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Changes of Antioxidant Activity and the Isoflavone and Free Amino Acid Content
of Fermented Tofu with Kimchi Ingredients and Lactic Acid Bacteria
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Abstract

This study was carried out to investigate the changes in antioxidant activity, and the isoflavone and free
amino acid content in fermented tofu of the ingredients of kimchi (red pepper, garlic, ginger, and anchovies)
and lactic acid bacteria (Pediococcus acidilactici KL.-6) during 24 weeks of fermentation at 20°C. The total poly -
phenol content of various types of fermented tofu such as the control (tofu with kimchi ingredients mixture),
tofu and kimchi ingredients with lactic acid bacteria (TL), and tofu in pre-fermented kimchi ingredients with
lactic acid bacteria (TPL) ranged from 156.34 to 165.17 mg/g, showing that TPL was significantly higher in
terms of fermentation time (6 weeks) compared to others. The DPPH free radical scavenging activity of TPL
(84.11%) was higher than that of the control (76.68%) and TL (78.95%) after 12 weeks fermentation at 20°C.
The changes of nitrite scavenging activity and SOD-like activity in the tested tofu showed the same tendency
as the DPPH free radical scavenging activity during 14 weeks fermentation TPL showed statistically significant
levels of increased antioxidant activity, so we compared the isoflavone and free amino acid content. The iso-
flavone and free amino acid content of TPL was 2.34 mg/g and 20.81 mg/g after 14 weeks fermentation,

respectively.
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AP )AL AAE ARE)NN AEF GAFE
Qe ste] waol @ oy iaﬂzﬁ}%éﬁﬂ@%
eAe AESIA FAREFRY G B, ol2F
e Telm frejolnleyt garel WekE wim PEsdt

HEL AN B R A A A A LA
omn, "Er 100 g AE7HF 3 g, vhs 1 g, &9 2¢g A%
2g B 05g A& 2g wiFF 315 g& AL, ol
Pediococcus(P.) acidilactici KL-6(8)& 600 nmol A &%
1.000] HE5F 3|4s & AzxH HXFFel 2%((v/v) A
st AHESATH FRE 948 A713x3x3 cm)E A}
T AR Fd 13(w/v) HIE R Z RSk 20°Co A 145
& LEANAT S FEEA ¥ AR A
l:r—‘vj‘(control) TS HEF2%, v/v)3F ARFFe A

F(TL, tofu and kimchi ingredients with lactic acid
bactena)ﬂ- FAES HESEA 37°Coll A 24417 B EAZ]
AX kol AR FE(TPL, tofu in pre—fermented kim—
chi ingredients with lactic acid bacteria)E A Z3}t}.

i o oft Flm OPN 1

SHSFE FEE M
BegTFEE FAAZPVTFD20R, Ilshin lab., Yangju
3 Erg}lsle], 108 (w/v)e] 70% ethanol2-

] Al 5

7he & 24%1 b E3F wRksked 3,000 rpmol 4] 103t €
g 3o % S FHe9d A5He 045 ym membrane
ﬁlter(Mllhpo re Co., Billerica, MA, USA)Z o7&l =4
& A Z2 AR

Total polyphenol EH2k

Singleton &(9)¢] W we} &5 1 mLd 02 N
Folin-Ciocalteu reagent 1 mLE 7}8}e] 420 x 387 ik
SAIZ B8 NaxCOs(75 g/L) 1.0 mLE 7}3F 3 Uaol A
1A B9 X3 & 765 nmollA T35S =439

% ZYdAs e gallic acid(Sigma-Aldrich Co., St.
Louis, MO, USA)E RFEAE 3 RFJ4d 93t 4=
3T

Table 1. Conditions for isoflavone analysis
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DPPH radical &~715

Blois(10)¢] ®¥HS W @8t =& 04 mLoll 0.4 mM
DPPH (a-a-diphenyl-B-picrylhydrazyl) o€ & 0.8
mLE 7hste 8 st oA 1027 WA F, 525
mmol A FFEE =Asgon AL DPPH radical
scavenging activity(26)=100—[(OD of sample/ OD of
control) x 100]e 2J3le] A8 4H&E3

