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I. Current situation of crude drugs

I-1. Usage of crude drugs

Medicinal plants (crude drugs) have a wide array of applications in Japan includ-
ing medicine, food, cosmetics, insect repellant, coloring, fragrance, bath products, etc.
Since one drug may be used as medicine and/or food, statistical reports on the precise
amount of medicinal plant utilization do not exist.

According to the domestic cultivation and importation data published in the “An-
nual Report of Pharmaceutical Production”" by the Japan Kampo Medicines Manu-
facturer Association (JKMA), 97% of the 150 most frequently used crude drugs for
medicine and food in 2002 relied on importation (56,221t importation vs. 1,723t do-
mestic cultivation). The employment of these 150 crude drugs parallels the produc-
tion rate of Kampo formulations, and since the sales of these formulations and health
food are rapidly increasing in the recent years, demands for crude drugs are anticipated
to proliferate also. Most commonly used drugs in descending order are Ginger

(23,807t), Coix seed (7,021t), Capsicum (4,000t), Turmeric (3,727t), Glycyrrhiza
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(2,016t), Cinnamon bark (1,259t), Cassia seed (1,203t) and Safflower (1,055t). Gly-
cyrrhiza is unsurpassed in its usage in medicinal products.

The 2006 statistical data® from Japan Specialty Agriculture Products Association
(JSAPA) of medicinal and non-medicinal crude drug importation reported that 58%
were imported from China, 19% from Thailand, 13% from India, 2% from Sudan, and
1% from Taiwan. The actual proportion of importation from China is estimated to be

higher if medicinal products are considered alone.

I-2. Distinction between drugs and foodstuffs

In Japan, medicinal plants are classified into two groups based on the list of char-
acteristics in the “Distinction between drugs and foodstuffs” >,

(1) Medicinal plants that are used exclusively as medicine (ie., cannot be used as
food):

232 plant-based species, 21 animal-based species, 58 other species, e.g., Japa-
nese Angelica (root), Astragalus (root), Phellodendron (bark), Coptis (rhizome,
fibrous root), Rhubarb (rhizome), Aconite (tuberous root), etc.

(2) Medicinal plants that are considered non-medicinal unless medicinal efficacy is
clearly stated (ie., can be used as food as long as therapeutic claims are not
made) :

804 plant-based species, 65 animal-based species, 147 other species, e.g.,
Eleutherococcus senticosus (bark, root, root bark, leaf, flower, fruit), Bitter

melon (fruit, root, leaf), Astragalus (stem, leaf), Phellodendron (leaf, berry),
Coptis (leaf), Rhubarb (leaf), Ginseng (fruit, root, rhizome, leaf), etc.
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I-3. Standard of quality control of The Japanese Pharmacopoeia (JP)

Crude drugs must meet The Japanese Pharmacopoeia (JP)" criteria to qualify as
medicine. In 2001, 121 crude drug species and their 52 powdered forms were listed
in JP 14" edition (JP14). However, revisions and new advances from the non-JP
crude drug standards (internal regulations for approval) after 2006 led to the addition
of Supplement I in JP 15 in 2007 which expanded the list to 153 crude drugs and their
54 powdered forms .

The following characteristics of crude drugs are standardized in the official
monographs of JP:

(1) Name, (2) Origin, (3) Medicinal part, (4) Preparation process, (5) Content of

specific constituents (lower limit setting), (6) Description, (7) Identification, (8)

Purity (includes heavy metals, arsenic, residual pesticides), (9) Loss of drying, (10)

Total ash, (11) Acid-insoluble ash, (12) Extract content, (13) Assay.

Nonetheless, some characteristics have not been specified yet depending on the spe-
cies.

Recent stringent provisions of original species have succeeded in eliminating
loose nomenclatures such as “other species of the same genus” when referring to them.
JP has permitted the Japanese experiential use of substituting crude drugs for Chinese
species; hence, Japanese species must be differentiated from the Chinese species with
identical characters. For example, the original Angelica plant that JP prescribes is
Angelica acutiloba or Angelica actiloba Kitagawa var. sugiyama Hikino (Um-
belliferaae). In contrast, the Phamacopoeia of the People’s Republic of China em-
ploys Angelica sinensis.

Some pharmaceutical companies devise their own in-house standards in addition
to the legally minimal JP standards. Non-JP crude drug standards are used as a ref-

erence for drugs that are not listed in the JP, and each company must develop their own
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approval standards for drugs that are not listed in the former references.

II. Current situation of crude drug products

I1-1. Kampo medicines

Traditional medicine from China evolved uniquely in Japan and established itself
as Kampo medicine. As with Traditional Chinese Medicine (TCM), Kampo medicine
utilizes several crude drugs to prepare Kampo formulae. Nowadays, industrially
manufactured dried extract formulations have outnumbered traditionally prepared de-
coctions, pills and powders.

Kampo formulations are available from physicians as prescriptions and as OTC
formulations from regular pharmacies. Kampo formulations for prescription have
fixed national drug prices and are covered by the national health insurance (NHI)
which keeps patient payments fractional. Currently, 148 formulae are approved as
prescriptions. In contrast, 210 OTC Kampo formulations have been authorized since
1975 by the internal regulations for approval®. Several more formulae that have been
approved before 1975 are available also.

Official data documenting the precise market sales of Kampo medicines in Japan
are not available. Instead, production values, ie., amount of production x NHI price,
are construed as the proximate data on market sales. For example, the 2004 produc-
tion values of the top 8 formulations in descending order are as follows: Hochuekkito
(Bu-Zhong-Yi-Qi-Tang; 7% of total production values of Kampo formulations), Dai-
kenchuto (Da-Jian-Zhong-Tang; 6%), Saireito (Chai-Ling-Tang; 5%), Kamishoyosan
(Jia-Wei-Xiao-Yao-Sa; 4%), Shosaikoto (Xiao-Chai-Hu-Tan; 3%), Bakumondoto
(Mai-Men-Dong-Tang,; 3%), Goshajinkigan (Niu-Che-Shen-Qi-Wan; 3%), and Rik-
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kunshito (Liu-Jun-Zi-Tang; 3%)". These formulations tend to have higher NHI
prices also. However, formulations that are frequently administered by physicians
including Kakkonto (Ge-Gen-Tang), Shakuyakukanzoto (Shao-Yao-Gan-Cao-Tang),
Choreito (Zhu-Ling-Tang), Shoseiryuto (Xiao-Qing-Long-Tang) tend to have lower
NHI price®”.

During the early approval stage of Kampo extract formulations, lack of regulation
details led to products with less content of constituents than decoctions. In 1986, the
government re-established the regulations for quality control and this became known
as Marukan. The revised standards® required extract content products to contain ho-
mogenous amount of dried extract that was equivalent to the amount generated from
standard decoctions prepared via traditional methods (note that each company devised
its own standard decoctions).  The amount of two or more indicator ingredients of
extracts had to be comparable to the standard decoction also, and the accepted range
for these ingredients was defined at £50% mid-range. In contrast to the Traditional
Chinese medicinal products that incorporate whole extracts in every production, and
consequently vary in amount among the batches, Kampo extract formulations contain
very stable and consistent amount of ingredients across all batches.

After 2006, the JP created a regulation list for Kampo extracts based on each
company’s standards. The following eight formulations were added and listed in the
pharmacopoeia®: Kakkonto (Ge-Gen-Tang), Daiokanzoto (Da-Huang-Gan-Cao-Tang),
Kamishoyosan (Jia-Wei-Xiao-Yao-San), Ryokeijutsukanto (Ling-Gui-Shu-Gan-Tang),
Hochuekkito (Bu-Zhong-Yi-Qi-Tang), Saireito (Chai-Ling-Tang), Hangekobokuto
(Ban-Xia-Hou-Pu-Tang), Keishibukuryogan (Gui-Zhi-Fu-Ling-Wan). For each ex-
tract, the following sets of standards were defined:

(1) Contents of indicator ingredients, (2) Method of preparation, (3) Description,

(4) Identification, (5) Purity (heavy metals, arsenic, etc.), (6) Loss of drying, (7)

Total ash, (8) Assay, (9) Container and Storage,
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Each company devised their own regulations and standards in their approval
documents for formulations and crude drugs. Even though these standards were in-
dependently implemented, they all fell within the wider range of JP standards.

In addition to the official GMP for medicine, JKMA established a self-imposed
standard called “GMP for Kampo products” in 1988 for the manufacturing of Kampo
extract formulations. They also established a crude drug control manager who over-
saw the quality assurance of crude drugs, and included additional testing of aris-
tolochic acid and residual pesticides in the 2007 revision”. Regulations such as GAP,

GFCP, GACP had not been established in Japan yet.

11I-1-1. Kampo formulations for prescription

With the advent of national health insurance coverage of Kampo extract formula-
tions in 1976 and concerns about adverse effects from chemical drugs, the market sales
(production value) of Kampo formulations” for prescription soared dramatically,
peaking 154 billion yen in 1992. From the end of 1991, however, newspapers and
mass media reported increased mortality rate from interstitial pneumonia among pa-
tients who ingested Shosaikoto (Xiao-Chai-Hu-Tang) for chronic hepatitis. This in-
cidence converted Kampo prescribing physicians, who regarded Kampo as safe medi-
cines, into cautious and doubtful physicians. As a consequence, this led to a sharp
decline in both Kampo formulation production and Shosaikoto prescription.

After reaching the lowest production value of 84 billion yen in 2000, however,
each succeeding year demonstrated a steady recovery rate and growth of Kampo for-
mulations for prescription. By 2004, that figure rose to 92 billion yen and now
Kampo formulations compromise 1.2% of the production value of the entire Japanese
pharmaceuticals.

The characteristic of Kampo medicine practice in Japan today is that physicians

are capable of prescribing both the chemical drug and Kampo medicine. This is in
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contrast with the Chinese system where two separate physician licensures are required
to practice Western medicine and Traditional Chinese Medicine. Traditionally, very
few colleges taught Kampo medicine education and the majority of physicians studied
independently post graduation. In 2001, the guidelines for medical education pro-
moted the “understanding of Wakan-yaku (Kampo medicines)” for all doctors. Since
this announcement, many universities began teaching Kampo medicine and by 2004,
all of the 80 medical schools integrated Kampo medicine into their curriculum.

