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Interrelationships of Leucine with Lysine, Tryptophan, and Niacin
As They Influence Protein Value of Cereal Grains for Humans" .

CONSTANCE KIES and HAZEL M. FOY, Departmert of Food and Nutrition, Agricultural
Research Station and College of Home Economics, University of Nebraska, Lincoin 68503

ABSTRACT

‘The most striking ditference between the typical amino acid proportionahity patters.

of wheat and corn grains 1s the high leucine content of vorn, A series of three studies has
been completed on possible leucine interactions with nutrients supplicd by these cereals
in low amounts in proportion to human needs or for which wailability is questioned. In
all three studies, adult human subjects were Ted diets containing 4.0 g, nitrogen (N) per
dav from whole-ground wheat grain or whole-ground wheat grain plus L-leucine to total
the level commoniy found in corn grain, The specitic objectives were to compare the
effectiveness on protein nutriture of supplementation (with lysine, tryptophan, and
niacing of wheat dicts containing high and normal amounts o leacine, Mean N balances
(zrams per day. respectively) were: of the eight subjects fed wheat aione, wheat plus
Ivsine. wheat plus leucine, ¢r wheat plus leucine and lysine, 0,66, ~0.12, - LOS, and
=0.69; of the nine subjects fed wheat alone, wheat plus tryptophan, wheat plus leacine,
or wheat plus luecine and tryptophan, 090, -1.09, 119, and ~1.39; of the ten
subjects fed wheat alone, wheat plus niacing wheat plus leucine, or wheat plus leucine
and niacin, - 095, 0.87. - 1.20, and - 0,92, These resalts suggest that high-level Jeucine
content of corn is an important factor in the relatively poorer nutritional perforninee of
corn grain, in comparison to wheat grain, in hunun feeding trials.  Lysine
supplementation of wheat was shown to be effective regardless of leucine content,
although the amounnt of lysine added was not completely able to overcome the adverse
effieet of the increased amount of leucine, Niacin supplementation was effective only at
high leucine-intake fevels, Tryptophan supplementation was ineffective or had a slight
negative effect at both levels of feucine intake.

The njacin-tryptophan-deficiency disease pellagra s commonly associated with
corn-eatig peoples of the werld. Although corn contains appreciable amounts of
niacin, it 1s seemingly unaveilable to the human because of its bound form (1)
Evidence suggests that tus s also true of the nmacin contamned in wheat grain (2.3).
Lysine and tryptophan have been found to be the tirst and second hmiting amino
acids in most hoes of both corn and wheat grains under usual conditions for
maintenance of adequate protein nutriture of the human adalt (4.5). However,
wheat grain has been found to have a higher protemn value for the human adult than
corn zrain (6). A comparison of amino acid proportionality patterns of typical lines
of wheat and corn grams (7) with cach other and with the minimum amino acid
requirement pattern for young men (8) indreates that the most striking difference
among these patterns is the high leucine content aind lower lysine and tryptophan
conitents of corn grain i comparison to wheat,

The principal objective of the current project was to study the effect on protein
nutriture of human adults of interactions between high and moderate levels of
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ditary Jeeme and ngaem, tryptophan, and lysine atilization, This major objective
wis subdivided mito the following working objectives:

1) Te compare the profemn nutntive value for the human adult of wheat grain
1o wheat gram with leucine added w simulate that level of leucine conmonly Tound
10 COTI gran,

2) To compare the prosein nutritive value of lvsine-supplemented wheat griin
to Ivsine-supplemented wheat grann with added leucine (simulating corn).

3) To compare the protemn value ol tryptophan-supplemented  wheat 1o
try ptaphan-supplemented wheat grain with added leucine (amlating corn).

4) To compare the protein nutrtne value ol nrcin-supplemented wheat grain
1o pracm-supplemented wheat gram with added leucine (simulsting corn),

EXPERIMENTAL
Design
The project consisted ol three mdependent studies, run simultancously but with
different expenmental subjects, Bach 33-day study was composed of a0 2-day
nitrogen (N)-depletion period. a 3-day Neadjustment period, and four experimental
periods of 7 davs cach, The expernmental desizns are given in Table 1.
_.TABLE . DIETPLANS

No,
of N Intake _._Diet Sg)plumcntb
Periou” Days wheat Kind Amount
e e o e e e g, Nzday mgq./day

