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ZMDROVEMENT, fOF WH~EAT QUALIY AND :YIELD. 

by
 

V,.A. Johnsoni
 

Food 'quality can. be defined In I shall bevarious ways. concerned with 

wheat quality mainly as.it relates to the nutritional value of the protein., 

Enrichment, fortification, or supplementation are sometimes employed, to enhance 

nutritional aualitv but-.these are difficult in mn t rnnitries where the need- is 

greatest., 

-'tiorldFood Supply
 

.Aftec 1800 years of!relative stability there is now occurring an alarminu
 

increase, in.. ,p0ulation,which"by the year 2000 
 is expected to reach 7 billion 

people ., This is especially alarming in theface of already existtng food 

shoftages with a current.world population of,less than of 7 billion people. 

The:population problem is made Wore serious by the fact that the largest in­

creases are occurring in the'under-developed countries where inadequate food
 

suppiy already is a serious .problem. 

.The underlying reason for the increase in. these countries is well.under­

stood. With introduction. of modern 'medicina "and health measures, death rate 

has :been reduced substantially with no commnsurate:-reduction in birth rate. 

Result:. .';population explosionl. An inevitable consequence of this trend is that ­

the population of -he developed countries constttutes an ever smaller portion'. 

of the,wrld's total population. 

The; land area of the world most suited fot food production already is 

largslyutili-ed. Increases. in food productiovi therefore,, tust come from 

incre'ases in yields.',' All of us :are acquaintedtwith 'the receni:pt areen- revolution, 



and, thet act'vitis of iXoblil Pirze wnter ,Uorman Borlaugin bringing aboutthe' . 

spectaculincIireases'in wheat production in parts of_ Asia. Ue has warni.ed. tho', 

the contribution of the green revolution in'alleviating hunger in India and 

:Pakistan is only 'temporaryunless some reasonable control .ofpopulation'in 

those countries is achieved. It is a historical fact that population*increasest 

follw in the wake of improved food. supplies. Unless checkedi famines e -. 

..wora serious than. those :.of the past, most surely. will: occur. 

W4here does the'.wheat breeder: fit into this fight against hunger? In 

my opinion his rolei is a key 'one. One-third of the world.s' people rely on 

wheat .as their main food.staple. Iheat is .themost .widely adapted of all; the 

cereals.,.It 'is an efficient,producer of protein. Doyou know that wheat will 

produce more protein nd more.of every essential amino acid from an acre of: 

land: than can be produced by livestock grown on that acre?. Andmost of ud 

don't even think of wheat. as a protein tood.: Heat-eating iS a luxury that 

few countries can afford, I am convinced that wheat and the other cereal 

grains will continue-Ito be the rost important category of world food in the 

foreseeable. future.." Any.I mprovement in their quality and productivity would' 

have Slobal.,significance. 

Productivity of Wheat
 

Substitial.:advances in.,wheat productivity have Deen acnievecin: tne last­

two 'decades..' They' have, resulted'-. from improvements, in varieties and -in wheat
 

,.production.practice'.:: The green 'rqvolutiotr probably',has been the most 'w'idely. 

publicized. With ' combination.of'short, lodging-resistant varieties, irga-­

iition water, and heavy'increments of fertilizer wheat yieli.s in India and 

Pakistan were more than doubled.. The stume factors,led .to Mexico becoming 

self-sufficiefit in wheat.,in the :last decade in contrast to its historical 



position ..as' a wheat deficient country. In fact, aavances =. wheat yields were 

recorded-*n all-wheat '.producing? countries and regions in 1970 (Table I). 

World record.yields in excess" of 200 bushels per acre have been" recorded 

Ear. Gaines wheat in the Pacific Northwest. Less spectacular but steady in­

creases also have been achieved elsewhere in the U.S.., In the hard'red vinte 

wheat region: of which; Teas is',a part, there have. been vigorous wheat. breeding. 

programs from which many increasingly productive "improved varieties have come:.;: 

In 1963, the variety Scout was: released by the--Nebraska Experiment Station. 

