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ABSTRACT: The objective of this study was to analyze the individual and synergistic effects of three
enzyme preparations (transglutaminase, lipase and xylanase) on the viscoelastic properties of wheat
dough made from flour of substandard quality. A response surface methodology using Box-Behnken
experimental design was used to evaluate the effects on the dynamic and creep-recovery parameters
of dough. The results confirmed that the strengthening effect were observed by transglutaminase and
lipase addition. The storage modulus increased with transglutaminase and lipase addition applied in
doses of 15 mg/kg to 30 mg/kg, whilst xylanase (applied in doses of 25-50 mg/kg) had no significant
effect on dough storage modulus (G'). Significant interaction effects of transglutaminase and xylanase
(P<0.1) increased the values of zero shear viscosity (ng). The optimal levels of the tested enzymes
were determined by the desirability function approach. It was found that the combined effect of 30.0
mg/kg of transglutaminase, 28.1 mg/kg of lipase and 38.6 mg/kg of xylanase achieved a positive
synergistic effect on wheat dough viscoelasticity made from flour of substandard quality.

Key words: substandard quality flour, optimization, enzymes, creep-recovery test, response surface
methodology

INTRODUCTION

In last decade, a variation of technological
guality of mercantile wheat has been
observed. This phenomenon is present not
only in Serbia, but also in the neighbouring
countries, across the whole Pannonian
Plain. Wheat breeders are constantly crea-
ting new wheat varieties resistant to abi-
otic stress. However, the utilization of their
potential is restricred due to inadequate
application of agrotechniques. All the afo-
rementioned facts affects the processing
industry having to deal with great quan-
tities of wheat flour of substandard quality.

The processing industry is assig-ned the
task to elevate the quality of wheat flour to
the level optimal for processing (Mikhay-
lenko et al., 2000; MaleSevi¢ et al., 2011;
Balla et al., 2011). In this context, the
treatment of flours with functional addi-
tives must be considered. Nowadays, the
baking industry is deeply involved in re-
search for alternatives to chemical com-
pounds because of their potential hazards
(Fisher et al., 1979; Dupuis, 1997). The
use of enzymes is the best alternative to
chemical compounds because they are
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generally recognized as safe and do not
remain active after baking. The enzymes
act by different mechanisms and can in-
duce changes in the forms of polymerized
subunits of glutenin and become soluble
proteins by improving their functional pro-
perties. One of the enzymes that can con-
fer strength to dough is transglutaminase.

Transglutaminase (protein-glutamine y-glu-
tamyltransferase) (TG) catalyses the reac-
tion of transfer of acyl group between y-
carboxamide group from protein bound
glutamine residue (acyl donors) and dif-
ferent primary amines (acyl acceptors). As
a result of this reaction, there occurs inter-
or intra-molecular cross-linking in covalent
bonds in a protein or peptide (Gerrard et
al., 1998; Larré er al., 2000). In the case
of gluten, this enzyme induced the for-
mation of high molecular weight polymers
and the formation of these polymers re-
sults in strengthening of gluten network
(Larré et al.,, 2000). The investigations
showed that TG can improve dough elas-
ticity and it may also produce beneficial
effects during breadmaking that are similar
to oxidising improvers (Gerrard et al.,
1998).

Lipase (1(3)-positional specificity) (LP) is
an enzyme which hydrolyses ester bonds
of fatty acids primarily in the 1- and 3-po-
sition in triglycerides. Products of hydro-
lysis are: diacylglycerol (DAG), monoacy-
Iglycerols (MAG), glycerol and free fatty
acids. The incurred hydrolysis products
have properties of surfactants and en-
courage positive change in the interaction
between the lipids and gluten (Primo-
Martin et al., 2006). Lipases show good
dough conditioning effects in terms of
improved dough rheological properties,
dough stability in case of over fermen-
tation, increas oven spring and improve
crumb structure in dough systems (Si,
1997).

Xylanase (endo-B-1.4-xylanases) (Xyl) is
an enzyme which degrades linear polysac-
charide beta-1.4-xylan into xylose. When
xylanases are used at optimum levels,
they play a significant role in improving
dough and bread properties (Butt et al.,
2008).

