Korean J Food Preserv, 29(2), 301-310 (2022) 3
" hitps:/idoi.org/10.11002/kjfp.2022.29.2.301 Korean Journal of Food Preservation

wdaies | pISSN: 1738-7248, eISSN: 2287-7428 S AENERSEEX|

Research Article

Optimization of ultrasound-assisted extraction of bioactive
compounds from peony root (Paeonia japonica)

xjof wajo] QRME X2 5t 2SIt £EXY N3

Gwang Deok Park', Jong Jin Park', Ibukunoluwa Fola Olawuyi', Jun Hyun Yun', So Hyeon Lee’,
Won Seok Choi’, Chang Ho Lee’, Won Young Lee'’*

armiefl - wER - 0|RTER0L B2t 2219 - SFH - 01ARF - MU - O[S - OjRiy
!School of Food Science and Biotechnology, Kyungpook National University, Daegu 41566, Korea
*Gyeongbuk Institute for Bio Industry, Gyeongbuk 36618, Korea
Research Institute of Tailored Food Technology, Kyungpook National University, Daegu 41566, Korea

RS ABEY, ((WEFHOILNYATEL, CHLY L S FAL

Abstract Peony root is a medicinal plant containing potent bioactive compounds.
This study used response surface methodology (RSM) to optimize ultrasonic-assisted
extraction (UAE) conditions of antioxidant compounds from peony roots. A central
composite design consisting of extraction temperature (30-70C), ethanol concentration
(20-100% v/v), and extraction time (15-55 min) was used to determine the
significance of each extraction condition on the total polyphenol, paeoniflorin, and
myricetin contents and 2,2¢-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)-
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scavenging activity of the extracts. The ABTS-scavenging activity and myricetin

content increased with an increasing extraction temperature. Further, at low ethanol
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Optimization of ultrasound- o . . . . . e
assisted extraction of bicactive ~ 40-50%, and extraction time of 40-50 min were optimal extraction conditions for
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AAEY 7164 A8Z =571 s A F=204,
FEUY, vo]Z29olE F=&9Y(ang 5.
2012; Kim &, 2016; Lee, 2021) & thFst vhfo] A&
Eo] gtom 2 AfoM e 239 &0l 28E .
223 2EUHLE cavitation @A) QA AAEE 7]
E0] A 2 259 ¢Eo] £1¥oR ot
{37 FckShind Lee, 2011;

Zhang 5, 2017). stAlRt & 24 2 22149 A7
et Aed £49 &0 GEHA7] o] FRrEH9
222} o]l SHSkE AsiAe 542 FHske ol
(Bezerra 5, 2008; Jo¥}t Choi, 2011). HFSHEHEAH
(response surface methodology, RSM)< 549 %%
= 98] A= di#A B4 7IHoE 4% Hl-E
AIZEo = AAgkel 243 HF 24S =28 5 U=
A3o] ek (Bradley, 2007). L#Al HFEREHERAHS
A7) 231t #&(Kim 5, 2012), cumin 231 5

Z(Shamsiev 5, 2021), o5& AX[Ra &, 2020), SHAF]

7} RO 22 (Lee 5, 2018) 5 A% AN B4
#3k2 18] A eoigict. ST Aof FE HES U]
9o 283 22 242 A ATt AP Uk
oh mebd B AL F2 A ol9e =, 35 £
EE B WAE YT T A% F2 4YTY 2%
A ANE FHHT 4+ Ak Y 32 24 A%

Aol = A& JHoNA &3t WK Paeonia japonica)
ARESIITE £ Al 50CoA 24417 B9t 454

Z & oMEH7)(RT-04, Yung Kang, Taiwan)s AR

A Bt oy B4 40 mesh®}t 80 meshd] sieve
£ ]85}t 60 mesh 3719 & A¥stgiom, 4T
A P HAStHEA Ao ARSI

Ol

22 &g &4

21oko] 22t 2224 HASIE Yol central composite
design(CCD)E AR&5%.2™ Table 13} go] EH¥HSE
5TAI(-2, -1, 0, 1, 2)Z olghE 5=(X;: 20, 40, 60, 80,
100%), & 2=(Xy: 30, 40, 50, 60, 70C), & AlXt
(X5 15, 25, 35, 45, 55 min), T&HFE
polyphenol contents, ABTS 4&AZA4, paeoniflorin,
myricetin®& A4t PFEHEHEAE 9] statistical
analysis system(Version 9.2, SAS Institute Inc.,
NC, USAE ARgstlon =S RE42
Mathematica 11(Mathematica, Wolfram, Champaign,
IL, USAYS Bl 429 Jef=a FAEGI

