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The role and significance of reactive sulfhydryl groups in wheat flour 

continues to intrigue cereal chemists in a great number of research centers 

in the world (Anderson, 1961; Bashuk and lilynka, 1962; Frater et al., 1961; 

Sokol and kecham, 1960; Sullivan, 1954). 

The study of the mechanism of action of reducing agents and oxidants 

on rheological properties of dough has been concerned primarily with the 

action of the free thiol containing cysteine and glutathione and the maturing 

agents bromate, persulfate and iodate. A great amount of useful information 

has been obtained more recently by use of specific sulfhydryl-blocking re- 

aents, r-ethylmaleimide and p-chloromercaribenzoate. The availability of 

thiol containing compounds comparable in molecular weight to flour proteins 

such as thiolated gelatin erepared according to the procedure of Benesch 

and (1958a) or relatively simple technics for the production of 

thiolated flour present a new tool for the study of the effect of sulfhydryl 

grou ,s on dough :.roperties. 

The .1.esent study deals with the effect of thiolated gelatin, varying 

in molecLlar weight and sulfhydryl content, on the rheological properties 

of wheat doughs. In view of the large molecular size of the thiolated pro- 

teins and its possible association with wheat gluten, the effect of oxidants 

on reversibility of thiogel-induced chanf:es in flour doughs has been studied. 
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vi 2F LITERATURE 

Wheat ::roteins 

Meat ;xoteins are generally considered to be unique among cereals in 

their ability to form, on addition of water, a coherent mass called. gluten. 

;;het gluten is considered the most imoortant component responsible for the 

unique properties of the wheat-flour-dough. 

During the preparation of a dough from flour and water, hydration of 

the orotein to form gluten occurs as the dough. is mixed, the gluten particles 

uniting to form a. continuous structure. This gluten structure is the main 

factor determining bread quality. The amount of protein is important but 

also is its quality. Extensive work has been done in attempt to elucidate 

the roblem of what determines quality in wheat protein and how it can be 

neasured. 

The rubbery mass of crude gluten is usually obtained from flour by 

kneading a dough. in water to wash away non-proteinaceous constituents, and 

it consistently contains about two-thirds by weight of water and one-third. 

dry matter. The dry solids contain 75 to 85 per cent protein and 5 to 10 

per cent lipids, with occluded carbohydrates and minerals. 

The proteinaceous portion of the gluten is not homogeneous and for many 

years has been regarded as a mixture of approximately equal parts of gliadin 

and ejutein. These two moieties are obtained by arbitrary separation employ- 

ing solvents according to the classical methods of Jsborne (1907). The 

terms gliadin and glutenin do not designate definite chemical substances 

but are almost universally retained for the sake of convenience. Gliadin 

refers to the portion of gluten soluble in 70-80 per cent aqueous alcohol, 
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and 1utenin to the remainder, which is insoluble in neutral solvents but 

soluble in acidic or alkaline solvents. 

fccording to Taylor and Cluskey (1962) the glutenin component of wheat 

behaves as a flexible, randomly coiled polyelectrolerte. it is the major 

contributor to the rheoloeical properties of wheat gluten in solution be- 

cause of its high viscosity, and it is probably the major factor in the 

viscoelastic eroporties of wet gluten. 

in adeition to gluten, wheat contains soluble proteins. btudies of 

soluble proteins have been limited despite their role in flour utilization 

and technology. Some of the soluble proteins are enzymes, others may substan- 

tially modify gluten behavior, even if they are not considered as structural 

moieties in the framework of the bread dough. it has been shown by Finney 

(1943) and vence et al., (1951) that for maximum baking performance, the 

rater soleble proteins are required. 

ence et al., (1956) have shown that even with 'earing blendor washed 

glutens, 60 per cent of the albumins and 50 per cent of the globulins are 

still retained in gluten. 

Albumins are known to be important to flour quality in that they are 

needed. in reconstituted douehs, yet relatively little is known of the possible 

function of elobulins. 

Amino Acid Composition 

The possibility that verietions in gluten qualities might be due to 

differences in amino acid composition was first examined by Blish (1916) 

and Cross and Swain (1924). They failed to show any convincing evidence of 

differences in amino acid make-up among the various preparations of gliadin 



and giutenin. 

eence et al., (1950) reported analysis of 17 flours milled from dif- __ 

ferent varieties and types of wheat with a wide rane of erotein content 

and baking behavior, and found no essential differences in the amino acid 

comeosition. 

Some workers have studied the amTh e acids, cystine and cysteine, as 

related to the imeortance of cystine disulfide bonds in imparting the de- 

sirable physical eroperties of gluten, and the sulfhydryl aroup of cysteine 

because of its relation to the improving action of certain oxidizing agents 

on dough properties. ;:filler et al., (1950) found no significant differences 

in the giutamic acid, lysine, cystine, and methionine composition of several 

wheat varieties grown under different environmental conditions. However, 

there was a significant difference (0.3$ level) in the methionine and cystine 

content of samples grown under different environmental conditions during a 

single crop year. There was a significant difference in per cent cystine 

for samples grown during two crop years. heat with the most cystine re- 

quired longest mixing time for optimum dough development. ailler et al., 

(1950) suggested that there may be a relationship between per cent cystine 

and dough mixing time as influenced by environment. 

The cystine content of erotein preparations from 23 wheat flours ranged 

from 2.2 to 4.5 per cent as determined pollarographicelly by 4stmann (1950). 

The cystine content of the flour was positively correlated with physical 

properties of salt-water doughs. ailler et al., and 4stmann suggested a 

eossible correlation between. cystine percentage in wheat arotein and its 

auality. 

acDermott and Pace (1957, 1960) studied extensively the amino acid 



composition of wheat proteins. They fractionated gliadin and determined 

the amino acid composition of different fractions and found slight differences 

in the content of certain amino acids. 

The main features of the amino acid composition of wheat gluten proteins 

are: 1) the high content of glutamic acids 2) the relatively high proline 

content, 3) the relatively low content of basic amino acids, and 4) the high 

amide -h content, apparently correlated to the content of giutamic and aspartic 

acid (Pace, 19.59). 

Wheat protein varying considerably in their bread baking potentialities 

show minor difference in the amino acid content. From fractionation studies, 

the "insoluble" fraction appears to be broadly similar in different gletens. 

As this fraction accounts for most of the protein, its composition will domi- 

nate the amino acid "picture" of the whole protein. There has been no evie 

dence as yet, that one type of flour or gluten may contain a new or unusual 

amino acid. 

aeasurement of Gluten Quality 

The simelest means of studying differences in er)tein quality is by 

examiration of the washed out gluten, obtained by kneading a dough under a 

stream of water to wash away the starch. The gluten so obtained can vary 

markedly in its ;physical character, it nay be soft and semifluid, or elastic 

resembling soft rubber, or toueh and gra ()ler. The quantity and quality of 

gluten can be evaluated subjectively by an experienced operator, or objec- 

tively with any one of several instruments or by physico- chemical tests. 



Physico-Chemical Tests 

In view of the effect of numerous factors on the colloidal character 

of wheat gluten, a consideration of gluten quality is not cJmiete without 

taking into account the composition and cenditiens of the assay. .)od (1907) 

found that gluten suspended in dilute acid increased in hydration and swelled, 

and that salts dereseed the hydration of gluten in acid. Gortner and Doherty 

(1918) oerformed one of the earliest extensive investigations on the imbibi- 

tional properties of flour proteins. They concluded that moist tjatens from 

flours of varying quality were hydrated to the same extent, but that gluten 

from weak flour had a much slower rate of hydration. Dilute solutions of 

lactic, acetic, and phosphoric acids caused gluten to imbibe water strongly 

and solutions of stronger acids diminished imbibition only slightly. 

Although Tiers and Jstwaid (1919) were the first to determine the 

viscosity of flour suspensions, Sharp and Gortner (1923) were the first to 

employ the viscosity of acidified flour-in-grater suspensions as an easy, 

rapid, and accurate method to investigate the comparative imbitional proper- 

ties of flour proteins. 

In contrast to Gortner and Doherty (1918) most investigators believe 

that glutens from different wheats exhibit variation in their hydration 

capacity. Viscosity values have been useful in ewluating soft wheat flour 

(Layfeld, 1934); however, their utility in predicting hard wheat flour 

quality has been questionable (Blish and Sandstedt, 1925; Gortner, 1924; 

hayfield, 1932; Rich, 1932). Factors that affect the test include temperature, 

amount of electrolyte present, quantity of protein, granulation, and degree 

of hydration of the flour constituents. 

Finney and Yamazaki (1946) reported that viscosity was a linear function 
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of protein quantity, but that the regression of viscosity on protein con- 

tent was different for each variety. Furthermore, viscosity did. not evaluate 

properly the loaf volume potential of wheat varieties. 

eJeeliner e Koopman (1929) also studied the swelling of gluten in acid 

and, by keeping the conditions constant showed that there are intrinsic 

differences in glutens from different wheats. Gluten from a weak flour 

when immersed in lactic acid imbibes water at a slower rate than a strong 

tauten but changes more rapidly from the gel to the sol condition. A strong 

gluten swells to a marked extent and shows little tendency to disperse for 

some time° 

Finney and Yamazaki (1953) developed. an alkaline viscosity test using 

sodium bicarbonate instead of lactic acid for evaluating soft wheat flours. 

Another test which also depends on the swelling of flour erotein in acid 

is the sedimentation test of eeleny (1947), in which, flour is suseended in 

dilute lactic acid, allowed to settle and the volume of sediment measured 

after a given time. This volume depends largely on the protein content of 

the flour but samples with the same protein content can have different sedi- 

mentation values indicating differences in the swelling capacities of their 

:.)rotein. Seecific sedimentation, or the sedimentation value divided by 

protein percentage, has been considered a useful measure of gluten quality. 

