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IEVADS

Pétijums aktualitate. Parejas periods no piena izbaroSanas uz tilpumainas
baribas izbaroSanu telu dzivé ir saistits ar dazadam fiziologiskam un
anatomiskam izmainam gremosanas kanala. Taja notiek straujas mikrobialas un
strukturalas parmainas. Sis periods dzivniekiem rada papildus stresu un var
veicinat dazadu infekcijas slimibu attistibu, kas var negativi ietekmét telu
aug8anu un attistibu (Meale et al., 2017).

Jaundzimuso atgremotaju spurekla mikrobiala kolonizacija ir Tpasi nozimiga
spurekla fiziologiskaja attisttba (Fonty et al., 1988). Spurekli no
mikroorganismiem visvairak novero bakterijas, kam seko vienstni, metanogeni
un s€nes. Strauj§ mikrobialas populacijas daudzveidiguma pieaugums pirms
piena izbaroSanas perioda beigam veicina atraku spurekla funkcionalo attistibu
un uzlabo produktivitati. Spurekla mikrobioma daudzveidiba ir nepiecieSama
normalai spurekla fiziologiskai attistibai un tilpumainas baribas parstradei (Li et
al., 2012). Mikrobialas fermentacijas procesu rezultata spurekli un arT resnaja
zarna veidojas dazadas gazes, tai skaita oglekla dioksids (CO2) un metans (CHa)
(Oztiirk, 2007). Spurekli metanogendzes procesa rezultatd producétais CHg
ietekm@ dzivnieku produktivitati (GHGMP, 2005), radot energijas zudumus Iidz
pat 15% (Hegarty, 2002; Giger-Reverdin et al., 1998). Metans tick miné&ts ari ka
viena no galvenajam gazém, kas paaugstina globalo temperattiru (Hansen et al.,
2007). No lauksaimniecibas nozares siltumnicas efektu izraiso$o gazu emisijas,
1pasi liellopiem, ir atraugu un zarnu gazu veida (Mufioz et al., 2012; Murray et
al., 1999).

Spurekli un zarnas producétas gazes un gaistosas taukskabes ietekmé vides
pH. Spurekla ieksgjas vides pH un gaistoSo taukskabju koncentracija
atgremotajiem ir butiski fermentacijas aktivitates raditaji, kas atspogulo spurekla
funkcijas (Feng et al., 2020), ietekm& baribas uznemsanu, mikrobialo vielmainu
un baribas vielu noardisanu (Wang, 2012), ka arT ietekmé spurekla anatomisko
attistibu (Thompson et al., 2006). Telu augSana un attistiba piedalas arT nozimigs
hormons grelins, kas ne tikai veicina augSanas hormona izdaliSanas no hipofizes,
bet arT piedalas apetites regulésana (Solomis, Korbonits, 2014; Kojima et al.,
1999).

Misdienas, strauji attistoties piena lopkopibai, pieaug nepiecieSamiba pec
tadu telu iegliSanas, kas ir veseligaki, ar labakiem augSanas raditajiem un
augstaku produktivitati. Nereti to v€las panakt ar antibiotiku profilaktisku
pielietoSanu. Tomér Eiropas Savienibas valstis kops 2006. gada 1. janvara
antibiotiku lietoSana dzivniekiem slimibu profilaksei un produktivitates
paaugstinasanai ir aizliegta.

Ka iespgjamie alternativie Iidzekli ar §adam ipaSibam ir prebiotikas,
probiotikas un abu 30 vielu kombinacija — sinbiotikas. So piedevu bitiskaka
ietekme ir uz gremoSanas kanala mikrofloru. Tiek veicindta organismam
labveligo mikroorganismu augSana un vairoSanas. Tas, savukart, atstaj pozitivu
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efektu uz visu organismu: dzivniekiem novéro labaku dzivmasas picaugumu,
mazaku patogéno mikroorganismu daudzumu gremosanas kanala (Martinez et
al., 2014; Gibson, Roberfroid, 1995), tiek veicinata spurekla un zarnu strukturala
un funkcionala attistiba (Samal, Behura, 2015; Brewer et al., 2014; Ghosh,
Mehla, 2012; Heinrichs et al., 2009; Lesmeister et al., 2004), ka ar7 §is baribas
piedevas var samazinat metana produkciju spurekli (Zhou et al., 2004).

Uzsakot So petijumu, vélgjamies noskaidrot Latvija razota topinambira
koncentrata, kura sastava prebiotika inulins sasniedz 48.5 — 50.1%, un ta
sinbiotikas ar raugu (Saccharomyces cerevisiae (S.cerevisiae) celmu 1026)
ietekmi uz telu veselibas stavokli, gremosSanas kanala anatomisko, histologisko
un funkcionalo attistibu, ka arT telu aug$anu un metanogenézi telu spurekli un
resnaja zarna tiem fiziologiski nozimiga perioda, klastot par pilnvertigiem
atgremotajiem.

Aizstavamas tezes

1. Topinambiira koncentrata (inulina saturs 48.5 — 50.1%) un ta kombinacijas
ar raugu S.cerevisiae (celms 1026) izbaro$ana uzlabo telu veselibas stavokli,
veicina telu dzivmasas pieaugumu un samazina grelina imiinreaktivo $tinu
skaitu gremosanas kanala.

2. Topinambiira koncentrata (inulina saturs 48.5 — 50.1%) un ta kombinacijas
ar S.cerevisiae izbaroSana veicina gremoSanas kanala morfofunkcionalo
attistibu.

3. Topinambiira koncentrata (inulina saturs 48.5 — 50.1%) un ta kombinacijas
ar S.cerevisiae izbaro$ana samazina metanogéno mikroorganismu daudzumu
telu gremosanas kanala, ka arT samazina CO2 un CHs produkciju spurekli.

4. Rauga pievienoSana topinambiira koncentratam, izveidojot jaunu sinbiotiku,
samazina CO; un CHs produkciju telu spurekli, veicina morfofunkcionalo
attTstibu, uzlabo dzivmasas pieaugumu un paaugstina ekonomisko ieguvumu.

Promocijas darba meérkis ir noskaidrot topinambiira koncentrata un ta
sinbiotikas ar raugu (Saccharomyces cerevisiae celms 1026) izbaroSanas ietekmi
uz telu veselibas stavokli un augSanu, gremosanas kanala morfofunkcionalo
attistibu, ka arT metanogenézi spurekli un resnaja zarna parejas perioda no piena
uz tilpumainas baribas izbarosanu.

Meérka sasniegSanai izvirziti sekojoSi uzdevumi

1. Izpetit, ka topinambiira koncentrata un sinbiotikas (topinambiira koncentrats
un raugs Saccharomyces cerevisiae) izbaro$ana ietekmé veselibas stavokli,
dzivmasas pieaugumu un ekonomisko ieguvumu, ka ari izsalkuma un sata
sajutu teliem no 4 Iidz 14 nedélu vecumam.



. Noskaidrot 56 dienu ilga pétijuma ieklauto baribas piedevu izbaroSanas
ietekmi uz dazadu gremosanas kanala dalu (spurekla, glumenieka, tievas un
resnas zarnas) morfofunkcionalo attisttbu parejas perioda no piena uz
tilpumainas baribas izbarosanu.

Izvertet topinambiira koncentrata un sinbiotikas izbaroSanas ietekmi uz
kop&jo prokariotu, tai skaita, metanogéno mikroorganismu daudzumu
13 — 14 nedelu vecu telu spurekli un resnaja zarna.

. Noteikt petijuma ieklauto baribas piedevu izbaroSanas ietekmi uz metana
(CH4) un oglekla dioksida (CO2) daudzumu spurekli 4 — 14 ned€lu veciem
teliem.

Pétljuma zinatniska novitate

legati orginali dati par sinbiotikas (12 g topinambira koncentrats
kombinacija ar 5 g S.cerevisiae rauga celmu 1026 dnn!) izbaro3anas ietekmi
uz 4 — 14 nedglas vecu telu augSanu, t.sk., gremoSanas kanala morfologisko
un fiziologisko attistibu.

Iegtti orginali dati par grelina imiinreaktivo $tnu skaitu divpadsmitpirkstu
un tuksaja zarna 13 — 14 ned€las veciem teliem, kuri sanéma standartbaribu,
un teliem, kuriem papildus izbaroja 12 g topinambiira koncentratu (inultna
saturs 6 g) dnn.

Iegiti orginali dati par grelina imGinreaktivo §tnu skaitu dazadas gremosanas
kanala dalas (glumenieka pilorisko un fundalo dziedzeru zona,
divpadsmitpirkstu un tuk$aja zarna) teliem 13 — 14 ned€lu vecuma, kuriem
pie baribas papildus izbaroja sinbiotiku, kuru veido 12 g topinambiira
koncentrats un 5 g S.cerevisiae rauga celms 1026 dnn.

Pirmo reizi Latvija iegti orginali dati par topinambiira koncentrata
(12 g dnn’%; satur 6 g prebiotiku inulinu) un ta sinbiotikas ar S.cerevisiae
rauga celmu 1026 (5 g dnn?) izbaroSanas ietekmi uz prokariotu, t.sk.,
metanogéno mikroorganismu un producéto CHa, CO, daudzumu 4 — 14
ned€lu vecu telu spureklt.

Personigais ieguldijums: veicu pétfjuma ieklauto dzivnieku veselibas

stavokla novert€sanu, nosakot sirdsdarbibas frekvenci, elposanas frekvenci,
kermena temperatiiru, izvertgjot fekaliju konsistenci un izanalizgjot iegiito asins
paraugu hematologiskos un biokimiskos raditajus, ka ari veicu dzivnieku
mérisanu, ieguvu spurekla Skidruma un gazes paraugus, mériju dazadu
gremoSanas kandla dalu satura pH, noteicu daudzkameru kunga dazado
nodalfjumu masu, ieguvu nepiecieSamos paraugus gremosanas kanala strukttru
histologiskajai analizei (veicu paraugu fiksaciju, piegrieSanu, ievietoSanu
histologijas paraugu kasetés), veicu histologisko paraugu mikroskopisko
izmekl&sanu, ka arT visu iegiito rezultatu analizi, prezentéSanu konferenceés un
publicésanu.
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1. MATERIALS UN METODES

1.1. Petijuma laiks, objekts, raksturojums

Promocijas darbs izstradats ar projekta Valsts pétijjumu programmas
AGROBIORES “Lauksaimniecibas resursi ilgtsp&jigai kvalitativas un veseligas
partikas razoSanai Latvija” projekts Nr.3 “Vietgjas izcelsmes slaucamo govju un
cliiku saimnieciski nozimigo pazimju genétiska izpéte kvalitativu partikas
produktu razoSanai un dabigas izcelsmes baribas sastavdalu izstrade un parbaude
(Lopkopiba)” (2014 — 2018) atbalstu (VPP 2014/VPP2014-2017, apak$projekts
VPP29.3). Pétijjuma metodika izverteta LLU Dzivnieku labturibas un
aizsardzibas &tikas padomes sédé Nr.DzLEP/2017/2-1.

Promocijas darba pétijums tika veikts Saldus novada, Jaunlutrinu pagasta z/s
“Ratenieki” 2017./2018. gada, laika posma no decembra Iidz februara beigam.
Petfjums ilga 56 dienas. P&tljuma norises kop&ja shéma tika izveidota, vadoties
péc citu zinatnieku aprakstitas metodikas (Krol, 2011; Hassan et al., 2016). Visa
petijuma laika tika novertéts telu veselibas stavoklis, ko veica gan petjjuma
iesaistitas personas, gan saimniecibas veterinararsts. Teliem netika noverotas
ilgstosas diarejas, respiratoras saslimsanas vai citas slimibas, kas varétu ietekmét
pétijuma norisi un iegtitos rezultatus. Telu izmekl&$ana un visu paraugu iegiisana
notika saimniecibas veterinararsta uzraudziba. P&tjjuma veikto izmekl&umu
rezultati tika izmantoti visa ganampulka, t.sk., telu vispargja veselibas stavokla
novertéSanai un augsanas raditaju uzlabosanai.

Petfjuma tika ieklauti 15 kliiski veseli, nejausi izveleti dazada dzimuma
Holsteinas melnraibas un Holsteinas sarkanas Skirnes krustojuma teli (Bos
taurus) ar vid€jo vecumu 3244 dienas (jaunakie teli bija vismaz 28 dienas jeb 4
nedglas veci) un vid€jo dzivmasu 72.1+11.34 kg.

Veidojot petijuma grupas, tika izveleti teli ar atbilstoSu vecumu, bez batiskam
dzivmasas atSkiribam starp atseviSskiem individiem, ar labu veselibas stavokli,
kas tika novertéts péc veiktas kliniskas izmekleésanas. Katra telu grupa tika
ieklauti 2 viriskas kartas un 3 sieviskas kartas teli.

Katras nokomplekt&tas pétijuma grupas teli tika turéti kopa viena telu
turésanai atbilstosi aprikota telpa. Telpu izmeri: garums 5.3 m, platums 4.5 m,
augstums 2.6 m, loga lielums: 1.2 x 1.2 m, durvju lielums: 1.95 x 1.0 m. Telpa
bija pietickami liela, lai dzivnieki var€tu apgulties, ka arT brivi parvietoties un
savstarpgji saskarties. Grida bija no betona, kas nosegta ar nelielu daudzumu
salmiem. Novietné bija 2 baroSanas galdi, viens sienam un otrs piena
aizvietotajam, prestarterim un miezu miltiem un viena tdens dzirdne.

P&c piedzimsSanas, 2 h laika, visi teli sanéma pirmpienu, nakamas 5 dienas
teli san@ma pilnpienu (3.5 L 2 x diena) un vélak piena aizvietotaju razotdja
rekomendgétaja telu vecumam un dzivmasai atbilstosa deva. 4 — 6 nedélu vecuma
teli sane@ma 5 L piena aizvietotaja diena un prestartera baribu (aptuveni 0.5 kg uz
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telu diena). Péc 8 nedelu vecuma, teli sanéma aptuveni 1.5 kg miezu miltu un
6 L piena aizvietotaja diena. Teliem visu laiku bija brivi pieejams Gidens un siens.

Kopa tika izveidotas tris pétfjuma grupas. Pieci teli bija kontroles grupa
(CoG) un sanéma standartbaribu. Katram no 5 teliem prebiotikas grupa (PreG)
papildus izbaroja 12 g topinambura (Helianthus tuberosus) koncentratu diena,
kas satur 6 g prebiotiku inulinu. 5 teli no sinbiotikas grupas (SynG) katrs diena
papildus sanéma eksperimentalu sinbiotiku, kas sastavéja no 2 dazadiem
produktiem: 12 g topinambiira koncentrata, kas satur 6 g prebiotiku inulinu un
5 g probiotiku S.cerevisiae rauga kultiiru Yea-Sacc® 1026 (Alltech Inc., Francija),
kas satur vismaz 1x10° koloniju veidojo$as vienibas (KVV) g? S.cerevisiae
rauga celmu 1026. Pétjjuma izmantota rauga baribas piedeva ir registréta
lictosanai Eiropas Savienibas valstis (Komisijas 1istenoSanas regula
Nr. 1109/2014). Savukart p&tjjuma izmantota sinbiotika nav komerciali pieejama
un tika sakombingta tiesi $im p&tjjumam. Topinambira koncentrats un sinbiotika
tika pievienota pie spekbaribas 1x diena, no ritiem.

P&tfjuma teliem izbarota topinambiira koncentrata deva tika izveleta, vadoties
no cita ar tada pasa sastava topinambiiru koncentrata veikta pétjjuma metodika
noraditas devas (Arne, llgaza, 2016), ka arT 6 g inulins tika izmantots Kro6l (2011)
petljuma. Japiemin, ka topinambirs satur tikai aptuveni 10% inulina, bet,
izmantojot specialas tehnologijas, inulina saturu var palielinat lidz pat
48.5 — 50.1% no sausnes (Fleming, Groot, 1979). Topinambiira koncentrats
razots SIA “Herbe” peéc Latvijas Universitates Mikrobiologijas un
Biotehnologiju institiita izstradatas tehnologijas. Savukart probiotikas
S.cerevisiae celma 1026 deva tika izvéléta balstoties uz 2016. gada publicétu
pétijuma metodiku (Hassan et al., 2016).

1.2. Telu veselibas stavokla novertesana

P&tfjuma 1., 28. un 56. diena teliem tika noteikta sirdsdarbibas frekvence
(x min£SD), elposanas frekvence (X min?+SD) un kermena temperatira
(°C+£SD). Sirdsdarbibas frekvence noteikta veicot sirds auskultaciju kriiskurvja
kreisaja pus€, 4. ribstarpa, 2-3 cm virs elkona limena. ElpoSanas frekvence
noteikta, veicot auskultaciju kriiSu sienas vidusdala labaja vai kreisaja pusg. Sirds
un plausu auskultacija veikta ar Littmann Cardiology IV (3M, ASV) stetoskopu.
Kermena temperatiira tika noteikta, to mérot rektali ar elektronisko termometru
DIGI-VET (Kruuse, Danija).

Ieprieks minétajas petijuma dienas tika noverteta telu fekaliju konsistence,
izmantojot ballu skalu no 0 Iidz 3, kura ar 0 ballém noverté stingras, sugai
raksturigas konsistences fekalijas, ar 1 balli tieck apzimétas mikstas fekalijas, ar
2 ballem — Skidras fekalijas, bet ar 3 ballém tiek apzimétas tidenainas fekalijas
(Larson et al., 1977). Sajas pétijuma dienas fekaliju konsistenci novértgja tris
veterinararsti. Arl pargjas pétjjuma dienas saimniecibas darbinieki sekoja Iidzi
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fekaliju konsistencei, lai teliem varétu noteikt diareju. Japiemin, ka diarejas
epizodes netika konstatétas.

Ka arT pétfjuma 1., 28. un 56. diena teliem tika nonemti asins paraugi, veicot
punkciju jugularaja véna (vena jugularis), izmantojot vakutainera adatas 20 G
(30 mm garums) un vakutainera adatu turétaju. Hematologisko analizu
veik$anai asinis nonemtas S-Monovette EDTA 2.7 mL (SARSTEDT AG&Co. KG,
Vacija) vakutainera stobrinos. legiitajos asins paraugos tika noteikts kopgjais
leikocitu skaits (WBC, 10° L), eritrocttu skaits (RBC, 10%? L), hematokrits
(HCT, %), hemoglobina daudzums eritrocitos (HGB, g dL™) un trombocitu
skaits (PLT, 10° L!). Asins paraugu analize veikta, izmantojot Exigo EOS (Boule
Medical AB, Zviedrija) automatisko veterinaro asins hematologijas analizatoru.
Asinis biokimisko raditaju noteik$anai iegtitas, izmantojot S-Monovette seruma
vakutainerus 2.7 mL ar asins recéSanas aktivatoru (SARSTEDT AG&Co. KG,
Vicija). Tika noteikta gamma glutamiltransferaze (GGT, U L7,
aspartataminotransferaze (ASAT, U L), urinviela (UREA, mmol L'?), kreatinins
(CREA, mmol L1), kopé&jais proteins (TP, g L), albumins, g L%, globulini, g L!
un glikoze mmol L. Asins paraugu analize veikta izmantojot Mindray BS-200E
(Shenzhen Mindray Bio-Medical Electronics Co., Ltd., Kina) asins biokimijas
analizatoru. Glikoze asinis tika noteikta nekavé&joties p&c asins parauga iegtiSanas
izmantojot glikozimetru ACCU-CHEK instant (Roche, Vacija). Asins paraugu
izmeklg8ana veikta Latvijas Lauksaimniecibas universitates Veterinaras klinikas
laboratorija.

1.3. Telu dzivmasas noteikSana

P&tfjuma 1., 28. un 56. diena tika noteikta telu dzZivmasa ar citu zinatnieku
atzitu netie$das dzivmasas noteik$anas metodi (Heinrichs, Hargrove, 1987),
izmantojot specialu mérlenti Animeter (Albert Kerbl GmbH, Vacija). Dzivmasu
var noteikt, izmérot kriSu apkartméru tiesi aiz elkoniem un nolasot rezultatu uz
mérlentes eso3as kg skalas. STmetode, kas balstita uz liellopu standarta aug$anas
ltkn€m, ir plasi pielietota dzivmasas noteikSanai saimniecibas (Heinrichs,
Hargrove, 1987).

1.4. Spurekla gazu paraugu iegiSana un metana, oglekla
dioksida daudzuma noteikSana

P&tfjuma 1., 28. un 56. diena no rita, 2 h p&c telu baroSanas, tika noteikts
metana (CH4) un oglekla dioksida (CO.) daudzums spurekli. Lai iegttu telu
spurekla gazu paraugus ar rumenocentézes metodi, tel§ tika fikséts stavus
pozicija, piespiezot tela labo sanu pie sienas, vai labaja lateralaja gula.
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Kreisajos sanos aiz ribu loka zem jostas skriemelu sanu izaugumiem tika
sagatavots rumenocentézes laukums, izc€rpot apmatojumu un dezinficgjot adu
ar 70% spirta Skidumu. Adata (14 G, argjais diametrs 2.1 mm, garums 60 mm)
tika ievadita védera dobuma 45° lenki pret védera sienu orientgjosi virziena uz
labas priekskajas elkona locitavu, apméram 4 — 6 cm dziluma. Spurekla gazes
tika iegitas ar 20 mL tilpuma vienreiz lietojamu §lirci. PEc parauga iegtiSanas,
nekavejoties adatas gals tika aiztaisits ar elastigu, gaisa necaurlaidigu, inertu
materialu (lidzigu silikonam), lai noverstu gazu izpliSanu no Slirces. Péc
punkcijas veikSanas, diruma vieta tika dezinficéta ar 70% spirta Skidumu
(Atkinson, 2017).

Spurekla gazes (CHs un COj) tika meéritas, izmantojot mobilo gazu
spektrofotometru Picarro G2508 (Picarro, ASV). Iekartas tehniskie parametri ir
sikak aprakstiti razotaja tehniskaja dokumentacija (Picarro G2508 Analyzer
Datasheet) un izmantos$anas iesp&jas aprakstitas Fleck et al. (2013) pétijuma.
Gazu analizi veicam saimnieciba sadarbiba ar Latvijas Lauksaimniecibas
universitates Meza un Udens resursu zinatniskas laboratorijas zinatniekiem
uzreiz p&c paraugu iegisanas.

Gazu merijumi tika veikti, izmantojot necaurspidigu kameru, kuras tilpums
bija 1 L. Kamera ar mériSanas iekartu un arju nulles nopliides vakuumsiikni tika
savienota slégta cirkulacijas sistéma, izmantojot 9 metrus garu teflona cauruli
(icksgjais diametrs 1/16 collas, argjais diametrs 1/8 collas). Mertjumi tika veikti
180 sekundes ar vienas sekundes vidgjo intervalu, un tika analizéts 10 mL liels
spurekla gazu daudzums (Grinfelde et al., 2018).

1.5. Spurekla Skidruma un fekaliju paraugu iegiiSana

P&tfjuma 56. diena no rita, 2 h p&c telu baroSanas, tika nopemti arl telu
spurekla skidruma paraugi. Ja nelielas spurekla pildijuma pakapes dél spurekla
Skidrumu nebija iesp&jams iegiit pec 1.4. apak$nodala aprakstitas metodikas, tad
tika mainits injekcijas adatas virziens (ventrali) un vienlaicigi ar diiri tika radits
pretspiediens uz labas vEdera sienas. Spurekla skidruma iegtiSanai netika veikts
papildus dariens spurekli, bet, péc spurekla gazu parauga iegiSanas, tika
nomaintta tikai §lirce. Spurekla Skidrums tika iegtts ar 20 mL tilpuma vienreiz
lietojamu S§lirci, vadoties pec Atkinson (2017) metodes.

P&c parauga iegiisanas, spurekla skidrums tika iepildits stikla stobrinos. Uz
spurekla Skidruma parauga tika uzpilinati 5 pilieni mineralellas un stobrins tika
ciesi noslégts ar gumijas aizbazni, lai nodrosinatu maksimali anaerobu vidi. P&c
punkcijas veikSanas, diiruma vieta tika atkartoti dezinficéta ar 70% spirta
Skidumu. P&c nogadasanas laboratorija (3 h laika), spurekla Skidruma paraugi
tika sasaldeti -80 °C.

P&tfjuma 56. diena, no taisnas zarnas manuali tika panemti fekaliju paraugi
un ievietoti tam domatos polietiléna maisinos. P&c nogadasanas laboratorija,
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fekaliju paraugi tika sasaldéti -80 °C Iidz talakai mikrobiologiskajai
izmekl&sanai.

1.6. Kop€jo prokariotu, metanogénu un atseviSku metanogénu
sugu noteikSana spurekla Skidruma un fekaliju paraugos

Individualajos spurekla Skidruma paraugos (n=15), ka ar1 katras grupas (n=3)
visu piecu telu fekaliju kopparauga tika noteikta kop&jo metanogeénu, atsevisku
metanogénu  sugu (Methanosphaera stadtmanae, Methanobrevibacter
ruminantium, Methanobrevibacter smithii) un kopg&jo prokariotu sastopamiba.
Attiecigo metanogénu noteikSana paraugos izvéleta balstoties uz citu autoru
pétijuma rezultatiem, kuri Sos metanogénus identificgjusi ka domingjosos
spureklt (Nicholson et al., 2007; Wright et al., 2007; Whitford et al., 2001).

DNS no telu spurekla satura un fekalijam izdalits izmantojot Ql4amp® DNA
Stool Mini Kit (Qiagen Ltd., Lielbritanija). Ta iegiiSanai izmantoti 200 mg
sasaldeta parauga un izmeklg&jums veikts sekojot razotaja klat pievienotajam
instrukcijam (QIAamp Fast DNA Stool Mini Handbook) (Yu, Morrison, 2004).

DNS daudzums un tiriba parbaudita, izmantojot NanoDrop-1000 (Thermo
Fisher Scientific Inc., ASV) spektrofotometru (McCartney et al., 2013). Iegiitie
DNS paraugi uzglabati -20°C lidz to talakai analizei.

Metanogéni un prokarioti noteikti, izmantojot specifiskus praimeru
komplektus. Metanogénu un kop&jo prokariotu praimeru sekvences bija
sekojosas:

1) kopégjie metanogeni (rrs): Met630F: 5°-GGATTAGATACCCSGGTAGT-
3’; Met803R: 5’-GTTGARTCCAATTAAACCGCA-3’

2) kopgjie prokarioti (rrs, references géns): V3-F: 5’-
CCTACGGGAGGCAGCAG-3’; V3-R: 5’-ATTACCGCGGCTGCTGG-3’

3) Methanosphaera stadtmanae (rrs): Stad-F: 5°-
CTTAACTATAAGAATTGCTGG-3’; Stad-R: 5°-
TTCGTTACTCACCGTCAAGAT-3’

4) Methanobrevibacter ruminantium (rrs): Rum16S 740F: 5°-
TCCCAGGGTAGAGGTGAAA-3’; Rum16S 862R:
5’CGTCAGAATCGTTCCAGTCA-3’; Rum16S FAM: 5°-
CCGTCAGGTTCGTTCCAGTTAG-3’

5) Methanobrevibacter smithii (rrs): Smit.16S-740F: 5°-
CCGGGTATCTAATCCGGTTC-3’; Smit.16S862R: 5°-
TCCCAGGGTAGAGGTGAAA-3’; Smit.16S FAM:
5’CGTCAGAATCGTTCCAGTCA-3’

Polimerazes k&des reakcijas veiktas, izmantojot QuantiNova™ Probe PCR
Kit (Qiagen Ltd., Lielbritanija) un QuantiNova™ SYBR® Green PCR Kit
(Qiagen Ltd., Lielbritanija) reagentu komplektus, un sekojot razotaja
instrukcijam (QuantiNova Probe PCR Handbook; QuantiNova™ SYBR® Green
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PCR Handbook). DNS amplifikacija veikta reala laika PCR ickarta RotorGene
Q (Qiagen, Ltd., Lielbritanija), ar sakotn&jo denaturaciju pie 95°C 2 min, kam
sekoja 40 denaturacijas cikli (95°C 5 s) un praimeru hibridizacija 60°C
10 s (kopgjiem metanogeniem (rrs, mcrA), kopg€jiem prokariotiem un
M.stadtmanae) un 60°C 5 s (M.ruminantium un M.smithii) (McCartney et al.,
2013).

Metanoggnu un kopgjo prokariotu Itmenis tika novertets ka C; vertiba (cikls,
pie kura PCR amplifikacija ir sasniegusi eksponencialo fazi). Jo C; vertiba bija
mazaka, jo lielaks daudzums meklétas sekvences bija parauga. Pec ta ar1 var
secinat, cik liela daudzuma izmekl@taja parauga bija kopgjie metanogeni,
prokarioti vai  konkrétie metanogéni. Izmeklgjumi veikti Latvijas
Lauksaimniecibas universitates Biotehnologiju =zinatniskaja laboratorija,
Molekularas biologijas un mikrobiologijas nodala.

1.7. Baribas piedevu izbarosSanas ekonomiska ieguvuma
izveértejums

Tika veikts p&tijuma ieklauto baribas piedevu (topinambiira koncentrata un
ta kombinacijas ar raugu S.cerevisiae celmu 1026) ekonomiska ieguvuma
izvertejums péc to 56 dienu ilgas izbaro$anas teliem, balstoties uz Dar un kolgégu
(2017) lidziga petjjuma aprakstitajam aprekinu metodém. Noteicam sekojosus
raditajus.

1. Vienam telam izbarotas baribas piedevas daudzums visa pétijuma laika
(2.1. formula)

axb=c, (2.1)
kur a — vienam telam izbarotas baribas piedevas daudzums diena (g),
b — izbaro$anas dienu skaits,

¢ — vienam telam izbarotas baribas piedevas daudzums visa petijuma
laika (g)

2. Vienam telam izbarotas baribas piedevas izmaksas visa p&tijuma laika (2.2.
formula)
exXxb=g, (2.2.)
kur e — vienam telam izbarotas baribas piedevas izmaksas diena (EUR),

b — izbaroSanas dienu skaits,
g — vienam telam izbarotas baribas piedevas izmaksas pétijuma laika (EUR)
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3. Izbarotas baribas piedevas izmaksas uz vienu dzivmasas kg (2.3. formula)
T=d (2.3)

kur g — vienam telam izbarotas baribas piedevas izmaksas p&tijuma laika
(EUR),
f — telu vidgja dzivmasa p&c 56 dienu ilgas attiecigas baribas piedevas
izbaroSanas (kg),
d — baribas piedevas izmaksas uz vienu dzivmasas kg (1 kg EUR™)

4. Prognozgjamais ienakums, vairumtirgotajiem pardodot 1 telu (2.4. formula)

kur j — vairumtirgotaju noteikta vidéja iepirkuma cena par vienu attieciga
vecuma tela dzivmasas kg (EUR) (informacija iegiita 2021.gada septembri),
f — telu vid&ja dzivmasa péc 56 dienu ilgas attiecigas baribas piedevas
izbarosanas (kg),
i — prognozgjamais ienakums, pardodot 1 telu (EUR)

5. Ekonomiskais ieguvums, pardodot vienu telu un nemot vera izbarotas
attiecigas baribas piedevas izmaksas (2.5. formula)

i—g=x, (2.5)

kur i — prognozgjamais ienakums, pardodot 1 telu (EUR),
g — vienam telam izbarotas baribas piedevas izmaksas pétijuma laika
(EUR),
X — ekonomiskais ieguvums, pardodot vienu telu un nemot vera izbarotas
attiecigas baribas piedevas izmaksas (EUR).

