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A Study of Shelf-Life and Antimicrobial Activity
on Putrefactive Microorganisms related to Soybean Curd
of Persicaria hydropiper L. extracts
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Abstract

The objective of this study was to provide basic data that would help develop the natural preservatives that
could replace them. This study examined antibacterial activity and preservative effects in soybean curd. When
the concentration of Persicaria hydropiper L. was 1,000 ppm in the antibacterial activity by the paper disk
law of three cultures(Bacillus subtilis KY-3, Bacillus sp. KY-7, Bacillus methylotrophicus KY-11) selected
from 21 kinds of microorganism separated from tofu anaerobes, the clear zone (mm), which was similar to
benzoic acid 0.1 M, the comparison group, was measured. The results were as follows. The result of impeding
growth in liquid culture indicated considerable suppression of the growth of bacteria in the concentration of
800 ppm and 1,000 ppm respectively. In the measure of MIC, KY-3 and KY-7 were 0.06%, and KY-11 was
0.05%. For the changes in pH by concentration, three cultures and tofu anaerobes were not increased to 105~6/g
in 1,000 ppm. In addition, in the search of total number was employed to find the preservative effects of tofu.
Therefore, this study expect the Persicaria hydroper L. extract on preservative effects of tofu, which can be
easily exposed to food poisoning bacteria in the food safety as well as improving the possibility of natural
alternative preservatives.
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ples RR 1974, &H=<F8-21 53] 2009).
o3 = quercetin, galloyl quercetin, galloylkaem-
pferol 3-glucoside, kaempferol-3-glucoside 6-hy-
droxyapigenin, scutillarein 6-hydroxyluteolin, 6-hy-
droxyluteolin-7-O-B-D-glucopyranoside quercetion,
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o] -2 rotery vaccum evaporator(HS-2005-N, Ha-
hn Shin Scientific co., Kyunggi, Korea)= 60T 4
Sl 33t w6l e, de A2 &
EE-2 freeze drying(llshin Lab Co., Korea)3d}]
—70C deep freezer(WUF-500, Daihan Scientific,
Gangwon, Korea)oll H.33pH, Ao ARE-sltt

(Jung JH - Cho SH 2003).

2. 22 =8
ol 7 Ede] duk 2 AOAC Wl Fdt

TS 105C g 718, A2 Soxhlet
extraction method, 3]&3HaFe C

At o, g4skE 2 AR 100 g Foll
A R, 2, A, 2R
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TP AEFNaC) R, AT 10°~10°8) 71 =
%= 3443 v} nutrient agar(NA)e Z+2}+ 0.1
mLA =83sle] 37C incubator(IB-01, Jeio, Seoul,
Korea)ol| A 24A|7F v oFgt & Z}2k9] colony &
B 2 Az Sog BERale] M2 tE colonyS
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o] TR Ee] Al 37FES 16S 1-
RNA genes ©|83t] F43t7] 98l LB(Luria

Bertani media) brotholl 4 FF st &, ¢7]
g BAL (F)SAt <J2laie) 7t celqu
genomic DNAE F%3+ & 16S rDNA gene=

Z317] 9l AH&-3F primers 27F(5‘-AGAGTTT-
GATCMTGGCTCA-3")¢} 1492R(5-TA-CGGYT-
ACCTTGTTACGACTT-3")& AF&-3I ). B4 d
A7IM el o] &g el T T2 Hl= NC-
BI(National Center for Biotechnology Information)
oA AlFs= BLASTE ol&dte] g7144d 74

