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- COMPARISON OF THE EFFECTS OF N-ETHYLMALEIMIDE
AND UREA ON RHEOLOGICAL PROPERTIES OF DOUGH!

M. JankiEwICz2 AND Y. POMERANZ®

ABSTRACT

Water absorption was increased and farinograph dough development
time of a wheat flour dough was reduced to one-third that of the control
by addition of a 3M urea solution. Consistency of urea-containing doughs
dropped to an extent comparable to that of doughs containing N-ethyl-
maleimide (NEMI). But whereas NEMI-containing doughs were sticky and
highly extensible, a “putty,” lacking dough structure, was formed in the

( presence of urea. NEMI lowered dough extension and extensigram ' areas;
areas of urea-containing doughs were lowest. Doughs containing urea-NEMI
combinations resembled urea-containing doughs. Adding urea or NEMI after
the dough had developed produced results similar to those from adding the
xeagents at the beginning of dough development. Adding MgSO, retarded
dough development, partially restored properties of urea-containing doughs,
and increased dough development time about 10 times. )

- Rheological properties of wheat dough depend basically on the
structure of gluten proteins. The role of sulfhydryl and disulfide
groups in forming gluten structure has been emphasized in a number
of ‘publications (1—6); and the hypothesis of the reacting system has
been developed (1,4—8). The reactivity of the sulfur-containing groups
of protein explains, however, only some features of dough rheology.
The important role of hydrogen bonding in the formation of specific
structures of macromolecular protein systems has been well established
(9,10).

Results obtained by Cook and Alsberg (11), Rose and Cook (12),
and others (13-15) on gluten dispersibility in urea solutions suggested
the importance of hydrogen bonding in wheat-dough structure. Holme
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. and Briggs (16) and Beckwith et al. (17) presented evidence that amide
groups function as interaction sites in wheat gluten proteins. In our
study, the effects of blocking the sulfhydryl groups with N-ethylmalei-
mide (NEMI) and of the presence of urea on the rheological properties
of dough were investigated. “

Matefials and Methods

Untreated flour was experimentally milled from a composite grist
of several hard winter wheat varieties grown in 1963 at a number of
locations throughout the ‘Great Plains. Certain chemical and baking
properties of the flour composite, on 149, moisture basis, follow: ash
0.429,, protein 12.8%,; 100 g.- flour had a bromate requ1rement of

'3 mg., water absorption 61.7%, mixing time 314 min.; and a loaf vol-
ume; 950 cc. Chemical analyses were performed according to AACC
Cereal Laboratory Methods (18). Baking tests were done as described
by Finney and Barmore (19, 20)

Farinograms were made by mixing 50 g. flour (14% moisture basis)

" in a small bowl with sufficient distilled water or sodium pyrophosphate
buffer (0.01M, pH 7.0) to give a maximum dough consistency centered
around the 500-B.U. line. Solutions contained either 0.0011 NEMI or
3.0M urea, or combinations of both. All molar (M) denotations refer
to concentrations in liquid added to flour of 149 moisture.

The levels of NEMI added were selected to give approximately a
tenfold excess needed to-block available sulfhydryl groups of wheat-
flour proteins. Dill and Alsberg (15) have shown that at least 2.0M
urea solutions were necessary to affect gliadin solubility.. This agrees
with our studies on effects of buffered solutions of urea on .wheat-
protein properties, to be reported elsewhere. '

Addlng a 3.0M urea solution affected the amount of liquid wh1ch~
had to bé added during farinograph determination.* Corrections for
the water absorption change were made'i in part of the experiments, as
indicated in “Results and Discussion.” _
~ NEMI and urea were added either as solutlons during dough forma-
tion and development or after the dough was developed for 5 min.
This time period was required for maximum development of the con-
trol, buffer-dough “system. If introduced to the developed ‘doughs,
NEMI and urea were first dissolved respectively in 1-ml. and 2.8-ml.
portions of buffer; concentration of the reagents in final doughs was
1dent1cal with the controls. Magnesium sulfate,” used in some of the
experlments in concentration of 063M was added. to- the dough in
solid form - : '

. 4Mentmn of firm names or trade products does not imply that they are. -endorsed or recommended-
by the U.S. Department of Agriculture over other firms or similar products not mentioned.” .
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Extensigrams were obtained by the procedure described by Villegas
et al. (21). Doughs were prepared with either 29, sodium chloride,
0.01M sodium pyrophosphate buffer of pH 7.0, or the buffer contain-
ing either 0.001M NEMI or 3.0M urea, or combinations of both.
‘Doughs were prepared in the large farinograph bowl from 300 g. of
flour and solutions in amounts calculated to obtain a maximum dough
- consistency centered around the 500-B.U. line. When urea was used,

the volume of buffer was the same as in controls. The doughs were
mixed 5 min.; then two 150-g. portions were scaled, rounded 20 times,
‘moulded into dough cylinders, and placed in the extensigraph cabinets
maintained at 30°C. Curves were drawn for duplicate doughs at 45,
.90, and 135 min.
Sodium pyrophosphate buffer was prepared as described by Coates
and Slmmonds (22). All the reagents used were of analytical reagent
grade

Results and Discussion

The' absorption and farinogram characteristics of the flour were
unchanged if a buffer solution was substituted for water; adding a 3M
urea solution affected the amount of liquid which had to be added to
obtain a farinograph curve centered around the 500-B.U. line.

