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Abstract

Exudates were prepared using sucrose from the edible parts of sea tangle, aloe, onion, maesil (Prunus mume fruit)
and kale. Changes in the amount of sugar and organic acid were investigated during 12-month storage of the exudates
in hangari (a traditional Korean jar) and stainless-steel containers. Dominant lactic acid-producing bacteria were
isolated and identified. Lactic acid was the major organic acid in the exudates of sea tangle, onion, and aloe, whereas
citric acid and acetic acid were the major organic acids in maesil and kale exudates, respectively. In addition, it
was confirmed that container type affected the composition of each exudate. Overall, the pH of these exudates decreased
without any significant changes in acidity. As the storage time increased, viable bacterial counts decreased, and
the number of acid-producing bacteria also decreased or disappeared. A total of 18 dominant species of lactic
acid-producing bacteria were screened and classified into Lactobacillus homohiochii, Lactobacillus plantarum, and
Bacillus megaterium based on 16S rRNA gene sequencing. Lactobacillus spp. showed high sugar tolerance and
multiplied even at sucrose concentrations of 20-50%. Depending on the strain, these dominant bacteria hydrolyze
sucrose to glucose and fructose, with lactic acid as the final product. The dominant type of lactic acid-producing
bacteria differed depending on the type of sugaring exudate. Further research on the role of these microorganisms
in the food industry, such as preparing exudates using bacterium as a starter material, is required.
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o, I WAl DAY olde] kU Ha
3 2 7)o Aok stl, 1 Qo= A
o] E5o| w wa SuE 5o mE 4 otk

THKim 5, 2013). o] SR A% 717to] F71gte] whet
EZ 20| utaEo] HEFO| G4 5 o] W}, 7kA0] B
A, Aztolv WA, 123 A7 ¥ist 5 ofe] HollA] o=
Hok=t] o] IS YRE HHSH | ATk Wb o]t
2R AGE T AFL 7H 717kE sk QrlY
A Qo] A&H 0 R AFo] A|lRE= IS EIARITE T
H, 2N ARz B o] ARgEY, ST FH(Kim
> 2011)°4 E(Kim 5, 2020)°] AREE7|%= Stk

oj2{gt FgHo| T HEH Y=ol =t 11 71540l
ohgsiet tiRA Q1 o] thAjul, g, o, Wi, AL &
ojtt. ol HE F ATz 4t B3}, FEARO], I+
& 59 e E4S 231 JYrHOkai 5, 1993; Park
5, 2009; Wang 5, 2006; Yoo -5, 2002). 3}, Juk= A|A
of T3t 3pAks} Gk Bracco 5, 1981; Kwak 5., 2000), 3
Z-8(Jeong 5, 2009), F=A=Ho| &4 (Gwon 5, 1999), B
% SU2HE AA(Kimd} Chun, 1999), 1EY X Tt
of st S3¥NEl-Demerdash 5, 2005; Yang 5, 2008) 5 &
{3 YRS 7= Ao=E dHA Utk dRoll= I
% RIS YEH(Cho 5, 2006), WA Fhitsl 24
(Hwang 5, 2004; Park 5, 2002; Xia 5, 2010), ¥~+=(Ha
5> 2006; Ko2} Yang, 2009), 2t &3HBae 5, 2000; Chuda
5. 1999) 5°] e Al=® HuEHQIM AYL Ee A
A 7H(Cheigh 5, 1998; Kim 5, 1999; Park, 5, 1992)2} &
Wd(Hertog 5, 1992)°] L&A Slrth

T Al o] ofgt ofF AFE A distols He
o Aoje} 4, Az 7] wotsl, Fd AJES) A5
P S 5] Mol FSFEA] ZeE FEo] Qlof IAY
7715 AlF 7304 AL]=SIck(Han &, 2012). WA
2 AFolA= Bl Qg A=A kARl ofsiE ¢
Sff ThAfL, e, dEof|, i 2 AYS Y=E slo] A%
o]t PRl oJgt e TEL, 1W B¢ Aol
B2t 2 3ok R HIlE Sklstal, 4% At A
A= 29 9 5451 olof thgt e E4& A
SIQITE TS, AEZAQ1 ole] A% HHE ti4ilste] ARl
27 8717 AHeE ¢ AeAE EaAE Skginh

