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4. RESEARCH PLAN AND OBJECTI YES :

a. Background and Detailed Objectives:

The universal acceptability of wheat,its potential large-scale

avallabi lity, its ready consumption in many forms, and its exce lIent

digestibi lity, make this cerea I deserve first consideration in programs

designed to combat the malnutrition of large populations throughout the

",orld. Its protein content is one of the highest among the common cereals

but when we compare its essential amino acid composition with that of the

commonly used reference proteins we invariably find a considerably lower

content of lysine, both in absolute terms and in its relation to the other

essentials. This docs not mean that in actual practice wheat protein is

always used only to the extent of its available Iysihe, with the consequent

surplus of other essential amino acids being wasted. In many wheat-based

diets there arc commonly included protein sources with a surplus of lysine,

particularly fish and legumes, which effective Iy complement wheat protein

and make other amino acids, particularly the sulfur-containing ones, turn

out to be first-limiting in the total diet. In many other situations, when

wheat is likely to be the main if not the only source of dietary protein, this

potentic.d wastage of essential amino acids is a matter of real concern. This

is particularly true of mass feeding. programs based on wheat.

It is quite conceivable that adults and older children might consume in

the normal course of events enough ordinary wheat flour to satisfy their minimum

requirements of lysine, and this has indeed been demonstrated (1). In pre-school

children, with a higher requirement of nitrogen and lysine per unit of body

weight, this becomes considerably more difficult, and in the infant it is a

practical impossibi lity.

A one year old chi Id weighing 10 kg, requiring 90 mg of lysine (2) and
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90 Calories/ kg of body weight! day, and consuming as his only source of

"protein a wheat flour with 11 % protein and 2.5 g of Iysine/ 100 g of protein,

would have to consume 327 g of flour dai Iy to satisfy his requirement of

lysine. This amount of flour alone would provide him 3.6 g of protein and

118 Calories/ kg/ day. If he could consume such a diet, which is impossible;

our experience te lis us that he would not on Iy become obese but that he m"ight

also develop a fattly liver and hypoalbuminemia. If the same child consumes

as the on Iy source of protein a wheat flour with 21 % protein and 2.67 g of

lysine/l00 9 of protein, he would require only 160 9 daily to satisfy his

lysine requirement. This amount would provide him 3.4 g of protein and 58

Calories/kg/day. leaving room for a source of fat and some additional

carbohydrate. Such a diet is readi Iy conceivable, and although it might

prove somcwhof" monotonous, it seems that the general avai labi Iity of such a

flour would be most useful (IS the major item of the diet for thousands of people.

It is evident fhat ordinary wheat" flour cannot possibly be the exclusive or

nearly exc lusive source of protein in the diet of infants and young chi Idren

wifhout the addition of appropriate amounts of lysine, either as' the amino

acid alone, or in the form of a protein particularly rich in lysine such as fish

flour. Even in the case of a high protein wheat flour the correction of the

lysine deficiency would give it a considerably wider margin of safety and improve

the uti lizalion of its protein. The addi tion of a lysine-rich protein has the

advantage of increasing the protein content of ordinary wheat flour, but in so

doing attention must be given to the possibi lity of creating a deficiency of

another essential amino acid or an amino acid imbal::mce. We have carried

out extensive eva luations of wheat flour enriched with fish protein concentrates

at the 3% and 10% levels. At the 3% level lysine was still the first limiting

amino acid and all'hough the biological value, as determined in the human

infant, was considerably increased over that of wheat flour alone, it was

still below that of wheat flour enriched with 10% fish protein concentrate, as
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measured by weight gains and nitrogen retentions. At the 10% level these

indices were definitely superior but serum albumin levels after prolonged

feeding were significantly lower. This, plus the inability to correct

significant hypoalbuminemia (3) were thought to be due to another amino

acid deficiency 01' imbalance. In similar studies, enrichment with milk

50 lids enhanced the bio logi ca I va lue of wheat flour for the human infant but

sti II left lysine as clearly first-limiting.

