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Abstract

L-cystein is used for seasoning some dough, prepared from strong wheat flours, which are
characterized by resistant glutenic net, slightly extensible, with the purpose of obtaining special
rheological properties. The experiment consisted in the comparative evaluation of technological
qualities of several control flours and the same flours improved by the addition of a L-cystein
conditioner. The technological qualities investigated, had been represented by some rheological
properties of dough (farinograms, alveograms), such as: development, hydration capacity (CH),
stability, dough’s deformation energy (W), extensibility L, resistance P, P/L index, extensibility index
G and elasticity index l.. Finale, we realized a baking test, to investigate the influence of L-cystein
conditioner upon the loaf qualities (volume, porosity, elasticity).

Observing the statistical evaluations of laboratory results, we may ascertain that the most
sensitive parameter to L-cystein action, were: extensibility L, extensibility index G and P/L index.
Farinographic parameters, such as development and stability, registered also important
modifications, but not so ample as alveographic parameters. It had been also marked out the effects
of L-cystein conditioner, upon some correlation between quality parameters in improved flours,
comparative with control flours and the positive effects on the loaf qualities, like: volume, porosity
and elasticity.

Keywords: wheat flours, improvement, L-cystein, reducing agent, quality parameters,
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Introduction

L-cystein is used to improve flours, which contain strong glutenic net, in order to
reduce fermentation and kneading period, to fit some rheological properties and to obtain
special dough elastic properties.

Flours which need improving with L-cystein, or other reducing agents, generate low
volume products, small porosity and powerless flavor.

The action of L-cystein in dough starts with reducing intramolecular disulfide —S-S-
bonds, preventing them to participate at disulfide-sulhidril interaction reactions. Accordingly,
glutenic net shapes faster, but it contains a smallest number of intramolecular bonds [1].

L-cystein and its derivatives are used in 10-90 ppm dosages. There are known a few
theories about the action of L-cystein in dough. One of those considers that L-cystein, which
contains a -S-S- bond, opens up disulfide bridges from glutenic proteins structure. Another
theory, considers that L-cystein attacks disulfide bonds, by sulfidic radicals, which were born
by physical breaking, during the kneading. Reaction is over when one of the two radicals,
formed as a result of physical breaking of -S-S- glutenic bonds, accepts H* coming from L-
cystein molecule and the other radical binds to L-cystein residue, according to the following
mechanism:
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R-S-S-R* + CYS-SH — R-S-S-CYS + R*-SH
R-S-S-CYS + CYS-SH —» CYS-S-S-CYS + R-SH

In this case, just a half of disrupted -S-S- glutenic bonds can be restored. According to
Tsen (1979), L-cystein acts exclusive during kneading, but not during fermentation [2].

Materials and Methods

The experiment consisted in the comparative evaluation of technological qualities of
several control flours and the same flours improved by the addition of an L-cystein
conditioner, used as a reducing agent. The technological qualities investigated, were tested by
exploring the rheological properties of dough, respectively the farinograms and alveograms.
Farinographic method investigates flour quality, by several parameters, as: development time,
stability, softening, tolerance index. Farinogram represents the evolution of dough in specific
kneading conditions, after it has been brought to a standard consistency of 500 U.B.
(Brabender units). Alveographic method analyses the dough stretch resistance, under air
pressure. The sheet of dough will swell like a bubble, until it breaks. It will be recorded:
maximal resistance of dough P, extensibility L, dough’s deformation energy (W), P/L index
(synthetic quality parameter), extensibility index G (calculated as G = 2.226 VL) and dough
elasticity index le (calculated as the ratio between dough resistance at 40 mm, from the start of
the curve P20o and maximal resistance P).

The utilized analysis methods are those described by the national and international in
force standards, as: ICC-Standard No. 121 and ICC-Standard No. 115/1, for the execution of
farinograms and alveograms. The apparatus includes a Brabender farinograph and a Chopin
alveograph [3,4].

The studied material was represented by 20 control samples of unimproved 480 type
flour, from S.C. Boromir S.A. These have been differently improved with a reducing agent,
containing L-cystein (10 % in proportion) as active substance, namely Cisto’Pan, furnished by
Beldem firm.

The conditioner quantity which has been added was within 20 and 50 ppm. The
improvement manner is shown in table 1.

