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Abstract

To improve the utilization of the domestic plant Salvia miltiorrhiza Bunge (Danshen), this study investigated changes
in the physicochemical qualities of Danshen extracts obtained from low-temperature extraction using the enzymes
amylase, cellulase, pectinase, and protease. Changes in the yield, pH, sugar content, and chromaticity were investigated.
The changes were found to be highest in the amylase-treated extract with the following values: yield, 58.3%; pH,
6.04; sugar content, 5.97°Brix. With regard to antioxidant properties, Danshen extracts treated with amylase showed
the highest DPPH and ABTS scavenging activities of 84.25% and 74.11% at 55 ppm. The total phenolic compound
content was highest in the group subjected to enzyme treatment at 60 °C. The salvianolic acid B level of the
Danshen extract was the highest in the amylase-treated group, with a value of 3,002.6 mg/100 g. Cryptotanshinone
level was the highest in the amylase- and protease-treated group with a value of 3.8 mg/100 g. Tanshinone I
was the highest in the protease-treated group, with a value of 14.2 mg/100 g. The results showed that the indicator
components of Danshen were detected as stable in the extracts after using amylase for low-temperature extraction;
therefore, it would be possible to use Danshen industrially as a functional ingredient through mass production.
Furthermore, the enzyme-treatment extraction could be utilized for a variety of natural products.
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ot 3okl 7)Y HAE & 7} 28
gk o %%—’F%é F_E%?‘f& =90l
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2ol o] &5 Tk 20141 A5 Bsltoll Al Al
F1dE dFReRTH 74 6}04 AEZ A
c} o T, gshe,
3 Skl 717} 6.83, 64.17, 16.0,
0.0, 41 % 89%°|t}. & A& o]&H 1,1-diphenyl-2-
picrylhydrazyl(DPPH), salvianolic acid B, cryptotanshinone,
tanshinone I 2 tanshinone IIA, acetonitrile<= Sigma(St.
Louis, Mo, USA)ZH-E] Fd3le] AR}t

ek 2k Al Ak 200 g

ak 2 L9} E33to] 100TlA 3023t
F23 T wgsle] dzte] EAAE AUl A" ]
(HB-205SW, Hanback Sci., Co., Incheon, Korea)S ©]--3}]
45 3L 60CllA 4x]3t FZ35ke] o] 742 (Whatman No. 41)%
o Fgk FEH S o] &3t

.

g, pH X 22 &3

7t 204 Aol i FEE FEFES 729
10 mLE #3te] 105ColA F& 71 2(HB-502M, Hanbaek
Scientific Co., Incheon, Korea)A|7# 1 F-AS &4 5l A}
49 95 &9 MEER FEFES UYERISITH28). Tt
FZ 9] pHE pH meter(Metrohm 691, Metrohm UK Ltd.,

Herisau, Switzerland)E ©|&38te] =3It Boe
digital refractometer(PR-101, Atago Co., Tokyo, Japan)E A}
&3kl A sksinh

M gl ZHME
N&EFZEE2] M= UV-visible spectrophotometer(UV-
1601, Shimadzu Co., Kyoto, Japan)E ©]-8-3}e] L(lightness),
a(redness), b(yellowness)E Z}7 57 8} Hunter’s color
valueZ YERA AT} UV-visible spectrophotometer®] o 2
= ZH(L=100.00, a=0.06, b=-0.09)= A}-&3}t}. &
AR FEEY AN EE 420 nmoll A S5k

