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Abstract

The article discusses the results of microbiological studies on the bacteriological and
biochemical properties of 58 Staphylococcus strains; 34 of them belong to the species Staphylococcus
aureus, 15 strains are identified as Staphylococcus epidermidis and 9 as Staphylococcus
saprophyticus. As a result of the study, the most active cultures were isolated Staphylococcus aureus,
which by their biochemical properties ferment mannitol, fructose, glucose, mannose, lactose, maltose,
sucrose, trehalose, galactose, arginine, urease. Variability in relation to lactose was shown by
Staphylococcus epidermidis and Staphylococcus saprophyticus. Staphylococcus epidermidis, in aerb
conditions, does not decompose mannitol and does not ferment trehalose. Also, Staphylococcus
saprophyticus showed variability in relation to mannitus. According to the biochemical properties of
Staphylococcus aureus-coagulates the plasma of rabbits and oxidizes mannitol, shows resistance to
novobiocin and polymyxin. 88.3 % of the isolated strains showed proteolytic activity regardless of the
type of Staphylococcus infection. Lecithinatic activity was found in all the cultures studied, in addition
to Staphylococcus aureus. The highest hemolytic activity was shown by a strain of Staphylococcus
aureus isolated from the nasal cavity from cattle. The proportion of cultures with no hemolytic activity
amounted to an average of 19.6%. This property was also typical for 8.3% of Staphylococcus
epidermidis cultures. Most of the Staphylococcus aureus strains that were isolated from 58% of bird
carcasses showed activity against DNA-se. Staphylococci isolated from nasal effusions from cattle
showed the lowest percentage of DNA-se positive activity (16 %).

Keywords: bacteriology, biochemistry, Staphylococcus aureus, Staphylococcus epidermidis,
Staphylococcus saprophyticus.

Introduction. Staphylococcus are present in the air, dust, sewage, water, milk, food, on
various surfaces in the environment, on the skin of people and animals. People and animals are the
main reservoir of infection. Products that are most often the cause of staphylococcal food poisoning
are meat and meat products, poultry, eggs, salads, milk and dairy products. Staphylococcus play an
important role in the etiology of mastitis, which leads to the loss of a large amount of milk, its
rejection and premature culling of cows. The presence of a significant number of toxigenic
staphylococcus in milk (colostrum) leads to the fact that newborn calves are infected and suffer severe
enteritis of staphylococcal etiology, which often kills them [1, P.66]. Studies by European scientists
show that 4.7% of domestic birds are carriers of S. aureus, while finished products from these meat are
contaminated in 36.4% of cases. It was also revealed that staphylococcus are widespread in poultry
farms. The strains of staphylococcus are isolated in 22.5% of samples of pathological material of
broilers [2, P. 127].

If possible, staphylococcus plasma coagulation is divided into 2 groups. S. aureus, S.
intermedius, S. hyicus, and others belong to coagulase-positive staphylococcus (CPS). One of the most
widely distributed food pathogens worldwide is Staphylococcus aureus, which produces several types
of exogenous toxins. Other species are coagulase-negative (CBS) [3, P. 952]. Staphylococcus can
grow in a wide range of temperatures from 7 to 48.5°C (optimum 30-37°C); pH 4.2 - 9.3 (optimum pH
7.0-7.5) and at high concentrations of sodium chloride (up to 15% NaCl). These properties allow
bacteria to populate a wide variety of products. The pathogenic properties of a particular strain of
staphylococcus are determined by the summing action of pathogenicity factors, toxins, and invasive
properties of this strain. The pathogenicity of staphylococcus varies significantly [4, P. 21].
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The aim of the research was to study the biological characteristics of staphylococcal strains
isolated from various biotopes.

To achieve this goal, the following tasks were set:

- to identify strains of staphylococcus from veterinary and sanitary surveillance facilities;

- to identify and study the biological characteristics of strains isolated from various biotopes.

Material and methods. The research was carried out on the basis of the scientific innovation
center of the KSU named after A. Baitursynov in the Department of microbiological research in the
framework of the project «Monitoring of antibiotic resistance of enteropathogenic zooanthropozonous
diseases of the Northern region of Kazakhstan» for 2018-2020.

The object of the study was Staphylococcus isolates (n = 58) isolated from animal flushes and
biomaterials, as well as from animal and plant products. The study included 179 flushes from poultry
carcasses and flushes of nasal and vaginal effusions of cattle, 75 samples of poultry eggs sold in the
conditions of the Kostanay region markets, 54 samples of bovine biomaterial, as well as 50 samples of
food products of animal and vegetable origin.