Study A

Depletion 2 o] None

Adjustment 3 4 None

Expt. 1 7 4 None

Expt, 2 7 4 Lysine 960

Expt. 3 7 4 Leucing 1,676

Expt. 4 7 4 Leucine 4 lysine 960 + 1,676
Stu..y B

Depletion 2 0 None

Adjustment 3 1 None

Expt. 1 7 4 None

Expt. 2 7 4 Tryptophan 212

Expt. 3 7 4 Leucine 1,676

Expt. 4 7 4 Tryptophan + feucine 212 + 1,676
Study C

Depletion 2 0 None

Adjustment 3 4 Nonn

Expt. 1 7 4q None

Expt, 2 7 4q Niacin 25

Expt. 3 7 4 Leucine 1,676

Expt. 4 7 L Niacin t leucine 25+ 1,676

The following number of subjects were used in each study: eight, study A; nine, study B; ten,
study C. Order of expernimental periods was randomized for each subject in each study.

bDuving the adjustment and experimental periods the diet consisted of wheat yeast-rolls; apple-
sauce, 100 g.; green heans, 100 g.; peaches, 100 g.; pears, 100 g.; tomatoes, 100 g.; dry
bouillon, 3.5 a.; and variable (dependent on caloric need) amounts of sucrose, buiteroil, jelly,
hard candy, at.d soft drinks, Purified, crystalline L-form of leucine, lysine, and tryptophan
were used as supplements,
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During the mtroductory N-depletson period of all three studies. total N intake
per subject per day was 0.8 g as provided by the basal diet (Table 1), This
procedure of preliminary feeding of a very low protemn diet has been found in ths
laboratory 1o hasten the attunment of N cquilibrium by subjects o later,
moderately-low-protem expenmental diets. Total N intake during  the 3-day
N-adjustment penod of each study was 4.8 @, per subject per day 4.0 2. N from
ground wheat gram® and 0.8 ¢. N from the basal dict. Objectives of this period
meluded adjustment of subjects to the level of total N intake to be used during the
expenmental pertods, estimation of indwidual caloric requirements for approximate
weight mamtenance. and mtroduction of subjects io their duties and tesponsibilities.

Total N antake during the four experimental periods comprising cach of the
three studies was 4.8 g per subject per day 4.0 g0 N from wheat and
supplemented wheat., and 0.8 g N from the basal diet. The four experimental
pertods of each study were randomly arranged for cach subject.

In study AL the experiniental-diet variables consisted of the unsupplemented
wheat diet. wheat diet plus leueme, wheat diet plus lvsine. and wheat diet plus
leucine and Iysiee, In studv B, the experimental - diet variables were  the
unsupplemented wheat diet alone. the wheat diet plus tryptophan, the wheat diet
plus leucine, and the wheat diet plus leucme and tryptephan. For study C, the
experimental-dict variables were the unsupplemented wheat diet. the wheat diet
plus leucine. the wheat diet plus niacin, and the wheat diet plus leucine and njacin.
Levels of supplementation per subject per day were as follows: leucine. 1,670 g
tryptophan, 0.212 w1 lvsine, 0960 ¢.: and niacin (as nicotinamide), 23 mg, The
lever of leucine was selected o rse the total leucmne content of the wheat to that
commonly found in corn. The levels of Ivsine and tryptophan supplementation
were determined by comparison of the levels of these two essential amimo acids in
4.0 ¢. wheat-protemn N to the Recommended Fssential Amino Acid Propartionality
Pattern for Young Men (8), The macin-supplementation level was selected to give
slightly more than the recommended niacin intake for human adults as set by the
Nutional Research Council (9),

Diets

Caloric intake {or cach subject was kept relatively constant at the amount
required for weight maintenance by adjusting the intake of starch, fat. sucrose. hard
candy., and soft drinks. In order 1o better simulate ficld-study conditions, no zdded
vitumin and mineral preparations were used.

The ground wheat gramm was prepared for consumption in the form of g
veastrisen roll. The following ingiedients were mixed. basically in the manner
suggested by Steele etal. (10 for preparation of this product: 118 g, ground wheat,
132 g woeatstarcli, 24 g sucrose, 40 g, oll, 2 g. glyeerol monnstearate, 8 drops
glycerine. salt, mucilose tlakes. amd water, Ingredients were weigheda individually for
the Jaily allotment. Tlus allotment. after mixing, was divided into three equal
portions for consumption at the three daily meals, and baked.

Daily allotments of vitamin and purified essential mmino acid supplements
determined by the  experimental design were given to the subjects in water

2\\'h(-m. erain (composite of high-protein Atlas 66 and Comanche lines) was grown and
supplied gratis by the Department of Agronomy, Unjversity of Nebraska, 1t was prepared as a
whole-ground flour,
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solutions. These were equally disvided among the three daily meals. Other items
compaosing the diet were as isted i Table 1.

