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ABSTRACT

Background: Salvia miltiorrhiza Bunge has been used in traditional medicine. The type of light
source has an effect on the growth properties and composition of functional compounds in plants.
In this study, we analyzed the effects of different artificial light sources on the growth characteris-
tics as well as antioxidant and antimicrobial activities of S. miltiorrhiza.

Methods and Results: Seedlings of S. miltiorrhiza were grown under various artificial light
sources, including fluorescent light (FL), light emitting diode (LED), and microwave electrodeless
light (MEL), for 8 weeks. Growth characteristics were the best in plants treated with MEL. DPPH
scavenging activity of the shoot was more pronounced with the FL treatments, while the roots were
more active in plants grown under single wavelength lights (i.e., blue and red LEDs). Among the
different light source treatments, the blue LED resulted in a higher total phenolic content in the
plants. Furthermore, growing plants growth under the red LED enhanced their total flavonoid con-
tent. Notably, the antimicrobial properties of plants varied significantly between light source treat-
ments in this study. Except for E. coli, all the tested microorganisms were susceptible to the plant
extracts.

Conclusions: The type of light source may be an important parameter for the enhancement of plant
growth and functional compounds in S. miltiorrhiza.

Key Words: Salvia miltiorrhiza Bunge, Antimicrobial Activity, Antioxidant Activity, Growth
Characterization, Light Source, Phenolic Compound

M A hdA AE2 A4, & x, @92, Aitelst BE7|E
s, FE F& s FAE o] &3t (Chang et al,

H AFHOE AREH] S Y ofxl= o oFEel 2008).
et oAl T V1] WEE QlE| FEd] FoJelr s AAESE, €74%F, AFE, oldA AER
At} (Choi et al., 2006). S5 BEPY, IRz, EHS 52 X Eske IR AR
S (Salvia miltiorrhiza Bungeye S, =, d& Hl Hojx gtor, ksl &, S, d, dd= 5 A
ofrJo} Z7tel A AEH A HEH e, 1) Aol A gAgo] RuEo] Ut} (Yang et al., 2007). @3] F8 A

A A 9 gnA] I3

FHHE F

T2 A=st=d gy AR
Z shelth (Wu et al., 2012). =3} (Labiatae) *J phenolic acid 3}3-=3} tanshinone, cryptotanshinone 5-<]

HO 2+ salvianolic acid B, salvianolic acid A §2] &
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A84 diterpene 3}HE, HIERRL A, HIEFR] E Fol WA
AT} (Cheng et al., 2000; Kwag and Baek, 2003).
AEede 3, 25k, ¥, CO, 2 59 &4 =4

xAdste] Aox AES Auisle AS w3ith (Park
al., 2012). 2 oP7|F2 Qste] AR A FHE
3l S elolA AEFg] tigh A7F = 1o,
3] A& Fdol digk A7 Alg FIPEI ATk (Im
al., 2013).

sk 374 291 FoflA
A, AE AFYe R A&
(Wang et al., 2009), 5-21EA42] A7}
A3} oA 4 TP 2 IS
A4 Jt}h (Debergh ef al., 1992). 21%dl] & F9
ol wet A5 54, olxfirHE g 9 AR Sl
Halsltls A7 RAE 92W (Ryu et al, 2012; Yoo
et al., 2017), & o8 FH= dh= FgAES ol get A
TolM= 2 a3t BRJ=EATE (Jeong er al., 2009; Kim ef
al., 2009).

AA ke =X A E Qg AL EY HEAE (Kim er
al., 2013), F=WA, X171 (Seo et al, 2015) 5 Thdgh
A7} o]FoiF oyt aRIIR|e] thats FHsA Aaks]
fste] 1F=go] whake] ASEA 2 Aol mX=
ol 3t A= M-S Ao}

mEA] 2 Ate Takel Q133 M| wE S &

3, st 24, F vle B ITEolE 3, A 24
ARS Sotol, deddol Tkl As g AegA] st
A e 2ARIAAE A E A,

ME Y e

1. Mol 2hy

BooAgol ARSE @A (Salvia miltiorrhiza Bunge)yS &
2153 FHdd AT QST 60 YT T1E B
5 Egol AREEIAITE W 2g0] 2.8 cm 2 FU3HAl
At FAEAE SRl o]2star, 24 £3C =719 Au uj
FAoNA ASAIZAT

