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SUMMARY 

PRODUCTION OP SINGLE CELL PROTEIN 
FROM ALCOHOLS1/ 

Y.  Masud?**and 
K.  Yoshikawa** 

An age of food shortage or an age  :>f protein shortage in particular,  will be 

upon the world in the near future.    Therefore  the hasty development  of synthetic 

protein is imperative  to cope with '.he rapid increase of population. 

Inspection terms extending over 22 points had been designated and it was 

concluded that mass-product ion should nrt  bo permitted,  unless the  safety of each 

step had been confirmed. 

The enterprise using the caitablc raw materials will overtake  the competition 

and reap the profits.    Ko matter what the prosont state is the greatest question 

facing the industry is how to supply in  stable  quantities a rv-.sonable cost high 

quality product. 

This paper will describe how wo decided to pick up a combination of a few 

specific strains and an alcohol as well as will describe its various features and 

advantages in terms of economic study of process, qualities of products, otc. 

Manager,  Biological Chemistry Di v.,  Central Research Center    Mitsubishi Petrochemical 
**Group Manager, New Business Dept., Planning and Research Div.jco.,  Ltd.,  Tokyo, Japan 

j/The views and opinions expressed in this paper are those of the authors and do not 
necessarily reflect the views of the secretariat of UNIDO. This document has been 
reproduced without formal editing. 
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PRODUCTION  Of  SCNfiòh Cbi-L  PUOïEJN   FROM ALCOHOLS 

I.     NEEDS  VCR SINGLE  OlìLL  PROTI7]N 

I-A.     CRISIS  OF  FOCI),  HS^M.IALLV  Or  ANIMAL  PROTEIN 

The vovld's   population   is  row on stCt-dv   inrr^a«e 
c-i or more per year,  and  according  tc various  kinds' '' 
ot statistics,   it   i.s erpected  to  read,  a   ri?urt; of 
about  seven billions by  the end of this  century. 
It  is  a  generally  accept-id ophuoi;   t!m  tin*   food 
supply will   iall  short around  the end of this  centurv 
if the agricultural  production merely keeps   l-s ' 
current  growth rate By  that  tin*.     The J i.nitation of 
natural  resomces  including  food stuffs has become 
p. natter ot   great concern  and has  also become almost 
an eveiyday's  topic. 

According to  the statistics of  PAO,human diet 
has been remarkably improved as  n  result  of better 
human life  m the world,  showing a distinctive 
increase of   the intake of animal protein.    As a  result 
at has become difficult  to maintain the demand-supply 
balance oi. meats,  and many countries has been faced 
upon high prices of meets. 

It  is   liso an  inauspicious  occurrence that hauls 
ot anchovy  iii Peru coasts has  become extremely small 
due to  an extraordinary change  in the sea current. 

Ï •     « matter of wcr'dwide concern, because 
anchovy in Peiu coists  is  one of tho major sources 
for a worldwide  fish-meal  supply. 

To make  the malici  worse,  growth conditions of 
crops turnee out unfavorable in various parts of the 
world Que to unusual changes  in weather occurring on 
a worldMdc  scale«     it has  caused an unbalance 
between the demand and supply of the crops and, 
accordingly,  skyrocketing of crop price this year. 
Among all,  tlie price of soy bean which is one of the 
most  important urotein sources  in feedingstuffs 
»arked a junping price.    Particularly in the United 
btatfcs,  soy bean price marked a figure three times 
or more nigler than the ordinarv price, oresuntably 
under influence of speculative demandi. 



I-B.     NEEDS  FOR SINGLE CELL  PROTEIN 

In order  to solve suca an absolute shortage of 
food, particularly the shortage of animal protein, 
the industrial production of microorganism p•tein, 
so-called single cell protein, has become to stand m 
the spotlight  in the feedingstuffs  industry from 
several years ago. 

