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ABSTRACT

In ethanol fermentation, by—-products such as glycerol, acetic acid and lactic acid are produced along
with ethanol. The effects of culture conditions on cell growth ethanol production and by-products bio-
synthesis were investigated in ethanol fermentation using S. cerevisige. With increasing aeration rate or
yeast extract concentration, ethanol and by—products biosynthesis decreased while final cell mass in-
creased. With increasing glucose concentration or decreasing temperature, final cell mass, ethanol and
by-products concentrations all increased. The optimal pH for the cell growth, ethanol and by-products
productions was found to be pH 4.5. By-products biosynthesis was found, in general, to proceed with
the ethanol biosynthesis. The results can be applied for the optimization of ethanol fermentation and for
the recovery and purification of ethanol from the culture broth.
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Saccharomyces cerevisiae(ATCC 24858)-% ofjet
2 A $% FFE AESd. #5E 20g/¢
glucose, 5g/¢ bacto—peptone, 3g/¢ yeast extract,
3g/¢ malt extract, 15g/¢ agarg #7}sle] 133}
& 28 w7 Aol wiekstel 4T RasHRA
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Table 1. Effects of the aeration rate on the maxi-
mum dry cell weight, ethanol production
and by-products formation.

Aetion | maximum | Maximum | Maximum | Maximum | Maximum
nate cell ehanol | glycerol |acetaldehyde | aceticacd
(wm) | concg) | conc.(g) | concg) | conc.g?) | conc (g)

00 198 130 0.52 044 0.31
0.1 243 122 048 040 0.29
0.5 260 119 047 0.38 0.28
1.0 268 10.2 043 0.33 0.25
20 2.80 9.80 0.39 0.32 0.23
25 3.17 8.50 0.33 0.28 0.20

* Initial glucose concentration=30g/¢
* Initial pH=4.0
* Temperature=30C

3t} E7)4 5 0.5vvm, wieke =+ 30°C, muk
%t 400rpm 22|35 pHE wWekAla Ao 4.0
2 954l

A

AE%srl 2335 A (Bausch & Lomb, Spec-
tronic 20)& A3 525nmell A FR=E FAe}
of AITHegyE AAHrt. EIxW FEE
DNSHH (6) & AHg-3te] A3} AlgkE, ace-
tic acid, acetaldehyde, glycerol @ 2 o]2|9} ¥t
HAHE-9] 5= Fermentation monitoring column
(BIO-RAD 125-0115)¢] %% HPLC(Waters)
£ AMgste] SAskct

Az R 2

BT 9%

27) 253 ¥ 30g/0 2 34 wlFE Y3t
o B¢k wE AXAE, ok A o BA
E A AeE Bt 2 AE Table 1o e}
wodoh. S. cerevisized) 7% E7l&wrl Z715He
w2} HUAESEE A9 AY¥og Fusl= vl
o FHo ogke 3 AR srE Aads o 7
olgich. ol#’t A¥AHQ /AL Pichia stipitise}
Candida sp.5 ©)-€3} Rizzi 5(7), Baillargeon %
(8) ¥ Grootjen §(9) 5ol 23le] X% ule}
dzge}l. w3k o]y AY¥WAE Atal AR
g7tz AdsEed ole 2R FAHA £F55Y
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SRS ES] vEEd ARdr o AARREHE
o g+ sl Fig. 1el4 B ule}l 7o) 74w}
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ent= 7}43}= €lH yield constant= &7}8l= 7
FE BT glo AEALL F7bsh deke o
FARES AL 7Age A 3 glo). Espi-
nasa 5(12)3 Jones(13)& o]9} ARt AAE
el F71%e 715 uel ok waET
Ao F8 FAHEQ glycerole] AL 743}
© BHH WAL R} SU13el welde 2 PAdo)
3719& sl

=2 ¥

oJa] LR (25T ~40T)NA 27) x5}
T 30g/¢ 2 3% wlokg Faste] Jeke wg
Aol A 229 3l izle] ZAkslolrt.
Table 2¢]|4] ¥ n}e} 7o) wjokewr} Zolass
HF AEFEE YolAe o 5 9glen oee
33t AR AN it AR AFE g
£ ket 275 HE dvkes ¥ RS
TR v Ve w3 ejek ) 25, 30T,
35¢C, 40CE F7IE5E okt 72k 17hr,
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Fig. 1. Correlation between the specific glucose
uptake rate and specific growth rate for
various aeration rates.
l:0.5vvm,[ ]: 1.0vvm

Table 2. Effects of the temperature on the ma-
ximum dry cell weight, ethanol produc-
tion and by-products formation.

