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1. WSTEP

Rosngca skala konsumpcji ryb spowodowata, ze akwakultura stata si¢ najszybciej
rozwijajaca galezig produkcji zwierzgce] na $wiecie (FAO 2020). Wsroéd konsumentow,
ktorych $wiadomos$¢ w zakresie ochrony przyrody i jakosci produktu rosnie, obserwuje sie
tendencje do wybierania produktow zwierzgcych pochodzacych z chowu prowadzonego
metodami zrownowazonymi. W celu zaspokojenia tych potrzeb, zwieksza si¢ zastosowanie
dodatkéw paszowych o charakterze naturalnym, wspomagajacych homeostazg organizmu
| W sposob pozytywny wplywajacych na status zdrowotny i fizjologiczny zwierzat
gospodarskich, w tym rowniez ryb. Zwigkszajaca si¢ wiedza konsumentéw dotyczaca wplywu
szeregu czynnikow zywieniowych na efekty produkcyjne i warto§¢ odzywcza migsa ryb
generuje potrzebe realizacji badan z tego zakresu. Jednym z najbardziej rozpowszechnionych
gatunkow stodkowodnych ryb hodowlanych na $wiecie i jednocze$nie gatunkiem modelowym
jest karp pospolity (Cyprinus carpio L.), ktory zaliczany jest do ryb wszystkozernych,
posiadajacych niskie wymagania zywieniowe (Dawood i Koshio 2016; Abdel-Rawwab
I Monier 2017). W srodowisku naturalnym dieta karpi opiera si¢ na biomasie produkowanej
przez zbiornik wodny. W systemach ekstensywnych produkcja oparta jest na tzw. wydajnosci
naturalnej stawu. W pétintensywnym systemie chowu gatunek ten jest czgsciowo dokarmiany
paszami gospodarskimi, a w intensywnym niemalze lub catkowicie zalezny od zywienia
paszami komponowanymi. Sktad diety karpi przektada sie na cechy fizjologiczne organizmu.
Jednym z elementow uktadu pokarmowego karpi jest pseudozotadek, czyli czgsé jelita, w ktorej
magazynowany jest pokarm w srodowisku zasadowym. Trawienie i wchianianie sktadnikow
pokarmowych odbywa si¢ w jelicie (Nwanna i Schwarz 2007). Z uwagi na specyficzng budowe
uktadu pokarmowego karpi, trawienie niektorych antyodzywczych sktadnikow paszy moze by¢
utrudnione badz przebiega¢ wolniej, a w konsekwencji moze wplywaé¢ na homeostazg
przewodu pokarmowego, ktorej zaburzenie w sytuacjach obnizonej odporno$ci moze
prowadzi¢ do wystgpienia subklinicznych i klinicznych infekcji u ryb. Z punktu widzenia
zdrowotnosci i wynikow produkcyjnych bardzo wazna jest dbato$¢ o zachowanie
odpowiedniego sktadu mikrobioty jelitowej, ktora w istotny sposob wptywa na wspotczynniki
strawnosci sktadnikow pokarmowych, prawidtowy wzrost, funkcjonowanie oraz regulacj¢
odpowiedzi immunologicznej tych zwierzat, a w efekcie na jako$¢ surowca migsnego (Akhter
i in. 2015). W celu modulacji mikrobioty jelitowej powszechne jest stosowanie szerokiego
spektrum dodatkow paszowych, do ktérych mozna zaliczy¢ probiotyki oraz prebiotyki.
Preparaty prebiotyczne stanowig zrodto wegla oraz energii dla bakterii probiotycznych, a ich
suplementacja przyczynia si¢ rowniez do zahamowania wzrostu patogennych drobnoustrojow
zyjacych w uktadzie pokarmowym, zachowujac rownowage mikrobioty w jelitach, zwigkszenia
odporno$ci zwierzat na stres oraz utrzymania odpowiedniej homeostazy w organizmie (Cao
i in. 2019; Hussein i in. 2016; Ebrahimi i in. 2012). Doniesienia naukowe potwierdzaja rowniez
immunostymulujace dziatanie prebiotykow (Havenaar i in. 1999; Paulsen i in. 2003; Hoseinifar
I in. 2014). Usprawnienie metabolizmu sktadnikow odzywczych w przewodzie pokarmowym
poprzez dodatek do paszy produktow prebiotycznych, moze wptynaé korzystnie na wartosé
odzywcza migsa, na skutek poprawy zawartosci biatka, thuszczu czy sktadnikow mineralnych
(McCabe i in. 2015; Whisner i Castillo 2018).

Do oceny homeostazy organizmu — jego stanu zdrowotnego i odzywienia stuzg analizy
wskaznikow biochemicznych krwi (Gultepe 1 in. 2012), w tym profilu biatkowego (biatko
catkowite, albuminy, globuliny, mocznik), ttuszczowego (cholesterol catkowity, HDL, LDL,
trojglicerydy) czy watrobowego (ALT, AST, ALP, bilirubina). Jednym z czynnikow
zaburzajacych utrzymanie homeostazy w organizmie ryb jest stres, ktory moze przyczyniac si¢
do zwigkszenia przepuszczalnosci nablonka powierzchniowego w obrgbie m.in. skrzeli,
a w konsekwencji do zmniejszenia odpornosci na patogeny. Ponadto, ciggle narazanie ryb na
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czynniki wywotujace intensywny i przewlekty stres, moze prowadzi¢ do zahamowania wzrostu
oraz do zaburzenia proceséw rozrodczych. Stezenie hormonow tarczycy, kortyzolu oraz
glukozy w surowicy krwi stanowi istotny wskaznik poziomu stresu w organizmie (Wendelaar
1997; Mirghaed i in. 2018).

Natomiast do oceny wptywu bioaktywnych dodatkow paszowych na zdrowotno$é
przewodu pokarmowego niezbedne jest wykonanie pomiarow histologicznych bedacych
wyznacznikiem potencjatu wchianiania sktadnikow odzywczych. Zwigkszenie wysokosci oraz
szerokosci kosmkow jelitowych wigze si¢ ze zwigkszeniem pola powierzchni chtonne;j jelit oraz
aktywnosci enzymow trawiennych, co w konsekwencji oddziatuje na zwigkszenie zdolnos$ci
wchianiania sktadnikow odzywczych i wzrost ryb (Guerreiro i in. 2018; Korylyak 2015).

Budowa histologiczna tkanki mig$niowej dostarcza informacji na temat struktury
poszczegolnych wiokien miesniowych, ktore sg podstawowg jednostkg funkcjonalng tkanki
mig$niowej. Wzrost tkanki migsniowej ryb odbywa si¢ zarowno w sposob hipertroficzny, jak
i hiperplastyczny, co w konsekwencji daje nam charakterystyczny dla ryb wyglad mozaikowy.
Zbyt szybki przyrost masy ciala moze przyczynia¢ si¢ do zniszczenia widkien mig$niowych,
a w konsekwencji do powstawania zmian histopatologicznych. Ponadto analizy histologiczne
migsni moga dostarcza¢ informacji na temat sposobu rozmieszczenia tluszczu
srodmiegsniowego, co jest niezwykle istotne z punktu widzenia konsumenckiego, poniewaz
thuszez $rddmigsniowy wplywa na smak, soczystos$¢ i jedrnos¢ migsa (Bogucka i in. 2018).
Natomiast spozywanie migsa ryb bogatego w thuszcz | zawierajacego whasciwy profil kwasow
thuszczowych zmniejsza ryzyko wystgpienia chorob wiencowych wsrod konsumentow (Levitan
i in. 2010; Guerreiro i in. 2015; Mazurkiewicz i in. 2008;).

Migso ryb jest bogatym zrodtem skladnikéw mineralnych, na poziom ktorych wplywa
wiele czynnikoOw zwigzanych z jako$cig paszy oraz parametrami fizyko-chemicznymi wody
(Lall 2002). Zachwianie rownowagi mineralnej moze by¢ przyczyna zaburzenia stanu
homeostazy i powodowa¢ deformacje ciata, co w konsekwencji stanowi bardzo wazny problem
zdrowotny i ekonomiczny dla akwakultury (Kamler i in. 2012; Sikorska 2010). Substancje
prebiotyczne wplywaja na produkcje krotkotancuchowych kwasow ttuszczowych obnizajac pH
jelit oraz reguluja czynniki odpowiedzialne za transport metali dwuwarto$ciowych, co
przyczynia si¢ do poprawy wchianiania substancji mineralnych, a w efekcie do zapewnienia
robwnowagi mineralnej w réoznych tkankach ryb (Whisner i Castillo 2018; Mccabe i in. 2015;
Gibson i in. 2017). Preparaty prebiotyczne moga stymulowac¢ proliferacje komoérek nabtonka,
zwickszajac powierzchnie¢ wchlaniania i1 jednocze$nie wspomagaja ekspresje biatek
odpowiedzialnych za transport sktadnikéw mineralnych w komorkach nabtonka (Yeung i in.
2005). Ponadto, substancje takie jak FOS (fruktooligosacharydy) czy GOS (trans-
galaktooligosacharyd), sprzyjaja wzrostowi Bifidobacterium spp., ktore stymulujg synteze
witaminy B6, odpowiedzialng za lepsza absorpcje niektorych metali, np.: cynku.

Preparat prebiotyczny uzyty w prezentowanym cyklu badan, to trans-galaktooligosacharyd
(GOS). Badania Tzortzis i in. (2005) potwierdzity, ze prebiotyk pozyskany ta metodg wptynat
korzystnie na wzrost Bifidiobacterium spp., nalezacych do Actinobacteria licznie
wystepujacych w jelitach ryb (Banerjee i in. 2017). Bakterie te w obecnosci trans-
galaktooligosacharydu wykazaty si¢ zwigkszonym tempem namnazania i produkcja
krotkotancuchowych kwasow tluszczowych w porownaniu z innymi dostgpnymi na rynku
oligosacharydami. Badania in ovo z udziatem prebiotyku Bi’tos zawierajacego trans-
galaktoloigosachard stosowany w ponizszej dysertacji potwierdzily korzystny wpltyw tej
substancji bioaktywnej na mikrobiotg jelitowa jednodniowych kurczat brojlerow (Bednarczyk
I in. 2016) oraz brojlerow w 42 dobie zycia (Stawinska i in. 2019). Badania potwierdzity
rowniez korzystny wplyw Bi?tos na mikrostrukture jelita cienkiego, a tym samym na poprawe
wchtaniania sktadnikow odzywczych u kurczat brojlerow (Bogucka i in. 2016; Sobolewska i in.
2017).



Pomimo licznych badan nad mikrobiomem i zastosowaniem alimentarnych metod jego
modulacji, niewiele jest dostepnych badan dotyczacych zastosowania trans-
galaktooligosacharydow w warunkach in vivo w zywieniu ryb, dlatego tez podj¢to badania
0 charakterze eksperymentalnym majace na celu oceng wptywu GOS na wzrost, rozwoj
I nutrifizjologie ryb z zastosowaniem karpia jako gatunku modelowego.



2. WYKAZ ARTYKULOW NAUKOWYCH STANOWIACYCH CYKL
PUBLIKACJI ROZPRAWY DOKTORSKIEJ]

1)

2)

3)

(Publikacja 1) Ziotkowska E., Bogucka J., Dankowiakowska A., Rawski M.,
Mazurkiewicz J., Stanek M. Effects of a trans-galactooligosaccharide on
biochemical blood parameters and intestine morphometric parameters of Common
Carp (Cyprinus carpio L.). Animals, 2020, 10(4), 723, doi: 10.3390/ani10040723
pkt. MNiSW?2°% = 100

Impact Factor?%?° = 2,752

(Publikacja 2) Ziétkowska E., Bogucka J., Mazurkiewicz J., Rawski M., Rozanski
Sz., Stanek M. Effects of a trans-galactooligosaccharide on minerals content of
common carp (Cyprinus carpio L.) tissues. Biological Trace Element Research,
2021, 199, 4792-4804. doi: 10.1007/s12011-021-02600-w.

pkt. MEiIN%2t = 70

Impact Factor?®?! = 3,738

(Publikacja 3) Ziotkowska E., Bogucka J., Rawski M., Mazurkiewicz J., Maiorano
G., Stanek M. The first insights on trans-galactooligosaccharide effects on fatty
acids profile and microstructure of muscle in common carp. Annals of Animal
Science, 2022, 22(1), 305-324. doi: 10.2478/aoas-2021-0030

pkt. MEiN?22 = 140

Impact Factor?%?? = 2,090

Podsumowanie wskaznika cyklu publikaciji :

Sumaryczna liczba punktéw MNiSW = 310
Sumaryczny Impact Factor = 8,580
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3. UZASADNIENIE SPOJNOSCI TEMATYCZNEJ CYKLU
PUBLIKACJI ROZPRAWY

Problematyka badawcza prezentowanej rozprawy doktorskiej dotyczy wptywu dodatku do
paszy trans-galaktooligosacharydu na parametry wzrostu, stan fizjologiczny oraz na warto$¢
odzywcza 1 mikrostruktur¢ migsa karpia pospolitego (Cyprinus carpio L). Na przestrzeni
ostatnich lat obserwuje sie szybki rozwo6j sektora rolnictwa jakim jest hodowla ryb, co niesie
ze sobg konieczno$¢ obnizenia kosztéw produkcji poprzez zwigkszenie wchtaniania substancji
odzywczych z paszy oraz poprawe funkcjonowania ukladu immunologicznego zwierzat.
Doskonatym przykladem substancji korzystnie wptywajacych zarowno na system
immunologiczny, jak i na uklad pokarmowy =zwierzgt sg preparaty prebiotyczne.
W publikacjach wchodzacych w sklad rozprawy doktorskiej jako czynnik do$wiadczalny
zastosowano trans-galaktooligosacharyd (GOS) otrzymywany na drodze enzymatycznej
transgalaktozylacji laktozy przez komorki Bifidobacterium bifidium. Oligosacharyd ten
W sposob specyficzny oddzialuje na mikrobiote jelitowa, wplywa korzystnie na wzrost
Bifidiobacterium spp., dlatego tez w sposob bezpieczny moze przyczyni¢ si¢ do polepszenia
parametréw fizjologicznych ryb. Aby okresli¢c wptyw wybranego dodatku paszowego na
funkcjonowanie organizmu, dokonano analizy parametrow wzrostu, wskaznikow
biochemicznych krwi w celu okreslenia stanu zdrowotnego ryb oraz pomiar6w histologicznych
jelit (Publikacja 1). Czg$ciowo korzystne wyniki uzyskane na tym etapie doswiadczenia
sktonily zesp6t do podjecia badan dotyczacych wptywu dodatku do paszy substancji
prebiotycznej na zawarto$ci thuszczu, cholesterolu i profilu kwasoéw tluszczowych w migsie
oraz na mikrostrukture mie$nia karpia (Publikacja 3). Pozytywne wyniki uzyskane
w Publikacji 1, dotyczace parametrow morfometrycznych jelita przyczynity si¢ do realizacji
dalszych analiz dotyczacych wpltywu trans-galaktooligosacharydu na stopien wchtaniania
sktadnikéw mineralnych ze Swiatla jelita oraz na stopien ich kumulacji w wybranych tkankach
karpi (Publikacja 2).

Spojnos¢ tematyczna cyklu publikacji wchodzacych w zakres rozprawy doktorskiej
wynika z przeprowadzenia kompleksowych analiz, dzigki ktorym podje¢to si¢ proby doktadnego
wyjasnienia oddzialywania wybranej substancji prebiotycznej na funkcjonowanie organizmu
karpi.
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3.1. HIPOTEZA BADAWCZA, CEL I ZAKRES BADAN

Gloéwna hipoteza sformutowana w niniejszej rozprawie doktorskiej brzmi nast¢pujaco:
,Dodatek do paszy prebiotyku w postaci trans-galaktooligosacharydu wplywa na stan
fizjologiczny oraz na warto$¢ odzywcza i mikrostruktur¢ migsa karpi (Cyprinus carpio L.)”.

Hipotezy szczegotowe:

Hipoteza 1 Dodatek do paszy trans-galaktooligosacharydu wplywa pozytywnie na parametry
wzrostu, wskazniki biochemiczne krwi oraz na parametry morfometryczne jelit karpi.
Hipoteza 2 Dodatek do paszy trans-galaktooligosacharydu wptywa pozytywnie na stopien
wchtaniania wybranych sktadnikéw mineralnych oraz na rownowage mineralng w organizmie
poprzez regulacje kumulacji sktadnikéw mineralnych w migsie, skrzelach i szkielecie karpi.
Hipoteza 3 Dodatek do paszy trans-galaktooligosacharydu wptywa korzystnie na poziom
cholesterolu, thuszczu i profil kwasow tluszczowych, w tym kwasdéw wielonienasyconych oraz
na mikrostrukture migsni karpi.

Celem_ogélnym sformutowanym w rozprawie doktorskiej byta analiza wptywu prebiotyku
GOS na wzrost, rozw0j i status fizjologiczny karpi.

Cele szczegbtowe:

Cel 1 Analiza wptywu dodatku do paszy trans-galaktooligosacharydu na parametry wzrostu
I wskazniki wykorzystania paszy, parametry biochemiczne krwi oraz na parametry
morfometryczne jelit karpi.

Cel 2 Analiza wptywu dodatku do paszy trans-galaktooligosacharydu na rOwnowage mineralng
W organizmie poprzez oznaczenie zawartosci wybranych sktadnikow mineralnych oraz analize
ich wzajemnych korelacji w migsie, skrzelach i szkielecie karpi.

Cel 3 Analiza wptywu dodatku do paszy trans-galaktooligosacharydu na poziom cholesterolu,
thuszczu oraz na profil kwaséw thuszczowych w migsie oraz na mikrostrukture migsni karpi.
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3.2. MATERIALY I METODY BADAN
3.2.1 Uklad dos$wiadczalny i plan badan

Badania sktadaty si¢ z dwoch etapow. Eksperyment in vivo z udzialem karpi trwajacy
60 dni zostat przeprowadzony w nalezacym do Uniwersytetu Przyrodniczego w Poznaniu
Zaktadzie Doswiadczalnym Technologii Produkcji Pasz i Akwakultury (ZDTPPIA)
w Muchocinie. Prace laboratoryjne zostaly przeprowadzone w Uniwersytecie Technologiczno-
Przyrodniczym w Bydgoszczy obecnie Politechnice Bydgoskiej na Wydziale Hodowli
i Biologii Zwierzat oraz w Katedrze Nauk Rolniczych, Srodowiskowych i Zywnosci,
w Uniwersytecie Molise we Wtoszech.

W eksperymencie wzrostowym wykorzystano 300 jednorocznych karpi o sredniej masie

180 g (Publikacja 1, Publikacja 2, Publikacja 3). Ryby w sposob losowy zostaty podzielone
na 12 grup i umieszczone w betonowych zbiornikach doswiadczalnych o pojemnosci 40 m?®
zasilanych woda w systemie otwartym. W eksperymencie utworzono trzy grupy badawcze,
w ktorej kazda grupa posiadala cztery powtdrzenia (zbiorniki) po 25 osobnikow w kazdym.
Grupy badawcze stanowity: grupa kontrolna (C), w ktorej zastosowano pasze wytworzong
w ZDTPPIiA w Muchocinie, bez dodatkow 0 charakterze pre- lub probiotycznym oraz dwie
grupy eksperymentalne (B1 i B2), w ktorych ryby zywione byty paszami z dodatkiem trans-
galaktooligosacharydu w ilosci, odpowiednio: 1% (B1) oraz 2% (B2). Pasza byta podawana
W sposob zautomatyzowany oraz ciggly przez 12 godzin na dobg (8:00-20:00). Sktad pasz oraz
ich wartosci pokarmowe podano w publikacjach (Publikacja 1, Publikacja 2 i Publikacja 3).

W dniu zakonczenia do§wiadczenia in vivo pobrano proby materiatu biologicznego, ktore
poddano nastepujacym analizom:

— oznaczenie poziomu wskaznikow biochemicznych krwi; wykonanie analiz
histologicznych jelita (Publikacja 1),

— Oznaczenie poziomu skladnikow mineralnych w migsie, skrzelach oraz szkielecie
(Publikacja 2),

— 0znaczenie poziomu cholesterolu catkowitego; 0znaczenie poziomu thuszczu oraz profilu
kwasow tluszczowych w migsie; wykonanie analiz histologicznych tkanki mig$niowej
(Publikacja 3).

3.2.2 Charakterystyka zastosowanego preparatu prebiotycznego

Preparatem prebiotycznym uzytym w eksperymencie byt trans-galaktooligosacharyd GOS
(nazwa handlowa: Bi%tos, Clasado Biosciences Ltd., Jersey, UK). Jest to substancja
otrzymywana na drodze enzymatycznej transgalaktozylacji laktozy mlecznej, przez cate
komorki Bifidobacterium bifidum 41171 i jest mieszaning nast¢pujacych oligosacharyddw:
45% laktozy, 9.9% disacharydow (Gal—(1-3)—Glc; Gal—(1-3)—Gal; Gal—(1-6)—Gal,
Gal—(1-6)—Gal), 23.1% trisacharydow (Gal—(1-6)—Gal—(1-4)—Glc; Gal—(1-3)—Gal—
(1-4)—Glc), 11.55% tetrasacharydow (Gal—(1-6)—Gal—(1-6)—Gal—(1-4)—GIc), and
10.45% pentasacharydow (Gal—(1-6)—Gal—(1-6)—Gal—(1-6)—Gal—(1-4)—Gilc).
Badania Tzortzis i in. (2005) potwierdzity, ze omawiany preparat prebiotyczny w sposob
specyficzny promuje wzrost Bifidobacterium spp.

3.2.3 Analiza parametrow wzrostu

W czasie trwania 60-dniowego eksperymentu wszystkie ryby byly wazone w odstepach 10
dniowych. Pomiary te wykonywano w celu ustalenia dziennej dawki pasz dla poszczegdlnych
zbiornikow doswiadczalnych oraz kontroli przyrostow masy ciata ryb. Na tej podstawie
obliczono nastgpujace wskazniki: przyrost masy ciata (BWG), procentowy przyrost masy ciala
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(PWG), wzgledne dobowe tempo wzrostu (SGR), pobranie paszy (Fl), wspolczynnik
pokarmowy paszy (FCR) oraz wspoétczynnik wydajnosci wzrostowej biatka pasz (PER).

BWG (g) = koficowa masa ciata (g) — poczatkowa masa ciata (g)

PWG (%) = (koncowa masa ciata (g) — poczatkowa masa ciata (g)) / poczatkowa masa ciata
(g) x 100

SGR (%/dzien) = (Ln koncowa masa ciata — Ln poczatkowa masa ciala) / liczba dni
karmienia x 100

FI (g) = ilos¢ paszy (g) — ilos¢ paszy niezjedzonej (g)

FCR = catkowita ilo$¢ zjedzonej paszy (g) / catkowita masa ciata (g)

PER = (przyrost masy ciata (g) / (pobranie paszy (g) x ilos¢ biatka w diecie (%)))

3.2.4 Ubéj ryb oraz pobor materialu biologicznego

Ryby poddano dekapitacji po wykonaniu znieczulenia z uzyciem metanosulfonianu
trikainy (500 mg/L, MS-222, Sigma Aldrich). Usmierceniu zostaly poddane cztery ryby
z kazdego zbiornika, czyli tacznie 16 ryb na grupe (n=16). Nast¢pnie pobrano migsien prosty
grzbietowy (Musculus rectus dorsalis), proksymalny odcinek jelita, tuki skrzelowe oraz
szkielet (kregostup z zebrami) w celu wykonania analiz chemicznych i histologicznych. Krew,
ktorg pobrano post mortem z zyly ogonowej, poddano wirowaniu (10 min, 3000 obr./min)
w celu pozyskania surowicy.

3.2.5 Oznaczenie wartos$ci wskaznikow biochemicznych krwi

Pozyskane proby surowicy krwi zostaly poddane analizie pod katem wskaznikow
biochemicznych za pomocg analizatora biochemicznego MINDRAY BS-120, przy uzyciu
odczynnikow referencyjnych firmy Stamar® (Dgbrowa Gornicza, Polska). Poziom insuliny
(WU/mL)  oraz trojjodotyroniny  (TT3)  (hmol/L) zostal oznaczony metoda
radioimmunologiczng, przy uzyciu zestawéw Ria-CT i INS-IRMA RIA (DIAsource
Immunoassays S.A, Belgium) oraz automatycznego podajnika probek NZ-322 z licznikiem
gamma dla izotopu %I (Gamma Miivek, Hungary) (Publikacja 1).

3.2.6 Oznaczenie poziomu cholesterolu catkowitego

Cholesterol catkowity (TCH) oznaczono przy pomocy systemu HPLC (Kontron
Instruments, Milan, Italy), z kolumng z odwréconym uktadem faz (Phenomenex, Torrance, CA)
oraz fazg ruchoma w uktadzie acetonitryl:2-propanol (55:45, vol/vol; przeptyw 1.0 mL/min) na
podstawie wstepnej ekstrakcji metoda Maraschiello 1 in. (1996). Oznaczenie iloSciowe

zawartosci cholesterolu oparto na metodzie wzorca zewngtrznego (Sigma, St. Louis, MO)
(Publikacja 3).

