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Lactic Acid Bacterias Growth, Antioxidant Activities and Antimicrobial Activity on Fish Pathogenic
Bacteria by Native Plant Extracts, Jeju Island. Moon, Young Gun, Kwang-Sik Choi, Kyeong-Jun Lee,
Ki-Young Kim, and Moon-Soo, Heo*. Faculty of Marine Science, Cheju National University, Jeju 690-756,
Korea — In this study was investigated the growth effect of native plant (Microlepia marginata(panzer Christ.,
Prunella vulgaris. aleutica Fernald, Perillafrutescens var. japonica Hara., Gleichenia japonica Spreng) extracts
on various lactic acid bacterias, electron donating ability, total cell count and hydroxy! radical scavenging activity.
The total cell count of Enterococcus faecium KCCM 12118, Lactobacillus rhamnosus KCCM 32826, Lactobacillus
plantarum KCCM 11542, Pediococcus pentosaceus KCCM 40464 in the absence of native plant extracts (10%) at
37°C after 48hr were 2.2x10° cfu/ml, 2.1x10° cfivml, 2.3x10° cfu/ml, 2.2x10° cfu/ml. On the other hand, the total
cell count of E. faecium KCCM 12118, L. rhamnosus KCCM 32826, L. plantarum KCCM 11542, P. pentosaceus
KCCM 40464 in the presence of native plant extracts (10%) at 37°C after 48hr were 4.3x10° cfu/ml, 4.3x10° cfu/
ml, 4.8x10° cfiml, 3.9x10° cfivml. The electron donating ability indicated to E. faecium KCCM 12118, L. rhamno-
sus KCCM 32826, L. plantarum KCCM 11542, P. pentosaceus KCCM 40464 added by 10% native plant extracts,
respectively. when 10% native plant extracts were added lactic acid bacterias, the electron donating ability is the
highest. Hydroxyl radical scavenging activity of E. faecium KCCM 12118, L. rhamnosus KCCM 32826, L. plan-
tarum KCCM 11542, P. pentosaceus KCCM 40464 showed higher than that of control.

Key words: Lactic acid bacteria, native plant extracts, electron donating ability, hydroxyl radical scavenging
activity
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Table 1. List of native plants tested in this work.

STUDIES ON ANTIOXIDATIVE, ANTIBACTERIAL EFFECT 211
Mz 3 o

ARBAIR

E Ao A ARE A AlE-L Table 13+ Zo] A
Fx MFA G FHAGY] BxA] ¢ FA FH A7piA
£3) A= AEL FE 20059 89HE 10490 AR 3}
o, AEEFE A ETR18E 32 ARIAE 1
[14] 28] AlFAEEZE e Ale] E(http://www.nfc.co.
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AEEF

2 Aol AR FFE FFFH 3 (KCCM, Korean
Culture Center of Microorganism)ell 4] Enterococcus faecium
KCCM 12118, Lactobacillus rhamnosus KCCM 32826,
plantarum  KCCM 11542, Pediococcus
pentosaceus KCCM 404645 F-oF¥ol MRS agar(Difco,
USAPIA] stab culture 3lef 4°CollA] Baspar] 35=)c} 7|
dajol Aol AHska

Lactobacillus

ANE Fadd

AAZ AFE AT BE o83l 3 22 o] B
AAZ F vlgto] B3l SAl0IAM 3Y olAf ZF3|] ES
83 AAAS. 218 AEAE 2 FSEE AE v
mixers ©]-43le] ulHSHA wis)sle] AFel AM-3I9IT.

5 400 ml 7 10 g2 AEAIRE £ 100°C 5=
S o)A oF 3087+ FE3F 3 Whatman No.2 S #AE
Ag-sted 12} ARAA L AZ F pore size 0.45pm
syringe§ Wi EIE ANl FHH o2 AE 45 5
N-g A Fpod 2 Wol BIAsPEA A A 9l
Azl &3 SAe) AMgEld e, 28 AR Ha2 4°C
oA B3 shEA] ARE-3dE.

