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IEVADS

Lidz 3. - 4. dzives nedélai tela gremosanas kanals vairak lidzinas vienkameru
kunga dzivnieka neka daudzkameru kunga jeb atgremotajdzivnieka gremoSanas
kanalam (Diao, Zhang un Tu, 2017). Vislielakais veselibas un dzivibas riska
periods teliem ir no 7. Iidz 21. dzives dienai, jo $aja perioda kolostrala imunitate
ir kritusies, bet iegiita imunitate vél nav izveidojusies. Saja laika dzivniekam
mainas spurekla un gramatnieka masas attieciba, spureklis palielinas, bet
gramatnieks proporcionali pret spurekli samazinas (Chase, Hurley un
Reber, 2008). Lidz ar to picaug rupjas baribas sagremosSanas iespEjas un
samazinas nepiecieSamiba pe&c piena. lesp&jams, ka dazadu papildbaribu -
prebiotiku, probiotiku vai sinbiotiku - izbarosana teliem parejas perioda uz
atgremotajdzivnieku paatrinatu spurekla morfologisko un funkcionalo attistibu,
kas saimniekiem samazinatu izmaksas, kuras rodas, izbarojot pienu vai piena
aizvietotaju. Literatira ir atrodami daudz pétfjumi par vienkameru kunga
dzivniekiem, kuriem izbarotas probiotikas, prebiotikas vai citas papildbaribas,
taCu trukst kompleksu petijumu par $ada tipa papildbaribu lidzeklu izbarosanu
un to ietekmi uz telu augSanu un veselibu.

Zinams, ka gremos$anas kanala un visa organisma kopuma atrodas neskaitami
daudz organismam labveligo bakteriju, kam ir dzivibai svariga loma organisma
imunitates nodrosindSana un gremoSanas procesa (Garcia-Mazcorro un
Minamoto, 2013). BieZi sastopama patologija teliem pirmajos divos
postnatalajos ménesos ir diareja, kurai ka viens no c€loniem tiek minéts patogéno
mikroorganismu parmériga savairo$anas gremoSanas kanala. Nousiainen ar
lidzautoriem (2004) izpetjjusi, ka jaundzivniecku gremoSanas kanala
mikroorganismi reagé uz dazada veida stresu, it seviski, ja tas ir saistits ar
dzivnieku baribas vai vides mainu, kas teliem var izraisit diareju. GremosSanas
kanala darbibas traucgjumu profilaksei un slimibu arstéSana zinatnieki arvien
biezak iesaka lietot papildbaribu - prebiotikas vai probiotikas - vienlaicigi
meklgjot jaunas to kombinacijas jeb sinbiotikas, kas ir perspektiva alternativa
antibiotiku lietoSanai. Tas mazina risku, ka veidosies pret antibiotikam rezistenti
bakteriju celmi, kas ir loti aktuala probléma gan veterinaraja, gan cilvéku
medicind, gan apkartgja vidé, jo $adi celmi sastopami augsné un tdenos
(Fey et al., 2000; Sardar et al., 2021).

Polisaharids inulins pieder fruktanu grupai un ir viens no biezak pétijjumos
izmantotajam prebiotikam. Ta iegiSanas izmaksas ir zemas, bet iegfitais produkts
ir ar augstu biologisko vértibu (Samanta et al., 2013). Inulinu, ta p - (2, 1) saites
del, ziditaju enzimi nesp€j hidrolizét un gremoSanas kanala to fermentg
bakterijas. Izpetits, ka inulina tipa fruktani var ietekm&t zarnu mikrobiotu,
metabolismu un normaliz&t glikémiju aptaukosanas gadfjumos gan dzivniekiem
, gan cilvékiem (Neyrinck et al., 2016). Viens no ar inulinu bagatakajiem augiem
ir topinambirs (Helianthus tuberosus), kur inulina koncentracija dabigi sasniedz
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15-20%, tapéc So augu izmanto §is vielas riipnieciskai ieguvei (Fleming un
Groot, Wassink, 1979, Wei et al., 2017).

Enterococcus gints baktérijas ir visvairak izpétitas un piemérotakas
probiotikas lopkopiba, jo tas ir sastopamas veselu dzivnieku gremosanas kanala.
Enterococcus faecium ir gram-pozitivas baktérijas, kas pieder pienskabo
baktériju grupai (LAB), kuras sp&j fermentét laktozi, arabinozi un mannitu
(Chaucheyras et al., 1995; Zheng et al., 2016).

Promocijas darba meérkis un hipoteze

Promocijas darba meérkis: noskaidrot topinambiira miltu koncentrata (satur
prebiotiku inulins) un jaunas sinbiotikas (ta kombinacija ar Enterococcus
faecium) dazadu devu ietekmi uz dzivnieku augSanu, vispargjo veselibas stavokli
un gremosanas kanala organu attistibu teliem pirmajos postnatalas ontogenézes
menesos.

Promocijas darba uzdevumi

1. Izpétit dazadu devu topinambira miltu koncentrata vai ta sinbiotikas
56 dienas ilgas izbaroSanas ietekmi uz dzivsvara, gremoSanas kanala dalu
masometriskajiem un morfometriskajiem raditajiem teliem 12 ned€lu vecuma;
2. Noskaidrot topinambira miltu koncentrata (satur prebiotiku inulins) vai
jaunas sinbiotikas (topinambiira miltu koncentrats kombinacija ar E. faecium)
dazadu devu ietekmi uz vispargjas veselibas stavokla, tai skaita, fekalo masu
konsistenci, asins biokimiskajiem un hematologiskajiem raditajiem 4 - 12 nedélu
veciem teliem;

3. lzvertet kunga, tievas un resnas zarnas morfofuncionalo raditaju un
mikroskopiskas izmainas péc 56 dienu ilgas dazadu devu topinambiira miltu
koncentrata vai ta sinbiotikas izbaroSanas 12 ned&lu veciem teliem;

4. lzvertet dazadu devu topinambiira miltu koncentrata vai jaunizveidotas
sinbiotikas 56 dienu ilgas izbaro$anas ietekmi uz imtinglobulina A ekspresiju
12 ned€lu vecu telu loka zarnas (colon) vidusdalas audos;

5. lzvertet grelina imiinreaktivo $iinu daudzumu glumenieka 12 ned€lu veciem
teliem pec 56 dienu ilgas dazadu devu prebiotiku un sinbiotiku izbaroSanas.

Darba izvirzitas tézes

1. Topinambiira miltu koncentrata un ta sinbiotikas izbaroSana veicinas telu
augSanu un uzlabos gremoSanas kanala masometrisko un morfometrisko
attistibu, uzlabojot telu vispargjo veselibas stavokli parejas perioda par
atgremotaju;



2. Topinambiira miltu koncentrata un ta sinbiotikas izbaroSana veicinas telu
spurekla, glumenieka, tievas un resnas zarnas mikroskopisko attistibu, tadejadi
uzlabojot baribas sagremosanu un uzstksanos;

3. Topinambiira miltu koncentratam, pievienojot probiotiku Enterococcus
faecium, telu dzivmasa bus lielaka, uzlabosies vispargjas veselibas stavoklis,
spurekla karpinas un tievo zarnu barkstinas biis garakas un platakas, salidzinot
ar tadu pasu devu topinambira miltu koncentratu sanémuso telu grupam;

4. Lielakas devas topinambiira miltu koncentrata vai ta sinbiotikas izbarosana
dzivniekiem sniegs labaku efektu uz telu dzivmasas, gremosSanas kanala
masometriskajiem, makromorfometriskajiem mérfjjumiem,vispargjas veselibas
raditajiem, mikromorfometriskajiem parametriem.

Darba zinatniska novitate

Pirmo reizi izveértéta Latvija razota topinambiira miltu koncentrata
(satur 48.5 - 50.1% prebiotiku inuling) un ta kombinacijas sinbiotika ar
probiotiku E. faecium (2x10° KVV/g) dazadu devu ietekme uz telu augsanu un
vispargjo veselibas stavokli, ka arT grelina IR $tnu sastopamiba glumenieka
glotada un imiinglobulina A ekspresiju colon glotada teliem parejas perioda uz
atgremotajiem. legtti jauni dati par dazadu devu topinambiira miltu koncentrata
(inulins 3 g, 6 g, 12 g diennakti dzivniekam) un sinbiotikas (3 g, 6 g, 12 g inulins
ar 0.25 g E. faecium diennakti dzivnickam) 56 dienas ilgas izbaroSanas ietekmi
uz gremosanas kanala masometrisko, makro- un mikromorfometrisko attistibu
12 ned@lu veciem teliem.

Personigais ieguldijums

Esmu veikusi visu pétijuma iesaistito telu klinisko apskati un izmekl&sanu,
veikusi dzivmasas meérijjumus, ieguvusi asins paraugus, veikusi visu asins
paraugu hematologisko izmekleSanu, histologisko audu paraugu iegtsanu
fiks€Sanu, krasosanu, veikusi masometriskos un morfometriskos mérijjumus,
veikusi visu preparatu vizualo izveértéSanu, uzskaiti, datu statistisko apstradi un
analizi, esmu ar1 visu mikrofotografiju autore.



PETIJUMA REZULTATU APROBACIJA

P&ttjuma rezultati prezenteti 9 konferences:

1. Astra Arne, Aija Ilgaza. “Teliem piemérotu probiotisko Iidzeklu pieejamiba
Latvija. The probiotic resource availability of calves in Latvia”. Dzivnieki.
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Lauksaimniecibas universitate. Veterinarmedicinas fakultate. (Stenda referats)
2. Astra Arne, Aija llgaza. “Jerusalem artichoke flour feeding effects on calf
development in the first months of life”. Research for Rural Development, 2014:
annual 20th international scientific conference proceedings, Jelgava, 21-23 May
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European Federation for Animal Science, Copenhagen, Denmark, 25-29 August
2014 (Stenda referats)

4, Astra Arne, Aija Ilgaza. “Prebiotiku un probiotiku ietekme uz telu augSanu
un gremosSanas kanala attistibu pirmajos Cetros postnatalas ontogenézes
ménesos”. Dzivnieki.  Veseliba.  Partikas  higiéna:  konferences
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development”. Nordic view to sustainable rural development: proceedings of the
25th NJF Congress, Riga, Latvia, 16th-18th of June, 2015. (Stenda referats)

6. Astra Arne, Aija llgaza. “Different synbiotic dose feeding effect on the calf
digestive channel health, weight gain and intestinal microflora”, VII
International scientific agriculture symposium "AgroSym 2016" University of
East Sarajevo, Faculty of Agriculture, 2016. (Stenda referats)

7. Astra Arne, Aija Ilgaza. “Different dose inulin feeding effect on calf
digestion canal state and development”, Research for Rural Development 2016.
(Mutiska prezentacija)

8. A. llgaza, A. Arne. “Different synbiotic dose feeding effect on the calf
digestive channel health and weight gain”, 16th International conference on
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Darbs strukturéts piecas nodalas - ievads, literatiiras apraksts, materials un
metodes, petljuma rezultati un diskusija.

Literatiiras apraksta ietverti 349 literatiiras avoti. Darba beigas doti 9 secinajumi.
Promocijas darbs noforméts 118 lappusgs, 11 tabulas, 35 att€los un 5 pielikumos.

MATERIALI UN METODES

Pétijuma laiks, objekts, ta raksturojums

Petijums tika veikts laika no 2012. gada Iidz 2016. gadam MezZotnes pagasta,
Bauskas novada slaucamo govju ganampulka. Saimnieciba audz&to telu
baroSanas pamatprincipi un turéSanas apstakli atbilda Petijjumam nepieciesamos
datus ieguvam, ieklaujoties saimnieciba esosaja telu tur€Sanas, baroSanas un
veterinaras apriipes plana atbilstosi labas veterinaras prakses un tikas prasibam.

Telu dzivmasas noteikSana un asins paraugu iegiisana tika veikta ferma, telu
organu morfometriska novértésana tika veikta sertificéta kautuvé “Aibi”,
hematologiska izmeklé$ana un histologisko paraugu sagatavosana tika veikta
LLU VMF Morfofunkcionalaja laboratorija, Salidzino$as patologijas
laboratorija un LLU Veterinaras klinikas laboratorija.

Lidz pétfjuma uzsaksanai, kad teli bija sasniegusi 3 nedélu vecumu, tiem tika
nodroSinati vienadi tur€Sanas apstakli. Visi teli, pec piedzimSanas 30 minGisu
laika bija sanémusi divus litrus mates pirmpienu. Dzivnieki tika izvéleti péc
nejausa izveles atlases principa. Visi teli, uzsakot pe@tfjumu, tika klmiski
noverteti: noteikta sirdsdarbibas frekvence, elpoSanas frekvence, mérita rektala
temperatiira, novertéts habitus. Katra grupa ieklavam viri§kas kartas, Holsteinas
tipa telus, kuri bija 23 £5 dienas veci. Pétijuma tika ieklauti tikai kliniski veseli
teli, kuru svars, uzsakot pétjjumu, bija 50kg + 5 kg. Kopa pamatp&tijuma, kurs
ilga 56 dienas, tika ieklauti 70 viriska dzimuma teli. Teli tika turéti pa pieci viena
7,5 m? liela aizgaldd. Aizgaldi tika tiiti manuali vienu reizi diend. Kat tika
nodroSinata dabiska ventilacija. Traukus, no kuriem dzivnieki tika baroti,
mazgaja pec katras &dienreizes un dezinficgja péc nepiecieSamibas ar
dezinfekcijas lidzekli “Ecocid S”.

Uzsakot pétfjumu un visu petfjuma laiku visiem teliem, katru dienu divas
reizes diena, tika izbarotiti Cetri litri pilnpiena, kopa diennakti izbarojot astonus
litrus. Piens tika aprekinats katrai telu grupai un ieliets kopéja sile. Teliem no
pirmas pétijuma dienas siens un Gdens bija pieejams ad libitum, no 14. pétijjuma
dienas, teliem sasniedzot piecu-seSu ned€lu vecumu, di€tai pievienojam
spekbaribu. Sakuma spekbaribas deva bija 100 g/dnn uz dzivnieku, ko
pakapeniski palielindjam un p&tjjuma beigas katram telam spekbaribas deva bija
500 g/dnn. Spekbariba tika razota saimnieciba uz vietas, tas sastava pamata bija
kvie$u graudi, un ta nesaturéja augSanas stimulatorus vai antibiotikas.
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Tika izveidotas 7 dazadas pétijjuma grupas, kuras at$kiras ar izbarotajam
baribas piedevam un to devam (1. att.). Kontroles grupas dzivnieki sanéma tikai
ikdiena paredzeto baribas devu, bez baribas piedevam. Teli katra pétijuma grupa
kopa ar pilnpienu sanéma atskirigu baribas piedevas veidu un devu. Trijam telu
grupam, kuras apzim&jam ka prebiotiku grupas (PreG6; PreG12; PreG24),
papildus izbarojam prebiotiku saturo$u topinambiira miltu koncentratu (inulins
50+ 2%) 6 g, 12 g vai 24 g. Atlikusas tris grupas nosaucam par sinbiotiku
grupam, jo Siem teliem pie iz&@dinama piena pievienojam jaunizveidotu
sinbiotiku (SinG6; SinG12; SinG24): 0.25 g E. faecium (2x10° CFU/g)
kombinacija ar inulinu saturo$u topinambiira miltu devu: 6 g, 12 g vai 24 g.

Pétfjuma laika sekojam dzivnieku visparéjam veselibas stavoklim un
dzivmasas pieaugumam. Fermas darbinieks katru dienu novértéja telu apetiti un
fekalo masu konsistenci, ko atzimgja speciali izveidota tabula. Fekaliju
konsistences novertéjumam piemérojam Larsona izveidoto ballu skalu, kur
0 - cietas, nav diarejas pazimes 1 - mikstas, 2 - Skidras, fekaliju konsistence
zudusi un 3 - tdenainas fekalijas (Larson et al., 1977).

Vienu reizi divas nedélas dzivniekiem noteicam kermena masu,
nomérot kriiSu apkartméru, ar specialu mérlenti (“we-Bo tape”) ,veicot mérijjumu
aiz lapstinam (Dingwell et al., 2006). Pirmo reizi, uzsakot petfjjumu (0. diena)
jeb cetru ned€lu vecuma, tad 14. pétjuma dienda (seSu ned€lu vecuma),
28. petjuma diena (astonu nedélu vecuma), 42. pétjuma diena
(10 ned&lu vecuma) un pétljjuma nosléguma 12 nedelu vecuma jeb 56. p&tjjuma
diena.
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Pamatpétijuma shéma/Study schema
Péttjumu grupu teli/ Study group of calf
)

(n=70

/

N

Prebiotiku grupas/ Kontroles grupa/ Sinbiotiku grupas/
Prebiotic groups Control group Synbiotic groups
(PreG) (KoG) (SinG)
(n=30) (n=10) (n=30)
PreG6 PreG12 SinG6 SinG12
(n=10) (n=10) (n=10) (n=10)
Tgpmambﬁra Topinambiira Topinambiira Topinambiira miltu
miltu m'lt“_ miltu koncentrats/ koncentrats/
koncentrats)/ koncentrats/ Jerusalem Jerusalem artichoke
Jerusalem Jerusalem artichoke concentrate 12 g
artichoke artichoke concentrate 69 (6 g inulins/inulin)
concentrate 6 g concentrate 12.g | (3 g jnyfins/inulin) +0.25¢9
(3g inulins/ (6 g inulins/ +0.25¢ Enterococcus
inulin) inulin) Enterococcus faecium
faecium |V|
PreG24 SinG24
(n=10) (n=10)

Topinambiira m

iltu

koncentrats/Jerusalem
artichoke concentrate 24 g
(12 g inulinu/inulin)

Topinambiira miltu
koncentrats/Jerusalem
artichoke concentrate 24 g
(12 g inulins/inulin)
+0.25 g Enterococcus
faecium

P&éc kermena masas noteikSanas, tika veikta asins paraugu iegiiSana, asins
hematologiskai un biokimiskai izmekléSanai, ka ari tika veikta vispargja
veselibas parbaude: izmérita rektala temperatiira, izklausita sirdsdarbiba, skaitita

1. att. Pétijjuma shema/
Fig. 1 Study schema

elposanas frekvence un novertéta glotadu krasa.

Jaatzimeé, ka pétjjuma laika dzivnickiem netika veiktas profilaktiskas

vakcinacijas vai antibiotiku terapija.
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Asins paraugu hematologiska un biokimiska izmekléSana

Asins paraugi tika iegliti no argjas jugvenas V. jugularis externa, uzsakot
pétijumu 0., 14. un 28. p&tijuma diena, katru reizi no rita 7:00 pirms dzivnieku
baroSanas. Noslédzot pétijumu jeb 56. diena asins paraugus hematologiskai un
bioktmiskai izmekléSanai ieguvam pirms dzivnieku rita baroSanas un
transport€Sanas uz kautuvi. Paraugi tikai iegiiti izmantojot 20G adatu, piepildot
3 ml EDTA vakumstobrinus un 6 ml “Vakutest” vakumstobrinus ar recéSanas
aktivatoru.

