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IEVADS

Medijamo dzivnieku gala ir kvalitativs, cilvéka organisma fiziologiskiem
procesiem atbilstoss uzturlidzeklis ar labu proteina, mineralvielu un mikroelementu
sastavu, zemu tauku saturu un zemu holesterina ITmeni. Lai gan medijjumu galas
patérins salidzinajuma ar majdzivnieku (ctku, liellopu, putnu) galu nav liels, tomer
pieprasijums péc tas palielinds, un medifjumu galas ieguve klist par nozimigu
partikas razoSanas sastavdalu. Ped€jos gados strauji pieaug nebrivé — briezu darzos —
audzetu dzivnieku ganampulku skaits. Lai iegiitu optimalu galas kvalitati, briezu
fermas stingri jaievero dzivnieku labturibas apstak]i. Atkariba no briezu audzesanas
veida, audzetdji iegust atskirigas kvalitates produkciju. Lai briezus varétu uzskatit
par biologiska lauksaimnieciba audz&tiem dzivniekiem, teritorijai jabut pietickami
lielai, lai netraucetu to dabisko parvietosanos, edinasanai japaredz labas ganibas un
javeic papildus piebaroSana. Attistiti izdzivoSanas instinkti lauj brieziem eksistet ar1
nebrives apstaklos. Salidzinot ar majdzivniekiem, savvalas dzivnieki ir jutigaki pret
stresu.

Savvalas dzivnieku galas iegliSana saistita ar medibam, kas ir komplekss
process, kura notick dzivnicku noSauSana, pirmapstrade, noSauta dzivnicka
transportéSana uz turpmako dzivnicka kermena apstrades vietu. Pielautas klidas,
dzivnieku noSaujot, veicot pirmapstradi, transport&jot un veicot liemenu apstradi
galas parstrades uzpémuma vai briva daba, var sekm& medijjuma galas
piesarnojumu, ko izraisa aerobie un anaerobie mikroorganismi. Ka parada pétijumu
(Adams, Moss, 2006) dati, uz medijumu galas virsmas un gala labi vairojas
mikroorganismi un mikroskopiskas sénes. Pieradits, ka medijumu gala galvenokart
konstaté Enterobacteriaceae dzimtas mikroorganismus. Literatiiras avotos (Reinken
et al.,1980; Hoffman, Wiklund, 2006) noradits, ka bistamaka medijuma
piesarnosanas notiek gadijumos, kad dzivnieks ir saSauts veédera vai ievainots un
turpina parvietoties: parvietoSanas laika, lodes raditais piesarpojums izplatas
dzivnieka kermeni. Patérétajs no medijumu galas, tapat ka no majdzivnieku galas,
var inficéties ar mikroorganismiem, kuri ierosina partikas infekcijas (Prendergast et
al., 2004). Tadel, lai novértétu medijumu galas higiénisko stavokli, svarigi taja
noteikt mezofilo aerobo un fakultativi anacrobo (MAFAM) mikroorganismu skaitu
un Enterobacteriaceae dzimtas mikroorganismu skaitu. Ka liecina zinatnieku
pétijumi (Carter, 1990a; Xoyntu ap., 1997), Enterobacteriaceae dzimta ietver sevi
30 baktériju gintis un vairak neka 120 sugas, no kuram vairakas uzturas dzivnieku
un cilveku zarnu trakta, ka arT apkartéja vide. Ped&jos gados daudzi pétijumi
(Rogerie et al., 2001; Keen, Elder, 2002; Nielsen, Scheutz, 2002; Omisakin et al.,
2003; Aysun et al., 2006) veltiti patogénajiem Escherichia gints mikroorganismu
serotipiem, kuri izdala verotoksinus (VT1, VT2), ka arT satur intimina génu (eaeA),
piesarnojot medijumu galu un izraisot bistamas cilvéku saslimsanas.



Medijumu galas piesarnojumu rada ari mikroskopiskas sénes. Lai gan liclaka
dala mikroskopisko sénu ir nosaciti patog€nas, tam attistoties ilgaku laika periodu
piemérotos apstaklos, veidojas bistamiba cilveku un dzivnieku veselibai.
Mikroskopiskas sénes var radit ar1 tauku bojasanos un producgt mikotoksinus
(Diagnostic Procedures for Bacterial, Mycotic and Parasitic Infections, 1981). Autoru
(JIutBunOB, 1967; Asefa et al, 2009; Asefa et al, 2010) petjumi rada, ka no
medijumu galas galvenokart tiek izdalitas Ascomycota un Zygomycota gints
mikroskopiskas sénes, kas sp& nomakt organisma imunitates aizsargfaktorus, ir
izturigas pret apkartgjas vides temperatiiras, mitruma un pH izmainam, turklat, tas var
saglabat dzivotsp&ju ar nelielu baribas vielu daudzumu apkartéja vide. Autori
(Venkitasubramanian,1977; Smith, Anderson,1992; Ulloa, Hanlin, 2000; Asefa, 2009)
uzsver, ka lielaka dala no medijjumu gala izolétajam mikroskopiskajam seéneém
sastopamas apkartgja vide, kas kalpo ka viens no galas piesarnojuma avotiem.

Pétijuma meérkis un uzdevumi

Promocijas darba meérkis bija noskaidrot un izveértét stirnu (Capreolus
capreolus) un nebrivé audzeto staltbriezu (Cervus elaphus) galas mikrobiologiska un
mikologiska piesarnojuma pakapi galas ieguves un uzglabasanas procesa laika dazadu
temperatiiras reZimu apstak]os.

Merka sasnieg8anai tika izvirziti sekojosi darba uzdevumi:

1. noteikt stirnu un staltbriezu liemenu mikrobialo un mikologisko piesarnojumu,
ka arT mikrobiologiska piesarnojuma un galas pH savstarpgjo sakaribu;

2. noteikt stirnu un staltbriezu galas mikrobiologiska piesarnojuma dinamiku
uzglabasanas laika dazados temperatiiras reZimos;

3. noskaidrot staltbriezu galas iesp&jamo piesarnojumu ar Escherichia coli
patogéno serotipu, ka arT noteikt verotoksinu VT1, VT2 un intimina piesaistes
géna eaeA klatbitni;

4. noskaidrot mikroskopisko s€nu izplatibas intensitati un kontaminacijas pakapi
stirnu un staltbriezu gala.

Darba zinatniska novitate

e Pirmo reizi Latvija noteikts un sistematiz&ts stirnu un staltbriezu galas
mikrobiologiskais un mikologiskais piesarnojums;

e Noteikta medijumu galas mikrobiologiska piesarnpojuma dinamika noteiktos
laika periodos dazadu temperatiiras reZimu apstak]os;

e No staltbriezu galas izoléts un identificéts patogénais E. coli O157:H7
serotips ar verotoksinu un intimina piesaistes producgjoSiem géniem.
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determination the compatibility of VT1, VT2, eaeA genes in their isolate”.
13—-14 May, 2012, Amsterdam, Netherlands.

Liepina S., Jemeljanovs A. “Moulds contaminants on fresh meat derived
from roe deer (Capreolus capreolus) and red deer (Cervus elaphus)”.
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Liepina S., Jemeljanovs A. Wild animals (Capreolus capreolus and Cervus
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MATERIALS UN METODES
Pétijuma laiks, vieta un materiala raksturojums

Petijums veikts laika posma no 2009. gada oktobra lidz 2012. gada augustam.
Pétfjuma veikSanai medibu sezonas laika kopuma iegtti 30 dzivnieku galas paraugi,
ti., divos medibu kolektivos novembra meénesi 15 savvalas stirnu (Capreolus
capreolus) galas kopparaugi un divas Vidzemes regiona briezu audzetaju saimniecibas
oktobra ménesi 15 nebrivé audzetu staltbriezu (Cervus elaphus) galas kopparaugi, kas
saimniecibas tika iegiti, dzivniekus atSaujot galas ieguves noluka speciali paredzeta
aploka.

Liemenu un ieks$€jo organu p&cnaves veterinari sanitaras ekspertizes veikSanas
laika tika nopemti arT pétfjumam paredz&tie paraugi. Saskana ar standarta LVS ISO
17604:2005 ,Partikas un dzivnieku baribas mikrobiologija” prasibam, paraugi
mikrobiologiskai izmekl&$anai tika nonpemti 12 stundu laika péc dzivnieka noSausanas.

No stirnu un nebrivé audzeto staltbriezu liemena p&tijumam tika nemti paraugi
no garaka jostas muskula (m.longissimus lumborum), ciskas divgalvaina (m.biceps
femoris) un pleca trisgalvaina muskula (m.triceps brachii) (Braveris, 2007) ta, lai visu
3 muskulu veidojos$a apvienota parauga kopé&ja masa biitu vismaz 0.250 kg.

Medijumu galas paraugiem mikrobiologiska izmekle$ana tika veikta Latvijas
Lauksaimniecibas universitates ,,Biotehnologijas un veterinarmedicinas zinatniski
pétnieciska institiita ,,Sigra” (turpmak — ZI ,,Sigra”) Latvijas Nacionala akreditacijas
biroja akreditéta (LATAK-T-038-08-99) Biokimijas un mikrobiologijas zinatniskaja
laboratorija.

Medijumu galas mikrobiala piesarnojuma izmeklgjumu metodika papildinata
Zviedrijas  Lauksaimniecibas  Zinatpu universitate  Veterinarmedicinas  un
lauksaimniecibas dzivnieku fakultaté, tacu izoleto mikroorganismu kultiru
patogenitates apstiprinasana veikta institita ,Sigra” Molekularas biologijas
laboratorija.



Pétijuma veikSanas shéma

Katram pétijuma atlasttajam medijuma dzivnieka (t.i., 15 stirnu un 15
staltbriezu) liemenim tika veikts muskulaudos pH mérijums, galu uzglabajot 12, 24,
36,48, 60 un 72 h pie + 4 °C.

Petijuma kopgja shéma paradita 1. attela.

15 stirnu un 15
staltbrieZu galas
kopparaugi/ pooled
samples of the roe deer

? m @ @ and pooled samples of the

red deer meat

7 1N

A Ay A
Mikrobiologiska Mikologiska
izmekleSana/ pH izmeklesana/
Microbiological n=180 Mycological
examination n=570 examination n=60

g Ar molekularas biologijas metodem

E.coli O157:H7 izdali§ana un VT1, VT2, eaeA génu noteikSana 8 staltbriezu
galas E.coli izolatos/ Extraction of
E.coli O157:H7 by molecular biology methods and determinaton of VT1, VT2,
eaeA genes in 8 samples of the E.coli isolates of the red deer meat

Ar molekularas biologijas metodem
E.coli 0157:H7 izdali§ana un VT1, VT2, eaeA genu noteikSana 8 staltbriezu
galas paraugos/ Extraction of E.coli 0157:H7 by molecular biology methods
and determinaton of VT1, VT2, eaeA genes in 8 samples of the red deer meat

1. att. Pétijuma veik§anas shéma/
Fig.1. Study scheme



Lai noskaidrotu mezofili aerobo un fakultativi anaerobo (MAFAM), ka ari
Enterobacteriaceae dzimtas mikroorganismu piesarpojuma izmainas (péc 12, 24, 48,
72, 96, 120, 144 un 168 stundam) medijumu gala tas uzglabasanas laika pie +4 °C un
pie +8 °C, ka arl péc 12, 24 un 48 h pie +20 °C, no 15 stirnu un 15 staltbriezu
liemeniem kopuma tika veikti 570 paraugu bakteriologiskie uzsgjumi.

Izmantojot molekularas biologijas metodes (polimerazes k&des reakciju (PKR)
un reala laika polimerazes kédes reakciju (RL-PKR), tika pieradita E. coli
identifikacija astonam E.coli tirkultGram, kuras ar mikrobiologijas metodém izolgjam
no staltbriezu galas kopparaugiem. Ar molekularam metodém tika pétita arT patogéna
E. coli O151:H7 serotipa klatbtitne gan 8 E.coli tirkultfras, gan staltbriezu gala, ka ari
parbaudijam, vai E. coli (staltbriezu gala un tirkultiira) satur toksinus producgjosos
VT1, VT2 un eaeA génus.

Medijumu galas mikologiska piesarpojuma analize tika veikta 30 stirnu un 30
staltbriezu galas kopparaugiem, lai noskaidrotu mikroskopisko senu klatbitni,
uzglabgjot galu pie +4 °C 12 h.

