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Continuous On-line Estimation of Cell Growth and Substrate Consumption
Using a Computer-coupled Quadrupole Mass Spectrometer

Soo W. Nam and Jung H. Kim
Department of Biological Science and Engineering, KAIST, P.O. Box 150, Cheongyang, Seoul 130-650,

Korea.

ABSTRACT

From the on-line mass spectrometric analyses of the exhaust gaseous composition of fermentor and the

material balance equations for oxygen and carbon dioxide, oxygen uptake rate (OUR) and carbon dioxide

evolution rate (CER) were calculated using a personal computer (IBM PC-AT) interfaced tc a quadrupole

mass spectromter. The calculated OUR and CER were used for the indirect estimation of cell and substrate

concentrations during the batch culture of Candida urilis.
yield model of Pirt was applied. It was found that the cell and substrate (glucose) concentrations could be

satisfac torily estimated and the results showed the more accurate estimations of both fermentation state vari-

ables when OUR data were used than CER data.
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Fig. 2. Plot of specific oxygen wuptake rate,
g2 versus specific growth rate, u.
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Fig. 3. Plot of specific carbon dioxide evolution
rate, q¢q, versus specific growth rate, u.
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Fig. 4. Plot of specific glucose consumption rate,

qg versus specific growth rate, u.
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Fig. 5. Indirect estimations of cell and glucose
concentrations from oxygen uptake rate
data.
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Symbols are the same as in Figure 5.

back controlll 9J3F ZA o] Ao} Sq Lgm = o
< Ao|ch

2 o

Candida utilis3- modelT 52 st 4 22413} 72 4
EF online 2P &3 stz Halg AFE(IBM PC-
AT)2} interface] quadrupole mass spectrometer %
v 7| 7}~ 5 -“i—'ﬂ kel o} RN od_'{:)d__i EA =

B4, Ak, o)4bE} B4 Y 2] 9 mole —E%(/:)E
Sl Akt £WEE(0UR)SF o] Ak} eht whaldg
(CER}E onlinel.2 Al4kskeic}, w)g) /‘afﬁ AnA 2



5t maintenance®t &% A5

]%5]’04 A EFEY 7)d T 1:°L9|

o2 yRARgS I G
)

[e)
%&Miicmﬂﬂi bAoA ge

r
e rg‘_ T_b; =}
b 2 w2

AR 7B

CER: Carbon dioxide evolution rate (mol COz/ lhr)

Fx : Molal flow rate of inert(N2) gas (mol / min)

ki : Maintenance coefficient (mol O:/ g-cellhr or mol
CO:2 / g-cell-hr)

k, : Yield coefficient (mol O:/ g-cell or mol CO:/ g-
cell)

m : Maintenance energy (g-glucose / g-cell'hr)

Pein. Peouw: Partial pressure of carbon dioxide in inlet
and outlet gas

Poin Poou : Partial pressure of oxygen in inlet and out-
let gas

P.in Puwou: Partial pressure of water vapor in inlet and
outlet gas

P, : Total pressure

OUR: Oxygen uptake rate (mol Oz/lhr)

. Spcific carbon dioxide evolution rate (mol CO,/

g-cell'hr)

Qo, :Specific oxygen uptake rate (mol O,/g-cell'hr)

qdcog

Qs Specific consumption rate of glucose
(g-glucose/g-cell'hr)

) : OUR == CER

So : Initial glucose concentration (g / liter)

S(t) : Residual glucose concentration (g / liter)

t : Culture time (hr)

V  : Liquid volume in fermentor (liter)

Xo : Initial cell concentration (g / liter)

X(t) : Cell concentration (g / liter)

Y : Cellul yield coefficient (g-cell/ g-glucose)

# : Specific growth rate (hr’)

H ax: Maximum specific growth rate (hr)
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