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Phenolic Composition, Phenolic Content, and Antioxidant Activity
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ABSTRACT

To increase the functional ability of doenjang, doenjang containing four kinds of root vegetable powder, such as deodeok,
balloon flower root, burdock root, and lotus root, was fermented for 40 days at 30°C. The phenolic composition, phenolic
compound content, and antioxidant activity of root vegetable doenjang were investigated. The flavonol, phenolic acid, total
polyphenol, and total flavonoid content tended to increase with fermentation time. Epicatechin, catechin, and rutin were
detected as flavanol. Caffeic acid, p-coumaric acid, 3,4-dihydroxybenzoic acid, hydroxybenzoic acid, ferulic acid, sinapic acid,
and syringic acid were the phenolic acids in root vegetable doenjang. The free radical scavenging activity of 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and 2,2-azinobis-(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) as well as the ferric reducing antioxi-
dant power (FRAP) of root vegetable doenjang increased with increasing fermentation time. The contents of phenolic compounds
and the antioxidant activity of burdock root doenjang were the highest among the root vegetable doenjang. The lotus root
doenjang and control also contained a high content of phenolic compounds and antioxidant activity. These results show that
burdock root powder could be potent material to make doenjang with high functional ability.
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HS(Codonopsis lanceolata)
QEHER A% e nBse o a%o £xle] 27
) A weld Besel
inulin®} saponin A&l olelH, H2, = Ad 2L H
A7, k8K Kang YH 2009), 3E%HKim SH
2009), &H4itsl gafol of gt H]J_Eg(mm SH 5 2008) 5
o o} Ao Hu¥a gl
=2 X|(Platycodon grandiglorum)=.
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HF7EHKim TY 5 2020), _GLO]’(KJm SH & Chung MJ
2015), @4+8HKim CH 5 2010) S°] ¢
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walo]l a4, 92 2 fructan AESZ <l

Aol Aol o, oprfol X9E FAHo
r/}oks}ﬂ] ZH ]Q~(Imahon Y 5 2010) Ajcolrt 2o
3 = 2012), w%z} 24 (Moon JS 5 2017) 5
77}t EJ_E]W’H A7 Fe 2 Wilol SiE L ok
OﬂEL(Nelumbo mucifera G.)& I AGH)Ee] thdAl
28 FANER FHe o iy 3t 7] 3, 53
A A &7} aspartic acid ¥#o| w1, Fr|AZE
potassium, sodium, calcium, magnesium 5-°] = g5 o]
UTHYang HC 5 2007). A2 <felavzEs e (Ahn
SM = 2018), E7aKPark 1B 5 2005), ZHE.E EH(Lee
11 5 2006), B4 (Ko BS 5 2006) 5ol that A7}
HuxAch

a9l AP 5HL

ol
on

] B
T’:
o)

nr[rHu

o) =
AT

wo} Askstr] Y&l 99 (Son DY
2008), M Al(Lee SJ 5 2004), AW 2F E(Lee ES 5

2014), ©]FE=(Hwang CE 5 2017) 52 3713 @3] 7H
ek 93 ®4(Son DY 2008) thz7 Hel Hls|

ksl Eo] wa V|aert SEE AR HuHda,
Fa, e g gRMAS H7Fe F3(Lee ST 5 2004)2 3
/‘\_]_—ﬁ]-’ %ﬁgﬂio] _?rliljl- OJZ.]] 7(]—_9. m o}—xﬂ_L xgz OJ;Q]X]—B.o]
U Aoz Bt #AE du DEE H7F B (Lee
ES 5 2014)& 3iksl &/do] WA E Bt % ’So}w, o
FEE H7F @& (Hwang CE 5 2017)2 &E & 3 pheno-

e SR

lics, isoflavone-aglycone™} phenolic acid &2l

olo w2 4ks} B33} a-glucosidase A s &/ o] S8t
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chin, epicatechin, rutin, caffeic acid, p-coumaric acid, 3,4-
dihydroxybenzoic acid, hydroxybenzoic acid, ferulic acid,
sinapic acid, syringic acid, Folin-Ciocalteu reagent, sodium
nitrite, aluminium chloride hexahydrate, gallic acid, quercetin,
2,2-diphenyl-1-picrylhydrazyl(DPPH), 2,2’-azinobis-(3-ethyl
benzothiazoline-6-sulphonic acid(ABTS) diammonium salt,
potassium persulfate:= Sigma-Aldrich(St. Louis, MO, USA)ell
A T3k AF2-5FSITE Chromatography©l| = HPLCH water