Pétijuma izmantotas metodes

Galas paraugu pH noteik§ana. Medijuma galas paraugos pH tika noteikts
saskana ar LVS ISO 2917:2004 standartu, izmantojot verificétu ,,JENWAY 3520 pH
Meter”. Katram pétijuma izveleta dzivnieka liemenim pH tika mérits kreisaja pusg,
pH meéritaja elektrodu ievadot garaja jostas muskuli (m.longissimus lumborum) 2 — 3.5
cm dzili un 70-90 ° lenki attieciba pret medijuma liemena garenisko asi.

Galas bakteriologiska izmeklésana. Kop€jo dzivotspgjigo mikroorganismu
§tnu skaitu noteicam, nemot véra autoru (Finegold, Martin, 1982; Difco,1998;
Forsythe, 2010) pétniecibas darba pieredzi un saskana ar standarta LVS EN ISO
4833:2003 prasibam. Paraugu sagatavoSana mikrobiologiskai testé$anai tika veikta
saskana ar standarta LVS EN ISO 6887-2:2004 2. dalas noteikumiem. MAFAM skaits
paraugos tika noteikts saskana ar standartu LVS EN ISO 4833:2003 ,Partikas un
dzivnieku baribas mikrobiologija. Mikroorganismu skaitiSanas horizontala metode.”
Enterobacteriaceae dzimtas baktériju skaits noteikts saskana ar standartu LVS ISO
21528-2:2004. Enterobacteriaceae dzimtas bakt€riju sugu noteikSanai tika izmantots
MacConkey agars, no kura katru pieradiSanai atlasito koloniju uzs€jam uz barojosa
agara, inkub&jam 24 + 1 h +37 °C temperatiira, kolonijas krasojam péc Grama un tika
noteiktas biokimiskas Tpasibas: oksidazes, indola veidoSana, citrata izmantoSana,
glukozes (metilsarkana tests) un oglhidratu fermentésanu (Foges-Proskauera tests).

Iegtito biokimisko 1pasibu rezultati tika analizeti, lai izvéletos bakteriju
tirkultiras noteikSanai Iidz sugai, izmantojot BBL Crystal gramnegativo
mikroorganismu identifikacijas blokus (BBL Crystal E/NF, 245000) un salidzinati ar
E. coli ATCC 25922 references tirkultaru.

Mikroorganismu augSanas atruma noteikSana. Mikroorganismu aug$anas
atruma raditajs tika aprékinats novérojuma perioda sakuma un beigas, noteikto
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mikroorganismu skaita starpibu izdalot ar novérojuma perioda ilgumu (stundas vai
dienas) un tika noteikts p&c autora (Crene, 2008) ieteiktas formulas.

Molekularas biologijas izmeklgjumi. Lai veiktu PKR, no izvélétajiem
paraugiem tika izdalita DNS, vadoties p&c razotaja instrukcijas un izmantojot DNeasy
Blood and Tissue Kit (Qiagen) komplektu. Me@rot ar spektrofotometru NanoDrop
(Applied Biosystems), tika parbaudita izdalito DNS koncentracija un tiriba.
Sekvengsanas reakcija tika veikta, izmantojot komercialo komplektu MicroSeq® 16S
rDNA Bacterial Sequencing Kit (Applied Biosystems) vadoties pgc razotaja
noradjjumiem. Tika sekvenéts 16S rRNS rajons un iegiitais rezultats salidzinats ar
interneta pieejamo datubazi NCBI.

PKR paraugu sagatavosana amplifikacijai. DNS [idz izmantoSanas bridim tika
uzglabatas —70°C temperatira. PKR reakcijas veik$anai E. coli génu regiona
amplifikacijai, saskana ar razotdja noradijjumiem, tika izmantots komercialais
komplekts (Genekam Biotechnology AG). Izmantojot Profesional Gradient (Biometra,
ASV) amplifikatoru, tika izdarita amplifikacija. E. coli verocitotoksinu VT1 un VT2
génu, un intimina gena eaeA amplifikacija tika veikta saskana ar aprakstu
(Verocytotoxigenic Escherichia coli, 2004). Ar RL-PKR tika identificéts E.coli
patogéna celma serovariants E.coli O157:H7, izmantojot (PrimerDesign™ , Ltd).

Mikologiskie izmekl&jumi tika veikti saskana ar standartu LVS ISO 21527 —
2:2008 (E).

Datu statistiska apstradei izmantota divfaktoru dispersiju analize ANOVA
metode, lai salidzinatu faktoru (temperatiiras un uzglabaSanas laika) ietekmi uz
rezultativo pazimi — MAFAM un Enterobacteriaceae dzimtas mikroorganismu
daudzumu. Izvertétas hipotézes parbauditas ar ticamibas intervala un p—vértibas
metodi, un faktori noverteti ka butiski, ja p< 0.05.

Eksperimentalo datu apstradei un sakaribu noteikSanai tiek izmantota
matematiska programmu pakete MathCad-14, bet iegiito sakaribu grafiskai att€loSanai
izmantota programmu pakete MatLab-7. Datu apstradei tick izmantota divfaktoru
nelineara regresijas analizes metode.



PETIJUMA REZULTATI UN DISKUSIJA

Medijumu galas ieguvé, pirmapstrade, transporté€sana un sadaliSana loti liela
nozime ir stingru higi€nas prasibu ievérosanai. Lai to izvertetu, veicam pétijumu, kas
lautu noskaidrot medijumu galas iesp&jamo mikrobialo un mikologisko piesarnojumu.
Darba gaita tika pétits stirnu un staltbriezu galas pH raditaji, mikrobiala piesarnojuma
kopgjais dzivotsp&jigo mikroorganismu skaits, ka arT mikroorganismu skaita
picauguma dinamika medijamo dzivnieku svaigaja gala un tas turpmakaja
uzglabasanas laika.

Savvalas stirnu (Capreolus capreolus) un nebrivé audzétu staltbriezu
(Cervus elaphus) galas pH un ta izmainas

Savvalas stirnu un nebrivé audzétu staltbriezu galas pH tika analizéts,
uzglabajot +4 °C ar 12 h intervalu, t.i., 12, 24, 36, 48, 60, 72 stundas péc dzivnieka
noSausanas. legiitic rezultati paradija, ka stirnam un staltbrieZiem galas uzglabasanas
laika pH samazinasanas biitiski (p<0.05) atskiras.
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Fig.2. pH changes in the roe and red deer meat storing it at +4 °C



Vidgjais pH stirnu galas paraugos, tos uzglabajot pie +4 °C 12 h, bija 5.8, bet,
uzglabajot 72 stundas ilgi, pH samazinas Iidz 5.47 jeb kopuma par 5.6% no 12 h
radijuma. Ka redzams no 2.att., tad visstraujakais pH samazinajums gala vérojams pie
24 h un 36 h ilgas glabasanas, tacu pH samazina$anos nenovero, stirnu galu uzglabajot
48 hilgi redzams 1. tabula.

1. tabula/Table 1
Medijumu galas pH radijumu izmainas dazados uzglabasanas laikos
Changes in the pH values at different storage times

Stirnu gala /Roe deer meat Staltbriezu gala /Red deer meat

asanas no

asanas no

h

SE SE

uzglaba-$anas sakuma /pH
decrease comparing with the
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»
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storage beginning (%)
pH samazinasanas ik p&c 12
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pH samazin

Paraugu uzglabasanas ilgums/
pH samazin

h/pH decrease in each 12 h

storage beginning (%)
pH samazina$anas ik péc 12
h/pH decrease in each 12 h

—_

5.79 |+£0.009

6.68 |+0.015 - -
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Y]

[\

5.69 |+0.009

—_—
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6.30 |+0.026 5.7 5.7

(O8]
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5.61 |£0.012 6.09 |£0.025 8.8 3.7

N
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5.61 |£0.015 6.08 |£0.048 9.0 0.2

D
(=]

5.54 [+0.025 6.01 |+0.021 10.0 1.2

Y HOSY OS]
=] —
el L k= el
WO |Wn|o

N
N}
bk
(@)}

547 |£0.029 5.89 |£0.013 11.8 2.0

Izvertejot pH raditaja izmainu dinamiku staltbriezu gala, konstatéjam, ka pH
samazinasanas tendences ir Iidzigas ka stirnu gala, tikai pirmajas 36 stundas process
norit 3 reizes straujak (skat. 1. tab.).

Kas attiecas uz stirnu gala konstatéto vidéjo pH 5.78, tad jasecina, ka tas sakrit
ar citu autoru novérojumiem (Atanassova et al., 2008; Daszkiewicz et al., 2009) un
raksturo labu galas kvalitati, jo vértiba no 5.5 — 5.8 tiek uzskatita par atbilstosu
(Wiklund, Smulders, 2011). To varétu skaidrot ar faktu, ka stirnas tika medttas ziema
mazaka stresa apstaklos un dzivnieki nebija fiziski novargusi.

Attieciba uz musu pétito (rudens ménesos iegiito) staltbriezu galas pH (t.i.,
6.68), jaatzimé, ka tas bija par 10% augstaks, neka zinatnieku ieteiktais. Autori
(Wiklund et al., 2001), dazados gadalaikos p&tot staltbriezu galas pH, konstatgjusi, ka
tas vari€. Pieméram, decembrT iegiita gala pH ir vidgji 5.45, marta — 5.63, bet rudent —
5.61. Lai arT pH muskulattra biezak konstatg ap 5.5 (Pollard et al., (2002) — 5.54 Iidz
5.60, Wiklund et al., (2001) — 5.71 un Wiklund et al., (2003) — 5.59 lidz 5.64), tomér
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staltbriezu galas pH par atbilstosu tiek uzskatita no 5.8 Iidz 6.0 (Stevenson-Barry et
al., 1999; Mach et al., 2008).

Vera nemama ietekme uz muskulu glikogéna daudzumu un tadgjadi arl uz
galas pH Iimeni ir dzivnieku baroSanas statusam un fiziskai kondicijai (Wiklund et al.,
1996; Wiklund et al., 2003). Ja staltbriezi divus méneSus pirms noSauSanas tiek
piebaroti ar riipniecisko baribas maisijumu, palielinas glikogéna rezerves muskulos,
tadgjadi pH limenis p&c dzivnieka noSauSanas strauji samazinas (Wiklund et al., 2001;
Wiklund et al., 2002).

Miisu pétijuma ieklautie nebrivé audztie staltbriezi, no kuriem paraugus
ieguva oktobra ménesT, bija |oti laba fiziska kondicija, pie tam, dzivnieki tika papildus
piebaroti ar graudiem, tatad pH Ilimenim staltbriezu gala vajadzg€ja but butiski
zemakam par musu iegiito 6.68. Varam izdarit piepémumu, ka, lai arT par nebriveé
audz@€tiem dzivniekiem TpaSnieki loti riip&jas, tomer savvalas dzivniekiem iedzimtas
Ipasibas — just, nojaust, baidities — ir radijusas pastiprinatu pirmskausanas stresu, jo
butisks faktors, kas samazina glikogéna Iimeni, ir pirmskausanas stress (Brian
Mclntyre, 2006, Mach et al., 2008).

Kas attiecas uz pH Iimena samazinasanos medijumu gala pie 24 h un 36 h ilgas
uzglabasanas, tad miisu konstatétie pH samazinajumi sakrit ar peécnaves sastinguma
procesa norisi muskulatiira, kas iestajas péc 24 — 36 stundam un parasti izbeidzas péc
72 stundam (Wiklund et al., 2001; Wiklund et al., 2002). Stresainiem dzivnickiem
rigor mortis parasti iestajas atrak, kas saistits ar straujaku glikogéna samazinasanos
muskulaudos (Taylor et al., 1995; James et al., 2005), tapéc pH samazinasanos
muskulatiira praktiski nenovérojam jau pie 48 h ilgas gan stirnu, gan staltbriezu galas
uzglabasanas.

Dazados temperatiiras reZimos un noteiktu laiku uzglabatas medijamo dzivnieku
galas bakterialais piesarnojums un ta dinamika

Viens no darba uzdevumiem bija noteikt stirnu un nebrivé audz&tu staltbriezu
galas mikrobiala piesarnojuma dinamiku uzglabaSanas laika. Uzglabajot ilgak par
168 h, varja novérot piiSanas procesa attistibu, tadél medijuma gala notieckoSo
procesu izzinasanai paraugi, uzglabajot ilgak par 168 h, vairs petijuma talak netika
iek]auti.

Mikrobiologisko pétijumu rezultati, uzglabajot medijumu galu atskirigos
temperatiiras reZimos un dazada laika perioda, paraditi 2. tabula.



