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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
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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.

Key words : Lotus root, Platycodon grandiflorum, lactic acid bacteria, lactic acid fermentation

M E

A T A e R Qlste] IRle] Agee] B
o] @ddel weh el thgk BAalo] nxH L, Aetdt o
gt o Haews A oA el uEgst
7b wEA JAPFE L . o]k HEo] A58 9 TEY
= 27 949 A4 FH AT a5
o o3t St Aol AAH, 7HAE 3 AEF7 e
FHHH Sol ABE dovle F8 dle] HaL ) o
= st geldolet el nEsh HEF 9, o F
N4k, W A & HAEYY dAde] sl HA
EolA A A, AuiQlEe] 72 F tigh dAale] Y

fCorresponding author : Hyun-Chae Chung, Tel : +82-53-650-9347,
E-mail : chc@ync.ac.kr

Ha 9t §74
Azeles Ao r
2] e AHo

o & oo

2
o DT P oA = A AR

b=
=

e
M

° =2

—

Eloir

THKim et al 2011; Lee et al 2012;
Yang et al 2011). 2] AR g 75 i

SEES



184 o174 - %]

et al 1999)¢} HAIER A5 o] &3te] SODZ/I o] Folxl 7
HKim & Lee 2003), 2toba] kg o] 43t 7154 Soll
A AFHKim et al 2003)F v} o, T, B2, /1A,
S, XA, F5, T, BErRE GEYC] s s B
28 B} ITh(Kim ef al 2005). ©]¢] FudPAo] 53 A
o2 AFHA =BT A5 LHHYE 59HSeo ef al
2007; Jang et al 2010). ©|&} o] A EFZE dFAo| 7154
o7 Q3 Ao Wyl HuEm glor} oAl A A

= oF2] n|zIgk AdeEjoltt. & Unt 7Pg oyt lt7}°ﬂ*1~

‘%‘ FEFor oA 7 HE2AE o]&sto] Bol wEo]
Y= 2 7§o];<]u} /\lzﬂ ol 3l 7| =Ad =} Agg];ﬂo ol
F2Al el zio] AR Aol glen, eejdne 43
3o Ao R Yy ox dHAR]l /\]_/\11:]- Skl ol% Bio)
2ol Pelago] Bol Frhe o] RO FAW
Aoyt =epA] &2 A F7F Q17 LZHE 2 51715
Ak Ao} EekA & A e B3 Wi A
B2 Ee] 24 F S, < % HBAA o\E 4
2 =9

—H—\|Lr_&
2
9,

T

o M
£

b

2

PN

jom, A5 %]HE 2 FEEY 7 B =

Jo]th(Jeong & Shim 2006; Jang et al
; Kim et al 2010; Park et al 2005). =3},
1S 7HAL U Fo R oidEe A2
Az 7F32EFS AQdstas A 7as

ol A gle A& ol

+$8@Hﬂmmﬂi¥ﬁwﬁﬁ

-

re

-

[l

el

i

>,

o>J

webd B APl E A2 FuEe] Be BL Hw
]-7(40]]}\1 X'H_J_OH}‘ﬂ *_7:1 —I—L— 1~/\1_. /}Jy% %EQH % 7:”;%/@
AR EA 2AR A2 mepe] BRE 2
HoS Azekm, o] & FAPIEAA WAL AL F T
F% waels) ganEle] Be 4By Push 4
S #lshm, WePAE Bol 154 &= A% Bl
W 71E Anm 2AnA s

1L AE W YES LEY HE
B Aol AHEE ABaA BEAL A Aol B
oA el ool ART Pk, 4P A4S L1

= tEA< QEL Eﬂ'ﬂ
(LR, Lotus root) 2=

10€ Atololl th=- 2 <]

H j}m/\]—oi x]zq :I.L

/\]__Q.ﬂ_ 1;]_ ﬂ-;d Hhﬂ%

2717} AA

™
)
(PG, Platycodon grandiflorum)<;
sislen, BE ARe 20139 5~
F HaPPA AR el
3t & 2= Bl FAIsk] A %

