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PETIJUMA AKTUALITATE

Kazas pienam ir nozimiga loma uztura, ko nosaka ta kimiska sastava lidziba
mates pienam un augstd olbaltumvielu biopieejamiba. Turklat tas ir mazak
alergisks un piemérots patérétajiem ar govs piena nepanesamibu. Kazas piens
satur gan makro-, gan mikroelementus, raksturojas ar augstaku cinka, dzelzs un
magnija saturu, un ir Ipasi piemérots cilvékiem ar gremosanas sist€mas, elpcelu
un vielmainas saslim$anam.

Pedgjo divdesmit gadu laika kazas piena razoSanas apjomi pasaule ir
pieaugusi, sasniedzot 20 miljonus tonnu gada, turpreti Eiropas Savieniba ir
verojama kazu populacijas skaita samazinasanas, kas ir saistita ar strukturalam
parmainam lauksaimnieciba un tradicionalas kazkopibas nozares ekonomisko
lejupslidi Vidusjuras regiona. Ari Latvija pédgjos gados ir novérojama mazo un
vidgjo saimniecibu skaita samazinasanas vai to parorientéSanas uz alternativam
darbibas formam, tostarp lauku tiirismu, ietekmgjot sarazota piena apjomu. Lidz
ar to petijumi par kazas piena sastavu un ta piemerotibu parstradei ir biitiski gan
pétnieciba balstttu rezultatu ieguvei, gan piena parstrades nozares konkurgtspgjas
celSanai.

Latvija nav veikti p&tfjumi par kazas piena sastava un kvalitates ietekmi uz
piena produktu, tostarp siera razoSanu un butiski ir tos veicinat. Izpratne par
Skirnes, laktacijas un sezonas ietekmi uz kazas piena kvalitati dod iesp&ju
optimizét razo$anas procesus, samazinat tehnologiskos zudumus un uzlabot
galaproduktu kvalitati. Sim nolikam ir nepiecieSams apzinat piena sastava
izmainu likumsakaribas un kazas piena lietojamibu siera razoSana, ka arT ta
kvalitati un iznakumu ietekmgjosos faktorus.

Latvijas vietgja kazu Skirne, lai arT atpaliek no Zanes kazu Skirnes piena
razibas zina, ir piemé&rotaka Latvijas klimatiskajiem apstakliem, raksturojas ar
augstaku dabisko izturibu pret slimibam, kas ir bitiski kazu ganampulka
veidoSanai. Lidz ar to lielaka uzmaniba biutu jaakcente Latvijas vietgjas kazu
Skirnes saglabasanai un mérktiecigai tas selekcijai. Ciltsdarbam ir liela nozime
dzivnieku produktivitates un veselibas uzlabosana, tostarp kazas piena apjoma
un kvalitates nodro§inasanai parstradei.

Lidz sim Latvija veiktie p&tijumi versti uz Latvijas viet&jas kazu Skirnes piena
sastava izp&ti no genétiska viedokla. Tikpat nozimigi ir vértét Latvija audz&to
kazu Skirnu produktivitati un 1pasibas no piena produktu razoSanas un kvalitates
skatupunkta. Zinatniskaja literatiird aizvien vairak tiek petita kazas piena
piemérotiba saldpiena sieru razosanai, ka arT analiz&ti faktori, kas rada svarstibas
piena sastava: bariba, ganibas sezona, Skirne, laktacija un laktacijas faze.

Siers ir vispieprasitakais kazas piena produkts un razotajiem ir nozimigas
vissikakas nianses, kas paaugstina siera iznakumu. Lai iegiitu kvalitativu pienu
un sieru, Tpasa nozime ir piena kvalitatei, tostarp somatisko §inu skaitam (SSS).
SSS ir viens no bitiskakajiem kazas piena kvalitates raditajiem, kas raksturo gan
dzivnieku veselibas stavokli, gan piena tehnologisko kvalitati. Petijumi rada, ka
paaugstinats SSS ir saistits ar piena kimiskd sastiva izmainam, tostarp
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samazinatu laktozes, tauku un kazeina saturu, kas negativi ietekm& siera
razo$anas procesu. Daudzviet pasaulg, ari Latvija netiek limitéts SSS kazas
piena, 11dz ar to Latvijas kazu piena tehnologisko Tpasibu izp&te siera razo$anai
ir jasaista ar kazu Skirnes Tpatnibam, €dinaSanas un turéSanas apstakliem,
somatisko $tnu skaitu, laktaciju un sezonu. Turklat viet€jo resursu efektiva
izmantoSana un kvalitativu produktu razoSana veicina lauku teritoriju attistibu un
sniedz ieguldijumu veseligas partikas izejvielu nodroSinasanai Latvijas
sabiedribai.

Promocijas darba hipotéze: Kazu skirnei, laktacijai un sezonai ir butiska
ieteckme uz kazas piena tehnologiskajam ipasibam puscieta saldpiena siera
razoSana.

P&tijuma hipotezi pierada ar s$adam tézeém:

1. kazu 8kirpu genétiskas atskiribas ietekm& piena sastavu un Ipasibas puscieta
saldpiena siera razoSanai;

2. laktacija un sezona izraisa parmainas kazas piena kvalitatg, ietekmgjot piena
tehnologiskas pasibas puscieta saldpiena siera razo$anai;

3. somatisko §Ginu skaitam ir batiska ictekme uz kazas piena tehnologiskajam
Ipasibam puscieta saldpiena siera razosanai;

4. kazas piena piem@erotiba puscieta saldpiena siera razoSanai ir ciesi saistita ar
piena sastava izmainu likumsakaribam kazas skirnes, laktacijas un sezonas
ietekme.

Promocijas darba meérkis: analizét Latvija iegiita kazas piena kvalitati
puscieta saldpiena siera razosana.

Promocijas darba uzdevumi:

1. noteikt kazas piena kimisko sastavu un atsevisku sastavdalu savstarpgjas
attiecibas puscieta saldpiena siera razo$ana nepiecieS$amo tehnologisko
ipasibu nodrosinasanai;

2. analizét Skirnes, laktacijas un sezonas ietekmi uz kazas piena sastavu un
kvalitati, tostarp somatisko $tinu skaitu;

3. vertet kazas piena rec€Sanas IpaSibas ar recinasanas fermentu, to
ietekméjosSos faktorus;

4. izzinat kazas piena piem@rotibu puscieta saldpiena siera razosanai, kvalitates
un iznakuma nodro§inasanai.

Promocijas darba zinatniskais nozimigums:

e izzinatas Latvijas kazas piena sastdva izmainu likumsakaribas Skirnes,
laktacijas un sezonas ietekmé, un to nozime puscieta saldpiena kazas piena
siera razoSana;

e noskaidrota somatisko $iinu skaita ietekme uz Latvijas kazas piena parstradi
un iegiita puscieta saldpiena kazas piena siera kvalitati.

Promocijas darba tautsaimnieciska nozime:

e pétjjuma rezultati palidz izprast piena sastava izmainu likumsakaribas no
kvalitates, iznakuma un tehnologisko zudumu viedokla puscieta saldpiena
kazas piena siera razoSana;



e ar pétljumiem pieradita agrina rudens sezona iegiita kazas piena sastava un
tehnologisko Tpasibu piemé&rotiba efektivai puscieta saldpiena kazas piena
siera razoSanai.

P&ttjums Iidzfinanséts ar petniecibas programmas “Zinatniskas kapacitates
stiprinaSana LLU” projekta Nr. Z34 “Latvijas kazas piena kvalitate siera
razoSanai” (2019 — 2021) wun Atveselosanas fonda projekta Nr.
5.2.1.1.1.0/2/24/T/CFLA/002 “LBTU institucionalas kapacitates stiprinaSana
izcilibai studijas un pétnieciba” (ANM1) “Latvijas kazas piena kvalitate siera
razosanai” (AF29) atbalstu.
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MATERIALI UN METODES

Pétijuma vietas un objekta raksturojums

Petfjuma analiz€ts Latvijas vietgjo (LVK), Zanes (ZK), Anglo Nibijas (AN)
Skirpu kazu (tikai saimniecibas kazu produktivitates izvertéSanas konteksta), ari
piena 3kirnu krustojumu (XP)! kazu piens. Dzivnieki turéti SIA ,,Licisi Ltd”
(Jelgavas novads, Cenu pagasts, “Licisi”, LV-3018) kazu ganampulka, kas
petljuma Tstenosanas laika bija viens no pieciem lielakajiem kazu ganampulkiem
Latvija.

Promocijas darba pétijums uzsakts 2018. gada pavasarT un turpinajas lidz
2023. gadam, bet laika no 2024. Iidz 2026. gadam analiz&ti un aprobéti petjjuma
rezultati, sagatavots promocijas darbs.

Saja pétijuma dzivnieki turéti vienados apstaklos un tiem nodroginata vienada
€dinasana. PEtfjuma analizeti 1606 individualie kazu piena paraugi (autores
analiz€to paraugu skaits n=891) un 38 kopiena paraugi. P&tniecisko datu analizei
izmantoti ar1 2018. — 2023. gada saimniecibas parraudzibas dati (n=715).
Informacija par dzivnieku vecumu, laktaciju, izcelSanos, asinibu, Skirni un
atbalsta dienesta datu baze).

P&ttjuma sakuma nemti individualie LVK, ZK un XP kazu piena paraugi, lai
novertétu piena sastavu, to mainibu Skirnes, laktacijas un sezonas ietvaros.
Petfjuma tika ieklautas saimnieciba esosas kliniski veselas slaucamas kazas
(n=95) no 1. lidz 7. laktacijai, lai analiz€tu piena kvalitates raditajus laktaciju
griezuma. Dzivnieku atlase deva iesp€ju izveidot 3 pétijuma grupas, kas tika
iedalttas p&c skirnes ZK, LVK un XP, ieklaujot 2. [idz 4. laktacijas dzivniekus.
Katra grupa bija 10 dzivnieki piena paraugu iegiiSanai. Piena paraugi tika nemti
reizi ménest un viena paraugu nemsanas reize videji ievakti 30 individualie piena
paraugi. Koppiena paraugi nemti 1 — 2 reizes ménesi. Individualie piena paraugi
nogadati SIA “Piensaimnieku laboratorija”, lai noteiktu kazeina saturu un
somatisko $tinu skaitu kazas piena. Piena kimiska sastava (tauku, olbaltumvielu,
laktozes, beztauku sausnas, sausnas saturs un sasal$anas punkts) un piena
recinasanas analizes veiktas Latvijas Biozinatnu un tehnologiju universitates
Partikas tehnologijas fakultates (Sobrid Partikas institata) pilotraZzotné. Rezultatu
vertéSanai izmantoti ari piena parraudzibas dati, kas analizéti SIA
“Piensaimnieku laboratorija”, nosakot tauku, olbaltumvielu, kazeina, laktozes,
urinvielas saturu un somatisko $tinu skaitu kazu piena paraugos.

Lai vértetu kazas piena sastava ietekmi uz piena sensorajam Ipasibam un
iegtta recekla blivumu, 15 individualajiem kazu piena un 5 koppiena paraugiem
veikta taukskabju sastava un satura analize. Individualie paraugi nemti LVK
Skirnes kazam (n=5, piekta laktacija), ZK skirnes kazam (n=5, tresa laktacija) un

! Piena $kirnu krustojumu kazu pamata LVK un AN Skirnes kazas (ar 40 % un 60 %
asinibu)
2 Latvijas Kazkopibas nozares zinojums 2018 (Piliena, Garkalne & Jonkus, 2019)



XP kazam (n=5, ceturta laktacija), izv€loties piecas vienadas laktacijas kazas
reprezentablu rezultatu ieguvei, ka ari koppienam. Paraugi analizéti SIA
“Hamilton Baltic” laboratorija.

Petijuma dizains

P&tijums 1stenots piecos posmos, lai strukturétu darba izstrades procesu (1.
att.). Pirmaja posma detalizeti pétita situacija kazkopiba Latvija, analizgjot
parraudzibas rezultatus un ciltsdarba programmas. Otraja posma visaptverosi
vertéts petijuma saimniecibas kazu piena sastavs Skirnes, laktacijas un sezonas
ietekmé. SSS, kas ir nozimigs piena kvalitates raditajs un joprojam plasi diskutéts
kazkopju vidd, ir petits treSaja posma. Piena sastavs un ta mainiba konteksta ar
piena piem@rotibu siera razoSanai un sierniecibai biitiskiem kvalitates krit€rijiem
vertets ceturtaja posma. Piektaja posma tika gatavots puscietais saldpiena siers
(p€c Gouda siera tehnologijas) un vértéts ta iznakums atbilstigi kazas piena
sastavam, recinasanas raditajiem un tauku un olbaltumvielu atgiistamibai siera.



1.—-2. posms / 15—
2" stage

Kazas piena
parstrades ieguvumi
un izaicinajumi
Latvija / Benefits
and challenges of
goat milk
processing in
Latvia

3. posms / 3" stage

Kazas piena
kvalitates analize /
Goat milk quality
analysis

4. posms / 4" stage

Kazas piena sastavs
un ta piemeérotiba
puscieta saldpiena
siera razoSanai /
Goat milk
composition and its
suitability for semi
— hard cheese
production

5. posms / 5" stage

Siers un ta kvalitate
/ Cheese and its

quality

~

* Nozares analize / Industry analysis

* Kazkopibas nozares zinojumi, parraudzibas rezultatu un
ciltsdarba programmu analize / Goat industry reports, milk
monitoring data and breeding programm analysis

* Kazas piena sastava mainiba Skirnes, laktacijas un sezonas
ietekmé / Goat milk content diversity by breed, lactation
and season

* Somatisko S§iinu skaits, dinamika laktacijas perioda /
Somatic cell count, dynamics in lactation period

* Somatisko §iinu skaita noteikSanas pamatojums Latvijas
kazu piena / Justification for somatic cell count
determination in Latvian goat milk

+ Kimiskais sastavs, ta mainiba sezonas, dzivnieku $kirnes un
laktacijas ietekm& / Chemical content, its diversity by
season, animal breed and lactation

*Kazas piena recinasanu un recekla blivumu ietekmgjosie
faktori (kazeina saturs, piena sastavs, somatisko Stnu
skaits, skirne, laktacija, sezona) / Goat milk coagulation
and curd firmness influencing factors (casein content, milk
composition, somatic cell count, breed, lactation, season)

* Puscieta siera razo$ana un iznakums, sukalu dati / Semi —
hard cheese production and outcome, whey composition

*Recekla blivuma un tauku un olbaltumvielu attiecibas
izvertgjums péc saldpiena puscieta siera iznakuma datiem;
stikalu sastava dati / Curd firmness and fat and protein
ratio assessment by semi—hard cheese outcome data; whey
composition

1.att. Pétijuma posmi / Fig. . Research stages

Pétijuma shéma apkopota 2. att., kura uzskatami paraditi kazas piena
paraugiem noteiktie raditaji un grupu iedalifjums p&c SSS. Talakaja petijjuma
piena paraugi iegtiti no kazam, kuras bija iesp&jams salidzinat Skirnes, laktacijas

un sezonas ietvaros.
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Analizgjot somatisko $iinu skaita ietekmi uz kazas piena kvalitati, tostarp
sastava raditajiem, ieglitos rezultatus iedalija Cetras grupas péc somatisko $tinu
skaita, kas tika parrekinats somatisko inu veértiba (SSV) péc Schutz et al.
(1990).

Darba petitas sezonas definétas sadi:

pavasaris (marts — aprilis)

vasaras sakums (maijs — jiinijs)

vasaras beigas (julijs — augusts)

rudens sakums (septembris — oktobris)

rudens beigas (novembris).
Puscieta saldpiena kazas piena siera gatavoSana
Puscietais saldpiena kazas piena siers (péc Gouda siera tehnologijas)®
petijuma laika gatavots no junija, augusta, septembra un oktobra meénesos iegtita
kazu koppiena, aptverot darba vertétas sezonas (vasaras sakums, vasaras beigas,
rudens sakums, rudens beigas). Ievértgjot kazu atnesanas laiku, ari piena sastava
izmainas laktacijas perioda sakuma, pavasara sezona iegiitais piens netika
izmantots siera gatavoSanai. Puscieta Gouda siera kvalitates raditaji, atbilstosi
Codex Alimentarius standartam CXS 266—1966, apkopoti 1. tabula.

1. tabula / Table 1
Gouda siera kvalitates raditaji / Gouda cheese quality parameters*

Raditaji / Parameters Lielumi / Values
Tauku saturs siera sausna / Fat—on—dry Min 30 % / Min 30 %
basis References veértibas 48 — 55 % /

Reference values 48 — 55 %

Siera beztauku dalas mitruma saturs / Moisture in cheese non-fat matter

Ja tauku saturs siera sausna ir robezas no | Ne mazak ka 48 % / Not less than 48 %
30 % un ne vairak ka 40 % / Moisture in
cheese non—fat matter is 30 % but less
than 40 %

Ja tauku saturs siera sausna ir robezas no | Ne mazak ka 52 % / Not less than 52 %
40 % un ne vairak ka 48 % / Moisture in
cheese non—fat matter is 40 % but less 48

%

Katra siera razoSanas reize piens iegiits no p&tfjuma atlasitajam kazam, kuram
iepriekSveikta individuala piena sastava analize. Vidgji viena raZoSanas reizé

3 Gouda siers ir puscietais saldpiena siers

4 Standard for Gouda CXS 266-1966 [tieSsaiste] [skatits 2026. gada 1. marts] Pieejams:
https://www.fao.org/fao-who-codexalimentarius/sh-
proxy/pl/?nk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fco
dex%252FStandards%252FCXS%2B266-1966%252FCXS_266¢.pdf
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izmantoti 30 kg kazas svaigpiena. Koppienam noteikts piena sastavs, pH un
skabums titrimetriski.
Siera gatavosanas tehnologiskie parametri apkopoti 2. tabula.

2. tabula / Table 2
Siera razoS$anas tehnologiska procesa parametri / The process parameters

of cheese production
Procesa posms / Stage of process Mervieniba / Parametri /
Units Parameters
Svaigpiens / Raw milk kg 30
Svaigpiena pasterizacija / Raw  milk °C 72
pasteurisation s 15
Piena atdzesgSana / Cooling °C 32
Piena kvalitates raditaji pirms ierauga
pievienosanas / Milk quality parameters
before adding the starter:
- skabums / acidity °T 18—-19
-  pH/pH 6.57 — 6.60
SagatavoSana recinaSanai / Preparation for
renneting
- ieraugs (CHN 22, Chr.Hansen, g 2.16

Danija) / starter culture (CHN 22,
Chr. Hansen, Denmark)

- 40 % CaClz mL 15.00
Piena recinasanas laiks lidz recinaSanas
fermenta pievienoSanai / Duration of milk
renneting before rennet addition

- temperatiira / temperature °C 32

- laiks / time min 45-55

-  pH/pH 6.40 — 6.50

- skabums/ acidity °T 19.0 — 20.0
Recinasanas fermenta (CHY Max Ultra 1000, mL 3

Chr.Hansen, Danija) pievienoSana / Rennet
(CHY Max Ultra 1000, Chr.Hansen,

Denmark) addition
- temperatiira / temperature °C 32
Piena recinasana / Milk clotting
- laiks/ time min 25-45
- temperatiira / temperature °C 32

Recekla sagriesana, graudu veidoSana un
dalgja stkalu atdaliSana / Cutting, grain
treatment and partial whey discharge

- laiks / time min 10

- sokalu atdali$ana / whey discarge Yoatdalitas sikalas 20-30

- pH sukalam / whey pH 6.45 - 6.48
- skabums stukalam / whey acidity °T 12.0-13.0
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2. tabulas turpinajums / Continuation of Table 2

Procesa posms / Stage of process Mérviep Tba / Parametri /
Units Parameters

Graudu apstrade / Processing of grains

- laiks/ time min 50

- temperatiira / temperature °C 32

- pH stukalam / whey pH 6.40 — 6.45

- skabums siikalam / whey acidity °T 12.0-13.0
Otra uzsildisana / Scalding

- temperatiira / temperature °C 40

- ugsildiSanas ilgums / heating time min 10-15
Graudu apstrade pec otras uzsildisanas / Grain
processing after scalding

- laiks/ time min 10

- temperatiira / temperature °C 40

- pH stukalam / whey pH 6.37 - 6.40

- skabums siikalam / whey acidity °T 13.0-14.0
Siera forme&Sana / Moulding of cheese

- laiks/ time min 15

- temperatiira / temperature °C 22
Siera presé$ana / Pressing of cheese

- laiks/ time min 90

- spiediens / pressure kg Skguz 1 kg siera
Siera apzaveSana / Cheese drying

- temperatiira / temperature °C 22

- laiks/ time h 16
iera saliSana / Brining

- laiks / time h 24

- temperatiira / temperature °C 8

- salfjuma koncentracija / brine % 20

concentration

- salijuma pH / brine pH 5.30-5.35
Siera apzavesana pec saliSanas / Drying of the
cheese after brining

- laiks / time h lidz 24
Siera nogatavinasSana laiks / Ripening time

- temperatiira / temperature °C 12

- laiks/ time dienas lidz 40

- relativais mitrums / relative % 80— 85

humidity

Siera gatavosanas laika kontrolgja piena un siikalu pH un skabumu (°T).
Iegiitajam receklim noteica recekla blivumu. Siera razosanas procesa aprekinaja
siera un sitikalu iznakumu, noteica siikalu sastavu. Svaigajam sieram péc
pres€Sanas noteica mitruma saturu, tauku saturu, tauku saturu siera sausna un
siera beztauku dalas mitruma saturu. Sieru iepakoja termosarukuma plévé un
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nogatavingja 11dz 40 dienam + 12 °C temperatiira, kas atbilst jauna Gouda siera
prototipam.

Kazas pienam nosakamie raditaji un izmantotas analiZu metodes

Individualo svaigpiena paraugu ieguvei kazas tika slauktas ar rokam, pirms
slaukSanas dezinficgjot tesmeni ar Eimu Euterwasch (Polija) un atseviski
atslaucot pirmas piena stritklas. Piena paraugs nemts ar tiru kausinu un ieliets
vienreizlietojamos polipropiléna traucinos (50 mL) vai sterilas stikla burcinas
recekla blivuma noteikSanai (200 mL). Paraugi ievietoti aukstumsoma ar
aukstuma elementiem un nogadati laboratorija analizém.

Piena sastava analize

Paraugi tika analizéti ar piena analizatoru MilkoScan™ Mars (Foss, Danija)
(Partikas institlta laboratorija) vai MilkoScan FT 6000 analizatoru (Foss,
Danija) (SIA “Piensaimnieku laboratorija”).

