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PETIJUMA AKTUALITATE

Latvija razotie Krievijas un Holandes sieri jaraksturo ka mainigas kvalitates
prece. Siera kvalitati nosaka vairaki faktori, starp tiem noteikta seciba ir minami:
piena kvalitate, razo$anas tehnologija, iekartu un telpu tiriba. Siers ir produkts, kas
savas IpaSibas iegtst vairaku ned€lu, meénesu, pat gadu garuma, tatad noteikta laika
posma. Saja laika vislabak varés redzét tos defektus, kas veidojas, ja parkapti kadi no
ieprieks mingtajiem faktoriem.

Siera raZo$anas pamats - piens - ir bagatigs daudzveidigas mikrofloras avots.
Mikrofloras sastavu un kvantitati nosaka ne tikai higi€nas noteikumu ievéroSana
piena ieguves un parstrades vietas, piena atdzeseSanas atrums un temperatiira, bet art
telpu gaisa, uz iekartu un inventara virsmam eso$a mikroflora. Neatnemama piena
mikrofloras sastavdala ir ar netipiskas pienskabes baktérijas - Lactobacillus spp.:
L.casei, L.plantarum, L.rhamnosus, L.curvatus, L.brevis, L.fermentum; Leuconostoc
spp.: Leu.lactis, Leu.cremoris; Enterococcus spp.: E.faecium, E.faecalis, E.durans un
Pediococcus spp.: P.pentosaceus, P.acidilactici.

Siera razo$ana izveletie piena pasterizacijas reZimi spgj iznicinat lielako dalu
parastas mikrofloras, fermentu un patogénu. Jaatzimé, ka mikroorganismu
inaktivacijas pakape ir atkariga no mikroorganismu daudzuma, vairoSanas fazes un
citiem faktoriem. BaktofiigéSana, mikrofiltracija, ka arT partikas piedevu lietoSana,
Lactobacillus spp. un Leuconostoc spp. Ipatsvaru produkta butiski samazinat nevar.
Netipisko pienskabes baktériju izraisitie defekti sastopami visos piena produktos, bet
visspilgtak tie izpauzas sieros.

Ikdiena netipisko pienskabes bakt€riju izraisito agrino uzptsanos biezi jauc ar
koliformu bakteriju radito. Netipiskas pienskabes bakterijas, galvenokart
heterofermentativas, producé gan diacetilu un acetoinu, gan ieverojamos apjomos
oglskabo gazi. Radusies oglskaba gaze veido sieram daudz siku acu, dazkart gazu
spiediens ir tik ievérojams, ka sieram rodas siik]veida konsistence. Sis defekts
paradas sakotngja siera nogatavinasanas laika, kamér vél taja saglabajas laktoze.
Identisku defektu rada koliformas bakterijas. Lai gan defekts izpauzas vienadi, ta
izraisttaji ir dazadi. AtSkiras arT tehnologiskie pan€mieni cipai ar koliformu
bakterijam. Ja piens ir iegiits atbilstosi sanitari higi€niskajiem apstakliem, iekartas
kartigi mazgatas, partikas piedevas koliformu bakteriju aktivitates samazinaSanai nav
nepiecieSamas. Ir japiebilst, ka paterétajiem lieki uznpemt natrija nitratu ir nevélami.
Sieru razoSanas uznémumu specialisti ir neizpratn€ par raduSos defektu, ta izcelsmi
un iespgjamo noversanu. Bez tam So mikroorganismu producétie aromatveidojosie
savienojumi — diacetils un acetoins var veidot produktam neraksturigu, biezpienam un
majas sieram Iidzigu garsu.

Lidzas iepriek§mingtajiem defektiem, sieriem novéro ari rigtu gar$u. Sadu gardu
var veidot arT netipiskas pienskabes bakterijas. Lactobacillus spp. producétie fermenti
spgj hidrolizet kazeinu, veidojot rtigtos peptidus, kas ietekme siera garSas ipasibas.

Jaatzimg, ka netipiskas pienskabes baktérijas, péc ierauga pienskabes baktériju
autolizes, kliist par domingjoSo siera mikrofloru. Tam ir dazadas funkcijas sieru
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nogatavinasana, ietverot aromata veidoSanu, kontrolgjot patogénu augSanu,
olbaltumvielu hidrolizi, u.c., dazas no tam ir pat probiotikas.

Netipiskas pienskabes bakterijas nevar vertét viennozimigi. AtsevisSku sugu
celmus lieto sieru nogatavinaSanas paatrinaSanai, olbaltumvielu hidrolizes
veicinasanai un augstakas brivo aminoskabju koncentracijas palielinaSanai, sekmgjot
labi nogatavinata siera garSas un aromata rasanos. Ir jaatzim€, ka netipisko
pienskabes bakteriju loma sieru kvalitates veidoSana ve€l joprojam nav skaidra.
Vienigais veids, ka nodroSinat sieru kvalitati, kontrol€jot biokimisko procesu norisi
un analiz&jot mikrofloras daudzveidibu produkta nogatavinasanas laika, ir korekcijas
tehnologiskaja procesa.

Apkopojot iepriekSmingto, promocijas darba ir izvirzita $ada hipotéze: razoSanas
un nogatavinasanas apstakli konkrétd uznémuma biutiski ietekmé mikrofloras
daudzveidibu un sensoras Ipasibas puscietajos sieros.

Hipotézi pierada ar aizstavamam tezem:

1) razoSanas un nogatavinaSanas apstakli ietekmé netipisko pienskabes bakteriju
kvalitativo un kvantitativo saturu sieros;

2) paaugstindta nogatavinaSanas temperatira veicina v€lamo sensoro IpaSibu
veidoSanos sieros.

Pétijuma objekts:

Latvija raZotie Krievijas un Holandes sieri.

Pétijuma merkis:

pétit netipisko pienskabes bakteériju daudzveidibu Holandes un Krievijas sieros,
vertet to ietekmi uz produktu kvalitati.

Pétjjuma uzdevumi:

1) izzinat Lactobacillus gints sugas komercialajos Krievijas un Holandes sieros;

2) analizét komercialo Krievijas un Holandes sieru sensoros un fizikali-kimiskos
raditajus;

3) petit Lactobacillus gints sugu mainibu eksperimentalajos sieros nogatavinasanas
laika;

4) vertét nogatavinasanas temperatiiras un ilguma ietekmi uz netipisko pienskabes
bakteriju vairoSanas dinamiku eksperimentalajos sieros;

5) analizét eksperimentalo sieru sensoro un fizikali-kimisko raditdju izmainas,
nogatavinot sierus dazadas temperatiiras;

6) noteikt aromatveidojoSas vielas sieros, to veidoSanas dinamiku un ietekmi uz
sieru kvalitati.

Petijuma novitate un zinatniskais nozimigums:

1) izzinata Krievijas un Holandes sieru mikroflora, veikta Lactobacillus gints sugu
un celmu identifikacija, analizéta mikrofloras ietekme uz sieru kvalitati;

2) izvertéta nogatavinaSanas reZimu ietekme uz netipisko pienskabes baktériju
vairo$anas dinamiku Krievijas un Holandes sieros;

3) apzinatas aromatveidojosas vielas sieros un to ietekme uz Krievijas un Holandes
sieru sensorajam Ipasibam.



Darba tautsaimnieciska nozime:
Petljums par netipisko pienskabes bakteriju daudzveidibu un to izmainu

dinamiku sieru nogatavinasana un lomu sensoro Ipasibu veidoSana lauj kapinat
Holandes un Krievijas sieru konkurtsp&u un nodro§inat nemainigu produkta
kvalitati.

ZINATNISKA DARBA APROBACIJA

Par rezultatiem zinots starptautiskajas zinatniskajas konferenc€s un simpozija

Latvija, Lietuva, Igaunija, Vacija, Jaunzélandé un Norvegija.

Mikelsone, A., Ciprovi¢a, I. The study of attenuated starter in Holandes cheese
ripening. 6" Baltic Conference on Food Science and Technology “FOODBALT—
20117, Latvia University of Agriculture, Jelgava, Latvia, 5-6 May, 2011 (referats).
Mikelsone, A., Ciprovica, 1., Zagorska, J. Characterization of the non starter lactic
acid bacteria of Latvian cheeses / IDF Dairy Summit and DIAA conference
“Cheese science”, Auckland, New Zealand, 8-11 November, 2010 (stenda referats).
Mikelsone, A., Ciprovica, 1. Effect of ripening temperature on Latvian semi-hard
cheeses quality. 5" Baltic Conference on Food Science and Technology
“FOODBALT-2010", Tallin University of Technology, Tallin, Estonia, 29-30
October, 2010 (referats).

Mikelsone, A., Ciprovica, I. Sieru mikrofloras analize. Starptautiska
zinatniska konference: Dzivnieki. Veseliba. Partikas  higiena, 2010. Latvijas
Lauksaimniecibas universitate, Jelgava, Latvija, 29.oktobris, 2010 (referats).
Mikelsone, A., Ciprovi¢a, 1. Diversity of Lactobacillus spp. in Krievijas cheese.
International Scientific Conference: Research for Rural Development 2010. Latvia
University of Agriculture, Jelgava, Latvia, 19-21 May, 2010 (referats).

Mikelsone, A., Ciprovi¢a, 1. Quality of Latvian semi-hard cheeses. Symposium
‘Health aspects of cheese’, Drobak, Norway, 6-8 October, 2009 (referats).
Ciprovica, 1., Novikova (Mikelsone), A. Non-starter lactic acid bacteria in Latvian
semi-hard cheeses. IDF-FIL World Dairy Summit&Exhibition, Berlin, 24-28
September, 2009 (stenda referats).

Mikelsone, A., Ciprovica, I. Diversity of non-starter lactic acid bacteria in Latvian
semi-hard cheeses. International Scientific Conference: Research for Rural
Development 2009. Latvia University of Agriculture, Jelgava, Latvia, 20-22 May,
2009 (referats).

Novikova (Mikelsone), A., Ciprovica, 1. Effect of ripening conditions on Latvian
semi-hard cheeses quality. 4™ Baltic Conference on Food Science and Technology
“FOODBALT-2009”, Kaunas University of Technology, Kaunas, Lithuania, 12-13
May, 2009 (referats).

Novikova (Mikelsone), A., Strautniece, E., Ciprovi¢a, I. The evaluation of sensory
properties of Latvian semi-hard cheeses. International Scientific Conference:
Research for Rural Development 2008. Latvia University of Agriculture, Jelgava,
Latvia, 21-23 May, 2008 (referats).



P&ttjumu rezultati apkopoti un publicéti recenzg€jamos zinatniskajos izdevumos
latvieSu un anglu valoda:

* Mikelsone, A., Ciprovica, I. (2011) The study of attenuated starters in Holandes
cheese ripening. In: FOODBART 2011(Conference Proceeding), 2011, p.148-152.

* Mikelsone, A., Ciprovica, 1. (2010) Sieru mikrofloras analize. In:
Veterinarmedicinas raksti 2010, 2010, Ipp.96-102.

» Mikelsone, A., Ciprovi¢a, 1. (2010) Diversity of Lactobacillus spp. in Krievijas
cheese. In: Research for Rural Development, VVol.16, 2010, p.100-103.

» Mikelsone, A., Ciprovica, 1. (2009) Diversity of non-starter lactic acid bacteria in
Latvian semi-hard cheeses. In: Research for Rural Development, Vol.15, 2009,
p.103-107.

* Novikova (Mikelsone), A., Ciprovica, 1. (2009) Effect of ripening conditions on
Latvian semi-hard cheeses quality. In: Chemine Technologija, Vol.3 (52), 2009,
p.93-97.

* Novikova (Mikelsone), A., Strautniece, E., Ciprovica, I. (2008) The evaluation of
sensory properties of Latvian semi-hard cheeses. In: Research for Rural
Development, VVol.14, 2008, p.324-328.

Publicésanai LLU Rakstos / Submitted to be published in LLU Proceedings:
* Mikelsone, A., Ciprovica, I. (2011) Aromatveidojoso vielu dinamika Krievijas
siera nogatavinasana.

MATERIALI UN METODES

Pétijuma laiks un vieta
Darba atspogulotic pétjjumi veikti no 2008. gada janvara lidz 2010. gada
septembrim, tie izstradati:

v LLU Partikas tehnologijas katedras Mikrobiologijas zinatniskaja, Sensoras
novertésanas, Partikas produktu analizu, IepakoSanas materialu 1paSibu izp€tes
laboratorija;

v' LU Biologijas fakultates Mikrobiologijas un biotehnologijas katedras
laboratorijas;

v Kopenhagenas universitates Dabas zinatnu fakultates Partikas zinatnes katedras
laboratorija.

Péetijuma objekts

Netipisko pienskabes bakteriju sugu apzinaSanai puscietajos sieros un to
ietekmes vertéSanai uz sieru kvalitati, t.sk. sensorajam pasibam, pirmaja pétijumu
srija tika analizéti mazumtirdznieciba pieejamie komercialie puscietiec Holandes un

Krievijas sieri nogatavinati pienskabes bakteriju ietekme. Komercialie sieri gatavoti

Latvijas piena parstrades uzp€mumos, atbilstosi katra uzpémuma tehniskajiem

noteikumiem un nozares standartu LPCS 10:2001 ‘Krievijas siers’ un LPCS 11:2001

‘Holandes siers’ rekomendacijam. Analiz&to sieru raksturojums dots 1.tabula.



1.tabula /Table 1
Komercialo sieru raksturojums saskana ar raZotaju noradito informaciju
markgjuma vai tehniskajos dokumentos
The characterisation of commercial cheeses according to information in
cheese label or technical documents

Tauku =
RaZotajs / Producer Siers / Cheese paturs sausna / Fag SS:Iltscs(z)‘;ltlerrjt/
zotajs / Froduce content in dry Py '
matter, % °
AS ‘Smiltenes piens’ / Krievijas 50.0 1.3-1.8
JSC ‘Smiltenes piens’ Holandes 45.0 1.5-3.0
AS ‘Rigas piena Edamjuusto (Holandes) 40.0 1.5-3.0
kombinats’ / JSC ‘Rigas ‘Old Farmer’ (Krievijas) 50.0 1.3-18
piena kombinats’** ‘Limbazu’ (Krievijas) 50.0 1.3-1.8
AS ‘Trikatas piens’ / JSC Krievijas 50.0 1.3-18
‘Trikatas piens’ Holandes 45.0 1.5-3.0
SIA ‘Malpils piensaimnieks’ /| )
‘Malpils piensaimnieks’ Ltd. Holandes 450 1.5-3.0
AS ‘Cesvaines piens’ /
JSC “Cesvaines piens’ Holandes 4.0 1.5-30
AS “Valmieras piens’ / JSC Holandes 450 15-30
Valmieras piens’ ***
AS ‘Rankas piens’ / JSC Holandes 45.0 1.5-3.0
‘Rankas piens’ Krievijas 50.0 1.3-1.8

* sals saturs noradits, pamatojoties uz nozares standartos definétajam attieciga raditaja
robezam / salt content is indicated in margins, taking as a basis the stated margins for the
relevant parameter;

** AS ,Rigas piena kombinats‘ ,Limbazu Krievijas‘ siera apzim&umam lietots
,Limbazu‘nosaukums / Further in the thesis, the 'Limbazu' is being used for designation of the
cheese 'Limbazu Krievijas' of JSC ‘Rigas piena kombinats‘;

*** giers pec AS “Valmieras piens’ pasttijuma razots ES dalibvalsti / the cheese
according to the order of JSC ‘Valmieras piens’ is produced in an EU member state.

Iegtistot petnieciskos datus par netipisko pienskabes bakteriju sugu daudzveidibu
komercialajos Holandes un Krievijas sieros, talak p&tnieciska darba otraja p&tijumu
sérija analiz&ti jau konkretu razotaju nenogatavinati siera paraugi. Uznemuma izvéle
eksperimentalo paraugu analizei veikta, pamatojoties uz uzpémuma lielumu,
parstradata piena daudzumu, atra$anas vietu, siera raZo$anas apjomu un tehnologiskas
modernizacijas Iimeni.

Eksperimentalie AS ‘Rigas piena kombinats® (Krievijas siers I, Krievijas siers
111, Holandes siers | un Holandes siers I11) un AS ‘Smiltenes piens’ (Krievijas siers |1
un Holandes siers Il) sieri gatavoti saskana ar nozares standartu vai uzpémuma
tehnisko noteikumu prasibam. Krievijas un Holandes sieru III ierauga sastavs ir
papildinats ar pienskabes baktériju celmiem ar lielaku proteolitisko un lipolitisko
aktivitati. So ieraugu lieto, lai paatrinatu nogatavinasanas procesu un uzlabotu
produkta sensoras Ipasibas.



Eksperimentalo sieru raksturo$anai un rezultatu interpretacijai turpmak teksta
lietoti §adi apzim&umi — Krievijas siers I, Krievijas siers Il, Krievijas siers Ill,
Holandes siers I, Holandes siers 11 un Holandes siers 111.

Siera paraugi p&c salianas nogadati LLU Partikas tehnologijas katedras Piena un
galas produktu laboratorija, kur paraugi iepakoti poliméra materiala termosaraukuma
plévé un nogatavinati LLU Partikas tehnologijas katedras laboratorijas 6 °C un 12 °C
60 dienas.

NogatavinaSanas temperatiira izveleta, pamatojoties uz Latvijas sieru razoSanas
tradicijam un p&tniecisko rakstu atzinam par mikrofloras mainibu (6 °C), un Krievijas
un Holandes sieru razoSanas tehnologija ieteiktajiem nogatavina$anas parametriem
(12 °C). Vienlaicigi abi nogatavinasanas rezimi palidz labak izprast mikrofloras
ietekmi uz siera kvalitati, t.sk. sensoro 1pasibu veidosanos.

Petijumu struktiira

Komercialo un eksperimentalo Krievijas un Holandes sieru pétjjumu struktiira
paradita 1.attela.

( Holandes un Krievijas sieri /1
Holandes and Krievijas

Eksperimentalie /
Commercial Experimental
Lactobacillus spp. KVV Nogatavinati 6 °C/ | [Nogatavinati 12 °C/
skaita noteik$ana / Ripened at 6 °C Ripened at 12 °C

CFU of Lactobacillus spp. \ \
Smm cme ‘ Nenogatavinati, 15, 30, 45 dienas nogatavinati / 60 dienas

Lactobacillus spp.

Unripened, 15, 30, 45 days ripened nogatavinati /

|| identificesana / 60 days ripened
Identification of J_[ Lactobacillus spp. KVV skaita }

Lactobacillus spp. noteiksana / CFU of Lactobacillus spp.
Elastib teikSana / -
|| aDSeltezri:nIilﬁafilor? aor}a Lactobacillus spp. sugu/celmu
elasticity identificgsana / Sensora
_ — Identification of Lactobacillus spp. novértesana /
[ Sensora novertesa_ma / } Species/strains Sensory
Sensory.ev:?lluatlo.n Elastibas noteiksana / Determination of evaluation
Aromatveidojoso vielu elasticity
nm;ﬁﬁgigggffmsn of —{ pH noteikgana / Determination of pH |-
—__awnoteikSana / Determination of a, |
Aromatveidojoso vielu noteik$ana /

Detection of aroma compounds

1.att. Komercialo un eksperimentalo Krievijas un Holandes sieru
pétijjumu struktiira
Fig.1. Structure of the study of commercial and experimental
Krievijas and Holandes cheeses
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Petijuma noteiktie raditaji un lietotas metodes

pH noteiksana veikta visiem eksperimentalajiem siera paraugiem
nogatavinasanas laika, saskana ar LVS ISO 5546:2010 ‘Kazeini un kazeinati - pH
noteikSana’, lietojot pH-metru ,3520 pH Meter’- JENWAY (Barloworld Scientific
Ltd., Essex, UK). pH noteikSana katram paraugam veikta trijos atkartojumos.

Elastibas noteik§ana veikta komercialajiem un eksperimentalajiem siera
paraugiem. Tas noteikSanai lietots struktirmehanisko raditaju analizators TA.XT Plus
Texture Analyser (Stable Microsystems Ltd., Surrey, UK), izmantojot 25,4 mm uzgali
(P/1S — Ball Stainless) un mérot sieru saspieSanas speku (testa atrums 2 mm s,
iespieSanas dzilums 5 mm, pieliktais speks 0,0493 N).

Visiem analiz€jamajiem paraugiem méerfjumi veikti 10 atkartojumos. Rezultatu
apstradei lietota Texture Exponent 32 programma.

Udens aktivitates noteik§ana veikta tikai eksperimentalajiem siera paraugiem,
lietojot Meter AquaLab LITE (Decagon Inc, USA). Paraugiem adens aktivitates
merfjumi veikti trijos atkartojumos (ar precizitati + 0,015). Pirms paraugu
analiz&Sanas veikta iekartas kalibréSana ar 0,5M KCl (Lot 932375, Decagon).

