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Cellulase derived from cellulolytic bacteria plays an increasingly important role in biotechnology and
is characterized by hight consumption demand on the global enzyme market. Bacterial strains of the genus
Bacillus have been reported to be capable of synthesizing cellulase, which breaks [-1,4-glycosidic bonds,
releasing glucose as the end product. Nevertheless, enzyme activity and yield are affected by many factors,
especially by bacterial strain and culture medium conditions. This study aimed to assess Bacillus subtilis
DSC.03 cellulase activity depending on the strain cultivation parameters. Bacillus subtilis DSC.03 was isolat-
ed from durian peel compost samples. Carboxymethyl cellulase (CMC) activity was determined by reaction
with 3,5-dinitrosalicylic acid in the crude enzyme extract of the bacterial strain. It was shown that cultivation
time, temperature and substrate concentration have a significant impact on the CMCase activity of DSC.03.
The optimal parameters were as follows: 60 h at 40°C, 1% carboxymethyl cellulose and 2% inoculum. Under
these conditions the strain exhibited a maximum CMCase activity of 1.72 U/ml.
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conditions.

T he application of biotechnology to convert
cellulose-rich biomass sources from agricul-
tural by-products is considered a sustainab-
le and effective approach to developing a circular
economy, increasing economic value, and mini-
mizing environmental pollution [1]. This process is
carried out effectively and safely using celluloly-
tic microorganisms to obtain the final hydrolysis
product, glucose [2]. These microorganisms synthe-
size cellulase enzyme complexes (endoglucanase,
exoglucanase, and B-glucosidase) [3]. This enzyme
complex works in conjunction to break the p-1,4-
glycosidic bonds in the cellulose structure, releas-
ing glucose molecules [3, 4]. Cellulase is the enzyme
with the highest consumption demand, accounting
for about 20% of the global enzyme market [5]. Cel-
lulase is increasingly use in many different fields,
including bioethanol production; in medicine, cellu-
lase is used to treat Pseudomonas biofilms, replacing
antibiotics or strong chemical detergents; in the food
and beverage industry, cellulase is used to produce
fruit juices. Cellulase is also used to produce deter-
gents, cleaning agents, and cleaning products [4, 5].
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In nature, many microbial strains that effi-
ciently synthesize cellulase enzymes have been
identified. These include bacteria, fungi, and ac-
tinomycetes. Some highly valued strains, including
Trichoderma, Aspergillus, Bacillus, Clostridium,
and Cellulomonas, have been isolated from various
sources, such as soil, decaying plant matter, and in-
sect digestive systems [6]. Cellulase obtained from
bacteria has a more outstanding potential than that
from fungi. The advantages of producing cellulase
from bacteria are ease of cultivation, ability to with-
stand harsh conditions (high temperature, low pH,
high salt concentration), rapid growth rate, formation
of extracellular enzyme complexes which facilitate
easy extraction, purification, and increased substrate
processing efficiency, and easy genetic modification
to improve enzyme biosynthesis efficiency [6, 7].
Typically, thermophilic bacterial strains of the ge-
nus Bacillus including B. velezensis, B. subtilis,
B. mojavensis and B. cereus have been reported to
be capable of synthesizing cellulase with high tem-
perature stability up to 70°C, salt concentrations up
to 2 M and a wide pH range (4—11) [6]. Nevertheless,
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enzyme yield is affected by many factors, especially
bacterial strains and culture conditions [5, 7]. Hence,
research on the application of native bacterial strains
with high cellulase production capacity and the es-
tablishment of specific culture conditions is of great
importance in developing biotechnological solutions
for treating cellulose-containing agricultural by-
products. The goal of this study was to evaluate the
stress tolerance to several abiotic factors and screen
the culture conditions that have the most significant
impact on CMCase activity in the crude enzyme so-
lution of the native B. subtilis DSC.03 strain.

Materials and Methods

Materials and chemical. Bacillus subtilis
DSC.03 strain, capable of degrading cellulose and
heat-resistant, was isolated from durian peel com-
post samples. This strain has been identified and
its 16S rRNA gene sequence has been registered in
the gene bank (GenBank) with accession number
PP851408.1 [8].

Chemicals: Carboxymethyl Cellulose-Na
(CMC), 3,5-dinitrosalicylic acid (DNS) reagent,
tryptone, NaCl, HCl, NaOH (Xilong, China). All
chemicals meet analytical grade standards.