Piena sastavs analizéts atbilstigi ISO 9622:2013 standarta “Piens, $kidrie
piena produkti — vadlinijas vidéjo — infrasarkano spektrometru lietoSanai”
prasibam. Pienam noteica tauku saturu (%), olbaltumvielu saturu (%), laktozes
saturu (%), beztauku sausnas saturu (%), sausnas saturu (%) un sasal§anas punktu
(°0), lietojot kalibréjumu kazas piena sastava noteikSanai.

Darba izmantoti arT piena parraudzibas dati, iegti laika posma no 2018. lidz
2023. gadam, kas analizéti SIA “Piensaimnieku laboratorija” péc ISO
9622:2013 standarta, nosakot tauku saturu (%), olbaltumvielu saturu (%),
laktozes saturu (%), kazeina saturu (%), somatisko $tinu skaitu (tokst mL™') un
urinvielas saturu (mg dL).

Taukskabju sastava un satura analize

Kazas piena taukskabju sastavs un saturs analiz&ts SIA “Hamilton Baltic”
laboratorija, izmantojot laboratorijas akreditéto metodi PB—365 ed. 1.

Somatisko Siinu skaita analize

SSS noteikts atbilstigi LVS EN ISO 13366-2:2007 standartam “Piens.
Somatisko  Stinu  skaita noteikSana. 2. dala: Noradfjumi par
fluorescentoptoelektronisko skaititaju ekspluataciju” ar Fossomatic FC
analizatoru (Foss, Danija). Somatisko $tinu skaits rezultatu salidzinasanai izteikts
somatisko Stnu vertiba, kas aprékinata pec Schutz et al. (1990) metodikas:

SSV = log, (%) +3, (1)
kur: SSV — somatisko $iinu vértiba;
SSS — somatisko $@nu skaits, ti/kst. mL;
3 — empiriski pienemts koeficients.

Tevértéjot piena parauga eso$o SSS, piena paraugi iedaliti Cetras grupas.
Grupu robezas tika noteiktas pec Desidera et al. (2025) un Tvarozkova et al.
(2023) pétijumos aprakstita, pielagojot SSS datiem, ieglitiem saimnieciba
petijuma laika. levertgjot nelielo paraugu skaitu, kura somatisko stinu skaits bija
robezas no 500 1idz 999 tukst. mL!, arT ieverojamo paraugu skaitu ar $tinu skaitu
virs 2000 un 4000 tokst. mL"!, autore preciz&ja grupu iedalfjumu. Grupu
iedalfjums un SSV atspogulota 3. tabula.
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3. tabula / Table 3
Grupu iedalijums péc somatisko Stinu skaita piena /
Group classification based on somatic cell count in milk

Grupas / Group SSS, tiikst. mL!/ SCC, thous mL’! SSv /scs
1. <500 <532
2. 500 — 1999 532731
3. 2000 — 4000 7.32-8.32
4 > 4000 >8.32

Kazelna satura analize

Kazelna saturs noteikts atbilstigi ISO 9622/IDF141:2013 standartam ar
MilkoScan FT 6000 analizatoru (Foss, Danija).

Kazelna saturs kazas piena analiz&ts pamata sezonas griezuma.

pH un skabuma noteikSana pienam un siikalam

pH noteikSana veikta atbilstigi ISO 5546:2010 standartam “Kazeini un
kazeinati. pH noteik$ana (References metode)”, lietojot portativo pH—metru
HALO2 (HANNA Instruments, Rumanija) vai stacionaro pH-metru
SevenCompact pH S220 (Mettler Toledo, ASV). Elektrods kalibréts pirms
mérfjuma ar standartikidumiem pH 4.01 (DuraCal Buffer, Sveice) un pH 7.00
(Hamilton Bonaduz AG, Sveice).

Piena un stkalu noteikSana titrimetriski veikta atbilstigi LVS ISO 6091
standartam “Sausais piens. Titrg§jama skabuma noteikSana. (References
metode)”, lietojot 0.1 M NaOH un patéréto sarma daudzumu reizinot ar 10,
Ternera gradu iegiiSanai.

Recekla blivuma noteikSana

Recekla blivuma noteikSanai paraugi analizgti ar partikas produktu strukttras
analizatoru TA.HD.plus Texture Analyser (Lielbritanija).

Varglaze ielej 50 mL svaigpiena un uzsilda lidz 35 °C. Paraugam pievieno 1
mL 1 % recinasanas fermenta (CHY-MAX Ultra 1000, Chr.Hansen, Danija)
Skidumu, ripigi samaisa (10 s) un recina 35 °C 30 minites atbilstigas
temperatiiras tidens vanna (WB22, Vacija). Izveidotajam receklim analizé
blivumu, izmantojot kompresijas metodi. Metodes tehniskie dati: lietotais
uzgalis A/BE — 45, testa atrums 1.0 mm s°!, uzgala iespieSanas dzilums recekli 8
mm (Petrovska et al., 2017).

Tauku satura noteikSana siera un siera sausna

Tauku saturs siera noteikts pec ISO 19662:2018 standarta “Piena tauku
noteikSana ar skabes—butirometrisko metodi (Gerbera metode)”. Meritajus
centrifugé Nova Safety Centrifuge (Funke Gerber, Vacija) 5 min. Tauku saturu
aprékina p&c formulas:

T==— 2
kur: T — tauku saturs siera, %;
x — nolastjums no tauku méritaja skalas, %;
m — siera iesvars, g;
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11 — koeficients tauku méritaja uzradijuma parrékinam procentos.

Tauku saturu siera sausna aprékina péc formulas:
T-100

57 100-M
kur: Ts — tauku saturs siera sausna, %;
T — tauku saturs siera, %;
M — siera mitruma saturs, %.
Mitruma satura noteikS$ana siera un siera beztauku dalas siera mitruma
noteikSana
Siera mitruma saturu nosaka pgc LVS EN ISO 5534:2004 standarta “Siers un
kausgetais siers. Kopgjo cieto vielu satura noteikSana (References metode)”,
karsgjot sieru lidz nemainigai masai + 130 °C zavskapi (Memmert, UF 55,
Vacija).
Mitruma saturu aprékina p&c formulas

_ 9791,
M= " =100, “)

3

kur: M — siera mitruma saturs, %;
g — folijas masa kopa ar sieru lidz kaltéSanai, g;
g1 — folijas masa kopa ar sieru pec kalt€Sanas, g;
go — folijas masa, g.

Siera beztauku dalas mitruma saturu (SBDM) nosaka p&c formulas:
M

SBDM=m -100, (5)
kur: SBDM - siera beztauku dalas mitruma saturs, %;
M — siera mitruma saturs, %;
T — tauku saturs siera, %.
Piena paraugu analizei nosakamie raditdji, lietotas metodes un standarti
apkopoti 4. tabula.

4. tabula / Table 4
Nosakamie raditaji, metodes un standarti /
Parameters, methods and standards used in the study

N.p.k. Nosakamais raditajs / Mérvieniba Metode, standarts,
/ No Parameters determined / Units iekarta / Methods,
standards, equipment
1. Tauku saturs / Fat content %
2. Olbaltumvielu saturs / Protein %
content
- - S
3. CKOanz::rrllta saturs / Casein % ISQ 9622:2013, N
4, Laktozes saturs / Lactose % g[_ﬂlff)Scan Mars ™ (Foss,
anija)
content
5. Beztauku sausna / Solids-non- %
fat content
6. Sausna / Dry matter %
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4. tabulas turpinajums / Continuation of Table 4

N.p.k. | Nosakamais  raditajs /| Mérvieniba | Metode, standarts,
/ No Parameters determined [ Units iekarta / Methods,
standards, equipment

7. Somatisko  §tinu  skaits /| tikst. mL!' | LVS EN ISO 13366 —
Somatic cell count 2:2007,

Fossomatic FC  (Foss,
Danija)

8. SasalSanas punkts / Freezing °C ISO 9622:2013,

point MilkoScan Mars™ (Foss,
Danija)

9. Taukskabju saturs / Fatty acid g100 g’ GC-FID metode (PB-365

content ed. I no 15.09.2017)
(Hamilton Ltd, metode)

10. Recekla blivums / Curd N Petrovska et al., 2017

firmness TA.HD.plus Texture
Analyser (UK)

11. Tauku saturs (piena % ISO 9622:2013,
parraudzibas dati) / Fat Fossomatic FC  (Foss,
content (milk monitoring data) Danija)

Olbaltumvielu saturs (piena % ISO 9622:2013,
12. parraudzibas dati) / Protein Fossomatic FC  (Foss,
content (milk monitoring data) Danija)
13. Laktozes saturs (piena % ISO 9622:2013,
parraudzibas dati) / Lactose Fossomatic FC  (Foss,
content (milk monitoring data) Danija)
14. Urinvielas  saturs  (piena mg dL! ISO 9622:2013,
parraudzibas dati) / Urea Fossomatic FC  (Foss,
content (milk monitoring data) Danija)
15. Somatisko $iinu skaits (piena | tikst. mL' | ISO 13366-2:2006,
parraudzibas dati) / Somatic Fossomatic FC  (Foss,
cell count (milk monitoring Danija)
data)
16. pH* / pH - ISO 5546:2010, pH-metrs
SevenCompact pH S220
(Mettler Toledo, ASV) vai
pH-metrs HALO2
(HANNA Instruments,
Rumanija)

17. Skabums* / Acidity °T Titrimetriska metode, LVS
ISO 6091:2010

18. Mitruma saturs sieram** / % LVS EN ISO 5534:2004
Moisture content in cheese Zavskapis (Memmert, UF

55, Vacija)
19. Tauku saturs sieram** / Fat % ISO 19662:2018 ( Gerbera

content in cheese

metode)
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4. tabulas turpinajums / Continuation of Table 4

N.p.k. | Nosakamais  raditajs / | Meérvieniba | Metode, standarts,
/ No Parameters determined / Units iekarta / Methods,
standards, equipment
20. Siera beztauku dalas mitruma % Apréekina formula (5)

noteikSana** / Moisture in
cheese non—fat matter

* Analiz&ts tikai pienam un stikalam siera razoSanas procesa / Parameters were detected in milk and
in whey in cheese production process

**Noteikts tikai gatavam sieram péc preses / Detected in cheese after pressing

Datu matematiska statistika

Datu matematiskai analizei izmantota Microsoft Excel 2016 programmatiira
aprakstosSai statistikai (statistiskie raditaji, diagrammas, attélu veidos$ana) un
IBM® SPSS® Statistics versija 20.0 (SPSS Inc., Cikaga, IL, ASV). Datiem
aprekinata vidgja aritm&tiska vertiba un standartnovirze (Descriptive Statistics).
Faktora ietekme uz analizéto pazimju mainibu noteikta ar vienfaktora dispersijas
analizi (ANOVA Single Factor) un t—testu (Paired Two Sample for Means)
(pienemot, ka abu populaciju dispersijas ir vienadas), ar butiskuma Itmeni
(p<0.05). Visu raditaju noteikSana veikta trijos atkartojumos.

REZULTATI UN DISKUSIJA

1. Kazas piena sastava izmainas Skirnes ietekme

Piena sastava un kvalitates vert€Sanai analizeti individualie kazu piena
paraugi (n=891), kas iegiiti pétijuma laika, un rezultati apkopoti 5. tabula.

5. tabula / Table 5
Kazas piena sastava izmainas atkariba no Skirnes /
Changes in goat milk composition depending on breed

Skirne / Breed
Latvijas Piena Skirnu
S vieteja Zanes krustojumi
Raditaji / Parameters / Latvian / Saanen / Crossbred
Native (n=308) dairy goats
(n=274) (n=309)
Sausnas saturs / Dry matter, % 11.32+1.712 11.07+1.362 11.87+1.77°
Beztauku sausn%s saturs / Solids- 8 46+0.724 §.3540.540 8 45+0.86°
non-fat content, %
Tauku saturs / Fat content, % 3.27£1.09% 3.25+1.022 3.65+1.04°
Olbalturr;welu saturs / Protein 3574059 3 4640.46° 3 6140.66"
content, %
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5. tabulas turpinajums / Continuation of Table 5

Skirne / Breed
Latvijas Piena Skirnu
. vieteja Zanes krustojumi
Raditaji/ Parameters / Latvian / Saanen / Crossbred
Native (n=308) dairy goats
(n=274) (n=309)

OLA)aktozes saturs / Lactose content, 4.48+0 358 4.50£0.38¢ 44320 34
OSésalsanas punkts / Freezing point, 04944-0043 | -04904-0038 | -049--0040°
Urinviela / Urea content, mg dL"! 65.60+9.452 67.90+8.542 66.12+9.312

S8V /8CS 6.68+1.932 7.03+£2.332 7.30£2.55%

Raditaji ar dazadiem burtiem rindas bitiski atskiras starp Skirném (p<0.05).
Results marked with different letters in rows differ significantly between the breeds (p<0.05).

Sausnas satura tika konstatétas biitiskas atskiribas starp skirném, XP kazam
bija buitiski augstaks sausnas saturs (p=0.001), savukart beztauku sausnas satura
butiskas atskiribas netika noteiktas. Lidzigus secinajumus, analiz&jot beztauku
sausnas saturu kazas piena, ir veikusSi Nepalas zinatnieki, nosakot §1 raditaja
robezas no 7.27 11dz 7.48 % (Dahal et al., 2026). AlZirija veiktaja petljuma iegiitie
rezultati ir pietuvinami ZK kazu piena datiem un salidzinami ar vidgjiem
raditajiem ar1 Nepalas ZK kazu piena (Bouderka et al., 2025; Dahal et al., 2026).

Saja pétijuma augstakais tauku un olbaltumvielu saturs tika konstatéts piena
Skirnu krustojumu kazu piena (3.65 % un 3.61 %), tauku saturs bitiski atSkiras
no LVK un ZK kazu piena (p=0.000). Olbaltumvielu saturs bitiski atskiras XP
un ZK kazu piena (p=0.006). Lietuvas zinatnieku (Lauciené et al., 2022)
pétijuma tika iegiiti lidzigi rezultati, XP kazam (ZK un AN krustojuma dzivnieki)
konstat€jot augstako tauku (XP 3.98 %, ZK 3.57 %) un olbaltumvielu saturu
(XP 3.15 %, ZK 2.96 %) piena. Ari Italijas viet€jo kazu Skirnu izp&t€ secinats,
ka ZK kazu piena tauku saturs ir 11dz pat 20 % mazaks neka vietgjo skirnu kazu
piena (Curro et al., 2019). Lidz ar to piena Skirnu krustojumu kazas ir perspektivi
dzivnieki, kas sp&j nodrosinat augstu tauku un olbaltumvielu saturu piena.

Saja pétijuma augstakais laktozes un urinvielas saturs tika konstatéts Zanes
Skirnes kazu piena, attiecigi, 4.50 % un 67.90 mg dL"!. Vertgjot laktozes saturu,
bitiskas atSkiribas starp Skirném netika konstatétas un lidzigi secinajumi ir ari
nebija biitisku atSkiribu starp Skirn€m un tas svarstijas robezas no - 0.492 lidz -
0.496 °C. Noteikta somatisko $iinu vertiba bija mazaka Latvijas viet&jo kazu
(6.68), bet lielaka piena Skirnu krustojumu kazu piena (7.30). Curro et al. (2019)
pétijuma konstatéts, ka ZK ir augstika SSV (6.81) piena neka vidgjie raditaji
vietgjam kazu Skirném (4.68). Citos petjjumos ir secinats, ka vietgjam skirném ir
lielaks SSS piena neka ZK gkirnei (Marcinkoniene & Ciprovi¢a, 2020; Lauciené
et al., 2022), kas apstiprina miisu petijuma iegiitos rezultatus piena Skirnu
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krustojumu kazam. Turklat kazas piena parstrade tiek izmantots visu saimnieciba
esoso lakt€joso kazu piens, kas koppiena iegist stabiliz€tu sastavu un ir ari
skaidrojums tik dazadam variacijam piena produktu razo$ana iegiitajiem
rezultatiem.

Analizgjot kazas pienu Skirmu griezuma, uzmaniba javer§ piena tauku
sastavam, kas ietekm& ne tikai piena sensoras IpaSibas, bet arT piena produktu
iznakumu. Zinatniskos petijumos ir apstiprinatas taukskabju satura atSkiribas
piena dazadam kazu Skirn€m vienados &dinasanas un turéSanas apstaklos. Lai
gan Latvija kazu piena sastavs vairak analizéts genctisko faktoru ietekmé,
taukskabju sastava un satura analize dazadu Skirnu un piena Skirpu krustojumu
kazu pienam, ka arT koppienam nav veikta. Taukskabju sastavu un saturu kazu
piena skatit 6. tabula.

6. tabula / Table 6
Taukskabju sastavs un saturs dazadu skirnu kazu piena un koppiena, g
100 g! / Fatty acid composition and concentration in different goat breed
milk and bulk milk, g 100 g’

Piena Skirnu

o Latvijas - .
= krustojumi / Zanes / Koppiens
Taukskapes / Fatty Crossbred kazz} / Saanen / Bulk milk
acids dairy eoats Latvian =) r=5)
’(i=g5) Native (7=5)

Tauku saturs / Fat 3.81+0.732 2.96+0.59% | 3.40+1.34% | 3.24+0.222
content, %
C4:0 sviestskabe /
butyric acid
C6:0 kapronskabe /
caproic acid
C8:0 kaprilskabe /

0.10+0.00? 0.10£0.00* | 0.12+0.05° | 0.10+0.00?

0.10+0.00? 0.10£0.012 | 0.12+0.05° | 0.10+0.00?

. . <0.10* <0.10* 0.10£0.00° | 0.10+0.00°
caprylic acid
Cl10:0 kaprinskabe /| 56,0090 | 0.20£0.13* | 0.18:0.05* | 0.20+0.00°
capric acid

C12:0 laurinskabe /
lauric acid

C14:0 miristinskabe /
myristic acid

C16:0 palmitinskabe /
palmitic acid

C18:0 stearinskabe /
stearic acid

C18:1t9 trans-
elaidinskabe / trans- 0.10+0.002 0.10+0.002 0.10+0.01% | 0.10£0.00?
elaidic acid

C18:1¢9 oleinskabe /
oleic acid

0.124+0.05% 0.10£0.012 | 0.10+£0.00° | 0.10+0.00°

0.26+0.06* 0.22+0.08* | 0.2440.24* | 0.24+0.06*

0.96+0.172 0.74+0.16* 0.92+0.35* | 0.82+0.08*

0.62+0.13% 0.48+0.10° 0.56+£0.26* | 0.54+0.06*

0.90+0.31% 0.68+0.10? 0.80+0.42% | 0.70+0.07*
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6. tabulas turpinajums / Continuation of Table 6

Piena $kirnu

A Latvijas - .
- krustojumi / Zanes / Koppiens
:;il(;’l:skabes / Faty Crossbred Ll;atxzz?aiz Saanen / Bulk milk
dairy goats Native (=) (=5) (=5)

(=5)
0.13+0.05% 0.10+£0.00* | 0.12+0.05* | 0.12+0.052

C18:2n6 linolenskabe /
linoleic acid

Raditaji ar dazadiem burtiem rindds biitiski atSkiras starp Skirném un koppienu (p<0.05).

Results marked with different letters in rows differ significantly between the breeds and bulk milk
(p<0.05).

Latvijas vietgjas kazu Skirnes piens atskiras tauku satura zina, svarstoties no
2.37 lidz 3.55 %. Visos analizétajos kazas piena paraugos tika noteikts
taukskabju profils, kas atbilst literattira atspogulotajam kazas pienam (Martinez-
Marin et al., 2011; Mollica et al., 2021). To raksturo paaugstinats vidgjo k&zu
taukskabju saturs (C6:0, C8:0 un C10:0), ka arT relativi mazaks polinepiesatinato
taukskabju saturs, salidzinot ar citu lauksaimniecibas dzivnieku pienu (Selvaggi
et al., 2014; Park et al., 2017). Butiski augstaks sviestskabes (0.12 g 100 g™)
saturs noteikts Zanes Skirnes kazu piena, kas ir salidzinams ar Park (2009)
pétijuma rezultatiem (0.13 g 100 g™!). Lietuvas zinatnieku pétijuma, analizgjot
taukskabju saturu kazu piena, lielakais sviestskabes saturs tika konstatéts ZK un
AN skirpu krustojumu kazu piena (0.14 g 100 g') (Lauciené et al, 2022).
Latvijas vietgjas Skirnes kazu piena bija mazaks gan tauku, gan kopgjo
piesatinato un mononepiesatinato taukskabju saturs, salidzinajuma ar pétitajam
Skirn€m, tomer kaprinskabes saturs Zanes kazu piena bija mazaks (0.18 g 100
g )neka LVK (0.20 g 100 g™). Piena skirpu krustojumu kazu piena tika noteikts
augstaks miristinskabes (0.26 g 100 g™), palmitinskabes (0.96 g 100 g™') un
oleinskabes (0.90 g 100 g) saturs, lai gan bitiskas atSkiribas konstatétas tikai
kapronskabes un kaprilskabes satura Zanes kazu piena. Arl kopgjais
mononepiesatinato taukskabju saturs bija augstaks piena skirnu krustojumu kazu
piena, bet bitiskas atSkiribas netika konstatetas. ArT Voblikova et al. (2020)
pétijuma uzsver, ka nepiesatinatas taukskabes, pieméram, linolskabe un
oleinskabe vairak tika noteiktas piena Skirnu krustojumu kazu piena (attiecigi,
0.13 un 0.90 g 100 g™), lidzigus oleinskabes rezultatus — 0.90 = 0.31 g 100 g'!
uzrada arT $aja p&tijuma piena Skirnu krustojumu kazu piens. Analiz&jot koppiena
tauku saturu, to veido 68 % piesatinatas taukskabes, 23 % mononepiesatinatas
un 4.3 % polinepiesatinatas taukskabes. Dazadu valstu zinatnieki ir vert&jusi
taukskabju sadalijumu kazas piena, noradot, ka piesatinato taukskabju saturs
svarstas robezas no 59 Iidz 74 %, mononepiesatinatas no 19 Iidz 36 %, bet
polinepiesatinatas no 2.60 Iidz 5.60 % (Koop et al., 2010; Mollica et al., 2021;
Vulié et al., 2021; Lauciené et al., 2022; Slyzius et al., 2023). Jaatzimé, ka miisu
pétijuma rezultati ieklaujas Sajos intervalos.
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Pozitivi ir atzZim&jamas polinepiesatinato taukskabju satura robezas no 3.14
lidz 4.32 % kazu piena un kopiena, kas ir virs vidgjiem raditajiem, noteiktiem
Koop et al. (2010), Mollica et al. (2021), Vuli¢ et al. (2021), Lauciené et al.
(2022), Slyzius et al. (2023) pétijumos.

Analizgjot taukskabju saturu, nav bitisku atskiribu starp noteiktajam
taukskabém dazadu skirnu kazu un to krustojumu piena, arT koppiena, iznemot
sviestskabi un kapronskabi, laujot prognozet izejvielas viendabigumu taukskabju
sastava un satura piena produktu razoSana.