OfRIMA AT

Kato 5(11)9] ¥l v} FE= 1 mLol 1 mM NaNO;
£ 1 mLE 7}t 01 N HCIE 738t = ‘:'-‘7—12 10 mL=
St o] &d& 37CAA] 1A v A1l & 1 mLE F s
o] 2% A8 4 mL9} 30% g o g 883 Griess
reagent(1% sulfanilic acid: 1% naphthylamine=1:1) 0.4
mLE 7}t & 20 A 15837 WXt 520 nmoll A &3
T E =39 o AL nitrite scavenging activity (%)
=100—[(OD of sample/ OD of control) x 100]ol] 2]&}&] 42k

F53T,

Superoxide dismutase(SOD) FAHEHA]

Marklund®} Marklund(12)9] ¥l whe} =55 200 L
o] pH 85% ZA 3 tris-HCI buffer €< 3 mL2} 7.2 mM
pyrogallol 200 pL.& 7}8ta 25°Cl A 1087 ¥he-A7] &
1 N HCI 1 mLEZ 7}8te] wF2& AR A7 420 nmoll A
FTF=E =439 o A4 SOD-like activity(%)=100
—[(OD of sample/ OD of control) x 100]¢l ¢35t A&
=3

Isoflavone &2k

Isoflavone %2 Song %—(13)94 S WEste AMS
st 52 A FaF5 1 gol 80% methanol 5 mLE
7<47}o}04 24417¢ %%3}9\1‘3} FZEEL 3000 rpmell A 20

AR st AEHS 045 pm membrane filter2 3}
o}al HPLC #4 A|EZ o] &3}t HPLC #4 =&
Table 13 o}

FEloln|at Eatk
2 ARZ FEFHR 1 goll 70% ethanol 10 mL 3 7}3}e]
24X 7t B¢ F=2H4

KeN
20 del A5 ARG, A5 AA9FEE]

Items Conditions
HPLC Water model 510

Column Inertsil® ODS-3 (5 pm, 4.6% 250 mm)

Detector UV-2077 Plus, JASCO Co., Tokyo, Japan

Flow rate 1 mL/min

Mobile phase

1% acetic acid/acetonitrile : 1% acetic acid/water=_85:15—>15:85 (linear gradient for 50 min)

and then 85:15 (for another 10 min)

Sample injection volume 20 pL

Detection

Absorbances at 249 nm and 261 nm
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Table 2. Conditions for free amino acid analysis

Conditions

Biochrom 30+
Biochrom Lithium Column u-2299
Lithium citrate buffer

(pH 2.80, 3.00, 3.15, 3.50, 3.55)
Buffer flow rate 20 mL/hr,

ninhydrin flow rate 20 mL/hr
Sample injection volume 40 pL
Column temp. 35~80°C

Items

Amino acid analyzer
Column
Buffer solution

Flow rate

(WB 2000, Heidolph, Schwabach, Germany) & &S 33
A7l & olm=Al B8 lithium citrate loading buffer®
L3 A]7]aL, 0.22 ym membrane filter(Millipore Co.)Z 3}
3lof ofm At 2HE E47](Biochrom 30+ amino acid ana-
lyzer, Biochrom, Cambridge, UK)2 #2413} t}. o}u| =4k
A Z71& Table 29} Zth

SAHXME]

frejotu| =4t kg Aot E A2 33 viR o=
ot om HA X7 {2142 SPSS system(Statistical
Package for Social Sciences, SPSS Inc., Chicago, IL, USA)
software package(version 12.0)2 ©]-&, p<0.05 FFo. &
Duncan’s multiple range testol]l st #HAsFA T}

Total polyphenol &tzke| Hi5

2 5o ZA)5l= %S phytochemical & phenol’d 3%

ES4E ksl S SUHeHH, gEd 2

B A8, AL, 39 9 3tk A8 5o A E9E

EolAE AoR &
3lo] 20°CA A 145 <L 7

9] total polyphenol &#S =743 Z3+= Fig. 13 2o}

& 1 &Eko)

g A TR total polyphenol S 85.27 ng/gol R0
200
OControl @TL NTPL
ba o abBA 3ABpgaA abE?ABaA abBg @ bpyp A
150 | al 5 B n = PRy PRy A GbA i ba
&) o
100 | €AdACA
TT17
\
s0 | 'Q
N
N
N,