According to the results from a physicians’ survey'”, 72% of respondents an-
swered “currently prescribing Kampo medicines”, with 52.7% of physicians employ-
ing them for unidentifiable complaint and menopausal disorder, 50.8% for acute air-
way inflammation, and 48.4% for constipation. Many physicians reported familiarity
with the following prescriptions and often used them as the first line of defense for
treating diseases: Kakkonto (Ge-Gen-Tang; 51.6% of physicians prescribe this), Sha-
kuyakukanzoto (Shao-Yao-Gan-Cao-Tang; 45.7%), Hochuekkito (Bu-Zhong-Yi-Qi-Tang;
39.0%), Shoseiryuto (Xiao-Qing-Long-Tang; 32.9%), Kamishoyosan (Jia-Wei-Xiao-
Yao-San; 31.8%) .

Application for manufacturing approval of Kampo formulations for prescription
are based on the 1980 regulations®, and no other formulations have been approved
since that year. This is because the current regulation mandates astringent data sub-
mission that is comparable to a new drug application with rigorous clinical trials.
Unlike China, Japan does not have a separate approving system that is lenient toward

empirical, traditional medicines.

I1I-1-2. OTC Kampo formulations
OTC Kampo formulations have a production value of approximately 1/4 to 1/5 of
Kampo formulations for prescription, and they compromise 2.9% of the entire OTC

sales”.  Along with the prescriptions, the OTC production value had reached its peak
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of 30 billion yen in 1992 and dropped thereafter. Sales have only recently recovered
in part due to heightened awareness of lifestyle-related diseases and great hope in Bo-
futsushosan (Fang-Feng-Tong-Sheng-San) as an anti-obesity drug.

In 2007, the pharmaceutical affairs law was revised as part of the national attempt
to promote self-medication. This allowed non-pharmacist, registered salesman to sell
Kampo medicines'”. Due to these changes, the market is expected to show an up-
ward trend in the coming years.

In 1975, 210 formulations were selected for OTC according to the internal regula-
tions for “Guideline for OTC Kampo formulae™. These formulae had the potential
for approval in the recent years if their effects and indications matched the Guideline,
and if sufficient data proving equivalence in quality as standard decoctions were pre-

sented. In 2008, the outdated internal regulations were rearranged, added and/or re-

vised to update the effects and indications of the OTC formulations.

I1-1-3. Classical formulations (Decoctions)

For doctors and pharmacists who prefer a higher content of crude drugs than the
pre-determined amount in extract formulations, crude drug pieces are available for sale
for decoctions. Insurance will cover all prescriptions as long as they are prescribed
by physicians and combine any of the 248 crude drugs that are listed in the NHI price

list. Even so, some physicians opt for insurance-free practice.

I1-2. Conventional crude drug products (non-Kampo crude drug products)

In Japan, crude drugs may be used in OTC products besides Kampo formulations,
such as a product combining crude drugs with vitamins. Approval is granted as long
as there is evidence of prior consent for using the drugs. Currently, statistical data of

sales of non-Kampo crude drug products do not exist.
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I1-3. Health foods

Under the Japanese law, all products except drugs are traditionally considered as
foods. However, many illegal sales of food and herbal products with false medicinal
claims flooded the market and because of this, two new food categories were added in
2001'?- foods for specified health use (FOSHU) and foods with nutrient function
claims (FNFC) (foods which consist of vitamins and/or minerals). FOSHU are prod-
ucts that can claim medicinal benefits if preliminary clinical data and scientific evi-
dence are submitted. For example, Tochucha’s (Eucommunia bark tea) health claim
as the “beneficial food for people with high blood pressure” is approved by the
FOSHU. As of November 7". 2008, 806 types of FOSHU have been approved.
These products contain plants such as soybean, tea, psyllium, wheat, guava, coffee,
Eucommunia bark, seaweed, sesame seed, broccoli, and cabbage, etc. The FOSHU
market growth is proportional to the increasing number of approved products, with
2007 sales reaching 680 billion yen (not all products contain herbs) '*.  On the other
hand, health foods that have not been approved by FOSHU and FNFC are still sold as
“so-called health food” even after these regulations have been implemented. The

2007 market for these “so-called health food” have reached 1,100 billion yen'*’ .

II1. Theme/subjects for Japanese medicinal plants industry

ITI-1. Rising crude drug prices and declining product values

Crude drug prices in Japan have increased in the recent years. The main factor
for this increase is due to the rising labor costs in China.
The NHI price of prescription drugs in Japan are fixed and subject for

re-evaluation every two years according to the actual trading price. However, the ac-

_g_
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tual trading price is lower than the NHI price because they are determined by the nego-
tiations between the medical institutions and wholesalers. As a result, the NHI price
of most prescription drugs will decrease several % every two years. Kampo formula-
tions are not exempted from this fluctuating market either, as reflected in their consid-
erable price reduction over the past several decades. Western pharmaceutical compa-
nies compensate for NHI price reductions of existing products with new, high-value
products. Since Kampo medicine companies do not make new products, price decre-

ment inevitably leads to lower profit.

I11-2. Stable procurement of crude drugs

The market sales of Kampo formulations for prescription have steadily increased
in the recent years. However, the declining NHI price and reduction in weighted av-
erage sales price from greater usage of low-priced formulations have led to crude drug
demand surpassing the actual sales of Kampo formulations. With every 8% increase
in crude drug exigency each year, it is estimated that the amount that will be required
in nine years will double from now.

China has always been the single, greatest source of crude drugs. However, in
order to protect the environment and fertile land from turning into desert, the exporta-
tion of Glycyrrhiza and Ephedra Herba from China is currently limited. This foretells
the potential risk in relying on one country as the main source of procurement. ~ Do-
mestic cultivation of medicinal plants in Japan is trekking a downward trend also due
to aging farmers, greater profit from cultivation of other crops, and defeating price
competition with Chinese suppliers.

Crude drugs that are mainly domestically cultivated (2002) " include bamboo
grass (Sasa veitchii ; 20t), Zedoary (20t), Cnidium Rhizome (12t), Artemisia (10t) and
Zanthoxylum Fruit (10t). The Research Center for Medicinal Plant Resources — Na-
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tional Institute of Biomedical Innovation publishes “Medicinal plants — cultivation and

19 with

quality evaluation” (volumes 1-11 covering 58 medicinal plants/crude drugs)
the purpose of promoting cultivation techniques. The following items are described
in these documents:
(1) name and origin, (2) medicinal part, (3) (aspect) properties of plant, (4) (aspect)
characteristics of crude drug and production area, (5) characteristics of cultivated
species, (6) cultivation method, (7) quality evaluation of crude drug, (8) classifica-
tion table of characteristics, (9) cultivation almanac, (10) data.

Breedings of medicinal plant seeds are performed by a small fraction of the in-
dustry and by the Research Center for Medicinal Plant Resources — National Institute
of Biomedical Innovation. Registration and application of seeds can be found on the
webpage of Ministry of agriculture, forestry and fisheries'®.

A better procurement system that relies less on China for import and more on

domestic cultivation of medicinal plants must be actualized in the near future.

I11-3. Countermeasure for contaminations of crude drugs

Public interest in “safe food procurement” has increased after the recent quagmire
with Chinese agricultural products containing high residual pesticides. Additional
limits are being created for residual pesticides, heavy metals and arsenic, and microor-
ganisms of crude drugs and their products to ensure greater safety. More investments
on tests that identify potentially dangerous substances will benefit the industry in the
long run, even if the immediate profit of crude drug manufacturing companies may be
affected. As we proceed into the future, the traceability of crude drugs must be fur-
ther established by tracking, investigating and managing transportation from agricul-

tural farms to the factory - all this in addition to the regular downstream inspection.
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I11-3-1. Residual pesticides
Based on the residual pesticide investigation of crude drugs in 1997, the total
BHC and DDT limit of 0.2 ppm was established for Ginseng, Powdered Ginseng, Red
Ginseng, Senna Leaf, and Powdered Senna Leaf. However, crude drugs were tested
again in response to public demand, and the residual pesticides limit level was deline-
ated in the 2006 JP15 as 0.2ppm for total BHC and total DDT each for the following
crude drugs (in addition to the former ones in 1997):
Astragalus Root, Polygala Root, Powdered Polygala Root, Glycyrrhiza, Powdered
Glycyrrhiza, Cinnamon Bark, Powdered Cinnamon Bark, Asiasarum Root, Cornus
Fruit, Perilla Herb, Jujube, Citrus Unshiu Peel, Loquat Leaf, Moutan Bark, Pow-
dered Moutan Bark
During 2005-2006, JKMA established the following self-imposed limit for Kampo ex-
tract formulations and non-Kampo crude drug products:
Organochloric pesticides (total BHC, total DDT: below 0.2ppm)
for Kampo formulations and non-Kampo crude drug products containing Gin-
seng, Senna Leaf, Astragalus Root, Polygala Root, Glicyrrhiza, Cinnamon Bark,
Asiasarum Root, Cornus Fruit, Perilla Herb, Jujube, Citrus Unshiu Peel, Loquat
Leaf, Moutan Bark.
Organophosphorus pesticides (Parathion : 0.5ppm, Methyl Parathion : 0.2ppm,
Methidathion : 0.2ppm, Malathion : 1.0ppm )
for Kampo formulations and non-Kampo crude drug products containing Poly-
gala Root, Cornus Fruit, Perilla Herb, Citrus Unshiu Peel.
Pyrethroid pesticides ( Fenvalerate : 1.5ppm ~ Cypermethrin : 1.0ppm )
for Kampo formulations and non-Kampo crude drug products containing Poly-
gala Root, Perilla Herb, Jujube, Citrus Unshiu Peel, Loquat Leaf.
For crude drugs that are used as foods, the residual pesticide limit changed from

its negative list to a positive list system in 2006, and uniform limit of 0.01ppm was
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implemented for all residual pesticides of all food products that lack individual limit.
For pesticides that are not legally regulated, in-house limits are established by the

company and testing is performed accordingly.

