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A Feasibility Study of the Use of a Modified Maes 
Protein Extraction Process and Chromosome 
Substitution Lines for Bread Wheat Quality 
Identification* 

P. J. MATTERN, J. W. SCHMIDT, R. MORRIS A.m V. A. JOHNSON 

Associate Professor and Professors of Agronomy, University of Nebraska; and 
Research Agronomist, Crops Research Division, ARS, USDA, Lincoln, Nebraska 

Although bread-baking quality has been extensively studied, our knowledge 
of the flour fractions or components that specifically influence baking quality is 
limited. However, new techniques and genetic materials are currently available 
that should provide better clues to unlocking the secrets of flour quality. On the 
one hand, the development of such techniques as moving boundary electro
phoresis, starch-gel electrophoresis and air classification has provided laboratory 
research aids. On the other hand, such genetic tools as isogenic lines, monosomic 
techniques and chromosome substitution provide raw materials more amenable 
to baking quality research. 

In the research reported here, the Maes continuous extraction process as 
modified by MAWTrEr et al. (1968b) for fractionation of hard red winter wheat 
flours has been utilized in a wheat quality study employing chromosome sub
stitution lines. MNArEnN et al. (1968b) have shown that the 40% isopropyl 
alcohol, 2% NaC, 3.85% lactic acid, and 0.1% potassium hydroxide solvent 
sequence, when passed through a column of wheat flour mixed with sand, would 
provide for 94-99% recovery of the wheat flour protein without protein degrada
tion. This extraction process would thus provide for a satisfactory partitioning 
of the wheat flour protein into alcohol solubles (gliadin), 2% NaCI solubles, 
acid solubles and alkali solubles (primarily glutenin). The relative proportions 
of these components could thus be a possible clue to quality if raw materials 
were available that were largely similar genetically but differed in major quality 
characteristics. Such materials in the form of chromosome substitution lines 

'Contribution from the Department of Agronomy, Nebraska Agricultural Experiment 
Station, Lincoln, Nebraska, and Crops Research Division, Agricultural Research Service, U.S. 
Department of Agriculture. Published with the approval of the Director as Paper No. 2395, 
Journal Series, Nebraska Agr. Exp. Sta. The research was supported in part by grants from 
the Division of Wheat Development, Marketing and Utilization, Nebraska Department of 
Agriculture and Economic Development, and the USDA, Northern Utilization Research and 
Development Division, Peoria, Illinois. 
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Third InternationalWheat Genetics Symposium 
are available at the Nebraska Agricultural Experiment Station and have been 
described by Momus et al. ( 1966, 1968). 

Individual chromosomes of the strong-quality hard red winter wheat variety 
'Cheyenne' have been transferred into the soft red spring variety 'Chinese Spring'. 
The lines were studied after the 4th backcross to Chinese Spring had been 
completed. According to Monnis et al. (1966, 1968), major factors for the strong 
dough-mixing characteristics of Cheyenne are located on chromosomes 4B, 7B 
and 51). Bread-baking characteristics such as loaf volume, crust appearance, 
and bread grain and texture, were largely influenced by factors located on 1B, 
4B, 7B and possibly 1A, with lesser effects contributed by factors located on 4D, 
5D, and 7D. WELSH et al. (1968) studied bread-baking quality of the same 
recipient variety, Chinese Spring, with substituted chromosomes from the hard 
red spring wheat varieties 'Thatcher', 'Hope' and 'Timstein'. They reported that 
only chromosome 2A of Thatcher had any individually great effect and that 
consisted of increased loaf volume and baking absorption. Of Hope, the authors 
stated that 11 different chromosomes influenced some quality aspect but that 
chromosome 2B had the greatest effect of any single chromosome substituted. 
For Timstein, they reported quality differences in the case of 16 different 
chromosome substitutions with the most important effects coming from sub
stituted chromosomes 3B and 6B. The rather conspicuous absence of important
factors for bread-baking quality in the D genome is of considerable interest. 
Earlier WLSi, and HFmN (1964) reported that certain aneuploid ID stocks 
show marked quality changes. Weak dough strength was noted by SCl.MIDT et al. 
(1966) and Monius and ScH iDT (1964) in ID monosomics of hard red 
winter wheats studied. Interestingly, BoYD and LEE (1967) found this to be 
the major effect contributed by the D genome in a study of electrophoretic 
patterns of gluten proteins from hexaploid 'Canthatch', the tetraploid derivative 
of Canthatch and 3 reconstituted hexaploids derived from the tetraploid Can
thatch and 3 varieties of Acgilops squarrosa L. 