3.2.7 Oznaczenie poziomu tluszczu oraz profilu kwaséw thuszczowych

Thuszez catkowity (TL) wyekstrahowano zgodnie z procedurg Folcha i in. (1957).
Procentowy udziat kwaséw tluszczowych (FA) oznaczono przy pomocy chromatografu
gazowego GC Trace 2000 (ThermoQuest EC Instruments) wyposazonego w detektor
ptomieniowo-jonizacyjny (260°C) i kolumne kapilarng z topionej krzemionki (Zebron ZB-88,
Phenomenex, Torrance, CA, USA). Na podstawie uzyskanego profilu KT obliczono stosunek
kwasow thuszczowych n-6 do n-3 oraz stosunek wielonienasyconych kwaséw thuszczowych
(PUFA) do nasyconych kwasow ttuszczowych (SFA). Ponadto obliczono wskaznik aterogenny
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(miazdzycowy) (Al) oraz wskaznik trombogenny (zawatowy) (Tl) zgodnie ze wzorami
opracowanymi przez Ulbricht i Southgate (1991) (Publikacja 3).

3.2.8 Oznaczenie poziomu skladnikéw mineralnych

Stezenie sktadnikow mineralnych oznaczono we wstepnie zliofilizowanych probach migsa,
skrzeli oraz szkieletu (Publikacja 2). Analizy wigkszosci pierwiastkow wykonano za pomocg
atomowej spektroskopii absorpcyjnej (ASA) ze spektrofotometrem SOLAR S4. Zawarto$é
fosforu analizowano za pomoca metody kolometrycznej (ISO 13730:1996) przy uzyciu
spektrofotometru Lambda 25 (Perkin-Elmer) przy dtugos$ci fali 430 nm. Do wykonania analiz
wykorzystano certyfikowane roztwory wzorcowe (Merck) oraz certyfikowane materiaty
referencyjne Fish Muscle ERM®-BB422 i Aquatic Plant BCR®-670 (European Reference
Materials®) (Publikacja 2).

3.2.9 Analizy histologiczne

Bezposrednio po eutanazji zostaly pobrane proby jelita oraz miesni, ktore postuzyty do
wykonania analiz histologicznych.

Do wykonania analiz jelit wykorzystano proksymalny odcinek jelita karpi (Publikacja 1).
Probki jelita po uboju zostaty utrwalone w 4% formalinie zbuforowanej CaCOs. Za pomoca
procesora tkankowego (Thermo Shandon, Runcorn, Wielka Brytania) probki zostaty utrwalone,
odwodnione, prze§wietlone i przepojone parafing, a nastepnie zatopienie w bloczki parafinowe
w stacji do zatapiania (Medite, Burgdorf, Niemcy). Tak przygotowane bloczki zostaly pociete
na skrawki o grubosci 10 pm na mikrotomie rotacyjnym (Thermo Shandon, Runcorn, Wielka
Brytania), nastepnie umieszczone na szkietkach podstawowych. Material biologiczny zostat
odparafinowany, a nastepnie poddany barwieniu PAS z odczynnikiem Schiffa w celu
dokonania pomiaréw wysokosci 1 szerokosci kosmkow jelitowych, giebokosci krypt jelitowych
oraz grubosci migsnidwki. Dla wykonania pomiaréw wysokosci kosmkoéw jelitowych wybrano
losowo z przekroju poprzecznego 10 kosmkéw. Diugo$¢ mierzono od szczytu kosmka do jego
podstawy w miejscu ujécia krypty jelitowej. Szeroko$¢ kosmka mierzono w polowie jego
dhugo$ci. Nastepnie obliczono powierzchni¢ kosmkow wedlug wzoru podanego przez
Sakamoto i in. (2000):

Pole powierzchni kosmka jelitowego= (2r) x (szeroko$¢ kosmka / 2) x (wysokos¢ kosmka)

Glebokos¢ krypt jelitowych zdefiniowana zostata jako gleboko$¢ inwaginacji pomigdzy
sasiadujacymi kosmkami jelitowymi i jako taka byta mierzona migdzy 10 kosmkami (Uni i in.
1998). Na podstawie wysokosci kosmkow jelitowych oraz gltgbokosci krypt obliczono stosunek
omawianych parametrow (VH/CD) (Publikacja 1).

Do wykonania analiz histologicznych zostaly pobrane proby migsnia prostego
grzbietowego (Musculus rectus dorsalis) (Publikacja 3). Pobrany materiat zostal zamrozony
w cieklym azocie w temperaturze -196°C, a nast¢pnie Scigty w Kriostacie (Thermo
Shandon/Thermo Fisher Scientific, Wielka Brytania) na 10 pm skrawki. Scinki umieszczono
na szkietku podstawowym 1 poddano nast¢pujacym metodom barwienia: hematoksyling oraz
eozyng (HE) w celu pomiaru $rednic wtokien migsniowych, gestosci widkien miesniowych
(ktora zostata obliczona na podstawie $redniej liczby widkien migsniowych przypadajacych na
okreslong jednostke powierzchni) oraz oceny rozleglosci wystgpowania zmian
histopatologicznych. Analizowane zmiany histopatologiczne dotyczyly: widkien olbrzymich,
wystgpowania martwicy witdkien z fagocytoza, atrofii widkien oraz rozszczepu widkien
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(splittingu). Ponadto na podstawie wykonanego barwienia HE, dokonano roéwniez subiektywnej
oceny przerostu tkanki tagcznej: 0-brak zmian; +-przerost tkanki tacznej. Wykonano rowniez
barwienie na aktywno$¢ reduktazy tetrazolinowej (NADH-TR) w celu okreslenia typow
wlokien migsniowych wystepujacych w analizowanym migsniu. Wykonano rowniez barwienie
czerwienig oleista (Red-oil) w celu okreslenia rozmieszczenia thuszczu $rodmigsniowego
(Publikacja 3).

Rejestracje obrazu mikroskopowego wykonano za pomocg mikroskopu NIKON Ci-L
wyposazonego w kamer¢ NIKON DS-Fi3 oraz oprogramowanie NIS ELEMENTS, ktory
postuzyt zarbwno do wykonana pomiaréw (Publikacja 1, Publikacja 3) jak i analiz zakresu
zmian histopatologicznych (Publikacja 3).

3.2.10 Analiza statystyczna

Obliczenia statystyczne zostaly wykonane za pomoca programu Statistica 13.1 software
(Dell, Round Rock, TX, USA, 2018) (Publikacja 1, Publikacja 2 oraz Publikacja 3). Rozktad
normalny potwierdzono testem Shapiro-Wilka, a jednorodno$¢ wariancji testem Levene’a.
Roéznice istotne statystycznie (przy P<0,05) pomiedzy grupami zostaty zweryfikowane za
pomoca jednoczynnikowej analizy wariancji (ANOVA), a nastepnie testami post-hoc Tuckeya
(Publikacja 1, Publikacja 2) oraz Duncana (Publikacja 3). Parametry wzrostu obliczono dla
kazdego powtdrzenia (n=4). Analizy biochemiczne, chemiczne i histologiczne wykonano dla
16 ryb z kazdej grupy doswiadczalnej (n=16) (Publikacja 1, Publikacja 2 oraz Publikacja 3).
Interakcje pomigdzy sktadnikami mineralnymi oznaczonymi w poszczegdlnych tkankach
(Publikacja 2) oszacowano na podstawie analizy wspotczynnika korelacji Pearsona.

3.3. WYNIKI

3.3.1 Wplyw suplementacji trans-galaktooligosacharydem na parametry wzrostu

Trans-galaktooligosacharyd podawany w paszy przez 60 dni w dawkach 1% i 2%, nie
wplynat istotnie na parametry wzrostu karpi (Publikacja 1). Przeanalizowane parametry, tj.
przyrost masy ciata (BWG), procentowy przyrost masy ciata (PWGQG), wzgledne dobowe tempo
wzrostu (SGR), pobranie paszy (FI), wspotczynnik pokarmowy paszy (FCR) oraz
wspotczynnik wydajnosci wzrostowej biatka (PER) nie r6znily si¢ istotnie pomiedzy grupami
eksperymentalnymi.

3.3.2 Wplyw suplementacji trans-galaktooligosacharydem na poziom wskaznikow
biochemicznych krwi

Wykazano istotnie wyzszy poziom fosforu (P<0,05) w surowicy krwi ryb karmionych
paszg z 1% dodatkiem trans-galaktooligosacharydu (grupa badawcza B1) (13,62 mg/dl)
w porownaniu do grupy badawczej B2 (11,81 mg/dl), czyli grupy ryb karmionych pasza z 2%
dodatkiem trans-galaktooligosacharydu. Nie stwierdzono réznic istotnych statystycznie
w zawarto$ci tego sktadnika mineralnego w grupach B1 i B2 w odniesieniu do grupy kontrolnej
(C) (Publikacja 1). Nie stwierdzono istotnych réznic (P>0,05) w poziomie wskaznikow dla
profilu biatkowego (TP, albumina, globulina i mocznik) i ttuszczowego (cholesterol catkowity,
trojglicerydy oraz NEFA) pomigdzy eksperymentalnymi grupami. Ponadto, nie stwierdzono
istotnego wptywu dodatku do paszy trans-galaktooligosacharydu na aktywnos¢ ALT i ALP
oraz na poziom glukozy, tréjjodotyroniny, insuliny i wapnia.
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3.3.3 Wplyw suplementacji trans-galaktooligosacharydem na zawartos¢
cholesterolu calkowitego

Wykazano brak istotnego wptywu suplementacji diety prebiotykiem GOS, dodanego do
paszy zardbwno w ilosci 1% jak i 2% dodatku, na poziom cholesterolu catkowitego (TCH)
w migsie karpi (Publikacja 3).

3.3.4 Wplyw suplementacji trans-galaktooligosacharydem na zawartos¢ tluszczu
| profil kwaséw thuszczowych

Stwierdzono statystycznie istotnie wyzszg zawarto$¢ thuszczu catkowitego (TL) (P<0,05)
w migsie ryb z grupy B1 (3,21 g/100g), w poréwnaniu z grupa B2 (2,23 g/100g). Natomiast nie
zaobserwowano roznic istotnych statystycznie w zawartosci tluszczu w grupach Bl i B2
odniesieniu do grupy kontrolnej (C) (Publikacja 3).

Analiza profilu kwasow tluszczowych potwierdzita brak istotnego wplywu suplementacji
trans-galaktooligosacharydem, zaré6wno w ilosci 1% jak i 2% dodatku, na zawarto$¢
nasyconych kwaséw tluszczowych (SFA), jednonienasyconych kwaséw tluszczowych
(MUFA) oraz wielonienasyconych kwasoéw thuszczowych (PUFA) (Publikacja 3). Nie
stwierdzono réwniez istotnych réznic w stosunkach PUFA/SFA, n-3/n-6 oraz n-6/n-3 pomiedzy
analizowanymi  grupami. Badania potwierdzity, ze dodatek do paszy trans-
galaktooligosacharydu w ilosci 1% i 2% wptynat istotnie na obnizenie udziatu procentowego
kwasu mirystynowego (C14:0) oraz kwasu linolowego (C18:2 n-6). 1% dodatek do paszy GOS
wplynat istotnie na poziom kwasu oleopalmitynowego (C16:1 n-7) oraz kwasow ttuszczowych
Z szeregu n-6, zas 2% dodatek do paszy GOS spowodowat istotny wzrost udziatu procentowego
kwasu stearynowego (C18:0) oraz kwasu arachidonowego (C20:4 n-6). Nie potwierdzono
istotnego wplywu dodatku do paszy GOS na poziom wskaznikow Al oraz TI.

3.3.5 Wplyw suplementacji trans-galaktooligosacharydem na poziom skladnikéw
mineralnych oraz ich wzajemne korelacje

Stwierdzono brak istotnych réznic w zawartosci Ca i P (P>0,05) u ryb karmionych pasza
z 1% i 2% dodatkiem GOS w porownaniu z grupa kontrolng w obrebie kazdej badanej tkanki
(migsa, skrzeli oraz szkieletu) (Publikacja 2). Najwyzszy poziom Mg wykryto w szkielecie
ryb karmionych pasza z 1% dodatkiem GOS (2,51 g kg™?) i byt istotnie wyzszy w poréwnaniu
z grupa kontrolng (2,11 g kg 1), ale wynik ten byl zblizony do wartosci 0znaczonej dla ryb
karmionych pasza z 2% dodatkiem GOS (2,34 g kg™). Analizy potwierdzily rowniez, ze
wzbogacanie paszy GOS istotnie wptyneto na obnizenie stezenia Zn w szkielecie oraz na wzrost
stezenia tego metalu w migsie. Dodatek do paszy GOS wykazat statystycznie istotne roznice
W poziomie Fe pomi¢dzy grupami doswiadczalnymi w obrgbie wszystkich tkanek. Najwyzsze
stezenie tego metalu oznaczono w grupie B2 zarowno w migsie (209,32 mg/kg), szkielecie
(447,89 mg/kg) oraz w skrzelach (586,52 mg/kg).

2% dodatek GOS do paszy wptynagl istotnie na dodatnie korelacje migdzy Fe-Ca
(r =0,997867; P<0,05) w skrzelach i migdzy Fe-Zn (r =0,997237; P<0,05) w szkielecie.
Roéwniez dodatnie wspotczynniki korelacji miedzy Mg-P w migsie (r =0,999855; P<0,05) oraz
w szkielecie (r=0,995238; P<0,05) obliczono w grupie B2.
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3.3.6 Wplyw suplementacji trans-galaktooligosacharydem na parametry
histologiczne

Analizy statystyczne wykazaly istotny wplyw trans-galaktooligosacharydu zaréwno na
wysoko$¢ jak i szeroko$¢ kosmkow jelitowych (Publikacja 1). Zaréwno w przypadku
wysokosci kosmkoéw jelitowych jak i1 szeroko$ci kosmkow jelitowych stwierdzono istotny
wplyw dodawanego prebiotyku w grupach badawczych w odniesieniu do grupy kontrolne;j.
W przypadku wysokosci kosmkow jelitowych, najkorzystniejszy okazat si¢ dodatek prebiotyku
w ilosci 1% (B1- 1040,98 um). Natomiast w przypadku szerokosci kosmkow, najwyzsze
wartos$ci uzyskano w grupie badawczej z dodatkiem prebiotyku w ilosci 2% (B2 — 150,05 pm).
Dodatek prebiotyku zarowno w ilosci 1% oraz 2% w sposoOb istotny wptynat rowniez na
zwigkszenie pola powierzchni chtonnej jelit wzgledem grupy kontrolnej. Najwieksze pole
powierzchni chtonnej stwierdzono w grupie badawczej B1 (471050,33 pm?). Nie stwierdzono
réznic statystycznie istotnych migdzy badanymi grupami w przypadku glebokosci krypt
jelitowych. Otrzymane wyniki stosunku wysoko$ci kosmkow jelitowych do glebokosci krypt,
pozwolity stwierdzi¢ istotne statystycznie (P<0,05) zwickszenie stosunku wysokosci kosmkow
jelitowych do gtebokosci krypt, pomigdzy grupami badawczymi, a grupa kontrolng. Rdznice
istotne statystycznie wykazano réwniez dla grubosci warstwy mig¢sniowej pomigdzy grupa
badawcza B2, a grupg kontrolna.

Odpowiednie trawienie 1 wchtanianie substancji odzywczych wptywa na wzrost i rozwoj
wlokien migsniowych. Migsien prosty grzbietowy Kkarpi charakteryzowat sie 100%
wystepowaniem wiokien migsniowych o metabolizmie glikolitycznym (wtokna biate aW)
(Publikacja 3). Analizy wiokien mig$niowych wykazaty brak roéznic w $rednicy i gestosci
wiokien, natomiast zaobserwowano zwickszenie procentowego udzialu wiokien
prawidlowych. Warto$ci istotne statystycznie odnotowano dla grupy badawczej z dodatkiem
2% GOS (B2 — 96,31%), w odniesieniu do grupy kontrolnej (C — 93,81%). Byto to zwigzane
ze zmniejszeniem, w sposob istotny statystycznie, iloSci zmian atroficznych z 3,23% (C) do
1,58% (B2). Tendencje¢ spadkowa w odniesieniu do grup badawczych zauwazono réowniez
w przypadku rozszczepienia wiokien (sSplittingu), jednakze wartosci te nie byly istotne
statystycznie. Ponadto wraz ze wzrostem stezenia dodawanego prebiotyku, dochodzito do
zmniejszenia przerostu tkanki tacznej. W celu identyfikacji rozmieszczenia thuszczu
srdédmiesniowego, wykonano barwienie czerwienig oleista, na podstawie ktorego wykazano
rozmieszczenie thuszczu $rodmigéniowego wokot wiokien migsniowych. W Publikacji 3
dokonano réwniez przydziatu §rednic widkien migsniowych do poszczegdlnych klas. Roznice
nie byly istotne statystycznie, jednakze najwigcej widkien migsniowych biatych we wszystkich
grupach odnotowano w przedziale 41-50 um, natomiast najnizszy odsetek stanowily wtokna
migsniowe w klasie <20 um.
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3.4. DYSKUSJA

Analiza danych dotyczacych parametréw wzrostu, warto$ci wskaznikoéw biochemicznych
krwi, parametrow histologicznych jelita i mikrostruktury miesni oraz sktadu chemicznego
migsa w zakresie profilu tluszczowego czy mineralnego, pozwala w duzym stopniu oceni¢
wpltyw wybranego dodatku paszowego na funkcjonowanie i rozwodj calego organizmu.
W literaturze naukowej opublikowano dotychczas liczne, niekiedy rozbiezne dane w zakresie
mechanizmu dziatania i skali oddzialywania szeregu preparatow prebiotycznych na status
nutrifizjologiczny, zdrowotny i kondycje odzywienia zwierzat. Trans-galaktooligosacharyd
uzyty w niniejszym eksperymencie zostal przeanalizowany na tej samej grupie badawczej
réwniez przez Pietrzak i in. (2020) pod katem immunomodulujgcego wplywu na btone §luzowa
skory karpi. Autorzy potwierdzili wtasciwos$ci przeciwwirusowe i antybakteryjne analizowanej
substancji bioaktywnej. Niniejsza dysertacja dotyczy analizy wynikéw uzyskanych na
podstawie  eksperymentu  zywieniowego z uzyciem trans-galaktooligosacharydu,
przeprowadzonego na karpiach. Wyniki uzyskane z kolejno przeprowadzonych etapéw badan
zawarto w trzech publikacjach naukowych. W publikacji 1 przeanalizowano wptyw dodatku
trans-galaktooligosacharydu na wskazniki biochemiczne krwi oraz na parametry histologiczne
jelit. W publikacji 2 okreslono wplyw dodatku trans-galaktooligosacharydu na poziom
sktadnikéw mineralnych w wybranych tkankach karpi. Natomiast publikacja 3 dotyczyta
wplywu dodatku trans-galaktooligosacharydu na poziom cholesterolu i thuszczu catkowitego,
na profil kwasow thuszczowych oraz na parametry histologiczne migsni karpi.

3.4.1 Wplyw dodatku trans-galaktooligosacharydu na wyniki odchowu oraz
wskazniki biochemiczne krwi

Analiza parametrow wzrostu wykazata brak istotnego wptywu dodatku trans-
galaktooligosacharydu, zarowno wilosci 1% jak i 2%, na przyrost masy ciala (BWG),
procentowy przyrost masy ciata (PWG), wzgledne dzienne tempo wzrostu (SGR%), pobranie
paszy (FI), wspotczynnik pokarmowy paszy (FCR) oraz wspotczynnik wydajnosci wzrostowej
biatka (PER) (Publikacja 1). Potwierdzity to rowniez badania Akrami i in. (2010), Gultepe
i in. (2012) oraz Talpur i in. (2014), poniewaz na warto$¢ tych parametréw ma wptyw szereg
czynnikow biologicznych i §rodowiskowych, do ktérych mozna zaliczy¢ gatunek 1 wiek
zwierzecia, temperaturg, odczyn, natlenienie oraz zasolenie wody (Dawood i Kashio 2016). Jak
podaje Amani Denji i in. (2015), brak wptywu prebiotykow na wydajno$¢ wzrostu karpi mozna
przypisa¢ niezdolnosci mikrobioty jelitowej do fermentacji nadmiernych ilo$ci prebiotykow.
Ponadto, w przypadku zwierzat, dla ktorych warunki chowu i sktad paszy sa optymalne,
dodatek prebiotyku moze nie mie¢ wplywu na wydajnos¢ wzrostu, co wskazuje na
wykorzystanie pelnego potencjatu genetycznego.

O stanie zdrowia oraz 0 prawidlowym funkcjonowaniu organizmu informuja wartosci
parametréw biochemicznych krwi. Wyniki eksperymentu potwierdzity brak istotnych roznic
w poziomie wskaznikoéw biatkowych, thuszczowych, enzymoéw watrobowych (ALT, ALP) oraz
glukozy 1 tréjjodotyroniny (czyli wskaznikow stresu) pomiedzy grupami eksperymentalnymi,
a kontrolng (Publikacja 1). Moze to swiadczy¢ to zachowaniu homeostazy w odpowiedzi na
zadany czynnik zywieniowy. Stres wywotuje wzrost poziomu katecholamin (adrenaliny
I glukagonu), ktore stymuluja glikogenolize, prowadzac do wzrostu poziomu glukozy we krwi.
Ebrahimi i in. (2012) i Andrews i in. (2009) zaobserwowali znaczaco wyzsze poziomy TP
I albuminy w surowicy ryb z rodziny Cyprinidae otrzymujacych pasz¢ z dodatkiem MOS
(mannoloigosacharydow) w porownaniu z grupg kontrolng. Zwigkszona konwersja biatek
z paszy dzigki proteolitycznemu dziataniu prebiotykow moze wynikac z lepszego przylegania
probiotykéw do btony $luzowej jelit i inaktywacji patogenow. Zas zwickszenie aktywnosci
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enzymatycznej bakterii przez mikrobiote jelitowa moze wplywaé Kkorzystnie na
przepuszczalnos¢ §luzowki jelita i regulacje uktadu odpornosciowego (Chang i in. 2003).

Istotnie wyzsze warto$ci fosforu w surowicy krwi ryb z grupy Bl w poréwnaniu
z osobnikami z grupy B2 wskazuja, ze wlaczenie do diety 1% dodatku trans-
galaktooligosacharydu spowodowato lepsze wchtanianie tego pierwiastka z jelita (Publikacja
1), jednakze brak réznic w zawartosci fosforu pomiedzy grupami Bl i B2 a grupg kontrolng
powoduje, ze hipoteza ta wymaga dalszych badan. Badania przeprowadzone na $winiach
potwierdzity korzystny wptyw fosforu na uktad odporno$ciowy oraz mikrobiote jelitowa
(Heyer i in. 2015). Pietrzak i in. (2020) przeprowadzajac doswiadczenia na tej samej grupie ryb
potwierdzili, ze suplementacja trans-galaktooligosacharydem wywierata immunomodulujacy
wplyw na blong §luzowa skory karpi, co przejawialo si¢ zwigkszong ekspresja genow
zaangazowanych w produkcje cytokin, lizozymu i biatek ostrej fazy.

Na skutek braku istotnego wptywu GOS na parametry wzrostu oraz wskazniki
biochemiczne krwi, postanowiono przeprowadzi¢ dalsze analizy zwigzane z poziomem
cholesterolu i thuszczu catkowitego oraz profilem kwasow thuszczowych, czyli parametrow
decydujacych 0 wartosci odzywczej migsa.

3.4.2 Wplyw dodatku trans-galaktooligosacharydu na poziom cholesterolu
i thuszczu catkowitego oraz na profil kwasow thuszczowych

Istotnymi parametrami wptywajacymi na jako$¢ migsa ryb jest poziom thuszczu
i cholesterolu. Jak potwierdzity badania, trans-galaktooligosacharyd moze obniza¢ st¢zenie TG
w surowicy poprzez zwigkszenie katabolizmu lipoprotein. Niniejsze wilasciwosci GOS
wynikaja rowniez ze zdolnos$ci hamowania aktywnosci enzymow lipogennych, tj. karboksylaza
acetylo-CoA (ACC), syntaza kwasow thuszczowych (FAS), enzym jabtczanowy (ME), liaza
cytrynianowa ATP (ACLY) i dehydrogenaza glukozy-6-fosforanowa (G6PD) (Guerreiro i in.
2017a; Ulbricht i Southgate 1991; Delzenne i Kok 2001; Delzenne i in. 2002; Wang i in. 2016).
Nasze badania potwierdzity, ze suplementacja GOS nie wptynela istotnie na poziom lipidow
catkowitych (TL) (P>0,05) w migsie analizowanych karpi (Publikacja 3), co mogto wyniknaé
z adaptacji mikrobioty jelitowej ryb do zastosowanego czynnika eksperymentalnego (Guerreiro
I in. 2017b). Druga z hipotez jest zatozenie, ze GOS jako prebiotyk o niskim stopniu
polimeryzacji (PD) w dawce 1% 1 2% byl zbyt slaby w stosunku do enzymoéw
odpowiedzialnych za metabolizm lipidow. Analiza wlasciwosci hipolipidemicznych
krotkotancuchowych prebiotykow takich jak FOS zastosowanych u ludzi potwierdzita, ze
propionian (produkt fermentacji) hamowat synteze cholesterolu poprzez hamowanie zaréwno
syntazy 3-hydroksy-3-metyloglutarylo-CoA (HMG-CoA), jak i reduktazy HMG-CoA (Bornet
i in. 2002). Suplementacja GOS nie wptyneta istotnie na poziom cholesterolu catkowitego
w migsie badanych karpi (P>0,05) (Publikacja 3).

