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Trauslation (Frenca-Bnglish) Ns. 0-122-1
MIGRIZIDINGIOAL DEWAXING WITE PRODUCTION oF Protein and viOAMTS JONCINRICES
Sy A. Champagras, Ch. Vernet. B. Iaine, and J. Filoss#
Section IV - Paper 4, - FD 15 Frazeas, (1363)
A‘b:trnt.\“"l'h- culivre of microorganisms oo patroisux substretes has hean
studied with & view of producing ‘- protein and vitamizn conzsatralar sullsbla

Zor animal and Yumar consvmption. Owing to the fays that sush mizro-crga-imxs

gelaciively matabolize paraffinic hydrocartoms, tos distillates so Sreelsd
are thooxghly dewaxed. Ususlly one pars of rotein-vitamin concentratss
ard 9 parts of very lov pour point gas oil ere produced fram 10 pavts by
veight of heavy gus oil.

The PrOvEins in such canceantrates are particilarly riaa in the smino-
acids ipdispsasable to life whiah are otly found in animal prieins. Thels
use visk cereals Jrroduces cagpoudd -foods heving a balezied prliriticoal
vaive. Tie preserae of a high prodein of grovih vitazing incrwesss helr
food valus.

T pro2itability af 4ha process iw exdmroesd by ihs pgreding of ths
Ll a7l a8 & restit &f thelr tuing fresd fram wex.

25 45 sk wn that dhe profistion poturiial Af otelns fraw pelivcledm
1124 maks gond the prasant world shwtage oF azimal ;rotyins fxr Hown

stzemEsia in e ahoS speoe of Sime axd &t A cTpatfiive peioa. ( Y
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INTRODUCTION

n 1957 a nmicrobiologioal research organization was set up at the labora-
tory of lavera telonging to the Societe Francaise des Petroles BP (The French
suéldiary of British Petroleim). Its purpose was to study tbe acticm of
micro-organisms on hydrocarbomstes, and especially on the categories of hydro-
carbonates wialch result from the refining of cruds.

The research aimed, and still asms, at developing new means of refining
and selaction which hod not yet led to results ussble by the industry. But
they quickly wede the suthors reslize the following fundmmental facts:

1) ¥amerous microorganisas live and grow with hydrocarbous as the sole
souroe of osrbon apd energy. Uertain species flourich in the decantationm
dasing of cil refining plaxts, in the water at the bottem af 01l tanks, in
the oﬂ-smhdm, ani even wniar the asphalted surface of roads. We
ave especially isalated pssvdamcoas apd cextain yeests. Those micro-organisms
are palnly sercdious organisms. They scommcdate themselves qiite well to rav
petraiaum substrates, whioh oomtain the various classes of hydrooxrdons and
theis ‘Laparities.

2) ™a eavdbious micro-organisms vhich bave been studied selectively
wiad Jlise essantially streight-cbais paraffinic hydrocerbons.

37 ™ose nicro-organisas foxm & lving matter. Therefitze they sre more
o= lass rioh 42 oteins. Petrolsur can thus bLecome a source of proteins,
Mmmmxwhmuthcm«mmm,m
Ybe coe Whiodh they lack »oss.

Tosss constetatiors &rew the fremewark of the study vhish the ywesent
oxinioation represents, 1.s. ths bLissyuthesis of proteins from petrolsim.




It must Pirst of all be recalled that scientific literature regurding

the gruowih of micro-organisms &t the expense of hydrocarbons is abundant.
The works of J.C. Senet and of his aldes regarling the bacterian cxydizstion
mechanism of paraffinic hyrocoarbcns must especially be mentiocned (1).

But, while the previous publicatiocns regaxrding the growbtk of micro-
organisms at the expenss of hydrocarbons have had s fundamental, or academical
characher, the present vork proceeds fram & decidedly injustrial concept .

The latter's aim is to acuieve, in viable technical and econmaic conditicns,
the mass-prodnction of proteins fram non-refined pearts of petroleum. The
ds-vaxing of those parts is a oouoqunoe"‘-ar fermentation, which represents
an evident interest for oil pecple. It wvas therefare necessary alid to

explore its possibilities.

_ PETROLEM FERMEITAZION

Befare procseding axy furthar, ve sall recall same funduseatel nobiocs
uﬂlmmi@m&mtwwmmﬂ. The miaro-organisss
represeut live mitter. lide the plaxts sad tha animals, they: -

Ouly can live in the presence of water.