EAsnrN et al. (1967) reported marked differences in starch-gel electrophoretic 
patterns of classically prepared gliadin proteins of the Cheyenne-Chinese Spring
substitution lines, but they were not able to associate these with any clear-cut 
flour quality factors. 

Knowledge of the amino acid composition of wheat proteins has also been 
limited. Recently with the use of automatic ion-exchange chromatographic
analysis, data are being accumulated rapidly. TKACHUI (1966) reported little 
variation for amino acid composition among a hard red spring, a white winter, 
a red winter and a durum wheat. He stated that any significant variation could 
be masked since the apnaratus is accurate only to about 3 or 4%, and further, 
that those proteins with -.jaracteristic patterns do not occur in large amounts in 
wheat flours. However, MATr~TEN er al. (1968a) reported that sufficient amino 
acid variation was present among high-protein lines derived from the crosses of 
'Atlas 66' with 'Wichita' and 'Comanche' to warrant selection for lines wi'a better 
.amino acid balance. The purpose of this research was to determine the feasibility 
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of using a flour protein extraction process in conjunction with chromosome 
substitution lines for studying bread wheat quality. Since the lines we tested 
were only in the fourth backcross, any conclusions we draw must be tentative. 

MATERIALS AND METHODS 

The Cheyenne x Chinese Spring3 substitution lines along with the two parental 
varieties were grown under irrigation at Aberdeen, Idaho, over a period from 
1963-1965. Not all of the lines were grown in the same year. However, the 
parental lines and other check lines were grown each year. Comparisons of 
mixing curve results for each year showed no significant year effects. There 
were protein content differences between years. The recipient variety, Chinese 
Spring, produces flour with a short mixing time, very little mixing tolerance, and 
very poor loaf volume and lnaf characteristics. In contrast, the donor variety, 
Cheyenne, has a moderately long mixing time, good mixing tolerance and 
adequate or satisfactory loaf volume and loaf characteristics. 

Protein content was determined by the Kjeldahl method. Mixograms of 30 
grams of flour milled from various stocks were recorded at 25 C with the mixo
graph. Loaves were baked from either 100 g or 25 g of flour using the AACC 
test baking procedure. Oxidation requirements were determined from three 
preliminary bake tests. Absorptioa was adjusted to optimum by an experienced 
operator. 

The protein fractionation procedure was the same as the modified Maes 
method described by MATTENR et al. (1968b) except that smaller amounts of 
flour were used. In this study one-gram flour samples were mixed with 2 g 
of pumice and 25 g of sand and the mixture placed in a glass column of 1.9 cm 
diameter and 19 cm long. The solvent sequence was 40% isopropyl 
alcohol (V/V), 2.0% sodium chloride (W/V), 3.85% lactic acid (W/V), and 
0.1%potassium hydroxide (W/V). Volumes of solvents collected were 60, 75, 
60 and 100 ml, respectively. Representative percentages of the total flour protein 
contained in these volumes are shown in Figure 1. 

In the hydrolysis for amino acid analyses, the weight of sample given by 
MATT N et al. (1968b) for protein fractions was increased to 0.1 g. (dry weight 
basis) for ground wheat samples. The remainder of the hydrolysis procedure 
remained unchanged. Amino acid analyses were made by ion exchange column 
chromatography using a Beckman-Spinco Amino Acid Analyzer Model 120C. 

RESULTS AND CONCLUSIONS 
ProteinComposition of Chromosome SubstitutionLines 

The 21 Cheyenne x Chinese Springs substitution lines were grown at Aber
deen, Idaho, in two groups. Four lines, 2A (XIII), 2B (II), 2D and 7A were 
not grown until 1965 while the remaining 17 had been grown in 1963. Protein 
composition data for the 4 lines and parents are shown in Table 1, and for the 
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Fio. 1. Protein fractions from 1 g. of flour using 
a four solvent system. 

(1) 401 Isopropyl alcohol. 
(2) 2%NaCI. 
(3) 3.85% Lactic acid. 
(4) 0.1%KOH. 

17 lines in Table 2. Check substitution lines 3D and 4B from the 1963 set were 

included in 1965. Loaf and mixing characteristics for these checks as well as 
the parent varieties were similar for the two years. The two protein fractions 

of most interest in Tables 1 and 2 are the alcohol solubles (gliadin) and alkali 
solubles (glutenin). 

TABzz 1. Protein composition of 4 Cheyenne x Chinese Springs chromosome substitution lines 
expressed as percent of total recovery. Grown at Aberdeen, Idaho, 1963. 