Small deformation of dynamic rheological
tests and creep-recovery measurements
are often applied for dough characteri-
zation and the derived rheological data are
explored as predictors of breadmaking
performance (Safari-Ardi and Phan-Thien,
1998; Edwards et al., 1999; 2001; Collar
and Bollain, 2004). The usage of TG, LP
and Xyl as dough improvers is well known
and established (Joye et al., 2009; Valeri
et al., 2011; Colakoglu and Ozkaya, 2012).
The innovative character of the paper lies
in the fact that so far there has been no
research of the combined effects of these
enzymes in flour of substandard quality.

Response surface methodology (RSM) is
a statistical technique that has been suc-
cessfully applied in the development and
optimization of cereal products (Ylimaki et
al., 1988; Gallagher et al., 2003; Simurina
et al., 2012). The objective of the presen-
ted study was to evaluate the combined
effects of transglutaminase, lipase and xy-
lanase addition on the dough viscoelastic
properties, using small deformation me-
chanical testing and explore the possi-
bility of improving behavior during hand-
ling the dough of substandard flour.

MATERIALS AND METHODS

Commercial soft wheat flour was used in
this study. This flour was obtained from lo-
cal soft wheat and has the following cha-
racteristics: protein content of 10.7 % of
dry weight, dough energy determined
Brabender by Extensograph of 32 cm?,
resistance by Extensograph of 130 BU,
extensibility by Extensograph of 157 mm
and ratio number of the resistance to ex-
tensibility of 0.83 BU/mm. Protein content
of the tested wheat flour (Nx5.70) was
analysed using a Kjeldahl procedure (ICC
Standard No 105/2). Rheological proper-
ties were determined by the Brabender®
Extensograph (ICC Standard No 114/1).

Three commercial enzymes were used:
xylanase (VERON® 191 S), lipase
(VERON® Hyperbake-T) and transgluta-
minase (VERON® TG), produced by com-
pany ,AB Enzymes® (Germany). The enzy-
mes were applied to wheat dough in order
to optimize its rheological parameters: sto-
rage modulus (G"), loss modulus (G"), zero
shear viscosity (n), maximum creep com-
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pliance (Jnax), @and elastic part of the maxi-
mum creep compliance (Jo/Jmax). The
combinations of enzymes were used fol-
lowing an experimental design for sam-
pling and added at three addition levels
coded as -1 (without enzyme), 0 (the
minimal dose of the enzymes according to
the manufacturer's specification) and 1
(the maximum dose of the enzymes ac-
cording to the manufacturer's specifica-
tion) (Table 1).

Dough preparation for rheological tes-
ting

All the dough samples were mixed in a
Farinograph bowl (Brabender, Germany)
until the consistency of 500 BU was
reached and continued for 8 minutes.
Prepared doughs were placed in a plastic
bag and immediately sealed and allowed
to rest for 30 min at ambient temperature
before rheological testing. Oscillatory and
creep-recovery tests were performed
using a HAAKE MARS rheometer (Thermo
Scientific, Karlsruhe, Germany). The rheo-
meter was equipped with a 35-mm parallel
plate measuring geometry. The plates
were serrated in order to prevent the
dough slippage. A dough sample was
placed on the lower plate, and the upper
plate was lowered until the gap of 1.0 mm
was reached. The excess dough was
trimmed and the edges were sealed with a
paraffin oil to prevent the dough from
drying during measurements. All the expe-
riments were performed at 30 °C.

The experiment firstly involved frequency
sweep test in the frequency range from 1
to 10 Hz, since this measurement caused
no changes in the dough structure when
carried out at the chosen strain amplitude
(0.01%), and subsequently of a creep-re-
covery test. Preliminary strain sweep tests
were used to determine the linear visco-
elastic region of the doughs and from
these measurements a strain level of
0.01%, within the linear region, was adop-
ted in all experiments. The storage mo-
dulus and loss modulus were continuously
monitored during dynamic rheological
testing in the frequency range from 1 to 10
Hz and their value at 1 Hz was used as

the response variable in the model.