2} acetonitrile= Duksan(Ansan, Korea)ol|4] -3} th

2. =7 M=

e A s A7 B2 Lee KH 5(2016)9] ¥
< = N3 AT 5 27} 33:13:549] v]&2 &3
stod Al z=aksiTt. Azl AHE-SE A= SAkSE o ol

T Az AolH
Bg7F & F == YA 7|[HM-331(NW), Hanil, Korea] 2 &
AstAo) o A W 1,015 g3 el £2 140 g
AFEE 1,890 goll &F 455 g2 Yol ¢33 &)
ﬁ%léhﬂ sk 27 A, WS L155 g=
# EFeto] A xSk olof wlg] dAER A=
S7](PCT &A1, 1 L&l 700 g¥ Hol 30T2
incubator(HB-103-2, Hanback, Korea)ol|4] 40€3t @& slH
A 108 FHA o= AfF et Al ' ARgStsith dH| Al
A e A B AR 98 2535 k)9 3~5%7)
H = st ®AE Al A, 4% A Al AR 5719
AL 7Fsstd 4%(140 g)= A sttt olst HY
(deodeok) 87, =2} (ballon flower root) %, < (burdock
root) &7, A(lotus root)HF o 2 AT

Aspergillus oryzaeS FEot FEA|7]

3. AIZH M=

Ao ALe-3F A 5AL FA 2 goll 60% o e 8§ mLE
7Feta Ao A] &£3}7](SLRM-3, Seolin Bioscience, Korea)
£ o]83tod 100 rppmellA] 14]13F 53 the o ZA](No.2,
Advantec, Tokyo, Japan)Z o] Z}3F of 48 10 mL W ~Zg}
232 343tk A|ENL ZF polyphenol, % flavonoid,
rtsks S0l F7HH o2 S|M6kA] 1 AHEE F Sl
T/t HEE qRAEE Fa 2tk A& HPLC &
Holle £ S48 0.45 pM membrane filter2 o] 3}5}o]
AH&-SFA T

4. My

1) Flavonol %! Phenlolic Acid =4 % gzt £H
HA] flavonol & phenolic acid 33} 432 Vasco C
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Z2009)¢] WHS WEsl] ZFect 7] 7]% Shimadzu
Prominence HPLC LC 20AD(Japan)& A}-8-%
C18(250 mm x 4.6 mm id, particle size 5 pm, Thermo, USA)
columne AFg-3te] AlgdS 78] o}-}\}\—]——- diode array detec-
tor(DAD)E ©|8-3ll 250 nm, 280 nm 2 320 nm2] I}l A]
AE3Aeh 5E 0.5 mL/minS.2 0}04 4033t AR
o] Eﬂ—o o7 Agoug

331, Syncronis

31, injection volume= 20 uLZ 3}53t}.
1% formic acid, B&M 2 acetonitrileS AF&-3FATE 08 A
£A-2- 95%(BEY 5%) 2 dto] 2080l E AS 70%(BEH
30%) %2 B2 HI&S =91, 308 ALY 70%BE
30%) 2 FFAIBIEL 3180 A8 95%(BEY 5%)% A2
I 2o xHoR Bolzt T 4087 AR 95%(BEN
5%) % column= A2 &1t} Flavonol ¥5E2 2+ catechin,
epicatechin 2! ruting, phenolic acid ETEZZ+= caffeic
acid, p-coumaric acid, 3.4-dihydroxybenzoic acid, hydroxy-
benzoic acid, ferulic acid, sinapic acid, syringic acidE AF&
}A T} Flavonol 2 phenolic acid 522 1 mg/mLe] &
Z=2 methanolol] £33t & @A H o2 8]443te] 0~50 mg/L
o] W] HEA(R=0.999)S ZAJsle] st agln
Z} flavonol 2 phenolic acid T2 pg/g(fw)o 2 eI T
2) & Polyphenol stetE &2F =7
H7e] F polyphenol 3}3HE 32 Arnous A 5(2001)<]
driel] ofafl S48kt =, A& 2.4 mL} Folin-Ciocalteu
-8-9(Sigma-Aldrich, USA) 0.15 mLE 33t F 750 nmof|A]
FAEE Y8t &
(Sigma-Aldrich, USA)Z ﬁ—zr%éli st A=
of 72 F mg/g(fw) o= HERARL