Thy Tests 

Many devices have been built to test quality of gluten (Aller and 

Johnson, 1954). Some instruments have been designed to measure expansion 

of washed gluten, heated under empirical conditions (the Bolana's aleurometer 

and eiebermann's device). en modifications of these machines left errors 



of measurement too reat to be diseeearded. The .[euermannts elastoweter, 

the Baker-e'arker-JAaze device, Krtinskyls elastocope and fortiscope have 

been used to test recovery of gluten from compression. enly the fortiscope 

(Bailey, 1940) gave data correlated with baking quality and water absorption. 

Lxtension of crude gluten has been tested by means of many instruments. 

These include the Baker-earker-Lize device, barbade's "aleurograehe", the 

Brabender giutoeraph, the elynka-enderson stretchometer, the James Juten 

tester, and many others (Bailey, 1940). 

'theological Properties of Dough 

The use of rheological methods has yielded valuable information concerning 

the relationship between ehysical eroperties of a dough and its baking quality. 

The erotein fraction of wheat flour is unmanly responsible or is of 

fundamental importance in the formation of dough and its rheological behavior. 

It is well known that other constituents of the flour, i.e., lipids and car- 

bohydrates are involved in governing rheological properties of wheat dough. 

Additionally, factors such as ionic strength can affect swelling and coagu- 

lation properties. The consensus seems to be, however, that the elastic 

properties of a flour-water dough are determThed, other things being equal, 

by the total amount of wheat protein present and by the quality of the protein. 

flthoeeh the quality of a erotein present is a major factor in determining 

flour strength, flours of siAlar total protein content nay differ in strength 

due to qualitative differences in the protein component, and probably due to 

differences in molecular structure of the erotein molecules or to differences 

in intermolecular structure such as diff rences in degree of crosslinking. 

It is evident that dough is a comelex system, the physical properties 
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of which are modified by the many mechanical and hysicel actions which 

operate when it is processed into brae or other products. Formation of 

the continuous gluten network in dough is viewed as reseltinii, from appro- 

priate uncoiliiv and orientation of the protein in flour particles and 

establishment between neighboring particles of covalent disulfide linkeees 

Teich are stable at baking temperatures. Axford and Elton (1960) suggested 

that in mechanical development of dough, bond breakage could arise as a 

result of the strain on protein molecules subjected to mechanical shearing 

forces. Such rupture of linkages would create free radicals which could 

subsequently recombine to form new disulfide bonds, or react and combine 

to produce various cross-linkages directly, or on subsequent oxidation aided 

by atmospheric oxygen., bromate or iodate. The formation of an expandable, 

three dimensional network would thus be effected by a re-orientation of 

erotein chains. 

For testing strength of flours numerous mechanical dough testing 

instruments have been deviced. Instruments such as the Brabender farinograph, 

LSwanson and eorking recording dough mixer, the Brabender extensograph the 

Chopin alveograph, Halton's extensometer, etc., compare certain theological 

properties of various doughs, while keeping another rheological property 

constant. 

Brabender Farinograph. It is a physical-dough testing instrument of 

the dynamic type. It is essentially a recording dough - mixer that measures 

the plasticity and mobility of the dough which is being subjected to a pro- 

longed, relatively gentle, mixing action, at a constant temperature. The 

resistance the dough offers to the mixing blades during mixing is transmitted 

to a dynamometer, which is connected to a lever and scale system and to a 
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pen which traces a curve on a kymograLh chart. 

The farinograph has found its widest use in determining flour absorption 

(iierritt an Bailey, 1939; ierritt and Stamberg, 1941; Eaynka, 1960). Jne 

objection to using the farinograph to determine absorption has been that 

consistency determined on the instrument is not always the desirable consis- 

tency at the end of fermentation. Some doughs tighten while others slacken 

during fermentation. 

Munz and Brabender (1941) stated that water absorption capacity, general 

strength, shortness, and mixing sensitivity could be deduced from farinograms. 

Geddes et al., (19140) and Schiller et al., (1946) concluded that the farinograph 

is an important supplement to other control tests but is not itself adequate 

to evaluate strength. 

Aitken and Geddes (1939) found both dough development time and absorption 

increased with each increment in protein content in flours enriched with 

:,x.otein gluten. Poore and Herman (1942) studied the effect of ingredients 

an( variations in manipulation on the farinograph curve. They modified the 

method of evaluating farinograph curves and checked these curves under vary- 

ing conditions. Johnson and Swanson (1946) found that the main factors that 

determine the valorimeter value of a flour were the length of time required 

to mix the flour to minimum mobility, and the descending slope of the curve. 

Johnson et al., (1946a) found that the valorimeter value indicated strength 

of flour because it was influenced by protein content. Lau workers contend 

that the larger the valorimeter value, the stronger the flour. 

Geddes et al., (1940) studied the relation between the normal farinograph 

and baking quality of Canadian spring wheat. They concluded that the utility 

of the farinograms appeared to be largely one of providing accessory information 
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on such properties as absorption, optimum mixing time, and mixing tolerance. 

The farinograph has been used extensively in studies of the effects 

that some moieties such as detergents, proteolytic enzymes, reducing agents, 

oxidizing agents, and sulfhydryl-blocking agents have on doughs into which 

these compounds have been incorporated. 

Fxtensograph. The physical properties of the gluten complex of a dough 

are changing continuously, the rate of change being contingent upon the treat- 

ment accorded to the dough, its age, the proportion of water used for its 

preparation and other variables. The brabender extensograph has been used 

to measure dough extensibility and resistance to extension in doughs after 

resting for suitable intervals of time. Essentially, the extensograph records 

resistance to stretching offered by a cylinder of either rested or non 

rested doughs. The resistance of the dough to stretching is automatically 

plotted against the distance it is stretched to give the extensograph curve. 

The height and shape of the curve give important information regarding the 

chanees in behavior of dough with time. kunz and Brabender (1940) indicated 

that a study of the rate, direction and magnitude of change in extensibility 

and resistance to extension after a time of rest would be a valuable aid in 

classifying flours for specific uses. 

Aitken et al., (1914t) found a significant positive relationship between 

extensogram length, height, and protein content. Farinograph development 

time was positively correlated with extensogram height. Johnson et al., (1946b) 

found that extensibility, resistance to extension, and extensogram area were 

each correlated with protein content, farinogram mixing time, valorimeter 

value, mixogram area and height. 

The extensograph has been used extensively for the study of the effect 
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of oxidants on dough in the structural relaxation. Structural relation 

has been used to designate the relatively slow changes that take place in 

the )hys1cal eroperties of resting d,ughs subsequent to mixing or mechanical 

manipulation. 

Suifhydryl Groups in Flour 

The probable role of tie sulfhydryl radical in dough chemistry has 

attracted the attention of many cereal chemists. The main premise has been 

that the sulfhydryl radical is potentially capable of undergoing a cross- 

linking reaction to form disulfide bridges between protein chains. Such a 

reaction eould then be expected to have an ieleortant effect on the rheological 

properties of dough. In fact, it has been sugeested as a chemical basis of 

the action of improving agents. 

The sulfhydryl groups in wheat flour have been studied for a long time. 

The presence of these groups in wheat and flour was first recognized. by 

Sullivan et al., (1936). These workers isolated glutathione from wheat germs 

but reported that patent flours contained no free glutathione as indicated 

by the nitroprusside test. Balls and hale (1940) showed that a positive 

nitroprusside test from petroleum ether extracts of patent flour suggested 

that sulfhydryl groups might be present in flour lipoprotein. They also 

isolated a water soluble sulfur containing po1yeeptide from the petroleum 

ether extract. 

Sullivan et al., (1936) found that a solution of 236-diehloropheno- 

lindophenol was docolorized when boiled in the presence of gluten. They 

interpreted this as indicating a reduction of the reagent by sulfhydryl 

groups. The results of these workers pointed to the need for a study of the 
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elfhic:ryi groups of the protein and other fractions of wheat flour. 

4ers and 'corking (1244) used the ferricyanide method 3f Anson (1941) 

and found no reactive sulfhydryl groups in gluten protein or in the water 

soluble proteins. They showed, however, that the water soluble proteins 

contained unreactive sulfhydryl groups which were liberated by denaturation 

with heat, guanidine hydrochloride or urea and Duponol. Baker et al., (11144) 

studied the action of oxidants on sulfhydryl compounds in doughs. They used 

the modified Anson method and found that the total decrease in sulfhydryl 

which resulted from the flour treatments was equivalent to approximately 

100 ppm glutathions. 

Nordin and Spencer (1952) modified the method of Heileman et al., 

(1)41) for the determination of sulfhydryl groups in certain proteins. 

Polme and Spencer (1)52) also studied this method in studies on the effect 

of oxidizing agents (potassium bromate and ammonium persulfete) on sullhydr71 

groups from different flour fractions, and found that the oxidants caused 

no apparent reduction in the amount of reactive sulfhydryl groups. 

Matsumoto (1954, 1955) studied the effect of oxidizing agents on 

sulfhydryl groups in gluten using the method of Benesch and 3enesch (1943). 

The apparatus of Hata for amperometric titration was employed, with slight 

modification. The reaction mechanism of the oxidizing agents was closely 

related to the sulfhydryl content in the gluten dispersion. DeLenge and 

Hintzer (1955) made polarographie determinations of the combined cystins 

and cysteine content of the gluten and soluble proteins. 

The first efforts to estimate enlfhydryl groups in whole flour were 

those of Kong et al., (1957). They compared three methods: the iodosobenzoate 

titration, amperometric titration with mercuric chloride, and amperometric 
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titration uith silver nitrate. Amperometric titrations at a rotating 

platinum electrode with either mercuric chloride or silver nitrate appeared 

preferable to o-iodesobenzoate titration, since the former were easily re- 

producible and more precise. Kong et al., (1957) solubilised the flour 

proteins with trypsin. Although the enzymatic digestion procedure appeared 

to be satisfactory with respect to the recovery of snifhydryl groups from 

()Arine scram albumin, digested in the absence and presence of flour, later 

experience showed that this uas not true with flour proteins (Sokol at al., 

1)59). 

