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I. Title

Highland cultivation technology and processing set up focused on the

SUMMARY

active ingredient enhancing using the domestic Salviae Miltiorrhizae Bunge

II. Objectives & Results of R&D

of Salviae
Miltiorrhizae Bunge

Extraction (1 Prototype)

» Presentation of Contents of Active
Ingredient of Salviae Miltiorrhizae Bunge
Product (5 Prototypes)

Degree
Types of Wei of
ypes. Objectives in Detail | ghts | Points and Criteria of Evaluation Comple
Objectives (%) tion
(%)
* Determination of the Content of Active
compounds in Salviae Miltiorrhizae
Development of Bunge e -
D! e -Set up of the Specification (85-115% of
Processing Suitability 50 | Content) 100
of Salviae . .
g . -Presentation of the Reproducibility of
I Miitiorrhizae Bunge Active Ingredient in Salviae Miltiorrhizae
Independent Bunge extract
P ~Within RSD 5% of Content
%g&?&fgﬁiﬁegltc of the * Development of 5 type product
Commercialization of 50 -Functional Drink -Leaching Tea 100
. e . -Leaching wine —-Concentrated extract
Salviae Miltiorrhizae “Tablet & Powder
Bunge products
Development of
Cultivation Technology
enabling the 60 * Determination of the Period of 100
Enrichment of Active Cultivation (years) and Time of Harvest
Ingredients of Salviae
Miltiorrhizae Bunge
oL Clarification of
Collaborative | Conditions to produce
Raw Radices of .. . .
e Determination of the Time of Planting
Dansam to be 40 - - - ’ 100
prepared for the Planting Density, and Seeding Method
Production of Each
Product
Development of
Methods to Analyze .
ACHRC Inaradonts o | 50 | 5 Develovment of SOP for standard |y
Salviae Miltiorrhizae y yp
Bunge
* Presentation of Active Ingredient
Entrusted Cfor(lgte?ts of Dansam for each Condition
: . of Cultivation
ﬁn?gisisng égrtllt\éits » Presentation of Contents of Active
g 50 | Ingredient of Salviae Miltiorrhizae Bunge 100
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II. Objectives and Importance of the Project

Section 1. Establishment of Foundation of the Process Enabling Enrichment
of Active Ingredients of Domestic Salviae Miltiorrhizae Bunge
Salviae Miltiorrhizae Bunge is a medicinal plant registered in Korea Pharmacopeia and

most of the demand has been fulfilled by imported amount reached 145 ton (330,000 USD)
(2010). It was not cultivated in full scale until 2012 when Yongyang County of Gyeongbuk
Province succeeded in the full scale cultivation of Salviae Miltiorrhizae Bunge. Since then
some of farmers have been cultivating the plant however, actual commercialization of
Salviae Miltiorrhizae Bunge requires diverse approaches to the proper processing of the
plant.

However, given that there are not many processed food products using Salviae
Miltiorrhizae Bunge, the development of an efficient extraction process and processing
methods using the extracts and raw material are needed in order to increased its demands.
Given this, studies on the optimization of basic extraction conditions and characteristics for
the development of processing methods of Salviae Miltiorrhizae Bunge are in urgent need.
Also, in order to utilize Salviae Miltiorrhizae Bunge containing functional ingredients with
high resistance against heat, Functional ingredients promote, processing product
development, such as differentiating function ality using an enzyme treatment for
strengthening the active ingredient of the weak Salviae Miltiorrhizae Bunge column fort he
purpose diversity of Salviae Miltiorrhizae Bunge, Salviae Miltiorrhizae Bunge extract scon
ditioning, Salviae Miltiorrhizae Bunge extract processed by machining product-specific
active ingredient contents in pattern analysis, utilizing Salviae Miltiorrhizae Bunge products
(beverages, Tea, leaching products) based building development and food production
technology development Salviae Miltiorrhizae Bunge extract concentrate was possible

materials for industrial utilization.

Section 2. Development of Cultivation Technology of Domestic Salviae
Miltiorrhizae Bunge enabling Excellent Processing Suitability
as a Raw Material to Produce Functional Health Products

Salviae Miltiorrhizae Bunge that had been imported as a medicinal plant was cultivated

in 2012 for the first time by the Yeongyang County in Gyeongbuk Province. Since then,
some farmers have been cultivating the plant, however, tests to establish standardized
specifications of raw materials and supply of standardized specimens have been needed
because the quality and contents of active ingredients of the plant were varied according to

sites of cultivation, seeding time, seeding methods, times of harvest, dryness, and

_11_



processing methods.

Thus the establishment of systematic technologies for the highland cultivation of Sal/viae
Miltiorrhizae Bunge as a medicinal plant and as a raw material for food products was
required to consolidate the agricultural foundation to secure the earning of farmers and
development of functional food products for health. This study was designed to find ways
to cultivate domestic Salviae Miltiorrhizac Bunge having excellent processing suitability
enabling the development of functional food products.

And the identification of harvest time, periods (years) of highland cultivation, times for
seeding, methods of seeding, planting spacing, and methods and qualities per years of
cultivation of Salviae Miltiorrhizae Bunge etc. were selected as objectives of this study by
considering factors associated with the highland cultivation of Salviae Miltiorrhizae Bunge
such as photosynthesis and transpiration rate for the harvest of the highest level of active
ingredients of medicinal effects and processing suitability thereof etc. to establish the

foundation of the production of standardized extraction of Salviae Miltiorrhizae Bunge.

Section 3. Analysis of Varied Active Ingredients in Salviae Miltiorrhizae

Bunge and Products Processed Thereof
Salviae Miltiorrhizae Bunge is a perennial plant belonging to Labiatae and has been used

as one of traditional medicinal materials of oriental medicines and, currently, active
ingredients like tanshinone I, II, cryprotanshinone, tanshindiol, hydroxytanshinon, and
isotanshinone have been reported as its principal substances. However, studies delved into
active ingredients of Salviae Miltiorrhizae Bunge on the standpoint of bromatology or
commercialization of subsidiary products are few and therefore the foundation of the
production of standardized functional health products made of standardized extractions of
Salviae Miltiorrhizae Bunge should be established based on the development of methods

for an analysis of active ingredients thereof.

IV. Contents and Scope of the Project

Section 1. Establishment of Foundation of the Process Enabling Enrichment
of Active Ingredients of Domestic Salviae Miltiorrhizae Bunge

Analyzed the physiochemical properties of active ingredients in each phase of extraction

to establish the foundation for processing of reinforced active ingredients using the

domestically produced Salviae Miltiorrhizae Bunge, and conducted a comparative study on

the physiochemical properties of the extract due to a low-temperature extraction in order
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to set up the optimized extraction condition that can maximize the content rate of active
ingredients. After examining the changes in physiochemical properties and physiological
properties depending on the type of enzymes used for extraction and according to
extraction temperatures, the optimized extraction conditions were primarily set up in the
Lab scale, and then, the optimized production processes were established on an consecutive
order from the pilot scale and to the mass scale. We assessed how to process Salviae
Miltiorrhizae Bunge into beverage base, tablets, leached tea or leached wine in order to
develop processed food products by utilizing the extract produced through the optimized

Process.

A. Establishment of production conditions for differentiated functional extract of
Salviae Miltiorrhizae Bunge through enzyme treatment
Research on extraction conditions depending on enzyme concentrations and
temperature differences
Research on extraction yields through analysis of solid content, sugar content and
pH analysis
Research on aptitude by particle size

research on enzyme-treated extraction conditions

B. Evaluation of efficacy of Salviae miltiorrhizae radix extract and processed
products
Evaluation of anti-oxidant efficacy
Evaluation of anti-dementia efficacy

Evaluation of anti-inflammatory efficacy

C. Analysis of active ingredient content patterns depending on extraction processing
methods of Salviae Miltiorrhizae Bunge and by the type of processed
products

Evaluation of reproducibility of active ingredient content ranges of Salviae
Miltiorrhizae Bunge
Evaluation of reproducibility of active ingredient content ranges by lab scale, pilot

scale, and mass scale

D. Establishment of Foundation for Products made of Salviae Miltiorrhizae Bunge

- Development of Beverage made of Salviae Miltiorrhizae Bunge Extraction

_13_



- Development of Concentrated Liquid and Tablet of Salviae Miltiorrhizae Bunge
Extraction

- Development of Leaching Tea Made of Salviae Miltiorrhizac Bunge

+ Development of Leaching Products made of Original Salviae Miltiorrhizae Bunge

- Examination on Contents of Active Ingredients in Processed Products

Section 2. Development of Cultivation Technology of Domestic Salviae
Miltiorrhizae Bunge enabling Excellent Processing Suitability
as a Raw Material to Produce Functional Health Products

The agricultural solution embodied through systematic technologies for domestic farmers

for the high land cultivation of medicinal herbs like Salviae Miltiorrhizae Bunge is needed
to provide farmers with profitable farm products and to supply raw materials thereby to
produce functional health products.

Therefore, the conditions for the cultivation of Salviae Miltiorrhizac Bunge such as the
period of cultivation and times for harvest, times of seeding, methods of seeding, or
planting spacing etc. to attain optimal active ingredients should be established for the
production of Salviae Miltiorrhizae Bunge equipped with the processing suitability to

produce functional health products thereof.

A. Development of Cultivation Technology Enabling Enrichment of Active
Ingredients
Investigation on Environmental Conditions to find Optimal Sites for Cultivation of
Domestic Salviae Miltiorrhizae Bunge
Investigation on Optimal Years of Cultivation and Times for Harvest of Salviae

Miltiorrhizae Bunge to Improve the Level of Active Ingredients

B. Investigation on Cultivation Conditions of Salviae Miltiorrhizac Bunge for
Each Type of Processed Products.
Investigation on times for seeding, methods of seeding, and planting spacing to

attain optimal quality of Raw (Radices of) Salviae Miltiorrhizac Bunge

Section 3. Analysis of Varied Active Ingredients in Salviae Miltiorrhizae
Bunge and Products Processed Thereof
The foundation for the production of standardized raw materials and products is needed

through the development of analytical methods of active ingredients in extractions from

Salviae Miltiorrhizae Bunge and in products thereof.
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Therefore, the methods of pretreatment of Salviae Miltiorrhizae Bunge (grinding,
extraction, concentration, filtration etc.) and of standardized analysis for active ingredients
and substances in original Salviae Miltiorrhizae Bunge and products thereof together with

the yield of production process are needed.

A. Analysis of Varied Active Ingredients in Dansam for the Processing Suitability
of Dansam

Development of SOP for Standard Analysis Procedure (1 Prototype)

B. Examination on the Stability of Pre— and Post-Process Active Ingredients of
Salviae Miltiorrhizae Bunge
- Presentation of Active Ingredient Contents of Salviae Miltiorrhizae Bunge for each
Condition of Cultivation
- Presentation of Contents of Active Ingredient of Salviae Miltiorrhizae Bunge
Extraction (1 Prototype)
- Presentation of Contents of Active Ingredient of Salviae Miltiorrhizae Bunge Product

(5 Prototypes)

V. Results of the Project
Section 1. Establishment of Foundation of the Process Enabling Enrichment
of Active Ingredients of Domestic Salviae Miltiorrhizae Bunge

A. We selected amylase as the optimal enzyme, and identified 4 hours of extraction at

a temperature of 60°C with fine particle size as the optimized extraction conditions.

B. We established the content ranges of indicator ingredients and functional ingredients
such as salvianolic acid B, cryptotanshinone, tanshinone 1, and tanshinone 2A at the

optimized extraction condition.

C. The optimized extraction condition showed the best efficacy of Salviae Miltiorrhizae
Bunge extract through the research on antioxidant and anti—-dementia efficacy and

inhibitory activities

D. The reproducibility of active ingredients of Salviae Miltiorrhizae Bunge extract at the

optimized extraction conditions by scale of production was identified.

E. After examining the development of various processed food products by using the

Salviae Miltiorrhizae Bunge extract as a food raw material, the study completed
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review of the possibility of utilizing Salviae Miltiorrhizae Bunge as a beverage base,

tablets, leached tea and wines using the raw produce.

Section 2. Development of Cultivation Technology of Domestic Salviae
Miltiorrhizae Bunge enabling Excellent Processing Suitability as
a Raw Material to Produce Functional Health Products

A. The photosynthetic quotient, transpiration rate, and characteristics of chlorophyll
fluorescent responses etc. of Salviae Miltiorrhizae Bunge were examined to find an
optimal environmental condition such as in temperature or in photo—conditions for the
cultivation of Salviae Miltiorrhizac Bunge. Results obtained from the examination
showed the physiological characteristics of Salviae Miltiorrhizae Bunge such as
photosynthesis etc. showed the highest level of active ingredients at the temperature
of 20C and the level decreased in accordance with the increase of temperature that
influenced the greatest effect on active ingredients.

B. Regarding the seeding time, the Salviae Miltiorrhizae Bunge seeded at the end of
April exhibited thicker diameter of root compared to that seeded during the first 10
days of May with no differences in characteristics of Dansam elsewhere.