Kolejnym etapem do$wiadczenia, bardzo waznym z punktu widzenia konsumenta, byta
analiza wptywu trans-galaktooligosacharydu na profil kwasow tluszczowych w migsie karpi
(Publikacja 3). Badania potwierdzily, ze suplementacja GOS istotnic wplyneta na poziom
kwasu mirystynowego (C14:0), oleopalmitynowego (C16:1 n-7), stearynowego (C18:0),
linolowego (C18:2 n-6), arachidonowego (C20:4 n-6) (P<0,05). Poziom kwasu mirystynowego
byl nizszy w grupie B1 i B2 w poréownaniu z kontrola, za$ udzial procentowy kwasu
stearynowego byl wyzszy w grupie B2 w porownaniu z grupami Bl i C. Kwas mirystynowy
powoduje znaczny wzrost zawartosci cholesterolu catkowitego i LDL w surowicy, dlatego
uzyskany wynik wydaje si¢ by¢ korzystnym efektem suplementacji GOS. Kwas stearynowy,
W przeciwienstwie do innych nasyconych kwasow tluszczowych (takich jak laurynowy,
mirystynowy i palmitynowy), nie podnosi poziomu cholesterolu w surowicy, a tym samym nie
zwigksza ryzyka choroby wiencowe;j. Dzieje si¢ tak, poniewaz kwas stearynowy przeksztatcany
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jest w jednonienasycony kwas oleinowy (C18:1 n-9). Badania na szczurach karmionych
mieszankg inuliny i oligofruktozy wykazaty, ze substancje te powodujg zmniejszenie przyrostu
masy ciata i thuszczu trzewnego, co moze mie¢ znaczenie w regulacji metabolizmu kwaséw
thuszczowych w watrobie. Skutecznym inhibitorem syntezy kwasow thuszczowych de novo jest
propionian, produkt metabolizmu prebiotykéw (Sun i in. 2017; Demigné i in. 1995).

Migso ryb jest bogatym zrédtem wielonienasyconych kwaséw ttuszczowych, np.: kwasu
eikozapentaenowego (EPA) oraz kwasu dokozaheksaenowego (DHA) nalezacych do grupy
kwasow omega 3. Odgrywaja one istotng role w budowie oraz funkcjonowaniu bton
biologicznych, m.in. w o$rodkowym uktadzie nerwowym, jednakze poziomy tych kwasow
roznig si¢ w zalezno$ci od gatunku ryby (Neuringer i in. 1986; Steffens i Wirth 2007). Preparaty
prebiotyczne powoduja zmiang w skladzie flory jelitowej oraz wptywaja na jej wzrost
i aktywnos$¢ metaboliczng. Moze to zwigkszy¢ poziom dtugotancuchowych PUFA, poniewaz
bakterie posiadaja enzymy odpowiedzialne za elongacj¢ i desaturacje kwasow tluszczowych
(Macfarlane i in. 2006). W naszych badaniach potwierdziliSmy istotnie wyzszg zawarto$¢
kwasu arachidonowego (C20:4 n-6) w grupie B2 w poréwnaniu z grupami Bl i C. Jest to
potwierdzeniem zwiekszenia aktywnosci desaturazy i elongazy w tej grupie ryb. Kindt i in.
(2018) potwierdzili, ze mikrobiota jelitowa wspomagata proces desaturacji i elongacji
watrobowych kwasoéw thuszczowych u myszy (desaturacja A-9 palmitynianu [C16:0] do
palmitoleinianu [C16:1 n-7] i wydtuzenie a-linolenianu [C18:3 n-6] do kwasu dihomo-y-
linolenowego [DGLA, C20:3 n-6]).

3.4.3 Wplyw dodatku trans-galaktooligosacharydu na zawartosé¢ sktadnikow
mineralnych w wybranych tkankach karpia pospolitego

Ryby sa jednym z najcenniejszych zrodet sktadnikow mineralnych w diecie cztowieka
| zwierzat. Niedobory poszczegbdlnych pierwiastkow w organizmie mogg przyczyniaé si¢ do
powstania m.in. nadci$nienia, demineralizacji kosci, zahamowania wzrostu lub do zaburzen
funkcjonowania systemu nerwowego. Zwigzki mineralne kumulujg si¢ w réznych tkankach
w odmiennych ilo$ciach, a wptywa na to wiele czynnikéw endo- i egzogennych. Poniewaz
niedobory sktadnikéw mineralnych prowadzace do deformac;ji ciata ryb sg duzym problemem
hodowcow ryb, podjeto si¢ analizy wpltywu prebiotyku na zawarto$¢ makroelementow (Ca, P
i Mg) oraz mikroelementéw (Fe i Zn) w migsie, skrzelach i szkielecie karpi (Publikacja 2).

Badania wykazaly, ze suplementacja paszy trans-galaktooligosacharydem wptyneta
istotnie na poziom Mg w szkielecie, Zn w migsie 1 szkielecie oraz Fe we wszystkich
analizowanych tkankach (P<0,05). W grupie ryb zywionych 2% dodatkiem trans-
galaktooligosacharydu (grupa B2) oznaczono istotnie najwyzsze poziomy Fe w szkielecie,
skrzelach i migsie w porownaniu z grupg kontrolng i grupa B1. Jednakze nie potwierdzono tej
tendencji w przypadku pozostatych sktadnikoéw mineralnych. Jak potwierdzit Guerreiro i in.
(2017a), mozliwe jest, ze bakterie jelitowe zaadaptowaty si¢ do czynnika modyfikujacego diete.
Badania Biggs i in. (2007) wykazaly, ze zbyt wysoka dawka prebiotyku moze mie¢ negatywny
wplyw na uktad pokarmowy 1 op6zni¢ wzrost zwierzat. Przyczyna moze by¢ niezdolnosé
bakterii jelitowych do fermentacji duzej ilosci prebiotyku dostarczanego w diecie. W grupie
ryb zywionych 1% dodatkiem trans-galaktooligosacharydu (grupa B1) oznaczono istotnie
najwyzsze poziomy Mg i Fe w szkielecie oraz Zn w migsie w poréwnaniu z grupa kontrolna.
Cynk jest mikroelementem odgrywajacym istotng rol¢ w prawidtowym funkcjonowaniu uktadu
odpornos$ciowego. Badania Pietrzak i in. (2020) przeprowadzone na tej samej grupie zwierzat,
potwierdzity pozytywny wplyw trans-galaktooligosacharydu na uktad immunologiczny.
Analizy wykazaty, ze poziom Zn w migsie karpi byl istotnie wyzszy w grupie Bl i B2
w porownaniu z kontrolg. Potwierdza to hipotezg, ze bakterie jelitowe sg odpowiedzialne za
synteze niektorych witamin (np.: B6) wspomagajacych wchianianie sktadnikow mineralnych.
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Ponadto, zwigkszona przyswajalnos¢ sktadnikow mineralnych moze wynika¢ ze
wzmozone] produkcji krotkotancuchowych kwaséw tluszczowych tj.: proponian, maslan
I octan, obnizenia wartos$ci pH w $wietle jelit, jak rowniez z pozytywnego wplywu prebiotyku
na parametry morfometryczne jelita (Publikacja 1). Z kolei brak wptywu prebiotyku na
wchianianie sktadnikéw mineralnych z jelita moze by¢ spowodowany zbyt krotkim czasem
trwania eksperymentu (Cashman 2003) lub niewlasciwg dawka substancji bioaktywnej, ale
hipotezy te wymagaja dalszych badan.

3.4.4 Wplyw dodatku trans-galaktooligosacharydu na parametry histologiczne
jelit oraz mikrostrukture mie¢sni karpia pospolitego

Analiza morfometryczna jelita dostarcza informacji, na temat wplywu wybranych
dodatkoéw paszowych na funkcjonowanie i rozwéj nabtonka jelitowego, a w konsekwencji na
zdolnos¢ do wechilaniania substancji odzywczych. Analizy histologiczne jelit karpi
suplementowanych trans-galaktooligosacharydem wykazaty istotny statystycznie wplyw
prebiotyku zard6wno na wysokos¢ jak i szeroko$¢ kosmkow jelitowych, a w konsekwencji na
zwigkszenie pola powierzchni chionnej jelit (Publikacja 1). Réznice istotne statystycznie
wystgpity pomiedzy grupami badawczymi, a grupg kontrolng, jednakze nie zaobserwowano
istotnych statystycznie réznic pomigdzy grupami eksperymentalnymi. Pozytywny wplyw
prebiotykoéw tj. MOS, FOS czy GOS, na parametry morfometryczne jelit ryb, zostat juz
wielokrotnie zbadany i potwierdzony przez naukowcéw (Yuji-Sado i in. 2015; Zhou i in. 2010;
Anguiano i in. 2013). Ponadto zwigkszenie pola powierzchni chlonnej jelit, wigze si¢ ze
zwigkszong przyswajalnoscia sktadnikow odzywczych oraz mineralnych, co w konsekwencji
wplywa na poprawe¢ parametrow biochemicznych krwi, profilu kwasoéw thuszczowych, sktadu
mineralnego poszczegolnych tkanek oraz moze przyczynié si¢ do zwigkszenia przyrostu masy
ciata (Pryor i in. 2003; Peterson i in. 2012). Niezwykle istotng zdolno$cig prebiotykdéw jest ich
wptyw na uktad odporno$ciowy organizmu. Poprawa parametrow morfometrycznych jelit,
$wiadczy o pozytywnym wplywie dodatku paszowego na nabtonek jelitowy, ktory natomiast
tworzy bariere dla bakterii chorobotwodrczych oraz zabezpiecza organizm przed wniknigciem
substancji toksycznych (Dimitroglou i in. 2010). Natomiast o jako$ci nabtonka jelitowego
swiadczy stosunek glebokosci krypt jelitowych do wysokosci kosmkow. Dokonujac analizy
otrzymanych wynikow stwierdzono réznice istotne statystycznie dotyczace stosunku VH/CD,
pomiedzy grupami badawczymi, a grupg kontrolng. Utrzymanie glgbokosci krypt na statym
poziomie przy rownoczesnym wydtuzeniu kosmkow jelitowych swiadczy o mniejszej utracie
enterocytow z powierzchni kosmkéw jelitowych, a tym samym o mniejszym naktadzie
energetycznym na dokonywanie podziatow mitotycznych (Adibmoradi i in. 2006; Adibmoradi
i in. 2016; Yang i in. 2018). Roéznice istotne statystycznie stwierdzono dla grubosci warstwy
migsniowej W grupie B2 w stosunku do grupy kontrolnej (B2 - 65,82 pm; C — 51,08 pum).
Zwigkszenie grubo$ci warstwy migsniowej wplywa na popraweg tempa przesuwania tresci
pokarmowych w jelitach, jednakze moze w sposdb negatywny wplyna¢ na wchtanianie
sktadnikow odzywczych (Alshamy 1 in. 2018).

Zwickszenie zdolnosci wchtaniania sktadnikéw odzywczych oraz substancji mineralnych,
moze wplyna¢ w sposob pozytywny na rozwoj wtokien migsniowych. Migsnie szkieletowe ryb
charakteryzuja si¢ wystgpowaniem glownie wiokien migsniowych glikolitycznych, co
stwierdzono w Publikacji 3. Widkna migéniowe ryb rosng zardbwno w sposob hipertroficzny
jak i hiperplastyczny, co przyczynia si¢ do powstania charakterystycznego mozaikowatego
wygladu migsnia. Konsekwencjg tego jest wystepowanie rdéznych S$rednic widkien
mig$niowych na analizowanym obszarze mikroskopowym. Przydzial $rednic wiokien
mig$niowych do poszczegdlnych klas zostal wykonany w Publikacji 3. Priester i in. (2011)
wykazali, ze wraz ze wzrostem wielko$ci ryb, dochodzi do zwigkszenia $rednicy wiokien
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migsniowych. Analizy statystyczne wykonane w Publikacji 3 nie wykazaty istotnych réznic
dotyczacych $rednicy wiokien migsniowych, mozna zatem przypuszczacd, ze jest to zwigzane
Z rownoczesnym wystepowaniem braku réznic dotyczacych parametrow wzrostowych karpi.
Natomiast analizy wykazaly roznice istotne statystycznie dotyczace zmian
histopatologicznych. Réznice obserwowane byty w przypadku atrofii wtokien mige§niowych.
Dodatek trans-galaktooligosacharydu spowodowatl zmniejszenie w sposob istotny statystycznie
wystepowania ilosci wiokien atroficznych w grupie B2 w poréwnaniu do grupy kontrolnej. Jak
podaje literatura (Hugh i in. 1976), zmniejszenie ilosci widkien atroficznych moze by¢
spowodowane zwigkszeniem ilosci pobieranych sktadnikow odzywczych z pozywienia, ktore
beda wplywaty w sposob korzystny na rozwoj prawidtowych wtokien migsniowych, co réwniez
wykazaty analizy statystyczne w Publikacji 3. W grupie eksperymentalnej B2, w ktorej ryby
byly karmione dodatkiem paszowym w ilosci 2 % zaobserwowano zwigkszenie si¢, w sposob
istotny statystycznie, liczby prawidlowych widkien migsniowych w poréwnaniu do grupy
kontrolnej. Wzrost prawidlowych widkien migsniowych oraz zmniejszenie iloSci widkien
atroficznych moglo by¢ zwiazane z iloécig tkanki tacznej. W publikacji 3 zaobserwowano
przerost tkanki lacznej w grupie kontrolnej, ktory mogt spowodowaé nacisk na naczynia
wlosowate poszczegélnych wiokien migsniowych, co moglo przyczyni¢ si¢ do mniej
efektywnego ich dotlenienia oraz odzywienia (Koomkrong i in. 2015). Natomiast
suplementacja ryb dodatkiem paszowym w postaci trans-galaktooligosacharydu spowodowata
zmniejszenie ilosci tkanki tfacznej. Ilos¢ tkanki tacznej w migsie jest rowniez cechg istotng
Z punktu widzenia konsumenckiego, poniewaz jej grubos¢ bedzie wptywata na kruchos$¢ migsa.
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3.5. PODSUMOWANIE WYNIKOW I WNIOSKI

Na podstawie przeprowadzonych analiz stwierdzono, ze zastosowany w paszy dodatek
prebiotyku wptynat w duzym stopniu zarowno na warto$¢ odzywczg i mikrostrukture miesa,
jak 1 na stan fizjologiczny karpi utrzymywanych w warunkach akwakultury. Wyniki
eksperymentu invivo oraz analiz laboratoryjnych materiatu biologicznego opisane
w publikacjach naukowych, wchodzacych w sktad rozprawy doktorskiej, pozwolity czesciowo
potwierdzi¢ hipotezy szczegdlowe.

Zastosowany prebiotyk czgsciowo wptynal na parametry morfometryczne jelit karpi,
natomiast nie wplynat na parametry biochemiczne krwi, na parametry wzrostu i wskazniki
wykorzystania paszy (Publikacja 1).

Zastosowany prebiotyk wptynat istotnie na stopien kumulacji wybranych sktadnikoéw
mineralnych w miesie, skrzelach 1 szkielecie karpi, na interakcje migdzy makro-
i mikroelementami, a tym samym na rGwnowage mineralng w organizmie (Publikacja 2).

Trans-galaktooligosacharyd czesciowo wptyngtl na profil kwasow tluszczowych oraz
mikrostrukture mig¢sni karpi, natomiast nie wptyngt na poziom cholesterolu oraz ttuszczu
calkowitego (Publikacja 3).

Uzyskane wyniki pozwolity na sformutowanie nast¢pujacych wnioskow:

1. Suplementacja diety karpi trans-galaktooligosacharydem spowodowata zwickszenie
wysokosci (0 31,82% w grupie B1 i 0 24,37% w grupie B2), szerokosci kosmkow
jelitowych (o 18,60% w grupie B1 i o 23,28% w grupie B2), co w konsekwencji
przyczynilo si¢ do zwigkszenia pola powierzchni chlonnej przewodu pokarmowego
(Publikacja 1).

2. Zwickszenie pola powierzchni chlonnej jelit wplynelo pozytywnie na stopien
bioakumulacji wybranych sktadnikow mineralnych w tkankach karpi (Publikacja 2).

3. Woprowadzenie trans-galaktooligosacharydu do diety przyczynito si¢ do wzrostu stezenia
cynku w migéniach i jego obnizenia w Sszkielecie, wzrostu poziomu zelaza w mig$niach,
skrzelach i szkielecie oraz wzrostu stezenia magnezu w szkielecie karpi (Publikacja 2).

4. Dodatek do paszy trans-galaktooligosacharydu w ilosci 2% wptynat korzystnie na poziom
kwasu arachidonowego (w migsie ryb z grupy B2 odnotowano wzrost udziatu
procentowego tego kwasu 0 43,33%, w poréwnaniu z grupg kontrolng) (Publikacja 3).

5. Zastosowanie trans-galaktooligosacharydu w diecie karpi w ilosci 2% spowodowato
zwigkszenie udziatlu widkien migéniowych o prawidlowej budowie (0 2,66%) oraz jego
obnizenie W przypadku wtokien atroficznych (o 51,08%) w poréwnaniu z grupg kontrolng
(Publikacja 3).
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4. STRESZCZENIE

Wptyw dodatku prebiotyku na wskazniki biochemiczne krwi, wartos¢ odzywcza migsa
i mikrostrukture tkanek ryb

Mgr Ewa Aleksandra Ziétkowska
Stowa kluczowe: GOS, karp, profil kwaséw ttuszczowych, histologia, sktadniki mineralne

Rosngca skala konsumpcji ryb spowodowata, ze akwakultura stata sie najszybciej rozwijajgca
sie gatezig produkcji zwierzecej na $wiecie. Globalnie, kluczowym dla niej gatunkiem jest karp
pospolity (Cyprinus carpio). W celu modulacji mikrobiomu jelitowego, waznego dla zdrowia
zwierzat i przebiegu proceséw trawiennych, stosuje sie szereg dodatkéw paszowych, do
ktorych zaliczane sg m.in. prebiotyki, probiotyki oraz synbiotyki. Preparaty prebiotyczne
przyczyniajg sie do rozwoju korzystnej mikroflory, co poprzez mechanizmy kompetycyjnego
wypierania prowadzi do zahamowania wzrostu patogennych drobnoustrojow zasiedlajgcych
przewdd pokarmowy zwierzat. Bezposrednie dziatanie preparatéw prebiotycznych wptywa na
homeostaze mikrobiomu jelitowego oraz metabolizmu skfadnikéw odzywczych, czego
efektem jest poprawa jakosci miesa poprzez zwiekszenie ilosci biatka, ttuszczu, sktadnikow
mineralnych oraz weglowodanow. Celem podjetych badan byta analiza wptywu prebiotyku
GOS na wzrost, rozwdj i status fizjologiczny karpi. W ramach eksperymentu, dokonano
podziatu ryb na trzy grupy: kontrolng — bez zastosowania dodatkéw paszowych majacych
wptyw na mikrobiom przewodu pokarmowego oraz dwie doswiadczalne z 1% i 2% udziatem
GOS. Po zakonczeniu 60 dniowego testu in vivo pobrano materiat biologiczny i wykonano
analizy biochemiczne zwigzane z ttuszczem, profilem kwaséw ttuszczowych i sktadem
mineralnym oraz wykonano pomiary histologiczne jelit i miesni. Ponadto dokonano analizy
wynikéw odchowu ryb.

Dodatek do paszy GOS nie wptynat istotnie na parametry wzrostowe, ale przyczynit sie
do poprawy parametréw histologicznych - zwiekszenia powierzchni chtonnej jelit. Nastgpit
wzrost zawartosci cynku w miesie oraz zelaza w miesie i skrzelach, a takie magnezu
w szkielecie. Zastosowany prebiotyk nie wptyngt na parametry biochemiczne krwi, za
wyjatkiem poziomu fosforu pomiedzy grupg Bl i B2. Dodatek GOS wptynat réwniez
w korzystny sposéb na profil kwaséw ttuszczowych w miesniach oraz przyczynit sie do
zmniejszenia ilosci zmian atroficznych, oraz procentowego wzrostu udziatu widkien

mies$niowych o prawidtowej budowie.
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5. ABSTRACT

The effect of the prebiotic addition on the blood biochemical parameters, nutritional value
of meat and microstructure of fish tissues

Ewa Aleksandra Ziétkowska
Keywords: GOS, carp, fatty acid profile, histology, minerals

The growing scale of fish consumption has made aquaculture the fastest growing branch of
animal production in the world. Globally, a key role is played by common carp (Cyprinus
carpio). In order to modulate the intestinal microbiome, which is important for animal health
and the course of digestive processes, a number of feed additives are used, including
prebiotics, probiotics and synbiotics. Prebiotic preparations contribute to the development of
beneficial microflora which through the mechanisms of competitive displacement inhibits the
growth of pathogenic microorganisms inhabiting the digestive tract of animals. The direct
action of prebiotic preparations affects the homeostasis of the intestinal microbiome and the
metabolism of nutrients, which results in the improvement of meat quality by increasing the
amount of protein, fat, minerals and carbohydrates. The aim of the research was to analyse
the effect of the GOS prebiotic on the growth, development and physiological status of carp.
As a part of the experiment, the fish were divided into three groups: the control - without the
use of feed additives affecting the gastrointestinal microbiome, and two experimental ones
with 1% and 2% of GOS addition. After the 60-day in vivo test, the material was collected and
biochemical analyses related to the fat, fatty acid profile and mineral composition, as well as
histological measurements of the intestines and muscles were performed. Moreover, the
results of fish rearing were analysed.

The addition of GOS to the feed did not significantly affect the growth parameters.
However, it contributed to the improvement of histological parameters - an increase in the
intestinal area. There was an increase in the content of zinc in the meat and iron in the meat
and gills, as well as in the magnesium in the skeleton. The prebiotic used in the feed did not
affect the biochemical parameters of the blood, except for the level of phosphorus between
groups B1 and B2. The addition of GOS had also a beneficial effect on the fatty acid profile in
the muscles and contributed to the reduction of the number of atrophic changes and the

percentage increase in the proportion of muscle fibres with a normal structure.
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Simple Summary: Prebiotics are important feed additives used in aquaculture. These are substances
that are breeding grounds for beneficial bacteria and that inhibit the development of pathogens;
accelerate healing and regeneration of the intestinal epithelium; increase mucus production; help
maintain normal pH in the intestine; limit the growth of pathogenic bacteria; increase calcium, iron
and magnesium absorption; and also have beneficial effects on glucose and protein metabolism in
the liver. The saccharide-based prebiotic used in the carp experiment had a positive effect on
intestine morphometric parameters. Supplementation of this prebiotic had no negative effect on
growth performance and did not disturb the homeostasis of the fish, as demonstrated by the values
of biochemical blood parameters.

Abstract: The aim of the study was to evaluate the effects of a trans-galactooligosaccharide prebiotic
(GOS) on the growth performance, biochemical blood parameters, and intestine morphometric
parameters of common carp. The 60-day-long experiment was performed on one-year-old fish with
a mean body weight of 180 g (+5 g). Three diets were used: control diet 1 (C) with no microbiota
affecting feed additives, diet 2 (B1) with 1% of prebiotic, and diet 3 (B2) with 2% of prebiotic, in four
replications (tanks) per treatment and 25 fish per tank. At the end of the trial, 16 individuals from
each group were used for analyses. The study showed that GOS supplementation did not affect
growth performance. In turn, the prebiotic had a positive effect on the development of the intestine,
and increased the height, width, and surface of the villi in B1 and B2 groups. The content of
phosphorus (P) was significantly higher in B1 group compared with B2 group, which indicated that
1% addition of prebiotic causes better absorption of P from the intestine. The other biochemical
indicators—namely lipid, protein and hepatic parameters, insulin, and Ca—were not affected by
GOS treatment, which may indicate similar metabolic balance of fish in each experimental group.
Serum triiodothyronine (TTs) and glucose (stress markers) concentrations were not significantly
different among treatments groups. GOS may be recommended as a feed additive for common carp
due to its positive effects on fish physiology and development of the gastrointestinal tract. However,
our results suggest that 1% diet supplementation causes satisfactory reactions for the
abovementioned aspects in comparison to control or 2% supplementation.

Keywords: blood; fish; histology; intestine; parameters; prebiotic
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1. Introduction

In all livestock, the composition of gut microbiota is one of the most important factors
determining the proper growth and functioning of the animal body and preventing diseases. It is
believed that the gut microbiome is crucial for both the digestion and assimilation of nutrients, as
well as regulation of the immune response [1]. In aquaculture, where population density and
environmental pressure increase the risk of alterations in gut health (disturbed intestinal
homeostasis), many feed supplements are used for prophylaxis and normalization of the gut
microbiome growth [2].