2. tabula/Table 2

Medijamo dzivnieku gala noteikto MAFAM un enterobaktériju skaita dinamika
saistiba ar uzglabasanas ilgumu un temperatiiru
Dynamics of the count of MAFAM and Enterobacteriaceae found in the game
animal meat depending on the storage time and temperature

Tempera- Stirnu gala/ Roe deer meat Nebrive audzetu staltbriezu
_ . ’ gala/ Farmed deer meat
tira/ Laiks/
Tem- | Timeh | \MAFAM Entgrobacte— MAFAM Ent_erobacte
N riaceae ] riaceae
perare ele) | gglowgh | UEYED | ggivg)
12 3.46 +£0.50 2.64+0.49 4.13+0.72 3.86+0.71
24 3.51+£047 2.69+0.46 4.25+0.64 3.98+0.64
48 434+0.19 3.40+0.20 6.00+0.92 4.82+0.92
1400 72 4.43+0.17 3.50+0.18 6.38+0.93 5.19£0.92
96 4.40+0.18 3.46+0.18 6.74+0.93 5.55+0.92
120 4.21 +0.08 3.294+0.10 6.69+0.93 5.51+0.92
144 4.12+0.10 3.20+0.09 6.68+0.92 5.49+0.92
168 4.04+0.10 3.10+0.09 5.24+0.09 4.05+0.09
12 3.69 +0.44 2.86+0.35 5.50+0.36 5.23+0.36
24 4.50+0.35 3.67+0.30 6.32+0.38 6.05+0.38
48 4.58 +0.30 3.66+0.09 7.22+0.36 6.00+0.35
L8°C 72 5.37+0.10 4.44+0.11 7.99+0.35 6.81+0.35
96 5.33+£0.11 4.39+0.11 7.95+0.35 6.76+0.36
120 5.06£0.11 4.12+0.11 7.69+0.39 6.49+0.38
144 4.89+0.11 3.96+0.11 7.53+0.37 6.34+0.38
168 4.83+0.12 3.90+0.11 7.44+0.38 6.27+0.38
12 5.24+£0.11 4.31+0.35 7.88+0.37 6.69+0.36
+20 °C 24 5.66 + 0.24 4.73+0.24 8.29+0.36 7.10+£0.36
48 6.91 +0.32 5.97+0.31 9.54+0.40 8.35+0.40

Sakara ar to, ka norades normativajos dokumentos par MAFAM un
Enterobacteriaceae dzimtas mikroorganismu pieJaujamo daudzumu savvalas dzivnieku
gala nav, verte§jumam izmantojam autoru (Membré¢ et al., 2011) ieteiktas pielaujamas
normas, ka bakterialais piesarnojums medifjumu gala var but par vienu logaritmu
augstaks neka EK Regula Nr. 2073/2005 tas noteikts liellopu, aitu, kazu un zirgu galai
(aerobo mikroorganismu piesarnojums robezds no 3.5 lidz 5.0 lg kvv g, bet
Enterobacteriaceae dzimtas mikroorganismiem — no 1.5 Iidz 2.5 Ig kvv g).

Misu pétijuma iegitie rezultati (skat. 2. tab.) paradija, ka, uzglabajot stirnu
galu lidz 168 h pie +4 °C un pie +8 °C, kopgja bakteriala piesarnojuma vidgjas
vértibas bija pielaujamas normas robezas, kaut ari novérojam, ka pie +4 °C MAFAM

16



skaits, uzglabajot 168 h, palielinas par 14.4%, salidzinot ar MAFAM raditaju pie 12 h
uzglabasanas, bet pie +8 °C — par 23.6%, salidzinot ar 12 h radijumu.

Izvertejot MAFAM vidgjo vertibu izmainas stirnu gala pie +4 °C, redzam, ka
batisku (p<0.05) raditaja palielinasanos (skat. 2. tabula) novéro pie 48 h uzglabasanas
(par 19.2%, salidzinot ar 24 h raditaju), turpretim biitisku (p<0.05) mikroorganismu
skaita samazinaSanos novero pie 120 h uzglabasanas. MAFAM samazina$anos novero
arT turpmakos uzglabasanas periodos, t.i., pie 144 h par 2.2% un pie 168 h — par 2%.

Kas attiecas uz MAFAM vidgjo vértibu izmaipam stirnu gala pie +8 °C,
redzam, ka bitisku (p<0.05) raditaja paliclinaSanos par 18% novéro jau pie 24 h
uzglabasanas, salidzinot ar 12 h raditaju, ka arT pie 72 h uzglabasanas (par 14.8%,
salidzinot ar 48 h raditaju). Jaatzime, ka bitisku (p<0.05) mikroorganismu skaita
samazinasanos, tapat, ka pie +4 °C temperatiiras, novéro galu uzglabajot 120 h ilgi.
Nelielu MAFAM samazinasanos noveérojam ari turpmakos uzglabasanas periodos, t.i.,
pie 144 h par 3.4% un pie 168 h — par 1.3%.

Baitiski atSkirigakas ir MAFAM piesarnojuma izmainas, uzglabajot stirnu galu
+ 20 °C temperatiira, salidzinot ar baktériju skaita dinamiku, uzglab3jot galu pie +4 °C
un +8 °C. Ka redzam no 2. tabulas, gan 24 h, gan 48 h ilga uzglabasana pie +20 °C
rada MAFAM skaita bitisku (p<0.05) pieaugumu, turklat, 48 stundu ilga glabasana
iepriek§minéta temperatira jau radija MAFAM pielaujamas normas parsniegSanu
stirnu gala par 13.2%.

Analizgjot MAFAM vidgjas vertibas izmainas staltbriezu gala, no 2. tabulas
redzam, ka tikai 21% gadijuma gala atbilst piclaujamam normam. Uzglabajot
staltbriezu galu +4 °C temperatira, redzam (2. tabula), ka 48 h ilga uzglabaSana rada
butisku (p<0.05) MAFAM skaita pieaugumu, t.i., par 22.8%, salidzinot ar 24 h
rezultatu. Turpretim, izvert€jot bakteriala piesarnojuma samazinasanos, secinam, ka,
atSkirtba no stirnu gala noverota, staltbriezu gala MAFAM bitiska (p<0.05)
samazina$anas (par 21.6%) pie +4 °C uzglabasanas notiek tikai 168 h laika, salidzinot
ar rezultatu pie 144 h.

Kas attiecas uz MAFAM vidgjo vertibu izmaipam staltbriezu gala pie +8 °C,
redzam, ka p&c 24 h uzglabasanas bitiski (p<0.05) piecaug MAFAM skaits,
parsniedzot pielaujamo normu. Vislielako mikroorganismu skaita pieaugumu noveéro
péc 72 h, ti., jo tas palielinas par 9.7%, salidzinot ar 48 h rezultatu. Turpretim,
atskiriba no baktériju skaita vértibu izmainam, uzglabajot staltbriezu galu pie + 4 °C,
ka ari stirnu galu, to uzglabdjot vésajas temperatiiras, staltbriezu gala gan MAFAM
skaita nelielu samazinasanos péc 120 h ilgas uzglabasanas tomér novéro, tacu ta ir
nebiitiska (p>0.05).

Analizgjot MAFAM skaita vértibu izmainas, uzglabajot staltbriezu galu +20 °C
temperatiira, jasecina, ka Seit veérojams loti butisks (p<0.05) min€to mikrooganismu
skaita pieaugums visos petamajos uzglabasanas laikos, turklat, 48 h laika MAFAM
skaits pieauga pat par 13.2%, salidzinot ar 24 h rezultatu. Visos pétamajos
uzglabasanas laikos MAFAM skaits staltbriezu gala parsniedza pielaujamo normu, t.i.,
12 h laika — par 23.9%, 24 h laika — par 27.7%, bet 48 h laika — par 37.1%.

Analiz&jot medijumu galas mikrobialo piesarnojumu tas uzglabasanas laika,
konstatgjam, ka stirnu gala MAFAM daudzums visos uzglabaSanas laikos pie + 4 °C
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un pie +8 °C atbilda pielaujamai normai, ko varétu skaidrot ar mikroorganismu
attistibai sliktaku vidi, kas stirnu galai vari&ja no pH 5.79 pie 12 h Iidz 5.47 pie 72 h.
Citadaku sakaribu noverojam staltbriezu gala, kad pielaujamo normu MAFAM
parsniedz pie 72 h, kad pH bija 5.89 (augstaks neka stirnu galai pie 12 h), tatad
nodroSinot mikroorganismu attistibai labveligakus apstaklus ilgstosaku laika periodu.
Ja galas pH vertiba tuvojas maksimali ieteiktajam ItTmenim (no 5.6 Iidz 6), tas veicina
produktu kvalitates pasliktinaSanos un galas deriguma termina samazinasanos
(Wiklund, Malmfors, 2004; Gill, 2007).

Izvertejot mikroorganismu augSanas dinamiku starp pétamo dzivnieku sugam,
konstatgjam, ka v€sajas temperatiiras (t.i., ¥4 °C un +8 °C) MAFAM visstraujak
vairojas staltbriezu gala, bet +20 °C — stirnu gala.

Analiz€jot MAFAM izmainas, paraugus uzglabajot 24 h, jaatzimé, ka miisu
iegltie rezultati ir butiski augstaki par Atanassova et al., (2008) rezultatiem, saskana ar
kuriem stirnu gala MAFAM sasniedza 2.9 lg kvv/ cm?, bet staltbriezu gala —
2.6 Ig kvv/em™, un bitiski zemaki par Deutz ar lidzautoriem (Deutz et al., 2006)
iegiitajiem datiem (no 5.4 lidz 5.6 lg kvv/cm™).

Visparzinams, ka Enterobacteriaceae dzimtas mikroorganismi ir gan
dzivnieku, gan cilvéku gremoSanas trakta kolonizetaji (Nottingham, 1982; James et
al., 2005; Lawrie, Ledward 2007), tapéc svarigi bija izvertét §is grupas baktériju
daudzumu medijumu gala ka fekala piesarnojuma indikatoru.

Izvertejot Enterobacteriaceae dzimtas mikroorganismu daudzuma vidgjo
vertibu izmainas stirnu gala, redzam, ka enterobaktériju skaita parsniegSanu par
pielaujamo normu novéro, uzglabajot galu 24 h ilgi pie +8 °C, ka ari visa uzglabasanas
laika pie +20 °C.

Uzglabajot stirnu galu +4 °C temperatiira, redzam, ka bitisku (p<0.05)
enterobakt€riju skaita palielinasanos (2. tabula) novéro pie 48 h uzglabasanas,
turpretim bitisku (p<0.05) enterobakteriju skaita samazinasanos par 5% novéro pie
120 h uzglabasanas. Enterobakteriju, tapat ka MAFAM, skaita samazinaSanos novero
ar1 turpmakos uzglabasanas periodos, t.i., pie 144 h par 2.8% un pie 168 h — par 3.2%.

Maksimala pielaujama norma enterobakteriju piesarnojumam stirnu gala,
uzglabajot to +4 °C temperatiira, netika parsniegta pat péc 72 h un péc tam novérojam
pakapenisku iepriek§ming&to mikroorganismu skaita samazinasanos.

Izvértgjot enterobaktériju skaita vidéjo vértibu izmainas stirnu gala pie +8 °C,
redzam, ka butisku (p<0.05) raditaja palielina$anos (skat. 2. tabula), tapat ka
MAFAM, novéro jau pie 24 h uzglabasanas (par 22.1%), ka arT pie 72 h uzglabasanas
(par 17.6%). Japiezimge, ka bitisku (p<0.05) enterobakt@riju skaita samazinasanos
stirnu gala pie +8 °C, tapat ka pie +4 °C, novéro stirnu galu uzglabajot 120 h ilgi (par
6.2%, salidzinot ar 96 h raditaju). Tapat ka MAFAM, enterobakteriju skaita nebitisku
samazinasanos novero ar1 turpmakos uzglabasanas periodos, t.i., pie 144 h par 3.9%,
salidzinot ar 120 h rezultatu, un pie 168 h — par 1.6%, salidzinot ar 144 h rezultatu.

Analiz€jot enterobakteriju skaita atbilstibu pielaujamai normai, redzam, ka,
uzglabajot stirnu galu pie +8 °C temperatiiras ilgak ka 24 h, ta tiek parsniegta, turklat,
visaugstako raditaju sasniedzot (parsniedz pielaujamo normu par 21.2%), galu
glabajot 72 h.
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Kas attiecas uz enterobakteriju skaita vertibu izmainam, uzglabajot stirnu galu
+20 °C temperatiira, tad jasecina, ka gan 24 h, gan 48 h ilga uzglabaSana pie +20 °C
rada Enterobacteriaceae dzimtas mikroorganismu (tapat ka MAFAM) skaita bitisku
(p<0.05) pieaugumu, turklat, gan 12, gan 24, gan 48 stundu ilga glabasana
iepriekSmingta temperatiira jau rada enterobakteriju skaita pielaujamas normas
parsniegSanu stirnu gala attiecigi par 18.8%, 26.1% un 41.4%.