D:

Z polyphenol’d &2 gallic acid
s 243t

3) Flavonoid &2F =X

3] = flavonoid -2 Shen Y 5(2009)2] HWHH ol 2
& Stk &, AlEd 0.5 mLe SFF 2 mLE £33
T 5% sodium nitrite 0.15 mL, 10% aluminium chloride
hexahydrate 0.15 mL, 1 M NaOH 1 mLE # 7]‘5}04 15+ %
Ag F 415 nmol|X FFEE S48 F flavonoid 3
2F2- quercetin(Sigma-Aldrich, USA)S EFEA 2 dlo] Ak
HE Y] T F me/g(fw) ©2 bk

4

-I|>|

51 A

o

4)

0%

L3t

itk

(1) DPPH Radical 27 &H
A FAe] 2,2-diphenyl-1-picrylhydrazyl(DPPH) ra-
dical 2752 Brand-Williams 5(1995)2] ¥ we} =%
stk =, A2 0.5 mell methanol©ll €313 0.1 mM DPPH

%o}'/\] O]— Eki’t(jlﬁ—:— =N

DPPH radical scavenging activity(%) = (1—A/B) x 100

A AR ERE B AR AN FBE

(2) ABTS Radical 2~7Hs &3

A FAFe] 2,2°-azinobis-(3-ethyl benzothiazoline-6-
sulphonic acid(ABTS) radical £7%< Re R 5(1999)2]
Holl whgh SAedth =, 7 mM ABTS €92 245 mM
potassium persulfateE 1:1 B] &2 3lo] A29] oA 12
~16A]17F BF]8]l ABTS radical= THEAT}. ABTS radical
734 nmol|A FF=7} 0.740.0027F H =5 wghE 2 543}
Atk oh A]EO" 10 uLo} ABTS €9 3 mLE &3}3t] 30
B2 AR 73 oA SREE S0, Aok

r%‘ﬁ‘v/] QQ-E‘TH ?'O]'M

ABTS radical scavenging activity(%) = (1—A/B) x 100
AR FUE B AR PN R
(3) FRAPZ 0|
A4~ B749] Ferric reducing antioxidant power(FRAP)
ol 93t gFaks}eE S Benzie IFF & Strain JJ(1996)2] "
o wet At = AR 90 uLet FRAPE9(0.3 M
acetate buffer 25 mL, 10 mM tripyridyl triazine 2.5 mL, 20
mM FeCl; 2.5 mL, SF5 3 mL :f_zﬂoﬂ) 291 mLE &33t
F 37%0lA] 303 WAL F 593 nmol A FBEE 5%
S FYw ghom EASTh

o5t Fursks 53

5. EAIAzE]

BE A¥47= 338 §HE S35l Jéﬁ%b/}
YeERNA S EAA 2]+ SPSS 25.0 versions
EA(ANOVA)S AAEE & fol ARl 2fo| 7} ¢ % 5
A= p<0.05 ==<llA] Duncan's multiple range test@ -2
& AR ATk

Azt

k-

1. Flavonol =4 & &ta¢
Aa D] LE 712t F flavonol 27 2 e ¥
5= Fig. 19, % flavonol 3 Table 1] YERNSITH
Catechin, epicatechin, rutin®] 3% flavonol 3}3&E°] A& &
A AEEHJA=H, o5 SRHEES L8R 7|te] S
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600 & Deodeok /7b L o 600 —=8—Deodeok /a| _m_Deodeok
P
) —a—Balloon flower root a” / 3‘.9 =i~ Balioan flower|root * 300 —&— Balloon flower root ay
= 500 {/ ! B3 500 | —-Burdock root A = ;
2 —8—Burdack root J '/ 3 —a—Lotus root &‘D —8—Burdack root a £
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Fermentation time (day)

Fermentation time (day)

Fermentation time (day)

Fig. 1. Changes in catechin, epicatechin, rutin content of doenjang added with root vegetable powder and control doenjang
during fermentation at 30C for 40 days.

