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HE Division of Agricultural and T Food Chemistry is composed of 
people with probably more varied in- 
terests than any other division of 
the American Chemical Society; this 
logically results in its being a less 
closely knit division than some others. 
Even so, the individual activities of 
most of its members have the common 
objective of feeding people. And we 
all know that the number to be fed, 
both in the United States and in the 
world, is increasing at a rapid rate. 

How long this rate will continue, 
no one knows. To offset this rapid 
growth there are many potential tech- 
nological advances in the food field 
that promise much further improved 
quality and increased quantity of 
crops. Improvements have already 
changed the growing of crops and 
preparing and marketing of foods al- 
most unbelievably in the past 50 years. 
But the time must come when the 
cost of improvements and increases 
will be greater than can be afforded 
and, therefore, there will be a slow- 
ing down cf progress. 

I was born on a farm in Central 
Illinois-long enough ago to be able 
to tell first-hand of a half-century of 
changes. Fifty years ago farming was 
done with horses and mules, and meat 
was grown and slaughtered on the 
farm. About all that we could afford 
to buy at the grocery store was salt, 
sugar, flour, and baking soda. We 
made our own vinegar and syrup, 
and ground our own corn meal. \Ve 
canned our own strawberries, cherries, 
and peaches; and apples and vege- 
tables were stored iri earth cellars. 

Plant nutrients were used much 
more sparingly 50 years ago than to- 
day, and applications of trace nu- 
trients were of little economic signifi- 
cance. Pesticides were extremely lim- 
ited. If the grasshoppers were go- 
ing to get your crop-they got it-and 
there was not too much to be done 
about it; and this happened a good 
deal more often than today’s “organic 
farmers and gardeners’’ who oppose 
all use of chemical pesticides and fer- 
tilizers would have you believe. 

During the past 50 years, advances 
in animal breeding and nutrition have 

been most outstanding. Through 
proper balancing of nutrients and the 
use of growth promoters and medica- 
ments, efficiency of weight gain per 
pound of feed has been greatly in- 
creased. The commercial feed busi- 
ness of today is extremely complicated 
because of the great variety of trace 
materials being added to feeds. 

In other fields whole new terminol- 
ogies have sprung up. Such expres- 
sions as plant regulators, growth pro- 
moters, and defoliating agents were 
not in the farmer’s vocabulary 30 
years ago. 

Perhaps by touching even very 
briefly on some of the many aspects 
of food production, I can illustrate 
how important it is that each of us 
realize that what he does, although 
it may be confined to an isolated seg- 
ment, is part of and essential to the 
solution of the over-all problem of 
delivering an adequate food supply 
to an expanding population. Whether 
in fertilizers, pesticides, or food proc- 
essing, I am sure that we must dove- 
tail our efforts, must have a common 
meeting ground, and must have an 
adequate mechanism of exchanging 
scientific information, if we are to 
meet future food requirements. 

Fertilizers, insecticides, fungicides, 
herbicides, other pesticides, plant hor- 
mones and regulators, and even tran- 
quilizers all affect the amount and 
quality of the food processed. 

Even though annual consumption 
of fertilizers has increased from 2 
million tons (primary plant nutrient 
basis) in 1940 to 6.5 million tons at 
present, only about 10% of farmers, 
according to a survey by the National 
Plant Food Institute, use as much 
fertilizer on their two main crops as 
recommended by their state experi- 
ment stations. With more than ample 
production facilities for fertilizers, 
the problem is one of better communi- 
cations between the fertilizer manu- 
facturer and the farmer. The need 
for fertilizers must be demonstrated 
through more soil testing, and reason- 
able assurance must be given to the 
farmer that his use of more fertilizer 
will be profitable. In many instances 
financial credit must be given to the 
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farmer until the crop is harvested. On 
this angle, the fertilizer industry could 
step up its cooperative efforts with 
bankers. 

Crop production depends not only 
upon the weather and fertilizer, but 
also upon control of the various pests 
that may devour the crop. Even af- 
ter crops are harvested, insect losses 
on stored crops are over $300 million 
per year. The time will come when 
we cannot afford and will not tolerate 
this luxury. There are available to- 
day grain fumigants which will pro- 
tect stored crops. Forced ventilation 
bins are growing in use because of 
their quicker and more efficient use 
of fumigant, as well as better assur- 
ance of eliminating toxic vapors be- 
fore the grain is used, Carbon tetra- 
chloride, carbon bisulfide, ethylene 
dibromide, methyl bromide, sulfur 
dioxide, and hydrogen phosphide are 
among the popular fumigants of to- 
day. 

Even more costly than the damage 
they do to stored grains are insects’ 
depredations on growing crops. Since 
World War 11, and the introduction of 
DDT, man has developed and thrown 
into the battle a powerful array of 
synthetic organic insecticides. DDT 
is still used in greater quantities than 
any other, but many others have also 
proved almost indispensable to profit- 
able modern farming, Any insecti- 
cide used should be effective in kill- 
ing insects but should have no adverse 
effect on plants growing in the soil; 
the crops when harvested should con- 
tain no more than tolerable quantities 
of the residues. 

