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IDENTIFICATION AND RESEARCH OF THE PROPERTIES OF LACTIC
ACID BACTERIA STRAINS USED AS STARTER CULTURES
FOR MAKING RAW-SMOKED HORSEMEAT SAUSAGES

Abstract. This article is about identification of flora of raw smoked sausages produced in the course of study,
which will enable a further study of its properties and use in the production of raw smoked sausage from horse meat.
The article describes the current state of the world market for horse meat and meat products; and production of
sausages, including raw smoked sausages. There is a technology that has been developed in order to produce horse
meat products using starter cultures: ready cooked smoked Kazy and raw smoked sausage. The hip portion, which
remains after jaya is cut off, is used as the main stock for the production of raw smoked sausage. We compared the
quality characteristics of the finished products, and studied the amino acid and fatty acid composition. We provided a
comparative description for the organoleptic parameters of raw smoked sausages with starter cultures and a reference
sample added. The samples were compared for: pH value, content of mass fraction of protein and microbiological
characteristics. We tested elective nutrient medium for lactic acid bacteria in order to see if there was any significant
microbial flora in raw smoked sausages.

Key words: Flora in raw smoked sausages, fermented meat products, starter cultures, lactic acid bacteria
strains, amino acids, fatty acids, identification of microorganisms.

The world market for meat and meat products is one of the major sectors of the food market. One of
the main and traditional sources of raw meat in our country is horse meat. According to the data, the
Republic of Kazakhstan has sufficient resources of horse meat, which makes it prospective and interesting
to be used in the production of national meat products for the population of Kazakhstan, as well as for
export. The horse headcount in March 2018 in virtually all of the regions of Kazakhstan reached a
maximum over the last 25 years in relative and absolute terms. According to the Statistics Committee of
the Republic of Kazakhstan, as of March 1, 2018, there were 2,356.9 thousand horses in Kazakhstan, and
as of this April 1, the number of these animals reached 2,463,500 heads. Despite the significant share of
horse meat, the associated meat production is largely hampered by the lack of appropriate process
solutions that would enable an effective use of this type of resource based on promising types of
processing [1].

An analysis of the world horse meat market shows that horse meat production is less than 0.25% of
total world meat production, with 700,000 tons of horse meat produced in total per year. If you look across
continents, Asia, America and Europe produced 46%, 30% and 18% of the world’s horse meat,
respectively, with China, Kazakhstan and Mexico as the largest producers. Asia, as the largest producer,
has almost no exports or imports, while North and South America exports most of the horse meat to
Europe and Japan [2.11].

— 20 ——
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Despite having so many resources of live weight, Kazakhstan is the main importer of Russian meat
products. Russia holds the main share in the structure of imports of meat products (up to 95%).

Today, if we look at European countries, horse meat is widely used in France, Belgium, Italy and
Sweden, where horse meat exceeds lamb in sales volumes. In France, horse meat consumption accounts
for 0.4 percent of all meat consumed. In Italy, traditional fermented sausage is made without the use of
microbial starters, with the end of the product maturation characterized by a slight sourness and an elastic,
semi-solid consistency. Lactobacillus sakei, Lactobacillus curvatus and Lactobacillus plantarum are most
commonly found lactobacilli in meat and meat products, including fermented sausages processed by
various technologies. These include the most often isolated species - Lactobacillus sakei [3,4,10].

The main product derived from processing various types of raw meat is sausages. The different types
of sausages include raw smoked sausage as the most natural sausage, which belongs to a unique meat
products class consisting of only spice added meat. Raw smoked sausages represent a class of traditional
meat products that are not heat-treated, that is, produced without pasteurization [3]. High-quality raw
smoked products are based on the use of modern biotechnological techniques. Currently, most raw
smoked sausages are produced via an accelerated technology using starter cultures, which may include
microorganisms of various genera, including Lactobacillus spp., Pediococcus spp., Staphylococcus spp.,
Micrococcus spp. [2, 13].

Meat products are perishable products, which makes finding harmless and effective drugs to increase
their shelf life an urgent matter.

One of the most important effects of starter bacterial cultures is an extended shelf life of meat
products. The strains used for the meat industry can have a significant impact on the shelf life and quality
of fermented foods by suppressing unwanted flora. Undesirable flora is suppressed and beneficial flora is
produced due to the release of antibacterial substances, such as organic acids, carbon dioxide, hydrogen
peroxide, diacetyl, and bacteriocins [13,14].