Tenperate | Maximum | Maximum | Maximum | Maximum | Maximum
(0 cll | ethanol | glycerol facetaldehyde| acetic acid
conc.(g/?) | conc (g2 | cone.(g/? ) | conc. (/%) | cone. (g/4)

25 2.60 11.2 0.44 0.37 0.27
30 255 10.7 041 0.35 0.25
35 2.21 9.5 0.36 031 0.22
40 2.03 8.0 0.32 0.25 0.18

* Initial glucose concentration =30g/¢
* Initial pH=4.0
* Aeration rate=0.5vvm

AEFES} Qe 5 2 252 wokslads
7ol mlgte] A e 25C2 wjeksigde
ZAFol= 40CE wiFstgls 79l njsle 2 A
EEEe oF 28T, HFE oshe xE o 40% F
7Fetodct. R Y-ARE 9] A$-ol= glycerol 38%, ac-
etaldehyde 48%, acetic acid 50% Z7}3}%c}. o]
2ig A} vFo] B of e wjekmolA wlok
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pH F&

dutdoz wlgdEY AYEEE FA THAA
HYE Ho|w FAY & pH WHdMe +
3| Astge}y. B dFolMe o) pH(3.5~6.5) ¥
oA 7] L= F% 30g/¢ 2 34 woks
S8l oere whE T A WX i) izt =
Abs}grt. Table 3o 4] ¥ ule} zro] pH 4.5%
5.09 ZHfole A9 vl Aoz A2AA, o
ehe QA 9 BAHE AAdo] o]Foix| At pH W4
7} 4.0 olah} 6.0 olAte 2 = HEAA, ogHE:
AR 9 BALE Ae] FA3] FaTE & F rh
27) ¥x9 ¥ 30g/¢ 2 3EA wjFdt A3 pH
4504 Hf AE 5%, A ogke 5%, FHo
glycerol 5%, 3t} acetaldehyde 5%, o ace-
tic acid ¥ %3 Jehigle} wiz] Wie] pHe A4
A3} F AR Ao dFE F= vl T8
g @R A u|Y Bl m|xj= pH Gl chs)
A gol HaEw grh(15). 4% EX, AR
ARl lelA] Wasungu} Simard(16)+ pH 4.0
~45, Reed¢} Peppler(17)+ pH 4.4~4.8, Ero-
shin 5(18)& pH 4.204 747z} HA )& Harshed
t}. olejgk FAe £ 97 ZAFe] pH 459 79
A X|ghct

x| 2 S ¥

27) 9 5.2 2elg(15, 30, 60, 80g/¢)
324 wfofollA] olgke WMEFA WA= Er
o) <Akl tfste] mAlEl 27| Ex = I
of W2 Hd AE Fx, Jete 3 FAE FEE
Table 4o Yebiddc}. 27] x5} 59 F7}ol
aet AE %, e % HE FEE SRk
W 488 assh ALEES) ok $EE
27] 253 5% 80g/¢ Q1 75l nlsiA 15g/¢
of Aol 2bzt 44%, 7% 73adtglon WA N
ALE 9] AL FAR AFE 8o glycerol 78%,
acetaldehyde 79%, acetic acid 79% Z}4a:3hdc).
w3 27 Ex® 57t ¥E85E F&(yield)o]
oo r MY oekgol oste] AEAYA, owt
& g BAE Ao ] AlSH AFts A= #
Z25=d oleld ANAEE outd Ao Hw
B QA njste AEAAo] o AlsHA At
5 4 & Ak
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Table 3. Effects of the pH on the maximum dry
cell weight, ethanol production and by-
products formation.