2. Kazas piena sastava izmainas laktacijas ietekme

Kazas piena sastava izmainas laktacijas ietekme apkopotas 7. tabula, kura
atainoti otras, tre$as un ceturtas laktacijas kazu piena sastava rezultati.

7. tabula / Table 7
Kazas piena sastava izmainas atkariba no laktacijas / Goat milk
composition changes depending on lactation

Laktacija / Lactation
Raditaji / Parameters Otra / Second Tresa / Third Ceturta /
(n=294) (n=282) Fourth (n=105)

Sausnas saturs / Dry matter, 11.49+1.62° 11.20+1.292 11.24+1.422
%
Beztauku sausnas saturs / 8.43+0.692 8.28+0.66° 8.31+0.58%
Solids-non-fat content, %
Tauku saturs / Fat content, 3.42+1.092 3.25+0.892 3.32+1.032
%
Olbaltumvielu  saturs / 3.60+0.492 3.40+0.49° 3.45+0.46°
Protein content, %
Laktozes saturs / Lactose 4.44+0.39° 4.51£0.36° 4.51+0.335
content, %
SasalSanas punkts / -0.495=+- -0.490=%- -0.493+-
Freezing point, °C 0.0482 0.0352 0.0392
Urinviela / Urea content, 68.08+9.12? 67.33+8.42% 66.79+8.72°
mg dL-!
SSV /SCS 6.81+2.16% 7.3242.53b 7.23+2.78b

Raditaji ar dazadiem burtiem rinda biitiski atsSkiras starp laktacijam (p<0.05).
Results marked with different letters in rows differ significantly between the lactations (p<0.05).

Vertgjot laktacijas ietekmi uz kazas piena sastavu, tika noverots, ka tauku un
olbaltumvielu saturs samazinas ar treSo laktaciju (attiecigi, 3.25 % un 3.40 %),
tadu ceturtaja laktacija novéro nelielu kapumu (attiecigi, 3.32 % un 3.45 %). S
tendence saskan ar citu zinatnieku veiktajiem pétfjumiem (Urbanska, et al., 2023;
Boshoff et al., 2024). Albenzio et al. (2016) un Stojiljkovi¢ et al. (2025) petot
Zanes Skirnes kazas, konstat§jusi, ka ar 3. laktaciju samazinas tauku un
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olbaltumvielu saturs piena (attiecigi, no 3.78 % uz 3.65 % un no 3.41 % uz 3.32
%), bet 4. laktacija novéro kapumu (attiecigi, 3.73 % un 3.36 %), izmainas saistot
ar dzivnieku briedumu un fiziologiju. Laktozes saturs nedaudz palielinas no otras
uz treso laktaciju, un stabilizgjas, saglabajot lidzigas vertibas ceturtaja laktacija.
Savukart Ibrahim & Jalil (2022) noveéroja lidzigu tendenci laktozes satura
palielinasana kazu piena no 2. uz 3. laktaciju (attiecigi no 4.23 % uz 4.27 %) ar
kritumu 4. laktacija (4.10 %). Sis izmainas autori skaidroja ar dzivnieku
vielmainu un piena izslaukuma kapumu, ka ar1 baribas vielu sabalans&tibu.
Urinvielas saturs kazu piena samazinajas ar katru laktaciju, proti, no 68.08 lidz
66.79 mg dL!. Misu pétijuma konstatéts paaugstinats urinvielas saturs kazas
piena, salidzinot ar citu zinatnieku p&tjjumiem. V&lamais urinvielas saturs kazas
piena ir robezas no 30 Iidz 45 mg dL"'. Sada koncentracija kazas dod maksimalu
piena izslaukumu un olbaltumvielu saturu, kas norada uz sabalans&tu proteina un
energijas attiecibu bariba (Widayati et al., 2017; Ljolji¢ et al., 2023). Augsts
urinvielas saturs piena var liecinat par nesabalans€tu baribas devu vai zemu
slapekla izmantosanu (Sadrucci et al., 2019), tadgjadi ir jasecina, ka kopgjais
urinvielas saturs analizéto kazu piena virs 66 mg dL! var ietekmét SSS piena.
Darba meklétas sakaribas starp urinvielas saturu piena ar citam piena
sastavdalam (olbaltumvielu un tauku saturu (r=0.08), somatisko §tinu skaitu
(r=0.11)), konstatgjot, ka tas ir loti vajas vai Saja petjjuma netika konstatgtas.
SasalSanas punkts kazu piena starp laktacijam batiski neat$kiras, svarstoties
robezas no - 0.495 1idz - 0.490 °C. Somatisko §tinu vertiba bitiski atSkiras otras
laktacijas kazu piena, konstatgjot zemako vertibu (6.81) $aja petijuma, savukart
tresas un ceturtas laktacijas kazu piena SSV bija augstaka. Lidzigi secinajumi ir
arl Spanijas zinatniekiem (Salomone-Caballero et al., 2024), pieradot, ka SSS
palielinas, pieaugot laktaciju skaitam. Tas atspogulo izmainas tesmens audos,
kazam novecojot, ka arT lielaku to uzn€mibu pret infekciju ierosinatajiem
(Salomone-Caballero et al., 2024; Smistad et al., 2024). legiitie rezultati un
atzinas pierada, ka piena kvalitates vert€sanas aspektd ieteicams pieverst
uzmanibu laktaciju skaitam kazu ganampulkos un izveért€t vE€lamas Skirnes
izkopsanu. Turklat iegiitie SSV dati kazu pienam laktaciju griezuma pierada, jo
mazika ir SSV, jo mazakas izmainas piena sastava ir novérojamas. Lidz ar to
nakama nodala tiks skaidrota sezonas ietekme uz piena sastavu, tostarp SSV.

3. Kazas piena sastava izmainas sezonas ietekme

Sezona ir viens no faktoriem, kas ietekme kazas piena kimisko sastavu. Ta ir
ciesi saistita ar laktaciju, baribas dazadibu un kvalitati, arT ar klimatiskajiem
apstakliem. Gaisa temperatira un relativais mitrums ir svarstigi faktori, kas
ietekme dzivnieku paSsajlitu un sintez€ta piena apjomu un sastavu. Kazas piena
sastava izmainas sezonas ietekmé ir apkopotas 8. tabula.
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Kazas piena sastava izmainas sezonas ietekme /

8. tabula / Table 8

Seasonal changes in goat milk composition

Sezona / Season
Vasaras Vasaras
Raditaji / Parameters Pavas?lris/ sakums / beigas / Rudens /
Spring Early Late Autumn
(n=173) summer summer (n=156)
(n=304) (n=258)
Sausnas saturs / Dry | 10.80+1.59* | 11.17+1.07* | 11.15£1.03* | 10.74+1.03?
matter, %
Beztauku sausnas | 8.26£0.62% | 8.07+0.73%® | 8.11x0.39% | 7.99+0.56°
saturs / Solids-non-fat
content, %
Tauku saturs / Fat | 2.69+£0.81% 3.29+0.74° 3.29+0.70° 3.07+0.54¢
content, %
Olbaltumvielu saturs / | 3.26+0.40° 3.23+0.31* 3.30+0.29° 3.29+0.55°
Protein content, %
Laktozes  saturs /| 4.59+0.30° 4.55+0.332 4.48+0.32° | 4.41+0.27°
Lactose content, %
Sasalsanas punkts /| 05000035 | 048900320 | 048500200 | -0469=0024°
Freezing point, °C
SSV /SCS 6.21+1.42% 6.52+1.632 6.74+1.55° 6.70+1.542

Raditaji ar dazadiem burtiem rindas bitiski atSkiras starp sezonam (p<0.05).
Results marked with different letters in rows differ significantly between the seasons (p<0.05).

Analizgjot iegiitos rezultatus, var secinat, ka augstakais tauku saturs tika
noteikts vasaras sakuma un beigas (3.29 %), tacu viszemakais pavasara sezona
(2.69 %). Olbaltumvielu saturs kazas piena butiski neat$kiras sezonas ietekmé&
un svarstijas no 3.23 lidz 3.30 %. Lidzigi rezultati ir Scano un Caboni (2022)
pétijuma, kura autori augstako olbaltumvielu saturu kazas piena ir noteikusi
laktacijas nosléguma (oktobra un novembra ménesSos). Laktozes saturs kazas
piena butiski at§kiras pavasara un vasaras sakuma no vasaras beigas un rudens
sezona (4.59 % — 4.41 %) iegiita. Ari Scano & Caboni (2022) pétijuma
konstatéts laktozes satura samazinajums kazas piena no pavasara lidz rudenim
(4.54 % — 4.36 %). Ar1 citos petijumos noverots laktozes satura samazinajums
vasaras izskana (Kljajevic et al., 2018; Pazzola et al., 2022), ar nelielu kritumu
rudenT. ArT p&tTjuma analiz&tajos kazu piena paraugos laktozes saturs no 4.59 %
pavasart nokritas 11dz 4.41 % rudeni. Analiz&jot ZK Skirnes kazu piena sastava
izmainas Italija, noverots laktozes satura samazinajums no pavasara lidz
rudenim, attiecigi no 4.75 uz 4.36 % (Scano & Caboni, 2022). Augstakais
laktozes saturs (4.59 %) kazas piena konstatéts pavasari, kad noteica arT zemako
SSV (6.21) piena. Sakaribu starp lielaku laktozes saturu un mazaku SSV novéro
kazam laktacijas fazes sakuma ar augstvertigas ganibu zales pieejamibu ganibu
perioda sakuma (Rupp et al., 2019; Podhorecka et al., 2021).
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Zemakais sausnas saturs kazas piena konstatéts pavasar (10.80 %) un rudent
(10.74 %), skaidrojot ar augstvertigas ganibu zales pieejamibu tiesi vasaras
sezona. SasalSanas punkts piena sezonas ietekmé svarstijas robezas no - 0.469
lidz - 0.500 °C, ar augstako punktu rudent (- 0.469 °C). Vienlaikus $aja sezona
tika noverots zemaks sausnas (10.74 %), beztauku sausnas (7.99 %) un laktozes
saturs (4.41 %) kazas piena. SasalSanas punkta salidzino$i mazas svarstibas ir
saistitas ar beztauku sausnas, 1paSi laktozes satura nelielo samazinajumu
(Kjajevic et al., 2018). Kopuma sezonas ietekme ir biitiska, analizgjot piena
kvalitati un piena piemérotibu piena produktu razosana (Inglingstad et al., 2014;
Akshit et al., 2024). Piena sastava izmainas sezonas ietekme pierada, ka vasaras
nosléguma iegiitd piena sastavs ir vispilnvértigakais, lai gan SSV datu butiska
ietekme ir tikai pavasara perioda iegiita piena.

4. Kazas piena kvalitates analize

SSS monitorings kazu piena ir batisks ne tikai kazu veselibas nodrosinasanai,
bet ari piena parstradei, izvert€jot piena piemérotibu produktu razo$anai un
galaproduktu kvalitatei. Latvija netiek reglamentéts SSS piena, bet biitu
nepiecieSams analizet to, lai novertetu Siinu skaita ietekmi uz piena produktu
razo$anu, kvalitati un iznakumu. SSS rezultati kazu piena pétijuma saimniecibas
kazam Skirnes un laktacijas griezuma apkopoti 9. tabula.

9. tabula / Table 9
Somatisko Siinu vértiba pétijuma analizéto kazu piena /
Somatic cell score in studied goat milk samples

Skirne / Breed Laktacija / Lactation
Latvijas Zanes / Piena Otra/ Tresa/ Ceturta /
Gads vietéja / Saanen Skirnu Second Third Fourth
/ Year Latvian krustojumi
Native / Crossbred
dairy goats

2018 | 7.07+4.11° | 7.1544.69° | 7.12+4.50° | 7.02+£3.93% | 7.19£4.79% | 6.71+2.694
2019 6.98+4.29° | 7.1044.34® | 7.35+4.54° | 7.10+4.414 | 7.12+4.21% | 6.44+3.088
2020 | 8.03+4.22% | 7.8244.79% | 7.60+4.72° | 7.54+4.61% | 7.7244.74 | 7.94+4.744
2021 6.98+4.00° | 7.96£5.55° | 6.69+4.54° | 6.43+3.96" | 7.76+5.58" | 6.98+£4.04B
20225 | 6.80+4.18" | 7.18+£3.05° 6.94+3.86° | 7.11+4.79* | 6.68+4.02" | 6.82+2.50"
2023° | 6.51+3.58" | 6.75+4.01° | 6.56+£3.28" | 6.23£3.33* | 6.63+3.00* | 6.52+3.484
Raditaji ar dazadiem mazajiem burtiem rindas biutiski atskiras starp Skirnem (p<0.05).

Results marked with different small letters in rows differ significantly between the breeds (p<0.05).
Raditaji ar dazadiem lielajiem burtiem rindas bitiski atskiras starp laktacijam (p<0.05).

Results marked with different capital letters in rows differ significantly between the lactations
(p<0.05).

3 Latvijas parraudzibas sisttma CILDA (piena parraudziba) [tieSsaiste] [skatits 2025. gada
15. decembris] Pieejams: https://muvis.ldc.gov.lv/atskaites/CildaAtskaites
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2020. gada tika konstatétas augstakas SSV piena, salidzinot ar citiem
pétfjuma gadiem. 2023. gada novérotas atikiribas SSV kazu $kirnu griezuma
(LVK -6.51; ZK — 6.75 un XP — 6.56). Michlova et al. (2016) pétijjuma ieguvusi
lidzigus rezultatus, analiz€jot ZK Skirnes kazu piena kvalitati un konstatgjot
augstaku SSS to piena. Vertgjot SSV dazadu 8kirmu kazu un piena $kirpu
krustojumu kazu piena, iezimgjas tendence, ka vietgjo skirnu kazu piena ir
mazaka SSV. Arf piena skirpu krustojumu kazam, krustojot ZK un LVK kazas,
iesp&jams panakt mazaku SSV piena. Lidziga situacija ir vérojama ari laktaciju
griezuma, otras laktacijas kazu piena SSV bija 6.23, tresas — 6.63, ar izpémumu
ceturtas laktacijas kazu piena 2019. gada (6.44). Vairaki petijumi (Bagnicka et
al., 2011; Jimenez-Granado et al. 2014; Yusuff et al., 2021; Salomone-Caballero
et al., 2024; Smistad et al., 2024) pierada, ka somatisko $tinu skaits kazas piena
palielinas ar katru laktaciju. Smistad et al. (2024), analiz&jot Norvégijas piena
kazu datus vairakdas saimniecibas, identificgja laktaciju ka vienu no
nozimigakajiem neinfekciozajiem faktoriem, kas veicina SSS pieaugumu piena.

Lidzigi Salomone-Caballero et al. (2024), vértgjot Kanariju salu piena kazas,
konstatgja, ka SSS bieZi pieaug ar laktaciju, turklat liclakas svarstibas noverotas
laktacijas vida (janijs — jalijs). Saja pétijuma SSS kazas piend picauga lidz
vasaras noslégumam (jilijs — augusts — 6.74 SSV) un rudeni nokritas Iidz 6.70
SSV (9. tabula). Ari Yusuff et al. (2021) secinaja, ka tresas laktacijas kazam SSS
piena bija bitiski augstaks (216 takst. mL') neka pirmas (189 tikst. mL') un
otras (187 tiikst. mL ") laktacijas kazu piena. 2020. gada Latvija videja SSV kazu
piena bija 6.62 (Lauku atbalsta dienests, 2025), nedaudz augstaka vértiba bija
saimniecibas slaucamo kazu piena (6.82°).

2022. un 2023. gada iegiitas SSV kazas piena nav biitiski atikirigas starp
Skirném vai laktacijam, apstiprinot ciltsdarba programmu TstenoSanas praktisko
pienesumu stabilakas piena kvalitates nodro§inasanai. Vértgjot SSV svarstibas,
var iezimé&t tendenci piena sastava un kvalitates mainiguma, apliecinot tik dazadu
izejvielu un atskirigu produktu iznakumu, kas ir izaicinajums piena parstradei.
Ar1 majrazotaji sieru razo no kazas piena ar mainigiem kvalitates raditajiem, kas
apgriitina kvalitates nodroinasanu galaproduktiem. Nereglamentgjot SSS kazas
pienam, izmantojamam parstrad€, nevar runat par strat€gisku pieeju komercialai
kazas piena parstrades attistibai Latvija un produktu kvalitates nodrosinasanai.
Jaatzime, ka iepriek§mingto atzinu apstiprina arT AS “Cesvaines piens” pieredze,
1slaicigi razojot puscieto saldpiena kazas piena sieru, kura partrauksanas iemesls
bija kazas piena razotaju nespg&ja nodroSinat atbilstosSu izejvielas kvalitati tik
prasigam piena produktam — sieram (personiga komunikacija ar AS “Cesvaines
piens”).

10. tabula apkopota kazas piena izslaukuma, sastava un kvalitates mainiba
atkariba no SSV grupas.

% Latvijas parraudzibas sisttma CILDA (piena parraudziba) [tieSsaiste] [skatits 2025. gada
29. decembris] Pieejams: https://muvis.ldc.gov.lv/atskaites/CildaAtskaites
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10. tabula / Table 10
Kazas piena izslaukuma, sastava un kvalitates raditaju mainiba somatisko
Stunu skaita ietekmé / Variability of goat milk yield, composition and quality
indicators in relation to somatic cell count

Raditaji / SSV grupas / SCS groups
Parameters 1 (n=164) 2(=472) | 3(n=149) | 4(n=106)
Izslaukums / Milk 597+1372 605+1392 561+132% 53241300
yield, kg

Sausna /  Dry | 11.38+1.25% 11.36+1.832 11.65+1.402 11.51+1.682
matter, %
Beztauku sausnas 8.44+0.572 8.42+0.792 8.47+0.66* 8.30+0.712
saturs / Solids—
non—fat  content,
%

Tauku saturs / Fat 3.32+0.92° 3.34+1.16° 3.51+0.93% 3.59+0.99°
content, %
Olbaltumvielu 3.50+0.46? 3.53+0.61° 3.59+0.572 3.60+£0.612
saturs / Protein
content, %
Laktozes saturs / 4.53+0.33? 4.46+0.40? 4.50+0.29* 4.41+0.32?
Lactose content,

%
SasalSanas punkts -0.499+- -0.494+- -0.495+- -0.483%-
/ Freezing point, 0.036* 0.046* 0.0322 0.036°
°C

Skaidrojums grupam: 1. grupa < 5.32 SSV; 2. grupa 5.32 — 7.31 SSV; 3. grupa 7.32 — 8.32 SSV; 4.
grupa > 8.32 SSV. Explanations: Group 1 < 5.32 SCS; Group 2 < 5.32 — 7.31 SCS; Group 3 7.32 —
8.32 SCS; Group 4 > 8.32.

Raditaji ar dazadiem burtiem rindas biitiski atskiras starp SSV grupam (p<0.05).

Results marked with different letters in rows differ significantly between the SCS groups (p<0.05).

Vertgjot izslaukumu, tika atrastas butiskas atSkiribas 4. grupas raditajos,
uzradot mazako izslaukumu 532 kg. Zinatniskaja literatira tiek uzsverts, ka
kazam izslaukums kritas, ja SSS parsniedz 1000 tikst. mL™' (Rupp et al., 2019;
Smistad et al., 2024, Slyiius et al., 2023; Desidera et al., 2025). Arl Cehijas
zinatnieku pétjjums apstiprina, ka izslaukuma kritums var bit Iidz 20 %
(Podhorecka et al., 2021).

Analizgjot iegttos datus, tika noverotas svarstibas piena sastavdalu satura
atkariba no SSS, tomér statistiski nozimigas izmainas netika novérotas, iznemot
tauku saturu. Augstakais tauku un olbaltumvielu saturs kazu piena bija ceturtas
grupas dzivnieku piena (attiecigi, 3.59 % un 3.60 %), bet zemakais pirmas grupas
kazu piena (attiecigi, 3.32 % un 3.50 %). Bitiski at$kiras tauku saturs kazas piena
starp ceturto un pirmo grupu (p=0.023), ka arT otro grupu (p=0.043). Ukraina
veikta petfjuma konstatéts, ka tauku saturs kazas piena kapj lidztekus SSS,
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novérojot 3.40 % tauku saturu piena pie SSV 5.66, 3.97 % pie SSV 6.03
(Zazharska, 2021).

Olbaltumvielu satura netika konstatétas butiskas atSkiribas starp grupam, ta
saturam kazas piena svarstoties no 3.50 [idz 3.60 %. Neliels olbaltumvielu satura
kapums kazu piena noverots ari citu zinatnieku darbos (Podhorecka et al., 2021),
pieméram, no 3.13 Iidz 3.33 % (SSV < 7.90). Pretdjus rezultatus ieguvusi
Lietuvas zinatnieki, konstat&jot olbaltumvielu satura palielinasanos no 3.08 %
lidz 3.46 %, pieaugot SSV. Vertgjot pretrunigo informaciju par olbaltumvielu
satura pieaugumu, 5. nodala analiz&tie kazeina dati apliecina izmainas uz stkalu
olbaltumvielu satura picauguma rékina. Lidz ar tauku satura samazinajumu
piena, samazinas arT tauku un olbaltumvielu attieciba (SlyZius et al., 2023). Sadas
izmainas iezZIm& piena piemérotibas kritumu parstradei, TpaSi sieram, un
iespgjami mazaku produktu iznakumu. Laktozes satura noteiktas bitiskas
atskiribas starp 1. un 4. grupu (p=0.003). Ar §1 atzina saskan ar citu zinatnieku
pétijumu rezultatiem, novérojot negativu korelaciju starp laktozes saturu un SSS
(Smistad et al., 2024; Desidera et al., 2025). Sausnas, arT beztauku sausnas satura
butiskas atSkiribas starp grupam netika noteiktas, sausnas saturs svarstijas
robezas no 11.36 lidz 11.65 % un beztauku sausnas saturs no 8.30 Iidz 8.47 %,
abi raditaji augstakas vertibas uzradija 3. grupas kazu piena. Lai gan mineralvielu
saturs kazas piena S$aja petjuma netika analiz€ts, petjumi pierada, ka,
samazinoties mineralvielu, arT laktozes saturam, bitiski palielinas sasalSanas
punkts. Biitiskas atSkiribas sasalSanas punkta radijuma noteiktas 4. grupas kazu
piena (p=0.011). Palielinoties SSV kazas piena, sasal3anas punkts paaugstinas,
ko ietekm@ laktozes satura un mineralvielu satura un sastava izmainas, kas rodas
piena dziedzeru epitélijStinas caurlaidibas palielinasanas rezultata (Rupp et al.,
2019; Geus et al., 2024).

