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Safety and Nutrition Testing of Single Cell Protein

D A Stringer
Imperial Chemical Industries Ltd., Agricultural Division,
Jealott's Hill Research Station, Bracknell, Berkshire, RG12 6EY

INTRODUCTION

Single Cell Protein (SCP) originating from large scale industrial
processes is seen within the European context as an industry directed
towards animal feeding rather than a direct source of nutrients for
the human. This is in direct contrast to the USA where products are
being developed for human consumption. This paper is specifically
directed towards the animal feeding situation which is currently seen
in Europe. The testing of SCP's with respect to human safety will not
be reviewed.

NEEDS FOR SAFETY AND NUTRITION TESTING

To the ruminant animal, which as a group have existed for 50 million

years, SCP is a normal feed ingredient, in this case consisting of a

variable bacterial and protozoal population. In contrast industrial

SCP processes are stable mono-cultures or multi-cultures, and

therefore it is pertinent to ask the question as to whether there

is anything peculiar about SCP, and if not why bother with safety
testing.

The two really novel features about SCP are of course, the use of
newly isolated orqanisms which are suited to continuous fermentation
and the substrates they use for growth. It is therefore pertinent to
analyse the potential areas of risk (table 1). It is important from
the manufacturers standpoint, never mind the final animal consumer,
or the human at the end of the food chain, that these features have
to be examined.

The first test which has to be made relates to pathogenicity of the
living organism for clearly it is foolish to develop a process based
on pathogenic organisms. The same criteria applies to the final
product for although the process may be sterile within the fermenter,
once the cells become exposed to air in the post fermenter process,
which includes drying, contamination with other organisms is bound to
occur. As such SCP is not different from any conventional feed/food
material, but specific care has to be taken to ensure that contaminent
micro-organisms, particularly those of public health significance, are
totally avoided, or kept in such low concentrations that spoilage is
not implicated.

In addition to the toxin secretion by the chosen micro-organism(s)
which is screened by the above test, it is necessary to consider the
metabolic implications of the chemical composition of the SCP. This,
at least initially, will include nucleic acid, peculiar fatty acids,
together with other chemical compounds not easily characterised in the
first instance. These tests imply feeding studies.

Likewise the chemical residues resulting from the actual process
ingredients may also cause problems. Dealing firstly with the carbon
substrates there is a gradation in scale from gas oil to the bi-
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products of the human food processing industry eg. whey, carbohydrate.
Situated between these two extremes lay sewage waste which is highly
variable from location to location, n-alkanes which can be produced to
a high degree of chemical purity so as to meet WHO specifications for
human consumption, ethanol which is a material most people recognise
as safe, and methanol and acetic acid together with hydrogen and
methane can all be produced to similar levels of chemical purity as
ethanol.

The residues resulting from the carbon substrate may potentially cause
problems. This problem only appears to be associated with those
processes where the carbon substrate is mainly soluble. It does not
occur within the ICI Process for instance where the methanol is present
in the fermenter at 2 ppm and any residues are clearly evaporated in
drying. Sewage sludge is very variable in both lipid and heavy metals
as a result of man made environmental features, this will be reflected
in the SCP composition.

Of the other nutrients required for SCP production, all conceivable
hazards appear to be under control. Ammonia is chemically pure, and
the trace ingredients eg. Mg, K, Na, S04, POqg etc. can all be monitored
Phosphoric acid is a major ingredient, the major conventional hazard
is fluorine, but various sources of phosphoric acid can also introduce
benz-pyrenes due to the use of mineral oils in their manufacture.
Having avoided benz-pyrene through the carbon substrate with substrates
such as methanol, acetic acid etc. it is foolish to introduce it by
this manner. Other harmful trace metals, eg. Hg, Cd, As and Pb are
easily monitored. We have taken the acceptable levels of these
components to be no more than those defined in the EEC Directive of
Harmful Ingredients in Feeds (1).

In view of all the above features there is a prima facie case for
toxicological testing of SCP produced by industrial processes. This is
true in 1975; whether we have the same opinion in 1985 depends upon the
results obtained from the various new processes which are currently
evolving.

As it is not feasible to fractionate SCP into its component parts to
facilitate conventional toxicological testing a re-evaluation of
toxicological thought is needed. Within ICI, and we are supported by
the Protein-Calorie Advisory Group of the U.N. (2), we believe that as
nutritional tests have to be carried out to prove the efficacy of the
material then classical toxicological procedures should be superimposed
upon these tests. It is not realistic to ask for these tests to be
carried out on all animal species. As SCP is intended long term as a
substitute for fish and soya and possibly skim milk powder, then these
tests should be aimed at the weaning, growing and reporductive stages
of pigs and poultry. Thus the duration of the test should be
equivalent to the normal economic life span of the animal. Diets
should be organised so that SCP contributes say 25, 50 and 100% of the
supplementary crude protein; it is not realistic to call for fixed
inclusion levels as defined by IUPAC (3) as this pre-defines the crude
protein level of the test material. The tests should be large enough
in the hands of an experienced evaluator to elucidate any changes in
performance in statistical terms. It is not realistic to actually
define animal numbers; these are a feature of animal accommodation
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and experimental design. At the termination of the experiments the

classical toxicological procedures should be followed, ie. pathology,

histopathology, biochemistry and haematology. Depending upon the

time span of the experiment intermediate samples may be required.