AromatveidojoSo vielu noteik§ana veikta trijiem komercialajiem siera

paraugiem (AS °‘Rigas piena kombinats’ ‘Limbazu’ Krievijas un ‘Limbazu’
Holandes, AS ‘Trikatas piens’ Krievijas sieriem) un visiem eksperimentalajiem
sieriem. Katram paraugam analizes veiktas trijos atkartojumos. Dala analizu veikta
Kopenhagenas universitates Dabas zinatnpu fakultates Partikas zinatnes katedras
laboratorija, aromatveidojosas vielas nosakot nenogatavinatam, 6 un 12 °C
temperatlira nogatavinatiem Krievijas siera I un komercialajiem siera paraugiem,
izmantojot cietas fazes mikroekstrakciju.
Analizes gaita: Stikla pudelité ar tilpumu 15 ml iesvéra Cetrus gramus siera,
pievienoja 0.1 ml iek3gjas standartvielas — 4-metilpentan-1-ola (50 pl I") un pudeliti
noslédza ar aluminija vacinpu. Lidz analizei, paraugi turéti 5 °C temperatiira
automatiskaja parauga ievadiSanas sistéma Combi Pal autosampler (CTC Analytics,
Switzerland). Parauga kuSana un lidzsvara sasnieg$ana tvaika fazé 60 °C ilga 15
miniites, bet aromatveidojoso vielu ekstrakcija uz cietas fazes mikroekstrakcijas
Skiedras ar CAR/PDMS parklajumu (75 um) (Supelco, Bellafonte, PA) - 50 minites.
Tvaika fazeé esoSo aromatveidojoSo vielu izdaliSanai lietots gazu hromatografs
Hewlett-Packard 1530A (Palo Alto, CA), kas aprikots ar kapilaro kolonnu J&W
Sciencific DB-Wax column (30m x 0.25mm X 0.25 pum). Krasns temperatiiru no 40 °C
un parauga iztur&$anu 2 min pakapeniski palielinaja lidz 160 °C ar kapumu 6 °C min™
un no 160 °C Iidz 210 °C ar kapumu 10 °C min™. Detektora temperatiira bija 250 °C.
Nesgjgazes (hélija) plismas atrums 1ml min™ bez plismas daliSanas rezima. Izolgto
aromatveidojoSo vielu desorbcija ilga divas minGites 250 °C. Izdalitas
aromatveidojosas vielas identificetas, lietojot masas selektivo detektoru Hewlett-
Packard 5973. Jonizacija veikta ar 70 eV energiju un 250 °C temperatura. Vielu
identificgSana veikta p&c vielas masas spektru lidzibas ar masu spektru bibliotekam.

Krievijas siera I, III, Holandes siera I, II un III nenogatavinatiem un 6 un 12 °C
temperatiira noteiktu laiku nogatavinatiem paraugiem aromatveidojosas vielas
noteiktas LLU Partikas tehnologijas katedras Iepakojamo materialu ipasSibu izpétes
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laboratorija, izmantojot Clarus 500 GC/MS (PerkinElmer®) gazu hromatografu
tandéma ar masspektrometru. Katram paraugam analizes veiktas trijos atkartojumos.
Stikla pudelité ar tilpumu 20 ml iesvéra Cetrus gramus parauga, pudeliti noslédza ar
aluminija vacinu. Parauga kusana un lidzsvara sasniegSana tvaika fazé 70 °C ilga 30
minttes. Aromatveidojoso vielu ekstrakcijas un identific€Sanas gaita lidziga ieprieks
aprakstitajai.

Paraugiem, kuriem  analizes veiktas  Kopenhagenas  universitatg,
aromatveidojosas vielas tika noteiktas gan kvalitativi, gan kvantitativi. Sieriem, kam
analizes veiktas LLU, aromatveidojosas vielas noteikta tikai kvalitativi. Rezultatu
sadala datu salidzinaSana lietots aiznemtas vielas hromatogrammas pika smailes
laukums.

Sensora novertesana veikta pieciem Holandes un trijiem Krievijas sieriem, ka
arT eksperimentalajiem Krievijas un Holandes siera III paraugiem. Eksperimentalie
paraugi vert€sanai izveleti, lai noteiktu mikrofloras ietekmi uz dazada temperatiira
nogatavinatiem siera paraugiem un analiz€tu sensoro raditaju intensitati sieriem ar
paatrinatu proteolizi un lipolizi.

Visiem sieriem verté$ana veikta saskana ar ISO 4121:1987 ‘Sensory analysis -
Methodology - Evaluation of food products by methods using scales’ metodiku,
analiz€jot sensoro raditaju intensitati siera krasai, konsistencei, acojumam un ‘garsai
+ smarzai’. Paraugu vertéSana piedalijas apmaciti 22-27 vertetaji.

Lactobacillus spp. noteik§ana veikta visiem analizétajiem komercialo un
eksperimentalo sieru paraugiem, saskana ar LVS ISO 15214:1998 ‘Partikas un
dzivnieku baribas mikrobiologija - Horizontala metode mezofilo pienskabes baktériju
noteik$anai - Koloniju skaitiS8anas metode pie 30 °C’, lietojot MRS agara barotni
(Scharlau, Spain).

Barotnes sagatavotas saskapa ar LVS CEN ISO/TS 11133-1:2009 ‘Partikas
produktu un lopbaribas mikrobiologija. Noradfjumi barotnu sagatavo$ana un
razoSana. 1.dala. Visparigie noradijumi laboratorijas barotnu sagatavoSanas kvalitates
nodro§inasanai’.

Paraugu atSkaidfjumi gatavoti saskana ar LVS EN ISO 8261:2002 ‘Piens un
piena produkti. Visparigie noradijjumi testa paraugu, sakotngjo suspensiju un
decimalatskaidijumu sagatavoSanai mikrobiologiskai parbaudei’ un ISO 6887-5:2010
‘Microbiology of food and animal feeding stuffs. Preparation of test samples, initial
suspension and decimal dilutions for microbiological examination. Part 5: Specific
rules for the preparation of milk and milk products®.

Pienskabes baktériju koloniju veidojoSo vienibu skaits noteikts, ievérojot ISO
15214:1998 ‘Partikas un dzivnieku baribas mikrobiologija - Horizontala metode
mezofilo pienskabes baktériju noteikSanai - Koloniju skaitiSanas metode pie 30 °C’
metodiku. Pienskabes bakteriju kultivésanai MRS agara izvéletie parametri bija
37 °C 72 stundas (Coeuret et al., 2003).

Lactobacillus spp. koloniju identifice$ana veikta, pamatojoties uz oglhidratu
fermentaciju, izmantojot API 50 CHL testu (BioMerieux, France). APILAB Plus
version 4.0 (BioMerieux) programma lietota iegiito fermentacijas profilu atSifréSanai
un izoléto koloniju identificESanai Iidz sugai.
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DNS izolésana veikta biezak identificéto Lactobacillus spp. sugu parstavjiem -
L.plantarum 1 un L.curvatus, izmantojot PowerSoil DNA Isolation Kit (MO BIO
Laboratories Inc.).

Polimerazes kédes reakcijas analize veikta LU Biologijas fakultates
Mikrobiologijas un biotehnologijas katedras laboratorija, izdalito Lactobacillus sugu
apstiprinasanai.

Paraugi nodoti sekvenéSanai LU Biomedicinisko pétfjumu un studiju centra.
leglitas  sekvences  analiz€tas ar  Staden  Package 1.6.0. release
(http://staden.sourceforge.net/y un  salidzinatas ar datu bazé BLAST
(www.ncbi.nlm.nih.gov) eso$ajam sekvencém.

Datu matematiska apstrade veikta, lietojot StatistiXL un Microsoft Excel
programmas. Rezultatu apstradei izmantota vienfaktora dispersijas analize, Tjukija
tests un korelacijas analize. Eksperimentalajiem datiem noteikts vidgjais aritmétiskais
un standartnovirze.

PETIJUMA REZULTATI UN DISKUSIJA

1. Lactobacillus gints sugas komercialajos Krievijas un Holandes sieros

Analiz€jot mazumtirdznieciba iegadatos Latvijas uznémumos razotos Krievijas
sierus, tajos noteiktas L.curvatus un L.plantarum 2 asociacijas, novérota arl vienas
sugas dominéSana. Katram sieram ir raksturiga mikroflora, pat vienas $kirnes dazadu
razotaju sieram mikrofloras sastavs var atSkirties (2. tab.).

2. tabula / Table 2
Lactobacillus spp. komercialajos Krievijas sieros
Lactobacillus spp. in commercial Krievijas cheeses

RaZotajs / Producer Siers / Cheese Lactobacillus spp.
AS ‘Smiltenes piens’ / JSC ‘Smiltenes piens’ Krievijas L.curvatus
AS ‘Rigas piena kombinats’ / JSC ‘Rigas  |Old Farmer (Krievijas) L.curvatus
piena kombinats’ Limbazu Krievijas | L.curvatus, L.plantarum 2
AS ‘Trikatas piens’ / JSC ‘Trikatas piens’ Krievijas L.curvatus, L.plantarum 2
AS ‘Rankas piens’ / JSC ‘Rankas piens’ Krievijas L.curvatus, L.acidophilus 3

Netipiskas pienskabes bakterijas ir izdalitas no visiem komercialajiem sieriem.
Viens no galvenajiem netipisko pienskabes baktériju avotiem ir piens. Lactobacillus
spp. var izdzivot pasterizacijas procesa vai nokliit siera no ierauga, iekartam,
salfjuma, iepakosanas materiala. To novéroja Cederas siera razo3ana, gatavojot
produktu L.curvatus un L.fermentum biofilmu klatbttné. Gatavajam sieram tika
konstatéta dazadu L.curvatus celmu klatbutne (Somers et al., 2001). L.curvatus
veidotas biofilmas ir loti izturigas un spé&jigas izdzivot iekartu sanitaras apstrades
procesos. L.curvatus ir domingjosa netipiska pienskabes bakteriju suga
mazumtirdznieciba iegadatajos Krievijas sieros.

L.plantarum noteikta AS ‘Trikatas piens’ un AS ‘Rigas piena kombinats’
Krievijas sieros un ir viena no biezak sastopamajam netipisko pienskabes bakteriju
parstavém, kas siera nonak no piena, razosanas iekartam vai gaisa (Fox et al., 2000).
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Savukart L.acidophilus klatbiitne AS ‘Rankas piens’ Krievijas siera liecina par
iesp&jamo noklisanu no razoSanas telpu gaisa, jo L.acidophilus plasi izmanto
skabpiena produktu gatavoSana.

Holandes sieru mikroflora (3. tab.) ir parstavéta ar L.paracasei subsp.paracasei 1,
L.paracasei subsp.paracasei 2 un L.rhamnosus asociacijam un tikai AS ‘Valmieras
piens’ produkta ir noteikta L.curvatus un L.plantarum 2 asociacija. Visas §is sugas,
saskana ar Coppola u.c. (1997) un Fitzsimons u.c. (1999) p&tijjumiem, uzskatamas par
netipisko mikrofloru, kuras visbiezak izolé no puscietajiem sieriem.

3. tabula / Table 3
Lactobacillus spp. komercialajos Holandes sieros
Lactobacillus ssp. in commercial Holandes cheeses
Razotajs / Producer Siers / Cheesg Lactobacillus spp.
L.paracasei subsp.paracasei 1,
L.paracasei subsp.paracasei 2

AS ‘Smiltenes piens’ / JSC ‘Smiltenes piens’ Holandes

AS ‘Rigas piena kombinats’ / JSC ‘Rigas Edamjuusto | L.paracasei subsp.paracasei 1,
piena kombinats’ (Holandes) L.rhamnosus
IAS ‘Trikatas piens’ / JSC ‘Trikatas piens’ Holandes Lparacasei subsp.paracasei 1,

L.rhamnosus
L.paracasei subsp.paracasei 1,
Holandes | L.paracasei subsp.paracasei 2,
L.rhamnosus
AS ‘Cesvaines piens’ / JSC ‘Cesvaines piens’ | Holandes L.curvatus, L.rhamnosus
AS ‘Rankas piens’ / JSC ‘Rankas piens’ Holandes I_L..F:)?iz%i?issili SSL:J?)SSF;)F;JE:;’aa((::aaSSeeII 12’
AS ‘Valmieras piens’ / JSC ‘Valmieras piens’ | Holandes L.curvatus, L.plantarum 2

SIA ‘Malpils piensaimnieks’ / “Malpils
piensaimnieks’ Ltd.

Salidzinot Krievijas un Holandes sieru mikrofloru, redzams, ka netipisko
pienskabes bakteriju sugas atSkiras ne tikai vienas Skirnes sieros, bet arl dazadu
razotaju siera paraugos. Taja pat laika citadas atzipas ir atspogulotas Fitzsimons u.c.
(1999) un Crow u.c. (2001) darbos. Gatavojot Cederas sieru, taja noteiktie mezofilie
Lactobacillus spp. parstavji bija lidzigi pat Irijas un Jaunzélandes uzpémumos
razotajos produktos. Arf trijos uznémumos razotaja Cederas sierd novéroja lidzibas
Lactobacillus gints sugu prevaléSana. Tatad var secinat, ka atSkiribas analiz&to sieru
mikrofloras sastava ir jasaista ar tehnologisko parametru niansém, siera pH, lietota
ierauga veidu u.c. faktoriem.

Darba analiz€to sieru salidzinaSana ar pasaulé pazistamajiem puscietajiem
sieriem apstiprina, ka Latvija razotajos puscietajos sieros netipisko pienskabes
baktériju sugu daudzveidiba ir lidziga no Cederas un Goudas sieriem izdalitajam.
Cogan un Beresford (2002) atzimé, ka nogatavinasanas laika Cederas sierd ir
veérojama mezofilo L.casei, L.paracasei, L.plantarum un L.curvatus dominésana.

Literatiiras un eksperimentalo datu apkopojums parada, ka no Krievijas un
Holandes sieriem izoletas netipiskas pienskabes baktériju sugas un to asociacijas
uzskatamas par tradicionalako visbiezak izol&to netipisko Eiropas sieru mikrofloru.
Lidzas netipisko pienskabes bakteriju sugam, analiz&ts netipisko pienskabes bakteriju
koloniju veidojo$o vienibu skaits komercialajos Holandes un Krievijas sieros.
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Beresford (2003) apgalvo, ka netipiskas pienskabes baktéri7jas strauji vairojas
siera pirmajas 10 — 20 nogatavinasanas nedé|as, sasniedzot 10" KVV g™. Péc tam
to koncentracija ir relativi nemainiga. Savukart komercialos sieros maksimalas
koncentracijas neparsniedz 10° KVV g’ Atskiribu starp autoru atzipim un
eksperimentu datiem varétu skaidrot ar izejvielas kvalitati, kuras d€] razoSana tiek
varigtas pasterizacijas un nogatavinasanas temperatiiras, siikalu skabumu graudu
apstrades laika, ilgaku graudu apstradi p&c otras uzsildiSanas un natrija nitrata
klatbiitni sieros.

Vidgjais koloniju veidojoso vienibu skaits Krievijas sieros ir mazaks neka
Holandes sieros (attiecigi, 5,53 g un 6,06 Ig KVV g™), kas skaidrojams ar niansém
abu sieru razosanas tehnologija.

Vertgjot pienskabes bakteriju sugu daudzveidibu un kvantitativo sastavu
komercialajos Krievijas un Holandes sieros un glistot atzinas zinatniskaja literatiira
par sugu mainibu tajos nogatavinaSanas laika, pétjjuma talak apzinatas
aromatveidojoso vielu koncentracijas Holandes un Krievijas sieros, analiz&ta to loma
sieru sensoro Tpasibu veidosana.

2. Identificétas aromatveidojosas vielas komercialajos
Krievijas un Holandes sieros

Laktozes, olbaltumvielu, un tauku parvértibu rezultata veidojas vairaki simti
dazadu vielu. Biitiska nozime ir nevis vienas vai otras vielas daudzumam siera, bet to
savstarpgjam attiecibam (Ozola, Ciprovica, 2002).

Komercialajos Krievijas un Holandes sieros identific€to aromatveidojoso vielu
apkopojums dots 4.tabula.

4.tabula / Table 4
Identificéto aromatveidojoSo vielu apkopojums un to
koncentracijas komercialajos sieros, pg kg
The concentrations of identified aroma compounds
detected in commercial cheeses, pg kg™

‘Limbazu’ ‘Limbazu’ Trikatas
Aromatveidojo3as vielas / Holandes Krievijas Krievijas
Aroma compounds Vidgja vertiba + standartnovirze /
Mean + standard deviation
etikskabe / acetic acid 113.69°+14.02 |446.00* +11.06| 186.08°+17.97
sviestskabe / butyric acid 95.32°+13.10 [229.23° +16.86| 322.03%+40.89
heksanskabe / hexanoic acid 30.79°+4.44 | 69.78° +9.53 | 134.65°+19.10
oktanskabe / octanoic acid 25.20°+6.19 | 31.86° +8.89 | 74.88%+13.96
nonanskabe / nonanoic acid 2794221 n.k.
dekanskabe / decanoic acid 1.09 +0.49 n.k.
etanols / ethanol 56.41° +4.44 |156.53*+5.60 | 156.53% +5.60
B-metilbutan-1-ols / 3-methylbutan-1-ol 1.11+0.18 0.93+0.55 1.35+0.01
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4. tabulas nobeigums / The end of Table 4

‘Limbazu’ ‘Limbazu’ Trikatas
Aromatveidojosas vielas / Aroma Holandes Krievijas Krievijas
compounds Vidgja vertiba + standartnovirze /
Mean + standard deviation
pentan-1-ols /pentan-1-ol n.k. 0.39+0.06 | 0.32%+0.09
heksan-1-ols /hexan-1-ol 0.005+0.001 | 0.007+0.001 | 0.008+0.003
P-metilpentan-3-ols / 2-methylpentan-3-ol | 1.03°+0.31 | 6.08%+0.51 6.24* +0.61
propan-2-ons / propan-2-one 12.32° +1.11 |39.52%1.677| 39.14%+5.22
butan-2-ons / butan-2-one 53.07° +5.49 | 69.86° +2.91 | 230.47°+8.94
pentan-2-ons / pentan-2-one 321.53%+34.85(181.31° +5.03| 186.36" +12.32
diacetils / diacetyl 321.53%+34.85|181.31° +5.03| 186.36" +12.32
heptan-2-ons / heptan-2-one 8.73+0.66 8.50+0.28 8.67+0.29
acetoins / acetoin 88.95° +12.11 [325.48%+15.78| 310.26°+1.34
nonan-2-ons / nonan-2-one 0.77°+0.15 | 2.71%0.14 2.33°+0.46
nonanals / nonanal 1.82+0.31 1.52+0.05 1.77+0.16
3-metilbutanals / 3-metilbutanal n.k. 0.23+0.01 n.k.
acetaldehids / acetaldehyde 2.67°+0.39 | 0.28°+0.06 1.19°40.05
benzaldehids / benzaldehyde 0.52°+0.08 n.k. 0.205°+0.001
fenilacetaldehids / phenylacetaldehyde 1.16°+0.16 3.71°+0.44 n.k.
toluols / toluene n.k. 1.18+0.26
naftalins / naphtalene 0.003+0.001 | 0.002+0.001 | 0.002+0.001
etilacetats /ethylacetate n.k. 0.003+0.001 n.k.
ctilbutirats / ethylbutyrate 0.31°+0.06 | 0.75°+0.12 n.k.
©-dekalaktons / 3-decalactone 1.67°+0.25 6.35°+0.64 3.77%+0.55
©-dodekalaktons / 8-dodecalactone 0.86"+0.12 2.81%40.25 1.83%+0.25
dimetiltrisulfids / dimethyltrisulfide 2.42°+0.42 3.70%40.16 3.49%+0.43
metionals / methional 0.05%+0.01 n.k. 0.02°4+0.00

2P _ paraugi ar vienadiem burtiem aromatveidojo3as vielas koncentracijas ietvaros bitiski

neatskiras (p>0,05). Burti sakartoti no aromatveidojosas vielas augstakas koncentracijas uz
zemako / samples with a similar letter superscripts do not differ significantly (p>0.05) within
concentration of aroma compound. Letters are subordinated from the highest concentration
value to the least;

n.k.- nav konstatéts / not detected

Kopuma paraugos tika noteiktas: etikskabe, sviestskabe, heksanskabe,
oktanskabe, nonanskabe un dekanskabe. Tas veidojas tauku metabolisma, produktam
pieskirot netiru, rugtenu un ziepju garSu. Ta ka oglekla atomu skaits taukskabés
neparsniedz 12, pamatojoties uz Acree un Arn (2004) petjjumu atzinam, var atzimet
to nozimi siera sensoro 1pasibu veidosana.