Ieglitie asins paraugi tika ievietoti aukstuma soma un nogadati
laboratorija izmeklé$anai 4 h laikda péc parauga iegiiSanas. Hematologisko
analizu veikSanai tika izmantots hematologiskais analizators “BC-2800Vet”, kas
atradas Latvijas Lauksaimniecibas universitates Veterinarmedicinas fakultates
Prekliniskaja institiita Morfofunkcionalaja laboratorija.

Noteicam hematokrita (HCT %), hemoglobma (HGB g/dl), eritrocitu
(RBC x10%/L), leikocitu (WBC x10%L), limfocitu (LYMF x10%L), monocitu
(MONO x10%L) un trombocitu (PLT x10%L) daudzumu. Laboratorija tika
atdalits asins serums, kas tika iepildits 2 ml ependorfa stobrinos un ievietots
saldeétava -23°C. Biokimiskos asins paraugus izmeklgja péc divam ned€lam
Latvijas Lauksaimniecibas universitates Veterinaras klinikas laboratorija. Tika
noteikti $adi biokimiskie raditaji: gammaglutamiltransferaze (GGT U/L),
sarmaina fosfotaze (ALP U/L), kopgjais proteins (TP g/L) un albumini
(ALB g/L). Glikozes Itmeni telu asins paraugos noteicam 0., 14., 28., un 56. jeb
noslédzosaja petijuma diena, tulit péc asins parauga iegliSanas no arjas jugularas
venas (V. jugularis externa), izmantojot portativo glikometru ,,Optium Freestyle”
ar sauso stripu metodi.

Kungu un zarnu postmortala izmeklésana

P&tfjuma nosléguma, péc 56 dienam, katras grupas teliem tika veikta
planveida kausana. Pusstundas laika, péc dzivnieka planveida kauSanas, dazadas
gremosanas kanala vietas veicam nelielus iegriezumus un, izmantojot digitalo
pH-metru “pH 3310 SETlaika veicam intralumenala pH vertibu
noteik8anu:spurekli atrium ruminis; glumenieka pie atveres 12 pirkstu zarna;
tuksas zarnas vidusdala; resnas zarnas spiraliskas cilpas vidusdala. P&c tam
veicam dzivnieka gremoSanas kanala makroskopisko novertésanu, izmerot un
sverot atseviskus organus. Vicam masometriju (kg), nosakot masu gremosanas
kanalam ar baribas masam, spurekla (rumen) masu ar/bez baribas masam,
glumenieka (abomasum) masu ar/bez baribas masam. Gremo$anas organu masas
tika noteiktas izmantojot kautuvé esoSos verificétus elektroniskos platformas
svarus CASO B5-LED (precizitate 0.100 g). Aprékinajam relativo kunga masu
(%) pret telu kermenu masu. P& nokausanas, 30 mintiSu laika, tika noteikta
liemena masa, izmantojot lielizmera verificetus DINUS ARGEO WP S/N 01186
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(precizitate £0.200 g) kautuves svarus. Kautkermeni svéra bez adas un galvas,
kura tika atdalita pie atlanta un pakausa kaula locitavas, bez kaju peédam, kas tika
atdalitas pie karpometakarpalajam un tarsometatarsalajam locitavam, ka art bez
krtisu un védera dobuma organiem, nierém, nieru taukiem, iegurna taukiem,
dzimumorganiem un tiem saistitajiem muskuliem.

Makroskopisko gremosanas kanala dalu izmekl€Sanu noslédzam ar spurekli
un glumenieku morfometriskiem mérjjumiem (cm). Lai to veiktu, spurekli
atvéram, veicot garengriezumu pa spurekla kreiso garenrievu (sulcus
longitudinalis sinister). Glumenieku atvéram, veicot griezienu pa kunga lielo
loku (curvatura ventriculi major). Garuma un platuma mérjjumiem tika
izmantots lineals un lentmérs. Noteicam spurekla (rumen) un glumenieka
(abomasum) platumu un garumu. Audu paraugi histologiskai izpétei tika iegati
no dazadam gremosanas kanala dalam: spurekla dorsala maisa (Saccus dorsalis),
spurekla ventrala maisa (saccus ventralis), glumenieka (abomasum):pars
fundica, pars pylorica, tuksas (jejunum) zarnas vidusdalas, resnas (colon) zarnas
vidusdalas.

Audu paraugi (0.5 - 0.7 cm) péc iegiuiSanas tika noskaloti ar 0.9% NaCl
fiziologisko $kidumu un fikseti 100 ml ar 10% formalina $kidumu piepilditos,
traucinos un nomarkéti. Paraugi tika nofikséti vismaz 48 h, tad uzsakta audu
histologisko preparatu sagatavoSana.

Audu paraugu histologiska izmeklésana

Audu histologisko paraugu pirmskrasoSanas apstrade un krasoSana tika
veikta VMF Prekliniska institiita Salidzinos§as patologijas laboratorija. Paraugu
dehidratacijai un sagatavosSanai, ieslég$anai parafina blokos izmantojam audu
procesoru Tissue-Tek Il péc standarta metodes (Carson, 1997). Péc paraugu
ieslégSanas parafina blokos preparati tika griezti 5 um planos griezumos un
uznesti uz priek§metstiklina. Prick§metstikling ar griezumu tika ievietots uz 24 h
termostata 38°C zaveéSanai un nostiprinasanai uz priekSmetstiklina.

Audu paraugu histologiskai kraso$anai izmantojam hematoksilina un eozina
(H&E) standarta krasoSanas metodi (Carson, 1997). Uz priekSmetstikliniem
termostata izzavétie audu griezumiem tika veikta deparafinizacija ksilola,
parauga hidratacijai izmantojam spirta koncentracijas samazinasanas rindu ar
dazadas koncentracijas spirtiem (100%, 96%, 70%, un 50% koncentracijas).

P&c tam tika veikta audu krasosana ar hematoksolinu 10 min. un noskaloSana
ar krana tdeni, tad krasoSana ar eozinu tris lidz piecas miniites. Uz audu
griezuma uzklaja "Histofluid mounting medium" Iimes pilienu un pielimgja
segstiklinu.

Iegitie histologiskie paraugi tika izmekléti gaismas mikroskopa Leica DM
5000B izmantojot datoriz&tu programmu Image Pro Plus 6.1.

Spurekla histologiskos paraugos mérijam (um), karpinu garumu, platumu un
muskulslana biezumu. Barkstinas garuma mérijumi veikti no karpinas epitélija
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apikala gala lidz glotadas muskulu platnitei, karpinas platuma mérfjumi veikti
perpendikulari garuma mérfjjumiem karpinas vidusdala. Katra parauga izmeriti
5 dazadi redzes lauki ar tur esoSajam karpinam.

Tievaja zarna jejunum barkstinu garumu (um) merijam no barkstinas epitélija
apikala gala lidz glotadas muskulu platnitei (lamina muscularis mucosa),
barkstinu platums jeb zarnu barkstinas garengriezuma diametrs (um) barkstinu
vidusdala Iidz epitéliju Stnu apikalajiem galiem perpendikulari barkstinu
garumam. M&rfjumi tika veikti katra parauga 5 redzeslaukos.

Resnaja zarna colon tika mérits kriptu dzilums (um) no kriptu epitéliju
apikala gala jeb kriptas gala lidz glotadas muskulu platnitei (lamina muscularis
mucosa), izmeklgjot 5 dazadus redzes laukus.

Imiinhistokimiska izmeklé$ana

Imtinreaktivo (IR) $inu noteikSanai tika izmantotas audu imiinhistoktmiskas
krasoSanas metodes, lai glumenieka audu griezumos noteiktu grelina, bet resnas
zarnas colon audu griezumos IgA ekspresiju. Imanreaktivo $unu iezimé$ana
veikta ar streptevidina - biotina kompleksu (Dako REAL™ EnVision™
Detection System, Peroxidase/DAB+, Rabbit/Mouse). Audu paraugi tika uznesti
uz priekSmetstikliniem ar silana parklajumu (HistoBond®+, Paul Marienfeld
GmbH & Co. KG, Vacija), 12 h zavéti termostata 37°C temperatiira. Audu
paraugiem veikta deparafinizacija ksilola un hidratacija ar etanola koncentracijas
samazinasanas rindu, lidz paraugi tika ievietoti 65°C buferskiduma pH 9.0
(Target Retrieval solution, pH 9, Dako) un apstradati, divas reizes ar
partraukumu, Iidz 70°C ar mikrovilpiem 450W 5 min epitopu atbrivosanai, lai
antigénu piesaistitu antivielai. Pec karséSanas paraugi tika atdzeséti lidz istabas
temperatiirai un endogenas peroksidazes blok&sanai aplicéti 5 min ar endogénas
peroksidazes blokésanas reagentu (Dako Endogenus enzyme block). IgA
identifikacijai ka primaras antivielas tika izmantotas poliklonalas koncentrétas
trusu antivielas (Polyclonal Rabbit Anti-Human IgA) at$kaidijuma 1:400, bet
grelina identifikacijai zurku, pelu poliklonalas antivielas (Phoenix Pharma.
Inc.H- 031-31) atskaidjjuma 1:500. Audu paraugu inkubacija veikta istabas
temperattira IgA 1h, bet grelinam mitra kamera 3h un pec tam tika skaloti ar
fosfata buferskidumu (Wash Buffer, pH 7.4, Dako 2x5 min.).

Lai konstat&tu imtnreaktivo $tinu un primaras antivielas sasaisti, antigéna un
antivielas komplekss tika ieziméts, aplic€jot 30 min sekundaro antivielu, kas
atbilst primaras antivielas izcelsmei un iekrasots aplicjot 5 min DAB+
kompleksu (Dako REAL™ EnVision™ Detection System). Kontrastam un, lai
izvairitos no artefaktiem audi tika iekrasoti ar hematoksiliu.

Katrai preparatu serijai tika pagatavota pozitiva kontrole: grelina antivielai
izmantoti sunu kunga piloriskas dalas histologiskie griezumi; IgA antivielu
identifikacijai tika izmantots cilvéka adas paraugs atbilstoSi razotajfirmas
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noraditajam protokolam, kur vienmér tiek novérota pozitiva reakcija. Savukart
ka negativa kontrole tika lietoti preparatu paralélie griezumi, kuros primara
antiviela tika aizstata ar antivielu atskaiditaju. Sajos paraugos netika konstatgtas
imiinreakcijas pret grelinu vai IgA.

Vertgjot imiinglobulina (IgA) daudzumu, izmantojam RGB krasu veértésanas
modeli, kas paredz parauga izmekl€Sanu sarkanajas, zalas un zilas krasas spektra
kanala. IzmeklEtaja parauga konstatéto katras krasas (red- sarkana, green- zala,
blue- zila) punktu daudzums, nosakot attiecigas krasas intensitati, kas var
mainities robezas no 0 lidz 255. Lidzigas krasas objekti absorbé lidzigas krasas
vilnus, tapec, lai pilnvertigi vertétu sarkani brino krasu, kada nokrasojas IgA
granulas, bija jaizmanto spektra pretéja krasa jeb zila (\VVrekoussis et al., 2009).

Paraugi tika izmekl&ti 400x palielinajuma gaismas mikroskopa (Leica DM
500B) un apstradati, izmantojot datoriz&tu programmu Image Pro Plus 6.1.

Datu statistiska apstrade

Datu statistiska analize tika veikta ar SPSS statistisko programmatiiru un
Microsoft Excel datu apstrades funkcijas. aprékinot vid€jo aritmétisko vertibu
(AVERAGE), vidgjas vertibas standartklidu (SD). Iegiito rezultatu atskiribas
novertéSanai,izmantojam Stjudenta T-testu divu izlasu vidéjo vertibu
salidzinasanai un triju vai vairak izlasu salidzinaSanai - vienfaktora dispersiju
analizi (ANOVA). Tika aprékinati vidgjie aritmetiskie raditaji un standartkluda
katra telu grupa.

Kungu absoliito masu, aprékinot pret kermena masu, ieguvam relativo kungu
masu. Izmantojam T-testu savstarpgji atkarigu paraugkopu vid€jo vertibu
salidzinasanai. Lai salidzinatu un novértétu asins raditaju izmainas starp telu
eksperimentalajam grupam, izmantojam F-testu divu paraugkopu dispersiju
salidzinasanai un T-testu divu paraugkopu vidgjo salidzinasanai ar vienadam vai
atSkirigam dispersijam (Arhipova un Balina, 2003). Ja statistikas testu rezultatos
ieglita p vertiba bija mazaka par 0.05, tika noraidita nulles hipotéze, un testa
rezultats tika atzits par statistiski nozimigu. Iegiito datu normals sadalfjums tika
izvertéts ar Sapiro-Vilka testu (histogramma un Q-Q diagramma). Dispersiju
viendabigumu novertgjam ar Levene testu. Darba tika veikta korelacijas analize.

PETIJUMA REZULTATI UN DISKUSIJA

Telu dzivmasas izmainas un kautsvara iznakums péc daZadu devu
topinambiira miltu koncentrata un ta sinbiotikas izbaroSanas dazados
vecuma posmos

Misu pétijuma rezultati parada, ka, salidzinot ar kontroles grupas teliem,
lielakais un straujakais kermena masa pieaugums ir teliem, kuriem pie piena
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izbaroja dazadas topinambiira miltu koncentrata un ta sinbiotikas devas. Jau
uzsakot p&tijumu - pirmajas divas nedélas kermena masas pieaugums ir butiski
lielaks dzivniekiem, kuriem papildus izbaroja topinambiira miltu koncentratu vai
ta sinbiotiku. ST tendence saglabajas visu pétijuma laiku. Par stabili lielaku
dzivmasas pieaugumu liecina arT augstaks vidjais diennakts dzivmasas
pieaugums visu pétfjuma laiku topinambiira miltu koncentrata vai ta sinbiotikas
grupam, salidzinot ar kontroles grupu teliem (1. tabula).

1. tabula/ Table 1

Telu dzivmasas (X£SD) un diennakts dzivmasas (X£SD) pieauguma
dinamika pétijuma laika atkariba no izbarotas baribas piedevas/
Calf total live weight (x + SD) growth and daily live weight (x + SD) gain
dynamics during the study depending on the feed additive used

Dzivmasas pieaugums Diennakts dzivmasas picaugums  |Dzivsvars/
(x£SD; Kg), pétijuma dienas/ (x+SD; kg), pétijuma dienas/ Live weight
3 oc Live_weight _gains (x+SD;kg) at  |Daily Iive weig_ht gains (xxSD;kg) |(X+SD;kg)
23 v the time period (day) at the time period (day
o G5 £ [0.-28. 28.-56.  |0.-56. 0.-28. 28.-56.  |0.-56. 56.
KoG 18.2+ 12.4+ 31.2+ 0.67+ 0.44+ 0.56+ 82.27+
5.06 5.09 8.44 0.20 0.18 0.15 8.77
PreG6 26.5+ 18.2+ 447+ 0.95+ 0.65+ 0.80+ 94.6+
1.90**  |3.58**  ]4.03** 0.07** 0.13** 0.07** 3.69
PreG12 29.0+ 23.3+ 523+ 1.03+ 0.83+ 0.93+ 102.3+
1.88** |5.09**  |3.68** 0.06** 0.17** 0.07** 3.86
PreG24 25.2+ 22.9+ 48.1+ 0.90+ 0.82+ 0.86+ 101.0+
7.36* 5.09%*  |4.18** 0.26** 0.18** 0.08** 4.55
SinG6 24 4+ 247+ 49.1+ 0.86+ 0.88+ 0.88+ 100.1£
3.68**  4.69** 2.81** 0.19** 0.16** 0.03** 3.14
SinG12 25.7+ 25.6+ 51.3+ 091+ 0.92+ 0.92+ 103.0+
1.57*%*%  |2.32** 2.71%* 0.12** 0.08** 0.02** 2.26
SinG24 22.5+ 26.1+ 47.6x 0.93+ 0.93+ 0.85 100.0+
1.65** |3.70**  [4.28** 0.13** 0.13**  |4+0.03** 3.86

* p<0.05; ** p<0.01

Petjuma kopuma liclako dzivmasas pieaugumu (102.3+3.86 kg+SD)
noverojam PreG12 grupai, kuri 56 dienas ilga petjjuma laika katru dienu sanéma
vidgjo (12 g) topinambiira miltu koncentrata (t.i. 6 g inulina) devu. Lai gan
prognozgjam, ka, palielinot §1s baribas piedevas devu lidz 12 g inulina diennakti,
rezultats biis vel labaks (lielaks diennakts dzivsvara pieaugums), iegiitie rezultati
to neapstiprinaja (PreG24 grupa 100.0+3.86 kg+SD).

Izradijas, ka 6 g inulina deva diennakti (g/dnn), bija visefektivaka, lai iegiitu
lielaku dzivsvara pieaugumu, turpretim inulins devas 3 g/dnn un 12 g/dnn deva
salidzino$i sliktakus rezultatus. Ari Jonova ar lidzautoriem (2018) pétijjuma
teliem, kuriem izbaroja, 12 g So topinambiira miltu koncentratu (inulina deva
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6 g/dnn) aprakstija butiski lielaku dzivsvara pieaugumu, salidzinot ar kontroles
grupas dzivnickiem. Misu dati sakrit ar citu pétnicku datiem, kas pierada, ka
prebiotiku izbaroSana var butiski palielinat dzivmasas pieaugumu teliem
(Masanetz et al, 2010; Khare et al, 2018; Tian et al, 2019;
Swedzinski et al., 2019).

Misu pétjjuma konstat€jam, ka visu tris jaunizveidotas sinbiotikas
(topinambiira koncentrats ar ta sastava esoSo inulinu (50%) kombinacija ar
E. faecium) devu sanémuso dzivnieku vid€jais dzivmasas pieaugums grupa,
salidzinot ar kontroles grupu, ir lielaks. Vislielako dzivmasas pieaugumu
novéroja sinbiotiku vidéjas devas (SinG12) sanémuso dzivnieku grupai. Sai
grupai visu pétjjuma laiku tika novérots stabilakais dzivmasas picaugums. Lai
gan SinG6 sniedza zemako dzivsvara pieaugumu (100.0+£2.26 kg+SD) starp
sinbiotiku grupam, tomér arT tas bija butiski (p<0.01) augstaks neka kontroles
grupai (82.2+6.54 kg+SD). Lidzigi to apraksta citi autori (Dabiri, 2012; Moarrab
et al., 2016; Dar et al., 2019; Sahu et al., 2019).

Analizgjot kautsvaru, varam secinat, ka miisu p&tijjuma visu triju topinambiira
miltu koncentratu san€muso grupu dzivniekiem tas ir butiski lielaks neka
kontroles grupai, kas liecina, ka dzivnieki, kuriem ar baribas piedevu izbaroja
prebiotiku inulins, labak asimiléja uznemtos baribas lidzeklus. Daudzos
petjjumos pieradits, ka teliem, kuriem tika izbarotas prebiotikas, sausnas
uzpemSana ir lielaka, salidzinot ar kontroles grupas dzivniekiem
(Morrison, 2010, Ballou, 2011, Roodposhti un Dabiri, 2012, Ghosh un
Mehla, 2012, Liu et al., 2020).

