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Abstract: Wheat chaff as an agricultural waste represents a cheap raw material
for biotechnological processes. With its lignocellulosic composition, it is suit-
able for producing hydrolytic enzymes for second generation renewable fuel
production technologies. The aim of this work was to optimize the process
parameters (cultivation temperature 25-35 °C, pH value 4-6 and cultivation
time 3-7 days) of the cultivating fungi (Trichoderma reesei QM 9414) on a
media based on wheat chaff by submerged and solid-state techniques, in order
to enhance and compare the two types of simultaneous cellulase and xylanase
production. Optimal conditions for the submerged fermentation were 29.65 °C
for temperature, pH 4.27 and 7 days of cultivation, while for the solid-state
fermentation, the optimal conditions were 28.01 °C, pH 6.00 and 7 days. The
cellulolytic and xylanolytic activities of the obtained cultivation broth filtrates
were 0.0535 and 0.1676 U mL-! for the submerged fermentation, and 0.0407
and 0.1401 U mL-! for the solid-state fermentation, respectively, and with a
26.77 and 13.39 % enhancement of enzyme activity for submerged fermen-
tation, and a 22.96 and 42.66 % enhancement for solid-state fermentation, res-
pectively, compared to the results obtained before optimization.

Keywords: agricultural waste; lignocellulosic feedstock; fungi; hydrolytic
enzymes; statistical analysis; enzyme activity.

INTRODUCTION

Progress in science and medicine, together with the developments in the
industry sector and the advancement of agricultural production has enabled a
better and longer life of people. On the other hand, the explosion in the human
population and the conscienceless behaviour of the majority has led to problems
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178 JOVANOVIC ez al.

such as the increased need for food, energy and space, altered or destroyed num-
erous ecosystems, increased quantities of accumulated waste and consequently,
increased health and safety risks.

In order to overcome these problems, the world today is striving towards
sustainable development, which implies the recycling of waste materials and the
use of renewable resources - water, air and biomass, alternative energy sources
and cleaner, environmentally friendly production.! The necessary chemicals can
be obtained from biomass by fermenting the sugar substrate or by chemical syn-
thesis of fermentation products, which makes every material that contains sugars
usable in biotechnological production.?

Efficient production of fermentable biomass hydrolysates is one of the main
conditions for the economically competitive production of numerous biotechno-
logy products from renewable raw materials.3 Intensive research is currently
focused on improving the hydrolytic degradation of biomass.# These efforts inc-
lude improvements in the technology of biomass pre-treatment and the product-
ion of hydrolytic enzymes that catalyse the conversion of complex sugars to free
and fermentable ones.>-0

There is no production of hydrolytic enzymes in Serbia but they are imp-
orted from abroad for appropriate purposes, although the region is abundant with
raw materials for enzyme production.” Wheat chaff, as a by-product of wheat
processing, is obtained at the very beginning of this process and, accordingly, the
cost of its production is small.8 With its composition,? wheat chaff represents a
very attractive raw material for the production of enzymes. On the other hand,
the previous use of this by-product of wheat processing was only as a food for
livestock.!0 Therefore, the question arises of the possibility of obtaining greater
economic and environmental profit by using the raw material for the production
of high-value products, such as enzymes, with the valorisation of other process
outputs in order to achieve a concept of cleaner production, i.e., the zero-emis-
sion concept.!!

The implementation of the technology for the production of enzymes from
wheat chaff on industrial scales requires that this process primarily be optimised
at the laboratory level.12 In order to optimize the process, it is necessary to study
the enzyme production in detail by cultivating fungi on the by-products of wheat
processing under different process parameters.!3 Process optimization can contri-
bute to understanding the different operating conditions and the interactions of
the examined variables on the bioprocess of cultivation on the given biomass.

Since the process of enzyme production from wheat chaff is insufficiently
explored, there is a need to determine the optimal process parameters for obtain-
ing enzymes by cultivating fungi on nutrient media based on wheat chaff, with
the aim of producing enzymes from the given by-products.
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ENZYMES PRODUCTION FROM WHEAT CHAFF 1 79

EXPERIMENTAL
Producing microorganism

To test the production of cellulolytic and xylanolytic enzymes, the producing strains used
were Trichoderma reesei QM 9414, Aspergillus spp. and Penicillium spp., which are kept in
the collection of cultures at the Faculty of Technology Novi Sad, Serbia. Refreshing of the
fungi was realised on potatoes dextrose agar (PDA) by incubating them for 3—4 days at 28 °C.

