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Abstract This study aimed to evaluate the effects of a deep-sea water (DSW)-derived Leuconostoc
mesenteroides GS76 starter on kimchi fermentation. The strain was isolated from DSW collected
in Goseong (Gangwon-do, Korea) and formulated as a powdered starter by the Microbial Institute
for Fermentation Industry (MIFI). Kimchi was prepared with (starter-inoculated) and without
(non-inoculated) treatments and fermented at 0-1°C for 10 weeks. During fermentation, physicochemical
parameters, including pH, acidity, mannitol, free sugars, and organic acids were monitored. In
addition, microbial community dynamics were analyzed using next-generation sequencing (NGS).
The starter-inoculated kimchi exhibited a rapid decrease in pH and a corresponding increase in
acidity within the first two weeks, accompanied by remarkably higher mannitol accumulation
compared with the control. L. mesenteroides remained the dominant microorganism throughout
fermentation, maintaining microbial community stability during the entire process. These results
demonstrate that the DSW-derived starter effectively accelerates fermentation while ensuring
consistent quality and a controlled metabolic profile. The findings suggest that applying this starter
could improve industrial kimchi production by shortening fermentation time, accelerating mannitol
production, and suppressing undesirable microorganisms. Furthermore, this study highlights the
potential of deep-sea water as a unique microbial resource for developing functional starters and
provides insights into its utilization in the fermented food industry.
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1. ME

[ -

AurH o= L4 200 m o)F9] S5E YA S (deep sea water, DSW)2} 519, 1352} G
gidlo] Ts}r] oo} g9t/do] o]Fo| x| =t}. o|& Q5] YFHF+= FHHAT f7= TF
o] wol, nAE9] W= EF5o) vl Jd oz 32 £33 Bk o|gg =3k &40 4§
g HBEES S5 dAF 5 A B4 AT, 4A4d &8 7FsAdo] EoF =2 FUPHA
£ 7HItHMoon -5, 2004). jFASTE o] THE vdE T} =2 HHAF0l EHCE, Ao
2 /et A9 0] mAls gaFe] A2 A9 Figt Ardo s HrhEnh S AQbollAf A -
TEH o S 77 w2 ST E AR 4 544 Fofolwt 223t Choi 5, 2015).
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DSW-derived Leuconostoc starter in kimchi

Fol 4 nleo] 2okt A5 BAl% ALE ¥ Yhow
YAl TUES i) PIAQ 4S54Tt wesie, A
M 47k 7R ot ol et BHOR Q8| FUSHAA
E I47S FH0E SFUES o] B o|RolA1
9ic. olo] et MYE SHFIZSNY THAFAL A 7]
PS3} Festel AFUFSY AAH BE YA DAL
glom, B3] ng% fd BUL ol§3 /154 AF HoplA
= A1

9] 88 7lsAlo] FEUkY Qith PSS U2 2 =
o 29} 3o 3 = I3 2AA cﬂxégﬂ k=t L O]El"f—
B S5t n]BEL =t S0 gt A-2Fo] L4351 °oFF
HQItk(Horikoshi, 1998). o]&3t 542 &

8 3749 e w0l FA9 dWYS FAISk: d 710
& & oln

e SEUeEhs dEshks YRAFCR, 4 oA
ohFt fAktol S4lst E°94 % 19} ﬁok 15 343t
(Park 5, 2014). T2 A1 4 A9 B =l A5

L u|YE ZAJo] AAT}HA] Yo}, | _g &5} g Z220] A3t
4& FA67] offth= @AZE AtH(Gautam 5, 2025). o]F
o BAk UE 27] 55 R0 938 ST 4 Us 2

vt (starter culture)e 8024 /AT 4= 9loH,
olE Bl ¥t F49 A AYito] 7Fsdrk(Choi B, 2020;
Lee S, 2024).