Etanols, 3-metilbutan-1-ols, pentan-1-ols, heksan-1-0ls un 2-metilpentan-3-ols
tika konstateti gan Krievijas, gan Holandes sieros. Spirti veidojas oglhidratu,
olbaltumvielu un tauku metabolisma rezultata un literatiira raksturoti ka vielas, kas

16



sieram pieskir gan saldu un ziedu, gan tauku, alkohola un riigtenu smarzu (Singh et
al., 2003; Fox et al., 2000; Molimard, Spinner, 1996).

Saskapa ar Qian un Burbank (2007) datiem, aldehidi veidojas taukskabju
autooksidéSanas cela, bet dazi sazarotas kédes aldehidi - no aminoskabém Strecker
degradacija. Saskana ar Acree un Arn (2004) pétijumu rezultatiem, aldehidiem ir
zems uztverSanas slieksnis, tapec tie ir uzskatdmi par nozimigiem aromata
veidotajiem siera. Sieros konstatétais 3-metilbutanals veidojas no leicina, piedaloties
Lc.lactis fermentiem (Christensen et al., 1999; McSweeney, Sousa, 2000).
Acetaldehids uzskatams par piruvata metabolisma produktu, var rasties ari no
triptofana Lactococcus spp. ietekmeé (Christensen et al.,, 1999; Fox et al., 2000).
Savukart nonanals veidojas no nepiesatinatam taukskab&m B-oksidésanas laika. Avsar
u.c. (2004) pamato, ka 3-metilbutanals sieros asoci€jas ar riekstu smarzu.
Acetaldehidam, atkariba no ta koncentracijas produkta, piemit salds vai ass, bet
nonanalam - zalas zales aromats (Fox et al, 2000).

Ketoni siera smarzu papildina ar ziedu un auglu notim. Analiz€jamos paraugos
tika identific€ti propan-2-ons, butan-2-ons, pentan-2-ons, diacetils, heptan-2-ons,
acetoins un nonan-2-ons. Lielaka dala ketonu veidojas no B-ketoskabém (Tunick,
2007). Diacetila veidoSanas notiek ierauga mikroorganismu darbibas rezultata
laktozes un citratu parvértibas. ST viela kalpo arT ka prekursors acetoina veidosana.
Wilkinson un Kilcawley (2007) uzsver diacetila, acetoina un butan-2-ona veidoSanos
citratu parvertibu rezultata Goudas siera ierauga un netipisko pienskabes bakteriju
ietekme.

Cetri benzola gredzenu saturogie savienojumi konstatéti aromatveidojoso vielu
vidi. Toluols, kur§ veidojas gan no B-karotina (Molimard, Spinnler, 1996), gan
uzglabajot sasaldéta veida sieru, iepakotu modificéta gazu vide, (Bosset et al., 2000),
un naftalins produktd asocigjas ar darvas un féfu smarzu (Drake et al., 2001).
Benzaldehids un fenilacetaldehids ir savienojumi ar mandelu un roZzu smarzu. To
veidosana iesaistits triptofans un fenilalanins (Christensen et al., 1999).

Esteri, kuru veidoSana piedalas taukskabes un etanols, tika identificeti Krievijas
un Holandes sieros. Sieram tie pieSkir ziedu vai auglu garSu (Singh et al., 2003;
Molimard, Spinnler, 1996).

No laktoniem - d-dekalaktons un &-dodekalaktons ir noteikti komercialo sieru
paraugos. Sieros laktoni veidojas no hidroksiskabém intramolekulara esterifikacija.
Saskana ar Acree un Arn (2004) datiem, dekalaktons un dodekalaktons ir uzskatami
par svarigakajiem laktoniem siera. Produkta smarzas buketi laktoni papildina ar auglu
notim.

Paraugos konstatéti arT s€ru saturo$ie savienojumi — metionals un
dimetiltrisulfids. PEdgjais veidojas metantiola oksidésanas rezultata (Bonnarme et al.,
2000; McSweeney, Sousa, 2000) un produkta asoci€jas ar kiploku smarzu. Savukart
metionals veidojas Strecker degradacija un sieram pieSkir varitu kartupelu garSu un
smarzu. Zema uztverSanas sliekSpa dg€] Sie savienojumi ieverojami ietekmé siera
garSas un smarzas veidosanos (Curioni un Bosset, 2002).

AtSkiribas noteiktajas aromatveidojo$ajas vielas ir vérojamas gan starp Holandes
un Krievijas sieriem, gan starp divu dazadu raZotdju paraugiem. Analiz&jot
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aromatveidojosas vielas, redzams, ka toluols ir noteikts tikai AS ‘Trikatas piens’
sierd, bet etilbutirats un fenilacetaldehids AS ‘Rigas piena kombinats’ paraugos. Tas
tikai norada uz biokimisko procesu norises atSkirtbam, ko ietekmé ar1 siera
mikrofloras kvalitativais un kvantitativais sastavs.

Individuali noteiktas aromatveidojosas vielas komercialajos sieros spgj veidot
patikamas garSas un aromata nianses, tomér kombinacijas var izraisit neraksturigu
sensoro buketi. Bez tam sensoras Ipasibas negativi ietekmé spirtu, aldehidu un ketonu
koncentracijas pieaugums siera. Ka mingts ieprieks, So vielu veidoSana piedalas gan
ierauga, gan netipiskas pienskabes bakterijas. Pat vienas S$kirnes sieros
aromatveidojoso vielu koncentracija ir atSkiriga, lidzigi ka identificétas netipiskas
pienskabes bakteriju sugas. Veikta aromatveidojoso vielu un to koncentraciju
noteikSana komercialajos sieros vel nedod pamatu apgalvot par netipisko pienskabes
bakteriju neveélamo ietekmi uz siera garSu un aromatu.

3. Komercialo Krievijas un Holandes sieru sensoro ipasibu novértéjums

Krievijas siera sensoras verteSanas rezultati ir paraditi 2.attela. Veicot dispersijas
analizi, noskaidrots, ka bitiska atSkiriba pastav sieru konsistencg, acojuma, skabuma
un rugtuma.

Tjukija testa rezultati paradija, ka par skabaku un riigtaku tika atzits AS ‘Rigas
piena kombinats’ ‘Limbazu’ Krievijas siers. Savukart AS ‘Trikatas siers’ Krievijas
siers ir novertets ka ciets, ar sieram neraksturigu acojumu. AS ‘Smiltenes piens’
Krievijas siers ir ieguvis augstako vert€jumu acojuma, ka art ir mazak ragts un sals.
Analizgjot siera garSas defektus un to izcelsmi, riigta gar$a ir viena no galvenajam
problémam siera razo$ana, izmantojot mezofilos ieraugus (Singh et al., 2003).

Paaugstinata nogatavinaSanas temperatiira intensificé fermentativos procesus un
sekmé netipisko pienskabes bakteriju augSanu, ta rezultata veidojas sieri ar dazadiem
defektiem. Savukart pazeminatas nogatavinasanas temperatliras veicina riigtas garsas
veidosanos, kavgjot primaras olbaltumvielu hidrolizes produktu talakas parvertibas.
Ar biokimisko procesu norisi nogatavinasanas laika un siera mikrofloras sastavu var
skaidrot atSkiribas analiz&to sieru sensoro Ipasibu intensitate.

18



Konsistence / Texture

“'Skabums / Acidity

AS 'Smiltenes piens' Krievijas siers/ JSC 'Smiltenes piens' Krievijas cheese

—@— AS 'Rigas piena kombinats' Krievijas siers 'Limbazu'/ JSC 'Rigas piena kombinats'
Krievijas cheese 'Limbazu’
—&— AS 'Trikatas siers' Krievijas siers / JSC ' 'Trikatas siers' Krievijas cheese

2. att. Komercialo Krievijas sieru sensoro ipasibu staru diagramma
Fig. 2. Star diagram of sensory properties of commercial Krievijas cheeses

Lielaka dala Holandes sieru (3. att.) tika noveértéti 1idzigi, atSkiribas konstatetas
tikai sieru konsistencé un saluma.

Konsistence / Texture

v/ N

Riugtums / Bitterness =~~~ """ """ """ Skabums / Acidity

—— AS 'Smiltenes piens' Holandes siers / JSC 'Smiltenes piens' Holandes cheese
—e— AS 'Rigas piena kombinats' Holandes siers / JSC 'Rigas piena kombinats' Holandes cheese
— =& — AS 'Trikatas siers' Holandes siers / JSC 'Trikatas siers' Holandes cheese
AS 'Cesvaines piens' Holandes siers / JSC 'Cesvaines piens' Holandes cheese
++++X+++ SIA 'Malpils piensaimnieks' Holandes siers / 'Malpils piensaimnieks' Ltd. Holandes cheese

3. att. Komercialo Holandes sieru sensoro ipasibu staru diagramma
Fig. 3. Star diagram of sensory properties of commercial Holandes cheeses
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Saskana ar Tjukija testa rezultatiem, AS ‘Cesvaines piens’ razoto produktu
Vertetaji atzina par cietu un saju. Savukart AS ‘Rigas piena kombinats’ Holandes siers
tika novertéts ka salakais.

Siera konsistence un salums ir atkarigi no razoSanas procesa. Konsistence ir
atkariga arT no izejvielas sastava un siera nogatavinasanas apstakliem. Banks (2007)
akcente pievienota ierauga, fermentu preparata un sals daudzuma, siera graudu
apstrades ilguma nozimi siera konsistences veidoSana.

Saskana ar Lawrence u.c. (1987) pirmas divas nogatavinaSanas nedglas visvairak
ietekmé siera konsistenci, jo oy kazeins tiek hidrolizéts Iidz og—I kazemnam,
piedaloties recinasanas fermentiem. Rezultata siers ieglist mikstaku konsistenci.
Konsistences izmainas turpinds nogatavinaSanas laika, piedaloties ierauga un
netipisko pienskabes bakteriju izdalitajam proteinazém un peptidazém. To rezultata
veidojas amonjaks un citi Gident $kistoSie slapekla savienojumi, kas paaugstina siera
pH un ietekmé konsistenci (Fox et al., 2000).

Komercialo sieru konsistence veért€ta arl ar struktirmehaniska analizatora
palidzibu, mérot paraugu saspieSanas spéku. Nosakot siera elastibu un veicot
dispersijas analizi, noskaidrots, ka pastav butiskas atSkiribas starp Holandes un
Krievijas sieru elastibu (p<0,05). Lietojot Tjukija testu, noskaidrots, ka atSkiribas
pastav starp visiem Holandes siera paraugiem, izpemot viscietakos - AS ‘Trikatas
piens’ un AS ‘Smiltenes piens’ sierus, bet Krievijas sieriem - blivaka un cietaka
konsistence tika noteikta AS ‘Rankas piens’ Krievijas sieram. AS ‘Rigas piena
kombinats’ paraugam ar tirdzniecibas marku ‘Old Farmer’ konstatéta visplastiskaka
konsistence, kura no maksimalas vertibas atSkiras par 45 %.

Salidzinot Holandes un Kirievijas sieru mikrofloru, redzams, ka netipisko
pienskabes bakteriju sugas atSkiras ne tikai vienas Skirnes sierd, bet ar1 dazadu
razotaju siera paraugos. AtSkiribas analiz€to sieru mikroflora ir jasaista ar
tehnologisko parametru niansém, siera pH, lietotd ierauga veidu u.c. faktoriem.
Literatiiras un eksperimentalo datu apkopojums apstiprina, ka no komercialajiem
Krievijas un Holandes sieriem izolétas netipiskas pienskabes bakteriju sugas un to
asociacijas, uzskatamas par tradicionalako visbiezak izoleéto netipisko siera
mikrofloru.

Analizéjot aromatveidojoSo vielu koncentracijas komercialajos Krievijas un
Holandes sieros, atSkiribas vérojamas gan starp abu Skirpu sieriem, gan starp divu
dazadu razotaju vienas Skirnes paraugiem. Tas tikai norada uz biokimisko procesu
norises atSkirtbam, ko ietekmé arT mikrofloras kvalitativais un kvantitativais sastavs.
Ta rezultata ieveérojami atskiras komercialo sieru sensorie raditaji.

4. Lactobacillus spp. eksperimentalajos Krievijas un Holandes
sieru paraugos

Siera nogatavinasanas sakuma strauji samazinas ierauga pienskabes bakteriju
koncentracija, atbrivojot celu netipisko pienskabes bakteriju vairo$anai.

Ierauga mikrofloras dzivotsp&ju siera nosaka laktozes saturs. Lidz ar tas
parraudz&$anu, samazinas ierauga Lactococcus spp. un Leuconostoc spp. augsana,
paatrinas $tinu atmirSana. Siera mikroflora domingjosas klust netipiskas pienskabes
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bakterijas, kuru kvantitate, augSanas atrums un sugu daudzveidiba ir atkariga no piena
mikrofloras, tehnologiska procesa reZimiem un siera nogatavinasanas apstakliem.

5. un 6. tabulas ir apkopotas no Krievijas sieriem izoletas pienskabes bakteriju
sugas un paradita sugu mainiba gan temperatliras, gan nogatavinaSanas ilguma

ietekmé.

5. tabula/ Table 5

Eksperimentalo Krievijas sieru mikroflora, nogatavinot 6 °C temperatiira
The microflora of experimental Krievijas cheeses ripened at 6 °C

NogatavinaSanas
ilgums, dienas /
Ripening time, days

Krievijas siers | /
Krievijas cheese |

Krievijas siers 11/
Krievijas cheese 11

Krievijas siers 111/
Krievijas cheese 111

Nenogatavinats /

Lc.lactis subsp.lactis 1,

Lc.lactis subsp.lactis 1,

60 dienas / 60 days

Unripened L.curvatus Lc lactis subsp.lactis 2 Leu.lactis,
15 dienas / 15 days Lc.IacIt_lsCZurl\)/Z}c;ijlictls 2, L curvatus L.acidophilus 3
L.delbrueckii
30 dienas / 30 days L.curvatus subsp.delbrueckii,
L.acidophilus 3
L.curvatus L.delbrueckii subsp.lactis 1,
45 dienas / 45 days L.helveticus L. delbrueckii

subsp.bulgaricus

L.paracasei subsp.
paracasei JCM 8133

L.delbrueckii subsp.lactis 1,
L.acidophilus 3

Nenogatavinata un 15 dienas nogatavinata Krievijas siera I tika konstatets
ierauga Lc.lactis subsp.lactis 2 parstavis, par&ja nogatavinasanas laika 6 °C domingja
L.curvatus.

Nogatavinasanas sakuma Krievijas siera Il konstatéta ierauga mikrofloras:
Lc.lactis subsp.lactis 2, Lc.lactis subsp.lactis 1 klatbiitne un v&rojama L.curvatus
prevalésana lidz 30. nogatavinasanas dienai 6 °C temperatiira. No 6 °C temperatiira
45 dienas nogatavinata parauga izoleta L.helveticus. Williams un Banks (1997) zino
par L.helveticus izolg$anu no 6 — 9 ménesus nogatavinata Cederas siera, pieskaitot o
sugu netipiskajam pienskabes baktérijam. Citi pétijumi liecina, ka puscietajiem
sieriem L.helveticus lieto proteolizes veicina$anai un sensoro ipasibu uzlaboSanai,
tatad arT nogatavinaSanas paatrinasanai (Beresford et al., 2001; Drake et al., 1997).

6. tabula / Table 6
Eksperimentalo Krievijas sieru mikroflora, nogatavinot 12 °C temperatiira
The microflora of experimental Krievijas cheeses ripened at 12 °C
Nogatavinasanas
ilgums, dienas /
Ripening time,
days

Krievijas siers 111 /
Krievijas cheese 111

Krievijas siers 11 /
Krievijas cheese 11

Krievijas siers | /
Krievijas cheese |

Lc.lactis subsp.lactis 1,
Lc.lactis subsp.lactis 2,
L.curvatus
L.plantarum 1

Leu.lactis,
L.acidophilus 3

Lc.lactis subsp.lactis 1
L.curvatus

Nenogatavinats /
Unripened

15 dienas / 15 days

L.curvatus Leu.lactis,L.brevis
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6. tabulas nobeigums / The end of Table 6

Nogatavinasanas
ilgums, dienas/ | Kirievijassiers |/ Krievijas siers 11/ Krievijas siers 111/
Ripening time, Krievijas cheese | Krievijas cheese 11 Krievijas cheese 111
days
. Leu.lactis, L.curvatus,
3%3'52;:/ L.plantarum 1 L.delbrueckii B
subsp.delbrueckii
435(1 'gg;: / L.curvatus L.plantarum S4
60 dienas / L.paracasei MH55, L.curvatus, Leu.lactis
60 days L.plantarum DSPV
354T

Nogatavinot Krievijas sieru 11 12 °C temperatiira, visu nogatavinasanas laiku taja
konstatéts L.plantarum 1.

Nogatavinot Krievijas sieru 111 12 °C temperatiira, Leu.lactis saglaba dzivotsp&ju
visu paraugu nogatavina$anas laiku. Leuconostoc gints sugas pieder pie
heterofermentativam pienskabes bakterijam, kuras nelielas koncentracijas leni
producé pienskabi. Vairaki autori uzskata, ka Leuconostoc spp. neatbilst tipiskam
ierauga parstavém sieros un ir piederigas netipiskajam pienskabes baktérijam
(Thunell, 1995). Krievijas siera III, kura tika konstatéta Leu.lactis domin&$ana visa
nogatavinasanas laika, atSkiras ari koloniju veidojoso vienibu skaita dinamika
(4. att.). Var secinat, ka Leuconostoc spp. izdzivoSana un augsanas intensitate sieros
ir atkariga no sugas un celma Ipasibam. Savukart nogatavinaSanas sakuma izol&tos
L.acidophilus 3, L.brevis un L.delbrueckii subsp.delbrueckii nomaina L.curvatus.
AtskirTga situdcija vérojama Krievijas siera 111, paraugus nogatavinot 6 °C. Leu.lactis,
kuru identific€ siera nogatavinasanas sakuma, pamazam izkonkuré L.acidophilus 3 un
L.delbrueckii subsp.lactis 1. Sugu daudzveidibu $aja siera var skaidrot ar ierauga
sastavu un Tpasibam. lerauga bakteriju paatrinatas atmirSanas rezultata, arT augstaka
sakotngja siera pH (6.att.), produkta iekluvusas netipiskas pienskabes bakterijas
vairojas nepiespiesti (4.att.) un taja novero dazadu Lactobacillus gints sugu
domingsanu noteikta nogatavinasanas posma.

Veicot biezak identificgto L.plantarum 1 un L.curvatus DNS fragmenta
sekvenéSanu, noskaidrots, ka L.curvatus nukleotidu sekvence 6 °C 60 dienas
nogatavinatam sieram atbilst L.paracasei subsp.paracasei celmam JCM 8133, bet
12 °C 60 dienas nogatavinatam sieram — L.paracasei celmam MHS55. Savukart no
12 °C 45 un 60 dienas nogatavinatiem siera paraugiem izoletais L.plantarum 1 atbilst,
attiecigi, L.plantarum celmiem S4 un DSPV 354T. API 50 CHL sistéma, kas lietota
Gram® Lactobacillus identificéSanai fenotipiski, paradija apmierinodus rezultatus,
nosakot mikroorganismu ginti. P&c Tynkkynen (1999) un vina lidzautoru vardiem, tas
precizitate ir ieveérojami vajaka, identific€jot mikroorganismus Iidz sugai. To var
skaidrot ar faktu, ka pirmssakumos sistéma bija domata Lactobacillus gints
identific€Sanai medicinas vajadzibam (Coeuret et al., 2003), ka papildus sisteéma
netipiskajiem fermentacijas modeliem (Arhné et al., 1989; Chamba, 2000; Coeuret et
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al., 2003). Muyanja (2003), Temmerman (2004) un lidzautori secindja, ka
fenotipiskas metodes ir ierobezotas reproducgjamibas zina, ar zemu taksonomisko
iz8kirtsp&ju, un itin biezi lauj veikt identifikaciju tikai gints [imenT.

Eksperimentalajos Holandes sieros identificétas pienskabes baktérijas apkopotas
7. un 8.tabula.

Nenogatavinata Holandes siera I un II ir konstateta ierauga mikrofloras
klatbtitne.  Holandes siera I, sakot ar 15. nogatavinaSanas dienu un Iidz
nogatavinasanas beigam, domingja L. paracasei subsp.paracasei. No 6 °C
temperatiira nogatavinata parauga tika izoléts ar1 L.curvatus un no 12 °C nogatavinata
parauga - L.rhamnosus.

Holandes siera II v@rojama L. paracasei subsp.paracasei domin&$ana lidz
45, dienai, nogatavinot 6 °C temperatiird, un L.plantarum 1 prevalé$ana no 30. Iidz
60. nogatavinasanas dienai 12 °C temperatiira.