Thay need food: caxdon, asoie, phospborus, potassive, magoesium, end
nisErUs oligo-elemants.

The sarotiious nicrcbes dreathe axygen, vhich means that the cowbustios
of a part of their oarton jrovides the euergy teedsd for the symthesia of
the living cell amtter, vith discharge of COp and 330.

Their growth often requires growth fuctars such as vitamins, eto.

Thay reprodnoe thewselies Yy burgecning or by sporulation-




Their coastitution depends on the couditions and on the medium of culture,
a2d also ou their alimentstion. It is possible to ocbtain "fat" cells rich in
lipids, or 'lsan' coes rich in proteins.

Their growth may be hanpered or stopped by poisoping.

They die 'and then they rot,

T: is possible to retard or prevent their patrefaction by cold, by anti-
septics or by means of dsssicatican.

Those ave tha: general laws of live, vhich rule the fermentations in

general, and also the Fermentation of Petroleum.
The fermentation induetry may do two thinga:

a) Cultivats micro-crgenisms in order to harvest them and to use tham such
a8 -~ shat is vhat is done in our cmse -- or it oan extrect from them same
valusble produvts (vitamins, smino-acids, ste.).

b) Separetea or axtract the products achisved by the miuro-argapisms in
the aguecus culture medis. This field is slsc open to the petrolmm {ndustry.

PECULXONTINS REIATIVE 70 THE FERERTATION OF PECROLEIM

W liait cursslves hase to the ssrcbhivus fexmentatios.

>+ Source of carboun.

ogars and genarelly the carbon hydrstes vhich are saludbls in weter are
Lthe souaee O oaxdon snd energy of the trediticoal ferssotsticns.

Ix e petrolew fermsntation, the source af carbon anvd evergy lies
85laly ir Mydrodarboos, generally normal pareffinic ones.

Fetivieam fearmeutation therefare cocurs in e médiuvm with 2 lipgdid
Sexin 2Lls pheses: aquecus mediva and Rydrooarbons. Toat i its main
Afrixily from the point of view of crvmioal engineering.

[




2. Oxygen needs and yield

The raw foarmula of the matter vhich constitutes the cells of the micro-
organims is roughly C Hp O, azote (7 to 15%), phosphorus and other mineral
1ons beirg set aside. Whnst they are cultivated on substrete of carban
hydrates of the formmla (C(H;0), (1), oxymen is peeded in arder to provide
the requiremsnts of energy for the growth which yroduces (0p and Ex0, but
there is practically no oxygen fixxtéd .on tbe cell matter. When cae starts
fram parsffintc hydrocarbons of the rough formula (CHp) 88 substrate, in
order to cbtain CHp0, one needs an O stom per CEo grouping in order to
copstitute the matter of the cell. Therefore this astter finally coxtains
in weight 1h parts originating from hydrocarbtans for each 15 parts arigine-
ting fram the air. utmmtmmnmuc.otmm,m
vould obtain arcund 200 perts of cell matter for eech 100 parts of metabolised
hydrocarbons .

Such {s not the ceasa, for e psrt of the ustadolised bydroosxbons is
consused by the respirstion of the oell, with mroduction of O0p and Xo0
and of the energy needad Yy tha synthesdés whiah have coourred.

In prectios 100 parts of metebolised pareffin{c hydrocarbons produce
100 parts of oell astter and the rest is used a3 fusl for the diomyutheses.

In the trediticoal culture of yeasts with sugars as substrate, we ciain
only 30 parts of cellular mattar far 100 parts of sugar cousumed. As a
ocisequance, theare s marked sdvestage to produce cellnlar mstter with
hydrooarbons, sinos coe fixes axygen fram the air. Bt evidemtly ome
consumes more of it. One must tharefore have a pa~ticuiarly well designed
mechaniss for the distridution of air in the mutritive medium.




3. Separetion and washing.

Tae tradlitional fermentation profuces an aquecus medium which holds in
suspension the cells of micro-organisms. The separaticn is achisved by means
of cextrifugation or by filtretion. The celJ:s are washed with water once or
trie and separated from the agquecus medium by centrifugation or filtretiom.
Thay are Shen dried oa stemm aylindars or by “spoay axrying".

With hydrocarbons as substrstes, even with pure ncrwal waxes (pareffins),
there is in the mriritive medium a more or less important quantity of ofl
vaich must be campletely separeted from the cells. This aspect of petrolsim
formuntatlion has not been the cbject of any pblication that ve kmow. It is
ssverthalass of capital importance. We dave limited oxrsalves to study it
12 tha oasa 3f ths yeasts, which can De saparated by asmtrifugation.

