Chemical Industry & Chemical Engineering Quarterly

OLIVERA D. SIMURINA'
STEVAN D. POPOV?
BOJANA V. FILIPCEV'
JELENA M. DODIC?
MARIJA .
BODROZA-SOLAROV'
MIRJANA DEMIN®
ZVONKO B. NJEZIC!

'Institute of Food Technology,
University of Novi Sad, Novi Sad,
Serbia

2Faculty of Technology, University
of Novi Sad, Novi Sad, Serbia
3Faculty of Agriculture, University
of Belgrade, Zemun, Serbia

SCIENTIFIC PAPER
UDC 633.11:664.641.12/.654.3:66

DOI 10.2298/CICEQ121127029S

Over the past decade, an appreciable stag-
nation of quality and yield of mercantile wheat at the
global, regional and local levels has occurred [1-4].
This phenomenon is the consequence of more
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MODELLING THE EFFECTS OF
TRANSGLUTAMINASE AND L-ASCORBIC
ACID ON SUBSTANDARD QUALITY WHEAT
FLOUR BY RESPONSE SURFACE
METHODOLOGY

Article Highlights

e Dough and bread quality of substandard flour can be improved by using TG and L-AA

e RSM was applied in the analysis of the individual and interactive effect of TG and
L-AA

e TG has more linear effect in the fermentation process, on the crumb quality than L-AA

e L-AA has a much greater effect on the specific volume of bread than TG

o Desirability function defines optimum dose of TG and L-AA for sample of flour sub-
standard quality

Abstract

Over the past decade, extreme variations in climatic conditions have been
observed, which in combination with inadequate agro techniques lead to dec-
reased quality of mercantile wheat, i.e. flour. The application of improvers can
optimise the quality of substandard wheat flour. This paper focuses on Sys-
tematic analysis of individual and interaction effects of ascorbic acid and trans-
glutaminase as dough strengthening improvers. The effects were investigated
using response surface methodology. Transglutaminase had much higher
linear effect on the rheological and fermentative properties of dough from sub-
standard flour than L-ascorbic acid. Both transglutaminase and L-ascorbic acid
additions had a significant linear effect on the increase of bread specific
volume. Effects of transglutaminase and ascorbic acid are dependent on the
applied concentrations and it is necessary to determine the optimal concen-
tration in order to achieve the maximum quality of the dough and bread. Opti-
mal levels of tested improvers were determined using appropriate statistical
technigues, which applied the desirability function. It was found that the com-
bination of 30 mg/kg of transglutaminase and 75.8 mg/kg of L-ascorbic acid
achieved positive synergistic effects on rheological and fermentative wheat
dough properties, as well on textural properties and specific volume of bread
made from substandard quality flour.

Keywords: substandard quality flour, transglutaminase, L-ascorbic acid,
optimization.

expressed climate changes that are manifested in
different ways [5]. Unfavourable climate conditions
and inadequate agro-techniques decrease the level of
usability of wheat genetic potential. The processing
industry is faced with the fact that in certain pro-
duction years the quality of mercantile wheat is below
average required values. Wheat flour produced from
wheat of low technological quality is also of sub-
standard quality.
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Flour quality can be improved by chemical,
enzymatic or physical treatment [6]. The most fre-
quently applied method of protein modification in
wheat processing industry is protein cross-linking.
Nowadays, it is common practice to add improving
agents to wheat flour to overcome quality deficiencies
[7]. The investigations showed that L-ascorbic acid (L-
-AA) and transglutaminase (TG) have important role
in wheat protein cross-linking.

L-AA changes the spatial structure of gluten by
oxidation of the sulfhydryl group of the cysteine
residue forming inter- and intra-molecular disulfide
bridges [8]. L-AA increases dough strength, reduces
dough stickiness [9] and gives greater tolerance to
excessive addition [10] than other oxidants, as sup-
plementation beyond the optimal concentration does
not decrease loaf volume [7]. L-AA has the greatest
effect in weak flours, and added in the quantity of 50
to 100 mg/kg achieves bread volume increase even
up to 18% [11,12]. TG (EC 2.3.2.13, protein-glut-
amine jglutamyltransferase) catalyzes reaction of
transfer of acyl group between ycarboxamide group
from protein bound glutamine residue (acyl donors)
and different primary amines (acyl acceptors). Acyl
acceptors are most frequently eamino groups of
lysine residues in a protein or peptide. As a result of
the reaction, inter- or intra-molecular covalent cross-
linking occurs [13,14]. In the case of gluten, this
enzyme induced the formation of high molecular
weight polymers despite the low lysine content in glu-
ten proteins. The formation of these polymers results
in strengthening of the gluten network [14]. The inves-
tigations showed that TG can improve dough elas-
ticity and may produce beneficial effects during
breadmaking that are similar to oxidizing improvers
[13]. Tseng and Lai [15] have investigated and com-
pared the effects of TG and L-AA in three flours with
different compositions and rheological properties;
however, no study has investigated the combined
effects of these two ingredients in substandard wheat
flour. The innovative character of this study lies in the
fact that so far there has been no research examining
the effects of ascorbic acid and transglutaminase both