SH]ES 99% oo k3

5. & &4 =&
1) Paper Disk 0l 2|8t &t &A
¥ FZE(70% cthanol)e] &4 12 =4

£ paper disk¥(Davidson & Parish 1989)2 -
stk 1A e g Feld 217k T o wA
E< 19Fo]¥ FH3)| TSB(Tryptic Soy Broth, Di-
fco)7} 10 mL E°] = Ald Tl HZF3she] 30T
oA 24217t w8} az, petri dishell 10 mL4 nu-
trient agars ot S AXE frEshH,
7] 2t FATEL] vlgA 0.1 mLE spreader
B2 #dstAl =gsisiet. 2ela EdE paper
disk(8mm Advantec. Toyo Roshi Co., Japan)°l] &
A Az A FE25S Sl 23R A=
1 P%} | 242} 40 oL H=5 F5A4A, 2571
Pl plate SEHO &% 4TAA 1A1ZE ¥
—_?‘— 37Coll A 24A17F vl A A paper disk T
e A543 Eincubator zone, mm)<] =
= vemier caliper(Mitutoyo Co., Tokyo, Japan)
?ﬁ%}"f‘ﬂ‘r. 3 22l B ol A¥d KY-
Y-7, KY-11 59 37352 %5200, 400,
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800, 1,000 ppm) = o] 22} S7g ki om, o
ZTFOZE 0.1M2] benzoic acidE AHE3IATH

2) AHIHHH(Liquid Culture) Ol A4SKIGH
S =H

o]7 2] 70% ethanol FEE2 FH Fu v
ER2RE A¥d 37kx] #34KY-3, KY-7, KY-
11)°ll 283t liquid cultureol A B4 8 &}
£ S8 tE FEE A5 FE(wiv)7 42t
0 ppm, 200 ppm, 400 ppm, 800 ppm 1,000 ppm®]
HE2 2-3 AA wix|d] FAstE ujokd S
0.1 mL® HF3 &, 37Tl A 2447 Bt vl <F
shHA] 2A]7F ﬁ;ﬂgi o] S =S S4st
Ak wo] AEHEE UV/Visible S34=A
(UV-1601, Shimadzu Co., Kyoto, Japan)& ©]-&-3}
o] 600 nmo|A THEE =431 o1, A7t

£ F35eo WslE 7o YHH =S YERS]
=2

3) Z2MoHsE=(Minimum Inhibitory Con-
centration, MIC) =&

HarAdsE=e A= 82 broth dillution
method) 2.2 S48l TE 9.8 mL QA =] &
E=HE Z2A3 FEES 0.1 mL ¥7138F T optical
density(0.D) #ko] 0.3°] HE% 3s|Aet g
0.1 mL? FFAth 37ColA 24413 vt
T v el 0.D. gk= 600 nmeollA] 96 plate well
(BD, New Jersey, USA)= A}&-3}9] microplate
reader(SPECTRA MAX 340, Molecular Devices,
California, USA)Z 9] ASJAAEHE =43}
S12m, blank AL 7k Alet vl & A A ol
A&k A7kete] fEA o] YA 2 s=E
MICE A7 33
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mLE &3}3le] stomacher(LB w400, TMC, Ko-
rea) 2 PRk FE S o] ZEx|(Whatman No. 2)
2 g & O oA o] §3IATE AN 10 mL
£ F3t pH meters ©]-&-3std 214 451302
1, &= (Control, 500 ppm, 1,000 ppm)Z} A7k
(0, 12, 24, 36, 48, 60, 72A17H = pHS] WE}=
R AT

(85x55x45 mm) 67Hoﬂ 7}z

3 }3; of7]el] oAl A7 70% eth-
=52 0 ppm, 200 ppm, 400 ppm, 800
om, 0.1 M
Frste] Al x3k3

FEEE 78

ppm, 1,000 ppm?]
9] benzoic acid= ZTO 2 &
o} o] 9} o] A" 67e] TAAFHE 25T %
ol wjFehaA, AR7IZHA 22T, 24, 48, 72
A1zl whet 2 & Z4zhe] 5 ZA 4 0.1 mL
£ HEH 0.9% NaCl €93} 3 1031Ho =z 3]
Bl b ] Z=sle] 37T incuba-
T ZXA4E colony® A=

colony forming units (CFU/

A5 O}J— i
torol| A 24A]17F Hjjoksl &
O}MJ— ]-U- mL% o
mL)= JERAITH

{Table 1> General composition of Persicaria hydropiper L.

