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Ethanol, Acetic acid % Acetaldehyde7] & of o3}
Candida sp. JY-5 5259 4 £A

The growth characteristics of Candida sp. JY-5 were examined on ethanol, acetic acid, or acetaldehyde as sole

source of carbon by batch culture. The specific growth rates (i) of this strain on an ethanol during the exponential

period were changed depending upon the initial concentrations at above 0.5 g/l, but not in the proportion. The highest

1 value was 0.291 hr-! and the maximum growth yield was 61.2% at the concentration of 10 g/l. The ¢ values on an

-acetic acid substrate were constant regardless of the initial concentrations presenting 0.106 hr=1 in the highest value.

The maximum growth yield was shown as 46.8% at the initial concentration of 10 g/l. The ¢ value on an acetaldehyde

during the exponential period was 0.063 hr~'and the maximum growth yield was 44.9% at the initial acetaldehyde

concentration of 0.2 g/l.

The researches on the ethanol-, acetic acid-, or acetalde-
hyde-assimilating yeasts among Cy-compounds by batch
culture were largely focused upon the cultural conditions, or
cell yields. Some examinations were done on the optimal
condition and cell yield of Candida brassicae nov. sp.1-? and
Pichia guilliermondii Wickerham.® There are also reports
regarding the application of substrate consumption and respi-
ration from Saccharomyces cerevisiaé®, or the activities of
several key enzyme from the genus Candida.®)

And the batch cultures of Candida methanolica and
Torulopsis methanolovescens'® as acetic acid-assimilating
yeasts and of Candida utilis MG-I7), as an acetaldethyde-
assimilating yeast were discussed.

Besides these experiments, the cell yields of Sac-
charomyces cerevisiae FRI 14®), Hansenula miso IFQ 01761

and Candida tropicalis"9 as acetic acid-assimilating yeasts
were also repofted. The present study was concentrated on
the growth characteristics of the isolated strain, Candida
JY-5, including cell yield, and specific growth rate in
ethanol-, acetic acid-, or acetaldehyde-substrate among
Cy-compounds by the batch culture and the results of the
work were compared with those of the previously studied

yeast strains.
MATERIALS AND METHODS

Microorganism.
The isolated strain, Candida sp. JY-5, was maintained by
subculture in medium containing glucose 1%, ammonium

sulfate 0.3%, sodium phosphate monobasic 0.1%, magne-
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sium sulfate 0.3% and agar 1.5% (pH 6.0) and used
throughout the experiments.
Cultivation method.

The cultivation was carried out in 750 ml of medium
of jar fermentor (Bioflow model-30, New Brunswick
Scientific Co., Inc.) possessing 375 ml of working volume
for the culture of higher cell concentration at 30°C and
pH 5.5. As subculture for the inoculation into jar fermentor,
the media with the composition of ethanol 0.5%, acetic
acid 0.5%, or acetaldehyde 0.02%, ammonium sulfate
0.3% and basal saits (Table 1 in assimilability of ethanol,
acetic acid and acetaldehyde in Candida sp. JY-5) were
dispensed in test tube and cultivated at 30°C for 30
hours on the reciprocal shaker. The media for jar fermentor
was the same as those of subculture and the inoculum
size was 2 ml of an exponential phase yeast culture
that had been adapted to ethanol, acetic acid, or acetal-
dehyde, respectively. The aeration rate was controlled
as 0.5 vvm. and the agitator speed was maintained
at 400 r.p.m. As an antifoaming agent, silicone oil was
incorporated.

The pH of media for the optimal growth was automatical-
ly monitored and controlled with 1 N HCl or 1 N NaOH solu-
tion.

Analytic method.

Apparent cell growth yield was expressed as the ratio of

maximum dry cell quantity formed to the substrate quantity
incorporated initially. For the dry cell quantity, the samples
were centrifuged at 12,000 r.p.m. for 15 min. and resuspend-
ed in distilled water.

Then the resulting washed cells were recentrifuged and
transferred to the previously dried and weighed dishes and
dried to constant weight at 105°C for 24 hours on drying
oven. To determine the specific growth rate (¢) during the
exponential growth, the data of absorbance were plotted on
semilogarithmic paper and a straight line was graphically fit-

ted and then the specific growth rate was calculated.

RESULTS

Batch culture experiments were exerted to establish the
effects of various concentrations of ethanol, acetic acid, or
acetaldehyde as a sole source of carbon on cell growth.
Growth on ethanol substrate.

Fig. 1 showed the growth curves of Candida sp. JY-5 in
various initial concentrations of ethanol.