I11-3-2. Heavy metals and arsenic

The 2006 JP 15 established limitations of heavy metals and arsenic for 40 varie-
ties of crude drugs. Supplement I to JP15 (2007) added 65 more crude drugs to this
list”, and uniform standards for heavy metals (30ppm) and arsenic (3ppm) for eight
Kampo extracts in JP were also implemented.
II1-3-3. Microorganisms

The JP identifies acceptable limits for the following microorganisms in drugs as
general information (and not as mandatory regulation): aerobic bacteria, molds and
yeasts, enterobacteria and other gram-negative bacteria, Escherichia coli, Salmonella,
Staphylococcus aureus. Category 1 lists established limits for crude drugs for extract
formulations and decoctions which are manufactured at high temperature. ~ Category
2 represents the more rigidly, regulating limits for powdered crude drugs, pills or

powders which are manufactured without heat.

VI. Japanese association for Kampo/crude drugs

Industry organization
Japan Kampo Medicine Manufacturers Association <http://www.nikkankyo.org/>
Tokyo Crude Drugs Association <http://www.aa.alpha-net.ne.jp/shouyaku/index.
htm>
Research institute
Division of Pharmacognosy, Phytochemistry and Narcotics-National Institute of

Health Science <http://www.nihs.go.jp/dpp/index.htmI>
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Research Center for Medicinal Plant Resources - National Institute of Biomedical

Innovation <http://wwwts9.nibio.go.jp/>

Academic society

The Japanese Society for Pharmacognosy <http://www.jsphcg.gr.jp/>

Japanese Society of Breeding <http://www.nacos.com/jsb/>

Crop Science Society of Japan <http://wwwsoc.nii.ac.jp/cssj/>

The Japanese Society of Horticultural Science <http://www.jshs.jp/

The Japan Society for Oriental Medicine <http://www.jsom.or.jp/html/index.htm>
Medical and Pharmaceutical Society for WAKAN-YAKU <http://www.wakan-
iyaku.gr.jp/>

Other association

D

2)

3)

4)

5)

Japan Speciality Agriculture Products Association <http://www.jsapa.or.jp/index.

html>
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I. Introduction

Herbs have been used as medicines and functional foods in the Asian world for
thousands of years. Before western medicines were introduced into Asia, herbs had

been the main weapon in the treatment of diseases and even today remain a main
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source of drugs in the primary health-care. Currently over half of the Chinese popu-
lation use traditional herbal prescription, particularly when western medicines do not
appear to be as effective as in the case of the treatment of chronic ailments such as
age-related diseases. The Traditional Chinese Medicine (TCM) in China is undergoing
a new renaissance as the current Chinese government has recognized that the TCM is a
treasure for the nation and can provide both improved health care for its own citizens
as well as serving as an excellent source of phytomedicines for the international export
market when it is combined with modern science. As a national strategy, the Chinese
government is placing much emphasis toward modernizing TCM. The push toward
modernization in this field has led to an increase in the use of modern pharmacological
experiments, standardization of the active components, identification and use of
marker compounds in herbal prescription, establishing fingerprinting profiles (chemi-
cally and genetically) for single and blended herbs, and a wide range of other quality
related issues that now face the international acceptance and use of TCM. The long
history of TCM, and its associated assumption of safety, if not efficacy, has attracted
much interest for the European and North American marketplace to examine and use of
Chinese herbs for disease prevention and treatment. Consequently, due to perceived
consumer demand for these products, many western companies have been importing,
promoting and distributing a wide range of Chinese herbs in the western market and
this business appears to be quite fruitful. Popular Chinese herbs including ginseng
(Panex ginseng C. A. May), ginkgo (Ginkgo biloba), Dong quai (Angelica sinensis
(Oliv.) Diels) and Siberian ginseng (Eleutherococcus senticosius) are among the top 20
selling herbs in the US market.

Herbal products are marketed in the United States as dietary supplements and not
as medicinal plants or medicines. The US Food and Drug Administration (FDA) de-
fines dietary supplements as: 4 dietary supplement is a product taken by mouth that

contains a "dietary ingredient" intended to supplement the diet. The dietary supple-
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ments are regulated by Dietary Supplement Health and Education Act (DSHEA). The
passage of DSHEA has opened up opportunity for a plethora of new herbs onto the US
marketplace, and while providing consumers a wider range of options. In this paper,
we present general information on a number of popular Chinese herbs in the US
market, discuss their current applications, chemistry and pharmacology. We focus our
comments on four popular Asian herbs: Angelica sinensis (Oliv.) Diels, Rhodiola rosea,
Pueraria lobata and Panex ginseng C. A. May. In addition, a popular dietary sup-
plement, resveratrol will be discussed. Commercially, resveratrol is mainly derived

from a common TCM, Polygonum cuspidatum.

I1. Angelica sinensis (Oliv.) Diels (Dong Quai or Dang Gui, or Tang Kuei)

The whole root of this Chinese plant, Angelica sinensis (Family: Apiaceae) is
used as an herbal medicine in China and is a well recognized tonic herb for women.
Traditionally, Dong Quai is used to treat obstetric and gynecological problems and the
herb drug acts as a mild laxative, a uterine tonic, antispasmodic, and alterative (blood
purifying), increases blood circulation, relaxes the uterus, stabilizes pregnancy, and is
used for the regulation of menstrual cycle (A Barefoot Doctors Manual, 1977). Cur-
rently, in the US, it is marketed for alleviating female disorders such as premenstrual
syndrome, menstrual cramps and to help them with discomfort associated with meno-
pause. Dong Quai is sold as a single herb or herbal extract, or combined with other
herbs, such as black cohosh (Cimicifuga racemosa), chase tree berries (Vitex agnus
castus), blue cohosh (Caulophyllum thalictroides) and astragalus (Astragalus mem-

branaceous) in complex formulas in the US market.

A. Chemical Components

The investigation of the phytochemistry of Angelica sinensis root has revealed the
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presence of several distinct groups of chemical compounds (7-9).

1.

Amino acids: some 20 amino acids have been reported in Angelica sinensis with
arginine and glutamic acid as the major ones.

Essential oils: forty-nine volatile aromatic compounds have been identified by
GC-MS with ligustilides (Figure 1) reported as the major constituents.

Sterols: f-sitosterol, stigmasterol and f-sitosterol-D-glucoside has been identified.
Fatty acids and organic acids: palmitic acid, linoleic acid, stearic acid, arachidonic
acid, ferulic acid and vanillic acid were present.

Coumarins: bergaptene, imperatorin, psoralen, osthole, oxypeucedanin, scopoletin,
and umbelliferone were present.

Polysaccharides were identified.

Other components: E232, angelicide, brefeldin A, tetradecan-1-ol, tetramethylp-

yarazine were present.

CH,CH,CH3 CHLCH.CH
2 2 3

ligustilide E-ligustilide

Figure 1. Structures of ligustilide and E-ligustilide

B. Biological activity

The extracts of Angelica sinensis showed antiarrhythmic effects on adrenaline

induced arrhythmia in cats (/0). Dong Quai was also found to improve the blood cir-

culation of the injured nerve (11), to regulate LPS-induced elevation of Ca®" intracel-
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lular level of alveolar macrophages and may inhibit non-specific inflammation of air-
ways in chronic bronchitis (/2), to protect the human vascular endothelial cell from the
effects of oxidized low-density lipoprotein in vitro (13), to enhance gastric ulcer heal-
ing in rats and promote wound repair in RGM-1 cells (/4) and to stimulate the prolif-
eration, alk. phosphatase (ALP) activity, protein secretion and particularly type I col-
lagen synthesis of human osteoprecursor cells (OPC-1) (15).

The Angelica sinensis polysaccharides were found to decrease colony formation
in spleen hematopoietic tissue of irradiated mice (/6), to increase the proliferation of
several types of precursor cells in healthy and anemic mice and increase hematopoisis
(1/7) and showed protective effects on gastrointestinal damage induced by ethanol or
indomethacin in rats (/8), protective effects on hepatic injury induced by aceta-
minophen in rodents (/9), anti-anemic and immunofunction regulating activities (20),
an extensive effect on immunocompetence (2/), promoting gastric ulcer healing (22)
and augmenting mice splenocyte proliferation, released IFN-y and increased IFN-y
bioactivity (23).

Recent study also showed that Angelica root and its active components have the
ability to inhibit the aggregated amyloid B-peptide (agg AB1-40) induced damage of
differentiated PC-12 cells (dPC-12), a well-known cell model for Alzheimer disease.
Four compounds showing potent activity were identified as Z-ligustilide,
11-angeloylsenkyunolide F, coniferyl ferulate and ferulic acid. They were found to
significantly inhibit AB1-40 toxicity on dPC-12 cells at lower concentrations of 1-10
Hg/m (24)

II1. Rhodiola rosea (Golden root, Roseroot, Hong Jing Tian)

The genus of Rhodiola consists of over 200 species, most found in Asia, and

many used in traditional Chinese Medicine. In TCM, Rhodiola is used as a general
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tonic in the treatment and invigoration of the human body. In the old traditional Chi-
nese medicine pharmacopoeias such as the “Ben Cao”, Rhodiola was documented
to prolong human life, to enhance the Qi in human body and keep human’s body light.
In the US market, the best-known Rhodiola species is Rhodiola rosea L., also known
as golden root or roseroot. Rhodiola rosea grows primarily in dry sandy ground at high
altitudes in the Arctic areas of Europe and Asia. The plant is perennial with a thick
rhizome, which is used as the herbal drug. Rhodiola was first introduced into the US
market by Russians as extracts of the Rhodiola. rosea root had been long researched
and found to contain powerful adaptogens in Russia. In the US, Rhodiola is marketed
and sold as a product to improve mental health, and adaptogenic, anti-stress and car-
dioprotective agents. Rhodiola is sold as single herbal extract though it can be found
combined with other well known adaptotenic herbs such as ginseng and Siberian gin-

seng.

A. Chemical components
The investigation of the phytochemistry of Rhodiola rosea root has revealed the

presence of several distinct groups of chemical compounds (25-28).

1. Phenylpropanoids: rosavin, rosin, rosarin were present (Figure 2).

2. Phenylethanol derivatives: salidroside (Figure 2), tyrosol were present.

3. Flavanoids: acetylrodalgin, kaempferol, kaempferol 7-rhamnoside, rodiolin, rodi-
onin, rodiosin, tricin; tricin 5-glucoside, tricin 7-glucoside have been identified.