The inoculation of the nutrient media was performed with a pre-prepared spore suspen-
sion in a sterile saline solution containing 10° spores g'l. For the purpose of initial testing or
selection of the producing strain, 10 % of the inoculum was added to the liquid substrates, and
for the solid-state substrates, the same volume of the spore suspension was sprayed over their
surface.

Media preparation

For the purpose of the research, the by-product of wheat processing (wheat chaff) was
used to prepare nutrient media. The raw material was obtained from a local wheat processing
plant (mill) “Zitopromet-Mlin” a.d., Senta, Serbia.

The composition of liquid substrates for the submerged cultivation technique (SmF) on
wheat chaff with the aim of selecting the producing strain was 3 g of wheat chaff, 0.5 %
(NH4);SO4 and 1.36 % K,HPO,4 in 100 mL of distilled water.

For cultivation on solid substrates (SSF) with the aim of selecting the producing strain,
the same amount of raw material (3 g) was suspended in the same amount (100 mL) of an
aqueous solution containing 0.5 % (NHy4),SO,4 and 1.36 % K,HPO,, as for the liquid media.
After 15 min of mixing, the pH value was checked and corrected to 4.5+0.1 by adding 1 %
NaOH or 1 % H,SO4. After an additional 15 min of stirring, the suspension was allowed to
stand so that the solid phase could settle in the gravitational field. The liquid phase was
decanted and the residue used as a solid substrate for the production of enzymes. In this way,
enzymes were produced from the same amount of used raw material, i.e., 3 g of wheat chaff,
as well as the same preparation method (100 mL of prepared salt solution), so that the
obtained results were comparable.!4

Sterilization of the prepared media was performed in an autoclave at a temperature of
121 °C and a pressure of 2.1 bar for 20 min.

Cultivation conditions

Production of enzymes by fungi cultivation for both submerged and solid-state tech-
niques was realised in 300 ml Erlenmeyer flasks. Initial trials on choosing the fungi strain
were performed for 7 days at a temperature of 28«1 °C. For optimization purposes, the exam-
ined process factors were varied in the following ranges: temperature 25-30 °C, pH 4-6 and
cultivation time 3—7 days.

Sample preparation and analysis

After cultivation on solid media, the products of strain metabolism were extracted with
100 mL 0.1 M acetate buffer (pH 5.0) with constant mixing at 200 rpm during 30 min at a
constant temperature, in order to equalise the liquid volume with the submerged cultivation
broths.

Separation of solid and liquid phase after extraction of solid media as well as the sub-
merged cultures was performed by filtration through a qualitative filter paper. The obtained
filtrates were subjected to standard analysis of the cultivation media.
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The intensity of hydrolytic action of the cultivation liquids and solid extracts towards
cellulose and xylanase were assayed separately for each substrate by measuring the release of
reducing sugars using 3,5-dinitrosalicylic acid (DNS) method.!?

Enzyme assay for cellulase activity

The substrate for cellulase activity estimation was a 1 % solution of a soluble carboxy-
methylcellulose (CMC) in a 0.1 M acetate buffer with a pH value of 5.5. Full dissolution of
carboxymethylcellulose was achieved by cooking this solution in a boiling water bath. The
obtained carboxymethylcellulose solution was mixed with a liquid phase of submerged fer-
mentation or a solid-state fermentation extract in a volume ratio of 3:1. A 0.1 M acetate buffer
with a pH value of 5.5 was used for a blank test. After homogenization, the hydrolysis was
performed for 30 min at 45 °C in a tempered water bath. Finally, after hydrolysis and the DNS
method, one unit (U) of cellulase activity was defined as the amount the enzyme that liberated
1 umol of reducing sugar as glucose mL-! min-! under the assay conditions.

Enzyme assay for xylanase activity

The substrate for assessing the xylanase activity was a 1 % solution of xylan in 0.05 M
acetate buffer at a pH value of 4.5. Complete dissolution of xylan was achieved by cooking
this solution in a boiling water bath. Then the solution was mixed with a liquid phase from
submerged fermentation or a solid-state fermentation extract in a ratio of 3:1. For a blank test,
0.05 M acetate buffer with a pH value of 4.5 was used. After homogenization, the hydrolysis
was performed for 60 minutes at 45 °C in a tempered water bath. Finally, after hydrolysis and
the DNS method, one unit (U) of xylanase activity was defined as the amount the enzyme that
liberated 1 pmol of reducing sugar as xylose mL-! min"! under the assay conditions.