Research algorithm:

1. Identification:

- study of cultural and morphological properties;

- study of biochemical properties.

2.Study of virulence factors:

- study of coagulase activity (rabbit plasma coagulation);

- study of hemolytic activity;

- study of letitovitellase activity;

- study of DNA activity.

The biological properties of staphylococcus were determined by classical microbiological
methods. Determination of the isolated strains was performed by seeding into a liquid selective
medium, by re-seeding the culture liquid on the surface of the agarized selective diagnostic medium
(MPA, HSA, KA). Test tubes with crops were incubated at a temperature of 37 °C for 24-48 hours.

Biochemical identification of cultures was carried out using GISS environment with sugars
and «Stafi-test» test systems (ERBA Lachema s. r. 0., Czech Republic).

In order to confirm that they belong to coagulase-positive staphylococcus, the ratio to gram
staining and the ability to coagulate rabbit blood plasma were determined in grown microorganisms.

To do this, following the rules of asepsis, 0.1 cm® of each culture of staphylococcus and 0.3
cm® of rabbit plasma were added to sterile tubes and incubated at a temperature of 37°C. Usually
coagulation occurred after 4-6 hours. The test was considered positive when the contents of the test
tube were coagulated.

The presumed presence of coagulase-positive staphylococcus in salt broth was determined by
the turbidity of the medium. From presumably positive vials after 24 hours and from all remaining
vials after 48 hours, inoculated on the surface of yolk-salt agar, Petri Dishes with crops were incubated
at a temperature of 37 °C for 24-48 hours.

To determine the hemolytic activity of the studied cultures in the form of "plaques" were sown
on blood agar (CA). The degree of hemolysin production was estimated by the radius of the hemolysis
zone around the «plaques» (mm). To determine the lecithinase, the studied cultures in the form of
«plaques» were sown on yolk-salt agar (ZHSA). Lecithinase activity was indicated by the presence of
an iridescent Corolla around the «plaques». To determine the DNA activity, the studied cultures were
seeded on the DNAse TEST AGAR (Manufactured by Hispanlab, Madrid).

The proteolytic properties of Staphylococcus are expressed in the ability to dissolve casein,
dilute gelatin (slowly), and break down other protein substrates. To determine the gelatinase activity,
the studied cultures were seeded with an injection into the frozen nutrient gelatin. With a positive
reaction on the second day, the gelatin was liquefied.

The isolated strains were differentiated according to the following indicators:

1. The ability of S. aureus to produce coagulase is one of the main differential features of
this species.

2. Resistance to the antibiotic novobiocin.

3. Resistance to polymyxin.
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4. The Ability of staphylococcus to ferment glucose and mannitol under anaerobic
conditions.

Research result. During the bacteriological study of the material, 58 strains of staphylococcus
were isolated and identified; 34 of them were Staphylococcus aureus, 15 were S. epidermidis, and 9
were S. saprophyticus

Staphylococcus grow well on universal nutrient media at a temperature of 35-40 °C. Adding
glucose or blood to the nutrient medium accelerated the growth of staphylococcus. A characteristic
feature of most strains is the ability to grow in the presence of 15% sodium chloride or 40 % bile. The
MPAS form round, slightly rising above the surface of the agar colonies with smooth edges with a
diameter of 2-5 mm. The colonies can be colored: S. aureus synthesizes a golden or orange pigment;
S. epidermidis synthesizes a white or yellow pigment; in most strains of S. saprophyticus pigment is
absent.

When growing in BCH, staphylococcus initially cause diffuse turbidity with subsequent loss
of a loose flake-like sediment.

Staphylococcus produce saccharolytic and proteolytic enzymes [5, P. 16].

All the studied strains hydrolyzed maltose, glucose, sucrose, urease to acid without gas, and
did not hydrolyze xylose, arabinose, and salicin.

The most active biochemically are S. aureus strains: fermented glucose, fructose, mannose,
mannitol, maltose, lactose, trehalose, arginine, galactose, sucrose, urease. In relation to lactose, S.
epidermidis and S. saprophyticus showed variability. S. epidermidis did not ferment trehalose or
decompose mannitol under aerobic conditions. S. saprophyticus also showed variable properties with
respect to mannitol.