To collect the information needed 
to establish these characteristics for 
any insecticide takes time and costs 
money. The cost of developing a suc- 
cessful new pesticide may range from 
$750,000 to $3 million, and the costs 
are rising. Sometime in the future 
we may, as the result of more ex- 
perience, be able to predict with 
more accuracy from structures of 
molecules those which will be most 
likely to be useful and yet not have 
properties which make them unsatis- 
factory from the standpoint of health 
hazards. 

The need for such information is 
urgent. Each year insects produce 
more protoplasm than all other terres- 
trial forms of animal life put together 
In the United States perhaps one 
million people work just to feed the 
insects. 

Ravages by insects are not new 
to this country. For example, grass- 
hoppers nearly ate up the Middle 
West in the ’80’s and again in the 
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Those who work on problems associated with food production and those who 
work in food processing must dovetail their efforts to meet future’s food needs 

’90’s. .4s one other example, insects 
twice almost permanently halted con- 
struction of the Panama Canal. 

[i’here possible, insect control 
should be biological and ecological; 
the pests should be kept in balance. 
,4t the same time, chemicals will con- 
tinue to play a more important role 
in fighting major outbreaks. Because 
of the terrific rate of multiplication 
of insects, scourges occur when a pest 
goes on a rampage. 

Relatively little is kno\\m today re- 
garding diseases of insects, but basic 
research in this field has already re- 
sulted in real progress. There is also 
hope that further development of tech- 
niques for sterilizing insects could be 
more effective on a cost basis than 
outright killing. 

The use of nontoxic silica aerogel as 
an insecticide (presumably acting b , ~  
absorption of the insect’s protective 
wax coating, and causing dehydration) 
is just one interesting new develop- 
ment in the insecticide field requir- 
ing a great deal more research to prove 
its economic effectiveness. Hor- 
mones, too, are the object of some 
fascinating current pest control re- 
search. 

In the United States we have some 
very great food commodity surpluses. 
particularly in wheat and corn. These 
surpluses have resulted from greater 
efficiency in growing crops, govern- 
ment encouragement to produce them, 
and the use of herbicides and pesti- 

cides to protect them. One of the 
great contributions of pesticides has 
been in crop areas where high vita- 
min content foods are produced. [lie 
should not forget that without the 
use of pesticides we definitely could 
not produce the quantities of these 
crops which are required for ade- 
quate health. 

In our battle with insects, we are 
being forced more and more to pre- 
scription entomology. In the past few 
years we have come from lead arse- 
nate, pyrethrum, and nicotine to well 
over two hundred compounds used in 
this field. Farmers sometimes become 
confused with the many recommenda- 
tions, and as a result they may use 
the wrong chemicals or apply them 
in the wrong way. Thus in pesticides 
as in fertilizers, a terrific educational 
program is needed if maximum bene- 
fits are to be gained. Since in many 
cases chemicals are the most practical 
if not the only means of controlling 
insects, more consulting entomologists 
will be required for the education of 
the producers of food. 

Another problem in the pesticide 
business is inventory control. It is 
almost impossible to predict where a 
major pest outbreak will occur, and 
often the time lag between field survey 
and government report makes the in- 
formation only history. The use of 
computing machines’ and rapid relay 
of information as part of over-all in- 
ventory control is quite likely to play 

a more important role in the future 
in decreasing the $&billion crop loss 
caused each pear by insects and plant 

iseases. d ’  
Much progress has been made by 

building into plants genetic character- 
istics which make them resistant to 
diseases. Fungal diseases are d ig-  
cult to control permanently through 
genetics because of the billions and 
billions of fungus spores and the prob- 
ability that out of this large number 
a few  ill have characteristics ena- 
bling them to infect virtually any nen  
plant strain produced. 

Fumigants and fungicides as well 
as insecticides are applied to the soil 
to kill or control soil insects and root- 
infecting organisms. In the use of 
soil fumigants, one nearly always kills 
the good with the bad. .4nd, even 
though soil is sterilized, contamination 
from neighboring areas permits man!. 
forms of pest life to return ver!. 
quickly. 

Herbicides are growing rapidly in 
importance; they now are sprayed on 
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soine ,S?-4O million acres each year. 
In  the use of all herbicides we are con- 
cerned lest they have a detrimental 
effect on useful mil microorganisms or 
on soil microbial decomposition. 
Most herbicides are removed by leach- 
ing, adsorption on soil colloids, and 
volatilization. In the developmellt of 
ne\v herbicides, their mechanism of 
disappearance should be carefully es- 
ta blished . 

Post-harvest losses prevent 25% of 
all fruits and veget,ables harvested from 
reaching the intended consumer. Re- 
frigeration is still the most effective 
iund widel!. used method for protect- 
ing fresh produce from rapid spoilage, 
h i t  chemicals and antibiotics are be- 
ing \videl!. studilid. Evaluation of 
where they can ’3e used effectively, 
;und collection of data needed for clear- 
ance of residues .in the products, re- 
quire a technicall!, trained staff. 