Qo e AT (23.80 umol/ni-s)yS hETFE ARSI

w, ZA LED (634 nm, 22.10 pmol/ni-s), 4 LED (454 nm,
13.68 umol/ni-s), A LED (522 nm, 11.80 wmol/ni-s), MEL
(52.30 pmol/nt-s, microwave electrodeless light, RFHIC Co.,
Anyang, South Korea)s ARSI (Fig. 1). 7F& 230cm,
A= 90 cm o] MFNE ARSI e, Fe FLs A
at7] 9l 29 et EolE 2Eant. A widh vt
ol ZA8INS o], 70+ 5 pmol/ni-s7F HE=2 AR,
16 A7+ 3/8 A7+ o F71= Al

Ehelel 4=5d &
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2. 45 54 M

F TR WE S SA4S AR flsted, Ad ik
Ao 8 F7F 71 s sl 27, 9, 9F, A%
5 AEF, BeAel, Ask: dESS S8
3. F2H 55

A A Saks AT AsHtR vRre] Al
AGAZ7] (VS-1202D4N, VISION Scientific Co., Ltd.,

Daejeon, Korea)S ARE-3le] 60CollA 3 A7k AxET A
ZHE AEE HA7IE E5led 100% methanolS- A5}
F2o)A 48 AZF FE¢ § oJ#A] (Tokyu Roshi Kaisha.,
Ltd., Tokyo, Japan)& ARg-3ted A3t FE2E52 37
AS5=7] (EYELA N-1000, Tokyo Rikakikai Co., Ltd.,
Tokyo, Japan)E ©]-&3led 45CoA 53t 52
100% methanols 183t F&=E 34513t}
4. DPPH XAl elCjZd &1 g4 54

DPPH At 2z AA52 Kedare®}t Singh (2011)2] W
HYsle] o] 8319t} MethanolS AHE-31 0.15 mM=Z
Sk DPPH (o, a-diphenyl-B-picrylhydrazyl)S AR8-35}53 T},
s]4¥l DPPH &9} 7} F=d AEL 1:1 H&E 96
well platedl] A W AoA] dxASZ 30 7 vk
AZ . UV-spectrophotometer (Multiskan FC Microplate
Photometer, Thermo Fisher Scientific Inc., Waltham, MA,

o

3]

KN
=

S|
o

USAYE °l&sto] 519 molld F3=S S48 A 2t

Uz 2752 gz S48 50% ZAaATE RCy (1g/ml)
o= eRfATE

= gk 54

H= g A48 Sato T
SRt Al 100 £ Folin-Ciocalteu’s phenol
T RRA71AL, SRR B4 20% NaCoss B
oA 15 & HFSA|HT. UV spectrophotometer (Multiskan
FC Microplate Photometer, Thermo Fisher Scientific
Waltham, MA, USAYS ARt 740 nmolX 53=5
AT AEEHDZE gallic acidS AFE3IL, gallic

equivalents (GAE)Z 7+ YERNSTE

o
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= =

(1996)2] S W3l

©
2 ©°

BEs

o]

4L oo o

Inc.,
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acid

ZeieLol|c szt A

ZdlH-olE 23S Moreno 5 (2000)9] WHS HE
ste] o] &3t SRTE ol&3ste] 3AE 10% aluminum
nitrate2} 1M potassium acetateZ 1: 12 &33 & 200
E AZE 500 E E8te] A4 40 7 WESAIT] AL
414 nm oA =S =43t EFEEE R querceting A}
4313, quercetin equivalents (QE)ZE &S UERASITH

o ohy
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Fig. 1. Characteristics of Fluorescent light, LED (red, blue, green) and MEL.