1.8. Ieks€jas vides pH noteik§ana dazadas gremosanas kanala
dalas (post-mortem)

P&c dzivnieku nokauSanas saimnieciska nolika pétijuma 56. diena (telu
vecums 88+4 dienas jeb vismaz 12 ned@las veci), dazadas gremoSanas kanala
dalas tika noteikts iek$gjas vides skabju-sarmu Iidzsvars (pH):

1) mutes dobuma zem méles saknes,

2)  spurekla priekstelpas apvida (atrium ruminis),

3)  spurekli ventralaja maisa (rumen saccus ventralis),

4)  glumenieka pie piloriska sfinktera (abomasum pars pylorica),
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5) glumenieka (abomasum) vidusdala,
6) tuksas zarnas vidusdala (jejunum),
7)  lokzarnas vidusdala (colon)

Ieksgjas vides pH noteik3anai tika izmantots parngsajams pH metrs ProfiLine
pH 3110, (Xylem Inc., Vacija). Diapazons: pH -2.000...+19.999 (£0.005 pH).
Izmantota pH metra kalibréSana tika veikta ar rupnieciski razotiem
standart§kidumiem (pH 4.01 un pH 7.00) (Xylem Inc., Vacija) 20 °C temperatra.

1.9. Daudzkameru kunga masas noteikSana

Tika noteiktas atsevisku kunga dalu masas (kopgja tukSa kunga masa,
glumenieka masa, priek$§kungu masa), izmantojot digitalos rokas svarus (Rapala,
Kina), kliida £10 g.

Ka ari tika aprékinata kopgja kunga, priekskungu un glumenieka relativa
masa attieciba pret dzivmasu (2.6. formula) un aprékinata glumenieka un
priekS§kungu masas procentuala attieciba pret kopgjo kunga masu (2.7. formula).

§x1oo=C%, (2.6)

kur A — kopgja kunga, glumenieka vai priek$kungu masa (kg),
B — telu dzivmasa (kg),
C — attiecigas kunga dalas relativa masa (%) (Jonova et al., 2021)

gxwo: F%, (2.7)

kur D — glumenieka vai priekskungu masa (kg),
E — kopgja kunga masa (kg),
F — attiecigas kunga dalas procentuala attieciba pret kop&jo kunga masu
(Gorka et al., 2011)

1.10. Dazadu gremosanas kanala dalu histologisko paraugu
iegiSana un izmekleSana

Audu paraugi histologiskiem izmeklgjumiem tika iegiiti no spurekla
dorsala maisa (rumen saccus dorsalis) un ventrala maisa (rumen saccus
ventralis), glumenieka (abomasum) kardialo (pars cardiaca), fundalo (pars
fundalis) un pilorisko dziedzeru zonas (pars pylorica), divpadsmitpirkstu zarnas
(duodenum), tuksas zarnas (jejunum) vidusdalas, ka arT tuksas zarnas beigu dalas
un giizas zarnas (ileum) vidusdalas un lokzarnas (colon) vidusdalas.
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Ar griezném tika iegiits 4x4 cm liels audu paraugs, to noskaloja ar 0.9% NaCl
$kidumu, lai atbrivotos no kunga un zarnu satura. Tad, turot ar pinceti, paraugus
skaloja 10% formalina $kiduma, lai nofiksétos glotada un formalins vienmerigi
ieklttu visos nemto zarnu paraugu limenos, un tad paraugi tika ievietoti ciesi
noslédzamos plastmasas traukos ar 10% buferéto neitralo formalinu (audu un
formalina attieciba 1:10). Paraugus 2 dienas uzglabaja istabas temperatiira un tad
tika veikta audu piegrie$ana un ievieto$ana histologijas paraugu kasetés. Audu
histologisko paraugu dehidratacijai, sagatavo$anai un ieslég8anai parafina blokos
izmantoja audu procesoru Leica ASP200 S (Leica Biosystems Nussloch GmbH,
Vacija) péc standartizétas audu histologiskas sagatavosanas metodes (Kiernan,
2008; Carson, 1997).

Kopuma nofikseti un parafina blokos tika ieslégti 90 dazadu gremosSanas
kanala dalu paraugi. P&c paraugu ieslégSanas parafina blokos, preparati ar
mikrotomu tika griezti 5 pm planos griezumos un tika uznesti uz
priekSmetstikliniem. Sagatavotos priekSmetstiklinus ievietoja termostata 60 °C
uz 30 min — zavé$anai un nostiprina$anai uz prick§metstiklina.

Audu paraugu histologiskai kraso$anai izmantota hematoksilina-eozina
kraso$anas metode (H&E) (Carson, 1997). Lai veiktu paraugu atbrivoSanu no
parafina (deparafinizacija), paraugus 2 reizes pa 5 min noturgja ksilola. Parauga
rehidratacijai tika izmantota spirta koncentracijas samazinasanas rinda (99%,
96%, 70%, un 50% koncentracijas). Katra koncentracija paraugi tika turéti 2 min.
Tad veica audu iekrasoSanu ar hematoksiltnu. PriekSmetstiklinus krasa atstaja uz
3 min un tad noskaloja ar destilétu Gideni un veica krasosanu ar eozinu 3 — 5 min.
Pec krasosanas tika veikta paraugu dehidratacija, izmantojot pieaugoSu spirta
koncentracijas rindu (70%, 96% un 99% koncentracijas) (katra koncentracija 1
min) un paraugu dzidrinasana, ievietojot ksilola (2 reizes pa 5 min). Paraugus
péc dehidratacijas un dzidrinasanas nosedza ar ksilola $kistoSu histologisko limi
un segstikliniem.

Spurekla dorsala maisa (rumen saccus dorsalis) un spurekla ventrala maisa
(rumen saccus ventralis) histologiskajos paraugos tika mérits karpinu garums,
platums (um), visa epitélija un epitélija parragotas kartas (stratum corneum)
biezums (pm).

Karpinas garums tika merits no karpinas epit€lija apikala gala lidz glotadas
muskulu platnitei. Ja karpina bija izliektas formas, tad tas garuma meériSanai tika
lietotas lauztas linijas. Karpinas platums tika merits tas vidusdala lidz epitélija
Stunu apikalajiem galiem perpendikulari karpinu garumam. Katra parauga
meérijumi tika veikti 5 dazados redzeslaukos visam tur eso$ajam karpinam.

Katra parauga spurekla karpinu visa epit€lija un epitélija parragotas kartas
(stratum corneum) biezums (pum) tika mérits 5 dazados redzeslaukos un katra
redzeslauka tika veikti 3 m&rjjumi.

Glumenieka kardialo (pars cardiaca), fundalo (pars fundalis) un pilorisko
dziedzeru (pars pylorica) zona tika mérits glotadas biezums (um) 5 redzeslaukos,
katra 3 mérfjumi.
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Divpadsmitpirkstu zarnas (duodenum), tuksas zarnas (jejunum) vidusdala, ka
arT tuks§as zarnas beigu dala un gizas zarnas (ileum) vidusdala tika mérits
glotadas biezums (barkstinas garums un kriptas dzilums), ka arT visas zarnu
sienas biezums (pum). Katra parauga tika veikti 3 — 5 m&rijumi, 5 redzeslaukos.

Lokzarnas (colon) vidusdala tika mérits kriptu dzilums no kriptu epitélija
apikala gala 11dz glotadas muskulu platnitei (lamina muscularis mucosae) un
visas zarnas sienas biezums (um). Katra parauga tika veikti 3 — 5 mérijumi,
5 redzeslaukos.

Kopuma izvértéti 200 histologisko preparatu griezumi no dazadam
gremoSanas kanala dalam. Visi mérfjumi veikti, izmantojot gaismas
mikroskopiju ar multifunkcionalu mikroskopu Leica DM 750 (Leica
Microsystems, Vacija). Iegiito histologisko izmeklgjumu fotografésana, apstrade
un mériSana tika veikta, izmantojot kameru Leica ICC50 HD (Leica
Microsystems, Vacija) un programmattru Leica Application Suite (Leica
Microsystems, Vacija). Izmeklgjumi veikti Latvijas Lauksaimniecibas
universitates, Veterinarmedicinas fakultates, Prekliniska institita Salidzino$as
patologijas laboratorija.

1.11. Imunhistokimiskas kraso$anas izmantosana grelina IR
Sinu skaita noteikSanai glumenieka un tievo zarnu
histologiskajos paraugos

Grelina  imiinreaktivo  $iinu  noteikSanai  tika  izmantota audu
imiinhistoktmiskas krasoSanas metode. Grelina iminreaktivo Stnu skaits
noteikts glumenieka un tievas zarnas audu griezumos. Iminreaktivo Stnu
iezZim&Sana veikta izmantojot streptavidina — biotina kompleksu (Dako REAL™
EnVision™ Detection System, Peroxidase/DAB+, Rabbit/Mouse, Agilent
Technologies, ASV). Izmeklétie audu paraugi uznesti uz priek8metstikliniem ar
silana parklajumu (HistoBond®+, Paul Marienfeld GmbH & Co. KG, Vacija),
tad tie tika zaveti 12 stundas 37 °C termostata. P&éc tam tika veikta paraugu
deparafinizacija ar ksilolu un rehidratacija ar etanola koncentracijas
samazinasanas rindu. P&c paraugu rehidratacijas, tie tika ievietoti 65 °C
bufer§kiduma ar pH 9.0 (Target Retrieval solution, pH 9, Dako, Agilent
Technologies, ASV) un apstradati 2 reizes ar partraukumu lidz 70 °C, ar
mikrovilpiem 450W 5 min epitopu atbrivoSanai, lai antigéns tiktu piesaistits pie
antivielas. Tad paraugi tika atdzeseti lidz 22 °C (istabas temperatiira) un
amplicéti 5 min ar endogénas peroksidazes blok&sanas reagentu (Dako
Endogenus enzyme block, Agilent Technologies, ASV), lai blokétu endogéno
peroksidazi. Ka primaras antivielas tika izmantotas zurku un pelu poliklonalas
antivielas (H-031-31, Phoenix Pharma. Inc., ASV) ar at$kaidijjumu 1:500.
Imiinreaktivo Stinu un primaras antivielas reakciju konstat€Sanai, antigéna un
antivielas komplekss tika iezim&ts tam aplic€jot 30 min sekundaro antivielu un
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velak tas iekrasots 5 min aplicgjot DAB+ kompleksu (Dako REAL™ EnVision™
Detection System, Agilent Technologies, ASV). Kontrasta radisanai parauga un,
lai izvairitos no artefaktiem, audus iekrasoja ar hematoksilinu. Nokrasoto
paraugu inkubacija tika veikta mitra kamera istabas temperatiira un paraugi tika
skaloti ar fosfata buferSkidumu (Wash Buffer, pH 7.4, Dako, Agilent
Technologies, ASV).

Pozitivajai kontrolei grelina antivielai tika izmantoti sunu kunga piloriskas
dalas histologiskie griezumi. Ka negativa kontrole tika lietoti tie pasi paraugi,
tikai tiem primaras antivielas vieta aplicéts antivielu atSkaiditajs (tajos netika
konstatéta imiinreakcija pret grelmu).

Imiinreaktivo $tinu kvantitativais sastavs tika vertets katra parauga 10 redzes
laukos, nosakot glotadas laukumu 1 mm?un pozitivo $iinu skaitu taja.

Paraugi tika izmekl&ti 400x palielinagjuma ar EVOS MS5000 (/nvitrogen™,
ASV) mikroskopu. Izmeklgjumi veikti Latvijas Lauksaimniecibas universitates,
Veterinarmedicinas fakultates, Prekliniska institita SalidzinoSas patologijas
laboratorija.

1.12. Datu statistiska analize

Pétijuma datu sadalfjums noteikts, izmantojot Sapiro — Vilka testu, ka ar
vizuali noveértgjot box-plot, histogrammas un normalus Q-Q plot grafikus.
Dispersiju viendabiguma pienémums parbaudits ar Levene testu. Lai noteiktu,
vai starp trim un/vai vairakam neatkarigam grupam pastav statistiski nozimigas
atSkiribas, veica vienvirziena ANOVA ar Tukeja post hoc testu (ja dati bija
normali sadaliti, homoggni un nesaturgja izl€cienus) (sirdsdarbibas frekvences,
elposanas frekvences, temperatiiras, hematologisko, asins biokimisko raditaju,
telu dzivmasas izmainu, metanogéno mikroorganismu daudzuma, gremosanas
kanala pH un daudzkameru kunga nodalijumu masas analize). Pretgja gadijuma
veica Kruskala — Valisa H testu, pielietojot Dunn (1964) procediiru ar Bonferroni
korekciju (fekaliju konsistences, metana un oglekla dioksida koncentracijas,
gremosanas kandla histologisko paraugu parametru analize un grelina
imunreaktivo Sunu skaita analize). Post hoc salidzinasanu veic, kad jasalidzina
tris un vairak grupas sava starpa. Lai to izdarTtu izmanto specialus indeksus, kuri
veic korekcijas attieciba uz p-vertibu. Indeksu izvéle ir atkariga no grupu skaita,
datu sadalifjuma, petjjuma dizaina sabalansétibas un datu dispersijas. Pieméram,
nelielam grupu skaitam (Iidz 5 pariem) ar vienadu dispersiju un normalo datu
sadaltjumu izmanto Tukeja testu, savukart Bonferroni korekciju izmanto, kad ir
liels grupu skaits vai arT dati nav normali sadaliti. Lai noteiktu, vai starp divam
grupam pastav statistiski nozimiga atskiriba, tika izmantots Manna — Vitnija U
tests, neatkarigu izlaSu T — tests vai Velca tests. Linearais attiecibas cieSums un
virziens starp diviem mainigajiem lielumiem novertéts, izmantojot Spirmena
rangu vai Pirsona korelacijas testu.
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Datu analizei izmantota statistiskas apstrades programma SPSS Statistics
22. versija (IBM Corporation, Cikaga, Ilinoisa). Visas statistiskas analizes tika
veiktas pie nozimibas Itmena 0=0.05, un dati paraditi ka vid€jais aritm&tiskais +
standartnovirze, ja dati piedergja intervalu vai attiecibu mérjjumu skalai, bija
normali sadaliti un nesatur&ja bitiskus izlécienus vai mediana un starpkvartilu
intervals, ja dati piedergja rangu skalai, nebija normali sadaliti un/vai saturgja
butiskus izlécienus. Diagrammu veidoSanai izmantota programma Microsoft
Excel 2016 (Microsoft Corporation, ASV).

2. REZULTATI UN DISKUSIJA

2.1. Topinambiira koncentrata un ta sinbiotikas ar raugu
S.cerevisiae izbarosanas ietekme uz hematologiskajiem un
biokimiskajiem asins raditajiem

Asins analizes spgj sniegt bitisku informaciju par atsevisku telu un visa
ganampulka veselibu. Tomér jaatceras, ka teli, Tpasi jaundzimusi, un arT teli
parejas perioda no piena izbaroSanas uz tilpumainas baribas izbaroSanu, nav
pilniba pielidzinami pieaugusam govim, jo vél netiek uzskatiti par pilnvertigiem
atgremotajiem. Atskiribas ir novérojamas arT asins analizes, kuras ietekm& ne
tikai tela vecums, bet arT daudzi citi faktori ka, pieméram, uznemtas baribas veids
un dazadas baribas piedevas (Dillane et al., 2018; Mohri et al., 2007). Ipasi liela
nozime baribas veidam un baroSanas reZimam ir sasniedzot aptuveni 5 ned€lu
vecumu, kad teli sak vairak uzpemt tilpumaino baribu (sienu, starterbaribu)
(Reece, 1980).

Promocijas darba p&tijuma tika novérots, ka noteiktie hematologiskie raditaji
(leikocttu skaits, eritrocitu skaits, hematokrits, hemoglobina limenis eritrocttos
un trombocitu skaits) visas asins paraugu nemsanas reizés PreG (prebiotikas
grupa) un SynG (sinbiotikas grupa) un CoG (kontroles grupa) grupu teliem bija
bez biitiskam atskirtbam starp grupam, p>0.05.

Eritrocttu skaits 11dz ar telu vecuma palielinasanos vienmérigi paaugstinajas,
arT hematokrits un hemoglobina koncentracija eritrocitos bija ar tendenci
paaugstinaties I1dz ar telu vecuma palielinaSanos gan telu grupas, kuras papildus
sanéma baribas piedevas, gan ar1 kontroles grupa. L1dzigi novérojumi konstatéti
petijuma ar 65 HolSteinas melnraibas skirnes teliem no dzimsanas 11dz 24 nedglu
vecumam (Jezek et al., 2011). Teliem p&c 5. dzives nedglas eritrocitu daudzums
palielinajas. Lidziga dinamika bija noverojama saistiba ar hemoglobina
koncentraciju asinis un hematokritu. Raditaji palielinajas Iidz 2. telu dzives
nedelai, tad tie samazinajas lidz 6. dzives nedglai, bet velak Iidz ar vecumu
palielinajas. Zemaku eritrocttu daudzumu, ka arT zemaku hemoglobina
daudzumu un hematokritu varétu izskaidrot ar to, ka p&c piedzimSanas samazinas
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eritrocttu produkcija, ka arT telu organisma cirkul€joSo intrauterini producéto
eritrocitu dzives ilgums ir Tsaks (Harvey, 1997). Savukart péc 5. — 6. dzives
nedglas eritrocitu, hemoglobina un hematokrita raditaji palielinas, kas var&tu biit
saistits ar to, ka teli vairak uznem tilpumaino baribu (starterbaribu, sienu), kas
satur vairak dzelzi neka piens (Reece, 1980).

Ka jau tika mingts, ne tikai telu vecums, bet arT baribas piedevas var ietekmét
asins analizu rezultatus. Promocijas p&tijuma netika noverots, ka topinambitira
koncentrats (sastava 48.5 — 50.1% inulins) un ta kombinacija ar raugu
Saccharomyces cerevisiae (celms 1026) bitiski ietekmétu eritrocitu skaitu,
hemoglobina Iimeni eritrocitos un hematokrita Iimeni. Lidzigi novérojumi bija
petijuma ar teliem no to dzimsanas Iidz 6 méneSu vecumam, kuriem pie baribas
papildus izbaroja 10 g S.cerevisiae (Yea-Sacc 1026) uz telu diena. Rauga
izbaroSana bitiski neietekmg&ja eritrocitu skaitu un hemoglobina Iimeni
eritrocitos (Mikolaychik et al., 2020). Arf cita pétjjuma ar Holsteinas $kirnes
teliem no to 1.-56. dzives dienai, kuriem izbaroja prebiotiku inulinu deva 3 g un
6 g uz telu diena, noveroja, ka S§1 baribas piedeva neietekmé&ja eritrocitu
daudzumu pétijuma grupam, salidzinot ar kontroles grupas teliem, ka arT I1dzigi
noverojumi bija saistiba ar hematokrita [imeni. Petijuma iegiitie rezultati par
hemoglobina limeni nesakrita ar misu iegltajiem rezultatiem. Zinatnieks
noverojis, ka pétijuma 56. diena hemoglobina Iimenis eritrocitos biitiski augstaks
bija telu grupai, kurai papildus izbaroja inulinu deva 3 g uz telu diena, p<0.05
neka citas grupas (Krol, 2011).

Literatira ming&ts, ka leikocitu skaits teliem ir augstaks neka pieaugusiem
dzivniekiem un ir vairak mainigs neka citi hematologiskie raditaji (Kraft, 1999).
Promocijas darba pétijjuma novérots, ka leikocTtu skaits visas telu grupas un ar1
visa pétfjuma laika bija loti [idzigs un butiski neatskiras, ka arT butiski nemainijas
atkariba no telu vecuma. L1dzigi rezultati par leikocTtu skaitu iegiti jau ieprieks
piemin&taja Mikolaychik un vina kolégu (2020) pétijuma ar teliem no to
dzim$anas lidz 6 méneSu vecumam, kuriem pie baribas papildus izbaroja 10 g
S.cerevisiae (Yea-Sacc 1026) uz telu diena. ST baribas piedeva neietekméja
leikocTtu skaitu asinis. Savukart Krol (2011) pétjjuma ar Holsteinas Skirnes
teliem no to 1.-56. dzives dienai, kuriem izbaroja prebiotiku inulinu deva 3 g un
6 g uz telu diena noveroja, ka petijuma 56. diena biitiski augstaks leikocttu skaits
bija teliem, kuriem papildus izbaroja 6 g inulinu uz telu diena, salidzinot ar citam
grupam, p<0.05. Tomér $aja pétijuma netika noteikts, vai tieSi izbarotajam
baribas piedevam bija ietekme uz leikocitu skaitu, vai tomér to skaitu ietekmgeja
kadi citi faktori, piemeram, telu vispargjais veselibas stavoklis vai stress.

Promocijas pétijuma konstatéts, ka trombocitu skaits visas telu grupas
pétijuma 1., 28. un 56. diena bija bez butiskam atskirtbam, p>0.05. Citu autoru
pétijumos noveérots, ka trombocitu skaits palielinas telu pirmajos 3 dzives
ménesos (Mohri et al., 2007; Brun-Hansen et al., 2006), tom&r promocijas darba
petljuma sada tendence netika noverota. Lai arT visu grupu teliem trombocttu
skaits palielinajas un 8-9 ned&lu veciem teliem tas bija augstaks neka 4-5 nedelu
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veciem teliem, tomér 12 — 14 nedglu veciem teliem trombocitu skaits, lai arT ne
bitiski, bet bija samazinajies un bija pat zemaks neka 4-5 ned€lu vecuma. Tatad
promocijas darba pétjjuma augstakais trombocitu skaits visas grupas tika
noverots 8-9 nedélas veciem teliem, bet visaugstakais telu grupai, kas pie
spekbaribas papildus sanéma 12 g topinambiira koncentratu, kas satur 6 g
prebiotiku inulinu un 5 g rauga S.cerevisiae 1026 celmu. P&tijuma ar HolSteinas
Skirnes teliem no to 1.-56. dzives dienas, kuriem tika izbarots inulins deva 3 g un
6 g uz telu diena, viszemakais trombocitu skaits tika noverots 2 — 4 dienu vecuma
un 56 dienu vecuma (8 ned€lu vecuma) tiem teliem, kas sanéma inulinu deva
3 g uz telu diena, bet visaugstakais trombocttu skaits 2 — 4 dienu vecuma un
56 dienu vecuma tika noverots teliem, kas sané€ma inulinu deva 6 g uz telu diena.
Tomeér atSkiribas starp grupam nebija bitiskas (Krol, 2011).

Nozimigi asins seruma biokimiskie parametri, kas var sniegt biitisku
informaciju par dzivnieka vispargjo veselibas stavokli ir kop€jais proteins (TP),
albumins un globulini. Promocijas darba p&tijuma novérots, ka TP limenis asins
seruma lidz ar telu vecuma pieaugumu visas grupas palielinajas, bet viszemakais
TP Iimenis asins seruma pétljuma 56. diena bija SynG grupas teliem
59.442.63 g L1, kas bija ar1 biatiski zemaks neka PreG grupas teliem
65.4+3.34 g L, p=0.017. Kontroles grupas teliem kopgja proteina Iimenis asins
seruma bija 62.3+2.63 g L' un tas biitiski neatskiras no SynG un PreG grupu telu
proteina Iimena asins seruma. Lidzigi rezultati par raugu novéroti 12 nedélu gara
pétijuma ar 75 dienas veciem bifela teliem, kuriem izbaroja S.cerevisiae 30 g un
60 g uz telu diena. TP limenis asins seruma Siem teliem pétijuma beigas bija
nebiitiski, bet tomér zemaks neka kontroles grupas teliem (Abdalla et al., 2013).
Pavisam pret€ji rezultati nov@roti pétijuma, kura aitam izbaroja raugu
S.cerevisiae. Aitam, kuram izbaroja raugu, TP limenis asins seruma bija augstaks
neka kontroles grupas aitam (El-Ashry et al., 2003). Lidzigi novérojumi
konstat&ti arT Hossain un vina kolégu (2012) pétijuma ar teliem, kuriem papildus
pie baribas izbaroja S.cerevisiae devas 5 g un 10 g. Ari $aja petijuma teliem,
kuriem izbaroja raugu, TP limenis asins seruma bija augstaks neka kontroles
grupas teliem un rauga grupas teliem, kuriem izbaroja 10 g S.cerevisiae diena,
pat bitiski augstaks neka kontroles grupas teliem, p<0.05. Ari Hassan un kolégu
(2016) petjuma, kura HolSteinas melnraibas Skirnes krustojuma teliem no
dzim$anas lidz 90 dienu vecumam papildus izbaroja 2.5 g un 5 g raugu
S.cerevisiae uz telu diena (Yea-sacc 1026), novéroja butiski augstaku TP limeni
asins seruma neka kontroles grupas teliem, p=0.004. Ka pamatojumu Siem
rezultatiem zinatnieki min iesp&jams labaku proteina uzstkSanu no gremosanas
kanala.

Promocijas pétijuma telu grupai, kurai pie baribas papildus pievienoja
topinambiira koncentratu, kura sastava ir 48.5 — 50.1% prebiotika inulins, TP
Itmenis asins seruma, ka jau tika pieminéts ieprieks, bija nebitiski, bet tomer
augstaks neka kontroles grupas teliem. Sie rezultati ir pretéji Toth un vina kolégu
(2020) pétijuma novérotajam. Sie pétnieki teliem izbaroja prebiotiku inulinu
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deva 18.7 g uz telu diena un noveroja, ka 60. ptijjuma diena inulina grupas teliem
TP limenis asins seruma bija butiski zemaks neka kontroles grupas teliem,
p<0.05. TP samazinaSanos varétu radit pastiprinata fermentacija tievaja zarna un
tai sekojosa mikrobialo procesu darbibas rezultata radusies palielinata slapekla
daudzuma iepliisana resnaja zarna (Verdonk et al., 1998).

Runajot par albuminu, tad ta limenis asins seruma promocijas darba p&tijuma
visas grupas bija l1dzigs un biitiski neatSkiras ne starp grupam, ne ari palielinoties
telu vecumam, p>0.05. Ari jau iepriek§ piemin€taja Hossain un vina kolégu
(2012) pétijuma ar teliem, kuriem papildus pie baribas izbaroja S.cerevisiae
devas 5 g un 10 g, netika noverota biitiska albumina [imena atSkiriba starp telu
grupam, kuram papildus izbaroja raugu un kontroles grupu. Lidzigus rezultatus
ieguvusi Toth un vina kolégi (2020) pétijuma ar teliem, kuriem izbaroja
prebiotiku inulinu deva 18.7 g uz telu diena. P&tnieki novéroja, ka inulins
neietekmgja albumina limeni asins seruma.

Promocijas darba p&tijuma novérots, ka globulinu limenis asins seruma PreG
un SynG grupu teliem Iidz ar telu vecumu palielinajas, bet CoG telu grupai
globulinu limenis pétijuma vidi samazinajas, tomér pétijuma beigas, tapat ka
citam grupam, arT palielinajas. Petfjuma 56. diena visaugstakais globulinu
Iimenis asins seruma tika konstatets PreG grupas teliem 29.4+4.45 g L1, nedaudz
zemaks CoG grupas teliem — 28.7+1.70 g L%, bet viszemakais SynG grupas
teliem — 23.9+2.66 g LY, un PreG grupas teliem globulinu limen1 asins seruma
bija btiski augstaks neka SynG grupas teliem, p=0.042. Lidzigi rezultati iegiti
12 nedelu gara petijuma ar 75 dienas veciem bifela teliem, kuriem izbaroja
S.cerevisiae 30 g un 60 g uz telu diena. Siem teliem globulinu Iimenis asins
seruma pétijuma beigas bija nebiitiski, bet tomér zemaks neka kontroles grupas
teliem (Abdalla et al., 2013). Savukart pretgji rezultati iegfiti Hossain un vina
kolegi (2012) pétijuma ar teliem, kuriem papildus pie baribas izbaroja
S.cerevisiae devas 5 g un 10 g. Teliem, kuriem izbaroja raugu, globulinu Iimenis
asins seruma bija augstaks neka kontroles grupas teliem. A1l pétjjuma ar 24
Holsteinas melnraibas skirnes krustojuma teliem no dzimS$anas lidz 90 dienu
vecumam, kuriem papildus izbaroja 2.5 g un 5 g raugu S.cerevisiae uz telu diena
(Yea-sacc 1026), noveroja bitiski augstaku globulinu limeni asins seruma,
p=0.004 (Hassan et al., 2016).

Kopuma izvert€jot promocijas petijuma iegiitos rezultatus par kopgjo
proteina, albumina un globulinu ITmeni asins seruma, nevar viennozimigi
apgalvot, ka topinambiira koncentrata ar ta sastava esoSo prebiotiku inultnu un
rauga S.cerevisiae celms 1026 izbaro$ana batiski ietekmétu $o raditaju limeni
asins seruma.

Promocijas pétljuma ietvaros tika noverots, ka glikozes Itmenis asinis
4 — 14 ned@lu veciem teliem bija mainigs, bet buitiski neatSkiras atkariba no telu
vecuma, bet tika noverotas glikozes ITmena atskirTbas asints atkariba no izbarotas
baribas piedevas. Glikozes ITmenis asinis pétijuma 1. un 28. diena visaugstakais
bija SynG grupas teliem, bet $T atSkiriba starp visam grupam nebija butiska,
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p>0.05. Savukart petijuma 56. diena CoG teliem vidgjais glikozes [Tmenis asinis
bija biitiski zemaks 5.3+0.38 mmol L™ neka telu grupai, kas papildus pie baribas
sanéma topinambiira koncentratu un neka telu grupai, kura pie baribas papildus
sanéma S0 koncentratu kombinacija ar rauga S.cerevisiae celmu 1026 (attiecigi
6.6+0.48 mmol L, p=0.001 un 6.5+0.40 mmol L, p=0.002). Augstaku glikozes
limeni asinis teliem, kuriem papildus pie baribas pievienoja S.cerevisiae, varétu
izskaidrot ar to, ka raugs uzlabo baribas vielu sagremoSanu un palielina
proprionskabes produkciju spurekli, kas tiek talak izmantota glikozes
producg$anai glikoneogenézes procesa aknas (Hassan et al., 2016). Iegttie
rezultati ir lidzigi Hossain un vina kolégu (2012) izpétitajam, kas arT noveroja,
ka S.cerevisiae piedevas (5 g un 10 g) batiski palielina (p<0.05) glikozes limeni
augosu telu asins seruma. Lidzigi novérojumi ir arT par §T rauga ietekmi uz
glikozes ltmeni asinis slaucamajam govim (Szucs et al. 2013). ArT pétfjuma ar
24 Holsteinas melnraibas skirnes krustojuma teliem no dzimsSanas Iidz 90 dienu
vecumam, kuriem papildus pie baribas izbaroja 2.5 g un 5 g rauga S.cerevisiae
celmu 1026 uz telu diena, noveroja asinis biitiski augstaku glikozes ltmeni,
p<0.001, salidzinot ar kontroles grupas teliem (Hassan et al., 2016). Savukart
Dobicki ar kolégiem (2005) pétijuma ar teliem no dzimSanas lidz 120. dzives
dienai, kuriem pie piena un spekbaribas pievienoja 1-4% S.cerevisiae, novéroja
bitiski zemaku (p<0.05) glikozes koncentraciju asinis neka kontroles grupas
teliem.