Leuconostoc mesenteroides= 732 WA % - F7]0] QA5
Al 2A5t= E2AQI o|FHRY AT OE, ZAL, o]Als}Er
&, ok, oM EAL & TRt tAMES At (Jung 5,
2012). £3] THYE BA50] $5te] AR So| F 7
S0l AR FFE vXE A0 UA UrkBehare 5,
2020; von Weymarn 5, 2002). 71|19} ¥gol=

Leuconostoc,

Lactobacillus,

Lactococcus,  Enterococcus,  Streptococcus,
= Tkt §4kFo] TolFHTH(Kim 5., 2012). 0]
2 L. mesenteroides—= T q 27| Q-H40Z AL A|qt, <4
o] A= wtet Lactobacillus plantarum = Saccharomyces
cerevisize T 2 WPEE FA A E= FFS HA
Olelat IARES %O R4S AABle] LA A ALY
SAIZ]3L Ao A[A] §HE7] Wi2oll, L. mesenteroides®] -7 7%

S A8 o] 49| Folot A4 fA0] Sastksa
5, 2002). Leuconostoc & UAYES X AZE st AEHH
& ARgste] 4 400 tis Atet An wEA 24t 5
L7} g2 A AAssta] A £ ARt 722 Z3&o] A
A=Y OoH(Li 5, 2020), S| LAIS A= L. citreums
WA Az AEE2 AST AT Aol LAZAA T vy
29) 44 Alb| o H-850 288 4+ At B v
9]o}(Chang¥} Chang, 2010) Leuconostoc < U|REL 1] A|
28 T AFERA £ B8 /IS 1Y 02 dEd,

webs] 1 SFASTERE 22T 48F9] fAREl o

Pediococcus
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ol 7|2 @5H7It AEES B4 & L mesenteroides
GS76 F=(Kim £, 2025)8 AEsto] AEMEE ARt}
2 709 AT B vt 4 AlETS EE g
H]FL BA5}0] dg AEFEZF 7% BFE ZA 9] oA, &
714 g WY E A, mdE WSt e e Y7 9=
o n|X & HJFS Y5} L. mesenteroides GST6 #+529] A
el Ae) A1lE B RHS BASHIR Shh

2.1. Zx/9 H=E

B AolME ARl TR AR E Y Mictobial
Institute for Fermentation Industry (MIFI, Sunchang, Korea)
o BET F5 F APHIFOI HelT SAF 5 UL
9 Y| AJo] 243 Leuconostoc mesenteroides GS762 A
sto] Hav]PEAANEY Tan|PEAdsHlE A B
P2 AEFE = A 2319 2H(Kim 5, 2025), ]S AA A=
g 9 Atz SISk DA FRSRANE T42
T A9l Gsx$HHOl  ofgkX](Arakimchi, Goseong,
Korea)ol A A4 7]&ol| AAE BARE B4 = A%
510 @0l ol STt ABE WEE AN Al 2
(Brassica rapa subsp. pekinensis)= AFE-SIR oM, LA
4 5345 08310l B2 % o}83tel YAT Az 2
A FES YA Az AT S S| A5 sig
4 712 Az WEE 1SN, D AZE A Y
o) AREE . DRI, ohs, B, o, Yk, A,
v, Z2uj&s, B3, 294, 87, A9 ARESHH. A+
H22o] uja} éE}H% 10° CFU/g9] 522 ZAslo] oo
ke 51 G BesleLOH, Hel W Axtelg B
o JES 73 BleE St oY Al HAE XY
0-1°C9] u%z]—ﬂjl_oﬂ/q AdA 717F &A% H &35k Qo] &
AFNME L 2ANM S/44S AT Almes IA
o 4 5 88 B ERN AT 95 T B X
RGO, 4471 B2 79 AR A|RE STlo] A

o AHgstecs.

22 pH % e 5

FHT AR AEe BE4H715 ol&sta] 1EA Eafsto]
Whatman filter no. 1 (Cytiva, Little Chalfont, UK) o]Z}-A] 2
olZstQitt. pH R FAHES] 3742 A A A T50 (Mettler
Toledo GmbH, Greifensee, Switzerland)& ©]-8-5}%11(0Oh &
2014), SA=+= Al 2 go] 0.1 N NaOHE #7}sto] pH 8.3
o] B wj7}7] ARH 9L lactic acid® SHIsI0] ZAE (%)
FASFATHKIm 5, 2012). HE 542 33] §HE 3ogic)
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2.3 R6/8, 2HE & R FF