4. Monoterpenes: such as rosiridol, rosaridin were present.

5. Sterols: daucosterol, B-sitosterol were present.

6. Phenolic acids: chlorogenic acid, hydroxycinnamic acis, gallic acid have been
identified.

7. Polysaccharides.

8. Tannins.
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Figure 2. Structures of marker compounds in Rhodiola rosea

B. Biological activities

Extracts of Rhodiola rosea exhibited adaptogenic effects in mice and rabbits (29),
cardio-protective and antiaderenergic activity during stress (30). One standardized ex-
tract SHR-5 was reported to significantly relieve stress-induced fatigue in a double
blind cross-over study (3/). An alcohol-aqueous extract (1:1) was found to improve
learning and long-time memory in mice (32). Rhodiola extracts were also reported to
prevent ischemic brain damage development (33), to scavenge free radicals (34), to
show anti-tumor effect in experiments on inbred and noninbred mice and rats with
transplantable NK/Ly tumor, Ehrlich’s adenocarcinoma, melanoma B16 and Lewis

lung carcinoma (35). In a small clinical trial with 12 superficial bladder patients, the
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oral administration of Rhodiola extract was found to improve the characteristics of the
erothelial tissue integration, parameters of leukocyte integrins and T-cell immunity and
average frequency of relapses for these patients has been found to fall twice (36).
Neuroprotective effects of the major component of Rhodiola, salidroside have
been studied. The salidroside was found to protect the PC12 cells against hypoglyce-
mia and serum limitation-induced cytotoxicity possibly by the way of the modulation
of apoptosis-related gene expression, the restoration of the mitochondrial membrane
potential, and the inhibition of the intracellular ROS production (37). Similarly, the
treatment of PC12 cells with salidroside can block H,O»-induced apoptosis by regulat-
ing Bcel-2 family members and by suppressing cytochrome c release and caspase cas-
cade activation (38). Recent research also suggested that the extract of Rhodiola sig-

nificantly extend the lifespan of the fruit fly, Drosophia melanogaster (39).

IV. Pueraria lobata (Kudzu, Ge Geng)

Kudzu is one of the earliest medicinal plants that has been used in TCM thou-
sands of years ago. The roots of kudzu have been used as anti-diarrhetic, antipyretic,
diaphoretic, and anti-emetic agents and to treat alcohol-related problems (intoxication
and alcohol-abuse). Currently, kudzu is marketed as a rich source of isoflavones, as an
herb for women’s health and as an anti-alcohol abuse plant material. As a plant for
women’s health, this herbal drug is formulated together with soy isoflavone extract,

red clove isoflavone extract and chase tree berries.
A. Chemistry

The chemistry of kudzu has been studied extensively. The major components

were isoflavones and saponins (40-48) including:
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Isoflavones: Puerarin (Figure 3), daidzin, daidazein-4, 7-diglucoside, 6,7- dimeth-
oxy-3',4'-methylenedioxyisoflavone, formononetin, mirificin, 3'-methoxy puerarin,
genistein 8-C-glucoside, genistin, genistein, 6"-O-malonyldaidzin, 3'-hydroxy-4'-
O-B-D-glucosylpuerarin and 3'-methoxydaidzin have been identified.

Chalcones: isoliquiritigenin was present.

Aromatic glycoside: pueroside-A and —B, but-2-enolides, sophoroside A.

Sterols: B-sitosterol, daucosterol have been identified.

Saponins: kudzusaponins A1, A2, A3, A4, AS, SA1, SA2, SA3, SA4, SB1 and C1,
soyasaponins SA3, and I have been identified.

Tryptophan derivatives: PF-P was present.

Volatile compounds: such as methyl palmitate, dimethyl suberate and furfuryl al-

cohol were present.

Figure 3. Structure of Puerarin

B. Biological activities

Kudzu extracts have shown antimutagenic activity (49), antidipsotropic activity

(50) and suppressed alcohol preference in a pharmacogenetic rat model of alcoholism

(51). The flavone extracts of kudzu affect coronary circulation, cardiac hemodynamics
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and myocardial metabolism in dogs and show hypotensive effect on anesthetized dogs
and unanesthetized, hypertensive dogs, decreased vascular resistance in anesthetized
dogs, and increased peripheral and cerebral circulation (52,53). Puerarin showed
stimulatory effect on a;4-adrenoceptor to increase glucose uptake into cultured C,C»
cells of mice (54). Puerarin, daidzin and daidzein showed antiinebriation and the anti-
dipsotropic effects (55). Biochanin A isolated from Kudzu root displayed the most ac-
tive inhibition on arachidonic acid release in HT-29 human colon cancer cells, and ex-

hibited its most potent suppression in RAW 264.7 cell without showing cytotoxicity

(56).

V. Ginseng (Panax ginseng C. A. May)

Ginseng (Panex ginseng C. A. May) is the most valuable TCM herb. It is not only
widely used by Asian countries, such as China, Korea and Japan, but also widely used
in many western countries. For thousands of years, ginseng has been used as a tonic to
increase nonspecific resistance against a wide array of various stress agents, to prevent
and cure many health conditions, and has been used as an emergency medicine to save
dying patients. In the US, it is marketed to improve mental performance in times of
stress, to enhance overall health and vitality, to improve resistance to the damaging ef-
fects of stress, and to increases endurance. Ginseng is used and marketed as a major
tonic, stimulant, and immune booster. Ginseng is available in the US market in a myr-
iad of products as a powder, extract (7% ginsenosides and 15% ginsenosides extract),
or combined with other herbs such as American ginseng, Rhodiola, Siberian ginseng

and various vitamins. The dosage varies based upon each of its formulations.

A. Chemical components

The chemistry of ginseng has been extensively studied, and the main components
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include saponins and polysaccharides (57-59).

1.

NS »n s

Saponins: about 30 saponins have been purified from the root of ginseng with
Ginsenoside, Rg;, Re, Rb;, Rc, Rd and Rf as the major saponins (structures are
shown in Figure 4) have been identified in root extracts.

Sterols: B-sitosterol, stigmasterol, campesterol were present.

Polyalkynes: heptadeca-1-en-4,6-diyne-3,9,10-triol, panaxynol, panaxynol, panaxy-
dol, and panaxytriol, ginsenoynes A, B, C, D and E have been identified.

Fatty acids: linoleic acid, palmitic acid, oleic acid, and linolenic acid were present.
Amino acids.

Peptides.

Polysaccharides.

Rbl | Gle(2-1)Gle | Gle(6-1)Gle Re Glc(2-1)Rha | Glc
Rb2 | Gle(2-1)Gle | Gle(6-1)Ara(p) | Rf Gle(2-1)Gle | H
Rc Gle(2-1)Gle | GlebAra(f) Rgl Glc Glc
Rd Gle(2-1)Gle | Gle

Figure 4. Structures of the major ginsenoside in Asian ginseng root.
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B. Biological activities

Extensive pharmacological studies have been reported on ginseng powder, gin-
seng extracts and ginseng components (58,59). Ginseng was found to improve differ-
ent aspects of cognitive performance of healthy young adult (60), and to result in a re-
duction of bile flow and bile secretion of total lipids and cholesterol, while increase the
secretion of proteins in a dose-dependent manner (67). The butanol fraction of ginseng
was found to inhibit gastric damage (62). Ginseng saponins were discovered to contain
components potentiating the apoptosis of MMS-exposed NIH3T3 cells via p53 and
p21 activation, accompanied with by down-regulation of cell cycle-related protein ex-
pression (63), protecting hippocampal CA1 and CA3 cells against KA-induced neuro-
toxicity (64) and inhibiting EGF-induced cell proliferation via decrease of c-fos and
c-jun gene expression in primary cultured rabbit renal proximal tubular cells (65).
Ginsenoside Rbl, Rg3, and Panax ginseng butanol fraction showed strong inhibitory
effects on inflammatory mediators from LPS-stimulated RAW 264.7 cells (66).
Topical application of ginsenosides significantly attenuated ear edema induced by
12-O-tetradecanoylphorbol-13-acetate (TPA) and ginsenosides also suppressed expres-
sion of cyclooxygenase-2 (COX-2) and activation of NF-kB in the TPA-treated dorsal
skin of mice (67). The total ginseng saponins and ginsenoside Rb1 and Rgl showed
neuro-protective effects on spinal cord neurons, with Rbl and Rgl protecting spinal
neurons from excitotoxicity induced by glutamate and kainic acid, as well as oxidative
stress induced by H,O, (68). Rb1 showed nootropic properties (69), ginsenoside Rb2
showed epidermis proliferative effect (70) and ginsenoside Rg(2) blocked the nico-
tinic acetylcholine receptors in bovine chromaffin cells (7). Ginsenoside Rg3 was
found to modulate Ca*" channel currents in rat sensory neurons (72) and to inhibit

N-methyl-D-aspartate (NMDA) receptors (73).



Chemistry and Biological Activities of Selected
Popular Chinese Herbs in the US Market

V. Resveratrol and Polygonum cuspodatum

Resveratrol (3,5,4'-trihydroxystilbene) (Figure 5) is a compound found mainly
in the skin of grapes, peanuts, mulberries, disease resistance to plants (74). The epide-
miologic finding of an inverse relationship between consumption of red wine andmor-
tality rates from cardiovascular disease and certain cancers has been called the “French
paradox”. The growth-inhibitory effects of resveratrol are mediated through induction
of apoptosis and cell cycle arrest in both rat and human cancer cells. Resvera-
trol-induced apoptosis has been repeatedly reported to be accompanied by increased
caspase activity, up-regulation of p53, Bax, down-regulation of Bcl-2, Bel-X, survivin,
and cIAPs in a variety of human cancers. Resveratrol caused cell cycle arrest via
up-regulation of p21, p27, pl6, and down-regulation of cyclin DI, cyclin E, Cdk2,
Cdk4, Cdk7 in human colon carcinoma cells (75). Resveratrol has also been shown to
induce GSH synthesis through activation of Nrf2 (76). Furthermore, resveratrol in-
duced S phase arrest through ATM/ATR-Chk1/2-Cdc25C pathway (77). Resveratrol
treatment induced apoptosis in DMBA/TPA induced mouse skin tumorigenesis through
mitochondrial pathway (78). On the other hand, in vitro and animal experiments have
shown that it exhibits many biological effects such as protection against atherosclerosis,
antioxidant activity, inhibition of platelet aggregation, and antimutagenic and anticar-

cinogenic properties (74,79).