Creep and recovery were measured at a
shear stress of 50 Pa for 300 s, followed
by a recovery phase of 900 s at a stress of
0 Pa.

Experimental design

Three factorial Box-Behnken experimental
design was used to examine the effects of
enzymes (TG, LP, Xyl) on storage mo-
dulus (G"), loss modulus (G"), maximum
creep compliance (Jmax), zero shear
viscosity (nog) and elastic part of the ma-
ximum creep compliance (Je/Jmax). The
factor levels were determined on the basis
of minimal and maximal doses prescribed
by enzymes manufacturer and coded as -1
(without enzyme), O (minimal dose) and 1
(maximal dose). The plan of experimental
design is given in Table 1.

The relationships between the measured
variables and the three independent
factors (TG, LP and Xyl) were estimated
by fitting the data to a second-order
polynomial (Eg. (1)), where Y is the
modeled response variable (e.g. storage
modulus (G"), loss modulus (G"),
maximum creep compliance (Jna), Zero
shear viscosity (no), and elastic part of the
maximum creep compliance (Je/Jmax)), bo
is the intercept, b, and b, represent linear
effects, b;; and b,, represent quadratic
effects and by, represents interaction
effects.

Coefficients of determination (R? were
computed, and the adequacy of models
was tested by estimating the lack of fit. A
stepwise deletion of non-significant terms
was applied. The statistically non-signi-
ficant linear terms were included in the
model when their respective quadratic or
interactive terms were statistically signifi-
cant.

Calculation of optimal enzyme concentra-
tions for increasing quality of wheat dough
was performed using a multiple response
method called desirability function.

The data were analysed using the Design
Expert 8.0 software (Stat-Ease, Inc.,
Minneapolis, MN, USA).

Y =b, +b,TG +b,LP +b Xyl + b, TG ¢ LP +b,.,TG e Xyl + b,,LP e Xyl + b, , TG? +b,,LP* + b, Xyl? (1)
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RESULTS AND DISCUSSION

The results of the experimental design,
showing the effects of enzyme levels, are
displayed in Table 1. The highest value of
elastic part of the maximum creep com-
plience (Je/Jmax) Was achieved in the ex-
periment number 6 due to synergistic ef-
fects of the TG and LP. Synergistic action
on cross-linking enzymes and hydrolytic
enzymes achieved a positive effect on vis-
coelastic performance of wheat dough
from substandard flour.

The consequence of synergistic effects of
TG (30 mg/kg) and LP (15 mg/kg) was the
decrease of the maximum creep com-
pliance (Jna) to minimal value (Figure 1).
These results were probably due to the
strengthening action exerted by TG due to
its crosslinking effect on different flour
protein fractions (Autio et al., 2005).

On the other hand, activity of lipase in-
duced positive effect by hydrolyzing non-
pola r lipids (triacilglicerol) into more polar

(monoacylglycerols and free fatty acids).
According to Poulsen and Borch Sge
(1997) the (ionic) salt form of the FFAs
formed improves gluten complex formation
and creates more lamellar gas cell inter-
faces and lipoprotein complexes. The en-
zymatic treatment probably caused a rein-
forcement of the gluten network which
reduced the maximum compliance of the
dough during the influence of stress. This
increased dough formability by providing
suitable elasticity and reduced stickiness.

The effects of individual and combined ac-
tion of the investigated enzymes on vis-
coelastic characteristics are presented by
the help of regression coefficient values on
the basis of actual factors values given in
Table 2. The mathematical models were
evaluated statistically by the analysis of
variance. Relatively high values of deter-
mination coefficient (R?) and insignificant
lack of fit (P>0.05) point to an adequate fit-
ting of the experimental results to the pro-
posed method.