Since old days, people know by experience that 
microorganisms can be utilized in the production of 
foods, Is  in the production of alcoholic drinks, 
bread    vineger, cheese and the like.    In Japan, 
moreover, microorganisms has been used m tne 
Production of seaSonings such as soy bean paste and 
soy sauce    since very old days. 

However, there are two main differences between 
the single cell protein production and the conventional 
fermentation. 

Firstly, in the single cell protein production, 
microorganisms themselves can be utilized as food 
or feedingstuffs. 

Secondly, in the single cell protein production, 
raw materials are often non-food materials. 

Thus,  the production of single «11 protein »jy 
be considered as a revolution in the history of £od 

production in view of the fact that protein can be 
industrially produced without any influence of 
natural environment. 

I-C.     REPLACEMENT OF FISH MEAL WITH SINGLE CELL 
PROTEIN 

Although our firal target is to utilize single 
cell protein as our direct food, our first plan is 
to utilize the materials as a replacement of fish 
meal which is compounded in feedingstuffs. 

Therefore, here is some description on the 
advantages of single cell protein over fish meal. 

Fishes which are one of main protein sources in 
feedingstuffs are caught from seas in almost the same 
manner from the old times except that catching 
techniques have been graduelly improved. 



Therefore    a haul  of   fishes  are  sometime«; hadW 
MorlColTr Vn^8* °f • °C°an •«ent Äthers. Moreover,   the fish resources  are  limited   co and 
Îe^oducîioî! am0Unt   resultinß  fr•  the nSuíal 

On the contrary,  the single cell protein 
production is hardly affected by natural   condition« 
and therefore have the  following advSSagS: ' 

(1) Constant supply 

(2) Constant quality 

(3) Less  fluctuations  in price 

(4) Is'ÎhVcase STA?' P°Uuted PT°ÚUCtS Süch 

feature be^oLT*1" h" th§ £ollwin« 0ther 

(1) 

(2) 

(3) 

«Lf°ntain! di8estaDl« protein in almost the 
same amount as usual protein sources do. 

inJSÜ«i?nt*in? various vitamins and mineral 
thin        1S a   USeful as a reso«rce of 

rich°ofatÍLÍatÍn î^fî P'oPor^o* and is aiso ricn of total digestable nutrients. 

I-D.  SAFETY OF S. C. P 

••nufÎîtSîïnïetîÎh!SîîUa-ed that single ceU Protein 3Î5ÏÎÎÎÎÏ l  ß tefhnologies ars not fundamentally 
tl thlï  Lth°f the existi*g ^mentation technologies 
ÏL ìli   %th  USe natutal and edible microorganismi, 
î« cî5!re£°ïe.EresenÎs no new Problems with regard 
h!4l£r?fc°f îhe,Produc^. The only différend 
SîiïîS. fî~ufl;.celî protein Proittction and the 
»ïîfÎÎÏ?c eÎ•eïtatlon ls that the f0«Ber uses raw 
5ÜÍÜ* g whlch are not generally provided as food. 
Soïîï lhV¡en  thî *0ÌÌ°  sodium ^»tañíate which is now 
by fÌ2i2;ì?4!!!

PÌ5yed S a.f00d-additive is prepared 
petroîSS       synthetic acetic acid made fro» 



I-ü.  JAPAN'" SAH; it .MANíMRDS i )R PL i'ORPROTK IN 

Although single ceJJ protein J.S Relieved to 
present no problems with regard to its safety, it is 
quite reasonable co examine single ceil protein ñom 
every possible angle ¡n uroir to confirm its safety, 
since it is quite a new product in ? sense. 

In Japêm, the/c weru scleral companies who 
worked on the development of single cell protein 
manufacturing technologies since almost ten years ago. 
me raw materials thoy used are mainlv normal 
paraffins which are introduced from petroleum, which 
is the reason why single cell protein is usually 
called as petroprotein in Japan as well as in some 

.other countries. 

