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Streszczenie
Wplyw suplementacji -alaning i wyciggiem z czosnku w paszy na ograniczenie
poziomu amin biogennych w mi¢sniach szkieletowych kurczat brojleréw

Migso drobiowe jest cenione przez konsumentow ze wzgledu na zawarto$¢ tatwostrawnego bialka,
szybko$¢ obrobki termicznej czy brak przeciwwskazan religijnych do jego spozycia. Selekcja
prowadzona u kurczat brojlerow wplyneta na zmiang struktury widkien migsniowych co spowodowato,
ze migso drobiowe jest produktem o krotkim czasie przydatno$ci do spozycia. Proces proteolizy
rozpoczyna si¢ okoto 4. dnia od uboju, podczas ktérego powstaja m. in. aminy biogenne (BA). Aminy
biogenne pelnia wiele waznych funkcji w organizmie czlowieka, jednak ich nadmiar wykazuje szereg
toksycznych wtasciwos$ci oraz moze wplywaé na procesy nowotworzenia. W celu ograniczenia
wystgpowania BA stosuje si¢ szereg modyfikacji, ale odnosza si¢ one gtéwnie do postgpowania zmigsem.

Celem niniejszej pracy bylo okreslenie tworzenia si¢ BA i aminokwasow (AA)W migéniach
piersiowych i mig$niach nog kurczat brojleréw (doswiadczenie 1.). Oznaczano poziomy BAiAAw 1., 3.,
5., 7.1 10. dniu przechowywania chtodniczego obu typéw migéni. W doswiadczeniu 2. analizowano
mozliwo$ci ograniczenia powstawania BA w wybranych migs$niach kurczat. Zastosowano suplementacje
podajac beta-alaning(B-Ala) i ekstrakt z czosnku oraz ich mieszaning do paszy dla kurczat.
Do$wiadczeniem objeto 1050 jednodniowych kogutkéw ROSS 308. Podzielono je na 7 grup —po 150
kurczat (6 powtdrzen x 25 ptakow): bez dodatkéw (grupa kontrolna — C), z dodatkiem 0,5% ekstraktu z
czosnku (G05), 2% ekstraktu z czosnku (G2), 0,5% dodatku B-Ala (B05), 2% dodatku p-Ala (B2), 0,5%
dodatku ekstraktu z czosnku i 0,5% dodatku B-Ala(BGO5), 2% ekstraktu z czosnku i 2% dodatku (-
Ala(BG2). Kurczgta byty zywione ad libitum w systemie trojfazowym. Po 35. dniach do uboju wybrano z
kazdej grupy 6 kogutéw — po jednym ptaku z przedziatu.Wykonano dysekcje i pobrano migénie piersiowe
i ndg do dalszych analiz. W mig$niach wykonano analiz¢ sktadu chemicznegooraz oznaczono poziom 4.
bioaktywnych peptydow, 9. BA, oraz19. AA w trakcie przechowywania chtodniczego (1.,3.,5.,7. i 10.
dzien).

Poziom BA wzrastal wraz z czasem przechowywania migsni piersiowych i ndg. Stwierdzono
ujemne korelacje pomiedzy poszczegdlnymi BA, a ich aminokwasami prekursorowymi. Zastosowanie
suplementacji B-Ala i ekstraktu z czosnku po 0,5% do diety kurczat wplyngto na uzyskanie wyzszych
BWG i koncowej BW, obnizenie FI i FCR oraz wzrost udzialu migéni noég. Zastosowanie diety
wzbogaconej jednocze$nie ekstraktem z czosnku i B-Ala wplyngto na wzrost zawartosci biatka,
karnozyny i anseryny w mie$niach piersiowych i nég w odniesieniu do pojedynczo zastosowanego
suplementu. Zastosowanie diety wzbogaconej jednoczesnie w ekstrakt z czosnku i B-Ala w ilosci po 0,5%
oraz kazdego osobno wptyne¢to na ograniczenie powstawania MDA w migsniach piersiowych i nog, a co
za tym idzie poprawg ich statusu oksydacyjnego. Ponadto jednoczesna suplementacja ekstraktu z czosnku
i B-Ala w ilosci po 0,5% wplyneta na ograniczenie ksztattowania si¢ indeksu BAI i Total BA-1 w 10. dniu
przechowywania chlodniczego w mig$niach piersiowych i wptyneta na obnizenie Total BA-2 oraz
wykazywata tendencje ograniczenia ksztaltowania si¢ indeksu BAI w 10. dniu przechowywania w
migs$niach noég. Zastosowanie diety wzbogaconej ekstraktem z czosnku i B-Ala w ilosci po 2% oraz ich
mieszaniny wplyneto na wzrost zawartosci MDA w przechowywanych mieéniach piersiowych i nog.
Stowa kluczowe: kurczeta broilery, aminy biogenne, czosnek, f-alanina



Summary
Effect of supplementation of B-alanine and garlic extract in feed on reducing the

level of biogenic amines in skeletal muscles of broiler chickens

Poultry meat is valued by consumers due to its easily digestible protein content, the speed of heat
treatment or the lack of religious contraindications to its consumption. The selection carried out in broiler
chickens has changed the structure of the muscle fibres, making poultry meat a product with a short shelf
life. The process of proteolysis begins around day 4 after slaughter, during which biogenic amines (BA),
among others, are formed. Biogenic amines have many important functions in the human body, but an
excess of these amines exhibits a number of toxic properties and can affect tumourigenesis. A number of
modifications are used to reduce the occurrence of BA, but these mainly relate to the handling of meat.

The aim of the present study was to determine BA and amino acid (AA) formation in breast and
leg muscles of broiler chickens (experiment 1.). The levels of BA and AA were determined on the 1st,
3rd, 5th, 7th and 10th day of cold storage for both muscle types. In experiment 2, the possibility of
reducing BA formation in selected chicken muscles was analysed. Supplementation by administering
beta-alanine (B-Ala) and garlic extract and their mixture to the chicken feed was used. The experiment
included 1050 day-old ROSS 308 roosters. They were divided into 7 groups - 150 chickens each (6
replicates x 25 birds): without additives (control group - C), with 0.5% garlic extract (G05), 2% garlic
extract (G2), 0.5% B-Ala additive (B05), 2% B-Ala additive (B2), 0.5% garlic extract and 0.5% B-Ala
additive (BGO05), 2% garlic extract and 2% B-Ala additive (BG2). Chickens were fed ad libitum in a
three-phase system. After 35 days, six cockerels were selected from each group for slaughter - one bird
from each repetition. Dissection was performed and breast and leg muscles were collected for further
analyses. Chemical composition analysis was performed in the muscles and the levels of the 4th bioactive
peptides, 9th BA, and 19th AA were determined during refrigerated storage (1st, 3rd, 5th, 7th and 10th
day).

BA levels increased with storage time in breast and leg muscles. Negative correlations were
found between individual BA and their precursor amino acids. The application of B-Ala and garlic extract
supplementation of 0.5% each to the chickens' diets resulted in higher BWG and final BW, lower FI and
FCR, and an increase in the proportion of leg muscles. The use of a diet simultaneously enriched with
garlic extract and B-Ala increased protein, carnosine and anserine content in breast and leg muscles with
respect to the single supplement used. The use of a diet enriched simultaneously with garlic and p-Ala
extract at 0.5 per cent each and each separately reduced the formation of MDA in breast and leg muscles,
thereby improving their oxidative status. In addition, the simultaneous supplementation of garlic extract
and B-Ala at 0.5% each reduced the formation of BAI and Total BA-1 index on day 10 of cold storage in
breast muscles and reduced Total BA-2 and showed a tendency to reduce the formation of BAI index on
day 10 of storage in leg muscles. The use of a diet enriched with garlic extract and B-Ala at 2% each and

their mixture increased the MDA content in stored breast and leg muscles.

Key words: broiler chickens, biogenic amines, garlic, p-alanine
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Wykaz stosowanych skrotow:

FCR — wspoétczynnik wykorzystania paszy
BA- aminy biogenne

MAO - monoaminooksydaza
DAO - diaminooksydaza

PAO - poliaminooksydaza

AA — aminokwasy

CP — bialko surowe (crude protein)
HIS-BA - histamina

PUT-BA - putrescyna

CAD-BA - kadaweryna

TYR-BA - tyramina

PHE-BA - fenyloetyloamina
TRP-BA - tryptamina

AGM-BA - agmatyna

SPM-BA - spermina

SPD-BA - spermidyna

index BAI —Index amin biogennych (Biogenic amines index) suma HIS-BA, PUT-BA,
CAD-BA, TYR-BA

Total BA-1 - suma HIS-BA, PUT-BA, CAD-BA, TYR-BA, PHE-BA, TRP-BA i AGM-
BA

Total BA-2 - suma Total BA-1, SPM-BA i SPD-BA
Met — metionina

Lys — lizyna

His - histydyna

Tyr - tyrozyna

Phe - fenyloetylanina

Trp - tryptofan

Thr —treonina

Orn — ornityna
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Leu —leucyna

lle - izoleucyna

Val - walina

Arg — arginina

EAA — aminowasy egzogenne (essential amino acids)
Asn - asparagina

Asp - kwas asparaginowy

GlIn - glutamina

Glu - kwas glutaminowy

Ser —seryna

B-Ala - B-alanina

Pro — prolina

NEAA — aminokwasy endogenne (nonessential amino acids)
RR - wskazniki odzysku (Recovery rates)

LOD - granice wykrywalno$ci (limits of detection)
LOQ - granice oznaczalno$ci (limits of quantification)
BW — masa ciata (body weight)

FI — pobranie paszy (feed intake)

MDA - dialdehyd malonowy

MUFA — kwasy ttuszczowe jednonienasycone

PUFA — kwasy tluszczowe wielonienasycone
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1. Wstep

W ostatnich dekadach obserwuje si¢ wzrost produkcji oraz konsumpcji mig¢sa na
swiecie. W 2022 roku $wiatowa produkcja migsa wyniosta 314 min ton, a prognozy
przewiduja wzrost w ciggu najblizszej dekady o okoto 12%. W 2032 roku $wiatowa
produkcja migsa wedtug prognoz FAO przekroczy putap 380 min ton (OECD/FAO,
2023). Obecnie w §wiatowej strukturze produkcji migso drobiowe stanowi prawie 137
min ton, a prognozy przewiduja wzrost w ciggu dekady do 156 min ton (OECD/FAQ,
2023). Migso drobiowe jest jednym z najczgsciej wybieranych migs przez konsumentow
(Kralik i wsp., 2018). Na popularno$¢ migsa drobiowego maja wptyw takie czynniki jak
fatwos$¢ 1 szybkos¢ obrobki termicznej, duza zawarto$¢ biatka oraz niska cena, ktora
wynika z wysokiej zdolno$ci reprodukcyjnej drobiu i szybkiego tempa wzrostu kurczat
miesnych (Kralik i wsp., 2018; Esposito i wsp., 2022). W 2021 roku na $wiecie
statystyczny konsument spozyt 34 kg migsa, w tym 14,85 kg migsa drobiowego, a
wedtug prognoz w 2030 roku $rednie §wiatowe spozycie wzrosnie do 34,8 kg migsa, w
tym 14,95 migsa drobiowego (OECD/FAQO, 2022). Statystyczny polski konsument w
2022 roku spozyt 74 kg migsa, w tym 25,7 kg migsa drobiowego (GUS, 2023).
Wozrastajace spozycie migsa stanowi od kilku dekad duze wyzwanie takze dla
producentéw. By sprosta¢ wzrastajgcemu popytowi wprowadzono miedzy innymi
intensywng produkcje, zastosowano ostrg selekcje oraz powstaly nowe technologie
umozliwiajace utrzymywanie nawet kilkudziesieciu tysigcy ptakéw w jednym obiekcie
(Havenstein i wsp., 2003; Vizzier Thaxton i wsp., 2016).

Pierwsi protoplasci kurczat brojlerow zostali wytonieni w 1945 roku w wyniku
konkursu ,,Chicken of Tomorrow” ogloszonego przez ,,Atlantic&Pacific Tea Company”
(Vizzier Thaxton i wsp., 2016). Od tamtego czasu, by sprosta¢ wzrastajacej konsumpcji,
oprocz zmienionej znaczaco technologii chowu kurczat, zastosowano jednokierunkowa
selekcje w celu uzyskania wigkszej hipertrofii migsni piersiowych i nég (Havenstein i
wsp., 2003; Dalle Zotte i wsp., 2020). Zastosowane metody spowodowaty wzrost
udziatu migsni jednak negatywnie wplynety na ich jako$¢ oraz strukture wiokien
mig$niowych— obecnie dominujg geste 1 szybkokurczace si¢ widkna o zwigkszonej
srednicy przekroju poprzecznego (Triki i wsp., 2018; Dalle Zotte i wsp., 2020). Zmiana
struktury wlokien oraz obnizenie jakosci migsa drobiowego skraca jego okres
przydatno$ci do spozycia w poréwnaniu z wieprzowing czy wolowing. Wysoka

zawarto§¢ MUFA i PUFA w migsie drobiowym wptywa réwniez na przyspieszenie
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procesu proteolizy, ktory rozpoczyna si¢ juz migdzy 4. a 10. dniem po uboju, co wplywa
takzena tworzenie si¢ BA(Gallas i wsp., 2010; Esposito i wsp., 2022).

Aminy biogenne sg to drobnoczgsteczkowe zwigzki o masie nieprzekraczajgcej
200 Daltonow. Wystepuja one powszechnie w komorkach roslinnych, zwierzgcych czy
mikroorganizmach (Nufez i wsp., 2015). Powstaja w wyniku trzech procesow:
dekarboksylacji wolnych aminokwasow, redukcyjnej transminacji aldehydow i1 ketonéw
oraz mogg powstawa¢ w obrebie tkanek i by¢ w nich kumulowane (Balamatsia i wsp.,
2006; Nufez i wsp., 2015; Triki i wsp., 2018). Nazewnictwo BA jest tworzone na
podstawie nazwy aminokwasu, od ktorego pochodzi dana amina np.: His — HIS-BA, Trp
—TRP-BA, Tyr-TYR-BA. Wyjatkiem jest SPM-BA, SPD-BA, PUT-BA i CAD-BA,
ktore powstajg z aminokwasoéw: Orn, Arg oraz Lys (Nufiez i wsp., 2015; Wojcik i wsp.,
2021). Do reszty aminokwasowej zamiast wigzania z grupa karboksylowg -COOH
powstaje wigzanie z grupg aminowg - NH2. Aminy biogenne mozna podzieli¢ na dwa
sposoby. Pierwszy to ilos¢ wigzan miedzy resztag aminokwasowsg, a atomem azotu.
Wyr6zniamy tu monoaminy (pojedyncze wigzanie z grupg NHz), diaminy (podwojne
wigzanie z grupg NH) oraz poliaminy (potrdjne wigzanie z atomem azotu). Drugim
sposobem podzialu amin biogennych jest klasyfikacja na podstawie budowy
aminokwasu prekursorowego. Wyrézniamy tu aminy alifatyczne, aromatyczne oraz

heterocykliczne. Podzial amin biogennych przedstawia rycina 1.
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Aminy biogenne

/|

Aromatyczne Heterocykliczne Alifatyczne
*pB-fenyloetylamina, shistamina, *spermidyna,
styramina, stryptamina, *spermina,
*kadaweryna,
*agmatyna,
sputrescyna.
Aminy biogenne

N

Monoaminy R-NH2 Diaminy R-NH Poliaminy R-N

*3- fenyloetylamina, skadaweryna, sspermina,
shistamina, *putrescyna, *spermidyna,
stryptamina, sagmatyna.

Rycina 1. Podzial amin biogennych (Wojcik i wsp.,(2021) na podstawie Nufezi wsp.,
2015).
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Aminy pehlia wiele waznych funkcji w organizmie cztowieka. Uczestniczg w
prawidlowym utrzymaniu ci$nienia krwi czy cieploty ciala, sg zrodtem azotu dla
organizmu. Ponadto sg prekursorami hormonow, zwigzkéw alkaloidowych, biatek i
kwasow nukleinowych. Poliaminy takie jak SPM-BA, SPD-BA oraz PUT-BA
przyczyniaja si¢ do naturalnego wzrostu i zréznicowania komorek oraz sa obecne w
ejakulacie ssakow petniac role modulatoréw ekspresji genow (lacza si¢ z DNA
aktywujac geny), maja takze wplyw na poczatkowy rozwoj embrionalny(Silva i Gloria,
2002; Nufez i wsp., 2015; Ahmad i wsp., 2019; Goes i wsp., 2020). Histamina reguluje
aktywno$¢ zotadka, prace serca, skurcze miesni gladkich, rytm dobowy i utrzymanie
cieptoty ciata. Wrazliwe na jej obecnosc¢ sa receptory histaminowe (H1-H4) — dziata ona
jako neuroprzekaznik oraz hormon o dziataniu lokalnym(Nufiez i wsp., 2015; Ahmad i
wsp., 2019; Ozcelik i wsp., 2020).

Poza pozytywnym dzialaniem BA spozycie zywno$ci bogatej w ich zawartos¢
moze powodowac¢ wiele niepozadanych reakcji ze strony organizmu. Putrescyna i CAD-
BA powoduja glownie tachykardi¢, wzmagaja one réwniez toksyczny efekt HIS-BA i
TYR-BA. Spozyciu w nadmiarze HIS-BA i TYR-BA przypisuje si¢ wiasciwosci
psychoaktywne i wazoaktywne. Histamina powoduje obnizenie ci$§nienia krwi, migreny,
mdtosci, wymioty, mrowienie j¢zyka, problemy zotadkowo-jelitowe oraz trudnosci z
oddychaniem. Jest ona czesto przypisywana zatruciom rybami i produktami rybnymi,
ktére zawieraja jej najwyzsze poziomy. Tyramina powoduje wyrzut noradrenaliny
wzrost cisnienia krwi, rozszerzenie naczyn krwionosnych, skurcz miegsni gladkich,
biegunke oraz tachykardi¢. Bogatymi produktami w TYR-BA sa sery i czgsto okresla
si¢ zatrucie TYR-BA jako ,.efekt serow” (cheese effect) lub ,,reakcja serowa” (cheese
reaction). Wsrod reakcji organizmu na nadmierne spozycie tych amin mozna wyrdznié¢
reakcje pseudoalergiczne. Ponadto HIS-BA i TYR-BA jako aminy heterocykliczne maja
duzy wplyw na proces nowotworzenia. W obecnos$ci azotyn, ktore sg stosowane jako
srodki konserwujace zywno$¢, aminy reaguja tworzac z nimi kancerogenne substancje —
nitrozo aminy (Ahmad i wsp., 2019; Ruiz-Capillas i Herrero, 2019; Simon Sarkadi,
2019; Ekici i Omer, 2020; Ozcelik i wsp., 2020; Pleva i wsp., 2020).

Ze wzgledu na toksyczne dzialanie nadmiernego spozycia BA oraz psucie si¢
zywnosci, w tym migsa, opracowano indeks BAI (Biogenic Amines Index). Jest on
wyrazany w mg/kg oraz wyraza si¢ go jako suma poziomowHIS-BA, TYR-BA, PUT-
BA i CAD-BA. W $wiezym migsie nie powinien on przekracza¢ wartosci 5 mg/kg.

Wartos¢ BAI miedzy 5, a 20 mg/kg jest akceptowalna do spozycia, miedzy 20, a
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50mg/kg $wiadczy o niskiej jakosci danego produktu, a poziom powyzej 50 mg/kg o
zepsuciu danego produktu (Ruiz-Capillas i Herrero, 2019).

