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IEVADS

Darba aktualitate

Psihrotrofiem mikroorganismiem piemit sp&ja augt 0 °C temperatiira, un
tie ir izplatiti apkartéja vide, ka arT var but sastopami partika. Psihrotrofas
patogénas baktérijas Listeria monocytogenes un Yersinia enterocolitica
nokluvusas partikas produktos sp&j savairoties ledusskapja temperatiiras
apstaklos, kas var radit apdraud€jumu paterétaju veselibai, izraisot tadas
partikas infekcijas ka listeriozi un jersiniozi. Salmonella gints patogéno
bakteriju klatbuitne partika var izraisit salmonelozi cilvékiem. Salmoneloze ir
otra biezak konstatetd partikas infekcija aiz kampilobakteriozes cilvékiem
Eiropas Savieniba 2015. gada. Nakama biezak sastopama partikas infekcija ir
jersinioze, bet listerioze ir piekta biezaka (EFSA, 2016).

Epidemiologiskos pétijumos tika konstatéts, ka dazadu bakterialu
partikas infekciju parnesgji galvenokart ir dzivnieku izcelsmes produkti, tostarp
zivis un zivju produkti (EFSA, 2016; EFSA, 2013).

Zivis tiek uzskatitas par veseligu partikas produktu, jo tas cilvéka
uzturu nodroSina ar polinepiesatinatajam taukskabém, augstas kvalitates
proteinu, vitaminiem un mineralvielam. Apvienoto Naciju Partikas un
lauksaimniecibas organizacija (FAO, Food and Agriculture Organization of the
United Nations) ir prognozgjusi zivju patérina picaugumu uz vienu Eiropas
Savienibas valstu iedzivotaju laika no 2015. Iidz 2030. gadam (Failler, 2007).

Cilveku veselibu un labklajibu neapdraudosas partikas nodrosinasana
pastavigi pieaugoSam paterétaju skaitam ir aktuala probléma gan Eiropas
Savieniba, gan pasaulé. Mikroorganismi ir plasi sastopami apkartgja vidg,
tostarp partikas produktos. Dzivnieku un augu izcelsmes produkti var radit
partikas produktu nekaitiguma apdraudgjumu mikrobiologiska piesarnojum dél.
Tade] ir svarigi novertét mikroorganismu izplatibu izejvielas un produktos, kas
tiek lietoti cilveku uztura. Mikrobiologiskie raditaji var kalpot ka papildu
instruments partikas droSuma un kvalitates novertésana. Svaigu zivju paterins
pedgjos gados ir butiski palielinajies gan Latvija, gan pasaulé. Viens no celiem,
ka svaigas zivis noklust pie paterétajiem, ir mazumtirdzniecibas uznémumi. Lai
novertétu partikas produktu mikrobiologisko droSumu un kvalitati, ir svarigi
noteikt mikroorganismu klatbiitni, Tpasi patogéno bakteriju sastopamibu svaigas
zivis, kas talak tiek izmantotas cilvéku uztura.

Miisu darba mérkis bija izanalizet higiénas indikatormikroorganismu un
psihrotrofo patogénu izplatibu zivis eitrofos ezeros dazados Latvijas regionos
un svaigas zivis mazumtirdznieciba.



Promocijas darba uzdevumi

1. Izpetit higienas indikatormikroorganismu daudzumu Zzaunas, uz adas un
zarnas zivis KiSezera, Usmas ezera un Sivera ezera.

2. lzanalizét higienas indikatormikroorganismu daudzumu  zivis
mazumtirdznieciba.

3. Izanalizét partikas infekciju ierosinataju Salmonella spp., Listeria spp.
un Yersinia spp. sastopamibu zivis mazumtirdznieciba.

4. Izpetit Listeria monocytogenes serogrupu un Yersinia enterocolitica
biotipu izplatibu zivis Latvija.

Darba zinatniska novitate

1. Pirmo reizi Latvija veikta visaptverosa higiénas
indikatormikroorganismu un partikas infekciju ierosinataju noteiksSana
svaigas zivis ezeros un mazumtirdznieciba.

2. Noteiktas zivis sastopamo partikas infekciju ierosinataju Listeria
monocytogenes serogrupas un Yersinia enterocolitica biotipi.

3. Pétjjums papildina partikas mikrobiologiska droSuma pétijjumu bazi
Latvija.

Pétijumu rezultatu aprobacija

P&tijuma rezultati publicéti se$as publikacijas starptautiskos zinatniskos
izdevumos, t.sk. Cetras publikacijas indeksétas ISI Web of Science datubazg.

1. Novoslavskij A., Terentjeva M., Eizenberga 1., Valcina O., Bartkevics
V., Beérzin§ A. (2016) Major foodborne pathogens in fish and fish
products: a review. Annals of Microbiology, Vol. 66, No. 1, p. 1-15

2. Terentjeva M., Eizenberga 1., Novoslavskij A., Strazdina V., Valcina O.,
OSmjana J., Beérzin$ A. (2015) Prevalence of foodborne pathogens in
freshwater fish in Latvia. Journal of Food Protection, Vol. 78, No. 11,
p. 2093-2098

3. Terentjeva M., Eizenberga I., Novoslavskij A., Strazdina V., Valcina O.,
OSmjana J., Beérzin$ A. (2015) Bacterial microflora of freshwater fish
originated from Usmas lake in Latvia. Journal of Microbiology,
Biotechnology and Food Sciences, Vol. 4, No. 1, p. 74-77



4.

Eizenberga 1., Terentjeva M., Valcina O., Novoslavskij A., Strazdina V.,
Osmjana J., Berzins A. (2015) Evaluation of microbiological quality of
freshwater fish in Usma lake. Acta Biologica Universitatis
Daugavpiliensis, Vol. 15, No. 1, p. 65-73

Eizenberga 1., Terentjeva M., Valcina O., Novoslavskij A., Strazdina V.,
Osmjana J., Beérzin$ A. (2015) Microbiological quality of raw fish at
retail market in Latvia. In: 25th Congress of the Nordic Association of
Agricultural  Scientists , Nordic View to Susatainable Rural
Development”: proceedings, Riga, Latvia, p. 324-328

Strazdina V., Terentjeva M., Valcina O., Eizenberga I., Novoslavskij A.,
Osmjana J., Berzins A. (2015) The Microflora of Gills, Gut and Skin of
European Eels (Anguilla anguilla) in Lakes of Latvia. Journal of Food
Science and Engineering, Vol. 5, p. 130-136

Petijumu rezultati aprobéti sekojoSas starptautiskds zinatniskas

konferences:

1.

Eizenberga |., Terentjeva M., Valcina O., Novoslavskij A., Strazdina V.,
Osmjana J., Bérzin§ A. A comparison of Listeria spp. prevalence
between the raw freshwater fish from lake and retail market in Latvia.
In: 6th Congress of European Microbiologists FEMS 2015: proceedings,
Maastricht, The Netherlands, 7-11 June, 2015

Terentjeva M., Eizenberga I., Valcina O., Novoslavskij A., Strazdina V.,
Osmjana J., Bérzin§ A. 2015. Microbiological quality of freshly caught
freshwater fish from lakes in Latvia. In: 6th Congress of European
Microbiologists FEMS 2015: proceedings, Maastricht, The Netherlands,
7-11 June, 2015

Eizenberga I., Terentjeva M., Valcina O., Novoslavskij A., Strazdina V.,
Osmjana J., Bérzin§ A. Evaluation of microbiological quality of
freshwater fish in Usma lake. In: 8th International Conference on
Biodiversity Research: Proceedings of the International Scientific
Conference, Daugavpils, Latvia, 28-30th April, 2015

Novoslavskij A., Terentjeva M., Eizenberga I., OSmjana J., Valcina O.,
Beérzin§ A. Bacterial microflora of European eel (Anguilla Anguilla)
originated from Daugavpils lake in Latvia. In: 10th Baltic Conference on
Food Science and Technology “FoodBalt 2015 Proceedings of the
International Scientific Conference, Kaunas, Lithuania, 21-22 May,
2015

Terentjeva M., Eizenberga I., Valcina O., Novoslavskij A., O$mjana J.,
Bérzin§ A.. Evaluation of bacterial microflora of European eel (Anguilla
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anguilla) skin samples from lakes in Latvia. In: Conference “Research
and Practice in Veterinary Medicine 2014”: Proceedings of the
International Scientific Conference, Jelgava, Latvia, 27-28 November,
2014

6. Terentjeva M., Eizenberga I., Novoslavskij A., Strazdina V., Valcina O.,
Osmjana J., Beérzins A. 2015. Bacterial microflora of freshwater fish
originated from Usmas lake in Latvia. In: 10th International Scientific
Conference ,, Biotechnology and Quality of Raw Materials and
Foodstuffs “, Stara Lesnd, Slovakia, 28-30 January, 2015

7. Strazdina V., Terentjeva M., Valcina O., Eizenberga 1., Novoslavskij A.,
OSmjana J., Berzin§ A. 2015. The microflora of gills, gut and skin of
European eels (Anguilla anguilla) in lakes in Latvia. In: 6th
International Conference Biosystems Engineering ,,BSE 2015, Tartu,
Estonia, 7-8 May, 2015

Citi ar mikrobiologiska piesarnojuma noteikSanu vidé saistiti p&tjjumi
prezentéti divas starptautiskas zinatniskas konferences:

1. Eizenberga I., Derman Y., Lindstrom M., Korkeala H., Bérzins A.
Prevalence of Clostridium botulinum in the Gulf of Riga. In: 9th Baltic
Conference Food Science and Technology ,,Food for Consumer Well-
Being FoodBalt 2014”: Proceedings of the International Scientific
Conference, Jelgava, Latvia, 8 — 9th May, 2014

2. Eizenberga l., Derman Y., Lindstrom M., Korkeala H., Beérzin§ A.
Clostridium botulinum detection in the sediments from the Gulf of Riga.
In: Laboratory diagnostics in Veterinary Medicine, Food and
Environmental Safety: Proceedings of the International Scientific
Conference , Riga, Latvia, 5-6th September, 2013

Petjums  izstradats  Eiropas Sociala fonda  projekta  Nr.
2013/0016/1DP/1.1.1.2.0/13/APIA/VIAA/055 ,lek$gjo tdenu zivju resursu
kimiska un biologiska piesarnojuma pétniecibas grupas izveide” ietvaros.

Darba apjoms: promocijas darbs noforméts 95 lappus€s, un tas sastav
no anotacijas, ievada, literatiras apskata, darba metodikas, p&tjumu
rezultatiem, diskusijas, secindjumiem, ieteikumiem praksei un izmantotas
literatiiras saraksta.



MATERIALS UN METODES

Petfjuma dazadu sugu svaigam zivim tika veiktas mikrobiologiskas
analizes no 2014. gada junijam Iidz 2015. gada februarim. Zivju paraugi tika
izmekléeti Partikas droSibas, dzivnieku veselibas un vides zinatniska instituta
»BIOR” Partikas un vides izmeklgjumu laboratorijas Mikrobiologijas un
parazitologijas nodala un Dzivnieku slimibu diagnostikas laboratorijas
Molekularas biologijas nodala. Kopuma tika analiz&ti 194 zivju paraugi.

Zivju paraugu iegiiSana

Zivju paraugi, kas izmantoti $aja petijuma, tika svaigi iegiiti no Latvijas
ezeriem vai no dazadam mazumtirdzniecibas vietam zivju paviljona Rigas
Centraltirgli. Visi analiz8tie paraugi parstav zivju sugas, kas tiek lietotas
cilveku uztura. Izbraukumi zivju paraugu iegiisanai tika organiz€ti attiecigo
zivju sugu kerSanas sezona. Zivis tika ieglitas vairakos izbraukumos ezeros un
tirdzniecibas vietas.

Zivju paraugu nemsanai tika izv€leti ezeri, kas pec virsmas platibas ir
vieni no lielakajiem Latvija, atrodas lauku teritorija vai pilséta, tick izmantoti
maksker€Sanai vai zvejai, un kuros bez citam zivju sugam ir sastopams arl
zutis (Anguilla anguilla). Zivju paraugi tika nemti no tris ezeriem dazados
Latvijas regionos — Kurzemé no Usmas ezera, Latgalé no Sivera ezera un no
KiSezera Riga.

Laika perioda no 2014. gada jnijam lidz oktobrim no Kisezera, Usmas
un Sivera ezeriem kopuma nozvejotas 59 zivis, taja skaita 30 zusi (Anguilla
anguilla), 21 asaris (Perca fluviatilis) un 8 pli¢i (Blicca bjoerkna).

No dazadam mazumtirdzniecibas vietam zivju paviljona Rigas
Centraltirgl, kur visu gadu paterétajiem pieejamas dazadu veidu zivis, no
2014. gada oktobrim lidz decembrim kopuma tika iegiiti 135 svaigu zivju
paraugi. legiitie paraugi piedergja devinam zivju sugam - rauda (Rutilus rutilus
(n=28)), breksis (Abramis brama (n=26)), plicis (Blicca bjoerkna (n=25)),
vimba (Vimba vimba (n=24)), asaris (Perca fluviatilis (n=11)), karasa
(Carassius carassius (n=10)), rudulis (Scardinius erythrophthalmus (n=6)),
linis (Tinca tinca (n=3)) un karpa (Cyprinus carpio (n=2)). Nemot véra linu un
karpu nelielo daudzumu miusu p@tljuma, abas sugas tika apvienotas viena
grupa, kam tika dots nosaukums ,,citas zivju sugas” (n=5).

No 2014. gada oktobrim lidz 2015. gada februarim iegtitajiem Listeria
monocytogenes izolatiem tika noteiktas serogrupas, bet Yersinia enterocolitica
izolatiem bioktmiskas reakcijas.



P&tjuma analiz&tie pli¢i un asari no ezeriem tika iegiti ar zvejas tikliem.
P&c nokersanas zivis tika ievietotas sterila plastikata maisa, ievietotas aukstuma
kamera un nogadatas laboratorija. Zusi no ezeriem tika kerti ar murdiem. Tad
zusi tika ievietoti fidenT no attiecigd ezera un plastikata konteineros dzivi
nogadati Partikas drosibas, dzivnieku veselibas un vides zinatniska instittta
»,BIOR” Partikas un vides izmekl&jumu laboratorija taja pasa diena.
Laboratorija pirms audu paraugu nonemsanas zu$i tika apdullinati un
nogalinati, atdalot galvu. Katra no tirdzniecibas vietam iegiita zivs tika ievietota
tira partikas produktu iesainoSanai paredzeta plastikata maisa. Pec tam
plastikata maiss tika ievietots aukstumsoma, un paraugi nogadati Partikas
droSibas, dzivnieku veselibas un vides zinatniska institata ,,BIOR” Partikas un
vides izmeklI&jumu laboratorija vienas stundas laika.

iaunu, adas, zarnu paraugu un kopparauga sagatavo$ana

Lai veiktu mikrobiologiskos izmeklgjumus, Institita “BIOR”
laboratorija no katras zivs tika nonemti dazadu audu paraugi. No zivim audu
paraugi tika nemti no tam kermena vietam, kurds visbiezak tiek konstatets
mikrobiologiskais piesarnojums (Cahill, 1990). Zivim no ezeriem tika nonemti
dazadu audu paraugi — zaunas, ada un zarnas, ka arT no katras zivs tika
sagatavots kopparaugs, kas sastavéja no adas, muskulatiiras un zarnu audiem.

Asariem un pli¢iem no ezeriem zaunas ar zaunu lokiem tika aseptiski
atdalitas, izmantojot sterilu pinceti un skalpeli vai grieznes. Izmeklgjumiem tika
nonemti ne mazak ka 1 g zaunu paraugi. Zusiem zaunu paraugi tika nonemti ar
0.1% peptona tdeni (Biolife Italiana S.r.I, Milana, Italija) samitrinatu vates
tamponu, apstradajot zaunu un zaunu loku virsmu.

Zivim no ezeriem adas paraugi tika nonemti ar 0.1% peptona Gdent
samitrinatu abrazivo stikli, apstradajot 25 cm? lielu adas laukumu

Asariem un pli¢iem no ezeriem zarnas tika iegltas, atverot zivs védera
dobumu ar skalpeli un aseptiski atdalot zarnas no apkartgjiem audiem,
izmantojot sterilas grieznes un pinceti. Izmeklgjumiem tika nonemti ne mazak
ka 1 g zarnu paraugi. ZuSiem aseptiski tika atverts védera dobums un zarnas
lumens, un ar 0.1% peptona tidenT samitrinatu vates tamponu apstradata zarnu
iek$gja virsma

Zivju paraugiem no tirgus tika nemti adas paraugi. Adas paraugi tika
iegliti, apstradajot 25 cm? lielu adas laukumu ar 0.1% peptona {ident
samitrinatu abrazivo siuikli. Ar sterilu pinceti un griezn€m katram zivju
paraugam no ezeriem un tirgus tika nonemts kopparaugs, kas sastavéja no adas,
muskulatiiras un zarnu audiem. Audi tika ievietoti sterila Stomahera maisina.
Katra nonemta kopparauga svars sasniedza 25+1 g.
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Paraugiem p&c nonemsanas un sagatavoSanas tika veiktas
mikrobiologiskas  analizes  atbilsto§i  Starptautiskds  Standartizacijas
organizacijas (ISO) standartiem. Izmekl&umi tika veikti Partikas drosibas,
dzivnieku veselibas un vides zinatniska institata ,,BIOR” Partikas un vides
izmekl&umu laboratorija un dzivnieku slimibu diagnostikas laboratorija. Katra
no Zzaunu, zarnu un adas paraugiem tika noteikts bakteriju kopskaits,
Enterobacteriaceae dzimtas baktériju, fekalo koliformu un psihrotrofo
bakteriju skaits. Kopparaugs tika izmantots Salmonella spp., Listeria spp.,
Yersinia spp. un Escherichia coli noteik$anai zivis mazumtirdznieciba.