Kong et al., (1957); Bloksma (1959) and Uatsumeto and Hlynka (1959) 

made amperometric titrationa of sulfhydryl groups in flour using different 

titration media. Bloksma found that variations in the results were due to 

differences between the media employed. These differences may refer to the 

type and amount of denaturing agent, the type and pH of the buffer, the 

temperature and the reagent used. 

There is no conseneus concerning the distribution of sulfhydryl groups 

in various flour components. The water and salt soluble fractions of flour 

seem to be rich in sulfhydryls. There are, however, conflicting results 

on the presence of sulfhydryl containing compounds in the so-called gluten 

proteins and in lipids. One of the chief obstacles encountered in the in- 

vestigation of sulfhydryl groups in gluten has been the insolubility of 

gluten in the presence of salts. Matsumoto and Shimoda (1955) titrated 

intact gluten in a nedium containing potassium chloride by using urea to 

prevent precipitation. Kong et al., (1957) solubilized gluten by digestion 

with trypsin. ichaefer et al., (1959) used a salt-free titration medium 

to overcome the solubility problem. The latter workers determined gluten 



sulfh.edryl groups by potentiometric titration with iodine in dilue acetic 

acid. 

Iodometric methods have been criticized because of 1) possible over- 

oxidation of sulfhydryl groups beyond the disulfide stage, and 2) possible 

reaction of the reagent with other functional groups. The values obtained 

by Schaefer et al., (1959) were consistently higher than those obtained by 

other methods. literature values for the sulfhydryl content of gluten vary 

eidely. Ferroiaetric methods give values from 0.4 to 31.1 meq. sulfhydryl 

per g. protein (Baker, et al., 1944). The highest values, 23 to 50 req. 

per g., were obtained pollarographically (DeLange, 1955). DeLanee admits, 

however, that the values may be high because of ,elssible reduction of di- 

sulfide bonds to selfhydryl groups, in the ammoniacal-cobalt medium esed. 

Latsumoto and Shimoda (1955) employing the amperometric method and urea as 

antiprecipitating agent of gluten, found 1.6 to 2.0 meq. per g. in a medium 

of dilute acetic acid. 

Sullivan et el., (1961) used p-chloromercuribenzoate (PC NB) to protect 

the selfhydryl groups from oxidation during measurement of the total as well 

as the water -- soluble sulfhydryl groups of flour. Althoegh PCMB reach, spe- 

cifically with free sulfhydryl groups, these groups can still be measured 

in the presence of PCMB by the amperometric titration with mercuric chloride. 

Lercuric chloride apparently displaces the ?C,7 ]3 due to the stronger affinity 

it has for the sulfhydryl groups. Sullivan et al., (1961a) found that the 

sulfhydryl content per g. of flour was about equally divided between the water 

soluble and the gluten proteins. No sulfhydryl was found in the lipid or 

etarch fraction of flour. 

Beshuk (1961) described a method for the determination of accessible 
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sulfhydryl ;roups in flour-water doughs. The method was based on the rapid 

reaction of protein sulfhydryl groups with iodate ions, with application of 

an amperometric titration. He obtained reasonable agreement with calculated 

and experimental values of sulfhydryl for doughs which contained added 1.11ta- 

thione or thiolated gelatin, and no reaction with iodate was obtained when 

sulfhydryl groups were blocked with N-ethylmaleimide (N&I). Increases in 

sulfhydryi groups were obtained for doughs prepared from flours of decreasing 

particle size, doughs subjected to prolonged mixing, and doughs treated with 

tomeranz and Shellenberger (1961) applied the method of Barnett and 

:.eligman (1952) for histochemical visualization of protein-bound. sulfhydryl 

Lroups in animal tissue cells, to localize sulfhydryl Croups in wheat kernel. 

They found that the major sites of sulfhydryl groups were the aleurone layer 

and the germ. The histochemical method was specific and inhibited by oxi- 

dizing or sulfhydryl-blocking agents. 

Ieepite the importance of the sulfhydryl-disulfide groups in flour and 

dough, the progress in this study has been hindered by limitations of the 

analytical methods available. A principal obstacle has been the low level 

at which sulfhydryl groups occur along in flour and the consequently analytical 

difliculties in tracing changes in sulfhydryl content. 

Oxidizing, reducing, and. Sulfhydryl Blocking Reagents 

The marked effects of oxidizing and reducing agents on the physical 

oroperties of the dough and gluten cannot yet be fully explained. Several 

mechanisms may be involved, including direct action with the gluten proteins 

and indirect action through other flour components such as soluble protein 
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and lipids. Sulfhydryl groups have been found associated with the effect 

that oxidizing, reducing and -SR blocking agents have on d-ee_h Hroperties, 

which is in keeping with the possibility that they may have a role in flour 

oxidation (Sullivan, 1954; 1-ence et al., 1956). 

Effect of Oxidizing Agents on Dough Prapertiec 

1inute amounts of oxidizing aents, such as notassium bromate, potas- 

sium iodate, ammonium persulfate, ascorbic acid, etc., are known to have the 

capability of improving the bread-making quality of flour. There has been 

much research and considerable seeculation concerning the way in wHch 'potas- 

sium bromate and other oxidants cause the beneficial dough and bread effects. 

Rheological and baking tests have shown that the mechanisms of reactions in 

which these oxidants are involved during the improvement of dough properties 

much be diverse. 

Jidigensen (1936) megested that potassium bromate inhibits proteases 

which attack the native proteins, and thereby diminish the breakdown of the 

proteins of the dough daring fermentation. Some chemists agreed with this 

theory, while work of others has revealed facts which do not support Jpr- 

ensenls theory. 

)lcott et al., (1943) showed that reducing agents produce their charac- 

tcristic effect in the complete absence of any protease, and concluded that 

the erimary effect of reducing agents on gluten is orimarily a chemical one 

and that enzyme activation is of secondary, if of any, importance. Reducing 

agents tend to soften dough and make it pliable; oxidation has an opposite 

effect of tightening the dough. The two effects thus counteract each other. 

baker et al., (1942) stated that softening of yeastless dough is a 
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physical change resulting from rearrangements of the dough components. They 

doubted. that proteolysis plays more than a small part in reactions of dough 

made from sound flour, and attributed the action of bromate largely to modi- 

fication of the physical properties of the gluten through action on the 

sula:hydryl containing moieties. Additional evidence against the proteolytic 

theory of bromate action in dough was presented by ,iowe and Glick (1946). 

roteolytic activity of straight grade flour was not inhibited by bromate 

when used in concentrations covering the range employed in commercial prac- 

tice (up to 0.01%). Freilich and Frey (1947) found that the protease con- 

tent of American patent and baker's grade flours is so minute that the protease 

theory must assume a minor role in explaining oxidation effects. 

smith and Andrews (1952) used the extensograph to evaluate the effects 

of different oxidizing treatments. Unleavened and leavened. doughs were mixed 

in different atmospheres and subjected to varying rest eeriods before being 

stretched. The addition of maturing agents, increased mixing, increased 

fermentation times; all tended to increase elasticity and decrease extensi- 

bility of doughs. They concluded that the effect of dough manipulation 

coupled with time from mixing the dough could not be adequately explained 

by the orotoolytic theory of the action of oxidizing agents in dough. 

bempster at al., (1)52, 1953) studied the kinetics of the bromate re- 

action and found that bromate produced. chan es in dough properties which were 

opposite in trend to those that occurred in unbromated doughs, i.e., struc- 

tural relaxation rates increased and steady state loads decreased in anbro- 

mated doughs whereas the reverse occurred in bromated doughs. They attributed 

the behavior of dough to a three-dimensional or network structure, the cross 

links of which are labile bonds between groups of adjacent molecules. 3romate 
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was said to progressively create potentially reactive groups in certain 

rolecules in the dough. These molecules interact to form additional non- 

labile cross-linkages between adjacent molecules only when brought together 

while the dough is worked. They confirmed that changes in the physical 

properties of dough brought about by bromate occur only when dough is shaped 

or otherwise manipulated after the time of reaction. 

illynka et al., (1953) showed that the loss of bromate in dough as a 

measure of its oxidizing action could be attributed to at least three factors: 

1) activity of the yeast, 2) reducing substances in flour, and 3) endogenous 

microbial activity of flour. They could not identify the mechanism of de- 

composition of bromate in dough with the mechanism of improver action. 

Dempster et al., (1955) studied the influence of temperature on 

structural relaxation in bromated and unbromated doughs mixed in nitrogen 

and found that at a given temperature, structural relaxation in unbromated 

doughs tended to b: come more rabid with increasing reaction time. This ef- 

fect was greater the higher the temperature. When bromate was present, 

structural relaxation at any one temperature became progressively slower 

with increasing reaction time. The change in dough properties increased 

with increased bromate level. These effects were enhanced by elevated 

temperatures. 

In a study on the effects of bromate and iodate, 6ullivan and co-workers 

(19140) noted that iodate showed its effect more quickly than bromate. Al- 

though iodate and bromate ions have essentially the same chemical properties, 

the rates at which they affect physical dough properties differ widely. The 

iodate effect is evident in a dough taken from the mixer, iodate reacting 

almost entirely during mixing, so that its effect is perceptible immediately. 
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Bromate requires a longer reaction time to show its effect. Sullivan et al., 

(1940) and Uolme and Spencer (1952) presented data to show that improver e in 

general did not produce equivalent quantitative reseonse in the baking test, 

and that less iodate than bromate was required to produce the same effect. 

The effect of iodate on extensograms was reported by ii'lerritt and Bailey (1945), 

and by Smith and Andrews (1952). 

Results of the study of Dempster et el., (1956) suggested that the 

improving effect of various reagents, i.e., bromate and iodate may not arise 

from a single specific chemical reaction. Rather each improver may cause a 

different reaction, each of which produces changes in the 'theological behavior 

of dough. The addition of bromate to dough produced changes in the relaxa- 

tion constants that differed widely from those produced by iodate and which 

emphasized again the time-deoendence of the bromate reaction. 