Evaluation of the growth potential of the
B. subtilis DSC.03 strain. Bacterial suspension
preparation of: A bacterial colony was inoculated
into 50 ml of liquid Luria-Bertani (LB) medium
and shaken at 150 rpm for 12 h at 37°C [8]. Bac-
terial growth was measured by turbidity at OD
and adjusted to OD,; = 1.0 with liquid LB medium.
The bacterial suspension was stored at 4°C and used
within 30 min.

Construction of the growth curve: the suspen-
sion (1 ml) was transferred of into an Erlenmeyer
flask containing 50 ml of liquid medium containing
1% CMC-Na (CB) [8]. The mixture was incubated
at 37°C by shaking at 150 rpm. The OD bacterial
suspension was measured for every 2 h until stable.

To determine tolerance to abiotic stress con-
ditions: Transfer 1 ml of the suspension to an Er-
lenmeyer flask containing 50 ml of CB medium
adjusted to pH values of 3-10, supplemented with
NaCl at a concentration of 0—10% (w/v), and incu-
bated at 4-60°C, shaking at 150 rpm. After 48 h of
incubation and shaking, the absorbance of the sus-
pension was measured at a wavelength of 600 nm.
The results of this experiment serve as the basis for
selecting appropriate parameters for the experimen-

tal design to determine the optimal culture condi-
tions for obtaining highly active cellulase.

Effect of culture conditions on the cellulase ac-
tivity of B. subtilis DSC.03 strain. The experiments
were designed as a completely randomized design
with one factor: 1 ml of the prepared bacterial sus-
pension was aspirated into 50 ml of pH-adjusted CB
medium (4, 5, 6, 7, and 8). The mixture was then
shaken at 150 rpm for 48 h at 37°C. After incubation,
5 ml of the suspension was centrifuged at 12,000 xg
at 4°C for 15 min, and the crude enzyme solution
was collected to determine the endoglucanase (car-
boxymethyl cellulase - CMCase) activity. Additional
experiments were conducted to determine the effect
of different culture conditions on CMCase activity.
The experiments included varying culture temper-
atures (20, 25, 30, 35, 40, 45, 50, and 55°C), NaCl
concentrations (0, 1, 2, and 3%) (w/v), CMC concen-
trations (0.5; 1; 1.5; 2, and 2.5%), fermentation times
(24, 36, 48, 60, 72, 84, and 96 h) (w/v), and inoculum
ratios (1, 2, 3, 4, and 5%) (V/v).

The Plackett-Burman design was applied to
screen for culture condition factors that had a major
impact on the CMCase activity of B. subtilis DSC.03
strain. The experiment included 12 treatments, and
each factor was investigated at two levels: low (-1)
and high (+1) (Table 1). The effect of each factor on
the response value, CMCase activity, was estimated
by the difference between the average enzyme
activity value of the measurement placed at the low
(-1) and high (+1) levels of the corresponding factor.

Determination of the cellulase activity. The
CMCase enzyme activity of the crude enzyme so-
lution (U/ml) was determined by reaction with
3,5-dinitrosalicylic acid (DNS) reagent. The crude
enzyme solution (0.5 ml) was mixed with 0.5 ml of
50 mM citrate buffer (pH 4.8) containing 2% CMC
(w/v) and incubated for 30 min at 50°C. After in-
cubation, 3 ml of DNS reagent was added to 1 ml
of the reaction mixture, and the mixture was then
heated in a boiling water bath for 5 min. Next, the
mixture was then cooled to room temperature by
placing the test tubes containing the samples in ice
water. The absorbance of the reaction mixture was
measured at 540 nm. The amount of reducing sugars
was determined using the glucose standard curve
(y = 3.2995x + 0.03, R? = 0.9957). A CMCase unit
is defined as the amount of enzyme that can release
1 umol of reducing sugar (expressed as glucose) per
minute under standard conditions [9].
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Table 1.Plackett-Burman design with actual values for six variables representing culture conditions

Encoding variable Real variable Y-CMCase
Treatment '
A B C D|E|F A|B| C | D]|E F U/ml