Prebiotics are a carbon and energy source for both physiological gut microorganisms and
beneficial ones contained in probiotics supplied with feed. Prebiotics contain a range of substances
that promote the growth and proliferation of lactic acid bacteria and play a very important role in
inhibiting the growth of pathogenic gut microbial flora while stimulating microorganisms beneficial
for the animal host (e.g., fructooligosaccharides (FOS), transgalactooligosaccharides (t-GOS), inulin,
and mannanooligosaccharides (MOS) [3]. An immunostimulating effect of prebiotics has also been
reported, including their ability to activate T and B lymphocytes, which increase the immune
resistance of the body to pathogenic microorganisms [4-6]. Hoseinifar et al. [7] confirmed that
prebiotics can significantly increase the leukocyte count and improve the resistance of animals to
stress.

One of the most comprehensive methods of assessing the health and welfare of the animal, as
well as the proper function of individual internal organs, relies on the analyses of hematological and
biochemical parameters of blood. These parameters can be used to assess the homeostasis of the body,
the nutritional status, and to detect possible symptoms of a disease [8]. The most important analyzed
parameters are: total protein (TP), albumin, globulin and alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), total cholesterol (TC), low-density lipoprotein
(LDL), high-density lipoprotein (HDL), urea, triglycerides (TG), bilirubin and creatinine [9-11].
glucose, cortisol, and thyroid hormones Ts and T4, which are important indicators of stress [12].

However, the histological analysis of the gastrointestinal tract is necessary for the complete
assessment of digestion and absorption of food. Thus, histological examination of the digestive
system, especially of the intestine, is crucial regarding prebiotic use [13]. Important parameters are
the height and width of the villi and depth of the crypt, as demonstrated by Asaduzzaman et al. [14]
for Malaysian mahseer (Tor tambroides), Akter et al. [15] for striped catfish (Pangasianodon
hypophthalmus), Qiyou et al. [16] for hybrid sturgeon (Acipenser schrenckii x Huso dauricus), Yang et al.
[17] for tilapia (Oreochromis niloticus x O. aureus), Korylyak [18] for common carp, and Zhang et al.
[19] for Koi carp (Cyprinus carpiod). Larger villi mean more absorptive surfaces and higher digestive
enzymes, which are supposed to increase nutrient absorption and fish growth. A review of the
literature shows positive effects of trans-galactooligosaccharide supplied in different doses on
growth performance parameters, blood biochemical indices, and intestinal microstructure in carp
aquaculture. The results demonstrate that prebiotics usually improve growth factors (final body
weight, food conversion ratio, and protein efficiency ratio) [20]. In one study, the Trans-
Galactooligosaccharide (GOS) -treated group (obtained from lactose) had significantly higher total
protein and serum lysozyme activity than other treatments (p < 0.05) [21]. Analyses carried out by
Mehrabi et al. [22] conformed that dietary inclusions of GOS (Primalac® and to a lesser extent
Immunowall®, or their mixture) positively affect most of the parameters examined in the
experimental C. carpio, leading to improved growth performance, enhanced body composition, and
stimulated fish immune system.

Prebiotics used in the experiments (trade name Bi’tos, Clasado Biosciences Ltd., Jersey, UK) were
manufactured via enzymatic transgalactosylation of milk lactose by the whole cells of Bifidobacterium
bifidum 41171. For this reason, Bi%tos specifically promotes growth of Bifidobacterium spp. [23]. The
genome of Bifidobacterium spp. encodes carbohydrate-degrading enzymes with high affinity to GOS
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[24]. In fermentation experiments carried out by Tzortzis et al. [23], B. bifidum showed an increased
preference towards the produced galactooligosaccharide mixture, displaying higher growth rate and
short-chain fatty acid production when compared with commercially available oligosaccharides.
Bitos delivered in ovo on day 12 of egg incubation increased the lactobacilli and bifidobacteria fecal
counts of 1-day-old chicks [25]. Stawinska et al. [26] showed the effects of microbiota modulation
with in ovo stimulation in adult broiler chickens. Bi’tos was used in projects investigating the
microstructure of a broiler chicken small intestine and the results confirmed a significant effect of this
prebiotic on the histomorphology of this tissue and an effect on gut structure, which should
contribute to improvement in nutrient absorption in the gut [27,28].

The aim of this study was to analyze the effects of dietary supplementation with 1% and 2%
trans-galactooligosaccharide (GOS) on growth performance, selected biochemical blood parameters,
and intestine morphometric parameters, and to verify which GOS dose may positively affect good
health, proper development of the intestine, and growth performance parameters of common carp.

2. Material and Methods

2.1. Fish Culture and Feeding

The study was carried out in strict accordance with the recommendations of the National Ethics
Commission (Warsaw, Poland). All procedures and experiments complied with the guidelines of the
Local Ethics Commission of the Poznan University of Life Sciences (Poznan, Poland) with respect to
animal experimentation and care of animals under study, and all efforts were made to minimize
suffering according to Polish law and the EU Directive (no. 2010/63/EU) [29]. All members of the
research team were trained in animal care, handling, and euthanasia by the Polish Laboratory Animal
Science Association (PolLASA).

The diets were formulated according to common carp nutritional requirements. All
experimental diets were processed by extrusion using a single-screw warm extruder (Metalchem S-
60 Gliwice, Poland). The extrusion conditions were as follows: a 90 °C cylinder temperature in the
zone of increasing pressure, a 100 °C cylinder temperature in the zone of high pressure, a 110 °C head
temperature, a 52-rpm speed screw, and a 6-mm nozzle diameter. The diets were calculated as
isonitrogenous (35% crude protein) and isoenergetic (18.5 MJ kg), with less than 4% crude fibers,
and were formulated to meet carp nutritional requirements [30-32]. Three experimental diets were
used: control diet 1 (C) without feed additives, diet 2 (B1), and diet 3 (B2) with 1% and 2% Bi?tos,
respectively (Table 1.).
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Table 1. Dietary formulation and calculated nutritive values of experimental feeds.

TR
Ingredient Composition (%)

C B1 B2
Fish meal ! 123 123 12.3
Blood meal 2 10.0 10.0 10.0
DDGS? 11.0 11.0 11.0
Soybean meal 15.0 15.0 15.0
Rapeseed meal ° 10.0 10.0 10.0
Wheat meal 32.8 31.8 30.8
Fish oil ¢ 4.6 4.6 4.6
Soybean lecithin 7 1.0 1.0 1.0
Vitamin-mineral premix & 1.5 1.5 15
Vitamin premix ° 0.1 0.1 0.1
Choline chloride 0.2 0.2 0.2
Fodder chalk 15 1.5 15
Prebiotic 1© 0 1 2
Approximate composition (% dry matter)
Crude protein 35.06
Crude lipid 9.08
Crude fibers 3.93
Total phosphorus 0.83
Calcium 1.36
Ash 7.17
Gross energy (MJ-kg™) 18.51
Essential amino acids 8/100g of crude protein
Arginine 4.53
Histidine 2.8
Lysine 3.5
Tryptophan 1.04
Phenylalanine + Tyrosine 4.96
Methionine + Cysteine 1.75
Threonine 3.13
Leucine 6.72
Isoleucine 3.9
Valine 4.97

! Danish fishmeal, Type F, 72% total protein, 12% fat, FF Ska-gen, Denmark; 2 AP 301 P, 92% total
protein, APC (GB) Ltd, Ings Road, Doncaster, UK; ® Dried Distillers Grains with Solubles, >45% total
protein, <6% ash; * Toasted, 46—47% total protein, 1% fat; 5 33% total protein, 2% fat; ¢ Agro-fish,
Kartoszyno, Poland; 7 BergaPure, deoiled lecithin, 97% pure lecithin, Berg + SchmidtGmbH & Co. KG,
Hamburg, Germany; ¢ Polfamix W, BASF Polska Ltd. Kutno, Poland—1 kg contains: vitamin A
1,000,000 IU, vitamin D 3 200,000 IU, vitamin E 1.5 g, vitamin K 0.2 g, vitamin B 1 0.05 g, vitamin B 2
0.4 g, vitamin B 12 0.001 g, nicotinic acid 2.5 g, D-calcium pantothenate 1.0 g, choline chloride 7.5 g,
folic acid 0.1 g, methionine 150.0 g, lysine 150.0 g, Fe 2.5 g, Mn 6.5 g, Cu0.8 g, Co0.04 g, Zn 4.0 g, ]
0.008 g, carrier up to 1000.0 g; ° Vitazol AD 3 E, BIOWET Drwalew, Poland —1 kg contains: vitamin A
50,000 IU, vitamin D 3 5000 IU, vitamin E 30.0 mg, vitamin C 100.0 mg; ¥ Bitos® trans-
galactooligosaccharide (GOS), (Clasado Ltd, Reading, UK); dry powder containing a mixture (wt:wt)
of the following oligosaccharides: 45% lactose, 9.9% disaccharides (Gal—(p1-3) —Glc; Gal—(31-3)—
Gal; Gal—(p1-6)—Gal; Gal—(al-6)—Gal), 23.1% trisaccharides (Gal—(B1-6)—Gal—(1-4)—Glc;
Gal—(31-3)—Gal—(1-4)—Gilc), 11.55% tetrasaccharides (Gal—(B1-6)—Gal—(31-6)—Gal —($1-4)—
Glc), and 10.45% pentasaccharides (Gal —((31-6) —Gal—(1-6) —Gal — (31-6) —Gal — (1-4) —Glc).

The growth trial was done in the Experimental Station for Feed Production Technology and
Aquaculture in Muchocin, Poland. Three-hundred one-year-old common carp (mean body weight
180 g) were used. The fish were randomly allocated into 12 concrete ponds (40 m?3), with 25 fish per
pond (according to Horvath [33]). The experiments were carried out in four replications. Each pond
was equipped with an automatic band feeder allowing for the continuous supply of feed over 12 h

36



Animals 2020, 10, 723 50f 15

per day. The calculated daily feed dose for each pond was given every day at 9:00 a.m., consumption
was controlled visually twice a day, and the rate was corrected if needed. The daily feed dose was
restricted to avoid feed loss, while the feeding rate was calculated with consideration of water
temperature, current fish biomass, and consumption from the previous day, according to Miyatake’s
[34] recommendations. A constant flow of water in the experimental system was ensured by an open
flow system with a mechanical pre-filtration chamber. Control of water physio-chemical parameters
(water temperature and content of oxygen solved in water) was carried out with the use of
microcomputer oxymeter Elmetron CO-315 (Figure 1). The trial lasted 60 days.
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Figure 1. Changes in temperature (°C) and dissolved oxygen (mgO2/L) during trial.

2.2. Growth Analyses

During the growth trial, all fish were weighed at 10-day intervals for feed dose control. The
following calculations were done during the experiment:

Body Weight Gain (BWG) = W2 (g) - W1 (g) 1)

Feed Intake (FI) = feed intake (g) 2)

Feed Conversion Ratio (FCR) = FI (g)/BWG (g) (3)
Specific Growth Rate (SGR%) = 100(In W2 — In W1)/T 4)
Protein Efficiency Ratio (PER) = BWG (g)/protein intake (g) (5)
Percentage Weight Gain = (PWG/W1)-100% (6)

where Wi is the initial weight (g), W2 is the final weight (g), and T is the number of days in the feeding
period.

At the end of the growth trial, each fish was individually weighed 24 h after the last feeding
time. Then, four fish per pond were killed by decapitation after anesthesia (by immersion in 500 mg/L
of MS-222 solution) and blood samples were collected post-mortem for further analyses. The number
of fish was based on earlier studies performed by the authors [35,36] to give a necessary sample size
for laboratory and statistical analysis and to avoid unnecessary animal sacrifice (according to 4R
policy). All remaining animals were further kept in the experimental station.
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2.3. Biochemical Analyses

Blood samples (n = 48) taken from the caudal vein were centrifuged after thrombus formation
into obtain serum. Biochemical blood parameters were measured using a MINDRAY BS-120
biochemical analyzer and reference reagents from Stamar® (Dabrowa Gornicza, Poland). The
analyzer was calibrated using a Multicalibrator 877UE in the presence of Qualinorm BS120 and
Qualipath B5120. Insulin (uU/mL) and total triiodothyronine (TTs) (nmol/L) were analyzed with the
DIAsource radioimmunoassay method using Ria-CT and INS-IRMA RIA kits (DIAsource
Immunoassays S.A, Belgium) and a NZ-322 automatic sample changer with a gamma counter for
isotopes (Gamma Miivek, Hungary).

2.4. Histological Analyses

Samples of the proximal intestine for histological analyses (n = 48) (approximately 2 cm long)
were taken from fish directly post-mortem. Individual segments of the intestine were rinsed with
0.9% normal saline and then preserved in 4% formalin buffered with CaCOs solution. Preserved
samples were dehydrated, cleared, infiltrated with paraffin in a tissue processor (Thermo Shandon,
Runcorn, UK), and then embedded in paraffin blocks using a paraffin embedding system (Medite,
Burgdorf, Germany). Paraffin blocks were cut on a rotary microtome (Thermo Shandon, Runcorn,
UK) into 10 um: slices, which were then placed on microscope slides coated with chicken egg whites
with the addition of glycerine. Specimens were deparaffinized, rehydrated, and then stained with the
PAS (Periodic acid-Schiff) technique using the Schiff reagent for intestinal morphometric analysis. A
Nikon Ci-L microscope integrated with a Nikon DS-Fi3 camera and NIS Elements software (Nikon
Instruments Inc.) was used to measure the height and width of villi, depth of intestinal crypts, and
thickness of the muscular layer. The height of the villi was measured for 10 randomly selected villi
samples on the cross-section of a specimen. The length was measured from the top of the villus to its
base at the ostium of the crypt. The width of the villus was measured at the mid-point of its length.
The surface area of the villi was calculated based on the formula proposed by Sakamoto et al. [37]:
(2m) x (VW/2) x (VH), where VW = villus width, and VH = villus height. The depth of intestinal crypt
was defined as the depth of invagination between adjacent villi for 10 measured villi [38].

2.5. Statistical Analyses

Statistical calculations were made using STATISTICA 13.1 software (Dell, Round Rock, TX, USA,
2018). The arithmetic mean (x) and standard deviation (SD) were calculated. The normal distribution
of data was confirmed using the Shapiro-Wilk test, while the homogeneity of variance was verified
using the Levene test. Significant differences between the groups were tested with one-way analysis
of variance (ANOVA), while Tukey’s test was used for multiple comparisons. The level of
significance was determined at p < 0.05.

3. Results

3.1. Growth Performance

The growth performance of common carp receiving feed supplemented with the prebiotic and
control fish is presented in Table 2. Analyses showed no significant differences in the calculated
parameters between the groups and no mortality was observed during the entire experimental
period.
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Table 2. The effect of prebiotic Bi’tos® on growth performance of common carp (Cyprinus carpio L.).

Items CZTZ’I nB=1 4 nB=2 4 p-Value
FBW (g/fish) 503 £ 8.24 502 £23.2 503 +24.1 0.997
BWG(g/fish) 321 £ 8.86 319+24.7 321 +£24.7 0.988

FI(g/fish) 385+ 3.01 388 +9.09 385 +9.60 0.636
FCR 1.22 +0.03 1.22 +0.07 1.20 £ 0.07 0.907
SGR(%/fish/day) 2.03 £0.04 2.02+0.11 2.03+£0.11 0.962
PER 2.35+0.06 2.35+0.13 2.38+£0.14 0.897

PWG (%) 176 +6.12 174+ 15.1 176 +14.4 0.967

FBW = final body weight; BWG =Dbody weight gain; FI = feed intake; FCR = feed conversion ratio; SGR
= specific growth rate; PER = protein efficiency ratio; PWG = percent weight gain.

3.2. Biochemical Blood Parameters

The biochemical blood parameters measured in fish are presented in Table 3. Statistical analyses
revealed a significant effect of prebiotic supplementation on the levels of phosphorus (P) (p < 0.05).
The highest concentration of P was calculated in the samples of fish fed a diet with 1% prebiotic
(group B1). The level of P was significantly higher in B1 group (13.62 mg/dL) than in B2 group (11.81
mg/dL). In terms of the protein profile (TP, albumin, globulin and urea), there were no significant (p
> 0.05) differences among treatment groups. As analyses confirmed, lipid profile indicators (TC, TG,
and NEFA) were not significantly (p > 0.05) affected by dietary GOS. Dietary supplementation of GOS
had no stimulating effect on the thyroid hormone triiodothyronine (TTs) or glucose (stress marker)
in the serum of carp. The content of TTs was at a similar level in C, B1, and B2 groups. The same GOS
effect was obtained for glucose and insulin. ALT and ALP activities did not significantly (p > 0.05)
differ between treatments. Dietary inclusion of 1% or 2% GOS did not significantly affect (p > 0.05)
Ca concentration.

Table 3. The effect of prebiotic Bi’tos® on biochemical blood parameters in serum of common carp

(Cyprinus carpio L.).
Control B1 B2

Items =16 n=16 n=16 p-Value
TP (g/dL) 3.11+0.32 3.09+0.23 3.15+0.35 0.838
Albumin (g/dL) 1.49+0.11 1.50 = 0.06 1.51 £0.06 0.891
Globulin (g/dL) 1.62+0.26 1.59 +0.19 1.64 +0.31 0.871
Urea (mg/dL) 15.20 +1.98 17.53 +2.14 14.47 +4.50 0.538
TC (mg/dL) 148.88 +10.90 150.50 +12.46 153.38 +19.25 0.682
TG (mg/dL) 281 +99 348 + 97 294 + 88 0.122
NEFA (mmol/L) 0.31+0.03 0.36 +0.03 0.31+0.03 0.910
ALT (u/L) 25.75+8.14 23.38 +6.91 20.44 +8.16 0.164
ALP (u/L) 116.19+59.24 110.88 +66.21 78.88 +38.04 0.135
Ca (mg/dL) 11.06 +0.55 11.15+0.71 10.88 +0.74 0.511
P (mg/dL) 1237 +2.192b  13.62+2112 11.81+1.59P 0.039
Ca/P 0.92+0.15 0.84+0.16 0.93 +0.09 0.139
Glucose (mg/dL) 82+15.71 75+17.99 73 +13.69 0.118
Insulin (U/mL) 2.57+0.33 2.60 +0.28 2.65+0.13 0.854
TTs hormone (nmol/L) 3.09+1.29 4.58 +0.90 457 +1.90 0.138

Values marked with the different letters in the same line are significantly different (p < 0.05 Tukey’s
test). TP = total protein, TC = total cholesterol, TG = triglycerides, NEFA = non-esterified fatty acid,
ALT = alanine aminotransferase, ALP = alkaline phosphatase, TT3= thyroid hormone.
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3.3. Histological Measurements

Intestinal morphometric analyses demonstrated that the addition of GOS caused approximately
24% and 32% increases in villi height in groups B2 and B1, respectively (Table 4). Fish from the
experimental groups also had significantly thicker villi (p < 0.05) compared to controls. Both the
height and width of the villi correlated with their surface area, which was more than 50% greater in
both groups of common carp receiving feed with the prebiotics. However, no significant differences
in the depth of crypts were found between the analyzed groups. Our experiments also revealed that
the supplementation of fish diet with the prebiotics significantly increased (p < 0.05) the Villi height
(VH)/Crypt depth (CD) ratio, which may indicate the maturity of the intestinal mucosa.

Table 4. The effect of prebiotic Bi2tos® on histological measurements of intestines of common carp

(Cyprinus carpio L.).
Items Control B1 B2 p-
n=16 n=16 n=16 Value
Villi height VH (um) 788.96 b+ 139.96 1040.98 * + 159.65 981212+ 15258  <0.001
Villi width VW (um) 121.71 >+ 14.98 144.35 + + 18.65 1500521417  <0.001
300407.72 b + 471050,33  + 462453,40 2 +
. , , ,
Villus surface VS (km?) 61527.71 93853.46 88447.20 <0.001
Crypt depth CD (um) 175.39 + 52.98 177.76 +25.97 148.15 + 39.96 0.094
Tunica mus (C;ISIS thickness 51.08°+6.72 574190 +7.12 65.82+13.74 <0.001
Villi height/Crypt depth b . .
D) 4730 +1.15 6.03 2+ 1.56 6.912+1.46 <0.001

Values marked with the different letters (a,b) in the same line are significantly different (p < 0.05. Tukey’s test).

Moreover, fish receiving the diet with 2% GOS had a significantly thicker (p < 0.05) muscular
layer compared to the control group. The results of histological measurements are shown in Figure
2.
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O

Figure 2. Light microscopy of the anterior portion of the intestine of common carp fed different
prebiotic concentrations in the diet: (A) control group, (B) 1% Bi?tos®, (C) 2% Bi?tos®; a = villi height;
b = villi width; ¢ = crypt depth; d = tunica muscular thickness.

4. Discussion

4.1. Growth

Similarly to our results, several studies confirmed no effect of prebiotic supplementation on the
growth performance of various fish species [8,39,40]. This could be explained by the fact that the
effect of prebiotics may vary depending on the solubility, fish species, and water temperature [20]. In
addition, as Denji et al. [41] suggested, the lack of effects of prebiotics on the growth performance of
common carp may be attributed to the inability of intestinal microbiota to ferment excessive levels of
prebiotics. However, in the case of animals for which rearing or environmental conditions and feed
composition are optimal, there may be no effect on the growth performance, indicating use of the full
genetic potential. Thus, in such cases, the effects of feed additives—including prebiotics when animal
welfare is maintained or no challenging dietary or pathogenic factors are used —should be further
investigated. This was done in the present study to explain the mode of prebiotic action. In this case,
the presented study blood biochemistry and histomorphological parameters were analyzed.
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4.2. Blood Biochemistry

In this study, we confirmed that GOS supplementation affected phosphorus (P) levels in the
serum of analyzed common carp. Significantly higher values of P in B1 group compared to B2 group
indicate that dietary inclusion of 1% prebiotic causes better absorption of P from the intestine. Studies
with pigs suggest that P may influence the immune system and the intestinal microbiota [42].
Research carried out by Pietrzak et al. [43] on the same group of fish confirmed that dietary
supplementation of Bi%tos exerted immunomodulatory effects on skin mucosa, which was manifested
by mRNA expression of the genes involved in cytokine, lysozyme, and acute-phase protein
production, and which activated immunomodulatory pathways leading to gene expression
modulation in skin-associated lymphoid tissues (SALT) of common carp.

There were no significant differences in the protein profile (TP, albumin, globulin) between GOS
treatment and control groups, which may result from the same metabolic turnover manifested in a
similar degree of utilization of feed nutrients and the same protein requirements for maintaining
metabolic balance. As Ebrahimi et al. [44] reported, analyses of blood samples taken from common
carp for the diet supplemented with Immunogen® (Soroush Radian Co., Teheran, Iran), a prebiotic
containing B-glucan and MOS (glucomannoproteins extracted from yeast Saccharomyces cerevisiae),
revealed significant differences in the levels of TP (23.4-27.7 g/L), albumin (10.7-12.1 g/L), and
globulin (12.7-15.6 g/L), and the increase in these parameters was positively correlated with doses of
the prebiotic. Andrews et al. [45] observed significantly higher serum levels of TP and albumin in
rohu fish (Labeo rohita) from the Cyprinidae family receiving feed with a MOS compared to the control.
Better feed conversion of proteins from the food by the proteolytic action of prebiotics may be related
to adherence of probiotics to intestinal mucosa and pathogen inactivation, along with modification
of dietary proteins and bacterial enzymatic activity by intestinal micro flora, which influence gut
mucosal permeability and regulation of the immune system [46,47].

As our analyses confirmed, GOS supplementation did not affect the lipid profile (TC, TG, and
NEFA), which similarly to the protein profile, may indicate metabolic balance within all experimental
groups. No significant differences in TC content between GOS-treated and control groups were
found, as decreased cholesterol levels indicate a possible disease, an increased degree of physiological
discomfort (stress), or a dysfunction of lipidic metabolism [48]. Our results are in line with Ye et al.
[49], who reported that prebiotic (FOS and MOS) supplementation had no effect on the blood levels
of TC and TG in Japanese flounder (Paralichthys olivaceus). Studies on mice using inulin as a prebiotic
have shown that intestinal fermentation of fibers suppressed plasma and liver cholesterol, as well as
triglyceride levels [50].

Similarly to our results for liver enzymes obtained for carp, analyses carried out by Ahmdifar et
al. [51] and Hoseinifar et al. [11] for beluga (Huso huso) and Amani Denji et al. [41] for rainbow trout
(Oncorhynchus mykiss) confirmed no significant differences in the levels of ALP or ALT between
experimental groups. Because the increase in plasma AST and ALT may be connected to stress
conditions, hepatocellular damages, or cellular degradation [3], we may conclude that the GOS has
no adverse effect on the health status or condition of fish.