Maximum | Maximum | Maximum | Maximum| Maximum
pH cell ethanol | glycerol | acetaldehyde| acetic acid
conc. (g/2 )| conc. (g/8 Y conc. (g/¢ )| conc.(g/#) | conc. ()

3.5 225 9.90 038 030 0.22
45 258 11.5 045 0.36 0.27
5.0 248 111 041 033 0.24
6.5 2.21 9.50 0.35 0.28 0.18

* Initial glucose concentration=30g/¥
* Aeration rate=0.5vvm
* Temperature=30C

Table 4. Effects of the initial glucose concen-
tration on the maximum dry cell weight,
ethanol production and by—products for-
mation.

Initial | Maximum | Maximum | Maximum | Maximum | Maximum
glucose cell ethanol | glycerol |acetaldehyde | aceric acd
conc. (gt | conc.(g#) | conc.g#) | conc. (/) | conc. (@) | conc.(g/?)
(Yield) | (Yield) | (Yield) | (Yield) | (Yield)

15 190 680 | 028 0.23 0.18
(0127) | (0453) | (0019) | (0015) | (0012)
30 220 130 0.54 045 033

(0073) | (0433) | (0018) | (0015) | (0011)
60 290 240 098 086 065
(0048) | (0400) | (0016) | (0014) | (0011)
80 340 | 300 126 108 084
(0.043) | (0375) | (0015 | (0.013) | {0010)

* Initial pH=4.0
* Aeration rate=0.5vvm
* Temperature=30"C

BRFEE 9%

dubde® ge Axds Fdtn Jdu Ao
oG8z gle FRFEE(yeast extract)e RFO|
ot} F4 - F3tElo] FE ofu|wal, 4k, o)
A g Axy FANE P o] 4-=ch(19, 20).
o]2)g a5 %(DIFCO Co.)o] ol&kg R A
AEAA ok 2 wE §ARE A vlAE
Aol Bapod ATk 27] A W] AR
2% ool we} AEAA, ok F A A,
Erd 48 o] 9%& A =Hd AxAAe
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Fig,. 2. Effect of yeast extract concentration on
(a) the cell growth and glucose uptake, (b)
ethanol production and (c) acetic acid and
acetaldehyde production during ethanol
fermentation.

2,0, 0: Yeast extract 50g/¢
4,0 N:Yeast extract 2.5¢/¢

735 Fig. 2014 R wje} zko] 27) aR35E9
FEF 2.5g/0 2 3o wjkstas A AT A
TE 1.80g/¢ & Agl=dl vzt z7] 3
9 T2 5.0g/0 2 3t wjekatale A HF A
LEE 2.05/0 F Ao AFAE] FRolA 14%
A= S7KEe o 5 Aok oleiY ANe mRS
T2l 2] 712 AETY 4R oFojdl Ax
fel7] WEo 2 Frdnt. T 1w Ye o] A
A% Aold Xged 27 ARFEE ¥
2.5g/0 & &kof wjFstodE 7$-ol wlste] 5.0g/¢
2 3t wjdstad s A T2 2ngnr) 219
= &l e QAN AL A
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Fig. 3. Correlation between the specific glucose
uptake rate and specific growth rate for
various yeast extract concentrations.
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EQ74e HAfoe g ARFEE $59 F)o)
o2t o 38 2ags & F Uk 27 ARES
8 F=F 25g/0 & s wgstde AS 27)
ARFEEY TEE 5.0g/0 2 3o wiokstgde A
%ol B|a}e] ojgkg acetic acid Y acetaldehyde:
2zt 10%, 12%, 12% A= o go] A
olejdt ARFEE L niAAL T v TR
AR5 FARRHE & = 9l=d Fig 364
< vig} o] ARFEES ¥l & AL A
IAAS ¢J3F maintenance coefficient= 7} 3h=
8l yield constants Z7}8h= Ae HeF3 9]
o] N EAAL Z7lsh) oerg Y HAME ] QML
Zra3g AHE 2 gl Han 5(21)9 ¢l3}o
T ol9} AR Anrl B E. coli i)
A FAHER QYA E= acetic acid S wiAjo) &
BE3EE FEE VHIATOEMN A 5 ot
F¢H o2 1FsH A4 FF ¢ yeast extract
TEE ¥ S AEsrE 2ok ojekg g
FAEe AANE Faste AR Holn, 2rE
GE7t Exg SR E ZUMA7E AE, due
8RR QAo FAle Fbete AEE HeF
2 gleH, AE, dete g RAEY] YL By
3= 22 pHol 988 &alstyde). w3 a1 o
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g FAE AL ot AT vlEle AR
bt oleld b oebe HETAY A3
9 oolebg R F PSS 1Edo d'bEE £
g 2 AAEhs T4 282 5 & Aotk