-IE—iS(la?irln.ent desing and results of the effect of enzymes on the rheological properties of wheat dough
ngkg mokg mgkg © $10) G GI0) 30409 Im (10"
Runs  Xj (X1) Xz (X2) Xs(Xa)
Control 0 0 0 11.2 4.9 0.94 56.1 63.5
1 0(-1) O0(1) 25(0) 11.9 4.4 0.79 58.4 68.9
2 30(1) 0(1) 25(0) 12.8 4.8 0.61 64.6 81.6
3 0(-1) 30(1) 25(0) 12.2 4.0 0.75 61.4 83.4
4 30(1) 30(1) 25(0) 14.0 45 0.60 63.1 86.9
5 0(-1) 15(0) 0 (-1) 12.6 4.2 0.73 60.4 80.4
6 30(1) 15(0) O0(-1) 13.8 3.9 0.54 65.6 85.3
7 0(-1) 15(0) 50 (1) 12.1 4.6 0.77 59.4 83.4
8 30(1) 15(0) 50(1) 12.7 4.3 0.63 62.5 86.9
9 150) 0(1) 0(1) 13.2 4.0 0.70 61.5 74.9
10 15(0) 30(1) 0(1) 125 45 0.73 63.8 85.1
11 15(0) 0(-1) 50 (1) 12.8 4.8 0.77 62.8 76.8
12 15(0) 30(1) 50 (1) 13.1 4.3 0.64 60.7 69.2
13 15 (0) 15(0) 25(0) 12.7 4.3 0.74 61.3 775
14 15(0) 15(0) 25 (0) 13.0 4.1 0.72 60.7 77.7
15 15(0) 15(0) 25 (0) 12.5 4.2 0.70 60.3 77.2
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Figure 1. Creep-recovery curves showing the effect of transglutaminase (30 mg/kg) and lipase (15
mg/kg) on maximum creep compliance (Jmax)

Table 2.

Significance coefficients and adequacy of regression models of dough made from substandard quality
wheat flour

Ssgfﬁfizlr?tg G', Pa G", Pa Jmax, P JelImax, % Mo, Pa s
Intercept 12573 4022,89 0,000702 62.467 777400
TG 249.375* 107,42 -7,88E-02*** 328.625*** 25706,3
LP 259.375* -148.401** -4,08* 28100*
Xyl 104.397

TG*LP 887,5** -187.969 -22800
TG*Xyl -176,25 -150.848 6462,5*
LP*Xyl 258,75 -149.257 -44600
TG® 104.188* 44631,2**
LP? 166.068*

Xyl 324,48*

°R% % 61.2 75.6 60.6 72.3 78.8

P value of °LF 0.68 0.80 0.59 0.70 0.7542

*P<0.1; **P<0.05; ***P<0.01; a-Coefficients of determination; b-lack of fit

Effect of enzymes on dynamic rheolo-
gical properties of dough

TG and LP have positive significant
(P<0.1) linear effect on the storage mo-
dulus. Their interactive effect (TG*LP) is
even higher and more significant (P<0.05),
and influenced the increase of the storage
modulus (G') which indicates dough elas-
ticity. These results are achieved as a con-
sequence of the effects of TG to net-
working of protein chains and strengthe-
ning of protein dough structure (Caballero
et al., 2005; Buchert et al., 2007). The
effect of lipases manifests as hydrolysis of
wheat lipids, resulting in an in situ pro-
duction of di- and monoglycerides, as well
as saturated and polyunsaturated fatty

acids, which have been shown to have a
much stronger tendency to bind to gluten
proteins and to cause gluten strengthening
(Si and Drost-Lustenberg, 2002; Buchert
et al., 2007). However, the square in-
crease of the concentration of TG led to an
insignificant effect on G', which imply that
high TG doses would not expected to be
efficient in dough elasticity improvement.
These findings coincide with the research
work of Rossel et al. (2003) who de-
monstrated that low levels of TG result in
positive effects on the physical-chemical
properties of the dough. This could be ex-
plained by the fact that the polymerisation
degree depends on the number of avai-
lable reactive glutamine and cysteine resi-
dues located on the surface molecule
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(Lorenzen, 2007). At the initial doses of
TG, reactions are intensive and exert con-
siderable effects on dough properties,
yielding more elastic dough by covalent
bonding of protein chains (Yokoyama et
al., 2004; Caballero et al., 2005). With
square increase of TG doses, significant
effects are missing due to the limited
number of accessible reactive residues
(Jong et al., 2002). In all the three enzy-
mes, with quadratic increase of the initial
concentration, there were a positive sta-
tistically significant effect to loss modulus
(G") of dough made of substandard wheat
flour. That contributes to plastic properties
of dough and its greater capacity of adap-
tation to different stresses which are for-
med during the process.