Candida JY-5 strain could grow in as much as below
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Fig.1l. Growth curves of Candida sp.JY-5 ob -
tained from batch culture with various
initial concentrations of ethanol(g/l).
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about 40 g/l of initial ethanol concentration and the max-
imum absorbance increased generally with the initial
ethanol concentration, while no growth was observed at
ethanol concentration above about 40 g/l. Furthermore,
when growth occurred, the exponential growth took place
commonly for this strain after any lag periods. The growth
characteristics of the strain on ethanol observed in this ex-
periment were summarized in Table 1. The specific growth
rates (u) during the exponential growth for the strain on
ethanol at various concentrations decreased generally in pro-
portion to the increase in the initial concentration.

The growth yields decreased and the lag time was pro-
longed proportionally the increase in the initial ethanot con-
centrations. The highest yield obtained on ethanol was
61.2% in this strain at an initial ethanol concentration of 10
g/l
Growth on acetic acid substrate.

The growth curves of Candida sp. JY-5 in acetic acid
substrate were presented in Fig. 2 at various initial concen-
trations. This strain could grow at various initial concentra-

tions below about 80 g/, but it was likely that this strain
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Fig. 2. Growth curves of Candida sp. JY-5

obtained from batch culture with vari-

ous initial concentrations of acetate
(/D).
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couldn’t grow at above about 80 g/l. The maximum absor-
bance generally increased in proportion to the initial acetic
acid concentrations. {Fig. 2)

The growth characteristics of this strain on acetic acid
substrate were also summarized in Table 1. As the initial
concentration of acetic acid arised, the maximum dry cell
weight increased. The specific growth rates during the ex-
ponential growth were observed.

As long as the growth proceeded, the 4 values remained
constant regardless of the initial concentrations of acetic acid.
The 2 of the strain was 0.106 hr-!. The highest growth yield
was achieved generally at lower initial concentration of
acetic acid. The growth yields decreased in general and the
lag time was prolonged for the strain in proportion to the in-
itial concentrations of acetic acid. The highest yield obtained
was 46.8% at 10 g/l in this strain.

Growth on acetaldehyde substrate.

The growth curves of this strain in acetaldehyde at
various initial concentrations were shown as in Fig. 3. An
acetaldehyde substrate inhibited the growth of the acetal-

dehyde-assimilating yeast. The results obtained presented
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Fig.3. Growth curves of Candida sp. JY-5
obtained from batch culture with various

initial concentrations of acetaldehyde

(g/1).
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the typical patterns of inhibition on cell growth. Therefore it
was assumed that this strain employed was capable of utiliz-
ing only small degree of acetaldehyde, but an acetaldehyde
was not utilized in the concentrations which are toxic, (Fig.
3)

This Candida species was able to grow at the initial
acetaldehyde concentrations lower than 1 g/l of the concen-
tration, but by increasing the initial concentrations the lag
time was prolonged and the maximum absorbance generally
increased. At the initial concentrations of this substrate
higher than 5 g/, the growths of this strain were stopped. Ac-
cordingly 1 g/l of acetaldehyde was considered the threshold
concentration of this strain for the batch culture. The growth
characteristics of this strain in an acetaldehyde substrate at
various initial concentrations were summarized also in Table
1. The u values for this strain in an acetaldehyde
substrate were changed with the initial concentrations of
acetaldehyde and the values decreased, or increased with the
increase in the initial concentrations of this substrate. The
growth yields decreased in proportion to the increase in the

initial concentrations of acetaldehyde as observed in an
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Table 1. Growth characteristics of Candida sp.
JY-5 on ethanol, acetic acid and acetal-
dehyde substrate with its various con-

centrations obtained by batch culture.

Initial Maximum dry Apparent
Substrate conc. cell weight overall growth g (hr™')

(g/1) (g/l) vield (%)

Ethanol 5.0 0. 800 36.0 0.291
10.0 6. 123 61.2 0.216
20.0 10.811 54.0 0. 170
40.0 2.883 7.2 0. 089

80.0 - - -
Acetic 5.0 1.872 37.4 0. 106

acid 10.0 4.681 46.8 ”

20.0 5. 760 28.8 ”

40.0 9.362 23.4 ”

80.0 0.081 0.01 -
Acetalde- 0.2 0. 090 44.9 0.061
hyde 0.5 0.121 24.1 0. 063
1.0 0. 151 15. 1 0. 040

5.0 - - -

ethanol substrate. The maximum growth yield obtained from
the curves was 44.9% in this Candida strain at 0.2 g/l