7. tabula / Table 7
Eksperimentalo Holandes sieru mikroflora, nogatavinot 6 °C temperatiira
The microflora of experimental Holandes cheeses ripened at 6 °C

Nogatavinasanas
ilgums, dienas / Holandes siers | / Holandes siers 11/ Holandes siers 111/
Ripening time, Holandes cheese | Holandes cheese |1 Holandes cheese 111
days
. . . Leu.lactis,
Nenogatavinats / | Lc.lactis subsp.lactis 2, L delbrueckii

Unripened Lc.lactis subsp.lactis 1

Lc.lactis subsp.lactis 1, subsp.lactis 1

Lc.lactis subsp.lactis 2

Lc.lactis subsp.lactis 1,

L. paracasei Lc.lactis subsp.lactis 2,

15 dienas / 15 days

subsp.paracasei 2

subsp.paracasei 1 L.curvatus
L. paracasei L. paracasei
30 dienas / 30 days | subsp.paracasei 2, subEp.paracasg 1 L.curvatus
L.curvatus - paracasel
' subsp.paracasei 3
L. paracasei L. paracasei
45 dienas / 45 days | subsp.paracasei 1, subsp.paracasei 3, L.plantarum 1
L.curvatus L.curvatus
60 dienas / 60 days L. paracasei L.curvatus L.curvatus

Holandes siera III mikroflora ve@rojama L.curvatus prevaléSana, nogatavinot
paraugus 6 °C temperatira. ST netipiskas mikrofloras parstave nav konstatéta
nenogatavinata un 45 dienas nogatavinata parauga, no kura izoléta tikai L.plantarum 1.
Nogatavinot sierus 12 °C temperatiira, nogatavinasanas beigas tika izoldta
L.plantarum 1, bet nogatavinasanas vidi konstatéta ierauga mikroflora un
L.paracasei subsp.paracasei 1.
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8. tabula/ Table 8

Eksperimentalo Holandes sieru mikroflora, nogatavinot 12 °C temperatiira
The microflora of experimental Holandes cheeses ripened at 12 °C

Nogatavinasanas
ilgums, dienas / Holandes siers 1 / Holandes siers 11/ Holandes siers 111/
Ripening time, Holandes cheese | Holandes cheese 11 Holandes cheese 111
days
Nenogatavinats | Lc.lactis subsp.lactis 2, | Lc.lactis subsp.lactis 1, Ld eltﬁﬁélslfitilsshb s
/ Unripened Lc.lactis subsp.lactis 1 | Lc.lactis subsp.lactis 2 ' lactis 1 )
15 dienas / L. paracasei_ Lc.lactis subsp.la_ctis 2, Lc.Iact!s subsp.lact!s 1,
15 days subsp.paracasei 2, L. paracasei Lc.lactis subsp.lactis 2,
L.rhamnosus subsp.paracasei 1 L.curvatus
L. paracasei
30 dienas / subsp.paracasei 1, L. paracasei
30 days L. paracasei subsp.paracasei 1
subsp.paracasei 2
45 dienas / L. paracasei L.plantarum 1
45 days subsp.paracasei 1
. L. paracasei L.plantarum 1
6068'32;: / subsp.paracasei 1,
L.rhamnosus

Holandes siera III mikroflora vérojama L.curvatus prevaléSana, nogatavinot
paraugus 6 °C temperatira. ST netipiskas mikrofloras parstave nav konstatéta
nenogatavinata un 45 dienas nogatavinata parauga, no kura izol&ta tikai L.plantarum 1.
Nogatavinot sierus 12 °C temperatiird, nogatavinaSanas beigds tika izoléta
L.plantarum 1, bet nogatavinaSanas vidi konstatéta ierauga mikroflora un
L.paracasei subsp.paracasei 1.

P&c Copolla u.c. (1997) un Fitzsimons (1999) datiem, no sieriem visbiezak izole
L.casei, L.paracasei, L.plantarum, L.rhamnosus un L.curvatus. Analiz&jot iegiitos
rezultatus, nonakam pie Iidzigam atzinam, izol&to netipisko pienskabes bakteriju
parstavji eksperimentalajos sieros ir L.paracasei, L.plantarum, L.rhamnosus un
L.curvatus. Dazadi autori censas atskirigi skaidrot netipisko pienskabes baktériju
vairo§anai pieejamos un izmantojamos substratus (Diggin et al., 1999; Williams,
Banks, 1997; Fox et al., 1998; Williams et al., 2000; Thomas, 1987; Rapposch et al.,
1999; Lane et al., 1997; Cogan, Beresford, 2002). Substratu daudzveidiba mainas
nogatavinasanas laika, ar to var€tu skaidrot armT mezofilo pienskabes bakteriju
vairo$anas atrumu un populacijas heterogenitati.

Saskapa ar Fitzsimons u.c. (2001) un Williams u.c. (2002) konstatéto,
domingjosas netipisko pienskabes bakteriju sugas parasti mainas nogatavinasanas
laika un nogatavinaSanas beigas ir parstavétas ar vienu Lactobacillus sugu. Péc $o
autoru domam jaunos sieros dominé L.paracasei, L.plantarum un L.brevis, bet
nogatavinatos L.paracasei. Analiz&jot Cederas sieru (Irija), pirmajas nedglas
konstatéta L.paracasei, L.plantarum, L.rhamnosus un daZzu neidentificétu parstavju
klatbiitne, bet beigas tikai L.paracasei (Fitzsimons et al., 2001). Pie lidzigam atzinam
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nonakam, analiz€jot 12. un 13. tabulu datus, tomér 10. un 11. tabulas atspogulotais
lauj apgalvot, ka sugu domin&Sana ir atkariga no sieru Skirnes, nogatavinasanas
ilguma un citiem faktoriem.

Mikrofloras daudzveidiba un vairo$anas intensitate eksperimentalajos sieros ir
atkariga no Gidens aktivitates, sals satura, pH, temperatiiras, oksidéSanas-reducésanas
potenciala un nitratu/nitritu satura. Lidz ar to nakamaja nodala verteta netipisko
pienskabes bakteriju koloniju veidojoSo vienibu skaita dinamika iepriekSminéto
faktoru ietekmé.

5. Netipisko pienskabes bakteriju skaita dinamika eksperimentalajos
Krievijas un Holandes sieros nogatavinasanas laika

Sugu mainibu un mikrofloras kvantitati raksturo netipisko pienskabes bakteriju
koloniju veidojoso vienibu skaits eksperimentalajos Krievijas (4.att.) un Holandes
sieros (5.att.).
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4.att. Netipisko pienskabes baktériju koloniju veidojoSo vienibu skaita
dinamika eksperimentalajos Krievijas sieros nogatavinasanas laika
Fig.4. The dynamics of colony forming units of non-starter lactic acid
bacteria in experimental Krievijas cheeses during ripening

Lielakais koloniju veidojoSo vienibu skaits noteikts Krievijas siera III, bet
mazakais Krievijas siera 1. To var skaidrot ar siera razoS$anas Ipatnibam - dazadu
ieraugu lietoSanu, piena sastavu un kvalitati. Netipisko pienskabes bakteriju skaita
picaugums jau nogatavinasanas sakuma vérojams Krievijas siera I un II, pie tam 12 °C
temperatira mikroorganismu augSanas tempi ir straujaki neka 6 °C temperatiira.
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Straujaki augsanas tempi skaidrojami gan ar mezofilo bakteriju darbibas optimumam
tuvaku temperatiiru, gan ar baribas vielu pietickamibu. Krievijas siera III $aja laika
verojams neliels koloniju veidojoSo vienibu kritums. To var skaidrot ar izveleta
ierauga sastavu, kombingjot kultiiras ar lielaku proteolitisko un lipolitisko atktivitati,
ari straujaku ierauga bakteriju atmirSanu utilizetas laktozes del.

Netipisko pienskabes bakteriju skaita samazinajums augstaka temperatira
nogatavinatiem Krievijas siera I un II paraugiem verojams ap 30. nogatavinaSanas
dienu, taja pat laika 6 °C temperatiira nogatavinatiem paraugiem koloniju veidojoso
vienibu skaits pakapeniski pieaug un maksimumu sasniedz tikai ap 45. dienu.
Savukart 6 °C nogatavinata Krievijas siera III, netipiskas pienskabes bakterijas
maksimalo koncentraciju sasniedz pé€c 30 dienam un 12 °C temperatiira péc 45
dienam. To iespgjams skaidrot ar intensivakam proteolizes reakcijam augstaka
temperattira, ko sekmé no ierauga bakterijam atbrivojusas proteinazes un peptidazes,
ka arT peptidu un brivo aminoskabju pieejamibu netipisko pienskabes bakteriju
vairo§anai. Maksimalais koloniju veidojo$o vienibu skaits svarstas no 5,77 lg KVV g*
Krievijas siera II lidz 6,63 lg KVV g' Krievijas siera III, nogatavinot 6 °C
temperatiira, un no 5,77 Ig KVV g™ Krievijas siera II lidz 7,05 g KVV g™ Krievijas
siera III, nogatavinot 12 °C temperatiira. Krievijas siera III, kura tika konstateta
Leu.lactis domin&Sana nogatavinaSanas laika (6. tab.), atSkiras ari koloniju veidojoSo
vienibu skaita dinamika. Lidz ar to varam secinat, ka netipisko pienskabes bakteriju
izdzivoSana un augSanas intensitate ir atkariga no sugas un celma Ipasibam,
nogatavinasanas temperatiiras.

Analizéjot Holandes sierus, vérojama lidziga situacija. Lactobacillus spp.
maksimalo koncentraciju Holandes siera I un III sasniedza ap 30. dienu 12 °C un ap
45. dienu, nogatavinot 6 °C.

Apkopojot literatiiras datus par temperatiiras ietekmi uz netipisko pienskabes
baktériju vairoSanos, ir atrastas vairakas atzipas. Shakel-Ur-Rehman (2000) ar
lidzautoriem zino, ka siera, kur§ nogatavinats 1 °C temperatiira, netipisko pienskabes
baktériju populacija ir par 3 lg mazaka neka 8 °C nogatavinata. Pie lidziga viedokla
pieturas arT citi autori, kuri uzskata, ka nogatavinasanas temperatiira bitiski ietekmé&
netipisko pienskabes bakteriju augsanu siera (Folkertsma et al., 1996; Fenelon et al.,
1999).

Nogatavinasanas temperatira butiski neietekmé netipisko pienskabes bakteriju
koloniju veidojoSo vienibu skaita izmainas Holandes siera II un abos temperatiiras
reZimos nogatavinatie paraugi maksimalo vertibu sasniedz ap 30. nogatavinasanas
dienu.
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5.att. Netipisko pienskabes baktériju koloniju veidojoSo vienibu skaita
dinamika eksperimentalajos Holandes sieros nogatavinasanas laika
Fig.5. The dynamics of colony forming units of non-starter lactic acid
bacteria in experimental Holandes cheeses during ripening

Netipisko pienskabes bakteriju koloniju veidojoSo vienibu skaita dinamika sieros
ir mainiga, maksimumu sasniedzot ap 30. vai ap 45.nogatavinasanas dienu,
nogatavinot sierus, attiecigi, 12 un 6 °C. Nogatavinasanas beigas Holandes sieros
netipisko pienskabes baktériju koloniju veidojoSo vienibu skaits svarstas no 6,54 lidz
7,70 I3 KVV g* un Krievijas sieros no 5,26 lidz 6,63 Iy KVV g*. Netipisko
pienskabes baktériju koloniju veidojoso vienibu skaita izmainas paraugos parada, ka
to pieaugums ir atkarigs no nogatavinaSanas temperatiiras, ierauga sastava un ta
Ipatnibam, baribas vielu pieejamibas u.c. faktoriem.

6. pH dinamika eksperimentalo Krievijas un Holandes sieru
nogatavinasanas laika

pH ir viens no svarigakajiem faktoriem siera nogatavinasanas laika, sekmgjot
fermentu darbibu un regul§jot mikroorganismu augsanu (Kinstedt, 2005; Lawlor et
al., 2001).

Ievertéjot Krievijas siera razo$anas tehnologiskas nianses, sieram péc presé$anas
pH sasnhiedz 5,2 — 5,3. Straujaku ierauga pienskabes baktériju vairoSanos siera novéro
ilgstoSi pres€jot un izturot produktu pirms saliSanas pienskabas riigSanas procesa
intensifikacijai. Saja procesa tiek parraudzéta lielaka dala laktozes, radot Krievijas
sieram raksturigo skabumu pH 5,22 — 5,25 robezas. Péc dazadu specialistu domam
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pH Krievijas siera nogatavinasanas sakuma ir ap 5,28 (benosa u np., 1984), kas sakrit
ar eksperimentalo Krievijas sieru I un II rezultatiem, attiecigi, pH 5,25 un 5,22 (6. att.).
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6.att. pH dinamika eksperimentalajos Krievijas sieros nogatavinasanas laika
Fig.6. The dynamics of pH in experimental Krievijas cheeses during ripening

Ka jau iepriek§ minéts, galvena loma Krievijas siera nogatavinasana ir
pienskabes baktérijam un to producétajiem fermentiem. benosa u.c. (1984) min, ka
maksimalo koncentraciju ierauga pienskabes baktrijas sasniedz 5. nogatavinasanas
diena, talak noverojot pakapenisku to satura samazinasanos. Pamatojoties uz minéto
atzinu, pH pieaugumu Krievijas siera sakotngja nogatavinasanas laika Iidz 15. dienai
jaskaidro gan ar pienskabas riig§anas turpinaSanos, gan ar pienskabes izmantoSanu
talakas parvertibas. Nogatavinot sieru 6 °C temperatira, pH dinamika notiek lénak
neka 12 °C.

Dispersijas  analize paradija, ka pastav bitiskas atSkirtbas starp
eksperimentalajiem Krievijas sieriem nogatavinatiem 6 un 12 °C temperatiira.
Analizéjot pH izmainas nogatavinaSanas laika, jauzsver, ka, Iidzas ierauga
mikroflorai, Krievijas sieru nogatavinasana darbojas ari L.curvatus, L.plantarum,
L.paracasei un Leu.lactis (5. un 6. tab.).

Vairaki autori norada siera palikusas laktozes hidrolizes laiku piecas dienas
(Rotaru et al., 2008), pret&ji siera tehnologijas gramatas (Eck, 1996; Ozola, 1997;
Benosa u ap., 1984; Junansz, 1973) mingtajam Iidz 15 dienam.

Galvenais laktozes parvertibu produkts ir pienskabe, kuras koncentracija ir
atkariga no vairakiem faktoriem, t.sk. pienskabes baktériju ierauga sastava.
Homofermentativas pienskabes baktérijas pilniba parver§ piena cukuru pienskabg,
Leuconostoc spp. un aromatveidojosas Lactococcus spp. Iidzas pienskabei rada arl
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spirtus, organiskas skabes, oglskabo gazi, acetotnu un diacetilu. Pienskabas riigsanas
procesu, t.sk. pH dinamiku, siera nosaka pienskabes bakt€riju sugu attiecibas ierauga,
to funkcionalas Ipasibas un siera razoSanas procesa iekluvust mikroflora.

Eksperimentalo sieru pH nogatavinasanas beigas svarstas robezas no 5,42 lidz
5,7, tas at8kiras no dazadas sieru tehnologiskajas instrukcijas minéta, Krievijas sieram
sasniedzama, pH 5,25 —5,35.

Bitiski atSkiras pH dinamika Krievijas siera ar paatrinato nogatavinaSanu. pH
izmainas tajos ir Iidzigas Holandes siera notiekosajam (7. att.). Tas skaidrojams ar
paatrinatu proteolizi un sarmaino proteolizes produktu veidoSanos un rezult€jas
straujaka pH dinamika no 5,49 Iidz 5,70 Krievijas siera un no 5,48 lidz 5,74 Holandes
siera.

Verojot pH izmainas Holandes sieros I un II, var secinat, ka pirmajas 15
nogatavinasanas dienas pH samazinas neatkarigi no izv€letds nogatavinasanas
temperatiiras. Dazados avotos noraditais Holandes sieru pH péc 3 dienu
nogatavina$anas sasniedz 5,2 — 5,25. Saja pétijuma eksperimentalo sieru sakotngjais
pH nebija zemaks ka 5,39. AtSkiribas skaidrojamas gan ar tehnologiska procesa
niansém, gan lietoto ieraugu veidu (Skidrais vai liofilizetais) un piena kvalitati. Bez
tam, jamin ieverojami atSkirigais laktozes saturs piena — 5,3 %, salidzinot ar literatiira
doto informaciju (4,7 %) (opbaroBa, 1984), un augstais laktozes saturs siikalas — 5 %
(prakses dati).
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7.att. pH dinamika eksperimentalajos Holandes sieros nogatavinasanas laika
Fig.7. The dynamics of pH of experimental Holandes cheeses during ripening

Atskiribas verojamas arl pH dinamika, mainot ierauga sastavu, Holandes
sieriem.
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Lai parliecinatos par pH ietekmi gan uz siera elastibu, gan tdens aktivitati,
veikta mingto raditaju korelacijas analize. legiitie rezultati rada, ka pastav cieSa
negativa lineara sakariba starp p€tamajiem lielumiem, t.i. pieaugot pH, siera
konsistence kliist plastiskaka. Tas apstiprina vairaku autoru teikto (Fox et al., 2000;
Folkertsma et al., 1996; Aston et al., 1985), ka nogatavinaSanas laika, picaugot tident
SkistoSo slapekla savienojumu daudzumam un pienskabes izmantoSanas pakapei,
notiek pH palielinasanas un a, samazinasanas. a,, eksperimentalajos Krievijas sieros
nogatavinasanas laika mainas no 0,994 lidz 0,960, bet Holandes sieros no 0,995 lidz
0,971. Marcos un Esteban (1982) atzimg, ka tikko pagatavota siera idens aktivitate ir
robezas 0,985-0,997, bet nogatavinasanas laika ir verojams tas pakapenisks
samazinajums lidz 0,940-0,980. Saskana ar Beresford u.c. (2001) pétijumu atzipam,
tdens aktivitates samazinajumu nogatavinasanas laika var skaidrot ar tdens
iztvaikoSanu, tdens patéréSanu hidrolizes reakcijas, ka ar1 tauku un olbaltumvielu
hidrolizes laika radugos mazmolekularo savienojumu akumulaciju. Sie savienojumi
veicina ar1 pH kapumu un elastigakas siera konsistences iegtiSanu.

7. Identificétas aromatveidojosas vielas eksperimentalo Krievijas un
Holandes sieru nogatavinasanas laika

Katra analizEtaja parauga konstatétas - etikskabe, sviestskabe, heksanskabe,
oktanskabe, ka ar1 atseviSskos sieros - propionskabe, nonanskabe, dekanskabe,
dodekanskabe un oktadekanskabe. Krievijas siera II, neatkarigi no nogatavinasanas
apstakliem, noteikta oktadekanskabe. Propionskabe konstatéta tikai Holandes siera II,
ka ar1 bitiskas atSkiribas sviestskabes un heksanskabes koncentracijas konstatétas
tikai Holandes siera II, nogatavinot 12 °C. Tiesi 1so un vid&jo k&zu taukskabes ir
svarigas siera garSas un smarzas veidoSana. Tas var veidoties lipolizes rezultata,
aminoskabju parvertibas, laktozes hidroliz€ vai no aldehidiem un ketoniem.

Eksperimentalajos sieros identific€ti ari spirti, kuri produktam pieskir,
atkariba no koncentracijas un veida, saldas, alkohola vai rugtenas notis, dazreiz to
klatbtitne siera rada garSas nesabalansé&tibu.

Butan-2-ols ir uztverts Krievijas siera I paraugos, kuri nogatavinati 12 °C. Dazi
autori norada uz netipisko pienskabes baktériju lomu butan-2-ona un butan-2-ola
veidosana (Hannon et al., 2006). 3-metilbutan-1-ols tika identificéts Krievijas sieros,
ka arl 12 °C nogatavinata Holandes siera III. 2-metilpentan-3-0ls noteikts tikai
Krievijas siera I. Savukart pentan-1-ola klatbuitne konstateta Krievijas siera I, ka art
6 °C temperatiira nogatavinata Holandes siera III.

Paraugos noteikti gan linearas, gan sazarotas kédes aldehidi. Linearas k&des
aldehidi var veidoties no nepiesatinatam taukskabém B-oksidésanas laika, ka arT no
aminoskab&m Strecker degradacijas cela. Sazarotas kédes aldehidi ir atvasinati no
izoleictna un leicina (McSweeney et al., 2000; Yvon et al., 2000). Atkariba no
koncentracijas, aldehidi piedod sieram saldu vai zalas zales gar$u (Curioni, Bosset, 2002).

Nonanals noteikts gan Holandes I un II, gan Krievijas I un II sieros. Sis aldehids
konstatéts arT Holandes siera III, nogatavinot 6 °C. Heksanala klatbiitne noteikta
Krievijas sieros I un III, ka ar1 6 °C temperatura nogatavinata Holandes siera II, bet
oktadekanala - Holandes siera III.
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3-metilbutanals ir identificets 12 °C nogatavinatos Holandes sieros II un III, ar1
Krievijas siera II neatkarigi no nogatavinasanas temperatiiras. 3-metilbutanala un
acetaldehida klatbtitne veérojama Krievijas siera I visa nogatavinasanas laika.

