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Antioxidant and Cholesterol-lowering Effects of Lactic Acid Bacteria
Isolated from Kelp Saccharina japonica Kimchi
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Previous studies have suggested that microbial fermentation is an attractive process to develop food products using
seaweed. The objective of this study was to isolate and characterize lactic acid bacteria (LAB), which are used as
starters for seaweed fermentation. The isolation of LAB strains was conducted using kelp Saccharina japonica kim-
chi, a well-known fermented seaweed in southeastern Korea. Based on the assay of acid tolerance, bile tolerance
and antioxidant activity, 15 strains of LAB were selected for further study. The LABs exhibited cholesterol lowering
activity in the range of 15.50 to 94.77%. Among the LABs suitable for food production, Lactobacillus plantarum
D-11 had the highest antioxidant and cholesterol lowering activities. This probiotic strain will be applied to develop
various kelp fermentation products.
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Alalekg o o571 E @ 31cH(Choi et al., 2012; Kang et al.,
2012; Kim et al., 2018). ©]of| & I Lof A= =t A5 sl 257
g AlE 52 shl hAaF R] o[ A] {4kt (lactic acid bac-

THA| UK Saccharina japonica)ye= 2350 &35 |2 F=2A]
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1A A & AR pAlske] HE R ARSI ThAut
Aol A% A 4= Kim and Kang (2017)2] WHH-S Y
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o] A8l om 1 FAAEL Table 13} 2ot & 7S
R 3L Al RE chAekE et 345 mm < 10 mm) Rk o
Aot 500 gt Alz=3t AA)4 152 g& St & EThAE 8]
of o 10°Col A #gshaA Has Aayskict
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i ChAJu) 2| 25E LAB £2]317] 918k A 23 thA|
R R oA & 33] AlmE AFekelth AR AF = Av
A Az A%, 14 2 B bR ekt A
R EREEL EENEEREE P ENERE
25 g¥} 0.1 M phosphate buffer saline (PBS, pH 7.2) 225 mL=
101} 3] A4 3}o] A~ & n}7|(Interscience, Saint-Nom-la-Bretéche,
France)Z 327t w435t & bromocresol purple (BCP; Sig-
ma-Aldrich, St. Louis, MO, USA) £ 0.002% (w/v) d7}3t
deMan Rogosa Sharpe (MRS; Difco, Detroit, MI, USA) 3
i AJol] =1 & 37°CollA] 244|170l 4] 48 AI7H71A] vl &F BT
whel o] 297} ey o 2 gk AL ARG ek 4k
Foletaiekslol Halaloirk. ol @) v AL 918 Ko-
rean collection for type cultures (KCTC; Daejeon, Korea)o]| A]
Hok uko 212 [ actobacillus rhamnosus KCTC 5033&
FA 272 Aol AR-SHAT

T o 2 252 E BelEl LAB w#3= MRS brotho 4] 24
AlZF vlj9F & genomic DNA (Chelex bead; Bio-Rad, Hercu-
les, CA, USA)E +=3F 3 27F2} 1492R primer (sense:
5 AGAGTTTGATCCTGGCTCAG 3’; antisense: 5 GGT-
TACCTG TTACGACTT 3’)E ©]-8-5}9] polymerase chain re-
action (PCR)ZE FE3}1 3 7| A FL E45}% ). 16S IRNA
A7|A g B2 vlo] 94 A(Seoul, Korea)o] 2|=|a}4] .0,
national center for biotechnology information®] database &}
F(BLAST, http://blast.ncbi.nlm.nih.gov)®} vl 545}
pisg
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Table 1. Composition of kelp Saccharina japonica Kimchi prepara-

tion

Ingredient Weight (g)
Kelp Saccharina japonica 500.0
Red pepper powder 25.0
Crushed garlic 12.5
Crushed ginger 25
Salted anchovy juice 15.0
Salted shrimp juice 15.0
Radish 50.0
Green onion 12.5