1 -1 +1 +1 +4 | -1 | +1 | 5 |40 15 | 15 | 48 2 143 £0.02
2 -1 -1 -1 +1 | +1 | +#1 | 5 | 35| 10 | 15| 60 2 1.31£0.03
3 +1 +1 -1 +1 | +1 | -1 | 7 [ 40| 10 | 15| 60 1 148 + 0.04
4 -1 +1 +1 -1 |+ -1 |5 40| 15 | 10| 60 1 1.32 +0.03
5 -1 -1 +1 +41 | +1 | -1 | 5 | 3| 15|15 60 1 1.37+£0.04
6 +1 +1 -1 +1 | 1| -1 | 7 [ 40| 10 | 15| 48 1 1.39 £0.04
7 +1 -1 +1 1|1, -1 7 | 3H| 15|10 48 1 0.75+£0.04
8 -1 -1 -1 -1 -1|-1|5 |3 10|10 48 1 0.64 £ 0.05
9 +1 -1 +1 # | -1 | +1 | 7 | 3B | 15|15 48 2 1.33+£0.02
10 -1 +1 -1 -1 |1+ |5 40| 10 | 10| 48 2 111 +0.08
1 +1 +1 +1 -1 |+ +#1 | 7 40| 15 | 10| 60 2 172 £0.03
12 +1 -1 -1 -1 |+ |+ | 7 | 35| 10| 10| 60 2 0.91 +0.02

Note. A — pH of the medium; B — culture temperature (°C); C — NaCl concentration (%) (w/v); D — CMC concentration
(%) (W/v); E — culture time (h); F — percentage of added bacteria (%)

Data processing. All treatments in each experi-
ment were replicated three times. Data were entered,
calculated, and plotted using Microsoft Excel 2019.
Data are presented as mean + standard deviation
(SD). The standard deviation is presented as error
bars in the graphs, the length of which corresponds
to the standard deviation. One-way ANOVA was
performed using the Minitab 16 statistical software
to determine statistical differences at a 95% confi-
dence level using the Tukey’s test.

Results and Discussion

Growth curve of B. subtilis DSC.03. The divi-
sion rate and metabolic activity of microorganisms
vary throughout the growth stages. To determine the
appropriate age of the DSC.03 strain for experiments
investigating medium composition and culture con-
ditions, the growth curve of the bacterial strain was
monitored in CB medium supplemented with 1%
CMC (w/v), shaken at 150 rpm at 37°C for 48 h. Cell
density was measured at 600 nm every 2 h and pro-
cessed using Minitab 16 software with a high cor-
relation coefficient of R? = 0.9650 (Fig. 1).

The results in Fig. 1 show that in the first 4 h,
the DSC.03 bacterial strain grew slowly due to adap-
tation to the environment (lag phase) (suspension
turbidity increased from 0.212 to 0.367). Next, the
bacterial strain grew vigorously in the logarithmic
phase for approximately 16 h (4-20 h after inocu-
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lation) with suspension turbidity values increasing
from 0.367 to 1.116. After that, the bacterial suspen-
sion reached its highest turbidity and remained rela-
tively stable after 20—48 h of cultivation with OD,
values ranging from 1.116 to 1.089. Therefore, in CB
medium, the suspension or biomass of the B. subti-
lis DSC.03 strain can be harvested for inoculation
within 18-19 h of cultivation. According to [10], the
extracellular enzyme activity of bacteria is also pro-
portional to the number of cells through suspension
turbidity. Bacteria are reported to produce maximum
enzymes in the logarithmic phase of growth, where-
as others in the stationary phase [11]

Abiotic stress tolerance in strain B. subtilis
DSC.03. Table 2 shows the growth of the DSC.03
bacterial strain after 48 h under stressful environ-
mental conditions of temperature, pH, and high
NaCl salt concentration.

The tested bacterial strain exhibited good
environmental stress tolerance. This strain had a
wide temperature tolerance range, growing well at
temperatures of 15—45°C with suspension turbidi-
ty values of 0.531 + 0.02 and 0.941 + 0.01, respec-
tively. The most suitable conditions for DSC.03 were
slightly acidic to neutral (1.338 = 0.04 at pH 6 and
1.047 £ 0.03 at pH 7), although it could also grow in
strongly acidic environments at pH 4 with a suspen-
sion turbidity of 0.398 + 0.05. Furthermore, DSC.03
could survive under high salt stress conditions of up
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Fig. 1. Growth curve of the B. subtilis DSC.03 strain in CB medium

Table 2. Growth performance testing of DSC.03 under stressful environmental conditions

Temperature, °C pH NaCl, % w/v
4 15 | 37 | 45 | 60 3 4 5 6 7 8 9 10 0 6 8 10
- + + + - - + + + + + - - + + + -

@ 9

Note. “+” positive, increased turbidity,

to 8% with a suspension turbidity of 0.701 + 0.06.
Similar studies have reported that Bacillus sp., in-
cluding B. subtilis, possess high tolerance to abiotic
stress factors [12, 13]. This result demonstrates the
broad application potential of the B. subtilis DSC.03
strain.

