT HER [ B ET J 27 19.7

7 Zx B R AR B BT J 26 30.9

8 7% BT % H R ? 27 42.4

9 Z5 B R W ] fii§ 3,000 J 54 7k 150 30 30.3 X

10 2 B R W T J 30 40.1

11 Bz i J 56 45.2

12 Bt N : 400 ® o 54 414 5

13 BRIz N S 2 55 43.0

14 ROEfmZ A T Q 56 31.2

15 T A g 41 43.0

16 TR A J 40 25.5

17 HATHAE i 1,000 ? e 20 42 36.9 X

18 EET A E ? 39 12.4

19 T A J 39 18.2

20 L TRAT S " 30 37.6

21 LSk EVOLIE 2,000 F Gl 700 29 23.9 @)

22 HISAT B ? 30 21.0

23 TR " 2 22 28.7

24 EEAESE OB 1000 T it 6 23 206 x

25 WA 2 18 25.5

26 AR J 17 23.2

27 AT & 30 g JIFAYA 13 18 22.9 X

28 AT o4 18 29.3

29 TR J 18 23.6

30 FifrE - 400 £ - 0 62 23.9 y

31 R R " Q 61 30.6

TN EZEWH S 7 —F v — b Fifth Edition (L4 2-3-1. A5—Fv— MEIE
T, RHS.CC) '"1® L Color Reader CR-13 HEEA.OF LS Z RHS.CC CTHIE L=, HIE
(MINOLTA #:8) Ot ~a o Z o7 JIER REOPUL AL T CKBE) CTHEML7-.
8mm, FEHEN::D65) (LLF, AltaE) THIE L.
2-3-2. B&EHAE
2-2. BlIEEBHL WG 2 B AR ER TR IE%, RHS.CC & [H—
TR D EER Sy O JE B2 &2 EAE 10 om FREEFHI ORESANEEEM I CHIE L. &30 3
L7230 (e NE R O —FB4 Ik Y) & L. [l 0 K LATV, EEERPBIZE S (CIE) 1976 (2
7ok, WEITHEME, BEHIT-7. KD L*a*b* fif 20 %R, 557 MEOFHME
ZRIGEMEE L.

2-3. HlEHE Fo, WO DICEARNR T CREBYX) T,
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#F 2. WT—Fx— b EHEFFORERR