0

total

Cary,

23 F= by

FEE AXE 99 0.5 g WEeF Eof| ogk&(Duksan
Company, Ansan-si, Gyeonggi-do, Korea) 30 mL&
Y2 & Table 20] AAE AF xAoA 239 227
(KHC-1SUMP, Kyung Il ultrasonic Co., Ltd, Ansan,
Korea)2 &2 APttt FEHE 4,000 rpmoflA]
102 7 Yiie] & ofisiglon ol 4ToA Y3t
HEstHA 4G AR ARGEHAH.

2.4, SZ2/h= sf2H(total polyphenol contents, TPC)
TPC &% Folin-Ciocalteu method¥'#(Singleton
5. 19992 HFAA SHsIH. WA SRSE 24 3
Ast &% 100 uLo] 50 pL Folin reagent(Sigma
Aldrich Co., St Louis, MO, USA), 300 xL 2% Na,COs

Table 1. The central composite design for optimization of ultrasound extraction conditions of peony root

Xa Response variables Levels
-2 -1 0 1 2
X Ethanol concentration (%) 20 40 60 80 100
X2 Extraction temperature (C) 30 40 50 60 70
Xa Extraction time (min) 15 25 35 45 55
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Table 2. Central composite design for ultrasound extraction from peony root and the total polyphenolic content, ABTS, Paeoniflorin,

Myricetin of the extracts

Independent variables

Dependent variables

Ethanol Extraction Extraction time TPC ABTS Paeoniflorin Myricetin
concentration temperature (min) X3 (mg GAE/g) (%) (mg/g) (mg/g)
(%) X () X

1 40(-1) 40(-1) 25(-1) 103.32 19.32 4411 1471

2 40(-1) 40(-1) 45(1) 103.32 20.13 31.42 145.4

3 40(-1) 60(1) 25(-1) 108.25 20.1 45.61 115.9

4 40(-1) 60(1) 45(1) 107.48 22.86 44.71 179.2

5 80(1) 40(-1) 25(-1) 94.72 16.42 45.39 118

6 80(1) 40(-1) 45(1) 94.23 16.45 44.30 126.6

7 80(1) 60(1) 25(-1) 90.21 18.73 34.08 125.1

8 80(1) 60(1) 45(1) 90.03 19.42 39.57 1741

9 60(0) 50(0) 35(0) 102.31 21.89 42.79 172.3

10 6000) 50(0) 35(0) 101.52 21.47 44.76 167

" 20(-2) 50(0) 35(0) 90.62 17.95 42.01 143.4

12 100(-2) 50(0) 35(0) 58.78 9.83 29.79 43

13 60(0) 30(-2) 35(0) 103.67 19.09 43.45 123.3

14 60(0) 70(-2) 35(0) 79.07 18.27 34.70 187.5

15 60(0) 50(0) 15(-2) 95.79 19.49 42.24 137.2

16 60(0) 50(0) 55(-2) 97.15 21.26 42.66 194

(Duksan Company, Ansan-si, Gyeonggi-do, Korea)S Z8gstar GAoA 124]7F o)} ¥hg Sof] 7

H7FokAL voltexingdlF . S3HEE 158 YAoA HESA|
2 g S5 1,000 £LE H7Istolon vhgo] e A
"= 725 nmoE AAH UV-VIS spectrophotometer
(Shimazdu Co., UV-2550, Tokyo, Japan)Z °]-&s}]
FFEE S5t £4H S°8% = mg of gallic acid

equivalent (GAE)/go.2 3FAlsto] YeRY It

2.5, ABTS radical £A7H&4 =&

ABTS radical 2484 Z7% Marino B. Arnao
(Arnao 5, 20019 WS BFAA SHoloth &2
0.0406 g 2 2'-azinobis(3-ethylbenzothiazolin-6-sulfonic
acid) diammonium salt(Sigma Aldrich Co., St Louis,
MO, USA)°ll 0.007 g potassium persulfate(Daejung
Chemicals & Metals Company, Siheung, Gyeonggi-

do, Korea)dt &5 10 mLE #7I8t &9 voltexing&

https://www.ekosfop.or.kr

3| st ARESlAT AEL FHRFE 104 4T =&
& 50 pLof ABTS €% 950 pL 37} ¥ voltexing & &
Ao 3085¢ ¥R AlFCeH, 734 nmE A7FH
UV-VIS spectrophotometer(Shimazdu Co., UV-2550,
Tokyo, Japan)& ©|-8oto] ¥hgo] &xd A= SH=
£ Sttt 49 S8EE off A& ol&sto] ABTS
2AGY %) 2 YEH

