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Abstract 
Prevoius results showed the effects of ascorbic acid in terms of rheological behaviour of dough, on flour 
with a weaker potential for bread-making on Chopin consistograph and alveograph. Earlier results 
haven’t pointed out clearly the optimum dose of ascorbic acid that low-quality flour should be 
supplemented with, probably due to the small number of added samples . Therefore, in this experimental 
study we have completed the previously obtained results, analyzing the effect of the oxidizer on the poor 
quality flour in seven samples supplemented with different concentrations of ascorbic acid (10ppm, 
30ppm, 50ppm, 70ppm, 100ppm, 150ppm, 200ppm). In order to clearly establish the optimum dose of 
ascorbic acid should be used, in this experimental study the rheological determinations (using the 
alveograph), baking tests have also been conducted. 
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_____________________________________________________________________________________ 
 
1. Introduction 
 
The studies that have been carried out have 
shown that the use of ascorbic acid (AA) in 
processing low or medium-quality flours 
leads to an improvement of elasticity and 
dough resistance, of its tolerance during 
kneading and of its capacity of gas 
retaining and maintaining its shape. Thus,  
improved crumb volume and texture and 
light-colored crumb products were 
obtained (Bordei, 2005). The rheological 
researches that have been carried out with 
the help of the dynamic rheometer 
(rotating) on different sequences of 
oscillation of the strain applied (Miller, 
1999) have shown that the elasticity 
modulus G’ and of viscous G” increases 
during forking in a ratio with that of the 
witness, apart from the frequency of the 
applied strain, and the tangent of the phase 
angle (tgδ) decreases for the treated dough 
compared to the untreated one.  
 

  
 
The higher values for G’ and lower for tgδ 
show that the dough that has been treated 
with AA is more flexible, more resistant, 
with superior rheological properties 
compared to those of the dough that hasn’t 
been treated with AA. 

The relaxation tests for the dough resulted 
from flours of different qualities at forking 
force of 0.367 (Wickstrom, 1998) have 
proved that the addition of ascorbic acid 
may lead to an increase of the initial tension 
and of the relaxation time especially in the 
second phase  of the relaxation process. 
Low-quality flour has behaved in a different 
way compared to the stronger medium-
quality flour, indicating a weaker effect on 
the initial tension and the relaxation time 
with an obvious increase of it especially in 
the ultimate phase of the flowing process 
but only for high concentrations of ascorbic 
acid. 
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On the basis of the pharinographic analysis 
it has been noticed that the ascorbic acid 
goes to the dehydrated phase and acts on 
gluten’s components for 15-20 minutes, 
depending on flour’s quality, on the 
enzymatic potential, the gluten content, the 
type of flour and of wheat. 

The most obvious modifications on the 
properties of the dough have been obtained 
especially in terms of its stability (it 
increases with 15-30%), resistance 
(increases with 20-40%), the softening 
degree (decreases with 10-20%). It has also 
been noticed that the bakery properties of 
the flour are generally improved with 30-
60%, dough’s resistance to the expanding 
efforts is doubled – depending on the 
gluten quality – and the value of the γ ratio 
decreases with 30-50%.; the elasticity 
decrease, though, with 30%. In terms of 
bread quality, it increases 10-40% when 
dough is prepared using the direct method 
and with 10-20% for the indirect method, 
the crust has a softer porosity (it has been 
appreciated with 1-3 points over the 
witness sample) and the bread freshness 
extends, especially for products prepared 
with sugar, oil, calcium propionate addition 
(Moldoveanu, 2005). 

The studies have shown that the optimum 
dose of ascorbic acid varies according to 
flour quality. Miller,1999 have 
demonstrated that an increase of the 
ascorbic acid dose leads to an increase  of 
volume for the finite product up to its 
maximum, followed by a slight decrease in 
volume for the products wit approximately 
5% compared to the added dose. 

If in earlier studies (Codina, 2007) we have 
analyzed only from the rheological point of 
view (on alveograph and consistograph) 
the influence of the addition of ascorbic 
acid for three supplemented samples, in 
this experiment, our aim is to analyze in 
detail the effect of the oxidizer on seven 
samples supplemented both from the 
rheological point of view on the alveograph 
and from the technological point of view 
through baking samples. 

 2. Materials and methods 
 
The experiments there have chosen flour 
with a weaker potential for bread-making as 
raw material. Control flour was analyzed by 
performing Romanian standard methods: 
STAS 6124-73, STAS 90-88, STAS 6283-
83 and SR ISO 3093:1997. In experiments, 
a flour with 13.9% moisture, and 10.72% 
crude protein content was used. The 
determined values for physical-chemical 
properties are mentioned as following: ash 
content 0.64%, wet gluten content 23.8%, 
gluten deformation 13 mm, and falling 
number 255s. Data acknowledge that the 
control flour has a weaker potential for 
bread-making from that the point of view. 

Starting from chosen flour for analyses, 
different samples of flour were used in 
experiments, improved with different doses 
of ascorbic acid (10 ppm, 30ppm, 50ppm, 
70ppm, 100ppm, 150ppm, 200ppm). 

The rheological behavior of the dough 
prepared from wheat flour was carried out 
on Chopin alveograph according to SR ISO 
5530. 
 