Staltbriezu gala Enterobacteriaceae dzimtas mikroorganismu daudzuma
rezultati parsniedz pielaujamo normu. Uzglabajot staltbriezu galu pie +4 °C, redzam
(skat. 1. tabula), ka vérojama enterobakteriju skaita pieauguma tendence 1idz pat 144 h
ilgai uzglabasanai, tacu Sis pieaugums méerfjumu laikos sava starpa bitiski neatskiras
(p>0.05). Visbutiskaka Tipatniba enterobaktSriju skaita dinamikas vertgjuma,
uzglabgjot staltbriezu galu +4 °C, ir ta, ka tikai pie 168 h ilgas uzglabaSanas vérojama
loti strauja min€to mikroorganismu skaita samazinaSanas par 26.3%, atSkiriba no
stirnu gala notiekosas tendences, ka enterobakteriju skaita samazinaSanas, kaut art
nebitiska (p>0.05), vérojama jau pie 120 h.

Runajot par enterobaktériju sp&ju vairoties +8 °C temperatiira, redzam butisku
mingto mikroorganismu pieaugumus visos p&tfjuma laikos. Uzglabajot staltbriezu galu
ilgak par 72 h, vérojama enterobakt@riju skaita samazinaSanas, kaut arT samazina$anas
atSkiribas turpmakos laika posmos sava starpa ir nebiitiskas (p>0.05).

Analizgjot enterobaktériju vértibu izmainas, uzglabajot staltbriezu galu +20 °C
temperatiira, jasecina, ka Seit vérojama loti batisks (p<0.05) min&to mikrooganismu
(tapat ka MAFAM gadijuma) skaita picaugums visos pétamajos uzglabasanas laikos.
Visos pétamajos uzglabasanas laikos MAFAM skaits staltbriezu gala btiski
parsniedza pielaujamo normu.

Izveértejot Enterobacteriaceae dzimtas mikroorganismu daudzuma vidgjo
vertibu izmainas starp dzivnieku sugam, konstatgjam, ka stirnu gala pie +4 °C
uzglabaganas 12 h ilgi to limenis ir 2.64 1g kvv/ g, bet staltbriezu gala - 3.86 Ig kvv/ g
Ar1 Paulsen, Winkelmayer (2004) ieguva lidzigus datus briezu gala, kas parsniedza
piesarnojuma pielaujamas normas. P&c citu zinatnieku (Atanassova et al., 2008)
pétijumiem stirnu gala 12 lidz 24 stundas péc noSausanas Enterobacteriaceae dzimtas
mikroorganismu piesarnojums varié no 1.7 — 2.6 lg kvv/ g'; bet staltbriezu gala no 1.7
lidz 2.8 Ig kvv/ g, kas ir biitiski zemaks par miisu konstatgto.

Tatad enterobakt€riju pielaujamais Itmenis tika parsniegts atraka laika neka
MAFAM daudzums. Novérojumu varétu izskaidrot ar matematiskas modeléSanas
sakaribu, kad pielaujamo maksimalo enterobaktériju limeni (< 3.5 lg kvv g™') stirnu
gala var sasniegt vidgji 50 — 52 stundas pie pH 5.95, bet staltbriezu gala — vidgji 30
stundas pie pH 6.0. Ta ka pétitaja stirnu gala augstakais pH (5.79) bija pie 12 h, kas ir
zemaks ka nepiecieSamais (5.95), tad arT neviens stirnu galas paraugs 1idz 168 h ilgai
uzglabasanai pie +4 °C neparsniedza pielaujamo enterobaktériju Iimeni. Citadaka
situacija ir ar pH staltbriezu gala. Ar modeléSanu pielaujamais Itmenis pH ir 6, tacu
tadu Itmeni uzradija galas paraugi pie 60 h ilgas uzglabasanas. Tatad — pielaujamas
30 h varétu sasniegt, ja vien 12 h laika staltbriezu paraugos esoSais pH biitu 6 nevis
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6.68, kas radija loti labveligu vidi bakteriju attistibai, ka rezultata 72 h jau parsniedza
pielaujamo piesarnojuma normu.

Kas attiecas uz bakteriala piesarnojuma atSkirtbam abu pe&tamo dzivnieku gala,
jasecina, ka visos temperatiras rezimos un uzglabasanas laikos staltbriezu galas
paraugos mikrobiologiskais piesarpojums (gan MAFAM, gan enterobaktérijas) ir
lielaks, salidzinot ar stirnu galas paraugiem, ko apstiprina arT citi zinatnieki (Deutz et
al., 2000; Gill, 2007; Atanassova et al., 2008; Garcia-Ruiz et al., 2010; Membré et al.,
2011).

Izvertgjot petijuma laika iegitas MAFAM un Enterobacteriaceae dzimtas
mikroorganismu vidéjas vertibas medijjumu dzivnieku gala uzglabasanas laika
+4 C temperatira (skat. 3.att.), varam konstatét, ka kopuma mikroorganismu skaita
butisks pieaugums vérojams pie 48 h. Augstakais bakteriala piesarnojuma rezultats
gala tiek sasniegts 96 stundas, tad 1idz 144 h ilgai uzglabasanai vérojama loti neliela
mikroorganismu skaita samazinasanas, tatu bakteriju skaita samazinasanas notiek, ja
galu uzglaba ilgak ka 144 h, turklat, Sis skaita samazinaSanas process Ipasi strauji
notiek staltbriezu gala.
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A MAFAM stirnu gala; /MAFAM in the roe deer meat;
Enterobacteriaceae staltbriezu gala; Enterobacteriaceae in the red deer meat;
Enterobacteriaceae stirnu gala; 'Enterobacteriaceae in the roe deer meat

3.att. MAFAM un enterobaktériju augSanas liknes +4 °C temperatiira uzglabatos
medijumu dzivnieku galas paraugos
Fig.3. Growing curves of MAFAM and Enterobacteriaceae in the meat samples of
game animals stored at +4 °C
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Vertgjot augstako bakteriala piesarpojuma rezultatu gala +8 °C temperatura,
jasecina, ka tas tiek sasniegts nevis 96 stundas (ka tas bija pie +4 °C uzglabasanas),
bet gan atrak, t.i., pie 72 h (skat. 4.att.). Biitiskaka bakteriju skaita samazinasanas
notiek, ja galu uzglaba ilgak ka 120 h, turklat, Seit tendenci, ka straujak
mikroorganismu skaita samazinasanas process notiek staltbriezu gala, nenovero.

Ja vesakos turgSanas apstaklos gala péc 24 h bakteriju augSanas kapums ir
neliels vai pat nenorit nemaz, tad pie +20 °C — p&c 24 h glabaSanas vérojama loti
strauja mikrooganismu savairoSanas, un process norit lidzvertigi gan stirnu, gan
staltbriezu gala.
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4. att. MAFAM un enterobaktériju augsanas liknes +8 °C temperatiira
uzglabatos medijumu dzivnieku galas paraugos
Fig. 4. Growing curves of MAFAM and Enterobacteriaceae in the meat samples of
game animals stored at +8 °C

Identific&jot Enterobacteriaceae dzimtas baktériju sugas, konstatgjam, ka gan
stirnu, gan staltbriezu gala atrodas Enterobacteriaceae dzimtas nosaciti patogénie
mikroorganismi — Enterobacter cloacae, Escherichia fergusonii, E. coli, Hafnia alvei,
Klebsiella pneumoniae, LNGNB un Pantoea agglomerans. Interesanti, ka staltbriezu
gala veél papildus sastopama Kluyvera cryocrescens, tacu stirnu gala — Citrobacter
freundii un Escherichia vulneris.

Lai arT mums pieejama literatiira nebija ieglstami dati par citu p&tnieku
konstatétajam mikrooganismu sugam medijumu gala, tom&r kopuma zinams, ka visas
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augstak minétas bakteriju sugas ir oportliniskie patogéni ar optimalo augSanas
temperatiiru +37 °C un kas plasi izplatiti apkartéja videé — augsng, notekiidenos, uz
augiem, darzeniem, ar1 cilvéka un dzivnieku fekalijas (Xoynr u. mp., 1997; Weber,
2003).

Patogeéna E.coli O157:H7 serotipa identifikacija un virulences faktoru
izvertesana staltbriezu gala

Kas attiecas uz E.coli O157:H7 serotipa izplatibu masu pétitajos staltbriezu
galas un E.coli tirkultGru paraugos, tad jasecina, ka pozitivi bija 12.5% (t.i., 1 no 8)
paraugi (viens staltbriezu galas un no ta izol&tais E.coli tirkultiiras paraugs) (skat.
3. tab.), tadgjadi uzskatam, ka patogéna mikrooganisma izplatiba pétitaja staltbriezu
gala ir sam&ra augsta un apstiprina tas neatbilstibu drosai izmantoSanai partika.

Ka apgalvo citi pétnieki, verotoksisko E.coli celmu procentuala iesp&jamiba ir
daudz lielaka par miisu konstatéto, pat no 30% lidz 70%, bet tas ir atkarigs no
analiz€tajiem virulences géniem (Heuvelink et al., 1998; Meng et al., 1998; Barkocy-
Gallagher et al., 2001; Chapman et al., 2001; Lahti et al., 2001; Rogerie et al., 2001;
Keen, Elder, 2002; Nielsen, Scheutz, 2002; Omisakin et al., 2003).

3. tabula/Table3

No staltbrieZu paraugiem iegiito E.coli patogenitates rezultati/
Pathogenity results of the E.coli obtained from the red deer samples

Galas parauga E coli
Nr., E. coli . VTI1 VT2 eaeA
O157:H7
Meat sample Nr.
1 + + - + +
2 + - - - -
3 + - - - -
4 + - - - -
5 + - - - -
6 + - - + -
7 + - - - -
8 + - - - -

Ta ka zinatnieki (Garcia-Sanchez et al., 2007; Bindu Kiranmayi et al., 2010)
pieradijusi, ka staltbriezu dzimtas dzivnieki ir E.coli O157:H7 dabiskais rezervuars,
tad uzskatam, ka miisu petijuma ieklauto dzivnieku galas infic€Sana notikusi liemenu
pirmapstrades procesa, t.i., iznemot ieks€jos organus no gremosanas trakta, nosauta
dzivnieka transportgSanas vai galas uzglabasanas laika.
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Kopuma vértgjot pétamo staltbriezu galas paraugu rezultatus, jasecina, ka

verotoksina VT1 géns netika konstatéts neviena galas un no tas izol&tajas E.coli
tirkultiiras parauga, tacu verotoksina VT2 génu atradam 25% jeb 2 paraugos, pie tam
tikai viena, kas uzradija atbilstibu E.coli O157:H7 serotipam.
Kopuma ar molekularam metodém iegitie rezultati paradija, ka E.coli patogenitate ne
vienmg@r ir saistita ar E.coli O157:H7 esamibu, jo verotoksina VT2 géns ir atrodams
ari paraugos, kuri uzrada tikai pret E.coli , nevis pret E.coli O157:H7 pozitivu
rezultatu. Misu iegiitos rezultatus apstiprina citu p&tnieku konstatetais, ka E. coli
O157:H7 var razot VT1vai VT2, vai abus toksinus, un Sie toksini ir saistiti ar cilvéka
saslim$anam (Mead, Griffin, 1998; Boerling et al., 1999; Philips, 1999).

Kas attiecas uz eaeA gena klatbiitni staltbriezu gala, tad to konstatgjam tikai
viena parauga un pie tam taja, kur konstatgjam E.coli O157:H7 ar VT2 génu, kas p&c
citu petnieku (Louie et al.,, 1993), uzskatiem liecina, ka miisu pétijuma rezultata
12.5% staltbriezu galas paraugos esoSais E. coli ir virulets un infic€tsp&jigs
mikroorganisms.

Lai arT zinatnieku petijumi apstiprina, ka VT2 géna klatbiitne ir saistita ar eaeA
geéna klatbuitni (Barkocy-Gallagher et al., 2001; Chapman et al., 2001; Omisakin et al.,
2003), tomér més VT2 génu konstatgjam arT parauga, kas neuzradija atbilstibu E.coli
O157:H7 serotipam. Tatad no iegiitajiem rezultatiem varam secinat, ka patogenitates
geénu klatbutne raksturiga ne tikai noteiktam E.coli serotipam, bet visai E.coli sugai
kopuma.

