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Cultivation and Quality Characterization of New Variety Salvia miltiorrhiza
“Hongdan” with High Active Ingredients

Jong Won Han", Jin Tae J eong2’3’#’T, Jeong Hoon Lee’, Min Ji Kangs, Jung Dae Lim®’, Woo Moon Lee®, and
Kyung Ho Ma’

ABSTRACT

Background: Salvia miltiorrhiza Bunge, commonly known as Danshen belongs to the Lamiaceae
family and is a perennial medicinal crop with purple flowers and red roots. Originated in China,
this plant is known for its medicinal properties and has recently been cultivated for medicinal
purposes in Korea as well.

Methods and Results: In 2007, plants were selected from seedlings grown through open
pollination based on the “Dasan” variety, followed by replicated yield trials in 2016 - 2018 and
local adaptability testing in 2019 - 2020. This process confirmed that “Hongdan” possesses yield
potential comparable to that of “Dasan”. Salvianolic acid B and tanshinone IIA contents were
analyzed using high-performance liquid chromatography, while the other components, hydrophilic
phenolic acid and hydrophobic tanshinone, were also analyzed separately. “Hongdan” had
higher contents of salvianolic acid B and tanshinone IIA, indicating its potential as a high-quality
medicinal variety. “Hongdan” generally has a generally high content of hydrophilic phenolic acids
and hydrophobic tanshinones.

Conclusion: “Hongdan” demonstrated excellent yield and was found to have a higher content
of active ingredients than the “Dasan”. This study highlights the potential of “Hongdan” as an
excellent source of medicinal and functional food.
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al., 2021), 217X 3% (Gao etal, 2020), 3+F = F=F
(Zhang et al., 2020; Kuang et al., 2023) 59 &%°] &¢
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£ 43} (Wang etal, 2023) G5°] ¢HA A} = o
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AF, FE= B A e T o4 &% (Guo eral,

2020)0] LA Uk L 9] ©akelA] &Ado] I A
PoRE 54 AE AT
acid, protocatechuic aldehyde, vanillic acid, caffeic acid,

] danshensu, protocatechuic

lithospermic acid, salvianolic acid A 2
salvianolic acid C9} A=A ®A]+=F-<l dihydrotanshinone,
cryptotanshinone ! tanshinone 1 5] €& 4 2t} (Chen
etal, 2012).
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X8 HPLC 7]7]& Agllent 1260 series (Agilent
Technologies Inc., Santa Clara, CA, USA)Z A}-&-3}it).
Column YMC pack ODS AM (150 mm X 4.6 mm, 5 zm)
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1. Chromatographic separation mobile phase parameters.
Mobile phase (%)

Solvent A Solvent B
Time Flow o 0.57% acetic acid
(min) (mé/min) form1icA’acid in the mixture of
in water acetonitrile (1000 mé)
and methanol (750 m{)
0 1.0 60 40
7 1.0 60 40
12 1.0 40 60
13 1.0 20 80
40 1.0 13 87
41 1.0 0 100
45 1.0 0 100
46 1.0 60 40
50 1.0 60 40

Table 2. Calibraion curve equations of salvianolic acid B and
tanshinone 1T A.

2

Sample Equation” r
Salvianolic acid B y=12218x—-49.20 0.9992
Tanshinone I A y=35535x + 236.06 0.9964

Yy peak area, x; concentration

218 o]83}e] salvianolic acid B, tanshinone ITAS] # %
X

e AASYTH (Table 2).
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218 o A A salvianolic acid A%} salvianolic acid

2 49
Co ¥FFL MedChemExpress (Romulus, MI, USA)o|
X 43 A|Eo], danshensu, protocatechuic aldehyde,
vanillic acid, caffeic acid, rosmarinic acid, lithospermic acid,
salvianolic acid A, salvianolic acid C, dihydrotanshinone,
cryptotanshinone, tanshinone 12] %S 3%-& Sigma-aldrich
(St. Louis, MO, USA)ol A Y3}l protocatechuic acid

