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SUMMARY

SOME INDIVIDUAL EXPERIENCES IN SCP PRODUCTION
FROM N-PARAFFINS 1/

P. Peri*

Up to now two semi-industrial pilot scalc SCP production processcs have been

developed.

In the first, the yeast, generally Candida species, utilizes

the normal

paraffin content of gasoil; in thc second purc normal paraffin cxtracted from

gasoil or kero~-gasoil fractions is fed as C source for thc ycast.

Ae shortly discuss production problems and product charactcristics. We also

discuss thc advantages of the second process and the normal paraffin extraction

technology is cxplained. GOreat attention is given to the purification system

in order to obtain highly purificated n-paraffins.

Industrial production of SCP nceds some bisengincering considerations for

the sclection of shape and dimensions of fermentor. These decisions also involve

fermentation probleme such as mass transfer of oxygen and paraffins, heat removal

and mechanical problems with a fermentor construction.

Somc rosults of continuous fermcntation e¢xperiments are described such as

Biomass concentration, ccll yield, productivity and the gencral composition of SCP

rcecoverod is illustrated.

*Technical Dircctor, Liquichimicsa S.p. 4.y, Milan, Ttaly
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INTRODUCTION

Aim of our presence at this meeting is to introduce Liquichimica, particu
larly the “industrial biosynthetic section” to other Compinies, Internae
tional agencics anag person= involved in HCP development,

Liquichimica, although actually enqaced in a m~dium term nlan of investi-
ments in the N-paraffins and petroproteins productions, until 1976, ha:
already launched a long term plan up to 1283, 1In this plan, Licuichimica
has taken into consideration the likely changes which will take place in
the producing countries with reference to the ever-growing need for pro-
teins and has selected the areas where N-paraffins may be produced at the
most economic conditions, Furthermore Liquicnimica has carried out a so-
cial economical study and has tried to determine the areas vhich offer the
greatest advantages for the production of single cell proteins and their
derivatives foodstufs-,

The medium term plan makes of Liquichimica the first Italian Company de-
velopping an industrial programm in the fermentation sector from Neparaf=-
fins not only for the production of single cell protei!‘as but also of other
derivatives in the nutritional “ield and industrial field,

In my report I deal only with technical considerations and exheriences,
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As referrcd by J. Hutchinvo.us of FAO during recent diccussion on SCP,
28 March 1973, for the production of potr'oprcreim two processes have
berm developad: in one the fredstos) 4 taseil frorm which the yeast
(normally Cmdida Sieetinn) eeleste vvo fopmentable nortal paraffin com
ponent of the ancoily irn tre scesnd ene the feodatock is the fernamtae
ble pure normal noraffins separared in advance by molecular sieve ox-
traction, )

Almost all industriai firmec which arc planning today processes for the

manufacture of hvdrocarbon yeast, use n~paraffins isolated from Yero

and -or gasoil fractions.

-‘The second and alternative process the so called "gasoil process" ;s

losing most of its inter2st for many raasons:

- the fermentation plant must be attached to a refinery because only
10% of the gacoil is fermented and the residual bhas to be roturned to
the refinery for recycling

= at the end of the fermentation cycle we have three phases to separéte
i.e : 3CP, gasoi) and spent water medium,

Since the c-lls attract oil during the proc~ss, a solvent extraction is

necessary; this removes the fats thereby raising the relative protein

content in thé remyining material, It has however the disadvantage of

lovering the metabolic energy of the protein when usad for feeding.

In the rermal-paraffin process, on the con trary, the conditions are
such that at the =nd of the fermentation only the cells and the spent
madiun are.lef‘c.

Even if a prerrcatment of easoil it nocessary for the extraction and re

fining of the n-prraffinc, it can be said that this process i3 the more

advantaacous hecause @
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1) only a «ma1l volum~ of fermentar is nemded

2) separation of cells and mediunm is easier

3) solvent treatment 5 Dot necensary because imparitien can be removed
by water—rathing of the yeast cre-m which has baen previouly separa-
ted from the modium, In this way the quality of the product is better,

4) the purity of the sub.trate roduces substanticlly the safety probl s

of the m»roduct

5) tre inve-timents cocts are lowsr,

Liquichinica is building at caline, Reggio Calabria - Italy a 100.000

ton':/y SCP plan’, which will get in to production August 1974, It will use
normal-paraffins as carbon sourca,

Beforce the SCP plant flow sheet is explain>d and show, we would like to ~tres:
that Liquichimica has placed considerable attention to the extraction of
n-paraffins as raw material for fermentation.