The futiire role of radiation in the 
food industr!- is not yet clearly estab- 
lished. This development might be 
considered as a crash program because 
of the amount of money spent and 
the number of laboratories involved 
in  in\.estigations during the past fen. 
years. Probable high operating costs, 
development of ofl!-flavors in the prod- 
ucts. prolonged feeding tests needed 
to determine safety, and rigid control 
required for plant processes are some 
of the factors which must be overcome 
if ~xliation. eve11 to the extent of 
partial sterilization-pasteurization- 
is to be of much significance, 

Resexch workers are finding neIv 
chemicals that call dramatically change 
the basic life processes of plants. 
Some make plants grow large, others 
produce dwarfs. Some selectively de- 
stroy plants, prevent them from pol- 
linating, retard sprouting, make them 
male sterile, or cause defoliation. 
Plants that can bi. made male sterile 
and remain female fertile offer great 
potential in development of new hy- 
brids. This whole field will undoubt- 
edl!. be exhaustively studied in the 
future. and mucli progress will be 
macle, 

As an example of plant stimulants, 
the gibberellins have a vitamin-like 
effect on many plants. They do not 
supply energy, initiate abnormal types 
of cell division, or change generally 
the chemistry of the plants. The 
specific effects depending upon time, 
quantity used, and plant to which ap- 
plied are numerous. The next few 
yexs  will see the Further development 
of plant stimulants. 

Chemicals are heing used now in 
live animals on or from the farm. The 
phrase “contented COW’’ has a new 
meaninq in the shipping of livestock 
which have been given tranquilizers 
to pre\-ent shipping losses. If such 
products are to bl- widely used, they 

Farmers must be shown need for fertilizer through wider use of soil test 

must pay their way and show a profit. 
and meet FDA approxd. 

Just as farming is changed, the food 
store of today bears little resemblance 
to one 50 years ago when there \rere 
few middlemen between the fariner 
and the consumer. Recently the em- 
phasis in food products has been on 
convenience in the home. And this 
emphasis has resulted in the complex 
food processing industry which can 
now deliver the complete frozen meal. 

The use of many chemicals in the 
food industry all the way from ferti- 
lizers, soil fumigants, pesticides, and 
growth regulators to food additives 
has necessitated measures of control. 
Some people are pessimistic, fearing 
that the cost of control will greatly 
decrease the incentive for basic re- 
search and the development of new 
and better products. While granting 
that these checks will be expensive, I 
do not share this pessimism, because 
confronted with an expanding popu- 
lation we must make many advances 
just to hold our own with the demands. 

hlany of us are concerned with the 
problem of obtaining qualified techni- 
cal people for the diversified areas 
of food production. The glamour of 
rockets and atomic bombs has made 
the field of agriculture seem less at- 
tractive to college students. This is 
particularly so if the salaries offered 
in agricultural sciences are on the low 
side. Yet, although the farm popu- 
lation has steadily decreased since 
1920, the number of technical prob- 
lems associated with the industry has 
steadily increased. 

At present, in this country, the food 
program is partly out of balance. 
With certain crops, millions of dollars 
are being spent each year just to store 

v 0 L. 

the surpluses-and last year we added 
many millions of bushels to the sur- 
plus. Sufficiently large cornmercial 
or nonfood end uses for these sur- 
pluses are not in sight, and I do not 
believe that even an accelerated re- 
search program on crop surpluses can 
do more than put a dent in them. 

In view of the present rate of popu- 
lation increase, many people believe 
that these surpluses will disappex in 
the near future. In most of the world 
the surpluses are already gone, and 
food shortages exist and are getting 
worse very rapidly. As the food prob- 
lem becomes more acute, the incen- 
tives to solve the problem will be 
greater. There is no question but that 
controls on the rate of population ill- 
crease, combined with vigorous re- 
search, can result in high standards 
of nutrition for many years to come. 

The paper by E. T. Collinsworth 
in the December issue of AG ASD 
FOOD, dealing with agricultural cheni- 
icals in the world market, is outstand- 
ing in pointing up what the U. S. 
could do in helping countries to better 
their food supply through insecticides, 
pesticides, and fertilizers. 

The Russians have no intention of 
relenting in their threat of world dom- 
ination. \Vith billions of dollars be- 
ing spent in preparing for rocket and 
bomb warfare, we can only hope that 
no one will ever want to start a war- 
fare of mutual annihilation. Hungry 
people will be swayed toward a sup- 
ply of food. Our problem is ver!. 
clear. Education and self-help will 
develop the principles of democrat!. 
-ignorance and starvation will result 
in the underdeveloped countries’ sell- 
ing their souls to communism by de- 
fault. 
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If we are to meet the requirements 
of an expanding population, it can be 
only by increase of our pioneering and 
fundamental research, and by dis- 
semination of the information. A big 
job confronts us, not only in the 
United States, but also in competi- 
tion with Russia in the underdevel- 
oped parts of the world. Each bit 
of research in the food field has an ef- 
fect on what we are doing, even 
when the separate bits are performed 
in apparently unrelated fields. 