9] ¥ FFS HWI pharma services GmbH (Germersheim,

Germany)ol| A - &Fo] A8} 3Tt

HPLC system-2 Shimadzu LC-20AT (Shimadzu Co.,
AL EA43E Columne YMC pack
mm x 4.6 mm LD., 5 mm, YMC Co., Ltd.,
AHESFGom Z1EF AFZ<Q1 HPLC %
Zom Ak AHAS ()= Table 4

Kyoto, Japan)-
ODS AM (250
Kyoto, Japan)&
AL Table 33+
o LFERA AT
£ 24
Ao A Ao Ho|E|E SAS Enterprise Guide 7.1
(Statistical Analysis System, 2009, SAS Institute Inc., Cary,

HI

4.
Lo

Table 3. HPLC operating condition for the analysis of 12 active

ingredients.

Instrument Shimadzu LC-20AT HPLC system
Column YMC Pack ODS-AM C18 250 X 4.6 mm
Detector UV-VIS detector (280 nm)
Solvent A Water : Acetic acid = 99.2 : 0.8
Solvent B Acetonitrile : Acetic acid = 99.2 : 0.8
Flow rate 1 mé/min

Oven 30C
Injection volume 10 14

Table 4. Calibraion curve equations for 12 active ingredients.

2

Sample Equation” r

Danshensu y=18686x+4235 0.9996
Protocatechuic acid y=13384x-11699 0.9999
Pro;%?ﬁigg“ic y=31339x-26651 0.9997
Vanillic acid y=16621x-7295.4 1.0000
Caffeic acid y=22102x-25255 0.9998
Rosmarinic aicd y=749.51x+1046.5 0.9954
Lithospermic acid y=4455.1x-17621 0.9901
Salvianolic acid A y=47158x-182113 0.9982
Salvianolic acid C y=6261.5%-27598 0.9985
Dihydrotanshinone y=39402x+24974 0.9999

Cryptotanshinone y=16828x-69004 0.997
Tanshinone | y=21089x+68375 0.9997

PEquation (y; peak area, and x; concentration).
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Year | 'O7~08 | '09~12 | "13~14 | '16~18 | "19~20
— O1
Dasan | | | 04" |
(open-pollination) . Line_42] SMA4
100
History Seedlling Por‘pa- Llne_ AYT3 RYT4
selection gation selection

Fig. 1. Pedigree diagram of S. miltiorrhiza ‘Dasan’.
1)selected from 100 cross. 2)Line-4 (temporary line name) are assigned to selected resource. 3)AYT; advanced yield trial. 4)RYT;
regional yield trial. 5)SM4; line name are assigned to selected line.

NC, USA) AZEdo]E &8 E4s9om, = 12. EElY §H
AP 3 3 RiESRY AARge B £+ ZFAA ‘T FF 3 542 Table 57 2Tk o Ao 9]
(means + SD)Z WHSKATH ATEe] S DMRT o “FRe =42 tehd e, THPE A3 548
(Duncan’s Multiple Range Test)9} ttestS G~ 5% 4= H@on, <Zubo] & Ao 23 xpFAel whE cohalk
oA AS3HAT (p <0.05). o A% AFAS YT (Fig 2). e 4z 3
el mwalv} Tk ol A% AAAL Wi, ARE
g1 ¥ nF A S e AT (Fig. 3).
1. HuH S 13. 71HEM A F2FM
1.1. 489 AR AFZAL Ao 2020300 SAA AAIES

20073 ‘TS mBE o Z wkel FEEe] 100 A om I A= Table 794 2Tl Eo] AFre 7€
AAS FAFsIE I o] 7d AEo] 3 AMAE A 28U =E Tk AEr] 79 23Ul gt 5 Uo] =3
wate] AESA Sk 201304 20140 EAE on SFEL 546%E 73.8%S e thabo)] H)E}
e 39 A ASS A, 2 3 & 201619 o] 192% Stth AL 376 cmE ThAF tiB] 3.6 cm

A 20180l Bk 7 AlAsAT (Fig. 1), #@okor L 91 nZ TRbETE 05 em A3
A% aEd g @k A48 Ak SM 4 FL2 b EG 0.1 en AU (Fig. 2).

