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FUTURE FOODS - A LOOK A T  S I N G L E  C E L L  P R O T E I N S  
K .  S .  K O H I Q S B A C H E R  

FOSTER D. SNELL C O M P A N Y  

The world i s  ful l  of people and every year there  are about 70 
mill ion more. 
i s  increasing at an unprecedented rate and will continue t o  do so either u n t i l  
disaster s t r ikes  or u n t i l  w e  are ready t o  colonize other planets i n  the very 
d is tan t  future.  

Because of a marked decrease i n  the death rate ,  our population 

I n  sp i t e  of our increasing population, the day when we w i l l  run out 
of l i v ing  space i s  not yet at hand and i s  something for future generations 
t o  c o p  with. Without a doubt, the greatest  chdlenge facing the world today 
is  the race between the increase i n  population and food supply. Can we win 
t h i s  race? Malthus did not think so, but, w i t h  due respect t o  Malthus, I f e e l  
ra ther  confident we can, thanks t o  advances i n  research, agr icul tural  
technology and, wishfully, population control. The problem we face i s  that  
people l i v e  longer, bear more children, and t h a t  the children have a better 
chance of survival. The f igures  are t r u l y  staggering. Every half a second, 
a chi ld  i s  born. I n  the year 1966 alone, the population of the world 
increased by 70 mill ion people and it i s  estimated tha t  by the  yeas 2000, 
6 b i l l i o n  people w i l l  be crowded onto the surface of the  earth. This i s  
twice what it is  now and the  frightening aspect i s  t h a t  most of the  increase 
i n  population w i l l  be i n  developing countries where food is  i n  short supply 
even now. 

Overcoming the problem of world food shortage has many aspects. 
Providing suff ic ient  protein i s  probably most important because it af fec ts  
primaxily children and t h e i r  chance f o r  survival and f o r  growth and develop- 
ment. To visualize the magnitude of the problem, we must recognize tha t  the 
production of high qual i ty  protein t o  feed the  estimated 6 b i l l i o n  people i n  
the yea r  2000 A.D. must be t r ip led .  

The importance of protein i n  the d i e t  r ea l ly  carmot be over- 
emphasized. 
of body proteins and other nitrogen containing compounds such as creatinine, 
histamine, epinephrine, thyroxine, the  heme-prosthetic group of oxidative 
enzymes and hemoglobin. Indeed, protein i n  excess serves as a source of 
energy which i s  the reason why one cannot ea t  dl the  protein one wants t o  
and s t i l l  lose w e i g h t .  It i s  i n  a sense unfortunate that ,  if the simple calor ic  
requirements of the body are not m e t  by the  consumption of carbohydrates and 
fats, amino acids w i l l  be used as sources of energy and hence w i l l  not be 
available f o r  the synthesis of body proteins. 

It provides the  nitrogen and the  amino acids for the  synthesis 

So far, I have stressed the importance of protein i n  om d i e t  and 
pointed up tha t  there w i l l  be an ever growing protein gap as our population 
increases unless w e  f ind ways t o  subs t an t id ly  increase protein production 
each year. 
depending on present sources of protein. 

Le t  us f i r s t  take a look t o  determine how t h i s  could be accomplished 
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It may seem strange t o  us but 7G$ of the  world's protein supply 
comes from vegetable sources and only 30% from animals. 
population increases present ly  at the  rate of about 70 mil l ion people per 
year, as I have s ta ted  before, and since it has been found t h a t  each person 
needs t o  consume approximately 52  pounds of protein per year  t o  be adequately 
nourished, we are faced with t h e  staggering problem of producing about 3.6 
b i l l i o n  pounds of addi t ional  protein each yeas. 
world population adequately, w e  need, each year, 3.6 b i l l i o n  pounds more 
pro te in  than i n  the  previous yew.  
where the  pro te in  of choice i s  animal protein,  it would mean tha t ,  i f  ea t ing  
habi t s  remain unchanged, we must increase meat production by the  equivalent 
of an addi t ional  mil l ion beef c a t t l e  per year. 
are r e l a t i v e l y  ine f f i c i en t  sources of protein - the  cow, f o r  instance, eats 
approximately 6 pounds of vegetable pro te in  fo r  conversion t o  1 pound of 
animal pro te in  - t h e  quantity of a n i m a l  feed and grazing lands required i s  
absolutely enormous. If you then ask why w e  don't  use plant  protein con- 
cent ra tes  as human foods, we f i nd  t h a t  we run i n t o  other d i f f i c u l t i e s .  I n  
l ea fy  vegetables, f o r  instance, the  protein i s  accompanied by approximately 
the  same amount of f iber  and the human digest ive t r a c t  i s  not adapted t o  
handling la rge  amounts of f i b e r .  Also, ( ag r i cu l tu ra l ly  speaking) of the  30% 
of the  world's surface t h a t  i s  sol id  ground, approximately 4 b i l l i o n  acres 
we potent ia l ly  available f o r  the  growing of crops. O f  t h i s ,  roughly 80% i s  
already under cul t ivat ion.  
u t i l i z e d  t o  i t s  maximum, it would at best supply enough food f o r  the  present 
population, but  would be unable t o  feed the  anticipated l w g e  increase i n  
population growth. This i s  t r u e  even though agricul ture  i s  making great  
s t r i d e s  and the  yield per acre of land has been improved almost beyond be l ie f .  
For instance, a new va r i e ty  of r i ce ,  JRI-8, has been developed recent ly  i n  
the  Philippines which could be instrumental i n  doubling the  world's r i c e  
production s t i l l  i n  t h i s  decade. IRI-8 i s  a dwarf var ie ty  which outproduces 
the  varieties of r i c e  now grown i n  A s i a  by 65s t o  300s. 
at Purdue have discovered a corn mutation which supplies most of the  amino 
acids  the  body needs t o  m a k e  proteins, although normal corn lacks two of t h e  
e s sen t i a l  acids, lys ine  and tryptophane. The Purdue gene t i c i s t s  discovered 
t h a t  the  mutant gene Opaque-2 shuts down production of zein, a non-nutritious 
protein, thus leaving the  building blocks free f o r  t he  production of the  lys ine  
and tryptophane. 