Lactic acid bacteria 4=

MRS broth(Difco, USA)A L. plantarum-2 3.0x108
cfwml, L. rhamnosus, E. faceium “12]3L P pentosaceus™=
2.9x10® cfwml =2 AEsle] 37°C A 48~ 7F AX]ufek
A w7l mhE s 3A5P] A8 1227 EE
3= 92 pH A3k pH 342 pH meter (SevenMulti,
Swiss)E o838l ARSI, A= MRS brothel| A )

Family Scientific name Korean name Part used by
Dennstaedtiaceae Microlepia marginata (panzer) Christ. EXr A} Leaf
Labiatae Prunella vulgaris var. aleutica Fernald =ZF Leaf

Labiatae Perilla frutescens var. japonica Hara. S7) Leaf, Fruit
Gleicheniaceae Gleichenia japonica Spreng Z AL Leaf
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3= $<F 1221719} UV/VIS spectrophotometer (Hanson
OPRON-3000, Korea)s AM3le] 600 nmell A wijofele] &
FEZ A3 QS-S AR

AME 58 AU U2 lactic acid bacteria M
=

£ A7ellA ARSE 452] FFE MRS brothell 5%4 A
I F A7) AYAE A5 FE2ES vkl 0%,
5%, 10%, 15%, 20%3 AH7}sle] 37°CollA] 48x]7F A=)
oFspAA A 7bel] whE 27| lactic acid bacteriaoll )
TTE ZARBP] $15te] w717 B4t 124171 v} ok
2] pH ¥ glucose 3%-E 1% =<1 BCP plate count agar
(Eiken chemical, Japan)E- AM8-3}e] AJA =l colonyE A&
stod A WskE A%

=3} 7 e E 124)7bob kel S H3le] 4000 xg
2 A FElEl AsAnhE Bol 3t AIY Y dAkEls
Alge] A3t

gy IF

B Al ARE T o F AW vEERA A
239l KCTC(Korean Collection For Type Culture)el] 4]
OERAT 1289 2T 158 Eoplel Al Ak
3t

shoE 3

o A wAE] dgt FHA 2L Murry [20152)
w2 $8-8te] =&AL plantarum, L. rhamnosus,
E. faceium 7133l P. pentosaceus’} E=|o1A] wjjofellel| 2}
AT G5 FE2NS 10% F7)sted 487 B4t wioksk
WjFA-E 5000 xg2 WA Eeldte] AEAE Kot
4 A ABR ol &3yt WA A Mg FATLS
Muller Hinton broth (Difco, USAPI 12A]7}F AX wjokslel
Hij kel o] B =2 MacFarland turbidity No. 0.57} §%% %
A3 F dis HE-S A8-5led Muller Hinton agar (Difco,
USAYP] s33Par wiz] Aol goig F30F =85
548 A 5H-L2 8mm paper disc (ADVANTEC, Japanyl)
50 piE ¥ AXAA iAol FRAAAA 2 FARR] F
Ao 2447 wiek F AAE JAREA mm)yS &
Azl st BAE Fholsiich

DPPH radical 27{&4 =3

AAFF 52 4.0x10* M DPPH(1,1-diphenyl-2-picryhydrazyl)
B9} omish AYNE G5 F2EE FEEE W0 48
A7 wjeFA]7] probiotic bacteria WOk 1 mPy &3} &
UV/VIS spectrophotometer(Hanson OPRON-3000, Korea)
2 518nmoll N FHEE S 3] 2T ¢4 3
AF3}A] ol BHA(butylated hydroxytoluene)?} BHT(butylated

hydroxytoluene)Z 0.05% (wiv)d] ¥ =2 AZ3 F A z2d"
DPPHEY] 2 migh &7 1 miZ E33 A% A4 E 4
F FEHELS EHE Hriste] woAlZ lactic acid
bacteria WjF )& Al@ T} A2 HEE IMAS Ax3 F
AZHE DPPHEY 2mi¢t HEFY | mALS £33 F 30
H7b Aol vbeAIZl F FEE &4 s

A2} Fed%(Electron donating ability, EDA(%))> A
AlE g F2ES FHE 378k A lactic acid
bacteria "Mk A 7} control?] FF= ZHAEE Vehigich

EDA(%)=(1 - AHAE 45 258 $=HE A7let
o] wl%FA1Z] lactic acid bacteria ¥ ¥ F-3
E/control®] F4=) x 100

Hydroxyl radical 27{&4 &3

R INE ANE 495 FEES TEEE AL
ko 4847k wSFAIZ] lactic acid bacteria ¥} 2] hydroxyl
radical(OH) A&7 A %& Z4}317] 98] 2-deoxyribose
oxidation method WY [12]2 W sle] A%}