Regional .rec6rds.indicate -.that Scout. was I0%more productive than Comanche 

(Table.:2).' Centurk,;, another.Nebraska. variety released in 19.71 has been 10 

more, productive; than Scout iAn' regional trials.; 

The objectives ,.!of most wheat breeding programs.with respect to yield" 

are two-fold. The first. is to increase yield by accumulation of yield genes 

in adapted varieties, or-by protecting varieties against yield-depressing hazards 

through'incorporation of various resistance genes. Continuing increase in pro­

ductivity are basic to all other considerations, nutritional and otherwise. 

To achieve quality improvements. . vheat at the sacrifice of productivity is
 

unthinkable.,
 

The second is improve, the yield stability of varieties. Aoet of.the. 

vase wheat, acreageo.f* the- United States. an& world' is~non-'irrigated. The wheat 

is subjected to wide.-variations ini precipitation, temperature, soil.fertility 

and other environmieutal 'fa6tors, and .frequently must produce-a crop under ex­

trms stress. Some varieties can.withstand such stress better than others. 

successfulvariety in-thacentral plains of"-the United States must perform 

well, relative to other varieties,-inpoor as well asa good srowing conditions. 

The Scout varietyis such-:,a (Figure 1)variety and currently occupies the 

Ldrgest-acreage of any*wheat variety, in the;.United States., 



'Aver6wheat yielids in e S'h.tateS, have doubld nca 1900;. In 

the h'ard rd,winter wheat region ,in which tha.one- .S.
iore o 


wheat.14" 6ducad, high yields have'been I asureably lo r'
accompanied by 

tei" content of the grain (Table 3). Thi s especially, evident in tIhe high-!. 

plains where nitrogen fertilization .of wheat has not been a profitable practice. 

L'ontinued cropping without,fertilizer usehas slowly mined the.soil of its' 

nitrogen content., Iu Kansas, Nebraska, and Oklahoma increased yields in the 

1967-1969 period resulted in'measurcably lower'protein content Of the wheat:, 

-Further decreases'in wheat protein have been :recorded in these states. aad. 

•Colorado since 1969.
 

The point hasbeen. reached in wheat'improvement where major attention'must
 

be focused on.its nutritional value -in addition to productivity.' Thus far, 

the preoccupation of breeders has beenawi h increasing yields. This has been 

reasonable since successful new.wheat varieties must be productive to be ac­

cepted by farmers. 

Hutriional Improvement 

Ordinary wheat produces grain comprised of approximately 12% protein. 

Environ=,ent exerts 'strong'influence on the. level of protein, It can"cause the 

level, to -be. as low- as,,7for as high as 2OZ.: Nitrogen availability ofthe soil 

on which the wheat, is''produed is a jor,environme tal component. Enonromn 

also .can exert strong.influence on 'the physical properties of wheat flow that 

affect its acepability in modern bread-making processes. 

Wheat and other cereals' are'an important source of protein for mch of 

the world. You are aware that the nutritional value of cereal protein,is ­
lower.than that of meat and, .animal products. But,.It is not as lw as..e are 

,led to believe -by some,food faddists.
 



Protein value is tied to the amino acid composition of the protein and its 

biological availability. Meat and animal products possess protein comprised
 

of essential amino acids in approximately the ratio required by the human body.
 

Wheat and other cereals produce protein with the same amino acids but their 

ratio to one, another s. dif ferent from the -.requirements of manx. - Consequentlyi-," 

wheat protein is not utilized by =nn so fully as,animal,protein, The, degree-...: 

to which it is utilized is: largely determinted by the essential amino acid which 

is in the shortest supply.
 

In the case of wheat and other cereals this amino acid is lysine (Table 4).
 

Note thatwheat protein possesses less than one-half the lysine necessary for
 

it to be in balance with the other essential amino acids according to man's
 

requirements. Thus, efforts to improve the nutritional value of wheat protein
 

must begin with lysine, not because it is more important than the other amino
 

acids, but because it is in the shortest supply.
 

