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ABSTRACT

The production of extracellular mannitol by a new mannitol-producing bacterium, Leuconostoc sp.
KY-002 was studied in shake flask cultures. The new isolate has a capability of utilizing fructose and
sucrose for mannitol formation. Maximum mannitol production was obtained with fructose as the sole
carbon source. Under the optimal culture conditions, within 70 hours of incubation, a final concentra-
tion of 26 g/L of mannitol from 50 g/L fructose was obtained with an indicated yield of 52% based on
fructose consumed. However, higher concentrations of fructose ranging from 100 to 250 g/L could not
effectively be transformed to mannitol due to a lack of osmotolerance. The strain produced no other
polyols such as glycerol and sorbitol as by-products. Yeast extract was the best nitrogen source and
high levels of inorganic phosphate up to 10 g/L promoted mannitol formation. Any mineral ions and
salts did not play important role in both cell growth and mannitol production. Nicotinic acid enhanced
mannitol production by 16%. The optimum culture temperature and initial pH were 35°C and 6,

respectively.

A e
Mannitol& o] £5F9 27/, Y S HA
o8 Exs hextitold] dFoE(1-3), Adg9

AHgol AgEE AFAZAA LR A4FH
2 gtk B35 8o FoAM FIHIEE dodm
2 Jeu](cooling taste)7} ZFsla, A5 (low
hygroscopicity) 59 5% &23}33 540
sl A, A 59 AFAF HARE go] 45
2 9ch(4). 32 mannitol, xylitol, erythritol&-

t Corresponding Author

636

HIZg FdET RO Aol tiF HAlo] F71E7] A)
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o gk 37t BA e Hol).

o] 5o 23t mannitol®] FFAL yeast &
fungi®) A%, F2 ASQF AL 9)8 compatible
solute 24} A=) 2 o2 Eﬂﬂli ujgko)aL, FE
Lactobacillus, Leuconostoc® 52 HAA-FEo] hete-
rofermentation tHAtzHA & %s}] TE5 2 At}
(5, 7-9).
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o [euconostoc sp. KY-002¢] tis}4 mannitol
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Leuconostoc sp. KY-001 FF% glucose® A
& MRS A] (proteose peptone 10 g, beef extract
10 g, yeast extract 5 g, ammonium citrate 2 g, so-
dium acetate 5 g, magnesium sulfate 0.5 g, man-
ganese sulfate 0.25 g, dipotassium phosphate 2 g,
twZen 80 1.0 mL/l SF5)E EEWAR AHEst
o], AYE T ol o Zgss 100 mL WAE
250 mlL Zefaze] Yn FuhErg ]88t
dEAde syt vAEs Axe 600 nm
o] 4} &% (Cecil Instruments, 4=)& FA3}H
Bastole). £ Addo] ¢leg, MRSHiA|H| 50
g/L fructose® HE 2 AFste] Hviet sjAE £
Zu) A2 AHeatod 35ColA 200 rpm o & 7047k
sleyshaict.

637

2Aquk
F49) mannitole Aeksl7] ¢lske] Eppendorf
tubeol] ®loked 1mLE #3tod 5000 X goll 4 2057}

Queele ¥ 4Edg HPLCE ¥Asholth
Mannitol 2 2&H3Heo] 4.8 Aminex HPX-
42C(300 x 7.8mm, Bio-rad, USA) =& HPX-
87C(250 x 4mm) #A#e] #Azt"l HPLC(Varian,
USA)E AFa-8lo] Aekslolrt. 715 7)& refractive
index detector(RI-4, Varian, USA)E Ah-&3ted
T, oJEA o g %2%4(18 megachm-cm)E ARE
892 (0.6 mL/min) #HY L= 8TE F7
& 29jc}. TLCEAE aluminium sheet(Kieselgel
60 Fu, Merck)Arell A]8 10pL & 5224 methy-
lethylketone-acetic acid-water(9:1:1 v/v) &4
2ol 4] ANA|Z) ohL silver nitrated o]-§-dko

) 7ic.