0 1 2 4 6 8 10 12 14

Fermentation time (week)
Fig. 1. Changes in total polyphenol content of fermented tofu
of lactic acid for 14 weeks at 20°C. Control, tofu with kimclu
ingredients mixture; TL, tofu and Aimchri ingredients with lactic
acid bacteria; TPL, tofu in pre-fermented Aimchi ingredients with
lactic acid bacteria. Means with different letters in the same fer—
mented tofu (a-e) and fermentation time (A-C) are significantly
different at p<0.05.

olAE

u, BE 150tz 13454 ng/g, Fakd zé.% HHE T
TLTE 14452 pg/g, wAtdS HEste] A v %
S o] &3 A<l TPL++ 149.13 pg/go 2 Yehd o
Toll vlste F3eA Frletdnh iz E 45(1587
ng/g)7M A F74stthrt st oM, TL9F TPL+= %}
& 657HA 27+ 160.05 pg/g 16517 pg/g o= S7Fsiurt
X X8) 7+43FA k. o] 23 total polyphenol $He] Z71=
Ak Wha o) 9)ste] A &2} polyphenol 3H3HE9] Z7}H(15)
3} Aolw, Zhang 5(16)& v} S Eo| X F2+F
© 2 % polyphenol §#Fo] =713ty B3+
2o H&f FAEE JET A7t o =4
e 2 A3 Aot fAEFA
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% Ao ?ﬂﬂ&i Zh-g-ghth(17). DPPH radical &A%

2, T3] Ak 4sE oA A7
z ool 1A WA &4 2
ol o]t =35 AAlste &89 HERE o] &H I Utk
(18). ¥Ea SRl DPPH radical 2A+E A3 Ay=
Fig. 21 UrEM B} g A F5-9 DPPH radical 7%
~ g 159 =+, TL+, TPL+
—‘57—]{7]’5 .93%, 61.09%, 6311%)3 14-5}144040‘11 AT S
] Z TL79 TPL7= 28 T37HA d&x
THT 2 rad1cal rAEHRE L]—E}LH“E} a% TPLT7}
71 8411%E 71 2 &A% S YER A tH(p<0.05). o
&, W3, ¥749] methanol F&5 9] radical 2~24% &3}
g7t A wet Zr1evka B3k Choe 5(19)9] 2
#o} Lee 5(20)9] &4tst A% 37 free radical 275 9]
polyphenol & 3ol Bl sl &/do] Fristhe Hi9h
Abet AEFS UERIATE o) A fakd FE o
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Fig. 2. Changes in DPPH radical scavenging activity of fer-
mented tofu of lactic acid for 14 weeks at 20°C. All abbreviations
are the same as Fig. 1.
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Fig. 3. Changes in nitrite scavenging activity of fermented
tofu of lactic acid for 14 weeks at 20°C. All abbreviations are
the same as Fig. 1.

UFgFE FZ5E9 phenold 38FE 2 radical &AAHEA 9
ZRL Uty Fof AE 20 V" Ao T AlFFHH,
712 <k

AA T R FAE TR st sl g Aa
X G| S olahs AF 2412 B8] 5T Ao AR
5

H E4=2 & nitrite ¥ nitrite= ko]

%5 ol 43 A amineRoF ¥Hg-3}
o] AE QI nitrosamines A/ ket T3 A F9] he-
moglobin®] 4+3}5 ¢ methemoglobing &4 35le] z+&
55 g4odle oz & A A2 ol ANH &A%
PSS AR & F Ae o] AFEE o]LHTh
TR oldA 2ATS S A7(Fig. 3) HE A
9.03%E Yetliler, &E 15 thx7, TLT,
= 47} 1655%, 23.98%, 2391% 2 Z713tiut 2 &
7|1zko] A ighel| wel BE A oA ofdiE AATS
F7letoH, HE 1450 o}dAE LA dXT 4676
%, TLT 53.00%, TPLT 57.40%5 Yeh At A<

Hrhstel MEAZ TR QG 2AFE hETF W]
1=l
=

rflo ofy

of & ztol THHA &gttt Cooney 5(22)2 H=4
Edo] YERS} whg-& ZE3tA At s, o
Zo vla) HAsmggFol =2 TLT TPLT7F of24k<A
A5l tzF vl AT

