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Control of Kimchi Fermentation by the Addition of
Natural Antimicrobial Agents Originated from Plants

Hyun-Sun Seo, Seonhwa Kim, Jinsol Kim, Jaejoon Han, and Jee-Hoon Ryu*

Department of Food Bioscience and Technology, College of Life Sciences and Biotechnology, Korea University

Abstract We investigated the delay of kimchi fermentation by the addition of plant extracts. Fifteen plant extracts were
screened for inhibitory activity aginst Lactobacillus plantarum by using an agar well diffusion assay, and determined the
minimal inhibitory concentration (MIC) and minimal lethal concentration (MLC) were determined. The lowest MIC for
grapefruit seed extract (GFSE; 0.0313 mg/mL) was determined, followed by Caesalpinia sappan L. extract (CSLE; 0.25 mg/
mL), and oregano essential oil (OREO; 1.0 mg/mL). GFSE, CSLE, and OREO were individually added to kimchi, and
incubated the samples at 10 for up to 20 days. Results showed that the addition of GFSE (0.3 and 0.5%), CSLE (0.1, 0.3,
and 0.5%), or OREO (0.5 and 1.0%) led to a significant increase in the pH of kimchi, and also a significant reduction in the
numbers of lactic acid bacteria. Taken together, the addition of natural antimicrobial agents can delay kimchi fermentation.
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dltol Ao ALM-SIAT. L plantarums 15% (viv)e] SEHE
(Yakuri Pure Chemicals Co., LTD, Kyoto, Japan)S 3713t Lac-
tobacilli MRS broth (MRSB; BD/Difco, Sparks, MD, USA)ll
RS vhE &, 25°CelA] W Basith ¥E B3 L
plantarum dFE 10 mLe] MRSBol| HE3$ &, 37°CollA 24417+
HjeFste] EAgsia1zar, @493k agd 10mLY loopE ©l§
ate] 10mLe] MRSBO| 24717 7HA 02 A W Athuffet <+,
Ao ARE-3HAT

MEFES2| FH|
- plantarume] e FHo] - J2FEE5S MEs)
!

U 2B FEEET 614F9 dRFEFEELS AT E
2523 (http://extract.pdre.re kr/extract/fhtm)ol| A 48192, =}
BEA FZ2E(Citrus paradisiy®k L8 7Y =(Origanum vulgare) ©l
Ad 2UL FA bank (Anyang, Korea)?} Neumond (Raisting,
Germany)°llX TFH3IATE. A8) AFlX L. plantarumel] 3l -
3 g4 HE BAW A5(Caesalpina sappan L) SHFa|A1%
(http://www.hanyakjae.net)ol| X TYg+ &, APANA 25 FZ3}
A(Th AE7FE 100 g 32 FRT 1LE S22 Le) ¥
70°Ce] oA 2447 AAES §, FET EAE oA
(No. 5; Whatman, Maidstone, UK)S ©]|-&-3}] oJ3}s}ait). of 3}
g AFeolM 2087 AR (6,780xg)eH AL, e
Aol "ol -80°ColN T4 Axg ¥, A7l Hol Bt
stk 2 ge] BE FEEES 02mLe dimethylsulfoxide
(DMSO) (A.C.S. reagent, >99.9%; Sigma-Aldrich, St. Louis, MO,
USA)9t 0.8mLe] Eg¥d MRSB7} £33 &uj(1 mL)ol 20 mg/
mLe] FEE &aAIA AP AR