ERTET

g 0|8 A=Y A=
A

4ol0] Aol @ALEAT SRS, Aol 4

AL 387} o] GEIQIek. TRAIu, ok, o], TR, ALE A
FEAFYGA 2B SUE SOOI TYste] 714
2012 PARE At 2 YRS 7ol AL T
slo} ko] 1o ALL AP Akl AR I9n
BE YRS 27 215 ol§lo] o 2 mm ofstz WA
sl S F39) 50%ww7h A Frtete] 217 £
okg vl gk gole)(180 L)k Adlelazt A1) 87
(200 Lol Hol FSATE. A LEL 2025C, FEE
30:1%2 SA% A 7§ 28] sl 9
A 71,2, 3, 6712 2213 127480l 75 mLe] 7} AlR
2 BFHoR Aol Z4 AP

pH, &=, & 2 {714 EM

pHE= A2 20 mLo] thsle] pH meter(Model 520,
Orion Research Inc., Boston, MA, USA)E o]-8&5}o] =45}
Rt FAEE ZF A=Y 10 gofl S75 100 mLE 7ot
SRt & 0.IN-NaOH -§H 0= pH 8.30] & wj7Hx] A7st
o} 2] NaOH -§9] HmL)y2 24t (%) 2= e
ok B(ER, 2=, A {7 KA FA4L 2L A
AL 2AL X232 HPLC(Shimadzu LC-20AD, Shimadzu
Co., Kyoto, Japan)E ©o]&sto] BEAsIqTt = A|RH
Sep-pak” plus CI8 cartridges(Waters, Milford, MA, USA)Z
A5t 20 pLE 30CE FA1E ZH(Aminex HPX-87H,
Bio.Rad laboratories)o]] Y5t} o)A o 2E 6.5mM
H,SO;Z 0.5 mL/min 402 AREaI3lon, A&7|= 99
B0 RI #HZ7](Shimadzu RID-10A), -8-7]4H] EAo=
UV #AZ7|(Shimadzu SPD-20A, UV 210 nm)S ARE5FAT]

Nz=sel 24 2 2N 4Y

LA F9] F82 A5l 55 PCA #jAE A
&3t EEFHH O E ool Z4AMYA Al 20% X%
g} 1% BAEES 2718 MRS $HEH(Difco Lab., Sparks,
MD, USA) HiA|E ARESISIth. HA ARE HAHoR 3
Asto] P A o HE9 & 30ToA 7-10Y
ZF stk 120l v Sl £ ¥ FA5ke BE
g A Aldo g AeEstgor, ialE flotd
33] A afjgstdet. 24kE Aok SHE Al 314
HiE =9l HHo =Ry Adsiqict

3 54

eokE tiAlell 93k AHlEAE2 APL 50 CH 7]E
(BioMerieux, Marcy, I’Etoile, France)E ©]-83}3 21, 16S
RNA $4% Q7149 BHoR HEHom st
16S rRNA SARF] ZE(Baker 5, 2003)2 221 PCRS
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AR5 @Y colonyZHFE 1 toothpick Z{F|5}] PCR-
premix(iNtRON Biotechnology, Korea)2} &3}t &, bacteria
of £0]&9] primer(8F 5'-AGAGTTTGATCCTGGCTCAG-3';
1492R 5-TACGGYTACCTTGTTACGACTT-3)& AR&5}o]
94T ollA 3023t W4, SSTOlA 3027F 23, 72TA 50
2] A% 2710 22 cycle W3t T HEHOE 1200
A 1027t DNAE SFAZTE $55 PCR Az 3715 1%
agarose geloflA ERISH &, @Solgentof| A 16S rRNA 4R}
AINEE BRI

Z} u]AIE9] 16S rRNA E7]A G thdlo] GenBank data
base(NCBI database)E &ofl 7|&0] B v]8&E2] {44
F7IM B s/d= Blastlth 183l ZF 4714 8= Bio
Edit Sequence Alignment Editor program(version 7.0.5; North
Carolina State University, Raleigh, NC, www.mbio.ncsu.edu/
BioEdit/bioedit.html)2] ClustalW Multiple alignmentZ Multiple
Sequence Alignment$t &, MEGA 4.02 AR85}0] phylogenetic
treeE AHJotH 01, flE 42 neighbor-joining Y11E&

£ ARESIEtH Tamura 5, 2007).

