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Every year the volume of production of poultry products all over the world is growing steadily. This
contributes to a constant increase in the amount of by-products of poultry processing in the form of down
and feather waste, which are dangerous for the environment due to the hard-to-degrade keratin protein
and a large number of microbial pathogens. Therefore, the use of environmentally friendly methods for
the destruction of keratin substrates due to keratinases of microorganisms is an urgent area of research.
The aim of this work was to select the optimal cultivation conditions for the Bacillus megaterium strain
UCM B-5710 to increase the activity of the keratinase synthesized by it. Methods. The culture was grown
at 28 °C, 201 rpm for 7 days on a basic nutrient medium containing defatted chicken feathers as the
only source of carbon and nitrogen. The selection of optimal cultivation conditions was carried out
according to the following parameters: temperature (21 °C, 28 °C, 42 °C), stirring speed (201 rpm,
212 rpm), amount of inoculum (5 %, 10 %, 15 % , 20 %, 25 %), the initial pH value of the nutrient
medium (4.0—11.0), concentration of keratin-containing substrate (0.1 %, 0.2 %, 0.5 %, 1.0 %, 1.5 %,
2.0 %), additional carbon source (glucose, galactose, lactose, maltose, sucrose, mannitol, potato and
corn starch, soluble starch, soybean meal) and nitrogen (NH4CI, NHNO, (NH4)2504' NaNO,, urea,
peptone, tryptone, yeast extract and soybean meal) at a concentration of 1 %. Keratinase activity was
assessed by the UV absorption at 280 nm of the hydrolysis products of keratin-containing raw materials.
Protein was determined by the Lowry method. Results. The dynamics of the enzyme synthesis showed
that the culture of B. megaterium UCM B-5710 exhibited the highest keratinase activity on the 3" day,
and complete splitting of feathers was observed on the 4-5" days. The selection of the concentration
of the keratin-containing substrate showed that 0.5 % is the optimal concentration. The study of the
influence of the initial pH value of the nutrient medium indicates that the culture grew well at pH 6.0-7.0
and pH 9.0-11.0, but at pH 8.0 its growth was very weak. The culture exhibited the maximum keratinase
activity at pH 10.0. In addition, at this pH value, complete splitting of feathers was visually observed. The
influence of such a key factor as temperature on the growth and synthesis of the enzyme by B. megaterium
UCM B-5710 culture demonstrated complete splitting of feathers already on the 2" day of cultivation at
42 °C, at 21 °C the culture split feathers very poorly. The introduction of the inoculum into the composition
of the nutrient medium in an amount of 15 % of the volume of the medium and the mixing intensity of
212 rpm turned out to be optimal. Besides, it was shown that the introduction of an additional source of
carbon or nitrogen had an ambiguous effect on the level of keratinase activity of B. megaterium UCM
B-5710. Complete inhibition of enzyme synthesis was observed when ammonium sulfate was added to the
nutrient medium, and partial inhibition was observed in the case of glucose, lactose, and maltose. Potato,
corn, and soluble starch stimulated keratinase synthesis. The majority of inorganic nitrogen sources
(ammonium chloride and nitrate) did not affect the synthesis of B. megaterium UCM B-5710 keratinase,
while organic sources (urea, peptone, tryptone, yeast extract) increased the level of keratinase activity
by 20-50 %. However, the most effective result was obtained using soybean meal, the addition of which
to the nutrient medium increased the keratinase activity by 2.5 times. Conclusions. As a result of the
studies, the optimal conditions for cultivation of the B. megaterium UCM B-5710 strain were selected:
the optimum temperature for the growth and development of the culture is 42 °C, the initial pH value is
10.0, the stirring speed is 212 rpm and the amount of inoculum introduced is 15 %, an additional source
of carbon and nitrogen in the form of soybean meal at a concentration of 0.5 %. This made it possible to
increase the activity of keratinase by 4 times.

