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Abstract: The agricultural raw industry generates large amounts of annually by-
-products that create disposal problems. Hitherto, there have been no reported 
papers about the simultaneous production of cellulase and β-amylase from 
these raw materials using Paenibacillus sp. that would reduce the costs. Thus, 
in this paper simultaneous cellulase (CMC-ase and avicelase) and β-amylase 
production using barley bran and the application of the natural isolate Paeni-
bacillus chitinolyticus CKS1 and potential enzymes in the hydrolysis process 
was studied. Response surface methodology was used to obtain the maximum 
enzyme activity (CMC-ase 0.405 U mL-1, avicelase 0.433 U mL-1 and β-amyl-
ase 1.594U mL-1). Scanning electron microscopy showed degradation of the 
lignocellulosic–starch structure of barley bran after fermentation. The CKS1 
bacterial supernatant, which contains cellulases and β-amylase, could hydro-
lyze cotton fibres and barley bran, respectively. The main products after enz-
ymatic hydrolysis of cotton fibres and barley bran, glucose (0.117 g gmat

-1) and 
maltose (0.347 g gmat

-1), were quantified by high performance liquid chromato-
graphy (HPLC). The produced enzymes could be used for hydrolysis of cotton 
fabric and barley bran to glucose and maltose, respectively. Application of 
simultaneous enzymes production using an agricultural by-product is econom-
ically and environmentally accepted and moreover, valuable biotechnological 
products, such as glucose and maltose, were obtained in this investigation. 

Keywords: agricultural by-product; P. chitinolyticus CKS1; enzymes; process 
optimization; degradation; hydrolysis products. 
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INTRODUCTION 
Industrial processing of raw materials from agriculture generates large 

amounts of by-products annually. These agricultural by-products are mainly 
composed of sugars, fibres, proteins, and minerals, which makes it very inter-
esting from the economic and environmental point of view, as it is suitable for 
obtaining low-cost value-added products.1 Cellulose is the major component of 
these by-products. The biomass production of cellulose is estimated at about1.5 
trillion tons per year, making it an essentially inexhaustible source of raw mat-
erial for environmentally friendly and biocompatible products.2 Due to its com-
plex structure, lignocellulosic biomass (mainly composed of lignin, cellulose, and 
hemicelluloses) is often very recalcitrant for complete microbial degradation.3–6 
However, beside lignocellulosic structure some agro-industrial residues contain 
polysaccharide starch. These kinds of residues, containing both cellulose and 
starch, can be valorised as an inexpensive raw material for the production of bio-
based products or enzymes – cellulases and amylases.  

Cellulases are regarded as one of the key enzymes for bioconversion of lig-
nocellulosic biomass into fermentable sugars, which could then be converted in 
bioethanol.7 The conversion of soluble sugars from cellulose requires the com-
bined action of three enzymes in cellulase systems, which include endoglucanase, 
exoglucanase or cellobiohydrolase, and β-glucosidase. All these enzymes act 
synergistically to release glucose as the end product.7,8 Amylases are also imp-
ortant industrial enzymes which hydrolyze starch molecules to dextrin and 
smaller polymers composed of glucose9,10 units. β-Amylases is an exo-hydro-
lase that specifically cleaves α-1,4 linkages to produce a maltose.11,12 

Barley bran is a complex material that is the major by-product of the barley 
milling process. Due to its lignocellulosic–starch structure, it is mainly used as a 
substrate for microorganisms fermentations and for the production of the enz-
ymes laccase, xylanase and amylasem,13–15 while barley stalk is mainly used for 
cellulase production16 or barley bran in a combination with other waste sub-
strate.17 

Although in recent years, the enzymes of the genus Paenibacillus have 
gained ever more attention because of their potential industrial application,18–21 
but the simultaneous production of two or more enzymes using lignocellulosic–
starch materials has not hitherto been reported. According to above mentioned, 
the aim of this study was to investigate the simultaneous cellulase (endoglu-
canase – CMC-ase and exoglucanase – avicelase) and β-amylase production from 
Paenibacillus sp. using barley bran waste material by the strain P. chitinolyticus 
CKS1. Optimization of cellulase and β-amylase production was performed using 
a statistical model under response surface methodology (RSM) based on the cen-
tral composite design (CCD). Scanning electron microscopy (SEM) was used to 
detect changes in morphology of the barley bran after fermentation by P. chitin-
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lyticus CKS1. Application of P. chitinolyticus CKS1 cellulase in the hydrolysis 
of cotton fabric was examined, as well as the hydrolysis of barley bran using 
amylase, respectively. High performance liquid chromatography (HPLC) was 
performed in order to determine the end-products of enzymatic hydrolysis of 
cotton fabric and barley bran by the strain CKS1. The cost of the simultaneously 
production of two enzymes on agro-industrial residues could be significantly 
reduced by using the proposed procedure. 