7. OV4Z Ui

Staphylococcus aureus (KCTC 1916), Virgibacillus litoralis
(KCTC 13228), Bacillus subtilis (KCTC 1021), Escherichia
coli (KCTC 1924), Salmonella typhimurium (KCTC 1925),
Pseudomonas aeruginosa (KCTC 2742) 5 6 TF "AES
A EAFIAIE (Korean Collection for Type Cultures, Jeongup,
Korea)ollA] Zol vz 2795 HA st

AES 98 LBAAINA] (bacto-tryptone 10 g/ £, bacto-
yeast 5g/4, NaCl 10g/£, pH5.8; Duchefa Biochemie
BV, Haarlem, Netherlands)E ©]-8-3}4 Bacillus subtilis= 30

C, 1 9] 5 37CAA vAE A3 st

8. OP=Eo] |4 Aoll s= (MIC) &M
nAES] 4 A F% (minimum inhibitory concentration,
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MIC)= Kobayashi 5 (1993)¢] & ©]
stk LB AAMIAIE o] &35t mAY
CFUME 3| 3le] FYslal, AME w5+ 7.8-1,000 xg/ml 7}
E %2 96 well micro platecl] £330tk 30C 2 37CY] in-
cubatorol| 4] vt} PFZTS tetracyclineS AMESIATEH
9. O|~3 =ekzAMMHoll olst 0l 4Z2] Al

MIC A4 A &4 Hl whate] B
Slod tla= SbHE
(Seo et al., 2016). W3 W]AES 107- 108 CFUML =
slod LB ARG 100 0% =238 & paper discS
ZF AE (100 mgmlyS 20 LA FFAZ 30C
37CoA wjFshar] AAE clear zoneS =7 3te] A

A8E AAskle

SEAM
=20
5282 ol
o183 VAR A3l B BAHAG
8]
22)

L
=

24

al,
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10. SAK2]

RE AYe 3 3] yHEaigion, 7t A3 dlolE el FA
A2E T Fo4d #HLS 98] IBM SPSS Statistics v24
(SPSS, International Business Machines Co., Armonk, NY,
USA) ZRa#e At ARzl §214e Hole &
o] 0.059141 Duncan’s Multiple Range Test (DMRT)E
AZ3A (p < 0.05).

a0 Y oF

1. QIZEAUH Mz EM

B TRE AEY A B e A7), T SOl IF
< mHT 4EA Jrk (Wongnok er al., 2008). Th¥3h 3
A& A & (Salvia miltiorrhiza Bunge)d] AS54S

RED

BLUE

ZAVeE A3, MEL AelollA A ASo] 7P 38l e
o, 2] 9A] MEL A A 7P A3 F30th (Fig. 2).

MEL Aol 242 21.10+1.30cm 2 7P F1on,
2 w3 12,10+ 040 cm 2 7P 9508 S-S eI
e s, AT FoFHQ AolE HolRe FUA
ABFL 3.07+0.19g0 % 7P w3 edole I35
I HastAS ol frolFQl zlele YIGAIN, Brele] HEs
o] 123+0.11 gO& AAHe} X BE 958 WSS
B}

A% A Al 23S 1250+ 020em 2 7P AA| R
A9 X2e Whte] 9 (3.30+£0.30cm), FF (2.00+
0.30 cm), X2 AEF (027+0.04g) BF 7P @ @
< YeRRACE FEjelAx =4 LED g Al o] 68+
1.0cm, AEF 0.07+0.01 g& 2 714 W3t} (Table 1).

2 o2 o2

S
.
g

GREEN  MEL

Fig. 2. Effect of artificial light sources on the growth of S. miltiorrhiza cultivated for 8 weeks. FL; fluorescent light (control), MEL;

microwave electrodeless light.

Table 1. Growth characterization of S. miltiorrhiza cultivated for 8 weeks under the different light sources.

Aerial part Underground part

Light source Plant length Leaf length Leaf width Dry weight Root length Dry weight

(cm) (cm) (cm) (@ (cm) (g
FLY 15.50=0.50° 7.40+1.50° 5.30+1.10° 2.28+0.10° 27.40%1.60 0.96+0.11°
LED-Red 13.90+1.50° 7.70+1.00° 4.80+0.60° 0.85=0.11¢ 18.70+2.40" 0.33+0.08°
LED-Blue 10.50+0.20° 5.40+0.90¢ 3.30+0.10° 0.77+0.13¢ 16.50+0.80" 0.25+0.11¢
LED-Green 13.20%2.10° 3.30+0.30¢ 2.00+0.30¢ 0.27+0.04¢ 6.80+1.00¢ 0.07+0.01¢
MEL? 21.10+1.30° 12.10+0.40° 5.70+0.50° 3.07+0.19° 27.70+3.10° 1.23=0.11°