Wz6r indeksu BAI:

BAI = HIS-BA+ TYR-BA + PUT-BA + CAD-BA

Naturalnym mechanizmem obronnym organizmu przed toksycznym dziataniem
BA s3 aminoksydazy. Wyrdézniamy monoaminooksydazy (MAO), diaminooksydazy
(DAO) oraz poliaminooksydazy (PAO). Mechanizm dziatania MAO i DAO jest
utrudniany przez przyjmowanie substancji, ktore nalezg do inhibitorow MAO i DAO.
Do takich substancji nalezy alkohol, antydepresanty i leki o dziataniu hamujgcym
rozw0j chorob neurodegeneracyjnych oraz leki stosowane przy leczeniu niedoci$nienia
tetniczego.

Szacuje sig, ze Srodki te przyjmuje nawet 20% spoleczenstwa europejskiego
(Ahmad i wsp., 2019; Feddern i wsp., 2019; Ruiz-Capillas i Herrero, 2019; Estrela i
wsp., 2020).

Szczegblowe omoOwienie powstawania, toksyczno$ci oraz wystepowania
poszczegdlnych BA zostato przedstawione w pracach P1 i P2 (Wojcik i wsp., 2021,
Wojcik 1 wsp., 2022).

Z powodu toksycznego dziatania po spozyciu nadmiernej ilosci BA, wysokiej ich
zawarto$ci w wielu produktach, a takze obnizonej naturalnej aktywno$ci enzymow
MAO 1 DAO wazne jest ograniczanie spozycia BA lub modyfikacji zywnosci w celu
ograniczenia ich powstawania. Jak dotad stosowano wiele metod ograniczania ich
poziomu w migsie (kultury starterowe, metody pakowania, stosowanie wysokiego
hydrostatycznego cis$nienia, ozonowanie zywnos$ci, poddawanie radiacji oraz
stosowanie olejkow eterycznych, fitobiotykoéw i kwasow organicznych) (Jairath i wsp.,
2015; Nufiez i wsp., 2015; Bertram 1 wsp., 2019; Simon Sarkadi, 2019; W¢jcik i wsp.,
2022). Metody te odnosily si¢ glownie do technologicznego postgpowania z migsem,
jako produktem poubojowym. Zaréwno modyfikacja zywnos$ci na rdéznych etapach
produkcji w celu obnizenia zawartosci BA jak 1 ograniczenie spozycia migsa jest wazna
dla zrbwnowazonego rozwoju spoteczenstwa. Dotychczas ograniczanie poziomu BA za
pomocg stosowania dodatkéw do paszy nie byto przedmiotem badan. Potencjalnie taki
wpltyw moglaby mie¢ suplementacja p-Ala, ktora taczac si¢ z histydyng tworzy
karnozyng (Harris i wsp., 1998; Hill i wsp., 2007). Wczesniej wykazano, ze
wzbogacenie diety w [-Ala wplynelo na zwigkszenie karnozyny w migéniach

piersiowych nawet 0 20% (Kope¢ i wsp., 2020). Karnozyna ma pozytywny wpltyw na
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wiele funkcji w organizmie. Jest ona naturalnym przeciwutleniaczem, wykazuje
zdolnoséci neutralizacji wolnych rodnikow, wykazuje dziatanie przeciwzapalne i
neuroprotekcyjne, hamujac rozwdj chorob neurodegeneracyjnych. Ponadto karnozyna
jest bardzo dobrym wewnatrzkomorkowym buforem pH, wykazuje dziatanie
chelatujace metale cigzkie i antyglikujace. Zmniejsza peroksydacje lipidéw, ale takze
hamuje oksydacyjng modyfikacj¢ biatlek narazonych na dzialanie rodnikow
hydroksylowych. Wydluza rowniez zywotnos¢ komorek, hamuje proces starzenia si¢
organizmu(Artioli i wsp., 2019; Xing i wsp., 2019; Caruso i wsp., 2021; Juki¢ i wsp.,
2021). Zywnosci wzbogaconej w zawarto$é karnozyny moznaby przypisaé¢ nazwe
zywnosci funkcjonalnej. Jak podaje Trziszka i Rézanski (2015): ,,Zywnosé funkcjonalna
to Zywnos¢ o postaci zywnosci konwencjonalnej, ktorej udowodniono korzystny wphyw
na jedng Ilub wiecej funkcji organizmu, prowadzgcy do: poprawy stanu zdrowia,
poprawy samopoczucia i/lub zmniejszenia ryzyka choréb. Zywnosé funkcjonalna
posiada, obok naturalnych skladnikow, zwigkszone stezenie wystepujgcego w niej
sktadnika aktywnego lub dodatek takiego skiadnika. Moze polepszaé samopoczucie i
stan zdrowia lub obniza¢ ryzyko choroby, wphywajgc na poprawe jakosci zycia.” Wsrod
sportowcow karnozyna jest szeroko stosowana wraz z -Ala w postaci suplementow.
Popularno$¢ wiasciwosci karnozyny i B-Ala wsérdd pacjentéw chorych na choroby
uktadu krazenia czy cukrzyce, jak podaje Juki¢ 1 wsp. (2021) jest na bardzo niskim
poziomie. Caruso i wsp. (2021) potwierdzili, na podstawie dotychczasowych badan
terapetycznego zastosowania karnozyny, kliniczng skuteczno$¢ tego dipeptydu w
zapobieganiu pogorszeniu funkcji poznawczych szczegélnie u osob w podesziym
wieku. Jednym z badan przytoczonych przez Caruso i wsp. (2021) byly badania
Szczeé$niak 1 wsp. (2014), gdzie podawano pacjentom migso drobiowe wzbogacone w
karnozyne i anseryne.Po 13 tygodniach osoby z grupy doswiadczalnej uzyskaty lepszy
wynik badania krotkiego testu stanu umystowego w obszarach kopiowania, abstrakcji i
przypominania(Szczesniak i wsp., 2014).

Suplementacja 3-Ala wptywa nie tylko na wzrost tego aminokwasu w migsie ale
rowniez na zwigkszenie zawarto$ci karnozyny. Lackner i wsp., (2021) dodajac do paszy
0,5% B-Ala uzyskali wzrost zawarto$ci karnozyny o 28,6% w migsniach piersiowych
kurczat ROSS 308 (Lackner i wsp., 2021). W badaniach Suwanvichanee i wsp.,(2022)
B-Ala wptyngta na poprawe jakosci migsa i struktury Il- rzedowej biatek u kurczat
wolnorosngcych. W badaniach Qi i wsp.,(2018) wykazano obnizenie jednego ze

wskaznikow stresu oksydacyjnego — MDA. Jednak B-Ala jest malo skuteczna jako
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przeciwutleniacz (Decker i wsp., 2000; Boldyrev i wsp., 2013). Dlatego wazne jest
stosowanie suplementacji B-Ala z innym silnym przeciwutleniaczem. Allicyna
(tiosulfiniandialilu) wystepujaca w czosnku uznawana jest za jeden z najsilniejszych
przeciwutleniaczy. Ponadto czosnek jest zrodtem innych substancji rowniez
wykazujacych wlasciwosci przeciwutleniajace, takich jak allina (sulfotlenek S-
allilocysteiny),  metantiosulfinian  allilu,  disiarczekdiallilu, trisiarczekdiallilu,
trisiarczekallilometylowego, S-allilomer- kaptocysteiny, ajoenu i S-
allilocysteiny(Tadeusiewicz i wsp., 2014). Substancje te dzigki wystepujgcemu w nich
wigzaniu z atomem siarki wykazuja wiele wlasciwosci, takich jak: przeciwutleniajace,
przeciwdrobnoustrojowe, przeciwmutagenne, przeciwnowotworowe, przeciwzapalne,
przeciwmiazdzycowe, przeciwcukrzycowe i immunostymulujace (Tadeusiewicz i wsp.,
2014; Chen i wsp., 2021). Obecnie coraz czgsciej preferencje konsumentow sg
skierowane w stron¢ zywno$ci wzbogaconej, a takze produktéw pochodzenia
zwierzecego bez pozostatosci antybiotykow. Nie bez znaczenia jest tez poziom
dobrostanu jaki jest zapewniony ptakom w trakcie odchowu. Dodatki ziotowe moga by¢
alternatywa dla farmakologicznych $rodkéw 1 obnizy¢ zastosowanie antybiotykow w
produkcji drobiarskiej oraz poprawi¢ zdrowotnos$¢ ptakoéw (Lukanovi wsp., 2015; Aarti
and Khusro, 2020; Santoso i wsp., 2020). Dzialanie stosowania czosnku w diecie
kurczat byto przedmiotem wielu badan(Onibi i wsp., 2009; Pouralii wsp., 2010; Hossain
i wsp., 2014; Lukanov i wsp., 2015; Puvaca i wsp., 2015). Autorzy wykazali pozytywny
wplyw suplementacji czosnku na wyniki produkcyjne, zdrowotno$¢ ptakow i na
poprawe jakoscimigsa Oraz ograniczenie stosowania antybiotykow w czasie odchowu.
Suplementacja czosnkiem moze rowniez wptyna¢ na obnizenie zawartosci BA w migsie
ze wzgledu na silne dziatanie przeciwutleniajace (Pouralii wsp., 2010; ElImowalidi wsp.,
2019; Chen i wsp., 2021; Suwanvichanee i wsp., 2022; Wojcik i wsp., 2022).
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2. Hipoteza badawcza, cel pracy oraz zakres badan

W ramach pracy doktorskiej postawiono nastgpujace hipotezy badawcze:

- poziom BA w mig$niach szkicletowych kurczat brojlerow przechowywanych w
warunkach chtodniczych wzrasta liniowo wraz z okresem ich przechowywania;

-zastosowanie dodatku réznych poziomoéw ekstraktu z czosnku oraz B-Alai ich
mieszaniny wptywa na poprawe¢ wynikow produkcyjnych, zawarto$¢ bioaktywnych
dipeptydéw oraz obniza zawartos¢ BA w migsniach szkieletowych kurczat broileréw w

trakcie ich przechowywania w warunkach chtodniczych.

Celem przeprowadzonych, w ramach pracy doktorskiej, badan bylo okreslenie wptywu
suplementacji r6znymi poziomami ekstraktu z czosnku i B-Alana zmiany ksztaltowania

si¢ BA w mig$niach szkieletowych kurczat broilerow.

Zakres badan:

Okreslenie ksztaltowania si¢ poziomu BA i ich aminokwaséw prekursorowych w
mig$niach piersiowych i migéniach ndg kurczat brojlerow przechowywanych w
chtodniczych warunkach tlenowych.

Okreslenie wptywu suplementacji réznymi poziomami ekstraktu z czosnku i f3-
Ala oraz ich mieszanin do paszy dla kurczat migsnych na wyniki produkcyjne, status
oksydacyjny oraz na zawarto$¢ biologicznie aktywnych dipeptydow w migsniach
piersiowych 1 n6g przechowywanych w tlenowych warunkach chlodniczych przez okres
10. dni.

Okreslenie wptywu suplementacji r6znymi poziomami ekstraktu z czosnku i f3-
Alai ich mieszanin do paszy dla kurczat migsnych na ksztattowanie si¢ BA (HIS-BA,
TYR-BA, PUT-BA, CAD-BA, TRP-BA, AGM-BA, PHE-BA, SPM-BA, SPD-BA) oraz
19. aminokwaséw w mig$niach piersiowych i ndg przechowywanych w tlenowych

warunkach chtodniczych przez okres 10. dni.
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3. Metodyka badan

W niniejszej pracy przeprowadzono dwa doswiadczenia:

e Okreslenie ksztaltowania si¢ BA i ich aminokwaséw prekursorowych w
migsniach  szkieletowych kurczat brojlerow przechowywanych w  warunkach
chtodniczych przez okres 10. dni (Wojcik i wsp., 2023a).

e Okreslenie  wynikéw  produkcyjnych, sktadu  chemicznego  mieséni,
statusuoksydacyjnego, ksztattowania si¢ BA i sktadu aminokwasowego0 oraz zawartosci
biologicznie aktywnych dipetydoww migsniach piersiowych i ndg przechowywanych
przez okres 10. dni w  warunkach  chlodniczych po  zastosowaniu
suplementacjiekstraktem z czosnku i B-Ala do paszy dla kurczat brojlerow(Wojcik i
wsp., 2023b; Wojcik i wsp., 2024).

Ze wzgladu na duze roznice w danych literaturowych dotyczacych zmian w
poziomach BA w przechowywanym migsie drobiowym pierwsze doswiadczenie miato
na celu okreslenie ksztaltowania si¢ poziomu BA i AA w trakcie 10-dniowego
przechowywania chtodniczego migéni piersiowych i nog. Nastgpnie w drugim
doswiadczeniu przeprowadzono suplementacje réznymi poziomami ekstraktu z czosnku
1 B-Ala 1 ich mieszaniny do paszy dla kurczat (kogutkow) ROSS 308, a po
zakonczonym doswiadczeniu przeprowadzono analizy poziomu BA i AA w mig$niach
piersiowych i noég przechowywanych analogiczny sposob jak w uktadziedoswiadczenia
1., czyli do 10. dni w warunkach chtodniczych. Analizy oznaczania BA i AA
przeprowadzano w tych samych dniach przechowywania chtodniczego migéni, tj. w 1.,

3., 5., 7.110. dniu przechowywania.
3.1. Doswiadczenie 1. - schemat

W doswiadczeniu 1. migsnie piersiowe i migsnie ndg pozyskano od kurczat
migsnych zywionych pasza, ktorej gtownymi komponentami byta pszenica, S$ruta
poekstrakcyjna sojowa i kukurydza. Kurczeta byly zywione w systemie trojfazowym 1-
16 dzien pasza starter (11,5 MJ energii, 261 g CP/kg), 17-35 dziengrower (12,1 MJ
energii, 221 CP/kg) oraz 36-42 dzien finiszer (13,4 MJ energii, 187 CP/kg). Po okresie
odchowu i przeprowadzeniu komercyjnego uboju wybrano losowo 10 tuszek, z ktorych
po 24 godzinach schtodzenia metoda owiewowa pobrano migénie piersiowe 1 migsnie
nog do analiz. Mig$nie zostaly poddane homogenizacji i dokladnie wymieszane, by

kazda proba byla homogenna. Kazdy migsien byl rozdrobniony indywidualnie.
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Wykonano pomiar zawartosci biatka i thuszczu w mig$niach piersiowych i mig$niach
nég za pomocg Food Scan™ analyzer (FossElectric, Hillered, Denmark). Poziom biatka
W migsniach piersiowych wynosit 22,23 + 0,39%, a w migé$niach nog 20,04 + 0,42%.
Poziom thuszczu wynosit 2,73 + 0,09% w miegs$niach piersiowych, a w mig$niach nog
7,81 £ 0,14%. Otrzymany homogenizat kazdego mi¢$nia podzielono na 5 prob w
woreczki strunowe wykonane z folii polietylenowej (PE) o wymiarach 100 x 150 mm.
Kazdy woreczek byt szczelnie zamkniety 1 przechowywany w warunkach chtodniczych
w temperaturze (2,2°C £ 0,3°C). Wykonywano oznaczanie poziomu BA (HIS-BA, PUT-
BA, CAD-BA, TYR-BA, PHE-BA, TRP-BA, AGM-BA, SPM-BA, SPD-BA, index
BAI, oraz Total BA-1 i Total BA-2), poziomu AA (Arg, Lys, His, Tyr, Phe, Trp, Orn,
oraz sumg¢ prekursorow amin wchodzacych w sktad indeksu BAL: His, Tyr, Lys i Orn) w
migs$niach piersiowych i migéniach nog w 1., 3., 5., 7., i 10. dniu przechowywania w

warunkach chtodniczych.
3.1.1.Przygotowanie préb do analiz

Przygotowanie prob do analiz i oznaczanie poziomu BA i1 AA zostalo
przeprowadzone zgodnie z metodyka opisana przez Swider i wsp. (2020). Odwazone 2
ghomogenizatu mi¢sni wprowadzono do probdéwki wirdwkowej o pojemnosci 50 ml,
dodano 50 pl roztworu wzorca wewnetrznego 1,7-diaminoheptanu (1 mg/ml) i 40 ml
5% kwasu trichlorooctowego, a nastepnie mieszano i wirowano przy 10 000 obrotow na
minute przez okres 10 minut. Nast¢pnie otrzymane 100 plsupernatantu przeniesiono do
probowki polietylenowej filtrujac supernatant przez bibule filtracyjng o $rednicy porow
0,20 um. Dodano 1 ml wody destylowanej, 1 ml roztworu boraksu (5%), chlorek
dansylu (2,5 ml, 20 mM) rozpuszczonego w acetronitrylu. Wstrzasnieto oraz
umieszczono w tazni wodnej w temperaturze 30°C na 1 godzing, bez dostepu do
swiatla. Po ostudzeniu dodano 125 pl roztworu amoniaku (400 mM) i pozostawiono
probowke na 15 minut w ciemnym miejscu. Na koniec mieszaning przefiltrowano przez
filtr strzykawkowy o $rednicy poréw 0,45 pm do fiolki chromatograficznej w celu

analizy za pomocg LC-MS.
3.1.2. Chromatografia cieczowa — spektrometria mas

Analiz¢ oznaczania BA i AA przeprowadzono przy wykorzystaniu ultrasprawnego
chromatografu cieczowego (UPLC - ultra-high-performance liquidchromatograph)

potaczonego ze spektrometrem mas Q ExactiveOrbitrap Focus MS (Thermo Fisher
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Scientific, Waltham, MA, Stany Zjednoczone). Zastosowano metodyke zgodng z
metodyka opisang przez Swider i wsp. (2020). Uzyto nieporowata kolumne C18 2.1 100
mm x 1,6 um (Waters, Milford, MA, Stany Zjednoczone). Jony wytwarzano przy uzyciu
techniki podgrzewanej jonizacji elektrorozpryskowej (HESI) z napieciem rozpylania 3
kV. Faza ciekla sktadala si¢ z wody-acetonitrylu 90:10 (A) i acetonitrylu-wody 90:10
(B), w kazdej z faz dodano mréwczan amonu 5 mM i 0,1% kwasu mréwkowego.
Zastosowano gradient przeptywu faz A/B (%): 90/10 przez 0-2 min; 0/100 przez 2-22
min; 0/100 przez 22-25 min; 90/10 przez 25-26 min; 90/10 przez 26-28 min. Szybkos¢
przeptywoéw wynosita 300 pl/min. Z kazdej wczesniej przygotowanej fiolki
chromatograficzniej pobrane zostato 2,5 pl cieczy. Analize przeprowadzono w
okreslonych warunkach: polaryzacja w trybie dodatnim, temperatura kapilary: 256°C,
nat¢zenie przeptywu gazu ostonowego wynosito 48 l/h, natezenie przeplywu gazu
pomocniczego wynosito 11 1/h, przeptyw gazu omiatajacego wynosit 2 1/h, temperatura
grzatki sondy podczas analizy wynosita 413°C, poziom RF soczewki S:50. Do
aktywizacji i analizy danych wykorzystano oprogramowanie Xcalibure 4.2.47 (Thermo
Fisher Scientific, Waltham, MA, Stany Zjednoczone). Zastosowana metoda analityczna
zostata zwalidowana w celu oceny jej parametréw statystycznych w analizach BA 1 AA,
zgodnie ze Swider i wsp. (2020). Wskazniki odzysku (RR) tej metody obliczono na
podstawie wynikow uzyskanych przy uzyciu niektérych probek z wzmocnieniami.
Ponadto oznaczono LOD i LOQ. Warto$ci dla poszczegolnych wskaznikow wynosity:
RR od 80 do 120%, LOD byt ponizej 1 mg/kg, a LOQ wynosito mniej niz 0,3 mg/kg.