Tes yoasl oells, shaped like en egg avd Maving a fev xnicrons of dismeter,
are %aos agents of an emilaification of the type of wter and oll. The
Biritive squeous medlium couteins tensiosctives (1) vhich result from the
fermantation and which are the agants of emilsifiontion of the type of ofl
1= the wier. e restlt of the axtagocistio action of those agents is such
tha?; wwry aften, s subetantial part of the aguecus medium, which is limpid
and separadle by means of a sixpls decantsticn. There rwmains oo the surfece
oz exlsion Jayer VAioh olutains tde oslls. The separetion of that emlsion
1= & Ag.riftge itk three opsuings 1s satisfastory, Nevertdeless, tha yeast
Zresm WRIah 18 dvtained aod Whioh cowtains 10 to 208 of cells in sguecus
iium, Wust again Do vashed 80 88 to eliminate the treces of hydroomrboos
vaih are still preseat. The weter Whiich {0 Jreseut mwt also be ridden of
the salts which it still comtains, o8 wll as of other impuritiss. Thoss two

objes iver are sciieved by 8 series of washings in vater, followed by centrifugs-

“ix.




The final drying has s capital importance, for it conditions the quality
of the yeast. It must be carried out at such a tempersture that the cells
do not surpass a temparature of 100°C., and should resch it for as short a
lapse of tima as poasidlas.

MICRGBIOIOGICAL DENAXING
A considerable numder of micro-arganiams can be adapted to grow on hydro-

carbons as substrates. Nost of thea preferebly oomsume straight chain pare-
ffinic hydrocartons. They seem to ignore cyclic hydrocardbons. The isopare-
ffing gensrully sre act attacked. The ‘wthare, nevertheleas, have found
sxcepcioas. The following isoparaffins, feebly ramified -- 2 methyltetrsds-
cans, 2 mothyl-pentadacane, 2 metixyl-dodacane, 3 methyl-pentadecane -- are
claarly oxidiszed Dy certain yemsts, hut the reaction is mich slower than with
parafyins daveid of resmifiowtion. 2 methyl-tricocssne is harely touched.

AB & oconsequanoes, from the prustical point of view, the micro-orgeuisas
vhich are studied Dere metalclise oapletely only vith normal pareffins.
But the presance of other classas of hydrooarbons 4oes not hamper the ITOCess,
avd that is of oapital importance.

It vaa thus intearesting to bese a devaxing prooess on this selagtivity.
This procass is limited to the cobsuption of novmal pareftfins et lsast
uxtil Cps, the anly realm Vhich was studisd. Heavy saphtas, kerosases, gas
ofils end even besvy gas oils ocan thus be dswaxad With considsredle
isprovemsnt 1o their performance in cold temperetures.

Micro-blologiocal dewaxing of certain heavy gesoils snd spindles dows
not reduce in an equally important feshion their flow point vhen they contain
fsoparaffia with a high fusion point waich sre not metebolised.

7T




.™he econamic importance of dawaxing of most of thove fractiona (parts),
wahich are not gensrally dewaxed by traditicoal methods, lies in the fact that

it doas not produce paraffins for vhich it would be difficult to find an ade-
gate oxtlet. Instesd of those paraffins, one producas concentratés of pro-

4eins and vitamins of a greater value than that of the paraffins, and corres-
ponding to an snormcus potential need.

STUDIEE ALNBADY CARRIED OUT

Numerous microorgsnisms - yeasts and bacteria - have been adapted to

paxaffinic hydrocarbons. A selection vas later made for & deeper study of
<be factors of their culture. mﬁtcmmamd@tdm the ecase
of thair separstion and of their purification. .

I the resenmt state of our nowlalge, the yessts aresto be preferred,
byt 4t 18 Dot excluded that cartain bacteria may be chosea later becwuse

of their {ateresting composition in the matter of food value.

e culture of the sslacted micro-organisms bas bBeed studied oo mub-
strates of pure normal pareffinic Nydroosrdous and especially an frecticoa
of the stmoerheric distilistion of crudss fram the MMAle Bast end from the
Sadare, 88 W) as on oertain strongly paruffinic petrolsum products.