Purpose: to expand the range of raw smoked horse meat sausages with the possibility of using the
portion of the hip, which usually remains after jaya is cut off; to improve organoleptic parameters and
ensure the safety of the finished product; to shorten the maturation period for the product.

The following objectives were set in order to address this purpose:

v’ production of raw smoked horse meat sausages using starter cultures;

v" production of raw smoked horse meat sausages without using starter cultures;

v’ comparison of quality characteristics and chemical composition of readymade product;

v’ identification of technologically significant microflora of finished raw smoked sausages for
further study of their properties and use in production.

The following served as the research targets:

1) starter cultures: a) BLC -78 - Staphylococcus carnosus, Pediococcus acidilacti; 06) Flora italia
LC — Lactobacillus sakei, Pediococcus acidilacti, Staphylococcus carnosus;

2) food products made with and without a starter culture.

Research methods: pH value was determined by a potentiometric method; protein content in the
product was determined by the content of protein nitrogen, which is found by the difference between the
amount of total and non-protein nitrogen, based on nitrogen conversion to protein; a capillary gas
chromatography with a flame ionization detector (FID) and a quartz column was used for gas
chromatographic studies; microbiological research was based on testing elective nutrient media for lactic
acid bacteria (medium for singling out lactic acid bacteria according to A. Netrusov’s method) in order to
identify technologically significant flora of ready-made raw smoked sausages (MRS nutrient medium).

Results. The research made it possible to:

- design a technology for the production of raw smoked horse meat sausages using starter cultures;

- design a technology for the production of cooked smoked product - Kazy branded as "Almaty" with
the addition of starter cultures.

Starter cultures were added together with salt and seasonings at the rate of 0.5 g per 1 kg of minced
meat, and they were also added to the brine. Microorganisms, introduced with starter cultures, acted
through enzymes to change the structure of meat products, building new substances that contribute better
product quality indicators.
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Figure 1 — Cooked-smoked product — Kazy "Almaty" with the addition of starter cultures

The results of the study of the quality characteristics of cooked smoked kazy with the addition of
starter cultures versus a reference sample are presented below (table 1). The production of cooked smoked
kazy was based on horse meat from the rib section cooled for 48 hours at a temperature of (2-4) °C. What
makes this process essential different is the use of a bacterial preparation when treated with brine, which
makes it possible to intensify biochemical and microbiological processes during meat ripening. This
reduces the duration of treatment with brine, reduces the amount of residual nitrite and improves the
organoleptic characteristics of the finished product.

Table 1 — Organoleptic assessment of cooked smoked Kazy "Almaty"

Sample Outer Appearance and Smell Taste Consistency | Juiciness General
appearance color in cross score
section
Reference sample 7.1+0.3 6.7+0.2 6.8+0.3 6.4+0.2 6.4+0.3 6.1+0.3 6.6+0.3
Kazy with starter 7.5+0.3 7.4+0.3 7.0+£0.4 7.4+0.2 7.0+0.4 6.6+£0.4 24+0.3
cultures added

We can see from Table 1 that Kazy samples with the addition of starter cultures received high scores
compared to reference. Kazy made using starter cultures are distinguished by a denser consistency and a
pronounced specific taste and aroma.

One of the components impacting taste and aroma are amino acids and fatty acids. The amino acid
composition of cooked smoked kazy is presented in Table 2. These substances are formed and
accumulated as a result of the breakdown of proteins, as well as peptides belonging to extractive
substances of muscle tissue.

Table 2 - Amino Acid composition of the product: boiled and smoked Kazy "Almaty"

Ne amino acid Height Area Mass fraction in % Concentration mg/1
1 Arginine 1,712 68,87 0,90+0,36 78,0
2 | Lysine 0,243 2,415 0,014+0,004 1,20
3 Tyrosine 3,336 1542 1,84+0,55 160,0
4 Phenylalanine 1,251 45,92 0,51+0,15 44,0
5 Leucinetisoleucine 3,124 2333 0,98+0,25 85,0
6 | Methionine 1,275 64,73 0,62+0,21 54,0
7 | Valine 2,355 122,7 0,93+0,37 31,0
8 Proline 2,659 117,3 0,83+0,22 72,0
9 Threonine 1,547 63,64 0,47+0,19 41,0
10 | Serine 1,215 59,0 0,36+0,009 31,0
11 | Alanine 2,978 145,6 0,71+0,19 62,0
12 | Glycine 3,794 225,7 0,89+0,30 77,0

Analysis temperature: 30°C;
Wavelength: 254
Calculation method: absolute calibration of the instrument.
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The rate of accumulation of potential predecessor of taste and aroma which are built altogether in the
process of cooking is associated with the rate of degradation of high molecular substances of muscle
tissue, especially proteins. This is related to the depth of proteolysis [1].