The isolated strains were differentiated according to the following characteristics (table 1):

Table 1 - Differential signs of isolated staphylococcus

Name of the attribute - Tvp .e - -
S.aureus S.epidermidis S.saprophyticus
Plasma-coagulase + - -
Resistance to novobiocin - - +
Resistance to polymyxin + + -
The oxidation of mannitol + - v
Number of detected microorganisms 34 15 9

As can be seen from the table, S. aureus coagulates rabbit plasma and oxidizes mannitol,
which is resistant to novobiocin and polymyxin. Plasmocoagulating activity is the main species
characteristic of S. aureus, which correlates perfectly with virulence and production of other
pathogenicity factors (figure 1).

gLy

Figure 1-Mannitol fermentation and plasma coagulation reaction

Splitting carbohydrates and pigmentation cannot serve as a criterion for the pathogenicity of
staphylococcus. The main factors determining the pathogenicity of these bacteria is the ability to
produce exotoxins and enzymes coagulase, fibrinolysin and hyaluronidase. All these virulence factors
are widely used to identify S. aureus and differentiate it from other staphylococcal species (table 2).

Table 2 — Selected virulence Factors of bacteria of the genus Staphylococcus
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Frequency of occurrence of the trait
o Uity | ety | PNAsetviey | PRERRE
S. aureus (n=34) + + + +
S. saprophyticus (n=9) - - - +
S. epidermidis (n=15) + - + +
Total (n=58)

Most cultures showed proteolytic activity regardless of the type of Staphylococcus and the site
of discharge (83.6%). Lecithinase activity was found in all isolated cultures of S. aureus. The most
pronounced lecithinase activity in staphylococcus isolated from milk and cattle biomaterial.

Various types of staphylococcus, especially S. aureus, are capable of producing a variety of
hemolysins, among which the most active is a-hemolysin. When interacting with the cytoplasmic
membrane, it causes the formation of pores, resulting in osmotic lysis of the cell (figure 2) [6].

Figure 2 — Hemolytic activity of S. aureus on blood agar

The highest hemolytic activity (hemolysis zone > 2 mm) was shown by S. aureus cultures
isolated from nasal effusions of cattle. The share of non-hemolytic crops averaged 19.6 %. Some
cultures of S. epidermidis also had hemolytic activity (8.3%).

Among the isolated S. aureus, cultures with yellow pigment (88%) prevailed, compared with
white (2%) and intermediate - cream (10%). According to scientific research, the yellow-orange
pigment of most clinical isolates of Staphylococcus aureus is associated with increased bacterial
survival in adverse conditions and increased pathogenicity of staphylococcus, since carotenoid-
deficient cultures lose their resistance to the oxidative explosion of neutrophils [6].

Most S. aureus cultures isolated from bird carcasses (59%) showed DNA activity. The lowest
percentage of DNA cultures was among those isolated from nasal effusions of cattle (14 %).

Conclusion. During the bacteriological study of the material, 58 strains of staphylococcus
were isolated and identified; 34 of them were Staphylococcus aureus, 15 were S. epidermidis, and 9
were S. saprophyticus.

All the studied strains hydrolyzed maltose, glucose, sucrose, urease to acid without gas, and
did not hydrolyze xylose, arabinose, and salicin.

The most active biochemically were S. aureus strains: they fermented glucose, fructose,
mannose, mannitol, maltose, lactose, trehalose, arginine, galactose, sucrose, urease. In relation to
lactose, S. epidermidis and S. saprophyticus showed variability. S. epidermidis did not ferment
trehalose or decompose mannitol under aerobic conditions. S. saprophyticus also showed variable
properties with respect to mannitol.

S. aureus coagulates rabbit plasma and oxidizes mannitol, resistant to novobiocin and
polymyxin. Plasmo-coagulating activity is the main species characteristic of S. aureus, which
correlates perfectly with virulence and the production of other pathogenicity factors.

Thus, the breakdown of carbohydrates and pigmentation can not serve as a criterion for the
pathogenicity of staphylococcus. The main factors determining the pathogenicity of these bacteria is
the ability to produce exotoxins and enzymes coagulase, fibrinolysin and hyaluronidase. All of these
virulence factors are widely used to identify S. aureus and differentiate it from other staphylococcal
species.
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Most cultures showed proteolytic activity regardless of the type of Staphylococcus and the site
of discharge (88.3%). Lecithinase activity was found in all isolated cultures of S. aureus. The most
pronounced lecithinase activity in staphylococcus isolated from milk and cattle biomaterial.