Suggestions have made that improver action of oxidizing agents 

may be due to the formation of disulfide-cross linkages from oxidation of 

3312hydryl groups of the gluten (Sullivan, 1954), or the inhibition of 

interchange reactions in the protein network between disulfide bonds and 

sulfhydryl groups presumably through the oxidative destruction of sulfhydryla 

(Goldstein, 1957; Frater et al., 1960). 

Leshuk and Hlynka (1960) suggested that iodate and bromate react with 

the same group (s) in flour, except that iodate reacts much faster. Dushuk 

and Hlynka (1962) showed that for normal (short) mixing times iodate gave 

the improver effect over a wide range of concentrations. 

The large differences in sensitivity to remixing and in recovery between 

coughs with different improvers has demonstrated that the improvers act in 

different ways (Bloksma and Hlynka, 1960). The addition of thiol-blocking 
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aent flEI or the oxidant iodate gave doughs showing response, whereas 

bromete and oxygen are associated with high sensitivity and poor recovery. 

The behavior of the ootassium iodate and dE;oi seems to be in favor of the 

hypothesis that flour improvement is die to disappearance of sulfhydryl 

groups rather than to the formation o disulfide cross-links, as suggested 

by Goldstein (1957). 

Effect of Sulfhydryl-Blocking Reagents on Dough Properties 

It is known that both the soluble and the insoluble wheat protein 

fractions contain thiol and disulfide groups. There is evidence that these 

groups are involved in the formation and mixing properties of dough, and 

in the effects observed when flour or dough is treated with oxidizing agents. 

lore direct evidence comes from the effects which are observed when the 

sulfhydryl groups are blocked by highly specific reagents such as NELI and 

PCB. These reagents when added to doughs in amounts equivalent to the 

sulfhydryl content of the flour cause great changes in dough consistencies. 

echam (1959) studied the effect of the above sulfhydryl-blocking re- 

aeents on the mixing characteristics of doughs. The time to maximum dough 

resistance was shortened, maximum dough resistance was increased somewhat, 

and dough breakdown rate was greatly increased. Such effects were noted with 

unbleached, bleached, and bromated flours, and with several levels of re- 

agent. lAecham et al., (1960) suggested that the modification of dough mix- 

ing behavior by adding NEd results from reaction with sulfhydryl groups in 

the less soluble portion of gluten, as indicated by the shape of mixing curves 

of doughs that contained various flour fractions treated with NELL 

Goldstein (1957) used PM as blocking agent, and showed by means of 
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extensoarams after a 135-cinute rest period that when all available -SH 

arouos were blocked, addition of agents such as ascorbic acid (probably in 

its oxidized form) and otassium bromate was without effect, and the effect 

of aCiab on the extensogram was similar to that of bromate or ascorbic acid. 

Prater et al., (1960) obtained results which agreed with those of aecham 

(1959) on the ef2ect of iodate and Had on coughs. both reagents alter the 

mixing properties of the dough initially in such way as to increase the resis- 

tance to mixing and later to lower it. The effects on the extensograrns were 

even more marked, and these workers concluded that, at any given protein con- 

tent of flour, the rheological properties of dough are directly related to 

the number of intermolecular disulfide bonds and the rate at v ich they can 

interchange with thiol groups. The action. of improvars, both thiolblocking 

and oxidizing aaents can be related to the strengthening of the dough 

through inhibition of disulfide exchanae reactions. According to this 

mechanism the effect of thiol - blocking; reagents on the physical properties 

of douahs as measured. by the extensograph, is similar to that of fast oxi- 

dizing aunts such as iodate. Both types of reagents decrease extensi- 

bility and increase resistance to extension. an the other hand, uilivan 

et al., (1961) reiorted that dEPI and PCIB, when used in sufficient amounts 

to combine with sulfhydryl groups, shorten the mixing time of a flour, 

and eliminate the beneficial effect of maturing agents such as aotassium 

bromate and potassium iodate. Extensograph and baking data showed that -EaI 

and 'C..b increase extensibility and decrease resistance to extension as 

compared to the control. 

Bushuk and hlynka (1962) explained the discrepancy of the results cited 

above. They found that sulfhydryl-blocking reagents and common maturing 



23 

agents behave similarly or differently depending on the concentration of 

reagents and the severity of mixing. Nail and iodate both gave the normal 

improver effect when used at comparable concentrations in dough mixed for 

2.5 min. under nitrogen. in doughs mixed longer than 5 min. NhiI gave the 

reverse effect when it was added at a rate higher than the accessible 

sulfhydryl content of the dough. This reversal effect appears to be clue 

to the breakdown of the dough by the mixing action and was probably caused 

only partly by the reagent. In doughs treated with iodate in excess of the 

sulfhydryl content, physical breakdorn during mixing was partly inhibited by 

salt, so that the reverse effect could not be obtained by mixing up to 15 min. 

In salt-free, iodate-treated doughs, mixing for 15 lain, the reverse effect 

could, be obtained. From these results it srems to be clear that different 

results can be obtained depending on the atmosphere (nitrogen or air) in 

which the dough is mixed, salt-free or salt-doughs, and on the severity of 

Effect of Reducing Agents on Dough kroperties 

Reducing agents produce an effect which is opposite to that of oxidizing 

agents on , ough characteristics. Their action is primarily on the gluten 

proteins. Glutathione, thioglycolic acid, cysteine, and sodium sulfite cause 

a drop in the viscosity of gluten proteins and produce extreme extensibility, 

softness, and stickiness (Sullivan et al., 1940; Sullivan, 1954). 

Olcott et al. (1943) showed that reducing agents caused marked changes 

in gluten in the absence of oroteases. The effect was an immediate and marked 

decrease in viscosity. It was also observed that, depending upon the concen- 

tration of reducing agent used, the initial viscosity decrease was sometimes 
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followed by an increase in viscosity. L4'reilich and Frey (1944) reported 

that reducirk, a'ents, among other effects, shortened dough mixing time to 

a marked degree, and these effects were not eliminated by oxidizing agents 

even when present in excessive amounts or in amounts sufficient to overcome 

the loaf volume reduction due to glutathione. Merritt and Bailey (1945) 

reported that addition of bisulfite resulted in an increased extensibility 

and a decreased resistance to extension of doughs tested with the extenso- 

gra7h. 

gynka (1949) reoorted the effect of bisulfite and other reducing agents 

and acetaldehyde on dough and gluten. He showed that the damaLe from bisul- 

rite action to gluten could be reversed with acetaldehyde, although these 

compounds do not form an oxidation-reduction system. He also reported dif- 

ferences in action among bisulfites cysteines glutathiones and sodium sul- 

fide. Consequently, Hlynka suggested that more than one reaction was in- 

volved. Glutathione action was not reversed by acetaldehyde. Hlynka inter- 

preted his results in terms of the cleavage of a cross- linked network 

structure of dough. 

Studies by Matsumoto et al. (1960) showed that addition of acetaldehyde 

which decreased the free sulfhydryl groups produced by bisulfite, was an 

evidence for the mode of interaction between acetaldehyde and thiols. 

Bushuk and Hlynka (1961) studied the effect of reducing agents such as 

sodium bisulfite, sodium borohydride, thioglycolic acid, cysteine hydrochloride, 

reduced glutathione and thiolated gelatin on doughs prior to the addition 

of eotassium bromate, on the rate of bromate reaction. They reported that 

for each reagent, the increase in thr reaction rate was ,proportional to the 

amount added. Increases in the rate were similar for the first 4 reagents, 
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slightly lower for bisulfite and much lower for borohydride. They also 

observed with regard to the handling properties of the dough, that all the 

reducing agents used, except thiolated gelatin, affected the physical 

properties of doughs to such extent that the doughs were difficult to handle 

in the usual manner. The doughs were slack, sticky, and highly extensible. 

is the bromate reaction proceeded, a definite decrease in stickiness, although 

not entirely comharable to the untreated dough was observed. The results 

were obtained after 5 hours of reaction time, and it was suggested that the 

time was insufficient to decrease the sulfhydryl content to the original 

level in the untreated dough. The effect of thiolated gelatin on the 

_physical properties of dough was significantly different from that produced 

by other reducing agents. Doughs containing as much. as 5 g. of thiolated 

gelatin (2.5 meq. -SH per g. of dough) did not feel different from control 

doughs. Two hypothetical explanations, both based on the high molecular 

weight of the thiolated gelatin used, were off red to explain the absence 

of a reducing effect of this reagent on dough. First it vight be that the 

rate of the interchange reaction is negligible because of the high molechlar 

weights of the components involved; the increase in the bromate reaction 

would then be result of the reaction of bromate ion with the sulfhydryls of 

thiolated gelatin. This later reaction, in aqueous solution of neutral p, 

proceeds at about the same rate as the normal bromate reaction in dough. 

Second, it might be that the physical properties of the protein that results 

from the interchange are similar to the properties of the original protein, 

because the relative size of the molecules roduced is not very different 

from the original size. 

Bird and Yates (1961) studied oxidation of reduced proteins of gluten 
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with sodium borohydride, and oxidation of thiol groups of thiolated gelatin 

by means iodat bromate and persulfate. Oxidation of the high molecular 

moieties by iodate proceeded at a faster rate than oxidation by bromate and 

,ersulfate, which was in agreement with oxidation rates obtained with low 

olecular weight thiols. Disulfide has been shown to be the major product 

of oxidation, but there is the likelihood of the corres,onding sulphinic 

acid and sulphonic acid being formed as happens with oxidation of cysteine. 

The increase in disulfide formation with concentration of thiolated gelatin 

suggests that the proximity of the thiol groups undergoing oxidation will 

determine the products formed. 