EXPERIMENTAL 
Microorganism and inoculum preparation 

The P. chitinolyticus CKS1 was a natural isolate from a soil sample (GenBank accession 
No. KP715850).18The inoculum was prepared by growing the microorganism in 300 mL 
Erlenmeyer flask with 30 mL of International Streptomyces Project 1 (ISP1) broth containing 
3 g L-1yeast extract and 5 g L-1casein hydrolysate. The medium was inoculated at 30 °C for 20 h 
in a rotary shaker at 150 rpm. This inoculum was used for the fermentation process. 
Raw material – barley bran and cotton fibre 

Barley bran (Factory Klas, Sarajevo, Bosnia and Herzegovina; particle size 0.8–2 mm; 
composition 4.5 % cellulose, 35.5 % starch, 17 % proteins and 4 % fats) was used as the sub-
strate for microorganism growth and for enzymatic hydrolysis.  

Desized and bleached cotton fabric (165 g m-2) was used as the substrate for the enzyme-
atic hydrolysis. 
Enzyme assay for cellulase and amylase 

Cellulase (CMC-ase and avicelase) activity was measured by reduction of 3,5-dinitro-
salicylic acid in the presence of glucose released during the enzymatic hydrolysis of cellulose 
according to the method of Müller,22 as described in a previous study.18 

CMC-ase (endoglucanase) activity was determined using the following procedure: 0.500 
mL of enzyme solution was mixed with 0.500 mL of 1 % carboxymethyl cellulose (CMC) 
solution in 0.1 M acetate buffer (pH 4.80) and incubated in a rotary shaker at 150 rpm, at 50 
°C for 15 min. Subsequently, 1 mL of DNS reagent was added, the reaction mixture boiled for 
15 min, cooled to room temperature and mixed with 5 mL of distilled water. The absorbance 
was read on the UV/Vis spectrophotometer (Ultrospec 3300 pro, Amersham Bioscience, Swe-
den) at 540 nm (25 °C) against a blank (non-incubated enzyme). One unit of CMC-ase activity 
was defined as the amount of enzyme that released 1 μmol of glucose equivalents per min. 

Avicelase (exoglucanase) activity was determined at 80 °C following the same procedure 
as for CMC-ase activity determination with the exception that 1 % avicel in place of 1 % 
CMC solution in 0.1 M acetate buffer (pH 4.80) was used as the substrate. One unit of avice-
lase activity was defined as the amount of enzyme that released 1 μmol of glucose equivalents 
per min.  

The activity of β-amylase was measured by a modified Bernfeld method,23 as described 
in a previous study.19 
Fermentation processes 

All experiments were performed in 300 mL Erlenmeyer flasks with a working volume of 
30 mL. Casein hydrolysate (30 mL) was used as the liquid medium for the fermentations. In 
each flask with casein hydrolysate (5 g L-1), different concentrations of yeast extract and bar-
ley bran were added. After sterilization at 121 °C for 20 min, an overnight bacterial culture at 

________________________________________________________________________________________________________________________

(CC) 2017 SCS.

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



1226 MIHAJLOVSKI et al. 

a concentration of 10 % was inoculated into fresh medium on a rotary shaker with a mixing 
speed of 150 rpm at 30 °C for 3 days. The culture medium was centrifuged at 6000 g for 15 
min to remove the cells. The crude cell-free supernatant was analyzed for cellulase and 
β-amylase activity. 
Scanning electron microscopy (SEM) 

For the microscopic study of the changes in the morphological characteristics of barley 
during the fermentations, samples were soaked in 3.5 % glutaraldehyde for 2–4 h, and dried 
by treatment with 50, 70, 90, 95 and 100 % ethanol, followed by storing overnight in a 
desiccator for the removal of moisture. Scanning electron micrographs of the samples were 
obtained after treatment with gold for 15 min. Morphological changes were captured using an 
electron microscope (TESCAN Mira3 XMU at 10 kV). 
Enzymatic hydrolysis of the cotton fibre and barley bran 

Crude bacterial supernatant obtained from the barley bran fermentation by the strain 
CKS1 was used for the enzymatic hydrolysis of cotton fibre and barley bran, respectively. 
Hydrolysis of cotton fibre was performed in 300 ml Erlenmeyer flasks at 50 °C with 1.33 % of 
cotton fibre, 37.5 mL of crude bacterial supernatant obtained after fermentation and with 37.5 
ml of 0.1 macetate buffer pH 4.8 with 150 rpm agitation.  

Hydrolysis of barley bran was performed in 300 mL Erlenmeyer flasks at 50 °C with 1 % 
barley bran, 37.5 ml of crude bacterial supernatant obtained after fermentation and with 37.5 
ml of 0.1 M acetate buffer pH 4.8 with 150 rpm agitation.  

