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Abstract 
 
The aim of this research was to identify the main changes that the addition of calcium lactate induces to rheological 
properties of dough, in industrial environment. In this regard, a number of 62 wheat flours, coming from Romanian 
wheat, were additivated with variable amounts of calcium lactate, ranging from 10 to 300 g/100 kg. Both the control 
flours and the additivated flours with calcium lactate have been evaluated in terms of rheology, using the alveographic 
method. The results showed that treatment with calcium lactate caused a very significant increase of following 
parameters: Resistance (P, mm; t= 4.864***), dough capacity to absorb Mechanical work (W, 10-4 J/gram; t = 
6.990***) and the ratio between Resistance and Extensibility (P/L; t=7.174***). Elasticity parameter increased 
significantly in dough treated with calcium lactate, compared to control flours. Also, treatments with calcium lactate 
caused a very significant decrease of some parameters, such as: Extensibility (L, mm; t=-2.751**, and gluten 
extensibility index (G). There were significant correlations between the amounts of added calcium lactate and the 
modification of Resistance (r=0.66***), Extensibility (r=-0.56***) and the  P/L ratio (r = 0.85***). 
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INTRODUCTION  
 
Calcium lactate (calcium 2-hydroxypropanoate, 
E 327) is used in bakery products, either as a 
source of calcium for flour fortification, or to 
compensate the anti-nutritive effect of phytic 
acid. In all cases, calcium lactate has a 
technological effect of acidity reviser, due to its 
property to operate as a buffer system (Krupa-
Kozak, 2015; Tamba Berehoiu, 2015).  
By modifying the ionic strength of the dough, 
calcium lactate also exerts a significant effect 
on the conformation of gluten proteins (Basset 
et. al., 2014). Changing the gluten proteins 
conformation involves the proteic globules 
unfolding, so a large number of chemical 
groups become available to interact with other 
active groups of proteins or with water 
(Anderssen, 2007). In this way, spaces are 
created where water molecules penetrate, 
causing the swelling of the proteins. 
Also, as the number of positive charges 
decrease (acidic pH), the electrostatic 
repulsions intra- and inter-molecular decrease 
too, it is therefore favored the emergence of 
new bonds, whose effects are the aggregation 

of molecules and finally, precipitation of the 
proteins (Maher et al., 1978).  
This may explain why at the isoelectric pH, 
swelling, solubility, viscosity and osmotic 
pressure of the gluten proteins are minimal 
(Mathason, 1983; MacRitchie, 1992). 
Rheological effect is to increase the resistence 
and stability of dough. Therefore, increases the 
dough tolerance in kneading, fermentation and 
improves bread volume (Popa, 2007; Sudha et. 
al., 2008; Salinas et al., 2014). 
This technology could be used to improve 
defective flours, such as those derived from 
wheat attacked by wheat bedbugs (Eurygaster 
sp.), which is a relatively common problem in 
the case of Romanian crops (Popa et. al., 2008). 
The aim of this study was not to detect a dose- 
effect relationship, concerning the calcium 
lactat treatments for a standardized flour, 
because the effect of calcium lactat on the 
rheological properties of such flours is 
relatively well known. What we were interested 
in was the effect of variable treatments on some 
flours with variable alveographical parameters. 
This variability is important to research in 
industry, where the flours of the same type 

 
CONCLUSIONS 
 
The production of value-added products by 
biotechnological processes has been increasing 
day by day. There are lots of different ways to 
get purified value added products from 
fermented medium. But it is generally hard and 
not economical for some of the industrial 
usage. So, partial purified or concentrated 
fermented medium could be used for general 
industrial applications. Consequently, the 
results showed that the centrifuge process were 
not statistically significant for concentration of 
β-mannanase (p<0.05). It could be just used for 
filtration of filamentous fungi from the 
fermented medium. But ultrafiltration process 
was statistically significant for β-mannanase 
concentration (p<0.05), and there was not any 
protein residue in the permeate. So, the results 
showed that the best ultrafiltration process was 
30 kDa, and it could be used to concentrate the 
β-mannanase from the fermented medium. 
 
 
ACKNOWLEDGEMENTS 
 
This research work was carried out with the 
support of Akdeniz University Research 
Foundation (Project number: FDK-2015-681). 
Thanks to the TUBITAK BIDEB 2211-A 
Domestic Doctoral Fellowship Program. 
 
REFERENCES 
 
Duruksu G., Ozturk B., Biely P., Bakir U., Ogel Z.B., 

2009. Cloning, expression and characterization of 

Endo-β-1,4-mannanase from Aspergillus fumigatus in 
Aspergillus sojae and Pichia pastoris. Biotechnology 
progress, Vol. 25, 271-276. 

Karaoglan M., Erden Karaoglan F., Inan M., 2016. 
Comparison of ADH3 promoter with commonly used 
promoters for recombinant protein production in 
Pichia pastoris", Protein Expression and Purification, 
Vol. 121, 112-117. 