Petfjumi par prebiotikas inulina ietekmi uz glikozes Iimeni asinis ir
pretrunigi. Vairakos pétjjumos, kuros izmantota prebiotika inulins, kas ir ari
miisu pétijuma izmantota topinambiira koncentrata sastava, noverots, ka inulina
izbarosana neietekmgja glikozes Iimeni asinis. Piem&ram, p&tjjuma ar teliem no
dzimsanas 11dz 63. dzives dienai, kas pie baribas sané€ma 18.7 g inulinu uz telu
diena, nenovéroja asins glikozes limena batiskas atSkiribas, salidzinot ar
kontroles grupas teliem (Toth et al., 2020). Pretgji rezultati iegiiti p&tijuma ar
Holsteinas Skirnes teliem, kuriem no dzimSanas 1idz dzives 56. dienai papildus
izbaroja inulinu deva 3 g un 6 g uz telu diena. Siem teliem pétijuma beigas bija
augstaks glikozes ltmenis asinis neka kontroles grupai, bet §1 atskiriba nebija
butiska, p>0.05 (Krol, 2011). To varétu izskaidrot ar augstaku uznemtas
energijas daudzumu un labaku tas uzsiik$anu un izmantoSanu audos. Teliem
augstaks glikozes Itmenis asinis ir ciesi saistits ar labaku dzivmasas pieaugumu
(Kroél, 2011), kas tika arT novértos promocijas darba p&tijuma.

Runajot par urinvielu (UREA) un kreatininu (CREA), So asins seruma
bioktmisko raditaju Itmenis var izmainities pie nieru darbibas traucgumiem
(Hammond, 1998). Vairakos pétijumos novérots, ka UREA daudzums asins
seruma mainas atkariba no tela vecuma, ka arT to var ietekmét bariba (Knowles
et al., 2000; Abdalla et al., 2013). Uzsakot promocijas p&tijumu, telu vidg&jais
vecums bija 32+4 dienas un nosléguma 88+4 dienas, un tika novérots, ka CoG
un SynG grupu teliem vidgjais UREA limenis asins seruma bija ar tendenci
palielinaties un pétijuma beigas bija attiecigi 4.5+0.91 mmol L7 un
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3.4+0.47 mmol L. Savukart PreG grupas teliem UREA Iimenis asins seruma
pEtijuma beigas bija pat zemaks neka wuzsakot pétjjumu (attiecigi
3.240.61 mmol L un 3.8+0.54 mmol L). Knowles ar kolggiem (2000) 83 dienu
gara petijuma ar 14 teliem novéroja UREA koncentracijas strauju samazinasanos
péc telu piedzimsanas Iidz to 10. dzives dienai, bet péc 40. dzives dienas UREA
Itmenis asinis pakapeniski palielindjas un pétijuma beigas jau sasniedza
piecaugusu govju UREA normu zemako robezu. Promocijas darba pétijuma
teliem, kuriem pie baribas papildus izbaroja baribas piedevas, UREA limenis
asina seruma pétijuma beigas bija zemaks neka CoG teliem un tas nesasniedza
pieaugusu govju normu zemako robezu, kas ir 3.57 mmol L (Radostits et al.,
2006). Lidzigi rezultati iegiiti 12 ned€lu gara petijuma ar 75 dienas veciem bifela
teliem, kuriem izbaroja S.cerevisiae 30 g un 60 g uz telu diena. Urinvielas [imenis
asins seruma Siem teliem p&tjjuma laika bija nebutiski, bet tomér zemaks neka
kontroles grupas teliem (Abdalla et al., 2013). Arf cita pétijuma ar HolSteinas
Skirnes teliem no 1. — 56. dzives dienai, kuriem pie piena aizvietotdja pievienoja
prebiotiku inulinu 3 g un 6 g diena uz telu, noveéroja, ka UREA Iimenis asins
seruma kontroles grupai bija batiski augstaks neka teliem, kuriem izbaroja 3 ¢
un 6 g inulinu, attiecigi p<0.01 un p<0.05 (Kr6l, 2011). Noskaidrots, ka UREA
koncentracija asinis samazinas, ja palielinas ar baribu uznemtas energijas
daudzums. Tas var€tu biit saistits ar to, ka spurekli tick efektivak izmantos UREA
sastava esosais slapeklis (Hammond, 1998), ka ar1 spureklt palielinas proteina
sint€ze, ko sintezg tur esosie mikroorganismi (Blowey et al., 1973). Savukart cita
petijuma ar teliem no dzimsSanas lidz 63. dzives dienai, tika noverots, ka telu
grupai, kura pie baribas sanéma 18.7 g inulinu uz telu diena, asins seruma UREA
ITmenis nesamazindjas, bet bija lidzigs ka teliem no kontroles grupas (Té6th et al.,
2020).

Promocijas pétjjuma novérots, ka CREA Iimenis asins seruma visa p&tijjuma
laika bija mainigs un tikai SynG telu grupai novérots, ka CREA Iimenis
pakapeniski paaugstindjas 11dz ar telu vecuma palielinasanos. P&tjjuma 56. diena
CoG telu CREA Immenis asins seruma 79.8+4.24 mmol L bija bitiski augstaks
neka PreG un SynG grupu teliem (attiecigi 68.9+2.85 mmol L, p=0.001 un
70.1£3.58 mmol L1, p=0.003). Ari savstarpgji salidzinot PreG un SynG telu
vidéjo CREA Iimeni asins seruma, tika konstatets, ka tas biitiski atSkiras starp
grupam, p=0.001. Lidzigi rezultati iegliti 12 ned€lu gara pétijuma ar 75 dienas
veciem bifela teliem, kuriem izbaroja S.cerevisiae 30 g un 60 g uz telu diena.
Kreatinina Itmenis asins seruma Siem teliem pétijuma laika arT bija mainigs,
tom@r atSkiribas starp pé€tijuma grupam un kontroles grupu nebija butiskas
(Abdalla et al., 2013). Ka zinams, CREA ir kreatina un kreatina fosfata
sadaliSanas produkts muskulos (Yu, 2019) un §1 raditaja koncentracija asins
seruma palielinas tikai pie nopietniem nieru bojajumiem (Kraft, Durr, 1999a).
Tatad var secinat, ka promocijas petfjuma pie baribas pievienotais topinambiira
koncentrats un ta kombinacija ar rauga S.cerevisiae celmu 1026 neietekmgja
vielmainas procesus muskulos.
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Lai var@tu spriest par iespgjamam aknu darbibas problémam, tika novertéts
GGT (gamma-glutamiltransferaze) un ASAT (asparata aminotransferaze). Abi
Sie asins seruma bioktmiskie raditaji batiski neatskiras starp visam telu grupam,
p>0.05. Ar1 El-Ashry ar kolégiem (2001) un El-Shaer (2003) p&tijumos ar raugu,
kas pievienots pie bifelu telu un aitu baribas, nenovéroja butisku ietekmi uz
ASAT Iimeni asins seruma. Cita petijuma ar HolSteinas Skirnes teliem, kuriem
izbaroja prebiotiku inulinu 3 g un 6 g diena uz telu no to 1.-56. dzives dienai,
pétnieks arT novéroja, ka ASAT limenis asinis biitiski neat$kiras inulina grupu
teliem un kontroles grupas teliem (Krél, 2011).

Promocijas darba pé&tijuma ietvaros noteiktais GGT limenis asins seruma gan
telu grupam, kuram papildus pie baribas izbaroja baribas piedevas, gan arl
kontroles grupai, lidz ar vecumu samazinajas, un 13 — 14 nedg€lu veciem teliem
$is raditajs jau ieklavas picaugusu govju normu robezas. Savukart ASAT limenis
asins seruma joprojam bija zemaks neka tas ir pieaugusam govim, lai gan
vairakos pétijumos novérots, ka ASAT piecaugusu govs limeni sasniedz jau
aptuveni 8. — 10. dzives nedéla (Mohri et al., 2007). Tatad, ne topinambira
koncentrats, ne ari ta kombinacija ar rauga S.cerevisiae celmu 1026 neietekmée
ASAT un GGT limeni telu asins seruma.

2.2. Baribas piedevu ietekme uz telu dzivmasas izmainam

Prebiotikas var pozitivi ietekmé&t atgremotaju produktivitati, uzlabojot telu
diennakts dztvmasas pieaugumu gan piena izbaroSanas perioda, gan tilpumainas
baribas izbaroSanas perioda, ka arT uzlabot baribas izmantojamibu tilpumainas
baribas izbarodanas perioda (Heinrichs et al., 2009). ST promocijas darba
pétijuma rezultati paradija, ka topinambiira koncentrats ar ta sastava esoSo
prebiotiku inulinu (48.5 — 50.1% no kopgja sastava), kas tika pievienots telu
bariba pie sp&kbaribas vienreiz diena, veicina straujaku telu dzivmasas
pieaugumu.

Promocijas darba peétijuma noverots, ka telu grupam, kuram pie baribas
papildus tika izbarots 12 g topinambiira koncentrats ar ta sastava esoSo prebiotiku
inultnu (6 g) un 12 g topinambiira koncentrats (inulina saturs 6 g) kombinacija
ar 5 g raugu Saccharomyces cerevisiae (celms 1026), dzZivmasas pieaugums bija
lielaks neka kontroles grupas teliem. Teliem no PreG grupas vidgjais dzZivmasas
pieaugums visa petijuma laika bija 65.8+6.57 kg, kas bija arT butiski augstaks
neka CoG grupas teliem — 36.84+7.98 kg, p=0.002. Ka arT SynG grupas teliem
dzivmasas pieaugums 62.6+£13.75 kg bija bitiski augstaks neka CoG grupas
teliem, p=0.004 (1.tabula).
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1.tabula/ Table 1

Topinambiira koncentrata un ta sinbiotikas ar S.cerevisiae rauga celmu
1026 izbarosanas ietekme uz telu dzivmasas pieaugumu dazados pétijuma
posmos (no 1. lidz 28., no 28. — 56. un 1. — 56. dienai) un vidéji diennakti/
Effect of feeding Jerusalem artichoke concentrate and its synbiotic with
S.cerevisiae strain 1026 on the increase in calf live weight at different stages
of the study (days 1 to 28, days 28 to 56 and 1 to 56) and mean daily live

weight gain
Vidéjais dzivmasas pieaugums (kg=SD)/ ime e e
Mean live weight gain (kg +£SD) \_/ldej als dl,e nnakis
dzivmasas pieaugums
Grupa/ 1.-28. 28. - 56. 1.-56. (kg d'£8D)/ Mean
Group pétljuma pétijuma petijuma | daily live weight gain in
diena/ day diena/ day diena/ day the group
1-28 of the 28-56 of the 1-56 of the (kg d1£8D)
study study study
CoG 17.6+4.92 19.2+4.962 36.8+7.98 0.65+0.14
PreG 22.0+4.41 43.8+6.91b¢ 65.8+6.57 1.17+0.11
SynG 21.8+4.81 40.8+11.16¢ 62.6+13.75 1.11+0.24

acVidgjie viena kolona bez kopigiem burtiem ir batiski atkirigi (p<0.05)/ “¢The
values with different superscript letters in a column are significantly different (p<0.05)

Procentuali PreG grupai telu dzivmasa petijuma beigas palielinajas par 48.7%
un SynG grupai par 48.2%, bet CoG par 31.7%. Tatad PreG grupas teliem
dzivmasas pieaugums bija par 17% labaks neka CoG grupas teliem, bet SynG tas
bija par 16.5% labaks neka CoG teliem. Sie iegiitie rezultati ir lidzigi citu
pé€tnieku publicetajiem datiem, kuri savos p&tijumos izmantoja prebiotiku inulinu
un arl novéroja butiski labaku telu dzivmasas pieaugumu (Verdonk, Van
Leeuwen, 2004; Webb et al., 1992). Cita lidziga pétijuma, kura tika izmantots
tas pats topinambiira koncentrats ar inulina saturu 48.5-50.1%, ka $1 promocijas
darba pétijuma, devas 6 g, 12 g un 24 g, ari tika noverots labaks dzivmasas
picaugums prebiotiku grupam, ipasi tai telu grupai, kurai diena izbaroja 24 g
topinambiira koncentrata, kas satur§ja 12 g prebiotiku inulinu (Ilgaza et al.,
2016). Loti labus rezultatus sava 56 dienu garaja petijuma ar 36 HolSteinas
Skirnes piena teliem noveroja Krol (2011). Vins teliem izbaroja inulinu devas
3 g un 6 g diena un konstatgja, ka tiem teliem, kuri sanéma 6 g inulinu, dzZivmasa
petljuma beigas bija butiski augstaka neka tiem teliem, kas sanéma 3 g inulinu
vai bija no kontroles grupas, p<0.01.

Noskaidrots, ka prebiotikas pozitivi ietekmé gremosanas kanala mikrobiomu,
veicinot labvéligas zarnu mikrofloras aug$anu un vairo$anos un kavéjot patogéno
mikroorganismu proliferaciju un adhéziju pie zarnu glotadas, kas ar1 varétu biit
ka iesp&jamais izskaidrojums labakiem telu augSanas raditajiem (Krél, 2011).
Tomér janem vera, ka pieauguSiem atgremotajiem spurekll notiek intensivi
fermentativie procesi un inulins var tikt pilniba fermentets un var nesasniegt
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talakas gremosanas kanala dalas (Van Leeuwen, Verdonk, 2004). Spurekli
prebiotikas tiek pamata fermentetas ar dazadu bakteriju palidzibu, kas tas
izmanto ka energijas avotu (Samantaet al., 2013; Oztiirk, 2008). Tatad
pieaugusu atgremotaju spurekli prebiotikas var tikt pilniba fermentétas un to
iedarbibas efekts var izpalikt. Bet teliem, kuriem pamata izbaro pienu vai piena
aizvietotaju, spureklis tik labi v&l nav attistijies, un noteiktu laiku telus var
uzskatit par monogastriskiem dzivniekiem (Van Leeuwen, Verdonk, 2004).
Atgremosanas procesi teliem pilnigi sakas aptuveni 6 — 8 ned€lu vecuma un
spureklis sastada aptuveni 70% no visiem kunga nodaljjumiem. Bet par
pilnvertigiem atgremotajiem telus var uzskatit no 12 ned€lu vecuma, kad telu
spureklis ir attistijies tada [iment, ka sp&j sagremot tilpumaino baribu tikpat labi,
ka to spgj pieaugusie atgremotaji (Govil et al., 2017). Tatad, balstoties uz So
informaciju, var secinat, ka prebiotiku, ieskaitot inulinu, ietekme teliem vislabak
izpauzas pirms tie kluvusi par pilnvértigiem atgremotajiem. Promocijas darba
petijuma ieklautie teli bija parejas vecuma no nosaciti monogastriskiem
dzivniekiem uz pilnvertigiem atgremotajiem (telu vidgjais vecums uzsakot
pétijumu bija 4 — 5 ned€las un to noslédzot bija 13 — 14 nedglas), tade] var
pienemt, ka topinambiira sastava eso$a prebiotika inulins netika pilniba
fermentgta spurekli, bet nokluva arT talakas gremosanas kanala dalas.
Promocijas darba pétijuma ietvaros vienai telu grupai tika izbarota art
sinbiotika (sastava 12 g topinambiira koncentrats, kas satur 6 g prebiotiku inulinu
kombinacija ar 5 g S.cerevisiae rauga celmu 1026) un §1 piedeva batiski uzlaboja
telu dzivmasas pieaugumu 56 dienu garaja pétijuma. Teliem, kuriem izbaroja
sinbiotiku, dzivmasas pieaugums pétijjuma beigas bija 62.6+£13.75 kg, kas,
salidzinot ar CoG grupas telu dzivmasas pieaugumu 36.8+7.98 kg, bija butiski
lielaks, p=0.004. Ar1 daudzos pé&tijumos novérots, ka ne tikai prebiotikas, vai
probiotikas, bet arT abu $o piedevu kombinacijas — sinbiotikas, var uzlabot
dzivnieku augSanas raditajus. Pieméram, Lesmeister ar lidzautoriem (2004)
noveéroja, ka tiem teliem, kuriem 42 dienu gara pétijuma izbaroja 2% S.cerevisiae
dzivmasas pieaugums bija par 15.6% labaks neka kontroles grupas teliem. Bet
Roodposhti un Dabiri (2012) noveroja, ka telu vidgjais diennakts dzivmasas
pieaugums butiski palielinajas, kad 8 ned€las pie telu baribas pievienoja 1 g
probiotiku, kas saturgja 7 bakteriju celmus un 2 raugu celmus ar 2x10° KVV g*
un 4 g prebiotiku, kas saturgja polisaharidus no S.cerevisiae §tinu sienas. ArT citi
autori savos pétijumos pieradijusi, ka probiotikas var veiksmigi izmantot ka
augSanas veicinatajus. Di Francia ar [idzautoriem (2008) novéroja, ka 12 nedélu
ilga S.cerevisiae rauga kultiras produktu pievienoSana pie 10 dienas vecu telu
baribas deva 26 g sausng, uzlabo vidgo diennakts dzivmasas pieaugumu,
salidzinot ar kontroles grupu. Ka ari Nehru ar kolégiem (2017) pétijuma ar
2 nedglas veciem Holsteinas Skirnes krustojuma teliem, kuriem 16 nedglas tika
izbarota probiotika S.cerevisiae celms 1026 deva 2 g (1x101° KVV), novéroja
bitisku uzlabojumu diennakts dzivmasas pieauguma (560.27+8.56 g), salidzinot
ar kontroles grupas teliem (512.28+6.52 g). Lidzigi rezultati tika sasniegti arT cita
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pétijuma, kurd raugs S.cerevisiae deva 2.5 g un 5 g tika pievienots pie
24 jaundzimusu Holsteinas $kirnes telu baribas 90 dienas (Hassan et al., 2016).
Cita petjuma, kura pétnieki 7 — 10 dienu veciem bifelu teliem 120 dienas
izbaroja topinambiira miltus devas 8 g, 16 g un 24 g diena, tikai ar daudz zemaku
inulina saturu (15 — 20%), arT novéroja labaku dzivmasas pieaugumu visam
eksperimenta telu grupam, salidzinot ar kontroles grupas teliem (Khare et al.,
2018). Tomer ir arT petijumi, kuru rezultati bija pretgji ieprieks minétajiem. Toth
ar Iidzautoriem (2020) sava 60 dienu garaja petjjuma ar HolSteinas Skirnes
teliem, kuriem izbaroja MOS deva 18.7 g uz telu diena un inulinu deva 18.7 guz
telu diena, nenoveéroja nekadu pozitivu ietekmi uz telu dzivmasas un diennakts
dzivmasas pieaugumu, salidzinot ar kontroles grupu.

Promocijas darba ietvaros vélgjamies noskaidrot, vai 5 g rauga S.cerevisiae
celma 1026 pievienosana pie 12 g topinambiira koncentrata (inulina saturs 6 g)
uzlabo telu dzivmasas pieaugumu, salidzinot ar telu grupu, kurai papildus pie
baribas pievienoja tikai 12 g topinambiira koncentratu. Tika novérots, ka
kop€jais dzivmasas picaugums un diennakts dzivmasas pieaugums, lai ari ne
butiski, bet bija lielaks tiem teliem, kuriem izbaroja tikai topinambira
koncentratu, kas satur prebiotiku inulinu (attiecigi kop&jais dzivmasas
pieaugums pétijjuma laika bija 65.8+6.57 kg un diennakts dzivmasas pieaugums
1.17+0.11 kg), bet kombinacija ar S.cerevisiae rauga celmu 1026, telu augSanas
raditaji nebija tik augsti: 62.6+13.75 kg un 1.1140.24 kg, bet joprojam butiski
labaki neka kontroles grupas teliem: 36.8+7.98 kg, 0.65+0.14 kg, p=0.004. To
varétu izskaidrot ar rauga sp&ju fermentét oglhidratu inulinu. Lim ar kolégiem
(2011) atklaja, ka S.cerevisiae celms KCCMS50549 spgj efektivi fermentét
inulinu saturo$os oglhidratus topinambura. Ari cits S.cerevisiae celms
(NCYC625) spgj fermentet inulinu, tikai mazaka daudzuma. Izanalizgjot
petijuma iegiitos rezultatus, var pienemt, ka tiesi inulina dalgja fermentacija bija
par iemeslu nedaudz sliktakiem telu augSanas raditajiem SynG grupas teliem,
salidzinot ar PreG grupas teliem.

Ekonomiskais ieguvums, pardodot vienu telu un nemot v&ra izbarotas
attiecigas baribas piedevas izmaksas, bet izvert€juma neieklaujot citas ar telu
audz€Sanu saistitas izmaksas (telu baribas izmaksas, veterinararsta un kopg&ju
algas u.c. saimnieciskie izdevumi), PreG grupa bija 196.08 EUR un SynG grupa
bija 186.60 EUR, kas attiecigi bija par 21.78 EUR un 12.30 EUR vairak neka par
katru kontroles grupas telu.

2.3. Grelina imunreaktivo Siinu skaits 13 — 14 nedelu vecu telu
gremoSanas kanala atkariba no izbarotajam baribas
piedevam

Grelins ir hormons, kuram ir bitiska nozime dazadu fiziologisko procesu
reguléSana. Tas ietekm& organisma augSanu un attistibu, jo veicina augSanas
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hormona izdaliSanos no hipofizes (Masuda et al., 2000; Date et al., 2000a), ka
ar1 grelinam ir buitiska nozime izsalkuma un sata sajitas regulésana (Coll et al.,
2007; Stanley et al., 2005).

Atgremotajiem grelins galvenokart tiek razots glumenieka glotadas
endokrinajas $unas (Hayashida et al., 2001). Kungi grelina saturo$as $iunas
lielaka daudzuma ir atrodamas fundalo dziedzeru zona (1. att€ls), mazaka
daudzuma — pilorisko dziedzeru zona.

l.att./ Fig.1 Grelina IR+ §iinas (bultinas) 13 ned€las vecam telam no
kontroles grupas glumenieka fundalo dziedzeru zona
(DAB + hematoksilins, 400x)/ Ghrelin IR + cells (arrows) in a 13—-week-old
calf from the control group in the abomasum pars fundalis
(DAB + hematoxylin, 400x)

Grelinu producgjosas stinas ir atrodamas ari zarnas, bet tajas to daudzums nav

tik liels ka glumenieka un pakapeniski samazinas virziena no divpadsmitpirkstu
zarnas uz lokzarnu (Date et al. 2000a) (2.attéls).
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2.att./ Fig. 2 Grelina IR+ §uina (bultina) 13 nedélu vecam telam no
kontroles grupas divpadsmitpirkstu zarnas vidusdala
(DAB + hematoksilins, 400x)/ Ghrelin IR + cell (arrow) in a 12—week-old
calf from the middle of the duodenum of a control group
(DAB + hematoxylin, 400x)

Ar1 promocijas pétjjuma tika konstatets, ka glumenieka fundalo dziedzeru
zona grelina imiinreaktivo (IR) §tinu skaits gan kontroles grupas teliem, gan art
teliem, kas papildus pie baribas san€ma baribas piedevas, bija lielaks neka
pilorisko dziedzeru zona un So S$unu daudzums izteikti mazaks bija
divpadsmitpirkstu un tuksas zarnas vidusdala (2.tabula).

2.tabula/ Table 2
Grelina imiinreaktivo pozitivo $ainu skaits 1 mm? teliem glumenieka un
zarnas péc 56 dienu ilgas topinambiira koncentrata un ta sinbiotikas ar

raugu S.cerevisiae izbaroSanas/ Number of ghrelin-immunoreactive positive

cells in the abomasum and intestine of 1 mm? in calves after 56 days of
feeding Jerusalem artichoke concentrate and its synbiotic with S.cerevisiae

Grelina IR+ §iinu skaits grupa (n=9)/ The vérF:i_ba
Grelina IR+ $iinu number of ghrelin IR + cells in the group (n=9) KW
lokalizacija/ CoG PreG SynG tests/
Localization of p-value,
ghrelin IR + cells Kruskal—-
Me | Q1-Q3 | Me | Q1-Q3 | Me | Q1-Q3 | wallis
test
Glumenieka
fundalo dziedzeru | 100 | 1544 | @ | 59 | 5| 48 0.0001
zona/ Abomasum
fundic zone
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2.tabulas turpinajums/ Continuation of table 2

Grelina IR+ §anu skaits grupa (n=9)/ The p-
number of ghrelin IR + cells in the group (n=9) | vertiba,
Grelina IR+ Siinu CoG PreG SynG K-W
lokalizacija/ tests/
Localization of p-value,
ghrelin IR + cells B ~ B Kruskal-
Me | Q1-Q3 | Me | Q1-Q3 | Me | Q1-Q3 Wallis
test
Glumenieka
pilorisko dziedzeru 2 075-3 | 15 1-2 1 0-2 0289
zona/ Abomasum
pyloric zone
Divpadsmitpirkstu
zarnas vidusdala/
Middle part of the 1 0-2 0.5 0-1 1 0-2 0.098
duodenum
Tuksas zarnas
vidusdala/ Middle 1 0-1 0 0-1 0 0-1 0.222
part of the jejunum

> Vgrtibas viena Iinija bez neviena kopiga burta ir biitiski atSkirigas/ ¢~ Values on
the same line without any common letter are significantly different

P&tTjuma ar 16 divus meénesu vecam aitam ar vienadu izbarotas baribas veidu,
bet dazadiem baro$anas reZimiem (1. grupa — ad libitum, 2. grupa — ad libitum
un intravenoza grelina injekcija (1pg kg?), 3. grupa — baro vienu reizi diena,
4. grupa — baro divas reizes diena), kur$ ilga vienu ménesi, tika novérots, ka
grelina IR $tnu skaits glumenieka kardialo, fundalo un pilorisko dziedzeru zonas
biitiski neatskiras starp aitu grupam ar dazado baroSanas rezimu (Ozfiliz et al.,
2011). Promocijas petijuma visam telu grupam pamatbariba un baroSanas rezZims
bija vienads, tikai atS$kiras pievienotas baribas piedevas. Tatad var izteikt
pienémumu, ka tiesi baribas piedevas ietekmé&ja grelina IR Stnu skaitu. Grelina
IR $tnas glumenieka, divpadsmitpirkstu zarna un tuksaja zarna lielaka daudzuma
bija kontroles grupas teliem un mazaka daudzuma telu grupam, kuram pie
baribas papildus izbaroja topinambiira koncentratu vai So koncentratu
kombinacija ar rauga S.cerevisiae celmu 1026. Pieméram, kontroles grupas
teliem grelina IR $tnu skaits glumenieka fundalo dziedzeru zona bija Me=12,
IQR 10 — 14, PreG Me=6, IQR 4 — 9, bet SynG Me=5, IQR 5 — 8 (2.tabula).
Lielaks grelina IR $tinu skaits gremosSanas kanala varétu noradit uz lielaka
daudzuma grelina sekréciju. Zinot to, ka grelins tiek producéts reaggjot uz
izsalkumu un badu un samazinas p&c &sanas, kad dzivniekam rodas sata sajlita
(Nakazato et al., 2001; Wren et al., 2000), var pienemt, ka kontroles grupas teli
izjuta lielaku izsalkumu neka teli, kuri san@ma baribas piedevas. Daudzos
petijumos ir noverots, ka dazadas baribas piedevas dzivniekiem uzlabo baribas
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vielu sagremojamibu, tatad ta pati baribas deva dzivniekiem ilgak saglaba sata
sajitu un uzlabojas uznemto baribas lidzeklu izmantojamiba. Pieméram,
Sullivan un Martin (1999) zinojusi, ka rauga S.cerevisiae pievienoSana pie govju
baribas uzlaboja celulozes sagremojamibu, bet Samanta ar kolegiem (2012)
konstatgjusi, ka prebiotikas FOS pievienosana pie baribas butiski uzlabo
organisko vielu un sausnes sagremojamibu spurekli.

Ir pieejams loti ierobeZots daudzums informacijas par grelina IR §tnu skaita
izmainam saistiba ar baribas uznemsanu. Tomer petijuma ar zurkam konstatets,
ka péc 7 dienu badosanas grelina IR $anu skaits kungi batiski palielingjas, bet
pEc baribas uznemsSanas aktivo Stinu daudzums samazinajas Iidz normalam
Itmenim (Sonmez, Ozan, 2007). Tatad pec baribas uznemsSanas paaugstinatais
glikozes ITmenis asinis nomac grelina sekréciju (Date et al., 2002b). Tomer
promocijas darba pétijuma netika konstateta korelacija starp grelina IR $inu
skaitu dazadas gremosanas kanala dalas un glikozes ltmeni asinis, r=0.080 n=9
p=0.839.

Par lielaku izsalkumu un sliktaku baribas sagremojamibu vai ari mazaku
uznemtas baribas apjomu ilgaka laika posma varétu liecinat ari mazaka telu
dzivmasa. Lai arT kontroles grupu telu dzivmasa 115.3+21.73 kg bija mazaka
neka teliem, kuriem papildus izbaroja baribas piedevas (PreG 130.0+17.32 kg un
SynG 119.0+£7.93 kg), tomér netika konstateta korelacija starp grelina IR $tnu
skaitu dazadas gremoSanas kanala dalas un telu dzivmasu pétfjuma 56. diena,
r=0.025, p=0.948.

2.4. Ieksejas vides pH izmainas teliem dazadas gremoSanas
kanala dalas atkariba no izbarotajam baribas piedevam (post-
mortem)

Priekskungos notiek intensivi mikrobialie procesi, kuru rezultata tiek
ferment&ti dazadi baribas lidzekli un tiek sarazotas daudz dazadas organiskas
skabes. Dazas no tam var uzkraties un samazinat spurekla satura pH, ja spurekla
bufersp&jas nespgj neitralizét to ietekmi. Zems spurekla ieks€jas vides pH
ilgstosSu periodu var negativi ietekmét baribas uznems$anu, spurekli esoSo
mikroorganismu augSanu un aktivitati un baribas vielu noardiSanu, un var novest
pie acidozes, iekaisuma, laminita, diarejas. Tapeéc spurekla ieksgjas vides pH
regulacija ir vissvarigakais faktors optimalu spurekla funkciju uztur&Sanai
(Chaucheyras-Durand et al., 2012).

Promocijas darba pétijuma teliem 10 min laika p&c nokauSanas tika noteikts
ieksgjas vides (satura) pH dazadas gremosSanas kanala dalas un tika noskaidrots,
ka pétijuma izmantotais topinambiira koncentrats ar sastava eso$o prebiotiku
inulinu un topinambiira koncentrats kombinacija ar raugu S.cerevisiae ietekméja
pH dazadas gremoSanas kanala dalas.
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Ieksgjas vides pH merijums spurekla priekstelpas (atrium ruminis) apvida
PreG grupas teliem bija 7.5+0.85 pH vienibas, bet CoG grupas teliem
7.140.12 pH vienibas. Spurekla ventralaja maisa pH PreG grupas teliem bija
7.5+£0.60 pH vienibas, bet CoG grupas teliem 7.1+0.10 pH vienibas. Abi Sie
rezultati starp grupam bija loti lidzigi un PreG grupas teliem pH spureklt bija
augstaks, tomér $T atskiriba nebija statistiski biitiska, p>0.05. Ir publicéti lidzigi
petijumi, kuros noverots, ka prebiotika inulins ietekmé spurekla satura pH, to
paaugstinot. Pieméram, Krol ar lidzautoriem (2011) veica 56 dienu garu
petijumu ar 108 Holsteinas skirnes teliem, kuriem ar piena aizvietotaju izbaroja
inultnu devas 3 gun 6 g uz telu, un tika konstatets, ka zemaks spurekla satura pH
bija kontroles grupai, p<0.05, bet inulina grupu teliem tas bija augstaks, Ipasi tai
telu grupai, kura sanéma inulinu deva 6 g uz telu diena. Sie pasi autori pétija art
MOS ietekmi uz spurekla satura pH. Vini izbaroja prebiotiku MOS deva 4 g d!
uz katru telu un novéroja bitisku spurekla satura pH paaugstinasanos, salidzinot
ar kontroles grupas teliem. Arl izbarojot So prebiotiku devas 3 g un 6 g, tika
panakti lidzigi rezultati. Savukart pretgji rezultati iegati in vitro pétijjuma, kura
tika izmantots inulins, kas iegiits no topinambiira pulvera. Tika novérots, ka §1
prebiotika biitiski neietekméja spurekla satura pH (Oztiirk, 2008). Arf cita in
vitro pétijuma iegiti 1idzigi rezultati un secinats, ka prebiotika inulins batiski
neietekme spurekla satura pH (Umucalilar et al., 2010).

