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Mannitol is considered to be a generally recognized as safe (GRAS) functional food. Mannitol is
approximately 70% as sweet as sucrose and can be slowly and incompletely absorbed from the
intestine, supplying only about half of the energy value of glucose. The purpose of this study was
to determine the optimum conditions of mannitol fermentation by Leuconostoc mesenteroides
KCTC13305 isolated from kimchi. Mannitol was produced at high yield when 100 g/L fructose
was used as a carbon source. The selection testing conditions were a medium with a pH of 4 — 8,
temperature of 25 —37°C, and 0 to 2% for NaCl concentration. The optimum conditions for
medium pH and temperature were determined to be 6 and, 25°C, respectively, and the addition of
NaCl was detrimental to both cell growth and mannitol production. Ultimately, L. mesenteroides
KCTC13305 produced 56.9 + 0.7 g/l mannitol from 100 g/L fructose in 48 h and the yield was
62.1%.
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FT AFAS 47 S0 AR ool 7]ofsk= 71578 Aol theh =8 E A7do] A& 0 2 Frtshal
UCH(Lee, 2013; Eaves, 2016), FH[TE A, i, Hitel -5 tiAbd gt A7t e sle]| whaA sl A7}
51| X138%] 11 Qlth(Bae, 2013; Lee, 2014; Jeong, 2010; Kim, 2016). G2 FF0] AdY|5|= B= A =771 4=
712 22k 24 2 A] Th-E(mannitol), &H]E(sorbitol), OF2H]E(arabitol), AL 2] E(xylitol) 0] o™, AL
2] gtk AEA A8 gy Foll dladls 86k g tEAR] 7154 AlEaAfiolth(Park, 2016;
Lawson, 2007; Mechri, 2015).
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T &2 S| GdEZ= ot A4, s, i 5ol A6, T A Q1 tiA] AnlE= A8
THSong, 2009; Kim, 2016). GRAS (Generally Recognized Asa Safe) 2 5¢] H THYE-2 A&, A|oF AHQ] Fof ¢
FHLASHA E-8-5] 11 910 ™, Raney nickel-s SHIA| = =P} o] 4429} HEE-5 Foto] AYAHE AL QlTh(Baer,
1988; Mishra, 2013). Z12{LH AR Tp0] oF 30% 5 FHE2 =] 17, L 2] 70%+= SH[E = =] o] =7}
=0 th]E-g AYAiksl=t] o]#2o] 9lth(Song and Vieille, 2009). EZt FT 4|2} 012 9HA] B0 gt 7]

A Y=ol it Ao S7tel wet nPdE H e S 53 Th = Ahr a2 sfekA] i o digto 2 ¢
=31 QITh(Park et al., 2016; Otgonbayar, 2011).

T =
Leu. mesenteroides (Kim, 2002), Lactobacillus intermedius (Saha, 2003) 5°] 1M, THE2] ik 2 o]y
HFg KA Leuconostoc <5, Oenococcus 5, Lactobacillus 25 5-2] T[A8E-2 AF83HH(Song and Vieille, 2009;
Wisselink, 2002, Korakli, 2003). Leuconostoc & F2 94, I % 18|11 thoft A 4fFol| F2 BIxs5h -6,
i BRE IR A8 o2 o]- 85|11 Qltk(Wisselink, 2002; Jung, 2012). Al3E WloflA] HUE AJ4RS AFalet
A A2 5415171 18l o] mannitol dehydrogenase (MDH) G401 OJ5] 2HAE] = W50 2 Ee45F AJA AY
“J2tH(Saha and Nakamura, 2003; Grobben, 2001; Aarnikunnas, 2002). E3F, A W2 -5 H -2 fructokinase
B 4x0] OJ5ff fructose 6-phosphate = Z€H=|o] phosphoketolase 74 =5 ‘&0l wA|2] /7] o]-8-=]™(Burge, 2015),
Leu. mesenteroides w+7-2] 7%, o] 17k 0 & EAoh= 73-%- MDHe]| 2Jsto] tiio] o] 2} -84
2 sfo] ThEo] AT = 7 © 2 B 1E v} 9t Vandamme, 1987). E3F ©] (Lee, 2013) 52 fructokinase -7 &F
9] sfot] FAHoIE o]-§sto] T E Aibso] FdH w5 AT 4 3= 71Es B skt