In order to guide these companies' new- 
development toward commercialization, the Ministry 
of Agriculture and Forestry and the Ministry of Public 
Welfare studied and made their public views on the 
use of the petroprotein as feedingstuffs and on its 
safety consulting the authorities in microbiology, 
toxicology, pharmacology, medical science, dietetics, 
food hygienics and cancer research. 

KV •hîh5-r?p!rt "rar
feí>?.o£ Petroprotein as feedingstuffs" 

by the Ministry of Public Welfare, or the so-called 
Safety standards for petroprotein", is shown in 

ÏÎÎ !•  attached herewith.  The standards are prepared 
tor single cell protein from normal paraffin«. 

In accordance v?th the safety standards, two 
Japanese companies who were most advanced in the 
development of petroprotein furthered their plans 
towards commercialization. 

11 * COMPANY^"' PR0TEIN m0M  ALCOHOL DEVELOPED BY OUR 

•i.- .?"[ .company is one of the leading companies in 
the field of petrochemical industry of Japan and has 

Tabí«P7°S?íln([ îaîi0w.kÎndî of P^rochemicaí Jîotaï.. 
ïotplny.       herc-ith shows main products Sf our 

We have started research and development of single 
cell protein several years aco with a* SA 1* single 
the market with single «h'JÌoSiì vMch'haí Offi1"*' 
calory, good quality and reasonable prî«, and if safe. 
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The background of our d«c ¡ cinn   for.  ,u* 
and development   U   as   iollows at rescarch 

^     ?üít5n<d Sositlon   tü s^lÊct   and  adopt the most 

iïdïïÎÏSÎ?*    n Jâp*n s ^«^tio»*!   fermentation 

(4)    Needs for develoDini» Hnftia ,„n 

Äs?7 dependS Upon forei8» countries fSr most 

II-A SCREENING CONDITIONS 

In the course of the develooment nf eiB.u ,, 
protein, it is a kev «n4n* vi *p • ,ot Sln*le cell „•   _     »  *:  Ai> • Ke>   point now to isolate useful 

SÍinÍ?r5ork^roí
r?h t£e natUral "«"•"    Ou fcLpany 

CD    Various kinds of yeasts have been tradìtionallv 

IUI I h?15erefore' yeasts are considerad to have a high degree of safety by experience 

(2)    There has been  found nardly any pathogenic yeast. 
(3) 

iossibiHtv^?3^?1^ cells  and have  little possiDiixty of mutation. 

bìct«iìav;ns
r;htevel1 sife and density th^n Dactena, and therefore, allow easier ceil  collection. 

lOthoÄ 

sîîiiair.'ia.^ïïsî:parts of j^ y *lL* 
tion ^yeasìfbv^h^,1,5 "? each ««•»¿•«ted to isola- 
and nìL^Ì?      bï Ííe Vse of an «nrichment technique, 
SctSÍ?!? °f.the lsolat*d ye«sts are examined Factors of screening are as follows: 



(1)     Specific growth rate   ú<.) 

(2) 

(3) 

£4) 

Yi  Id on carbon source 

Protein content 

Cultivation temperature 

(5) Cultivation PH 

(6) Stability of factors (1) 1 
through (3) in continuous ! 

tests 

(7)    Productivity 

i    )  Working volume 

ii )  Cell  concentration 

iii) Dilution rate 

£8)    Safety of Products 

(9) Preference 

(10) Digestability 

J 

Factors  for 
batchwise  flask 
and jar tests 

Factors  for 
continuous tests 

Factors for 
feeding tests 

/ 

mentioned afterwards. «ppj-iea as  it  is 

1) n-paraffin    (C13 - c20) 

2) Aromatic hydrocarbons  such as benzene 

3) Organic acids  such as  acetic acid 

4) Monohydric alcohols such as methanol 

5) Dihydric alcohols such  as ethylene glyC0i 

II-B DECISIONS BY SCREENING  RESULTS 

After screening a number of yeasts with *,• 

hydrocarbons, the «lcohoí has folînw^upa;ed with 

fro» a viewpoint  of í^nM^«^««^ 
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(i) 

(2) 

(3) 

Easier contact  between raw materials,   oxygen and 
strains because of ersy water-solubility of the 
raw materials.     In other words, no special 
mixing techniques are required. 

fI•eïu«or3l0n and leSS C00llnt! "st durl»S 
Less  requirement of oxygen. 