Aromatic compounds obtained as a result of the activity of microorganisms are known to have a
significant effect on the formation of the aggregated aroma of fermented meat products. In the
development process, starter cultures release enzymes that catalyze the breakdown of carbohydrates, with
organic acids, acetone, diacetyl now accumulated, which participate in the formation of taste and aroma of
meat products [6.13].

One of the informing and accessible indicators for taste and aroma of meat products is the mass
fraction of volatile fatty acids (table 3), which was identified by removing it with direct steam from
acidified water extract followed by refining a distillate with alkali [5,8.12].

Table 3 - Fatty Acid composition of the boiled and smoked product: Kazy "Almaty"

Ne Time, min. Fatty acids Height Area, %
1 9,43 Oil 0,697 0,6387
2 14,41 Myristic 1,653 0,3807
3 18,78 0,692 0,1012
4 22,23 Stearic 0,724 0,0860
5 22,83 0,624 0,0483
6 26,21 0,689 0,0347
7 27,30 2,903 0,5578
8 29,06 2,393 0,3740
9 30,12 1,891 0,2537
10 30,74 Oleic 6,482 1,2961
11 33,36 5,038 0,8760
12 42,68 5,591 0,7667
13 47,34 24,661 5,1761
14 53,64 Linoleic 1,894 0,3788
15 56,96 Linolenic 7,580 1,8901
16 74,05 Pentadecane 3,170 1,1702

66,682 13,4763

Chromatograph type — Crystallux — 4000M

Figure 2 — Smoked sausage made from horse meat

Formation of meat products’ aroma is predominantly determined by the fermentation of fats, which
results in di- and monoglycerides, volatile fatty acids and associated decomposition products [5,15].

Jaya, kazy and karta are the most valuable things in horse meat. We used portion of a horse hip,
which remains after we cut out jaya, as the main stock for production of raw smoked sausage. The two
following types of starter cultures were used in the manufacture of raw smoked sausages: BLC -78 —
Staphylococcus carnosus, Pediococcus acidilacti; Flora italia LC - Lactobacillus sakei, Pediococcus
acidilacti, Staphylococcus carnosus. The strains for microorganisms present in the composition of these
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starter cultures are intended for the production of various types of raw smoked sausages, and are
significantly different in quality from those starter cultures that are available in the market of our country
(were purchased in Bulgaria during research training).

The work produced: a reference sample without a fermentation starter added; a test sample with
bacterial fermentation starter BLC -78 added; a test sample with bacterial fermentation starter Flora italia
LC. The results of the study into the organoleptic characteristics of raw smoked sausage with an addition
of starter cultures versus reference sample are presented below (table 4).

Table 4 - Organoleptic assessment of raw smoked sausages

Assessment based on five score scale
Sausage samples Cross color smell taste consistency general
section
appearance
Test sample with BLC -78 added; 4.9 4.8 4.7 4.8 4.8 4.8
Test sample with Flora italia LC added 4.8 4.8 4.8 4.7 4.9 4.8
Reference (no ferment added) 4.5 4.5 4.6 4.5 4.5 4.52

From table 4 we can see that sausage samples made with starter cultures are rated higher than
reference samples in terms of organoleptic indicators. Test samples had a more tender consistency and
sourish taste versus reference. Samples of finished sausages also differed in pH:

test sample No. 1 —4.74;

test sample No. 2 — 4.86;

reference — 4.91.

One of the most important values is the proteolytic activity of microorganisms used as starter cultures.
It is determined by the degree of protein breakdown in meat. This principle contributes to higher quality
characteristics of raw meat stock. Proteolytic activity of enzymes is about a change in the amount of
protein in the final product [8,9.15]. The following data was obtained once the mass fraction of protein in
the finished raw smoked sausages was determined (table 5):

Table 5 — Content of mass fraction of protein in finished raw smoked sausages

No. | Protein mass fraction, % Actual results Trial regulations
1 Test sample No. 1 28.51 GOST 25011-81
2 Test sample No. 1 28.15 GOST 25011-81
3 Reference 31.0 GOST 25011-81

At the next stage of the research, we tested elective nutrient media for lactic acid bacteria in order to
identify technologically significant flora of ready-made raw smoked sausages.