No ketoniem visvairak siera gar§u un smarzu ietekmé pentan-2-ons, diacetils un
heptan-2-ons (Carbonell et al., 2002). Butan-2-ons konstatéts Krievijas sieros I un III,
ka arT Holandes siera II. Savukart diacetils un acetoins ir identificéti Holandes un
Krievijas siera paraugos neatkarigi no nogatavinaSanas temperatiiras. AtSkiribas
heptan-2-ona koncentracija konstatétas Holandes sieros I un II, nogatavinot 12 °C.
Propan-2-ona klatbiitne noteikta tikai Krievijas siera 1. 6 un 12 °C nogatavinatos
Holandes siera III paraugos identificgti pentan-2-ons un nonan-2-ons. Pentan-2-ona
klatbiitne Krievijas siera I noteikta visu nogatavinasanas laiku, bet citos paraugos §1
viela nav konstatéta. Nonan-2-ons identificéts Holandes I un II, arT Krievijas I sieros
neatkarigi no nogatavinasSanas apstakliem, bet Krievijas siera III tikai 12 °C
temperatiira nogatavinata parauga. Undekan-2-ons un oktan-2-ons, attiecigi, noteikti
6 un 12 °C nogatavinata Holandes siera III. Krievijas siera I undekan-2-ons konstatéts
visu nogatavinasanas laiku.

Analiz&tajos paraugos noteikti arT laktoni. §-nonalaktona klatblitne konstateta
Holandes sieros, bet  8-dodekalaktons un §-dekalaktons Krievijas siera I.

Saskana ar Engels (1997) un lidzautoru, ka ari Neeter un De Jong (1992)
petijumiem, Goudas siera ir identificétas 13 aromatveidojosas vielas, kuras ir
nozimigas siera sensoro 1IpaSibu veidoSana. Diacetils, sviestskabe, butanons,
heksanals un pentanals, 3-metilbutanals, 3-metilbutan-2-ons, metantiols,
dimetilsulfids, 2-metilpropanols un dimetiltrisulfids. Minétas vielas apzinatas arl
eksperimentalajos Krievijas un Holandes sieros.

Kopuma 44 aromatveidojosas vielas ir noteiktas eksperimentalajos Krievijas un
Holandes sieros. Aromatveidojosas vielas ir oglhidratu, tauku un olbaltumvielu
metabolisma produkti, to izcelsme var tikt saistita ar piena kvalitati un siera esosas
mikrofloras darbibu. Tatad lielaka loma atskirigas siera gar§as un smarzas veidosana
ir jauznemas mikrofloras daudzveidibai un koncentracijai tajos.

8. Elastibas izmainas eksperimentalajos Krievijas un Holandes sieros
nogatavinasanas laika

Siera elastibu ietekmeé siera sastavs, fizikali-kimiskie raditaji, biokimisko
procesu norises atrums un radusos savienojumu koncentracija, to talakas parvertibas
siera nogatavinasana. Siera elastibas raksturoSanai meérits siera saspieSanas speks
(8.un 9. att.).
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8.att. Elastibas izmainas eksperimentalajos Krievijas sieros
nogatavinasanas laika
Fig.8. The changes of elasticity in experimental Krievijas cheeses
during ripening

Siera struktlira pec pres€Sanas ir viendabiga, tomér masa ir rupja un cieta.
Nogatavinot sieru, ta konsistence izmainas. Siera masas struktirmehanisko IpaSibu
izmainas periférija notiek intensivak neka siera centralaja dala, masas nobliveSanas
un apzaveéSanas del. Lidzas siera masas noblivésanai notiek olbaltumvielu hidrolize.
Lielakai dalai sieru ag kazeins tiek hidrolizéts Phe,; — Phe,, peptidsaité ar siera
palikusa himozia palidzibu agrinaja nogatavinasanas laikaa. oy kazeina hidrolizes
produkts ir hidrofobs, tas veicina Gidens iztvaikoSanu un siera cietibas samazinasanos
(I'opbatoBa, 1984).

Krievijas sieru elastibas dispersijas analizes rezultati paradija, ka paraugu
elastibu biutiski ietekm& nogatavinaSanas temperatira (p<0,05). Visos paraugos
vérojams pakapenisks elastibas pieaugums. 12 °C nogatavinatajiem paraugiem
elastibas izmainas notiek straujak. Pieméram, Aston u.c. (1985) un Folkertsma u.c.
(1996) konstatgja, ka, paaugstinot nogatavina$anas temperatiiru, paatrinas proteolize
un siera verojamas konsistences izmainas plastiskakas un maigakas struktiiras
virziena ar straujaku garSas un smarzas veidosanos.

Nogatavinasanas beigas mikstaka konsistence bija Krievijas sieram III. To
iespgjams skaidrot ar lietota ierauga Ipatnibam, proteolizes un lipolizes procesu
straujaku norisi nogatavinasanas laika. Lidziga aina v€rojama ar1 Holandes siera
paraugiem (9.att.).

Holandes sieru elastiba ir atkariga no nogatavinasanas temperatiiras (p<0,05).
Lénak elastibas izmainas notiek paraugos zemaka nogatavinasanas temperatiira.

32



Nogatavinot sieru zemaka temperatiira, kavetu biokimisko procesu del, sieram ir
stingraka un cietaka konsistence.
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9.att. Elastibas izmainas eksperimentilajos Holandes sieros nogatavinasanas laika
Fig.9. The changes of elasticity in Holandes cheese samples during ripening

Siera elastiba ir atkariga no k-kazeina kimiska sastava, 1pasi kalcija satura taja.
Ja pH ir zemaks par 5,3, no kompleksa at$kelas koloidalais kalcija fosfats, ja pH ir
virs 5,3, kalcijs saistas ar olbaltumvielam. Lidz ar pH izmainam siera nogatavina$ana
un olbaltumvielu parveértibam no Gident neskistosam lidz Skisto$am, palielinas saistita
un samazinas briva tidens saturs taja. Pieaugot pH no 4,9 lidz 5,4, siera masa kliist
elastigaka un plastiskaka.

Lielakai dalai 12 °C nogatavinatu eksperimentalo Holandes un Krievijas siera
paraugu, noverojams straujaks elastibas pieaugums no 15. Iidz 30. nogatavinasanas
dienai. Analizgjot pienskabes bakteriju koloniju veidojoSo vienibu skaita dinamiku,
tie$i Saja laika ir intensiva mikroorganismu vairo$anas, tatad ari baribas vielu
paterins. Rezultata veidojas tauku un olbaltumvielu metabolisma starpprodukti un
galaprodukti, radot plastiskaku un elastigaku siera konsistenci.

9. Eksperimentalo Krievijas un Holandes sieru sensoro ipasibu
novertéjums

Lai analiz€tu nogatavinaSanas temperatiiras ietekmi uz sensoro Tpasibu
veidoSanos Krievijas un Holandes sieros, veikta sensora analize 60 dienas
nogatavinatajiem eksperimentalajiem Krievijas  siera III un Holandes siera III
paraugiem (10. un 11.att.).
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10. att.Eksperimentala Krievijas siera III sensoro ipasSibu staru diagramma
Fig.10. Star diagram of sensory properties of experimental Krievijas cheese 111
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11.att. Eksperimentala Holandes siera I1I sensoro ipasibu staru diagramma
Fig.11. Star diagram of sensory properties of experimental Holandes cheese 111

Dispersijas analizes rezultati paradija, ka Krievijas siera Il paraugi atSkiras ar
skabumu un konsistenci, 6 °C nogatavinatais paraugs bija cietaks un mazak skabs.
Savukart Holandes siera III atskiriba vérojama tikai gar$a un smarza. Vertésana
noskaidrots, ka 12 °C nogatavinatajam sieram garSa un smarza ir izteiktaka.

Vertetaji ir atzimgjusi izteiktaku Krievijas siera III skabumu, kas nogatavinats 12 °C.
To var skaidrot ar mikrofloras ietekmi. Leuconostoc spp. batiski atSkiras no citam
netipiskajam pienskabes bakterijam. To primara funkcija ir producgt acetatu, oglekla
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dioksidu, diacetilu, acetoinu un 2,3-butandionu, kas rodas citratu metabolisma
(Waagner Nielsen, 2004). Producgjot oglskabo gazi, Leuconostoc spp. ir atbildigas
par acojuma veidoSanos Edamas, Goudas, ar1 Holandes sieros, kamér diacetils un
acetoins veido biezpienam un majas sieram raksturigo smarzu. Smarzas nianses
rezult§jas ari analiz€to paraugu gar$a. Bez tam Leuconostoc spp. ir bagati ar
starpS§tinu  proteolitiskajiem fermentiem un esterazu aktivitati. Tas var skaidrot
atskiribas Krievijas siera III, nogatavinot 12 °C. Leuconostoc spp. var sekundari
ietekme@t siera kvalitati, sekmg&jot proteolizi un lipolizi. Tomeér Sai atzipai ir
nepiecieSami preciz&jumi, jo petnieciskie darbi atbildes nesniedz.

12 °C nogatavinata parauga izteiktaka, elastigaka konsistence ir skaidrojama ar
olbaltumvielu hidrolizes pakapi. Nogatavinot sierus augstaka temperatiira, straujak
pieaug brivo aminoskabju un amonjaka saturs, ka arl nogatavinasanas sakuma
radusies pienskabe tiek racionali izmantota talakajos parvertibu procesos. Notiekosas
parvertibas sekmeé pH kapumu, ietekmé&jot plastiskakas siera konsistences iegtiSanu
(Waagner Nielsen, 2004).

Izteiktaku garSu un smarzu Holandes sieram III var skaidrot ne tikai ar augstaku
nogatavinasanas temperatiiru, bet ari ar izmantoto ieraugu. Apstaklos, kad ir
intensificéti visi $Gna notiekoSie procesi, notiek atraka ierauga bakteriju S$Unu
atmirSana un atbrivojas endogénie fermenti, kuri piedalas proteolizes un lipolizes
reakcijas. Rezultata veidojas siera garSu un smarzu bagatinoSas aromatveidojosas
vielas, ka ar tiek paatrinata siera nogatavinasana.

Mikrofloras kvalitativais un kvantitativais sastavs, to darbibas rezultata radusas
vielas, veido sieriem noteiktas sensoras Ipasibas. Ar So atzinu var skaidrot ari
atSkirigas sieru sensoras ipasibas, vertgjot komercialos un eksperimentalos Holandes
un Krievijas sierus.

IETEIKUMI SIERA RAZOTAJIEM

Nemot vera tik pretrunigo informaciju zinatniskaja literatira par netipisko
pienskabes bakteriju ietekmi uz sieru aromata veidoSanu, razotajiem ieteicami dazadi
risindjumi siera kvalitates nodroSinasana:

1) Lactobacillus spp. augsanas inhib&$ana, lietojot partikas piedevas, antimikrobialas
vielas vai aizsargkultiiras;

2) attiecigajai siera $kirnei noteiktas nogatavinasanas temperatiiras uzturé$ana;

3) specifisku mezofilo Lactobacillus gints sugu / celmu kombingSana ieraugos,
nodrosinot tikai kontrolétu sugu / celmu domin&Sanu netipisko pienskabes
bakteriju mikroflora sieru nogatavinasanas laika;

4) netipisko pienskabes bakteriju koloniju veidojoSo vienibu skaita limitu noteikSana
piena un citi apstrades procesi;

5) biofilmu klatbuitnes kontrole iekartu virsmas.

Netipisko pienskabes bakteriju populaciju var kontrolet, pievienojot
konservantus, bez ieverojamas ietekmes uz ierauga pienskabes bakteriju darbibu.
Konservanti samazina mezofilo Lactobacillus spp. augSanas intensitati, bet pilniba
neinhib@ tos. Konservantu pievienosana neietekmé proteolizi, sieros var noverot pat
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augstaku aminoskabju koncentraciju. Nav 1sti izzinats, kas sekmé to picaugumu. To
skaidro ar konservantu izsauktu ierauga parstavju autolizi un endofermentu
atbrivoSanos.

Ierauga baktérijas ir spgjigas producét bakteriocinus. Tie inhibé mezofilas
Lactobacillus spp. Saskana ar literatiiras atzinam, ierauga sastava ieklaujot lakticinu
un citas bakteriocinus producgjosas pienskabes bakteriju sugas, netipiskas pienskabes
bakterijas sieros netiek konstatgtas Iidz pat 6. nogatavinaSanas ménesim.

Bez mingto bakterioctnu pievienoSanas var pieminét aizsargkultiiras, kuras atrod
arvien plasaku pielietojumu sieru razosana. Tas ne tikai nomac patogénu, ar raugu un
pelgjumu vairo$anos produktos, bet ierobezo heterofermentativo pienskabes bakteriju
augSanu.

Lai kontrol€tu sieru nogatavinasanas atrumu un mezofilo pienskabes bakteriju
augSanas dinamiku, vairaki zinatnieki ir piedavajusi nogatavinasanas temperatiiras
samazina$anu. Samazinot nogatavinaSanas temperatiiru, tiek kavéta mezofilo
pienskabes bakteériju augSana, toméer sierus no tam atbrivot nav iesp&jams. Arl $aja
petijuma konstatéts, ka netipisko pienskdbes baktériju koncentracija 6 un 12 °C
temperatiira nogatavinatos sieros at$kiras vismaz par vienu lg vertibu, augstaka
koncentracija konstatéta 12 °C nogatavinatos sieros. Mingta atzina ir janem vara, jo
nogatavina$anas temperatlira ir pakartota biokimisko procesu norises atrumam
konkréta siera razosana. Jebkura izmaina butiski ietekmeé kompleksos siera sensoros
raditajus. Ar So atzinu var skaidrot atSkirigos eksperimentalo Holandes un Krievijas
sieru sensoros raditajus: garSu un smarzu, Krievijas sieram ar1 konsistenci.

Mezofilo pienskabes baktériju izoléSana no sieriem un to pievienoSana pienam
siera razosSana, ir plasi pétita un praktizéta pedgjos gados. P&tfjumu atzinas ir loti
dazadas, vieni autori uzrada to pozitivo efektu, citi zino par negativo ietekmi uz siera
aromatu. Skaidrojumu tik atSkirigam pétniecisko darbu atzinam jamekl€ atlasito
celmu aromata potenciala un pievienoto celmu augsanas iesp&jam siera. Jaunakie
petnieciskie rezultati norada uz pozitivu efektu, pievienojot no siera izoléto
pienskabes baktériju sugu (L.helveticus, L.plantarum, L.paracasei) konkr&tus celmus.
Lai gan tas ir perspektivakais virziens siera razoSana, tomér Latvija vél neparbaudits.
Te ir nepiecieSami p&tijumi, nemot véra nianses saldpiena sieru razosana.

Turklat netipisko pienskabes bakteriju darbibas kavesanai siera, t.sk. iesp&jamo
defektu noveérsanai, biitu ieteicams kontrolét to Ipatsvaru piena, nosakot attiecigos
limitus vai praktiz€t termizaciju, paredzot pienu parstrades uzn@muma uzglabat ilgak
neka 12 h. Dazadas pasaules valstls noteiktie kritiskie limiti mezofilajam
netipiskajam pienskabes baktérijam 1ml piena ir 10° KVV. Cenoties izpildit to
krit€riju, rodas iespgjas siera razo$anai novirzit kvalitativu pienu, mazinat iespgjamos
sieru defektus.

Netipiskas pienskabes bakterijas ir aktivas biofilmu veidotajas. Ipasi jaatzimé
L.curvatus raditas biofilmas. Tas ir loti izturigas iekartu sanitaras apstrades procesos.
Ar1 analizétajos komercialajos un eksperimentalajos Krievijas un Holandes sieros
konstateto L.curvatus klatbiitni, pat dominéSanu visa sieru nogatavinasanas laika, var
skaidrot ar biofilmu esamibu sieru razoSanas tehnologiskajas iekartas. To novérSanai
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ieteicama biezaka sanitaras apstrades Iidzeklu rotacija vai regularaka biofilmu
kontrole iekartu virsmas.

Minétie pasakumi var palidzét celt Holandes un Krievijas sieru konkurétsp&ju un

nodro§inat nemainigu produkta kvalitati.

10.

SECINAJUMI

Latvijas piena parstrades uzp@mumos razotajos Holandes un Krievijas sieros
konstatgtas pastavigas fakultativi heterofermentativas Lactobacillus gints sugas.
Izolgto netipisko pienskabes bakteriju sugu vidi komercialajos Holandes sieros
domingja L.paracasei subsp. paracasei 1 un L.paracasei subsp.paracasei 2, bet
Krievijas sieros — L.curvatus un L.plantarum 2. Analiz&tajos komercialajos sieros
biezak konstatetas netipisko pienskabes bakteriju asociacijas nevis vienas sugas
domingsana.

Izoléto netipisko pienskabes baktériju sugu vidii eksperimentalajos Holandes
sieros domingja L.paracasei subsp.paracasei, L.plantarum, L.curvatus un
L.rhamnosus, bet Krievijas sieros — L.curvatus, L.paracasei subsp.paracasei,
L.plantarum un Leu.lactis.

Identificétas Lactobacillus spp. un Leu.lactis labi adaptjas mainigajos siera
nogatavinasanas parametros, to populaciju un vairo$anas atrumu ietekmé sieros
esoSo substratu daudzveidiba.

Eksperimentalajos sieros netipisko pienskabes bakteriju sugas varie
nogatavina$anas laikd un procesa beigas ir parstavétas ar vienu Lactobacillus
gints sugu, biezak L.curvatus, L.paracasei subsp.paracasei vai L. plantarum.
Izveletas nogatavinasanas temperatiiras un ilgums ietekmé pienskabes bakteriju
sugu daudzveidibu eksperimentalajos Holandes un Krievijas sieros. Dazados
uznémumos razotie vienas $kirnes sieri atskiras ar Lactobacillus gints parstavjiem
un koloniju veidojoso vienibu skaitu. Tas apstiprina darba izvirzito hipotézi, ka
razoSanas un nogatavinaSanas apstakli konkréta uzpemuma biutiski ietekme
mikrofloras daudzveidibu siera.

Noteikto aromatveidojoSo vielu sastavs neatSkiras eksperimentalajos vienas
Skirnes sieros, bet to koncentraciju nosaka ierauga veids, siera mikroflora,
izveletas nogatavinasanas temperatiiras un ilgums.

Netipiskas pienskabes bakterijas siera rada lielaku butan-2-ola, butan-2-ona un
metionala koncentraciju, to darbibas rezultata veidojas arT 3-metilbutanals un
dimetiltrisulfids. So vielu koncentracija siera sekmé atskirigas gar§as un aromata
pasibas.

Petfjuma konstatéta cieSa korelacija starp pH, a, un elastibu eksperimentalajos
Holandes un Krievijas sieros. Ta norada uz biokimisko un mikrobialo procesu
norises intensitati siera nogatavinasana.

Netipisko pienskabes baktériju darbibu ieraugs ar lielaku proteolitisko un
lipolitisko aktivitati biitiski ietekm& nevar, tomér pH picauguma dinamika,
pienskabes baktériju koloniju veidojoSo vienibu skaits un to vairo$anas atrums, ari
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11.

12.

13.

sugu daudzveidiba Krievijas III un Holandes III sieros atSkiras no citiem
eksperimentalajiem sieriem.

legiitie petfjuma rezultati nedod pamatu netipisko pienskabes bakteriju klatbttni
siera vertet negativi, to ietekme ir atkariga no sugas un celma patnibam, koloniju
veidojo$o vienibu skaita produkta.

L.curvatus, dominéSana siera nogatavinasana, rada konkretajai Skirnei
neraksturigu garSu un aromatu, aromatveidojoso vielu sastava, satura un
kombinaciju d&l. Biezak to novéro 6 °C nogatavinata siera.

Ieteicama Krievijas un Holandes sieru nogatavinasanas temperatiira 12 °C veicina
L.paracasei un L.plantarum vairo$anos, kuras uzlabo siera sensoros raditajus.
Atsevisku So sugu celmus varétu perspektivi lietot sieru razoSana, gan
nogatavinasanas procesa paatrina$anai, gan sensoro Ipasibu pilnveidei.
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TOPICALITY OF THE RESEARCH

Cheeses manufactured in Latvia should be characterized as a product of a
changing quality. Quality of cheese is determined by several factors, in certain order
being: quality of milk, production technology, cleanness of equipment and
technological premises. Cheese is a product which obtains its properties during
several weeks, months, even years, so within a certain period of time. During this
time relevant defects will show up if any of the above mentioned factors are
exceeded.

Basis of the cheese manufacturing — the raw milk — is a natural growth medium
for microorganisms. Composition and quality of microflora are determined not only
by hygiene observation in the places of milk production and processing, rapidity of
milk cooling and temperature, but also by microflora in the air of dairy environment,
on the surface of equipments and premises. An integral part of milk microflora is the
non-starter lactic acid bacteria - L.casei subsp. paracasei, L.plantarum, L.rhamnosus,
L.curvatus, L.brevis, L.fermentum; Leu.lactis, Leu.cremoris; E.faecium, E.faecalis,
E.durans and Pediococcus spp.: P.pentosaceus, P.acidilactici.