ABTS radical scavenging activity (%) =

_ absorbance of sample
absorbance of control

x 100

2.6. Paeoniflorin &' myricetin 2l3F 241
Paeoniflorin, myricetin &2 Seal®] =% (Seal,
2016) MBAIA F74skct. HPLC #4 A 252 0.2
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pum syringe filter(D2520, Echrome Science, Daegu,
Korea)& of&diA offgtthE AREEHSITH &A=
Athena Cig 94 2250 mmXx4.6 mm, 5 zm), UV/VIS
HZ71(UV-2075 plus, Jasco International Co., Ltd.,
Tokyo, Japan) @ 42} 78] HI(PU2089 Plus, Jasco
International Co., Ltd., Tokyo, Japan)& 4% 143
T A4 A=ntETH ] AA"ES ARSI o] FAHCE
£ (A) 1% acetic acid®} (B) acetonitrileg AME3s}% 0
o 84 0.7 mL/min® & 10-40% B(0-28%), 40-10%
B(28-324%), 10% B(32-36&)2t 2ol gradientd 3t
B4 A AR FYFE 20 plolH UV AE7]1= 272 nm=
Aotatt. HEH peak? HAA 9 A BEAZ 9|
paeoniflorin(Fujifilm Wako Pure Chemical Co., Osaka,
Japan)¥} myricetin(Sigma Aldrich Co., St. Louis,
MO, USA)E RZEEE ARESISIH

3. 2af & uH

3.1. F=X710/ TPCO O/x/= F&f

TPCE: ofe] A2iB4E Uehf 3RhEoltKim 5,
2013). 285 #5 2] G2 Fope] TPCY Wak:
Fig 13 Zo mEAle thedt 2o

Fig. 1. Effect of ultrasound extraction conditions on the total
polyphenol content of peony root.
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Yrpc =

-35.347188 + 2.230000(X;) + 3.3018750(X;) +
0.985875(X3) - 0.017009(X;%) - 0.011125 (X; x X,
- 0.026363(X2) + 0.000062500(X; x X3) - 0.00575
(X; x X3) - 0.013612(X5)

TPCO thet Zd2] R2ZE2 0.8213°F stationary
pointA maximume HYEFH L™ ek 5% 49.84%,
FERL 42.27C, FEARE 52.738 24914 103.62 mg
GAE/go2 Fdjzks Uelfi= Aoz =59t Table 3).

AMH 02 TPC 52 2%, & ARt vlFsto J
7helth7t 2E2% 50T, FEAITE 60% o] &2 IHAshH=
A B w2 3% 259 82 A%
7|1 4RO Boet ShHASE TTHIA &
272 4 AtHAlonso &, 2001). 3HAEE &
Uehd B4 2= 9 F A7t ool TPCY #ha A
£ I 7HEAH Y7L 7R, S-S fEote] Hed
E4& A F7] wiZo] Uehd Aoz AtrHch

EZ 2 AFodE oEgE = 20%%E 60%7HA
TPC7F 37181321 60% o381 TPC F&°] H4st
£ B%E Bt ol fASH ARdolAE SRS

= <5 f718ED £ I4E {71809 & 88
o] Hrt1l B EYrHPark¥}t Lee, 2016). ©]&= &°] €3
BHAA oeZ2] &4 polyphenolic bondsE 1t
g S Ao TPC 20 ¥ vzl A= Bt
(Cuji¢ &, 2016).

o
o H

3.2 £E5X710/ paeoniflorin B/2F0) O/il= FgF
Paeoniflorine &9 &7, WIx4d a7} 50] HiH
ZoF o] Q] A EEHO|HXin &, 2019). 2

1 & 270 E 29| paeoniflorin & 3} A&

Ypaeoniﬂorin =

11.776875 + 1.076313(X)) + 1.410250(X) - 1.643063
(X3) - 0.004922(X;? - 0.019269(X; x X») - 0.011750
(XzH) + 0.011244(X; x X3) + 0.022963(X; x X3) -
0.003313(X5?)

https://doi.org/10.11002/kjfp.2022.29.2.301
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Table 3. The second polynomial equations for quality prediction of peony root