The maia vork wes done on cultures discontinued up to & acale cf TO
alzess. This {8 & convenient mrthod for the study of the paremsters of
gk, Coatimiad cultures are also proceeding. ey aliov to drex very
1mpIriaat dats for the industrial farmentation wvhich must be made ia ¢ oomtin-

GOUS EODeT .
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KESULIS ALREADY ACHIEVED

1. It has first been established thet the mathematical law of the
gorvth of micro-organisms in e nutritive mediun with a single liquid phase
(2) also applies to that growth in & medium of two immiscidle liquid pheses.

That lav is e:qplnnedby‘the formula:

X, +x, - 27
m:xo-cmcentutimoruusatthemﬁm o
X, = concentration of cells at the instant t
r = rate of growth = pumber of cellular divisions per hour
Time of cellular division = 1/, (gecexstion time).

In our cultures, Ve easlily obtain cellular division times of tbe oxder
of 4 bours, vith vide veristions depending on the conditions used. This
exprossion {n figures of the speed of reproducticn of cells s the essential
coarecteristic of a fermsntation. It rules the calculations of the chemicel
ezgizesrs.

2. This mtritive medium of the petrolmm fearmamtation is complately
syntbetic. In that it &iffers from the sutritive msdium of treditiomal
formautations from cardben kydrates, derived from egricultural produats
vkich oftet bring in azote, potassium and also soms harm®ul impurities
which must be eliminated.

An approprists putritive medium must oomtain, in proportiocns correspond-
ing to those eaxisting &n the cultivated oslls, the following slmmants:
aineral azote or arganic azote, phosphorus, potassivm, megoesium. Those
elamarts are ixtroduced undar the form of salts or of campounds, vhioh are
o8 chead o8 possidls, mainly in the form of chamioal fertilysers. Various
formnlas are possidble, which Sspand ot the price of copmercisl profincts, on
the adilisy of the aicro-orgatisss to consume them, and on possidls in-

compat {bilities. q




Furthermore, the nctritive medium must coutain the oligo-elements
necessary £or the growth of the micro-organisms: iron, sine, copper, manganeae,
et3. Those oligo-elements exist in the fresh waters and in sea wvater. The
vaters vhich wvere used in the present study for ihe preparatinn of the
nctritive medium apperently contained enough of them. The adding of
ocertain among them, vhich vas asds during the study, spparsntly did not resizlt
in any improvenent of the procassa.

3. Tempearasture is a capital factor for the growth. Foxr sach miaro-
organism there is an cptima temperature outside of vhich the time covsumed
by sellular divisfon (splitting of cells) becomes prohibitive. Those
temparstures are all in the peigiborbood of 25 to k0OC and mainly towards
30°¢.

Since the fermeataticn {s axcthermic, & cooling is alveys necessary.

k. Tha vemue of exygen is tha limiting factor in the cultures of micro-
organisms, espacially an substrats of hydrooarboos.

In feot the excepticcal lav of growth does not make 1t possidle to fore-
ses axy Limit t3 the ounosutreaticn of cells in an aquecus medium if coe feeds
the O#ils Vith the needed ions and if no polsoning ocours. The Deosseary
OXYgHE S0ads €0 Do oonmEmd DY e 08lis in & state of Alssclution 1o the
vaier of 4he 3sdium. The limit cf the growth is therefore fixed by the
d4ffoslon of the oxygen of the air in the medium. In fact, one ieachet
Jizcratrations 1o cella (osll dsmsities) of 10 to 25 g. per liter of medimm,
whixh is & Dorenl figure in cooventiomal fermsutaticns.

S. Miing of hydrocarbons.




The cells mmst always have access to normal peraffins vhich they need.
Put there must not be toc much of tham, for the composition of the cells
then changes for tha worse. On the other hand, if there is a big excess
of hydrocarbons, the 0il phase hampers the access to the cells for nutri-
tive galts and oxygen, producing s sort of choking.

6. Tields |

Tt is current to cbtain cellular densities of 10 to 15 gr. per liter,
and sometizes even greater.

The grovth yield is expressed s fOllows in relation to sight:

osll mater dvtained
T Srconstons X 200-

It is current to obtain growth yields esgual to 100.
The material yield is defined by the following weight relatiom:

e o it HERTER X 100.

This yield dapenda oaturally ¢z the couteat of matabolised Nydroaarboos
of the petrolsum frection vhich 18 treated, that is its pareffin occtemt.
In prectice, with the paraffinic gas oils whica bave beem studied, it
fluctustes betvesn 8 and 195 and sometimes more.