2 Aol AE e a AR AA =R E 2ol 2] Th & Aibs-S JAllsto] R E A4 do] 948t
Leu. mesenteroides KCTC13305 w55 Aot 7o) ke, dpda} irerto] o9t
O] /37 v & Aitell m| A= Gk 2] T & tid Ak SRt 7| 24t = 5 SiH skl

MAY 2= Zycosaccharomyces rouxii (Grolean, 1995), Leuconostoc citreum (Otgonbayar et al., 2011),

A2 Y ke

% U bR

SrAlE AT (Korea Food Research Institute, KFRI, Korea) ¥
Collection for Type Cultures, KCTC, Korea)2 -8 TRt Az oA Ee|H 51734 9] Zikd-S BoF violt). d+=
20 g/Lo] Errdo] H7}E MRS (BD Diagnostic Systems, USA) HiZ]of| HE31] 30°CE G2 | == ZEH|ok7]
(Hanbaek Scientific Co., Korea)oll4] 10A17F-5<F Bkt F, 600 nmoll A Al 2885 (0ODy) & =745 A4S
A2E 3lolgleh 2t Mi2e B SR5= 28] Al § 20 o/LO] #(Sigma-Aldrich, USA)©] 3714
MRS HiR]of| M 2533571 0.10] H =5 FHEotnt. IFHid7 & o8-t 30°CoA AlZEg=rt 0] 2 7R
vkt & A 5S slsto] wt U ES] FE SASHI:

TUE LS 918t 71 d B A Eed e S ARSSIRl O™, 27] 55 100 gLE 70 & EEFat S o
&Rt HlE= 718 MRS HIAE ARSSHTE THUE A4S 1ot 24 9] we wE A7517] oA MRS HIA]o|
WS oot B = 71sto] ARGSHTE AFFSto] HUE Aite] |2 = e 2AISH ] £1610] NaCl= Hil Aol
A7slRlal, -89S AFgsto] pHE 287t v | e ull gt 5 2 dsto] Rh & Aitell vl R = Y ARSI
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99 7](Biostat® B plus, Sartorius, Germany)oll4] A #20] THU-E A4k WHEEE 500 rpm, 571455 1 vvm
Z704 AlAstIT) 2H5-89S o]-8sto] pHE 6.2 & 45101 100 g/L o] 22 9Hiet MRS HIA[E ARE-5}o
48417k &<t Hi st

st

AT YT 74](Ultrospec 6300 pro, GE Healthcare, Sweden)S AF8-5}0], MG S ZAsto] 2%
st T E, w9 xoo + Rezex RPM-Monosaccharide Pb™" (Phenomenex, USA)5q Ho| Akzl=]

HPLC (Shimadzu, Japan) & /\]'33]-01 =513 0 o] 540 2A FHAE 0.6 mL/min®] 752 2 A8 A
oA o 2 thifjel= FFEAL A1 2 5lA5te] A=RAL 2H45HeiTh

RE 2H9 335 Sgfelg) on] Bzl FE QA= SPSS (v 22.0, SPSS, USA)E o|gste] AAsglom,
Duncan’s multiple range test (Duncan, 1955)& ‘5o -5-2]/d-2 AS5HATh

o s
Za Y 2y

=2 A

T =

.
s

AxoNX B2 Lactobacillus <5, Leuconostoc <5 Y Weissella <55 51734 2] ZAtE 0851 20 g/L2o] IS
RG-S MRSHA] o A U}qi M-S ZASIA K Fig. 1). Lactobacillus 25 w5+ 59X L. plantarum #5-5-2] 7hY

E ato] AfA 0 2 9451 71 0 2 et o, 11 FolAE viE o)A BelE L. plantarum KCTC61603 75+
7}0.92 £ 0.08 g/L - h2 7P 93 Th- & HAJAF(specific production rate)= WFEFRT}. Weissella <5 2 bt 5ol A]
= W. cibaria KCTC60408 w57} 1.01 £ 0.02 g/L - h2 7P -94=5F 1:!]—145 RIS ERA O LY, Leu. mesenteroides
KCTC13305 #5-2] TH& A4 9] oF 529% 4=<=0| Tt Leuconostoc <5 SoA= iAol A E2]H Lew.
mesenteroides KCTC13305 w57} 1.89 + 0.09 g/L - h2 $<3=3t ‘?JHE AAL-S UEFH O ™| Leu. mesenteroides
KCTC73902 7= 5149] 2kt Follx] 7P -2 Ty & A4 g2 LERlT whabA], 2 Aol A ARgRE 514 9]
2kt SOl A Leu. mesenteroides KCTC13305 -5 W& Aato] 981 d5=2 Ao}t