Tapat ka miisu pétfjuma arT Grun ar lidzautoriem (2013), izbarojot teliem
prebiotikas, panaca lielaku kautsvara iznakumu. Autori lielaku dzivmasas
picaugumu un lielaku kautsvara iznakumu skaidro ar to, ka teliem, kuriem tika
izbarotas prebiotikas, notiek labaka baribas uznemsana un sagremosana.

Dazadu devu topinambiira koncentrata un sinbiotikas izbaro$anas
ietekme uz telu spurekla un glumenieka morfometriskajiem un
masometriskajiem meérijjumiem12 nedelas veciem teliem

Lai noskaidrotu izbaroto baribas piedevu ietekmi uz telu attistibu, p&tijumam
noslédzoties veicam spurekla un glumenieka morfometrisko un masometriskos
merfjjumus.

Visu topinambiira miltu koncentratu sanémuso dzivnieku grupu tuksa
spurekla masa ir lielaka (vidgji 1.26+0.13 kg+SD) salidzinot ar KoG
(1.00+0.14 kg+SD), kas sakrit ar pétijuma datiem, kur izbarojot baribas piedevas
panaca lielaku spurekla masas attistibu (Gorka et al., 2011).

Spécigaku saccus ventralis muskulslana attistibu konstat&jam PreG12 un
SinG24 grupam - vid&ji merfjumi PreG12 (427.2 £136.89 um+SD) un SinG24
(516.4+110.43 pm+SD) salidzinot ar KoG teliem (383.6+142.11 um+SD) bija
batiski lielaki. Spurekla saccus ventralis karpinu garums, kas tiek nodarbinatas
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gremoSanas un uzsiikSanas procesos, konstatgjam grupam, kuram izbarojam
lielaku topinambiira miltu koncentrata devu (PreG24 937.84479.69 un SinG24
1067.0+£570.93um+=SD), un tas ir batiski garakas ka kontroles grupai
(KoG 831.6+485.77 um#SD). Iesp&jams, ka topinambura miltu koncentrats,
veicinajis spurekla audu attistibu, jo nodrosinaja to ar nepiecieSamajam baribas
vielam un energiju. Tomér §is apgalvojums nav viennozimigs, jo pilna spurekla
masas merjjumi visam grupam ir [1dzigi un biitiskas atSkiribas $ajos merijumos
netika konstatétas (2. tabula).

Misu pétijums parada, ka topinambiira miltu koncentrats ar sastava eso$o
prebiotiku inulins saneémusiem 12 nedglas veciem teliem arT glumenieka masa ir
lielaka, salidzinot ar kontroles grupas dzivniekiem. Vismazaka glumenieka masa
ir kontroles grupai, kuras teli sanéma zemako topinambiira miltu koncentrata
devu (PreGo6) un visu triju devu jaunizveidotas sinbiotikas grupam. Attiecigi,
relativa kunga masa pret kautsvaru §im pétjjuma grupam ir vislielaka. Telu
grupam, kuras sanéma vid&jas un augstas devas topinambiira miltu koncentratu,
glumenieka masa ir vidgji par 100 g smagaka (vid&ji grupa 660+0.06 g+SD).
Tomér varam runat tikai par tendenci, jo S§T atSkirtba neizradijas statistiski
bitiska.

Lai gan Beharka ar lidzautoriem (1998) atzimg, ka glumenicka masu
neietekme rupjas baribas uznemsana, tacu citi autori pielauj, ka dzivniekiem, kuri
kopa ar pienu saneéma prebiotiku inulins (misu gadijuma topinambiira miltu
koncentratu), glumenieka izveidojas blivaks kazema receklis, kas tiek parstradats
ilgak (Mirand et al., 2019). Ar to varam skaidrot ari lielaku pilna glumenieka
masu topinambiira miltu koncentrata telu grupam (PreG6, PreG12, PreG24), jo
Mirand (2019) pétjjuma pieradits, ka kazetna koagulats, kas veidojas no kazeina
recekla, kungi paliek 1idz kunga iztukSo8anas ir noslégusies.

Lidzigu tendenci novérojam ari jaunizveidotds sinbiotikas grupas teliem.
Vidgjas un augstas devas sinbiotiku telu grupam tukSa glumeniecka masa bija
skaitliski (tomer nebitiski) lielaka ka KoG, tatu mazako sinbiotikas devu
sanémusas grupas teliem (SinG6) ta bija mazaka. Iesp&jams tas bija tapéc, ka
baribas piedevai klatesosa probiotika Enterococcus faecium inulinu savam
vajadzibam sak izmantot jau spurekli, Iidz ar to tas nonak glumenieka mazaka
apjoma un nespgj izveidot tik blivu kazema recekli, ka tikai topinambiira miltu
koncentratu sanémuso telu grupam.
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2. tabula/ Table 2

Baribas piedevu izbaroSanas ietekme uz telu kautsvaru, spurekla un
glumenieka masas raditajiem 12 nedelu veciem teliem/
The influence on calf carcass weight, rumen and abomasum weight of

feeding feed additives in 12-week-old calves

Grupa/  |Kautsvars/ Tuksa kunga nodalijuma | Tuk$a kunga nodalijuma
Group ~Carcass weight|masa/ relativa masa (% pret
(n=70)  |(X*SD; kg) Empty stomach kautsvaru+SD)/
compartments weight Empty stomach compartments
(x+SD; kg) raltive weight (% against
carcass weiht+SD)
spureklis/ glumenieks/ |spureklim/  |glumeniekam/
rumen abomasum  |[rumen abomasum
KoG 42.60+6.88 1.00+0.14 0.57+0.07 2.424+0.65 1.35+0.14
PreG6 44.80+0.99 1.12£0.16  |0.64+0.04** |2.50+£0.35  [1.44+0.08
PreG12 |51.40+£2.76** |1.30+0.15** |0.68+0.07** |2.53+0.32  |1.3240.15
PreG24 |54.0042.89** [1.36+0.07** |0.66+0.06** |2.53+0.21 1.23+0.12*
SinG6 49.70£2.41**  11.25+0.16*%* |0.56+0.08 2.52+0.35 1.12+0.14**
SinG12  [52.30£1.62**  |1.35+0.10** |0.624+0.10* |2.59+0.24  |1.194+0.20*
SinG24  [49.60+1.85**  [1.29+0.22** 0.60+0.08* |2.60+0.49  |1.214+0.15*

- carcass weight before chilling; * p<0.05; **p<0.01

Misu petfjuma teli, kuri san@ma augstas un vid€jas devas topinambtira miltu
koncentratu un ari ta kombinaciju ar probiotiku E.faecium sasniedza lielaku
kermena masu, kop&jo gremosanas kanala masu. Siem dzivniekiem, spurekla
karpinu un spurekla muskulslana slana mérjjumi parada, ka tie ir lielaki neka
KoG.

Dazadu devu topinambira miltu koncentrata un sinbiotikas
izbaroSanas ietekme uz spurekla karpinu izméru un muskulslana biezumu
12 nedelas veciem teliem

Spurekla karpinu garumu un platumu mérijumi tiek izmantoti, lai noteiktu
spurekla relativo attistibu (Lesmeister et al., 2004). Misu pétfjuma visgarakas
spurekla saccus ventralis karpinas tika novérotas PreG24 grupas dzivniekiem
(937.8+479.69 um+SD) vismazakas PreG6 grupas teliem
(818.3+485.05 pm+SD), bet PreG12, SinG6, SinG12 un SinG24 grupu karpinas
bija garakas neka KoG (831.4+300.99 um+SD) teliem.

Viena no iesp&jamibam, kapec ta notiek varétu biit tas, ka prebiotikas veicina
gaistoSo taukskabju veidoSanos, jo gala produkts, kas veidojas sagremojot
prebiotikas, ir gaisto$as taukskabes (Kauthold et al., 2000), kas talak ietekmé
gremosSanas enzimu darbibu ar1 zarnas. GaistoSo taukskabju butriatu enterociti
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izmanto ka energijas avotu veicinot §tinu proliferaciju, diferencésanos, un uzlabo
zarnu barjeru funkcijas. Tas veicina garaku zarnu barkstinu un kriptu attistibu
(Long et al., 2000; Samanta et al., 2013; Ghosh un Mehla, 2012). Izbarojot
prebiotikas, tas palielina zarnu barkstinu garumu, palielina zarnu barkstinu
uzsiikSanas sp&ju kapacitati un uzlabo baribas vielu uzsiikSanos zarnas, jo
palielnas zarnu glotadas virsmas uzstksanas laukums. Misu pétjjuma skaidri
ieztiméjas, ka dzivnieku grupam, kuram tika izbarotas prebiotiku - vidgjas un
augstas devas, bija lielaks svara picaugums un garakas jejunum zarnas
barkstinas, neka art spurekla saccus ventralis et dorsalis karpinas.

Konstagjam, ka tiem teliem, kuri pie piena sanéma topinambiira miltu
koncentrata vidéjo devu (PreG12) ir visgarakas jejunum barkstinas
(594.3+151.42 um+SD), bet KoG (465.7+127.29 um£SD) visisakas. Costa ar
lidzautoriem (2019) garaku karpinu attistibu zarnas skaidro, ka dzivniekiem ir
pieejams energijas daudzums, ko izmantot, lai spurekla un zarnu audi varétu
labak attistities un atjaunoties. Ar misu pétijums, pierada, ka prebiotiku (miisu
pétijuma inulina) izbarosana kopa ar pienu veicina telu atraku augSanu, attistibu
un adaptaciju pareja uz rupjo baribu. Miisu pétfjums arl pierada, ka teliem
perioda, kad tie no piena pariet uz rupjas baribas uznemsanu, prebiotikas inulins
izbaroSana var vecinat un palidzet vieglak adaptgties un pielagoties jaunajiem
baribas lidzekliem.

DazZadu devu topinambiira koncentrata un ta sinbiotikas izbarosanas
ietekme uz dazadu gremosanas kanala dalu satura pH
12 nedelas veciem teliem

Ka zinams spurekli, tiek novérotas vairak neka 150 dazadas mikroorganismu
sugas, kuras kel oglhidratus, proteinus un $kiedrvielas. Skiedrvielas skelosas
bakterijas visefektivak darbojas pie pH 6.2-6.8, bet cieti Skelosajam bakterijam
vairak piemérota skabaka vide pH 5.2-6.0. Laba barosanas prakse nosaka, ka
optimalaka spurekla pH kompleksai baribas skelSanai vajadz&tu bit no 5.8-6.4,
lai sagremoSanas procesi notiktu normali (Highfill un Lalman, 2005).
Prebiotikam ir liela loma dazadu mineralvielu uzstkSanas procesa un
transportésana. Tas palielina gaistoSo taukskabju produkciju, palielinot,
pieméram, butriatru veidosanos. Nodrosinot zarnu epitélija $tinas ar energijas
avotu tiek uzlabota zarnu uzsikSanas sp&ja (Singh et al., 2017). P&tijjumos ar
prebiotiku polisaharidu beta glukanu tika panakta spurekla vides pH
paaugstinasana un baribas vielu labaka sagremosana (Kim et al., 2011).

Misu pétijuma KoG izradijas visskabaka spurekla vide, bet vajak skaba
(pH 6.45+0.38) PreG12 grupas dzivniekiem. Rezultati liecina, ka teliem, kuri
sanéma mazako devu topinambira miltu koncentratu, kas satur 3 g prebiotiku
inulinu, spurekla pH limenis ir lidzigs, kadu to konstatéjam kontrolgrupas pH
limenim (pH 5.7+0.60). Varam secinat, ka $ada prebiotikas inulina (3 g/dnn)
deva nenodro$ina literatira aprakstito optimalu spurekla satura pH Iimeni.
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Dzivniekiem, kuriem, tika izbarota uz pusi lielaka prebiotikas inulins deva
(6 g/dnn) tika konstat&ts batiski (p<0.05) augstaks spurekla vides pH Iimenis
(videji pH 6.1+0.39) neka 3g/dnn inulina grupai. P&tot atgremotajdzivniekus,
butiski saprast izmainas spurekla pH mérfjumos, kur notiek primara baribas
sagremosana un fermentacija, kas pieaugusiem atgremotajdzivniekiem butiski
ietekmé vinu veselibas stavokli un gremosanas procesus. Sis pH Imenis
nodrosina literatlira min€to optimalo vidi Skiedrvielu un cietes SkelSanai (Highfill
un Lalman, 2005).

Attieciba uz grupam, kuru dzivnieki pie piena sanéma jaunizveidoto
sinbiotiku, konstatgjam, ka pH telu spurekli bija vid&ji 6.01+0.45 Iimeni, kas
izradijas nedaudz augstaks neka kontroles grupai. Miisu p&tijuma, kur sinbiotikas
sastava bija inulins un Enterococcus faecium, pH limenis spurekli tiecas tuvak
neitralam pH Itmenim. Lai gan skaitliski novérojam bitiskas atskiribas
glumenieka vides pH mérfjumos SinG un KoG, tomé@r tas nevaram uzskatit par
fiziologiski butiskam, jo glumenieka ieksgjas vides pH savartijas no 3.50 lidz
3.68 vertibam, kas ir raksturigais skabju/sarmu Iidzsvars glumenieka. Tievo
zarnu satura pH svarstfjas no 7.67 lidz 7.94 vienibam. Tapat ar1 resnas zarnas
colon satura svarstibas no 7.02 Iidz 7.5 pH vienibam liecinaja vairak par vaji
sarmainu reakciju, kas ir raksturigs pH limenis colon vide.

Tuksas zarnas (jejunum) mikroskopiskie mérijumi teliem
12 ned@lu vecuma

ME&rot tievo zarnu jejunum barkstinas, konstat&jam, ka tas ir butiski garakas
topinambiira miltu koncentratu un jaunizveidotas sinbiotikas sanémuso telu
grupam neka kontroles grupai (3.tabula). Garakas un platakas barkstinas tievajas
zarnas palielina baribas vielu uzsiik§anos un veicina telu augSanu un attistibu,
par ko liecingja citi mérfjumi. Caspary (1992), apraksta, ka, ja zarnu barkstinas
ir garakas, tad palielinas arT zarnu virsmas laukums un notiek labaka baribas vielu
uzstksanas. Lidzigas domas ar vipiem ir Xu ar lidzautoriem (2003), kuri
apraksta, ka dzivniekiem, kuriem ir Tsakas zarnu barkstinas, zarnas samazinas
uzsiikSanas funkcijas un palielinas sekretoras funkcijas, kas rezultgjas ar
dzivnieku 1énaku attistibu.
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3. tabula/ Table 3

Tuksas zarnas vidusdalas barkstinu garuma, platuma un muskulslana
vidéjo vertibu salidzinajums 12 nedélu veciem teliem/
Comparison of mean values of villi length, width and muscle layer in the
middle of the jejunum in 12-week-old calves (n = 70)

Grupa/ Barkstinu garums/ | Barkstinu platums/ | Muskulslana biezums/

Group Villus height Villus width Muscle layer thickness
(X = SD; um) (X £ SD; um) (X£SD; um)

KoG 465.7+127.29 55.4+10.51 157.6+£53.20

PreG6 523.44+120.41** 63.0+15.58** 158.3+47.38

PreG12 594.3+151.42** 64.0£17.67** 118.2+£53.11**

PreG24 532.3+196.97** 58.1+16.00 141.8+43.24*

SinG6 483.1+132.63 62.9+13.00** 134.9433.00**

SinG12 566.1+144.68 ** 63.4+15.35%* 113.2426.23**

SinG24 489.2+135.76** 66.7+18.06** 149.7449 .45

*bitiska atskiriba ar /significant difference with KoG (p<0.05);
** butiska atSkiriba ar/ significant difference with KoG (p<0.01)

Misu pétijuma, teliem, kuri sanéma papildus baribas piedevas, bija butiski
lielaks dzivsvara pieaugums un jejunum barkstinu garums. lep&jams, ka $o
garako (salidzinot ar KoG) barkstinu d&l, palielindjas uzsiikSanas laukums zarnas
(3.tabula). Uzlabojot zarnu morfologisko attistibu, uzlabojas ne tikai baribas
absorbcija un sagremosana, bet ari dzivnieku spéja pasargat sevi no patogéno
bakt&riju ierosinatam infekcijam (Dimitroglou et al., 2009).

Topinambiira koncentrata un ta sinbiotikas izbaroSanas ietekme uz
loka zarnas (colon) kriptu dzilumu loka zarnas glotada teliem
12 nedelu vecuma

Veicot colon kriptu dzilumu mérjjumus konstat§jam, ka misu veikta
petijuma teliem, kuri bija apméram 84 dienas jauni, topinambira miltu
koncentratu un ta sinbiotiku sanémuso telu grupam ir butiski seklakas colon
kriptas neka KoG teliem (592.5£145.5 um#SD). Izveértgjot kriptas dzilumus
resnaja zarna colon, noskaidrojam, ka gan PreG, gan SinG grupu dzivniekiem
kriptas ir seklakas neka KoG. Dzilakas colon kriptas no PreG grupu teliem bija
PreG6 (532.5+86.39 pum=SD), bet no SinG telu grupam SinG6 grupai
(534.9+£126.62 um+SD). Tas ir lidzigi rezultatiem, ko apraksta Fleige ar
lidzautoriem (2007), kuri teliem izbaroja laktulozi kopa ar E.faecium.
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4. tabula/ Table 4

Loka zarnas kriptu dzilums 12 nedglas veciem teliem /
The depth of colon crypth in 12-week-old calves (n = 70)

Grupa/ Loka zarnas kriptu Bitiskuma limenis,
Group dzilums/ salidzinot ar KoG/
Colon crypth depth Significance level
(X£SD;um) compared to KoG
KoG 592.5+£145.50 -
PreG6 532.5+86.39 p<0.001
PreG12 531.0+£110.97 p<0.001
PreG24 521.5£101.50 p<0.001
SinG6 534.9+£126.62 p<0.001
SinG12 516.4+107.52 p<0.001
SinG24 493.84+98.86 p<0.001

Ka zinams apoptoze ir nozimiga gremosanas kanalam, jo ta ir atbildiga par
§linu atjaunosanas balansu, nodrosinot $tinu gan proliferaciju gan bojaeju, un ir
batisks process normalai §inu morfologijai un funkcijai (Hall et al., 1994). Ir
pieradits, ka prebiotikas palielina apoptozi zarnas, lai veiktu aizsargajosu efektu
no kancerogénajam $tnam (Hughes un Rowland, 2001). Ari Klien ar
lidzautoriem (2006) uzsver, ka prebiotikas pastiprina apoptozi un samazina
proliferaciju.Dazadas baribas piedevas, tai skaitd prebiotikas un probiotikas,
uzlabo baribas vielu uzstikSanos zarnas, par ko liecina sugai raksturigaka fekalo
masu konsistence un mazaks diarejas gadijumu skaits (Xiao et al., 2016). Miisu
pétijuma zarnu barkstinas ir garakas grupam, kuras sanéma dazadas devas PreG
un SinG, un So grupu fekalo masu konsistence ir sugai raksturigaka, formigaka,
salidzinot ar kontroles grupu.