Effect of culture conditions on CMCase activity.
Impact of the independent factors. The effect of envi-
ronmental pH on the CMCase activity of the B. sub-
tilis DSC.03 was highest at pH 7 (1.39 + 0.02 U/ml)
(Fig. 2, a). Bacillus sp. strains have a wide adapta-
bility to environmental pH ranging from 3.0 to 9.0.
However, the optimal pH for their growth and de-
velopment was determined to be a slightly acidic to
slightly alkaline environment [14, 15]. The study by
Fouda et al. [16] and Malik et al. [17] showed that
cellulase enzyme produced by the bacterium B. sub-
tilis F3 and B. subtilis TD11 has the highest stability
and activity at pH 7. Therefore, pH 7 was selected for
further experimentation.

Similar to the effect of environmental pH,
temperature is one of the most important parame-
ters for fermentation process. In this study, after
48 h of fermentation, the highest CMCase activity

negative, no increase in turbidity

of the B. subtilis DSC.03 strain was observed in the
incubation treatment at 40°C (reaching a value of
1.18 £ 0.03 U/ml) and decreased sharply when the
temperature was increased to 55°C or 60°C. Simi-
lar to this result, Cai et al. [18] determined that the
optimal temperature for cellulase production from
B. velezensis to be 40°C at neutral pH. However, the
cellulase enzyme from B. velezensis has a tempera-
ture limit of up to 60—65°C [19]. Microorganisms
grow slowly at temperatures lower or higher than
their optimal temperature due to reduced cell divi-
sion rate. Therefore, a temperature of 40°C was cho-
sen to continue the experiment.

To study the effect of salt concentration, NaCl
salt was added to the medium at the highest con-
centration tested, which was 3% (w/v). The results
showed that the B. subtilis DSC.03 strain had good
adaptability, with the highest CMCase activity re-
corded at the 1.5% NaCl treatment (1.54 = 0.03 U/ml)
and decreasing at higher NaCl concentrations (Fig. 2,
b). Notably, the CMCase activity under the 1.5%
NaCl condition was 4.16 times higher than the treat-
ment without added NaCl. This result is similar
to that of previous reports confirming that culture
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temperature is a positive factor that significantly
increases the cellulase production efficiency of Ba-
cillus sp. [18, 20]. According to Djelid et al. [19],
B. velezensis is a bacterial strain that can synthe-
size salt-tolerant endoglucanase (an enzyme that can
function well in both conditions with and without
NaCl). Salt tolerance can significantly improve the
industrial usefulness of cellulase under harsh condi-
tions [21]. Therefore, a NaCl concentration of 1.5%
(w/v) was chosen to continue the experiment.

Each bacterial strain has different substrate re-
quirements. The results in Fig. 2,d show that CMC
concentration significantly affects CMCase activi-
ty (P < 0.05). After 72 days of culture, the enzyme
activity increased sharply when the CMC concen-
tration was increased from 0% to 1.5%, reaching
1.27 £ 0.02 U/ml. However, enzyme activity de-
creased when the CMC concentration was increased
to 2, 2.5, and 3% (w/v). This result is similar to
those of previous reports. Islam et al. [22] reported
that Paenibacillus sp. strains produced the highest
amount of cellulase media with CMC as a carbon
nutrient source. The appropriate CMC concentration
for cellulase synthesis mainly depends on the bacte-
rial strain used. The appropriate CMC concentration
of some typical Bacillus strains, such as Paenibacil-
lus sp. CMC, was 1% [22] and Brevibacillus sp. was
2% [23]. CMC has been reported to induce cellulase
production. Concentrations of CMC, yeast extract,
and peptone have a significant positive effect on cel-
lulase production in Bacillus [24]. Therefore, a 1%
(w/v) CMC concentration was selected for further
experimentation.