Flour 
Substitution line protein Alcohol Salt Acid Alkali Total 

content* solubles solubles solubles solubles 

2A (XIM) 11.24 586.0 3.1 9.6 29.2 97.0 
2B (II) 11.54 58.0 3.5 8.9 28.7 99.1 
2D 10.93 55.8 2.2 8.0 29.8 95.8 
7A 11.93 5.5 3.4 8.9 30.5 98.3 

3.6 7.3 34.4 98.3Cheyenne 13.85 53.0 
Chinese Spring 11.52 58.8 3.6 7.8 28.6 98.8 

* 14% MB. 

Alcohol solubles. Since MATrmw and SANDSTEDT (1957) have shown that 

increasing the gliadin in wheat flour shortens the mixing time, we would expect 
that substitution lines with very weak dough-mixing properties would be 
proportionately higher in alcohol solubles than those with strong dough-mixing 
properties. MoRRIs et al. (1966, 1968) reported that Cheyenne chromosomes 

452 



Chromosome Substitution for Quality Studies 
4B, 7B and 5D had the most influence towards stronger dough-mixing properties.
Percentages of alcohol solubles for these three substitution lines tend to be on the
low -ide but are not the lowest recorded. Further, from mixing curve photographs
shown by Moius et al. (1966, 1968) we conclude that lines 6A, 6D, ID and 3D
have mixing characteristics even poorer than those of Chinese Spring. All except
3D, also, are in the high percentage alcohol solubles group. Line ID which had a 
very poor mixing curve had the highest percentage of alcohol solubles. None
of the lines had a percentage as low as that of the strong parent, Cheyenne.
We conclude, then, that while the correlation is not absolute, there is a definite
trend toward an association of high values for alcohol solubles (gliadin) with 
Wnerior dough-mixing properties. 

TAzLz 2. Protein composition of 17 Cheyenne x Chinese Springs chromosome substitution linesexpressed as percent of total recovery. Grown at Aberdeen, Idaho, 1065. 

Flour
Substitution line protein Alcohol Salt Acid Alkali Total 

content* solubles solubles solublos solubles
IA 12.20 56.4 3.3 7.7 29.5 96.9
3A 11.81 59.1 2.9 7.8 30.1 99.9
4A 11.42 58.8 3.3 8.0 30.0 100.1
BA 11.70 58.3 3.3 7.6 28.8 98.06A 11.76 60.8 2.9 8.0 27.5 99.2 

1B 11.28 57.7 3.0 7.3 31.0 99.0
3B 11.28 56.6 3.2 31.07.6 98.44B 12.33 58.7 2.8 6.2 30.3 98.0
SB 12.06 59.1 2.8 6.8 28.3 97.0OB 10.57 58.4 3.0 7.1 28.8 97.3 
?B 12.91 56.7 2.7 6.b 31.7 97.9 

ID 10.17 63.0 3.2 7.4 25.2
3D 12.43 59.0 1.8 6.4 27.4 

98.8 
94.6

4D 12.29 57.8 1.8 6.4 28.5 94.55D 14.44 57.2 2.2 6.6 30.2 96.2
6D 12.59 61.1 2.0 6.5 27.3 96.9
7D 10.56 60.5 2.5 27.56.8 97.3 

* 14% MB. 

Alkali solubles. The alkali solubles fraction is expected to contain the glutenins
and, therefore, to influence loaf volume and other bread characteristics. Moiuus 
et al. (1966, 1968) reported that substitution lines 1B, 4B, and 7B exerted the most 
influence on improved bread characteristics with lesser effects from 1A, 4D,5D, and 7D. Lines 1B, 4B, 7B, and 5D were in the high group for alkali 
solubles. Line 7B had the highest percentage and also baked the best loaf of
bread. Percentages of alkali solubles for lines 1A, 4D, and 7D were medium to 
low. Line 1D which baked the poorest loaf also had 2% less alkali solubles than 
any other line. None of the lines had a percentage as high as that of the strong 
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parent, Cheyenne. Again, there is reasonably good relationship between loaf 
quality characteristics and percentage of alkali solubles. 

Salt solubles. All lines containing a D genome chromosome from Cheyenne
except 1D were low in salt solubles. Most of these lines, also, were low in total 
protein recovery. The reasons for both of these results are not known. 