After the reaction, the samples were centrifuged (6000g, 10 min) to remove unhydro-
lysed residue and the total reducing sugars in the supernatant, calculated as glucose equival-
ents, was estimated by the DNS method.22 
HPLC analyses of enzymatic hydrolysis 

The barley bran hydrolysis product was analyzed by high performance liquid chromato-
graphy (HPLC). After enzymatic hydrolysis, the samples were centrifuged (6000g, 10 min) to 
remove unhydrolysed residue. The sample was then filtered through a 0.22 µm membrane filter. 

For analysis of obtained sample, a Dionex Ultimate 3000 Thermo Scientific (Waltham, 
USA) HPLC system was used. A reverse phase column (Hypersil gold C18, 150 mm×4.6 mm, 
5 μm) at 40 °C was employed. The run time was 10 min. Water (HPLC grade, JT Baker 
(USA)) was used as the sole mobile phase at an elution rate 0.4 mL min-1. All data acquisition 
and processing was realized using Chromeleon Software. The separated hydrolysis products 
were identified by comparison with standard glucose and maltose. 

RESULTS 

Fitting the process variables 
The experimental design (design matrix) and corresponding responses are 

presented in Table I. 
The relationship between the two independent variables (barley bran concen-

tration and yeast extract concentration) and three responses (CMC-ase, avicelase 
and β-amylase activity) fitted well with the quadratic model. 

The relationship between responses and the tested variables are given by the 
following equations: 
 3 2 3 21 0.085 0.073 0.030 7.58 10 0.013 2.77 10− −= − + + − × + − ×Y A B AB A B  (1) 
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3 2 3 22 0.032 0.043 0.0125 2.583 10 0.018A 1.488 10 B− −= − + + − × + − ×Y A B AB  (2) 
 2 23 0.649 0.402 0.249 0.025 0.028 0.028= − + + − + −Y A B AB A B  (3) 
where Y1, Y2 and Y3 are the responses, and the A and B are the independent 
variables. The analyses of variance (ANOVA) for the quadratic models are given 
in Table II. 

TABLE I. The design matrix and the corresponding responses; A – barley bran, B – yeast 
extract, Y1 – CMC-ase activity, Y2 – avicelase activity, Y3 – β-amylase activity  

Run Independent variables Responses 
A / % B / g L-1 Y1 / U mL-1 Y2 / U mL-1 Y3 / U mL-1 

1 4.0 2.0 0.389 0.421 1.643 
2 4.0 6.0 0.297 0.381 1.328 
3 2.5 6.0 0.164 0.182 0.648 
4 1.0 6.0 0.028 0.027 0.114 
5 2.5 1.6 0.208 0.211 0.723 
6 2.5 6.4 0.121 0.170 0.521 
7 0.7 4.0 0.032 0.041 0.149 
8 4.3 4.0 0.424 0.487 1.638 
9 0.7 4.0 0.028 0.023 0.122 
10 2.5 4.0 0.156 0.174 0.84 
11 4.3 4.0 0.420 0.475 1.724 
12 2.5 4.0 0.183 0.191 0.857 
13 1.0 2.0 0.029 0.036 0.129 
14 2.5 1.6 0.184 0.195 0.754 

TABLE II. The analysis of variance (ANOVA) for the fitted models; A – barley bran concen-
tration; B – yeast extract concentration; Y1 – CMCase activity; Y2 – avicelase activity and Y3 – 
β-amylase activity 

Source 
Y1 Y2 Y3 

F-value P-value
Prob > F

F-value P-value
Prob > F

F-value P-value 
Prob > F 

Model 159.45 < 0.0001a 358.55 < 0.0001a 367.04 < 0.0001a 

A 755.47 < 0.0001a 1730.18 < 0.0001a 1753.62 < 0.0001a 

B 15.03 0.0047a 6.79 0.0313a 20.73 0.0019a 
AB 6.20 0.0376a 1.23 0.2997b 9.29 0.0159a 
A2 10.13 0.0129a 35.24 0.0003a 6.60 0.0332a 
B2 1.47 0.2594b 0.73 0.4185b 20.56 0.0019a 
Lack of fit 1.13 0.4208b 2.84 0.1454b 0.87 0.1569b 
R2 0.9901 0.9956 0.9957  
Adjusted R2 0.9839 0.9928 0.9929  
Predicted R2 0.9685 0.9843 0.9869  
C.V. / % 9.61 6.49 6.16  
Adequate precision 32.134 48.630 49.422  
aSignificant coefficient (P < 0.05); bnon-significant coefficient 
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In respect to the three responses, the models are significant and the lack of fit 
is not significant (P > 0.05: 1.13, 2.84 and 0.87), which confirms that the quad-
ratic models are valid for obtaining the maximum enzyme activity. The determin-
ation coefficient (R2, adjusted R2 and predicted R2) for the three models are 
almost 1 (0.9901, 0.9956 and 0.9957), which indicates good correlation between 
the experimental and predicted values (Fig. 1A–C). 

 
Fig. 1. Plots of the measured and model-predicted values of the response variable: 

A) CMC-ase production, B) avicelase and C) β-amylase production. 