Agar well diffusion assay

Agar well diffusion assayS ©|-8-3l L. planatarumel] th3t 2]
EFEEEY NS RIS 300 mLe] Lactobacilli MRS
agar (MRSA; BD/Difco)E 121°ColA] 158-7F 2 27417 &,
45°Ce] F2FxoA 3087 frAlsted WEALY (semisolid) A ]
MRSAZ FH]81t}, Wk Aol MRSAO L. plantarum®) 7N
A7t ca. 5.0-6.0 log CFUmMLY] H=E HEsd &, Hed vl
A& petri disholl 17 mL% &3] &, A2 3087F 23t o)
A7} 2& & HaF Al biopsy punch (Stiefel Biopsy Punch;
Stiefel Laboratories, Research Triangle Park, NC, USA)E ©]&3}
o] A& 6mm2] well (6-8 wells/plateyS THEAT}. ZF welloll 20
mg/mLe] FEEES 50mLY EF31aL, 37°ColA] 24A17F vl
well F=91el A€ Age] A EFmm)yS 4
ste] gg+ede]l 75 gl

FarXMollszet FaXAsE SH

Broth microdilution method& ©]-&3le] AHE 1552 2EF
=59 H2ANEEY HEAAFEEE YolRUTE. MRSBe
ANEFZEES 3435149 4.0000, 2.0000, 1.0000, 0.5000, 0.2500,
0.1250, 0.0625, 22]3L 0.0313 mg/mLe] x| AEFEE &
E2 FH|3}a, 96-well microtiter plate (30096; SPL Life Sci-
ences, Pocheon, Korea)2] wellell 84%¥ FE2EE52 100 mLy ¥
FalATt sM| FE2EEC] B39 2 welldl L plantarum W
& (5.0 log CFU/ML)YS 100 mL? 353k 96-well microtiter
plated] &AZ AEFEEES FHF FZ+= 20000, 1.0000,
0.5000, 0.2500, 0.1250, 0.0625, 0.0313, 223 0.0156 mg/mLO]

HEE aHth AEFEEES L plantarum® Ao 2 EH
96-well microtitier plateS 37°ColA] 24A17F BjFSE & Joto g
IS W, 79 o] AfEe HEFEEY 4 FEE
HaANTER AGATh35,36). ol AA S welle] &

Yols MRSAC gkate] 37°Collx] 24417 viget 5, ol
ZEU7F AR 2L HA FEE AR EE A5

Hxle| M=

AR Azl AE-E vlS=(Brassica campestris subsp. napus var.
pekinensisye BPIENA FYsIATE L ol F, FF71F A
A, vk, EXA, W, F5, EXAA, XA, A, S5 A",
L-E2FEAUES, F35, 2t AAY, 28 =90 &3
o3 e (3)3Hd 21 Z(Bucheon, Korea)ollA] F<stsith.

TUG WlFE BARREG olBY 5L AAD T, de ¥

ES 3x4 cm Flem)e] Z7|E AE F AT €ol wlFrt
25 AEE Btk olu AFEL w3 1kg T 03ked]
AIHH 1.7kegol FES EF3 FHlEIATH WIFE 2ol

A 2FE 2N o F AFEF FH FEEI 33 A
ZBIATE MHE HiFE AT o835l 1A B¢ 715 Al
A T, AR Azl o]&-3Ah

AeEA F25, AP SEFEFE, = tween 80°] 7}
" odrhe oA od3 dad FFHFE TS 747} 5¢
o] F2E FHAES s FHE FEE JHYE2 1
24 EFFEGB0 el Hrkete 187 £ F, o5 AYuiF

TE 0, 03, 0.5% (Www)PIRaL, &EFEES 2
2o HAFEEE 0, 05, 1.0% (ww)Ath Az

Zt2~8 W8 7] (Lock&Lock. Co. Ltd., Seoul,
Korea)oll ol U453+ 3 10°CollA 2047F AAsIitt.