separately and combined in flour of substandard
quality. This paper features experiments applied to
low quality flour and defines optimum doses of these
two dough strengtheners in order to achieve the set
goals. These goals are related to increasing the max-
imum height of gaseous release (H'm), specific
volume of bread and crumb resilience.

By applying response surface methodology
(RSM) it is possible to analyze all the effects of inde-
pendent or combined factors. Many researchers apply
RSM as a mathematical modelling tool in bioprocess
optimization [16,17]. By using RSM, process variables
could be controlled together to result in maximum pro-
duct properties with desired characteristics [18,19].

The purposes of this paper were the following:

1) The analysis of individual and interaction
effects of TG and L-AA on rheological and ferment-
ative properties of dough and bread quality produced
from substandard wheat flour.

2) The analysis of the adequacy of regression
models, /e., establishing whether the suggested
models are in accordance with the data (through
values of coefficient determination /° and lack of fit
importance), as well as whether there is sufficient
precision of models in predictions (through F-test).

3) The optimization of the concentration of TG
and L-AA by the application of desirability function
with the aim of improving certain rheological and fer-
mentative properties of dough, as well as bread quality.

EXPERIMENT

Materials and methods

In this study we used commercial refined soft
wheat flour. As displayed in Table 1, quality para-
meters of flour were well below the optimum value
required for bread making [20-22]. Therefore, the
tested flour could be graded as substandard quality
flour.

Protein content of the tested wheat flour
(Nx6.25) was analysed using a Kjeldahl procedure
(ICC Standard No 105/2) [23] and gluten index values
were determined using the Glutamatic 2200 system

Table 1. The criteria of optimal wheat flour quality for bread production [26-28] and the characteristics of the tested wheat flour

Quality parameter

Optimal quality of the refined wheat flour for

Quality characteristic of the tested

bread production wheat flour
Protein, % dry weight 11.5-13.5 10.7
Gluten index, % 52.0
Extensograph area, cm? 30.0
Resistence of extension, BU 200-400 120.0
Alveograph, W10, J 160-200 140.0

Alveograph ratio, A/L

1.1
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(ICC Standard No 155) [24]. Rheological properties
were determined using a Brabender extensograph
(ICC Standard No 114/1) [25] and a Chopin alveo-
graph (ICC Standard No 121) [26].

The applied TG was a commercial preparation
Veron TG containing 100 transglutaminase units per g,
manufactured by ABF Ingredients Company, Ger-
many. The recommended dosage was 10-30 mg/kg. In
the experiment the applied doses of enzyme were 15
and 30 mg/kg of flour. L-AA was also a commercial
preparation produced by BASF, Germany, and was
applied in a dose of 50 and 100 mg/kg of flour, based
on the results of previous investigations [27]. Enzyme
and acid were added according to the experimental
design presented in Table 2.

Uniaxial extension test

A texture analyzer (Texture Technologies, Stable
Micro Systems, Surrey, UK) equipped with a Kieffer
dough and gluten extensibility rig was used to perform
a small scale uniaxial extension test. Dough samples
were prepared in a farinograph mixing bowl using 300
g flour, 6 g salt and water according to the design
given in Table 2. For all samples, dough consistency
was 450 B.U. A piece of dough (25 g) was placed to
rest in a thermostat at controlled temperature (301
°C) and relative humidity (85%) for 20 min. The
sample was then rolled by hand into a cylindrical
shape, placed in the standard Kieffer mold and com-
pressed with a lubricated top plate. The sample was
rested for 40 min in the thermostat under the same
conditions. Before the start of the test, the sample
was clamped between the plates of the Kieffer rig.
The setting values were the following: pre-test speed
of 2.0 mm/s, test speed of 3.3 mm/s, post-test speed
of 10.0 mm/s, distance between 100 mm, and an
automatic trigger force of 5 g by using a 5 kg load cell.
The parameters recorded were the resistance to ext-
ension (ARax) and extensibility until dough rupture (£).