Subjects

A total of 27 young adult men and women weire subjects for the three studies:
cight Tor study AL nine for studs B and ten for study C. Al these volunteers were
students of the U mversity of Nebraska or Nebraska Weslevan U niversity. All were
m good health as determned by physical exanunations and health records evaluated
by medical physicrans of the Student Health Service of the University of Nebraska.
')urm" the study, subjects constmed meals in the metabolism luboratory of the
Department o Food and Nutrition, Unwversity of  Nebraska, However, they
maintaned thewr usualstudy, work, and other living routines. Descriptive data are
given s Table .

Analyses
The N-bulance technique was used as the min criterion of evaluation of level of
protein nutriture. Nitrogen determinations by the borje acid modification of the

TABLE Il, VITAL STATISTICS OF SUBJECTS

Subject
No.2 Age Sex Height Weight
cm. ko.
Study A
350 19 M 184 88
351 21 M 176 89
352 21 M 170 69
353 19 M 178 86
354 21 M 185 77
356 19 F 159 50
358 18 F 173 74
359 20 M 185 84
Study 8
3673 19 M 170 95
362 19 M 183 85
363 20 M 187 78
364 21 M 178 66
365 20 M 180 76
366 34 M 168 68
367 21 M 176 76
368 20 M 170 75
369 25 M 179 76
Study C
370 22 F 170 54
371 19 F 155 52
372 18 F 168 66
373 18 F 164 61
374 19 F 173 61
375 21 F 163 57
376 19 F 169 66
377 20 F 168 66
378 18 F 173 65
379 25 M 185 a3

3T he ethnic group for all subjects was white/American.
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Kieldahl method (11) were made on samples o food, amine acids, urine, and feces.,
These muatenals were collected and prepared for analysis according to methods
previonsly descabed (1200 Daaly Noexaretrn in urine was based on 24-hr.
cobiectionsand dialy Noexeretion i the feees was based on the average wilues of
T-day composites. Dialy urine creatinime excretions., wsed s an indes of aceuriey ol
24 unne collections, were determined by modification of the procedure
desenibed by Falin(13).

Fasting venous blood sumples collected trom cach subject at the beginmng of
cachstudy wnd at the end o caclr expermental period were analyzed by a hospital
labaratory siaroutmne chimeal procedures. iy described m an earlier paper (14, for
possible changes i nutitonad and veneral physical status,

Statistical analyses. mcluding analy ses of varances and Dunean's Muluple Range
Testowere done by the College of Agriculture Statstical Luaboratory. Umversity of
Nebrasha,

RESULTS AND DISCUSSION

Nitrogen-halunce data obtamed from the three studies are given m Fgs, 1
and 3,

Meun N Balances of subjects in sl Ay A while receiving the wheat diet alone, the
wheat diet plus Ivsine, the wheat diet plus Teucine, and the wheat diet plus leucine
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Fig. 1 (top left). Effect of leucine and lysine additions to wheat diets on the N halances of
humai adults. Fig. 2 {top right) shows the effect of additions of leucine and tryptophan; and
Fig. 3 (bottom), of additions of leucine and niacin. For each figure, the dots represent the
average N balances of each individual for the 7 days composing each experimental period, and
crosses represent the mean balances of all subjects while receiving each diet.
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and lyskie, were 0,60, 0,12, LOSand 0,09 o, N per day. respectively, Analyses
of varnee ndicated  differences ovalues at greater than the 57 level of
ssgnificance, Application of the Duncan’s Multiple Range Test indicated that the
value tor leucine supplement alone was difTerent from all other values, that the
value for Ivsme supplementation alone was ditferent from all other values: bup
whereas the vadues for no supplementation and Tor leucine-plus-ly sine supplements
were different from the lysine- or the levainevalue supplements, they were not
signiticantdy ditterent from each other,

In study B.mean N balances of subjects red wheat diet alone. wheat diet plus
tryptephan, wheat diet plus leucine. and wheat diet plus leucine and tryptophian,
were G900 L0, 119, and 39 o N per day, respectively, Analyses of
viarkinee ntdicated differences sigmficant at greater than the 3¢ level. Application
ol the Duncan's Muluple Range Test indicated that results obtained with Jeucine
supplementation and with Jencine and tryptophan supplement were significantly
dittferent from the results obtumned with the tryptoplan-supplemented and the
nonsupplemented diets (greater than 5 level).