AEZRE MASEERE M WE dX|el pHel #Hsiet o]
WE ST M) A2 Hst

AeTA FE2E, AEFEE, 283 SH7ke AdAAE 2dS
FTEHZ HUise] Axg HAAE 10°CoA 2087 #7d3tA
ZAX€] pHeE VAE AT MsE RISk pHE AAE+
EAES sHEE AU AXES o = AFHAS petri
dishol] Fo} AoA X ZTHL pH meter (Mettler-Toredo
International Inc., Schwerzenbach, Switzerland)= 3 WHE-3le] =
At a3 2] MAGE HAATHE o8t &
A3 AR 10 g5} EdE 32 /75 10mL2 stomacher bag
of ¥ #&7E ol&sly 187 stk #dstdE &
< 0.1% HESFE AE5t dAFSR NG & FAHFe
tryptic soy agar (TSA; BD/Difco), ZAt#+<] MAFE= 0.02%
sodium azideE &3t MRSAC Ztzt =@eisich. =2d ulix]
£ 37°ColA 24A17F viFeE 7 FAE S2UE AFSdh 3
A=THE o83t AFS n8ES] AEIAE 00 log CFU/g
(I CFU/g)eI L, SaleFet vd=e] AE3A= 1 CFU/I0 g

X

€ A8 39 o) ukEsle et A4S Bl Ao
7 AFAEL EARLA2E(SAS 9.1; SAS Institute, Cary, NC,
USA)] ARbAg RS o]g3ste] Attt Aol H7tek 3



559 FE& #7717l wE ZA]9] pH WHstel nAE (&
3} Bkl 7iASG H3k= Fisher?] least significant difference
(LSD) testE AH&-ale] EAIAE st eH, 5% fo FFAA &
215193 th(p<0.05).
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Agar well diffusion assays ©|83t L. plantarums 3|8l
PAR=I 4 = e) o

AEFEZES Bl 1539 AEFEEES AEsisn Y
B 1559 AEFEZEEY L plantarum®] T3 MRSBol|A12]
A EES HoAEEE S0t ol P e F
5 3THFE AASA

Table 12 L. plantarumd] W3 784S vepd
EQ0mgmL) & 7P 2 AseE B 4 =
ko] F7], HAAN TR, 2 HEANEES 54
E YepA gink AdE 1559 AER AFEES
AeFA FE2ELS L plantarum©l| 21.5mme] 7 2 A
Bt I tho 8 ARIFFEETS AFEEFEEe] 47t
13.59F 11.0 mme] Asfighs BIrh. 2 elol|%= W& (Callis-
temon lanceola, 6.8 mm), SA|U| LA (Dryopteris erythrosora, 6.3
mm), 5 (Dryopteris crassirhizoma, 5.8 mm)Z A 20| (Empetrum

2

2

nigrum var. japonicum, 5.8 mm), "O}E(Isodon japonicas, 5.5
mm), 3718 %(Sedum takesimense, 5.0 mm), JANIE(Agrimonia
pilosa, 4.3 mm), B EAL2](Dryopteris lacera, 4.0 mm), 2.#7F=
ol A QU (Origanum vulgare, 3.5 mm), AFZU| ZAR](Dryopt-
eris championi, 2.5 mm), AV A2 (Lastrea japonica, 2 mm), L

3 27 %5 (Catalpa bignonioides, 1.0 mm) F=E A= A3
s Bt

L. plantarum®l T3 H2A e AHeEAF F=EE°] 0.0313

585

mgmLE 7P With 2 tgo R AEFEE(0.2500 mg/mL),
SEANHEFEES 287ke A 2YU(1.0 mg/mL), HoFE(2.0
mg/mL), Al20)9 F£TZA.0mgmL) £ 2 G HLbAdFE
£ Btk HaAAREES e AHeEA FEE(0.0625 mg/
mL)o] 7P Wk, AESFEEY LB SEE 9 ot
L oAl 2U(1.0mg/mL), FoFE(2.0 mgmL), AZ1](4.0 mg/
mL)3th ol23 AF}EL well diffusion assayollA <l A3k

o] A7k RiEA]l AeFEEe] dagA vEsHe d=

= AL HoJFT} Bagamboula 5(37) ol st &gl tigh A
Ho 2 well diffusion assay2] A&|3He] A7) AFEZ Q] Hjx|
olre] Eitgme o3l JFS Lethe FS AR F,
AEFEEEC] MRSACIAM 9] gitEwrt o 79, MIC7H &
2 EZo] MIC7F &2 EZRT 22 A7]9] Aghe B3
= A= HEd

