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FERMENTATION PROTEIN FROM METHANOL
Iunt:oduction

Rising standards of living in all countries of the world have led to

an increased demand for protein in human diets, Although the total amount

of protein available to the population 1s, in the case of nearly every

country in the world, adequate tu meet the protein requirements of an

average individual in that country, in several countries not enough

protein is made available to those that need it most - babies, growing

children and nursing mothers. An increased supply of dietary protein

not only to meet increasing demand, but
also the ensure the health of each sector of the population,

in these countries is neccssary,

In the last two or three decades, increasing supplies of protein
have come from intensively reared pigs, poultr

y and veal calvgs in so-
‘called factory farms.

The economics of the production of these animals

demand that the maximuym rate of production shall be obtained from the

minimum investment by arranging that the animals are grown quickly during

their early life and then slaughtered for food at 4 comparatively early

8ges The achievement of high early growth rate depends upon the supply '
of a food containing the appropriate awount of protein of the right kind.
Most animal foods are based on grain which by itself does not contain
the amount of protein needed in a balanced diet. A protein supplement
is therefore used, and this ig chosen 50 as to lead to the correct
distribution of amino acids required by the growing animal. Such
supplements have, during the recent development period of factory faraing,
been formulated from vegetable procein such as soya bean meal and animal
protein such as fishmeal. 4
Although the production of soya bean has increcased dramatically in
recent years, there is currently a shortage. Production of fishmeal
has also been greatly increased but this too is in short supply and is
unlikely in the future to be available in the

quantities required to meet
the growing demand for high-grade protein food |

supplement,




Attention is now directed to the production of single cell protein
by fermentation processes in order to meet the foreseeable deficit in
protein supplies. The carbon in the produced protein is obtained from’
a8 fuel, which also supplies the considerable quantities of energy required
by the fermentation process. Nitrogen is added in inorganic form, such as
ali\monia, and phosphorus and other mineral components are supplied from

inorganic sources,

A. Cholce of Feedstock

In known processes, the carbon and energy source may be either a
hydrocarbon, an alcohol or a carbohydrate. The cholce of substrate
depends on the circumstances in the country in which the protein is to
be produced, and may also soon depend upon global considerations of energy
supply. In & few countries carbohydrate wastes (for instance, molasses)
may be chosen. Their nse does not deplete the world's stocks of fossil
fuels: instead, the carbohydrates are produced continuously using the
sun's energy. In other countrics in which a large demand for protein is
likely to arise, there are indigenous sources of hydrocarbons or coal,
Attention has until recently been concencrated mainly upon the production
of protein from liquid petroleum fractions, and the only fully developed
processes currently available are of this type. The developing energy
crisis will, however, lead to increased prices for liquid hydrocarbon
products and there will be increasing concern at the depletion of
resources, Known carcinogens are present in petroleum and an elaborate
purification process is needed in order to reduce the level of these
carcinogens in the feedstock to the protein plant in order to ensure that
none can find their way into the product.

Most oil-producing countries also have abundant supplies of natural
g8s. Because of the readier transportability of liquid hydrocarbons to
consumer countries, much of this natural gas is not used, Ideally, then,
in such countries a protein process should be based upon natural gas.
Unfortunately, despite intensive work in many laboratories throughout

the world, no economic process for producing protein directly from
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natural gas has emerged, and it must be now concluded that it is unlikely
that one will be found.

Although the first generation of protein process has been based on
liquid hydrocarbon substrates, attention is row being increasingly
directed Lo the use of alcohols, and in particular methanol, Methanol
can be produced by well-known and established processes from any liquid,
gaseous or solid fossil tuel, including coal, It is now recognised that
the world's coal resources greatly exceed the petroleum reserves so that

increasing demards for energy will have, In future, to be met by the use

of coal rather than hydrocarbons, In some countries, such as India,

where there is clearly a case for the local manufacture of protein, there
are inadequate supplies of hydrocarbons but much easily-won coal and the
labour to win it. Although the gasification of cosl to produce methnnol
synthesis gas requires higher capital investment than does the gasification
of hydrocarbons, the coal- -rich, hydrocarbon-poor countries are likely to
accept the extra expenditurc in order to render themselves independent of
imports of increasingly more expensive and scarce hydrocarbons,