OH

e Vel

OH

Figure 5. Structure of resveratrol
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However, the main reason that reveratrol gains much popularity in the US market
in the past two years is due to its reported anti-ageing activities. Wood et al. (80) re-
ported that resveratrol activated sirtuins (Sir2) in the nematode Caenorhabditis elegans
and the fruit fly Drosophila, and extend their lifespan. The capacity of resveratrol to
increase lifespan was later verified in further studies (87-83).

Since the contents of resveratrol in grapes and peanuts are relatively small, the
commercial source of resveratrol is obtained from a TCM plant, the dried roots of Po-
lygonum cuspidatum Sieb. Et Zucc. Roots of Polygonum cuspidatum contain cis- and

trans-resveratrols and their corresponding glucosides (84).

VI. Concluding remarks on TCM quality

As Chinese herbal medicines move into the US markets, and into the dietary
supplement mainstream, the value of these products to the health care industry and to
consumers will be predicated largely on their proper use, additional scientific studies
using both animal and human studies to evaluate efficacy, and ensuring that a quality
product reaches the consumer. Issues and problems that now surround these medicinal
plants include lack of botanical authentication; lack of natural product standardization
whether for a single, blended or complex herbal mix; and the spiking or adulteration of
final products. Other product problems on Asian herbs such as the presence of unde-
sired heavy metals, pesticides and nontarget plant debris in the final products are also
part and parcel of such a QC imperative, though not addressed in this brief overview.
All of these issues can be minimized or eliminated with a strong scientific-driven qual-
ity control program that if implemented can further promote Chinese Traditional
Medicines to the mantle it richly deserves within an integrated western health care

system.
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& H R DR AT R ERG AR -

B S8PEGMP EHmERTHERE

AT T SRR BE T > S8 5L A0 G EUERE B  BRAYER R > 1T BESRI ) B - A
R ] > B rh SRR 22 e - ARUE -~ B TR EEAERR o E S R R
PR EE ] o RS TIEMSEAS AR, T S g A b GAP WUV E - T EEH

W
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Yk B B E B o T BRE 5 TR R B NESR S RAEE, T
R ~ K AHHEEY) ~ FRESAEEY) ~ R I~ BRI HIE o~ T AL ER S RUE R 4
5 LLpR [ o 28 RO B 22 A= A B

FEE MO SERT (V)53 52 | - T M BE A 2 BAT s R (U B AR BT A R0k
gries o WK - AR RAE (AR e MY - BiEPE T iE e e g U T AR R
BREG U G R R ER R P EE RO A E o IR AR A S TR T
SEFTE > A EES o WURAT RIS Z AIAIRC - H AR E iR > U IPA AR
OB > WL BT R HUN YA FE ~ EOE - T e (B A St B~ AP > (B
HMEIAZ > ERGEN > ZEERAE4 > IR - BRI R 5
PSRy S22 > gAY SR 5 ~ PR - (LERAYILY 2 ~ SR4E > WIHLAYARES > T LAY AN
BRI = FEEEMEN o SMTMRE IR MEEE > HREF - A%
3 ey o T L Rt 5 R B R % 7 T B A B A B - R SR SRR
b SERBZEM YIRS Al s B R SRR E R E

JE I SERT HIFE 2 GAP YR A IR A » GAP ( Good Agricultural Practice )
FyBFE 2R A R GG - £ 80 —(flfie R « S E Bie R ~ SRIERHE R &I
TARHE - e LIPS - BIMEAC - BREE - R - IREEFR(EBRATE T S R YEA]
o BRI TAYREZC ~ SEM R M B 0N TARYE , R AT s P > LAPG Ik
LG H - GAP BEAARMUEEEE ~ B - 75 RSN - 5 ERyH H A
MR ~ SREREYEAL ~ RS E - BT R B AL S - B R L S
WAE e R S RS AL - DAERAESER, (I ZEAT ) BB, - DUMBITEIR
BN RALIORRYERIARS © 55 J5 i > FH e R alym M o0 e 1T e MR &y 0 A > A
H TLC ~ GC ~ HPLC ST AMERFRRLIEFYE - & B PAER IS - FhRFIE 3E A
T T BERT ity B PR ) LR AR %

AN RS 95% DL AU ZER IE FROR B HE TR 2R A > AR 2 i R
PRI > B EER BT o BR T RERE. SN AET 2 SRR S R B A AR B AR
FAYIR T8 » ST 4 2 U] FH AHL A U P ok ok R Sk DU D S S A ) e S R T I 22 6 T
RERF ORI 73 > FREEM BT A S TE AL - P DU AR U P Bt S o 38K P AR
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A B U B St (72 AN P ERARAY » EAK IE v R AR 1Y U 50075 B AR BE SRk {H ) 5
MR IR JEAR BRI S A HAr - /2 REAE A o S8 BRI BLE L i BR B Bl -

A B BE R o R P 2R R TR T TR SRR M BRI R E - B 2001
F1H1HE  CHESMREGS 20 fE R 82 RIA| - #2865 il i 2 88T ] 38 A 20l
[ R AE IR - METRIR T R AR i o3 o2 & J532: » 5[] FDA JRJit 2004 4£ 6 H 2 fii -7 Guidance
for Industry ( Draft) Botanical Drug Products | > £ b5l g&gr g 5% » 521 CMC
INLAVE S - E i E 24 22 BE 38 TR 5 84 7 - WHBEA T 5 [ J7 CMC /Y RE
{25 CMC g 2 CMC jt4& Chemistry ~ Manufacturing ~ Control » fif i %f 1 5 8757
JiE AL R ~ R B ALE 2 T S T S RS BR HT P TR AL R R 0 2
THECR PR EERT T A L A~ AR - MR - H AT A R AR
BEATHIG IR R EEE CMC Bl - 2227 172 FDA BN EMEA $HEY)MERL
UK > WA R RS TR T R 0 S R R RET T S ] B P AL Y
AR A -

CMC 1) checking list J° B2 B A0 FE B UERE (28 E B R EEA 1Y 2 - HERR
HEBH - IEARTFE - DI ) BIRERYHAIE (M PEAR ~ RN ~ il I~ FRmRiE
G~ BRI AR ) o BZBRIREE (AR &SRS P K o EL B - 2R ) 0 KA
=Y (g BUKIE W& &) WAy (e 2 Bils e i & &)
R CER R R w2 e A B ) - K5y (AR ZEA4 vh il & 1Y HE B B 1
W+) BAEIK (g e EIT= ) TLC (&M b2 haHH
sy - EVEARA ) - HPLC (e gépf i) & & E i) » GC (ke
MR EGARENEY ) K rREotE® (eEEdh2aaaRNECE
AL ENER AN ) SRR (A Ep R BUE Y 2 BEE A EEEYE ) - B
T Al (b2 S HEAR - WbV ke le ) - (LB FERUERE (AT LRBEEM 1Y
At > R ELEEMT T S LR 1R ) FEA R AR B Y ERA - (Endangered Species
Act) B¢ CITES MiE JHIR Y BIY) -

Hh S % Hi BRI 15 Y TP B SR SR B KR L TR B 415 S LA
MAFEAE 709 > 2008 4 9 F 15 HAEZ A 1 Fr A R BRI 55 <5 8 = 100ppm »
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Forp 10 A2 B i K IRME BRI - S TINMGEERL - BRSNS ~ BRE ~
RIS ~ NEARME - BETAES ~ A HaE - /NEES ~ ANRHEL - BEE
VTS o HAEE 4808 < S0ppm ~ fifl.0AZH < Sppm ~ fF A MERE A B R 1S E R 10°
cfu/g ~ W IKHE (Salmonella species ) * NSk Hi/g ~ KIGHEE ( Escherichia coli) :
N3k /g - HrhEERE A S A FYAENEH R EEHEEN—F K2k
R FAT IR PR ] R BE e = W RTER N » BEAE & 5 SE Y {8 e L] B Pty v 2 Fre i
AR IR A A RE A A R EE AR A A E SR B -

E=RENGFEABEAN RS 1R IFUHAYE S 28 R 8 o 22 /255 — B
gL FHEET  MAEFGRESN T A EER G ) R EM R
R I AT REME - R L AR R R R B G A2 BB TR T T = Bl LAY
Fi ER B TAT R B AS BI K P O iz 3ttt 5 oz H S RH R 4 B B R v B B 67 TR 8 - A 5
R 2 5 R T 7o = A2 M e S R o S 1 B S HL R 2E AR Ty - T R 38 B
MG RV ERL - [RIRFAAEE T 2204 A% MECRIM A 2 P EEM PTG E] € <
THH o RO FEEA A R ER R T A R AE T (AR TAF §RA]) By KPE
5 5% AR it 7 Ao B B A A o B RT DU A 5 B AR R EER > IR
frHEE T EEAS S VE B AR A AR (ANREE - R o VNIRRT ) N
6 R EEA HE T B AR A N E IR IR T SR 0 AL - R AT R A
HREERA A SUEE E I L o SR IR G Y TR B A SE A -
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T (6 R ) SIRRE

BEERS) | BEEFS)| BRED

41 (Na), ppm 290 120 300

4% (Mg), ppm 2100 1000 120

42(Al), ppm 7000 94000 * | 130000 *

48(Ba), ppm 0.12 57 * 5.8 %

B (As), ppm 0.16 0.29 0.77

4%(Cd), ppm 0.69 0.43 0.09

& (Hg), ppm 0.003 0.006 0.004

£5(Pb), ppm 0.65 0.54 0.%#,
=W,

TEREM(ZHET)