Table 2. Results of experimental design for quality properties
resistance to extension,; E, extensibility until dough rupture; H'm,

The results shown are the mean values of at least
seven measurements.

Dough development and gas retention tests

The Chopin rheofermentometer F3 (Villeneuve-
la-Garenne, France) was used to measure several
parameters of dough development: maximum height
of gaseous release (H'm, mm), and volume of CO,
retention (ml). Dough was prepared in a high-speed
Diosna mixer (Dierks & So6hne Maschinenfabrik,
Osnabrick, Germany) with low speed of 85 rpm for 1
min and high speed of 120 rpm for 7 min. Dough was
prepared with compressed yeast (4% flour weight
basis), salt (2% flour weight basis), the amounts of
TG and L-AA were added according to the experi-
mental design (Table 2). The dough weight 3151 g
was placed in the removable basket of the gasometer
and with the load weight of 2000 g directly on the
dough. The cover was fitted with an optical sensor
and the test was run for 3 h at 301 °C. All the expe-
riments were replicated three times.

Bread preparation

The bread dough formula was: flour (100 g),
compressed yeast (4 g/100 g flour), salt (2.0 g/100 g
flour), vegetable fat (1 g/100 g), enzyme TG (dose:
0-30 mg/kg flour, according to Table 2) and L-AA
(dose: 0-100 mg/kg, according to Table 2). The
amounts of added water were adapted for each treat-
ment point to keep dough consistency at 450 BU.

Dough was mixed for 1 min at low speed of 85
rom and for 7 min at high speed of 120 rpm in a
laboratory Diosna mixer. Bulk proofing was conducted
for 45 min at 85% relative humidity and 3011 °C.
Dough was scaled to 35011 g and manually rounded,
rolled, and put into tin pans. Baking was done as
described by FilipCev et al. [28]. All the experiments
were replicated three times.

of wheat dough and bread made from substandard wheat flour; Rpax,
maximum height of gaseous release,; SV, specific volume

TG, mg/kg L-AA,mg/kg  Rmax/g E/ mm H'm/ mm CO; retention, ml Resilience, % Firmness, g SVimlg’
0(-1) 0(-1) 23.6 38.3 64.8 1289 33.6 672.3 4.1
15 (0) 0(-1) 26.2 27.8 70.9 1331 33.9 638.8 44
30 (1) 0(-1) 27.0 253 68.8 1424 37.0 473.4 45
0(-1) 50 (0) 304 246 64.8 1362 33.8 539.7 4.5
0(-1) 100 (1) 40.7 222 67.0 1441 34.9 522.7 4.6
15 (0) 50 (0) 29.2 19.6 73.7 1485 34.2 519.0 4.8
15 (0) 50 (0) 28.8 19.8 73.8 1484 34.8 519.1 4.8
15 (0) 100 (1) 40.7 17.9 80.2 1568 35.0 510.8 5.1
30 (1) 50 (0) 32.6 18.4 83.6 1520 38.4 340.5 5.2
30 (1) 100 (1) 34.9 25.0 84.2 1662 36.9 502.2 5.3
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Bread evaluation

Quality analysis of bread samples was carried
out by measuring weight, volume and instrumental
textural properties. Bread volume was determined by
seed displacement method 2 h after baking. Specific
volume (ml/g) of bread was calculated from loaf
volume and weight. Three breads from each batch
were measured and the results were averaged. Bread
samples were then packed in plastic bags and stored
for 24 h at room temperature until evaluation for bread
instrumental textural attributes. Crumb firmness and
resilience were evaluated using the Texture Analyzer
TA-XT2i (Stable Micro Systems, Surrey, UK), accord-
ing to a modified AACC method 74-10A, described by
FilipCev et al. [28].

Statistical analysis

Experimental data was processed using Design-
Expert 8.1 software (Stat-Ease Corporation, Minne-
apolis, MN, USA). The experiment was conducted as
a full factorial design 37 with two replicates at a cen-
tral point (Table 2).

