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Isolation of Garlic Resistant Lactic Acid Bacteria for Feed Additives
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Abstract

Lactic acid bacteria was isolated for the production of probiotic animal feed supplemented with garlic and its anti-
microbial properties were investigated. A total of 112 strains of lactic acid bacteria which grew on the medium con-
taining garlic extract were isolated from kimchi, jeotgal, and jangachi. Among them 14 strains were tested for acid-
and bile salt-resistance as well as antimicrobial activities against animal pathogenic bacteria such as Salmonella chol-
eraesuis, Escherichia coli, Staphylococcus aureus, and Shigella flexneri. Of these strains, a strain P’'GWS50-2 from
pickled scallion with most desirable properties was selected and identified as Lactobacillus plantarum TJ-LP-002.
Antimicrobial activity of L. plantarum TJ-LP-002 showed relatively wide range of inhibition spectrum against Gram
negative bacteria such as Aeromicrobium hydrophila, E. coli, Pseudomonas, Salmonella, Shigella, and some Gram
positive bacteria such as Bacillus cereus, Staphylococcus aureus, Clostridium perfiingens, and Propionibacterium.
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A S APEEA FEF &) 2 fA1E F ook
FOH(Annuk et al., 2003; Conway, 1989).

7Vl Al g7t viRle A S, AlRR
&, FHAFE I 55 & 5 AUk AEA% 60“311]9]
v aFE Bl AP A, A AAAE A9
735 BAA T AR SAF AN, Gl ] A
7 o A YEET 2RaE M#U%(Franms 1978),
Lactobacillus sporogenes} Clortridium butyricums ZVZ} &
PSS o xR FAHFHS AFREE0] ol o= I
APt B35 tHHan et al., 1984a, b). o]¥ AT
AHNES THNE o], A Fol Ao Ardo] FobA]
A FAAE QAT 7 e AAZ A 238 7giE)
E T US Aol Azhd

rol, of

DuAO FE BN BFALN B3 2130
JalNE A4 ol e A e PHo N R
= o] uhgE @ Aow elA Atk ol Be Al
2 %@_omam Bl £IY ) i o8

al Ak = AR 9 L
Aol thgk =F(Lim et al., 2007)
3} o9} IQ/\E}?_] EHO ZRE Lactobacillus spp.& &
AE FAES B3 =2 (Lee et al,, 2006), SHAEHA
o 7HE /‘ﬂ-&xﬂi olg 7153t L. salivariuss £2]3F =
2 o] @x7k] B3ET ckShin et al, 2002). 7}
el A Qelx 74 da A FolA Eee Aol
g3t A1x JYE 2 Y, X1 &3 Lacrobacillus
sp.oll thet AF7F RAE S S ™ (Chung et al.,, 2003b; Park
et al., 2002), 7oA £33} bacteriocin A4 ZZH}O]Q
g Aol tha A By % Ath(Lee et al., 2003).
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7F asith £ AoA s vhs AR A9 ?}ﬂ
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mje] mlEe] 1t 47F =

Agh oha Ad2olA 24A17F wtete] FEAT FEE
£ =9} Whatman No. 2 filter paper2 33 & 4°C
WA 244 7F WA S Ty, 8,000 pm SR A

st HAES A ASIA O%erqq S 045ume] FH S A
U¥E membrane filter® A3 TS, o2 nfEFEEE

AHg ST,

wibre| =2

MEA S rtES} 7P ol A e AR FHA, 2

AR, A0, 24X, BAR]) @ AZEIAL, 24
o1z, 2R, BXAA, o)A, oje]=3l4, et
A7), Fotr(Lo] ot whs olH, we¥
1786 AHg3te fakte EE8iith AlEE HaT2E
g 5te] nfesFEE0] FEEE F7ME Lactobacilli MRS
agar(Difco Co., USA)oll Z=&ate] 37°Col|l A 247k wifFst
of FANH O R FAltS 12 T AT

>

LHot 2 LHEREYE =4

frot el WA S S48 flsted E8 fAkt
0.05M sodium phosphate ¢+5-8(pH 7.0)3} HCIS A&
3te] pH 252 2% 0.05 M sodium phosphate®l] Z}z}
HESIAL 37°Coll A 2A17F FEeE t2 MRS agarol] =2
sto] HjFe & AArE S5t ASE (%)= e A
o o]&ted A4t thLee & Choi, 2006).