Statistical optimization

All the results presented in this paper represent the mean values from three experiments
repeated under the same conditions. The results were statistically analysed by variance ana-
lysis in the degree of significance o = 0.05. The adequacy of the model was estimated based
on the determination coefficient (R?) and the p-value of the model. The response surface
methodology (RSM) method is a modelling method suitable for studying the impact of mul-
tiple factors (temperature, pH and cultivation time) on responses (cellulase and xylanase acti-
vity) by their simultaneous variation with the implementation of a limited number of experi-
ments. This is precisely the reason why this method was used to optimize the conditions of
production of enzymes by submerged and solid-state cultivation techniques from wheat chaff.

Statistical processing of experimental data was performed using the software package
Statistica 13.5 (StatSoft, USA). The significance of the influence of each of the factors and
their interactions were determined by comparing the p-values for each of the coefficients in
the regression equation. To optimize the factors, the desired (required) function method was
applied in the software package Design-Expert 7.0 (StatEase, Inc., USA).

RESULTS AND DISCUSSION
Strain selection

The results of enzyme activity in the filtrates obtained after cultivating 77i-
choderma reesei QM 9414, Penicillium spp., and Aspergillus spp. on wheat chaff
based media by SmF and SSF are given in Table 1. Based on the results for
enzyme activity in the filtrates after cultivating the three types of fungi on wheat
chaff, it could be concluded that higher values could be obtained by the SmF
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ENZYMES PRODUCTION FROM WHEAT CHAFF 1 8 1

compared to the SSF method. In terms of cellulose activity, the highest value was
obtained for Trichoderma reesei QM 9414, followed by Aspergillus spp. and fin-
ally Penicillium spp. for both SmF and SSF. On the other hand, the highest
xylanase activity was obtained using Trichoderma reesei QM 9414, followed by
Penicillium spp. and finally Aspergillus spp. for both SmF and SSF. Since 7Tri-
choderma reesei QM 9414 gave the highest results for both examined enzymes
activities and cultivation techniques, this fungus was chosen as the producing
strain for the optimization process.

TABLE 1. Cellulase and xylanase activity of the filtrates after cultivating three different types
of fungi on wheat chaff-based media by the submerged and solid-state technique

Producing strain Cellulase activity, UmL"!  Xylanase activity, U mL"!
SmF SSF SmF SSF
Penicillium spp. 0.0118 0.0031 0.1413 0.0772
Trichoderma reesei QM 9414 0.0422 0.0331 0.1478 0.0982
Aspergillus spp. 0.0351 0.0227 0.1259 0.0580

Analysing Table I, it can be seen that the xylanase activity had higher values
compared to the cellulase activity for the observed producing strain and culti-
vation technique. This fact is in accordance with previously published results of
Hirasawa.l”7 The obtained results in Table I are comparable to literature data
since Mihajlovskil3 reported a cellulase activity of 0.405 U mL-! after culti-
vating Paenobacillus chitinolyticus CKS1 in a barley bran liquid medium. As
much higher levels of enzyme (cellulase and xylanase) activity were previously
obtained, !8:19 there is a need for process optimization.

Optimization of the process parameters

In the case of enzyme biosynthesis by any cultivation technique, the compo-
sition of the nutrient medium, the method of preparation and inoculum dosing, as
well as the process parameters must be optimal for the selected produced micro-
organism.20 When optimizing bioprocesses, the application of RSM is of great
importance.2! For this reason, Box—Behnken design (BBD) within RSM was
used to determine the maximum cellulase and xylanase activity that could be
obtained from cultivating Trichoderma reesei on wheat chaff based media by
SmF and SSF by analysing the effect of the three different process parameters
(Table II).

In order to describe the response functions for cellulase and xylanase acti-
vities, the results in Table II were fitted into second order polynomial equations
of multiple regression analysis and the obtained equations are presented together
with the analysis of variance ANOVA in Table IlIl. The software suggested a
quadratic model as the most suitable for describing all the responses:

Y=x+ad+bB+cC+a’>A4> +b>B?> +c*C? + abAB +acAC +bcBC (1)
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where Y is the response, x is the intercept, while 4 (cultivation temperature), B
(pH value) and C (cultivation time) are independent variables with their appro-
priate coefficients @, b and c (linear: a, b and c; quadratic: a2, b and c?; inter-
action: ab, ac and bc), respectively.

TABLE II. Experimental plan derived from BBD for the examined process variables and
responses of SmF and SSF of wheat chaff

Activity, U mL!