Significant modifications of dough properties were caused by adding
NEMI (Fig. 1, curve C). The rate of development of the NEMI-con-
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Fig. 1. Effects of 3.0M urea and 0.001M NEMI on farinograph characterlstlcs of
doughs prepared with 0.01M sodium pyrophosphate buffer, pH 7.0.

taining dough was similar to that of water or buffer doughs. After
maximum dough consistency was reached, consistency of the NEMI-
containing dough decreased faster than did consistency of the control
dough; this agrees with previously reported results (3,4). Adding urea,
as shown in curve D, shortened dough development time to about one-
third of the time required to reach maximum dough consistency in
control, and enhanced rate of consistency drop beyond the maximum.
‘The dough prepared with both NEMI and urea (curve E) had essen-
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tially the characteristics of the urea-containing dough, but the con-
sistency drop beyond maximum was steeper. The alteration of dough
structure caused by adding urea was so extensive that adding NEMI
had no additional effect. This was true despite the fact that the
presence of urea exposed additional —~SH groups to the blocking action
of NEMI. -

The extensigrams of doughs containing the buffer, NEMI, urea, or
NEMT and urea are shown in Fig. 2. The use of the buffer instead of
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Fig. 2. Effects of 3 O0M urea and 0.001M NEMI on exten51graph characteristics of
doughs prepared with 0.01M sodium pyrophosphate buffer, pH 7.0. (Figures in- -
scribed into the extensigrams denote areas in cm.?)

a sodium chloride solution changed the extension only slightly but
lowered dough resistance considerably. Areas of the buffered-dough
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extensigrams were only approximately half those of the control. Pres-
ence of NEMI in the buffer increased dough resistance slightly com-
pared with the buffered dough, but substantially decreased extension
and extensigram areas. Adding urea to the buffer lowered dramatically
both extension of the dough and areas of extensigrams. Whereas add-
ing NEMI resulted in the formation of a sticky, highly extensible
dough, adding urea caused formation of a creamy mass lacking normal
dough structure.
, The effects of adding NEMI and urea on rheological properties of
developed dough systems are presented in Fig. 3. Farinograms A, C,
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Fig 3. Effects of adding 0.001M NEMI and 3.0M urea on farinograph characteris-

tics' of doughs developed for 5 min. with 0.01M pyrophosphate buffer, pH 7.0.

Curves A, G, and E were obtained by the regular procedure; in'B, D, and F the buffer,
-NEMI, and wurea, respectively, were added after 5-min. mixing time.

and E were obtained from doughs developed with buffer solutions for
5 min., after which 1.0 ml. buffer, 1.0 ml. NEMI, or 2.8 ml. urea, re-
spectively, was added; the total amount of liquid in the final: three
doughs was the same as in the controls. NEMI caused weakening of
the dough, similar to that resulting from adding the reagent directly
to flour (compare curves C and D). The urea action was almost imme-
diate and caused breaking of the dough structure in a few seconds
(curve F). Such action of urea might be expected from the results
obtained by Cook and Alsberg (11), who demonstrated highly intensive
dispersion of gluten proteins in the presence of urea.

. As there has been no agreement in the literature on whether changes
induced by urea in gluten structure are connected with irreversible
protein denaturation (11,15), the nature of the urea effect was studied.
Farinograms in Fig. 4 demonstrate the reversible character of the urea-
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Fig. 4. Effects of adding 0.63M magnesium sulfate on the farinograph charac-
teristics of developed dough; 3.0M urea-containing dough, and undeveloped dough.
Top row, curves of doughs mixed for 5 min. with buffer or buffer and urea solu-
tions, respectively. Additional buffer solutions or solid MgSO, added after dough
development for 5 min. Curve D was obtained from a dough mixed with a buffer
solution and solid MgSO,.

affected modification of dough properties. Adding magnesium sulfate
to the dough developed in the presence of urea caused rapid restora-
tion of almost normal rheological properties of the system (curve C).
Magnesium sulfate added to the dough developed without urea caused
minimal changes in farinograph consistency but increased the w1dth
of the farinogram band appreaably B

‘Such an effect of magnesium sulfate seems related to its ability to
“salt-out” the macromolecular proteins, as demonstrated earlier (11,12).
Cook and Alsberg (11) and Rose and Cook (12) recommended the use
of magnesium sulfate as an effective precipitant for the gluten proteins
dispersed in different solvent systems. According to Holme and Briggs
(16), 2M to 3M concentrations of urea solubilize gliadin by bonding
with hydrogen bonding sites on the gliadin molecules. In the presence
of urea the reacting sites are masked to intermolecular cross-linking. .
In the absence of urea, intermolecular cross-linking takes place and
gliadin solubility is decreased. As a result of adding salts to such solu-
tions, intermolecular bondmg becomes again predominant, and gliadin
precipitates from the solution.

Magnesium sulfate, when added to flour simultaneously with the
buffer (Fig. 4, curve D), caused extremely slow development of dough
structure. Protein imbjbition and formation of a characteristic gluten
structure of the dough were detectable only after a 20-min. mixing
period; consistency of the dough was normal after 40 min. The effect
of magnesium sulfate on the farinograph curve was opposite to that
of urea. :

Results of this study point to-a major role of hydrogen bondlng in
solubilization of wheat proteins and formation of dough structure. In
the absence of these forces, no normal doughican be formed. The

possibility of rapid breakdown and of reversible restoration - of the

1
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gluten structure supports previous suggestions (11-18) concerning high
lability of that system. Better understanding of the hydrogen bonding
. in wheat gluten should extend and amplify our knowledge and lead
to a more detailed picture ‘of the structure of wheat proteins.
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