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Seaweed Fermentation and Probiotic Properties of Lactic Acid
Bacteria Isolated from Korean Traditional Foods

Jin-Hak Kim, La-Young Park, and Shin—-Ho Lee
Department of Food Science & Technology, Catholic University of Daegu

ABSTRACT Lactic acid bacteria showing alginate-degrading and cellulolytic activity were isolated and identified
as a starter for seaweed fermentation. A total of 331 strains of lactic acid bacteria isolated from various Korean traditional
foods, such as Kimchi, Jeotgal, and Makgeolli, were examined alginate-degrading and cellulolytic activity by the plate
assay method. Six strains showed strong alginate-degrading and cellulolytic activity among the isolated 331 strains.
Among these six strains, four strains (strain No. 162, 164, 192, and 196) showed probiotic properties (antimicrobial
activity, tolerance to simulated gastric juice, artificial bile acid, and NaCl). No. 192 strain (Gram-positive cocci, catalase
negative, and homofermentative) showed the best probiotic properties among selected strains and was identified as
Enterococcus faecium by 16S rRNA sequencing. Strain No. 192 (E. faecium) showed the best growth and antioxidative
activity during seaweed (sea mustard and sea tangle) fermentation for 72 h at 37°C among the four selected strains.
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MRS Agar
(Difco Co., Detroit, MI, USA)ql| ‘:“”'0]-51 37°C°ﬂ X 244
7H g & Yehd 533 9Ql colonyE F el ¢4 s
Atk ')F‘F 23 #F5 MRS AFA| Ao HE3ke] 244
ol EgE §- 4°Col] B ARESAT

Cellulose®2}t alginate Bl 23 Mut
S FAbE S 24412 st & 28 fAkd o
2 CMC ®A(CMC 10 g/L, peptone 5
g/L, agar 15 g/L), alginate ¥3l 52 alginate ®]*](CMC
10 g/L, peptone 5 g/L, agar 15 g/L)ol| A& 3}ed 37°Cell
A 2~3U3E w gk Th(17,18). wlY¥E 75+ 0.1% Con-
go red BHS F3 plate assayE A cellulase$} algi-
nate lyase &4 #5& A3

cellulose # OH <

Murazo| MIHASE)

Plate assay® &3] #dlsto] &
modifyed—MRS broth[CMC or alginate 10 g, peptone
10 g, beef extract 10 g, yeast extract 10 g, Tween 60
1 g, KoHP, 2 g, MgSO/1'7H20 0.2 g, MnSO4-4H20 O 05
g, CH3COONa 5 g, (NH)3CeHs07 2 g/L]oll HEs $ 24
A ZF For wigske] 600 nmollA EFE=E SHs] LS

] a8kt

FFE Awsta

SI51 StM =X
oL =0 /| o
Aty ol i3k it XS Listeria monocyto-

genes ATCC 19115, Staphylococcus aureus ATCC
2937, Bacillus cereus ATCC 14581, Pseudomonas flu—
orescens ATCC 21541, Salmonella enteritidis KCTC
12400, Vibrio parahaemolyticus ATCC 17802¢l o3|
paper disc methodZ A& A& A4 AFE v wsto

=59t

ozl 3 olZetEHo Cist LA
&M A& Kobayashi 5(19)2] #He wpe} 1 N

HCI& AF&3te] pH 2.5% %A% nutrient broth(Difco
Co.)ll pepsin 1%E H7Fsle] ZA|S Q13 ol At
F& HFsbo] 37°CollA] 3AIZF vkt okS 0.1% peptone
T2 HA g4 ste] MRS agar(Difco Co.)oll HE 3t
°Coll A 2417t v ¥t & veld colony & Al53HA /‘3
e SAEGT E8aFY A3EEd W2 Leest
No(20)¢] ¥ o2 MRS broth(Difco Co.)oll pancreatin
(Kanto Chemical, Tokyo, Japan) 1%S #7}3}e] HitA|
2 g dwd 10% OxgallDifco Co.) &4 1%= 713
A & AFE3EG o™, 159 Aol A AT vk 5 A

oj Al &
2 5t FeAS AAS FAE HFska 37°CollA] 24
A weFst o ATE SAsS

NaCl L{A

NaCl A2 0.2% potassium phosphate(Duksan Pure
Chemicals Co., Ansan, Korea) &9 NaCl& 0, 2, 4, 8,
16, 32%(w/v)8 =2 H7I3 3 Hsle] MRS broth
(Difco Co.oll A 24A7F w3t FA|FFE HE3staL 37°C
ol A 4AIZE Bt Tk Yok 2 o R AAEFE S
A3ttt