Linearnos$¢ kalibracji metody wynosita powyzej 0,99.
3.1.3. Analiza statystyczna

Oceng¢ wpltywu czynnikéw (rodzaj migsa 1 czas przechowywania) oraz ich
interakcji przeprowadzono za pomoca dwukierunkowej analizy wariancji (ANOVA) 1
ich interakcji wedtug nastepujacych modeli liniowych:

Dla jednokierunkowej ANOVA:

Yij=u+A4;+ e+ or¥ix = u+ B + e

Dla dwukierunkowej ANOVA:

Yijk = u + Aj + By + (AB)jk + €jjk

gdzie Y jest zmienng zalezna, p jest srednig ogdlng, Aj jest efektem rodzaju migsa,
Bk jest efektem czasu przechowywania. Przedstawiono wartosci P-valuew oparciu o

zbiorcze bledy standardowe $rednich (SEM) dla kazdej badanej zmiennej. Wielokrotne
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poréwnania $rednich oparto na jednokierunkowej analiziec ANOVA 1 tescie
wielokrotnego zakresu Duncana. Wspotczynniki korelacji Pearsona zostaty obliczone w
celu oceny zalezno$ci migdzy wybranymi zmiennymi. Dodatkowo przeprowadzono
analiz¢ gtownych sktadowych (PCA). Analizy statystyczne przeprowadzono w
oprogramowaniu Statistica 13.3. Dla wszystkich analiz poziom istotnosci ustalono dla
P<0,05 (TIBCO, 2017).

3.2.Doswiadczenie 2. - schemat

W doswiadczeniu 2. przeprowadzono odchéw kurczat (kogutkéw) ROSS 308
zywionych dietg z dodatkiem réznych poziomow B-Alai ekstraktu z czosnku oraz ich
mieszaniny. Do$wiadczeniem objeto 1050 kurczat (tylko koguty) ROSS 308
podzielonych na 7 grup po 150 ptakow. Kazda grupa byla podzielona na 6 powtorzen,
po 25 ptakoéw na przedziat. Kurczeta podzielono na nastepujace grupy: bez dodatkow
(grupa kontrolna — C), z dodatkiem 0,5% ekstraktu z czosnku (G05), 2% ekstraktu z
czosnku (G2), 0,5% dodatku B-Ala (B05), 2% dodatku B-Ala (B2), 0,5% dodatku
ekstraktu z czosnku i 0,5% dodatku B-Ala (BGO5), 2% ekstraktu z czosnku i 2%
dodatku B-Ala(BG2). Kurczgta byly zywione ad libitum pasza kukurydziano-pszenno-
sojowa w systemie trojfazowym: 0-16 dzien - starter, 16-28 dzien - grower, 28-35 dzien
- finiszer. Ekstrakt z czosnku zakupiono z BELLACO (Warsaw, Poland), a -Ala zostata

zakupiona w firmie Ostrovit sp. zo.o0..
3.2.1. Przebieg doswiadczenia 2.

Kurczeta byly utrzymywane zgodnie z instrukcja prowadzenia stada dla ROSS
308 (Aviagen, 2020) (Broiler, 2006) na pelecie ze stomy pszenzytniej.

Mase ciata (BW) poszczegdlnych kurczat okreslano indywidualne (£1.0 g) w
momencie wstawienia (0 dzien). Kontrola stanu zdrowia ptakoéw i $miertelnos¢ bytly
stale monitorowane kazdego dnia do$wiadczenia. Pomiaruspozycia paszy (FI)i masy
ciala(BW) ptakéw wykonywano w trakcie zmian mieszanki paszowej, tj. w 16., 28. i
35. dniu zycia. Dane z przebiegu doswiadczenia, w tym FI oraz kontrola BW ptakow
pozwolity okreslic FCR (pasza:przyrost; kg:kg), skorygowany o $miertelno$¢.

W 35 dniu doswiadczenia wybrano po 6 kogutow o $redniej BW dla grupy (po
jednym ptaku z kazdego powtorzenia). Uboj przeprowadzono po 8 godzinach
glodzenia. Kurczaki poddano ubojowi przez dekapitacj¢ po ogluszeniu elektrycznym,

oskubano i wypatroszono. Otrzymane tuszki schtodzono metodg owiewowsa przez 24
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hw temperaturze 4°C. Nastepnie przeprowadzono dysekcje wedlug metodyki opisanej
przez Ziotecki i Doruchowski (1989). Obliczono wydajnos¢ rzezna, tj. udziat miesni i
udzial podrobéw (zotadka, watroby i serca) w stosunku do masy tuszki (%). Pobrane
migsnie piersiowe 1 migsnie nog zwazono, indywidualnie oznakowano, zabezpieczono i
pozostawiono do dalszych analiz w warunkach chtodniczych. W kolejnym etapie
poddano je homogenizacji, tj. rozdrobniono kazdy migsien indywidualnie i dwukrotnie
w maszynce do mig¢sa o $rednicy otworow 3 mm oraz doktadnie je wymieszano w celu
zapewnienia homogennych prob. W tak przygotowanej probce wykonano pomiar
warto$¢ pH 1 analizy sktadu chemicznego. Nastepnie probki po 20 g w pigciu
powtorzeniach zostaly umieszczone w woreczkach strunowych wykonanych z folii
polietylenowej (PE) o wymiarach 100 x150 mm i przechowywane szczelnie zamknigte
w warunkach chtodniczych (2,2°C + 0,3°C). W podzielonych probach wykonano
oznaczenia BA zgodnie z metodyka opisana przez Swider i wsp. (2020), zastosowana w
doswiadczeniu 1. i opisang w czgsci 3.1.3 Metodyka badan. Oznaczono AA z
aminokwasow endogennych: Met, Lys, His, Tyr, Phm, Trp, Thr, Orn, Leu, Ile, Val, Arg i
EAA; oraz aminokwasy egzogenne: Asn, Asp, Gln, Glu, Ser, B-Ala, Pro i NEAA.
Poziomy AA i BA zostaly oznaczone w 1., 3., 5., 7. i 10. dniu przechowywania
chlodniczego zhomogenizowanych migsni piersiowych i nog.

Warto$¢ pH probek migsa oznaczano zgodnie z norma PN-ISO 2917:2001 za
pomoca pH-metru CP-411 (Elmetron, Zabrze, Polska), stosujac elektrode szklano-
kalomelowa. Elektrode kalibrowano wobec buforéw o pH 4,0 i 7,0. W celu uzyskania

jednolitych wynikow dokonano 3 pomiaréw warto$ci pH, a nastepnie obliczono $rednig.
3.2.2. Sklad chemiczny

Oznaczono podstawowy sklad chemiczny analizowanych mig$ni piersiowych 1
nog za pomocyg Food Scan™ analyzer (FossElectric, Hillered, Denmark). t.acznie

przeanalizowano 84 proby (po 42 migsnie piersiowe i 42 migénie nog).
3.2.3. MDA

W migéniach oznaczono MDA zgodnie z metodyka opisang przez (Kapusta i wsp.,
2018). Do 250 pug migsa dodano 25 pl 0,2% 2,6-bis(1,1-dimetylo)-4-metylofenolu
(BHT, w etanolu) i 1 ml 5% kwasu trichlorooctowego (wodnego, TCA, Merck,
Warszawa, Polska) i worteksowano. Po odwirowaniu przy 14 000 obrotoéw/min przez 10

minut, pobrano 750 pl supernatantu i1 przeniesiono do szklanej proboéwki. Dodano 500
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pul 0,6% kwasu tiobarbiturowego (wodnego, Merck), a nastepnie wymieszano i
inkubowano w tazni wodnej w temperaturze 90°C przez 45 minut. Supernatanty byly
nastepnie przechowywane w warunkach chtodniczych, a nastepnie odwirowywane przy
4000 obrotow/min przez okres 5 min. Nastgpnie 100 pl klarownego supernatantu
przeniesiono do mikroplytki. Stezenie MDA okre$lono za pomoca analizatora
NanoQuant Infinite M200 PRO firmy Tecan (Tecan Austria GmBH, Grodig, Austria)
przy dtugosci fali 532 nm. Kazda probka byta analizowana 3-krotnie, a wyniki uzyte do
analiz byly $rednig. Analizy przeprowadzono w dniach 1., 3., 5., 7. i 10.
przechowywania w warunkach chtodniczych probek miesni piersiowych i n6g. WyniKki

MDA wyrazono w mM/g mi¢sa.
3.2.4. Bioaktywne peptydy

Poziomy bioaktywnych peptydow - karnozyny, anseryny wg. metodyki opisanej
przez Lukasiewicz i wsp., (2015), Q10, tauryny wg. metodyki Purchasi wsp.(2004) w
mig$niach oznaczono przy uzyciu wysokosprawnej chromatografii cieczowe] w
odwréconej fazie (RP-HPLC) Agilent 1100 (Agilent Technologies, Waldbronn, Niemcy)
I kolumny Jupiter C18 300A (Phenomenex, Torrance, CA, Stany Zjednoczone). Faza
ruchoma A sktadata si¢ z mieszaniny acetonitrylu z woda (30:70) i 0,1% kwasu TFA
(oba odczynniki firmy Merck), faza B - mieszaniny acetonitrylu z woda (70:30) i 0,1%
TFA. Przeptyw przez kolumne wynosil 1,4 ml/min, a dlugos$¢ fali detekcji 214 nm.
Objetos¢ nastrzyku koncowego roztworu wynosita 25 pl. Wszystkie probki
analizowano w dwoch egzemplarzach. Identyfikacja pikow zostata potwierdzona przez
porownanie ze standardami (Sigma-Aldrich, St. Louis, MO, Stany Zjednoczone).
Analizy przeprowadzono w dniach 1., 3., 5., 7. i 10. przechowywania proéb mig¢sni w

warunkach chtodniczych.
3.2.4. Analiza statystyczna

Po analizie rozktadu normalnego (test Shapiro-Wilka) okre§lono wplyw badanych
czynnikdw za pomocg analizy wariancji (ANOVA) lub testu Kruskala-Wallisa (jesli
zmienna nie miala rozktadu normalnego). Jednokierunkowa ANOVA zostata
zastosowana do wielokrotnych poréwnan miedzy grupami zastosowanej diety lub

mig¢dzy okresami przechowywania zgodnie z nast¢pujacymi modelami:
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Ocene wpltywu czynnikdw (rodzaj migsa i czas przechowywania) oraz ich
interakcji przeprowadzono za pomoca dwukierunkowej analizy wariancji (ANOVA) i
ich interakcji wedtug nastepujacych modeli liniowych:

Dla jednokierunkowej ANOVA:

Yij = u+ Ay + elubYiy = u+ By + e

Dla dwukierunkowej ANOVA:

Yijk = u + Ay + By + (AB)jk + €k

gdzie Y jest zmienng zalezng, | jest srednig ogdlng, Aj jest efektem zastosowanej,
Bk jest efektem czasu przechowywania. Porownania s$rednich przeprowadzono za
pomocy testu wielokrotnych poréwnan Duncana, jednorodne grupy $rednich oznaczono
kolejnymi literami alfabetu. Btedy standardowe $rednich (SEM) zostaly przedstawione
jako miary zmiennosci. Przeprowadzono analiz¢ gléwnych sktadowych (PCA). Do
analiz wykorzystano oprogramowanie Statistica 13 (TIBCO, 2017). Poziom istotnosci

dla wszystkich analiz ustalono na 0,05.
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4.0Omowienie glownych wynikow prac eksperymentalnych
Ponizej przedstawiono omoéwienie gtdéwnych wynikow prac eksperymentalnych,
ktore zostaty opublikowane w pracach (P3, P4, P5). W niniejszym syntetycznym opisie
publikacji zawarto najistotniejsze konkluzje, dotyczace analizy i interpretacji wynikow
badan. Pelna dyskusja wynikéw badan, uwzgledniajaca stan wiedzy, jest zawarta w

poszczegdlnych, oryginalnych artykutach.

4.1. Omowienie zmian ksztaltowania si¢ pozioméw BA i ich AA w
miesniach piersiowych i miesSniach nog kurczat brojlerow (Wajcik i

wsp., 2023a)

Na podstawie uzyskanych wynikéw zawarto§ci BA w mieg$niach piersiowych i
nog wykazano réznice (P<0,001) dla HIS-BA, TYR-BA, CAD-BA, TRP-BA, AGM-
BA, SPM-BA, SPD-BA, index BAI, Total BA-1, Total BA-2, oraz PHE-BA (P=0,032).
Nie stwierdzono roznicy w zawartosci jedynie PUT-BA (P=0,763). Zawarto$s¢
wszystkich BA wzrastata wraz z okresem przechowywania chtodniczego obu typoéw
migéni (P<0,001). Wykazano interakcje typu migsni (piersiowe i ndg) oraz czasu
przechowywania dla HIS-BA (P=0,001), TYR-BA(P<0,001), PUT-BA(P=0,144),
CAD-BA (P<0,001),indeks BAI (P<0,001) TRP-BA (P<0,001), AGM-BA (P=0,001),
PHE-BA (P=0,064), SPM-BA(P=0,284), SPD-BA(P<0,001), Total BA-1 (P<0,001),
Total BA-2 (P<0,001). Uzyskane wyniki sg zgodne z wynikami uzyskanymi przez
innych autorow (Balamatsia i wsp., 2006; Min i wsp., 2007; Martino i Marchetti, 2016;
Triki i wsp., 2018; Wojnowski i wsp., 2019; Saewan i Khidhir, 2021; Chmiel i wsp.,
2022). Autorzy analizowali poziom BA, ale jak dotad nie korelowano poziomu BA z ich
aminokwasami prekursorowymi. Wytacznie Triki i wsp. (2018) stwierdzili tendencje w
zmianach pozioméw BA 1 AA.

Poza okreSleniem poziomow BA 1 AA w przechowywanych mig$niach
piersiowych i nog celem prac byto rowniez okreslenie korelacji w poziomach BA z ich
AA prekursorowymi. Zaobserwowano ujemne korelacje miedzy Orn a PUT-BA (r=-
0,57) (P<0,05) i SPM-BA (r=-0,73) (P<0,05). Dla PHE-BA - Phe (r=-0,50)(P<0,05).
Stwierdzono réwniez tendencje ujemnych korelacji dla HIS-BA i His (r=-0,21)
(P>0,05), CAD-BA — Lys (r=-0,13) (P>0,05), TYR-BA — Tyr (r=-0,16) (P>0,05), TRP-
BA- Trp (r=-0,20) (P>0,05). W mig$niach nog stwierdzono ujemne korelacje dla HIS-
BA — His (r=-0,87) (P<0,05), PUT-BA —-Orn (r=-0,96) (P<0,05), PHE-BA —Phe (r=-
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0,65) (P<0,05). Migdzy SPM-BA i SPD-BA a Orn wykazano odpowiednio korelacje
dla r=-0,95i r=-0,95 (P<0,05).

Korelacje miegdzy BA a AA w migsie nie byly dotad przedmiotem prac
naukowych. Swider i wsp. (2020) wykazali, ze wzrastajacy poziom AA wplywa na
tworzenie si¢ BA w zaleznosci od ich zawarto$ci. Wyzsza zawarto$¢ thuszczu w migsie
przyspiesza proces utleniania i wptywa na zwigkszenie poziomu BA w mig¢$niach nog.
Podobne wyniki uzyskali Plevai wsp. (2020) i Espositoi wsp. (2022). Wysoki poziom
MUFA 1 PUFA wplywa na proces utleniania oraz pogorszenie jakosci migsa w tym
wzrost BA (Esposito i wsp., 2022). Uzyskane wyniki poszerzajg dotychczasowa wiedzg
nt. BAi ich prekursorowych AA.

4.2.0mowienie wplywu suplementacji roznych poziomow ekstraktu
z czosnku i B-Ala oraz ich mieszanin do paszy dla kurczat broilerow
na wyniki produkcyjne, status oksydacyjny, zawarto$¢ biologicznie
aktywnych dipeptydow w mig¢sniach piersiowych i nog
przechowywanych w warunkach chlodniczych przez okres 10. dni

od uboju (Wéjcik i wsp., 2023b)

Najwazniejszym efektem zastosowanej suplementacji ekstraktu z czosnku i B-Ala
do diety kurczat w pracy Wojcik i wsp. (2023b) byta poprawa wynikow produkcyjnych
1 analizy rzeznej, sktadu chemicznego migsni (zwigkszenie udzialu biatka w grupach
B05, BGO05, G2, B2 i BG2), zawartosci bioaktywnych peptyddéw oraz statusu redox.

Stwierdzono wptyw zastosowanej diety na:

e poprawe takich parametrow jak: masa ciata (P<0,001), przyrosty masy ciata

(BWG) (P<0,001), pobranie paszy (FI) (P<0,001) i wykorzystanie paszy (FCR)

(P<0,001),

e wydajnos¢ rzezng(P<0,001) i udziatu mig¢$ni nég w masie tuszki(P<0,001),

e udziat biatka w mig$niach piersiowych (P<0,001) i n6g (P=0,025),

e warto$¢ pH w migsniach piersiowych (P<0,001) i nog (P=0,004),

e zawarto$¢ karnozyny (P<0,001), an seryny (P<0,001), tauryny (P<0,001), Q10
(P<0,001) w migsniach piersiowych i nog,

e poziom MDA (P<0,001) w obu typach migsni.

Wykazano rowniez efekt przechowywania zhomogenizowanych mig$ni

piersiowych i nog na takie parametry jak zawartos¢ tauryny (P<0,001), Q10 (P<0,001)
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i MDA (P<0,001) w obu typach mig$ni oraz zawartosci an seryny (P=0,008), w
migs$niach piersiowych.

Wplyw interakcji obu czynnikow stwierdzono dla zawarto$ci karnozyny
(P=0,044), tauryny (P=0,002), Q10 (P=0,007) i MDA (P<0,001) w mig$niach
piersiowych, oraz dla poziomow tauryny (P<0,001) i Q10 (P=0,007) w migéniach ndg.

