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THE ICI SINGLE CELL PROTEIN PROCESS

J D Littlehailes

Imperial Chemical Industries Ltd., Agricultural Division,
Billingham, Teesside TS23 1LD

The Agricultural Division of ICI has as its main customer the farming
industry, and the work which I shall describe has been derived from

an intensive research effort aimed at the provision of a new source
of protein quality comparable with fishmeal. While the demand fer

fishmeal and other high quality proteins continues to rise it is

clear that there will be no increase in the yield of fish from the

world's seas. This has meant that many groups have turned to the

growth of micro-organisms as protein sources grown on substrates

varying from vegetable matter to n-alkanes, but basically attempting

to replace hunting by manufacture, and allowing the use of the kind

of large scale continuous technology developed by the chemical

industry. The single cell protein processes have, of course, the

additional advantages of low land requirement and independence of

the weather.

At the time that ICI began work on SCP there were various feedstocks

available to us, including methane, the n-alkanes and gas oil

fractions, both of which were already being explored, and methanol

on which very little work had been done. Microbiologists had

already demonstrated that various yeasts, fungi and bacteria could
grow on these substrates and there were clearly various combinations

which could prove of importance. In fact ICT chose te grow its

organisms on methanol, for the following reasons:

1 Methanol is highly soluble in water, and would not give rise

to some difficulties in material transfer produced by the

presence of various phases.

2 The explosion hazard is minimal when compared for example with

methane oxygen mixtures. It is, of course, possible to design

for safety, and to control the gas mixtures outside the

flammability limits, but the engineering required seemed to us

to add appreciably to the capital costs for such a plant.

3 Methanol is readily available from a wide range of carbon
sources, ranging from methane to naphtha.

4 It is readily purified, and the process for its manufacture

avoids any carry-over of polycyclic aromatic compounds.

5 It requires less oxygen for its metabolism than does methane,

and hence gives rise to a lower cooling load, though all these

SCP processes based on hydrocarbons are exothermic.

6 ICI manufactures very large tonnages of methanol and is fully

aware of the market and of the properties of the material.
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For the micro-organism we chose a bacterium. ; i

the postulated higher productivity of a bacterial process, with a

higher protein content and lower doubling time both tending to

This choice hinged upon

maximise the use of capital invested; a factor becoming increasingly

important with the escalation of engineering and construction costs.

It was clear, of course, that we would need special technology to allow

the efficient separation of our product. Bacteria, with their small
size, and with densities near to that of water could not be cheaply
separated by the use of centrifuges. We have evolved an alternative
processing step which solves this problem most conveniently.

The screen for our methanol using organisms used the following
criteria:

1 Methanol usage by the isolated, pure culture

2 High protein content

3 High doubling rates. Both of these latter two are linked to

productivity

4 Absence of toxicity or of pathogenicity

5 Suitable growth temperature; the higher the temperature for

optimum growth the simpler are the problems involved in
achieving adequate cooling

6 Reproducibility of the fermentation

7 The robustness of the micro-organism, by which we mean the ease
with which it recovers from shocks caused by changes in
temperature, pH and so on

8. tne applicability of our harvesting techniques

9 Growth vsing ammonia as nitrogen source

10 Nutritional value of the product

We aimed at an isolated, pure culture in our screen rather than
looking for a mixed culture not only so as to be able to give accurate
and meaningful product specifications, unaffected by transient changesin the fermenter conditions, but also so as to be able to use thenutrients as efficiently as possible in a very large plant subject to
the same transients.

After initial isolation and screening of a large number of organismsusing conventional techniques, we checked the primary screen parametersin shake flask fermenters. Those organisms which proved adequate werethen taken into mch more extensive investigations in continuousfermenters. Sixteen of these were built on the model of the Portonsystem, on the 5-litre scale. Their control systems were highlyautomated and controlled centrally, with continuous analysis andcontrol of pH, temperature, dissolved oxygen tension and of the
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volume and composition of gas mixtures at both the inlet and outlet.

This precision of control allowed carbon balances to be measured
accurately and accurate knowledge of the fate of carbon in the

fermentations proved to be of great importance in the development

of the process. Media were supplied using conventional peristaltic

pumps, with an overflow weir system to maintain nominally oonstant
volume. In fact, given a constant volume of gas being blown into
the fermenters and a constant stirring rate the volume proves
remarkably steady, with only very small fluctuations. Temperature

control, used both positive heating (with light bulbs) and cooling
(with cooling coils) giving control to + 0.10. Air was sterilised

by filtration and all other materials were autoclaved. We suffered
infection only rarely, most experiments running their full course of

up to 4 months without interruption.

We did see contamination from time to time, but have at no time

observed phage infection. To investigate the susceptibility of our
organism to phage infection we treated it with a wide range of known

phages, and also with repeated inoculations of raw sewage derived from
many (approximately fifty) different sources. Model studies on

infection by phuge of Ps aeruginosa were most encouraging, indicating

that under conditions of continuous culture the initial kill by phage
would be followed by recovery of the residual resistant population

and the dynamics of continuous fermentation meant that the phage

washed out. Even after prolonged running of the Pilot Plant with

very large volumes of filtered air being blown through the culture,

we have seen no phage infections.

At this point we had several possible organisms for use in our process,
each of which had the capability for high productivity on a minimal

nutrient brew, in which carbon was provided by methanol, oxygen by air,

nitrogen by ammonia, phosphorus and sulphur by phosphoric and

sulphuric acids and various trace metals were derived from inorganic

salts.