ST FFLNL glucose, sucrose, fructose, D-mannitol
(Sigma-Aldrich, St.Louis, MO, USA) ZZ-& 1.0 mg/mL 5%
2 Azxste] ofdt & ARSI 714 BEEE2 organic
acid kit (Sigma-Aldrich)E A85t] 5L L2 Axst &
ojsfsto] ALgsISiTh $714E 31 W, $eld AL B4
24 AE 13,000 pmolA] 1087 DURLT 3, 450k
0.45 um syringe filter (Sartorius, Goettingen, Germany)Z ©]
Tkt oJke AlE+&= HPLC (Agilent 1200 series, Agilent
Technologies, Santa Clara, CA, USA)S o|-&slo] 4319
o} Eajo] AMgE columng Aminex HPX-87H (300x7.8
mm, Bio-RAD, Hercules, CA, USA)310H, oA E 5 mM
sulfuric acid (Sigma-AldrichyS ARESITE 42 0.6 mL/min 2.
2 FA5193L, AE7]+= DAD (210 nm)@} RID detector (Agilent
Technologies)E ©]-&5to] FAlo| £4& 35ttt (Jang 5,
2016).

2.4. DNA == Z 16S rDNA library &t

g 77 E 3% A3 AR ERE DNAE F5517] 9
3} kit®+ DNeasey Power Food Microbial Kit (Qiagen,
Hilden, Germany)E AME-5}9TE ZF A|E2FE A2 genomic
DNAY9 <$£X+= 1Ax%40% NanoDrop One UV-Vis
spectrophotometer (Thermo Fisher Scientific, Waltham, MA,
USA)Z 24319901, 260 nm / 280 nm, 260 nm / 230 nm
& AFESHATE Qubit 4 fluorometer (Invitrogen, Carlsbad,
CA, USA)E o|g3dto] Aast dsDNAY] 5LE EA5190
™, 0.8% agarose gel A7]F5S AA|5to] DNA E3] Ao}t
EAE 25 gRlstont. Ha 7|7ho) wet =435 AlRY] v]AY
E 73 24 Y3t 16S metagenomic librarys= Illumina
(Illumina, San Diego, California, USA)AFS] 16S metagenomic
sequencing libraryo] @} A|Z5} th(1llumina, 2013). 16S
DNA F-AAL9] V3-v4 BES ZZA]7|7] 3t primerZ 16S
amplicon PCR forward primer (5-TCG TCG GCA GCG TCA
GAT GTG TAT AAG AGA CAG CCT ACG GGN GGC
WGC AG-3°)2} 16S amplicon PCR reverse primer (5'-GTC
TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA
GGA CTA CHV GGG TAT CT A ATC C-3"& ARE390
™, 2x KAPA HiFi HotStart Ready Mix (Roche, Basel,
Switzerland)E &%5fo] 25 cycle?] 1X} PCRE& 435}t
12} PCR AFE2 AMpure XP Bead (BECKMAN COULTER,
Brea, California, USA)2} 80% ethanolS 0]-8-3] AA|5}%tt.
7} read59] 719 A|ZE FESH] Y3t indexZE Nextera XT
Index kit v2 (Illumina)gs AR5} C.H, ZF libraryd] W]
Z} indexE F-AF517] 913t 8 cycle®] 22} PCRZ 333 C0H,

https://www.ekosfop.or.kr

24} PCR AFEE LS BPH O 2 AMpure XP Bead (BECKMAN
COULTER)E ©o]&3] AAIstAtt. %= library:= Qubit 4
fluorometer ¥ Nanodrop One spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USA)Z X9} £ & 249Q]
oFH O™ 0.8% agarose gel electrophoresisE 59| library2}t
2719 248 A=A} BE libraryis 4 nM 5EZ 5
o7 3]45}94.0H, library?} PhiX control v3 (illumina)E &
3ot &, MiSeq Reagent Kit v3 (Illumina)E ©]-&3t MiSeq
platform (Illumina)S &-&35}0] paired-end H4]9] sequencing
g s

2.5. ZUIMZ 2 GjojEl B4

AALE readE9] AF7IME HEE EYPSH= fastq file
EzBiocloud 16S-based microbiome taxonomic profiling (MTP,
CJ Bioscience Inc., Seoul, Korea) pipelineo] Q= E=5}%10H,
"|AE- composition, a-diversity, B-diversity E-4]0]= comparative
MTP analyzerE ARE5}0] 45} tHYoon 5, 2017). MiSeq
platform© 2 BE| AJALE raw readEZHE low quality,
chimeric, non-target amplicon trimming processS 3} A|
AstR o, mto] A zHtolE £AZ A3t FF valid read5=
At} A7 E FEE FIGE read2HE YR ERE
95t databaseZ+= PKSSU v4.00] AREEIOH(Yoon 5,
2017), 97%°] B7IME FAME=S 7122 R S5 4
X](operational taxonomic units, OTUs)E A=l Tt A&
H]L(relative abundance)°] 0.0001% 7|&C & noiseZ A7 5}
ow, 429 Ta 7|7t mhE S ngET} fo5f vEEY
HE&S 15U HF 08 EASHIH