No katra sakotngja zaunu, adas un zarnu parauga tika pagatavota 10-
kartiga at8kaidfjumu sérija (no 1:10 Iidz 107), un no katra atSkaidijuma viens
mililitrs tika izmantots mikrobiologiskam analizém.

Visparéja mikrobiologiska piesarnojuma noteikSana

Zivju vispargjai mikrobiologiskai noverté$anai izmantojam vairakus
mikrobiologiskos raditajus. No ezeriem iegiitajam zivim analizéjam bakteriju
kopskaitu, Enterobacteriaceae dzimtas baktériju skaitu, fekalo koliformu skaitu
un psihrotrofo bakteériju skaitu. Savukart mazumtirdznieciba iegiitajam zivim
noteicam baktériju kopskaitu, Enterobacteriaceae dzimtas baktériju skaitu un
E. coli prevalenci.

Baktériju kopskaita noteikSanai izmantota ISO 4332 metode ,,Partikas
un dzivnieku baribas mikrobiologija-Mikroorganismu skaiti§anas horizontala
metode. Koloniju skaiti§anas metode pie 30 °C” (Anonymous, 2004b). No
katra izmekl&jama materiala atSkaidijuma 1 ml tika parnests PetrT plat€, pec tam
tika pievienota 12 lidz 15 ml agarizéta barotne aerobo baktériju kopskaita
noteik$anai (PCA, Biolife Italiana S.r.l, Milana, Italija). Péc uzséSanas Petri
plates tika ievietotas termostata 30+2 °C temperattira 72+3 h. P&c kultivésanas
tika saskaititas mikroorganismu koloniju veidojosas vienibas.

Enterobacteriaceae dzimtas baktériju skaita noteik$anai izmantota
ISO 21528-2 metode ‘Partikas un dzivnieku baribas mikrobiologija —
Enterobacteriaceae skaita noteik$anas horizontala metode. Koloniju skaiti$anas
metode” (Anonymous, 2004a). No katra pagatavota atSkaidijuma 1 ml tika
parnests uz PetrT plates, pec tam tika pievienota 15 ml violetsarkana zults
glikozes agara (Violet Red Bile Glucose Agar, VRBGA) barotne (Biolife).
Sagatavotas plates tika ievietotas termostata un inkub&tas 37 °C temperatiira
24 h. Péc inkubacijas tika skaititas VRBGA platés izaugu$as raksturigas
Enterobacteriaceae dzimtas baktériju kolonijas.

Fekalo koliformu diagnostic€Sanai izmantota ISO 4832 metode
“Partikas un dzivnieku baribas mikrobiologija. Koliformu noteikSana un
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skaitiS8anas  horizontala  metode. Koloniju skaitiSanas metode”
(Anonymous, 1991).  Atskaidijumu  uzsgjumi tika veikti izmantojot
violetsarkana zults laktozes agara (Violet Red Bile Agar, VRBLA) barotni
(Biolife) un plates inkubgjot 24 h 44+1 °C temperatara. P&c inkubacijas tika
veikta raksturigo fekalo koliformu bakteriju koloniju identificEsana un
skaitiSana.

Psihrotrofo mikroorganismu noteik$anai izmantota ISO 17410 metode
“Partikas un dzivnieku baribas mikrobiologija. Horizontala psihrotrofo
mikroorganismu koloniju skaiti$anas metode” (Anonymous, 2001). Psihrotrofo
bakteriju noteikSanai 1 ml no katra izmeklgjama materiala atSkaidijuma tika
parnests uz agariz€tas barotnes aerobo bakteriju kopskaita noteikSanai (PCA).
PetrT plates inkubg&tas 21 °C temperatiira tris [idz piecas dienas. PCA barotnés
péc kultivésanas tika noteikts psihrotrofo mikroorganismu daudzums, saskaitot
mikroorganismu koloniju veidojo$as vienibas.

Escherichia coli noteikSanai izmantota ISO 7251 metode ,,Partikas un
dzivnieku baribas mikrobiologija. Horizontalais panémiens varbitgjas
Escherichia coli konstatéSanai un skaitiSanai. Varbutigaka skaita metode”
(Anonymous, 2005). No katra sakotngja parauga atSkaidijuma 1 ml tika
parnests mégené, un tam pievienota 10 ml laurila sulfata buljona (Lauryl
Sulphate Broth, Biolife) barotne. Inokulétas barotnes tika inkubg&tas termostata
37 °C temperatira. Pec 24+2 h kultivéSanas barotn€ tika parbaudita gazu
veidosanas. No barotném, kur tika novérota gazu veidosanas, ar bakteriologisko
cilpinu 0.01 ml materiala tika parnests mégeng, kur atradas 10 ml Escherichia
coli (EC) buljona barotne (Biolife). Barotnes tika kultivétas 44 °C temperatiira
24 lidz 48 h, bet péc tam parbaudita gazu veidoSanas reakcija. No barotném,
kur gazu veidoSanas reakcija bija pozitiva, ar bakteriologisko cilpinu 0.01 ml
materiala tika parnests triptona Gdens barotné (Triptone Water TW, Biolife).
Barotnes tika kultivétas 44 °C temperatiira 48+2 h. Lai apstiprinatu E. coli
klatbiitni, tika veikts indola tests.

Partikas infekciju ierosinataju noteikSana

Petjjuma iegiitajos zivju paraugos no ezeriem un tirgus noteicam tris
zoonozu ierosinataju Salmonella, Listeria un Yersinia gin§u sastopamibu.
Konstatétas bakterijas identificgjam lidz sugas ITmenim. No zivim izol&tajiem
Listeria monocytogenes celmiem analiz€jam piederibu serogrupam, savukart
Yersinia enterocolitica izolatiem noteicam biotipus.

Salmonella spp. noteik$ana veikta saskana ar ISO 6579 metodi “Partikas
un dzivnieku baribas mikrobiologija. Horizontala metode Salmonella spp.
noteikSanai” (Anonymous, 2002). No katra zivs parauga tika iesveérts 25 g
kopparaugs Stomahera maisina, tam pievienots 225 ml peptona bufer§kidums
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(Biolife). Tad paraugs tika 60 s homogenizéts stomahera. P&c tam sekoja
homogeniz&ta parauga inkub&Sana 18 h 37 °C temperatira. No sakotngjas
bagatinasanas barotnes 0.1 ml inokulata tika parnests 10 ml Rappaport-
Vassilliadis buljona (RV, Biolife) un 10 ml Millera Kaufmana tetrationata-
novobiocina buljona (Muller-Kaufmann tetrathionate novobiocin, MKTTn,
Biolife). RV buljons tika inkub&ts 41.5 °C temperatira 24 h, bet MKTTn
buljons 37 °C 24 h. No abam barotném 0.1 ml inokulata tika uzséts uz divam
selektivam cietajam barotném: ksilozes-lizina-dezoksiholata (Xylose-lysine-
desoxycholate, XLD, Biolife) agara un briljantzala agara (Brilliant green, BGA,
Biolife). P&c uzsesanas barotnes tika ievietotas termostata un inkubgtas 37 °C
temperatiira 24 h. P&c inkubacijas noteikta raksturigo Salmonella spp. koloniju
klatbatne.

Yersinia spp. noteik$anai izmantota ISO 10273 metode ‘“Partikas un
dzivnieku baribas mikrobiologija - Iesp&jami patogénas baktérijas Yersinia
enterocolitica konstaté$anas horizontala metode” (Anonymous, 2003). No katra
parauga 25 g tika parnests peptona 225 ml sorbitola zults salu buljona un
inkubégts 24 h 22 °C temperatiira. P&c inkub&$anas 0.1 ml buljona tika uzséts uz
cefsulodina-irgasana-novobiocina (Cefsulodin-irgasan-novobiocin, CIN) agara
(Biolife) ar un bez 0.5% kalija hidroksida (KOH). CIN agara plates tika
inkubgtas 30 °C 24-48 h. Yersinia CIN agara barotn€ veido kolonijas ar sarkanu
centru un caurspidigu malu ap kolonijam. Aizdomigas kolonijas tika
apstiprinatas ar APl 20E testu (BioMérieux, Marcy I’Etoile, Francija).
Y. enterocolitica biotipi tika noteikti ar biokimiskajam reakcijam péc Wauters
et al. (1987) aprakstitas metodes.

Listeria spp. noteikSanai izmantota ISO 11290-1 metode “Partikas un
dzivnieku baribas mikrobiologija. Horizontala metode Listeria monocytogenes
klatbiitnes un skaita noteikSanai. 1. dala - NoteikSanas metode” (Anonymous,
1996). Tika izmantots 25 g parauga, kam pievienots 225 ml pus-Frazera buljons
(Half-Fraser, HF, Biolife), péc tam sekoja 60 s homogenizé$ana stomahera un
inkub&sana 24 h 30 °C temperatiira. P&c inkub&sanas 0.1 ml inokulats no HF
buljona tika parnests 10 ml Frazera buljona (Fraser, Biolife) un inkubéts 37 °C
48 h. Péc inkubéSanas 0.1 ml inokulata no pus-Frazera un Frazera
bagatinasanas barotném uzséts uz selektivam barotném - ALOA (Agar Listeria
Ottavani & Agosti, Biolife) un Oxford agariem (Biolife). Péc 24-48 h
inkub&Sanas perioda 37 °C temperatiira, uz selektiva agara barotn€m tika
noteikta raksturigo L. monocytogenes koloniju klatbiitne. L. monocytogenes
ALOA agara barotné veido zilgani zalas kolonijas ar necaurspidigu zonu ap
tam. Savukart Oxford agara barotné Listeria spp. péc 24 h, kultivgjot 37 °C
veido 1 mm diametra kolonijas peleka krasa ar melnu zonu ap tam. P&c 48 h
kultivésanas, Listeria spp. kolonijas Oxford agara barotng klast lielakas, ap
2 mm diametra, tumsakas krasas, ar melnu zonu, un tam var paradities zalgans
spidums. Aizdomigas L. monocytogenes kolonijas uz ALOA agara tika krasotas
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peéc Gram, noteikta bakteriju spgja veidot hemolizi, katalazes aktivitate un
kustigums. Listeria spp. biokimiska identifikacija veikta, izmantojot API
Listeria testu (BioMérieux, Mancy 1’Etoile, Francija).

L. monocytogenes serogrupu noteiksana ar
multiplex polimerazes kédes reakciju

No zivim izolétajam L. monocytogenes kulttram tika noteikta piederiba
serogrupai. P&tljuma tika analizéta septinu L. monocytogenes génu (prfA, prs,
Lmo0737, Lmol118, Orf2819, Orf2110, flaA) sastopamiba, izmantojot
multiplex polimerazes kédes reakciju (PCR). L. monocytogenes serogrupu
noteik$anai pielietota Kérouanton et al. (2010) un Doumith et al. (2004)
aprakstita metode. Tika izmantotas multiplex PCR un PCR flagellu proteina
kodgjosa flaA géna noteiksanai.

Lai veiktu multiplex PCR, tika pagatavots 25 pl amplifikacijas mikss,
kas sastavéja no 1 pl parauga DNS, 15.6 ul RNazu briva tidens (Qiagen,
Vacija), 2.5 pl 1x bufera (magnija hloridu (MgCly) nesatuross), 2 mM MgCl,
(Thermo Scientific, Lietuva), 0.2 mM dezoksiribonukleotidu trifosfatu miksa
(ANTP, Qiagen, Vacija), 1 U rekombinantas Taq polimerazes (Thermo
Scientific, Lietuva), 0.4 uM praimera Imo0737-F, Imo0737-R, Imo1118-F,
Imo1118-R, ORF2110-F, ORF2110-R, ORF2819-F, ORF2819-R, 0.1 uM
praimera prs-1, prs-2, un 0.2 pM praimera LIP 1 un LIP 2.

Mikss flaA géna noteikSanai sastavéja no 2 pl parauga DNS, 12.1 ul
RNazu briva tdens, 2.5 pl 1x bufera (magnija hloridu (MgClz) nesatuross),
4 mM MgCly, 0.2 mM dNTP miksa, 1 U rekombinantas Tag polimerazes un
0.8 uM katra praimera: flaA-F un flaA-R. Multiplex PCR un PCR flaA géna
noteikSanai tika veikta amplifikatora (Applied Biosystems, Lielbritanija). PCR
programma DNS sakuma denaturacijai tika izmantota 94 °C temperatiira 3 min,
kas turpinajas ar 40 cikliem 94 °C temperatira 30 S, 61 °C temperatiira 40 s un
72 °C temperatura 60 s, bet DNS beigu sintézes laiks bija 7 min 72 °C
temperatira. Polimerazes kedes reakcija iegiito DNS fragmentu analize tika
veikta kapilaraja elektroforéze (Qiaxcel Advanced System, Qiagen, Vacija).

Datu statistiska apstrade

Petfjuma rezultatu aprékinasanai un ieglito datu statistiskai apstradei
izmantojam Microsoft Excel 2010 programmatiru. Piesarnojuma ar
Enterobacteriaceae dzimtas baktérijam, fekalajam koliformam, psihrotrofajiem
mikroorganismiem, ka arT bakteriju kopskaita atSkirtbu aprékinasanai zivis
izmantojam vienfaktora dispersju analizes riku Anova un Tukey-Kramer testu.
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Listeria monocytogenes un Yersinia enterocolitica sastopamibas atskiribu
aprekinasanai izmantojam Hi-kvadrata testu.

PETIJUMA REZULTATI UN DISKUSIJA

Higiénas indikatormikroorganismu daudzums ezeru zivis

Vispargjam ezeru zivju mikrobiologiskas kvalitates novertéjumam
pétijuma analiz&jam bakteriju kopskaitu, Enterobacteriaceae dzimtas bakteriju,
fekalo koliformu un psihrotrofo mikroorganismu daudzumu tris dazados audos
(zaunas, uz adas un zarnas) katram zivs paraugam.

Baktériju kopskaits Zaunas, uz adas un zarnas asaros (Perca fluviatilis),
plicos (Blicca bjoerkna) un zusos (Anguilla anguilla) Kisezera, Usmas ezera un
Stvera ezera svarstijas no 0.00 logio KVV g? Iidz 8.71 logio KVV g. Baktériju
kopskaits zZaunas, uz adas un zarnas asaros, plicos un zu$os paradits 1. tabula.

1. tabula/ Table 1

Bakteriju kopskaits ezeru zivju Zaunas, uz adas un zarnas

Total bacterial count of gills, skin and gut of fish from lakes

Paraugu Parauga | Vidgja vertiba+SD Dlgpazons

Zivs suga/ skaits/ veids/ logio KVV g/ | (mlrll(-\r?\a}x)_l y
Fish species No. of Type of Mean+SD g BV V g

samples | sample logio CFU g* Range (min-max)

logio CFU gt
. zaunas/ gills 6.12+1.20 3.78-8.00
(APS::(':Sa/ f'fj\:icahmis) 21 fadal skin 7.2340.94 5.34-8.51
zarnas/ gut 6.55+1.13 4.38-7.96
Plicis/ Silver bream iaunas{ gills 7.21£1.20 5.41-8.40
(Blicca bjoerkna) 8 ada/ skin 7.72+0.81 6.69-8.71
zarnas/ gut 7.31+0.58 6.58-8.28
Zutis/ Eel iaunas{ gills 4.04+2.24° 0.60-6.88
(Anguilla anguilla) 30 ada/ skin 4.14+1.852 1.04-7.38
zarnas/ gut 3.38+1.742 0.00-6.84

@ Bakt@riju kopskaits zaunas, uz adas un zarnas zusos bija bitiski mazaks (p<0.05) neka zaunas, uz
adas un zarnas asaros un pli¢os/ total bacterial count of gills, skin and gut of eel was significantly
lower (p<0.05) than of gills, skin and gut of perch and silver bream

Bakteriju kopskaits Zaunas asaros, plicos un zuSos svarstljas no
0.60 logio KVV g 1idz 8.40 logio KVV g . Vislielaka bakteriju kopskaita
vidgja vertiba zaunas bija plicos (7.21 logio KVV g?), bet vismazaka zuSos
(4.04 logie KVV g?). Bakteriju kopskaits uz adas svarstfjas no 1.04 Iidz
8.71 logio KVV g. Lielaka vidgja vértiba konstatéta plicos (7.72 logio KVV g?),
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bet mazaka zuSos (4.14 logio KVV g1). Zarnas asaros, plicos un zusos bakteriju
kopskaita diapazons bija no 0.00 Iidz 8.28 logio KVV g. Vislielaka bakteriju
kopskaita vidgja vértiba zarnas bija plidos (7.31 logio KVV g?), bet zemaka
zu3os (3.38 logio KVV g1). Mikrobiologiska piesarnojuma atskiribas dazadam
zivju sugam var bit saistitas ar zivju ekologiju, zivju baroSanas veidu,
migraciju un adens mikrobiologisko piesarnojumu.