3

A%

>

Z H=4 sietE g2

% dsA 83E 32 Folins-DenisH (29)S o] &3]
H| A G2l Al 555 2 mLoll 50% phenol reagent
(Folin-Ciocalteu’s reagent) 2 mL-S 3 7}sle] 3E3F W3
2 10% NaCOs 8-S 2 mLE 713F Th 4l 2ol A] 3087t
7§ =] WAA]F] 31 UV-visible spectrophotometer(UV-1601,
Shimadzu Co.)Z ©]-&3l] 700 nmol|A FF =S =%
t}. o]uf gallic acid(Yakuri pure chemicals Co., Ltd., Kyoto,
Japan) & EEEE ZASH F Ao WP o R AS FF
Ao gRy gtelslon tfxTe T/RTE AT
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DPPH radical &=
DPPH(1,1-diphenyl-2-picrylhydrazyl, sigma) 2+t]Z 44
272 Blois® (29)2 W ¥ st 575131tk DPPH 0.15
S absolute ethanol 100 mLol| &3l 3 &, 50% ethanol &
NE NE=TE 5te] 517 nmo|A] DPPHE-Y9] SHE=E
°f 1.00] =% 3Aste] ARSIt AlE 0.5 mLel
DPPHE-< 5 mL& &gste] &3] 3% 5t wh&A1]
% UV-visible spectrophotometer(UV-1601, Shimadzu Co.)
2 o g3lo] 517 nmold FHEE ZAsie] olefe] Aoz
BE] DPPH radical 27 84S A4tslsith.

A
DPPHradical scavenging activity (%) = (1— Ti) %100

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

Table 1. Optimum hydrolysis conditions of the enzymes used for
preparation of the enzymatic extracts

Optimum hydrolysis conditions

Enzymes Product Co. .
pH Temp. (C)
Glucoamylase DaiwaKASEI 4.0~6.0 50~60
Cellulase AB Enzymes 6.0 45
Rapidase C80 Max DSM Food Specialities 45 40
ProteAX Amano enzyme Inc 6.0~9.0 40~60

ABTs radical &4 &M &3
ABTs radical 27%2 Re 5¢] W 30)S 43 +4 3}
o] A&3}itt. ABTs 7 mM3} potassium persulfate 2.45
= TRl 88lske] 12~16A13F <k haol WA S
o] ABTs cation radical ABTS )& FAAIZ T} o] &<

Table 2. HPLC conditions for the assay of Salvia miltiorrhizz Bunge

80% ethanol2 ©]-8-3}°] 734 nmel| 4] 0.700+0.0022] &4 =
H= 2eE A8tk SRl A8 AR FEE 50
ULE Al@ 3ol 71 oy s]AE ABTS™ &9 3 mLE
A7tetdnh A2oA 6zt WHEA|A  UV-visible
spectrophotometer(UV-1601, Shimadzu Co.)E ©]&3}o]
734 nmel|A] FF =S SA 5K

Nitrite &2HEM =4

Nitrite 2271 242 AlE 1 mLel| 1mM NaNO, £-9] 1
mLS #7FekaL, 0.1 N HCI(pH 1.2)2 AA| %32 10 mLE
A &stAth o] A4S 37CAA A7 B vhgA17] &
Z} w39l 1 mLol| 2% acetic acid solution SmL ¥} Griess
A1 2¥(30% acetic acid & ZA| g+ 1% sulfanilic acid <} 1%
naphtylamine ] 1:1 &) 04 mLS 7}ste] A -&olA
1557 ®¥H8-A]71 3 UV-visible spectrophotometer(UV-
1601, Shimadzu Co.)E ©]-&-5t°] 520 nmolA FF =S
gate] nitrite 2AZA = S FATAED. HE2TE 5
T& A& Th

E

Salvianolic acid B, cryptotanshinone, tanshinone |, %
tanshinone IIAEXN

@ate] f8 A5 salvianolic acid B, cryptotanshinone,
tanshinone I % tanshinone [TA+ HPLC(1260 Infinity
Quaternary LC System, Agilent Technologies, Waldbronn,
Germany)E ©|-&3te] £A8t1 oM, 4] 2712 Table 2
o} 2t} =F 272 3EF salvianolic acid B, cryptotanshinone,
tanshinone I 2 tanshinone MMAS o] &-3le] 2AJ ek AP

o A4 Tt

Items Conditions
HPLC system 1260 (Infinity Quaternary LC System, Agilent Technologies, Waldbronn, Germany)
Column ODS-H80 (ODS-H80, 4.6x250 mm, YMC Co., Ltd., Kyoto, Japan)
Mobile phase Time (min) 1% formic acid in H;0 1% formic acid in ACN:MeOH (75:25)
0 75 25
1 60 40
14 60 40
22 40 60
23 11 89
45 11 89
Flow rate 0.5 mL/min
Column temp. 30T
Injection volume SuL