A& o] 10 mM FeSO/EDTA £ 02ml, 10 mM 2-
deoxyribose 0.2ml, 5% 0.2ml®} 0.1 mM phosphate
buffer (pH 7.4) 1 ml, 10 mM H,O, 0.2 mlE Z}skal 37
°Coll A] 4]zt <t k& A1Z] F, 2.8% TCA (trichloro-
acetic acidy& ImlZ 7}sle] wk--S FA AlF}. 2 F,
1.0% TBA (thiobarbituric acid)£-<} 1mlE 7}8led 100°C
oM 1087 7FGAIR F F43]) WA 532nm oM F
F=E FAsg e ARl Wi’k 7|EAIEE DPPHYS 7}
X3 &A st t. OH &7 842 HSA (hydroxyl radical
scavenging ability)® #7] slgo vl 22 Aoz A
A 51t

HSA (%) =1 - [(absorbance of sample at 532 nm})/
(absorbance of control at 532 nm)] x 100
2 ¥ 1@

Lactic acid bacteria2| 4
Lactic acid bacteria®] 527 olR7] $]s] MRS
brothellA] 72417k B1E Wi F shA] o] wst o pH W3}
Z &A% A} E faecium, L. rhamnosus, L. plantarum,
P. pentosaceus WoFY F4=7} 48A17F wieksld e w 71
2 U= 7S vehR glem 48K o] Fell: FEE
Zko] Zrxsldc). 4847k wjoFR S glucose THE 1% &9
BCP plate count agar(Eiken chemical, Japan)ol| 100 plE
=3l colonyZ AE3 A3} L plantarume 2.3x10° cfi/
ml, L. rhamnosus< 2.1x10° cfivml 18|12 E Jaceium, P,
pentosaceus= 2.2x10° cfu/mlZ vyelge}. =3} wjoF 48417
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off 7 wikie] pie 271 6.5~6.7914 pH 392 W3t =9l B2 9, B0 9vll, E4tE] A4S 100°C 84N 2

o A O R 7 Fel e FA pH HEF 24 dITh. 3 FEAL wiRoll 0%, 5%, 10%, 15%, 20%% 73l

T2A 745-¢F okt H A E faecium, L. rhamnosus, L.

XUME FEE EI0l E lactic acid bacterial M&  plantarum, P pentosaceus 5ol v]|X= 3-& FA}e14)
AFE opell A AR AAE EXE o, BE 9, ©h 2 AFE Table 2, 3, 4, 5, 60 EpIEh

Table 2. Result of pH and viable cell count of selected strained in MRS broth added with Microlepia marginata (panzer) Christ. leaf
extract.

Concentration(%) Culture for 48 hours L.plantarum L.rhamnosus E. faceium P, pentosaceus
0 Final pH 3.86 3.9 3.9 3.87
Vibable cell(cfu/ml) 3.1x10° 2.9%10° 2.1x10° 2.9x10°
s Final pH 3.86 3.86 3.86 3.85
Vibable cell(cfu/ml) 3.2x10° 3.3x10° 3.3x10° 3.3x10°
0 Final pH 3.87 3.84 3.84 3.83
Vibable cell(cfu/ml) 3.7%x10° 3.9x10° 4.1x10° 3.6x10°
s Final pH 3.86 3.86 3.86 3.84
Vibable cell(cfu/ml) 3.3x10° 3.2x10° 3.2x10° 3.2x10°
20 Final pH 3.82 3.85 3.85 3.84
Vibable cetl(cfu/ml) 2.9%x10° 2.9%10° 2.9%x10° 2.9%10°

Table 3. Result of pH and viable cell count of selected lactic acid bacteria in MRS broth added with Prunella vulgaris var. aleutica
Fernald leaf extract.

Concentration(%) Culture for 48 hours L.plantarum L.rhamnosus E. faceium P. pentosaceus
0 Final pH 3.86 3.9 3.9 3.87
Vibable cell(cfu/ml) 3.1x10° 2.9x10° 2.1x10° 2.9x10°
s Final pH 3.85 3.85 3.85 3.82
Vibable cell(cfu/ml) 3.5%x10° 3.4x10° 3.5x10° 3.4x10°
10 Final pH 3.83 3.82 3.82 3.79
Vibable cell(cfu/ml) 4.8x10° 4.3%x10° 4.3x10° 3.8x10°
s Final pH 3.84 3.84 3.84 3.81
Vibable cell(cfu/ml) 3.3x10° 3.2x10° 3.2x10° 3.2x10°
20 Final pH 3.85 3.84 3.84 3.81
Vibable cell(cfu/ml) 2.9%x10° 3.2x10° 3.2x10° 3.2x10°

Table 4. Result of pH and viable cell count of selected lactic acid bacteria in MRS broth added with Perilla frutescens var. japonica
Hara leaf extract.

