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Preface

This formulary is a summary of current nomen‘da‘turc',‘
definitions and associated equations currently in use in
the field of biotechnology. It has not been attempted
to extensively cover all aspects of microbiology,

biochemical engincering, biophysics, molecular biclogy,

physical chemistry and kinetics pertaining to the
multidisciplinary field of biotechnology. It was,
however, our aim to present a concise source of
practical information. Therefore, terminology and

_those equations in more general use were given

- preference. Complex, specialized terminology lias, as &
consequence, fot been included. We are aware that
this is a compromise subject to criticism and any
suggestions as well as any comments would be most
welcome.

We would also like to thank Prof. R. M. Lafferty
{Techmical University, Graz, Austria) for having prooﬁ-
read the English manuscript.

The authors -

Prol. D. A. Sukatsch Dr A. Dziengel A
HOECHST AG B. BRAUN MELSUNGEN AG

PO. Box 80 P.O. Box 110
6230 Frankfurt 3508 Melsungen
FRG FRG
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Growth klnatles Numbgr of cells :
Duscontinuaus cultufa (batch)

N =N° 2" .
logN —log No
logZ
o1 log N —log No

Vo= . o=x e

! »g» logz(t ~14)

N, =number of cells at time f,
No=number of cells at time 1,
n=number of cell divisions
v=rate of cell division [h™!]

= generation time [h]
=time [h]

Extent of validity: durmg the phase of exponential
growth.



Growth kinetics — Biomass
Discontinuous culture (batch)

dXx

SewX X=Xpe .
; _In2 _InX,-InX,
o I B L—to

X,=biomass at time ¢, [g-17]
X o =biomass at time t, [g*1 ]
ty ¥d0ubling »ti.r»ne of biohags [h]
pu =specific rate of growth [h‘*j

Extent of validity: during the phase of exponential
growth, biomass is defined as dry material, often
expressed as: [gg, "1 '].




amyin2 [ |

pe=specific rate of growth [h~1]

ve=rate of cell division [h~!]

ty= doubling time of biomass [h]

g=doubling time of cell number [h],
equal to generation time

Extent of validity: for “standard cells”, a doubling of
the number of ¢eells is équal to a doubling of biomass.
This reldtionship holds true only during the phase of
exponential growth.
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Growth kinetice -~ Gominum cuiture
Moﬂba uimbm!ﬂ;i ‘

;o
SR AR

. .‘3,;’47.;;".“;_'2 3

s
‘I“ ﬁmK_’_s

pu = specific rate of growth [h™'] _
Himey = maximum specific rate of growth [l~']
| § = substrate concentration [g-17*] :

Kg¢=saturation constant [g-17"], substrate
s cbnoentmtion at which‘ N =0.5_ ,‘w; a

The Monod relationship is orily valid for spucml
conditions analogdus to those related to Mlchaehs-
Menten-kinetics for enzyme activity {cf. enzyme
kinetics). S is the concentration of the limiting
substrate in the homogeneous continuous culture
(chemoctat)
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Model equations for simple growth

kinetics (njhibiti‘oh, no limitation)

h)
Ky+S
#*ﬂm[l “eqﬂ“]

=

Bl o+ 5

he AT

B PP U2 S S S Yy NP LY L

For mﬁiﬁatioﬁ of symbols ‘sae'pre‘vvions pages.
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Biomass detarminatiem in tpghmc-al .
media - -

S (Se" ) DW
P < \DW
(o) -Gw)._
DW DW/,

X’ = average concentration of blOIHIsS

S.s=scdiment after filtration or centnﬁngahon ande
drying [g-17'] R
DW = total dry mass of the meeha g l”’]

0= before moculanon

e

1 -.-.dutmg course ol bwprocess :
w0 i g
This method is used for fcmtauon medna eoutammg
insoluble substrates. The value of (S, -DW ™), ‘must

be determined only-one¢ before moculatnon Values for
S, or DW can also be determined by quick methods
such as infra-red or microwave drying.
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Yield qopfficljntd é'Shbnrata |

ey |
ETAY T 8,3, | « -
. _AS -
,thrﬁfﬁy"ﬁ) '

— ) . "~

AX =biomass increase [g,,17'] . .
AS = substrate comsumption [g,-1~'] or [mol,-1-1]

Yxs=yield coefficient with respect to substrate
[8e 8,7 "] 0r [ -], OF [g4 *mol,” "]

Yxp is often expressed as Y;. To avoid incorrect
interpretations both subacripts should be used.
Reciprocal values can be expressed as either (Yxa) ! or
- 1/Yxy. When being used in a dimensionless form in
. other mathematical derivations it should be taken into
consideration that different masses are involved, i.e;,
grumr of dry mass and grams of substrate.
These rules also apply for all subsequent coefficients.
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Yiqit_l eomwu~0xvm R

)”', ’va, ———

| 15:/0,83—;.: oyx‘(%)'

e -

Ac = Oxygen consumption
(g, 1" Tor fmalg, 17
Ym,;-syaeld coefficient for btomau mth mpect to
: oxysm[sa.. molo ] :

The symbols Yx,o and Y are also mod Iuhould be ,
noticed that the symbol “O" refers t0 8 gram atom of
oxygen and that a different value must he taken into
account,



Yield coefficients - Product formation

AX | i}
Yx,.-P = &’; Yp;x = (Yx:p) !

AP= product formation
[ge17"] or [mol, 1]

Yxp=Yyield coeflicient for biomass with respect. to
product formation ’ '

[gdm : mol? ) l]

See page 14 for further explanations.
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