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Enhancing Effect of Egg Albumin on Ethanol Production and Its Function
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ABSTRACT

In ethanol fermentations with Saccharomyces sake, phosphatidylcholine-egg albumin as a sup-

plement in fermentation media was much more effective in enhancing ethanol production than

linoleic acid-ergosterol. It came from the differences in alcohol-tolerance between egg albumin

and ergosterol. The egg albumin was supposed to function as a nutrient rather than to form

protective layers around the cells against ethanol,

INTRODUCTION

Keeping a high cell density in fermentation broths is
important for the purpose of reducing fermentation time
or increasing productivity, Cell-recycle reactor, immobilized
cell system, etc., have been developed for these purposes,

Alternatively, it has been known that when unsaturated
fatty acids such as linoleic acid were added with ergosterol
to the fermentation media (1—3), they promoted yeast
growth as well as ethanol production. They were used
as a nutrient and incorporated into the membrane comp-
onents of the cells. As a result, the final ethanol content

to be attained at the end of fermentation could be incre-

ased owing to the improved alcohol-tolerances of the cells.

Similarly, Hayashida er a.(4) and Jin et al(5) used
phosphatidylcholine and egg albumin as supplements to

enhance ethanol productivity.

In this study, adding effects of phosphatidylcholine eggr
albumin were compared with those of linoleic acid-crgo
sterol in terms of final cthanol content & alcohol-tolerance,
In addition, considering that ar least more than 1% egy
albumin should be added to be etfective in which its most
fraction remained to be undissolved, two different mech-
anisms for its enhancing effects were proposed and tested

based on the analyses of experimental data.

MATERIALS AND METHODS

Strain & Fermentation Medium

The microorganism used in these experiments was
Saccharomyces sake Kvokai No. 7, a strain of S. cerev-
isige. Fermentation medium consisted of 6 & yeast extract,
28 KILPO, 28 NHCI 028 MgSO, - 7H0 and (.
038 CaCl, - 6H,O in 1 liter tap water. But glucose content
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was varied, Phosphatidylcholine, egg albumin, linoleic acid
and ergosterol were added as supplements  without being

sterilized to the sterilized fermentation medium,

Cultivation Procedure

For a seed culture, 100ml of fermentation medium in
a 300ml Erlenmeyer flask was prepared, sterilized and
inoculated from a veast slant. It was shaken at 30T for
24 hours, For main cultures, 20ml of the seed culture broth
was transferred. to a 300ml Erlenmeyer flask containing
200ml fermentation medium and cultivated at 30T on a

rotary shaker.

Determination of Glucose & Ethanol Contents

Glucose content was measured by DNS method(6), and
ethanol content was determined by using [ndustrial Analyz
er{ YSI Model 27).

Celular Viability

Methylene-blue method was emploved to measure the
viabilities of cells(7).

Chemicals
Phosphatidylcholine and egg albumin were L-a-phosp-
hatidylcholine, type 1[I -S, and Albumin, Egg, Crude

Power Grade [ (Sigma Chemical Co.).
RESULTS AND DISCUSSION

Various supplements, such as linoleic acid-ergosterol,
phosphatidylcholine-egg  albumin, etc, have been used
to enhance the final ethanol content in fermentation broths,
From the literature (2, 8) and our lab, the optimal initial
contents of these components in media were found as
follows: linoleic acid, 100mg/ I : ergosterol, 10mg/ [ ;
phosphatidylcholine, 58 / I : egg albumin, 108 / [,

In our experiments, these four supplements were com-
bined in pairs on a level with those specified above and
their effects on ethanol production were tested, respectively
(Fig. 1). As shown in Fig. 1, an addition of linoleic
acid-ergosterol as a supplement brought about 10% i-c-
rease in final ethanol concentration as compared to the
control(around 90& / 1), and that of phosphatidylchol
ine egg albumin did more than 30% (1208 / 1 or
higher). Since the phosphatidylcholine used here was a
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phospholipid containing mostly linoleic acid, the big dif-
ference in final ethanol concentration between two kinds
of supplements can be considered to be caused by that
between egg albumin & ergosterol rather than that b
etween linoleic acid & phosphatidylcholine, It has been
teported that among these supplements, linoleic acid &
phosphatidylcholine were usually used as a nutrient and
incorporated into cellular materials(3, ). As a result, the
alcohol-tolerances of the veast cells have been thought
to be improved so that the final ethanol content in broths
would be enhanced,

