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Salt has always been a very commonly used product for both food preservation and 
taste enhancement. Excess sodium intake is a factor contributing to high blood pressure 
and is associated with cardiovascular disease and stroke (World Health Organization, 
2005). Bread is one of the main source of salt intake. Indeed, a simulation carried out by 
AFSSA’s Food Consumption Observatory showed that a 25% drop in salt added to bread 

would lead to an overall consumption reduction of 6%. In addition to its effects on health, 
salt has recognized impacts on doughs rheological properties. The cereal industry has 
every interest to anticipate these effects in order to adapt formulations and/or processes. 
Consequently, the objective of this study is to evaluate the impact of salt reduction on 
the overall quality of the dough

3 wheat flours with various rheological properties (weak, medium and strong) were used 
to evaluate the impact of salt reduction. They were analyzed using the Alveograph (AACC 
54-30.02), the Mixolab (“Chopin+” protocol AACC 54-60.01) and the Rheo F4 (CHOPIN 

protocol) in order to have an overall characterization of the impact on the rheological 
properties. Different salt doses (5%, 3.5%, 2.5%, 1.5%, 0.5% and 0%) were added in 
order to cover the usual range used in industry.

The Alveograph results show a decrease of the tenacity (20.1% decrease on average on 
the P value) which is symptomatic of the diminution of ionic bonds between the salt and the 
gluten network (constant hydration analysis) (Figure 4). The elasticity index also decreases 
linearly as the addition of salt decreases too, further demonstrating that, with salt, the gluten 
network is enhanced and allows for a more efficient return to the original state (Figure 5). 
Hydration and mixing step will need to be adapted to process dough with lower salt content.

Figure 4: Alveograph: Impact on the tenacity. Figure 5: Alveograph: Impact on the elasticity.

P: Dough tenacity

L: Dough extensibility

P/L: Curve configuration ratio 

Ie.: Elasticity index, le = P200/P 

W: Dough baking strength 

With 

C1: 1st Maximum

Cs: Torque measured when the heating starts

C2: 1st Minimum

C3: 2nd Maximum

C4: 2nd Minimum

C5: Final point of the curve

Figure 1: Mixolab curve obtained with the standardized  
“Chopin+ protocol” (80 rpm) 5 different phases. Figure 2: Alveograph curve

H

L (mm)

(mm)

125 1501007550250

0

25

50

75

100

P

L

l.e.

W

The RheoF4 shows that salt reduction allows the dough to develop faster (Figure 6) while 
the total volume of produced gas increases (for strong flour: from 716 ml at 5% to 1869 ml 
at 0%) (Figure 7). This is to be related to the fact that salt decreases the water activity and 
increases the osmotic pressure, which results in the release of water from the yeasts, and 
consequently in a decrease in activity (F. Dal Bello, E. Sheehan, EK Arendt & al , Food Research 
International · August 2009). Proofing time will need to be shorten to process doughs with 
lower salt content.

Figure 6: RheoF4: Impact on the development 
time.

Figure 7: RheoF4: Impact on the total volume 
of gas produced.

The hot phase of the Mixolab highlights the fact that salt reduction causes the gelatinization 
of the starch to appear sooner and less intensely (Figure 8). In fact, the required time to enter 
the gelatinization phase decreases linearly which can be explained by the effect of salt on 
the decrease in water activity. Less salt means more water available for the gelatinization to 
appear sooner.

Starch retrogradation is less intense without salt (35.5% decrease on average on the C5-C4 
value) (Figure 9) which is contrary to the known effects of salt. Further studies need to be 
conducted to conclude about this observation. In any case, baking step and shelf life of the 
final product will be impacted by salt reduction.

Figure 8: Mixolab : Impact on the gelatinization 
time.

Figure 9: Mixolab : Impact on the Retrogradation 
intensity.

