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for the residue, another indication that fractionation may be 
taking place. The high sulfur contents of the materials 
which were precipitated from the unhairing liquors directly 
by the addition of acetic acid are due to  the presence of free 
sulfur. Dialysis of the liquors to  the complete removal of 
the sulfide and alkali before acidification also removed any 
free sulfur. 

The highest yield of product and the best recovery were 
obtained in Sample 11. Better than 90% of the hair was ac- 
counted for. The aeration technique, as previously men- 
tioned, caused some mechanical losses and without these may 
have been as good as the technique used in preparing Sample 
11. Eventually, a compromise may have to be made between 
yield and purity. This may in part be determined by the 
use for which the material is intended. 

Some preliminary work is now in progress on spent un- 
hairing liquor obtained from a tannery and, although addi- 
tional problems have arisen, the results are promising. A 
product of equal quality can be obtained from these liquors 
with a little additional effort. We are also in the process of 
making a large enough quantity of the recovered protein on 
which to obtain some information regarding its physical 
properties as well as its effectiveness in animal feeding studies. 

There is considerable interest in research along these lines 
in the tanning industry because of the pressures on it to  
eliminate pollution. The research reported here and the pro- 
posals made may be a step in the right direction to  help re- 
lieve some of this pressure. 
ACKNOWLEDGMENT 

The authors would like to  thank Mrs. Ruth Zabarsky for 
the computer calculations and tabulations of the amino acid 
analysis data. 

LITERATURE CITED 

Anker, C. A. (to General Mills, Inc.), U.S. Patent 3,464,825 (Sept 2, 

Caldwell, J. R. (to Eastman Kodak Co.), U.S. Patent 2,625,490 (Jan 

Ewald, R. A., Anderson, P., Williams, H. L., Crosby, W. H., Proc. 

FAO, Amino Acid Content of Foods and Biological Data on Pro- 

Goddard, D. R., Michaelis, L., J.  Biol. Chem. 106, 605 (1934). 
Happey, F., Wormell, R. L., J. Texfile Insf. 40, T855 (1949). 
Hervey, L. R. B. (to Rubberset Co.), U.S. Patent 2,814,851 (Dec 3, 

1969). 

13, 1953). 

Soc. Exptl. Biol. Med. 115, 130 (1964). 

teins, 122, Rome, 1970. 

1957). 
Jones, C. B., Mecham, D. K. (to United States of America), U.S. 

Patent 2,447,860 (Aug 24, 1948). 
Jones, C. B., Mecham, D. K. (to United States of America), U.S. 

Patent 2,517,572 (Aug 8, 1950). 
Koerner, E. C., Ehrhardt, H., Haigh, F. R., Kirchoff, J. (to Botany 

Mills, Inc.), U.S. Patent 2,591,945 (April 8, 1952). 
Lollar, R. M., in “The Chemistry and Technology of Leather, Vol. 

I,” F. O’Flaherty, W. T. Roddy, R. M. Lollar, Eds., Reinhold, 
New York, N.Y., 1956, p 297. 

Lundgren, H. P., Silk J.  23, (no, 269), 48 (no. 270), 32 (1946). 
Lundgren, H. P., O’Connell, R. A., Ind. Eng. Chem. 36,370(1944). 
Merrill, H. B., in “The Chemistry and Technology of Leather, Vol. 

I.” F. O’Flahertv. W. T. Roddv. R. M. Lollar. Eds.. Reinhold. 
- I  

New York, 1956; ’p 257. 
Moran, E. T. Jr., Summers, J. D., Poultry Sci. 47,570 (1968). 
Morris, W., in “The Chemistry and Technology of Leather, Vol. I,” 

F. O’Flaherty, W. T. Roddy, R. M. Lollar, Eds., Reinhold, New 
York, 1956, p 229. 

Oelshlegel, F. J., Jr., Schroeder, J. R., Stahmann, M. A,, Anal. 
Biochem. 34, 331 (1970). 

Trotman, S. R., Trotman, C. R., Wolsey Ltd., Brit. Patent 329,766 
(April 4, 1929). 

Wormell, R. L., Brit. Rayon Silk J. 26 (no. 309), 55 (1950). 
Wronski, M., Goworek, W., Zesz. Nauk. Uniw. Lodz., Ser. 2 19,79 

(1965); Chem. Absfr. 64, 14460e (1966). 