Regarding the type of disulfide formed, Benesch and Benesch (1958b) 

showed that the oxidation by ferricyanide of thiolated gelatin at a concen- 

tration of 0.2 per cent produced intramolecular disulfide bonds, and at a 

concentration of 5 per cent the formation of intermolecular disulfide bonds 

caused gelling. Hird and Yates (1961) also obtained gel formation in oxi- 

dation by iodate of thiolated gelatin at concentrations of 5 per cent and 

10 per cent. 

The theory of Goldstein (1957), Mecham at al., (L'45Q, 1960), and Prater 

and Jirdis group (1960, 1961) that the flour Proteins participate in 

sulfhydryl-disulfide interchange reactions has been studied also by Leerott 

and Pace (1961). These authors examined the effect of adding thiolated 

gelatin to flour-dough. The thiolated elatin modified the load-extension 

curves, while the effect of essentially thiol-free gelatin was insignificant. 

Gluten was then washed from the doughs and the content of hydroxyproline deter- 

mined. As there is about 15 per cent of this amino acid in elatin and none 

in normal gluten, its presence :indicated an "associated" -Laten of flour 
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protein and celatin. A significant portion of thiolated gelatin became 

firmly associated with the gluten. This de; roe of binding was not observed 

with gelatin and sulfhydryl compounds of low molecular weight. These workers 

concluded that there is not enough evidence at present to decide whether this 

was due to an interchange reaction leading to the formation of mixed flour 

protein-gelatin disulfides or whether it was due to association of thiolated 

elatin by other mechanisms, for example, by hydrogen bonding, or formation 

of insoluble disulfide-gelatin. 

The purpose of this work was to investigate the differences in the ef- 

fect of thiolated gelatin, varying in molecular weight and thiol content 

and compare these effects with that produced by glutathione on rheological 

properties on doughs and baking potentialities. The effect of oxidants on 

reversibility of Thiogel and glutathione- induced changes in flour-doughs 

was also studied. 

AT E2TAL, ANL 

The flour samples used in this study were 2 untreated patent flours 

commercially milled from Hard Red Winter wheats and 4 flours obtained from 

wheats experimentally milled on a fdliag "hultomat" mill. These samples were 

obtained from Hard Red Winter, Soft Red sinter, ;Northern Spring, and Durum 

wheat. 

Composition and characteristics of the commercial flours. 

;.',Ezaple "A" 

Sample "B" 

erotein Ash Farinograph 
(Nx5.7) (%) (%) absorption (;,) 

11.9 0.0 64.9 

14.4 0.39 62.4 



Composition and characteristics of the experimentally milled floqrs. 

Extraction Ash 

(%) 

'rotein 

(Nx5.7)(%) 

Hard Red Winter 73.17 0.43 10.7 

Soft Red Winter 70.92 0.36 9.1 

Northern Spring 72.65 0.44 13.1 

Durum 66.95 0.56 11.9 

23 

Farinvraph 
absorption (% 

66.4 

56.o 

64.6 

53.6 

The thiolated gelatins were obtained from Schwarz Bio-Research, 

)Jount Vernon, N. Y. The properties of these compounds were: 

Average molecular Average 9H equivalents 
weight in 100,000 grams 

Thiogel A 10,000 11.2 

Thiogel B 100,000 13.3 

Thiogel C 100,000 3.2 

The gelatin was obtained from Difco Laboratories; the oxidizing, -SH 

blocking, and reducing agents employed were of analytical reagent grade and 

were purchased from Nutritional Biochemical Corporation, Cleveland, Ohio, or 

from Fisher Scientific Co., St. Louis, Missouri. 

Methods: Moisture, protein, and ash contents of the flours were 

determined by the methods of the AACC (1957). 

Farinograms were made by mixing 50 g. of the flour in a small stainless 

steel farinograph bowl (56 r.c.m. drive) with sufficient distilled water to 

give a maximum dough consistency centered around the 500 Brabender unit line. 

from the results obtained, the absorption, doogh development time and valori- 

meter value were computed. 
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Absorption is the amount of water necessary to center the farinograph 

curve around the 5c).0.13.1J. line for a flour-water dough. 

f2ough development time is the time to the nearest half min. from the 

first addition of the water to the development of the doug'ols maximum con- 

sistency, minimum mobility, immediately before the first indication of 

weakening. 

Valorimeter value is an empirical, single figures quality score; it is 

based on the development tire and tolerance to mixing and is derived from 

the farinogram by means of a special template supplied by the manufacturer 

of the farinograph. The valorimeter value is dependent upon two character- 

istics of the farinogram: the dough development time or peak time, and the 

rate at which the dough breaks down after the peak time. 

Extensograms were obtained by mixing 300 g. of flour, 6 g. of salt, 

reducing agents added when used, and distilled water equal to the farino- 

graph absorption (corrected for the salt and use of the large bowl). Doughs 

were mixed. for one min., rested 5 min., and remixed until the curve was 

centered about the 500..B.U. line. All doughs were non-yeasted. In some 

cases, the samples were mixed in the Hobart mixer (indicated where aA)licable), 

employing an absorption as indicated by the farinogram, and constant mixing 

time of 5 minutes. 

After the dough was removed from the Hobart mixer or from the farino- 

graph bowl, two 150 g. portions were scaled, eech rounded 20 times, molded, 

and placed in the dough. holders. No dusting flour was used except in extreme 

cases of stickiness when a dough could not otherwise have been rounded or 

molded. The dough holders were placed in the extensograph cabinet maintained 

at 3000. Curves were drawn for duplicate doughs after time intervals of 
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45, 90, and 135 min.. After the first and second stretch the doughs were 

rounded 20 times and remolded into dough cylinders. To test the effect of 

potassium bromate in the case that extensograms were done as cited above, 

at the end of the third stretch (135 min. rest period) the doughs were re- 

mixed for 3 min. at 28 r.p.m. in the farinograph bowl to incorporate the 

oxidant. The doughs were then molded and rested for 105 min. at 30°C in 

the extensograph cabinet and stretched. 

In other cases (as indicated in appropriate places), the dough was 

removed from the farinograph bowl in a single piece, handled as little as 

possible, and placed in a dry clean fermentation bowl. A reaction time of 

I5 min, was given in the extensograph cabinet. After this periodl the dough 

was remixed 3 min, at 28 r.p.m. to incorporate the oxidants or NELl. Two 

150 g. dough pieces were scaled rounded and molded, placed again in the 

extensograph cabinet for 135 min. and stretched. 

For relaxation studies, two batches of dough from 300 g. of flour, 

2 per cent salts and additional reagents were prepared. The water and mix- 

ing time in each case were those required for optimum consistency. Six 

150 g. dough pieces for following the relaxation process were scaled, balled 

and molded, After a 1t5 min. reaction period, one dough piece was stretched 

without remolding. The other dough pieces were remolded and stretched after 

time intervals of 0, 5, 15, 30, and 1.i5 min, after molding. 

The baking experiments were on a laboratory scale employing the straight- 

dough procedure. 
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The basic formula employed in bread-baking was: 

ingredients Parts 

Flour 100 

cater variable 

Yeast 2 

Sucrose 6 

Malted wheat flour 0.5 

Shortening 3 

Sodium chloride 2 

Reducing arents as indicated 

After mixing to optimum consistency, the doughs were fermented at 300 C. 

After 110 min. the doughs wer) punched, and 50 min. later punched again, 

divided, rested for 20 min., and molded. The doughs were proofed at 30° C 

for 45 min. and baked for 25 min. at 2100 C. 

RESULTS AND DISCUSSION 

The effect of thiolated gelatin on farinogram characteristics of flours 

is shown in Table 1. Comparing the effect of the Thiogels with either the 

control or the gelatin-containing flours shows a small decrease in water 

absorption. No consistent effect on water absorption has been recorded among 

the three tested Thiogels themselves. It is significant, however, that the 

Thiogels caused a reduction in the dough development time as might be expected 

if these agents act as typical dough reducing agents. Thiogel. B hac the most 

profound effect and Thiogel C the least effect on decrease either dough develop- 

ment time or valorimeter value. In all samples was observed a slightly more 

pronounced effect of Thiogel B than of Thicrel A despite the lower sulfhydryl 
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Table 1. Effect of 0.5% Thiogel on farinograph characteristics of flours. 

Rea 'ent -SH 

. Commercial H. R. W. Experimental H. R. w. rimental S. R. A. : r mental H. /1,S. rimental Durum 
:"------71337671Trani-: : oug : a or- 

: Absorp- : Devel. : imeter : Absorp- : Devel. : imeter 

: tion : Time : Value : tion Time : Value 

Mbsorp- 

tion 

o 

Devel. 
Time 

: or- 
imeter 

: Value 

ug 
Absorp-Devel. 

: tion : Time 
imeter 
Value 

0 
:Absorp-: Bevel. 
: tion Time 

0 
imeter 
Value 

(meq./g.flour) 
(%) 

(min.) (%) (min.) (%) (min.) (%) (min.) (%) (min.) 

67.4 13.0 88 66.4 8.0 76 56.0 9.5 81 64.4 11.o 85 63.6 3.5 59 

Gelatin 0 66.9 13.5 89 69.0 10.0 82 57.6 6.0 69 66.2 11.5 85 614.8 3.0 58 

Thiogel A 0.71 66.0 7.5 75 65.o 5.0 66 55.8 5.5 68 64.4 7.0 73 62.4 3.0 55 

Thiogel B 0.66 65.0 4.5 64 64.0 4.0 61 57.2 3.0 56 64.2 6.0 7o 62.6 2.5 53 

Thiogel C 0.16 65.0 10.0 82 66.o 6.0 69 57.2 5.5 71 65.0 9.5 81 63.0 3.0 56 
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content of Thio el h. This effect might be due to the higher stability 

of the high-molecular Thiohel B during mixing. 

The effect of thiolated gelatin as measured with the extensograph 

in experimentally milled flours is shown in Table 2. Durum wheat under 

these conditions could not be tested. since the douehs obtained were impos- 

sible to handle, even when a short mixing time was given. Thio:e21 1 has the 

more eronounced. effect in increasing extensibility and reducing resistance 

to extension, consequently the reduction in area of the cxtensogram was very 

marked. The effect was similar in the 3 flours tested. Thiogel B and Thiogel C 

decreased resistance to extension but Thiogel B also decreased extensibility. 