Bakteriju kopskaitu zivis ir aprakstijusi art Mudarris un Austin (1988)
un Al-Harbi un Uddin (2005). Zemaku bakteriju kopskaitu zivis atradusi
Mudarris un Austin (1988), kuri sava pétijuma konstatgja, ka bakteriju
kopskaits neparsniedz 5.84 logio KVV g Zaunas akmenplekstei (Scopthalmus
maximus) no zivju audzetavas. Savukart Al-Harbi un Uddin (2005) p&tijuma
bakteriju kopskaits svarstas no 7.44 Iidz 8.00 logie KVV g*! tilapijas
(Oreochromis niloticus) zarnas un no 5.93 lidz 6.32 logio KVV g Zaunas, un
Sie rezultati ir 1idzigi miisu p&tijuma iegihitajiem rezultatiem asariem un pli¢iem.
Autori arT uzskatija, ka mikrobiologisko piesarnojumu zivis ietekmé vides
apstakli un zivju audzgsanas veids.

Piesarnojums ar Enterobacteriaceae dzimtas baktérijam zaunas, uz adas
un zarnas asaros, plicos un zuSos KiSezera, Usmas ezera un Sivera ezera
svarstijas no 0.00 lidz 7.67 logio KVV g (2. tabula).

2. tabula/ Table 2
Enterobacteriaceae daudzums ezeru zivju Zaunas, uz adas un zarnas

Enterobacteriaceae count of gills, skin and gut of fish from lakes

Diapazons
Paraugu Vidgja vertiba+SD (min-max)
Zivs suga/ skaits/ | Parauga veids/ logio KVV g/ logio KVV g/
Fish species No. of | Type of sample Mean+SD Range (min-
samples logio CFU ¢! max)
logio CFU g*
. zaunas/ gills 4,14+1.95 0.30-7.36
'(Tf::(':sa/ f'laj\:icahmis) 21 [ada/ skin 5.81=1.91° 1.00-7.30
zarnas/ gut 4.86+2.05 0.85-7.52
Plicis/ Silver bream zaunas/ gills 4.76+1.63 2.46-7.67
(Blicca bjoerkna) 8 ada/ skin 5.39+0.84 3.90-6.17
J zarnas/ gut 5.924+0.96 4.74-6.97
Zutis/ Eel zaunas/ gills 2.71+1.85 0.00-6.00
(Anguilla anguilla) 30 ada/ skin 1.87+1,74° 0.00-4.86
9 9 zarnas/ gut 1.57+1.22° 0.00-4.20

? Enterobacteriaceae daudzums uz adas asariem bija batiski (p<0.05) lielaks neka zaunas/
Enterobacteriaceae count on skin and gut of perch was significantly higher (p<0.05) than of gills

® Enterobacteriaceae daudzums uz adas un zarnas zusos bija biitiski (p<0.05) mazaks neka uz adas
un zarnas asaros un pli¢os/ Enterobacteriaceae count on skin and gut of eel was significantly lower
(p<0.05) than of gut and skin of perch and silver bream
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Fekalo koliformu skaits zaunas, uz adas un zarnas asaros, pli¢os un
zusos no ezeriem paradits 3. tabula.

3. tabula/ Table 3
Fekalo koliformu daudzums ezeru zivju Zaunas, uz adas un zarnas

Fecal coliform bacteria count of gills, skin and gut of fish from lakes

Diapazons
Paraugu Parauga Vidgja vertiba+SD (min-max)
Zivs suga/ skaits/ veids/ logio KVV g/ logo KVV g/
Fish species No. of Type of Mean+SD Range (min-
samples sample logio CFU g* max)
logio CFU g*
. Zaunas/ gills 3.51£1.26 0.00-5.11
'f‘Ff::éZ fﬁ’j\ficahmis) 21 [ada/skin 5.0651.17° 4.00-6.74
zarnas/ gut 4.07£1.70 0.00-6.80
Plicis/ Silver zaunas/ gills 3.324+0.67 2.43-4.20
bream 8 ada/ skin 5.29+0.52b 4.76-6.04
(Blicca bjoerkna) zarnas/ gut 3.96+0.91 3.04-5.20
> utis/ Eel zaunas/ gills 1.26£1.30%4 0.00-3.68
(Anguilla anguilla) 25 ada/ skin 0.64+0.79¢ 0.00-2.96
zarnas/ gut 0.25+0.75¢ 0.00-3.23

8 Fekalo koliformu daudzums uz adas asariem bija biitiski (p<0.05) lielaks neka Zaunas un zarnas/
fecal coliform bacteria count count on skin of perch was significantly higher (p<0.05) than of gills
and gut

® Fekalo koliformu daudzums uz adas pli¢iem bija bitiski (p<0.05) lielaks neka Zaunas/ fecal
coliform bacteria count on skin of silver bream was significantly higher (p<0.05) than of gills

¢ Fekalo koliformu daudzums Zaunas, uz adas un zarnas zuSos bija butiski (p<0.05) mazaks neka
Zaunas, uz adas un zarnas asaros un plicos/ fecal coliform count of gills, skin and gut of eel was
significantly lower (p<0.05) than of perch and silver bream

4 Fekalo koliformu daudzums Zaunds zuSiem bija bitiski (p<0.05) lielaks neka zarnas/ fecal
coliform bacteria count of gills of eel was significantly higher (p<0.05) than of gut

Fekalo koliformu skaits Zaunas asaros, plios un zusSos svarstijas no
0.00-5.11 logio KVV g. Lielakais fekalo koliformu vidgjais skaits Zaunas tika
konstatéts asaros, bet zemakais zu$os (3.51 un 1.26 logio KVV g?). Uz adas
piesarnojums ar fekalajam koliformam svarstijas no 0.00-6.74 logio KVV g,
Fekalo koliformu vid€jais skaits uz adas vislielakais bija plios
(5.29 logio KVV g?), kamér vismazakais zuSos (0.64 logio KVV g?). Tikmer
zarnas fekalo koliformu skaits svarstijas no 0.00-6.80 logio KVV g7, bet vidgja
kontaminacija vislielaka konstateta asaros (4.07 logio KVV g?), bet mazaka
zusos (0.25 logio KVV gl). Bitiskas (p<0.05) atSkiribas tika konstatétas fekalo
koliformu daudzuma uz adas, zaunas un zarnas asaros, tapat arf Zaunas un uz
adas plicos, un zarnas un zaunas zusos.
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Fekalo koliformu piesarnojums zivis var bt saistits ar tdens vides, kura
zivis dzivo, kontaminaciju. Ar citos pétijumos bija konstatéts piesarnojums ar
fekalajam koliformam Zaunas, uz adas un zarnas zivim (Geldreich, Clark, 1966;
El-Shafai et al., 2004). El-Shafai ar lidzautoriem (2004) pétijuma noteica
liclaku fekalo koliformu daudzumu Zaunas neka uz adas Nilas tilapijai
(Oreochromis niloticus) zivjaudzetavas dikos, un saistija to ar Zaunu virsmas
Ipatngjo uzbuvi, ka ar1 lielo Gdens tilpumu, kas plist caur zaunam. Geldreich un
Clark (1966) konstatgja, ka fekalo koliformu daudzums zarnas svarstas no
1.37 logio KVV g  zilzaunu sauleszivis (Lepomis macrochirus) Iidz
6.04 logio KVV g samveidigajas zivis (Ictalurus lacustris punctatus) tidens
temperatiiras diapazona 13-18 °C, vidgji piesarnpota adeni Little Miami upe
Ohaio, ASV. Autori secinaja, ka kontaminacija ar fekalajam koliformam zivis
atkariga no uznemta baribas apjoma un piesarnojuma.

Psihrotrofo mikroorganismu daudzums Zaunas asaros, plicos un zus$os
svarstijas no 1.15 lidz 7.64 logio KVV g (4. tabula).

4. tabula/ Table 4

Psihrotrofo mikroorganismu daudzums ezeru zivju
Zaunas, uz adas un zarnas

Diapazons
Paraugu Vidgja vertiba+SD (min-max)
Zivs suga/ skaits/ | Parauga veids/ logio KVV g/ logio KVV g/
Fish species No. of | Type of sample Mean+SD Range (min-
samples logio CFU gt max)
logio CFU g
. zaunas/ gills 5.60+0.992 3.30-7.64
'f‘sg‘:ézl fﬁ’j\gi"ahmis) 21 |ada/ skin 6.57:0.80 4.98-7.61
zarnas/ gut 5.56+1.00 4.28-7.43
Plicis/ Silver bream iaunas{ gills 5.48+0.80 4.58-6.79
(Blicca bjoerkna) 8 ada/ skin 6.16+0.57 5.40-6.90
zarnas/ gut 6.03+0.60 5.16-6.81
Zutis/ Eel iaunas{ gills 3.97£1.67 1.15-6.15
(Anguilla anguilla) 25 ada/ skin 5.58+0.70° 4.34-6.91
zarnas/ gut 4.14+1.81° 1.00-6.88

2 Psihrotrofo mikroorganismu daudzums Zaunas asaros bija butiski (p<0.05) lielaks neka Zaunas
zuSos/ psychrotrophic count of gills of perch was significantly higher (p<0.05) than of gills of eel

® Psihrotrofo mikroorganismu daudzums uz adas zusos bija bitiski (p<0.05) lielaks neka Zaunas un
zarnas zu$os/ psychrotrophic count on skin of eel was significantly higher (p<0.05) than of gills
and gut of eel

¢ Psihrotrofo mikroorganismu daudzums zarnas zu$os bija bitiski (p<0.05) mazdks nekd zarnas
asaros un pli¢os/ psychrotrophic count of gut of eel was significantly lower (p<0.05) than of gut of
perch and silver bream

Vislielaka psihrotrofo mikroorganismu vidgja vertiba Zaunas bija asaros
(5.60 logio KVV g?), bet vismazaka zusos (3.97 logio KVV gt). Piesarnojums
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uz adas svarstljias no 4.34 Iidz 5.40 logio KVV g?. Vislielaka psihrotrofo
mikroorganismu vid&ja vertiba konstatéta uz adas asaros, bet vismazaka zusos,
attiecigi 6.57 un 5.58 logio KVV g!. Zarnas piesarnojums ar psihrotrofajiem
mikroorganismiem svarstijas no 1.00 Iidz 7.43 logio KVV g, bet vislielaka
psihrotrofo mikroorganismu videja vértiba bija pli¢os (6.03 logio KVV g?),
kamér vismazaka zuSos (4.14 logio KVV gl).

Pretstata miisu pétijuma iegiitajiem rezultatiem, Scherer ar lidzautoriem
(2006)  konstateja nedaudz zemaku psihrotrofo  bakteriju  skaitu
(3.0logio KVV g') ada baltajam amiram (Ctenopharyngodon idella)
zivjaudz&tava. Musu pétjjuma bija augsts piesarnojums ar psihrotrofajiem
mikroorganismiem zivis. Liels psihrotrofo mikroorganismu daudzums zivis var
bt saistits ar zemu apkartéjas vides temperatiru, kas veicina psihrotrofo
baktériju augSanu (Dalgaard, 2003). Citi autori pétija vairakus
mikrobiologiskos raditajus zeltainaja kartisa (Sparus aurata), kas nozvejota
merenajos tidenos Kanariju salas (Carrascosa et al., 2015). Autori noradija, ka
no analiz€tajiem zivs audiem mikrobiologiskais piesarnojums vislielakais bija
zaunas, kam sekoja ada, bet muskulos piesarnojums bija vismazakais.

Arf citi autori ir p&tijusi mikrobiologisko piesarnojumu dazados audos
un zarnu satura svaigas zivis (Mandal et al., 2009; Balasubramanian et al.,
1992). Mandal ar lidzautoriem (2009) pé&tija mikrobiologisko piesarnojumu
zivju zaunds, zarnas un muskulos. Autori konstatgja vislielako bakteriju
kopskaitu (4.95 logio KVV g?1) zarnas Nilas tilapijai (Oreochromis niloticus),
kamér fekalo koliformu skaits vislielakais tika atrasts  Zaunas
(2.48 logio KVV g1). Parasti koliformas zarnas zivis nav sastopamas, bet fekalo
koliformu izoléSana no $o dzivnieku gremosanas kanala var liecinat par
neatbilstosu dens mikrobiologisko kvalitati (Huss, 1994). Balasubramanian ar
lidzautoriem. (1992) pétijjuma noteica, ka seSas dazadas zivju sugas no
zivjaudzetavas bakterialais piesarnojums bija augstaks zarnas neka uz adas,
zaunas un muskulos. Autori arT noradija, ka bakteriala piesarnojuma Iimenis
bija augstaks zivis detriteédajas, kas barojas ar augu vai dzivnieku izcelsmes
nedzivu materialu parasti Gdenstilpes gultng. Tikmer zivis planktongdajas, kas
barojas ar mikroskopiskiem augiem, dzivniekiem un bakterijam, kas parasti
atrodas tidens slani, piesarnojums ar bakterijam bija zemaks.

Higiénas indikatormikroorganismu daudzums zivis KiSezera,
Usmas ezera un Sivera ezera

Bakteriju kopskaits zaunas, uz adas un zarnas asaros, plicos un zusos
Usmas un Sivera ezerd un asaros un zu$os KiSezera bija atskirigs (5. tabula).
Lielaka bakteriju kopskaita vidgja vértiba zaunas tika konstatéta pliCos Sivera
ezera (8.15 logio KVV g1), bet mazaka zusos Usmas ezera (2.40 logio KVV g
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D). Uz adas baktériju kopskaits svarstfjas no 1.04-8.71 logio KVV cm?
Baktériju kopskaita vidgja vertiba vislielaka bija plicos (7.87 logio KVV cm?)
Usmas ezera, bet vismazaka zuSos (2.51 logio KVV c¢cm?) Usmas ezera.
Tikmér zarnas baktériju kopskaits bija no 0.00-8.28 logio KVV g?. Savukart
vidgjais bakteriju kopskaits zarnas vislielakais tika konstatéts plicos no Sivera
ezera, bet mazakais zuSos no Usmas ezera, attiecigi 7.47 un 2.16 logio KVV g,

5. tabula

Baktériju kopskaits asaros (Perca fluviatilis), pli€os (Blicca bjoerkna) un
zusos (Anguilla anguilla) KiSezera, Usmas ezera un Sivera ezera
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asaris| 4 [5.08+0.90(4.11-6.28|5.61+0.21 |5.34-5.84(6.31+1.53|4.38-7.84

KiSezers| tis | 10 |3.86£2.69%0.60-6.65]4.88-2.17¢|2.20-7.38|3.2221.827]0.00-5.90

asaris| 13 |6.32+1.18|3.78-8.00| 7.80+0.43 | 7.04-8.51|6.67+1.04 |4.62-7.96

Usmas |plicis| 5 |6.64+1.18|5.41-8.08)|7.87+0.69 |6.89-8.61|7.21+0.53 |6.58-8.28

zutis | 11 [2.40+0.67°1.26-3.76|2.51+0.859)1.04-3.93|2.16+0.4471.45-2.78

asaris| 4 |6.51£1.19|5.46-7.68|6.99+0.21 [6.81-7.30|6.39+£1.28 |4.48-7.15

Stvers |plicis| 3 |8.15+0.32|7.79-8.40| 7.47+1.09 |6.69-8.71|7.47+0.74|4.95-5.83

zutis | 9 [6.25+0.43 |5.53-6.88|5.32+0.53%|4.32-6.04|5.05+1.32 |3.30-6.84

2 Bakteriju kopskaits zaunas zuSos KiSezera bija butiski mazaks(p<0.05) neka zaunas asaros un zusos Sivera ezera
un asaros un pli¢os Usmas ezera

b Baktériju kopskaits zaunas zusos Usmas ezera bija bitiski mazaks (p<0.05) neka zaunas asaros un pli¢os Usmas
ezerd, asaros un zu$os Sivera ezerd un zuSos KiSezera

¢ Bakteriju kopskaits uz adas zuos KiSezera bija butiski mazaks (p<0.05) neka uz adas plicos Sivera ezera un
zu$os un pli¢os Usmas ezera

4 Baktériju kopskaits uz adas zusos Usmas ezera bija batiski mazaks (p<0.05) neka asaros, plicos un zuSos Sivera
ezera, asaros un plicos Usmas ezera un asaros un zusos KiSezera

¢ Bakt@riju kopskaits uz adas zuSos Sivera ezera bija butiski mazaks (p<0.05) neka asaros un pli¢os Usmas ezerda
 Bakteriju kopskaits zarnas zusos Usmas ezera un KiSezera bija bitiski mazaks (p<0.05) neka asaros, pli¢os un
zu$os Sivera ezerd, asaros un pli¢os Usmas ezera un asaros KiSezera

Lielakais Enterobacteriaceae vidgjais daudzums Zaunas
(5.26 logio KVV g?1) un zarnas (6.32 logioc KVV g?) tika konstatéts plicos
Sivera ezerd, bet uz adas asaros (6.85 logio KVV ¢cm?) Usmas ezera. Tikmér
mazaka Enterobacteriaceae vid€ja vértiba Zaunas, uz adas un zarnas bija zusos
Usmas ezer3, attiecigi 1.32, 0.41 un 1.21 logio KVV cm™.