Zastosowany ekstrakt z czosnku wplynal nie tylko na poprawe wskaznikoéw
produkcyjnych takich jak zwigkszenie BWG w grupie G2 o 4,37% (P<0,05). Taki sam
wzrost BWG stwierdzono przy suplementacji B-Ala w ilosci 0,5% (grupa B05), a w
potaczeniu z ekstraktem z czosnku i B-Ala w ilosci po 0,5% dodatku stwierdzono
wzrost BWG, ktory wynosit 2,55% (grupa BG05) (P<0,05). W przypadku dodatku w
ilosci 2% B-Ala (B2) i po 2% B-Ala i ekstraktu z czosnku (BG2) stwierdzono obnizenie
BWG 0 1,46% i 2,19% odpowiednio, ale bez roznic statystycznych (P>0,05). W grupie
BGO5 kurczeta poza wyzsza uzyskang BW (cechowaty sie rowniez najlepszym
wykorzystaniem paszy), wskaznik FCR u tych kurczat wynosit 1,44 kg/kg i byl nizszy o
2,7% (P<0,05) w porownaniu z kurczetami z grupy C. Obnizenie wskaznika FCR o
2,03% stwierdzono rowniez w grupie G2 (P<0,05). Wczesniej wyzsze BW stwierdzili
Hossain i wsp. (2014) stosujac dodatek ekstraktu z czosnku w ilosci 0,5%. Lukanov i
wsp. (2015) stosujac dodatek sproszkowanego czosnku u kurczat ROSS 308 uzyskali
wyzsza BW koncowa, ale takze wyzsze FI oraz FCR. W pracy Pourali 1 wsp. (2010)
wykazali rowniez wzrost BW kogutow ROSS 308 stosujac dodatek 0,2% ekstraktu z
czosnku, ale dodatek 1% wptynal, w badaniach tych autoréw, na obnizenie koncowej
BW. Wptyw dodatku B-Ala na uzyskanie wyzszej BW w 42 dniu odchowu wykazali Qi
i wsp. (2018). W wynikach badan wtasnych rowniez kurczgta zywione dietg z
dodatkiem B-Ala w ilosci 0,5% uzyskaly wyzsza koncowa BW (w 35 dniu odchowu)
dla grup BO5 i BGO5, odpowiednio o 0,12kg i 0,07 kg (P<0,05). Przy wyzszym
poziomie suplementacji f-Ala zaobserwowano tendencje spadku BW(P>0,05). Dodatek
B-Ala jako gtownego prekursora karnozyny mial wptyw na poziom tego dipeptydu i
jego umetylowanej formy anseryny w miesniach piersiowych imig$niach noég. Wzrost
poziomu tych dipeptydow poprzez suplementacje -Ala wykazali rowniez inni autorzy
(Kralik i wsp., 2014; Lukasiewicz i wsp., 2015; Qi i wsp., 2018; Lackner i wsp., 2021;
Suwanvichanee i wsp., 2022). Kralik i wsp. (2014) wykazali wzrost poziomu biatka w
grupach zywionych pasza z dodatkiem B-Ala. W uzyskanych wynikach wilasnych
réwniez stwierdzono zwigkszenie poziomu bialka zarowno w mig$niach piersiowych,

jak i w migéniachnég w grupach zywionych dodatkiem B-Ala (B05, B2). Kurczeta
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zywione dodatkiem zaréwno -Ala jak i1 ekstraktem z czosnku w ilo$ci po 0,5% (grupa
BGO05) wykazywaly wyzszy poziom biatka w mig$niach piersiowych i nog w
poréwnaniu z kurczetami zywionymi pojedynczym dodatkiem. Taki synergiczny efekt
obu tych dodatkéw nie zostal uzyskany na poziomie suplementacji wynoszacej 2%.
Kurczgta w grupie BG2 cechowaly si¢ nieznacznie nizszym poziomem biatka w
migs$niach piersiowych ind6g w poréwnaniu z kurczetami z grupy B2 (P>0,05), zas w
porownaniu z kurczgtami z grupy G2 zawieraly wigcej biatka w miesniach piersiowych
(P<0,05) oraz nieznacznie wiecej biatka w mig$niach ndég (P>0,05).

Synergiczny efekt obu przeciwutleniaczy (B-Ala i substancji aktywnych w
ekstrakcie z czosnku) stwierdzono w przypadku poziomu MDA w przechowywanych
migs$niach kurczat z grupy BG05. W $wiezym migsie poziom ten byl na podobnyjak w
grupach z pojedynczym suplementem w diecie, ale po 10 dniach przechowywania
chlodniczego obu typéw migsni stwierdzono nizszy poziom MDA w mig$niach kurczat
z grupy BGO5 w poréwnaniu z grupa B0O5 (P<0,05). Zaobserwowano rowniez tendencje
spadkowa poziomu MDA w porownaniu z grupg G05 i C(P>0,05). W przypadku grup
B2, G2 1 BG2 poziom MDA byt wyzszy niz w grupie C. Wzrastajacy poziom ekstraktu
z czosnku wptywa na obnizenie MDA w migsie (Onibi i wsp., 2009; Puvaca i wsp.,
2015). Jednak zwigkszona dawka moze powodowac odwrotny efekt, w tym wzrost
poziomu MDA w surowicy krwi czy w tkankach (Askari i wsp, 2021). Lackner i wsp.
(2021) wykazali brak efektu suplementacji B-Ala oraz His na poziom MDA w
migsniach kurczat, a jedynie wzrost poziomu MDA w czasie przechowywania migsa. W
badaniach wiasnych (Wojcik i wsp., 2023b) poziom MDA roéwniez wzrastal w czasie
przechowywania, jednak wzrost w grupie BGO5 byl najnizszy w poroéwnaniu z
pozostatymi grupami. Najnizszy wzrost poziomu MDA wykazano w migsniach
piersiowych kurczat BGO5 i G2. Wzrost o 28,5% w ciggu 10. dni przechowywania
chtodniczego stwierdzono w poziomie MDA w mig$niach piersiowych kurczat z grupy
BGO5 i wzrost 0 27,2% stwierdzono w migsniach piersiowych kurczat z grupy G2. W
pozostatych grupach wzrost omawianej substancji w migs$niach piersiowych byt
wigkszy 1 przekraczalten poziom wzrostu o ponad 30%. W migéniach nog najnizszy
wzrost MDA byt obserwowany w grupie BG2 (wzrost o 21,6%), nastepnie w grupie
BGOS5 (wzrost 0 25,5%) 1 grupie G2 (wzrost 0 29,3%). Uzyskane wyniki potwierdzaja
whnioski postawione przez Onibi i wsp. (2009) i Puvaca i wsp. (2015), ze zastosowana
suplementacja réznych form czosnku moze nie tylko wptyna¢ na poprawe wynikoéw

produkcyjnych, ale rowniez na stabilnos$¢ oksydacyjna.
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4.3.0moéwienie wplywu suplementacji roznych poziomow ekstraktu
z czosnku i B-Ala oraz ich mieszanin do paszy dla kurczat broilerow
na ksztaltowanie si¢ amin biogennych (HIS-BA, TYR-BA, PUT-BA,
CAD-BA, TRP-BA, AGM-BA, PHE-BA, SPM-BA, SPD-BA) oraz
19. aminokwasow w miesSniach piersiowych i nég przechowywanych
warunkach chlodniczych przez okres 10 dni od uboju (Wéjcik i
wsp., 2024)

Glownym celem pracy byto okreslenie ksztalttowania si¢ pozioméw BA i AA w
swiezych 1 przechowywanych w warunkach chtodniczych do 10. dni mig$niach
piersiowych i ndg kurczat zywionych pasza wzbogacong ekstraktem z czosnku i B-Ala;
oraz proba ograniczenia poziomu BA w przechowanych migéniach piersiowych.

Potwierdzono wptyw zastosowanej diety na:

e poziom Met (P=0,017), Tyr (P=0,001), Arg (P<0,001), Ala (P<0,001), Total

NEAA (P<0,001) i Total AA (P=0,006) w migsniach piersiowych;

e poziom Met (P=0,002), Arg (P=0,023), Ala (P<0,001), Total NEAA (P<0,001)

i Total AA (P<0,001) w migéniach nog;

e poziom HIS-BA (P=0,046), PUT-BA (P=0,030), PHE-BA (P=0,003), AGM-BA

(P=0,025), SPM-BA (P=0,003), SPD-BA (P<0,001), Total BA-2 (P<0,001) w

migs$niach piersiowych;

epoziom TRP-BA (P=0,002), AGM-BA (P<0,001), APM-BA (P<0,001), SPD

BA (P<0,001) i Total BA-2 (P<0,001) w mig$niach nog.

Wykazano wptyw czasu na parametry dotyczace BA w migsniach piersiowych 1
nog (P<0,001), z wyjatkiem Total BA-2 w mig$niach piersiowych 2
(P=0,059).Potwierdzono, ze interakcja obu czynnikéw (czas, suplementacja) nie byta
istotna(P>0,05).

Najwazniejszym wynikiem uzyskanym w pracy Wojcik 1 wsp. (2024) byto
uzyskanie nizszego wskaznika BAI dla przechowywanych w warunkach chtodniczych
do 10. dnia migséni piersiowych pochodzacych od kurczat z grupy BGO5 (P<0,05).
Poziom BAI w mig$niach z grupy BGO5 wynosit 24,26 mg/kg, nastepnie w grupie G05
26,22 mg/kg i grupie BG2 27,16 mg/kg, ale bez istotnej roznicy (P>0,05). Suma
wszystkich BA ktorych poziom wzrasta wraz z przechowywaniem migs$ni (wskaznik

Total Ba-1) rowniez byta najnizsza w grupie BG05 (P<0,05). W przypadku migsni nog
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zaobserwowano tendencje¢ obnizenia poziomu indeksu BAI w 10 dniu przechowywania
w mig$niach kurczat z grup BG05 1 BG2. Tendencja ta odnosi si¢ tez do ksztattowania
si¢ pozostalych BA, co mozna zauwazy¢ w ksztaltowaniu si¢ wskaznika Total BA-1.
Wskaznik ten w mie$niach nog dla obu tych grup nie przekroczyt 40 mg/kg, co miato
miejsce we wszystkich pozostatych grupach. Wskaznik Total BA-2 w grupie BG05
réwniez byl najnizszy w 10 dniu przechowywania mig$ni ndg. Suplementacja B-Ala
miala istotny wplyw na poziom tego aminokwasu w mi¢$niach piersiowych i nég oraz
na poziom endogennych aminokwaséw. Stwierdzono liniowy wzrost poziomu B-Ala w
grupach BO5 i B2 (P<0,05), wyzsza wartos¢ w mieg$niach noég (P<0,05) kurczat
zywionych zaréwno B-Ala jak i ekstraktem z czosnku (BGO5 i BG2) oraz nieznaczng
tendencje do wyzszej zawarto$ci B-Ala w migéniach piersiowych (P>0,05) w tych
grupach. Zaobserwowano istotne ujemne korelacje pomigdzy prekursorem BA a AA dla
CAD-BA - Lys (r=—0,113) (P<0,05), TYR-BA - Tyr (r=—0,239) (P<0,05), TRP-BA -
Trp (r=—0,100) (P<0,05), AGM-BA - Arg (r=—0,127) (P<0,05) i indeksem BAI a suma
prekursorow indeksu BAIl (r=-0,109) (P<0,05). Stwierdzone korelacje miedzy
poziomem BA a AA wykazywaty podobne zalezno$ci jak w do$wiadczeniu 1. (Wdjcik i

wsp., 2023a).
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5.Podsumowanie

Podsumowujac nalezy stwierdzi¢, ze poziom BA wzrastal wraz z czasem
przechowywania chlodniczego migsa drobiowego. Wzrastajacy poziom BA przy
stosunkowo stabilnym poziomie AA powoduje powstanie korelacji pomiedzy dang BA,
a jej aminokwasem prekursorowym.

Przeprowadzone dos$wiadczenie 1. bylo wprowadzeniem do przeprowadzenia
doswiadczenia 2., gdzie zastosowano dla kurczat (kogutkow) ROSS 308 diete
wzbogacong ekstraktem z czosnku i B-Ala. Uzyskane wyniki produkcyjne sg tozsame z
wynikami uzyskanymi przez innych autorow, ale jak dotad nie zastosowano
jednoczesénie suplementacji ekstraktem z czosnku i f-Ala. Poziom suplementacji obu
dodatkoéw mial pozytywny wplyw na mase ciata, przyrosty masy ciata, pobranie paszy i
wykorzystanie paszy. Zaobserwowano wyzszy poziom biatka i karnozyny w mig$niach
piersiowych 1 ndg w grupach zywionych jednocze$nie dietag z oboma dodatkami niz w
przypadku zastosowania suplementacji pojedynczego dodatku. Wzbogacenie migsa w
zawarto$¢ karnozyny moze by¢ wazne dla konsumentdéw interesujacych si¢ zywnoscig
funkcjonalng, a migsniom wzbogaconym W biologicznie aktywne dipeptydy mozna
przypisac ten status.

Zastosowanie jednocze$nie obu przeciwutleniaczy (dodatku w ilosci po 0,5%
ekstraktu z czosnku i f-Ala) miato wptyw na zahamowanie wzrostu wskaznika redox,
jakim jest MDA; oraz wptyn¢lo na ograniczenie indexu BAI w mig$niach piersiowych
przechowywanych do 10 dnia w warunkach chtodniczych.

Wyniki przeprowadzonych doswiadczen umozliwity weryfikacje zalozenpracy,
jednak nadal stanowig bazg do dalszych badan z =zastosowaniem rdéznych
przeciwutleniaczy, w zywieniu drobiu oraz wplywajacych pozytywnie na jako$¢ migsa i
poziom BA. Zglebienie mechanizméw wplywajacych na powstawanie BA moze mie¢
znaczacy wpltyw na zdrowie konsumentow. Wykorzystanie r6znych form podawania
substancji 1 umozliwienie ich dostgpnosci na poszczegolnych etapach przewodu
pokarmowego przy zastosowaniu np. mikrokapsulkowania moze przyczyni¢ si¢ do
poszerzenia wiedzy nt. wykorzystania substancji fitobiotycznych w szeroko rozumianej
produkcji drobiarskiej, a za razem wplyna¢ na pozyskiwanie migsa ze statusem

zywnosci funkcjonalne;.
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6. WniosKi

1. Poziom BA wzrastat wraz z czasem przechowywania mig$ni piersiowych
1 mig$ni nodg.

2. Istnieja ujemne korelacje pomiedzy poszczegdlnymi BA, a ich aminokwasami
prekursorowymi.

3. Zastosowanie suplementacjido diety B-Ala i ekstraktu z czosnku po 0,5% ma
pozytywny wplyw na uzyskanie wyzszych BWG i koncowej BW, obnizenie FI i
FCR oraz wzrost udziatu mi¢$ni nog.

4. Zastosowanie diety wzbogaconej jednocze$nie ekstraktem z czosnku i B-Ala
wplynelo na wzrost zawarto$ci biatka, karnozyny i anseryny w mig$niach
piersiowych i migsniach nog niz w przypadku pojedynczego zastosowanie tych
suplementow.

5. Zastosowanie diety wzbogaconej jednoczesnie w dwa przeciwutleniacze (ekstrakt z
czosnku i B-Ala) w ilosci po 0,5% oraz kazdego osobno wptyne¢to na ograniczenie
powstawania MDA w mig$niach piersiowych i nog, a co za tym idzie poprawe
statusu oksydacyjnego tych mig$ni.

6. Zastosowanie diety wzbogaconej ekstraktem z czosnku 1 B-Ala w ilo$ci po 2% oraz
ich mieszaniny wptyngto na wzrost zawartosci MDA w przechowywanych
migs$niach piersiowych i nog.

7. Jednoczesna suplementacja ekstraktu z czosnku 1 B-Ala w ilo$ci po 0,5%wptyneta
na ograniczenie ksztaltowania si¢ indeksu BAI i Total BA-1 w 10 dniu
przechowywania chtodniczego w migséniach piersiowych i wplyngta na obnizenie
Total BA-2 oraz wykazywata tendencje ograniczenia ksztaltowania si¢ indeksu BAI

w 10 dniu przechowywania w migsniach nog.
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7. Zalecenia praktyczne

Zaprezentowane w pracy wyniki pozwolity sformulowaé zalecenia dla
producentéw pasz oraz dla producentoéw drobiu:

Na podstawie uzyskanych wynikow mozna stwierdzi¢, ze dodatek ekstraktu z
czosnku i B-Ala w ilosci po 0,5% ma pozytywny wplyw nie tylko na wyniki
produkcyjne ale rowniez na zwigkszenie zawartos$ci bioaktywnych dipeptydéw oraz
spowalnia powstawanie BA wchodzacych w sktad indeksu BAI

Wprowadzenie komercyjnej paszy z zastosowaniem powyzszych dodatkow
mogloby wplyng¢é na wprowadzenie nowej technologii produkcji Zzywnosci
funkcjonalnej — migsa drobiowego wzbogaconego w karnozyn¢ oraz o obnizonej
zwartos$ci BA.

Jest to niezwykle wazne nie tylko ze wzgledu produkcji Zywnos$ci funkcjonalne;,
ale rébwniez z punktu widzenia ochrony zdrowia konsumentéw i sprostaniu ich

wzrastajgcym wymaganiom.
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Biogenic amines: formation, action
and toxicity — a review

Wojciech Wéjcik, Monika Lukasiewicz' © and Kamila Puppel

Abstract

Biogenic amines (BA) are organic compounds commonly found in food, plants and animals, as well as microorganisms that are
attributed with the production of BAs. They are formed as an effect of a chemical process: the decarboxylation of amino acids.
Factors determining the formation of BAs include the availability of free amino acids and the presence of microorganisms that
show activity with respect to carrying out the decarboxylation process. On the one hand, BAs are compounds that are crucial for
maintaining cell viability, as well as the proper course of the organism's metabolic processes, such as protein synthesis, hor-
mone synthesis and DNA replication. On the other hand, despite their positive effects on the functioning of the organism, an
excessive content of BAs proves to be toxic (diarrhea, food poisoning, vomiting, sweating or tachycardia). Moreover, they
can accelerate carcinogenesis. Amines are a natural component of plant and animal raw materials. As a result of the proven neg-
ative effects of amines on living organisms, the reduction of these compounds should be the subject of scientific research. The
present review aims to synthesize and summarize the information currently available on BAs, as well as discuss the interpreta-

tion of the results.
© 2020 Society of Chemical Industry

Keywords: biogenic amines; food; quality; nutritional value

INTRODUCTION

Characteristics and division

Biogenic amines (BA) are low molecular weight compounds
formed as a result of the activity of microorganisms that can
decarboxylate amino acids." 2 They are also formed as a result
of reductive amination and transamination of aldehydes and
ketones or as a result of body tissue activity.> * They take part in
the cellular metabolism activity of microorganisms, plants and
animals.’ They are commonly found in food products (Table 2),
particularly those rich in protein (meat and meat products, fish)
and subjected to a fermentation process (wine, beer, soya sauce)
orin long-ripening products (cheese). Vegetables, fruit, chocolate,
eggs or dairy products also contain BAs."**2°722 Low hygienic
quality favors a high content of BAs; therefore, BA content is con-
sidered as an indicator of food freshness or as a marker of the level
of microbiological contamination of food.>’

Amines can be divided into endogenous and exogenous ones.
The first group includes neurotransmitters produced by tissues.
This group includes catecholamines (dopamine, epinephrine
and norepinephrine), indolamines (serotonin, melatonin and
5-hydroxytryptamine) and histamines.?* They are present in meat,
fish and fruit and play an important role in the body as neuro-
transmitters.>?? Exogenous amines could be a result of the decar-
boxylase activity of the fermentative microflora. Their name
comes from the amino acid from which they originated. The
amine nomenclature is presented in Fig. 1 and Table 1, detailing
the names of amines, abbreviated chemical formulae, division
and names of their precursors.”*> BAs can be divided by (i) the
number of amine groups: monoamines (tyramine, octopamine,
dopamine, norepinephrine, histamine, tryptamine, serotonin),
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diamines (putrescine, cadaverine) and polyamines (agmatine,
spermine, spermidine) and (ii) chemical structure: aliphatic
(putrescine, cadaverine, agmatine, spermine, spermidine), aro-
matic (tryptamine, p-phenylethylamine, octopamine, dopamine,
norepinephrine) and heterocyclic ones (serotonin, histamine
and tryptamine) 3492024

Exogenous amines are present in both raw and processed prod-
ucts.”®> The most common amines in food include histamine,
tryptamine, putrescine, cadaverine, 2-phenylethylamine, tyra-
mine, spermidine and spermine.>>?® BAs have many important
functions in the body. They participate in the synthesis of pro-
teins, hormones and nucleic acids; support normal cell growth
and proliferation; and take part in the proper maintenance of
blood pressure and body temperature.?° BAs have influence on
membrane stability, as well as the response to stress and senes-
cence. BAs act mostly as neurotransmitters.’ On the other hand,
consumption of products with high amine content causes many
problems with respect to the intoxication of organisms; therefore,
exogenous BAs are considered as anti-nutritional factors responsi-
ble for food poisoning, headaches, cold sweats or pseudo-allergic
reactions.>>?>%”2According to the World Health Organization
(WHO), more than 200 diseases are transmitted or caused by food,
and the vast majority of individuals have experienced food

* Correspondence to: G Zhang, Institute of Animal Science, Warsaw University of
Life Sciences, Ciszewskiego 8 street, 02-786 Warsaw, Poland. E-mail:
monika_lukasiewicz@sggw.edu.pl

Institute of Animal Science, Warsaw University of Life Sciences, Warsaw,
Poland

© 2020 Society of Chemical Industry
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Figure 1. Amine nomenclature.

