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Figure 4. Regression between alveographic extensibility 
(L, mm) and the amount of added calcium lactate (CL, g 

/ 100 kg) 
 
As it was natural, given that it is a quality 
indicator derived from extensibility values, the 
extensibility index of gluten (G) registered a 
significant decrease in the flours treated with 
calcium lactate, compared to flours untreated (t 
=- 5.751, p=0.000001). This reduction was of 
0.816 points.  
The ability of dough to absorb mechanical 
work (W), namely the alveographic parameter 
that correlates most strongly with bread 
volume, as supports data in the literature, 
recorded a very significant increase in the 
flours treated with calcium lactate, from 175.5 
10-4/Joules/ gram dough, to 200.1 10-4/Joules/ 
gram dough (t = 6.990 ***, p = 0.0000001, 
(Figure 5). 
 

 
 

Figure 5. The effect of calcium lactate treatment 
on dough mechanical work  

(W, 10-4/Joules/gram dough)  
 
 
 

An interesting aspect of our results is the lack 
of a linear correlation between the amounts of 
calcium lactate used for flour treatments and 
the values of alveographic mechanical work 
parameter (r=0.094ns).  
Although the treatments with calcium lactate 
increase significantly the values of this 
parameter, as mentioned previously, the 
mechanism by which calcium lactate acts on 
the mecanical work, involves probably factors 
that have not been included in this analysis.  
The most important of these appears to be the 
initial values of mechanical work in the treated 
flours, because if we introduce those values in a 
multiple regression model, then it can be 
explained 72% of the mechanical work 
variability. Multiple correlation coefficient of 
the regression equation was r=0.85 (Figure 6). 
 

 
 

Figure 6. The relationship between the alveographic 
mechanical work (Wam) of treated flours, the amount of 

added calcium lactate (CL, g / 100 kg) and the initial 
alveografic mechanical work (W) of untreated flours 

 
Relationship between dough resistance and 
extensibility (P/L ratio) was the alveographic 
parameter that registered the most spectacular 
growth, after treatments with calcium lactate, 
from an average value of 1,080 to an average 
value of 1.408 (t=7.174***; p=0.0000001) 
(Figure 7).  
This is due to an increase of dough resistance 
and a concomitant decrease of dough 
extensibility. 
 

 

 
 

Figure 7. The effect of calcium lactate treatment on  
the dough P / L ratio 

 
The P/L parameter showed the strongest 
correlation with the added amount of calcium 
lactate (r=0.85***). In fact, 73% of its variation 
may be explained by variation of the added 
amount of calcium lactate (r2 = 0.73).  
Figure 8 shows regression between P/L and the 
added amount of calcium lactate. 
 

 
 

Figure 8. The regression between the resistence/ 
extensibility (P/L) ratio and the amount of added calcium 

lactate (CL, g / 100 kg) 
 
The correlation between the amount of added 
lactate and the average of P/L ratio in the 
treated flours, was strong enough and allowed 
to obtain a descriptive model, faithful to the 
relationship between dose and response, on 
account of the initial value of the P/L ratio in 
the treated flours.  
Thus, Figure 9 shows a graphical model that 
describes the relationship between the initial 
value of  P/L ratio in untreated flours, the dose 
of added calcium lactate and the value of P/L 
ratio in treated flours. 
Multiple correlation coefficient of the model 
was 0.98 and describes about 96% of the P/L 

ratio value in the treated flours, on account of 
calcium lactate amount variation and on the 
initial value of P/L ratio (Popa et. al., 2009). 
 

 
 

Figure 9. The relationship between the resistance/ 
extensibility (P/LCL) ratio in the treated flours, the 

amount of added calcium lactate (CL, g / 100 kg) and the 
initial value of P/L ratio in untreated flours 

 
Dough elasticity index (Ie, %) increased 
significantly in the flours treated with calcium 
lactate, compared to control flours (from 46.7% 
to 49.0%, t=2.121*, p=0.038) (Figure 10). 
The Ie parameter value of analyzed flours 
increased significantly with increase of added 
calcium lactate amounts (r=0.35*, p=0.05). 
However, only about 12% of the Ie parameter 
variation may be associated with the variation 
of added calcium lactate amount. By 
introducing in the model the initial value of 
elasticity index in untreated flours (as we did 
for the alveographic mechanical work and the 
P/L ratio), the explained variation increase to 
43%. 
 

 
 

Figure 10. The effect of calcium lactate treatment on the 
dough Elasticity index (Ie, %)  
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Most changes in the elasticity index of  flours 
treated with calcium lactate, as we can see, are 
due to some factors that have not been included 
in this analysis. 
As our analyzes have shown, the effects of 
calcium lactate addition on the alveographic 
parameters, generally refers to increase of 
resistance and mechanical work. 
 