The University of lNebraska in cooperation with the Aaricultural Research 

Service, U. S. Department of Agriculture.,and Agency for International Develop­

menat, U. S. Department of State, has engaged in wheat protein research for 

several years. The research encompasses investigation of protein content as 

well as protein.composition. The objective of our research effort is to im­

prove the nutritional value of wheat by 1) increasing its protein contevt, 

2) improving the ratio of amino acids in the protein, or 3) both. 

The nutritional improvement of wheat may not be entirely compatible with
 

accepted standards of bread wheat quality. The non-endosperm proteins are
 

richest in lysine (over 4%) whereas endosperm proteins are relatively poor
 

in lysine (around 2Z). Non-endosperm proteins are largely eliminated from
 

wheat flour in the milling process. Increases in the lysine content of the 

non-endosperm proteins then would contribute littls to increased lysine.,content 

of high grade wheat flour. 



SFurtherincomptibility of nu rit onal improvement with baking quality 

my.exist in the cdosperm proteins themselves'. These can 'be divided into ­

gluen, proteinsand water- an salt-soluble proteins The water-salt-soluble 

.proteins are..high in lysine (over 4%) .whereas the gluten proteins, are very, 

low (less than 2%),. The ratio of wate2--soluble'to gluten protein varies.;. 

Low protein wheats usually have a higher percentage of, water-soluble proteinA.. 

This accounts for the. tende, prote wheats to haVe a higher iercentage 

of lysine.: Also, wheats'L that are high ,1n te water-salt-soluble endosperm 

proteins tend to have soft texture and poor bread wheat milling and baking 

properties.
 

It.is important,that the difference between nutritional quality and baking 

quality by western standards be understood and appreciated. In those parts of
 

the world where the whole grain of wheat is utilized for,food the site of the
 

lysine rich protein in the wheat kernel would be of little consequence. In­

creases in the quantity of any of the proteins or increases in their.lysine
 

content would significantly enhance the nutritional value of the wheat. The
 

greatest nutritional enhancement would derive from aimultaneous increases in 

both.
 

Assume that-a person consumes 400g of whole wheat daily (Table 5)'. We 

see that a 3% increase in actual protein content woald result in thesame in­

crease in the amount of lysine consumed as, a 0.9%increase in lysina content 

.tself. Simultaneous increase of both protein and lysine would provide, the. 

largest enhancement of nutritional value. 

Protein qantit. 

The quantity of protein in the grain or witear can oe signiticantly in­

creased by breeding., Further, the protein increase appears to be compatible 

with accepted standards of bread quality. Substantial genetic differences in 



'rain protein content of wheat have been identified. The "Frondoso"-derivad
 

"Atlas66" and "Atlas 50" bred in North Carolina, produce grain with signifi­

cantly higher protein content-than other varieties. We have utilized Atlas 66
 

in our protein breeding program at the University of Nebraska.
 

The protein content of Atlas 6 signiicantly'higher than' that
"o, is ,the, 

hard red winter wheat variety "Wichita!, (Figure 2). Incomplete dominance of-" 

high protein is indicatedby a P2 population that is intermediate to the parents. 

Evironmetal influence on grain protein content is large. Thus, the heritaility 

of protein is not as high as some other economic traits in wheat although we 

have computed heritability estimates as high as 0.8 in some experiments. 

A gene from Atlas 66 with major effect on protein appears to be genetically 

linked with leaf rust resistance (Table 6). Note the high protein of the re­

sistant rows compared with that of susceptible rows. We postulate that at 

least one additional gene for protein with major effect is functioning in our 

material. This is Indicated by recovery of both leaf rust resistant and leaf 

rust susceptible lines with intermediate levels of protein. We are using 

chromosome substitutions to identify the chromosomes of Atlas 66 that carry 

the genes for high protein. 