Receiced for reciew September 20, 1971. 
1971. 

Accepted November 12, 

Preparation and Isolation of Acid-Catalyzed Hydrolysates from Wheat Gluten 

Catherine Aranyi* and E. J. Hawrylewiczl 

The rate of acid-catalyzed hydrolysis of gluten to  
polypeptides was investigated using hydrolytic 
agents that form single-phase systems with gluten. 
Controlled digestion on commercial gluten prepara- 
tions and on laboratory-extracted samples could be 
achieved with similar end effects. The rate of 
partial hydrolysis of gluten was considerably im- 
proved by disrupting its disulfide linkages before 
digestion. Hydrolysis was followed by measuring 
the number of cleaved peptide bonds, the number of 
degraded amide groups, and the changes in relative 

viscosity. The hydrolysates were purified by frac- 
tionation on Sephadex gel. Preparations from un- 
oxidized gluten could be obtained in acetic acid- 
soluble or water-soluble forms and showed similar 
characteristics when examined by analytical test, 
viscosity and sedimentation measurements, and by 
gel filtration. Hydrolysates originating from the 
oxidatively cleaved gluten samples were soluble in 
water or sodium hydroxide and showed increased 
fragmentation of the protein by all experimental 
methods applied. 

ince wheat gluten protein can be readily produced com- 
mercially and has unique amino acid distribution, S efforts were directed to  prepare from it novel products 

with potential for industrial application. Peptides from glu- 
ten with appropriate chemical modification could be suitable 
for uses such as films, adhesives, coatings, and surfactants. 

Life Sciences Research Division, IIT Research Institute, 

1 Present address: Mercy Hospital Medical Center, 
Chicago, Illinois 60616. 

Chicago, Illinois 60616. 

The specific objective of the work reported here was to develop 
a controlled acid-catalyzed hydrolysis method and to isolate 
and purify the polypeptide mixture obtained. 

MATERIALS AND METHODS 

Hydrolysis experiments were conducted on gluten extracted 
from wheat flour in our laboratories, on Vital Gluten, a prod- 
uct of the Hercules Powder Company, and on a laboratory- 
extracted gluten sample that had been exposed to performic 
oxidation to cleave its disulfide bonds. 
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Protein samples obtained in the laboratory from flour were 
extracted by the process of Jones et al. (1959). 

The commercially available Vital Gluten is extracted in an 
industrial process and contains 72.5 % protein; the remainder 
is mainly residual starch and some lipid. 

The performic acid oxidation method of Hirs (1956), as 
adapted for gluten by Nielsen et al. (1962), was used for pre- 
paring samples in which the disulfide linkages in the protein 
were disrupted. The reaction was performed on 10-g batches 
of laboratory-extracted gluten dissolved in 200 ml of 99% 
formic acid, The performic acid was prepared by mixing 190 
ml of 99% formic acid with 10 ml of 30% hydrogen peroxide. 
Oxidation was conducted at 0°C for 30 min. 

Since the hydrolytic studies were confined to single-phase 
aqueous systems, the limited solubility of gluten considerably 
narrowed the choice of hydrolytic agents. Because it was 
anticipated that amide groups in gluten participate in the 
hydrogen bonding of the molecular structure, hydrolytic 
agents of high hydrogen bonding strength were used to assure 
easy solubilization of the protein. Those examined were 
formic acid, di- and trichloroacetic acid, and dilute hydro- 
chloric acid in the presence of acetic acid. Although these 
agents proved to be about equally effective under the condi- 
tions tested, the combination of 0.1 N hydrochloric acid as 
the digesting substance plus 4 N acetic acid as the solubilizing 
substance was found most suitable because the analytical tests 
and the posthydrolytic preparative techniques applied were 
most compatible with this digesting system. 

The pro- 
tein content of the system was adjusted to 2 %, a concentration 
at which the laboratory prepared gluten is soluble in the di- 
gesting mixtures at room temperature before as well as after 
completion of hydrolysis. 