Control: doenjang without root vegetable powder, Deodeok: doenjang with deodeok powder, Balloon flower root: doenjang

with balloon flower root powder, Burdock root: doenjang with burdock root powder, Lotus root: doenjang with lotus root

power. Data are expressed as meantS.D. (n=3). "¢ Means with different superscripts in the same fermentation time are

significantly different at the p<0.05 Duncan’s multiple range test.

o] g} dxH oz S8k thFig. 1). Catechin®] 7%, #|
Z Fdo YFxTEe Wk dAHT Goldor Eqlo
WH(p<0.05), 404 Aol = ?i%%%} > ZepA e > vy
A%, 2Tel oz Walds Bge] haTar £ 7
kS B9t} Epicatechine 4044 Hoﬂ% o, ATEH > =
B, 2T > HyYEAe] 507 =0} catechin®} T
A 79, A8 ge] FFE 7oA Abo] glo] Alm F 7t
ATHp<0.05). Rutin®] 7%, ATl ke Az
B 379474 718 w3kou, ol dxT7 §4 9]
4097l = A8 B8 T 7P =4 vEtaL, o
79, tlg@7de] F994 zto] glo] ki, EeA]
e 7P ST (p<0.05).
Lee KH 5(2016)> A EAIZ] tHET9F Bacillus
subtilis KACC 15935 3! Bacillus subtilis HJ18-95 5 &3}
2Ly NFuFE TEc] 359 F4S AXsiT o5
Bacillus 755 E2|3t Q;q’oﬂfﬂ epigallocatechin, catechin,
epicatechin 2 ©]2] gallate & 6%<] flavonol 3}3H&E°] A&
S]Q=E), epicatechin 3HFo] 713 =9k} B 7o) AlgH
Zolel T WS ALeslol
A7) AT AARE ) Bacillus T2 A Z3F W|F9F St
o Aol ok, & ATAAE ALRRL W
2T 739 epicatechin T catechin .U} 2 S B
o fFARSEAR
Catechin, eplcatechm 2 rutin S 3 F flavonol
= BE 7I3Te] Skl whel Srkste] dod Aol -9,
cEe] oA Aol flo] 7P Eshal, v T,

24, EEge] £o2 E3hTH(Table 1)
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2. Phenolic Acid =4 % &2t
i B vhg 7|7t F phenolic acid®] 4 2 3
o] W3l Fig 20, 22 Table 20 Y
BRI} Caffeic acid, chlorogenic acid, syringic acid, sinapic

% phenolic acid g+

acid, dihydroxybenzoic acid, hydroxybenzoic acid, p-coumaric
acid, ferulic acid®] 8% phenolic acid’} A& EANA A=
H%lom, o]& phenolic acide= & 7|Zto] S7Fgel uwheh
2kt Agol gt
9 EAL caffeic acid, chlogenic acid, syringic acid,
sinapic acid $F&re| Tt} HAHT A5 £ Aoz et
Y THp<0.05). 53] caffeic acid®] o] 7Hd =3%k=H, A
Z U= 68.15 ng/gl & o2 FA 1.26~6.38 pg/gHrt
11~54vlt 3=9k31, 30L& 156.52 pg/g7hAl 5718ttt ©]
T Akt 99 9] caffeic acide T2 $9 2
FE fY3 Aoz AlgE=, 9 Sl caffeoylquinic
acid(Liu J & 2012), chlorogenic acid, caffeic acid(Chen FA
5 2004)7}F "/}F/k =] e Zlo] HaEUt &, thx
TFoll& dihydroxybenzoic acid gh&Fo] 717 @9kar, chloroge-
nic acid, sinapic acid®] IHHE = HAo=E \4—5}‘4\:}
% phenolic acid 3HFS §H3F 3 phenolic acid 3ol S
oA gl AL o] tE As BT, "/HZ
© 30LA7EA] 7ottt o] & WSkt gl e, HheA)
2 B3] e 3047 STkt o] & vhas Fhavst
FATKTable 2). & 40LA o= FEFe] gaFe] /M =
R, Thro 2 T, qu:f, TR Ege] skt 49
2] % phenolic acid -2 199.19 pg/gS =2 W27 79.49
ng/gel 2.58u ol “547‘}—‘ NxTET =& Aer]s
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Table 1. Change in total flavonol contents of doenjang added with root vegetable powder and control doenjang during