No. Hi 5 MEHE A H@;%;%ﬁ RHSCC — L* ar b c* Ho

1 7 BLiTT A A ST J 28 15.9 YG13A 75.0+04 57+0.2 41104 415+04 82.1x0.3
2 7% BT AR H P RT o4 27 16.9 YOG14B 68.120.1 9.740.4 31.1+05 32.6405 72.6+0.7
3 73 BLTT R H BT J 26 16.9 YGO9A  72.1+00 67400 35.6+0.1 36.2+0.1  79.3+0.0
4 7= BLTTT A AR A ST ot 27 21.7 YGOA 742402 6.620.3 40.8+0.5 41.3x0.5 80.9x0.4
5 Z3 Bl AR H T It 26 19.1 YGY9A  72.7#0.1 87#0.2 37.1+02 38.1#0.1 76.9+0.3
6 7% BLTIT IR H ST o4 27 19.7 YOGI4A 747405 7.7+0.2 41.0+0.4 417404  79.4+0.3
7 % BLTTT A A A ST J 26 30.9 YG13A  70.240.1 55#0.1 31.8+0.1 32.3+0.1  80.1+0.1
8 Z3 B % H JEL T ? 27 42.4 YG13A  73.2+#0.1 7.8#0.1  40.2+0.1  40.9+0.1  79.0+0.1
9 7= BT O H T o4 30 30.3 YOG14A 70.9+0.2 9.0¢0.3 34.3+0.3 355x0.3 75.240.4
10 7= BT T 5 30 40.1 YGI3A  69.4+0.1 7.7¢0.1  345+#0.1 353+0.1 77.40.1
11 RS2 N g 56 452 YOGI15A 67.2#0.1 85+0.3 31.9+0.1 33.0+0.1 75.1+0.4
12 ST N el 54 41.4 YG13A 73300 6.9+0.1 38.4#0.1 39.0+0.1  79.9+0.1
13 BT N ? 55 43.0 YOG14A 66.6+0.1 10.1+0.1 31.8+04 33.4x04 72.3x0.4
14 RUFTHZ N el 56 31.2 YOGI5A 68.4+0.1 8.9+0.1 31.5#0.1 32.7#0.1 74.2+0.0
15 BT A g 41 43.0 YOGI5A 66.1+0.1  9.3+0.0 26.9+0.1 28.4+0.1  70.9+0.0
16 fHErmA oy 40 25.5 YOGI5A 65.1+0.1 6.6+0.1 252+0.2 26.1+0.2  75.3+0.3
17 A E ? 42 36.9 YOGI15A 70.6+0.1  7.8+0.2 33.8+0.2 34.6+0.2 77.0+0.2
18 T A 2 39 12.4 YOG23A 63.4+0.4 11.94#0.2 21.5+0.8 24.6+0.7 60.9+0.6
19 A g 39 18.2 YOG23A 66.3+0.2 12.1+0.2 25.9+0.2 285+0.1  65.020.4
20 LR = 5 30 37.6 YOG21A 63.4+0.9 10.6205 30.4#1.8 322419 70.7x0.7
21 LRA e A ot 29 23.9 YOG17B 67.5+1.6 8.7#14 33.9+2.2 350+24 75716
22 LR 28 ? 30 21.0 YOGI4A 706412 7.8+05 412423 420424 79.24#13
23 RS 2 22 28.7 YOGI15A 68.5+0.1 8.1+0.1 33.0£0.3 34.0+0.2 76.3x0.2
24 BT A a 23 29.6 YOGI14A 68.1#0.1 55+0.0 30.3¥0.1 30.8#0.1  79.7%0.0
25 BRI Q 18 25.5 YG13A  74.6+0.0 7.6#0.0 47.7+0.1 48.3+0.1  81.0+0.0
26 R g 17 23.2 YG13A 74101 7.0+0.0 46.1+0.1 46.6+0.1  81.4+0.0
27 E RS 5 18 22.9 YG13A  70.5%0.0 10.0£0.0 39.3%0.1 40.6+0.1  75.7+0.0
28 BRI et 18 29.3 YOG14B 72.4#0.0 9.2#0.1 41.3x0.1 42.3+0.1  77.5#0.1
29 AT o4 18 23.6 YGI3A 71501 7.1+0.1 397400 40.3x0.0 79.9+0.1
30 NTHT R ? 62 23.9 YGI3A  71.0£09 5.1+0.3 31.2#1.0 31.6+09 80.6x0.8
31 TR R ? 61 30.6 YOGI5A 68.4+0.2 8.4#0.2 31604 327#05 75.1#0.1

RHS.CC: F 7 {251 & 17— F v — LFifth Edition

YG:YELLOW GROUP

YOG:YELLOW-ORANGE GROUP

L*: B, a*: 7R (H)kk(-) 7D, b*: 35 (1) (-) 7 O, C* R, Ho i 4
Mean+S.D.(n=3)

RHS.CC =D H D HfIE L7z, I (C*) =/ a*+b*?

BIEE (L*) IETRREL D AR ORI E (HO) =tan~' (b*/a*)
LxERL, a*, b* [ZENENEDO T M OEEEZ R
LTHY, a* 3k (+) f& (=) Frnoaks, 3. NIWNYCBRT7ILAOM4 NEIRFIDEE
b* 138 (+) & (=) FlaoRELZZNZENRT. 3-1. TEAEH
FE (C*) IIHTNREL 2D EAOREHEN FEL AR LI F 28R L. (A,
Wz taEL, ROROHOF.LNE OHEHEN HiE 2-3. CHELEZFR—ARE L, #HEX Y&
bbb, Fio, aHAE (HO) 1ZaofEzmRL, WS TR AR 2157205 30°C, 7 ARoOwEE
L A EIL TN T RIRD LB OFRE R AAT o 72, 2 0%, MR L, 42 56
FWTF L7z 100, (355 pum) @il L7=b o zakkl s L.