CONCLUSIONS 
 
In terms of average values of the analyzed 
parameters, it may be considered that control 
flours were characterized by modest bakery 
properties (alveographic mechanical work W, 
below 180, P/L ratio greater than 1.0). 
Calcium lactate treatments led to a very 
significant increase of resistance parameter (P, 
mm), of dough capacity to absorb mechanical 
work (W, 10-4 J/gram) and of the resistance/ 
extensibility ratio (P/L). 
Elasticity index increased significantly in 
dough treated with calcium lactate, compared 
to control flours. 
Calcium Lactate treatments led to a very 
significant decrease of some parameters, 
namely: extensibility (L, mm), and index of 
gluten extensibility (G). 
Highly significant correlations were established 
between the amount of calcium lactate-dough 
resistance (positive correlation, r=0.66***), 
and the amount of calcium lactate-extensibility 
(negative correlation, r=-0.55***). 
Multiple regression between the initial value of 
the dough mechanical work (W), the added 
amount of calcium lactate and the final amount 
of mechanical work, describes 72% of the 
mechanical work variability in the flours 
treated with calcium lactate (r=0.85), in 
industrial practice. 
Multiple regression between the initial value of 
the flours P/L ratio, the added amount of 
calcium lactate and the final value of P/L ratio, 
describes 96% of the the P/L ratio variation, in 
the flours treated with calcium lactate (r=0.98). 
Our results authorize the effects anticipation of 
calcium lactate dosage on dough rheology in 
industry, where the flours technical 
specification are very different.  

These results can be used for the defects 
correction of the flours alveographic 
parameters, and for maximizing the dough 
potential in the case of normal or fortified 
flours. 
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Abstract 
 
Neurospora sitophila, a species of fermetation fungi was reported containing the  β-carotene pigments, the secondary 
metabolite of the yellow, orange or red-orange pigments groups, On this research, the carotenoid pigments of 
Neurospora sitophila has been bindered  by a Oligosacharide of gelatin-maltodextrins. The bindered products were 
dried by a spray drier and the β-carotene powder was determined its stability to the storage influence at Relative 
Humidity 20-30%. Bindered product of  β-carotene extract obtained the GME powder with BY value±50 %. Bindered of 
this extract β- carotene was increased the water solubility and stable at Relative Humidity  20-30% condition, the 
stability the powder (GME)  was decreased start at  the third  week. HPLC analysis of GME powder showed the 
decreasing of β-carotene about 30%, after storage for 5 weeks.  
 
Key words: Bindering, β-carotene, spray-drier, stability. 
 
INTRODUCTION 
Oncome is a food rich in carotene pigment 
derived from fungal fermentation process 
substrate oncome on solid media.  
Oncome yellow to red color produced by the 
fungus Neurospora sitophila, and the strain has 
orange, red, and pink.  
Colors are caused by the existence of a kind of 
secondary metabolites carotenoid called  
β-carotene.  
Carotenoid compounds have a range of color 
variations that are very attractive, especially 
when used as pigments for foodstuffs, 
feedstuffs, cosmetics, and pharmaceuticals. But 
generally these secondary metabolites, 
sensitive to light, heat, and oxygen, as well as 
having properties of low water solubility. 
So that the compound is water insoluble, it is 
necessary through binding reaction (Reaction 
Mailard) β-carotene compound with other 
compounds that can give the effect of increased 
water solubility and color stability. Β-carotene 
or natural dyes produced from fermentation by 
molds become a promising alternative to 
commercial-scale production, because in 
addition to cultivated quickly and provide a 
more pure product. 

Research on β-carotene pigment produced by 
fungi, has been developed in Europe, and is 
recommended as a safe food additive and has a 
beneficial effect on health (Avalos, 2003). The 
result of this development is further used by the 
industry for the production of β-carotene in 
biotechnology and the development of new 
natural products rich in β-carotene. 
The active compound binding reaction carotene 
can be made by dissolving the active 
compound and copolymer (binder) in an 
organic solvent, and then evaporated and 
diluted with water. The active compound can 
be bound to the particles when the solvent is 
replaced with water (Pan, et al., 2007). 
Hydrophobic groups (hate water) of the protein 
will interact with the compound β-carotene 
hydrophobic, while the hydrophilic groups 
(like water) of polysaccharides going out so it 
can be stable in the polar atmosphere, such as 
water. 
This study aims to perform the binding of β-
carotene pigment mold Neurospora sitophila 
and test the stability of the resulting binding 
reaction products. The binding process also 
conducted on β-carotene purely as a product 
comparison. 

 