The effects of TG and L-AA on the investigated
response functions were established in the model in
the form of polynominal equations (1):

Y= by + BTG + BL-AA + b1 TG? + byL-AA? +
b12TGXL-AA (1)

where Yis the response function of the experimental
data, TG and L-AA are the independent variables,
and the b parameters are the coefficients. The ade-
quacy of all the models was tested by dispersive
analysis, and the parameters that describe the ade-
quacy are the following: the coefficient of determin-
ation A%, Fvalues of model and Pvalues of lack-of-fit.

Aiming at the determination of optimal TG and
L-AA concentrations in order to improve dough pro-
perties and quality of bread made from substandard
flour, a desirability function was applied. The desir-
ability function was used because of its additional
benefits - user flexibility in selecting optimum condi-
tions for analysis of a variety of samples and more
effective use of resources [19,29].

RESULTS AND DISCUSSION

Models of effects of transglutaminase and L-ascorbic
acid on the rheological and fermentative properties of
dough and on the quality of bread from substandard
flour

Rheological properties according to Kieffer ext-
ensibility dough/gluten rig (TA) relating to the maxi-
mum resistance to extension (Rn.) and extensibility
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from start until dough rupture (£) are shown in Table
2. Minimum value for R« (23.6 g) was achieved in
non-treated wheat dough, while treatment with 100
mg/kg L-AA or 15 mg/kg TG and 100 mg/kg L-AA had
identical values, which were also the highest ones
(40.7 g) for Ry By the addition of L-AA and TG,
dough extensibility decreased and ranged from 38.3
mm in the control sample to 17.9 mm in the sample
that underwent treatment with 15 mg/kg TG and 100
mg/kg L-AA.

Dough parameters (H'm, CO, retention) during
fermentation are presented in Table 2. The treat-
ments with TG and L-AA and their mixtures increased
the maximum height of gaseous release (H'm) and
the volume of CO, retention was achieved at maxi-
mum concentrations of TG and L-AA.

Experimental values for firmness, resilience and
specific volume of bread obtained by the application
of treatments are also presented in Table 2. Bread
without any additions had the highest value for firm-
ness (672.3 g). The lowest firmness (340.5 g) was
registered in bread with the application of 30 mg/kg of
transglutaminase and 50 mg/kg of ascorbic acid. The
same treatment also influenced resilience improve-
ment. The highest specific volume (5.3 ml/g) was
determined for bread sample with maximum TG dose
(30 mg’kg) and maximum L-AA dose (100 mg/kg).

Effects of models obtained by RSM analysis,
after removing outliers and terms with insignificant
coefficients, are presented in Table 3. Models take
into consideration the directions and intensity of the
individual and interactive effects of TG and L-AA on
the rheological and fermentative properties of dough
and textural properties and specific volume of bread
from substandard wheat flour.

According to the results given in Table 3, TG
and L-AA exhibited significant effects (2~ < 0.05) on all
the analysed rheological and fermentative parameters
of dough. TG exerted significant linear effect on the
decrease of extensibility values, whereas all the other
dough properties were increased. This effect is the
consequence of the influence of TG on protein chains
networking and strengthening of protein dough struc-
ture. The dough improves its elasticity characteristics
and decreases its viscosity characteristics. Exten-
sibility is a criterion of dough viscosity and it dec-
reases with TG addition, whereas resistance is a cri-
terion of its elasticity and increases with TG addition.
The increased dough elasticity improves its character-
istics during fermentation, which affects the increase
of the values of the investigated parameters (4'm and
CO, ret). Generally speaking, a positive effect of TG
to dough is also transferred to bread, which leads to
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Table 3. Models of the effects of TG and L-AA on quality properties of wheat dough and bread made from substandard flour and assess-

ment of their adequacy

ANOVA for each model of responses

Model of response

A Fcal. value of model

Ftab. value of model Pvalue of lack of fit

Rinax = 3.41+0.15TG+0.18L-AA+3.11x10°TGxL-AA 0.92

E=5.13-0.59TG-0.26L-AA-1.67x10°TGxL-AA 0.99
Hm=10.14+0.36TG+0.02L-AA+4.73x10°TGxL-AA  0.98
CO;, ret. = 17.97+5.03TG+2.29L-AA 0.98
R=18.56+1.04TG 0.95
F=7.23+4.90TG-3.35L-AA-0.38TG?+0.02L-AA%+ 0.98
+3.34x10™*TGxL-AA