The initial concentration of lipase caused a
more significant decrease of G" values
than quadratic concentration, which poin-
ted to the fact that lipase at the initial
concentration created more products of
hydrolysis (diacylglycerol, monoacylglyce-
rols, glycerol and free fatty acids) capable
to form bonds with gluten contributing to
strengthening of wheat dough and to the
decrease of dough plasticity.

The increase of lipase concentration
above its optimal level, a more expressed
hydrolytic effect occured which caused the
increase of dough viscosity, i.e. G" values.
Increased concentrations of xylanase
caused a significant increase in G" (P
<0.1). This effect occured due to the hy-
drolytic activity of xylanase hydrolyzing
glycosidic bonds within the xylan, which
resulted in a decrease of the degree of po-
lymerisation (Sunna and Antranikian,
1997). The decrease in the degree of poly-
merisation led to changes in the rheology
of dough such as dough development
time, consistency, extensibility and resis-
tance to breakage (Sorensen, 2003). Such
alteration of consistency in fact repre-
sents the increased value of G".

Effect of enzymes on creep and reco-
very properties of wheat dough

The changes in the viscoelastic properties
of wheat dough made from wheat flour of
substandard quality caused by the addition
of transglutaminase, lipase and xylanase
were also analyzed by creep-recovery

tests. Values of selected parameters maxi-
mum creep compliance (Jnax), €lastic part
of the maximum creep compliance
(JelImax) @and zero shear viscosity (ng) are
shown in Table 1. The effects of enzymes
on the aforementioned parameters are
shown through regression coefficients as
well (Table 2).

The creep-recovery results are described
in terms of creep compliance J(t) and fitted
to a Burgers model for the creep phase
(Eqg. (2)) and the recovery phase (Eq. (3))
as follows:

Jioy = Joc t Jone (\l - e_\'%:: l:_t":;’{:'sr’] ) - r,-";?‘llc_ (2)

Jr" = a'rzr:c.'«' - JrC-J' _-'r:.":." ( 1—exp li_r,r';,{ ,J)
=) (3

.

where t is the time, Jya is the maximum
creep compliance, J, the instantaneous
compliance, J, the maximum viscoelastic
compliance, ny is the zero shear viscosity
and A is the mean retardation time. In
addition, the remaining deformation after
creep stress removal represents the
viscous component of the maximum
compliance (J,), whereas the recovered
deformation (Je) represents the elastic
component. Burgers model is applied in
linear viscoelastic region, which means
that the non-Newtonian viscosity is not
dependent on the time of testing (Ferry,
1980). This condition is met when the time
of measurement is short as in the pre-
sented experiment. The application of li-
pase significantly decreased maximum
creep compliance (Jnax) Vvalues (P<0.1),
and the effect of TG in the direction of Jax
values decrease was even more ex-
pressed (P<0.01) (Figure 2). Both enzy-
mes affected the strengthening of dough
structure, TG forming inter- and intra-
peptide bonds and LP forming bonds of
monoglyceride and free fatty acids with
gluten.

Generally, LP and especially TG created
more elastic properties providing to dough
more resistance to maximum deformation
due to the action of stress, which can be
concluded on the basis of J,. values. The
addition of TG resulted in the increase of
the elastic part of the J.,.x measured under
stress of 50 Pa. The increase of zero
shear viscosity (no) values within the in-
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vestigated concentrations was influenced
by TG and LP. Lipase had a positive sig-
nificant linear effect (P<0.1), whereas TG a
positive significant square effect to the
increase of ng values (P<0.05). Even at its
initial concentrations, lipase showed a hy-
drolytic effect to lipids, and the resulting
products of hydrolyse (mono- and diacyl-
forms, released fatty acids) influenced the
increase of dough viscosity by forming
hydrophobic bonds with the gluten pro-
teins (Gerits e al., 2014). With the increase
of TG concentration, an increase in dough
viscosity was observed, as a consequence
of increasing the degree of gluten polyme-
risation.

