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Study on Anti-oxidative Activities and Beverage Preferences Relating to
Fermented Lotus Root and Platycodon grandiflorum Extracts with
Sugar through Lactic Acid Fermentation

Kyung-Soo Lee, Ju-Nam Kim and Hyun-Chae Chung'r

School of Tourism & Food Service, Division of Food, Beverage & Culinary Arts, Yeungnam University College,
Daegu 705-703, Korea

ABSTRACT

This study aimed to produce fermented extracts with sugar made from lotus root (LR) and Platycodon grandiflorum (PG),
using lactic acid fermentation, and confirmed their physiological and anti-oxidative activities as basic data for manufacturing
functional drinks through sensory tests. For the final sugar concentrations, PG showed 48.1 °brix and LR showed 52.0 °brix.
Sugar concentrations during lactic acid fermentation following dilution of sugar to 12 °brix, ranged from 11.5~12.1 °brix for
PG and 11.9~12.4 °brix for LR. During lactic acid fermentation, lactic acid bacteria numbers tended to decrease in both
fermented LR and PG extracts with sugar as the fermentation period increased. For DPPH radical scavenging ability, LR was
three times higher in control without lactic acid fermentation while PG showed significant increases in L. acidophilus (77%),
L. brevis (90%), and L. delbrueckii (177%) during lactic acid fermentation. For total polyphenol content, LR showed a higher
concentration than PG, and except for fermented L. delbrueckii extract showing similarity with the control, contents of
fermented extracts decreased. In the case of PG, CUPRAC, increased significantly in L. brevis, whereas FRAP, increased
significantly in L. delbrueckii with lactic acid fermentation. For reducing power, except for fermentation with L. brevis, all
PG showed lower reducing power activities. In the sensory test of fermented LR and PG extracts with sugar, both fermented
extracts showed better results with L. brevis or L. delbrueckii than control or those with L. acidophilus in every item. Based
on these results, it is highly possible to develop fermented extract drinks with sugar using LR or PG. In particular, lactic
acid bacteria such as L. delbrueckii and L. brevis showed generally higher activities with potential as a functional drink.
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et al 1999)¢} HAEF A5 o] &3lo] SODE o] Folxl 7
HKim & Lee 2003), 2toal] @tg o] =31 7|54 Sol
A ATHKim et al 2003)F v} glow G B2A 71X
S, 2 AL, F5, 7, BErkE Ea o] gitsl SE B
1 v} JTh(Kim ef al 2005). ©]2] Fuddo] 53 A
o7 AT =iE &F WREEHZIE SHATHSeo er al
2007; Jang et al 2010). ©]&} Zo] A EFZF Tgdo| 7|53
o7 §g 2o ot HuEa flon o3l g A
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o HZole A Eo] ol Fohe Zlo] ke w HAH
A Aoy ZeA 22 AR 7] 2R F4ET =
stk Aoy mepr|E 7hgelA wizte g Ed] HE A
A FAAE LAl T shdE, A 7PIA o3l Ae
o7 FZEdto] HFH o F8&3h= 757 Ak 22t o}
2z AZolut = & Al G55 SR A AT B
7t glom, dF AAE Z2 FE29 7| #F =
9 A Hud A o]tiJeong & Shim 2006; Jang et al
2011; Lee et al 2006; Kim et al 2010; Park et al 2005). B3},
Tt S ELS AL U FoR didEE A2
I =eAE 2 Az 7S Adstas e 7y
= AlFel A9 gle AFolth
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TPl AzA 24 Ha e AE BF5Y T AL
A Folzt EAQ A/ A2 Zepr]e] G5E 2
FHNEG A|Zsta, o] & AL EAA RS A2 F G
= dEdy gt gdd dig Y@ Fatst &4
=

& 9y Fhgel s
sl ARE TS, AT 2AF L1
S3e ¥ % wao e Axaieh A9 AHeE A

AR 5 el 9 v EA 489 med
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o] R = Lee et al(2014)2] WP
ZH FFE ERA] FErrrt
7} Lol uA] FE=theE Lee ef al(2014)2] K19k
| #8585 UEE 12 °brix 3
= LENS FHRTE Mk 24t
gl AMEE AT B AFAoA #E S Lac-
tobacillus brevis$} = AYEHEAE] A EFE Lacto-
bacillus acidophilus KCCM 32820 2 Lactobacillus delbrueckii
ATCC 11842% Lactobacilli MRS brothol] S HjFst &
4,000 rpmell A 3027t U4 E2](Centrifuge 5810R, eppendorf,
Germany)3te] 3 H-& AAS AT F2 oA A 4A
T2 13] AlFska, A il ste] ek AihtE S5
T2 Mg & FFEF TRAY St HF FEET} 12
°brix =7t HEs 25 on, 37TAA 6¥3t 24T
B F 4,000 gol|A] 3047t YAlE-2l(Centrifuge 5810R, eppen-
dorf, Germany)dte] FA A& Arbkgol oz ALgsISth