Table 1. Characteristic of BAs> 3

Name Molecular formula Mol mass (g mol™) Classification Chemical structure Precursor amino acid
Methylamine CHsN 31.06 Monoamine Aliphatic Glycine
Ethylamine C,H7N 45.08 Monoamine Aliphatic Alanine
Phenylethylamine CgHqi1N 121.18 Monoamine Aromatic Phenylalanine
Tyramine CgHq1NO 137.18 Monoamine Aromatic Tyrosine
Octopamine CgHq1NO, 153.18 Monoamine Aromatic Tyrosine
Dopamine CgH11NO, 153.18 Monoamine Aromatic Tyrosine
Norepinephrine CgH11NO3 169.18 Monoamine Aromatic Tyrosine
Histamine CsHoN3 111.15 Monoamine Heterocyclic Histidine
Tryptamine Ci0H12N0 160.22 Monoamine Heterocyclic Tryptophane
Serotonin CioH12N0 176.22 Monoamine Heterocyclic Hydroxytryptophane
Putrescine C4H 5N, 88.15 Diamine Aliphatic Ornithine
Cadaverine CsHq4N, 102.18 Diamine Aliphatic Lysine
Agmatine CsHq4Ny 130.19 Polyamine Aliphatic Arginine
Spermidine C;Hq9N3 145.25 Polyamine Aliphatic Arginine/ornithine
Spermine CioHo6N4 202.34 Polyamine Aliphatic Arginine/ornithine

poisoning at least several times during their lifetime. However, it is
difficult to estimate the exact number of diseases and mortality
cases correlated with food contamination.?® The high content of
BA is a result of the presence of bacterial strains with decarboxyl-
ation capacity and poor hygiene or a lack of food safety. Therefore,
a high BA content is considered unacceptable and its level is an indi-
cator of the freshness of the product.>*?° However, high levels of
BAs are not always organoleptically identifiable.?® Therefore, it is
important to determine the safe content of BAs, which have toxic
effects on the body.> © The natural defense mechanism of the body
is by detoxifying the effect of BA via enzymes belonging such as
monoamine oxidase (MAO), diamine oxidase (DAO) and polyamine
oxidase. However, this natural mechanism is inhibited by many fac-
tors, which include takihg MAO and DAO inhibitors

J Sci Food Agric 2021; 101: 2634-2640
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(antidepressants, analgesics and drugs used in Alzheimer's and Par-
kinson's diseases therapy), alcohol consumption, immune deficien-
cies, gastric dysfunction or excessive consumption of BAs.
However, the most serious problem is the consumption of antide-
pressants, which are among the MAO and DAO inhibitors, with an
estimated 20% of the population taking antidepressants in
Europe.®® In addition, BA can be deposited in the body's tissues,
comprising a serious toxic problem for maintaining the good health
status of the population.'®?3283°

This review aims to present the existing knowledge on BAs,
taking into account the formation, activity and toxicity of BAs.
The basis of the work comprises the latest scientific papers. This
review is an important supplement to current knowledge
on BAs.
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Biogenic amines

Formation of BAs

BAs are formed as a results of free amino acids decarboxylation by
strains of bacteria showing decarboxylases activity. These are
both Gram-negative and Gram-positive strains. There are three
groups of the factors that determine the formation of BAs: those
related to the raw material (pH, chemical composition, etc.); those
related to the storage and processing conditions of the products
(raw, dried, cooked, fermentation conditions, sanitary conditions
of processing, packaging methods and conditions, storage tem-
perature and length, etc.); and microbiological contamination
(the presence of strains showing decarboxylase activity). Sanitary
conditions are of great importance for the development of amine-
positive microorganisms strains.?*?3?%31 These are strains from
the genera: Listeria, Salmonella, Klebsiella, Enterococcus, Escheri-
chia, Bacillus, Morganella, Enterobacter, Photobacterium, Shewa-
nella, Vibrio and Staphylococcus, as well as some strains of lactic
acid bacteria: Lactobacillus fuchuensis, Lactococcus piscium, Leuco-
nostoc gelidum and Carnobacterium alterfunditum %323

In a study by Burikova et al.' the activity of decarboxylases
was demonstrated in 88 strains of bacteria isolated from the
surface of the poultry skin. Among them, there were 41 isolates
from the family Enterobacteriaceae (including Escherichia coli,
Pantora spp., Serratia marcescens, Serratia liguefaciens, Serratia
spp., Proteus vulgaris, Klebsiellaoxytoca, Klebsiella spp. and Yersi-
nia enterocolitica) and strains from families Aeromonas spp.
and Pseudomonas.

Among factors related to raw material, as well as storage and
processing conditions, the high availability of protein, including
free amino acids, and an increase in temperature and high pH pro-
mote the development of microorganisms and thus increase the
BA content of the product.?*

TOXIC ACTIVITY OF BAS

Among BAs, there are two amines with the most toxic effects: his-
tamine and tyramine.'® Histamine is a heterocyclic monoamine
that causes characteristic symptoms after eating fish with a high
content. Most often, high levels of histamine are observed in fish
products of the scombridae and scomberesocidae families, such
as mackerel, tuna, bonito and bluefish, etc.>?® European
Standard — Commission Regulation (EC) 1441/2007 concerns only
fish products and allows a histamine level in unprocessed fish of
100-200 mg kg™, whereas fish sauces subjected to accelerated
enzymatic maturation have a level up to 400 mg kg™"."*'835The
Food and Drug Administration (FDA) recommends lower histamine
levels in fish and fish products, up to 50 mg kg™'.2%*” There are no
specific standards for histamine content in other food products.
The reaction to histamine toxicity is referred to as ‘scombroid poi-
soning’ or ‘histamine poisoning’.®*% The most common symptoms
of high histamine intake are a tingling tongue, rash, vomiting, diar-
rhea, burning sensation, headache and dizziness, nausea, a drop in
blood pressure, vasodilation, intracranial bleeding, palpitations or
breathing difficulties.***3394° The effect of organism intoxication
appears after a few hours of histamine consumption, although it
can manifest itself up to several days after consumption.*
Another toxic BA is the aromatic monoamine tyramine.’
Cheeses are among the products rich in tyramine; therefore, tyra-
mine poisoning is referred to as a ‘cheese effect’ or ‘cheese reac-
tion'. It is mainly associated with the consumption of cheese
(Table 2) and is a term classifying foods rich in this amine.?® The
safe dose of this amine is defined as below 800 ppm; however,
in people taking MAO inhibitors, the consumption of 6 mg of this

J Sci Food Agric 2021; 101: 2634-2640

WWW.S0Ci.org

© 2020 Society of Chemical Industry

®)
SCI

where science
meets business

substance may result in poisoning reactions. The first symptoms
of poisoning occur between 1 and 2 h after consumption. Symp-
toms of poisoning include migraine, gastrointestinal complaints,
tachycardia, an increase in blood sugar, noradrenaline ejection
and hypertension.?®**®According to European Food Safety
Authority (EFSA) recommendations, the daily intake of tyramine
should not exceed 800 mg kg™', with a value of 1080 being con-
sidered toxic.®*" In addition, rat studies have demonstrated that
tyramine in the presence of sodium nitrite transforms into the
mutagenic substance 3-diazotyramine, which induces oral
cancer.'®

The toxic effects of these amines are enhanced in the presence
of the aliphatic diamines putrescine and cadaverine, and the tox-
icity of these individual amines does not cause significant symp-
toms except tachycardia.”*®*° Tryptamine has a toxic effect
(increases blood pressure) and it is found in the highest amounts
in sausages and meat products (Table 2). Tryptamine and
p-phenylethylamine cause symptoms of migraine, resulting in
the narrowing of blood vessels.?*?® Moreover, in the presence
of nitrites, amines react with them, forming carcinogenic sub-
stances such as nitrosamine. As a result of the reactivity of amines
to nitrites, they are referred to as carcinogenic compounds.??%*
The risk of the formation of nitrosamines is increased by the con-
sumption of products rich in BAs and nitrite or nitrate salts, which
are used as preservatives. Heating these products increases the
risk of the reaction of BAs with nitrogen compounds to form car-
cinogenic substances.?® Histamine, putrescine and cadaverine are
also called psychoactive amines, which can be perceived by the
nervous system as false neurotransmitters, with a significant
effect on hypertension and vice versa.

BA and hygienic status of food

The only amines naturally occurring in food are spermine and
spermidine, whereas the others accumulate under the influence
of microorganisms, so that indices based on BA content are used
to determine microbiological quality. The sum of individual
amines can be a marker of the hygienic state of food."®'® The indi-
ces may include quality index and biogenic amine index (BAI).*°
Ql is the sum of histamine, putrescine and cadaverine divided
by the sum of spermine and spermidine plus 1%

Ql= (CPutrescine + CCadaverine + CHistamine)/ (1 + CSpermine + CSpermidine)

BAI= CPutrescine + CCadaverine + CHistamine + CTyramine

The products were divided into three freshness classes
(1, accepted; 2, beginning of decomposition/beginning of spoil-
age; 3, spoilage) and assessed the QI value. For individual prod-
ucts, QI values differed for category 1 (below 2 for fish fillets;
> 0.8 for salmon steak, and > 5 for shrimps and lobsters) and cat-
egory 2 (2-10 for fish fillets; 0.8-8 for salmon steak; 5-25 for
shrimps and 5-50 for lobster). Above these values, the products
were classified in category 3.*? This index relates mainly to fish
products. It is not appropriate in the case of meat because meat
and meat products contain a significant amount of tyramine.
The BAI index is therefore used to determine the quality of
the meat.

BAl is the sum of histamine, cadaverine, putrescine and tyra-
mine®** In fresh meat, the sum of these amines does not exceed
5mg kg™' and the acceptable range for consumption, although
showing initial signs of deterioration, is between 5 and 20 mg kg™".
Meat with poor hygiene quality is classified in the range
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20-50 mg kg~" and spoiled meat has a BAI value > 50 mg kg~ '.*
Both indices were compared by Veciana-Nogués et al.,*® where sam-
ples of tuna were stored at different temperatures and over different
periods, and then the BA content was determined and the indices
analysed. For QI 2, BAl was 43.3 mg kg™ after 12 days of storage
at 0 °C; after 5 days of storage at 8 °C: QI was 6.7 and BAI was
150.3 mg kg™'; and, after 39 h at 20 °C, QI was 51 and BAI was
963.9. The rapid increase in BA content was a result of the microbi-
ological quality: microorganisms showing decarboxylase activity
and sample storage conditions. However, determining microbiolog-
ical quality on the based on high indices is inappropriate because
not all bacteria show decarboxylase activity.?

Examples of BA contents are presented in Table 2; in the case of
the given ranges, the differences may result from the compilation
of the results of a given publication or the width of the range
given by the author, as well as differences within the analyzed
groups.

BA legislation

As a result of the toxic effects of an excess of BAs, it is necessary to
supervise and define safe limits of BAs in food. The organizations
working on food safety, which take into account BAs, include EFSA,
FDA, Food Safety Commission of Japan and WHO.”® EFSA has
recommended the collection of data on levels of Bas in food and
beverages from 2009 onwards.'® Several European Commission
Regulations have been developed so far (EC) (No. 2073/2005,
No. 1441/2007 and No. 365/2010). All documents define the
acceptable level of histamine in fish products divided into two cat-
egories: fish and fish products with a maximum histamine level of
200 mg kg™ and fish products subject to enzymatic maturation
with a maximum histamine level of 400 mg kg~". To achieve a uni-
form result for the batch, nine samples must be analyzed, seven of
which must not exceed half of the limit value of the standard in
each category (up to 100 mg kg™ for fish and fish products and
up to 200 mg kg™ for fish products subject to enzymatic matura-
tion) and two samples may constitute the second half of the limit
value of the standard.”’

The following methods are currently used to determine BAs
content: high-performance liquid chromatography (the most
widely used for the detection of BAs), gas chromatography, capil-
lary electrophoresis, thin-layer chromatography, fluorometric
methods and enzymatic methods: the enzyme-linked immuno-
sorbent assay system.” The first method, currently not in use,
was the biological method, which involves inducing intestinal
contractions of Cavia porcellus.*’

Limitation of BAs
BAs such as amino acids can be absorbed and metabolized by
enterocyte cells and used by gastrointestinal microflora cells.*®4°
Dysfunctions of the gastrointestinal microflora cause distur-
bances in the homeostatic balance of the body and increase the
level of toxic metabolites including BAs.>>>" As a result of the tox-
icity of BAs and consumer health protection, studies were carried
out aiming to reduce the content of BAs in different products.
These methods are based on increasing the proportion of factors
adverse for amine formation; for example, temperature reduction,
lactic acid addition to lower the pH, NaCl addition to maintain
product shelf life, use of bacterial cultures (amine reducing, decar-
boxylase negative strains or strains limiting the growth of decar-
boxylase positive strains), addition of microorganisms growth
limiting substances (phytobiotics, plant extracts and oils, preser-
vatives) or the use of food preservation methods (pasteurization,
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smoking, radiation, high pressure, use of new food packaging
methods).‘l2,13,19,27,28,49,52—54

In the experiments®>*® noted by Park et al.,* starter culture
strains (Pediococcus pentosaceus, Bacillus subtilis and Bacillus amy-
loliquefaciens) were used to ferment soybean foods. The analysis,
which was based on in vitro studies, showed a significant reduc-
tion of tyramine at the level of 14.7-39.5% and histamine reduc-
tion by 15.7-25.5%. Similar results were obtained by Fong
et al>* where three starter strains did not cause an increase in
tyramine content during the fermentation process under aerobic
and anaerobic conditions of traditional Chinese fermented food:
douchi (fermented Black beans or fermented Black soybeans).*
The study by Burikova et al. >’ showed that the addition of NaCl
resulted in the reduction of tyramine in dairy products in an aero-
bic and anaerobic environment, whereas the addition of lactose
at an amount of 5 g L' was more beneficial with respect to
reducing the amount of tyramine than an addition below or
above this value to 10 g L™". The addition of a phytobiotic extract
(garlic, piperine, capsain, curcumin, thymol, ginger, green onion,
red pepper, cinnamon) has a positive effect on the reduction of
BA.? In the study by Jia et al,, *® the addition of phytobiotics (star
anise, amomumtsao-ko, clove, cassia, fennel, bay leaf, nutmeg)
positively affected the reduction of BAs in dry fermented mutton
sausage. The best effect of the additive on the reduction of BAs
was demonstreated by extracts from cassava and fennel. Trypt-
amine was reduced by 21.8%, putrescine by 19.3%, spermidine
by 27.5%, 2-phenylethylamine by 24.6%, tyrosamine by 18.7%
and histamine by 24.4%.°® The addition of 1% mint extract and
artemisia extract had a positive effect on the reduction of hista-
mine and tyramine in sardine fillets.>

Among the packaging methods, active packaging (AP) is more
advantageous than polycoupled packaging (PP). AP additionally
contains natural plant oils or phytobiotic substances. The addition
of these substances had a positive effect on the reduction of
amines in poultry meat, as reported for the study by Sirocchi
et al? Ozogul et al."® analyzed modified atmosphere packaging
(MAP) using a gas mixture without oxygen and vacuum packaging
(VP). The analysis showed a significant reduction of BAs in herring
samples analyzed after 16 days of storage in MAP compared to VP.
The influence of the storage temperature with respect to store
cooling conditions and storage in ice was also determined. The
BA content in samples stored in ice was found to be much lower
compared to that for store refrigeration conditions.>® In addition,
methods such as pasteurization, the use of high hydrostatic pres-
sure (HHP) when packing the product for storage and the use of
radiation are used to limit the growth of decarboxylic-positive
microorganisms. The HHP method is not very effective.>*°

SUMMARY

Despite the toxic effects of excessive amounts of BAs, eating them in
reasonable amounts should not cause toxic reactions. Individuals
taking MAO and DAO inhibitors and thoose who are susceptible
to amines should avoid products rich in BAs and instead aim to con-
sume fresh products without any signs of spoilage or staleness >*
The lack of a recommended daily intake limit for BAs is a difficult
challenge for scientists as a result of large differences and discrepan-
cies in the BA content within the same products and their storage
conditions.?® Limiting the BA content is important for ensuring high
product quality, as well as safe consumption and consumer
health.**° This review has presented current knowledge on the tox-
icity of amines and their effects on the human body.
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Simple Summary: Meat consumption is on the rise, including poultry meat. With the storage of
meat and the progressing process of food spoilage, the content of biogenic amines increases. Methods
to prevent the formation of amines include: starter cultures, packaging methods, high hydrostatic
pressure (HHP), ozonisation, radiation, use of essential oils, phytobiotics, and organic acids in food.
The aim of this study was to compare the content of biogenic amines in poultry meat on the basis
of the latest scientific reports and to present methods for preventing the formation of biogenic
amines.The use of herbal extracts can not only reduce the occurrence of biogenic amines, but also
improve production results and meat quality.

Abstract: Poultry meat is a source of many important nutrients, micro- and macro-elements, and
biologically active substances. During meat storage, many physicochemical changes take place, also
affecting the content of biologically active substances, including biogenic amines.They are formed as
a result of three processes: decarboxylation of amino acids by microorganisms, reductive amination,
and transamination of aldehydes and ketones, and as a result of activity of body tissues. Excessive
consumption of biogenic amines shows toxic properties. The increasing consumption of poultry
meat and the lack of established limits for biogenic amine content is a major challenge for scientists,
producers, and consumer organisations, which have not yet established limits for biogenic amine
content in meat (including poultry meat). Analyses of biogenic amine content in meat account for less
than 10% of scientific papers, which raises the scope of the problem of limiting biogenic amines in
meat. Among the methods of amine reduction are methods of destroying or reducing microorganisms’
high hydrostatic pressure (HHP), ozonisation, radiation, or the use of essential oils.

Keywords: biogenic amines; poultry meat; chicken meat; food; quality

1. Introduction

Meat is a key element of a balanced diet. Meat consumption has played a significant
role in evolution, affecting the development of the human brain. What is more, it forms
a source of wholesome and easily digestible protein, fatty acids, with a high contribution
of polyunsaturated fatty acids of the omega-3 family, micro- and macro-nutrients (iron,
selenium, potassium, magnesium, sodium, phosphorus, calcium), and group B vitamins. It
is also a source of bioactive substances (carnitine, taurine, carnosine, and creatine) [1-3].
Increased production and consumption of meat is correlated with the improved financial
situation of the population, which affects the demand for this type of food [4]. How-
ever, the mostpronounced increase of meat consumption primarily concerns developing
countries [5].

Over the last decades, increased meat production has been observed globally, and
the most intensive increase concerns poultry meat [6-8]. Poultry is highly popular among
consumers. This stems from the absence of cultural contraindications for the consumption
of poultry meat, its low production costs, and the high content of easily digestible protein [9].
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Since 2000, the global meat production has increased by 47% (with poultry contributing
to half of the increase), meaning the global production increased by 109 M tonnes. In
2018, the world’s meat production was 342 million tonnes, including 119.7 M tonnes of
poultry [10]. The contribution of poultry meat in the global structure has grown from
69 M tonnes in 2000 to 119.7 M tonnes, and the increase of poultry meat production is
envisaged, which in 2030 will reach the level of close to 151 million tonnes [10-12]. Over
the past decades, meat consumption has gradually increased. In 2000, the global meat
consumption was 29.5 kg per person, while in the European Union, meat consumption was
at 63 kg per capita. In 2019, global meat consumption was 34 kg per capita, while in the
European Union it was 70.1 kg per capita. In 2000, world consumption of poultry meat
was 9.8 kg per person, and Europeans consumed 22.1 kg per capita. In 2019, the global
consumption of poultry meat was 14.7 kg per person, while Europeans consumed as much
as 31.3 kg per person. According to forecasts, poultry meat consumption will continue to
increase and will reach 15.1 kg per consumer globally and 33 kg per capita in European
Union countries in 2029 [4,13].