T2z2] 832 A 278 A 33(2016)

7. SAXE

£ ATl 25+ SPSS(Statistical Package for
Social Sciences, SPSS, Inc., Chicago, IL, USA,
ver. 18.0)= ©|-&-3t] H @} TTHAE 319

31, ANOVA ¥21& slqit}. Al 87ke] oA 2}

1—; p<0.05 oA A= AASHATh
M Zu ¥ D
QHtME

1

oAy (B2 e))e] LW E-LS (Table 1>3 2
4.90%, ZA 2.16%,

5.0%% JERSTH

2. MEE 2Ij| DIME0| S&
wEd 21Fe] FH5u n]xgﬂ Z A Ayo] oF
saba, e 7 B FElsH)
KY-7, KY-119] 3355 A¥ste] 543 A=
<Table 2> YERIE. AHE 307 25 gram
ok 7Hto g ZAE ALt o vl
3MTFES 5@0}7] ﬁo}o:] 165 rRNA

ofr

FEHWE] Ji] OP

(mg/100 g, dry basis)

Variable Moisture Crude protein Crude lipid Carbo hydrate Crude ash
Persicaria I
. 5.07+0.01 4.90+0.02 2.16+0.01 83.80+0.17 5.0£0.02
hydropiper L.
D Mean+SD(n=3).
{Table 2> Identification of selected strains isolated from soybean curd
Strain No.
Identification
KY-3 KY-7 KY-11
Shape Rod Rod Rod
Gram staining + + +
Spore staining + + +

16s rRNA identification Bacillus subtilis

Bacillus sp. Bacillus methylotrophicus
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{Table 3> Antimicrobial activity of Persicaria hydropiper L. ethanol extract against spoilage bacteria isolated

from commercial soybean curd

Strains No. Clear zone Strains No. Clear zone
KY-1 + KY-11 +
KY-2 —2 KY-12 +
KY-3 + KY-13 +
KY-4 + KY-14 +
KY-5 + KY-15 +
KY-6 + KY-16 +
KY-7 + KY-17 +
KY-8 + KY-18 -
KY-9 + KY-19 -
KY-10 + KY-20 -

KY-21 -
D +; Clear zone diameter : >10 mm.

2 —; no activity.

KY-3%= Bacillus subtilis, KY-72 Bacillus SP. ~L
2] 3L KY-11-2 Bacillus methylotrophicus = ‘79 %
Atk

I~

2. Paper DiskE{0ll 25t &t 2dd

el 7 Rl vdEel] g oA# 70%
ethanol F&52] JddE 54 A= (Ta-
ble 3>3} 2t} E2ld 77 3 nAE 21FF
< KY-2, KY-18, KY-19, KY-20, KY-21-& #|<|
3k 163Foll A= 10 mm ©]7¢9] clear zone S &
il AT AT BYS ERRIT T 2
n| A Fof| A e st T3 37T Bacillus
subtilis KY-3, Bacillus SP. KY-7, Bacillus methy-
lotrophicus KY-11°l] th&+ 1% 70% ethanol F3
E-9] paper disk diffusion®] 23 =W gt =
% AI= (Table 4> 9} 2t} oI ¥ 3280 A7t
7} 200 ppm FEAME 3TFF BT I Ao
UeRA] ekgke it 800 ppm Lol A= Bacillus
subtilis KY-3°14] 12.0 mm, Bacillus SP. KY-7°]
2] 11.0 mm, Bacillus methylotrophicus KY-11°]41

o

=

10.0 mm 59| Z7]E clear zone®] AL T}
JHY 1,000 ppm FEANAE Bacillus subtilis
KY-37} 15.0 mm, Bacillus SP. KY-72 14.0 mm,
Bacillus methylotrophicus KY-11°] 15.0 mm% 1}
e, tjz2a e AR e Bo 1,000 ppm E
T M e wlf Hold gt &S BT o]}
22 Ayt i FEE0] gram T 59
Bacillus subtilus\| Al 7V s @A o] wojwttt
3 B33k AF(Mok JK et al 1995)9} LA|3=
78S Bt Kim KH et al(1999)8 A7o| %=
2,000 ug/mL FECAA T4t Bl=gt AoE A
Ah= Bart glo] 2 AT 2} Ak

3

O

d

Ehuit) makA B Aol A oy 28] @
FYS FEAE BHFOTH, TR opjzh
7% 2% A §317 §olF Ao Beken,
ool ARz B u), o}y FEEE WANEA
249 B8 7Fs4ol 9t Aow Alad

3. FAMBHSE=(Minimum Inhibitory Con-
centration, MIC)
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{Table 4> Antimicrobial activity of Persicaria hydropiper L. ethanol extract against Bacillus sp. isolated from

soybean curd

Clear zone diameter (mm)

Strains

B 1 2 3 4

Bacillus subtilis KY-3 16 = 9 12 15
Bacillus sp. KY-7 16 - - 11 14
Bacillus smethylotrophicus KY-11 16 - 9 10 15

B : 0.1M Benzoic acid.