We need to know about that re- 
search as early as we can, which usu- 
ally means keeping abreast of current 
literature. Like all scientific literature, 
that in the food field has increased in 
recent years. From the origin of the 
JOURNAL OF AGRICULTURAL AND FOOD 
CHEMISTRY in 1953 to the end of 1958, 
the Journal has published 797 tech- 
nical papers, with 32% dealing with 
food processing, 26% with pesticides, 
18% with nutrition, 17% with plant 
nutrients and regulators, and 7 %  with 
fermentation. The use of this pub- 
lished information has been of real 
value in the food producing and proc- 
essing industries. We can safely pre- 
dict an increase in research, and a 
continuing need for distribution of the 
results of research. 

When the Division of Agricultural 
and Food Chemistry was founded over 
50 years ago, its charter members saw 
the value of having a common forum 
for discussion of their already diverse 
interests. I t  is gratifying to know 
that present members of the division 
have not lost sight of that value. 
When a questionnaire was distributed 
last fall to measure member opinion 
of the division as it is and ought to 
be, those responding voted over- 
whelmingly to keep the division in es- 
sentially its present form (about 7076 
voted to continue “as is,” and another 
15% to continue with some change). 

For programs, members favored- 
not surprisingly-a balanced combina- 
tion of symposia and research papers, 
with principal emphasis on new de- 
velopments. Except for a minority of 
less than 15%, they did not favor 
splitting up the division to form smaller 
but more homogeneous groups. As 
one member wrote into his question- 
naire, diversity can be a good thing. 

In conclusion, our division and the 
JOURNAL OF AGRICULTURAL ASD FOOD 
CHEMISTRY serve as a common meet- 
ing ground. There is a real need to 
make them stronger so that we can 
fulfill the obligations we assumed when 
we chose our careers in the field of 
adequately supplying food needs. 

Presented before the luncheon meeting 
of the ACS Dicision of Agricultural 
and Food Chemistry in Boston, Mass., 
on April 8, 1959. 

Supplementation of 
Foods with Amino Acids 
HANS R. ROSENBERG, Stine laboratory, Du Pont Co., Newark, Del. 

Supplementation of food with essential amino acids 
is beneficial if it brings the first limiting amino acid into 
balance with the second according to body requirements 

HE NUTRITIVE VALUE Of the pro- T tein in a food depends upon 
many factors, including the protein’s 
concentration in the food, its composi- 
tion, particularly in terms of the es- 
sential amino acids, its digestibility, 
and the availability of its amino acids 
for protein synthesis. Few food items 
are ideal in all these respects. Foods 
can be improved in protein quality, 
however, by supplementation either 
with additional sources of protein or 
with essential amino acids. The most 
desirable procedure is often a suitable 
combination of these two methods. 

The manner in which proteins sup- 
plement one another is well known. 
Less well known, however, is how the 
nutritive value of a protein may be 
improved by supplementation with 
an essential amino acid. This can be 
done effectively and economically pro. 
vided a simple rule is observed: a 
protein should be supplemented with 
its first limiting amino acid and in 
such an amount as to obtain balance 
of the first limiting amino acid with 
the second. Balance of the two amino 
acids is achieved when they are avail- 
able in the ratio in which the body 
needs them for protein synthesis. 

If this rule is followed, and if all 
other essential nutrients are provided 
in adequate amounts, a distinct im- 
provement in protein quality will be 
obtained. Markedly increased effi- 
ciency of protein utilization will be ex- 
perienced. At the same time, proper 
amino acid supplementation will 
stretch considerably the world’s pro- 
tein supply, a goal of inestimable 
value in many countries. 

The principles involved in supple- 
menting proteins with essential amino 
acids were developed through studies 
with animals, primarily rats, chicks, 
and dogs. The feed industry, always 
alert to translate new scientific dis- 
coveries into practice, has made use 
of these laboratory findings and is 
using the essential amino acid methi- 
onine to supplement various poultry 
diets, thus improving the efficiency 
with which feed is utilized for the 
production of meat and eggs. As 
amino acid supplementation must be 

not only effective but also economical, 
the feed industry is weighing the 
benefits attainable from other amino 
acids against present and future po- 
tential costs of these materials, 

The scientific basis for amino acid 
supplementation of animal feeds has 
recently been reviewed (10). Dis- 
cussion of the importance of amino 
acids in foods for human consumption 
is a logical sequel to the earlier study. 

Protein nutrition is amino acid nu- 
trition. The amount of each essen- 
tial amino acid present in the protein 
and liberated in the digestive process 
becomes available for tissue synthesis. 
However, not all available amino acids 
may be utilized. In effect only that 
portion which conforms to the body’s 
requirements can serve for protein 
synthesis. All the essential amino 
acids must be supplied to the syn- 
thesizing site at the same time. For 
maximum efficiency, the essential 
amino acids must be present also in a 
definite ratio. The absolute amount 
of each amino acid needed for growth 
and maintenance constitutes the body’s 
requirement for that amino acid. 