=2 230 dg 1 L5

T (0%, 10%, 20%, 30%, 40% “LE|TL 50%, wiw)s
AekS 715 MRS A viA] 10 mLo] 4% Fho] 0.47}
g 7k wiekE Al Bl 10 uLE ZH2 J4Este] 30T
of| Al wij¥SIHA] UV-Vis spectrophotometer(S-1100, Scinco,
Seoul, Korea)E ©]-8-510] 660 nmOJ|A] 2447k 7HH 02 4Y
59 =451 tH(Saitou?} Nei, 1987). 18|11 Zt njAJEo]| 4

5-(A)

(B) (©)

4 B A= ol BSSHA At B Avfet I3t R4t
9] 9F& HPLCE ©ol85to] Z43t3lt

SHAZ|

EAEAL SPSS for Windows(version 17.0, SPSS Inc.,
Chicago, IL, USA)E o|-85}o] EAHEA(ANOVA)Z} Duncan
9] t=AAH(Duncan’s multiple range test) 2.2 A& 7+9]
FOIRE HEIHATHP<0.05).
713'. al -T'-.ial'
pH, &%, & 2 |74 eghe| M3t

AlE Almet g2 580 = FEsHHEA 77 pHe 24
Ao g 3 Wopxlon, o] Bk A% 8719 TR
A7F RAATHFig. 1). WjAe] B, T o7l LA ] thE 45
79| AEdEn dA6] W2 3H(2.90-2.99y2 YERASITH
7 7NA = 171 "ol ThAaEe] B-9{pH 4.55-4.59)F Al
Q5tal, B5 pH 4 o|sp7t HiH. o5 YA =S pH= 212t
thAlu} 5.78, o) 5.84-6.18, &=o] 5.24, Al 2.73, AL
5247 H 1% v} QIthBae?} Kim, 2010; Kim 5, 2018;
Mufioz 5, 2015; Noisopa 5, 2010; Oancea®} Draghici,
2018). 1=E=, E AofA A% AR HZ LA T
1Al = o] 4 o] A F& APFEHUZ A
o= WeEQl He S| pHE B 671 o]Sol=
PgA o R 2 ZhZ UEth thA|rket ko] 9wt A
£ UE 5ol A A, 247 AR”g AT 8719 ot

(D) (E)

024681012 024681012 024681012 0246281012 02 4681012

Time (months)

Fig. 1. pH of exudates of sea tangle, onion, aloe, maesil, and kale stored in a Korean jar and stainless steel container.

(A), sea tangle; (B), onion; (C), aloe; (D), maesil, (E), kale.

Dotted line with open circle denotes the traditional Korean jar, hangari, and solid line with filled circle denotes stainless steel container. Storage
temperature was 20-25C. Data points are mean values of independent measurements in triplicate.
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Al pHZ} B 2ottt A 25 58 HARE HIE 2R 5o
A=) w2t o At A4 8719 Adgo| 7hsd Aot
o|2fgt pHE| i Almo] wh A% 2719 UhlFHd<
Z&a1 glom, 4kg Aok mlAEe] AT 7ol U
< AlARIKSon 5, 2005). 1= H] w4 4AEHe G 27
58 pH 3.5904 BT & Sl ZANITEA S4]517] ofF
@ &0 W2 pHE H K Song™ Jung, 2006). AHFA] 0.
£ ZHETE YTt %2 f714ke] nldEeAl= § A
HAo|gt I A It Warnecke®} Gill, 2005). wh2kA A
127179 Hoj= 559 A=A pH 3.5 A=A 11
Aol 5 AoE 7Rt

SHH, B 71 F4HEo] Hdk= 171 AR s
9] 739 A= (%)7F ThAlEKEor]: 0.3620.15, 2RI AT &
7]: 0.48+0.27), %30.7620.28, 0.73+0.08), L=07|(0.83+0.23,
0.75£0.23), TAL(2.77+0.54, 3.29+0.74), A Y(1.02£1.05,
1.49+0.31)2A] pHY| Zf-ek= g2 12701E71K] Sedke
FoI oY Fofu|gt Zfol= ol 3lthdata not shown).

