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Ethanol Fermentation by Pichia stipifis in a Mixture of Pentoses and Hexoses
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ABSTRACT

P. stipitis CBS5776 was cultivated to examine the characteristics of ethanol fermentation for hexoses
(mannose, glucose, and galactose) and pentoses( xylose and arabinose). Glucose was the best carbon
source among the sugars used in terms of ethanol yield. Glucose was used to produce ethanol with an
vield coefficient 0.376g ethanol/g glucose, whereas mannose was converted to produce ethanol with an
yield coefficient 0.326g ethanol/g mannose. P. stipitis CBS5776 was also grown in a mixture of sugars
to study the pattern of carbon utilization. The yeast utilized glucose and mannose first, and then galac-
tose and xylose as carbon sources. Arabinose was partially used for biomass when it was present as a
sole carbon source, but it was not metabolized at all in a mixture of carbon sources. P. stipitis produced
12.2g/¢ ethanol with a vield coefficient 0.332 g ethanol/g sugar in a mixture of sugars.

A e
ZdAel ke 2T e Aia EHL FE
cellulose 409%, hemicellulose 30%, lignin 20% <}
A7bA Aoz FAE rh(1). webA Adira
49 AR Al 0|48 $JajH of Al 74A BA
S B o] g3t Ao nlgtAlsic). 1l o]F A
Sa T HEES 54 = Aol 9Jste] 6%
33} 5ebgo] E3Hs o] AIEIc) Celluloses] o
ZA-ql B A5l Exds o] 43k oshE A

g Qe 3l - olelq chaleR oFoid g

lo

t}. 2@} hemicellulosed 58 3 AHEQl xy-

lose®] ollehe Mgt & At Ao Fa
g Aefolct. Hemicellulose &4-2 FAHL 34

395

Bal xyloses A9 oehe i 7.4 Saccha
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B a 68 EdelAe) i FHS Yo} B
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500ml AHzF flaskell4] 200ml®] working vol-
umes 7T WEE T o] o MEL:
+ 30T, 2y = 200rpme)gich

2A{afH

A8 FEE spectrophotometer( Hitachi
U1100)Z 600nmollx &35 &Asle] A=A
Fao] xFFAE o4t Felgnh. AxFAE
T #AE 35ate 80°CelA 24417 AxAIZ)
% ZAstgdd). ogke 5= gas chromatogra-
phy(Pye Unicam PU4500)5 o]&3}o =314
2, B9 e HPLC(Tosoh)E o] 43}e] &
Aatodct.
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th. 53] 6% F 59 5 wiA7} oljkE A
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g ogtE WE AHxE Ho] F<lt}h Fig 1o
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g Aol A e olleke MAMIS ehio] o
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Table 1. Effects of carbon sources on the specific
growth rate, ethanol yield, and maxi-
mum ethanol concentration of P. stipifis
CBS5776 at 30°C and pH 5.

Carbon ‘ Specific Ethanol Yield Maximum .
Source i Growth Rate (¢ Ethanol & Sugar) ‘ Ethanol ancemranon
) &)
Mannose 0.172 0.326 163
Glucose 0.148 0.376 18.8
Galactose|  0.105 0.292 14.6
Xylose 0.139 0.260 13.0
Arabinose 0.080 0.000 0.0
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Fig 1. Profiles of cell growth(_]), mannose con-
centration(A), and ethanol concentration
(O) in a flask culture using Pichia stipitis
CBS5776.
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Fig 2. Profiles of cell growth([ ]), total sugar con-

centration(~), and ethanol concentration
(O) in a flask culture using Pichia stipifis
CBS5776 (initial sugar concentrations:9g/¢
mannose, 92/ glucose, 98/ galatose, 98/¢
xylose and 9 g/¢ arabinose)
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Fig 3. Profiles of cell growth((]), total sugar con-

Sugar concentration(g/€)

centration{A), and ethanol concentration
(O) in a flask culture using Pichis stipifis
CBS5776 (Initial sugar concentrations:
21g/¢ mannose, 7g/¢ gluose, 68/ galatose,
9g/¢ xylose, and 2g/¢ arabinose).
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Fig 4. Time trajectories of individual sugar con-

centrations in a culture of Pichia stipitis
CBS5776(Initial sugar concentrations:
9g/0 mannose({), 98/¢ glucose( 1), 9&/¢
galactose( *), 9g/¢ xylose(O), and 9g/¢
arabinose{A).




398
23
201
§ ol
2 st
k)
H
=
W
&
c 10
S
S
S
2 ‘)
5 f
5 *
AN
¢
B e
[¢] ! i

4
®

Fermentation time(hr)

Fig 5. Time trajectories of individual sugar con-
centrations in a culture of Pichia stpitis
CBS5776 (Initial sugar concentrations:
21g/¢ mannose(), 78/¢ glucose()), 6g/¢
galactose(*), 9g/¢ xylose(Q), and 2g/¢
arabinose(A).
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olghE 2 HEA| 7L dghei(14).
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6uted3) Selde) EFANN BE SHE oo}

e B uAE ARsle, FHA A
SSL(spent sulfite liquor)e] FFAu|S zt= &3}
3 wiAE AREsldel. SSLe) 3EAle mannose
21g/¢, ¥57 7g/4, galactose 6g/¢, xvlose 9g
/¢, arabinose 2g/¢ % % wsr= 45g/4 o|x},
A3 AIE Fig 2~50 Jehidz, o522 r¥
dojzl ofek-g- Wi QS-S Table 24 A3ty
t}.
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Table 2. Specific growth rate, ethanol yield, and
maximum ethanol concentration for P.
stipitis grown in a mixture of carbon

sources.
Specific Ethanol Yield Maximum Etbanol
Growth rate (& Echanol/5 Sugar) Concentration
e /)
Exp. 1 0.155% 0.245 79
Exp. 2 0.157 0.332 12.2

Exp. 1:The growth medium has equal amounts of sugars
at9g/¢ each,

Exp. 2: The growth medium has the composition of spent
sulfite liquor.
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e A 0332, o) olgke ¥ 122 g/¢
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Br} 747k 355% , 54.4% FAE Aok wlAgA
59t H#FAsEE F A 25 923 e
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9} ¥xrio] M- 02 o]4%, galactoses} xy-
lose?] o]-o] Hulglcl AA] arabinose: A3 o]
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Aol FEr} & g P stiptisoll 25} $HA1E] o
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Pichia stipitis CBS5776% o]4-3le) 6utds} 5
S st g wiRe A Aeke wE EA
S ool 2] $13 A3E FYstdnt. Bagled
AMSE B F oebe gdedAE EX T, man
nose, galactose, xylose &0 2 Sebd ¥l Gei}
o] $7¢ 71A% =it Exde oebg ¢
£o] 0.376g ethanol/g glucose® Ad =9toui

&2 % mannose?] oehE &8 (0.326g etha-
nol/g mannosee]¢Jt}.
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e A o|4E5A Faigct. wE Ax FHo o
B 55 122 g/l o)slz, ovbE A i
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