In order to investigate the reason why egg albumin were
remarkably more effective in enhancing the final ethanol

content than ergosterol, the alcohol-tolerances of the cells
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Fig. 1. Ethanol production under the various
combinations of different supplements.
*Each supplement was added to the
media prior to the beginning of ferm-
entation and their concentrations ind-
icate the final contents in media.

Al no supplement

B 10mg/ | ergosterol & 100mg/ [ lino-
leic acid

O: 108/ 1 egg albumin & 58/ 1
phosphatidylcholine [J: 10mg/ [ ergo-
sterol & 58 / | phosphatidylcholine

®: 108/ ! egg albumin & 100mg/ !
linoleic acid
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Fig. 2. Comparisons in alcohol-tolerance bet-
ween the cells grown in the presence
of different supplements.

*Each supplement was added to the
media prior to the beginning of ferm-
entation and their concentrations ind-
icate the final contents in media.

A no supplement

B: 100mg/ ! linoleic acid & 10mg/ !
ergosterol  ©O: 108 / I egg albumin
& 58/ 1 phosphatidylcholine

grown in a medium containing the supplements were
determined via cellular viability test. The cells grown in
cach supplemented medium were dipped in an ethanol
solution {13%, w/v) and their viabilities were estimated
at certain intervals, respectively. Fig, 2 shows that they
were the lowest for the cells grown in the medium con-
taining no supplement(control), middle for linoleic acid-
ergosterol and the highest for phosphatidylcholine-egg
albumin, These results indicate that the final ethanol con-
tent to be artained at the end of fermentation was prop-
ortionally related to the alcohol-tolerances of the cells,
On the other hand, since only a small fraction of the
added albumin could be dissolved, two hypotheses for its
function were made below. Firstly, the soluble fraction
of the albumin was to be incorporated as a nutrient into

cells so that their alcohol-tolerances would be changed.
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Or, secondly, its insoluble fraction formed a film layer
around the cells so that it could protect the cells against
alcohol. In order to test them, two different experiments
were catried out. After the albumin was boiled or encap-
sulated in a dialysis membrane sac, it was added to the
fermentation media. And, then, their effects on ethanol
production were observed(Fig, 3). In both cases, the final
ethanol content was increased more than 30% as compared
to the control and there was little difference between them.

The facts that the albumin heated or encapsulated in
a dialysis membrane sac could not form protective layers
around the cells and the added albumin was gradually
consumed as the fermentation proceeded suggest that it
would be used as a nutrient for cells. ln order to reassure
the hypothesis, albumin-hydrolysate was inttoduced because

it consists of low molecular components which can func-
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Fig. 3. Effect of various types of egg albumin

on ethanol production.
*In all cases, 108 / | egg albumin &
58 / | phosphatidylcholine as a final
concentration in media were added
prior to the fermentation.

A no supplement

[1: egg albumin

¥ : heat-denaturated egg albumin

O : egg albumin held in dialysis memb-
rane sac
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tion as a nutrient. As shown in Fig. 4, the final ethanol
content in fermentation broths was gradually enhanced by
increasing the albumin-hydrolysate concentration and ap-

proached the level similar to that with 0.3% albumin,
Finally, it can be concluded that the enhancing cffect

of the albumin on the final ethanol content came chiefly
from the improved alcohol-tolerances due to the composi
tional changes of the cells rather than the formaton of

protective layers around them,
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Fig. 4. Ethanol production at different conce-

ntrations of albumin-hydrolysate.

A no supplement added

¥ : 0.1% albumin-hydrolysate & 0.5%
phosphatidylcholine added

B: 0.2% albumin-hydrolysate & 0.5%
phosphatidylcholine added

O: 0.3% albumin-hydrolysate & 0.5%
phosphatidylcholine added
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