AZo| =X

FHF AEE dFE Gram 94, spore 34, catalase
test, API 50 CHL klt(bioMérieuX Co., Marcy L'Etoile,
France)& o]&3ato] 3to] 54Tt a4 A3 34 &
Aol Hold ¥F5 54371 98l Zhang 5(21)¢] 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")%} 1429R(5'-GG
TTACCTTGTTACGACTT-3") primerg °]&3}o] RNA
£ S%3% $ 16S rRNA 7144 415 383kl (Solgent

=
Co., Daejeon, Korea) &<135}3t}.

O0|" S CHAOFE 0|38t |4t W&

A% v 9(sea mustard) E A vf(sea tangle) &2(40
mesh)S 1%7} 2% SHFN ¥ tha 121°ClA 15
B2 "isle] A3 & alginate$} cellulose 3% 0] 91
probiotics®] 7|52 YEI = 47455 747} 0.2% &=
&S $ 37°Ceoll A 72413 v gstHA a5 2 gt
st @& v SHT

85 Fslo pH}F AATE S
A3t} pHi pH meter(ORION 410A, Orion Research
Inc., Boston, MA, USA)E o] &3} =43} 1L /‘ﬁﬂ’kﬂ
a5 I AR ARE FaAoE A ¥ 0.1%
peptone &= X4 ff] 213le] MRS agar®l 24—%43’_ 37°C
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H22)o 7 AR, 422 F5E 1 mLo| DNS A2k
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=
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agent(Sigma—AIdrlch Co., St. Louis, MO, USA) 1 mLE
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ABTS 2tC|Z
ABTS[2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt; A9941, Sigma-Aldrich
] 892 2458 ABTS radical cation decoloriza—
tion assay(24)& °©]-&3te] 5433t 7.4 mMe] ABTS®}
2.6 mM potassium persulfate(Duksan Pure Chemicals
Colg Eqate] AL -daclr 24A17F FF WAate] gt
O2S FAA7 3 A8 AR ABTS £9S 732 nmol A
3 %=7F 0.700£0.030°] FH %= phosphate-buffered
saline(pH 7.4) 2.2 3|4 3to] ARg8gitt wg o) 50 uLel
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F 732 nmol A FF=E 545t A4k ABTS radical
scavenging activity (%)= 100— [(OD of sample/ OD of
contro)x100]¢] ¢]&}e] AFE3}S3lTT.
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Table 1. Growth of isolated lactic acid bacteria in alginate and
CMC medium after 24 h at 37°C

Cell growth (OD at 600 nm)

Strains - - -
Alginate medium CMC medium
No. 161 1.058+0.040° 1.215+0.004°
No. 162 0.915+0.003° 1.021+0.010°
No. 164 0.85440.029" 1.054+0.030°
No. 192 1.160+0.042° 1.407+0.004°
No. 196 1.088+0.001¢ 1.175+0.017°
No. 226 0.75240.006 0.962+0.004"

Value are meanststandard deviations of triplicate determinations.
“*Means within each column with no common superscripts are
significantly different (P<0.05).