Keywords: Bacillus megaterium UCM B-5710, keratinase, chicken feathers, additional source of
carbon and nitrogen.
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The global waste of chicken feathers is
8.5 million tons annually and, unfortunately, this
figure is increasing every year. At the same time,
feather waste is a promising source of protein.
As is known, keratin substrates contain up to 65—
80 % of the potential protein (keratin), which can
be converted into an accessible digestible form [1].
The main methods of disposal of these wastes are
mechanical, hydrothermal and thermochemical
treatment, which are expensive and energy
intensive, and the resulting products have a low
nutritional value and a deficiency of basic amino
acids (methionine, lysine and tryptophan) [2]. The
main component of keratin raw materials — keratin
is a fibrillar protein with mechanical elasticity due
to the presence of a large number of disulfide and
hydrogen bonds, hydrophobic interactions, which
cannot be cleaved by conventional proteases. It
is found in feathers, hair, nails, hooves, horns,
etc. [3]. In nature, keratin substrates do not
accumulate, which indicates the existence of
microorganisms that can destroy them. This is due
to their synthesis of specific keratinase enzymes.
Producers of these enzymes are found among
bacteria (Nocardia, Bacillus, Pseudomonas),
micromycetes (Keratinomyces, Microsporum,
Trichophyton, Epidermophiton, Penicillium,
Fusarium), actinomycetes (Streptomyces) and
yeasts. Keratinase is an extracellular (mainly)
proteolytic enzyme capable of breaking down
insoluble keratin substrates. These properties
of the enzyme are actively used in agriculture in
the production of organic fertilizers and animal
feed, in the leather, textile and food industries,
in cosmetology and medicine, for the production
of biofuels, biodegradable films, as well as in
wastewater treatment [ 1, 3]. Therefore, an important
area of modern biotechnology is research aimed at
expanding the possibilities of processing keratin-
containing raw materials in order to ensure the
safety and environmental friendliness of industries
through the creation of waste-free and low-waste
technologies with the maximum involvement of
by-products of processing in the main production.
In this regard, research aimed at finding effective
producers of keratinolytic enzymes and the selec-
tion of optimal conditions and parameters for their
cultivation, which would ensure an increase in
the level of activity and yield of the enzyme, are
relevant.

Materials and methods. We used bacterial
strain of Bacillus megaterium, a keratinase

producer, deposited under the number UCM B-5710
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in the collection of microorganisms of the D.K.
Zabolotny Institute of microbiology and virology,
National Academy of Sciences of Ukraine.

To grow B. megaterium strain UCM B-5710, a
basic nutrient medium of the following composition
(g/L) was used: K.HPO, — 0.3; KH,PO, — 0.4;
MgSO x7H,0O — 0.1; NaCl — 0.5; fat-free chicken
feathers — 5.0; H,O — up to 1.0 L; pH 6.8-7.0.
Chicken feathers were defatted with a mixture of
chloroform and methanol in a 1:1 ratio.

As an inoculum, we used a daily culture of
B. megaterium UCM B-5710 grown on a Luria-
Bertani medium of the following composition:
peptone — 1 % (w/v), yeast extract — 0.3 % (w/v),
NaCl-0.5 % (w/v), pH 7.2 [4].

B. megaterium strain UCM B-5710 was grown
by the submerged method in 0.75 L Erlenmeyer
flasks with 100 mL of the above liquid nutrient
medium at a temperature of 28 °C, stirring speed
201 rpm for 7 days. To obtain a supernatant (culture
liquid supernatant, CLC), which was used for
further studies, the culture liquid was centrifuged
at 7000 g for 10 min.