SCD wAtEHM 9| 5t

AP E TR SOD A (Fig. 42 4E A 77
9.31%0 4 &a 15 Fol= TPLT(22.13%), TL7(22.00
%), 2183 2(15.92%) £ 2 TPL+7) 7H =& &
AS e ol HaFE7A ZE A2 SOD
AP M A3 F7Fskalal, 15 TPLT(26.05%)7F o
2T T2 < 2ol & YERY =& 4S5 YR AT
SOD= &t 842 AEZ U E4448FE HOE A%
A171H, A E HyOo= peroxidaseW catalase®l] &3l &3}
222 FalEh SOD FAMEES S48 oYy A EA}

8 B4, olx

i

S 2 fejoiulwtel wg 9

OControl @TL TPL
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Fermentation time (week)

Fig. 4. Changes in superoxide dismutase like activity of fer-
mented tofu of lactic acid for 14 weeks at 20°C. All abbrevia-
tions are the same as Fig. 1.

phytochemicals2 SOD$} A 98-8 30 2 A super-
Z H3 e

oxided] AFg}uk-S-S AA 5l AYHE 5re s}
(23). wEbA] SOD frAFEAd o] S7HE fAik HaFR o 445
B 9)

£ FRo ua wahelAlsh 2aE FAE PolF 5 UE
37t 37h8 4 e Roz wuE.

Isoflavone & FE(00| At &2 Hist

a5 )25, TL+ TPLT 5 < polyphenol &3 A
AFE, oldikd &5, SOD FAEAd o] 43 TPL
T-9] isoflavone® frelopr=ike] ks ST A=
Table 3% Table 42 YAt E& & TPLT9] iso-
flavone®] ¥+&-& 1.63 mg/g, L& 1579 1459l 242t 2.14
mg/g, 2.34 mg/gl 2 wa 7]|7to] A3}l wel FUlel=
4¢SS Yel . Isoflavone?] Bl Ql daidzeind}
genistein®] ¥ TF A 247} 0.27 mg/g, 1.36 mg/gS
e A, #art JAYEDFE F71ste 1459 daidzein
0.79 mg/g, genistein 1.55 mg/g2] %S YeER AT} o] 2}
Zo] Wwrgof 93| aglycone BENY isoflavone®] F7}3t=
AL B-glucosidaseo] &8k vl FA Q1 genistin®} daidzin®]
7hEEs] W& Ao 2 #FetHEt) Li-Jun 5(24)2 sufu A
& daidzein®} geinstein] $FFo] ZF FUeA T B
st B A7A7e} Ak AEs YER T o] 9 o]
FHO fAkgge] 93 isoflavone aglycones(genistein,
daidzein)®] F7F2 DEFH ikst a97 SUHE RO
2 dddd

WE A TPLT-9] frejobv=it $HeFe 151 mg/gs UEt

BN

hok

Table 3. Changes in isoflavone of TPL for 14 weeks at 20°C
(mg/g dry matter)

Fermentation time (week)

Isoflavone 0 1 1
ppry Daidzein 0.27£0.03%  0.70+£0.02> 0.7940.02*
Genistein ~ 1.36£0.02°  1.44+0.01" 1.55%0.04°
Total 1.63£0.02°  2.14+0.02° 2.34+0.02°

ll)Refer to Fig. 1 for abbreviations.
?Means within each row with no common superscripts are sig-
nificantly different (p<0.05).
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Table 4. Changes in free amino acid contents of TPL for 14
weeks at 20°C (unit: mg/g dry basis)