Enterobacteriaceae daudzums Zaunas bija batiski (p<0.05) atSkirigs
zuSos KiSezera, Usmas ezerd un asaros, pli€os, zuSos Sivera ezera, un plicos
Usmas ezera. Uz adas biitiskas atSkiribas (p<0.05) tika konstattas zuSos Usmas

20




ezera un Sivera ezera, zusos, asaros KiSezera, asaros, pliCos Usmas ezera, un
asaros Sivera ezera. Enterobacteriaceae daudzums zarnas butiski (p<0.05)
atskirigs bija asaros, plicos Usmas ezera un Sivera ezera un zuSos KiSezera,
Usmas ezera un Sivera ezera, un asaros Kisezera.

Enterobacteriaceae dzimtas baktériju daudzums asaros, pli¢os un zusos
Kisezera, Usmas ezera un Sivera ezera paradits 6. tabula.

6. tabula

Enterobacteriaceae daudzums asaros (Perca fluviatilis), pli¢os (Blicca
bjoerkna) un zusos (Anguilla anguilla) KiSezera,
Usmas ezera un Sivera ezera

Zaunas Ada Zarnas
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Kisezers [asaris | 4 |1.65+1.3031.00-3.60(2.46+1.68"1.00-4.04|1.96+2.020.85-4.99
zutis | 10 |2.22+1.63%0.00-3.90[2.27+2.16/0.00-4.86 | 1.27+1.40|0.00-3.78
Usmas jasaris | 13 |4.63+1.80|0.30-7.36|6.85+0.45 |5.64-7.30|5.56+1.339/3.25-7.52
plicis | 5 [4.46+2.05|2.46-7.67|5.74+0.43 |5.15-6.17|5.68+0.9144.74-6.86
zutis | 11 |1.32+0.53%0.48-2.23|0.4140.40/0.00-1.08| 1.21+0.80|0.00-1.92
Stvers [asaris | 4 |5.02+0.63[4.54-5.94|5.78+1.03 |4.79-6.89|5.49+1.78¢/3.43-7.11
plicis | 3 [5.26+0.50/4.95-5.83(4.80+1.11]3.90-6.04|6.32+1.11¢/5.04-6.97
zutis 9 14.95+0.64]4.08-6.00(3.22+0.53¢/2.34-4.15|2.33+1.19|0.00-4.20
d Enterobacteriaceae daudzums Zaunas asaros un zusos KiSezera un zuos Usmas ezera bija butiski
mazaks (p<0.05) neka asaros, pli¢os un zusos Sivera ezerd un pli¢os Usmas ezera

P Enterobacteriaceae daudzums uz adas zusos Usmas ezerd un zusos un asaros Kisezera bija biitiski
mazaks (p<0.05) neka asaros un pli¢os Usmas ezerad un asaros Sivera ezera

¢ Enterobacteriaceae daudzums uz adas zuSos Sivera ezera bija bitiski mazaks (p<0.05) neka
asaros un pli¢os Usmas ezera un asaros Sivera ezera, bet butiski lielaks (p<0.05) neka zuSos Usmas
ezera

d Enterobacteriaceae daudzums zarnas biitiski lielaks (p<0.05) bija asaros un pli¢os Usmas ezera
neka zuSos Usmas ezera un asaros un zu$os KiSezera un Sivera ezera

¢ Enterobacteriaceae daudzums zarnas bitiski lielaks (p<0.05) bija asaros un pli¢os Sivera ezera
neka zuSos Sivera un Usmas ezeros un asaros un zusos Kisezera

Fekalo koliformu daudzums Zaunas asaros, pliCos un zuSos KiSezera,
Usmas ezerd un Sivera ezera svarstijas no 0.00-4.40 logio KVV g2, bet fekalo
koliformu vidgjais daudzums vislielakais bija asaros KiSezera, bet vismazakais
zuos Usmas ezerd, attiecigi 4.19 un 0.54 logio KVV gl Fekilo koliformu
daudzums asaros, plicos un zusos KiSezera, Usmas ezera un Sivera ezera
svarstfjas no 0.00-6.74 logio KVV cm? uz adas un 0.00-6.80 logie KVV g*
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zarnas. Tikmér lielaka fekalo koliformu vidgja vertiba uz adas tika konstateta
Usmas ezera plicos (5.29 logio KVV cm?),  bet mazaka zuSos
(0.34 logio KVV cm?). Fekalo koliformu vid&jais daudzums zarnas lielakais
bija asaros, bet mazakais zuSos Usmas ezera, attiecigi 4.07 un
0.00 logio KVV g. Piesarnojuma ar fekalajam koliformam bitiskas (p<0.05)
atskiribas Zaunas bija zuSos Sivera ezera un Usmas ezera, asaros, plicos Usmas
ezera un zu$os un asaros KiSezera. Tikmer fekalo koliformu daudzums uz adas
un zarnas butiski (p<0.05) atskiras zuSos KiSezera, Usmas ezera un Sivera ezera
un asaros un plicos Usmas ezera.

Fekalo koliformu daudzums Zaunas asaros, pliCos un zuSos KiSezera,
Usmas ezera un Sivera ezera atspogulots 7. tabula.

7. tabula
Fekalo koliformu daudzums asaros (Perca fluviatilis),
pli¢os (Blicca bjoerkna) un zusos (Anguilla anguilla)
KiSezera, Usmas ezera un Sivera ezera
Zaunas Ada Zarnas
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— asaris| 4 [4.19+0.15%4.04-4.40 ND ND ND ND
KiSezers

zutis | 10 | 0.86+0.87 |0.00-2.04|1.27+1.18] 0.00-2.96 | 0.22+0.50 |0.00-1.11
asaris| 13 |3.31+1.38°0.00-5.11|5.16+1.179 4.00-6.74 |4.07+1.70%|0.00-6.80
Usmas [plicis | 5 |3.3240.67)2.43-4.20/5.2940.52¢ 4.76-6.04 | 3.96+0.914|3.04-5.20
zutis | 11 |0.54+0.71|0.00-1.92]|0.34+0.59| 0.00-1.74 | 0.00+0.00 |0.00-0.00

Sivers [zutis | 9 [2.37+1.36"(0.00-3.68 0.67+0.59 0.00-1.60 [0.56+1.17 {0.00-3.23

ND — nav datu nepietickama parauga apjoma dél

%Fekalo koliformu daudzums Zaunas bija batiski lielaks (p<0.05) asaros KiSezera neka asaros,
plicos un zusos Usmas ezera un zusos Sivera ezera

® Fekalo koliformu daudzums Zaunas bija biitiski lielaks (p<0.05) zugos Sivera ezera un asaros un
plicos Usmas ezera neka zusos KiSezera un Usmas ezera

¢ Fekalo koliformu daudzums uz adas bija bitiski lielaks (p<0.05) asaros un plios Usmas ezera neka
zu$os Kisezera, Usmas un Sivera ezeros

d Fekalo koliformu daudzums zarnas bija bitiski lielaks (p<0.05) asaros un pli¢os Usmas ezera
neka zusos KiSezera, Usmas un Sivera ezeros

Psihrotrofo mikroorganismu daudzums zaunas asaros, plicos un zusos
KiSezera, Usmas ezera un Sivera ezera svarstijas no 1.51-7.64 logio KVV g.
Vislielakais psihrotrofo mikroorganismu vidgjais daudzums Zaunas tika

22



konstatéts asaros (5.71 logio KVV g1) Usmas ezera, bet mazakais zuSos
(2.24 logio KVV g) Usmas ezera. Uz adas psihrotrofo mikroorganismu skaits
svarstijas no 4.34-7.61 logio KVV cm?. Lielakais psihrotrofo mikroorganismu
vid&jais daudzums uz adas bija asaros Usmas ezera (6.69 logio KVV cm?),
kamér mazaka zuos KiSezera (5.00 logio KVV cm?). Bet zarnas psihrotrofo
mikroorganismu daudzums svarstijas no 1.00-5.56 logio KVV g, bet lielaka
vidgja vertiba bija plicos (6.27 logio KVV g?'), kamér mazaka zuSos
(2.76 logio KVV g*) no Usmas ezera.

Psihrotrofo mikroorganismu daudzums asaros, plicos un zusos Kisezera,
Usmas ezera un Sivera ezera paradits 8. tabula.

8. tabula

Psihrotrofo mikroorganismu daudzums asaros (Perca fluviatilis), plios
(Blicca bjoerkna) un zusos (Anguilla anguilla)
KiSezera, Usmas ezera un Sivera ezera

Zaunas Ada Zarnas
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. asaris| 4 ND ND ND ND 4.84+0.54 | 4.28-5.52
KiSezers

zutis | 10 [5.00+0.00%5.00-5.00|5.00+0.00|5.00-5.00| 3.74+1.60 | 1.00-5.00

asaris | 13 |5.71+1.12|3.30-7.64[6.69+0.6995.50-7.61|5.78+1.019| 4.50-7.43

Usmas |plicis | 5 |5.62+0.92|4.58-6.796.42+0.4395.87-6.91|6.27+0.51 9| 5.56-6.81

zutis | 11 [2.24+0.67%1.51-3.82(6.22+0.4195.51-6.91| 2.76+0.92 | 1.73-5.08

asaris| 4 |5.26+0.10]5.15-5.39 ND ND 4.8440.54 | 4.28-5.52

Stvers |[plicis | 3 |5.13+0.25|4.95-5.30|5.50+0.14|5.40-5.60| 5.45+0.41 | 5.16-5.74

zutis | 9 |5.51+0.59|4.26-6.15|5.12+0.48|4.34-5.66 6.04+0.83% | 4.58-6.88

ND — nav datu nepietickama parauga apjoma dél

2 Psihrotrofo mikroorganismu daudzums Zaunas bija biitiski mazaks (p<0.05) zuSos KiSezera neka
asaros un zusos Sivera ezera un asaros Usmas ezera

® Psihrotrofo mikroorganismu daudzums Zaunas bija bitiski mazaks (p<0.01) zu$os Usmas ezera
neka asaros un plicos Usmas ezera, asaros un zuSos KiSezera un Sivera ezera un plicos Sivera ezera

¢ Psihrotrofo mikroorganismu daudzums uz adas bija biitiski lielaks (p<0.05) asaros, plicos un zuSos
Usmas ezera neka plicos un zuSos Sivera ezerd un zusos Kisezera

dPsihrotrofo mikroorganismu daudzums zarnas bija bitiski lielaks (p<0.05) asaros un pli¢os Usmas
ezera un zu$os Sivera ezera neka zusos KiSezera un Usmas ezera un asaros Sivera ezera
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Higienas indikatormikroorganismi zivis mazumtirdznieciba

Bakteriju kopskaits uz adas dazadu sugu zivis mazumtirdznieciba
svarstijas no 3.00-8.65 logio KVV ¢cm2 (9.tabula). Lielaka bakteriju kopskaita
vidgja vertiba tika konstatéta rudulos (7.51 logio KVV cm?), bet mazaka citas
zivju sugas (4.61logio KVV cm?). Misu pétijuma bakteriju kopskaita
diapazons (3.00-8.65 logio KVV cm?) zivis mazumtirdznieciba ir lielaks neka
Svanevik ar Iidzautoriem (2015) p@tjjuma rezultati. Autori analiz&ja kvalitati
510 zivju paraugos no zvejas kugiem un zivju parstrades uzpémumiem un
konstatgja, ka bakteriju kopskaits zivis svarstas no <3.0 Iidz 7.4 logio KVV g.
Turklat zivju paraugi piederéja Atlantijas makreles (Scomber scombrus),
Atlantijas silkes (Clupea harengus), moivas (Mallotus villosus) un putasu
(Micromesistius poutassou) sugam.

9. tabula/ Table 9
Bakteriju kopskaits uz adas zivis mazumtirdznieciba

Total bacterial count on the skin of fish at retail

Paraugu | Videja vertiba+SD '(?r']?rﬁ’aéc;')g
Zivs suga/ skaits/ logio KVV cm?/ lodwo KV cm?/
Fish species No. of Mean+SD gio

Range (min-max)/

-2
samples logio CFU cm logzo CFU cm2

Rauda/ Roach

a -
(Rutilus rutilus) 28 6.04+0.72 4.83-7.32
Breksis/  Freshwater  bream 26 6.05£0.52 515-7.11
(Abramis brama) o -
Kartisa/ Crucian carp 10 6.42+1.06 4.58-7.59
(Carassius carassius) ' ) ' '
Mol 24 6.12+0.43° 5.34-7.15
(Vimba vimba)
Asaris/ Per_ch_ ) 11 6.56+0.77 5.63-7.52
(Perca fluviatilis)
PI|(_:|s/ S|I_ver bream 25 6.94+0.77 5.62-8.65
(Blicca bjoerkna)
Rudulis/ Rudd 6 7.51+0.5 6.98-8.15

(Scardinius erythrophthalmus)

Citas zivju sugas/ Other fish
species (Itnis/ tench (Tinca tinca), 5 4.61+0.91° 3.00-5.11
karpa/ carp (Cyprinus carpio))

@ Bakteriju kopskaits raudas, brekSos un vimbas bija butiski mazdks (p<0.05) neka pli¢os un
rudulos/ total bacterial count of roach, freshwater bream and vimba bream was significantly lower
(p<0.05) than of silver bream and rudd

® Baktériju kopskaits citas zivju sugas bija biitiski mazaks (p<0.05) neka rudulos, pli¢os, asaros un
kartisas/ total bacterial count of other fish species was significantly lower (p<0.05) than of rudd,
silver bream, perch and crucian carp
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Enterobacteriaceae daudzums zivis mazumtirdznieciba svarstijas no
0.00 Iidz 5.20 logio KVV cm, Lielakais Enterobacteriaceae dzimtas baktériju
vidgjais daudzums tika konstatéts kariisas (3.66 logio KVV cm?), bet mazakais

bija citas zivju sugas (1.40 logio KVV cm?).

Petfjuma par mikrobiologisko sastavu aukstuma uzglabatos auksti
kiipinatos laSos un taiminos, kas nemti tirgl Portugale, da Silva un Gibbs
(2015) noradija, ka Enterobacteriaceae dzimtas bakteriju daudzumu paraugos
vargja ietekmét produktu agrina parstrades posma pielietotie tehnologiskie
procesi, piesarnojums kiipinasanas laika, ka ari apstakli un temperatiiras
svarstibas ~ mazumtirdznieciba.  Enterobacteriaceae = daudzums  zivis
mazumtirdznieciba paradits 10. tabula.

10. tabula/ Table 10
Enterobacteriaceae dzimtas baktériju daudzums uz adas zivis
mazumtirdznieciba

Enterobacteriaceae count on the skin of fish at retail

Paraugu | Vidgja vertibatSD (Dn:?rr])a;:&;
Zivs suga/ skaits/ logio KVV cm?/ lodo KV cm?/
Fish species No. of Mean+SD Raﬁg)e (min-max)/
-2 -

samples logio CFU cm logzo CFU cm?
Rauda/ Roach
(Rutilus rutilus) 28 3.29+1.31 1.00-5.20
Breksis/ Freshwater
bream (Abramis brama) 26 2.3+1.1 0.78-4.76
Kartisa/ Crucian carp 10 3.66:1.1 1.91-4.78
(Carassius carassius)
Vimba/ Vimba bream 24 1.93+1.022 0.00-4.00
(Vimba vimba)
Asaris/ Perch 11 3.2040.72 2.36-4.28
(Perca fluviatilis)
Plicis/ Silver bream 25 2.49+153 0.00-5.11
(Blicca bjoerkna)
Rudulis/ Rudd
(Scardinius 6 2.79+0.28 2.54-3.18
erythrophthalmus)
Citas zivju sugas/ Other
fish species (linis/ tench :
(Tinca tinca), karpa/ carp 5 1.40+1.11 0.00-2.72
(Cyprinus carpio))

@ Enterobacteriaceae daudzums vimbas bija butiski mazaks (p<0.05) neka raudas un kartisas/
Enterobacteriaceae count of vimba bream was significantly lower (p<0.05) than of roach and
crucian carp
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E. coli sastopamiba uz adas dazadam zivju sugam mazumtirdznieciba
svarstijas no 16.7-53.6% (11.tabula). Visaugstaka E. coli prevalence tika
konstatéta raudas (53.6%, 15 no 28), bet viszemaka vimbas (12.5%, 3 no 24).
E. coli netika konstatéta neviena no pieciem analiz&tajiem citu zivju paraugiem.

