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RAPIDLY INCREASING WORLD population and 
associated stresses on available food supplies make it 
essential that the nutritional value of food stocks be 
maximized. 

The nutritional potential of maize has been improved 
with the iecognition of genes for higher lysine contents 
(1,2,3,4). The success in improving protein quality of maize 
suggests the possibility of similar improvement in other 
cereal species, 

The essential amino acids, lysine, methionine, threonine, 
and tryptophan, are the first nutritionally limiting amino 
acids in wheat (5). Varieties higher in these limiting amino 
acids, particularly lysine, would make a significant 
contribution to the nutrition of people on a wheat diet or 
of populations in developing countries where wheat could 
be important in the ,iet. A genetic source of high lysine 
cold be incorporated into new wheat varieties to provide 
better protein nutrition, 
' The soluble protein fractions in typical wheat 

endosperm are composed of higher levels of the basic amino 
acids, lysine, arginine, and histidine, than the insoluble 
fractions. These basic amino acids increase as the protein 
content decreases (6,7,8,9,10,11). Therefore, as would be 
expected, it him been reported that soft endosperm portions 

of the wheat kernel have less total nitrogen but a greater
amount of the basic amino acids than the hard endosperm 
portion (12). 

Wheats with hard-milling properties, long mixing 
requirement, And high loaf volume tend to have glutens
which are more water-insi uble than the softer short-mixing 
wheats. Therefore, selection for high-quality bread wheats 
over the years may have resulted in wheat varieties with low 
lysine content. Conversely,, soft endosperm, low-protein 
wheats can be expected to contain higher percentages of 
the water-soluble proteins than the hard wheats if thethewater-solubleproteins datstharac ofbrequality c 
protein quality characteristics differ from those of bread 
wheats. 
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Although a tremendous amount of research has been 
reported on the nutritional aspects of wheat, no study 
heretofore has been systematically organized to carry out a 
wide-scale evaluation of large numbers of wheat samples to 
find varieties or mutants which might have improved 
nutritional characteristics. This paper reports such a study 
and the analytical methods utilized. 

The World Wheat Collection maintained by the USDA, 
and which contains over 16,000 entries, was made available 
for a study to identify genetic sources of higher lysine 
content in wheat. The first portion of the collection that 
we screened consisted of the softer endosperm types of 
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The screening of a large number of spmples poses a 
challenge. It is expected that a high lysine wheat would 
have higher levels of water-soluble protein. One coild either 
determine the actual levels of water-soluble protein or 
employ an indirect approach, such as measuring the change 
in pH of an extracting solution brought about by the 
buffering action of the soluble proteins. A protein 
determination is desirable because it may be possible to 
identify genetic sources of high protein while 
simultaneously screening for lysine. New genetic sources of 
high protein would be useful because they would increase 
the potential nutritional value of wheat. 

Methods for piotein (nitrogen) considered included dye 
binding, ninhydrin reaction with the hydrolysate 
(colorimetric), conventional Kjeldahl, an automatic 
nitrogen gas analyzer, and automatic analyzers for either 
processing Kjeldahl digests from wheat or acid 
hydrolysates. 

For lysine screening, ion-exchange chromatography, 
enzymatic and colorimetric methods were considered. 

Our present scheme uses the Udy dye-binding method 
for protein determination. Lysine was evaluated on an 
aliquot of an acid hydrolysate with the Beckman Spinco 
amino acid analyzer which had been modified with four 
short resin columns and an additional buffer pump for 
cleanup and regeneration of columns. 

After our work was started, Villegas et al. (13) reported 
a screening method for lysine using an automatic ?.nino 
acid analyzer. White and Gauger (14) employed an 
automated simultaneous scheme for lysine and total amino 
acid (for protein) as a screening technique for lysine in seed 
hydrolysates. 