Ja topinambiira koncentrats ar ta sastava esoSo prebiotiku inulinu spurekla
ieksgjas vides pH uzturgja augsta liment, tad p&tijuma rezultati par sinbiotiku bija
pilnigi pretgji. Ieksgjas vides pH mérijums spurekli atrium ruminis apvida CoG
grupas teliem bija tuvu neitralam 7.140.12 pH vienibas un biitiski augstaks neka
SynG grupas teliem, kuriem spurekla satura reakcija $aja apvidd bija izteikti
skaba 4.7+0.15 pH vienibas, p=0.003. Lidziga situacija tika novérota spurekla
ventralaja maisa — SynG grupas teliem pH 4.84+0.30 pH vienibas, kas bija batiski
zemaks neka CoG grupas teliem pH 7.1£0.10 pH vienibas, p<0.001. ArT PreG
grupas telu spurekla pH rezultati bija biitiski augstaki neka SynG grupas teliem,
p<0.001 (3.tabula).

3.tabula/ Table 3
Baribas piedevu ietekme uz iek$€jas vides pH spurekli/ Effect of feed
additives on pH of internal environment in the rumen

pH (x+SD) grupa/ pH (x+SD) in p-vértiba

Meérijuma veikSanas vieta/ group ANOVA/
Place of measurement p-value
CoG PreG SynG ANOVA

Spurekla priekstelpas apvida/
Rumen atrium ruminis
Spureklis ventralaja maisa/
Rumen ventral sac

a°Vidgjie viena linija bez kopigiem burtiem ir batiski atkirigi/ 9~ Means within a row
without common superscripts are significantly different
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P&tijuma SynG grupas telu spurekla satura pH iegiitie rezultati bija loti
parsteidzosi. Tie bija izteikti zemi, jo, iesp&jams, pirms dzivnieku kauSanas tie
tika parak ilgi badinati un spurekli pieauga gaistoso taukskabju daudzums, vai
arT teliem ilgstosi tika liegta pieeja iidenim un bija samazinats producéto siekalu
daudzums. Siekalam piemit bufersp&jas un tas sp&j samazinat spurekli esoso
skabes ltmeni. SynG grupas teliem pH mutes dobuma 7.6+0.21 bija butiski
zemaks neka PreG grupas teliem pH 8.6+0.35, p=0.008.

Par spurekla satura pH samazinaSanos, izbarojot raugu S.cerevisiae, zino ari
citi petnieki. SeSdesmit dienu gara pétijuma ar 36 Holsteinas Skirnes govim,
kuram izbaroja raugu S.cerevisiae (celms 47) devas 2 g, 4 ¢g,6 g, 8 gun 10 g d*
uz dzivnieku, autori secindja, ka visiem eksperimenta grupu dzivniekiem
spurckla satura pH bija butiski (p<0.01) zemaks neka kontroles grupas
dzivniekiem (piemeram, grupai, kurai izbaroja 6 g raugu pH bija 6.11£0.01, bet
kontroles grupai 6.3+0.10 pH vienibas), bet savstarp&jas eksperimenta grupu pH
atskiribas nebija biitiskas, p>0.05 (Dolezal et al., 2005).

Lai arf iepriek$ min&taja p&tijuma autori ieguvusi parliecinosus rezultatus, ka
raugs samazina spurekla satura pH, tomér vairakos pétijumos ir novérots, ka
raugs S.cerevisiae paaugstina spurekla iek$gjas vides pH. P&tijuma ar HolSteinas
Skirnes govim, kuram 3 nedglas izbaroja 3 g dzivo raugu (BIOSAF Sc 47) autori
noveroja, ka tam govim, kuram izbaroja raugu spurekla satura pH bija butiski
augstaks, neka kontroles grupas govim, p<0.001, attiecigi rauga grupai pH bija
5.9 — 6.7 (vidgji 6.26), bet kontroles grupas govim pH vari€ja robezas no 5.90
lidz 6.60 (vidgjais pH bija 6.16). (Kiizova et al., 2011). Cita petijuma ar 20
teliem, kuriem 3 méneSus izbaroja 5 g S.cerevisiae rauga celmu 1026 autori
noveroja, ka probiotikas grupas teliem spurekla satura pH bija biitiski augstaks
6.53+0.06 neka kontroles grupas teliem 6.1+0.15 pH vienibas, p<0.05 (Eladawi
et al., 2020).

Chaucheyras ar kolégiem (1996) in vitro pétijuma noveéroja, ka S.cerevisiae
sp&ja nomakt Streptococcus bovis baktérijas, kas savai augSanai izmanto
cukurus, jo rauga S$Unam bija augstaka piesaistiSanas sp&ja pie cukuriem.
Tadgjadi samazinajas brivi pieejamo ferment€jamo substratu daudzums, kas
nepiecieSams bakt€riju augSanai un Iidz ar to samazinajas produceta laktata
daudzums un stabilizgjas spurekla ieksgjas vides pH. Pie lidzigiem secinajumiem
nonakusi ar citi autori (Bach et al., 2007). Jau piemingtais petnieks Chaucheyras
ar koleégiem (1996) noveroja, ka S.cerevisiae stimulé arT celulolitisko baktériju
populacijas palielinasanos, kas arT palidz uzturét augstaku spurekla pH.

Promocijas darba pétijuma noveérots, ka lokzarnas vidusdala pH gan PreG
grupas teliem 6.5+0.38, gan CoG grupas teliem 6.0+0.12 bija butiski augstaks
neka SynG grupas teliem 5.3+0.15 (attiecigi p=0.044 un p=0.002). Petijuma
noverots arT, ka gan tuksas zarnas vidusdala, gan lokzarnas vidusdala prebiotikas
grupas teliem pH bija nedaudz augstaks neka kontroles grupas teliem, bet
atskiriba nebija butiska, p>0.05 (4.tabula).
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4 tabula/ Table 4
Intralumenalais pH zarnas/ Intraluminal pH in the intestines

— - — . p-vertiba

Meérijuma veikSanas vieta/ PH (¥SD) grupa/ pH (¥SD) in group ANOVA/
Place of measurement p-value
CoG PreG SynG ANOVA

Tuksas zarnas vidusdala/
Middle part of jejunum
Lokzarnas vidusdala/
Middle part of colon
a¢Vidgjie viena linija bez kopigiem burtiem ir butiski atskirigi/ “~¢ Means within a row
without common superscripts are significantly different

6.3+0.152 7.0£0.70* | 6.0+0.062 0.070

6.0£0.12% 6.5+0.38° | 5.3+0.15¢ 0.003

Citu autoru pétijumus par prebiotiku, probiotiku un sinbiotiku ietekmi uz
atgremotaju zarnu satura pH mums atrast neizdevas. Tomér §adi petfjumi veikti
citam dzivnieku sugam. Tzortzis ar Iidzautoriem (2005) zinoja, ka prebiotika
inulins deva 40g kg, kas pievienots pie ciiku baribas 33 — 35 dienu gara
eksperimenta, bitiski palielinaja Bifidobacterium daudzumu, palielingja
acetetikskabes Itmeni un samazinaja zarnu satura pH, salidzinot ar kontroles
grupu. Sie rezultati sakrita ar Juskiewicz un vina kolégu (2006) zinoto. Pé&tnieki
noveroja zarnu satura pH samazinasanos titariem, kuriem 8 nedglas izbaroja 2%
FOS. Savukart Uyeno ar kolégiem (2015) apgalvo, ka probiotikas liellopiem
samazina patogénu vairo$anos zarnas, samazina satura pH un uzlabo zarnu
glotadas imunitati.

2.5. Topinambiira koncentrata un ta sinbiotikas ar raugu
izbarosanas ietekme uz gremoSanas kanala atsevisku dalu
attistibu teliem 13 — 14 ned€lu vecuma

Parejas periods no piena izbarosanas uz tilpumainas baribas izbaro$anu telu
dzivé ir saistits ar dazadam fiziologiskam un morfologiskam izmainam
gremosanas kanala. Taja notiek straujas mikrobialas un strukturalas parmainas
(Meale et al., 2017). Dazadas baribas piedevas var ietekm&t gan atgremotaju
kunga, gan zarnu dazadu struktiiru attistibu.

Promocijas p&tijuma ietvaros tika novérots, ka ne topinambiira koncentrats ar
ta sastava esoSo prebiotiku inulinu, ne ar topinambiira koncentrats kombinacija
ar raugu S.cerevisiae (celms 1026), butiski neietekmé&ja kop&jo kunga masu,
priek§kungu un glumenieka masu, p>0.05. Vislielaka visa kunga masa bija PreG
teliem 4.4+0.4 kg, bet vismazaka SynG grupas teliem 3.6+0.22 kg, bet CoG
grupas teliem 3.9+0.53 kg. Arl priekS8kungu masa (aceknis, spureklis un
gramatnieks) vislielaka bija PreG grupas teliem 3.7+0.3 kg, nedaudz mazaka
CoG grupas teliem 3.2+0.39 kg un vismazaka SynG grupas teliem 2.9+0.38 kg.
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Savukart glumenicka masa CoG grupas teliem un PreG grupas teliem bija
attiecigi 0.6+0.14 kg un 0.6+0.1 kg, bet SynG grupas teliem 0.7+0.16 kg.

Pétijuma tika noverots, ka arT visa kunga, priek§kungu un glumenieka relativa
masa attieciba pret telu kermena masu butiski neatskiras starp grupam, p>0.05
(5.tabula). Pie lidzigiem secinajumiem nonacis arT Xiao ar kolégiem (2016), kas
sava pétjjuma ar teliem, kuri 52 dienas sanéma S.cerevisiae fermentacijas
produktus devas 0.5% un 1% no sausnes, noveéroja, ka S§1 piedeva butiski
neietekm@&ja spurekla, acekna, gramatnieka un glumenieka masu.

5.tabula/ Table 5
Topinambiira koncentrata un ta sinbiotikas ar raugu 56 dienas ilgas
izbaroSanas ietekme uz dazadu kunga nodalijumu relativo masu (% no
dzivmasas) 13 — 14 nedelas veciem teliem/ Effect of 56 days feeding of
Jerusalem artichoke concentrate and its synbiotic with yeast on the relative
weight (% of live weight) of different stomach compartments in
13 — 14-week- old calves

Relativa masa (%, xtSD) grupa/ Relative p-vértiba,

Izmeklétais organs/ weight (%, Xx+SD) in the group ANOVA/ p-

Investigated organ value,

CoG PreG SynG ANOVA

Viss kungis/ Whole 3.541.17 34023 | 3.0:037 0.505
stomach
PriekSkungi/ 2.940.93 204019 | 244047 0.669
Forestomach
Glumenieks/ 0.620.25 0.5:0.04 | 0.6£0.10 0.412
Abomasum

Promocijas darba p&tfjuma aprekinatais procentualais glumenieka apjoms no
kop€ja kunga apjoma PreG grupas teliem bija 14.6%, SynG grupas teliem 19.8%
un CoG grupas teliem 16.2%. Bet priekskungu procentualais apjoms no kopgja
kunga apjoma PreG grupas teliem bija 85.4%, SynG grupas teliem 80.2% un
CoG grupas teliem 83.8%. Sis atskiribas starp grupam nebija statistiski biitiskas,
p>0.05. Iegutie rezultati ir loti 1idzigi tiem, kadus novérojusi vairaki p&tnieki
12 — 16 nedélu veciem teliem. ST vecuma teliem priekskungi aiznem 85% no
kopgja kunga apjoma, bet glumenieks attiecigi 15% (Diao et al., 2017). Var
secinat, ka promocijas darba izmantotas baribas piedevas butiski neietekméja
normalu anatomisku telu kunga nodalfjumu attistibu.

Zinatniskajas publikacijas ir pieejama pretruniga informacija par rauga
S.cerevisiae ietekmi uz strukturalo un funkcionalo spurekla attistibu. Misu
promocijas darba pétijuma tika konstatéts, ka gan sinbiotika, gan ar1 prebiotika
pozitivi ietekm@ja spurekla karpinu attistibu. Prebiotikas grupas teliem tika
noveroti labaki rezultati spurekla saccus dorsalis apvidus karpinu platuma
Me=344, 1QR 312 — 431 um, salidzinot ar kontroles grupas teliem Me=282,
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IQR 246 — 341 um, p<0.001, bet spurekla saccus ventralis apvidi prebiotikas
grupai tika novérotas garakas un platakas karpinas, salidzinot ar kontroles grupas
teliem, tomér §1s atSkiribas nebija butiskas, p>0.05 (6.tabula).

Sinbiotikas grupas teliem spurekla saccus dorsalis karpinu platums Me=371,
IQR 310 — 475 pum bija butiski lielaks neka kontroles grupas teliem Me=282,
IQR 246 — 341 pum, p<0.001 un spurekla saccus ventralis karpinu garums
Me=1647, IQR 1304 — 2203 um bija butiski lielaks neka kontroles grupas teliem
Me=1113, IQR 850 — 1578 pum, p<0.001. Sie rezultati ir lidzigi tiem, kas iegiti
5 nedé€lu gara eksperimenta, kura tika izmantoti rauga S.cerevisiae fermentacijas
produkti devas 1 g uz telu diena un 3.5 g uz telu diena. P&tnieki telu spureklt
novéroja garakas un platakas karpinas (Brewer et al., 2014). Sie novérojumi
sakrit ar rezultatiem, par kuriem zinojis Xiao ar koleégiem (2016), veicot 52
dienas garu eksperimentu, kura tika izmantoti S.cerevisiae fermentacijas
produkti devas 0.5% un 1%. Turklat tiem teliem, kuriem izbaroja S.cerevisiae,
autori noveroja arT kriptu dziluma samazinasanos tuksaja zarna.

Promocijas darba pétijuma sinbiotikas grupas teliem tika novérots, ka gan
spurekla saccus dorsalis, gan spurekla saccus ventralis apvidos karpinu garums
bija butiski lielaks, neka telu grupai, kura sanema tikai topinambiira koncentratu
ar ta sastava eso$o prebiotiku inulinu, liekot domat, ka S.cerevisiae rauga celma
1026 pievienosana pie topinambiira koncentrata potenciali varétu paatrinat
spurekla karpinu attistibu. Iegitie rezultati ir pretéji Magalhdes un vina kolégu
(2008) zinotajam, kas 70 dienu gara eksperimenta, teliem izbarojot rauga kulttru
(2% no sausnes) un nenovéroja nekadas butiskas izmainas spurekla attistiba.
Lidzigus rezultatus novéroja ari Kaldmae ar kolégiem (2008). P&tnieki
nenovéroja nekadas biitiskas atskiribas telu spurekla karpinu garuma un platuma,
ka arT spurekla sienas biezuma viena un divu méneSu vecuma, 2 ménesus
izbarojot S.cerevisiae deva 2% no sausnes.

Cetrdesmit divu dienu gard pétijuma novérots, ka 2% rauga kultira tikai
nedaudz uzlaboja teliem spurekla attistibu (Lesmeister, 2004). Saja pétijuma
autori noveéroja, ka probiotikas grupas teliem bija garakas un platakas spurekla
karpinas, tom@r §1s izmainas nebija butiskas, salidzinot ar kontroles grupas
teliem.

Promocijas darba pétijuma tika novérots, ka spurekla saccus dorsalis un
saccus ventralis epitélija parragotas kartas (Stratum corneum) biezums bija
butiski mazaks kontroles grupas teliem (abos apvidos Me=9, IQR 7 — 12 um),
salidzinot ar SynG (attiecigi Me=17, IQR 14 — 22 pum un Me=25, IQR
15— 32 pm) un PreG grupu teliem (attiecigi Me=33, IQR 24 — 38 um un Me=29,
IQR 24 — 36 um), p<0.001 (6.tabula). ST spurekla glotadas slana §tinu citoplazma
atrodas liels daudzums keratina, kas darbojas ka fizikala barjera un samazina
gaistoSo taukskabju transportu uz dzilakajiem epitélija slaniem (Hinders, Owen,
1965). Ka ar1 pettjuma tika noverots, ka kopgjais spurekla epitelija slana biezums
bija butiski mazaks CoG grupas teliem, neka SynG un PreG grupu teliem,
p<0.001. Pilnigi pret&ji rezultati par epit€lija parragotas kartas (Stratum corneum)
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un kopgjo spurekla epitélija biezumu tika iegiiti pétfjuma ar aitam. Saja p&tfjuma
pie baribas 42 dienas tika pievienots raugs S.cerevisiae deva 2 g uz kg sausnes,
MOS deva 2 g uz kg sausnes un abu $o piedevu kombinacija tada pasa deva, un
novéroja, ka MOS un sinbiotikas grupas aitam bija planaks stratum corneum
spurekli, salidzinot ar kontroles grupu, p<0.01. Kopgjais spurekla epit€lija
biezums bija mazaks tam aitam, kuras sanéma MOS, salidzinot ar grupu, kura
sanéma S.cerevisiae baribas piedevu, p<0.03, bet §is piedevas neietekmgja
spurekla karpinu platumu (Diaz et al., 2018).

6.tabula/ Table 6

Pétijuma ieklauto baribas piedevu izbaroSanas ietekme uz spurekla
karpinu un epitélija dazadu histologisko parametru lielumu 13-14 nedélas
veciem teliem/ Effect of feeding of feed additives on the various histological
parameters of rumen papillae and epithelium in 13 — 14-week-old calves

. 2 P&tijuma grupa/ Group of the study
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6.tabulas turpinajums/ Continuation of table 6

=4 P&étijuma grupa/ Group of the study
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acVidgjie viena linija bez kopigiem burtiem ir butiski atskirigi/ “~ Means within a row
without common superscripts are significantly different

Promocijas darba pé&tfjuma tika noverots, ka glumenicka glotada kardialo
dziedzeru zona bija biitiski biezaka SynG Me=610, IQR 585 — 642 um un PreG
grupu teliem Me=571, IQR 544 — 591 um, neka CoG grupas teliem Me=510,
IQR 472 — 558 um, p<0.001, ka arT savstarpgji salidzinot p&tijjuma grupas, tika
novérots, ka SynG grupas teliem glotadas biezums §aja zona bija bitiski lielaks
neka PreG grupas teliem, p<0.001.

Glotadas biezums fundalo dziedzeru zona SynG grupas teliem Me=673, IQR
632 — 752 pm bija butiski lielaks neka CoG grupas teliem Me=581, IQR
515 — 657 pm un PreG grupas teliem Me=620, IQR 575 — 660 pm, p<0.001.
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Glumenieka glotadas biezums pilorisko dziedzeru zona PreG grupas teliem
Me=912, IQR 852 — 1100 um bija butiski lielaks neka CoG grupas teliem
Me=834, IQR 787 — 896 um un SynG grupas teliem Me=854,
IQR 792 — 900 um, p<0.001 (7.tabula). Tatad, gan topinambiira koncentrats, gan
ari $1 baribas piedeva kombinacija ar S.cerevisiae rauga celmu 1026, veicinaja
glumenieka sienas biezuma palielina§anos un palidz pasargat glumenieka sieninu
no kunga skabes negativas ietekmes.

7.tabula/ Table 7
Baribas piedevu izbaroSanas ietekme uz glumenieka dziedzeru zonu
glotadas biezumu 13 — 14 nedélas veciem teliem/ Effect of feeding feed
additives on mucosal thickness of abomasal gland zones in 13 — 14 week old

calves
Glotadas biezums vidéji grupa (um)/ The mean p-
- mucosal thickness in the group (um) vértiba
Qlumenleka KW
dziedzeru zona / CoG PreG SynG
tests/
The glandural
zone of abomasum Q1- p-value
Me | Q1-Q3 | Me Q1-Q3 Me Q3 K-W
test
Glumenieks kardialo
dziedzeru zona/ 472- b 585-
Abomasum cardiac 5102 558 571° | 544-591 | 610° 642 <0.001
gland zone
Glumenieks fundalo
dziedzeru zona/ 515- b 632-
Abomasum fundic 5812 657 620% | 575-660 | 673° 752 <0.001
gland zone
Glumenieks pilorisko
dziedzeru zona/ 787- b 852- 792-
Abomasum pyloric 8342 896 912 1100 854% 900 <0.001
gland zone

3¢ Vidgjie viena linija bez kopigiem burtiem ir batiski atSkirigi/ 9~ Means within a row
without common superscripts are significantly different

Ir pieejams neliels daudzums informacijas par rauga S.cerevisiae ietekmi uz
gremosanas procesiem zarnas un zarnu attistibu atgremotajiem. lesp&jams tadel,
ka tiek uzskatits, ka rauga kultiiras pamata savu darbibu veic spurekli. PEtijuma
ar aitam Durand-Chaucheyras ar Iidzautoriem (1998) noveroja, ka rauga Stinas
paliek dzivas ari zarnas, kas lieck domat, ka rauga ietekme varétu izpausties ari
citas gremosSanas kanala dalas, ne tikai spureklt.

Promocijas darba petijuma tika noverotas biitiskas atSkiribas starp sinbiotikas
un kontroles grupu teliem tados parametros ka visas zarnu sieninas biezums
divpadsmitpirkstu, tuksas, giizas un lokzarnas vidusdala un glotadas biezuma
(barkstinu garums un kriptu dzilums) tuksas zarnas vidusdala un kriptu dziluma
lokzarna. Visi Sie parametri bija butiski lielaki teliem no sinbiotikas grupas. Par
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rauga darbibu zarnas liecina arT citi pétjjumi, pieméram, Xiao un vina kolégu
(2016) veiktaja pétjjuma, kura teliem 52 dienas izbaroja S.cerevisiae
fermentacijas produktus devas 0.5% un 1% no sausnes. P&tnieki Siem teliem
noveroja garakas barkstinas divpadsmitpirkstu, tuk$aja un gizas zarna, ka ari
mazaku kriptu dzilumu tuksaja zarna (8.tabula).

8.tabula/ Table 8
Baribas piedevu 56 dienu ilgas izbarosanas ietekme uz zarnu atsevisku
histologisko parametru attistibu 13 — 14 nedélas veciem teliem/ Effect of
56-day feeding of feed additives on the development of certain intestinal
histological parameters in 13- to 14-week-old calves
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8.tabulas turpinajums/ Continuation of table 8

1591 M- 8anjfeA - o - - - —
-d /51593 M- 3 9 8 ] 8 8
equ1-d = o 9 v v v
1 1O 1o [ e)) [ ! [T}
— M o N O — < 0 ™M - (2] % O m
3o =R SE S 8y RR g
Q
S,
> o o . o
g ® pa 2 2 e 3 3
z = S & Q a ~ =
Ny
<
,.nm 1 rom o) [ I Te) - Lo
o — M ~ © N N — o oW ® N Q0
S & Sk SN 38 SR g R 83
G| @
R ™ o 2 = 2 he)
[ ™
: = 2 g 2 g 2 g
5 — ~ Q — © —
«
g \ o + 3 52 TS 52 & = .
= — N~
g o a3 g an &89 B S 3
~l o
3
© ™~ b g g ‘
g g 8 2 2 q 5
— — = =3 © ]
(sidhio+1inn) eM 3|0yM (s1dAuo pue M 9]0YyM e 3]0yM
eS00NL JO SSAUNOIY] ] 10y ) p ] 10y uadap 1dA1o 1l 10y
(wn) 4212uDIDG syl /(serduy 93U} JO SSAWMDIYL | I]]IA) BSOINW JO SSBUXIIYY |3y JO SSaUXIIY} sy /sumiizp 3} JO SSaUXYIIY}
wirl) sapoueae ¢ : 8yl /swnzalq |a! seydiny] un sednsyie 8y /swnzal : 8y /swnzal
/(urw) s1y d un setmsyreq) UL/ 10 [dyL A(serdiy nsyeq)| 8yl / 10 mduy UL / 1q

SwnZzolq sepejojn

SEUTUQIS SBSTA

Swnzolq sepejojn

SEUTUQIS SBSTA

SEUIUaIS SBSTA

Buijdwes jo ade|d
/BIIIA seuesn3al
ebnesed

wnunfafl o yed
pus ay] /sesq SeuIez sesyn |,

wnajl
10 1ed 9|ppIW 8y /SNPIA SEUIRZ SBZNL)

u0]09 Jo 1red ajppiw
3L /SNpIA seutezeso]

/ ¢ Means within a row

rigi

linija bez kopigiem burtiem ir batiski atski

gjie viena

e Vid

without common superscripts are significantly different

45



Lidzigi rezultati tika noveroti pétjjuma ar sivéniem. Autori zinoja, ka tiem
sivéniem, kuriem 21 dienu izbaroja S.cerevisiae fermentacijas produktus deva
5 g kg, tuk$as zarnas barkstinu garums bija lielaks neka kontroles grupas
dzivniekiem (Shen et al., 2009). P&tijuma ar broileriem, kura 42 dienas izbaroja
S.cerevisiae fermentacijas produktus devas 2.5 g, 5 gun 7.5 g kg%, tika novérots,
ka pétfjuma grupu broileriem bija garakas divpadsmitpirkstu zarnas barkstinas,
bet kriptu dzilums divpadsmitpirkstu, tukSaja un giizas zarna bija vismazakais
tiem broileriem, kuriem izbaroja 2.5 g probiotiku, salidzinot ar kontroles grupu
un abam pargjam probiotikas devu grupam, bet vislielakais kriptu dzilums tika
noverots grupai, kurai izbaroja 7.5 g S.cerevisiae rauga kultaras piedevu (Gao et
al., 2008).

Promocijas darba pétijuma iegiiti rezultati, ka divpadsmitpirkstu, tuks$as un
glizas zarna vidusdalas visas zarnas sieninas biezums (barkstinu garums un
kriptu dzilums), ka arT glotadas biezums tuks$as un giizas zarnas vidusdala bija
batiski lielaks prebiotikas grupa, neka kontroles grupa. Ir publicéti vairaku
pétfjumu rezultati par prebiotikas inulina ietekmi uz zarnu morfologiskajam
izmainam. P&ffjuma, kurd izmantoja inulinu, tika novérota lidziga ietekme uz
zarnam ka miisu promocijas darba petjjuma. P&tfjums tika veikts ar broileriem,
kuriem 5 nedg@las izbaroja 1% inulinu un tika novérots, ka ST piedeva butiski
palielina tuksas zarnas barkstinu garumu, ka arT inulina grupai novéroja dzilakas
kriptas (Rehman et al., 2007). So pozitivo prebiotiku ietekmi uz tievas un resnas
zarnas glotadas augSanu un attistibu var€tu izskaidrot ar poliaminu sint€zi no
prebiotikam, kas ir batiski nepiecieSsams zarnu attistibai (Dzelzenne et al., 2000)
vai ar inulina fermentaciju, kas nodrogina Tso k&zu taukskabju producgsanu. Sis
skabes var veicinat $tinu proliferaciju tievaja un resnaja zarna un rezultata
palielinas barkstinu garums un kriptu dzilums (Samal, Behura, 2015). Tomér
pret&ji rezultati noveroti vairakos citos pétijumos. Masanetz ar kolégiem (2010)
zinoja, ka 20 ned&lu gara eksperimenta ar teliem, kuriem izbaroja 2% prebiotiku
inulinu, tuksas un giizas zarnas barkstinu garums bija mazaks, neka kontroles
grupas teliem. Sie rezultati sakrit ar tiem, ko zinojis Pierce ar kolégiem (2005).
Autori noveroja lidzigu barkstinu garuma samazinasanos péc inulina 28 dienu
ilgas pievienosanas pie sivénu baribas deva 15 g kg™,

Zarnu morfologiska attistiba biitiba parada visa dzivnieka gremosanas kanala
veselibas stavokli. Baribas vielu uzsikSanas apjoms samazinas lidz ar zarnu
barkstinu garuma samazinasanos (Anonymous, 1999). Jaunas epitélija Stnas tiek
produceétas zarnu glotadas kriptas un migré pa zarnu barkstinu l1dz tas apikalajam
galam (Schat, Myers,1991), tadel kriptas tiek uzskatitas par barkstinu “fabriku”.
Dzilakas kriptas var noradit uz atraku $inu nomainu, lai notiktu veiksmiga
barkstinu atjaunosana. Tas ir saimniekorganisma zarnu atbildes mehanisms, kas
mégina kompensét fiziologisko barkstinu nomainu un patologisko barkstinu
atrofiju, kas rodas no patogénu un to toksinu raditajiem iekaisumiem. Garakas
barkstinas norada uz vairak nobriedusu epitéliju un uzlabotam uzstikSanas
spgjam palielinatas barkstinu uzsiikSanas virsmas del. Garakas barkstinas
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palielina arT to apikalaja gala sekretéto enzimu aktivitati, ka rezultata uzlabojas
baribas vielu sagremojamiba (Anonymous, 1999; Newbold et al., 1996).

2.6. Topinambiira koncentrata ar ta sastava esoSo prebiotiku

inulinu un S.cerevisiae rauga celma 1026 izbaroSanas ietekme

uz metanogénajiem mikroorganismiem un spurekli producéta
CHas un CO2 daudzumu teliem

Metanogenéze ir fiziologisks process, kura rezultata tiek producéts metans
galvenokart no oglhidratu hidrolizes (Kristensen et al., 2011; Johnson, Johnson,
1995). Enteralo CHs producé metanogénie mikroorganismi, kas pieder pie
doména Archaea, tipa Euryarchaeota (Balch et al., 1979). Atgremotajiem
metanogenéze pamata norit spurekli, mazaka méra resnaja zarna (Mufioz et al.,
2012).

Kopuma spurekli novéro plasu mikroorganismu daudzveidibu, kuru pamata
veido dazadi prokarioti, eikarioti un vairakas metanogénu sugas (Kumar et al.,
2009; Guo et al., 2005). Biezak sastopama metanogénu gints liellopu spurekli ir
Methanobrevibacter (Henderson et al., 2015; Leahy et al., 2013). Wright ar
kolggiem (2007) liellopiem ka galvenas metanogénu sugas spurekli identificgja
Methanobrevibacter ruminantium, Methanobrevibacter thaueri,
Methanobrevibacter smithii un Methanosphaera stadtmanae. Si pétijuma
rezultati bija lidzigi Whitford un vina kolégu (2001) izp&titajam, tomér p&tnieki
noveéroja, ka M.ruminantium bija visbiezak sastopama metanogénu suga, kurai
sekoja M.stadtmanae.

Metanogéni producé CHa4 anaerobos apstaklos (Guo et al., 2005). Pieméram,
M.smithii producé CHa no CO», Hy un formiata, bet M.stadtmanae CHas producé
tikai parveidojot metanolu kopa ar H> (Carberry et al., 2014). Govju spurekli ka
noteicoSie CHa producétaji tieck minéti atseviski Methanobrevibacter gints
metanogéni (M.smithii, Methanobrevibacter gottschalkii, Methanobrevibacter
millerae un M.thaueri) (Danielsson et al., 2014).