Concentration(%o) Culture for 48 hours L.plantarum L.rhamnosus E. faceium P, pentosaceus

0 Final pH 3.86 3.9 3.9 3.87
Vibable cell(cfi/ml) 3.1x10° 2.9x10° 2.1x10° 2.9x10°

s Final pH 3.9 3.9 3.89 3.84
Vibable cell(cfu/ml) 3.1x10° 3.1x10° 3.2%10° 3.1%x10°

10 Final pH 3.89 3.87 3.87 3.81
Vibable cell(cfu/ml) 3.6x10° 3.7%x10° 3.9x10° 3.7x10°

s Final pH 3.88 3.88 3.88 3.82
Vibable cell(cfu/ml) 3.2x10° 3.3x10° 3.5x10° 3.3x10°

20 Final pH 3.88 3.88 3.88 3.84

Vibable cell(cfu/ml) 3.1x10° 2.8%x10° 2.8x10° 2.8x10°
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Table 5. Result of pH and viable cell count of selected lactic acid bacteria in MRS broth added with Perilla frutescens var. japonica

Hara fruit extract.

Concentration(%) Culture for 48 hours L.plantarum L.rhamnosus E. faceium P, pentosaceus
0 Final pH 3.86 3.9 3.9 3.87
Vibable cell(cfu/m]) 3.1x10° 2.9x10° 2.1x10° 2.9x10°
s Final pH 3.88 3.87 3.87 3.87
Vibable cell(cf/ml) 3.3x10° 3.2x10° 3.2x10° 3.1x10°
10 Final pH 3.86 3.85 3.85 3.84
Vibable cell(cfu/ml) 3.8x10° 3.8x10° 3.7x10° 3.8x10°
s Final pH 3.85 3.86 3.86 3.86
Vibable cell(cfu/ml) 3.6x10° 3.6x10° 3.4x10° 3.6x10°
20 Final pH 3.84 3.89 3.89 3.88
Vibable cell(cfu/ml) 2.9x10° 2.9x10° 2.9x10° 2.9x10°

Table 6. Result of pH and viable cell count of selected lactic acid bacteria in MRS broth added with Gleichenia japonica Spreng leaf

extract.
Concentration(%) Culture for 48 hours L.plantarum L.rhamnosus E. faceium P. pentosaceus

0 Final pH 3.86 3.9 3.9 3.87
Vibable cell(cfu/ml) 3.1x10° 2.9%x10° 2.1x10° 2.9x10°

s Final pH 3.85 3.85 3.85 3.85
Vibable cell(cfu/ml) 3.2x10° 3.1x10° 3.3x10° 3.1x10°

10 Final pH 3.83 3.83 3.83 3.83
Vibable cell(cfu/ml) 3.7x10° 4.0x10° 4.0x10° 3.9x10°

s Final pH 3.81 3.86 3.86 3.86
Vibable cell(cfu/ml) 3.1x10° 3.5x10° 3.5x10° 3.5x10°

20 Final pH 3.79 3.88 3.88 3.88
Vibable cell(cfu/ml) 2.8x10° 2.8x10° 2.9x10° 2.8x10°

A M= el Ro] 571x12) APAIE 502 10%
FxolA 439 lactic acid bacteriaol] A8l 7P B2 o
S wXE= AL & 471 91dE Table 2014 SA3x)e)
H T2 L AT 10% FEZ H7 AL 9 E
Jaecium®l| 7+ =& JFE vEgen], Lo 1
rhamnosus®|o}.