Lu H., Luo H., Shi P., Huang H., Meng K., Yang P., Yao 
B., 2014. A novel thermophilic endo- β-1,4 
mannanase from Aspergillus nidulans XZ3: 
functional roles of carbohydrate-binding module and 
Thr/Ser rich linker region. Appl Microbiol Biot, Vol. 
98, 2155-2163. 

Miller G.L., 1959. Use of dinitrosalicylic acid reagent for 
determination of reducing sugar. Anal Chem, Vol. 
31, 426.  

Ozturk B., Cekmecelioglu D., Ogel Z.B., 2010. Optimal 
conditions for enhanced β-mannanase production by 
recombinant Aspergillus sojae. J Mol Catal B-Enzym 
Vol. 64, 135-139. 

Puchart V., Vranska M., Syoboda P., 2004. Purification 
and characterization of two forms of endo-β-1,4-
mannanase from a thermotolerant fungus Aspergillus 
fumigatus IMI385718 (formerly Thermomyces 
lanuginosus IMI158749). Biochimica Et Biophysica 
Acta-general subject, Vol. 1674, 239-250. 

Turhan, I., Bialka, K. L., Demirci, A., Karhan, M., 2010. 
Ethanol production from carob extract by using 
Saccharomyces cerevisiae. Bioresource Technology, 
Vol. 101, 5290-5296. 

Van Zyl W.H., Rose S.H., Trollope K., Gorgens J.F., 
2010. Fungal β-mannanases: Mannan hydrolysis, 
heterologous production and biotechnological 
applications. Process Biochemistry, Vol. 45, 1203-
1213. 

Yatmaz E., Karahalil E., Germec M., Ilgin M., Turhan I., 
2016. Controlling filamentous fungi morphology with 
microparticles to enhanced β-mannanase production", 
Bioprocess and Biosystems Engineering, vol.39(9), 
1391-1399. 

 

Scientific Bulletin. Series F. Biotechnologies, Vol. XXI, 2017
ISSN 2285-1364, CD-ROM ISSN 2285-5521, ISSN Online 2285-1372, ISSN-L 2285-1364



138

 
never have similar values of quality parameters. 
We aimed to find out what is the predictable 
variability part of treatments with calcium 
lactate, in industrial variability conditions, on 
the rheological properties of dough, as 
described in alveographic method. 
As known, alveographic parameters of dough 
are strongly correlated with the technological 
behavior. Therefore, the results will provide an 
important tool, in order to dose the amounts of 
calcium lactate, in correspondence with the 
technological needs of flours used in 
production flows. 
 
MATERIALS AND METHODS 
 
The tests were performed on 62 type 650 wheat 
flours (according to Romanian Indutrial 
classification, with an ash content expressed on 
dry matter of max 0.65%), coming from 
Romanian wheat harvests in the years 2014 and 
2015. Flours were obtained from Farinsan SA., 
a manufacturer of milling industry. For each 62 
flour samples were carried out alveographic 
analyzes, using a Chopin alveograph, according 
to the method described by SR ISO 27971: 
2008. 
There were determined the average values of 
the following parameters: the dough resistance 
to extension (P, mm); dough extensibility (L, 
mm), extensibility index (G) whose value is 
calculated based on the length of the curve (L), 
using formula G=2.226√L; the dough 
absorbed energy by stretching (W, 10-4 
/Joules/gram dough); the dough index of 
elasticity (ie %), calculated as a ratio between 
resistance of dough at 40 mm at the beginning 
of the alveographic curve (P200) and the 
maximum resistence (P); and finally P/L ratio, 
calculated as the ratio of the two parameters P 
and L, showing the extent to which the dough 
is more extensible, or more resistant. 
Flours which were alveographic analyzed have 
been treated with variable amounts of calcium 
lactate, ranging from 10 to 300 g/100 kg of 
flour (100 - 3000 ppm).  
The calcium lactate amounts applied for 
treatments were chosen according to the needs 
to improve mechanical work and P/L ratio 
parameters for each flour separately, taking into 
account the technical specifications of the 
respective flour.  

The trade name of used Calcium lactate was 
Puracal PP/FCC, a fermentation product, 
dedicated to food industry, delivered by the 
French company Corbion. The product is 
characterized by a calcium content between 
13.4 and 14.5% and has a minimum. of 96% 
stereochemical purity (L isomer). The dosage 
of calcium lactate was made after weighing 
with analytical balance, directly in the mixing 
bowl of alveograph. Before the proper analysis, 
flour and calcium lactate were homogenized in 
the mixing bowl of alveograph for 2 minutes. 
The results were statistically interpreted using 
the professional software “Statistica”. 
Statistical analysis highlighted the average 
effect of the calcium lactate treatments on the 
alveographic parameters of flours in industrial 
environment. 
 
RESULTS AND DISCUSSIONS 
 
In industrial environment, due to large daily 
quantities of flours with different technical 
specifications, is suitable an average approach 
of quality parameters and of improving 
treatments.  
The results of alveographic analyzes performed 
for control flours are shown in Table 1. 
(statistical variability estimates). 
 