On the basis of these initial tests, wr conclude that it is possible to associate 
bread-baking quality with protein composition. Certainly, the poor perform
ance of line 1D is directly associated with its high percentage of alcohol solubles 
(gliadin) and low percentage of alkali solubles (glutenin). None of the lines 
had values very close to the strong parent. If, as reported by us earlier, the 
strong quality of Cheyenne is due to genes located on at least three different 
chromosomes, we would not expect any one line to have values equal to those 
for Cheyenne. Line 7B, which appears to carry the gene(s) with the strongest
effects, is the closest to Cheyenne in overall performance. These data show that 
there is an association of bread-baking quality with protein composition, and 
that with refinements in techniques and more critical genetic materials this 
association will be increased. 

Amino Acid Composition of Chromosome Substitution Linis 
The amino acid composition of the chromosome substitution lines is shown 

in Tables 3 (A genome), 4 (B genome) and 5 (D genome). There were some 
variations in amino acid composition among the various lines. Most of the A
and B-genome substitution lines were low in aspartic acid when compared to 
the parental varieties while the D-genome lines were variable for this amino 
acid. In contrast, A- and B-genome lines were variable in serine content, while 

T~Aza 3. Amino acid composition of Cheyenne x Chinese Spring' chromosome substitution 
lines (A genome). 

Amino acid Chinese Che)enne 2A 2A 3A 4A SA GA 7A 
Spring 

Lyslne 
listIdlne 

Ammonia 
Arginine 
Aspartic Acid 
Threonine 
Serino 
Glutamlo Acid 
Protlne 
Olycine 
Alanins 
Haleystine 
VaUne 
Methionlne 
Isoleucine 
Leucine 
Tyroslne 
Phenylanine 
% Protein "as " 

2.60 
2.47 
4.09 
4.2 
5.35 
2.97 
4.06 

38.25 
14.13 
3.90 
3.33 
2.01 
4.21 
1.58 
4.12 
7.60 
3.47 
5.67 

12.24 

2.60 
2.40 
4.01 
4.31 
5.58 

N.86 
3.91 

2.a.3 
1385 

3.80 
3.14 
1.79 
4.30 
1.74 
4.09 
7.48 
3.87 
551 

14.00 

2.48 
2.49 
4.20 
4.20 
4.63 
2.90 
4.60 

38.17 
13.60 

4.07 
3.31 
181 
4 22 
1.28 
4.12 
7.60 
3.59 
5.21 

12.68 

2.60 
2.50 
3.08 
4.25 
4.62 
2.04 
4.71 

38.00 
14 00 
383 
3.30 
1.75 
4.13 
1.30 
4.14 
7.49 
361 
5.71 

11.02 

2.60 
2.54 
4.21 
4.34 
4.80 
3.08 
504 

40.50 
15.20 
354 
306 
1.78 
4.20 
1.45 
4.00 
7.35 
3.72 
5.85 

12.24 

2.49 
2.53 
4.01 
4.25 
4.61 
2.97 
4.92 

38.20 
14.42 

3.80 
3.34 
1.80 
4 01 
1.35 
3.08 
7.50 
3 48 
5.51 

11.80 

2.55 
2.42 
4.13 
4.25 
4.58 
3.14 
5.17 

41.00 
15.40 

3.00 
3.12 
1.80 
4.15 
1.57 
3 91 
7.40 
3.83 
588 

11.68 

2.44 
2.41 
4.11 
4.12 
4.68 
3.04 
5.10 

40.60 
14.00 
4.20 
3.12 
204 
4.44 
1.50 
3.99 
7.47 
3.53 
5.f,8 

12.20 

2.52 
2.28 
4.0; 
4.00 
4.53 
2.80 
4.60 

37.90 
14 06 
3.67 
3.15 
1.63 
3.00 
1 61 
3 00 
7.30 
3.57 
5.64 

12.08 

Results expressed an g. ofamino acid per 100 g. protein, dry weight basis. 
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the D-genome lines were more nearly like the parental varieties. No relation
ship between these values and protein quality could be established. 

Substitution line ID had the highest lysine value. In comparison with other 
D-genome lines, 1D was higher in salt solubles (water solubles). If a rela
tionship between lysine content and water-soluble protein exists, then it would 
be expected that ID would be higher than the other D-genome lines. 

TAnBz 4. Amino acid composition of Cheyenne x Chinese Springs chromosome substitution lines 
(B genome). 