#3. HT—F ¥ — FEWPEETHIE L7z R

RHS.CC L* a* b* C* H°
YGOA 86.9+0.0 1.0£0.0  62.7£0.0 62.7£0.0  89.1+£0.0
YGI3A  84.3+0.1 9.4+0.1 56.240.0  57.0£0.0  80.5+0.1

YOGI14A 82.9+0.1 11.1+0.0 60.8+0.1  61.8+0.1  79.7+0.0

YOG14B 83.2+0.0 10.3£0.0 58.8£0.0  59.7£0.0  80.1+0.0

YOGI5A 81.2+40.1 14.5+0.1 54.3+£0.1 56.2+0.1  75.0+0.0

YOG17B 81.2+0.0 16.1+0.1 58.4+£0.1 60.6£0.1  74.6+0.0

YOG21A 78.0+£0.0 20.0£0.0 54.0£0.0 57.6£0.0  69.7£0.0

YOG23A 77.0£0.1 24.9+0.0 53.6£0.1  59.1+0.1  65.1£0.0
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RHS.CC: T 57 [ 2= 12> /77 — T+ — hFifth Edition

YG:YELLOW GROUP
YOG:YELLOW-ORANGE GROUP

L*:WIBE, a* SRR TR DS, b* 55 (1) 77 () T RO G, CHEE, Ho Al /4

Mean£S.D.(n=3)

3-2. TE’

B O~ Y BT LB v A R 3 Ay (R
NRY v 2 v<=F o, Uy hallvry) OEEE,
BETR 2D (29 L 7.

B R
1. INSTBEEOAEER
1-1. RHS.CC IZ L2 X NI HBKEDEIE

FE L IS L AR 3L KITHONT,
RHS.CC TH &bz e L7-fER, RHS.CC
Z 271X YELLOW—GROUP (LLF, YG) 9A~
13A, YELLOW—ORANGE GROUP (L4 F, YOG)
14A~ 23A D HFIPH TH » 7=, (F2) D T
YG13A, YOGI14A, YOGI14B, YOGI5A D#¥n
BIRD 76% % 5 7-.

ZOFER LD YGIA~YOG23A (LA D% A
2R D F SRR A BREURRE & T 5 i 72 (2, PR
CCHIWT LT, RRICE A OBRBURIE (n=7) 13
EEANKEWZTE RHS.CC OEAMHOEEN KX
KBH T EDRRWEST., ORBUHEIRIZ OV
TIX RHS.CC R =7 L fifhn, MosEfR, MM o
FRAME L 22~ 7.

1-2. Bl@EICLB X NIRIBEEDAE

T 1. \ZREHE L7ZfEAR 31 RicHon T, e
TN E LR O L*, a*, b*,
C* HOMEZ 7R L7c (LU, S Z R BRI G R .

(#2)

TSR FHERIE, L* 1% 63.4~75.0, a*
1% 5.1~12.1, b* % 21.5~47.7, C* | 24.6~48.3,
HOIX 60.9~82.1 Th-7-. HiT a* I% 5~10, b*
1% 30~47 OFEPHIZEF L Th Y REAZ R LT,

ZOREE LY L* 13 63.4~75.0, a* ¥ 5.1~12.1,
b* | 21.5~47.7, C* % 24.6~48.3, HOl% 60.9~
82.1 LB DN AT X 0 N R A& BB AT BE
T D e EfETH D LT LT,

—J7, IZRENAEERE, WL RHS.CC
DOHEPATH > THEMBIE SO Z &b, R
1-1. LoD HICHRT (KBX) <
RHS.CC D & D& HIE L-fEH (LLF, RHS.CC
BEFHEER), L* 1% 77.0~86.9, a* |% 1.0~24.9,
b* 1% 53.6~62.7, C* % 56.2~62.7, HO% 65.1~
89.1 Tho7=. (#3)

T ORER, FAXERHEAGFHESR & RHS.CC |
GEEHE RO EZ 59, RHS.CC MR
NEYEWEER LT,

% 72, RHS.CC % =t 7 @ ¥ Afi 78 % \» YG13A
(n=10) MRIRD -/~ R B GRS SR L™ 13 69.4
~75.0, a* ¥ 51~10.0, b* | 31.2~47.7, C* |
31.6 ~ 48.3, HOIE 75.7 ~ 82.1 D#iH & 721, A
U RHS.CC a7 [HTH F & Az R
o2& NRA LN, R 27 & FEEOBE R A
Ao, 2k, BEEBAL -~ R EH ik e
WEBO—RTHL LR L. —J, JAEA 3L
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RKOBEFERIZONTHBEGHT 21T & 2 5, 2. NIWINYDETILAOA NEIRIDEEHER
TR AR R & RHS.CC HIAEHRE R FERNSGELNIZA T AT TR
T L* EIZFARIMR S r=0.772, a* fEIE r=0.621, HO RV A N 3 A OEEREAIELZE Z
1% r=0.763, TREWHBIMER B2 &7z, (K1) By WRBEPES TR T OR)LRY L 3,146~