Keratinase activity (KerA) was determined by
the UV absorption at 280 nm of the hydrolysis
products of keratin-containing raw materials. The
reaction mixture, consisting of 10 mg of crushed
defatted feathers, 2.5 mL of 0.05 M boron-borate
buffer (pH 9.2), and 1 mL of culture liquid, was
kept in a thermostat at 37 °C for 3 hours, after
which it was filtered. To determine KerA, two
controls were used: (1) 10 mg of crushed defatted
feathers, 2.5 mL of 0.05 M boron-borate buffer (pH
9.2), and 1 mL of distilled water; (2) 2.5 mL of
0.05 M boron-borate buffer (pH 9.2) and 1 mL of
culture liquid. The sum of the values of the two
controls was subtracted from the values obtained by
measuring the optical density of the filtrates at A, .
The increase in absorption at 280 nm of the filtrate
of the test sample relative to the controls was taken
as the degree of protein release [5]. One unit of
keratinase activity (1 U/mL = 0.01) was defined as
the amount of enzyme that causes an increase in
absorption by 0.01 for 3 hours of incubation.

Protein was determined by the Lowry method
[6].

To determine the effect of substrate’s concen-
tration on keratinase production various substrate
concentrations (%) such as 0.1, 0.2, 0.5, 1.0, 1.5,
2.0 were used as main nutrient sources separately
for the production of keratinase. Fermentation was
carried out with 5 % inoculum at 28 °C for 7 days
at 201 rpm. The pH and volume for the media were
7.0 and 100 mL respectively.
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To study the influence of carbon source, such
as glucose, galactose, maltose, lactose, sucrose,
mannitol, potato starch, corn starch, instant potato
starch and soybean meal were supplemented at
1 % (w/w) level. To evaluate the effect of nitrogen
source, NH,CI, NH,NO,, (NH,),SO,, NaNO,, urea,
peptone, tryptone, yeast extract and soybean meal
were added in medium at 1 % (w/w) level.

To determine the suitable temperature for en-
zyme production, the culture media were incubated
at 21, 28 and 42 °C temperature (at 201 rpm) and
for determination of optimum pH for keratinase
production experiments were carried out from
4.0 to 11.0 separately. The pH was adjusted by
using 0.1 N HCI or 0.1 N NaOH.

The effect of different inoculum volumes
(5, 10, 15 and 20 %) in media were used to
determine the appropriate inoculum volumes
required for maximum production of enzyme.

The effect of agitation rate for keratinase pro-
duction was studied at 201 and 212 rpm (at 28 °C
temperature) independently.

All experiments were carried out in 3-5
replicates. The analysis of the obtained results was
carried out by means of their statistical processing
using the Student’s t-test. The results, presented
graphically, were drawn up using Microsoft Excel
2016.

Results. To obtain a highly active enzyme
preparation, it is important not only to select a
highly efficient producer, but also to select the
optimal cultivation parameters.

The study of the dynamics of protein accu-
mulation in a nutrient medium containing chicken
feathers as the only source of carbon and nitrogen
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and the level of keratinase activity showed that
the maximum protein content is observed on the
5-6" day, and the keratinase activity on the 3™ day
(Fig. 1).

Keratin-containing substrates (feathers, hair,
wool) act as an inducer of the synthesis of kera-
tinolytic enzymes [ 1, 3]. Therefore, it was important
to determine the optimal concentration of feathers
in the composition of the nutrient medium. As can
be seen from Fig. 2, the culture of B. megaterium
UCM B-5710 exhibited the highest keratinase
activity at a feather concentration of 0.5 %,
although good results were obtained at a substrate
concentration of 1.5 % (90 %) and 2.0 % (94 %).

An important factor influencing not only
growth, but also the yield of the final product, is
the selection of optimal parameters and cultivation
conditions.

The optimal pH value of the nutrient medium for
enzyme biosynthesis depends on the characteristics
of the producer; however, bacteria generally
develop best at a pH close to neutral (6.2-7.4) [7,
8]. To establish the optimum pH of the nutrient
medium, B. megaterium UCM B-5710 strain was
grown on a nutrient medium with pH values ranging
from 4.0 to 11.0 (Fig. 3). The studied culture grew
well at pH 6.0-7.0 and pH 9.0-11.0, but at pH 8.0
its growth was very weak. The culture exhibited
the maximum keratinase activity at pH 10.0. In
addition, at this pH value, complete splitting of
feathers was visually observed.