27155100 gLE 71550 2 I} o] o o|8-& defslo] MRS HIRIE: 01851 Leu. mesenteroides
KCTC13305 ¥2] T E RS S5 tHFig. 2). THYE A4S iﬂ?} cHaQlog ] TrulciEo g 4
7¥st vl Z]of| M= v Eo| AANE]R] 9ot Leu. mesenteroides KCTC13305 w5-= X % 1£’Lo}°# T ES A
Ao e Ao = Wk on], Tiede] vigo] Z7HE BT tege] Z7lehs AES Ui, 1S
100 g/L 552 75t vl ROl A Leu. mesenteroides KCTC13305 w-5—=39.03 + 3.71 g/LPJ T ES A4S,
31.5 g/LO| T ES A4tsk= 2 02 B A1H Leu. mesenteroides sp. JEY v (Yoo, 2005)E tH A& 0 2 @<=3F

RS e

-ll
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Fig. 1. Screening of high mannitol production lactic acid bacteria from kimchi. Means and standard errors from three
independent cultures are shown. Different letters in each experimental group indicate significant differences between
means.
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Fig. 2. Effects of mixed sugar (fructose: glucose) ratio on mannitol production by Leuconostoc mesenteroides KCTC13305.
Black, fructose; grey, glucose; white, mannitol. Means and standard errors from three independent cultures are shown.
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S22 M7 MRS RS ARESHA Leu. mesenteroides KCTC13305 w52 W& AAEE, &
A LIS ZAPSFIH(Fig. 3). 32 10 /L= 7 1RFMRS vl R oA A= A7 sl o v Th 22 A4 2] 9F
¥t} o] 100 g/L =02 7 e i[O\ X L. mesenteroides KCTC13305 w=-+=39.0 + 3.7 g/L&] THE-2 A4t
5o AR SHIES 7|50 2 70.6% 2] T E S-S LFERH 01, o= 8(Yun, 1996) 50| B33} Lactobacillus
sp. KY-107 w52] & A4HE8(70%) 2 AR <=0 ATt E2L, Leuconostoc sp. KY-002 w=Ryu, 1996)2t
Leu. intermedius NRRL B-3693 w5 Saha and Nakamura, 2003)+= 732 27| 57} 525 T Eo] Akt
A o] ZHAashe 210 2 UERE O W, Lew. mesenteroides KCTC13305 w51 150 g/L2}250 g/L.o] T2 gkG-oh
HiZ]of|A] Z¥2F 35.5 + 5.9, 31.6 + 2.3 g/L 2] TS Aot FAkSE A3kS vebdnh Ty & A2 150 g/L 2]
ThgE 4713t HlA|oA 0.40 + 0.07 g/L - hiZ 7P 943 A0 & LheRd o1t 100 /L] e SRG3t 7--o] vlst
o] 2F20% A Yebt 31 351 100 g/LE Leu. mesenteroides KCTC13305 w5+2] 22w s 2 AA51ct
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Fig. 3. Effects of initial fructose concentration on mannitol production by Leuconostoc mesenteroides KCTC13305
grown in MRS at 30°C for 48 h. Black, 1%; light grey, 2%; dark grey, 5%; white, 10%; light black, 15%; grey, 25%; ND: not
detected. Means and standard errors from three independent cultures are shown. Different letters in each experimental
group indicate significant differences between means.

Bk ¥l 2] 2] 7] pH, NaCl2] 37V Leu. mesenteroides KCTC13305 w=+2] /474 why & AJ4to]| ] 2| =
FFS ZARISITHFig. 4). ARz 02 A% s 2% H oA 270 SF4ARE F o] =715 AA 12413F
7HA] 47| 2 g6t o, 48 A7 et vkt Axt 25°C oA o FAVE S VERSITE o] AEE2-80 ¢
HI2]= 25°CE ARt BE 25 Z0A] 7241 2ol & LFEHIA] eEQITth(Fig. 4A). TS A 27k &0t
ol met sl FdS veh om, 2 HAV s UEMISIE 25°CollA 7H &2 W& A4S YISl
ok X 25E E23t Leu. citreum KACC 91348P w5 X4 WliF 257} 30°C 2 YERH .S H(Otgonbayar et al.,
2011), L. brevis, L. fermentum -5-2] v Weymarn, 2002)+= 35°Cof|A] THE2] AJito] 71 @=5t 71 0 2 K 31 %]
it 7|&o] Has AL XA A8 57130 —35°C7 T IE20]2. O U, Leu. mesenteroides KCTC13305 o5
=/ dHA o2 e R oA AS A5 LRl