AEE(%) =

Viable cell number in sodium phosphate (pH 2.5) « 100

Viable cell number in sodium phosphate (pH 7.0)

rulo

el WEEYS PN A5l o faE
0.3% oxgall(Difco Co ) 1 A 71¥l MRS brothell &3}
37°COA 8417k W the MRS agarel Edsle] wje
3 F ARSE S YFROT T Hol sl
A AF3FA THLee et al., 2002).
AEE(%) =
Viable cell number in MRS broth containing 0.3% oxgall 100
Viable cell number in MRS broth

Staed =X
oL o
£ fate 7 HYAd Aol uis dagde

Salmonella choleraesuis subsp. choleraesuis KCCM 118006,
Escherichia coli KCCM 12119, Staphylococcus aureus
KCCM 11335, Shigella flexneri KCCM 409388 TS 2
AHE-3t] HA o] 5 F agar plated] BH-¥ penicylinder(
&% 300pL, W7 6mm, 27 8mm, E°] 10mm=E &
WAz e A w100 uLs E5-3ked 37°Col A
e & Ao AA4e FHsk=
AHE-3FA TH(Lee et al., 2002).

agar diffusion
method&
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el TS F457] 918k 16S IRNA 3 #ke] ¢
71N E S B435HH th Wizard genomic DNA purification

kit(Promega co., USA)E AF&-3te] #2] fFAld o225 E
genomic DNAE FZ3 % 16SRNA #2A d71M<E
A4S 918 universal primer®l 27F(5-AGAGTTTGAT
CATGGCTCAG-3)¢} 1492R (5-GGATACCTTGTTACGAC
TT- 3") primerE A3t PCRS 43 3} tH(Yoon et al.,
1996). PCR WHg-2 94°Col|l A 1:27F ¥4, 60°Coll A 1-27F
A%, 72°ColA 127 3027 FF 27ASE2 PCR
machine(pTC-150 minicycler, MJ Research Co., USA)<
AHE-3Fe] 35 cycles AAI3FTE PCR AHES 1% agarose
geldll 71953 th2 Wizard SV Gel and PCR clean-up
system(Promega Co.)& Ab&3ste] A = 27F(5-
AGAGTTTGATCATGGCT CAG-3)%}  1492R(5'-GGATA
CCTTGTTACGACTT-3"), 530F(5'-CTGCCAGCMGCGG-
3"), 1100R(5-GGGTTGCGCTCGTTG-3") primerS A}-&3}o]
ABI PRISM 3700 DNA analyzer®Z 9714 <¥< 2 3A
o} 971 E-E BLASTN Z213 O 2 Genbankdl] 525
o] A= ribosomal RNA 242} 97| dx} vwsle] 2

I HEpSit

MBIBIE EA HA]
=2 A AsEE
(bioMrieux Ltd., France)E A&
API 50 CHL medium®] & €}3]
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W gE Ak
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Lactobacillus, Leuconostoc, Micrococcus, Mycobacterium,

Proteus, Providencia, Pseudomonas, Salmonella, Serratia,
Shigella, Staphylococcus, Streptococcus, Vibrio 52 P&

A&S Atk B s 3 ) thShokrzadeh & Ebadi,

2006). 3 Al 2 h}e Hpolgl s Foll WA g
FHd4S YeplH, fAktE T B9 Al $4
A &o] I (Chung et al., 2003a), FAHE ol & L
mesenteroides®t L. plantarum®] 3] =& Io43S e}