Pt for econmmic caloulations the figure 10§ mast be sdopted -- which
ssans that 10 tons of gascil yield Uy fermantation 1 ton. of &ry cellular
mmtter and 9 toos of dewvaxed gasoil.

T. Besults of dewaxing

Ons will find below same typical results relstive to gas oil with high
otflow point.
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Origin Zarsaitine Irak(?) Kvait Irak(?) Bassi-Messacud
Distillation

Begimning °C 305 118 224 223 198 2k 270 235 204 276
50 .....% 327 3B0 W8 366 361 307 3®8 29 313 335

908 ..... ° - - - - - 351 353 365 355 363
final podnt. °C 351 400 330 k0O 40O 3T 36T 3% 380 379
Paraffin In % per veight#

before....13.3 1.6 13.2 W 88 7.65 9.5 3.2 b5 5.6

after..... 0.2 3.t 0.5 1% 09 0.k 0.3 0.6 0.15 0.19

vefore +8 oas 411 @2 AlT L1l 45 -1 @ +5
Material yield in
dry csllular astter

$perweignt 22.5 8 132 T8 81 152 28 85 12 94
*iosed Dy cooling in methylans chloride asdium.

ICNTRIAL TRANEFORKITION
The expurience acguired in the matter of petrolsum fermestation aad tre

studies Of chemicel énginesring which have deen carried out mako 1i* possidle
0 dmdéive e~ industrial unitv far & comtimious fermsatation of petrolava

fractions \parts) for the purpose of profucing ceilular mstter for the
oouristmest of animmls and lster of man, and, at the same Sims, to tharoughly
ds-vax thoss frectioos (Zarts).

Pigure 1 represents & very simplified schams of such an installation.

Tta previous pages are sufficiently axplicit for uoderstanding it.
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in oxrdsar to ascertain certain elements vwhich are still needed for a final
a2dievement of the industrial stege, a semi-comerdtial unit is being duilt

et Lavers refinery. That unit will provide information about the chemical
engineering of the project. It will make it vossible to study (the process)

ot a sufficiently big scale for transferring on “lueprint the knowledge ac-

Zwired in the laboratory. It will produce sufficient quantities of cellnlar
matter for extensive studies of nutrition on important mmbers of animals.
Those studies must precede any industrial-scale producticn.

INVESINENTS ARD MANUPACTURING COSTS

A preiiminary study has bee. made of this subject and it coumends the
fiture of uis process. )

The evaluation has been based on a continucue unit poroducing 50 tons
per day of dry cellular matter. That unit processes 500 tons of gasoil por
day apd returns to industry 450 tous of dewaxed gasoil per day.

Tat preliminary economic study indicates that the process is financially
Interesting and thet the evantual profit derives about equally from the

priafcytion of protein and vitsain concentrates and from the da-varing cof
gusoil,

The upgrading as engios fusls of high fluidity gesoils, vhich sre ooly
wsaboe a8 part of residue fusl oils, must de calculated for sach partizular

vary of any refinery.

PROCEIN-VITANLY CONTERTRATES
Tris 1s ths nans we give to the oallular matter of tho mioro-organisme
culiivered on petrolasua substates.

b1




The choice of stocke of micro-organisms and the comditions of their
cultivaticn make it possible to produce protein-vitamir. concentrates of
different composition. The final selection will only be mmde thanks to the
seni-comercial wait.

Mutrition science provides us w_ith the information necessery to inver-
pret the composition of those concentrates. Mar and farm animals need &

balanced diet containing well-established proportimms of glucids, lipids
and proteins, with mineral elsments such as phosphorus ard calcium, plus
a great variety of viteamins.

The daficiency ir the singls one of those campouents 1s encugh to cause
more or lass serious troudlea for the physical and mertal health of inmdivi-
duals.

The growth of the world population, the geograpbical diversity of the

conditions of life the generulisation of manoculture, are, anong many
others, tie reascas of the under-nourisiment of a great part of the human

rece. The lack of animal proteins is certainly the nost widaspresd fora
of malousrition and the coe it is most difficult to remedy.

Proteins exist in appreciable quantities in the grains -. vheat, maize,
rios, wte. -- vhich are the basic food, oftsn the orly one, of the most
part of the poor papulations, or of populations uoaware af their food
reguirements. But those protuins are tragioally poor in certain axino-
acids indiepensable %o life -- those wiich the huzman body oannot produde
by synthesis. Ouoly animal proteins comtain thosa amino-acids in sffictent
quantity and in required proportioms. But it so happens that most micro-
organisxs also effect that synthesis, vith e distritutiocs approsching that
vhich exists emong enimal proteins.