Variable
Responses
Run A B C SmF SSF
t/°C pH Cultivation Y, cellulase Y, xylanase Y cellulase Y, xylanase
time, day

1 30 6 3 0.0222 0.1214 0.0204 0.0916
2 30 5 5 0.0416 0.1341 0.0104 0.1074
3 30 4 7 0.0514 0.1720 0.0241 0.1312
4 35 4 5 0.0149 0.0171 0.0099 0.0858
5 30 5 5 0.0414 0.1570 0.0107 0.1224
6 25 5 7 0.0458 0.0617 0.0158 0.1316
7 25 6 5 0.0137 0.0219 0.0047 0.0920
8 30 4 3 0.0165 0.1278 0.0168 0.0858
9 35 5 3 0.0077 0.0126 0.0497 0.0450
10 35 6 5 0.0092 0.0118 0.0134 0.0689
11 25 5 3 0.0096 0.0096 0.0124 0.0275
12 25 4 5 0.0147 0.0189 0.0068 0.0812
13 30 6 7 0.0398 0.1491 0.0378 0.1089
14 35 5 7 0.0195 0.0164 0.0127 0.1126
15 30 5 5 0.0383 0.1466 0.0119 0.1153

TABLE III. Regression equation coefficients and their p-values for the modelled responses of
hydrolytic enzymes production from wheat chaff; ¥;: cellulase activity, U mL!; Y,: xylanase
activity, U mL!; 4: cultivation temperature, °C; B: pH value, and C: cultivation time, days

Regression coefficients p-value
Effect SmF SSF SmF SSF
7 )¢ 7 )0 Y )0 7 )2
Intercept 0.0400  0.1500 0.0110 0.1200 - - - -
Linear
A -0.0041 -0.0067 0.0057 -0.0025 0.0351 0.1140 0.1715 0.7133
B -0.0015 -0.0039 0.0023 -0.0028 0.3156  0.3129 0.5464 0.6799
C 0.0130  0.0160 —0.0011  0.0290 0.0003 0.0063  0.7693  0.0060
Quadratic
A2 -0.0200 -0.0120 -0.0022 —0.0290  0.0002 <0.0001 0.6940 0.0274
B? —-0.0077 -0.0055 -0.00005 -0.0039  0.0138  0.3396 0.9928 0.6936
Cc? —0.0002  0.0021 0.014. —0.0067 0.9173 0.6926  0.0475 0.5067
Interaction
AB —0.0012 —0.0021 0.0014  -0.0069  0.5787 0.6946  0.7946 0.4804
AC —0.0061 -0.0120 -0.0100 —0.0091 0.0288  0.0606 0.1053 0.3620
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TABLE III. Continued

Regression coefficients p-value
Effect SmF SSF SmF SSF
Y Y r %) Y, Y Y %)
Interaction
BC —0.0043 —0.0041  0.0025 —0.0070  0.0822  0.4486 0.6425 0.4742
Model 0.0016 0.0001  0.0034 0.0082
Lack of fit 0.1221 0.6729 0.3112 0.1005

According to ANOVA, the significant model terms are those whose p-value
is lower than 0.05.

For the cellulase activity in the media filtrates obtained after cultivating
Trichoderma reesei on wheat chaff via SmF, the significant model terms are 4,
C, AC, A2 and B2, while for the xylanase activity of the same samples, the
significant model terms are C and 42. The significant model term for the res-
ponse cellulase activity for SSF enzyme production is only the term C2, while for
the response xylanase activity significant terms are C and 42. From this analysis
it could be concluded that the most dominant factor is C (cultivation time), then
A (cultivation temperature) and finally B (pH value). In addition, the significant
terms for the response xylanase activity are the same for both SmF and SSF. A
graphical display of the effects of examined parameters and their significance on
the responses can be seen in Fig. 1.

The types of lines in a perturbation graph are directly related to the type of
effect the parameter has on the response. For example, if the line is linear
(straight line), then the linear form of this parameter has a significant influence
on the response. This can be observed for parameter C in Fig. 1A, B and D. In
other words, by increasing the value of parameter C (cultivation time), the enz-
yme activity of cellulase of both SmF and SSF and xylanase activity of SmF
increase. Secondly, if a line has the form of a parable, then the quadratic term of
this parameter has a significant effect on the response. Observing Fig. 1, this
could be seen for parameter 4 in Fig. 1A, B and D, and also for parameter C in
Fig. 1C. Practically this means that the hydrolytic activities of the examined enz-
ymes have a maximum value somewhere in the examined range of the mentioned
parameters. T. reesei enzymes are thermo-labile compounds,?? i.e., their structure
and activity depend on the temperature of their surroundings,?3 it is not surpri-
sing that this parameter has such an effect on the responses. Likewise, the pro-
ducing strain enhances its enzyme synthesis depending on its phase of growth
(lag, exponential, etc.)24 and for this reason, there is an optimum cultivation time
when the enzyme activity is at its top. Finally, if the lines of two parameters
intersect twice at different point of the observed interval, these two parameters
have a joint influence on the response. This interaction of parameters was
affirmed only for parameters 4 and C in Fig. 1A.
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Fig. 1. Perturbation graphs for analysing the effect of the examined parameters (4: cultivation
temperature, °C; B: pH value, 1 and C: cultivation time, days) on responses for: A) cellulase
activity after SmF; B) xylanase activity after SmF; C) cellulase activity after SSF; D) xylanase
activity after SSF.