3. pH, =&, =3|&, SH(°brix) ¥ Hibd £H

pH= A& 10 mLE pH meter(FE20, Mettler, Swiss)% =
Atk TR 23] -2 21537 (Korean Food Standards
Codex 2008)°] @AW Fato] A A=, T2 105C
FAzHl o8l St en, 23]E-S @R A EE
550°C 2]3}E(VS-130FS, Vision Co., Korea)ol] 21 24 3]
sl oa EAsIATE Bobrix) 23S A FEA (0~
90%)(Atago No.533023, Japan)E ©]-g-3le] =3ttt Rt
T2 Sung & Choi(2014)2] WH-E WA sle] =33l =H,
AR 1 mLE AFE F Hd A dsel 1094 g4e
T 2 A g 1 mLet vlE] W3k Lactobacilli MRS
agar(Difco, Detroit, USA)$} E3E-F3le] 37TollA] 48417
kst & yeld Je2kE Al43t $ colony forming unit®
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1) DPPH Radical Scavenging Ability
DPPH 2}t]Z 22784 Blois MS(1958)2] Wi ol ula}
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1,1-diphenyl-2-picrylhydrazyl(DPPH)(Sigma, St. Louis, USA)
radical 27%S S 5, 7 T2 A& 1 mLel
0.15 mM DPPHE< 1.5 mLE 7|3, A-2elA] 3083 v
& F 517 nmell A FFE=E Sk, A& 7kek B3t
T Apol& W& = YAk

2) Total Polyphenol Contents

% 229 RS Folin & Denis(1912)2] Wy ol F3lo]
A8t 5, A4 AlEE SR S 1 mgmL

v 24 F ARESIeH, AR 02 mL T

Folin-Ciocalteu’s Reagent(Sigma, St. Louis, USA) 0.1 mL

A7¥eloitt. &3ste] 33T A2ellA W]k, o17]el 10%

Na,CO; 0.08 mLE 7Fate] 3¢k 5 A -2olA 1A3F 52t

HEEAIZL 5 765 nmell A FB =S ST oW T

i S gallic acid(Sigma, St. Louis, USA)ZS o] &3
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3) Cupric Reducing Antioxidant Capacity(CUPRAC)

CUPRAC-S Resat e al(2004) 2 Rhim TJ(2013)2] Wl
w2t S5t =, 5, =20 2.44 mM cupric chloride-§-
137} 1.83 mM neocuprion 2! 0.24 mM ammonium acetate <
Z& pH 7.0 5= H7ksta £33 H, A-2elA A3 %
)& & 450 nmolA] FHEE =%kt Trolox(Sigma-
Aldrich, St. Louis, USA)S EFA|¢ko 2 Alg-slo] BFET4
< A3l al, CUPRAC AL ng TEmLE %718kt

4) Ferric Reducing Antioxidant Power(FRAP)

FRAP©] |3 912 21312 Benzie & Strain(1996)2] H}
WS WAgsle] =439t FRAP regent= sodium acetate
buffer(pH 3.5, 300 mM)2} 40 mM HClel] £33 10 mM
TPTZ(2,4,6,-tris(2-pyridyl)-s-triazine) 2 20 mM FeCl; - 6H,O
& 7212 10:1:1(viviv)el bl & 2 2838kl 37TA 107 7}
23+ & FRAP regent® AF&3lith 2 =¥ Al 100 uL
ol FRAP regent 900 pLE Z&3sle] 4ol 30% wHSA]Z]
o 593 nmollA] F3=E 33 23 g2 ascorbic
acid(Sigma, St. Louis, USA)E XFEZZ dlo] A& ®F
HFom FH ALtsldth

5) Reducing Power

2182 Mau et al(2002) 2 Seo et al(2008)2] HlHol| &
st Seldth & 24 FE2 W2 FEEF 2.5 mLd
0.175 M sodium phosphate buffer(pH 6.6) 2.5 mL<} 1%
potassium ferricyanide 2.5 mLE Z}2} 23+atod 50°CollA] 20
7 WESAIZ] & 1% TCA(Trichloroacetic acid) 2.5 mLE 7}
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sttt o] WhE-S 1,000 rpmel|A] 1023 94l Eelste] 4
M 5 mLol] =/ 5 mLE £83131, 0.1% ferric chloride
1 mLE 7Fetd 700 nmellA $33% 3h= Skt iz
= AEIR S5 2.5 mLE 718k, 9 tl37-= ascorbic
acid(Sigma, St. Louis, USA)E A-8-3}91 2™, reducing power
E 4= ge s vwslsit
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of Al =, vl FTHTA), EEolth4d), v+ &