Table 1. Improving variants with Cisto’Pan of tested flours

No. Conditioner No. Conditioner
flour lot guantity (ppm) flour lot guantity (ppm)
1 20 11 40
2 20 12 40
3 20 13 40
4 20 14 40
5 20 15 40
6 30 16 50
7 30 17 50
8 30 18 50
9 30 19 50
10 30 20 50

The difference between the control flours and the Cisto’Pan improved flours were
analyzed by statistical methods.
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In order to disclose the conditioner effect on technological properties of wheat flours,
we improved one control sample, successive with 20, 30, 40 and 50 ppm. Finally, we
performed a baking test for the variant improved with 40 ppm Cisto’Pan, to investigate the
influence of L-cystein conditioner upon the loaf qualities as: volume, porosity and elasticity
[5, 6].

Results and discussion

As seen in table 2, the studied flours are characterized by large values of the quality
parameters. In these flours there are strong glutenic net, stable in intense kneading conditions,
with high kneading energy absorption capacity. The flours were also relative homogeneous,
concerning the values of variation coefficients for CH (hydration capacity), G and le, but
heterogeneous, concerning variation coefficients of other analyzed parameters.

Table 2. The variability estimates for the control flours’ quality parameters

Parameter Xts, s CV %
Hydration capacity (%) 61.910 + 1.438 2.069 2.320
Development (min) 9.5+2145 4.602 22.582
Stability (min) 21.125 +3.752 14.084 17.765
Deformation energy W (101J) 477.400 +£74.525 5561.068 15.620
Extensibility L (mm) 116.750 + 24.326 591.750 20.836
Resistance P (mm) 111.912 + 20.315 412.732 18.153

P/L 1.055 + 0.366 0.134 36.455

G 23.193 + 2.163 4.679 9.326

le 65.857 £ 6.136 37.649 9.317

The average values for the improved flours quality parameters are presented in table 3.

Table 3. The variability estimates for the improved flours’ quality parameters

Parameter Xts, s CV %
Hydration capacity (%) 62.014 + 1.093 1.197 1.764
Stability (min) 18.607 £4.171 17.401 22.418
Development (min) 8.354 + 1.290 1.664 15.442
Deformation energy W (10*)) 481.000 + 88.205 7780.210 18.307
Extensibility L (mm) 135.750 £ 15.351 235.671 11.308
Resistance P (mm) 105.525 + 17.530 307.301 16.612

P/L 0.782 £ 0.144 0.021 18.425

G 25.275 + 1.075 1.156 4.254

le 62.620 + 10.374 107.632 16.567

As seen in table 3, L-cystein treatment brings to a succession of modifications of
quality parameters, comparative to control flours. As well, we noticed important changes in
variation coefficient values, concerning these parameters. Trends of these modifications
carried out by means of increasing variation coefficient values, for: stability, W and I,
respective by diminution the values for the other parameters, such as: CH, development, P, L,
P/L, and G.

An interesting aspect refers to the fact that, concerning all quality parameters for
which L-cystein treatment introduced significant differences, in improved flours comparative
to control flours, these differences were accompanied by a diminution of variation
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coefficients. We may assume that beyond L-cystein treatment, some of the parameters
became more homogenous in all improved flours, having no obviousness correlation with the
initial values of the quality parameters in control flours (probably the quality parameters
values had been modulated also by other factors).

As seen in table 4, the average values for the quality parameters emphasized statistical
differences (t test), between the control flours and the L-cystein improved flours

Table 4. The significance of the differences between the control flours’
and the improved flours’ quality parameters

Control Improved t Significance
Parameter flour flour level

Hydration capacity (%) 61.910 62.014 0.215 ns
Development (min) 9.500 8.354 1.586 ns
Stability (min) 21.125 18.607 1.679 ns
Deformation energy W (10 J) 477.400 481.000 0.139 ns
Extensibility L (mm) 116.750 135.25 2.953 **
Resistance P (mm) 111.912 105.525 1.064 ns
P/L 1.005 0.782 3.101 **
G 23.193 25.275 2.507 *
le 65.857 62.62 0.682 ns

(* significant; ** distinctly significant; *** very significant)

We ascertain that, the most sensitive parameter to L-cystein action, seems to be the
alveographic parameter extensibility L and thereby, alveographic parameters, which depend
on this one, like: P/L ratio, respectively G. Analytic methods, based on dispersal analysis, so
called on the average statistic characteristics, could not find significant differences between
the farinographic parameters, in control and improved flours, although average for
development and stability, decrease in improved flours. The fact does not exclude L-cystein
capacity to influence these parameters, but the absence of significance could be due to the
specific characteristics of each control wheat flour.

L-cystein influence, was also analyzed, considering the modifications of correlation
index, between pairs of quality parameters, in control and improved flours, as seen in table 5.