The amount of inoculum also significantly
affects the growth of cells and the synthesis of the
required product. The inoculum volume of 15 %
was optimal for the synthesis of B. megaterium
UCM B-5710 keratinase (Fig. 4).
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Fig. 1. Dynamics of protein accumulation in the nutrient medium and keratinase activity of
B. megaterium UCM B-5710
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Fig. 2. Influence of substrate concentration on Kkeratinase activity of B. megaterium UCM B-5710
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Fig. 3. Influence of the pH of nutrient medium on the synthesis of keratinase by the culture of
B. megaterium UCM B-5710
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Fig. 4. Influence of the amount of inoculum on the keratinase activity of B. megaterium UCM
B-5710

The temperature and intensity of stirring the
culture medium are key factors affecting the
synthesis of enzymes. The study of the effect of
three temperatures (21 °C, 28 °C, 42 °C) and the
rotation speed of the shackles (201 rpm and 212
rpm) on the keratinase activity of B. megaterium
UCM B-5710 showed that the temperature 42 °C
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and stirring speed 212 rpm were optimal for the
synthesis of the studied enzyme (Fig. 5). It is known
from the literature that the synthesis of keratinases
by bacteria of the genus Bacillus mainly occurs in
the temperature range from 30 to 50 °C [7-11].
An important task of the study was the
selection of optimal sources of carbon and nitrogen
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nutrition for B. megaterium UCM B-5710. These
indicators are strictly individual and affect not only
physiological indicators, but also the synthesis of
enzymes. In this regard, a search was carried out
for the optimal carbon and nitrogen components
of the nutrient medium for the cultivation of
B. megaterium strain UCM B-5710. Chicken
feathers served as a source of carbon in the basic
nutrient medium, to which various mono- (glucose,
galactose), disaccharides (lactose, maltose, suc-
rose), sugar alcohol (mannitol), polysaccharides
(potato and corn starch), as well as soybean meal
were added. It was shown that the introduction
of an additional carbon source had an effect on
the level of keratinase activity of B. megaterium
UCM B-5710 culture (Fig. 6). Partial inhibition of
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keratinase synthesis was observed when glucose,
lactose and maltose were added to the nutrient
medium. It is known from the literature that glucose
inhibits the synthesis of many proteases, including
keratinases [12]. According to the level of influence
on the synthesis of B. megaterium UCM B-5710
keratinase, all carbon sources can be arranged in the
following sequence: soybean meal > corn starch >
potato starch > galactose > soluble starch > control,
sucrose, mannitol > lactose, maltose > glucose. As
for nitrogen sources (Fig. 6), it was shown that the
majority of inorganic nitrogen sources (ammonium
chloride and nitrate) did not have an inducing effect
on the synthesis of B. megaterium UCM B-5710
keratinase, only sodium nitrate caused a slight
(by 10 %) increase in keratinase activity. On the
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Temperature and agitation rate,”C and rpm

Fig. 5. Influence of temperature and intensity of stirring on keratinase activity of
B. megaterium UCM B-5710.
Note: The study of the effect of three temperatures (21 °C, 28 °C, 42 °C) and rotation speed
of the shackles (201 rpm and 212 rpm) on the keratinase activity of B. megaterium UCM B-5710
was carried out at 201 rpm and 28 °C, respectively.
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Fig. 6. Influence of carbon and nitrogen sources on keratinase activity of
B. megaterium UCM B-5710.
Note: control — keratinase activity of B. megaterium UCM B-5710 when grown on
a basic nutrient medium. The control value was taken as 100 %.
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contrary, with the addition of ammonium sulfate,
complete inhibition of the enzyme synthesis was
observed. A similar action is typical for B. cereus
keratinase [13]. Organic sources of nitrogen
(peptone, yeast extract, tryptone, urea) had a
positive effect, increasing the level of keratinase
activity by 20-50 %. The best result was obtained
with the use of soybean meal, the addition of which
to the nutrient medium increased the keratinase
activity by 2.5 times. As is known, soybean meal
is a source of both carbon and nitrogen, since it
contains about 30-32 g of carbohydrates and up to
40 g of protein per 100 g of product.