DISCUSSION

Candida JY-5 could grow at below 40 g/l of the initial
concentration of ethanol, but not grow at above the concen-
trations, this result indicated that this strain was considered
to have higher affinity, or tolerance to ethanol in comparison
with Cuandida methanolica and Torulopsis methanolove-
scens.® The finding that the lag time was prolonged with the
increase in the initial concentration was in good agreement
with the results of Candida and Torulopsis species. Further-
more the specific growth rates inclined to reduction with the
increase in the initial concentrations of ethanol and this
result was similar to those of the above Candida and Torulop-
sis species. [n the cases of cell yields, the results of Cundidu
JY-5 were compared with 78.2% in Torulopsis methanolove-
scens from initial ethanol concentration of 4.02 g/l contain-
ing malt extract, yeast extract and peptone, 64.4% in Can-
dida methanolicu, about 75% in Candida utilis MG-180, 68 %
in Candida utidis'V, 56.6% in Hansenula miso®, 27% in

Pichia guilliermondii Wickerham®), and 65.3% in Cundidu
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brassicae spA under the condition with yeast extract and
peptone,

This comparison indicated that Cundida sp. JY-5 was
lower in growth vield to ethanol than in those of Torulopsis
miethanolocescens. Candida methanolica, Candida utilis,
and Cundida brassicae sp. In the case of ¢ value, the results
showing difterences in values accompanied by the initial
ethanol concentrations corresponded with those of Amano et
alM, Urakamit” and Goto ef al8) And the isolated strain JY-5
showed a little difference in the u value comparing with Cun-
ciida and Torulopsis strain,

This meant that this strain possessed comparatively
strong resistance to ethanol and overcame the substrate in-
hibition of ethanol. And Candida JY-5 strain showed the
stronger adaptability to acetic acid. The results that & values
of this strain examined appeared to be constant without
regard to the initial concentration of acetic acid agreed with
that of Goto et «l®), but that of Cama and Edwards!!? was
not the case.

When the results of other reports in maximum g value,
0.45 hr in Candida utilis, 0.25 hr=Yin Candida methanolica
and 0.248 hr~! in Torlopsis methanolovescens were in
comparison with that of 0.106 hr=!in Candida JY-5 strain, it
was shown that the u value of this strain was more or less
lower than those of the previously studied strains.

In the case of the acetaldehyde-assimilation, Cundida
JY-5 strain seemed to utilize small amounts of acetaldehyde
for their cell growth and to become weaker in tolerance to
the compound. Finally the cell number inclined to reduction
by the toxicity of the compound. It was thought that it was
essential to screen the powerful strains tolerant to this com-
pound. From the above examinations, Candida JY-5 strain
was generally excellent in growth rate and cell yield. Accor-
dingly the regard could be given that Candida JY-5 strain

was a good yeast for the microbial cell production.
AT ok

Ethanol, Acetic acid % Acetaldehyde-5 %lel E}
£ %1o 2 &to] Candida sp. JY-5 559 FHAEA
% batch cultureZ %8 ZAE 3ttt Ethanol A
A ol Aol x4 FAl Fske] v F4
e 571 0.5g/l01 8 A 2 27 F
gt W sksht slelskxl = edgkel. #
0.291hr'eloda el F

61.2 %ol th Acetic acidAloll 4] o] v]ZEAl & = o

i
4
o
o
—_
(o
®
~
<



Vol. 13, No. 3,
Axel 27 xol AAGel ARstqe=d 1 3k
o] 0.106hr™!, #Hul ZA58e 10g/l FEolAl
46, 8% = vhERRETH

&3 Acetaldehyde 713 ol 41 2] e FH7 F
gbel ze) wlZAlsE 0.063hr el AHdl S

252 0.2g/l F=oll4 44.9 %A

REFERENCES

1. Amano, Y., O. Yoshida and M. Kagami: J. Ferment.
Technol, 53(5), 264 (1975)

2. Amano, Y., S. Goto and M. Kagami: J. Ferment.
Technol,, 53(6) 311 (1975)

3. Nishio, N., K. Hane and T. Kamikubo: Kagaku to Seibut-
su, 47(6), 353 (1973)

4. Nagai, S., Y. Nishizawa and S. Aiba: J. Gen. Appl.

(23]

243

Microbiol, 19, 221 (1973)

. Matsumura, M. and J. Kobayashi: J. Ferment. Technol.,

58(6), 525 (1980)

. Goto, S., R. Okamoto, T. Kuwajima and A. Takamatsu: J.

Ferment, Technol, 54(4), 213 (1976)

. Urakami, T.: Hukkokoguku, 59(6), 501 (1981)

. Matsuura, S., H. Takahashi and M. Manabe: J. Ferment.

Technol,, 53(9), 658 (1975)

. Harada, T. and T. Hirabayshi: Agr. Biol Chem., 39(Y),

1175 (1968)

. Gallo, M. and E. Azoulay: Biotechnol. Biveng., 17, 1705

(1975)

. Hernandez, E. and M.J. Johnson: J. Bacteriol, 94(4),

996 (1967)

. Cama, F.J. and V.H. Edwards: J. Ferment. Technol,

48(12), 787 (1970)