C. Appropriate times for the harvest of Salviae Miltiorrhizae Bunge was found to be the
period after mid-March of next year from the year of seeding of Dansam when the
level of contents of Salvianolic acid B, Cryptotanshinone, Tanshinone I, and
Tanshinone ITA appeared high.

D. Optimal period of cultivation of Salviae Miltiorrhizae Bunge was also examined. And
in the case of the harvest of 1-year old Dansam, the level of contents of
Cryptotanshinone, Tanshinone I, and Tanshinone IIA appeared higher than those of
the Dansam of 2 or 3 years old, and thus the annual harvest of Dansam was
concluded to enable the productivity increase by 1.3~1.5 times compared to the
harvest of 2 or 3 years old Dansam.

E. The planting spacing of 30x5cm yielded the largest amount which was about 2.6~3.2
times higher than those of 30x10cm and 30x20cm with higher level of the contents of
Cryptotanshinone and Tanshinone I

F. Regarding the seeding of Salviae Miltiorrhizae Bunge, the raising seedling in a tray
rendered the largest amount with higher contents of Salvianolic acid B and
Cryptotanshinone.

G. The highland at temperature of approx. 20C appeared to be the best place for the

cultivation of Salviae Miltiorrhizae Bunge. And to let seedlings raised in a tray be
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planted before the end of April with the planting spacing of 30x5cm and be harvested
after mid-March next year was concluded as the condition for the cultivation of

Dansam of high quality.

Section 3. Analysis of Varied Active Ingredients in Sal/viae Miltiorrhizae

Bunge and Products Processed Thereof
A. For the analysis of active ingredients of Salviae Miltiorrhizae Bunge, the

high-performance liquid chromatography was employed and results obtained thereof
exhibited excellent precision in respects of the limits of detection & quantification
and of daily & circadian variation.

B. The Chinese and Korean Dansam were compared with each other and, results
obtained from the comparison showed higher level of tanshinone 2A in domestic
Dansam while the Chinese Dansam showed the level of tanshinone 1 higher than
domestic Dansam.

C. Each part of Salviae Miltiorrhizae Bunge was examined to find the difference in
distribution of active ingredients. The main root revealed comparatively higher level
of salvianolic acid B and tanshinone 1 while the rootlets exhibited higher contents of
cryptotanshinone and tanshinone Z2A.

D. Level of active ingredients according to each time of harvest was also examined. The
level of active ingredients increased along with the delay of harvest. The ingredients
of cyryptotanshinone, tanshinone 1, and tanshinone 2A showed slow increase but, the
salvianlonic acid B in the Dansam harvested in March marked more than 20 times
higher level than that of harvested in November.

E. The range of yield in the extraction of methanol from Salviae Miltiorrhizae Bunge
marked 57%783%; and the main root of Salviae Miltiorrhizae Bunge exhibited the
highest yield.

F. The active ingredients of Salviae Miltiorrhizae Bunge contained in prototype products

tended to be increasing in the ones from enzyme treatment.

VI. Proposed Applications for Results

Section 1. Establishment of Foundation of the Process Enabling Enrichment
of Active Ingredients of Domestic Salviae Miltiorrhizaec Bunge
By using the Korean Sal/viae Miltiorrhizae Bunge that has a higher content of active

ingredients compared to the Chinese counterpart, we established the production process for

the extract using the domestically produced Salviae Miltiorrhizae Bunge known for its
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higher content of active ingredients and an excellent level of physiological properties, and
applied for patent to use it as a source technology. We have secured the competitive
advantage over other products by producing the Salviae Miltiorrhizae Bunge extract using
the domestically and internationally differentiated and advanced extraction technology, and
completed the 1 ton-scale production of the extract using Salviae Miltiorrhizae Bunge
produced in Yeongyang County, Gyeongbuk Province in South Korea.

As part of an effort to produce high-value added products through the diversification of
product development using the extract, the KMF signed the MOU with COSMAX BIO Co.
Ltd., for the establishment of the foundation for commercialization of products using
Salviae miltiorrhizae radix produced in Yeongyang County, and laid the framework for
joint researches in the future.

By creating new demands for Salviae Miltiorrhizae Bunge, enhancing its application
possibility, and diversifying food products, it can contribute to improving the public health
and increasing the domestic producers’ incomes. Although the entire demands for Sal/viae
Miltiorrhizae Bunge is currently dependent on imports, it is believed that the establishment
of a safe production system and the use of the domestically-produced Salviae Miltiorrhizae
Bunge will make it possible to use it as a raw material for fool and medical products

which can be exported back to China, which is its country of origin.

Section 2. Development of Cultivation Technology of Domestic Salviae
Miltiorrhizae Bungeenabling Excellent Processing Suitability as
a Raw Material to Produce Functional Health Products

By the accomplishment of successful cultivation of domestic Salviae Miltiorrhizae Bunge
containing high level of active ingredients, the Chinese Dansam which have been imported
can be replaced with domestic Salviae Miltiorrhizae Bunge and for this purpose, the
materials to distribute developed agricultural technologies will be prepared for the education
and consulting to domestic farmers to cultivate domestic Salviae Miltiorrhizae Bunge.

Besides, the secured agricultural technology is expected to bring about the increase of
national interest through the increased earning of domestic farmers from high value added
products and the import substitution for Chinese Dansam along with the proposition of
policies to foster the industry of Salviae Miltiorrhizae Bunge cultivation and associated
products (through promotions of consumption of such products and public relations of

developed technology).

_18_



Section 3. Analysis of Varied Active Ingredients in Salviae Miltiorrhizae
Bunge and Products Processed Thereof
The fast and accurate analysis of active ingredients of Salviae Miltiorrhizae Bunge was

consolidated by the study and this will be exploited for the quality control and R&D of
Salviae Miltiorrhizae Bunge and products therefrom.

The optimal time for the harvest of Salwiae Miltiorrhizae Bunge was determined through
the analysis of active ingredients and, the differences in the level of active ingredients in
each part of the plants of domestic and Chinese Dansam were examined. The determined
optimal harvest time of planted Sal/viae Miltiorrhizae Bunge is expected to bring about
increased earnings for farmers; and each part of Dansam is also expected to be exploited
for respective purposes. The high level of active ingredients in domestic Salviae
Miltiorrhizae Bunge also gives us the prospect that it could contribute to the development

and export of additional functional food products.
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A2d d7NE AR

<1 M&E TA: S Ar Ctatel RS ME st J1&2 7|8 E (Aol o =)>
1. A8 9

AW A D A

o 9wz, @ah, fx T A
WA AN, SHaAs BEAe (FMEgelA] P4 - Agseth @v 4z}
o eFHLEE @A ddZAd A AL AFwdd. B Afd  ogd

DPPH(1,1-diphenyl-2-picrylhydrazyl), salvianolic acid B, cryptotanshinone, tanshinone 1 %
tanshinone 2A, acetonitrile, acetylcholinesterase™ Sigma(St. Louis, Mo., USA)Z4H

T A8kl A3l

Al faAE St XS 93 FExALS Wty 33 SR &8st zhzte
EAAE H7bste] A" 327 (HB-205SW, Hanback Sci., Co., Incheon, Korea)E ©]-&3}]

7t oM FEF3 F o]}x(Whatman No. 41)2 o33 FZH9qS #AUds: 2 52
Al 0o

b oA Aozl @A FEEY FETFES FEY 10 mLEe FAste] 105TAA S
AZ(HB-502M, Hanbaek Scientific Co., Incheon, Korea)A|# 1 FAE =H3slo] Alg%
o] WA SR FZ4ES e @ FE5E9 pHE pH meter(Metrohm 691,
Metrohm UK Ltd., Herisau, Switzerland)E ©|&3}e] A5 o, Txi=  digital

refractometer(PR-101, Atago., Japan)Z 3743}t @4t F&5E9 AME+= UV-visible

clo
f

_29_



spectrophotometer(UV-1601, Shimadzu Co., Kyoto, Japan)Z ©]&3}o] L(lightness),

a(redness), b(yellowness)E ZtZ} =43l Hunter's color value® YWER T X5 9 A 39

Lt 100.00, agt> 0.06 H bk -0.090] AT

% & Ev=y SHE ¥F 53
Mg RRAT. AR FE

& F7bsko] 3E3F WA

=z EZYdsA 3EE FEHS Folins—Denis HES ©]-&3Fo]

o 7ol 2 mLell 50% phenol reagent(Folin—Ciocalteu‘s reagent) 2 mL
T 10% NaxCOz& 9 2 mLe 7Fe g A2eA 1023 Ax 2
spectrophotometer(UV-1601, Shimadzu Co.)E ©°]&3te] 700 nmol A

oluf gallic acid(Yakuri pure chemicals Co. Ltd. Kyoto, Japan)E A}&3dto] 0~4 mg

SEZ 2A ¥ A0 dHoR 449 BEIaenry e mg%z AT

h 84

"}, DPPH radical 24 &4 &4

ofk
ol

DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma) =}tz i3
Qoo

=435t DPPH 0.15 mM$E absolute ethanol 100 mLel £33k & 50% ethanol-8 <}

2

2AE4d2 BloisHs W

HEzT2 ko] 517 nmell Al DPPHE ¢ F3E=5 ¢F 1.00] =5 34kl A&t A=
sE] 38 ZoF HlS A7l & UV-Visible

RS

g 24t ofdle] Hom e

ol

05 mLel DPPHE9 25 mL& 33t A
spectrophotometer(UV-1601)& ©]-&3}o] 517 nmolA F3d%
DPPH radical &7 &4 A4S

) x 100

DPPH radical scavenging activity (%) =(1 A
c

As : Absorbance of group with sample
Ac  Absorbance of group without sample

B}, ABTSs radical 24 &4 =3

ABTs radical 2A%< Re 59 WHS 4% FH4so Adsdd. ABTs 7 mMI}
Foll g8sle] 12~16A17F Tt bao] WXxsle] ABTs
&

potassium persulfate 2.45 mM< S+
cation radical(ABTS )& dAAIZTE o] &9 80% ethanolS ©]&3te] 734 nmellA

0.700+0.002¢] F¥= #HE =S 4. SR 4T AR FEE 50 uLE

_30_



Ao 7Fgk oS 349 ABTs S €9 3 mLE H7Fsdth Ao A 687 WkSAlA
UV-visible spectrophotometer(UV-1601)E o] -&3}o] 734 nmeol A &%

ol
il
N\
o
QL
32
id

A}, Nitrite &7 4 &A

Z

Nitrite 227 42 A& 1 mLel 1ImM NaNO, €% 1 mLS #H7bstal o7]e] 0.1
HCl(pH 12)2 AA] {35 10 mL=Z AHE3Ah o] §HS 37TCoA 123 &

T ZF RE& 9 1 mLoll 2% acetic acid solution 5mL ¥} Griess 2] ¢F(30% acetic acid= ZA
1% sulfanilic acid®} 1% naphtylamine®] 1:1 &%) 04 mLS 7}5te] A 2oA 158
HH&-A1Z1 & UV-visible spectrophotometers ©]-83Fo] 520 nmol Al &3 EE Z743ko] Nitrite

£ABYE FASAY dETE FREE AESAT

e}
QF WkgA

o Y

e

o}. Acetyl choline esterase A 3] A

Acetylcholinesterase(AChE) A 8] &A1& Ellman %9 WHo=z Z=A3tt. AChEY A
WH e 718 Acethlacholine chloride(ACh)E AH&-3t3ith. sample 70 ul, DTNB 80 uL, 0.2
U/mL acetylcholinesterase 20uL= micro well plateo] Y i1 4Joj& ¥, 37CoA 5&E7F
incubation ¥t} ¥k F acetylcholine iodide 15pLE Y il thA] 37ColA 5%%F incubation %+

=, 412 nmel A &3 =(EPOCH, BioTek instument Inc)E =43}

(ABSsample-ABSblank)
Inhibition(%) =(1- ) x 100
ABScontrol

ABSsample : Absorbance of the experimental sample
ABScontrol : Absorbance of the experimental control

ABSblank : Absorbance of 412nm determenied with 100mM phosphate

buffer instead of substrate

A
ax

A B §

1=]
e E

A

kol

chabo]l FEAEel Salvianolic acid B, Cryptotanshinone, Tanshinone 1 % Tanshinone

2A+= HPLC(1260 Infinity Quaternary LC System, Agilent Technologies)ES ©]-&3}4]
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Table 13 7t} o4t

salvianolic acid B, cryptotanshinone, tanshinone 1 % tanshinone 2A<S ©]
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Table 1. HPLC conditions for the assay of Sal/viae Miltiorrhizae Bunge

Time (min)

Mobile phase A

Mobile phase B

0
1
14
22
23

45
50

75
60
60
40
11

11
75

25
40
40
60
89

39
25

Mobile phase A
Mobile phase B
Detector
Column
Flow rate
Column temp.
Injection volume

1% formic acid in acetonitrile :