The second polynomial equations R? Significance ~ Stationary point
TPC -35.347188 + 2.230000(%;) + 3.3018750(X;) + 0.985875(Xs) - 0.017009(X:?) -  0.8213 0.0932 Maximum
0.011125(X; x X; — 0.026363(X,?) + 0.00006250006 x X3) - 0.00575(X, x Xs) -
0.013612(%:)
ABTS -11.811875 + 0.504938(X;) + 0.614125(X,) + 0.221062(Xs) - 0.004869(X:) + 0.9289 0.008** Maximum
0.00110604 x X2) - 0.007500(%;%) - 0.001781(X; x Xs) + 0.003263(Xz x X3) -
0.003262(X:?)
Paeoniflor ~ 11.776875 + 1.076313(X;) + 1.410250(X,) — 1.643063(%s) — 0.004922(X;%) - 0.8508 0.059 Saddle point
0.019269(X x X2) — 0.011750(X,2) + 0.011244(X; x X3) + 0.022963(X; x X3) -
0.003313(Xs%)
Myricetin 153.653125 + 3.431875(X1) - 1.838750(X,) - 4.273750(Xs) - 0.047781(%;%) + 0.9018 0.0195* Saddle point
0.0325000¢ x X») - 0.035625(X;%) - 0.002500(X; x X3) + 0.131750(%; x Xs) -

0.010125(X5)

'p€0.05, “p(0.01.

of|Z2]0] 4 R*%ZES 0.8508, stationary point= saddle
point®]™ paeoniflorin®] g 48.37 mg/gl2 o
He 5% 55.11% +&F 2% 39.29C, & A7t 18.28%

ofj A ‘%E}‘;tﬂ(Table 3). Fig. 2 232 & 1w paeoniflorin
< 15-55% W04 F& ATt T2 FF2 Holo
et L7t W24E paeoniflorin $HFo] S7Fsk= A
= sk o]t FAHA Kim 5(1996), Chen

=

[¢)

(2017)9] ATolA paeonifloring ¢4:%t Eoj= & =X
A+=thal ot e, Zhang 5(2010)2 R o 5%

Iy
o

(uiw) awn uonoenx3

30 L

Fig. 2. Effect of ultrasound extraction conditions on the
paeoniflorin content of peony root.

https://www.ekosfop.or.kr

7} paeoniflorin®] F&°| Hgstrtil Histqict. ¥Hd

F2 2571 US55 paeoniflorin &2 F7161% =0
0]= paeoniflorin® G9HFAo] Yo} & F IEF7}
RS o2 ARETHCho 5, 2009).
3.3 =ZZXZ10/ myricetin 220 O/xl= F&F
Myricetin &ZetH-0|=9] st 4RO Z It A4 &
o 7158 ozt el ATt Alx FAZ FX6k= 4D
A F2E Aot 2 9 Al APEE Aok 83t
£ 71 o] FdRE yEliY, B 84 &4 &
I 9 =2 AT 2 7 e E380ItHSong
S, 2021). 23T & 249 OE ZF Y myricetin
S W3} oS4l ofgjet A
Y myricetin =

153.653125 + 3.431875(X1) - 1.838750(X»)
4.273750(X3) - 0.047781(X:) + 0.032500(X; x Xy) -
0.035625(X;% - 0.002500(X; x X3) + 0.131750(X; x
X3) - 0.010125(X3%)

| &4]9] R*HS 0.9018F stationary point:= saddle
point® WEFGTE 1831 myricetin® g 222.83
mg/gl® A 22U JEE sk 57.16%, & 2%
62.46T, 3% A7t 50.5820.2 A& QItHTable 3). A
HFH 02 myriceting FE2EQ FEAITH] H]g 6t
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Z7Ftd e, Ali 5(2018)2 myricetin®] & 2% 60T
OJAFRE JHs|Hcty BT SHARE 2 o)A
Myriceting F&&

Lo} FEAZ] Hlgste] F7ok=
2A1E Bt ok ¥ AT XA ez o

St myricetin®] €A R A|Rof|A &%= myricetin®

ol o A5t ol Uehd Ao g AtrEth ¥ &
U3t FE2E0 FEAIY 1 oflghE 527 60% olstd
o myricetin o w0 HlFsto] F7Fsti o o
e F=7F 60% oVFFE = #AstHt(Fig. 3). A
TollA 9 Aot Aol A AIE BASHITHChen =20 A ABTS radical 24842 R*ZHS 0.9289
%, 2008; Olawuyi &, 2020). Myricetine E2t} 37] 2 52 AE YEUULH stationary pointo]l Al
Ljjof tst 87t =2 AeR IHA Utk Devi 5, maximum< YERHITE o& Aol w2 ABTS radical
2015; Yao &, 2014). 3HXgt & qi9} o] B4 ofgte  AABAHL HE T 48.18%, & 5 56.63C, =
& oMlA FEE W Il Aaste