CONCLUSION
The study shows that all the properties of the tested doughs are impacted by salt reduction.  
The intensity of the effects can vary according to the flour used and the incorporation dose. 
The Alveograph evaluates the impact of salt reduction on the gluten network, the RheoF4 
on the proofing properties and the Mixolab on the dough properties through mixing and 
temperature changes. They are complementary tools which can be used to evaluate the 
impact of salt reduction on dough rheological behavior.
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Effects of hydrocolloids on frozen dough 
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With industrial bakery developments, processes with frozen dough have improved over the past decades. These 
freezing processes can bring undesirable impacts on dough properties. To avoid these effects, use of specifi c additives 
such as vital gluten is recommended
 
Hydrocolloids are texture agents commonly used in bread applications. These products disturb water mobility into 
the dough and change its rheological behavior. With frozen dough, hydrocolloids protect the yeasts and decrease the 
weakening of gluten due to ice crystal damage. 
 
Rheo F4 measures characteristics of dough during proofi ng. In a single test, gas production and retention but also 
dough development and stability during proofi ng are measured. 
The objective of this study is to show that hydrocolloids have benefi cial impact on frozen dough during proofi ng thanks 
to Rheofermentometer F4. 

Frozen dough made from the same fl our, were 
analyzed with and without hydrocolloids (Guar Gum E 
412) provided by Bocker F and also with and without 
frozen treatment. All dough was tested with Rheo F4, 
CHOPIN standard protocol (3H at 28.5°C). Dough with 
vital gluten was also tested before and after freezing 
to compare hydrocolloids with vital gluten effects on 
the frozen dough. 

Results show that hydrocolloids allow better dough 
development during proofi ng (on Hm parameter 
+9.1cm) and decrease undesirable frozen effects 
on yeast. Compared with vital gluten, hydrocolloids 
permit to obtain better dough development (on Hm 
parameter +4.4cm). Effects on gas production are 
equal with gluten and hydrocolloids. 

Thanks to Rheo F4, evaluating the effect of hydrocolloids on frozen dough behavior during proofi ng 
is possible. Rheo F4 is an adapted device for fl our formation of frozen product processes.
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Figures 1 :
Rheo F4 curves  – dough development and gas production

Figures 2 :
Rheo F4 curves on frozen dough – dough development and gas production

Tab. 2 :
Frozen dough Rheo f4 results – dough development and gas production 

Tab. 1 :
synthesis of Rheo F4 tests realized

Flour Hydrocolloïds Gluten Quantity of
hydration water

Salt + dry yeasts Mixer Mixing time Frozen treatment Frozen time
250g

100% 0% 0% 138.5ml 5g+3g Alveograph 8 min No

100% 0% 0% 138.5ml 5g+3g Alveograph 8 min Yes 4h

99% 1% 0% 138.5ml 5g+3g Alveograph 8 min Yes 4h

99% 0% 1% 138.5ml 5g+3g Alveograph 8 min Yes 4h
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Without frozen 
treatment

With frozen treat-
ment

frozen + 1 % of 
hydrocolloid

frozen + 2 % of 
gluten

Dough development

Hm 52,4 43,8 52,9 48,5

h 51,0 37,6 45,7 42,6

(Hm-h)/Hm 2,7% 14,1% 13,6% 12,1%

T1 (h, min) 2,28 1,55 2,04 2,06

T2 (h, min) - 2,57 2,54 -

T2-T'2 - 1,36 1,30 -

Without frozen 
treatment

With frozen 
treatment

frozen + 1 % of 
hydrocolloid

frozen + 2 % of 
gluten

Gas production

H'm 71,7 65,0 68,1 65,3

T'1 (h, min) 1,10 1,40 1,25 1,30

Tx (h, min) 1,07 0,57 0,58 0,58

Volume total 1577 1622 1638 1625

Volume of CO2 215 413 438 398

Volume of retention 1361 1209 1200 1226

Retention Coeff 86,3% 74,5% 73,3% 75,5%


