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ABSTRACT

Ethanol production in sugar cane juice in high initial sugar concentration, fermenfednopilisin the

presence and absence of ethanol, was evaluated. Ethanol production was low in both media. The presence of
initial ethanol in the sugar cane juice reduced ethanol production by 48.8%, biomass production by 25.0%
and the total sugar consumption by 28.3%. The presence of initial ethanol in the medium did not affect
significantly levan production and biomass yield coefficient (g biomass/g sugar consumed).
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INTRODUCTION the high initial sugar concentration in the medium resulted in
long fermentation time to achieve high conversion efficiency.

In Brazil, ethanol produced by sugar cane juice fermentatiéravela Torres and Baratti (6) reported correlation between high
is used as fuel. The sucrose-based ethanol industry tsabstrate concentration and growthZofmobilisand found
traditionally utilised sugar cane juice due to its high sucrogkat the fermentation ended at pH 3.5. On the other hand, the
content and wide cultivation. The utilisation of high initial sugamse of high initial sugar concentration was described as a cause
concentration in the wort is advantageous for the industigf incomplete utilisation of sugar (9,23). Nevertheless, there
However, ethanol produced during carbohydrate metaboligmas been only few publications on sugar cane juice fermentation
has been considered a major factor of cell stress, limiting growtty,Z. mobilis(5,8,17,23).
metabolic activity and ethanol production (7). The objective of this work was to examine the effect of the

The bacteriunZymomonas mobilieas been the focus of presence of initial ethanol on production of ethanol in sugar
considerable research in recent years due to its great potertéie juice fermented by. mobilis. Levan and biomass
for use in large-scale ethanol production (4,5,16). Ethanol aptbduction were also examined.
carbon dioxide are the main fermentation products of glucose,
fructose or sucrose by Entner-Doudoroff metabolic pathway of MATERIALS AND METHODS
Z.mobilis(10).

Lopezet al.(13) have reported that the metabolic activity.of Microorganism and culture condition&: mobilisATCC
mobilisdepends on the strain and on the carbon sources, wiilE821 was used. It was maintained by monthly transfer to the
Diez and Yokoya (4) have mentioned that several by-produdtdlowing medium (g/L): sucrose, 50.0; yeast extract, 5.0;
may be produced during fermentation of sucrosg.byobilis KH,PQ,, 1.0; (NH).SQ,, 1.0; MgSQ, 0.50.
such as: phenol, lactic acid, higher alcohols, acetaldehyde, Fermentation medium composition (g/L): sugar cane juice
methanol and levan. Levan is a polysaccharide of fructogéth initial Total Reducing Sugar (initial TRS) adjusted to 151.9;
produced when sucrose is fermente@bynobilis(1,2). yeast extract (Difco), 5.0; KIRQ,, 1.0; MgSQ, 0.50; (NH),SQ,,

Literature data are not uniform with respect to the uge of 1.0. The medium (100 mL for each 250 mL Erlenmeyer flask) was
mobilisin fermentation. Doelle and Greenfield (5) reported thaterilised by autoclaving (121°C/5 min) and after cooling, 2.5%
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Sugar cane juice fermentation Bymomonas mobilis

(v/v) of ethanol GR (Merck) was aseptically added (namedable 1. Parameters of sugar cane juice fermented .byobilis
Medium I). Control medium (named Medium II) had no ATCC31821 (28°C/180rpm/48hours) in Medium | (with 2.5% (v/v)

added ethanol. Initial pH was 5.4. of initial ethanol) and in Medium II (without initial ethanol = Control
Inoculum: biomass, obtained in Medium Il at 28°Cmedium).
without agitation for 18h, was centrifuged. The cells were Medium SD Mediu SD Ratio*
resuspended in Medium Il and added for culture flasks Parameters I* M) mlI* 1) DA
with Medium | and Medium Il to achieve a concentration of-- ' TR (L) 1519 _ 1519 _  1.00
0.2mg of cells/mL. Residual TRS  (gL) 1025 _ 830  _ 123
Fermentation procedure: the experiment was conducteiRs consumption (g/L) 49.5 +0.14 69.0 +0.15 0.72
in triplicates at 28°C (using Media | and II) in a gyratory [pitial RS (g/L) 15.0 _ 15.0 _ 1.00
bath shaker operating at a speed of 180 rpm during 48RResidual RS (gL) 55.1 +0.16 503 +0.06 1.09
The experiment had control flasks, with and without addeqiB] (g/L) 1.75 +£0.03 234 +£0.02 0.75
initial ethanol (without inoculum). [E] (g/L) 141 +0.09 29.0 +£0.09 0.49
Biomass was measured spectrophometically usingL] (g/L) 156 +£0.02 1.72 £0.02 091
Metrolab M 1700 spectrophotome{(&ernal, Argentina).  Ye/s (g/L) 0.285 — 0420 — 0.68
A conversion factor (1.0 QR 0.275 mg dry wt/mL) was  Yb/s (g/L) 0.035 - 0034 _ 1.03
obtained from a standard curve relating absorbance to dfyonv. Effic. (gL) 559 - 83 - 0.68
weight,according to Peres and Laluce (19). DeterminatiorpH (g/L) 3.76 - 381 - 099

of levan was as described by Dave¢sl. (3). Levan was
separated by ethanol precipitation, centrifuged (4.700 x
15 min) and hydrolysed h0 M HCl at 65°C for 30 min. The