Promocijas darba pétijuma noverots, ka kopgjo prokariotu (t.i., bakteriju un
metanogénu) un kop€jo metanogénu sastopamibas biezums telu spurekla
Skidruma butiski atskiras starp grupam. Bet kop&jo prokariotu un kopgjo
metanogénu sastopamibas biezums fekalijas, ka arT atsevisku metanogénu sugu
M.stadtmanae, M.ruminantium un M.smithii sastopamibas biezums telu spurekla
Skidruma bitiski neatskiras starp grupam, p>0.05.

Noverots, ka SynG grupas teliem, kuriem kopa ar inulinu saturoSo
topinambiira koncentratu izbaroja ari raugu S.cerevisiae, kop&o prokariotu
(bakterijas un metanogéni) daudzums spurekli bija biitiski mazaks, salidzinot ar
PreG teliem, p=0.004, ka arT tas bija zemaks neka CoG teliem (9.tabula).
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9.tabula/ Table 9
Prebiotikas un sinbiotikas izbaro$anas ietekme uz analizéto praimeru
sekvencu daudzumu 13 — 14 nedélu vecu telu spurekla Skidruma un
fekaliju paraugos/ Effect of prebiotic and synbiotic feeding on the amount of
primer sequences analysed in rumen fluid and faecal samples from 13 — 14
week old calves

Vidé&jais PCR ciklu daudzums grupa, (sekvencu
daudzums), (n=15)/ Mean number of PCR cycles per group,
(number of sequences), (h=15)

Praimeru Spurekla skidrums, ¥SD | Fekalijas (grupas kopparaugs)/
sekvence/ Primer / Rumen fluid, x+SD Faeces (group sample)
sequence Grupas/Groups Grupas/Groups
CoG PreG SynG CoG PreG SynG
Kopgjie prokarioti
(bakterijas un
metanogéni)/ Total 10.5+ | 9.68+ | 123+
prokaryotes 0.84% | 1.00* | 1.41° 339 34.9 133
(bacteria and
methanogens)
Kopgjie
metanogéni/ Total 31 'Sﬂ; 327 278? 235 245 26.6
1.75% | £1.472 | 2.16
methanogens
Methanosphaera 17.5¢ | 1198 | 18.1% 8.8 81 _
stadtmanae 1.86 +4.09 0.82 ' )
Methanobrevibacter | 18.3+ | 24.96 | 22.7+
ruminantium 5.41 +4.65 0.71 17.0 134 194
Methanobrevibacter | 13.4+ | 1412 | 17.8+
smithii 435 | +724 | 582 | 105 | 194 12.7

@b Vidgjie viena Iinija bez kopigiem burtiem ir biitiski atskirigi/  * Means within a row
without common superscripts are significantly different

Raugs S.cerevisiae teliem ietekm& gremoSanas kanala mikrobiomu,
piem@ram, veicinot pienskabi utiliz€joso bakteriju augSanu un aktivitati spurekli
(Jouany, 2001; Girard et al., 1993), ka arT ietekm& ta morfologisko attistibu
(palielina karpinu garumu un platumu spurekli) (Brewer et al., 2014; Lesmeister
et al., 2004), ka arT palielina karpinu skaitu uz vienu spurekla laukuma vienibu
(Gébel et al., 1991), bet divpadsmitpirkstu (duodenum), tuksaja (jejunum) un
gizas (ileum) zarna palielina barkstinu garumu un samazina kriptu dzilumu visa
tievaja zarna (Xiao et al., 2016).

Ir publiceti vairaki p&tijumi dazadam dzivnieku sugam par baribas piedevu
ietekmi uz kopg€jo bakteriju un metanogénu daudzumu gremosSanas kanala.
Vairaki no tiem ir pret§ji promocijas darba petijuma iegltajiem rezultatiem.
SynG telu grupas spurekla Skidruma paraugos tika noverots bitiski lielaks
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kop&jo metanogénu daudzums, salidzinot ar prebiotikas grupu, p=0.003, ka ar1
tas bija lielaks neka CoG teliem. Sie rezultati ir lidzigi tiem, ko novérojis Ding
ar kolégiem (2014). Vini noveroja, ka S.cerevisiae var palielinat spurekli kopgjo
bakteriju, sénu un vienstinu daudzumu. Dawson ar lidzautoriem (1990) zinoja,
ka Dzersijas Skirnes liellopiem, kuriem izbaroja probiotiku S.cerevisiae
(2.04 x 10° KVV g?) deva 1 g uz 1 kg baribas 10 dienas, pieauga celulolitisko
bakteriju skaits spurekli. Lidzigi rezultati novéroti ari Kumar un lidzautoru
(1997) 6 nedelu garaja p&tijuma ar bifelu teliem, kuriem izbaroja 5 g S.cerevisiae
celmu 1026. Interesantus rezultatus ieguvusi Agarwal ar kolégiem (2002).
Pétnieki veica eksperimentu ar jaundzimuSiem teliem, kuriem 24 nedg€las
izbaroja S.cerevisiae NCDC-49, 105 KVV mL™, un secinaja, ka probiotika
neietekmgja spurekla mikrobialo populaciju. Ogunade ar Iidzautoriem (2019)
novéroja, ka raugs S.cerevisiae deva 15g d? palielinaja CH4 produkciju
liellopiem 25 dienu gara eksperimenta, jo So liellopu spurekli palielinajas
M.ruminantium daudzums, kas tiek uzskatita par vienu no galvenajam metanu
producgjosajam metanogéno mikroorganismu sugam liellopiem (Whitford et al.,
2001). Citi autori zinoja par pret&jiem rezultatiem. Galindo ar lidzautoriem
(2010) noveéroja samazinatu metanogénu daudzumu 24 h gara in vitro
eksperimenta, kad tika pievienots S.cerevisiae raugs pic Bermuda zales
(Cynodon nlemfuensis), kas tika izmantota ka fermentacijas substrats.

Promocijas darba pétitas atseviskas metanogénu sugas butiski neatskiras
starp grupam, tomér divas no tam — M.stadtmanae un M.smithii bija sastopamas
mazaka daudzuma SynG grupas telu spurekla Skidruma neka PreG un CoG
grupas telu spurekla Skidruma. Iespgjams, ka palielinats kop€jo metanogénu
daudzums SynG grupas teliem varétu bt citu metanogénu sugu del, kas netika
pétitas §1 promocijas darba izstrades ietvaros.

Fekaliju kopparaugos kop&jo prokariotu (t.i., bakt€riju un metanogénu),
kopgjo metanogénu un atsevisku metanogénu sugu M.stadtmanae,
M.ruminantium un M.smithii sastopamibas biezums starp grupam batiski
neatskiras, p>0.05.

Promocijas darba izstrades laika netika iegiiti parliecinosi rezultati, ka
izmantotais topinambira koncentrats ar ta sastava esoso prebiotiku inulinu un §1
koncentrata kombinacija ar raugu S.cerevisiae ietekmé& Methanosphaera
stadtmanae, Methanobrevibacter ruminantium un Methanobrevibacter smithii
sugu sastopamibas biezumu telu spurekla skidruma un fekalijas.

Metana produkciju spurekli un resnaja zarnd viennozimigi ietekme
metanogénie mikroorganismi un to daudzums. ST gaze tiek mingta ka galvena
dzivnieku gremoSanas kanala sarazota gaze, kas pastiprina siltumnicas efekta
negativo ietekmi uz vispasaules ekosisttemam. Kopgja antropogéna CHa emisija
no lauksaimniecibas nozares sastada aptuveni 47 — 56% (Shibata, Terada, 2010;
Smith et al., 2007), 50 — 60% (Ellis et al., 2007) un tas galvenokart nak no
lopkopibas sektora. Daudzi pétnieki veikusi eksperimentus ar dazadu baribas
piedevu izmantoSanu enterala CHy produkcijas un emisijas samazinasanai. Ir loti
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maz pieejamu pétljumu rezultatu par prebiotikas inulina ietekmi uz CHs
produkciju atgremotajiem. Sis disertacijas pétijuma ietvaros tika pétita 12 g
topinambiira koncentrata (inulina saturs 6 g), ka arT sinbiotikas (S.cerevisiae
rauga celms 1026 deva 5 g un topinambiira koncentrats deva 12 g) ietekme uz
CHasun CO; produkciju telu spurekli.

Pétijuma konstatéts, ka telu spurekli producéta CHs daudzums PreG grupai
Me=802.09, IQR 708.65 — 1076.77 mg m™ pétijuma beigas bija augstaks neka
CoG Me=792.06, IQR 755.06 — 873.59 mg m, tomér 1 atSkiriba nebija bitiska,
p>0.05 (10.tabula).

10.tabula/ Table 10
Prebiotikas un sinbiotikas izédinasanas ietekme uz CH4 daudzumu telu
spurekla gaze/ Effect of prebiotic and synbiotic on amount of CH4 in calves’s

rumen gase
- =B Producétais vidéjais gazes daudzums grupa
2 & 2 | (n=15; mg m=)/The mean amount of gas produced inthe | P~
i T 2 group (n=15; mg m-) vertiba
3., 83 KW
X8 G5 tests/
800 £ CoG PreG SynG
s = © p-value
g 8 § K-W
")
= i Me Q1-Q3 Me Q1-Q3 Me Q1-Q3 test
. | 107.87- » | 721.82- o« | 442.75-
1. BLL50° | ‘goas | 77387 | 11740 | 79018% | 03557 | <0.001
CHe | 28. | 105204 | 29333 | gaz o | 81235 | 65913 | 20200 | <0001
. | 755.06- a | 708.65- . | 653.46-
56. 792.06 873.59 802.09 1076.77 675.41 700.50 <0.001

a¢Vertibas viena Iinija bez neviena kopiga burta ir batiski atSkirigas/ ¢ < Values in the
same line without any common letter are significantly different

Bet aprékinot producéta CHs daudzumu uz 1 kg kermena masas, tika
noverots, ka p&tijuma beigas tas bija zemaks PreG grupas teliem Me=5.49, IQR
4.97 —9.15 mg m= neka CoG grupas teliem Me=7.10, IQR 6.35 — 9.19 mg m=3,
Lai arT PreG Sis rezultats bija mazaks neka kontroles grupa, tomér §1 atskiriba
nebija bitiska, p>0.05.

Kopgjie rezultati par topinambiira koncentratu ar ta satura esoSo prebiotiku
inulinu un producétda CHs daudzumu bija pretgji citu autoru noverotajam, ka
prebiotika inulins var samazinat CHs produkciju atgremotajiem (Roonal, 2015;
Charalampopoulos, Rastall, 2009; Zhou et al., 2004). Hindrichsen ar
lidzautoriem (2004) veica in vitro pétjjumu, izmantojot maksligo spurekli
(RUSITEC), un secinaja, ka 10 dienu gara eksperimenta topinambiira saknes
piedevai, kas satur prebiotiku inulinu, bija pozitiva ietekme uz CHa
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samazinasanu. Citi petnieki salidzinajusi inulina un cietes ietekmi uz CHgy
produkciju, un pétnieku iegiitie rezultati bija loti pretrunigi. Czerkawski un
Breckenridge (1969) sava in vitro pétijjuma, kura izmantoja 1.5 g inulinu,
novéroja, ka pirmas stundas laika tika producéti 4.2 mL CHa., kamér ciete
producgja tikai 0.6 mL So gazi. Tomér, Poulsen ar Iidzautoriem (2012)
nekonstatgja nekadu butisku at$kirtbu in vitro producéta CH4 apjoma starp
inulinu, kvie$u un kukuriizas cieti péc 48 stundam. Savukart Zhao ar kolégiem
(2014) in vitro eksperimenta novéroja, ka CHa produkcija bija zemaka inulinam,
salidzinot ar cieti.

Daudz efektivak CHs produkcijas samazinasanai atgremotajiem var izmantot
citas petnieku izmantotas prebiotikas. Piem&ram, GOS piedevu pievienoSana pie
baribas efektivi samazina CHa produkciju slaucamam govim pat par 11%
(Charalampopoulos, Rastall, 2009). Ari Mwenya ar lidzautoriem (2004b)
petijuma ar Holsteinas $kirnes govim noveéroja CHs samazinajumu par 11% GOS
petijuma grupai, salidzinot ar kontroles grupu. Tomér japiemin, ka Sie abi
petijumi par GOS veikti ar pieaugusam slaucamam govim, tade| rezultati varetu
atkirties, ja p&tijums tiktu veikts ar teliem. Zheng ar lidzautoriem (2019) in vitro
petljuma noveroja, ka MOS deva 5 — 6% rezult€jas ar viszemako producéta CHs4
un CO- apjomu.

Runajot par spurekli producéta CO, daudzumu, pétijuma 1. diena tika
noverots, ka CO; koncentracija spurekli PreG teliem Me=3939.60, IQR
3688.75 — 4815.07 mg m bija biitiski augstaka neka CoG teliem Me=3258.54,
IQR 2864.08 — 3506.88 mg m, p<0.001, p&tijuma 28. diena CO; koncentracija
telu spurekll bija butiski zemaka PreG teliem Me=3908.24, IQR
3634.82 — 428828, neka CoG grupas teliem Me=4618.15, IQR
4378.59 — 4756.74, p<0.001, bet pétijuma beigas CO; bija butiski augstaks PreG
grupas teliem Me=4727.27, IQR 4503.39 — 4978.12 mg m neka CoG grupas
teliem Me=4251.28, IQR 4045.58 — 4426.25 mg m3, p<0.001.

Lidzigi ka CHs daudzums, r&kinot uz 1 kg dzivmasas, arT CO, daudzums uz
1 kg dzivmasas pétijuma beigas bija zemaks PreG grupas teliem Me=33.09, IQR
30.54 — 4354 mg m?3, salidzinot ar CoG teliem Me=36.72, IQR
34.63 — 37.07 mg m3, tomér atskiriba nebija biitiska, p>0.05.

Mums neizdevas atrast p&tfjumus par prebiotiku inulinu un ta ietekmi uz CO>
produkciju spurekli, bet Zheng ar lidzautoriem (2019) sava in vitro p&tijjuma,
kura izmantoja prebiotiku MOS noskaidroja, ka MOS 2% kg™ baribas deva,
visvairak ietekméja CO, produkciju — ta bija viszemaka. Bet pé&tnieku rezultati
bija pretrunigi, jo §T pati piedeva deva 2.5% — 4.5% veicinaja vislielako CO-
produkeciju, bet, izbarojot MOS deva 5.0% — 6.0%, novéroja CO, produkcijas
samazinajumu.

Oglekla dioksids ir viena no butiskakajam gazém, kas izraisa siltumnicas
efektu, bet lauksaimniecibas dzivnieki netiek uzskatiti par $is gazes butiskiem
emitetajiem, jo dzivnieku producétais CO ir dala no oglekla cikla. Augi asimilé
CO; aptuveni tada pasa daudzuma, ka dzivnieki izelpo un liela dala no augiem
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uznemta oglekla spurekli tiek parveidots par CHa, ka arT tas tiek uzstkts
dzivnieku audos un izdalits ar pienu (Chianese et al., 2009a; IPCC 2001).
lesp&jams tade]l arT pétnieki savos eksperimentos nav noteikusi atgremotaju
spurekli producéta un no dzivniekiem emitéta CO, daudzumu. ST promocijas
darba pétijuma tika noverots, ka PreG grupas teliem pétijuma beigas gan CHa,
gan CO; bija augstaks, neka CoG grupas teliem. Lielaku producéta CHa
daudzumu varetu izskaidrot ar to, ka metanog€nie mikroorganismi CHg
produkcijai izmanto CO, un H; (Van Zijderveld et al., 2011), un, jo vairak ir
izejmateriala, jo vairak gazes tiek producg@tas. Savukart PreG grupas telu spureklt
augstaks CO, daudzums var€tu but saistits ar lielaku uznemtas augu baribas
daudzumu, kura esosais saistitais ogleklis spureklt tiek parversts atpakal par CO-
(IPCC 2001).

SynG grupas teliem papildus pie baribas izbaroja 12 g topinambiira
koncentratu, kas satur 6 g prebiotiku inulinu un 5 g S.cerevisiae rauga celmu
1026. Par prebiotiku inulinu un ta ietekmi uz CHs produkciju ir maz p&tijumu un
iegitie rezultati ir neviennozimigi. Dala pat parada, ka ST prebiotika tiesi veicina
CHas produkciju. Savukart par probiotikam un to ietekmi uz CHy ir publicéti
daudzu pétnieku rezultati un to liela dala parada, ka probiotikas samazina §is
gazes produkciju spureklt.

Promocijas darba ietvaros tika noskaidrots, ka SynG grupas teliem CHa
daudzums spurekli petijuma 28. diena bija butiski zemaks Me=659.11, IQR
565.04 — 1015.32 mg m™® neka CoG grupas teliem Me=1052.94, IQR
983.33 — 1111.89 mg m= un PreG teliem Me=847.25, IQR 812.13 — 879.86 mg
m3, p<0.001. Ari 56. diena SynG grupas teliem CH4 daudzums spurekli bija
bitiski zemaks Me=675.41, IQR 653.46 — 700.50 mg m= neka PreG grupas
teliem Me=802.09, IQR 708.65 — 1076.77 mg m™> un CoG grupas teliem
Me=792.06, IQR 755.06 — 873.59 mg m™, p<0.001. Ari producéta CHy4
daudzums uz 1 kg telu dzZivmasas SynG grupas teliem pétijuma 28. un 56. diena
bija mazaks neka PreG grupas un CoG grupas teliem, tomér §is atskiribas nebija
butiskas, p>0.05. Pétijuma rezultati parada, ka topinambitira koncentrats deva 12
g (inulina saturs 6 g) butiski nesamazina CH4 un CO» produkciju telu spurekli.
Sie rezultati lieck domat, ka topinambira koncentrats ar ta sastava eso3o
prebiotiku inultnu viens pats nespgj ietekmét So gazu daudzumu spurekli, bet Sis
koncentrats kombinacija ar S.cerevisiae rauga celmu 1026 spg&j samazinat
spurekli producéto CH4 un CO, daudzumu.

P&tijuma SynG telu grupai noverotie rezultati par CHs daudzumu spureklt
izbarojot sinbiotiku, kuras sastava bija raugs S.cerevisiae, ir Iidzigi ar daudzu
citu p&tnieku iegiitajiem rezultatiem. Piem&ram, Chung ar Iidzautoriem (2011)
secinaja, ka raugu kultiiras, kas pievienotas pie baribas, uzlabo gan lakt&josu, gan
augoSu dzivnieku produktivitati. Raugi sp& spurekli mainit fermentacijas
procesus, tie veicina acetogéno bakteriju augsanu un vairoSanos un §is bakterijas
savukart konkuré ar metanogéniem mikroorganismiem un izmanto CO2 un Hy,
kas nepiecieSams arT metanogénu augsanai, tadéjadi samazinot CH4 produkciju
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(Haque, 2018; Mwenya et al., 2004b; Chaucheyras et al., 1995). Tas tika
apstiprinats ari 5 dienu gara in vitro eksperimenta (Chaucheyras et al., 1995). Ar1
citos in vitro pétijumos sasniegti 1idzigi rezultati. Hernandez ar lidzautoriem
(2017) zinoja, ka raugs S.cerevisiae deva 2 g un 4 g 70 h gara in vitro p&tijuma,
kura izmantoja 60 dienu vecu HolSteinas skirnes telu spurekla saturu, samazinaja
CHa produkciju, salidzinot ar kontroles grupu. Ari Newbold un Rode (2006)
zinoju$i par 58% CHs produkcijas samazina$anos, pielietojot S.cerevisiae
baribas piedevu in vitro pétjjuma.

Ir arT petijumu rezultati, kuros netika novérots CH4 samazinajums. Pieméram,
Oh ar lidzautoriem (2019) p&tjuma izmantoja S.cerevisiae deva 28 g d* uz govi,
18 Holsteinas skirnes govim tris 28 dienu garos p&tijuma periodos un secinaja,
ka §1 piedeva neietekméja ne CHa, ne ari CO, produkcijas apjomus.

Tomér japiemin, ka ir arT zinatniskas publikacijas par rauga S.cerevisiae
ietekmi uz palielinatu CH4 veidoSanos spurekli. Tas tika novérots Ogunade un
lidzautoru (2019) veiktaja 25 dienu garaja eksperimenta, kura laika liellopiem
tika papildus izbarots raugs S.cerevisiae deva 15 g d*. Pétnieki $o producéta CHy
picaugumu izskaidro ar palielinatu metanogénu M.ruminantium vairo$anos
spureklt.

Producétais CO, daudzums telu spurekli petijuma 1.diena SynG grupas
teliem Me=2701.65, IQR 2419.45 — 3042.81 mg m= bija bitiski zemaks neka
CoG teliem Me=3258.54, IQR 2864.08 — 3506.88 mg m, p<0.001, ari p&tijuma
28.diena tas bija biitiski zemaks Me=4263.82, IQR 3553.29 —4599.96, neka CoG
grupas teliem Me=4618.15, IQR 4378.59 — 4756.74, p<0.001 un p&tijuma beigas
SynG grupas teliem arT tika konstatéts butiski zemaks CO, daudzums spureklt
Me=3266.07, IQR 1358.98 — 4584.91 mg m? neka CoG grupas teliem
Me=4251.28, IQR 4045.58 — 4426.25 mg m3, p<0.001 un §is gazes koncentracija
SynG grupas teliem bija arT butiski zemaka neka PreG grupas teliem
Me=4727.27, IQR 4503.39 — 4978.12 mg m3, p<0.001. Tatad miisu pétijuma
rezultati liecina, ka, pie spekbaribas izbarojot S.cerevisiae kopa ar topinambiira
koncentratu (inulina saturs 50%), var panakt CO; produkcijas samazinasanos. Sie
rezultati ir pretgji jau iepriek§ pieminétaja Hernandez un vina kolégu (2017) in
Vvitro pétijuma par raugu S.cerevisiae izmantoSanu devas 2 g un 4 g, autori
konstatgja, ka §1rauga piedeva biitiski palielina CO3 produkciju. Savukart rékinot
producéta CO, daudzumu uz 1 kg dzZivmasas, novérots, ka SynG grupas teliem
§is rezultats ir visaugstakais Me=38.47, IQR 9.61 — 62.95 mg m™, ja salidzina ar
CoG — Me=36.72, IQR 34.63 — 37.07 mg m™ un PreG grupu teliem Me=33.09,
IQR 30.54 — 43.54 mg m3, p>0.05. Jaatzimé, ka mums neizdevas atrast nevienu
zinatnisko publikaciju par S.cerevisiae rauga un ta kombinacijas ar prebiotikam
(tai skaita inulinu) ietekmi uz CO> produkciju telu spureklr.
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SECINAJUMI

Topinambiira koncentrata (12 g), kas satur prebiotiku inulinu (6 g), un ta
kombinacijas ar rauga S.cerevisiae celmu 1026 (5 g) izbaro$ana teliem
parejas perioda no piena uz tilpumaino baribu fekaliju konsistenci, ka art
fiziologiskos pamatraditajus, hematologiskos un biokimiskos asins
raditajus saglabaja vecumam atbilsto$ajas normu robezas.

Topinambira koncentrata un ta kombinacijas ar S.cerevisiae 56 dienu ilga
izbarosana, neskatoties uz papildu izdevumiem, ir ekonomiski izdeviga,
jo nodrosinaja attiecigi par 17% un 16.5% lielaku dzivmasas pieaugumu,
salidzinot ar kontroles grupu. Tomer sinbiotikas izbaroSanas izmaksas
bija lielakas, kas prognozgjamos ienakumus samazinaja.

Teliem 13 — 14 ned€lu vecuma grelina imtnreaktivas Slinas sastopamas
ne tikai glumenicka fundalo un pilorisko dziedzeru zona, bet ari
divpadsmitpirkstu un tuksas zarnas vidusdalas, turklat baribas piedevu
(topinambiira koncentrata vai ta sinbiotikas ar raugu) izbaroSana So $tinu
skaitu glumenieka fundalo dziedzeru zona butiski samazinaja (p<0.001),
salidzinot ar kontroles grupu, kas netie$i norada uz labaku baribas
sagremosanu un sata sajiitu.

Topinambiira koncentrata un ta kombinacijas ar raugu izbaroSana,
salidzinot ar kontroles grupu, neietekméja kunga kop&jo un relativo masu,
bet butiski (p<0.001) palielinaja spurekla saccus dorsalis karpinu
platumu, saccus dorsalis, ventralis sieninas epitlija, t.sk., epitélija
parragotas kartas (stratum corneum) biezumu un glumenieka visu
glotadas zonu biezumu, ka ar7 divpadsmitpirkstu un tuksas zarnas sieninu
biezumu, tuksas zarnas un giizas zarnas glotadas biezumu, nodro§inot
lielaku uzstk$anas virsmas laukumu.

Sinbiotikas izbaro$ana bitiski (p<0.001) palielinaja divpadsmitpirkstu,
tuksas un lokzarnas sieninas biezumu un lokzarnas kriptu dzilumu,
salidzinot ar prebiotikas grupas teliem. Tatad rauga S.cerevisiae
pievienoSana topinambiira koncentratam veicindja So zarnu sieninu
mikrostruktiiru attistibu.
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Neskatoties uz to, ka kopg€jo prokariotu un metanogénu daudzums
13 — 14 nedgelu vecu telu spurekla skidruma starp pétijuma grupam un
kontroles grupu bitiski neatSkiras, tomér telu grupai, kurai izbaroja
topinambiira koncentratu kombinacija ar S.cerevisiae, spurekli konstatets
butiski mazaks (p<0.001) CH4 un CO; daudzums neka tikai topinambiira
koncentratu sanémus$ajiem un kontroles grupas teliem. Sinbiotikas
sastava esosais raugs spg&j spurekli mainit fermentacijas procesus, veicinot
acetogéno bakteriju augSanu un vairoSanos, kuras konkuré ar
metanogeniem par CO> un H» izmantosanu, tadgjadi samazinot spurekli
gan brivi pieejama CO, daudzumu, gan CH, produkciju.

Topinambira koncentrata un ta sinbiotikas ar S.cerevisiae celma 1026
raugu izbaroSana teliem parejas perioda no piena uz tilpumaino baribu
uzlabo telu dzivmasas pieaugumu un gremosSanas kanala attistibu,
salidzinot ar kontroles grupu. Tomér, savstarp&ji salidzinot p&tijuma
grupu telus, konstat€jam, ka rauga pievienoSana topinambira
koncentratam bitiski neuzlaboja dzivmasas piecaugumu, bet bitiski
(p<0.001) samazinaja CO; un CHs produkciju spurekli.

IETEIKUMI PRAKSEI

Topinambiira koncentrata un ta kombinacijas ar S.cerevisiae izbaro$ana
teliem parejas perioda no piena uz tilpumaino baribu ir ieteicama, jo
veicina gremoS$anas kanala attistibu un funkcionalitati, ka ari stabilizé
vispargjo veselibas stavokli.

No ekonomiska viedokla izdevigak ir izbarot topinambiira koncentratu,
jo ta pievienoSana spekbaribai (12 g uz 1 telu diend) teliem no 4 — 14
nedélu vecumam palielina dzZivmasas pieaugumu par 17%, kas var dot
papildus ienakumus aptuveni 22 EUR apméra par vienu telu.

Lai gan topinambiira koncentrata izbaroSana teliem dod par 0.5% lielaku
dzivmasas pieaugumu, tomer no siltumnicas efektu izraisoSo gazu
emisijas samazinasSanas viedokla labak ir izbarot sinbiotiku, kuras sastava
ietilpst 12 g topinambira koncentrats un 5 g rauga S.cerevisiae celms
1026, jo ta batiski (p<0.001) samazina CHa un CO; produkciju spurekli.
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INTRODUCTION

Research topicality. The transition period from milk feeding to solid feeding
in calves is associated with various physiological and anatomical changes in the
digestive canal. As it undergoes rapid microbial and structural changes, this
period causes additional stress and may contribute to the development of various
infectious diseases that may adversely affect the growth and development of
calves (Meale et al., 2017).

Microbial colonisation of the rumen of newborn ruminants is particularly
important during the physiological development of the rumen (Fonty et al.,
1988). Bacteria are the most common of the microorganisms in the rumen,
followed by protozoa, methanogens and fungi. The rapid increase in the diversity
of the microbial population before the end of the milk feeding period promotes
faster functional development of the rumen and improves productivity. A high
rumen microbiome diversity is required for normal rumen physiological
development and solid feed processing (Li et al., 2012). Microbial fermentation
processes produce various gases in the rumen as well as in the large intestine,
including carbon dioxide (CO2) and methane (CH,) (Oztiirk, 2007). The CH,4
produced by rumen methanogenesis affects animal productivity (GHGMP,
2005), resulting in energy losses of up to 15% (Hegarty, 2002; Giger-Reverdin
et al., 1998). Methane is also one of the main gases that contributes to increased
global temperatures (Hansen et al., 2007). Greenhouse gas emissions from the
agricultural sector, especially for cattle, are mainly derived from belching and
intestinal gases (Muiloz et al., 2012; Murray et al., 1999).

The gases and volatile fatty acids produced in the rumen and intestines affect
the pH of the environment. The pH of the internal environment of the rumen and
the concentrations of volatile fatty acids in ruminants are important indicators of
fermentation activity, reflecting the functions of the rumen (Feng et al., 2020)
and affecting food intake, microbial metabolism and nutrient degradation (Wang,
2012) as well as the anatomical development of the rumen (Thompson et al.,
2006). The hormone ghrelin also participates in the growth and development of
calves. It not only promotes the release of growth hormone from the pituitary
gland but is also involved in appetite regulation (Solomis and Korbonits, 2014;
Kojima et al., 1999).

Nowadays, with the rapid development of dairy farming, there is a growing
need for calves that are healthier, have better growth rates and are more
productive. This is often achieved through the preventive use of antibiotics.
However, the use of antibiotics in animals to prevent disease and increase
productivity has been banned in the European Union on January 1, 2006.

Possible alternatives with such properties are prebiotics, probiotics and a
combination of both — synbiotics. The most significant effect of these additives
is on the gastrointestinal microflora, where the growth and multiplication of
beneficial microorganisms are promoted. This, in turn, has a positive effect on
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the whole organism: animals show a better increase in live weight, lower
amounts of pathogenic microorganisms in the digestive tract (Martinez et al.,
2014; Gibson, Roberfroid, 1995) and a better structural and functional
development of the rumen and intestines (Samal, Behura, 2015; Brewer et al.,
2014; Ghosh, Mehla, 2012; Heinrichs et al., 2009; Lesmeister et al., 2004); in
addition, these feed additives can reduce the methane production in the rumen
(Zhou et al., 2004).

At the beginning of this study, we wanted to find out the effect of Jerusalem
artichoke concentrate, with a prebiotic inulin content of 48.5 — 50.1%, and its
synbiotic with yeast (Saccharomyces cerevisiae (S.cerevisiae) strain 1026) on
the health status of the calves, the anatomical, histological and functional
development of the digestive tract, as well as the growth of calves and
methanogenesis in the rumen and large intestine during a period of physiological
significance, becoming fully functional ruminants.

Theses to be defended

1. Feeding Jerusalem artichoke concentrate (inulin content 48.5 — 50.1%) and
its combination with the yeast S.cerevisiae (strain 1026) improves the health
of calves, increases the live weight of calves and reduces the number of
ghrelin-immunoreactive cells in the digestive tract.

2. Feeding Jerusalem artichoke concentrate (inulin content 48.5 — 50.1%) and
its combination with S.cerevisiae promotes the morphofunctional
development of the digestive tract.