41 (Na), ppm 550 560
4% (Mg), ppm 2400 25000 *
48(Al), ppm 500 620
sk (Hg), ppm 0.007 0.009
£5%(Pb), ppm 0.19 0.42
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A ExE

m ] B
= Hm+ERARE+TEH

g % ¥ GXP (GACP, GLP, GMP, GCP, GSP)
— B (A~ BH T R AH
Bad A - BARR-HE)
+ i@ A A& (CCMP, ISO, PIC/S, EMEA, FDA)
AT XA (BEBEEREE)
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HEERS B H RARRIAEY) ~ B R - BROERS B AR - hEEdf g s
RHBEORM o hEEM 23 A A EMREEIE A R > sfe i - My - st
AN B PR TG TS A S S A TS B 0 s R A IORE © TOH - ARG R
O A B AR B - R EA R - BB M A - I
SEMAERTENBREE ~ PRIGIR R B ~ (0 SR i e S R I RE S e S B T 86 o e &
mn o SORECE LAY T EA AL BRI AR B ME R BEAS AL 1T 5 2 E SRR - AL
PR TSR 7K 1 B OR A P A A BR 1 - R SORRE B B R S TR BE R B R
FIEE - BR 7 B R SER A B B A B DASL - A2 (5 (- BR B A T ERLAT 3502 FEE 1) 52
% o NI > 7K PR v] I RS B 98 o S8 O A Y B IR 5 - XTI > v 3R By KiS T2 4
TEF PAZE R - v SR 71 7 S R B A [ 3 R A /K BRI 2K SRR A LR - B4 - ]l
HBER 7 Tk By K o A B 00 SR IR R AR © /K O3 S TR R S — IR
A EAEAY T H > o] DUE RS O R S8R AR G 7 IR n] REAY MR B o - il E R e R
MU T TR ARER - FEmE i e ] B8 A A VR B SRR R MR > $H3 10 Rl rp Rt

(HA > BHR - &5 A I 0 - 28850 0 B > FF22 oK) > TS
TR IR R P B I © RS RBEUR - 10 Frs & i S8R TP RE A0 R i F BUAE )1 otk
VI BRIRZ R Rtk 73 & B R oK TS PRI ARS SR BT« BRIBEUE R - HLaR L
T ER B R PR AR 0.7 B TPARAKIE PR A &l - KSR (25°C) HIEL
il FREUR © 25 PUKYETE 0.6 557 A0 38R 1Y P ik o0 5 B AE 10~15 96 f50T -
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PR 7 A o AR EEA - HAR k> S EARR 4.5% -

BRASET  tREER ~ JKVENE ~ RAEMEE

Key Word : Chinese herbal medicine, Water activity, preservation

ik

i

_‘ET]

HBER B H RARIITEY) ~ BY) R - BRAE R SR At > B & th
DA SERS Fo s e B B RS o AT AR 2R SR B T B A B BB 3 - U H
HH R K [ 7 P SR A (B IERE AR AR F A ST A IR HE B T 2 AR A
L DA SE R IR o 1T 1 55 B B 2 BN A B 3 R (A B R A RH B S IR
T MUR R P EL 2 A T o 5 8 > o Je oo S RS A SE R R R A B 2T
JIEESE s T o T S B A A A IR R R N R o i e R -
7 AR AN B A 15 35 B 20 S B AR VDTS s - s BB B DRE - > TR
Y15 e G A ) AR B - R R E AR SR o M 2 -
DKIE > SEA TR BRET ~ FRUCIR BB ~ & TR B Rl <5 b R ] REFR & 5 2B v 2 44
LA E o AP R A T SR I S R aE R A A S e R - ke 2 A DA
Ty AEE T A A B > DRI - msoR iRl AL B H SE A AL N (IR ST A 7 3E A
Hil 5 eE 2 AE (RS - 1999) -

FEFS > BT B T SRR, B i T A Bl RS - SR R TP SE A Y PR AT
Rt (BT S ROk - N FIR A AT B 0 2 38 38 Fe it I8 TR TR 22 - AR ER e B ]
A~ AT I T SRt SE B AR AT R (W 52 38 B SRR AT 0} U5 1T > 28 3R AT B v 24
WS B ORAF IR Z S I SR ORI B AT IR - A5 B P B8 A 2 B AR A7 RS IR
TEEM M BLER N EEET o Hovh > A5 B TR R SRR R (Y BR G BL K oy F HE  AUE
RROE - BEE B 2 B  JEUE ~ WAL ORERG - R RS -

FORHB R 38 B (AR IR I RRAR ~ PP AR ~ ARHH ~ AR AR R
5¢ > WA MERLIE R > 1A - WUBEYE > SERREIE ~ (TSR HEEE - &
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W S IR SRR AT 8 AR T BEAT BIOFT S E EELLARES » A — 2D 0 B B — SE A B IR A
PROFROMIEL e F (AIEREERIE ~ RIESE) MBERHITER AR - K010 & R fr
7 B R (2 (B W I 2t e B P B e B BB 255 = D BORF IR S
ST (AN 58 ) & S IR R A7 20K - 5 & RS - B 8E M2 DL "W
BE” R S ORAF BT > 2R IN Tk 2 DAREAR A 28 A1 By 7Kk 70 & 2 R PR R B 5 20
H > DUEHR TR S > REEFEE &AM BSEN G - HEHT
BREEIROF O > BN s BE A RSB B B = (R BRI ZE R ) > iR
Tt P A EE R R K TR > T S R A I ) 2 25~ Wl ~ RGRG R B E B - D
BRI S PR A H T 1 £ B 2K G > dg SE T ] F A /KIS T ( water activity )
PERERE o SO A SR ET TS > B0 S P BB A BB P B215 205 H O PR A7 IR -
A SR AR 7 i I R R I KT T > RS A B IR R Rk R e RS (5 -
HE T DGE R PR A7 .2 A  2R0M0 - AR 3 /R TR se BRI IR H A IR - AL -
AR SRR RS BEAT ) KT R L R PR W A B AR 1

A PEMHSKE  REREGHEESEMEERL

HHTEEM I EH - ERRD > KRG 5 R TR SR 2 BV ~ (LB )
BPERYSOE > NIEk > SRS FEEARGLE PEMMNE - TI%E (1992) #&
12 Fe PSRRI P 70 e U E Bk 2 ~ RHER ~ T2~ SFE 8D > IT P EiRE 25 )
35°C > AHENRAL 75 ~ 84 K 1009 HUEREE » JIEL AT TR ZEp ok E ()~ L&
Koraa (R REBEEN (RZKM) - fEREUR Sk S KR IERE B &
FA > MEAERE > JBck 28 > R HE - 22 27K 705 B R/ INS 5 B A > ok 2 > RAESH >
TR o TR AR 3 A B 20 1R % B B R > RBHESE > S I 2 > o - B AR (1997)
W% (K10 WEUR @ BEFEN=EAR (FEERE 13.1 2] 28.5C ) kAHE
RIERYANF (R 56 2 8996 )5k . VU rh SE 4 By RE 25 B et iy 16 T2 86 {1,/ -
DA b g el L S 5 PEEAM Y EREIEE - B 7 S SRR AR B i S MR B DL
S 52 A B B U B S R Y S
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F— +EREEESBENRXENSL (X SD%)
Table 1. Moisture uptake of 12 Chinese herbal medicines at different conditions.
" B4 R.H753% R.H 84.3% ZR
;}:’ do 71(% 0 0 0 0 7"({,7]\
(%) 25°C 35°C 25°C 35°C (%)
. i & 12.58 3.89+0.54 2.06+0.25 4.01+0.65 4.97+0.14 16
Doiscorea opposta
RIEH
Trichosanthes 16.14 0.20+0.15 1.62+0.34 7.40+3.19 4.97+0.50 16
kirilowii
. *E 11.94 5.01+£0.64 1.23+0.18 18.00+8.01 2.49+0.67 17
Pinellia ternate
ﬁ‘% . 8.64 8.15+6.75 2.554+0.40 9.90+2.95 13.31+4.38 16
Glycyrrhiza uralensis
-
® K
Astraglus 6.23 7.59+1.46 3.844+0.28 | 29.20+12.2 | 11.64+11.56 | 14
membranaceus
AN s
. iﬁg‘.m . 13.92 2.624+0.48 5.76x£0.27 11.7944.10 9.47+6.21 14
Lonicera japonica
= 547 | 0.88£031 | 1.0040.00 | 36.29420.89 | 324+1.88 | 6
runus persica
&i= . 6.04 0.72+0.23 1.58+1.00 5.35¢1.72 2.734+0.44 6.5
Prunus armeniaca
thF4= 6.67 4.69+3.28 1.01£0.62 2.73£0.44 1.50£1.16 7
Platycladus orientalis ’ ) ’ ) ' ’ ) ) '
%
* g . 17.07 17.00£16.2 | -7.34+7.42 | 12.3945.38 3.15£9.9 19
Codonopsis pilosula
|t 1421 | 19324733 | 8344823 | 26.67+1032 | -025+2.90 | 18
Lycium barbarum
PR 17.20 | 18.17+13.46 | 6.49+0.68 14.72+6.49 0.4449.1 19
Achyranthes bidentata ) ) ’ ) ’ ) ’ ) )
(Ed - 1992)
K- WEEAEEFERETRKE (%)
Table 2. Moisture uptake of Chinese yam at different conditions.
BE | BMEBH(XR)| 2 3 4 6 8 10 | 15 | 17 | 19 | 24 | 28
25°C R.H753% 2.63 | 393 |3.82|3.72|3.92|3.89|3.88 |3.87 |380| 45 | 4.88
R.H 84.3% 321|342 | 345 |3.68 |3.79|399 | 398|393 |441|492|534
35°C | BmEBH(R)| 5 7 9 11 13 18 21 24 28
R.H753% 1.97 1.73 1.96 1.88 2.28 2.61 2.18 1.97 2.01
R.H 84.3% 4.94 5.26 4.87 4.73 4.99 4.98 5.01 4.94 4.99
(F&r > 1992)
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x*= t+TIEBERAAEGHRETEHRIER (RE 35C)

Table 3. Mold growth of 12 CHMs at different %RH ( Temperature = 35C )

8 R.H 75.3% R.H 84.3% R.H 100%
L | R EREN R # EREN A # ERER
o 2 28 | AR RR 28 | AR RR 3 |BE-RE-LEE
46 & R

28 | BERAR—&K

R it 28 | & 4 | PR FHRe A K 3 | BEMBLEK
28 | #M KI5 A 28 | BB RS
*g 28 | & 28 | & 6 |EEMetk
28 | A ERMRAF
H#+3 28 | EBmEABE 9 My S | BEMBAEER
4K
28 | IR 0 A KRBT 6 18 PR A A8 > MR A f8
B A K
28 |MEAAKR—H
TR 28 | & 11 | FT 48 7 45 1 48 8L BA 46 3 B4 K
X3
28 |2 AMOMEBAAE RS 28 | A KRS
24858 28 | & 28 | FT 4 7 45 T e 1B 45 3 ZAu A A K
Ak o BEM AR 5 | Fiudk
28 | A ERMBRHF
A= 28 | & 28 | & 9 B~ mhef A K
28 | mEAK
%1 28 | & 10 | FoT 4807 45 4 f8 5 | FE - & eduik
28 | ERA KR 28 | BARARE
A= 12 | Fief ~ 24w 4 | Fium o~ 2hu 9 TRERME B