(4) Easier separation of cells  from broth. 

(5) Easier washing 

of the^pïSdScL*1^ SeVerai advanta8es *» qualities 

C1)   g^Ä SÄ.•1' are *ot contaminated 

(2) ?ìr?ììiany oddcarbon fatty acids are contained in cens. 

(3) ÌfetheiprSd°uI?sS?lbilÌty 0f »•*"!—"*• ^ 

Vfl^J)ur«.C0?pany,i5 now concentrated on obtaining 
2 fSîd ;SSlSS dmÎ\î0T "»îw^""tion as well 
?i.k<!:?4test data. of the products based upon a 
combination of a few specific yeasts and t£e alcohol. 

II-C    OUTLINES AND ECONOMIC STUDY OF OUR PROCESS 

Our process is shown in Fig.   I. 

«*«rJlî fí?diíion t0
J
the several advantages of our 

process which were described in paragraph II-B   other 
notable features are as follows. P ' 

(1)   ÎÎL^etîer efficiency of oxygen supply, a 
particular type of fermenter is being developed. 

C2)   Ï^JÎIÎÎ^ÎÎ^y Per unit volume of fermenter 
is pretty high compared with n-paraffin process 
«!SaïîeK°L?0!aP*ratively hi«h cel1 concentration and high dilution rate. 



»esotherœophillic. r«-« aio 

(43    Comparatively low PH  is aDolierf -•,„•(„, 

to b.^S^SySIÍSJS Ä °Vr°Tä is "»"«ved 
process,   as it is  shown in TÏS?!r?d Kìth ""Paraffin 

reduced.        '    aintenan« fee and labour, are 

Kt"aiSiiXi1*h
tiS0fÍJjPOMlbl. due to the low 

cost which ifsaCr"ativeniv°h?^Sre the "" "".ri.1 
price and „igher ^Äf J-^^Sî. 

(2) 

(J) 

II-D 
QUALITIES AND  FEATURES  OF OUR YEASTS 

Table 4    " 
of our yeast compared vi?hPtíL?f S0"*»0»«* analysis 
sources.    The fi^re of Sud£ ìrSÌ.?**6' P'otein 
yeast is m betw«en those of s^°ífin content of our 
jeal    however,  the energy of ttl    ear< meal an<* fish 
tively high      as it is SSii „îSf yeas* is compara- 
content o? its crude fa!® í„5nd?r,tood from the 
J« addition,  the contení «î d aiîr<»8«n free extracts 
in our yeasi is^lig^^ pooily ^gestiblelibe^ 



Table   S   shows  PP.   er.-mol«*  of  pminn  ¡ir^   a«„i      • 
of ou- yean  anr  other pr  tern inure« ac^ö

analysis 
of essential   muro „r.5d?  ,T,ot. •*?S\, JS?contfnt 

the content of  threonine,   valine' ' isolée    lMly 

leucine, Phenylalanin,   i<    l*r«crth¡S ÎÏ ì° ¿ 
and the enteilt  of lyiii?  VSÍMOÍíS ïïd      h ""^ 
tryptophane  is  largor than in a soTÄeal. 

f*ttyT2iL?-sfe;%;LrisîL:,f ^«^tion of 

fîîïî ¡"Í components.     In additiL? ¿ddcarbín 
tatty acids  are  contained only in an PT*Í««-I 
amount (less   than 31 of the tîtil SttpSSft.'"'11 