196 formic acid in H20

UV (280 nm)
YMC ODS-H&0 (250 X 4.6 mm, 4 um)
0.5 mL/min
20°C
5 uL

methanol = 75:25

7} BAA
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Table 2. Proximate composition of Salviae Miltiorrhizae Bunge with harvesting

(unit: %)

time

Reducing

Moisture

sugar

Ash

Harvesting

Protein

Carbohydrate

Lipid

time

73.1 16.0 0.0 4.1 6.8 3.89

10 Nov.

65.8 24.0 1.0 5.7 35 9.58

30 Mar.
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Table 3. Changes of pH, sugar content and Hunter’s color value in Salvia
miltiorrhiza Bunge extracts divided by extraction temperature and time

Sugar Hunter’s color value
Group pH content
(°Bx) L a b
4hr 6.19+0.16" 2.2+0.1 60.77+0.53  8.74+0.17  30.61+0.21
50°C 6hr 6.26+0.17 26+0.2 59.63+0.31  11.91+0.03  29.90+0.12
8hr 6.17+0.21 35+0.1 57.02+1.21  15.02+0.72  28.33+2.10
4hr 6.31+0.07 2.3%0.1 53.11+0.75  12.00+1.12  31.52+1.05
60°C 6hr 6.25+1.53 3.4%0.1 44.99+0.31  1501+2.01  28.48+1.62
Shr 6.21£0.02 4.1+0.2 46.67+0.35  14.85+151  28.65+0.62
DValues are means+SD (n=3).
(W) 3525 L Azt w & a4 F559 F43 &4
FUAE el FEARES A 2 ZYdEAclng 1m0 FEA] Auiael EZoldE
A AR M7l dojd = gormr F AN FE22AL AT Y FELEE
50 2 60TelA 4, 6 R 8N FE53 FEE WE W3S XA 23+ Fig. 1~4o UE
et & FE=d & Edde FE2 FE2E 2 FEARb w2t dss e 9l
om FEAIZre] Aojdrs w& TS YE 2 vk DPPH radical £27%5& FE257}
ES55E, FEAN oA E 22 &8 YR o 60ToAA 4417 FE8 3k
Aol &Ado]l 7+ =A vrebukth ABTs radical 24 %58 3225 HT FEA o] E X}
£ Yelz glon, 50TolA 8213t F&3 3ol s ¥ 248 veha 9tk NO
A2ATE FEANNEYG FE25 wet g4 Apo]lE Holi fom 60Tl FET it

_34_



wihr u ghr # ke u &he u Bhit u Bhr
0.0

o -
00 o+

0.0

DPPH radical scavenging (%)
DPPH radical scavenging (%)

0.0
n.o
00
10.0
0.0
ppm Sappm Thgeen 100ppm Bppm  SOppm Tippm 100ppm
Concentration Concentratin
(a) 50T (b) 60C

Fig. 1. DPPH radical scavenging abilities in Salvia miltiorrhiza Bunge extracts of

the extraction temperature and times.
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Fig. 2. ABTS radical scavenging abilities in Sal/via miltiorrhiza Bunge extracts of

the extraction temperature and times.
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Fig. 3. Total polyphenolic compound contents in Salvia miltiorrhiza Bunge extracts

of the extraction temperature and times.
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Fig. 4. Nitrite scavenging abilities in Salvia miltiorrhiza Bunge extracts of the

extraction temperature and time.
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TULE dake FE2E 9 FEALC wE ZF=d FHY Aol Table 40l

&l i FEARbe] HojdgE FhiFo]l FrFeAINE 60Tl A 44 3F
ol FE3 FoA = salvianolic acid B &<l ozt wH|EA YERI loH,
tanshinone 1 ¥ 60TColA 6A1ZF o] F=3 FolA =5 TFFS UElAT o] 49
Ads di FEEL 60CAA 24 AYE ol Z Fo7t 8le Ao® AFRFHO 60T
Agst7l = At

i

Table 4. Changes of salvianolic acid B, cryptotanshinone, tanshinone 1 and
tanshinone 2A in Salvia miltiorrhiza Bunge extracts divided by the extraction

temperature and time (unit: mg/100mL)
Group Salvianolic acid B Cryptotanshinone Tanshinone 1 Tanshinone Z2A
4hr 134.88+2.58" 0.26+0.01 2.02+0.03 ND?
50T 6hr 182.86+3.34 0.31+0.04 2.06+0.01 ND
8hr 196.41+1.30 0.32£0.02 2.04+0.02 ND
4hr 238.70+£3.48 0.28£0.02 2.06£0.06 ND
60T 6hr 237.20+3.18 0.36+0.02 2.17+0.02 ND
8hr 236.41+4.90 0.36+0.03 2.18+0.01 ND

DValues are means+SD (n=3), ?ND, Not Dectcted.
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Table 5. Optimum hydrolysis conditions of the enzymes used for preparation of

enzymatic extracts

Optimum hydrolysis conditions

Enzyme Product Co.
pH Temp.(C)
Amylase DaiwaKASEI 4.0~6.0 50~60
Cellulase AB Enzymes 6.0 45
Pectinase DSM Food Specialities 45 40
Protease Amano enzyme Inc 6.0~9.0 40~60

Table 6. Changes in pH,

miltiorrhiza Bunge extracts treated with each enzyme

Abg-3Fe] 60°C ol A

BTt a4 F
= 0.3%014 05%

sugar content and Hunter's color value in Salvia

Sugar Hunter's color value
Enzymes Conc.(%) pH content
(°Bx) L a b
Control 0 6.31+0.070  230£0.00  5311+0.75  12.00+1.12  31.52+1.05
A 0.3 591+0.01  520+000 57.87+0.02  16.04+002  28.91+0.01
myilase
Y 05 599001  530+0.02  6391:0.05  13.313050  35.69+0.15
Cellul 0.3 594+001  520+0.10  56.64+0.01  13.78+0.03  32.27+0.01
crufase 05 6.36:0.00  497+006  5111+0.01 16934001  24.70+0.00
. 0.3 5.89+0.00 537+023 5056003  12.37+001  30.12+0.02
Pectinase
05 563+0.01 55030  4831+0.14 1654005  2450+0.15
Prot 0.3 5.93+0.00 532+006  57.05+0.11  14.88+0.05  33.87+0.08
rotease
05 556+0.02 55000  53.89+0.01  1596+0.01  31.23+0.01

DV alues are means+SD (n=3).
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Fig. 5. Total polyphenolic compound contents and Nitrite scavenging ability of

Salvia miltiorrhiza Bunge extracts treated with each enzyme.
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Fig. 6. DPPH radical scavenging abilities of Salvia miltiorrhiza Bunge extracts

treated with each enzyme.
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Fig. 7. ABTs radical scavenging abilities of Salvia miltiorrhiza Bunge extracts

treated with each enzyme.

_40_



Aoz Fadt AR gul 01-05%F AHEFoR B g Ma A7dA 03%e
AaAE ALF PO MR Re BAL JEIS % 4 dler FELEE wad
G 50 W G0CE PR FEAT wE FAWSE 2AG ATE Table 799
e Qe

aad FRE AYAR ge pHAsE FEAMRY gt mad TR me

ZFol & YEFH Il 9l (Table 7).

FaA 25 Azl WE AEmss g2 JoAze] ZojA5E a4 2 bgtol
Zrbshe AFe molt Wi LI padE AS #9l @ 5 Qon mad ERA 0e
1o)== ulu] 3tk (Table 9)

Table 7. pH values of Salvia miltiorrhiza Bunge extracts treated with each enzyme

Enzyme | Condition
Time(hour) 50C 60C

4 6.19+0.16" 6.31£0.07
Control 6 6.26£0.17 6.25£1.53
8 6.17+0.21 6.21+0.02
4 5.99+0.05 5.91+0.01
Amylase 6 6.33£0.01 6.04=0.05
8 6.38+0.15 6.160.01
4 5.53+0.02 5.94+0.01
Cellulase 6 5.57+0.10 5.63+0.15
8 5.60+0.02 5.67+0.01
4 6.11+0.02 6.26=0.05
Pectinase 6 6.15+0.02 6.12+0.03
8 6.20=0.01 6.12+0.21
4 5.50+0.05 5.93+0.00
Protease 6 5.55%0.25 5.69+0.02
8 5.64+0.02 5.73+0.01

Dy alues are means*SD (n=3).
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Table 8. Sugar contents of Salvia miltiorrhiza Bunge extracts treated with each

enzyme
Condition
Enzyme
Time(hour) 50C 60T

4 2.240.1" 2.340.1
Control 6 2.6+0.2 3.4%0.1
8 3.5+0.1 4.14+0.2
4 5.310.1 5.2+0.0
Amylase 6 5.2%0.1 5.5+0.1
8 5.2+0.1 5.4+0.1
4 4.4+0.2 4.5%0.1
Cellulase 6 4.4+0.1 4.3+0.2
8 4.7+0.2 4.4+0.1
4 4.6£0.1 4.3+0.2
Pectinase 6 4.7+0.2 4.4+0.1
8 4.7+0.1 4.4+0.2
4 5.0+0.2 5.1+0.1
Protease 6 4.9+0.1 5.1+0.1
8 4.9+0.1 5.210.1

DV alues are means=SD (n=3).

Table 9. Hunter’s color values of Salvia miltiorrhiza Bunge
each enzyme

extracts treated with

Enzyme

Hunter’s color values

Time
(hour)

50 C

60T

L

a

b

L

a

b

Control

Amylase

Cellulase

Pectinase

Protease

4
6
8
4
6
3
4
6
8
4
6
8
4
6

8

60.77+0.53"
59.63+0.31
59.02+1.21
60.75+1.31
63.15+0.64
63.54+0.87
60.59+1.32
56.87+0.93
56.64+0.72
64.13+0.52
60.28+0.70
61.17+0.62
61.58+0.34
58.54+0.61
58.83+1.52

8.74+0.17

11.91+0.03
15.02+0.72
9.83+1.21

11.70+0.56
12.94+0.94
11.02+0.31
14.30+0.64
13.92+0.37
10.26+1.53
11.02+1.42
10.63+0.20
12.56+0.35
13.51£0.51
11.40+0.67

30.61+0.21
29.90+0.12
28.33+2.10
28.99+0.86
29.94+1.32
31.98+1.03
29.48+0.68
31.77+0.32
29.93+0.15
28.48+0.95
28.83+0.38
30.83+0.64
29.28+0.87
27.86+0.03
30.61+0.21

53.11+£0.75
48.99+0.31
49.67+0.35
57.87+0.02
65.09+0.64
64.15+0.35
56.64+0.01
51.76+0.24
48.90+0.75
50.56+0.03
48.69+0.31
48.32+1.02
54.05+0.11
53.10+0.65
52.08+1.25

12.00£1.12
15.01+£2.01
14.85£1.51
16.04+0.02
14.99+0.51
15.15+0.32
13.78+0.03
13.69+0.95
15.52+1.24
12.37£0.01
18.99+0.65
18.19+0.31
14.88+0.05
15.47+1.02
15.64+0.75

31.52+1.05
28.48+1.62
28.65+0.62
28.91+0.01
30.90+0.21
30.36+£0.67
32.27+0.01
29.24+0.24
30.48+0.48
30.12+0.02
30.55+0.32
27.62+0.62
33.87£0.08
30.77+1.02
30.51+0.52

Dy alues are means+SD (n=3).
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Table 10. Contents of salvianolic acid B, cryptotanshinone, tanshinone 1 and
tanshinone 2A of Salvia miltiorrhiza Bunge extracts treated with each enzyme
(unit: mg/100mL)

Group (’}I]‘;IE; Saellziign]c;ﬁc Cryptotanshinone Tanshinone 1 Tanshinone 2A
4 239.76+3.50" 0.33+0.02 1.17+0.10 TR?
Control 6 237.20£3.18 0.36+0.02 2.17+0.01 NDY
8 286.41£4.90 0.41+0.03 2.18+0.01 ND
4 300.60+14.60 0.38+£0.01 1.34+0.10 TR
Amylase 6 250.18+8.71 0.40+0.02 2.17+0.02 ND
8 247.70£3.63 0.34+0.01 2.07+0.41 ND
4 293.36£15.00 0.34+0.02 1.32+0.10 TR
Cellulase 6 235.00+24.66 0.36+0.05 1.99+0.30 ND
8 206.92+18.83 0.34£0.04 2.07+£0.14 ND
4 236.75%25.70 0.34+0.01 1.24+0.10 TR
Pectinase 6 245.08+13.44 0.34+0.03 2.02+0.20 ND
8 196.49+13.11 0.30+0.03 1.94+0.11 ND
4 162.54+3.50 0.30£0.01 2.05+0.11 TR
Protease 6 241.44+5.87 0.29+0.02 1.94+0.52 ND
8 231.74+0.67 0.32+0.03 1.92+0.14 ND

DValues are means*SD (n=3); ?TR, Trace; YND, Not detected.
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Table 11. Change in

o = 3 pHW S =

pH, sugar content and Hunter’'s color value of Salvia
miltiorrhiza Bunge extracts divided by ground level

Sugar Hunter’s color value
Group content pH
(°Bx) L a b
Prototype control 2.30£0.01V  §.31+0.07 53.11+0.75  12.00+1.12  31.52+1.05
amylase 5.20£0.00 5.91+0.01 57.87+0.02 16.04£0.02 28.91+0.01
R control 3.53+£0.05 5.79£0.01 57.79+0.02 14.14+0.02  31.64+0.02
oarse
amylase 5.53+0.05 5.84£0.01 51.94+0.02 14.19£0.01 31.19+0.02
- control 3.53+£0.05 5.78%£0.01 54.54+0.01 14.23£0.01 31.92+0.02
ine
amylase 5.56£0.00 5.86+0.02 52.49+0.02 15.95+0.01 33.03+0.01
DV alues are means+SD (n=3)
(b BAREA 0E wy 229 FA3} Y W

Z AE g T =4 HErg e, #i AR
m2 zpol= AA ko, a4 MY fFFd wE Aolg: AA YEhW i k. NO radical
27 B B ARHUE amylased Xy AP = TR A WA =S FAS YER
9ltt. DPPH % ABTSs radical &7 4% &3 amylase£4 A& 3 F1loA =&

©ZM, Hits ol 8F A2 FEUHAdE £HE stol 24 AYE st= Ao
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Fig. 12. Total polyphenolics contents and Nitrite scavenging abilities of Salvia

miltiorrhiza extracts divided by ground level.
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Fig. 13. DPPH and ABTSs radical scavenging abilities of Salvia miltiorrhiza Bunge

extracts divided by ground level.
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(th BAAEA we B 3229 I FF U
RAQEA whE Wi FEEY FEAR !