The study of the optimal concentration of
soybean meal (0.2, 0.5 and 1.0 %) as an addi-
tional source of carbon and nitrogen for the
maximum production of keratinase showed that
at a concentration of soybean meal of 0.5 % the
level of keratinase activity was the highest, while
complete splitting of feathers was observed in the
composition of the nutrient medium. The level of
protein in the culture liquid when using 0.5 % and
1 % of soybean meal did not differ significantly
(0.115 and 0.155 mg/mL).

Thus, the introduction of an additional source
of carbon and nitrogen into the composition of the
basic nutrient medium, as well as the selection of
optimal cultivation parameters, contributed to an
increase in the keratinase activity of B. megaterium
UCM B-5710 by 4 times.

Discussion. To create a successful fermen-
tation process using microorganisms and obtain
an active product, it is necessary to select the
optimal cultivation conditions. This is a key pa-
rameter for their practical application in the
respective industries. Most microorganisms are
demanding on the conditions of cultivation on
artificial nutrient media, since their growth and
development are influenced by both abiotic (tem-
perature, acidity, aeration) and biotic (amount
of biomass) environmental factors. These para-
meters directly affect not only the quality of the
resulting product, but also the catalytic activity of
the selected producer strain.

The composition of the medium and the cul-
tivation conditions are two important factors that
affect the yield of the enzyme during fermentation.
It is known from the literature that most keratinases
are inducible enzymes, the synthesis of which is
stimulated by various keratin-containing substrates,
such as feathers, wool, hair [1, 3, 14]. However,
feathers are most often the inductors of kerati-
nase synthesis [9, 15]. In our studies, the feather
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concentration of 0.5 % was optimal; similar data
were obtained for the keratinase of Bacillus sp.
UPM-AAGI [14]. In the case of B. subtilis and
Pseudomonas sp. LM 19 feathers at a concentration
of 10 g/L [9, 16, 17] were the best substrate for
the synthesis of keratinase, while for B. subtilis
KD-N2 the best substrate for the synthesis of
keratinase were hair at a concentration of 16 g/L
[4].

Basically, when growing keratinase-produc-
ing strains, the keratin-containing subtrate in the
nutrient medium acts simultaneously as a source
of both carbon and nitrogen. The introduction
of additional sources of carbon and nitrogen
can both stimulate and suppress the synthesis
of enzymes by some microorganisms [18]. The
maximum keratinase production of B. cereus was
obtained in the wheat bran medium containing
1 % of lactose [13]. The best sources of carbon
and nitrogen (organic and inorganic) for the
production of B. safensis LRF3X keratinase were
feathers and galactose, as well as defatted nut
and casein at a concentration of 1 %, respectively
[17]. Our research has shown that the addition of
soybean meal (0.5 %) has a positive effect on the
synthesis of keratinase and the catalytic activity
of B. megaterium UCM B-5710. Maximum kera-
tinase production by Amycolatopsis sp. MBRL
40 was observed on a nutrient medium, one of the
components of which was also soybean meal at
a concentration of 0.5 % (w/v) [19]. It is known
from the literature that glucose mainly acts as an
inhibitor of microbial synthesis of many keratinases
[12], which was partially observed in our case,
although there are exceptions. Thus, the optimized
nutrient medium for the maximum synthesis of
B. licheniformis ZJUEL31410 keratinase contained
glucose at a concentration of 20 g/L [20].