Detector

UV (280 nm)
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PASW Statistics(18.0, SPSS Inc., Chicago, IL, USA)&
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(One-way Analysis of Variance)< A3 3}9 3, Duncan
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Table 3. Changes in the extraction yield, pH, and sugar content
of Salvia miltiorrhizz Bunge extracts

Extract yield

Extract Temp. Sugar content

() Enzymes %) pH (Brix)
control 354105 587:0067 267006
AP 482404 5.88£0.00°  5.70:0.00"
45 B 3731065 589001 5.17:006°
C 420£06" 5924001 5.10£0.10°
D 423406" 587:001°  5.40:0.00°
control 523106 599+001°  2.70:0.00°
A 58.320.6° 6.04:001°  597+0.06"
60 B 53305 594:001°  550£0.10°
C 543205 580:000°  537:023
D 56.3:0.5" 5930000 5731006’

"Values are meantSD (n=3). Means with different superscripts in the same row are
significantly different (p<0.05) by Duncan’s multiple range test.

P, Glucoamylase of amylase system; B, Cellulase of cellulase system; C, Rapidase
C80 Max of pectinase system; D, ProteAX of protease system.

32 A28 A5E (2015)

=2 25olA XEgt FlellA 78R Ao UERs
o, amylased] EAE AFE3IO] 60T, 4A17F X 2] ol A
597°Brix® 71 =7 YEFSATE Pectinasel 45 ©]-8-3F
o] 45T, 4X17F A FollA] 510°Bix® &4 222 3 73t
e 71 e BEE etk

H
=)
N
-
>
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CHMFEEEo M g9l T

BAAE o] &3 gt St FEE Ax 9 44
WSS AR A= of Jellom, g44 &
8l 54 A 2o 9FE e Ao yeth A=
45C % 54 FAHZT9 L, a, b2 4327, 1636 2
27.18% AZAAE VeI O pectinase ] E4AE o] &
sto] 45 ColA] a1 ZE A2l gh = 39.45, 9.44 2 22,782
L 2 bgko] 714 wgkom €& 3 aS HITth Amylase
A EAE o]&3te] 60TlA 4A17F A 2]+ 65.06, 9.81
H 35.139] BRE A 0w L3I bake] 7Y A vEfsiTh

T AR E 3 A FEEY AR ¥W3l= 45TA
B AT 181R 7P 9l vEh e, 60T =
amylaseZ] B2 4A13F A2 FellA] 2482 7MY EoH,
cellulased] EAE o] &3t 45Tl A 4A17F A 2] Tl A
23602 HwA £ FHE=E YRt AF A8 &

kv

|
a
=
T
Qi

Azodae A oA 2 e o 2
Az g 7t AR AAeE, o dgeld e
o o

amino-carbonyl ¥H-& A &2 st sH& AU A

= A ATk33).

Table 4. Changes in the Hunter’s color value and browning
degree of Salvia miltiorrhizz Bunge extracts

Hunter’s color value

Extract Temp.

Browning
() — Eymes

a b degree

control  43.27+0.03""  9.80£0.01° 28.44+0.03° 1.81+0.01°

AY 57984001° 9.14+001° 31.02+001° 1.64+0.01°

4 B 4439:001° 1004£00° 2481001° 202:001°
C 30456000 9441002 22.78:001° 209003
D 4687:000° 845:003° 25.62:006 184003
conrol  S1314001° 1636001 27.18:0.02° 225+0.01°
A 6506:001 1181:000° 35.13:001° 248:001°
60 B 5664001 1378:00F 3227:000 236:001"

C  5056+003° 1237:001° 30.1240.02° 224%0.11°
D 5705:0.11" 14.88+005° 33.87:0.08 2.01+0.01°

Values are meantSD (n=3). Means with different superscripts in the same row are
significantly different (p<0.05) by Duncan’s multiple range test.

z)A, Glucoamylase of amylase system; B, Cellulase of cellulase system; C, Rapidase
C80 Max of pectinase system; D, ProteAX of protease system.