SV=15.14+0.02TG+9.98L-AA+5.43TGxL-AA 0.99

23.48 4.76 0.027 (s)
176.67 19.30 0.631 (ns)
82.27 6.56 0.194 (ns)
126.09 5.14 0.023 (s)
10.74 4.74 0.593 (ns)
31.40 9.01 0.811 (ns)
213.35 5.14 0.999 (ns)

the increase of volume, elasticity and crumb stability.
Based on the results given in Table 3, it can be stated
that TG had a much higher linear effect on the rheo-
logical properties of dough from substandard flour
than L-AA. Such an expressed TG effect is the con-
sequence of dough strengthening due to inter- and
intra-molecular cross-linking of protein by covalent
bonds and the formation of polymers [14]. However,
with square increase of the concentration, neither
addition had significant effect on the dough para-
meters at all. This could be explained by the fact that
the polymerization degree depends on the number of
available reactive glutamine and cysteine residues
located on the molecule surface [30]. At initial TG and
L-AA doses, reactions are intensive and exert con-
siderable effects on dough properties. With square
increase of TG and L-AA doses, significant effects are
missing due to limited number of accessible reactive
residues. Besides, saturation of protein component in
dough may occur, and, as a consequence, increasing

TG and L-AA doses would neither increase polymer-
ization degree in dough nor affect the rheological and
fermentative properties of dough [31].

During fermentation, both improvers showed
similar effects. They increased maximum height of
gaseous release (H'm) and CO, retention. It is in
accordance with previous investigations, which state
that TG enzyme has similar effect on the properties of
dough as well as oxidizing improvers [13]. The expe-
rimental results showed that the linear effect of TG on
fermentative properties of dough is several orders of
magnitude higher than the L-AA effect in the tested
doses. This trend can be seen in the perturbation
graph of the maximum height of gaseous release H'm
(Figure 1).

As a linear term, TG and L-AA had twice as
strong effect on CO, retention volume in relation to
L-AA. Further increase of TG and L-AA concen-
trations had no significant effect on either of the inv-
estigated fermentative dough properties.

]
m

fus]
=]

-~
w

-~
o

[a2]
5]

Maxamum height of gaseous release (H'm), mm

I I
-1.000 -0.500

I ] I
0.000 0.500 1.000

Factors range in coded values

Figure 1. The perturbation graph showing the effect of TG and L-AA on the maximum height of gaseous release (H'm).
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The presented results led us to the conclusion
that TG and L-AA exhibit a dough strengthening
effect, but the intensity of their effect is different and
dose-dependent. The effect of TG was higher than
L-AA, but it lost its significance with square increase
of the dose. TG catalyses the formation of inter- and
intra-molecular &(jglutamyl) lysine cross-links (G-L
bonds) and has longer time action due to cumulative
effect, in contrast to L-AA which is a mediator in an
oxidative process in dough by forming of S-S bonds
within a relatively short period [13,32].

TG and L-AA had a significant (P < 0.05) syner-
gistic effect of on the increase of maximum resist-
ance, decrease of dough extensibility and increase of
maximum height of gaseous release. This synergistic
effect will have a significant impact on bread attri-
butes, especially on firmness and specific volume
(discussed further below).

After analyzing the models of regression regard-
ing the effect on textural properties and specific vol-
ume of bread, it was noted that TG significantly inf-
luenced these parameters (P < 0.05). The significant
and positive linear effect of TG was noted on bread
crumb resilience, in contrast to L-AA which showed
no statistically significant effect on the change of this
parameter. The perturbation diagram clearly shows
the passivity of L-AA to bread crumb resilience, as
well as significant contribution of TG to its improve-
ment (Figure 2).

TG had a significant (P < 0.05) linear effect on
the increase of bread crumb firmness, which can be
considered as a positive property which contributes to

crumb strength. Crumb strength is a measure of the
ability of sliced bread to withstand handling. In some
countries, lack of crumb strength is a common com-
plaint amongst consumers [13,33]. However, by square
increase of TG concentration, crumb firmness of bread
is significantly (P < 0.05) decreased. On the other
hand, L-AA had a significant linear effect (P < 0.05) to
the decrease of crumb firmness, but with square inc-
rease of concentration, crumb firmness of bread was
significantly (P < 0.05) increased, but to a lesser ext-
ent. TG and L-AA affected bread crumb firmness in
opposite directions, depending on the applied con-
centration, which can be clearly seen in the per-
turbation diagram (Figure 3). The effect of TG and
L-AA on bread firmness increase was significant (P <
< 0.05). This could be the result of the synergistic
effect of TG and L-AA on the increase of dough res-
ilience which stabilized bread crumb.