H1Rh= a3l e, dsdAr 23] SAA 2] SPSS &

Z3(ver 19.0)= ©]-8-3}%1 2™, Duncan's multiple range test®
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A2 oA BFF 2R pHE XA AIN(Table
1), Z2HA] FFEF F7NE pH 2.77, o] 2972 A9
pH7F B A YEPSTHp<0.001). Kim et al(2011)2] A=<l
A U E Elagez 39 Bt A& dEAZ A7, pH
7} 3.43004 3.74 M= Yehd Aol vlg] ¥ 2d Ay}
Z o WA JERAIY ol & 59 21E &4 Aol 9
& vehd Aze} dE) 7 95F Gl £7 g
3} 23 E S A8 AIKTable 1), FE-2 47.20%(A
DI 5090% (=22 =gAle] FREglEko] mglom
(p<0.001), Z3]F-2 0.16%(A )2} 0.18%(=2HA)E LFEFSE
t}. Korean Food Composition Table(1996)°l] UEht A, =
2pr] o] 23] FFFET 8~ou) H = W A3t vYEvke
tl, ol e 93 AFZgo g FEHE AR AdRE
o AUA] gobA] olefgt ATy} vehd Z oz st
FFE YEYO] FEEE obrix FFOR Rl A}, Eet
A7} 48.1 °brixe] a1, 0] 52.0 °brix® A
= YR THp<0.001). AHF 7Pl A ol2] gt BE TE
WG vhEo] QHiEst AA HE e Blo] Alx Al
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Table 1. pH value, moisture, crude ash and sugar contents of fermented lotus root and Platycodon grandiflorum extracts

with sugar

pH Moisture(%) Crude ash(%) Sugar(°brix)

LRV 2.97+0.02 47.20+0.20 0.16+0.01 52.00£0.29

PG? 2.77+0.02 50.90+0.30 0.18+0.01 48.10+0.06
t-value 12.247 —17.774™ —2.449 22.810™"

Y LR: Lotus root, ¥ PG: Platycodon grandiflorum.
All data are expresses as means+S.D. in triplicate determination.
" Means in the same column with different superscripts are significantly different (p<0.001).

Aol A Hzo] pH7} Bl whe AEY} A WHEY E}%} AR 7%, L. acidophilus 2 "FEA TE 7|3t F
b AztE Qe Foldoz 7rasheE Aoz yehd Wi, L brevis9) L.
delbmeckl% IR 4UAE VIEe R & o] freldem
2. JFE RN RULE T SE(bix) I R pasle oz gy zh wE do e 24k e
o| w5} g ko] Aa A3 L oacidophilus?7t P02 H ¥ B
A2 mEH] BE HEAS 12 cbrix FER 2T F, o] HAde 7,i oz yehgou, I a7t 7pg 2 8E 2
Bato R 69 B AT EEHA HstE g AR AAIE 7[ES® 03 cbrix FE0|oIA EepA| o npv A =
ATHE Table 29 2k E2RAQ) A9, Al TR 2okt = 34 9Tk Lee er al(2014)°1 T SRS olgst] A
FoRAshe 7 B Ao w Aadhe Ao yehsk ARREA] 7d7ke] BRIIZE F)F 45 cbrix F = AaET
S (p<0.001), TE Ao B w= AolE Hte | 7P 3 Badh Azks Adold Akt
2 2ol & Bl L delbrueckii?} 0.5 °brix 22 11 2}0] A= ':3}114 = LENS L acidophilus, L. brevis,
= 3x ggitt 7wy Ao we A 7ke] o dhek L. delbrueckii® ZAPEE3THA 6Y &L Yehdes Akt
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o] 5 AR A= Fig 13 2o G5E Hado] x7]

< b

(]
L. delbrueckii7} A0 2 713 o] 7A4sl= Zo=w

Table 2. Changes in sugar content of fermented lotus root and Platycodon grandiflorum extracts with sugar during lactic
acid fermentation (unit : °brix)

Platycodon grandiflorum (day)

0 2 4 6 F-value
La" D412.1£0.01* £12.0+0.00° A11.840.01° A11.7+0.01¢ 3,013.449™
Lb? £12.1£0.01° $11.9+0.01° A11.840.01c A11.7+0.01¢ 1,643.018™
Ld” 512.0£0.00° ©11.8+0.00° 511.6£0.01c B11.5+0.01¢ 3,028.806""
F-value 349.504™" 2,694.0517" 1,011.5017 397.144™

Lotus root (day)

0 2 4 6 F-value
La" €12.240.01° €12.1£0.01° 12.0+0.00° 511.9+0.01¢ 893.868""
Lb? 812.3+0.01° B12.340.01? 12.2+0.00° A12.240.00° 77.672""
Ld® A12.440.01° A12.4+0.00 12.2+0.00° A12.240.01° 570.008™"
F-value 204.491" 713.161" 0 1,063.950™"

Y La: Lactobacillus acidophilus, ® Lb: Lactobacillus brevis, > Ld: Lactobacillus delbrueckii, ¥ * ¢ Means with different superscripts
in the same row differ significantly. > #™° Means with different superscripts in the same column differ significantly.
All data are expresses as means+S.D. in triplicate determination.