The extraction and purification process i bascd on the Isoviv process roca-
lized by Union Cardbide.

The n-paraffins are separated from isoners, naphtens and aromatics by a selec
tive adsorbtion on molecular sicves, ‘

This process is a cyclic one and the desorbtion of n-paraffins is obtained

by a light hydrocarbon in an ecuicurrent vashing for removing last isomerf%
traces and a countercurrent washing for th~ recovery of n-=paraffins,

After these opecrations and recovery the isolated n-paraffins are again desul

-~ phurized.and dearomatized in order to eliminate aromatic hydrocarbons.

As results, n-paraffins employed for the ycast production have a high purity

(99%) and a low contents of aromatic policyclic hydrocarbons,

N-PARAFFIN : 99%
3-4 BENZFPYRENE t 0,5 p.p. bidions max
1-2-5-6 DIBENZAMNTHRACENE o8 0,7 p.p., bilions max

20 METHYL~CHOLANTHREIE

-

0,9 p.p. bilions max
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As regards the our oxvperiencos in the development of Petroprotein, as first

T will show you the flow sheet of our tochnology. (Figqure 1) -

Sincle c211 Proteirs are producad via fermentation cf n-parafrins using a

strain. of Candiid: opeejes,

The procest is ehiracterized by tho followine procensing steps:

a) two stages submoraed bateh fermentarion for reparation of the inoculunm
of the main formeaters. Standard type fermenters provided with mechani-
cal agitatar and refrigeration coil are used

b) separation and washing of the yeast with water in thres stages process,
Specialyzad centriMigal veast separators are provided,

d) final drying and sterilization of the yeast beforc bagzing and storage,
The drying is parformed by using the waste heat from the incineration of
the exhaust from fermemters, ,

e¢) incineration of exhaust air from the fermentation plant before releasing

it to atmospherc Por environmental control,

FERMENTOR TYPE

The production of yeast from n-paraffins on a very large scale requires spe
ciallf suitable fermentor. There ic a problem of size and, moreover, there
are some other problems such as: mass transfer of oxygen and paraffins, heat
removal, and mechanical problews are involved with the fermentor construce
tion,

We have develop~d zn air-lift tyne fermmtor, whose simplified schama is
shown in fiqure 2, 3
The primary bdody of'the air-lift fermentor i- equipped with a device for
the acratiou of tha Lroth, The air, blown into the farmentor through the
injectors rystem, takes the fopm of micro-bubl:les, thereby increasing the
oxygen transfer rate. The broth in the ferrentor is forcad to cireculate at

a hich speed betyeen the primnry body and th cirruliatory body by tha ajr

1ift eftoct, retaiting in ~ bigh misanivarien of air bubbles -nd papaffin
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drorlets, Pusthienora, the diznoter of *he unper rart of the fermontor ic
larger than that of the nain bedy, therobv reducing the aceending velocity of

rhe air.

OXYGEN TRANSKE! PATE

—

Ve have wmeasur2ed the oxyren tramsfer vates in our hengh=scals 2ir=1ifr and

in a conventional agitated fermentor by the sodium sulphite oxidation metiod,
Yrom fi.gure 3) showving the comprrison of Xd valur+, expressed in terms of
g-mnocl 02/:11. min., as affected by the difference in the fermentor typ=s, vou
can se~ that therc is no significant Adifferonce betveen +he air-1ift tvpe
and the asitated fermentor whien compared on the basis of aeration rate.
However, when compared by the viewpoint of power consumnticn, the agitated
type seems less advantageovs because it remuirec power for mechanical agita-~
tion as well as power from the aeration.

Thic means that the pover recuirements Eo;‘ the air-1ift type arc considerably
lover than theose For the agitated one.

As for as the probiom of the removal of a large amounts of heat developed
during metabolism is concerned, we have performad a specialyz 2d heat remcval
system on the circulatory body of t''= fermentor.

The experimental values of heat to be removed are: 4640 Kcal/kg yeast if the
fermentation yield is 1,25 or 6000 Kcal/ka yeast wvith the Permentation yield

of 1,03,

This experimental data agree with the values referr«d by X.R, Guenther.
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As conclusion of my brdef revort, T would like to show soma results of Fer-

mentation experiments in pilot plant.