Prebiotics can increase the immune resistance (tolerance) of fish to stressors. Stress induces an
increase in the levels of catecholamines (adrenaline and glucagon), which stimulate the
glycogenolysis, leading to an increase in blood glucose levels. Glucose in serum is a major metabolite
of carbohydrate metabolism. The amount of glucose in fish blood depends on the fish species or type,
range from 25 to 350 mg/dL [3]. In our study, we confirm no significant differences in terms of glucose
between GOS-treated and control groups. Similarly to our results, Silva et al. [52] reported constant
values of glucose in the groups of tilapia supplemented with the probiotic Bacillus amyloliquefaciens,
while Akrami et al. [3] reported similar results for MOS-treated (active mannan oligosaccharide®,
Biorigin, Lencois Paulista, Sdo Paulo, Brazil) beluga (Huso huso). These results may reflect the
homeostatic state of fish against adverse conditions. Similarly to our results for the TTs hormone
(stress markers), no significant differences in levels of TTs were observed by Adel et al. [53] for beluga
sturgeon (Huso huso) fed with a prebiotic (brewer’s yeast), of by Mirghaed et al. [12] for rainbow trout
(Oncorhynchus mykiss) fed with essential oil of Eucalyptus sp. compared to control groups.
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4.3. Histology

Based on the conducted research, we confirm that dietary supplementation of GOS has
contributed to the improvement of intestinal morphometric parameters by increasing the height and
width of intestinal villi, which are responsible for the intestinal absorbent surface area. Both the
height and width of the villi, which are correlated with their surface area, were significantly higher
in GOS-treated groups compared to control. Similar results were obtained by Yuji-Sado et al. [54],
who reported a positive effect of MOS supplementation on the intestinal microstructure in Nile tilapia
(Oreochromis niloticus). In their study, fish fed 0.4% dietary MOS presented the highest (p < 0.05)
intestinal fold height (430.27 + 89.72 um) compared to control, while fish fed 0.4% and 0.6% dietary
MOS showed significant increases in muscular layer thickness (72.5 + 21.95 um and 71.44 +24.48 um,
respectively). It is worth noting that in the research by Zhou et al. [55], the height of microvilli in the
proximal intestine was similar in groups supplemented with various prebiotic substances, including
MOS, FOS, GOS, and galacto-gluco-mannans from hemicellulose extract (Previda™), and was
significantly higher compared to the control group. As Anguiano et al. [56] revealed, GOS and MOS
(Bio-Mos®, Alltech, Inc., Nicholasville, KY, USA) also significantly increased the height of microvilli
in the anterior intestine in red drum (Sciaenops ocellatus) and hybrid striped bass (Morone chrysops x
M. saxatilis) compared to the control group. However, the increase in prebiotic levels in the diet in
our research did not affect fish growth parameters. The consequences of improved intestinal
morphometric parameters are better absorption and utilization of nutrients; however,
supplementation with fish diet prebiotics is still controversial, because improving intestinal
morphometric parameters does not always have a positive effect on growth parameters and feed
utilization, which was confirmed by Dimitroglou et al. [57,58], Salze et al. [59], and Zhou et al. [55].
This can be explained by the complex structure of the oligosaccharides used, the length of their
feeding period, fish breeding conditions, or the method of preparation of feed [60-62].

Improving the morphological parameters of the intestine may contribute to the increase of fish
immunity and consequently improved survival. Peterson et al. [61] showed that the addition of the
prebiotic derived from a specific strain of Saccharomyces cerevisiae (Bio-Mos®) increased survival in
channel catfish (Ictalurus punctatus), while weight gain and growth efficiency were similar.
Improvement of intestinal morphology affects the maintenance of a healthy mucosal epithelium and
defense against pathogenic bacteria [57]. This is due to the role played by goblet cells, which are
specialized epithelial cells responsible for the secretion and distribution of mucins and that form a
mucus layer, which has a protective function against mechanical and enzymatic damage to the
intestine, as well as against pathogens. Torrecillas et al. [63], in their research on European sea bass
(Dicentrarchus labrax), observed that prebiotics, including MOS (Bio-Mos®), may increase the secretion
of mucus in the intestines. To improve the passage of food, the muscular layer responsible for
intestinal peristalsis grows thicker, which was also observed in our own study.

5. Conclusions

The results of the present study revealed that prebiotics could be a potential dietary additive for
farmed common carp. The supplementation of feed with 1% and 2% GOS significantly enhanced the
development of the intestine, increased the height and width of the villi, and increased their surface
area. In our study, the supplementation of a prebiotic had an effect on higher phosphorus absorption
in the intestine. No differences in the biochemical blood parameters between the experimental groups
may indicate maintenance of the metabolic balance of fish due to the prebiotic used. Similarly, the
lack of changes in growth performance parameters under GOS treatment (in good rearing conditions)
indicates that fish may be more resistant to potential deterioration of conditions or negative impacts
of the environment and pathogens. The present study indicates that the prebiotic can be used as a
feed supplement to modulate the intestinal histomorphology in common carp. Further research on
the effects of prebiotics should be carried out, because fluctuations in hematological and biochemical
variables may be associated with characteristics of species, inclusion rates of supplements,
ingredients of diets, and rearing periods.
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Abstract

Common carp (Cyprinus carpio L.) is a dominant fish species in aquaculture, and as it is a stomachless species, absorption and
digestion of nutrients take place in the intestine. The aim of the study was to evaluate the effects of a prebiotic on the content of
selected minerals found in the meat, gills, and skeleton of common carp. The research applied trans-galactooligosaccharide
(GOS) prebiotic produced by enzymatic transgalactosylation of milk lactose by whole cells of Bifidobacterium bifidum. The
following diets have been applied: control diet without feed additives (C), diet 2 (B1) with 1% of GOS, and diet 3 (B2) with 2% of
GOS. In the freeze-dried samples, concentrations of the analyzed metals were determined using atomic absorption spectroscopy
(AAS). The content of phosphorus was determined using colorimetric method. The analyses confirmed that the highest level of
Mg was detected in the skeleton of fish fed with 1% GOS (2.51 g kg ') and was significantly higher compared the control
treatment (2.11 g kgfl) (P <0.05). Zn content in fish meat fed with 1% GOS (35.41 mg kgﬁl) was significantly higher (P < 0.05)
than in the control group (24.59 mg kg '). The tissue that accumulated the greatest amount of Zn was the gills. GOS had a
positive effect on Fe accumulation in the meat, gills, and skeleton. It has been concluded that supplementation of feed with 2%
GOS significantly influenced the positive correlations between Mg and P in the meat and skeleton, Fe—Ca correlation in gills, and
Fe—Zn correlation in the skeleton.

Keywords Prebiotic - Carp - Meat - Gills - Skeleton - Minerals

Introduction properties of water, such as hardness, salinity, and pH [3, 4].
Changes in the dietary composition and mineral concentration
Fish is one of the most valuable food sources of minerals, the ~ of rearing water could have an impact on the mineral balance
concentration of which is influenced by many endogenous  in fish tissues and proper physiological state of animals. One
and exogenous factors. There are many factors present in the ~ of'the most serious health and economic problems in the world
feed that can inhibit the absorption of minerals, e.g., phytates,  of marine and freshwater aquaculture is the fish body defor-
fibers, and heavy metals [1-3]. Moreover, the degree of min- ~ mation [5, 6]. Initially, deformations of the food-based skele-
eral absorption is influenced by the physicochemical  ton were explained by the vitamin C deficiency in diet, yet
currently the main cause of these deformations has been at-
tributed to the deficiency of minerals [6]. A research has con-
firmed that the presence and proper balance between Ca, P,
Mg and Zn are necessary for the correct mineralization of the
fish skeleton [3, 6, 7]. Moreover, since excessive Fe intake
inhibits Zn absorption (antagonistic effect), analyzing Fe
levels should also be considered.
Division of Inland Fisheries and Aquaculture, Faculty of Veterinary Common carp (Cyprinus carpio L..) has been a dominant

Medicine and Animal Science, Poznan University of Life Sciences, fish species lp th? world aql'lacultur? production [8] and was
Wojska Polskiego 71C, 60-625 Poznan, Poland the first species introduced into Polish aquaculture. The first

Laboratory of Feed and Raw Animal Materials, Faculty of Animal records on farming date back to the twelfth century, and after

Breeding and Biology, UTP University of Science and Technology, ~ the year 1550, common carp accounted for about 75-80% of
Mazowiecka 28, 85-004 Bydgoszcz, Poland all fish farmed in ponds. Poland and the Czech Republic are
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the largest producers of common carp in the European Union,
and the annual production of consumable common carp in
Poland ranges between 15 and 23,000 t [9, 10]. Common carp
is an omnivorous species with low nutritional requirements,
both in terms of the feed composition and its production tech-
nology. In addition, common carp farmed in ponds largely
relies on a natural diet which usually consists of the biomass
produced by the pond. Carp does not have functional stomach,
and digestion takes place in the intestine hence from digest-
ibility food, and assimilation is limited. Due to the fact that the
cyprinids do not have acid-secreting stomachs, the mineral
absorption from organic compounds (in particular phospho-
rus) may be reduced [11, 12].

In recent years, the influence of various factors on the degree
of fish mineralization has been studied such as different starter
diets or water temperature [6, 13—15]. To our knowledge, there
is little data available on the effect of prebiotics on the accumu-
lation of minerals in different tissues of common carp. As con-
firmed by research prebiotics (e.g., fructooligosaccharides
(FOS), transgalactooligosaccharides (t-GOS), inulin, and
mannanooligosaccharides (MOS)) have a positive effect on
the gut microbiota composition. They inhibit the growth of
pathogenic gut microbial flora while stimulating the growth of
microorganisms beneficial for the animal host. Beneficial gut
bacteria can improve the body’s natural defenses, synthesize
vitamins, and bind toxins and heavy metals. In aquaculture,
prebiotics are increasingly used due to their positive effect on
growth stimulation, use of feed, gut microflora, gut morpholo-
gy, immune system, and disease resistance [8, 16-23]. These
bioactive substances play an important role in regulating min-
eral metabolism, mineral bioavailability, and bone health
[23-27]. Moreover, prebiotics affect the production of short-
chain fatty acids, lowering the intestinal pH, regulating the fac-
tors responsible for the transport of divalent metals, thanks to
which they improve the absorption of metals and skeletal health
[28-32]. Some authors confirmed, that prebiotics and their
products of fermentation by intestinal microflora have an en-
hancing effect on Fe and Zn absorption [23, 24, 33, 34].
Therefore, it definitely seemed valid to analyze the degree of
absorption of minerals by carp family member (representatives
of the Cyprinidae family) under prebiotic supplementation.

The prebiotic used in this experiment, under the trade name
Bi’tos, is manufactured by Clasado (Biosciences Ltd., Jersey,
UK) by enzymatic transgalactosylation of milk lactose by
whole cells of Bifidobacterium bifidum 41171. For this reason,
Bi’tos specifically promotes growth of Bifidobacterium spp.
[35]. Our previous research revealed that the supplementation
of feed with 1% and 2% Bi’tos significantly enhanced the de-
velopment of the intestine, increased the height and width of the
villi, and increased their surface area [36], which may contrib-
ute to increased absorption of nutrients from the gut.

The aim of the present study was to analyze the effects of
dietary supplementation of a trans-galactooligosaccharide
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(GOS) on the content of selected minerals in the meat, gills,
and skeleton of common carp and on the correlations between
minerals analyzed.

Material and Methods

Studies on live animals were carried out in strict accordance
with the recommendations of the National Ethics Commission
(Warsaw, Poland). All members of the research staff were
trained in animal care, handling, and euthanasia. Fish health
and welfare and the environmental conditions in the experi-
mental tanks were checked twice daily by visual observation
of animal behavior and by checking water quality parameters,
such as oxygen saturation, temperature, and water flow. After
sedation, the animals were decapitated according to the
American Veterinary Medical Association Guidelines for the
Euthanasia of Animals [37]. According to Polish law and an
EU directive (no 2010/63/EU) [38], the experiments conduct-
ed in this study did not require approval from the Local Ethical
Committee for Experiments on Animals in Poznan.

Experimental Diets

The experimental diets were calculated as isonitrogenous
(35.1% crude protein) and isoenergetic (18.5 MJ kgfl) with
less than 4% of crude fiber and were formulated according to
common carp nutritional requirements [39-41]. Three exper-
imental diets were used: control diet 1 (C) without feed addi-
tives, diet 2 with 1% of GOS (B1), and diet 3 (B2) with 2% of
GOS (Table 1).

The experimental diets were prepared according to the fol-
lowing procedures below:
1. Preparation of components of the diets: individual com-
ponents weighed out; ground in a percussion mill until
very fine (mesh size 1 mm).
Preparation of the premix: vitamin and mineral compo-
nents, soybean lecithin, choline chloride, chalk, and pre-
biotic were added to the carrier (soybean meal); mixed for
5 min in a cubic mixer.
Preparation of the diets: all ingredients and the premix
mixed in a drum mixer for 5 min.
Conditioning the diets: hot water added; mixed in blade
mixer for 5 min.
Extrusion: Metalchem S-60 single screw warm extruder
(Gliwice, Poland), the extrusion conditions were as fol-
lows: a 90 °C cylinder temperature in the zone of increas-
ing pressure, a 100 °C cylinder temperature in the zone of
high pressure, a 110 °C head temperature, a 52-rpm speed
screw, and a 6-mm nozzle diameter.
Drying: on mesh under a stream of heated air.
Sifting: the dust fraction sifted off in a percussion sifter.
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Table 1 Dietary formulation and
proximate composition of feed

@ Springer

Ingredient Composition (%)
C B1 B2

Fish meal' 123 123 12.3
Blood meal® 10.0 10.0 10.0
DDGS * 11.0 11.0 11.0
Soybean meal* 15.0 15.0 15.0
Rapeseed meal’ 10.0 10.0 10.0
Wheat meal 32.8 31.8 30.8
Fish oil® 4.6 4.6 4.6
Soybean lecithin’ 1.0 1.0 1.0
Vitamin-mineral premix® 1.5 1.5 1.5
Vitamin premix’ 0.1 0.1 0.1
Choline chloride 0.2 0.2 0.2
Fodder chalk 1.5 1.5 1.5
Prebiotic'’ 0.0 1.0 2.0
Proximate composition (% dry matter)

Crude protein 35.06

Crude lipid 9.08

Crude fiber 3.93

Total phosphorus 0.83

Calcium 1.36

Ash 7.17

Gross energy (MI'kg ™) 18.51

Essential amino acids 2/100 g of crude protein

Arginine 4.53

Histidine 2.8

Lysine 3.5

Tryptophan 1.04

Phenylalanine + tyrosine 4.96

Methionine + cysteine 1.75

Threonine 3.13

Leucine 6.72

Isoleucine 3.9

Valine 4.97

"Danish fishmeal, Type F, 72% total protein, 12% fat, FF Ska-gen, Denmark

2 AP 301 P, 92% total protein, APC (GB) Ltd., Ings Road, Doncaster, UK

3 Dried distillers grains with solubles, >45% total protein, < 6% ash

4Toasted, 46-47% total protein, 1% fat

>339% total protein, 2% fat

6 Agro-fish, Kartoszyno, Poland

" BergaPure, deoiled lecithin, 97% pure lecithin, Berg + SchmidtGmbH & Co. KG, Hamburg, Germany

8 Polfamix W, BASF Polska Ltd. Kutno, Poland—1 kg contains vitamin A 1000000 IU, vitamin D3 200,000 IU,
vitamin E 1.5 g, vitamin K 0.2 g, vitamin B1 0.05 g, vitamin B2 0.4 g, vitamin B12 0.001 g, nicotinic acid 2.5 g,
Dcalcium pantothenate 1.0 g, choline chloride 7.5 g, folic acid 0.1 g, methionine 150.0 g, lysine 150.0 g, Fe 2.5 g,
Mn 6.5 g, Cu0.8 g, Co 0.04 g, Zn 4.0 g, J 0.008 g, carrier up to 1000.0 g

° Vitazol AD3E, BIOWET Drwalew, Poland—1 kg contains vitamin A 50000 U, vitamin D3 5000 IU, vitamin E
30.0 mg, vitamin C 100.0 mg

19 Bitos® trans-galactooligosaccharide (GOS), Clasado Ltd.; dry powder containing a mixture (wt: wt) of the
following oligosaccharides: 45% lactose, 9.9% disaccharides [Gal—(31-3)-Glc; Gal-({31-3)-Gal; Gal-(31-6)—
Gal; Gal(x1-6)-Gal], 23.1% trisaccharides [Gal—-(31-6)-Gal—(31-4)-Glc; Gal—(f31-3)-Gal-(31-4)-Glc],
11.55% tetrasaccharides [Gal—(f3 1-6)-Gal—(3 1-6)-Gal—(31-4)-Glc], and 10.45% pentasaccharides [Gal-([31—
6)-Gal—(31-6)-Gal—(3 1-6)-Gal—(3 1-4)-GIc]
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8. Oiling: fish oil heated to 50 °C in quantities of 4.6% was
used to coat extruded diet in a pelletizing drum.
9. Final sifting: the dust fraction sifted off in a percussion

sifter.

Prepared feeds have been packed in foil bags and stored
minus 18 °C until use.

Fish Culture

The 60-day growth trial was carried out in the Experimental
Station for Feed Production Technology and Aquaculture in
Muchocin (Poland). Three hundred one-year-old common
carp (mean body weight 180 g) were used. The fish were
randomly stocked into 12 concrete ponds (40 m?), at a density
of 25 fish per pond according to Horvath et al. [42]. The
experiment was carried out in four replications (four ponds
per treatment). Each pond was equipped with an automatic
band feeder allowing for the continuous supply of feed during
12 h per day. The calculated daily feed dose for each pond was
given every day at 9.00 a.m., its consumption was controlled
visually twice a day, and rate was corrected if needed. The
daily feed dose was restricted to assure that all feed supplied
was consumed. The feeding rate was calculated in consider-
ation of fish biomass in each pond which was corrected every
10 days on the basis of control bulk weighing of all fish;
measurements of the current average daily water temperature
and feed consumption from previous day were used for the
additional correction according to Miyatake’s [43] recommen-
dations, which resulted in feeding rate ranging from 1.8 to
3.3% of fish biomass. A constant flow of water in the exper-
imental system was ensured by an open flow system with a
mechanical pre-filtration chamber providing total exchange of
water capacity in each pond every 12 h. During the experi-
mental period, control of water physio-chemical parameters
was carried out with the use of microcomputer oximeter
Elmetron CO-315. Average daily water temperature and pH
were studied which ranged from 17.7 °C to 22.7 °C and 7.2 to
7.6, respectively. Dissolved oxygen was kept above 3.5 mg
02/L, and hypoxia conditions were not observed in the exper-
iment (details are described in Zidtkowska et al. [36]).

During the experiment, fish were anesthetized by immer-
sion in 130 mg/L tricaine methanesulfonate (MS—222, Sigma
Aldrich) for weighing at 10-day intervals for feed rate control.
Body weight gain (BWG), feed intake (FI), feed conversion
ratio (FCR), specific growth rate (SGR), protein efficiency
ratio (PER), and percentage weight gain (PWG) were calcu-
lated (details are described in Zidtkowska et al. [36]).

Sample Preparation

At the end of the experiment, four fish per pond were eutha-
nized by immersion in 500 mg L' of MS—222 [44] for tissue

51

sampling for metals analysis. The number of individuals sub-
jected to analyses was based on earlier studies performed by
Hoffman et al. [45] and Jozefiak et al. [46] to provide a
necessary sample size for laboratory and statistical anal-
ysis, and to avoid unnecessary animal sacrificing (according
to 4R policy).

The meat samples for analyses were taken from the large
side muscle of fish body above the lateral line, the gills that
was branchial arch with filaments, and the skeleton that was a
spine with ribs. The meat, gills, and skeleton were crumbled
and freeze-dried in Lyovac GT2 freeze-drier by Finn-Aqua
(Finland) (parameters: temperature —40 °C, pressure 6-
1072 mbar, duration at least 48 h).

Minerals Analyses

Metal concentrations were determined in freeze-dried samples
after aqua regia digestion (ISO 11466:1995) using atomic
absorption spectroscopy (AAS) with a SOLAR S4 spectro-
photometer. Phosphorus content was analyzed with colori-
metric method (ISO 13730:1996), by spectrophotometer
Lambda 25, Perkin-Elmer (at wavelength 430 nm). The con-
centrations of the metals were calculated from linear calibra-
tion plots obtained from measurements of the working stan-
dard solutions. Certified AAS Merck standard solutions were
used for the calibration of the standard curves, and validation
was conducted on Certified Reference Material Fish Muscle
ERM®-BB422 and Certified Reference Material Aquatic
Plant BCR®-670. All determinations were made in trip-
licate, and the data for samples of the meat were
corrected to oven-dry (105 °C) moisture content.
Tissue concentrations of the metals were given in mg kg '
dry weight (mg kg ' d.w.) for Zn and Fe and g kg ' dry
weight (g kg ' d.w.) for Mg, Ca, and P. Minerals analyses
were conducted at UTP University of Science and
Technology in Bydgoszcz (Poland).

Statistical Analyses

Statistical calculations were made using Statistica 13.0 soft-
ware (StatSoft 13.0). The arithmetic mean (x) and standard
deviation (SD) were calculated. Four fish per pond
(n=16; 16 fish for each treatment) were collected for
minerals analyses. Significant differences between the
groups were tested with one-way analysis of variance
(ANOVA), and Tukey’s test was used for multiple com-
parisons. The normality of the data was tested using the
Shapiro-Wilk’s test and the homogeneity of variance
was verified by means of the Levene’s test. The level of sig-
nificance was determined at P <0.05. Interrelationships
between analyzed minerals in the individual tissues were
determined based on the Pearson’s correlation
coefficients.
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Fig. 1 Effect of GOS
supplementation on Ca
concentration (g kg ™' d.w.) in
tissues of common carp

(Cyprinus carpio L.) gills ‘
meat i
0 20 40 60 80 100 120
Ca (g/kg dw)
mB2 mBl mC

Tissues/group C Bl B2 p value SEM

skeleton 115.30 116.37 117.49 0.942900 2.53

gills 20.50 18.38 19.11 0.395628 0.64

meat 1.58 1.64 1.35 0.491700 0.10
Results differences in Mg content between the experimental groups,

Concentrations of Minerals

The results of the present study showed that Ca, Mg, and P
concentration increased in tissues in the following order: meat
< gills < skeleton. Zn and Fe concentration increased in the
following order: meat < skeleton < gills (Figs. 1, 2, 3, 4, and
5). Analyses confirmed no statistically significant differences
in Ca and P content between fish fed 1 and 2% GOS compared
control treatment (0% GOS) for each tissue (Figs. 1 and 2).
Ca/P ratio in the meat was 0.83, in the gills 4.65, and in the
skeleton 2.13. The analyses confirmed that the value of this
coefficient in the skeleton was significantly higher in Bl
(2.25) and B2 (2.22) groups compared to the control (1.91).
The highest level of Mg was detected in the skeleton of fish
fed 1% GOS (2.51 g kg™ d.w.), and was significantly higher
compared control treatment (0% GOS) (2.11 g kg7l d.w.), but
this result was similar to the value determined for fish fed 1%
GOS (2.34 g kg "). There were no statistically significant

Fig. 2 Effect of GOS
supplementation on P
concentration (g kg ' d.w.) in
tissues of common carp

both in the case of the meat and the gills (Fig. 3). The results of
the present study showed that Zn contents in fish fed 1% GOS
(31.21 mgkg " d.w.)and 2% GOS (35.41 mgkg ' d.w.) were
significantly higher than control group (24.59 mg kg ')
(Fig. 4). Furthermore, it was found that enhancing feed GOS
significantly affect the decrease in the Zn concentration in the
skeleton. As our analyses of carp indicated, GOS addition
caused statistically significant differences in Fe level between
the experimental groups within all tissues (Fig. 5).
Higher level of Fe was in the meat of fish fed 2%
GOS (290.32 mg kg ' d.w.) in comparison with control
group (94.86 mg kg ' d.w.) and fish fed 1% GOS
(111.33 mg kg ' d.w.). The concentration of this metal
in the gills was in the range from 524.02 mg kg™ d.w.
(C group) to 586.52 mg kg ' d.w. (B2 group), and these
values differed significantly. Fe content in the skeleton dif-
fered significantly between the C group (172.85 mg kg’
d.w.), Bl group (372.4 mg kg~' d.w.), and B2 group
(447.89 mg kg ' d.w.).

(Cyprinus carpio L.) gi]ls .
meat '
0 10 20 30 40 50 60
P (g/kg dw)
mB2 mBl mC

Tissues/group C Bl B2 p value SEM

skeleton 53.63 52.89 53.70 0.055099 0.16

gills 4.33 4.23 4.40 0.402803 0.04

meat 1.68 1.69 1.72 0.806272 0.02
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Fig. 3 Effect of GOS B
supplementation on Mg skeleton .
concentration (g kg ' d.w.) in b
tissues of common carp :
(Cyprinus carpio L.) .
» P gills
meat
0 0.5 1 1.5 2 2.5 3
Mg (g/kg dw)
mEB2 mBl mC
Tissues/group C Bl B2 p value SEM
skeleton 2.11° 2.51* 23480 0.026017 0.06
gills 1.10 1.04 1.07 0.727582 0.03
meat 0.62 0.61 0.61 0.933160 0.01

values in one line marked with different letters, differ statistically significantly at P<0.05; B1 - 1% Bi’tos®, B2 -

2% Bi’tos®

Correlations Between Minerals

Statistically significant correlation coefficients between Fe—
Ca (r =0.997867; P <0.05) in the gills and Fe-Zn (r =
0.997237; P <0.05) in the skeleton were observed in B2
group. Also, positive correlation coefficients between Mg-P
in the meat (r =0.999855; P < 0.05) and in the skeleton (r =
0.995238; P <0.05) were calculated in B2 group (Table 2).