Sugar 25

J - A3 - = -

223 LAB ] W4 £42 Clark et al. (1993)2] B1H-S
H &l slo] 2185} c). HCl (Duksan Pure Chemical Co., Ltd.,

Ansan, Korea)S 0|83} pH 2.0,3.0 2 6.4% 243t 0.1 M
PBS 10 mLo| E&]#F= 10 CFU/mL =|A &Z£3s}o] 37°C
of| A 3A7t E<t v ST Bt 7t -5 PBS= ©HAIE
2 5| 4510] MRS agar AH8-30] 1B T 0.2 37°Col A 24
AZE vl Bkelct. ik & FAdH colonyE AlRdte] WA
< I e 5742 Gilliland and Walker (1990)
o] Bp-S W sto] 218513t} 0.3% oxgall (Sigma-Aldrich,
St. Louis, MO, USA)< 383+ MRS broth 10 mLoJ| 2|5
£ 10° CFU/ML =2 0. 2 3 F3Fe] 37°CollA] TAIZE 54t vl eF
shelch, HloER 9 HHgoS PBSE ol gelo] HhAE 54
sl MRS agar v 2|0 QI TR O & 37°Cof|A] 244171 vl
&F staitt vieF & F/dH colonyE Aste]l WEE4E &
I3t

DPPH radical 24+ &M &%

DPPH (2,2-diphenyl-2-picryl hydrazyl) radical 47 24
© Brand et al. (1995)2] H¥-S Wajslo] HAaigi). He)
3t LABE= 37°Col| A] 244171 vl okst 5] 91415-2](10,000 g, 15
min, 4°C)3Fo] AoJA A51-S- 0.2 pum cellulose acetate hy-
drophilic filters (Advantec; Toyo Roshi Kaisha Ltd., Tokyo,
Japan)& ©]-8-510] o3t A|RE ARESFRIT A& 0.5 mLo]
0.15 mM<] DPPH (Sigma-Aldrich, St. Louis, MO, USA)$
o | mLE §7} 5 Seste] 3087F A9 Qo)A WHgA)
A AFSH 200 uLE F|3l| 96 well plateo] £-5-5}o] GENios®
microplate reader (Tecan Austria GmbH, Grodig, Austria)E
3l 517 nmofl M FF=E SHSAT &4 H2R AR
o} FEO SR, A 22 0.2 mMO] L-ascorbic acid
(Sigma-Aldrich, St. Louis, MO, USA)E AM8-51%111 DPPH
radical &7 &L ofefj o] 4] 0 = AAlslo .

Radical scavenging activity (%)=

Absorbance of control -absorbance of test
Absorbance of control

X100

ABTS radical A7 &4 =%

ABTS [2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)]
radical 47 E4J-& Roberta et al. (1999)2] WS HE 5o
BHAsI9ch B4 A=l LAB F vjefol-2 DPPH radical
2 B SAo AFEE At 22 o g Falsoit. 2.4
mM potassium persulfateS 2£35l+= 7 mM 2] ABTS (Sigma-
Aldrich, St. Louis, MO, USA)E A %3t & QHAloA] 16A|7F
H3}51, o] 8olg 734 nmof| A SF= ghol 0.700+0.005
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7} =5 8|4 sko] ARESHYTE ABTS 894 | mLe} LAB
 UjoFo 10 s BR1] 637H A20] oF el Al vk 4
S5 200 uLE F 3l 96 well plated]] £33+ 734 nmof|A] &
g 2ot &4 e Aol SR 3
=242 5 mM9] 6-hydroxy-2,5,7,8-tetramethylchromane-
2-carboxylic acid (Trolox; Sigma-Aldrich, St. Louis, MO,
USA)E AE-51913L ABTS radical 47 A2 o2 9] 4o
= Akt

Radical scavenging activity (%)=

Absorbance of control -absorbance of test
Absorbance of control

X100

Oxygen radical absorbance capacity (ORAC) &4

ORAC &4 Zulueta et al. (2009)2] B+ o] wha} £45}19)
th 24 A= Q1 LAB et vl S 1008 3] A5kof Algfof A
L3131t} 96 black well plateo] A& 50 L} 78 nM fluores-
cein 50 pLE E7sto] 37°CollA] 1583t ¥hg-AIZ1 +, 25 uL
2] 221 mM2] 2,2’-azobis(2-methylpropionamidine) dihychlo-
ride (Sigma-Aldrich, St. Louis, MO, USA)¢} HH-3-A] 7t} =t
S&lo|l A FFEA Y Ha HEE 37°CollA] 485 nmoflA] A
A7} o37] a1, 535 nmoj| A = A 285k 60252t 5
2ol eF1A S48 e #5548 2= trolox (Sigma-Aldrich,
St. Louis, MO, USA)9] =50, 6.25, 12.5,25,50 ¥ 100 uM
2 3l EEFAIE 251 trolox equivalents (UM TE/50
uL)Z vEhysick.