Pasteurization regime selected in cheese manufacturing is able to destroy
essential microflora, enzymes and pathogens in milk. It should be noted that
inactivation level of microorganisms depends on the count of microorganisms,
growth phase and other factors. Bactofugation, microfiltration, and application of
food additives, cannot significantly decrease the proportion of Lactobacillus spp. and
Leuconostoc spp. in milk. Defects caused by non-starter lactic acid bacteria are found
in all dairy products, but the most problematic they are in cheeses.

Early blowing caused by non-starter lactic acid bacteria is often mixed up with
coliform bacteria. Non-starter lactic acid bacteria, mostly heterofermentative, produce
diacetyl and acetoin, and high amounts of carbon dioxide. Carbon dioxide forms
many small holes in cheese, and sometimes a significant gas pressure results in a
sponge-like cheese texture. ldentical defect is caused by coliform bacteria. This
defect occurs during the beginning of cheese ripening while there is lactose in it.
Notwithstanding the both defects express equally, but the causative agents are
different. Technological methods to fight coliform bacteria differ as well. If milk is
produced according to hygienic requirements, food additives are not necessary for
decreasing of activity of coliform bacteria. Over consumption of sodium nitrate is
not beneficial for consumers. Cheesemakers are confused about the defect, its origin
and possible solution. Moreover, the produced aroma compounds — diacetyl and
acetoin can impart the product with uncharacteristic flavour similar to cottage cheese.

Alongside with the above mentioned defects, a bitter taste of cheeses is also
detected. Such taste could be produced also by the non-starter lactic acid bacteria.
Enzymes produced by Lactobacillus spp. are able to hydrolyze casein forming the
bitter peptides, which influence flavour characteristics of cheese.

It should be mentioned that non-starter lactic acid bacteria after autolysis of
starter bacteria become the dominating microflora. They have different functions in
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cheese ripening, including formation of aroma, controlling of the growth of
pathogens, hydrolysis of proteins, etc, some of them have even probiotic functions.

The non-starter lactic acid bacteria could not be evaluated unambiguously.
Individual strains of species are used for acceleration of cheese ripening, stimulation
of hydrolysis of proteins and enhancement of concentration of the free amino acids
contributing to flavour and aroma of a well ripened cheese. It should be noted that the
role of non-starter lactic acid bacteria in determination of the cheese quality is still
unclear. The only way how to ensure quality of cheese by controlling the biochemical
processes and analysing the diversity of microflora during the ripening, are
corrections in the technological process.

The following hypothesis has been created: manufacturing and ripening
conditions at the cheese plant have significant impact on the diversity of microflora
and formation of the sensory properties in semi-hard cheeses.

Hypothesis is confirmed by the theses under defence:

1) manufacturing and ripening conditions have an impact on the qualitative and
guantitative content of the non-starter lactic acid bacteria in cheeses;

2) higher ripening temperature facilitates more rapid formation of the desirable
sensory properties in cheeses.

Object of the research:

Latvian Krievijas and Holandes cheeses.

Aim of the research:

to investigate diversity of non-starter lactic acid bacteria in Holandes and

Krievijas cheeses and to evaluate their impact on the quality of the product.
Obijectives of the research:

1) to investigate species of Lactobacillus genus in commercial Krievijas and
Holandes cheeses;

2) to analyse the sensory, physical and chemical parameters of commercial Krievijas
and Holandes cheeses;

3) to investigate variability of species of Lactobacillus genus in experimental
cheeses during ripening;

4) to evaluate impact of the selected temperature at ripening and time on the growth
rate of non-starter lactic acid bacteria in experimental cheeses;

5) to analyse changes of the sensory, physical and chemical properties of
experimental cheeses ripened at different temperature;

6) to detect aroma compounds in cheeses, dynamics of their formation and impact on
the quality of cheese.

Novelties of the research and the scientific importance:

1) microflora of Krievijas and Holandes cheeses has been investigated,
identification of species and strains of Lactobacillus genus performed and the
impact of microflora on the quality of cheese analysed;

2) impact of the ripening regimes on the growth rate of non-starter lactic acid
bacteria in cheeses has been evaluated;

3) the aroma compounds in cheeses and their impact on the sensory qualities of
cheeses have been studied.
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The economic significance of the work:

Research on the diversity of non-starter lactic acid bacteria and dynamics of their
changes in cheese ripening and the role in formation of the sensory properties enable
to enhance competition of Krievijas and Holandes cheeses and to ensure quality of
the product.

APPROBATION OF THE RESEARCH WORK

The research results have been presented at international scientific
conferences and symposium in Latvia, Lithuania, Estonia, Germany, New Zealand
and Norway (see the list on pages 6).

The results of the work have been summarized and published in the Latvian
and English languages and two are submitted to be published (see the list on page 7).

MATERIALS AND METHODS

Time and venue of the research

Research reflected in this doctoral thesis has been performed from January, 2008
till September, 2010, at:

v’ the Laboratories: of Microbiology; of Sensory Evaluation; of Food Analysis; of
Packaging Material of the Department of Food Technology of Latvia University
of Agriculture;

v’ the Laboratory of the Department of Microbiology and Biotechnology of the
Faculty of Biology of the University of Latvig;

v’ Laboratory of the Department of Food Science of the Faculty of Life Sciences of
the University of Copenhagen.

Object of the research:

In order to study the non-starter lactic acid bacteria species in semi-hard cheeses
and to evaluate their impact on the quality of cheeses, including sensory
characteristics, in the first series of the research, commercial semi-hard cheeses
ripened by mesophilic lactic acid bacteria and available in retail sales were analysed.
Commercial cheeses were manufactured by dairy enterprises of Latvia, according to
technical requirements of the enterprise and recommendations of the Branch
Standards LPCS 10:2001 ,,Krievijas Cheese" and LPCS 11:2001 ,,Holandes Cheese”.
Characteristics of the analysed cheeses are provided in Table 1.

After obtaining research data on variety of non-starter lactic acid bacteria species
in commercial Holandes and Krievijas cheeses, further in the second series of the
research, samples of unripened cheeses of certain manufacturers have been analysed.
The particular enterprises for analysis of experimental cheese samples were selected,
taking as a basis amount of the processed milk in the enterprise, location, amount of
cheese production, level of technological modernization and the quality of cheese.

Further in the text for characterization of experimental cheeses and interpretation
of results the following designations are used - Krievijas cheese I, Krievijas cheese II,
Holandes cheese I, Holandes cheese 1, Krievijas cheese 111 and Holandes cheese III.
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Experimental cheeses of the JSC ‘Rigas piena kombinats’ and JSC ‘Smiltenes
piens’ are manufactured according to the technical requirements of the enterprise or
the Branch Standard. The attenuated starter with a higher proteolytic and lipolytic
activity used for Holandes and Krievijas cheese Ill. This starter is being used to
accelerate the ripening process and increase the sensory properties of cheeses.

The samples of cheese after salting were delivered to the laboratory of Dairy and
Meat Products of the Department of Food Technology of Latvia University of
Agriculture, where samples were packed in a polymer material film, and ripened at
laboratories of the Department of Food Technology of Latvia University of
Agriculture for 60 days at 6 °C and 12 °C.

Ripening temperature was chosen taking as a basis Latvian cheese making
traditions and conclusions in research articles relating variability of microflora (6 °C),
and the recommended ripening parameters (12 °C) in the manufacturing technology
of Krievijas and Holandes cheeses.

At the same time the both ripening regimes help understand better the influence
of microflora on the quality of cheese, including the formation of sensory properties.

Structure of the study

Structure of the study of commercial and experimental Krievijas and Holandes
cheeses is given in Figure 1.

Parameters and methods of analyses

Determination of the pH was performed to all experimental cheese samples,
according to LVS ISO 5546:2010 ‘Caseins and caseinates — determination of the pH’,
by using pH-meter, 3520 pH Meter’- JENWAY (Barloworld Scientific Ltd., Essex,
UK)).

Determination of cheese elasticity was performed by measuring its
compression force in commercial and experimental cheese samples. The structure
analyzer TA.XT Plus Texture Analyzer (Stable Microsystems Ltd., Surrey, UK) was
used, applying a 25.4 mm tip (P/1S — Ball Stainless), while measuring the cheese
compression force (test speed 2 mm s*, depth of press 5 mm, force applied
0.0493 N). Texture Exponent 32 program was used for processing of the results.

Determination of water activity was performed for experimental cheese
samples only, by using Meter AquaLab LITE (Decagon Inc, USA). Samples for
determination of water activity were measured in triplicate (with accuracy + 0,015).
Prior to sample analyzing calibration of the equipment was performed by means of
0.5M KCI (Lot 932375, Decagon).

Identification of aroma compounds using the solid phase microextraction was
made for three samples of commercial cheese and all experimental cheeses. Analysis
for each sample was performed in triplicate. A part of analyses were made in the
Laboratory of the Department of Food Science of the Faculty of Life Sciences of the
University of Copenhagen, identifying aroma compounds in unripened and ripened at
6 and 12 °C temperature Krievijas cheese I and commercial cheese samples. The gas
chromatograph Hewlett-Packard 1530A with a tandem mass spectrometer Hewlett-
Packard 5973 were used for analyses.
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Aroma compounds in Krievijas cheese Il, 1ll, Holandes cheese I, Il and IlI
unripened and ripened samples at 6 and 12 °C temperature within certain time, were
identified at the Laboratory of Packaging Material of the Department of Food
Technology of Latvia University of Agriculture, by using Clarus 500 GC/MS
(PerkinElmer") gas chromatograph with a tandem mass spectrometer.

Order for extraction of aroma compounds for unripened and ripened at 6 and
12 °C temperature Krievijas cheese I and commercial cheeses: four grams of sample
was weighed in glass bottle with volume 15 ml and screwed with aluminium cap.
Until analysis the sample was kept at temperature 5 °C in the autosampler Combi
Pal autosampler (CTC Analytics, Switzerland). Aroma compounds of the sample
melting and reaching equilibrium in volatile phase at 60 °C for 15 minutes, then
extraction of aroma compounds on the CAR/PDMS coated fiber (75 pum) (Supelco,
Bellafonte, PA) continued 50 minutes.

Order for extraction of aroma compounds for Krievijas cheese 11, 111, Holandes
cheese I, IT and III unripened and ripened samples at 6 and 12 °C temperature. Four
grams of sample was weighed in glass bottle with volume 20 ml and screwed with
aluminium cap. Aroma compounds of the sample melting and reaching equilibrium in
volatile phase at 70 °C for 30 minutes, then extraction of aroma compounds on the
CAR/PDMS coated fiber (75 um) (Supelco, Bellafonte, PA) continued 50 minutes.

In both cases isolation of aroma compounds in headspace was performed by gas
chromatograph equipped with capillary column J&W Scientific DB-Wax column
(30m x 0.25mm x 0.25 pm). Oven temperature from 40 °C and samlple holding time 2
min were gradually increased up to 160 °C with ascent 6 °C min~ and from 160 °C
up to 210 °C with ascent 10 °C min™ Detector temperature was 250 °C. Flow rate of
the carrier gas (helium) 1ml min™ and mode “splitless” was used. Desorption of
isolated aroma compounds longed for two minutes at 250 °C. Identification of
isolated aroma compounds with mass selective detector. lonization performed with 70
eV energy and 250 °C input temperature. Identification of aroma compounds was
made according to mass spectrum analogy with mass spectra libraries.

In samples, analyzed at University of Copenhagen, aroma compounds were
identified both on qualitative and quantitative basis. In cheeses analyzed at Latvia
University of Agriculture, aroma compounds were identified only on quality basis. In
the results section the peak area of the target compound is used for data comparison.

Sensory evaluation was performed in five Holandes and three Krievijas cheeses,
as well as experimental samples of Krievijas and Holandes cheese I1l. Experimental
samples for evaluation were chosen in order to determine microflora impact on the
samples of cheese ripened at different temperature and to analyze intensity of sensory
parameters in cheeses by means of accelerated proteolysis and lipolysis.

Evaluation of all cheeses was performed according to 1ISO 4121:1987, analyzing
intensity of sensory parameters of cheese - colour, texture, holes and flavour. Trained
panelists took part in the evaluation of samples.

Determination of Lactobacillus spp. was performed in all analyzed samples of
commercial and experimental cheeses, according to LVS 1SO 15214:1998 by using
MRS agar media (Scharlau, Spain). Media was prepared according to LVS CEN
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ISO/TS 11133-1:2009. Sample dilutions were performed according to LVS EN ISO
8261:2002 and ISO 6887-5:2010.

Colony forming units of the lactic acid bacteria were determined by means of
ISO 15214:1998. The chosen parameters for cultivation of lactic acid bacteria in
MRS agar were 72 hours at 37 °C, taking as a basis regimes recommended in the
scientific literature (Coeuret et al., 2003).

Identification of Lactobacillus spp. colonies was performed taking as a basis
fermentation of carbohydrates by using APl 50 CHL (BioMerieux, France). The
program APILAB Plus version 4.0 (BioMerieux) was used for identification of the
isolated colonies up to species.

Isolation of DNA was performed for most frequently identified representatives
of Lactobacillus spp. species - L.plantarum 1, L.curvatus, by using PowerSoil DNA
Isolation Kit (MO BIO Laboratories Inc.).

Polymerase chain reaction analysis. Polymerase chain reaction analysis was
performed for confirmation of the isolated Lactobacillus species.

The obtained sequences were analyzed at Staden Package 1.6.0. release
(http://staden.sourceforge.net/) and compared to sequences available in the data base
BLAST (www.ncbi.nlm.nih.gov).

Data mathematical treatment was performed by using StatistiXL and
Microsoft Excel programs. For the processing of results, single factor analysis of
variance, Tukey’s test and correlation analysis were used. The mean and the standard
deviation of experimental data were determined.

RESULTS AND DISCUSSIONS

1. Lactobacillus spp. in commercial Krievijas and Holandes cheeses

During analysis of commercial Krievijas cheeses, L.curvatus and L.plantarum 2
associations were identified, and domination of one species was determined. Each
cheese has characteristic microflora, and microflora composition even in cheese of
the same variety made by different manufacturers can differ (Tab. 2).

Non-starter lactic acid bacteria were isolated from all commercial cheeses. One
of the main sources of non-starter lactic acid bacteria is milk. Lactobacillus spp. can
survive during pasteurization or get into cheese from starter, equipment, brine, and
packaging material. This was observed during production of Cheddar cheese, while
manufacturing the product in the presence of L.curvatus and L.fermentum biofilms
was made. In the ripened cheese different strains of L.curvatus were found (Somers et
al., 2001). It should be mentioned that biofilms made by L.curvatus can survive
cleaning and sanitising treatments. L.curvatus is the dominating non-starter lactic acid
bacteria species in Krievijas cheeses obtained in commercial samples.

L.plantarum was determined in Krievijas cheeses of JSC ‘Trikatas piens’ and
JSC ‘Rigas piena kombinats’, and is one of the most frequently found representatives
of non-starter lactic acid bacteria that get into cheese from milk, production
equipment or air (Fox et al., 2000). In its turn, L.acidophilus in Krievijas cheese of
JSC ‘Rankas piens’ is an evidence of it gain entry into cheese from air, the dairy
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environment and the surfaces of equipments, because L.acidophilus is widely used in
production of fermented milk products.

After summarizing the above mentioned information, L.curvatus found in
commercial Krievijas cheeses could be explained by the presence of biofilms in the
cheese manufacturing equipment. After making such a conclusion, we can only
advice a more frequent rotation of sanitising detergents and control presence of
biofilms in enterprises.

Microflora in Holandes cheeses (Tab. 3) was represented by L.paracasei
subsp.paracasei 1, L.paracasei subsp.paracasei 2 and L.rhamnosus associations, and
only in the product of JSC ‘Valmieras piens’ was found association L. curvatus and
L. plantarum 2. All these species, according to researches by Coppola et al. (1997)
and Fitzsimons et al. (1999), are considered a non-starter microflora, which most
frequently are being isolated from semi-hard cheeses.

Comparing the microflora in Krievijas and Holandes cheeses, it is evident that
non-starter lactic acid bacteria species differ not only in cheeses of the same variety,
but also in samples of cheese by different producers. At the same time, other
considerations are reflected in the works by Fitzsimons et al. (1999), Crow et al.
(2001), Antonsson et al. (2001) and de Angelis et al. (2001). When manufacturing
Cheddar cheese, the mesophilic representatives of Lactobacillus spp. were similar to
those found in the products of different enterprises even in Ireland and New Zealand.
Similar conclusions have made authors when analyzing Herrgdrd cheese (Sweden)
and mare milk cheeses manufactured in Italy. Also in Cheddar cheese manufactured
by three enterprises, similarities with prevailing species of Lactobacillus genus were
found. Thus a conclusion follows that no cheese production unit has its own unique
microflora. Differences in microflora composition in analyzed cheeses should rather
be connected with nuances of technological parameters, pH of cheese, type of the
used starter, and other factors.

Comparison of the analyzed cheeses in this work with the popular in the world
semi-hard cheeses confirms that the diversity of non-starter lactic acid bacteria
species in semi-hard cheeses produced in Latvia is similar to those species isolated
from Cheddar and Gouda cheeses. Cogan and Beresford (2002) notify that during
ripening of Cheddar cheese the domination of mesophilic L.casei, L.paracasei,
L.plantarum and L.curvatus is observed. This supports considerations about the most
frequently isolated mesophilic heterofermentative lactic acid bacteria species,
including Latvia’s cheeses.

Literature and experimental data summary shows that the non-starter lactic acid
bacteria species and their associations isolated from Krievijas and Holandes cheeses
are to be considered the most traditional and most frequently isolated non-starter
microflora in Europe’s cheeses. Alongside with non-starter lactic acid bacteria
species, count of the colony forming units of non-starter lactic acid bacteria in
commercial Holandes and Krievijas cheeses was analyzed.

Beresford (2003) states that non-starter lactic acid bacteria multiply rapidly in
cheese during the first 10 — 20 weeks of ripening, reaching amount of 10’ CFU g™
Later their concentration remains relatively unchangeable. In its turn, the maximum
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concentrations in commercial cheeses do not exceed 10° CFU g™. The difference
between the authors’ considerations and experimental data could be explained by the
quality of raw material, due to which the temperature of pasteurization and ripening is
varied during production, by the acidity of whey during the grain processing, by a
longer grain processing after the cooking and the presence of sodium nitrate in
cheeses.

The average count of the colony forming units in Krievijas cheeses is less than in
Holandes cheeses (5.53 log and 6.06 log CFU g™ respectively), which could be
explained by the nuances in production technology of both cheeses.

After evaluating diversity and quantitative composition of lactic acid bacteria
species in commercial Krievijas and Holandes cheeses, and taking into consideration
information in scientific literature about the variability of species during cheese
ripening, further in the research concentrations of aroma compounds in Holandes and
Krievijas cheeses are studied and their role in formation of sensory properties of
cheeses is analyzed.

2. Identified aroma compounds in commercial
Krievijas and Holandes cheeses

As a result of lactose, protein and fat metabolism several hundreds of different
compounds originate. Sensory properties are influenced as well by the content of fat,
protein and salt in cheese. Essentially important is not as much the amount of one or
another compound in cheese, as their proportions. The actual role of aroma
compounds in formation of a certain flavour could not be always determined, because
each one has sensory properties different from cheese (Ozola, Ciprovica, 2002).

Summarization of the identified aroma compounds in commercial Krievijas and
Holandes cheeses is given in Table 4.

In totality, in the samples were detected: acetic acid, butyric acid, hexanoic acid,
octanoic acid, nonanoic acid and decanoic acid. Their formation takes place in fat
metabolism, imparting the product with impure, bitter and soapy taste. As the number
of carbon atoms in fatty acids does not exceed 12, their role in formation of the
sensory properties in cheese could be admitted, taking as a basis the research by
Acree and Arn (2004).

Ethanol, 3-methylbutan-1-ol, pentan-1-ol, hexan-1-ol and 2-metylpentan-3-ol
were detected both in Krievijas and Holandes cheeses. Alcohols are produced as a
result of metabolism of carbohydrates, proteins and fats, and in literature they are
characterized as compounds imparting cheese with both sweet and floral, fat, alcohol,
and bitter flavour (Singh et al., 2003; Fox et al., 2000; Molimard, Spinner, 1996).