Various types of staphylococcus, especially S. aureus, are capable of producing a variety of
hemolysins, among which the most active is a-hemolysin.

The highest hemolytic activity (hemolysis zone > 2 mm) was shown by S. aureus cultures
isolated from nasal effusions of cattle. The share of non-hemolytic crops averaged 19.6 %. Some
cultures of S. epidermidis also had hemolytic activity (8.3%).

The majority of S. aureus cultures isolated from bird carcasses (58%) showed DNA - activity.
The lowest percentage of DNA + cultures was among those isolated from nasal effusions of cattle (16
%).

Thus, of all the studied species, S. aureus strains were statistically significantly more likely to
have a set of virulence factors. Thus, only this species was recorded for lecithovitellase activity.
Significant differences were obtained between the CBS isolates of all studied species and S. aureus in
the presence of lecithovitellase activity. In addition, S. aureus strains were significantly more likely to
have DNA activity compared to S. epidermidis strains.
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TYHUIH

Makanana cTadUIOKKTapAbIH 58 MTaMMIAPBIHBIH OaKTEPHONOTHSIIBIK JKOHE OMOXUMHUSIBIK
KacueTTepi OOWBIHIIIA MUKPOOHOIOTHSIIBIK 3ePTTEYIICPIiH HOTIKEIEpl KapacTHIPBIIABI; ONapAsH 34
mramMm Staphylococcus aureus TypiHe xatanbl, 15 mramm Staphylococcus epidermidis xone 9
Staphylococcus saprophyticus perinae aHbiKTanFaH. JKypri3iireH 3epTrey HOTHXKECIHIC €H OeliceH i
Staphylococcus aureus OeiiHTeH makbpUIIapbl OONIBI, ONap ©3iHIH OHOXUMUSIIBIK KACHETTEepi
OolibIHIIIa MAHHUT, (PPYKTO3a, TIIOKO32, MAHHO3, JITAKTO3a, MAllbTO3a, caxapo3a, Tperanosa, rajakrosa,
apTUHUH, ypea3anbl depMeHTTeimi. JIakTo3ara KaThICTHI Bapruadenbaitik Staphylococcus epidermidis
)oHe Staphylococcus saprophyticus mtaMManapbela kepcerti. Staphylococcus epidermidis, a3po0ThI
eMec JKarJaiiia MAaHHUTTT BIIBIPATaIbl )KOHE Tperano3ansl pepmentreiini. Connaii-ak, Staphylococcus
saprophyticus MaHHUTKE KaTBICTBI BapuaOeIbAUTIKTI KepceTTi. Staphylococcus aureus OMOXUMUSITBIK
KacHeTTepi OOMBIHINA-KOSH TUIa3MachlH  KOATyJSIMSIaWIbl  JKOHE MAHHUTTI  TOTBHIKTBIPAJIHI,
HOBOOHMOIIMH MEH MOJUMHUKCHHTE TO3IMIIIIriH kepcerexi. bemiaren mrammapabiH 88,3 % - B
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CcTa(OUIOKKTHIH TYPJIIK €peKIIeIirine KapaMacTaH MPOTCOTUTHKAIBIK OCIICEHIUTIK TaHBITTH. bapipIk
3epTTeNTeH maKpuinapna Staphylococcus aureus-TeH 0acka JICIIUTUHATAKAIBIK OCIICCHAUTIK TaOBUIIB.
EH okoraphl TE€MOJIMTHUKAJBIK OCJICEHIUTIK ipi Kapa MajjaH MYpPbIH KYbICHIHAH O6JIIHI'CH
Staphylococcus aureus mraMMbl KepceTTi. [ eMOTUTUKAIBIK OEICEHIUIIN JKOK JaKbUIIAP/IbIH YJieci
opta ecenmed 19,6% kypanpl. Conpait-ak, Oyn cunat Staphylococcus epidermidis nakpuioapbIHBIH
8,3% - prHA ToH O00mabl. Kyc ymaceiasie 58%-man Oeminren Staphylococcus aureus mTaMMIapBIHBIH
kem Oediri JIHK-a3ra KaTeICTBI OCIICEHIUTIK TAaHBITTHL. Ipi Kapa MaimaH MypBIH KYBICBIHAH O6JIiHTeH
cradunokokokrap JJHK-a3 oy 6encennimiktin (16%) eH a3 naibI3bIH KOPCETTI