According to Table III, the p-values (p < 0.05) of the models and the lack of
fit values (p > 0.05) showed that the models are significant and in the observed
form (quadratic) are suitable for predicting the production of enzymes by Tricho-
derma reesei from wheat chaff for both SmF and SSF. The regression coef-
ficients (R2) of 0.9756, 0.9917, 0.9438 and 0.9687 for cellulase activity after
SmF, xylanase activity after SmF, cellulase activity after SSF and xylanase acti-
vity after SSF, respectively, indicate the good correlation between the experi-
mentally obtained data and values predicted by the models (Fig. 2). Likewise, the
correlation of the examined responses (cellulase and xylanase activity) was
obtained from modelling software and their values are 0.897 and 0.884 for SmF
and SSF, respectively.

The general approach in the desirability function method consists in convert-
ing individual responses into desired functions the values of which range from 0
to 1 (Fig. 3). The value of the individual desired function “0” is the worst value,
while the value “1” represents the best value of the observed response.2> For the
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ENZYMES PRODUCTION FROM WHEAT CHAFF 1 85

SmF, the maximal value of the desirability function of 0.987 can be obtained if
the temperature is ranged between 28.43 and 30.82 °C and the pH value between
4.15 and 4.32. In order to obtain a maximal enzyme activity by SSF, the culti-
vation temperature should be between 27.56 and 28.42 °C, while the pH value
should be kept at 6. Under these conditions, the value of the desirability function
is 1.000.
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Fig. 2. Plots of model predicted vs. actual experimental results of the responses: A) cellulase
activity after SmF; B) xylanase activity after SmF; C) cellulase activity after SSF;D) xylanase
activity after SSF.

In order to determine the optimal setting of examined parameters for
obtaining the highest values of the responses, the desirability function was used.
Initial criteria were that the variables stay in the examined range, while the acti-
vities of cellulase and xylanase should reach their maximum value. The results of
this desirability function analysis are given in Table IV and shown in Fig. 3.
Comparing the determined enzyme activities from Tables I and IV, it can be con-
cluded that there is an increase, i.e., enhancement of 26.77, 13.39, 22.96 and
42.66 % in terms of cellulase activity after SmF, xylanase activity after SmF,
cellulase activity after SSF and xylanase activity after SSF, respectively, when
comparing the results before and after the optimisation process.
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Fig. 3. Desirability function graph for cellulase and xylanase activity as a function cultivation
temperature, pH value and cultivation time for A) SmF and B) SSF of wheat chaff.

TABLE IV. Optimum point prediction of the parameters A4: cultivation temperature, °C; B: pH
value, 1 and C: cultivation time, days by the desirability function method for Y;: cellulase
activity, U mL! and Y,: xylanase activity, U mL! after SmF and SSF of wheat chaff; opti-
mization model validation

Factor SmF SSF

Point Y, /UmL! ¥,/UmL! Point Y,/UmL! Y,/UmL!
A/°C 29.65 0.0535 0.1676 28.01 0.0407 0.1401
B 4.27 6.00
C/ day 7.00 7.00
Validation 0.0549 0.1703 0.0455 0.1398

As can be seen from Table IV, the optimal temperature and pH values differ
for SmF and SSF, namely because the conditions of the two cultivation tech-
niques are quite different. The water content (water/solid ratio) is high for SmF
and very low for SSF, which influences the acidity level (pH value) of the media
during the primary metabolism of the producing strain when mostly organic acids
are being secreted into the media. Thus, SmF can handle a more acid surround-
ing, while SSF cannot. On the other hand, there are some heat and mass transfer
limitations in SSF compared to SmF, which is also the consequence of lower
water content in the SSF, and for this reason, there is a difference in the optimal
temperature.

Running an additional set of experiments under optimal conditions suggested
by the model showed that the obtained data for examined enzyme activities are in a
good agreement with the values predicted by the optimization model (Table IV).