" Means in the same row and column with different superscripts are significantly different (p<0.001).
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1) DPPH Radical Scavenging Ability

DPPH radical scavenging abilitys 34+a}&84] =% 9
U= Qg3 DPPH radical S A7) ditelE2 el
x-S =3 she 2 O Z(Ancerewicz ef al 1998), A3} =
A F5E HEAE 4P g ste] DPPH radical &7 5%
ZAVe A¥e Fig 29 2ok B5E HEYS SRR 34
ato] 12 °brix® RHE, 5 ARG e
) 2 (control)2] DPPH radical 42752 0]
3u] o] A =3k Ao 7 UElIT) Lee ef al(2007)0] A
&nl| FEst] kst EHE S5 A7 ethylacetate
EollA T FATsHAIQl BHTS frakgh dabao] 5o vepd
Ao w Haghuke} o] Aol AR 5ol
= AtE ) 79l dRdd A F7e oE skt
2 2 aAzl A, A2 A= Lactobacillus del-
brueckiiZ HEA] L 2+ SAET 8% F= oA
02 FolRE Aew Yelhtor, =2iXQl A= L. aci-

it
o:

P

Lactic acid bacteria
(Log CFU/mL)

0 2 4 6
Fermentation time (day)

Fig. 1. Changes in lactic acid bacteria of fermented lotus
root and Platycodon grandiflorum extracts with sugar during
lactic acid fermentation.

LR: Lotus root, PG: Platycodon grandiflorum, La: Lactobacillus
acidophilus, Lb: Lactobacillus brevis, Ld: Lactobacillus delbru-
eckii.

All data are expresses as means+S.D. in triplicate determination.
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Con La Lb Ld
Platycodon grandiflorum

Fig. 2. DPPH radical scavenging ability of fermented
lotus root and Platycodon grandiflorum extracts with sugar
after lactic acid fermentation.

Con: Fermented lotus root and Platycodon grandiflorum extracts
with sugar without lactic acid fermentation, La: Lactobacillus
acidophilus, Lb: Lactobacillus brevis, Ld: Lactobacillus delbrue-
ckii, F-value: 1,340.997™. (" p<0.001).

Values with same letter are not significantly different (p<0.05).
All data are expresses as means+S.D. in triplicate determination.

dophilus2 W 77%, L. brevisQ W 90%, L. delbrueckiiQ

177% AE2 279 GAET FoAor Sylsl= Ao
2 YEht} Lee ef al(2014)2] Aol H3¢ Fxldlo] &
chtE WEAIA DPPH S Z AAGS XA A7), 24t
o F7d wet S3to] e Yehted, £ A3 4]
Baktol whah Z4ze] /o] vh2 ] YEbstTh Park & Chang
(2003)2 EExLe] fAbdE=E A d4S Hrist 23
DPPH &tz &7 5olA] HiAl ddw} eds] ZAibdg

T &aF A4 Zlom Yeiget, & A JA] IF A4t
T2 DPPH 2Ht)Z &7 %] 4 Ay 2 Auto|qduh
2) & Ec|uls &
21 5o] g3t Ze]uE4 2 (phenolic compound)< phe-

nolic hydroxyl”] & 7FA3L 17 wiell, Tl gl 7]} Aty
gt AT Aol 4 ksl 715l l=Hl(Nakatani
N 1990; Nozaki K 1986), A3} E&}A] o] @32 Hg s
Zahtgsle] o]2idt & Zelvls S 233 A2 Fig
33 2} ZAabd g d AZ(181 pg GAE/mL)Z =214](126
ug GAE/mL)9] 3= & H(control)2] = polyphenol &t
2 AA F o B2 FFo] Yehsth F
BN Fo] Freke vl wel B, A2 A L delbrueckii
S ALt vzt @A Yo, L delbrueckii =
WEA] oA o zol7t gle o R Yepsdth =apA] &
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Con La L L
Platycodon grandiflorum
Fig. 3. Total phenolic contents of fermented lotus root
and Platycodon grandiflorum extracts with sugar after lactic
acid fermentation.
Con: Fermented lotus root and Platycodon grandiflorum extracts
with sugar without lactic acid fermentation, La: Lactobacillus
acidophilus, Lb: Lactobacillus brevis, Ld: Lactobacillus delbru-
eckii, F-value : 4.4017".("" p<0.01).
Values with same letter are not significantly different (»p<0.05).
All data are expresses as means+S.D. in triplicate determination.