Pé&tijuma tika vértétas sakaribas starp SSV un atseviskam piena sastavdalam.
Analizgjot rezultatus, sakaribas starp somatisko §inu skaitu (izteiktu SSV) un
laktozes saturu (1=0.178), arT tauku saturu (r=0.169) ir loti vajas, savukart starp
sausnas (r=0.010), un olbaltumvielu (r=0.069) saturu ir statistiski nenozimigas.
Vertgjot publiceto informaciju zinatniskos darbos, rezultati ir loti pretrunigi. Lai
gan zinatnieki censas atrast saikni starp SSS un olbaltumvielu vai tauku saturu,
jaatzime, ka ne visos gadijumos tas izdodas. Art Griekija veikta p&tijuma starp
SSS un tauku saturu konstatéja negativu vaju korelaciju (r=-0.302). Italija
veiktaja petijuma konstat€ja vajas vai vidgji ciesas korelacijas (attiecigi, r=0.387
un 1=0.539) starp SSS un tauku, ar starp SSS un olbaltumvielu saturu (Lianou et
al., 2022, Scano & Caboni, 2022). Petijuma par laktacijas un skirnu ietekmi uz
kazas piena sastavu noteikta vidgji ciesa korelacija starp SSS un laktozes saturu
(r=0.531) (Gecaj et al., 2021).

Sezona ietekmé SSV, jo ir mainigi klimatiskie apstakli, bariba un
fiziologiskie procesi dzivnieka organisma (Rupp et al., 2019; Geus et al., 2024,
Marcinkoniene & Ciprovica, 2026). Vasaras sezona kazam ir augstaks
izslaukums un ganibu sezona visvairak ietekmé SSV piena (Kljajevic et al.,
2018; Podhorecka et al., 2021, Desidera et al., 2025). 3. attéla atspogulota SSV
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sezonas griezuma un redzams, ka augstaka vidgja vertiba (6.74) tika noteikta
vasaras beigu sezona un zemaka SSV (6.21) tika konstatéta pavasari iegiita kazu
piena. Turklat petijjuma saimnieciba ir sezonals kazu mekl&Sanas periods, kas
atsaucas uz cietlaiSanas periodu kazam, parasti oktobris — novembris, un art
iegiitajiem SSV rezultatiem $aja perioda.
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3. att. Somatisko Sunu vertibas izmainas sezonas griezuma /

Fig. 3. Seasonal changes in somatic cell score
Ar dazadiem mazajiem burtiem atspogulotie lielumi norada uz bitiskam atskirtbam (p<0.05) /
Different lowercase letters indicate statistically significant differences (p<0.05).

Iegtitie rezultati skaidri pierada, ka somatiskas $linas biitu nepiecieSams
reglamentét kazas piena. Sai rekomendacijai ir pamatojums piena izslaukuma
datos, kas samazinas, $iinu skaitam pieaugot. Lai gan tiesas SSS izraisitas sastava
izmainas, iznemot laktozes saturu, kazas piena nenoveroja, istenotas ciltsdarba
programmas saimnieciba ir lavusas samazinat SSV no 7.07 — 7.15 lidz 6.23 —
6.51 jeb 1355 — 1380 tikst. mL!' lidz 1080 — 1180 tukst. mL™!. Lidz ar to
ieteicamais somatisko Siinu skaits kazas pienam parstradei batu < 1000 tikst.
mL™,

5. Kazas piena piemérotiba saldpiena siera raZoSanai

Tauki un olbaltumvielas ir galvenie siera masas veidotdji, lai gan to
izmantoSanas pakape ir atkariga no dazadiem faktoriem. Kazu Skirnes ietekme
uz piena rec€Sanu noteicoSajiem raditajiem ir apkopota 1 1. tabula. Tauku saturs
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svarstTjas no 2.66 % (LVK) Iidz 3.16 % (XP) kazu piena un butiski atskiras starp
§im skirném (p=0.008). Olbaltumvielu saturs kazu piena bija robezas no 2.95 %
(LVK) I1dz 3.07 % (XP) un $im raditajam nebija bitisku atskiribu starp skirném.

Augstaka tauku un obaltumvielu attieciba (1.04) noteikta piena Skirnu
krustojumu kazu piena, bet mazaka Latvijas viet&jo kazu (0.92) piena. Tauku un
olbaltumvielu attieciba raksturo piena piemérotibu siera razosanai un dod iesp&ju
prognozet siera iznakumu (Ferro, Tedeschi & Atzori, 2017; Vacca et al., 2018;
Scano & Caboni, 2022). Zanes kazu Skirnei tauku un olbaltumvielu attieciba bija
0.98, lai gan piena paraugos noteikts kvantitativi augstakais kazeina saturs (2.33
%).

11. tabula / Table 11
Skirnes ietekme uz piena recéSanas ipasibam / The influence of goat breed
on milk coagulation properties

Skirne / Breed
= aeemis Latvijas viet€ja - Piena 5.1’{“.1’3“
Raditaji / Parameters . X Zanes / Saanen krustojumi /
/ Latvian Native - .
(n=65) (n=70) Crossbred dairy
goats (n=69)
Tauku saturs / Fat content, 2.66+0.30? 2.97+0.43% 3.16+0.48°
%
Olbaltumvielu saturs / 2.954+0.28* 3.04+0.26* 3.07+0.34*
Protein content, %
Tauku un olbaltumvielu 0.9240.182 0.984+0.152 1.04+0.15°
attieciba / Fat-to-protein
ratio
Kazeina saturs / Casein 2.27+0.20* 2.33+0.20* 2.32+0.26*
content, %
Kazeina un tauku attieciba 0.87+0.17* 0.80+0.13% 0.75+0.12°
/ Casein—to—fat ratio
SSV/SCs 7.9740.822 6.67+1.73% 6.49£1.53°
Recekla blivums / Curd 1.9640.98° 1.88+0.88% 1.82+0.62°
firmness, N

Raditaji ar dazadiem burtiem rindas bitiski atskiras starp Skirném (p<0.05).
Results marked with different letters in rows differ significantly between the breeds (p<0.05).

P&tijumos secinats, ka ZK piens uzrada augstaku tauku un olbaltumvielu
saturu, salidzinot ar mazak produktivam skirném (Scheepers, Marle-Koster &
Visser, 2010; Michlova et al., 2016, Marcinkoniene & Ciprovica, 2026). Kazeina
satura biitiskas atSkirtbas starp Skirném nekonstatgja. Vertgjot kazeina un tauku
attiecibu, butiskas atSkiribas noteiktas starp Latvijas viet€jas un piena Skirnu
krustojumu kazu pienu. Horvatijas zinatnieki, analiz&jot kazeina un tauku
attiecibu siera razoSana, secindja, ka ieteicamaka butu 0.70, lai pilnvertigi
izmantotu piena sausnu (Kalit et al., 2021). P&tfjuma §T attieciba bija robezas no
0.75 I1dz 0.87, kas ieverojami atSkiras no Kalit et al. (2021) p&tijuma rezultatiem.
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Lielaka attieciba skaidrojama ar atSkiritbam kazu piena tauku satura, kas miisu
pétijuma bija mazaks. SSV butiski augstika bija LVK kazam (p=0.013).
Literatira ZK $kirni raksturo ar izciliem piena produktivitates raditajiem, tacu
dazkart viet&jo kazu piens uzrada augstaku recekla blivumu (LVK 1.96 N — ZK
1.88 N) (Marcinkoniene & Ciprovica, 2026). Piena Skirnu kazu krusto$ana ir
nozimiga, lai izprastu piena rec€Sanas Ipasibas un siera iznakumu (Malchiodi et
al., 2014; Pazzola et al., 2022, Kolenc et al., 2023).

Kazas piena sastavs atSkiras dazadu skirnu kazam, katras Skirnes kazu
pienam raksturigas savas rec€Sanas Ipasibas un piemeérotiba siera raZoSanai
(Vacca et al., 2018b). Saja pétijuma augstakais recekla blivums tika noteikts
LVK un ZK piena, turklat visaugstako max vertibu uzradija ZK piens (3.65 N),
kas norada, ka ne vienmér péc tauku un olbaltumvielu satura piena var prognozet
recekla veidoSanos. Biezi pétijumos uzsver, ka vietgjas kazu Skirnes raksturojas
ar augstaku piena sausnas saturu, kas var pozitivi ietekmét recekla blivuma
raditajus (Curro et al., 2019; Pazzola et al., 2022). Piena $kirnu krustojumu
kazam bija novérojams mazaks piena recekla blivums un ta mainiba pétjjuma
laika.

Laktacijas ietekme uz piena rec€Sanu ietekméjosiem raditajiem apkopota 12.
tabula.

12. tabula / Table 12
Laktacijas ietekme uz kazas piena recéSanu ietekméjoSiem raditajiem /
The effect of lactation on indicators affecting goat milk coagulation

Laktacija / Lactation
= yeem s Otra/ Tresa / Third Ceturta /
Raditaji / Parameters Second (n=79) Fowrth (n=52)
(n=73)
Tauku saturs / Fat content, % 3.09+0.43* 3.09+0.48° 2.8940.50°
Olbaltun;welu saturs / Protein 3114038 3.024031° 3 .0240.20°
content, %
Tauku  un olbaltumvielu a a a
attieciba / Fat—to—protein ratio 1.00+0.17 1.03£0.15 0.96x0.17
(I)(A)azema saturs / Casein content, 24040314 29840.22° 2.3040.134
Kazelna un tauku attieciba /| 79, 5 | 7520.120 0.830.15b
Casein—to—fat ratio
SSv/scs 6.51%1.87* 6.58+1.44 7.28+1.56*
Recekla ~ blivums /- Curd | 46,0790 | 18120710 1.76£0.81°
firmness, N

Raditaji ar dazadiem burtiem rindas bitiski atsSkiras starp laktacijam (p<0.05).
Results marked with different letters in rows differ significantly between the lactations (p<0.05).

Analizgjot tauku saturu dazadu laktaciju kazu piena, augstaks tika konstatets
otras un tresas laktacijas kazam (3.09 %), bet zemakais ceturtas laktacijas kazam
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(2.89 %). Olbaltumvielu satura netika noteiktas biitiskas atSkiribas starp
laktacijam. Tauku un olbaltumvielu attieciba biitiskas izmainas dazadu laktaciju
kazu piena netika konstatétas, taja pasa laika ir jauzsver, ka zemaka vertiba
noteikta ceturtas laktacijas kazu piena (0.96). A1l citi zinatnieki apliecina tas
mainibu laktacijas ietekmé (Vacca et al., 2018a; Pazzola et al., 2022).

Pétijuma netika novérotas bitiskas atskiribas SSV laktaciju ietvaros
(p=0.127), bet augstaka vertiba noteikta ceturtas laktacijas kazu piena (7.28). Lai
gan, vertgjot kvantitativos datus, otras laktacijas kazam SSV bija viszemaka
(6.51) un kazelna saturs piena augstakais (2.40 %). Lidzigus rezultatus ieguvusi
Vacca et al. (2018b) sava pétijuma. Kazeina un tauku attieciba kazu piena
laktaciju griezuma bija robezas no 0.75 lidz 0.83. Pazzola et al. (2019) un Kalit
et al. (2021) pétjjumos noradits, ka attiectba zem 0.70 var rezultSties ar
ievérojamiem tauku zudumiem ar siikalam, arT ietekme&s siera sensoras Ipasibas.
Augstakais recekla blivums tika noteikts otras laktacijas kazu piena (2.06 N) un
ar katru nakamo laktaciju tas samazinajas, sasniedzot 1.81 N un 1.76 N. Recekla
blivuma samazinajumu, palielinoties laktacijai, ir jaskaidro ar piena kimiska
sastava at$kiribam, mazaku tauku un olbaltumvielu attiecibu, kazeina saturu un
SSV pieaugumu kazu piena.

Laktacija ir nozimiga kazas piena sastava un kvalitates verteésana, ta ietekmé&
piena sastava mainibu un iegiita recekla blivumu. Analiz€jot augstakas piena
recekla blivuma vertibas katra laktacija, var secinat, ka recekla blivums, pieaugot
laktacijai, samazinas (3.20 — 2.89 — 2.87 N), lai gan redzams, ka ceturtas
laktacijas kazu piena noteikta zemaka vertiba (0.71 N) ir lielaka neka 2. un 3.
laktacijas kazu piena zemakas veértibas. ArT Pazzola et al. (2018) un Salomone-
Caballero et al. (2024) konstatgja, ka otras laktacijas kazu pienam ir Tsaks piena
rec&sanas laiks un augstaks recekla blivums. Palielinoties laktacijai, pieaug SSV
un kopa ar citam sastava izmainam novéro recéSanas laika palielinajumu un
mazaku recekla blivumu (Vacca et al.,, 2018b; Marcinkoniene & Ciprovica,
2026).

Recekla blivuma analize atkariba no SSV apkopota 13. tabula. Tauku saturs
butiski atskiras starp 4. un 1. grupas (p=0.045) piena paraugiem (13. tab.), un bija
robezas no 3.08 % lidz 3.47 %. Zemako veértibu olbaltumvielu saturam noteica
4. grupas kazu piena (3.13 %) un augstako (3.25 %) 1. grupas kazu piena.
Zemaka noteikta tauku un olbaltumvielu attieciba konstatéta 4. un 2. grupas kazu
piena (0.99). 4. grupa raksturojas ar zemako recekla blivumu (1.59 N) un
augstako kazeina un tauku attiecibu (0.82). Tauku un olbaltumvielu attieciba dod
iesp&ju prognozet siera iznakumu (Ferro, Tedeschi & Atzori, 2017; Vacca et al.,
2018b; Scano & Caboni, 2022), turklat, analiz&jot rezultatus, ir noveérojama
tendence, ka 4. grupas kazu piens ir mazak pieme@rots siera razosanai, ko pierada
ar citu zinatnieku pétijumi (Podhoreckd et al., 2021; Smistad et al., 2024,
Desidera et al., 2025).

33



13. tabula / Table 13
Somatisko $iinu skaita (izteikta SSV) ietekme uz piena recéSanu
ietekmgéjosiem raditajiem / The effect of somatic cell count (expressed as
SCS) on the indicators affecting milk coagulation

Raditaji / SSV grupas / SCS groups

Parameters 1 (n=49) 2 (n=82) 3 (n=42) 4 (n=31)
Tauku saturs / Fat | =3 47,0 65 | 31420.64° | 3.256055% | 3.08£0.92°
content, %
Olbaltumvielu
saturs / Protein 3.25+0.25% 3.18+0.34* 3.19+0.37* 3.13+0.24*
content, %
Tauku un
olbaltumvielu
attieciba / Fat—to—
protein ratio
Kazema saturs /
Casein content, %
Kazeina un tauku
attieciba / Casein— 0.75+0.10? 0.78+0.132 0.77+0.132 0.82+0.18*
to—fat ratio
SSv/scs 4.34+0.52? 6.38+0.45° 7.71+0.37¢ 9.03+0.474
Recekla blivums /|y 76, 6o | 18020.69" | 1.84+0.64° | 1.59:0.620
Curd firmness, N
Skaidrojums grupam: 1. grupa < 5.32 SSV; 2. grupa 5.32 — 7.31 SSV; 3. grupa 7.32 — 8.32 SSV; 4.
grupa > 8.32 SSV. Explanations: Group 1 < 5.32 SCS; Group 2 < 5.32 —7.31 SCS; Group 3 7.32 —
8.32 SCS; Group 4 > 8.32. .
Raditaji ar dazadiem alfabéta burtiem rindas biitiski atskiras starp SSV grupam (p<0.05).
Results marked with different alphabetic letters in rows differ significantly between the SCS groups
(p<0.05).

1.07£0.16* 0.99+0.20* 1.0340.18% 0.9940.30°

2.42+0.212 2.32+0.242 2.26+0.26° 2.324+0.15

Kazelna saturam netika noteiktas biitiskas at3kiribas starp SSV grupam, bet
augstaks kazeina saturs (2.42 %) konstatéts piena paraugos ar mazaku SSV.
Rupp et al. (2019) un Podhorecké et al. (2021) secinaja, ka palielinata SSV
negativi ietekmé kazeina saturu, ari piena recéSanas ipasibas. SSV virs 6.38
pagarina piena rec€$anas laiku un samazina iegiita recekla bltvumu (Stocco et
al., 2018; Desidera et al., 2024; Marcinkoniene & Ciprovica, 2026). SSv piena
ietekmé ar1 dzivnieku stress (Mehdid et al., 2019), tadel papildu uzmaniba javers
dzivnieku turéSanas un &dinasanas apstakliem, lai jebkuru procesu inic&tas
izmainas piena biitu péc iesp&jas lidzsvarotakas. SSS limitu noteik$ana kazu
piena ir nozimiga piena parstradei, tade] batiski ir vert€t un ar rezultatiem
pamatot to nepiecieSamibu.

Piena sastavdalu un to attiecibu izmainas kazas piena sezonas ietekmé
apkopotas 14. tabula.

Analizgjot sezonas ietekmi uz piena pieme&rotibu parstradei, redzams, ka
tauku saturs kazas piena pakapeniski palielinas, rudeni sasniedzot butiski
augstaku vertibu (4.00 %), arT tauku un olbaltumvielu attiecibu (1.13) piena.
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14. tabula / Table 14
Sezonas ietekme uz piena recinasanu ietekméjoSiem raditajiem / The
seasonal effect on indicators affecting goat milk coagulation

Vasaras Vasaras
Raditaji / Pav?sarls _/ sakums / beigas / Late Rudens /
Spring (n = Early _ | Autumn (n
Parameters _ | summer (n= -~
27) summer (n = 60) =87)
30)

Tauku saturs / Fat 3.00+0.782 3.13+0.542 3.14+0.742 4.00+0.70°
content, %
Olbaltumvielu saturs 3.27+0.332 3.03+0.30° 3.05+£0.32° | 3.60+0.45°
/ Protein content, %
Tauku un 0.92+0.21% 1.04+0.16% 1.03£0.24° 1.13£0.22°
olbaltumvielu
attieciba / Fat—to—
protein ratio
Kazeina saturs / 2.394+0.25? 2.31£0.222 2.31+0.252 2.67+0.36°
Casein content, %
Kazeina un tauku 0.85+0.262 0.76+0.13Y 0.77+0.16° 0.69+0.15°¢
attieciba / Casein—
to—fat ratio
SSV /SCS 5.734+2.128 6.82+1.53b 6.51+£1.66% | 6.88+1.59°
Recekla blivums / 2.04+0.55% 1.55+0.49° 2.14+0.84% 1.93+0.78°¢
Curd firmness, N

Raditaji ar dazadiem burtiem rindas biitiski atskiras starp sezonam (p<0.05).
Results marked with different letters in rows differ significantly between the seasons (p<0.05).

Olbaltumvielu saturs vasaras sezona kazu piena bija robezas no 3.03 lidz 3.05
%, kas ir butiski zemaks (p=0.047) neka pavasarT un rudent iegiitaja piena,
attiecigi 3.27 % un 3.60 %. ArT olbaltumvielu satura izmainas ietekmé tauku un
olbaltumvielu attiecibu (Scano & Caboni, 2022; Smistad et al., 2024,
Marcinkoniene & Ciprovic¢a, 2026). Lidziga situacija ir v€rojama Igaunija
veiktaja petjuma, kurd autori ir konstat€jusi bitiski augstaku tauku un
olbaltumvielu saturu kazas piena rudens sezona, ari lielako tauku un
olbaltumvielu attiecibu 1.16 (Tatar et al., 2015). ST tendence novérota arf citos
petijumos, Margatho et al. (2018) augstakus Sos raditajus noteikusSi oktobra
menesT iegiita kazas piena. Sos rezultatus var saistit ar baribas mainu kazam no
ganibu zdles uz sausaku un energéetiski sabalansétaku baribas devu (Clark &
Mora-Garcia, 2017; Desidera et al., 2025). ArT analiz€jot tauku un olbaltumvielu
attiecibu, ta butiski atSkiras pavasari (0.92) un rudeni (1.13) iegitam kazu
pienam. Lai gan tendence saglabajas lidziga, dazadu autoru darbos ta noradita
pat 1.27 (Scano & Caboni, 2022) vai pat 1.68 (Margatho et al, 2018). Ir jaatzimé,
ka tie$i rudens perioda tiek sasniegta optimala tauku un olbaltumvielu attieciba
piena, proti, no 1.10 lidz 1.27 (Ferro, Tedeschi & Atzori, 2017; Vacca et al,,
2018b; Scano & Caboni, 2022; Magro et al., 2026).
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Kazeina saturs kazas piena ir sezonali mainigs, augstakais kazeTna saturs
noteikts rudend iegiitaja kazas piena (2.67 %), bet mazakais vasaras nosléguma
(2.31 %). Lidzigas tendences aprakstitas literattira, kur noradits, ka kazeina saturs
samazinas vasaras sezona un palielinas rudeni (Stocco et al., 2018; Smistad et
al., 2024). Ar Italija veiktaja pétfjuma, analiz&jot kazelna saturu kazas piena
pavasarl — vasara, konstatéts ta samazinajums 3.00 — 2.61 % (Pazzola et al.,
2022). Attiecigi arT kazena un tauku attieciba piena ir sezonali mainiga, batiski
augstaka ta noteikta pavasart (0.85).

Ari SSV konstatétas at3kiribas starp sezonam, bet tas nevar raksturot ka
biitiskas. Portugalé veiktaja pétijuma maziks SSS kazas pienda konstatdts
pavasarl (Margatho et al, 2018) lidzigi miisu p&tjjuma rezultatiem. Analizgjot
vidgjos recekla blivuma datus, zemakais recekla blivums noteikts kazas piena
vasaras sakuma (1.55 N) un augstakais vasaras beigas (2.14 N). Iegiitos
rezultatus var skaidrot ar at$kiribam tauku un olbaltumvielu attieciba, ar1 ar
kazeina un tauku attiecibu piena, kas vasaras perioda beigas bija attiecigi 1.03 un
0.77. Savukart Pazolla et al. (2022) secingja, ka vasaras nosléguma iegiitajam
kazas pienam ir ilgaks rec€Sanas laiks, recekla veidoSanas kavgjas, iegilistot
viszemako blivumu (Pazzola et al., 2022). Vasaras sakuma noteikts mazakais
recekla bltvums (0.48 — 2.35 N) kazas pienam, jo ganibu sezonas sakums maina
piena sastavu, sekmé izslaukuma palielina$anos 1idz ar energiski pilnvértigas
baribas pieejamibu. Rudens sezona ir noveérojams augstakais recekla blivuma
raditajs (3.86 N) kazas piena.

Analizgjot kazeina satura ietekmi uz iegiita kazas piena recekla blivumu,
sakariba ir vaja (r=0.08). Sakariba mekléta, pamatojoties uz citu pé&tjjumu
datiem, kuros apstiprinata augstaka kazeTna satura un stingraka recekla saistiba
(Stocco et al., 2018; Vacca et al., 2018b). Clark & Sherbon (2000) p&tijuma ir
noradits, ka augstaks kazeina saturs nodro§ina vairak saskares punktu starp
micellam, agreggjot tas, un veido stingraku recekli.