AeEA FE2ES M AEre} HAXAFEES

[o

e HAA

1ol L plantarum® 7V w2 3ES B obd AE5FA
FZ2E9 L plantarum®] 93 H2AsEY HAAA S ET B
IE A QAL AFolA LAEE ket AFlEiAlEe] o
o A BaE Ao] k. Parkd) Kim(25)ye ¥ W+
Q1 Bacillus cereus, B. subtilis, Listeria monocytogenes®t 1% &

off

X421 Escherichia coli, Salmonella enteritidis, Serratia marce-
scens®l] e AeFA FE2E HAASEEE tryptic soy broth
oM A% Az, 2 Fdtol A AsTA FEE Ha
A FEE 12.5ppm BEOA AEo] 2 FHAAS Bk
2 AFolA] gaddo] & AoE IRl AEFEEN
7he A Al L plantarumol T g2 on]
Hl7F At} Lee 5(16) paper disc methodS ©]-&-3}ed 71X
223 AT (Homo 29, Hetero 275°)0l]
o] g9 &g¢ A, vl kTt

Al FEg Asfge] FAE] AA 4 A vgEsel W

--—‘['ﬂlﬂ

%

Table 1. Antimicrobial activities of plant extracts against L. plantarum in MRS medium

Source of plant extracts

Scientific name

Zone of inhibition" (mm)

MIC? (mg/mL) MLC? (mg/mL)

Citrus paradisi
Caesalpina sappan W>
Caesalpina sappan AY
Origanum vulgare
Sedum takesimense
Isodon japonicas
Callistemon lanceola
Dryopteris erythrosora
Agrimonia pilosa
Dryopteris crassirhizoma
Dryopteris lacera
Empetrum nigrum var. japonicum
Lastrea japonica
Dryopteris championi
Catalpa bignonioides

21.5
13.5
11.0
35
5.0
5.5
6.8
6.3
43
5.8
4.0
5.8
2.0
2.5
1.0

0.0313 0.0625
0.2500 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 >4.0000
2.0000 2.0000
2.0000 >4.0000
2.0000 >4.0000
2.0000 >4.0000
2.0000 >4.0000
2.0000 >4.0000
4.0000 4.0000
4.0000 >4.0000
4.0000 >4.0000
>4.0000 ND?

YA total of 2,116 plant extracts were screened for antimicrobial activity against L. plantarum using an agar well diffusion assay. Among those,
Fifteen plant extracts (20 mg/mL) showed large zone of inhibition in MRSA. The diameter of the zone of inhibition did not include the well

diameter (6 mm)

IThe minimal inhibitory concentration (MIC) and minimal lethal concentration (MLC) of 15 extracts against L. plantarum in MRSB were measured.

9Hot water extract
“Ethanol extract
SNot determined
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S gsrgdo] Uil BIETE Kim 5¢( 9)~ LH7E=E =,
eke oEoH|2 W odoliE|o|ER FE3le] 0.02% sodium
azide?} --El MRSAON L. plantarumE E3k0] 2SS =

Atk L A3 edrkee] E, dehE, dEddE, 283 9
ool E %%%8 ztz} 90i04 8.0+0.3, 9.0+0.5, 28]

7.040.3 mme] A& HAT}.
2 Adae OIH AE vigo.
3 AAFHEAR AT FEE
A

The i o9e AYstu, ¥4 489S AWk

AlEfRe HMAEHER Ao mWE AXQ pH st

Fig. 12 00, 0.1, 03, 0.5% (ww)2l AHEF2 &5, 0.0,
0.1, 0.5, 1.0% (ww)el A2EEFFEE, 223 00, 0.1, 0.5,
10% wiw)e] LEl7he oA 2ds MEFoz Hrek A