Akl Salvianolic acid B+ radical®} wk3-Ado

T3, decarboxylation &9 HF-&-° T3} radical?} WHS-7}* 1 ¥g2 7t
Aol o) F£3 & = Aolgta 3 Hivb 9om, tanshinone 1S @A4stE 714 AE
of AZME S et A3 E3E UEhllE o] vt LdHA v FE8A AR
2l salvianolic acid B9] &2 amylase® A A 2] Foll Al = Ve

Table 12. Content hange in salvianolic acid B, cryptotanshinone, tanshinone 1 and
tanshinone 2A of Salvia miltiorrhiza Bunge extracts divided by ground level
(unit : mg/100mL)

Group Salvianolic acid B Cryptotanshinone Tanshinone 1 Tanshinone 2A

control 239.76+3.50" 0.33+0.02 1.17+0.10 TR?
Prototype

amylase 300.60+14.60 0.38+£0.01 1.34£0.10 TR

control 258.8t 4.50 0.28+0.01 0.92+0.1 TR
Coarse

amylase 302.6£14.60 0.38+0.01 2.14£0.1 TR

control 249.3£9.70 0.26+0.01 0.91+0.1 TR
Fine

amylase 293.6+15.00 0.34+£0.02 2.12+0.1 TR

UValues are means+SD (n=3); TR, Trace
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Fig. 14. Acetylcholin esterase inhibitory activity of Salvia miltiorrhiza Bunge

extracts by optimum conditions.
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o} @A FZE scaled FEAE I
(1) Scale upS B3 G4 FE2E9 FEAE I AAA HU}

St Ay Ade FAHeR AAE AA FEXQ 100TAA 301 dAE & F
amylase & 425 AF83Fe] 60CoA 4413 F=3F 312l salvianolic acid B, cryptotanshinone
2 tanshinone 19 FEA+ T AIAAH HSE ¢ 2y Table 139 YHEAT. 4,
A AFARANA AFetrta 273 A TAES 100T oA 307t
A8 F amylase®AE AFEsEe] 60TolA 4AF A5 FEato] Aol A&t WeE
FE==Y Y2/ FE8A4F 0% tanshinone 2AE A 2|3 salvianolic acid B, cryptotanshinone,
Ao, 84 AEQ salvianolic acid B7F o2 AEE] H|s] €53
o dwbgeow g4 AgTgolM FaEAEe dFol FUbeke AEFE
U ERH A AL, salvianolic acid B= # W 1.349, cryptotanshinone 1.44j, tanshinone 1< 1.24]

AR bk oz FRAY Fuel ¥ Uehtbs el MEFS wolFYLh

N
[‘_'f‘l oL
BN
Y
2,
Lo
ot
o
i
ol
L
o

tanshinone 1°] 73
(o3

B2 ol A=A

Table 13. Contents of Salvianolic acid B, Cryptotanshinone and Tanshinone 1 in

Salvia miltiorrhiza Bunge extracts by lab scale production (unit: mg/100mL)
Samples Salvianolic acid B Cryptotanshinone Tanshinone 1
Cc-1v 332.08+29.15 0.50+0.05 1.08+0.04
C-2 337.70+22.03 0.47+0.02 1.20+0.09
Average+SD 334.89+23.31 0.48+0.04 1.20+0.09
A-1 44412+ 7.00 0.46£0.02 1.12+0.04
A-2 424.52+17.92 0.63+0.06 0.90+0.00
A-3 381.57+24.63 0.68+0.05 1.36£0.17
A-4 372.13+17.91 0.56+0.03 1.36£0.03
A-5 386.49+26.58 0.64+0.11 0.12+0.07
Average+SD 401.76+33.27 0.59+0.09 0.84+0.57

UC-1, C-2, non-enzymatic treatment; A-1~A-5, enzymatic treatment.

PValues are means=SD (n=3).
a1 AAE 270 o3t FERHE o] &3 gl Ak A 9]
3= Fg9gd Ay Table 14 YERWHRITE  Salvianolic acid B 2

[e]
tanshinone 1< Ad2A ZAye} wls=st S YEFW S Y, cryptotanshinone Za S



Uelhon AdaAe A& AZoME eEubx @S tanshinone 2A¢] ko] u]
e S & 5 Atk 2 di@Aske] AR E vg o dit FEESH AR A4S
85~115%% o}, A& #elst= 7% volH= stara

Table 14. Contents of salvianolic acid B, cryptotanshinone, tanshinone 1 and

tanshinone 2A in Salvia miltiorrhiza Bunge extracts by mass scale production
(unit: mg/100mL)

Tanshinone 2A

Samples  Salvianolic acid B Cryptotanshinone Tanshinone 1
1 426.84+10.38" 0.39+0.03 1.25+0.01 0.09+0.03
2 540.38+20.99 0.76£0.04 1.80+0.38 0.12+0.05
3 466.99+£16.92 0.36£0.04 1.42+0.08 0.12+0.04
Average 478.07+£51.91 0.50£0.19 1.49+0.31 0.11+0.03
85% 406.36 0.428 1.267 0.094
1159% 549.78 0.579 1.714 0.127
DValues are means*SD (n=3)
cabe]l AR} gFAse s de 77t FEHEZHE Fadw AR T AL R
2 AedAE WEE AFto] v gk wst AEe & &3 2y Table
159 YEFH LTl Salvionolic acid B, Cryptotanshinone, Tanshinone 19 A& 3 AAFRE
wa} oA el sheke] zpo]E Hel AL salvianolic acid BE Y ERRETE

Table 15. Content Comparison from lab and mass scale extraction of Salvia

miltiorrhiza Bunge extracts (unit: mg/100mL)

Samples Salvianolic acid B Cryptotanshinone Tanshinone 1

Lab scale 403.67+33.05 0.56+0.08 1.17+0.16

Pilot scale 477.66+49.06 0.50+0.19 1.51+0.32
T test 0.014" 0.784 0.078

U Values are obtained from Lab and Pilot scales value’s comparison.
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Table 16. Mass scale production process of Salvia miltiorrhiza Bunge

extracts
T4 &
1 95 &4 ARFS
2. 1728 = 100C, 30 &
3.4 z} 60C=E Yzt
4. 54 A¥ A )
5. o 2} Filter press
6. & = 30 Brix

=
=

N
22
-4

ot gae 283 AFE 7]

(1) 249 FE4E 744

o

TUPA S Ax T AT 2 BHste] >20~40mesh® A3 gk B 05 goll 75%
ke 50 mLE 7}8te] 30% &9t sonication F=3Fe] A %A
AAEEe] F3t JAEX G A Au v A EAE SES B4R EASE A=
Table 179 YebHATE &3} 9o 2015 39 AF @it AR #4842 Hr 6.93%9

[e]
85~115% W12 AAFsel 4L pelete Az48e Fud sk

salvianolic acid B #41&
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Table 17. Salvianolic acid B contents of Salvia miltiorrhiza Bunge depending

on grower

Salvianolic acid B RSD

Samples 85% 1159%
(8/100g) (%)

A 6.25+0.27" 0.44 5.32 7.19

B 7.39+0.25 0.34 6.29 8.50

C 6.79£0.21 0.31 577 7.81

D 6.39+0.25 0.39 5.43 7.35

E 7.09+0.15 0.21 6.03 8.15

F 7.65+0.28 0.36 6.50 8.79

Average 6.93 0.34 5.89 7.97

DValues are means+SD (n=8).

AR ARSE 3, A0 (R k), 27X B (S L), 3
oo gaA Ak Bl BAS A4 5, Huby fme;
E

EHT, IR Sl ol&ste AE. 53], @Ak ojdAlA

Gabs &8skl AAelA Zmwol H=
i

7Fske] 100TCol Al 3023 5 F Wyste o3t A& F=7](N-3010, Tokyo Rikakikal
Co., LTD. Tokyo, Japan)E ©]-83}¢] 20 brix7}A| =3k & M= 7)d35k o)
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Table 18. Properties of each herb for functional drink

Material Efficacy Ingredient
Salviae ]
o ] Tanshinone I,
miltiorrhizae o )
Salvianolic acid B,
Bunge
Vitamin A, Linolenic
Leonurus ) ) ) )
o acid, Oleic acid, Rutin,
sibiricus )
Leonurin
Chrysanthemum

indraum Linne

Vitamin C, Acacetin

A A AA
ZH & A3,

Hibiscus 3 (=717, Minerals,
sabdarfla 1% oﬂ) U‘io‘ld 4 Vitamin C, K
Licorice o
Glycyrrhizin,
Glycyrrhuzae o
) Liquiritigenin
Radix
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() e FEESAS o4 7154 8 54
Gt FEEEAS o83 SBE AxsY] i FE dARES 47 FEE] FE5E,
pH 2 MEE XA A3 Table 199 YeERUAT 52582 @il M8 =131, R %9}
b vHA vEdom, olE xE g wEl zelrt UE Aoz Bt FEHE9
pHE R % FEEo] 7MY =doy, SHA2AL FE5E0] pH 2972 71 <A yE o™
49 ot pH 3930% Uehdth Ax: Wi oz, gx: axd 9Es
el o ik 9 S| A2A T HF2AS UEWE H(a)@tS YERASI T
Table 19. Extraction yield, pH and Hunter’s color value of each herb
Sl Extraction - Hunter’s color value
ampies yield(%) P L a b
531‘”3;”]‘70”17’23 75.0 503 5985371  1557+047  33.08+4.83
unge
Leonurus 40.0 6.8 57.18+2.47 9424126 34.10+1.15
sibiricus
Chrysanthemum 40.0 464 7392108  -538+070  30.76+0.12
indraum Linne
Hibiscus 60.0 2.97 10.32+0.42 24.83+1.07 6.53+0.29
sabdarfla
Licorice
Clvesrsiamae Radix 50.0 5.04 63.93+0.18 ~2.20+0.10 31.39+0.19
Drink 66.7 3.93 2.93+0.07 0.14+0.06 -0.33+0.07

DV alues are means*SD (n=3)
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Table 20. Contents of salvianolic acid B, cryptotanshinone, tanshinone 1 and

tanshinone 2A in multi herb extracts (unit: mg/100mL)
Samples Salvianolic acid B Cryptotanshinone Tanshinone 1
1 313.80+16.26" 0.15+0.01 1.20+0.01
2 416.74+21.97 0.32+0.05 1.49+0.24

DValues are means=SD (n=3)

20156 39 A5 ©iE #geto] zFe HGopFrelA wate] ARARTFE BT

Ay Table 213 #Ztvh $8 100mLY #H1 19%5mgel @4 FEAES 3

= fratar
Aoz FAEoH o= it 3go % salvianolic acidE sl Aoz SAtHT)

Table 21. Contents of salvianolic acid B in

Drink Danahu® developed wusing multi herb

extracts (unit: mg/100mL)
Samples Salvianolic acid B
1 203.5
2 187.2
3 195.7
4 196.5
Average 195.73+6.68
85% 166.37
115% 225.08
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Table 22. Content Change of Salvianolic acid B content of Salviae

extract after heating process

Bunge

miltiorrhizae

(unit: mg/100mL)

pH 3.8

pH 5.8

Heating

time

recovery rate%

content

recovery rate(%)

content

100

92.0

100

110.0

Oh

90

82.9

74

81.6

zh

93

85.9

71

78.6

4h

89

81.7

69

76.3

6h

34

7.2

64

70.3

8h

0.018Y

T test

U Values are obtained from each recovery rate value's comparison.

o} 57}
61;1_
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Table 233 2t}
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el
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Table 23. Change of Salvianolic acid B content of Salviae miltiorrhizae Bunge extract after

heating and cooling at room temperature (unit: mg/100mL)
Heating pH 5.8 pH 3.8
time 0 day 2 days 5 days 0 day 2 days bdays
2h 81.6 113.0 110.0 82.9 115.0 117.0
4h 78.6 108.0 107.0 85.9 114.0 114.0
6h 76.3 103.0 98.0 81.7 105.0 106.0
8h 70.3 101.0 94.0 772 107.0 108.0
T test 0.0001" 0.0534” 0.0006" 0.0917”

DValues are obtained from 0 and 2 day value’s comparison.