8 o

ek uk oo Fg #A4qAtel &5, pH, £
&%, 27 IER &, ARFET 5 5ol A
ZAA3 ogke 3§ AR Aol u]xE eddf)
tisted A7t 5714571 3715l wel A
AEEEE 79 A3Ao 2 Zylst ubd Ho) o
ehg gl BARE Fre i) wjkesrl %
ol AFE AT AL} ofrtg Y FAHE A4
£5= Zrlste uia HE AZEEe HF dske
0 RAE 55 238 v Jehdd wlA] Wlg
pH W47} 4.0 oJ3h} 6.0 oJAto 8 Hu A EAA,
ofler-g- o HAME Ao FA3] 7Fast¢l3 pH 45
|4 AEFEe} oere 2 HAE ot HpxE
vehligich 27 $x9 sx9] Zv)d we} A%
o) oeke 9 g AR yEE Zvkged
F82 ¢33 ftaskgld}. ARFEE st 3
ah A LRS- ZRh dlEke W RAMZS] YA
& 238 zhasld.

RFnEd

o

1. M. Lemoigne, J. P. Aubert and J. Millet
(1954), Ann. Inst. Pasteur, 87, 427.

2. C. Beck and H. K. von Meyenburg(1968), J.
Bacteriol., 96, 479.

3. J. P. Barford and R. J. Hall(1979), J. Gen.
Microbiol., 114, 267.

4. W. Borzani, M. L. R. Vairo, [. H. Koshimizu,
M. R. De Melo Cruz and L. J. Perego(1981),
Biomass, 1, 115.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

451

. T. Cachot, M. Muller and M. N. Pons(1991),

Appl. Microbiol. Biotechnol., 35, 450.

G. L. Miller(1959), Anal. Chem., 31, 426.

M. Rizzi, C. Klein, C. Schulze, N. A. Bui-
Thanh and H. Dellweg(1987), Poster pre-
sented at ECB4 Amsterdam.

M. W. Baillargeon, N. B. Jansen, C. S. Gong
and G. T. Tsao(1983), Biotechnol. Letis., 5,
339.

D. R. J. Grootjen, R. G. J. M. van der Lans
and K. Ch. A. M. Luyben(1990), Enzyme
Microb. Technol., 12, 20.

G. R. Cysewski and C. R. Wilke(1977),
Biotechnol. Bioeng., 19, 1125.

D. D. D. Ryy, Y. J. Kim and J. H. Kim
(1984), Biotechnol. Bioeng., 26, 12.

R. Espinasa, V. Cojulum and F. Marroquin
(1978), Biotechnol. Bioeng. Symp., 8, 69.

C. W. Jones, H. W. Doelle and N. Pamment
(1991), Appl. Microbiol. Biotechnol., 35, 4.

A. Nanba, Y. Nishizawa, Y. Tsuchiya and S.
Nagai(1987), J. Ferment. Technol., 65, 277.

Z. Buzas, K. Dallmann and B. Szajam(1989),
Biotechnol. Bioeng., 34, 882.

P. K. Wasungu and A. Simard(1986),
Biotechnol. Bioeng., 28, 824.

I. C. Reed and S. T. Pepler(1989), Biotechnol.
Bioeng., 34, 1063.

J. Eroshin, H. Lawford, P. Holloway and A.
Ruggiero(1988), Biotechnol. Letts., 10, 809.

F. R. Mistry and C. L. Cooney(1989), Bio-
technol. Bioeng., 34, 1295.

J. Snay, J. W. Jeong and M. M. Attai(1971),
Can. J. Rev., 25, 56.

K. H. Han, H. C. Lim and J. Hong(1992),
Biotechnol. Bioeng., 39, 663.