Wb B3 E 8} JAoHKim et al,
et Aol =

1998). wlE2] Aol
B vks FEE0] HrhE wiR| o)A

A& 7Fest fAatd 5L miso] H7bE AlLRC AHFA=
3 HAURIE AbEslA] 9 AAEE 4 S Aoz A7)
H, rks FEE9 fFaAdEe] I8 ke A =
A A7 A3 B35 ATHHong, 2005). ¥
g 112 75 FoM AFAR o8 ks A5 2]l
27} vheFEE0] M B TR %ﬂﬂ 50% 27+ ¥
Aol A gt frakt FollA Al ARk 5490 W

B4, Wi, FaEe S5l e S Avs
FFE At kel tigk WS sl s

oX,

HCIZ /\}% }OE] pH 252 %43 sodium phosphate buffer
of 2A17HE<t AHEd & AF5-E 7838k pH 7.0004
2 g —Ur«] /‘3 et vt AEES AN A3 7}
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Fig. 1. The bile salt- and acid-resistance activity of isolated strains
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Zke] FFE9] Aol Uit AEEL 6.90-94.74%% THFSH
Helel AEEE HENR ST, PGW50-2 2WGW50-3,
SGW50-1°] Z+z} 94.74%, 92.86%, 86%%. Aol th3l mj-$-
2 AEES YEIATKEFig. 1). 35 oA &2l
At QlE Sitel sty H=2 AEER0% ©17)
Ye= L. fermentum>} L. plantarum a7 28 E
Hl 21O m(Lee & Choi, 2006), 2] & FoX = ﬁ@oﬂﬁ
50% BEe] AEES Ve A7 £28E B 9
THLee et al., 2003). ©]o| Bl w] FxIX|ol|A £
gk PGW50-2, B4 X[olA F2]gk WGW50-3-2 90% ©|d
o] mj F& AEES e, AW A3 Al pH 3 ©]
sto] flfo A APEElA] 23 HFHS THE F UL A
o2 Azt gl digt WS g13h7] HsiA 03%
oxgallo] F7HE MRS brothell 8A17F HESAIZ] & A
£ SAst] AEES A A, "@Ed U AEES
o450 wWEk 0.18-54.76%2 AEES JERoH,
PGW50-2, WGW50-3, KGW50-1°0]  Z+z} 54.76%,
51.61%, 46.42%2 =& AEE&S YERAThFig 1).
Lactobacillus T35 0.3% bile salt A7} Aol 1-100% 73
Lo ESS L}E}»ﬂt}; o}M_u:](Shm et al., 1995), A
Zol|A #2l et Ak 9 B5< 0.1% oxgall H7F Al
6-200% °l’de] AEES L‘rEM] 3, 4 fAES 'HE
A7tell 93] A&o] FHZ Aol B E A THLee et al.,
2003). 5ol wet gEoll ik vhge WMo AEES
Uepl e, gFolAe] =& AE&S HFHS FAatkae] A}
2] 3 JU7HA] m=gete] Zox ok 2es &

% 98e ol

m[o Jo H

Ths Y TR it TR
2@ 14@Fe b WYY 2Rl e FEYS v

w3 AZE Table 10] JeERHATE HAE
A A=E A3k Aoz ERIst A, Salmonella
choleraesuis®ll g+ A&A 850 53 455 PGW50-
2, WGW50-1, WGW50-32.2 A&l gke] & 7o] 7}z 20,
18, 18 mmOIAT}. S choleraesuise 7VEF0l E]Z2, 9
T2 FEATIE #FolH, 7HEe waRd, sl A
ST, ASAE AEES Gure 5 9=