T2 ASES Fstgon, 20199 - 20200d § 4 A A S AL AIE 20159004 2020:8704] 24
qol AAAEARE ANaled SRS FAD H, oA ANSRow, Aale 2N Frro] 99
2022 FEFAANN AN 2= AR5 AES
ANRNES R Z2A052 7AA Boa Majo] =4 Table 5. Inherent characteristics of S. miltiorrhiza ‘Hongdan’.
Axse] g ow WESGRL, 2039 28 22091 F ey  Golorof  Colorof ____Colorofroot
BEALS] FTREEAE ANk 204 19 259 Epidermis ___Cortex
NEANZZHEH 3% A1F ) TZHTA (5 Hongdan  Creen Purple  Dark Crimson  Pale Yellow
2WF 29923%) S20] HYr) Dasan  Pale green Pale Purple ~ Crimson Pale Yellow
Table 6. Agronomic characteristics of S. miltiorrhiza ‘Hongdan’.

Variety Emerg(eoz)ce rate Flowering date Plan(tC:l)eight Leaf length (cn) Lea{va:;dth Roo(tcllila;gth Root Sni;l)meter

Hongdan 54.6%15.2 July 28 37.6x11.9 9.1+0.8 6.0=0.8 39.9+1.8 21.6+8.3

Dasan 73.8x11.7 July 23 41.2x7.2 8.6£1.0 5.8+0.7 38.3%2.9 19.5+5.0

p < 0.05 NS NS * NS NS NS

Values indicate means = SD (n = 3). Significantly different according to Student’s t-test (p < 0.05). NS; not significantly different.
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Fig. 3. Harvested roots (A) and powder of roots (B) of S.
The black bar indicates 10 cm.

d

yol Ao} ofstH o

2 383 ans YERA Thibo HIStS 16 em A, Bl A wato] Arga]

(e} 15
74L& 21.6 mE 195 mmE VERA thibo) Hlske] 2.1 mm Wo| 2ol AoE dEx Je=d (Shin et al, 2017),
F AT (Table. 6, Fig. 3). B Aoz vt 7P =& Adm HYGA G A
FEol 7Y BkeS E80 & 4 Jdnh
14. K| HSH U 2 =4 w2054 9714 FRAHZS (hitp/weather.rda.

J
ik sobah oS 20199 - 20208 2 AzE 4 ) goknE E835ke] 7t A9 AFEAZT AHE &
Ao A AAAGAIHS A A, gl F5Q o AT LolH, HAT 5H59, B AW, U =
Abe] Wit AT Frgo] 2228 kg/l0as YERH ¥HA F AW 5 4 AHRAGIA 20194, 2020, FHZE 10 Y A
We 2584 kg/10a® Fho] ok WiBl Ho 15% $717F @2 - 109) e 714 dHolE E4 Bk
o] FFES YOy FoH Aole oAtk A Table 8¢ WERAATEH
(Table 7). 2020800 += 201993 Blwsle] BE X QoA B4

Table 7. Root yields of S. miltiorrhiza ‘Hongdan’ on regional yield trial at four regions.

. Hongdan (kg/10 a) Dasan (kg/10 a) N
Regions Index
2019 2020 Mean 2019 2020 Mean

Eumseong 229.7 2129 221.3 278.7 220.4 249.6 89
Chulwon 380.2 234.9 307.6 236.3 278.8 257.6 119
Bonghwa 290.2 188.9 239.6 184.8 175.7 180.3 133
Naju 255.7 274.0 264.9 175.9 231.0 203.5 130
Mean 289.0 227.7 258.4" 218.9 226.5 222.8" 115

"Index; (root yield of ‘Dasan’ / root yield of local variety) X 100. Data represent the means (n = 3). ‘Means separation within columns by Duncan's
Multiple Range Test (DMRT, p < 0.05).
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Table 8. Comparative analysis of average precipitation (AP) and temperature (AT) for the years 2019 and 2020, including last 10
year averages, in four agricultural regions.