15




Tmble 3 gives the glcobal compositiocn of e typical concentrate of proteins

and vitanias prepared at Iavera.

Table 2. Investihents and Production costs

1. Yearly production (908 utilizstion........ Prodnctim. 50 'f‘/dx‘
2. Tavestment.....coveevvennnene eeavae cernnas Nev !‘nncl. 12 million
3. Tearly expenditure....... . -Bate or Price Quantities NP X 1000 IF/T
per year produced
Amortizetion 108 1,250 T6.2
Balaries:
OpPAYBLiVeBecueacrecsresnssaasss 20,000 HF/Yoar 2 men X
2 jobs 150
): Y, RET.V S cerenvana vee 13,000 NF/Year 2 men X
b Jobs 104 2L.5
BPervision..i.cciiennionsnan.. 339 88
Upieep (mminterance) (manpower and 3% of maintenance 375 22.9
supplies)
TEil¢sian 6
EDATEY: cevvnsnvsesnsvasevessss TO NP/1,000 W0 18.5 x 10° 1,295
Bieam (L KE).eeerennnernnns . SHRfR 18,500 93
L2ing vater (fram sea)...... 0.2 HE/T b6x1d  ®  wes
Process water (fress) 0.2 WP/r @5 X 10° 222
n"—ilu-'-. ------------- Svveoese mnff 7010 636
herisel products Abtoxding to prion
(sutridion meddum)..... of fertilyser 3,280 200
Conrzzel gASOLiB...iee... S0 NP/ 16,400 1,476 90
mal“utm‘..‘-‘.‘.-.“".' EEO“ !!.E
Total (vidhot taxes or interest) 9,621 586.7




Table 3.

3P concentrate of vitamins and proteins. Globel Composition
(grams per 100 granms)

Moisture...coceecvevscnrssvasssssss T.03
TOLML RZOLM -« -revencnacccrsonssss 6.92
Proteilns..oeses tecemcceanaaranrans 43.6

mpidln--..---.....-..-...---.-.. 1.815

C‘lﬁf‘.\mo.-.-..--u..u.--...n..-.. 0.2].1

PhosphOruSecescess sassersureansees 1,250
Potassium...... et et astasvesessan 0.5“)

Table $ presents in detaim the distribution of ind spensable emino-
acids present in this concentrate, in comparison with those contained in a
variety of foodstuffs.

Although the interest of tbe gludids and lipids contained as food is
not lnsigaifioant, it is the high-grede proteins and the vitamins solxtlae
ia vater vhich represent the value of this nev food. .

Table # shovs, first of all, that vheat proteins are gravely daficienmt
in lycin. This aminoc-acid is to be found in sufficiest proportion ouly ir
snimal proteins: meat, fish, milk and yesst. "lycin is especimlly the
growelh limiting factor for the animals. The gHiin proteins are woafully

poor in lycin 3" axcept in the Scys desn. The result is that no grain is

without & supplement, & good food for cattls and cther hards, aor for man.

In the coutries where the population suffer of underacurishment in
Proteins, supplemanting greins vith iysins s in ordsr".
1T
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Tabls U. Camposition of Proteins of various dry foodstuffs

Wheat . .. COv's Dry Torula BP Protein-Vitamin
% proteins in dry £lour milk yeast concentrates
foodstut? 13.2 sg.k 33.1 Ll 43.6
TNDISPRNSASLR
amino-acids
in §./100 g. proteins (3) (3)  (3) (5)
Leucine 7.0 8.0 1.0 7.6 7.0
Isoleucin b2 6.0 T.6 5.5 3.08
Valin L1 5.5 T.05 6.0 8.4
Threcain 2.7 5.0 &7 5.5 9.10
Methicain 1.5 3.2 3.2 0.8 1.20
Cystin ) 1.9 12 L9 1.0 0.0
Iysin | 1.9 0.0 8.7 6.8 1.6
Arginin b2 T.7 L2 L. 8.0
Histidin 2.2 33 2.6 1.7 8.10
Pherylalanin 55 5.0 535 3.9 T.90
Tryriophane 0.8 14 1.8 1.6 1.17
erroIT (8) LBIN CYSTIN + MUTEICHNIN

The Ixrcteins of the new ccnosntrats are related to animal proteins and
asre closely to those af yeast. In partioular, its richness {n lysin sand

threcnin 1s remarkable, but it is Qeficitary {n sulfurated amino-acids:

osthicoln sad oysiin, which are contained in sufficieot quantities in the

grains.