Jaatzime, ka kazeina saturs nav tieSs kazas piena recekla blivuma raditajs, ko
pierada pétijuma rezultati iegiiti rudens sezona. Saja sezona konstatéts augstakais
kazeina saturs kazas piena (2.67 %), arT lielakais noteiktais olbaltumvielu saturs
(3.60 %), kas rezultgjas recekla blivuma raditaja — 1.93 N. Kazas piena kazelns
atSkiras no govs piena ar kazeina frakciju sadaltfjumu, lielaku Tpatsvaru taja veido
B kazeina frakcija. Recekla bltvums ir atkarigs no o kazeina satura. Turklat
butiski lielaks tauku saturs rudens sezona iegiitaja kazas piena (4.00 %)
ievérojami samazindja kazeina un tauku attiecibu (0.69), art lielais vid&jo k&zu
taukskabju saturs $ada tauku satura kazas piena kavgja stingraka recekla iegtiSanu
(1.93 N). Ar1 jaunakie pétfjumi skaidri demonstré, ka recekla blivums ir
kompleksu faktoru, proti, SSS, dzivnieka Skirnes, &dinasanas un baribas
sabalansétibas, ietekmes rezultats (Pazolla et al., 2022; Li et al., 2023; Desidera
etal., 2025; Magro et al., 2026), kas apstiprina nepiecieSamibu to analizét dazadu
faktoru griezuma.

Analizgjot individualo kazu piena paraugus, noskaidrotas plasas piena
sastava variacijas, bet piena produktu razosana izmanto koppienu. Tapec Iidzas
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individualo kazas piena paraugu novert€jumam, vertéts koppiens, ta sastavs un
kvalitate (15. tabula). Koppiena paraugiem recekla blivums svarstijas robezas no
1.56 N Iidz 2.43 N ar vidgjo raditaju 1.96 N. Tauku satura ieteckme uz iegiita
recekla blivumu ir javerté plasak, jo zinatniskaja literatira ir noradits, ka
augstaks tauku saturs piena var uzlabot piena recéSanas 1pasibas, saisinot piena
rec€Sanas laiku un samazinot recekla nostiprinasanas atrumu, nodro$inot lielaku
recekla bltvumu (Stocco et al., 2018; Desidera et al., 2025).

Petfjuma analizeta koppiena paraugos tauku un olbaltumvielu attieciba bija
1.04. Literatiira atspogulotajos rezultatos sada attieciba netiek uzskatita par
piemerotu siera razosanai (1.10 — 1.27), kas norada uz ilgaku piena rec€Sanas
laiku un iesp&jamam recekla blivuma novirzém (Pazzola et al., 2019). Analizgjot
piena piemérotibu siera razosanai, ir svarigi vertét tiesi koppienu, lai saprastu
piena kimiska sastava variacijas dazadu faktoru ietekmé un, koriggjot raZzoSanas
procesu, samazinatu tehnologiskos zudumus piena produktu razo$ana.

15. tabula / Table 15
Koppiena sastavs un kvalitate petijuma laika / Bulk milk composition and
quality in the study

Raditaji / Parameters Min Max Vidgji / Average
Tauku saturs / Fat content, % 2.61 5.53 3.56+0.73
Olbaltun;vwlu saturs /  Protein 243 5.04 3.4540.56
content, %

Tauku un olpalmmV1elu attieciba / 0.68 153 1 04£0.18
Fat—to—protein ratio

Laktozes saturs / Lactose content, % 3.90 4.89 4.44+0.20
0Sésalsanas punkts / Freezing point, 0411 0.557 0,486 = -0.028
Recekla blivums / Curd firmness, N 1.56 2.43 1.96+0.24

Iegtitie rezultati un zinatnisko rakstu atzinas norada uz kompleksu faktoru
ietekmi uz piena receéSanu un iegtita recekla kvalitati. Lidz ar to, lai apstiprinatu
ieprickSmingtas atzinas un arl misu pétijuma rezultatus, vert€ta puscieta
saldpiena siera razoSanas specifika, iznakums, un iegita siera Tpasibas.

6. Puscieta saldpiena kazas piena siera raZoSanas analize

Saja nodala tiek vértéta piena sastava un kvalitates ietekme puscieta saldpiena
kazas piena siera razoSana. Siera razo$anas procesa verté$ana uzmaniba versta
piena sastava un kvalitates mainibai sezonas ietekmé, atseviski analiz&ti piena
rec€Sanas raditaji kazas pienam, vertets sikalu sastavs un siera iznakums péc
preses. 16. tabula ir apkopots piena sastavs un kvalitates raditaji katrai siera
razosanas partijai.
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16. tabula / Table 16

Kazas piena sastavs un kvalitate puscieta saldpiena siera raZoSanai / Goat
milk composition and quality for rennet-induced semi—hard cheese

production
Sastavdalas / Vasaras Vasaras Rudens Rudens
Components sakums / beigas / sakums / beigas / Late
Early Late Early autumn
sSummer summer autumn

;{f‘“sna [ Dry matter, |1 8350,030 | 11.36£0.03° | 12.09:0.02¢ | 12.67+0.04¢
Beztauku sausna /
Solids—non—fat 7.81+£0.03% | 8.18+£0.02° | 8.14+0.02° 8.75+0.02¢
content, %
Tauku ‘saturs /- Fat | 3 31,0000 | 3.440.01° | 4.08£0.01° | 4.11:0.00°
content, %
Tauku un
olbaltumvielu N b N 2
atticciba | Fai—to— 1.11£0.00 0.99+0.00 1.12+0.00 1.08+0.00
protein ratio
Olbaltumvielu saturs /| ) gg.0 020 | 34840.01° | 3.65£0.01° | 3.82£0.01¢
Protein content, %
Olbaltumvielu un
tauku  attieciba /| 0.90+0.00* | 1.01+0.00° | 0.8940.00° 0.93+0.00?
Protein—to—fat ratio
Eaktozes sars /g 510,000 | 4.34£0.030 | 4.30£0.01° | 4.64+0.020
actose content, %
SasalSanas punkts / -0.539+ -0.481+ -0.503%- -0.498+-
Freezing point, °C -0.0402 -0.020° 0.020% 0.040°
Recekla blivums, /| 5 5.0 0gs | 220+0.60% | 2.342030° | 2.16+0.50%
Curd firmness, N

Raditaji ar dazadiem burtiem rindas biitiski atskiras starp sezonam (p<0.05).
Results marked with different letters in rows differ significantly between the seasons (p<0.05).

Piena recéSanas ipasibas galvenokart nosaka olbaltumvielu, kazeina, tostarp
asi—kazeina, k—kazeina un B—laktoglobulina saturs (Inglingstad, 2016). Lai gan
kopgjais olbaltumvielu saturs nereti korelé ar recekla blivumu, sakariba nav
viennozimiga, jo recekla blivuma veidoSanos ietekm& arT kazelna frakciju
proporcijas un to funkcionalas Tpasibas. P&tljuma novérots, ka palielinoties
olbaltumvielu saturam, palielinas recekla blivums. Rudens sakuma iegtitaja
piena recekla blivuma pieaugums tika konstatéts arT pie mainiga olbaltumvielu
satura. Lai gan kazeina micellu izm@ri $aja petjjuma nav analizeti, p&tijumi
apstiprina mazakus kazeina micellu izm&rus kazas piena (vidgjie izméri 196 nm),
salidzinot ar govs pienu (Ji et al., 2025). Turklat piens ar mazakiem kazetna
micellu izm@riem (147 — 183 nm) rec atrak, nodrosinot blivaku recekli neka piens
ar lielaka izm@ra kazetna micellam (200 — 266 nm) (Inglingstad, 2016).
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Mazakam micellam ir vairak k kazeina un tas iespgjami veido vairak para—k—
kazelna saiSu recinasanas laika, rezultjoties blivaka recekli. Turpreti lielaks
tauku saturs samazina recekla blivumu, kas vérojams vasaras sakuma un rudens
beigas ieglita kazas piena, jo tauku lodites mehaniski traucé kazeina micellu
cies$aku agregaciju, veidojot vajaku recekli.

Olbaltumvielu un tauku attieciba kazas piena sieroSanai svarstijas no 0.89
lidz 1.01. Olbaltumvielu un tauku attieciba var arT neietekmét piena recinaSanas
ipasibas, ta butiskak maina razojama siera sastavu. Petfjumi norada, ka
olbaltumvielu un tauku attiecibas palielinajums par 0.10 sekme olbaltumvielu
pieaugumu siera par 0.60 % un samazina tauku saturu siera sausna par 1.90 %
(Guinee et al., 2007). Lai gan 21. tabula ir apkopoti minimalie un maksimalie
beztauku dalas mitruma saturi razotajam sieram, vargja noverot, ka, palielinoties
olbaltumvielu un tauku attiecibai piena (0.93), samazinajas siera beztauku dalas
mitruma saturs, sasniedzot zemako rezultatu 54.91 %. Vertgjot siera raZoSanas
procesa parametrus, iezimgjas tendence samazinaties piena sagatavoSanas
laikam recina$anai no 60 Iidz 45 min, lai sasniegtu vélamo piena pH (pH 6.45 —
6.49) pirms recina$anas fermenta pievieno$anas. Isaks laiks piena recina$anai
bija nepiecieSams rudens sakuma un rudens beigas razojot sieru, kas raksturojas
ar piemérotiem siera raZoSanai piena tehnologiskajiem raditajiem — lielaku
sausnas un olbaltumvielu saturu. Turklat individualo kazu piena kazeina analize
(14. tabula) parada lielaku kazeina saturu (2.67 %) tiesi rudens perioda iegiita
piena.

Lidzigi rezultati verojami, analiz&jot recekla veidoSanas laiku, kas bija
robezas no 45 1idz 60 min. Turklat pH izmainas graudu apstrades laika vieglak
regulgjamas tie$i rudens perioda iegiita piena siero$anai. Isaks laiks bija
nepiecieSams rudens sakuma un beigas gatavotam sieram, kas raksturojas ar
optimalu tauku un olbaltumvielu attiecibu (1.12) piena un ietilpa vairaku autoru
definétajas optimalajas robezas 1.10 — 1.27 (Ferro, Tedeschi & Atzori, 2017;
Vaccaetal., 2018b; Scano & Caboni, 2022; Magro et al., 2026). Aritehnologiska
procesa noverota nianse starp razotajam partijam, proti, piena recina$anas un
graudu apstrades ilgums I1dz otrai uzsildiSanai, arT sasniedzamais pH un graudu
apstrades ilgums péc otras uzsildisanas. Sie parametri ir tehnologiski regulgjami
un ne visos gadijumos skaidrojums ir jamekl€ sezonas vai citu faktoru ietekme.

Siera iznakums iegiits dazadas sezonas gatavotajam sieram ir apkopots 17.
tabula.

Siera iznakums ir atkarigs no tauku un olbaltumvielu satura piena, siera tidens
satura, nogatavinasanas ilguma un apstakliem, zudumiem razoSanas procesa un
citiem faktoriem. Arf siera fidens saturs ietekmé piena pat€rinu siera razoSana.
Izveloties siera raZoSanas procesa parametrus, esam spgjusas sasniegt zemakos
beztauku dalas mitruma satura raditajus gatavotajam puscietajam sieram (21.
tabula), turklat starp minimalo un maksimalo §1 raditaja vertibu nebija
ieverojamas atskiribas.
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17. tabula / Table 17
Siera iznakums (%) un piena pateérin$ 1 kg puscieta saldpiena siera

razosanai / Cheese yield (%) and amount of milk for 1 kg of semi—hard

rennet-induced cheese production

Tehnologiskie Vasaras Rudens Rudens
R = Vasaras - .
raditaji / sakums / X sakums / beigas /
. beigas / Late
Technological Early Early Late
summer
parameters summer autumn autumn
Iznakums / Yield, % 9.43 9.50 11.55 11.23
Piena paterin§ 1 kg
siera  razoSanai /
Amount  of  milk 10.77 10.54 9.14 8.74
required to produce 1
kg of cheese, kg

Vertgjot iegiito siikalu datus, skatit 18. tabulu, vérojams ar1 siikalu sastava
mainigums starp siera partijam sezonas ietekmé. Analizgjot stikalu sastavu, Tpasa
uzmaniba javers tauku un olbaltumvielu saturam tajas, jo tas atspogulo izejvielas
izmantoSanas efektivitati siera razoSana.

18. tabula / Table 18
Siikalu sastavs dazadam siera raZoSanas partijam / Whey composition from
different cheese batches

Vasaras Vasaras Rudens Rudens
Sastavdalas / sakums / beigas / sakums / beigas / Late
Compounds Early Late Early autumn
summer summer autumn
Sausna / Solids, % 6.66+0.02° 6.83+0.04° 6.10+0.03¢ 6.14+0.02°¢
Beztauku sausnas | 6.12+0.022 6.45+0.02° 5.70+0.02¢ 5.73+0.01¢
saturs / Solids—non—
fat content, %
Tauku saturs / Fat | 0.86+0.00* 1.06+0.00° 0.70+0.00¢ 0.73+0.00¢
content, %
Olbaltumvielu 0.80+0.01% 0.94+0.01° 0.84+0.002 1.0840.01¢
saturs / Protein
content, %
Laktozes saturs / | 4.14+0.012 3.98+0.02° 3.92+0.01° 3.89+0.01°
Lactose content, %

Raditaji ar dazadiem burtiem rindas biitiski atskiras starp sezonam (p<0.05).
Results marked with different letters in rows differ significantly between the seasons (p<0.05).

Tauku saturs kazas piena stkalas ir lielaks, salidzinot ar siikalu sastavu,
ieglitu, parstradajot govs pienu puscieta siera, kas skaidrojams ar mazaku tauku
lodiSu izméru kazas piena. IpaSi tauku satura atSkiribas verojamas vasaras
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perioda iegiita siera siikalas. Govs piena stikalas tauku saturs var sasniegt 0.70
%, ar1 rudens perioda iegiita kazas piena siikalas tauku saturs bija no 0.70 Iidz
0.73 %. Turklat ievertgjot atskirigo tauku lodisu izmérus govs un kazas piena,
iegiitie tauku satura dati stikalas ir optimali, ko raksturo arT rudens sezona iegiita
lielaka tauku izmantoSanas pakape (82.23 — 82.85 %)).

Analizgjot olbaltumvielu saturu stikalas, redzams, ka tas svarstas no 0.80 lidz
1.08 %, 1pasi liels ir vela rudens perioda iegiitajas siikalas, kas ir javerte ka Joti
augsts raditajs. Lielaks tauku un olbaltumvielu saturs stikalas netiesi norada uz
siera iznakuma samazinasanos. 5. nodala ir skaidrota recekla blivuma mainiba
dazadu faktoru ietekmg, kas ir attiecinama ar1 uz iznakuma prognozgsanu.

P&éc tauku satura siikalas var aprékinat tauku izmantoSanas pakapi siera
razosana. Tauku izmantoS$anas pakape siera razoSana svarstas plasas robezas un
ir atkariga no siera veida, tauku satura piena, tauku lodisu lieluma, recekla
blivuma, siera masas ieguves tehnikas, siera graudu apstrades rezZimiem un
citiem faktoriem. Siera vidgji pariet 90 % no normaliz&ta piena esosiem taukiem
(Ozola & Ciprovi¢a, 2002; Paschino et al., 2020; Pazzola et al., 2022). Tauku
izmanto$anas pakape siera raZzoSana apkopota 19. tabula.

Kazas piena siera gatavoSana dazadas sezonas uzradija tauku izmantoSanas
pakapi robezas no 69.19 lidz 82.85 %. Vertgjot Sos raditajus, tie ir jasaista ar
tauku lodisu lielumu un iegtito recekla blivumu (ipasi rudens sakuma gatavojot
sieru), arT kazas piena sausnas saturu, kas rudens perioda bija ievérojami augstaks
neka vasaras sezona. Turklat tauku zudumi ar siikalam vismazakie noteikti
rudens perioda gatavotam sieram, vienlaicigi $aja perioda ir konstateta augstaka
tauku izmantoSanas pakape (82.23 — 82.85 %), rezult§joties liclaka siera
iznakuma un mazaka piena patérina 1 kg siera razosanai.

19. tabula / Table 19
Tauku izmantoS$anas pakape siera raZzo$ana / Fat recovery in cheese

production
Vasaras Vasaras Rudens Rudens
Sastavdalas / sakums / beigas / sakums / beigas / Late
Components Early Late Early autumn
summer summer autumn
Tauku saturs piena / a b c g
Fat content in milk, % 3.314+0.00 3.44+0.01 4.08+0.01 4.11£0.00
Tauku saturs stkalas / | 0.86+0.00* | 1.06+0.00° | 0.70+0.00° 0.7340.00¢
Fat content in whey,
%
Tauku izmantoSanas | 74.02+0.00* | 69.19+0.15> | 82.85+0.05° 82.23+0.00°¢
pakape / Fat recovery
in cheese, %

Raditaji ar dazadiem burtiem rindas biitiski atsSkiras starp sezonam (p<0.05).
Results marked with different letters in rows differ significantly between the seasons (p<0.05).
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Razojot sieru, tiek izmantoti tikai apméram 75 % piena eso$o olbaltumvielu.
Dala olbaltumvielu tiek zaud&ta recekla un siera graudu apstrades laika, arT siera
veidoganas laika. So zudumu lielums ir atkarigs no recekla blivuma, siera graudu
lieluma, apstrades tehnikas un rezimiem. Turklat no piena esosa kazeina satura
sieros pariet apméram 97 — 98 % (McSweeney et al.,, 2025). Analizgjot
olbaltumvielu izmantosanas pakapi (20. tabula), ta svarstijas no 71.73 lidz 76.96
%.

20. tabula / Table 20
Olbaltumvielu izmantoSanas pakape siera raZoSana / Protein recovery in

cheese production
s‘;i:ﬁ:l:s/ ;’:isa::/s Rudens Rudens
Sastavdalas / Components 8 sakums / beigas / Late
Early Late
Early autumn autumn
summer summer
Olbaltumvielu saturs piena / | 5 gg.0 030 | 348:0.01° | 3.65:0.01 3.8240.01°
Protein content in milk, %
Olbaltumvielu saturs stikalas | 0.80+0.01* 0.94+0.01° 0.84+0.00° 1.08+0.01°¢
/ Protein content in whey, %
Olbaltumvielu izmantosanas | 73.15£0.15% | 72.86+0.14% 76.96+0.03¢ 71.73£0.15°
pakape / Protein recovery in
cheese, %

Raditaji ar dazadiem burtiem rindas biitiski atsSkiras starp sezonam (p<0.05).
Results marked with different letters in rows differ significantly between the seasons (p<0.05).

Lielaka olbaltumvielu izmantoSanas pakape noteikta rudens perioda razota
sierd un ir ciesi saistita ar ieglta recekla blivuma augstakajiem raditajiem,
attiecigi 2.16 N un 2.34 N. Attiecibas starp Siem raditajiem, sakaribu
skaidroSanai, apkopotas 4. attéla.
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Olbaltumvielu izmantoSanas pakape / Protein recovery in cheese, %

4. att. Iegiita recekla blivuma saistiba ar olbaltumvielu izmantoSanas
pakapi siera razoSana / Fig. 4. Relationships between curd firmness and
protein recovery in cheese

Analizgjot iegiita recekla blivuma saistibu ar olbaltumvielu izmantoSanas
pakapi siera, konstatSta cieSa pozitiva korelacija (r=0.99). Turklat tiesi
olbaltumvielu izmanto$anas pakape optimalaka konstatéta rudens perioda iegiita
siera. Sakaribas starp recekla blivumu un tauku izmantoSanas pakapi Saja
pétijuma nav meklétas, jo kop&ja tauku izmantoSanas pakape ir zema, lai gan
rudens perioda ir tendencei tai palielinaties. Kazas piena sastavs siera raZzo$anai
nav mainits, ka to novéro govs piena gadijuma, standartizgjot to. Standartizacija
palidz veidot stingraku recekli, turklat ta ir iesp&ams regulét arT tauku un
olbaltumvielu attiecibu. Standartizacija ir process, kas palidz nodrosinat
razotajam sieram noteiktos kvalitates raditajus (skatit 21. tabula).

Analizgjot iegltos siera kvalitates raditajus, siera beztauku dalas mitruma
saturs atbilst puscieto/pusmiksto sieru grupai, kas ir robezas no 54 Iidz 69 %
(Ozola & Ciprovica, 2002) un $aja petijuma vidgjais raditajs bija 55.06 % (atbilst
1. tabula noraditajiem krit€rijiem). Tauku saturs sieram noteikts p&c pres€Sanas,
tam parasti ir jabut par 1% augstakam ka paredz&ts gatava siera, jo salot siera
sausna palielinasies uz sals rékina. legtitais siera beztauku dalas mitruma saturs
(SBDM) ir atbilsto§s $adam sieram, turklat siera masa saliSanas procesa
samazinajas par 0.50 — 1.00 %, kas apstiprina masas zudumus.
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21. tabula / Table 21
Siera kvalitates raditaji / Cheese quality indices

Raditaji / Parameters Min Max Videji /
Average

Tauku saturs / Fat content, % 23.53 34.47 27.32+4.38
Tauku saturs siera sausna / Fat—on—dry 38.30 45.17 40.82+2.67
basis, %
Udens saturs / Moisture content, % 35.37 41.99 38.57+3.31
Siera beztauku dalas mitruma saturs / 5491 55.22 55.06+0.12
Moisture in cheese non—fat matter, %

Apkopojot pétijuma rezultatus par kazas piena sastava un kvalitates
ietekmi uz puscieta saldpiena kazas piena siera razoSanu, rezultatu kopsavilkums
atspogulots 22. tabula.

22. tabula / Table 22
Puscieta saldpiena kazas piena siera raZoSanu ietekméjoSo faktoru
kopsavilkums / The summary of factors affecting rennet-induced semi—hard
goat milk cheese production

25 ~ i g3 P 2%
=, 2 2 = -~ S8
g3 2y | © 53 =22 2 e s
> S ERS - 23 =5 EX 52 .
g 5 Py E g ESy | B2y | EE | ES S
23 g R S5 | EgSsg | %3 | 22
@» = N = o N
= 8 23 =5 | =3 223 =S | 2EeS
LN Q& =< 2 =R-B 2 S = 3
h=TN ] [ = s ® < - £ 2
=S 12 = [} 2 2 <
S * g S £ &S
= 2 N
Sausnas saturs /
< < <

Solid content p<0.05 p<0.05 n.k. nk. p<0.05 n.k.