The adequate precision ratio for each response is greater than 4 (32.134, 
48.630 and 49.422), which indicates that the signal was adequate. The low value 
of the coefficient of variation (C.V.) for the tested models indicates high 
precision of the obtained experimental results (Table II). 

Influence of the fermentations parameters on CMC-ase, avicelase and β-amylase 
activity 

The influence of two independent variables on the β-amylase production was 
in following order: barley bran concentration (A) > yeast extract concentration 
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(B). The concentration of barley bran, which is the most significant factor in 
cellulase production, varied from 0.7–4.3 % (Table I) and the maximum CMC- 
-ase and avicelase production was obtained using 4.3 % barley bran (Table I, Run 
8). Under the optimal conditions, the maximum CMC-ase and avicelase pro-
duction was 0.405 and 0.433 U mL–1, respectively, using 4.0 % barley bran and 
2.0 g L–1 yeast extract (Fig. 2A and B). 

 
Fig. 2. Surface plot of the interactive effects of barley bran and yeast extract on: A) CMC-ase, 

B) avicelase and C) β-amylase production. 

While producing cellulase, the strain CKS1 is able to produce β-amylase 
with maximum activity of 1.724 U mL–1 using 4.3 % barley bran and 4.0 g L–1 
yeast extract (Table I, Run 11). Under the optimal conditions, maximum β-amyl-
ase activity was 1.594 U mL–1 using 4.0 % barley bran and 2.0 g L–1yeast extract 
(Fig. 2C). The yeast extract is the second independent variable with positive 
influence on the CMC-ase, avicelase and β-amylase activity. In the performed 
experiments, the concentration of yeast extract was varied from 1.6 to 6.4 g L–1 
and the maximum activity of CMC-ase was 0.424 U mL–1, of avicelase 0.484 U 
mL–1and of β-amylase 1.724 U mL–1, obtained with 4.0 g L–1 yeast extract 
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(Table I, Run 8 for CMC-ase and avicelase activity and Run 11 for β-amylase 
activity). 

SEM analysis of barley bran sample (Fig. 3) showed that before ferment-
ation (Fig. 3A and B), the surface was smooth, without cracks or major pores and 
with starch granules, while after fermentation these surfaces were perforated with 
gaps (holes) and were without starch particles (Fig. 3C and D). 

 
Fig. 3. SEM analysis of the morphological changes in barley bran before (А, B) and after the 

fermentation process (C, D) by P. chitinolyticus CKS1. 

Validation of the models 
The validation of the optimization of the models was performed for one 

point selected from the numerical optimization results. The optimal conditions 
that were obtained from the desirability function approach were: barley bran con-
centration 4.0 % and yeast extract concentration 2.0 g L–1. In order to evaluate 
the validity of the models, additional experiments were performed under the 
optimal conditions (Table III).  
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TABLE III. Validation of the model; P – predicted, V – validated 

Working 
volume, mL 

Barley 
bran, % 

Yeast extract,
g L-1 

CMCase  
activity, U mL-1 

Avicelase 
activity, U mL-1 

β-amylase,  
activity U mL-1 

P V P V P V 
30  4 2 0.405 0.413 0.433 0.438 1.594 1.463 
100 4 2 0.405 0.447 0.433 0.457 1.594 1.731 

The experiment was performed using two working volumes, 30 and 100 mL 
in Erlenmeyer flasks of 300 mL and in 1000 mL “flying saucer” shake flasks for 
aerobic cultivation, respectively.  

The predicted values for the three outcomes were the following: CMC-ase 
activity 0.405 U mL–1, 95 % prediction interval (PI) 0.350–0.460 U mL–1, avi-
celase activity 0.433U mL–1, 95 % prediction interval (PI) 0.400–0.470 U mL–1 
and β-amylase activity 1.594 U mL–1, 95 % prediction interval (PI) 1.450–1.740 
U mL–1. The measured values for the three outcomes (CMC-ase, avicelase and 
β-amylase activity) fitted within the 95 % PI ranges and were very close to the 
most probable predicted values, i.e., a CMC-ase activity of 0.413±0.011 U mL–1 
was obtained for the working volume of 30 mL and 0.447±0.012 U mL–1 for the 
working volume of 100 mL, an avicelase activity of 0.438±0.012U mL–1 for the 
working volume of 30 mL and 0.457±0.13 U mL–1 for the working volume of 
100 mL, a β-amylase activity of 1.463±0.009 U mL–1 was obtained for the 
working volume of 30 mL and 1.731±0.007U mL–1 for the working volume of 
100 mL, showing that the models were reliable. 