= O
Oﬂﬂg o= = TSI = TI"EE AT

WA Aldelth. Escherichia colzoﬂ gk Asls WGW
50-1, WGWS50-3, PGW50-27F 25 15 mme] A3]3 27
YEPH AT E. coli= = A ]l @f‘}—é oA FHAA T
59 TAE dodl=u, w8 7 Folle E colidl W
gk A eS YA B dTEE AU Staphylococcus
aureusl] et Al e WGWS50-1, WGW50-3, PGW50-27}
BF 20mm=E 7P 8tk S aureuse RAa FEE €
Aoz dex o, AgAE AFss 728
ATk M4 ol U149l Shigella flexneridll THdH A3l
< PGW50-27F 19 mm=z 73+ —,——,—0} al, WGWSOI
WGW50-3°] 18 mmZE 35t} ©
of B of 715 Wad Aol digh ?E}&E—’ﬂ%
WGWS50-3, PGW50-27F H]523t 202 435151 01,
LH}\]./H 1,]11:1_7:/(4_2_ __,__E:] 3} 73_%

PGW50-27F 718 ¢35t A4A 5
ATE Q3 #F=2 HF A
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Table 1. The diameter of inhibitory clear zones formed by the culture broth of selected strains against Salmonella choleraesuis,

Escherichia coli, Staphylococcus aureus, and Shigella flexneri

Diameter of inhibitory clear zone (mm)

Strain
S. choleraesuis E. coli Sta. aureus Shi. flexneri
Control(MRS) - - -
KGW50-1 14+0.4" 16£0.9 14£0.5
SGW50-1 13£0.3 14£0.5 1440.5
SGW50-2 15£1.0 1340.5 1940.4 16+1.0
MGW50-1 16£1.0 1440.9 1840.9 16£0.9
MGW50-3 13£0.8 1740.3 13£0.5
CGW50-1 13£0.5 15£1.1 1440.5
CGW50-2 13£0.5 17+£1.8 13£0.3
CGW50-3 14£0.4 1740.7 13£0.5
CGW50-5 14£0.6 17+1.0 1440.4
WGW50-1 18+0.3 1540.5 2040.7 18+0.8
WGW50-2 14£0.6 15£0.3 15£0.8
WGW50-3 18+0.4 1540.5 1940.7 18+0.3
OGW50-2 13£0.3 1740.9 13£0.5
P'GW50-2 2040.6 1610.4 2040.3 19£0.0

-, not detected.
UNumbers are meantSD.
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100  Lactobacillus zymae LMG 22198 AJ632157
67 FLaClobaoiHus acidifarinae LMG 22200 AJ632158
Lactobacillus spicheri LTH 5753 AJ534844
Lactobacillus brevis ATCC 14869 M58810
82 @aciffus hammesii TMW 1.1236 AJ632219
96 Lactobacillus parabrevis LMG 11984 AM158249

Lactobacillus parabuchneri LMG 11457 AJ970317
Lactobacillus malefermentans DSM 5705 AM113783
43‘{ ,—Lactobacih‘us collinoides JCM 1123 AB005893
100 L [ actobacillus paracollinoides DSM 15502 AJ786665

75 — Lactobacillus suebicus CCUG 32233 AJ306403

100 | actobacillus vaccinostercus DSM 20634 AM113786

Lactobacillus paraplantarum DSM 10667 AJ306297

0 Luactobamllus pentosus JCM 1558 D79211

86

75 | |Lactobacillus plantarum JCM 1149 D79210
76 ITJ-LP-002

Lactobacillus versmoldensis KU-3 AJ496791
Lactobacillus coryniformis CECT 4129 AJ575741
94

Lactobacillus graminis DSM 20719 AM113778

—
0.01

Fig. 2. Phylogenetic tree of TJ-LP-002 based on 16S rDNA sequences

B4 A3 Lactobacillus  plantarum2-2 573 = At} T2 AR 3345 vepd AAYE, 31X 5 L plantarum

Phylogenetic tree S 21/ st A3}, Fig. 200419 Zo] L TI-LP-0025 AIE37HA= 7]“#01]71] AHAANAE doll= A

plantarum, L. pentosus, L. paraplantarum> +A3A 7} =& dAZA F3 2= vEhd 5 S o= Zigitt