E‘;ﬁ‘;n saturs | p<0.0s | p<0.05 | p<0.0s nk. p<0.05 nk.

Olbaltumvielu

saturs / Protein | p<0.05 p<0.05 nk. p<0.05 p<0.05 nk.

content

Laktozes saturs

/ Lactose nk. p<0.05 nk. nk. nk. nk.

content

Sezona / Season | o5 Eﬁ;ﬁi) p<0.05 p<0.05 | p<0.05 nk.

Skimne / Breed nk. p<0.05 nk. nk. nk. nk.

15212;2%2 "I nk | p<0.05 nk. nk. k. nk.

n.k. — nav konstatéts / not detected
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Puscieta saldpiena kazas siera tehnologisko procesu ietekm& gan piena
sastava izmainas, gan sezona. Augstveriga siera iznakuma nodro$inasanai, janem
veéra piena sastavs un rupigi jaizvélas atbilstoSs tehnologiskais process siera
razosanai.

SECINAJUMI

1. Analizgjot Skirnes ietekmi, noskaidrots, ka
e Latvijas vietgjo kazu piena ir mazaks somatisko $tinu skaits neka Zanes

kazu 8kirnei un piena Skirnu krustojumu kazam;

e piena Skirnu krustojumu kazas sp& nodroSinat augstu tauku un
olbaltumvielu saturu piena;

o taukskabju satura analize pierada, ka nav butisku atSkiribu starp
noteiktajam taukskabeém dazadu $kirnu kazu un to krustojumu piena,
iznemot sviestskabi un kapronskabi, laujot prognozet izejvielas
viendabigumu piena produktu razoSana;

e lielaka tauku un olbaltumvielu attieciba noteikta piena Skirnu
krustojumu kazu piena, augstakie recekla blivuma raditaji ZK kazu un
LVK kazu piena.

2. Vertgjot laktacijas ietekmi uz kazas piena sastavu un tehnologiskam
Tpasibam, konstatets, ka
e laktaciju skaitam ir bitiska nozime ganampulka, tostarp lielaka

somatisko $tnu skaita;

o recekla blivums samazinas, palielinoties laktacijai, piena sastava
izmainu, mazakas tauku un olbaltumvielu attiecibas un lielaka
somatisko Stnu skaita del.

3. Skaidrojot sezonas ietekmi, izzinats, ka
e rudens sakuma iegiita kazas piena sastavs ir ar augstako olbaltumvielu

izmanto$anas pakapi un piemé&rotaks puscieta saldpiena siera razoSanai;

e sezonai ir biitiska ietekme uz iegiita recekla blivumu un piena recé$anas
laiku ar fermentu siera raZoSana, apstiprinot isaku kazas piena
recinasanas laiku rudens sezona.

4. Somatisko §tinu skaitam ir biitiska ietekme uz piena recinasanas raditajiem,
augstaku recekla blivumu konstatgjot kazas pienam ar mazaku somatisko
Stnu skaitu.

5. Istenotas ciltsdarba programmas kazkopjiem ir Javusas samazinat somatisko
Stunu skaitu kazas piena, pamatojot ieteicamo somatisko Stinu skaita
robezvertibu parstradei < 1,000,000 mL-'.

6. Vertgjot kazas piena piemérotibu puscieta saldpiena kazas piena sieru
razoSana, noskaidrots, ka:

e rudens sezona gatavotajam sieram ir optimals iznakums, ko apliecina
augstaka tauku un olbaltumvielu izmantoSanas pakape un mazaks
izejvielu paterin$ 1 kg siera razoSanai,
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e olbaltumvielu izmantoSanas pakape siera razoSana korelé ar iegtta
recekla bltvumu, apstiprinot ciesu pozitivu sakaribu (r=0.99);

e ieglto siera partiju kvalitates raditaji atbilst raZzojama siera tauku
saturam siera sausna, siera beztauku dalas mitruma saturam un piena
patérina raditajiem 1 kg siera razoSanai.

7. Petijuma pieradita darba hipoteze, ka kazu Skirnei, laktacijai un sezonai ir
butiska ietekme uz kazas piena kvalitati.

RELEVANCE OF THE STUDY

Goat milk plays an important role in human nutrition owing to its chemical
composition, which closely resembles that of human milk, as well as its high
protein bioavailability and lower allergenic potential, making it a suitable
alternative for individuals intolerant to cow’s milk. Goat milk contains both
macro- and micronutrients, has higher concentrations of zinc, iron and
magnesium, and is particularly suitable for individuals with digestive,
respiratory, and metabolic disorders.

While global goat milk production has increased over the past two decades,
reaching approximately 20 million tonnes annually, the European Union has
experienced a decline in goat populations due to structural changes in agriculture
and the economic downturn of the traditional goat farming sector in the
Mediterranean region. In Latvia, a decline in the number of small and medium-
sized farms has also been observed in recent years, alongside a shift towards
alternative forms of economic activity, including rural tourism, thereby affecting
milk production volumes. Research into the composition of goat milk and its
suitability for processing is therefore essential, both for generating evidence-
based findings and for enhancing the competitiveness of the dairy industry.

In Latvia, no studies have been conducted on the impact of goat milk
composition and quality on the production of dairy products, including cheese,
and it should be encouraged. Understanding the influence of breed, lactation
stage, and season on goat milk quality enables the optimisation of production
processes, the reduction of technological losses, and the improvement of final
product quality. For this purpose, it is necessary to identify patterns in changes
in milk composition and the suitability of goat milk for cheese production, as
well as the factors affecting its quality and yield.

Although the Latvian Native goat breed is inferior to the Saanen goat breed
in terms of milk yield, it is better adapted to Latvian climatic conditions and
exhibits greater natural resistance to disease, which is essential for the
development of sustainable goat herds. Consequently, greater emphasis should
be placed on the conservation and targeted breeding of the Latvian Native goat
breed. Breeding plays an important role in improving animal productivity and
health, including the quantity and quality of goat milk for processing.
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Research conducted in Latvia to date has focused primarily on the genetics
of the Latvian Native goat breed. It is equally important to assess the productivity
and characteristics of goat breeds bred in Latvia from the point of view of dairy
production and quality. Scientific literature increasingly investigates the
suitability of goat milk for the production of rennet-induced cheeses, as well as
the factors contributing to variations in milk composition, including feed, grazing
season, breed, lactation, and stage of lactation.

Cheese is the most highly valued goat milk product, and even minor factors
that increase cheese yield are of considerable importance to producers. Milk
quality, including somatic cell counts (SCC), is of particular importance for
producing qualitative milk and cheese. Somatic cell count is one of the most
important indicators of milk quality in goats, reflecting both animal health status
and the technological quality of the milk. Studies have shown that elevated SCC
levels are associated with changes in the chemical composition of milk, including
reductions in lactose, fat, and casein content, which negatively affect the cheese-
making process. In many parts of the world, including Latvia, no limits have been
established for the SCC content of goat milk. Therefore, the study of the
technological properties of Latvian goat milk for cheese production should take
goat breed characteristics, feeding and housing conditions, somatic cell count,
lactation stage, and seasonal factors into account. In addition, the efficient use of
local resources and the production of high-quality products contribute to rural
development and the provision of healthy food raw materials for Latvian society.

Hypothesis of the doctoral thesis: The goat breed, lactation, and season
have a significant influence on the technological characteristics of goat milk in
the production of semi-hard rennet-induced cheese.

The research hypothesis is supported by the following theses:

1. Genetic differences between goat breeds influence milk composition and the
characteristics relevant to the production of semi-hard rennet-induced
cheese.

2. The lactation and season cause changes in the quality of goat milk, thereby
affecting its technological characteristics relevant to the production of semi-
hard rennet-induced cheese.

3. The somatic cell count has a significant influence on the technological
characteristics of goat milk for the production of semi-hard rennet-induced
cheese.

4. The suitability of goat milk for the production of semi-hard rennet-induced
cheese is closely linked to patterns of compositional change associated with
breed, lactation and season.

The aim of the doctoral thesis: to analyse the quality of goat milk produced
in Latvia for the production of semi-hard rennet-induced cheese.

Objectives of the research:

1. To determine the chemical composition of goat milk and the relative
proportions of its individual components required for the production of
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semi-hard rennet-induced cheese with the desired technological
characteristics.

2. To analyse the influence of breed, lactation, and season on the composition
and quality of goat milk, including somatic cell count.

3. To evaluate the coagulation properties of goat milk using a rennet, and to
identify the factors influencing these properties.

4. To investigate the suitability of goat milk for the production, quality, and
yield of semi-hard rennet-induced cheese.

Scientific significance of the thesis:

e The patterns of variation in the composition of Latvian goat milk as
influenced by breed, lactation stage, and season, as well as their significance
for the production of semi-hard rennet-induced goat milk cheese, are
investigated.

e The effect of somatic cell count on the processing of Latvian goat milk and
the quality of the resulting semi-hard rennet-induced goat milk cheese was
evaluated.

Economic significance of the thesis:

e The results of the study contribute to an understanding of patterns of
variation in milk composition in relation to quality, yield, and technological
losses associated with the production of semi-hard rennet-induced goat milk
cheese.

e Research has demonstrated that the composition and technological
characteristics of goat milk produced during the early autumn season are
suitable for the efficient production of semi-hard rennet-induced goat milk
cheese.

The research was co-financed with the support of the Research Programme
“Strengthening of Scientific Capacity at LLU” project No. Z34 “Quality of
Latvian goat milk for cheese production” (2019 — 2021) and Recovery Fund
Programme No. 5.2.1.1.i.0/2/24/I/CFLA/002 “Strengthening of LBTU
Institutional Capacity for Excellence in Studies and Research” (ANM1) “Quality
of Latvian goat milk for cheese production” (AF29).
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APPROBATION OF THE SCIENTIFIC WORK

The results of the research have been summarised and published in 4 publications

in English, indexed in Scopus and/or Web of Science databases.

1. Marcinkoniene, L. & Ciprovica, I. (2019). Goat milk quality in late lactation.
FoodBalt 2019, 13™ Baltic conference on food science and technology
“Food Nutrition, Well-Being”, conference proceedings, Jelgava, 2—3 May.
Latvia University of Life Sciences and Technologies, Faculty of Food
Technology, Jelgava: LLU, 2019. pp. 258 — 260. ISSN 2255 — 9817.
http://doi.org/10.22616/FoodBalt.2019.034

2. Marcinkoniene, L. & Ciprovica, I. (2020). The influence of milk quality and
composition on goat milk suitability for cheese production. Agronomy
Research. Vol. 18(S3), pp.1796 — 1803. ISSN 1406 - 894X.
https://doi.org/10.15159/AR.20.094

3. Marcinkoniene, L. & Ciprovica, I. (2023). Fatty acid composition of
different breed goat milk. Rural Sustainability Research. Vol. 49 (344), pp.
35 —39. https://doi.org/10.2478/plua-2023-0005

4. Marcinkoniene, L. & Ciprovica, 1. (2026). Fluctuations in goat milk
composition during processing. Dairy, 7 (1), 5.
https://doi.org/10.3390/dairy7010005

The results of the research were presented at 7 international scientific
conferences in Latvia, Estonia, Belgium, and Spain:

1. Marcinkoniene, L. & Ciprovica, I. (2019). Goat milk quality in late lactation.
13% Baltic Conference on Food Science “Food. Nutrition. Well-Being” and
NEEFood 2019 5% North and East European Congress on Food. Jelgava,
Latvia, 2 — 3 May 2019 (oral presentation).

2. Marcinkoniene, L. & Ciprovica, 1. (2019). Latvian goat milk processing
potential. International scientific conference “Research for Rural
Development 20197, Jelgava, Latvia, 15 — 17 May (oral presentation).

3. Marcinkoniene, L. & Ciprovica, I. (2020). The influence of milk quality and
composition on goat milk suitability for cheese production. International
scientific conference “Biosystems Engineering 20207, Tartu, Estonia, 6 May
2020, online platform (oral presentation).

4. Marcinkoniene, L. & Ciprovica, I. (2020). Latvian dairy goat breeds as
Saanen, Latvian Native and crossed breed suitability for cheese production
8t IDF International Symposium on sheep, goat and other non-cow milk,
Brussels, Belgium, 4 — 6 November, online platform (poster presentation).

5. Marcinkoniene, L. & Ciprovica, 1. (2021) Seasonal impact on goat milk
quality in Latvian goat breeds. International scientific conference “Research
for Rural Development 20217, Jelgava, Latvija, 12 — 14 May 2021, online
platform (oral presentation).
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http://doi.org/10.22616/FoodBalt.2019.034
https://doi.org/10.15159/AR.20.094
https://doi.org/10.3390/dairy7010005

6. Marcinkoniene, L. & Ciprovica, 1. (2022). Fatty acid composition of goat
milk in organic farming. International scientific conference “Research for
Rural Development 20227, Jelgava, Latvija, 18-20 May 2022, online
platform (oral presentation).

7. Marcinkoniene, L. & Ciprovica, 1. (2025). Seasonal variation of goat milk
casein and their relationship to cheese production. 13" European Regional
Conference of the International Goat Association (IGA), Tenerife, Spain,
14-17 May 2025 (oral presentation).

The results of the thesis were presented at Goat Days 2025, an event
promoting the goat breeding sector:

e “Quality of goat milk in cheese production” (oral presentation), and the final
event of the Goat Days 2025 skills development programme (on the ZOOM
platform)

o “Effect of somatic cells on milk composition and coagulation characteristics
in goats” (oral presentation).

MATERIALS AND METHODS

Description of the study site and object

The study analysed the milk of Latvian Native (LVK), Saanen (ZK), Anglo
Nubian (AN) goat breeds (only in the context of assessing the productivity of the
farm’s goats), including crossbred dairy (XP)” goats. The animals were kept in
the goat herd of SIA “Licisi Ltd” (Jelgava Municipality, Cenu Rural Territory,
“Licisi”, LV-3018), which was one of the five largest goat herds in Latvia at the
time of the study?®.

The research for the doctoral thesis commenced in spring 2018 and continued
until 2023. From 2024 to 2026, the research results were analysed and validated,
and the doctoral thesis was written.

In this study, the animals were kept in the same conditions and fed the same
feed. The study analysed 1606 individual goat milk samples (n=891 samples
analysed by the author) and 38 bulk samples. The 2018 — 2023 on-farm
monitoring data (n=715) were also used for the research data analysis.
Information on age, lactation, pedigree, purity, breed, and productivity is
obtained from the Agricultural Data Centre database (currently the Rural Support
Service database).

At the beginning of the study, individual milk samples were taken from LVK,
ZK and XP goats to assess milk composition and variability within breed,
lactation, and season. Clinically healthy dairy goats (n=95) from the 1% to 7%

7 Crossbred dairy goats based on LVK and AN breeds (with 40 % and 60 % bloodiness)
8 Latvian Goat Farming Industry Report 2018 (Piliena, Garkalne & Jonkus, 2019)
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lactation were included in the study to analyse milk quality parameters across
lactations. The selection of animals allowed the creation of 3 study groups,
divided by breed into ZK, LVK and XP, including animals from the 2™ to 4"
lactation. Each group consisted of 10 animals for milk sampling. Milk samples
were collected once a month, and an average of 30 individual milk samples were
collected per sampling event. Bulk milk samples were taken 1 — 2 times a month.
The individual milk samples were sent to the Piensaimnieku laboratorija Ltd.
laboratory for the determination of casein content and somatic cell count in goat
milk. Milk chemical composition (fat, protein, lactose, solids-non-fat, dry matter
content, and freezing point) and milk renneting analyses were carried out at the
pilot plant of Latvia University of Life Sciences and Technologies (LBTU)
(currently the Food Institute). Milk monitoring data analysed in the laboratory of
Piensaimnieku laboratorija Ltd. for fat, protein, casein, lactose, urea, and somatic
cell counts in goat milk samples were also used to evaluate the results.

To assess the effect of goat milk composition on the sensory characteristics
of milk and curd firmness, 15 individual goat milk samples and 5 bulk milk
samples were analysed for fatty acid composition and content. Individual
samples were taken from LVK goats (n=5, fifth lactation), ZK goats (n=5, third
lactation) and XP goats (n=5, fourth lactation), selecting five goats of the same
lactation for representative results, as well as for the bulk milk sample. The
samples were analysed in the laboratory of Hamilton Baltic Ltd.

Research design

The research has been carried out in five stages to structure the process of the
study (Figure 1). The first stage is a detailed study of the situation of goat
breeding in Latvia, analysing the results of monitoring and breeding
programmes. The second stage comprehensively evaluated the milk
composition of the goats on the study farm in terms of breed, lactation, and
season. The third stage investigates the SCC, an important indicator of milk
quality and still widely debated among goat farmers. Milk composition and its
variability in the context of suitability for cheese production and quality criteria
relevant to cheese-making are assessed in the fourth stage. In the fifth stage,
semi-hard rennet-induced cheese (using Gouda cheese technology) was
produced, and its yield was evaluated according to goat milk composition,
renneting characteristics, and fat and protein recovery in the cheese.

The research structure is summarised in Fig. 2, which shows the parameters
determined for goat milk samples and the grouping by SCC. In a follow-up study,
milk samples were obtained from goats that could be compared according to
breed, lactation stage, and season.

When analysing the effect of somatic cell count on goat milk quality,
including compositional parameters, the results were divided into four groups
according to somatic cell count, which was converted into somatic cell score
(SCS) following the method described by Schutz et al. (1990).

The seasons studied are defined as follows:

e spring (March-April);
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early summer (May — June);

late summer (July — August);

early autumn (September — October);

late autumn (November).
Semi-hard rennet-induced goat milk cheese production

Semi-hard rennet-induced goat milk cheese, manufactured using Gouda-type
cheese technology®, was produced from bulk goat milk collected in June, August,
September, and October during the study period, thereby representing the
seasons evaluated in the study (early summer, late summer, early autumn, and
late autumn). Considering the kidding period of the goats and the changes in milk
composition occurring during early lactation, milk produced in the spring season
was excluded from cheese production. The quality characteristics of semi-hard
Gouda cheese, according to Codex Alimentarius standard CXS 266-1966, are
summarised in Table 1.

For each cheese production trial, milk was collected from goats selected for
the study following the individual analysis of milk composition. On average, 30
kg of raw goat milk is used per production trial. The composition, pH, and acidity
of the bulk milk were determined using titrimetric methods.

The technological parameters for cheese-making are summarised in Table 2.

The pH and acidity (°T) of the milk and whey were monitored during the
cheese-making process. The curd firmness was determined. In the cheese-
making process, the yield of cheese and whey was calculated, and the
composition of the whey was determined. The moisture content, fat content, fat-
on-dry basis, and moisture in cheese non-fat matter were determined for the fresh
cheese after pressing. The cheese was wrapped in thermoshrink film and ripened
for up to 40 days at + 12 °C, corresponding to the prototype of a young Gouda
cheese.

Characteristics and methods of analysis to be determined for goat milk

Individual raw milk samples were collected by hand-milking the goats after
disinfecting the udder with Eima Euterwasch (Poland) and discarding the first
streams of milk. Milk samples were collected using a clean ladle and transferred
into disposable polypropylene containers (50 mL) or sterile glass jars (200 mL)
for the determination of curd firmness. The samples were placed in a cold bag
with cold elements and taken to the laboratory for analysis.

Analysis of milk composition

Samples were analysed with a MilkoScan™ Mars analyser (Foss, Denmark)
(Food Institute laboratory) or a MilkoScan FT 6000 analyser (Foss, Denmark)
(Piensaimnieku laboratorija Ltd.).

The composition of the milk was analysed in accordance with the
requirements of ISO 9622:2013 “Milk and liquid milk products. Guidelines for
the application of mid-infrared spectrometry”. The milk was analysed for fat
content (%), protein content (%), lactose content (%), solids-non-fat content (%),

9 Gouda cheese is a semi-hard rennet-induced cheese
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total dry matter content (%), and freezing point (°C) using a calibration
developed for the analysis of goat milk composition.

The study also utilised milk monitoring data from 2018 to 2023, analysed at
the laboratory of Piensaimnieku laboratorija Itd. in accordance with ISO
9622:2013 for fat content (%), protein content (%), lactose content (%), casein
content (%), somatic cell count (thousand mL-"), and urea content (mg dL").

Fatty acid composition and content analysis

The fatty acid composition and content of goat milk were analysed at the
laboratory of SIA Hamilton Baltic using the laboratory’s accredited method PB-
365, edition 1.

Somatic cell count analysis

Somatic cell count (SCC) was determined according to EN ISO 13366-
2:2007 “Milk. Somatic cell counting. Part 2: Guidance on the operation of fluoro-
opto-electronic counters”, using a Fossomatic FC analyser (Foss, Denmark). For
comparative purposes, somatic cell counts were expressed as somatic cell score
(SCS), calculated according to the methodology described by Schutz et al.
(1990):

SCS = logy (=) + 3, (1)

100,000
where: SCS — somatic cell score;

SCC — somatic cell count, thous. mL"';

3 — empirically developed coefficient.

The milk samples were divided into four groups based on the presence of

SCC in the milk sample. Group boundaries were defined as described in Desidera
et al. (2025) and Tvarozkova et al. (2023), adjusting for on-farm SCC data
collected during the study. Considering the small number of samples with
somatic cell counts ranging from 500 to 999 thous. mL-!, and the significant
number of samples with cell counts above 2000 and 4000 thous. mL-!, the author
refined the grouping. The groups and the SCS are shown in Table 3.

Analysis of casein content

Casein content was determined according to ISO 9622/IDF141:2013 using a
MilkoScan FT 6000 analyser (Foss, Denmark).

The casein content of goat milk was analysed seasonally.

Determination of pH and acidity of milk and whey

pH was determined in accordance with ISO 5546:2010 “Caseins and
caseinates. Determination of pH (Reference method)”, using a portable HALO2
(HANNA Instruments, Romania) or a stationary SevenCompact pH S220
(Mettler Toledo, USA). The electrode was calibrated before measurement with
standard solutions pH 4.01 (DuraCal Buffer, Switzerland) and pH 7.00
(Hamilton Bonaduz AG, Switzerland).

The titratable acidity of milk and whey was determined according to LVS
ISO 6091 “Milk powder. Determination of titratable acidity (Reference
method)”, using 0.1 M NaOH, and the volume of alkali consumed was multiplied
by 10 to express the result in degrees Thorner (°T).
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Determination of curd firmness
For the determination of curd firmness, the samples were analysed with a
TA.HD.plus Texture Analyser (UK). 50 mL of raw milk is poured into a beaker
and heated to 35 °C. One millilitre of 1% rennet solution (CHY-MAX Ultra
1000, Chr. Hansen, Denmark) was added to the sample, thoroughly mixed for 10
s, and incubated at 35 °C for 30 min in a water bath (WB22, Germany). The
resulting curd is analysed for firmness using the compression method. Technical
data of the method: used tip A/BE — 45, test speed 1.0 mm s, tip penetration
depth 8 mm (Petrovska et al., 2017).
Determination of the fat content of cheese and fat-on-dry basis
The fat content of the cheese is determined according to ISO 19662:2018
“Milk. Determination of fat content. Acido-butyrometric (Gerber method)”. The
butyrometers are centrifuged in a Nova Safety Centrifuge (Funke Gerber,
Germany) for 5 min. The fat content is calculated according to the formula:
T=2 ©)
where: T — fat content of cheese, %;
x — reading from the scale of the fat meter, %;
m — cheese weight, g;
11 — coefficient for converting the fat meter reading into a percentage.

