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Table 1 Comparison of parameters within the batch glutathione fermentation under different temperatures

T/C
Parameters
32 30 28 26 24
Initial glucose concentration/ g L~! 28.9 28.6 28.0 28.6 28.6
Residual glucose concentration/ g 17! 0.2 0.2 0.2 0.3 0.3
NH, ,S0; consumption/ g L.~! 4.8 4.8 5.1 5.2 5.0
Culture time/h 24 26 28 30 32
Dry cell weight/ g 17! 15.8 15.2 16.1 16.0 16.6
Glutathione production/ mg 1.7 235 312 343 366 353
Intracellular glutathione content/ % 1.5 2.1 2.1 2.3 2.1
Glucose consumption rate/ g L™ h~! 2.05 1.78 1.74 1.58 1.42
Average specific glucose consumption rate/ h~! 0.22 0.20 0.19 0.20 0.19
Average specific growth rate/ h~! 0.12 0.13 0.10 0.10 0.10
Average specific glutathione production rate/ mg g=" h~! 1.4 2.1 1.8 1.9 1.9
Biomass yield on glucose/ g g~ 0.55 0.53 0.58 0.56 0.58
Glutathione yield on glucose/ mg g~! 8.2 11.0 12.3 12.9 12.5
Biomass productivity/ g L=" h~! 0.66 0.58 0.58 0.53 0.52
Glutathione productivity/ mg L=" h~! 9.8 12.0 12.2 12.2 11.0
2.2 2
Table 2 Kinetic parameters of cell growth estimated
Monod  Logistic > Monod under different temperatures
T/C Xy gL' g/ h°' K/ g L7} R*value
24 16.3 0.34 25.0 0.999
Logistic
. 26 16.2 0.37 25.8 0.999
C. wilis WSH 02-08
. 28 16.0 0.45 26.4 0.998
Logistic
9 30 15.1 0.51 32.6 0.998
dX X 1 32 15.6 0.57 34.3 0.997
o = e X - TSGR SIK, 1 . .
" I} Luedeking
Fhmax Ko Luedeking-Piret
K,
dP dX
1A B 1 d = Ca tPX 2
2 a0 =0 | a0 B0 I o=
R 0 B0 il
1B C 2
2.3 GSH 3 C. wilis WSH 02-08
GSH I GSH
Gaden " 3 1 GSH
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3 GSH 2.4
Table 3 Kinetic parameters of GSH production estimated
under different temperatures

T/C a B R?value Arrhenius
24 0.0144 0.00037 0.94 Ratkowsky Hinshelwood
26 0.0138 0.00048 0.94 C. wtilis WSH 02-08
28 0.0131 0.00044 0.94
Mo Ky 4 2
30 0.0126 0.00048 0.92
32 0.0079 0.00044 0.96
5
4
Table 4 The relationship of temperature and cell growth Kinetic parameters
Models Parameters Equations Formula
Hmax P = Aexp — EalRT 3
Arrhenius model A
K; Ky =Ajexp - Ea;/RT 4
P tn = B T= Ty 3
Ratkowsky model R 6
K; Ki= By T- Ty 2
E E,
. P = krexp - R—IT - kep = 7
Hinshelwood model H K P P ¢
! K| = kyexp —R—IYI, - kyexp —R—ZTI,
5
Table 5  Results of the parameters estimated from the models
Estimated
Parameters Model A Model R Model H R? value Formula
A2 Ea® B 7.4 K,® £* £’ £,
258 50.5 0.996 3
Hmax 0.0224 -1.7 0.996 5
-15.98 -25.82 699.1 50.54 0.996 7
8.26 31.5 0.976 4
K, 0.1107 -20.3 0.972 6
1.43 -2.19 330.5 33.91 0.943 8

 The unit of A K, and Kj is 10°h™" " The unit of Ea K; and K is k} mol™' ¢ The unit of B is K™% h~%> ¢ The unit of T, is C Model A R and

H are representative of Arrhenius model Ratkowsky model and Hinshelwood model.

24~32C 9 24-~32%C 9

P K
Ratkowsky 2

o Arthenius A B 29C 28.3g L' 30C
K, 33.2g L7 C. wilis WSH 02-08
C. wilis WSH 02-08 GSH 9
9 5%
dx 0.024 T+1.7 X 1= X/X, 0 9 24~32%C C. wilis WSH
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Fig.2  Comparison of the results predicted by the cell growth kinetic model with the experimental results
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Kinetic Models for the Effect of Temperature on Batch Glutathione
Fermentation by Candida utilis

WEI Gong-Yuan LI Yin DU Guo-Cheng CHEN Jian™
Key Laboratory of Industrial Biotechnology ~Ministry of Education ~ Southern Yangtze University ~Wuxi 214036  China

Abstract  Glutathione L-7-glutamyl-L-cysteinylglycine  one of the major non-protein thiol compounds is widely distributed
in living cells and plays an important role in maintaining the normal redox environment of cells as an antioxidant. In the produc-
tion of glutathione by fermentation temperature is one of the most important environmental factors that affect the yield and the
productivity of glutathione. Here the effect of temperature varied from 24°C to 32°C on the batch fermentation of glutathione in
a7 L stirred fermenter by Candida utilis WSH 02-08 was investigated . It was found that cell growth was hastened along with the
increase of temperature. The maximum dry cell weight was achieved approximately 16 g/L under various temperatures as soon as
the glucose was exhausted. The effect of temperature on glutathione production was different from that on cell growth the lower
the temperature the higher the glutathione production i.e. the maximum glutathione concentration at 32 °C 235 mg/I. was
only 75% and 64% of that at 30 °C and 26 °C  respectively. The maximum average specific growth rate 0.13 h™! was achie-
ved at 30 °C while the maximum glutathione concentration 366 mg L™' and the maximum intracellular glutathione content

2.3% were obtained at 26°C . Therefore the optimum temperatures for cell growth and glutathione production are quite differ-
ent in the batch fermentation. A modified Logistic equation was successfully applied to estimate the kinetics of cell growth. The
maximum specific growth rate and the substrate inhibition constant calculated from this equation were both increased along with
the temperature. In addition the glutathione fermentation by C. wtilis WSH 02-08 under various temperatures was proven to be

a partial growth-associated process by estimating the process with the Luedeking-Piret equation. Based on the estimated parame-

ters the effect of temperature on the kinetics of cell growth was further studied. An equation ax =

dt

0.0224 T+1.7 *X 1-X/X,..
1+S/ 8.26x10° xexp —31477/R/ T +273

was developed and applied to interlink the relationship between biomass

concentration and temperature as well as substrate concentration in the batch glutathione fermentation. The experiment results

showed that this model could predict the growth pattern very well.

Key words glutathione Candida utilis batch fermentation temperature kinetic model
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