A& & F den, o] FAdAM L plantarums} 7H¢ F<

BAZE EoF B AAHHFE L plantarum TI-LP-002Z %Xé MY A2 g spectrum

2 g skt B Aldte T S At 2 it &R F
L. plantarum TJ-LP-0022] A§3}814 5242 Table 33 7+ of W& L. plantarum TIJ-LP-002¢] A3l Fd=2 9]

o]

o} 4971 ghpstEel] thEk gol 84S Sl AFt, vkl St 548 Yok A= Table 20] YERH vpe}l 7+

L-arabinose, ribose, galactose, glucose, fructose, mannose, 2 S =F9  Bacillus  cereus,  Staphylococcus — aureus,
thamnose?} F <l mannitol, sorbitol, ¥iBAl N-  Clostridium perfringensS E3F3F Gram SAl 3 Aeromonas
acetylglucosamine, amygdaline, arbutine, esculine, salicine, hydrophila,  Escherichia  coli, Pseudomonas, Salmonella,
o]FF2l cellobiose, maltose, lactose, melibiose, saccharose,  Shigella < 5 A& 3 2E Gram Aol el a3
B-gentiobiose, turanose, AFEF <! raffinose, TAFSHE QI S YR AT 283, Pediococcus pentosaceusSt 3
gluconateE ©]-&-3t] 2FS A= 5L YeERIUTH Akt IRl = @ﬁ%‘é% YeER o, 2o {4k
RhamnoseZ%-E AHe AAs= AL L plantarum-/] T8 @3 Candida, Saccharomyces &5 ]ia G Rl thalA]

EAI= Zol7t oyt 1 9] BE JRd dig v & gl gl AoE Ueyt Aol dEA
L. plantarum® 5733 X3} th(Kandler & Norbert, & 9o pHe W& Y A9, FsgA, diacetyl,
1984). bacteriocin, ©]AFs}EHA S A EA} JAEH 5o A

Park et al.(2002)2 F X v 2FE Wi WEEA ol doll olgk Zew AEA Slvth(Sanders et al, 1991;
-8 FAEFEQl L plantarum JCM11498 22]519=0],  Adams & Nicholaides, 1997). L. plantarum TJ-LP-002<]
L. plantarum JCM11495 o] &3le] Alzeh 4kt BE & 8L Gram 240l st 48 Yepgon #
S (fermented vegetable beverage, FVB)E A F 3RS wl, Atole A Z&sHA] XKste AS=Z Yehd L
AW S Bifidobacterium, Lactobacillus= %7Y8t3L,  plantarum®] AJ2FS}= bacteriocin®] 2H&-3+= 2}o]7} A=

A FHl2l C perfiingens, E. coli®] = HAs= 5 Ao 2 =S tH(Anderssen et al., 1998).

A M E #Fo] HskE TP e, WO o Tl 2 AFNA E2E L plantarum TI-LP-002+= #H= 9]
F7¥shH, pH7F A= 5 AW gl fold ¥isE o] =2 7‘16““" AYaL Wik B EEAdel =
frgtol B E v JThKim et al, 2003). FX|7] el om 7t5 WA AlEE BIEst oy F/2 WA Al
9] L. plantarums 73733 AJoA &g S 82 HFHAA ol gk *3#21'6]1347} ol 715 Al H7tE= A



ks W kel 2 357

Table 2. Antimicrobial activity of L. plantarum TJ-LP-002 against indicator strains