EE Y(Table 3) FEY 2L A94E 10% T55 7}
39S A% L. plantarum A5 71 & o33ke u)c}
t AE 4 971 sl B Y(Table 4) 5 2 A3¢
E 10%5ENA E faecium A5l F3E F= Aoz v}
e}, 571 dull(Table 5) FE92 10% =004 4% 2
FolA FARE 3k PIRT. E3418) Y(Table 6) 20
B A9 10% 525 A7) 89S AS E faecium, L.
rhamnosus A5 714 ¥ FFL F3 Qo= AL ¢
<7} it

ol o] A2 Bok& W lactic acid bacteria?hg- wioF 3}
A& vt AR F20S s Yrlsle] woksly
= o ZF 48A17ke] HA Wik IS BRIg ) 9l
TE8F MRS broth ¥iR]ellA] lactic acid bacteria?+&- wieks}elS-

o B AGNE 22EL P S o T4
Fleke 29 ¥ 4 9lglon pH ok Yok,

SoEY &3

olf WA rAEd 2% T 1F 2F 24T 12
%ol A3l S &4 sIsivi(Table 7). L AHE A
HEE FF 4 FE2EL 10% F718F AlBoA & s
AF FFell disle] Zg 3t 84S el vt 1 5
22 74 S JER As= EanE] o # F
Zh ke d FEES AR AR, B Aot g F
E25 AR AR BE 29S8 AR A8 B
£ o FAE JeEIgH B3] BE 4 FEES AL
AR M= ASE dodd oz & 4= V parahaemo-
Iyticus, S. aureusol| H3ld o}E A|8H o} 73} FFAS
yepd 3L s

DPPH radical 27{&N &3
A ARYAE A4 FEES HU)sle] 4847 viekst
lactic acid bacteria ¥j<¥<§ 2] 3ik3ls-& DPPHel w3t A
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2845 (electron donating ability, EDA(%))S2 &3 315 7 B2 v|ad ZidsiEa] o7 Ao AlES EAd &
o dbHo 2 B4 o] gl st S4E SAske A ¥ 5 Y PR E3] o457 9l DPPHE A4
WHel= o3 77} 9Lt 1 FelME DPPH radical & o] ZBAT gl E49) A} dhEe] 518 nmel A 73t &5

Table 7. Inhibition of bacterial growth by MRS broth added with 10% native plant extracts

Fish pathogenic bacteria (clear zone on plate(mm))

Sample Gram () Gram(+)
name

1 2 3 4 5 6 7 8 9 10 11 12 13
PfL2-A 11.0 10.5 134 15.8 14.0 14.4 12.0 17.5 14.2 18.2 15.5 12.2 14.0
PfL-B 9.9 10.0 12.3 14.8 12.0 14.3 12.0 16.4 13.8 16.5 14.5 12.0 12.8

PfL-C 9.8 11.0 12.5 14.4 122 13.8 10.9 15.8 10.6 15.8 13.6 10.5 13.4
P{L-D 10.1 10.0 12.0 13.5 11.0 11.0 10.4 15.3 12.0 15.0 13.7 10.5 12.4

MLP-A 15.0 14.0 144 15.0 13.5 15.0 17.0 16.8 17.3 17.8 17.6 16.0 153
ML-B 134 12.6 13.6 14.0 11.0 13.0 14.0 15.3 16.3 16.0 16.3 14.0 14.0
ML-C 10.1 10.1 12.3 14.0 11.0 12.0 10.4 16.3 12.2 15.9 14.0 10.3 134
ML-D 12.0 14.2 137 142 13.0 143 15.0 16.0 15.4 15.9 15.0 14.7 14.0

PvL®-A 15.5 15.5 15.0 16.0 16.5 17.8 18.0 18.8 18.6 19.0 18.3 17.5 15.5
PvL-B 15.0 15.0 15.0 153 16.0 16.9 17.0 17.5 17.8 18.2 17.0 16.0 15.0
PvL-C 14.5 152 14.8 15.0 14.8 16.0 17.0 16.2 16.8 18.0 17.5 16.5 15.5
PvL-D 14.0 143 14.0 15.5 153 16.0 17.0 18.0 17.7 17.6 18.0 16.8 14.6

GLYA 15.0 15.0 144 14.0 13.0 15.0 16.0 16.0 17.0 17.5 16.8 15.0 15.0
GL-B 14.5 15.0 15.0 15.0 14.0 16.0 17.0 17.0 17.6 17.0 17.0 16.0 14.8
GL-C 15.0 15.0 15.0 15.0 14.0 16.0 16.0 17.0 17.0 17.0 16.6 15.8 13.7
GL-D 15.0 15.0 14.0 15.0 14.0 16.0 16.5 16.4 17.3 16.8 16.8 16.0 14.8

