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PETIJUMA AKTUALITATE

levads

Sabiedribas veseliba ir atkariga no ta, kadi riska faktori ietekme iedzivotaju veselibu. Viens no
Siem riska faktoriem ir cilvéku uzturs. Savukart partikas aprites uzraudziba liela mera ir
atkariga no partikas riska faktoru adekvatas identifikacijas, kas ir galvenais nosacijums
kvalitativas un nekaitigas partikas apritg.

Augsts sabiedribas veselibas aizsardzibas limenis ir viens no pamatmeérkiem, kas noteikts
Eiropas Parlamenta un Padomes 2002. gada 28. janvara regula (EK) Nr.178/2002, ko vél sauc
par Eiropas Kopienas Partikas likumu.

Mikrobiologiskais apdraud&jums ir biezakais c€lonis lielakajai dalai ar partiku saistito slimibu
izplatibai, un tapec mikroorganismi, to toksini vai metaboliti partika nedrikst biit tada
daudzuma, kas rada risku cilvéka veselibai. Partiku nedrikst laist tirgi, ja ta nav drosa, ar tad,
ja ta ir mikrobiologiski piesarpota. Tapéc ir svarigi, lai partikas nozares dalibnieki lietotu
vienotus mikrobiologiskus un nekaitiguma kriterijus. Partikas mikrobiologiskie kriteriji lauj
secinat, cik piepemami ir partikas produkti, to razosana, apstrade un izplatisana (WHO, 2003;
Eiropas Parlamenta un Padomes Regula (EK) Nr.178/2002; Eiropas Parlamenta un Padomes
Regula (EK) Nr.852/2004; Eiropas Komisijas regula (EK) Nr. 2073/2005).

ES normativie akti, kas reglamente prasibas partikas higiéna, paredz veikt riska noveértésanu,
ka arT izmantot piesardzibas principa pieeju partikas aprite. Turklat ka vienu no uzdevumiem
izvirza patogénu samazinasanu partika, ka arl partikas mikrobiologisko un temperatiras
kontroles kritériju izstradi un ievieSanu, kas balstas uz zinatnisku riska novérté&jumu (Eiropas
Parlamenta un Padomes regula (EK) Nr.178/2002; Eiropas Parlamenta un Padomes regula
(EK) Nr.852/2004; Eiropas Komisijas regula (EK) Nr.2073/2005).

Partikas nozares dalibniekiem ir janodroSina partikas atbilstiba mikrobiologiskajiem
kritérijiem. Ta ietver noteiktu mikrobiologisko kritériju vertibu parbaudi partikas uzpémumos,
nemot partikas un vides paraugus, veicot analizes un Tstenojot korektivus pasakumus (Eiropas
Parlamenta un Padomes regula (EK) Nr.852/2004; Eiropas Komisijas regula (EK) Nr.
2073/2005).

Partikas razotaja pienakums ir razot un laist apgroziba tikai drosu, cilvéka dzivibai, veselibai
nekaitigu preci vai partiku (PAUL, 1998). Ta ir prece, kas normalos vai lietoSanai paredzamos
apstaklos, ieskaitot paredzamo lieto$anas ilgumu, nerada risku vai rada tadu risku, kur§
uzskatams par pielaujamu un atbilst augstam droSuma, cilveka dzivibas un veselibas
aizsardzibas Itmenim. Preces atbilstibu droSuma prasibam verté saskana ar nacionalajiem
standartiem, labu razoSanas praksi attiecigaja sfera, sasniegto zinatnes un tehnikas ITmeni un,
nemot véra droSumu, ar kadu persona varétu pamatoti rékinaties.

Edinasanas uzpémumos gatavota partika vai €dieni var biit gan termiski apstradati, gan
neapstradati, tos var lietot uztura karstus un atdzesetus. Tomer $adai partikai ir relativi 1ss
deriguma termin§, un tapé to v&l médz saukt par augsta riska partiku (CAC/RCP
39-1993). Edienu paraugu kvalitates novérté$ana un mikrobiologiska testé$ana nav iespgjama
bez attiecigo salidzinaSanas kritériju vai kritisko limitu izstrades. So kritériju izstrade laus
valsts uzraudzibas dienestu un partikas uzne@mumu atbildigajiem specialistiem adekvati un
objektivi novertet edienu kvalitati un nekaitigumu, kas veicinas produktu kvalitati un garantes
droSumu paterétajiem, bet partikas uzp€mumos Ilidzvertigus apstaklus un godigu tirgus
konkurenci. Tad€] §1 promocijas darba meérkis ir gatavo &dienu mikrobiologisko Kkritériju
izstrade.



Problémas aktualitate

Uznpemgjiem, kuri strada partikas aprite, ir janodrosina partikas, tostarp tas izejvielu, atbilstiba
mikrobiologiskajiem  kritérijiem, jo tie objektivi pierada partikas nekaitigumu.
Mikrobiologiskie kritériji lauj novertét arT partikas apstrades tehnologisko procesu droSumu.
Razotajam janosaka, vai produkts, ko tas razo, ir derigs lietoSanai cilvéka uztura un vai to
pirms lietoSanas nevajag termiski vai ka citadi apstradat, lai nodroSinatu ta nekaitigumu.
Partikas nozares dalibniekiem ir jalemyj, cik biezi ir janem paraugi un javeic analizes atbilstosi
procediiram, kas balstitas uz HACCP principiem. Tomér dazos gadijumos var bt
nepieciesams noteikt saskanotas paraugu nemsanas shémas Eiropas Kopienas Iimeni, 1pasi, lai
nodro$inatu vienadu kontroles Itmeni. Partikas un tas izejvielu paraugu nemsana razoSanas
vidé ir nepiecieSama patog€no mikroorganismu savlaicigai identificéSanai un novérSanai
partikas produktos (PAUL, 1998; Komisijas regula (EK) Nr.178/2002; NAS, 2004; Eiropas
Parlamenta un Padomes regula (EK) Nr.852/2004).

Pedgjos gados gan razotdji un patérétaji, gan uzraudzibas institiicijas piever§ 1pasu uzmanibu
gatavo produktu kvalitatei un nekaitigumam. Pieaug €dinaSanas uzp@mumu loma un tajos
razoto produktu/gdienu apjoms. Sajos uznémumos gatavota partika nereti ir potenciali bistama
cilveku veselibai. To pierada gan sabiedribas veselibas statistiskie dati, gan dazadi petfjumi
(Tirado et al., 2002; Szabo, 2005; Melngaile, 2008; Millere, 2009).

Pedgjos piecos gados Latvija noverots iedzivotaju saslimstibas picaugums ar akiitam zarnu
infekcijam (gan sporadiski, gan grupveida slimibu gadijumi). Slimibas galvenokart bija
saistitas ar mikrobiologiski piesarnotas partikas lietosanu uztura (SVA, 2005-2008). Registréto
partikas izraisito slimibu ierosinataju spektrs ir loti plass, arl saslimstibas raditaji ar AZI
Latvija ir vieni no augstakajiem Eiropas Kopienas valstls. Gatavo €dienu monitoringa iespgjas
valstT paslaik ierobezo likumdoSanas normativa baze, kas nosaka arT finansialas iespgjas.

Lidz 2006. gada 1.janvarim partikas mikrobiologiska piesarnojuma normas Latvija tika
reglamentgtas 1999. gada 20. augusta LR Ministru kabineta noteikumos Nr. 292 , Noteikumi
par partikas mikrobiologisko piesarnojumu’’. Sis dokuments tika veidots, balstoties uz PSRS
normativo bazi, tomér lielakai dalai €dienu nebija iestradatas partikas nekaitiguma normas
attieciba uz Bacillus cereus, Clostridium perfringens, Escherichia coli enteropatogéniem
celmiem, Vibrio parahaemolitica, Vibrio cholerae, Campylobacter spp. u.c. patogéniem un
nosaciti patogéniem mikroorganismiem.

Latvija paslaik nav reglamentétas mikrobiologiskas kvalitates normas edieniem, tadel art
nav iespéjams veikt objektivu €édinasanas uznémumos gatavoto édienu mikrobiologiskas
kvalitates novertésanu. Nav vienotu mikrobiologisko kritériju dazada veida salatiem,
diedzétiem graudiem, desertiem un citiem €dieniem, t.sk. pamatedieniem no galas un
zvejas produktiem. Nav ar1 vadliniju So kritériju noveértéSanai un pieméroSanai.

Partikas mikrobiologiska piesarnojuma normas paslaik nosaka EK regula Nr. 2073/2005 par
partikas produktu mikrobiologiskajiem kritérijiem. Diemz€l $aja dokumenta mikrobiologiska
piesarnojuma normas ir reglamentétas galvenokart izejvielam un rapnieciski raZzotiem partikas
produktiem, bet tds nav iesp&ams attiecinat uz mazumtirdzniecibas, t.sk &€dinaSanas
uzp€mumos gatavotajiem &dieniem, pieméram, saliktiem @dieniem: salatiem, desertiem,
pamatedieniem, &dienu pusfabrikatiem u.c.

EsoSajam normativajam dokumentam ir vairaki objektivi triikumi. Dokumenta sniegtas normas
ir visparigas un neparedz siki izstradatus mikrobiologiskas kvalitates krit€rijus &dieniem. Tie
skar kopgjo Eiropas Savienibas tirgu, bet gandriz neskar viet€jo vai nacionalo Iimeni. Tap&c ari
attistitajas Eiropas valstis (Irija, Lielbritanija, Francija u.c.), arT ASV un Kanada, jau sen ir
izstradati nacionalie mikrobiologiskie kritériji, kuri ir balstiti uz zinatnisku riska novértgjumu.
Sos kritérijus biezi lieto gan uzraudzibas institiciju eksperti, gan &dinaSanas nozares
specialisti. Tapéc $o pétjjumu merkis ir noskaidrot, kadus kriterijus nakotn€ Latvija varétu
piemérot &dienu novértésanai. Nosauktajas valstis, nosakot mikrobiologisko piesarpojumu,



lielakais uzsvars tiek likts tieSi uz izplatiSanas posma uzpémumiem — mazumtirdzniecibu, t.sk.
€dinasanas uznémumiem.

Edienu paraugu mikrobiologiska testéSana ir viena no objektivajam metodeém partikas aprites
valsts uzraudzibas, t.sk. arT mazumtirdzniecibas un @&dinaSanas uzpémumu paskontroles
pasakumu efektivitates novertesanai. Ta nodrosina pieradijumus partikas higiénas noteikumu
izpildei (ir vai nav parkapti) vai arT pamato atsevisku partikas aprites posmu papildu kontroles
nepiecieSsamibu. Edienu laboratorisko izmeklgjumu monitorings ir papildu mehanisms partikas
aprites valsts uzraudzibas funkciju realiz€Sanai, ta ir viena no riska novert€§juma vai
apdraudgjuma analizes dalam. Faktiski tas ir viens no svarigakajiem mehanismiem, kas palidz
savlaicigi atklat problémas, kas saistitas ar partikas kvalitati un nekaitigumu.

Mikrobiologiskos kritérijus var izmantot HACCP procediru un citu higiénas kontroles
pasakumu parbaudei. Tie partika janosaka art tadgl, lai defin€tu raZzoSanas procesu un produktu
kvalitati. So kritériju izstrades nepiecieSsamibu nosaka ES likumdoganas tiesisko dokumentu
prasibas, pieméram, Eiropas Parlamenta un Padomes regula (EK) 852/2004 par partikas
produktu higiénu. Taja teikts, ka jaizstrada mikrobiologisko kritériju un temperatiiras kontroles
normas, kuram jabat balstitam uz zinatnisku riska novértdjumu. Sis dokuments nosaka
nacionalo labas higi€nas prakses u.c. vadliniju izstrades nepiecieSamibu, kas veicinatu partikas
kvalitati un nekaitigumu (Eiropas Parlamenta un Padomes regula (EK) Nr.852/2004; Eiropas
Komisijas regula (EK) Nr. 2073/2005).

Ka papildu instruments valsts partikas aprites uzraudzibas monitoringam ik gadus tiek
izstradatas un realizétas Eiropas Kopienas Partikas koordingtas laboratoriskas uzraudzibas
programmas, kas periodiski paredz ieklaut dazadu &dienu paraugu pétijumus, piemeram,
Bacillus cereus, Clostridium perfringens, Listeria un Campylobacter ginsu u.c.,
mikrobiologisko raditaju noteikSanai. Tomér §is programmas nevar paredzét katras ES
dalibvalsts situaciju, tostarp arT nacionalas likumdosanas un finansialo stuaciju, ka art sekmét
higiénas sakartoSanu &dinasanas uznémumos.

Apzinoties, ka pilniga piesarnojuma riska noveérSana partikas razoSanas un patéréSanas laika ir
neiespgjams uzdevums, péc darba autores domam, riska samazinasana ir katra partikas
uznémuma darbibas neatnemama dala un atbildiba, ta ir ciesi saistita ar produktu kvalitates un
patérétaju veselibas saglabasanu.

DARBA MERKIS, UZDEVUMI, NOVITATE UN
ZINATNISKAIS NOZIMIGUMS

Promocijas darbs ,,Gatavo &dienu mikrobiologiskie krit€riji’’ izstradats laika posma no
2004.gada lidz 2009.gadam Latvijas Lauksaimniecibas universitates Partikas Tehnologijas
fakultaté un Partikas un veterinaraja dienesta, tai skaita Partikas un veterinara dienesta
Nacionala Diagnostikas centra Partikas un vides izmeklgjumu laboratorija.

Promocijas darba merkis — izstradat zinatniski pamatotus krit€rijus Latvijas &dinaSanas
uznémumos gatavoto &dienu mikrobiologiskas kvalitates vértésanai.

Darba mérka sasnieg8anai izvirziti $adi uzdevumi:

1. izpétit &dienu kvalitates mikrobiologiskos raditajus;

2. identificet p&tijumos izdalito bakteriju sugas;

3. analiz&t mikroorganismu augSanas Tpatnibas, galvenos ietekmes faktorus un to attistibas
tendences;

4. izpétit higi€nas situaciju Latvijas &dinasanas uznémumos, tostarp &dienu mikrobiologiskas
kvalitates saglabasanas pasakumu praktiskos aspektus;

5. izstradat Latvijas apstakliem piemé&rotus &dienu mikrobiologiskas kvalitates kritérijus;
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6. sagatavot ieteikumus gatavo &dienu mikrobiologisko kritériju praktiskai ievieSanai Latvijas
€dinasanas uznémumos.

Pamatojoties uz partikas kvalitates un nekaitiguma riska analizes pamatprincipiem,
noformuléta promocijas darba hipotéze: partikas mikrobiologiska piesarnojuma
samazinaSanai sabiedriskas edinasanas uzn€mumos un efektivai partikas valsts uzraudzibas
funkciju realizacijai ir ieteicams lietot Latvijas apstakliem piemérotus mikrobiologiskos
kriterijus ka indikatorus gatavo &dienu mikrobiologiskas kvalitates novértésanai.

Promocijas darba hipotéze japierada ar $adam tézem:

1. &dienu mikrobiologiska piesarnojuma Iimenis ir atkarigs no €dinasanas uzneémumos
notiekoSo tehnologisko procesu uzraudzibas un kontroles pasakumu efektivitates, &dienu
apstrades veida un &dienu sastava;

2. &dienu mikrobiologiskas kvalitates un to tehnologisko procesu posmu novértéSanai
jaievie$ mikrobiologiskie kritériji, kas balstiti uz zinatnisku riska novertgjumu.

Promocijas darba novitates

1. Izstradati viet&jiem apstakliem pieméroti nacionalo mikrobiologisko kritériju ieteikumi
gatavajiem €dieniem, kas sniegs metodisku atbalstu €dinasanas nozar€ stradajoSiem un
partikas uzraudzibas institticiju parstavjiem, organizgjot un kontrolgjot pasakumus partikas
piesarnojuma noversanai.

2. Noskaidrots Latvijas apstakliem raksturigakais mikroorganismu spektrs un to daudzums
€dinaSanas uznémumos gatavotajos &dienos.

3. Sagatavoti priek$likumi Latvijas normativajiem aktiem par gatavo &dienu
mikrobiologiskajiem kritérijiem, kas sekm&s partikas higiénas un nekaitiguma
nodrosinasanas jautajumu sakartoSanu &dinasanas uzn€mumos, tadgjadi veicinot partikas
izraisito slimibu skaita samazinasanu.

Darba zinatniskais nozimigums

e Ar promocijas darba ietverto pétijumu rezultatiem papildinata Latvijas &dinasanas
uznémumos gatavoto edienu mikrobiologiskas kvalitates teorétiska baze, lietota jaunaka
pieredze partikas piesarnojuma vert€$ana, balstoties uz riska analizes pamatprincipiem.

e Darba noteiktas galvenas likumsakaribas (€dienu veidi, sastavs un to apstrades metodes
u.c.), péc kuram atlasiti mikrobiologiskie kriteriji.

e Pilnveidota Latvijas apstakliem atbilstoSa &dienu mikrobiologisko krit€riju vertéSanas
metodika.

e Analiz€ta higi€nas situacija Latvijas &dinaSanas uzpnémumos, tostarp paSkontroles
pasakumu ievie$anas problémas.

Darba tautsaimnieciska nozime

Vienotu mikrobiologisko kritériju esamiba valsti nodroSinas kop&u izpratni par
mikrobiologiski droSu partikas apriti, tostarp produktu un tehnologisko procesu lietoSanu
Latvijas &dinasanas uznpe€mumos, ka arT veicinas vienlidzigas un godigas tirgus konkurences
apstaklus uznémeéjiem un sniegs praktisku atbalstu uzraudzibas institticijam.

Merka sasnieg8anai izvirzito uzdevumu risinajumu izklasts promocijas darba strukturéts piecas
nodalas.

Darba ievada dala formuléta problémas nostadne, sniegts &dienu mikrobiologisko kritériju
nepiecieSamibas pamatojums.

Pirmaja nodala izvérsta diskusija par partikas mikrobiologiskas kvalitates jédzienu, raksturoti
biezakie partikas piesarnojuma avoti un faktori, ka arT partikas izraisitas slimibas. Analizeta
tiesiskd un normativa baze, kas nosaka partikas nekaitigumu. Aprakstitas biezak lietojamas
metodes un kritériji €dienu kvalitates un nekaitiguma novértésanai.



Otraja nodala raksturoti darba lictotie materiali, metodes un objekts. Doti fizikali — kimisko
un mikrobiologisko izmekl&jumu, &dinasanas uzpémumu higi€nas situacijas un pétjjumu
rezultatu vertéSanas metozu raksturojumi.

Tre$aja nodala apkopoti pétijjuma rezultati un izvérsta diskusija par tiem. Analizéta &dienu
paraugu mikrobiologiska kvalitate, vides faktoru ietekme uz &dienu mikrofloru. Dots &dienu
gatavoSana lietoto metozu, pH un temperatiiras, ka ar1 &dinaSanas uzp€mumu higiéniskas
situacijas novert§jums. Verteti darba rezultati salidzinot ar citu valstu zinatnieku atzinumiem
un pétijumu rezultatiem.

Darba nosléguma formuléti galvenie secinajumi un sniegti ieteikumi iegiito mikrobiologisko
veértéSanas kritériju ievieSanai Latvijas €dinaSanas uzpnémumos. Darba pielikumos sniegts
pétijuma iegtto rezultatu kopsavilkums.

Promocijas darbs uzrakstits uz 171 lapas, ietverot 22 tabulas, 43 att€lus, 16 formulas un 14
pielikumus. Darba izmantoti 252 literatiiras un 20 interneta avoti.



ZINATNISKA DARBA APROBACIJA

Par darba rezultatiem zinots 13 starptautiskajas zinatniski — praktiskajas konferences,
kongresos un seminaros Latvija, Igaunija, Francija, Niderlandé, ASV, Lielbrtanija,
Jordanija, Krievija:

1. 2004.gada janvaris — novembris, Iidzdaliba Niderlandes — Latvijas, starptautiska
projekta  Partikas uzraudzibas  stiprinaSana  Latvijas  Partikas un  veterinaraja
dienesta//Strengthening of Food control in the Food and Veterinary service in Latvia
PPAOQ3/LV/9/1. Darba materialu prezentacija (prezentdcija loral presentation);

2. 2005.gada 21. junija, Lielbritanija, Londona. 4. Nacionala konference ,,HACCP
sabiedriskas &dinaSanas uzpémumiem - sagatavoSanas 2006. gadam.’’//4th National
conference ,HACCP for catering: Preparing for 2006’° Darba materalu prezentacija
(prezentdcija loral presentation);

3. 2006.gada 5. — 7. janvari ASV, Sietla, Vasingtonas $tata universitates 11. P&cdiploma
izglittbas un pécdiploma studentu zinatniska konference Viesmilibas un Tarisma
jautajumos.//The comparison of the preliminary results on microbiological investigations of
some ready— to— eat foods prepared in public catering establishments. 11 th Annual Graduate
Education and Graduate Student Research Conference in Hospitality and Tourism ,,Advances
in Hospitality and Tourism, Seattle, Washington State University 5— 7 January 2006 (stenda
referats/poster presentation);

4, 2006.gada 16. — 21.septembri Francija, Nante 13.Pasaules kongress Partikas zinatné
un tehnologija ,,Partika ir dzive’’.//Microbiological investigations of some ready— to— eat foods
prepared in Public Catering establishments in Latvia. 13 th World Congress of Food Science
and Technology ,,Food is Life’’, Nantes, France (stenda referdts/poster presentation);

5. 2006.gada 10.novembri, Latvija, Jelgava, LLU, VMF, Starptautiska zinatniska
konference, Dzivnieki. Veseliba. Partikas higiéna./Evaluation of the results on
microbiological investigations of ready— to— eat foods and hygienic situation at catering
establishments. // Latvia, Jelgava, University of Agriculture International scientific
conference— Animals. Health. Food hygiene (prezentacija /oral presentation);

6. 2007.gada 29.01.— 03.02., Tgaunija, Tartu universitate.,,Biologisko datu analize’’
,,Nordic— Baltic— Russian Academic Network in Bioinformatics’’ projekta ietvaros, zinots par
pétijumu rezultatiem (prezentacija /oral presentation);

7. 2007.gada 11.— 12. februari. Jordanija, Ammana. Danijas — Latvijas sadarbibas
projekts JO— 04/AA/HE/02 ,,Reforming the Food Inspection Services and Food Chain
Laboratories’” Darba seminars JFDA (Jordan Food and Drug Administration//Jordanijas
Partikas un Zalu administracija) par partikas mikrobiologisko piesarnojumu, par partikas
izraisttam saslim$anam un uzraudziba iesaistito institiiciju komunikaciju. Zinots par iegiitajiem
petijumu rezultatiem Latvijas situacijas raksturoSanai.

8. 2007.gada 12.junija, Lielbritanija, Londona. ,,Jaunas HACCP prasibas sabiedriskaja
€dinasana un tirdznieciba— viena gada pieredze’’. 6. Nacionala konference.//6th National
Conference —,,The New HACCP regulation in Catering & Retail: One year on’’. Darba
materalu prezentacija diskusiju laika (prezentacija loral presentation);
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9. 2007.gada 29. — 30.marta, Latvija, Rigas Stradina universitate. Latvijas édinasanas
uznémumos gatavoto édienu mikrobiologisko izmeklejumu starprezultatu salidzinajums. Rigas
Stradina universitates ikgad&ja zinatniska konference (stenda referats/poster presentation);

10. 2007.gada 16. — 18. maija, Latvija, Jelgava, LLU starptautiska zinatniska konference
2007.gada 16— 18.maija ,,Microbiological quality aspects of ready— to— eat foods from
catering establishments”’[/International scientific conference ,,Research for rural development
2007, Latvia University of Agriculture. (prezentacijaloral presentation);

11. 2007.gada 19.— 23. novembri, Niderlande, Vageningenas universitate, Partikas
mikrobiologiska apdraudéjuma vadiSana//10th International seminar ,,Management of
Microbiological Hazards in Food’'. Latvijas situdcijas raksturosana un darba materalu
prezentacija prakstisko nodarbibu laika (prezentdcija loral presentation);

12. 2008.gada 1- 4 jalija. Krievija, Sankt—P&terburga, Otrais Sankt—P&terburgas
ekologiskais forums ‘“Apkartgja vide un cilvéka veseliba’> — Evaluation of hygienic situation
at public catering establishments and dynamics of food borne diseases in Latvia // Second State
Petersburg ecologic forum  ‘“‘Environmental health and human health’’ Russia
(prezentdcijaloral presentation).

13. 2010.gada 10.aprili. Riga, Profilaktiskas Medicinas asociacijas zinatinski-praktiska
konference sabiedribas veselibas specialistiem. ,,Higiénas situacija Latvijas &dinaSanas
uznémumos un &dienu mikrobiologiskas kvalitates aspekti’’//Scientific-practical konference
for public health professionals of Latvian association of preventive medicine. ,, Higienic
situation in catering establishments and microbiological quality aspects of RTE
foods’’ (prezentacija/oral presentation);

Pétijumu rezultati apkopoti un publicéti 8 starptautiski atzitos izdevumos:

1. J.Perevoscikovs, l.Jansone, S.Jansone, A.Brila, A.Bormane, T.Ribakova,
T.Marcenkova, (2005). Trichinellosis outbreaks in Latvia linked to bacon bought at market,
January— March 2005. In: Journal of Eurosurveillance,Volume 10, Issue 4— 6, April— June,
p.132— 134. Avialable at:
http://www.eurosurveillance.org/images/dynamic/EQ/v05n02/v05n02.pdf [ISSN  1025-
496X].

2.  T.Marcenkova, M.Rucins, (2005). Current events on surveillance of food circulation
concerning establishments of public catering in Latvia. In: Proceeeding of International
Scientific Practical Conference ,,New technologies in traditional food’’ Latvia Agriculture
University, Faculty of Food Technology, Jelgava, p.201- 208. [ISBN 9984— 596 6].

3. T.Marcenkova, M.Rucins, V.Veldre (2006). The comparison of the preliminary results
on microbiological investigations of some ready— to— eat foods prepared in public catering
establishments. In: Proceedings of 11 th Annual Graduate Education and Graduate Student
Research Conference in Hospitality and Tourism ,,Advances in Hospitality and Tourism,
Seattle, Washington State University 5— 7 January 2006. Volume XI, p.52— 56(CD- room).

4. T.Marcenkova, M.Rucins (2006). Microbiological insvestigations of some Ready— to—
Eat foods prepared in Public Catering establishments in Latvia. In: Proceedings of 13 th
World Congress of Food Science and Technology ,,Food is Life’’, Nantes, France, p.941 —
943.

5. T.Marcenkova, M.Rucins, (2006). Evaluation of the results on microbiological

investigations of ready— to— eat foods and Hygienic situation at catering establishments. In:
Proceedings of International scientific conference, Latvia University of Agriculture, Veterinary
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Medicine Faculty — Animals. Health. Food hygiene, 10 November, 2006, p. 176— 183. [ISSN
1407- 1754].

6. T.Marc¢enkova, M.Rucins (2007) Microbiological quality aspects of ready— to— eat
foods from catering establishments. In: Research for rural development 2007: Proceedings of
International scientific conference, 16 — 17 May 2007, Latvia University of Agriculture.
Jelgava. p. 98— 106. [ISSN 1691 — 4031].

7. T.Marcenkova, M.Rucins (2009). Dynamics of foodborne diseases in Latvia and
microbiological investigations of ready— to— eat foods from catering establishments. In:
Journal ,,Medicinos: teorija ir practika’’, Lithuania, 2009 Dec., vol.15, No 4, p.356— 365.
[ISSN 1392- 1312]. Avialable at: http://www.mtp.lt/files/16_MTP_2009_IV_.pdf

8. T.Marcenkova, M.Rucin$ (2010) Gatavo edienu mikrobiologiskas kvalitates pétijumi
un to ietekméjosie faktori. Publikacija iesniegta LLU rakstos2010.gada aprili //The study of
microbiological quality of RTE foods and factors influencing it’s. Publication submitted to
Proceedings of Latvia University of Agriculture at April of 2010.

12


http://www.mtp.lt/files/16_MTP_2009_IV_.pdf

MATERIALI UN METODES

Pétijumu norises laiks un vieta

Lai sasniegtu pétijumu mérki un izpilditu uzdevumus, tika izvéleti Rigas pilsétas atklata tipa
€dinaSanas uzpémumi, kuros veikta gatavo €dienu paraugu atlase. P&tfjumi veikti laika no
2004. gada novembrim Iidz 2009. gada oktobrim. Paraugu laboratoriskie, t.sk.,
mikrobiologiskie izmekl&jumi, veikti PVD Nacionala diagnostikas centra (NDC) Partikas un
vides izmekl&jumu laboratorija.

Pétijumu objekts

Promocijas darba autore ikdienas darba saskaras ar situacijam, kad ir jasniedz paskaidrojumi
un konsultacijas PVD partikas inspektoriem un uzpe@méjiem, kas nodarbojas ar partikas
razosanu un/vai pardoSanu, par partikas, t.sk. &dienu paraugu, mikrobiologiskajiem
izmekl&jumiem, par izmeklgjumu rezultatiem un to novérteéSanas krit€rijiem, par normativo
aktu prasibu pieméroSanu saisttba ar HACCP principu ievieSanu un paskontroles
dokumentacijas un praktiskas ricibas vertesanu.

Paslaik viens no aktualakiem jautdjumiem partikas uzn€mumos ir objektivu metozu
izmantoSana, vertgjot uzn€mumu higi€nisko situaciju, tostarp veicot partikas un vides paraugu
mikrobiologiskos izmekl&jumus, to planoSanu, tapéc nepiecieSami kritériji o izmeklgjumu
rezultatu novertesanai.

Pétijuma analizeti:

e &dienu paraugi no 16 Rigas pils€tas €dinaSanas uznémumiem;

e &dienu paraugos noteikto temperatiiras merjjumu rezultati;

e &dienu paraugos noteiktais pH;

e &dinasanas uzpémumu PVD parbaudes protokoli un aptaujas anketas uzpémumu
higieniskas situacijas novertésanai,

e PVD uzraudzibas parskati (laika posma no 2004. Iidz 2008. gadam) par partikas higiénas
normativo aktu prasibu kontroli €dinasanas uzp€mumos;

e Sabiedribas veselibas agentiiras un Partikas un veterinara dienesta informacija (apskati,
zinojumi) par partikas izraisttajam slimibam un to uzliesmojumiem Latvija.

Edienu paraugi. P&tijuma ietvaros ar statistikas metodeém tika analizéti 552 &dienu paraugu
mikrobiologisko izmekl&jumu rezultati, tostarp paraugos noteikts: MAFAM; koliformas
bakterijas, pH. 178 paraugos veikta izdalito mikroorganismu sugu identifikacija. Paraugi nemti
saskana ar PVD apstiprinato procediiru KR.10.P.212 ““Visparigie metodiskie noradijumi
partikas paraugu nemsanai mikrobiologiskajiem izmekl§jumiem un izmeklgjumu rezultatu
novertesanai’’.

Edienu paraugu temperatiras mérjjumu rezultati. P&tijuma ietvaros katram &dienu
paraugam veikti iekSgjas temperatiiras mérjjumi, kuru rezultati tika analizéti ar statistikas
metodém. Merfjumi veikti un rezultati verteti saskana ar PVD apstiprinato procediiru
KR.10.P.227 ““Instrukcija temperatiiras merjjumu veikSanai un rezultatu noveértéSanai partikas
aprites uzp€mumos’’.