There has been a great deal of controversy in the literature over the

lysine requirement of growing infants. Much of this has resulted from attempts

at defining this in absolute terms. The best-known studies (2,4) were carried

out with different sources of amino acids, different levels of total protein in

the diet, and what is probably most important, under different physiological

states, the second set of studies having been carried out with infants who

were on a lysine-deficient diet for a number of weeks prior to the study. As·

a result, this lattcr study probably over-estimated grossly the lysine requirement.

More recent opinion suggests fhat estimates of absolute reCjuirements have little

practical meaning, and that these must be expressed in relation to the calaric

content of the diet, its profein content and that of the other essential amino

acids, and the physiological state of the individual. As a standard of

reference for the balance among the essential amino acids, the pattern in

human breast milk has recently been one of the two adopted as most useful (8)

and for studies in the human infant is obviously the most logical standard of

reference.

The purpose of this study is only one: to determine the optimum amount

of lysine which must be added to wheat flours to make them most effective as

the main or only seJurce of protein in the die.ts of growing infants and pre-school

children. We propose to study a particular wheat flour alone and at three

different levels of lysine supplementation and will first discuss the rationale

for thesn. It is understood, however, that as different wheat flours vary in
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their protein conter1t and amino acid composition, these same calculations

would resu It in di Herent leve Is of supplementation to achieve comparable

results for different flours.

b. Concepts:

In the past we have found it impossible to support satisfactory growth

in infants or velY young chi Idren with wheat flour as the only source of

protein. The avai lobi lity of a wheat flour with approximate Iy 21 % protein

might make it possible for us to attempt these studies successfully. as it shou Id

permit us to increose the wheat protein content of the diet enough to obtain

gains in weight and retentions of nitrogen compmable to those from casein

diets or modified cow's milk. If a steady rate of growth is obtained, we can

then measure other indicators of protein adequacy: serum proteins, plasma

amino acids, liver histology and hematologic values, all of which tend to

remain normal when growth is limited but which can be adversely affected when

growth is supported by imbalanced proteins.

For the first level ofsupplementation, and using the pattern of human

breast mi Ik protein as the reference. we propose to add enough lysine to bring

its content relative to the other essential amino acids up to that of the next":'

limiting essentiClI amino acid. The following calculations are based on the

amino acid composition of the wheat flour we propose to use. which has a

21 % protein content. In Table I are presented the essential amino acid

compositions of human breast milk and of this flour. The first column shows

the content of the 10 essential. amino acids in human breast mi Ik expressed as

grams of each in lC0 'gr:lms of protein. The total content of these is 48.8 grams

in 100 [lrarns of protein. The second column shows the content of the same 10

essentia I amino acids expressed as mi IIigrams of each in 1 gram of tota I essential

amino acids. The third column gives the content of the same amino acids in the

wheat flour protein, as grams of each in 100 grams of protein. The total content
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of the-10 is only 33~ 7igl'am:;jlOO grwllS of protein. The fourth column

.gives the content of the same amino acids as mi 1Ii'u,rams of each in 1 gram

of total essen.tialamino acid5, The fifth column exp{"esses the relative content

of each essential amino acid in the wheat flour protE:/in (column IV) as a

percentage of'its relative content in human breast mi Ik protein (column" ).

For this PUt'pose the two aromatic amino acids and the two sulfur-containing

amino acids have been considered as single ones. Histidine, although

essential for young infants, has not been considered.