fermentation at 30°C for 40 days (ng/g)
Fermentation time (day)
Sample”
0 10 20 30 40
Control 0509.28+35.37% €607.97+44.12° €688.57+ 9.39° 5812.59+38.14° 1,294.06+76.90°
Deodeok £367.43+23.31° P555.00+35.23% €682.92+18.17* 5707.63+19.19* A1,186.60+19.77°
Balloon flower root 289.82+15.20° €577.90+21.14 5C608.32+32.36 660.63+26.63° £1,284.75+51.69"
Burdock root £374.88+6.51° D524 74+50.87* €683.94+11.93" 8910.91+12.68° A1,525.56+34.81°
Lotus root £392.73+1.27° 0493.42423.29¢ €674.54+16.36" 51,024.66+23.84° A1,462.02+31.84°

" Control: doenjang without root vegetable powder, Deodeok: doenjang with deodeok powder, Balloon flower root: doenjang with
balloon flower root powder, Burdock root: doenjang with burdock root powder, Lotus root: doenjang with lotus root power.

? Data are expressed as meantS.D. (n=3). *"° Means with different superscripts in the column are significantly different at the p<0.05
by Duncan’s multiple range test. *~* Means with different superscripts in the row are significantly different at the p<0.05 by Duncan’s
multiple range test.

= s Control = ® = il e
e Deodeok 2 a e Deodesk

—+—Balloon flower root a
—a—Balloon flower root a —a—Balloon flowerroot
y i % S |
X - IB,nld k‘ t 7 \ 30 | —eBurdock root ?
- o . 3| —+—Lotus root. /
e / ]
/

150 |- purdock roat # 8
—+—Lotus root P . &

P g ) 3 v
) & b /
100 a a 10 =/

.

b b b b b

Caffeic acid (ug/g)

s b == ——Control
1 = Deodeok
—a—Balloon{lower root

50

Chlorogenic acid (pg/g)
c
syringic acid (pg/g)
G B8
i:is
\ i
3
2
\
=
Sinapic acid (ug/g)

—e—Burdock 100t
—s—Lotus root

0 10 20 30 40 o 10 20 30 40

Fermentation time (day) Fermentation time (day)

13 | —a—Balloon flower root 3|
e~ Burdack root ab]

—e~Lotus o0t a T
10 -

Ferullic acid (pg/g)

e B
8 : \\\
HHE i
Dihydroxy benzoic acid (pg/g)
ow 8 & 8B &8 8 &

& Control

% @ Deodeok

3 4~ Balloon flower 100t
e~ Burdock 100t

- Lot

p-coumaric acid (pg/g)

Hydroxybenzoic acid (pg/g)

0 10 20 30 40
Fermentation time (day) Fermentation time (day) Fermentation time (day) Fermentation time (day)

Fig. 2. Change in phenolic acid contents of doenjang added with root vegetable powder and control doenjang during
fermentation at 30C for 40 days.
Control: doenjang without root vegetable powder, Deodeok: doenjang with deodeok powder, Balloon flower root: doenjang
with balloon flower root powder, Burdock root: doenjang with burdock root powder, Lotus root: doenjang with lotus root
power. Data are expressed as meanS.D. (n=3). " Means with different superscripts in the same fermentation time are
significantly different at the p<0.05 by Duncan’s multiple range test.

e 7H Aoz AlRE I = Afo|7b Atk AF i FAolA = 752 phenolic acid
A2 W FAHKim MH 5 1994)°| A& caffeic acid 7} A&EF A =d(Hwang CE 5 2017), protocatechuic acid,

9} p-coumaric acid ﬂako] =9k, Bacillus W55 22]8}¢] chlorogenic acid $F&Fo| Erla ko] A =EEF vt 4

Az BA(Lee KH 5 2016)°14 = hydroxybenzoic acid, ZE BTk o9} 22 A= 98 T FF AR A

protocatechuic acid 5130] BT}, Aspergillus oryzaeE # 7F AgEge] Az WU 5ol B3] phenolic acide] &=

Falo] A %3 /ME2] FA(Lee JS & Cheigh HS 1997)°l 4] P 2ol JES vH7] Wil Hez AtsE )