Stirnu un staltbrieZu galas mikologiskais piesarnojums

Veicot medijamo dzivnieku liemenu, kuri glabati pie +4 °C 12 stundas,
mikologisko izpéti, stirnu gala konstat§jam 8 (skat. 5. att.), bet staltbriezu gala — 9
mikroskopisko sénu gintis (skat. 6. att.), kas liecina par to, ka mikroskopisko sénu
attistibu nav veicingjis galas pH (jeb galas dzilako slanu labvéliga vide), bet gan
liemena virsmas kontaminacija no apkartgjas vides. Péc misu iegiitajiem galas pH
rezultatiem, stirnu gala pH bija 5.78, kas mikroskopisko sénu augSanai biitu
optimalaks (Carter, Wise, 2004) par staltbriezu galas pH (6.68).

Kopuma no 30 stirnu galas paraugiem mikroskopiskas sénes tika izdalitas 14
paraugos jeb 47% gadijumos. Stirnu gala konstatgtais katras mikroskopisko sénu gints
gadijumu skaits un to relativas sastopamibas biezums redzams 5. attgla.
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5. att. Konstatéto mikroskopisko sénu ginSu relativa sastopamiba
stirnu gala
Fig. 5. Relative incidence of the detected genera of the microscopic fungi
in the roe deer meat

Domingjosas mikroskopisko sénu gintis stirnu gala bija — Penicillium un
Cladosporium — 57% paraugos, Aspergillus un Mucor — 50%, Rhizomucor — 36%, bet
Fonsecaea, Humicola un Scedosporium — 14% paraugos.

Kopuma no 30 stirnu galas paraugiem mikroskopiskas sénes tika izdalitas 14
paraugos jeb 47% gadijumos.

No kopgja stirnu galas paraugos (n = 30) konstatéto visu mikroskopisko sénu
gadfjumu skaita (n = 41), ar vislielako sastopamibu izcelas Cladosporium un
Penicillium (19.5% gadijumos), ka art Mucor un Aspergillus (17%), taéu vismazako
izplatibu uzrada Fonsecacea, Humicola un Scedosporium mikroskopisko sénu gintis
(4.9% gadijumos).

Analizgjot staltbriezu liemenu piesarpojumu ar mikroskopiskam séném,
jasecina, ka, at8kiriba no stirnu paraugiem, izdalijam 9 mikroskopisko sépu gintis
(skat. 6. att.). Kopuma no 30 staltbriezu galas paraugiem mikroskopiskas sénes tika
izdalitas 15 paraugos jeb 50% gadijumos.
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6. att. Konstatéto mikroskopisko sénu ginsu relativa sastopamiba staltbrieZu gala
Fig. 6. Relative incidence of the detected genera of the microscopic fungi
in the red deer meat

Domingjosas mikroskopisko sénu gintis staltbriezu gala bija: Scedosporium —
60%, Aspergillus un Rhizomucor — 46%, Cladosporium un Penicillium — 40%, Mucor
— 26%, Rhizopus — 13%, bet Acremonium un Apophysomyces visretak, tikai — 7%
gadijumos.

No kopgja staltbriezu galas paraugos (n=30) visu konstatéto mikroskopisko
sénu gadijumu skaita (n = 43), vislielako sastopamibu uzrada Scedosporium (21%
gadijumos), nedaudz mazaka izplatiba ir Aspergillus un Rhizomucor mikroskopisko
sénu gintim (16%), bet visretak galas paraugos konstatgjam Rhizopus (5%) un
Acremonium, Apophysomyces mikroskopisko sénu gintis (2% gadijumos).

Sava pétijuma konstatgjam, ka stirnu gala par 24% biezak neka staltbriezu gala
ir sastopama Mucor un par 13% — Cladosporium un Penicillium gints mikroskopiskas
sénes, taCu staltbrieZu gala — par 46% biezak sastopama Scedosporium un par 10%
biezak — Rhizomucor neka stirnu gala. Tikai stirnu gala ir sastopamas Fonsecaea un
Humicola gints mikroskopiskas sénes, bet tikai staltbriezu gala — Acremonium un
Apophysomyces mikroskopiskas sénes.
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Kopa no visiem pétijuma izmekletajiem 60 medijamo dzivnieku galas
paraugiem visbiezak (97% paraugos) izolgjam Cladosporium un Penicillium gints
sénes; Aspergillus — 96% paraugos, Mucor — 76% pozitivajos paraugos.

Vertejot mikroskopisko sénu piesarpojuma ltmeni medijamo dzivnieku gala,
ieguvam, ka stirnu gala vislielako piesarnojuma limeni uzrada Fonsecaea (5.28 lg),
Mucor (4.86 1g), Cladosporium (4.82 1g) un Aspergillus (4.81 Ig) gints sénes, tacu
vismazako piesarnojumu radijusi Humicola (3.81 1g) mikroskopiskas snes. Vertgjot
mikroskopisko sénu piesarnojuma Itmeni staltbriezu gala, ieguvam, ka vislielako
piesarpojuma Itmeni uzrada Mucor (6.04 lg), péc tam bitiski zemaku Itmeni —
Acremonium (5.23 1g), Cladosporium (5.05 lg) un aiz tam sekoja Scedosporium
(4.67 1g) gints mikroskopiskas sénes. Vismazako piesarnojumu radijusi Penicillium
(3.58 1g) gints mikroskopiskas sénes.

Lai veiktu mikroskopisko sénu piesarnojuma Iimena salidzinajumu medijamo
dzivnieku gala, redzams, ka izmekl@tajos galas paraugos identificetais mikroskopisko
sénu piesarnojuma daudzums varigja relativi plasa apjoma, tadgjadi pieradot, ka
buitiskas atSkiribas nepastav nedz starp mikroskopisko sénu atsevisko ginsu izplatibu,
nedz starp abu dzivnieku sugu gala konstateto mikroskopisko sénu izplatibu. Vidgji
visaugstako piesarnojumu uzradija Mucor gints mikroskopiskas sénes (6.04 1g), par
13% zemaku — Fonsecaea (5.28 1g) un par 14% — Acremonium (5.23 1g).

Tatad, mikroskopisko sénu piesarnojuma daudzums vari€ja relativi plasa
apjoma, ka rezultata varam secinat, ka bitiskas atSkiribas nepastav starp
mikroskopisko sénu atseviSsko ginSu izplatibu stirnu un staltbriezu gala, ko pierada
izolétas mikroskopisko sénu gintis, kas ir plasi sastopamas apkartéja vidé — augsng, uz
atmiruSu organisku materialu virsmas, gaisa (Carron et al., 2001).

Faktu, ka Penicillium un Mucor parstavjus konstatgjam biezak stirnu gala, var
izskaidrot ar Tpatnibu, ka $1s grupas mikroskopiskas sénes ir Ipasi izveligas pret zema
pH un skabekla klatbiitnes nepieciesamibu (Dillon, 1998; Jay, 1998), kas vélreiz
apstiprina $o sénu iesp&jamo noklisanu gala no apkartgjas vides kontaminacijas.

Cladosporium gints sénes saméra lielo izplatibu medijumu galas paraugos var
izskaidrot ar mikroskopisko sénu sp&ju 1éni augt pat +5 °C temperatira, tadel ta ir
biezi sastopama arT citu zinatnieku zinojumos (Carter, Wise, 2004; Asefa, Kure et al.,
2010).

Tatad kopuma medijumu gala miisu konstatétas mikroskopiskas sénes pieder
Ascomycota un Zygomycota sénu grupam, kuram piemit paaugstinata izturiba pret
apkartgjas vides temperatiiras, mitrumu, pH izmaindm un var eksistét ar nelielu
baribas vielu daudzumu. To apstiprina ari virkne zinatnieku (Koburger, 1973;
Venkitasubramanian, 1977; Munro et al., 1985; Myrvik, Weiser, 1988; Smith,
Anderson, 1992; Ulloa, Hanlin, 2000; Hata et al., 2008; Asefa et al., 2009), noradot,
ka lielaka dala no izolétajam mikroskopiskajam séné€m atrodas apkartgja vide.
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SECINAJUMI

Stirnu un staltbriezu galas pH Itmenis 12 h péc dzivnieku noSausanas ir
atbilsto$i 5.8 un 6.7. Staltbriezu gala pirmajas 36 h pH samazinasanas norit 3
reizes straujak neka stirnu gala.

MAFAM pielaujama norma tiek parsniegta, uzglabajot stirnu galu pie +20 °C
temperatiiras ilgak par 48 h, bet staltbriezu galu — pie +4 °C ilgak par 72 hun
pie + 8 °C ilgak par 24 stundam.

Enterobacteriaceae dzimtas mikroorganismu daudzuma pielaujamas normas
parsniegSanu stirnu gala novéro pie + 8 °C, uzglabdjot to ilgak par 24
stundam, bet staltbriezu gala — visas temperatiiras pétamajos uzglabasanas
laikos.

MAFAM vidgjais skaits staltbriezu gala, to uzglabajot +4 °C, ir par 29.5% un
pie +8 °C — par 34% lielaks neka tas ir stirnu gala.

Enterobacteriaceae dzimtas mikroorganismu vidgjais skaits staltbriezu gala,
to uzglabajot pie +4 °C, ir par 34.2% un pie +8 °C — par 38% lielaks neka
stirnu gala.

No staltbriezu galas izolétie E.coli 12.5% gadijumos (1 no 8) bija E. coli
O157:H7 serotipa pozitivi un uzradija verotoksina VT2 kodgjosa géna un
intimina piesaistes géna eaeA klatbutni. VT1 géns E.coli paraugos netika
konstat&ts.

Salidzinot pel&jumsénu relativo sastopamibu medijumu gala, visbiezak stirnu

gala konstaté Cladosporium  un Penicillium 19.5% gadijumos), bet
staltbriezu gala — Scedosporium gints sénes (21% gadijumos).
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INTRODUCTION

Game meat is qualitative food appropriate for physiological processes of the human
body with optimal content of protein, minerals and microelements and low content of
fats and cholesterol. Although consumption of the game meat is not high comparing
with domestic meat (pork, beef, poultry); however demand for it increases and
obtaining of the game meat becomes a significant part of the food production. During
the last years, number of the herds of farmed animals — farmed in the deer gardens -
increased significantly. For obtaining the optimal meat quality, animal welfare
condition should be followed in the deer farms. Depending on the type of deer
farming farmers can obtain the production of different quality. For considering deers
as animals farmed in the biological farming the territory should be large enough not to
interfere with natural movement of the animals, there should be good pastures for
feeding and additional feeding should be done. Developed survival instincts allow to
exist the deers also in captive conditions. Comparing with the domestic animals wild
animals are more sensitive to stress.

Obtaining of meat of wild animals involves hunting that is a complicated
process during which animal shooting, pre—processing and transporting to the place of
further processing of the animal carcass is done. Errors in shooting, transporting and
processing of the animals results in meat contamination caused by aerobic and
anaerobic microorganisms. As shown by the study (Adams, Moss, 20006),
microorganisms and microscopic fungi are multiplying well on the surface of game
meat. It is shown that mostly microorganisms of Enterobacteriaceae species is found
in the game meat. It is indicated in the literature sources (Reinken et al.,1980;
Hoffman, Wiklund, 2006) that the most dangerous contamination of the game occurs
when the animal shot in its abdomen and continues to move: during the movement the
pollution created by slug is spreading in the animal’s body. Consumers can be infected
from game meat, as well as domestic animal meat, by microorganisms causing food-
borne infections (Prendergast et al., 2004). Therefore, for assessment of hygienic status
of the game meat it is important to determine the count of mesophilic aerobes and
facultative anaerobic (TCC) microorganisms and Enterobacteriaceae species.
According to the studies of scientists (Carter, 1990a; Xoyarm ap., 1997),
Enterobacteriaceae species involve 30 bacterial genera and more than 120 species
several of which are found in the animal and human intestinal tract, as well as in the
environment. During the last years, many studies (Rogerie et al., 2001; Keen, Elder,
2002; Nielsen, Scheutz, 2002; Omisakin et al., 2003; Aysun et al., 2006) have been
devoted to the pathogenic serotypes of microorganisms if the Escherichia genera
producing verotoxins (VT1, VT2), as well as containing intimin gene (eaeA) and
contaminating game meat and causing dangerous human diseases.
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Pollution of the game meat is also caused by microscopic fungi. Although most
of the microscopic fungi are opportunistic, developing for longer time and in
appropriate conditions they become hazardous to human and animal health.
Microscopic fungi can cause also fat spoilage and produce the micotoxins (Diagnostic
Procedures for Bacterial, Mycotic and Parasitic Infections, 1981). The studies of
authors (JIutsunoB, 1967; Asefa et al., 2009; Asefa et al., 2010) shows that mostly the
microscopic fungi of the Ascomycota and Zygomycota genera are isolated from the
game meat which can suppress the protective factors of the organism’s immunity, are
resistant to the changes in ambient temperature, humidity and pH; furthermore they
can maintain the viability in the environment with low amount of nutrients. The
authors (Venkitasubramanian, 1977; Smith, Anderson,1992; Ulloa, Hanlin, 2000;
Asefa, 2009) emphasize that most of the microscopic fungi isolated from the game
meat are found in the environment that serves as one of the pollution sources.