2. Aim

The aim of the present study was to develop, based on the available literature and
statistical data, an overview of the literature on the content of biogenic amines in poultry
meat, their formation, changes occurring during meat storage, as well as the methods for
limiting amine presence in poultry meat.

3. Poultry Meat Spoilage and Biogenic Amine Content

The chemical composition of meat depends on the animal species, age, genotype,
nutrition, pre-slaughter treatment, and post-slaughter storage [1,8,14]. What is more, meat
is one of the food types that undergo rapid spoilage. This process occurs at a faster rate for
white meat than for red meat. This stems from the higher number of short fibres present in
white poultry meat, which affects increased proteolysis. It is estimated that these changes
occur between 4 and 10 days after slaughter [15-17]. The high protein content in poultry
meat results in increased proteolysis and autolysis, which affects amino acid release (AA).
Presence of AA and bacteria exhibiting decarboxylation capacity accelerates the process of
meat spoilage and results in increased content of microorganism metabolites, including
biogenic amines [9,18-20].

Meat spoilage or ageing also occurs in refrigeration conditions by microflora con-
tamination during slaughter. It has been determined that poultry has a high slaughter
contamination level, which further affects the processes that deteriorate the product shelf-
life [9,21,22]. Early symptoms of meat spoilage are difficult to observe. Sensory assessment
is insufficient due to its subjective nature. However, determination of microbial contamina-
tion is time-intensive and can be determined with the use of changes that occur in meat
due to bacterial activity [7,21,23]. The changes determining meat ageing include: micro-
biological techniques, microscopic techniques, ionic changes, application of fluorescent
spectroscopy, ion-mobility spectrometry (IMS), determination of changes in the basic com-
position of meat with near-infrared analysers (NIR),chemical changes (pH, total volatile
basic nitrogen (TVBN), ATP, glucose, BAcontent), and modern techniques of electronic
tongue or nose [9,14,23,24].

3.1. Biogenic Amines: Characteristics

Biogenic amines (BA) are compounds with a low molecular weight below 200 Da. They
are formed through three processes: decarboxylation of amino acids by decarboxylation-
capable microorganisms, reductive amination and transamination of aldehydes and ke-
tones, or as a result of the activity of tissues in the organism. Furthermore, they can
be accumulated in tissues throughout the life of the organism [25-27]. Biogenic amines
can be divided (Table 1) in terms of the structure of the amino acid (precursor) into:
aliphatic (putrescine, cadaverine, agmatine, spermine, spermidine), aromatic (tyramine,
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-phenylethylamine), and heterocyclic (serotonine, histamine, and tryptamine), and for
the number of amine groups: monoamines (tyramine, histamine, tryptamine), diamines
(putrescine, cadaverine), and polyamines (agmatine, spermine, spermidine) [26-28]. What
is more, endogenous and exogenous amines can be distinguished. Endogenous amines are
mainly catecholamines, indoleamines, histamines, and BA of endogenous origin (spermine,
spermidine, and low levels of putrescine and histamine), whereas exogenous amines are
those formed mainly by the activity of microorganisms (cadaverine, putrescine, tyramine,
histamine, 3-phenylethylamine) [5,29].

Table 1. Classification of biogenic amines [28].

Biogenic Amine

Structural Formula Classification Precursor

Putrescine H,N /\/\/ NH, Blli)r;l:tllec Ornithine
Cad . /\/\/\ Diamine Lysi
adaverine H,N NH, Aliphatic ysine
NH Polyamine

Agmatine HoN )J\ N H/\/\/ NH, Aliphatic Arginine

. L NH; Polyamine Arginine

Spermine " T Aliphatic Ornithine

- N NH NN Polyamine Arginine

Spermidine HoN Aliphatic Ornithine

NH, M .
. 4 onoamine

Tryptamine I Heterocyclic Tryptophane

-phenylethylamine

N
H
NH,
Monoamine .
©/v Aromatic Phenylalanine

Tyramine

NH,
Monoamine Tyrosine
Aromatic y
HO

Histamine

N /\//N NH 2
\\_ Monoamine Histidine

Heterocyclic

Iz

Strains exhibiting decarboxylation activity include: Enterobacteriaceae (Eschericha,
Salmonella), Bacillus, Pseudomonas, Aeromonas, Clostridiaceae, and mainly G-negative bac-
teria, some Lactobacillus, and Gram-positive, such as certain Staphylococci and Entero-
cocci [18,21,22,30,31]. Burikovéet al. [18] analysed 88 strains of bacteria isolated from poultry
skin and their decarboxylase activity. It was shown that numerous strains of Enterobacte-
riaceae and Aeromonas are characterized by decarboxylase-positive activity. Furthermore,
certain Lactobacillus strains also demonstrate amino acid decarboxylation activity. In the
case of poultry meat, it is believed that Enterobacteriaceae strains are the most common ones
responsible for the increase of BA [8]. Strains differ in terms of the decarboxylation activity
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of specific amino acids, and a specific strain may contribute to the formation of a specific
amine without the possibility of decarboxylation of other amino acids [32].

Biogenic amines are mainly found in protein-rich products (meat, fish, cheese) and in
fermenting products. Amines most commonly found in poultry are: histamine (HIS), tyra-
mine (TYR), cadaverine (CAD), and putrescine (PUT). Also present are 3-phenylethylamine
(PHM), spermine (SPM), and spermidine (SPD) [22,23,33,34].

3.2. Role of Biogenic Amines

Biogenic amines fulfil a range of important functions in live organisms, including
human organisms [33]. They have been identified in both animal and plant tissues, as well
as in eukaryotic organisms (bacteria, fungi) [28].

Biogenic amines are precursors for hormones, alkaloids, proteins, and nucleic acids,
and are a source of nitrogen for the organism. Polyamines such as spermine, spermidine,
and putrescine contribute to the natural growth of cells. These polyamines are also present
in mammal sperm, fulfilling the role of gene expression modulators (binding with the locus
in the DNA, activating genes or cell growth), supporting cellular growth of differential
as well as initial embryologic development [26,28,35,36]. Excess of the aforementioned
polyamines intensifies neoplastic degeneration, and their high contents were found in
tumours [16]. Despite their positive action, an excess of BA exhibits toxic properties, and
biogenic amines are known as toxic biomolecules [37]. Histamine is a widespread amine
found in such organs as muscles, brain, intestines, stomach, uterus, or ovaries. Its action
is related to H receptors (H1-H4) and it acts as a neurotransmitter and local hormone,
modulating the activity of the stomach, work of the heart, smooth-muscle contraction,
circadian rhythm, and maintaining body heat [26,28]. However, it exhibits a toxic effect
when consumed in excess. Symptoms of the toxic effect of histamine include dilation and
increased permeability of blood vessels, which results in ecchymosis, hives, itching, tingling,
burning, headache, blood pressure drop, tachycardic responses, and breathing difficulties
(airway constriction and hypoxemia). It further results in smooth-muscle contraction,
resulting in diarrhoea, vomiting, and stomach-ache [16,38,39]. Histamine is strictly related
to fish and fish product poisoning, but it also occurs in poultry meat, particularly during
poultry meat processing in high temperatures and meat with skin processing [38,40]

On the other hand, tyramine is responsible for the reaction related to the consumption
of excessive amounts of cheese, and its symptoms are referred to as “cheese reaction.” Its
action resembles neurotransmitters, and it is characterized by the capacity for increased sym-
pathetic activity of the cardiovascular system by releasing catecholamine (noradrenaline),
which results in peripheral constriction of blood vessels and acceleration of the heart action
(tachycardia), a blood pressure drop, and a blood glucose concentration increase. The
influence on the formation of microhaemorrhages during blood vessel dilation results in
inflammatory state formation [26,28,39]. In an organism, its presence can be detected in
brain, spinal cord, heart, spleen, lungs, or kidneys [28].

Histamine and tyramine are referred to as psychoactive and vasoactive amines. Exces-
sive intake of both histamine and tyramine results in acute allergic-like reactions, particu-
larly from the nervous and cardiovascular system [26,39,41]. They are heterocyclic amines,
which are linked to the neoplastic degeneration process. They are easily absorbable in the
gastrointestinal tract, and an arilnitrenium ion is formed as a result of the reaction with
cytochrome P450monoaminooxidase, which intensifies neoplastic-increasing processes
during DNA replication. As presented by Plevaet et al. [40] in experiments of animals, they
contributed to the formation of benign neoplastic lesions of liver and malignant ones in the
large intestine.

Cadaverine and putrescine have a considerable impact on cell proliferation, including
neoplastic cells. They accelerate neoplastic degeneration, producing changes within the
oral cavity and tumour growth. Putrescine is an electrostatic amine, fulfilling many physi-
ological roles, but it also exhibits the capacity to react with nitrites, forming heterocyclic
nitroso-pyrrolidine with carcinogenic activity. They further intensify the toxic effect of the
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excess of heterocyclic amines (histamine and tyramine), which also exhibit the properties
for reaction with nitrates, forming carcinogenic nitrosamines [15,26,30,42].

-phenylethylamine acts as a neurotransmitter, which induces the release of dopamine,
serotonin, and noradrenaline. It affects perception, memory, and behaviour. It was mainly
found in the brain and spinal cord, but its excess, as withtyramine, affects the incidence of
migraines and pressure drops [26,28,42]. When blood levels of 3-phenylethylamine and
tyrosine increase, an increase of other BA and type 2 diabetes may occur [43].

3.3. Biogenic Amines Index (BAI)

Amine content in meat is considered a meat freshness determinant. To this end, the
quality index (QI) was developed—the sum of histamine, putrescine, and cadaverine
divided by the sum of spermine and spermidine plus 1; subsequently, the biogenic amines
index (BAI) was developed, which is the sum of histamine, tyramine, cadaverine, and
putrescine [35]. The content of these amines increases with meat storage and their excessive
consumption exhibits toxic effects, and thus the determination of amine content is important
not only from the standpoint of meat freshness, but also for maintaining the health status
of society (meat consumers) [5,27]. BAl is of high significance for the determination of
amine content in cheese and meat because it includes the content of tyramine. BAI in fresh
meat should not exceed 5 mg/kg, whereas the acceptable range with initial symptoms of
spoilage is between 5 and 20 mg/kg. Meat with low hygienic quality is classified in the
range 20-50 mg/kg, and spoiled meat has a BAI above 50 mg/kg [27].

3.4. Systemic Defensive Mechanisms

Natural defensive mechanisms of the organism, protecting against negative effects
of consuming excessive levels of BA, are monoamine oxidase (MAO), diamine oxidase
(DAO), and polyamine oxidase (PAO). However, this system is often disturbed by gastric
problems of consumers, antidepressant intake, alcohol consumption, disruption of natural
defensive mechanisms of the organism, or consumption of spoiled food containing high
levels of BA. Additionally, the synergistic effect of these factors influences increased toxicity
of biogenic amines. The main problem consists of MAO and DAO inhibitors, which
include antidepressant drugs. It is estimated that 20% of the European population uses
antidepressants, and the intake of this type of agent exhibits a growth tendency [27,44].

4. Monitoring and Recommended BA Consumption Standards

To care for the consumer health and to reduce the negative impact of consuming
excessive amounts of BA, whose toxicity mechanism has not been fully understood, it
is recommended to restrict consumption of BA-rich products [26]. International permis-
sible limits of biogenic amine consumption are absent [28]. This issue has thus far been
covered by numerous consumer organizations and food safety agencies. These include
the European Food Safety Authority (EFSA), the Food and Drug Administration (FDA),
the Food Safety Commission of Japan (FSCJ), and the World Health Organization (WHO).
As a result of cooperation with the aforementioned entities and based on the Regulation
EC/178/2002, the Rapid Alert System for Food and Feed (RASFF) database was created.
However, the above organizations and the mentioned system mainly focus on the toxicity
of histamine from fish and fish products [26,27,38,42]. Based on the FDA report, as pro-
vided by Rabieet et al. [30], the maximum level of tolerated histamine content in meat was
determined as 100 mg/kg, whereas daily histamine consumption should not exceed 50 mg
and 600 mg for tyramine. Danchuket et al. [42] reported that the permissible histamine
level in healthy food should not exceed 50 mg/kg, the level between 50 and 200 mg/kg
may have a harmful effect on consumer health, and the level above 200 mg/kg exhibits
toxic properties. In turn, Feddern et al. [16] report that histamine and tyramine content
above 100 mg/kg and 3-phenylethylamine above 30 mg/kg show toxic effects on con-
sumer health status. According to the EFSA Report, the daily recommended histamine
intake is below 50 mg for healthy people, but below detection limits for people with a
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histamine intolerance, and 600 mg of tyramine for healthy people who do not take drugs
from the group of monoamine oxidase inhibitors (MAOI), but 50 mg for people taking
third-generation MAOI drugs or 6 mg for people taking classic MAOI drugs. However,
information on putrescine and cadaverine have proven insufficient in this scope [45].

5. Changes in the Content of Biogenic Amines in Poultry Meat

Numerous scientific reports have shown increased levels of tyramine, histamine,
cadaverine, putrescine, and 3-phenylethylamine in poultry with a concomitant decrease of
spermine and spermidine levels [23]. Table 2 presents ranges of biogenic amine content in
poultry meat based on the latest scientific reports and changes of biogenic amine content
during storage. Table 2 shows changes in BA content with the duration of poultry meat
storage (leg and breast muscles) in aerobic conditions, corresponding to the conditions of
storage by consumers, and in modified atmosphere packaging (MAP). Based on the results
presented by Min et al. [24] and Wojnowskiet et al. [34], it can be stated that the content of
putrescine and cadaverine increased in a linear manner during the storage period, whereas
in the case of BA detection at7 days (histamine, tyramine, and -phenylethylamine), the
values were lower than on days5 and 9 of storage.Furthermore, the tyramine content
decreased in the pectoral muscles of ducks and quails. A linear increase in putrescine and
cadaverine content wasobserved, with a decrease in spermine and spermidine content [8].

Based on Table 2, it can be observed the BAI (used to determine meat freshness and
quality) increases with the level of BA. Discrepancies in the ranges provided by the authors
may stem from the differences in the initial microbiological purity of meat and the differences
resulting from the conditions and precision of methods used to determine BA [21].

5.1. Biogenic Amines Content in Poultry Products

The contents of BA in ready-to-eat products or products after heat treatment are
presented in Table 3. Furthermore, cooked and shredded chicken breast muscles and
smoked turkey were stored, and BA contents were determined with storage duration.
Analyses by Hassan et al. [32] have shown that the levels of tyramine, putrescine, and
cadaverine were at a level acceptable for consumption by the consumer. Histamine levels
were not determined. The sum of determined BA for wings, thigh, and nuggets was 3.2, 5,
and 7.8 mg/kg, respectively, for minimum analytical values, and 37.2, 42.2, and 68 mg/kg,
respectively, for maximum values.

In the case of shredded cooked breast storage in aerobic conditions, higher val-
ues for the analysedBA were obtained than for storage of this meat in MAP conditions
(30% CO, + 70%N5). Higher oxygen accessibility affected the higher activity of decarboxy-
lase, obtaining higher values for putrescine, cadaverine, and tyramine after 28 days of
storage [14].

Ntzimaniet et al. [17] assessed changes of BA in smoked turkey breast fillet stored
in aerobic conditions, vacuum, MAP (30% CO; + 70%N3), and in skin. Samples were
stored for 30 days. The lowest value for histamine was determined in the fillets stored
in skin (11.9 mg/kg), whereas the highest was for turkey fillets without skin stored in
aerobic conditions (32.9 mg/kg). Low tyramine, putrescine, and cadaverine content was
determined in both groups. Results obtained from MAP and vacuum groups did not
indicate relatively high histamine and tyramine levels.
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Table 2. Contents of biogenic amines (HIS: histamine, TYR: tyramine, PUT: putrescine, CAD: cadav-
erine, BAI: biogenic amine index, SPM: spermine, SPD: spermidine, and PHM: 3-phenylethylamine)
in chicken meat during storage under different storage conditions (mg/kg).

Sample Sctg;adgle Day HIS TYR PUT CAD BAI SPM SPD PHM Source
tions
1 ND-1.48 ND-1.3 0.8-583  ND-19.8  0.8-80.88  38.8-533 7.9 ND
3 42-62 32-55 11-2.7 1-24.8 9.5-39.2 60.2 6.3 ND
5 23-77 41-57 18755  105-105  18.7-995  414-63.7 57-7.3 16
Air 7 16.7 38 495 38 73.8 532 7.6 43 [7’i2124’
9 94 1305 207 91.1 438 77.4 7.5 47
14 8.6 2.9 300.3 160.6 4724 37.1 5
Chicken 17 19.2 4 409.6 252.7 685.5 36.6 48 NA
breast
1 ND ND-0.3 ND-48 ND-85 ND-568  17.7-56.6  7.5-13.2
3 ND ND ND ND ND 173 7.3-7.6
5 ND 14 58.4 25.4 85.2 39.2 116
MAP 8 ND 23 65.3 30.8 98.4 383 10.7 NA [7,15]
9 18 ND-19  264-725 85217  367-1042  160-39.2  59-107
14 1.6-14.5 ND-60  29.8-2489  95-1206  40.9-390 37.3 87
17 26.8 8.9 354 2237 613.4 315 7.8
1 ND 37 0.3 1.6 2.03 46.6 6.8 04
3 44 44 13 34 13.6 924 15.3 0.1
Chicken .
legs Air 5 54 64 7.8 36 231 70.5 9.1 10.3 [19]
7 119 7.2 137 6 38.9 84.7 8.2 59
9 8.3 467 163.6 403 259.1 68.9 9.6 25
1 356.8 ND ND 9.4 7.1
3 272.3 24 ND 51 6.8
5 1779 5.8 38 22 6.7
_ 7 106.7 9.2 7.0 18 6.6
ﬁ‘e‘;i Air 9 NA 93.5 139 10.1 NA 18 6.6 NA (8]
11 50.6 11.9 19.6 15 6.5
13 28.2 159 17.7 15 6.3
15 20.6 17.0 16.6 15 6.3
17 17 17.7 16.3 ND 6.3
1 1355 02-34 ND 104-494  7.7-105
3 92.1 04 ND 9.8 6.4
5 499 31.0 44 75 6.8
7 27.0 347 43 18 7.2
3::; Air 9 NA 130 548 42 NA 15 6.3 NA [8,46]
11 85 182 3.8 15 6.3
13 44 132 33 15 6.4
15 39 12.7 13 15 6.3
17 24 8.2 ND ND 6.6
g‘i‘;ll: Air 1 3.0 241 58
Duck . NA NA —— NA NA NA [47]
liver Air 1 52 70.0 30.9

ND—not detected; NA—not analysed/not available.

In a study by lacuminet et al. [47], an increase in histamine and cadaverine was found
during the maturation process of goose meat sausages. In one batch (spoiled sausages), high
contents of histamine (415.3 mg/kg) and cadaverine (339.3 mg/kg) were found, whereas
in the batch of sausages which were determined as unspoiled, the values of these amines
were 5.6 and 32.1 mg/kgfor histamine and cadaverine, respectively.
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Table 3. Content of biogenic amines (HIS: histamine, TYR: tyramine, PUT: putrescine, CAD: cadaver-
ine) in different poultry products(mg/kg).