Data represent means = S.D. of three independent experiments. "FL; fluorescent light (control), ?MEL; microwave electrodeless light. Data
having the same letter in a column were not significantly differed by Duncan’s Multiple Range Test (DMRT, p < 0.05).



the A7437E BasEolx] 1om (Kurilcik ef al., 2008),
SAFL AE] S, AT, AEFT 80 T2 7]
Ak e At (Son er al, 2012). B1SET} AR
A LEP AelA $71¢] &5l 7P =rslsithe o
TAZ7F RAIER O™ (Choi et al, 2018), F3Fgthe] dS
o] Tt BT AolM dF4 Ase] itk A7
AAe BIEQC} (Park ef al, 2012). ol & AP A+
AN = AEH-go] dxehs AT HATh

webA] Tk 54 sPgEthe 3R ee 3 d98 7
FzANA AYLo] 53 A7 AT, HAlsgo ] A&
o] 7 Az AoRE AlmEt

2. DPPH free radical 2+ &M

DPPH free radical £7%5-2 FE59 §%& 25, 50, 100,
200, 500 pg/mlE BE50] RCsp#t 2 RN o] Blwaidiet. o
&3t v 49S 7k FFe2 MEL A A, XSG
AP ] T2 AT YeRger, shuke] svke 7t
71 3F Ao e APFFED Aol 2 AATS B
< I

AR5 HwES WE F35 AHolA 64.75+£8.89
pgml 2 7 E2do] Ekom, XA Aol A
3143 £ 1.74 pgml 2 2oAFo] 7P AT, S48 (31.76
+0.37 pg/ml) 23 (37.05+ 041 pg/mlye A3 AZ3)
2 2}o]Z Ho|x| AT} (Table 2). FF5 g A 2
Ae o] =0 WhH, AsHEell A= 782.67 + 13.47 pg/ml
2 7P gAo] ottt

Table 2. Effect of different light soruces on DPPH free radical
scavenging activity of S. miltiorrhiza cultivated for 8
weeks.

DPPH radical scavenging activity

Light source Plant parts RCso (1g/md)
Shoot 64.75+8.89"
FL"
Root 782.67+13.47"
Shoot 483.09+5.438
LED-Red
Root 37.05+0.41°
Shoot 336.92+8.34°
LED-Blue
Root 31.43+1.74
Shoot 463.43%2.00'
LED-Green
Root 31.76+0.37%
, Shoot 154.69+1.16°
LED-MEL? d
Root 206.30+10.88

Data represent means = S.D. of three independent experiments.
VFL; fluorescent light (control), ?MEL; microwave electrodeless light.
Data having the same letter in a column were not significantly
differed by Duncan’s Multiple Range Test (DMRT, p < 0.05).

DPPH 2792 Ay 2it]Zd AAA Ee 4 oA 24
Agshe shetee] sHs SAsaL skeS ek W
Moz AM-EIT} (Kedare and Singh, 2011). 710 tjst
ATFAE MRS Wi, LEP, 45, 0, A, 2 =4
3 =22 DPPH &/d°] v=rsiithe A72aF Hals 3l
o (Yoo et al, 2017). °ol= ¥ QA7lx A4l DPPH
2ol F#S, MEL, 4, =4, A% o g =2 Aot
FARE S B]lv vbd A|shie] DPPH &2 34, =
A A MEL, 835 w02 =2 3& Hol gitsksol
=2 HEE 7] feide v S 7R B3-S oSt
Ay B oz ARShs o] a84d Zo® Alsdrh

3.3 Hs ¥ 3 Z2ULL0|c e

A F v g2 FAgdA 10420+ 1.34 mg:
GAE/ge 2 7P && W, =253 H2]olA] 29.40+0.22
mg-GAE/go 2 71§ A S8t AsHtelx e HAlsg A
oA 186.21 £2.31 mg-GAE/ge = 7F¢ =3 3% A&
oA 132.90+0.22 mg-GAE/gO 2 74 Wit} A Aol A=
A} Aol F Hl ko] Bl S E v, XS
o|X= FF5oluk MEL A2|Hth 4] SAHAUTH