The research revealed that no lactic acid microorganisms were detected in test sample No. 1, since
only denitrifying cocci were found in the starter culture used: Staphylococcus carnosus, Pediococcus
acidilacti. Test sample No. 2 revealed the number of lactic acid microorganisms, CFU/g - 12*10’. The
reference sample revealed CFU/g — 6*107 of lactic acid microorganisms. At the next stage of research we
will single out pure cultures of denitrifying cocci, study the physiological and biochemical properties of
the singled out strains and create new starter cultures.

As a conclusion to the work done to study the effect of lactic acid bacteria strains used as starter
cultures on the quality characteristics of fermented meat products, we can now state that microorganisms
in a starter culture perform many indispensable functions, such as: accelerating biochemical processes
occurring in raw meat when treated with brine, and proteolysis of muscle proteins driving the rate of
maturation of meat products; improvement of organoleptic characteristics of the finished products; optimal
pH reduction; improved sanitary conditions; all of these also play an important role in the formation of
taste and aroma.

—— 4 ——
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KBLUIKbI ETIHEH KAKTAJIFAH IIYKBIK JARBIHIAYIA KOJJIAHBLIATBIH YABITKbI
PETIH/IE MAMJAJTAHBUIATBIH CYT KbIIIKbLIIbI BAKTEPHSIJIAP IITAMM/IAPBIH BOJIIIT
AJTY JKOHE KACUETTEPIH 3EPTTEY

AnHoTauus. by Makana 3eptrey 6apbiChIiHIa JalbIHIAIFaH, KAKTAJIFaH IIY)KBIK OHIMICPIHEH TEXHOJIOTHSITBIK
TYPFBIIaH MaHBI3IbI MUKpOQIOpaHsl O6in amyFa, KaCHETTEpiH 3epTTeyre jKOHE ayjaFbl YaKbITTa JKBUIKBI €TIHEH
KaKTaJIFaH IIYKBIK OHIMIEPIH OHIIpyAe MainanaHyFa apHaidraH. Makajaza JKbUIKBI €Ti KOHE €T OHIMIEpiHiH
MYHUSKY3UTIK HApBIKTaFbl OYTIHI KYHII JKaFmaiibl; HIYKBIK OHIMICPIHIH, COHBIH IIIIHAC KAKTaJFaH IIY)KbIK
OHIMJIepiHiH eHipici OasHnanrad. JKbUIKpI €TiHEH YHBITKbI KOCBUIFAH €T OHIMICPIH MaibIHAAy TEXHOJOTHSICHI
KYpacThIPBUIFAH: Micipimn-bicTanran Kasbl xkoHe KaKTajaraH MIyKbIK. KakTamraH IMIy)KbIK JalbIHAAY YIOiH, YKasHBI
Kecil alfaHHaH KeWiH KaJaThlH, KbUIKBIHBIH CaH €Tl MaiganaHbuiasl. JJaliblH OHIMIEPAiH canalblK KOPCETKIMNTEPiH
e3apa CalbICTHIPY, aMUHKBINIKBUIIBIK JXOHE MAWKBIIIKBUIIBIK KYPAMBIH 3€PTTEY KYpri3uimi. ¥YUBITKBI KOCBHLIBII
JabIHIAIFaH JKOHE YHBITKBICHI3 TalbIHAAIFaH, KAaKTaIFaH IIY)KBIK OHIMIEPIHIH OpraHOJEHTHKANBIK KOpPCeTKIITepi
CaJIBICTBIPMAIIBl TYPAE CHIATTaFaH. YJTUIepAe CalbICThIpMabl Typae: pH Meepi, akybI3abIH CaIMaKTHIK YIIeCi
J)KOHE MHUKPOOHOJIOTHSIIBIK KACHETTepl cHmarTainFaH. JlaWblH KaKTallFaH IIY)KBIK OHIMICPIHIH TEXHOJOTHSIIBIK
TYPFBIIaH MaHBI3AB MUKPOGMIOPACHIH O6Jilm amy MaKcaThIHAA, CYT KBIIIKBULABI MHUKPOOPTAHU3MIEPIi SJIEKTHUBTI
KOPEKTIiK opTayiapra ce0y >Kypri3inren

TyiiiH ce3aep: KakTajaFaH IIVKBIK OHIMAEpiHIH MHUKpodIopacel, GEepMEHTTENreH €T OHIMAepi, YHBITKBI, CYT
KBIIIKBUIbI OaKTepHsLIap [ITaMM/aphl, AMUHKBIIIKBUIAAPHI, Mail KbIIIKBUIAAPHI, MUKPOOPTaHU3MIEP i 0o aiy.