Hydrolysis of cotton fibre and barley bran 
To examine the cellulolytic and amylolytic potential of the strain CKS1, the 

crude bacterial supernatant was used for the hydrolysis of the cotton fabric and 
the barley bran. During cotton hydrolysis, the maximum concentration of rel-
eased sugar, measured by the DNS method (results not shown), was reached after 
72 h. HPLC analysis (Supplementary material to this paper, Fig. S-1A) of the 
sample after 72 h of hydrolysis showed the presence of glucose as the major 
hydrolysis product in a concentration of 0.117 g gmat–1 (g glucose per g of cotton 
material). Considering that the bacterial supernatant, which produced the strain 
CKS1, contains amylase besides cellulase, the possibility of enzymatic hydro-
lysis of lignocellulosic–starch raw materials or barley bran was also investigated. 
Similarly to the hydrolysis of cotton material, the released sugar concentration 
was measured by the DNS method (results not shown) and maximum was 
reached after 24 h. HPLC analysis (Supplementary material, Fig. S-1B) of the 
sugar sample after 24 h of hydrolysis showed the presence of maltose as the 
major hydrolysis product in a concentration of 0.347 g gmat–1.  
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DISCUSSION 

In previous research, P. chitinolyticus showed individual cellulase18 and 
β-amylase production19,20 on different substrates. In this study, for the first time, 
the simultaneous production of these enzymes by the strain CKS1 using one 
substrate was shown, which would reduce the cost of their production. 

Barley bran is produced in the milling process of barley and is mainly com-
posed of cellulose, hemicellulose and lignin.24 During the milling process, 
besides the shell, inner parts of the kernel (rich in starch), are also milled thus in 
addition to a lignocellulosic structure, barley bran may also contain starch.25 Due 
to the high content of lignin and hemicellulose, barley is mainly used in ferment-
ation processes for the production of the enzyme laccase,13 while the starch 
content in barley bran enables growth of microorganisms for amylase product-
ion.15 

There is no literature data concerning cellulase production and process opt-
imization using barley bran and Paenibacillus. With regards to cellulase pro-
duction by microorganisms using barley bran or barley stalks as a substrate, only 
few reports are available. Assareh and co-workers16 used untreated barley stalks 
to produce cellulase using a new bacterial isolates Geobacillus sp. A combination 
of barley bran and corn stalks was used for the production of CMC-ase in Asper-
gillus fumigatus, during the selection of fungus cellulase producers.17 

In this work, barley bran was used as a substrate in a liquid medium for P. 
chitinolyticus CKS1 growth and the production of enzymes. Cellulases are ind-
ucible enzymes and their production is affected by the nature of the carbohydrate 
used during fermentation.26 According to the literature, different waste materials 
that contains cellulose, used in the fermentation process, could also be cellulase 
inducers.27 The strain CKS1 could produce both cellulase, CMCase and avicel-
ase during its growth in a medium with barley bran. Other studies reported higher 
CMC-ase activity than that found in the present study. For example, during its 
growth on barley stalks, Geobacillus sp. produced CMC-ases with maximum 
activity 143.5 U mL–1.16 Several studies in the literature indicated that the source 
of carbon used in the fermentation process is one of the most important factors 
affecting the yield of cellulase.28 For example, barley stalk is a good inductor of 
CMCase with maximum activity 143.5 U mL–1 Geobacillus sp.,16 sugarcane 
bagasse was used for avicelase production (1.06 U mL–1) by Geobacillus stearo-
thermophiles,29 while barley was used as an avicelase (0.10 U mL–1) inductor in 
the fungus Scytalidium thermophilum.28 However, the main point of this work 
was the simultaneous production of cellulase (CMC-ase and avicelase) and 
β-amylase in order to obtain their synergistic effect on enzyme-catalyzed processes. 

During growth in a medium with barley bran, P. chitinolyticus CKS1 pro-
duced two types of cellulase, CMC-ase and avicelase, with different activities. 
The activity of the produced avicelase was higher than that of the produced 
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CMC-ase suggesting that the crude bacterial supernatant from the strain CKS1 
predominantly contained higher exoglucanase levels. Ladeira and co-workers30 
reported that Bacillus sp. SMIA-2 could produce both CMC-ase and avicelase 
with higher avicelase activity than CMC-ase (0.29 vs. 0.83 U mL–1). Moreover, 
according to Kostylev and Wilson,31 the mechanisms by which different types of 
cellulases enhance each others activities are complex and not completely under-
stood, and the published data is often inconsistent.  

When a microorganism is presented with two substrates for carbon and an 
energy source, it first consumes only that substrate which supports a faster 
growth rate.32 Since barley bran consists of cellulose and starch, the strain CKS1 
first consumes the starch and then begins to synthesize the enzymes necessary for 
the utilization of the second substrate – cellulose.  