LR
28 | B A ORIy A 28 | I;AB - AR—K 28 | BE BT
oo~ ARk

Y 4 | TRAEVE4 3| TR T A s 30 |ARME -~ B BEE
8 A4sAEER—K& 28 oL A k% 28 | A K&
e 17 |EBEEBER 10 |EHmMetk 30 |EBERBAER
28 |2@mA k- k| 18 |FIHELTST e 28 | A KB
— % 28 | &AM AR
14 B 20 |FTaBATAE SR Aufe | 12 [JR4efE o MTBATAE T T JE fw e~ 1B PR 4w
18 o~ mha
28 | RF; oA A| 28 |IAM AR 28 | AR

E—ft

(Edr > 1992)
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&M +@BERAAEGRETEE2ER CRE 25T)

Table 4. Mold growth of 12 Chinese herbal medicines at different %RH ( Temperature = 25C )

# 4+ R.H 75.39 R.H 84.39% R.H 100%
AR | x#m E9EN | A% LT LD ®# FHER
b 2 28 | EMAEE 24 | 7T R4 45 A A 3 | RERRER
28 | A RRAE 28 | A RR4E
RIiEH 28 | & 14 | =T R P48 847 45 FH S 3 | B4R
28 | A AR 28 | EE A KR
¥R 28 | & 28 | &AL K 20 B2 BAKRAE
28 | EH A KR
HE 28 | & 14 |[FrEssAiammess| 3 |BEHBLE
E
28 | A R RAE 4 | TREM
28 |#i A RAmat
* K 28 (& 16 | <7 R sui¥ 3 |2RmAeRAE
28 |MEARRY - REAE | 28 |4 R
S4RGE 28 | & 16 | P77 45 #+ hu b 5 | TRRMBM - £
e
Med= 28 (& 23 | TRFENEeM- 2| 6 | Ziempssk
PR
28 | AR—#& 28 |4 Rt
Ei= 28 | & 16 | FTEA745Hdife ~ Kdafd| S5 |BEARAE
28 | Ak#&E
A= 13 | REMBAE | 10 |Ziem - BER 3 |RE - Am - BE
28 |AR—#&
¥ % 28 |BmMEAE 16 |FraEuisshem - £ | 2 |REEEAsE
11| 7T Rmsem
M 28 | & 18| FoT b7 45 A+ S 2 ARk AMAER
28 | &R 30| T Ramsem
S 28 | & 18 | Zaemd & 5| maem - me
6 | BEINFR -~ Fhu
28 |AR—#& 28 |mi A Rat
(E4r1992)
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&*h MEEMARRDHEREBER

Table 5. Observation of mold count of 4 Chinese herbal medicines at various month.

A #r 1 2 3 4 5 6 7 8 9 10 11 12

®mECC) 131 147 17.8 21.8 255 273 285 282 271 238 193 152
BE(%) 56 61 68 82 85 89 81 77 68 64 41 58

Rt
Can, 1720 32 45 81 86 78 83 61 47 19 2
(#5A4R > 1997)
2~ REMHYIK 3 IR BT B2 7K 1%
IR 93 T R BERL B Y — R = {ELZK 53 B A i - AN [F] Y S22 7K 93 7] DL E 22 560 B 5
6 B 20 22 5, - At EE AL B 2K AT DURIIY fi] 22 S@ 1 7K L AEAC 8 o S8 Fi m] DAACHRI) 7K

B "HHZK”  (free water) o MR H /K o thEEM RRNGERERIVAK > HRFES

“Hir/k”  (bond water ) o FHRYHEERT RHN & A — B ELBIAY H H17K - AT DLELPY fig 22
RAH - NbFe— R B B & BURAE — B IR SRRy - A e ok - it
QIR - 38 Gl B a2 AR % PR PRI BR B HETT - KGR — BRI RTRYRE A7 i E o
BERF IR BEAERF IR E I 1F - BREGARIYAH ST (relative humidity, RH) 2R %E
1y = (75 8¢ 84% ) » MHEHREL I E Fo i

%RH = ﬁ *100
v

Prro BB Z2 R UK RIS © Po EAHRREE T~ » 2258 BRI RIS E -
Po RIS - AE T2 2% E W LIRS - 48 1009%6RH I > 1o = Fuo -

(BEEAE A REIRIERBRIGNT - I MR BMIACHRAE 4 - (% T SI7E T5%RH > 35
CHs > EBEIK (-7.34g) THITEEK (8.34g) « IIREAE LI > MM S g
HkSy > EEIR B A E AR RS IR 2 BUE e /Ky ? B3f1EE ( Bell and Labuza,
2000) ? HFE I BRI THIRER - ERE ECHASE R BAS SR

A
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N o KRR HIRGE - 225 HP /K A B 22 RAACHY B H/ KGR AL S BARERE
FHYIRTE - AEBIRE EAH AR /K37 URBFTE S BRI BRE SAESS: - DA » 2258 B R
HHEER YK SR A EMEREE AR - BT B PR KRR
U=ty +RT In(a) » Horr p, RRAEEHEIRTEHMEEEEHE (J/mol) » R Z5RESHE > T 2
FEEREE (K=C+273.15) « i a 2B JEHEMEH# (activity constant) > & FEYIEITIRY
P - HASSRERE T A WA AR - B p RS © FERTEE
BT (p) we= () wie= () 2w o REIREME > FTLA (aw) w2 = (aw) we = ( aw)
s o da E b EEBARERIAHIE] HLym e B SRR S R h = W B A A Aok o3 SR
IR - e = YRR IVE A o SRS AL - EEEER 225
FHERRIEES - B EEAAE 10096 ARG KIEME # % 1 - RZKIEMEFORES

. PH20
a, =
PO
)5
_ %RH
" 100

FHER DL RO E A BEORAE BT T B2 P IR EE - INokis M2 —FE iR ey
B oo BRI > EEM P AR B RS P Kk > & (equilibrium moisture content,
EMC) - #8IlI5 & > TPEEMII/KTGTE (Water Activity » a.) BHEEFHPHZERT (AIEHPHZ
aeac IR AR ) o TR A 2 S R LA R RE AT /K BT 2R SRUBRR LA » FTEA > HIKAY
AIEPESFIR 1.0 ©

B2 KOEMEPEMRE
FRR 7S P TS T8t a] DUE HE K 3 BAVY FIER BT ACHARTRE ST » TiE kI
T BV AR AR R AT - A2 H AT KA A RS T 0.99
et Fr it ] FEFR R IS B Y E PR R A AVEPE R 0.95-0.75 » HHE R AR KTS
MERER 0.75-0.65 > HZBIN T BIBEK R dh (VKREZ ~ ARZ) AltE— Rk PR =
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0.65-0.60 » FL2 FI - AlRZAR{ (OKI3E 8 12% > ZKiEME 0.5) ~ F=ikt (ORI 109
AVEME 0.5) ~ BBk (OkorErE 3-5% 0 AVEME 0.3) Kby (Okorard 2-3% o
AVENE 0.2) > FEERUKIE VR AEYIE A G - AR ME RS CR IRt A L 7]
DSER: » NErZE B E IR » NSRRI ~ BRI ~ B e Th2 A
RER A R ARATE PERR SRR Y 0.6 o IRILEATIASRE I C et s EEAT B ZTE PR 22 0.5
DUT - S8 2HzE Mol 1A B B E Y B U T -
FH SRR A AT (MRS (limiting aw ) (ERHMSEREHCEY LA G 4
R~ AR T BEA R o RANECYIHASHE RBCE VI AR R R i A A 3K T
A - ZkEVE A DA E IV U £ SRR R A ESESEY] (growth cycle phases ) © G535 Y]
(lag phase ) ~ #1958 %EH (logarithmic growth phase ) ~ & 17T (stationary phase ) Kz
5EM] (decline phase) » FFRFZEAEYIRURA IR ~ PSRRI  SHEUEHHER -
IR B BRSSO RIS BTG PR A RFE ] A g hEaeR
FGE H IR A& (Robertson » 2005 ) o HABAMERIIZRAUFRIRIL SR S
SR > MRS NE - e BRI EIR I - SR T LA A REF P
AR R REZ B E IR A R BT A A 3R -

Fi}

B ~ FREEMER A RY2KGE 1 B 35 i IR 28 B R

A HEEMAEA R KIE TR R K S B RHa SR FE - AE— - A SR 2EhS
I EEH R © ANRTRTL P EEM RIS PR IR R - INIIEE - TR AT rT LU
—fRihigs > R RRRL S AR IR LAY /K R R #. (moisture sorption isotherm ) °
BRI EER TS - &R 2 S RUATIIR - J&— 2R —AUAYSEIRIR I iR (type
IT isotherm ) » JEMRFFIRIN S il HRIE FH H BER BLK 73T IR T AR BOE  (colligative
effect ) ~ EAHXE (capillary effect) K FRIHIHLIKA A YER]  (surface-water interaction ) 55
VIR G OF ARy - AR A W (e ks (bend) > —{E4E 2,0.2-0.4 » S5—{E{E
0.65-.075  {IFE 2 /R T AU FEYEAL EELE D 1 - Wt fEE iR KA 5 =
SRR (Bell > 2000) « /R EERIGRIIFVE — SRR A EEA TH - af DR
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WP SEA AR R FTRERY M B s - (R A RMUE T RRER - (iR EERS
PRI E W) A FAIRA S P 2 A A R /KT M ] - PO & T SEp AR Y 7K
IR R AR AT USRI 38R - F5 KT PERERIAE 0.6-0.7 LUT > 2 AT AR IR
A5 TS Z SR HTRE » FHERZK SRR R AR AR AT LU S R =R o B
A TAE

Felgeerb gt ey st - 55 (2008) SIEE-HREM & hEEh - B4 B
B A IS U > ST B FIB R ORGSR © BRGNHK > B R
ARVEPHIEARE RATER ) - AEREUR © BB E RS - TEEM AR 0.7 - JBIR
R AR PR © TR A IR S AR > AR08 25°C » 01— - A5 REEUR
AR EER BT IR SRR IR IR H AL > HAUEE - (Rl gehs
HARDP RPN R T Wl 2ok » FLUKIEE 0.6 B35 KEMHIAR> &
T 1096FHT > (HACHEARKI S BAE (4.54% ) > (HEFHRIKIKS  BIA RS 3%
BRI - S ARMAALIAORTR » M SRRy hEErs - At - BERK SR
(143 96) > FHEE R PERIBIRAOMENRA - AN FHE 2P IRoK - (5T DU E AR
VIR -