It will be seen that the relative value for lysine in the wheat flour is

61 % of that in human breast milk. The next limiting amino acid, based on

these data, is threol,ine, with 88 % of the relative content. AJthough this

amino acid has been shown In be consistently the second limiting for the rat,

similar evidence for the human is inconclusive and often contradictory. It is

to be expected that these studies will help clarify this point.. In order to

bring the relative content of lysine up to that of threonine we would have

to add 1.16 grams of lysine to 100 grams of wheat flour protein, the

equivalent of approximately 0.24% supplementation of the wheat flour,

assuming a 21 % prote.in content. Lest this leve I seem high, we must

remember that if the protein content were only one half of the given value,

as in most ordinary wheat flours, this would amount to 0.12 % supplementation.

As a result of the proposed level of addition, the lysine content of the wheat

protein would then be 3.8 grams/ 100 grams of protein, or 110 mi lIigrams of

lysine/gram of essential amino acids. Assuming a pro~ein intake of 2 grams

per kg of body weight per day, an infant consuming this enriched wheat

protein as the only protein in the diet would theoretically receive 76 mg of

Iysine/kgftlay, which is just below the lower limit estimated by Snyderman

et 01 (2). With the unenrichcd wheat flour, a child with the same protein

intake would be receiving only 53.4 mg lysine/kg/day,

The secoHd leve lof supp lementation was chosen on the basis of the
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conte.nt of lysine relative to the other essential amino acids in human breast

milk. In the table we can see that this is 129 mg of lysine/gram of essential

amino acids. To reach this figure we would have to add 1. 94 grams of lysine

'to 100 grams of wheat protein, or approximately 0.4 grams/100 grams of

wheat flour. For a 10.5 % wheat flour of simi lar amino acid composition

this would represent 0.2 % supplementation. If we again assume an intake

of 2 grams of enriched wheat protein/kg of body weight/day, such an infant

would then be receiving 90 mg of Iysine/kg/ day, which is the average

requirement estimated by Snyderman et al. Whi Ie at the first level of

supplementation lysine and threonine would presumably be equally limiting,

at this second level threonine should appear as first limiting, if indeed it is

second limiting in wheat for the human. The plasma amino acids after an

appropriate lengfh of time on this diet might well confirm this, as they have

in the raf studies of McLaughlan (5).

Referring again to the table, we see that the lysine content of human

breast milk is 6.3 grams/l 00 grams of protein, while that of the wheat flour

is 2.67 grams/100 grams. Our final level of supplementation, by adding

3.87 grams of lysine to 100 grams of the wheat protein, should make its

content almost exactly that in human breast mi Ik protein. This would be

Clccomplished by 0.81 % lysine supplementation of the 21 % wheat flour, and

is the approximate equivalent of 0.4 % enrichment of ordinary flour. An

infant consuming 2 grams of this enriched wheat protein/kg of body weight/

day would be receiving approximately 126 mg of lysine/kg/day, a figure

above the maximum reported by Snyderman et al (2) but well below that

suggested by Albanese (4). This level of supplementation is on Iy a fraction

higher than the one used by Bressani et al (6), which was based on the

original FAO refer~nce protein. As his diets included a significant amount

of wheat gluten, which is particularly low in lysine, it probably did not

represent an excess, as it well might in our studies, almost certainly

bringing out clearly biochemical and clinical signs of deficiency of the
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next limiting amino acid when the diet provides a moderate or low intake

of protein and a generous supply of energy.

c. Methods of Procedure:

The use of a dietary protein source for large-scale consumption by

infants and small children requires that in the presence of adequate amounts

of other nutrients it be able to support normal growth for indefinite periods

of time at a level of approximately 8 % of total calories, maintaining normal

levels of serum proteins, plasma amino acids, liver lipids and hematologic

constants. Although it is recognized that it is possible to satisfy these

requirements by providing considerably higher intakes of inferior proteins,

this entails a high renal solute load and the consequent risk of embarassing

water and electrolyte homeostasis under stress. In order to establish this for

wheat flour enriched with lysine, we propose to compare the rates of weight

gain, nitrogen retentions, stability of serum proteins and other biochemical

measures when casein is the source of dietaly 'protein, with simi lar measures

when the various enriched flours are the source of protein in the diet of

normal or convalescent children. When these criteria are satisfied by one or

more of these flours, they wi II then be given as the on Iy source of protein,

at similar calorie/protein ratios for prolonged periods of time, following the

rates of growth in weight, height and bone age, serum proteins, plasma amino

acids, liver histology, and the excretions of creatinine and hydroxyproline.