11. tabula/ Table 11

E. coli prevalence neeviscerétas zivis mazumtirdznieciba

The prevalence of E. coli on the skin surface of fish at retail

Zivs suga/ Paraugu skaits/ E. coli ;I)((;?tigz(;) ﬁaraugu
Fish species No. of samples No of positive samples (%)
Rauda/ Roach
(Rutilus rutilus) 28 15 (53.6)
Breksis/ Freshwater bream
(Abramis brama) 26 8(30.8)
Kartisa/ _Cruman carp 10 2 (20)
(Carassius carassius)
Vimba/ Vimba bream
(Vimba vimba) 24 8(125)
Asaris/ Perch
(Perca fluviatilis) 11 5(45.5)
Plicis/ Silver bream
(Blicca bjoerkna) %5 6(24)
Rudulis/ Rudd
(Scardinius 6 1(16.7)
erythrophthalmus)
Citas zivju sugas/ Other
fish species (linis/ tench
(Tinca tinca), karpa/ carp 5 0(0)
(Cyprinus carpio))
Kopa/ Total 135 40 (29.6)
Ari  citu autoru pétjjumos E.coli tika izmantots ka

indikatormikroorganisms (Stollewerk et al., 2014). Elsaidy ar lidzautoriem
(2015) pétijuma E. coli klatbatne tika konstatéta 20% (3/15) no analiz&tajam
Nilas tilapijam (Oreochromis niloticus), kas seSdesmit dienas audzgtas
eksperimentali ar vistu mesliem apstradatos akvarijos. Nesen veiktajos
pétijumos citi autori ir analiz&jusi E. coli sastopamibu tadas partikas izejvielas
ka zivis, zivju produktos (Kim et al., 2017, Svanevik et al., 2015; Leisner et al.,
2014, Van et al., 2008). Thampuran et al. (2005) pétijuma norada, ka E. coli
nereti ir zivju piesarnotajs tropiskajos regionos. Autori izolgja E. coli no zivju
paraugiem ieglitiem no tirgus Indija un Kostarika (Thampuran et al., 2005;
Marin et al., 2009), ka arT piekrastes tidenos Kamertina (Akoachere et al.,
2009). Costa (2013) noradija, ka mikrobiologiskajam piesarnojumam, noklastot
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piekrastes fidenos, tiek kontaminétas Gidenos dzivojosas zivis, ka ar1 tiek radits
apdraud&jums patérétajiem. E. coli sastopamiba zivis un zivju produktos var
radit apdraud&jumu patérétajiem patogéno E. coli celmu d&l. Tomér ari
nepatogéno E. coli celmu klatbiitne zivis var apdraudét sabiedribas veselibu, jo
E. coli ka fekalas izcelsmes piesarnojuma indikatormikroorganisms var liecinat
par citu zarnas mitoSu patogéno bakteriju klatbitni.

Partikas infekciju ierosinataju Salmonella spp., Listeria spp. un
Yersinia spp. sastopamiba zivis mazumtirdznieciba

Kopuma no analizétajiem 135 zivju paraugiem mazumtirdznieciba,
L. monocytogenes tika konstatéta 26% jeb 35 paraugos, kas pieder dazadam
zivju sugam. Tikmer 33% jeb 45 no izmeklétajiem 135 zivju paraugiem bija
Y. enterocolitica pozitivi. Salmonella spp. netika atrasta neviena no
analiz&tajiem zivju paraugiem mazumtirdznieciba (12. tabula).

No pétijuma analizétajiem zivju paraugiem, lielaka L. monocytogenes
sastopamiba bija kariisas (40%, 4 no 10), bet rudulos un citas zivju sugas
L. monocytogenes netika atrasta. Tikmér VY. enterocolitica visbiezak tika
konstatéta pli¢os (56%, 14 no 25), ka ari citas zivju sugas (60%, 3 no 5), bet
desmit karfisu un se$i rudulu paraugi bija Y. enterocolitica negativi.

Gaertner ar lidzautoriem (2008) noradija, ka Salmonella spp. parasti nav
atrodama mikrobiotas sastava zivis, tomér dazkart Salmonella spp. klatbiitne
zivis tika atrasta (Onmaz et. al., 2015; Yang et al., 2015; Raufu et al., 2014;
Busani et al., 2005; Davies et al., 2001). Nesen veiktaja p&tijuma Onmaz ar
lidzautoriem (2015) konstatéja Salmonella klatbutni 10% (3 no 30) anSovu
(Engraulis encrasicolus) un 6% (2 no 35) varaviksnes forelu (Oncorhynchus
mykiss) paraugos zivju tirgii Turcija. Nesen veiktaja p&tijuma par Salmonella
prevalenci svaigas zivis tirgii Kina, Yang et al. (2015) konstatgja, ka
Salmonella spp. bieZak sastopama saldiidens zivis (18.6%, 43/231) neka zivis
no salstdens (12.2%, 24/197). Pretstata iepriek§ min&tajiem pétfjumiem,
Davies ar Iidzautoriem (2001) nekonstatgja Salmonella neviena no
analiz€tjaiem svaigu zivju paraugiem tirdzniecibas uzn€émumos Eiropa, un tas
saskan ar misu pétjjuma rezultatiem. Salmonella spp. klatbitne zivis liecina
par neatbilstosiem higiénas apstakliem. Salmonella spp. zivis var noklut ar
piesarnotu Gdeni, tapat arT no kontaminétam virsmam un priekSmetiem jebkura
no transportesanas, uzglabasanas un tirdzniecibas posmiem.
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12. tabula/ Table 12
L. monocytogenes, Y. enterocolitica un Salmonella spp.
sastopamiba zivis mazumtirdznieciba

The prevalence of L. monocytogenes, Y. enterocolitica and
Salmonella spp. in fish at retail

Paraugul Pozitivo paraugu skaits (%)/
Zivs suga/ skaits/ No of positive samples (%)
Fish species No. of .
samples L. monocytogenes | Y. enterocolitica | Salmonella spp.

Rauda/ Roach
(Rutilus rutilus) 28 6(21) 2(n) 000
Breksis/  Freshwater|
bream (Abramis 26 5 (19) 8 (30) 0 (0)
brama)
Kartisa/ Crucian carp
(Carassius carassius) 10 4 (40) 0(0) 0(0)
'Vimba/ Vimba bream
(Vimba vimba) 24 7(29) 13 (54) 0(0)
IAsaris/ Perch
(Perca fluviatilis) 1 4(36) 5 (46) 0(0)
Plicis/ Silver bream
(Blicca bjoerkna) 25 9(36) 14 (56) 0(0)
Rudulis/ Rudd
(Scardinius 6 0(0) 0(0) 0 (0)
erythrophthalmus)
Citas  zivju sugas/
Other fish  species
(Iinis/ tench (Tinca 5 0 (0) 3 (60) 0(0)
tinca), karpa/ carp
(Cyprinus carpio))
Kopa/ Total 135 35(26) 45 (33) 0(0)

Misu pétijuma iegltie rezultati liecina, ka L. monocytogenes
sastopamiba zivis mazumtirdznieciba ir ieveérojami biezaka neka svaigas zivis
citas Eiropas regiona wvalstis. Citi autori pétijumos noradijusi, ka
L. monocytogenes prevalence bija zemaka par 1% svaigas zivis tirgl Griekijas
ziemelu dala (Soultos et al., 2007), 13.5% svaigas zivis parstrades uzn@émumos
Ziemelvalstls (Gudbjornsdottir et al., 2004) un 14.6% varaviksnes forel€s
(Onchorynchus mykiss) zivjaudzeétavas Somija (Miettinen, Wirtanen, 2005).
Svaigu  zivju paraugos zivju parstrades uzpémumos  Norvegija
L. monocytogenes tika konstatéta 2 no 155 izmekletajiem paraugiem (Svanevik
et.al, 2015). Pretstata ieprick§ minétajai dazadu autoru konstatetajai
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L. monocytogenes prevalencei, Latorre et al. (2007) neatrada L. monocytogenes
neviena no analiz&tajiem 154 svaigu zivju produktiem Italija 1993.-2004. gada.

L. monocytogenes tika pétita svaigas zivis un zivju parstrades
uznémuma vidé (Hoffman et al, 2003). Hoffman et al. analizgja
L. monocytogenes vides paraugos (n=512) un svaigu zivju paraugos (n=312)
divos kipinatu zivju razoSanas uzpémumos. Svaigu zivju paraugos bija
ieklautas sigas no ezeriem, Norvégijas un Ciles zivjaudz&tavu lasi, savvalas lasi
no ASV rietumu krasta un citas zivis. Autori konstatgja, ka no analizétajiem
paraugiem 115 vides un 46 svaigu zivju paraugi bija L. monocytogenes pozitivi.
Turklat autori ari analizEja L. monocytogenes apakstipus abos paraugu veidos
un secindja, ka vides piesarnojums ar L. monocytogenes parstrades uznémuma
lielakoties atskiras no ienakoSo izejvielu jeb svaigu zivju kontaminacijas.

Salidzingjuma ar misu pétijuma rezultatiem, Davies et al. (2001)
petijuma rezultati norada, ka svaigas zivis tirdzniecibas uznémumos vairakas
Eiropas valstis Y. enterocolitica Kkonstatéta retak. Davies et al. pétijuma
Y. enterocolitica pozitivi bija 9% no izmekl&tajiem 76 svaigu zivju paraugiem,
kas iegtiti Francija, Lielbritanija un Portugalg.

No zivim mazumtirdznieciba izol&tajiem Y. enterocolitica celmiem tika
noteikti biotipi, pielietojot biokimiskas reakcijas péc Wauters et al. (1987)
aprakstitas metodes. Biokimisko reakciju rezultati (13. tabula) noradija, ka visi,
kopuma 45, Y.enterocolitica celmi pieder&ja biotipam 1A, kas tiek uzskatits par
nepatogenu.

13. tabula/ Table 13
Y.enterocolitica klasifikacija zivis mazumtirdznieciba,
péc Wauters et al., 1987

The classification of Y. enterocolitica of fish at retail, after Wauters et al.,

1987
Y. enterocolitica celmu
Biokimiska reakcija/ skaits/ Rezultats/ *
Biochemical reaction No. of Y. enterocolitica Result
strains
Salicina _ fermentacija/  Salicin 45 pozitivs/ positive
fermentation
Ksilozes  fermentacija/  Xylose 45 . o
. pozitivs/ positive
fermentation
Lipazes aktivitate/Lipase activity 45 pozitivs/ positive
Pirazinamidazes aktivitate/ 45 . "
A - pozitivs/ positive
Pyrazinamidase activity
Indola veidoana/ Indole reaction 45 pozitivs/ positive

*Reakciju rezultati tika nolasiti p&c testu inkub&Sanas termostata 28 °C temperattra piecas dienas/
the results obtained after incubation for five days at 28 °C
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No zivim mazumtirdznieciba izol&tajiem L. monocytogenes celmiem
tika noteiktas serogrupas, pielietojot polimerazes kédes reakciju. Kopuma no
analiz€tajiem 19 L. monocytogenes izolatiem 63.1% (n=12) bija
L. monocytogenes serogrupa lla, 26.3% (n=5) serogrupa llc, bet serogrupai Ilb
piedergja 5.3% (n=1) un IVb - 5.3% (n=1) L. monocytogenes izolatu (1. att.).

L. monocytogenes serogrupas/
Serogroups of L. monocytogenes
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1. att. Listeria monocytogenes serogrupu sastopamiba
svaigas zivis mazumtirdznieciba

Fig. 1. The prevalence of Listeria monocytogenes serogroups
in raw fish at retail

ArT citi autori p&tfjusi L. monocytogenes serogrupu sastopamibu svaigos
un parstradatos partikas produktos. Igaunija veiktaja pétijjuma Kramarenko ar
lidzautoriem (2013) konstat&ja, ka vairums L. monocytogenes izolatu (73.6%)
no dazadiem partikas produktiem pieder&ja serotipam 1/2a, taja skaita 100% no
svaigam zivim iegiitie L. monocytogenes izolati. Cetri dazadi L. monocytogenes
serotipi tika izoléti no svaigam zivim Italija perioda no 2002. Iidz 2005. gadam
(Gianfranceschi et al., 2009), turklat serotips 1/2a konstatéts visbiezak (11 no
17 izolatos), un tas saskan ar misu p&tijuma rezultatiem.

Pétjjuma analiz&jam Listeria sugu sastopamibu 135 zivju paraugos
mazumtirdznieciba. Kopuma tika iegiti 113 Listeria spp. izolati, kas piedergja
kadai no piecam Listeria sugam — L. monocytogenes, L. innocua, L. ivanovii,
L. welshimeri vai L. seeligeri (14. tabula).
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14. tabula/ Table 14

Listeria spp. sastopamiba zivis mazumtirdznieciba

The prevalence of Listeria spp. in fish at retail

Pozitivo paraugu skaits (%)/

No of positive samples (%)
Paraugu § =
Zivs suga/ skaits/ "8’1 S 2 s 'S
Fish species No. of g, 8 = 2 2
%) c (7] [} [
samples e £ © 3 2
S | f i i
i
Rauda/ Roach
(Rutilus rutilus) 28 6(21.4) | 7(25) |4(143)| 2(7.1) | 1(3.6)
Breksis/ Freshwater bream
(Abramis brama) 26 5(19.2) | 6(23.1) | 4(15.4) | 6(23.1) | 5(19.2)
Kartisa/ Crucian carp
(Carassius carassius) 10 4(40) | 3(30) 1(10) 0(0) 0(0)
Vimba/ Vimba bream
(Vimba vimba) 24 7(29.2) | 6(25) |4(16.7)|1(4.17)| 0(0)
Asaris/ Perch
(Perca fluviatilis) 11 4(36.4) | 5(45.5) | 3(27.3) | 0(0) 0 (0)
Plicis/ Silver bream
(Blicca bjoerkna) 25 9(36) | 7(28) | 4(16) | 5(20) | 4(16)
Rudulis/ Rudd
(Scardinius 6 0(0) 0 (0) 0(0) 0 (0) 0 (0)
erythrophthalmus)
Citas zivju sugas/ Other
fish species (Iinis/ tench
(Tinca tinca), karpa/ carp 5 000 0(0) 000 000 0(0)
(Cyprinus carpio))
Kopa/ Total 135 |35(25.9)|34 (25.2)|20 (14.8) |14 (10.4)| 10 (7.4)

No Listeria sugam visbiezak tika konstatéta L. monocytogenes (25.9%),
kam sekoja L. innocua (25.2%), L. welshimeri (14.8%), L. seeligeri (10.4%) un
L. ivanovii (7.4%). Listeria spp. sastopamiba dazadas zivju sugas bija atskiriga.
L. monocytogenes un L. innocua biezak tika konstatétas asaros, attiecigi 36.4%
un 45.5%. L. monocytogenes un L.innocua retak tika konstatéta breksos,
attiecigi 19.2% un 23.1%. L. ivanovii biezak bija sastopama breksos (19.2%),
bet retak raudas (3.6%). Ari L. seeligeri biezak bija sastopama breksos (23.1%),
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kamér raudas retak (7.1%). Savukart L.welshimeri prevalence lielaka bija
asaros (27.3%), bet mazaka kartisas (10%). Listeria spp. netika konstatéta
neviena no analiz&tajiem rudulu un citu zivju paraugiem.

Listeria spp. sastopamibu zivis pétija ari citi autori (Jamali et al., 2015;
Kovacevi¢ et al., 2012; Jallewar et al., 2007; ). Jallewar ar lidzautoriem (2007)
Indija no tirgus zivim néma 100 muskulu un 100 iek$&jo organu paraugus un no
tiem izol&ja 39 Listeria spp. celmus, taja skaita 67% (n=26) L. monocytogenes,
21% (n=8) L. seeligeri, 8% (n=3) L. grayi un 5% (n=2) L. welshimeri. Zemaka
Listeria spp. prevalence ka musu pétijuma tika konstatta svaigas zivis zivju tirgl
Irana (Jamali et al., 2015). Autori no svaigam zivim izolgja Listeria spp. (21.3%,
104 no 488) un noradija, ka no iegiitajiem Listeria spp. izolatiem 32.3 % (49 no
133) piedergja L. monocytogenes, turklat ta bija visbiezak konstatéta Listeria
suga. Nakama biezak konstatéta bija L. innocua (35.3 %, 47 no 133), L. seeligeri
(18 %, 24 no 133) un L. ivanovii (14.3 %, 19 no 133), un tas saskan ar Listeria
sugu sastopamibu misu pétfjuma. Autori arf noradija, ka Listeria monocytogenes
klatesamiba zivis var radit apdraud&jumu patérétajiem.

Zivju paraugos mazumtirdznieciba noteicam Yersinia spp. klatbutni.
Kopuma 135 zivju paraugos tika izoléti 79 Yersinia spp. celmi, kas piedergja
Y. enterocolitica, Y. frederiksenii, Y.intermedii vai Y. kristensenii.

Visbiezak sastopama Yersinia suga pétijuma analiz€tajam zivim
mazumtirdznieciba bija Y. enterocolitica (33.3%), bet retak Y. frederiksenii
(11.1%), Y. intermedii (11.1%) un Y. kristensenii (3.0%).