Fat-on-dry basis is calculated using the following formula:
_ T100 3)
S 100-M (

where: Ts — fat-on-dry basis, %;
T — fat content of cheese, %;
M — moisture content of cheese, %.
Determination of moisture in cheese and determination of moisture in
cheese non-fat matter
The moisture content of the cheese was determined according to EN ISO
5534:2004 “Cheese and processed cheese. Determination of the total solids
content (Reference method)”, by heating the cheese to constant weight + 130 °C
in a drying oven (Memmert, UF 55, Germany). The moisture content was
calculated according to the formula:
M =291 100, 4)
9—9o
where: M — moisture content of cheese, %;
g — weight of foil with cheese until drying, g;
g1 — weight of foil with cheese after drying, g;
g, — weight of foil, g.
Moisture in cheese non-fat matter (SBDM) is determined according to the

formula:

SBDM=—2— 100, (5)
100-T

where: SBDM — moisture in cheese non-fat matter, %,
M — water content of cheese, %;
T — fat content of cheese, %.
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The parameters to be determined, methods, and standards used for the
analysis of milk samples are summarised in Table 4.

Mathematical statistics of the data

Microsoft Excel 2016 was used for descriptive statistical analysis, including
the calculation of statistical indicators and the preparation of charts and figures,
while IBM® SPSS® Statistics 20.0 (SPSS Inc., Chicago, IL, USA) was used for
statistical data analysis. The arithmetic mean and standard deviation (Descriptive
Statistics) were calculated for the data. The effect of a factor on the variability of
the analysed traits was determined by a single-factor analysis of variance
(ANOVA Single Factor) and t-test (Paired Two Sample for Means) (assuming
equal variances in both populations), with the significance level (p<0.05). All
indicators were measured in triplicate.

RESULTS AND DISCUSSION
1. Changes in the composition of goat milk as influenced
by breed

Individual goat milk samples (n=891) collected during the study were
analysed for milk composition and quality, and the results are summarised in
Table 5.

Significant differences in dry matter content were observed between breeds,
with XP goats exhibiting a significantly higher dry matter content (p=0.001),
whereas no significant differences were found in solids-non-fat content. Similar
findings have been made by scientists in Nepal when analysing the solids-non-
fat content of goat milk, with a range of 7.27 to 7.48 % (Dahal et al., 2026). The
results of the Algerian study are close to the data for ZK goat milk and
comparable to the average for Nepalese ZK goat milk (Bouderka et al., 2025;
Dabhal et al., 2026).

In this study, the highest fat and protein contents were found in the milk of
crossbred dairy goats (3.65 % and 3.61 %), while the fat content was significantly
different between LVK and ZK goats (p=0.000). The protein content was
significantly different between XP and ZK goats (p=0.006). A study conducted
by Lithuanian researchers (Lauciené et al., 2022) reported similar results, with
XP goats (crosses between ZK and AN breeds) exhibiting the highest milk fat
(XP 3.98 %, ZK 3.57 %) and protein contents (XP 3.15 %, ZK 2.96 %). A study
investigating local Italian goat breeds found that the fat content of ZK goat milk
was up to 20% lower than that of local goat breeds (Curro et al., 2019). These
findings suggest that crossbred dairy goats have strong potential for the
production of milk with elevated fat and protein content.

In this study, the highest lactose and urea contents were found in the milk of
goats of the Saanen breed, 4.50 % and 67.90 mg dL, respectively. No significant
differences in lactose content were observed between breeds, and similar
conclusions have also been reported by other authors (Smistad et al., 2024). The
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variation in the freezing point of the milk was not significantly different between
varieties, and ranged from - 0.492 to - 0.496 °C. The established somatic cell
score was lower in Latvian Native goats (6.68) but higher in crossbred dairy goats
(7.30). A study by Curro et al. (2019) found that the ZK has a higher SCS (6.81)
in milk than the average for local goat breeds (4.68). Other studies have
concluded that local breeds have a higher SCC in milk than the ZK breed
(Marcinkoniene & Ciprovica, 2020; Lauciené et al., 2022), confirming the results
obtained in our study in crossbred dairy goats. In addition, goat milk is processed
using milk obtained from all lactating goats on the farm, resulting in a more
stabilised composition of the bulk milk and explaining the wide variation
observed in the production results of dairy products.

When analysing goat milk by breed, particular attention should be paid to
milk fat composition, as it affects not only the sensory characteristics of the milk
but also the yield of dairy products. Scientific studies have confirmed differences
in the fatty acid composition of milk among goat breeds maintained under the
same feeding and housing conditions.

Although the composition of goat milk in Latvia has primarily been analysed
in relation to genetic factors, the fatty acid composition and content of milk from
goats of different breeds and dairy crossbreeds, as well as bulk milk, have not
yet been investigated. The fatty acid composition and content in goat milk was
shown in Table 6.

The milk of the Latvian Native goat breed varied in fat content, ranging from
2.37 % to 3.55 %. All goat milk samples analysed showed a fatty acid profile
consistent with goat milk described in the literature (Martinez-Marin et al., 2011;
Mollica et al., 2021). It is characterised by an increased content of medium-chain
fatty acids (C6:0, C8:0 and CI10:0) and a relatively lower content of
polyunsaturated fatty acids compared to milk of other farm animals (Selvaggi et
al., 2014; Park et al., 2017). A significantly higher butyric acid content (0.12 g
100 g!) was found in the milk of goats of the Saanen breed, which is comparable
to the results of Park (2009) m. Lithuanian researchers analysing the fatty acid
composition of goat milk reported the highest butyric acid content in the milk of
crossbred ZK and AN goat (0.14 g 100 g™') (Lauciené et al., 2022). Compared
with the other breeds studied, milk from the Latvian Native goat breed contained
lower levels of fat and total saturated and monounsaturated fatty acids. However,
the capric acid content was lower in Saanen goat milk (0.18 g 100 g™) than in
LVK goat milk (0.20 g 100 g™). Milk from crossbred dairy goats contained
higher concentrations of myristic acid (0.26 g 100 g™'), palmitic acid (0.96 g 100
g, and oleic acid (0.90 g 100 g"). However, significant differences were only
observed for capric and caprylic acid concentrations in Saanen goat milk.
Although the total monounsaturated fatty acid content was higher in the milk of
crossbred dairy goats, the differences were not statistically significant. Similarly,
Voblikova et al. (2020) reported the highest concentrations of unsaturated fatty
acids, including linoleic acid and oleic acid, in the milk of crossbred dairy goats
(0.13 and 0.90 g 100 g!, respectively). Comparable results for oleic acid (0.90 =
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0.31 g 100 g!) were also observed in the milk of crossbred dairy goats in the
present study. The fatty acid profile of bulk milk consisted of 68 % saturated
fatty acids, 23 % monounsaturated fatty acids, and 4.3 % polyunsaturated fatty
acids. Researchers from various countries have evaluated the fatty acid
distribution in goat milk, reporting saturated fatty acid contents ranging from 59
% to 74 %, monounsaturated fatty acid contents from 19 % to 36 %, and
polyunsaturated fatty acid contents from 2.60 % to 5.60 % (Koop et al., 2010;
Mollicaetal.,2021; Vuli¢ et al., 2021; Lauciené et al., 2022; Slyiius etal., 2023).
It should be noted that the results of our study fall within these ranges.

On the positive side, the polyunsaturated fatty acid content ranges from 3.14
to 4.32 % in goat milk, which are above the average values found in the studies
of Koop et al. (2010), Mollica et al. (2021), Vuli¢ et al. (2021), Lauciené et al.
(2022), and Slyzius et al. (2023).

Fatty acid analysis showed no significant differences in the fatty acid profiles
of milk obtained from different goat breeds and crossbreeds, including bulk milk,
with the exception of butyric and caproic acids. This indicates a relatively
homogeneous fatty acid composition of the raw material for dairy product
manufacture.

2. Changes in the composition of goat milk as influenced by
lactation

Changes in goat milk composition according to lactation number are
summarised in Table 7, which presents the results for goats in second, third, and
fourth lactation.

When assessing the effect of lactation on the composition of goat milk, it was
observed that the fat and protein contents decrease with the third lactation (3.25
% and 3.40 %, respectively), but a slight increase is observed in the fourth
lactation (3.32 % and 3.45 %, respectively). This trend is in line with studies
conducted by other researchers (Urbanska, et al., 2023; Boshoff et al., 2024).
Albenzio et al. (2016) and Stojiljkovi¢ et al. (2025), in studies of Saanen goats,
observed a decrease in milk fat and protein content during the third lactation
(from 3.78 % to 3.65 % and from 3.41 % to 3.32 %, respectively), followed by
an increase during the fourth lactation (to 3.73 % and 3.36 %, respectively). The
authors attributed these changes to the maturity and physiological characteristics
of the animals. Lactose content increases slightly from the second to the third
lactation and stabilises, maintaining similar values in the fourth lactation. In turn,
Ibrahim & Jalil (2022) observed a similar trend of increasing lactose content in
goat milk from the 2" to the 3™ lactation (from 4.23 % to 4.27 %, respectively)
with a decrease in the 4™ lactation (4.10 %). The authors attributed these changes
to the animals’ metabolism and the increase in milk yield, as well as nutrient
balance. The urea content of goat milk decreased with each lactation, from 68.08
to 66.79 mg dL-'. Our study found an increased urea content in goat milk
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compared to studies by other researchers. The preferred urea content of goat milk
is between 30 and 45 mg dL!. At these concentrations, goats produce maximum
milk yield and protein content, indicating a balanced protein-energy ratio in the
feed (Widayati et al., 2017; Ljolji¢ et al., 2023). As high milk urea content may
indicate unbalanced feed intake or low nitrogen utilisation efficiency (Sadrucci
et al., 2019), total urea concentrations exceeding 66 mg dL"! in the milk of the
analysed goats may be associated with increased SCC. Correlations between
milk urea content and other milk parameters, including protein and fat content
(r=0.08) and somatic cell count (r=0.11), were analysed in the present study;
however, the correlations identified were very weak or not statistically
significant.

The freezing point of goat milk did not differ significantly between lactations,
ranging from -0.495 to -0.490 °C. Somatic cell scores differed significantly
according to lactation number, with the lowest value (6.81) observed in second-
lactation goats, while goats in their third and fourth lactation exhibited higher
SCS. Similar findings have been reported by Spanish researchers (Salomone-
Caballero et al., 2024), showing that SCC increases with lactation. This reflects
changes in udder tissue as goats age, as well as their greater susceptibility to
infectious agents (Salomone-Caballero et al., 2024; Smistad et al., 2024). The
results and findings of the study indicate that, when assessing milk quality, it is
advisable to consider the number of lactations within goat herds and to evaluate
the development of the selected breed. Moreover, the SCS data obtained across
different lactation stages indicate that lower SCS levels are associated with
smaller changes in milk composition. The next chapter will therefore explain the
seasonal effects on milk composition, including SCS.

3. Changes in the composition of goat milk as influenced by
season

The season is one of the factors that influences the chemical composition of
goat milk. It is closely linked to lactation, feed variety and quality, and climatic
conditions. Air temperature and relative humidity are fluctuating factors that
affect animal well-being and the volume and composition of milk synthesised.
Table 8 summarises the seasonal changes in the composition of goat milk.

The analysis shows that the highest fat content was found at the beginning
and end of summer (3.29 %), but the lowest was in spring (2.69 %). The protein
content of goat milk did not vary significantly with the season, and ranged from
3.23 to 3.30 %. Similar results were reported by Scano and Caboni (2022), who
observed the highest protein content in goat milk at the end of lactation (October
and November). The lactose content of goat milk differed significantly between
spring and early summer and late summer and autumn, decreasing from 4.59 %
to 4.41 %. Scano & Caboni (2022) also found a decrease in lactose content in
goat milk from spring to autumn (4.54 % to 4.36 %). Other studies have also
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reported a decrease in lactose content during late summer (Kljajevic et al., 2018;
Pazzola et al., 2022), followed by a slight further decline in autumn. A decrease
in lactose content from 4.59 % in spring to 4.41 % in autumn was also observed
in the goat milk samples analysed in the present study. An analysis of seasonal
changes in the milk composition of the ZK goat breed in Italy demonstrated a
decrease in lactose content from spring to autumn, declining from 4.75 % to 4.36
%, respectively (Scano & Caboni, 2022). The highest lactose content (4.59 %) in
goat milk was found in spring, when the lowest SCS (6.21) in milk was also
determined. Higher lactose content and lower SCS have been associated with
goats in early lactation during the initial grazing period, when high-quality
pasture grass is available (Rupp et al., 2019; Podhorecka et al., 2021).

The lowest dry matter content of goat milk was found in spring (10.80 %)
and autumn (10.74 %), explained by the availability of high-quality pasture grass
in summer. The freezing point of milk varied seasonally between - 0.469 and -
0.500 °C, with a peak in autumn (- 0.469 °C). At the same time, lower dry matter
(10.74 %), solids-non-fat (7.99 %) and lactose (4.41 %) contents were observed
in goat milk in the same season. The relatively small variation in freezing point
is due to the slight decrease in solids-non-fat, especially lactose (Kjajevic et al.,
2018). In general, seasonal effects are important when analysing milk quality and
suitability for dairy production (Inglingstad et al., 2014; Akshit et al., 2024). The
observed seasonal variation in milk composition suggests that milk produced in
late summer possesses the most favourable compositional characteristics;
however, only spring-produced milk had a significant effect on somatic cell
values (SCS).

4. Goat milk quality analysis

Monitoring somatic cell count (SCC) in goat milk is important, not only for
goat health assessment, but also for evaluating milk suitability for processing and
product manufacture, as well as the quality of the final products. In Latvia, no
regulations governing SCC in goat’s milk have been established; however, its
analysis is necessary to assess the impact of cell count on the production, quality,
and yield of dairy products. The results of the SCC in goat milk in goats from the
study farm by breed and lactation are summarised in Table 9.

In 2020, the highest SCS were found in milk compared to other years of the
study. In 2023, differences were observed in the SCS by goat breed (LVK — 6.51;
ZK — 6.75 and XP — 6.56). Michlova et al. (2016) reported similar results in a
study analysing the milk quality of ZK goats, observing higher levels of SCC in
their milk. When assessing SCS in milk from goats of different breeds and dairy
goat crossbreeds, a tendency towards lower SCS in milk from local breeds was
observed. In crossbred dairy goats, crosses between ZK and LVK goats may also
contribute to lower SCS in milk. A similar pattern was observed across lactations,
with SCS values of 6.23 and 6.63 recorded in milk from goats in their second

59



and third lactation, respectively, except for fourth-lactation goat milk in 2019,
where the SCS value was 6.44. Several studies (Bagnicka et al., 2011; Jimenez-
Granado et al., 2014; Yusuff et al., 2021; Salomone-Caballero et al., 2024,
Smistad et al., 2024) reported that the number of somatic cells in goat milk
increases with each lactation. Smistad et al. (2024), analysing data from
Norwegian dairy goats across several farms, identified lactation as one of the
most important non-infectious factors contributing to increased SCC in milk.

Similar findings were reported by Salomone-Caballero et al. (2024), who
observed that SCC tended to increase with lactation in dairy goats from the
Canary Islands, with the greatest variation occurring during mid-lactation (June-
July). The present study demonstrated that SCS in goat milk increased until the
end of summer (July — August; 6.74 SCS) and declined slightly in autumn to 6.70
SCS (Table 3.9). Yusuff et al. (2021) also reported that third-lactation goats had
significantly higher SCC in milk (216 thousand mL"!) than first- (189 thousand
mL") and second-lactation goats (187 thousand mL™"). In Latvia in 2020, the
average SCS in goat milk was 6.62 (Goat Milk Monitoring Summary 2020), with
a slightly higher value for on-farm dairy goat milk (6.82'%).

In 2022 and 2023, no significant differences in goat milk SCS were observed
between breeds or lactations, confirming the practical contribution of breeding
programme implementation towards improving the stability of milk quality.
Analysis of SCS variation revealed a tendency towards variability in milk
composition and quality, highlighting the challenges associated with processing
such heterogeneous raw material and achieving consistent product yields. Small-
scale producers also manufacture goat milk cheese from milk with variable
quality characteristics, which makes it difficult to ensure consistent final product
quality. Without the regulation of SCC levels in goat milk intended for
processing, there can be no strategic approach to the commercial development of
goat milk processing or to ensuring product quality. This conclusion is further
supported by the experience of SC Cesvaines piens in the short-term production
of semi-hard rennet-induced goat milk cheese, where production was
discontinued because goat milk producers were unable to ensure the quality of
raw milk required for the manufacture of such a technologically demanding dairy
product (personal communication with SC Cesvaines piens).

Table 10 summarises the variation in milk yield, composition, and quality of
goat milk according to the SCS group.

When assessing milk yield, significant differences were observed among the
four groups, with the group exhibiting the lowest milk yield producing 532 kg.
The scientific literature highlights that goats have a decrease in milk yield when
the SCC exceeds 1000 thousand mL™' (Rupp et al., 2019; Smistad et al., 2024;

10 Latvian monitoring system CILDA (milk monitoring) [online] [accessed 29 December
2025]. Available at: https://muvis.ldc.gov.lv/atskaites/CildaAtskaites
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Slyzius et al., 2023; Desidera et al., 2025). A study by Czech scientists also
confirms that milk yield can fall by up to 20% (Podhorecka et al., 2021).

Analysis of the data revealed variations in milk constituent content depending
on SCC; however, no statistically significant differences were observed, except
for fat content. The highest fat and protein contents in goat milk were observed
in milk from animals in Group 4 (3.59 % and 3.6 0%, respectively), while the
lowest values were recorded in milk from goats in Group 1 (3.32 % and 3.50 %,
respectively). The fat content of goat milk was significantly different between
the fourth and the first group (p=0.023), as well as the second group (p=0.043).
A study in Ukraine found that the fat content of goat milk rises with SCS, with
3.40 % fat content observed at an SCS of 5.66, and 3.97 % at an SCS of 6.03
(Zazharska, 2021).

No significant differences in protein content were observed between the
groups, with goat milk protein content ranging from 3.50 % to 3.60 %. Similar
slight increases in goat milk protein content have been observed by other authors
(Podhorecka et al., 2021), with values increasing from 3.13 % to 3.33 % at an
SCS < 7.90. Contrasting results were reported by Lithuanian researchers, who
observed an increase in protein content from 3.08 % to 3.46 % as the SCS
increased. Given the conflicting findings concerning increases in protein content,
the casein data presented in Chapter 5 suggest that these changes are associated
with an increase in whey protein content. As the fat content of milk decreases,
the fat/protein ratio also falls (SlyZius et al., 2023). These changes reduce the
suitability of milk for processing, especially in cheese manufacture, and may
contribute to reduced product yield. Significant differences in lactose content
were found between groups 1 and 4 (p=0.003). This finding is also in line with
the results of other researchers who have observed a negative correlation between
the lactose content and SCC (Smistad et al., 2024; Desidera et al., 2025). No
significant differences in total dry matter or solids-non-fat content were observed
between the groups, with total dry matter ranging from 11.36 % to 11.65 % and
solids-non-fat from 8.30 % to 8.47 %; both values were highest in the milk of
goats in Group 3. Although the mineral composition of goat milk was not
investigated in this study, previous research indicates that the freezing point
increases significantly as the concentrations of minerals, including lactose,
decrease. Significant differences in freezing point were found in milk from goats
in Group 4 (p=0.011). Increasing SCS in goat milk is associated with an increase
in freezing point, influenced by changes in lactose content and mineral
composition arising from the increased permeability of the mammary gland
epithelium (Rupp et al., 2019; Geus et al., 2024).

The study evaluated the relationship between SCS and individual milk
components. Analysis of the results showed that the correlations between SCS
and lactose content (r=0.178), as well as fat content (r=0.169), were very weak,
while the correlations with dry matter content (r=0.010) and protein content
(r=0.069) were statistically insignificant. When looking at published information
in scientific papers, the results are very contradictory. Although scientists are
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trying to find a link between SCC and protein or fat content, it should be noted
that this is not always the case. A study in Greece also found a weak negative
correlation (r=-0.302) between SCC and fat content. An Italian study found weak
to moderate correlations (r=0.387 and r=0.539, respectively) between SCC and
fat, and between SCC and protein (Lianou et al., 2022; Scano & Caboni, 2022).
A study on the effect of lactation and breed on goat milk composition found a
moderately strong correlation between SCC and lactose content (r=0.531) (Gecaj
et al., 2021).

The season influences the SCS due to changes in climatic conditions, feed,
and physiological processes in the animal (Rupp et al., 2019; Geus et al., 2024,
Marcinkoniene & Ciprovica, 2026). Goats have higher milk yields in summer,
and the grazing season has the greatest effect on the SCS in milk (Kljajevic et
al., 2018; Podhorecka et al., 2021; and Desidera et al., 2025). Figure 3 shows the
SCS changes by season, and shows that the highest mean value (6.74) was found
in the late summer, and the lowest SCS (6.21) was found in spring goat milk.
Furthermore, the study farm follows a seasonal breeding period for goats,
generally occurring during October-November, which may have contributed to
the SCS values observed during this period.

The results clearly show that somatic cells should be regulated in goat milk.
This recommendation is supported by the milk yield data, which decreases as the
cell number increases. Although no direct changes in goat milk composition,
except for lactose content, were observed, the breeding programmes
implemented on the farm led to a reduction in SCS from 7.07 — 7.15 to 6.23 —
6.51, corresponding to a decrease from 1355 — 1380 thousand mL! to 1080 —
1180 thousand mL-'. Therefore, the recommended somatic cell count for goat
milk for processing would be < 1000 thousand mL"!.

5. Suitability of goat milk for the production of rennet-
induced cheese

Fat and protein constitute the main components contributing to cheese yield;
however, their recovery is influenced by various factors discussed in greater
detail in the following chapters. The effect of goat breed on the parameters
determining milk curd firmness is summarised in Table 11. The fat content of
goat milk ranged from 2.66 % (LVK) to 3.16 % (XP) and differed significantly
between breeds (p=0.008). The protein content of goat milk ranged from 2.95 %
(LVK) to 3.07 % (XP) and did not differ significantly between breeds.