Methods
Metod . WHydrolysates
Grinding. Wheat samples were ground with a Udy 

Cyclone hammer mill through a 0.024-in. screen. Samples 
were sifted through two special stacked sieves, blended, and 

placd i a ontolle at48%r~hhuidiy cbine toTheplaced in a controlled humidity cabinet at 48% r.h. to 
maintain the moisture levels of samples at approximately 
11.25%. Only control samples were routinely checked daily 
for moisture, thereby conserving samples and work effort.Hydrolysis. Ground wheat samples (0.1 g. dry weight 

basis) were dispersed in 10 ml. 6N HCI in a 25-mi. Pyrex 
test tube. The contents were sealed and the hydrolysis was 
completed in an oven held at 1100 ± 2°C. for 24 hr. The 
tube contents were filtered, evaporated to dryness, and 

placd i a vcuu ver 4 h.desccaor aOHforplaced in a vacuum desiccator over NaOH for 24 hr. 
bfydrolysates were dissolved in 50 ml. of pH 2.2 citrate 
buffer and reltered. Palter and Kohler (15,16) report a 
comprehensive study of factors affecting acid hydrolysis of 
seed proteins.

Protein. Protein values were determined by a 
modification of the shaker method, AACC method 46-14 

s
(17). Sample size was reduced to 0.5 g. (dry weight 
and dye volume to 25 ml. 

Lysine. An aliquot of the hydrolysate was analyzed orthe short column of a Beckman Spino Model 120C amtino 

Model 125. The lysine peak area was converted to percent 
lysine content using commercial standards. 

Data Processing. Percent protein and lysine peak. area 
were punched on data cards. The computer print-out 
consisted of the laboratory sawple number, the wheat C.I. 
number, the percent lysine andpercent protein (dry weight 
basis), lysine percent of protein (g. lysine per 100 g. of 
protein), and a lysine index which took into consideration 
the protein and a weighted lysine figure. This index was 
calculated by multiplying percent protein by (percent 
lysine)2 . 

Results and Discussion 
One hundred determinations on a control sample 

analyzed over severai months were evaluated to check the 
precision of the Udy protein method. The mean. protein 
content on a dry weight basis was 18.38% with a standard 
deviation of 0.13 and a coefficient of variation of 0.7%. 

Twenty-two samples were prepared and evaluated to 
determine the precision of the amino acid analyzer for 
lysine. The mean lysine content on a dry matter basis was 
0.51% with a standard deviation of 0.01 and a coefficient 
of variation of 2.0%. 

Standards of flour, wheat, asA lysine were run at 
frequent i , ervals to control the acr.:., -cy of the screening 
work. 

Analyses of the first 679 samples of the World Wheat 
Collection provide the following data. The percent protein 
r ,ed from 5.55 to 21.10%; the percent lysine from 0.25 
to 0.59% (dry weight basis); and the lysine percent of total 
protein (or g. lysine per 100 g. of protein) from 1.77 to 
3.76. The averages for the above were 13.41, 0.40, and 
3.10% for percent protein, percent lysine, and lysine 
percent of the total protein, respectively.

of samples exhibiting lysine peak values
20% higher than the mean are being rerun. Samples low in 
lysi e aalso n being rerhecled. 

lysine are also being rechecked. 
lysine values found are in good agreement with

published values which range from 2.87 to 3.67% (5). 
Samples which appear to offer a potential as new genetic 
sources for lysine are being evaluated for all the amino acids 
in order that the best possible over-all protein nutritionalpotential isrealized. 

Duinn recent ears wheat breeders have made advances 
During hyeas wt breed haventade aurres 
iobtaining wheats with high yield potential. Currently 

there is much effort to incorporate genes for higher protein 
i these higher yielding types. As varieties with higherlysine contents are identified, they will be crossed with 
existing high yielding, high-protein wheats. This will 
maximize the potential nutritional value of wheat protein. 

The screening techniques which have been described are 
identifying samples which exhibit a substantial range inlysine cements. '.riese samples will be the basis for research 
to investigate the potential for even faster screening 
t ni'techniques. e 
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