In order to assess the nutritive value 
of a food protein, it should be neces- 
sary to know only the requirements 
for the various amino acids, and the 
amino acid composition of the food. 
A comparison of supply with demand 
should identify the first limiting amino 
acid in a given protein as well as in- 
dicate the amount of the first neces- 
sary to utilize fully the second limit- 
ing amino acid. When this amount 
of the first has been added to the 
diet, this amino acid is considered 
“balanced” against the second. 

To illustrate, Figure 1 shows the 
amino acid pattern of corn on a graph 
depicting the amino acid requirements 
of the growing rat. In order to iden- 
tify the first limiting amino acid and 
the approximate amount needed to 
bring about balance with the second, 
the analytically determined amount 
of each essential amino acid is shown 
as a bar on a chart on which the es- 
sential amino acids are fitted in the 
order of the amounts required under 
a so-called requirement line which 
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Table 1. Supplementation of Precooked Rice with 1-Lysine. HCI: Effect 
on Five Weeks' Rat Growth 

(20 Animals per Treatment) 

MALES FEMALES YC 
L-L.YSINE. HCL 70 TOTAL 

ADDED TO LYSINE GAIN RATIO GAIN RATIO 
BASAL IN DIET (GM.) FEED/GAIN (GM.) FEED/GAIN 
0 00 0 .25  83 5 .82  81 5 .79  
0 . 0 5  0.29 106 4 . 9 8  114 5 .03  
0 . 1 0  0 . 3 3  118 4.81 123 4 68 
0 . 2 0  0 .41  93 4 .93  115 4.61 

Table II. Supplementation of Corn Meal  with 1-Lysine.HCI 
Five Weeks' Data-Six Male Rats per Treatment 

07 
/ c> 

L-LYSINE . HCL 
ADDED TO 
BASAL 11 7 

0 
0.0125 
0 .025  
0 . 0 5  
0 . 1 0  
0 . 2 0  

TOTAL 
70 LYSINE 

IN DIET 
0.16 
0 . 1 7  
0.18 
0 . 2 0  
0 .24  
0 . 3 2  

EXPERIMENT R-268 EXPERIMENT R-304 
GAIN RATIO GAIN RATIO 
(GM.) FEED/GAIN ( G x )  FEED/GAIN 

36 10.21 40 7 . 9 0  
41 9 .31  
45 7 . 9 5  44 7 .56  
51 7 . 4 5  55 6 .59  
34 9 .91  35 8.04 
26 14.69 31 8 . 1 3  

Table 111. Suplplementation of White Bread with 1-Lysine HCI: Effect on 
Five Weeks' Rat Growth 

7c 
L-LYSINE. Yc TOTAL 

HCL ADDED LYSINE 
TO BASAL IN DIET 

0.00 0 . 3 3  
0 . 1 0  0 .41  
0 .20  0 .4 ' )  
0 . 3 0  0.5'7 
0 . 4 0  0.6ii 
0 . 5 0  0 . 7 3  
0 . 6 0  0.8'1 
0 . 7 0  0,8!) 
0 . 8 0  0.9:) 

Stock Diet 

Mc. 
MALES LYSINE 

GAIN RATIO PER GM. 
(GM.1 

71 
117 
159 
188 
228 
203 
174 
223 
186 
218 

FEED/GAIN 
6.00 
4 . 5 8  
3.70 
3 .30  
2.97 
3 .04  
3 . 2 4  
2 .93  
3 .13  
2 . 9 2  

OF GAIN 
20 
19 
18 
19 
19 
22 
26 
27 
30 

MG. 
FEMALES LYSINE 

GAIN RATIO PER GM. 
(GM.) FEED/GAIN 

69 6 .01  
93 4 .92  

130 3 .99  
140 3.61 
139 3 . 6 0  
138 3 .58  
134 3 .62  
140 3 .67  
140 3 .62  
137 3 .76  

OF GAIN 
20 
20 
20 
20 
23 
26 
29 
32 
35 

cuts diagonally through the ordinate 
and the abscissa. The origin of the 
requirement line is placed on the 
abscissa. The ordinate is provided 
with a scale to measure the amounts 
of amino acids as percentage of diet, 
and the position of each essential 
amino acid on the ordinate is fixed, 
according to the established require- 
ment, by the amount necessary to 
reach the requirement line. Thus, 
the requirement line cuts across each 
amino acid line at the requirement 
level. After the ,amounts of the vari- 
ous amino acids in corn are indicated 
on the chart, a line is drawn from the 
origin of the requirement line to the 
top of the bar for the amino acid in 
shortest supply, lysine. In order to 
determine the approximate amount of 
the first limiting amino acid needed 
to bring it into balance with the sec- 
ond, the line is turned clockwise 
around the origin until it reaches the 
second amino acid in shortest supply. 
This proves to be tryptophan. The 

approximate amount of lysine, 0.04%, 
needed for balancing against the sec- 
ond limiting amino acid can then he 
read directly from the graph. This 
seemingly small amount when added 
to a corn diet causes an appreciable 
improvement in the rat's growth rate. 