Table 5. Madifications of some technological (statistical) markers, under L-cystein influence

Pairs of parameters Control L-cystein improved
(technological markers) flours flours
r? r
Development — P 0.761** 0.423 ns
Development — L -0.874*** 0.048 ns
Development — P/L 0.885*** 0.369 ns
Development — G -0.917*** 0.848***
Stability — L 0.575* 0.086 ns
P-L -0.556* -0.105 ns
P-G -0.744** 0.583*
PIL-G -0.939*** -0.105 ns
CH-W 0.507 ns 0.774**
Development — Stability -0.026 ns 0.606*

We observe that, between farinographic and alveographic parameters of control flours,
disclose some correlations, which disappear by treatment with reducing agent. Thus, increase
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the development time of the dough, derived from control flours, determines: an answerable
increase of the resistance, a decrease of the extensibility and an increase of P/L ratio. L-
cystein addition eliminates these correlations, and changes the sign of development -
extensibility index G correlation. Significant correlation between pairs of quality parameters,
in control flours, constitutes specific marker of some oxidative processes. Addition of L-
cystein is modifying these processes, by reducing ones, at one time with the correlation
coefficient value or/and sign.

Stability parameter value of control flours, is correlating positive significant to their
extensibility value, while in improved flours, correlation coefficient is unsignificant. We can
see also, that resistance R-extensibility L correlation is significant in control flours, but
unsignificant in improved flours. The negative significant correlation coefficient for P/L-G
pair, in control flours, became unsignificant for L-cystein treated flours, or changes sign and
level of significance, for P-G pair. These observations confirm the results obtained with “t
test”, concerning the fact that L-cystein action, solid increases flours’ extensibility, but does
not affect significant the initial resistance, as happened with proteases treatments.

In Cisto’Pan treated flours, the absorbed water quantity CH, correlates positive
distinctly significant to energy W. The development of dough and stability correlates positive
significant in improved flours, showing that the most stable dough is formed more heavily.

Because of some of the quality parameters, especial farinographic ones, with large
variation coefficients, which affected average significance, we grouped the results counting
on the reducing agent dosage applied. We can hereby notice, that farinographic parameters
respond relative homogeneous to the increase of Cisto’Pan dosage, which determines the
decrease of development and stability dough values.

Figure 1 marks out the influence of L-cystein growing dosages, on development
farinographic parameter (in %), comparative to its average value in control flours. We noticed
that the decreasing tendency of dough development, accentuates with the increase of
conditioner quantity, therefor Cisto’Pan reduces dough time forming, especial at high
dosages.
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Figure 1. Decrease of dough development, depending
on Cisto’Pan added quantity

Cisto’Pan effect on flours stability (fig. 2) is less homogeneous, comparative to its
effect upon the development time of the dough. Although the decrease tendency, vis a vis the
control flours, maintains for every improving variants, we noticed some influences, depending
on flours self characteristics. This fact could be a problem in practice, when is needed, for
technological purpose, to modify extensibility (L), by keeping stability unchanged. Our
results suggest that for these kind of events, evaluation of dough stability has to be done by
testing the flour first.
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Figure 2. Decrease of dough stability, depending
on Cisto’Pan added quantity

The resistance P of studied flours, decreases almost linear, for every Cisto’Pan
treatment variant (fig. 3). For the smallest conditioner quantities (20, 30 ppm), resistance
modifications are not very important, but for highest quantities (40, 50 ppm), percent decrease
of resistance became real significant.
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Figure 3. Evolution of dough resistance P, depending
on Cisto’Pan added quantity

We observe in figure 4 that the extensibility had registered an almost linear and
homogeneous increase, for every four improving variants. In this case, we can predict with
enough accuracy the changes in flours’ extensibility, brought by Cisto’Pan addition,
observing that the difference significance from the control flours, maintained for all analyzed
samples.
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Figure 4. Increase of dough extensibility (L), depending
on Cisto’Pan added quantity
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Concerning dough energy W, we observed insignificant and heterogeneous variations,
like increasing to some samples and decreasing to another. It can’t be formulated any clear
conclusion about energy dependence on Cisto’Pan added quantity.