Amino acids and its

Fermentation time (week)

derivatives 0 1 14

L-Threonine 0.02 0.40 0.50
L-Valine 0.11 0.70 0.92
L-Methionin 0.01 0.25 0.26
L-Isoleucine 0.02 0.48 0.65
L-Leucine 0.02 0.77 1.20
L-Phenylalanine 0.03 0.49 0.78
L-Lysine 0.03 0.81 1.24
L-Serine 0.02 0.35 0.51
L-Asparagine 0.22 2.28 2.34
L-Glutamic acid 0.17 0.96 2.06
L-Sarcosine NDV 0.17 0.23
L-Proline 0.07 2.42 1.89
Glycine 0.01 0.31 0.43
L-Alanine 0.09 1.16 1.49
L-Citrulline 0.01 0.12 0.25
L-a-Amino—n-butyric acid ND 0.16 0.18
L-Tyrosine 0.02 0.23 0.46
B-Alanine 0.02 0.12 0.14
L-Homocystine ND 0.02 0.04
7 —Amino—-n-butyric acid 0.10 0.53 0.55
Ethanolamine 0.01 0.09 0.10
Ammonium chloride 0.05 0.99 1.67
6-Hydroxylysine ND 0.10 0.15
L-Ornithine ND 0.17 1.00
1-Methyl-L-histidine ND 0.06 0.09
L-Histidine 0.05 0.16 0.22
L-Arginine 0.43 0.54 1.10
Taurine ND 0.21 0.36
Total amino acids 1.51 15.05 20.81

UNot detected.

-

Wla, 25 dgoln| =it ke 0.24 mg/gel ot &
& 150 1505 mg/go& @& Aol vls) 89% Z7}18t%le
™, D5obn| Ak E 390 mg/gl 2 F7 ekt B4olr e
AF-2S- 1ysine(0.81 mg/g)> leucine(0.77 mg/g)> valine (0.70
mg/g)> phenylalanine(0.49 mg/g) <=2 2 YElstt} wra
1459 TPLT-9] fralotv]=4t g2 2081 mg/go = W
B Mol mlE] 92% FUhst e, "aolu|ieghe] FHEke
555 mg/g o2 F71et L, Botr]iasite] AR HIE
< ZA ofm|=gbe] 27% 9 ol AT Dot it 3
22 lysine(1.24 mg/g)> leucine(1.20 mg/g)> valine(0.92
mg/g)> phenylalanine(0.78 mg/g)> isoleucine(0.65 mg/g)
> threonine(0.50 mg/g)> methionin(0.26 mg/g)2] 2. &
et Kim 5(6)2 5 #H71sh 4a 745 Alx 43
ol A frejotviesite] S
< g 279 Bls] 188 4 ,
Ax Skl Baste] B A3 dae}l fAL

o} o0
EEES

AAPIT AT o §3) FHE FFSAsh] F4
BEAZ RS IHOR AET BETHE Folol A
F8EE BHolo] @ WAFRGE AR e Feo)
AFRoE, Aol v Be FRE AP 75 A

oj4ls
FAEE ol gote] BAAHOZA TR AFH R
B2 QTS olAAE 2% 5 FAkE 249 St}
Frelolulmre] Z7tol e A154e] nAE A2 T
BEAFoRA £ g Ao Budt agu

<
chtS 2%, viv)g AAFId JAS FH(TL, to-
and kimchi ingredients with lactic acid bacteria)2} -4F
TE FF3t 37°Cell A 24417 BEAIZ AX gl FA
3 FR(TPL, tofu in pre-fermented kimchi ingredients
with lactic acid bacteria)9] & 7]7F 5 total polyphenol
g Be AT S7kskdaL, 1 TPLy7t 7H8
=Y. DPPH radical &A%< TPLF#7F #& 1259
84.11%= 714 =A Uetston, o244 &5, SOD
AFEd GA] TPLT7F 242 57.40%, 26.05% = 7178 &2 &
434 YRR % polyphenol &3, AALE o, obdsted
27, SOD FArEA ] 7Hd ¢4& TPL79] isoflavone
I frejotu it S ST 2 isoflavoned WA
Aol & 30% Z718Fed 2.34 mg/gel ATt FElobr Ak
A BE A 151 mg/gl A EE 1459 TPLF9 f2of
w2 AF gHake 20.81 mg/g o2 Wha Ao vlsl 92% =78}
Aot ol e ibe] gheke 555 mg/gel e, HA o}
mike] 27% FEol AT Baobr|=Ake] S lysine
(1.24 mg/g)> leucine(1.20 mg/g)> valine(0.92 mg/g)>
phenylalanine(0.78 mg/g)> isoleucine(0.65 mg/g)> threo-
nine(0.50 mg/g)> methionin(0.26 mg/g) =S 2 YES}T}
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