Edinasanas uzpémumu PVD parbaudes protokolu dati un aptaujas anketas uzpémumu
higiénas situacijas novertéSanai. PEtjjuma ietvaros ar statistikas metodém analiz&ti PVD datu
bazg esoso edinasanas uzn€émumu parbauzu protokoli (n = 114) un uzp€mumu aptaujas anketu
dati. Edinasanas uznémumu parbaudes veiktas saskana ar PVD apstiprinatam procediiram
KR.10.P.210 ‘‘Parbauzu veikSanas kartiba Partikas un veterinaraja dienesta”, KR.10.P.112
““‘Metodiskie noradijumi partikas uzpémumu parbaudes protokola noformésanai un parbaudes
veikSanai”.
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Sabiedribas veselibas agentiiras un Partikas un veterinara dienesta informacija (apskati,
zinojumi, parskati, programmas) par partikas izraisittajam slimibam un to
uzliesmojumiem Latvija. Lai precizak analiz&tu partikas izraisito slimibu dinamiku, pétijuma
ietvaros tika analizéti SVA epidemiologiskie bileteni, parskati par saslimstibu ar akiitam zarnu
infekcijam Latvija, PVD riciba esoSie pazinojumi par grupveida slimibu gadijjumiem laika no
2002. Iidz 2008. gadam. Parskati noformé&ti saskana ar PVD apstiprinato procediiru
KR.10.P.018 “‘PVD amatpersonu riciba partikas izraisito slimibu grupveida gadijumos’’.

Pétijjuma materiala raksturojums

Pétjjumiem lietoti &dienu paraugi (mikrobiologiskajiem un fizikali—- kimiskajiem
izmekl&jumiem, fizikalajiem merfjumiem), kas nemti &dienu gatavosanas vietas: atklata tipa
€dinasanas uznémumos, ka ar1 pétita €dinasanas uzn€mumu higieniska situacija.

Petfjumiem bija nepiecieSams atlasit €dinasanas uznémumos raksturigakos realiz€jamo &dienu
paraugus, nemot véra ari jaunakas tendences &dienu gatavosana. Tadg] &dienu paraugi tika
nemti uznémumos, kur notiek Latvijas paterétajiem tradicionalo (n=8) &dienu gatavoSana un
Latvijas paterétajiem netradicionalo (n=8) vai jauno &dienu gatavosana (kinieSu, korejieSu,
japanu, taizemiesu u.c.).

Edinasanas uznémumi tika atlasiti, balstoties uz PVD parbaudes protokolu datu bazi, vadoties
pec uznémuma stradajoso skaita, razoto €dienu sortimenta, porciju skaita, partikas aprites telpu
daudzuma un platibas, atbilstibas higi€nas prasibam u.c. kriterijiem. P&tfjuma ieklautajos
uznémumos agrak tika konstatétas aptuveni Iidziga rakstura higi€nas procediiru un
tehnologisko procesu ievérosanas neatbilstibas.

Petfjumam visus &dienus nosaciti iedalijja grupas vai kategorijas atkariba no nosakamo
mikroorganismu skaita (MAFAM). Katra no §Tm grupam bija ieklauti &dieni, kuru gatavoSana
izmantotas atSkirigas apstrades metodes, kas atseviskos gadijumos vargja veicinat
mikroorganismu skaita samazinaSanos vai tieSi otradi— mikroorganismu skaita palielinasanos
tehnologiska procesa gaita. Tas ir $adas grupas vai kategorijas:

1. kategorija: gatavie &dieni, kuru sastava esoSie komponenti ir termiski apstradati, un
kuri ir gatavi tulit€jam pat€rinam.

2. kategorija: &dieni, kuru atseviSkas sastavdalas ir termiski apstradatas, un Sie produkti
paredzéti talakai uzglabasanai (arT atdzeséti u.c.) vai paklauti turpmakai tehnologiskai apstradei
(smalcinaSana, sadaliSana, komponentu sajaukSana) pirms gala produkta sagatavoSanas un
patérina. Gala produkta sagatavos$ana nav pielietota termiska apstrade.

3. kategorija: attiecas tikai uz noteikta veida &dieniem, kuros ir dabiski augsts
mikroorganismu skaits. Pie tiem pieder ferment&ti vai raudz€ti produkti vai &dieni, kuru
sastava ir Sie produkti. Maringti zvejas vai galas produkti u.c., kas paredzgti tieSajam patérinam
bez papildus termiskas apstrades. Pie §is grupas pieder griezti augli un darzeni, arT ogas un
zalumi, svaigi spiestas auglu un darzenu sulas, kréma konditorejas izstradajumi (kuros kréma
sagatavoSanai nav nepiecieS$ama termiska apstrade)— pieméram, jogurta kréms, olbaltuma
kréms u.c. Visu $o produktu un to sastavdalu deriguma termins ir mazaks ka 5 dienas.

P&tfjumiem lietotais iedalijums &dienu grupas vai kategorijas ir sniegts 1. tabula.
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1.tabula/ Table 1

Edienu iedalijums grupas (kategorijas)
Division of ready— to— eat foods in groups (categories)

Nr.
p.k./
No

Ediena kategorija/
Food category

Ediena nosaukum/Name of food

1.1

1.2.

1.3.

1. grupa (kategorija)/
1 st group (category)

Zupas (uz buljonu pamata, biezenzupas)/Soups (based on broths,
cream soups).

Pamatedieni (3niceles, kotletes, saut€jumi, karbonades, ceptas
zivis u.c.)/Main courses (schnitzels, meatballs, stews, pork chops,
fried fish etc.).

Pamatédienu piedevas (1si, griki, makaroni, kartupelu biezenis,
vartti, tvaicti darzeni un lidzigi produkti)/Side dishes for main
courses (rice, buckwheat, pasta, mashed potatoes, boiled,
steamed vegetables and similar products).

2.1.

2.2.

2.3.

24.

2.5.

2. grupa(kategorija) /
2nd group (category)

Salati, kuru sastava ir termiski apstradati komponenti,

bez krgjuma un majon€zes mérce€m (pieméram, varitu biesu salati
ar augu ellu)/Salads containing thermically processed
components without sour cream and mayonnaise dressings (for
instance, boiled beet salad with vegetable oil).

Salati, kuru sastava nav termiski apstradati komponenti, bez
krgjuma un majon€zes mérc€m (pieméram, zalie salati ar gurkiem
un tomatiem ar augu ellu)/Salads not containing thermally treated
components without sour cream and mayonnaise dressings (for
instance, green salad with cucumbers and tomatoes with
vegetable oil).

Aukstie galas un zivju &dieni, uzkodas (iznemot marinétos) t.sk.
zeleja, galerti, pastétes, viltotais zakis, pilditas zivis u.c. lidzigi
produkti/Cold meat and fish dishes, snacks (excluding the pickled
ones), including in jelly, meat— jellies, pates, meatloaves, stuffed
fish and other similar products.

Bezalkoholiskie dzgrieni, kuri ir atdzeséti pec termiskas apstrades
(kompoti, kiseli u.c.)/Non— alcoholic drinks refrigerated after
thermal treatment (stewed fruit, fruit— juice jellies etc.).

Miltu konditoreja bez kréma— platsmaizes, piragi un piradzini,
pankikas ar dazada veida pildijumiem (iznpemot biezpiena), tai
skaita cepti ella/Flour products without cream— pastries, pies and
patties, pancakes with different fillings (excluding curd),
including fried.

3.1.

3.2.

3.3.

3.4.

3.5.

3.6.

3. grupa(kategorija)/
3rd group (category)

Jauktie salati (kuru sastava ir gan termiski apstradati gan termiski
neapstradati  komponenti) bez kr§juma un majon&zes
mércém/Mixed salad (containing both thermally treated and non-
treated components) without sour cream and mayonnaise
dressings.

Visu veidu salati ar kré§juma un majonézes mércém/Salad of all
types with sour cream and mayonnaise dressings.

Svaigi spiestas sulas no augliem un darzeniem/Freshly squeezed
fruit and vegetable juices.

Biezpiena un siera &dieni (biezpiena placeniSi, pankikas ar
biezpiena pildijumu u.c.)/Curd and cheese dishes (curd pies,
pancakes with curd filling etc.).

Piena kokteili/Milkshakes.

Kréma konditorejas izstradajumi (kuros kréma sagatavoSana
neprasa termisko apstradi) —  pieméram, jogurta kréms,
olbaltumu kréms u.c./Cream confectionary (where the
preparation of cream does not require thermal treatment, for
instance, yogurt cream, egg— white cream etc.)

Avots/ Source: autores veidota tabula/author’s division
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Paraugi nogadati testéSanai aukstuma somas (temperatira +2...+5°C), un paraugu test€Sana
veikta PVD Nacionala diagnostikas centra (NDC) Partikas un vides izmeklgjumu laboratorija.
Nemti ne mazak ka 10 viena veida &dienu paraugi. Katra &dienu grupa un kategorija panemti
ne mazak ka 20 paraugu. 222 gadijumos (n=178 paraugi) identificétas dazadas
mikroorganismu sugas.

Paraugi nemti saskana ar izstradato paraugu nemsanas planu. Edienu paraugi pétiti divu grupu
€dinaSanas uzn@mumos: patérétdjiem tradicionalajos (n=8) un patérétajiem netradicionalajos
(n=8) edinasanas uznémumos. PE&titi 260 &dienu paraugi no tradicionalajiem &dinasanas
uznp€mumiem un 292 &dienu paraugi no netradicionalajiem &dinasanas uznémumiem. Paraugu
nemsanas plans un veikto petijumu skaits sniegts 2. tabula.

2.tabula/ Table 2

Edienu paraugu nemsanas plans un veikto pétijumu skaits/
Sampling plan of RTE foods and performed investigations

Veikto pétijumu skaits/ Mikroorganis
Number of performed investigations mu sugu
identifikacijas
GE paraugu Edinasanas Paraugu gadijumu
. uzpémumu skaits/ Koliformas skaits/
KateQoriaISE | orpas Group of | Numberof | MAPAMIAC | g iias/ Number of
P gory public catering samples (|: (aerobic Coliform PH identified
establishments colony count) bacteria species of
microorganis
ms
1. kategorija/ Tradic.*/
1 st category Tradicional™ 100 100 100 100 16
2. kategorija/
2 nd category 80 80 80 80 54
3. kategorija/
3 rd category 80 80 80 80 48
K‘}%?aﬁr;‘;hﬁ‘t‘l’(‘)‘r?:f/ 260 260 260 260 | 118 (53.1%)
1. kategorija/ | Netradic.**/
1 st category Untraditional** 116 116 116 116 48
2. kategorija/
2 nd category 86 86 86 86 28
3. kategorija/ 90 90 90 90 28
3 rd category
K‘%‘;‘i‘a‘l“j;:‘r‘;gl‘t‘l’gs:f’ 202 292 292 202 | 104 (46.9%)
. 222
Pavisam/Total 552 552 552 552 (100.0%)

Piezimes/Notes:

* paraugi no uzpémumiem, kuros lieto tradicionalas &dienu gatavoSanas metodes/ *samples from
establishments using traditional methods for food preparation

** paraugi no uzpémumiem, kuros lieto netradicionalas €dienu gatavoS$anas metodes/ **samples from
establishments using untraditional methods for food preparation

Avots/Source: autores veidota tabula/author’s division

Visiem paraugiem nemsanas bridi mérita produkta iek$€ja temperatira, mérijjumi veikti ar
kalibrétu digitalo kontakta vai bimetalisko termometru, ko ikdiena ka standarta aprikojumu
lieto ar1 PVD partikas inspektori. Edienu paraugi nemti, iepakoti un paraugu transporteSana
veikta saskana ar procediram, kas ir balstitas uz starptautiski atzitiem paraugu nemsanas
standartiem. Paraugi iepakoti saskana ar PVD procediru KR.10.P.197 ‘‘Partikas paraugu
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iesainoSanas un identificéSanas kartiba’’. Edienu paraugi nemti uzreiz péc to izgatavo$anas vai
nosléguma apstrades posma, bet ne vélak ka 2 stundas no to izgatavoSanas briza.

Karstie &dieni sakotngji tika atdzeseti aukstuma kamera lidz temperatiirai +10°C (ne ilgak ka
stundas laika) un jau atdzesetu edienu paraugi novietoti slégta aukstuma soma temperatiira no
+2°C Iidz +5°C un nogadati laboratorija. Atdzes€tu &dienu paraugi (aukstie €dieni) nemti no
€dinaSanas uznémumu aukstuma iekartam un, lidzigi ka karstie &dieni, ievietoti aukstuma soma
temperatiira no +2°C Iidz +5°C un nogadati laboratorija.

Edienu paraugi mikrobiologiskai testéSanai transportéti uz laboratoriju slégta aukstuma soma:
ne velak ka 1 stundas laikd no to nonemsanas briza un apstaklos, kas nepielauj paraugu
mehaniskus bojajumus, piesarpojumu un temperatiiras izmainas, saskana ar PVD procediiru
KR.10.P.230 “‘Inspekcijas laika nonemto paraugu transportéSana un islaiciga uzglabaSana’’.

Mikrobiologisko un fizikali — kimisko izmekléjumu metodes

Mezofili aerobo un fakultativi anaerobo mikroorganismu skaita (MAFAM) noteikSanai lietots

standarts LVS EN ISO 4833:2003 ‘‘Partikas un dzivnieku baribas mikrobiologija.

Mikroorganismu skaitiSanas horizontala metode. Koloniju skaitiSanas metode pie 30°C’’.

Mikroorganismu kultiru izoléSanai lietota PCA barotne. Standarta metodes lietoSanu

reglamenté Eiropas Komisijas regula Nr.2073/2005 par partikas produktu mikrobiologiskajiem

kritérijiem.

Rauga s€niSu un pel€jumsénisu skaita noteikSanai lietots standarts LVS 1SO21257-2:2008

“‘Partikas un dzivnieku baribas mikrobiologija.Horizontala metode rauga séniSu un

pel&jumasenisu skaitiSanai. 2.dala: Koloniju skaiti$nas metode produktiem ar tidens aktivitati

11dz 0,95(ieskaitot)’’.

Koliformu baktériju skaita noteikSanai lietots standarts LVS ISO 4832:2003 ‘‘Visparigie

noradjumi  koliformu bakteriju skaitiSanai Koloniju skaitiSanas metode’’, kura

mikroorganismu izol&Sanai lietots kristala Zzults— sarkanais laktozes agars (Cristal violet red
bile lactose agar).

Mikroorganismu sugu identifikacijai uz selektivu un/vai neselektivu agaru tika uzsétas vismaz

piecas morfologiski arskirigas kolonijas, kuras vélak parsétas uz neselektiva agara (Nutrient

agar), lai iegttu tirkultiiru. Izoléto mikroorganismu kulttiru biokimiska identifikacija notika,
izmantojot:

e  krasoSanu péc Grama un mikroskopéSanu (Gram ,,+’> un Gram ,,—’ mikroorganismi);

e  oksidazes testu (uz filtrpapira, kas samitrinats ar oksidazes reagentu, parnes dalu
mikroorganisma kolonijas, péc 30 s zila krasa norada uz pozitivu reakciju;

e  katalazes testu (koloniju suspendé viena pilé tdenraza peroksida). Gazes burbulisu
klatbiitne p&c inkub&Sanas norada uz pozitivu reakciju (katalazes pozitiva);

e indola testu (ar sterilu cilpu mikroorganisma kultiiras koloniju inokulé peptona tideni
(Peptone water) inkubé 44°C 48 h, péc inkub&Sanas pievieno Kovacs reagentu (aerobai
triptofana noteikSanai indola buljona), labi samaisa un skatas péc 1 min., sarkana krasa
norada uz indola klatbitni;

e koagulazes testu (ar sterilu cilpu mikroorganisma koloniju ienes mégeng ar liellopu sirds
smadzenu barotni (Brain Heart Infusion Agar), inkubé 37°C 24h. Aseptiski 0.1 ml
kultoras pievieno 0.3 ml truSu plazmai, inkubé 37°C 24h. Par pozitivu koagulazes
reakciju uzskata, ja izveidotais receklis aiznem vairak ka pusi no barotnes tilpuma).

Nosleguma stadija izol&to mikroorganismu kultiiru bioktmisko 1pasibu noteikSanai lietotas API

biokimiskas testsistémas (API" strips), tostarp:

- API 20E (Enterobacteriaceae dzimtas un citu ginsu Gram ,,— *” baktériju noteik$anai);

- API STREP (streptokoku, enterokoku gints baktériju noteik$anai);

- API Staph (stafilokoku un mikrokoku un tiem radniecisko baktériju sugu noteiksSanai);

- API 20 A (24 stundu Gram ,,+’’ un Gram ,,— *’ anaerobu noteiksanai, kura ieklauj— 16

ginsu un 77 baktériju sugu biokimisko testu rindu, tostarp, Clostridium dificile, citas
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Clostridium gints, sporas veidojoSas un sporas neveidojoSas baktérijas, koku
noteikSanai);

- APl NE (Gram ,,—’ nGijinu, kuras nepieder Enterobacteriaceae dzimtai noteiksanai);

- API campy (Campylobacter spp. noteikSanai) ;

- APl 50 CH (Bacillus un tai radniecigas gintis) u.c., ka arT atsevisku mikroorganismu
sugu identificé$anai lietotas BBL Crystal sistémas (Becton Dickinson Microbiology
Systems).

pH noteikSanai &dienu paraugos lietots verificéts pH— metrs un standartizeétas metodes pH

noteikSanai dazadu veidu produktos:

“T'OCT 26188— 84 “‘IIpomykTsl TepepaOOTKH TUIOAOB M OBOIIEH, KOHCEPBHI MSCHBIE U
MsIcopacTUTeNbHBIE. MeToap! onpenenenms pH’’;

“TOCT 28972— 91 ‘‘PriOHbIe KOHCEPBHI U MPOAYKTHI, APYTHE MOPEIPOLYKTHL. MeToabl
onpenenenus pH’’;

- “LVSISO 2917:2004 ‘‘Gala un galas produkti: pH noteikSana— References metode’’.

Petljuma iegiito rezultatu izverteSanas metodika

Pétijumu datu statistiskai apstradei lietoti Microsoft Excel, SPSS programma— 15.0 versija
(Statistical Package for Social Science). Lietotas $adas datu analizes statistiskds metodes:
dispersijas analize, faktoru analize, izkliedes analize (ANOVA). legiitajiem rezultatiem veikti
brivibas pakapju skaita, FiSera vertibas un p— vértibas apekini.

Pétijuma datu statistiskai apstradei lietoti mikrobiologiskas testésanas (MAFAM, koliformas
baktérijas u.c.) rezultatu vid&jie raditaji (KVV/g), jo absolatie lielumi dod izkroplotu ainu, un
tos nerekomendg lietot salidzino$a analize. Statistiskai analizei lietoti Ig kvv/ g vidgjie, kas
uzskatamak raksturo petijuma iegiitos datus.

Hi kvadrata kritérijs. Lai analiz€tu novérojumu skaitu katra kategorija, datu analize
izmantots hi kvadrata kritérijs (x%). HI kvadrata (%) kritériju izmanto, lai parbauditu, vai divas
statistiskas pazimes ir neatkarigas viena no otras.

Kvalitativu izlau empiriska un teorctiska sadalfjuma atbilstibas parbaude ar y? kritériju SPSS
vide veikta ar testu parbaudes riku Analyze/Nonparametric Tests/Chi— Square.

Gadijumos, kad p— vértiba <0.05, ar 95% varbitibu tiek uzskatits, ka pétitas pazimes ir
savstarpgji atkarigas.

Dispersijas analize ANOVA izmantota, lai pe@titu sakaribas starp rezultativajam un
neatkarigajam pazimém. Ar ANOVA metodi analiz€tas MAFAM un koliformu bakteriju
vidgjas vertibas atskiribas atkariba no petama faktora:

— sabiedriskas &dinasanas uzpémumu grupam;

— &dienu veida;

— tehnologiskas apstrades procesa.

Datu grafiska attélosana. Datu procentualais un strukturalais sadalijums att€lots ar sektoru
diagrammam (Pie Chart). Matematiskas analizes dati attéloti slok$nu diagrammu (Bar Chart)
un histogrammu veida.

Petjjumu datu apstradei un sakaribu noteikSanai lietota matematiska programmu pakete
MathCad- 14.0 (Engineering Calculation Software).

Datu apstradei lietota 2— faktoru nelineara regresijas analizes metode. Tiek aplikota otras
kartas divargumentu funkcija Z=Z (x,y) un, izmantojot mazako kvadratu metodi, tick mekl&ti
funkcijas:

Z =a, +aX+a,x> +ay+a,y’ +axy
koeficienti a;, ar kuriem eksperimentalo datu un tiem atbilstoSo ieglito teorétisko datu

attalumu kvadratu starpiba biitu minimala. Ta ka faktoru ietekme nav line@ra, pirmas kartas
divargumentu funkcijas pielietojums biitu kltidains. Meklgtaja izteiksm€ mainigie ir:

Z — mikroorganismu skaits (vai masas zudumi)

a; — konstantes, kas raksturo &dienu temperattras un pH ietekmi ;
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X — €dienu temperatiira parauga nonemsanas bridi °C;

y — &diena pH.
Lai novertetu teorctiskas sakaribas atbilstibas cieSumu, tiek aprékinats determinacijas
koeficients 7°, kas raksturo iegitds teorctiskas sakaribas atbilstibu eksperimentalajiem
datiem. Jo tas tuvaks 1.0, jo teor&tiska sakariba precizak apraksta eksperimentalos rezultatus.

Mikrobiologisko izmekl&jumu rezultatu izvértesanai lietotas PVD izstradatas rekomendacijas
partikas inspektoriem gatavo &dienu mikrobiologisko izmekl§jumu rezultatu vérteSanai
(3.tabula). Darba autore piedalijas min&to rekomendaciju izstrade, kas realizéta kopa ar PVD
Sabiedriskas edinasanas uzn€mumu uzraudzibas sektora un Riska vadibas dalas specialistem.
Par pamatu PVD vadlinijam ‘‘Visparigie metodiskie noradijumi partikas paraugu nemsanai
mikrobiologiskiem izmekl§jumiem un rezultatu izvertésanai’’ nemtas vairaku valstu, tostarp
Australijas un Jaunzélandes, Lielbritanijas un Irijas vadlinijas. Mingto valstu dokumenti ir
diezgan Iidzigi, un atskiriba ir tikai &dienu grupu (kategoriju) iedalijuma, piem&ram, vienas
vadlinijas lietotas tris €dienu pamatgrupas (kategorijas), bet citas— piecas. Petfjuma rezultatu
izverteSanai lietotie krit€riji sniegti 3. tabula.

3. tabula/Table 3

PVD lietotie kritériji gatavo édienu mikrobiologisko izmekléjumu
rezultatu izvértéjumam /
FVS criteria used for evaluation of the results from microbiological
investigations of RTE foods

Mikrobiologiskas drosibas Itmeni (KVV/g)/
Levels of microbiological safety (CFU/ g)
ApmierinoS$s Pienemams Neapmierinoss Potencial
Raditajs/ Parameter testéSanas testéSanas testéSanas bistams/
rezultﬁts/ rezultats/ rezultats/ Potentially
Satisfactory test | Acceptable test Unacceptable hazardous
result result test result
Bakteriju kopskaits/Total amount of bacteria
1. kategorija/ <10* <10° > 10° B
1 st category
2. kategorija/ <10° <107 > 107 B
2 nd category
3. kategorija/ N/A N/A N/A B
3 rd category
Indikatormikroorganismi/lndicator microorganisms
Enterobacteriaceae* | <10° | 10" - 10° | > 10" | -
Patogénie mikroorganismi/ Pathogenic microorganisms
Staphylococcus aureus | <10° | 10%-10° | 10°-10* [ >10°
Piezime/Note:

* Enterobacteriaceae,ka raditaju nelieto svaigu auglu vai darzenu vai produktiem, kas tos satur
izvertésanai/ Enterobacteriaceae do not use for evaluation of fresh fruits and vegetables or products its
containing.

Avots/ Source: PVD/FVS, 2006

Atkariba no mikrobiologiska raditaja veida par neatbilsto$ajiem testéSanas rezultatiem —
,neapmierinoss testéSanas rezultats’’ tiek uzskatiti rezultati, kas augstaki par 10* Tidz
10" KVV/g .

EdinaSanas uznémumu higiéniskas situacijas izvertéSanai speciali sagatavotas anketas ar
autores  sgatavotiem jautajumiem. Anketas ietver 19 jautajumu grupas (sk.
2. pielikumu), kas raksturo pétijuma ieklauto €dinasanas uzn€mumu visparigo higi€nas
situaciju, tostarp telpu apdari, komunikaciju (Gdensvads, kanalizacija, ventilacija,
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apgaismojums), razoSanas iekartu, personala higiénas un tehnologisko procesu raksturojumu,
razoto €dienu skaitu, telpu platibu un stradajoso skaitu, atkritumu apriti uzp€muma u.c.

Anketas jautajumi veidoti ar merki detalizétak identificét literatiiras avotos minétas
biezakas higi€nas prasibu neatbilstibas, kas vargtu ietekmét partikas produktu mikrobiologisko
kvalitati un nekaitigumu. Situacijas precizéSanai papildus lietota PVD partikas uzpemumu
parbaudes protokolu datu baze, noverteti pétijumos ieklauto edinasanas uznémumu (n=16) 14
parbaudes protokoli, PVD ikménesa uzraudzibas pamatraditaju parskati (2004— 2008) un PVD
Rigas pilsétas parvaldes partikas inspektoru sniegta informacija.

Anketas jautajumi un PVD partikas uznémumu parbaudes protokoli ir balstiti uz ES un
Latvijas normativo aktu prasibam, kas reglamente higi€nas prasibas partikas uzn€émumiem, kas
ir ieklautas PVD ieksgjas kontroles procediras KR.10.P.210 ‘‘Parbauzu veikSanas kartiba
Partikas un veterinaraja dienesta”, KR.10.P.112 ‘‘Metodiskie noradijumi partikas uznémumu
parbaudes protokola noform&sanai un parbaudes veikSanai”.

PETIJUMA REZULTATI UN DISKUSIJA
Pirmas kategorijas eédienu petijumu rezultati

legitie rezultati (n=216) liecina, ka p&tijumos MAFAM skaita noteik$anai lielako Tpatsvaru
veido rezultati mazak ka 10* KVV/g = 92.6% paraugi, kas novertéti ka apmierinoi testéanas
rezultati, tikai 7.4% paraugu rezultati ir lielaki par apmierinosa rezultata robezam
(>10* KVV/g), un atbilst pienemamam rezultatam. Neapmierinogi rezultati nav konstat&ti.
Pétijumos Kkoliformu baktériju skaita noteikSanai 93.5% paraugu noteikti apmierinosi
testéSanas rezultati <10° KVV/g; pienemams rezultats 10° — 10° KVV/g =~ 6.5% paraugu.
Neapmierino$i testéSanas rezultati nav konstatéti nedz MAFAM, nedz koliformu bakteriju
pétijumos. P&tijumu dati liecina, ka 1. kategorijas &dienos iegitie rezultati galvenokart atbilst
petijuma lietotajiem krit€rijiem un to nosaka §iss &dienu grupas galvena apstrades metode:
termiska apstrade.

Daudzu zinatnieku pétjjumi norada, ka &dienu termiskas apstrades temperatiira, kura augstaka
par 60°C, parasti ir pietickama efektivai mikroorganismu, tostarp dazadu patogénu
mikroorganismu vegetativo formu, skaita samazinaSanai vai iznicinaSanai. Tome&r
termotolerantic mikroorganismi var izdzivot arT augstaka temperatiira, it Tpasi sporas.
Literatiras dati liecina, ka termiski apstradatajos partikas produktos mikroorganismu
sadalfjums var biit nevienmerigs, to izdzivoSanu sekmé produktu sastavs, t.sk. pH, NaCl
koncentracija, tauku un udens daudzums. Turklat pastav zinamas praktiskas gritibas
nodrosinat edienu vienmérigu termisko apstradi. Nevienmeriga termiska apstrade var veicinat
auksto zonu (cold spot — angl.) veidosanas, it Tpasi gatavojot €dienus mikrovilpu krasni vai
traukos, kur &dienu ir sarezgiti samaisit, sajaukt (IFST, 1999; Blackburn, McClure, 2004;
Zwetering et al., 2005; Jones et al., 2004; Sprenger, 2004; Jay et al., 2005; Adams and Moss,
2006; Beuchat, 2006; Jordan et al., 2006; Lues et al. ,2007; Gorris, 2007; Melngaile, 2008).

MAFAM vidgja skaita (Ig KVV/g) salidzinajums rada, ka tradicionalos &dienos raditaji ir tikai
nedaudz lielaki par raditajiem netradicionalos &dienos, attiecigi, 2.14 un 2.05, kad visas grupas
MAFAM vidgjais— 2.009.

AT koliformu baktériju vidgjais skaits (Ig KVVV/g) tradicionalos &dienos ir nedaudz lielaks ka
netradicionalos &dienos, attiecigi,— 1.2 un 1.04, kad koliformu bakteriju vidgjais grupa— 1.12.
Koliformu baktériju vidgjie salidzinagjuma ar MAFAM vidgjiem ir nelieli.

Pirmas kategorijas €dienu p&tijumu dati apstiprina zinatniskaja literatiira pieejamo informaciju,
ka mikroorganismi partikas produktos vai to partija nav izplatiti vienmérigi vai homogeéni
(IFST, 1999; Blackburn, McClure, 2004; Sprenger, 2004; Jay et al., 2005; Zwetering et al.,
2005; Adams and Moss, 2006; Beuchat, 2006; Jordan et al., 2006; Lues et al., 2007;
Melngaile, 2008). To pierada talak grafikos apkopotie dati, pieméram, produktos, kas satur
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daudz tauku un kuriem ir vairakas sastavdalas, ir vairak MAFAM, t.sk. cepta ciikgala, kapostu
titenos, liellopu aknu placeniSos un ciikgalas kotletes, tomer ka izn@mumu $aja grupa varétu
minét griku biezputru. Tai pasa laika MAFAM skaits ctikgala asaja sojas mércé ir neliels, jo to
iespgjams, ietekmgjusi garSvielu lietoSana, un literatiira ir atrodami dati par garSvielu
konservgjoso iedarbibu. Karsto &dienu mikrobiologiska piesarnojuma limeni ietekm& ari to
sakotngjais piesarnojums, dabiska mikroflora un apstrades procesi, €dienu saskare ar dazadam
tehnologiskajos procesos izmantojamam virsmam, to tiriba. P&tijumos iegito MAFAM un
koliformu baktériju vidgja skaita (Ig KVV/g ) salidzinajums tradicionalos &dienos sniegts
1. attela.

zirpu saut@ums/bean stew

vistas sparmini medus glazira/chicken
wings in honey glaze

variti kartupeli/boiled potatoes

variti grikki/boiled buckwheat

liellopu aknu placenisi/beef liver fritters

ciilgalas kotletes/pork meat balls

cikgala asaja sojas merce/pork mn spicy
SOV sauce

cepta cikgala/roasted pork

kapostu titeni/cabbagerolls with meat

0] 1 2 3 4

H kcoliformas balkterijas 1lg KVV/g/coliforms lg CFU/g

EMAFAMIIg KVV/g/ACC lg CFU/g

1. att. MAFAM un koliformu bakteriju vidéja skaita salidzinajums 1. kategorijas
tradicionalos &dienos, Ig KVV/g
Fig. 1 Comparison of the average values of ACC and TC in the 1% category
traditional RTE foods, Ig CFU/ g

Datu avots/ Data source: autores Excel programma veidota diagramma/ Author’s chart made
in Excel programme.