£ Kim e al(2011)2] WHHES WA= =,

=}

HOoFA o} RATHEETE

B 7 AEGS kg)e S| U4l B3] ' kg)H e
3 (20 L)oﬂ %1 :L%RJ Fol|A] Gl eJaf #FA
B Aol A A7t

o
_EL
e
o M
rﬂ

o] L EE Lee et a1(2014)4 w2
- =7} ot
7b dojubA] SEthe Lee e a1(2014)4 2}

wgst 4 =S 12 °brix &

Aato]

= WRAE FHTE IJMETh Ak
TS 2 AT E2] 589 Lac-
tobacillus brevis®} =AY E-HZEAE] A UL [4ct0-
bacillus acidophilus KCCM 32820 2 Lactobacillus delbrueckii
ATCC 118425 Lactobacilli MRS brothell S+ vjFet &
4,000 rpmei|A] 3027t Y4 E2](Centrifuge 5810R, eppendorf,
Germany)3te] NS A A AT F2 dAl= A2
T2 13] AR, Al diZelste] Zieteke ikt e S
T2 Mg & FFE TRAIY 2t HF FEET) 12
°brix =7} HEE 23 o, 37TAA 647F R4
T 4,000 goll A 3043t Y41 EE](Centrifuge 5810R, eppen-
dorf, Germany)dte] A5 Zibdg o= A}-8a19 Tt

w F~
i
o
T
2
é’
%
el
(W]
O
%
E,T'
9]
=)
Hﬂ

Aetitt Rz = é, EF5% 4(K0rean Food Standards
Codex 2008)2] A@R ol Fsled B4 =, &2 105T
Azl ofs) St on, 23 Ee B A RS
550C 33} Z(VS-130FS, Vision Co., Korea)ol] ¥ 2|3 3]
ol o&] EAsATh G(ebrix) S =4 GEA 0~
90%)(Atago No.533023, Japan)E o]g-3lo] =3 sttt ik
2 Sung & Choi(2014)2] WHE< M&ste] =559 =],
AR 1 mLE AF & Had A2l 1064 gk
< 7} 2A SN 1 mLe} v|2] B e Lactobacilli MRS
agar(Difco, Detroit, USA)2} EFHEF3le] 37°CollA] 48417t
ket & Jelpd H2hE Al43t & colony forming unit®

VR,

A 4l

o X

StA]
o

M
A

4. M|

o
0o

s}

Mk
Ao

1) DPPH Radical Scavenging Ability
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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)

LR" 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™"

D LR: Lotus root, 2 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 BZo] pH7F Wgoll mE Ada A BAEH ek ASRl A, L acidophilus2 EEA HE 713 5
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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° B11.9+0.01° A11.840.01c A11.7+0.01¢ 1,643.018™
Ld® 512.0+0.00° €11.8+0.00° 511.6+0.01¢c B11.540.01¢ 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° 512.3+0.01° 12.240.00° 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).



25(1): 183 ~192 (2015) AR A, T2 GEE
e 107 CFUMmL FFollod, A 9 =21 43
= WF Ao TFT|e] sojuhuA ARbH e R A A
stz gkl Atk ZAAPEE 29U A 4L} T AT 2
a8t o, 49 af o] Foll = Brkte] 7 48] 2HAags
yeld=d, &3] L delbmecklloﬂ V&) L. acidophilusS} L.
brevis®| 7+a7b @A YebdS & Uk
3. de|gd o s 2d B4

1) DPPH Radical Scavenging Ability
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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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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.
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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 (»<0.05).
All data are expresses as means+S.D. in triplicate determination.
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3) Cupric Reducing Antioxidant Capacity(CUPRAC)
CUPRAC assay= FZ%9] Cu*" g5 & 58S elst
Aoz o]&¥ 3 =T (Chen er al 2005), I3 EebA]
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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.
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4) Ferric Reducing Power(FRAP)
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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-
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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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.
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Table 3. Sensory evaluation of fermented lotus root and Platycodon grandiflorum extracts with sugar after lactic acid
fermentation

Lotus root(LR)

Con" La? LbY LdY 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? Lb* 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% 4.42+0.51° 5.08+0.67° 4.67+0.49® 2.350
Sour 5.25+0.75° 4.92+0.51° 6.00£0.43" 5.9240.29* 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.
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