3. Feeding Jerusalem artichoke concentrate (inulin content 48.5 — 50.1%) and
its combination with S.cerevisiae reduces the number of methanogenic
microorganisms in the digestive tract of calves and the production of CO, and
CHy in the rumen.

4. The addition of yeast to Jerusalem artichoke concentrate, creating a new
synbiotic, reduces the production of CO, and CH, in the calf's rumen,
promotes morphofunctional development, improves live weight gain and
increases economic benefits.

The aim of the doctoral thesis was to determine the effects of feeding
Jerusalem artichoke concentrate and its synbiotic with yeast (Saccharomyces
cerevisiae strain 1026) on the health status and growth of calves, the
morphofunctional development of the digestive tract, as well as methanogenesis
in the rumen and large intestine during the transition from milk to solid feed.

Objectives

1. To study how the feeding of Jerusalem artichoke concentrate and synbiotic
(Jerusalem artichoke concentrate and yeast Saccharomyces cerevisiae) can
affect the health status, weight gain and economic benefits, as well as hunger
and satiety in calves from 4 to 14 weeks of age.
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. To determine the effect of feeding the feed additives included in the 56-day
study on the morphofunctional development of different parts of the digestive
tract (rumen, abomasum, small and large intestine) during the transition from
milk to solid feeding.

. To evaluate the effect of Jerusalem artichoke concentrate and synbiotic
feeding on the total number of prokaryotes, including methanogenic
microorganisms in the rumen and large intestine of 13 — 14-week-old calves.
. To determine the effects of feeding the feed additives on the amounts of
methane (CH4) and carbon dioxide (CO,) in the rumen of 4 — 14-week-old
calves.

Scientific novelty of the research

. Original data were obtained on the effect of feeding of synbiotic (12 ¢
Jerusalem artichoke concentrate in combination with 5 g of S.cerevisiae
strain 1026 per day) on the growth of 4 — 14-week-old calves, including the
morphological and physiological development of the digestive tract.

. Original data were obtained on the number of ghrelin-immunoreactive cells
in the duodenum and jejunum of calves at 13 to 14 weeks of age that received
standard feed and calves that were additionally fed 12 g of Jerusalem
artichoke concentrate (inulin content 6 g) per day.

. Original data were obtained on the number of ghrelin-immunoreactive cells
in different parts of the digestive tract (abomasum pars pylorica and pars
fundalis, duodenum and jejunum) in calves aged 13 — 14 weeks,
supplemented with 12 g of Jerusalem artichoke concentrate and synbiotic
consisting of 5 g of Jerusalem artichoke concentrate and S.cerevisiae strain
1026 per day.

. For the first time in Latvia, original data on the effect of feeding Jerusalem
artichoke concentrate (12 g per day; contains 6 g of the prebiotic inulin) and
its synbiotic with S.cerevisiae strain 1026 (5 g per day) on prokaryotes,
including methanogenic microorganisms, and the amounts of CH4 and CO-
produced in the rumen of 4 — 14-week-old calves, are reported.

The personal contributions are as follows: | performed an assessment of the

animal health status, measuring the heart rate, respiratory rate, body temperature,
evaluating the consistency of the faecal matter and analysing the haematological
and biochemical parameters of the blood samples obtained. | also measured the
animals, obtained rumen fluid and gas samples, measured the pH of the contents
of different parts of the digestive canal, determined the mass of the various
compartments of the multi-chambered stomach, obtained the necessary samples
for histological analysis of the digestive canal structures (fixation, cutting,
insertion in histology sample cassettes), conducted the microscopic examination
of histological samples and analysed, presented and published the obtained
results.
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1. MATERIAL AND METHODS

1.1. Study time, object, characteristics

This doctoral thesis was developed with the support of the project National
Research Programme AGROBIORES “Agricultural Resources for Sustainable
Production of High-Quality and Healthy Food in Latvia”, Project No. 3 “Genetic
Research of Economically Important Characteristics of the Local Origin Dairy
Cows and Pigs for Qualitative Food Production and Development and Testing of
Natural Origin Feed Materials. (LIVESTOCK)” (2014 - 2018) (VPP
2014/VPP2014-2017, sub-project VPP29.3). The study methodology was
evaluated at the meeting of the Council for Ethical Treatment of Animals, Latvia
University of Life Sciences and Technologies No.DzLEP/2017/2-1.

The study was carried out from December to the end of February year
2017/2018 in the Saldus municipality, Jaunlutrini parish, farm “Ratenieki”, and
lasted 56 days. The overall scheme of the study was established on the basis of
previous studies (Krol, 2011; Hassan et al., 2016). Throughout the experimental
period, the health status of the calves was assessed by both the individuals
involved in the study and the farm veterinarian. Long-term diarrhoea, respiratory
diseases or any other diseases were not observed in calves. The examination of
the calves and sampling were performed under the supervision of the farm
veterinarian. The results of the study were used to assess the overall health status
of the whole herd, including calves, and to improve growth rates.

The study included 15 clinically healthy, randomly selected Holstein Friesian
and red Holstein crossbreed calves (Bos taurus) of different sexes, with an
average age of 32+4 days (the youngest calves were at least 28 days or 4 weeks
old) and an average life weight of 72.1+11.34 kg.

Calves of appropriate age were selected in the study groups without
significant differences in animal weight among individuals, with good health
status assessed following clinical investigation. Two male and three female
calves were included in each group of calves.

Calves of each study group were kept together in a room with the following
dimensions: length 5.3 m, width 4.5 m, height 2.6 m, window size 1.2 x 1.2 m,
door size 1.95 x 1.0 m. The room was large enough to allow the animals to lie
down, move freely and face each other. The floor was a concrete floor covered
with a small amount of straw. The holding consisted of two feeding tables, one
for hay and the other for milk replacer, prestarter and barley flour, as well as one
water drinking bowl.

After birth, within 2 h, all calves received colostrum, and for the following
5 days, the calves received whole milk (3.5 L 2 x day) and later milk replacer, at
a dose appropriate to the age and live weight of calves recommended by the
manufacturer. At 4 — 6 weeks of age, calves received 5 L of milk replacer daily
and prestarter (approximately 0.5 kg per calf per day). At 8 weeks of age, calves
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received approximately 1.5 kg of barley flour and 6 L of milk replacer per day.
The calves had free access to water and hay all the time.

Overall, there were three study groups. Five calves were in the control group
(CoG) and received the standard diet. Each of the five calves in the prebiotic
group (PreG) was supplemented with 12 g of Jerusalem artichoke (Helianthus
tuberosus) concentrate per day, containing 6 g of prebiotic inulin. Five calves
from the synbiotic group (SynG) in addition received an experimental synbiotic
consisting of two different products: 12 g of Jerusalem artichoke concentrate
containing 6 g prebiotic inulin and 5 g probiotic S.cerevisiae culture
Yea-Sacc ® 1026 (Alltech Inc., France), containing at least 1 x 10° colony-
forming units (CFU) g of S.cerevisiae strain 1026. The yeast feed additive used
in the study has been registered for use in the countries of the European Union
(Commission Implementing Regulation No 1109/2014), whereas the synbiotic
used in this study is not commercially available and was combined specifically
for this study. The Jerusalem artichoke concentrate and synbiotic were added to
the concentrate once per day during the morning feeding.

The dose of Jerusalem artichoke concentrate fed to calves was selected on the
basis of the dose indicated in other studies (Arne, llgaza, 2016; Krdl, 2011). It
should be noted that Jerusalem artichoke only has an inulin content of
approximately 10%, but with specific technologies, the inulin content can be
increased to 48.5 — 50.1% of dry matter (Fleming, Groot, 1979). Jerusalem
artichoke concentrate was produced by the company “Herbe”, according to the
technology developed by the University of Latvia Institute of Microbiology and
Biotechnology. The dose of probiotic S.cerevisiae strain 1026 was selected on
the basis of a previous study published in 2016 (Hassan et al., 2016).

1.2. Calf health assessment

On days 1, 28 and 56, the heart rate (X min"tSD), respiratory rate
(x min"’£SD), and body temperature (°C+SD) were measured. The heart rate was
determined by performing an auscultation of the heart on the left side of the chest,
in the intercostal space of the 4™ rib, 2 — 3 cm above the level of the elbow. The
respiratory rate was determined by auscultation in the middle of the right or left
side of the chest wall. Cardiac and pulmonary auscultation was performed with
a Littmann Cardiology IV (3M, USA) stethoscope. Body temperature was
determined in the rectum, using an electronic thermometer DIGI-VET (Kruuse,
Denmark).

On the assessment days, the consistency of the faeces was assessed using a
scale from 0 to 3, with a score of O for firm, species-specific faeces, a score of 1
for soft faeces and a score of 3 for watery faeces (Larson et al., 1977). Faecal
consistency was assessed by three veterinarians. On the other days of the study,
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farm staff also monitored faecal consistency to detect diarrhoea in calves; no
diarrhoea episodes were observed.

Also on days 1, 28 and 56, blood samples were taken from calves by puncture
of the jugular vein (vena jugularis), using a 20-G needle (30 mm length). For
haematological analysis, blood was collected in S-Monovette EDTA 2.7 mL
(SARSTEDT AG & Co. KG, Germany) vacutainer tubes. Blood samples were
analysed for total white blood cell count (WBC, 10° L), red blood cell count
(RBC, 10*2 LY, haematocrit (HCT, %), haemoglobin (HGB, g dL) and platelet
count (PLT, 10° L), using an Exigo EOS (Boule Medical AB, Sweden)
automated veterinary haematology analyser. Blood for the biochemical analysis
was obtained using S-Monovette serum vacutainers 2.7 mL with blood
coagulation activator (SARSTEDT AG & Co. KG, Germany). Gamma
glutamyltransferase (GGT, U L), aspartate aminotransferase (ASAT, U L71),
urea (UREA, mmol L), creatinine (CREA, mmol L), total protein (TP, g L %),
albumin, g LY, globulins, g L* and glucose mmol L* were determined. Blood
samples were analysed using a Mindray BS-200E (Shenzhen Mindray Bio-
Medical Electronics Co., Ltd., China) blood biochemistry analyser. Blood
glucose was determined immediately after blood sampling using an ACCU-
CHEK instant glucometer (Roche, Germany). The examination of blood samples
was performed in the laboratory of the Veterinary Clinic of Latvia University of
Life Sciences and Technologies.

1.3. Determination of live weight of calves

On days 1, 28 and 56, the live weight of calves was determined applying a
scientifically recognised method for the determination of indirect live weight
(Heinrichs, Hargrove, 1987), using the measuring tape Animeter (Albert Kerbl
GmbH, Germany). Live weight can be determined by measuring the chest
circumference just behind the elbows and reading the result on the kg scale on
the tape measure. This method, based on bovine standard growth curves, is
widely used to determine live weight on farms (Heinrichs, Hargrove, 1987).

1.4. Sampling of rumen gases and determination of methane
and carbon dioxide

Methane (CH.) and carbon dioxide (CO2) in the rumen were determined on
days 1, 28 and 56 of the study in the morning, 2 h after feeding. To obtain calf
rumen gas samples by the rumenocentesis method, the calf was fixed in an
upright position by pressing its right side against the wall or lying down on the
right side.
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A rumenocentesis area was prepared on the left side behind the rib cage below
the lateral growths of the lumbar vertebrae by cutting the hair and disinfecting
the skin with 70% alcohol solution. The needle (14 G, outer diameter 2.1 mm,
length 60 mm) was inserted into the abdominal cavity at an angle of 45° to the
rumen wall in an orientation towards the right foreleg, approximately 4 to 6 cm
deep. Rumen gases were obtained with a 20 mL disposable syringe. Immediately
after obtaining the sample, the tip of the needle was sealed with a flexible,
airtight, inert material (similar to silicone) to prevent gas escaping from the
syringe. After puncture, the puncture site was disinfected with 70% alcohol
solution (Atkinson, 2017).

Rumen gases (CH4 and CO;) were measured using a Picarro G2508 mobile
gas spectrophotometer (Picarro, USA). The technical parameters of the device
are described in more detail in the manufacturer's technical documentation
(Picarro G2508 Analyzer Datasheet), and the application possibilities are
described in Fleck et al. (2013). We performed the gas analysis on the farm in
cooperation with the scientists of Latvia University of Life Sciences and
Technologies Forest and Water Resources Research Laboratory immediately
after obtaining the samples.

The gas measurements were performed using an opaque chamber with a
capacity of 1 L, which was connected to a measuring device and an external zero-
leakage vacuum pump using a 9-meter-long Teflon tube (1/16 inch inside
diameter, 1/8 inch outside diameter). Measurements were performed for 180 s,
with an average interval of 1 s, and a 10 mL amount of rumen gas was analysed
(Grinfelde et al., 2018).

1.5. Collection of rumen fluid and faecal samples

On the morning of day 56, 2 h after feeding, samples of calf rumen fluid were
also taken. If, due to the low degree of rumen filling, rumen fluid could not be
obtained after the methodology described in Paragraph 1.4., the direction of the
injection needle was changed (ventrally), and at the same time, with the fist, a
back pressure was applied to the right rumen wall. No additional puncture was
performed in the rumen to obtain rumen fluid, but only the syringe was replaced
after obtaining the rumen gas sample. The rumen fluid was obtained with a
20 mL disposable syringe according to the method of Atkinson (2017).

After obtaining the sample, the rumen fluid was filled into glass tubes. Five
drops of mineral oil were added to the rumen fluid sample, and the tube was
tightly closed with a rubber stopper to ensure a maximum anaerobic
environment. After puncture, the puncture site was re-disinfected with 70%
alcohol solution. After delivery to the laboratory (within 3 h), the rumen fluid
samples were frozen at -80 °C.

62



On day 56, faecal samples were taken manually from the rectum and placed
in polyethylene bags. After delivery to the laboratory, the samples were frozen
at -80 °C until further microbiological examination.

1.6. Determination of total prokaryotes, methanogens and
individual methanogenic species in rumen fluid and faecal
samples

The incidence of total methanogens, individual methanogenic species
(Methanosphaera stadtmanae, Methanobrevibacter ruminantium,
Methanobrevibacter smithii) and total prokaryotes was determined in individual
rumen fluid samples (n=15) as well as in the pooled faecal samples of all five
calves in each group (n=3). The determination of the relevant methanogens in
the samples was selected based on the results of a study by other authors, who
had identified these methanogens as dominant in the rumen (Nicholson et al.,
2007; Wright et al., 2007; Whitford et al., 2001).

The DNA from calf rumen and faeces was isolated using the QI4amp® DNA
Stool Mini Kit (Qiagen Ltd., UK). It was prepared using 200 mg of frozen sample
and tested according to the manufacturer's instructions (QlAamp Fast DNA Stool
Mini Handbook) (Yu, Morrison, 2004).

The DNA quantity and purity were checked using a NanoDrop-1000
spectrophotometer (Thermo Fisher Scientific Inc., USA) (McCartney et al.,
2013). The obtained DNA samples were stored at -20 °C until further analysis.

Methanogens and prokaryotes were determined using specific primer sets.
The sequences of the methanogenic and total prokaryotic primers were as
follows:

1) total methanogens (rrs): Met630F: 5°-GGATTAGATACCCSGGTAGT-3’;
Met803R: 5’-GTTGARTCCAATTAAACCGCA-3’

2) total prokaryotes (rrs, references géns): V3-F: 5°-
CCTACGGGAGGCAGCAG-3’; V3-R: 5’-ATTACCGCGGCTGCTGG-3’

3) Methanosphaera stadtmanae (rrs): Stad-F: 5°-
CTTAACTATAAGAATTGCTGG-3’; Stad-R: 5°-
TTCGTTACTCACCGTCAAGAT-3’

4) Methanobrevibacter ruminantium (rrs): Rum16S 740F: 5°-
TCCCAGGGTAGAGGTGAAA-3’; Rum16S 862R:
5’CGTCAGAATCGTTCCAGTCA-3’; Rum16S FAM: 5°-
CCGTCAGGTTCGTTCCAGTTAG-3’

5) Methanobrevibacter smithii (rrs): Smit.16S-740F: 5°-
CCGGGTATCTAATCCGGTTC-3’; Smit.16S862R: 5°-
TCCCAGGGTAGAGGTGAAA-3’; Smit.16S FAM:
5’CGTCAGAATCGTTCCAGTCA-3’
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Polymerase chain reactions were performed using the QuantiNova® Probe
PCR Kit (Qiagen Ltd., UK) and the QuantiNova® SYBR® Green PCR Kit
(Qiagen Ltd., UK) following the manufacturer's instructions (QuantiNova Probe
PCR Handbook; QuantiNova® SYBR® Green PCR Handbook). The DNA
amplification was performed in a real-time PCR device RotorGene Q (Qiagen,
Ltd., UK) with initial denaturation at 95 °C for 2 min, followed by 40
denaturation cycles (95 °C for 5 s) and primer hybridisation at 60°C for 10 s (for
total methanogens (rrs, mcrA), total prokaryotes and M.stadtmanae) and 60°C
for 5 s (for M.ruminantium and M.smithii) (McCartney et al., 2013).

The numbers of methanogens and total prokaryotes were estimated as the C;
value (the cycle at which PCR amplification has reached the exponential phase).
The lower the C; value, the greater the number of searched sequences in the
sample. The numbers of total methanogens, prokaryotes or specific methanogens
in the tested sample could be evaluated based on the C; value. The examinations
were performed at Latvia University of Life Sciences and Technologies,
Research Laboratory of Biotechnology, Division of Molecular Biology and
Microbiology.

1.7. Evaluation of the economic benefits of feed additives

An evaluation of the economic benefits of the feed additives used in this study
(Jerusalem artichoke concentrate and its combination with S.cerevisiae strain
1026) after 56 days of feeding was performed based on the calculation methods
described in a similar study by Dar et al. (2017). We determined the following
indicators.

1. Amount of feed additive fed to one calf throughout the study (Formula 2.1.)

axXxb=c, (2.1)
where a - the amount of feed additive per calf fed per day (g),
b — the number of feeding days,
¢ — the amount of feed additive fed to one calf throughout the study (g)
2. Cost of feed additive per calf throughout the study (Formula 2.2.)
exb=g, (2.2.)
where e — the daily cost of the feed additive per calf (EUR),

b — the number of feeding days,
g — the cost of feed additive per calf during the study (EUR)
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3. Cost of feed additive per kg of live weight (Formula 2.3.)
T=d (2.3)

where g — the cost of feed additive per calf during the study (EUR),
f — the mean live weight of the calves after 56 days of feeding the specific
additive (kg),
d — the cost of feed additive per kg of live weight (1 kg EUR™)

4. Estimated income from the sale of 1 calf to wholesalers (Formula 2.4.)

where j—the average purchase price of kg live weight of calf (EUR) (information
obtained in September 2021),
f — the mean live weight of the calves after 56 days of feeding the specific
additive (kg),
i —the predictable income from the sale of one calf (EUR)

5. Economic benefit of selling one calf and taking into account the cost of the
fed feed additive (Formula 2.5.)

i—g=x, (2.5)

where i - the expected income from the sale of one calf (EUR),
g — the cost of feed additive per calf during the study (EUR),
X — the economic benefit of selling one calf and taking into account the cost
of the fed feed additive (EUR)

1.8. Determination of the pH of the internal environment in
different parts of the digestive canal (post-mortem)

After slaughter of the animals for commercial purposes on day 56 (calves
aged 88+4 days or at least 12 weeks), the acid-base balance (pH) of the internal
environment was determined in different parts of the digestive canal:

1) inthe mouth under the root of the tongue,

2) inthe cranial sac of the rumen (atrium ruminis),

3) inthe ventral sac of the rumen (rumen saccus ventralis),

4) near the pyloric sphincter in the abomasum (abomasum pars
pylorica),

5) inthe middle of the abomasum,

6) inthe middle of the jejunum,
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7) inthe middle of the colon
A portable pH meter ProfiLine pH 3110 (Xylem Inc., Germany) was used to
determine the pH with a range of -2.000 to +19.999 (+0.005 pH). The pH meter
used was calibrated with industrially available standard solutions (pH 4.01 and
pH 7.00) (Xylem Inc., Germany) at 20 °C.

1.9. Determination of multi-chambered stomach mass

The masses of the individual parts of the stomach (total empty stomach mass,
abomasum mass, forestomaches mass) were determined using a digital hand
scale (Rapala, China) with an error of £10 g.

The relative weights of the total stomach, forestomaches and abomasum to
live weight were also calculated (Formula 2.6.), and the percentage of abomasum
and forestomaches relative weight to the total stomach mass was calculated
(Formula 2.7.).

§x1oo=C%, (2.6)

where A — the total mass of the stomach, abomasum or forestomaches (kg),
B — the live weight of calves (kg),
C — the relative weight of the relevant part of the stomach (%) (Jonova et
al., 2021)

gxwo: F%, (2.7)

where D — the mass of the abomasum or forestomaches (kg),
E — the total stomach mass (kg),
F — the percentage of the relevant part of the stomach in relation to the total
weight of the stomach (Goérka et al., 2011)

1.10. Obtaining and examining histological specimens of
different parts of the digestive canal

Tissue samples for histological examination were obtained from the dorsal
sac (rumen saccus dorsalis) and the ventral sac (rumen saccus ventralis) of the
rumen, the abomasum (pars cardiaca, pars fundalis, pars pylorica), the
duodenum, the middle part of the jejunum, the end part of the jejunum and the
middle part of the ileum as well as the middle part of the colon.
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A 4x4 cm tissue sample was obtained with scissors and rinsed with 0.9%
NaCl solution to remove gastric and intestinal contents. The samples were then
rinsed in 10% formalin solution to fix the mucosa and ensure that the formalin
evenly enters the entire lumen of the intestinal samples taken. Subsequently, the
samples were placed in tightly closed plastic containers with 10% buffered
neutral formalin (tissue to formalin ratio 1:10). Samples were stored at room
temperature for 2 days, and subsequently, the tissue was cut and placed in
histological sample cassettes. The tissue processor Leica ASP200 S (Leica
Biosystems Nussloch GmbH, Germany) was used for dehydration, preparation
and incorporation of tissue histological specimens into paraffin blocks, according
to a standardised tissue histological preparation method (Kiernan, 2008; Carson,
1997).

A total of 90 samples from different parts of the digestive canal were fixed
and embedded in paraffin blocks. After incorporating the samples into the
paraffin blocks, the preparations were cut with the microtome into 5 um thin
sections and applied to slides, which were placed in a thermostat 60 °C for
30 min to dry and secure to the slide.

The haematoxylin-eosin staining method (H&E) was used for the histological
staining of tissue samples (Carson, 1997). To deparaffinise the samples
(deparaffinisation), they were placed in xylene twice for 5 min. An alcohol series
(99%, 96%, 70%, and 50%) was used to rehydrate the samples, with 2 min in
each concentration. Tissue staining was then performed with haematoxylin. The
slides were left in the stain for 3 min, rinsed with distilled water and stained with
eosin for 3 — 5 min. After staining, the samples were dehydrated in an alcohol
series (70%, 96% and 99%; 1 min at each concentration) and clarified by placing
in xylene (twice for 5 min). After dehydration and clarification, the samples were
covered with xylene-soluble histological glue and coverslips.

The length, width (um) and thickness of the entire epithelium and stratum
corneum (um) were measured in histological specimens of the dorsal sac (rumen
saccus dorsalis) and the ventral sac (rumen saccus ventralis).

Papilla length was measured from the apical end of the papilla epithelium to
the lamina muscularis mucosae. If the papilla had a curved shape, connected lines
were used to measure its length. The width of the papilla was measured in its
middle part up to the apical ends of the epithelial cells perpendicular to the length
of the papilla. In each sample, measurements were taken in five different fields
of view for all the papillae present.

In each sample, the thickness (um) of the entire epithelium of the rumen
papillae and the stratum corneum was measured in five different fields of view,
and three measurements were performed in each field of view.

In the pars cardiaca, pars fundalis and pars pylorica of the abomasum,
mucosal thickness (um) was measured in five fields of view, with three
measurements each.
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Mucosal thickness (villi length and crypt depth) and the thickness of the
entire intestinal wall (um) were measured in the middle of the duodenum and the
jejunum as well as at the end of the jejunum and the middle of the ileum. Three
to five measurements were taken in each sample, in five fields of view.

In the middle part of the colon, the depth of the crypts from the apical end of
the crypt epithelium to the lamina muscularis mucosae and the thickness of the
entire intestinal wall (um) were measured. Three to five measurements were
performed in each sample, in five fields of view.

A total of 200 sections of histological specimens from different parts of the
digestive canal were evaluated. All measurements were performed using a
multifunction light microscope Leica DM 750 (Leica Microsystems, Germany).
Photographing, processing and measurement of the obtained histological
examinations were performed using a Leica ICC50 HD camera (Leica
Microsystems, Germany) and the Leica Application Suite software (Leica
Microsystems, Germany). The examinations were performed at Latvia
University of Life Sciences and Technologies, Faculty of Veterinary Medicine,
Laboratory of Comparative Pathology of the Preclinical Institute.

1.11. Use of immunohistochemical staining to determine the
number of ghrelin-IR cells in the abomasum and the small
intestine histological specimens

Tissue immunohistochemical staining was used to detect ghrelin-
immunoreactive cells. The number of ghrelin-immunoreactive cells was
determined in sections of abomasal and small intestinal tissues. Labelling of
immunoreactive cells was performed using the streptavidin-biotin complex
(Dako REAL ™ EnVision ™ Detection System, Peroxidase/DAB+,
Rabbit/Mouse, Agilent Technologies, USA). The examined tissue samples were
applied to silane-coated slides (HistoBond®+, Paul Marienfeld GmbH & Co.
KG, Germany) and then dried for 12 hours in a thermostat at 37°C. The samples
were then deparaffinised with xylene and rehydrated in a series of ethanol with
decreasing concentrations. After rehydration, the samples were placed in 65°C
buffer with pH 9.0 (Target Retrieval solution, pH 9, Dako, Agilent Technologies,
USA) and treated twice with a break to 70 °C in the a microwave 450W for
5 min to release epitopes to bind the antigen to the antibody. The samples were
then cooled to 22 °C (room temperature) and amplified for 5 min with
endogenous peroxidase blocking reagent (Dako Endogenus enzyme block,
Agilent Technologies, USA) to block endogenous peroxidase. Rat and mouse
polyclonal antibodies (H-031-31, Phoenix Pharma. Inc., USA) at a dilution of
1:500 were used as primary antibodies. To detect immunoreactive cell and
primary antibody responses, the antigen-antibody complex was labelled by
applying a secondary antibody for 30 min and then stained by applying the
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DAB+ complex for 5 min (Dako REAL ™ EnVision ™ Detection System, Agilent
Technologies, USA). Tissues were stained with haematoxylin to provide contrast
to the sample and to avoid artifacts. The stained samples were incubated in a
humid chamber at room temperature and rinsed with phosphate buffer (Wash
Buffer, pH 7.4, Dako, Agilent Technologies, USA).

Histological sections of the pyloric part of a dog's stomach were used as a
positive control for ghrelin antibodies. The same samples were used as negative
controls; however, they were treated with an antibody diluent instead of the
primary antibody (they did not show an immune response to ghrelin).

The quantitative composition of immunoreactive cells was evaluated in each
sample in 10 fields of vision by determining the mucosal area of 1 mm? and the
number of positive cells in it.

Samples were examined at 400x magnification with an EVOS M5000
(Invitrogen™, USA) microscope. The examinations were performed at Latvia
University of Life Sciences and Technologies, Faculty of Veterinary Medicine,
Laboratory of Comparative Pathology of the Preclinical Institute

1.12. Statistical data analysis

Data distribution was determined using the Shapiro-Vilk test and by visual
evaluation of the box-plot, histograms and normal Q-Q plot graphs. The
assumption of homogeneity of the dispersions was tested by the Levene’s test.
To determine whether there were statistically significant differences among the
three and/or more independent groups, a one-way ANOVA was performed with
the Tukey post-hoc test (if data were normally distributed, homogeneous and did
not contain outliers) (heart rate, respiratory rate, temperature, haematology,
blood biochemistry, analysis of changes in calf live weight, number of
methanogenic microorganisms, gastrointestinal pH and mass of multi-
chambered stomach compartments). Otherwise, the Kruskal-Wallis H test with
pairwise comparisons using Dunn’s procedure (1964) with a Bonferroni
adjustment was performed (analysis of faecal consistency, methane and carbon
dioxide concentrations, gastrointestinal histological specimen parameters and
analysis of ghrelin-immunoreactive cell counts). Post-hoc comparisons are made
when three or more groups need to be compared. To do this, specific indices are
used to adjust for the p-value. The choice of indices depends on the number of
groups, data distribution, study design balance and data variance. For example,
for a small number of groups (up to five pairs) with the same variance and normal
data distribution, the Tukey test is used, whereas Bonferroni correction is used
when the number of groups is high or the data are not normally distributed. The
Mann-Whitney U test, the independent sample T-test, or the Welch’s test were
used to determine whether there was a statistically significant difference between
the two groups. The linearity of the relationship and the direction between the
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two variables were estimated using the Spearman rank or the Pearson correlation
test.

The software package SPSS Statistics Version 22 (IBM Corporation,
Chicago, Illinois) was used for data analysis. All statistical analyses were
performed at a significance level of 0=0.05, and data are presented as
mean =+ standard deviation if they belong to the interval or ratio scale, were
normally distributed, do not contain significant outliers or the median and
interquartile range if data belong to the ordinal scale and are no normally
distributed and/or contain significant outliers. Microsoft Excel 2016 (Microsoft
Corporation, USA) was used to create the charts.

2. RESULTS AND DISCUSSION

2.1. Effects of feeding Jerusalem artichoke concentrate and its
synbiotic with S.cerevisiae on haematological and biochemical
blood parameters

Blood tests can provide important information about the health of individual
calves and the herd as a whole. However, it should be kept in mind that calves,
especially newborns, as well as calves in the transition period from milk to solid
feed, are not fully comparable to adult cows as they are not yet considered
complete ruminants. Differences are also observed in blood tests, which are
affected not only by the age of the calf but also by various other factors such as
the type of feed ingested and the different feed additives (Dillane et al., 2018;
Mohri et al., 2007). The type of feed and the feeding regime are of particular
importance at about 5 weeks of age, when calves begin to eat more solid feed
(hay, starter) (Reece, 1980).

In this study, the haematological parameters (white blood cell count, red
blood cell count, haematocrit, haemoglobin level and platelet count) were
determined at all blood sampling times in calves of the PreG (prebiotic group),
SynG (synbiotic group) and CoG (control group) groups. There were no
significant differences among groups, p>0.05.

Erythrocyte count increased steadily with age, and haematocrit and
haemoglobin concentrations tended to increase with age in both the calf-
supplemented and the control group. Similar observations have been noted in a
study of 65 Holstein Friesian calves from birth to 24 weeks of age (Jezek et al.,
2011). In calves, the erythrocyte count increased after 5 weeks of age; similar
dynamics were observed for haemoglobin and haematocrit. The rates increased
until the 2" week of calf life, then decreased to 6 weeks of age and subsequently
increased with age. Lower erythrocyte count, and lower haemoglobin and
haematocrit levels could be explained by a decrease in erythrocyte production
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after birth; also, the lifespan of intrauterine erythrocytes circulating in the body
is shorter (Harvey, 1997). In turn, after 5 — 6 weeks of life, the number of
erythrocytes, as well as the haemoglobin and haematocrit levels increased, which
most likely because of the consumption of more solid feed (starter, hay), which
contains more iron than milk (Reece, 1980).