Yersinia spp. Sastopamiba zivis mazumtirdznieciba atspogulota 15. tabula.
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15. tabula/ Table 15

Yersinia spp. sastopamiba zivis mazumtirdznieciba

The prevalence of Yersinia spp. in fish at retail

Pozitivo paraugu skaits (%)/
No of positive samples (%)
Paraugu _g = — =
Zivs suga/ skaits/ = ] = g
Fish species No. of S = £ c
samples I3 § £ 2
5 = . =
> > >
Rauda/ Roach
(Rutilus rutilus) 28 2(7.1) 2(7.1) 2(7.1) 1(3.6)
Breksis/ Freshwater|
bream (Abramis brama) 26 8(30.8) 3(11.5) 3(11.5) 2(7.7)
Kartisa/ Crucian carp
(Carassius carassius) 10 000 2(20) 2(20) 0(0)
Vimba/ Vimba bream
(Vimba vimba) 24 13 (54) 1(4.2) 1(4.2) 0(0)
Asaris/ Perch
(Perca fluviatilis) 11 5 (46) 2(18.2) 2(18.2) 1(9.1)
Plicis/ Silver bream
(Blicca bjoerkna) 25 14 (56) 5 (20) 5 (20) 0 (0)
Rudulis/ Rudd
(Scardinius 6 0(0) 0(0) 0 (0) 0 (0)
erythrophthalmus)
Citas zivju sugas/ Other
fish species (linis/ tench
(Tinca tinca), karpa/ 5 3(60) 000 0(0) 0(0)
carp (Cyprinus carpio))
Kopa/ Total 135 45(33.3) | 15(11.1) | 15(111) 4 (3.0)

Augstaka Y. enterocolitica prevalence tika konstatéta citas zivju sugas
(60%), bet zemaka raudas (7.1%). Y. frederiksenii biezak sastopama bija pli¢os
(20%), un retak vimbas (4.2%), tikmér Y. intermedii biezak kartisas un pli¢os
(20%), bet retak vimbas (4.2%). Y. kristensenii prevalence augstaka bija asaros
(9.1%), bet zemaka raudas (3.6%). Yersinia spp. netika konstatéta neviena no
analiz€tajiem rudulu paraugiem.
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SECINAJUMI

1. Higiénas indikatormikroorganismu daudzums (baktériju kopskaits,
Enterobacteriaceae dzimtas baktériju daudzums, fekalo koliformu
daudzums un psihrotrofo mikroorganismu daudzums) dazados audos
asaros, plicos un zuSos KiSezera, Usmas ezera un Sivera ezera bija
atskirigs. No analiz€tajam zivju sugam bitiski zemaka (p<0.05) higi€nas
indikatormikroorganismu vidgja vértiba Zaunas, uz adas un zarnas bija
zusos neka plicos un asaros. Fekalo koliformu daudzums zivis Usmas
ezera Kurzeme un Sivera ezera Latgal€ bija mazaks neka KiSezera Riga.

2. Bakteriju kopskaita un Enterobacteriaceae dzimtas bakteriju daudzums
dazadam zivju sugam mazumtirdznieciba bija atSkirigs. Baktériju
kopskaita vidgja vertiba raudas (6.04 logio KVV cm?) | breksos
(6.05 logio KVV cm?) un vimbas (6.12 logio KVV cm?) bija bitiski
mazaka (p<0.05) nekda plios (6.94 logio KVV cm?) un rudulos
(7.51 logio KVV cm?). Enterobacteriaceae vidgjais daudzums vimbas
(1.93 logio KVV cm?) bija biitiski mazaks (p<0.05) neka raudas
(3.29 logio KVV cm?) un kariisas  (3.66 logio KVV cm?).  Zivis
mazumtirdznieciba bija augsta Escherichia coli prevalence (30%,
40/135), kas liecina par fekala piesarnojuma klatbitni, un var noradit uz
patogéno bakteriju klatbiitni zivis.

3. Zivis Salmonella gints bakterijas nebija sastopamas. Listeria spp. un
Yersinia spp. tika konstatétas zivis mazumtirdznieciba, bet netika
atrastas ezeru zivis. No Listeria sugam visbiezak tika atrastas Listeria
monocytogenes (26%, 35/135), kam seko L. innocua (25%, 34/135),
L. welshimeri (15%, 20/135), L. seeligeri (10% 14/135) un L. ivanovii
(7%, 10/135). Tikmér no Yersinia gints sugam visbiezak bija sastopama
Y. enterocolitica (33%, 45/135), tad Y. frederiksenii (11%, 15/135) un
Y. intermedii (11%, 15/135), bet visretak Y. kristensenii (7%, 10/135).

4. Zivis mazumtirdznieciba tika konstatétas Listeria monocytogenes
serogrupas Ila, IIb un IVb, kas var but potenciali patogéni un radit
apdraud&jumu cilvéku veselibai. Lai gan no zivim mazumtirdznieciba
tika izoléta Yersinia enterocolitica, tomér visi Y.enterocolitica celmi
piedergja biotipam 1A, kas biezi sastopams apkartgja vidé un netiek
uzskatits par cilvékiem patogénu.
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PRIEKSLIKUMI

1. Bakterialo partikas infekciju ierosinataji Listeria monocytogenes

patogénie celmi ir sastopami svaigads zivis mazumtirdznieciba, tade]
cilvekiem, kuri uztura lieto zivju produktus, jaizvairas lietot svaigas vai
nepietickami pagatavotas zivis, lai nove@rstu patog€no baktériju
uznemsSanu. Tapat arT jaievero labu virtuves higi€nu, apstradajot svaigas
zivis, turklat janovér§ krusteniska kontaminacija ar patog€najam
bakterijam.

Partikas infekciju ierosinataju klatblitne ezeru zivis netika konstatéta.
Tade] pasa uzmaniba japievers atbilstoSiem higi€nas apstakliem un
uzglabasanas temperatliras reZimam péc zivju nozvejas, transporté$anas
un parstrades laika, péc parstrades un mazumtirdznieciba, tadejadi radot
vidi, kada bakterialo partikas infekciju ierosinataji nav sp&jigi vairoties.

Higiénas indikatormikroorganismu daudzums svaigas zivis neatspogulo
Salmonella spp., Listeria spp. un Yersinia spp. sastopamibu, tade| zivju
mikrobiologiska droSuma noteikSanai janosaka patogéno baktériju
sastopamiba.
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INTRODUCTION

Topicality of the study

Fish is a nutrient-rich part of a healthful diet, and fish consumption is
associated with potential health benefits. The various beneficial effects of fish
have been attributed to high amount of fatty acids, protein, vitamins and
minerals. However, along with the benefits provided from fish consumption,
potential health risks of eating contaminated fish might be present. Fish and
products thereof is responsible for an important proportion of foodborne illness
and outbreaks in European Union (EFSA, 2016; EFSA, 2013).

One of the infectious agents associated with foodborne illness include
bacteria. Psychrotrophic bacteria or psychrotrophs are able of growing at
temperatures at or close to zero degree Celsius. Psychrotrophs are distributed in
environment and in food. Pathogenic psychrotrophs such as Listeria
monocytogenes and Yersinia enterocolitica may grow in food under
refrigeration and can pose a threat to public health. Salmonella is a pathogen
that causes human foodborne illness salmonellosis. Salmonellosis is the second
most commonly reported foodborne infection in European Union in 2015,
followed by listeriosis caused by Listeria monocytogenes. Yersiniosis is the
fifth most common foodborne disease in European Union in 2015 (EFSA,
2016).

The purpose of our study was to analyse hygiene indicators and
psychrotrophic pathogens in fish from eutrophic lakes and in fish from retail in
Latvia.

Objectives of the study
1. To analyse the hygiene indicators on gills, skin and in gut of fish from
Lake Kisezers, Lake Usmas and Lake Stvers.
2. To analyse the hygiene indicators of fish collected from retail.

3. To detect the prevalence of Salmonella spp., Listeria spp. and Yersinia
spp. in fish from lakes and at retail.

4. To identify the serogroups of Listeria monocytogenes and biotypes of
Yersinia enterocolitica strains isolated from fish.
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Scientific novelty of the study

. The comprehensive detection of hygiene indicators and foodborne
pathogens in fresh fish from lakes and retail was completed for the first
time in Latvia.

. The serogroups of Listeria monocytogenes and biotypes of Yersinia
enterocolitica strains isolated of fish lakes and at retail were analysed.

. The present study complements the research database of microbial
safety of food in Latvia.

Approbation of the results of research
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MATERIAL AND METHODS

In this study microbial examination of fresh fish from lakes and from
retail in Latvia was done during June 2014 and February 2015. Fish samples
were investigated in laboratories of Institute of Food Safety, Animal Health and
Environment ,,BIOR” and in laboratory of Institute of Food and Environmental
Hygiene, Faculty of Veterinary Medicine, Latvia University of Agriculture.

Collection of fish samples

Fish samples analysed in this study were collected from lakes and at
retail in Fish Pavilion in Riga Central Market. All samples obtained represents
fish that were intended for human consumption. The sampling of fish was
organised during the catch season of fish species.

Fish samplings were conducted in three lakes in Latvia - Lake Usmas in
Kurzeme, Lake Sivers in Latgale and Lake KiSezers in Riga. The lakes were
selected to be representative of regions in Latvia, including the capital of
Latvia. Besides, the lakes provide habitat for eel (Anguilla anguilla), are one of
the largest lakes by surface area in Latvia, and are used for fishing.

From lakes, an amount of 59 fish samples were collected between June
and October 2014. The following fish species have been collected — eel
(Anguilla anguilla (n=30)), perch (Perca fluviatilis (n=21)) and silver bream
(Blicca bjoerkna (n=8)).

During the study, fish of nine species comprising 135 individuals were
sampled from retail. Fish samples at retail were collected multiple times during
October and December in 2014. Fish species belonged to roach (Rutilus rutilus
(n=28)), freshwater bream (Abramis brama (n=26)), silver bream (Blicca
bjoerkna (n=25)), vimba bream (Vimba vimba (n=24)), perch (Perca fluviatilis
(n=11)), crucian carp (Carassius carassius (n=10)), rudd (Scardinius
erythrophthalmus (n=6)), tench (Tinca tinca (n=3)), and carp (Cyprinus carpio
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(n=2)). Because of the limited number of tench and carp samples, they were
ranked together under the ,,other fish species” (n=5).

During October in 2014 and February in 2015 multiplex PCR
serogrouping was performed for the strains of L. monocytogenes isolated from
fish. Meanwhile, for isolated Y. enterocolitica strains biotypes were
determined.

Sampling of eel form lakes was carried out using trap. In the same day,
eel samples were transported to the laboratory in a container filled with water
from lake. In laboratory of Institute ,,BIOR”, eels were killed by a sharp blow
on the head. Meanwhile, perch and silver bream samples from lakes were
collected using net, placed into sterile plastic bag, and transported to the
laboratory in an insulated box with a cool pack. Fish from retail were collected
in plastic bags and transported to the laboratory in an insulated box with a cool
pack. Samples were processed in the same day of collection.

The preparation of the samples of fish gills, skin, gut and pooled samples

For microbial analysis, the various samples of fish body tissue were
collected. The samples of fish gills, skin and gut, as well as pooled sample of
each fish was prepared in the laboratory of Institute of food safety, animal
health and environment ,,BIOR”.

For perch and silver bream collected from lakes the gill samples from
each fish were removed aseptically with sterile forceps and scissors. An amount
not less than 1 g of gill was investigated. For eel, gill samples were collected
with swab moisturized with 0.1% peptone water (Biolife Italiana S.r.1, Italy) by
covering surface of gill.

The gut samples from perch and silver bream from lakes were collected
by opening with the scalpel abdominal cavity of fish, and aseptically separating
gut using sterile scalpel and scissors. Not less than 1 g of gut was sampled form
each fish. For eel, abdominal cavity and gut was opened aseptically. Samples of
ell gut were collected with swab moisturized with 0.1% peptone water by
covering the lumen of gut. Skin samples of each fish from lakes and market
were collected with abrasive sponge moisturized with 0.1% peptone water by
covering a 25 cm? area of fish skin.

For bacteriological analysis serial 10-fold dilutions of initial gill, skin
and gut samples were prepared. Fish skin, gill and gut samples of each fish
were investigated separately for total bacterial count, Enterobacteriaceae, fecal
coliforms, psychrotrophic bacteria count or the presence of E. coli.
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A pooled sample of 25+1 g of skin, musculature and intestines of each
fish was used for Salmonella spp., Listeria spp. and Yersinia spp. detection.
Samples were collected aseptically using sterile forceps and scalpel, and placed
into a sterile stomacher bag.

Detection of hygiene indicators of fish

In this study in fish from lakes total bacterial count, Enterobacteriaceae,
fecal coliforms and psychrotrophs were determined. Meanwhile, total bacterial
count, Enterobacteriaceae and the prevalence of E. coli were analysed in fish
collected from market.

Total bacterial count and Enterobacteriaceae were detected according to
the 1SO 4833 (Anonymous, 2003a) and 1SO 21528-2 (Anonymous, 2004),
respectively. Briefly, 1 ml of each decimal dilution were transferred into
duplicate plates of Plate Count Agar (PCA, Biolife) for detection of TBC and
into Violet Red Bile Glucose Agar (VRBG, Biolife) for detection of
Enterobacteriaceae. Inoculated PCA and VRBG plates were incubated at 30 °C
for 72 h and 37 °C for 24 h, respectively. Further, enumeration of colony
forming units was done.

For detection and enumeration of fecal coliform the method of 1SO 4832
was applied (Anonymous, 1991). An amount of 1 ml of each decimal dilution
were transferred into duplicate plates, overlaid with Violet Red Bile Lactose
Agar (VRBLA), and incubated at 44+1 °C for 24 h, followed by identification
and manual counting of typical colonies.

Psychrotrophic bacteria were determined according to ISO 17410
(Anonymous, 2001). An amount of 1 ml of each dilution transferred into
duplicate plates of Plate Count Agar (PCA, Biolife Italiana S.r.I, Milan, Italy).
For psychrotrophic bacteria enumeration, the PCA plates were incubated at
21 °C for 3 to 5 days. PCA plates were examined to evaluate bacterial colonies
morphology, followed by manual counting of colonies according to the ISO
requirements.

The detection of E. coli was performed according to ISO 7251
(Anonymous, 2005). An amount of 1 ml from each decimal dilution (from 107*
to 107%) of the sample inoculated into 10 ml lauryl sulphate broth (Biolife). The
tubes were incubated at 37 °C and after 24 h examined for gas production. Gas-
negative tubes were re-incubated for an additional 24 h and reactions examined
again. One 10-pul loopful of material from each tube with positive gas formation
was inoculated into a tube containing 10 ml of Escherichia coli (EC) broth
(Biolife), incubated at 44 °C for 24-48 h and examined for the presence of gas
production. After evaluation, gas positive EC broth tubes were transferred in
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tripton water (TW, Biolife) and further incubated at 44 °C for 48 h. Finally, the
indole test was performed for the presence of E. coli.

Detection of Salmonella spp., Listeria spp. and Yersinia spp.

In our study the presence of Salmonella spp., Listeria spp. and Yersinia
spp. in fish samples from lakes and market was analysed. Samples for detection
of Salmonella spp., L. monocytogenes and Yersinia spp. were pooled samples
of skin, musculature and intestinal tract of each fish. Samples were collected
aseptically using sterile forceps and scalpel, and placed into a sterile stomacher
bag.

The detection of Salmonella was done according to ISO 6579
(Anonymous, 2002). A total of 25 g of each sample were homogenized with
225 ml of buffered peptone water (Biolife) in stomacher for 60 s and
suspension was incubated at 37 °C for 18 h. A 10 pl loopful of pre-enrichment
broth after incubation was transferred into Rappaport Vassilliadis broth (RV,
Biolife) and Mueller-Kaufmann tetrathionate novobiocin broth (MKTTn,
Biolife). The RV broth was incubated at 41.5 °C for 24 h, while MKTTn broth
at 37 °C for 24 h. An amount of 0.1 ml of incubated material from each broth
was plated to xylose lysine desoxycholate agar (XLD, Biolife) and brilliant
green agar (BGA, Biolife), incubated at 37 °C for 24 h and examined for the
presence of presumptive colonies.

For detection of Yersinia spp. an amount of 259 of sample was
transferred into peptone sorbitol bile salt broth and incubated 24 h at 22 °C
(Anonymous, 2003b). After incubation, 0.1 ml of suspension was plated out
onto CIN agar (Biolife) with and without treatment with 0.5% KOH prior to
plating. CIN plates were incubated at 30 °C for 24-48 h and examined for the
presence of Yersinia colonies. Presumptive colonies were confirmed with API
20E kit (BioMérieux, Marcy 1’Etoile, France), according to the manufacturer’s
instructions. All Y. enterocolitica biotypes were determined according to
Wauters et al. (1987).

For L. monocytogenes detection, an amount of 25 g of sample was added
to 225 ml Half-Fraser broth (HF, Biolife) followed by homogenization for 60 s
in a stomacher and incubation for 24 h at 30 °C according to ISO 11290-1
(Anonymous, 1996). Thereafter 0.1 ml aliquots of the HF broth were
transferred to 9 ml of Fraser broth (Biolife) and incubated at 37°C for 48 h. An
amount of 0.1 ml of both, Half-Fraser and Fraser enrichments were streaked
onto Agar Listeria according to Ottaviani and Agosti (ALOA, Biolife) and
Oxford agar (Biolife). After an incubation period of 24-48 h at 37 °C, the
selective agar plates were examined for the presence of the characteristic
colonies of L. monocytogenes - blue-green colonies surrounded by an opaque

42


http://www.sciencedirect.com/science/article/pii/S0168160514005261

halo on ALOA agar. Suspicious colonies on ALOA agar were Gram stained,
tested for B-haemolysis, motility and catalase activity followed by biochemical
identification with the API Listeria system (BioMérieux, Mancy I’Etoile,
France), according to the manufacturer’s instructions.