£ 10°CelA 2047 AFslHA Z=]9] pH W3slE &7g¢ 13
JOM FEES WA & AR M) 271 pHe 6.0+£0.0
olglem, AHEFA FEES 0.1, 0.3, 0.5% F71e A9 iﬂ
pHE ZH2t 5.8+0.0, 5.6£0.0, 540199tk o)AH AEEA F
E A7 AXY 7] pHF W2 olfe AedA FEEO %‘
3t e f71Ate] Gl Aoz AzbETh Ar|7ke]
ol whel, e A% sUukel] 472 ddEe HY (pH
42y =3ttt 0.1% AHegAt 'Zr%%*a A7re AX = A%
59wl pH 5.1x1.00] =23t WA, 033 0.5%2] AesAt
E5S JUKs AA= A 20497HA] A&7 m2eiA] T
o]l#ist A= Parks} Chang(38)0] X3)sh Ao Axfe} vis=s}
t}. Park?} Chang(38)2 A HiFo] Aa-FA FE2E ELAA)
= 0.1, 03, 0.5%% 7ksled AAE Az F 10°Col A3t
WA pHE S4BT AAE @ A5 d279] pHe 5.400]
Ao 2AEFA FEE EEAAE 0.1, 03, 0.5% H7FSE A8

T9] pHE 247t 532, 524, 5322 YERGTE $Ado] g w
‘ﬂ' EHZQ‘ 10°ColA <543 501 ko] A<L=7)o] wudt H]—D:]
1% = =4 9%, 03% W7 54 2599 pH 4.1901]

o}ii‘l 0.5% A7
/\l":‘r /\szgg 718k AN E
Atk AEFEES 0.1% I7EE PAA 9 pHeE A% 20890
4.540. 3011 2k 9, 033 0.5% J7E A 2087 A
71 =EeiA] Ut ARFEES] YEAA T3 Lee 5(23)
o] AT AFNMZ FAE 4 Ut Lee 5(23)2 0.1% HEF
EES Pl &3t AXE AR T 10°CoM s4A71H
A pH Wsls #Fsed, 4 150 HAS u vzTe
pH 4.1, 2537= pH 43S UERTE d7kEe oid oY
S 7K ASolx Axe BaxA FIrt BFEJo, AE
A FE2E i%%%% o Hlsle] Ajgow e FHS B

Stk L7k 1 A S 01% H7EsE A9 pHE A 2
I3} 59 Afelol] A&7l meste] el oA AolE
Holx] gkt o}ﬂ“* 0.59F 1.0% 72l 739 A% 20847E4]
q&7]e] =eslA] &3kth

%4 30%_'77}11 pH 420 =&alx] ¢
gz d Zrt B2y

AlEfRe] HEHER Foof ME HX|el oY
402) JHAIT= BiSE &l

Fig. 2& 0.1, 03, 05% (ww)2] A&EA FFE, 0.1, 0.5,
1.0% (wiw)2] 28325 2|3 0.1, 0.5, 1.0% (ww)e] 227}
A 2Ys EFeR UK AXE 10°CA 2097
A ARel EAlste 9 AT #skE e o

oh EREES WA e vaTel Fael AAsE 7]

=&z o
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f Caesalpinia sappan L. extract
0 . . . . )
0 2 5 10 15 20
7
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0 . . . . )
0 2 5 10 15 20
Time (days)

Fig. 1. Changes in pH of kimchi as affected by the addition of
grapefruit seed extract, sappanin lignum (Caesalpinia sappan L.)
extract, or oregano essential oil at 10°C for up to 20 days. Key:
Grapefruit seed extract; Control (O), 0.1% ([J), 0.3% (2), and
0.5% (<>), sappanin lignum extract and oregano essential oil;
Control (O), 0.1% ([1), 0.5% (A), and 1.0% ().