It is well known that amylases are inducible enzymes and that the type of 
carbon source is a very important factor in amylases production. The maximum 
β-amylase activity obtained in this study using barley bran as the substrate was 
lower than the β-amylase activity produced by other microorganisms using dif-
ferent substrates.33,34 However, the lower activity could be some characteristic of 
P. chitinolyticus sp. that are described as non-amylolytic in Bergey’s manual.35 

Yeast extract, as an additional supplement, rich in nitrogen, amino acids and 
vitamins, affects the growth of microorganism and thus enzymatic activity. In 
this study, a further increase in yeast extract concentration to above 4.0 g L–1 
caused a slight decrease in the production of the enzymes. A high concentration 
of nitrogenous compounds could alter the hydrophobicity of the cell wall, which 
would decrease the production of cellulase.36 

The strain CKS1 showed the ability to degrade cellulosic components and 
starch particles (Fig. 3). The changes in the morphological structure of the barley 
bran after fermentation indicate that P. chitinolyticus CKS1 could use both cel-
lulose and starch for growth and simultaneous cellulase and β-amylase product-
ion. 

According to the literature, no studies are available concerning the simult-
aneous production of cellulase and amylase by Paenibacillus sp. using the RSM 
approach. Thus, the strain CKS1 is the first reported Paenibacillus in which 
cellulase and β-amylase production was optimized through statistical design 
using barley bran. Although the levels of the produced cellulase and β-amylase, 
using barley bran as the fermentation substrate are low in comparison with values 
given in the literature, this method could be highly applicable in cellulase and 
β-amylase production using other agricultural by-products or low-cost substrates. 

In order to evaluate the effectiveness of waste cotton decomposition by 
CKS1, waste cotton material from the textile industry was used as a hydrolysis 
substrate. Cotton fabrics are predominantly composed of cellulose (99 %) and 
therefore, it is possible to enzymatically hydrolyze cotton to obtain soluble sugars 
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such as glucose, and other oligosaccharides as the final products.37,38 Cellulases 
that hydrolyze the β-1,4-glycosidic bonds in cellulose molecules are suitable for 
the enzymatic hydrolysis of cotton fabrics.37 Although cellulase production using 
Paenibacillus sp. was reported earlier in the literature,18,39–41 their potential 
application in the processes of enzymatic hydrolysis of cellulosic and lignocel-
lulosic material has not been determined. In the literature, results concerning 
enzymatic hydrolysis are expressed using total reducing sugars. For example, 
total reducing sugars concentration of 50–80 mg gmat–1 was reported in the work 
of Vallinachiyar.42 They used different concentrations of cotton fibres (5–50 %) 
for hydrolyses with the cellulases produced by the fungus Aspergillus nidulans. 
The glucose concentration obtained by hydrolysis of cotton using the cellulase 
produced by CKS1 was almost double in comparison to literature data of total 
reducing sugars. 

As it was previously stated in this study for cellulase application, the pot-
ential application of amylolytic enzymes produced by the genus Paenibacillus in 
starch hydrolysis is not specified. Generally, microorganisms mainly produce 
α-amylase, while a relatively small number of microorganisms have the ability to 
produce β-amylase. In this study, maltose was detected as the main product after 
enzymatic hydrolysis. 

CONCLUSIONS 

Recent trends in enzymatic production include valorisation of inexpensive 
raw materials, especially agricultural by-products, to valuable biotechnological 
products. Considering that the production of the enzyme is expensive, preference 
is given to microorganisms that produce simultaneously two or more enzymes 
using cheap substrates. This study represents a novelty in using barley bran as an 
agricultural by-product for simultaneous cellulase (CMC-ase and avicelase) and 
β-amylase production using the genus Paenibacillus. The produced enzymes 
could hydrolyze cotton fibres and barley bran, respectively, to form glucose and 
maltose as the end products of hydrolysis. These results suggest that CKS1 is a 
promising candidate for utilization in many industrial processes, especially ones 
that include saccharification of lignocellulosic biomasses. Moreover, this study 
provides several possibilities for further investigations of the enzymatic potential 
of P. chitinolyticus CKS1, which includes saccharification of waste material and 
biomass for bioethanol production. 

SUPPLEMENTARY MATERIAL 
HPLC analysis is available electronically at the pages of journal website: http:// 

//www.shd.org.rs/JSCS/, or from the corresponding author on request. 

Acknowledgement. The financial support for this investigation given by Ministry of Edu-
cation, Science and Technological Development of the Republic of Serbia under Projects TR 
31035 and III 45020 is gratefully acknowledged. 

________________________________________________________________________________________________________________________

(CC) 2017 SCS.