The still ready availability of natural gas in certain areas of the
worid, coupled with an Incres sing shervage of ratural gac in the mdustrialised
developed nations, has led to studies into methods of trahsporting the
energy of the natural gas to distant users(’) 2) Certain countries,
increasingly concerned about pollution, are insisting that in future fuels
of much lower sulphur content are burned instead of the high-sulphur heavy
oils now used. Natural gas has at most only a low sulphur content and
therefore is now in demand as a premium fuel to replace heavy oil.- The
transport of natural gas energy can be carried out either by liquefying
the natural gas and carrying it in specially constructed tank ships, or
by converting the natural gas to methanol which {s then transported in
conventional tank ships. For distances over about 5,000 miles, it is
Wmore economic to make and ship methanol rather than use the LNG route.
There are now many proposals for building the so-called fuel methanol
plants in the Middle East at sources of natural gas. The cheapness of
the natural gas feedstock and economies of scale will result in the
methanol being made at prices only about half that of methanol made in




conventional plants coday,  Fuel methansl wili he then muck cheaper than
HMquid hvdrocarbons as “eedstock for the production of srotein, By
diverting somc of the fual methanol output intc & protein plant, surplus
uatural! gas will in effect be cunveried inlo srocein for consumption by
the develoﬁing local comauuniry,

Methano! has certaisn technical advantages in o protein process.
~t 1s soluble in water, which sirplifica the design of the fermenter in
which an organism i3 &rown in an aqueocus mediut, ¥ethanol, being more
volutile than water, 15 easily aud completely renvved from the product
during the drying stege. Mothanol is veadily producad by known techniques
in a very pure form, tihug ensuring reproducibility of periormance and the
absenca of health hazards. Pure methunsl is @ tezusportable world
conmodity and can therefore bo Pought commercii)ly and used ag faedstock

to a protein plant in any location.

B. Chotico ol Uxpenisn

- Ak S Ty,

The various processes that are available or are vader development
une yeast, bacteria or fungi, Bacteria bave o clear advantage over the
nther two types of WMicro-orLan’.. ' i A 1 «pid growth
vate ard a higher protein content.,  Compared with Jeast or fungi, the
istedbution of amino aclds in baci.ociai pProve.s s uearer to that in
aniuel protein, and thercfora his a greater ralue in zn animal feeding-
stuff, Bacteria are, however, smatler than yerst or fungi and pose
+ddicional separaticn problens. It can be said ther the successful
development of a bacterial priecess deperds in large measure upon the
development of an e{ficient and cneap product recovery system,  Perhaps
because of the Tecovery problem, most workers with methanol

substrate have chosen ye«8t as the organism to Le produced,
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C. Continyous Fermentat ion

A novel process, using methanol substrate and a pseudomonad bacterium(»
is now at an advanced state of development in the UK., It is to be used
in insiallations each of at least 100,000 te/yr capacity, In order to
obtain the economies possible from large-scale operation, these large
plants will so far ag possible use continuous single stream operation.

Besides the advantages to be gained in any chemical process through
the use of continuous plant, there are additional advantages to be obtained
In the case of a fermentation process. In order to obtain maximum
productivity, the dilution rate employed in the process is chosen S0 as
to be close to the maximum dilution rate possible for the selected organism,
Foreign organisms that grow more slowly than the selected organism are
swept out of the system before reproduction can occur. So, if the
selected organism is a fast-growing one, the chance of accidental infection
is‘reduced.,

It has also been shown that the use of & continuous fermenter minimises
the risk to the process that might result from phage infection, In a
model experiment, a phage-sensitive organism (not the pseudomonad selected
for the process described below) was grown in a continuous {ermenter operated
at near the naximum dilution rate, After having deliberately introduced
infective phage, the population of the organism rapidly diminighed to a very
low level, After a few hours, however, the phage~-infected organisms had
been swept out of the system and the phage-resistant organisms had
reproduced so as to restore the original population.

It has proved impossible, in many attempts using & variety of phage
sources, to infect the organism chosen for the methanol-pseudomonad process.
It seems likely that phage-resistance has besn created in the organism's
Previous history,

During the research and development pericd, the chosen pseudomonad
has, by natural selection, evolved improved properties. For instance,
crude protein content has increased from 83% to 85%; carbon conversion

in the process has increased from 54% to 60% and the maximum dilutfon
rate has increased by 30%,
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‘Do The Prescure Cucle Termenter

Because conventional mechanicaily stirred fermenters cannot readily
be extrapolated to large unit sizes, and in any case have a large energy
requirement, the new process will usc a novel design(a) of continuous
fermenter in which circulation is effected by the air that is injected
to meet the requirements of the fermentation process.

The 'pressurc cycle fewmenter? is shown ia Figure I, It consists
of two vertical columns of substantial height (for instance, 30 m or more)
connected at top and bottom by hcrizontal members. The lower horizontal
section and the vertical colurns are full of the fermentation broth,
while the upper horizontal vessel s partly full, thus providing a
gas-liquid interface,

Alr is injected into the base of one of the vertical colummns to form
bubbless The bulk density of the solumn contents is reduced in complrinon
with that in the other vertical column, and the liquid is thus caused to
circulate round the system b’ an air lift effect.