Previous studies on enzyme production did include the examined strains
Pennicilum,2% Aspergillus?’ and Trichodermal’ but all of them used some other
types of substrate or agricultural waste for their media preparation: wheat bran,28
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sugar bagasse,?® paper pulp,30 wheat straw,3! rice straw,2® rice bran,32 erc.
Nevertheless, all of the aforementioned authors obtained higher enzyme activities
due to higher substrate loading,2! genetically engineered producing strain,!7 by
adding enzyme production enhancers (for example, lactose33) or by better enz-
yme extraction and separation techniques.!3 In addition, wheat chaff became
interesting only recently due to it being a good source of (xylo)oligosacchar-
ides, 10 which can be obtained after the action of certain enzymes, thus supporting
the fact that in terms of cultivating microorganisms on wheat chaff based media,
the producing strain would need to synthesize hydrolytic enzymes in order to uti-
lize the substrate, i.e., enzyme production.

Similarly, a previous study by Saqib27 compared SmF and SSF for the pro-
duction of enzymes and showed that higher enzyme activity is obtained by SSF.
However, the initial amount of substrate (agricultural waste — wheat straw) was
ten times lower in SmF. The results reported here were obtained from the same
amount of raw material (3 g) as suggested by Hansen!4 in order to be able to
compare the two cultivation techniques and the results showed that a slight adv-
antage should be given to SmF. Furthermore., the production of enzymes on the
industrial level leans towards SmF due to the better parameter control, ease of
scalability and simpler product recovery, which is the opposite for SSF together
with mass and heat transfer limitations.34 Still, further research should be per-
formed in laboratory bioreactors on SmF and SSF in order to compare the two
techniques in terms of medium composition, operating costs and purification
techniques. Only then can a final conclusion be drawn on which of the two pro-
duction techniques would be the best to produce hydrolytic enzymes from wheat
chaff.

CONCLUSIONS

Using cheap agricultural waste for obtaining high-value products is very
attractive nowadays. Wheat chaff as a by-product of milling facilities and which
is currently being used only as animal fodder has the potential to become a raw
material for the production of hydrolytic enzymes. Different fungi strains (Peni-
cillium, Aspergillus and Trichoderma) have been investigated, with the aim of
producing cellulases and xylanases from wheat chaff by submerged and solid-
state techniques. As Trichoderma showed the highest potential in enzymes pro-
duction, an optimisation procedure of process conditions (cultivation tempe-
rature, pH value and cultivation time) has been performed in order to enhance the
observed bioprocess. Still, further research should be directed towards optimizing
the cultivation medium, bioreactor style, enzyme separation and purification
techniques.
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U3BOJ
OIITUMHU3AIIMJA CUMYJITAHE ITPOU3BOLE TETYJIA3A U KCUJTAHA3A
CYBMEP3HOM TEXHUKOM U TEXHUKOM KYJITUBAIIUJE HA YBPCTUM
XPAH/BUBUM IIOJIOTAMA HA BA3U MMIIEHWYHE ITJIEBULIE

MUPJAHA JOBAHOBUR', TAMJAH Byuyposuh’, Gojana 6ajuh’, cusuma nomuh', Bama srajkos’
u PAIIA JEBTUR-MYUUBABUER?

1Yuueep3uweu7 y Hosom Cagy, Texnonowxu paxynitiewi Hosu Cag, Kattiegpa 3a duoitiexnonoiujy u
papmaueyitcko unxewepcitigo, bynesap uapa Jlazapa 1, 21 000 Hosu Cag u ZYHusepsumem y Hosom Cagy,
Hayunu unctiuityi 3a iipexpambdene exHonoiuje y Hosom Cagy, Bynesap yapa Jlasapa 1, 21 000 Hosu Cag

