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veochunlovaria 4o o counly, wnich does not possese

sufficiors clove.eny asrdcuditlural scurces For the production
1

tlop hos Maen pald Vo oprotsis  coduction 9y aiurobial methods.
A g besic vaw satorial, QiLlcrent carvon aoarces produced
oy vetrochanical luluciiy, i ve b3 used sach as gad oil and
other olis, n-alkanes an. syainelic ethanol. The aim of thie
reseaxvch wig nct only tou proauce SCP, but alsce to obtain ;as
oli fractionm Luving a lewer fiseczing poiat. The formation of
biomanns and the denth of deparafiination can us controlled
with the dilution rate und the conceatration of oil.

o
cU prvteln Yer fecd.ayy arpsent. “havelore couasiderable atten-
3

three 1ifferent technol.gical procosses for the pro-
duction of 3CP using carbon svuirces mentioned above have baen
developed ¢i a lsborstory scale and scaled~u; to pilot-plant
ucit with the t.tal cazacity of .0 cubic meters.

) X - ) . . . o, - B 5 PRI |
*Devorive, S RO S SO LTEL TN MRS SRR P e LBLOVaY

3
.

[} E DA A4 F Sy gl LIOTH R JdAE T L

Vreauoand Dt 9% o wnnresttd in fhie naver are 4
*
L

s¢ o (he authors and do
ws of Lthe secretartia : I, This dncument

c

o ) L a .
Ll RgTE L POVLIET Lne vie

1 i

I'ma i L.

s f

ye

wen reopr Jurea witno oyt S







Jhe nutri.ive valu. .& ths yea . wae tected on
cnickeng, pigilnie and pi.8e As A cumpar< “ive aatarial, yeasts
srown on ntilllase from Jdiet!d ~riep uswre ned. lhe wvalues for
Aigeetlibllity, metaboiiiadle uner .y and n.olopical value were
almost ideaiical.

The vyeasts  Irown on ethuinol ware used for isolation
of pure proteins and were ad.ed to different type of food
(mnaat, blacults) up to L0+ for direct huian autrition.







In Czeohoslovakia the prodlem of producing the misrobial
protein as & supplement to cla siosl nroteir : rurces for
hunan and animal nutrition has been studicd ior more than two
decades. This effort exerted both in theoretical and in prac-
tical sphere, resulted in the verified tachnological processes
of SCP produotion from various traditional (molaspes, sulphite
liquors, aleohol stillage and waste water from olitric aold
production) and non-traditional petrccnemical rev raterials.

Many times Czechoslovak scientiats reported on their re-
sults achieved in this field and presented many papsrs at va-
rious international congresses and symposia which were inclu-
ded in the proceedings. Some basic papers are given in referen-
ces (1-4).

Results of the experimental work have baen realized and
at present SCP from all sorts of treditional roaw meterials 1is
produced in several smaller plants in Czechoslovekie. Economi-
oally, the most advantageous process 1s the vroduction of SCP
from sulphite liquors and from waste waters from ocitric acid
produotion. In our conditions the production of SCP from mo-
lasses is too expensive and therefore syntheiic ethunol is
employed. This production was ;atented in Czec .nslovakia in
1964 and was experimentally realized severei ysars ago. The
advantage of this process is obtaining of an ebsolutely harm-
less product suitable for the preparstion of sdible protein
for human nutrition and the minimum emount of waste water be-
oause during the fermentation process tua water recirculates
and is only filled up. Compared with the production from mo-
lasses, the oconsumption of garm-free water decreased to about
1/10. Therefore the produotion bassed on petrochemical raw ma-
terials is advantageous for the areas without a sufficient
supply of bilologioally harmless water for fermentation pur-

poses.




Aadthor rrodustion bauei nn petrochemical raw riterials
which wae verified experimenv~Liy is ctue SCP production from
r-alkanos isciated frix grz 7 Thc vealiznt’ o of this pro-
cess has bact pogtponed bLecause in Czechoslovakia no suffri-
cient amounl of isclsted i-alkanes which would cover the pro-
ducticn of a3 l2ast 20 00C %cns of SCP is produced.

Oa a pllot-plant scalo thy productisn of SCP from gas
oll was vorifici in ome plunt squipped with two 100 hl fer-
miaeors aad for several ycirs the product wag tested from
the point of view of biclogicul harnlessness in medioal and
cgriculiural lshoratories 1u Czeohoslovakia and in German
Demooratic Rcpublic. This SCP wans found fully suitable for
feeding purposes. The eleboraied process of extraotion of the
lipidic fruoticn deorcascs the content of total lipids to
2 % end %ie coatent of hydrooerbons under 0.5 %. Until now
tha Cuschoolovek autborities havo not given the approval for
the vsec of SC2 froa ras o1l as fodder.