ABTS radical £AE49] H3l= Fig. 43 Zom o34
< o3 A

Yaprs =

-11.811875 + 0.504938(X;) + 0.614125(X») +
0.221062(X3) - 0.004869(X;) + 0.001106(X; x Xp) -
0.007500(X2) - 0.001781(X; x X3) + 0.003263(X; X
X3) - 0.003262(X5?)

Lo Eg e A7E52.9289 W 22.76%% HYizke YERiRTHTable
Fe9] ofgke Bolo] 8 2 Bito] & o] AL, 1

3). ¥R o2 ABTS radical 2AAEAHL e =&
A7t myricetin®] & 80 TS & Ao AnH 40-60% WA 7H =Skom & A7t vlFote] S
tHAli 5, 2018).

7¥el3ct. ¥ ABTS radical AAZAL EA HY &7t
A F7¥o7t Fadks FAE UEAH. 270 o
3.4 EEXZ0| ABTS radical AHEH AHSA0 O/5/= £ ABTS radical £2AE42] Z}oli= TPCS} paeoniflorin
gef 4 myriceting X3 o F4eHEE ] Mt FolA

ABTS radical 24842 gPAksl 274 A X2 (Naknaen oz Jgre A AoF Hlth £Z& A7) dojASE

3} Tithisoponkul, 2015) %83 %3 gulo} A& 7he] ¥k Al7bo] Z7telo] PSR 25

2% 2700] ©E Zop]

50
oo
0. 5
[ \| O 4
3 :
L =
2,_ a0 “;, %
3 )
® \; 3
— { 5
3. sof ~
EXa
=4 T
!
{
20
b
9%
e
30 . # )
e v (&)
40 T < <
Eth'actiO 50 T / J 80 \00
n te, o) 60 i | QO
era[ure o o 100 o
9 &

Fig. 3. Effect of ultrasound extraction conditions on the Fig. 4. Effect of ultrasound extraction conditions on the ABTS
myricetin content of peony root. scavenging activity of peony root.
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ST 5=l A &2 AR £
B4k5lo] ABTS radical 2AZ4E EA A7t o]2HE
A8 4= QItHChew 5, 2011; Ghafoor &, 2009). 3}4]
Fig. 4914 ABTS radical 248/ FEA171 vl
Sto] S7FSHAIE ol & A4 & 21 ¥ HdlA=

r‘:I n}L e o

2 A7b0] Z7F4% ABTS radical 2A4E Leh
C gasEae 250 BH0E dehach

l‘l

Fig. 5. Superimposed response surfaces at optimum ultrasound
extraction conditions for peony root.

AEH] HOH Y 22 24 ‘%‘]-;4 W 4oje] Aol
L 45%, & 2% 63C, FEAL 458) 08 253
o2zt AdZe vt tiTable 4). #& 25 X
oAl A3 TPCE 101.79 mg GAE/g, ABTS radical 4
AGAL 23.13%, paeoniflorine 46.87 mg/g, myricetin
< 184.32 mg/go = AAZI} oF 8.7% ol A=
B A&49] AFES A5 & A

AL o m}o

4, Q9
o

A= ZeF Ha] 2259 total phenolic compound,
paeoniflorin, myricetin¥} @3 Aa)gA EA7} Akt
aNE Sdisksl] A8 251 35 242 XSS
Edpshel = HOH H}—ﬂi‘?‘i‘jﬂ‘ﬂ% O]%'al'&’iofq 7+ A 179

2% 60-65C, F2AI% 40—50 HAR AS=oH
= 99 Yol 9o 2408 2EE AR T ALY 2
I o] HgE ST 5 AT

A =
B ATE AR AU Yol AR Z1ee

Aoz 3%t J Al

Conflict of interests
The authors declare no potential conflicts of interest.

Author contributions
Conceptualization: Park GD, Park JJ, Lee WY. Data

curation: Lee SH, Choi WS, Lee CH, Lee WY. Formal

Table 4. Confirmation of optimal conditions for ultrasound extraction of peony root

TPC (mg GAE/g) ABTS (%) Paeoniflorin (mg/g) Myricetin (mg/g)
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