Temperature is one of the key factors affecting
the fermentation process. 42 °C is the optimal
indicator for the synthesis of B. megaterium UCM
B-5710 keratinase. Similar results are typical for
the keratinase of Amycolatopsis sp. MBRL 40 [19],
B. subtilis keratinase [21], and Streptomyces sp7
keratinase (45 °C) [22].

When studying the effect of the initial pH of the
nutrient medium on the synthesis of B. megaterium
UCM B-5710 keratinase, it was shown that
the most optimal was pH 10.0, as in the case of
B. thuringiensis TS2 keratinase [11]. Similar results
were obtained for the keratinase of Streptomyces
sp7 [22] and the keratinase of B. subtilis [21], the
maximum synthesis of which was observed at pH
11.0.

37



Stirring and aerating increases the solubility
of oxygen in the environment for better microbial
growth during aerobic fermentation and therefore
affects enzyme production. The stirring intensity of
212 rpm was found to be optimal for the synthesis
of B. megaterium UCM B-5710 keratinase. For
keratinase Streptomyces sp7, the optimal speed
was 300 rpm [22], for keratinase Bacillus aerius
NSMk2 — 250 rpm [23], and for keratinases
Bacillus licheniformis-K51, Bacillus subtilis-K50,
Bacillus sp.-K53 — 150 rpm, 200 rpm, 150 rpm,
respectively [24].

The selection of the optimal cultivation pa-
rameters showed that in our studies a 15 % inocu-
lum was optimal for the synthesis of B. megate-
rium UCM B-5710 keratinase. For B. subtilis KD-
N2, the maximum synthesis of keratinase was
observed when using a 10 % inoculum [4], and
for keratinase of Bacillus sp. UPM-AAG1 -5 %
inoculum [14].

As a result of the studies, it was shown that
the introduction of an additional source of carbon
and nitrogen, the selection of optimal cultivation
parameters induced the synthesis of B. megaterium
UCM B-5710 keratinase and contributed to the
complete splitting of feathers already on the 2™ day.

Conclusions. Thus, as a result of the studies
carried out, the optimal conditions for cultivation
of B. megaterium UCM B-5710 strain were
selected: the optimal temperature for the growth
and development of the culture is 42 °C with the
initial pH value of the nutrient medium 10.0, the
stirring speed is 212 rpm, the amount of inocu-
lum — 15 %, the amount of an additional source
of carbon and nitrogen in the form of soybean
meal — 0.5 %. All this contributed to a 4-fold
increase in the keratinase activity of B. megaterium
UCM B-5710.
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IHIABIP OIITUMAJIBHUX YMOB
KYJAbTUBYBAHHS BACILLUS
MEGATERIUM YKM B-5710 —
INPOAYIEHTA KEPATUHA3H

K.B. Aeoirok, A.O. Pou

ITucmumym mikpooionoeii i sipyconoeii
im. JI.K. 3abonomnoco HAH Ykpainu,
8yn. Akaoemika 3abonommuoeo, 154,
Kuis, 03143, Vkpaina