The air in the bubbles at th» base of the riser is under pressure
because of the hydrostatic haad of liquid at this point. Oxygen transfer
to the liquid is therefore rapid. The organism in the broth absorbes the
dissolved oxypen and gives off carbon dioxide, which dissolves in the
broth as fermentation proceeds. As the broth approaches the top of the
riser, the hydrostatic pressure diminishes and the carbon dioxide connl
out of solution. The pressure cycle described leads to high oxygen
utilisation and efficient carbon dioxide removal, necessary to maintain the
heslth of the organism.

The carbon dioxide, nitrogen and unused Oxygen are disengaged from
the broth at the g8s8-liquid interface in the upper horizc tal section of
the fermenter, The liquid returns to the base of the plant through
the downcomer column, which in:ludes a heat exchanger to remove the h.nt of
fermentation.

Methanol, water and incrganic nutrients are introduced at the bottom
of the plant. No organic nutrients are used. Broth is removed from




the circulating system ot the top of the plant from which {t passes to
the product recovery section.

E. Product Recovery

The pseudomonad organism has a size of about one micronm and a density
vety close to that of water. Recovery by a conventional centrifuging
opetatioh would require a very large installation and-would be prohibitively
expensivé. The commercial success of a process using & pseudomonad, or
indeed any other bacteriuw, depends therefore on the development of an
economic recovery system. In the case of the process being described,
the recovery problem has been solved by the introduction of & novel step
in which the organisms are caused to adkere to one snother in large
agglomerates, The agglomerate suspension is treated by a simple centrifuge
installation in which 99% of the ingoing soliis are recovered asa stream
containing 25% concentration of solids.. This stream is then dried to
produce either a fine powder (suitable for dispersal as a milk replacer
for calves), or a coarse powder or pellets (for solid animal feed
supplements).,

Fo Research and Development

The research into and development of the process comprised the
following stepss
1 . .Selection of the micro-organism using as criterias
.+ (a) Ability to use methanol efficiently,
(b) .Protein content,
- {¢) Reproduction rate.
(d) Absence of toxicity and pathogenicity.
.+ {e) Abiliry to work at high tempersture (to simplify the cooling
problem),
(f) Suitability for reccvery in the novel system proposed.
(g8) Nutritional value.
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(h) Ability to grow using ammonia as the only nitrogen source.

‘(j) Ability to withstand the varying conditions of pressure, oxygen
concentration, carbon dioxide concentration and temperature experienced
in the pressure cycle fermenter,
2 Operation of semi-tachnical fermenters in order tos

(a) Establigh design criteria (for instance, the cell concentratien
to be used in the design of the pilot scale and fuil-scale plants),

(b) Provide material for the development of the product recovery
system,

(c) Provide material for animal feeding trials.
3 Design, construction and operation of pilot pressure cycle fermenter,
This plane, which as been opersting since 1972, has a capacity of 1000 te/yr.
A reacovery section of the same capacity has just been completed, The
farnenter has been designed so as to have the séme height as the full-
scale plant in order that hydroatatic, hydrodynamic and gas-liquid
relationships will be the same, ard that the only major extrapolation
required will be in the diameter of the vessals.

C. Product Analysis

The analysis of the Product is given in Table 1.

He tritio v {

The product analysis uhown in Table 1 indicates a protein source of
high potential value, and this has been confirmed in nutritionsl trisls.
Nutritionsal and toxicological data have been displayed and discussed in
detatl elsevhere'?), -

In broiler tests, all diets were formulated to & total of
21.6% crude osrotein. The fermentcation protein was included at various
levels £rom 0 to 10% of the total feed. Details i the diets, and the
results obtained from them, are given in Table 2, No significant
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difference in liveweight gain and the food conversion ratios were found
between thé groups ted different amounts of fermentation protein,

In 84-day pig triale, no significant differences were found between
_the weight gains of different 8roups of animals fed up to 10% fermentation
protein during the first 50 days. After this time, animals fed with a
diet containing 16.0% crude protcin showed a significant 7% increase in
weight gain when the diet included fermentation protein, Numerical
results are given in Table 3. There were no significant changes in bloed
urea or uric acid levels, despite the increase in dietary nuclaic acid.

Short term toxicoiogical studies in rats have been used for furthsr
investigation of the effects of high dietary nucleic acid levels. Again,
blood uric acid levels were not elevated; allantoin levels, significantly
above controls, indicated that purines derived from nucleic acid had been
completely degraded to their final metabolic excretary product,

These results show that, in pigs and poultry, there are no undesiradbla
effects of the high nucteic acid content of the protein. Substitution
of traditional protein sources by the protein, on an iso-nitrogenous basis,
save equivalent weight gain performance.