6.3+0.1 log CFU/gollA] Xiﬂ 2°‘°ﬂ 8.0£0.2 log CFU/gZ Z7Fgk
T, A% 5ol Ha A2 8.8+04 log CFU/goll =231,
W 20971A] frelHog tﬁ_o}ﬂ 93 FAEAC AeFA F
EES AR AN 9 Fw9 7] MAgE Arbsxo BA%)
o] 6.2+0.1 log CFU/goIAtt. 0.1% A7}l Zw79] MAF A
k= AR 5YA 82+04 log CFU/gol =g3te] thx-9} vl
st Tr«WOl zpolE HolA kskrh. 03% A7 F+t4] A
AeeE AR 1094 L 7RAG2] 7.9+0.7 log CFU/gol =E3H
Z 7Hasle] A% 200101] 7.1£0.9 log CFU/ge]ith. 05% 27}
T 7S, Fe] MATE A 159wl HaL A 8.5+0.2
log CFU/gl Et‘o}‘zi\:}. 03% 7k 0.5% % 7HL~ 2T

of Bt e, HullAlFd =gl dele Alzte] 7t
g AEH7HZHT7} oA o g sty AEFEES 37t
g AR ANME Fe] A a3yt BREHUY AEFEE
< 019} 0.5% FH7IsE AR F42] MATE A 271 6.3+0.1
3} 62i01 log CFU/gollA 2zt S713ke] A7 104 2o 71
A=l 83+0.13 8.1+0.2 log CFU/gYl =238t} ol iz
o Hllo}ﬂ of 5Y9] HEAAEIE HAFE Ao ActH)
LEFEES 1.0% H7HEE AXY F2o AT Hske A%
7] 6240.0 log CFU/g2 A Zpsted A 10949 8.2+0.3 log
CFU/gell &3 & A 2099 7.0+0.8 log CFU/gE °F 12

b
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Fig. 2. Population of total aerobic bacteria in kimchi as affected
by the addition of grapefruit seed extract, sappanin lignum
(Caesalpinia sappan L.) extract, or oregano essential oil at 10°C
for up to 20 days. Key: Grapefiuit seed extract; Control (O), 0.1%
(01), 0.3% (L), and 0.5% (), sappanin lignum extract and oregano
essential oil; Control (O), 0.1% ([J), 0.5% (2), and 1.0% ().

log CFU/g 72813th. Lee 5(23)2 1% a5FE=S W7 4
AE AxF F 10°CoAM A 7IHEA mAES] i BskE
s e, Rt Fae 54 10284 3.5x10° CFU/mL
OIAL, A2ES H7E AXe 1.8x10" CFUMLEE thx7-9} H)
o feojdoz Hr edke oA 2dS 0.1% H7Y
g 7Ax)9] Fo] A HalE AEE7] 62+1.0 log CFU/gol
A A% 59A 82402 log CFU/gell =Eate] tz79} v5gh
] WA HilE Bk AT 059 1.0%2] L7k ol
AL oA H7IRH ARIME Fao) ASAAEZHT) T35}
Al BEEe], A 20U7MA] Fe] NAG Wt fejFe=z
dojupA] eFtrt.

Fig. 3 00, 0.1, 03, 0.5% (ww)2 AEE2 F2E, 00,
0.1, 0.5, 1.0% (ww)e]l 2BFZE3} 0.0, 0.1, 0.5, 1.0% (ww)2]
QY= SAE U JEHe R ke AXE 10°CAA 20
A7 AgsrAA Blakte] A)AlS WskE vepd e zoln). o
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Fig. 3. Population of lactic acid bacteria in kimchi as affected by
the addition of grapefruit seed extract, sappanin lignum
(Caesalpinia sappan L.) extract, or oregano essential oil at 10°C
for up to 20 days. Key: Grapefruit seed extract; Control (O), 0.1%
(00), 0.3% (A), and 0.5% (), sappanin lignum extract and oregano
essential oil; Control (O), 0.1% ([), 0.5% (£), and 1.0% ().
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