Milk from crossbred dairy goats exhibited the highest fat-to-protein ratio
(1.04), while the lowest ratio (0.92) was observed in LVK goats. The fat-to-
protein ratio characterises the suitability of milk for cheese production and allows
the cheese yield to be predicted (Ferro, Tedeschi & Atzori, 2017; Vacca et al.,
2018; Scano & Caboni, 2022). The fat-to-protein ratio in the Saanen goat breed
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was 0.98, although these milk samples exhibited the highest casein content (2.33
%). Studies have shown that ZK milk has a higher fat and protein content
compared to less productive breeds (Scheepers, Marle-Kdoster & Visser, 2010;
Michlova et al., 2016; Marcinkoniene & Ciprovic¢a, 2026). No significant
differences in casein content were found between breeds. Significant differences
in the casein-to-fat ratio were observed between the milk of Latvian Native goats
and crossbred dairy goats. Croatian researchers analysing the casein-to-fat ratio
in cheese production concluded that a ratio of 0.70 was the most favourable for
the efficient utilisation of milk dry matter (Kalit et al., 2021). In the study, this
ratio ranged from 0.75 to 0.87, which was significantly different from the results
of Kalit et al. (2021). The higher ratio is due to differences in the fat content of
goat milk, which was lower in our study. The SCS was significantly higher in
LVK goats (p=0.013). The literature characterises the ZK breed by excellent milk
yield; however, milk from indigenous goats has, in some cases, demonstrated
higher curd firmness (LVK 1.96 N vs ZK 1.88 N) (Marcinkoniene & Ciprovica,
2026). The crossbreeding of dairy goats is important for understanding milk
coagulation characteristics and cheese yield (Malchiodi et al., 2014; Pazzola et
al., 2022; Kolenc et al., 2023).

The composition of goat milk varies among goat breeds, with each breed
exhibiting distinct coagulation characteristics and suitability for cheese
production (Vacca et al., 2018b). The highest curd firmness values in the present
study were recorded for LVK and ZK milk, with ZK milk exhibiting the highest
maximum value (3.65 N). These findings suggest that milk fat and protein
content do not always accurately predict curd formation characteristics. Studies
frequently report that indigenous goat breeds are characterised by higher milk
dry matter content, which may positively influence curd firmness (Curro et al.,
2019; Pazzola et al., 2022). Crossbred dairy goats showed lower milk curd
firmness and variability over the study period.

The effect of lactation on the parameters affecting milk coagulation is
summarised in Table 12.

Analysis of milk fat content across lactations showed that the highest values
occurred in second- and third-lactation goats (3.09 %), whereas the lowest fat
content was observed in fourth-lactation goats (2.89 %). No significant
differences in protein content were found between lactations. No significant
changes in fat or protein content were identified among goats of different
lactations, although the lowest fat-to-protein ratio (0.96) was observed in the
milk of fourth-lactation goats. Other scientists have also reported that it varies
with lactation (Vacca et al., 2018a; Pazzola et al., 2022).

No significant differences in SCS were observed between lactation groups
(p=0.127); however, the highest value was recorded in milk from fourth-lactation
goats (7.28). Although in terms of quantitative data, the second lactation goats
had the lowest SCS (6.51) and the highest casein content in milk (2.40 %).
Similar results were obtained by Vacca et al. (2018b). The casein-to-fat ratio in
goat milk ranged from 0.75 to 0.83 across lactations. Studies by Pazzola et al.
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(2019) and Kalit et al. (2021) indicate that ratios below 0.70 may result in
significant fat losses in whey, thereby also affecting the sensory characteristics
of the cheese. The highest curd firmness was observed in milk from second-
lactation goats (2.06 N) and decreased with each subsequent lactation to 1.81 N
and 1.76 N, respectively. The decrease in curd firmness with advancing lactation
is associated with changes in milk composition, including a lower fat-to-protein
ratio, reduced casein content, and increased SCS in goat milk.

Lactation plays an important role in goat milk composition and quality,
influencing both the variability of milk composition and the firmness of the
resulting curd. Analysis of the maximum curd firmness values for each lactation
demonstrated a gradual decrease with advancing lactation (3.20 — 2.89 — 2.87
N). Nevertheless, the minimum value identified in milk from fourth-lactation
goats (0.71 N) exceeded the minimum values observed in milk from second- and
third-lactation goats. Pazzola et al. (2018) and Salomone-Caballero et al. (2024)
also reported that milk from second-lactation goats exhibited a shorter
coagulation time and higher curd firmness. As lactation progresses, SCS
increases and, together with other compositional changes, is associated with a
longer coagulation time and lower curd firmness (Vacca et al.,, 2018b;
Marcinkoniene & Ciprovica, 2026). The analysis of the firmness of the curd
depending on the SCS is summarised in Table 13.

The fat content was significantly differ between milk samples from Group 4
and Group 1 (p=0.045) (Table 13), ranging from 3.08 % to 3.47 %. The lowest
value for protein content was found in the milk of Group 4 goats (3.13 %), and
the highest (3.25 %) was in the milk of Group 1 goats. The lowest fat-to-protein
ratio detected was found in the milk of goats in Groups 4 and 2 (0.99). Group 4
had the lowest curd firmness (1.59 N) and the highest casein-to-fat ratio (0.82).
The fat-to-protein ratio enables the prediction of cheese yield (Ferro, Tedeschi &
Atzori, 2017; Vacca et al., 2018b; Scano & Caboni, 2022), and the results of the
present study indicate that milk from Group 4 goats is less suitable for cheese
production, in agreement with findings reported by other researchers
(Podhorecka et al., 2021; Smistad et al., 2024; Desidera et al., 2025).

No significant differences in casein content were observed between the SCS
groups; however, a higher casein content (2.42 %) was found in milk samples
with lower SCS. Rupp et al. (2019) and Podhorecka et al. (2021) concluded that
increased SCS has a negative effect on casein content, including milk coagulation
properties. An SCS above 6.38 increases the time required for milk clotting and
reduces the firmness of the resulting curd (Stocco et al., 2018; Desidera et al.,
2024; Marcinkoniene & Ciprovica, 2026). As SCS in milk is also affected by
animal stress (Mehdid et al., 2019), particular attention should be given to
housing and feeding conditions in order to minimise and stabilise process-
induced changes in milk composition and quality. Establishing SCC limits for
goat milk is important for milk processing, and, therefore, their necessity should
be assessed and justified using scientific evidence.
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Table 14 summarises the seasonal changes in milk components and their
ratios in goat milk.

Analysis of the seasonal effect on milk suitability for processing showed that
the fat content of goat milk gradually increased, reaching a significantly higher
value in autumn (4.00 %), together with a higher fat-to-protein ratio (1.13). The
protein content of goat milk during summer ranged from 3.03 % to 3.05 %, which
was significantly lower (p=0.047) than the values observed in spring and autumn
milk (3.27 % and 3.60 %, respectively). Changes in protein content also affect
the fat-to-protein ratio (Scano & Caboni, 2022; Smistad et al., 2024;
Marcinkoniene & Ciprovica, 2026). A similar pattern was observed in a study
conducted in Estonia, where the authors reported significantly higher fat and
protein contents in goat milk during the autumn season, including the highest fat-
to-protein ratio (1.16) (Tatar et al., 2015). This trend has also been observed in
other studies. Margatho et al. (2018) reported higher values in goat milk
produced in October. These results can be attributed to a shift in goats’ diet from
pasture grass to more energy-balanced diet (Clark & Mora-Garcia, 2017,
Desidera et al., 2025). The fat-to-protein ratio also differed significantly between
goat milk produced in spring (0.92) and autumn (1.13). Although the trend
remained similar, different authors have reported it as high as 1.27 (Scano &
Caboni, 2022) or even 1.68 (Margatho et al, 2018). It should be noted that it is
during the autumn period that the optimum fat-to-protein ratio in milk is reached,
between 1.10 and 1.27 (Ferro, Tedeschi & Atzori, 2017; Vacca et al., 2018b;
Scano & Caboni, 2022; Magro et al., 2026).

Seasonal variation in goat milk casein content was observed, with the highest
content recorded in autumn milk (2.67 %) and the lowest in late summer milk
(2.31 %). Similar trends have been reported in the literature, indicating that
casein content decreases during summer and increases in autumn (Stocco et al.,
2018; Smistad et al., 2024). Similarly, an Italian study reported a decrease in goat
milk casein content from 3.00 % to 2.61 % during the spring-summer period
(Pazzola et al., 2022). Accordingly, the casein-to-fat ratio in milk is also
seasonally variable, being significantly higher in spring (0.85).

Differences between seasons are also found in the SCS, but they cannot be
described as significant. A study conducted in Portugal reported lower SCS in
goat milk during spring (Margatho et al., 2018), which is consistent with the
results of the present study. Analysis of the average curd firmness data showed
that the lowest curd firmness was observed in goat milk at the beginning of
summer (1.55 N), while the highest value was recorded at the end of summer
(2.14 N). The results may be explained by differences in the fat-to-protein ratio
and the casein-to-fat ratio in milk, which reached 1.03 and 0.77, respectively, at
the end of the summer period. Pazzola et al. (2022) reported that goat milk
produced in late summer exhibited a longer clotting time, delayed curd
formation, and lower curd firmness. The lowest curd firmness values for goat
milk (0.48 — 2.35 N) were observed at the beginning of summer, as the onset of
the grazing season alters milk composition, contributing to increased milk yield
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and the availability of energy-rich feed. The autumn season has the highest curd
firmness (3.86 N) in goat milk.

When the effect of casein content on the curd firmness of the resulting goat
milk is analysed, the correlation is weak (r=0.08). This association was
investigated on the basis of previous studies demonstrating a relationship
between higher casein content and firmer curd formation (Stocco et al., 2018;
Vacca et al., 2018b). A study by Clark and Sherbon (2000) suggests that higher
casein content provides a greater number of contact points between casein
micelles, thereby promoting aggregation and the formation of firmer curd.

It should be noted that casein content is not a direct predictor of goat milk
curd firmness, as demonstrated by the results obtained during the autumn season.
In this season, goat milk exhibited the highest casein content (2.67 %) together
with the highest protein content (3.60 %), resulting in a curd firmness of 1.93 N.
Compared with cow’s milk, goat milk casein differs in the distribution of casein
fractions, with a greater proportion of f-casein. The firmness of the curd depends
on the a-casein content. In addition, the significantly higher fat content of autumn
goat milk (4.00 %) substantially reduced the casein-to-fat ratio (0.69), while the
high concentration of medium-chain fatty acids in milk of this composition may
have also limited the formation of firmer curd (1.93 N). Recent studies have
clearly demonstrated that curd firmness is influenced by a complex interaction
of factors, including SCC, breed, nutrition, and feed balance (Pazzola et al., 2022;
Liet al., 2023; Desidera et al., 2025; Magro et al., 2026), thereby supporting the
need for its analysis across different influencing factors.

Analysis of individual goat milk samples demonstrated substantial variability
in milk composition, while dairy product manufacture is based on the use of bulk
milk. Therefore, in addition to the evaluation of individual goat milk samples,
bulk milk composition and quality were also evaluated (Table 15). For the bulk
milk samples, curd firmness ranged from 1.56 N to 2.43 N, with an average value
of 1.96 N. The effect of fat content on the resulting curd firmness should be
considered more broadly, as the scientific literature suggests that higher milk fat
content may improve coagulation properties by shortening the coagulation time
and reducing the curd-setting time, thereby resulting in greater curd firmness
(Stocco et al., 2018; Desidera et al., 2025). The fat-to-protein ratio of the bulk
milk samples analysed in the study was 1.04. Literature data suggest that this
ratio range (1.10 — 1.27) is not favourable for cheese production, as it is
associated with a prolonged coagulation time and possible variability in curd
firmness (Pazzola et al., 2019). When analysing the suitability of milk for cheese
production, it is important to evaluate bulk milk in order to understand variations
in milk chemical composition caused by different factors and to adapt the
production process so as to reduce technological losses during dairy product
manufacture.

The results of the present study, together with findings reported in the
scientific literature, indicate that milk coagulation and the quality of the resulting
curd are influenced by a complex interaction of factors. Therefore, to confirm the
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above findings and the results of the present study, the specific characteristics of
semi-hard rennet-induced cheese production, cheese yield, and the properties of
the resulting cheese were evaluated.

6. Analysis of semi-hard rennet-induced goat milk cheese
production

This chapter evaluates the influence of milk composition and quality on the
production of semi-hard goat milk cheese. The evaluation of the cheesemaking
process focuses on seasonal variations in milk composition and quality, with
separate analyses of goat milk coagulation characteristics, whey composition,
and cheese yield after pressing. Table 16 summarises the milk composition and
quality characteristics for each cheese production batch.

Milk coagulation properties are primarily determined by the content of
protein and casein, including osi-casein, k-casein, and [-lactoglobulin
(Inglingstad, 2016). Although total protein content often correlates with curd
firmness, the relationship is not straightforward, as the proportions of casein
fractions and their functional properties also influence curd formation and
firmness. The study observed that curd firmness increases with increasing protein
content. In early autumn milk, a more pronounced increase in curd firmness was
also found with varying protein content. Although casein micelle sizes were not
analysed in this study, studies confirm smaller casein micelle sizes in goat milk
(mean size 196 nm) compared to cow’s milk (Ji et al., 2025). Furthermore, milk
containing smaller casein micelles (147 — 183 nm) exhibits faster coagulation
and produces firmer curd compared with milk containing larger casein micelles
(200 — 266 nm) (Inglingstad, 2016). Smaller casein micelles contain a greater
proportion of k-casein and are, therefore, more likely to form para-k-casein
bonds during renneting, contributing to the formation of firmer curd. Conversely,
higher fat content reduces curd firmness, as observed in goat milk produced in
early summer and late autumn, because fat globules mechanically interfere with
the close aggregation of casein micelles, resulting in weaker curd formation.

The protein-to-fat ratio of goat milk used for renneting ranged from 0.89 to
1.01. The protein-to-fat ratio may not significantly affect the clotting properties
of milk; however, it has a more pronounced influence on the composition of the
resulting cheese. Studies indicate that a 0.10 increase in the protein-to-fat ratio
results in a 0.60 % increase in cheese protein content and a 1.90 % decrease in
fat-on-dry basis (Guiné et al., 2007). Although Table 21 summarises the
minimum and maximum moisture in non-fat matter of the cheeses produced, it
can be observed that as the milk protein-to-fat ratio increased (0.93), the moisture
in cheese non-fat matter decreased, reaching a minimum value of 54.91 %.
Evaluation of the cheesemaking process parameters indicated a tendency for the
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milk preparation time prior to renneting to decrease from 60 to 45 min in order
to achieve the target milk pH (6.45 — 6.49) before the addition of the rennet. A
shorter preparation time prior to milk renneting was necessary during cheese
production in early and late autumn, owing to the technological characteristics
of the milk during these periods, particularly its higher dry matter and protein
content. In addition, the casein analysis of individual goats’ milk (Table 14)
shows a higher casein content (2.67 %) in milk produced in autumn.

Similar results were observed when the clot formation time was analysed,
with values ranging from 45 to 60 min. In addition, pH changes during cheese
grain processing were easier to regulate in milk produced during the autumn
period. A shorter coagulation time was required for cheese produced in early and
late autumn, as the milk during these periods was characterised by an optimal
fat-to-protein ratio (1.12), falling within the optimal range of 1.10 — 1.27 reported
by several authors (Ferro, Tedeschi & Atzori, 2017; Vacca et al., 2018b; Scano
& Caboni, 2022; Magro et al., 2026). The technological process also exhibited
variation between production batches, particularly in the time required for milk
clotting, cheese grain processing before scalding, the pH achieved, and the
duration of cheese grain processing after scalding. These parameters are
technologically adjustable and are not always explained by seasonal or other
factors.

The cheese yields obtained for cheeses made in different seasons are
summarised in Table 17.

Cheese yield depends on milk fat and protein content, cheese moisture
content, ripening duration and conditions, technological losses during
production, and other factors. The water content of cheese also influences milk
consumption in cheese production. By optimising the cheese-making process
parameters, it was possible to achieve lower moisture in non-fat matter of the
semi-hard cheese (Table 21), with no significant differences observed between
the minimum and maximum values of this parameter.

The whey data obtained (Table 18) also demonstrate seasonal variability in
whey composition between cheese batches. When analysing whey composition,
particular attention should be paid to its fat and protein content, as these
parameters reflect the efficiency of raw material utilisation during cheese
production. The fat content of goat milk whey is higher compared with whey
obtained from the production of semi-hard cheese from cow’s milk, which is
associated with the smaller fat globule size in goat milk. In particular, differences
in fat content are observed in whey from summer cheese. Cow’s milk whey may
contain up to 0.70 % fat, while goat milk whey produced during the autumn
period exhibited fat contents ranging from 0.70 % to 0.73 %. Moreover,
considering the differences in fat globule size between cow’s and goat milk, the
fat content of the whey may be regarded as optimal, which is also reflected in the
higher fat recovery achieved during the autumn season (82.23 — 82.85 %)).

The protein content of whey ranged from 0.80 % to 1.08 %, with particularly
high values observed in late autumn whey. The higher fat and protein content of
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whey indirectly indicates a reduction in cheese yield. Chapter 5 explains the
variability of curd firmness due to different factors, which is also relevant for
outcome prediction.

The fat content of whey can be used to calculate fat recovery in cheese
production. Fat recovery in cheese production varies considerably and depends
on factors such as the cheese type, milk fat content, fat globule size, curd
firmness, cheese grain processing conditions, and other technological factors. On
average, 90 % of the fat in standardised milk is transferred to cheese (Ozola &
Ciprovica, 2002; Paschino et al., 2020; Pazzola et al., 2022). Fat recovery in
cheese production is summarised in Table 19.

Goat milk cheese production in different seasons showed fat utilisation rates
ranging from 69.19 to 82.85 %. When assessing these parameters, they should
be considered in relation to fat globule size and the resulting curd firmness,
particularly during cheesemaking in early autumn, as well as in relation to the
dry matter content of goat milk, which was significantly higher in autumn than
during the summer season. In addition, whey losses were lowest in cheese
produced during the autumn period, while the highest fat recovery rates (82.23 —
82.85 %) were also observed during this season, resulting in higher cheese yields
and lower milk consumption per kilogram of cheese produced.

Cheese production only uses about 75 % of the protein in milk. The
magnitude of these losses is influenced by curd firmness, cheese grain size,
processing techniques, and technological processing conditions. In addition,
about 97 — 98 % of the casein content of milk is transferred to cheese
(McSweeney et al., 2025). When analysing the degree of protein recovery (Table
20), it ranged from 71.73 to 76.96 %.

The highest protein recovery rates were observed in cheese produced during
the autumn period and were strongly associated with the highest curd firmness
values obtained, namely 2.16 N and 2.34 N, respectively. The relationship
between these parameters is summarised in Figure 4.

A strong positive correlation (r=0.99) was found when analysing the
relationship of the resulting curd firmness with the degree of protein recovery in
the cheese. Moreover, it is in cheese produced in autumn that the degree of
protein recovery is most optimal. A relationship between curd firmness and fat
recovery rate was not investigated in the present study, as the overall fat recovery
rate remained relatively low, although a tendency towards higher values was
observed during the autumn period. The composition of goat milk used for
cheese production was not standardised, unlike the common practice applied in
cow’s milk cheesemaking. Standardisation helps to form a firmer curd, and it
also helps to regulate the fat-to-protein ratio. Standardisation is a process that
helps to ensure that the cheese produced has the required quality characteristics
(see Table 21).

Analysis of the obtained cheese quality parameters showed that the moisture
in cheese non-fat matter corresponded to the semi-hard/semi-soft cheese group,
ranging from 54 % to 69 % (Ozola & Ciprovica, 2002). In the present study, the
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average value was 55.06 %, thus meeting the criteria indicated in Table 1. The
fat content of the cheese is determined after pressing and should normally be
approximately 1 % higher than in the finished cheese, as salting increases the dry
matter content of the cheese due to salt uptake. The resulting moisture in cheese
non-fat matter (SBDM) corresponded to the expected values for this type of
cheese, while cheese weight decreased by 0.50 — 1.00 % during brining,
confirming moisture-related weight loss.

Summarising the results of the study on the influence of goat milk
composition and quality on the production of semi-hard rennet-induced goat milk
cheese, an overview of the findings is presented in Table 22.

The technological process of semi-hard rennet-induced goat milk cheese is
influenced by changes in the composition of the milk and by the season. To
ensure a high cheese yield, the composition of the milk must be taken into
account, and the appropriate technological process for cheese production must
be carefully selected.

CONCLUSIONS

1. Analysis of the effect of the breed shows that:

e the milk of Latvian Native goats has a lower somatic cell count than that
of the Saanen goat breed and crossbred dairy goats;

e crossbred dairy goats are able to provide a high fat and protein content
in milk;

e analysis of fatty acid content showed no significant differences in the
fatty acid profiles of milk obtained from different goat breeds and
crossbred dairy goats, with the exception of butyric and caproic acids,
indicating a relatively homogeneous raw material for dairy product
manufacture;

o the highest fat—to—protein ratio was found in the milk of crossbred dairy
goats, and the highest curd firmness value in the milk of Saanen goats
and Latvian Native goats.

2. When the effect of lactation on the composition and technological
characteristics of goat milk was assessed, it was found that:

e the number of lactations plays an important role within the herd and is
associated with increased somatic cell count;

e curd firmness decreases with increasing lactation number due to
changes in milk composition, lower fat-to-protein ratio, and higher
somatic cell count.

3. Explaining seasonal impacts allowed one to conclude that:

e goat milk produced in early autumn has the highest protein recovery and

is more suitable for the production of semi-hard rennet-induced cheese;

70



e the season has a significant effect on curd firmness and enzymatic
coagulation time during cheese production, confirming the shorter
coagulation time of goat milk in the autumn season.

Somatic cell count has a significant effect on milk clotting performance,

with higher curd firmness found in goats with lower somatic cell count.

The implemented breeding programmes have enabled goat farmers to reduce

somatic cell counts in goat milk, thereby supporting the recommended SCC

threshold for the processing of < 1,000,000 cells mL"".

The evaluation of the suitability of goat milk for the production of semi-hard

rennet-induced cheeses showed that:

e cheese produced during the autumn season has the highest yield
efficiency, as demonstrated by the higher recovery of fat and protein,
and the lower quantity of raw material required to produce 1 kg of
cheese;

e protein recovery in cheese production correlates with the resulting curd
firmness, confirming a strong positive correlation (r=0.99);

e the quality characteristics of the cheese batches obtained corresponded
to the required fat-on-dry basis, moisture in cheese non-fat matter, and
the milk consumption parameters for the production of 1 kg of cheese.

The research proves the working hypothesis that goat breed, lactation, and

season have a significant effect on the quality of goat milk.
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