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



 FROM WASTE TO ENZYME AND HYDROLYSIS 1235 

И З В О Д  
EФИКАСНО ИСКОРИШЋЕЊЕ ЈЕЧМЕНИХ МЕКИЊА У ПОСТУПКУ СИМУЛТАНЕ 
ПРОИЗВОДЊЕ ЦЕЛУЛАЗА И β-АМИЛАЗА ПОМОЋУ Paenibacillus chitinolyticus CKS1: 

СТАТИСТИЧКА ОПТИМИЗАЦИЈА И ПРИМЕНА ДОБИЈЕНИХ ЕНЗИМА 

КАТАРИНА Р. МИХАЈЛОВСКИ1, СЛАЂАНА З. ДАВИДОВИЋ1, ЂОРЂЕ Н. ВЕЉОВИЋ2, МИЛИЦА Б. ЦАРЕВИЋ1, 

ВЕСНА М. ЛАЗИЋ3 И СУЗАНА и ДИМИТРИЈЕВИЋ-БРАНКОВИЋ1 
1Универзитет у Београду, Технолошко–металуршки факултет, Катедра за биохемијско инжењерство 
и биотехнологију, Карнегијева 4, 11000 Београд, 2Универзитет у Београду, Технолошко–металуршки 
факултет, Катедра за неорганску хемијску технологију, Карнегијева 4, 11000 Београд и 3Универзитет 

у Београду, Институт за нуклеране науке „Винча“, 11000 Београд 

Индустрија прераде пољопривредних сировина ствара велике количине споредних 
производа – агроиндустријског отпада који се акумулира током целе године и чије одла-
гање представља велики еколошки проблем. Литературни подаци показују да до сада 
нема забележених радова о искоришћењу оваквих отпадних сировина у процесима 
симултане производње ензима целулаза и β-амилаза помоћу бактеријског соја Paeni-
bacillus chitinolyticus CKS1 а у циљу смањења трошкова производње ензима. У овом раду 
је приказана симултана производња ензима целулаза (ендоглуканаза и егзоглуканаза) и 
β-амилаза на отпадном супстрату – јечменим мекињама природног бактеријског изолата 
CKS1 као и потенцијална примена добијених ензима у процесу хидролизе. Применом 
методе статистички план и раног експeримента (метода одзивних површина), под опти-
малним условима, максимум производње ендоглуканаза износио је 0,405 U mL-1, егзо-
глуканаза 0,433 U mL-1 и β-амилаза 1,594 U mL-1. Деградацијa лигноцелулозно-скробног 
отпадног супстрата – јечмених мекиња, након ферментације сојем CKS1 je потврђена 
применом скенирајуће електронскe микроскопијe (SEM). Сирови бактеријски супер-
натант соја CKS1, који садржи целулазе и β-амилазе је коришћен за хидролизу памучног 
материјала, кao и јечмених мекиња. Главни производи ензимске хидролизе памучног 
материјала и јечмених мекиња, глукоза (0,117 g gmat

-1) и малтоза (0,347 g gmat
-1) детек-

товани су течном хроматографијом високих перформанси (HPLC). Произведени ензими 
су коришћени у поступцима хидролизе памучног материјала и јечмених мекиња, као 
извори целулозе и скроба. Симултана производња ензима целулаза и амилаза на отпад-
ном сусптрату – јечменим мекињама, као и примена датих ензима у процесима хидро-
лизе a у циљу добијања биотехнолошки важних производа – глукозе и малтозе, са еко-
номскoг и еколошкoг аспекта може бити врло користан и занимљив технолошки процес. 

(Примљено 14. маја, ревидирано 18. јула , прихваћено 19. јула 2017) 

REFERENCES 
1. S. I. Mussatto, J. A. Teixeira, L. F. Ballesteros,S. Martins, in Industrial Waste, K. Y. 

Show, Ed., INTECH Open Access Publisher, Rijeka, 2012, p. 121 
2. J. Kim, S. Yun, Z. Ounaies, Macromolecules 39 (2006) 4202 
3. S. Kim, C. H. Kim, Bioprocess Biosys. Eng. 35 (2012) 61 
4. A. Culbertson, M. Jin, L. da Costa Sousa, B. E. Dale,V. Balan, RSC Adv. 3 (2013) 25960 
5. G. Emtiazi, N. Naghavi, A. Bordbar, Biodegradation 12 (2001) 257 
6. M. Adsul, B. Sharma, R. R. Singhania, J. K. Saini, A. Sharma, A. Mathur, R. Gupta, D. 

K. Tuli, RSC Adv.4 (2014) 44726 
7. Y.-H. P. Zhang, M. E. Himmel, J. R. Mielenz, Biotechnol. Adv. 24 (2006) 452 
8. N. Sankarraj, G. Nallathambi, J. Serb. Chem. Soc. 82 (2017) 567  
9. B. Dojnov, M. Grujić, Z. Vujčić, J. Serb. Chem. Soc. 80 (2015) 1375 

10. D. G. Syed, D. Agasar, A. Pandey, J. Ind. Microbiol. Biotechnol. 36 (2009) 189 

________________________________________________________________________________________________________________________

(CC) 2017 SCS.