APFe] T ZEbEolE RS AAgol|A 28.66 + 1.60
mg-QE/gO 2 7 AL, =A3ellA] 13.51 +£1.10 mg-QE/g&
2 7P gtk KeRtllME =43 ZElol 9.65+1.15
mg-QE/go 2 7 =2 WHH, MEL A2|ol|A] 7.53 +0.45 mg-
QE/ge 2 7P Wit & ZEficol= ke AsHitrct

Table 3. Total phenol and total flavonoid contents of S.
miltiorrhiza cultivated for 8 weeks grown under different
light sources.

Total phenol  Total flavonoid
Light source  Plant parts content content
(mg-GAE"/g) (mg-QE”/g)
FL Shoot 97.17+1.028  22.67+1.22°
Root 132.90+1.12°  9.00+1.19¢
Shoot 31.82+0.78"  28.66=1.60"
LED-Red
Root 165.28+0.12°  16.18+1.35°
Shoot 104.20+1.34"  22.23+1.43°
LED-Blue
Root 186.21+£2.31°  9.66+0.95°
Shoot 29.40+0.22"  13.51+1.10
LED-Green b
Root 179.66+2.83 9.65+1.15°
MELY Shoot 103.97+0.43"  21.50+1.32
Root 137.17%1.02¢ 7.53%0.45°

Data represent means = S.D. of three independent experiments.
YGAE; gallic acid equivalent, ?QE; quercetin equivalent, *FL;
fluorescent light (control), #MEL; microwave electrodeless light. Data
having the same letter in a column were not significantly differed by
Duncan’s Multiple Range Test (DMRT, p < 0.05).
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EAlO] de] ®xshke oxHARER g
FLH2r] T et AREAge zh=th
&3k o= ks, FET,
| A7), A2 Aksl gk xHol| 71odFitia LA
At (Rice-Evans, 2001; Cho et al., 2017). ¥+4te] =}
g dE o] TR ¥ dlekse et ¥EA
AT} (Zhang er al., 2010). Aol LS RS i,
AAGolA F s FEol 7P w%om, SR 7
o S AT (Son ef al, 2012). AFol| AFHA
Zglete] ot el sE S SEIHS w, FA,
, BT o2 F dE gl =A veksen, 8
Hicole 3k A JA FBs o= FA e
(Manivannan ez al., 2015). &8 A= 2 23 ZAsje}
AR S BT

wpeba] FAgS kel ZPel A BReA] F s
TS ST EHFQ] AR AlREY, HAga) A
AFS S AR F dlEd F ZekR ko= dsF Zt
of a4 Y Zo= AYztET)

&,

T
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>
o
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=)
X

X

[e]

=

2

SHNE 2

MICH & o]&3ate] 6 7 vA=E el AvAdE &4
AT A FEEAAE Asllsel YEA] 23X
oh ¥E] 2EEX= 6 T/ FAE ZF giEiA HA
A3 HER T

V. litoralis, S. typhimurium, P aeruginosa®| TIsiA=
& Ae By FEEANA 16 wgml o]ste] FmolA

[s]

4.

o

=

-0
o=

oot

=
yu

Table 4. Determination of minimum inhibitory concentration
different light sources.

AH.

Hes o

sy &

—_

0K

£

Asfeel s AR FRIFAT S, aureusdl] A=
MELS Xz2|gt FE2E = 8 myml o3}, th2 Fxjg]ol|A
B 16 gl olste] Folx] 4 AssS B B
subtilis®] M= HERT=2 AMEE 35 A olA 63
gl o3k, 2 Bl s BF 31 ug/ml o|slollA i

p

R

Al s Btk E colidl HiXe e FEE0A 8
pgml olstollA Ha Aallss BYs RISt (Table 4)