Both TG and L-AA additions had a significant
(P < 0.05) linear effect on the increase of bread spe-
cific volume, with L-AA exerting higher effect in com-
parison to TG (Table 3). However, the increasing
levels of enzyme did not cause significant improving
effects on bread specific volume values, which is in
accordance with previous investigations [34]. There
was a significant interaction (P < 0.05) between TG
and L-AA on the increase of bread specific volume
(Figure 4).

Relatively high values of determination coeffi-
cient (A?) point to an adequate fitting of the experi-
mental results with the proposed method. Calculated
F-values are higher than tabulated values [35] in all

T A=TG

Resilience, %, mm

T I
-1.000 -0.500

I T I

0.000 0.500 1.000

Factors range in coded values

Figure 2. The perturbation graph showing the varying intensity effect of TG and L-AA on the resilience of crumb bread
made from substandard flour.
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Figure 3. The perturbation graph showing the opposite effect of TG and L-AA on the firmness of crumb bread
made from substandard flour.

Specific volume, ml/g

Figura 4. Three-dimensional graph showing the effect of TG and L-AA concentration on specific volume of bread
made from substandard flour.

the responses, from which it is possible to conclude
that the proposed model provides a good prediction of
the experimental data. For some responses (Apax,
CO, retention) the models have P value of lack of fit
<0.05, therefore the lack of fit was significant. It is
considered that in such cases the models are not
opposed to the data (high A values and Feaie. > Fab),

but do not fulfill all the diagnostic measures of ade-
quacy and all the predictions obtained by such
models will have great variations [36]. The statistical
analysis indicates that the proposed models referring
to dough extensibility (£) and maximum height of
gaseous release (H'm) in dough during fermentation
were adequate to high /* values and no significant
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lack of fit. Models constructed for textural properties
and bread specific volume have also insignificant lack
of fit, which indicated that they are adequate and
important. Therefore, these the models were further
implemented into the optimization process.

The optimization of TG and L-AA concentration by the
application of desirability function

The intensity and direction of individual and
interactive effects of the TG and L-AA in the invest-
igated range depends on the applied dosage. Desir-
ability function approach was used to locate the opti-
mal doses of TG and L-AA that produce adequate
responses regarding the quality of dough and bread
made from substandard flour. The proposition of the
criteria necessary for the determination of optimal
experimental conditions was based upon preliminary
experiments and the literature data and it is shown in
Table 4. The solutions for the proposed criteria in the
optimization of the TG and L-AA doses are also
shown in Table 4.

Following optimization, four solutions (A, B, C
and D) were obtained with predicted values for £
(21.23-23.94 mm) and H'm (84.52-88.42 mm) of
dough and for R (37.99-38.17 %), F (410.88-463.18
g), and SV (5.31-5.51 ml/g) of bread (Table 4). To
obtain the given ranges of the observed responses, it
was necessary that TG doses reach 30 mg/kg and
L-AA doses range from 75.8 to 98.9 mg/kg. Having in
mind the fact that the variation coefficient is for each
solution below 10% (Table 4), the dispersion of the
results is within limits. This means that by the appli-
cation of each of the proposed solutions it would be
possible to achieve the optimal quality of dough and
bread made from the tested substandard flour. Des-
pite lower calculated desirability in comparison to sol-

utions A and B, the solutions C seems to be the best
one particularly judging from the point of view of eco-
nomic justification. Therefore, this solution was sub-
sequently analyzed to compare the predicted res-
ponses with measured values in a new experiment
with optimal TG (30 mg/kg) and L-AA (75.8 mg/kg)
doses. The results of comparison are also given in
Table 4.

The predicted results (21.64 mm, 84.52 mm,
37.99%, 410.88 g and 5.31 ml/g) for £, H'm, R, F and
SV, respectively, obtained under the optimum con-
ditions were close to the experimental results (22.41
mm, 86.01 mm, 412.56 g, 38.34% and 5.45 ml/g).
Tests performed for each response showed low values
of relative error (less than 10%), indicating that the
models were adequate to predict these responses.

