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Summary 

The problem of estimating microbial biomass during industrial fernentations 

is considered. Biovolune, or the volume fraction enclosed by the cytoplasnic 

membrane of the organisms, constitutes the most appropriate definition of bio- 

mass for this purpose. The dielectric permittivity of cellular suspensions is 

a linear function of their biomass content, due to their possession of various 

dielectric dispersions (usually termed &, p- and Y-) . I .e. frequency-dependent 

changes in permittivity. The magnitude of the P-dispersion, which results pre- 

dominantly from the existence of a relatively ion-permeable cytoplasmic 

membrane surrounding the cells, is proportional to the cell radius and volume 

fraction. Thus measurement of the permittivity at (radio-)frequencies sub- 

stantially between the a- and p-dispersions allovs the convenient estimation 

of h?ovoluqe and hence biomass. Since the (four) electrodes used are metallic, 

tkcy may be autoclaved, and their fouling may be prevented by electrochemical 

cleaning. 

I I ntroduction 

The estimation of microbial (or other cellular) biomass during laboratory 

and industrial fermentations, especially in situ and.in real tine, remains an 

outstanding and generally unsolved problem (CARLEYSMITH & FOX /I/, PARRIS & 

J KELL, / 5 / ,  PIRT /12/). The first difficulty relates to deciding what even in 

rinciple constitutes an appropriate definition of =mass, since the usual I * .  - 
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definitions (e.g. POSTGATE /13/), such as the number of cells capable of . 

growth, metabolism and/or division, cannot be realised in real time. However, 

since it is known that cellular viability depends upon the possession by the 

cells of 'a relatively ion-impermeable cytoplasmic membrane, this and other 

considerations lead to the view (HARRIS & KELL / 5 / ) '  that biovolume, i.e. the 

voluqe fraction of the culture enclosed within the cytoplasmic membrane of the 

cells, represents the nost useful reflection of biomass, i.e. one that is 

relatively independent of the physiological state of the culture and which may . 
I 

yet be used in real time. Similarly, we and others (CLARKE et al./2/, HARRIS 

b KELL / 5 / )  have concluded that physical methods alone, in contrast to say 

chemical methods, can provide an adequate approach to the real-time microbial 

biomass. 

A biophysical approach to the estimation of cellular biomass 

I 

As part of an investigation of the dielectric behaviour of microorganisms, . 

we have developed an automated, dielectric spectrometer, based upon commercially 

available equipment and capable-of operating in the frequency range 5 Hz - 13 
MHz-(HARRIS & KELL /4/). Whilst the use of this equipment has allowed us to 

uncover certain novel mechanisms of dielectric dispersion in membranous systems 

of known dry weight or protein content (HARRIS & KELL / 6 / ,  KELL / 8 / ,  KELL Q 

HARRIS /lo/, /11/), the major fnportance of these studies for the present 

purpose has been to show (a) that the radio-frequency dielectric properties of 

these systems are daminate< by the charging of the cell membrane capacitance 

(i.e. by the so-called e-dispersion (SCWAN / 14 / ) ) ,  and (b) that the magnitude 

of the P-dispersion is linear with the membrane-enclosed volume fraction P up 

to very high values of P. Thus, and since' the measurement of the dielectric 

behaviour of cell suspensions requires only (autoclavable) metallic'electrodes 

as an interface between the measuring system and the culture, it occurred to us 

that the estimation of the dielectric properties of cultures, preferably at one 

or more frequencies between the a- and F-dispersions, would provide a novel, 

useful and non-invasive means for the real-time estimation of biomass during 

laboratory and industrial fermentations (HARRIS et a1./7/). 

Our earlier work was confined to low conductivities ( s a y 4 5  mS/crn), since 

our instrumentation was capable of being used only as a 2-terminal system, so 

that electrode polarisation (e.g. GRANT, SHEPPARD h SOUTH /3 / ,  KELL /9/, 

SCWdAN /15/), which is exacerbated at higher conductivities, would also contri- 

bute to the measured dielectric properties at the high conductivities possibly 
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i c h a r a c t e r i s t i c  of fermentations.  We have the re fo re  developed a dedicated four- . 

I terminal  instrument (the Dulas Bug Meter, p a t e n t s  pending) s u i t a b l e  f o r  t h e  
I 7 real-time es t ima t ion  of microbia l  biomass, and i n  what follows we g ive  i t s  . 
\ i 

spec i f i ca t ion .  
4 

The instrument measures the  capacitance (and conductance) o f  a sample 

using a four-terminal c e l l  and a t  s e l e c t a b l e  f requencies  i n  t h e  range o f  0.2 I 

MHz - 1 2  FMz. Frequency, conductance and capaci tance  a r e  displayed and i I. 
I presented as output  vol tages .  Ca l ib ra t ion  t o  o b t a i n  t h e  c e l l  constant  is with  i 

I 

I so lu t ions  o f  known p e r m i t t i v i t y  and/or conduc t iv i ty ,  w h i l s t  back-offs a r e  I 
1 provided t o  make t h e  capacitance output propor t ional  t o ,  rather than l i n e a r  I 

with, biomass content .  Bipolar  10V  e lec t rode  c leaning pulses  nay be app l i ed  

manually ( t o  prevent the  build-up of b iof i lm on t h e  e l e c t r o d e s ) .  The 

I p e r m i t t i v i t y  ou tpu t  is l i n e a r  wi th  bionass up to  a t  l e a s t  150 mg dry weight/ml, 

1 and ( d e s p i t e  an erroneous expecta t ion t o  t h e  con t ra ry  (CARLEYSHITH 8 FOX / I / ) )  

is e s s e n t i a l l y  unaffected by t h e  presence o f  l a r g e  amounts of p a r t i c u l a t e  

I mptter (which does n o t  possess  a c e l l  menbrane and hence l acks  a s i z e a b l e  

1 p-dispersion). Our measurements t o  date (HARRIS e t  a1 . /7 / )  suggest  t h a t  this 

I ins t runen t  indeed possesses a l l  t h e  p roper t i e s  o f  an  i d e a l  biomass probe as 

I ... defined ( H A R R I S  h KELL / 5 / )  i n  an e a r l i e r  review o f  t h i s  problem. 
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