Tradicionalo eédienu grupa

Lielakais MAFAM vidgjais skaits (Ig KVVV/g) noteikts: kapostu titenos— 3.21; varitos grikos—
2.98; cepta cikgala— 2.94 (kad vidgjais grupa— 2.14). legiito vidgjo rezultatu p— vertibas
(ar 95% ticamibu) aprekini liecina, ka tikai ceptai ctikgalai tie ticami atSkiras no pargjo &dienu
vidgjiem lielumiem.

Koliformu bakteriju lielakais vidgjais skaits noteikts: kapostu titenos— 1.9; cepta cukgala—
1.55; varttos grikos— 1.42 (kad vidgjais grupa— 1.20), salidzinot ar kuriem, pargjiem &dieniem
Saja grupa ir konstatgtas statistiski ticamas vidgjo lielumu atskiribas.

Tradicionalo &dienu grupa, galvenokart, identificéti sekojosi mikroorganismi:

a) Bacillus subtilis kapostu titenos, maksimali— 6.9x10* K\VV/g ;

21



b) Bacillus amyloliquefaciens — 6.0x10° KV'V/g , Enterobacter cloacae — 3.2x10° KVV/g
un Staphylococcus xylosus ciikgalas kotletés, minimali — 15.0 KVVV/g.

Staphylococcus xylosus ir grampozitivas un koagulazes negativas baktérijas, ko parasti atrod

uz cilvéku un dzivnieku adas un apkartgja vide. Tas ir daudz biezak sastopamas dzivnieku,

nevis cilvéku organisma. Staphylococcus xylosus saméra reti identificétas ka cilvéka slimibu

ierosinataji un loti reti tas var k]Gt patog€nas cilvékiem, jo tikai dazi celmi var producét

enterotoksinus D, C un E (Blackburn, McClure, 2004; Sprenger, 2004; Jay et al., 2005; Adams

and Moss, 2006; Jordan et al., 2006; Lues et al., 2007);

c) Escherichia coli ceptaja ciikgala — 3.8x10* KVV/g ;

d) Pantoea spp. varitos grikos — 1.8x10 * KVV/g ;

e) Staphylococcus haemolyticus, minimali — 35.0 KVV/g un Bacillus licheniformis
liellopu aknu placeniSos — 2.2x10 * KVV/g.

Petijumos iegiito MAFAM un koliformu bakteériju videja skaita salidzinajums netradicionalos

€dienos sniegts 2. attéla.

vistas gala ar darzepiem .. Torino terjaki"/chiclcen
meat with vegetables ., Torino terjaki”

vistas gala ., Torino"/chicken meat ., Torino"

vegetarais sakgu sant§ums/vegetarian vegetable
stew

pikantaliellopu gala ar darzepiem/ spicy beef
with vegetables

liellopu galas cepetis taizemiesu gaumé/'beef stew
in Thailand's kind

darzenu &diens .., Tempura jace"/vegetable meal
.. Tempurajace"

ciikgalas ribinas/pork ribs

cilgala saldskaba sojasmercé/porkin sweet sour
2Oy sauce

cikkgala marinéta ,.Pulgogi' (uguns gala)/in
species marinated pork , Pulgog’

0 1

12
7%
4

M koliformas baktérijas lg KVV/g /coliforms lg CFU/ g
HMAFAM g KVV/g/ACC lg CFU/g

2. att. MAFAM un koliformu baktériju vidéja skaita salidzinajums 1. kategorijas
netradicionalos &dienos, Ig KVV/ g
Fig. 2 Comparison of the average values of ACC and TC in the 1* category untraditional
RTE foods, Ig CFU/ g

Datu avots/ Data source: autores Excel programma veidota diagramma/ Author’s chart made
in Excel programme.
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Netradicionalo edienu grupa

MAFAM augstakais vidgjais skaits Ig KVV/g noteikts: liellopu galas cepet taizemieSu gaumé—
3.45; marinétaja cukgala ,,Pulgogi’’ — 3.43; pikantaja liellopu gala ar darzepiem — 2.27, kad
vidgjais grupa — 2.05, salidzinot ar pargjiem &dieniem Saja grupa ir konstatétas statistiski
ticamas vidgjo lielumu atskiribas.

Koliformu baktériju augstakais vidgjais skaits Ig KVV/g noteikts marinétaja cikgala
,»Pulgogi’’— 1.50, kad vidgjais grupa— 1.04.

Tomeér iegiito MAFAM vidgjo rezultatu p— vértibas (ar ticamibu 95%) aprékini liecina, ka tikai
ceptai ciikgalai tie ticami atskiras no pargjo €dienu vidgjiem lielumiem.

Netradicionalo &dienu grupa, galvenokart, identificeti:

a) Bacillus subtilis darzenu &diena ,,Tempura jace’” — 45.0 kvv/ g, vegetara saknu sautéjuma
1.3 x10° KVV/g pikanta liellopu gala 2.5x 10° KVV/g, liellopu galas cepeti-
1.8x10* KVV/g;

b) Bacillus licheniformis vegetaraja saknu sautgjuma 1.3x10° KVV/g, ciikgalas ribinas un
vistas gala ,,Torino terjaki’” — 5.0 KVV/g;

c) Staphylococcus capitis vistas gala ,,Torino’’, minimali 5.0 KVV/g un Staphylococcus
aureus vistas gala ar darzepiem ,,Torino terjaki’’ — 8.1x10° KVV/g — 2 gadijumos; vistas
gala ,,Torino>> 2.6x10° KVV/g — 2 gadijumos, Staphylococcus caprae darzenu &diena
,,Tempura jace’” — 45.0 kwv/ g;

d) Ochrobactrum anthropi vistas gala ,,Torino’> 3.8x10° KVV/g un ciikgalas ribinas
9.7x10°KVV/g

e) Enterobacter cloacae marinétaja ciikgala ,,Pulgogi’’, maksimali 8.5x10* K\V/V/g un vistas
gala ,,Torino’* 1.3x10° KVV/g;

f) Klebsiella oxytoca marinéta ciikgala ,,Pulgogi’’40.0 KVV/g ;

g) Bacillus stearothermophilus pikanta liellopu gala 2.3.x10° KVV/g un Bacillus coagulans
marinéta ciikgala ,,Pulgogi’’ 4.1x10° KVV/g.

—————

garSvielu lietoSana, tiem vajadzgja biit vieniem no relativi drosakajiem, tomer stafilokoku
identifikacija vistas galas &dienos (2 no 4 gadijumiem) norada uz &dienu nepietickamu
termisku apstradi un to, ka ir parkaptas personala higiénas prasibas. Abos gadijumos
identificgto mikroorganismu skaits bija lielaks par 10° K\VV/g, kas atkariba no mikroorganismu
augSanai nepiecieSamajiem apstakliem, var veicinat toksinu veidosanos (Blackburn, McClure,
2004; Sprenger, 2004; Jay et al., 2005; Zwetering et al., 2005; Adams and Moss, 2006).

Pirmas kategorijas &dienos abas iepriekSmingtajas grupas 64 gadijumos identificétas dazadas
mikroorganismu sugas. legltie dati liecina, ka mikroorganismi biezak identificeti
netradicionalo €dienu grupa — 48 gadijumi (75% no kop&ja izmekl&jumu skaita), bet
tradicionalo &dienu grupa tie identific&ti retak, tikai 16 gadijumos (25%).

Edienu paraugos galvenokart identificéti Bacillus spp. — 50.0%, Staphylococcus spp. — 25.0%
un Enterobacter spp. — 9.38%, Ochrobactrum anthropi — 6.25%, Pantoea, Klebsiella un
Escherichia ginsu mikroorganismi katra pa 3.13%.

Pirmas kategorijas &dienos identificéto mikroorganismu ginsu un sugu datu kopsavilkums
sniegts 3. attela.
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3. att. Identificéto mikroorganismu gin$u un sugu gadijumu skaits
1. kategorijas €dienos
Fig. 3 The number of identified microorganism genera and species in the
1% category RTE foods.

Datu avots/ Data source: autores Excel programma veidota diagramma/Author’s chart made in
Excel programme.

Saja diagramma vienas gints mikroorganismi ir attéloti ar vienadu krasu. Sis kategorijas
€dienos identific€to mikroorganismu detaliz&ta analize sniegta zemak.

Péc literattiras datiem, Bacillus spp. gints mikroorganismi &dienu paraugos tada skaita, kas
parsniedz 10%° KVV/g, norada uz &dienu nepietiekamu termisko apstradi. So sporas veidojo3o
mikroorganismu biezo atklasanu paraugos nosaka §1 mikroorganisma plasa izplatiba apkarteja
vide, t.sk. partikas izejvielas, augsné, wdeni. Sis ierosinatdjs var ieklat partika arT
Skerspiesarnojuma rezultata. Bacillus spp. gints mikroorganismi parasti ietver tris veidus, kuru
vida tikai divi Bacillus subtilis un Bacillus cereus ir patogéni cilvékiem. Bacillus subtilis bija
izoléts dazos ar partiku saistitu slimibu uzliesmojumos, bet registréto uzliesmojumu skaits
tomer ir neliels.

Ierosinataja producétais un pret termisko apstradi noturigais toksins ir lidzigs Bacillus cereus
producétajam toksinam, kas ir pazistams ka patiesais patogéns. Sis toksins rada partikas
toksikoinfekcijas simptomus — vemsanu, atseviSskos gadijumos arT caureju. 1975.— 1986. gada
Lielbritanija tika registréti 49 uzliesmojumi ar kopg&jo cietuso skaitu 175, $o uzliesmojumu
ierosinatajs bija Bacillus subtilis. Uzliesmojumu laika ierosinatajs identificéts partika 10°-10°
KVV/g. lerosinataja rezervuars S$aja gadijjuma bija gala, zvejas produkti, konditorejas
izstradajumi, varfti risi (Dahl,1999; Jay et al., 2005;).
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Otras kategorijas édienu pétijjumu rezultati

legitie rezultati (n=166) liecina, ka 90.4 % paraugu p&tijumos MAFAM skaits ir mazaks par
10° KVV/g, kas novértéts ki apmierino$s testéianas rezultats. 9.7% paraugu MAFAM skaits
novértéts ka pienemams rezultats un ir lielaks par 10° KVV/g un mazaks par 10" KVV/g.
Neapmierinosi rezultati nav konstateti.

Pétot koliformu bakteriju skaitu, 75.9% paraugu noteikti apmierino§i rezultati
<10*KVV/g; 18.07% paraugu noteikti pienemami rezultati robezas 10> — 10* KVV/g. Kaut ari
tabulas dati liecina, ka 2. kategorijas &dienu petjjumu rezultati galvenokart atbilst lietotajiem
salidzinasanas kriterijiem, tomér 6.02% paraugu noteikti neapmierinosi test€Sanas rezultati
>10* KVV/g.

legttie rezultati skaidrojami ar So €dienu pamatsastavdalam, tostarp ar to, ka &dienos ir ieklauti
gan termiski apstradati, gan termiski neapstradati komponenti, tomér to sastava nav nemaz vai
ir nedaudz komponentu, kas dabiski satur lielu mikroorganismu skaitu, pieméram, majonéze,
krgjums, fermentétie produkti. Turklat Sos &dienus biezi gatavo ar rokam un tie saskaras ar
virsmam, kas saskapa ar literatiras datiem, biezi vien ir sekundara mikrobiologiska
piesarnojuma avots. Sajos &dienos, tapat ka pirmas kategorijas &dienos, konstatéts krasi
atSkirigs mikrobiologiska piesarnojuma Iimenis, kas ir atkarigs no tehnologiska procesa daudzo
argjo un ieksgjo faktoru savstarpgjas ietekmes.

MAFAM skaita vidgjie raditaji parada, ka tradicionalos &dienos tie ir lielaki par raditajiem
netradicionalos €dienos, attiecigi, 4.08 un 1.99 Ig KVVV/g (kad vidgjais 2. Kategorijas &dienu
grupa — 3.0). Koliformu baktériju vidgjo raditaju salidzinajums parada, ka Saja &dienu
kategorija tie ir mazaki par MAFAM vidgjiem raditajiem, attiecigi, 1.60 un 3.0 Ilg KVV/g.
Tradicionalo &dienu grupa koliformas baktériju vidgjie Ilg KVV/g ir lielaki neka netradicionalo
€dienu grupa, attiecigi, 2.20 un 1.03 (kad vidgjais koliformas bakt&riju ir — 1.60).

Koliformu baktériju vidgja skaita Ig KVV/ g lielakie raditaji noteikti: svaigu darzenu salatos ar
ellu — 3.59; svaigu kapostu salatos ar ellu — 3.29; svaigu darzenu salatos ,,Rozmarija’’ — 3.20,
kad vidgjais grupa — 2.20, salidzinot ar pargjiem €dieniem ir konstatetas statistiski ticamas
p— vertibas (ar ticamibu 95%) vid€jo atSkiribas.

Sis atskiribas, iespgjams, saistitas ar to, ka tradiciondlos &dienos relativi retak neka
netradicionalo edienu grupa, licto asas garSvielas, jo biezi arT tam piemit konserv&josas
Tpasibas to atSkirigo sastavdalu un gatavoSanas metozu d€l. Ja &dienu sastavdalas leni atdzes€
(parsniedz noteikto laiku) vai uzglaba mikroorganismiem bistamaja temperatiiras zona, tad tiek
veicinata mikroorganismu vairo$anas un &dienu mikrobiologiskais piesarnojums palielinas
(Blackburn, McClure, 2004; Sprenger, 2004; Jay et al., 2005; Zwetering et al., 2005; Adams
and Moss, 2006).

MAFAM un koliformu bakteriju vidgjo Ig KVV/g salidzindgjums tradicionalos &dienos
uzskatamak paradits 4. attela.
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liellopu galas galerts/beef meat jelly

panlkiikas pilditas ar galu/thin pancakes
stutfed with meat

biedu pupinu salati/beet and been salad
with vegetable oil

varito biesu salati/boiledred beef salad

zivju frikadeles zeleja/fish balls in jelley
svaigu darzenu salati .. Rozmarija"/fresh
vegetable salad ,.Rozmarija"
svaigu darzenu salat ar e]llu/vegetable
galad with o1l

svaigu kapostu salati ar ellu/fresh
cabbage salad with vegetable o1l

0.00 2.00 4.00 6.00

H oliformas baktérijas lg KVV/ig/colitorms lg CFU/ g

EMAFAM g KVV/g/ACC lg CFU/g

4. att. MAFAM un koliformu bakteriju vidéja skaita salidzinajums 2. kategorijas
tradicionalos edienos, Ig KVV/ ¢
Fig. 4 Comparison of ACC and TC average values in the samples of 2™ category
traditional RTE foods, Ig CFU/ g

Datu avots/ Data source: autores Excel programma veidota diagramma/ Author’s chart made
in Excel programme.

Tradicionalo eédienu grupa
MAFAM skaita Ig KVV/ g lielakie raditaji noteikti: varitu biesu salatos ar ellu — 5.38; svaigu
kapostu salatos ar ellu — 5.16; svaigu darzenu salatos ,,Rozmarija’> — 5.0; svaigu darzenu
salatos ar ellu — 4.67; bieSu—pupinu salatos — 4.51, kad vid&jais grupa — 4.08.
Iegiito MAFAM lg KVV/ g vidgjo lielumu p-— vértibas (ar ticamibu 95%) aprékini liecina, ka
tie ir lielaki salatos ar ellu (bieSu, kapostu, svaigu darzenu) un salatos ,,Rozmarija’’, kas
salidzinajuma ar zivju frikadeleém zeleja, liellopu galas galertu un ar galu pilditam pankikam,
dod ticamas atSkiribas. Turklat tas ir skaidrojams ar So &dienu dazadam sastavdalam, to
primara un sekundara piesarpojuma avotiem, tehnologiskaja procesa lietotam apstrades
metodém, tostarp termiski apstradatu komponentu atzdes€Sanu, termiski neapstradatu
komponentu apstradi, uzglabasanu u.c. faktoriem.
Koliformu baktériju 1g KVV/g vid&ja skaita lielakie raditaji noteikti: svaigu darzenu salatos ar
ellu — 3.59; svaigu kapostu salatos ar ellu — 3.29; svaigu darzenu salatos ,,Rozmarija’’ — 3.20,
kad vidgjais raksturlielums grupa— 2.20, salidzinot ar kuriem pargjiem &dieniem ir konstat&tas
statistiski ticamas p—vertibas (ar ticamibu 95%) vid&jo raksturlielumu atskiribas.
Tradicionalos &dienos, galvenokart identificéti: Enterobacter cloacae — 25.9%, Klebsiella
oxytoca, Citrobacter freundii un Staphylococcus spp. visiem 11.1%, Enterobacter sakazakii un
Klebsiella pneumonia visiem 7.4.%, Enterobacter amnigenus un Bacillus licheniformis visiem
3.7% u.c. Tostarp:
a) Enterobacter cloacae skaits svaigu kapostu salatos ar ellu, svaigu darzenu salatos ar ellu,
minimali — 1.1x10° KVV/g; salatos ,,Rozmarija’’ 1.8x10° KVV/g; pankiikas pilditas ar
galu 2.1x10°KVV/g;
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b) Enterobacter sakazakii svaigu kapostu salatos un salatos ,,Rozmarija’’
3.0x10° KVV/g;

¢) Enterobacter amnigenus svaigu darzenu salatos — 9.8x10° KVV/g;

Enterobacter gints mikroorganismi norada uz nepilnibam &dienu tehnologiskajos procesos. Tie

ir Joti jutigi pret tvaiku, +121°C temperattra iet boja 15 miniiSu laika, bet, karsgjot sausa gaisa

+160—170°C temperatira, iet boja stundas laika. So mikroorganismu atklagana &dienos liecina
par nepietiekamu higi€nas normu ievéroSanu, bet to atrasanas siltajos &dienos— par &dienu

neadekvatu termisko apstradi (PHAC, 2001; Jay et al., 2005; Shaker et al., 2006);

d) Klebsiella oxytoca skaits, t.sk. varitu bie$u salatos, maksimali — 8.0x10° KVV/g; salatos
,Rozmarija’* — 3.0x10° KVV/g;

e) Klebsiella pneumonia skaits svaigu kapostu salatos ar ellu 1.8 — 3.0x10° KVV/g;
Citrobacter freundii saldtos ,Rozmarija”> 1.8x10° KVV/g; varitu bie$u salatos
9.2x10° KVV/g;

f)  Staphylococcus hominis varitu biesu salatos 9.2x10° KVV/g ; Staphylococcus ligdunesis
liellopu galas galerta 1.0x10° KVV/g; Staphylococcus capitis svaigu kapostu saldtos
1.1x10° KVV/g;

g) Bacillus licheniformis skaits ar galu pilditas pankiikas 1.7x10° KVV/g u.c.

legtito MAFAM un koliformu baktériju petijumu rezultatu salidzinajums netradicionalo &dienu

grupa sniegts darba 5. attéla.

liellopu aknu pastéte/beefliver pate

paprika pildita ar darzeniem/sweet pepper
stuffed with vegetables

vistas fileja marinéta ar ananasiem un
darzeniem/chicken filet marinated with
ananaise andvegetables

pupinasar sezamu un sojas mérci/beens with
sezame and oy gauce

vistas gala ar darzeniem
.. Taugogipakom"/chicken meat with vegetables
.. Taugogipakom”

cepti darzeni/frittedvegetables

3.91

darzenu asorti/vegetable dish

selerijas kiplokumeércé/celery in garlic sauce

0] 2 4 6

H koliformas baktéryjas lg KVV/g/coliforms lg CFU/ g

BMAFAM lg KVV/g/ACC lg CFU/g

5. att. MAFAM un koliformu baktériju vidéja skaita salidzinajums 2. kategorijas
netradicionalos &dienos, Ig KVV/ g
Fig. 5 Comparison of ACC and TC average values in the samples of 2™ category
untraditional RTE foods, Ig CFU/ g

Datu avots/ Data source: autores Excel programma veidota diagramma/Author’s chart made in
Excel programme.
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Netradicionalo edienu grupa

MAFAM lg KVV/g augstakie vidgjie lielumi Saja grupa noteikti: ceptajos darzenos — 3.91;
vistas gala ar darzeniem ,,Taugogipakom’’ — 3.29; pupinas ar sezamu un sojas mérci — 2.23,
kad vidgjais visa grupa — 3.04, salidzinot ar pargjiem &dieniem ir konstatgtas statistiski ticamas
vidgjo atskiribas. Koliformu bakteriju 1g KVV/g lielakie vidgjie lielumi noteikti tikai vistas
gala ar darzepiem ,,Taugogipakom’” — 1.30, kad vid&jais visa grupa — 1.62, salidzinot ar
pargjiem &dieniem ir konstattas statistiski ticamas p—vertibas (ar ticamibu 95%) vidgjo
lielumu atskiribas.

Visiem 2. kategorijas &dieniem noteiktais MAFAM skaits ir lieclaks par noteikto koliformu
baktériju skaitu (4. un 5.atteli). Netradicionaliem &dieniem MAFAM un koliformu baktériju
skaits Ig KVV/g ir ievérojami mazaks neka tradicionalajiem &dieniem.

Netradicionalo &dienu grupa galvenokart identficéti: Bacillus spp., Staphylococcus spp.,
Actinomyces spp. ginsu, Enterobacter cloacae, Brevibacillus brevis un Brevibacillus
laterosporus, Micrococcus sedentarius sugu mikroorganismi. Bacillus spp. mikroorganismi
identificéti desmit gadijumos (35.7%), Enterobacter cloacae cetros gadijumos (14.3%),
Klebsiella oxytoca sesos gadijumos (7.3%) tostarp:

a) Bacillus licheniformis un Bacillus firmus ceptajos darzenos 1.0 — 1.1 x 10°KVV/g;

b) Bacillus pumpilus vistas gala ar darzepiem ,, Taugogipakom’’ 4.4 x 10° KV/V/g;

c) Staphylococcus capitis noteikts selerijas kiploku mércé, minimali — 15.0 KVV/g;

d) Staphylococcus xylosus darzenu asorti 3.4 x 10°KVV/g;

e) Brevibacillus laterosporus ceptos darzenos, maksimali — 2.9x10° KVV/g;

f) Micrococcus sedentarius pupinas ar sezamu un sojas mérci 2.0 x 10° KVV/g u.c.

Otras kategorijas &dienos 82 gadijumos identificétas dazadas mikroorganismu gintis,
galvenokart Enterobacter spp. — 29.27%, Bacillus spp.— 14.6%, Staphylococcus spp. — 12.2 %,
Klebsiella spp. — 12.2% un Citrobacter freundii — 7.32% mikroorganismi. Biezak
mikroorganismi identificéti tradicionalos &dienos — 54 (65.8%) gadijumi, retak netradicionalo
&dienu grupa 28 (34.2%) gadijumi.

Enterobacter spp. gints mikroorganismi ir viena no biezak parstavétajam Enterobacteriacae
dzimtas grupam. Sis sugas mikroorganismi tiek saistiti ar dazadam infekcijam, t.sk.
nozokomialajam vai intrahospitalajam, arT ar partikas un Gdens izcelsmes infekcijam. So
ierosinataju dabiskie rezervuari parasti ir augsne, tdens, notekiideni, cilvéku un dzivnieku
zarnu trakts, piena produkti. Tie ir loti jutigi pret termisko apstradi. Sie mikroorganismi
€dienos liecina par nepietickamu higi€nu, bet siltajos edienos— par edienu neadekvatu termisko
apstradi. So mikroorganismu lielaka dala ir noturiga pret antibiotikim (cefalotinu un
ampicilinu), it pasi Enterobacter cloacae un Enterobacter aerogenes, ka ari pret dazadiem
dezinfekcijas lidzekliem— 1% natrija hipohloridu, 70% etilspirtu, fenoliem, formaldehidu,
jodinatiem u.c.

Enterobacter sakazakii ir nosacitais patogéns, kas saistits ar nekrotiz§joSu enterokolitu un
meningitu jaundzimusajiem, tas ir atklats sausajos piena maistjumos, zidainu partika (17.4%).
So ierosinataju biezi atrod augsné, grauz&ju un insektu organismos. Tas ir izoléts no plasa
spektra partikas produktiem: arl augsta temperatiird pasterizeéta piena, siera, gala, darzenos,
graudaugos, garSvielas, fermentétajos produktos, maizé u.c. (PHAC, 2001; Jay et al., 2005;
Shaker et al., 2006).

P&tijumos identificéto mikroorganismu datu kopsavilkums sniegts 6.attéla.
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6. att. Identificéto mikroorganismu gintis un sugas 2. kategorijas edienos
Fig. 6 The number of identified microorganismsgenera and species in the 2" category
RTE foods.

Datu avots/ Data source: autores Excel programma veidota diagramma/Author’s chart made in
Excel programme.

Saja diagramma vienadas gintis un sugas ir attlotas ar vienadu krasu. Otras kategorijas
€dienos identificéto mikroorganismu detaliz€ta analize sniegta turpmakas darba sadalas. Lai
gan Sai &dienu grupai nebija raksturiga visu komponentu termiska apstrade, ka tas bija
ieprick§¢jai  &dienu  kategorijai, tomér Enterobacter cloacae, Bacillus spp.,
Staphylococcus spp. identifikacija norada uz atsevisku &dienu sastavdalu nepietickamu
termisku apstradi un to, ka Sie &dieni tika piesarnoti gatavoSanas un uzglabasanas laika, tostarp
atseviS$kos gadijumos tika parkaptas €dienu gatavoSanas tehnologiskas, virsmu higiénas un
personala higiénas normas u.c.

Tresas kategorijas édienu pétijumu rezultati

Neskatoties uz to, ka MAFAM pétjjumu rezultatu salidzinaSanai nav lietoti konkré&ti
salidzinasanas kritériji un treSas kategorijas &dienos ir dabiski augsts mikroorganismu skaits,
tomer ir veikts iegiito rezultatu izvertgjums.

MAFAM pétijumos lielako Ipatsvaru veido rezultati ar nelielu mikroorganismu skaitu lidz 10*
KVV/g— 38.8% paraugu un ar vidgji lielu mikroorgansmu skaitu robezas no vairak ka 10* lidz
10°  KVV/g 38.8% paraugu. Liels mikroorganismu skaits (robezas no
> 10° Iidz 10" KVV/g) konstatéts 22.3% paraugu.

Nosakot koliformu bakteriju skaitu, 50.6% visu paraugu konstatéti apmierinosi rezultati
(mazak par 10° KVV/g); tradicionalo un netradicionalo &dienu grupa, attiecigi, 32.5% un
66.7% paraugu noteikti rezultati mazaki par 10> KV'V/g. Pienemami rezultati no 10° lidz 10*
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KVV/g noteikti 35.3% visu paraugu, bet tradicionalo un netradicionalo &dienu grupas, attiecigi,
42.5% un 28.9%. Neapmierinogi rezultati koliformu baktériju pétijumos vairak ka par 10*
KVV/g biezak noteikti tradicionalo &dienu grupa — 25.0%, netradicionalo &dienu grupa —
4.4%, kad vidgjais 1patsvars grupa — 14.1%.

Datu statistiskaja apstrade iegilito rezultatu salidzinasana rada, ka lielakais vidgjais skaits
noteikts tradicionalo &dienu izmeklgjumos MAFAM pétijumos — 1.0x10° KVV/g un koliformu
bakteriju — 2.1x10* KVV/g. MAFAM vidgjais skaits tradicionalo &dienu grupa ir lielaks neka
netradicionalo &dienu grupa, attiecigi 4.66 un 4.65 (kad vidgjais grupa — 4.44). Koliformu
bakteriju vidgjais skaists ir divas reizes mazaks par MAFAM vidgjiem raksturlielumiem, bet
tradiconalo &dienu grupa ir lielaks par netradicionalo &dienu grupas raditajiem, attiecigi, 2.83
un 1.70 (kad vidgjais grupa — 2.24).

Tradicionalo eédienu grupa

legttie MAFAM vidgja skaita aprekini liecina, ka to ir loti daudz svaigi spiesta burkanu sula —
6.47, varitu darzenu salatos ar majonézi — 5.93, galas salatos — 5.6, salatos ,,Rosols’” — 5.34,
krabju salatos ar majonézi — 5.06, kad vidgjais grupa — 4.66.

Viszemakie MAFAM Ig KVV/g raksturlielumi noteikti piena kokteili ar abolu sulu — 1.99 un
putukréjuma ar biezpienu — 3.73, kuriem arT ir ticamas atSkiribas no par€jiem S$is grupas
€dieniem. Lielakie koliformu bakteriju Ig KVV/g raksturlielumi tradicionalo &dienu grupa
noteikti darzenu salatos — 4.1; galas salatos — 3.6; svaigi spiesta burkanu sula — 3.5, kad
vidgjais grupa — 2.8

Tradicionalo &dienu grupa galvenokart identificéti: Klebsiella spp.— 29.2% gadijumi,

Enterobacter spp. un Pantoea spp.— 16.7% gadijumi katrs. Staphylococcus spp un Escherichia

spp. katrs 8.3% gadijumi, Bacillus licheniformis, Citrobacter freundii, Serratia adorifera,

pel&jumi un Hafnia alvei katra pa 4.1%. Tostarp:

a) Klebsiella oxytoca— svaigi spiesta burkanu sula no 1.5 lidz 5.9x10° KVV/g; galas
salatos, maksimali — 9.3x10° KVV/g; varitu darzenu salatos ar majonézi
1.0x10° KVV/g;

b)  Enterobacter cloacae — svaigi spiestd burkanu sula 1.5x10° KVV/g; seleriju salatos ar
aboliem 1.6x10° KVV/g;

C) Enterobacter aerogenes — varitu darzenu salatos ar majonézi 1.6x10° KVV/g;

d) Enterobacter sakazakii — salatos ,,Rosols’*5.9x10° KVV/g;

e)  Pantoea spp. galas salatos, minimali — 1.8x10*KVV/g ;

f) Citrobacter freundii — seleriju salatos ar aboliem 1.6x10° KVV/g ;

g)  Staphylococcus aureus putukréjuma ar biezpienu — 1.1x10 ° KVV/g (2 gadijumos) u.c.

Tapat ka MAFAM, art koliformu baktg€riju vid&jais skaits tradicionalajos &dienos ir salidzinosi
neliels ir piena kokteilT ar abolu sulu — 1.0 un putukrgjuma ar biezpienu — 1.98, kuriem ir daudz
ticamu atSkiribu. Starp pargjiem &dieniem izteiktu atSkiribu nav. Ari koliformas baktérijam
netradicionalo &dienu grupas (8.attels) jau piemingtajos salatos ir lidzigas tendences ka
MAFAM, tomér tas nav tik spilgti izteiktas.
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with apples
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carrot juice
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H kolitormas baktérjas lg KVV/ig/coliforms lg CFU/ g

7. att. MAFAM un koliformu bakteriju vidéja skaita salidzinajums 3. kategorijas
tradicionalos &dienos, Ig KVVV/ g
Fig. 7 Comparison of ACC and TC average values in the samples of 3" category
traditional RTE foods, Ig CFU/ g

Datu avots/ Data source: autores Excel programma veidota diagramma/Author’s chart made in
Excel programme.