Ferric reducing antioxidant power (FRAP) &3

FRAP =42 Benzie and Strain (1996)2] Hwo|| wha} £A4]
3}t FRAP £-90-2 300 mM sodium acetate buffer (pH 3.6)
I} 10 mM 2,4,6-tripyridyl-S-triazine (Sigma-Aldrich, St. Lou-
is, MO, USA) solution, 20 mM FeCl,-6H,0 (Sigma-Aldrich,
St. Louis, MO, USA)E 10:1:1 (viv/v)Z2 &&slo] Ad 2HA
off Alzsto] ALg-SHTE AR 10 pLofl FRAP -84 190 pL=
96 well plateo]] ' 31 3071 HH-S-A171 3 593 nmol| A S 3= s
=43}91 21, 1-ascorbic acid (Sigma-Aldrich, St. Louis, MO,
USA)E 5 4= 3}¢] ascorbic acid equivalents (UM AE/
mg) L et

ZHAHZE g4 2#Y =8

il

3
oo Y AEHE A asS 2IsH] 2184 Rudel and
Morris (1973)9] W& 445 #E 3t ortho-phthalaldehyde %
ARES-2- o]--5to] EEAlS A8t 0.3% oxgalle: 3
7F&F MRS brothe]] water-soluble cholesterol (Sigma-Aldrich,
St. Louis, MO, USA)E 27+ 0.0, 0.125, 0.25, 0.5 2 1.0 g/
Lo| slgsl= HrEg FHlako] 550 nmoll A S3 =S 243}
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of FEGAS Adstelet. w23 LABE 0.3% oxgall (w/v)
3} water-souble cholesterol (0.1 g/L)o] 2235 MRS brotho]|
ZgEto] 37°Col|lA] 24X17F vijket &, 4+2](10,000 g, 15
min, 4°C)ate] FoJZ AH5HL- 0.2 um cellulose acetate hy-
drophilic filters (Advantec; Toyo, Tokyo, Japan)< ©]-8-3}]
oju}3t g 80 1 mLof| 2 mL2] 50% KOH (w/v)2+ 3 mL
9] 95% ethanol (v/v)& 7135t & 157 £3F61aL 60°CL) 312
ol 1087 WIS o F BEE BE ARE W2
7]11 5 mL9| p-hexaneZ H7Fsto] Egat¢ict. T12]al 1 mL
o) 5545 A7Aslel B 1082 gtk Hele 45
9] hexaned 3 mLE 2] Aol £ 5 60°CY| 2z
oA AartiR FEkith $5A171 Azl 4 mL ortho-
phthalaldehyde HF3-24(0.5 mg ortho-phthalaldehyde/glacial
acetate in 1 mL; Sigma-Aldrich, St. Louis, MO, USA)2 %
7¥eto] S92l A 104 7+ REA| 3t ths 2 mLe| %1%t &
ARS 8] Hketo] Aol 108 3 A5 200 uLE 96
well plateo]] 231 550 nmof| A S4=5 =434t}

sA=4

==
2 Aol A AAIRE B = e}
S et EEEAE BASET A8 2950 foe
AAB7] SI5te] BAREA(ANOVA)S =338t 5, P<0.05
Z=9] 4 Duncan’s multiple range testS A A3} c) &
H42 SPSS (v.23.0, SPSS Inc., USA) 4 & 13
skof A skl

SEEE

e

Z= al psf

CIAIOHEX|OIA 7ot 22| & SF

2 Aol Al Al 27t HARIA =R 2 At F
15%-0]™ Table 20 UEFSIE:. 155-9] LAB= 16S rRNA
gene?| F71A G A5 A3, Lactobacillus plantarum 6,
Lactobacillus alimentarius 1, Lactobacillus paraplantarum
2%, Lactobacillus brevis 3%, Pediococcus acidilactici 155,
Pediococcus pentosaceus 15 2 Weissella halotolerans 152
= pehde.

