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Abstract A process for the production of mannitol from fructose (5% to 25%) using Leuconostoc
mesenteroides NRRL B-1149 was investigated. Fermentations were carried out in batch or fed-batch
fermentations without aeration at 28°C, pH 5.0. When 5% fructose was used in batch culture
fermentation, the yield of mannitol was 78% of that expected theoretically. When the fructose
concentration was increased to 10%, the yield dropped to 59.6% of the theoretical value. However,
in the fed-batch culture, using 10% fructose, the yield was 81.9% of the theoretical value. In a 15%
fructose fed-batch culture, with 5% fructose being added initially and the other 10% fructose be-
ing added as a continuous supply, the final yield was 83.7% of the theoretical yield. When 20%
fructose was used in the same manner, the yield was 89.5% of theoretical yield.
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Mannito] is a common six-carbon sugar alcohol (hexi-
tol). It is one of the most abundant carbohydrates in
nature, occurring in bacteria, yeasts, fungi, algae and
some plants and fruits [1]. It has various applications. It
is about half as sweet as sucrose and has a cool taste. It
is used in ‘sugar free’ chewing gum and pharmaceutical
formulation for chewable tablets [1,2]. It is used as a
food additive in so called ‘functional foods’, and in
pharmaceutical preparation, because it is only partially
metabolized by humans. It is also used as a powerful
osmotic diuretic, which makes it useful for diabetics
and for use in diets [1,2]. Mannitol is industrially pro-
duced by catalytic hydrogenation, but the removal of
the by-products (like sorbitol) is relatively difficult re-
sulting in low yields (below 50%) [3]. Mannitol is a
common reserve product of many fungi and yeasts and
its production by fermentation has often been tried, but
with low yields and productivities (below 50%), which
has hindered its commercialization [4-7]. The produc-
tion of mannitol by lactic acid bacteria, and other food-
grade microorganisms, offers several advantages; food-
grade microorganisms and their products are directly
applicable to food products, with some lactic acid bac-
teria being beneficial in the intestine [4,5]. Leuconostoc
mesenteroides, a lactic acid bacterium, and its enzymes
can be used to produce a range of carbohydrates and
derivatives, as diverse as dextran (biopolymer), fructose,
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mannitol (polyol), leucrose (non-cariogenic disaccha-
ride), glucose-1-phosphate, and many others. Recently,

. anew fermentation process, capable of converting fruc-

tose quantitatively to mannitol, has been developed [8].
The process uses the Leuconostoc mesenteroides mannitol
dehydrogenase. This method yields almost equal
amounts of mannitol and by product, sorbitol [9]. In
this study, we reported on a process that produces only
mannitol using the Leuconostoc mesenteroides NRRL B-
1149.

Fructose and mannitol were used as carbon sources.
Standards for TLC analysis were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Thin layer chroma-
tography (TLC) plates were purchased from Merck
(Germany). All other chemicals were of reagent grade
and commercially available. The Leuconostoc mesenter-
oides NRRL B-1149 was grown on LM medium (yeast
extract, 5 g/L; peptone, 5 g/L; K,HPO,, 2 g/L; MgSO, -
7H,0, 0.2 g/L; NaCl, 0.01 g/L; FeSO,, 0.01 g/L; MnSO,-
H,0, 0.01 g/L; CaCl,-2H,0, 0.015 g/L) containing 2%
(w/v) sucrose [10], in an 8-L fermenter (BioTron, Korea)
The pH of the medium was adjusted to between 5.0
and 7.0 throughout the fermentation, and the culture
incubated at 28°C with a stirrer speed of 150 rpm with-
out aeration. In the batch culture fermentations, either
5% or 10% fructose was used. In the fed-batch culture
fermentations, after an initial 5% fructose had been
consumed, additional (5-20%) fructose was supplied
continuously. The cell growth was monitored by meas-
uring the absorbance at 660 nm (ODg,). In the fed-
batch culture fermentation, fructose (5%) was added
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Fig. 1. Thin layer chromatogram of batch culture supernatant

using 5% fructose. Batch fermentation was performed at 28°C

for 45 h with 5% fructose and each sample was taken at the

time designated (M: 1%, mannitol, F: 1%, fructose, lane 1: 0 h,

lane 2: 3 h, lane 3: 6 h, lane 4: 9 h, lane 5: 12 h, lane 6: 15 h,

lane 7: 18 h, lane 8: 21 h, lane 9: 24 h, lane 10: 27 h, lane 11:

30 h, lane 12: 33 h, lane 13: 36 h, lane 14: 39 h, lane 15: 42 h,

lane 16: 45 h).