YValues are obtained from 2 and 5 day value's comparison.
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Fig. 15. Acetylcholin esterase inhibitory
activities of single and multi herb extracts.

Single extraction, Salvia miltiorrhiza Bunge;
Mixed extraction, Salvia miltiorrhiza Bunge,
Leonurus sibiricus, Chrysanthemum indiaum Linne,
Hibiscus sabdarfia, Licorice Glycyrriuzae Radix

Table 21. Functional drink combination ratio using herb extracts

Ingredients A B C
Vinegar 12 11 12
Fructo_oligosugar 40 41 40
Sweetness 0.05 0.05 0.05
Calcium 0.5 0.5 0.5
Salviaemiltiorrhizae 4 8 12
Leonurus sibiricus 4 8 12
Chrysanthemum Indiaum 4 4 4
Hibiscus sabdarfla 2 1.8 2
Licorice Glycyrrhuzae 0 2 2
Water 33.55 23.47 15.45
Total 100 100 100
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Fig. 16. Sensory evaluation of Functional drink
using Salvia miltiorrhiza Bunge.
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Fig. 17. Leaching tea making step using Salvia miltiorrhiza Bunge, Schizandra

Chinensis and Chrysanthemum indiaum
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(3) 24 948 nE IE AY AA

AW ol gote] &, T, ok 2TES AT 40% FHL AH] FEAR FEL
Solshela A 90 gol 40% FA L7Lel BAAA AEFE A=HAL. AXH o
HEF A% 8F Fol pll, 3%, A% % FEYRS 2AY Aoks Table 226 ehhiet,

40% T74<¢ pH+ pH 8419 oy, @4 HEF5 pH 65302 FAoA oibdo=
%o}éizml, FEE= 40%F AR 22 °brix A% b

l_TZ = =
ol we Aom Uenbd Al Mk AP L S Qov], FA 196 Mayio
Al -Er

FEH %‘74%494 Aol {E Mog wWglslr] AlFtste] A T2AIF AEW giEEo
FEHE Aoz BojAdrh wate] faAdE = salvianolic acid’b 124.1mg/mlZ A& 5 Aok
Table 22. Characteristics of Salvia miltiorrhiza Bunge wine
Sugar Hunter’s color value Salv1anohc
Samples pH content
(°Bx) L a b (mg/lOOmL)
Salvia

miltiorrhiza 653001 167+01 7517005  14.99+0.03  36.200.03 124.1

Bunge wine

Dy alues are means*SD (n=3)

2 day aging 2 month aging

Fig. 18. Visual of Sal/via miltiorrhiza Bunge wine
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Fig. 19. Tablet using Salvia miltiorrhiza Bunge and Hibiscus sabdarffa extract
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Table 23. Salvianolic acid content of spray dried

Salvia miltiorrhiza Bunge extract

: mg/100g)

(unit

Salvianolic acid B

Sample

197

30 Bx extract

210

Spray dried powder
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Fig. 20. Concept of utilizing Sal/via miltiorrhiza Bunge products
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1}, Salvianolic acid € tanshinone 3}3& #4

48 A

b

w T WAE 40TCoA dFAxT $F A, Efste] ARt AdxEE 0.3 goll
75% methanol 50 mLE 7}k % 30% &< 253 F=53Hh
FZ %2 Whatman NO. 1 oJ3%#] % 045 pm membrane filter2 o] #slo] 48 A|E=2
£33t wate] f & AE<¢l salvianolic acid B, cryptotanshinone, tanshinone 1,
tanshinone 2A+ HPLC (1260 Infinity Quaternary LC System, Agilent Technologies,
Waldbronn, Germany)& ©]-&3t9 o 47432 ODS-HI0(ODS-H80, 4.6x250 mm, YMC
CO., LTD., Kyoto, Japan)s A}F&3a, o]l&d2 1% formic acid £AH(A)Z}
Acetonitrile:methanol(75:25)8 & A}-§-3to] Gradient 7oA #2383 Table 13 #Zt}
Salvianolic acid % tanshinone ¥ % Sigma-Aldrich (St. Louis, Mo., USA)¢] salvianolic
acid B, cryptotanshinone, tanshinone 1, tanshinone 2AE o] &3to] ZHA 3 AZA ] 372 o

23 a9
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Table 1. HPLC conditions for the assay of Sal/viae miltiorrhizae Bunge

Time (min) Mobile phase A Mobile phase B
0 75 25
1 60 40
14 60 40
22 40 60
23 11 39
45 11 89
50 75 25
Mobile phase A 196 formic acid in H20
Mobhile phase B 196 formic acid in acetonitrile : methanol = 75:25
Detector UV (280 nm)
Column YMC ODS-H80 (250 X 4.6 mm, 4 pm)
Flow rate 0.5 mL/min
Column temp. 20°C
Injection volume 5 uL

&, 9L FFEANS ZAEGY. @S A EA XL"‘*(]SPC*ZLZOCZ, JSResearch Inc., Gongju,

Korea)ol A Adiss% 65%, 3 800 pmol m*' s'¢ =713

Jo
Ry
Ol
oL
dt)
o
rlo
ki
=
a
i
o
9{_4
[

s, EE54 FANSS AT o3I ET FAES Fd =4 71(LI-6400X T,
Licor Inc., Lincoln, USA)E o] &3}o] TS A8l sk 2& F7]/%F 250 umol/s,
=5 2082TCo A 27 9Alo| A % 1AI74A] 3R o2 Attt FA S FHFx4

< LED light sourceZ ©]-&3le] 0, 25, 50, 75, 100, 250, 500, 750, 1000, 1500 pmol/m?/se]
Az zAsAY. F-FFd F4E& SAste] FRFH(Light compensation point), &5

€ (Net apparent quantum vyield), ]334 <%= (Maximum
photosynthesis rate)S T3ttt A54 FFNS 54 7] (FluorPen FP100 Fluorimeter, Photon
System Instrument, Drasov, Czechia)Z AF&3F QJIP #2418 208-7F oHAbefo] 234171 2ol 1,500
pmol/m?%/s®] & 1327 ZAFsEaL 50 ps(O ©HA), 2 ms(J] ©A4), 30 msd ©A), 300 ms(P 7)<
FE4 FFAEE 3WkE o7 =43le] 3l th OJIP 418 EFa Wil A9 A=y Wy

(Vj, Vi, Fv/Fm, ABS/RC, ETo/RC, DIo/RC)E AF&38}5th

h=]
(Dark respiration), <%=}
[ex]
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Fig. 1. Effect of temperature on net photosynthesis rate depending upon photon flux

density in Salvia miltiorrhiza Bunge.

k#2791 100 pmol/m¥s oldtel A B9l FgAe AAE FMFHolmg HA 372E&
o] g3l B4 dAHY TEEE HY FIA £x FUdA FE&S AEE I (Table 2).
20T ol A FRAAAL 18487 ymol/m*/sz2 74 vrol okadz 7oA J =3 OU% =

o B S =3 5102 pmol COymY/sZ 7HE =3

25Ce} 30Tl w8l 27~318] E=oht) 53] =%A &2 FFxdA FFAATEHY AxE
HoolUA & 313 v A= HEAA T = st E4s Uedsd, oY 2E T
A e 2784 e 0.04~0.06 pmol CO/m%/sS YERAE 0.04 umol COy/m”/s ©]38el 7%
FststAVE E4e B Aer Bausta Utk B dAelA = 25T, 30TolA sdATs
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Table 2. Effect of temperature on photosynthetic parameters in Salvia miltiorrhiza
Bunge

Temperature LCPY DR MPR NAQY
() (umol/m?/s) (umol COy/m?*/s)  (umol CO»/m?/s)  (umol COy/m?%'s)
20 18.487 ¢? 0.540 b 5102 a 0.029 a
25 33913 b 0.776 a 4113 b 0.023 b
30 92.480 a 0.422 ¢ 1.766 ¢ 0.004 ¢

VLCP: Light compensation point, DR: Dark respiration, MPR: Maximum photosynthesis rate,
NAQY: Net apparent quantum yield.

YValues are means*SD (n=3). Means with different letters are significantly different at

p<0.05 probability level by duncan’s multiple range test.
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Table 3. Effect of temperature on stomatal conductance, transpiration rate, vapor
pressure deficit of leaf-air and water use efficiency in Salvia miltiorrhiza Bunge at

1,000 umol m 2 s! of photosynthetic photon density, 400 ppm CO,

Stomatal Vapor pressure Water use

Temperature Transpiration rate Bo p ) efficiency
. conductance 5 deficit

(C) (mmol HoO/m”/s) (umol CO»/mmol
(mmol/m%/s) (kPa)
H0)

20 0.035 a" 0.698 b 1918 ¢ 7108 a

25 0024 b 0720 a 2848 b 4955 b

30 0012 ¢ 0507 ¢ 4023 a 3311 b

UValues are means*SD (n=3). Means with different letters are significantly different at

p<0.05 probability level by duncan’s multiple range test.

_74_



(th) @4e 454 FFuks
OJIP EA ol ofst 54 FFwEe 71 27]o O-] 732 FA 19 wgFAHel Qa
°] 221(Qa)s YERH AL J-I <
(Plastoquinone)®] #2743+ QS on|ditt &xo WE P24 FPRA ZAxe= Table 49
YEFH AT 20Tl M= Vi, Vizh zobA Qa9 AAtsts 4z dAApddoe] i vopx= A
ojoyt x7] FstEt wbgoA Hu FAFES YERUE Fv/Fme 20T, 25Co|Al =k,
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Table 4. Effect of temperature on characteristics of chlorophyll fluorescence in

Salvia miltiorrhiza Bunge at 1,000 pumol/m?%'s of photosynthetic photon density, 400

ppm of COq
Temf%rf‘ture Vi Vi Fv/Fm ABS/RC DIo/RC
20 0.447 a? 0.737 a 0.813 a 2,049 c 0.383 b
2% 0.401 b 0.703 b 0815 a 2177 b 0.402 b
30 0.375 ¢ 0.693 b 0.808 b 2317 a 0.445 a

Vi, relative variable fluorescence at 2 ms time; Vi, relative variable fluorescence at 30 ms
time; Fv/Fm, maximum quantumn yield of PS II photochemistry in the dark adapted
state; ABS/RC, absorption flux per reaction center; ETo/RC, electron flux per reaction
center beyond Qa " DIo/RC, energy dissipation flux per reaction center.

YValues are means*SD (n=3). Means with different letters are significantly different at

p<0.05 probability level by duncan’s multiple range test.
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Table 5. Effect of harvesting time on root growth characteristics and yield in Salvia

miltiorrhiza Bunge

Harvesting Root length Root diameter Lateral root Dry weight
time (cm) (mm) (Number/plant) (g/plant)
10 Nov. 3553 a' 38.00 a 1833 a 32.73 a
20 Nov. 33.90 a 37.83 a 18.00 a 3297 a
30 Nov. 3543 a 36.73 a 18.36 a 33.57 a
10 Mar. 35.30 a 3697 a 1824 a 34.01 a
20 Mar. 36.07 a 36.77 a 18.42 a 34.13 a

UValues are means*SD (n=3). Means with different letters are significantly different at

p<0.05 probability level by duncan’s multiple range test.