In the case of commercial Vital Gluten samples it was found 
that the hydrochloric acid-acetic acid method could also be 
used to hydrolyze the protein in the presence of the residual 
starch and lipid contamination. These compounds did not 
interfere with hydrolysis, were insoluble in the digesting mix- 
ture, and could be removed after hydrolysis by centrifugation. 
The starch was eliminated as a sediment, and the lipid ac- 
cumulated at the top of the centrifuge tube when the sample 
was centrifuged for 1 hr at 40,000 X g in a Spinco model L 
preparative ultracentrifuge. The clear hydrolysate solution 
was separated by using a syringe. 

To evaluate the effect of the digesting agents, the relative 
viscosity change in the system during progressive hydrolysis 
was determined. Approximately 2 % solutions of gluten were 
dissolved at room temperature in the hydrolytic agents tested 
and filtered through a coarse sintered-glass filter. A 2-ml 
aliquot of the filtrate was placed in a semimicro-Ubbelohde 
capillary viscometer and maintained at 60°C. Viscosity 
readings were taken at regular intervals of 15 to 20 min in the 
first 9 hr and less frequently in the following 3 days. 

Since it was not established to which extent the viscosity 
transition reflected changes in configuration, aggregation, or 
peptide cleavage in the gluten molecule, the rate of gluten 
hydrolysis was also followed by chemicals analysis. 

The ninhydrin reaction was used for quantitative determina- 
tion of the increase in primary amino groups during hydrolysis. 
Krull et a/. (1961) adapted the original method of Moore and 
Stein (1954) for gluten by using dimethylsulfoxide in the di- 
luent to keep the analyzed protein hydrolysate in solution and 
reading absorbancy at 580 mp. The digesting mixture of 0.1 
N hydrochloric acid and 4 N acetic acid could be applied best 
to this analytical test. Another agent, formic acid, interfered 

All samples were hydrolyzed at 60°C for 24 hr. 
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Figure 1. Hydrolysis of gluten at 60°C before and after oxidative 
cleavage as determined by the change in relative viscosity in 6 N 
formic acid (A and C) and in a mixture of 0.1 N hydrochloric acid 
and 4 N acetic acid (B) 

with the colorimetric determination in the presence of di- 
methylsulfoxide. 

Because of the high amide content in gluten, ammonia re- 
lease and peptide cleavage occur simultaneously during acid 
hydrolysis. Since the ninhydrin test is also sensitive to am- 
monia it was necessary to measure the amount of the amide 
ammonia independently and determine its contribution to the 
ninhydrin reaction. The Nessler colorimetric method of 
Johnson (1941) was adapted for this purpose. In the original 
process the Nessler reagent is first mixed with the sample, then 
the ammonia is liberated by addition of 2 N sodium hydroxide, 
and the characteristic yellow color produced is read in a 
spectrophotometer at 490 mp. With gluten, however, the 
partially hydrolyzed protein precipitated upon addition of the 
reagents and interfered with the reading of optical density. 
This difficulty was overcome as follows. Since gluten is 
soluble only at very low ionic strength, exposing hydrolyzed 
aliquots to a 1 M sodium chloride solution precipitated the 
partially hydrolyzed protein, which was then removed by 
centrifugation. Aliquots of the supernatant that contained 
the ammonia were analyzed without any difficulty. 

To establish the extent of the ninhydrin color due to am- 
monia, the ninhydrin calibration curve was determined not 
only with the usual leucine standard but also with a known 
ammonium chloride standard. Combining the two calibra- 
tion curves in correlating those leucine and ammonium 
chloride concentrations that had identical optical densities 
demonstrated that 1 p M  of ammonia gave the same optical 
density with ninhydrin as 0.6 p M  of leucine. By expressing 
the amounts of ammonia in leucine equivalents and making 
the appropriate correction, it was possible to determine the 
number of primary amino groups in the hydrolyzed sample. 

Because of the relatively large amounts of ammonia present 
and the one-order-of-magnitude difference in the concentra- 
tion range in which the ninhydrin and the Nessler colorimetric 
reactions respond to Beer’s Law, the method in this form is 
suitable only for following the rate of acid hydrolysis of gluten. 

To obtain pure protein hydrolysate preparations, the hydro- 
lyzing agents as well as the byproducts of the hydrolytic pro- 
cess had to be removed from the reaction mixture. Fraction- 
ation by gel filtration on Sephadex was used for this purpose. 
Sephadex G25, coarse grade in bead form, with an exclusion 
limit of 5000 was utilized. 