PR

Je Capitgl and chg:ig’ Costsy

Thc capital cost (per tonnc-year of product) of a femmtuion protein
planr. uslng the nthanol-psezdcmnnd process will be low because ofl

(a) The use of very large unit size fermenters.

(b) lﬂgh prduccivuy of the fermenter (about 7 kg dry product per
hout from edch cubic metre of liquid space).

(c) Hiah oxygen effictency, with a consequent reduction ia tho
sisc of tfu Compression {nstallation,

(d) The use of a novel compact product reccvery system.

The operating costs will be low because ofs

(a) The high carbon efficiency (about 60%) and the consequent low
usage of methanol (about 2 te methanol per tonmne of dry product).
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(b) The competitive cost of the methanol feedstock, which is
expected to become much lower with the construction of very large
methsnol plants using natural gas in the Middle East.

(c) Low energy requirements arising from the high oxygen efficiency
and the sbsence of mechanical stirring.

The works cost of product (not including return on capital) may be
broken down as follows:

1

Rev Materials (mainly methanol, charged st current price) 63
Services (energy, water, ctc.) ° 11

~ Opersting labour and meintensnce 11
~ Overhesds and deprecistion 15
100

K. Gommercisl Developmgnt

The 1000 te/yr pilot plant 1s being operated to provide information
to be used in the design of s commercial plant, of at least 100,000 te/yr
capacity, vhich will be built to be operating in 1977 on a site in
Europe. Product from the pilot plant is being used for continuing
animsl feeding crials.

It is intended that the pr&ccu technology be used in other plaats
throughout the worild. The number of plants to be constructed will
depend on the extent to which the fermentation protein can compete on
price with existing protein food supplements such as soys bean meal and
fishmesl. 1If chesp fuel methanol became svailable for use as feedstock,
then the fermentation protein is likely to be competitive not only with

the more expensive supplements, such as fishmeal, but also with the cheaper
vegetable protein, ‘




. Table 1, Product Analysis

g - - As fed Dry Weight Basis
Analysis ' ) — I S
Moisture 3.0 -
Crude Protein (N x 6,25) 18.9 83.0
Ash 802 8.6
Extractable Lipid 7.0 1.4
Carbohydrate (Anthrone positive, as glucose) 3.2 k)
Crude Fibre £0,05 £0.03
ME K cals/Xg (poultry) 2870 . 3020
Nitrogen Analysis 3
Nitrogen 13.3
Nucleic Acid o 13.9
Ammon ia (NHJ) 0.3
?'.sm.&&.%mm

8 amino acid per 100 g dry material)

Aspartic Acid 7.08 Methionine 2,00

Threonine 3.8 - Isoleucine Y3457

Serine 2.82 Leucine 5,62

Glutamic Acid 7.97 Tyrosine 2.35

Proline ' T 2,50 Phenylalanine 1 )

Glycine 4.18 o

Alanine 5.66 Histidine 1.3
Lysine 4,88

Cyi:inc 0,51 Arginine 3.0

Valine 4.34 8 .
Tryptophan 0.7%
Total 65.0

Ash Analygis 3

Calcium (Cs) 0.14

Phosphorus (P) 2.9

Sodium (Ms) 0.17

Potassium (K) 1eb

Sulphur (S) 0.9 (inorganiz ®.4)

Iron (Fe) 150 ppm

Fluorine(r) <100 ppn

Eacey pcid Discribytion 3.of Total Fecey Acids

C 14: 0 1

C 16: 0 4o

C 1631 9.8

¢ 18 1 0 007

C 18: 1 1.5
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Table 2. Broiler Growth Study
Group A Group B Groyp C Growp O

% Dietary Crude Protein
froms

Cereal

Soys .

Fish

Fermentation protein

% Permentation Protein
in dsets

‘Liveweight gain (kg)
ia 36-day trial

Food conversion gatio

The observed differences in liveweight gain and food comversion retie are
statistically net significant,

38
18

1,902
2.33

38 38

0 18

bh 2

18 18

&9 4.9

1.932 1.938
. 2.%

3
18

]
¥

90

1.093
2.3




Table 3, Pig Growth Study

, Eroup A Group B
% Dietary Crude Protein
froms
Geyenl ' : 67 67
Soys - B 0
Fermentation protein 0 33
% Fermentation protein
Liveweight gain (kg/day)
Pood conversion ratio 3.3 3,13

The observed differences in liveweight gain and food conversion ratio sre
statistically significant.




Pigure 1,

The Pressure Tycle Fermenter
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Process onevating it are Jow booaus: of ine low cest of the
substrate, "o hagn carben efticioney {(00%), und the low erergy requirement
alagine froa the abuecee of medhanical stivring and the relatively geod
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It is planaed thar toe first commercia!l plant, with a capacity of
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