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20g/1.40g/1..60g/1..80g/L ,
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(NH,), S0, 5¢g/L,KH,PO, 2g/L.,MgSO, « 7H,0 0. 4g/L, : 32°C, 150rpm,
pH 4.5, 150ml, 0. 45g ethanol/g mannitol,
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Abstract; Ethanol fermentation of different concentration of mannitol by Pichia angophorae was
carried out in 250ml Erlenmeyer flasks. The optimum composition of fermentation medium was
determined by the tests with concentration of 20g/L,40g/1L, 60g/L and 80g/L of mannitol.
Then an orthogonal test was designed and performed, searching for the best fermentation con-
dition. The results indicated that the optimum medium composition for ethanol fermentation
was 20g/L. mannitol, 0. 3g/L yeast extract, 0. 3g/L malt extract, 5g/L (NH,),SO,, 2g/L
KH,PO, and 0. 4g/L. MgSO, * 7H,0O. Besides, the optimal fermentation condition was 32°C,
150rpm, initial pH value 4.5 and 150ml fermentation liquor with a yield of 0. 45 g ethanol
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1.1
(P.angophorae, ATCC22304)
4°C o
1.2
: 10g/L, 3g/L,
0.3g/L, 5g/L, 25g/L,
: 10g/L, 3g/L,
0.3g/L, 5g/L.
1.3
1.3.1
: 20 g/L.40 g/L.60 g/L,
80g/L, 0.3g/L, 0.3g/L,(NH,),

SO, 5g/L,KH, PO, 2g/L,MgSO, « 7H,0O 0. 4g/L,
pH 4.5,
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100ml 250ml
s 28°C ,180rpm 72h,
1.3.2
) L, (3") o
20g/L, 0. 3g/L.

0. 3g/L.(NH,),S0, 5¢/L.KH, PO, 2g/L.MgSO, -
7TH,O 0. 4g/L,

: 20
ml 50ml ,
28°C ,180rpm 18h, 1%
250ml ,
L, (3" C D, 72h,
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Table 1 Factors and levels of L, (3*) orthogonal design
Factors
pH
Levels Tempera— Rotation Initial pH  Fermentation
ture speed value liquor  vol-
) (rpm) ume(ml)
24 120 4.5 50
2 28 150 6.0 100
32 180 7.5 150
1.4
, 12000rpm 10min,
4°C 0
1.4.1
[10]
10%(V/V)
o 6890N,
52 # ZB-WAX PLUS™, :
100°C, 325°C, 250°C
. 28. 7ml/min, 40ml/min,
450ml/min, 30. 0ml/min; :0. 2pl,
3
1.4.2
i . (D
o 1mg/ml

Opg/ml, 10pg/ml, 20pg/ml, 30pug/ml, 40pug/
ml.50pg/ml 6 , 0. 015mol/L

1ml, , 10min,
0.1% L~ 2ml, , Nash
4ml,53°C 15min ,
412nm , s
OD 1, . (2)
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° lml ° )

, Iml, 20g/L, 0.3g/L.,
. OD ,,, 0. 3g/L, (NH,), SO, 5g/L,KH, PO, 2g/L, Mg-
. 3 . SO, « 7H,0 0. 4g/L
5 , .
2.1 2.2
20g/L.40g/ 2.2.1
L.60g/L.80g/L 72h 3 .
2 . . 1 9
2 , 24~48h 36h  24h . 24h
s 40g/1..60g/L.80g/ 0; 2. 5 6 24
L 48h . ~48h . 2 48h
; 20g/L 48h . . 5
. , . 60h 6  60h . ;
, . 60~72h . 3 7 24~60h
20g/1..40g/1..60g/L..80g/L R 12h ; 4
, 0. 666% (V/V).,0.782% 8 24~72h
(V/V),0.791% (V/V).0.888% (V/V), . 72h 3 8
0.26g.0. 15g.,0. 10g.0. 09g, . 1.010%(V/V,72h)  1.067%
, (V/V,72h), 1 9
. . . 0.270% (V/V,36h)  0.222% (V/V,
. 24h) ,
20g/L 4 . . . pH .
, 0.26g ethanol /g mannitol, 4 ,
, , : (R = 0.579), pH
. . (R = 0.286), (R = 0.144), (R =
. . 0. 077),

2

Table 2 Yields of ethanol of fermentation tests in different mannitol concentrations

Yields of ethanol( % ,V/V)