To swell and equilibrate the Sephadex and to elute the 
columns, 4 N acetic acid was used. The samples were applied 
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Figure 2. Hydrolysis of gluten in a mixture of 0.1 N hydrochloric 
acid and 4 N acetic acid at 60°C as determined by the (A) ninhydrin 
and (B) Nessler methods 
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Figure 3. Hydrolysis of performic-oxidized gluten in a mixture of 
0.1 N hydrochloric acid and 4 N acetic acid at 60°C as determined 
by the (A) ninhyflrin and (B) Nessler methods 

directly in the digestion mixture of 0.1 N hydrochloric acid 
and 4 N acetic acid and were eluted with 4 N acetic acid. 
The effluent fractions were collected automatically by the 
constant volume method using a Gilson fraction collector. 
Peaks were located by measuring absorbancy at 280 mp for 
the protein and by testing aliquots of the collected fractions 
with Nessler reagent at 490 mp. 
In analytical gel filtration experiments, the purified hydrol- 

ysates were examined on Sephadex G25, G50, G75, and G100. 
Sedimentation velocities of the purified hydrolysate prep- 

arations were measured in a Spinco model E analytical ultra- 
centrifuge. The experiments were conducted at 59,780 rpm 
and 2OoC using synthetic boundary cells. 

RESULTS AND DISCUSSION 
Figure 1 shows the changes observed in relative viscosity 

with progressing hydrolysis time at 6OoC in two hydrolytic 
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Figure 4. Fractionation of laboratory-extracted hydrolyzed gluten 
on Sephadex G25 in 4 N acetic acid. Sample: 240 mg, Vo; 20 ml, 
Fractions: 4 ml 

agents. Curves A and B of Figure 1 show that the effects of 
6 N formic acid and the mixture of 0.1 N hydrochloric acid 
and 4 N acetic acid are quite similar. The rapid initial relative 
viscosity decrease in the first 5 hr is followed by a decrease in 
the rate of change, so that a final relative viscosity equilibrium 
value is approached asymptotically in about 24 hr. A similar 
effect, with only slight deviations, was observed by using other 
hydrolytic agents. In the case of 6 N trichloroacetic acid, 
the initial relative viscosity decrease was faster, and the final 
equilibrium value was lower than in the first two agents ex- 
amined. 

To compare the behavior of performic-oxidized gluten with 
that of untreated gluten, a sample of the oxidized compound 
was examined in 6 N formic acid under the same conditions. 
The relative viscosity values measured with progressing hydrol- 
ysis time for this experiment are plotted in Figure 1C for easy 
comparison with similar data on untreated gluten. These 
curves show that, as a result of the disulfide cleavage, the ini- 
tial relative viscosity of this preparation is significantly lower 
and the final equilibrium value is reached in a shorter time 
than in the case of the untreated sample. The equilibrium 
relative viscosities of the two preparations are similar. 

The hydrolysis rate of both untreated and performic- 
oxidized gluten was followed by the double analytical test. 
Samples were digested in a mixture of 0.1 N hydrochloric acid 
and 4 N acetic acid at 60°C. Two aliquots were taken for 
analysis at regular time intervals, one for the Nessler and the 
other for the ninhydrin colorimetric test. 

The results, calculated in p M  leucine equivalents per mg 
protein, are plotted as a function of hydrolysis time in Figures 
2 and 3 for the digestion of untreated gluten and performic- 
oxidized gluten samples, respectively. The results indicate 
that peptide bond cleavage was more pronounced in the per- 
formic-oxidized samples. In these samples the ninhydrin 
curve increased more steeply from the start, and therefore in- 
creasing peptide bond cleavage was observed from the begin- 
ning of hydrolysis. In the untreated samples, the rates of pep- 
tide and amide hydrolysis were similar; an increase appeared 
only after 24 hr. 

