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ABSTRACT

In the farinograph test, the consistency of dough was increased by decreasing
the pH with acetic acid in the absence of salt (sodium chloride), but con-
trarily, it tended to decrease from a lower value to the lowest, in the presence
of salt. With the extensigraph, the resistance showed a fixed lower level at the
pH range 5.9-4.3 without salt; however, with salt it was increased from a low
level to the highest value by decreasing the pH from 5.8 to 4.2. The exten-
sibility showed a marked decrease in both cases with or without salt.

There is considerable variation in the effects of pH upon the farinogram
of dough as reported by two groups of workers.

Watanabe, Watanabe, and Uemura (1) used Mcllvaine’s, Michaelis’s,
and Sgrensen’s buffer (pH 2 to 12) as mixing water, and observed marked
weakening after peak time and a decrease of development time with lower
pH value. However, no distinct change of maximum consistency at low pH
was detected.

On the contrary, Bayfield and Young (2), using the same shift in pH
environment, found no increment of weakening, an increase of development
time, and a marked decrease in consistency.

As for the effect of pH on extensibility of dough, earlier work by Bailey
and LeVesconte (3) can be cited. A recent study on the effect of pH by
Bennett and Ewart (4) with the Simon Research extensometer indicated a
marked decrease of extensibility and resistance at low pH, though both had
a small peak of increment at acid level lower than 10 mM of acetic acid per
280 g. flour. It should be noted that 2.5% sodium chloride solution was
used as mixing water in this experiment. :

Regarding the effect of salt, Hlynka (5) showed that 1% salt decreased
the consistency of dough by 70 B.U. and 2% salt decreased it by 90 B.U.
He and Bushuk (6) explained this effect in relation to the hydration capacity
of dough. .

The salt effects on the extensigram were shown by Fisher, Aitken, and
Anderson (7) in comparison with the effect on the farinogram. They found
that a raised salt level caused an increment of both extensibility and re-
sistance.

In the theoretical consideration of these effects, the report by Grogg and
Melms (8) indicated the effect of the salt level on viscous properties of flour,
and that by Knyogrnichev and Komarov (9) showed the relation between
swelling properties and salt varieties; these provided the authors with some
references.

However, no paper could be found which dealt with the comparison of
the combined effects of acid and salt on the physical properties of dough.

These experiments were undertaken to consider the behavior of dough
in which the pH was lowered with acetic acid in the environment of various
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salt concentrations. The role of ionic groups of wheat proteins in the physical
properties of dough seems to be clarified to some extent by the results of
these experiments.

MATERIALS AND METHODS

The flour in this study was a bleached commercial blend from hard red
winter and hard red spring wheats imported from North America. It was
provided by Nisshin Flour Mills, Japan. The content of protein was 11.8%,
moisture 15.0%, and ash 0.38% . Farinograph absorption was 61.5% (14%
moisture basis).

Normal acetic acid was added to obtain the desired pH values of 4.2,
4.8, and 5.2 during incorporation of water into flour. The salt was also
mixed in the dough as a solution in ratios of 0, 1, and 3% salt in flour by a
method similar to that for the acid.

Farinograms were recorded by the procedure specified by Brabender,
OHG (10). The thermostat was maintained at 30°C. and a large mixing
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_ Fig. 1. Farinograms at pH 5.8, 5.1, and 4.2 with or without salt (NaCl). pH was
adjusted with 1N-acetic acid, 5 ml. (pH 5.1), 10 ml. (pH 4.8), and 30 ml. (pH 4.2) per
300 g. flour. NaCl, 3% flour basis. Absorption: 61.5%.
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bowl was used, employing 300 g. flour. All farinograms were recorded at the
same absorption level as that in the control experiment, 61.5%.

Extensigrams were made according to the instructions supplied by
Brabender, OHG, for the use of their instrument (11), with one exception,
that is, no salt was used unless otherwise stated. All doughs were mixed in
the large farinograph (stainless-steel) bowl to 500 B.U. consistency. Flour,
water, and reagents were mixed for 1 min., followed by a 5-min. reaction
period, and then mixed to 500 B.U. for 3 min. An extension test was car-
ried out after the rest period for 45 min. Repeat tests on the same dough
piece were made at 45-min. intervals after remoulding. In the figure, how-
ever, only the third extensigram in 135 min. was used.