Table 7  shows an example of vitamine rniitM+ 

11-E    MARKST  DB VBLOWENT OF OUR YEAST 

lîîîïï e,valuatl0n «inri experimental animals livestocks, poultry uiu fishus. «»"^ais, 

Regarding   LL¿ fu tu* 3 application of our vaact 
ISS* !îVeire?ftl  ids8S oth« thti Its «îUfo? huían 
£lÎtiîWÎrî?*—   ye ±0r a sub^titute of cafeiHîd 
»ïÎSÎSân" *    i^tncr, protein fiber and 

if th?°ü!If!l  lt wl,n be thc fflost id*al application if the protein can be used as food for humXi beings. 

M.. 2UÏ com?«ay reelly hopes the time coaes in the 

«ad used in every direction throughout the world? 
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Table  1 

Safety standards  for petroprotcin 

I. Safety standards for petroprotein 

ofenetînnrn,e-arniïed f°r "nfir««tion of safety of petroprotein when used for fee clin g stuffs      Y 

1.    Strain    (which means microorganisms used f«*- 
the production of petroprotein) 

(1) ii50i°fic^  insP^ction with respect to 
morphological and biological prSpertils. 

(2) Inspection with respect to mutagenicity 

(3) Inspection with respect to infection 

2*    pìltìfiì)  ifermentafion ««»Äii including normal 

U)    íaKsl0n 0f polycyclic aromatic hydro- 

(2)    Inspection of heavy metals 

SÜ^oííÍuiS'c^eT maXÍmUm ßr0Wth Stage °f 

3. 

(1) Inspection of polycyclic aromatic 
hydrocarbons 

(2) Inspection of heavy metals 

(3) Inspection of mycotoxina 

(4) Toxicity inspection 

4. 

oÎTnï^AI^cy^i)^6 mXÍmUm *rWth ***** 
(1) Inspection of polycyclic aromatic hydrocarbons 

(2) Inspection of  heavy metals 



(3) Inspection of nyce  oxins 

(4) Toxicity   inspection 

5. Final products     (obtained after completion  of 
the production process  and  used     for    feedingstuffs) 

(1) Inspection of survival   strain 

(2) Inspection of polycyclic aromatic hydrocarbons 

(3) Inspection of heavy metals 

(4) Inspection of mycotoxins  (which  is not  required 
when any mycotoxin was found in  the cell and 
fermentation broth). 

(5) Toxicity inspection 

(6) Inspection of effects  on following generations 

6. Milk, meats, etc.,    (edible substances such as 
meats, eggs, milk, etc.,  produced from livestocks, 
poultry hná fishes which were fed) 

(1) Inspection of polycyclic aromatic hydrocarbons 

(2) Inspection of heavv metals 

(3) Inspection of mycotoxins (not  required when 
no mycotoxin was  recognized in  the product). 

II.    Standards for normal paraffin 

The  specification of normal paraffin which is used as 
follow8'3161"1  Ín  the production of Petroprotein is as 

1. A purity greater than S8I 

2, Regarding contamination by  polycyclic aromatic 
hydrocarbons,  n-paraffin  should satisfy the 
specification of »-Liquid Paraffin" which is listed 
ÎÎLÎÎÎ sîandîrds for Food Additives,  and should not 
ÏÏ3 ;änJ;2"?*EiKyrcSe»  ^»M.-dibenzanthracàie and 20-methylchölanthrene,  each in an amount over 