Eraflol A
) Z A4l AAFl Lactobacillus%3} Leuconostoc

2 v|AEEo| mannitolS APAFE HEE T
98 AT olgslel Mol FFe Az
heterofermentation(glucose+2 fructose—2 man-
nitol + acetic acid +lactic acid+CQ,)& F3& 72
B2 oA ks, 6). B AFeld Agg
Leuconostoc sp. KY-002 @52 7%, Table Lel
A oz nle} 7ol fructose?} sucrosed A<
9 7AER o2 FHELS mannitolE HFA|7]A]
Zsledct. @8 glycerol, sorbitol, xylitol 59 &
AZE A S Adstae HAER EE vhUulA
oA B WAL 2 Fotor}t mannitol A
Ast7) ksket. mebA mannitol AAkel 7hE &3t
Aol 50 g/L fructose® Brrde 2 uijokslals
o), 9E 7047 A 27] AREE fructose 7]EL
2 9k 52% 9] $&& vehligich(Fig. 1). LEAA
70417 AZoA] fructose 37g/L o4 9o
A9 mannitol th] S0 o &84 2
. o) ke AAEel $elt e ANTFYU Lac
tobacillus® A Fi= oh2 EXaqdl, & Lactobactl-
lus sp. KY-107 &} 7A$-(11), 27] shaslo] nz
¥l & AMAE mannitole] thA] 71EE o]EEHBERE
A HE T A7t Besirhe A vy
L Holc}. g sucrose #iA| M HEX7]HH
mannitolo] A E|7] Alzkske] wkg 304 7bell 4] oF
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Table 1. Effect of carbon sources on mannitol
production by Leuconostoc sp. KY-002.

Carbon sources Mannitol conc. Cell growth
(508/L) (g/L) (Au)
Glucose 0 0.990
Fructose 26.1 1.485
Galactose 0 0675
Maltose 0 1.026
Sucrose 123 1.266
Mannose 22 1.140
Sorbitol 0 0.534
Mannitol 0 0332
Glycerol 0 0.339
Xylitol 0 0420
30
25 -
20 |+
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Mannitol concentration (g/1)
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o X L= X
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Fig 1. Effect of carbon sources on mannitol
production by Leuconastoc sp. KY-002:
(@) 50 g/L fructose, (O) 25 g/L glucose
plus 25 g/L fructose, ((1) 50 g/L sucrose,
(1) 50 g/L glucose.

26% 9 T&& Bk o] A= Lactobacillus sp.
KY-107 @59 7A$9 of$ op2 wgakabely),
Lactobacillus sp. KY-107 ¢ 7<%, sucrose Bl ] o)
e LEAE 204)70] AFRE F 8|24 manni-
tolo] 45 7] Alztat g, o] sucrose phos-
phorylaseol] <Ja] sucrosez} £3) 5ol fructoser}
ekl Fol #2819 % mannitol dehydrogenases}
induction o 24 A x|7te] Az}gh £ mannitol
o] HAbEIcke AL S ¥ yat ) gth(13). w3 T
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Fig. 2. Effect of initial concentrations of fructose
on mannitol production by Leuconastoc sp.
KY-002: (A) 50 g/L, (B) 100 /L, (C) 180 g/
L, (D) 250 g/L; (@) mannitol, (O) residual
fructose.

=% Feg 2k 125 g/LA Arlee g A
AFE9 Z$A% mannitol YA TEo] om
L WAIHE 2448 A3, Fig. 19 Azpely
HojF v} Zho], sucrose #iAjolj Ao} Tolg) wh
EAAE JRo2y Zrg Arlant 9= slo
£ etk geby o] M7 mannitol A7}
Y% (Glucose +2 Fructose—2 Mannitol + Acetate
+Lactate+C0,)2 oyt 22AHFE3}= carbon bal-
anceol| 4 tha: Zo|7} e o2 A=)

Z7| MetsTo| dE

Mannitol 43¢l 7} E3A<l 7)Aal fructose
= 50-250 g/L9| =2 27t Wrlste] wi
T T8 23, Fig. 29 AFelA] BeF= uje}
Zo] 50 g/L9| A £go] 70417 x4 52
% TEOE ulRY FA deltod, 2 oty =
Eoflxe HEgo| o}l 100, 180, 250 g/Loj A<
Ao 82 77t 33, 18, 8% o] B3}slgdc}. a2
o WEFAAA A Fag A s 3x%
& o] A 7)AZ 0|4 4 glojol st
e, ol B-4 Leuconostoc sp. KY-002
T WA (osmotolerance) o] wobx) F A
<l mannitol YAHFAel A $837] e
=] FFNF A7) 22 E Ao Bekw
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Table 3. Effect of nitrogen sources on mannitol
production by Leuconastoc sp. KY-002.