Telu fekalo masu konsistences izmainas dazados vecuma posmos

Pétot fekalo masu konsistenci, konstatgjam, ka p&tijjuma laika telu grupam,
kuram inulins tika izbarots augstakas devas (12 g/dnn un 24 g/dnn), tas bija
formigakas, sugai raksturigakas. Starp prebiotiku sanémuso dzivnieku grupam
netika noverotas biitiskas atSkiribas fekalo masu konsistence, kas ir lidzigi ka
citu autoru veiktajos pétjumos ar prebiotiku izbaroSanu teliem
(Quezada-Mendoz et al., 2011; Hasunuma et al., 2011; Kara et al., 2015; Sharma
et al, 2018; Senevirathne et al., 2019).

Gan dazadu devu topinambiira miltu koncentratu sangmuso telu grupam, gan
kontroles grupas dzivniekiem fekalo masu saSkidrinaSanos noverojam
2. pétijuma nedéla, kad fekalo masu saskidrinasanos vargja ierosinat jaunas
spekbaribas pievieno$ana baribas racionam. V@l viens iemesls fekaliju
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konsistences izmainam $aja vecuma varétu but tas, ka teliem asinis bija
samazinajies antivielu (IgG) limenis, kas tika sanemtas ar mates pirmpienu un
kas Iidz $im pasargaja telus no dazadiem nelabvéligiem argjiem apstakliem un
patogéniem. P&tfjuma sakuma un laika perioda, kad saka izbarot spckbaribu,
fekalo masu konsistence teliem bija Skidraka neka otraja p&tijjuma dala (2. att.),
jo to gremoS$anas sistémas organiem ir japiemérojas jaunajiem baribas
lidzekliem. Rezultati liecina, ka pie piena pievienotais topinambiira miltu
koncentrats ar ta sastava esoso inulinu palidz parvarét dietas mainu, un teli atrak
adapt€jas jaunajiem baribas lidzekliem. Ka norada Roodposhti ar kolégiem
(2012), resnaja zarna labvéligas bakterijas prebiotikas var viegli izmantot sev
dazados fermentacijas procesos. Tas veicina to augSanu un attistibu, tadejadi
nodrosinot aizsardzibu no patogénajam bakterijam (Ohland un MacNaughton,
2010).
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2.att. Telu fekalo masu konsistences novertéjums (X) ballés dazadas
pétijuma nedélas (n=70)/
Fig.2 Scours of fecal mass consistency (x) of calves at different weeks of the
study (n=70)

Atraka fekalo masu atgriesanas sugai raksturiga konsistencé parada, ka visu
triju misu p&tjjuma izmantoto prebioikas devu izbaroSana nodrosina sekmigaku
zarnu trakta funkciongSanu arT baribas lidzeklu mainas gadijuma (2.att). Misu
pétjjuma sinbiotiku grupas dzivniekiem (tapat ka topinambiira miltu koncentratu
sanémuso telu grupam) fekalo masu saskidrinasanos novérojam laika, kad
noteiktajai baribas di€tai pievienojam jaunu lidzekli rupja maluma spekbaribu.
Rezultata teliem, kuriem izbaroja tris dazadas devas sinbiotikas, tika noverotas
stingrakas, sugai raksturigakas fekalas masas neka kontroles grupas dzivniekiem.
Tatad armT SinG grupam baribas raciona izmainas mazinaja fekalo masu
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saskidrinasanos, kas parasti rodas baribas mainas rezultata. Grupas SinG12 teli,
kuri sanéma 12 g topinambiira miltu koncentratu (satur 6 g/dnn inulinu), uzradija
visstabilako fekalo masu konsistenci visa p&tijuma laika.

Jaatzimg, ka probiotikas E.faecium pievienoSana topinambira miltu
koncentratam, kura sastava prebiotiku inulins sastada ~50%, ta izveidojot
sinbiotiku, miisu pétfjuma uzlaboja fekalo masu konsistenci ar baribas mainas
laika. Visu §is sinbiotikas triju devu izbaro$ana uzlaboja fekalo masu konsistenci
- tas bija nedaudz stingraka un sugai raksturigaka neka prebiotikas un kontroles
grupu dzivniekiem. To var skaidrot ar to, ka sinbiotika sastava eso$as prebiotika
un probiotika darbojas sinergiski un veicina gremosanas procesiem labvéligu
zarnu mikroorganismu darbibu, Iidz ar to sugai raksturigaku fekalo masu
konsistenci (2. att.).

Teliem novertgjam ne tikai fekalo masu konsistenci, bet arT citus vispargjas
veselibas raditajus, tadus ka rektala temperatiira, sirds darbibas un elpoSanas
frekvence viena minite. Jaatzimé, ka visi §ie raditaji visu pétijjuma laiku bija
normas robezas un starp tiem netika novérotas biutiskas atskiribas.

Hematologisko raditaju izmainas 4 - 12 nedélu veciem teliem péc
daZadu devu topinambiira koncentrata un ta sinbiotikas izbaroSanas

Miisu un arT citu zinatnieku pétfjumu laika telu vecums ir mainigs, lidz ar to,
ka raksta Klinkon un JeZek (2007), ari asins hematologisko un biokimisko
vertibu raditaji ir mainigi dazados dzivnieku vecuma un attistibas posmos.
Teliem asins raditaji 1pasi tiek ietekméti laika, kad péc piena izbaroSanasSanas
sak izbarot sienu un spekbaribu (Klinkon, Jezek, 2007).

Teliem, kltistot vecakiem, eritrocitu skaits palielinajas, tomér vid€jas un
augstas devas topinambiira miltu koncentratu san€muso telu grupas (inulins 6 un
12 g/dnn) tas paliclingjas straujak (3.att.). Visu pétijuma laiku dzivniekiem,
kuriem izbarojam dazadas devas topinambiira miltu koncentratu, eritrocttu un
hemaglobina daudzums (5.att.) bija augstaks neka KoG grupas teliem. Ir zinams,
ka galvena eritrocitu funkcija ir gazu transports, apgadajot $tnas ar skabekli un
nodroSinot oglekla dioksida aizvadiSanu. Par §is funkcijas izpildi liecina
pietickams hemoglobina limenis eritrocitos (Awodi et al., 2005).
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Miisu pétijuma butiskakas atskiribas paradijas 28. petjjuma diena, kad teliem,
kuriem izbarojam topinambiira miltu koncentratu, novérojam augstaku
hemaglobina koncentraciju (4. att).

PreG6 PreG12 PreG24 SinG6 SinG12 SinG24
m 0. diena = 14. diena = 28. diena = 56. diena

3.att. Eritrocitu (x£SD) skaita izmainas teliem (n=70) pétijjuma
0., 14., 28., 56. diena/
Fig.3 Changes in erythrocyte count (X+SD) in calves (n=70) on study days
0, 14, 28,56
*bitiska atSkiriba ar /significant difference with KoG (p<0.05);
** butiska atSkiriba ar/ significant difference with KoG (p<0.01)
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Scholz-Ahrens ar lidzautoriem (2015) pétjjuma ar zurkam pieradija, ka
prebiotika inulins sp€j paaugstinat divvertigo metala transportétaju 1 (DMT1)
resnaja zarna, kas ir proteIns un atbild par dzelzs jonu parnesi cilvékiem un
dzivniekiem. Iesp&jams, ka misu pétfjuma dzivniekiem notika labaka dzelzs
jonu absorbcija ka kontroles grupas teliem. Zinams, ka prebiotikam inultnam un
oligofruktozei var blit pozitiva ietekme uz proteiniem, kas regule dzelzs jonu
uzsiikSanos cilveku un dzivnieku organisma
(Marciano et al., 2015).

Teliem, kuri san€ma topinambiira miltu koncentratu (inulina devas 6 un
12 g/dnn) hematokrita (4. att.) un hemaglobina raditaji (5.att.) bija augstaki, kas
varétu liecinat par labaku dzelzs absorbciju.

Kontroles grupas teliem HCT pétfjuma 28. un 56.diena bija zem normas
robezas, kas liecina par zemaku dzelzs absorbciju.

Masanetz ar kolégiem (2011) p&tijuma ne tikai konstatgjis bitiskas atskiribas
starp prebiotiku grupas dzivniekiem un kontroles grupu kopgja eritrocitu
daudzuma, bet arT novéroja butisku atskiribu hemoglobina limenT teliem, kuriem
izbaroja inulinu. Tas bija batiski augstaks ka kontroles grupai un grupam, kuram
izbaroja laktulozi. Tas sakrit ar maisu pétjjuma datiem, konstat&jam, ka vidgjas
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un augstas devas topinambiira miltu koncentrata izbarosana, kas saturgja inulinu
6 vai 12 g, butiski paaugstina hemaglobina limeni (5.att.).

*

KoG PreG6 PreG12  PreG24 SinG6 SinG12 SinG24
m(.diena ®14. diena = 28. diena 56. diena
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4.att. Hematokrita (X+SD) mérijumu izmainas teliem (n=70) pétijuma
0., 14., 28., 56. diena/
Fig.4 Changes in hemotocryte count (x+SD) in calves (n=70) on study days
0, 14, 28, 56
*bitiska atSkiriba ar /significant difference with KoG (p<0.05);
** butiska atSkiriba ar/ significant difference with KoG (p<0.01)

Jamin, ka Klinkon un Jezek (2007) apraksta, ka, sakot uznemt rupjo baribu,
teliem asinis eritrocitu daudzums palielinas, kas masu pétijjuma tick novérots
PreG12 un PreG24 un visam SinG grupam, ta¢u ne KoG.

Miisu pétijuma sinbiotiku (SinG12 un SinG24) grupam HGB un HCT raditaji
ir augstaki neka KoG, turklat SinG12 grupai hemaglobins (p<0.01) bija augstaks
jau no 28. p&tijjuma dienas.

Roland ar lidzautoriem (2014) aprakstijis, ka teliem hemoglobina un
hematokrita limenis samazinas pirmajos dzives ménesos un sakot ar treso dzives
meénesi atkal palielinas, ko novérojam arT miisu petfjuma visam telu grupam,
kuram papildus izbarojam baribas piedevas.
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5.att. Hemaglobina (X+SD) daudzuma izmainas teliem (n=70) pétijuma
0., 14., 28., 56. diena/
Fig.5 Changes in hemaglobin (x+SD) in calves (n=70) on days
0, 14, 28, 56 of the study
*bitiska atSkiriba ar /significant difference with KoG (p<0.05);
** butiska atSkiriba ar/ significant difference with KoG (p<0.01)

Tomer japiemin, ka Azimzadeh ar lidzautoriem (2016) nekonstat&ja bitiskas
at$kiribas eritrocitu skaita un hemoglobina limeni asinis starp sinbiotiku un
kontroles grupu dzivniekiem.

Ir izpétits, ka arT sinbiotikas palidz uzstkties dazadam mineralvielam, tai
skaita dzelzim (Ahmad et al.,, 2021). Tas varétu bat iemesls augstakam
hemoglobina [imenim sinbiotiku sanémusajiem teliem.

Leikocttu paaugstinaSanas var liecinat par infekcijas attistibu, arT stress var
paaugstinat to daudzumu. Ir pieradits, ka prebiotikdm piemit imiinsistému
stimulgjosa darbiba (Seifert un Waltz, 2007), kas ietekmé leikocTtu daudzumu
asinis. Misu pétfjuma visu grupu dzivniekiem 56. diena limfocitu bija vairak
neka 0 diena.
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PreG6 PreGl12  PreG24 SinG6 SinG12  SinG24
m0.diena ®14.diena =28.diena =56.diena
6.att. Leikocttu (X£SD) skaita izmainas teliem (n=70) pétijuma
0., 14.,28., 56. diena/
Fig.6 Changes in leukocyte (x.SD) counts in calves (n=70) on study days
0, 14, 28, 56
*bitiska atSkiriba ar /significant difference with KoG (p<0.05);
** butiska atSkiriba ar/ significant difference with KoG (p<0.01)

Grupam, kuram izbarojam augstako devu topinambiira miltu koncentratu un
ta kombinaciju ar probiotiku (PreG24 un SinG24), visa pétfjuma laika
nenoverojam krasas leikocTtu daudzuma izmainas, bet kontroles grupai un
zemako prebiotikas devu sanémusajiem (PreG6) dzivniekiem, to bija vairak
petijuma beigu posma. Lai arT dazadas pétijuma dienas starp kontroles un p&tamo
telu grupam tika konstattas statistiski bitiskas atSkiribas leikocttu vidgjo
raditaju izmainas, tomér nevienai no grupam tas nebija arpus references robezam.
Nevaram apgalvot, ka topinambiira miltu koncentrata izbaroSana ietekmétu
leikocttu skaitu. Krol (2011) apraksta, ka leikocTtu skaits palielinas jo, zarnas
rodas ickaisuma reakcijas atbilde uz augsto prebiotika devu. Ar1 EI-Mehanna ar
lidzautroiem (2017) sava pétijuma atklaja, ka kopgjais leikocTitu skaits prebiotiku
un sinbiotiku grupas dzivniekiem ir augstadks neka kontroles grupai, kas
apstiprinatu $o teoriju.

Misu petfjuma topinambiira miltu koncentratu sanémuso telu grupam visa
pétijuma laika tika novérots augstaks limfocttu skaits, salidzinot ar KoG grupas
dzivniekiem. Iesp&jams tas tapéc, ka prebiotikas vargtu bt tas, kas ir sp&jigas
ietekmet zarnu glotadas imunitati un nodrosinat veselu organismu kopuma.
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7.att. Limfocitu (X+SD) skaita izmainas teliem (n=70) pétijuma
0., 14.,28., 56. diena/
Fig.7 Changes in lymphocyte (xSD) counts in calves (n=70) on study days
0, 14, 28, 56
*bitiska atskiriba ar /significant difference with KoG (p<0.05);
** butiska atSkiriba ar/ significant difference with KoG (p<0.01)

Dar ar Iidzautoriem (2017) pétijuma aprakstija, ka limfocttu skaits prebiotiku
un sinbiotiku grupas dzivniekiem bija biitiski augstaks neka kontroles grupai, kas
tika skaidrots ar imunitates cel$anos un imtinatbildes reakcijas veido$anos. Misu
pétijuma sinbiotiku grupam lidz 56. dienai ir augstaks limfocitu skaits, bet
pétijumam noslédzoties (56. diena). KoG limfocitu ir nedaudz vairak ka SinG6,
bet mazak ka SinG12 un SinG24 grupam. P&tijuma kopuma sinbiotiku grupam
konstat&jam augstaku limfocitu skaitu un, iesp&jams, spécigaku imunitati.

Attiectba uz monocttu daudzumu asinis jaatzimé, ka visu pétjjuma laiku
visam grupam to skaits bija augstakajas references robezas vai tas parsniedza.
Jaatzimg, ka prebiotiku grupu teliem to skaits bija zemaks neka kontroles grupas
teliem. Salidzino$i zemako skaitu noverojam grupai, kuras dzivnieki sanéma
augstako topinambiira koncentrata teliem (PreG24 grupai).

Lai arT monocitu skaita vidgjas vertibas starp grupam, atseviskos gadijums
paradija statistiski butisku atkiribu, tam nav fiziologiskas nozimes, jo to skaita
svarstibas bija starp 0.8 un 1.1x10%L, ko nevaram uzskatit par fiziologiski
nozimigam.
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Trombocitu daudzums topinambiira miltu koncentratu un ta sinbiotiku
sanémuso grupu teliem visu pétfjuma laiku, salidzinot ar kontroles grupas
dzivniekiem, bija augstaks. Izpétits, ka trombocttu skaits teliem strauji pieaug
pirmajas divas dzives nedglas, un tad nakamajos trijos ménesos pieaugams vairs
nav tik strauj$ (Roland et al., 2014).
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8.att. Trombocitu (x+SD) skaita izmainas teliem (n=70) pétijuma
0., 14.,28., 56. diena/
Fig.8 Changes in platelet count (x+SD) in calves (n=70) on study days
0, 14, 28, 56
*bitiska atSkiriba ar /significant difference with KoG (p<0.05);
** butiska atSkiriba ar/ significant difference with KoG (p<0.01)

No 0. Iidz 28. pétfjuma dienai salidzino$i augstaks trombocTttu Itmenis
(PLT x10%L) tika noverots KoG grupas dzivniekiem. P&tfjuma 14. un 28. diena
visu topinambiira miltu koncentratu sanémuso telu grupam trombocttu vidgjais
daudzums bija butiski (p<0.01) zemaks neka kontroles grupai. Jaunizveidotas
sinbiotikas grupam arT novérojam bitiski (p<0.01) zemaku vid&jo trombocitu
skaitu Saja laika perioda. SinG telu grupam novérojam augstaku PLT skaitu ka
PreG. Nosledzot pétfjumu (56.diena), konstat&jam, ka visu grupu teliem vid&jo
trombocttu skaits grupa samazindjies. Starp dazadu devu baribas piedevu
sanémuso grupu teliem un KoG bitiskas atskiribas netika atrastas.

33



Asins biokimisko raditaju izmainas 4 - 12 nedélu veciem teliem péc
dazadu devu topinambiira miltu koncentrata
un ta sinbiotikas izbaroSanas

Kopgja proteina (KP) Iimena noteikSana ir loti svariga daudzu slimibu un
organisma darbibas trauc&jumu diagnostika. Atgremotajiem ne tikai vecums, bet
ar1 izveleta bariba un iekaisumu procesi var ietekmét KP koncentraciju asins
plazma (Kaneko, 1997; Kraft, Diirr, 1999c; Shil et al., 2012).

Postnatalas attistibas laika tiesi telu vecums tiek minéts ka galvenais faktors,
kas ietekmé kopg&ja proteina limeni asins plazma, uzsverot, ka teliem tas ir
zemaks neka govim (Kaneko et al., 1997; Shil et al., 2012).

Visu miisu pétfjuma grupu teliem KP Iimenim ir tendence pieaugt, teliem
klastot vecakiem. Salidzinot KP Iimeni uzsakot pétjjumu, t.i. 21 dienu veciem
teliem un, noslédzot petijumu, t.i. pec 56 dienam, visu baribas piedevu saneémuso
telu KP Iimenis asins plazma ir augstaks ka kontroles grupas dzivniekiem. Ka
izn€mumu jamin 28. pétljuma diena, kad visu grupu dzivniekiem KP Iimenis bija
zemaks neka 14. pétjjuma diena. To varam skaidrot ar fekalo masu
saSkidrinasanos no 14. lidz 28. p&tfjuma dienai

Misu pétfjuma PreG24 grupas teliem, kuri sanéma augstako topinambiira
miltu koncentrata devu (inulins 12 g/dnn), KP Iimenis bija butiski augstaks
(p<0.01) ka kontroles grupas dzivniekiem. Noslédzot pé&tfjumu arT PreGl12,
SinG6 un SinG12 grupam kopgja proteina daudzums asins plazma ir bitiski
(p<0.01) augstaks ka KoG, kas varétu noradit uz iesp€jami labaku proteina
uzsikSanos gremosanas kanala.