As already mentioned, not only the age of the calves but also the feed
additives can affect the results of the blood tests. In this study, Jerusalem
artichoke concentrate (48.5 — 50.1% inulin) and its combination with the yeast
Saccharomyces cerevisiae (strain 1026) were not found to significantly affect
erythrocyte count, haemoglobin level and the haematocrit. A study with calves
from birth to 6 months of age fed an additional 10 g of S.cerevisiae (Yea-Sacc
1026) per calf per day reported similar results. Yeast feeding did not significantly
affect erythrocyte count and haemoglobin level (Mikolaychik et al., 2020). In
another study with Holstein calves from 1 to 56 days of life fed prebiotic inulin
at a doses of 3 g and 6 g per calf per day, this feed additive did not affect the
erythrocyte count in calves of the study groups compared to those of the control
group; similar observations were made for the haematocrit level. In contrast to
the present study, on day 56, the level of haemoglobin in the red blood cells was
significantly higher in the group of calves supplemented with 3 g of inulin per
day, p<0.05, than in the other groups (Krol, 2011).

The literature suggests that white blood cell count is higher in calves than in
adults and is more variable than other haematological parameters (Kraft, 1999).
In the present study, the number of leukocytes in all groups of calves and also
during the entire experiment was similar; it also did not change significantly
depending on the age of the calves. Similar results on leukocyte count were
obtained in the aforementioned study by Mikolaychik and colleagues (2020) with
calves from birth to 6 months of age fed an additional 10 g of S.cerevisiae
(Yea-Sacc 1026) per calf per day; this feed supplement did not affect the number
of white blood cells in the blood. In contrast, Kr6l (2011), in a study with
Holstein calves from 1 to 56 days of life supplemented with 3 and 6 g of inulin
per calf per day, noted that calves that received 6 g of inulin had a significantly
higher white blood cell count compared to the other groups at day 56 of the study,
p<0.05. However, this study did not determine whether the feed additives
directly affected leukocyte counts or whether they were affected by other factors,
such as the general health of the calves or stress.

In the present study, the platelet count in all groups of calves on days 1, 28
and 56 was not significantly different, p>0.05. Other authors have shown that the
platelet count in calves increased during the first 3 months of life (Mobhri et al.,
2007; Brun-Hansen et al., 2006), but no such trend was observed here. Although
the platelet count increased in all groups of calves and was higher in
8 — 9-week-old calves than in 4 — 5-week-old ones, the platelet count in
12 — 14-week-old calves was reduced and was even lower than at 4 — 5 weeks of
age; however, this difference was not significant. Thus, the highest platelet count
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in all groups was observed at 8 — 9 weeks, with the highest levels in the group of
calves that received 12 g of Jerusalem artichoke concentrate containing 6 g of
prebiotic inulin and 5 g of S.cerevisiae strain 1026. In a study with Holstein
calves from 1 to 56 days of life supplemented with 3 and 6 g of inulin per calf
per day, the lowest platelet count was observed at 2 to 4 days of age and at
56 days of age (8 weeks) in calves receiving inulin at 3 g per day, but the highest
platelet count at 2 — 4 days of age and at 56 days of age was observed in calves
receiving inulin at a dose of 6 g per calf per day. However, the differences
between the groups were not significant (Krél, 2011).

Total protein (TP), albumin and globulins are important biochemical
parameters in the blood serum and can provide crucial information on the general
health of an animal. In this study, the serum TP level increased with increasing
age in all groups, but the lowest serum TP level on day 56 of the study was
59.4+2.63 g Lt in SynG calves, which was significantly lower than that in PreG
calves 65.4+3.34 g L, p=0.017. The total serum protein level of the control
calves was 62.3+2.63 g L't and did not differ significantly from that of the SynG
and PreG calves. Similar results have been observed for yeast in a 12-week study
in 75-day-old buffalo calves fed S.cerevisiae at 30 and 60 g per calf per day. At
the end of the study, the serum TP level in these calves was not significantly
different but still lower than that in the control calves (Abdalla et al., 2013).
Contrary results were observed in a study in which sheep were fed S.cerevisiae.
In sheep fed yeast, the serum TP level was higher than that in sheep of the control
group (El-Ashry et al., 2003). Similar observations have been reported by
Hossain and colleagues (2012) for calves fed S.cerevisiae at doses of 5 and 10 g.
Also in this study, the serum TP level was higher in yeast-fed calves than in
control calves, and it was significantly higher in calves fed 10 g of S.cerevisiae
per day than in control calves, p<0.05. A study by Hassan et al. (2016), in which
Holstein Friesian crossbred calves were additionally fed 2.5 and 5 g of
S.cerevisiae per calf per day from birth to 90 days of age (Yea-sacc 1026), these
calves also showed significantly higher serum TP levels than control calves,
p=0.004. The authors explained these findings with the better absorption of
protein from the digestive tract.

In the present study, the serum TP level was only marginally higher in the
group receiving Jerusalem artichoke concentrate containing 48.5 — 50.1%
prebiotic inulin that in the control calves. In contrast, Toth and colleagues (2020),
feeding prebiotic inulin at a dose of 18.7 g per calf per day, observed that on day
60 of the study, the serum TP level was significantly lower in the inulin-treated
calves than in the control calves, p<0.05. This decreased in TP might have been
caused by increased fermentation in the small intestine and the consequent
increased inflow of nitrogen into the large intestine as a result of microbial
processes (Verdonk et al., 1998).

Regarding albumin, its serum level was similar in all groups and did not differ
significantly with increasing age of the calves, p>0.05. Similarly, in the above-
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mentioned study by Hossain and colleagues (2012), using calves fed S.cerevisiae
at doses of 5 and 10 g, no significant difference in albumin levels was observed
between the groups of calves fed yeast and the control group. Similar results were
obtained by Téth and colleagues (2020) in a study with calves fed the prebiotic
inulin at a dose of 18.7 g per calf per day. The researchers observed that inulin
had no effect on serum albumin.

In the present study, the serum globulin levels in calves of the PreG and SynG
groups increased with age, whereas in the CoG group, the globulin level
decreased in the middle of the study but increased at the end of the study, as in
the other groups. On day 56 of the study, the highest serum globulin levels were
found in PreG calves 29.4+4.45 g L, followed by CoG calves 28.7+1.70 g L*!
and SynG calves 23.9+2.66 g L'%; PreG calves had significantly higher serum
globulin level than SynG calves, p=0.042. Similar results were obtained in a
12-week study in 75-day-old buffalo calves fed S.cerevisiae at 30 and 60 g per
calf per day. Serum globulin level in these calves at the end of the study was
lower than that in control calves, although this difference was not significant
(Abdalla et al., 2013). The opposite results were obtained in a study by Hossain
and colleagues (2012) with calves fed 5 and 10 g of S.cerevisiae; the serum
globulin level was higher in yeast-fed calves than in control calves. Also in a
study with 24 Holstein Friesian crossbred calves from birth to 90 days of age
which were fed an additional 2.5 and 5 g of S.cerevisiae per calf per day
(Yea-sacc 1026), significantly higher serum globulin levels were observed,
p=0.004 (Hassan et al., 2016).

Based on the results for total serum protein, aloumin and globulin levels, it
cannot be unequivocally stated that feeding Jerusalem artichoke concentrate with
its prebiotic inulin and S.cerevisiae strain 1026 can significantly affect the serum
levels of these parameters.

In the framework of this study, the blood glucose levels in 4 — 14-week-old
calves varied but did not differ significantly depending on the age of the calves;
however, differences in blood glucose levels were observed depending on the
feed supplement. Blood glucose levels were highest in the SynG group on days
1 and 28 of the study, but they did not significantly differ among all groups,
p>0.05. In contrast, on day 56 of the study, the mean blood glucose level of CoG
calves was significantly lower 5.3+0.38 mmol L than that in the group of calves
that received Jerusalem artichoke concentrate in addition to their diet and in the
group of calves that received this concentrate in combination with S.cerevisiae
strain 1026 (6.6+£0.48 mmol L, p=0.001 and 6.5+0.40 mmol L, p=0.002,
respectively). The higher blood glucose level in calves supplemented with
S.cerevisiae could be explained by the fact that yeast improves nutrient digestion
and increases the production of propionic acid in the rumen, which is further used
to produce glucose during hepatic gluconeogenesis (Hassan et al., 2016). The
results obtained here are similar to those observed by Hossain and colleagues
(2012), who also noted that S.cerevisiae supplementation (5 and 10 @)
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significantly increased (p<0.05) the serum glucose level of growing calves.
Similar observations have been made about the effect of this yeast on the blood
glucose level in dairy cows (Szucs et al., 2013). In a study with 24 Holstein
Friesian crossbred calves from birth to 90 days of age fed 2.5 and 5 g of
S.cerevisiae strain 1026 per calf per day, significantly higher blood glucose
levels were observed compared to the control group (Hassan et al., 2016). In
contrast, Dobicki and colleagues (2005), in calves from birth to day 120 that
received 1 — 4% of S.cerevisiae with milk and concentrate, showed significantly
lower blood glucose levels (p<0.05) for this group than for the control group.

Studies on the effects of the prebiotic inulin on blood glucose are
contradictory. In several studies using the prebiotic inulin, feeding inulin did not
affect the blood glucose level. For example, in a study with calves from birth to
day 63, which received 18.7 g of inulin per calf per day in their diet, no significant
differences in blood glucose levels were observed compared to control calves
(Téth et al., 2020). Contrary results were obtained in a study with Holstein calves
fed an additional inulin dose of 3 and 6 g per calf per day from birth to day 56 of
life. These calves had higher blood glucose levels at the end of the study than
those in the control group, but this difference was not significant, p>0.05 (Krol,
2011). This could be explained by a higher amount of energy absorbed and the
higher energy use in the tissues. In calves, higher blood glucose levels are closely
associated with better weight gain (Kr6l, 2011), which was also observed in the
present study.

Regarding urea (UREA) and creatinine (CREA), the levels of these blood
serum biochemistry parameters may be altered with renal impairment
(Hammond, 1998). Several studies have shown that serum UREA levels vary
with calf age and may be affected by the feed (Knowles et al., 2000; Abdalla et
al., 2013). At the start of our study, the mean age of the calves was 32+4 days,
and at the end of the study, the age was 88+4 days; the mean serum UREA levels
of CoG and SynG calves increased over time and reached 4.5+0.91 mmol L7,
and 3.4+0.47 mmol L, respectively. In contrast, calves in the PreG group had
even lower serum UREA levels at the end of the study than at the beginning of
the study (3.2+0.61 mmol L and 3.8+0.54 mmol L, respectively). Knowles
and colleagues (2000), in an 83-day study with 14 calves, noticed a sharp
decrease in UREA levels after birth until day 10, but after day 40, the blood
UREA level gradually increased and reached the lower limit of the UREA
reference range of adult cows at the end of the study. The serum UREA level at
the end of the study in calves which received feed additives was lower than in
CoG calves and it did not reach the lower limit normal reference range of adult
cows (3.57 mmol L) (Radostits et al., 2006). Similar results were obtained in a
12-week study with 75-day-old buffalo calves fed S.cerevisiae at 30 and 60 g per
calf per day; the serum UREA level in these calves during the study was lower
than that in the control calves (Abdalla et al., 2013). In another study with
Holstein calves from 1 to 56 days of life supplemented with the prebiotic inulin
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at 3 and 6 g per day per calf, the serum UREA level was significantly higher in
the control group than in calves fed inulin, p<0.01 and p<0.05, respectively
(Krol, 2011). The UREA level in the blood decreases with increasing energy
intake from food, most likely because of the more efficient use of the nitrogen
contained in UREA in the rumen (Hammond, 1998) and the increase in protein
synthesis in the rumen by microorganisms (Blowey et al., 1973). In another study
in calves from birth to day 63, the serum UREA level was not reduced in the calf
group that received 18.7 g of inulin per calf per day but was similar to the level
detected in the control group (T6th et al., 2020).

In the present study, the serum CREA level varied throughout the
experimental period; only in the SynG calf group, the CREA level gradually
increased with age. At day 56, the serum CREA level of 79.8+4.24 mmol L in
CoG calves was significantly higher than those in PreG and SynG calves
(68.942.85 mmol L%, p=0.001 and 70.1+3.58 mmol L1, p=0.003, respectively).
When comparing the mean serum CREA levels of PreG and SynG calves, a
significant difference was found, p=0.001. Similar results were obtained in a
12-week study in 75-day-old buffalo calves fed S.cerevisiae at 30 and 60 g per
calf per day. The serum creatinine levels in these calves also varied over time,
although the differences between the experimental and the control groups were
not significant (Abdalla et al., 2013). As CREA is a product of the breakdown of
creatine and creatine phosphate in the muscle (Yu, 2019), the serum
concentrations of this indicator increase only under severe renal impairment
(Kraft and Durr, 1999a). Thus, it can be concluded that the Jerusalem artichoke
concentrate added to the diet and its combination with S.cerevisiae strain 1026
did not affect the metabolic processes in the muscles.

Both GGT (gamma-glutamyltransferase) and AST  (aspartate
aminotransferase) were evaluated to assess possible liver issues; the levels of
both blood serum biochemical parameters did not differ significantly among all
calf groups, p>0.05. El-Ashry and colleagues (2001) and EI-Shaer (2003) also
found no significant effect on serum AST in studies with buffalo calves and
sheep receiving yeast. Similarly, in another study with Holstein calves fed inulin
at 3 and 6 g per day per calf from 1 to 56 days of life, the blood levels of ASAT
did not differ significantly between calves in the inulin group and calves in the
control group (Krol, 2011).

The level of GGT in the blood serum determined within the framework of
this study decreased with age, both in the groups of calves fed the feed
supplements and in the control group; at 13 — 14 weeks, this indicator was already
within the norms of adult cows. In contrast, the serum levels of ASAT were still
lower than those in adult cows, although several studies have shown that ASAT
in calves reaches the level of that in adult cows at approximately 8 — 10 weeks
of life (Mobhri et al., 2007). Thus, neither Jerusalem artichoke concentrate nor its
combination with S.cerevisiae strain 1026 affects the serum levels of AST and
GGT in calves.
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2.2. Effects of feed additives on changes in calf live weight

Prebiotics can have a positive effect on ruminant productivity by enhancing
the daily weight gain of calves during milk feeding and solid feeding periods and
by improving the usability of feed during the solid feeding period (Heinrichs et
al., 2009). The results of this study show that Jerusalem artichoke concentrate
with its prebiotic inulin (48.5 — 50.1% of the total composition), which was added
to calf feed once a day, promotes a faster increase in calf live weight.

The increase in live weight was higher in groups of calves fed 12 g Jerusalem
artichoke concentrate (contains prebiotic inulin (6 g)) and 12 g Jerusalem
artichoke concentrate (inulin content 6 g) in combination with 5 ¢
Saccharomyces cerevisiae (strain 1026) than in calves in the control group. The
mean live weight gain of the PreG group calves throughout the study was
65.8+6.57 kg, which was also significantly higher than that of the CoG group
calves — 36.847.98 kg, p=0.002. Also, the increase in live weight of
62.6+13.75 kg for SynG calves was significantly higher than that for CoG calves,
p=0.004 (Table 1).

Expressed as percentage, at the end of the study, the live weight had increased
by 48.7% for the PreG group, by 48.2% for the SynG group and by 31.7% for
the CoG group. Thus, live weight gain was 17% higher for PreG calves than for
CoG calves but 16.5% higher for SynG calves than for CoG calves. These results
are similar to those published by other researchers who used the prebiotic inulin
in their studies and also observed significantly better increases in calf live weight
(Verdonk, Van Leeuwen, 2004; Webb et al., 1992). Another study, using the
same Jerusalem artichoke concentrate with an inulin content of 48.5 — 50.1% at
doses 6, 12 and 24 g, also showed better weight gain in the prebiotic groups,
especially in the group that received 24 g of Jerusalem artichoke concentrate
containing 12 g of the prebiotic inulin per day (Ilgaza et al., 2016). Krél (2011)
observed good results in his 56-day study with 36 Holstein dairy calves. He fed
calves with 3 and 6 g of inulin per day and found that calves receiving 6 g of
inulin had a significantly higher live weight at the end of the study than calves
receiving 3 g of inulin and calves from the control group, p<0.01.

Prebiotics have a positive effect on the gastrointestinal microbiome by
promoting the growth and multiplication of the beneficial intestinal microflora
and inhibiting the proliferation and adhesion of pathogenic microorganisms to
the intestinal mucosa, which may also be a possible explanation for the better
growth in calves (Krdl, 2011). However, it should be noted that in rumen of adult
ruminants, intense enzymatic processes occur, and inulin may be completely
fermented and may not reach further parts of the digestive tract (Van Leeuwen,
Verdonk, 2004). In the rumen, prebiotics are mainly fermented by various
bacteria that use them as an energy source (Samanta et al., 2013; Oztiirk, 2008).
Thus, in the rumen of adult ruminants, prebiotics may be fully fermented, and
their effects may be lost. However, in calves fed mainly milk or milk replacer,
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the rumen has not yet developed, and such calves can be considered monogastric
animals for some time (Van Leeuwen, VVerdonk, 2004). The rumination process
in calves begins at about 6 to 8 weeks of age, and the rumen makes up about 70%
of all stomach compartments. However, calves can be considered complete
ruminants from the age of 12 weeks, when their rumen has developed to a level
that can digest solid feed (Govil et al., 2017). Thus, it can be concluded that the
effects of prebiotics, including inulin, are best seen in calves before they become
complete ruminants. The calves included in our study were in the transition age
from relatively monogastric to fully ruminant (mean age 4 to 5 weeks at the
beginning of the study and 13 to 14 weeks at the end of the study), and it can
therefore be assumed that the prebiotic inulin contained in Jerusalem artichoke
was not fully fermented in the rumen but also reached further parts of the
digestive canal.

In the present study, one group of calves was also fed synbiotic (12 g
Jerusalem artichoke concentrate containing 6 g of the prebiotic inulin in
combination with 5 g of S.cerevisiae strain 1026), which significantly improved
the live weight gain of the calves over 56 days. At the end of the study, the
increase in live weight of calves fed synbiotic was 62.6+13.75 kg, which was
significantly higher compared to the increase in live weight of CoG group calves
36.8+7.98 kg, p=0.004. Previous studies have also shown that not only prebiotics
or probiotics but also the combination of the two additives — synbiotics, can
improve the growth performance of animals. For example, Lesmeister and co-
authors (2004) observed that calves fed 2% S.cerevisiae over 42 day study had a
15.6% increase in live weight gain than calves in the control group. However,
Roodposhti and Dabiri (2012) observed that the average daily weight gain of
calves increased significantly when 1 g of probiotic containing seven bacterial
strains and two yeast strains, with 2x10° CFU g%, and 4 g of prebiotic containing
polysaccharides from the cell wall of S.cerevisiae were added to the feed for
8 weeks. Other authors reported that probiotics can be used successfully as
growth promoters. For example, Di Francia and co-authors (2008) observed that
the 12-week-long addition of S.cerevisiae yeast culture products to a diet of
10-day-old calves at a dosage of 26 g dry matter improved the mean daily weight
gain compared to the control group. Similarly, in a study by Nehru and
colleagues (2017), with 2-week-old Holstein crossbred calves fed the probiotic
S.cerevisiae strain 1026 at 2 g (1x10° CFU) for 16 weeks, there was a significant
improvement in daily live weight gain (560.27+8.56 g) compared to control
calves (512.28+6.52 g). Similar results were obtained in another study in which
the yeast S.cerevisiae, at a dosage of 2.5 and 5 g, was added to the diet of 24
newborn Holstein calves for 90 days (Hassan et al., 2016). Another study, in
which 7 — 10-day-old buffalo calves were fed Jerusalem artichoke meal at
dosages of 8, 16 and 24 g per day over a period of 120 days, albeit with a much
lower inulin content (15 — 20%), also showed increased weight gain in all groups
of experimental calves compared to control calves (Khare et al., 2018). However,
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other studies that have shown the opposite results. For example, Téth and co-
authors (2020), in their 60-day study with Holstein calves fed mannan
oligosaccharides (MOS) at 18.7 g per day and inulin at 18.7 g per day, showed
no positive effects on calf weight and daily weight gain compared to calves of
the control group.

In the framework of our study, we wanted to find out whether the addition of
5 g of S.cerevisiae strain 1026 to 12 g of Jerusalem artichoke concentrate (inulin
content 6 g) improved the weight gain of calves compared to the group of calves
that only received 12 g of Jerusalem artichoke concentrate. Total weight gain and
daily weight gain, although not significant, were higher in calves fed only
Jerusalem artichoke concentrate containing the prebiotic inulin (total weight gain
during the study of 65.8+6.57 kg and daily weight gain of 1.17+0.11 kg,
respectively), but in combination with S.cerevisiae strain 1026, the growth rates
of calves were not as high: 62.6+£13.75 kg and 1.11+0.24 kg, although they were
still significantly higher than those of control calves: 36.8+7.98 kg,
0.65+0.14 kg, p=0.004. This could be explained by the ability of the yeast to
ferment the carbohydrate inulin. Lim and colleagues (2011) found that
S.cerevisiae strain KCCM50549 can efficiently ferment inulin-containing
carbohydrates in Jerusalem artichoke. Another strain of S.cerevisiae (NCYC625)
can also ferment inulin, albeit to a lesser extent. Analysing the results obtained
in the study, it can be assumed that it was the partial fermentation of inulin that
caused the slightly lower growth rates in calves of the SynG group compared to
those of the PreG group.

The economic benefit of selling one calf and considering the cost of the feed
additive fed to calves, but excluding other costs related to the rearing of the calves
(feed costs, veterinary expenses, salaries of farm workers and other expenses)
was EUR 196.08 in the PreG group and EUR 186.60 in the SynG group, which
was EUR 21.78 and EUR 12.30 more than for each calf in the control group,
respectively.

2.3. Number of ghrelin-immunoreactive cells in the digestive
tract of 13 — 14-week-old calves depending on the feed
additives

Ghrelin is a hormone that plays an important role in the regulation of various
physiological processes. It affects the growth and development of the body by
promoting the release of growth hormone from the pituitary gland (Masuda et
al., 2000; Date et al., 2000a) and plays an important role in regulating hunger and
satiety (Coll et al., 2007; Stanley et al., 2005).

In ruminants, ghrelin is mainly produced in the endocrine cells of the
abomasal mucosa (Hayashida et al., 2001). In the stomach, more ghrelin-
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containing cells are found in the area of the fundic glands (Figure 1) and, albeit
to a lesser extent, in the area of the pyloric glands.

Ghrelin-producing cells are also found in the intestines but are less abundant
than in the abomasum and gradually decrease from the duodenum to the colon
(Date et al. 2000a) (Figure 2).

In our study, the number of ghrelin-immunoreactive (IR) cells in the
abomasum fundic gland area was higher in both control calves and calves that
received feed additives in addition to feed than in the pyloric gland area; the
number of these cells was markedly lower in the duodenum and in the middle
part of the jejunum (Table 2).

In a study of 16 2-month-old sheep fed the same diet but with different
feeding regimens (group 1 — ad libitum, group 2 — ad libitum and intravenous
ghrelin injection (1 g kg™), group 3 — fed once daily, group 4 — fed twice a day),
that lasted for 1 month, the number of ghrelin-IR cells in the cardiac, fundic and
pyloric gland areas of the abomasum did not differ significantly among the
different groups (Ozfiliz et al., 2011). In our study, all groups of calves received
the same standard diet and feeding regime, only the added feed additives differed.
Thus, it can be assumed that it was the feed additives that affected the number of
ghrelin IR cells. The numbers of ghrelin-IR cells in the abomasum, duodenum
and jejunum were higher in control calves and lower in calf groups fed with
Jerusalem artichoke concentrate or this concentrate in combination with
S.cerevisiae strain 1026. For example, the number of ghrelin-IR cells in control
calves in the area of the fundic glands of the abomasum was Me=12,
IQR 10 — 14, PreG Me=6, IQR 4 — 9, but SynG Me=5, IQR 5 — 8 (Table 2). A
higher number of ghrelin-IR cells in the gastrointestinal canal indicates a more
pronounced ghrelin secretion. As ghrelin is produced in response to hunger and
decreases after a meal when the animal has a feeling of satiety (Nakazato et al.,
2001; Wren et al., 2000), it can be assumed that calves of the control group
experienced greater hunger than calves who received feed additives. Various
studies have shown that different feed additives can improve nutrient
digestibility, and therefore, the same dose of feed keeps the animals feeling full
and improves the usability of the food they have ingested. For example, Sullivan
and Martin (1999) reported that the addition of S.cerevisiae to cow feed
improved cellulose digestibility, whereas Samanta and colleagues (2012) found
that the addition of the prebiotic fructooligosaccharides (FOS) to feed
significantly improved the digestibility of organic matter and dry matter in the
rumen.

There is limited information about the changes in the intake of ghrelin-IR
cells due to food intake. However, in a study in rats, the number of ghrelin-IR
cells in the stomach increased significantly after 7 days of fasting, but the number
of active cells decreased to normal levels after eating (Sonmez, Ozan, 2007).
Thus, elevated blood glucose levels inhibit ghrelin secretion after eating (Date et
al., 2002b). However, in our study, no correlation was found between the number
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of ghrelin-IR cells in different parts of the digestive canal and blood glucose
levels, r=0.080 n=9 p=0.839.

A lower live weight could also indicate more pronounced hunger and poorer
feed digestibility or lower feed intake over time. Although the live weight of
calves in the control group was 115.3+21.73 kg and was lower than that that of
calves supplemented with feed additives (PreG 130.0+17.32 kg and SynG
119.0+£7.93 kg), no correlation was found between the number of ghrelin-IR cells
in different parts of the digestive canal and the live weight of calves on day 56
of the study, r=0.025, p=0.948.

2.4. Changes in the internal pH of calves in different parts of
the digestive canal depending on the feed additives
(post-mortem)

Intensive microbial processes take place in the forestomaches, which result
in the fermentation of various nutrients and the production of many different
organic acids. Some of them may accumulate and lower the pH of the rumen
content if the buffer capacity of the rumen fails to neutralise their effects. A low
pH of the internal rumen environment over a long period can adversely affect
food intake, the growth and activity of microorganisms in the rumen and the
degradation of nutrients, resulting in acidosis, inflammation, laminitis, diarrhoea.
Therefore, pH regulation of the internal environment of the rumen is the most
important factor in maintaining optimal rumen functions (Chaucheyras-Durand
etal., 2012).

In our study in calves, the pH of the internal environment (content) in
different parts of the digestive canal was determined within 10 min after
slaughter; Jerusalem artichoke concentrate (contains prebiotic inulin) and
Jerusalem artichoke concentrate in combination with the yeast S.cerevisiae
affected the pH in different parts of the digestive canal.

The pH of the internal environment in the area of the atrium ruminis was
7.5+£0.85 pH units for PreG group calves and 7.1+0.12 pH units for CoG group
calves. The pH in the rumen ventral sac was 7.5+0.60 pH units for PreG group
calves and 7.1£0.10 pH units for CoG group calves. The values were similar for
the groups; although the calves in the PreG group had a higher pH in the rumen,
this difference was not statistically significant, p>0.05. Similar studies have
shown that prebiotic inulin affects the pH of the rumen content by increasing it.
For example, Krol and co-authors (2011) carried out a 56-day study of 108
Holstein calves fed inulin at doses of 3 and 6 g per calf with a milk replacer and
found a lower rumen pH in the control group, p<0.05, compared to the inulin
group calves, especially in the group of calves receiving inulin 6 g day™. The
same authors also studied the effect of MOS on the pH of the rumen content.
They fed a prebiotic MOS at a dose of 4 g d** per calf and observed a significant
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increase in rumen pH compared to control calves. Similar results were obtained
with 3 and 6 g of this prebiotic. Contrary results were observed in an in vitro
study using inulin from Jerusalem artichoke powder, which did not significantly
affect the pH of the rumen content (Oztiirk, 2008). Another in vitro study showed
similar results and concluded that the prebiotic inulin did not significantly affect
the pH of the rumen content (Umucalilar et al., 2010).

If the Jerusalem artichoke concentrate with the high level of inulin maintained
the pH of the internal environment of the rumen at a high level, then the results
of the study on synbiotic showed the opposite pattern. The pH of the internal
environment in the rumen of the atrium ruminis for CoG group calves was close
to neutral, with 7.1+0.12 pH units, and significantly higher than that for SynG
group calves, for which the rumen content reaction in this area was markedly
acidic with 4.7+0.15 pH units, p=0.003. A similar situation was observed in the
rumen ventral sac. The SynG group calves showed a pH of 4.8+0.30 pH units,
which was significantly lower than that in the CoG group calves with pH
7.14£0.10 pH units, p<0.001. The rumen pH values of the PreG group calves were
also significantly higher than those of the SynG group calves, p<0.001 (Table 3).

Surprisingly, in the SynG group, the rumen pH values were markedly low
because the calves may have been starved for too long before being slaughtered,
which had resulted in an increased amount of volatile fatty acids in the rumen.
Alternatively, the calves have been denied access to water for a long time, which
reduced the amount of saliva. Saliva has buffering properties and can reduce the
level of acid in the rumen. In the SynG group calves, the pH in the oral cavity
was 7.6+0.21, significantly lower than in the PreG group calves with 8.6+0.35,
p=0.008.

Decreased pH values of the rumen content in cows supplemented with
S.cerevisiae have been reported by other researchers. For example, in a 60-day
study with 36 Holstein cows fed S.cerevisiae (strain 47) at doses of 2, 4, 6, 8 and
10 g d* per animal, the authors concluded that all animals in the experimental
groups had a rumen content pH significantly (p <0.01) lower than that of the
control group (for example, the pH of the group fed 6 g of yeast was 6.11+0.01,
but the pH of the control group was 6.3+0.10; however, these differences were
not statistically significant, p>0.05 (Dolezal et al., 2005).

Although in the above study, the authors obtained convincing results that
yeast reduces the pH of the rumen content, in several studies, S.cerevisiae
increased the pH of the internal environment of the rumen. In a study with
Holstein cows fed 3 g of live yeast for 3 weeks (BIOSAF Sc 47), the authors
observed that the rumen content had a significantly higher pH in cows fed yeast
than in control cows, p<0.001. In cows that received the yeast, the pH was
5.9 — 6.7 (mean 6.26), but in control cows, it ranged from 5.90 to 6.60 (mean
6.16) (Kiizova et al.,, 2011). In another study with 20 calves fed 5 g of
S.cerevisiae strain 1026 for 3 months, the authors observed that the pH of the
rumen content was significantly higher in the probiotic group with 6.53+0.06 pH
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units than in the control calves with 6.1+0.15 pH units, p<0.05 (Eladawi et al.
al., 2020).

In an in vitro study by Chaucheyras and colleagues (1996), S.cerevisiae was
able to suppress Streptococcus bovis bacteria, which use sugars for their growth,
because yeast cells had a higher ability to bind to sugars. This reduced the amount
of freely available fermentable substrates required for bacterial growth, thereby
reducing the amount of lactate produced and stabilising the pH of the rumen
environment. Other authors have reported similar conclusions (Bach et al.,
2007). Chaucheyras and colleagues (1996) observed that S.cerevisiae also
stimulates the growth of cellulolytic bacteria, which also helps maintain a higher
rumen pH.

In our study, the pH in the middle part of the colon was significantly higher
in both PreG calves 6.5+0.38 and CoG calves 6.0+0.12 than in SynG calves
5.34+0.15 (p=0.044 and p=0.002, respectively). We also observed that the pH of
the calves of the prebiotic group was slightly higher than that of the calves of the
control group in both the middle part of the jejunum and the middle part of the
colon, although this difference was not significant, p>0.05 (Table 4).