3 717k w2 Folle H7HE oldRel A’y
SFgo] Aok thal ggRel gy} o] ke 5
7VoFItHFig. 2). ol=|gt A9 Hofl &= A= AR Y
=20 Tt g & 5 Ui A 27 Aol AR oF
30%2] A" sLE HQl vHd, gRojet Juk= A9 Hot
UA B2 ArE Hol wi2A Eof=S=S & o Sl A
o Aty B4vof ofsf 1 A4 Bel =g Hgos
7tESiET pH A Fo] 22 thAfrte] HeRt 2w

(8
[

[\o]
)

—
)

Sugar (g/100 mL)

e 7SI AASH A2 0= Hol, Ao &5l
ORt ey} wpFo] AYito] AN FollA 4o FRRS
+2 ¢ & Aok diFet HAE giRe] fEgE A%
Aol A= Ha Sof] AR [EFe] Sl @Als| &
2510, ol Hany 5 e ¢ BRI d%Y
o o]gy97] WjEoE st KSongd} Jung, 2006).

AolM= A, 2= 181 g Al 7] d= &
5 g 712+9] S710l wet 34| HstsiAl=
3UTh ol= FF7T uEEe] o) v ol &HA LS
AlAbelH, Hgre] Bofi= nlAE 84 ZAEHETH= 714
Ot At 7Rl S HolErh ey A% 171l A
Fet Alme] pHZE Ui W2 Zo ' HS uf 1714 A7
= =] GRE woficte] Ak S 4= Utk(Son 5,
2005). E3L A 8710 ThE HigtE= 55| TR A,
A% 27)0l= A”lg A 8719] ASE oty 871 F
o] A% E3li7F A9lou, 371 olFoll= B B2 Yol =4l
wo] &7]of wE FFo] TEEIh(Fig. 2). . oIt At
o7} U= A2 ot 9] nA71eS 57t 3719 U
o] Qttal AlgEtHHan 5, 2013).

71700 e 714 S 2 S AEY Az
Ao w2t tE2A YeRdthFig. 3). BATHY] B A4t
FAAL SERE AL 2AF T80 a4k R HE
AL, AR 71710 weE AA B STk A4 S
7t e ERIsIqi A% 171 o]% S S {714t
TFE A, g2, Y] - 100 g T 0.8-1 g F=

ol

o>4

© (D) - (B)

O

Time (months)

Fig. 2. Changes in sucrose, glucose, and fructose amounts in stored exudates of sea tangle, onion, aloe, maesil, and kale prepared using

sugar.
(A), sea tangle; (B), onion; (C), aloe; (D), maesil; (E), kale.

Dotted line denotes the traditional Korean jar, hangari, and solid line with denotes a stainless steel container. Open square, filled square, and open
circle represent sucrose, fructose, and glucose, respectively. Storage temperature was 20-25C. Data points are mean values of independent measurements

in trplicate.
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Fig. 3. Organic acid content in sugar exudates of sea tangle, onion, aloe, maesil, and kale during storage.

(A), sea tangle; (B), onion; (C), aloe; (D), maesil; (E), kale.
Dotted line denotes the traditional Korean jar, hangari, and solid line denotes a stainless steel container. Open circle, lactic acid; c, citric acid;

open triangle, acetic acid; filled square, tartaric acid; filled circle, succinic acid; filled diamond, propionic acid.

Data points are mean+SE (n=3).
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Fig. 4. Viable bacterial counts of stored exudates of sea tangle, onion, aloe, maesil, and kale prepared using sugar.

(A), sea tangle; (B), onion; (C), aloe; (D), maesil; (E), kale.
Dotted line with open circle denotes the traditional Korean jar, hangari, and solid line with filled circle denotes a stainless steel container. Storage
temperature was 20-25C. Data points are mean+SE (n=3).
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Fig. 5. Growth curves of isolated bacteria in MRS medium with added sucrose.

(A)~(I) indicate isolated bacterial strains SS2-22, SS2-29, AS1-10, KJ3-19, KS3-2, KJ6-1, KJ6-2, KJ6-12, and KS6-2, respectively. MRS broth (H)
and MRS broth with added sucrose (@, 10%; A, 20%; @, 30%; %, 40%; #*, 50%). Data points are mean+SE (n=3).