Ta ka albumini parsvara tiek sintezeti aknas, to daudzums ir atkarigs no aknu
brieduma un funkcionalajam sp&jam (Steinhardt un Thilescher, 2000c). Zemaka
albumina koncentracija asins plazma veseliem dzivniekiem var@tu bt
nepietickamas aminoskabju piegades sekas (Whitaker, 1997). Miisu pétijjuma
visam pétamo dzivnieku grupam albumins viszemako ITmeni asins plazma
sasniedza 28. petljuma diena jeb 42. dienu veciem teliem, kas tiek noverots viena
laika ar fekalo masu saskidrinasanos. Tas, iesp&jams, var€tu biit viens no
galvenajiem albumina pazeminaSanas c€loniem Saja laika posma. Ar1 Klinkon
un Jezek (2007) apraksta, ka albumina pazeminasanas zem normas robezam jeb
hipoalbuminémija teliem sastopama pie diarejam.

Jaatzime, ka visa misu pétfjuma laika visam p&tamo telu grupam vidgjais
albumina Iimenis asins plazma ir augstaks neka normas robezas. To var skaidrot
ar to, ka teli visu pétfjuma laiku san@ma pilnpienu, kas var@tu nodroS$inat
augstaku albumina daudzumu asins plazma. Hiperalbumin€miju var novérot
dehidratacijas gadijumos, tacu miisu pétfjuma teliem visu petijuma laiki HCT ir
normas robezas, tapec izsledzam §adu iesp&jamibu.

Sarmainas fosfotazes (SAP) enzima aktivitate pieaug, pie ak@itam un
hroniskam aknu slimibam, ka arT slimibam, kas skar skeleta sistému un kaulus
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(rahits, periostits). Zinams, ka dzivniekiem kliistot vecakiem, enzima aktivitate
samazinas, jo vairs nenotiek tik strauja augSana, un samazinas SAP limenis
(Kaneko, 1997). Knowles ar lidzautoriem (2000) apraksta, ka teliem, sasniedzot
60 dienu vecumu, SAP Iimenis asinis samazinas un ta aktivitate kliist stabilaka
(Iidz tam enzims koncentracija asins plazma ir augstaka). Lidzigu dinamiku
novérojam arT masu pétfjuma PreG6 un visam SinG grupam, ka ar kontroles
grupas teliem. PreG12 grupas teliem SAP samzinajas salidzinot ar pé&tijuma
mérfjumiem uzsakot p&tjjumu.

Miisu pétijuma visu grupu dzivniekiem vidéja GGT limena raditajs grupa bija
normas robezas, lai gan, uzsakot pétfjumu, GGT Iimenis bija augstaks, bet teliem,
klstot vecakiem, samazinajas. Sada dinamika atbilst vecumam raksturigajam
izmainam.

Glikozes limenis miisu p&tijuma PreG12 grupai 14., 28., un 56. pétijuma
diena bija butiski (p<0.01) zemaks, salidzinot ar KoG dzivniekiem. Visa SinG24
glikozes Iimenis bija bitiski (p<0.05) zemaks neka KoG. Tas bija zemaks ar1
salidzinot ar teliem, kuri pie piena sanéma topinambiira miltu koncentrata pulveri
(inulins 3 g/dnn vai 6 g/dnn) vai tadu pasu devu kombinacija ar E. faecium.
Zinams, ka glikozes Itmenis teliem ir augstaks neka govim, ko skaidro ar to, ka
telu kungi sakotngji darbojas Iidzigi ka monogastriskiem dzivniekiem
(Doornenbal et al., 1988; Shil et al., 2012).

Topinambiira koncentrata un ta sinbiotikas izbaro$anas ietekme uz
loka zarnas (colon) imiinoglobulina A ekspresiju loka zarnas glotada
teliem 12 nedélu vecuma

Galvena iminglobulina A (IgA) funkcija zarnas ir noveérst patogénu
piestiprinasanos zarnu sieninam, nodroSinot $iinu imunitati un homeostazi, jo
IgA izdalas caur zarnu glotadas virsmu (Suzuki un Nakajima, 2014). IgA ir
pirmais, kas pasarga zarnu epitéliju no enteroroksiiem un patog€najiem
mikroorganismiem, veicina labvéligo mikroorganismu kolonizaciju. Visam
topinambiira miltu koncentrata un ta sinbiotiku sanémuso telu grupam IgA
iminreaktivo $tnu ekspresija resnas zarnas colon glotada ir butiski (p<0.01)
lielaka, neka kontroles grupas dzivniekiem (5.tabula). Misu pétijuma ieklauto
baribas piedevu izbaroSana, iesp&jams, uzlabo resnas zarnas mikrobiotu, ta
uzlabojot zarnu sieninas imiinreaktivitati un pretoSanas sp&jas patog€najiem
mikroorganismiem, par ko liecina lielaka IgA daudzuma ekspresija zarnu audos,
jo IgA sekrécija notiek ka atbildes reakcija bakteriju kolonizacijai (Cebra, 1999).
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5. tabula/Table 5
Imiinglobulina A imiinreaktivo §iinu daudzuma izvértéjums
RGB modela zilas krasas spektra/
Evaluation of the amount of immunoglobulin A immunoreactive cells
RGB model in the blue spectrum (n=70)

Grupa/ Maksimala | Minimala | Vidgja vértiba | Standart | Batiskuma
Group vertiba/ vertiba/ grupa/ novirze/ | limenis,
Maximal Minimal Average Standard | salidzinot ar /
value value value in deviation | Significance
grpoup level compared
to KoG
KoG 185 77 130.4 25.16 -
PreG6 194 94 146.7 17.94 p<0.001
PreG12 178 80 135.9 19.34 p<0.001
PreG24 200 82 129.6 22.54 p<0.001
SinG6 173 84 137.0 14.81 p<0.001
SinG12 197 75 1442 25.41 p<0.001
SinG24 179 94 137.3 15.70 p<0.001

Misu pétijjuma IgA viszemaka ekspresija colon audos tika novérota KoG,
salidzinot ar dzivnieku grupam, kuram izbaroja topinambiira miltu koncentratu
un jaunizveidoto sinbiotiku. Vid&jas devas topinambiira miltu koncentrata deva
(satur 6 g inulinu) jeb PreG12 kombinacija ar E. faecium sniedza vislabakos
rezultatus, kur iespjams, resnas zarnas saturam un sieninam labveligas
baktérijas var€ja izmantot inulinu savai augSanai un veicinat zarnu lokalo
imunitati.

Grelina imiinreaktivo Siinu skaits un novietojums glumenieka
12 nedelu veciem teliem, kuriem 56 dienas tika izbarots dazadu devu
topinambiira miltu koncentrats un ta kombinacija ar probiotiku

Viens no petijuma uzdevumiem bija novertét topinambiira miltu koncentrata
vai ta kombinacijas ar E.faecium ietekmi uz izsalkuma un sata sajatu. Grelina
iminreaktivas $tinas konstatgjam gan kontroles grupas, gan izbarojot dazadu
devu topinambiira miltu koncentrata un ta sinbiotiku
12. nedglas vecu telu glumenieka. Tas papildina autoru aprakstitos pétijjumus, ka
grelina IR Siinas, ir konstatétas jau teliem divu nedélu vecuma un pieaugsu,
piecus gadus un vecaku govju glumenieka (Hayashida et al., 2001;
Hayashi et al., 2020). Turklat to daudzums glumenieka divas liclakajas dalas
glumenieka fundus un pars pylorica butiski atskiras (6. tabula).
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6. tabula/ Table 6
Grelina IR §iinas (xSD 1mm?) glumenieka pylorus un fundus dala
un liemena masa 12 nedelas veciem teliem/
Ghrelin IR cells (x+SD 1mm?) abomasum pylorus and fundus part and cold
carcase weight in 12 weeks old calves

Reakcijas intensitate/ Liemena  masa
Grupa/ Reaction intensity (kg+SD)/
Group pylorus fundus Carcass weight
(kg£SD)
KoG 54+4.22 13+8.01 42.6+6.88
PreG6 0+0.07** 15+5.86 44.8+0.99*
PreG12 040.05%* 6+4.50%* 51.442.76**
PreG24 0+0.04** 443.99** 54.04£2.89**
SinG6 0+0.89** 10+£3.27* 49.742.41**
SinG12 0+0.11** 542.93** 52.3+1.61**
SinG24 0+0.03** 240.79** 49.6+1.85**

*p<0.05; ** p<0.01

Misu pétjjuma kontroles grupas teliem un p&tamo grupu dzivniekiem,
neskatoties uz pienam pievienoto baribas piedevu veida un daudzuma, grelina
iminreaktivo $tinu skaits glumenieka fundus dala bija butiski lielaks neka pars
pylorica. Ari citi autori savos p&tijumos apraksta, ka glumenieka fundus dala ir
daudz vairak grelinu saturoso $tinu, neka pars pylorica (Strader un Wood, 2005;
Kojima un Kangawa, 2005). Grelins izsalkuSam dzivniekam veidojas kunga,
atgremotajiem glumenieka, un citas gremoSanas kanala vietas - tievas un resnas
zarnas (caecum un colon) epitélija Sunas (Date, 2012). Tapéc, lai novértetu
topinambiira miltu koncentrata, kas satur prebiotiku — inulins vai sinbiotikas
(topinambiira miltu koncentrata kombinacija ar Enterococcus faecium), dazadu
devu ietekmi uz izsalkuma sajiitas rasanos teliem, sava pétijuma pieversamies
tieSi glumenieka glotada esosa grelina imiinreaktivo §tinu skaita izmainam. Tas
lauj saprast un netiesi izvertét So piedevu dazado devu iesp&jamo ietekmi uz
baribas parstradi, jo, glumeniekam iztukSojoties, sak producéties grelins, kas no
glotadas nokliist periféraja asinsrité. Grelna IR $tnu skaits var biit ka viens no
indikatoriem, kas norada augSanu, jo ietekmé STH Iimeni un ar1 piedalas
izsalkuma un sata sajitas regulesana (Feldman, 2021). Ta ka visi dzivnieki
sanéma vienadu di€tu, faktors, kas var€tu ietekmét sata sajutas ilgumu péc
€Sanas, ir baribas parstrade (sagremojamiba) gremosSanas kanala — jo ta ir
augstaka, jo ilgak saglabajas sata sajiita péc vienadas baribas devas uznemsanas.
Lielakam uzpemto baribas vielu daudzumam biitu jaatstdj iespaids arl uz
dzivnieku augSanu un nosléguma uz iegiitas produkcijas - liemena masu

Miisu pétijums sniedz uz $o bridi unikalus datus par inulina (prebiotikas) un
ta kombinacijas ar 0.25 g Enterococcus faecium (2x10° CFU/g) (sinbiotikas)
sanémuso telu grelina IR §tnu daudzumu glumenieka glotadas fundus un pylorus
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dalas, par grelina granulu izvietoSanas vietu $tinas un to daudzumu. Telu grupam,
kuram, tika izbarotas, mazakas devas prebiotikas, grelina IR $tnu skaits
atrodams salidzinoSi augsta liment.

Teliem, kuriem izbaroja topinambiira miltu koncentratu, kas satur 6 g/dnn
vidgjas un 12 g/dnn augstas devas inulinu, sanemot vienadas baribas devu grelina
IR $tunas glumenieka ir butiski mazak neka kontroles un telu grupam, kuram
izbarojam mazakas devas topinambiira miltu koncentratu. Tas parada, ka
56 dienas izbarojot topinambiira miltu pulveri, vismaz 12 g/dnn, kur§ satur
inulinu deva 6 g, 12 nedélas vecam telam biitiski uzlabojas baribas uznemsana
un parstrade, ta samazinot izsalkuma sajutu. Tomér jaatzist, ka pretgji
prognozétajam 0.25 ¢ probiotikas Enterococcus faecium (2x10° CFU/qg)
pievienoSana vidgjai un augstakajai inulina devai (6 g un 12 g) rezultats bitiski
neuzlabojas. Grelma IR $inu daudzums, salidzinot attiecigo prebiotiku un
sinbiotiku grupu rezultatus, neuzradija butiski labakus rezultatus.

SECINAJUMI

1. Topinambiira miltu koncentrata, ar ta sastava esoSo inulinu, vidéja un
augstaka deva (12 un 24 g/dnn) un §is prebiotikas kombinacija sinbiotika ar
0.25 g E. faecium (2x10° CFU/g) visas tris devas (6, 12 un 24 g/dnn) bitiski
(p<0.01) uzlabo dzivmasas picaugumu un kautsvara iznakumu teliem parejas
perioda par atgremotaju.

2. Topinambira miltu koncentrats 12 g/dnn, ka ari 0.25 g E.faecium
kombinacija ar topinambiira miltu koncentratu (12 un 24 g/dnn devas) batiski
(vismaz p<0.05) uzlaboja spurekla un glumenieka augSanu un attistibu, par ko
liecina $o kunga dalu masometriskie un morfometriskie merfjumi.

3. Visu grupu dzivnieku vispargjas veselibas stavokla raditajus un fekalo masu
konsistenci topinambiira miltu koncentrata un sinbiotikas izbaroSana batiski
neietekméja. Tomér vidéjas devas topinambira miltu koncentrata
(12 g/dnn) un 1pasi tadas pasas devas kombinacija ar E.faecium visu pétijjuma
laiku nodrosinaja nemainigaku un sugai raksturigaku fekaliju konsistenci.

4. Hematologiskas analizes liecina, ka vid€ja un augtaka topinambiira miltu
koncentrata deva un visas tris jaunizveidotas sinbiotikas devas biutiski
(vismaz p<0.05) paaugstina tadus raditajus, ka eritrocitu un limfocTtu skaits,
hematokrits, bet samazina trombocitu un leikocitu skaitu. Ipadi izteikti $o
tendenci novérojam 6 - 8 ned&las veciem teliem.

5. Vidgjas un augstakas topinambiira miltu koncentrata devas (12 g un 24 g)
izbaro$ana bitiski (vismaz p<0.05) paaugstina kop&ja proteina un gamma
glutamiltransferazes, bet samazina sarmainas fosfotazes, glikozes un
albumina Itmeni asinis 8 - 12 ned€lu veciem teliem. Sinbiotikas zemakas un
vidgjas devas izbaroSana biitiski (p<0.01) palielina kopgja proteina limeni, bet
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butiski (p<0.05) samazina sarmainas fosfotazes aktivitati teliem 12 nedelu
vecuma.

6. Topinambira miltu koncentrata vidéjas (12 g/dnn) un augstakas (24 g/dnn)
devas izbaroSana bitiski paaugstinaja (p<0.05) spurekla vides pH Iimeni,
salidzinot ar kontroles grupas teliem, ta veidojot celulolitisko bakt&riju darbibai
labveligu vidi.

7. Vidgjas devas topinambiira miltu koncentrata palielinaja spurekla saccus
ventralis et dorsalis karpinu platumu un muskulslana biezumu. Probiotikas
E. faecium pievieno$ana topinambiira miltu koncentram (satur inulinu) batiski
(vismaz p<0.05) palielinaja spurekla karpinu garumu un platumu, bet samazinaja
muskulslana biezumu spurekla saccus ventralis et dorsalis. Visas topinambiira
miltu koncentrata un jaunizveidotas sinbiotikas devas butiski palielinaja tievas
zarnas (jejunum) barkstinu garumu un platumu, un loka zarnas kriptu dzilumu.
8. Topinambiira miltu koncentrata (iznemot 12 g devu) un visu jaunizveidotas
sinbiotikas devu 56 dienu ilga izbaroSana bitiski (p<0.01) palielinaja
iminglobulina A ekspresiju resnds zarnas colon vidusdalas audos teliem
12. ned€lu vecuma, nodrosSinot augstaku zarnu glotadas imunitati, salidzinot ar
kontroles grupas dzivniekiem.

9. Augstakas topinambiara miltu koncentrata devas (24 g/dnn) un jaunizveidotas
sinbiotikas (12 un 24 g/dnn) ar 0.25 g E. faecium diennakti devas izbaro$ana
teliem, iesp&jams, nodro$ina ilgaku sata sajitu, par ko liecina bitiski (p<<0.01)
zemaks grelina imtnreaktivo $tnu skaits glumenieka pars fundalis dala un
augstaks  ieghitais  kautsvara  mérfjums.  Sinbiotikas E.  faecium
(2x10° CFU/g) pievienosana topinambiira miltu koncentratam 3os rezultatus
batiski neuzlaboja.

PRIEKSLIKUMI

Ka optimalako devu telu produktivitates un attistibas uzlabosana, vadoties
pE€c milsu petijuma rezultatiem, varam ieteikt topinambiira miltu koncentrata
vidgjo devu (12 g/dnn), kas satur prebiotiku inulins — 6 g.
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INTRODUCTION

Until the 3" - 4™ week of life, the digestive tract of a calf is more like the
digestive tract of a single- chambered stomach than a multi-chambered stomach
or ruminant digestive tract (Diao, Zhang and Tu, 2017) . The highest risk to
health and life for calves is between 7 and 21 days of age, as colostral immunity
has decreased during this period but acquired immunity has not yet developed.
During this time, the weight ratio of the rumen to the amasum changes, the rumen
increases, and the omasum decreases in proportion to the rumen (Chase, Hurley
and Reber, 2008). As a result, the digestibility of roughage increases and the
need for milk decreases. It is possible that feeding of various complementary
foods - prebiotics, probiotics or synbiotics to calves during the transition period
to ruminants would accelerate the morphological and functional development of
the rumen, which would reduce the cost to farmers of feeding milk or milk
replacer. There are many studies described in the literature on single-chamber
gastric animals fed with probiotics , prebiotics or other complementary feeds,
but there is a lack of comprehensive research on the feeding of this type of
complementary feed and its effects on calf growth and health.

It is known that there are innumerable beneficial bacteria in the digestive
tract and in the body as a whole, which play a vital role in the body's immunity
and digestive process (Garcia-Mazcorro and  Minamoto, 2013).
A common pathology in calves in the first two postnatal months is diarrhea, one
of the reasons of which is mentioned excessive multiplication of pathogenic
microorganisms in the digestive tract. Nousiainen and co-authors (2004) have
investigated that microorganisms in the digestive tract of young animals respond
to different types of stress, especially when it is associated with changes in
animal feed or the environment, that can cause diarrhea in calves . For the
prevention of gastrointestinal disorders and the treatment of diseases, scientists
are increasingly recommending the use of supplementary feeds - prebiotics or
probiotics , in the same time looking for new combinations or synbiotics , which
is a promising alternative to the use of antibiotics. This reduces the risk of
developing antibiotic-resistant bacterial strains, which is a major problem in
veterinary as well human medicine and the environment due to the presence of
such strains in soil and water (Fey et al., 2000; Sardar et al., 2021).

Polysaccharide inulin belongs to fructan group and is one of the most studied
prebiotics. The acquisition costs of it is low but product obtained is with high
biological value (Samanta et al., 2013). Mammals enzymes can't hydrolyze
inulin, due to its § - (2, 1) bonds, but in digestive channel it is fermented by
bacteria . It is researched that inulin type fructans may affect gut microbiot,
metabolism and can reduce glycemia, in case of obesity in animals and humans
(Neyrinck et al., 2016). One of the plants most rich in inulin is a Jerusalem
artichoke (Helianthus tuberosus), where inulin concentration naturally reaches
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15-20%. Therefore this plant is used for the obtaining of this substance in the
industrial way (Fleming, Groot and Wassink, 1979; Wei et al., 2017).