Purification of the crude hydrolysate was accomplished by 
gel filtration on Sephadex G25. The acid hydrolysate mix- 
ture was added to a column of 1.2 X 50 cm and eluted with 4 
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Table I. Analytical Data on Purified Gluten Hydrolysates 
pM leucine 
equivalents 

Prepara- per mg total 
Hydrolysate tion N nitrogen 

Laboratory-extracted gluten" 1 14.6 1.44 
Commercial Vital Glutena 2 12.8 1.31 

3 14.3 1.21 
4 14.4 
5 14.5 

Commercial Vital Glutenb 6 11.2 
Laboratory-extracted 7 13.3 

performic-oxidized glutenb 8 12.2 
9 14.2 

10 10.0 
11 12.6 

4 Solubilized in acetic acid. b Solubilized in water. 

1.42 
1.47 
1.40 
2.20 
2.86 
2.64 
2.58 
2.46 

N acetic acid. A typical elution profile on a sample of 
laboratory-extracted gluten hydrolyzed in 0.1 N hydrochloric 
acid and 4 N acetic acid is shown in Figure 4. The greater 
portion of the hydrolysate was excluded from the gel matrix 
in the void volume of G25, as indicated by the first large peak 
obtained in the ultraviolet tracing. Void volume was deter- 
mined by use of BlueDextran solution. A second much smaller 
peak followed, often represented only by a shoulder attached 
to the tail end of the main peak. The first peak, correspond- 
ing to the exclusion limits of Sephadex G25, represents larger 
peptides that are not able to penetrate the gel pores and, there- 
fore, percolate through the void volume of the column. The 
second peak, also absorbing in the ultraviolet, indicates the 
presence of smaller-sized peptides that, entering the gel ma- 
trix, are delayed in their progress through the column and 
appear in the effluent with retardation. 

Tracing the collected fractions for ammonia with the Nessler 
colorimetric reaction shows one large peak corresponding in 
place to the elution of the smaller-sized peptides. The am- 
monium salts present in the reaction mixture are formed as a 
result of the acid digestion of the numerous amide groups in 
the glutamine residues of the gluten protein. Monitoring the 
ammonia by Nesslerization thus localizes the fraction con- 
taining the inorganic byproducts of the hydrolytic process. 

After the fractionation process had been established in 
small scale experiments, the method was adapted to larger 
columns capable of handling more material with better 
efficiency. Columns with total bed volumes (V,) of about 
1000 ml were applied. 

The collected effluent was separated into ammonia-free and 
ammonia-containing protein fractions and lyophilized. The 
ammonia-free portion, which contained the large peptides, 
was pure white after drying, had a total nitrogen content of 
about 1 4 x ,  and was completely soluble in 4 N acetic acid. 
The recovery of hydrolyzed protein from the main fraction 
varied between 80 and 90 %. The ammonia-containing frac- 
tion was discarded. 

Fractionation experiments conducted on hydrolyzed com- 
mercial Vital Gluten showed similar elution patterns and gave 
the same end product as laboratory-extracted hydrolyzed 
gluten. 

In an attempt to obtain a water-soluble preparation, the 
purified, dried acetic acid-soluble gluten hydrolysates were 
dispersed at 5 %  solids content in distilled water. With 
vigorous stirring, 1 N sodium hydroxide solution was added to 
the dispersion, which started to clear up about pH 6.8 and was 
completely solubilized at pH 8.0. The free carboxyl groups 
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Figure 5. Sedimentation velocities as a function of concentration 
for gluten hydrolysates determined at 59,780 rpm and 20°C in pH 
8.0 sodium phosphate buffer (A and C) and 4 Nacetic acid (B) 

created by the hydrolysis of peptide bonds and amide groups 
were neutralized by the sodium hydroxide. The dry product 
obtained after lyophilization was a white fluffy powder easily 
soluble in water, which could also be solubilized in 4 N acetic 
acid but less readily than the starting material. Hydrolysate 
preparations obtained from laboratory-extracted or commer- 
cial gluten samples could be equally well transformed into the 
water-soluble form. 

Another water-soluble hydrolysate preparation was ob- 
tained when the performic-oxidized gluten sample was di- 
gested in 0.1 N hydrochloric acid and 4 N acetic acid. In 
contrast to the nonoxidized gluten hydrolysates, the performic- 
oxidized hydrolyzed gluten was only partially soluble in the 
hydrolyzing medium at the end of the digestion period when 
cooled to room temperature. It was believed that the exces- 
sive acidity resulting from the oxidized disulfide bonds and the 
hydrolytically increased number of carboxyl groups were re- 
sponsible. In order to purify the preparation by gel filtration, 
the hydrolysate was solubilized by neutralization. A solution 
of 10 N sodium hydroxide was added until a pH of 7.0 was 
reached. After this, total solubility could be achieved by 
diluting further with water. Therefore, the neutralized 
tobacco-colored turbid suspension of the hydrolysate was fed 
onto a Sephadex G25 column, and the water used as eluant 
also solubilized the suspension during elution. A water-clear 
yellow effluent was collected. 