2.6. 4 &4

¥ A7 Ao 02 by A4 a-diversiyel 3] o1
=9 A H&2 Pu+-ETHAE HU|519 0, B4 24
SAS v9.4 (Statistical Analysis System, SAS Institute, Cary,
NC, US)E AR&sto] JduA] #4F £4& S3stglon,
Duncan’s multiple range testg ©]-&5t A4 84S 4
Retoict.
3. gut & i
3.1. 0¥z & 24

AEFE S HESHR] 2 219} L. mesenteroides GST16<
rEiER AT AT TR 2 BES Sgenus) D
Z(species) oA Ba 7|I7HEE B4 AL Fig. 19 Y
ERfilon, e 7|7t wE ¥ 5 (evenness) AR AR
%l Shannon¥} Bray-Curtis dissimilarity metric 7]%9] principal
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Fig. 1. Dominant microbial composition of kimchi at the genus (A, B) and species (C, D) levels. Panels (A) and (C) show kimchi
without starter addition, whereas panels (B) and (D) show kimchi inoculated with Leuconostoc mesenteroides GS76. Relative abundances
blow 0.0001% were considered noise and removed. Relative abundance is defined as the proportion (%) of each microbial taxon in

the sample.

coordinate analysis (PCoA) 4 AI}E Fig. 20 YERHIT.

o] A-HKim T, 2016)°] W= ThfRt AFH-8 AANA
Weissella, Lactobacillus, Leuconostoc 0] 392 97 n|&
2 SRIEU. 5] Lactobacillus &2 X HA7} ZPHo]
w2l pH7} 4.3-4.7 202 WolR] = A oA Ao
2 o] Reisio] LUsEH: 202 R, & ATl
HE B 017 A9 B 27] DAY AHES B2
ko thZF9] AL Lactobacillus, Leuconostoc, Weissella,
Pseudomonas 4:0] -3} t}. Song 5(2021)2 YA|=0| w
2} Weissella, Leuconostoc, Lactobacillus, Pseudomonas 40|
AT ¢ Aok Hagk v glon, o= & 49| AREE
FEOHA] 2 AN TEE vPE L2 FASI
ojggt AMEHE AEHE HFoH ¥ AAoA= TR
Z7] 9A°] 9 - FARERE 7]A% njEe] $4sh= A2
2 e
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&g 7)o WE Shannon A= 105 2] EE 7% &
o 7FE A4Sk AR UeRd Lactobacillus < 1]A3E9] H]
&0] F7FEPE Woll= Aol ey 24 nEY v
o] AA| MBE FHTR & FFE WA= AR YEhth
e 7|7t OE HE 2PFR AelE AlAEs] Sl
PCoA #4 A7} 4| &R 7|7tol| whe} mBE +H127 &
AF oz w9 Fof3t 42(p<0.001)9] o7} A= Aoz
oy 59 TR 279 05 ARH 33 A= n8E
FHFZ0| Mt E A 0® Ueon, a 43 ZHH 10
T A e A9 HEP} Qe ZA0R Uehgth o|x9 A+
Z¥(Mannaa 5, 2019)° SJstd A AZE gt A - FA
79 F5cl wek 253 2 o]Fof nlE L2 A3t
ol &g 77t W wPE 2o Zpo|7t FAFL H st
of & A A} FARSIIT o3t A= A 27]9=
- FAR2RE 7]QIRr thefet v=Ee] EASHAR Ta 7]
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401 osf $
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a X 02} ¢ W
[{e] o 5w
600 4 b 35 L] a [Xp] * 6w
” b ) g a a w0 01r . W
o~ & 8w
S ol * ¢ | E |t a7t S o 4 8
©
(@] c¢¢c Ccs C 30 a E O ol
400 1 d c ® I ) E o )
t b o
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-
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=3
550 | ;1 aa a a . { b gms— L
500 - I c 3] bE b E & oot o . W
» b 8 b * L3 N' ° ® sw
E 450 - [3 c - . 005 * [°] L
@) [o] g = o * o op o 0. a 10w
1 0.00 - @
4004 C o { @] ; % ., ' .
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-0.15 :
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Fig. 2. Changes alpha-diversity (Shannon and OTUs) of control (no starter) and experimental (GS76) kimchi fermentation from week
0 to week 10 (A), and PCoA illustrating differences in microbial community structure (B). All values are meantSD (n=3). Values
with different superscript letters indicate significant differences by Duncan’s mutiple range test at p<0.05.