Amino aczd 	 Chln~es Cheyenne iB 2B 3B 4B 5B OB 7B 
Spring 

Lyalne 2.60 2.60 2.43 2.35 2.71 2.50 2.50 2.72 2.68 
HIstldine 2.47 2.46 2.31 2.22 2.25 2.58 2.48 2.50 2.60 
Ammonia 4.09 4.01 3.84 3.68 3.79 4.07 4.21 4.15 4.20 
Arginlne 4.25 4.31 4.01 4.00 3.01 4.52 4.14 4.29 4.32 
Aspartlo Acid 5.35 5.58 4.94 4.76 4.80 4.45 438 408 601 
Threonlne 2.07' 2.86 3.01 280 2.90 3.20 307 3.15 3.07 
Serlne 4.06 3.91 4.90 4.70 461 5.30 5.19 4 84 4.14 
OlutamleAcid 38.25 38.83 37.50 37.80 37.60 41 87 40.02 3071 40.80 
Proline 14.13 13.85 14.22 14.25 14.53 1568 1474 1488 14.88 
Glycne 3.90 3.86 3.04 3.71 3 60 3.72 3 53 3 89 3 82 
Alaulne 3.33 3.14 3.27 3.21 3.24 3.10 3.17 3 21 3.19 
HalfCystlne 2.01 1.70 1.77 1.76 1.75 208 1.78 202 202 
Vallne 4.21 4.39 4.12 4.20 3.92 -55 4 17 4.32 4.50 
Metblonlne 1.58 1.74 1.52 1.37 1.50 1.51 1.02 1 54 1.65 
Isoleucine 4.12 4.09 4.21 3.86 388 4 17 4 21 391 4.27 
Leuclne 7.00 7.48 7.86 7.49 6.76 7.83 766 7.48 7.77 
Tyroline 3.47 3.87 3.61 3.42 3.63 4.05 3 60 4 17 3.62 
Phenylalanlne 5.67 5.51 5.30 5.30 588 502 6.00 607 6.04 
% Protein"asa" 12.21 1466 11.74 12.25 11.62 12.30 11.96 1054 1332 

Results expressed as g. of amino acid per 100 g. protein, dry meight basis. 

TA .rz 5. Amino acid composition of Cheyenne x Chinese Spring$ chromosome substitution lines 
(D genome). 

Amino acid Chinese Cheyenne ID 2D 3D 4D 5D 6D 7D
Spring 

Lyslne 	 2.60 2.60 2.08 2.76 2.57 2.49 2.57 2.42 2.72 
Histdine 	 2.47 2.46 2.67 2.53 251 2.49 2.58 2.52 2.51 
Ammonia 	 4.00 4.01 4.20 3.98 406 405 4.05 4.14 4.00 
Arginlno 	 4.25 4.31 4.50 4.35 4.11 4.14 4.17 4.10 4.29 
Aspartie Acid 5.35 5.58 5.00 6.30 6.00 4.52 584 4.92 5.23 
Threonlnoe 	 2.97 2.86 3.05 290 200 3.05 2.83 2.87 3.10 
Sericn 	 4.06 3.91 4.11 3 07 390 4 98 3.80 4.28 4.56 
GlutamIl Acid 38.25 38.83 30.30 37.10 4050 41 20 30.99 41.30 37.00 
Prollne 	 14.13 13.85 14.41 1400 1483 14.06 14 81 1520 13.64 
Glycne 	 3.90 3.86 4.07 360 305 3.62 3.62 3.50 3.03 
Alanlne 	 3.33 8.14 3.66 3 20 3 08 3.02 3.13 2 07 3 52 
HalfCystine 2.01 1.79 2.12 1.04 1.97 1.75 221 1.75 1.86 
ValIne 	 4.21 4.39 463 4.34 4.26 4.21 4.38 4.26 4.45 
Methlonine 	 1,58 1.74 2.01 1 84 1,57 1 64 1.77 1.61 1.80 
Isoleuclne 	 4.12 4.09 4.56 4.12 3.06 394 4.14 3.09 4.27 
Leucine 7.60 7.48 8.31 7.75 7.27 7.28 7.44 7.28 7.71 
Tyrosine 3.47 1.87 3.84 4 20 381 3.70 3.66 3.61 3.27 
Phenylalanins 5.67 8.51 6.39 5.73 5.80 602 0.15 6.00 6.55 
% Protein"asi." 12.24 14.06 10.48 1160 12.52 12.90 15.02 13.24 10.66 

Results expressed asg. of amino acid per 100 g. protein, dry weight basis. 
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Techniques for amino acid analyses are accurate only within 3-5 per cent. 
Further, as TxAcm (1966) points out, proteins known to have characteristic 
amino acid composition do not occur in large quantities in wheat flours. Thus, 
we were not able to relate the amino acid composition of these chromosome sub
stitution lines to bread-making quality. 
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