RESULTS AND DISCUSSION

The farinograms and the maximum consistency of dough at various pH
values and salt levels are illustrated in Fig. 1 and Fig. 2. The tendencies of
the curves were quite different between doughs with and without salt; that is,
the consistency was increased with decreasing pH in the absence of salt, and
decreased in the presence of salt. The former result is a new finding, and
the latter results coincide with those by Bayfield and Young (2).

The result without salt may be brought about by low ionic strength of
flour itself, which is assumed as low as 0.05 mol. equivalent (12), and the
tendency with salt may come from 1-3% of salt used by the present authors
and 2% of salt plus 0.25% monocalcium phosphate used by Bayfield et al.

The deviation of the data by Watanabe et al. (1) from those of Bay-
field and Young (2) may be due to the difference in the ionic strength of
the medium or the difference in the acid buffers they used. The present
authors detected various effects on the farinogram with different acids, even
at the same pH (13).

The data in Fig. 2 cover both relatively low and relatively high ionic
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Fig. 2. The maximum consistency of dough at various pH values, containing 0, 1,
and 3% sodium chloride.
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The increment of consistency caused by the acid is presumed to come
from specific combinations of wheat gluten with acetic acid which is estimated
by dilatometry (unpublished data). It also may originate from swelling
which is brought about by positive net charge of ionized group of protein
at a low pH. The effect of salt to depress the raised consistency caused by
acid can be explained by the function of salt which decreases bound water,
as indicated by Bushuk and Hlynka (6). The competitive effect of salt
against acid could be caused by replacing the region occupied by acid with
salt. This hypothesis can be supported by the results of Cunningham,
Geddes, and Anderson (14) in which precipitation of gluten dispersion by
salt is shown.

However, the hypothesis should be considered that salt may shield the
electric field of ionic groups in a limited distance by increasing ionic
strength (12). In the experiment reported by Tarr (15) with fish meat,
the effect of salt and acid on swelling was quite different from that of wheat
protein. This may be due to the fact that meat contains larger amounts
of salt-soluble proteins than wheat.

The extensibility and the resistance with the extensigraph are shown in
Figs. 3 and 4. Salt has been known to increase both extensibility and
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Fig. 3 (left). Resistance of dough at various pH values, containing 0, 1, and 3%
sodium chloride.

Fig. 4 (right). Extensibility of dough at various pH values, containing 0, 1, and
3% sodium chloride.
resistance at normal conditions without acid. This is also shown at a point
(pH 5.9) on the curve with 1 and 3% salt in Fig. 3. The increment of re-
sistance with salt was more characteristic when the pH was lowered with
acetic acid. On the other hand, the resistance of dough without salt remained
low at any pH values lower than normal. A remarkable drop in extensibil-
ity was observed in all doughs, in the presence or absence of salt at low pH.
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The results obtained with acetic acid in the presence of salt are in agree-
ment with those obtained by Bennett and Ewart (4) with the extensometer.
They used an acid level from 0 to 135 mM per 280 g. flour, and detected a
peak increment of resistance at about 10 mM acetic acid.

This high resistance of the extensigram brought about by the salt and the
acid can be explained by the slight denaturation of gluten which brings in-
side polar group to the outside through unfolding, and which results in net-
work formation. Acetic acid may accelerate the denaturation with salt, and
cause a specific increment of resistance at low pH values, as shown in Fig. 3.

The high resistance of the extensigram at low pH may also be caused by
difficulties of the sulfhydryl-disulfide exchange reaction as shown by Tsen
(16); however, the constant resistance at low pH in the cases without salt
cannot be explained by this hypothesis.

Some contradictions are present in the fact that salt with acetic acid de-
creases the consistency of the farinogram, though it increases the resistance.
The consistency of the farinogram and the resistance of the extensigram may
not be synonymous rheological values which progress in parallel. For ex-
ample, the reducing reagents which bring about higher consistencies at an
initial stage of mixing are known to cause very low resistances on the ex-
tensigram. Similarly, higher consistencies caused by acids without salt re-
sulted in very low resistance of the extensigraph in this experiment.

From the observation of the extensigram, the effect of acid is a break-
down of dough. This breakdown may be caused by the action of the hydro-
gen ion or anionic acid residue which cleaves the inter or intra salt link-
ages of protein molecules. In breadmaking this destructive effect of acid in
sour dough seems to be canceled by the addition of salt, and thus the lactic
acid in brew appears rather to improve loaf quality as shown by Bayfield
etal. (17,18).
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