Enterococcus genus bacteria are the most studied and suitable probiotics in
animal husbandry because they are found in the digestive tract of healthy
animals. Enterococcus faecium is a gram-positive bacteria belonging to the
group of lactic acid bacteria (LAB), capable of fermenting lactose, arabinose and
mannitol (Chaucheyras et al., 1995; Zheng et al., 2016).

The aim of the study: to determine the Jerusalem artichoke flour
concentration (containing prebiotic inulin) and the new synbiotic (its
combination with Enterococcus faecium) multiple dose impact on growth,
development, overall health and gastrointestinal tract organ development in
calves in first months of postnatal ontogenesis.

Objectives of the doctoral thesis

1. Investigate different doses of Jerusalem artichoke flour concentrations or its
synbiotics feeding for 56 days effect on weight, gastrointestinal tract masometric
and morphometric indicators for 12-week-old calves;

2. Determine Jerusalem artichoke flour concentrate (contains prebiotic inulin)
or new synbiotic (Jerusalem artichoke concentrate in combination with
E. faecium) different dose impact on overall calf health including fecal matter
consistency and hematological and biochemical indicators in 4 to 12-week-old
calves;

3. Evaluate stomach, large and small intestine morphofunctional indicators and
microscopic changes after addition of different dose of Jerusalem artichoke
concentrate or its synbiotics to food for 56 days in 12-week-old calves;

4. Evaluate the effect of addition of Jerusalem artichoke flour concentrate or the
new synbiotics effect to food for 56 days on immunoglobin A expression in colon
tissue in 12-week-old calves;

5. Evaluate ghrelin immunoreactive cell amount in the abomasum of 12-week-
old calves after 56-day long addition of different dose prebiotics and synbiotics.

Proposed hypothesis

1. Feeding Jerusalem artichoke flour concentrate and its synbiotics will promote
the growth of calves and improve the masometric and morphometric
development of the digestive tract, improving the general health of calves during
the transition period to be ruminants;
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2. Feeding Jerusalem artichoke flour concentrate and its synbiotics will promote
the microscopic development of calves rumen, abomasum, small and large
intestine, thus improving digestion and absorption of feed;

3. Calves received Jerusalem artichoke flour concentrate with the addition of
probiotics Enterococcus faecium will have a higher live weight , better general
health, better microscopic development of digestive tract, the rumen warts and
small intestinal villi will be longer and wider than calves receiving only the same
dose of Jerusalem artichoke meal concentrate;

4. Feeding higher doses of Jerusalem artichoke concentrate or its synbiotics to
calves will give a better effect on: live weight , gastrointestinal massometric ,
macromorphometric measurements, general health indicators,
micromorphometric indicators for calves.

Scientific novelty of the research

For the first time in Latvia the effect of different doses of Jerusalem artichoke
flour concentrate (containing 48.5 - 50.1% of the prebiotic inulin) and its
combination with the probiotic E. faecium (2x10° CFU/g) on calf growth and
general health, as well as the incidence of ghrelin IR cells in the abomasum was
evaluated. mucosa and immunoglobulin A expression in the colon mucosa of
calves in transition to ruminants. New data were obtained on the effect of
different doses of Jerusalem artichoke flour concentrate (inulin
3 g, 6 g, 12 g/day on animal) and synbiotics (3 g, 6 g, 12 g of inulin with
0.25 g of E. faecium per day on animal) on the masometric, macro- and
micromorphometric, development in 12-week-old calves.

Personal contribution to promotion work

I have performed clinical evaluation and inspection of all calves involved in this
study, performed live weigh measurements, obtained blood samples, performed
all blood sample hematological analysis and obtained all blood serums, obtained,
fixed and colored all histological samples, performed all masometric and
morphometric measurements, performed visual observations, data entry and
analysis of all samples as well as I’am the author of all microphotographs
included in this work.

APROBATION OF THE RESEARCH RESULTS

Research results are approbated in the following scientific conferences:
1. Arne A., Iigaza A. The probiotic resource availability of calves in Latvia.
International Scientific Conference “Animals. Health. Food Quality”. Current
events in veterinary research and practice”, Jelgava, November 22" — 232012,
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Latvia University of Agriculture faculty of Veterinary Medicine (Veterinary
Articles 2012). Jelgava LLU: 175-178. Poster presentation.

2. Arne A., Ilgaza A. Jerusalem artichoke flour feeding effects on calf
development in the first months of life. Research for rural development 2014:
annual 20th international scientific conference proceedings, Jelgava, 21-23 May
2014 / Latvia University of Agriculture. Jelgava : LLU, 2014. Vol.1, 169-175.
Oral presentation.

3. Arne A, llgaza A. Probiotic and prebiotic effects on calf development in the
first months of life. Book of abstracts of the 65th annual meeting of the European
Federation for Animal Science, Copenhagen, Denmark, 25-29 August 2014
European Federation of Animal Science. Wageningen: Wageningen Academic
Publishers, 2014. P. 300, Session 37. Poster presentation.

4. Arne A., Ilgaza A, Prebiotic and probiotic feeding effects on calf growth and
digestive canal development in the first four months of life. International
Scientific Conference “Animals. Health. Food Quality” "Current events in
veterinary research and practice”, Jelgava, November 27-28, 2014/ Latvia
University of Agriculture faculty of Veterinary Medicine (Veterinary Articles
2014). Jelgava LLU: 9-17. Poster presentation.

5. llgaza A, Arne A, Otzule L. Possibilities to reduce the greenhouse gas
calculated emissions by speeding up the calf and kid development. Nordic view
to sustainable rural development: proceedings of the 25th NJF Congress, Riga,
Latvia, 16th-18th of June, 2015. Poster presentation

6. Arne A, llgaza A. Different synbiotic dose feeding effect on the calf digestive
channel health, weight gain and intestinal microflora. VII International
scientific agriculture symposium "AgroSym 2016": book of abstracts, Jahorina,
Bosnia and Herzegovina, October 6 - 9, 2016 / University of East Sarajevo,
Faculty of Agriculture. Jahorina, 2016. Poster presentation.

7. Arne A, Ilgaza A. Different dose inulin feeding effect on calf digestion canal
state and development. Research for Rural Development 2016, Jelgava, 18-20
May 2016, Volume 1, 116-119. Oral presentation.

8. llgaza A, Arne A. Different synbiotic dose feeding effect on the calf digestive
channel health and weight gain 16th International conference on Production
Diseases in Farm Animals: book of abstracts, Wageningen, the Netherlands, 20-
23 June 2016/ Wageningen University & Research, Utrecht University.
Wageningen, 2016. Poster presentation.

9. Arne A. Different doses of inulin feeding influences calf growth and general
health state 5th International conference for young researchers “Multidirectional
research in agriculture, forestry and technology": abstracts book, Krakow,
Poland, 16-17 April 2016. Poster presentation.

Volume of the reaserch: doctoral thesesi is drawn up on 118 pages and consist
of an introduction, literature overview, materials and methods, results and
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discussion, 11 tables, 35 figures are included in the work, 9 conclusions,
1 proposal, 349 citations and 5 annexes.

MATERIALS AND METHODS

Research time, object, its characteristics

The study was conducted between September 2012 and August 2016 in
Mezotne Parish, Bauska Region, in the herd of dairy cows. The basic principles
of feeding and keeping conditions of calves reared on the farm complied with the
Regulations of the Cabinet of Ministers (CM) No. 5 of 2 January 2008 (Protocol
No. 18) “General Welfare Requirements for Farm Animals”. The data required
for the study were obtained in the frame of the rutine calf keeping, feeding and
veterinary care plan on the farm in accordance with the requirements of good
veterinary practice and ethics.

Detection of calf live weight and collection of blood samples was performed
on the farm, morphometric evaluation of calf organs was performed in a certified
slaughterhouse “Aibi”, haematological examination and preparation of
histological samples were performed at LLU VMF Morphofunctional
Laboratory, Comparative Pathology Laboratory and LLU Veterinary Clinic
Laboratory.

Until the start of the study, when the calves were 3 weeks old, they were
provided with the same housing conditions. All calves received two liters of
colostrum within 30 minutes of birth. Animals were selected at random. All
calves were clinically evaluated before the experiment: heart rate, respiratory
rate, rectal temperature, and habitus. Each group included male Holstein -type
calves that were 23 + 5 days old. Only clinically healthy calves weighing 50kg +
5 kg were included in the study. A total of 56 male calves were included in the
main study, which lasted 56 days. The calves were kept five in one 7.5 m? pen.
The pens were cleaned manually once a day. The barn was provided with natural
ventilation. The dishes from which the animals were fed were washed after each
meal and disinfected as needed with “Ecocid S” disinfectant.

All calves during the whole experiment were fed with 4 liters of whole milk
twice a day, for a total of eight liters per day. The milk was calculated for each
group of calves and poured into a common trough. For calves, hay and water
were available ad libitum from the first day of the study, from the 14" day of the
study, when calves reached five to six weeks of age, we added concentrates to
the diet. Initially dry grain mix was used 100 g/day per animal, which gradually
was increased and at the end of the study the feed ration was 500 g/day per calf
. The dry grain mix was produced on the farm, was based on wheat grains and
did not contain growth promoters or antibiotics.
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Seven different study groups were set up, which differed in the feed additives
and their doses (Fig. 1). The animals in the control group received only the daily
ration without feed additives. Calves in each study group received a different
type and dose of feed supplement together with whole milk. For the three groups
of calves, which we designated as prebiotic groups (PreG6; PreG12; PreG24),
we additionally fed prebiotic-containing Jerusalem artichoke flour concentrate
(inulin 50 + 2%) 6 g, 12 g or 24 g. The other three groups were called synbiotic
groups because we added a new synbiotic product to the milk fed to those calves
(SinG6; SinG12; SinG24): 0.25 g E. faecium (2 x10° CFU/g) in combination with
inulin-containing Jerusalem artichoke flour: 6 g, 12 g or 24 g.

During the study, we followed the general health status and weight gain of
the animals. A farm worker assessed the calves' appetite and faecal consistency
on a daily basis , which was noted in a specially designed table. To assess the
consistency of faeces, we applied the scale of scores developed by Larson , where
0 - solid, no signs of diarrhea 1 - soft, 2 - liquid, faecal consistency lost and
3 - watery faeces ( Larson et al., 1977).

Once every two weeks, the animals were weighed by measuring their chest
circumference  behind the blades with a special tape measure
“we-Bo tape” (Dingwell et al., 2006). The first measurement was done at the
start of the study (day zero) or four weeks of age, then on study day 14™
(six weeks of age), study day 28™ (at eight weeks of age), study day 42"
(at 10 weeks of age) and at the end of the study at 12 weeks of age - on the
56" day of the study.

After determining the body weight, blood samples were taken for blood
haematological and biochemical examination, as well a general health status
examination was performed: rectal temperature was measured, heart rate was
heard, respiratory rate was counted and mucosal color was assessed.

It should be noted that no prophylactic vaccination or antibiotic therapy was
performed in the animals during the study.

Haematological and biochemical examination of blood samples

Blood samples were obtained from the external jugular vein v. jugularis
externa: at the start of the study or study day zero, on study days 14" and 28",
always at 7:00 a.m. before feeding. At the end of the study or on the 56" day we
obtained blood samples for haematological and biochemical examination before
feeding the animals in the morning and before the transporting them to the
slaughterhouse. Samples were obtained using a 20G needle, filling 3 ml EDTA
vacuum tubes and 6 ml “Vakutest” vacuum tubes with coagulation activator .

The obtained blood samples were placed in a cold bag and delivered to the
laboratory for examination within 4 hours after collection. The BC-2800Vet
Hematology Analyzer was used for haematological analysis to detect Hematocrit
(HCT %), hemoglobin (HGB g/dl), erythrocytes (RBC x10'?L), leukocytes
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(WBC x10%/L), lymphocytes (LYMF x10%L), monocytes (MONO x10°%L) and
platelet counts (PLT x10%L). In the laboratory, blood serum was separated and
placed in 2 ml Ependorf tubes and placed in a freezer at -23°C. Biochemical
blood samples were examined after 2 weeks. The following biochemical
parameters were determined: gamma-glutamyl transferase (GGT U/L), alkaline
phosphatase (ALP U/L), total protein (TP g/L) and albumin (ALB g/L). Glucose
levels in calf blood samples were determined on the zero, 14", 28" and 56™ day
of the study immediately after blood sampling from the external jugular vein
(v. jugularis externa) using a portable glucometer “Optium Freestyle” with the
dry strip method.

Postmortem examination of the stomach and intestines

At the end of the study, on the 56" day, all the calves of all groups were
slaughtered according the study plan. Within half an hour, after the scheduled
slaughter of the animal, small incisions were made at various sites in the digestive
tract and, using the digital pH meter “pH 3310 SET”, we performed intraluminal
determination of pH values: in the rumen atrium rumini; in the abomasum at the
opening of the duodenum; in the middle of the jejunum; in the middle of the
spiral loop of the colon.

Next, we performed a macroscopic evaluation of the animal's digestive tract,
measuring and weighing individual organs; masometry (kg), determining the
mass of the digestive tract with feed masses as well the mass of the rumen with
and without feed masses and the mass of the abomasum with and without feed
masses. Masses of the digestive tract were determined using a verified electronic
platform scale CASO B5-LED (accuracy + 0.100 g) of the slaughterhouse. We
calculated the relative stomach mass (%) to the body mass of the calves. After
slaughter, within 30 min the weight of the carcass was determined using large-
scale DINUS ARGEO WP S/N 01186 (accuracy + 0.200g) verified scales of the
slaughterhouse. The carcass was weigh without skin and head, thorax and
abdominal cavity organs, Kideny fat, pelvic fat, genital organs, legs were
sepretated at the carpometacarpal and tarsometatarsal jonts.

Macroscopic examination of parts of the digestive tract was finalized with the
morphometric measurements of the rumen and abomasum (cm). To do this, we
opened the rumen by making a longitudinal cut along the left longitudinal groove
of the rumen (sulcus longitudinalis sinister). The abomasums were opened by
making an incision along the great circle of the stomach (curvatura ventriculi
major). A ruler and tape measure were used to measure length and width. We
determined the width and length of the rumen and abomasum.

Tissue samples for histological examination were obtained from different
parts of the digestive tract: the dorsal sac of the rumen (saccus dorsalis), the
ventral sac of the rumen, (saccus ventralis) from the abomasum: pars fundica,
pars pylorica, from the middle part of the jejunum and the middle part of the
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colon. Tissue samples (0.5-0.7 cm) after obtaining were washed with 0.9% NaCl
solution and fixed in 100 ml dishes filled with 10% formalin solution, and
labeled. The specimens were fixed for at least 48 hours, then the preparation of
tissue histological preparations was started.

Histological examination of tissue samples

Prestaining treatment and staining of tissue histological samples were
performed in the Laboratory of Comparative Pathology of the VMF Preclinical
Institute. Tissue -Tek Il tissue processor and standard method was used for
dehydration and preparation of samples for incorporation into paraffin blocks
(Carson, 1997). After incorporating the samples into the paraffin blocks, the
preparations were cut into 5 um thin sections and applied to a slide. The slide
with a cut was placed in a thermostat at 38°Cfor 24 hours for drying and
mounting on the slide.

For histological staining of tissue samples, we used the standard hematoxylin
and eosin (H&E) staining method (Carson, 1997). The thermostat-dried tissue
cuts on slides were deparaffinized with xylene, for a hydration of the samples, a
series of decreases in alcohol concentration (100%, 96%, 70%, and 50%) were
used.

After the staining of tissues was performed with hematoxylin for 10 min. and
rinsing with tap water, then staining with eosin for three to five minutes. With
the Histofluid mounting medium glue drop the tissue cut was fixed to the slide.

The obtained histological specimens were examined under a Leica DM
5000B light microscope using the computer program Image Pro Plus 6.1.

In rumen histological specimens, the papillae length, width, and muscle layer
thickness were measured (um). Papillae length measurements were performed
from the apical end of the papillae epithelium to the mucosal muscle plate
(lamina muscularis mucosae), the papillae width was measured perpendicular to
the length measurements in the middle part of the papillae. In each sample,
5 different fields of vision with the papillae were measured.

In the small intestine jejunum the villi length (um) was measured from the
apical end of the villi epithelium to the mucosal muscle plate (lamina muscularis
mucosae), the width of the villi or the intestine villi longitudinal cut diameter
(um) was measured in the middle of the villi to the apical ends of the epithelial
cells perpendicular to the length of the villi. Measurements were performed in
each sample in 5 fields of view. In the colon crypt depth (um) was measured
from the apical end of the crypt epithelium or the end of the crypt to the mucosal
muscle plate (lamina muscularis mucosae) by examining 5 different fields of
vision.
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Immunohistochemical examination

Immunoreactive (IR) cells were detected by immunohistochemical staining
of tissues to detect ghrelin in the cuts of abomasum tissues, and in the cuts of
colon tissue 1gA expression. Immunoreactive cell labeling was performed with
streptavidin - biotin complex (Dako REAL™ EnVision™ Detection System,
Peroxidase/DAB +, Rabbit/Mouse). Tissue samples were applied to slides coated
with silane (HistoBond®+, Paul Marienfeld GmbH &Co KG, Germany),
thermostated for 12 hours at 37°C. Tissue samples were deparaffinized with
xylene and performed hydration with ethanol reduction series. After samples
were placed in 65°C buffer solution pH 9.0 (Target Retrieval solution, pH 9,
Dako) and for the purpose to release epitopes to bind antigen to the antibody,
were treated twice intermittently, to 70°C with a microwave 450 W for 5 min.
After heating, the samples were cooled to room temperature and for the blockage
of the endogenous peroxidase, the endogenous peroxidase blocking reagent
(“Dako Endogenus enzyme block™) was applied for 5 minutes.

For the identification of IgA, as primary antibodies was used polyclonal
concentrated rabbit antibodies (Polyclonal Rabbit Anti- Human IgA) at a dilution
of 1:400, and for the identification of ghrelin - rat, mouse polyclonal antibodies
(Phoenix Pharma. Inc.H - 031-31) at a dilution of 1:500. Tissue samples were
incubated at room temperature for the detection of IgA for 1h and for detection
of ghrelin - in a humid chamber for 3 h and then rinsed with phosphate buffer
(Wash Buffer, pH 7.4, Dako 2x5 min).

To detect the binding of immunoreactive cells to the primary antibody, the
antigen-antibody complex was labeled by applying a secondary antibody
corresponding to the origin of the primary antibody for 30 min and stained by
applying the DAB+ complex (Dako REAL™ EnVision™ Detection System) for
5 min. In contrast and to avoid artifacts, the tissues were stained with
hematoxylin. A positive control was prepared for each batch of preparations: for
ghrelin antibody - histological cuts of the pyloric part of the dog's stomach; for
identification of IgA antibodies - human skin sample according to the
manufacturer's protocol, where a positive reaction is always observed. In turn for
a negative control, parallel cuts of the preparations in which the primary antibody
was replaced with an antibody diluent were used. No immune reactions to ghrelin
or IgA were observed in these samples.