These children will be supervised closely for any indication of nutritional

inadequacy or toxi,city. If these r~sults are satisfactory, the corresponding

flours will then be tried in the initial nutritional treatment of infants with

severe marasmus or kwashiorkor, measuring their abi lity to correct different

forms of depletion. Finally they wi II be tried in the diet of very young

infants, whose amino acid requirements are different from those of older

sub jects.
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Severely malnourished infants, almost all marasmic and many with

superimposed kwashiorkor, areadlnitted to our hospital for treatment and

study. "rhey are hospitalized in the Pediatric Unit unti I infections and the

acute electrolyte disturbances are brought under control, when they are

transferred to .the Metabolic Unit for study. For long-term observation on

a particular diet they are transferred to the Convalescent Unit. Once their

acute nutri tiona I disturbance is brought under contro I they become avai lab Ie

for studies of protein quality.

In 4 recovered infants we will determine the minimum protein and

calorie intake from a casein formula (simulating human breast milk in its

fat and carbohydrate contents) which will consistently maintain a steady rate

of weight gain and normal levels of serum proteins. A metabolic collection of

at least 6 days wi II then be carried out to estimate nitrogen absorption and

retention, as well as mineral and fat balances. Each infant will then be

given one of the 4 wheat flours under study as the on Iy source of protein in

the diet at ison if.rogcnous and isoca lori cleve Is, reca Icu lated dai lyon the

basis of body weight, for a period of one month. By using isonitrogenous diets
,

for each sub ject we eliminate the possibi lity that any effect of lysine

supplementation might have been produced by non-essential nitrogen. Intakes

of the major minerals wi II also be kept constant, and complete mineral and

. vitamin mixtures will be given daily. During this time the balance studies

wi II be repeated, the rates of weight gain noted, and the evolution of serum

proteins followed. Plasma amino acids will be measured at the beginning and

end of the same period, after which the casein formula wi II again be given and

balance studies repeated. Experience has shown that increased rates of weight

gain and nitrogen retention from casein or milk in the period immediately

following a test protein are indicative of inadequacy, which might otherwise

not have boen apparent. Following a two week period on casein, the

remaining three wheat flours wi II be given in the same manner, with intervening

periods of casein, repeating the same studies during each different diet period.
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In this manner each subject will receive all four products, but in different

sequence (a, b, c I d -' b, d, a, c - c, a, d, b - d, c, b, a ). If th is sc heme fails

to bring out clear-cut differences, an additional four subjects wi /I be studied

in the same manner. If, as expected, the unenriched wheat flour results in

very poor weight gain and retention of nitrogen in all four subjects, a

separate study with at least two sub jccts will be carried out at various

different higher levels of protein intake. The level at which these parameters

equal the same for the casein diets will be used for long-term studies with

unenriched wheat, with particular attention to renal concentrating ability

and its abilily to handle the higher solute load.

The enriched wheat flours which produce satisfactory results in the

above comparc1tive studies wtll then be given as the on Iy source of protein,

at similar protein/calorie ratios, for periods of between 4 and 6 months to a

minimum of two infants who have been pretreated with milk, noting rates of

growth and the previously listed measures. With advancing age and state of

recovery the caloric requirement diminishes steadi Iy, so that if the protein/

caloric ratio is kept constant, the protein intake per unit of body weight will

also be decreased. liver biopsies wi" be carried out at the beginning and end

of each long-term study, whi Ic plasma amino acids wi II be measured at

monthly intervals. The niacin content of the vitamin mixture which we

have been using is low, allowing for detection of marginal tryptophan

intakes through the measurement of the excretions of niacin metabolites

and pyridones. If biochemical or clinical evidence of niacin inadequacy

becomes apparent, its intake wi II promptly be increased.