Chal FEE29 £ Hi=d slEE g ws

Al 5ol &A= B2 phytochemical 5 phenol’d 3}3H&

=
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Hzgho] vlEske A& YeRdth36). it TS
ol g3t FEE F W= IFE FHS A A=
Fig. 1o JelQIth &4 Ae] 45 2 54 &4 250
g} 2po] & VeR 1 glow, e4slEe] dhefo] vlwA
=2 AR amylase]l EAE ©]8319] 60T, 4417 A2
T-oll A 28.09 mg/g= 7 = & HlEA ITE dFS
YeERNSIT) Yang 5(37) L2t A2k ko] 4%

e Hgerrt ZolA| 3, AEAte] ZojAd 45 F 7

LA F3Eo] ko] Z71E s Huoks B3k Ais

eRf Ak
‘ | ‘ l [
D

Fig. 1. Changes in the total phenolic content of Sal/via miltiorrhiza
Bunge extracts.

Values are mean+SD (n=3). Means with different superscripts are significantly different
(p<0.05) by Duncan’s multiple range test. A, Glucoamylase of amylase system; B, Cellulase
of cellulase system; C, Rapidase C80 Max of pectinase system; D, ProteAX of protease
system.
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ZAFe A= Fig. 20 YERAOH, 44 SR ©E
ol Ehie £k 94 ST w e 24 e

2 A YepIQtE @t 559 55 ppmoll A& 70%
o]l A% E UEhof Hﬁxﬂ. =2 Piksls S Kol
™, amylaseZl] £45 60T 4A17F A 2]+ 13.75 ppmol| A
35.99%, 27.50 ppm EEolX 54.03%, 41.25 ppmollA
68.94% = 5500 ppmol| X E 84.25% 2 F& o|EH o7
DPPH radical 227 %©| io}xlb ZAeS How, 60T
4/\]7} 28] 72| 27.50 ppm F=NA 50.0%°]7de] A2A%
= Yepdigith slEA 313E Sl g Be A5l
DPPH radicall] th&t 3484 3 8AE H31(38)% vie}

H 529 432 Yeblia 9lvt. DPPHS] $¥2 34ts)
4 03_%*3 o] ol B AALA=RE ike} 24
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Lo A %ﬂ? 523 @i 259 DPPH 275 S OJ%L
3t Yeo(15)2] AT} 1 il F2E9] 25 9 125 ppmE
ol 37.84 & 5023% = YEINTHE AT 4 o]_Q.
5 Ao =EHS ]_9-_?5}- B A A = TS LR
AL QEggo] 43 qujat Ttk o] 838fe] Ao A]

]
Aa AYZ @ Aol FEARY P4l o ATH<

Aoz e

100

13.75ppm m 27.50ppm m41.25ppm 55.00ppm
90 I

80 | 2 : I

70
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£
50
c
40
30
20
10
0

control ascorbic
acid

DPPH radical scavenging activity (%)

Temperature(60°C)
Fig. 2. Change in the DPPH radical scavenging activity of Safvia
miltiorrhiza Bunge extracts.

Values are meantSD (n=3). Means with different superscripts are significantly different
(p<0.05) by Duncan’s multiple range test. A, Glucoamylase of amylase system; B, Cellulase
of cellulase system; C, Rapidase C80 Max of pectinase system; D, ProteAX of protease
system.

CiMFEEE2 ABTs radical 2Hs st

ABTs radlcal 2AGA L FAaF o] 34EsHA (hydrogen-
donating antioxidants)<} A4 A kshA| (chajn -breaking
antioxidants) 55 3T + oM, 8 (aqueous
phase)¥} 7]/ (organic phase) 250l 8§ 7153 &%
W olTh30). At S-S 0] 87 FEE2] ABTS radical
2ATS A 23 Fig. 390 YERRITE B4 €4
257t =255 vy 22 S UeRgen, 60T
oA 4A1Zt amylaseAl &4 A2 13.75, 27.50, 41.25
2 55 ppmol| 4] 2326, 41.06, 63.00 & 84.11% %2 T& &34
o2 7MY #& &S JYERIRITE Kim 5(38) X< akef
ANE ol gste] 5 H W FEE] F HEA SEE
g HiskE A 29 AsA e s Aes
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100
§ W 13.75ppm 27.5ppm W 41.25ppm N 55.00ppm
= 20
Z ow a
=] b b
o 70 - [ .

c a a i a
o X T
£ 60 b
E’ c
o 50 b NS
8 N L NS
N
@ w0 | I | b
= b 7
H 30 b
TG b b
o 20
“
B 10
<
o

control A B c D

Temperature(60°C)

Fig. 3. Changes in the ABTS radical scavenging activity of Sa/via
miltiorrhiza Bunge extracts.