2ol wheh fAktol AAkets Ak 22 tiAbibEC] Qg
pH AR QI8 W2 pHol| AJE0] of2}g =9 /g7o] <
A=) ez wtEthMannaa 5, 2019).
£ DAL 03F AL AR HE
St L. mesenteroides7} 99.5% ©JA} A}A|51H QPP o7 A
She 202 YEhgtow, 35 2 o]Fof| e 48-72%5 AHAI5HH,
105 599 AA ¥a 7|7t &< 7MY XI5k nEE U
Ut olg st Axt= Wa 27| I ELERE HESE Leuconostoc
& g Eo] 24t 5 R714RS AAbote] pHE 7)ol TAA
7131, AHg oA Agst] ofEE tE HIBEY A% I
AP7| Yo s wekEh E3E Wa 7]7tof| wHE Shannon A
5 B4R An 28R FE3 Leuconostoc <5 1FE2] H]
£9] 99.5% ol AA|ol= AL E UEhd HE 2719 025 A
7= Shannon A|47F 0 507 YENE O M, Leuconostoc
49 H]&o] W55 Shannon A|57} FOMA|= o] YE}
U 29 AR B A4 mE 2R 7P At
= e & TS U= AR wodr
g 7)7to) o nE FHARY AjolE A4kt PCoA

https://www.ekosfop.or.kr

A 73, 105709) A RGN FE 2T B
Aoz ule [oJ5tA|(p<0.001) W3}t Ao E UEE oL
0% AHEE 2% A BlgE FATEA G4, 355
5 1037172 B8 FUF27} A AR e, o
ZT9} L. mesenteroids GS76S AEFE|Z ARE-dlo] A|235F F
DAL BAT A BARE ABT EUT FaRA A B
ZBolA AzEoH Fa 7|7te] i nPE FPFR0=
w315 Ho]7} QI A0E Lpebet. o] o) A7 A st
ot A% TRARY vAE FHTRE 24T A A
EFE| ARG o BTt mAE] R0 S2% 24 [2l0|3L
2 B3k HF 9l om(Gautam 5, 2025), LR A Zo| A AE}
ElE AEe o A 9 e Aol dAlETE a+
(Zang &, 2018)7} Bl B} Qlo] RAE A F Al AEE 9
ARgo] TR0 E FFE AW, B3 AFE AR 9
8 2etEle] Algo] HRT o W)

2 fe

ol

3.2 pH % £ Hgf

AEFEE HESHA] & A9 L. mesenteroides GST16<
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ABFE R HES AAE 0-1°CoflA] 1057 HaA|7|H SAe
pH 9 AH=E Fig. 30 AAISHT. 05+ A5 23 Z7hA] &
B 27ol= ABEE ST ARA pH Al 4t F7}
a7t v % Aol vla) waA Uebtck 4719 Aoy
2 IHA HAAHAE 0.6-0.8%° =Eo=d(Jeong 5, 2004)
Aefeg HEW YAL 15 o, HATE 2377} dolt
Aor BAEQIt) ol= vg %7| L. mesenteroides?} -5}
o B TP 71 AL AT wE, v o]
A= Lactobacillus 4 v|AJE0] R} S-HoHA A /o] =

A dojt A2 ATt TS, Weissella & H|RYEL AE}
B JFolM 27] FRE HE5IH ZAH o EARS FA]

of XMASIR|EE, L. mesenteroides®]] B3] ¥E £&7F - A
o7 ®1H v} 9tk (Mheen, 2003). o]2]3t Zfol= BHE 27|
AL sl A 9] Holg A, Astel 4o K3t
£ SIS L. meseteroides GS76S AE3 ZIX| oA = |
5 0% ARE] G4 Hgo] 99.5% oS A3 phsk
R} w2 Wasgon, AREE HESHA oS A
e S $HEI} 2 2717 2% AE s vt
St= A0 & YENY Leuconostoc 45 HPES AEFE R ARSSH
AR oA 2 tH] pH 4 &Lt #Ethe o] M9 A
ZAIKLi 5 2020)2F AR A= ETh pHOF A= A
oty MY Ak, 54 JHE Uedl= B7F AREE AMEEH