The association of grain proteins and of proteins of the protein-vitamin
conceutrate therefor= makes it possible to achieve a sufficiently balanced
diet in proteins both for animals and for people.

Beside the indispenssble proteins, the presence of a great variety of
hydrosoluble viteains (soluble in water, that is), principally of those of
group B, is & very favorudblas factor (table S).

Table 5. Vitamins soluble in water

THIAMIN RIBOFIAVIN NICOTINIC PANTOTERNIC PYRTDOXTN  CORALAMIN

ACTD ACTD
Bl B2 B6 Bl1?
ROIE SUGANS Mt- ISWYDROGE- TRARSFER ACHTYLATION b 245 ok}
TABOISM  MATIONS o SYWIEESIS THABSANIE-
QXYDATIONS - PAT ACTDS AT SYNTERSIS
DAIIY
RATTON 2 3 15 3 2 0.0
in MG
EFFECT OF Dderi-deri STOP (P PELIAGRA STOP (F IERMATITES PRRAYCT-
TACK neurites GROWIE GROWTR I8
ANRCA
YOODSTOrYS
Bee? 1-3 e kO-100 T-a1 1-4
oxe-l{ver 5=10 16 5-278 30-60 ] 8
adlx 0.3-0.7 1-3 1-5 1-b 1-3
grains 0.5-7 1-1.5  10-30 5-20 3-6
oil-cakes  T-1b ~3-10 10-2350 12-50
x
ary yeast  2-20 (x) 30-60 200-300 30-200 40-30
AP PROTRIN- (x)
VITAQR CH- 3-18 s 180-200 150-192 23 o.11
CENTRA™ES

WEE ANOTHS OF VITAMINS ARE EXPRENSED IN og PES k. T2'7T ARE DRAVE FROM
TSR MATH REYRRENCE8 (3), (6), (7).

(x) ISPEXDS OMf TERE CONDITIONS OF THE FNAL IN{KQ
19




T™e foods assembled for stock-raising are made up of mixtures of grains
or flours of breadstuffs, of oil cakes, etc. to which bas been added fish or

neat flour in order to complste the ration of high-greds proteins. One must
furthermore include growth vitamins, which sre »ften cbtained by mesans of
synthesis.

The make-up of the protein-vitamin concentrate shows that it can bring
to thoss campound foods both indispensable proteins and growth vitemins. Its

richness in riboflavin (B2) and in pantothenic acid gives it an excepticoal
valus from this point of viev.

In this conceutrate, as vell as in the yeasts, vitemins are associated
with other growth faoctors af unknown consitution, and this compound readers

aasier the assimilaxion of proteins by a symargy of action vhose effect is
superior to that of isolaied or symthetic vitamins.!

As to the beneficient effect inmate in those vitamins regarding human
bealth, 3t will be recelled that in 143-198, in U.S.A., the ssricking of
vhest flour to Bl, IR and PP was oxrried out through Goverment dscision.
;19471950 10 the Philippines the sariclmant of rice vith Bl brought about
the disappearsnoe of beri-deri (3).

e concentrate mxy suit the sourisdlmeat of stock, especially for the
maieing of young enimals: chicken, calves, pigs, etc., by providing high-
grada protains and growth vitsmins et a dose of 3 to 9% in the mixed foods.

The introdustion of a Dew protein-vitamin ocmoetatimte into hman diet
asturelly does not presest much interest in Barapean countries which have
abuodart mest suppiies end would run sgainst their eating habits; dut it cen
bring & notabls cootrfbution in high-greds ("bobla") proteins to nations of
Azls, Africe and South Amerios vhich suffer of underncuristmsnt for instence
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by introducing them into the grain flour, or in the form of extracts Lo be
added to brotbs.

BIOIOGICAL TESTS
The preceding considsrations would be naught but sterile specuhtion

of the proteins-vitamins concentrates Were not assimiladle without any
harm 90 health.

Biological tests are being carried cut on animsls since a fev months.
Those prelimirary experiments provide indications of toxicological ard
nutritional nsture which guide us in our task to improve the proteins-

vitanina concentrates. The results are alreedy sufficient to persuade us t:
coxtinue our efforts with confidance.
But that 48 not sufficient.