Values are meantSD (n=3). Means with different superscripts are significantly different
(p<0.05) by Duncan’s multiple range test. NS, not significantly different. A, Glucoamylase
of amylase system; B, Cellulase of cellulase system; C, Rapidase C80 Max of pectinase
system; D, ProteAX of protease system.

MeAle] 29 Gate] shutm QTS| JAelA2 g

< 8P, NO AL vllg- ok Akl 2 7hxl epe e

vitamin E 2} W] S31A Al o] A hAptshe g v kst

7Ie= FATUEE). Tl A FEE 55 nglg FEE
=z

o] g-5te] pH 12014 Whg-A17 ofdate] 27%5S 2ALg
A3 Fig 4o Yehhglor 35 o) nhe AolE »
o3l Stk AmylaseZl EAE ©]-83}] 60T, 4713t A 2]
AN T1789%9) e BAE LheRdon, 1 Hhgel protease
A BAE o]l T, 417 Xl ol 67.37%2] T4
< UeT) 45T 4417 28] Fol A amylase”] EAE A}
83 7o 0%l FHom the BLAS o8¢ T

[¢]
ZFET} 52 NO radical &7 &84S Vel
- 100
) 9 - ¥a5°C 60°C
£ 80 r
— a
= 70 -
_E‘ 60 - |
g 50
E 40
@ 30
2
& 20
=
zZ 10
0

control

Fig. 4. Changes in the nitrite scavenging ability of Salvia
miltiorrhiza Bunge extracts.

Values are meantSD (n=3). Means with different superscripts are significantly different
(p<0.05) by Duncan’s multiple range test. A, Glucoamylase of amylase system; B, Cellulase
of cellulase system; C, Rapidase C80 Max of pectinase system; D, ProteAX of protease
system.

s3] 2] A|22A A5E (2015)

Salvianolic acid B, cryptotanshinone % tanshinone | &t

2HH 3}

Salvianolic acid BE radical®} ¥F8-Ao] =
715 7% AYaL glor, 7}4=E3l, decarboxylation &
o] Jk-g-of tote] radicalZ} WHE7HA] FRHE 024 F3
W3- 7hdof &l §53] 213 2 Aol g 1397t

h;], ‘ﬂ’ﬂ\}«] 0431 A8 = tanshinone [ & 4] §1r£] 73
AlZe] AR S fdte] g4 frst a9 Y=
E'é‘o] ‘?E]"—TJL—(39)Q Mq.

A @S ol &d FEE FEAE HPLC
chromatogram 381 Fig. 59} 2o, A& gaxe] Tt
FEEO FrEE o] WskE AR ks Table 590
UERSITE B4 Aol mE fFEAEe] e 5 &
T 9§44 TR wet fsE JE o o 4%
8% < salvianolic acid B¢} cryptotanshinone %
tanshinone [+ 7A&% 02U tanshinone TAE 7| 2o] H
=5t} Salvianolic acid BetaFe] 45T 4 FA &+
1,650.7 mg% = 7H4 SHAl YEREom 45T, 443 A 2lA]
amylaseZd] &4 22Tl A 2,583.8 mg% = M =& 3
< YeERA T 60TCoAA 441 7F 28] ol 4] & salvianolic
acid B& -2 amylase] &4 2] llA] 2,397.6 mg%h o2
7V =& e e O™, pectinase] B4~ A 2] 7]l
A ke she-S YRl TE Cryptotanshinone g2 45C

]}\1 4AZE G4 FAE ol 23 mg%h 2 7P WAl el
wtom, 60C, 4417t amylaseZl 3 proteaseZ] FA HFJ%LOﬂ