(A)

7.0

a —e— No starter
6.5 —o— (GS76

6.0

55

50

45

40 r

35 1 L L L 1 1 L L L 1 L

Fermentation period (weeks)

7Rt AEEE BE 458 28T

H(Jeong &, 2011), o]= 3
=y %5}04 7129 AE E1YET

oz 7AX9 wa 7]

ABL HEA F5H 5 S AN, JAH SHOIH 2
Sel 189 444 84S BT 4 SI5ic
3.3 PHIE REIZ 2 RIIM BY HE

L. mesenteroides= XS ET9t TroFst Ha A& 27|
U8 E FEoks tEAQI o]FLR fARFCE pH 5.5-6.5 |
919 AH S M= &l 7ok, g} XS Tha
Qo7 3r2dlo] TES APAKSI RAL olNEAL oERS 1l
o|AlslElA E thokst IAMRIES AAFeH= Ao g A 9
thCogan 5. 1994). B3] FIEL 717)e] %], 47 2 B4
oY Aof| £33t IS SlH(Carvalheiro 5, 2011; Lee 5,
2021), Ta #@7} 9o] =S Wgske AR 2HEE &
LEtt AFL L mesenteroides?t A= TTUE @448
A0 95 TYF o] WYER ZHEE H(Slantner 5, 1998), O]
jfl_}g] HP_Q_/R] ‘4 —6-1]] %]kh,]— IIZ] O]—Xq/\éoﬂ 7]010]—]:]—

& A4 GST6 AEEE G ATl EaE 2
7l "I E ”“0] 2 the] folsHA HEA] A= lom

(Fig. 4), & 125 7o) ¥IE o] 1.0 me/eol =51
ot whd AEE 1@* dzolAs Ea 35 2o vyE
2ol 0.5 mg/g ol =Eslo] A8 FFo] 27] WE A
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Fig. 3. Comparison of pH (A) and acidity (B) changes during kimchi fermentation with L. mesenteroides GS76 and without starter
culture. Starter-inoculated kimchi exhibited faster pH decline and acidity increase. All values are mean=SD (n=3). Different superscript
letters indicate significant differences based on Duncan’s multiple range test at p<0.05. Superscripts in black denote the control sample

(no starter), while those in blue denote GS76.

124

https://doi.org/10.11002/fsp.2026.33.1.119



Food Sci. Preserv., 33(1) (2026)

25

20 r

15}

Mannitol (mg/g)

05 F
e
00 —e— No starter
f f f —o— GS76
-05 T

01 2 3 4 5 6 7 8 9 10

Fermentation period (weeks)

—e— No starter
—o— (GS76

25| ab

Fructose (mg/g)

01 2 3 4 5 6 7 8 9 10

Fermentation period (weeks)

a —e— No starter
—0o— (GS76

1.0 |

08

0.6 |

04 r

Sucrose (mg/g)

02

0.0} c

dcddddd

012 3 45 6 7 8 9 10

Fermentation period (weeks)

—e— No starter
—0— (GS76

ab a @

1.0 |

05

Glucose (mg/qg)

012 3 456 7 8 9 10

Fermentation period (weeks)