We have transferred the high protein trait from Atlas 66 to experimental, 

lines of hard winter wheat (Table 6). You will note that' Atlas 66 X Comanche 

lines intermediate to'Warrior and Scout. in yield were much higher than these 

varieties in grain protein content. Data from Nebraska and Kansas indicate 

that the high protein , tnrte can be combined- with acceptable bread wheat milling 

and baking quality. 

Comparisons of nitrogen relations in hfth and low protein winter wheats 

have provided indirect evidence that high grain prottin results from more coM­

plate translocation of nitrogen.from the plant.to its grain., We have been 

http:plant.to


unable to denonetrate differential nitrogen uptake a.:a basis for high grain 

protein aour. Atlas-dai d lines. The plant .nitrogen content of a high pro­

tein .line NB60306, and Scout was not different at any .time!during the spring 

growing season (Figure 3). However, the grain"nitrogen content of NB60306 

was higher than Scout at all .stoges of kernel development; 

Warrior, a low protein ,lnter wheat and high protein IB60305 were. compared 

(Figure 4). The foliage nitrogen content of-Warrior was sigificantly higher: 

thaN B6o3o5 at al-stages.of spring growth. Evan so, the grain of B0305 

possessed significantly nore nitrogen than arrior throughout the kernel develop­

ment period. In no case have we found the highigrain protein of Atlas 66­

derived lines to be associated with higher plant nitrogen concentrations. 

Phenotypic expression of,the high protein trait from Atlas 66 has been 

reasonably stable in Nebraska tests. We:reasoned that thisaould be so since
 

nitrogen translocation rather than nitrogen uptake by the plants.is involved..
 

In 1968, one of our high protein lines was compared tith tho Lancer variety
 

at six levels of Nr-fertilizer treatment at four sites in 14estern Nebraska where 

soil fertility is low (Table',7). ,.The protein superiority of 14365307 over 

Lancer was consistently expresse& at all soil fertility and grain protein 

An IntenaionalWintzr Wheat.Performance ilursery was organized'in.1968 

in which .representative winter, wheat vsrieties from many countries were evalu­

ated. " We included three higb.protein wheat iin .thisnursery. The nursery' is 

grov. in most of.the'vnter.wheat producing countries of the world. Performance 

data were obtained from 21 sites.in 14-countries in 1969. As in the-Nebraska 

tests there was excellent expression'of the high protein trait at i.l reporting ' 

sites (Table 8). 



Protein Composition
 

Do significant differences in amount of lysine occur in wheat protein?
 

This is a key question Since lysine is ,the most deficient among the essential 

amino acids in wheat protein. The World Collection of heats, comprised of 

17,000 varieties, is"being searched in our Laboratory -T0 date 7,000 have 

been analyzed for protein and lysine content. The majority were in the 10 to_­

16% protein classes with a few below' 8% and above 19%. We believe most of this 

variation to be non-genetic, i.e.. environmentally induced. We have reason to 

think th the genetic component of total protein variation measured in the 

World Collection is from 4 to 5 percentage points.
 

The frequency distribution for lysine showed a range fro, less than 2 to
 

above 47.where lysine is expressed as a percent of protein. The mean lysine
 

value for 7,000 wheats was approximately 3Z. Only 4 wheats had values higher 

than 4I. 

Lysine expressed as percent of protein is negatively correlated with 

protein (Figure 5).. The coefficient for 7,000 wheats was -0.63. In contrast, 

lysine expressed as percent of dry grain weight is positively correlated with 

protein (Figure 6). This would be anticipated since lysine is a constituent 

of protein. The correlation coefficient is 0.83. The shaded areas in Figures 

5 and 6 indicate the rangs of dispersal of actual values- about the regression 

lines. 

Only 40% of the variation in, lysine/protein is attributable to variation 

in protein. Seventy-five percent of the variation in lysine/dry grain weight 

is attributable to variation in protein. Thus, in our effort to identify 

genetically high lysina wheats, we are confronted with the problem of the in-

Cluence of protein level'on the values obtained. This is particularly critical, 



bocause of the strong influence of 'environment and grain yield on protein: level. 