Regarding incubation time, CMCase activity
increased rapidly from 24 h to 60—72 h and reached
its highest value of 1.38 £ 0.03 U/ml at 72 h after in-
oculation, with no statistically significant difference
at 60 h after inoculation (1.33 £ 0.03 U/ml) (Fig. 2,
e). Subsequently, CMCase activity decreased sig-
nificantly, maintaining approximately 80.44% and
59.42% at 84 and 96 h after inoculation, respectively,
compared to the peak. Djelid et al. [19] also deter-
mined that the cellulase biosynthesis efficiency from
B. velezensis H1 reached its highest value after 72 h
of fermentation. This shows that fermentation time
significantly affects the cellulase activity. Therefore,
proper fermentation time control is necessary to op-
timize the benefits in cellulase production. Thus, a
culture time of 60 h was chosen to continue the ex-
periment.
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The final experiment focused on the rate of
bacterial inoculum addition. As shown in Fig. 2, f,
the highest cellulase activity of B. subtilis DSC.03
was achieved at a bacterial inoculum volume of 2%
(v/v). At the next three higher inoculum rates of 3, 4,
and 5% (v/v), cellulase activity was lower and statis-
tically significantly different from the 2% inoculum
concentration. This inoculum rate is consistent with
previous reports for strain B. velezensis M2 isolated
from piglet feces [15] and strain B. velezensis Z2.6
isolated from compost [18]. Increasing the initial
inoculum concentration in the fermentation sys-
tem leads to a higher bacterial population density.
This promotes cellulase synthesis within a certain
range. However, when the inoculum size exceeds
the optimal level, excessively high bacterial density
increases the rate of dissolved oxygen and nutrient
consumption in the medium, creating unfavorable,
unstable conditions and ultimately degrading en-
zyme production efficiency. Therefore, an inoculum
supplementation rate of 2% was selected to continue
the experiment.

Screening for key influencing factors using
Plackett-Burman design analysis. The Plackett-
Burman design was applied to screen for culture
conditions that had the most significant influence on
cellulase production of strain DSC.03. The results in
Table 1 show that the Y-response value (CMCase ac-
tivity (U/ml)) of the crude enzyme extract of bacte-
rial strain DSC.03 under different combined culture
conditions significantly differed. The highest CM-
Case activity value of 1.72 U/ml was achieved in the
treatment with a pH-adjusted medium of 7, supple-
mented with 1.5% NaCl (w/v), 1% CMC (w/v), and
2% inoculum (v/v), cultured for 60 h at 40°C. Under
these conditions, the CMCase activity of the bacteri-
al suspension was higher than that determined in the
single-factor experiment (1.57 U/ml) at pH 7, supple-
mented with 1.5% NaCl (w/v), 1.5% CMC (w/v), and
2% inoculum (v/v), and cultured for 60 h at 40°C.

The ANOVA results in Table 3 show that three
factors, including culture temperature, CMC sub-
strate concentration, and culture time, have a sta-
tistically significant positive impact on the CMCase
activity of strain DSC.03 (P < 0.05).

The impact levels of the six variables on the
objective function are presented in the Pareto plot
in Fig. 3.

The results show that the order of impact levels
of culture environment factors on the CMCase
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Fig. 2. CMCase activity of crude enzyme extract of B. subtilis DSC.03 strain under different culture condi-
tions with CB culture medium containing 1% (w/v) CMC-Na as carbon source and 0.2% (w/v) tryptone as
nitrogen source. (a) Initial pH; (b) temperature (°C); (c) Salinity (%); (d) CMC substrate concentration (%);
(e) culture time (h); (f) bacterial inoculum ratio (%) (v/v). Values are the mean of three independent experi-
ments. Different uppercase letters following the values indicate statistically significant differences at the 95%

confidence

activity of strain DSC.03 is culture temperature
> CMC substrate concentration > culture time. Our
results are consistent with some research findings
of several groups of authors such as [25-27], which
all indicate that temperature significantly affects the
activity of cellulase produced by bacterial strains of
the genus Bacillus. As temperature increases, en-

zyme activity increases, reaching its maximum at
the optimal temperature, and decreasing with further
increases in temperature.

The three variables, salt concentration, inocu-
lum ratio, and pH, are showed negligible effects on
the objective function value (P > 0.05). Therefore,
the coefficients of these three variables will be re-
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Table 3. Statistical analysis of the Plackett-Burman design for CMCase activity of B. subtilis DSC.03

Term Effect Coef SE Coef t-value P-value
Constant 1.230 0.038 32.14 0.000
A 0.067 0.033 0.038 0.87 0.424
B 0.357 0.178 0.038 4.66 0.006
C 0.180 0.090 0.038 2.35 0.065
D 0.310 0.155 0.038 4.05 0.010
E 0.243 0.122 0.038 3.18 0.025
F 0.143 0.072 0.038 1.87 0.120

Note. A — pH of the medium; B — culture temperature (°C); C — NaCl concentration (%) (w/v); D — CMC concentration

(%) (W/v); E — culture time (h); F — inoculum size (%)

Pareto Chart of the Standardized Effects
(response is CMCase, Alpha = 0.05)