According to data by Qian and Burbank (2007), aldehydes originate as a result of
fatty acid auto-oxidation, but several branched chain aldehydes — from amino acids
through the Strecker degradation. According to results of the research by Acree and
Arn (2004), aldehydes have a low perseption threshold, therefore they should be
regarded as significant aroma contributors in cheese. 3-methylbutanal detected in
cheeses originates from leucine, with participation of Lc.lactis enzymes (Christensen
et al., 1999; McSweeney, Sousa, 2000). Acetaldehyde should be considered a product
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of pyruvate metabolism, can originate also under the influence of Lactococcus spp.
from tryptophan (Christensen et al., 1999; Fox et al., 2000). Nonanal in its turn is
produced by unsaturated fatty acids during B-oxidation. Avsar et al. (2004) proves
that 3-methylbutanal in cheeses associates with nut flavour. Acetaldehyde depending
on its concentration in the product adds sweet or strong aroma, but nonanal — flavour
associated with green grass (Fox et al, 2000).

Ketones add flavour of flowers and fruits to the cheese aroma. In the analysed
samples were identified: propan-2-one, butan-2-one, pentan-2-one, diacetyl,
heptan-2-one, acetoin and nonan-2-one. The most part of ketones originate from B-
ketoacids (Tunick, 2007). Formation of diacetyl takes place as a result of activity of
starter microorganisms in transformations of lactose and citrates. This compound acts
also as a precursor in formation of acetoin. Wilkinson and Kilcawley (2007)
emphasize formation of diacetyl, acetoin and butan-2-one as a result of
transformations of citrates in Gouda type cheeses under the influence of starter and
non-starter lactic acid bacteria.

Four benzene derivatives were detected among the aroma compounds. Toluene
which originates both from B-carotene (Molimard, Spinnler, 1996) and storing cheese
frozen, wrapped in a modified gas environment (Bosset et al., 2000), and naphthalene
in the product associate with odour of pitch and faeces (Drake et al., 2001).
Benzaldehyde and fenylacetaldehyde are compounds with flavour of almond and
roses. In their formation tryptophan and phenylalanine (Christensen et al., 1999) are
involved.

Esters, in the formation of which fatty acids and ethanol take part, were
identified in Krievijas and Holandes cheeses. They impart cheese with flavour of
flowers and fruits (Singh et al., 2003; Molimard, Spinnler, 1996).

From lactones - 3-decalactone and 3-dodecalactone were detected in commercial
cheese samples. Lactones in cheese originate from hydroxy fatty acids in
intramolecular esterification. According to data by Acree and Arn (2004), &-
decalactone and 3-dodecalactone are considered to be the most important lactones in
cheese. Lactones add fruit notes to the flavour in product.

Sulphur compounds — methional and dimethyltrisulfide were detected in the
samples as well. The previous mentioned forms as a result of methanthiol oxidation
(Bonnarme et al., 2000; McSweeney, Sousa, 2000) and in the product associates with
an odour of garlic. Methional in its turn originates from the Strecker degradation and
imparts cheese with taste and flavour of boiled potatoes. Due to the low threshold of
perception these compounds have a significant impact on formation of cheese taste
and flavour (Curioni and Bosset, 2002).

Differences in the detected aroma compounds are observed both between the
Holandes and Krievijas cheeses, and between the samples by two different producers.
When analyzing aroma compounds it was evident that toluene was identified only in
cheese by JSC ‘Trikatas piens’, but ethylbutyrate and phenylacetaldehyde - in the
samples by JSC ‘Rigas piena kombinats’. These points indicate differences in
biochemical processes, which are influenced as well by the quantitative and
qualitative content of microflora in cheese.
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Individually detected aroma compounds in commercial cheeses are able to
impart pleasant flavour notes, however, in certain combinations uncharacteristic
aroma can occur. Apart from that, sensory properties are influenced negatively by
increase of concentration of alcohols, aldehydes and ketones in cheeses. As
mentioned before, in formation of these compounds both starter and non-starter lactic
acid bacteria are involved. Concentration of aroma compounds differs even in
cheeses of one variety, similarly to the identified non-starter lactic acid bacteria
species. Detection of aroma compounds in cheeses and determination of their
concentrations give no reason yet to assure the undesirable impact of non-starter
lactic acid bacteria on the cheese flavour.

3. Evaluation of sensory properties of commercial
Krievijas and Holandes cheeses

Evaluation results of the sensory properties of Krievijas cheese are provided in
Figure 2. A significant difference in the texture, holes, acidity and bitterness of
cheeses was found by the dispersion analysis.

Tukey’s test results show that Krievijas ‘Limbazu’ cheese of the JSC ‘Rigas
piena kombinats’ is more acid and bitter than others. Krievijas cheese of the JSC
‘Trikatas siers’ in its turn was evaluated as hard, without holes. Krievijas cheese of
the JSC ‘Smiltenes piens’ gained the highest evaluation in the respect of holes, as
well as being less bitter and salty. If analyze cheese taste defects and their origins,
bitter taste is one of the main problem in cheese manufacturing when using
mesophilic starters (Singh et al., 2003).

Elevated ripening temperature intensifies fermentative processes and stimulates
the growth of non-starter lactic acid bacteria, thus resulting in various defects in
cheeses. Low ripening temperature in its turn contributes to formation of bitter taste,
hindering further transformations of products of the primary hydrolysis of proteins.
By the biochemical processes during the cheese ripening and by the content of
microflora in cheese could be explained differences of the sensory properties in the
analyzed cheeses.

The most part of Holandes cheeses (Fig. 3) were evaluated similarly, differences
were detected only in texture and saltiness.

According to the Tukey’s test results, products manufactured by the JSC
‘Cesvaines piens’ were evaluated as too hard and bitter by panelists. Holandes cheese
by the JSC ‘Rigas piena kombinats’ was evaluated as the most bitter one.

Texture and bitterness of cheese is dependant on the manufacturing process.
Texture depends on the composition of raw materials and cheese ripening conditions.
Banks (2007) in the formation of cheese texture stresses significance of the added
starter, rennet, amount of salt and duration of grain processing.

According to data by Lawrence et al. (1987) in the first two weeks of ripening
the cheese texture is influenced at the greatest extent, because o casein is hydrolysed
up to ag—I casein, with participation of rennet. Cheese obtains a softer texture as a
result. Changes in texture continue during ripening, involving proteinases and
peptidases released by the starter and non-starter lactic acid bacteria. As a result
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ammonium and other water-soluble nitrogen compounds are formed that increase the
pH of cheese and influence its texture (Fox et al., 2000).

Texture of commercial cheeses was evaluated also by texture analyzer measuring
the compression force of the samples. By dispersion analysis and determination of
cheese elasticity significant differences were found between the elasticity of
Holandes and Krievijas cheeses (p<0.05). Use of Tukey’s test helped to detect the
differences — in Holandes cheeses they exist among all samples, except the hardest
ones — cheeses of JSC ‘Trikatas piens’ and JSC ‘Smiltenes piens’, but in Krievijas
cheeses — the hardest texture was of Krievijas cheese of the JSC ‘Rankas piens’. In
the sample of JSC ‘Rigas piena kombinats’ with trade mark ‘Old Farmer’, the most
elastic texture was detected that differs from the maximum value for 45%.

Comparing the microflora in Krievijas and Holandes cheeses, it is evident that
non-starter lactic acid bacteria species differ not only in cheeses of the same variety,
but also in samples of cheese by different producers. Differences in microflora of the
analyzed cheeses should entail nuances of technological parameters, the pH of
cheese, type of the used starter, and other factors. Summarization of literature and
experimental data confirm that non-starter lactic acid bacteria species and their
associations isolated from commercial Krievijas and Holandes cheeses are to be
considered the most traditional and most frequently isolated non-starter microflora in
cheeses.

Analyzing concentrations of aroma compounds in commercial Holandes and
Krievijas cheeses, differences were observed between the two varieties of cheeses,
and between the samples of the same variety but different producers. This only points
to differences in biochemical processes, which are influenced as well by the
quantitative and qualitative content of microflora. As a result the sensory properties
of commercial cheeses differ considerably.

4. Lactobacillus spp. in experimental samples of
Krievijas and Holandes cheeses

In the beginning of cheese ripening concentration of the starter lactic acid
bacteria decrease rapidly, thus liberating space for multiplication of the non-starter
lactic acid bacteria.

Viability of starter microflora in cheeses is determined by the content of lactose
and citrate. Alongside with its fermentation, the growth of starter Lactococcus spp.
and Leuconostoc spp. decreases, and the cell lysis increases. In cheese microflora,
the non-starter lactic acid bacteria become the most dominating, which quantity,
growth rate and diversity of species depend on milk microflora, regimes of
technological processes and cheese ripening conditions.

In the Tables 5 and 6, summarization about the lactic acid bacteria species
isolated from Krievijas cheeses is provided, as well as variability of species both
under the influence of temperature and duration of ripening.

In unripened and ripened for 15 days Krievijas cheese | representative of the
starter Lc.lactis subsp.lactis 2 was detected; L.curvatus dominated during the rest of
the ripening time at 6 °C.
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In the beginning of ripening the following representatives of starter microflora
were detected in Krievijas cheese II: presence of Lc.lactis subsp.lactis 2, Lc.lactis
subsp.lactis 1 and prevalence of L.curvatus until the 30" ripening day at temperature
6 °C. From a sample ripened for 45 days at temperature 6 °C L.helveticus was
isolated. Williams and Banks (1997) report on isolation of L.helveticus from Cheddar
cheese ripened for 6 — 9 months, considering this species as non-starter lactic acid
bacteria. Other researchers prove that L.helveticus in semi-hard cheeses is used for
improving of proteolysis and enhancement of sensory properties, so for acceleration
of ripening as well (Beresford et al., 2001; Drake et al., 1997). During ripening of
Krievijas cheese Il at temperature 12 °C, a presence of L.plantarum 1 was detected.

When ripening Krievijas cheese Il at temperature 12 °C, Leu.lactis maintained
its viability during the ripening. Species of Leuconostoc genus belong to
heterofermentative lactic acid bacteria, which slowly produce lactic acid at low
concentrations. Several authors consider that Leuconostoc spp. do not fit starter
representatives in cheeses and belong to non-starter lactic acid bacteria (Thunell,
1995). In Krievijas cheese I, where Leu.lactis domination was detected during the
entire ripening, dynamics of colony forming units differed as well (Fig. 4). A
conclusion could be made that survival and growth intensity of Leuconostoc spp. in
cheeses depends on species and strain characteristics. The isolated L.acidophilus 3,
L.brevis and L.delbrueckii subsp.delbrueckii in the beginning of ripening were
substituted by L.curvatus in the end of ripening.

A different situation was observed in Krievijas cheese Ill, when ripening the
samples at 6 °C. Leu.lactis identified in cheese in the beginning of ripening, but
L.acidophilus 3 and L.delbrueckii subsp.lactis 1 dominate at the end of ripening.
Diversity of species in this cheese could be explained by composition and
characteristics of the starter. As a result of increased autolysis of starter bacteria, as
well as within the higher initial pH of cheese (Fig. 6), the non-starter bacteria grow
relatively rapidly (Fig. 4), and domination of different species of Lactobacillus genus
was observed during a particular stage of ripening.

DNA fragment sequencing of most frequently identified L.plantarum 1 and
L.curvatus revealed that nucleotide sequence of L.curvatus of ripened cheese for 60
days at 6 °C conforms with the strain L.paracasei subsp.paracasei JCM 8133, but in
cheese ripened for 60 days at 12 °C — with the strain L.paracasei MH55. In their turn,
the isolated L.plantarum 1 from cheese samples ripened for 45 and 60 days at 12 °C
conform with the strains L.plantarum S4 and L.plantarum DSPV 354T respectively.

APl 50 CHL system applied for identification of Gram® Lactobacillus
phenotypically showed satisfactory results when determining genus of
microorganisms. According to Tynkkynen (1999) and co-authors, its precision is
considerably lower when identifying microorganisms up to species. This could be
explained by the fact that the system initially was intended for identification of
Lactobacillus genus for medical needs (Coeuret et al., 2003) as a supplementary
system for atypical fermentation models (Arhné et al., 1989; Chamba, 2000; Coeuret
et al., 2003). Muyanja (2003), Temmerman (2004) and co-authors concluded that the
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phenotypical methods are limited in respect of reproductivity, with low taxonomic
resolution, and they often allow identification only at the level of genus.

In the unripened Holandes cheese | and Il presence of starter microflora was
detected (Tab. 7 and 8). In Holandes cheese I, starting from the 15" day of ripening
until the end of ripening, L. paracasei subsp.paracasei dominated. From the sample
ripened at temperature 6 °C, L.curvatus was isolated as well, but from the sample
ripened at 12 °C - L.rhamnosus.

In Holandes cheese Il domination of L. paracasei subsp.paracasei was observed
until the 45" day, riEening at temperature 6 °C, and prevalence of L.plantarum 1 from
the 30" until the 60™ day of ripening, at temperature 12 °C.

In microflora of Holandes cheese Ill prevalence of L.curvatus was observed,
when ripening the samples at temperature 6 °C. This representative of non-starter
microflora was not detected in the unripened sample and the ripened for 45 days,
from which only L.plantarum 1 was isolated. In its turn, when cheeses was ripened at
temperature 12 °C, L.plantarum 1 was isolated by the end of ripening, but the starter
microflora and L.paracasei subsp.paracasei 1 were detected in the middle of
ripening.

According to the data by Copolla et al. (1997) and Fitzsimons (1999), most
frequently L.casei, L.paracasei, L.plantarum, L.rhamnosus and L.curvatus are
isolated from cheeses. When analyzing the obtained results, considerations were
similar. Representatives of the isolated non-starter lactic acid bacteria in experimental
cheeses are L.paracasei, L.plantarum, L.rhamnosus and L.curvatus. Different authors
try to explain differently the available and applicable nutrients for the growth of non-
starter lactic acid bacteria (Diggin et al., 1999; Williams, Banks, 1997; Fox et al.,
1998; Williams et al., 2000; Thomas, 1987; Rapposch et al., 1999; Lane et al., 1997;
Cogan, Beresford, 2002). Variety of substrates changes during ripening; the growth
rate and population heterogenity of the mesophilic lactic acid bacteria could be
explained by this as well.

According to the findings by Fitzsimons et al. (2001) and Williams et al. (2002),
the dominating non-starter lactic acid bacteria species usually change during the
cheese ripening, and are represented by one Lactobacillus species by the end of
ripening. In the opinion of these authors, L.paracasei, L.plantarum and L.brevis
dominate in unripened cheeses, but L.paracasei — in ripened cheeses. When analyzing
Cheddar cheese (Ireland), during the first weeks L.paracasei, L.plantarum,
L.rhamnosus and presence of some unidentified representatives were detected, and by
the end — only L.paracasei (Fitzsimons et al., 2001). Similar considerations follow
when analyzing data in the Tables 12 and 13, however, data reflected in Tables 10
and 11 allow asserting that domination of species depends on the cheese variety,
duration of ripening and other factors.

Diversity of microflora and its growth intensity in experimental cheeses depend
on water activity, salt content, pH, ripening temperature, oxidation-reduction
potential and the nitrate and nitrite content. Therefore in the next chapter the
dynamics of the colony forming units of non-starter lactic acid bacteria under the
influence of the above mentioned factors is evaluated.
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5. The dynamics of colony forming units of non-starter lactic acid
bacteria in experimental Krievijas and Holandes cheeses during ripening

Variability of species and quantity of microflora is characterized by the count of
colony forming units of lactic acid bacteria in experimental Krievijas (Fig. 4) and
Holandes (Fig. 5) cheeses.

The greatest amount of colony forming units was determined in Krievijas cheese
111, but the least - in Krievijas cheese I. It could be explained by the manufacturing
peculiarities of cheese — use of different starters, as well as by content and quality of
milk. Increase in non-starter lactic acid bacteria growth rate even in the beginning of
ripening was observed in Krievijas cheeses | and Il, moreover, the growth rate was
higher at temperature 12 °C than at temperature 6 °C. More rapid growth rates are
explained both by temperature closer to optimum of the mesophilic bacteria activity
and availability of nutrients. In Krievijas cheese Il at that time a little decrease the
colony forming units of lactic acid bacteria was observed. It could be explained by
composition of the chosen starter, combining modified microorganisms with higher
proteolytic and lipolytic activity, also by more rapid lysis of the starter bacteria due to
utilized lactose.

Decreasing of count of non-starter lactic acid bacteria in the samples of Krievijas
cheese | and 11 ripened at higher temperature was observed around the 30™ day of
ripening; at the same time in the samples ripened at temperature 6 °C the count of
colony forming units gradually increased and reached its maximum only around the
45" day. In its turn, in Krievijas cheese III ripened at 6 °C, non-starter lactic acid
bacteria reached their maximum concentration after 30 days, but at temperature 12 °C
- after 45 days. This could be explained by more intense proteolytic reactions at
higher temperature, which are facilitated by proteinases and peptidases released by
the starter bacteria, as well as by availability of peptides and amino acids for
multiplication of the non-starter lactic acid bacteria. Count of the colony forming
units varied in samples ripenined at 6 °C from 5.77 log CFU g™ in Krievijas cheese
Il up to 6.63 log CFU g in Krievijas cheese III, and from 5.77 log CFU g™ in
Krievijas cheese 11 up to 7.05 log CFU g™ in Krievijas cheese III, ripened at 12 °C. In
Krievijas cheese IllI, where Leu.lactis domination during ripening was detected
(Tab. 6), dynamics of colony forming units differed as well. Thus a conclusion
follows that survival of the non-starter lactic acid bacteria and their growth intensity
depends on the species and strain characteristics and ripening temperature.

Summarizing data found in literature about influence of temperature on lactic
acid bacteria multiplication, several considerations were found. Shakel-Ur-Rehman
(2000) and co-authors report that in cheese ripened at temperature 1 °C, population of
the non-starter lactic acid bacteria is for 3 log less than in cheese ripened at 8 °C.
Other authors have similar opinions that ripening temperature influences considerably
the growth of non-starter lactic acid bacteria in cheese (Folkertsma et al., 1996;
Fenelon et al., 1999).

When analyzing Holandes cheeses, similar situation was observed. Lactobacillus
spp. its maximum concentration in Holandes cheese | and 111 reached around the 30"
day when ripened at 12 °C, and around the 45" day, when ripened at 6 °C.
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Ripening temperature had no significant influence on changes of the colony
forming units of non-starter lactic acid bacteria in Holandes cheese Il, and samples
ripened at the both temperature regimes reached their maximum value around the 30"
day of ripening.

Dynamics of the colony forming units of non-starter lactic acid bacteria in
cheeses was changeable, reaching its maximum around the 30" or the 45" day of
ripening, with temperature at ripening 12 and 6 °C respectively. By the end of
ripening the count of the colony forming units of non-starter lactic acid bacteria
varied from 6.54 up to 7.70 log CFU g™ in Holandes cheeses, and from 5.26 up to
6.63 log CFU g™ in Krievijas cheeses. Changes in the count of colony forming units
of non-starter lactic acid bacteria show that their increase depends on temperature at
ripening, composition and characteristics of the starter, availability of nutrients and
other factors.

6. The dynamics of pH in experimental Krievijas and Holandes cheeses
during ripening

pH is one of the most important factors during cheese ripening, enhancing
activity of enzymes and regulating the growth of microorganisms (Kinstedt, 2005;
Lawlor et al., 2001).

Due to production technology peculiarities of Krievijas cheese, the pH in cheese
after pressing rises up to 5.2 — 5.3. More rapid multiplication of lactic acd bacteria in
cheeses is observed at prolonged pressing before brining for intensification of lactic
acid fermentation process. In this process the most part of lactose is fermented,
creating characteristic acidity of Krievijas cheese with pH 5.22 — 5.25. In opinion of
different experts, the pH in Krievijas cheeses in the beginning of ripening is
approximately 5.28 (bemoBa m ap., 1984), which corresponds to the results of
experimental Krievijas cheeses | and Il (Fig. 6), respectively, pH 5.25 and 5.22. As
mentioned above, lactic acid bacteria and their enzymes have the main role in
ripening of Krievijas cheese. benosa et al. (1984) mention that starter bacteria reach
the maximum concentration in the 5™ day of ripening, further a gradual decrease is
observed. Taking as a basis this consideration, increase of pH in Krievijas cheeses
during the beginning of ripening up to the 15" day must be explained both by
continuation of lactic acid fermentation and use of lactic acid in further chemical
processes. When ripening cheese at 6 °C, the pH dynamics was slower than at 12 °C.

Dispersion analysis revealed significant differences between experimental
Krievijas cheeses ripened at 6 and 12 °C. When analyzing changes of the pH during
ripening, it should be emphasized that alongside with the starter microflora, in the
ripening of Krievijas cheeses L.curvatus, L.plantarum, L.paracasei and Leu.lactis
(Tab. 5 and 6) also take part.

The pH in experimental cheeses by the end of ripening varied from 5.42 up to
5.7, which differs from data mentioned in various cheese technology instructions,
where pH suggested for Krievijas cheese is 5.25 — 5.35.

Dynamics of the pH differ considerably in Krievijas cheeses with accelerated
ripening. Changes of the pH in them are similar to those taking place in Holandes
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cheeses (Fig. 7). This should be explained by accelerated proteolysis and formation of
alkaline products of proteolysis that results in faster pH dynamics from 5.49 up to
5.70 in Krievijas cheese and from 5.48 up to 5.74 in Holandes cheese.