Discussion
Calcium Concentrations

Calcium (Ca) is one of the most abundant cations in the fish
body and affects the structure of the skeletal system and

Fig. 4 Effect of GOS
supplementation on Zn
concentration (mg kg ' d.w.) in
tissues of common carp
(Cyprinus carpio L.)

maintaining a proper acid-base balance. Absorption of Ca from
the gastrointestinal tract is controlled by hormones such as
parathyroid hormones (PTH), calcitonin, and 1,25-
dihydroxycholecalciferol [3]. As confirmed by research, mus-
cle tissue is not the main site of Ca accumulation in fish as
opposed to the fish scales, bones, and skin [3, 47]. Our results
on Ca accumulation in various tissues of common carp were in
agreement with Brucka-Jastrzgbska et al. [48] and Luczynska
et al. [49]. Numerous studies have confirmed that prebiotics
such as oligofructose, inulin, galactooligosaccharides, resistant
starches, and lactulose effectively stimulate Ca absorption [2,
50]. It has been hypothesized that short-chain fatty acids
(SCFA), acetate, propionate, and butyrate, and other organic
acids (e.g., lactate) produced by prebiotics lower the pH of light
in the large intestine, which is associated with an increased
amount of soluble Ca, especially in the caecum [33]. Studies

: .
meat ':l
b 5

100 150

0 50 200 250 300
Zn (mg/kg dw)
mEB2 mB]l mC
Tissues/group C Bl B2 p value SEM
skeleton 82.63* 54.16° 40.23¢ <0.000001 3.41
gills 27131 250.41 262.97 0.489796 7.06
meat 24.59° 31.21* 35.41° 0.000029 1.10

values in one line marked with different letters, differ statistically significantly at P<0.05; B1 - 1% Bi’tos®, B2 —

2% Bi’tos®
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have shown that the effect of the prebiotic on Ca absorption
depends on the content of this mineral in the diet. Effect of GOS
on Ca absorption was more effective when dietary Ca was
higher than the recommended level [50, 51]. Our analyses
showed no statistically significant differences in Ca content
between fish fed 1 and 2% GOS compared control treatment
(0% GOS) for each tissue. Therefore, further research is neces-
sary to analyze the effect of different amounts of Ca in the diet
on the effectiveness of the prebiotic activity on Ca absorption.
Ortiz et al. [33] determined that content of Ca in the fillet of
rainbow trout (Oncorhynchus mykiss) was not affected by pre-
biotic supplementation at inclusion level of 5 g kg™' (FOS
oligofructose BENEO P95; Beneo-Orafti Espana SL,
Barcelona, Spain). The lack of effect of the prebiotic on the
absorption of Ca from the intestine may be due to the fact that
the duration of the experiment was too short [50].

Magnesium Concentration

Magnesium (Mg) is a cofactor of almost 300 enzymes, and thus
participates in the transformation of carbohydrates, proteins,
lipids, and nucleic acids. This metal plays an important role in
the transmission of information between muscles and nerves,
and it inhibits the process of blood clotting, owing to which it
prevents the formation of clots. Mg, like Ca and phosphorus
(P), is necessary for bone mineralization and it accumulates in
the greatest amounts in bones [52]. Our results regarding the
level of Mg accumulation in various tissues were in line with
Brucka-Jastrzgbska et al. [48], Brucka-Jastrzebska and
Protasowicki [53], Brucka-Jastrzebska and Kawczuga [54],
and Luczynska et al. [49]. The results of the present study
showed that the highest level of this mineral was detected in
the skeleton of fish fed 1% GOS (2.51 g kg ™' d.w.), and was
significantly higher compared control treatment (0% GOS)

Fig. 5 Effect of GOS

(2.11 g kg™ d.w.). However, 2% GOS supplementation did
not cause a significant increase in Mg content. As Guerreiro
et al. [55] confirmed, it is possible that fish gut bacteria com-
munity and digestive enzymatic activity had to adapt to the
dietary modification. The results of studies on the effect of
prebiotics on animal health are often contradictory, as
fermentability of prebiotics may be affected by several factors,
such as the type and dose of the prebiotic for example. The
study of Biggs et al. [56] demonstrated that excessively high
prebiotic dose may have a negative impact on the gastrointes-
tinal system and may delay the growth of animals. This could
be related to the inability of gut bacteria to ferment the high
amount of prebiotic provided in the diet. The opposite hypoth-
esis is that GOS, as a prebiotic with a low degree of polymer-
ization (PD), at a dose of 1 and 2%, proved to be too weak in
relation to the enzymes responsible for mineral metabolism. So,
further research is needed to understand this mechanism. Our
analyses confirmed no statistically significant differences in Mg
content between treatment groups, both in the case of the meat
and the gills. These results were in line with Ortiz et al. [33],
who demonstrated that Mg content in the fillet of rainbow trout
was not affected by prebiotic supplementation at inclusion level
of 5 g kg'. Factors that can reduce Mg absorption are fiber,
phytates, P, Ca, or vitamin D.

Phosphorus Concentration

Phosphorus (P) is a structural component of DNA, RNA, and
phospholipids, involved in the photosynthesis and synthesis
of organic compounds and responsible for the proper condi-
tion of teeth and bones. Fish can be a rich source of P; the
concentration of which, depending on the species, can reach
up to 200 mg per 100 g of meat. Phosphorus deficiency in the
fish bodies can lead to excessive fat accumulation and poor

a
supplementation on Fe skeleton F
concentration (mg kg ' d.w.) in : e :
tissues of common carp : ) :
(Cyprinus carpio L.) . a
gills b
b
< o .
meat b :
Ib s
0 100 200 300 400 500 600
Fe (mg/kg dw)
mB2 mB] mC
Tissue/group C Bl B2 p value SEM
skeleton 172.85¢ 372.40° 447.89* <0.000001 20.16
gills 524.02° 535.66° 586.52° 0.000087 6.97
meat 94.86° 111.33° 290.32° <0.000001 16.21

values in one line marked with different letters, differ statistically significantly at P<0.05; B1 - 1% Bi’tos®, B2 -

2% Bi’tos®
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Table 2  Effect of GOS supplementation on mineral correlation in tissues of common carp (Cyprinus carpio L.)
Tissues Group Minerals Correlation coefficients values (1)
Ca P Mg Zn
meat C P —0.848689
Mg 0.578071 —0.059033
Zn —0.522277 —-0.007777 —-0.997767
Fe 0.971402 —0.949999 0.367790 —0.304856
Bl P 0.225148
Mg —0.039164 0.033006
Zn 0.053271 —0.218170 —0.211447
Fe —0.539374 0.398583 0.390499 0.037665
B2 P 0.324344
Mg 0.308206 0.999855
Zn 0.526919 0.974871 0.970941
Fe —0.999823 —0.342066 —0.326032 —0.542800
gills C P 0.451383
Mg 0.102977 0.831992
Zn —0.489005 0.075579 —0.082084
Fe —0.342147 0.261913 0.422110 0.477769
Bl P —0.084785
Mg 0.585839 —0.857180
Zn 0.759106 —0.712984 0.972276
Fe 0.244280 —0.986924 0.928984 0.816681
B2 P 0.472731
Mg 0.826345 —0.105625
Zn 0.197073 —0.770763 0.714970
Fe 0.997867 0.529242 0.787824 0.132660
skeleton C P 0.630995
Mg 0.759933 0.275228
Zn —0.216576 —0.503354 —0.547748
Fe 0.673275 0.240347 0.990319 —0.631448
Bl P 0.531779
Mg 0.767650 0.380443
Zn —0.481985 —0.396673 —0.535817
Fe —0.788896 —0.525375 —0.398765 —0.10209
B2 P —0.826754
Mg -0.767979 0.995238
Zn —0.455535 0.877420 0.920004
Fe —0.388142 0.839356 0.888347 0.997237

Correlation coefficients marked in bold are statistically significant with P <0.05; B1-1% Bi? tos®, B2-2% Bi? tos®

skeletal mineralization and deformity [3]. It has also been
shown that some phosphorus-containing compounds, such
as phosphatidylinositol, play a very important role in
preventing skeletal deformities [57]. Because the content of
this mineral in the water is too low, and moreover, the effi-
ciency of its absorption from feed is low, P should be supple-
mented with the feed [58]. Our studies have shown that as is
the case of Ca, P concentration increased in the following
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order: meat < gills < skeleton (Figs. 1 and 2), but there were
no statistically significant differences in P content between
fish fed 1 and 2% GOS compared control treatment (0%
GOS) for all tissues. However, noteworthy is the moderate
increase in P 0of 2.33% (in the meat) recorded between C and
B2 groups. Similarly, Ortiz et al. [33] demonstrated that con-
tent of P in the fillet of rainbow trout was not affected by FOS
supplementation at inclusion level of 5 g kg .
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In vertebrates, calcium forms a complex with phosphorus
as hydroxyapatite, which is responsible for the structure and
the mechanical strength of bones [59], and therefore, the Ca/P
ratio is the most important indicator of good bone health be-
cause it prevents the reduction of bone mineral density [7].
The ratio of Ca to P in the whole body of several fish species
ranges from 0.7 to 1.6 [7]. As numerous studies show, the
value of this ratio should be 1:1 in consumed products, be-
cause the excess of calcium over phosphorus causes the for-
mation of calcium triphosphate, which is not absorbed as this
form of calcium triphosphate is not biologically available [59,
60]. Our analyses confirmed that Ca/P ratio in the skeleton
was affected by GOS supplementation and its value increased
from 1.91 (C group) to 2.25 (B1) and 2.22 (B2). Our results
were similar to those obtained by Nwanna and Swartz [12] for
common carp fed phytase.

Zinc Concentration

Zinc (Zn) plays an important role in the proper functioning of
an organism, especially of the immune system; it is a compo-
nent of many metalloenzymes, regulates metabolism of car-
bohydrates, proteins, nucleic acids, and participates in insulin
synthesis and in bone mineralization [60, 61]. The reduced
rate of Zn uptake may be due to the presence of high amounts
of calcium phosphate in feeds containing vegetable proteins,
fiber, oxalates, phytates, and Fe [6]. Our results regarding Zn
concentration in various tissues were in agreement with
Bochenek et al. [62], Brucka-Jastrzebska et al. [48],
Papagiannis et al. [63], and Jabeen et al. [64]. Prebiotic effect
analyses revealed significantly higher amounts of Zn in the
meat of fish from B1 and B2 groups in comparison with C
group. Prebiotics like FOS and GOS promote growth of
Bifidobacterium spp. that affect the synthesis of vitamin B6,
which is responsible for better Zn absorption [65]. Since there
is little data in the literature on this topic with regard to carp,
further research is required. On the other hand, prebiotics af-
fect the production of short-chain fatty acids, lowering the
intestinal pH, which may contribute to better absorption of
Zn. As confirmed by numerous studies, the gills play active
and passive roles in exchanges between the body and its
aquatic environment, and this tissue is the major storage site
for Zn [3, 66, 67], which our research confirmed. However,
our studies did not confirm a significantly positive effect of
GOS supplementation on Zn concentration in the gills in Bl
and B2 groups compared to C group, in contrast to the results
obtained by Madreseh et al. [23] for rainbow trout lactulose-
fed.

Iron Concentration

Iron (Fe) is a cofactor of many enzymes and a component of
blood and muscle chromoproteins. This metal supports the
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proper functioning of the nervous and immune systems. In
addition, Fe is responsible for the detoxification of harmful
substances in the liver and prevents anemia, as it is responsible
for the production of red blood cells. Fe content of the muscles
of fish is an important criterion for their suitability for con-
sumption. Factors that inhibit Fe absorption from intestine are
fiber, phytates, polyphenols, and tannins [3]. Fe deficiency
causes anemia, but its excess leads to the formation of reactive
oxygen species, resulting in cell and tissue damage. Therefore,
Fe homeostasis must be strictly controlled to maintain balance
[68]. Carp analyses showed that the tendency of Fe accumu-
lation in various tissues was similar to those determined by
Brucka-Jastrzebska et al. [48], Brucka-Jastrzebska and
Protasowicki [53], and Tekin Ozan and Aktan [69]. As our
analyses indicated, GOS addition caused significantly higher
level of Fe in the meat of fish fed 2% GOS in comparison with
C and B1 groups. These results were in contradiction with
Ortiz et al. [33]. Research confirms the beneficial effect of
prebiotics on Fe absorption because fermentation of these
substances by the natural intestinal microflora may lower pH
and promote the reduction of Fe(Il) to Fe(Il), whose solubil-
ity is better. Moreover, prebiotics can stimulate the prolifera-
tion of epithelial cells to increase the absorption surface and
stimulate the expression of proteins responsible for the trans-
port of minerals in epithelial cells [24]. In our previous study
with the same fish [36], a significantly accelerated develop-
ment of the intestine, an increase in the height and width of the
villi and an increase in their surface due to the GOS were
found. As confirmed by research, propionate which is pro-
duced by intestinal fermentation of oligosaccharides may
stimulate promoting 6-aminolevulinate synthesis (y-keto car-
boxylic acid and precursor to the synthesis of porphyrins).
Also, oligosaccharides may lead to a change in iron-binding
proteins, e.g., mucin and enhance Fe absorption in the small
intestine [70]. Carp analyses indicated that the tissues which
contained the largest amounts of Fe were the gills. Fe is taken
up by the gills in the form of free ions and chelates of this
element [34]. The hypothesis is that in a highly alkaline and
oxidizing environment, Fe uptake through the gill epithelium
is limited. Our research supports this hypothesis as we have
observed a significantly higher concentration of Fe in the gills
of fish fed 1 and 2% GOS, which may be due to the prebiotic
lowering environmental pH, but this mechanism requires fur-
ther research.

Minerals Interactions

Antagonist relationships occur when minerals have a similar
electronic configuration and ion radius and compete for bind-
ing sites. Synergistic relationships occur when one element
strengthens the role of another. In turn, the complex interrela-
tionships between Fe, Zn, and Cu are more complex [3].
Understanding the mechanism of the correlation of one
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element with another can be used as an indicator of their co-
location in biological tissues [71]. Studies of Wepener et al.
[72] have shown that Cu (and possibly Fe) will have a greater
tendency to accumulate in the gills than, for example, Zn or
Ca. Our analyses confirmed positive correlation between Fe
and Ca in the gills in B2 group which indicated that Ca had
affinity for divalent metal transporter (DMT1) [71, 73]. In can
be concluded that Fe and Ca may share uptake pathway via
the DMT-1. However, it should be taken into account that the
interaction between Fe and Ca depends on the form of calci-
um. Carbonates and phosphates, unlike calcium citrate, inhibit
Fe absorption. Despite the fact that GOS supplementation did
not affect the level of Ca accumulation in carp tissues, our
analysis showed that 2% GOS addition caused a statistically
significant increase in Fe in the gills. This could have had a
significant impact on the positive correlation between these
minerals in B2 group.

Positive correlations between Fe and Zn and between Mg
and P in the skeleton in B2 group were calculated, despite the
fact that these elements are considered antagonists to each
other. Despite the fact that our studies confirmed the greatest
accumulation capacity of Zn in the gills and Zn content in the
skeleton was lower, this metal confirmed a synergistic inter-
action with Fe in the group of fish treated with 2% GOS
supplementation. The interaction between Fe and Zn depends
on the ratio of these metals to each other. The lack of pub-
lished data on this topic requires further research on Zn me-
tabolism, especially based on the analysis of vitamins and
other minerals affecting Zn absorption.

Analyses confirmed positive correlation between Mg and P
in the meat in B2 group. Although P and Mg are mainly
involved in the bone mineralization process, their presence
in the muscles is essential for the proper functioning of the
organism. Both of these macroelements are responsible for
conducting nerve impulses. Therefore, taking into account
their proven antagonistic effect, the use of 2% GOS supple-
mentation should be considered positive with regard to the
correlation between these two elements. Due to the fact that
there is no available published data about the effects of GOS
on the relationship between minerals in carp tissues, this re-
quires further analyses.

Conclusions

The results from the current study showed that dietary GOS
supplementation had a positive effect on absorption of some
minerals in common carp tissues. The feed with 1 and 2% of
GOS supplementation significantly enhanced the concentra-
tion of Zn in the meat and skeleton. Fe concentration was
significantly higher in the B2 group compared to B1 and C
in the meat and gills. One percent and 2% GOS supplementa-
tion significantly enhanced Fe content in the skeleton. Mg
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concentration was significantly higher in the skeleton of fish
from B1 group compared to C group. A significant effect of 1
and 2% GOS supplementation on Ca/P ratio in the skeleton
was also confirmed. Supplementation of feed with 2% GOS
significantly influenced the positive correlations between Mg
and P in the meat and skeleton, Fe—Ca correlation in gills, and
Fe—Zn correlation in the skeleton. Based on the analysis of the
mineral profile in different tissues, we can conclude that the
prebiotic could be a potential dietary additive for farmed com-
mon carp, due to the significant increase in Fe and Zn, for
example. The increased absorption of certain minerals may
be caused due to the production of short-chain fatty acids,
lowering the intestinal pH and regulating the factors respon-
sible for the transport of divalent metals. Absorption of metals
may be enhanced by vitamin synthesized by intestinal bacte-
ria, which population is supported prebiotic. Another factor
enhancing the minerals absorption may be an increase
of the intestine development, an increase in the height
and width of the villi, and an increase in their surface
as a result of GOS supplementation, which was con-
firmed by our previous research on the same fish.
Nevertheless, further research is needed in this topic to
determine the detailed effects of GOS supplementation
on minerals retention and on the interactions between
minerals in different fish tissues.
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Abstract

The aim of the study was to determine the effects of prebiotic GOS on muscle histomorphometry
and the total lipid, total cholesterol content and fatty acids profile in the meat of common carp. The
60-day-long experiment was performed on one-year-old fish. Three diets were used in the experi-
ment: control diet 1 (C) with no microbiota affecting feed additives, diet 2 (B1) with 1% of GOS,
and diet 3 (B2) with 2% of GOS. At the end of the trial, 16 individuals from each treatment group
were used for the analyses. Fish meat from the B1 group had significantly higher lipid content
compared to B2, but neither B1 nor B2 groups were different from the control group. The percent-
ages of SFA, MUFA, PUFA, indexes n-3/n-6, PUFA/SFA, Al and TI, and total cholesterol content
were not affected, in contrast to C14:0, C16:1 n-7, C18:0, C18:2 n-6, C20:4 n-6, and total n-6 FA.
GOS significantly increased the percentage of normal fibres, while the lower amount of fibre atro-
phy and splitting was observed. The results confirm that diet supplemented with 2% GOS may be
recommended as feed additive in carp nutrition due to positive effects on some fatty acids profiles
and muscle microstructure.

Key words: cholesterol, fatty acids, meat quality, prebiotics, fish

To meet the growing demand for foods of animal origin, it is necessary to in-
crease the efficiency of animal farming. One of the basic sectors of agriculture that

*This work has been supported by the Polish National Agency for Academic Exchange under Grant
No. PPI/APM/2019/1/00003. Research conducted with the statutory funding No. 506.511.04.00 of the
Faculty of Veterinary Medicine and Animal Science, Poznan University of Life Sciences, Poland; Divi-
sion of Inland Fisheries and Aquaculture.
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has been developing rapidly over the past few years is fish farming (Godfray et
al., 2010; Kurdomanov et al., 2019). However, it is necessary to reduce produc-
tion costs by improving disease resistance and therefore improving survival, feed
efficiency, and the growth performance of farmed fish species. To modulate the in-
testinal microflora, feed additives and supplements such as probiotics and prebiotics
are used. Prebiotics are fermented by beneficial bacteria such as Lactobacillus and
Bifidobacterium, and can alter the composition of organisms in the gut microbiome,
leading to a decrease in the growth of potentially pathogenic microbes living in the
gastrointestinal tract and to an increase in the number of health-beneficial microbiota
(Guerreiro et al., 2015; Grisdale-Helland et al., 2008; Macfarlane et al., 2006; Talpur
etal., 2014). Prebiotics as non-digestible feed additives have the ability to bind water
in the intestinal lumen, increasing the volume of the intestinal contents, making them
a very good fermentation substrate for probiotics (Mazurkiewicz et al., 2008). All
currently accepted prebiotics are carbohydrates, polyphenols and polyunsaturated
fatty acids (Gibson et al., 2017; Lockyer and Stanner, 2019).

Moreover, prebiotics were used as feed additives to improve the efficiency of cy-
prinids production, growth performance, gut microbiota and the activity of digestive
enzymes (Markowiak and Slizewska, 2018; Cao et al., 2019; Dawood and Koshio,
2016; Ebrahimi et al., 2012; Hoffmann et al., 2017; Hoseinifar et al., 2016; Mousavi
et al., 2016; Guerreiro et al., 2017 a; Wang et al., 2020). The addition of prebiotics
to feed may improve nutrient metabolism and meat quality, as evidenced by an in-
crease in the percentage of protein, fat, minerals and carbohydrates (Cao et al., 2019;
Puchata and Pilarczyk, 2007; Sun et al., 2017; Hussein et al., 2016; Scholz-Ahrens
etal., 2007). Several studies indicated that prebiotics, such as fructooligosaccharides
(FOS), xylooligosaccharides (XOS), galactooligosaccharides (GOS), and immuno-
gen can affect haematological and serum biochemical parameters (Ebrahimi et al.,
2012; Mousavi et al., 2016; Akhter et al., 2015; Zidtkowska et al., 2020). Despite the
potential benefits of prebiotics to performance, as noted in a wide variety of animal
species, information pertaining to their application in aquaculture is abundant, but
it is extremely limited with respect to their influence on lipid composition and fatty
acids profile.

Lipids are deposited in adipose tissue and, in smaller amounts, in the liver and
muscles. Intramuscular fat (IMF) content has a beneficial effect on the taste, juici-
ness and firmness of fish meat (Hocquette et al., 2010). An appropriate type of fatty
acid may contribute to preventing the development of coronary diseases, which is
why fish consumption in the world is systematically increasing (Levitan et al., 2010;
Schmidt et al., 2005; Leaf et al., 2003; Guillen et al., 2019). Many studies carried out
over the years have shown that prebiotics may contribute to increased fish weight
gain (Guerreiro et al., 2015; Kurdomanov et al., 2019; Mazurkiewicz et al., 2008).
However, faster weight gain can result in the destruction of muscle fibre. A conse-
quence of this may be the appearance of histopathological changes in the muscle
(Bogucka et al., 2018).

The prebiotic used in the experiment was trans-galactooligosaccharide, GOS
(trade name: Bi’tos, Clasado Biosciences Ltd., Jersey, UK). It is manufactured by
enzymatic transgalactosylation of the milk lactose by the whole cells of Bifidobac-
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terium bifidum 41171 and specifically promotes growth of Bifidobacterium spp.
(Tzortzis et al., 2005). The genome of Bifidobacterium spp. encodes carbohydrate-
degrading enzymes with a high affinity to GOS (Pokusaeva et al., 2011). In fer-
mentation experiments carried out by Tzortzis et al. (2005) B. bifidum showed an
increased preference towards the produced galactooligosaccharide mixture, display-
ing a higher growth rate and short-chain fatty acid production when compared with
commercially available oligosaccharides. Bifidobacterium, a member of the Actino-
bacteria group, is present in fish gut and plays an important role in inflammation of
the intestine (Banerjee and Ray, 2017; Wang et al., 2020).

The aim of the present study was to analyse the effects of dietary supplementa-
tion with 1% and 2% trans-galactooligosaccharide (GOS) on lipid composition and
muscle microstructure of common carp. Carp is an important economic fish cultured
in Poland, and our country is the largest carp producer in the European Union (FAO,
2020). The research conducted by Hoseinifar et al. (2016) revealed that different
prebiotics modulate carp growth and immune response differently, and GOS seems
to be the most suitable prebiotic.

Material and methods

Studies on live animals were carried out in strict accordance with the recommen-
dations of the National Ethics Commission (Warsaw, Poland). All members of the
research staff were trained in animal care, handling, and euthanasia. Fish health and
welfare and the environmental conditions in the experimental tanks were checked
twice daily by visual observation of animal behaviour and by checking water quality
parameters such as oxygen saturation, temperature, and water flow.

Fish culture and experimental diets

The 60-day growth trial was carried out at the Experimental Station for Feed
Production Technology and Aquaculture in Muchocin (Poland). Three hundred one-
year-old common carp (mean body weight 180 g) were used. The fish were randomly
stocked into 12 concrete ponds (40 m?) at a density of 25 fish per pond in accord-
ance with Horvath et al. (2002). The experiment was carried out in four replications
(four ponds per treatment). Each pond was equipped with an automatic band feeder
allowing for the continuous supply of feed throughout a daily 12-hour period. The
calculated daily feed dose for each pond was given every day at 9:00 a.m.; its con-
sumption was controlled visually twice a day, with the rate corrected if needed. The
daily feed dose was restricted to assure that all feed supplied was consumed. The
feeding rate was calculated in consideration of the fish biomass in each pond, which
was corrected every 10 days on the basis of control by the bulk weighing of all fish;
measurements of the current average daily water temperature and prior-day feed
consumption were used for additional correction according to Miyatake’s (1997)
recommendations, which resulted in a feeding rate ranging from 1.8 to 3.3% of the
fish biomass. A constant flow of water in the experimental system was ensured by an
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open-flow system with a mechanical pre-filtration chamber. During the experimental
period, control of water physio-chemical parameters was carried out with the use of
microcomputer oxymeter Elmetron CO-315. Measurements were taken of the aver-
age daily water temperature and pH, which ranged from 17.7°C to 22.7°C and 7.2
to 7.6 respectively. Dissolved oxygen was kept above 3.5 mg O,/L, and hypoxia
conditions were not observed in the experiment (details are described in Ziétkowska
et al., 2020).