Uben sufficient quantities of cwmu are svailabls, utritiom
tests vill be made on significent mumbers of rets, guinss-pigs, dogs, etc.
and that Zuring seversl generstions, vith periodioal sutopsies. Those

tests will be directed by the Righest science authorities.
Those experimests are also undertaksn oo farm animals: ewing, cslves,
NM. sto.

It 2as alrealy besn estadlished that cur conosutretes bave the value

of fish flour in the foods prepared for chickan.

But it {s only after complete and signi{ficantly favaredle results that

our comoectrates will be used commsrofally.

al




ECONOMIC CORSITERATICNS

1. Nutrition of anipals.

The industry concerned vith the production of foodstuffs for animmls is
very impartant. Tts gross in the USBA is of the order of 3,000 millions of
dollars per year.

The providing of "ncbla” proteians, and especially of growth vitamins
for those food caxpounds may be achieved vith the vitamins-proteins concen-
trate, as it is sometimes achieved vith yeast at a dose of ¥

The markst for it is considarsdle and is growing rapidly

Yor tha adding af animal protedns to those foodstuffs, the exmmple of
2ish four ia typicad

Peru's productios 1 19%%.ceecesrencivecaesss 14,000 T. (tons)
Peru's production 1n 1962..cuiceevearancenas. 800,000 T.
Vorld profuetion fn 1962......cccieniianannns 2 million tons

The concentretes of proteins Mdtmdmamm:dmwm
s sizilar developmmmt
Imen matrition.

The mintmm 4ally oeed in sximsl proteizs 18 of 30 grems for adults, of
40 ¢t: TO gr. for pregoent women, vet-ourses asd children (8). According to
those figures the yeary fcbal daficit in snimal proteins may be computed at
3 miilion tams.? This corresponds to 1S millicn toms of musals mest. It is
ualikely that the bringing ioto cultivation of mev lands to be followed by
<bhe relsing of enimal etocks adapted to varicus climmtes would achisve such
s produxtion vithin a dslay of, say, MO years. It the curremt world popu-
1atioo of 3 billion vill probadly doubls within 4O years; and vithiz 20 years
{= wiii be boosted by coe billion. That shows the immediste importence of

the pradblam which petrolmm may ocouatridute to solve.
2




With s ton of normal pareffins, which has rot previcusly been separated
from the petrolaum which it coutains, it 1s possidle to produce w» ton of

protein-vitamin concentrates. The corresponding fractions of petrcleun ars,
to that eflect, devaxed and upgraded if their choice is well done.

For a yearly production of 1,000 millioe tons of crude oil, ona can
adnit that TOO million tons are paraffinic oil. The production of 7 million
tons of protelss~vitamins conosatratas, equivalent to 3 million touns of Pro-

teins, would consume 1§ of those 700 millfon tons of crude oil. The
resources therefore exist, in a most sbundant fashion, todsy.

On the other hand, the contridution of fish flour cooveniently de-fatted

ey coostitute & parallel remedy against the lack of animal proteins. Both
Tesources are nct superflucus foo future needs.
The dalay needed for 2uilding installstions for petrolsum fermentation

i6 a matter af 1 to 2 ysars. Coxparing the speed of the production of
proteins in tht;u factories vith that achieved by nature in the treditiocal
stock-raising furms, coe can see that the industrial production is 2500
timee faster:

An ox of 300 kg, properly aocurisbed on a greaing land, syuthetizes 0.3
kg of protein mam.“’

S00 Xgs of living oslls of microorganisms in a ocontimious fermentstor,
recaiving scitable sutrition {n hydrocarbons, azote, phosphorus, patassium

and alir, must produce, sccording to our experience, 2,500 kgs. of microurgan-
isms par 3% hours, or 1,290 kgs of proteins.

The Bascle meat coutains & maximm of 20§ of proteins, 80 that mest
Jroteins oost 5 tmes the price of msat. Prelimioary econamioc stuifes show
that pstroisum feraantation proteins could be produced e a prics varyiog
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bevveen 15 and 1/30 Shat of 1wt proteins at currens French prices.

Furizermore, proteins produced in the oil refineries existing in under-
nocrisaed ssuntwice wild be paid in local currsncy, saving the expense for
tha dmmert of such products that would be paid in strong currencies.

Trvil now & source of snargy, then of chemical products, petroleum has
ths becxas apable, in competitive conditiocns, to become a source of higher

("ocble") foodstuffs. It can also comtritute to soclve the rumber one

problem of our time: bunger.
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