Days of

Sample HIS TYR PUT CAD Source
Storage
Wings 1 1.3-20.1 1-10.3 - 0.9-6.8
Thigh 1 2.6-20.5 1.4-12.2 - 1-95 [32]
Nuggets 1 3.9-284 1.8-21.9 - 2.1-17.7
Shredded cooked breast 1 - 3.2 0.2 B
aerobiosis packaging 28 - 4.9 58.7 23.1 (4]
14
Shredded cooked breast 1 3 3.2 0.2 -
MAP: 30% CO; + 70%N> 28 - 3.9 232 3.2
1 ND ND ND ND
Smoked turkey breast fillet 14 8.7 1.8 13 0.6
stored in air
30 329 2.5 2.5 1.8
1 1.7 0.5 0.8 14
Smoked turkey breast fillet under 14 5 1 1.9 11
vacuum
30 15.6 125 2 2.5 [17]
1 49 ND ND 0.2
Smoked turkey breast fillet in skin 14 6.8 0.6 0.4 1.2
30 11.9 43 1 2.5
1 ND ND ND ND
Smoked turkey breast fillet
14 1.9 0.5 0.5 2.4
MAP 30% C02 + 70'%N2
30 14.9 10.2 2.1 45
Unspoiled goose sausages ND 5.6 ND ND 321 (48]
48
Spoiled goose sausages ND 415.3 ND ND 339.3

ND—not detected.

5.2. Biogenic Amines vs. Poultry Health Status

Biogenic amines can be accumulated during life, and this accumulation mainly stems
from the activity of decarboxylase-positive microorganisms occurring in the gastrointesti-
nal tract [27]. Numerous publications have analysed the correlations between intestinal
microbiota and the effect on production conditions. In the work of Tiihonenet et al. [49],
Ross 308 chicken were provided with an addition of essential oils (EO) from thymol and
cinnamaldehyde, which had a positive effect on production results and also on the stabi-
lization of bacterial flora in the intestines. With the increase of EO content, the content of
tyramine, putrescine, and tryptamine lowered in the cecum on day 41 of chicken fattening,
whereas the levels of spermine and spermidine increased. Furthermore, the addition of
EO affected the increased level of butyrate in the intestine, reduced propionic acid and
isovaleric acid content on day 41 of rearing, and an increasedshare of Lactobacillus and
Escherichia coli was found in the caecum. All disturbances of the digestive tract microbiota
affect the maldigestion and amino acid absorption, which constitutes the substrate for the
reaction of free amino acid decarboxylation and increased metabolites of protein fermenta-
tion in the caecum and the content of BA. Moreover, in the study cited by Apajalahti and
Vienola [50] (Apajalahti and Badford (2000)), infection with Eimeria maxima also produced
increased content of BA in the caecum, and only after 14 days was the level restored to
the state from before the infection.On the other hand, addition of 0.2% inulin to broiler
chicken feed resulted in a reduced caecum share of histamine by 26.6%, tyrosine by 27.8%,
cadaverine by 18.4%, and putrescine by 11.6% [51]. Phytobiotic substances, such as herbal
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extracts from cinnamon, garlic, lemon, and rosemary present a positive effect on the poultry
health status, protecting it from C. perfringens infection and from necrotizing enterocolitis
in broiler chicks [46]. Biogenic amines further exhibit a toxic effect on the health status of
chickens. Barnes et al. [52] analysed the influence of 0.1% and 0.2% histamine and 0.1%
cadaverine addition and their mix of 0.1% each in a chicken diet. Metabolic pathologies
were demonstrated, including gizzard erosion and proventricular ulcers (plaques), and
they resulted in a lower final weight of chickens and an increased feed conversion ratio.
For the purpose of a better gastrointestinal tract development, putrescine injections in
ovo were performed on day 17 of chick incubation at a dose of 0.05%, 0.1%, 0.15%, and 0.2%.
Dosages of 0.05% and 0.1% influenced the increased weight of the gastrointestinal tract
after hatching, however the intestine weight was reduced after 24 h post-hatching. Dosages
above 0.1% exhibited toxic properties and reduced the number of hatched chicks [36].

6. Methods for the Detection of Biogenic Amines
Among the detection methods for BA, the following methods can be distinguished:

High-performance liquid chromatography (HPLC),

Gas chromatography (GC),

Capillary electrophoresis (CE),

Thin-layer chromatography (TLC),

Fluorometric methods and enzymatic methods: enzyme-linked immunosorbent assay
system (ELISA).

Based on the analysis of Ahmad et al. [26],it was shown that HPLC is the most popular
method for the analysis of BA, accounting for 62% of the determinations carried out over a
period of 5 years.

Then, electrochemical techniques (TLC and GC) accounted for 14%, fluorescence
(ELISA) for 10%, capillary electrophoresis (CE) for 6%, and colorimetric and other methods
for the determination of BA constitute 8%.

The greatest number of analyses for the determination of BA were performed in wine
(16%), fish (13%), and urine (10%), while meat constituted only 8% as a product in which
BAwere determined [26-30].

The determination of BA in Europe is usually performed by the HPLC method. This
requires the complexity of two steps: the extraction of BA from the sample and the ana-
lytical determination of BA. Detectors (electrochemical, fluorescence, and ultraviolet (UV)
detectors) are most commonly used. In the USA, spectrophotometric determination is
the most common method for determining BA (mainly histamine). It is recommended by
the Association of Official Agricultural Chemists (AOAC). It involves homogenisation in
methanol, followed by filtration, use of anion exchange chromatography for separation,
derivatisation, and the final step of spectrophotometric BA determination. The derivati-
sation reaction is an important step in that the determination of BA can be carried out
with high sensitivity and strong retention. It accounts for 62% of the BA determination
reaction.Problems during BA determination can arise from potential reactions of the food
composition and interferences with other substances, and therefore purification of the
sample is also an important step. The processes used are solid-phase and liquid-phase
purification and its advanced version: dispersive liquid-liquid microextraction (DLLME),
which accounts for about 13% of the reactions used for BA determination [26,28,29].

Among the extraction solvents used, acids (hydrochloric acid, trichloroacetic acid,
and perchloric acid) and organic solvents (acetone, acetonitrile, methanol, perchloric acids,
dichloromethane acid) are mainly used [28,29]. According to Ahmad et al. [26], among the
most commonly used detectors for BA determination by HPLC was mass spectrometry
(MS/MS), which accounts for as much as 34%. This was followed by fluorescence detector
accounting for 29%, and UV detector, for 16%.

In the work of Wojnowskiet et al. [24], dispersive liquid-liquid microextraction com-
bined with gas chromatography-mass spectrometry (DLLME-GC-MS) and an electronic
nose model were used for BA determination. The prototype electronic nose had a dedicated
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sample chamber, which was used for rapid analysis of the volatile fraction of chicken meat
samples, based on headspace analysis and fingerprinting. An artificial neural network
based on machine learning was developed, resulting in good accuracy of measurement
and calculation of the coefficient of determination. The results of BA determination by
DLLME-GC-MS and the electronic nose method were then compared. It was shown that
an artificial neural network(electronic nose) with an appropriately determined regression
coefficient can be used to determine BA in meat—in this case poultry meat.

7. Methods for Restricting Biogenic Amines Content in Poultry Meat

Due to the toxic effect of BA, the scientific circles face an important challenge consisting
in restricting their occurrence. Methods for limiting the level of BA include:

Starter cultures,

Packing methods,

High hydrostatic pressure (HHP),

Ozonation,

Radiation,

Use of essential oils, phytobiotics, and organic acids in foods [5,28,41,53].

To reduce the level of BA and eliminate microorganisms with decarboxylation ca-
pacity, starter cultures and probiotic strains are used, which do not show such capacity.
They are mainly used in fermenting and long-maturing products. Both single strains as
well as the synergistic effect of several strains are used. Those strains are mainly lactic
acid bacteria: Lactobacillus sakei, Lactobacillus curvatus, and Lactobacillus plantarum [37 41].
Moreover, strains exhibiting the capacity for biogenic amine oxidation to aldehydes or am-
monia are also used. These include Micrococcus varians, Natrinemagari, Brevibacterium linen,
Lactobacillus sakei, and Lactobacillus curvatus [5].However, sometimes, some strains within
the same family also show decarboxylation capacity, which does not affect the reduction of
BA. It is important to select a pure strain for the starter culture. It also happens that the
starter culture strain is not able to control the “wild” strain present on the meat. The “wild”
strain is the strain showing the ability to decarboxylate amino acids [5,21].

Meat is packed using several methods, under aerobic conditions, vacuum, active
packaging (AP), and modified atmosphere packaging (MAP). Alternative methods of meat
packing relative to meat storage in aerobic conditions are used to prolong the product
shelf-life and limit the formation of BA. MAP is used with a mixture of different gases
(COy, Ny, CO, Ar). Fraqueza et al. [22] demonstrated a reduction of the presence of BA in
turkey meat stored in the conditions of different MAP gas mixtures compared toin aerobic
conditions. Similar results were obtained by Rodriguez et al. [14], whereas higher levels
of BA (histamine and tyramine) under vacuum and MAP conditions were obtained by
Ntzimani et al. [17].

Use of high hydrostatic pressure (HHP) results in microorganism inactivation, and
a change of microorganism structure, genome, and morphology, without impacting the
product quality, thus prolonging the shelf-life of the product.The effect of HHP depends
largely on the pressure level, treatment time, time of application, and type of food. The
analysis of restricting the BA level in sausage based on poultry meat (Alheira) subject
to high hydrostatic pressure has shown that the pressure of 600 MPa for 960 s results in
limited levels of BA in poultry products without impacting the sensory properties of the
product [54].

Ozonation also has a positive impact on microorganism inactivation in foods [55].
Mercogliano [56] examined the effect of ozone (O3) on the content of BA. The influence
of ozone decontamination on the content of BA was demonstrated. Ayranciet et al. [55]
demonstrated a considerable reduction of microorganisms and physicochemical changes
of turkey breast meat (pH, colour). What is more, water-holding capacity and cooking
yield increased.

The use of radiation is a method used for surface product decontamination. It is used
to decontaminate numerous food products, including meat and meat products. However,
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an excessive radiation dose may affect the physicochemical properties of meat, and it
changes the structure and properties of decarboxylase enzymes [5,57]. Lazaro et al. [58]
analysed different UV doses (0.62, 1.13, 1.95 mW /cm?) and stored at 4 °C for 9 days. For
the correlation between exposure time on restricting the content of BA in chicken meat,
1.95 mW /cm? for 90s turned out to be most efficient in preserving food and limiting BA,
andfurthermore stabilized pH and L*a*b* parameters. Similar results were obtained
byMin et al. [19] using a dose of 2 kGy and comparing results of biogenic amine content to
organic acids (0.2 M acetic, citric, and lactic acid). Organic acids do not affect the structure
and physicochemical properties of meat. A positive influence was shown on the elimination
of Campylobacter spp., the main cause ofhuman campylobacteriosis, peracetic acid (PAA)
on carcasses packed in MAP, and storage for 12 days. Bertram et al. [53] demonstrated a
considerable reduction of putrescine and cadaverine in turkey breast muscles.

Application of phytobiotics and phytobiotic substances with other biogenic amine
reduction methods may produce a synergistic effect. Poultry meat in the active packaging
(AP) system with the addition of Rosmarinus officinalis essential oil at 4% reduced the level of
BA as compared with a control group of poly-coupled packaging (PP). After seven days of
storage, the analysis revealed lower values for putrescine, 3-phenylethylamine, cadaverine,
and histamine, and a higher tyramine level [25].The literature includes numerous studies
on the effect of phytobiotics on meat quality improvement and the reduction of biogenic
amine content. Such substances include curcumin, thymol, piperine, capsicum, garlic,
green onion, red pepper, cloves, ginger, cinnamon, cassia, and fennel extracts [28,58].The
following spices have been used in dried sausage production to reduce the biogenic amine
content: star anise, amomumtsao-ko, clove, cassia, fennel, bay leaf, and nutmeg. Cassia
and fennel extracts exhibited the most pronounced effect on reducing BA [58].

Grape pomace in the broiler chicken diet had a positive effect on meat quality, lipid
profile, and oxidative stability, and reduced the content of BA in experimental groups
relative to the control group after 7 days of storage: putrescine by 25.9%, 37%, and 44.4%
for groups with 2.5%, 5%, and 7% addition of grape pomace, respectively. The tyramine
level was reduced by 27.7% for groups with a 2.5% and 7% addition and increased by 11.1%
for the 5% addition group. Thecadaverine level was below detection limits in experimental
groups [33].

8. Conclusions and Future Perspectives

The issue of food safety has been influencingconsumers for many years, who currently
prefer low-processed food, with a small number of additives, safe, and above all, healthy,
including the acceptable level of BA. The toxicity of excessive consumption of BA is a
serious challenge for food safety, which is a global problem for producers, processors of
meat products, food technologists, scientists, and consumers. Meat (in general) represents
only 8% as an object of analysis for determination of BA, which is a very small proportion
of the total structure and shows an increase in the control of meat, including poultry
meat [14,21,59].

The use of modern methods (e.g., electronic nose)for the detection of BA may in the
future constitute a popularization of the determination of these compounds in many public
products, including poultry meat and meat products. Modern methods, unlike traditional
analytical methods, are less time-consuming, they do not require the use of many expensive
chemical reagents, no highly qualified personnel areneeded to carry out analyses, and they
can be helpful to determine the content of BA in real time [42]. The search for new, fast,
and universal methods of the amine level determination can contribute to popularizing
the determination of these compounds and to increasing consumer awareness on the
toxicity of amines. The ongoing changes in the monitoring of food and toxicity of BA are
important from the point of view of consumer health [26].Today, food monitoring should
be geared towards producing safe products (with lower levels of contamination), while
providing reliable information to all consumers (including those with dietary restrictions,
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especially those at risk of damaging MAO and DAO mechanisms) so that they can make
informed choices.
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Abstract: Biogenic amines (BAs) are biologically active substances found in the cells of microor-
ganisms, plants, and animals. These BAs serve many vital functions in the body. However, an
excessive amount can be toxic, especially for individuals taking monoamine oxidase (MAO) and
diamine oxidase (DAO) inhibitors. They primarily form in products rich in amino acids, the primary
substrates for BA formation. The aim of this study was to determine the formation of BAs and their
precursor amino acids in chicken breast and leg muscles stored under chilling conditions. Analyses
of BA and AA determinations were conducted on days 1, 3, 5, 7, and 10 of muscle storage. There was
a noted increase in BAs with the storage of both muscle types (p < 0.05). Distinct levels of BAs were
detected (p < 0.05) in the muscles, except for putrescine (p > 0.05). Interactions emerged between the
two factors for various Bas, including histamine (p = 0.001), tyramine (p < 0.001), BAl index (p < 0.001),
tryptamine (p < 0.001), agmatine (p = 0.001), spermidine (p < 0.001), TOTAL BA-1 (p < 0.001), and
TOTAL BA-2 (p = 0.016). There was no evident interaction between the type of meat and storage time
concerning amino acid content (p > 0.05). Correlations in breast muscles were observed for biogenic
amine—amino acid pairs such as putrescine—ornithine (r = —0.57) (p < 0.05), spermidine—ornithine
(r=—0.73) (p < 0.05), and phenylethylamine-phenylethylalanine (r = —0.50) (p < 0.05). In leg muscles,
significant correlations were found for histamine-histidine (r = —0.87) (p < 0.05), putrescine-ornithine
(r=—0.96) (p < 0.05), and phenylethylamine—phenylethylalanine (r = —0.65) (p < 0.05). The results
obtained can be used in the future to estimate the levels of BAs with knowledge of the levels of
individual amino acids and inversely.

Keywords: chicken meat; biogenic amines; amino acids; correlation

1. Introduction

Biogenic amines (BAs) are small-molecule biologically active substances found in the
cells of microorganisms, plants, and animals. They have many important functions in
the body. Biogenic amines are compounds that are crucial for the proper course of the
organism’s metabolic processes, such as protein synthesis, hormone synthesis, and DNA
replication, as well as maintaining cell viability [1,2]. However, due to their toxic effects
(excessive consumption of BAs causes diarrhea, food poisoning, vomiting, sweating, or
tachycardia), it is important to limit their levels in the human diet, especially among people
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taking antidepressants and drugs from the monoamine oxidase (MAQ) and diamine oxidase
(DAO) groups. Furthermore, excessive amounts of BAs can act as false neurotransmitters,
leading to numerous allergic reactions [1,2].

Biogenic amines are produced through three processes: the decarboxylation of amino
acids, the reductive transamination of aldehydes and ketones, and the formation within
tissues. The availability of a substrate (precursor) is a determinant for the creation of BAs, as
it is from this substrate that the amine originates. Biogenic amines can be categorized based
on the structure of the precursor amino acid—aliphatic, aromatic, or heterocyclic—and
by the number of bonds between the amino acid residue and the nitrogen atom, such as
monoamines, diamines, and polyamines. Putrescine arises from ornithine, tyramine from
tyrosine, histamine from histidine, tryptamine from tryptophan, cadaverine from lysine,
phenylethylamine from phenylethylalanine, and agmatine from arginine. Spermine and
spermidine are derived from arginine and ornithine. Elevated levels of amino acids (AA)
can result in significant amounts of BAs, contingent on their content [2-5].

Poultry meat is one of the most popular products among consumers. Its popularity has
been influenced mainly by the lack of religious restrictions and the reduction in the rearing
period of chickens, coupled with shifts in rearing methodologies. Presently, chickens are
mainly kept in intensive systems in poultry production. Genetic improvement to increase
the proportion of breast and leg muscles has led to a change in the structure of the meat,
specifically the muscle fibers. Consequently, poultry meat tends to deteriorate quite rapidly.
The ongoing proteolysis results in increased levels of free amino acids (FAAs), which serve
as precursors of BAs [6,7].

The aim of this study was to determine the levels of BAs and their precursor AAs and
to explore the relationship between them in the breast and leg muscles of refrigerated-stored
chickens.

2. Materials and Methods
2.1. Experimental Scheme

Breast and leg muscles were obtained from chickens nourished on a diet based on
wheat, maize, and soya, structured in a three-stage system: 0-16 d, starter: 11.5 MJ energy,
261 g crude protein (CP)/kg; 17-35 d, grower: 12.1 MJ energy, 221 g CP/kg; and 3642 d,
finisher: 13.4 M] energy, 187 g CP/kg. After slaughtering and carcass cooling, 10 samples
of each breast and leg muscle were obtained. Each muscle sample was individually
homogenized using a meat grinder featuring 3 mm holes and was rigorously mixed to
ensure homogeneity. The protein and fat contents within the procured muscles were
assessed using a Food Scan™ analyzer (Foss Electric, Hillerod, Denmark). The protein level
in the breast muscles was registered at 22.23 & 0.39%, whereas it stood at 20.04 £ 0.42%
for the leg muscles. Concurrently, the fat level was 2.73 £ 0.09% in the breast muscles and
7.81 £ 0.14% in the leg muscles. The obtained homogenate was subsequently divided into
five samples (each sample weighed 20 g), each encased in polyethylene (PE) film string bags
of dimensions 100 x 150 mm. Each pouch was tightly closed and stored under refrigeration
at a temperature of 2.2 & 0.3 °C. Assessments of BAs and amino acids were performed on
days 1, 3,5, 7, and 10 of storage.

2.2. Reagents

Liquid chromatography—mass spectrometry (LC-MS)-grade acetonitrile, hexane, and
LC-MS water were supplied by Witko (L6dz, Poland). Disodium tetraborate (borax) >99%
was supplied by Chempur (Piekary Slaskie, Poland). Ammonium formate > 97% and
formic acid assay 98-100% were purchased from Chem-Lab (Zedelgem, Belgium). Dansyl
chloride 97% was acquired from abcr GmbH (Karlsruhe, Germany). Pure trichloroacetic
acid was provided by POCH (Gliwice, Poland). Certified analytical standards (Merck,
Darmstadt, Germany) included putrescine, histamine, cadaverine, tryptamine, phenethy-
lamine, tyrosine, spermidine > 99%, spermine >99%, agmatine > 97%, 1,7-diaminoheptane
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assay 98%, and ammonium hydroxide solute arginine, ornithine > 99%, histidine, lysine,
tryptophan > 98%, phenylethylalanine, and tyrosine.