During these studies the performance criteria were brought to the
levels shown. Crude protein 85%. ‘True protein 64%. Dry weight
30 g/l. Carbon conversion 62%. max 0.5 hr-!.

In order to make optimum use of the organism we needed a very large

fermenter designed to run economically with optimum oxygen transfer.

The fermenter had to have efficient heat removal to allow fermentation

at high productivity but without imposing an excessive temperature

shock on the culture. It had to be designed so as to minimise the

risks of infection associated with drive shafts, mechanical seals and

so on. It had to be designed so as to maintain homogeneity in as

highly predictably a manner as possible.

These needs were satisfied in the design of what is termed the pressure

cycle fermenter. The basic principles of the fermenter are outlined

as follows:
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Fig. 1: ICI pressure cycle fermenter

The loop of the fermenter is made up of two tall vertical columns
connected at the top and bottom, with the connector at the topproviding disengagement for the air. The larger vertical column isthe riser, into which air and the medium are introduced at the base.The two phase mixture flows upwards in the fermenter, with thehydrostatic head contributing a considerable factor to the solutionof oxygen in the liquor. The voidage in the riser is not balancedin the downcomer, and the difference in pressure head at the base ofthe two verticals provides a marked driving force cycling the liquorthrough the fermenter. Most of the oxygen transfer occurs in theriser, and the solution of oxygen at the lower part of the risercorresponds to an evolution of unused oxygen and of COa in the upperpart of the riser; the concentration of CO> is then kept low and theriser acts as if it were a lung. Of the order of 50% of the influent
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In the upper horizontal section the spent air is disengaged from the
culture liquor which then flows down the downcomer. This downcomer

is of a narrower bore than the riser, and the velocities of flow are

markedly higher. This allows the use of a simple heat exchanger set

into the fermenter to get very efficient heat removal. The cooled

liquor then passes through the bottom cross-member and thence into the

riser, again collecting a fresh charge of medium and of air. The

culture liquor is continuously removed from the fermenter, stripped of

micro-organisms and is then returned to the fermenter after being made
up to provide the medium required.

The process for removal of the micro-organisms gives a cream of 25%
dryweight, and recoveries of the order of 99% of the biomass, Final

drying is by means of spray drier or flash drier, and is the most

expensive stage of dewatering by an order of magnitude, so the high

concentration of the separated cream is of vital importance.

This outlines the process. The organism itself is assigned to the

genus Pseudomonas. It has been given the species name methylotropha.

Ps methylotropha is a gram negative tod, 0.8-1.5 in length and 0.3-
0.5 in width. No spores or capsules were produced. The organism

sometimes aggregated in pairs. The cells were motile by single polar

flagella (flagella stain and electron microscopy). Electron microscopy

revealed some of the internal structure of the organisms. The normal

cell wall and membrane was present and an additional peripheral membrane

system was visible. These membranes formed parallel layers contiguous

with the cell membrane when the cells were grown on methanol but

convoluted into mesosome like structures when the cells were grown on

compounds containing more than one carbon atom (eg glucose). Other

organisms utilising C4 compounds have membranous structures. In the
case of methane utilisers these are much more complex.

Ps methylotropha grows well aerobically using methanol as sole carbon

and energy source. Ammonia and nitrate are used as nitrogen sources;

the organism does not grow well on complex nitrogen sources such as

peptone. Ps methylotropha grows in the range pH 6.0-pH 7.4 with an

optimum between pH 6.5 and pH 6.9, drying at pH 5.O\and pH 7.5»

The optimum growth temperature lies between 34°C and 37°C. At

temperatures below 34°C the organism grows less well. At 39°C a

slight reduction of growth is observed and at 410C the organism dies.

The range of substrates used as carbon and energy sources on first

isolation was very limited. Methanol and fructose were metabolised.

Other substrates were used after a period of adaptation. These :

included propanol, sucrose, lactose, mannose, mannitol, ribose, ribitol,

xylose and hexadecane.

The guanine and cytosine (G+C) content of DNA extracted from

Ps methylotropha, determined by the melting temperature method

indicates a GtC ratio of 54%.
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Ps methylotropha is clearly distinct from the Ps extorquens, pink

pigmented group of methanol users (a detailed taxonomic study is being

published elsewhere) and to form a separate species. Strains of

Ps methylotropha grouped at 95% similarity level and of Ps methylotropha

grouped at 95% similarity level and of Ps extorquens at 82%. Although.

some pink colour can be seen in methylotropha strains this is solely a

cytochrome colour, rather than pigment per_se, and is only seen in high

cell concentrations.

Ps extorquens is much more typically a Pseudomonas in that it uses a
much wider variety of carbon sources than does Ps methylotropha, and

the Ps extorquens species uses the serine pathway for methanol

metabolism where Ps methylotropha uses the hexose phosphate (and more

efficient) pathway.

In fact Ps methylotropha lies near the boundaries of the Pseudomonas

genus, where the definition becomes less certain. The organism

possesses many of the prime features of the genus; a gram negative

rod, polar flagellum, catalase positive, oxidative metabolism, all

regarded by Stainer as diagnostic for Pseudomonas. On the other hand,

the restricted range of carbon sources utilised, the limited growth on

complex media and the G+C ratio of 54% are all atypical, though there
are precedents for the inclusion of organisms with a G+C ratio as low

as 51% for certain semi-marine organisms and Ps methanica, a methane

utilising organism, has a G+C content of 52 moles%.

Clearly this area of bacterial systematics requires more attention as
isolates eccumlate.

 