The data cited above cannot be compared with those summarized in Tables 

3, 1, and 5, beceuse the doughs were erepared under different conditions. 

The latter deughs were mixed in the farinograph bowl until maximum consistency. 

The extensograms obtained after :05 min. show that at the levels employed, 

the three Thiogels increased the extensibility of the tested deughs to an 

extent comparable to the action of glutathione. Giutathione had, however, 

a much more ronounced effect, normally associated with reducing a; nts, 

namely an increase in extensibility and reduction of resistance to extension. 

The eronounced effect of Tniogels 1 and B on the decrease of resistance 

to extension was noted with all the flours. The effect of Thioeel C on dough 

characteristics was :Less consistent and in the case of orthern Spring wheat 

flour the resistance to extension after 45, 90, and 135 min. was actually 

increased. There was no consistent difference between the action of thiolated 

gelatins having a molecular weight of either 10,0 or 100 Je0 provided they 

did not differ in thiol content. 

Addition of an excess of bremate to 6014 s which were ereviously treated 



Table 2. Lfiect )f 0.5% thiolated gelatin on experimentally milled flours. 

heat flour 1 : Reagent 

145 

EXTEWAGRA2H DATA AFTER A REST .ELOD OF 
90 min. min. 

t C 

Hard Red Winter - - 25 160 320 7. 4 _':3 2 0 430 124 24 250 540 1.60 

Gelatin 0 25 140 340 104 22 190 420 112 22 240 470 132 

Thiogel A 0.71 23 60 70 26 26 60 30 30 22 60 90 23 

Thiogel B 0.66 16 190 230 53 16 210 260 52 17 180 220 50 

Thiogel C 0.16 24 160 290 94 23 200 370 109 211 230 430 132 

Hard Red Spring - - 24 240 540 154 25 290 610 200 25 300 700 230 

Gelatin 0 24 210 470 143 21 300 710 185 22 315 710 197 

Thiogel A 0.71 21 105 135 43 26 130 170 61 24 110 160 53 

Thiogel B 0.66 19 250 390 94 17 290 420 95 19 270 420 100 

Thiogel C 0.16 23 210 420 124 22 290 580 160 22 310 630 164 

Soft Red Winter - - 22 220 460 131 20 260 420 129 19 310 580 135 

Gelatin 0 22 210 430 114 19 280 540 125 19 270 540 129 

Thiogel A 0.71 24 70 90 30 24 30 100 33 21 70 90 25 

Thiogel B o.66 15 170 210 43 13 170 200 36 15 170 200 42 

Thiogel C (.16 21 160 340 92 21 210 390 104 20 250 470 114 

1.. 
Ail samples were mixed 5 min. in a Ftobart mixer at high speed, at optimum absorption. Each sample 

contained 2% NaC1 (flour basis). 

A = length, cm. 

B = height at 5 cm., B.U. 
C = Maxim= 4eight B.U. 
D = area, cm 
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with reducing a ents shows (Tables 3, I, 5, and 6) that the extent of 

modification and potential reversal of this modification. by adding oxidants 

varies with the reducing anent used. ilhereas the addition of elutathione 

(Tables I and 5) resulted in a mort erofound, irreversible change in rheo- 

logical characteristics as assessed be the extensograph, the changes intro- 

duced by the thiolated gelatin could be partially reversed (Tables Ii, , and 

6). The extent of reversibility depended both on the type of flour employed. 

and on the sulfhydryl content of the Thiogel added, it is feasible that the 

profound difference in action between the thiolated eelatins and slutathione 

is a result of the association of the former with the wheat gluten, as ob- 

eerved by ee.bermott and pace (1961). Sach an association would tend. to con- 

fine the action of Thionels to a limited number of sites on the wheat erotein 

molecule. 

The effect of different levels of bromate was studied on a cow, 

mercially milled flour containng 0.5 per cent of Thiogel B; the data are 

summarized in Thole 7. Extensogram characteristics of one control salt- 

doueh and one gelatin-dough are compared with the doughs containing Thioeel 

and bromate. There was observed no measurable reversal action eeine 25, 50, 

and 100 eer cent of bromate eeeivalent to the per cent of the sulfhydryl 

groups added in form of thiolated eelatin. Consequently, an equivalent 

level of 300 eer cent bromate was used in subsequent studies. 

P study of the effect of bromate, eersulfate, iodate, and N.di on 

Thiogel-treated deeghs is show in Table 3. The oxidants and the SRei were 

used at a level equivalent to 300 per cent oe added sulfhydryl eroups. The 

reaction time of the reducing agents with the flours was 45 min., and that 

for the oxidants or NEMI was an additional period of 135 min. 



Table 3. Effect of 0.5% thiolated gelatin on 'theological properties of Hard Red Winter wheat flour 
and response to bromate, 

Reagent : 
-SH 

EXTENSOGRAIJH DATA 

45 min. 90 min. 135 min. 
: 135 mm. after addition 
: 
of KBr 

: :B : 
G :D B G A :11 : :D :A : :D 

(meq./g.) 

21 280 540 148 15 490 890 162 13 600 940 141 15 440 610 Ui 

Gelatin 0 21 215 440 115 12 570 850 118 12 630 920 115 14 450 670 110 

Thiogel A 0.71 23 140 180 61 24 130 170 59 24 130 180 64 19 210 270 71 

Thiogel B 0.66 23 220 390 117 21 200 260 79 20 200 260 74 20 200 310 82 

Thiogel C 0.16 23 260 470 144 20 400 700 174 18 420 730 161 19 350 590 155 

1KBrO 
3 equivalent 

to 300% of added -SH groups. 

A = length, cm. 
B n height at 5 cm., B.U. 
C = maximum eight, B.U. 
D = area, cm 



Table 4. il:ffect of 0.5% thiolated gelatin on rheological properties of Hard. Hod spring Vheat flour and 
response to bromate. 

Reagent : 
-,(_71.1 

JATENSOGRAPH DATA 

45 min. : 90 min. . 135 min. 
135 mi.. after addition 

: 
of KBrJ3 

1 

: 
A 

: 
1T'' 

: 
C : L . A 

. 
. B . Tr . 

' 

. :A: 13 
: 

C 
: 

i, 
: 

, 
: :C. D 

(meq./g.) 

20 280 580 143 12 56o 980 123 12 66c 980 141 15 460 770 145 

Gelatin 0 22 260 580 151 13 600 980 141 13 650 960 139 16 5 o 8)0 153 

Thiof,o1 P 0.71 23 130 240 73 23 130 250 77 26 170 350 120 26 250 600 192 

Thiogel 13 0.66 21 230 390 104 22 240 470 330 22 250 460 133 21 270 530 140 

Thiogel C 0.16 25 300 710 226 22 420 900 254 18 510 940 217 16 4,,,0 300 177 

Glutathione 0.66 25 7o 80 31 26 80 110 41 25 150 250 37 24 60 110 38 

1 
Or0 

3 
equivalent to 300% of added -sa groups. 

A = length, cm. 
B = height at 5 cm., B.u. 
C = maximum height, B.U. 
1) = area, cm 



Table 5. Effect of 0.5% thiolated gelatin on rheological properties of Soft Red tinter wheat flour. 

Reagent 

: 

-SR :A 

EXTENSOGRAPH DATA 

45 min. 90 min. : 135 mi n. 

; 135 min. after addition 
: of KBrOil 

:Er :C : D :A :B :C : 1) .A :B :C s A : C 

(meq./g.) 

- - 23 150 310 87 13 420 630 93 12 540 720 96 17 300 520 109 

Gelatin 0 18 250 450 107 15 360 620 112 13 430 690 108 17 300 500 106 

Thiogel A 0.71 22 60 80 26 25 40 80 26 25 90 140 49 25 140 280 91 

Thiogel B 0.66 18 140 180 45 20 110 140 37 20 100 130 38 20 130 190 51 

Thiogel C 0.16 22 215 410 111 18 310 520 121 18 330 580 133 18 290 460 106 

Glutathione 0.66 22 ho ho 15 24 50 50 21 22 50 70 24 22 60 60 21 

1KBr03 equivalent to 300% of added -SH groups. 

A = length, cm. 
B = height at 5 cm. B.U. 
C = maximum ight, B.U. 
D = area, 



Table 6. Effect if 0.5% thiolated gelatin on rheological properties of Lurum wheat flour. 

Reagent : -SH 
45 min. 

C: D 

EXTEN;0GRJH DATA -Wier eduction 
90 min. 135 mir. : 

of KBr031 
B :A :IS :C C 

(e01./g.) 

20 130 160 48 18 190 240 57 18 210 280 64 21 130 16) 46 

Gelatin 0 19 130 150 36 18 180 240 57 17 220 290 64 22 130 160 47 

Thiogel A 0.71 13 40 40 7 20 80 80 21 23 90 100 31 17 280 3t0 71 

1 

Or03 equivalent to 300% 
of added ..31.1 groups. 

A = length, cm. 
B = height at 5 Cr., B.B. 
C = maximum kolght, B.U. 
D = area, cm 



Table 7. Eff2ct of different levels of 
KBrO3 

on untreated commercially milled flour (A) containing 0 W Thiogel B. 

Rea-ent 
: 

-Sh 
:ABrO3 

EXT1145001-LaiH 

° 45 win. 90 min. 135 min. 

: 135 min. atter ad- 
: oitiin of 4Br03 

:A :0:11/:A: :C:D:A: Li :C:u:A: :0: B 

(meq./g.) 