Pesrome

3 KOXKHUM POKOM 00’ €M BHPOOHUIITBA MPOAYKTIB
NTaxiBHULTBA B YChOMY CBITI HEYXHJIbHO 3pPOCTAE.
e npu3BOAUTH 10 MOCTIMHOTO 3pOCTaHHS KUJIBKOC-
Ti MOOIYHUX MPOAYKTIB MEpepOOKH NTHUII Y BUIVII
MyXO-Iip SITHUX BiAXOMIB, SIKi CTAHOBIISATH HeOE3MEKy
JUISL OTOYYIOUOTO CEPEIOBHINA 332 PaxXyHOK OiJIKa Ke-
paTHHY, IO BaXKO MiAA€ThCS ACTPajallii, 1 BEJIUKOT
KUTBKOCTI MIKpOOHHX NaToreHiB. ToMy BUKOPUCTaHHS
SKOJIOTTYHO YUCTUX METOIIB JeCTPYKIIii KePaTHHOBUX
cyOcTpariB 3a paXyHOK KepaTHHa3 MiKpOOpPTaHi3MiB €
AKTyallbHOK 00JIaCTIO JIOCIIKeHHS. MeTo JTaHol
pobGoTu OyB Mmi0Ip ONTHMAIBLHUX YMOB KYJIBTHBY-
BaHHs mtamy Bacillus megaterium YKM B-5710 mis
iIBHUIICHHS aKTUBHOCTI CHHTE30BaHOI KepaTHHA3H.
Meronu. Kynsrypy B. megaterium YKM B-5710 Bu-
pourysanu nipu 28 °C, 201 06/xB mpotsirom 7 1i6 Ha
0a30BOMY KHBHIILHOMY CEpEIOBHIII, III0 MiCTUTh B
SIKOCTI €JTMHOTO JKEpEIia BYIJICIIO 1 a30Ty 3HE)KHUPCHE
Kypstae mip’st. [1in0ip onTUMaNbHUX YMOB KYJIbTHBY-
BaHHSI IIPOBOJIIIIH 32 TAKUMH ITapaMeTpaMU: TeMIIe-
parypa (21 °C, 28 °C, 42 °C), mBHAKICTb epeMilry-
BaHHS (201 00/xB, 212 006/XB), KUTBKICTh TOCIBHOTO
marepiaiy (5 %, 10 %, 15 %, 20 %, 25 %), noyaTkoBe
3HadeHHst pH xuBmibHOTO cepenoBuma (4.0—11.0),
KOHIICHTpAIIisl kepatuHBMicHOTO cyoctpary (0,1 %,
0,2 %, 0,5 %, 1,0 %, 1,5 %, 2,0 %), nogarkoBe mxe-
peno Byremo (IJII0Ko3a, rajJakTo3a, JaKkTo3a, Majb-
TO3a, caxapo3a, MaHiT, KAPTOIUIIHUH 1 KyKypya3sHHHA
KpPOXMallb, PO3YMHHUH KPOXMasb, COEBE OOPOIIIHO) i
asoty (NH,CI, NH,NO,, (NH,),SO,, NaNO,, ceqoBu-
Ha, TIEI'TOH, TPHUIITOH, TPIKKOBUI €KCTPAKT Ta COEBE
6oporrHo) y koHreHTparii 1 %. Keparnnasny aktus-
HICTb OI[IHIOBAJIH 3a oruHaHHAM B YO nipu 280 HM
HPOIYKTIB T1IpoJIi3y KepaTHHBMICHOI CUpOBUHH. bi-
70K Bu3Havdamu MetonoM Jloypi. Pesyabraru. [nna-
MiKa cHHTe3y (DepMEeHTY Mmoka3aia, o HAHBHIIY Ke-
paTHHA3HY aKTUBHICTH KYIbTYpa B. megaterium YKM
B-5710 BusiBisiia Ha 3 100y, a TOBHE PO3IICTIIICHHS
mip’s cnocrepiranocs Ha 4-5 1006y. [1in6ip KoHIEeH-
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Tpauii KepaTHHBMICHOTO CyOcTpaTy mokasas, IIO
0,5 % € onTUMAIBHOIO KOHIEHTpaIi€0. BupueHHs
BIUIMBY BHXiJHOTO 3HaueHHS pH XUBHUIBHOTO cepen-
OBWIIA CBIIYHUTH MPO Te, IO KyNbTypa 100pe pocia
npu pH 6.0-7.0 1 pH 9.0-11.0, omxak npu pH 8.0 ii
pict OyB myxe cnabkuM. MakcHManbHy KepaTHHA3HY
aKTUBHICTH KynbTypa npossisiia npu pH 10.0. Kpim
TOTO, NPH JaHOMY 3HaueHHI pH Bi3yanbHO crocte-
piraxocst MoBHE pO3LICIUICHHS Mip’sa. Briue Takoro
KITFOYOBOTO (PaKTOPy SIK TEMIIEpaTypa Ha picT i CHHTE3
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