In study Comean N balances of subjects fed wheat alone, wheat plus nxacin,
wheat plus leucine. and wheat plus leucie and nigemn were 0.95. 087, 1.20,
ad 002 00 N per dav. respectively, Analyses of varmnee indicated differences
dmong treatments o be present (greater than 57 Jevel). Appheation of the
Duncan’s Muluple Range Test indicated that results with leucme supplementation
were  sigmificantly  different (3¢ level) from results obtained with  niacm
supplementation, Icucmc-plu,\-luucm supplementation, or no supplementation,

Mean N balances of stibjects participating o the three studies whie receiving the
unsepplemented wheat control diet varied: however, results among the three studies
were not found o be sigmlicantly differeni, These differences emphasize the
necessity ol presenting all expermmental variables 10 cach subject in
kaboratory -controlled N-balanee studies. rather than attempting 1o use comparisons
among different, small groups of” humans, While spread of the N-balance data was
great among subjects on any one diet. 1he pattern responses of individuals in most
cases duphicated the direcijonal change of mean values for each study as u whole,
Although not spearlically examined in this study, carlier work from this laboratory
shows only poor correiation of protein requirement with body weight, Spreads of
N-balance data from humans are typically Jarge,

Results of other chnjeal measurements are given in Table 1. There were no
significant changes in these daty owing to experimental treatment., and all values for
all subjects were within “nornl™ range,

The results of ths study demonstrate that inclusion of excessive amounts of the
esseitial amino acid leucine has g negative effect on protemn nutriture of adult
humans. This then suggests that evaluation of cereal products (and other products
as well) for protein vajue should consiaer amino acid balance in terms of amino
acids, such as leucine, supplied in super-optimal amounts as well as those supplied
at less than ideal levels, The objective of the current project was not to compare the
protein values of corn and wheat grains, but rather to define some factors which
nuy be interacting to affect protein value or to account for possible differences i
predicted and demonstrated values,

Leucine interaction with niacin secemed in this study to be an important
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TABLE IIl. EFFECT OF EXPERIMENTAL VARIABLES ON SEVERAL
HUMAN ELOOD CONSTITUENTS

Mean Fasting Blood Value for Group
While Recewving”’
T T T Pias T Pilus Leu and
Lys (A) Lys {(A)
Normal No Ptus Try (8) Try (B)
diet suppl.  Leu Nia (C) N (C)

Determination?

Blood urea N, mg. /100 ml,

Study A 15 5 5 5 5

Study B 15 5} 6 G G

Study C 14 8 8 8 8
Glucose, g.7100 mi.

Studv A 104 89 90 0 89

Study B 94 90 90 88 €9

Study C 96 86 86 78 86
Total plasma protein, 9./100 mi,

Study A 7.3 7.0 7.0 7.0 6.9

Study B 7.4 7.2 7.1 7.1 7.2

Study C 7.3 7.1 7.2 7.1 7.1
Plasta albumin, 9./100 ml,

Study A 4.7 4.6 4.5 ”6 4.5

Study B 4.7 4.6 4.5 4.5 4.5

Study C 4.5 4.5 4.5 4.4 4.5
Plasma globulin, g./100 mi,

Study A 2.6 2.4 2.6 2.4 2.4

Study B 2.7 2.6 2.6 2.6 2

Study C 2.8 2.6 2.7 2.6 2.7
Pltasma A/G ratio

Study A 1.8 1.9 1.7 1.9 1.9

Study B 1.7 1.8 1.8 1.8 1.7

Study C 1.€ 1.7 1.7 1.7 1.7
Hemoglobin, g., 100 ml,

Study A 15.9 15.0 15.0 14.9 15.0

Study B 16.2 15.7 15.7 15.4 15.7

Study C 13.9 13.4 13.2 13.2 134
Hematocris, ml./100 nl.

Study A 46 44 a4 44 a4

Study B 46 a5 a4 44 45

Study C 42 39 39 39 a0
Cholesterol

Study A 182 179 176 172 167

Study B 190 172 173 184 174

Study C 190 172 17 174 181
Serum glutamic pyruvate transaminase,

Babson units

Study A 30 35 35 34 35

Study B 31 40 51 55 42

Study C 26 29 26 31 26
Potassium

Study A 4.4 4.4 4.2 4.2 4.3

Study B 4.2 4.3 4.2 4.4 4.3

Study C 4.4 4.1 4.2 4.2 4.3

3peterminations were by standard laboratory procedures of the St, Elizabeth’s Hospital
Laboratory, Lincoln, Nebr., as described in an carlier paper (14). Additional informa-
tion regarding methodology and quality control (within 1% for method used) is avail-
able from this labaratory.

bValues obtained while subjects were maintained on their ordinary pre experimental diets
(Normal diet); on the unsupplemented wheat diet (No suppl.); on the wheat diet plus L-
leucine {Leu); on the wheat diet plus L-lysine {Lys), L-tryptophan {Try), or niacin (Nia);
or the leucine-supplemented wheat diet plus !vsine, tryptophan, or niacin.
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