£ syringic acid $tEo] 7P ©ta, oS- vanillic acid,

hydroxybenzoic acid®] 22 Fo} & Alg FAA| o] A} 3. & Polyphenol slgtE &zt

&8 JH ekl ok frAFekSl o, phenolic acid 27 7 &kl Polyphenol-& 3, A&, 2, A9, T7 T 2184 2] F0|
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Table 2. Change in total phenolic acid contents of doenjang added with root vegetable powder and control doenjang during

fermentation at 30T for 40 days

Fermentation time (day)

Sample"
0 10 20 30 40
Control P35.37+1.68? €54.15+0.78°¢ B61.38+0.16° 480.20+£1.96° A79.49+5.64°
Deodeok €38.88+1.61° 570.84+0.04° B72.58+1.17° A91.73+3.80° B66.52+4.09°
Balloon flower root P36.75+0.04° €54.45+5.06° 568.87+3.01° £91.900.20° 870.17+3.92%

Burdock root D116.17+2.16°

Lotus root D5(.25+0.52°

€172.04+11.33°
€55.96+0.19°

B202.23+1.71* A277.4248.17 5199.19+6.77°

€55.9240.17¢ A72.95+1.72° B69.41+1.41%

Y Control: doenjang without root vegetable powder, Deodeok: doenjang with deodeok powder, Balloon flower root: doenjang with balloon
flower root powder, Burdock root: doenjang with burdock root powder, Lotus root: doenjang with lotus root power.

? Data are expressed as meantS.D. (n=3). *¢ Means with different superscripts in the column are significantly different at the p<0.05
by Duncan’s multiple range test. “™° Means with different superscripts in the row are significantly different at the p<0.05 by Duncan’s

multiple range test.

gl wxol glon], Pel, e, dgrete, e
3 839 52 %e *-].%9] 22} tiakkEol T @A) 71A] 8,000
% 33HEo] delx e, ZA phenolic acid, flavonoid,
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Fig. 3. Changes in total polyphenol content of doenjang
added with root vegetable powder and control doenjang
during fermentation at 30C for 40 days.
Control: doenjang without root vegetable powder,
Deodeok: doenjang with deodeok powder, Balloon flower
root: doenjang with balloon flower root powder, Burdock
root: doenjang with burdock root powder, Lotus root:
doenjang with lotus root power. Data are expressed as
mean+S.D. (n=3). *¢ Means with different superscripts in
the same fermentation time are significantly different at the
p<0.05 by Duncan’s multiple range test.
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Fig. 4. Changes in total flavonoid of doenjang added with
root vegetable powder and control doenjang during
fermentation at 30C for 40 days.

Control: doenjang without root vegetable powder,
Deodeok: doenjang with deodeok powder, Balloon flower
root: doenjang with balloon flower root powder, Burdock
root: doenjang with burdock root powder, Lotus root:
doenjang with lotus root power. Data are expressed as
mean£S.D. (n=3). *°° Means with different superscripts in
the same fermentation time are significantly different at the
p<0.05 by Duncan’s multiple range test.
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Fig. 5. Changes in DPPH radical scavenging activity (%)
of doenjang added with root vegetable powder and control
doenjang during fermentation at 30C for 40 days.
Control: doenjang without root vegetable powder,
Deodeok: doenjang with deodeok powder, Balloon flower
root: doenjang with balloon flower root powder, Burdock
root: doenjang with burdock root powder, Lotus root:
doenjang with lotus root power. Data are expressed as
mean+S.D. (n=3). *"° Means with different superscripts in
the same fermentation time are significantly different at the
p<0.05 by Duncan’s multiple range test.
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Fig. 6. Changes in ABTS radical scavenging activity (%)
of doenjang added with root vegetable powder and control
doenjang during fermentation at 30C for 40 days.
Control: doenjang without root vegetable powder,
Deodeok: doenjang with deodeok powder, Balloon flower
root: doenjang with balloon flower root powder, Burdock
root: doenjang with burdock root powder, Lotus root:
doenjang with lotus root power. Data are expressed as
mean+S.D. (n=3). * ° Means with different superscripts in
the same fermentation time are significantly different at the
p<0.05 by Duncan’s multiple range test.
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