Detection of L. monocytogenes serogroups by multiplex PCR

For the strains of L. monocytogenes isolated from fish PCR
serogrouping was performed. A multiplex PCR and PCR for detection of flaA
gene encoding flagellar protein were used to identify L. monocytogenes
serogroups (Kérouanton et al. 2010, Doumith et al. 2004). PCR was carried out
in 25 pl amplification mix, containing 1 pl of tested DNA, 15.6 ul RNase free
water (Qiagen, Germany), 1X fast-start Buffer without MgClz, 2 mM MgCl,
(Thermo Scientific, Lithuania), 0.2 mM dNTP mix (Qiagen, Germany), 1 U
recombinant Taq polymerase (Thermo Scientific, Lithuania) and 0.4 uM of
each primer: Imo0737-F, Imo0737-R, Imo1118-F, Imo1118-R, ORF2110-F,
ORF2110-R, ORF2819-F, ORF2819-R, 0.1 uM of prs-F, prs-R, and 0.2 uM of
lip-F, and lip-R (Table 1). For detection of flaA gene a master mix consisted of
2 pl tested DNA, 12.1 pl RNase free water (Qiagen, France), 1X fast-start
Buffer without MgCl,, 4 mM MgCl; (Thermo Scientific, Lithuania), 0.2 mM
dNTP mix (Qiagen, France), 1 U of recombinant Tag polymerase (Thermo
Scientific, Lithuania) and 0.8 pM of each primer: flaA-F and flaA-R (Table 1).
Multiplex PCR and PCR for detection of flaA gene was performed in a thermo
cycler (Applied Biosystems) with an initial denaturation step of DNA at 94 °C
for 3 min continued by 40 cycles at 94 °C for 30 s, 40 s at 61 °C, and 60 s at 72
°C followed by one final extension at 72 °C for 7 min. Results of amplification
of PCR products were read by capillary electrophoresis system Qiaxcel
Advanced (Qiagen, Hilden, Germany).

Statistical analysis

Statistical analysis was performed using Microsoft Excel 2010. To
compare the count of Enterobacteriaceae, fecal coliforms, psychrotrophs and
total bacterial count the one-way analysis of variance (ANOVA) followed by
Tukey-Kramer test was performed on the CFU/g or CFU/cm? data. p-values <
0.05 were considered significant. Listeria monocytogenes and Yersinia
enterocolitica data was subjected to the chi-square test.
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RESULTS AND DISCUSSION

The microbial quality of fish samples from lakes and at retail in Latvia
in this study was described by indicator microorganism detection, including
total bacterial count, Enterobacteriaceae, fecal coliforms, psychrotrophs, and
E. coli. Also, potential health risk for humans represented by pathogenic
bacterial contamination was proved by detection of Salmonella spp., Listeria
spp. and Yersinia spp.

Hygiene indicators of fish from lakes

Overall, total bacterial count across perch (Perca fluviatilis), silver
bream (Blicca bjoerkna) and eel (Anguilla anguilla) from Lake Kisezers, Lake
Usmas and Lake Sivers ranged from 0.00 logio CFU g to 8.71 logio CFU g
Total bacterial count on gills, skin and in gut of perch, silver bream and eel are
shown in table 1.

Total bacterial count on gills of perch, silver bream and eel ranged from
0.60 logio CFU g* to 8.40 logio CFU g. An average total bacterial count on
gills was the highest in perch (7.21 logio CFU g?), but the lowest in eel
(4.04 logio CFU g1). Total bacterial count on skin ranged from 1.04 to
8.71 logio CFU g*. An average count on skin the highest was in silver bream
(7.72 logio CFU g1), but the lowest in eel (4.14 logio CFU g*). Total bacterial
count in gut of perch, silver bream and eel ranged from 0.00 to
8.28 logio CFU g. An average total bacterial count the highest was in gut of
silver bream (7.31logic CFU g?%), but the lowest in gut of eel
(3.38 logio CFU g?).

Differences in the levels of microbial contamination among various fish
species may be related to ecology of fish, feeding habits, migration, and
microbial contamination of aquatic environment. Mudarris and Austin (1988)
and Al-Harbi and Uddin (2005) reported the results of total bacterial count in
fish. Mudarris and Austin (1988) examined the gills of turbot (Scopthalmus
maximus) from the fish farm. Authors reported that total bacterial count on gills
of turbot was 5.84 logio CFU g%, and this count was lower than in our study.
Al-Harbi and Uddin (2005) reported that total bacterial count ranged from 7.44
to 8.00 logio CFU g in gut, and from 5.93 to 6.32 logio CFU g in gills of
tilapia (Oreochromis niloticus), which coincides with our results according to
contamination of perch and silver bream. Al-Harbi and Uddin (2005) suggested
that environmental conditions and types of aquaculture can contribute to the
microbial contamination of fish.

Enterobacteriaceae count ranged from 0.00 to 7.67 logio CFU g on
gills, skin and in gut of perch, silver bream and eel from lakes (table 2).
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Enterobacteriaceae on gills of perch, silver bream and eel ranged from 0.00 to
7.67 logio CFU g. The mean Enterobacteriaceae count was the highest on
gills of silver bream (4.76 logio CFU g?), while the lowest on gills of eel
(2.71 logio CFU gh).

Enterobacteriaceae count ranged from 1.00 to 7.30 logio CFU g on
skin of fish from lakes. The mean Enterobacteriaceae count the highest was on
skin of perch, while the lowest on skin of eel, 5.81 and 1.87 logio CFU g

In gut of fish from lakes Enterobacteriaceae count ranged from 0.00 to
7.52 logio CFU g. The highest Enterobacteriaceae mean count was in gut of
perch (4.86 logio CFU g ), but the lowest in gut of eel (1.57 logio CFU g™2).
Enterobacteriaceae count on skin and in gut of eel was significantly lower
(p<0.05) than of perch and silver bream. Also, Gonzalez et al. (1999) reported
low Enterobacteriaceae count in fish from cold and unpolluted waters.

Fecal coliform count on gills, skin and in gut of perch, silver bream and
eel from lakes is shown in table 3.

Fecal coliforms on gills of perch, silver bream and eel ranged from 0.00
to 5.11 logio CFU g. On gills the highest fecal coliform average count was in
perch (3.51 logio CFU g1), while the lowest in eel (1.26 logio CFU g2).

The number of fecal coliforms on skin ranged from 0.00 to
6.74 logio CFU g*. Fecal coliform average count the highest was on skin of
silver bream (5.29 logio CFU g), but the lowest on skin of eel
(0.64 logio CFU g1). Meanwhile, in gut fecal coliform count ranged from 0.00
to 6.80logio CFUg?, but mean count the highest was in perch
(4.07 logio CFU g1), and the lowest in eel (0.25 logio CFU g).

Significant differences (p<0.05) was detected between fecal coliform
count on skin, gills an in gut of perch, also on gills and skin of silver bream,
and on gills and in gut of eel.

The contamination of fish with fecal coliforms might be related with
contamination of aquatic environment. Also, other authors reported
contamination with fecal coliforms on gills, skin and in gut of fish (Geldreich,
Clark, 1966; El-Shafai et al., 2004). El-Shafai et al. (2004) detected fecal
coliforms on gills of Nile tilapia (Oreochromis niloticus) in aquaculture ponds.
Authors suggested that contamination might be related to the morphology of
gills, and volume of water flow over the gills. Geldreich and Clark (1966)
reported that fecal coliform count in gut ranged from 1.37 logio CFU g of
bluegill (Lepomis macrochirus) to 6.04 logio CFU g* of channel catfish
(Ictalurus lacustris punctatus) in The Little Miami River in USA at
temperatures ranging from 13 to 18 °C. Authors concluded that contamination
with fecal coliforms of fish might be affected by feeding habits of fish and
water pollution.
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Psychrotroph count on gills of perch, silver bream and eel ranged from
1.15 to 7.64 logio CFU g (table 4). Psychrotroph mean count on gills the
highest was of perch (5.60 logio CFU g?'), while the lowest of eel
(3.97 logio CFU g). Psychrotrophs count on skin ranged from 4.34 to
5.40 logio CFU g*. The highest psychrotroph mean count was detected on skin
of perch, but the lowest on skin of eel, 657 and 5.58 logi CFU g7,
respectively. Meanwhile, in gut psychrotroph count ranged from 1.00 to
7.43 logio CFU g%, and psychrotroph average count the highest was in silver
bream (6.03 logio CFU g1), but the lowest in eel (4.14 logio CFU g?).

Psychrotroph count on gills and in gut of eel was significantly lower
(p<0.05) than on gills of perch, and in gut of perch and silver bream. Contrary
to our study, Scherer et al. (2006) found lower psychrotroph count
(3.00 logio CFU g?) on skin of grass carp (Ctenopharyngodon idella) from fish
farm. High contamination level of fish by psychrotrophs might be related to
low ambient temperature that contributed to psychrotroph multiplication
(Dalgaard, 2003). Carrascosa et al. (2015) studied microbial indicators of gilt-
head bream caught in temperate waters around Canary Islands. Authors
revealed that microbial contamination the highest was on gills, followed by
skin, while muscle tissues contain the least numbers of microbes.

Also, other authors studied microbial contamination of various tissues of
fish (Mandal et al., 2009; Balasubramanian et al., 1992). Mandal et al. (2009)
investigated microbial contamination of gills, gut and muscles of fish. Authors
found that total bacterial count was the highest in gut (4.95 logio CFU g?) of
Nile tilapia (Oreochromis niloticus), while fecal coliforms the highest was on
gills (2.48 logio CFU gl). Huss (1994) suggested that fecal coliforms were not
an indigenous microbiota in gut of fish. Presence of fecal coliforms in gut of
fish might be associated with poor water quality. Balasubramanian et al. (1992)
reported results on microbial contamination in several fish species obtained
from fish farm. Authors revealed that microbial contamination the highest was
in gut, followed by skin, gills, and muscles. The results of this study showed
higher microbial contamination level of detritivorous fish feeding on non-living
organic food mainly near the bottom of water body. Meanwhile, microbial
contamination was lower of plankton feeder fish feeding in pelagic zone of
water body.

Hygiene indicators of fish from Lake KiSezers,
Lake Usmas and Lake Sivers

Total bacterial count on gills, skin and in gut of perch, silver bream and
eel from Lake KiSezers, Lake Usmas and Lake Sivers was distinct (Table 5).
Total bacterial mean counts the highest was on gills of silver bream
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(8.15logio CFU g1) from Lake Sivers, but the lowest on gills of eel
(2.40 logio CFU g1) from Lake Usmas. On skin total bacterial count ranged
from 1.04 to 8.71 logio CFU cm2. Total bacterial mean counts the highest was
on skin of silver bream (7.87 logio CFU cm?) from Lake Usmas, while the
lowest on skin of eel (2.51 logio CFU cm?) from Lake Usmas. Total bacterial
mean count in gut the highest was of silver bream from Lake Sivers, but the
lowest of eel from Lake Usmas (7.47 and 2.16 logio CFU gl).

Table 5

Total bacterial count of perch (Perca fluviatilis), silver bream (Blicca
bjoerkna) and eel (Anguilla anguilla) in Lake Kisezers,
Lake Usmas and Lake Sivers

Gills Skin Gut
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KSogars|PEICN | 4 [5.08+0.90]4.11-6.28 | 5.61:+0.21 |5.34-5.84[ 6.31+1.53|4.36-7.84
: eel 10 ]3.86+2.699 0.60-6.65 |4.88=2.17¢| 2.20-7.38|3.22=1.820.00-5.90
perch | 13 [6.32+1.18] 3.78-8.00 | 7.80+0.43 | 7.04-8.51|6.67+1.04 | 4.62-7.96
Usmas Z'r';’:r; 5 |6.64+1.18|5.41-8.08 | 7.87+0.69 |6.89-8.61|7.21+0.53 | 6.58-8.28
cel 11 .40+0.679 1.26-3.76 |2.51+0.85%1.04-3.93|2.16-0.447 1.45-2.78
perch | 4 [6.51+1.19] 5.46-7.68 | 6.99+0.21 |6.81-7.30 6.39+1.28 | 4.48-7.15
Sivers Z'r';’aer; 3 [8.15+0.32| 7.79-8.40 | 7.471.09 |6.69-8.71| 7.47+0.74 | 4.95-5.83
cel 9 [6.25+0.43| 5.53-6.88 |5.32+0.53¢|4.32-6.04| 5.05=1.32 | 3.30-6.84

2 Total bacterial count of gills of eel in KiSezers was significantly lower (p<0.05) than of gills of perch and eel in
Lake Sivers, and of perch and silver bream in Lake Usmas

b Total bacterial count of gills of eel in Lake Usmas was significantly lower (p<0.05) than of gills of perch and
silver bream in Lake Usmas, of perch and eel in Lake Sivers, and of eel in KiSezers

¢ Total bacterial count on skin of eel in KiSezers was significantly lower (p<0.05) than on skin of silver bream in
Lake Sivers, and eel and silver bream in Lake Usmas

dTotal bacterial count on skin of eel in Lake Usmas was significantly lower (p<0.05) than of perch, silver bream
and eel in Lake Sivers, of perch and silver bream in Lake Usmas, and of perch and eel in KiSezers

¢ Total bacterial count on skin of eel in Lake Sivers was significantly lower (p<0.05) than of perch and silver
bream in Lake Usmas

fTotal bacterial count of gut of eel in Lake Usmas and in KiSezers was significantly lower (p<0.05) than of perch,
silver bream and eel in Lake Sivers, of perch and silver bream in Lake Usmas, and of perch in Kisezers

Enterobacteriaceae  mean count the highest was on gills
(5.26 logio CFU g*) and in gut (6.32 logio CFU gt) of silver bream from Lake
Stvers, but on skin of perch (6.85 logio CFU cm?) from Lake Usmas (table 6).
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Table 6

Enterobacteriaceae count of perch (Perca fluviatilis), silver bream (Blicca
bjoerkna) and eel (Anguilla anguilla) in Lake KiSezers,
Lake Usmas and Lake Sivers

Gills Skin Gut
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Kisezers [perch | 4 |1.65+1.3041.00-3.60|2.46+1.68"1.00-4.04|1.96+2.02 |0.85-4.99
eel 10 |2.22+1.63%0.00-3.90[2.27+2.160.00-4.86 | 1.27+1.40|0.00-3.78
Usmas [perch | 13 |4.63+1.80|0.30-7.366.85+0.45 |5.64-7.30|5.56+1.339/3.25-7.52

Z'r';’:;] 5 [4.46+2.05|2.46-7.67|5.74+0.43 [5.15-6.17|5.68+0.914 4.74-6.86

eel 11 |1.32+0.53?0.48-2.23|0.41::0.400.00-1.08 | 1.21+0.80 |0.00-1.92
Sivers |perch | 4 |5.02+0.63]|4.54-5.94|5.78+1.03|4.79-6.89|5.49+1.78¢3.43-7.11

Z'r';’:;] 3 |5.26+0.50|4.95-5.83|4.80=1.11|3.90-6.04[6.321.11¢|5.04-6.97

eel 9 14.95+0.64(4.08-6.00(3.22+0.53¢2.34-4.15|2.33+1.19{0.00-4.20
& Enterobacteriaceae count of gills of perch and eel in KiSezers and of eel in Lake Usmas was
significantly lower (p<0.05) than of gills of perch, silver bream and eel in Lake Sivers, and of gills
of silver bream in Lake Usmas

b Enterobacteriaceae count on skin of eel in Lake Usmas, and on skin of eel and perch in Lake
Kisezers was significantly lower (p<0.05) than on skin of perch, silver bream in Lake Usmas, and
of perch in Lake Stvers

¢ Enterobacteriaceae count on skin of eel in Lake Sivers was significantly lower (p<0.05) than on
skin of perch and silver bream in Lake Usmas, and of perch in Lake Sivers, and significantly higher
(p<0.05) than on skin of eel in Lake Usmas

9 Enterobacteriaceae count of gut of perch and silver bream in Lake Usmas was significantly higher
(p<0.05) than of eel in Lake Usmas, and of perch and eel in KiSezers and in Lake Sivers

¢ Enterobacteriaceae count of gut of perch and silver bream in Lake Sivers was significantly higher
(p<0.05) than of eel in Lake Sivers and Lake Usmas, and of perch and eel in Kisezers

Meanwhile, Enterobacteriaceae mean count the lowest was on gills,
skin and in gut of eel from Lake Usmas (1.32 logio CFU g7,
0.41 logio CFU cm™ and 1.21 logio CFU g, respectively).

Fecal coliform average count on gills the highest was of perch from
Lake KiSezers, but the lowest on gills of eel from Lake Usmas (4.19 and
0.54 logio CFU g%, respectively).