20 330 640 160 13 600 980 140 11 720 980 120 15 480 790 137 

helatin 20 320 720 172 14 58o 980 157 12 680 980 134 14 420 670 116 

Thiogel B 0.66 20 320 530 147 19 360 590 147 19 380 64o 161 21 290 510 144 

Thiogel B 0.66 25 20 290 470 122 19 320 510 133 21 300 520 140 21 290 520 144 

Thiogel B 0.66 So 20 290 470 128 19 320 54o 1)40 20 300 530 134 22 270 500 146 

Thiogel B 0.66 100 19 310 500 124 19 320 530 133 21 270 470 133 21 270 510 10 

1. 
to of the thiol 1..oups added. 

A = length, cm. 

B = height at 5 cm., B.U. 
C = maximum height, B.U. 
D = area, cm2 
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Table 3. Effect of oxidants and EL, i on rheologicl .:)roporties of a 

commercially milled flour (A), treated with reducing agents. 

ilthf 

:')xistant 

Reaent : 

or 
NEil 

aidant: 
:level 

:FAIL PAT A: I TETSOPIRAPH DATA 

: tion 

iioug 

!veL.: 
: Time 

.meq./g.) (nig./g.) ) 

+am IOW 111. 66.4 14.5 19 30 540 125 

=,elatin 66.0 11.5 21 330 65o 145 
4100 KbrUl 0.333 66.4 15.5 18 310 550 121 

(111020203 o.455 66.4 13.0 15 420 640 119 

o.427 66.4 14.5 12 470 610 88 

NEL. 0.250 66.4 14.5 12 46o 62o 74 

Thiogel B 0.66 62.8 2.5 22 220 340 106 
Thiogel B n.66 L(BrO3 0.333 62.8 22 290 53o 155 
Thiogel 0.66 (1'1114.)22(-)3 0.455 62.8 14 410 590 109 
Thiogel B 0.66 KI01 62.8 . 690 800 90 

Thiogel B 0.66 NEVI 0.250 62.3 1u 530 650 82 

Glutathione 0.66 65.2 4.0 24 110 200 66 
Ulutathione 0.66 KBr" u.333 65.2 24 130 240 78 

blutathione 0.66 CH4 282°3 0.455 65.2 25 190 370 128 

Giutathione 0.66 KL 0.427 65.2 19 260 340 83 

Glutathione 0.66 Eu 0.250 65.2 21 1/10 170 

A = length, cm. 
B = height at 5 cm., 
C = maximum height, B.u. 
D = area cm2 



The large excees of either bromate or persulfate (in the absence of 

reducing aeents) had no celeterious effect on the doughs, probably due to 

remixing after the first rest period, in case of iodate and ii.' the remix 

did not elieinate the deintrious effect of excess of oxidant or sulfhydryl 

blocking reaeent. Addition of oxidants to Thioeel-treated doughs reversed 

the effect of red uctant on theological properties of the dough, but no 

measurable effect ead been observed when any of the oxidants or PE I was 

added to glutathione-treated flour. The highest reversible response was 

obtained with bromate. 

The effects of the Thioeels on the 'theological properties of a corn,. 

mercially milled flour are shown in Table 9. The effects of oxidants on 

the reversal effect on doughe treated with reducing agents are shown in 

Table 10. The effect of the Thiof:els depended on the level of selfhydryl 

content. The increase in extensibility and decrease in resistance to exten- 

sion was more marked in the case of Thiogel A. When oxidants were added to 

Thiogel-containing doughs, the effect of reducing agents was reversedl the 

reversal in glutathione-treated doughs was small. The addition of NEka 

after giutathiene gave a very sticky dough, impossiele to handle. The 

highest response in the reversal action was obtained with bromate. The 

effect of iodate and REel was again very similar. The siiiarity of behavior 

of these two compounds has been discussed by Lecham (195)) in relation to 

mixing. 

The ra i.e of relaxation in doughs following the introduction of strains 

was studied in a flour treated with the three Thioeels and glutathione, and 

compared with either the control or the gelatin-containing flours. 

Table 11 and Plate I show that balling and shaping introduced strains 



Table 9. Effect of 0.5% thiolated gelatin on the rheological properties of a commercially milled 
flour (13). 

Reagent 

DAL-. JiFTLI-1, 

Absorp- 
: tin 

:Dougih 
: Level. 
: Time 

: 45 min. 90 min. J35 An. 
:777777/7-71 :A: :G:1): A : G 

(%) (min.) 

- - 60.7 18.5 24 390 970 293 17 630 980 214 16 650 980 206 

Gelatin n 61.7 20.0 26 290 760 238 15 680 980 157 15 640 980 179 

Thiogel A 0.71 59.3 4.0 28 200 390 142 28 210 460 162 28 220 490 176 

Thiogel B 0.66 59.7 3.5 27 240 470 172 28 220 48o 179 28 220 470 176 

Thiogel C 0.16 60.9 21.5 21 450 980 250 14 720 980 180 15 640 980 188 

A = length, cm. 
B = height at cm., 
C . maximum height, B.O. 
B = area, cm? 



Table 10. Effect of oxidants and 'i0 T on rheological .roperties of a commercially mille6 flour (00 
treated with reducing agents. 

eagent 

Xi a'4suui. DATA 

1. 

ntrols 
C j :B:C: 

(1e1-1..42,e) 

19 420 76G 132 18 410 670 145 13 670 910 128 12 520 610 76 

Gelatin 0 21 3)40 640 176 21 3)40 590 163 20 300 440 112 19 340 48o 115 

Thiogol A 0.71 27 160 380 132 23 240 620 213 12 630 770 99 15 450 610 107 

Thiogol I 0.66 23 190 390 1)i6 26 240 560 191 12 710 880 114 16 490 66o 133 

Thiogel C 0.16 19 360 670 161 16 4o0 630 127 11 66o 780 97 11 620 740 34 

Glutathiono 0.66 23 100 130 39 25 130 240 75 21 280 330 102 

1. 
Equivalent to 3oUb of cortent of Thiogel b. 

= length, Cm. 
= height at 5 cm., I.L. 
= maximum height 
= area, cm? 



Table 11. Effect of reducing agents on the rate of relaxation of a 

commercially milled flour (A). 

EXIEAS0W1AeH lirdA 

liea,ent -bk : easurement Contr.)]. : 1 : 2 : 3 : 4 : 5 

(meq./g.) 

Control - A 17 8 9 li 11 12 

Li 430 380 920 690 620 620 

C 580 980 980 980 980 930 

128 89 91 121 120 120 

Gelatin 0 A 16 7 10 10 11 14 

6 38o 980 890 38o 680 58o 

C 820 980 980 980 980 930 

P 150 85 112 117 122 1119 

Thiogel A 0.71 A 23 9 / 14 22 2h 25 

B 210 360 530 310 260 230 

c 40o 980 980 700 530 470 

D 123 100 162 196 174 159 

Thiogel B 0.66 A 20 8 13 15 18 24 

e 310 980 650 460 380 340 

c 560 980 980 770 640 600 
.0 147 88 154 14f) 151 157 

Thick;e1 C 0.16 A 16 8 10 9 5 11 
h Soo 960 960 960 860 84o 

C 330 980 980 950 980 930 

P 168 88 121 104 102 126 

autathione 0.66 A 27 9 11 17 24 25 

100 320 530 300 20 200 
C 240 980 930 56o 43o 380 
1) 86 87 104 1/5 135 126 

A. = length, cm. 
? = heisht at 5 cm., b.U. 
C -,: maximum height, B. 

Ia = area, cm2 

(Control was stretched 45 min. after molding; dough s 1, 2, 3, 114 and 5 wcre 

stretched immediately, 5, 15, 30, and 45 min., rest after molding at the end 

of the initial 45 min. rest period). 



EXPLANATION OF PLATE I 

Extensograms of douChs tested at varyin time 

intervals after molding. Control was stretched after 

a 45 min. reaction iod. The otilz d. 01 pieces 

were remolded after the reaction time of 45 min. and 

stretched after time intervals of Os 5, 30 and 

45 min. 



TPTAININT 

NO ADDITIONS 

TI110411 A 

111106111 

11110Gil ( 

GLUTATIN0111 

ONTROL 

( CONTROL 

EXTENSION 
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in dough that resulted in a dough markedly toughened. and shortened. These 

strains relaxed only slowly in the control doughs. Addition of reducing 

aeents did not prevent the buildup of strains in the dough after balling 

and shapine but allowed these strains to relax more and at a fester rate 

than in the controls especially in the case of elutathione. However, no 

relaxation was observed with Thiogel C during a eriod of 45 min. after the 

etraine were introduced. 

In Table 12 are sernarized the data of the eftect of bromate and 

on relaxation studies of the doughs treated with Thiogel B. Both. bromate 

and NEP:I decreased the rate of relaxation although to a different extent. 

NETJ decreased the rate of relaxation to a larger extent than did bromate, 

a sloe oxidizing agent. Frater et al., (1961) suggested that the major ef- 

fect of NEI,I or of iodate was to stabilize the strained and/or oriented 

structure normally introduced into the dough previously, during the balling 

and shaping process. The rapid action of NELI in the blocking of sulfhydryl 

groups does not permit the dough to relax like in the case of bromate that 

has a slow action. 

The baking test was performed with a commercially milled flour ("B") 

treated with gelatin, the three Thiogels, and glutathione at different levels. 

The results are presented in Table 13. Thiogel A and B at the 0.5 per cent 

and 1 per cent level decreased the loaf volume and affected. somewhat the 

other bread. characteristics. Thiogel C seems to have under certain condi- 

tions a slight improvement effect. 

Glutathione added at a comparable sulfhydryl level had a detrimental 

effect throughout the whole course of the baking process. The loaf volume 

was considerably decreased and the bread characteristics were affected 



149 

Table 12. Effect ef K3r03and NEa. on the rate of relaxation of a 
eomercially milled flour (A), treated with 0.5 Thiogel B 
(.66 meg. -SH/g. flour). 

fteagent 

Level of 
: reacenta keasurement 

EXT&J.!30GRALH DATA 
:Tatrol : : 2 3 : 14 : 5 

14.±r03 12.5 A 13 3 10 10 11 15 
410 980 980 940 790 620 

C 760 980 980 980 980 930 
173 914 119 116 1314 175 

Kbr ) 100 A 13 8 9 12 12 13 
3 B 490 980 930 3140 730 320 

C 310 980 980 980 940 9140 

189 90 109 1142 ]142 165 

NEL L 100 A 12 7 9 8 9 10 
B 760 980 980 980 980 38o 
C 980 980 980 980 980 980 

140 80 105 92 100 1014 

Equivalent to of the thiol groups added. 