Kwon et al. (2002)2 F#]ofl+= 305 o)A §-4kF50] 9o
W 11 5 $HE O R = L. plantarum, L. brevis, Enterococcus
faecalis, Leuconostoc mesenteroides® = B 11519 o, K ¢
T Ao A= o] 9F GAKSH LABZ} £-2] H 18-S gholshglt).
=l 77154150l probiotics2 AMSE 4+ Y= dFEE
Lactobacillus sp., Lactococcus sp., Enterococcus sp., Strepto-
coccus sp. I Bifidobacterium sp.o| A & 19%2] Al=to] A7
71 AE 715 d R Q1 Aol SEE o] §lon, & At
A 23t 1552 LAB% 9%°] probiotics 2 F-75= LABE
2ol &) i th(Korea Food Standards Codex, 2019).
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Fig. 1. Acid tolerance of lactic acid bacteria isolated from kelp Saccharina japonica Kimchi in 0.1 M phosphate buffer saline adjusted to pH
6.5 (0), 3.0 (m) and 2.0 (m). LR, Lactobacillus rhamnosus KCTC 5033. Means followed by the same lowercase letter are not significantly

different at P<0.05.

CIAIOHE IO 22 FAhdZol LAty

LAB7} probiotics2 ARE-3}7] afjAl+=
3.0 o|ste] A2 oA BES 4= Qlofof Fhrhal HalE|of
oL}, RS mAES 9N O] W2 pH 1.4-2.000 A4 APE
= 34 A5} LreRdti(Mcedonald et al., 1990; Ouwehand
etal, 1999). & ¢ltof A= He]H LAB #5352 pH 2.0, 3.0
4 6.4%2 273t PBSo| 41 9] U4iHd A3E Fig. 1of] Yepwitt.

2o 2 ARESE L. rhamnosus KCTC 50332 pH 6.401 4
7.60 log CFU/mL, pH 3.0 4] 7.63 log CFU/mL, pH 2.00]| A
738 log CFUMLE -3t WA & 7H2l Ao &2 vpeyltt
28t LAB tf 2] pH 3.000| A= & G LA = A2
2 UEPE oL pH 2,004 = AEE0] Tadhes A o8 e
sieh 2] LAB ol 4% LAB D-06, 11 ¥ 159] 7% pH
of e 2 FS nA A G, EEO| =2 A0 E BA Q)

t}. Radulovi¢ et al. (2017)2] A7o] w2 GARES] WA

Table 2. Identification of lactic acid bacteria isolated from kelp Saccharina japonica Kimchi based on 16S rRNA analysis

Strains. Source Subject Length Bit  Identities (%)
LAB D-1 Lactobacillus plantarum JCM 1149 16S ribosomal RNA gene 1436 2647 99
LAB D-2 Lactobacillus plantarum CIP 10315116S ribosomal RNA gene 1420 2614 99
LAB D-3 Lactobacillus alimentarius DSM 20249 16S ribosomal RNA gene 1436 2610 99
LAB D-4 Lactobacillus paraplantarum DSM 10667 16S ribosomal RNAgene 1440 2654 99
LAB D-5 Lactobacillus brevis ATCC 14869 16S ribosomal RNA gene 1439 2630 99
LAB D-6 Weissella halotolerans NRIC 1627 16S ribosomal RNA gene 1425 2627 99
LAB D-7 Lactobacillus brevis ATCC 14869 16S ribosomal RNA gene 1437 2636 99
LAB D-8 Kelp Kimchi  Lactobacillus plantarum JCM 1149 16S ribosomal RNA gene 1443 2654 99
LAB D-9 Lactobacillus plantarum CIP 103151 16S ribosomal RNA gene 1440 2654 99
LAB D-10 Pediococcus acidilactici DSM 20284 16S ribosomal RNA gene 1449 2643 99
LAB D-11 Lactobacillus plantarum JCM 1149 16S ribosomal RNA gene 1420 2612 99
LAB D-12 Lactobacillus plantarum CIP 103151 16S ribosomal RNA gene 1438 2645 99
LAB D-13 Pediococcus pentosaceus DSM 20336 16S ribosomal RNA gene 1450 2656 99
LAB D-14 Lactobacillus paraplantarum DSM 10667 16S ribosomal RNAgene 1421 2619 99
LAB D-15 Lactobacillus brevis ATCC 14869 16S ribosomal RNA gene 1442 2641 100
LR Lactobacillus rhamnosus KCTC 5033

LAB, lactic acid bacteria; LR, Lactobacillus rhamnosus.