Netradicionalo &dienu grupa:

Petijumos iegitie MAFAM vidgja skaita raditaji ir lielaki Grieku salatos ar Fetas sieru — 5.8;
Italu salatos ar makaroniem — 5.6%; RomieSu salatos — 5.5; garnelu salatos ar sieru — 4.67,;
galas salatos — 4.5, kad vid&jais grupa — 4.4. MAFAM Ig KVV/g salidzinosi neliels tunca
salatos, cepta zivi darzenu marinade un kalmaru salatos ar juras kapostiem, jo So &dienu
gatavoSana lietoti termiski apstradatu un ferment&tu produktu sastavdalas, un tiem ir ticamas
at3kiribas no &dieniem, kam MAFAM skaits ir lielaks. Saja &dienu grupa lielakie koliformu
bakteriju skaita vidgjie raditaji noteikti — Italu salatos ar makaroniem — 3.32; galas salatos —
2.95 un Romiesu salatos — 2.48, kad vidgjais grupa — 2.27. Netradicionalo &dienu grupas
petijumos iegiito rezultatu salidzinajums sniegts 8. attéla.
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kalmaru salati ar juras kapostienmy/squid
salad with sea ,,cabbage"

cepta zivs burkanu marinad&fritted fish
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tunca salati/tuna salad

galas salati/imeat salad

garmelu salati ar sieru/shrunps and cheese
salad

.. Romiedn’ salati/Roma salad
..Italu’” malkaronu salati/Italian pasta
salad
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Korean kind

-Grielku’ salati ar Fetas sieru un
olivam/,,Greelk " salad with Feta cheese
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H oliformas baktérijas 1g KVV/g/coliforms 1lg CFU/ g

B MAFAM g KVV/g/ACC lg CFU/g

8. att. MAFAM un koliformu bakteriju vidéja skaita salidzinajums 3. kategorijas
netradicionalos édienos, Ig KVV/ g
Fig. 8 Comparison of ACC and TC average values in the samples of 3" category
untraditional RTE foods, Ig CFU/ g

Datu avots/ Data source: autores Excel programma veidota diagramma/Author’s chart made in
Excel programme.

Netradicionalo &dienu grupa identificéti identificéti Enterobacter cloacae — 42.8% gadijumu,

Bacillus subtilis un Pantoea spp. — katra pa 14.3% gadijumu, Bacillus licheniformis, pel&jumi,

raugi katrs 7.1%. Tostarp:

a) Bacillus subtili s— ,.Italu’’ salatos ar makaroniem un vistas §kinki 1.8x10° KVV/ g; galas
salatos 1.4x10° KVV/ g;

b) Enterobacter cloacae —,,Grieku’’ un ,,Romiesu’’ salatos, attiecigi, 1.5x10° un, maksimali
4.7x10° KVV/ g; tunéa salatos, minimali — 4.4x10° KVV/ g;

¢) Bacillus licheniformis — ,Italu’’ salatos ar makaroniem un vistas 8kinki 9.0x 10 ° —
1.8x10 °KVV/ g u.c.

Mikroorganismu sugas biezak identificétas tradicionalo &dienu grupa — 48 gadijumi (63.2%),
netradicionalo &dienu grupa — 28 gadijumi (36.8%).

Pétijumos mikroorganismu identifikacijas rezultatu kopsavilkums sniegts 9. attéla. Saja
diagramma vienas gints vai sugas mikroorganismi ir att€loti ar vienadu krasu.
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9. att. Identificeéto mikroorganismu gadijumu skaits
3. kategorijas édienos

Fig. 9 The number of identified microorganisms in the
3rd category RTE foods

Datu avots/ Data source: autores Excel programma veidota diagramma/ Author’s chart made
in Excel programme.

Galvenokart identificéti: Enterobacter spp.— 26.3%, Klebsiella spp.— 18.4%, Pantoea spp.—
15.8%, Bacillus spp.— 10.5%, Staphylococcus spp. — 7.8%, Escherichia spp. un pel&jumi pa
5.3% katra, Serratia adorifera, raugi, Hafnia alvei, Citrobacter freundii — katra pa 2.6%.

Vadoties pec biezak atklato mikroorganismu sugam, literatiiras datiem, ka ar1 pétfjuma
noverojumiem, redzamas biitiskas problémas Latvijas sabiedriskas €dinaSanas uzp&mumu
darbiba.

Tre$as kategorijas &dienu pétijuma 20 (9%) gadijumos &dienos identificéti Bacillus subtilis un
18 (8.1%) gadijumos Bacillus licheniformis. Abi sie mikroorganismi atseviskos gadijumos var
izraisit saind€Sanos ar partiku, $aja gadijuma slimibas simptomi ir lidzigi Bacillus cereus
ierosinatiem slimibu gadijumiem (Blackburn, McClure, 2002; Jay et al., 2005).

Identifikacijas rezultata 11.7% gadijumos &dienos noteikti Klebsiella gints mikroorganismi,
tostarp Klebsiella oxytoca 8.1% gadijumos. Klebsiella gints mikroorganismi pieder pie
Enterobacteriacae dzimtas. Faktiski tas ir universals dabisks mikroorganisms, kas plasi
izplatits apkartgja vide. Cilvekiem tie kolonizé adu un rikli, zarnu traktu, sterilas briices un
urintraktu. Izplatas ar tidens un partikas starpniecibu.

Parasti tie neizraisa nekadas slimibas, tomér apstaklos, kad cilvékam samazinas aizsargspéjas
(jaundzimusie, slimi cilveki, veci cilveki u.c.), tie var klait par infekcijas slimibas iemeslu (t.sk.
izraisit sepsi un pneimoniju). Pie §adiem mikroorganismiem pieder Klebsiella pneumonia un
Klebsiella oxytoca, tie ir nosacitie patogéni.

Klebsiella spp. mikroorganismi galvenokart kolonizé mukozas dzivnieku un cilvéku virsmas,
tapec 19% gadijumu Sis mikroorganisms atrodams cilvéka rikle, 77% gadijumu cilvéka feces
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un 42% gadijumu uz cilvéku rokam. Tapat ka Shigella spp. un Escherichia spp., tie var

producét citotoksinus. Sie mikroorganismi ir termotoleranti, optimala aug$anas temperatiira ir
+37°C (Podschun, Ullman,1998; Jay et al., 2005).

32(14.4%) gadijumos &dienos atklati Staphylococcus gints mikroorganismi, tostarp Cetros
gadijumos Staphylococcus aureus no 8.1 x 10° KVV/g lidz 1.1 x 10° KVV/g, kas augstaks par
apmierinoSa rezultata robezu. Staphylococcus spp. gints mikroorganismi plasi izplatiti
apkartgja vide, arT uz dazadam virsmam (dzivo un nedzivo objektu virsmam). Partika nokliist
no partikas uznémuma personala, ka arT no siltasinu dzivnieku izcelsmes partikas izejvielam
(t.sk. piena produktiem).

Kopuma ir pazistamas 27 Staphylococcus sugas un 7 apakssugas. Tas ir tipiskais mezofils,
optimali apstakli ta augSanai ir no + 7°C Iidz +48 °C, optimala temperatira +37°C, optimals
pH 6-7. Labaka temperatiira enterotoksina produc&Sanai ir +35°C...40°C. Staphylococcus
aureus veido septinus enterotoksinus (A, B,C;, C; C3 D un E). A un D enterotoksini biezak
vainojami partikas izraisito slimibu uzliesmojumos. Visplasak izplatits Staphylococcus aureus,
to atrod 20-50% gadijumu atrod uz veselu cilvéku augsgju elpcelu glotadas (Jay et al., 2005;
Adams, Moss, 2006).

Lielakais MAFAM skaits KVV/ g konstatéts identificgjot Enterobacter, Pantoea un Hafnia
gints mikroorganismus— 6,6x 10° KVV/ g, bet mazakais: Staphylococcus aureus —
25.0 KVV/ g, Bacillus licheniformis un Staphylococcus capitis — 5,0 KVV/ g.

Lai gan Sai &dienu grupai pirms pasniegSanas nebija raksturiga visu komponentu termiska
apstrade, tomér Enterobacter cloacae, Klebsiella spp., un Bacillus spp. identifikacija lielaka
skaita norada uz atsevisku &dienu un to sastavdalu nepietieckamu termisku apstradi un to, ka
tikusas parkaptas &dienu gatavosanas tehnologiskas, higiénas un personala higi€nas prasibas.

Mikroorganismu skaita kopsakaribas ar édienu
temperatiiru un pH

Pamatojoties uz starptautisko pieredzi un zinatniskaja literatiira pieejamiem datiem, $aja
petijuma bija nepiecieSams atrast iesp&jamas kopsakaribas starp MAFAM un koliformu
baktériju skaitu un &dienu paraugu temperatiiru un pH. Sis nodalas attélos sniegtas
raksturigakas kopsakaribas.

Pirmas kategorijas édienu petijumu rezultatu kopsavilkums

Balstoties uz literatiiras datiem, zinams, ka temperatiirai, pH un tdens aktivitatei ir butiska
nozime mikroorganismu skaita regulé$ana. Saja pétfjuma izvéléti temperatiiras un &dienu pH
parametri, lai noskaidrotu to ietekmi uz mikroorganismu skaitu &dienu paraugos.

1. kategorijas tradicionalo &dienu grupa iegiitie rezultati sniegti 10. attgla.
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10.att. Konturliniju attelojums MAFAM vidéja skaita atkaribai no paraugu
temperatiiras un pH 1. kategorijas tradicionalos €dienos, Ig KVVV/g
Fig. 10 Depiction of contour lines in relation with ACC among sample temperature
and pH level in the 1st category traditional RTE foods, Ig CFU/g

Datu avots/ Data source: MathCad programma veidots attéls/A figure made in MathCad
programme

Apzinoties to, ka mikroorganismu skaits partika liela méra atkarigs no €dienu sastava un to
apstrades metodém, tostarp &dienu gatavoSanas temperatiiras, pH u.c. faktoriem, $aja p&tjjuma
bija svarigi noskaidrot katra iepriek§mineta faktora ietekmi.

Pirmas kategorijas &dienus no pargjam pétljuma analizétam &dienu grupam atSkir augsta
gatavoSanas temperatiira — $ajos €dienos visi komponenti ir termiski apstradati.

Aprekinata sakariba, kas raksturo tieSo temperatiiras un pH ietekmi uz MAFAM vidgjiem
raditajiem tradicionalo &dienu grupa:

MAFAM Ig trad.= 273-0.73-T +0.0064-T? -87- pH +8- pH* - 0.04-T - pH (1)

MAFAM determinacijas koeficients tradicionalo &dienu paraugos ir 7°=0.55.
Aprékinata sakariba, kas raksturo tieSo temperatiras un pH ietekmi uz MAFAM lg KVV/g
vidgjiem raditajiem netradicionalo &dienu grupa:

MAFAM Ig netrad.= 0.95-T —0.00002-T? +14.16- pH —0.24- pH? ~0.154-T - pH =767 (2)

MAFAM determinacijas koeficients netradicionalo &dienu paraugos ir 7° = 0.415 un ir zemaks
par determinacijas koeficientu tradicionalo &dienu paraugos.

10. un 11. attelos redzamas kontiirlinijas norada, cik bitiski ir ievérot &€dienu gatavoSanas un
uzglabaSanas temperatiru, jo, temperatirai pazeminoties zemak par 60° C un pH
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paaugstinoties virs 6.0, strauji pieaug MAFAM skaits (>2.0 Ig KVV/g ) — skatit sarkani
dzelteni zalo apgabalu.
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11.att. Konturliniju attélojums MAFAM vidgja skaita atkaribai no paraugu
temperatiiras un pH 1. kategorijas édienos, Ig KVVV/g
Fig. 11 Depiction of contour lines in relation with ACC amount among sample
temperature and pH level in the 1st category RTE foods, Ig CFU/g

Datu avots/ Data source: MathCad programma veidots attels/ A figure made in MathCad
programme

11. attela skaidri redzams, ka, temperatiirai parsniedzot 75 °C un pH samazinoties zem 5.2 ,
mikroorganismu skaits ir minimals, mazaks par 2.0 Ig KVV/g. legiita sakariba, kas raksturo
tieSo temperattras un pH ietekmi uz MAFAM vidgjiem raditajiem visai 1. kategorijas €dienu
grupai:

MAFAM lg (1. kategorija) = 0.0024-T +0.0044-T2 +12- pH -0.31- pH? -0.117-T - pH -31.8 (3)

Sis sakaribas determinacijas koeficients ir tikai 77 = 0.25 un lauj tikai ar zinamu piesardzibu
izdarit secindgjumus par temperatiiras un pH savstarpgjo ietekmi uz MAFAM skaitu
1. kategorijas €dienu paraugos. Tas skaidrojams ar $aja grupa ieklauto dazado &dienu lielajam
atSkiribam.

Vertgjot koliformu baktériju skaita atkaribu no 1. kategorijas tradicionalo &dienu gatavoSanas
temperatiiras un pH, salidzinot ar MAFAM skaita pétijumiem novérojams izteiktaks koliformu
bakteriju skaita picaugums (12.att. dzelteni sarkanais apgabals). Var drosi apgalvot, ka &dienu
temperatirai paaugstinoties virs 80 °C, ir neliels koliformu bakteriju skaits (g KVV/g
-0.6) .
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12.att. Kontiirliniju attélojums koliformu bakteériju vidéja skaita atkaribai no
temperatiiras un pH 1. kategorijas tradicionalos &dienos, Ig K\VV/ g
Fig. 12 Depiction of contour lines in relation with TC amount among sample temperature
and pH level in the 1st category traditional RTE foods, Ig CFU/ g

Datu avots/ Data source: MathCad programma veidots attels/A figure made in MathCad
programme

Tradicionalo &dienu datu statistiskas apstrades rezultata ieguta koliformu baktériju skaita
ietekmes atkariba no temperatiras un pH:

TClgtrad.= —259-T +0.47-T° +7430- pH —824- pH? +30.5-T - pH -12020 (4)
legitais koliformu bakteriju lg KVV/g determinacijas koeficients tradicionalo &dienu paraugos
(13.att.) ir 777 = 0.95 , pietickami augsts, bet netradicionilo &dienu paraugos minéto faktoru
statistiska sakariba nav novérota (jo tikai 1.7% no visiem izmekl&tajiem paraugiem neatbilda
petijuma lietotajiem kriterijiem).

legiita sakariba, kas raksturo katra faktora (temperaturas, pH) ietekmi uz koliformu bakteriju Ig
vidgjiem raditajiem visai 1. kategorijas €dienu grupai (13.att.):

TC Ig (1. kategorija) =19-0.215-T +0.000026-T> —2.56- pH —0.047- pH* +0.04-T-pH  (5)

Sis sakaribas determinacijas koeficients 77 = 0.566 labi raksturo iegiitas sakaribas un razo$anas
datu cieso saistibu.
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13.att. Kontiirliniju attélojums koliformu bakteériju vidéja skaita atkaribai no
temperatiiras un pH 1. kategorijas édienu grupa, Ig KVVV/g
Fig. 13 Depiction of contour lines in relation with TC among temperature and
pH level in the 1st category RTE foods, Ig CFU/g

Datu avots/ Data source: MathCad programma veidots attéls/A figure made in MathCad
programme

leguta sakariba, kas raksturo katra faktora (temperattras, pH) ietekmi uz koliformu bakteriju
lg KVV/g vidgjiem raditajiem visai 1. kategorijas &dienu grupai (13.att.):

Otras kategorijas edienu pétijjumu rezultatu kopsavilkums

Sis kategorijas &dienus raksturo zemaka gatavosanas temperatiira, jo $aja grupa ietilpst &dieni,
kuru sastava atseviSski komponenti ir termiski apstradati. Svarigi ir noskaidrot, ka $§is
kategorijas &dienu MAFAM skaitu ietekmé &dienu gatavosanas temperatiira un pH. Sis
sakaribas vizuala interpretacija paradita 14. — 15. attelos.
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14. att. Kontiirliniju attelojums MAFAM vidéja skaita atkaribai no temperatiiras un
pH 2. kategorijas tradicionalos dienos, Ig KVVV/ g
Fig. 14 Depiction of contour lines in relation with ACC among sample temperature and
pH level in the 2nd category traditional RTE foods, Ig CFU/ g

Datu avots/ Data source: MathCad programma veidots attéls/A figure made in MathCad
programme

Iegiita analitiska sakariba, kas raksturo temperatiiras un &diena pH ietekmi uz MAFAM skaitu
2. kategorijas tradicionalos &dienos (14. att.):

MAFAM Ig trad.=11.7-1.8-T +0.03-T* +0.78- pH —0.3- pH?* +0.23-T - pH  (6)
Sis sakaribas determinacijas koeficients ir 777 = 0.74, kas labi raksturo MAFAM skaitu §is

kategorijas €dienos. Kontiirlinijas norada uz to, ka MAFAM skaits bitiski ietekm&jams ar pH
(augstak par 4.0).

Iegatie rezultati MAFAM skaita atkaribai 2. Kategorijas netradicionalajos &dienos no &dienu
gatavosanas temperatiiras un pH rada, ka baktériju skaita strauj§ pieaugums verojams, kad ta
pH>5.4 un temperatirai virs +8 °C ...+10 °C. Ja temperatira ir zemaka par +8 °C, un,
saglabajas zems produktu pH, MAFAM skaits samazinas. leglita analitiska sakariba, kas
raksturo tieSo temperatiiras un pH ietekmi uz MAFAM skaitu:

MAFAM Ig netrad.=80.87 —4.77-T —0.12- T2 - 24.01- pH +1.45- pH® +1.38-T - pH (7)

Sis sakaribas determinacijas koeficients ir 777 = 0.523
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15. att. Kontiirliniju attelojums MAFAM vidéja skaita atkaribai no temperatiiras un pH
2. kategorijas edienos, Ig KVVV/ g
Fig. 15 Depiction of contour lines in relation with ACC among sample temperature and pH
level in the 2 nd category RTE foods, Ig CFU/ g

Datu avots/ Data source: MathCad programma veidots attéls/A figure made in MathCad
programme

Redzams, ka visa 2. kategorijas &dienu grupa (15.att.) temperatiirai nav spécigas ietekmes uz
MAFAM skaitu, ja pH mazaks par 4.0. Iegtita matematiska sakariba ir sekojosa:

MAFAM Ig (2. kategorija)=4.42-T -0.17-T2 - 2.46- pH +0.376- pH2 -0.276-T- pH -6.94  (8)

Sis sakaribas determinacijas koeficients ir 7° = 0.36, kas lauj izdarit attiecigus secindjumus un
raksturo min&to faktoru ne visai cieSu savstarpgjo ietekmi.
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16. att. Kontiirliniju attélojums koliformu baktériju vidéja skaita atkaribai no
temperatiiras un pH 2. kategorijas tradicionalos €dienos, Ig K\VV/ g
Figure 16 Depiction of contour lines in relation with TC among sample temperature and
pH level in the 2nd category traditional RTE foods, Ig CFU/ g

Datu avots/ Data source: MathCad programma veidots attéls/A figure made in MathCad
programme

Novertgjot koliformu baktériju skaita atkaribu no &diena gatavoSanas temperatiiras un pH
2. kategorijas tradicionalos €dienos (16.att.) novérojam batisku So baktériju skaita picaugumu,
palielinoties &€dienu gatavoSanas temperattirai un picaugot pH Iimenim. Sakaribas ltmenlinijas
parada, ka €diena temperattra lidz +10...+12 °C bitiski neietekmeé koliformu bakteriju skaita
izmainas. leglita sakariba raksturo katra faktora (temperatiras, pH limena) ietekmi uz
koliformu baktériju skaitu:

TClgtrad. =117.9-10.7-T +0.21.T2 —=30- pH +1.74- pH? +1.55-T - pH  (9)

Sis sakaribas determinacijas koeficients 77 = 0.58, kas ir pietiekams, lai izdaritu secindjumus
par abu faktoru savstarpgjo ietekmi.
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17. att. Kontiirliniju attéelojums koliformu bakteriju videja skaita atkaribai no
temperatiiras un pH 2. kategorijas édienos, Ig KVV/ g
Fig. 17 Depiction of contour lines in relation with TC among sample temperature and
pH level in the 2 nd category RTE foods, Ig CFU/ g

Datu avots/ Data source: MathCad programma veidots attéls/A figure made in MathCad
programme

Koliformu baktériju skaita sakaribu 2. kategorijas netradicionalos &dienos statistiski nav
iesp&jams noteikt, jo §is grupas rezultati atbilst mikrobiologiskajiem kriterijiem. Talak sniegta
iegiita sakariba visai 2. kategorijas &dienu grupai (17.att.):

TC Ig (2. kategorija)=—5.07+0.882-T -0.039- T +1.732- pH -0.216- pH? -0.017-T-pH (10)

Sakaribas determinacijas koeficients visai 2. kategorijas &dienu grupai ir 77 = 0.367, kas ir
pietiekoss, lai izdaritu secinajumus par raksturlielumu savstarpgjo sakaribu cieSumu.

Tresas kategorijas eédienu pétijjumu rezultatu kopsavilkums

Tresas kategorijas €dienus raksturo zemaka gatavoSanas temperatiira, tie pirms lietoSanas
uzturda netiek termiski apstradati. Tapéc bija svarigi noskaidrot, ka $is kategorijas MAFAM
skaitu ietekmé &dienu temperatiira un pH. Sis sakaribas vizuala interpretacija paradita 18. —
19. attelos.
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18. att. Kontiirliniju attelojums MAFAM vidéja skaita atkaribai no temperatiras un pH
3. kategorijas tradicionalos &dienos, Ig KVV/ g
Fig. 18 Depiction of contour lines in relation with ACC among sample temperature and pH
level in the 3 rd category traditional RTE foods, Ig CFU/ g

Datu avots/ Data source: MathCad programma veidots attéls/A figure made in MathCad
programme

Tre$as kategorijas tradicionalos &dienus raksturo ari zemaka gatavo3anas temperatiira. Sis
sakaribas vizuala interpretacija paradita 18.att€la. Limenlinijas norada, ka MAFAM skaitu
batiski ietekmé €diena temperatiira. Redzams, ka, temperatirai lidz +12...+13 °C nav butiskas
ictekmes uz baktériju skaitu &dienos, tacu, €dienu temperatiirai paaugstinoties, notiek krass
baktériju skaita pieaugums. Ediena pH biitiski neietekmé MAFAM skaita pieaugumu. legiita
ari §Ts sakaribas analitiska izteiksme (skat. zemak) ar determinacijas koeficientu 77 =0.731, kas
ir pietekami augsts, lai izdaritu secinajumus par abu faktoru butisku ietekmi.

MAFAM Ig trad. =0.46-T +0.04-T? +12.3- pH —0.93- pH? -0.21-T - pH =31 (11)
lIegiita sakariba norada uz temperatiiras iz8kiroSo lomu MAFAM skaita pieaugumam, jo abi
koeficienti temperatira augstak ka +11°C ir ar ,,+”° zimi. Temperatiirai palielinoties virs

+15°C, pieaug pH loma bakteriju skaita pieaugumam.

Iegiita analitiska sakariba 3. Kategorijas netradicionalo &dienu grupa, kas raksturo tieSo
temperattras un skabuma ietekmi uz MAFAM skaitu:

MAFAM Ig netrad.=0.83-T —0.074-T2 +5.6- pH —0.6- pH® —0.038-T - pH —8.62 (12)
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Saskana ar veiktajiem aprékiniem redzams, ka 3. kategorijas netradicionalajos &dienos
MAFAM skaitu vairak ietekmé pH produktos, bet mazak — temperatara. Redzam, ka pie pH
zemaka ka 5.5, baktériju skaits ir augsts un maz atkarigs no temperattras. Tas ir loti svarigs
bakteriju skaita pieaugumam. pH parsniedzot 6.0 un temperatiirai picaugot >10 °C, MAFAM
skaits ir izteikti mazaks. Sis sakaribas determinacijas koeficients 7]2 = 0.581, kas ir augsts,
nemot vera krasi atskirigos €dienus $aja grupa.

19.attéla redzams, ka So &dienu mikrobiologiska kvalitate ir batiski atkariga no &diena
temperatiiras. MAFAM skaits strauji pieaug, ja temperatiira ir augstaka par 11°C. Edienu pH
ar1 ietekm& MAFAM skaitu, bet ne tik butiski ka temperatiira.

Temperatiura/Temperature, ° C

19. att. Kontiirliniju attelojums MAFAM vidéja skaita atkaribai no temperatiras un pH
3. kategorijas edienos, Ig KVVV/g
Fig. 19 Depiction of contour lines in relation with ACC amount among sample temperature
and pH level in the 3rd category RTE foods, Ig CFU/g

Datu avots/ Data source: MathCad programma veidots attéls/A figure made in MathCad
programme

MAFAM Ig (3. kategorija) =0.03-T +0.045-T? +11.07- pH -0.975- pH?-0.128-T - pH - 2403  (13)

Sis sakaribas determinacijas koeficients ir 777 = 0.44, kas raksturo pietiekosi ciesu sakaribu un
lauj pamatoti izdart secinajumus par ietekmes raksturu.

Grafiskais attels redzams, ka visciesaka temperatiiras un pH sakariba paradas, ja temperatiira ir
augstaka par 11° C un pH augstaks par 4.5.
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20.att. Kontirliniju attélojums koliformu bakteériju vidéja skaita atkaribai no
temperatiiras un pH 3. kategorijas tradicionalos &dienos, Ig KVV/g
Fig. 20 Depiction of contour lines in relation with TC among temperature and pH level in
the 3rd category traditional RTE foods, Ig CFU/g

Datu avots/ Data source: MathCad programma veidots attéls/A figure made in MathCad
programme

Koliformu bakteériju skaits pieaug, ja &dienu temperatira ir augstaka par +11°C. Sakaribas
vizuala interpretacija att€lota 20. — 21. att&los.

Noveértgjot koliformu baktériju skaita atkaribu no &diena gatavoSanas temperattras un pH
tresas kategorijas tradicionalajos €dienos, redzam, ka So baktériju skaita pieaugums Iidzigs
MAFAM pieaugumam, tacu bitiskaka ietekme ir €diena pH, 1pasi, ja temperatiira ir augstaka
par 15°C. To raksturo ar1 ,,+’’ zime iegitaja sakariba, ja pH ir mainigs. Rezultati rada, ka
€dienu temperatira var but lidz +12 °C. Talak sniegta 3. kategorijas tradicionalo &dienu
(20.att.) petijumos ieglita matematiska sakariba:

TClg trad. =1.3-T —0.0087-T* +5.1- pH —0.22- pH* = 0.25-T - pH —18.2 (14)
Iegitais koliformu baktériju Ig KVV/g determinacijas koeficients tradicionalo &dienu paraugos
ir 77 = 0.837, kas raksturo temperatiiras, pH un koliformu baktériju izteiktu savstarp&jas
ietekmes likumsakaribu. Tas ir augstaks par netradicionalo &dienu paraugu determinacijas
koeficientu 77 = 0.43.

Veiktie aprékini liecina, ka, temperattrai paaugstinoties virs +9°C un pH parsniedzot 4.5,

notick butiska ietekme uz koliformu bakteriju skaitu. Talak sniegts 3. Kkategorijas
netradicionalo &dienu iegiitas sakaribas matematiskais aprekins:

TC Ig netrad.=5.03-T —0.156-T? +10.54- pH —0.58- pH? —0.595-T - pH —42.7  (15)
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Iegtais koliformu baktériju determinacijas koeficients netradicionalo &dienu paraugos ir
77 =0.43.

Augstak ieglitas sakaribas norada uz temperatiiras izSkiroSo lomu MAFAM un koliformu
bakteriju skaita pieaugumam, jo abos pé&tijumos determinacijas koeficienti ir ar ,,+’° zimi
temperattra, kas augstaka par +10°C. Savukart pH loma mikroorganismu skaita pieaugumam
palielinas, temperatiirai parsniedzot + 15° C.

r

10 12 14
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21. att. Konturliniju attelojums koliformu bakteriju Ig KVVV/g atkaribai no temperatiiras
un pH 3. kategorijas eédienos
Figure 21 Depiction of contour lines in relation with TC among temperature and pH
level in the 3 rd category RTE foods, Ig CFU/g

Datu avots/ Data source: MathCad programma veidots attéls/A figure made in MathCad
programme

legiita sakariba, kas raksturo katra faktora (temperatiiras, pH Iimeni) ietekmi uz koliformas
baktériju skaitu 3. kategorijas €dienu grupai (21.att.):

TCIg (3. kategorija) = - 20.52+0.493-T +0.027-T2 +7.8- pH -0.627- pH? ~0151.T - pH  (16)

Sis sakaribas determinacijas koeficients 7° =0.368.

Visu &dienu kategoriju un grupu veiktais datu savstarpgjas ietekmes salidzinajums lauj secinat,
ka tikai 3. kategorijas €dieniem ir novérota izteikta temperattras, pH un mikroorganismu skaita
savstarpgja ietekme. It Tpasi augsti determinacijas koeficienti konstateti §is €dienu kategorijas
tradicionalo &dienu grupa, gan MAFAM, gan koliformas bakterijam, kur determinacijas
koeficienti ir vistuvak 1.0.
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Edinasanas uznémumu higiéniskas situacijas izvértéjums

Edinasanas uzpémumos (n=16), kuros notika &dienu paraugu atlase, veikta higiéniskas
situacijas izverteésana, kura lietotas aptaujas anketas un PVD partikas uznémumu parbaudes
protokolu datu bazes dati. Uzn@mumu higiéniskas novertésanas rezultatu kopsavilkums sniegts

4. tabula.

Sabiedriskas edinasanas uzpémumu higiéniskas situacijas raksturojums/
Characteristics of hygienic situation in public catering establishments

4. tabula/ Table 4

Nonpemto &édienu paraugu skaits/

B o ©
Number of RTE samples Es 5 a =
2EE o 3
Uznémuma kods (stradajoso =z £ 373 &8 §'§ w
sais) . | B2E, $55: |£32E2
Code of the establishment 5 gZ3ox i FgeH StgE
(amount of employees) 3 2E3s8 S = 2 p 8- &
S 1 552 | fg°
it & Ess a3
EU 01(7) 30 4 118 60 50
EU 02(8) 30 1 2.9 50 120
EU 03(18) 30 3 8.8 80 200
EU 04(6) 30 1 2.9 40 100
EU 05(9) 30 1 2.9 80 92
EU 06(25) 35 - - 120 60
EU 07(4) 30 6 17.6 40 98
EU 08(10) 40 1 2.9 100 110
EU 09(11) 40 5 14.7 100 100
EU 10(30) 42 2 4.8 120 250
EU 11(28) 40 1 2.9 50 300
EU 12(4) 40 1 2.9 30 60
EU 13(7) 30 1 2.9 30 105
EU 14(15) 35 4 11.8 40 95
EU 15(16) 35 1 2.9 50 150
EU 16(12) 35 1 2.9 50 74
KOPA/ TOTAL: 552 33 5.9

Datu avots/ Data source: autores veidota tabula/table made by author

Piecos no 16 pétijumos ieklautajiem €dinasanas uzpémumiem konstatéti mikrobiologiskajiem
krit€rijiem neatbilstosi paraugi (2.9 min. — 17.6% max), kas lauj apgalvot, ka 31.2%
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uzpémumu pastav nopietnas higiénas problémas. Tikai viena uzpémuma nav konstatétas
butiskas higiénas probleémas.

Mikrobiologiskajiem kritérijiem neatbilstos§i &dienu paraugi atklati uznémumos, kuros
konstatgtas (veicot aptauju un higi€nas prasibu kontroli uznémuma paraugu nonemsanas bridi)
dazada veida neatbilstibas higi€énas prasibam, t.sk. tehnologiska procesa parkapumi:
atdzes€Sanas, atkaus€Sanas un termiskas apstrades, uzglabaSanas procesos.