The same procedure has been used 
to assess the amino acid deficiency of 
many proteins and has been found 
useful as a first approximation. It is 
obvious, however, that such a pro- 
cedure cannot give accurate values 
since both the amino acid analysis of 
the food's protein and the amino acid 
requirement are at best only approxi- 
mations. As time goes on, we expect 
to obtain more reliable values for the 
amino acid requirements of the vari- 
ous species including man, and for 
the essential amino acid content of 
various food items. We can also in- 
crease our knowledge about the factors 
which affect digestibility of proteins 
and availability of the essential amino 
acids. In time, then, greater preci- 

sion may be expected in our ability 
to predict the amount of amino acid 
required for balancing the first with 
the second limiting amino acid. At 
present it is necessary to determine 
experimentally the exact amount 
needed for balance. This has been 
done for a number of specific foods 
for human consumption. 

As large segments of the popula- 
tion in different countries suffer in 
varying degrees from protein malnu- 
trition, it is strange that it is not yet 
possible to state categorically to what 
extent amino acid supplementation of 
the locally available food supply could 
alleviate the suffering. The plain fact 
is that we are just now beginning to 
understand how to test for specific 
amino acid deficiencies in man, and 
how to apply laboratory-animal find- 
ings to man. 

Important sources of protein for 
man are the cereals: rice, corn, and 
wheat. By calculation, as carried out 
more than a dozen years ago by Block 
and Mitchell ( 4 ) ,  the first limiting 
amino acid in the protein of all three 
cereals is lysine. Yet, as far as rice 
and corn are concerned, there are es- 
sentially no data available to indicate 
whether or not supplementation with 
lysine alone would significantly affect 
people consuming these cereals. In 
fact, there are no recorded animal 
studies in which the amount of lysine 
alone needed to supplement effectively 
rice and corn was determined. There- 
fore, it was not known if it could be 
shown experimentally that lysine is 
the first limiting amino acid in rice 
and corn, and that a significant effect 
might be obtained from the addition 
of lysine. Actually, very beneficial 
effects can be demonstrated in experi- 
mental animals provided the estab- 
lished principle for amino acid sup- 
plementation is applied to these 
cereals. It is hoped that these studies 
may soon be extended to man. 

Rice is considered the most im- 
portant staple cereal of the world 
since it is the basic ingredient of the 
daily diet for more than half the hu- 
man race. Through the experiments 
of Pecora and Hundley ( 8 ) ,  it was 
known that when both lysine and 
threonine were added to rice in the 
amounts found by Rose (9)  to be 
required for the laboratory rat, an 
impressive improvement in growth 
was seen. Supplementation with 
either amino acid alone, at the require- 
ment level, gave no beneficial result. 

In Table I is shown the result of 
one of our recent experiments (11) 
in which precooked rice was used 
rather than raw rice, in order to test 
this food in the approximate condi- 
tion in which it is consumed. Small, 
graded levels of lysine hydrochloride 
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AMINO ACID REQUIREMENTS OF THE RAT (RO' 

Figure 1. Bar graph of amino acid pattern of corn meal superimposed on a 
chart showing the amino acid requirements of the rat, according to Rose (9). 
lysine is identified as the first limiting amino acid. About 0.04% additional 
lysine would bring the total lysine in the diet into balance with tryptophan, the 
second limiting amino acid 

were added to a 90% rice diet coni- 
plete with respect to vitamins, min- 
erals, and essential fatty acids. Sup- 
plementation with 0.0576 and 0.1% 
gave increasing growth responses. 
Supplementation with larger amounts 
was distinctly less beneficial. 

\Vhen uncooked long grain and 
short grain rice and when "converted' 
rice was used, the largest beneficial 
amount was established also at ap- 
proximately 0.170, corresponding to 
2 lb. of L-lysine HCl per ton of rice. 
At five weeks after weaning, an av- 
erage improvement in weight gain of 
about 40% was seen in rat experi- 
ments. In a special study with se- 
lected litter mates, the growth rate of 
males increased as much as 1007~. As 
the quality of rice varies considerably 
according to species, harvest, and 
other factors, as little as 20% improve- 
ment also has been observed in an 
isolated case. Particularly important, 
however, is the observation that after 
25 weeks on the properly supple- 
mented rice diet the animals were 
similar in size to normal animals, while 
the animals on the unsupplemented 
diet were definitely subnormal in size, 
weight (Figure 2 ) ,  and appearance, 
with rough coats and scaly tails. 

These data suggest that the effect 
of supplementing rice with lysine 

should also be studied with man. If 
lysine supplementation of rice should 
be found nearly as beneficial for man 
as for laboratory animals, large scale 
supplementation would appear to be 
economically feasible, considering the 
relatively small amount of lysine 
needed. It would be especially de- 
sirable in those areas where supple- 
mentation of rice with other protein 
foods such as fish is not possible. 