Leu. mesenteroides KCTC13305 2] THE A4l Tzt vl 2] ] pHO] ks Lol 7] fiste] pH 4 -89 1
= 27 MRS BiA[ollA] 48417 E3F v AT (Fig. 4B). 271 ¥l 9] pH7F 4= 278 wiA]of A= ThiEo]
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AT R] dotom weto] AWEFE 153 + 2.6 g/LE TR pHO| HiX|HTH AtjFog v yeldth Lew.
mesenteroides KCTC13305 w-= 27| pH7} 6. 0.2 A% v z]of| 4] 83.7 + 0.7 g/L 2] IS 4151 61.6 +0.3
g/Le] T ES AAtstn) RHYE-S AASH= Leuconostoc sp. KY-002 (Ryu et al., 1996)2} Lactobacillus sp.
KY-107 (Yun et al., 1996) ¥ XA pH7} 602 H1%|Qlch

NaCl19] 7t tet Leu. mesenteroides KCTC13305 w72] A5 5445 A7 £16191 0 -2%2] NaCl= &
¥t u 2] of| 4] 48 AIZF 53T HHeFSITHFig. 4C). NaCl-& 0.5% &= %7}3& AiA] A= R =] AYato] T
o} ulgh $20 2 UEILOL, NaCl 557 371145 RS AT} Thige] 4R 1asiet

Leu. mesenteroides KCTC13305 w=4= 7} pH 6. 0.2 A% iz & A8-010] 25°CollA| vk wff 71 <=
S ES A= A0 & YERT oM, 0.5% ©[51H2] NaCl-2 TS AJ4ate]l Jake w2 2] o= 7l o 2 Lepyict.
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Fig. 4. Effects of cultivation temperature (A), pH (B), and NaCl concentration (C) on mannitol production by Leuconostoc
mesenteroides KCTC13305. ND: not detected. Means and standard errors from three independent cultures are shown.
Different letters in each panel indicate significant differences between means.
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Z7] Wiz 8] pHE 622 ZAsk T2 100 g/LE 3713 3L ] MRS ¥l R|of| Leu. mesenteroides KCTC13305
5 HE0] 25°CAA 48417 B2t viFSIATHFig. 5). BIQF 15A17F o] % A 9] -2 AA|7]& LERd o,
2 wA| o] A7t oA HES] AR o] 44A17F o] Fol= 10 g/L ©fskE WERHTE Th &2 vl 3417 S5 E]
AArE]o] 15ARE o] o= A = 73RS LEIRLO ™, 48 X171 S0ll=156.9 + 0.7 /L& AT 710l Hare
Leu. Mesenteroides sp. Strain JFY w5-= & A4 271 0] 2|4 31E FallA v 21-S AAst92 o, 31.5 g/L
O] ThE-2 A4 .2 (Yoo et al., 2005), Leu. mesenteroides KCTC13305 w-5= 2F 1.8H12] Th & AJAFERS
UERATE ZARS 40417 F3F F15] Ao S7FEal o™, 40417 o Foll= A H= 7 ke LN O™, 484]
ZF3o=10.0 0.1 g/LE A4ttt Leu. mesenteroides KCTC13305 w52} 7|20 B Leu. mesenteroides
NRRL B-11497Kim et al., 2002)+= 100 g/L 2] P2 &3t viz| oA ZF2} 62.1%, 59.6%2] TH& AJit&
S yeh o B ALE ES| AWt Leu. mesenteroides KCTC13305 52] THHE AJA=&0] o <5199t}

p
100

S [=2] 2]
o o o

Fructose, mannitol (g/L)

[
o

Cell growth (ODg,,), lactic acid (g/L)

0 4 8 12 16 20 24 28 32 36 40 44 48
Time (h)

Fig. 5. Batch fermentation profiles of Leuconostoc mesenteroides KCTC13305 cultivated in 3 L-scale jar fermenter
maintained at pH 6 and 25°C. Agitation rate and aeration were 300 rpm and 1 vvm, respectively, throughout the
cultivation. Data represent cell growth (ODgoo, @), fructose (A), mannitol (A), and lactic acid (O). Means and standard
errors from three independent cultures are shown.

o ZAR]of|A E23F Leu. mesenteroides KCTC13305 2] 97t FHUE 432 SRIst3 e
A S A N SO F1 A Eed Ao s dekEd,
Ab AL
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