Tomer, atbilstosi anketé€Sanas datiem un PVD parbaudes protokolu datu bazes datiem, starp
petijuma iesaistitajiem €dinasSanas uzpémumiem tikai 20% var dro$i nosaukt par atbilstoSiem
higiénas prasibam (pilniba atbilst normativo aktu prasibam), jo tajos netika konstatetas
butiskas neatbilstibas, kas varétu ietekmét partikas produktu kvalitati un nekaitigumu. Pargjos
80% uznémumos tika konstatetas dazada rakstura neatbilstibas higiénas prasibam. Biezak
konstateéto neatbilstibu grafiskais att€lojums sniegts 22. attela.

produktu saderba, Skérspiesarmojums/cross 488
contamination, compatibility of storage of foods ’
personila higignaun apmacibas/personel hygiene,
training

tirTianas dezinfekeljas rezZims/cleaning, disinfection 26.93
regime -

&dienu apstrades un uzglabasanas temperatira/food
processing and storage temperature

&dienu atlaidinadana/food defrosting

&dienu atdzesgZana/food cooling

virsmas, kas nonak saskaré ar partiku/food contact
surfaces

telpu higignahygiene of premises

0.00 10.00 20.00 30.00

22. att. Biezak konstatétas higiénas neatbilstibas pétijumos ieklautajos
édinasanas uznémumos
Fig. 22 The most frequently identified hygiene non— compliances
in the catering establishments included in the research

Datu avots/ Data source: autores veidota tabula/table made by author

P&tfjuma ietvaros analiz€ta €dinasanas uznémumu higi€nas situacija, kas atkartoti norada uz
visparpienemtajam, biezakajam higi€nas prasibu neatbilstibam.

Viena no biezakam neatbilstibam, kas bitiski ietekm& partikas produktu kvalitati un
nekaitigumu, ir produktu apstrades un gatavoSanas tehnologisko procesu neievéro$ana
uzpémuma. Petfjumu laika edinasanas uznémumos konstatgtas neatbilstibas higi€nas prasibam,
tostarp problémas ar partikas atlaidinasanu (7.3%) un atdzesg€Sanu (17.1%), kad uznémuma
personals neievero laika un temperatiiras prasibas; ar dienu uzglabasanu (t.sk. neatbilstosa
temperatiira: zemaka par +60°C siltajiem &dieniem un/vai augstaka par +10°C atdzes&tajiem
€dieniem (14.6%); ar produktu saderibu un to skerspiesarnojumu (4.9%).
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Kopuma $adas problémas identificétas 10 no 16 izveértétajiem uzpémumiem (62.5%). Tatad
faktiski Sajos uzpémumos ikdiena novéroti butiski tehnologisko procesu un higiénas prasibu
parkapumi, kas var ietekmé&t partikas mikrobiologisko kvalitati, ko ari pierada $1 p&tjjuma
rezultati.

Petijuma analiz€tos uznémumos 26.8 % konstat€ta tiriSanas un dezinfekcijas nosacijumu
neieveérosana, 9.8% uznémumu konstattas neatbilstibas telpu higiéna — bojatas sienas, gridas
un griesti, nepietickama telpu platiba — t.sk. Sauras un parblivétas telpas, darba vietas. 17.1% —
konstatetas nepietiekamas uznémuma personala zinaSanas par higiénu.

Vertetajos uznémumos 12.2% konstatéta razoSanas iekartu, inventara un saskar€ ar partiku
esoSo virsmu higi€nas prasibu neievérosana, jo lielakajai dalai virsmu ir riisas pazimes, tas ir
bojatas un nelidzenas, griiti tiramas u.c.

Ja partikas uzp@muma vairakos aprites posmos vienlaicigi tiek parkaptas obligatas higi€nas
prasibas, t.sk. produktu apstrades tehnologiskas prasibas, tad ari gatavo &dienu
mikrobiologiska kvalitate nosléguma posma biutiski pasliktinas. Par to liecina §1 p&tjjuma
mikrobiologisko izmeklgjumu rezultati.

PETIJUMA REZULTATU KOPSAVILKUMS UN DISKUSIJA

Petfjumos MAFAM skaita noteikSanai 5.8% un pétijumos koliformu baktériju skaita
noteikSanai attiecigi 25.0% konstateti rezultati, kas neatbilst ‘‘apmierino$am’’ test€Sanas
rezultatam. Paraugi ar $adiem rezultatiem biezak konstateti:

- tresas kategorijas €dienos— 64.7% (koliformas baktgrijas);

- otras kategorijas &dienos attiecigi— 9.6% MAFAM pétijumos un 24.09% koliformu
bakteriju p&tijumos;

- pirmas kategorijas &dienos attiecigi— 7.4% MAFAM pétijumos un 6.5% koliformu
bakt&riju p&tijumos no kopgjo paraugu skaita.

Augstakais mikrobiologiskais piesarnojums biezak konstatéts tradicionalo &dienu grupa, ka
netradicionalo &dienu grupa. Neapmierinosi test€Sanas rezultati nav konstatéti &dienu 1.
kategorijas p&tijjumos un visu &dienu kategoriju pétijumos tikai MAFAM skaita noteikSanai.
Otras kategorijas pétijumos koliformu baktériju skaita noteikSanai 10 (6.02% no 166)
gadijumos noteiktie rezultati bija ausgtaki par 10* KVV/g, tresas kategorijas &dienos attiecigi
24 (14.1% no 170) gadijumos.
Petfjumu rezultati, kas neatbilst petljuma lietotajem kriterijiem (augstak par “’apmierino$u‘’
test€Sanas rezultatu), gan MAFAM, gan koliformas baktérijam biezak konstatéti tradicionalo
édienu grupa — 130 (23.5%) gadijumos, t.sk.:

a) 1. kategorijas €dienos— 22;

b) 2. kategorijas &dienos— 54;

c) 3. kategorijas &dienos— 54.
Netradicionalo &dienu grupa, neatbilstosi paraugi noteikti 40 (7.2%) gadijumos, t.sk.:

a) 1. kategorijas €dienos— 8;

b) 2. kategorijas edienos— 2;

¢) 3. kategorijas €dienos— 30.
Pétijuma pieradits, ka MAFAM un koliformu bakteriju skaits &dienos saistits ar €dienu sastava
ieklautajam sastavdalam un to apstrades metodém, ka arT ar to, cik liela méra &dienu
gatavoSana lietots personala roku darbs, vai partikas uzp€muma visos aprites posmos tiek
ievertas higénas prasibas. Ka arT vai Siem produktiem ir nepiecieSama papildus termiska
apstrade pirms to lietoSanas uztura.
Jo vairak ir mikrobiologiskas kvalitates ietekmes faktoru ka &dienu apstrades metodes
(termiska apstrade, smalcinasana, atdzeséSana u.c.), daudzkomponentu &dieni un to
sastavdalas, sastavdalu primarais un sekundarais piesarnojums, jo lielaki ir MAFAM un
koliformu bakteriju vidgjo decimallogaritmu raditaji. Mingtas likumsakaribas noveérojamas
MAFAM un koliformu baktériju skaita vidéjo decimallogaritmu grafiskajos attélos. Lielakais
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MAFAM vidgjais decimallogaritms noteikts 3. kategorijas tradicionalo un netradicionalo
€dienu paraugos (23. attgls).

6.0

4.6643

42458
50 - 4.0842

30 - 2.1436 2 9521

1.0 -

Vidajielg KVV/g(MAFAM)/lg CFU/g (ACC)
average values

GE 1. kategorija/ 1 st GE 2 kategorija/ 2 nd GE 3. kategorija/ 3rd
category RTE category RTE category RTE

Edienu grupas/ Groups of RTE

H trachicionalie/ traditional H netradicionalie / untraditional

23. att. Vidéjais MAFAM skaits visu kategoriju €dienos, Ig KVV/ g
Fig. 23 ACC average values in all categories RTE foods, Ig CFU/ g

Datu avots/Data source: dati aprékinati SPSS programma/ data calculated in SPSS programme

Lidziga aina novérota koliformu bakteriju skaita noteikSana, tomér vidg€jie raditaji ir mazaki, ka
izmeklgjumiem MAFAM skaita noteikSana. Analogiskas likumsakaribas novérotas koliformu
bakteriju videjo raditaju grafiskaja att€la (24. attels).

3.5 1 2.8325

3.0 4

1.0353

1.0

0.5

0.0 A

Videjielg KVV/g koliformasbakterijas/ Lg CFU/g
(TC) average values

GE 1. kategorija/ 1 st GE 2 kategorija/ 2 nd GE 3. kategorija / 3rd
category RTE category RTE category RTE

Edienu grupas/ RTE groups

H tradicionalie/ traditional Enetradicionalie/ untraditional

24. att. Vidgjais koliformu baktériju skaits visu kategoriju édienos, Ig KVVV/g
Fig. 24 TC average amounts in all categories RTE foods, Ig CFU /g

Datu avots/Data source: dati aprékinati SPSS programma/ data calculated in SPSS programme
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MAFAM un koliformu baktériju vidéjo raditaju decimalogaritms patiesak raksturo visas
€dienu grupas. Lielakie MAFAM un koliformu baktériju vidgjie raditaji Ig KVV/g novéroti
3. kategorijas &dienu grupa: MAFAM lidz 4.66, koliformas baktérijam lidz 2.83.

Tradicionalo &dienu grupa MAFAM vidgjais skaits Ig KVV/g (4.66) ir lielaks neka
netradicionalo &dienu grupa (4.24). Koliformu bakteriju vidgjais skaits Ig KVV/g ir lielaks
3. kategorijas tradicionalo &dienu grupa (2.8), ka netradicionalo &dienu grupa (1.7).

48.9% izmeklgjumos noteikts no 5 lidz 10 KVV/g, kas neliela identificéta materiala de| dalgji
apgritinaja mikroorganismu sugu identifikaciju, t.sk. 1. kategorijas €dienos mikroorganismu
sugu identifikacija veikta tikai 62.9%, 2. kategorijas — 50.6%, 3. kategorijas — 29.4% paraugu.

Mazakais MAFAM skaits (< 10 KVV/g) noteikts 1. kategorijas &dienu paraugos, bet liclakais
(> 10° KVV/g) 3. kategorijas &dienos. Koliformas baktériju mazakais skaits (< 10 KVV/g),
noteikts 1. un 2. kategorijas &dienos, attiecigi 196 un 122 paraugs, 3. kategorijas &dienos
attiecigi 83 paraugi. Lielakais MAFAM skaits (> 10* KVV/g) noteikts 3. un 2. kategorijas
€dienu paraugos, attiecigi, 72 un 48 paraugi.

Liclakais paraugu skaits, kuros iesp&ama mikroorganismu sugu identifikacija, bija 2. un
1. kategorijas &dienu paraugi, attiecigi, 37.1% un 34.8%. Mazakais paraugu skaits, kuros bija
iesp&jams veikt mikroorganismu sugu identifikaciju, ir 3. kategorijas &dienu paraugi — 28.1%.

33.2% @&dienu paraugu (n=552) noteiktas dazadas mikroorganismu sugas — 222 gadijumi.
Mikroorganismu sugas identificétas 178 &dienu paraugos, to skaita tikai viena mikroorganismu
suga 148 paraugos (83.1%), un 30 paraugos (16.9%) vienlaicigi identific€tas no 2 lidz 4
mikroorganismu sugam. Tostarp: Bacillus spp. noteikti 23.43% gadijumu; Enterobacter spp. —
22.52% gadijumu; Staphylococcus spp. — 14.4% gadijumu; Klebsiella spp. — 11.7%j;
Ochrobactrum spp., Escherichia spp. un pel&umi pa 2.7% gadijumu; Hafnia alvei un
Brevibacillus spp. pa 1.8% gadijumu; par€jie mikroorganismi — Pantoea spp. 7.2%,
Citrobacter spp. 3.6% un raugi 1.8% gadijumu. Skaitliski vismazak ir parstavétas Serratia spp.
un Micrococcus spp., attiecigi, pa 0.9% , visu triju kategoriju rezultatu kopsavilkums ir sniegts
25.attela.

Hafnia a Fvelzz?ele‘]u;#é;fougds

1.80% Actinormyces spp.
1.80%%

/

Ochrobactrum anthropi
2.70%

. . Raugi / Yeasts 1.80%
M! Ccrococcus 5 eden tarius,

0.90% Brnterobacter spp.

22.52%

Serratia adorifera
0.90%

Fantoea spp.
F21%

Klebsiella spp.
11.71%

Brevibacillus spp.
1,80%

Staphylococous spp.
14.41%
Bacillus spp.

23 42%

Fscherichia spp. Citrobacter freundii
2.70% 3.60%

25. att. Paraugos identificéto mikroorganismu rezultatu kopsavilkums
(1., 2., 3. kategorijas kopa)
Fig. 25 Summary of microorganism’s identification results
(1°- 3" category RTE foods, total)

Datu avots/ Data source: autores Excel programma veidota diagramma/Chart made in Excel
programme.
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Petijuma tradicionalo &dienu paraugos identific€to mikroorganismu sugu skaits noteikts biezak
— 53.2%, ka netradicionalo &dienu paraugos— 46.8%. Otras kategorijas &dienos
mikroorganismu sugas identificétas biezak— 37.1%, ka 1. kategorijas— 34.8% un 3.
kategorijas— 29.1% &dienos.
Tostarp, parsvara identificéti saprofitie un nosaciti patogé€nie mikroorganismi, tomér sesos
gadijumos no visiem identificéts patogéns— Staphylococcus aureus:
e 1. kategorijas vistas galas €dienos divos gadijumos identificéts Staphylococcus aureus
vairak ka 10 2KVV/gun ir pienemams testeSanas rezultats;
o 1. kategorijas vistas galas &dienos divos gadijumos tas bija augstak ka 10° KVV/g un
atbilst krit€rijam ‘‘neapmierinoss rezultats’’;
e 3. Kkategorijas &dienos divos putukréjuma ar biezpienu paraugos identificEts
Staphylococcus aureus vairak kal0® KVV/g.
Par 10 KVV/g lielaks Staphylococcus aureus skaits faktiski jauzskata par potenciali bistamu
paterétaju veselibai, kas liecina par nopietnam neatbilstibam So €dienu gatavoSanas procesa.
Mikroorganismi biezak identificéti 2. kategorijas &dienos (66 paraugi), bet retak
1. kategorijas &dienos (62 paraugi) un 3. kategorijas €denos (50 paraugi).
Parsvara &dienos atklati Enterobacter, Bacillus un Staphylococcus ginsu mikroorganismi.
Koliformu baktériju vidgjais skaits tradicionalo &dienu grupa bija augstaks — 2.83 ka
netradicionalo &dienu grupa— 1.7, kas ir 2 reizes zemaks par MAFAM vidgjiem.
Otras kategorijas €dienu MAFAM pétijumos un 3. kategorijas €dienu koliformu baktériju
petijumos noteiktas statistiski ticamas atskiribas starp grupu vid&jiem. p—vértibas aprekinu
kopsavilkums shiegts 5.tabula.
5. tabula/ Table 5
p— vértibas salidzinajums tradicionalo un netradicionalo
édienu grupas ANOVA analize/
Comparison of p—values in traditional and untraditional RTE groups
by ANOVA analysis
Edienu kategorija/ category of meals " - e
Rz‘udgitﬁji]/paramgteg/s df F Sig.

1. kategorija/1* category

MAFAM Ig KVV/ ¢

ACC Ig CFU/ g Starp grupam/ 1 0.177 0.675
Among groups ' '
_K9I|formu Starp grupam/
baktériju 1lg KVV/ g Among groups 1 3.981 0.049
/TClg CFU/ g

2. kategorija/2" category

MAFAM Ig KVV/ ¢ Starp grupam/

ACC Ig CFU/ g AMong groups 1 42.153 0.000

Koliformu Starp erupam/
bakteriju lg KVV/ g Amgf;]g r%u < 1 28.943 0.000

/TC Ig CFU/ g g group

3. kategorija/ 3 " category
MAFAM Ig KVV/ ¢ _

ACC Ig CFU/ g zta"p grupany 1 1.402 0.240

mong groups

Koliformu Starn erupam/
bakteriju lg KVV/ g Amg%g r%u < 1 15.975 0.000

/TC Ig CFU/ g g group

Piezimes/ Notes: * brivibas pakapju skaits; ** FiSera vértiba; *** p— vértibal *the number of freedom
degrees; **Fisher’s value; ***p—value

Datu avots/ Data source: SPSS programma apréekinati dati/ data calculated in SPSS programme
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Pirmas kategorijas &dieniem starp tradicionalo un netradicionalo &dienu grupam tikai
koliformu baktériju vidgjiem raditajiem pastav statistiski ticama atSkiriba. Ari 2. kategorijas
€dieniem gan MAFAM, gan koliformas bakt€rijam starp tradicionalo un netradicionalo &dienu
vidgjiem raditajiem ari pastav statistiska ticamiba, bet 3. kategorijas &dieniem tikai koliformam
pastav statistiski ticama atSkiriba. Noteiktas sakaribas liecina par to, ka termiski apstradatajos
€dienos, t..I. 1. kategorijas €dienos, konstatéts vismazakais MAFAM un koliformu bakteriju
skaits, turpreti jauktajos &dienos un &dienos, kuri netiek termiski apstradati pirms pasniegSanas
uztura konstatéts lielaks MAFAM un koliformu bakteriju skaits. Tas norada uz gatavo &dienu
termiskas apstrades biitisku nozimi mikroorganismu skaita samazinasana.
P&tijumu rezultatu analizé norada uz to, ka 3. kategorijas €dienos gan MAFAM, gan koliformu
baktériju skaits ir lielaks par pirmas un otras kategorijas €dienos konstatétajiem vid&jiem
raditajiem. Lielaks MAFAM un koliformu bakteriju skaits noteikts tradicionalo &dienu grupa,
6. tabula.

6. tabula/ Table 6

Pétijumu rezultatu MAFAM un koliformu bakteriju videjo raditaju
kopsavilkumsANOVA analize/
Comparison of p— values in traditional and untraditional RTE foods by ANOVA analysis

cao. s . Koliformas bakterijas
Edienu kategorija/ MAFAN&:;S;;JS/I s skaits, vidgjais skaits, KVV/ g/
RTE category Average of coliforms,
Average ACC, CFU/ g CEU/ g
1. kategorija/ 1 st category 3.2x10° 87.0
2. kategorija/ 2 nd category 2.5x10° 6.8x10°
3. kategorija/ 3 rd category 7.4x10° 1.1x10*

Datu avots: autores p&tijumu datu apkopojums/ summary of author’s research data

Katra no pétitajam &dienu kategorijam noteikto MAFAM un koliformu baktériju skaits, ka ari
paraugos identificéto mikroorganismu gintis un atseviS$ku sugu Tpatsvars bitiski atSkiras.
Koliformu bakteriju skaits 1. un 2. kategorijas &dienos ir izteikti mazaks neka 3. kategorijas
€dienos. Tas ir saistits ar to, ka 1. kategorijas &dieni ir termiski apstradati un pasniegti karsti,
un 2. kategorijas &dieni ir termiski apstradati, kas vélak atdzes&ti un pasniegti bez termiskas
apstrades. Tapéc koliformas baktérijas ka indikatoru vislabak var€tu lietot par 2. @n
3. kategorijas €dienu novertésnai, jo tas ir jutigas tiesi pret termisko apstradi.
Katra no pétitajam &dienu kategorijam identificéto mikroorganismu ginsu un sugu Tpatsvars
butiski atSkiras — 7. tabula.

7. tabula/ Table 7

Identificéto mikroorganismu ginsu vidéja skaita kopsavilkums, KVVV/ ¢
/ Summary of average values of the identified microorganism genera, CFU/ g

Mikroorganismu gintis/ 1. kategorija/ 2. kategorija/ 3. kategorija/
Genera of microorganisms 1 st category 2 nd category 3 rd category
Bacillus spp. 5.1x10? 1.2x10° 9.3x10°
Staphylococcus spp. 1.2x10? 2.2x10° 4.2x10°
Enterobacter spp. 2.7x10° 7.5x10" 3.2x10°
Klebsiella spp. 6.1x10° 9.5x10° 9.5x10°
Escherichia spp. 3.8x10* — 3.2x10°

Datu avots: autores petijumu datu apkopojums/ summary of author’s research data

53



P&tijumu rezultata izstradati rekomend€jamie mikrobiologiskie kritériji gatavajiem €dieniem
Latvijas sabiedriskas &dinasanas uznémumiem. Sos krit€rijus ieteicams lietot gala produktu
mikrobiologiskai testéSanai. Darba iegatie kritériji sniegti 8. tabula.

8. tabula/ Table 8

leteikumi gatavo édienu mikrobologiskas kvalitates kritérjiem Latvija/

Recomended criteria for Latvian situation on the evaluation

of microbiological quality of RTE foods

Mikrobiologiskie kriteriji (KVV/ g)/
Microbiological criteria (CFU/g)

aureus and other
Staphylococus spp.

Raditajs,edienu grupas/ ApmierinoSs Pienemams Neapmierinoss Potenciali
Indicator, RTE groups testéSanas testéSanas testeSanas bistams/
rezultats/ rezultats/ rezultats/ Potentially
Satisfactory test Acceptable Unsatisfactory dangerous
result test result test result
Baktériju kopskaits (MAFAM)/Total amount of aerobic bacteria (ACC)
1. kategorija/ <10° <10° >10° >10°
1 st category
kategorija/ <10° <10* >10" >10°
2 nd category
3. kategorija/ <10* <10° >10° >10°
3 rd category
Indikatormikroorganismi/lndicator microorganisms
Koliformas bakterijas
1. - 3. kategorija/ <10° >10° - <10* >10° >10°
1 — 3 category
Bacillus spp.:
1. - 3. kategorija/ <10° >10° - <10* >10° >10°
1 — 3 category
Enterobacter spp.
1. — 3. kategorija/ <10° <10° >10° >10°
1 — 3 category
Klebsiella spp.
1. — 3. kategorija/ <107 >10° - <10* >10* >10°
1 — 3 category
Patogénie mikroorganismi/Pathogenic microorganisms
Staphylococcus aureus un
citi Staphylococus 5 ) 3 5
spp./Staphylococcus <20 20-<10 10 =10

Piezimes/Notes: Tabula izveidota, nemot v€ra pétijuma iegitos vidEjos rezultatus un atsevisku
mikroorganismu sugu iesp&jamo risku cilvéka veselibai/The table set up in the light of the study
obtained an average performance and the potential risk to human health of certain species of

microorganisms
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SECINAJUMI

1. Latvija pasSlaik nav normativas bazes, kas reglamenttu sabiedriskas €dinasanas
uznémumos gatavoto &dienu mikrobiologiskas kvalitates kriterijus, laujot tos lietot partikas
uznéméjiem un uzraudzibas institiiciju parstavjiem, lai objektivak novertetu &edienu
mikrobiologisko kvalitati. Turpreti ES normativie akti nosaka, ka partikas kvalitates un
nekaitiguma nodro$inasanai jalieto mikrobiologiskie kriteriji, kas balstiti uz zinatnisku riska
novertgjumu.

2. Pétiti biezak lietojamie mikrobiologiskas kvalitates raditaji. Edienu paraugos noteikts
MAFAM un koliformu baktériju skaits, veikta izdalito mikroorganismu ginSu un sugu
identifikacija. Kwvalitates kriterijiem neatbilstoSi paraugi biezak konstatéti izmeklgjumos
koliformu baktériju noteik§anai neka MAFAM, attiecigi 25.0% un 5.8%. Koliformas baktériju
un MAFAM skaita noteikSanu &dienos varétu lietot ka indikatorus €dinaSanas uznémumu
tehnologisko procesu higiénas vértésanai.

3. 32.2 % edienu paraugu identificéti galvenokart saprofiti un nosaciti patogeni, bet seSos
gadijumos (3.4%) noteikts: Staphylococcus aureus (<10 2 KVV/g — 2 gad., kas ir pielaujamas
robezas; >10° KVV/g — 2 gad. un > 10° KVV/g — 2 gad., kas parsniedz pielaujamas robezas).
Patogénie mikroorganismi izdaliti retak ka saprofiti un nosaciti patogé€nie mikroorganismi.

4, 30% &dienu paraugu noteiktie raditaji parsniedza pielaujamas mikrobiologiskas
kvalitates robezas. Mikroorganismu skaits atseviS$kos gadijumos parsniedzis pielaujamas
robezas (Ig KVV/g — 6.97 Klebsiella oxytoca 3. kategorijas &dienos un 9.37 Klebsiella
pneumonia 2. kategorijas &dienos).

5. Tradicionali gatavoto &dienu grupa biezak konstatéts lielakais MAFAM un koliformu
baktériju skaits neka netradicionalo &dienu grupa (p=0.000).

6. Lielakie MAFAM un koliformu bakteriju raditaji (Ig KVV/g) ir 3. kategorijas &dieniem
—50.6% paraugu, jo tie pirms pasniegSanas netiek termiski apstradati un ir vairaku sastavdalu
un razo$anas faktoru kopums (attiecigi, vidéjais MAFAM — 4.4, koliformu baktériju — 2.2).

7. Edienos identificétas 222 dazadu mikroorganismu sugas, to skaita 16.9% paraugu
izdalitas 2—3 mikroorganismu sugas vienlaicigi. Identificéto mikroorganismu vidi lielako
ipatsvaru sastada Bacillus spp. — 23.43%, Enterobacter spp. — 22.52%, Staphylococcus spp. —
14.4%, Klebsiella spp. — 11.7% gints mikroorganismi, tadé] min&tos mikroorganismus varétu
ieteikt lietot par €édienu mikrobiologiskas kvalitates indikatoriem.

8. Analizéta pétijumos noteikto mikrobiologiskas kvalitates raditaju savstarpgja ietekmes
atkariba no &dienu pH un paraugu temperatiiras. Lielakie savstarp&jas ietekmes raditaji
konstatéti 3. kategorijas &dienos, tostarp MAFAM determinacijas koeficients tradicionalos
&dienos ir 77 = 0.731, kas lielaks par determinacijas koeficientu netradicionalos &dienos —
77 = 0.581. Bet koliformas baktérijam determinacijas koeficients tradicionalos &dienos
7° = 0.837, kas lielaks par determinacijas koeficientu netradicionalos &dienos — 7 = 0.43.
Sis sakaribas liecina par tresas &dienu kategorijas epidemiologisko nozimigumu.

9. Pieradita statistiski nozimiga saisttba MAFAM un koliformu baktériju skaita atkaribai
no &dienu apstrades un gatavosanas metod€m, dienu sastava, izmantoto izejvielu kvalitates un
citiem razoSanas faktoriem, ka arT saikne starp €dienu temperatiiru paraugu nonemsanas bridi
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un paraugu pH. Mikrobiologiska piesarnojuma risks gatavajos €dienos bitiski atkarigs no
&dienu piederibas noteiktai kategorijai, grupai un veidam, kas izriet no €dienu sastavdalu
raksturojuma un izmantotas tehnologiskas apstrades metodes.

10.  Latvija vidgji tikai 18—22% @&dinasanas uzne@mumu pilniba atbilst higiénas prasibam, bet
70-80 % tam atbilst dalgji. Petljuma noskaidrots, ka 20% aptaujato sabiedriskas €dinasanas
uznémumu ikdiena tiek ievérotas higieénas prasibas, pargjos 80.0% tiek konstatStas dazada
rakstura neatbilstibas higiénas prasibam. Nopietnas higi€nas problémas kopuma tika noverotas
31.2% pétijuma analizétajos &dinasanas uzpémumos. Biezak sastopamas ir partikas
atlaidinasanas — 7.3% — un atdzes€Sanas problémas — 17.1%, €dienu uzglabasana neatbilstosa
temperatiira — 14.6%: par +60°C zemaka siltajiem &dieniem un/vai augstaka par +10°C
atdzes€tajiem &dieniem, 4.9% neatbilsttbu saistitas ar produktu saderibu un
Sk&rspiesarnojumu.

11.  Izstradati Latvijas apstakliem pieméroti mikrobiologiskas kvalitates kriteriji sabiedriskas
€dinaSanas uzn@mumos gatavotajiem &dieniem, kas balstiti uz biezak lietojamo &dienu
petijumu rezultatiem.

12. Sagatavoti ieteikumi mikrobiologiska piesarnojuma samazinaSanai €dinasanas
uznémumos, gatavo &dienu kvalitates saglabaSanai un uzlaboSanai, ka arT efektivai partikas
aprites valsts uzraudzibas funkciju realizacijai,

13.  Pieradita promocijas darba hipotéze, ka mikrobiologiskos kriterijus ir lietderigi izmantot
ka indikatorus, vert&jot gatavo &dienu mikrobiologisko kvalitati.

IETEIKUMI

1. Gatavajos &dienos, kas nosléguma posma netiek termiski apstradati, biezak konstate
augstu piesarnojuma Itmeni ar dazadiem mikroorganismiem, t.sk. ar nosaciti patogéniem, kuri
nereti kliist par partikas izraisito slimibu iemeslu. Tapéc &dinasanas uznémumiem un partikas
aprites uzraudzibas institicijam, ka piesarnojuma kvantitativos indikatorus vajadzetu ne tikai
noteikt MAFAM un koliformu baktériju skaitu, bet ari Bacillus spp., Enterobacter spp.,
Staphylococcus spp., Klebsiella spp. mikroorgansmus tehnologiska procesa nosléguma posma.
So mikroorganismu atklagana koncentracijas, kas parsniedz 10° KVV/g, biitu jauzskata par
potenciali bistamu patérétaju veselibai.

2. Pe&tjjuma rezultati neapSaubami norada uz 3. kategorijas €dienu augstako epidemiologisko
risku, jo tieSi Sie &dieni biezi izraisa cilvéku saindéSanos ar partiku. ToposSo partikas
specialistu, partikas uznémumu personala un partikas inspektoru izglitoSanas procesa vajadz&tu
pievérst pastiprinatu uzmanibu gatavo &dienu mikrobiologiskas kvalitates saglabasanai. Jo
ipasi to &dienu, kas netiek termiski apstradati pirms pasniegSanas un kuri ir vairaku
komponentu un razo$anas faktoru kopums.

3. Nemot véra to, ka Latvijas €dinasanas uznémumos relativi biezi konstaté dazada veida
higieénas prasibu parkapumus, butu ieteicams Partikas un veterinarajam dienesta valsts
monitoringa programma biitu ieteicams ieklaut gatavo €dienu mikrobiologiskos izmeklgjumus
saskana ar $aja pétijuma noteiktajiem mikrobiologiskajiem raditajiem.
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4. EdinaSanas uznémumi bieZi nespgj pilniba izstradat, ieviest un uzturét paskontroles
sisteému, jo §1s problémas pamata ir zinosu un profesionalu vaditaju, ka arT personala trikums,
tapéc ieteicams:

4.1. ieklaut profesionalas izglitibas pilnveides, kvalifikacijas celSanas kursu un seminaru
programmas partikas mikrobiologiskas kvalitates un nekaitiguma saglabasanas jautajumus,
tostarp $aja petijuma iegiitos rezultatus;

4.2. petjuma ietvaros iegutos rezultatus lietot ka paliglidzekli &dinaSanas uzpémumu
paskontroles sisteému izstradei.