CONCLUSION

Response surface methodology was success-
fully applied for the analysis of individual and inter-
active effects of transglutaminase and L-ascorbic acid
on rheological and fermentative dough properties and
quality of bread produced of substandard flour. The
linear effect of transglutaminase on dough exten-
sibility established by Kieffer dough and gluten exten-
sibility rig was higher than that of L-ascorbic acid.
Similarly, higher effect of transglutaminase than
L-ascorbic acid was recorded on the properties of
dough during fermentation, especially on the maxi-
mum height of gaseous release and CO, retention.
The transglutaminase had significant and positive
linear effect on crumb resilience, whereas L-ascorbic
acid did not significantly affect this parameter. With
square increase of both improver doses, the effect on
the tested responses was either reduced or lost. Sig-
nificant interactive effect of transglutaminase and

Table 4. Optimization solutions of TG and L-AA concentration for the set requirements of dough and bread quality and verification of the
selected solution, R, resilience of crumb, F, firmness of crumb, SV, specific volume of bread; D, desirability value

Factors Responses
TG, mg/kg L-AA, mg/kg E, mm H'm, mm R,% F,g SV, ml/g
Goals In range In range In range Max Max In range Max
Solutions of the factors Prediction values of the responses
A 30.0 82.8 21.40 85.70 38.05 423.36 5.37 0.849
B 30.0 814 21.23 85.46 38.04 420.59 5.36 0.847
C 30.0 75.8 21.64 84.52 37.99 410.88 5.31 0.839
D 30.0 98.9 23.94 88.42 38.17 463.18 5.51 0.835
Variation coefficient, % 5.75 1.95 5.37 0.20 1.55 -
Selected solution Experimental values of the solution C

C 30.0 75.8 22.41 86.01 412.56 38,34 5.45 0.836
Relative error between predicted and 7.32 8.54 9.12 7.15 1.03 -

experimental values, %
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L-ascorbic acid contributed to the increase of maxi-
mum resistance and decrease of dough extensibility
in that way, improving dough elasticity from substan-
dard flour. It is also important their synergistic effect
on bread specific volume increase. Since single and
interaction effects of transglutaminase and L-ascorbic
acid on rheological and fermentative properties and
bread textural properties were dose-dependent, the
improver doses were optimized in order to maximise
the quality of dough and bread. Mixture of transgluta-
minase in 30 mg/kg dose and L-ascorbic acid in 75.8
mg/kg dose yielded better dough properties, as well
as higher quality of bread made from substandard
wheat flour compared to dough and bread without
these additives.
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NAUCNI RAD

MODELOVANJE EFEKATA TRANSGLUTAMINAZE |
L-ASKORBINSKE KISELINE NA BRASNO
SUBSTANDARDNOG KVALITETA METODOM
ODZIVNE POVRSINE

U poslednjoj deceniji uocene su ekstremne varijacije klimatskih uslova, koje u kombinacifi
sa neadekvatnim agrotehnickim merama uzrokuju smanjenje kvaliteta merkantiine
psenice, odnosno psenicnog brasna. Ova pojava u pojedinim proizvodnim godinama
poprima regionalni karakter. U tom slucaju, brasno substandardnog kvaliteta treba tretirati
poboljsivacima, koji imaju potencijal da njegov kvalitet podignu do optimalnog nivoa
pogodnog za preradu. Ovaj rad se fokusira na sistematskoj analizi individualnih i inter-
aktivnih efekata L-askorbinske kiseline i transglutaminaze kao ofacivaca testa. Efekti su
utvrdeni primenom metode odzivne povrsine. Transglutaminaza postiZe veci linearni
efekat od L-askorbinske kiseline na reoloske i fermentativne osobine testa od brasna
substandardnog kvaliteta. Oba dodatka imaju znacajan linearni efekat na povecanje
specificne zapremine hleba. Utvrdeno je da se primenom kombinacije od 30 mg/kg trans-
glutaminaze i 75,8 mg/kg L-askorbinske kiseline postize pozitivan sinergisticki efekat na
reoloske i fermentativne osobine psenicnog testa, kao i dobra teksturalna svojstva i spe-
cificna zapremina hleba od brasna substandardnog kvaliteta.

Kiljucne reci: brasno substandardnog kvaliteta, transglutaminaza, L-askorbinska
kiselina, optimizacifa.
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