Cn La Wb U
Lotus root

ZFo] S7F AL §l
Yelyit}, =, 93
% Z2ovE g 3t
YERITE Lee er al(2014)
WFEA|A total polyphe-
Ay}, F3o FR o
o] FHurh 938 ZFoj= Aio] Yehed, B AT
o] Aztel x5k Th I, Sung & Choi(2014) ATFolA &

FoEd onjpue P F F Felne FUE 33
& 2}, WRAe] Aol ek 143 REIE A
£ Aol

3) Cupric Reducing Antioxidant Capacity(CUPRAC)
CUPRAC assay: FZ%9] Cu*" g5 & 58S gelst
Aoz o] 8% 3 =H(Chen et al 2005), A3} =ElA]
o]213t CUPRACS =%
g+ A71= Fig 49 2tk CUPRAC 9] =2F41(53 pg TE/mL)E.
2121 pg TE/mL) BFZ TaEN] &A4o] oF 130%
FAE o 5 A o2 et AitS o] 8ot ikt
BE A3t A, Aol 7AS L. delbrueckii, L. brevis, L.
acidophilus =22 CUPRAC &4Jo] 7tasles Aoz e
wom Z=Ekx] GA| L. brevis HENES At 2+
B} 74steE Ao 2 YEskon L brevis® L83 WE
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Con La Lb Ld
Platycodon grandiflorum

Fig. 4. Cupric reducing antioxidant capacity assay of fer-
mented lotus root and Platycodon grandiflorum extracts with
sugar after lactic acid fermentation.

Con: Fermented lotus root and Platycodon grandiflorum extracts
with sugar without lactic acid fermentation, La: Lactobacillus
acidophilus, Lb: Lactobacillus brevis, Ld: Lactobacillus delbru-
eckii, F-value : 394.097". (" p<0.001).

Values with same letter are not significantly different (p<0.05).

All data are expresses as means+S.D. in triplicate determination.

Con La Lb Ld
Lotus root

A PETHD 12% A= EAo] FoHow kst A

o2 Yehyith

4) Ferric Reducing Power(FRAP)

FRAPE W £3 525 %o EA8HE AA1E Bolake
asiAle] B e A o] i s

=71 © 2(Benzie & Strain 1996; Griffin & Bhagooli 2004;
Ku et al 2009), A< ZebA] o] BF%F dadg AihEg
3] ferric reducing powerE #4138 ZAz= Fig. 59 Zth
FRAP= CUPRAC A3 23} fAMeE ZFFez A2(113
ug AAE/mL)°] =2F4](92 ng AAE/mL)Et} =2 448 U
ERAQITE A2 FE558 AT EsHA] ¥ tixTol Hls)
A SIS W edle AR Fidte AR U

WO, L delbrueckii, L. brevis, L. acidophilus <=2-% 7
283tk =2kR|Cl A% L. brevis®} L. acidophilus = W& 5}
g e TR e o, L delbrueckii= WEA]
= o 10% J= 2] frelH ez Srtet=
o} Park & Chang(2003)& E&EA} F&5do| F4t Ha st
AelddS Hrtslels W, dagodsely SOD frakehd
2 xanthine oxidase A &0l Aag Z 7HA] ol f F &
ko] ofa] AR A= 7] wiiEoleta FSSi =T, &+
AT Al CUPRACO|Y FRAPO. 2 dHital g3} =44
Fohto] Yx2FHTh 7Hadtes o Yehd B o]
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Fig. 5. Ferric reducing power of fermented lotus root and
Platycodon grandiflorum extracts with sugar after lactic acid
fermentation.

Con: Fermented lotus root and Platycodon grandiflorum extracts
with sugar without lactic acid fermentation, La: Lactobacillus
acidophilus, Lb: Lactobacillus brevis, Ld: Lactobacillus delbru-

st sokk

eckii, F-value : 81.387 . (" p<0.001).
Values with same letter are not significantly different (p<0.05).
All data are expresses as means+S.D. in triplicate determination.
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5) & =(Reducing Power)
shele & ks 2hgo o7 7
L fE7ld AAE Foldte TEHE %
2010), F3% FA7F =4 JepdS= @
Edl(Jeong & Shim 2006), 3%
2kl gsle] o2t 3B (reducing power) S
= Fig. 67 At} ZeA| BT} A2 G55 U3 911
40l 76% o1 B 550 JSE ek, @
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Fig. 6. Reducing power of fermented lotus root and Pla-
tycodon grandiflorum extracts with sugar after lactic acid
fermentation.

Con: Fermented lotus root and Platycodon grandiflorum extracts
with sugar without lactic acid fermentation, La: Lactobacillus
acidophilus, Lb: Lactobacillus brevis, Ld: Lactobacillus delbru-
eckii, F-value : 116.137"". ("™ p<0.001).