There are two main disadvantages with such experiments: firstly

toxicologists are not fully conversant with pig and fowl tissues,

and secondly the dose range employed is not great. Thus in addition

to the target species it is desirable to revert to the rat where it

is also feasible to use greater than conventional levels of protein

so long as these are adequately controlled by a conventional protein

material eg. caesin.

If as a result of these tests some abnormality is observed this does

not necessarily imply that the material is harmful; ib calls. for

further tests. This could be a repetition, or alternatively

isolation of the component(s) identified with the abnormality and

a further testing in greater concentrations in either carcinogenic

or metabolic tests to ascertain the seriousness of the situation.

The type of safety testing employed, is summarised in table ?. On

the assumption that all species behave in a similar manner,

particularly if negative responses are obtained, then one can

reasonably conclude that the material is safe.

NUTRITIONAL RESPONSES

Tables 3-6 give details of typical nutritional and toxicological

responses obtained with ICI Protein.

SAFETY OF THE MEAT FOR HUMAN CONSUMPTION

Those chemicals which are toxic to a second species in the food

chain without being toxic to the first species can be easily counted.

In the main they induce their effect through tissue residues. Thus

chemical analysis of the meat is a more sensitive tool than the use

of 'relais toxicity'. This test should only be used when components

are shown to accumulate in the primary species and the effect upon

the next species within the food chain is not known.

INTERNATIONAL GUIDELINES

During the last few years there has been a proliferation of quidelines

on the testing of SCP. The most important. of these are those issued

by the PAG (2,4) and IUPAC (3). We do not agree with a literal

interpretation of these quidelines; the emphasis has to be placed on

the word quide.

CONCLUSIONS

Each single cell protein produced by different processes will have

different characteristics is terms of organism, chemical composition,

and nutrient availability. The tests needed to evaluate the final

product may vary from material to material and scientific judgement

is needed rather than the strict interpretation of rules for testing.

By 1990 SCP's will be considered normal and the above discussion

superfluous.
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Table 2. Overall Scheme for Safety Evaluation of SCP
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Table 3. Rat Toxicity Study with ICI Protein

Duration 90 days.

Experimental Plan

Basal Added Total % Nucleic

Dietary Dietary Dietary acid ex.

Protein % Protein % Protein % ICI Protein

Control 16 0 16 -

Control + Casein 16 12.4 28.4 a

Control + ICI Protein 16 12.4 28.4 2.80

Results,

Weight Blood Blood uric Blood

gain (%) urea acid mg. % allantoin
mg. % mg. %

Control 375 30 1.10 1.00

Control + Casein 386 44 1.20 157

Control + ICI Protein 372 52 1.04 0.85
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8.0 12.0

23.3 16.1

1.62 1.56

1.94 2.00

Table 4. Broiler Trial: Celle, West Germany 1974

Duration 56 days

Plan A B

ICI Protein % - 4.0
Soya meal % 87.6 30.4

Results

Live weight 1.62 1.62
FCR 2.05 1.99

Table 5, Veal Calf Trial, ICI Jealott's Hill, 1974
 

Duration 12 weeks

Experimental Plan : 2 x 3 Factorial.

Weight gain Feed intake

  

  

  

    

  

       

    

   
   
   

  

  
  

   

  
   

     

Kg/calf/week Kg/calf/week uhr
Starter
Control Nees 9458 Looe
5.3% ICI Protein 1.18 9.55 1233

N.S. N.S. N.S.
Finisher

Control 9.08 15.41 1.703.9% ICI Protein 9.32 15.76 1.697.8% ICI Protein 9.03 15.73 1.74
N.S. N.S. N.S.

Table 6. Laying Hen Trial, ICI Jealott's Hill, 1974

%
Treatment

|

supplementary protein ICI |eggs/ Feed F.CER.soya animal IGT, Protein

|

bird/ intake/ Kg. Feed/
Protein 56 wks. bird/day doz. eggs

i (g)
1 100 - 270 128 2.332 100 En 281 128 22133 50 50 - 273 125 2.164 75 25 2.4 287 128 2.095 75 25 2.4 288 124 2.036 50 50 4.8 281 126 2.11iL 50 50 4.8 286 125 2.05

Sig. N.S. Sig.     