Concentration

of mannitol(g/L) 24h 36h 48h 60h 72h

20 0.30140.010 0.586=40.006 0.65440. 009 0.66640.013 0.36440.009
40 0.25540. 020 0.54140.002 0.78240.009 0.46340.005 0.37640. 002
60 0.2574+0.002 0.63340.014 0.79140. 024 0.77740.020 0.666+0.001
80 0.19240.010 0.57640.031 0. 888+0. 020 0.88540.028 0.74940. 036
3

Table 3  Yields of ethanol by P. angophorae in the orthogonal test

Yields of ethanol( % ,V/V)

Test No. 24h 36h 48h 60h 72h

1 0.10440.007 0.270£0. 006 0.10240.006 0 0

2 0.16740.011 0.485+0.016 0.68440.010 0.65540. 006 0.42540.008
3 0.15340.015 0.497=+0.014 0.77840. 004 0.99640.012 1.010+0.010
4 0.17440.019 0.31540.019 0.51040. 025 0.64740. 044 0.73240.025
5 0 0.339£0.016 0.50240. 008 0.58040.033 0.378£0.022
6 0.30140.010 0.586+0. 006 0.65440.009 0.66640.013 0.364+0.009
7 0.128=+0.013 0.416+0.007 0.737=0.022 0.871+0.033 0.906+0.015
8 0.19040. 015 0.408=+0. 008 0.68040.007 0.85740.003 1.067+0.012
9 0.22240.007 0.14740.003 0 0 0
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4 ’ o 8 pH
Table 4 Range analysis of the best yields of ethanol by P. an- 4.5, R
gophorae in different groups of the orthogonal test R pH

Factors . 8 150ml .
pH The best 3 . (32°C,
Temper- yields of
Test ature Rotation  Initial Fermen-  ethanol 15()rpm) o
No. cC)H speed pH val- tation (% . V/V)
(rpm) ue liquor 5
volume . .
(mD Table 5 Analysis of variance table of the orthogonal test for P.
1 (124 (1)120 (4.5 (1) 50 0.270+£0.006 angophorae
2 (124 (2)150 (2)6.0 (2)100 0.68440.010 -
3 (1)24 (3)180 (3)7.5 (3)150 1.010+£0.010 .
f S f D s of Estima f F val
4 (228 (D120 (2)6.0  (3)150 0,732+0, 025 Source 0 oL e of Padmatorof Fvalue
5 (2)28 (2)150 (3)7.5 (1) 50 0.580+0.033
6 (2)28 (3)180 (4.5 (2)100 0.666+0.013 . 0. 0407 2 0. 0204 3.6417
o - Rotation speed
7 (3)32 (1)120 (3)7.5 (2)100 0.906+0.015
8 (3)32 (2)150 (4.5 (3)150 1.067+0.012 .. pH 0.1236 2 0.0618 11. 0530
Initial pH value
9 (3)32 (3)180 (2)6.0 (1) 50 0.222+0.007
Ty 1.964 1.908 2.003 1.072 o ) i
T, 1.978 2.331 1.638 2,956 Fermentation liq- 0.5250 2 0.2625 46.9451
uor volume
Ts 2.195 1. 898 2.496 2. 809
Ijl 0. 655 0.636 0.668 ().3:}7 0.0112 5 0. 0056
K 0. 659 0.777 0. 546 0.752 Error
K; 0.732 0.633 0. 832 0.936
R 0.077 0.144 0.286 0.579 Sum 0.7005 8
4
L9(3 ) ( D Fo.05(2,2) = 19.00,F¢.¢1(2,2) =99.00,

s 2.2.2

° ( 5) . 0.05 X,

’ ’ Y, Y = 0. 01035X —

pH . 0. 01033,R =0. 99879, 10
150ml 3. 4, ~50pg/ml,
8 , 8 3 8
1.067% (V/V,72h), . (D . 3
50ml 1. 5. 8 24h 11.2 g/L.
9 , 9 11.8g/L, (20g/L) 8.8
0.222%(V/V,24h), . o/1..8. 2¢g/L, 24h
SOml ’ ’ ’
s . 24~72h
s ’ s 3
o , 150ml g, 72h 3 8
. . . 0.06 g/L.1.16g/L.
pH 7.5 , 3 7 , >
b b
»  pH , o
s , 72h 3 8
o pH 7.5 5 , o
50ml, , o pH 72h 3 8
4,5 1 5 1. 010% (V/V) 1. 067% (V/V), 7.97g/
50ml, 5 s 1..8.42g/L,
1 5 , \ 0.40 g ethanol/g mannitol,0. 45g ethanol/g manni-
pH ) tol, 8 9
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