Objective and tasks of the study

Purpose of the promotion work is to find out and evaluate the degree of
microbial and mycologic contamination of meat of roe deer (Capreolus capreolus) and
farmed red deer (Cervus elaphus) during the obtaining process and storage at different
temperature regimens.

The following tasks are set for reaching the work purpose:

1. Determine the microbial and mycologic contamination of the meat of roe deer
and red deer, as well as the relationship between microbial contamination and
meat pH;

2. Determine dynamics of the microbial contamination of the roe and red deer
meat during storage at different temperature regimens;

3. Clear out the possible contamination by pathogenic serotype of Escherichia
coli, as well as determine the presence of verotoxins VT1, VT2 and intimin
binging gene eaeA in the red deer meat;

4. Clear out the intensity of incidence of microscopic fungi and contamination
degree in roe and red deer meat.

Scientific novelty of the work

e  Microbiological and mycological contamination of the meat of roe and red
deer is determined and systematized for the first time in Latvia;

e Dynamic of the microbiological contamination of the game meat is
determined in the certain time periods at different temperature regimens;

e Pathogenic serotype O157:H7 of the E. coli with verotoxin and intimin
binding producing genes is isolated from the red deer meat and identified.
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Approbation of the study results

The sudy results are approbated in the following international scientific
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Participation in other conferences and seminars for reporting of the

promotion work results:

1.

Liepina S., Jemeljanovs A., Konosonoka I.H., Strazdina V. “Possibilities of
extending the qualitative shelf life of the meat of wild animals — roe deer
(Capreolus capreolus) and red deer (Cervus elaphus)“. (gratitude) AAFSL
General Meeting, 07.06.2012, Latvia University of Agriculture, Latvia.

Liepina S., Jemeljanovs A. “Possibilities of extending the qualitative shelf
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Latvian Academy of Sciences (LAS) “Agricultural and Forestry Sciences”,
24-27.10. 2011. Latvia University of Agriculture, Latvia.

Liepina S., Jemeljanovs A. ,,Potential microbiological contamination of
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congress ,,Congress “Bridge over Europe 20117, 24.09.2011. Riga, Latvia.

Liepina S., Jemeljanovs A. Report in the seminar of the Academy of
Agricultural and Forestry Sciences (AAFS) (gratitude) “Studies on possible
microbial pollution of the carcasses of roe deer (Capreolus capreolus) and
red deer (Cervus elaphus) during meat obtaining process. 15.09.2011.
Research Institute of Biotechnology and Veterinary Medicine “Sigra” of
the Agricultural University of Latvia.

Amount of the work: the promotion work is written on 109 pages and

consists of annotation, introduction, literature review, work methodology, study
results, discussion, conclusions, recommendations for the practice, referrences and

annex.
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MATERIALS AND METHODS
Time, place of the study and material description

The study was conducted from October, 2009 till August, 2012. Totally 30
samples of the animal meat were obtained during the hunting season for the study —
i.e. 15 pooled samples of the meat of wild roe deer (Capreolus capreolus) in two
hunting collectives October and 15 pooled samples of the meat of farmed red deer
(Cervus elaphus) in two deer breeding farms November of the Vidzeme region: the
samples were obtained by shooting animals for neat acquiring purpose in the specially
designed corral.

During the postmortem veterinary-sanitary expertise of the carcasses and
viscera, also the samples intended for the study were taken. According to the
requirements of the standard LVS ISO 17604:2005 “Microbiology of the food and
animal feed", the samples were taken for the microbiologic examinations within 12
hours after animal shooting.

For the study, the samples from the longissimus muscle (m.longissimus
lumborum), biceps femoris muscle (m.biceps femoris) and triceps brachii muscle
(m.triceps brachii) of the carcasses of roe deer and farmed red deer were taken
(Briiveris, 2007) in such a way that the total weight of the pooled sample of all 3
muscles would be 0.250 kg.

Microbiologic examination of the game meat samples was done in the
Biochemistry and Microbiology Research Laboratory accredited (LATAK-T-038-
08-99) of the Research Institute of Biotechnology and Veterinary Medicine “Sigra”
(hereafter, RI “Sigra”) of the Agricultural University of Latvia accredited (LATAK—
T-038-08-99) by the National Accreditation Bureau.

Methodology of examinations of the meat microbial pollution was improved in
the Faculty of the Livestock of the Swedish University of Agricultural Sciences;
however the pathogenity of the isolated microorganism cultures was confirmed in the
Molecular Biology Laboratory of the RI “Sigra”.

Study scheme

For each animal carcass selected for the study (i.e., 15 roe deer and 15 red
deer), pH was measured in the muscle tissues storing the meat for 12, 24, 36, 48, 60
and 72 hat +4 °C.
General scheme of the study is showed in the (Figure 1).

To clear out the changes in pollution by mesophilic aerobic and facultative
anaerobic (TCC) microorganisms, as well as organisms of Enterobacteriaceae species
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(after 12, 24, 48, 72, 96, 120, 144 and 168 hours) in the game meat during its storage
at +8 °C, as well as after 12, 24 and 48 h at +20 °C, totally 570 bacteriologic
inoculants were done from 15 carcasses of the roe deer and 15 carcasses of the red
deer.

Using molecular biology methods — polymerase chain reaction (PCR) and real
time polymerase chain reaction (RT—PCR), E. coli identification was showed in eight
E.coli pure cultures isolated from the pooled samples of the red deer meet by
microbiologic methods. The presence of the pathogenic E. coli O151:H7 serotype also
was investigated by molecular methods both in 8 E.coli pure cultures and red deer
meet, as well as we also tested whether E. coli (in red deer meat and pure culture)
contains toxins-producing VT1, VT2 and eaeA genes.

Analysis of the mycologic pollution of the game meat was also done for 30
pooled samples of roe deer meet and 30 pooled samples of red deer meet to find the
presence of microscopic fungi when storing the meat at +4 °C for 12 h.

Methods used in the study

Determination of pH of the meat samples. pH in the samples of game meat
was measured according to the standard LVS ISO 2917:2004 using a verified
“JENWAY 3520 pH Meter”. In each carcass selected for the study, pH was measured
at the left side by passing the electrode of pH—meter in the longissimus muscle
(m.longissimus lumborum) at depth of 2-3.5 c¢cm and at angle 70-90° relative to the
longitudinal axis of the game carcass.

Bacteriologic examination of the meat. Total number of the viable cells was
determined considering the investigational experience of the (Finegold, Martin, 1982;
Difco, 1998; Forsythe, 2010), as well as according to the requirements of the standard
LVS EN ISO 4833:2003. Preparation of the samples for microbiologic testing was
performed according to the terms of the 2™ part of the standard LVS EN ISO 6887-
2:2004. Number of TCC in the samples was determined according to the standard
LVS EN ISO 4833:2003 “Microbiology of the food and animal feed. Horizontal
method of the microorganisms counting." Number of bacteria of the
Enterobacteriaceae species was determined according to the standard LVS ISO
21528-2:2004. For determination of the Enterobacteriaceae species, MacConkey agar
was used from which each colony selected for demonstration was inoculated on the
feeding agar, incubated for 24 + 1 h at +37 °C; colonies were stained according to the
Gram method and their biochemical properties were detected: formation of oxydase
and indole, citrate use, fermentation of glucose (methyl red test) and carbohydrates
(Foges-Proskauer test).

The obtained results of biochemical properties were analyzed to chose for the
determination of the bacterial pure culture up to the species using BBL Crystal blocks
for identification of Gram-negative microorganisms (BBL Crystal E/NF, 245000) and
compared with the reference pure culture of E. coli ATCC 25922.
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Determination of the growing rate of microorganisms. The growing rate
parameter of microorganisms was calculated at the beginning end of the observation
by dividing the determined difference of the microorganisms count by the duration of
the observation period (in hours or days); it was calculated using the formula proposed
by the author (Creme, 2008).

Molecular biology examination. For PCR, DNA was extracted from the
selected samples following the manufacturer instructions and using the DNeasy Blood
and Tissue Kit (Qiagen). Measuring by the spectrophotometer NanoDrop (Applied
Biosystems), the concentration and purity of the extracted DNA was tested.
Sequencing reaction was done by using the commercial MicroSeq® 16S rDNA
Bacterial Sequencing Kit (Applied Biosystems) and following the manufacturer
instructions. 16S rRNS region was sequenced and the obtained result was compared
with the database NCBI available in the internet.

Preparing of the PCR samples for sequencing. DNA was stored at —70°C. The
commercial kit (Genekam Biotechnology AG) was used for the PCR reaction,
amplification of the gene region of E. coli according to the manufacturer directions.
Using the Profesional Gradient (Biometra, USA) amplificator, amplification of the E.
coli verocytoxin VT1 and VT2 genes and intimin gene eaeA was done according to
the description (Verocytotoxigenic Escherichia coli, 2004). By RT-PCR, serotype
E.coli O157:H7 of the E.coli pathogenic strain was identified using (PrimerDesign™ ,
Ltd).

Mycologic examinations were done according to the standart LVS ISO 21527
—2:2008 (E).

For statistical processing of the data the method of two—factor analysis of
variance ANOVA is used to compare the impact of the factors (temperature and
storage time) on the performance sign —TCC and count of the microorganisms of
Enterobacteriaceae species. The evaluated hypotheses were tested by the method of
confidence interval and p—value, and factors were assessed as significant if p< 0.05.
Mathematic programming package MathCad-14 was used for processing of the
experimental data and determination of the relationships, but for graphic depiction
of the obtained relationships the programming package MatLab-7 was used. For data
processing, the method of two-factor nonlinear regression analysis was used.
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STUDY RESULTS AND DISCUSSION

It is very important to follow the stringent hygiene requirements during
obtaining, pre—processing, transporting and splitting the game meat. For evaluating it,
we conducted the study that could help to find out the microbial and mycologic
pollution of the game meat. pH parameters of the roe and red deer meat, total count of
the viable microorganisms of the microbial pollution, as well as dynamics of the
increase in microorganisms count in the fresh meat of game animals un during its
further storage.

pH of the meat of wild roe deer (Capreolus capreolus) and farmed red deer
(Cervus elaphus) and its changes

pH of the meat of wild roe deer and farmed red deer was analyzed storing the
meat at +4 °C with 12 h interval, ie., 12, 24, 36, 48, 60, 72 hours after animal
shooting. The obtained results showed that the decrease in pH for roe deer meat and
red deer meat differs significantly during the storage. (Figure 2).

Mean pH in the samples of roe deer meat when storing them at +4 °C for 12 h was
5.8, whereas when storing for 72 hours pH decreases up to 5.47 or generally for 5.6%
from the 12-hours value. As seen in the Fig. 2, the rapid decrease in the meat is
observed at 24 h and 36 h storage; however no decrease was seen when storing the roe
deer meat for 48 h ( Table 1).

After evaluating the dynamics of changes in the pH value in the red deer meat
we detect that the pH decreasing trends are similar to roe deer meat, but during the
first 36 hours the process is three times faster (see Table 1).

Regarding the mean pH 5.78 found in the red deer meat, it should be concluded
that its coincides with the observations of other authors (Atanassova et al., 2008;
Daszkiewicz et al., 2009) are is characteristic for good meat quality since the value 5.5
— 5.8 is considered to be appropriate (Wiklund, Smulders, 2011). It could be explained
by the fact that the roe deers were hunted in winter in conditions of lower stress and
the animals were no physically exhausted.

Regarding our studied (obtained during the autumn months) pH of the red deer
meat (ie., 6.68), it should be noted that it was 10% higher than that proposed by
scientists. The authors (Wiklund et al., 2001) have found when studying pH of the red
deer that it is variable. For example, pH of the meat obtained on December it is an
average of 5.45, on March — 5.63, but in autumn — 5.61. Although pH in the
musculature is more often about 5.5 (Pollard et al., (2002) — 5.54 to 5.60, Wiklund et
al., (2001) — 5.71 and Wiklund et al., (2003) — 5.59 to 5.64), however pH of the red
deer meat from 5.8 to 6.0 is considered to be appropriate (Stevenson-Barry et al.,
1999; Mach et al., 2008).
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Animal feeding status and physical condition has a considerable effect on the
amount of muscular glycogen and hence also on the meat pH level (Wiklund et al.,
1996; Wiklund et al., 2003). If red deers are fed by industrial feed mixture before
shooting glycogen reserves in the muscles increases and therefore the pH level
decreases rapidly after shooting (Wiklund et al., 2001; Wiklund et al., 2002).