* The NIH Image Program was used to quantify the amounts
of carbohydrate following TLC using standard carbohy-
drates [12,13]. The yield of mannitol was calculated from
the conversion of fructose to mannitol.

for the initial growth of the cells, and was then added
at a constant rate, with a peristaltic pump, until the
desired concentration was reached.

After the cells had been removed by centrifugation
(12,000 x g for 3 min), the supernatant was analyzed
for mannitol using TLC. The products were separated
by two ascents using a solvent mixture of acetonitrile:
ethyl acetate: 1-propanol: water (85:20:20:15, v/v/v/v)
at 20°C. Reducing sugar was detected by dipping the
plate with AgNO;-acetone for 5 min, alkaline-methanol
for 2 min, and Na,5,0; (1.5 M), Na,5,0, (0.08 M), and
NaHSO, (0.25 M) for 2 min, respectively [11]. The NIH
Image Program was used to quantify the amounts of
carbohydrate following TLC using standard carbohy-
drates [12,13]. The yield of mannitol was calculated
from the conversion of fructose to mannitol (Fig. 1).

All cultures were grown without aeration at pH 5.0
and 28°C. The highest mannitol yield was obtained in
the stationary phase (ODg,=4, 20 h after inoculation)
(Fig. 1). When 5% (300 g in 6 L medium) fructose was
used in a batch culture, 78% of theoretical yield (238 g
mannitol) was produced. All the fructose (5%) was con-
sumed within 22 h post-inoculation and the mannitol
production rate was 2.91 g L' h". However, when 10%
fructose (600 g fructose in 6 L medium, w/v) was used
in batch fermentation, the yield was reduced to 59.6%
of the theoretical yield (Table 1). The high concentra-
tion of fructose inhibited the cell growth (data not
shown) and this might be caused by a substrate inhibi-
tion. Fed-batch culture fermentations were conducted
by adding 5% fructose at a fixed time: an initial 5%
fructose was added as the carbon source for cell growth
and for mannitol production, and then a further 5%
was added within 22 h post-inoculation. This was
mostly converted to mannitol (95.0% of the theoretical
yield). The mannitol yield was increased to 81.8% of
the theoretical yield, with a mannitol production rate of
3.61 g L1h™. For 15% fructose, in fed-batch fermenta-
tions, 254.5 g mannitol was produced from 300 g (5% in
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Table 1. Production of mannitol by Leuconostoc mesenteroides
NRRL B-1149 using various concentrations of fructose

Batch culture Fed-batch culture*

10%  15%  20%  25%
(5+5)** (5+10)** (5+15)** (5+20)**

Final Fructose

) 5% 10%
concentration

Yield 78.0% 59.6% 81.8% 83.7% 89.5%  64.8%

* Starting fructose concentration as a carbon source was 5%.
** 5% fructose was fed initially and the rest 5%, 10%, 15% or 20%
fructose were added continuously.
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Fig. 2. Production of mannitol by Leuconostoc mesenteroides
NRRL B-1149 using 20% fructose in fed-batch fermentations.
5% fructose was initially added by 15 h post-inoculation, and
then 15% fructose was added continuously at a feed rate of
3.136 gL' bl

6 L of medium, w/v) of fructose within 20 h post-
inoculation, 80.8% of the theoretical yield. When the
remains of the fructose (10%) were added, 83.7% of the
theoretical yield was obtained (829.08 g mannitol pro-
duced from 1,290 g fructose in a 6-L fermentation). The
mannitol production yield was increased a further 20%
than with 10% fructose in the fed-batch fermentations.
For the 20% fructose fed-batch fermentations, 5%
fructose was used as a substrate within 15 h post-ino-
culation (ODg,=4), a further 15% fructose was added
at a constant rate with a pump (3.136 g L'h™). After 24
h, 0.07% yeast extract was added to facilitate the cell
growth. Then about 21 g/L mannitol was produced
from 41 g/L fructose after 15 h. 1,113 g fructose was
then added, which was converted to 1,061 g of manni-
tol, which was 95.3% of the theoretical yield. The final
mannitol yield was 89.5% of that expected theoretically
(Fig. 2). Using the same procedure, 25% fructose fed-
batch fermentations were studied. However, the final
yield decreased significantly, to only 64.8% of the theo-
retical yield. This might be caused by a substrate inhibi-
tion. The optimum condition for the production of
mannitol using Leuconostoc mesenteroides NRRL B-1149
was 20% fructose as a carbon source in fed-batch fer-
mentation. This value is significant higher than the
83%, or less, reported by other researchers [8, 14,15].
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