Location AP 2019 (mm) AP 2020 (mm) AP 10-Years (mm) AT 2019 (°C) AT 2020 (°C) AT 10-Years (°C)
Eumseong 79.5 172.5 130.7 19.5 18.8 19.2
Chulwon 128.1 267.8 166.9 18.3 17.5 18.3
Bonghwa 120 171.1 124.5 18.4 17.7 18.3
Naju 147.4 221.6 149.9 20.1 19.6 20.4
Mean 118.8 208.3 143.0 19.1 18.4 19.1

"The data represents the average precipitation (AP) and temperature (AT) during the growth period of April to October for the years 2019 and 2020.
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S 9F8ote W &A= Yol 28 ZTHL
T e FAEAVE =& 5402 BRad vt 9l
™ (Kim eral, 1998; Chen etal, 2023), ¥2]7} 231 &
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o2 QZrET
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X o [o o

Yeb 7]

57 &9, dx A Fol Wite] fFagEe I
S 713 w@i 3 bk e, FEol JojME o]y 2. MESHY
3 theksl 71E e Ak So] 4o == EXy 4%Hsle 2.1. salvianolic acid B, tanshinone IIA &4
fFreEstA AEAS  don, i o5 AuiE 9 Thiba} ] FadE FES B4 27 savianolic
AME AY L 4F g9d thd Fr} A7V BQ acid BE ‘ZEo] 723 + 14 mg/g H-E o] 549 + 7.8 mg
3 RHoz Byolth /ge] A e} Hlarsle] 31%7F =% S ™, tanshinone IIA

Tbe ok diH] 380 Ygted, duby & cZwbo] 381 £ 007 mgg FEO] 270 + 0.14 mg/g

Table 9. Salvianolic acid B and tanshinone IIA contents and its yield of S. miltiorrhiza ‘Dasan’.

) Salvianolic acid B Tanshinone lIA. Total
Variety
mg/g kg/10a mg/g kg/10a mg/g
Hongdan 72.35+1.39" 18.70£0.36' 3.80+0.07" 0.98+0.02" 76.15+1.47"
Dasan 54.88+7.77 14.18+2.01 2.69+0.14 0.70+0.03 57.58+7.90

"Means separation within columns by Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 10. Hydrophillic phenolic acids content by region and variety.
Content (¢g/g - DW)

Regions”  Variety” Protocatechuic Protocatechui Salvianoli Salvianoli
8 Y Danshensu oo ie TIOWCTEMIC - Cagteicacid  Rosmarinic aicd Lithospermic acid AVIanolie avianone
acid aldehyde acid A acid C
E Hongdan 129.93+15.48 4.16+0.28 220133  14.15%8.52 19558.23+11424.28 1831.49%+1027.09 3.89+0.77 51.41%3.60
mseon
8 Dasan 87.86+2.78  3.65+0.52 4.80+1.26  13.25%+2.31 22601.10+5069.36  1336.28+217.07 12.88+1.53 59.29%+10.19
p < O 05 * NS NS NS NS NS * NS
Pyeong- Hongdan 127.13+7.85  4.50+0.19 7.12+0.58 13.27+0.35  5419.87+315.81 564.93+66.31 6.21+0.55 65.08+4.29
chang Dasan 74.64=11.11  3.60%+0.27 8.50+1.37 7.12+0.73  6886.24+632.04 412.39+72.56 7.29+1.10 39.46+8.34
p < 0.05 ' : NS ’ ' NS NS F

"Region; cutivated region of Emseong and Pyeongchang *Variety; cultivated variety of Hongdan and Dasan. Values indicate means = SD (n = 3).
Significantly different according to Student’s t-test (*p < 0.05). NS; not significantly different.
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Protocatechuic acid®] 72-%, ‘24" A oA ‘t}rb&
364 £ 052 pg/gs VERS ‘?l?i, ‘T oHT w2
416 + 028 pg/gs YEPA O™ B3 Adoxe Tk
°] 3.60 + 027 pglg, “THL 450 + 019 weZ A
Hol, F AGeA Febo] dT=A =3hTh