Ly3ine values, unadjusted for protein variation, could! be artifacts from a 

genetic standpoint. 

.1 favor the use ox -ysine expressed as percent of. protein in our work 

because it is less affected by uncontrollable proteinvariations. In fact,we 

now.utilize the.• regression of lysine/protein on protein to adjustIlysine :values 

to a common protein level. When, we adjusted the lysine values of 7,000 World 

Collection wheats to 13.5% protein, only 125 had adjusted values higher than 

3.5X and, of this number, only six were higher.than 3.8%. 

Growouts of World Collection wheats with the highest lysine values were 

made to determine the reliability of the initial values obtained as an indica­

tion of genetic differences in lysine. Our results indicate a large effect 

of production environment on lysine content. Few of the high lysine wheats 

based on the initial analysis remained high in lysine when grown in different 

sites in the United States. 

The high lysine values persisted in a few wheats. One of the more promis­

'Ingof these is a variety from India,, P.1.176217. It appears tc possess higher­

than-normal values for both protein. and lysine. Its lysine advantage over nor­

mal varieties is approximately,'O -5 percentage point. We believe this to be 

sufficiently large to-be useful for breeding. purposes and the variety,has been 

utilized extensively in new crosses. 

We have been concerned with the effect of the high protein' trait from 

Atlas 66 on amino acid composition of the protein. Analysis of the World 

Collection indicated a decrease: in lysine-level associated with higher protein. 

Since normal wheat is deficient'in lysinei further decrease in that amino acid' 

could be: serious. Analyses, of ein Atlas-deriveda number of our. high prot a lines: 



were made for lysine, me thionine, and threonine '(Table Note that some of 

the lines were equal to or higher than their low protein parent in content of 

these three essential amino:acids. Otherswere lower than their low protein 

parent. It is clear from these data that Ihigh protein lines can beseleated..,
 

that are comparable to lower -protein varieties in their co=position ofesstiat 

amino, acids*. 

The. potential effectiveness of breeding for high protein as a means'of: 

increasing the nutritional value of wheat is evident from Table 10 in which 

lysife, methionine, and threonine in high protein lines are expressed as per-.
 

ceutage, increase per unt 'weight of grain over the low protein parent. Twenty­

two percent more protein in Atlas 66 x Comanche 2509 resulted in 30.1% more 

lysine, 33.4% more methionine, and 14.2% more threonine than was contained
 

in an equal weight of grain of the Comanche parent. It would seem from these 

data, that siSnificant advances in the nutritional value of wheat can be 

achieved by increasing -its protein content.
 

The comparative contributions of high protein and high lysine toward in­

creased amounts of essential amino acids in wheat are shown in Table 11. More 

of every amino acid per unit weight of grain is provided'by wheat with 17.2Z 

protlin than high lysine wheat with only 8.3% protein. Clearly, selection of 

high lysine at the expense. of,protein. contant. would not be warranted on the 

basis! of these data.-' 

Huch has been heard. about opaque-2 maize which is high in lysine and tryp­

tophan and powsesses excellent nutritional value. We compared the amount of 

each essential amino acid per unit weight of grain providad by opaque-2 maize 

withI0.OZ protein and, high. protein,.wheat with 17.22 protein (Table 12). As, 

much, lysine and more of every other essential amino acid is provided by the 

high protein wheat. 
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oiv good nutritionally are high protein wheats? Our In-vitro, laboratory 

analyses indicate that they should be distinctly superiorto "ordinary wheat. ' 

The final answer will come only from feeding trials which ultimately mus in­

volve people as subjects. We have completed preliminary. plans for, establihment 

of a small animal laboratory in the Department of, Foods 'and Nutrition of the 

University of Nebraska in which the mouse will be the :testI aimal. ":7We' hope. 

to establish the degree to which the In-vitro laboratory. tests refledt nutri-: 

tional value based. on the mouse tests.­



Table 1. Wa.rid' Wheat Production04(bua) 

,196468 1970 

USA 26.6 31.2 

iiebraska 27.7 38.0 

USSR 14.3 16.4 

* East Europe 33.5 35.3 

West Europe 36.8 :38.1, 

!exico 3457 -41.6 (1969)" 

-indian 13.3 18.5 

Pakistaii2. 17.5 



Table 2.• -... WinteriWheat Variety, Perforante ,Southern Regional, Performance,Nurs e~y,, 1968-1970. . . ... . . 

