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ABSTRACT

The alcohol fermentation was carried out to study the effect of aeration and unsaturated fatty acids added on

the ethanol tolerance of Saccharomyces cerevisize STV89 and Kluyveromyces fragilis CBS397. The cell growth

rate and ethanol production rate were stimulated by aeration and the cell mass production and ethanol produc-

tion were also substantially improved. With respect to strains, the maximum specific growth rate and overall

ethanol productivity of K. fragilis under aerated condition were 6.4 fold and 4.4 fold higher than those of

strictly anaerobic condition, although those of S. cerevisize were increased 1.7 times and 2.3 times by aeration.

The addition of ergosterol, linoleic acid and oleic acid also improved the cell growth and ethanol production

of S. cerevisiae and K. fragilis. Thus it was found that oxygen and unsaturated fatty acids added played a

decisive role on the increase of ethanol tolerance of yeast strains.
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Fig. 2. Production of cell mass during the batch
fermentation of K. fragilis
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Table 1. The various kinetic parameters in each fermentation conditions

Fermentation S. cerevisige K. fragilis
conditions Hmax Xm P Pm Mmax Xm p Pm
(hr'!) (g/L) (g/L-hr) (g/L) (hr't) (/L) (g/L-hr) (g/L)
Aerobic 0.384  11.80  3.53 97.1 0.347  9.97 335  87.0
Strictly Anaerobic  0.226 6.79  1.55 74.5 0.054  1.23 0.77  55.2
Strictly Anaerobic 350 g96 145 812 0309  4.65 1.09 726

with Lipids

Mmax : Maximum specific growth rate,
P : Overall ethanol productivity

Xm ‘Maximum cell concentration

Pm

:Maximum ethanol concentration
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Fig. 3. Production of ethanol during the batch
fermentation of S. cerevisiae.
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Fig. 4. Production of ethanol during the batch
fermentation of K. fragilis.

100

a0 r
» 60
>
o
-
~
=
ﬂ a0} -8~ : Aerobic
o]
> -8 : Strictly Anaerbic
o F  —M: Strictly Anaerbic with Lipids
8

20 |

° N L " N N " L 2 1

20 40 60 80 100

Ethanol Concentration (g/1)

Fig. 5. The cell viability of S. cerevisiae as
function of ethanol concentration in
broth.



176

100

(%)

: Aerobic

: Strictly Anaerobic

Cell viability

K]

: Strictly Anaerobic with Lipids
20 |

[\ 1 i L L 1 1 1 i 1

20 40 60 80 100

Ethanol Concentration {g/1)

Fig. 6. The cell viability of K. fragilis as func-
tion of ethanol concentration in broth,

linoleic acid &] #tegko] %% 7% oleic acid o] ko]
=9 sl cell viability 7} F1abew (19,20), ol
)2 2] of &g ZA] 5ol 4 amino acids ¥ glucose ¢
uptake 7} linoleic acid &] & 7bel] whe} §7187] o
So|ch(20). AT Abdol 28 AR offeld W4 Ft

cell membrane ¢] 233} x|ukale] FeF5rld] 23t
o2 24¢ + stk

Mol ®

(=) of

Saccharomyces cerevisiae STV89 2} Kluyveromyces fra-
gilis CBS397 2] ol eb-& iAol ofaF Akt o} £23| =y
Ak Arp J3kE dTslsl fl3h GEFLAE Y
oh. A Azt E7)oll 2ste Al 2 A Abab ol ehE A4
E7b FAEglon], AT olekE AAFE 2
soirh 58 T3] wlael 4 cell o] 2 o4
9} ol eb-& A LA} S cerevisiae & 739 1. 79 2} 2,
W Forskd ik, K fragilis ol 7$- 6. 40 2} 4. 490 7L
7¥sked K. fragilis 7} ol eb-& A4 2 cell growth & ¢35}
o] 8. cerevisizge Rt} Al47} vl 4ol golow z2Hg
gtch, b S. cerevisiae 9¢ K. fragilis 5 ergosterol,
linoleic acid % oleic acid 2] & 7tel] 2|8k cell
growth 9} ol k& Aol bl lel. weba Akssl E
23} Aubihe R olebd WA Tkl To3 89l
oz AgYE ¢ + devh

ol
o

)

JH OW ©
P15t b

w

[N

£ dTe A

Korean J. Biotechnol. Bioeng.

# At

4712 o7 24l

oJabe) S5 gk,

11.

12.

13.
14.
15.
16.
17.
18.

19.

20.

HEs

E.S. Polakins, W.Bartley and G.A Meed(1965),
-Biochem. J., 97, 298

. G.R. Cysewski(1976), Thesis of ph. D., University of

Berkley

. TW. Cowland and D.R. Maule(1966), J. Inst. Brew.,

72, 480

. M.D. Akbar, P.D. Rikard and F.J. Moss(1974),

Biotechnol. Bioeng., 16, 455

. RH. Deden(1966), J. Gen. Microbiol., 4, 149
. P.]. Rogers and P.R. Stewart(1973), J. Gen. Micro-

biol., 79, 205

. B.H. Kirsop(1974), J. Inst. Brew., 80, 252
. J.H. Janssens, N. Burris, A. Woodward and R.D.

Bailet(1983), Appl. Environ. mirobiol., 45, 598
R.D. Tyagi(1984), Process Biochem., Aug., 136

. T.W. Nagodawithana, C.Castello and K.H.

Steinkraus(1974), Appl. Microbio., 28, 383
G.R. Cysweski and Cr. Wilke(1977), Biotechnol.
Bioeng., 19, 1125
D. Jollow G.M. Dellerman and A.W.Linnane(1968),
J. Cell. Biol., 37, 221
G.L. Miller(1959), Anal. Chem., 31, 426
V.R. McDonald(1963), J. Food Sci., 28, 135
E. Oura(1974), Biotechnol. Bioeng., 16, 1197
J.P. Guiraud, JM. Caillaud and P. Galzy(1982),
European J. Apl. Microbiol. Biotechnol., 14, 81
FAF - ARE - AFYU(1088), PTYYEG
2], 12, 51
Y W. Ryu, CKim and S.IKim(1988), Korean J.
Chem. Eng., 51), 1
D. Sthamsas, J.A. Hossack and A.H. Rose(1978), J.
Arch. Microbil., 117, 239
D.S. Thomas and A HRose(1979), J. Arch. Micro-
biol., 122, 49

(Received July 7, 1989)