1 : 200 ppm, 2 : 400 ppm, 3 : 800 ppm, 4 : 1,000 ppm.

Y —: no activity.

- 53w ek ¥ 70% ethanol
229 HLAFEEMIC) =% AF= <Table
s>oF 2oy T Hu) v AWEQ Bacillus
KY-39] 32435 EMIC)E 0.06%= =32
o, Bacillus SP. KY-72} Bacillus methylotro-
phicus KY-11-2 242} 0.05%°1 4 m]8E0] 1§ o]
S HEEA] ol B FRAME =& gt
S B9tk Koh MS(2004)%= 41 % ethanol 5%
5o B. subtilisol] t5te] ZAaA 8] E=MIC)7} 5
mg/mLZ et 319.0m, Park & Lim(2010)
= Z3 ] Y ethanol F=E°| B. subtilis°l| tha}
o] 50 pL/disk7} & &A & F5=MIC)EkaL sk Th
Shin DH et al(1997)2] $teFA] FE25E2] i
I HAA] B Ao} AR5k e Ho, o
¥ FE2E9 FHEHE gram P AlBNA &

T&go] =& Zo= /5T 4 Utk

subtilis

4. Liquid CultureOIM AM<SA6H =1t

oAy FZEY FE(wv)E 22lE liquid cul-
turecl|A] AHE FH i mAE F 37 FF

= HFAIZ F, 37TAA 2443F < 2413
ZAo g o] A{HEZS UViisible F4EEAZ
Abgste] A8 aE S 6kl o,
A3}= <Fig. 1> ~<Fig. 3> 2t} <Fig. 1>°lA
B gram SR Bacillus subtilis KY-3 73

£ 200 ppm¥} 400 ppmoll A S8 7} vk 1
AIZE o] Foll= Aol JakE mR]A] EaF3aL, 800
ppmoll A Bl 16A17HA = ] Akl AZ o]
HAlSHA Z&E Ao, 18AZHTE = A7 Al
Ho] F3tE= FHE Btk 224 1,000 ppm
ANA = vl F 12A171A] o] Aol 8] o
AE R, 2 o] FHEE nAg F2)o] YEels
o}, <Fig. 2> B gram /3109 Bacillus SP.
KY-72 &%=7} 200 ppm¥} 400 ppmoll A= 144]
7k o] %] control?} e FFo] o F2lo] 7tk
2 Z7} AR EREeL, 800 ppmoll A= ek
RAIZHE AURA o= FEo] AR A
B33, 1,000 ppmell A vl 12A177h4] = el
AZFAAZE gl om, 1 o] vt 2|<&
F At} <Fig. 3>l BE gram T Baci-

~

{Table 5> The minimum inhibitory concentration(MIC) of Persicaria hydropiper L. ethanol extract against
Bacillus sp. isolated from commercial soybean curd

Strains MIC (%)
Bacillus subtilis KY-3 0.06
Bacillus sp. Bacillus sp. KY-7 0.05
Bacillus methylotrophicus KY-11 0.05
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<Fig. 1> Growth curve of Bacillus subtilis KY-3 isolated from commercial soybean curd in LB broth
with various concentrations of Persicaria hydropiper L. ethanol extract during incubation for
24 hours at 377C.
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<Fig. 2> Growth curve of Bacillus sp. KY-7 isolated from commercial soybean curd in LB broth with
various concentrations of Persicaria hydropiper L. ethanol extract during incubation for 24
hours at 37C.