The two fractions containing the proteinaceous components 
and the ammonium salt byproducts were separated as in pre- 
vious experiments. The lyophilized dry peptide mixture was 
light brown, easily soluble in water and dilute sodium hydrox- 
ide, but insoluble in acetic acid. 

After these different hydrolysate preparations had been iso- 
lated, the purified peptide mixtures were examined by various 
methods. 

Analytical tests were conducted on the purified hydrolysates 
to check reproducibility of the extent of hydrolysis in different 
experiments and to compare preparations obtained by different 
procedures. The total nitrogen content of the samples was 
determined by Kjeldahl distillation. The amount of free 
amino groups was measured with the ninhydrin colorimetric 
method and expressed in p A 4  leucine equivalents per mg total 
nitrogen content of the sample. Since the test was conducted 
on the purified fractionated peptide mixture, the need for the 
Nessler reaction was eliminated, and the dependability of the 
ninhydrin test, which was previously hampered by the pres- 
ence of large amounts of ammonia, was increased. 
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Figure 6. Gel filtration of hydrolyzed gluten on Sephadex G25 (A) 
and GlOO (B) in 4 N acetic acid. Sample: 25 mg (A) and 50 mg (B) 
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Figure 7. Gel filtration of hydrolyzed gluten (19-mg samples) on 
Sephadex G50 (A), G75 (B), and GlOO (C) in pH 8.0 sodium phos- 
phate buffer 

Results obtained with several hydrolysate samples are com- 
pared in Table I. These data indicated that the hydrolysates 
of laboratory-extracted and commercial Vital Gluten samples 
are quite similar in extent of peptide cleavage, as demonstrated 
by the measured values of pMleucine equivalents per mg nitro- 
gen. The performic-oxidized hydrolysates, on the other hand, 
have a much higher number of free amino groups per total 
nitrogen content. The increase in free amino groups could be 
expected, since the oxidative cleavage of the disulfide bonds 
should make the molecules more accessible to the attack of the 
hydrolytic agents. 

Sedimentation velocities of the different gluten hydrolysate 
preparations were measured at 59,780 rpm and 2OoC at various 
concentrations. The unoxidized hydrolysates were measured 
in 4 N acetic acid or pH 8.0 sodium phosphate buffer; the 
performic-oxidized hydrolysates were examined in pH 8.0 

Table 11. Sedimentation Coefficients of Hydrolyzed Gluten 
at 59,780 rprn and 2OoC 

Hydrolysate Solvent s. 1013.a 
Commercial Vital Gluten 4 N acetic acid 1 . 1  
Commercial Vital Gluten pH 8.0 sodium 1 .4  

Laboratory-extracted pH 8.0 sodium 0 .9  
phosphate buffer 

performic-oxidized gluten phosphate buffer 
a Values extrapolated to zero concentration. 

sodium phosphate buffer. The data obtained on three sam- 
ples are plotted in Figure 5. Since the dependence of the 
sedimentation coefficient on concentration is not very strong, 
a direct extrapolation of these parameters rather than that of 
their reciprocals was used to determine S at infinite dilution 
(Schachman, 1959). S values obtained by extrapolation from 
experimental points for the three hydrolysates are listed in 
Table 11. Viscosity corrections were not applied. 

The lower S value of the oxidized hydrolysate can be attrib- 
uted to the cleaving effect of the performic oxidation on the 
disulfide bond and is in accord with the increased number of 
free amino groups observed analytically, indicating smaller 
average peptide size. The difference between the values for 
the unoxidized hydrolysates in the two solvents is probably due 
to charge effects in the case of the hydrolysate sample dis- 
solved in acetic acid. 