Since thz world 

L e t  me repeat, t o  feed the 

If we r e l a t e  t h i s  t o  the  United S ta tes  

Since we know t h a t  animals 

If the  remaining 20% of t i l l a b l e  s o i l  were 

Similarly, s c i e n t i s t s  

It now behooves us t o  look at  new sources of edible proteins  and 
when I s ta ted  before t h a t  I thought t he  challenge of feeding the  increasing 
population could be m e t ,  I w a s  thinking primarily i n  terms of such new sources 
as proteins  from algae, from o i l  seed crops, from f i s h ,  and especial ly  from 
single c e l l  organisms. 
from soya beans and since the  ava i l ab i l i t y  of proteins  from algae i s  s t i l l  
far i n  t h e  future ,  I w i l l  r e s t r i c t  my remarks t o  f i s h  and single c e l l  organisms. 

Since most of you are probably fami l ia r  with proteins 

Water covers 70% of the  ea r th ' s  surface and teems with f i s h  which 
represent an almost inexhaustible supply of protein if adequate conservation 
methods are u t i l i z e d  i n  hamest ing the  f i s h .  
de l ibera te ly  because the  way we f i s h  today we take only about 15% of the  f i s h  
from the  waters of t he  world t h a t  could be taken. It i s  estimated t h a t  the  
seas could supply up t o  500 b i l l i o n  pounds of f i s h  annually although t h i s  
f igure  i s  questionable i n  my mind and people l i k e  Ehrlich at Stanford 
de f in i t e ly  do not agree with it. 

I use the  word harvesting 
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O f  course, it would not be expected t h a t  f i s h  pro te in  w i l l  be con- 
sumed i n  i t s  bas ic  form or even as f i s h  f lour ,  but t h a t  f i s h  protein concen- 
t ra tes  w i l l  become a standard ingredient i n  cerea ls  and other gra in  products 
up t o  concentrations of lo$ which i s  the  maximum t h a t  can be incorporated 
without a f fec t ing  the  f lavor  of t h e  food i t e m s .  

Perhaps t h e  most i n t e re s t ing  new protein avai lable  today i s  the  
single c e l l  protein.  To give you an idea why I th ink  so, l e t  me quote these 
f igures :  a cow weighing 1,000 pounds when fed by grazing can synthesize about 
1 pound of pro te in  per  day whereas 1,000 lbs. of microorganisms growing on 
paraf f in ic  hydrocarbons can synthesize about 2,500 l b s .  of pro te in  per day. 
We can hence estimate t h a t  approximately six b i l l i o n  pounds of protein,  which 
i s  equivalent t o  the  world’s present pro te in  d e f i c i t ,  could be produced by 
means of microorganisms a t  t h e  expense of l e s s  than 1s of the  world’s annual 
production of 700 mil l ion tons  of crude o i l  production. 
t h a t  today t h e  annual world production figure f o r  petroleum and na tura l  gas 
ac tua l ly  approaches two b i l l i o n  metric tons, we can begin t o  see why the 
thought of using t h i s  type of protein t o  a l l ev ia t e  t he  hunger of t h e  masses 
i s  a most exc i t ing  one. 