2.571
I

0 1 2

3 4 5

Standardized Effect

Fig. 3. Pareto plot showing the effect of different culture conditions on the CMCase activity of B. subtilis
DSC.03. Note: A— pH of the medium; B — culture temperature (°C); C — NaCl concentration (%) (w/v); D —
CMC concentration (%) (Ww/v); E — cultivation time (h); F — inoculum size (%)

moved from the model’s regression equation. The
regression equation of the model is as follows:

CMCase (U/ml) = - 4.18 + 0.35667B + 0.31000D +
+ 0.24333E (R? = 92.07%, Adj. R* = 82.55%)

The fit of the model was tested through the cor-
relation coefficient R2. A higher R? value indicates
that the model is more suitable for explaining the
variation of the dependent variables. According to
Guan and Yao [28], the R? value of the model should
be at least 80%. The obtained R? value of the model
reached 92.07%, indicating that the model can ex-
plain 92.07% of the variation in the data (i.e., only
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7.93% of the variation was not taken into account by
the model), and the adj. R? value was 82.55%.

Conclusion. This study shows that the native
cellulolytic bacterial strain B. subtilis DSC.03 iso-
lated from durian peel compost samples exhibits
relatively rapid growth and the ability to survive and
thrive under stressful pH, temperature, and salini-
ty conditions. The CMCase activity of the DSC.03
strain is profoundly affected by these culture condi-
tions.

Through model analysis using the Plackett-
Burman design, the three main factors affecting



T. Q. Truong, K. D. Nguyen

cellulase production by B. subtilis DSC.03 was
identified as culture temperature, CMC substrate
concentration, and culture time. The optimal culture
conditions for cellulase synthesis with the highest
CMCase activity of B. subtilis DSC.03 were as fol-
lows: pH 7, 1.5% NaCl (w/v), 1% CMC (w/v), 2%
inoculum (v/v), and 60 h at 40°C.
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Ilentonaza, oTpuMaHa 3 LEJIOJIO030JITHIHUX
OaxTepiii, Bimirpae nemani BaXXJIWBIIIY pOJIb Yy
010TeXHONIOTI] Ta XapaKTepU3YETHCS BHCOKHM IIO-
MUTOM Ha CBITOBOMY PHHKY €H3HMMIiB. Bimomo, 1o
OakrepiaibHi mTamu poay Bacillus 3narui cunrtesy-
BaTHU LEJIIONA3y, sika po3uieruitoe f-1,4-rmko3umaHi
3B’SI3KM 3 YTBOPEHHSM TJIIOKO3H SIK KiHIIEBOTO TPO-
nykty. I[Ipore akTUBHICTBH 1 BHXiJ €H3UMYy 3alie-
KaTh BiJ 0araTb0X YMHHHKIB, 30KpeMa BiJl IITaMy
OakTepiil 1 YMOB KyJNbTUBYBaHHS. Y JOCIiIKEHHI
OLIIHIOBANN aKTUBHICTh Leinronasu Bacillus subtilis
DSC.03 3anexHo Bij mapameTpiB KyJbTHBYBaHHS
mrramy. Bacillus subtilis DSC.03 6y:o i301p0BaHoO 31
3pa3KiB KOMIIOCTY 31 HIKipKH AypiaHy. AKTHBHICTh
kapOokcnmernnentonasu (KML-a3u) BusHauamu
3a PeaKIi€ero 3 3,5-THHITPOCATIITUIOBOIO KHCIOTOO
Yy CHpPOMY €H3MMHOMY EKCTPakKTi OakTepiaibHOTO
mraMy. [lokasano, mo TpuBamicTh KyJIbTHBYBaH-
Hs, TeMIeparypa Ta KOHIIGHTpAIis cyOcTpaTy
CyTT€BO BILUIMBAJIX Ha akTUBHICTE KMII-a3mu mra-
my DSC.03. OnTumanpHi mapaMeTpu CTAaHOBUIIH:
60 ron mpu 40°C, 1% xkapOOKCUMETHIIIICITIONIO3U Ta
2% 1HOKYJISITY. 32 IUX YMOB IITaM IPOSIBIISIB MaK-
cumasibHy akTuBHICTE KMII-a3u — 1,72 on/mi.

Knrwuosi cuosa:BacillussubtilisDSC.03,
OakTepiaibHa IENF0NIa3a, aKTUBHICTh KapOoKcuMe-
THUIILIEITIONA3H, YMOBH KYJIBTHBY BAHHS.
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