/\1 3.8 mg% o2 7 =/ YElst). Tanshinon 1 3H&F2
60C, 47|t proteased] FA A 2] TolA 142 mg%h o2 7}
= UEpsith @b iEe] gl digh BadA S
el 75% WEEE 30% E2S9 FEEZ WA
22 3% O]”, tanshinone [TAE 0.2%
‘Ffﬁﬂoi 101 (22), thgkeF ol A=

Jﬂ l-:/ﬂ /‘ ]-

salvianolic acid B 3}
oltE FfteE
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Fig. 5. HPLC chromatogram of Salvia miltiorrhiza Bunge extracts.
A, Salvianolic acid B; C, Cryptotanshinone; D, Tanshinone I.
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75% W& E 303 29 FEA] salvianolic acid B 3
4.1% oldoE TAIE o] AT3). & Aol AR T
gtk ol iAol A3 ks ggsislon, ¥ A2
HAoFEA] 5% S S22 34 kel A B4R
greFtiH]  salvianolic acid B2l FEFEL 56~77%,
tanshinone ITAS] FZF&& 58~71%°] 9 & UEtsith
FAFolME amylaseZl] EAE 0] 84 AR FE25
go] =31, SHPA FZo] Jhsd Ao st

Table 5. Levels of salvianolic acid B, cryptotanshinone, tanshinone
I, and tanshinone ITA of Sa/via miltiorrhiza Bunge extracts

(Unit: mg%)
]::l’()gréla? Enzymes Saellxcliignglic Cryptotanshinone ~ Tanshinone 1 TansIlllliilone
control  1,6507£132"  23%0.1 11.1£0.1 TR?
A 25838445 2.8+0.1 92+0.1 TR
45 B 24933197 2.6+0.1 9.140.1 TR
C  1,688.1t140  26%0.1 129+0.1 TR
D 237913165 2802 13.6+0.1 TR
control  2,397.643.5 33102 11.7£0.1 TR
A 30026t146  38:0.1 134201 TR
60 B 2936150  34%02 132+0.1 TR
C 236758257  34%01 124+0.1 TR
D 29756%40 38£02 14202 TR

?Values are means=SD (n=3).

"TR, Trace.

3)A, Glucoamylase of amylase system; B, Cellulase of cellulase system; C, Rapidase
C80 Max of pectinase system; D, ProteAX of protease system.

kO

(o]
24

2 AGE FuUlsh @S 2-8-51o] amylase?l, cellulase
Al, pectinaseZll 2 proteasell EAA|E o] &3 A F=H
& Wit FEE9 o|setA 4 WskE 2AFsIS]
A FEEY 8, pH, B 2 A% WH3l= amylase
25 o] galo] 60T, 4417 2] ol A 58.3%, pH 6.04,
97°Brix9} 65.06(L) 2 35.13(b) 2 71§ =A Uehtor,
agk-Z proteasell EAE o] &3t 60TA A 2] ol A
14882 F24& YRt E2AE o] 88 it &
Bo] gitslse F%F5% 55 ppmellA] DPPH ¥ ABTs
2% 8425 E 74.11% % amylaseZl] 45 |83l 6
0C, 4A13F AglFollA 7HE & &75s YEATH
F Hlsy E g 0T 84 A 7HEA v w3
2 g2 YL @ 259 salvianolic acid
B &2 60Tol|A 427k, amylaseZ] & A7ollA] 3,002
mg% = 7P =2 TS U1 2™, cryptotanshinone

W

312 60T 427t amylase 3! proteaseA] &4~ A 2] -0l A
3.8 mg%L = 71 =A YERS o™, tanshinon [ 3ES
60C 413 protease7=ﬂ BAhTA 142 mghl = 7V =4
Yelgtt), o]Ake] A3 R amylased] &4 S o]-&3fo] thit
o A Bh FEA Wt FEE AFAHTY A
FZo] 7Fest bl 7154 AAEA e B3 Ak

A o] go] 7Fs Ao AAE ), FAAE o] 83 A2
EAFEHL HAES ke d5el HEAZL 5 S
Aoz AztETt
ZAe 2
2 ATE sHFERY sV e Ade
2 FPE = 201499 "L Sk mEA] Au)r]e
9 F8AAE s 7FEIEE FE114112-1) AL g 2
o] Fojxlom, old ZrAl=gHL T}
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