Values with same letter are not significantly different (p<0.05).
All data are expresses as means+S.D. in triplicate determination.

M
k:,op
2
lo
il
o,
o,
oy
B
ol
o

N
—o
of\ rr
=i
2

o
ox o
o
B
=
% G
1o,

2L o ofN
)
=Y
o

=
D

oM.
o

7} el 3,
o vtk o

flo

}:p{,
2,
Lo
=oé
>
QL
ol
K
o £

2z }\].Hl—_l‘o;_:c_‘_ E'(;H A

Bai7] oje] -,
w2 Uehty
Azt M= Bl

) [e]
a4l 9 o

12 el
o,

H Jlot

0 ox
ol
i
e
(M SR}

X

2

)
g
W&
fru

w2
i
2

HU m> = F"l'
tlo
of
:(‘>L_"
-
i,
2
2
(o]
-
et

r,
ey
)
%0
)

= BSHAL
g N L. acidophilus, L. brevis,
L. delbrueckiiz. R gsl gl 74 7|gHEHo
W5AAE AAg A3bE Table 33 2t

AR A5, @t Akl A p<0.001, T34 71 S EellA
p<0.018] FelFEolAl freldQl Ap7F vehdker, 2 E
&42] 922 M(control) T HAPLENG By HYS w ¢
oo Q277 7P w2 A7 veldan, 215k L brevis,
L. delbrueckiiZ 2P gl dhg ollo] A o7 e}
o213t A2 FAH O R L brevis, L. delbrueckii= Rk
Fot wgolo] =1\ L acidophilus 'HENETH =7 H7
=3l

=epael o%,
0.0019] o4
SlA] g2 o control)i

=0
o

ofN

A7 B pe
etk AR
mel weke v, L



190 A% A

A oA o} fAHEEEE

Table 3. Sensory evaluation of fermented lotus root and Platycodon grandiflorum extracts with sugar after lactic acid

fermentation
Lotus root(LR)

Con" La? Lb? Ld? F-value
Flavor 4.92+0.67" 4.75+0.75 5.17+0.83" 4.92+0.79* 0.605
Sweet 6.17+0.72° 4.83+0.72° 5.00+0.60° 4.67+0.65° 12.222"
Sour 4.25+0.62° 5.17+0.72° 5.75+0.75%® 5.83+0.83" 11.795™
Overall-acceptability 5.00:£0.43° 4.83+0.58° 5.75+0.87° 5.75+0.75° 6.182"

Platycodon grandiflorum(PG)

Con" La? LbY Ld¥ F-value
Flavor 4.92+0.67° 6.00+0.74° 4.08+0.51° 4.92+0.29° 22.104™
Sweet 4.67+0.78% 4.4240.51° 5.08+0.67° 4.67+0.49® 2.350
Sour 5.25+0.75° 4.92+0.51° 6.00:£0.43" 5.92+0.29° 12.011°
Overall-acceptability 4.92+0.79° 4.67+0.65" 6.08+0.67° 5.83+0.72° 11.303"

Y Con : Fermented lotus root and Platycodon grandiflorum extracts with sugar without lactic acid fermentation, ? La: Lactobacillus
acidophilus, ¥ Lb: Lactobacillus brevis, ¥ Ld: Lactobacillus delbrueckii. ® *~° Means with different superscripts in the same row

differ significantly. Values with same letter are not significantly different (p<0.05).

* p<0.001, ™ p<0.01.
acidophilus &N 2] gko| 71 £ UElton, Alake o
S| L. brevis, L. delbrueckii® ZAPEa sl drgolo] 714 =
A Yelhsth 229 34 7lse 9A] A2 2ol L
brevis, L delbrueckiii 2 Aluk El} wgolo] iz L
[e]

acidophilus & | Za!
BVE 0T, T U E 1) e e S
A 71240] % o okl @ 5 glglen
1:]—%7— xq}\].tﬂ-};_ —‘Eiyﬂ«l 7H al 7]_# ]

J&%ﬂ AT} Lee et al(2014)2] Ao g Ao g 2
AHEEA] 75 SRAANEA ] 8] i—% 3L SISl =)
£ 47 4 598 el 3
glshA W gpatkal A3

=

N' O_u

delbrueckii®} 2L LB ZAAFL Ar o7 24314 L

U1 A SRR Ashed S48 o Be

ﬁ
Ar
s
T~ o

e <
2 AT 7oA EA He dEA0 2RI 2%
TR o] GFE R NS A Xl o] & ALPTEAIA T
TG Az & A Fakst 95 IRlsta, s
HAALE B8l 71548 55 Az Vs e dE 7 AR
zAbetaal siGith HE B ww BRI 48.1 obrix, A
1 52.0 °brix® YEPGTH S LR A 12 °brixE 3|4