3. Results and discussions 
 
The experiments had as a starting point the 
determination of the deformation index for 
different doses of added ascorbic acid. The 
values obtained are shown in table 1. 

The data in table 1 indicate an improvement 
of the flour quality through due to addition 
of different doses of ascorbic acid through a 
significant decrease of the deformation 
index, which implies a progressive increase 
of the dough resistance. The results 
obtained reach their peak around value 70-
100 ppm. An addition of ascorbic acid that 
is too high would lead to a strong glutenic 
matrix, with a small deformation index. 

The rheological behavior of the dough has 
been appreciated on the basis the 
determinations obtained with the Chopin 
alveograph. The results are shown in table 
2. 
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Table 1. The effect of the ascorbic acid on the deformation index of the gluten for the (F1) flour 

 0 ppm (M) 10 ppm 30 ppm 50 ppm 70 ppm 100 ppm 150 ppm 200 ppm 
Id, mm 13 12 11 10 7 7 4 3 

 
 

Table 2. The parameters shown by the alveograph for the dough obtained from low-quality flour 
that has been supplemented with different doses of ascorbic acid. 

Characteristics M 10 ppm 30 ppm 50 ppm 70 ppm 100 ppm 150 ppm 200 ppm 
Maximum Pressure (P), 
mm 

67 77 82 96 104 102 97 99 

Extensibility (L), mm 81 76 75 64 62 62 63 64 
Swelling Index (G), mm 20 19.4 19.3 17.8 17.5 17.5 17.7 17.8 
Energy W·10-4J 165 184 199 210 223 229 217 211 
Ratio P/L 0.83 1.01 1.09 1.50 1.68 1.65 1.54 1.55 
Elasticity Index (Ie), % 46.3 47.3 48.5 47.6 47.3 50.8 50.5 45.6 

 
 
 

If one is to analyze the rheological 
behavior of the samples treated with 
ascorbic acid from the alveographic point 
of view, a strengthening effect of the dough 
is noticed (with 55.2% - see figure 2) and a 
reduction of the dough extensibility (with 
23.4% - see figure 3). The increase of the 
dough resistance due to the intervention of 
the ascorbic acid is somehow predictable, 
confirming the hypothesis according to 
which the ascorbic acid produces an effect 
of strengthening the glutenic network of 
the dough that can oppose more 
successfully to the forces applied to it. 
Besides, the addition of ascorbic acid o the 
dough resulted from the two types of flour 
leads to the increase of the P/L ratio. 

What is remarkable is that, after exceeding 
the optimum levels of additives, a decrease 
of dough strength and an increase of its 
extensibility is to be noticed together with 
an almost linear increase of its 
extensibility, probably due to the 
exhaustion of the reactive SH-groups but 
up to values that haven’t lead to a 
deterioration of the dough’s properties (see  

 

 ratio P/L). The optimum doses of ascorbic 
acid stay around 70 ppm. 

The qualitative evaluation of the flours 
taken into consideration has been completed 
with baking tests. The variation registered 
for the characteristics of the bread obtained 
at the previously mentioned doses is shown 
in figure 4. 

The effect of the supplementation of 
ascorbic acid on the volume of bread 
obtained through the baking samples can be 
defined by a linear increase of the volume, 
together with the increase of oxidizer dose 
up to the optimum degree of 100 ppm 
ascorbic acid. This means an increase of the 
dough’s capacity of retaining fermentation 
gases due to the action of ascorbic acid of 
strengthening the glutenic network. It has 
also been noticed that the sensorial 
properties the crumb have been improved 
(the crumb is more light-colored), along 
with its elasticity and porosity. The baking 
tests certainly indicate an optimum dose of 
70-100 ppm for the flour with a weaker 
potential for breadmaking. 
 

 
 
 

 



 
 

 
Georgiana G. Codină et al ./ Journal of Agroalimentary Processes and Technologies 14 (2008) 

 

 
 

  
 
 

 

 84

                  

 

               

            
 

Figure 1. Alveograms for the witness sample supplemented with different doses of ascorbic acid. 
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Figure 2. The variation of the P parameter, determined by the alveograph according  

to the quantity of ascorbic acid added 
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Figure 3. The variation the L parameter, determined by the alveograph according  

to the quantity of ascorbic acid added 
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Figure 4. Bread volume, porosity and elasticity variation, supplemented according to the added dose of 
ascorbic acid 
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4. Conclusions 
 
Through its activity, the ascorbic acid is 
involved in amplifying the oxidation 
processes that take place in the dough and 
that have as an aim the strengthening of  
the glutenic network, reflected in a higher 
resistance of the dough in case of pressure 
and in the reduction of its extensibility. 
Moreover, the action of the ascorbic acid 
determines an increase of the capacity of 
gas retention by the dough resulted from 
these types of flours.  

This is concretized through volume, 
porosity and elasticity increase for bread 
that is supplemented with ascorbic acid. In 
the case of low-quality flours, the addition 
of a dose of ascorbic acid of 70-100 ppm is 
enough. Above this level, the effect of 
improvement produced by the ascorbic 
acid acquires a negative trend, probably 
due to the exhaustion of reactive SH-
groups. 
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