Table 1. Variability parameters for alveographic quality 

indices of the flours (n = 62) 

Parameter X ± sx 

Range of 
variation 
(min. –
max.) 

Coefficient 
of 

variation 
(%) 

Resistance 
(P, mm) 

76.758 ± 
8.028 62 - 99 10.459 

Extensibility 
(L, mm) 

70.758 ± 
12.023 42 - 82 16.992 

Gluten 
extensibility 

index (G) 

18.647 ± 
1.687 14.4 – 20.2 9.047 

Mechanical 
work (W, 10-

4/Jouli/g) 

175.548 
± 47.010 78 - 240 26.779 

P/L 1.080 ± 
0.223 0.82 – 1.71 20.648 

Dough elasticity 
index  (Ie, %) 

46.714 ± 
7.841 29.6 – 56.8 16.785 

 
We observed in Table 1. that the studied flours 
were characterized by a higher variability of 
some alveographic parameters, namely: the 
mechanical work (W) and the resistance/ 
extensibility ratio (P/L). The other quality 

 
parameters are relatively homogeneous. In 
terms of average values of the analyzed 
parameters, it can be considered that  the flours 
properties were characterized by modest bakery 
properties (alveographic mechanical work - 
below 200 W, P/L ratio greater than 0.65). 
It can be noticed, from the variation ranges 
analysis of alveographic parameters, that in the 
test samples were included flours with very low 
bakery potential (with mechanical work W=78, 
or extensibility, L=42). The average effects of 
the addition of calcium lactate to the flours are 
shown in Table 2. 
 
Table 2. Variability parameters for alveographic quality 

indices of flours treated with calcium lactate  

Parameter X ± sx 

Range of 
variation 

(min. –max.) 

Coefficient of 
variation (%) 

Resistance 
 (P,mm) 

87.145 ± 
14.545 52 - 123 16.690 

Extensibility  
(L, mm) 

64.790 ± 
12.137 35 - 85 18.733 

Gluten 
extenibility 
index (G) 

17.831 ± 
1.732 13,2 – 20,5 9.713 

Mechanical 
work (W, 10-4 

Joules/g) 

200.081 
± 43.930 80 - 278 2.876 

P/L 1.408 ± 
0,438 0.82 – 2.89 31.11 

Dough elasticity 
index  (Ie, %) 

49,006 ± 
11.248 0 – 62.7 22.952 

 
In Table 2, we observed that resistance 
parameter (P, mm) of dough had averaged an 
increase of 10.4 mm in the samples treated with 
calcium lactate, compared to control. The 
increase is statistically very significant t=4.864, 
p=0.000001, (Figure 1).
 

 
 

Figure 1. The effect of calcium lactate treatment on 
dough resistance (P) parameter  

 
Figure 2, shows the regression equation 
between the amount of lactate used for the 

flours treatment and the values of resistance 
parameter. We noticed that the addition of 
calcium lactate contributed very significantly to 
increase of dough resistance (r=0.66***). In 
fact, 43% of the variation in resistance 
alveographic parameter (P, mm) is due to the 
addition of calcium lactate (r2 = 0.43). 
 

 
 

Figure 2. Regression between alveographic resistance 
(EMP) and the amount of added calcium lactate (CL, 

g/100 kg) 
 
The addition of calcium lactate caused a 
significant decrease of Extensibility (L, mm) 
parameter value (t=-2.751**). The decrease 
was on average, of 5.97 mm (Figure 3). 
 

 
 

Figure 3. The effect of calcium lactate treatment on 
dough extensibility (L) parameter   

 
Almost 31% of extensibility parameter 
variation can be explained on account of 
calcium lactate dose variation (r2=-0.31). 
The regression equation that describes the 
decrease of dough extensibility parameter, due 
to the increase of calcium lactate amount, is 
shown in Figure 4. 
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dough resistance (P) parameter  

 
Figure 2, shows the regression equation 
between the amount of lactate used for the 

flours treatment and the values of resistance 
parameter. We noticed that the addition of 
calcium lactate contributed very significantly to 
increase of dough resistance (r=0.66***). In 
fact, 43% of the variation in resistance 
alveographic parameter (P, mm) is due to the 
addition of calcium lactate (r2 = 0.43). 
 

 
 

Figure 2. Regression between alveographic resistance 
(EMP) and the amount of added calcium lactate (CL, 

g/100 kg) 
 
The addition of calcium lactate caused a 
significant decrease of Extensibility (L, mm) 
parameter value (t=-2.751**). The decrease 
was on average, of 5.97 mm (Figure 3). 
 

 
 

Figure 3. The effect of calcium lactate treatment on 
dough extensibility (L) parameter   

 
Almost 31% of extensibility parameter 
variation can be explained on account of 
calcium lactate dose variation (r2=-0.31). 
The regression equation that describes the 
decrease of dough extensibility parameter, due 
to the increase of calcium lactate amount, is 
shown in Figure 4. 
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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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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. 

 