For prcoducetion »f SCP froom gas oll no growth substances
are neosessary. 43 the yoeests are oapehls to grow only on mi-
noral suistances ard n-atkenes. This produotion, similarly

as that of etihuiol, ie besed 'm the recirculetion of water,
\

Czeckoslovakie produces most of the equipment for pro-
duetion 02 SC2. The volumc of the agitated Termentors amounts
to 200 chn.

The new roseerch problems are coordinated by the state
plan and ave eolved by meny institutes, the most significant
of thom are: Institute of Microbiology of the Czechoslovek
Acadeny of Sciinces, Praguo, Rossarch Institute of Fodder
Industry, Pelky, Irstitute of Chemical Technology - Teohniocal
Univeraity, Pragus, kosesrch Imstituce of Chemisal Equipment,
Chepos, Brno, Medical Peculty of Charles University, Pragus,
Instituts of Human'Mutrition of the Ministry of Health, Pra-
gue and the UKSUZ, Pragus.




In the following part of this resort we would like to
inform you about some Czechoslovak sciontifio results in
this field. In the theoretioa, spheva much a *~ntion is de-
voted to the question or yeast growth on hydrocurboms of
various ohain length, on their mixtures and derivativan,
starting with methanol, ethancl and ending with oils and
waxes containing Prevallingly paraffins of the ohain length
czo - cae. Metabolism of there substances, influence and
mechanisa of the effect of ensueing intermediates on the
yoasts are studied. Considerable attention is paid to meso-
Philio kinds of ysasts ana to analytic methods which are im-
portant from the viewpoint of following ths oourse of for-
mentation and 1solation processes, as well as from the view-
point of evaluation of the end produocts. With respeot to
the scale up and to the proocess of growth optimization seve-
ral bioengineering problems are followed. To this sphere be-
longs also the study of isolation of proteins and yeasts,

As we pointed out earlier, difterent yields are.-reached
on hydroocarbons of various chain length. We followed the ki-
netios of intermetabolite Tormation during fermentation and
we found out that in dependence on the aeration conditions
and on the modium composition various amount. of fatty socids
with the obain length approaching that of hydrooearbons (8-7)
acoumulate in the cells as well as in the environment. We
succeeded in proving that fatty acids with the ohain length
shorter thanp 013 inhibit preferentially the anabolic praoces-
86s md only at higher conocentrations aiso respiration and
catabolism. Simultaneousiy, they inhibit the 003 fization,
The result of this effect is a decrease in the yield and in
the growth rate (8), These T 1dings explain to a great ex-
tent the above mentioned findings concerning the yield de-
oreass during oultivation of yeasts on hydrocarbons of the
chain length of 010 - 012. By ocontroliing the aeration, the
oultivation oconditions emd by selestion of the strain these
losses can be decreased and the Process optimized.




Ta sowsira e 0 pGruliirs wlia @ clocter okaln lengih
from lewor A'uiillotdsr o sasciaes phiak inrinancas negotively
the fer.ont-.llco. tie oporu? Ine vwem highes *=rotions wi.th
the chein ler-th o0 oo G,y w0 Ty many yeests vorss utiljzed.
By miana 3 £o)i. 11 U 3vo09rded in obtatrirr atvaing of
Cendicde 1l viia onder de not ouly nrefeventially utllize
thono hydreesctore. vt do also caltiply ontinrlly at the
teooorctore of CUnt 23°C vhieh 14 very aquautegeous fyom
tho vicmodrt o srlublilty o Lydeocurbons ¢n well an from
the vioscin’ o ¢ novudtion of coolins warer (9, 10). The
ain o7 cultivetion of Ve yeust: on rlaerai oils, similarly
as 2avlicr cu g i), eSS not onlv te ehtalr the biomass
witlh 2 Righ prol-~in enntent vt elie o depmref’inato 4ne
oils Ty this nroseus froiuns poiot was deersread by 50-60°C
a1 tuct vy 1y <5 - 22,

Ir thl- lain of Diocongdy wering, the problom of insc-
lubl~ nubdgtrats and. ~7 axyger trcunaport during hydrooarbdon
feracntaticn i o7t “cde Some roAAlr viors olatorated descri-
B e roelc 0T ceatipnvons md of a dispernica phase dur-
iry tho groewiy 00 Lo euwliwre ca p-alx@ac8 sna the optimi-
zatica ¢f th* ;ror v vey rtudaicd from the viowpoint of the
yiold 2 1 oxpgan ce.munptan. - :he ¢ptimun ¢ lze of the oil
droplets 28 bo ecl1alle” v the fermentor. A deialled ue-
coription of theus . .suwits 13 given in the paper by Prokop
ani Sobotka (1) r:caoanod at ine I1. Conference on SCP at
NIt ‘o Boaton.