PE3IOME

B cratee paccmaTpuBaroTCs pe3yJbTaThl  MHKPOOHMOJIOTMYECKUX  HCCICIOBAHUN IO
0aKTepUOIOTHIECKUM M OMOXMMHUYECKAM CBOHCTBAM 58 IITaMMOB CTa(MIOKKOB; U3 HUX 34 mramma
npuHamIeKaTr K Bumy Staphylococcus aureus, 15 mrTaMMoB ompeneneHsl, Kak Staphylococcus
epidermidis u 9 xax Staphylococcus saprophyticus. B pe3ynpTaTe MPOBEICHHOTO HCCICIOBAHUS
HanboJee aKTHBHBIMU OBUTH BBINENIEHHBIE KYIBTYpBl Staphylococcus aureus, KOTOpblE TIO CBOUM
OMOXMMHUYECKUM CBOWCTBAM (PEPMEHTHUPYIOT MAaHHUT, (PPYKTO3y, TJIOKO3y, MaHHO3Yy, JaKTO3Y,
MaJbTO3y, caxapo3y, TPeraio3y, TrajakTo3ly, aprHHHH, ypeasy. BapnaOenbHOCTh 1O OTHOIIEHHIO K
JAKTO3¢ TOKasaaum ImTamMMmbl  Staphylococcus epidermidis w  Staphylococcus saprophyticus.
Staphylococcus epidermidis, B a’pOHBIX YCJIOBHAX, HE pasjioraeT MaHHUT U He (epMEeHTHpYEeT
Tperano3y. Takxke Mo OTHOIICHHWIO K MaHHUTY Staphylococcus saprophyticus TpoaeMOHCTPUPOBAI
BapuabenbHOCTh. [lo OmoxummueckuM cBolicTBaMm Staphylococcus aureus-koaryiupyeT Iuia3my
KPOJIUKOB W OKHUCIIIET MaHHUT, MPOSIBIIIET YCTONYNBOCTh K HOBOOMONIMHY W TIOMUMHKCHHY. 88,3 %
BBIJIEJICHHBIX IITAMMOB TPOSIBIIIM TPOTEOTUTHYECKYI0 aKTHBHOCTh BHE 3aBHUCHMOCTH OT BHIOBOM
MPUHAIKHOCTH cTaduiiokka. Bo Bcex MCclenoBaHHBIX KyJIbTypax, MOMUMO Staphylococcus aureus,
Obula oOHapyKeHa JICIIUTHHATHYECKAs aKTHUBHOCTh. Hambonee BBICOKYIO T'€MOJIUTHYECKYIO
aKTHUBHOCTH TOKa3zal wmramMm Staphylococcus aureus BBIAETICHHBIH W3 MOJOCTH HOCA OT KPYIMHOTO
poraroro ckota. J{ons KyJabTyp C OTCYTCTBHEM T'€MOIMTHYECKON aKTUBHOCTH COCTaBWJIA B CPETHEM
19,6%. Takxxe maHHOE CBOMCTBO OBIIa XapakTepHo s 8,3% KyneTyp Staphylococcus epidermidis.
Bonpbmas gacts mrammoB Staphylococcus aureus, KOTOpble OBLIH BBIACTEHHB OT 58% TyIleK MTHII,
MpOSBIUIA aKTHBHOCTH B oTHomeHuu JIHK-a3. CtadumokoKky, BBIJICIICHHBIE M3 HOCOBBIX MCTEUCHUN
OT KPYITHOTO POTaToro CKOTa MoKa3ain HauMeHbImi nporueHT JJHK-a3 monoxurenbHON aKTUBHOCTH
(16 %).
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THE RESULTS OF A STUDY ON THE PRODUCTION TEST OF THE POLYPHAGE
PREPARATION IN THE MEAT PROCESSING PLANT OF «KARASU» LLP

Abstract
This article presents the results of a study on the production test of the Polyphage preparation
in the slaughterhouse of Karasu LLP. The control was contaminated test objects, which were treated
with sterile physical solution under similar conditions with experienced. The surface of test objects
was seeded with 1 billion suspension of bacterial culture of E. coli 1257 at the rate of 1 cm® per 10
cm’. Then the test objects were treated with 10% Polyphage disinfectant from a hand sprayer at the
rate of 0.2-0.3 liters per 1 m% A 10% solution of the Polyphage disinfectant with a consumption rate of
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