The experimental diets were calculated as isonitrogenous (35.1% crude protein)
and isoenergetic (18.5 MJ kg ') with less than 4% of crude fibre and were formulated
according to common carp nutritional requirements (NRC, 2011; De Silva and An-
derson, 1995; Takeuchi et al., 2002). The extrusion conditions used to prepare the
feed were described in detail by Zidtkowska et al. (2020). Three experimental diets
were used: control diet 1 (C) without feed additives, diet 2 with 1% of GOS (B1) and
diet 3 (B2) with 2% of GOS (Table 1). Details of feed intake, utilisation, and growth
parameters are given in Zidtkowska et al. (2020).

Table 1. Dietary formulation and proximate composition of feed

Composition (%)
Ingredient
C Bl B2
1 2 3 4
Fish meal' 12.3 12.3 12.3
Blood meal? 10.0 10.0 10.0
DDGS? 11.0 11.0 11.0
Soybean meal* 15.0 15.0 15.0
Rapeseed meal® 10.0 10.0 10.0
Wheat meal 32.8 31.8 30.8
Fish oil® 4.6 4.6 4.6
Soybean lecithin’ 1.0 1.0 1.0
Vitamin-mineral premix® 1.5 1.5 1.5
Vitamin premix’ 0.1 0.1 0.1
Choline chloride 0.2 0.2 0.2
Fodder chalk 1.5 1.5 1.5
Prebiotic!® 0.0 1.0 2.0
Proximate composition (% dry matter)

Crude protein 35.06
Crude lipid 9.08
Crude fibre 3.93
Total phosphorus 0.83
Calcium 1.36
Ash 7.17
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Table 1 — contd.

1 | 2 3 4

Gross energy (MJ-kg™) 18.51

Essential amino acids (g/100 g of crude protein)
Arginine 4.53

Histidine 2.8

Lysine 35

Tryptophan 1.04
Phenylalanine + Tyrosine 4.96
Methionine + Cysteine 1.75

Threonine 3.13

Leucine 6.72

Isoleucine 39

Valine 4.97

'Danish fishmeal, Type F, 72% total protein, 12% fat, FF Skagen, Denmark.

2AP 301 P, 92% total protein, APC (GB) Ltd, Ings Road, Doncaster, UK.

3Stillage >45% total protein, <6% ash.

‘Toasted, 46-47% total protein.

*33% total protein, 2% fat.

SAgro-fish, Kartoszyno, Poland.

"BergaPure, deoiled lecithin, 97% pure lecithin, Berg + Schmidt GmbH & Co. KG, Hamburg, Germany.
*Polfamix W, BASF Polska Ltd. Kutno, Poland — 1 kg contains: vitamin A 1000000 IU, vitamin D, 200000 U,
vitamin E 1.5 g, vitamin K 0.2 g, vitamin B, 0.05 g, vitamin B, 0.4 g, vitamin B,,0.001 g, nicotinic acid 2.5 g,
D-calcium pantothenate 1.0 g, choline chloride 7.5 g, folic acid 0.1 g, methionine 150.0 g, lysine 150.0 g, Fe 2.5
g, Mn6.5g,Cu0.8g,Co0.04 g,Zn 4.0 g,10.008 g, carrier up to 1000.0 g.

“Vitazol AD,E, BIOWET Drwalew, Poland — 1 kg contains: vitamin A 50000 IU, vitamin D, 5000 IU, vita-
min E 30.0 mg, vitamin C 100.0 mg.

1"Bi’tos® trans-galactooligosaccharide (GOS), Clasado Ltd.

During the experiment the fish were anesthetised by immersion in 130 mgL" tric-
aine methanesulfonate (MS—222, Sigma Aldrich) for weighing at 10-day intervals
for feed rate control. Body weight gain (BWG), feed intake (FI), feed conversion
ratio (FCR), specific growth rate (SGR), protein efficiency ratio (PER) and percent-
age weight gain (PWG) were calculated (details are described in Zidtkowska et al.,
2020). At the end of the experiment four fish per pond were euthanised by immer-
sion in 500 mg L' of MS-222 (Topic Popovic et al., 2012) for tissue sampling for
chemical and histomorphological analysis. After sedation, the animals were decapi-
tated according to the American Veterinary Medical Association Guidelines for the
Euthanasia of Animals (Leary et al., 2013). In accordance with Polish law and an EU
directive (no 2010/63/EU), the experiments conducted in this study did not require
approval from the Local Ethical Committee for Experiments on Animals in Poznan.
The number of individuals subjected to analyses was based on earlier studies per-
formed by Hoffmann et al. (2020) and Jozefiak et al. (2019) to provide a necessary
sample size for laboratory and statistical analysis, and to avoid unnecessary animal
sacrifice (according to 4R policy).
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Nutritional composition

The fillet samples (n=16/treatment) were taken for analyses from the large side
muscle of fish body above the lateral line (Musculus rectus dorsalis). Fillets were
transported on dry ice at —78°C and then stored at —20°C until analysed. Nutritional
analyses were conducted at University of Molise (Italy).

Total cholesterol determination

Total cholesterol (TCH) was extracted from the meat samples using the method
of Maraschiello et al. (1996) and then quantified using HPLC system. A Kontron
HPLC (Kontron Instruments, Milan, Italy) model 535, equipped with a Kinetex 5p
C18 reverse-phase column (150 x 4.6 mm x 5 um; Phenomenex, Torrance, CA), was
used. The HPLC mobile phase consisted of acetonitrile and 2-propanol (55:45, vol/
vol) at a flow rate of 1.0 mL/min. The detection wavelength was 210 nm. The quanti-
tation of muscle cholesterol content was based on the external standard method using
a pure cholesterol standard (Sigma, St. Louis, MO).

Total lipid and fatty acid composition

Total lipids (TL) were extracted following the chloroform-methanol extraction
procedure (Folch et al., 1957). Following lipid extraction, fatty acids (FA) were
quantified as methyl esters (FAME) using a gas chromatograph GC Trace 2000
(ThermoQuest EC Instruments) equipped with a flame ionisation detector (260°C)
and a fused silica capillary Column (Zebron ZB-88, Phenomenex, Torrance, CA,
USA) witha 100 m x 0.25 mm % 0.20 um film thickness. Helium was used as carrier
gas. The oven temperature program was 100°C for 5 min then increasing at 4°C/min
up to 240°C where it was maintained for 30 min. Results were expressed as percent-
age of the total FA identified. To assess the nutritional implications, the ratio of n-6 to
n-3 FA (n-6/n-3) and the ratio of polyunsaturated FA (PUFA) to saturated FA (SFA)
(P/S) were calculated. Moreover, the fat quality indexes (atherosclerotic index (Al)
and thrombogenic index (TI)) were calculated, according to the formulas suggested
by Ulbricht and Southgate (1991):

AI=[12:0 + (4x14:0) + 16:0]/[n-6 PUFA + n-3 PUFA + MUFA];
TI=[14:0 + 16:0 + 18:0)/[(0.5*MUFA) + (0.5xn-6 PUFA) + (3xn-3 PUFA) +
(n-3 PUFA/n-6 PUFA)]

Histological analyses

Directly after euthanasia the samples of the dorsal rectus muscle (Musculus rec-
tus dorsalis) were taken for histological analyses. Each sample was taken from in-
dividual fish, thus sample n of the samples represents n of the fish (n=16/treatment).
Collected samples were frozen in liquid nitrogen at approximately —196°C until pro-
cessed in a cryostat (Thermo Shandon/Thermo Fisher Scientific, UK). Histological
analyses were conducted at the Bydgoszcz University of Science and Technology
(Poland). The muscle was cut into 10 um sections using a cryostat. The material
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prepared in this way was subjected to HE (hematoxylin and eosin) staining to as-
sess fibre diameter, fibre density and histopathological changes, red oil staining to
determine intramuscular fat content, and NADH-TR (tetrazolium reductase) activ-
ity to distinguish muscle fibre types differing in enzymatic activity. Muscle tissue
image recording was performed using a NIKON Ci-L microscope equipped with
a NIKON DS-Fi3 camera and NIS ELEMENTS software, which was used to meas-
ure fibre diameter and fibre density, and to determine the extent of histopathological
changes such as giant fibres and fibre necrosis with phagocytosis per 0.5 mm?. Con-
nective tissue hypertrophy was determined as follows: 0 —no hypertrophy, 1 + hyper-
trophy.

Statistical analyses

Statistical calculations were made using STATISTICA 13.1 software (Dell,
Round Rock, TX, USA, 2018). Data were tested for normality by the Shapiro-Wilk
test and for homogeneity of variances by use of the Levene’s test. Growth parameters
were calculated for each replicate (4 fish for pond, n=4). Four fish per pond were
collected for chemical and histological analyses (16 fish for each treatment, n=16).
The statistically significant difference (at P<0.05) between treatments was checked
using one-way analysis of variance (ANOVA) followed by Duncan’s multiple range
tests.

Results

Nutritional composition

Total lipids (TL), total cholesterol (TCH) content and fatty acid (FA) composi-
tion are reported in Table 2. Meat samples from fish fed 1% of GOS (group B1) had
higher (P<0.05) TL content compared with the B2 group (2% of prebiotics) but not
with respect to the C group (P>0.05); similarly, no significant differences in fat con-
tent (P>0.05) were found between C and B2 groups. TCH content determined in the
present study (ranging from 42.02 to 45.83 mg/100 g) was not affected by prebiotic
treatment (P>0.05). In the present study, saturated fatty acids (SFA), monounsatu-
rated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) percentages of the
total lipid were not affected (P>0.05) by prebiotic treatment. Dietary inclusion of 1%
or 2% GOS significantly affected (P<0.05) content of myristic (C14:0), palmitoleic
(C16:1 n-7), stearic (C18:0), linoleic (C18:2 n-6), arachidonic (C20:4 n-6) and total
n-6 fatty acids. Myristic acid (C14:0) was significantly lower in B1 and B2 groups
(P <0.05) compared to the control group. Furthermore, stearic acid (C18:0) was sig-
nificantly lower in the B1 and the control groups than in the B2 group (P<0.05).
For individual MUFA values, palmitoleic acid (C16:1 n-7) was significantly higher
(P<0.05) in the meat of group B1 compared to those of the control and B2 groups,
whereas for the individual PUFA acid, linoleic acid (C18:2 n-6) results were lower
in the B1 and B2 groups compared with the control group (P<0.05), and arachidonic
acid (C20:4 n-6) was significantly higher (P<0.05) in the B2 group compared to the
B1 and control groups.
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Table 2. Effect of GOS administration on total lipids and cholesterol contents, fatty acid composition
(% of total fatty acids), and nutritional ratios in meat of common carp (Cyprinus carpio)

Experimental groups

Items C BI B2 SEM P-value
n=16 n=16 n=16

Total lipids (g/100 g) 2.47 ab 32la 223b 0.17 0.046
Total cholesterol (mg/100 g)  42.02 45.83 44.55 0.78 0.127
Fatty acid
C14:0 1.39a 1.18b 1.12b 0.04 0.006
C16:0 20.19 20.87 20.42 0.16 0.220
C16:1n-7 6.21b 6.57a 5.94b 0.11 0.034
C18:0 4.53b 4.70b 5.06a 0.06 0.001
Cl18:1n-9 44.61 44.78 44.35 0.42 0.917
C18:2 n-6 14.02 a 1293 b 12.92b 0.14 0.001
Cl18:3 n-6 2.35 2.08 2.17 0.06 0.197
C20:1n-9 0.51 0.53 0.68 0.04 0.110
C20:4 n-6 1.50 b 1.78 b 2.15a 0.13 0.045
C20:5n-3 0.82 0.83 0.88 0.05 0.887
C22:5n-3 0.73 0.53 0.63 0.05 0.287
C22:6 n-3 3.14 3.22 3.68 0.19 0.385
Partial sum
XSFA 26.11 26.75 26.60 0.16 0.241
XMUFA 51.33 51.88 50.97 0.42 0.649
YPUFA 22.56 21.37 22.43 0.33 0.323
Total n-6 17.87 a 16.79b 17.24 ab 0.18 0.043
Total n-3 4.59 4.57 5.19 0.26 0.563
Nutritional ratios
n-3/n-6 0.26 0.27 0.30 0.01 0.562
n-6/n-3 3.89 3.67 3.32 0.19 0.338
PUFA/SFA 0.86 0.80 0.84 0.01 0.137
Al 0.35 0.35 0.34 0.00 0.143
TI 0.54 0.56 0.53 0.01 0.371

C — Control; B1 — 1% Bi’tos®, B2 — 2% Bi’tos®.
SEM - standard error mean.
a, b — values significantly differ at P<0.05 level.

Fish fed a diet of 1% of GOS reduced the content of total n-6 FA compared
with the control group (P<0.05); the intermediate value was shown with 2% of GOS
(P>0.05). A higher amount of n-6 FA in the control group owes itself to the precursor
of the n-6 family, the linoleic acid, quantitatively the most concentrated n-6 PUFA.
Significantly, no differences were found between the experimental groups for the to-
tal amount of n-3 long chain PUFA, as well as for indexes for human health n-3/n-6,
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n-6/n-3 and PUFA/SFA ratios. In the present study, no statistically significant differ-
ences between the groups were found for Al and TI.

Taking into account the general FA profile, total MUFA were the most abundant
FA (ranging from 50.97 to 51.88%), followed in descending order by SFA (ranging
from 26.11 to 26.75%) and PUFA (ranging from 21.37 to 22.46%). Quantitatively,
the oleic acid (C18:1 n-9) was the most concentrated fatty acid, followed by palmitic
(C16:0), linoleic acid (C18:2 n-6) and palmitoleic acid (C16:1 n-7). Regarding the
composition of the single PUFA n-3, docosahexaenoic acid (DHA, C22:6 n-3) was
the highest of the fatty acids.

Histological analyses
The results of muscle histological measurements are shown in Table 3.

Table 3. The effect of GOS on histological measurements of muscle fibres of common carp (Cyprinus carpio)

C Bl B2
Items =16 =16 =16 SEM P-value

Fibre diameter (um) 48.32 50.18 52.14 0.816 0.144
Muscle fibre density 106.60 117.00 117.00 3.703 0.422
(fibres n/1.5 mm?)
Muscle fibre type (%) 100 100 100 - -
aW
Normal fibres (%) 93.81b  95.06 ab 96.31a 0.004 0.021
Fibre atrophy (%) 323a 2.73 ab 1.58b 0.003 0.016
Fibre splitting (%) 2.96 222 2.11 0.002 0.208
Connective tissue hypertrophy (%) 80.00 54.00 38.00

C — Control; BI — 1% Bi’tos®, B2 — 2% Bi’tos®.
SEM - standard error mean.
a, b — values significantly differ at P<0.05 level.

Analyses showed muscle is characterised by a glycolytic metabolism, 100%
white fibres — aW, because the activity of the oxygen enzyme (oxidoreductase) —
tetrazolium reductase has not been shown (Figure 1 A). Red oil staining showed
that intramuscular fat is distributed around the muscle fibres (Figure 1 B). Figu-
re 1 C showed histopathological changes. It can be seen that as the concentration of
GOS added to the feed increases, the percentage of normal fibres increases (P<0.05).
The group of animals receiving 2% transgalacto-oligosaccharide was characterised
by the highest percentage of normal fibres (96.31%) compared to the control group
(93.81%). Statistical analyses showed a significantly lower percentage of atrophy
fibres in the groups supplemented with prebiotic (P<0.05). The most favourable val-
ues were obtained in the research group supplemented with a 2% prebiotic (group B2
—1.58%) compared to the control group (3.23%). Similar differences were noted for
splitting, but statistical analyses did not confirm this. The microscopic image of the
muscle showed no changes such as giant fibres or fibre necrosis with phagocytosis.
Figure 1 D showed connective tissue. It was observed that as the prebiotic added was
increased, the connective tissue hypertrophy decreased.
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Figure 1. (A) Muscle fibre types: aW (glycolytic) NADH-TR (NADH-tetrazolium reductase) activity

staining, magnification x100; (B) intramuscular fat (arrow), red oil staining, magnification x200; (C)

fibre splitting — 1 (arrows), hematoxylin and eosin (HE) staining, magnification x200; (D) atrophy fibre

— 1 (arrow), connective tissue overgrowth — 2 (arrow), hematoxylin and eosin (HE) stain, magnification
x100
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Figure 2. Cross sectional area of white muscles without fibres atrophy (C — Control; B1 — 1% Bi’tos®,
B2 - 2% Bi’tos®)
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Due to the presence of only white glycolytic fibres (Figure 1 A), the diameters of
these fibres were analysed. In both the control group and the B1 group we observed
the largest percentage share of white muscle fibre diameters in the range of 31-40
pm and 41-50 pm, respectively (Figure 2). On the other hand, increasing the prebi-
otic addition to 2% (group B2) resulted in an increase in thickness of white muscle
fibres in the 51-60 um and 41-50 um range. In all three groups, the lowest percent-
age was white muscle fibres, which was in the range <20 um (1-2%). However, the
analyses showed no statistically significant differences in the discussed ranges.

Discussion

Nutritional composition

Lipids extracted from fatty fish meat, which includes common carp, are pre-
dominantly composed of triacylglycerols. As many results confirm, GOS is able to
decrease serum triacylglycerol concentrations by enhancing lipoprotein catabolism.
The triacylglycerol-lowering action of GOS is due to the inhibition of lipogenic en-
zymes, e.g., acetyl-CoA carboxylase (ACC), fatty acid synthase (FAS), malic en-
zyme (ME), ATP citrate lyase (ACLY), and glucose-6-phosphate dehydrogenase
(G6PD) (Guerreiro et al., 2017 a; Ulbricht and Southgate, 1991; Delzenne and Kok,
2001; Delzenne et al., 2002; Wang et al., 2016 a). As the analyses by Guerreiro et
al. (2015) showed, lipogenic enzyme activities (FAS, ME and G6PD) were lower
in European sea bass (Dicentrarchus labrax) that were fed diets including xylooli-
gosaccharides (XOS, Qingdao, FTZ United International Inc., China) than in the
other groups. The lipid-lowering effect of GOS may result from the inhibition of the
expression of genes and proteins, including liver enzymes responsible for glucose
metabolism, which reduces the accumulation of fat (Sun et al., 2017). In this study
we confirmed that GOS supplementation did not affect the total lipid (TL) level in
the meat of the analysed common carp. The highest TL level was determined in the
B1 and the lowest in the B2 group, but neither B1 nor B2 groups were different from
the control group. The same results were confirmed by Dimitroglou et al. (2010) for
gilthead seabream (Sparus aurata) fed with a diet supplemented with MOS. The
absence of a lipid-lowering effect of GOS used in the present study may result from
the fish adapting to the experimental diets. As Guerreiro et al. (2017 b) confirmed,
it is possible that fish gut bacteria community and digestive enzymatic activity had
to adapt to the dietary modification. Results of studies on the effect of prebiotics on
animal health are often contradictory given that several factors may affect the fer-
mentability of prebiotics. One of these factors is the type and dose of the prebiotic.
The study of Biggs et al. (2007) demonstrated that excessively high prebiotic dose
may have a negative impact on the gastrointestinal system and may delay the growth
of animals. This could be related to the inability of gut bacteria to ferment the high
amount of prebiotic provided in the diet. The opposite hypothesis is that GOS, as
a prebiotic with a low degree of polymerisation (PD), at a dose of 1% and 2%, was
too weak in relation to the enzymes responsible for lipid metabolism. Our fat results

71



316 E. Ziotkowska et al.

are to the contrary to those of Munir et al. (2016), who found that GOS (Vivinal®,
Friesland Campina Domo, The Netherlands) reduced lipid amount (about 1.4%)
compared with the control group of snakehead (Channa striata) fingerlings. In turn,
Mansour et al. (2012) observed increased total lipid in giant sturgeon (Huso huso)
fed with a diet supplemented with MOS (ActiveMOS®, Biorigin, Lencois Paulista,
Sdo Paulo, Brazil), which may be beneficial from a consumer point of view, because
intramuscular fat can have a positive effect on the juiciness and taste of meat.

Content of the cholesterol in the meat depends on the fish species (species fea-
ture) (Moreira et al., 2001), is not correlated with fat content (Piironen et al., 2002),
and is affected by several factors, among them the PUFA content (Guillen et al.,
2019; Kinsella, 1986). The total cholesterol (TCH) content determined in the pre-
sent study was not affected by prebiotic treatment (P>0.05). As numerous studies
confirm, synthetically produced prebiotics may increase the production of acetate,
propionate and butyrate (Jackson and Lovegrove, 2012). Analysis of the hipolipi-
demic properties of short-chain FOS in humans confirmed that propionate inhibits
cholesterol synthesis by inhibiting both 3-hydroxy-3-methylglutaryl-CoA (HMG-
CoA) synthase and HMG-CoA reductase (Bornet et al., 2002). /n vitro studies of rat
hepatocytes confirmed inhibition of cholesterol synthesis by prebiotics due to the
impaired absorption of acetate by liver cells (Jackson and Lovegrove, 2012). To bet-
ter understanding the effect of the prebiotic supplement on cholesterol homeostasis,
it would be necessary to analyse the expression of genes involved in bile acid syn-
thesis and the synthesis, esterification, and excretion of cholesterol. The desirability
of such studies has been confirmed by Zhu et al. (Zhu et al., 2018), who analysed the
expression of genes responsible for cholesterol metabolism in rainbow trout (Onco-
rhynchus mykiss) fed a plant-based diet.

The fatty acid (FA) proportion of meat is considered an important index for meat
quality. Fish fat is characterised by a significant amount of PUFA and is commonly
recognised as the main source of n-3 FA. Fish meat is a rich source of a mixture of ei-
cosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), but the levels of these
dietary nutrients vary appreciably among different fish species (Kris-Etherton et al.,
2000; Steffens and Wirth, 2005). To our knowledge, there is very little information in
the literature on the effect of prebiotics on the fatty acid profile in fish meat.

In the present study, we showed that GOS supplementation affected myristic
(C14:0), palmitoleic (C16:1 n-7), stearic (C18:0), linoleic (C18:2 n-6), arachidonic
(C20:4 n-6) and total n-6 FA percentages, but had no stimulating effect on other FA
profiles. This confirms the hypothesis that diet supplementation with prebiotic may
modify the expression of genes responsible for the expression of lipogenic enzymes.
Studies of rats fed a mixture of inulin and oligofructose have shown that it caused
a reduction in body weight gain and visceral fat, which may be significant in the
regulation of fatty acid metabolism in the liver. An effective inhibitor of de novo fatty
acid synthesis is propionate, a product of prebiotic metabolism (Sun et al., 2017,
Demigné et al., 1995). The present study confirmed that GOS supplementation sig-
nificantly reduced myristic acid in the B1 and B2 groups, and increased stearic acid
in the B2 group compared to groups Bl and C. Myristic acid causes a significant
increase in total cholesterol and LDL content in serum, therefore the obtained result
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seems to be a beneficial effect of GOS supplementation (Table 4). Stearic acid, in
contrast to other saturated fatty acids (such as lauric, myristic and palmitic acids),
does not increase serum cholesterol, and therefore does not increase the risk of coro-
nary heart disease. This is because stearic acid quickly turns into monounsaturated
oleic acid (C18:1 n-9). Piccolo et al. (2013) reported that MOS diet (ECHOMOS;
Mazzoleni Prodotti Zootecnici, Cologno al Serio, BG, Italy) seemed to improve the
synthesis of some fatty acids such as C16:0, C18:0 and C18:1n-9 in the meat of
sharpsnout seabream (Diplodus puntazzo).

From a physiological point of view, elongated and unsaturated fatty acid deriva-
tives are more important than their parent fatty acids. These acids are arachidonic
acid (AA) in the case of the n-6 series and eicosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA) in the case of the n-3 series (Steffens and Wirth, 2005).
Freshwater fish thanks to their A5 and A6 desaturase systems are capable of elon-
gation and desaturation of linoleic acid and a-linolenic acid, while the marine fish
have a limited ability to synthesise long-chain polyunsaturated fatty acids from n-6
and n-3 series (Steffens and Wirth, 2007). Prebiotics produce changes in the global
composition of the intestine flora and affect its growth and metabolic activities. This
can increase the levels of long-chain PUFAs as bacteria have the enzymes necessary
to elongate and desaturate fatty acids (Macfarlane et al., 2006). In our studies we
confirmed significantly higher content of arachidonic acid in the B2 group compared
to Bl and C groups (Table 2). This is probably a confirmation of desaturase and
elongase activities. Kindt et al. (2018) confirmed that the gut microbiota promotes
hepatic fatty acid desaturation and elongation in mice (A-9 desaturation of palmitate
[C16:0] to palmitoleate [C16:1 n-7] and elongation of a-linolenic [C18:3 n-6] to
dihomo-y-linolenic acid [DGLA, C20:3 n-6]). The linoleic-lowering effect of GOS
confirmed in our research is difficult to explain due to the lack of available data. Pic-
colo et al. (2012) showed no statistically significant differences in the content of this
acid between groups treated with prebiotics (mannan oligosaccharide and inulin).