5. Peétijuma iegitie rezultati un rekomendacijas jaiesniedz Zemkopibas ministrijai
apstiprinasanai normativa akta statusa, kurd tiktu izvirzitas vienadas prasibas sabiedriskas
€dinasanas un mazumtirdzniecibas uznémumos gatavoto dienu mikrobiologiskai kvalitatei.
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TOPICALITY OF THE RESEARCH

Introduction

Public health depends on what’s risk factors affecting the health of the population. One of such
risk factors is human nutrition. In its turn the surveillance of food circulation depends more
than somewhat on adequate identification of food risk factors, being the general provision for
the distribution of high quality and safe food.

Food safety or harmlessness is a basic element of public health. In the scope of the competition
struggle among new technologies and their originated products, more and more new potential
hazards for the human health are discovered, that more or less provoking answer or chain
reaction: application of chemistry, microbiology, gene analysis and other criteria in terms of
quality and quantity on new, more accurate level. Nowadays the greatest attention is focused
directly on the quality and safety of the end product, both by the supervising authorities side
and the producers and consumers side (Regulation (EC) 178/2002; Regulation (EC)
Nr.852/2004; PVD, 2005; Tirado et al., 2002; WHO, 2003; Luning et al., 2004; NAS, 2003;
Karklina et al., 2007; Lammerding, 2007; Melngaile, 2008; Millere, 2009; PVD, 2006— 2009).

Food or ready— to— eat foods prepared in public catering establishments thermally processed
and unprocessed, that can be consumed hot and cold. However, such food has a relatively short
expiration date and thus is also called a high risk food (CAC/RCP 39— 1993).

High protection level of the public health is one of the main aims set in the Regulation (EC)
No 178/2002 of the European Parliament and of the Council of 28 January 2002, also called
the European Food Law.

The microbiological hazards is the most frequent cause for the spread of most food diseases,
thus food shall not contain microorganisms, toxins or metabolites thereof in amounts that
causes risk for human health. Food may not be distributed if not safe, including the food that is
microbiologically contaminated. Therefore it is important that the food businesses operators
use coordinated microbiological and safety criteria. The microbiological criteria for food make
possible to conclude on how acceptable foodstuffs are in the production, processing and
distribution stages (WHO, 2003; Regulation (EC) No 178/2002 of the European Parliament
and the Council; Regulation (EC) No 852/2004 of the European Parliament and the Council,
Regulation (EC) NO 2073/2005 of the European Commission).

The laws and regulations of EU, regulating the requirements in food hygiene, provide for
performing risk evaluation, as well as using the precautionary principle approach in food
circulation. Furthermore, one of the tasks advanced is reduction of pathogens in food, as well
as elaboration and implementation of microbiological and temperature control criteria for food,
based on the evaluation of scientific risk (Regulation (EC) No 178/2002 of the European
Parliament and the Council; Regulation (EC) No 852/2004 of the European Parliament and
the Council; Regulation (EC) No 2073/2005 of the European Commission).

The food businesses operators shall provide the compliance of food with the microbiological
criteria. This includes the control of the values set for microbiological criteria in food
establishments by taking food and environmental samples, performing analysis and
implementing corrective actions (Regulation (EC) No 852/2004 of the European Parliament
and the Council; Regulation (EC) No 2073/2005 of the European Commission).

Food producer is obliged to produce and distribute foodstuffs or food that is safe and harmless
for human life and health. These are foodstuffs that under normal or usage applicable
circumstances, including the expected time of usage, do not cause risk or cause risk that is
considered to be allowable and complies with high safety, human life and health protection
level. The compliance of a product with safety requirements is assessed according to national
standards, good manufacturing practice in the correspondent field, achieved level of science
and technique and taking into account the safety what a person could reasonably expect.

The quality evaluation of RTE foods samples and the microbiological testing is impossible
without elaboration of the respective comparison criteria or critical limits. Elaboration of such
criteria will enable the responsible professionals of state surveillance services and food
establishments to adequately and objectively assess the quality and safety of RTE foods, thus
will stimulate the quality and safety of RTE foods for consumers, as well as equivalent
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circumstances and fair— dealing market competition for food establishments. Therefore the
development of microbiological criteria for RTE foods is the aim of this doctoral thesis.

Topicality of the problem

Food businesses operators shall provide the compliance of food including the raw materials
with microbiological criteria as these are an impartial demonstration of the food safety. Those
also enable to evaluate the safety of the technological processes of food processing. Producer
shall determine whether its product is suitable for human consumption and if it should be
thermally or otherwise treated to ensure its safety. The food businesses operators should decide
themselves, how often to take samples and perform analysis according to the procedures based
on HACCP principles. However, in some cases it could be necessary to appoint coordinated
schemes of sampling on the Community level, especially to provide an equal control level in
the whole Community. Sampling of food and raw materials in processing environment is
necessary for timely identification and prevention of pathogenic microorganisms in foodstuffs
(PAUL; Regulation (EC) No 178/2002 of the Commission; NAS, 2004; Regulation (EC) No
852/2004 of the European Parliament and the Council).

The role of public catering establishments and the amount of foods/meals produced in these
establishments is increasing. The food produced there infrequently potentially dangerous for
human health. This is demonstrated by the statistical data of public health and other researchers
(Tirado et al., 2002; Szabo et al., 2004; Melngaile, 2008; Millere, 2009).

In the last 5 years the morbidity with acute intestinal infections (both sporadic and outbreak
cases) is increasing in Latvia. The illnesses were mainly related with consumption of
microbiologically contaminated food (PHA, 2005- 2008). The scope of registered food illness
agents is very broad and the morbidity rates with All are one of the biggest among the
countries in the European Community. Moreover the state monitoring resources of RTE foods
are currently limited both from the aspect of legislation and also as consequences the financial
resources.

Till 1 January 2006 the norms of microbiological contamination in Latvia were regulated by
the Regulations of Cabinet of Ministers of the Republic of Latvia No 292 "Regulations on the
microbiological contamination of food” on 20 August 1999. Historically this document was
modelled according to the legislative basis of USSR; however, it did not include food safety
norms for greatest part of the RTE foods regarding Bacillus cereus, Clostridium perfringens,
Escherichia coli enteropathogenic strains, Vibrio parahaemolitica, Vibrio cholerae,
Campylobacter spp. and other pathogenic and conditionally — pathogenic microorganisms.
There are currently no regulated norms of microbiological quality for RTE foods in
Latvia, accordingly it is also impossible to perform an objective evaluation of the
microbiological quality of foods prepared in catering establishments. There are no
unitary microbiological criteria for different kinds of salads, sprouts, desserts and other
RTE foods, including meals from meat and fish products. Moreover there are not
guidelines for evaluation and application of such criteria.

The norms of microbiological contamination of food are currently regulated by the Regulation
of EC No 2073/2005 on the microbiological criteria for foodstuffs. Unfortunately this
document mainly regulates the norms of microbiological contamination for raw materials and
industrially processed foodstuffs, however they cannot be applied to the retail foods, for
instance, composite foods: salads, desserts, meals from meat and fish products, food
preparations and semi— finished foods etc., prepared in public catering establishments. The
existing normative documentation has several equitable drawbacks.

The norms provided in the document are general and do not provide for microbiological
quality criteria for RTE foods in detail, it also applies to the common market of the European
Union, but almost at all do not apply to the local or national level. Hence since long ago there
are drafted national microbiological criteria’s, based on the scientific risk evaluation, in the
developed European countries (Ireland, United Kingdom, France and other), as well USA and
Canada. These criteria are often used both by the experts of supervising authorities and the
professionals of public catering sector. Therefore the aim of the study is to clarify the criteria
that Latvia could apply in future to evaluation of RTE foods. The main accent of the official
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food sampling for identification of microbiological contamination in the aforementioned
countries is put on the retail establishments, including public catering.

Microbiological testing of RTE foods is one of the equitable methods of state surveillance of
food circulation, including efficiency evaluation of self-control measures in public catering
establishments. It provides evidence for the compliance or non—compliance with food hygiene
regulations, or substantiates the necessity of additional control for certain stages of the food
chain.

The monitoring of the food laboratory investigations is an additional mechanism to enforce the
state surveillance functions in food circulation chain; this is one of the components of risk
evaluation or hazard analysis. Actually it is one of the most important mechanisms, which help
timely detect problems with food quality and safety.

The microbiological criteria can be used to verify HACCP procedures and other measures of
hygiene control. These should be measured in food also to define the quality of food
processing methods and products. The necessity for elaborating such criteria is provided by the
requirements of EU legislation, for instance, the regulation (EC) 852/2004 on the hygiene of
foodstuffs. It states that it is necessary to develop norms of microbiological criteria and
temperature control, based on the scientific risk assessment, this document also establishes the
necessity of elaborating national Good hygiene practice and other guidelines, that would
promote the quality and safety of food (Regulation (EC) No 852/2004 of the European
Parliament and the Council; Regulation (EC) No 2073/2005 of the European Commission).

As an additional instrument for the state supervisory monitoring of food circulation, every
year, laboratory monitoring programmes coordinated by European Community Food, are
developed and implemented, periodically providing for inclusion of different RTE foods
studies, for instance for determination of Bacillus cereus, Clostridium perfringens,
Listeria spp., Campylobacter spp. and other microbiological indicators. However, these
programmes cannot foresee a real situation of each EU member state, including also the
national legislation and financial situation, nor can they facilitate the adjustment of hygiene in
catering establishments.

Being aware that full prevention of contamination risk during the food manufacturing and
consumption time is an impossible task, however, by opinions of the author of this study , that
risk reduction is an integral part and responsibility of any food enterprise and is closely related
with retention of product quality and consumer health.

THE AIM, TASKS, NOVELTY AND SCIENTIFIC SIGNIFICANCE
OF THE THESIS

The doctoral thesis of Tatjana Marcenkova “Microbiological criteria for ready— to— eat foods”
was performed during period of 2004 till 2009 in the Faculty of Food Technology of Latvia
University of Agriculture and in Food and Veterinary Service (FVS), including the Laboratory
of Food and Environmental Investigations of the National Diagnostic Centre of FVS.

The aim of the doctoral thesis— to develop scientifically justified criteria for evaluation of the
microbiological quality of foods prepared in public catering establishments of Latvia.

To achieve the aim of the thesis the following tasks were set:

1. to investigate the microbiological indicators of quality for RTE foods;

2. to perform the identification of the bacteria species isolated during the investigations;

3. to analyze the growth properties of microorganisms, main factors of influence and
tendencies;

4. to investigate the hygienic situation in the catering establishments of Latvia, including the
practical aspects of preservation measures of microbiological quality of RTE foods;

5. to develop microbiological quality criteria for RTE foods suitable for the circumstances of
Latvia;
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6. to prepare recommendations for practical implementation of microbiological criteria for
RTE foods in the catering establishments of Latvia.

Based on the general principles of risk analysis of food quality and safety the hypothesis of
the doctoral thesis was formulated: to reducing the microbiological contamination of food
in public catering establishments and to effectively implementing the functions of state
surveillance of food chain, it is advisable to apply microbiological criteria, that are
suitable for Latvian circumstances, as indicators for evaluation of the microbiological
quality of RTE foods.

The hypothesis shall be verified by the following thesis:

1. the level of microbiological contamination of RTE foods depends on the efficiency of
surveillance and control measures applied in catering establishments during the
technological processes, as well as the processing type and composition of the foods;

2. for evaluation of the microbiological quality of RTE foods and certain stages of
technological processes, microbiological criteria for RTE foods, based on the scientific
risk assessment, should be implemented.

Novelties of the doctoral thesis

1. A set of microbiological criteria for RTE foods suitable for the local circumstances is
developed, providing methodological support for those involved in the field of catering
and the representatives of food supervising authorities in organizing and controlling
measures for reduction of food contamination.

2. The range of the most typical spectrum of microorganisms for Latvian circumstances and
the concentration thereof in the foods prepared by public catering establishments is
established.

3. Recommendations are arranged for laws and regulations of Latvia on the microbiological
criteria for RTE foods that will promote the adjustment of the matter of providing food
hygiene and safety in catering establishments, thus providing the reduction of the number
of food borne diseases.

Scientific significance of the thesis

¢ The results of the research within this doctoral thesis supplement the theoretical basis of the
microbiological quality of foods prepared in Latvian catering establishments; the latest
experience in evaluation of food contamination is used based on the general principles of
risk analysis.

e The main regularities (types, composition and treatment methods of foods etc.) during the
study have been established, that used to select the microbiological criteria.

¢ Improved evaluation methodology of microbiological criteria for RTE foods suitable for
Latvian circumstances.

e The hygienic situation in Latvian catering establishments, including the problems of
implementation of self— control measures has been analyzed.

Economic significance of the thesis

The unified microbiological criteria in public catering establishments will ensure a common
understanding of a microbiologically safe food chain, including the usage of the products and
technological processes, as well as promote equal and fair— dealing market competition among
businesses operators and provide practical support for the competent surveillance authorities.

The doctoral thesis has structured in 5 chapters

The introduction of the thesis: Lays down the problem approach. Justifies the necessity of
microbiological criteria for RTE foods; lays down the aim and tasks of the thesis.

61



Chapter 1. Literature review. Explain the concepts of the microbiological quality of food.
Describe the most frequent sources and factors of food contamination and food borne diseases.
Provide description of composition of RTE foods and the legislative basis. Describe the most
commonly used methods and criteria for evaluation of food quality and safety.

Chapter 2. Describe the materials and methods used in the thesis. Give time and places of the
investigations. Object of the investigations. Describe the methods of psychically— chemical and
microbiological investigations. Evaluate the methods of the hygiene in public catering
establishment. Evaluate the methods for research results.

Chapter 3. Summarize the research results and discussion on the results obtained.

Analysis of the investigations, assessing the microbiological quality of RTE foods samples
(quantitatively and qualitatively). Analysis of the impact of environmental factors on the
composition of micro flora in RTE foods, including the evaluation of the methods used in food
treatment, pH and temperature of foods, as well as evaluation of the hygiene situation in
public catering businesses. Compare the obtained results with similar conclusions and research
results of scientists from other countries.

Conclusion of the thesis: sets down the main conclusions and offers recommendations for
implementation of the obtained microbiological criteria in the public catering businesses of
Latvia. Appendixes of the thesis provide summaries of the research results.

The thesis is written on 171 pages, including 22 tables, 43 figures, 16 formulas and
14.appendixes. The thesis uses 252 sources of literature and 20 internet sources.
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SCIENTIFIC APPROBATION OF THE THESIS

The results of the thesis have been reported at 13 international scientific — practical
conferences and congresses in Latvia, Estonia, France, the Netherlands, USA, United
Kingdom, Jordan, and Russia:

1) January — November 2004, the Netherlands-Latvia, international project
»Strengthening of Food control in the Food and Veterinary Service in Latvia PPA03/LV/9/1.”
Presentation of the thesis material during the discussions of practical classes (oral
presentation).

2) 21 June 2005, London, United Kingdom. 4th National conference “HACCP for
catering: Preparing for 2006 HACCP for public catering businesses. Presentation of the thesis
material during discussions (oral presentation).

3) 5- 7 January 2006, “The comparison of the preliminary results on microbiological
investigations of some ready— to— eat foods prepared in public catering establishments.” 11 th
Annual Graduate Education and Graduate Student Research Conference in Hospitality and
Tourism ,,Advances in Hospitality and Tourism, Seattle, USA, Washington State University 5—
7 January 2006 (poster presentation);

4) 16— 21 September, 2006. “Microbiological investigations of some Ready— to— Eat
foods prepared in Public Catering establishments in Latvia”, 13th World Congress of Food
Science and Technology, Food is Life, Nantes, France, (poster presentation);

5) 10 November 2006, Jelgava, Latvia University of Agriculture, Faculty of Veterinary
Medicine, “Evaluation of the results on microbiological investigations of ready— to— eat foods
and Hygienic situation at catering establishments.” International scientific conference—
Animals. Health. Food hygiene. (oral presentation);

6) 29.01. — 03.02. 2007, Estonia, University of Tartu. "Analysis of biologic data" within
the framework of the Nordic— Baltic— Russian Academic Network in Bioinformatics project.
Report on the research results within the framework of practical classes (oral presentation).

7 11- 12 February 2007. Jordan, Amman. Workshop for JFDA food inspectors on the
basic principles for reduction of the microbiological contamination of food, on food borne
diseases and communication among the surveillance institutions. Workshop for JFDA food
inspectors on actual questions of prevention of the food microbiological contamination, on
food borne disease and communication between responsible surveillance institutions within the
framework of the Danish— Latvian cooperation project JO— 04/AA/HE/02 “Reforming the
Food Inspection Services and Food Chain Laboratories’’. JFDA, (oral presentation);

8) 12 June 2007, London, United Kingdom. 6th National Conference— “The New
HACCP regulation in Catering & Retail: One year on’’. Presentation of the study thesis
material during discussions (oral presentation).

9) 29— 30 March 2007, Riga, Latvia, Riga Stradin$ University. “The comparison of
preliminary results on microbiological investigations of foods prepared in Latvian catering
establishments.” Riga Stradins University annual scientific conference (poster presentation);
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10) 16— 18 May 2007, Jelgava, Latvia, Latvia University of Agriculture. “Microbiological
quality aspects of ready— to— eat foods from catering establishments”. Proceedings of
International scientific conference ‘‘Research for rural development 2007°°. (oral
presentation);

11) 19— 23 November 2007, the Netherlands, Wageningen University, 10th International
Advanced Course “Management of Microbiological Hazards in Food’ (1.4 ECTS).
Presentation of the thesis material during the practical classes (oral presentation);

12) 1- 4 July 2008. St. Petersburg, Russia. Evaluation of hygienic situation at public
catering establishments and dynamics of food borne diseases in Latvia // Second St. Petersburg
ecologic forum ‘‘Environmental health and human health’” (oral presentation).

13) 10 April 2010. Riga, Latvija, Scientific-practical konference for public health
professionals of Latvian association of preventive medicine. ,, Higienic situation in catering
establishments and microbiological quality aspects of RTE foods’’(oral presentation);

Research results have been summarized and published in 8 internationally acclaimed
publications:

1. J.Perevoscikovs,  l.Jansone, S.Jansone, A.Brila, A.Bormane, T.Ribakova,
T.Marcenkova, (2005). Trichinellosis outbreaks in Latvia linked to bacon bought at market,
January— March 2005. In: Journal of Eurosurveillance,Volume 10, Issue 4-6, April — June,
p.132— 134. Available at:
http://www.eurosurveillance.org/images/dynamic/EQ/v05n02/v05n02.pdf [ISSN 1025 —
496X].

2.  T.Marcenkova, M.Rucins, (2005). Current events on surveillance of food circulation
concerning establishments of public catering in Latvia. In: Proceeeding of International
Scientific Practical Conference ,,New technologies in traditional food’” Latvia University of
Agriculture, Faculty of Food Technology , Jelgava, p.201- 208. [ISBN 9984 596- 6].

3. T.Marcenkova, M.Rucins, V.Veldre (2006). The comparison of the preliminary
results on microbiological investigations of some ready— to— eat foods prepared in public
catering establishments. In: Proceedings of 11 th Annual Graduate Education and Graduate
Student Research Conference in Hospitality and Tourism ,,Advances in Hospitality and
Tourism, Seattle, Washington State University 5— 7 January 2006. Volume XI, p.52— 56.

4. T.Marcenkova, M.Rucins (2006). Microbiological insvestigations of some Ready-
to— Eat foods prepared in Public Catering establishments in Latvia. In: Proceedings of 13 th
World Congress of Food Science and Technology ,,Food is Life’’, Nantes, France, p.941. —
943.

5. T.Marcenkova, M.Rucins, (2006). Evaluation of the results on microbiological
investigations of ready— to— eat foods and Hygienic situation at catering establishments. In:
Proceedings of International scentific conference, Latvia Agriculture University, Veterinary
Medicine Faculty— Animals. Health. Food hygiene, 10 November, 2006, p. 176— 183. [ISSN
1407- 1754].

6. T.Marcenkova, M.Rucins (2007) Microbiological quality aspects of ready—to—eat foods
from catering establishments. In: Research for rural development 2007 : International
scientific conference proceedings, 16— 17 May 2007, Latvia University of Agriculture. Jelgava.
p. 98— 106. [ISSN 1691 — 4031].

7. T.Marcenkova, M.Rucins (2009). Dynamics of foodborne diseases in Latvia and
microbiological investigations of ready— to— eat foods from catering establishments. In:
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Journal ,,Medicinos: teorija ir practika’’, Lithuania, 2009 Dec., vol.15, No 4, p.356— 365.
[ISSN 1392- 1312]. Available at: http://www.mtp.lt/files/16_MTP_2009_IV_.pdf

8. T.Marcenkova, M.Rucins$ (2010). The studies on microbiological quality of ready-to-eat
foods and factors influencing its. The publication is submitted to proceedings of Latvia
University of Agriculture in April 2010.

MATERIALS AND METHODS

Time and place of the investigations

To achieve the aim and tasks of the investigations, RTE foods samples were selected in open
public catering establishments in Riga city. The investigations used 16 public catering
establishments with relatively equal hygienic situation there.

The investigations were carried out from November 2004 till October 2009. The laboratory
investigations of the samples, including microbiological, were carried out in Laboratory of
Food and Environmental Investigations of the National Diagnostic Centre (NDC) of FVS.
Object of the investigations

Performing the daily work the author of the thesis faced situations, when explanations and
recommendations on the microbiological investigations of food samples, including samples of
RTE foods, on the results of the investigations and the evaluation criteria thereof, on
application of laws and regulations regarding implementation of HACCP principles and on
evaluation of self— control documentation and their practical implementation needed to be
submitted to the inspectors of FVS and food businesses operators. One of the most burning
guestions in catering establishments is currently the objective evaluation methods of hygienic
situation in the establishments, including the microbiological investigations of food and
environmental samples, planning thereof and hence the criteria for evaluation of the
investigation results.

The research analyzes:

- samples of RTE foods from 16 public catering establishments in Riga city;

- the results of the temperature measurement from the samples of RTE foods;

- pH from the samples of RTE foods;

- FVS inspection reports of public catering establishments and questionnaires for
evaluation of the hygienic situation in the establishments;

- FVS surveillance reports (of 2004— 2008) on the control of the requirements of
legislative acts on food hygiene in public catering establishments;

- information of Public Health Agency and Food and Veterinary Service (reviews,
reports) on food borne diseases and the outbreaks thereof in Latvia.

Samples of RTE foods. Using statistics methods, the study analyzes the results of
microbiological investigations of 552 samples of RTE foods, the samples were also analyzed
for: aerobic colony count (ACC); coliform bacteria, pH, identification of the species of isolated
microorganisms was performed in 178 samples. Sampling was performed according to FVS
procedure KR.10.P.212 “General methodological directions for taking of food samples for
microbiological investigation and for evaluation of test results”, which is used daily as
standard equipment by food inspectors of FVS.

The temperature measuring results in the samples of RTE foods. Within the framework of
the study temperature was measured in each food sample, the results were analysed using
statistics methods. The measures were taken and results were evaluated according to FVS
procedure KR.10.P.227 “Instructions for temperature measurement and evaluation of results in
food retail establishments".

The data of Food and Veterinary Service (FVS) inspection reports on public catering
establishments and questionnaires for evaluation of the hygienic situation in the catering
establishments. The research data were collected and analysed using statistic methods from
inspection reports of public catering establishments (n = 114) of the FVS database of
inspection reports and specially prepared questionnaires for catering establishments involved
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in this study. The inspections of public catering establishments were performed according to
FVS procedures KR.10.P.210 “The order of inspection in Food and Veterinary Service”,
KR.10.P.112 “Methodological instructions for drawing up the inspection report and the order
of inspection in food establishments™.

Information performed by Public Health Agency (PHA) and Food and Veterinary
Service (reviews, reports, overviews, programmes) on food borne diseases and the
outbreaks thereof in Latvia. The research analyzes epidemiologic bulletins of the PHA,
reports on the situation of morbidity with acute intestinal infections in Latvia, announcements
held by FVS on outbreaks of food borne diseases from 2002 till 2008 drawn up according to
the FVS procedure KR.10.P.018 “The action of the officials of the Food and Veterinary
Service in cases of outbreaks of food borne diseases”.

Description of the research material.
The samples of RTE foods (for microbiological and chemical investigations, physical
measurement) for investigations were used, sampling were performed in food preparation
places of open public catering establishments; also the hygienic situation in the establishments
was investigated.
The investigations required the most intrinsic samples of foods realized in catering
establishments, considering also the latest trends in food preparation. Therefore the food
samples were taken in catering establishments, which prepare the traditional (n=8) foods for
Latvian consumers and untraditional (n=8) or new foods for Latvian consumers (Chinese,
Korean, Japanese, Thai etc.).
The catering establishments were selected based on the FVS database of Inspection reports,
considering the number of employees in the establishment, the assortment of produced foods
and number of portions of meals, the magnitude of food premises, compliances with the
requirements of hygiene and other criteria. In previous time period similar incompliance’s with
the observation of hygienic procedures and technological processes was found in the
investigated establishments.
All foods were conditionally divided in groups or categories depending on the amount of the
determinable microorganisms (ACC). Each of the groups included foods with different
processing methods, which in some cases could stimulate the reduction of the number of
microorganisms or just the opposite — the increase of the number of microorganisms during the
technological process. The groups or categories are as follows:

1st Category: RTE foods, all the components whereof are thermally processed and the
foods are ready for consumption.

2nd Category: RTE foods, some of the components whereof are thermally processed
and these products are intended for further storage (even refrigerated etc.) or subjected to
further technological processing (crushing, cutting, mixing of components) before the
preparation of the end product and consumption. The preparation of the end product does not
use thermal processing.

3rd Category: merely applies to a certain type of foods, naturally having a high number
of total microorganisms (ACC). This group includes fermented or leavened products or foods
containing such products. Pickled fish or meat products and others intended for direct
consumption without additional thermal processing. Also this group includes cut fruits and
vegetables, berries and greenstuffs, freshly squeezed fruit and vegetable juices, cream
confectionary (where the preparation of the cream does not require thermal processing)— for
instance, yoghurt cream, egg — white creams and other. All of these products and their
components expire in less than 5 days. The division in food groups or categories used in the
investigations is shown in Table 1.
The doctoral thesis evaluates investigation results of 552 samples of RTE foods in total, all
samples were tested for ACC and determination of the total amount of coliform bacteria, pH
measurements. Sampling was performed according to FVS procedure KR.10.P.212 “General
methodological directions on food sampling for microbiological investigation and for
evaluation of test results” used by food inspectors in their daily routine.
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Samples were delivered for testing in cooler bags (at +2+5°C temperature) and the testing was
carried out in Laboratory of Food and Environmental Investigations of the National Diagnostic
Centre (NDC) of FVS. There were sampled at least 10 samples of one type of food. There were
at least 20 samples in each food group and category. In 222 cases (n=178 samples) different
genera and species of microorganisms were identified.

Samples were taken according to the developed sampling plan. Food samples were studied in
two groups of public catering establishments: consumer traditional (n=8) and consumer
untraditional (n=8) public catering establishments. 260 food samples from traditional catering
establishments and 292 food samples from untraditional catering establishments were studied.
The sampling plan and the number of investigations are given in Table 2.

Food samples were taken, packaged and transported according to the procedures based on
internationally acclaimed sampling standards (see page 66— 67). Samples were packaged
according to the FVS procedure KR.10.P.197 "The order of packaging and identifying food
samples”. Food samples were taken directly after production or at the stage of final treatment,
but no later than 2 hours after the time of production.

Warm foods were initially cooled down in a refrigerator cell till the temperature of +10°C
(within an hour) and the samples of already refrigerated foods were put in closed cooler bag at
the temperature of +2°C till +5°C and taken to the laboratory. Samples of cooled foods (cold
meals) were taken from refrigerating units of the catering establishments and like warm foods
were put in a cooler bag at the temperature of +2°C till +5°C and transported to the laboratory
Food samples for microbiological testing were transported to the laboratory in a closed cooler
bag: within 1 hour after the samples had been taken in conditions that prevent mechanical
damage, contamination and temperature changes of the samples according to the FVS
procedure KR.10.P.230 “Transportation and temporary storage of samples taken during an
inspection”.

METHODS OF MICROBIOLOGICAL AND PHSYSICALLY - CHEMICAL
INVESTIGATIONS

For determination of the aerobic colony count (ACC) standard LVS EN ISO 4833:2003

“Microbiology of food and animal feeding stuffs. Horizontal method for the enumeration of

microorganisms. Colony— count technique at 30 degrees C” was used. For isolation of the

microorganism’s cultures PCA medium was used. The standard method usage is required by

Regulation of Eiropean Comission No. 2073/2005 on microbiological criteria for ready-to-eat

foods.

For determination of yeasts and moulds the standard LVS ISO 21257-2:2008 ,,Microbiology of

food and animal feeding stuffs. Horizontal method for the enumeration of yeasts and moulds.

Part 2: Colony count technique in products with water activity less than or equal to 0,95.>” was

used.

For determination of the amount of coliform bacteria standard LVS ISO 4832:2003

“Microbiology. General guidance for the enumeration of coliforms. Colony count technique”

was used. The microorganisms were isolated by a crystal violet red bile lactose agar.

For identification of the genera and species of microorganisms at least 5 morphologically

different colonies were taken from a plate with a selective and/or non— selective agar and then

inoculated on a nutrient agar to obtain stock culture. The identification of the isolated

microorganism cultures was performed using:

- Gram straining and microscoping (Gram ,,+>’ and Gram ,,— ’> microorganisms);

- oxidize test (on a filter paper wetted with oxidize reagent transfer the part of the colony of
microorganisms, after 30 seconds the blue colour indicates a positive reaction;

- catalyse test (the colony is suspended in one drop of hydrogen peroxide). Presence of gas
bubbles after incubation indicates a positive reaction (catalyse positive);

- indole test (using a sterile inoculation loop the colony of microorganism culture is
inoculated in peptone water, incubate 44°C 48 hours, after incubation add Kovac’s reagent
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(for aerobic identification of tryptophan in indole broth), mix well and see in 1 minute, red
colour indicates presence of indole;

- coagulase test (using a sterile inoculation loop the colony of microorganisms is brought
into a test— tube with brain heart infusion media, incubate 37°C 24h. 0.1 ml of the culture
is aseptically added to 0.3 ml rabbit plasma, incubate 37°C 24h. A positive result is
indicated by cloting of the plasma (if clot takes up more than half of the media).

In the final stage API biochemical test systems (AP™ strips) are used to establish the

biochemical qualities of the isolated microorganism cultures, including:

- API 20E (to identify Gram ,,— *” bacteria of Enterobacteriaceae family and other genera);

- API STREP (to identify the bacteria of streptococcus and enterococcus genera);

- API Staph (to identify staphylococcus and micrococcus and related genera of bacteria);

- API 20 A (to identify 24 hour Gram ,,+’’ and Gram ,,— °* anaerobes , including— test order
of 16 genera and 77 bacteria species, including Cl.dificile, other Clostridium species,
spore generating and spore non— generating bacteria, to identify coccus);

- API NE (to identify Gram ,,— * bacillus not belonging to Enterobacteriaceae family);

- API campy (to identify Campylobacter spp.);

- API 50 CH (Bacillus and related genera) and others, as well as BBL Crystal systems
(Becton Dickinson Microbiology Systems) used to identify certain species of
microorganisms.