A = length, cm. 
B = height at 5 cm., 13.U. 

C = maximum height, E. (j. 
= area, cm2 

;Control was stretched 145 min. after molding; dough 1, 2, 3, 4, and 5 were 
stretched immediately, 5, 15, 30, and 45 min. rest after molding at the end 
of the initial 45 Hun, rest period). 



Table 13. Effect of reducing agents on baking characteristics of a commercially milled flour (6). 

: .C.eagent : Loaf ; Crust : : Break ,d, : : : Crumb 
Reagent : Level -SH : Volume : Color : Symmetry : Shred : Texture : Grain : Color 

(meq./g.) (cc) 

Control - - 945 9 10 9 16 16 10 

Gelatin 0.1,, 0 1005 9 10 lo 17 15 10 
0.25 0 1015 9 10 9 17 14 10 
0.50 0 1005 9 9 8 18 15 10 
1.00 0 965 9 10 8 18 15 10 

Thiogel A 0.10 0.14 975 9 9 8 17 15 10 
0.25 0.36 915 9 8 8 17 16 10 
0.50 0.71 810 9 8 7 16 16 10 
1.00 1.42 710 9 8 6 12 12 7 

Thiogel B 0.10 0.13 915 9 8 7 16 16 10 
0.25 0.33 970 9 8 8 17 15 10 
0.50 0.66 875 9 8 7 17 16 lo 
1.00 1.32 800 9 9 7 16 17 10 

Thiogel C 0.10 0.03 995 9 8 7 17 17 10 
0.25 0.08 970 9 9 8 16 16 lo 
0.50 0.16 1005 9 8 7 17 16 lo 
1.00 0.32 985 9 8 7 18 16 10 

Clutathione 0.00 0.13 910 9 8 7 17 17 10 
0.01 0.33 785 9 9 6 16 15 10 
0.02 0.66 650 9 9 4 14 13 7 
0.04 1.32 560 9 7 0 10 10 6 
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adversely. These data confirmed the results obtained in the study of 

rheolodical properties of the dough treated with the reducing aents. 

Baking tests of the four experimentally milled flours containing the 

reducing aents are summerized in Table 14. The results obtained were 

similar to those obtained with the commercially milled flour. The effects 

of the reducing aents depended on the kind of flour employed. ii4hereas 

glutathione had a consistently highly detrimental effect, the thiolated 

gelatins varied in their effect on the different flours. nigh levels of 

Thiogel or b decreased loaf volume and bread quality a[)preciabIy. 

Thiogel C, low in sulfhydryl content, had little if any, effect on flours 

milled from Hard Red Y'inter, Soft bed 'inter, or 'Durum wheat. Both the 

commercially milled strong flour, and the experimentally milled flour from 

'orthern Spring wheat seem to be improved slightly by the addition of 

Thiogel C. This effect is comparable to that observed on addition of very 

low Levels of proteases and seems to be a mellowing effect of the "bucky" 

high-protein flour. 

iiAY AND C 

The addition of three thiolated gelatins varying in molecular weight 

and sulfhydryl content, resulted in a slight decrease in farinograph water 

absorption and in a pronounced reduction in dough development time and 

valorimet.er value. Thiolated gelatins and glutathione increased the extensi- 

bility and decreased the elasticity and extensogram area of flours milled 

experimentally from L classes of wheat or of 2 commercially milled untreated 

flours. The extent of modification varied with the reducing agent and flour 

employed. Glutathione had consistently the most detrimental effect, the low 



Table 14. Effect of reducing agents on baking characteristics of experiwentally milled flours. 

Flour Reagent -SH : 

Loaf : Crust 
Volume : Color 

: Break & 

Symmetry : Shred : 

Hard Red YJinter 

(meq./g.) (cc) 

780 7 9 

0.25% Gelatin 0 85o 7 9 
Thiogel A 0.35 775 8 9 
Thiogel B 0.33 790 8 9 

Thiogel C 0.08 795 3 3 

Glutathione 0.33 705 8 8 

Soft Red Winter - 710 6 3 
0.25% Gelatin 0 750 7 3 

Thiogel A 

Thiogel B 
0.35 
0.33 

700 
690 

7 

6 
7 
8 

Thiogel C 0.08 725 7 8 
Glutathione 0.33 695 6 9 

Northern Spring - 900 9 8 
0.25% Gelatin 905 9 10 

Thiogel A 0.35 875 9 10 
Thiogel B 0.33 835 9 10 
Thiogel C 965 9 10 
Glutathione 0.33 810 9 10 

Durum 675 9 9 
0.2570 Gelatin 0 660 9 9 

Thiogel A 0.35 650 9 9 

Thiogel B 0.33 550 9 6 
Thiogel C 0.08 665 9 3 
Glutathione 0.33 55o 9 6 

8 

8 

8 

8 

6 
6 

6 
7 
6 
6 
7 
7 

7 
8 
3 
a 

10 
8 

6 
6 

1 

4 
1 

Texture Grain 
: Crumb 

: Color 

16 15 10 

17 15 10 

16 15 10 
16 17 10 

16 10 

15 Th 10 

Th 10 
15 15 10 

1)1 11 I. 10 
1)4 14 10 

10 

15 14 10 

16 16 10 
16 16 10 
16 17 10 

16 16 10 
18 16 10 

17 16 10 

114. 7 

314 14 7 

12 114. 7 

13 12 7 

14 7 

10 10 
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sulfhydryl containing thiolated ;.e.latin exerted a smaller effect than did 

the gelatins containing higher sulfhydryl levels. The theological modi- 

fications induced by the reducing agents could be reversed by the addition 

of excess of xidants or N-ethylmaleimide. The extent of reversibility 

depended on the extent of modification resulting from the action of the 

reducing agents. It was highest in the low thiol- containing gelatin, and 

lowest in the case of glutathione addition. The addition of an excess of 

bromate or persulfate was cancelled on remixing whereas no such e2:fect was 

noted on addition of iodate or NE'.J. 

Glutathione and thiolated gelatins accelerated the rate of relaxation 

of strains introduced by mechanical treatment. Addition of NEU to loughs 

containing thiolated gelatin cancelled the rate of relaxation completely, 

bromate reduced the relaxation rate to a smaller extent. 

Glutathione and levels of thiolated gelatin of high thiol content 

impaired substantially volume and characteristics of bread from the experi- 

mentally milled and from a commercially milled flour. Thiolated gelatin of 

low thiol content had in case of the commercially milled, high - protein flour 

and the floor milled experimentally from a Northern Red Spring wheat, a slight 

beneficial effect. This improvement seemed to be due to "mellowing" of the 

"bucky" dough. 

SUGGETDNS FOR FUTTE RK 

The purpose of this work was to investigate the differences in the 

effect of reducing agents varying in molecular weight and thiol content on 

rheological properties and bread baking potentialities of wheat doughs. The 

results obtained have sugeested several additional areas for fy:tre 
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investigations. 

It would seem highly desirable that the changes observed as a result 

of the addition of either giutathione or thiolated elatin be followed by 

measurements of changes in thiol content of the treated flours, and separa, 

tion (electrophoretically or with molecular sieves) of the products of 

reduction. Use of thiolated elatins of a molecular weight comparable to 

that of wheat proteins seems preferable to a study in which the small 

molecular weight glutathione is employed. It seems, 'however, that additional 

and more useful information could be obtained by studying the effect of 

thiolated or reduced flour 1-oteins from various wheat classes. 
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The purpose of this work was to investieaee the effects of reducing 

agents varying in molecular weight and thiol content on /theological 
proper- 

ties and bread baking potentialities of wheat doughs. In view of the large 

molecular size of the thiolated proteins and its possible association 
with 

wheat gluten, the effect of oxidants on reversibility of Thiogel-induced 

changes in flour doughs was studied. 

The addition of three thiolated eelatins varying in molecelar weight 

and -,ii content, and glutathione, resulted in a slight decrease in farino- 

graph water absorption and in a pronounced reduction in dough development 

time and valorimeter value. Thiolated gelatin and giutathione increased the 

extensibility and decreased the elasticity and extensogram area of the flours 

milled experimentaey from 4 classes of wheat or of two commercially milled 

untreated flours. The extent of modification varied with the reducing agent 

and flour employed. Glutathione had consistently the most detrimental effect, 

the low -SH containing thiolated gelatin excerted a smaller effect than did 

the gelatins containing higher -SH levels. The rheological modifications 

induced by the reducing aeents could be reversed by the addition of an 

excess of oxidants or -ethylmaleimide. The extent of rev rsibility depended 

on the extent of modification resulting from the action of the reducing 

agents. It was highest in the low thiol containing gelatin, and lowest in 

the case of elitathione addition. The addition of an excess of bromate or 

persulfate (in the absence of reducing aeonts) was cancelled on remixing 

whereas no such effect was noted on addtion of iodate or V& I. 

Glutathione and thiolated gelatin accelerated the rate of relaxation 

of strains introdeced by mechanical treatment. Addition of N&I to doughs 

containing thiolated eelatin cancelled the rate of relaxation completely, 

bromate reduced it to a smaller extent. 
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Clutathione and high levels of thiolated felatin of high thiol content 

impaired substantially volume and characteristics of bread from experimen- 

tally milled and from a commercially milled flour. Thiolated gelatin of 

low -5B. content had in case of the commercially milled, high-protein flour 

and the flour milled experimentally from a ';ort ern Spring wheat, a slight 

beneficial effect. This Laprovement seemed to be due to "mellowing" of 

therbucky" dough. 