L*
90

85

RHS.CC

80
I aFHE

75 Y=0.583X+41.952 r=0.772

70 | | | *
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FoN SH8 B L HE

a*
30

201

RHS.CC
A eEHE

5r Y=1.950X—4.134 r=0.621

o +

5 10 15 a*
HO NS H R E
100

90 L4 4 %

RHS.CC

weazE SO

70

Y=0.898X+9.741 r=0.763

60 1 1 1 1
50 5 60 65 70 75 8  8HY

FoN SH B L EHE
1 FAZREAIEAEHRE SR & RHS.CC JIGEHRE R o FE BRI
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F4 NN RY T L0 A REE*

No. H15 R A H E'%’;n%ﬁ: RHS.CC  ~L_U (%) 7L~ F (%) Trhali (%)
1 Z3 B R H BT 7 28 15.9 YG13A 3.682+0.101 0.496+0.006 0.110+0.003
2 75 Bl R B T g 27 16.9 YOG14B  6.278+0.118 0.741+0.008 0.159+0.004
3 7% BT R B BT g 26 16.9 YG9A 5.046+0.061 0.184+0.002 0.124+0.001
4 35 B HRAR B BPIT 7 27 21.7 YG9A 4.074+0.002 0.100+0.000 0.085+0.001
5 7% Bl R B EPRT J 26 19.1 YG9A 6.112+0.128 0.097+0.003 0.094+0.002
6 Z3 BT HRAR H BT 7 27 19.7 YOGI14A  4.833+0.137 0.291+0.007 0.136+0.005
7 Z5 B R A B R g 26 30.9 YG13A 6.256+0.211 0.819+0.002 0.210+0.008
8 7% Bl % T ? 27 42.4 YG13A 3.146+0.064 0.466+0.008 0.090+0.002
9 7% BT AR R U g 30 30.3 YOG14A  7.901+0.149 0.113+0.003 0.115+0.003
10 &ERMREMEET g 30 40.1 YGI13A  4.682+0.119 0.065+0.002 0.063+0.002
11 BoEHzN J 56 45.2 YOGI15A  7.285+0.103 0.653+0.012 0.367+0.007
12 Btz e} 54 41.4 YGI13A  4.446+0.068 0.669+0.011 0.197+0.002
13 Bz N el 55 43.0 YOGI14A  5.004+0.091 0.349+0.003 0.188+0.001
14 BRoEHZN Q 56 31.2 YOGI15A  3.992+0.079 0.732+0.004 0.242+0.002
15 #Hprhi4sfE 7 41 43.0 YOGI5A  6.091+0.082 0.068+0.001 0.154+0.002
16 T4 fE J 40 255 YOGI15A  5.218+0.126 0.500+0.006 0.237+0.004
17 T A ? 42 36.9 YOGI15A  7.209+0.030 0.053+0.001 0.132+0.001
18 HEThHAE 2 39 12.4 YOG23A  6.764+0.147 0.345+0.005 0.301+0.007
19 T4 fE 7 39 18.2 YOG23A  4.451+0.105 0.039+0.001 0.078+0.001
20 I E=ee g 30 37.6 YOG21A  6.497+0.101 0.290+0.002 0.144+0.001
21 LR J 29 23.9 YOG17B  6.229+0.089 0.019+0.002 0.054+0.001
22 LA == e} 30 21.0 YOG14A  6.930+0.101 0.204+0.004 0.148+0.004
23 AT ST ? 22 28.7 YOGI5A  8.537+0.031 0.041+0.003 0.068+0.003
24 AT R 7 23 29.6 YOGI14A  6.652+0.041 0.008+0.002 0.055+0.003
25 AT 2 18 25.5 YG13A 6.340+0.065 0.280+0.006 0.122+0.002
26 B AT J 17 23.2 YG13A 7.049+0.091 0.152+0.001 0.080+0.001
27 R A 7 18 22.9 YG13A 5.950+0.054 0.106+0.001 0.119+0.001
28 AT T g 18 29.3 YOGI14B  7.677+0.064 0.030+0.001 0.082+0.002
29 B AT AR J 18 23.6 YG13A 6.476+0.043 0.009+0.001 0.053+0.000
30 TR { 62 23.9 YG13A 7.523+0.619 0.162+0.004 0.130+0.004
31 TR ? 61 30.6 YOGI15A  7.740+0.107 0.273+0.002 0.195+0.003

" R, Mean £ S.D. (n=3)

RHS.CC: 3775 & 17 —F -+ —Fifth Edition
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