If we then recognize 

A t  t h i s  time, I should probably explain what i s  meant by the term 
single  c e l l  protein.  It i s  a word coined t o  avoid the  typ ica l ly  negative 
a t t i t u d e  of laymen toward the  concept of eating microbes which includes 
bacter ia ,  yeasts, molds, and some algae. O f  course, there  i s  r e a l l y  nothing 
t o  worry about since most of us eat microbes almost every day i n  such foods, 
f o r  example, as cheese or yogurt. 

The production of single c e l l  proteins  i s  r a the r  in te res t ing .  The 
hear t  of the  process cons is t s  of a conventional fermentation using a var ie ty  
of inexpensive carbon sources. 
and the products used i n  foods and feeds and it may come as a surpr ise  t o  
some of you, bu t  it was reported i n  1906 t h a t  bac te r ia  would grow on methane. 
Since t h a t  time, hundreds of microorganisms have been found capable of 
oxidizing one or more hydrocarbons. Most a t ten t ion  i s  being given today t o  
yeasts  grown on normal paraf f ins  or  natural  gas and t o  some extent t o  
bacteria grown on methane, normal p u a f f i n s ,  or a gas-oi l  f r ac t ion .  Since I 
bel ieve t h a t  single c e l l  proteins  w i l l  become a major protein source of t he  
fu ture ,  l e t  me l i s t  some of the  advantages of microbiological cu l tures  over 
t r a d i t i o n a l  agr icul ture .  

For years yeast  has been grown on molasses 

Most microorganisms have a high pro te in  content, usual ly  30-60$ of 
dry-weight, and t h e i r  cu l ture  o f f e r s  a concentrated source of protein.  

Because of t h e  unice l lu la r  nature of the  biomass, there  i s  no d i f -  
f e r e n t i a t i o n  of t he  c e l l s  i n t o  vasious tissues. The biomass can be processed 
as a whole and there  i s  no need f o r  a preliminary s t ep  such as picking f r u i t  
or digging roots,  or cu t t ing  a cascass. However, we do f ind  it necessary at 
times t o  ex t r ac t  t h e  pro te in  from t h e  microorganisms t o  m a k e  it more e a s i l y  
avai lable .  

Microorganisms have a high density cropping and can be cul t ivated 
i n  compact units i n  contrast  t o  t r a d i t i o n a l  agr icu l tura l  methods which require  
vas t  areas of land w i t h  r e l a t i v e l y  low yields .  

The rate of growth of microorganisms i s  much grea te r  than t h a t  of 
Microbes can synthesize proteins  up t o  10,000 times p lan ts  and animals. 

faster than c a t t l e .  
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The cul t ivat ion of microorganisms i s  independent of climatic 
conditions and the  seasons of the  year. Their growth i s  predictable and 
can be maintained at optimum leve l  by applying sophisticated control equip- 
ment and a controlled environment. 

Microorganisms grow continuously 24 hours a day. 

One microorganism or another i s  able t o  u t i l i z e  most carbon 
sources and the var ie ty  of starting materials f o r  protein production i s  
almost without l imi t .  

The chemical composition of microorganisms and hence t h e i r  
nu t r i t iona l  value can be controlled by controll ing environmental conditions, 
genetic variations, and substrate media. 

Microorganisms can be cult ivated i n  every country and every par t  
of the world from indigenous carbon sources. This means tha t  it should be 
possible t o  bring be t t e r  nu t r i t ion  t o  the people independent of the trade 
balance, softness of the v d u t a  and ava i lab i l i ty  of foreign exchange. 

I n  a few minutes, I have now covered what took many years t o  
accomplish: products ready f o r  the market place. However, there are s t i l l  
some problems t o  be explored before single c e l l  proteins can become a 
commodity of convenience. Par t icular ly  some of the minor ComFonents, such 
as the nucleic acids which might have t o  be studied if  we are t o  use them 
as a major fac tor  i n  our d i e t .  
technology &feet the foods of the future? 

How then does our rapidly advancing 

A s  I have pointed out, we should expect t o  u t i l i z e  new and 

Yet, I would venture an educated guess tha t  even by the year 2000 
d i f fe ren t  processes and r a w  materials and thus give rise t o  new and different  
foods. 
A.D., the  eating habi ts  of at l e a s t  the  people i n  the more prosperous par t s  
of the world w i l l  not have changed radically.  

Certainly, our foods w i l l  change. We w i l l  see many more manu- 
factured foods on the  market. Foods w i l l  be more convenient, they w i l l  be 
pre-cooked, take l e s s  t ime t o  prepare, be portion-controlled, and, hopefully, 
they w i l l  be stable a t  ambient temperatures. But they w i l l  look and t a s t e  
p re t ty  much the same as today even though they may be what we now c a l l  
"ersatz." 
and long enough, it becomes the prime standard and i s  accepted as the r e a l  
thing. I can say without hesi ta t ion tha t  a strawberry ice  cream made only 
with natural. strawberries would be unacceptable t o  the average consumer 
today. There are good and valid reasons f o r  t h i s .  

