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earlier. ll Every minute a 40-1'1. portion was added. The end point was detected ampero
metrically; the potential of the platinum electrode was - 0'4 V in respect of a saturated calomel 
electrode. The electrode was cleaned with hot nitric acid after about 20 titrations. After 
cleaning, the electrode was covered with a fresh layer of silver by means of a slow, blank titra
tion (0'02 ,umole of silver nitrate in IS min.). Results of blank titrations were usually in the 
order of 2 X 10- 7 moles per litre of solvent, or 0'006 ,urn ole per g. of flour, and can therefore 
be neglected. All reagents were analytical reagent-grade except urea (Merck puriss. crist.). 
Water was distilled twice, the second time in a glass still. 

For a determination of thiol groups in dough, about 5'0 g. of dough were triturated with a 
pestle in a mortar with part of the buffer solution under a stream of nitrogen. The slurry was 
transferred quantitatively to the titration vessel with the remainder of the solvent. Then urea 
was added and the procedure for flour then followed. The agreement between determinations 
in doughs after short mixing times in nitrogen and in flour makes it probable that no more 
thiol groups were lost during the dispersion of doughs than in the case of flour. Evidently the 
procedure adopted is at least as adequate as the more complicated one, in which doughs are 
frozen and lyophilised. 12 

The titration conditions described above were chosen in spite of the possibility of obtaining 
higher results with a lower ammonia concentration and at a lower temperature. l3 The higher 
results at a lower pH may be due to binding of more than one silver atom per thiol group." 
Because of the results of Sullivan et al.1 5 results of titrations of flour and of doughs are not 
comparable if the dry flour is dispersed and titrated in a cold buffer solution, whereas the doughs 
are made and stored at 25°. 

Gas occlusion 

The gas occlusion was measured immediately after mixing by means of the apparent density 
of the dough according to the method of Baker & Mize.1• Samples of dough were dropped into 
a series of cylinders containing calcium chloride solutions with densities in successive cylinders 
differing by 0'008 g./cm3 . For a determination of the true density do, some doughs that had 
been mixed for only a few minutes at atmospheric pressure were placed in the mixer again, 
and were mixed in vacuum 2 or 3 times for 2-min. intervals until their apparent density remained 
constant. The average true densities, g./cm.', thus found were: 

Flour Average Standard Number of 
deviation determinations 

I T'247 0-0[1 2 T 

II "253 0·0°5 8 

The gas occlusion a in cm.' of gas per cm.' of dough plus gas is calculated from the apparent 
density d with the equation a = I - dido. The reliability of the determinations of a is esti
mated to be about 0'01 or 1% of gas. 

Results 

Determinations of thiol groups in doughs immediately after mixing (b) and 45 minutes 
later (c) gave essentially identical results . The average value of the ratio c/b was 0'98 (98 
experiments, standard deviation 0'07) with no significant difference between mixing in nitrogen 
and in oxygen. Although this average value differs significantly from unity, the two titrations 
of the same dough were treated as duplicates, the mean value of which will be reported below. 

Figs. I and 2 show that, when doughs are mixed in oxygen for 25 min., the thiol contents 
are reduced to roughly one half of their original values, the remainder of the thiol groups reacting 
very slowly. In nitrogen the thiol content is constant or increases slowly. This slow increase 
is occasionally found with both normal and defatted flour. Its nature has not yet been clarified. 
In Fig. I the points obtained after mixing in nitrogen fall into two groups: those from the 
flours that did not lose thiol groups during fat extraction and from the unextracted flour (U, 
LP, CT) being higher than those from the flours that lost some thiol groups during extraction 
(AW, BW). 
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