The relatively low nutritive value of 
corn protein has been the object of 
much research, but the literature does 
not give a clear picture of the possi- 
bilities for improving corn protein by 
amino acid supplementation. Kwash- 
iorkor is a protein deficiency disease 
known to occur among people whose 
main source of protein is corn. Con- 
sideration of all factors involved sug- 
gests that lysine should be the first 
limiting amino acid (Figure 1). This 
has, of course, been generally ac- 
cepted; yet no available study has 
shown convincingly how proper ly- 
sine supplementation of corn might 
impro1.e its nutritive value. 

To test the thesis that lysine supple- 
mentation alone should give a bene- 
ficial effect, a number of rat growth 
experiments have been performed. 
The results of two such experiments, 
given in Table 11, show that lysine 

Mrs. Catherine Clark, whose Brown- 
berry Ovens i s  famous for its protein 
bread (supplemented with L-lysine), is 
shown at  work in her experimental 
kitchen 

alone a i d  in very small amounts-up 
to 0.0.5'; L-lysine HC1-will indeed 
improve a 9 0 5  corn meal diet. 
Growth 011 this diet is obviously poor; 
yet lysine improved the gain at five 
weeks up to 30!4. 

Other studies on corn are under 
way in several laboratories. Soon Ive 
hope to learn if lysine supplementation 
will prevent the onset of protein de- 
ficiency diseases in children. Tests 
carried out by Dr. Scrimshaw aiid his 

' associates at the Institute of Nutrition 
of Central America and Panama sug- 
gest that children on corn masa ex- 
perience improved nitrogen retention 
if lysine aiid the second limiting amino 
acid, tryptophan, are added simul- 
taneously (13). If it can be shown 
that properly supplemented corn re- 
duces or prevents protein malnutrition, 
amino acid supplementation of corn 
may become a public health measure. 

Studies 011 wheat are particularly 
important and timely. Wheat is not 
only the most important cereal food 
in the United States, but is rapidly 
increasing in importance in countries 
such as India and Japan. Wheat pro- 
tein has been known for 40 years to be 
seriously deficient in lysine. 

Table I11 shows the results of a 
recently completed experiment with 
bread, the most widely consumed form 
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- 1  I I l - - m - - i ~  Figure 2 (top). Growth responses of 
-/-- , 
0" 7 

rats (on precooked rice diet) to supple- 
mentation with optimum level of L- 
lysine-HCI 

Center: These rats, all the same age, 
_/---- have been on a bread diet. Two on 

the right weigh more than the otEacr 
/ / three, because their bread has been 

fortified with L-lysine 

Figure 3 (bottom). Growth response 
of rats to bread diets containing 
increasing amounts of supplementary 
lysine 

LEGEND: of wheat. This study was a repeti- 
tion of an experiment carried out 
almost 10 years ago ( 1 2 ) ,  with ani- ------ BASAL DIET 

mals from the same colony and with 
a commercial white bread containing 
5% nonfat milk solids. 

2 4 6 8 I O  12 14 16 18 20 22 24 26 When graded levels of lysine were 
added to the 90% air-dried bread 
diet containing all the other essential 
nutrients, increased growth responses 
were experienced. Maximum response 
by the males was obtained when 0.470 
L-lysine HCl was added to the ap- 
proximately 0.3% lysine present in 
the bread, while 0.3% supplementary 
L-lysine HC1 was needed by the fe- 
males. There is, then, a difference in 
the lysine requirement of the sexes. 

Interestingly enough, this difference 
is apparent only when the requirement 
is expressed as a percentage of diet. 
\Vhen the amount of lysine required 
per gram of gain is calculated (Table 
111) there is no difference between the 
females and the males. It is also to 
be noted that at the optimum levels of 
supplementation the animals grew as 
well as those on the stock diet. Under 
the conditions of these tests, then, 

- 400 
N o -  ./ , 

/ 
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/ 

-/--- 

A 5 300 

z 
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I O 0  A 
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(3 

Twenty-five weeks' growth response of rats to bread diets containing 
increasing amounts of lysine (added as DL-lysine . HCI). 

lysine was the only limiting amino 
acid in bread. 

These experiments extended over a 
five-week growth period. Another 
study was then initiated in which the 
animals were kept on the various diets 
for half a year. Figure 3 shows, as a 
function of time, growth curves of 
groups of animals of both sexes from 
some of the treatments. 

Particularly important were the re- 
sults obtained from the addition of 
0.2% lysine. This small amount, 
equivalent to 0.25% L-lysine HC1, 
gave a growth response which al- 
though suboptimal during the first few 
weeks after weaning, permitted the 
animals eventually to reach a stature 
not much different from that obtained 
with optimum supplementation. Many 
experiments have been carried out in 
which bread baked from flour supple- 
mented with 0.25% L-lysine HCl was 
tested for improvement in nutritive 
value in comparison with unsupple- 
mented bread. The results have 
always been consistent and clear-cut. 