Carbon sources Mannitol conc. Cell growth

(50g/L) (g/L) (Aaw)
(NH SO, 183 1672
NHNO; 18.7 1.702
NH H PO, 188 1.724
Urea 17.3 1612
NaNO; 186 1.642
NHLL 168 1.572
KNO:; 184 1.652
Asparagine 14.5 1.042
Glycine 137 0933
Yeast extract 26.7 1.786

Table 3. Effect of inorganic phosphate on manni-
tol production by Leuconastoc sp. KY-

002.
KHPO, conc. Cell growth Mannitool conc.

(g/L) (As0) (g/L)

0 1.640 224

1 1.659 230

2 1.663 243

5 1673 257

10 1.733 25.7

EAple| Hat

etr s olie] FAFF Aol T BF
& oAE Qxt: ALY, FEe| o|&dte
Ar e 25 wet YRR 2FA Aelrt
A, AAsE FLERY FHY o] FeAe
A97} glth(14, 15). Table 29 ZF}or] BojF
L AN, AEY fRAQ ALUE FolA yeast
extract® AH4-3F 7% mannitol BAZke] 71 ¥
A Jebtz, glycineg AHEEH 247} mannitol A
ol 74A A veltoud 2 ol9je] A
)3 4= mannitol Ak Z FolE BolA st
t}. =g ALEE 2E 2296l tistod mannitol ]
9o garzZe AAER gL Zeg Hop ¢
mannitol AAFFE 22| ool AFAAR
njXs Qe g AR & 4 Uitk

Phosphate =2 d%
29 yeast®] 74, rsiA A7bE phosphate
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Table 4. Effect of various mineral sources on
mannitol production by Leuconastoc sp.

KY-002.
Minerals Cell growth Mannitol conc.
(2 mM) (Awo) (g/L)
No mineral 1.532 254
Mg 1.069 20.1
Mn 1.058 214
Mg+Mn 0987 197
Zn 1.101 20.8
Cu 0.267 0
Co 1.100 203
K 0.992 23.1
Fe 1.113 22.1
Ni 1.127 236

= QUEFe] S AHagoe 2ot 9316,
17), £7)9l4kade] NAD =& NADP7} Zgs At
34895 44 (oxidoreductase) | A 2% d¥&
god 7o seksjo], whEuj| Foll phosphate
FEg 27 1-10 g/L A7iste) 2 9% 128
ojch. Table 39) AFeA A Agsr HAHe
4} phosphate %7} 271842 mannitol 5Z7}
z7}sted T, vl &9 AR phosphate H7Hg Tl
Z g A ogict.

=250|29 d8

Mannitol dehydrogenase ¥hg-ollA] 24
ojgke 2 Z7hA| 2 e gl o Hald),
FAH AL FF S o38 7HA 345l
A7}sbed w4 A mannitol Ao B A=
8rg aslnAl shdck. Table 404 BodF ut
9} 7o), EEWAZ A48 MRS#jA| Fo] Eis]
of gl Mg & Mn olo] 2z Askel WAz}
TS ArtetA] e Aol wis) v|AE A
7} mannitol A% 2F 2F ZFE e
t}. &3 Cud A7let iAol o|AE 3ol 2

A A=} mannitol o] A& PA= =] kgt

o
r}mﬁ

tlo
et

o o 2 1o

Ir

A (NaCl & KCI)o| H7} H&

QeERe AE WAFH cl4Ese A
NaCl = KCl £9] od¢] #Hrtel] &g FE849
g 2A wol mEE 99 Wrbol odl =B

=
5o Aol A FUtEE o7 wrh(18, 19). w
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Table 5. Effect of NaCl and KCl on mannitol
production by Leuconastocsp. K'Y-002.
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Table 7. Effect of temperature on mannitol pro-
duction by Leuconastocsp. KY-002.

NaCl or KCI Conc{M)

, (Asw) gL
Control 0 1.712 258
NaCl 025 1.548 176
0.5 1.526 99
1.0 0.800 8.2
KCi 0.25 1.684 17.5
0.5 1.382 93
1.0 0.490 trace

Cell growth  Mannitol conc.

Table 6. Effect of vitamins on mannitol pro-
duction by Leuconostoc sp. KY-002.