For the evaluation of immunoglobulin (IgA), we used an RGB color
evaluation model, which involves examining the sample in the red, green, and
blue spectral channels. The number of dots of each color (red , green , blue)
found in the sample, determines the intensity of that color, which can vary from
0 to 255. Objects of a similar color absorb waves of a similar color, so to have
full evaluation of red-brown color of the IgA granules, the opposite color of the
spectrum, or blue had to be used (Vrekoussis et al., 2009).
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Samples were examined under a 400x magnification in light microscope
(Leica DM 500B) and processed using the computer program Image Pro Plus
6.1.

Statistical data processing

Statistical analysis of the data was performed with SPSS statistical software
and Microsoft Excel 2013 data processing functions, calculating the arithmetic
mean (AVERAGE), standard error of the mean (SD). To evaluate the difference
in the obtained results, we used Student's t-test to compare the mean values of
two samples and one- way analysis of variance (ANOVA) to compare three or
more. The arithmetic means and standard error of each group of calves were
calculated. Calculating the absolute masa of the stomach against the body masa,
we obtained the relative weight of the stomach. We used a T-test to compare the
mean values of interdependent sample sets. To compare and evaluate the changes
in blood parameters between the experimental groups of calves, we used the
F-test to compare the variances of two sample groups and the T-test to compare
the mean of two sample groups with the same or different variances (Arhipova
and Balina, 2003). If the p - value obtained in the statistical test results was less
than 0.05, the null hypothesis was rejected and the test result was considered
statistically significant. The normal distribution of the obtained data was
evaluated by Shapiro - Wilk test (histogram and QQ diagram). The homogeneity
of the variances was assessed by the Levene test. Correlation analysis was
performed in the work. samples.

RESEARCH RESULTS AND DISCUSSION

Calf live weight gain and carcass weight after feeding different doses of
Jerusalem artichoke flour concentrate and its synbiotics at different ages

The results of our study show that, compared to calves in the control group,
the largest and fastest weight gain is in calves fed with different doses of
Jerusalem artichoke flour concentrate and its synbiotics. From the begining of
the study, weight gain in the first two weeks was significantly greater in animals
fed Jerusalem artichoke flour concentrate or its synbiotics. This tendency was
maintained throughout the study. A steadily higher increase in live weight was
also indicated by a higher average daily increase in live weight throughout the
study in the Jerusalem artichoke flour concentrate or its synbiotic fed groups
compared to the calves in the control group (Table 1).

In the study as a whole, the largest increase in live weight was observed in
the PreG12 group (102.3+3.86 kg+SD), which received a mean (12g) dose of
Jerusalem artichoke flour concentrate (6 g inulin) daily during the 56 - day study.
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Although we predicted that increasing the dose of this feed additive to 12g of
inulin per day would result in even better results (higher daily live weight gain),
the results did not confirm this (PreG24 group 100.0+3.86 kg+SD).

A daily dose of 6g of inulin (g/d) was found to be most effective in achieving
greater weight gain, whereas inulin at a dose of 3 g/d and 12 g/d produced
relatively worse results. Also a study by Jonova and co-authors (2018) shoved
that, 12g of this Jerusalem artichoke flour concentrate (inulin dose 6 g/dn)
resulted in significantly increased live weight of calves compared to control
animals. Our data are consistent with those of other researchers showing that
feeding prebiotics can significantly increase live weight gain in calves (Masanetz
et al., 2010; Khare et al., 2018; Tian et al., 2019; Swedzinski et al., 2019).

In our study, we found that all three newly formed synbiotics (Jerusalem
artichoke concentrate with inulin (50%) in combination with E. faecium ) had a
higher mean weight gain in the group compared to the control group. The largest
increase in live weight was observed in the medium-dose synbiotic (SinG12)
group. For this group, the most stable increase in live weight was observed
throughout the study. Although SinG6 shoved the lowest live weight gain
(100.0+2.26 kgtSD) between synbiotic groups, however, it was also
significantly (p<0.01) higher than in the control group (82.2+6.54 kg+SD).
Similarly such effect is described by other authors (Dabiri, 2012;
Moarrab et al., 2016; Dar et al., 2019; Sahu et al., 2019).

Analyzing the carcass weight at the slaughter, we can conclude that in our
study the animals of all three groups receiving Jerusalem artichoke flour
concentrate it was significantly higher than for the control group, which shows
that the animals fed the prebiotic inulin better assimilated the ingested feed.
Many studies have shown that calves fed prebiotics have a higher dry matter
intake compared to control animals (Morrison, 2010; Ballou, 2011; Roodposhti
and Dabiri, 2012; Ghosh and Mehla, 2012; Liu et al., 2020).

As in our study, Grun and co-authors (2013) achieved a higher carcass weight
gain by feeding prebiotics to calves. The authors explain the higher live weight
gain and higher carcass weight at the slaughter by the fact that calves fed
prebiotics have better food intake and digestion.

The influence of different doses of Jerusalem artichoke concentrate and
synbiotic feeding on morphometric and masometric measuments of calf
rumen and abomasum in 12-week-old calves

In order to determine the effect of the use of feed additives on the
morphological development of calves, we performed morphometric and
masometric measurements of the rumen and abomasum at the end of the study.

The empty rumen mass of all groups of animals receiving Jerusalem artichoke
flour concentrate is higher (mean 1.26+0.13 kg+SD) compared to KoG
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(1.00+0.14 kg+SD), which is in agreement with the data of other studies, where
by feeding additives, the rumen mass increased (Gorka et al., 2011) .

Stronger development of saccus ventralis muscle layer was observed for
PreG12 (427.2+136.89 um+SD) and SinG24 (516.4+110.43 um+SD)groups,
mean measurements were significantly  higher than in KoG
(383.6+£142.11 um+SD).

We found that papillae of the rumen saccus ventralis used in digestive and
absorption processes are significantly longer in the groups fed a higher dose of
Jerusalem artichoke flour concentrate (PreG24 937.8+479.69 and SinG24
1067.0+£570.93 um+SD) than in the control group (KoG 831.6+485.77 um+SD).
It is possible that Jerusalem artichoke flour concentrate, which contains the
prebiotic inulin, promoted the development of rumen tissue by providing it with
the necessary nutrients and energy. However, this statement is not unequivocal
as the measurements of the full rumen mass are similar for all groups and no
significant differences were found in these measurements.

Our study shows that 12-week -old calves receiving Jerusalem artichoke flour
concentrate with the prebiotic inulin also had a higher mass of abomasum
compared to control animals. The lowest abomasal mass is in the control group,
whose calves received the lowest dose of Jerusalem artichoke flour concentrate
(PreG6) and calves of the all three newly formed synbiotic groups (Table 2).
Accordingly, calves of these study groups have relatively higher stomach mass
to carcass weight. In the groups of calves that received medium and higher doses
of Jerusalem artichoke flour concentrate, the mass of the abomasum on average
is 100 g heavier (mean in the group 660+0.06 g+SD). However, we can only talk
about the trend, because this difference did not turn out to be statistically
significant.

Although Beharkka and co-authors (1998) note that the mass of the
abomasum is not affected by the intake of roughage, other authors suggest that
in animals that received the prebiotic inulin (in our case Jerusalem artichoke flour
concentrate) together with a milk, develop a denser casein clot in the abomasum,
what takes longer time to process (Mirand et al., 2019). This may also explain
the higher mass of full abomasum in calf groups which received Jerusalem
artichoke meal concentrate (PreG6, PreG12, PreG24), because Mirand's (2019)
study showed that casein coagulate formed from the casein clot remains in the
stomach until gastric emptying is complete.

A similar tendency was observed in calves of the newly established synbiotic
groups. In the medium and high dose synbiotic groups, the empty abdomasum
mass is numerically (but not significantly) higher than in KoG, but in the calves
groups, which received the lowest doses of synbiotic, the difference it is lower
SinG6 (Table 3). This was probably due to the presence of the probiotic
Enterococcus faecium in the feed additive (Jerusalem artichoke flour
concentrate), as this probiotic started to use inulin already in the rumen for its
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own needs, so that inulin enters the abomasum to a lesser extent and is not able
to form as dense casein clot as in case if the prebiotic is not used.

In our study, calves that received high and medium doses of Jerusalem
artichoke flour concentrate and its combination with probiotics E. faecium,
formed higher body weight, higher total gastrointestinal mass, and in these
animals, the rumen papillae were longer as well the rumen muscle layer was
thicker than in KoG .

The influence of different doses of Jerusalem artichoke concentrate and
synbiotic feeding on rumen size and muscle layer thickness in 12-week-old
calves

Measurements of the length and width of the rumen papillae are used to
determine the relative development of the rumen (Lesmeister et al., 2004). In our
study, the longest papillae of the rumen saccus ventralis were observed in
PreG24 group animals (937.84479.69 um=SD), the smallest - in PreG6 group of
calves (818.3+485.05 um+SD ), PreG12, SinG6, SinG12 and SinG24 group
papillae were longer than in KoG (831.4+300.99 pm + SD).

One of the possible reasons for this is that prebiotics promote the formation
of volatile fatty acids, as the end product of the digestion of prebiotics is volatile
fatty acids (Kaufhold et al., 2000), which further influence the activity of
digestive enzymes in the intestine. Volatile fatty acid butyrate is used by
enterocytes a source of energy, supporting cell proliferation, differentiation and
improves the buffer function of the intestines, what leads to development of the
longer intestine villi (Long et al, 2000; Samanta et al., 2013; Ghosh and
Mehla, 2012). By feeding prebiotics, the length of the intestinal villi is
increasing, so improving the absorption capacity of intestinal tract and the
absorption of nutrients in the intestine due to the increased absorption area of the
intestinal mucosa. From our study it becomes clear that the groups of animals
fed prebiotics in medium and higher doses, had higher weight gain and longer
jejunum intestinal villi, as well as rumen saccus ventralis et dorsalis papillae.

We found that those calves which together with milk received the average
dose of Jerusalem artichoke flour concentrate (PreG12) had the longest jejunum
villi (594.3+151.42 pm+SD), but the shortest villi were in KoG
(465.7£127.29 um+SD). Costa and co-authors (2019) explain the development
of longer villi in the gut by the fact, that animals have better access to energy,
what allow rumen and intestinal tissue to develop and regenerate better. Also,
our study shows that feeding prebiotics (inulin in our case) together with milk
promotes faster growth, better development and adaptation of calves in the
transition to roughage. Our study also proves that feeding a prebiotic inulin to
calves during the transition from dairy to roughage feed can help the calves to
adapt to the new feeding stuffs.
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Influence of feeding of different doses of Jerusalem artichoke
concentrate and its synbiotic on the pH of various parts of the digestive
tract in 12-week-old calves

As it is known in the rumen, there are more than 150 different species of
microorganisms which break down carbohydrates, proteins and fiber.
Fiber-digesting bacteria work most effectively at pH 6.2-6.8, but for starch
digesting bacteria it is more suitable at pH 5.2-6.0. To reach normal digestive
processes of complex feed Good feeding practice guidelines state that the optimal
rumen pH should be between 5.8-6.4 (Highfill and Lalman, 2005).

Prebiotics play an important role in the absorption and transport of various
minerals; increase the production of volatile fatty acids, e.g. the formation of
butyrates; the breakdown of minerals; thus providing an energy source for
intestinal epithelial cells and improving absorption capacity (Singh et al., 2017).

In studies with the use of prebiotic - the polysaccharide beta glucan, was
noticed an increase in the pH of the rumen environment and better digestion of
nutrients (Kim et al., 2011).

In our study, KoG animals had the most acidic rumen medium, but less acidic
(pH 6.45+0.38) in the PreG12 group. The results show that the pH of the calves
that received the lowest dose of Jerusalem artichoke flour concentrate containing
3g of the prebiotic inulin was similar to that observed in the control group pH
level (pH 5.7+0.60). We can conclude that such a dose of prebiotic inulin (3g/d)
does not provide the optimal pH level of the rumen content described in the
literature. Animals fed a half bigger dose of prebiotic inulin (6g/d) had
significantly (p<0.05) higher rumen pH level (mean pH 6.1+0.39) than the 3g/d
inulin group. When studying ruminants, it is important to take into account the
changes in rumen pH, as the primary digestion and fermentation is performed in
rumen what significantly influence the health and digestive processes of adult
ruminants. This pH level provides the optimal environment for fiber and starch
cleavage, mentioned in the literature (Highfill and Lalman, 2005). For the groups
whose animals received the newly formed milk synbiotics, we found that the pH
in the calf rumen was on average 6.01+0.45 , which was slightly higher than in
the control group. In our study, where synbiotic contain inulin and Enterococcus
faecium the pH level in the rumen tends to be closer to a neutral pH level.

Although we observed significant differences in the pH levels of the
abomasal environmentin groups SinG and KoG , they cannot be considered
physiologically significant, because the pH of the abomasal environment
fluctuated from 3.50 to 3.68, which is the characteristic acid/alkali balance in the
abomasum. The pH of the small intestine content ranged from 7.67 to 7.94 units.
Similarly, fluctuations in colon content from 7.02 to 7.5 pH units is indicating
more a weakly alkaline reaction, which is characteristic for the colon
environment.
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Microscopic measurements of the jejunum of calves at 12 weeks of age

Measuring the small intestine jejunum villi, we found that they are
significantly longer Jerusalem artichoke flour concentrate and newly formed
groups of calves receiving synbiotics than the control group. Longer and wider
villi in the small intestine increase the absorption of nutrients and promote the
growth and development of calves, as shown by other measurements. Caspary
(1992) describes that the longer the intestinal villi, the larger the surface area of
the intestine and the better the absorption of nutrients. Similarly are thinking Xu
and co-authors (2003) who describe that animals with shorter intestinal villi have
decreased intestinal absorption functions and increased secretory functions
resulting in slower animal development. In our study, calves that received feed
supplements had significantly higher live weight gain and jejunum villi length
(Table 3). It is possible that these longer villi (compared to KoG) increased the
area of absorption in the intestine. Improving intestinal morphological
development not only improves the absorption and digestion of food, but also the
ability of animals to protect themselves against infections caused by pathogenic
bacteria (Dimitroglou et al., 2009).

Influence of the Jerusalem artichoke concentrate and its synbiotic
feeding on the depth of the colonic crypt in the mucosa of calves
at 12 weeks of age

Performing a colon crypt depth measurements showed that calves of
experimental groups, which were approximately 84 days old and had received
Jerusalem artichoke concentrate and its synbiotic, had significantly shallower
colon crypts than in KoG calves (592.5£145.5 pm +SD). When evaluating the
crypt depths in the colon, we found that the crypts were shallower than the KoG
in both PreG and SinG groups (Table4). The deepest colon crypts from PreG
group calves were PreG6 (532.5+86.39 um+SD), but from SinG calf groups -
SinG6 group (534.9+126.62um+SD). This is similar to the results described by
Fleige and co-authors (2007) who fed lactulose with E. faecium to calves .

As we known, apoptosis is important for the digestive tract because it is
responsible for the balance of cell regeneration, ensuring both cell proliferation
and cell death, and is an essential process for normal cell morphology and
function ( Hall et al., 1994). It is proved that prebiotics increase intestinal
apoptosis to protect against carcinogenic cells (Hughes and Rowland, 2001).
Klien and co-authors (2006) also emphasize that prebiotics enhance apoptosis
and reduce proliferation.

Various feed additives, including prebiotics and probiotics, improve the
intestinal absorption of nutrients, as evidenced by the more species-specific
consistency of faecal masses and the lower incidence of diarrhea
(Xiao et al., 2016). In our study, the intestinal villi are longer in the groups that
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received different doses of PreG and SinG , and the consistency of the faecal
mass of these groups is more species-specific more formated compared to the
control group.

The changes of faecal consistence in calves at different ages

Examining the consistency of the faecal mases, we found that during the
study, the groups of calves fed inulin at higher doses (12 and 24 g/d) had more
formated and species-specific faecal mass. No significant differences in faecal
mass consistency were observed between the groups of animals treated with
prebiotics, similar to studies performed by other authors on the feeding of
prebiotics to calves (Heinrichs et al., 2003; Quezada-Mendoz et al., 2011,
Hasunuma et al, 2011; Kara et al, 2015; Sharma et al, 2018;
Senevirathne et al., 2019).

Faecal mass dilution was observed in both - the groups where calfs were feed
with the Jerusalem artichoke meal concentrate and in the control group during
the second weeks of study, what could be induced by the addition of the new
concentrate feed to the diet of calves (Fig. 2). Another reason for the change in
the consistency of faeces at this age could be reduced level the antibodies (1gG )
obtained with colustrum, as those antibodies had so far protected the calves from
various adverse external conditions and pathogens.

At the beginning of the study and the beginning of the concentrate feeding
period, the consistency of the faeces was more fluid than in the second part of
the study (Fig. 2), as their digestive system had to adapt to the new nutrients. The
results show that the Jerusalem artichoke flour concentrate with its inulin added
to the milk helps to overcome the change of diet and the calves adapt faster to
the new nutrients. Bacteria existing in the colon can easily use prebiotics in a
variety of fermentation processes that promote the growth and development of
those bacteria, thus providing protection against pathogenic bacteria (Ohland and
MacNaughton, 2010; Roodposhti et al., 2012). The faster return of faecal mass
to the species-specific consistency shows that the feeding of all three dose- levels
of prebiotics used in our study ensures better functioning of the intestinal tract
even in the case of feed changes (Fig. 2). In our study, in the synbiotic group of
animals (as in the groups of calves receiving Jerusalem artichoke flour
concentrate alone), we observed the dilution of faecal masses at the time when
we added a new product (rough-hewn concentrates) to the established diet. As a
result, harder, species-specific faecal masses were observed in calves fed three
different doses of synbiotics than in control animals. Thus, for SinG groups,
changes in diet also reduced the dilution of faecal masses, which usually results
from dietary changes. Calves of the SinG12 group receiving 12 g of Jerusalem
artichoke flour concentrate (containing 6g inulin) showed the most stable faecal
consistency throughout the study.
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It should be noted that the addition of probiotic E. faecium to Jerusalem
artichoke flour concentrate, which contains ~ 50% of the prebiotic inulin, thus
creating a synbiotic, in our study improved the consistency of faecal mass also
during the feed change. Feeding all three dose-levels of this synbiotic improved
the consistency of the faecal masses - they were slightly harder and more species-
specific than in the prebiotic and control groups. This could be explained by the
fact that the prebiotics and probiotics contained in the synbiotic act
synergistically and promote the activity of intestinal microorganisms favorable
for digestive processes, thus the consistency of faecal masses characteristic to the
species (Fig. 2).

In calves, we evaluated not only the consistency of faecal masses, but also
other general health parameters such as rectal temperature, heart rate, and
respiration rate per minute. It should be noted that all of these parameters were
within the normal range throughout the study and no significant differences were
observed between them.