To measure pH in food samples a verified pH meter and standardized methods for

measurement of pH in different types of products were used:

- “T'OCT 26188— 84 ‘‘IIpomaykTsl miepepabOTKH TUIOAOB W OBOIIEH, KOHCEPBHI MSCHBIE U
MsAcCOopacTUTeNnbHbIe. MeTonbl onpenenenus pH’’;

- “TOCT 28972— 91 “‘PpiOHBIE KOHCEPBBI M NPOYKTHI, IPYTHE MOPEHPOTYKTEL. MeTo bl
onpenenenus pH’’;

- “LVS ISO 2917:2004 ‘‘Meat and meat products: Measurement of pH — Reference
method”.

EVALUATION METHODS FOR RESEARCH RESULTS

The statistical processing of research data used Microsoft Excel, SPSS programme-— version
15.0 (Statistical Package for Social Science). The following statistical methods of data analysis
were used: variance analysis, factor analysis, dispersion analysis (ANOVA). Calculations of
number of freedom degrees, Fisher’s value and p— value were applied to the results obtained.
Chi-square criterion. To analyse the number of observations in each category, chi—
square criterion (x°) was used in data analysis. Chi-square (3°) criterion is used to verify
whether two statistical features are independent from each other.

The verification of the compliance of the empiric and theoretical division of qualitative
selections with x* criterion in SPSS environment was performed using a test verification tool
Analyze/ Nonparametric Tests/Chi— Square.

In cases the p— value <0.05, it was considered with 95% probability that the investigated
features are interdependent.

Dispersion analysis ANOVA was used to investigate coherence between the resultative and
independent features. ANOVA method was used to analyze the differences of average value of
MAFAM and coliform bacteria depending on the investigated factor:

— groups of public catering establishments;

— type of food;

— technological treatment process.

Graphic representation of data. The percentage and structural division of data is represented
with pie charts. The data from mathematical analysis is represented in form of bar charts and
histograms.

To process the research data and establish coherence the mathematic program package
MathCad- 14.0 (Engineering Calculation Software) was used.
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Data was processed using 2— factor nonlinear regression analysis method. The second row
two— argument function Z=Z (x, y) is examined and using the least squares method such

coefficients @; of the function:

Z =a, +ax+a,x> +ay+a,y° +axy
are searched, with which the square difference between the distances of experimental data and
appropriate theoretical data would be minimal. Since the impact of the factors is nonlinear,
application of the first row two— argument function would be incorrect. Variables in the
searched expression are:
Z —the number of microorganisms (or mass loss)

a, — constants describing the impact of food temperature and pH;

X — food temperature at the point of sample taking °C;
y — pH of the food.

To evaluate the compliance closeness of the theoretical coherence, determination

2
coefficient” | describing the compliance of obtain theoretical coherence with experimental
data, is calculated. The closer it is to 1.0 the more precise the theoretical coherence describes
the experimental results.

Evaluation of the results of microbiological investigations was based on FVS
recommendations for food inspectors in evaluation of the results of microbiological
investigations of RTE foods.

The author of the thesis took part in the development of these recommendations together with
specialists from the surveillance sector of public catering establishments and Risk Management
department of FVS.

The guidelines of Food and Veterinary Service “General methodological guidelines for food
sample taking for microbiological investigations and evaluation of results’’ are based on the
guidelines of several countries, including, Australia and New Zealand, United Kingdom and
Ireland.

The documents of the aforementioned countries are rather similar and the only difference is in
the division of groups (categories) of RTE foods, for instance, one of the guidelines uses three
groups (categories) of foods, while other — uses five. The criteria used to evaluate the research
results are shown in Table 3.

Depending on the type of the microbiological indicator, results higher than 10 till 10" CFU/g
were considered as inappropriate test results — “unsatisfactory test result’’.

To evaluate the hygienic situation in public catering establishments, special questionnaires
with author's questions were used. The questionnaires contains 19 groups of questions
describing the general hygienic situation of each catering establishment of the research,
including the interior design, communications (water— supply, drainage, ventilation, and
lighting), processing equipment, personnel hygiene, technological processes, assortment of
foods, area of the premises and number of employees, waste turnover in the establishment etc.
The questions were modelled with the aim to identify in detail the most common non—
compliances with hygiene requirements that could affect the microbiological quality and safety
of foodstuffs. To define the situation more precisely, in addition the FVS database of
Inspection reports of food establishments was used, 114 inspection reports of catering
establishments (n=16) included in the investigations were evaluated, monthly FVS reports
(2004 2008) on surveillance key figures and information from the FVS food inspectors of
Riga city authority were used.
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RESEARCH RESULTS AND DISCUSSION
Research results of the first category RTE foods

The obtained results (n=216) show that the biggest proportion in investigations for the amount
of ACC is the results with less than 10* CFU/g™ 92.6% samples, assessed as satisfactory test
results, only 7.4 % of the samples has results exceeding the limits of satisfactory test results
(>10* CFU/g), within the limits of acceptable results. No unsatisfactory results were identified.
In investigations for the amount of TC 93.5% of the samples showed satisfactory test results
<10? CFU/g acceptable result 10> — 10* CFU/g ~ 6.5% of the samples. No unsatisfactory test
results were identified in ACC or TC investigations. The chart data indicates that the research
results of 1% category RTE mainly comply with the criteria used in the research and this is
based on the main processing method of this RTE group: heat treatment.

The researches of many scientists specify that food heat treatment temperature higher than
60°C is usually sufficient to efficiently reduce the amount of microorganisms or eliminate
them, including the vegetative forms of different pathogenic microorganisms. However, the
thermotolerant microorganisms, and especially spores, can survive even under higher
temperature. Literature data shows that the distribution of microorganisms in heat treated
foodstuffs can be uneven; the survival thereof is enabled by the composition of foodstuffs,
including pH, NaCl concentration, the amount of fat and water. Besides there are certain
practical difficulties with ensuring steady heat treatment of foods. Uneven thermal treatment
can stimulate the development of cold spots, especially if foods are prepared in microwave
ovens or containers, where it is difficult to mix or blend the food (IFST, 1999; Blackburn,
McClure, 2004; Zwetering et al., 2005; Jones et al., 2004; Sprenger, 2004; Jay et al., 2005;
Adams and Moss, 2006; Beuchat, 2006; Jordan et al., 2006; Lues et al., 2007; Gorris, 2007;
Melngaile, 2008).

The comparison of average amount of ACC (Ilg CFU/g ) shows that the indicators in the
traditional RTE group are only slightly higher than the indicators in the non— traditional RTE
group, 2.14 and 2.05 respectively, the average ACC in the whole group being 2.09.

Also the average amount of TC (Ig CFU/g) in the traditional RTE group is slightly higher than
in the untraditional RTE group— 1.2 and 1.04 respectively, the average amount of TC in the
whole group being 1.12. The average indexes of TC are smaller than the average indexes of
ACC.

The research data of 1% category RTE confirm the information available in scientific literature
indicating that microorganisms in foodstuffs or a party thereof are not distributed evenly or
homogenously (IFST, 1999; Blackburn, McClure, 2004; Sprenger, 2004; Jay et al., 2005;
Zwetering et al., 2005; Adams and Moss, 2006; Beuchat, 2006; Jordan et al., 2006; Lues et al.
2007; Melngaile, 2008). This is proved by the following graphical data, for instance, the
products containing a lot of fat and having several ingredients show higher amount of ACC,
including roasted pork, cabbage rolls with meat, beef liver fritters and pork meatballs, however
an exception in this group is buckwheat porridge. Meanwhile the amount of ACC in pork in
spicy soy sauce is very low, as this can be influenced by the usage of spices and literature
offers data on the preservative impact of spices. The level of microbiological contamination of
warm foods is also influenced by the initial contamination, natural microflora and treatment
processes thereof, as well as the exposure of foods to different surfaces used in the
technological processes and the cleanliness thereof. The comparison of the average amounts
(lg CFU/g) of ACC and TC in the traditional RTE group is provided in Figure 1.

The traditional RTE foods group.

The biggest Ig CFU/g average amount of ACC was identified in: cabbage rolls with meat —
3.21; boiled buckwheat — 2.98; roasted pork — 2.94 (the average in the group being 2.14). The
calculations of the p— value of the acquired average results (with a 95% validity) show that
only for roasted pork these differ validly from the average values of other foods.

The biggest Ig CFU/g average amount of TC was identified in: cabbage rolls with meat — 1.9;
roasted pork — 1.55; boiled buckwheat — 1.42 (the average in the group being 1.20), compared
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to which the rest of the foods showed statistically valid differences of the average values. In

the traditional RTE foods mainly the following microorganisms were identified:

a) Bacillus subtilis in cabbage rolls with meat maximum quantity— 6.9x10* CFU/q;

b)  Bacillus amyloliquefaciens — 6.0x10® CFU/g, Enterobacter cloacae— 3.2x10° CFU/g and
Staphylococcus xylosus  (minimum)— 15.0 CFU/g in pork meatballs. Staphylococcus
xylosus is Gram positive, coagulase negative bacteria usually found on human and
animal skin and in the environment.

These are more commonly widespread in animals and not humans. Staphylococcus xylosus is

relatively rarely identified as cause for human infection and can very rarely become pathogenic

for humans, as some of the stems thereof can produce enterotoxines D, C and E (Blackburn,

McClure, 2004; Sprenger, 2004; Jay et al., 2005; Adams and Moss, 2006; Jordan et al., 2006;

Lues et al. 2007);

C) Escherichia coli in roasted pork— 3.8x10* CFU/g;

d)  Pantoea spp. in boiled buckwheat— 1.8x10 * CFU/g:

e) Staphylococcus haemolyticus in  beef liver fritters (minimum quantity for
Staphylococcus genus— 35.0 CFU/g) and Bacillus licheniformis— 2.2x10 * CFU/g were
identified.

The comparison of the average amounts of ACC and TC in the untraditional RTE group is

provided in Figure 2.

The untraditional RTE group.

The biggest Ig CFU/g average amount of ACC was identified in: beef stew in Thai style —

3.45; tenderized pork “Pulgogi” — 3.43; spicy beef with vegetables— 2.27, the average in the

group being 2.05, compared to which the rest of the foods showed statistically significant

differences of the average values.

The biggest Ig CFU/g average amount of TC was identified in tenderized pork “Pulgogi” —

1.50, the average in the group being 1.04 .

However, the calculations of the p— value of the obtained average results of ACC (with 95%

validity) show that only for roasted pork significantly differ from the average values of other

foods

In the untraditional RTE group mainly the following microorganisms were identified:

a) Bacillus subtilis in vegetable dish ‘“Tempura jace’” — 45.0 Ig CFU/g , vegetarian stew
1.3 x10% Ig CFU/g , spicy beef 2.5x 10°1g CFU/g , beef stew — 1.8x10* Ig CFU/g ;

b)  Bacillus licheniformis in vegetarian stew 1.3x10%lg CFU/g , pork ribs and chicken meat
“Torino terjaki’’ — 5.0 Ig CFU/g ;

C) Staphylococcus genus microorganisms in chicken meat “Torino’’— Staphylococcus
capitis minimum quantity 5.0 CFU/g and Staphylococcus aureus in chicken meat with
vegetables “Torino terjaki’’— 8.1x10° CFU/g  in 2 cases; in chicken meat “Torino>’—
2.6x10° CFU/g in 2 cases, Staphylococcus caprae in vegetable dish <“Tempura jade” —
45.0 CFU/g;

d)  Ochrobactrum anthropi in chicken meat “Torino’> — 3.8x10° CFU/g and in pork ribs—
9.7x10°CFU/g ;

e) Enterobacter cloacae in tenderized pork “Pulgogi” maximum quantity 8.5x10* CFU/g
and chicken meat “Torino’>” — 1.3x10? CFU/g ;

f) Klebsiella oxytoca — 40.0 CFU/g in tenderized pork “Pulgogi”;

0) Bacillus stearothermophilus in spicy beef— 2.3.x10° CFU/g and Bacillus coagulans in
tenderized pork “Pulgogi” — 4.1 x10° CFU/g..

Although thermal treatment on open flame and usage of several spices were characteristic for

these RTE foods and they were supposed to be one of the relatively safe ones, the

identification of pathogenic staphylococcus in chicken meat dishes in 2 out of 4 cases indicated
insufficient thermal treatment of the foods and violation of the hygiene requirements for the
personnel. In both cases the amount of the identified microorganisms exceeded 10® CFU/g

which cannot facilitate development of toxins (Blackburn, McClure, 2004; Sprenger, 2004;

Jay et al., 2005; Zwetering et al., 2005; Adams and Moss, 2006).
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Different species of microorganisms were identified in 64 cases in both aforementioned 1*
category RTE foods. The obtained data indicates that microorganisms were identified more
frequently in the untraditional RTE foods — 48 cases (75% of the total amount of
investigations), while in the traditional RTE foods they were identified more rarely, only 16
cases — 25%. The summary of microorganism species identified in the 1% category RTE is
provided in Figure 3.

This diagram depicts microorganisms of one family with the same colour. Detailed analysis of
the microorganisms identified in the RTE foods of this category is given below:

The samples of the 1* category RTE more frequently contained Bacillus spp. (32 samples) and
Staphylococcus spp. (16), Enterobacter spp. (6).

Bacillus spp. — 50.0% and Staphylococcus spp. — 25.0% microorganisms prevail, Enterobacter
spp. Contained — 9.38% samples, Ochrobactrum anthropi — 6.25%, Pantoea, Klebsiella,
Escherichia genera microorganisms contains each 3.13%.

According to the literature the presence of Bacillus genera microorganisms in food samples
exceeding 10> * CFU/g indicates insufficient thermal treatment of foods. The frequent
presence of these spore developing microorganisms in the samples is laid down by the wide
spread of this microorganism in the environment, including food ingredients, soil and water.
This agent can also pollute food as the result of cross contamination. Bacillus genus
microorganisms usually include three species, among which only two — Bacillus subtilis and
Bacillus cereus — are pathogenic to humans. Bacillus subtilis was isolated in some food related
outbreaks; however the number of registered outbreaks is small. The heat treatment resistant
toxin produced by the Bacillus subtilis is similar to the toxin produced by Bacillus cereus. This
toxin causes the food toxic infection symptoms like vomiting, and in some cases also
diarrhoea. In 1975- 1986 in Great Britain 49 outbreaks with the total number of infected 175
were being registered, the cause for the outbreaks was Bacillus subtilis. During the outbreak
the causative agent was identified in food 10°-~ 10° CFU/g. Among the products identified as
reservoirs for the agent were meat, fish products, confectionary, boiled rice (Dahl, 1999; Jay
et al., 2005).

Research results of the second category RTE foods

The obtained results (n=166) show that the biggest proportion in investigations for the amount
of ACC is the results with less than 10° CFU/g~90.4 % of the samples, assessed as satisfactory
test results. The amounts of ACC identified in 9.7% of the samples are assessed as acceptable
results and are higher than 10° CFU/g and smaller than 10’ CFU/g. No unsatisfactory results
were identified.

In the investigations of TC 75.9% of the samples showed satisfactory results <10* CFU/g
18.07% of the samples showed acceptable results 10° — 10 CFU/g. Even though the chart
indicates that the research results of the 2™ category RTE foods mainly comply with the
criteria used in the research, 6.02% of the samples showed unsatisfactory test results
>10* CFU/qg.

This can be explained by the main ingredients of these foods, including the fact that the foods
contain both thermally treated and thermally untreated components, however they don't contain
or contain fewer components naturally having the high amount of microorganisms, for
instance, mayonnaise, sour cream, fermented products. Moreover the preparation of these
foods often involves the hands and surfaces of the personnel getting in contact with the food,
which according to the literature is often the source of secondary microbiological
contamination. In these foods like in the 1% category RTE foods a radically different level of
microbiological contamination was identified, depending on the interaction among the many
exterior and interior factors of the technological process.

The Ig CFU/g average indices of the amount of ACC show that in the traditional RTE group
these are higher than the indices in the untraditional RTE group, 4.08 and 1.99 respectively
(the average in the 2™ category RTE group being 3.0). The comparison of the average indices
of TC Ig CFU/g show that in this RTE category they are smaller than the average indices of
ACC, 1.60 and 3.0 respectively. The average Ig CFU/g of TC in the traditional RTE group is
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higher than in the untraditional RTE group, 2.20 and 1.03 respectively (the average Ig CFU/g
of TC being 1.60).

The Ig CFU/g biggest indices of the average amount of TC were identified in: fresh vegetable
salad with oil — 3.59; fresh cabbage salad with oil — 3.29; fresh vegetable salad “Rozmarija” —
3.20, the average in the group being 2.20, compared to which statistically valid average
differences of p—values (with a 95% validity) were identified in the rest of the foods.

These differences are potentially related with the fact that hot spices are used relatively less in
the traditional RTE group than in the untraditional RTE group as they often have also
preservative qualities due to the different ingredients and preparation methods. If the
ingredients of the foods are slowly cooled or stored in microorganism’s dangerous temperature
zone or time, it promotes the reproduction of microorganisms and the microbiological
contamination of the foods (Blackburn, McClure, 2004; Sprenger, 2004; Jay et al., 2005;
Zwetering et al., 2005; Adams and Moss, 2006).

The comparison of the average amount of ACC and TC in the traditional RTE group is
graphically depicted in Figure 4.

The traditional RTE foods group.
The Ig CFU/g biggest indices of ACC in this group were identified in: boiled red beef salad
with oil — 5.38; fresh cabbage salad with vegetable oil — 5.16; fresh vegetable salad
"Rozmarija" — 5.0; fresh vegetable salad with oil — 4.67; beet and bean salad — 4.51, the
average in the group being 4.08.
The calculations of the p— values of the obtained average Ig CFU/g values of ACC(with a 95%
validity) show that they are higher in salads with oil (beetroot, cabbage, fresh vegetable) and
salad “Rozmarija”, which compared to fish balls in jelly, beef jelly and thin pancakes stuffed
with meat provide valid differences. Moreover this can be explained by the different
ingredients of these foods, sources of the primary and secondary contamination, treatment
methods used in the technological process, including the cooling of thermally treated
components, processing of thermally untreated components, storage and other factors.

In the traditional RTE group mainly the following microorganisms were identified:

Enterobacter cloacae— 25.9%, Klebsiella oxytoca, Citrobacter freundii and Staphylococcus

spp. for all 11.1%, Enterobacter sakazakii and Klebsiella pneumonia for all 7.4%,

Enterobacter amnigenus and Bacillus licheniformis for all 3.7% and other. Including:

a)  The number of Enterobacter cloacae in fresh cabbage salad with vegetable oil, fresh
vegetable salad with oil 1.1x10° CFU/g (minimum amount); salad “Rozmarija’’ in the
amount of 1.8x 10° CFU/g ; in thin pancakes stuffed with meat 2.1x10° CFU/qg;

b)  The number of Enterobacter sakazakii in fresh cabbage salad and salad “Rozmarija’’
3.0x10° CFU/g;

c)  The number of Enterobacter amnigenus in fresh vegetable salad in the amount of
9.8x10° CFU/g

The presence of Enterobacter genus microorganisms indicates imperfections in the

technological processes, they are very sensitive towards steam (under the temperature +121°C

they die within 15 minutes), heating in dry air under the temperature +160— 170°C they die
within 1 hour. The presence of these microorganisms in the foods indicates insufficient

hygiene and inadequate thermal treatment of the warm foods (PHAC, 2001; Jay et al., 2005;

Shaker et al., 2006).

d)  The number of Klebsiella oxytoca, including in boiled red beet salad in the amount of
8.0x10° CFU/g (maximum); in salad “Rozmarja’*3.0x10° CFU/g

e)  The number of Klebsiella pneumonia in fresh cabbage salad with vegetable oil
1.8— 3.0x10° CFU/g ; Citrobacter freundii in salad ,,Rozmarija’’ 1.8x10°® CFU/g ; in
boiled red beet salad 9.2x10° CFU/g;

f) The number of Staphylococcus spp. : Staphylococcus hominis in boiled red beet salad
9.2 x 10° CFU/g; Staphylococcus ligdunesis in beef jelly 1.0x10° CFU/g; Staphylococcus
capitis in fresh cabbage salad 1.1x10 °> CFU/g ;
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g) The number of Bacillus licheniformis in thin pancakes stuffed with meat
1.7x10° CFU/g and other. The comparison of ACC and TC in the untraditional RTE
group is provided in Figure 5.

The untraditional RTE foods group.

The Ig CFU/Ig biggest average values of ACC Ig CFU/g in this group were identified in: fritted
vegetables — 3.91; chicken meat with vegetables “Taugogipakom” — 3.29; beans with sesame
and soy sauce — 2.23, the average in the whole group being 3.04, compared to which the rest of
the foods showed statistically valid differences of the average values. The biggest average
values of TC were identified only in chicken meat with vegetables “Taugogipakom” — 1.30,
the average in the whole group being 1.62, compared to which the rest of the foods showed
statistically significant differences of the average p—values (with a 95% validity).

The amount of ACC identified in all foods of the 2™ category was biggest than the identified
amount of TC (Figures 3.4 and 3.5). The Ig CFU/g of ACC and TC was considerably smaller in
untraditional RTE than in the traditional RTE.

In the untraditional RTE group mainly the following microorganisms were identified: Bacillus,
Staphylococcus, Actinomyces genera, Enterobacter cloacae, Brevibacillus brevis and
Brevibacillus laterosporus, Micrococcus sedentarius microorganisms. Bacillus spp.
microorganisms were identified in 10 cases (35.7%), Enterobacter cloacae in 4 cases (14.3%),
Klebsiella oxytoca in 6 cases (7.3%) including:

a) Bacillus licheniformis and Bacillus firmus in fritted vegetables 1.0 — 1.1x10° CFU/qg ;

b)  Bacillus pumpilus in chicken meat with vegetables “Taugogipakom’’ 4.4x10° CFU/qg ;

C) Staphylococcus capitis was identified in celery in garlic sauce 15.0 CFU/g (minimum);
d)  Staphylococcus xylosus in vegetable assortment 3.4x10° CFU/g ;

e) Brevibacillus laterosporus in fritted vegetables 2.9x10° CFU/g (maximum);

f) Micrococcus sedentarius in beans with sesame and soy sauce 2.0x10? CFU/g and other.
Different genera and species of microorganisms in the foods of the second category were
identified in 82 cases (66 samples), mainly Enterobacter spp. — 29.3%, Bacillus spp. — 14.6%,
Staphylococcus spp. — 12.2 %, Klebsiella spp.— 12.2% and Citrobacter freundii — 7.32%
microorganisms. The microorganisms were more often identified in the traditional RTE group
— 54 cases (40 samples) — 65.8%, more rarely in the untraditional RTE group — 28 cases
(26 samples) — 34.2%.

The microorganisms of Enterobacter genus is one of the most frequently represented groups of
the Enterobacteriaceae family. The microorganisms of this family are associated with different
infections, including the nosocomial or intrahospital, as well as food and water borne
infections. The natural reservoirs of these agents are usually soil, water, waste water, human
and animal intestinal canal, dairy products. They are very sensitive towards heat treatment. The
presence of these microorganisms in foods indicates insufficient hygiene and inadequate
thermal treatment of warm foods. The majority of these microorganisms are antibiotics
(cefalotine and ampiciline) resistant, especially Enterobacter cloacae and Enterobacter
aerogenes, as well as resistant towards different disinfectants — 1% natrium hypochloride, 70%
ethyl alcohol, phenols, formaldehyde, iodinates and other. Enterobacter sakazakii is a
conditional pathogen related with necrotized enterocolitis and meningitis in newborns, it has
been found in milk powder and baby food (17.4%). This agent is also often found in soil,
rodents and insects. It is isolated from wide variety of foodstuffs: also in high temperature
pasteurized milk, cheese, meat, vegetables, cereals, spices, fermented products, bread and other
(PHAC, 2001; Jay et al., 2005; Shaker et al., 2006). The data summary of microorganism
species identified in researches is provided in Figure 6.

This diagram depicts microorganisms of one genus with the same colour. Although this RTE
group was not characterized by thermal treatment of all components, as it was with the
previous category of RTE, the identification of Enterobacter cloacae, Bacillus spp.,
Staphylococcus spp. indicates insufficient thermal treatment of certain ingredients of the foods
as well as the fact that these foods were contaminated during cooking and storage, and in some
cases the technological, surface hygiene and personnel hygiene and other requirements for
food preparation were violated.
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Research results of the third category RTE foods

Notwithstanding that the comparison of ACC research results do not use particular comparison
criteria and the third category RTE have naturally high total amount of bacteria, evaluation of
obtained results was carried out. In ACC researches the biggest proportion is drawn up by
results with low total amount of bacteria — up to 10 CFU/g™ 38.8% of the samples and with
average total amount of bacteria — between 10 and 10° CFU/g™ 38.8% of the samples. 22.3% of
the samples showed high amount of bacteria — between > 10°and 10’ CFU/g.

Researches for identification of TC showed satisfactory results (less than 10° CFU/g) in 50.6%
of the samples; results with smaller amount < 10° CFU/g were identified in the untraditional
RTE group — 66.7% of the samples. Acceptable results from 10* to 10* CFU/g were identified
in 35.3% of all samples, but in the traditional and untraditional RTE groups 42.5% and 28.9%
respectively. Unsatisfactory results in the researches for TC exceeding 10* CFU/g were more
frequently identified in the traditional RTE group — 25%, in the untraditional RTE group —
4.4%, the average proportion being 14.1%.

The statistical processing of data and the comparison of the obtained results shows that the
biggest average amount was identified in the investigations of traditional RTE, for ACC —
1.0x10° CFU/g and TC— 2.1x10* CFU/g . The average amount of ACC in the traditional RTE
group is bigger than in the untraditional RTE group — 4.66 and 4.65 respectively (the average
in the group being 4.44). The average amount of TC is 2 times smaller than the average of
ACC and is bigger in the traditional RTE group than in the untraditional RTE group, 2.83 and
1.70 respectively (the average in the group being 2.24).

The traditional RTE foods group.

The obtained calculations of the Ig CFU/g average amount of ACC show that they are very

high in freshly squeezed carrot juice — 6.47, boiled vegetable salad with mayonnaise — 5.93,

meat salad— 5.6, salad “Rosols” — 5.34, “crab meat” salad with mayonnaise — 5.06, the average

in the group being 4.66.

The smallest ACC Ig CFU/g were identified in milkshake with apple juice— 1.99 and whipped

cream with cottage cheese — 3.73, which also have valid differences from the rest of the RTE

in this group. The biggest Ig CFU/g of TC in the traditional RTE group were identified in

vegetable salad — 4.1; meat salad— 3.6; freshly squeezed carrot juice — 3.5, the average in the

group being 2.8.

In the traditional RTE group mainly the following microorganisms were identified: Klebsiella

spp. — 46.7% cases, Enterobacter spp. and Pantoea spp. — 26.7% cases each. Staphylococcus

spp and Escherichia spp. 13.3% cases each, Bacillus licheniformis, Citrobacter freundii,

Serratia adorifera, moulds and Hafnia alvei 6.7% each. Including:

a) Klebsiella oxytoca — in freshly squeezed carrot juice from 1.5 to 5.9x10° CFU/g ; in meat
salad 9.3x10° CFU/g (maximum quantity); in boiled vegetable salad with mayonnaise

1.0x10° CFU/g ;
b)  Enterobacter cloacae — in freshly squeezed carrot juice 1.5x10° CFU/g ; in celery salad
with apples1.6x10° CFU/g ;

C) Enterobacter aerogenes — in boiled vegetable salad with mayonnaise 1.6x10° CFU/g ;
d)  Enterobacter sakazakii — in salad ,,Rosols’’ 5.9x10° CFU/g ;
e) Pantoea spp. — in meat salad 1.8x10* CFU/g (minimum quantity);
f) Citrobacter freundii — in celery salad with apples 1.6x10° CFU/g ;
0) Staphylococcus aureus — in sweet whipped cream with cottage cheese 1.1x10°
CFU/g — two cases and other.
Like ACC also the average amount of TC in the traditional RTE (Figure 7) is comparatively
smaller in milkshake with apple juice — 1.0 and whipped cream with cottage cheese — 1.98, that
have many valid differences. Among the rest of the RTE foods significant differences were not
identified. Also TC in the aforementioned salads of the untraditional RTE group (Figure 8)
have similar tendencies as ACC, however, they are not so pronounced as the significance is
observed in less cases.
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The untraditional RTE group:

The indices of the Ilg CFU/g average amount of ACC obtained in the researches are higher in

“Greek” salad with Feta cheese — 5.8; “Italian” pasta salad — 5.6%; “Roman" salad — 5.5;

shrimp salad with cheese — 4.67; meat salad— 4.5, the average in the group being 4.4. ACC

Ig CFU/qg are relatively smaller in tuna salad, fritted fish in vegetable marinade and squid salad

with sea “cabbage”, as the preparation of these foods involves ingredients of thermally treated

and fermented products and they have valid differences from foods having a higher amount of

ACC. In this group of foods the biggest indices of the average amount of TC were identified in

“Italian” pasta salad — 3.32; meat salad — 2.95 and “Roman” salad — 2.48, the average in the

group being 2.27. The comparison of the results obtained in the untraditional RTE group is

provided in Figure 8.

The untraditional RTE group indicated Enterobacter cloacae — 42.8% of the cases, Bacillus

subtilis and Pantoea spp. — each 14.3% of the cases, Bacillus licheniformis, moulds, yeasts,

each 7.1%. Including:

a) Bacillus subtilis — in “Italian” pasta salad with chicken 1.8x10° CFU/g; in meat salad
1.4x10° CFU/g;

b)  Enterobacter cloacae — in “Greek” and “Roman” salad 1.5x10° CFU/g and
4.7x10° CFU/g respectively (maximum), in tuna salad 4.4x10® CFU/g (minimum);

c) Bacillus licheniformis — in “Italian” pasta salad with chicken 9.0x 10 > 1.8x10 ® CFU/g
and other.

Several species of microorganisms in the third category RTE were identified in 76 cases (50
samples). The species of microorganisms were more frequently identified in the traditional
RTE group — 48 cases (63.2%), in the untraditional RTE group — 28 cases (36.8%).

The summary of main microorganism’s genera and species identified in researches is provided
in Figure 9.

This diagram depicts microorganisms of one genus or species with the same colour. Mainly the
following microorganisms total in the third category RTE foods were identified: Enterobacter
spp. — 26.3%, Klebsiella spp. — 18.2%, Pantoea spp. — 15.8%, Bacillus spp. — 10.5%,
Staphylococcus spp. — 7.89 %, Escherichia spp. and moulds 5.26% each, Serratia adorifera,
yeasts, Hafnia alvei, Citrobacter freundii — 2.63% each.

The genera and species of the most frequently discovered microorganisms, the literature and
the observations of the research show fundamental problems in the activity of Latvian public
catering establishments.

In 20 (9%) cases of the research Bacillus subtilis and in 18 (8.1%) cases Bacillus licheniformis
were identified in the foods. Both of the microorganisms in some cases can cause food
poisoning, the symptoms of the disease being similar to illnesses caused by Bacillus cereus
(Blackburn, McClure, 2002; Jay et al., 2005).

In the result of the identification in 26 (11.7%) cases Klebsiella genus microorganisms were
identified in the foods, including Klebsiella oxytoca in 18 (8.1%) cases. Klebsiella spp.
microorganisms are of the Enterobacteriaceae family. Those are actually a universal
microorganism’s, widespread in the environment. They colonize human skin and throat,
intestinal tract, sterile wound and urethra. They spread by water and food. Usually it does not
cause any illnesses at all, however, in the circumstances a person’s protective capabilities
reduce (newborns, ill people, elderly people etc.), and it can become a cause for infectious
disease (including sepsis and pneumonia). Such microorganisms include Klebsiella pneumonia
and Klebsiella oxytoca, the conditional pathogens. Klebsiella spp. microorganisms mainly
colonize the mucous animal and human surfaces therefore among humans this microorganism
is found 19% in human throat, 77% in human excrements and 42% on human hands. Like
Shigella spp. and Escherichia spp., they can produce cytotoxins. These microorganisms are
thermotolerant; the optimal temperature for growing is +37°C (Podschun, Ullman, 1998;
Jay et al., 2005).