Vitamins(1 g/L) Cell growth Mannit(/)l conc.
(Asn) (g/L)
None 1.684 25.2
Biotin 1.704 254
Nicotinic acid 1.631 29.2
Thiamine 1.428 225
Pantothetic acid 1.672 275

A 2 AFHE ojo) thak e msly) 9
ste] NaCl 2 KClg 4234 OJX} stress solute)
2 Adesfo] x| ol 47 nEEE Rk 5 )
F2HE FAsteint. 2 A, Table 504 Bojz
< Hpe} 2], NaClst KClo] #7bs o) g8 Aare
2A Asfd das depided, 1.0 Mo
EolAe wldEo] Ao Maetx okohch. e}
Ao R Aerrl ¥ oM ool
AR o] WEkA o] glycerol o t}2 otz
5 A AAEE A7) J=d(20), Leuconostoc
sp. KY-002 ¢ A% o3¢) 271e] SJahA% vhe o
dERE A AAEA gt

Vitamine| &7} i&t

oltel EZA HH5 2HE 7122, mannitol
WEE T = dE dFAAE 78S Exo
E vitamin{FEs H7}ste] WEE £¥sleds=y),
2 olf= 9 vitaming SRR HAbTEo
o] 3 03L AAolz}al SAlo B3 gAA-E-2] A
g 22X At R RaET 9ly] o Rolo)
(21). Table 624 2 Z}E depsled), thia
mineg A &5 A7 BE vitamin®r} manni

O

Temperaturc( (98 C ell Lgrowth{Aw) Mannitol conc.(g/L)

20 1.502 218
25 1.553 22.1
30 1.609 249
35 1621 260
40 1.567 237

Table 8. Effect of initial pH on mannitol pro-
duction by Leuconostoc sp. KY-002.

. Cell growth  Mannitol conc.
Initial pH  Final pH

L AW (g/L)
4.00 5 90 0.334 trace
5.00 394 1.561 206
6.00 398 1.638 257
7.00 402 1.631 240
8.00 497 1.112 trace
9.00 7.90 0.124 ND?

" Not Detected

tol *@/&% F7HA% 32, 53] nicotinic acid® 7}
S A 16% AE $E5Erk EohEdch. o
7L manmto §5t43o) 4 mannitol dehydrogen-
ase?] 249 NAD(P)HS ATEAZ nicotinic
acidg ol&% % o2, 1 A% BEFe 2Eao)

R
sEE A FAAA F907) @Y o Agw
t}.

HURE 3 £7| pHe| 23t

Mannitol 44& $13 A wjekers Axs}7)
Hetol 20~40T o) Ed 9ol wjekdEe 3
& 3k, 35°C oA #H ool o m(Table 7), o]= o}
£ AQ7Se] A9 ABeEs g 2o,
gk mannitolO sl RAFE LS heterofer-
mentationg $*83}¢] mannitolg AJAlstE 2 AL
=2 lactic acid 3 acetic acidE YAsHA] 5=
dl, olZo] WY Fol vigkale] pHE 2
A w5l o) Ah v g o] Ao}l mannitol AA)
ol HlAE ek owks] 2 Ao oabseh o
e 7] pH7} 42 o2 ZAelH wjekael 1
FE AP o2 7R uA} s-9drH(Table 8). =
A, 27| pH 4 )5}, 233 8 o]ake] A4
< "AdEe AR B4 ¢lo] mannitolo] A
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A=A 949k, mannitol AL 27) pHF 6
OF 2™ A M F& AHE BolFr). o
71& pH7l A5 =] ¢r= mannitol ¥+E o] 4 man-
nitol dehydrogenase &4Hl2o] pH 4~6 Az 2
A ZZ oA EHo)7] f2e) 7o 2 FA=C)
£ oF

AAEE Foll Eeit Aabd o] 242l Leuconos
toc sp. KY-002& o]&3te] mannitol 4 EAL
ARsch o8 7hx] ©hag) FolA Aeks) zjpcul
o] mannitol 49| 7|42 olg-=l9lx, 50 g/L I
3 7122 AREE 7S mannitol AAkA o] b 2
stom ol FHujpgo zyiwy 7)Fo T ok 52%
olgltt. 7] Bhadde] 12 A9, AAE manni-
tolo] ofA] 7|1AE o] 457 kotm, 100~250 g/L
ol AEx 7|AsEoHE g0l 30% °]& 4
TOR Yoo}, BE A¥zANA o} g E R
FAHER A48 okgtet. Mannitol AAle] u)
= o8] 747 wlekelxleS 2HEY A3, ALY
© 2 yeast extract7} 7} $5tein, B7)alabad
2 10 g/l 5= #9717 527t 2445 58
om, F4ol23 NaCl, KCl 59 gd§9] w7t
mannitol WA AEHE Jepulct. @ 7}x]
vitamin$-2] A7le] 98 mannitol YA 2314
A 4 Asied], 53] nicotinic acid} 7ol 2]
BEFEE 16% F7HA2 5 ook wjeraAs
&£ 35T, £7) pHE 60] 20|}

e

e

Wi

z} A}
o] =¥ 19959% W8 shsod Tz Au| (A
B33 Jstef dAFsigon, ol s
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