Fig. 4. Comparison of mannitol (A) and free sugars: sucrose (B), fructose (C), and glucose (D) contents during 10 weeks of kimchi
fermentation with L. mesenteroides GS76 or without starter culture. Kimchi inoculated with the starter showed faster sucrose
consumption and higher mannitol accumulation. All values are meantSD (n=3). Different superscript letters indicate significant
differences based on Duncan’s multiple range test at p<0.05. Superscripts in black denote the control sample (no starter), while those
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7} AJAF5= sucrose phosphrylase & dextransucrase G4 Z-&
of ofsf I} e AFAE A=Y Yo =2 wtd
th(Dols &, 1997; Goedl 5, 2007; Schwarz 5, 2007). &&
Z27] Aol A= AdE o] viYE Ao AREE o] I}
% 270] A Ueht ke Raolde 27 97 250l
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T E A4 5o Yot go] AtiEoz ¢ wol ZxH A& AFToNAE F4to] AZE Ao wheh gheke] 7ha
ZA0& WHEHKim 5, 2002). o]F HH F7]le F AR S19on, 24 s WE 27|5E F7I6H 453 &} o] %
D% AT xrgo] 29 BAY0R S8EY st A HASHEGlon, ol EAR: WE F717HK] FUKsE & 279
SFTt. THA] ZHA5tiTh(Fig. 5). o= AIETONAl L. mesenteroides7}
WE 7|75 A S WStE B4 Adt AREE S 27|RE A oR st g Fkle] Zat 9l i E
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Fig. 5. Comparison of organic acids: citric acid (A), lactic acid (B), and acetic acid (C) profiles during 10 weeks of kimchi fermentation
with L. mesenteroides GS76 or without starter culture. Kimchi inoculated with the starter showed faster lactic acid production and higher
overall acid accumulation. All values are mean+SD (n=3). Different superscript letters indicate significant differences based on Duncan’s
multiple range test at p<0.05. Superscripts in black denote the control sample (no starter), while those in blue denote GS76.
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Aol AREEQ7] LR S T (Marty-Teysset 5, 1996;
Ricciardi &, 2022). §FH tjRoA= EE 57] °olF L
sakei, L. plantarum, Weissella spp. 5 T34t o]& 53| &
& Aol SUsHEA Tkl 29 44T A0E B
H ot (Marty-Teysset 5, 1996; Schmitt -5, 1997). AL AIZFF
A 270 AlFFOlA v w3 ou, $71 ol%ol= o
TollAl oF 2 =2 £ ETH(Kim 5, 2002). o=
oA Z7] o]% Lactobacillus, Weissella < H|AJE0] ©=
A FAshH Z4ike dig Bislr] diEe® woE. L
mesenteroides= O q FAFORE FTHPLAE FAO] H
o 4 o) WA, AEER A/HE GSTeo] 2719
SR Aol A= AR vBES] o] JAIE IR &
2900] ST 5 02 AR o] B850] et 44
o B 7} M QFgEOR SAE Ao orart, of
NEARS A|FEoA HE 27|15 -3 L. mesenteroides
ol ojef w2 hegon, AeEE E Fe aT
o ME W& 25 &} o|F Lactobacillus, Weisella < v]3E9]
SHEA BOME 23 A ofF oMEAS FEA} 219
£ 222 YEthShim 5, 2012).

AEFEE FJER AFToME Ta 27|15 Ty ER A
A Ko] Zx0Elo] W 457} 2T BHo) Yoz §
A =31t (Jang 5, 2016). R F7]0)= AP} 2T BT
B, W, 22 R B7IA S A ek,
ol Az T2 WME 2PolE 75H FEA(functional
redundancy)Z &3l FARRE tiAL 7152 EsH| WiElE 9
Atk Jung 5, 2011; Lee 5, 2015). £3] AJ3TLo|A4] 871419
H3lgro] 2t vls| YNtsHAl Yehd AL, L. mesenteroides
GST60] i 27198 QYR Oz Saste] S Al

lo

BB

@ ¢ @

& Ao ¥ o & Ao

P CDCO P Cg% N @‘0

ow o ow e ow B a |
W b | 0.23 wlp [ e | 004 wl b | a
2W [ b c & aw | f e 3 2W | b a
W | b | c 2 W| e | b 2 W | b | a
wl b | ¢ ° Wl e | a N W1 b | a
sw | b | c g sw|e | a g sw| b | a
6W | b c § 6w | ¢ a §* 6w | b a
™wW|b|c 3 wl| f|b 3 ™wW/| b | a
Wl b | ¢ = sw|le | d = 8W | B | a
W | b a o W | d c 0 W | b a
wow| b | ¢ ow| d | d ow| p | a
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Staphylococcus aureus

Y5HA o] FofA| 1L, B nFEL] Hedt FAlo] A=, A
F gado] U E 5 tE tAKEE it ZEE7] Wi
o7 wotHEh ojet Axe= da Yt 95, £ 443,
n| ot Abmlo} 23t §A] T AFGA A ABatoll A AEE A
|9 AdS sy, TayEe AT AAEZ
grg ¢ QS-S AARSH (Jang 5, 2016).

