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Estimation of Fermentation State and Metabolic Stoichiometry of
Kyuyveromyces marxianus
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ABSTRACT

State varibles were estimated for fermentations of K. marxanus under various dilution rates and
dissolved oxygen concentrations. The number of elementary reaction stoichiometry with fixed
coefficients was determined by singular variable decomposition. Stoichiometry with feasible physical
meaning was obtained by target factor analysis. States of fermentations were estimated by linear
quadratic programing. The process conditions of single cell production to maximize carbon source

consumption were suggested.
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Table 1. The raw data of continuous culture.
DO D X S EOH NH3 qoe Qooe \" So
(%) b /L) {mM) (mM) (mM)  (mmol/L} (mmol/L) W (mM)
70 0.053 7.93 0.088 0 20.40 68.50 70.42 4 55.03
60 0.106 8.61 0.205 0 25.30 130.40 125.29 4 55.52
60 0.158 8.75 0.438 0 21.35 208.95 210.63 4 56.92
60 0.208 9.08 0.994 0 18.82 263.40 258.92 4 56.65
55 0.254 8.15 4006 0 21.35 314.59 308.92 4 57.01
50 0.309 7.49 9.649 0 24.23 340.10 332.62 4 56.99
50 0.360 667 15.640 0 26.88 344.00 336.78 4 57.23
50 0.405 6.13 20.470 0 29.59 340.05 331.54 4 57.40
55 0.454 498 27.780 0 33.76 317.80 310.81 4 57.62
60 0.507 3.95 34,060 0 38.30 277.51 275.02 4 57.74
75 0.206 8.96 0.760 1.568 1835 256.78 259.12 4 56.61
5 0.101 7.66 0.234 0911 23.00 155.55 151.73 4 57.42
5 0.211 8.57 4.386 0365 2141 276.64 289.70 4 57.71
5 0.305 6.43 1.930 70.498  30.23 240.48 332.04 4 57.46
5 0.448 4.56 11.260 90.100  38.18 152.12 281.69 3 58.07
5 0.45 318 28.480 50.598  46.00 143.86 235.41 4 58.13
1 0.102 8.70 0.254 2049 2647 177.48 180.44 4 57.83
1 0.204 9.44 0.804 1480  21.27 272.63 278.48 4 57.76
1 0.207 7.99 1.579 40643 2523 189.45 24451 4 57.80
1 0.308 661 11.660 47987 3170 195.66 263.69 4 57.97
1 0.458 2.14 32.750 60.033 5282 74.39 203.18 4 58.33
0.7 0.456 241 15.350 126720 52.12 41.93 226.26 3 58.31
0.5 0.206 6.81 2.360 90049  31.06 104.60 195.42 4 57.93
0.1 0.455 1.39 27.310 105.800  58.18 442 158.66 3 58.41
0 0.193 1.51 10.119 174850  54.94 0 149.02 4 58.38

DO, dissolved oxygen concentration: D, dilution rate: S, lactose: X, cell: EOH, ethanol: qu, oxygen evolution rate: qo, carbon
dioxide production rate: V, working volume: S, lactose(inlet).
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Fig.1. Estimated production rate of water for

aerobic fermentation.
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Table 2. Production and consumption rates of measured components.

Dx Ds Deon Dwms D Doz
420.29 —995.88 0 —36.22 —548.00 774.62
912.66 —2005.28 0 —63.61 —1043.20 1378.19
1382.50 -3052.06 0 -105.43 -1671.60 2316.95
1888.64 —3959.15 0 ~147.73 —2107.20 2848.16
2070.10 —4604.35 0 -169.48 -2516.72 3398.08
2314.41 —5002.90 0 -191.05 —2720.80 3658.78
2401.20 —5120.56 0 —206.37 —2752.00 3704.58
2482.65 -5115.17 0 —213.50 —2520.40 3646.94
2260.92 —4633.20 0 —207.15 -2542.40 3418.89
2002.65 —4105.97 0 —192.20 —2220.08 3025.22
1845.76 —3034,74 14.82 -147.96 —2054.24 2850.36

773.66 —1975.32 4.23 —64.56 —1244.40 1669.03
1808.27 —3847.97 3.54 —140.58 —2213.12 3186.70
1961.15 —5792.33 989.09 -157.47 -1923.84 3652.44
2042.88 —7172.04 1856.78 —170.75 -1622.61 4131.45
1431.00 —4563.14 1047.38 -111.69 -1150.88 2589.51

887.40 —2008.48 9.61 —59.18 -1419.84 1984.84
1925.76 —3973.71 13.89 -136.74 —2181.04 3063.28
1653.93 —3980.11 387.00 —124.47 -1515.60 2689.61
2035.88 —4878.11 679.88 —151.32 —1565.28 2900.59

980.12 —4006.75 1264.77 —60.58 —595.12 2234.98
1098.96 —6699.70 2657.97 -65.74 —447.25 331848
1402.86 —3915.02 853.30 —-103.45 —836.80 2149.62

632.45 —483947 2214.35 -18.72 —47.15 2327.01

291.43 —3186.11 1552.27 -18.57 0 1639.22

D, production rate of i component [mmol/hr/2 ]: X, cell: S, substrate: EOH, ethanol: NH;, ammonia: O, oxygen: CO; carbon

dioxide.
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