Table 2 fía in prodi'ctr iiid tVi- ca 
company in IQ?3 *' '•: ' -*s cf our 

Product Capacity 

1 

Ethylene 

Low density polyethylene 

High density polyethylene 

Polypropylene 

Expandable polystyrene* 

Ethylene oxide 

• Ethylene glycol 

Styrene monomer 

Benzene 

Toruene 

Xylene 

Cumene 

Alkylbenzene 

Epoxyresins 

Acrylic esters 

Butanol* 

Ethanol* 

Polymer dispersion* 

Polymer solution* 

Glycol ether* 

Ammonia* 

Urea* 

682,000 T/Y 

205,000 

30,000 

150,000 

42,000 

?4,000 

86,000 

285,000 

326,000 

47,000 

49,000 

110,000 

47,000 

20,000 

20,500 

30,000 

20,000 

* 3,000 

6,000 

980 T/D 

1,400 T/D 

Produced by our affiliated companies 



Table 3 Cost compari s vin oi eu*- process with n-ptraf fin 
process 

(the ITA ¿er  c~.v: •< -~ considered as 100) 

item our a icehol process 

(Variable cost) 

raw material 

chemicals, utilities 

(Fixed cost) 

depreciation 

labours interest» etc. 

total production cost 

54 

44 

20 

32 

9 

23 

96 

n-paraffin process 

57 

31 

26 

43 

IS 

26 

100 

* Plant scale is supposed to be 60,000 metric tons of 
product per year 



Table 4    Ex uple of component analy   Ls 

component 

moisture 
crude protein 
fat 
fiber 
ash 
nitrogen free extract» 

total 

our yeaat 

4.1 
53.1 
7.6 
0.3 
8.4 

24.0 

100.0 

fish meal 
(anchovy) 

100.0 

*       acid - décomposition method 
ether - «attraction method 

soy bean meal 

10.4 
62.3 
4.5 ** 
0.5 

16.3 
6.0 

100.0 

13.0 
45.7 
1.3 ** 
5.9 
8.6 

31.4 

n-paraffin yeast 

4.4 
56.5 
1.4 ** 
4.2 
7.7 

25.8 

100.0 

Table 5   Example of amino acid content 

•alno acide 

lysine 
hietidine 

j arginine 
««partie acid 
threonine 
serin« 
glutamic acid 
proline 
glycine 
alanine 
cystine 
valine 
methionine 
isoleucine 
leucine 
tyro«in« 
Phenylalanine 
tryptophane 

our yeaat fish meal 
(anch'Ivy) *oy bean meal n-paraffln yeaat 

3.7 X 
1.1 
3.1 
5.8 

4.3 
1.5 
3.9 

2.8 
1.2 
4.7 

3.8 
1.3 
2.7 

2.8 
2.6 

2.4 1.6 
5.9 
2.0 

8.8 
1.9 7.2 

2.7 
2.9 

3.2 1.8 2.5 

3.9 
1.0 
3.2 
4.6 
1.8 
2.8 

0.5 
2.8 
1.2 
2.4 
3.7 
1.8 
2.1 

0.8 
2.3 
0.5 
2.1 
3.3 
1.5 
1.9 

3.1 
0.7 
2.9 
0.8 
2.7 
3.9 
1.8 
2.4 0.8 1.3 0.5 

-  
0.7 



Table 6  Example of fatty *cid composition 

fatty acids our yeast n-paraffin yeast 

C12 trace     °¡» 
) 

C13 
0.8 I    4.7* 

C14 trace J 
C15-0 

1.0 9,6 

C15-l 
ü.3 2.4 

C16-0 
16.3 7.3 

C16-l 
6.9 12.5 

C17-0. 
trace 4.5 

ci7«i 
0.8 33.0 

C18-0 2.3 trace 

C18-l 
33.6 17.6 

C18-2 
27.0 8.3 

C18-3 
11.0 — 

Total 100.0 100.0 

c15-l ;  ! lormal fatty ac 

m 

:ids with 15 carbon 



Table 7 Example of vitamin -.ontent 

r 
item 

Vitamin B^ 

"   H 
"   B12 

Pantothenic acid 

choline 

Nicotinic acid 

biotin 

folic acid 

inositol 

vitamin E 

F 

provitamin D 

soy bean meal 

I 
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