In 32 (14.4%) cases the foods showed Staphylococcus spp. microorganisms, including 4 cases
of Staphylococcus aureus from 8.1x10* — 1.1.x10° CFU/g exceeding the limit of a satisfactory
result. Staphylococcus genus microorganisms are widespread in the environment, including on
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different surfaces (surfaces of both live and inanimate objects). It reaches food through the
personnel of a food business and the food ingredients of warm— blooded animals (including
dairy products). In total 27 Staphylococcus species and 7 subspecies are known. It is a typical
mesophylic, optimal conditions for growing are from + 7°C to +48 °C, optimal temperature
+37°C, and optimal pH 6 —7. The best temperature for production of enterotoxines is
+35°C...40°C. Staphylococcus aureus develops 7 protein enterotoxines (A, B, C,, C, C3 D and
E). Enterotoxines A and D are more frequently the causes for food outbreaks. The most
commonly widespread is Staphylococcus aureus, it is found in 20 — 50% of healthy humans on
the mucous membrane of the upper respiratory organs (Jay et al., 2005; Adams, Moss, 2006).
The biggest amount of ACC CFU/g was found identifying the microorganisms of
Enterobacter, Pantoea and Hafnia genera — 66.0 CFU/g, while the smallest: Staphylococcus
aureus— 25.0 CFU/g; Bacillus licheniformis and Staphylococcus capitis together
5.0 CFU/g.

Although this RTE foods group was not characterized by thermal treatment of all the
components before serving, identification of Enterobacter cloacae, Klebsiella spp. and
Bacillus spp. in high amounts indicates insufficient thermal treatment of certain ingredients of
the foods and the fact that the technological, hygiene and personnel hygiene requirements for
food preparation have been violated.

Interconnection among the amount of microorganisms,
food temperature and pH

Based on international experience and data available in scientific literature, it was necessary
also in this research to identify the potential interconnection among the amount of ACC and
TC, temperature of RTE samples and pH. The figures in this chapter depict the most
characteristic interconnections.

Summary of the research results of the 1% category RTE foods.

According to the literature it is known, that temperature, pH and water activity plays an
essential role in regulating the amount of microorganisms. Then the temperature and pH
parameters were chosen to identify their impact on the amount of microorganisms in the RTE
samples. The results obtained in the 1st category traditional RTE group are provided in
Figure 10.

Being aware that the amount of microorganisms in food is largely depends on the ingredients
of the foods and the used treatment methods of the foods, including the preparation
temperature, pH and other factors, it was important in this research to investigate the impact of
each of the aforementioned factors.

The 1% category RTE foods differ from the other RTE groups analyzed within this research
with high preparation temperature — all components in these foods are thermally processed.

A connection describing the direct impact of temperature and pH on the average indices of
ACC in the traditional RTE group was calculated:

ACC Ig trad.= 273-0.73-T +0.0064-T*> —87- pH +8- pH2 —0.04-T - pH 1)

The determination coefficient of ACC in the samples of traditional RTE is 7°=0.55.
A connection describing the direct impact of temperature and pH on the average indices of
ACC Ig CFU/gin the untraditional RTE group was calculated:

ACC Ig untrad.= 0.95-T -0.00002-T? +14.16- pH - 0.24- pH* -0.154-T - pH - 76.7 2

The determination coefficient of ACC in the samples of untraditional RTE is 77 =0.415 and is
smaller than the determination coefficient in the samples of traditional RTE.
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The contour lines in Figures 10 and 11 indicate how important it is to observe the preparation
and storage temperature for the foods, because as the temperature drops below +60° C and pH
exceeds 6.0, the amount of ACC rapidly increases (>2.0 I|g CFU/g) — see the red yellow green
area.

Figure 11 clearly shows that as the temperature exceeds +75 °C and pH reduces below 5.2, the
amount of bacteria is minimal, less than 2.0 Ig CFU/g. An interconnection has been obtained
describing the direct impact of temperature and pH on the average indices of ACC for the
whole RTE group of the 1% category:

ACClg (1 st category) = 0.0024-T +0.0044-T2 +12. pH -0.3L- pH? ~0.117-T - pH -318 3)

The determination coefficient of this connection is 7* = 0.25 and we can allow drawing
precautionary conclusions on the interconnection between temperature and pH on the total
amount of bacteria in the samples of the 1* category RTE. This can be explained by the large
differences of the various foods included in this group.

Evaluating the dependence of the amount of TC on the preparation temperature and pH of the
traditional RTE of the 1% category, comparing with the investigations of the amount of ACC, a
more pronounced increase of the amount of TC can be observed (yellow red area in Figure 12).
It can be safely declared that under a food temperature higher than 80 °C the amount of TC is
low (Ilg CFU/g - 0.6).

Dependence of the TC on temperature and pH, obtained in the result of statistical processing of
data from traditional RTE:

TClgtrad.= —259-T +0.47-T% +7430- pH —824- pH? +30.5-T - pH -12020  (4)

The determination coefficient of TC Ig CFU/g in the samples of traditional RTE foods (Figure
13) is 7* = 0.95 , sufficiently bigger, but in the samples of untraditional RTE the statistical
interconnection between the aforementioned factors was not observed (as only 1.7% of all the
investigated samples did not comply with the criteria used in the research).

An interconnection describing the impact of each factor (temperature, pH) on the average
indices of Ig CFU/g of TC for the whole RTE group of the 1 category was obtained (Figure
13):

TC Ig (1 st category) =19-0.215-T +0.000026-T * - 2.56- pH —0.047- pH? +0.04-T - pH (5)

The determination coefficient of this interconnection is 7” = 0.566 and it describes the close
connection between the obtained interconnection and production data.

An interconnection describing the impact of each factor (temperature, pH) on the average
indices of lg CFU/g of TC for the whole RTE group of the 1% category was obtained (Figure
13):

Summary of the research results of the 2™ category RTE foods.

The second category RTE are described by smaller preparation temperature, as this group
contains foods that have some thermally treated components. It is important to identify how the
amount of ACC of RTE in this category depends on the preparation temperature and pH. A
visual interpretation of this interconnection is depicted in Figures 14 — 15.

An analytic interconnection describing the impact of temperature and pH on the amount of
ACC in the 2" category traditional RTE was obtained (Figure 14):

ACC Ig trad.=11.7-1.8-T +0.03-T? +0.78- pH - 0.3- pH? +0.23-T - pH (6)
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The determination coefficient of this interconnection is 7 = 0.74, which provides good
description of the total amount of bacteria in the RTE of this category. The contour lines
indicate that the amount of ACC can be substantially influenced by pH (higher than 4.0).

The obtained results for the dependence of the amount of ACC in the 2nd category
untraditional RTE on food preparation temperature and pH show that a rapid increase of the
total amount of bacteria can be observed, when pH >5.5 and temperature is high, as the
temperature rises from +7 ..+10 °C and the pH stays low, the amount of ACC reduces.
Analytical interconnection describing the direct impact of temperature and pH on the amount
of ACC was obtained:

ACC Ig untrad.=80.87 - 4.77-T —0.12-T? - 24.01- pH +1.45- pH? +1.38-T - pH @)

The determination coefficient of this interconnection is 7°= 0.523

It can be seen for the whole 2™ category RTE group (Figure 15) that temperature does not have
a strong impact on the amount of ACC, if pH is smaller than 4.0. The obtained mathematic
interconnection is as follows:

ACC Ig (2 nd category) =4.42-T —0.17-T? - 2.46- pH +0.376- pH> - 0.276-T - pH -6.94  (8)

The determination coefficient of this interconnection is7? = 0.36, which allows drawing the
respective conclusions and describing a rather weak interconnection among the aforementioned
factors.

Evaluating the interconnection between the amount of TC and the food preparation
temperature and pH in the 2nd category traditional RTE (Figure 16) we can observe a
substantial increase of these bacteria, as the food preparation temperature and pH level
increases. The level lines of the interconnection show that food temperature up to +10...+12 °C
does not substantially impact the changes of the amount of TC, starting to rapidly increase, as
the temperature rises. An interconnection was obtained describing the impact of each factor
(temperature, pH) on the amount of TC:

TClgtrad. =117.9-10.7-T +0.21-T? —30- pH +1.74- pH® +1.55-T - pH 9)

The determination coefficient of this interconnection is 7” = 0.58, being sufficient to draw
conclusions about the interconnectivity of both factors.

The interconnection of the amount of TC in the untraditional RTE group in the 2™ category
cannot be identified, as the results of this group comply with the microbiological criteria. The
obtained interconnection for the whole group of foods of the 2™ category is given below
(Figure 17):

TC Ig (2 nd category)=-5.07+0.882-T —0.039- T +1.732- pH - 0.216- pH? -0.017-T-pH  (10)

The determination coefficient of the interconnection for the whole group of 2™ category RTE
is 777 =0.367, sufficient to draw conclusions on a pronounced central tendency.

Summary of the research results of the 3™ category RTE.

The third category RTE are described by smaller preparation temperature, they are not
thermally treated before consumption. Therefore it was important to clarify how the amount of
ACC of this category is influenced by food temperature and pH. A visual interpretation of this
interconnection is depicted in Figures 18 — 19.

The thirc ategory traditional RTE is also described by smaller preparation temperature.

A visual interpretation of this interconnection is depicted in Figure 18. The level lines indicate
that the amount of ACC is strongly influenced by food temperature. It can be seen that as the
temperature raises to +12...+13 °C, there is no substantial impact on the amount of bacteria in
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foods, but as the temperature rises, a radical increase of the amount of bacteria can be
observed. pH of the food does not impact the increase of the amount of ACC.

Also the analytic expression of this interconnection was obtained (see below) with a
determination coefficient 7* = 0.731, high enough to draw conclusions on substantial
interconnection between the two factors.

ACC Igtrad. =0.46-T +0.04-T? +12.3- pH —0.93- pH® =0.21-T-pH -31  (11)

The obtained interconnection indicates the crucial role of the temperature in increase of the
amount of bacteria, as both coefficients under temperature are with a ,,+’’sign. The role of pH
in the increase of the amount of bacteria increases with the rise of temperature over 15 °C.

An analytical interconnection was obtained in the 3rd category untraditional RTE group
describing the direct impact of temperature and acidity on the amount of ACC:

ACC Ig untrad.=0.83-T —0.074-T? +5.6- pH —0.6- pH2 —0.038-T - pH -8.62 (12

According to the calculations it can be seen that the amount of ACC bacteria in the 3rd
category untraditional RTE is impacted more by the pH in the products than the temperature.
At a pH below 5.5 the amount of bacteria is high and not dependent a lot on the temperature.
This is very important for the increase of the amount of bacteria. As the pH exceeds 6.0 and
the temperature rises >10 °C, the amount of ACC is pronouncedly smaller. The determination
coefficient of this interconnection is 7°=0.581, being high considering the very different foods
in this group.

Figure 19 shows that the microbiological quality of these foods is substantially dependent on
the temperature of the food. The amount of ACC rapidly increases if temperature is higher than
+11°C. The pH level of foods also impacts the amount of ACC, but not as substantially as
temperature.

ACC Ig (3 rd category) =0.03-T +0.045-T2 +1107- pH -0975- pH’ -0.128.T- pH-2403  (13)

The determination coefficient of this interconnection is 7* = 0.44, describing a sufficiently
close connection and allows drawing conclusions on the nature of the impact.

The graphical figure shows that the closest interconnection between the temperature and pH
shows in temperature higher than +11° C and pH higher than 4.5.

The amount of TC also increases, if the food temperature is higher than 11°C. A visual
interpretation of the interconnection is depicted in Figures 20 — 21.

Evaluating the impact of amount of coliform bacteria on the food preparation temperature and
pH in the third category traditional RTE group, it can be seen that the increase of the amount of
these bacteria’s is similar to the increase of ACC, however, a more important impact is that of
the pH level of the food, especially, if the temperature is higher than 15°C. This is also shown
by the ,,+’’sign in the obtained interconnection, if pH is variable. The results show that the
food temperature can be up to +12 °C. The mathematical interconnection obtained from the
investigations of the 3rd category traditional RTE is given below (Figure 20):

TClgtrad.=1.3-T —0.0087-T? +5.1- pH - 0.22- pH? -0.25-T - pH —18.2 (14)
The determination coefficient for TC Ig cfu/lg ~ ' in the samples of traditional RTE is
77 =0.837, which is higher than the determination coefficient in the samples of untraditional
RTE 77=0.43.

The calculations indicate that as temperature rises above 9°C and pH exceeds 4.5, a substantial
impact on the amount of TC can be observed. The mathematical calculation of the
interconnection obtained from the 3" category untraditional RTE is given below:
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TC Ig untrad. = 5.03-T —0.156-T* +10.54- pH —0.58- pH? —0.595-T - pH —42.7 (15)

The determination coefficient of TC in the samples of non- traditional RTE is 7°=0.43, which
is smaller than for traditional RTE.

The aforementioned interconnections show the crucial role of temperature in the increase of
the amount of ACC and TC, as in both researches, the determination coefficients are with a
,»t’7 sign at temperature higher than +10°C. In its turn the role of pH for increase of the
amount of microorganisms increases as the temperature rises above + 15° C.

An interconnection describing the impact of each factor (temperature, pH) on the amount of
TC for the whole RTE group of the 3" category was obtained (Figure 21):

TC Ig (3 rd category) =-20.52+0.493-T +0.027-T> +7.8- pH -0.627- pH? -0.151.T-pH  (16)

The determination coefficient of this interconnection is 7*= 0.523

The comparison of the interconnection among the data of all RTE categories and groups allows
drawing conclusions that only the 3" category RTE shows a significant interconnection among
temperature, pH and the amount of microorganisms. The determination coefficients are
especially biggest in the traditional RTE group of this category, both for ACC and TC, where
the determination coefficients are the closely to 1.0.

Evaluation of the hygienic situation in catering establishments

The hygienic situation was evaluated in catering establishments (n=16), where RTE samples
were taken, using questionnaires and data from FVS database of inspection protocols. The
summary of the results of the hygienic evaluation is given in Table 4.

In 5 out of the 16 catering establishments included in the investigations, samples not
complying with the microbiological criteria (4.8— 17.6%) were found; therefore it can be
declared that 31.2% of the catering establishments have substantial problems with hygiene.
Only one establishment did not have significant problems with hygiene.

Food samples not complying with the microbiological criteria were found in establishments,
where different kinds of non — compliances with the hygienic requirements, including non —
compliance with the technological process were found (using a questionnaire and control of
hygienic requirements in the establishment at the point of sample taking): in cooling,
defrosting and thermal treatments, storage processes.

However, according to the data of the inquiry and the data from FVS database of inspection
protocols, only 20% of the establishments involved in the research comply with the hygienic
requirements (fully comply with the requirements of laws and regulations), as no substantial
inadequacies were found there, that could impact the quality and safety of food. In the rest 80%
of the establishments, different kinds of violations of the hygienic requirements were found.
The graphic depiction of the most frequently identified non—compliances is provided in Figure
22.

Within the research the hygienic situation in catering establishments was analyzed, indicating
once again the most common and frequent non — compliances with hygienic requirements.

One of the most frequent non— compliance, seriously impacting the quality and harmlessness
of foodstuffs, is violation of the technological processes of treatment and preparation of foods
in the establishment. During the research non— compliances with hygienic requirements were
identified in the catering establishments, including problems with food defrosting (7.3%) and
cooling (17.1%) — when the personnel of the establishment does not observe the time and
temperature requirements; problems with storage of the foods (including inadequate
temperature: less than +60°C for warm foods and/or more than +10°C for refrigerated foods
(14.6%); problems with product compatibility and cross — contamination (4.9%).

Overall such problems were identified in 10 (62.5%) of the 16 establishments evaluated. So,
actually these establishments show grave violations of the technological processes and
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hygienic requirements on a daily basis, which can impact the microbiological quality of food,
also proved by the results of this research.

26.8% of the establishments analyzed in this research showed violations in cleaning and
disinfection. 9.8% of the establishments showed non-compliances in the hygiene of the
premises— damaged walls, floors and ceilings, insufficient space of the premises — including
confined and overloaded premises, work places and 17.1% — problems with knowledge about
hygiene among the personnel.

12.2% of the establishments showed serious problems in the compliance of production
equipment, inventory and surfaces being in contact with food with the hygienic requirements,
as most of them showed signs of rust, had damaged and uneven surfaces, that are difficult to
clean etc.

If the obligatory hygienic requirements in a food establishment are simultaneously violated in
several stages of turnover, including the technological requirements of food treatment, also the
microbiological quality of RTE foods seriously fails. This is also proved by the results of the
microbiological investigations in this research.

SUMMARY OF RESEARCH RESULTS AND DISCUSSION

There were idenfied the results which do not comply with used ctriteria ,,satisfactory’> among
investigations on ACC in 5.8% and among investigations on TC in 25.0%. These samples
were more often identified in the:
- third category RTE foods— 64.7% (TC);
- second category RTE foods respectively— 9.6% in ACC investigations and 24.09%
in TC investigations;
- first category RTE foods respectively— 7.4% in ACC investigations and 6.5% in TC
investigations from total amount of samples.
The highiest microbial contamination more often identified in traditional RTE foods, than in
untraditional RTE foods. Unsatisfactory testing results were not identified in the 1 st category
RTE foods both among ACC and TC investigations, but in all category RTE foods only in
ACC investigations. In the second category RTE foods in 10 (6.02% from 166) cases in
investigations on TC identified results were higher than 10* CFU/g, respectivelly in third
category RTE foods 24 (14.1% from 170) cases.
The investigation results which do not comply with, used ctriteria ,,satisfactory’” (higher than
,,satisfactory’” testing result), in ACC and TC investigations were more often identified in the
traditional RTE group — 130 (23.5%) cases, including:

a) inthe 1* category RTE — 22;

b) inthe 2™ category RTE — 54;

¢) inthe 3" category RTE — 54.
In the untraditional RTE group, non — compliant samples were identified in 40 (7.2%) cases,
including:

a) inthe 1% category RTE — 8;

b) in the 2" category RTE — 2;

c) inthe 3" category RTE — 30.
The research proves that the amount of ACC and TC in foods depends on the ingredients of the
foods and the used treatment methods thereof, as well as on the degree personnel hand work is
used in the preparation of the foods and whether or not all stages of food chain in the catering
establishment observe hygienic requirements. It also depends on the condition, whether these
products require additional thermal treatment before consumption.
The more impact factors of the microbiological quality, such as food treatment methods
(thermal treatment, cutting, cooling etc.), multi component foods and their ingredients, the
primary and secondary contamination of the ingredients, the bigger the indices of the average
decimal logarithms of ACC and TC. The aforementioned interconnections can be observed in
the graphic figures of the average decimal logarithms of the amount of ACC and TC. The
biggest average decimal logarithm of ACC was identified in the samples of traditional and
untraditional RTE in the 3" category (Figure 23).
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A similar outlook was observed in the investigations for the amount of TC; however, these

average indices are smaller than for investigations for ACC. Analogical conformities were

observed in the graphic depiction of the average values of TC (Figure 24).

The decimal logarithm of the average ACC and TC values characterises all groups of RTE.

The biggest average ACC and TC values were identified in the 3" category RTE: ACC up to

4.66, TC up to 2.83. The summary of average values obtained from investigations of all groups

of RTE is provided in Table 5.

The Ig CFU/g average amount of ACC (4.66) in the traditional RTE group is higher than in the

untraditional RTE group (4.24). The average amount of TC is higher in the 3" category

traditional RTE group (2.8) than in the untraditional RTE group (1.7).

48.9% of the investigations show 5 to 10 CFU/g, which due to the small identified material

partly encumbered the identification of microorganism species; in 1% category RTE

microorganism species were identified in only 62.9%, 2™ category — 50.6%, 3" category —

29.4% of the samples.

The smallest ACC amount (< 10 CFU/g) was identified in 1* category RTE samples, but the

biggest (> 10° CFU/g) in 3™ category RTE. The smallest TC amount (< 10 CFU/g was

identified in the 1% and 2™ category RTE, 196 and 122 samples respectively, in 3 category

RTE 83 samples respectively. The biggest ACC amount (> 10* CFU/g) was identified in the 3"

and 2" category RTE samples, 72 and 84 samples respectively.

The biggest amount of samples, where it was possible to identify microorganism species were

the samples of 2™ and 1% category RTE foods, 37.1% and 34.8% respectively. The smallest

amount of samples, where it was possible to identify microorganisms species were the samples

of the 3" category RTE— 28.1%.

In 33.2% RTE samples (n=522) different genera and species of microorganisms were

identified — 222 cases. Microorganism’s genera and species were identified in 178 RTE foods

samples, including only one type of microorganisms in 148 samples (83.1%) and in 30 samples

(16.9%) 2 to 4 species of microorganisms were identified at the same time. Including:

. Bacillus spp. were identified in 23.43% of the cases;

Enterobacter spp. — 22.52% of the cases;

Staphylococcus spp. — 14.4% of the cases;

Klebsiella spp. — 11.7%;

Ochrobactrum spp., Escherichia spp. and moulds 2.7% each;

Hafnia alvei and Brevibacillus spp. 1.8% each;

o other microorganisms— Pantoea spp. 7.2%, Citrobacter spp. 3.6% and yeasts 1.8%;

Numerically the least represented were Serratia spp. and Micrococcus spp. 0.9% respectively,

the summary of the results of all three categories is provided in Figure 25.

Different genera and species of microorganisms were identified in 53.2% of the cases in

investigations of traditional RTE and 46.8% of the cases in investigations of untraditional

RTE. The number of cases of identified species of microorganisms was bigger in the samples

of traditional RTE than in the samples of untraditional RTE. In the 2™ category RTE foods

microorganisms were identified more often — 37.1%, than in 1% category — 34.8% and 3"

category — 29.1% RTE.

Among them mainly saprophytic and conditionally — pathogenic microorganisms were

identified; however in six cases the pathogenic Staphylococcus aureus was identified:

o In two cases in the 1% category chicken meat RTE Staphylococcus aureus was identified
in the amount above 10 ?CFU/gand is an “satisfactory result”;

o In two cases in the 1% category chicken meat RTE it was higher than 10° CFU/g and is
thus an “unsatisfactory result”™

o In two samples of whipped cream with cottage cheese in the 3™ category RTE
Staphylococcus aureus was identified in the amount of >10° CFU/g

Staphylococcus aureus in volumes higher than 10° CFU/g are considered potentially dangerous

for consumer health; indicating grave non— compliances in the process of preparation of these

foods.
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Microorganisms were more often identified in the samples of the 2™ category RTE (66
samples), but more rarely in the 1% category RTE (62 samples) and 3™ category RTE (50
samples).

Mainly the microorganisms of Enterobacter spp., Bacillus spp. and Staphylococcus spp. were
identified in RTE. The Ig CFU/g average amount of TC in the traditional RTE group was
higher — 2.83 than in the untraditional RTE group — 1.7, being 2 times smaller than the average
ACC.

The 2™ category RTE in ACC investigations and 3™ category RTE in TC investigations had
statistically significant differences among the average of the groups. The summary of the p—
value calculations is provided in Table 6.

The 1% category RTE between traditional and untraditional RTE groups only the average
values of TC have a statistically valid difference. The 2™ category RTE, both the average
values of ACC and TC between traditional and untraditional RTE groups have statistical
validity, but the 3™ category RTE — only TC has a valid difference. The identified
interconnections show that the thermally treated RTE, namely, the 1* category RTE foods have
the smallest amount of ACC and TC, while in the mixed foods and foods that are not thermally
treated before consumption— a higher amount of ACC and TC was identified. This indicates a
crucial role of thermal treatment of RTE in the reduction of the amount of microorganisms.
The research result analysis indicates that in the 3" category RTE the amount of both ACC and
TC is bigger than in the first and second category RTE. Biggest amounts of ACC and TC were
identified in the traditional RTE group, Table 7.

The amount of ACC and TC, the species of microorganisms identified in the samples and the
proportion of specific species in each of the investigated RTE food categories is significantly
different. The amount of TC in the 1% and 2™ category RTE is pronouncedly smaller than in
the 3" category RTE. It depends on the fact that the 1% category RTE foods are thermally
treated and the 2™ category RTE foods are thermally treated, then cooled and served without
further heat treatment. Therefore TC as and indicatormicroorganisms could be best used in the
2" and 3" category RTE foods, as they are sensitive towards thermal treatment. The genus of
identified microorganisms and the proportion of specific species in each of the investigated
food categories were significantly different — Table 8.

In the result of the investigations based on the information available in scientific literature and
the newest experience of other European countries in the field of microbiological quality of
food, recommended microbiological criteria’s for RTE foods for public catering establishments
were elaborated. These criteria should be used for the microbiological testing of final products.
The criteria’s obtained in the research are provided in Table 9.
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CONCLUSIONS

1. There is currently no normative basis in Latvia that would regulate criteria’s for the
microbiological quality of RTE foods prepared in public catering establishments, enabling the
usage thereof by food entrepreneurs and representatives of surveillance authorities aimed at
evaluating the microbiological quality of food in a more equitable manner. Whereas the laws
and regulations of EU in order to ensure the quality and harmlessness of food stipulate the
usage of microbiological criteria’s based on the evaluation of scientific risk.

2. The most common microbiological indicators were investigated. The aerobic colony
count (ACC) and coliform bacteria (TC— total coliforms) were measured in the samples;
identification of the species of discharged microorganisms was performed. The number of
samples not complying with the quality criteria’s was more frequently found in investigations
for TC, as well as ACC — 25.0% and 5.8 % respectively. TC and ACC parameter identification
in foods could be used as indicators for evaluation of hygiene of technological processes in
catering establishments.

3. In 32.2% of the food samples mainly the saprophytic and conditionally — pathogenic
microorganisms were identified, but six cases (3.4%) identified the pathogen: Staphylococcus
aureus in the amount of (<10 > CFU/g — 2 cases, within the allowable limits; >10° CFU/g —
2 cases and > 10° CFU/g — 2 cases, exceeding the allowable limits). Pathogenic
microorganisms in food samples are earmarked more rarely than the saprophytic and
conditionally — pathogenic microorganisms.

4, The indicators in 30% of the food samples exceeded the allowable limits of
microbiological quality. The amount of microorganisms has in some cases exceeded the
acceptable levels (6.97 Ig CFU/g Klebsiella oxytoca, in the foods of the 3rd category and
9.37 CFU/g Klebsiella pneumonia, in the foods of the 2nd category).

5. The biggest amount of ACC and TC is more frequently found in the group of
traditionally prepared foods than in the group of untraditionally prepared foods (p=0.000).

6. The biggest volumes (Ig CFU/g ) of ACC and TC was found in the foods of the 3"
category — 50.6% of the samples, that could be explained by the fact that these foods are not
thermally treated before serving and contain several ingredients and production factors
(respectively the average ACC — 4.4, TC — 2.2).

7. 222 different species of microorganisms were identified in the foods; among them in
16.9% of the samples 2— 3 species of microorganisms were earmarked at the same time. The
largest proportion among the identified microorganisms is drawn up by the microorganisms of
the Bacillus spp. — 23.43%, Enterobacter spp. — 22.52%, Staphylococcus spp. — 14.4%,
Klebsiella spp. — 11.7%, thus the above mentioned microorganisms could be recommended as
indicators for the microbiological quality of RTE foods.

8. The mutual influence between the indicators of microbiological quality was analyzed
depending on the pH and temperature of the foods at the moment of sample taking. The biggest
indicators for mutual influence were found in foods of the 3™ category, ACC determination
coefficient in the samples of traditional foods being 7* = 0.731, which is higher than the
determination coefficient in the samples of untraditional foods 7? = 0.581. Determination
coefficient for TC in the group of traditional foods is 7° = 0.837, which is higher than the
determination coefficient in the samples of untraditional foods 7 = 0.43. That is indicative on
epidemiological significance of this group of meals.
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9. It was proved that there is a statistically significant link for dependence of the amount
of ACC and TC on the treatment and preparation methods of foods, composition of the foods,
quality of raw materials and other production factors were proved. As well as a link between
the temperature of the foods at the moment of sample taking and the pH of samples. The risk
of microbiological contamination in RTE foods is substantially dependant on the belonging of
the foods to a certain category, group and type, emerging from the characteristics of the
ingredients and applied methods of technological treatment of the foods.

10. In Latvia on average only 18 — 22% of the catering establishments fully comply with
the hygienic requirements and 70 — 80% partly comply with hygienic requirements (2007 —
2008, FVS). The research found out that 20% of the respondent public catering establishments
observe hygienic requirements on a daily basis, in the other 80% different types of non—
compliances with the hygienic requirements were found. In 31.2% of the analyzed catering
establishment’s significant hygienic problems were observed. The most common are problems
with food defrosting 7.3% and refrigeration 17.1%, storage of foods at improper temperature
14.6%: less than +60°C for warm foods and/or more than +10°C for refrigerated foods; 4.9%
of the non— compliances are related with product compatibility and cross—contamination.

11. Latvia suitable criteria of microbiological quality for foods prepared in public catering
establishments were developed based on the investigation results of most frequently used RTE
foods.

12. Recommendations prepared for reduction of microbiological contamination in catering
establishments, retention and improvement of the quality of RTE foods, as well as for efficient
implementation of state surveillance functions over food chain;

13. The hypothesis of research study was proved that it is advisable to use microbiological
criteria as indicators for evaluation of the microbiological quality of RTE foods.
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RECOMMENDATIONS

1. RTE foods that are not thermally processed in the final stage are more frequently
subjected to high level of contamination with different microorganisms, including
conditionally pathogenic ones, frequently being the cause of food borne diseases, therefore
public catering establishments and food surveillance authorities should not only use the
measurements of amount of ACC and TC as quantitative indicators for contamination, but also
Bacillus spp., Enterobacter spp., Staphylococcus spp., Klebsiella spp. measurements in the
final stage of the technological process. Detection of the conditionally — pathogenic
microorganisms in amounts exceeding 10° CFU/g should be considered a potential hazard for
consumer health.

2. The research results undoubtedly indicate the biggest epidemiological risk of the foods
in 3" category, as these foods are often the cause for food poisoning. When organizing training
for prospective food specialists, personnel of food establishments and food inspectors, it would
be necessary to pay additional attention to the retention of microbiological quality of RTE
foods. Especially for these foods that are not thermally treated before serving and contain
several ingredients and processing factors.

3. Considering the fact that the breach of different hygienic requirements in Latvian
catering establishment is detected relatively often, it would be advisable for the Food and
Veterinary Service to include the microbiological investigations in state monitoring
programme according to the microbiological criteria defined in this research.

4, Catering establishments are often failing to fully develop, implement and maintain a
self — control system, as this problem emerges from the lack of knowledgeable and
professional managers and personnel, therefore it is also advisable to:

4.1 include the issues of retaining microbiological quality and harmlessness of food,
including the results obtained in this research, in the professional development, training and
seminar programmes;

4.2 apply the research results as help for development of self — control system in catering
establishments.

5. Research results and recommendations should be submitted to the responsible ministry
for approval in the status of a normative document that would pose equal requirements for the
microbiological quality of foods prepared in public catering establishments and retail
businesses.
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