Farmed red deer included in our study samples of which were obtained in
October were in very good physical condition, furthermore the animals were
additionally fed by grains therefore pH level in the red deer meet should be
significantly lower than 6.68 obtained by us. It can be assumed that although animal
owners take great care of farmed animals, however the inherited characteristics of the
animals — to sense, suspect, fear—have created increased pre—slaughtering stress
because pre—slaughtering stress is an important factor lowering the glycogen level
(Brian Mclntyre, 2006, Mach et al., 2008).

Regarding the pH decrease in the game meat when storing it for 24 h and 36 h,
our detected pH decreases are consistent with the process of rigor mortis in the
musculature appearing after 24-36 hours and disappearing after 72 hours (Wiklund et
al., 2001; Wiklund et al., 2002). In stressed animals rigor mortis usually appeared
quicker; it is connected with the more rapid decrease of glycogen level in the muscles
(Taylor et al., 1995; James et al., 2005) therefore pH lowering in the musculature are
not observed already at 48—hours storage both of roe deer and red deer meat.

Bacterial pollution of the game animal meat stored at different temperature
regiments and for certain time and its dynamics

One of the work tasks were determination of the dynamics of microbial
pollution of the farmed red deer meat during storage. When storing the meat longer
than for 168 h, development of the decay process was observed therefore samples
stored longer than for 168 h was not further included in the study for investigation of
the processes occurring in the game meat.

The results of microbiological studies when storing the game meat at different
temperature regiments and for different time period are showed in the (Table 2).

Because there are no directions on the allowable number of TCC and
microorganisms of Enterobacteriaceae species in wild animal meat, we used the
permitted of the authors (Membré et al., 2011) that says that the bacterial pollution in
the game meat can be one logarithm higher that in noted in the EU regulation No.
2073/2005 for beef, goat and horseflesh (pollution by the aerobic microorganisms in
the ranges from 3.5 to 5.0 lg kvv g, but for microorganisms of Enterobacteriaceae
species — from 1.5 to 2.5 Ig kvv g™).

The results obtained in our study (see Table 2) showed that when storing roe
deer meat up to 168 h at +4 °C and at +8 °C the mean values of the total bacterial
pollution were in the allowable ranges of normal; however we observed that at +4 °C
the number of TCC, when storing the meat for 168 h, increased for 11.4% comparing
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with the TCC value at 12-hours storage time but +8 °C — for par 23.6% comparing
with the 12-hours rate.

Evaluating the change in mean TCC values in the roe deer meat at +4 °C we
see that the significant (p<<0.05) increase (see Table 2) is observed at 48—hours storing
(19.2% more comparing with the 24-hours rate), whereas the significant (p<0.05)
decrease in the count of microorganisms is observed after 120-hours storage. TCC
decrease is observed also in further storage periods, i.e., at 144 h for 2.2% and at 168
h—for 2%.

Regarding the changes in mean TCC values in the roe deer meat at +8 °C we
see that the significant (p<<0.05) increase for 18% is observed already at 24—hours
storage comparing with with 12—hours rate, as well as at 72—hours storage (for 14.8%
comparing with 48—hours rate). It shoud be noted that the significant (p<0.05)
decrease in the count of microorganisms, like at +4 °C, is observed when storing the
meat for 120 h. Little decrease in TCC is observed also in the further storage periods,
i.e., at 144 h for 3.4% and at 168 h—for 1.3%.

Significantly different are changes of the TCC pollution when storing roe deer
meat at + 20 °C comparing with the dynamics of bacterial count when storing the meat
at +4 °C and +8 °C. As seen in the Table 2, both storing for 24 h and for 48 h at
+20 °C results in the significant (p<0.05) increase of the TCC, furthermore, storage for
48 hours at the aforementioned temperature already resulted in exceeding of the
recommended norm of TCC in the roe deer meat for 13.2%.

When analyzing the changes in mean TCC value in the red deer meat, we can
see in the Table 2 that only in 21% of cases the meat met the permitted norms. When
storing the red deer meat at +4 °C, we see (Table 2) that storage for 48 h results in the
significant (p<0.05) increase in TCC count, i.e., for 22.8% comparing with result after
24 h. Controversially, when assessing the decrease of bacterial pollution, it can be
concluded that unlike that observed in the roe deer meat TCC in the red deer meat
decreases significantly (p<0.05) (for 21.6%) when the meat is stored at +4 °C only
after 168 h comparing with result at 144 h.

Regarding the changes in the mean TCC values in the red deer meat at +8 °C,
we can see that after storage for 24 h TCC count increases significantly (p<0.05) and
exceeds the permitted norm. The biggest increase in the microorganisms count is
observed after 72 h,. i.e., because it increases for 9.7% comparing with the 48—hours
result. Controversially, opposite to the changes in value of bacterial count when
storing the red deer meat at + 4 °C, as well as roe deer meat when storing it at lower
temperatures, in the red deer meat the little decrease in the TCC is observed indeed
after 120-hours storage; however it is insignificant (p>0.05).

When analyzing the changes in TCC count values after storing the red deer
meat at +20 °C, it should be concluded that there is a significant (p<0.05) increase in
the microbial count at all investigated storage times; at 48 h the TCC count increased
even 13.2% comparing with 24—hours result. In all storage times TCC count in the red
deer meat exceeded the permitted norm, i.e., within 24 h—for 23.9%, within 24 h—for
27.7%, and within 48 h—for 37.1%.
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When analyzing the microbial pollution of the meat during its storage, we
found that TCC count in the roe deer meat at all storage times at + 4 °C and at +8 °C
corresponded to the permitted norm that could be explained by the environment worse
for microorganisms development; for roe deer meat it is the environment with pH
from 5.79 at 12 h to 5.47 at 72 h. We observed a different relationship for red deer
meat when TCC exceeded the permitted norm at 73 h when pH was 5.89 (higher than
for roe deer met at 12 h), thus providing more benefit conditions for the
microorganisms development for longer period. If the pH level of the meat is close to
the maximal permitted level (from 5.6 to 6) it contributes to worsening of the product
quality and reduction of the meat shelf-life (Wiklund, Malmfors, 2004; Gill, 2007).

Assessing the dynamics of the microorganisms growing between the studied
animal species, we detected that at low temperatures (i.e., +4 °C and +8 °C) TCC are
multiplying most rapidly in the red deer meat, whereas at +20 °C — in the roe deer
meat.

When analyzing TCC changes storing the samples for 24 h, it should be noted
that our obtained results are significantly higher that the results of Atanassova et al.
(2008) according to which TCC in the roe deer meat reached 2.9 lg kvv/ cm?, but in
red deer meat — 2.6 Ig kvv/em™, and significantly lower than data obtained Deutz et al.
(2006) (from 5.4 to 5.6 1g kvv/cm™).

It is well known that the microorganisms of Enterobacteriaceae species are
both colonizers of human and animal gastrointestinal tract (Nottingham, 1982; James
et al., 2005; Lawrie, Ledward 2007) therefore it is important to evaluate the number of
bacteria of this group in the game meat as the indicator of fecal pollution.

When assessing the changes of the mean values of count of microorganisms
of Enterobacteriaceae species in roe deer, we can see that exceeding of the allowable
norm of the Enterobacteriaceae count is observed when storing the meat for 24 h at
+8 °C, as well as all storage duration time at +20 °C.

Storing the roe deer meat at +4 °C temperature, we can see that significant
(p<0.05) increase of the Enterobacteriaceae count (Table 2) is observed at 48—hours
storage, whereas significant (p<0.05) decrease of the Enterobacteriaceae count for 5%
is observed at 120-hours storage. Decrease of the Enterobacteriaceae, as well as TCC
was seen also in further storage periods, i.e. at 144 h for 2.8% and at 168 h—for 3.2%.

Maximal allowable norm of the Enterobacteriaceae pollution in the roe deer
meat when stored at +4 °C was not exceeded even after 72 h and after that we
observed gradual decrease of the count of aforementioned microorganisms.

When assessing the changes of the mean values of Enterobacteriaceae count in
the roe deer meat at +8 °C, we can see that significant (p<0.05) increase of the value
(see Table 2) like for TCC, is observed already after 24 hours storage (for 22.1%), as
well as at 72—hours storage (for 17.6%). It should be noted that significant (p<0.05)
decrease of the Enterobacteriaceae count in the roe deer meat at +8 °C, as well as at
+4 °C is observed when the roe deer meat is stored for 120 h (for 6.2% comparing
with 96-hours rate). Like for TCC, insignificant decrease in the Enterobacteriaceae
count is observed also in the further storage periods, i.e., after 144 h for 3.9%
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comparing with 120-hours result, and at 168 h - for 1.6% comparing with 144—hours
result.

Analyzing the conformity of the Enterobacteriaceae count tp the permitted
norm, we can see that when storing the roe deer meat at +8 °C for more than 24 h it is
not exceeded, furthermore, the highest rate is reached (exceeds the permitted norm for
21.2%) when storing the meat for 72 h.

Regarding the changes of Enterobacteriaceae count when storing the roe deer
meat at +20 °C, it should be concluded that both storage for 24 h and 48 h at +20 °C
results in the significant (p<0.05) increase of the count of microorganisms of
Enterobacteriaceae (are well as TCC); furthermore, both storage for 12, 24 and 48
hours at the aforementioned temperatures already results in exceeding of the permitted
norm for Enterobacteriaceae count in the roe deer meat for 18.8%, 26.1% and 41.4%,
respectively.

Results of the count of microorganisms of Enterobacteriaceae species in the
red deer meat exceed the permitted norm. We can see when storing the red deer meat
at +4 °C (see Table 2) that trend to increasing Enterobacteriaceae count is observed
for up to 144-hours storage; however this increases in the measurement times differs
insignificantly (p>0.05) between each other. The most important characteristic of the
assessment of dynamics of Enterobacteriaceae count when storing the red deer meat
at +4 °C is the following: only after 168 h storage very rapid decrease of
aforementioned microorganisms count is observed for 26.3% unlike the trend for roe
deer meat when the decrease of Enterobacteriaceae count, although insignificant
(p>0.05) is observed already after 120 h.

If talking about the ability of Enterobacteriaceae to multiply +8 °C, we can see
a significant increase of the count of mentioned microorganisms at every study time.
When storing the red deer meat for more than 72 h, the decrease in the
Enterobacteriaceae count is observed; however differences of the decrease in the
further time periods are insignificant (p>0.05).

When analyzing the changes of Enterobacteriaceae values storing the red deer
meat at +20 °C, it should be concluded that there is a significant (p<0.05) increase of
the count of aforementioned microorganisms (like in the case of TCC) at all studied
storage times. At all storage times, the TCC in the red deer meat significantly
exceeded the permitted norm.

When assessing the changes of the mean values of Enterobacteriaceae count
between the animals species, we found that in roe deer meat at +4 °C when storing it
for 12 h it was 2.64 g kvv/ g, but in the red deer meat — 3.86 Ig kvv/ g”'. Also Paulsen,
Winkelmayer (2004) obtained similar results for deer meat that exceeded the permitted
pollution norms. According to the studies of other scientists (Atanassova et al., 2008),
the pollution by the microorganisms of Enterobacteriaceae species in the roe deer meat
12 to 24 hours after shooting varies from 1.7 to 2.6 lg kvv/ g”'; but in red deer meat —
from 1.7 to 2.8 Ig kvv/ g that is significantly lowers than that detected by us.

Thus the permitted level of Enterobacteriaceae is exceeded faster than the
TCC. This observation could be explained by the mathematic modeling coincidence
when the permitted maximal Enterobacteriaceae count (< 3.5 lg kvv g") count in the
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roe deer meat can be reached on average within 50 — 52 hours at pH 5.95, whereas in
the red deer meat — on average within 30 hours at pH 6.0. Since the highest pH (5.79)
of the roe deer was observed at 12 h that is lower than the necessary one (5.95), no
sample of the roe deer stored for up to 168 h at +4 °C did not exceed the allowable
Enterobacteriaceae level. There is a different situation with pH of the red deer meat.
pH permitted by modeling is 6; however such level was observed in the meat samples
after 60 h of storage. Thus the permitted 30 h could be reached if only pH of the red
deer samples within 12 h would be 6 instead of 6.68 that creates very favorable
environment for bacterial development resulting in exceed of the permitted pollution
norm already within 72 hours.