The improvement in protein qual- 
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ity of bread attainable by a modest 
supplementation with lysine is so strik- 
ing that nutritionists and clinicians in 
many laboratories, and in many coun- 
tries, have studied the possible effects 
of large-scale supplementation. A re- 
cent report ( 5 )  may be of special 
interest in this connection. A repro- 
duction and lactation study has been 
carried out with rats, comparing the 
effects of commercial bread containing 
6% milk solids with an identical bread 
supplemented with 0,2S% L-lysine 
HCI based on the weight of flour and 
baked into the bread. From many 
observations over a three-year period, 
on the parent generation (Figure 4) 
as well as on six successive generations 
(Figure 5 )  involving ultimately sev- 
eral thousand animals, it was obvious 
that commercial bread as the only 
source of dietary protein did not sup- 
port adequate reproduction. 

There was a reduced rate of con- 
ception as well as poor lactation, re- 
sulting in very low body weights at 
the time the animals are normally 
weaned. Some symptoms of lysine 
deficiency were exhibited including 
nervousness, irritability, and perverted 
appetite. The rats chewed on every- 
thing they could reach and ate their 
own hair, thus denuding those parts 
of their bodies which they could reach. 
The hair accumulated in their stom- 
achs; upon death, hair boluses were 
found in the stomachs of all animals 
on the commercial bread diet. No 
such hair boluses or other symptoms 
were seen in the .animals reared on 
lysine-supplemented bread. More- 
over, lysine supplementation of the 
bread improved reproduction and lac- 
tation considerably and uniformly. 

Through this study and many 
others, some with experimental ani- 
mals and some with humans, lysine 
supplementation has been shown to 
alleviate a number of lesions and path- 
ological conditions. Bread has figured 
prominently in these studies as a 
suitable source of better balanced pro- 
tein. For example, lysine supplemen- 
tation of bread in the earlier described 
reproduction studies improved con- 
siderably the longevity of the males- 
a very important observation which 
needs further study. Lysine supple- 
mentation speeds bone growth ( 3 )  
and prevents accumulation of fat in 
the bones ( 7 ) .  Other evidence sug- 
gests that lysine supplementation re- 
duces incidence of dental caries (6) .  

These and other reports are being 
surveyed critically to learn more about 
specific lysine deficiencies in man. 
Because of the importance of protein 
during periods of growth and stress, 
many specialized uses for lysine- 
supplemented bread are indicated, in- 
cluding its use in hospital diets and 

A Y 

3 
s 
z 

200 - 

108 - 1 
I 2 3 4 5 6 7 

STOCK DIET 
0 LYSINE-SUPPLEMENTED BREAD DIET 
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Figure 4. Growth response of seven litters of rats on commercial bread diets 

as food for infants and adolescents 
(1 ) I In the field of geriatrics, lysine 
supplementation is highly recom- 
mended by the authors of a recent 
study ( 2 ) .  Many workers with ex- 
perience of their own seem to feel that 
even in this country lysine supplemen- 
tation of bread may help many who 
suffer to some degree from pro- 
tein deficiency. Lysine-supplemented 
bread has been on the market as a 
specialty loaf for several years, and 
may be available soon to everyone. 

Protein deficiency, the world's top 
nutritional problem, affects at least 
two-thirds of its population. Hitherto, 
deficiencies, which may seriously in- 
jure health, could be corrected only 
by supplementation with animal or 
vegetable products, either unavailable 
or too costly in many countries. Now 
it appears on the basis of experimen- 
tation with animals that protein de- 
ficiency may be corrected simply by 
appropriate supplementation of the 
available foods with the first limiting 

Figure 5. 
bread diets 

Growth response of six successive generations of rats on commerical 
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amino acid. This constitutes a new 
approach to amincl acid supplementa- 
tion of foods. Until this procedure 
was developed it was common prac- 
tice to supplement proteins with arbi- 
trary amounts of the essential amino 
acids. Usually that amount was 
chosen which was considered to con- 
stitute the requirement for the species. 
Thus excessive supplementation took 
place, and often intensified amino acid 
imbalances. Propl2r supplementation, 
on the other hand, leading to a bal- 
ance of the supplementing amino acid 
with the second limiting amino acid, 
is always beneficial. 

All the important cereals, includ- 
ing rye, oats, and barley, are deficient 
in lysine. w i th  full-scale production 
of lysine, supplementation of cereals 
would cost only a few dollars per per- 
son per year. The first limiting amino 
acid of peas, beans, peanuts, and 
many other protein foods is methio- 
nine. DL-hfethionine and its a-hy- 
droxy analog, which can replace 
methionine in th: presence of an 
amino-nitrogen doiior, are available as 
low-cost food supplements. 

To learn how to make proper use 
of these and other amino acids to im- 
prove the protein quality of foods and 
to help in overcoming protein defi- 
ciencies is a tremendous challenge. 
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