[MeHyYHa II€BHLA Kao TOJBONPUBPENHU OTNaZ ITpenCcTaBba jeTHHY CHPOBUHY 3a DHOTEX-
Hosolke rpouece. CBOjUM JIMTHOLIEMY/IO3HUM CacTaBOM OHa je IOrofHa 3a IMPOU3BOIY XHIPO-
JIMTUUKUX €H3MMa 3a IPUMEHY Y TEXHOJIOTHjaMa 00HOBJBUBUX IOpHBa Jpyre reHepanyje. Llnm oBor
pana je duo onTUMHU3alMja MPOLECHUX NMapaMeTapa (Temmeparype KyaTusaudje 25-35 °C, Bpen-
Hocti pH 4-6 ¥ BpeMeHa KynTtuBaudje 3—7 naHa) KyntuBauuje miecHu (Trichoderma reesei) Ha
XPaHJ/bMBOj MOIJIO3U YHja je OCHOBA MIIEHUYHA IJIEBULIA, U TO CyOMEP3HOM TEXHUKOM KyJITHBaLKje
W KY/ITHBalljOM Ha YBPCTHMM XPaH/bUBUM IOfIOraMa, kako Ou ce modosbiane ¥ yrnopenusie oBe
IiBe BPCTE CHMYJITaHe IIPOU3BOMIbE LieTysiasa U KcuaaHasa. ONTUMaTHU YCIIOBU CyOMep3He KYJTH-
Bauuje cy ounu 29,65 °C 3a Temneparypy, 4,27 3a BpegHocty pH u 7 naHa 3a Bpeme Ky/iTvBauyje,
IOK Cy 3a Ky/JTHBallMjy Ha UBPCTUM NOIOramMa ONTHMaiHu ycinosu dunu 28,01 °C, 6 u 7 maHa,
penom. lodujeHe LeMyNIOMUTUYKE W KCWIAHOIMTHYKE AKTUBHOCTH (UITpPATa KYJITHBALMOHHUX
nopiora cy usHocuie 0,0536 1 0,1676 U mL-! 3a cydmepsny depmenTanyjy, a 0,0407 1 0,1401 U
mL! 3a dhepmenTanyjy Ha YBPCTMM TOA/IOramMa, PefioM, IITO je TompuHeso noseharmy eHsuMcKe
aKTUBHOCTH of 26,77 1 13,39 % 3a cydmepsHy (epmeHTauyjy, a 22,96 u 42,66 % 3a depmen-
TallMjy Ha YBPCTUM IIO[UIOTamMa, penoMm, y nopehewy ca pesynratima AOOUjEHUM IIpe ONTUMHU-
3anmje.

(ITpumsseno 30. maja, pesupupano 15 jyna, npuxsaheno 22. jyna 2019)

REFERENCES

1. C.S. Farinas, Renew. Sust. Energy Rev. 52 (2015) 179
http://dx.doi.org/10.1016/j.rser.2015.07.092

2. S.S. Behera, R. C. Ray, Int. J. Biol. Macromol. 86 (2016) 656
http://dx.doi.org/10.1016/].ijbiomac.2015.10.090

3. N. Srivastava, M. Srivastava, P. K. Mishra, V. K. Gupta, G. Molina, S. Rodriguez-Couto,
A. Manikanta, P. W. Ramteke, Renew. Sust. Energy Rev. 82 (2018) 2379
http://dx.doi.org/10.1016/j.rser.2017.08.074

4. C.P. Kubicek, E. M. Kubicek, Curr. Opin. Chem. Biol. 35 (2016) 51
http://dx.doi.org/10.1016/j.cbpa.2016.08.028

5. R.R. Singhania, R. K. Sukumaran, A. K. Patel, C. Larroche, A. Pandey, Enzyme Microb.
Technol. 46 (2010) 541 https://doi.org/10.1016/j.enzmictec.2010.03.010

6. V.lJuturu, J. C. Wu, Renew. Sust. Energy Rev. 33 (2014) 188
http://dx.doi.org/10.1016/j.rser.2014.01.077

7. B.Baji¢, S. Dodi¢, D. Vucurovié, J. Dodi¢, J. Grahovac, Renew. Sust. Energy Rev. 50
(2015) 1347 https://doi.org/10.1016/j.rser.2015.05.079

8. Q. Bian, R. P. K. Ambrose, B. Subramanyam, J. Stored Prod. Res. 64 (2015) 21
https://doi.org/10.1016/].jspr.2015.08.004

9. S.Krull, L. Eidt, A. Hevekerl, A. Kuenz, U. Priile, Process Biochem. 63 (2017) 169
https://doi.org/10.1016/j.procbio.2017.08.010

Available on line at www.shd.org.rs/JSCS/

(CC) 2020 SCS.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

ENZYMES PRODUCTION FROM WHEAT CHAFF 1 89

M. Antov, T. Pordevi¢, Food Chem. 235 (2017) 175
https://doi.org/10.1016/j.foodchem.2017.05.058

S. Dodi¢, D. Vucurovi¢, S. Popov, J. Dodi¢, J. Rankovi¢, Renew. Sust. Energy Rev. 14
(2010) 3242 https://doi.org/10.1016/j.rser.2010.07.024

D. Vucurovi¢, S. Dodi¢, S. Popov, J. Dodié¢, J. Grahovac, Bioresour. Technol. 104 (2012)
367 https://doi.org/10.1016/j.biortech.2011.10.085