Several authors (Rotaru et al., 2008) state the duration time of hydrolysis of the
residual lactose in cheese — five days, to the contrary of cheese technology books
(Eck, 1996; Ozola, 1997; Benosa u jp., 1984; Nunansu, 1973) which state 15 days.

The main lactose transformation product is lactic acid, the concentration of
which depends on several factors, including the composition of starter.
Homofermentative lactic acid bacteria hydrolyze milk sugar completely into lactic
acid, Leuconostoc spp. and heterofermentative Lactococcus spp. alongside with lactic
acid produce also alcohols, organic acids, carbon dioxide, acetoin and diacetyl. Lactic
acid fermentation process, including the pH dynamics, is determined in cheeses by
proportions of lactic acid bacteria species in the starter, by their functional
characteristics and microflora having penetrated during the cheese making.

When observing changes of the pH in Holandes cheeses I and 11, the conclusion
follows that during the first 15 days of ripening the pH decreases irrespective of
temperature chosen at ripening. As indicated in different sources, the pH of Holandes
cheeses rises up to 5.2 — 5.25 after 3 days of ripening. Differences could be explained
by the peculiarities of technological process, the type of used starters (liquid or
freeze-dried) and the quality of milk. Apart from that, the considerably distinctive
content of lactose in milk should be mentioned — 5.3 %, if compare with that given in
literature (4.7 %) (I'op6arosa, 1984), and the high content of lactose in whey — 5 %
(data obtained in practice).

Differences were observed as well in the pH dynamics by changing the content
of starter, in Holandes cheeses.

In order to make sure of influence of the pH both on cheese elasticity and the
water activity, correlation analysis of the mentioned parameters was performed. It
was tested in this work whether the changes in cheese elasticity and reduction of
water activity could be explained by the rise of the pH during ripening. The obtained
results reveal a strong negative linear correlation between the parameters under study,
i.e. at the increase of the pH, the texture of cheese becomes more elastic. This
supports opinion of several authors (Fox et al., 2000; Folkertsma et al., 1996; Aston
et al., 1985), that during cheese maturation while the amount of water-soluble
nitrogen compounds and the use of lactic acid increase, the rise of the pH value and
reduction of water activity takes place. Water activity in experimental Krievijas
cheeses during ripening varied from 0.994 up to 0.960, but in Holandes cheeses from
0.995 up to 0.971. It is not in contradiction to findings of other researchers. Marcos
and Esteban (1982) admit that water activity in unripened cheese is 0.985-0.997, and
its gradual decrease up to 0.940-0.980 is observed during ripening. According to
findings by Beresford et al. (2001), decrease of water activity during ripening could
be explained by water evaporation, water consumption in hydrolytic reactions, as well
as for accumulation of low-molecular compounds produced in reactions of fat and
protein hydrolysis. These compounds contribute to rise of the pH and more elastic
texture of cheese.
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7. The identified aroma compounds in experimental
Krievijas and Holandes cheeses during ripening

In each of the analysed sample were detected - acetic acid, butyric acid, hexanoic
acid, octanoic acid, and in individual cheeses — propionic acid, nonanoic acid,
decanoic acid, dodecanoic acid and octadecanoic acid. In Krievijas cheese Il
irrespectively to ripening conditions, octadecanoic acid was found. Propionic acid
was detected only in Holandes cheese 11, and substantial differences in concentrations
of butyric acid and hexanoic acid were also detected only in Holandes cheeses II,
ripened at 12 °C. The short- and medium-chain fatty acids in particularly are
important in formation of cheese taste and flavour. They can originate as a result of
lipolysis, in amino acid transformations, lactose hydrolysis or from aldehydes and
ketones.

In the experimental cheeses also alcohols were identified that impart the
product with sweet, alcohol or bitter taints depending on their concentration;
sometimes they cause taste imbalance in cheese.

Butan-2-ol was identified in the samples of Krievijas cheese I, which were
ripened at 12 °C. Some authors point to the role of non-starter lactic acid bacteria in
formation of butan-2-one and butan-2-ol (Hannon et al., 2006). 3-metylbutan-1-ol
was identified in Krievijas cheeses, as well as in Holandes cheese Il ripened at
12 °C. 2-metylpentan-3-ol was detected only in Krievijas cheese I. Pentan-1-ol in its
turn was detected in Krievijas cheese I, as well as in Holandes cheese 111 ripened at
6 °C.

In the samples both the linear and the branched chain aldehydes were
detected. Linear chain aldehydes can originate from unsaturated fatty acids during
3-oxidation and from amino acids through the Strecker degradation. Branched chain
aldehydes are derived from isoleucine and leucine (McSweeney et al., 2000; Yvon et
al., 2000). Depending on concentration, aldehydes impart cheese with sweet taste or
that of green grass and green plants (Curioni, Bosset, 2002).

Nonanal was detected both in Holandes cheese 1 and Il and in Krievijas cheeses |
and I1. It should be emphasized that this aldehyde was detected also in Holandes
cheese III, ripened at 6 °C. Hexanal in its turn was detected in Krievijas cheeses I and
I1I, and in Holandes cheese II ripened at temperature 6 °C, but octadecanal — in
Holandes cheese I11. 3-metylbutanal was identified in Holandes cheese Il and Il
ripened at 12 °C, as well as in Krievijas cheese II irrespective of ripening conditions.
3-metylbutanal and acetaldehyde were observed in Krievijas cheese | during the
beginning of ripening.

From ketones detected in the samples, cheese taste and flavour are influenced
mainly by pentan-2-one, diacetyl and heptan-2-one (Carbonell et al., 2002). Butan-2-one
was detected in Krievijas cheeses I and 111, as well as in Holandes cheese 1. Diacetyl
and acetoin were identified in the Holandes and Krievijas cheeses irrespective of
temperature at ripening. Differences in concentration of heptan-2-one were detected
in Holandes cheeses 1 and 11, ripened at 12 °C. Propan-2-one was detected only in
Krievijas cheese I. In the samples of Holandes cheese III ripened at 6 and 12 °C,
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pentan-2-one and nonan-2-one were identified respectively. Pentan-2-one in Krievijas
cheese | was detected during the entire ripening period, but in other samples this
compound was not detected. Nonan-2-one was identified in Holandes cheeses | and
I, and in Krievijas cheeses | irrespective of ripening conditions, but in Krievijas
cheese Il only in the sample ripened at temperature 12 °C. Undecan-2-one and
octan-2-one were detected in Holandes cheese Ill, in the samples ripened at 6 and
12 °C respectively. In Krievijas cheese 1 undecan-2-one was detected during the
entire ripening period.

In the analysed samples were detected lactones. 5-nonalactone was detected in
Holandes cheeses, but 3-dodecalactone and 8-decalactone in Krievijas cheese I.

According to researches by Engels (1997) and co-authors, as well as Neeter and
De Jong (1992), in Gouda cheese 13 aroma compounds were identified, which are
important in formation of sensory properties of cheese: diacetyl, butyric acid,
butanone, hexanal and pentanal, 3-methylbutanal, 3-methybutan-2-one, methanethiol,
dimethylsulfide, 2-methylpropanol and dimethyltrisulfide. The mentioned compounds
were detected in experimental Krievijas and Holandes cheeses.

The aroma compounds are products of carbohydrate, fat and protein metabolism,
their origin could be connected with quality of milk and activity of the microflora in
cheese. It means that a greater role in formation of the diverse taste and flavour in
cheeses should be delegated to the diversity and concentration of microflora in them.

8. Changes of elasticity in Krievijas and Holandes cheeses during
ripening

Cheese elasticity is determined by composition of cheese, physical and chemical
parameters, rate of biochemical processes and concentration of the produced
compounds, and their further transformations during cheese ripening. All factors
could not be listed, because they are not determined by one produced compound, but
their proportions. For characterization of cheese elasticity, cheese compression force
was measured (Fig. 8 and 9).

Structure of cheese after pressing is homogeneous, but its mass is coarse and
hard. Cheese texture changes during cheese ripening. Ripened cheese has a stronger
and harder upper layer, and more elastic central part. The physical properties of
cheese mass do not change equally; changes in the periphery are more intensive than
in the central part due to the mass getting compressed and dried up. Alongside with
cheese mass compressing protein hydrolysis takes place. In the most part of cheeses,
agcasein is hydrolyzed in peptide chain Phe,; — Phey, by residues of chymosin in
cheese during the early ripening. The product of agcasein hydrolysis is hydrophobic;
it contributes to water evaporation and decreasing of cheese hardness (I'op6arosa,
1984).

Results of dispersion analysis showed that elasticity of the samples is
substantially influenced by the ripening temperature (p<0.05). A gradual increase of
elasticity was observed in all samples during ripening. In samples ripened at 12 °C
changes of elasticity are more rapid. For example, Aston et al. (1985) and Folkertsma
et al. (1996) found that if ripening temperature is increased, rate of proteolysis speeds
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up, and the observed changes of texture in cheese have a direction towards more
elastic and softer structure with a more rapid formation of taste and flavour.

The softest texture by the end of ripening was detected in Krievijas cheese I1I. It
could be explained by the specific of used starter, more rapid processes of proteolysis
and lipolysis during ripening. Similar situation was observed with samples of
Holandes cheese.

Cheese elasticity depends on the chemical composition of k-casein, especially on
the content of calcium in it. Lactic acid produced as a result of lactic acid
fermentation demineralizes x-casein. If the pH is lower than 5.3, colloidal calcium
phosphate splits off from the complex; if the pH is above 5.3, calcium binds with
proteins. Alongside with changes of the pH during cheese ripening and
transformations of protein from water-insoluble to water-soluble, the content of
bound water in cheese increases and of free water decreases. Increasing pH from 4.9
up to 5.4, cheese mass becomes more elastic. The content of bound water in Holandes
type cheeses is 8-11 % (I'opGarosa, 1984). At increasing of the amount of bound
water, a,, decreases and the growth rate of the non-starter lactic acid bacteria changes
as well. The content of salt in cheese also has an impact on cheese elasticity,
facilitating protein capacity power to bind water.

Elasticity of experimental Holandes cheeses depends on the ripening temperature
(p<0.05). Slower changes of elasticity take place in the samples at lower ripening
temperature. When ripening cheese at lower temperature, it obtains a stronger and
harder texture due to delayed biochemical processes.

In the most part of experimental samples of Holandes and Krievijas cheeses
ripened at 12 °C, a more rapid increase of elasticity was observed from the 15" up to
30™ day of ripening. Analysis of the dynamics of the colony forming units of lactic
acid bacteria revealed that during this time is the most intensive growth of
microorganisms, and consumption of nutrients. As a result, formation of
intermediate-products and end-products of fat and protein metabolism takes place,
creating a more elastic cheese texture.

9. Evaluation of sensory properties of experimental
Krievijas and Holandes cheeses

In order to analyze impact of the temperature chosen at ripening on formation of
the sensory properties in Krievijas and Holandes cheeses, sensory analysis of
Krievijas cheese 111 and Holandes cheese 111 samples was performed (Fig. 10 and 11).

The samples of Krievijas cheese Il differed (p<0.05) in acidity and texture; the
sample ripened at 6 °C was harder and less acid. In Holandes cheeses III the
difference was only in taste and flavour. Evaluation detected that cheese ripened at
12 °C has a more pronounced taste and flavour.

Panelists have marked a more pronounced acidity in Krievijas cheese I11, ripened
at 12 °C. It could be explained by the impact of microflora. Leuconostoc spp. differ
considerably from all other non-starter lactic acid bacteria. Their primary function is
to produce acetate, carbon dioxide, diacetyl, acetoine and 2,3-butanedione, which
originates in metabolism of citrates (Waagner Nielsen, 2004). When producing CO,,
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Leuconostoc spp. are responsible for formation of holes in Edam, Gouda, as well as
Holandes cheeses, while diacetyl and acetoine impart the product with flavour
characteristic to the cottage cheese. Apart from that, Leuconostoc spp. are rich with
intracellular proteolytic enzymes and activity of esterases. This can explain
differences in profile of aroma compounds for Krievijas cheese 1, ripened at 12 °C.
It should be emphasized that Leuconostoc spp. can have a secondary influence on the
cheese quality, facilitating proteolysis and lipolysis. However, this consideration
needs more precise definition, because the research works provide no answers.

The more pronounced and elastic texture of the sample ripened at 12 °C could be
explained by the level of protein hydrolysis. When ripening cheese at higher
temperature, the content of amino acids and ammonium grows more rapidly, and also
lactic acid produced in the beginning of ripening is used efficiently in further
transformative processes. These transformations facilitate rise of the pH, contributing
to formation of a more elastic cheese texture (Waagner Nielsen, 2004).

A more pronounced flavour of Holandes cheese 111 could be explained not only
by higher ripening temperature, but also by starter. In conditions when all the
processes in a cell are intensified, a more rapid cell lysis of the starter bacteria
composition and properties takes place, and endogenous enzymes are released that
participate in proteolysis and lipolysis. As a result aroma compounds are produced
enriching cheese with intense flavour, as well as cheese ripening is accelerated.

The qualitative and quantitative composition of microflora and compounds
produced as a result of their activity impart cheese with certain sensory properties. By
this consideration the diversity of the sensory properties in cheese could be explained,
when evaluating commercial and experimental Holandes and Krievijas cheeses.

RECOMMENDATIONS FOR CHEESE MANUFACTURERS

Taking into account so contradictory information in scientific literature
about impact of non—starter lactic  acid  bacteria  on  formation  of
cheese flavour, various solutions are recommended for manufacturers to assure the
quality of cheeses:

1) inhibition of Lactobacillus spp. growth by use of food additives, antimicrobial
agents or protective cultures;

2) maintenance of the ripening temperature recommended for the relevant cheese
varieties;

3) combination of specific Lactobacillus genus species / strains in starters in order
to ensure domination of only controlled species / strains in microflora of the non—
starter lactic acid bacteria during cheese ripening;

4) the definition of limits of the count of colony forming units of non—starter lactic
acid bacteria in milk and others treatment processes;

5) control of presence of biofilms on equipment surfaces.

The population of non-starter lactic acid bacteria could be controlled by adding
of preservatives without significant impact on activity of the starter lactic
acid bacteria.  Preservatives slow down the growth intensity of the

58



mesophilic Lactobacillus spp., however, do not inhibit them completely.
Preservatives do not alterthe rate of proteolysis in cheeses, but even
a higher concentrations of free amino acids are observed. It is not clear what
contributes to this increase. It could be explained by autolysis of starter and liberation
of intracellular enzymes caused by the preservatives.

Starter bacteria are ableto  produce bacteriocins. They inhibit ~ growth  of
mesophilic Lactobacillus spp. According to information in literature, non-starter
lactic acid bacteria were not isolated from cheeses until the 6™ month of ripening, if
lactic acid bacteria species producing lacticin and other bacteriocins were included in
starters.

Apart fromadding of the mentioned bacteriocins, the use of protective
cultures in cheese manufacturing is increasing as well. They inhibit pathogens,
including yeasts and moulds, and restrict the growth of heterofermentative lactobacilli
as well.

In order to control the rate of cheese ripening and the growth dynamics of
mesophilic non-starter lactic acid bacteria, some researchers have suggested
decreasing of ripening temperature. Decreased ripening temperature slows down the
growth rate of mesophilic non-starter lactic acid bacteria, but itis impossible to
liberate cheese from their presence. Also this study reveals that the concentration
of non-starter lactic acid bacteria differs between cheeses ripened at 6 and 12 ° C at
least by 1 log. Higher concentrations were found in cheeses ripened at 12 ° C. These
findings should be taking into account, because the temperature at ripening is
subordinated to the rate of biochemical processes in manufacture of a particular
cheese variety. Any change has a significant impact on the whole complex of the
sensory properties of cheese. By this consideration the different sensory properties in
the experimental Krievijas and Holandes cheeses could be explained: taste and
flavour, and in Krievijas cheese — also texture.

Isolation of mesophilic lactic acid bacteria from cheeses, and adding them
tomilk in cheese manufacturing, has been widely studied and practiced recently.
Research results are very different, starting from positive effects on cheese quality
and up to negative impact on flavour.

Such controversial statements could be explained by the flavour potential of the
selected strains and growth facilities of the added strains in cheeses. Recent
research results indicate a positive effect of addition of certain strains of lactic acid
bacteria species that have been isolated from cheeses. Although this is
a promising direction incheese manufacture, it has not been tried in
Latvia yet. Taking into account the nuances of cheese manufacture, additional
research is needed in order to introduce application of lactic acid bacteria isolated
from cheeses.

Besides the described solutions to ensure the quality of cheeses, in order to slow
down activity of non-starter lactic acid bacteria in cheese, and thus eliminating
possible defects, it is recommended to control their proportion in milk by limitation
of count of the colony forming units of non-starter lactic acid bacteria in milk, or
practise milk termization if milk is intended for storage longer than 12h. The
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critical limits of mesophilic non-starter ~ lactic  acid  bacteriaas stated in
different countries is 10° CFU in 1 ml of milk.

As an effortto meet this criteria, high—quality milk is used incheese
manufacturing that diminishes occurrence of potential defects in cheese. Non—
starter lactic acid bacteria, especially L.curvatus, form biofilms which are resistant to
the effect of cleaning and sanitising processes. Presence or prevalence of L.curvatus
in the analyzed commercial and experimental Krievijas and Holandes cheeses during
ripening could also be explained by biofilms on surfaces of the cheese manufacturing
equipment. As preventive measures a more often rotation of sanitising detergents or a
more regular control of the presence of biofilms on equipments surfaces is
recommended.

The mentioned measures can help to raise competitiveness of Krievijas and
Holandes cheeses and ensure unchangeable quality of the product.

CONCLUSIONS

1. In Holandes and Krievijas cheeses manufactured at Latvian dairy enterprises
identified invariable facultatively heterofermentative species of Lactobacillus
genus.

2. L.paracasei subsp. paracasei 1 and L.paracasei subsp.paracasei 2 were dominant
non-starter lactic acid bacteria isolated from commercial Holandes cheeses,
whereas L.curvatus and L.plantarum 2 were dominant species in commercial
Krievijas cheeses. In analysed commercial cheeses more often identified
association of non-starter lactic acid bacteria rather than dominance of single
species.

3. L.paracasei subsp.paracasei, L.plantarum, L.curvatus and L.rhamnosus were
dominant non-starter lactic acid bacteria isolated from experimental Holandes
cheeses, whereas L.curvatus, L.paracasei subsp.paracasei, L.plantarum and
Leu.lactis were prevalence species in experimental Krievijas cheeses.

4. ldentified Lactobacillus spp. and Leu.lactis well-adapted to variable parameters
of cheese ripening, and their population and growth rate are dependant on
diversity of substrate in cheeses.

5. The prevalence species of non-starter lactic acid bacteria in experimental cheeses
varies during ripening and at the end of ripening were represented by one species
of Lactobacillus genus, more often L.curvatus, L.paracasei subsp.paracasei or
L.plantarum.

6. Diversity of lactic acid bacteria species in experimental Krievijas and Holandes
cheeses depends on selected ripening temperature and time. Representatives of
Lactobacillus genus and its colony forming units differs between same variety
cheeses manufactured at different plants. This proved the hypothesis created in
the doctoral thesis that manufacturing and ripening conditions at cheese
plant have significant impact on the diversity of microflora.

7. Composition of detected aromacompoundswas not differ between
experimental same  variety cheeses, but their concentrations depend
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10.

11.

12.

13.

on starter type, the initial microflora of cheese, and selected ripening temperature
and time.

Greater concentration of butan-2-ol, butan-2-one and methional in cheeses was
formed by non-starter lactic acid bacteria, also 3-metiloutanal and
dimethyltrisulfide originated from action of non-starter lactic acid bacteria. The
concentrations of these compounds impart cheeses with different flavour notes.
The close correlation was determined between changes of pH, a,, and elasticity in
experimental Krievijas and Holandes cheeses. This indicates intensity of
biochemical and microbiological processes during ripening.

Attenued starter with a higher proteolytic and lipolytic activity have not
significantly affected on the activity of non-starter lactic acid bacteria although
increase in pH dynamics, count of colony forming units, growth rate and
diversity of species of non-starter lactic acid bacteria in Krievijas Il and
Holandes I11 cheeses differs from other experimental cheeses.

The obtained results does not give rise to evaluate action of non-starter lactic acid
bacteria in cheeses negatively. Their impact depends on the species and strain
characteristics and count of colony forming units in product.

Domination of L.curvatus during ripening impart cheese with atypical for these
variety flavour notes due to diversity, concentration and combination of aroma
compounds. Frequently this occured in cheese ripened at 6 °C.

Recommended cheese ripening temperature - 12 °C for Krievijas and Holandes
cheeses, contribute to growth of L.paracasei and L.plantarum, which improves
cheese sensory properties. Individual strains of these species could be used
perspectively to cheese manufacture, to accelerate ripining, and to enhance
sensory properties.
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