A3 (No. 161, 162, 164, 192, 196) 57F &5 A o] %
3319l 2H, No. 192 737} alginate-MRS #j =]l 4 1.160
(ODgoo), CMC-MRS iAol 4] 1.407(0Dgo0) = 718 $-573}
A tH(Table 1). A¢E 67FE 312 74 tE2 cellulose
o} alginate® ©]§3te] 44 4= Qlonz n 3 thA|n}
E o] &3 wgo ~EEE AME /e AoR FuEn,
probiotic 7]'s& HAES LA} I A H A S4E&

S48,
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e
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w8 frabt e probiotic 54 S ¥ESH %’43}
No. 161, 162, 164, 192, 196, 226 #F2] 1%
L. monocytogenes, S. aureus, B, cereus®} 1% S
P. fluorescens, E. coli O157:H7, S. enteritidis, V. para-
haemolyticusell 3 o S SA S A= Table 2
oAl Bi= vke} 7t} No. 1613 No. 226 ¥+ A HY
78 ol vigh A Al 245 UehiA &9ke No. 162,
164, 192, 1962 45 13 44 Ba8w3 23 54 |
Aol dizl FHE dr A4S JERAT No. 192+
Atk FATT T 7HE H2 3 spectrumes YER AT

I} kel

0}°4°]C ﬂz"f’% ays
k3]sl Al | UH(26,27). Algmate% cellulose 35 0] )

Table 2. Antimicrobial activity of selected lactic acid bacteria against various pathogens

Isolated strains

Pathogens No. 161

No. 162

No. 164 No. 192 No. 196 No. 226

Listeria monocytogenes -
Staphylococcus aureus -
Bacillus cereus -

Gram (+)

+

I+
+ +
|
|

Pseudomonas fluorescens -
Escherichia coli -
Salmonella enteritidis -
Vibrio parahaemolyticus -

Gram (—)

I+ |+

I+ |+

|

+ + |+
|
|

+: positive, —: negative.
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Table 3. Survival of selected lactic acid bacteria in artificial gastric juice and bile acid at 37°C

(log No. CFU/mL)

Incubation time

Isolated strains

(h) No. 162 No. 164 No. 192 No. 196
: 0 8.55+0.02° 8.70+£0.06™ 8.76+0.08"° 8.70+0.09°°
3 7.85+0.02°* 8.25+0.02°8 8.58+0.01°¢ 8.38+0.00™®
0 7.85+0.02% 8.25+0.028 8.58+0.01°° 8.38+0.00%
I 6 7.68+0.01°* 8.10+0.028 8.47+0.01°° 8.28+0.01
12 7.44+0.02° 7.88+0.01°® 8.45+0.02°° 8.15+0.02°°
24 7.29+0.03*¢ 7.03+0.06™ 7.81+0.07"° 6.58+0.15*

I: Survival cell in artificial gastric juice after 3 h at 37°C.

I: Survival cell in artificial bile acid for 24 h at 37°C treated with artificial gastric juice for 3 h at 37°C.
Value are means+standard deviations of triplicate determinations.
Means with different superscripts within each column (a-d) and row (A-D) indicate significant differences (P<0.05).
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0. 162, 164, 192, 196 w5l tiaf 215
Al WAS 543 A3H(Table 3) At &5
o4 3A17F A3 % 7.85~8.58 log CFU/mL
HAE Yehlon, Q1 @FolA 24417 B3} ¥ 6.58~
7.81 log CFU/mLE YERlo] AEE0] H%on, 53
No. 192 #F+= 1Ff A 3417 A2 - 8.58 log CFU/
mL, Q1% FFHellA 24A17F A3} & 7.81 log CFU/mLE
747 YeRflo] v 2 tiAn} g8 AEFEE AL 7S
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o] A A AFAZAY 7S EI 3] YA
= el ol gk Ado] lojof st} No. 162, 164,
192, 196 woll di3l NaCl WS 5743 ZZ(Table 4)
No. 192 #FE 32% NaCl& £33t gNol = v 44]

7+ % 7.60 log CFU/mL9 %

16S
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(Table 5) No. 162, 192+ Gram positive, cocci, catalase
o Z}Zy Pediococcus pentosaceus(No. 162),

negatlve

Enterococcus faecium(No.

192)2% FAH A No.