Regarding the differences of bacterial pollution in both studies animal meat, it
should be concluded that in al temperature regiments and at all storage times the
microbiologic pollution of the red deer meat (both TCC and Enterobacteriaceae) is
higher comparing with the samples of roe deer meat that is approved by other
scientists ir (Deutz et al., 2000; Gill, 2007; Atanassova et al., 2008; Garcia-Ruiz et al.,
2010; Membré¢ et al., 2011).

When assessing the mean microorganisms values of TCC and
Enterobacteriaceae obtained during the study in the game animal meat during
storage at +4 °C (see Fig.3.), it can be concluded that generally significant increase in
the microorganisms count is observed at 48 h. The highest result of the bacterial
pollution in the meat is reached within 96 hours, then up to the 144—hours storage very
small decrease of the microorganisms count is observed, but decrease of the bacterial
count occurs if the meat is stored longer than for 144 h, furthermore, this decrease
develop especially quickly in the red deer meat. (Figure 3).

The highest result of the bacterial pollution in the meat stored at +8 °C is
reached not within 96 hours (as when storing the meat at +4 °C) but faster — within
72 h (see Fig.4). The most significant decrease of the bacterial count occurs if the
meat is stored longer than for 120 h; furthermore, the trend that this process is quicker
in the red deer meat is not observed. (Figure 4).

Diverse trend in the dynamics of microorganisms growing is seen at +20 °C
because, while very small or no increase of the bacterial growing in the cooler storage
conditions for 24 h occurs, at +20 °C after 24-hours storage very rapid multiplying of
the microorganisms. The process is similar both in roe deer and red deer meat.

We detected when identifying the bacteria of Enterobacteriaceae species that
opportunistic microorganisms of the Enterobacteriaceae species — Enterobacter
cloacae, Escherichia fergusonii, E. coli, Hafnia alvei, Klebsiella pneumoniae,
LNGNB and Pantoea agglomerans are found in the red deer meat. It is interesting that
in the red deer meat also Kluyvera cryocrescens is found, whereas in the roe deer meat
— Citrobacter freundii and Escherichia vulneris.

Although we could not obtain any data in the literature available for us on the
microorganisms species found in the game meat by other investigators, however its is
well known that all aforementioned bacterial species are opportunistic pathogens with
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optimal growing temperature +37 °C, and they are particularly common in
environment — soil, wastewater, on plants, vegetables, as well as in human and animal
feces (Hoult et al., 1997; Weber, 2003).

Identification of the pathogenic E.coli O157:H7 serotype and assessment of the
virulence factors in the red deer meat

Regarding the distribution of E.coli O157:H7 serotype in the samples of red
deer meat and E.coli pure cultures investigated by us, we should conclude that
positive were 12.5% of samples (i.e., 1 sample of red deer meat and the sample of
E.coli pure culture isolated from it) (see Table 3), therefore we think that distribution
of the pathogenic microorganism is quite high in the red deer meat and approves its
non-compliance for using as food.

According to the averments of other investigators, the percentage possibility is
much more higher than that detected by us, even for 30% to 70%, but it depends on
the analyzed virulence genes (Heuvelink et al., 1998; Meng et al., 1998; Barkocy-
Gallagher et al., 2001; Chapman et al., 2001; Lahti et al., 2001; Rogerie et al., 2001;
Keen, Elder, 2002; Nielsen, Scheutz, 2002; Omisakin et al., 2003). (Table 3).

Since the scientists (Garcia-Sanchez et al., 2007; Bindu Kiranmayi et al., 2010) have
showed that the animals of red deer family is a natural reservoir of the E.coli O157:H7
we believe that infecting of the meat of animals included in our study have occurred
during the pre—processing of carcasses, i.e., during evisceration, transporting of the
shot animal or during storage of the meat.

Generally when evaluating the results of the investigational samples of the roe

deer, it should be concluded that verotoxin VT1 gene was not found in any sample of
meat and pure culture of E.coli isolated from it; however verotoxin VT2 gene was
detected in 25% or 2 samples, and only in one sample that correspond to the E.coli
O157:H7 serotype.
Generally the results obtained by molecular methods showed that E.coli pathogenity is
not always connected with the presence of E.coli O157:H7 because verotoxin VT2
gene is found also in the samples showing only E.coli—positive result instead of E.coli
O157:H7-positive result. The results obtained by us are confirmed by the finding of
other investigators — saying that E. coli O157:H7 can produce VT1 or VT2, or both
toxins and they are associated with human diseases (Mead, Griffin, 1998; Boerling et
al., 1999; Philips, 1999).

Regarding the presence of eaeA gene in the red deer meat, we detect it only in
one sample and in that sample where we found the E.coli O157:H7 ar VT2 gene that
indicates according to the opinion of other investigators (Louie et al., 1993) that in the
result of our study 12.5% E. coli found in the samples of red deer meat is virulent and
infecting microorganism.

Although the studies of investigators confirm that the presence of VT2 gene is
associated with the presence of eaeA gene (Barkocy-Gallagher et al., 2001; Chapman
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et al., 2001; Omisakin et al., 2003), however we found the VT2 gene also in the
sample that did not showed compliance E.coli O157:H7 serotype. Thus according to
the obtained results we can conclude that the presence of pathogenity genes is
characteristic not only for certain E.coli serotype but for all E.coli species generally.

Mycologic pollution of the roe deer and red deer meat

When performing the mycologic research of carcasses of the game animals
stored at +4 °C for 12 hours, we found 8 genera of the microscopic fungi in the roe
deer meat (Fig.5), and 9 — in the red deer meat bet (see Fig. 6) indicating that the
development of the microscopic fungi has not been promoted by the meat pH (or
favorable environment of the deeper layers of the meat) but the contamination of the
carcass surface from environment. According to the pH results obtained by us, pH of
the roe deer meat was 5.78 that would be more optimal for growing of microscopic
fungi (Carter, Wise, 2004) than pH of the red deer meat (6.68).

Totally from 30 samples of the roe deer meat microscopic fungi were
extracted from 14 samples or in 47% of cases. Number of cases of each genus of the
microscopic fungi detected in the roe deer meat and their relative incidence is seen
in the (Figure 5).

Dominating genera of the microscopic fungi were the following: Penicillium
and Cladosporium in 57% samples, Aspergillus and Mucor — 50%, Rhizomucor —
36%, whereas Fonsecaea, Humicola and Scedosporium in 14% samples.

Totally from 30 samples of the roe deer meat microscopic fungi were
extracted from 14 samples or in 47% of cases.

Among the total number of cases of the microscopic fungi (n=41) found in the
samples of roe deer meat (n=30) the most common were Cladosporium and
Penicillium (19.5% cases), as well as Mucor and Aspergillus (17%), whereas the least
common were microscopic fungi of the genera Fonsecacea, Humicola and
Scedosporium (4.9% cases)

When analyzing the pollution of the red deer carcasses with microscopic
fungi, it should be concluded that, unlike the roe deer samples, we extracted 9
genera of the microscopic fungi (see Fig. 6). Totally from 30 samples of the red deer
meat microscopic fungi were extracted from 15 samples or in 50% of cases.
(Figure 6).

Dominating genera of the microscopic fungi were the following: Scedosporium
— 60%, Aspergillus and Rhizomucor — 46%, Cladosporium and Penicillium — 40%,
Mucor — 26%, Rhizopus — 13%, whereas Acremonium and Apophysomyces were the
least common, found only in 7% cases.

Among the total number of cases of the microscopic fungi (n=43) found in the
samples of red deer meat (n=30) the most common were Scedosporium (21% cases),
slightly less common were genera of the microscopic fungi Aspergillus and
Rhizomucor (16%), whereas the least commonly found genera of the microscopic
fungi were Rhizopus (5%) and Acremonium, Apophysomyces (2% cases).
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We detected in our study that Mucor is presented in the roe deer meat for 24%
more frequently than in the red deer meat, whereas microscopic fungi of the genera
Cladosporium and Penicillium for 13% more frequently, but Scedosporium is found in
the red deer meat for 46% and Rhizomucor for 10% commonly than in roe deer meat.
Microscopic fungi of the genera Fonsecaea and Humicola were found only in the roe
deer meat, whereas Acremonium and Apophysomyces microscopic fungi — only in red
deer meat.

Totally from all 60 samples of the game meat investigated in the study we
isolated fungi of the genera Cladosporium and Penicillium more (in 97% samples);
Aspergillus — in 96% samples, Mucor — in 76% positive samples.

When assessing the level of microscopic fungal pollution in the game animal
meat, we found that in roe deer meat the highest pollution level is showed by fungi of
the genera Fonsecaea (5.28 lg), Mucor (4.86 lg), Cladosporium (4.82 Ig) and
Aspergillus (4.81 1g), whereas the lowest pollution is created by microscopic fungi of
the genus Humicola (3.81 lg). When assessing the level of microscopic fungal
pollution in the red deer meat, we found that the highest pollution level is showed by
fungi of the genus Mucor (6.04 1g), then the significantly lower level is created by
Acremonium (5.23 1g), Cladosporium (5.05 1g) following by the microscopic fungi of
the genus Scedosporium (4.67 1g). the lowest pollution is created by microscopic fungi
of the genus Penicillium (3.58 1g).

Comparing the level of microscopic fungal pollution in the game animal meat,
we can see that the level of microscopic fungal pollution identified in the meat
samples varied at relatively high degree thus showing that there are no significant
difference neither between distribution of the separate genera of the microscopic fungi
nor between the genera of the microscopic fungi found in both animal species. The
highest pollution in average was showed by the genera of microscopic fungi Mucor
(6.04 1g), lower for 13% — Fonsecaea (5.28 1g) and for 14% — Acremonium (5.23 1g).

Thus, the level of microscopic fungal pollution varied in relative high degree
so we can conclude that there is no significant difference between the distribution of
the genera of microscopic fungi in roe and red deer meat that is showed by the isolated
genera of microscopic fungi found widely in the environment — in soil, on the surface
of dead organic materials and in air (Catton et al., 2001).

We can explain the fact that Penicillium and Mucor fungi are found more
frequently in the roe deer meat with the characteristics of the group of these
microscopic fungi — they are extremely finicky against low pH and necessity for
oxygen presence (Dillon, 1998; Jay, 1998) that again approves the possible incurrence
of these fungi in the meat from the environmental contamination.

Relatively high incidence of the fungal genus Cladosporium in the game meat
samples can be explained by the ability of these fungi to grow even at +5 °C
temperature therefore they are commonly found also in the reports of other scientists
(Carter, Wise, 2004; Asefa, Kure et al., 2010).

So generally the microscopic fungi detected in the game meat by us belong to
the fungal groups Ascomycota and Zygomycota which have the increased resistance
against the changes in ambient temperature, humidity, pH, and can exist with a little
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amount of nutrients. It is confirmed also by many scientists (Koburger, 1973;
Venkitasubramanian, 1977; Munro et al., 1985; Myrvik, Weiser, 1988; Smith,
Anderson, 1992; Ulloa, Hanlin, 2000; Hata et al., 2008; Asefa et al., 2009) indicating
that , the most of isolated microscopic fungi are found in environment.

CONCLUSIONS

1. pH level of the roe and red deer meat 12 h after the animal shooting is 5.8
and 6.7, respectively. In red deer meat, pH decrease occurs 3 times faster
than in the roe deer meat within the first 36 h.

2. Exceeding of the TTC permitted norm is observed when storing the roe deer
meat at +20 °C for longer than 48 h, but in red deer meat — at +4 °C longer
than for 72 h and at + 8 °C longer than for 24 hours.

3. Exceeding of the permitted norm for the microorganisms of
Enterobacteriaceae species is observed in the roe deer meat at + 8 °C when
storing the meat for more than 24 hours, and in red deer meat — at all
temperatures in all studied times.

4. The mean count of TTC in red deer meat at a storage temperature of +4 °C
was 29.5% higher and at +8 °C — 34% higher than that found in roe deer
meat.

5. The mean count of Entrerobacteriaceae species in red deer meat at a storage
temperature of +4 °C was 34.2% higher and at +8 °C — 38% higher than that
found in roe deer meat.

6. E.coli isolated from the red deer meat were E. coli O157:H7-serotype
positive in 12.5% cases (1-8) and showed the presence of verotoxin VT2
encoding gene and intimin binding eaeA gene. VT1 gene was not found in
the E.coli samples.

7. When comparing with the relative incidence of microscopic fungi in the
game meat, the most frequently Cladosporium and Penicillium (19.5% cases)
were found in the roe deer meat, however in red deer meat — microscopic
fungi of the genus Scedosporium (21% cases).
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