Figure 5 shows that P/L index, as an indicator for the changes appeared in flours
resistance and extensibility, decreased linear and constant. Practical, the increment of
Cisto’Pan quantity with 10 ppm, determined an additional P/L index decrease of about 5 %,
comparative to the preceding dosage. P/L index parameter may be thus considered one of the
most sensitive parameters to Cisto’Pan action, presenting a predictable, homogeneous
behavior.
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Figure 5. Decreasing of P/L index, depending on Cisto’Pan added quantity

Concerning G and le, one of them namely G had a weird behavior, decreasing and
increasing along the curve. le was more homogeneous, decreasing slowly with Cisto’Pan added
quantity. Anyway, this decrease was not significant correlated to Cisto’Pan dosage (fig. 6).
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Figure 6. G and I evolution, depending on Cisto’Pan added quantity

In figures 7-16 are presented rheological results, obtained by successive treatment of
the same control flour, with growing Cisto’Pan dosages.
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Figure 7. The farinogram of a flour control sample, used for
testing Cisto’Pan conditioner
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Figure 8. The farinogram of an improved flour sample,
used for testing 20 ppm Cisto’Pan quantity
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Figure 9. The farinogram of an improved flour sample,
used for testing 30 ppm Cisto’Pan quantity
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Figure 10. The farinogram of an improved flour sample,
used for testing 40 ppm Cisto’Pan quantity
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Figure 12. The alveogram of a flour control sample, used for
testing Cisto’Pan conditioner
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Figure 13. The alveogram of an improved flour sample,
used for testing 20 ppm Cisto’Pan quantity
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Figure 14. The alveogram of an improved flour sample,
used for testing 30 ppm Cisto’Pan quantity
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Figure 15. The alveogram of an improved flour sample,
used for testing 40 ppm Cisto’Pan quantity
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Figure 16. The alveogram of an improved flour sample,
used for testing 50 ppm Cisto’Pan quantity

The diagrams presented in figures 7-16 constitute a supplementary argument for the
observations and discussion made about the average results. The treatments with Cisto’Pan,
influenced decisive stability farinographic parameter and determined its decrease in improved
flour. Alveographic parameters were even more sensitive to L-cystein action, especial
extensibility (L) and P/L index, bearing significant changes. In the same time, resistance P
was affected by L-cystein addition, its value decreased comparative to control sample, for any
variants tested (from 20 to 50 ppm). Figure 17 presents centralized the results for all
parameters, depending on conditioner quantities tested.

Roum. Biotechnol. Lett., Vol. 11, No. 1, 2549-2561 (2006) 2559



N. C. POPA, RADIANA TAMBA-BEREHOIU, GH. CAMPEANU, P. TAPALOAGA,
VASILICA STAN, A.IANCU

4

—"
o

\
\

%

NN

S
=X
S
8
N
S
8
S
8
8
S
8
S
S
8
S
8
N
S
8
S
8
S
S
N

Fo44 4433000300000 R0 00D

Y,

Figure 17. The results obtained by applying improving variants to
the same flour control sample

The results obtained, had been checked up by making a baking test. Figure 18 presents
the structure of bread core, obtained by treating a control flour with 40 ppm Cisto’Pan

Control Improved with 40 ppm Cisto’Pan

Figure 18. The structure of bread core, by treating a control flour with 40 ppm Cisto’Pan

The volume of bread, treated with 40 ppm Cisto’Pan, showed a 12 % increase, an
improved porosity, from 83,4 % to 85,6 % and an elasticity increase, from 95 % to 97 %.

All the results confirm the fact that the using of L-cystein conditioner represents an
advantage practical solution, in technological processes of strong flours.

Conclusions

1. L-cystein treatment determined significant changes of alveographic parameters, such
as: extensibility (L), extensibility index (G) and P/L index (resistance/extensibility index);
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2. Farinographic parameters: development and stability, did not statistical significant
change, but its values decreased constantly in improved flours, comparative to control flours,
following the increase of Cisto’Pan conditioner;

3. The alveographic parameter resistance, decreased also (like farinographic
development and stability parameters), but not statistical significant. The action of L-cystein
did strongly influenced the increase of extensibility value;

4. L-cystein treatments determined changes, of value and sign, for some correlation
coefficients (between pairs of parameters) in improved flours, comparative to control flours,
especial those alluding to oxidative processes;

5. L-cystein treatments had strongly influenced, in higher dosages (above 30 ppm), the
quality parameters;

6. The alveographic parameter P/L decreased with 5 %, by increase of conditioner with
10 ppm. Based on this fact, action of L-cystein in dough is predictable, for obtaining the
wanted value of P/L index. This parameter is critical for some technological processes, like
those which generate croissants, frozen dough, or pastry products.

7. Cisto’Pan can be used successfully to improve bread bakery qualities, because of its
positive effects upon loaf volume, porosity and elasticity.
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