HHH  protocatechuic aldehyde= ‘24> A9 9] ‘T}ib o]
480 + 126 ug/gQl WHA, TS T W 220 + 133
rg/gs JYERA O™ A AHoME TP 850 +
137 uglg, ‘T 7.16 + 058 pggs ZAH o] Tk
o] vt &S BT

Caffeic acid®] 7%, ‘24" A GoA Gab& 1325 +
231 pglg= %?GHMJ_ ‘TS olHT; =& 1415 +
852 uggs UEtH oM ‘W3 AHoxe Tk o] 7.12

+ 073 pglg, ‘TP 1327 + 035 pglgs ZAE 0], o
1°4°ﬂ*1¢ ‘Febo] o w& S Bk

Rosmarinic acid=, ‘=4’ A Y2 ‘Tghab o] 22,601.10 =+
5069.36 1g/gQl WA ZTho 1955823 + 11,424.28 ng/
g2 U wogor ‘WA AJgME Tk 6,886.24 +
632.04 1glg, ‘TP 541987 + 31581 ugg® =A T
o], o] AHoNE ‘Feho] ‘THbHT Be S B
At

t}5-© 2 lithospermic acid= ‘24" A|GoA| ‘tjib
o] 1,336.28 + 217.07 pg/gs Rl WHH, ‘T2 on
o} =2 183149 + 1,027.09 ug/gS VERATE H3 A
Ao = TP 41239 + 72.56 uglg, ‘T 564.93
+ 6631 pggE ZA 0l F AY RFo|A Feo|
O 52 dES 7HA J5o] FIEHA

Salvianolic acid Aol tslA<, 4> A GAA Tk
2 1288 + 1.53 ugg, ‘T2 389 + 077 uygE
El, gebo] FulFoz e s Hylon AP
A ME Thabo] 729 + 1.10 pglg, ‘T 621 +
0.55 pg/g® ‘T o] o W& S YEpth
Salvianolic acid C¢ 7%, ‘24 A AoA] ‘Tchrb&

! ) Content (ug/g:DW)
Region Variety : : - :
Dihydrotanshinone Cryptotanshinone Tanshinone |
£ Hongdan 670.59+46.29 6689.38+355.55 1742.43+151.62
mseon

& Dasan 570.34+100.73 9309.91+1756.61 1333.63+£252.57

p < 0.05 NS NS .

Hongdan 480.57x£12.49 5489.84+177.90 1587.67+38.37
Pyeongchang

Dasan 347.36+44.36 5184.43+679.37 851.78+108.08

p < 0.05 ' N ’

"Region; cutivated region of Emseong and Pyeongchang *Variety; cultivated variety of Hongdan and Dasan. ‘Data with different letters on the
columns represent significant difference according to the Duncan’s Multiple Range Test (DMRT, p < 0.05).
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v}x]2t O 2 tanshinone 19 735, ‘AP
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flo

174243 + 3 2o A
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3837 ngg®, ©] AR Foo] w& FFE 714
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EAE BE AR tig AAZQ AF4E EAHHE
W, danshensu, protocatechuic acid, caffeic acid, lithospermic
acid, dihydrotanshinone, tanshinone 1 & 6 2] A&-o] A
‘gebo] AdHEHA =2 S B o1, protocatechuic
aldehyde, rosmarinic acid, salvianolic acid A % salvianolic
acid C 5 4 T ATdAMe ‘ool dH=HA © =
< S Ul o83 Ade FF A9 A 1y
dlof & Fagt atoln, 5 Ao FFol =&
% Awel 28 A1 Awr} B Aoz ndg.
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#HA 21o1 (Chen etal, 2016b), &=} pH7} =31 5
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2 BaH v}l QAT (Pang etal., 2016; Xu etal., 2018).
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