SHHighshe @ vt ZEfAUt 115
1.9~12.4 °brix ¥ 2 Yepyit). gt
Akt 10" CFU/MmL FEe] o,
59 % o WaTIglo] SoluaE 4t
St 74 gl tt. DPPH radical scavengmg ability S A}
3l A3}, A 3R] &2 controll 7§ Aol =R E
o} 38 o] ¢d AR ek, éiﬁ‘i’-—l‘ﬁ’\] ZEAd
739 control 2.t} ZYZ} L. acidophilus(77%), L. brevis(90%),
L. delbrueckii(177%) A= FelH oz S7kst Aoz el
O % EAETF 94 dite] mepun gol BYo
), control¥} H|S=81A] WERd L. delbrueckii HE < A€
Slue R Al ZhAsteE Ao s Vet
Z2HA]Q1 7% CUPRAC =% A| L. brevisoll 4, FRA
A= L. delbrueckii® ZAPEEA| Fo]& o 2 27135}
o2 Vel S48 mEtA| A L. brevisZ &4 J
35 ALt BF fashe Hew UrEP’“:}
g],]] xJA}HLEou/] ,\,]_._71511\]_ 75_,/]. = H]—E
Y L. acidophilus BT} L. brevis, L. delbrueckii = %@ﬂ’%}}iﬂ'
Ao] FFAAL A2 BE HA A4 YET o]3e]
WA 23 dZolv e & o]‘g“fﬂ %ZF% A E
H22AS N 7kl w2 AL 55
L. delbrueckii®} L. brevis 332 4% ééﬂ‘_h_—?: Z‘i‘ﬂ'ﬁiﬁ %
dol T vYeht, 7154 A E SR E Alxsked
g Ao Aok Qi)

Boro sy

:_4 m, rir *CJ

contr01°1



25(1): 183 ~192 (2015)

REFERENCES

Ancerewicz J, Migliavacca E, Carrupt PA, Testa B, Bree F,
Zini R, Tillement JP, Labidalle S, Guyot D, Chauvet-Mon-
ges AM, Frevat A, Le Ridant A (1998) Structure-property
relationships of trimetazidine derivatives and model com-
pounds as potential antioxidants. Free Radical Bio Med 25:
113-120.

Benzie IF, Strain JJ (1996) The ferric reducing ability of plas-
ma(FRAP) as a measure of “Antioxidant power”: The
FRAP Assay. Anal Biochem 239: 70-76.

Blois MS (1958) Antioxidant determination by the use of a
stable free radical. Nature 181: 1199-1200.

Chen J, Small-Haward A, Yin A, Berry MJ (2005) The respon-
ses of HT-22 cells to oxidative stress induced by buthionine
sulfoximine(BSO). BMC Neurosci 6: 1-8.

Folin O, Denis W (1912) On phosphotungstic-phosphomolybdic
compounds as color reagents. J Biol Chem 12: 239-243.

Griffin SP, Bhagooli R (2004) Measuring antioxidant potential
in coral using the Frap assay. J Exp Mar Biol Ecol 302:
201-211.

Jang JH, Na KC, Kim WS, Lee JS (2010) Manufacture and
characteristics of functional drink using pear-strawberry fer-
mentative concentrates from fermentation by Saccharomyces
cerevisiae C-2. The Korean Journal of Mycology 38: 189-
191.

Jang JR, Hwang SY, Lim SY (2011) Inhibitory effect of
extracts of Platycodon grandiflorum(the Ballon flower) on
oxidation and nitric oxide production. Korean J Food Pre-
serv 18: 65-71.

Jeong CH, Shim KH (2006) Chemical composition and anti-
oxidative activites of Platycodon grandiflorum leaves and
stems. J Korean Soc Food Sci Nutr 35: 511-515.

Kim CH, Jung BY, Jung SK, Lee CH, Lee HS, Kim BH, Kim
SK (2010) Evaluation of antioxidant activity of Platycodon
grandiflorum. J Environ Toxicol 25: 85-94.

Kim MJ, Yang SA, Park JH, Kim HI, Lee SP (2011) Quality
characteristics and anti-proliferative effects of dropwort ex-

tracts fermented with fructooligosaccarides on HepG2 cells.

191

Korean J Food Sci Technol 43: 432-437.

Kim NM, Lee JS(2003) Effect of fermentation periods on the
qualities and physiological functionalities of the mushroom
fermentation broth. The Korean Journal of Mycology 31:
28-33.

Kim NM, Lee JW, Do JH, Park CK, Yang JW (2005) Effects
of the fermentation periods on the qualities and functionality
of the vegetable fermentation broths. Korean J Medicinal
Crop Sci 13: 293-299.