3.4. Fof O/4F ZF Haf

AR W {AMFS] FA1L Bacillus cereus, Staphylococcus
aureus®t 22 7 WBE 2 ASE nPE Aojof] St
[0lo2 A SIth(Kim 5, 2008). ABHEE HE5HA] &
A2}t L. mesenteroides GS762& AEFE 2 L3 7|9 &
B 05 AXE 105 AR Bacillus cereus, Escherichia coli,
Staphylococcus aureus, Pseudomonas spp., EnterobacteriaceaeS}
22 B ol L o] vgEY] BES BHSR Aek
£ HSoHA] 2 2T A= Escherichia coli, Staphylococcus
aureus= 8 15 A}, Bacillus cereus, Enterobacteriaceae=
25 Y}, Pseudomonas spp.= 35 AHH-E H]&o| §stA 7
&8k= A0 2 Y tiR2FolA] 23 2} o Lactobacillus®
H|&o| F7tstAA R 7|7l wet AsE = 2o difd
k. ¥HH, L. mesenteroides GS76& AEFE 2 AZE5t Z1X]of| A
2] Ta 7|7 B3t 79l mAgES] HIEo] B W2 Ao=®
Uelton], S tizol sl R 07 15 Ao 4E 2
710l 51 =S HiEo] B W2 A0 & U TtHFig. 6). ©]
= Leuconostoc mesenteroides w57} Staphylococcus aureus,
Salmonella spp., Escherichia coli 5 24%9] A1ZE+o]| tjs] 7
o Y P4 B AFEbh e o fApslelc
(Ahmed, 2019). o]=4tg z7| TAONA L. mesenteroides GS760]
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Fig. 6. Distribution of spoilage and pathogenic microorganisms during 10 weeks of kimchi fermentation with or without L. mesenteroides
GS76 starter. Kimchi inoculated with the starter showed reduced abundance of potential spoilage and harmful bacteria throughout
fermentation. All values are meantSD (n=3). Values with different superscript letters in the same column indicate significant differences

by Duncan’s range test at p<0.05.
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oN i aZ X ox

2 b
%Q Eq of2{gt 751—}1‘ 2EHE /‘FQO] a ] 2 3y
F3ll vAE 22 AAlst] AFL HHHS FIAE THs
HE AARI,

B AFLo| A L. mesenteroides GST6 2EFEE HESH A8
TF= HHS 2o v el o FX9 IR Avtof|A] 3
@ ol Utehich, A@TE WA 27 pH st AHE 57
b ke Rl T el 2 Awe] 127 weA &
oo, o W 27198 AdHz 5w GsTeol %
gHoz Sustel TEE Fry A7z wuEn. U7l

A= dtg A 717F 59 L. mesenteroides7t =2 v &S GX
sio) AR 2UTEI} HRHOT JAE W, R o
7k Al ket AR 7] A0 o v]
ABEANA Lactobacillus2 -8F0] A¥=+= 5 44 ¥k
o] 2 710 Usht}. 3t AGTIHE B 2710 24
o u) a7 3E0] 29 L AL AT o
B Ul S, G0 o189 438 A
o2 Yehy sjYES S L. mesenteroides GS76°]
iH AE £512 95 Ta 77 =y 9% va 4
ily_ 9 B3 ZAA] GFA 0% 95t AEFE|2A AMdHo g
28 M7} B2 R0z weE,

F

N

»

¢
H AL sfFAlES 88 L. mesenteroides GS76 AEHE
b A O] A A B 8 SAE. L
mesenteroides GS76-2 73 QE 1149] PSS AAoA &
2= glon, $anPEAGASHAA ELF ABEHE A2
=tk AX= AEE HAET ALY HHS R TE
#oto] Al 25kl o, 0-1°CoA 105 &< HaAZT Ta
T % ph, A%, WIS, R2I%, §714 59 ojsfety 54
2 w4FIgon, v)8E 209 HEk NGSE o|83to] 4
Skoith ABFEE FE% AA= HR 27] 25 o|ujof pH7} H}
?174] Aokl AL Skl on, tixAtof Hs| Ha 27

SAOIA THUE gEFo] w2 A Z715tt. L. mesenteroides=
IR A oA 4 vBEE FAIEC] ndE LY MY
4= gHstglon, oj2fet At YIS Fl AEEF
TaS Ao dEotds A4 49 2dE o
FATS YE & A7 2ike AEEY 28]
o] &) 7 AAIE Bl AdEL
e A o USE AR, siFA S
mesenteroides GS760] 71X AZF AEE|2A AFGA
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