CHAIE Aol A 22

hi

iy

ArEo) AelEy 355

kim

fg

log CFU/mL
[o2)
(e}

D-1 D2 D3 D4 D5 D6 D7

p
o
im ™o 7T Kim
gh J
e e e ef e
e
[
a
D8 D9 D-10 D-11 D-12 D-13 D-14 D-15 LR
Strains

Fig. 2. Bile tolerance of lactic acid bacteria isolated from kelp Saccharina japonica Kimchi in the presence of 0% (o) and 0.3%(m) oxgall.
LR, Lactobacillus rhamnosus KCTC 5033. Means followed by the same lowercase letter are not significantly different at P<0.05.

© R 2y 55| Weh, MEL pH 2 52t A E ko)
ATPase®} Thelo] 9lou], 413%2] 4| ofs) Ag4L fo
3| F71eleE AL 2 B A% ¢t} Mishra and Prasad (2005)
2 probioticsZ AR+ o] & wFE50] pH 2.09)14] 10* CFU/
mL o]a}= AE3}a1, McDonald et al. (1990)2 L. plantarum
o -3t UAd& AYar lekal Bkl o fof= L.
casei (Gilliland, 1979) 2 L. brevis (Jin et al., 1998; Maria et
al., 2008) &= =2 WAMI-E Uetll= oF5eeal Hars]of g}
2 Aol A 23t LAB #5- pH 2.094] 10* CFU/mL
oA o & A=l o E35] LAB D-06, 11 W 15+= ¢35 4]
A& UER Siek

CrAlOERION 22[E RSO

SR A2 T o] Ao
O A oAlste Ao ® S A e, RS
A TH RS o) §3le] BEARS 74t o
8-S THAA] 7| = Zl o2 HalE o] Qlth(Sybesma et al., 2006).
ut2ka|, LAB7} probiotics 24 ARE-E|7] 3l Al= A8kt 9
270 A BES 4= Qlojof st o] 5 Al FrFoll thet
Alo] @ ¥ Th(Saarela et al., 2000). 2] +5=2] WEEAS &
2lak7] 913l 0.3% oxgallS H7Fet WA viz|of| A 2] 54
3ol A3HE Fig. 20 Uebitt. 22| 4553514 LAB D-04
(L. paraplantarum)= 953 -2 S0 ke H o Aut
7} 7Nk ATHE Ueho] 9 o] W = Ao
Elyttt. LAB D-06 (W, halotolerans), 07 (L. brevis) 2 09 (L.
plantarum)= %/ | 27-(L. rhamnosus KCTC 5033)0]| H|3]]
Q1% ol 2 WS WA ohs A0 e, Fhoula ot
al. (2018)0] w2 vrek g @ An)e] ool Rela ofel

W. halotolerans”} &5 4 3A17t B2t & A AEEO]

OF 42-96%= - thefet A= UEhyith £33 Kang et al.
(2012)2] H.atof| m=w L. brevis KCCM 403999] e54
2 9F 48% A E8-S e o H, Park et al. (2017)2] A7t A
Ba]8t L. plantarum®] WHHE4-2 79.9-91.6% BE&2 ek
Wk g ohA| ok ] o A E2]3HLAB D-06, 07 2 092] e
92 9 90% oo 2 vl A =A| Urebidth. E3E, Fhoula
etal. (2018)0] H T A Y 2L Fo| 4ok LAB U2}
T 2ol whet probiotics= A 9] £4Jo] tha 2ol 7} Qlrk
I etk