FEA71E @it df-¥ salvianolic acid B, cryptotanshinone, tanshinone 1 % tanshinone
2AS HPLCZ o]&3le] B3 A3t Fig. 201 WeElbl Rl Salvianolic acid BE 101774,
cryptotanshinone 35.653%, tanshinone 12 35.827+%, tanshinone 2A+ 40.044%F° HE=FH U

o,
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Fig. 2. HPLC chromatograms of standards(A) and root sample(B) extracted by

methanol in Sal/via miltiorrhiza Bunge.
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Fig. 3. Effects of harvesting time on content of salvianolic acid B, cryptotanshinone,
tanshinone 1 and tanshinone 2A in Salvia miltiorrhiza Bunge. Values are means*SD
(n=3). "Means with different letters are significantly different at p<0.05 probability level by

duncan’s multiple range test.
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Table 6. Effect of cultivation periods on shoot growth characteristics in Sal/via

miltiorrhiza Bunge

Cultivation Plant Stem Leaf Leaf Leaf Node
eriods height diameter number length diameter number
P (cm) (mm) (No/branch) (mm) (mm) (No/plant)
One year 60.0 bY 6.7 a 181 b 115 a 7.2 a 50 a
Two years 9.1 a 82 a 163 b 143 a 6.6 a 48 a
Three years 103.6 a 81 a 25.3 a 142 a 6.4 a 50 a

YValues are means+SD (n=3) Means with different letters are significantly different at

p<0.05 probability level by duncan’s multiple range test.
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Table 7. Effect of cultivation periods on root growth characteristics and yield in

Salvia miltiorrhiza Bunge

. Root head Root Root Lateral root Fresh .
Cultivation i ) ) Yield
criods diameter diameter length number weight (DW. ke/102)
P (cm) (mm) (cm) (No/branch)  (g/plant) o
One year 305 bY 111 b 529 a 40.8 ab 3083 b 210 b
Two years 5l.2 a 129 b 42.2 ab 49.2 a 4170 a 322 a
Three years 533 a 244 a 374 b 348 b 385.0 ab 315 a

UValues are means*SD (n=3). Means with different letters are significantly different at

p<0.05 probability level by duncan’s multiple range test.
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Fig. 4. Effects of -cultivation periods on content of salvianolic acid B,
cryptotanshinone, tanshinone 1 and tanshinone 2A in Salvia miltiorrhiza Bunge.
Values are means*SD (n=3). "Means with different letters are significantly different at

p<0.05 probability level by duncan’s multiple range test.
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Table 8. Effect of planting density on shoot growth -characteristics in Sal/via

miltiorrhiza Bunge

. Plant Stem Leaf Leaf Leaf Node
Planting . ) .
] height diameter number length diameter number
density (cm) (mm) (No/branch) (mm) (mm) (No/plant)
30x20cm 60.9 ab” 6.9 a 145 a 97 a 6.3 a 47 a
30x10cm 5.0 a 70 a 13.6 ab 103 a 6.2 a 47 a
30x5cm 581 b 64 a 130 b 104 a 6.7 a 49 a

DValues are means+SD (n=3). Means with different letters are significantly different at p<0.05

probability level by duncan’s multiple range test.
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Table 9. Effect of planting density on root growth characteristics and yield in

Salvia miltiorrhiza Bunge

Root head Root Root Lateral root Fresh

Planting . _ . Yield
] diameter diameter length number weight (DW. ke/10a)
density (cm) (mm) (cm) (No/branch)  (g/plant) o
30x20cm 32.2 aV 12.3 a 39.7 a 260 a 2571 a 159 b
30x10cm 315 a 11.7 a 373 a 275 a 246.4 ab 191 b
30x5cm 284 a 111 a 365 a 215 a 1920 b 506 a

DValues are means+SD (n=3). Means with different letters are significantly different at

p<0.05 probability level by duncan’s multiple range test.
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Fig. 5. Effects of planting density on content of salvianolic acid B,
cryptotanshinone, tanshinone 1 and tanshinone 2A in Salvia miltiorrhiza Bunge.
Values are means*SD (n=3). "Means with different letters are significantly different at
p<0.05 probability level by duncan’s multiple range test..
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Table 10. Effect of planting method on shoot growth characteristics in Salvia

miltiorrhiza Bunge

Plantin Plant Stem Leaf Leaf Leaf Node
metho% height diameter number length diameter number
(cm) (mm) (No/branch) (mm) (mm) (No/plant)

Tray seeded 53.0 a” 6.6 a 171 a 10.7 a 6.2 a 51 a

Drilling seeded 5.0 a 6.5 a 177 a 96 a 4.2 ab 50 a

Hilled seeded M1 a 6.2 a 196 a 89 a 36D 49 a

YValues are means*SD (n=3). Means with different letters are significantly different at

p<0.05 probability level by duncan’s multiple range test.
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Table 11. Effect of planting method on root growth characteristics and yield in

Salvia miltiorrhiza Bunge

Root head Root Root Lateral root Fresh

Planting i ) ) Yield
diameter diameter length number weight (DW. ke/10a)
method (cm) (mm) (cm) (No/branch)  (g/plant) Y
Tray seeded 29.1 aV 111 a 486 a 37.2 a 302.1 a 213 a
Drilling seeded 245 ab 132 a 40.1 a 180 b 1292 b b
Hilled seeded 227 b 13.0 a 564 a 165 b 1854 b 110 b

DValues are means+SD (n=3). Means with different letters are significantly different at

p<0.05 probability level by duncan’s multiple range test.
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Fig. 6. Effects of planting density on content of salvianolic acid B,
cryptotanshinone, tanshinone 1 and tanshinone 2A in Salvia miltiorrhiza Bunge.
Values are means+SD (n=3). "Means with different letters are significantly different at

p<0.05 probability level by duncan’s multiple range test..
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Fig. 7. Effects of planting method on content of salvianolic acid B,
cryptotanshinone, tanshinone 1 and tanshinone 2A in Salvia miltiorrhiza Bunge.
Values are means+SD (n=3). "Means with different letters are significantly different at

p<0.05 probability level by duncan’s multiple range test..
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Table 12. Effect of planting method on shoot growth characteristics in Salvia
miltiorrhiza Bunge
Planting Plant Stem Leaf Leaf Leaf Node
time height diameter number length diameter number
(cm) (mm) (No/branch) (mm) (mm) (No/plant)
April 20 63.7 aV 6.9 a 135 b 99 a 6.8 a 51 a
March 10 519 b 6.6 a 19.7 a 87 a 57 a 47 a

DWalues are means+SD (n=3). Means with different letters are significantly different at

p<0.05 probability level by duncan’s multiple range test.
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Table 13. Effect

Salvia miltiorrhiza Bunge
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of planting method on root growth characteristics and yield in

. Root head Root Root Lateral root Fresh .
Planting . . ) Yield
] diameter diameter length number weight (DW. ke/102)
time (cm) (mm) (cm) (No/branch)  (g/plant) Y
April 20 31.3 a" 129 a 343 b 30.2 a 245.3 a 160 a
March 10 323 a 110 b 522 a 36.7 a 2478 a 155 a

DValues are means+SD (n=3). Means with different letters are

p<0.05 probability level by duncan’s multiple range test.
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A &o] AL83F salvianolic acid A, salvianolic acid B, cryptotanshinone, tanshinone 1,
tanshinone 2A, gallic acid, trolox, (%)-catechin, a,a-diphenyl-2-picrylhydrazyl(DPPH),
2,4,6-tris(2-pyridyl)-1,3,5-triazine(TPTZ), 2,2 " —azino-bis(3-ethylbenzothiazoline-6-sulfonate)
(ABTS), 22  -azobis (2-methylpropionamidine) dihydrochloride(AAPH), Folin-Ciocalteu
reagent, sodium carbonate, sodium nitrate, aluminium chloride, sodium hydroxide, ferric
chloride, potassium persulphate, fluorescein< SigmaAh(Sigma Chemical Co., St. Louis, MO,
USA)Z5H Fdsto]l AREetala, 2 o FE8v) 3 A2 248 55 AleF (Duksan Co,,
Seoul, Korea)s AF&3tth &d4kst &4 2 AE SHS $Iske] ultraviolet - visible (UV -
Vis) spectrophotometer (UV 1601 PC, Shimadzu Co., Kyoto, Japan), microplate reader
(Emax Precision Microplate Reader, Molecular Devices, Sunnyvale, CA, USA), multi-label
plate counter (Victor 3 1420, PerkinElmer Inc., Boston, MA, USA), High performance liquid
chromatography (HPLC, 1260 Infinity Quaternary LC System, Agilent Technologies, Palo
Alto, CA, USA)E E4 & 7I71= AR&&kith

o2 FEAE EMWE N
(1) HPLC 4 =4 &4

ikl A BAELS EFES ol&3led HPLCEZ ®A439u. HPLC (1260 Infinity
Quaternary LC System, Agilent Technologies, Palo Alto, CA, USA)9l Cl18 column
(YMC-Pack J’'sphere ODS-HK0, 4.6x250 mm, 4 um, YMC, Tokyo, Japan)2 A}-&3lo] 280

nmol A E243A . B4 271 Table 19 YEFHRITEE Injection volumes 5 pl, 732 05
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mL/min® & o]&sA v A (0.1% formic acid in water), B (0.1% formic acid in
acetonitrile:methanol (75:25, v/v))E AF&3lo] gradient =712 FA3ATH 75% A/25% B
at zero min, 60% A/40% B at 1 min, 60% A/40% B at 14 min, 40% A/60% B at 22 min,
11% A/89% B at 23 min, 11% A/89% B at 45 min and 75% A/25% B at 50 min. A 3%
o] &ake salvianolic acid A, salvianolic acid B, cryptotanshinone, tanshinone 1, tanshinone
2AS o]l &ste] A HuEFA FAAOZFE F3to], mg/100 g dry weight basis®= YE}
W At

Table 1. HPLC analysis condition

Time (min) Mobile phase A Mobile phase B
0 75 25
1 60 40
14 60 40
22 40 60
23 11 89
45 11 89
50 75 25
Mobile phase A 1% formic acid in H20
Mobile phase B 196 formic acid in acetonitrile : methanol = 75:25
Detector UV (280 nm)
Column YMC ODS-HK0 (250 X 4.6 mm, 4 um)
Flow rate 0.5 mL/min
Column temp. 20°C
Injection volume 5 uL

(2) HPLC &4 % A=

GA A ZAARY ZFEELS 005~100 pg/mLe ®EdA HPLCE ®A35t4th 31724
y=ax+b?] FHE AEAoeH, y= ¥3 W xE= FFEY FLo sigdtl. AE3HA

(limit of detection, LOD)¢} A =34l (limit of quantification, LOQ)&= ta-3F Zo] AAsS
=

Standarddeviation of low concentration

LOD=33X
o 33 Slope of the calibration

Standarddeviation of low concentration

LOQ=10x Slope of the calibration

an
ae)
—
(@)
o
ot
k1
b
ol\
o
Ho

3 YF(Intraday) WEF} di(interday) HEFS HA

)
ol
o
38
i
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Salvianolic acid A, tanshinone 1, tanshinone 2A ¥ <% < 50~200 png/mL, salvianolic acid B,
cryptotanshinone %2 25~100 pg/mLe] XA HPLCZ #A38te], FX = interday,
intraday®] At E=HAX}F3E (relative standard deviation, %RSD)S T-atsith A EF=HAA =

e wt 2ol Axrel el

)

YRSD— standarddeviation % 100
Average

Z =4 e shEe dHEmA E#o] Folin-Ciocalteu reagent®} WHg-3lo] Moz whal
i YY) S o] g3t A5 vk FEE 100 plol 2 N Folin-Ciocalteu reagent 50 pL
2 7}ete] AL 487 wE A7), 20% sodium carbonate 300 uLE 7}&te] Ao A] 15
B AAg & 75 1 mLE #7Eske] 10,000 rpmell A 5&3F A& ds e F
FBEZE 725 nmoll A =AHE ], FFEAE gallic acidE AFEste] AT Ao o=
FH A8 F dHu #S 7389 g gallic acid equivalent/100 g dry weight basis@® UE}
W At

o
=
o
off

FT FotHxolE e Jia 59 W el S48 @4 F55 70 ulol 50%
o k2 430 pl, 5% sodium nitrate 50 pLE 7}gF & 1A 7FE¢r Ao AR st 10%
o

aluminium chloride 50 pL& Y1l 224 6%37F ¥F8-Al71 & 1 N sodium hydroxide 500 nL

Ll o

% 93 510 nmol A FRES ST TERAR (5) cateching A3l B4 A
Aol 3l o g RE F ZFH o= stES 519 g catechin equivalent/100 g dry weight

basis® YWEFWH ST}

uf, G4t il g4 A
(1) DPPH &9z &2A &4
A b35S DPPH =tz &4 Aoz FAs9t. a4 55 100 p
Lo} DPPH €< 900 L& Tgste], AeolA 3027 =g &
2 FFEAZ AFE3 gallic acid®] HAHFAL 3
equivalent (GAE)Z 2H4tsto] e AT

(2) Ferric ion reducing antioxidant power (FRAP) assay

FRAP &4 & Benzied W< o] &3sle] =43ttt FRAP A ¢S acetate buffer (pH 3.6,
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300 mM), 10 mM TPTZ % 20 mM ferric chlorideE 10:1:1(v/v/v)9] H]| &2 E&3}o] A x5
At @4 FEE 25 Lot FRAP A oF 175 L= 96 well plateo] ¥ &3H3ste] bAoA 30
2 AA% T 650 nmollA FHEE SASAY. S FTEARZ AFES troloxe] A #H 2
3| A4S o] 8359 trolox equivalent (TE)Z $HAFsFe] LpeER AL
(3) Trolox equivalent antioxidant capacity (TEAC) assay