Year -released 1Variity968- 1969 

bu/a bu/a' 

1970,, 

bu/a ' 
Increase 

SCoturk :1971 3.3 4-. 45. 10Z over 
Scouts 

Scout'- 1963 39.1I '43.9' 43.31 10% over 
Comanche 

Comanchi 1942 36.8 38.5 '39.6 14% over 
Kharkof 

Kharkof 2ussan Introduction,
1900 

:32.8, '33.5 :34.2 



Table' 3. Whecat.Yield and Pro tein .Tkensds Region.e-HRI4W 


S .ate : Av. Yield (bu/a) : Av. Protein (,) 

: 1967 : 1968 : 1969 : 1967 : 1968 : 1969 

Nebraska 26.5 32.0 31.5 11.9 11.3 11.2 

Kansas 20.0 25.0 31.5 12.9 11.7 10.9 

Colorado 19.5 20.0 " :21.0. 11.7 11.6 . D.8. 

Okla oma 17.0 23.0 28.0 12.9 11.5, 10.9. 



Table 4. 	 Deviation of Essential Amino 
Aclds:in Wheat Pro;eins frcm. 
Requirements of Ln, FAO-1957, 

Z Deviation
 

Aino Acid 	 from- P.equirement 

Lysine -55.0
 
Itioii/. -12 ,5
 

Iooleucine -16.7 

Leuciue +30.4 

Tyrosine .+9.7 

Phanylaltinine +40.4, 

Threonina - 3.4 

Valine. +4.5 

.iMjustdp OViSionalA.mn. acVid patt"rn, 
WHO 165 
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Table: 5, Effect of various levels of. 
'protein and lysine on amount, 
*of lysine in wheat grain. 

S400 g. whole wheat
 

with 

10; protein; 3.1% lysine 

!Provides 40 g. protein; 1.2 g. lysine 

13Z protein; .'3.1% lysine.'
 

Provides 52 g. protein;'1.6 g. lysine
 

10% protein;,4.0% lysine'
 

Provides 40 g. protein;,1.6 R.,lysine
 

13% protein; 4.0% lysine',.
 

Provides 52g. protein;.Ll'g. lysine,
 



Table 6. 	 Grain protein frequency distribution of F6 rosaof Atlas .66 x ichita" 
homozygous-for reaction to leaf rust'at Lincoln, Nebraska. 

% Grain protein (Class centers) 

.Population :9.5 : 10.5 : 11.5 : 12.5 : 13.5 : 14.5 : 15.5 : 16.5 : 17.5 : 18.5 

Number of rows-

Wichita (Susc.) 3 10 1 

Susc. F6 rows 1 12 61 121 " 60 30, 8. 2 

Reas 6 *rows 1 35 89 75 29 

Atlas 66 (Res.) 



Table 7. 	Effect of nitrogen fertilization on the
 
grain protein content of the high protein
 
line N165307 and Lancer grown at four
 
Nebraska outstate testing sites in 1968.
 

Nitrogen 
application 

(rate and time) Lancer _NB65307 
lb/a Z 

none 	 8.2 
 9.8
 

20 	 -S
8.9 	 10.6'
 

'40 F 	 9.8 114.
 

40o s.10.6 	 12.1
 

60 S 	 11.5' 13.0
 

80S 	 '12.3'' 13.8
 

.spring;, F' fall application'. 