Fecal coliform count of perch, silver bream and eel from Lake KiSezers,
Lake Usmas and Lake Sivers is shown in table 7.
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Table 7

Fecal coliform count of perch (Perca fluviatilis), silver bream (Blicca
bjoerkna) and eel (Anguilla anguilla) in Lake KiSezers,
Lake Usmas and Lake Sivers

Gills Skin Gut
R - % o £ - %
QL o ' ' E E v

o e o e o e o

£ g8 E| B85 iS5 | 289 I 25 >

< &G | o H L =L H 2 =2 Ao =L

4 | =|s5| g0 EO e EY SO EOC

2 S L 3 o 9 LS L o L g o S

“12| 28 | 28| 23| 25| 258 | 28

= S = ks) S © = S =

@ @ [a e

tsogors PEICN| 4 [4.19:0.154.04-4.40]  ND ND ND ND
’ eel 10 | 0.86+0.87 [0.00-2.04|1.27+1.18| 0.00-2.96 | 0.22+0.50 |0.00-1.11
perch| 13 [3.31+1.38"0.00-5.11[5.16+1.179 4.00-6.74 |4.07+1.709]0.00-6.80
Usmas Z'r';’aer; 5 [3.32+0.67"2.43-4.20(5.29+0.52¢ 4.76-6.04 | 3.96+:0.919|3.04-5.20
eel 11 |0.54+0.71 {0.00-1.92|0.34+0.59| 0.00-1.74 | 0.00+0.00 |0.00-0.00
Sivers |eel 9 |2.37+1.36"°0.00-3.68|0.67+0.59| 0.00-1.60 | 0.56+1.17 {0.00-3.23

ND — No data, inappropriate sample size

2 Fecal coliform count of gills of perch in KiSezers was significantly higher (p<0.05) than of perch,
silver bream and eel in Lake Usmas, and of eel in Lake Sivers

P Fecal coliform count of gills of eel in Lake Sivers and of perch and silver bream of Lake Usmas
was significantly higher (p<0.05) than of eel in KiSezers and Lake Usmas

¢ Fecal coliform count on skin of perch and silver bream in Lake Usmas was significantly higher
(p<0.05) than of eel in Kisezers, Lake Usmas, and Lake Sivers

4 Fecal coliform count of gut of perch and silver bream in Lake Usmas was significantly higher
(p<0.05) than of eel in KiSezers, Lake Usmas, and Lake Sivers

Fecal coliform average count on skin was the highest of silver bream
from Lake Usmas, but the lowest on eel from Lake Usmas (5.29 and
0.34 logio CFU cm?, respectively). Fecal coliform average count in gut was
the highest of perch (4.07 logio CFUg?), but the lowest of eel
(0.00 logio CFU g?) from Lake Usmas.

Significant differences (p<0.05) in contamination of gills by fecal
coliforms between eel from Lake Sivers, Lake Usmas and perch, silver bream
from Lake Usmas, and eel, perch from Lake KiSezers. Fecal coliform count on
skin of perch and silver bream from Lake Usmas was significantly higher

(p<0.05) than of eel from lakes.

Psychrotroph mean count on gills the highest was detected of perch
(5.71 logio CFU gt) from Lake Usmas, but the lowest of eel from Lake Usmas
(2.24 logio CFU g?). Psychrotroph count of perch, silver bream and eel from
Lake Kisezers, Lake Usmas and Lake Sivers is shown in table 8.
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Table 8

Psychrotrophic bacteria count of perch (Perca fluviatilis), silver bream
(Blicca bjoerkna) and eel (Anguilla anguilla)
in Lake KiSezers, Lake Usmas and Lake Sivers

" Gills Skin Gut
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: eel | 10 [5.00+0.0045.00-5.00|5.00+0.00|5.00-5.00] 3.741.60 | 1.00-5.00
berch | 13 |5.71%1.12|3.30-7.64]6.69+0.6995.50-7.61| 5.78+1.01 9| 4.50-7.43
Usmas Z'r';’:rz] 5 [5.62+0.92|4.58-6.79|6.42+0.4395.87-6.91| 6.27+0.51 9| 5.56-6.81
el | 11 2.24+0.679151-3.82/6.2240.4195.51-6.91| 2.76£0.92 | 1.73-5.08
perch | 4 |5.26+0.10/5.15-5.39] ND ND | 4.84+0.54 | 4.28-5.52
Sivers f)'r';’aer; 3 [5.13+0.25|4.95-5.30(5.50+0.14|5.40-5.60| 5.45:0.41 | 5.16-5.74
cel 9 [5.51=0.59|4.26-6.15|5.12=0.48| 4.34-5.66| 6.04+0.83° | 4.58-6.88

ND — No data, inappropriate sample size

2 Psychrotrophic bacteria count of gills of eel in Lake Kisezers was significantly lower (p<0.05)
than of perch and eel in Lake Sivers, and of perch in Lake Usmas

® Psychrotrophic bacteria count of gills of eel in Lake Usmas was significantly lower (p<0.05) than
of perch and silver bream in Lake Usmas, and of perch and eel in Lake Kisezers and Lake Sivers,
and of silver bream in Lake Sivers

¢ Psychrotrophic bacteria count on skin of perch, silver bream and eel in Lake Usmas was
significantly higher (p<0.05) than of silver bream and eel in Lake Sivers, and of eel in Lake
Kisezers

dPsychrotrophic bacteria count of gut of perch and silver bream in Lake Usmas, and of eel in Lake
Sivers was significantly higher (p<0.05) than of eel in Lake Kisezers and in Lake Usmas, and of
perch in Lake Sivers

On skin the highest psychrotroph mean count was of perch
(6.69 logio CFU cm?) from Lake Usmas, while the lowest of eel
(5.00 logio CFU cm?) from Lake Kisezers. In gut the highest psychrotroph
mean count was of silver bream, but the lowest of eel from Lake Usmas (6.27
and 2.76 logio CFU g%, respectively).

Hygiene indicators of fish at retail

Total bacterial count ranged from 3.00 to 8.65 logio CFU cmon skin of
various fish species at retail (table 9). The highest total bacterial mean count
was detected of rudd (7.51 logio CFU cm?), while the lowest of other fish
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species (4.61 logio CFU cm?). Significant differences (p<0.05) on total
bacterial count were detected between silver bream, rudd and roach, freshwater
bream, vimba bream.

A study by Svanevik et al. (2015) was conducted to investigate the
microbial quality of fish in processing plants and on fishing vessels. The fish
samples selected for this study belonged to various fish species — Atlantic
mackerel (Scomber scombrus), Atlantic herring (Clupea harengus), capelin
(Mallotus villosus), blue whiting (Micromesistius poutassou). Out of 510 fish
samples tested, total bacterial count ranged from <3.00 to 7.4 logi CFU g7,
and these results are lower than in our study on fish at retail.

Enterobacteriaceae count on fish at retail ranged from 0.00 to
5.20 logio CFU cm™. Enterobacteriaceae mean count the highest was on skin
of crucian carp (3.66 logio CFU cm™), but the lowest on other fish species
(1.40 logio CFU cm?). Significant difference (p<0.05) was detected between
Enterobacteriaceae count of vimba bream, roach and crucian carp.

Da Silva and Gibbs studied the microbiology of cold-smoked fish cold
stored in retail market of Portugal. Authors reported that Enterobacteriaceae
count of fish might be related to the technological processes used at the early
processing stage, contamination during smoking process or conditions and
temperature fluctuations in the retail. Enterobacteriaceae count on fish at retail
is shown in table 10.

The occurrence of E. coli ranged from 17.7 to 53.6% on skin of fish at
retail (table 11). The highest prevalence was detected in roach (53.6%, 15 from
28 samples). The lowest prevalence of E. coli was in vimba bream (12.5%,
3 from 24 samples). E. coli was not detected in any of other fish species.

Stollewerk et al. (2014) used the presence of E. coli as microbiological
quality indicators of fish based food products. Among several microbiological
criteria, E. coli was used as spoilage indicator bacteria. Authors demonstrated
that E. coli was not present in fish products during storage period for 27 days at
temperature 4 and 8 °C. Compared to our study, lower E. coli prevalence was
found by Elsaidy et al. (2015). These authors observed that E. coli was present
in 20% (3 of 15) of Nile tilapia (Oreochromis niloticus) samples after 60 days
growth in ponds experimentally treated with chicken manure.

Recently, E. coli prevalence was analysed in fish and products thereof
(Kim et al., 2017, Svanevik et al., 2015; Leisner et al., 2014, Van et al., 2008).
E. coli was isolated from fish samples collected from market in India and Costa
Rica (Thampuran et al., 2005; Marin et al., 2009). Costa (2013) suggested that
microbial contamination in coastal waters might spread also on fish. E. coli
occurrence and fish products may pose a threat to public health because E. coli
pathogenic strains could be present. Also, the presence of non-pathogenic
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E. coli strains requires attention as it could indicate to fecal contamination and
occurrence of other pathogens.

Prevalence of foodborne pathogens Salmonella spp.,
Listeria spp. and Yersinia spp. in fish

L. monocytogenes was isolated from 26% (35 of 135) of the fish samples
collected at retail market. Y. enterocolitica was detected in 33% (45 of 135) of
fish samples analysed. Meanwhile, Salmonella spp. was not found in any of
fish samples from retail (table 12).

From fish samples analysed, the highest prevalence of L. monocytogenes
(40%) was found in crucian carp (in 4 of 10 samples), while rudd (6 samples)
and other fish species (5 samples) were L. monocytogenes negative.
Y. enterocolitica more often was detected in other fish species (60%, in 3 of 5
samples) and in silver bream (56%, in 14 of 25 samples). Meanwhile,
Y. enterocolitica was not found in crucian carp (10 samples) and rudd (6
samples).

Gaertner et al. (2008) suggested that Salmonella spp. usually has not
been found in the composition of fish microbiota. However, several authors
detected the presence of Salmonella spp. in fish (Onmaz et. al., 2015; Yang et
al., 2015; Raufu et al., 2014; Busani et al., 2005; Davies et al., 2001). Recent
study by Onmaz et al. (2015) revealed that prevalence of Salmonella spp. was
10 % (3 of 30 samples) in European anchovy (Engraulis encrasicolus) and 6%
(2 of 35 samples) in rainbow trout (Oncorhynchus mykiss) collected from fish
market in Turkey. Yang et al. (2015) characterized the prevalence of
Salmonella in fresh fish from market in China and showed that Salmonella spp.
more often was detected in freshwater fish (18.6%, 43/231) compared to
saltwater fish (12.2%, 24/197). Contrary, Davies et al. (2001) did not found
Salmonella spp. in any of fish samples from retail enterprises in European
countries, and this result is in agreement with our study.

The presence of Salmonella spp. in fish might be related to poor
hygiene. Salmonella spp. might be spread in fish with contaminated water,
surfaces and tools during any stage of transportation, storage and trade.

The results of our study showed that prevalence of L. monocytogenes in
fish (26%, 35/135) at retail was considerably higher than in other European
countries. The prevalence of L. monocytogenes in fresh fish samples from
market in Northern Greece was 1% (Soultos et al., 2007). Meanwhile in fresh
fish at processing plants L. monocytogenes prevalence was reported 1.3%
(Svanevik et al., 2015) and 13.5% (Gudbjornsdottir et al., 2004), but 14.6% in
rainbow trouts from fish farm in Finland (Miettinen, Wirtanen, 2005). Latorre
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et al. (2007) examined fish and products thereof in Italy during years 1993 to
2004, and concluded that L.monocytogenes was absent in 154 samples
analysed.

A study by Hoffman et al. (2003) was conducted to investigate the
prevalence of L. monocytogenes in environmental samples (n=512) and in fresh
fish samples (n=312) from two fish processing plants. Fish samples for this
study belonged to whitefish from lakes, salmon from fish farms in Norway and
Chile, wild salmons from west coast of USA, and other fish. Authors revealed
that 22.5% (115/512) of environmental samples and 14.7% (46/312) of fish
samples were positive for L. monocytogenes. Also, it was observed that
L. monocytogenes subtypes in environmental samples from processing plants
and in fresh fish were different. Based on this investigation, it was concluded
that various sources might lead to contamination with L. monocytogenes.

In our study Y. enterocolitica prevalence in fish was 33% (45 of 135
samples). Previous study indicates that the prevalence of Y. enterocolitica was
lower (9%, 7/76) in fresh fish from markets in France, Great Britain and
Portugal (Davies et al. 2001).

The determination of biotypes for Y. enterocolitica isolates obtained
from fish samples was done using biochemical tests described by Wauters et al.
(1987). All of Y. enterocolitica strains tested (n=45) belonged to biotype 1A,
what considered to be non-pathogenic (table 13).

For L. monocytogenes strains (n=19) isolated from fish samples at retail
were determined serogroups by polymerase chain reaction (PCR).
Four L. monocytogenes serogroups were detected among the isolates with
63.1% (12/19) belonging to serogroup lla, 26.3% (12/19) to serogroup llc,
5.3% (1/19) to serogroup llb, and 5.3% (1/19) belonging to serogroup Vb
(Figure 1). Serogroups lla, Ilb and 1\VVb account for most of the isolates from
human illness. The results of an earlier study reported that 100% of the isolates
from fish were of serotype 1/2a and belongs to serogroup Ila (Kramarenko et
al., 2013). Another study by Gianfranceschi et al. (2009) also most frequently
detected serogroup lla (65%, 11/17) from fresh fish in Italy during years 2002
to 2005. The results of our study are in agreement that serogroup Ila most
commonly are isolated from food than other L. monocytogenes serogroups.

In our study five Listeria species were detected in fish samples from
market (Table 14). Most commonly was detected L. monocytogenes (25.9%),
following by L. innocua (25.2%), L. welshimeri (14.8%), L. seeligeri (10.4%),
and L.ivanovii (7.4%). The highest prevalence of L.monocytogenes and
L. innocua was detected in perch (36.4 and 45.5%, respectively). Lower
prevalence of L. monocytogenes and L. innocua was found in freshwater bream
(19.2 and 23.1%, respectively). Meanwhile, the highest prevalence of
L. ivanovii and L. seeligeri was found in freshwater bream (19.2 and 23.1%,
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respectively), while the lowest in roach (3.6 and 7.1%, respectively).
L. welshimeri most commonly was found in perch (27.3%), but lower
prevalence was in crucian carp (10%). Listeria spp. was not detected in any of
rudd and other fish species samples analysed.

The prevalence of Yersinia spp. in fish from market was analysed (Table
15). Of four Yersinia species most frequently was detected Y. enterocolitica
(33.3%), followed by Y. frederiksenii (11.1%), Y. intermedii (11.1%), and Y.
kristensenii (3.0%). The highest prevalence of Y. enterocolitica was detected in
other fish species (60%), but the lowest in roach (7.1%). Y. frederiksenii most
frequently was found in silver bream, while in vimba less common (4.2%). The
highest prevalence of Y. intermedii was found in crucian carp and silver bream
(20%), but the lowest in vimba (4.2%). Meanwhile, the prevalence of
Y. kristensenii the highest was in perch (9.1%), while the lowest in roach
(3.6%). Yersinia spp. was not found in any of rudd samples tested.

CONCLUSIONS

1. The count of hygiene indicators (total bacterial count,
Enterobacteriaceae, fecal coliforms and psychrotrophs) of fish varied
between Lake KiSezers, Lake Usmas and Lake Sivers, as well as
between fish species and tissues analysed. From the fish samples from
lakes analysed, the mean count of hygiene indicators was significantly
lower (p<0.05) on gills, skin and in gut of eel than of perch and silver
bream.

2. Total bacterial count and Enterobacteriaceae count was various among
several fish species at retail. The mean total bacterial count of roach
(6.04 logio CFU cm™?), freshwater bream (6.05 logio CFU cm™) and
vimba bream (6.12 logio CFU cm™) was significantly lower (p<0.05)
than of silver bream  (6.94 logio CFUcm?) and  rudd
(7.51 logio CFU cm?). The mean count of Enterobacteriaceae of vimba
bream (1.93 logio CFU cm?) was significantly lower (p<0.05) than of
roach (3.29 logio CFU cm?) and crucian carp (3.66 logio CFU cm).
The high prevalence of E. coli (30%, 40/135) in fish at retail may
indicate that there is a possibility that other enteric bacteria, including
pathogens, could be present.

3. Salmonella was not detected in any of fish samples analysed. Listeria
spp. and Yersinia spp. were present in fish at retail. However, Listeria
spp. and Yersinia spp were not found in any of fish samples collected
from lakes. Most common Listeria spp. isolated from fish from retail
belonged to L. monocytogenes (26%, 35/135), followed by L. innocua
(25%, 34/135), L. welshimeri (15%, 20/135), L. seeligeri (10% 14/135),
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and L. ivanovii (7%, 10/135). From Yersinia spp. strains isolated, most
frequently was identified Y. enterocolitica (33%, 45/135), then
Y. frederiksenii (11%, 15/135) and Y. intermedii (11%, 15/135), and
Y. kristensenii (7%, 10/135).

. Listeria monocytogenes strains isolated from fish at retail were classified
into four serogroups by multiplex PCR serogrouping method: Ila
(63.1%, 12/19), llc (26.3%, 5/19), IIb (5.3%, 1/19) and Vb (5.3%,
1/19). L. monocytogenes serogroups lla, Ilb un IVb are considered
pathogenic and may pose a threat for human health. All Yersinia
enterocolitica strains isolated (n=45) belonged to biotype 1A, that is
non-pathogenic.

RECOMMENDATIONS FOR PRACTICE

. The results of this study indicate that the contamination of fresh fish
with Listeria monocytogenes represent a risk to public health in the retail
in Latvia. This finding suggests that consumers might be aware that
improper handling and cooking of fish may contribute to potential food
safety hazards. Furthermore, avoiding cross contamination of food may
reduce the risk of foodborne illness.

. In any of fish samples collected from lakes Salmonella spp., Listeria
spp. and Yersinia spp. were not detected. These results may indicate that
contamination with pathogenic bacteria may occur throughout the entire
food supply chain. Therefore, distributors and retailers need to take into
consideration that products meet all food safety requirements during
storage and sale.

. In our study the count of hygiene indicators did not reflect the presence
of Salmonella spp., Listeria spp. and Yersinia spp. in fish from lakes or
retail. Thus, the detection of hygiene indicators in fish is not desirable
for estimation of the occurrence of pathogens.
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