Exudates with sugaring of sea tangle, onion, aloe, maesil, and kale 733

Table 1. Carbohydrate fermentation characteristics of acid-producing bacteria from exudates using sucrose by the API 50 CH kit

ss2- ss2- AP10 KI6 KI3- KI3- KS3- KI6- OJ12- KI6- 0812 KI6- KI6-1, KI6- KS6-

2229 121 3 3 19 2 17 2 2 1 6 KSe-1 12 2

B. L.
mega- planta-

Carbohydrates | Strains
terium® "~ rum

D-Glucose, D-fructose + + + + + + + + + + + + + + + + +

N-Acetyl glucosamine,

L-Arabinose, Arbutin,

D-Cellobiose,

Esculin ferric citrate,

Gentiobiose, D-Maltose, - + + + + + + + + + + + + + + + +
D-Mannitol, D-Melibiose,

D-Ribose, D-Saccharose

(sucrose), Salicin,

D-Trehalose

Amidon (starch) - - - + o+ o+ + 4+ + + + + + + o+ + -
Amygdalin - + + + + + + - + + - + + + + + +
D-Arabitol - + - - - - - - - - + - - - - - -
D-Galactose - + + + - + + + - + + + + + + + +
Glycerol - - - - + + + + + + + + + + + + -
Glycogen - - - + o+ o+ o+ o+ + + + + + + o+ + -
Inositol - - - - - - - - - - - + + + + + -
Inulin - + + - - - - - - - - - + + + + _
D-Lactose (bovine origin) - + + + + - - + - + + + - + + + +
D-Mannose - + + - - - - - - - - - R + - R +
D-Melezitose - - - - - + - - n n + + _ _ _ _ "
Methyl-o-D-mannopyranoside - - - - - - - - - - - - - - - R +
Potassium gluconate - + + - + - - - - - + _ _ _ _ _ +
D-Raffinose - - - + + + + + + + + + + + + + +
D-Sorbitol - + + - - + - - - - + + _ . _ _ +
D-Turanose - + + - + + + - + + + + + - + + +
D-Xylose - - - - - - + + + + + + + + + + -

D-Adonitol, D-Arabinose,
L-Arabitol, Dulcitol,
Erythritol, D-Fucose,
L-Fucose, D-Lyxose,
Methyl-o-D-glucopyranoside,
Methyl-B-D-xylopyranoside, - - - - - - - - - - - - - - - - -
Potassium 2-ketogluconate,
Potassium 5-ketogluconate,
L-Rhamnose, L-Sorbose,
D-Tagatose, Xylitol,
L-Xylose

+: Positive, -: Negative.
)The source of references is APl Manual.

714 go] ZA= 47f, WA= 9717} ©3ith(data not shown). 100%2] AL eRNQIth $S2-22 F3L thAln} AJ R0
o|E T3t A3}, Lactobacillus homohiochii. Lactobacillus A BHEYET, L. homohiochii LMG 94789} 71 =2
plantarum 12]3L Bacillus megaterium @ 2 EFEO ™, 99- A7IAE A (% identity 99y YEFI. E, thA|uto]
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A B9 SS2-29+= L. plantarumC 2 SR ATH% identity
100). &=2o] A|& £9] AS1-10, ASI-15, AS1-212 54 2
W}, B L plantarum?l 222 VR gt AEAa} A
UojlA EelH 137 d5= B. megaterium®l| &3I4, 4
09] F5(KJ3-19, KJ6-1, KJ6-2, KS6-2)7} % identity 990]
o T 9= H%F 100%S YERATE B. megateriume &
AR AT = AL ZANIHe 2 EREA] 9kl Slch
S o0] HAE AU AEN Fo AF 2= A4to] 9
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Fig. 6. Changes in sucrose, glucose, and fructose amounts in MRS broth with added sucrose fermented by isolated bacterial strains.

(A)-(I) represent the isolated bacterial strains SS2-22, SS2-29, AS1-10, KJ3-19, KS3-2, KJ6-1, KJ6-2, KJ6-12, and KS6-2, respectively. Sucrose
concentrations were 0, 10, 20, 30, 40, and 50% (w/w). Filled circle (@), sucrose; filled square (), glucose; open circle (O), fructose. Fermentation

period was 4 days. Data points are mean values+SE (n=3).
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(A)-(I) represent the isolated bacterial strains SS2-22, SS2-29, AS1-10, KJ3-19, KS3-2, KJ6-1, KJ6-2, KJ6-12, and KS6-2, respectively. Sucrose
concentrations were 0, 10, 20, 30, 40, and 50% (w/w). Fermentation period was 4 days. Data points are mean values+SE (n=3). **Values with
different superscripts within a panel are significantly different by Duncan’s multiple range test at p<0.05.
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