We could not find any previous studies on the effects of prebiotics, probiotics
and synbiotics on ruminant intestinal pH. However, such studies have been
performed on other animal species. Tzortzis and co-authors (2005) reported that
the prebiotic inulin at a dose of 40 g kg™ added to pig feed in a 33 — 35-day
experiment significantly increased the number Bifidobacterium, increased acetic
acid levels and decreased intestinal pH compared to the controls. These results
were consistent with those reported by Juskiewicz and colleagues (2006), who
observed a decrease in intestinal pH in turkeys fed 2% FOS for 8 weeks. Uyeno
and colleagues (2015) claim that probiotics in cattle reduce the growth of
pathogens in the intestine, reduce the pH of the contents and improve the
immunity of the intestinal mucosa.

2.5. Effect of feeding Jerusalem artichoke concentrate and its
combination with the yeast on the development of certain
parts of the digestive canal of calves at 13 — 14 weeks of age

The transition period from milk feeding to solid feeding in calves is
associated with various physiological and morphological changes in the digestive
canal, which undergoes rapid microbial and structural changes (Meale et al.,
2017). Different feed additives can affect the development of different rumen
and intestinal structures in ruminants.

In the framework of this study, neither Jerusalem artichoke concentrate
(contains prebiotic inulin) nor Jerusalem artichoke concentrate in combination
with the yeast S.cerevisiae (strain 1026) had a significant effect on total stomach
mass, forestomach and abomasum mass, p>0.05. The highest total stomach mass
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was 4.4+0.4 kg in PreG calves, followed by 3.6+0.22 kg in SynG calves and
3.9+0.53 kg in CoG calves. The forestomach mass (reticulum, rumen and
omasum) was also highest in the PreG group calves with 3.7+0.3 kg, slightly
lower in the CoG group calves with 3.2+0.39 kg and lowest in the SynG group
calves with 2.9+0.38 kg. In turn, the weight of abomasum in CoG group and
PreG group calves was 0.6+0.14 kg and 0.6+0.1 kg, respectively, whereas in
SynG group calves, it was 0.7+0.16 kg.

The relative weights of the whole stomach, forestomaches and abomasum in
relation to the body weight of calves did not differ significantly among the
groups, p>0.05 (Table 5). Similar conclusions were reached by Xiao and
colleagues (2016), who, in their study with calves receiving 0.5% and 1%
S.cerevisiae fermentation products of dry matter for 52 days, found that this
additive did not significantly affect rumen, reticulum, omasum and abomasum
mass.

The percentage of the abomasum calculated from the total stomach volume
in PreG group calves was 14.6%, whereas in SynG group calves, it was 19.8%
and in CoG group calves 16.2%. However, the percentage of forestomach
volume to the total stomach volume in the PreG group calves was 85.4%,
whereas in the SynG group calves, it was 80.2% and in the CoG group calves
83.8%. However, the differences among groups were not statistically significant,
p>0.05. The results obtained here are very similar to those observed in another
study in 12 — 16-week-old calves. In calves of this age, the forestomaches
account for 85% of the total stomach volume and the abomasum for 15% (Diao
et al., 2017). It can be concluded that the feed additives used in our study did not
significantly affect the development of normal anatomical multi-chambered
stomach compartments in calves.

The effects of S.cerevisiae on structural and functional rumen development
are still subject of debate. In our study, both synbiotic and prebiotic had a positive
effect on the development of rumen papillae. Calves of the prebiotic group had
better results regarding the papillae width of the rumen saccus dorsalis Me=344,
IQR 312 — 431 pum, compared to the calves of the control group Me=282, IQR
246 — 341 pm, p<0.001, but in the area of the rumen saccus ventralis, longer and
wider papillae were observed in calves of the prebiotic group compared to calves
in the control group, although this difference was not statisticallysignificant,
p>0.05 (Table 6).

The width of the papillae of SynG calves in the rumen saccus dorsalis
Me=371, IQR 310 — 475 um was significantly larger than in the calves of the
control group Me=282, IQR 246 — 341 pum, p<0.001 and the papillae length in
the rumen saccus ventralis Me=1647, IQR 1304 — 2203 pum was significantly
higher than that in control calves Me=1113, IQR 850 — 1578 um, p<0.001. These
results are similar to those obtained in a 5-week experiment using fermentation
products of S.cerevisiae at a dose of 1 g per calf per day and 3.5 g per calf per
day where the papillae in the calf rumen were longer and wider (Brewer et al.,
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2014). These observations are consistent with the results reported by Xiao and
colleagues (2016) for a 52-day-long experiment using S.cerevisiae fermentation
products at doses of 0.5% and 1%. In addition, for those calves fed S.cerevisiae,
the authors also observed a decrease in crypt depth in the jejunum.

The SynG calves of the present study showed significantly longer papillae
both in the rumen saccus dorsalis and the rumen saccus ventralis compared to
those in the group that received only Jerusalem artichoke concentrate. This
suggests that the addition of S.cerevisiae (strain 1026) to Jerusalem artichoke
concentrate could potentially accelerate the development of rumen papillae. This
is in contrast to what was reported by Magalhdes and colleagues (2008) for a
70-day experiment where calves were fed a yeast culture (2% of dry matter) and
no significant change in rumen development was observed. Similar results were
observed by Kaldmae and colleagues (2008), who found no significant
differences in the length and width of the rumen papillae and the thickness of the
rumen wall in calves at 1 and 2 months of age when S.cerevisiae was fed at dose
2% of the dry matter for 2 months.

In a 42-day study, a 2% yeast culture only slightly improved rumen
development in calves (Lesmeister, 2004). In this study, the authors observed
that calves in the probiotic group had longer and wider rumen papillae, but these
changes were not significant.

In our study, the thickness of the stratum corneum of the rumen saccus
dorsalis and saccus ventralis was significantly lower in the control group calves
(in both areas Me=9, IQR 7 — 12 um) compared to SynG (Me=17,
IQR 14 — 22 um and Me=25, IQR 15 — 32 um, respectively) and PreG group
calves (Me=33, IQR 24 — 38 um and Me=29, IQR 24 — 36 pum respectively),
p<0.001 (Table 6). The cytoplasm of the cells of this rumen mucosal layer
contains large amounts of keratin, which acts as a physical barrier and reduces
the transport of volatile fatty acids to the deeper layers of the epithelium
(Hinders, Owen, 1965). In addition, the total thickness of the ruminal epithelium
was significantly smaller in CoG group calves than in SynG and PreG group
calves, p<0.001. Contrary results about the stratum corneum and the total
thickness of the ruminal epithelium were obtained in a study in sheep. In this
study, yeast S.cerevisiae at a dose of 2 g per kg dry matter, MOS at a dose of 2 g
per kg dry matter and a combination of both at the same dose were added to the
diet for 42 days, and sheep in the MOS and synbiotic groups showed a thinner
stratum corneum in the rumen compared to those in the control group, p<0.01.
The total thickness of the ruminal epithelium was lower in sheep receiving MOS
compared to the group receiving S.cerevisiae feed supplement, p<0.03, but these
supplements did not affect the width of the rumen papillae (Diaz et al., 2018).

In our study, the mucous membrane of the abomasum in the area of cardiac
glands was significantly thicker in SynG Me=610, IQR 585 — 642 um and PreG
group calves Me=571, IQR 544 - 591 um than in CoG group calves Me=510,
IQR 472 - 558 um, p <0.001. In addition, the mucosal thickness of SynG group
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calves in this zone was significantly greater than that of PreG group calves,
p <0.001.

Mucosal thickness in the fundic gland area was significantly higher in calves
of the SynG group Me=673, IQR 632 — 752 um than in calves of the CoG group
Me=581, IQR 515 — 657 um and the PreG group Me=620, IQR 575 — 660 pm,
p<0.001.

The thickness of the mucous membrane in the area of the pyloric glands was
significantly higher for PreG group calves Me=912, IQR 852 — 1100 pum than for
CoG group calves Me=834, IQR 787 - 896 um and SynG group calves Me=854,
IQR 792 — 900 pum, p<0.001 (Table 7). Thus, both Jerusalem artichoke
concentrate and this feed additive in combination with S.cerevisiae strain 1026
contributed to the increase in abomasal wall thickness and helped to protect the
abomasal wall from the adverse effects of gastric acid.

Little information is available on the effects of S.cerevisiae on digestive
processes in intestines and intestinal development in ruminants, most likely
because yeast cultures are thought to operate primarily in the rumen. In a study
with sheep, Durand-Chaucheyras and co-authors (1998) observed that yeast cells
remained alive in the intestines, suggesting that the effects of yeast may also be
seen in other parts of the digestive canal than just the rumen.

In our study, significant differences were observed between the synbiotic and
control group calves in parameters such as the thickness of the entire intestinal
wall in the middle of the duodenum, jejunum, ileum and in the middle of the
colon as well as the thickness of the mucosa (villi and crypt depth) in the middle
of the ileum and the crypt depth in the colon. All values of these parameters were
significantly higher in calves from the synbiotic group. Other studies have
provided evidence of yeast activity in the intestines, such as a study by Xiao and
colleagues (2016), in which calves were fed S.cerevisiae fermentation products
at doses of 0.5% and 1% of dry matter for 52 days. The researchers observed
longer villi in the duodenum, jejunum and ileum, as well as a smaller crypt depth
in the jejunum (Table 8).

Similar results were observed in a study in piglets, where the authors reported
that piglets fed S.cerevisiae fermentation products at a dose of 5 g kg™ for 21
days had longer villi in the jejunum than control animals (Shen et al., 2009). In a
study with broilers, in which the fermentation products of S.cerevisiae were fed
at 2.5, 5 and 7.5 g kg for 42 days, broilers receiving the yeast had longer
duodenal villi; however, the lowest crypt depth in the duodenum, jejunum and
ileum was observed in broilers fed 2.5 g of probiotic compared to the control
group and the other two probiotic dose groups, but the greatest crypt depth was
observed in the group fed 7.5 g of S.cerevisiae yeast culture supplement (Gao et
al., 2008).

In the present study, the thickness of the entire intestinal wall (villi length and
depth of crypt) in the middle part of the duodenum, jejunum and ileum, as well
as the mucosal thickness in the middle of the jejunum and ileum, was
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significantly greater in the prebiotic group than in the control group. In a study
using inulin, a similar effect on the intestines was observed as in our study. The
study was performed with broilers fed 1% inulin for 5 weeks and showed a
significantly increase in the length of the villi in the jejunum, as well as deeper
crypts in the inulin group (Rehman et al., 2007). This positive effect of prebiotics
on the growth and development of the small and large intestinal mucosa could
be explained by the synthesis of polyamines from prebiotics essential for
intestinal development (Dzelzenne et al., 2000) or by inulin fermentation, which
faciliates short-chain fatty acid production. These acids can promote cell
proliferation in the small and large intestine and result in increased villi length
and crypt depth (Samal, Behura, 2015). However, the opposite results have been
observed in several other studies. For example, Masanetz and colleagues (2010)
reported that in a 20-week experiment in calves fed 2% prebiotic inulin, the
length of villi in the jejunum and ileum was shorter than in control calves. These
results are in line with those reported by Pierce and colleagues (2005), who
observed a similar reduction in villi length after 28 days of inulin addition to
piglets at a dose of 15 g kg™

The morphological development of the intestines essentially indicates the
health state of the entire digestive canal of the animal. Nutrient absorption
decreases with decreasing intestinal villi length (Anonymous, 1999). New
epithelial cells are produced in the crypt of the intestinal mucosa and migrate
through the intestinal villi to the apical end (Schat and Myers, 1991), and the
crypts are therefore considered the "factory” of the villi. Deeper crypts may
indicate faster cell replacement for successful villi regeneration. It is the host's
intestinal response mechanism that seeks to compensate for the physiological
replacement of villi and the atrophy of pathological villi resulting from
inflammation caused by pathogens and their toxins. Longer villi indicate more
mature epithelium and improved absorption due to the increased absorption
surface area. Longer villi also increase the activity of enzymes secreted at their
apical end, resulting in improved nutrient digestibility (Anonymous, 1999;
Newbold et al., 1996).

2.6. Effect of feeding Jerusalem artichoke concentrate
(containing prebiotic inulin) and its combination with
S.cerevisiae strain 1026 on methanogens and the amounts of
CHas and COz2 produced in the rumen of calves

Methanogenesis is a physiological process that produces methane primarily
from the hydrolysis of carbohydrates (Kristensen et al., 2011; Johnson, Johnson,
1995). Enteral CH, is produced by methanogenic microorganisms belonging to
the Archaea domain, phylum Euryarchaeota (Balch et al., 1979). In ruminants,
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methanogenesis occurs primarily in the rumen, to a lesser extent in the large
intestine (Muiloz et al., 2012).

In general, a wide variety of microorganisms can be found in the rumen, with
a variety of prokaryotes, eukaryotes and several species of methanogens (Kumar
et al., 2009; Guo et al., 2005). The most common genus of methanogens in cattle
rumen is Methanobrevibacter (Henderson et al., 2015; Leahy et al., 2013).
Wright and colleagues (2007) identified Methanobrevibacter ruminantium,
Methanobrevibacter thaueri, Methanobrevibacter smithii and Methanosphaera
stadtmanae as the main methanogenic species in the rumen of cattle. The results
of this study were similar to those of Whitford and colleagues (2001), but the
researchers observed that M.ruminantium was the most common methanogenic
species, followed by M.stadtmanae.

Methanogens produce CH,under anaerobic conditions (Guo et al., 2005). For
example, M.smithii produces CH. from CO,, H,, and formate, whereas
M.stadtmanae produces CH4 only by converting methanol with H, (Carberry et
al., 2014). Certain methanogens of the genus Methanobrevibacter (M.smithii,
Methanobrevibacter gottschalkii, Methanobrevibacter millerae and M.thaueri)
are mentioned as the main producers of CH4 in the cow rumen (Danielsson et al.,
2014).

In our study, the occurrence of total prokaryotes (i.e., bacteria and
methanogens) and total methanogens in calf rumen fluid differed significantly
among groups. However, the occurence of total prokaryotes and total
methanogens in faeces, as well as of the individual methanogenic species
M.stadtmanae, M.ruminantium and M.smithii in calf rumen fluid did not differ
significantly between groups, p>0.05.

The total prokaryotes (bacteria and methanogens) in the rumen of the SynG
group calves, which were fed with inulin-containing Jerusalem artichoke
concentrate, were significantly less abundant compared to those of the PreG
calves, p=0.004, and those of the CoG calves (Table 9).

The yeast S.cerevisiae affects the microbiome of the digestive canal in calves,
for example by promoting the growth and activity of lactic acid-using bacteria in
the rumen (Jouany, 2001; Girard et al., 1993), and impacts the morphological
development of the digestive canal (increasing the length and width of the
papillae in the rumen) (Brewer et al. al., 2014; Lesmeister et al., 2004). It also
increases the number of papillae per unit area of the rumen (Gébel et al., 1991),
but in the duodenum, jejunum and ileum, it increases villi length and reduces
crypt depth throughout the small intestine (Xiao et al., 2016).

Several studies have been published on the effects of feed additives on the
total numbers of bacteria and methanogens in the digestive canal in different
animal species. In the rumen fluid samples of the SynG calf group, a significantly
higher number of total methanogens was observed compared to the prebiotic
group, p=0.003, and the number was higher than that in the CoG calves. These
results are similar to those observed by Ding and colleagues (2014), who reported
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that S.cerevisiae may increase the total numbers of bacteria, fungi and protozoa
in the rumen. Dawson and co-authors (1990) reported an increase in the number
of cellulolytic bacteria in the rumen in Jersey cattle fed the probiotic S.cerevisiae
(2.04 x 109 CFU g*) at a dose of 1 g per kg of feed for 10 days. Similar results
were observed in a 6-week study by Kumar et al. (1997) with buffalo calves fed
5 g of S.cerevisiae strain 1026. Agarwal and colleagues (2002) performed an
experiment on newborn calves fed S.cerevisiae NCDC-49, 10 CFU mL, for 24
weeks and concluded that the probiotic did not affect the microbial population of
the rumen. Ogunade and co-authors (2019) observed that S.cerevisiae at a dose
of 15 g d** increased the production of CH, in cattle in a 25-day experiment due
to an increase in the number of M.ruminantium in the rumen of these cattle,
which is one of the major methane-producing species in cattle (Whitford et al.,
2001). Other authors reported opposite results. For example, Galindo and co-
authors (2010) observed a reduced number of methanogens in a 24-h in vitro
experiment when S.cerevisiae was added to Bermuda grass (Cynodon
nlemfuensis), which was used as a fermentation substrate.

The individual methanogen species determined in our study did not differ
significantly among the groups. However, two of them — M.stadtmanae and
M.smithii — were found in smaller numbers in the rumen fluid of calves of the
SynG group than in the rumen fluid of calves of the PreG and CoG groups. It is
possible that the increased number of total methanogens in calves of the SynG
group could be due to other methanogenic species that were not determined in
the development of this study.

In the pooled faecal samples, the occurrence of total prokaryotes (i.e., bacteria
and methanogens), total methanogens and the methanogenic species
M.stadtmanae, M.ruminantium and M.smithii did not differ significantly among
the groups, p>0.05.

Based on the results, there is no evidence that Jerusalem artichoke
concentrate and the combination of this concentrate with the yeast S.cerevisiae
affect the occurrence of Methanosphaera stadtmanae, Methanobrevibacter
ruminantium and Methanobrevibacter smithii in the calf's rumen and faeces.

Methane production in the rumen and large intestine is clearly affected by
methanogenic microorganisms and their numbers. Methane is the main gas
produced in the digestive canal of animals, intensifying the greenhouse effect.
The total anthropogenic CH, emissions from the agricultural sector account for
about 47 — 56% (Shibata, Terada, 2010; Smith et al., 2007), 50 — 60% (Ellis et
al., 2007) and are mainly derived from the livestock sector. Many researchers
have experimented with the use of various feed additives to reduce the production
and emission of enteral CH4. However, there are few studies on the effects of the
prebiotic inulin on CH4 production in ruminants. The effect of 12 g Jerusalem
artichoke concentrate (inulin content 6 g) as well as the effects of synbiotic
(S.cerevisiae strain 1026 at dose 5 g and Jerusalem artichoke concentrate at a
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dose of 12 g) on the production of CH4 and CO; in the rumen of calves were
studied.

The amount of CH4 produced in the calf rumen in the PreG group Me=802.09,
IQR 708.65 — 1076.77 mg m™ at the end of the study was higher than in CoG
Me=792.06, IQR 755.06 — 873.59 mg m=3, although this difference was not
statistically significant, p>0.05 (Table 10).

However, regarding the amount of CH, produced per 1 kg body weight, at
the end of the study, it was lower in PreG group calves Me=5.49,
IQR 497 — 915 mg m? than in CoG group calves Me=7.10,
IQR 6.35 — 9.19 mg m™3. Although in PreG this value was lower than in the
control group, this difference was not statistically significant, p>0.05.

The overall results for Jerusalem artichoke concentrate and the amount of
CH, produced were contrary to the observation of other authors that the prebiotic
inulin  may reduce CHs production in ruminants (Roonal, 2015;
Charalampopoulos, Rastall, 2009; Zhou et al., 2004). Hindrichsen and co-authors
(2004) conducted an in vitro study using artificial rumen (RUSITEC) in a 10-day
experiment; Jerusalem artichoke root supplement containing the prebiotic inulin
had a positive effect on CHa4 reduction. Other researchers have compared the
effects of inulin and starch on CH4 production, with mixed results. For example,
Czerkawski and Breckenridge (1969), in an in vitro study using 1.5 g of inulin,
observed that 4.2 mL of CH, was produced in the first hour, whereas starch
produced only 0.6 mL of CH4. However, Poulsen and co-authors (2012) found
no significant difference in in vitro CH4 production among inulin, wheat and corn
starch after 48 h. In contrast, Zhao and colleagues (2014) observed that the in
vitro production of CH, was lower for inulin compared to starch.

Other prebiotics can be used more effectively to reduce CH4 production in
ruminants. For example, the addition of galacto-oligosaccharides (GOS) to feed
effectively reduces CH. production in dairy cows by as much as 11%
(Charalampopoulos, Rastall, 2009). Mwenya and co-authors (2004b) also
observed a 11% reduction in CH4 in the GOS group compared to the control
group in Holstein cows. However, it should be noted that these two studies on
GOS were performed in adult dairy cows, and therefore, the results could be
different in studies on calves. In an in vitro study, Zheng and co-authors (2019)
observed that MOS at the dose 5 — 6% resulted in the lowest production of CH4
and COa.

Regarding the amount of CO; produced in the rumen, on day 1 of the study,
the CO, concentration in the rumen for PreG calves Me=3939.60,
IQR 3688.75 — 4815.07 mg m3 was significantly higher than for CoG calves
Me=3258.54, IQR 2864.08 — 3506.88 mg m, p<0.001. On day 28 of the study,
the CO; concentration in the rumen of calves was significantly lower for PreG
calves Me=3908.24, IQR 3634.82 — 4288.28 than for CoG group calves
Me=4618.15, IQR 4378.59 — 4756.74, p<0.001. However, at the end of the study,
the CO. level was significantly higher for PreG group calves Me=4727.27,
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IQR 4503.39 — 4978.12 mg m than for CoG group calves Me=4251.28,
IQR 4045.58 — 4426.25 mg m, p<0.001.

Similar to the amount of CH4 per kg of live weight, the amount of CO; per
kg of live weight at the end of the study was lower in PreG calves Me=33.09,
IQR 30.54 — 4354 mg m? compared to CoG calves Me=36.72,
IQR 34.63 — 37.07 mg m, although this difference was not significant, p>0.05.

We found no studies on the prebiotic inulin and its effect on CO; production
in the rumen, but Zheng and co-authors (2019), in their in vitro study using the
prebiotic MOS, found that MOS at 2% kg feed most significantly reduced CO,
production. However, the results of their study were contradictory as the same
additive at the dose of 2.5% — 4.5% contributed to the highest CO; production,
whereas feeding MOS at the dose of 5.0% — 6.0% showed a decrease in CO;
production.

Carbon dioxide is one of the most important greenhouse gases, but livestock
are not considered to be significant emitters of this gas because the CO, produced
by animals is part of the carbon cycle. Plants assimilate approximately the same
amount of CO; as animals exhale, and much of the carbon ingested by plants in
the rumen is converted to CHa, which is absorbed into animal tissues and
excreted in milk (Chianese et al., 2009a; IPCC 2001). This explains why the
amount of CO produced in rumen is generally not determined. In our study, both
CH, and CO levels were higher in the PreG group calves than in the CoG group
calves at the end of the study. The higher amount of CH4 produced could be
explained by the fact that methanogenic microorganisms use CO; and H; for CH4
production (Van Zijderveld et al., 2011), and the higher the amounts of these
substances, the more gas is produced. In contrast, a higher amount of CO; in the
rumen of calves in the PreG group could be associated with a higher intake of
plant feed, in which the bound carbon in the rumen is converted back to CO-
(IPCC 2001).

The SynG group calves were fed 12 g of Jerusalem artichoke concentrate,
containing 6 g of the prebiotic inulin, and 5 g of S.cerevisiae strain 1026. There
are few studies on the prebiotic inulin and its effect on CH4 production, and the
results are controversial. Some even show that this prebiotic promotes CH4
production. However, in a large number of studies, probiotics reduced the
production of these gases in the rumen.

Within the framework of this study, the amount of CH4 in the rumen of SynG
group calves on the day 28 of the study was significantly lower Me=659.11, IQR
565.04 — 1015.32 mg m than that in the CoG group calves Me=1052.94, IQR
983.33 — 1111.89 mg m= and PreG calves Me=847.25, IQR 812.13 —
879.86 mg m3, p<0.001. On day 56, the amount of CH, in the rumen was
significantly lower in SynG calves Me=675.41, IQR 653.46 — 700.50 mg m
than in PreG calves Me=802.09, IQR 708.65 — 1076.77 mg m- and CoG calves
Me=792.06, IQR 755.06 — 873.59 mg m=, p<0.001. The amount of CH4
produced per kg of live weight of calves in the SynG group on days 28 and 56 of
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the study was also lower than those in the PreG group and CoG group calves,
although, these differences were not significant, p>0.05. Based on the results,
Jerusalem artichoke concentrate at a dose of 12 g (inulin content 6 g) does not
significantly reduce CH4 and CO; production in the calf rumen. This suggests
that Jerusalem artichoke concentrate alone cannot affect the amounts of these
gases in the rumen, whereas in combination with S.cerevisiae strain 1026, it can
reduce the amounts of CH4 and CO; produced in the rumen.

The results observed in the calves of SynG group regarding the amount of
CHy in the rumen are similar to those obtained in previous studies. For example,
Chung and co-authors (2011) concluded that yeast cultures added to feed
improve the productivity of both lactating and growing animals. Yeasts can alter
fermentation processes in the rumen and promote the growth and multiplication
of acetogenic bacteria, which in turn compete with methanogenic
microorganisms and use CO; and H,, which are also required for methanogenic
growth, thus reducing CH4 production (Haque, 2018; Mwenya et al., 2004b;
Chaucheyras et al., 1995). This was also confirmed in a 5-day long in vitro
experiment (Chaucheyras et al., 1995), and similar results were obtained in other
in vitro studies. Hernandez and co-authors (2017) reported that S.cerevisiae at a
dose of 2 and 4 g in a 70-h in vitro study using the rumen content of 60-day-old
Holstein calves reduced CH4 production compared to controls. Newbold and
Rode (2006) also reported a 58% reduction in CH4 production with S.cerevisiae
in an in vitro study.

There are also studies in which no reduction in CH, was observed. For
example, Oh and co-authors (2019) used S.cerevisiae at a dose of 28 g d™* per
cow in 18 Holstein cows in three 28-day study periods and concluded that this
additive did not neither affect CH4 nor CO> production.

However, it should be noted that in some studies, S.cerevisiae increased the
CH4 production in the rumen. This was observed in a 25-day long experiment
performed by Ogunade and co-authors (2019), during which cattle were
additionally fed S.cerevisiae at a dose of 15 g d*. The authors explained this
increase in CH4 production by an increase in the number of the methanogens
M.ruminantium in the rumen.

The amount of CO; produced in the rumen of calves on day 1 of the study
was significantly lower in SynG group calves Me=2701.65,
IQR 2419.45 — 304281 mg m?3 than in CoG calves Me=3258.54,
IQR 2864.08 — 3506.88 mg m, p<0.001; on day 28, it was also significantly
lower Me=4263.82, IQR 3553.29 - 4599.96 than in CoG group calves
Me=4618.15, IQR 4378.59 — 4756.74, p<0.001 and at the end of the study also
SynG group calves had significantly lower CO; values in the rumen
Me=3266.07, IQR 1358.98 — 4584.91 mg m* than CoG group calves
Me=4251.28, IQR 4045.58 — 4426.25 mg m-3, p<0.001, and the concentration of
this gas was also significantly lower in SynG group calves than in PreG group
calves Me=4727.27, IQR 4503.39 — 4978.12 mg m3, p<0.001. Thus, the results
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of our study show that feeding S.cerevisiae together with Jerusalem artichoke
concentrate (inulin content 50%) in concentrates can reduce CO; production.
These results are in contrast to the previously mentioned in vitro study by
Hernandez and his colleagues (2017) on the use of S.cerevisiae at doses of 2 and
4 g; the authors found that this yeast supplement significantly increases CO;
production. On the other hand, regarding the amount of CO, produced per 1 kg
of live weight, for SynG group calves, this value was highest Me=38.47, IQR
9.61 — 62.95 mg m compared to CoG — Me=36.72, IQR 34.63 — 37.07 mg m™®
and PreG group calves Me=33.09, IQR 30.54 — 43.54 mg m=, p>0.05. It should
be noted that we found no scientific publications on the effects of S.cerevisiae
and its combination with prebiotics (including inulin) on CO; production in the
calf rumen.

CONCLUSIONS

1. Feeding of Jerusalem artichoke concentrate (12 g) containing the
prebiotic inulin (6 g) and its combination with yeast S.cerevisiae strain
1026 (5 g) during the transition from milk to solid feeding in calves
maintained faecal consistency as well as basic physiological,
haematological and biochemical blood parameters within the age-
appropriate range.

2. Feeding Jerusalem artichoke concentrate and its combination with
S.cerevisiae for 56 days, despite the additional costs, is economically
advantageous as it provided a 17% and 16.5% increase in live weight
compared to the control group. However, the cost of feeding the synbiotic
was higher, which reduced the expected income.

3. In calves at 13 to 14 weeks of age, ghrelin-immunoreactive cells are found
not only in the area of the fundic and pyloric glands of the abomasum but
also in the middle of the duodenum and jejunum. Feeding feed additives
(Jerusalem artichoke concentrate or its synbiotic with yeast) significantly
reduced the number of these cells in the area of the fundic glands in the
abomasum (p <0.001), compared to the control group, which indirectly
indicates better digestion and satiety.
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Feeding Jerusalem artichoke concentrate and its combination with yeast
did not affect the total and relative weight of the stomach compared to the
control group, but significantly (p<0.001) increased the width of the
papillae in the rumen saccus dorsalis, the thickness of the epithelium
including the stratum corneum in the rumen saccus dorsalis, ventralis and
the thickness of all mucosal gland areas of the abomasum, as well as the
thickness of the walls of the duodenum and jejunum, the thickness of the
mucosa of the jejunum and the ileum, providing a larger absorption
surface area.

Synbiatic feeding significantly (p<0.001) increased the thickness of the
intestinal wall of the duodenum, jejunum and colon and the depth of
crypts of the colon compared to calves of the prebiotic group. Thus, the
addition of the yeast S.cerevisiae to Jerusalem artichoke concentrate
promoted the development of these intestinal wall microstructures.

Despite the fact that the numbers of total prokaryotes and methanogens in
the rumen fluid of 13 — 14-week-old calves did not differ significantly
between the experimental and the control groups, the group of calves fed
Jerusalem artichoke concentrate in combination with S.cerevisiae had
significantly lower rumen (p<0.001) CH4 and CO; levels than calves
receiving Jerusalem artichoke concentrate and control calves. The yeast
in the synbiotic can alter the fermentation processes in the rumen,
promoting the growth and multiplication of acetogenic bacteria that
compete with methanogens for the use of CO- and Hp, thus reducing both
the amount of CO, freely available in the rumen and the production of
CHa.

Feeding of Jerusalem artichoke concentrate and its synbiotic with
S.cerevisiae strain 1026 to calves during the transition from milk to solid
feed improved the weight gain of the calves and the development of the
digestive canal compared to the control group. However, the addition of
yeast to Jerusalem artichoke concentrate did not significantly improve
weight gain but significantly (p<0.001) reduced the CO; and CH4
production in the rumen.

RECOMMENDATIONS FOR PRACTICE

Feeding Jerusalem artichoke concentrate alone and in combination with
S.cerevisiae to calves during the transition from milk to solid feed is
recommended as it promotes the development and functionality of the
digestive canal and stabilises health.
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From an economic point of view, it is more beneficial to feed Jerusalem
artichoke concentrate because its addition to concentrates (12 g per 1 calf
per day) for calves from 4 to 14 weeks of age increases the live weight
gain by 17%, which can provide additional income of about 22 EUR per
calf.

Although feeding Jerusalem artichoke concentrate to calves results in a
0.5% increase in live weight, in terms of reducing greenhouse gas
emissions, it is better to feed a synbiotic containing 12 g of Jerusalem
artichoke concentrate and 5 g of S.cerevisiae strain 1026 as it significantly
(p<0.001) reduces the production of CH4 and CO> in the rumen.
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