O f  course, if enough of an ersatz  material i s  used widely enough 

Food preferences and habi ts  are not something we are born with. 
They me not inherited. 
education, environment, and ethnic background. What t h i s  then means i s  
tha t  it takes a t  l e a s t  a generation t o  materially change people ' s eating 
habi ts  . 

Rather, they are psychological phenomena based on 

Now why i s  the  psychology of eating so important? Why don't we 
make it easy on ourselves and pop a nutr i t ious p i l l  in to  our mouths whenever 
we f e e l  hungry or the need t o  restoke our internal  f i r e s ?  Why don't we jus t  
chew on an unflavored capsule? 
and, by the way, constipated. 

If we did, we would be t e r r ib ly  f rus t ra ted  
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What does t h i s  mean with respect t o  single c e l l  proteins? It 
mans tha t  they must have u t i l i t y  beyond t h e i r  nu t r i t iona l  value. They 
must supply a funct ional i ty  so t h a t  they can be used as building blocks f o r  
manufactured foods. Investigations, including work i n  our laboratories,  
have indicated t h a t  single c e l l  proteins do have funct ional i ty  and are 
amenable t o  t r e a t m n t s  t o  give them even better functionali ty.  
formulated in to  a great  var ie ty  of food products, replacing other protein 
components, such as milk or c e r e d  grain. 

They cam be 

The f a c t  t h a t  single c e l l  proteins have funct ional i ty  as w e l l  as 
nu t r i t ion  i s  important because we all prefer foods with which we are familiar,  
whether they are natural  or fabricated.  

The psychology of food acceptance i s  what s e l l s  foods t o  us. This 
i s  what makes us t r y  something new and t h i s  i s  why it i s  so d i f f i c u l t  t o  
improve the  nut r i t ion  of the  underfed people i n  developing countries. 
and I w i l l  t r y  a new food because we aze educated people and because we are 
aware tha t  the new experience might be pleasurable. 
f e e l  different ly .  
t o  starve rather  than consume a food with which they were not f a m i l i a r .  This 
then means tha t  we l i t e r a l l y  have t o  sneak nut r i t ive  ingredients in to  t h e i r  
da i ly  d i e t  without t h e i r  noticing it and t h i s  i n  turn  means tha t ,  while we 
w i l l  have n e w  foods i n  the more sophisticated pasts of the world, foods f o r  
the others w i l l  not change, a t  l e a s t  as far as sensory stimulation i s  concerned. 

You 

The uneducated masses 
They w i l l  not t r y  anything n e w  and people have been known 

But what about us? By 2000 A.D., OUT offsprings w i l l  routinely 
include dishes i n  t h e i r  menu which we would regard as exotic and adventurous 
An algae soufflk flavored with seed meal bacon chips, a single c e l l  steak t h a t  
comes from a petroleum ref inery instead of the side of a steer,  "butter" t ha t  
contains fa ts  which never existed i n  nature, lobster  Newburg made with f i s h  
protein concentrates are not out of the r e a h  of poss ib i l i t i es .  
some of these foods are already available. 

Indeed, 

What I a m  saying and where single c e l l  proteins f i t  i n  i s  tha t  
foods of the future  w i l l ,  t o  a great extent, no longer be pre-processed 
modifications of natural. or grown foods, but actually manufactured foods 
designed t o  sa t i s fy  both the necessi t ies  and the aesthetic pleasure of eating. 
They w i l l  probably be of the intermediate moisture type so tha t  they can be 
eaten out of hand as mini-meals or reconstituted in to  gourmet dinners. They 
w i l l  be nutri t ious,  perfect ly  flavored, with controlled calor ie  content, 
portionized, and shelf-stable.  Well, I cannot promise you tha t  there w i l l  
ever again be Manna from Heaven, but I can guarantee you tha t  the custom of 
eating i s  here t o  stay. 

C .  F. COOK: Thank you very much Dr. Konigsbacker. I think you w i l l  
all. agree it was a most interest ing paper and I would ask him t o  keep h i s  su i t  
of armour on until  the discussion pericd because I am sure many people w i l l  
want t o  ask him some very interest ing questions. 
speaker why don't we a l l  get up for a few minutes and s t re tch  because i t ' s  a 
very d i f f i c u l t  period r igh t  a f t e r  lunch and then w e  w i l l  continue on i n  a 
second or two. What i s  the s tory of food protein, and what does it mean t o  
the average soybean farmer? 

Before we go on t o  the next 
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