*Values are means of triplicates; SD=Standard Deviation;
%]: concentration of biomass; [E]= concentration of ethanol;
L]= concentration of levan; Ye/s= g [E]/g consumed sugar;

hydrolyzed solution was neutralized with 2.0 M NaOH and . g [B/g consumed sugar; Conv. Effic.= 100.[E}/0.511. TRS
estimated as Reducing Sugar (RS). onsumption.

TRS and RS were assayed by the Somogyi method (2(1:)
at 540 nm. Samples for TRS determination were obtained by
hydrolysis in 1.0 M HCI, at 65°C for 30 min, and neutralized with  Ethanol conversion efficiency values of the total sugar (Conv.
2.0 M NaOH, and estimated as RS. Effic. = 100.[E])/0.511.TRSconsumption) were 82.3% and 55.9%

Ethanol analysis was performed using a CG-17A Shimadfar Media Il and I, respectively. The addition of ethanol to the
gas chromatograph(Kioto, Japan) with Dbwax column (30cmiedium caused a slump of 25.0% in the conversion efficiency.
0.25cm). The oven temperature was maintained at 60°C withe ethanol conversion efficiency obtained in Medium Il is
injector and detector temperatures at 150°C and 250%0mparable to that obtained by Diez and Yokoya (4).

respectively. Ethanol was extracted with isopropanol. Ethanol production was unsatisfactory: in Medium I, it
achieved 29.0 g/L, and the ethanol yield coefficient (Ye/s=g [E]/g
RESULTS AND DISCUSSION consumed sugar) was 0.420. In Medium [, the ethanol production

was 14.1 g/L (final — initial ethanol), and the ethanol yield coefficient

Table 1 shows results for Ethanol [E], Levan [L] and Biomasgas 0.285. In Medium |, there was 48.8% reduction in ethanol
[B] production, obtained in sugar cane juice medium ferment@doduction when compared to Medium Il. These results are in
by Z. mobilis agreement with those reported in several other studies (8,9,23).

In the present study, the final pH values were 3.81 and 3.76 Our result is also in agreement with Park and Baratti (17),
for Media Il and I, respectively, and the fermentation ceasedvatho showed that the poor performanc ahobilisfor ethanol
48h with high residual sugar concentration (residual TRS), whigioduction was due to the substrate (sugar cane juice and
indicates incomplete fermentation (23). molasses). In addition, several mineral compounds present in

The total sugar consumption in Medium Il was 69.0g/L ansugar cane juice and molasses are known to be inhibitors of
49.5 g/L in Medium I. The sugar consumed in Medium | wafermentation by’. mobilis(12,13). However, the physiological
28.3% lower than in Medium II. In this study, the sugaeffects of those mineral compounds on the growth are scarcely
consumption (TRS consumption) in the fermentation fadescribed in the literature.
ethanol, levan and biomass production was calculated as aBiomass production in Media Il and | were, respectively
percentage of initial TRS, and the value for Media Il and | wez 34 g/L and 1.75 g/L. A reduction of 25.0% in biomass value
45.4% and 32.6%, respectively. Morest@l. (14), using 3.0% was found in Medium | when compared to Medium Il. However,
of initial ethanol in the glucose medium, obtained reduction dfiese values did not interfere in ethanol production because
60-65% in glucose consumption. However, they have utiliseccanversion of sugar consumption into biomass was 3.5% in
medium with low initial glucose concentration. Medium Il and 3.4% in Medium I. The biomass yield coefficient
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(Yb/s= g [B]/g consumed sugar) obtained in the Medium Il waks
0.035 and 0.034 in Medium 1.

Several authors have reported levan production with
reduction on ethanol production (10,17). Levan production in
Media Il and | was 1.72 g/L and 1.56 g/L, respectively. Thede
values are very similar and low enough to indicate that the
addition of initial ethanol had no influence in production ob.
ethanol. These results are in agreement with Crittenden and

Doelle (2), who demonstrated that levansucrase, the key—enzysme

in levan production, is not inhibited by ethanol.
Ethanol, levan and biomass production was responsible for
88.2% of total substrate consumption in Medium 1l and 62.6%
in Medium |. This suggests that substrate was also used #&or
formation of by-products such as methanol, acetaldehyde,
phenol, lactic acid and higher alcohols. These by-products hayve
been considered inhibitors of fermentation (9,11,12,15,22). In
sugar cane juice fermentation By mobilis carried out at a
higher initial sugar concentration, the inhibition on ethanql

production may be caused by both ethanol and by-productls(.)'
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