CrAlOtARION 22[E R4S DPPH radical &
Hgd

CRAlEE 2] o A 2] %F LAB B %} ©] DPPH radical 4~7 €
/3 A3t= Fig. 3o Uepfi Qlck. &4 i< 0.2 mM ascor-
bic acid= 90.7%% =& DPPH radical 27 43 UElE
o, LAB HjoFoh o] DPPH radical A7 &4J9] 4L 75.40-
83.14%°] W92 yebhrh d2+=2 ARE #E4T L
rhamnosus KCTC 5033 2] DPPH radical 2~7] €42 79.49%
2 Yepgt o, 245221 L. rhamnosus KCTC 5033 Bt} =
© 7] 8442 Bl F2= LAB D-08 (80.85%), 09 (82.82%)
910 (83.14%) 72 2FI=|9lr}. Jung and Kim (2015)2]
Hirof k= Al Agupde] oA 2|3 LABS] DPPH radi-
cal 27 EA2] A9 10.60-32.44%= EHl=]glch 2 Lo
Al ehAuE A] ol A E-2]g LABS] DPPH radical 47 20|
75.40-83.14%2 A H O 2 ¢ =2 AL 7R = Ao 7 T
o1& tt. Kang et al. (1996)2] ¢1tof| w2 DPPH radical 4~
A 2ol 01 free radical-& SHAA7| AU A A 7= 59
o] zolx] BAJAkALL ZHE- free radical ] 7] Z-8-& Z71A|
A Ak} Ao SRIE AL H x| Qley whebi] E2gt LAB
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Fig. 3. DPPH radical scavenging activity of lactic acid bacteria isolated from kelp Saccharina japonica Kimchi. LR, Lactobacillus rhamno-
sus KCTC 5033; AA, 0.2 mM L-ascorbic acid. Means followed by the same lowercase letter are not significantly different at P<0.05.
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Fig. 4. ABTS radical scavenging activity of lactic acid bacteria isolated from kelp Saccharina japonica Kimchi. LR, Lactobacillus rhamno-
sus KCTC 5033; Trolox, 5 mM Trolox. Means followed by the same lowercase letter are not significantly different at P<0.05.

% 3%(L. plantarum D-08, L. plantarum D-09 ¥ P, acidilactici
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CtAOHEXIoM 22lE =
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ARZEO] ABTS radical A

chA k71 0] 4 223 LAB Hlefol o] ABTS radical 7] 2
/3 A= Fig. 4ol e let. 44 ti2-¢1 5 mM trolox+=
49.30%= 3ol ]9l o, LAB HjoFH o] ABTS radical 2~7
22 55.75-69.38%9] Rl 91 = 22 H k. 2= AR
X9 L. rhamnosus KCTC 50332] ABTS radical 24 &
3 56.72%% A 2] of| A H2]3E 2= LAB= 4 t=

FRTH S S 7H A 0= UEhylth 2 oA £
% L. plantarum® 53%¥ LAB D-01, 02, 08, 09, 11 9 12 &
Z20] ABTS radical &7 AL @402 oF 60%= LEF
t}. Cho and Oh (2010)0f| &J3 R 1% vlof] 2w 72 2 &
ofo] B FoflA EaH f-4kte] ABTS radical &7 242
OF 74%E 2 A+t2] AutEt 10% ol =74 4= %S

Yang et al. (2019)2] S0 wh=H oFulj 3= 7] 2ol A He] gt L.
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T At ek oF 20% o)/ WA B4 =Gl o] & ALesiT ete
B Ao A EelE LAB #5529 ABTS &7 &40 =gt
A0 7 et ghE, thAlupgl Ao A 221t LAB D-083}
099] 79 =2 4=3:0] DPPH radical 427 Z4< LephA|at
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Fig. 5. Oxygen radical antioxidant capacity of lactic acid bacteria isolated from kelp Saccharina japonica Kimchi. LR, Lactobacillus rham-
nosus KCTC 5033. Means followed by the same lowercase letter are not significantly different at P<0.05.
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Fig. 6. Ferric reducing antioxidant power of lactic acid bacteria isolated from kelp Saccharina japonica Kimchi. LR, Lactobacillus rhamno-
sus KCTC 5033. Means followed by the same lowercase letter are not significantly different at P<0.05.
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ORAC Z3}+= Fig. 5of| el om, LAB Hf%Fe o] ORAC
2. 193.44-213.65 mM TE/mL2] H{| 2 YEt) 272
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2|8 LAB #3523 25 3% ORACE 7] Ao g 2l

&I}, Yamamoto (20172 L. casei, L. sakei, L. plantarum
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itk £2] LABS] ORACE 212 9 ol e} ozke] 7ol
7} QA9 1 L. plantarum®)| 4| 422-469 mmol TE/g2 t}=
LAB 5t} ORACO| 22 710 2 Lpeltey. 4719 Ai7of 2
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2 7] el ch(Huang et al., 2002).
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