If long-term resu Its confi rm the nutritiona I va lue, at practica I leve Is

of intake, of one or more of the enriched flours, they wi" then be used as

the only source of dietary protein in the initial treatment of two or more

marasmic infants, two or more cases of kwashiorkor, and two or more infants

under six months of age.
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We estimate that 4 sub jects v,i II be necessary for the comparative

studies, a maximum of 10 for the long-term studies, and probably 6 for

the initial treatment with tre flour which proves most satisfactory. If any

of the 4 products proves obviously unsatisfactory in the comparative studies,

it wi II natural'ly not be carried ori to the long-term studies, with the exception

of the unenriched wheot, which will be tried at higher levels of protein intake.

The wheat flour wi II be mixed dry with the other ingredients of the

diet, water wi II be added to provide an adequate but not excessive intake,

and the blended mixture wi II b~ cooked slowly for af' least 5 minutes after

reaching the point of boiling. Enough cane sugar and cottonseed oil will be

added to the flour to achieve the desired caloric intake, which wi II usually

be between 100 and 125 Ca 10ries;1<g/day, maintaining the same proportion

of fat and carbohydrate as in human breast mi Ik. The liquid mixture wi II

always be fed from a nursing boHle, assuring a minimum of spi lIage and an

accurate estimate of the amounls consumed.

d. Discussion:

The studies with the unenriched wheat flour shou Id serve to confi rm the

fact I'hat at the usual level of casein or modified cow's mi Ik protein which is

necessary for continued growth and normal serum proteins in our subjects, and'

which is usually 2.0 grams of protein;1<g/day, unenriched wheat flour, because

of its lysine deficiency, will not support adequate growth at a level of caloric

intake which has previously been shown to be adequate. We wi II be

interested in knowing if such a diet, continued for some days or weeks,

results in other detectable manifestations of proteininadeguacy and a marked

fall in plasma lysine levels. Also, if by increasing the level of unenriched

wheat protein intake, satisfl.lctory growth is obtained without detectable

adverse effects.
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The first level of supplementation should re~ult in weight gains and

nitrogen retentions which are slightly inferior to those from casein and might

reveal a similar but moderate fall in lysine and threonine of plasma. At the

second level, and particularly at the highest level, we might see superior

. weight gain al,1d nitrogen retention, but with a more marked fall in plasma'

threonine, possibly accompanied by hepatic steatosis and hypoalbuminemia,

particularly after long-term feeding.

On the basis of our experience with other protein sources, a prediction

of the results which might be obtained in the initial treatment of severely

malnourished subjects is difficult.

'rhe studies carried out by Bressani et al (6) with a mixture of wheat

flour and gluten at a level of protein intake which is virtually the same as

the one we wi II most likely be using in most sub jects, demonstrated that lysine

supplementation at levels close to our highest proposed level produced nitrogen

retentions simi lar to those from mi Ik. Further supplementation with 1 to 5 of

the next limiting amino acids demonstrated no consistent further improvement,

suggesting that at least during their short periods of study the deficiency of

the next limiting amino acids did not become manifest. We anticipate that

more prolonged feeding of a simi lar diet wi II demonstrate whether

supplementation with the first-limiting amino acid beyond the level of the

next one will bring out biochemical or clinical signs of its deficiency. This

may also become apparent during the repletion of a severely malnourished

infant. The study of Barness et al (7) was complicated by the fact, that

variable levels of calorie and protein intakes were used in different subjects

and by the fact that during many of the studies potassium was the first-limiting

nutrienl', making it difficult to draw valid conclusions about the lysine effe.ct.