K. Mihajlovksi, S. Davidovi¢, P. Veljovi¢, M. Carevié, V. Lazi¢, S. Dimitrijevi¢-Bran-
kovi¢, J. Serb. Chem. Soc. 82 (2017) 1223 https://doi.org/10.2298/JSCISC170514092M
G. Hansen, M. Liibeck, J. Frisvad, P. Liibeck, B. Andersen, Process Biochem. 50 (2015)
1327 https://doi.org/10.1016/j.procbio.2015.05.017

G. L. Miller, Anal. Chem. 31 (1959) 426

O. H. Lowry, N. J. Rosenbrough, A. L. Farr, R. J. Randall, J. Biol. Chem. 193 (1951) 265
H. Hirasawa, K. Shioya, K. Mori, K. Tashiro, S. Aburatani, Y. Shida, S. Kuhara, W.
Ogasawara, J. Biosci. Bioeng., in Press https://doi.org/10.1016/].jbiosc.2019.03.005

C. Zhao, L. Deng, H. Fang, Biomass Bioenergy 112 (2018) 93
https://doi.org/10.1016/j.biombioe.2018.03.001

H. Xiong, N. Weymarn, O. Turunen, M. Leisola, O. Pastinen, Bioresour. Technol. 96
(2005) 753 https://doi.org/10.1016/j.biortech.2004.08.007

B. Dojnov, M. Gruji¢, B. Percevic¢, Z. Vujcic, J. Serb. Chem. Soc. 80 (2015) 1279
https://doi.org/10.2298/JSC15031704D

A. Bunti¢, O. Stajkovic¢-Srbinovié, D. Deli¢, S. Dimitrijevi¢, M. Mili¢, J. Serb. Chem.
Soc. 84 (2019) 129 https://doi.org/10.2298/JSC180802114B

I. S. Druzhinina, C. P. Kubicek, Microb. Biotechnol. 10 (2017) 1485
https://doi.org/10.1111/1751-7915.12726

B. Dojnov, M. Gruji¢, Z. Vujci¢, J. Serb. Chem. Soc. 80 (2015) 1375
https://doi.org/10.2298/JSC150317041D

F. M. Bekler, S. Yalaz, R. G. Giiven, K. Giiven, J. Serb. Chem. Soc. 84 (2019) 1
https://doi.org/10.2298/JSC190227021B

N. Darabzadeh, Z. Hamidi-Esfahani, P. Hejazi, Food Sci. Nutr. 7 (2019) 572
https://doi.org/10.1002/fsn3.852

N Vaishnav, A. Singh, M. Adsul, P. Dixit, S.K. Sandhu, A. Mathur, S.K. Puri, R.R.
Singhania, Bioresour. Technol. Rep. 2 (2018) 131
https://doi.org/10.1016/j.biteb.2018.04.003

A. A.N. Saqib, M. Hassan, N. F. Khan, S. Baig, Process Biochem. 45 (2010) 641
https://doi.org/10.1016/j.procbio.2009.12.011

T. Dutta, R. Sahoo, R. Sengupta, S. S. Ray, A. Bhattacharjee, S. Ghosh, J. Ind.
Microbiol. Biotechnol. 35 (2008) 275 https://doi.org/10.1007/s10295-008-0304-2

M. G. Adsul, J. E. Ghule, R. Singh, H. Shaikh, K. B. Bastawde, D. V. Gokhale, A .J.
Varma, Carbohydr. Polym. 57 (2004) 67 https://doi.org/10.1016/j.carbpol.2004.04.001
H. Belghith, S. Ellouz-Chaabouni, A. Gargouri, J. Biotechnol. 89 (2001) 257
https://doi.org/10.1016/S0168-1656(01)00309-1

X. Fujian, C. Hongzhang, L. Zuohu, Enzyme Microb. Technol. 30 (2002) 45
https://doi.org/10.1016/S0141-0229(01)00454-9

Y.T. Liu, Z. Y. Luo, C .N. Long, H. D. Wang, M. N. Long, Z. Hu, New Biotechnol. 28
(2011) 733 https://doi.org/10.1016/j.nbt.2010.12.003

C. M. Lo, Q. Zhang, N. V. Callow, L. K. Ju, Process Biochem. 45 (2010) 1494
https://doi.org/10.1016/j.procbio.2010.05.031

R. R. Singhania, R. K. Sukumaran, A. K. Patel, C. Larroche, A. Pandey, Enzyme Microb.
Technol. 46 (2010) 541 https://doi.org/10.1016/j.enzmictec.2010.03.010.

Available on line at www.shd.org.rs/JSCS/

(CC) 2020 SCS.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