PuAE Dol 1 AR et e FEES ARSH
o 6 7 nAE] thal paper discE ©]&3F clear
zoneS A5t} AT (Fig. 3). Clear zone &7 A3,
S. aureus®l| tHelM= HAF-S A2 gk MEelA 12.7+0.6 mn
2 7P Zom, ¥35 As AEA 9.7+0.6 nmz 7HF
ZHA Yebdtt. ¥ litoralis®t B. subtilisl]l i< 22t =
Asg 2ol A 6.7+ 1.2 nm, A3 H2jolA 43+1.5 mE
7P A SAEHIAR e FAE AEET FAXCE
oIt o= HolR] ST} E. colidll WsiMe Nz

tetracycline® o} = THaF AlZ4 O 2 clear zoneo] 378
H3th 2 FelME 58] gk 9 99e /K 335

(11.0+ 1.0 mm MEL (103+0.6 mmy Hz]3k AZojA 2]
3l Aol © =2 Aoz RN S nphimuriumel| O
air= T}l AAgT) SAgel A 4.0+ 1.0 mm 2 7S
Zom, HMFME 37+15 mE =S FE Bk P
aeruginosa® M= ST A5G H2lodA] 4.7+
0.6 mm = FUsH w2 72 HIAL, G AgollA 3.0+
0.0 mm = 71 WA SH =Yt (Table 5).

TtlAalo

T =

=

o

h=]

B. subtilis, S. aureus, E. coli geFst vAlE

(MIC) in the extract of S. miltiorrhiza cultivated for 8 weeks grown under

Minimal inhibitory concentration (ug/mé)

Light source Plant parts S. aureus V. litoralis B. subtilis E. coli S. typhimurium P aeruginosa
(+) (+) =) ) =) =)
fL2 Shoot ND" ND ND ND ND ND
Root <16 <16 <63 <8 <16 <16
Shoot ND ND ND ND ND ND
LED-Red
Root <16 <16 <31 <8 <16 <16
Shoot ND ND ND ND ND ND
LED-Blue
Root <16 <16 <31 <8 <16 <16
Shoot ND ND ND ND ND ND
LED-Green
Root <16 <16 <16 <8 <16 <16
MEL? Shoot ND ND ND ND ND ND
Root <8 <16 <31 <8 <16 <16
Tetracycline 8 8 8 8 8 8

The MIC values against bacteria were determined by the serial 2-fold dilution method. "ND; not detected. ?FL; fluorescent light (control), *MEL;

microwave electrodeless light.
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Table 5. The effect of light quality on antimicrobial activity of S. miltiorrhiza.

. Inhibitory zone (mm)
Concentration

Light source (mg/me) S. aureus V. litoralis B. subtilis E. coli S. typhimurium P aeruginosa
(+) (+) -) -) -) -)

FLY 100 9.3x0.6° 5.7+0.6% 3.7+0.6° 11.0+1.0° 1.7+0.6 3.7+0.6™
LED-Red 100 9.7+0.6° 6.3+1.5% 43+15° 6.3%1.5¢ 40+1.0° 4.7+0.6
LED-Blue 100 12.7+0.6° 6.3%+1.5% 3.7+1.2° 7.0+1.0 3.7+1.5% 3.0+0.0¢

LED-Green 100 11.3+0.6° 6.7£1.22 3.0+1.0° 8.7+0.6" 40+1.0° 3.7+0.6"
MEL? 100 10.0+1.0¢ 6.3%1.22 3.7+0.6° 10.3+0.6% 2.3+0.6 4.0x0.0®
PC? 100 15.0%1.0 8.0+1.0 8.7+0.6 6.0+1.0 9.3+0.6 4.7+0.6
NC? - 2.3+0.6 1.7+0.6 2.7+0.6 3.3+0.6 2.0+1.0 2.7+0.6

YFL; fluorescent light (control), ?MEL; microwave electrodeless light, *PC; tetracycline (positive control), “NC; 100% MeOH (negative control).
Data having the same letter in a column were not significantly differed by Duncan’s Multiple Range Test (DMRT, p < 0.05).

Fig. 3. The effect of artificial light sources on antimicrobial activity of S. miltiorrhiza cultivated for 8 weeks using disc diffusion
method. +; tetracycline (positive control), —; 100% MeOH (negative control), C; fluorescent light (control), R; LED-red, B; LED-
blue, G; LED-green, M; microwave electrodeless light (MEL).
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