.Table 8.: i lleangrain.yield and protein content of seven 
varieties grown in the International Winter "heat 
Performance Nursery in 1969. 

I. Mean : I-lean protein 

Variety .: yield : content Z
 
: (dr- wt. basis)_____,____bu/a 

No. reporting sites: ' 16 18 

Lancer 54.9 14.0
 
Triumph 64 53.4 14.7
 
NB677.30 (high protein) 52.2 16.4 
Atlas 66 (high protein).- 50.1 17.5 
Purdue 28-2-1 (high protein)-, 49.4 16.6 

•Winalta 
 48.3 13.8
 
Gaines 46.1 3.0
 

• .. . 4 . - . - .. ° ;. . .
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Table' 9.''Protein, lysine, methionine, and threonine content-of high
protein Nebraska lines in comparison with the parent 
varieties.­

: Lysine : Nethionine : Threonine
 
Variety : Protein : :
.% 

A contenti' : protein : protein : protein
 

Comanche 15.0 3.2 
 1.7 3.5
 

Atlas 66 18.0 '3.3 
 1.l 3.4
 

Ati 66-Cmn 2509 -,18.3 3.5 
 1.8 3.3
 

2500- 18.3 3.2 
 1.7 3.2
 

2499 18.2 3.3 
 1.7 3.1
 

2504 17.9. _3.4 1.1 
 3.7',
 

2507 '17*7 3.7 1.7 
 26
 

2510 16.5 3.4 1.7 3.21.
 

iDryYweight basis..
 



ale .10. 	 Perceantage-increase in.pro tein, lysine, methionine,,and.. 
threonine in selected high protein Nebraska lines over, 
theivr low protein parent per unit weight of grain. 

- Increase over low protein parent
 
Variety : Protein Lysine Methionine Threonine
 

%z 	 . . 

AtI: 66x mn 2509 22.0 30.1 .33.4. 14.2
 

2500 22.0 .20.5 i 20.2. 8.6
 

2499 .21.3 23.1 21.6 .8
 

2504 19.3 24.6 -13.7 24.4.,
 

",07: 6,14.7-' 31.6 19.0 -15.5
 

"2510 10.0- 14.8: .10.0" 0.0
 



Table 3-1-	 Comparative,'essential.. amino 'Acid: composition 'of hijh 1ysine and high 
protein wheats. 

High protein wheats 	 High lysine wheats-
Amlno acid, .(17.2% protein)* (83%protein)* 

: %of protein : % of grain** : %of protein : Z of arain** 

Lysine 2.9 0.49 3.6 0.29 

Isoleucine 3.7 -0.64 3.7 0.31 

Leucine 7.1 1.22 7.3 0.'61 

Hethionine 1.6 0.23 r 1.7 0.14 

Phenylalanine ,5.2 0.89 4.9 	 0.41 

Threonine 	 3.0 0.51' . 3.4 0.28 

Valine 	 4.5.- 0.77 ' 4.7 0.39 

Tryptophan 1.1 0.19. 1.5 0.12 

-*14Z moisture basis' 
**dry weight basis 



Table"12'-' 	 Coarative :essential. amino- acid composition', e- maize and ; 
high, protein wheat. 'oai 

(00protei2 m)z 	 -High protein wheat 
• ' 	 Opaque-2 maize "(17.2% protein) 

Amino 	 acid., of protein : Grams per : % of protein Crams per G 
- • 1 1.00.grain : : 100 a. grain. 

Lysine 4.8 0.48. 2.9. 0.49 

Isoleucine 3.4: " 0.34 3.7 0.64necl : :9 v. 	 "I:1 	 " 
Leucine 9.10.91 	 71 "1.22. 

-thionine 2.1 O.02. 1.6 0.23 

Phenylalanine 4.5 '.45 5.2 0.87' 

Threonine . .0 0.400.51. 

Valine 5.1 0.51 4.5: 0.77: 

Tryptophan: 1.3' 	 1.0.1 	 ,0.19 

11%moisture basisk
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