Hydrolytic enzyme Xyl in combination with
protein cross-linking enzyme TG expres-
sed synergistic effect to the increase of
zero shear viscosity values of wheat

dough. This effect can be explained by
acting of TG on the improved functionality
of the flour proteins through the formation
of large polypeptides by forming disulphide
covalent crosslinks that leads indirectly to
a conversion of soluble proteins to in-
soluble proteins high molecular weight
(Larre et al., 2000) resulting in a de-
creased solubility. On the other hand,
endo-B-1.4-xylanases can alter arabino-
xylan (AX) physicochemical properties.
They degrade water- extractable AX to lo-
wer molecular weight, thereby lowering
viscosity inducing properties and partially
impairing gelling capacity. They further
render water-unextractable AX soluble, re-
sulting in an increase in the viscosity of the
medium (e.g. dough) by the solubilised
arabino-xylan. The lower viscosity results
in better dough machinability (Courtin,
2001).

in 1/P a

J

Control
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560

tins

840 1120 1400

Figure 2. The effect of enzymes on creep-recovery properties of substandard wheat dough

Table 3.

Optimization solutions of TG, LP and Xyl concentration for the set requirements of wheat dough made

from substandard quality flour

Factors Responses
Parameters TG LP Xyl  G'10°  G"10°  Jnad0®  Jldmax MolO?
mg/kg mg/kg mg/kg Pa Pa Pa’ % Pas
Criteria n n n max min min max n
range range  range range
Importance 3 3 3 4 4 4 5 3
Optimization Desirability: 75.8 % Predicted values
solutions 30.0 28.1 38.6 13.8 4.32 0.58 66.1 81.8
Verification Actual values
solutions 30.0 28.1 38.6 13.1 4.56 0.59 66.0 80.6
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Optimization of concentration of enzy-
mes by desirability function approach

The intensity and direction of individual
and interactive effects of the TG, LP and
Xyl in the investigated range depended on
the applied dosage, and primarily on the
type of enzymes. By determination of op-
timal doses for all the three enzymes in
the optimized mixture it is possible to
reach maximal results in the direction of
improving characteristics of dough made
from wheat flour of substandard quality.
Desirability function approach was used to
define the optimal doses of selected enzy-
mes resulting the adequate responses re-
garding the quality of dough made from
wheat flour of substandard quality. The
proposition of the criteria necessary for the
determination of optimal experimental con-
ditions was based upon preliminary ex-
periments and the literature data and is
shown in Table 3.

The solution of the proposed criteria in the
optimization of the TG, LP and Xyl doses
is also shown in Table 3. Using the set
criteria, a solution having 75.8 % desi-
rability was selected. Therefore, this so-
lution was subsequently analysed to com-
pare the predicted responses with mea-
sured values in a new experiment with op-
timal TG (30 mg/kg), LP (28.1 mg/kg) and
Xyl (28.60 mg/kg) doses. The results of
comparison are also given in Table 3. Pre-
dicted results: 13.8x10° Pa, 4.32x10° Pa,
0.58x10° Pa™, 66.1 % and 81.8x10* Pas
for G, G", Jnax Jefdmax and mo respec-
tively, obtained under the optimum con-
ditions were close to the experimental re-
sults 13.1x10° Pa, 4.56x10° Pa, 0.59x10°
Pa®, 66.0 % and 80.6x10* Pas, indicating
that the models were adequate to predict
these responses.