Tho Questiona o ovtirlzation and of inoreesing tho vo-
Juns ¢f fermyniy tre siudied intensively. The now prototy-
pe of ths formentor i adlo to produsze 1.8 kg of yeaet from
1 obn of gre oll pes br (and 2.5 kg Y1om n-alkanas), and its
dosig erables vo faorenie the volume in ordor Lo guuarsntee
the n’sinun production ol about £00 kg of dry wsight of the
yoeet per hour,




The reslizability of the SCP production from various
non-traditional rew materials is determined by the applica-
bility of proteim in animal . nd huwen nutri lom, Thexrefore
all experimentally prodiuced SCP is studied from tho view-
point of blological value and blological karmlessness and
the chemicel analyses on residual hydrocerbons and their
derivatives are perfo:med. Thia systematic analytioal work
guarantees the introduction intc nroduction only of proces-
808 which produce harmless products. Determination of the
blologloal value of the yeast cultivated op n-alkanes and
on synthetic ethanol ere in accordance with the published
results. When using synthetic ethanol as a sterting raw ma-
terial there is no need to refine it. No admixtures oon-
tained in #thanol were found in the yaast, 150 kg of etha~
nol is required to produoce 100 kg of the yeast dry weight.
The yeast coatains about 60 % of nitrogen substances and
only 5 £ of fats and it does not contein any odd fatty
acids and hydroearbons. Synthetic ethaml thorefore seems
% be the most sdvantageous starting raw material for the
produotion of the isolated protein for human nutrition,

In many cases the production of SCP is disadvantageous
because the production costs are much high. than those of
classical protein fodders. An essential charsv in the eoco~
nomical aspects would ocour if a part ot the SCP produced
wore used direotly inm human nutrition. Tois would prevent
the losses of protein ocouring during feeding and save the
Banpower necessary for breeding of enimals and the price
of the protein for human nutrition can be about 3times
higher than that of the protein in fodder. Therefore in our
institute the isolation of protein from yoeasts during whioh
botk fodder and edible protein is obtuined is studied. The
resulis of this work were presented at the gymposium on
*Advancee in Miocrobial Ingineoring", held in Maridnské
Lésnd in 1973 (12) and therefore we mention only some




essentisl data. ¥or trls vroduciion the youst suitlvated
either on sugar substvates or an alcohols is ormy. 10yed.

When using tho yeust frox n-a kanos an sffic ant oxtraction
is to be inoluded in%o the rrocess t. remove all residual
hydrocarbons, futty aclds and fais. This treavment is pe-
cecsiry because fetty volds and fetr ocusain tiso molecules
with odd number of carro:na.

After desintegr:tion of ceile the level of gusleis
acids is deoreased anrd the protein is vreniitated. The fi-
nal concentrate contairs aver 90 % of Lrotein. As far as the
physicael properties are conoerpci the protein concantrate 1is
equal to or even better *Lan the soya proteiu. It binds well
the weter and emmlgzates the fats. The NPU is 70 and the ohe-
mical ¢ wIe 72, which is caused by the lack of sulphur amino
svids, n other amino acids tho chemical score approaches
100 or :s even higher. Excellont physical properties of the
isolated protein enmabls ite use in some meat products as
well as in the baking and dairy industry. The ocantent of
nuclelioc acids is below ). % of dry welght and is lower than
in meat.

From 3 kg of the yeest 1 kg 0 i:zolated protein ang
2 kg of fodder are obtained, ..ccording to pr. !'‘minary calcn-
lations 1 ton of isolated dry proteir should in Buropean
countries cost maximally 800 US @ por 1 ton. With respeot
to the faot that during the preparavion of foodatuffs the
protein is diiuted with water in the minimum ratio 1:1 then
the prioce of the end product should amouni to less than 400

US # per 1 ton.
Gonolusidn. In Czechoslovekia, several processes of the

; SCP production from treditional as wall as froh non~traditio-~
3 nal, i.e. petrochemical raw materials, were elaborsted.

Further possibilities of the SCP production from various
raw materials for feeding purposes are systematically followed
and economically advuntageous combinations of the production
of fodder and of edible protein from the yeast are studied.
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This oxperience enables Czechoslovakia to offer
assistanne to developing countries either irdependently
or in the cooperatiou with ...ur partusys or. “hnt 4n
educetion of experts, in research and in produoction.
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