1649} 1962 Gram positive, rod, catalase negative®

Lactobacillus plantarum®.% 53 ¥ A},
Mul SAMRO| O/t CHA|OF 7| EoAM 2] U EM

At fA S sl A Al 2EEZE ARSSH] YA
= 5H§ ]. 5&7].% }_xé ]}q /Hx}t‘ﬂ— /\ o] o]: 8]-1—4_ 1:1]
o By} =55 EE(SME), tgAnt £y =54 &3
5 (STE)E o]&3sle] Mt A4t 40 F5 42 0.2% 2%
sto] 37°CollA] 72A17F st HA] pH(Fig. D} A5~

Table 4. Survival of selected lactic acid bacteria in MRS broth containing different concentrations of NaCl after incubation for

4 h at 37°C (log No. CFU/mL)
Incubation 0 Isolated strains
time (h) NaCl (%) No. 162 No. 164 No. 192 No. 196
0 0 8.8440.01 8.60+£0.10 8.67+0.10 8.68+0.03
0 7.8420.04% 7.00£0.40% 7.95+0.04%° 7.69+0.038
2 8.2120.03° 6.68+0.05" 7.8620.03 7.56+0.09°®
4 4 7.85£0.07% 6.55+0.07* 7.75+0.01°C 7.01£0.05%
8 7.5040.03° 5.64+0.07° 7.69+0.14%P 6.88+0.042
16 6.89+0.04" 4.77+0.01"* 7.59+0.08"° 5.39+0.10"®
32 6.62£0.01°¢ 4.02+0.06™* 7.6040.14° 4.63+0.03"
Value are meanststandard deviations of triplicate determinations.

Means with different superscripts within each column (a-f) and row (A-D) indicate significant differences (P<0.05).

Table 5. Identification of selected lactic acid bacteria by 16S rRNA gene sequencing

Isolated strains Source Gram staining Shape Catalase test Identification (similarity, %)
No. 162 Kimchi + Cocci - Pediococcus pentosaceus (99%)
No. 164 Kimchi + Rod - Lactobacillus plantarum (100%)
No. 192 Kimchi + Cocci - Enterococcus faecium (100%)
No. 196 Kimchi + Rod - Lactobacillus plantarum (100%)
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Fig. 1. Changes in pH of sea mustard and sea tangle during fermentation for 72 h at 37°C with different isolated starters. SME:
sea mustard, STE: sea tangle.
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Fig. 2. Changes in viable cell count of sea mustard and sea tangle during fermentation for 72 h at 37°C with different isolated
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Fig. 3. Changes in reducing sugar of sea mustard and sea tangle
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we} STV MM 8] FAacske A S YERISIT T
G V1A R 3 v A (SME) A= vl 72A17F F<F No.
192(E. faeciums A& e FAHF+ WG 2719 6~7
log CFU/mL9] W& eI 2, No. 192 77+ i<
Z715E M 8] dgate] vl 4821749 8 log CFU/mL
£ vEhdo] ~EE R &8o] 7hed Aow ATEUT
AREE 71 A2 3 8 A (STE)N A No. 162(~. pento-
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Table 6. Changes in total polyphenol contents and ABTS radical scavenging activity of sea mustard and sea tangle during fermentation

for 72 h at 37°C with different isolated starters

Total polyphenol (pg/mL)

ABTS activity (%)

Seaweed Isolated strains
BF AF BF AF

162 12.14+0.31 16.41+0.09° 25.24+1.35 31.39+0.43°
Sea 164 12.14+0.31 14.81+0.44° 25.24+1.35 31.20+0.36°
mustard 192 12.14+0.31 20.44+0.75° 25.24+1.35 36.98+1.21°
196 12.14+0.31 18.78+0.59° 25.24+1.35 35.80+0.43"
162 17.63+0.47 22.97+0.18° 45.22+1.62 51.23+0.43°
Sea 164 17.63+0.47 23.66+0.28° 45.22+1.62 57.05+0.22%
tangle 192 17.63+0.47 24.48+0.39° 45.22+1.62 57.77+0.50°
196 17.63+0.47 24.37+0.29° 45.22+1.62 56.39+0.14°

BF: before fermentation, AF: after fermentation.

Value are meanststandard deviations of triplicate determinations.
“dMeans within each column with no common superscripts are significantly different (P<0.05).
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