The level of lysine supplementation which they used was similar to our second

level and when adequate potassium was given, a significant improvement in

ni trogl:11 rcl'cntion was apparent.
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We expect that the present study will allow us to draw valid conclusions

as to the amount of lysine which can be added to wheat flour in order to

obtain the maximUl;l1 possibl~ improvement in its protein quality without

danger of creating a significant deficiency of other amino acids.
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• 5. AVAILABLE FACILITIES

a. BrHi sh Ame rican Hospi ta I

(i) Pediatric. UnHand general hospital services

(ii) 12-bed air conditioned metabolic ward

(iii) Diet kitchen

(iv) Biochemistry laboratory

(v) Nutrition and Pediatric library

(vi) Offices

b. Convalescent Unit - Peru

(i) 28-bed capacity at our disposal

(ii) Diet kitchen

(iii) X-ray and roul·inc laboratory

c. Rat co lont

(i) Operated jointly with Agrarian Un iversi ty

d. Baltimore City Hospitals

HS-4 p~

(i) Amino acid analyzer (N\oore-Stein) - Phoenix
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Supplies 3,000 3,000 3,000

Travel-foreign 900 900 900

Hospl ta Iization Costs 2,400 2,400 2,400

Sublect Costs 600 600 600

Publication Costs 300 300 300

All other direct 400 400 400

Administration 1,200 1,200 1,200

TOTALS 42,400 40,994 42,529

~
TOTAL FOR ENTIRE PROPOSED PROJECT PERIOD $125, 923

Research Support from Other Sources: Active

British American Hospitul - General Support

Convalescent Unit - General Support

Various - supplies

NI H - AM-09137 - Research grant to 12/31/67

NIH - AM-09980 - Research grant to 8/31/71

AI D/csd-1433 - Research contract to 6/30/69

-18-
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8. BUDGET CATEGORIES FOR FIRST YEAR (DIRECT COSTS) IN DOLLARS

~ .

12,000

.2,400

1,400

1,200

1,000

1,300

400

900

1,500

Amt. req. from AI D

25%

100%

100%

100%

100%

100%

100%

100%

Robert P. Placko, Biochemist
. . . t

Reg. Nurse, Convalescent Unit - 6 mo.

Reg. Nurse, Metabolic Unit ~ 6 mo. t

Nurse aides (2) -6 mo. t

Dietitian - 6 mo. t

Asst. Dietitian - 6 mo. t
. t

Secretary - 6 mo.

Asst. Biochemist - 6 mo. t

PersonneI%tirne/effort on pro ject

George G. Gr!Jham, M.D., Principal Investigator 10%

Angel Cordano, M. D. , Chief Pediatrician 10%

Additional Pediatrician 100%

Description

[
i
I

I
I

I

Equipment

Phoenix M-7800 Automatic Amino Acid Microanalyzer

Supplies

Diet ingredients

Glassware, reagents, replacement parts for analyzer

11,500

600

2,~0

A····•
Travel - foreign

Principal Investigator to Peru - fare and per diem 900

Hospitalization costs - subjects - British American Hospital

and Convalescent Unit 2,400

Subject costs - tran,sportation between units 600

Publication costs 300

Books, journa Is, correspondence and other mi nor costs . 400

Administrative costs, British American HospitJl 1,200

TOTAL $42,400

t TheJe persons are presently supported by NI H-AM-09137 and wi II
continue to be unti I 12/31/67
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9. OTHER RESEARCH PROJECTS CURRENTLY UNDERTAKEN BY PRINCIPAL

INVESTIGATOR

a. Infanti Ie diarrhea and malnutrition

Sponsored by: NIH. USPHS

Amount and years of support: 90. ODD/year unti I 8/31/71

b. Critical evaluation of new protein sources

Sponsored by: AID

Amount and years of support: 57. ODO/year unti I 6/30/69

10. OTHER SPONSORS

None

1---I ~eorge .J ra am. MD.
, Princip I Investigator

Director of Research

British American Hospital
December 19. 1966
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