Some studies reported that prebiotics can alter lipid metabolism and improve
the ratio of PUFA/SFA and n-3/n-6 in chicken meat (Velasco et al., 2010; Tavan-
iello et al., 2018), which is beneficial to human health. In our study, we confirm
no significant differences in terms of these ratios between GOS-treated and control
groups. Despite the fact that 1% GOS supplementation resulted in a lower total n-6
FA content (the negative effect is marked in Table 4), the analyses confirmed the ap-
propriate n-6/n-3 ratio. Similarly, no statistically significant differences were found
for the atherogenic index (AI) and the thrombogenic index (TI), which is the criteria
for evaluating the level and interrelation through which some fatty acids may have
atherogenic or thrombogenic properties, respectively. Our results are in line with
Piccolo et al. (2013), who confirmed no significant differences in Al and TI content
between groups. Al and TI indexes express the proportion of selected saturated to
unsaturated fatty acids, and are considered better indicators of atherogenicity and
thrombogenicity than the PUFA/SFA ratio. It is assumed that the lower their value,
the more beneficial the fatty acid profile in terms of health for the consumer (Ulbricht
and Southgate, 1991).
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Histological analyses

Individual muscle fibres are the basic unit of muscle tissue. Depending on the
metabolic and structural properties, red and white fibres can be distinguished. White
fibres have a rapid shrinkage rate but are prone to fatigue. Red fibres shrink more
slowly with less force and are resistant to fatigue. In red fibres, the main metabol-
ic pathway is aerobic change and anaerobic change in white fibres. Carp muscle
masses are mainly made of white, glycolytic fibres. A fish that increases its body
weight increases primarily the amount of white fibres, which can constitute about
90% of the total volume of muscle tissue. Analyses of the tested material showed
a 100% predominance of white muscle fibres, which is close to the results obtained
by Zimmerman and Lowery (1999), Weatherley and Gill (1989), and Karahmet et
al. (2014). Due to the 100% content of white muscle fibres, the diameters of normal
white muscle normal fibres were analysed and then assigned to appropriate classes.
Karahmet et al. (2014) showed that the average diameter of muscle fibres in rainbow
trout (Oncorhynchus mykiss) is in the range 31-40 um and 41-50 um, whereas in
brown trout (Salmo trutta) and alpine trout (Salvelinus alpinus) the average diameter
is at intervals of 21-30 um and 31-40 pm. These studies are in line with ours, in
which the largest amount of muscle fibres was assigned to the class of muscle fibres
with a diameter of 31-40 um and 41-50 um. In fish, we observe both hypertrophic
and hyperplastic growth of muscle fibres. Hyperplastic growth is regulated mainly
by the Myogenic Regulatory Factor myoD, for the proliferation of myoblasts. The
expression of the myoD gene in muscle fibres is associated with intense proliferation
of satellite cells associated with intense hyperplasia and the mechanisms of hypertro-
phy (Carani et al., 2013). Both hypertrophic and hyperplastic growth result in a large
variety of muscle fibre diameters. The large variety of muscle fibre diameters that
we also observe in our research gives the muscles a mosaic-like appearance. This is
characteristic of fish meat, as demonstrated by Johnston et al. (1975) and Listrat et al.
(2016). Priester et al. (2011) also showed that as the size of the black seabass (Cen-
tropristis striata) increased, the average diameter of the muscle cells increased pro-
portionally from 36 um to 280 um. There were no statistically significant differences
in the diameter and density of muscle fibres between the experimental groups. These
results differ from those obtained by Rabah (2005) and Johnston et al. (1975). John-
ston et al. (1975) stated that as the total number of white muscle fibres in the Atlantic
salmon (Salmo salar) increased, their density also decreased. This study also showed
a statistically significant reduction in the percentage of atrophy fibres (C — 3.23%;
B2 — 1.58%). Atrophy fibres arise as a result of, e.g., aging and hereditary muscle
disorders, but also of hypoxia, or deficiency of ingredients in the food ration, e.g.,
vitamin E or selenium (Hugh et al., 1976). Wang et al. (2016 b) demonstrated the ef-
fect of vitamin E deficiency on muscle myopathies as manifested by muscle atrophy.
Moreover, hypoxic stress or an increased presence of copper may also contribute to
the development of muscle fibre atrophy (Harper and Wolf, 2009; Maharajana et al.,
2016). In muscles which we studied, the experimental factor reduced the number of
atrophy fibres. The larger diameter of the muscle fibres was observed in the research
groups, yet the higher fibre density per unit area is associated with the smaller thick-
ness of the connective tissue. A smaller amount of connective tissue was observed
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in the research groups. Hypertrophy of connective tissue can exert pressure on the
surrounding blood vessels, which in turn can contribute to a decrease in blood supply
to the fibres, and thus to degenerative changes.

In many fish, the number of muscle fibres increases throughout the life cycle (Sun
et al., 2017). Therefore, GOS supplementation in the diet can promote the develop-
ment of fish muscles and contribute to the improvement of meat quality, although the
mechanism is still unknown (Table 4).

Table 4. Effect of GOS supplementation on lipid metabolism and meat microstructure of common carp
(Cyprinus carpio) compared to the C group

Parameters* | Bl B2

Nutritional composition

TL + +
C14:0 + +
Cl16:1 n-7 + +
C18:0 + +
C18:2n-6 - -
C20:4 n-6 + +
total n-6 -
Histological analyses
normal fibres +
fibre atrophy +

*parameters for which statistically significant differences between treatment groups were found at P<0.05.
B1 - 1% Bi’tos®, B2 — 2% Bi’tos®.
Positive effect (+), negative effect (-) and neutral effect (+) of GOS compared to the control group.

Conclusions

The results of the present study revealed that prebiotics could be a potential di-
etary additive for farmed common carp. GOS had a positive effect on some muscle
fatty acid profiles and stimulated conversion of fatty acids to their long-chain un-
saturated derivatives in the case of the n-6 series (C20:4 n6). That there were no
differences in the total cholesterol content between the experimental groups may
indicate maintenance of the metabolic balance of this sterol due to the prebiotic used.
The supplementation of feed with 2% GOS positively affected meat microstructure
and slightly increased the percentage of normal fibres, while it slightly decreased
the percentage both of split values and of fibre atrophy. Further research on the ef-
fects of prebiotics on lipid metabolism should be carried out because this topic is
not fully explored, especially in the case of the fatty acid profile. Research on
the effect of prebiotics on different species of fish on the basis of a comparative
study will help identify the best prebiotic to change the intestinal microflora of the
species.
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6.2. OSWIADCZENIE AUTORA ROZPRAWY DOKTORSKIEJ

7.16.2021.2022
Zatacznik nr 3 do
Instrukcji ~ drukowania,  gromadzenia,  rejestrowania
i udostepniania rozpraw doktorskich przez rady naukowe
dyscyplin  (dyscyplin  artystycznych)  prowadzacych
postgpowanie w sprawie nadania stopnia naukowego doktora

Oswiadczenie Autora rozprawy doktorskiej

mgr Ewa Aleksandra Ziétkowska

(tytut zawodowy, imiona i nazwisko autora rozprawy doktorskiej)

Politechnika Bydgoska

im. Jana i Jedrzeja Sniadeckich

Wydziat Hodowli i Biologii Zwierzat,
Katedra Fizjologii Zwierzat i Zoofizjoterapii
ul. Mazowiecka 28, 85-084 Bydgoszcz

(miejsce pracy/afiliacja)

OSWIADCZENIE

Oswiadczam, iz méj wktad autorski w nizej wymienionych artykutach naukowych stanowigcych cykl
publikacji rozprawy doktorskiej byt nastepujacy”:

1. Ziotkowska, E., Bogucka, J., Dankowiakowska, A., Rawski, M., Mazurkiewicz, J., Stanek, M.
Effects of a Trans-Galactooligosaccharide on Biochemical Blood Parameters and Intestine
Morphometric Parameters of Common Carp (Cyprinus carpio L.). Animals, 2020, 10, 723.
https://doi.org/10.3390/ani10040723, 100 pkt. MNiSW, IF 2.752

Wspétudziat w opracowaniu koncepcji publikacji, pobieranie materiatu badawczego,
wspoétudziat w  wykonaniu analiz laboratoryjnych, wspoétudziat w wykonaniu analiz
statystycznych, wspétudziat w interpretacji wynikéw, napisanie manuskryptu, korespondencja
z redakcjg i recenzentami, co stanowi 60% indywidualnego udziatu w przygotowaniu wyzej
wymienionej publikacji.

2. Zidtkowska, E., Bogucka, J., Mazurkiewicz, J., Rawski M., Rdzanski S., Stanek M. Effects of a
Trans-Galactooligosaccharide on Minerals Content of Common Carp (Cyprinus carpio L.)
Tissues. Biological Trace Element Research, 2021, 199, 4792-4804.
https://doi.org/10.1007/s12011-021-02600-w, 70 pkt. MEiN, IF 3.738

Wspétudziat w opracowaniu koncepcji publikacji, pobieranie materiatu badawczego,
wspofudziat w  wykonaniu analiz laboratoryjnych, wspétudziat w wykonaniu analiz
statystycznych, wspétudziat w interpretacji wynikéw, wspétudziat w napisaniu manuskryptu,
korespondencja z redakcjg i recenzentami, co stanowi 55% indywidualnego udziatu
w przygotowaniu wyzej wymienionej publikacji.

" W przypadku prac dwu- lub wieloautorskich wymagane sq oswiadczenia kandydata do stopnia doktora oraz wspolautoréw, wskazujgce na
ich merytoryczny wkiad w powstanie kazdej pracy (np. tworca hipotezy badawczej, pomystodawca badan, wykonanie specyficznych badar
— np. przeprowadzenie konkretnych doswiadczeh, opracowanie i zebranie ankiet itp., wykonanie analizy wynikéw, przygotowanie
manuskryptu artykutu i inne). Okreslenie wkiadu danego autora, w tym kandydata do stopnia doktora, powinno by¢ na tyle precyzyjne, aby
umozliwi¢ dokladna oceng jego udzialu i roli w powstaniu kazdej pracy.
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7.16.2021.2022
Zatacznik nr 3 do
Instrukcji  drukowania,  gromadzenia,  rejestrowania
i udostepniania rozpraw doktorskich przez rady naukowe
dyscyplin  (dyscyplin  artystycznych)  prowadzacych
postepowanie w sprawie nadania stopnia naukowego doktora

3. Ziodtkowska, E., Bogucka, J., Rawski, M., Mazurkiewicz, J., Maiorano, G., Stanek, M. The first
insights on trans-galactooligosaccharide effects on fatty acids profile and microstructure of
muscle in common carp. Annals of Animal Science, 2022, 22, 1, 305-324.
https://doi.org/10.2478/a0as-2021-0030, 140 pkt. MEiN, IF 2.090

Wspdtudziat w opracowaniu koncepcji publikacji, pobieranie materiatu badawczego,
wspotudziat w  wykonaniu analiz laboratoryjnych, wspétudziat w wykonaniu analiz
statystycznych, wspoétudziat w interpretacji wynikéw, napisanie manuskryptu, korespondencja
z redakcjg i recenzentami, co stanowi 60% indywidualnego udziatu w przygotowaniu wyzej
wymienionej publikacji.

4 Z

mi&jscowosc, data Podpis Autora rozprawy doktorskiej

* W przypadku prac dwu- lub wieloautorskich wymagane sq oswiadczenia kandydata do stopnia doktora oraz wspdlautoréw, wskazujqce na
ich merytoryczny wktad w powstanie kazdej pracy (np. tworca hipotezy badawczej, pomystodawca badan, wykonanie specyficznych badan
- np. przeprowadzenie konkretnych doswiadczen, opracowanie i zebranie ankiet itp., wykonanie analizy wynikéw, przygotowanie manuskryptu
artykutu i inne). Okreslenie wkladu danego autora, w tym kandydata do stopnia doktora, powinno by¢ na tyle precyzyjne, aby umozliwié
doktadna oceng jego udziatu i roli w powstaniu kazdej pracy.
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6.3. OSWIADCZENIA WSPOLAUTOROW ARTYKULOW NAUKOWY CH

Z.16.2021.2022
Zalacznik nr 3 do
Instrukcji ~ drukowania, ~ gromadzenia,  rejestrowania
i udostgpniania rozpraw doktorskich przez rady naukowe
dyscyplin  (dyscyplin artystycznych)  prowadzacych
postepowanie w sprawie nadania stopnia naukowego doktora

Oswiadczenie Wspotautora

dr hab. inz. Magdalena Stanek, Prof. PBS

(tytut zawodowy, imiona i nazwisko wspétautora)

Politechnika Bydgoska

im. Jana i Jedrzeja Sniadeckich

Wydziat Hodowli i Biologii Zwierzat,
Katedra Fizjologii Zwierzat i Zoofizjoterapii
ul. Mazowiecka 28, 85-084 Bydgoszcz

(miejsce pracy/afiliacja)

OSWIADCZENIE
Oswiadczam, iz mdj wktad autorski w nizej wymienionym/wymienionych artykule/artykutach
naukowym/naukowych byt nastepujacy’:

1. Zidtkowska, E., Bogucka, J., Dankowiakowska, A., Rawski, M., Mazurkiewicz, J., Stanek, M.
Effects of a Trans-Galactooligosaccharide on Biochemical Blood Parameters and Intestine
Morphometric Parameters of Common Carp (Cyprinus carpio L.). Animals, 2020, 10, 723.
https://doi.org/10.3390/ani10040723, 100 pkt. MNiSW, IF 2.752

Wspétudziat w opracowaniu koncepcji manuskryptu, opracowanie metodologii w zakresie
analiz biochemicznych krwi, wspétudziat w wykonaniu analiz statystycznych wynikéw, nadzér
merytoryczny wraz z dokonaniem korekt w manuskrypcie oraz opieka naukowa, co stanowi
10% indywidualnego udziatu w przygotowaniu wyzej wymienionej publikacji.

2. Ziodtkowska, E., Bogucka, J., Mazurkiewicz, J., Rawski M., Rézanski S., Stanek M. Effects of a
Trans-Galactooligosaccharide on Minerals Content of Common Carp (Cyprinus carpio L.)
Tissues. Biological Trace Element Research, 2021, 199, 4792-4804.
https://doi.org/10.1007/s12011-021-02600-w, 70 pkt. MEiN, IF 3.738

Wspotudziat w opracowaniu koncepcji manuskryptu, wspétudziat w opracowaniu metodologii
w zakresie analiz sktadnikéw mineralnych, wspétudziat w wykonaniu analiz statystycznych
wynikéw, nadzér merytoryczny wraz z dokonaniem korekt w manuskrypcie oraz opieka
naukowa, co stanowi 15% indywidualnego udziatu w przygotowaniu wyzej wymienionej
publikacji.

" W przypadku prac dwu- lub wieloautorskich wymagane sq oswiadczenia kandydata do stopnia doktora oraz wspolautoréw, wskazujgce na
ich merytoryczny wkiad w powstanie kazdej pracy (np. twérca hipotezy badawczej, pomystodawca badan, wykonanie specyficznych badarn —
np. przeprowadzenie konkretnych doswiadczen, opracowanie i zebranie ankiet itp., wykonanie analizy wynikow, przygotowanie manuskryptu
artykutu i inne). Okreslenie wkiadu danego autora, w tym kandydata do stopnia doktora, powinno by¢ na tyle precyzyjne, aby umozliwic¢
dokladna oceng jego udzialu i roli w powstaniu kazdej pracy.
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Zatacznik nr 3 do
Instrukcji  drukowania, ~ gromadzenia,  rejestrowania
i udostepniania rozpraw doktorskich przez rady naukowe
dyscyplin  (dyscyplin  artystycznych)  prowadzacych
postgpowanie w sprawie nadania stopnia naukowego doktora

3. Zidtkowska, E., Bogucka, J., Rawski, M., Mazurkiewicz, J., Maiorano, G., Stanek, M. The first
insights on trans-galactooligosaccharide effects on fatty acids profile and microstructure of
muscle in common carp. Annals of Animal Science, 2022, 22, 1, 305-324.
https://doi.org/10.2478/aoas-2021-0030, 140 pkt. MEiN, IF 2.090

Wspoétudziat w opracowaniu metodologii w zakresie analiz profilu kwaséw ttuszczowych,
wspoétudziat w opracowaniu koncepcji publikacji, wspétudziat w wykonaniu analiz
statystycznych wynikéw, nadzér merytoryczny wraz z dokonaniem korekt w manuskrypcie
oraz opieka naukowa, co stanowi 10% indywidualnego udziatu w przygotowaniu wyzej
wymienionej publikacji.

Jednoczesnie wyrazam zgode na przedtozenie wyzej wymienionej/wymienionych pracy/prac przez
mgr Ewe Zidtkowska jako czes¢ rozprawy doktorskiej opartej na zbiorze opublikowanych i powigzanych
tematycznie artykutéw naukowych.

miejscowosc, data Podpis wspoétautora artykutu naukowego

* W przypadku prac dwu- lub wieloautorskich wymagane sq oswiadczenia kandydata do stopnia doktora oraz wspdtautoréw, wskazujgce na
ich merytoryczny wklad w powstanie kazdej pracy (np. twérca hipotezy badawczej, pomystodawca badan, wykonanie specyficznych badan —
np. przeprowadzenie konkretnych doswiadczen, opracowanie i zebranie ankiet itp., wykonanie analizy wynikow, przygotowanie manuskryptu
artykutu i inne). Okreslenie wkiadu danego autora, w tym kandydata do stopnia doktora, powinno by¢ na tyle precyzyjne, aby umozliwi¢
doktadna oceng jego udziatu i roli w powstaniu kazdej pracy.



7.16.2021.2022
Zalgeznik nr 3 do
Instrukcji  drukowania,  gromadzenia,  rejestrowania
i udostgpniania rozpraw doktorskich przez rady naukowe
dyscyplin  (dyscyplin  artystycznych)  prowadzacych
postgpowanie w sprawie nadania stopnia naukowego doktora

Oswiadczenie Wspotautora

dr inz. Mateusz Rawski

(tytut zawodowy, imiona i nazwisko wspétautora)

Uniwersytet Przyrodniczy

Wydziat Medycyny Weterynaryjnej i Nauk o Zwierzetach
Katedra Zoologii

Pracownia Rybactwa Srédlgdowego i Akwakultury

ul. Wojska Polskiego 71c, 60-625 Poznari

(miejsce pracy/afiliacja)

OSWIADCZENIE
Oswiadczam, iz mdj wkiad autorski w nizej wymienionym/wymienionych artykule/artykutach
naukowym/naukowych byt nastepujacy”:

1. Ziétkowska, E., Bogucka, J., Dankowiakowska, A., Rawski, M., Mazurkiewicz, J., Stanek, M.
Effects of a Trans-Galactooligosaccharide on Biochemical Blood Parameters and Intestine
Morphometric Parameters of Common Carp (Cyprinus carpio L.). Animals, 2020, 10, 723.
https://doi.org/10.3390/ani10040723, 100 pkt. MNiSW, IF 2.752

Opracowanie koncepcji badar, nadzor nad przeprowadzonymi badaniami, wspétudziat
w metodologii i pozyskaniu materiatu do badan, wspétudziat w interpretacji wynikéw oraz
weryfikacja merytoryczna manuskryptu, co stanowi 10% indywidualnego udziatu
w przygotowaniu wyzej wymienionej publikacji.

2. Zidtkowska, E., Bogucka, J., Mazurkiewicz, J., Rawski M., Rozariski S., Stanek M. Effects of a
Trans-Galactooligosaccharide on Minerals Content of Common Carp (Cyprinus carpio L.)
Tissues. Biological Trace Element Research, 2021, 199, 4792-4804.
https://doi.org/10.1007/s12011-021-02600-w, 70 pkt. MEiN, IF 3.738

Opracowanie koncepcji badari, nadzér nad przeprowadzonymi badaniami, wspdtudziat
w metodologii i pozyskaniu materiatu do badan, wspdtudziat w interpretacji wynikéw oraz
weryfikacja merytoryczna manuskryptu, co stanowi 5% indywidualnego udziatu
w przygotowaniu wyzej wymienionej publikacji.

" W przypadku prac dwu- lub wiel skich wymagane sq o$wiadczenia kandydata do stopnia doktora oraz wspélautoréw, wskazujgce na
ich merytoryczny wkiad w powstanie kazdej pracy (np. twérca hipotezy badawczej, p fod badar, wyk ie specyficznych badarn —
np. przeprowadzenie konkretnych doswiadczen, oprac ie i zebranie ankiet ifp., wyk ie analizy wynikow, przyg i kryptu
artykutu i inne). Okreslenie wkiadu danego autora, w tym kandydata do stopnia doktora, powinno by na tyle precyzyjne, aby umozliwi¢
doktadna oceng jego udziatu i roli w p iu kazdej pracy.
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Z.16.2021.2022
Zalacznik nr 3 do
Instrukcji ~ drukowania,  gromadzenia,  rejestrowania
i udost¢pniania rozpraw doktorskich przez rady naukowe
dyscyplin  (dyscyplin  artystycznych)  prowadzacych
postepowanie w sprawie nadania stopnia naukowego doktora

3. Ziétkowska, E., Bogucka, J., Rawski, M., Mazurkiewicz, J., Maiorano, G., Stanek, M. The first
insights on trans-galactooligosaccharide effects on fatty acids profile and microstructure of
muscle in common carp. Annals of Animal Science, 2022, 22, 1, 305-324.
https://doi.org/10.2478/aoas-2021-0030, 140 pkt. MEiN, IF 2.090

Opracowanie koncepcji badan, nadzér nad przeprowadzonymi badaniami, wspdétudziat
w metodologii i pozyskaniu materiatu do badan, wspétudziat w interpretacji wynikow oraz
weryfikacja merytoryczna manuskryptu, co stanowi 10% indywidualnego udziatu
w przygotowaniu wyzej wymienionej publikacji.

Jednoczesnie wyrazam zgode na przediozenie wyzej wymienionej/wymienionych pracy/prac przez
mgr Ewe Zidtkowskg jako czesc rozprawy doktorskiej opartej na zbiorze opublikowanych i powigzanych
tematycznie artykutéw naukowych.

................. .06 00902 %ﬁﬁ/\%?gfé

mle;scowosé data Podpis wspétautora artykutu naukowego

* W przypadku prac dwu- lub wiel skich wymagane sq oSwiadczenia kandydata do stopnia doktora oraz wspélautoréw, wskazujgce na
ich merytoryczny wkiad w powsianie kazdej pracy (np. twérca hip badawczej, p lodawca badar, wyk ie specyficznych badar —
np. przeprowadzenie konkretnych doswiadczen, opracowanie i zebranie ankiet itp., wykonanie analizy wynikéw, przygotowanie manuskryptu
artykulu i inne). Okreslenie wkladu danego autora, w tym kandydata do stopnia doktora, powinno byé na tyle precyzyjne, aby umozliwié
doktadna oceng jego udzialu i roli w powstaniu kazdej pracy.
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Z.16.2021.2022
Zatacznik nr 3 do
Instrukcji ~ drukowania, ~ gromadzenia,  rejestrowania
i udostepniania rozpraw doktorskich przez rady naukowe
dyscyplin ~ (dyscyplin  artystycznych)  prowadzacych
postgpowanie w sprawie nadania stopnia naukowego doktora

Oswiadczenie Wspétautora

dr hab. inz. Joanna Bogucka, Prof. PBS

(tytut zawodowy, imiona i nazwisko wspétautora)

Politechnika Bydgoska

im. Jana i Jedrzeja Sniadeckich

Wydziat Hodowli i Biologii Zwierzat,
Katedra Fizjologii Zwierzat i Zoofizjoterapii
ul. Mazowiecka 28, 85-084 Bydgoszcz

(miejsce pracy/afiliacja)

OSWIADCZENIE
Oswiadczam, iz moj wktad autorski w nizej wymienionym/wymienionych artykule/artykutach
naukowym/naukowych byt nastepujacy”:

1. Ziétkowska, E., Bogucka, J., Dankowiakowska, A., Rawski, M., Mazurkiewicz, J., Stanek, M.
Effects of a Trans-Galactooligosaccharide on Biochemical Blood Parameters and Intestine
Morphometric Parameters of Common Carp (Cyprinus carpio L.). Animals 2020, 10, 723.
https://doi.org/10.3390/ani10040723, 100 pkt. MNiSW, IF 2.752

Wspotudziat w opracowaniu metodologii w zakresie analiz histologicznych jelit, wspétudziat
w opracowaniu koncepcji publikacji, nadzér nad analizami histologicznymi, nadzér nad
analizami statystycznymi oraz korekta manuskryptu, co stanowi 10% indywidualnego udziatu
w przygotowaniu wyzej wymienionej publikacji.
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