UDC 62.09.39
Lnmsicksi3st M ', Yomaros V.U 2., Ceiigaxmerosa 3.K °.

' AlMaTHHCKHIT TeXHONMOrHYecKHil yHuBepeuTet, Kadeapa «[Tumesas GuotexHonorus», Anmarsl, Kasaxcran
> TOO «Ka3axckuii HayqHO-HCCIIEI0BATENLCKII HHCTHTYT TIepepabaThIBaIONIeii X MMIEBOH MPOMBIILTICHHOCTH,
Anmatsl, Kazaxctan
3 AIIMaTHHCKHiT TeXHOIOTHYECKHil yHHuBepcuTeT, Kadenpa «[lumesas Ouorexuonorus», Anmarsl, Kazaxcran

WJIEHTUO®UKALIMS U U3YUEHUE CBOMCTB ITAMMOB MOJIOYHOKHUCJIbIX BAKTEPHI,
NPUMEHSIEMBIX B KAYECTBE CTAPTOBBIX KYJIBTYP JJISI U3TOTOBJIEHUSA
CBIPOKOITYEHBIX KOJIBAC N3 KOHUHbI

AnHoTanus. JlaHHAsS CTaThs TOCBSIIACTCS WACHTU(PHUKAIIMKA TEXHOJIOTUYCCKH 3HAYAMOW MHUKPOQIIOPHI
M3TOTOBIICHHBIX B XOJI€ HCCJICIOBAHUS CBIPOKOMUYCHBIX KOJOAc, M MaldbHEHIIEro W3yYeHHs WX CBOWCTB U
IIPUMEHEHHMS B ITPOM3BOCTBE CHIPOKOITYEHBIX KOJI0Ac U3 KOHCKOTO Msca. B craTbe onmcaHbl: HBIHENIHEE COCTOSHHE
MHpPOBOTO PBIHKA KOHCKOTO MsCa M MSCHBIX MPOAYKTOB; IMPOW3BOJICTBO KOJIOACHBIX W3ACIHH, B TOM YHUCIE
CBIPOKOMUEHBIX Kojbac. Pa3paboTaHa TeXHOJIOTHS MPOU3BOJICTBA MSCHBIX M3ACIHH W3 KOHUHBI C HCIOJIH30BAHUEM
CTapTOBBIX KYJIBTyp: BapeHO-komdeHas Kas3pl W chIpokomdeHas Koibaca. B kadecTBe OCOBHOTO CBHIPBS IS
MIPOU3BOJICTBA CHIPOKOIMYEHOI KOIOACKHI MICIIONB30BaH 3aJHUH OKOPOK (CaH €T) KOHHWHBI, KOTOPBIH OCTaeTcs Iocie
cpe3aHusi kasg. [IpoBeleHO CcpaBHEHHE KAadeCTBEHHBIX XapaKTEPUCTHK TOTOBBIX MPOXYKTOB, HCCIEIOBAaHUE
aMUHOKHCIOTHOTO M JKHPHOKHCIOTHOTO cocTaBa. CpaBHHUTENFHO OIMCAHBI OPraHOJENTHYECKHE ITOKa3aTeIn
W3rOTOBJICHHBIX CHIPOKOITYEHBIX Koj0ac ¢ JOOaBJICHHUEM CTAapTOBBIX KYJIBTYDP W KOHTPOJIBHOTO o0Opas3ua.
CpaBHUTENBHO ONMKCaHbl B 0oOpa3uax: BenuuuHa pH, conepikaHue MaccoBoil noiu Oellka U MHUKPOOHOJIOTHYECKHE
xapakTepucTrKy. [Ipon3Be/IcH MOCEB Ha IEKTUBHBIC MUTATEIBHBIC CPEMIBI TSI MOJIOYHOKHUCIBIX OaKTepHid, C IEIBI0
BBISIBIICHUS M UICHTH(DHUKAINY TEXHOJIOTHIECKH 3HAYUMOU MUKPOQIIOPHI TOTOBBIX CHIPOKOITYCHEIX KOJI0AC.

KuroueBble ciioBa: Mukpogopa chIpOKOMYEHBIX Kondac, pepMEHTHPOBAaHHBIE MSCHBIC MTPOIYKTHI, CTAPTOBBIE KyJIBTYPHL,
ImTaMMBbI MOJIOYHOKHCIIBIX GaKTCpI/II/I, AMHWHOKHUCIIOTHI, )KUPHBIC KUCIIOTHI, PIZ[eHTI/I(I)I/IKaHI/I}I MHUKPOOPTraHU3MOB.
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