PfFe-A 11.0 10.0 12.0 14.0 13.0 13.6 12.0 16.8 11.0 16.0 14.0 9.8 13.0
P{F-B 12.0 10.0 12.3 14.6 13.6 14.0 13.0 16.0 11.0 16.5 14.6 9.9 132
P{F-C 12.0 9.9 13.0 13.0 14.0 15.0 12.1 16.4 12.0 17.0 14.6 10.0 12.8
P{F-D 10.5 10.0 12.0 14.0 13.0 13.8 12.0 16.7 11.5 15.8 15.0 10.2 13.4

1, KCTC 2473 V. fluviai, 2; KCTC 2711 V. anguillarum, 3; KCTC 2715 V. cholerae, 4; KCTC 2717 V. harvey, 5; KCTC 2726 V. salmonicida,
6; KCTC 2728 V. tubiashii, 7, KCTC 2731 V. firnissii, 8; KCTC 2732 V. pelagius, 9; KCTC 2737 V. mimicus, 10; KCTC 12125 ¥/ rotiferi-
anus, 11; KCTC 2471 V. parahaemolyticus, 12; KCTC 12267 Edwardsiella tarda, 13; KCTC 1916 Staphylococcus aureus.

*PfL; Perilla frutescens var. japonica Hara. Leaf, "ML; Microlepia marginata (panzer) Christ. Leaf, “PvL; Prunella vulgaris var. aleutica
Fernald. Leaf, ‘GL; Gleichenia Japonica Spreng. Leaf, PfF; Perilla frutescens var. japonica Hara. Fruit.

A; KCCM 11542 L. plantarum, B; KCCM 32826 L. rhamnosus, C; KCCM 12118 E. faceium, D; KCCM 40464 P pentosaceus
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(]
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Fig. 1. Radical scavenging activity of the hot water extracts obtained native plants. The antioxidative activity was tested by DPPH
method. BHA : Butylated hydroxyanisole, BHT : Butylated hydroxytoluene. A; Perilla frutescens var. japonica Hara. leaf, B; Microlepia

marginata (panzer) Christ. leaf, C; Prunella vulgaris var. aleutica Fernald leaf, D; Gleichenia japonica Spreng leaf, E; Perilla frutescens
var. japonica Hara. friut.
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Fig. 2. Electron donating ability of L. plantarum in MRS broth added with native plant extracts. BHA: butylated hydroxyanisole,
BHT: butylated hydroxytoluene. [J: Perilla frutescens var. japonica Hara. leaf, . Microlepia marginata (panzer) Christ. leaf, N:
Prunella vulgaris var. aleutica Fernald leaf, B: Gleichenia japonica Spreng leaf, UA: Perilla frutescens var. japonica Hara. fruit.
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Fig. 3. Electron donating ability of L. rhamnosus in MRS broth added with native plant extracts. BHA: butylated hydroxyanisole,
BHT: butylated hydroxytoluene. [l: Perilla frutescens var. japonica Hara. leaf, B: Microlepia marginata (panzer) Christ. leaf, N:
Prunella vulgaris var. aleutica Fernald leaf, B: Gleichenia japonica Spreng \eaf, UA: Perilla frutescens var. japonica Hara. fruit.
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Fig. 4. Hydroxyl radical scavenging activity of the hot water extracts obtained native plants. BHA : Butylated hydroxyanisole, BHT :
Butylated hydroxytoluene. A; Perilla frutescens var. japonica Hara. leaf, B; Microlepia marginata (panzer) Christ. leaf, C; Prunella vul-
garis var. aleutica Fernald leaf, D; Gleichenia japonica Spreng leaf, E; Perilla frutescens var. japonica Hara. friut.
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Fig. 5. Hydroxyl radical scavenging activity of E. faceium in MRS broth added with native plant extracts. BHA: butylated hydroxy-
anisole, BHT: butylated hydroxytoluene. [: Perilla frutescens var. japonica Hara. 1eaf, B: Microlepia marginata (panzer) Christ. leaf,
: Prunella vulgaris var. aleutica Fernald leaf, 5: Gleichenia japonica Spreng leaf, N: Perilla frutescens var. joponica Hara. fruit.
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Fig. 6. Hydroxyl radical scavenging activity of L. rhamnosus in MRS broth added with natives plant extracts. BHA: butylated
hydroxyanisole, BHT: butylated hydroxytoluene. [(1: Perilla frutescens var. japonica Hara. leaf, M: Microlepia marginata (panzer) Christ.
leaf, \: Prunella vulgaris var. aleutica Fernald leaf, B: Gleichenia japonica Spreng leaf, [A: Perilla frutescens var. japonica Hara. fruit.
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