Changes of haematological parameters in 4-12 week old calves after
feeding different doses of Jerusalem artichoke concentrate and its
synbiotics

The age of calves is increasing during the studies, and as Klinkon and Jezek
(2007) write, so determinants of blood haematological and biochemical values
are also changing at different stages of the animal's age and development. In
calves, blood determinants is particularly affected at a time when dry food (hay,
concentrate) is being fed after milk feeding (Klinkon and Jezek, 2007).

In calves, the number of erythrocytes increases with age, however, in the
groups of calves receiving medium and high doses of Jerusalem artichoke flour
concentrate (inulin 6 and 12 g) it increased faster (Fig. 3). Throughout the study,
animals fed different doses of Jerusalem artichoke flour concentrate had higher
levels of erythrocytes and haemaglobin than KoG calves. As known, the main
function of erythrocytes is the transport of gas, supplying oxygen to the cells and
removing carbon dioxide. The sufficient hemoglobin levels in erythrocytes
makes sure this function is realised (Awodi et al., 2005).

In our study, the most significant differences appeared on the study day 28,
when calves fed Jerusalem artichoke flour concentrate had higher hemoglobin
concentrations (Fig. 5). Scholz-Ahrens and co-authors (2015) in a study with rats
using the prebiotic inulin demonstrated that inulin is able to increase the bivalent
metal transporter 1 (DMT1) in the colon, which is a protein responsible for the
transport of iron ions in humans and animals. It is possible that the animals in
our study had better absorption of iron ions than control calves to which no inulin
had been added. It is known that the prebiotics inulin and oligofructose may have
a positive effect on the proteins that regulate the absorption of iron ions in
humans and animals (Marciano et al., 2015).
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Calves receiving Jerusalem artichoke flour concentrate (inulin doses 6 and
12 g/d) had higher hematocryt (Fig. 4) and hemoglobin levels (Fig. 5), which
may indicate better iron absorption. Control calves on 28 and 56 study day had
below normal hematocryt, indicating lower iron absorption.

In control animals relatively lower hemoglobin levels were observed on the
day 28 of the study, when calfs were at seven weeks of age. This coincides with
the research results of other authors. In their studies, also the lowest hemoglobin
levels were showed in calves at this age, after hemoglobin levels tended to
increase again (Mohri et al., 2007; Dar et al., 2017).

Masanetz and colleagues (2011) not only found significant differences in the
total erythrocyte count between the prebiotic group and the control group, but
also observed a significant difference in hemoglobin levels in calves fed inulin.
It was significantly higher than in the control group and in lactulose -treated
groups. This is consistent with the data from our study, where we found that
feeding medium and high doses of Jerusalem artichoke flour concentrate
containing inulin 6 or 12 g significantly increases hemoglobin levels. It should
be noted that Klinkon and Jezek (2007) describe that the amount of erythrocytes
in the blood of calves increases when they start consuming roughage, which is
observed also in our study in groups PreG12 and PreG24 and all SinG groups,
but not in KoG .

In our study in the synbiotic (SinG12 and SinG24) groups hemoglobin and
hematocryt levels were higher than KoG, and in the SinG12 group hemoglobin
(p<0.01) was higher already from the day 28 of the study. Roland and co-authors
(2014) described that in calves hemoglobin and hematocryt levels decrease in the
first months of life and increase again from the third month of life, which was
also observed in our study for all calf groups to which we fed feed supplements.
However, it should be noted that Azimzadeh and co-authors (2016) did not find
significant differences in the number of erythrocytes and hemoglobin in the
blood between the synbiotic and control animals. It has been proved that also
synbiotics can help to absorb various minerals, including iron
(Ahmad et al., 2021), this could be the reason for higher hemoglobin levels in
calves receiving synbiotics .

Increased level of leukocytes may indicate the development of infection, and
stress may increase their levels as well (Fig. 6). It is proved that prebiotics can
stimulate the immune system (Seifert and Waltz, 2007), which affects the amount
of white blood cells in the blood. In our study, animals in all groups on day the
56" day of study had more leucocytes in blood than on the day 0.

In calve groups receiving higher dose of Jerusalem artichoke flour
concentrate and its combination with probiotics (PreG24 and SinG24)
throughout the study, we haven’t observe sharp changes in leukocyte counts, but
in the control group and in the lower prebiotic (PreG6) group they were more
pronounced at the end of the study (Fig. 6). Although on different days of the
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study statistically significant differences in changes of leukocyte averages were
observed between the control and study groups, none of the calf groups were
outside the reference range. It cannot be said that feeding of Jerusalem artichoke
flour concentrate would affect the number of white blood cells. Krél (2011)
describes an increase in white blood cell counts due to an inflammatory response
in the intestines to a high dose of prebiotic. EI-Mehanna and co-authors (2017)
also found in their study that the total leukocyte count in the prebiotic and
synbiotic groups was higher than in the control group, which would confirm this
theory.

In our study, higher lymphocyte counts were observed in groups of calves
treated with Jerusalem artichoke meal concentrate throughout the study
compared to animals in the KoG group. This is probably because prebiotics may
be able to affect the immunity of the intestinal mucosa and keep the body healthy.
Dar and co-authors (2017) described that the number of lymphocytes in the
prebiotic and synbiotic group was significantly higher than in the control group,
which was explained by an increase of immunity and development of immune
response. In our study synbiotic groups had higher lymphocyte counts up to the
day 56™, but at the end of the study (day 56 ) calves of KoG had slightly more
lymphocytes than SinG6, but less than the SinG12 and SinG24 groups (Fig. 7).
In the the study as a whole we found higher lymphocyte counts synbiotics groups,
and possibly stronger immunity.

Regarding the number of monocytes in the blood, it should be noted that
throughout the study, in all groups the number of monocytes was close or above
the upper reference range. It should be noted that the number of monocytes in
prebiotic groups was lower than that in the control group. A relatively lower
number of monocytes was observed in the group receiving the highest Jerusalem
artichoke concentrate for calves (PreG24 group). Although the mean values of
the number of monocytes between the groups showed a statistically significant
difference in particular cases, it has no physiological significance, as the
fluctuation of their number was between 0.8 and 1.1x10 °/L, which cannot be
considered physiologically significant.

Platelet counts were higher in calves treated with Jerusalem artichoke meal
concentrate and its synbiotic throughout the study compared to control animals
(Fig. 8). It has been found that platelet counts in calves are rapidly increasing in
the first two weeks of life, and then the increase in the next three months is not
so fast (Roland et al., 2014). During study days from 0 to 28" comperably higher
platelet counts (PLT x10%L) were observed in KoG animals. On the days
14" and 28" of the study, the mean platelet count was significantly (p<0.01)
lower in all calves of groups treated with Jerusalem artichoke meal concentrate
than in the control group. Newly created synbiotic groups also showed
significantly (p<0.01) lower mean compare to KoG platelet counts during this
period. For SinG calf groups, we observed a higher number of PLTs than PreG.
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At the end of the study (day 56), we found that the mean platelet count in all
groups of calves had decreased. No significant differences were found between
calves of the different dose of groups supplements and KoG.

Changes in blood biochemistry in 4 - 12 week old calves after feeding
different doses of Jerusalem artichoke flour concentrate and its synbiotics

Determination of total protein (TP) levels is very important in the diagnostics
of many diseases and disorders. In ruminants, not only age but also diet and
inflammatory processes can affect total protein levels in blood plasma
(Kaneko, 1997; Kraft and Diirr, 1999c; Shil et al., 2012). During postnatal
development, it is the age of the calves that is mentioned as the main factor
influencing the total protein level in the blood plasma, emphasizing that it is
lower in calves than in cows (Kaneko et al., 1997; Shil et al., 2012).

Calves in all of our study groups have a tendency to increase levels of total
protein as they age. Comparing the TP level at beginning of the study, ie in 21
days old calves, and at the end of the study, ie after 56 days, the TP plasma levels
of all calves receiving the suplement were higher than in the control animals. An
exception was study day 28", when TP levels were lower in all groups than in
study day 14. This can be explained by the dilution of faecal masses from the day
14" to the day 28" of the study.

In our study, calves in the PreG24 group that received the highest dose of
Jerusalem artichoke flour concentrate (inulin 12 g/d) had significantly higher TP
levels (p<0.01) than control animals. At the end of the study, the total amount of
protein in the plasma of PreG12, SinG6 and SinG12 groups was significantly
(p<0.01) higher than KoG , which could indicate better possible absorption of
protein in the gastrointestinal tract.

Lower plasma albumin levels in healthy animals could be a consequence of
insufficient amino acid supply (Whitaker, 1997). In our study, in all study groups,
the lowest level of albumin was on the day 28" of the study, or 42 days old calves,
which happened at the same time as faecal mass dilution. This could be one of
the main causes of alobumin reduction during this period. Klinkon and Jezek
(2007) also describe that albumin level reduction below normal or
hypoalbuminemia in calves occurs in case of diarrhea . It should be noted that
throughout our study for all study groups of calves, the mean plasma albumin
levels were above the normal range. This can be explained by the fact that the
calves received whole milk throughout the study, which could provide higher
plasma albumin levels. Hyperalbuminaemia can be observed in cases of
dehydration, but in our study calves hematocryt was within normal limits
throughout the study, so this possibility is ruled out.

Alkaline phosphatase (SAP) activity is increased during acute and chronic
liver diseases, as well as during diseases affecting the skeletal system and bones
(rachitis, periostitis). It is known that the activity of the enzyme decreases as the
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animals age, due to the fact that growth is less rapid and the level of SAP
decreases (Kaneko, 1997). Knowles and co-authors (2000) describe that in
calves, at the age of 60 days, the level of SAP in the blood decreases and its
activity becomes more stable (until then, the enzyme concentration in the blood
plasma is higher). Similar dynamics were observed also in our study for PreG6
and all SinG groups, as well as for control calves. In calves of the PreG12 group,
SAP level decreased during the study period.

In our study, in all groups of animals the mean gamma-glutamy! transferase
(GGT) level in a group was within the normal range, although GGT levels were
higher at beginning of the study and decreased with age of calves. This dynamic
corresponds to age-related changes.

Glucose levels in the PreG12 group on days 14", 28" and 56 of our study
were significantly (p<0.01) lower compared to KoG animals. Throughout the
study SinG24 group glucose levels were significantly (p<0.05) lower than KoG.
Glucosis level was lower also to compare to calves that additional to milk
received Jerusalem artichoke flour concentrate powder (inulin 3 g/d and 6 g/d)
or the same dose in combination with E. faecium. Glucose levels in calves are
known to be higher than in cows, which is explained by the fact that calf
stomachs initially ~ function similarly to  monogastric  animals
(Doornenbal et al., 1988; Shil et al., 2012).

Influence of the feeding of Jerusalem artichoke concentrate and its
synbiotic on the expression of immunoglobulinA in the intestinal mucosa
of colon of calves at 12 weeks of age

The main function of immunoglobulin A (IgA) in the intestines is to prevent
the attachment of pathogens to the intestinal wall, ensuring cellular immunity
and homeostasis, as IgA is released through the surface of the intestinal mucosa
(Suzuki and Nakajima, 2014). IgA is the first what protects the intestinal
epithelium from enteroroxins and pathogenic microorganisms, activating the
colonization of beneficial microorganisms.

In our study expression of IgA in the immunoreactive cells of the mucosa of
colon is significantly (p<0.01) higher for all groups of calves receiving Jerusalem
artichoke flour concentrate and its synbiotics than in control animals (Table 5).
Feeding of the feed additives included in our study is likely to improve colonic
microbiota, thereby improving intestinal wall immunoreactivity and resistance
to pathogenic microorganisms, as evidenced by higher IgA expression in
intestinal tissues due to IgA secretion a response to bacterial colonization (Cebra,
1999).

In our study, the lowest expression of IgA in the colon tissues was observed
in KoG compared to groups of animals fed Jerusalem artichoke flour concentrate
and synbiotic. Medium dose Jerusalem artichoke flour concentrate (containing 6
g of inulin) or PreG12 in combination with E. faecium gave the best results, due
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to the possibility that beneficial bacteria in colon were able to use inulin for their
growth and promote local intestinal immunity.

Number and location of immunoreactive cells containing ghrelin in the
abomasum of 12-week-old calves fed 56 days with Jerusalem artichoke
flour concentrate and its synbiotic

One of the aims of the study was to evaluate Jerusalem artichoke flour
concentrate or its combination with E. faecium effects on hunger and satiety.
Grelina immunoreactive cells were detected both in the control group and
ingroups fed by different doses of Jerusalem artichoke flour concentrate and its
synbiotics in the abomasum of 12-week-old calves. This complements the studies
described by other authors that ghrelin IR cells have been detected in calves as
early as two weeks of age and in the abomasum of adult cows five years of age
and older (Hayashida et al., 2001; Hayashi et al., 2020). In addition, the amount
of those cells in the two largest parts of abomasum - the fundus and pars pylorica
differs significantly (Table 6). In our study, the number immunoreactive cells
containing ghrelin in the abomasum fundus is significantly larger than in pars
pylorica for all calves in the control group and animals in the study group,
regardless of the type and amount of feed additives added to the milk. Other
authors in their studies also describe that abomasum fundus part contains much
more ghrelin - containing cells than pars pylorica (Strader and Wood, 2005;
Kojima, Kangawa, 2005).

Ghrelin is formed in the epithelial cells of several parts of the digestive tract
of animals - in the stomach, in the abomasum in ruminants, in intestines - caecum
and colon (Date, 2012). Therefore, to evaluate the effect of different doses of
Jerusalem artichoke flour concentrate containing prebiotics - inulin or synbiotics
(Jerusalem artichoke flour concentrate in combination with Enterococcus
faecium) on the development of hunger in calves, in our study we focused on the
changes in the number of immunoreactive cells, containing ghrelin in mucosa of
abomasum. This makes it possible to understand and indirectly assess the
possible effects of different doses of these additives on food digestion, as when
abomasum is emptied, ghrelin starts to be produced in the mucous membrane
and then enters the peripheral bloodstream from. The number of ghrelin IR cells
may be one of the indicators of growth, as it affects the level of somatotropin and
also participates in the regulation of hunger and satiety (Feldman, 2021). As all
animals received the same diet, a factor that could affect the duration of satiety
after a meal is the digestion (digestibility) of food in the digestive tract - the
higher it is, the longer the satiety is maintained after the same dose of feed.
Higher nutrient intake should also have an impact on animal growth and,
ultimately, on carcass weight.

Our study currently provides unique data on inulin (prebiotics) and its
combination with 0.25 g Enterococcus faecium — synbiotics feeding to calves
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influence on the amount of ghrelin IR cells in the mucosa of fundus and pylorus
parts of abomasum, as well the location amount of ghrelin granules in the cells.
In calves which received lower doses of prebiotics, we found relatively high
number of ghrelin IR cells.

Calves fed with Jerusalem artichoke flour concentrate containing 6 g/d
medium and 12 g/d higher dose of inulin and receiving the same feed, the ghrelin
IR cells in the abomasum had significantly less than the control and calf group
fed the lowest dose of PreG6 (Table 6). This shows that feeding of Jerusalem
artichoke flour powder, at least 12 g/day, containing 6 g of inulin for 56 days,
significantly improves food intake and feed digestion in 12-week-old calves, thus
reducing the feeling of hunger. However, it must be admitted that contrary to the
predicted, 0.25 g of probiotics Enterococcus faecium (2x10° CFU/g) addition to
the medium and highest dose of inulin (6 and 12 g) the result did not improve
significantly. The number of ghrelin IR cells did not show significantly better
results when comparing the results of the respective prebiotic and synbiotic
groups.

CONCLUSIONS

1. Feeding the average and highest dose of Jerusalem artichoke flour
concentrate (12 and 24 g/d) and it combination with 0.25 g - E. faecium
(2x10° CFU/Qg) as a synbiotic all three doses (6, 12, 24 g/d) significantly (p<0.01)
improves live weight gain in calves during the transition to ruminants and cold
carcass weight.

2. Feeding of Jerusalem artichoke flour concentrate 12 g/d as well 0.25 g of
E. faecium in combination with 12 g/d and 24 g/d significantly (at least p<0.05)
improved the growth and development of the rumen and abomasum, as shown
by masometric and morphometric measurements of these parts of the stomach.
3. Feeding of Jerusalem artichoke meal concentrate and synbiotics was not
significantly affecting the general health status and faecal consistency of all
groups of animals. However, the combination of a medium dose of Jerusalem
artichoke flour concentrate 12 g/d and especially the feeding of the same dose
with E. faecium, provided a more consistent and species-specific faecal
consistency throughout the study.

4. Hematological analyzes showed that feeding of the mean and highest dose of
Jerusalem artichoke flour concentrate and all three doses of newly created
synbiotics significantly (at least p<0.05) increases erythrocytes and lymphocyte
counts and hematocryt, but decreases platelet and leukocyte counts. We observed
this tendency especially for 6 - 8 week old calves.

5. Feeding the medium and the highest doses of Jerusalem artichoke flour
concentrate (12 and 24 g/d) significantly (at least p <0.05) increased the level of
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total protein and gamma-glutamyl transferase, but decreased blood levels of
alkaline phosphatase, glucoses and albumin in 8 - 12 week old calves. Feeding
the lowest and average dose of the synbiotic significantly (p<0.01) increases total
protein levels, but significantly (p <0.05) reduces alkaline phosphatase activity
in calves at 12 weeks of age.

6. Feeding of medium (12 g/d) and highest (24 g/d) doses of Jerusalem artichoke
flour concentrate significantly increased (p<0.05) the pH level of the rumen
content compared to the calves of the control group, thus creating a favorable
environment for cellulolytic bacteria.

7. Feeding of medium dose(12 g/d) of Jerusalem artichoke flour concentrate,
increased the width of papillae of rumen saccus ventralis et dorsalis parts and
muscle layer thickness. Addition of probiotics E. faecium to Jerusalem artichoke
flour concentrates (containing inulin) significantly (at least p<0.05) increased the
length and width of the rumen papillae, but decreased the thickness of the muscle
layer of the rumen saccus ventralis et dorsalis parts. All Jerusalem artichoke
flour concentrate and newly created synbiotic doses significantly increased the
length and width of the villi of the small intestine (jejunum) and the depth of the
colon crypts.

8. Feeding for 56 days of Jerusalem artichoke flour concentrate (except 12 g/d
dose) and all newly formed  synbiotic doses significantly (p<0.01)
increased immunoglobulin A expression in the colon mid part tissues in calves
at 12 weeks of age, providing higher mucosa immunity of intestines
compared to control animals.

9. Feeding calves with Jerusalem artichoke flour concentrate (24 g/d) and newly
formed synbiotics (12 and 24 g/d), possibly, ensures a longer feeling of satiety,
as evidenced by a significantly (p<0.01) lower number of ghrelin
immunoreactive cells in fundalis part of the abomasum and higher cold carcass
weight at slaughter. The addition of synbiotic E. faecium to Jerusalem
artichoke flour concentrate did not significantly improve these results.

PROPOSALS

Based on the results of our study, for improving the productivity and
development of calves we can recommend the feeding of calves with the
average dose 12 g/d of Jerusalem artichoke flour concentrate (contains the
prebiotic inulin - 6 g).
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