/

®N REMEVERIERENKEHE

Table 6. Minimal a,, for Growth of Food Microorganisms

Ay Microorganisms Inhibited at this a

0.95 Bacillus, Clostridium perfingens, Escherichia, Klebsiella, Proteus, Pseudomonas,
Shigella, some yeasts

091 Clostridium botulinum, Lactobacillus, Pediococcus, Salmonella, Serratia, Vibrio
parahaemolyticus, some molds, yeasts

0.87 Micrococcus, many yeasts

0.80 Debaryomyces, most Saccharomyces, Staphylococcus aureus
0.75 Most halopilic bacteria

0.65 Xerophilic molds

0.60 Osmopilic yeasts, few molds

= 0.50 No microbial groeth

(‘adapted from Beuchat, 1981 )
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&t EmRRERREEESRIRENEE
Table 7. Minimum aw for the Growth of and Toxin Production from Selected Pathogenic Food
Microorganisms
Microorganisms Growth Toxin Production
Aspergillus clavstus 0.85 0.99 (patulin)
Aspergillus flavus 0.78-0.80 0.83-0.87 (aflatoxin)
Aspergillus ochraceus 0.76-0.83 0.83-0.87 (ochratoxin )
Aspergillus parasiticus 0.82 0.87 (aflatoxin )
Bacillus cereus 0.93-0.95
Clostridium botulinum (type A) 0.93-0.95 0.94-0.95
Clostridium botulinum (type E) 0.95-0.97 0.97
Clostridium perfringens 0.93-0.95
Penicillium expansum 0.83-0.85 0.99 (patulin)
Penicillium patulum 0.81-0.85 0.95 (patulin)
Salmonella spp. 0.92-0.95
Staphylococcus aureus 0.86 0.87-0.90 (enterotoxin A )
Vibrio parahaemolyticus 0.94

(‘adapted from Beuchat, 1981 )

®//N\ MEREMKEEEKDISEDN

Table 8. Water activity and moisture content of ten Chinese harbal medicines from local market.

P 4t B % a8 R ® % E 4= B
KEME Aw 0.71 0.94 0.56 0.51 0.65
Kbt E (%) 12.39£0.01  30.91+1.08  8.32+0.29 2.65+0.44 10.56+0.17

P 4t b % 2 R A #+ % X &
KIEM A, 0.61 0.57 0.45 0.60 0.64
knag (%) 14.26+0.83 8.48+020  7.81%0.06 11.1940.35 10.72+0.84
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B— XOFBRRRMIRNOME (A:F—8 -B:F & - C: F=H)
(88 Bell & Labuza, 2000 )
Figure 1. Classification of moisture sorption isotherm:

A=typel, B =typeIl, C = type III ( adapted from Bell & Labuza, 2000 )

40 R 4
35 F —“— B A
~ 0 T s
= | % %
. 0 | TR R
S5t s
%1[]— —— & 4=
—a Y

ST — L
a g

0 02 04 06 08 1 12
AFETE(AY)

B— mEtEPEMFRRRHIRE

Figure 2. Moisture sorption isotherms of ten Chinese herbal medicines from local market.
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ol
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B -~ #5

_E..

BER R E RKIEY) ~ BV RARY) - S AN N AR S -~
R B BB NG Hs - BN I DIRE © P s SR 1o
W WEEARR  WEEM LR - PEEMEGE BRSPS
A ~ ACERE RSO > Ik S B B e G E - R R P B
TS ARG AR - A2 IR R BN R - AER B HIRRE - FfeER
BB AL AT AREH TR EEM I ST © ay SEAEEREAZEM > e A i 7 SR R L
FHIFRE AT AR BEATZA SRR ELAE - IR AR AE YA — SRR S PEAE (limiting ay ) >
R FRAERAE VI T A R ~ AR TR AR » BEIE SRS - B
FHHOEIEHR FE F IR E YRR & - HASMENR (AR ~ SRR R R
BSE)  AHSHOREN: » e B EEM AR - 558 NFR W] DUAH AT E T R
HERURAGR » SEMRE MY AR SSEIREEL TR - R EEhs R RfK 2
R AT B PSR /K SR B R (moisture sorption isotherm ) o [ ATRIFTil-H 24
KIS RS - NIt - (e AR nT LIE B il - W% EEp 1
7K SRR R R ( moisture sorption isotherm ) SR EH R ( moisture sorption
isotherm ) « 7K 7SRRI AE — IR R A A TR - AT DU ER NI SE /R IR
FIRERYMEE O - (R AR MUE T KSR - R e KR ROk
PHIERAS SREEUR © BRIB L REAS - FREER A VS MRS 0.7 A RABRATE M, -
AT R SEA SR IR ARAT SRR © A URECPEEM B 17K O ST IR AR TR
L FERCAR D FRBOR AR ZBK » £LUKIEME 0.6 F5% > KAk &8
1096 BT - 3 i BFZERIER B A SRR » A il N FRIRoK > ()] DU O R IR
R B RIDARZ R B AT PRI A S DARSIIER Ay > R S8R A0SR R
MRS FEAHE AT TE T - 5 2 B IROIR 20 SR NG BB AR S BmAe s L U S A
RERSES - FHEESEM TR BT » 5 A2l IR R D A P RIS PEAE 0.5
DU > SR A SGER BRI T (AHERRIE (S0% LU ~ 225 P e E - IR -
TAENEREGRIESE) - ATt R b A YRS - v DUERZE AR AFIIIR
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CRIFEEMONE © B E AR e, (A5 ) RIRESS (o Y ELAS Se e PEL R P R
Jeg¥EELE (41 Nylo/LLDPE ~ Nylon/EVOH/LDPE $#) » i & A B IS8 Al Ve - AT LA
FEAT THEERA BHIREIR - 5 2258 2= P 1 TP EEM T2 IR B - TR g e S B A T
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Study on Water Activity and Preservation of
Chinese herbal medicines

Abstract

Chinese herbal medicines (CHMs) were made from natural materials. The
quality of CHMs has deteriorated with microbial contamination by improperly
postharvest handling, packing, transporting and storing. Those would affect the
functions or properties of CHMs. Especially, the toxin production by the microbial
growth would cause safety issue of CHMs. Therefore, the research on the proper
conditions for packaging and storing CHMs is a important topic to preserve the quality
of CHMs. The correlation between the water activity and preservation of CHMs will
be discussed in this presentation. Date from literature search showed that the quality
preservation of CHMs was affected by the temperature and relative humility of storage
environment besides the natural properties of CHMs. So, the water activity of CHMs
is a important parameter need to be studied, since the definition of water activity is the
ratio of the water vapor pressure of the CHMs to the vapor pressure of pure water at
the same temperature. Also, the equilibrium moisture content of CHMs could be
plotted against the corresponding water activity at constant temperature, a moisture
sorption isotherm results. The moisture sorption isotherm is an extremely valuable
tool to predict potential changes in CHMs stability, as well as to select packaging for
CHMs. Ten of traditional CHMs, including Rhei Rhizoma, Crataegus Fructus,
Ligustici Rhizoma, Salvia miltiorrhizae Radix, Paconiae Radix Alba, Ginkgo biloba,
Armeniacae Semen, Bupleurum spp., Citri Reticulatae Pericarpium, Scutellariae Radix
were selected to study the the water activity and moisture sorption isotherm. The

results showed that, besides Ginkgo biloba packed in water, the water activities of nine
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CHMs were below 0.7 which could be classifies as low aw products. The results of
moisture sorption isotherm studies (at 25°C ) showed that the equilibrium moisture
content were between 10 to 1594 at water activity 0.6 for nine of ten CHMs. The the
equilibrium moisture content was 4.59% at water activity 0.6 for Armeniacaec Semen

which is high oil content CHMs.

Key Word: Chinese herbal medicine, Water activity, preservation
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SR HR Y ni BV R BT LN R SR A > DRI DE R T R S R R R - 1T B e
AP E SRS SRS g S BT S MR BT I R EY 2 B E R A
WP AERESE o AR T2 R - R R AR R > AT
AR AL PR DS R RS CREE R A RS TR R
fRAE 2 TEEERS o TECRTPEESEM ME (IR > 2002)

A e 3 B vp B i SRR I AT o RO HE B e B B R ARV T L
o AEABRELZETS Y > B E 1994 FRA AT HE BN A AL SELIZK > BT e L
AR A RE R LS T M R OK IR 22 2 i A B ~ A BB S R T 2 A R IE
T £ T PTG 5 B M B B HE - BRIV L BREE QPR BT T 5~ R
TEYig f b AT B B ik 2 S P B A e B o HldE - HATR R g B D #E
BIEY) AL RS - WHE TGAP ZARME(ESEMEN] - HATEARLE ~ (L2 ~ F
B Ve~ TERIMAC ~ (I B < e <5 B P e CR A BR M E Y E A LA R B B —
BT RS < GAP AR R - DIAEEL=EE ZREM -

EPESEESE T > GE KRR R8BS HH R B RE o

PP RSE - R (A D SR R R R SR T 5l - H AR B R EUR BEE TR
HEERS > A R B A SRR B R TIK - AEEE H ETE AT M EE T A
L PEERES R > MR EER WS 2 (0ZE - R S BRIl
LRSI, > B I AN B o L HE B A RS B R B P g E] R
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IR AE ~ AR g 2
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FLRE ~ A6 K 15 R AL 5 RS o MR E Lot~ Al 1T~ BERG AP JER AR R A
FITREL R » 1Lrsth P P o O LR BR S v e L LR PR i - TR0 1 e 3 £ LI BRI RS ~ e
SEIE ~ P Il R BRI SR DY A I - B K R AR 122,209 238 HK
A > ELBRRA 16,959 NEH - NG 13,246 N > BRIRA 13,337 At - GEf
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Ca Mg P Fe Mn Cu Zn
% FRIR
(%) (%) (%) (ppm)  (ppm)  (ppm) (ppm)
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