IIT - RESULTS OF PEUMSPATION EYFPRRTHEINTS IN PILOT PLANT

Some results of continuous fernoitation experimente conduced in our pi

- - o -

lot plant are in Table A and 5.

Table 4, Resulis of continuous fermentations
Experiment Bionmass Concentration Cell Yield Productivity
_n, (%) (%) (xg/m3 Hr)
1 1.0 12 2.97
2 1.28 113 3.07
3 1.58 106 3.22
4 2,04 114 2.66
5 1.17 109 3.00
6 1.43 118 3.24
7 1.52 114 3.20
8 1.37 104 3.1%

Temperature
Ph

Fermentation conditions :

t 30° C
$ 5,0




During these cxreriments we have 2120 collected the experinmntal values

for the calculation of the vypected utilities consumption per 1 ton of SCP,

The~e data are shown in Tabib S,

Table § =

EXPECTFED UTTLITTES COMSUMPTION PER 1 TON OF SOP

M.P., 2team, kg ’ 10,900
L.P, steam, kg 500
Cooling water, m3 1,2

Chilled vater, o’ 15
Raw vater, m3 4%
Process water )
Electric power, kvh 500

Puel gas, MMKcal




PRODUCT CHARACTFRISTICS .

The 5ingle Ccll Protein pfoduut is suitahle for direct use for feed for:
- Poultry
Por chirks, broilers and layer:, the best formula ratio has been found
to be 5 - 107,
- Pig=
Por pigs the best 5CP fermula ratio war found to he 10=20"%,
As a protein source for piglets and swinc, the ICP by itself, rhoved
excellent experimenta) results,
- Cultured fish '

The SCP ratios for cultured fish are as follows:

Carp 40-50%
Eel about 0%
Rainbow trout " 30%

The SCP presents the following quality éeamres:

= there is no change whatsoever vhen stor:ed for a long period of time.

-~ the amino acid pattern is similar to that of animal protein and its
lysinc content is paticularly high.

= rich in B-vitamins

= high caloric valure

- exceilent digestibility and palatability.
The folloving data clearly indicate that it can be easily digested by poul-
try, livestock and fish. In fact its digestibility is very similar to those
of f£ish and soybean meals. (Table 6) - |

Protein Digestion Rate %
Poultry 84.8-88,0
Pig .88,3-89.3
Carp 85.4
‘Eel 8Y.6
- Pepsinc digestion rate 86.4-91.2
Metabolizible Emergy Cal/g
Chick 3.15-3,728
Layer 3.48-4,0°
Pigestible hergy Cal/c
Piglet 4.16

Swine 4,55




Table 7.
Plant.

GENERAL COMPOSITION (%)
Yoisture 4-6%
Crude Protein 60-63
Crude Fat 2=4%
Crude Fiber 3-5%
Crude‘Ash 6-11%
N.F.E. 1%

VITAMINS (as dry matter)

Vitamin B1 12
Vitamin B2 160
Vitamin B6 8
Vitamin B12 8
Niacin 372
Biotin 0.4
Folic acid 1,8

Pantothenic acid 167

mg/Xg
mg/Kg
mg/Xg
mg/Xg
mg/Xg
mg/Xg
mg/Xg
mg/Xg

Example of analytical data on our yeast produced in the pilot

MINFRALS ‘as dry matter) (%)

Phosphorus
Potassium
Magnesium
Calcium
Sodium
Zinc

Iron

AMINO ACIDS COMPOSITION (%) (on total amino acids)

Aspastic -1
Threonine 6
Serine 5
Glutamic acid 15
Proline 4

Glycine b}

Alanine
Cystine
Valine
Methionine
Isoleucine
Leucine

6,5
2,0
6.0
1.5
5.0
8.0

(p) 2.74
(x) 2.2
(Mg) 0.30
(Ca) 0.10
(Nﬂ) 0.06
(zn) 0.05
(PG) 0.05
Tyrosine 3.0
Phenylalanine 4,5
Tryntophan 1.2
Lysine 9.0
Histidine 2.3
Arginine 5.0



CONCLUSIONS

P sl

This is a short biography of 10 with regard to its presence in this sector, ;

emphasizing in particular the integrated programm involving n-paraffins and

single cell proteins.

The basic elements required to put proteins on the markets at competitive
prices are already avaiable to 1Q.

ks regards the problem of investment in the field of the single cell proteins,
1Q are at your disposition to give you any further explanation you may require

within the limits of a preliminary discussion.
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