CONCLUSION

In this study, the influence of concentration
of transglutaminase, lipase and xylanase
on the reological properties of substandard
quality wheat dough were analyzed by the
application of response surface methodo-
logy. Transglutaminase expressed a stron-
ger effect on the strength of wheat dough.
Increasing TG levels significantly increa-
sed storage modulus (G"), elastic part of

the maximum creep compliance (Je/Jmax)
and zero shear viscosity (ne) of wheat
dough from substandard flour, and
decreased maximum creep compliance of
dough (Imax)- Individual effects of transglu-
taminase, lipase and xylanase by their
intensity and direction was dependent on
the applied concentration. The interaction
between TG and LP contributed to im-
proved handling properties of dough (in-
creased storage modulus and decreased
loss modulus, but not in the domain of
statistical significance). When incorporated
into the formulation, the optimized levels of
30 mg/kg TG, 28.1 mg/kg LP and 38.6
mg/kg Xyl yielded improved quality wheat
dough made from substandard quality
wheat flour.
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NMPOMEHA PEOJIOLLKUX OCOBUHA NIWWEHUYHOI TECTA HUCKOrI
KBAJIUTETA Y 3ABUCHOCTM O KOHLIEHTPALMJE
ONABPAHUX EH3UMA

Onueepa [. LlJmmprHa*l, bojaHa B. dununues’, Tamapa P. Janyesuh Xa,qHaF]eBI,
bojaHa b. VkoHuh?, Mapwija U. bogpoxa ConapoB

lyHl/lBepsvlTeT y HoBom Cagy, HayuHu nHCTUTYT 3a npexpambeHe TexHonorvje y Hosom Cagy,
21000 Hoeu Cag, bynesap uapa Jlasapa 6p. 1, Cpbuja
2yHl/lBepsMTeT y Hosom Caay, TexHonowku cakyntet, 21000 Hosn Cag,
Bynesap uapa Jlasapa 1, Cpbuja

Caxetak: Liurb paga 6uo je aHanu3a nojeAMHavyHMX M CUHEPIUCTUYKUX edpekaTa Tpu eH3MMcKa

npenapata (TpaHcrnyTamuHase, nunase M KCunaHase) Ha BUCKOernacTudHe OcobuHe Tecta oA
nweHW4yHor OpaluHa Huckor kBanuTeta. KopuwheHa anatka y Toj aHanusu je MeTon OA3vBHe
noepwunHe (Box-Behnken ekcnepumeHTanHu AmsajH), a pesyntaTu cy noTBpauMnu pa je Hajsehu
edekaTt NoCTUrHYT NojeAnHayYHNM AenoBakeM TpaHcrnyTamuHase u nunase. [Nopepq Tora, carnegaHa
CYy W CUHeprucTuyka p[enosawa HaBedeHux eH3uma. Moayn enacTuyHOCTM TecTa je Hajsehwu
NPMMEHOM TpaHcrnyTammuHace u nunase y konuumHu og 30 mr/kr n 15 wmr/kr, pecnektusHo. Ca gpyre
CTpaHe, CMHEpPrucTMYKO AerioBake TpaHrcrinyramvHase W kcunaHase nosehaBa BpeaHOCT BUCKO-
3uTeTa TecTa.
OnTumanHe KoHLUeHTpaLmje TeCTupaHmx eH3uma cy ogpefeHe npuMmeHom yHKUMje noxerbHOCTU. Ha
BMCKOENacTUYHEe OCOOWHe TecTa o4 MCNUTMBAHOI y30pKa OpallHa HUCKOT TEXHOJSOLIKOr KBanuTeTa
YCTaQHOBIbEH j€ MO3UTUBAH WMHTEpPaKUMjCku edpekaT cBa Tpu eH3uma u 10 y cmewwm oa: 30,0 mr/kr
TpaHcrnytamuHace, 28,1 mr/kr nunase u 38,6 wmr/kr kcunaHasa. [onpuHOoC paga Aocagalluibum
UCTpaxuBamwMMa je carnefaBare npe cBera MHTepakumjckux edpekata TpaHcrnytamuHase, nunase u
KCunaHase Ha peoroLlKa CBOjCTBA TecTa o MNeHnYHOr bpallHa HUCKOr KBanuTeTa.

Krby4uHe peum: nweHu4YHo b6pawHo HUCKO2 K8anumema, eH3uMu, onmumu3ayuja
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