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



1236 MIHAJLOVSKI et al. 

11. A. Pandey, P. Nigam, C. Soccol, V. Soccol, D. Singh, R. Mohan, Biotechnol. Appl. 
Biochem. 31 (2000) 135 

12. T. Daba, K. Kojima, K. Inouye, Enzyme Microb. Technol. 53 (2013) 
13. J. Gómez, M. Pazos, S. R. Couto, M. Á. Sanromán, J. Food Eng. 68 (2005) 315 
14. H. M. Soliman, A. Sherief, A. B. El-Tanash, Int. J. Agric. Res. 7 (2012) 46 
15. A. Kunamneni, K. Permaul, S. Singh, J. Biosci. Bioeng. 100 (2005) 168 
16. R. Assareh, H. Shahbani Zahiri, K. Akbari Noghabi, S. Aminzadeh, Bioresour. Technol. 

120 (2012) 99 
17. M. Moretti, D. A. Bocchini-Martins, R. D. Silva, A. Rodrigues, L. D. Sette, E. Gomes, 

Braz. J. Microbiol. 43 (2012) 1062 
18. K. R. Mihajlovski, M. B. Carević, M. L. Dević, S. Šiler-Marinković, M. D. Rajilić-

Stojanović, S. Dimitrijević-Branković, Int. Biodeterior. Biodegrad. 104 (2015) 426 
19. K. R. Mihajlovski, N. R. Radovanović, M. G. Miljković, S. Šiler-Marinković, M. D. 

Rajilić-Stojanović, S. I. Dimitrijević-Branković, RSC Adv. 5 (2015) 90895 
20. K. R. Mihajlovski, N. R. Radovanović, Đ. N. Veljović, S. S. Šiler-Marinković, S. I. 

Dimitrijević-Branković, Ind. Crops Prod. 80 (2016) 115 
21. S. Mathews, C. Smithson, A. Grunden, J. Appl. Microbiol. 121 (2016) 1335 
22. G. L. Miller, Anal.Chem. 31 (1959) 426 
23. P. Bernfeld, Methods Enzymol. 1 (1955) 149 
24. S. R. Couto, M. A. Sanromán, Biochem. Eng. J. 22 (2005) 211 
25. R. K. Newman, C. W. Newman, Barley for food and health: Science, technology, and 

products, Wiley, Hoboken, NJ, 2008 
26. R. Kumar, S. Singh, O. V. Singh, J. Ind. Microbiol. Biotechnol. 35 (2008) 377 
27. R. Doppelbauer, H. Esterbauer, W. Steiner, R. Lafferty, H. Steinmüller, Appl. Microbiol. 

Biotechnol. 26 (1987) 485 
28. Z. Ögel, K. Yarangümeli, H. Dündar, I. Ifrij, Enzyme Microb. Technol. 28 (2001) 689 
29. E. Makky, World Acad. Sci. Eng. Technol. 57 (2009) 87 
30. S. A. Ladeira, E. Cruz, A. B. Delatorre, J. B. Barbosa, M. L. Leal Martins, Electron. J. 

Biotechnol. 18 (2015) 110 
31. M. Kostylev, D. Wilson, Biofuels 3 (2012) 61 
32. D. S. Kompala, D. Ramkrishna, N. B. Jansen, G. T. Tsao, Biotechnol. Bioeng. 28 (1986) 

104 
33. D. E. Hensley, K. L. Smiley, J. A. Boundy, A. A. Lagoda, Appl. Environ. Microb. 39 

(1980) 678 
34. X. Li, H.-Y. Yu, J. Ind. Microbiol. Biotechnol. 38 (2011) 1837 
35. P. Vos, G. Garrity, D. Jones, N. R. Krieg, W. Ludwig, F. A. Rainey, K.-H. Schleifer, W. 

B. Whitman, in Bergey's Manual of Systematic Bacteriology, Vol. 3, M. Goodfellow, P. 
Kämpfer, P. De Vos, F. A. Rainey, K. H. Schleifer, W. B. Whitman, Eds., Springer, New 
York, 2009, p. 283 

36. S. Qaisar, R. R. Zohra, A. Aman, S. A. U. Qader, Carbohydr. Polym. 104 (2014) 199 
37. A. Jeihanipour, M. J. Taherzadeh, Bioresour. Technol. 100 (2009) 1007 
38. V. Lazić, M. Radoičić, Z. Šaponjić, T. Radetić, V. Vodnik, S. Nikolić, S. Dimitrijević, M. 

Radetić, Cellulose 22 (2015) 1365 
39. D. Kumar, M. Ashfaque, M. Muthukumar, M. Singh, N. Garg, J. Environ. Biol. 33 (2012) 81 
40. C.-H. Ko, W.-L. Chen, C.-H. Tsai, W.-N. Jane, C.-C. Liu, J. Tu, Bioresour. Technol. 98 

(2007) 2727 
41. N. Raddadi, A. Cherif, D. Daffonchio, F. Fava, Bioresour. Technol. 150 (2013) 121 
42. S. A. Jabasingh, C. Valli Nachiyar, World J. Microbiol. Biotechnol. 27 (2011) 85. 

________________________________________________________________________________________________________________________

(CC) 2017 SCS.

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



<<
  /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