TEAC 24 ABTS oz 2AWe=m S48t 7 mM ABTS &3 245 mM
potassium persulphateE 1:1(v/v)e] H] &2 &35t 3FF &<k shaoA ABTS ™ & AA
Z1 %, 734 nmell A 3% gho] 1.00] HEE wesS AREste] 3483t ‘3}%‘ FE=E 2
uLe} A ¥ ABTS" €9 980 uyLE &35t 734 mmolA 3= HIE SAHSAY. &4
S ATEEE AT troloxe] HEA A4S o] 834 trolox equivalent (TE)Z #AHs}
of YER AT

(4) Oxygen radical absorbance capacity (ORAC) assay

ORAC €4& Cao w9 WHE W&o FAHsAt. @t 55 20 puLe 02 mM
fluorescein & 120 pLE 96 well plateo] ¥ il 37ColA 10¥7F A X3d T 200 mM AAPH
60 pLE ¥l 1208 S<F 58 A S 2 excitation 485 nm, emission 530 nmolA HFS A
sttt Z7E= A& thAl phosphate bufferE AREsFow, 3373244 (fluorescein
decay curve)S ZAd3ste] Wb AIZRe] w2 PP Aol WA (area under the fluorescein
decay curve, AUC)& oFef 8] 25 o]&dte] Falieh &4kt 4L #E=4d< troloxs A
f3lo] HEAo 34 o] &3l trolox equivalent (TE)Z $Hikalo] vpeluidct

1=120
A UC: (05 + 2 f7/f0) X5 AA UC= A UCsample —A UCblank

i=1

fO = initial fluorescence at 0 min, fi = fluorescence at 1 min

v S A A 2
2E A2 33 whmste] dajste], Aabghe Hwd ¥FWAF (meantstandard deviation)
2 EASA A, #4HEA (ANOVA)# Duncan®] thE ¢4 (Duncan’s multiple range test)
A

S AANEY AB7HY foAE p<0.05 F=oE v BAsItE EAEA S statistical

analysis system (SAS, Institute Inc, Cary, NC, USA)E o] &3}%t}.
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2. d7NE =3E

titol = g Y-S A A4 A EE] tYsiAl ®EF ot} Salvianolic acid
A, salvianolic acid B, caffeic acid, protocatechuic aldehyde, protocatechuic acid, lithospermic
acid, lithospermic acid B¢} 2 44 A&7} cryptotanshinone, tanshinone 1, tanshinone
2A, dihydrotanshinone 1, isotanshinone 2A %} #2 ZFA AdEo] it 2 1 7 4
H7te 913 g8t A Fx2A AFEE o] gth. 21 Tl Al salvianolic acid A, salvianolic acid B,
cryptotanshinone, tanshinone 1, tanshinone 2A+ @At T84 /¥ F2 F3 AF9
th gate]l Fa f& AR F8H7F FxE Fig. 3% 2t} 34-hydroxybenzyl-lactic acid
E A9 salvianolic acids® F4-3%F hydroxyl group®] EAola, o]l= & st a4kst 2H8-o
o] 3t} Phenanthrene—quinone %A ¢1 tanshinonef®+ 334, 7t At 59
do] nayolgly, B Ao @i Fra AR AE 2 AHE 98 57HA 8 FE

=
®o EEE} HPLC #A1W L ol $5t9ith wabe] HRARS Fig. 1o tehiglon, v

o
o
N

Lok

r
p
N
N
b

ol
i)

O
do
oX,

o

OH
o : | = o 4]
| a. O = .OH
" ] Al o SN
[ Ky HO o “om | | ”
- J,H - OH
: ” | M
o 3 - of N
o OH . “OH = %
OH OH ™
Salvianolic acid A Salvianolic acid B
Q CH, 'i~'|‘ CH, o cHy
[y | o, A J 0 |
& o - o "-'"-u e 3 o = EJ - e i - - o ﬂ‘
[ ] - | ||
HiC  CHy CHy HyC  CHy
Cryptotanshinone Tanshinone 1 Tanshinome 24

Fig. 1. Active compounds of Salvia miltiorrhiza Bunge.

w2t A HPLC #4428 o]54 &vl A (0.1% formic acid in water), B (0.1% formic acid in
acetonitrile:methanol(75:25, v/v))E& AF&3le] gradient ZH o & #2189t HPLC #A o)A

A ¥5¥ 2 salvianolic acid B, salvianolic acid A, cryptotanshinone, tanshinone 1,
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<

tanshinone 2A o=z EAHQow FAo| ALg&3 C18 column (YMC-Pack J'sphere
ODS-HR0, 4.6x250 mm, 4 pm, YMC, Tokyo, Japan)< 45% o]uje] #4 Aj7to g $-431 &

T2 YE A tHFig. 2A). #l=4 2 tanshinone 2] UV S5 54 71 %384 280 nmol
A SAsAAL, 2R 2EE 20T /A #W HAH Edes UEdId. @ik AR
HPLC ZZvlE 13 A += salvianolic acid B, cryptotanshinone, tanshinone 1, tanshinone 2A
7} A& 592, savianolic acid A~ A=A 2 th(Fig. 2B). Salvianolic acid A& A7
Aoy BAAAAske] 270 ayAe Aow A4z dite Fo FaARoIAW I 3
o ol yrom uwhatol 1 19t A8 Al salvianolic acid B7} salvianolic acid AZ A 3E =
S0l gttt weta B AFiAE AEHA g oz dAddnt fFadwe dHe 47
Twe HAHAE AAdsta, IAAES ol&ste B AEY 49 mg/l00 g dwb (dry

weight basis), H4A Al5Y 495 mg/100 mL= 3AFste] el ATt

g
d

il 1 (%) =

F Mahile
! phase B

w §

1" '_'.'.-.-—--'-'--.-.-.- - i ‘

i | Mobile
} L || oA UL J | |Phase A
e — L — W [ . e =

™ (B) A

160 |
40 |
120 |

100 |
i

E

. c I!
20 | l_ oy |l
i | |

1
\ 1

i \ i Wt IJ'..-'. .

0 4 .__r.___“__AJ ¥ T —— e L P - e

1] 5 i 15 20 L] ko] 15 40 rn

Fig. 2. HPLC chromatograms of standard compounds and Sal/via
miltiorrhiza Bunge extract. A, salvianolic acid B; B, salvianolic acid A; C,
cryptotanshinone; D, tanshinone 1, E, tanshinone 2A.
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(2) HPLC ¥4 ¥ AF

HPLC A9 H35S 98 5552 A5t zZhzhe] d3A el 394, #H&3%4 (LOD), A
2357 (LOQ), ¥4% (Intraday) B 97t (Interday) H%S EA&dvt. ZHz e EF%S A
A4 ZAAdE 98] 0.05~200 pg/mLe] T=Z A st AT AFAY FJANS AEFE
&% hH] peak WX o2 F519a, AE MO A BE EFEY AHAS £ AYIAE

YelAt (r = 0.997; Fig. ).

S

et "
{AJ ;E- {E] i .-'"{
ihah - .-""..
&I = Fa
B0 4 .'._,.-'"
200 oo ] ;l’-._... ;
1300 3 i
| o <l T T
0 8 i 108
LEITY LT :
(C) | e (D) _.
by Bl
o o Bl
1500
100 =
1
30
d 7 F T T r g
[ 100 | ‘":IU
L o T | AncurEnes]

(E) | e N

I
]
M
Fig. 3. Calibration curves of standard compounds depending on the

different concentration. A, salvianolic acid A; B, salvianolic acid B; C,
cryptotanshinone; D, tanshinone 1; E, tanshinone 2A.

L= P
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AZ3A9 AEFeAE Table 20 YERNQT. EFEL 005~100 pg/mLe S5 oA
BAE I, 5714 FEES AE3A WY 0.028~0830 pg/ml, AZFTA W= 0085~

2.667 ng/mLE YEFHRTY. E5%F 7Fe] AFo]= tanshinone 2A, cryptotanshinone, salvianolic

acid B, tanshinone 1, salvianolic acid A¢] o2 53 A& 4 AJFIAE Yel ).

Table 2. Calibration curves, LODs and LOQs of the standard compounds.

Test range LOD? LOQ?
Standard Calibration curve" r
(ug/mL) (ng/mL)  (ug/mL)

Salvianolic acid A  y=24.654x+214.72 0.9998 0.05-100 0.880 2.667
Salvianolic acid B 3=11.245x+31.383 0.9997 0.05-100 0.315 0.956
Cryptotanshinone 1~19.322x+62.867 0.9992 0.05-100 0.116 0.351
Tanshinone 1 y=8.7822x+16.133 0.9979 0.05-100 0.563 1.706
Tanshinone 2A 3=17.388x+31.200 0.9999 0.05-100 0.028 0.085

Uy peak area; x concentration of the analyte (ng/mL).
YLimit of detection.

YLimit of quantification.

HPLC 249 A%+ intraday®} interday W5 o 2 2913t} Intraday AU E+E U
o 5 Z}7te] RTEES 37HA FEE 3WESte] A3 A, interday dE T+ 39 w9 AF

=435ttt Intraday$} interday MBS RE A BoA ZHZF 0.06~4.56%, 0.44~7.45%
o] WE et o intraday ¥WEo| interday WEol| v & Ao=m IHdrt A=
W Asl Al el 7ro] tanshinone 2A, cryptotanshinone, salvianolic acid B, tanshinone 1,
salvianolic acid AT2o.2 JUEE YERYTE Salvianolic acid AE A €3 mFEollA Ao
¥=HA7F AAF oz 4% 02 -3 AWUEE YJelQal, o] Chen 53 Marahatta 59

Ase} AR ghol Atk

=

fl
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Table 3. Precisions of the standard compounds.

) Precision
Standards Concentration
(ug/mL) Intraday (77=3) Interday (7=3)
RSD (%) RSD (%)
50 1.06 6.38
Salvianolic acid A 100 456 7.45
200 427 7.42
25 3.02 3.72
Salvianolic acid B 50 0.64 3.93
100 1.73 351
25 3.00 3.62
Cryptotanshinone 50 0.39 595
100 0.81 6.82
50 3.77 2.39
Tanshinone 1 100 1.89 0.47
200 1.20 0.48
50 0.21 1.43
Tanshinone 2A 100 0.14 191
200 0.06 0.44

e A FF9 IR FF 2
(1) FUE 2 FIF oy A=
AGel ALEE T BAS BEFRADZAN AW FAS AT o} Agagon, 1
[e]

Feji= Fig. 4ol vhehuy 1kl FEE s, Ao] HolA whiboletn shu, A,

9%
rl
3
flo

A, e, g8, SR 5, Brbx, $2old s FEav Wt el 1 9%
Fow oy Mz Zdetd gor, dol= 10~20 cm, X152 03~15 cmeolt}h. dA|F o= &
AAe H\H) wal Aol g F2(Fig. 4B)3 7FHe il 49 29 A2 (Fig. 4005 o] F9
AAth T4 @ik Alse gt FEA A AAATE Tl AlE 3TRE At Aol
AHESER AL, 1 FEl= Fig 59 2o T34t AlE e B T2 B e, sl ket
wo Mol dstid
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Fig. 4. Photograph of Salvia miltiorrhiza Bunge cultivated from Korea. A,

total root; B, main root; C, supporting root.

Fig. 5. Photograph of Salvia miltiorrhiza Bunge cultivated from China. A,
China A sample; B, China B sample; C, China C sample.

_97_



(2) =L 2 F
UL F4h dabe] fFEAARE e AolE FAbSHY] fdted muiA @Ak 1
A @At 3FS vlaLs) 2 A= Table 49 et AT 5l 31 F=4F o4t
A 0 2 salvianolic acid B9 dr&o] 714 =4 UES S, salvianolic acid BE A 93 A&
China B Al&A 7} =A YeErsth China A9k C Alg& kg oz ik ol ut
2 e e Aok gt AAAA AEde FaAb @ilel A& tanshinone 10] Uil

Aboll A += tanshinone 2A 2] ko] H=& Z o7 e

3
)
W
>

Table 4. Active compounds of Salvia miltiorrhiza Bunge cultivated from Korea

and China

Samples Salvianolic acid B Cryptotanshinone  Tanshinone 1  Tanshinone 2A
Korea 4619.19+89.50°" 78.60+2.41° 283.35+5.65" 370.98+3.03"
China A 4348.73+94.72P 31.70£1.37¢ 267.47+£8.00¢ 133.99+4.64¢

China China B 3679.05+197.41° 96.17+7.02° 567.44+17.76" 392.42+15.9%

China C  4417.64+109.93" 12.44+0.64¢ 190.24+5.98¢ 6.90+3.50¢

The values were determined at the mg/100 g dwb (dry weight basis) level.