llus methylotrophicus KY-11-2 400 ppmolA] Ba- 2™, T 1,000 ppm s=olA = vl-¢- =& A
cullus subtilis KY-33} Bacillus SP. KY-7XH.t} Hj] A8 a2t e AC 2 YERY paper disk B
oF 12~20A17F Atolol] 2kzke] A7} veht ol oek A 2aF ST AT ARG
E EAS B9l ok 800 ppm, 1,000 ppmolAE U, ol= ¥l rE vhdet A EE
= #39) vluske] golAel zpol= ok Al 7IRIgE Ao g ATETHKim JE et al 2010).
(p<0.05). WAl - A2, TR n| g Eo| 5 =B NEA =X

A AEE 37 s ek 8*17P Aell=

SRR ol o] 48 YUeT d 5 1) FHO| ST pH EiS}



Stz 8] 2] A 227 A 35(2016)

12 14 16

Time (hr)

400

EQD  emgem 1,000

3> Growth curve of Bacillus methylotrophicus. KY-11 isolated from commercial soybean curd in

LB broth with various concentrations of Persicaria hydropiper L. ethanol extract during incu-
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<Fig. 4> Effect of Persicaria hydropiper L. ethanol extract on pH changes of artificially contaminated
soybean curd with Bacillus subtilis KY-3 during storage for 72 hours at 25C.

<Fig. 4>~<Fig. 6> Bacillus subtilis KY-3,
Bacillus  SP. KY-7, Bacillus methylotrophicus
KY-11 52 LA F5-5 25CdA 12713t &
o} pH H3LE el Axbo|t}, B subtilus KY-3
£ HI3 2T F59 pHE A% 12A177H4]
< 7%4 S A=A gggkot, A7 24417
FHE 548 Hsrt dojytty. whebA A% 72
A Zto] A3 Tl 2T pHYF 4.32L o,

g% FEES 500 ppm H7Fe H7ES 521,
1,000 ppm H7REol A& 563082 Vet o f
ogh Atol= fle Ao VeI THp<0.05).

Bacillus SP. KY-7+ tZw2] pH7F A7 124]
7HRE] W3k} 242t 436, 5.022 YERETE B me-
thylotrophicus KY-11-2 A& 12417 A3 &tz
2] pH7} 54803, A7kt pHZF 22 4.72,
53602 A= AT
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pH

Incubation Time(hr)
sl DTS el

<Fig. 5> Effect of Persicaria hydropiper L. ethanol extract on pH changes of artificially contaminated
soybean curd with Bacillus sp. KY-7 during storage for 72 hours at 25T.

pH

ncubation Time(hr)

il [OMTE] i S0

<Fig. 6> Effect of Persicaria hydropiper L. ethanol extract on pH changes of artificially contaminated
soybean curd with Bacillus methylotrophicus KY-11 during storage for 72 hours at 25T.

Park YJ ef al(2003) vlsS 718 §H-E5 15 O
TolA 94zt A3 B2t pH ¥3} S0l 7
Ak Azt A 494 tlZ27e] pHE 5.100] 3,

H7REE 247t 5507 5.702 UeRfio] vl 7t

2 779 pH ®sp} A|d= ks Bus
alsitk. 3k Park KN er al (2007)S 732 H7}
g FHol A% F pH WHEE 43 A3 A%
294 =9 pH7F 5.20¢ W, H7e] pHE=
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N

}n}.LJ

12} 574, 576 2% Tha A UElgtin B as)

= A H]’“d FEe Bvk B A An
A3 3T BT BAMAE QY FE2E|
,000 ppm % ‘Q w FReA] HohE WSt gl
= Ao 2 Yelstom, 53] Bacillus subtilis KY-

& AR A3 Foll e 2 Fd2 wol, Baci-
lus subtilis®l| D3t A3 70% ethanol FZ==]
ES JaTYe B2 T AP0l 9 |

A= Aoz AzkEn

= o

l

2) SEH 0IM=0| Higt
T ol nAYES QAR QAANA, Al
67N EATFHO 242t o33 9] 70% ethanol
55 0 ppm, 200 ppm, 400 ppm, 800 ppm
00 ppm A 2] FE=Z F93l0] 0, 24, 48, 72A]
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