Indicator strain KCCM No. Medium Temp.(°C) Inhibition
GRAM-POSITIVE BACTERIA
Bacillus cereus 11204 NA 37 ++
Bacillus coagulans 11715 NA 37 -
Bacillus subtilis 11316 NA 37 ++
Staphylococcus aureus subsp. aureus 41331 NA 37 ++
Clostridium perfiingens 12098 RCM 37 +
Propionibacterium freudenreichii 31227 RCM 37 ++
Propionibacterium acnes 41747 RCM 37 ++
Lactobacillus acidophilus 32820 MRS 37 -
Lactobacillus brevis 35464 MRS 37 -
Lactobacillus curvatus 40715 MRS 37 -
Lactobacillus delbrueckii subsp. lactis 11357 MRS 37 -
Lactobacillus gasseri 40716 MRS 37 -
Lactobacillus helveticus 40989 MRS 37 -
Lactobacillus pentosus 40997 MRS 37 -
Lactobacillus plantarum 12116 MRS 37 -
Lactobacillus reuteri 40717 MRS 37 -
Lactobacillus sakei 40264 MRS 37 -
Leuconostoc mesenteroides subsp. mesenteroides 40709 MRS 26 -
Pediococcus acidilactici 11902 MRS 37 -
Pediococcus pentosaceus 40703 MRS 37 ++
Enterococcus faecalis 11729 BHI 37 -
Enterococcus faecalis var. liquefaciens 40450 BHI 37 +
Listeria monocytogenes 40307 BHI 37 -
Streptococcus agalactiae 11957 BHI 37 -
Streptococcus mutans 40105 BHI 37 -
GRAM-NEGATIVE BACTERIA
Aeromonas hydrophila subsp. hydrophila 32586 NA 37 +++
Escherichia coli 11234 NA 37 +
Pseudomonas aeruginosa 11328 NA 37 +
Salmonella choleraesuis subsp. choleraesuis 11806 NA 37 ++
Shigella flexneri 40948 NA 37 ++
Shigella sonnei 40949 NA 37 ++
YEASTS
Candida boidinii 50051 YM 27 -
Candida famata 11935 YM 27 -
Candida albicans 11282 YM 27 -
Debaryomyces hansenii vat. hansenii 50498 YM 27 -
Saccharomyces cerevisiae 11991 YM 27 -
Xanthophyllomyces dendrorhous 50183 YM 27 -

-, no inhibition; +, 10-15 mm in diameter, ++, 15-20 mm in diameter, +++, >20 mm in diameter of inhibition zone.
KCCM, Korean Culture Center of Microorganisms.

NA, Nutrient Agar.

RCM, Reinforced Clostridial Medium.

MRS, de Man, Rogasa and Sharpe, Lactobacilli MRS Agar.

BHI, Brain Heart Infusion.

YM, Yeast extract-Malt extract agar.

dAZA o] & 7teAol Atk AT} L plantarum Q ok
TJ-LP-0025 A= 2dstslr] fsir = &5 B
Aol thEk FAARE7, HA w2, A 7SR 59| ol AP S 2 FAktS EEleh] Slsl

Fof Ale] &3 Foll the A7t o] FojH o & Zlor AN vk FE=o| F7HE wiACM AFshs 112 5
AtEE AR, A, Ao F25E e8Il o] TolA 142+
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Table 3. Phynotypic characteristics of L. plantarum TJ-LP-002

Characteristics TJ-LP-002 Characteristics ~ TJ-LP-002
Control - Esculine +
Glycerol - Salicine +
Erythritol - Celliobiose +
D-Arabinose - Maltose +
L-Arabinose + Lactose +
Ribose + Melibiose +
D-Xylose - Saccharose +
L-Xylose - Trehalose -
Adonitol - Inulin -
B-Methyl-xyloside - Melezitose -
Galactose + D-Raffinose +
D-Glucose + Amidon -
D-Fructose + Glycogene -
D-Mannose + Xylitol -
L-Sorbose - B-Gentiobiose +
Rhamnose + D-Tagatose +
Dulcitol - D-Lyxose -
Inositol - D-Tragatose -
Mannitol + D-Fucose -
Sorbitol + L-Fucose -
o-Methyl-D-mannoside - D-Arabitol -
o-Methyl-D-glucoside - L-Arabitol -
N-Acetylglucosamine + Gluconate +
Amygdaline + 2-keto-gluconate -
Arbutine + 5-keto-gluconate -

+, positive reaction; -, negative reaction.
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