DValues are means+SD (n=3). Data with same superscript letters in the same column

are not significantly different (p<0.05).

o gA A R ST BE FELE FF 24

(1) 392 B3 22ARY 93 54

Wik ARE EAE gate] B, AMEon, 60 meshel AE Edd AL EAE Aw
2 Agstgnh 29

= A
= —
542 2] A8 Fo AweE UHAm, o Fesh Axe
gow, F
:):]
w

Fig
9 ohE Amol s A% A Hol Ao Fad AL AAT & Utk o] Wyl Fw
9 AE AL B3 RS kel Bate S4ow A% Ao duwn
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(A) (C)

Fig. 6. Powders of different parts of Salvia miltiorrhiza Bunge. A, total
root; B, main root; C, supporting root.

Table 5. Hunter color values of different parts of Sal/viae miltiorrhizae Radix

Samples L a b
Total root 62.18+0.74"V 8.8+0.22% 15.24+0.30°
Main root 71.16+0.27% 5.81+0.07° 15.30+0.15%

Supporting root 60.71+0.50°¢ 8.61+0.17° 14.41+0.19°

UValues are means+SD (n=3). Data with same superscript letters in the same column are
not significantly different (p <0.05).

(2) F9d 9 AR FF
oy wite] faAd el Aol= Fol A& salvianolic acid B9 tanshinone 1] =
Bbvtar, A 2ol A= cryptotanshinone®} tanshinone 2A7F %<& &S e
cryptotanshinone 34¥l, tanshinone 2A+= 5¥] HX o] =A YR, F23 A9 53
g fFEARY Aols HAFIH. wekA, RS HA me F9E dEdte] &8o] Tted
Aoz ke
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Table 6. Active compounds of Salvia miltiorrhiza Bunge depending on the each

part
Samples Salvianolic acid B Cryptotanshinone Tanshinone 1 Tanshinone 2A
Total root 4619.19+89.50%" 78.60+2.41° 283.35+5.65" 370.98+3.03
Main root 4490.28+218.92% 33.41+3.44° 322.25%21.46% 97.85+8.59¢
Supporting i ] i .
3391.72+208.77° 103.95+10.19% 208.67£16.67¢ 510.93£34.59%
root

The values were determined at the mg/100 g dwb (dry weight basis) level.
DValues are means*SD (n=3). Data with same superscript letters in the same column

are not significantly different (p<0.05).

(3) =+ A7E @49 FRAHAE TF

wakel HA ey A2AS fdl, FEA7E Gae] FaAEe] AolE EAskla, 1
A3tE Table 70 WERHSAI. w4k 49l 315 & 119 =&, o<, ok, &3 39 2=
2 Too gt FIAVE FEAES ARSI AAF Q] FEAARY S T
7V &7 E 7 sk e, cryptotanshinone, tanshinone 1, tanshinone 2A°] 749 $kiksh 3
7} H.Ql whHl| salvianlonic acid B9 4% 39| F&3 Al57} 11499 =33 AR 20
uj o] gkl FUtEE Ao E UEhyth 39l g A5 A¥}e Fang T AR&E A

29 FAE S Ul webd 49 3 F 1dele] A% /17e A 38 Fuee
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Table 7. Active compounds of Salvia miltiorrhiza Bunge depending on the harvest

time

Samples Salvianolic acid B Cryptotanshinone Tanshinone 1 Tanshinone 2A
Harvest A" 291.01+1.36% 83.58+28.93 184.75+66.42° 297.55+26.58°
Harvest B 310.16+6.11¢ 144.37+17.67 303.50+3.76" 524.67+55.66°
Harvest C 363.56+3.30° 101.39£6.23° 287.94+0.49° 517.16+38.80°
Harvest D 6058.81+97.22 122.54+3.47° 301.04+4.61° 578.05+26.20"
Harvest E T417.75+142.72* 156.42+3.97° 393.91+2.52% 823.15+21.62%

The values were determined at the mg/100 g dwb (dry weight basis) level.

YHarvest A, harvest at beginning of Nov., Harvest B, harvest at middle of Nov.;

Harvest C, harvest at end of Nov., Harvest D, harvest at beginning of Mar.; Harvest

E, harvest at middle of Mar.

YValues are means+SD (n=3). Data with same superscript letters in the same column are

not significantly different (p<0.05).

=

H| & & 7+7t

e

S}
=]

76%, 23% Q%=

o =
T

o = 57~83%<% WHZE T F&F T

Table 8 Y}ERSATE.

L= = Re)

&°] 83%= 7HE =A dErs

/ AA e Ao e,
Bl 582 77~89%9] HYYZE A LolM 9% AE=Z 73

catell A

= o}

EoH, FEA

Table 8. Yields of pulverization and extraction of Salvia miltiorrhiza Bunge

Distribution ratio

Pulverization yields

Extraction yields

Samples %) (%) (%)
Total root 100 81.34+1.75" 57.51+£6.92
Main root 76.53 77.77+1.16 83.84+12.57

Supporting root 23.47 89.44+1.82 68.38+13.78

DValues are means+SD (n=3).
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Table 9. Antioxidant contents of Salvia miltiorrhiza Bunge

Samples Total phenolics content Total flavonoid content
(g GAE/100 g dwh) (g CE/100 g dwb)

Harvest A" 0.26+0.07"” 0.32+0.01"

Harvest B 0.40+0.01" 0.39+0.02'

Harvest time  Harvest C 0.44+0.03" 0.42+0.02f
Harvest D 6.01+£0.07¢ 4.59+0.21°

Harvest E 7.20+0.03 5.86+0.19*

Total root 5.35+0.05° 4.26+0.05

Korea Main root 6.15+0.05" 4.84+0.11°
Supporting root 5.17+0.02 3.67+0.14°

China A 4.96+0.108 3.60+0.05°

China China B 5.44+0.09° 3.79£0.05°
China C 5.88+0.01¢ 4.27+0.087

The values were determined at the g/100 g dwb (dry weight basis) level.

YHarvest A, harvest at beginning of Nov.; Harvest B, harvest at middle of Nov.; Harvest
C, harvest at end of Nov.; Harvest D, harvest at beginning of Mar.; Harvest E, harvest
at middle of Mar.

PValues are means+SD (n=3). Data with same superscript letters in the same column are

not significantly different (p<0.05).
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8 9g= 7 #4W, TEAC ¥ ORAC ol vt DPPH
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Table 10. Antioxidant activities of Salvia miltiorrhiza Bunge

DPPH FRAP TEAC ORAC
Samples
(mM GAE) (mM TE) (mM TE) (mM TE)
Harvest AV 0.11+0.03% 0.47+0.01¢ 0.51+0.024 3.79+0.20°
Harvest B 0.41+0.08¢" 0.65+0.01¢ 0.80+0.06¢ 5.00+0.23¢
Harvest
‘ Harvest C 0.52+0.11" 0.70+0.01¢ 0.86+0.04¢ 5.30+0.25°
fime
Harvest D 8.63+0.30° 15.24+0.37" 15.15+1.19" 37.21+2.07%
Harvest E 9.41+0.05 17.93+0.12 19.32+1.79% 38.93+3.41%
Total root 7.29+0.224 13.56+0.66° 13.36+2.24" 32.95+1.93"
K Primary root 8.48+0.20" 15.57+0.15" 15.28+1.12° 34.58+4.30%"
orea
Supporting
6.65+0.24° 12.90+0.09¢ 13.38+2.58" 33.45+3.65%
Toot
China A 6.68+0.24¢ 12.40+0.43¢ 11.99+1.22° 33.07+5.06"
China China B 7.58+(.324 13.99+0.65° 13.91+2.34" 35.48+2.78%
China C 8.02+0.27¢ 15.60+0.37" 15.00+1.29° 36.18+3.70°

DPPH, a,a-diphenyl-2-picrylhydrazyl radical scavenging activity; FRAP, ferric ion
reducing antioxidant power; TEAC, trolox equivalent antioxidant capacity; ORAC,
oxygen radical absorbance capacity

VHarvest A, harvest at beginning of Nov.; Harvest B, harvest at middle of Nov.;
Harvest C, harvest at end of Nov.; Harvest D, harvest at beginning of Mar.; Harvest E,
harvest at middle of Mar.

YValues are means*SD (n=3). Data with same superscript letters in the same column

are not significantly different (p<0.05).

Aufd o] wWE wate] FaAR % AolE FAFEZ] 98] 20159 10¥ shseol 4283 1
A 29, 39 aaks A RS FAHE A= Table 119 W
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> 49
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3
Aol A salvianolic acid BE #|e|3k & A Fo] 13 Hls)] ghako] Hto g 7HA4A3E Ao
UElsth o= A A A7 Tate] fFaAdRdAE 1dAE ASS Tl FHF
o] e gaFo] YEeld A3 A XS Aot} wpetba wite] fFaAddel 8% < ol &
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Table 11. Active compounds contents of Bonghwa samples

(mg/100g)
Samples Salvianolic acid B Cryptotanshinone Tanshinone 1 Tanshinone 2A
One year 5201.55+185.33%V 555.38+11.55% 739.75+43.43? 1920.69+65.52¢
Two years 4778.93+970.00° 293.23+64.20° 463.03+149.33P 801.12+197.85"
Three
4316.14+118.72° 275.94+15.84P 453.37+107.73" 737.27+29.45°
years

UValues are means+SD (n=3). Data with same superscript letters in the same column are

not significantly different (p<0.05).
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Table 12. Active compounds contents of Bonghwa samples

(mg/100g)
Samples Salvianolic acid B Cryptotanshinone Tanshinone 1 Tanshinone 2A
April 20 4820.39+412.77%V 667.76+51.68" 623.05+45.89 1336.40+107.97
March 10 4266.63+459.00 870.23+99.12% 452.71+41.79° 1509.73£174.05°

UValues are means+SD (n=3). Data with same superscript letters in the same column are

not significantly different (p<0.05).
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Table 13. Active compounds contents of Bonghwa samples

(mg/100g)
Samples Salvianolic acid B Cryptotanshinone Tanshinone 1 Tanshinone 2A
FH ol 4491.05+54.97°Y 543.06+22.93" 620.59+166.03" 1222.08+12.85"
%3} 4801.54+178.73" 466.07+19.77° 428.14+64.12° 790.15+52.76°
A 3} 5770.29+333.82° 350.44+16.84¢ 506.76+7.09° 1329.95+66.84°

DValues are means*SD (n=3). Data with same superscript letters in the same column are

not significantly different (p<0.05).

AAAY wE Sae] FadE T Aolg XAFSH] HEAE SES @A 5HE 30 x 5
cm, 30 x 10 cm, 30 x 20 cm HA o %
ol ARk o® 30 x 5 cm (AR AAF A RolAM =2 FEAEY e HEHHAS
1} salvianolic acid B9 &&e & Az ula) @A vtk 30 x 10 em FE o2 2] A)
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Table 14. Active compounds contents of Bonghwa samples

(mg/100g)
Samples Salvianolic acid B Cryptotanshinone Tanshinone 1 Tanshinone Z2A
30x5cm 4391.69+346.86> 704.83+67.80% 909.68+140.32* 2047.23+185.66%
30%10cm 4782.06+709.54* 535.94+84.14°¢ 648.85+81.65" 1279.70+221.00°

30%20cm 4544.58+333.91™ 647.28+45.99% 751.62+122.01° 2043.08+169.04*

DValues are means+SD (n=3). Data with same superscript letters in the same column are

not significantly different (p<0.05).
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(2) KMF A 89 #a3A4% 3F 24

KMFZ5H Aede A5 Fade §F &4 Z23= Table 150 Hedth @it=
100Coll A 303 ZA 2]  amylasesl &45 o 60CeNA 4A 7+ 7 F=38to] A
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349, cryptotanshinone= 1.44),

Table 15. Active compounds contents of KMF samples

(mg/100ml)
Samples Salvianolic acid B Cryptotanshinone Tanshinone 1
c-1Y 332.08+29.15” 0.5+0.05 1.08+0.04
C-2 337.70+22.03 0.47+0.02 1.20+0.09
A-1 444.12+7.00 0.46+0.02 1.12+£0.04
A-2 424.52+17.92 0.63%0.06 0.90+0.00
A-3 381.57+24.63 0.68+0.05 1.36%0.17
A-4 372.13+17.91 0.56+0.03 1.36+0.03
A-5 386.49+26.58 0.64+0.11 0.12+0.07

UC-1, C-2, non-enzymatic treatment; A-1~A-5, enzymatic treatment.

PValues are means+SD (n=3).
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Fig. 7. HPLC chromatogram of KMF sample. A, salvianolic acid; B

cryptotanshinone; C, tanshinone 1; D, tanshinone 2A.

’

Table 16. Active compounds contents of KMF samples

(mg/100ml)

Samples Salvianolic acid B Cryptotanshinone Tanshinone 1 Tanshinone 2A
1 426.84+10.38” 0.39+0.03 1.25+0.01 0.09+0.03
2 540.38+20.99 0.76+0.04 1.80+0.38 0.12+0.05
3 466.99+16.92 0.36+0.04 1.42+0.08 0.12+0.04

V-3, Salvia miltiorrhiza Bunge extracts of pilot scale production

YValues are means+SD (n=3).
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