Kim NM, Lee JW, Do JH, Yang JW (2003) Effects of the
fermentation periods on the qualities and functionalities of
the fermentation broth of wild vegetables. Korean J Food
Sci Technol 35: 272-279.

Korean Food Composition Table (1996) Ministry of Food &
Drug Safety. Korea. p 88.

Korean Food Standards Codex (2008) Korean Food & Drug
Administration, Korea. 10-1-1, 10-1-6.

Ku KM, Kim BS, Kang YH (2009) Antioxidant activities and
antioxidant constituents of pepper leaves from various cul-
tivars and correlation between antioxidant activities and
antioxidant constituents. J Appl Biol Chem 52: 70-76.

Lee JB, Bae JS, Son IK, Jeon CP, Lee EH, Joo WH, Kwon
GS (2014) Antioxidant and ACE inhibiting activities of
sugared-buchu(Allium ampeloprasum L. var. porum J. Gay)
fermented with lactic acid bacteria. J Life Science 24: 671-
676.

Lee JJ, Ha JW, Lee MY (2007) Antioxidative activity of lotus
root(Nelumbo nucifera G.) extracts. J Life Science 17: 1237-
1243.

Lee JJ, Park SY, Lee YM, Lee MY (2006) Protective effects
of lotus root(Nelumbo nucifera G.) extract on hepatic in-
jury induced by alcohol in rats. Korean J Food Preserv
13: 774-782.

Lee KH, Kim YS, Lee JY (2013) Changes of nutrient com-
position and antioxidative activities of fermented tea during
fermentation. Korean J Food & Nutr 26: 398-403.

Lee YJ, Yoon BR, Kim DB, Kim MD, Lee DW (2012) Anti-
oxidant activity of fermented wild grass extracts. Korean
J Food & Nutr 25: 407-412.

Mau JL, Lin HC, Song SF (2002) Antioxidant properties of
several specialty mushrooms. Food Res Int 35: 519-526.

Nakatani N (1990) Recent advances in the study on natural
antioxidants. Nippon Shokuhin Kogyo Gakkaishi 37: 569-
576.



192 o] A% - 3]

Nozaki K (1986) Current aspect and future condition of phy-
togenic antioxidants. Fragrance J 6: 99-106.

Park SH, Sihn EH, Koo JG, Lee TH, Han JH (2005) Effects
of Nelumbo nucifera on the regional cerebral blood flow
and blood pressure in rats. J East Asian Soc Dietary Life
15: 49-56.

Park YS, Chang HG (2003) Lactic acid fermentation and bio-
logical activities of Rubus coreanus. J Korean Soc Agri-
cultural Chem Biotech 46: 367-375.

Resat A, Kubilay G, Mustafa O, Saliha EK (2004) Novel total
antioxidant capacity index for dietary polyphenols and vi-
tamins C and E, using their cupric ion reducing capability
in the presence of necuproine method. J Agric Food Chem
52: 7970-7981.

Rhim TJ (2013) In vitro antioxidant activity of sanguisorbae
radix ethanol extracts. Korean J Plant Res 2: 149-158.
Sa YJ, Kim MO, Jeong HJ, Yu CY, Park DS, Kim MJ (2010)

Comparative study of eletron donating ability, reducing po-
wer, antimicrobial activity and inhibition of a-glucosidase
by soghum bicolor extracts. Korean J Food Sci Technol

42: 598-604.

T - A

oA o} fAHEEEE

Seo DS, Lee EN, Cho CH, Lee JS (2007) Manufacture and
physiological functionalities of some natural plant fermen-
tation broths and liquor. J Natural Sci Pai Chai University,
Korea 18: 39-46.

Seo SJ, Choi YM, Lee SM, Kong SY, Lee JS (2008) Antioxi-
dant activities and antioxidant compounds of some specialty
rices. J Korean Soc Food Sci Nutr 37: 129-135.

Sung JM, Choi HY (2014) Effect of mulberry powder on anti-
oxidant activities and quality characteristics of yogurt. J
Korean Soc Food Sci Nutr 43: 690-697.

Whang TE, Lim HO, Lee JW (1999) Effect of fermented Oe-
nanthe stolonifera DC extract on the activity of enzymes
related to liver function of alcohol-administered rats and
mice. Korean J Medicinal Crop Sci 7: 107-114.

Yang CY, Cho MJ, Lee CH (2011) Effects of fermented tur-
meric extracts on the obesity in rats fed a high-fat diet. J
Animal Sci Technol 53: 75-81.

Date Received  Jan. 26, 2015
Date Revised Feb. 27, 2015
Date Accepted Feb. 28, 2015



	젖산발효한 연근, 도라지 당추출 발효액의 항산화 활성과 음료기호성에 관한 연구
	ABSTRACT
	서론
	재료 및 방법
	결과 및 고찰
	요약
	REFERENCES