Viscosity measurements conducted at 25OC in an Ubbelohde 
capillary viscometer also supported the findings of the analyti- 
cal and the sedimentation experiments. The unoxidized 
hydrolysates examined in 4 N acetic acid and in pH 8.0 
sodium phosphate buffer gave intrinsic viscosity values be- 
tween 0.13 and 0.15 dl/g. The corresponding value for the 
performic-oxidized hydrolysate obtained in pH 8.0 sodium 
phosphate buffer was 0.07 dl/g. 

To obtain information on the size distribution of the purified 
peptide mixtures, the hydrolysates were exposed to analytical 
gel filtration experiments on Sephadex G25, G50, G75, and 
G100. Columns with diameters of 1.3 or 2.0 cm and lengths 
of about 50 cm for the different Sephadex bed volumes were 
utilized. Equilibration of the Sephadex gels and elution of 
the hydrolysates was accomplished with 4 N acetic acid and 
pH 8.0 sodium phosphate buffer, respectively. 

The gel filtration of hydrolyzed Vital Gluten solubilized and 
eluted in 4 N acetic acid is shown on Sephadex G25 and GI00 
in Figures 6A and 6B. The preparation is completely ex- 
cluded in the void volume on Sephadex G25. A very strong 
retention by the gel matrix was observed when the sample was 
applied onto a column of Sephadex G100. 

The elution diagrams obtained from Sephadex G50, G75, 
and GlOO columns are presented in Figures 7A through 7C 
for hydrolyzed Vital Gluten solubilized and eluted in pH 8.0 
sodium phosphate buffer. In addition to  some retention, the 
larger portion of the hydrolysate is still excluded on G50, al- 
though the exclusion is not as complete as on G25. The 
more pronounced retention that becomes evident on G75 in- 
creases on G100. The elution diagrams demonstrate that, 
although to a varying extent, there is an excluded fraction on 
each of the Sephadex gels, even on G100. This indicates the 
presence of some high-molecular-weight components in the 
hydrolysates. 

Performic-oxidized hydrolyzed gluten samples were also 
examined on Sephadex G50, G75, and GlOO columns in pH 
8.0 sodium phosphate buffer. These experiments were run on 
the same columns and with approximately the same amounts 
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Figure 8. Gel filtration of performic-oxidized hydrolyzed gluten 
(14-mg samples) on Sephadex G50 (A), G75 (B), and GlDO (C) in 
pH 8.0 sodium phosphate buffer 

of sample applied as those utilized for the unoxidized hydrol- 
ysates eluted in pH 8.0 sodium phosphate buffer. The result- 
ing elution curves are quite different from those of the un- 
oxidized gluten hydrolysates. There is a pronounced reten- 
tion on G50 that increases significantly on G75; on G100, 
fractionation into three peaks can be observed (Figures 8A, 
8B, and SC). This different behavior reflects the disulfide 
bond cleaving effect of the performic oxidation and, thereby, 
supports the experimental evidence already obtained in ana- 
lytical, viscosity, and sedimentation measurements. 

These investigations showed that controlled hydrolytic 
digestion on commercial gluten preparations and on labora- 
tory-extracted samples can be achieved with similar end ef- 
fects. The application of these hydrolysate preparations as 

starting materials for industrial nonfood uses in formulations 
of special pressure-sensitive adhesives, plasticizers and films, 
has been described in detail elsewhere (Aranyi et al., 1970, 
1971; Krull and Inglett, 1971). Briefly, the hydrolysate 
preparations were chemically modified by reactions with 
ethylene oxide or ethylenimine. The epoxidized gluten hy- 
drolysates imparted pressure sensitivity to acrylic-based ad- 
hesives. The peel strength of the adhesives was a function of 
the concentration of the expoxidized gluten peptides in the 
mixture. In other applications, ethylene oxide or ethyleni- 
mine-modified gluten peptides used as plasticizers gave good 
flexibility to initially brittle films obtained from gluten or 
gluten hydrolysate preparations. Films cast from gluten 
hydrolysate in combination with ethylenimine-modified 
gluten hydrolysate were water-soluble and transparent and 
could be used for packaging measured amounts of laundry 
detergent for instant release. Other formulations for pack- 
aging films, plasticizers, and processing additives were also 
obtained with the use of the modified hydrolysate prepara- 
tions, confirming the concept that promising areas for in- 
dustrial nonfood applications of gluten have to be based on 
prior chemical modification of the protein. 
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