2.3. Preparation of Samples for Biogenic Amines and Free Amino Acid Content Analysis

Sample preparation and determination of BAs and AAs were conducted as described
by Swider et al. [4]. Two grams of the homogenized meat sample was weighed into a
50 mL centrifuge tube. This was then spiked with 50 uL of the 1,7-diaminoheptane internal
standard solution (1 mg x L~!) and with 40 mL of 5% trichloroacetic acid. Subsequently,
the sample was shaken and centrifuged at 10,000 x g for 10 min. The supernatant was then
filtered using filter paper. For the derivatization process, 1 mL of distilled water, 1 mL
of 5% borax solution, and 100 uL of the sample supernatant were combined in a 15 mL
polypropylene tube. Then, 2.5 mL of dansyl chloride (20 mM) dissolved in acetonitrile
was added. The tube was thoroughly mixed and then placed in a shaking water bath,
maintained at 30 °C for 1 h, ensuring it was kept away from light exposure. After this
period, 125 uL of a 400 mM ammonia solution was added to the tube, which was then
allowed to sit in a dark environment for an additional 15 min. The mixture was finally
passed through a 0.45 um syringe filter, and the filtrate was transferred to a chromatographic
vial, ready for LC-MS analysis.

BA levels were analyzed for putrescine, cadaverine, tyramine, tryptamine, histamine,
agmatine, phenethylamine, spermine, and spermidine, as well as their precursors, which
included arginine, lysine, histidine, tyrosine, Phenylethylalanine, Tryptophan, and or-
nithine. The following were also analyzed: BAl—biogenic amines index (sum of putrescine,
cadaverine, tyramine, and histamine); TOTAL BA-1—sum of histamine, putrescine, cadav-
erine, tyramine, phenylethylamine, tryptamine, and agmatine; and TOTAL BA-2—sum of
Total BA-1, spermine, and spermidine. For reasons of stability, spermine and spermidine
were not included in TOTAL BA-2, but the TOTAL BA-2 index was distinguished. For
amino acids, the index sum of precursors of BAI =sum of lysine, histidine, tyrosine, and
ornithine was distinguished. All raw results have been included in the database available
in Supplementary Materials link.

2.4. Liquid Chromatography—Mass Spectrometry

An ultra-high-performance liquid chromatograph (UPLC) coupled with a high-
resolution mass spectrometer Q Exactive Orbitrap Focus MS (Thermo Fisher Scientific,
Waltham, MA, USA) were used for analysis. Methods used were according to Swider
et al. [4]. The scan was set at Full MS, followed by All Ion Fragmentation mode with scan
ranges of 200-1200 m/z and 80-1000 m/z, respectively. The analyses were conducted at a
resolution of 70,000 in simultaneous scan and 35,000 in All Ion Fragmentation mode. The
Cortecs UPLC C18 2.1 x 100 mm, 1.6 pm column purchased in Waters (Milford, MA, USA)
was used. Ions were produced using a heated electrospray ionization (HESI) technique
with spray voltage 3 kV. Liquid phases consisted of water/ACN (90:10)/0.1% FA /5 mM
ammonium formate (phase A) and ACN/water (90:10)/0.1% FA /5 mM ammonium for-
mate (phase B), which flowed by in a gradient according to the following settings: A:B
(%) gradient 0-2 min—90:10—waste, 2-22min—0:100, 22-25min—0:100, 25-26min—90:10,
26-28min—90:10, at the rate of 0.3 mL/min. LC-MS-grade water and acetonitrile were
purchased from Witko (Lodz, Poland). Formic acid (98-100%) and ammonium formate
(>97%) for LC-MS were supplied by Chem-Lab (Zedelgem, Belgium). Polarization was set
in positive mode, and the volume of the injection was 2.5 pL. The remaining parameters
were set as follows: capillary temperature: 256 °C, sheath gas flow rate: 48, auxiliary gas
flow rate: 11, sweep gas flow rate: 2, probe heater temperature: 413 °C, S-lens RF level:
50. Xcalibure 4.2.47 software (Thermo Fisher Scientific, Waltham, MA, USA) was used to
acquire and analyze data. The applied analytical method was validated to evaluate its
statistical parameters in analyses of BAs and AAs, according to Swider et al. [4]. Recovery
rates (RRs) of this method were calculated on the basis of results obtained using some
spiked samples. In addition, limits of detection (LOD) and limits of quantification (LOQ)
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were determined. The values of RRs ranged from 80 to 120%, the LOD was less than
0.1 mg/kg, and the LOQ was less than 0.30 mg/kg. Linearity of the calibration curves was
better than 0.99.

2.5. Statistical Analysis

Evaluation of the effects of studied factors (type of meat and storage time) and their
interactions was conducted using two-way analysis of variance (ANOVA) and their inter-
actions according to the following linear models:

For one-way ANOVA:

Yj = p+Ajte+orYyi = p+ By +e
For two-way ANOVA:
Yik = p+ Aj+ B+ (AB)j + eijk

where Y is a dependent variable, ji is the general mean, A; is the effect of the meat type,
and By is the effect of the storage time.

Statistical evaluations were conducted using ANOVA, where p-values were presented
along with the pooled standard errors of the means (SEM) for each studied variable. In
order to facilitate multiple comparisons of means, one-way ANOVA was utilized in tandem
with Duncan’s multiple range test. Pearson’s correlation coefficients were calculated to
evaluate the relationships between selected variables. Beyond these tests, a principal
component analysis (PCA) was also carried out to further understand the data. All of these
statistical analyses were performed in Statistica 13.3 software. It is important to note that
for all the tests and analyses performed, the significance level was set at 0.05 [8].

3. Results
3.1. Effect of Meat Type

Breast and leg muscles differed in histamine (p < 0.001), cadaverine (p < 0.001), tyra-
mine (p < 0.001), BAl index (p < 0.001), phenylethylamine (p = 0.032), tryptamine (p < 0.001),
agmatine (p < 0.001), spermine (p < 0.001), spermidine (p < 0.001), TOTAL BA-1 (p < 0.001),
and TOTAL BA-2 (p < 0.001). There was no difference between the analyzed meat types
for putrescine content (p = 0.763) (Table 1). Table 2 summarizes the precursor amino acids
for BA. The effect of meat type was evident for the level of these amino acids: arginine
(p < 0.001), lysine (p = 0.008), histidine (p < 0.001), tyrosine (p < 0.001), phenylethylalanine
(p < 0.001), tryptophan (p < 0.001), ornithine (p < 0.001), and the sum of precursors from
BAI (p < 0.001).
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Table 1. Biogenic amines (mg/100 g of meat) in broiler breast and leg meat stored in air conditions.
Storage Item
Time
! Histamine Putrescine Cadaverine Tyramine Index BAI Phenylethylamine Tryptamine Agmatine Spermine Spermidine TOTAL TOTAL
y ylethy ryp g P P
(Day) BA-1 BA-2
1 1.233A 1.624 0.77 aA 0.004 3.62 37 0.00 24 0.004 0.004 77.43 bC 14.43 2AB 3.6223A 95.47b
Breast 3 2,048 24324 1.42 27 0.00 @A 5.89 aB 055D 0.00 24 0328 73.04 bC 13.35 bA 6.76 2B 93.16P
meat 5 3.09€ 7318 1.682A 0.18 2B 12.27aC 038 € 0.85¢€ 0.50 € 62.68 bB 1523 bAB 13 99aC 91.91b
7 5.28 D 11.09€ 2.72B 0.28 aB 19.37 aD 0.198 0.44 8B 0.60 2 50.74 bA 16.79 bB 20.602P  88.13P
10 8.77 aE 14420 4913C 0.73aC 28.83 aE 035¢€ 0.43 2B 0.93 2D 4751 bA 16.64PAB 30 55aE 94.69 b
1 1.62bA 1.94 A 2.01bA 0.00 4 5.57 bA 0.22bA 0.004 0.004 45.05 2C 17.19 b€ 579bA  68.032C
Le 3 2104 3.15bB 2.54 bAB 0.28 bB 8.07 bB 0518 0.25bB 0358 43.81 € 11.17 2B 9.19 bB 64.16 €
meft 5 3328 6.78 € 3.42 bB 0.40 bB 13.93 bC 0498 071¢ 0.63€ 27.62 2B 45524 15.75C  47.92aA
7 594C 11.95P 5.43 bC 0.96 PC 24.27 bD 0.31 4B 0.55€ 0.85bD 25.01 2B 42824 25.99bD 5508 aB
10 11.10 D 13.46 E 12.81bD 1.62 D 38.98 bE 0.30 AB 1.27bD 1.38 bE 18.03 aA 47337 41.94PE  64.702C
Pooled SEM 0.78 1.80 1.33 0.02 4.72 0.03 0.05 0.03 48.58 6.62 4.88 68.13
Main effects p-value
Effect of meat type <0.001 0.763 <0.001 <0.001 <0.001 0.032 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Effect of storage time <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Effez;fag‘:?;zpe X 0.001 0.144 <0.001 <0.001 <0.001 0.064 <0.001 0.001 0.284 <0.001 <0.001 0.016
ab__small letters indicate significant differences between meat types within the same storage time, p < 0.05; #BCPE__capital letters indicate significant differences between storage

times within the same meat type, p < 0.05 (one-way ANOVA, Duncan test); index BAI—sum of histamine, putrescine, cadaverine, and tyramine; TOTAL BA-1—sum of histamine,
putrescine, cadaverine, tyramine, phenylethylamine, tryptamine, and agmatine; TOTAL BA-2—sum of Total BA-1, spermine, and spermidine.
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Table 2. Precursors of biogenic amines—amino acids (g/100 g of meat) in broiler breast and leg meat stored in air conditions.

It
Storage Time em Sum of
(Day) Arginine Lysine Histidine Tyrosine Phenylethylalanine Tryptophan Ornithine Precursors BAI
1 1473b 1.569 0.809 P 0.644 0.782b 0.204b 0.031" 3.053b
3 1.442 b 1.448 0.769 b 0.655P 0.729 b 0.190 0.032b 2.904°
Breast meat 5 1.471b 1.557 0.769 ba 0.634b 0.762 b 0.192 0.031b 2.991b
7 1.487" 1.518 0.817b 0.623b 0.736 P 0.201 0.031b 2.989 P
10 1.485b 1.519 0.793 b 0.645P 0.786 b 0.200 0.030" 2.987b
1 1.0392 1.445 0.5832 0.570 B 0.663 2 0.1752 0.0232 26222
3 1.0442 1.412 0.584 2 0.530 aAB 0.6432 0.170 0.0242 255042
Leg meat 5 1.0232 1.421 0.592 2 0.510 A 0.646 2 0.175 0.0252 2.548 2
7 1.0222 1.390 0.568 2 0.508 aA 0.6412 0.168 0.026 2 24922
10 1.0392 1.458 0.5612 0.532 aAB 0.667 2 0.175 0.0262 25782
Pooled SEM 0.014 0.032 0.011 0.005 0.008 0.001 0.0001 0.046
Main effects p-value
Effect of meat type <0.001 0.008 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Effect of storage time 0.987 0.662 0.957 0.308 0.480 0.866 0.704 0.523
Effect of meat type x storage time 0.920 0.861 0.768 0.753 0.963 0.941 0.464 0.882

ab__small letters indicate significant differences between meat typeswithin the same storage time, p < 0.05; #B—capital letters indicate significant differences between storage times

within the same meat type, p < 0.05 (one-way ANOVA, Duncan test); sum of precursors of BAI = sum of lysine, histidine, tyrosine, and ornithine.
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3.2. Effect of Storage Time

Table 1 shows the variations in biogenic amine content in breast and leg muscles
over time. The effect of storage time was evident in the contents of histamine (p < 0.001),
putrescine (p < 0.001), cadaverine (p < 0.001), tyramine (p < 0.001), BAI index (p < 0.001),
phenylethylamine (p < 0.001), tryptamine (p < 0.001), agmatine (p < 0.001), spermine
(p < 0.001), spermidine (p < 0.001), TOTAL BA-1 (p < 0.001), and TOTAL BA-2 (p < 0.001).
However, storage time did not influence the amino acid content in either breast or leg
muscles (p > 0.05) (Table 2).

3.3. Interaction Meat Type x Storage Time

An interaction between both factors (meat type and storage time) was observed for
levels of histamine (p = 0.001), tyramine (p < 0.001), BAI index (p < 0.001), tryptamine
(p < 0.001), agmatine (p = 0.001), spermidine (p < 0.001), TOTAL BA-1 (p < 0.001), and
TOTAL BAs (p = 0.016) (Table 1). As storage time progressed, there was an increase in BA
levels, while AA levels remained relatively consistent. For AA content in breast and leg
muscles, no interaction between the meat type and storage time was detected (p > 0.05)
(Table 2).

3.4. Correlations and Principal Component Analysis (PCA)

PCA was carried out to determine the changes in BA levels and their precursor amino
acids over meat storage time. Within the PCA framework, the data from each amino acid
and the BA content at every analysis interval were transformed into two new orthogonal
variables, denoted as “principal components” (PC1 and PC2). The relationships between
the parameters and the PCs were interpreted according to the correlations between them.
Figure 1 shows the PCA for breast muscles (A) and leg muscles (B). For the breast muscles
(Figure 1A), PC1 and PC2 account for 79.73% of the variability in BA levels and their
precursors during the evaluated periods, leading to a 20.27% data loss. The primary compo-
nent (PC1) was positively correlated with spermine, TOTAL BA-2, tyrosine, ornithine, and
phenylethylamine levels while showing an inverse relationship with the rest of the BAs and
AAs present in the breast muscle. Conversely, the secondary component (PC2) was nega-
tively correlated with TOTAL BA-2, spermine, spermidine, arginine, phenylethylamine,
histidine, tryptophan, and the sum of precursors of BAI and positively correlated with the
remaining amines and amino acids. In the context of leg muscles (Figure 1B), PC1 and PC2
capture 86.23% of the variance observed in the levels of BAs and their precursors at the
measured intervals, resulting in a 13.77% information deficit. Concentrations of spermine,
spermidine, TOTAL BA-2, arginine, tyrosine, histidine, phenylethylamine, and the sum
of precursors of BAI were positively correlated with PC1. Meanwhile, PC2 is positively
correlated with levels of ornithine, putrescine, histidine, and phenylethylamine.

Table 3 summarizes the correlations between BAs and precursor AAs. In the breast
muscle, a negative correlation was observed between ornithine and putrescine (r = —0.57)
(p < 0.05) and between ornithine and spermidine (r = —0.73) (p < 0.05). A negative corre-
lation was also found for phenylethylamine and its precursor (r = —0.50) (p < 0.05). The
content of phenylethylamine in the breast muscles negatively correlated with the level of
tryptophan (r = —0.90) and with the sum of the precursors of BAI (r = —0.92) (p < 0.05). In
leg muscles, correlations were noted for histamine and its precursor histidine (r = —0.87)
(p < 0.05) and between putrescine and ornithine (r = —0.96) (p < 0.05). Ornithine in leg
muscles also correlated with spermine (r = —0.95), spermidine (r = —0.95), and TOTAL BA-2
(r=—0.90) (p < 0.05). A negative correlation was again found for phenylethylamine and its
precursor (r = —0.65) (p < 0.05). Furthermore, the analysis revealed positive correlations for
ornithine with tryptamine (r = 0.89) and agmatine (r = 0.95), and for arginine with TOTAL
BA-2 levels (r = 0.89) (p < 0.05).
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Figure 1. First two components of PCA for biogenic amines and their precursors in breast (A) and leg (B) chicken meat during storage.
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Table 3. Correlation between biogenic amines and their precursors in broiler breast and leg meat.

Histidine

Ornithine Lysine Tyrosine

Phenylethylalanine

Tryptophan

Arginine

Sum Precursors

of BAI
Histamine —0.21 —0.58 -0.07 —-0.22 0.29 0.24 0.63 —0.03
Putrescine 0.24 —0.57* 0.05 —0.46 0.21 0.23 0.73 0.04
Cadaverine 0.16 —0.55 —-0.13 —-0.12 0.30 0.20 0.56 —0.08
Tyramine 0.17 —0.64 0.04 -0.16 0.44 0.26 0.64 0.07
Index BAI 0.22 —0.58 —0.01 —0.33 0.26 0.23 0.68 0.01
Breast meat Phenylethylamine —-0.82 0.68 —0.76 041 —0.50* —0.90* —0.60 —0.92*
Tryptamine —0.22 —0.18 0.39 —0.62 0.11 —0.20 0.47 0.11
Agmatine —0.05 —0.34 —0.18 —0.25 0.09 —0.06 0.48 —0.25
Spermine —0.26 0.50 0.01 0.53 —0.08 -0.18 —-0.71 0.03
Spermidine 0.54 —-0.73 0.32 —0.71 0.27 0.50 0.92* 0.35
TOTAL BA-1 0.19 —0.56 —0.02 —0.34 0.24 0.19 0.67 —0.02
TOTAL BA-2 —-0.22 —0.18 0.15 0.79 0.68 0.13 —0.26 0.22
Histamine —0.87 * 0.84 0.34 —0.28 0.43 0.21 —0.05 —0.16
Putrescine —0.80 0.96 * —0.03 —0.57 0.09 —0.05 —0.41 —0.50
Cadaverine —0.84 0.77 0.46 —0.18 0.52 0.29 0.06 —0.03
Tyramine —-0.87 0.90 * 0.19 —0.40 0.28 0.06 —-0.11 —0.30
Index BAI —0.86 0.89 * 0.24 —0.37 0.34 0.14 —0.15 —0.26
Leg meat Phenylethylamine 0.52 0.07 —0.40 —0.57 —0.65*% —0.31 —0.07 —0.39
Tryptamine —0.60 0.89 * 0.30 —0.48 0.28 0.29 —0.21 —0.22
Agmatine —0.75 0.95* 0.14 —0.54 0.18 0.07 —0.23 —0.38
Spermine 0.62 —0.95* —0.06 0.61 -0.12 -0.15 0.51 0.42
Spermidine 0.38 —0.95* 0.30 0.89 * 0.30 0.16 0.64 0.72
TOTAL BA-1 —0.85 0.90 * 0.24 —0.39 0.33 0.14 —0.16 —-0.27
TOTAL BA-2 —-0.33 —0.44 0.54 0.82 0.61 0.15 0.89 * 0.64

* The correlation is significant at p < 0.05; sum of precursors of BAI = sum of lysine, histidine, tyrosine, andornithine; index BAI—sum of histamine, putrescine, cadaverine, and tyramine;
TOTAL BA-1—sum of histamine, putrescine, cadaverine, tyramine, phenylethylamine, tryptamine, and agmatine; TOTAL BA-2—sum of Total BA-1, spermine, and spermidine.
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4. Discussion

The main objective of this study was to determine the development of changes in
BA levels and their precursor amino acids in chicken breast and leg muscles during cold
storage. Additionally, the study sought to understand the correlation between BAs and
AAs. With the exception of spermine and spermidine, BAs increased as the storage time
lengthened. Similar results were also obtained by other authors [9-12]. This is due to
progressive proteolysis and increasing levels of free amino acids, which act as precursors
for individual BA formation. While correlations between individual precursor amino acids
and BAs have not been studied extensively, Triki et al. identified a trend in chicken meat,
pointing to a correlation between BA and AA levels [11]. In their research on pickled
vegetables, Swider et al. demonstrated that elevated AA levels influenced the formation of
BAs in a BA-specific manner [4]. The results of this study suggest a relationship between
BAs and their precursor amino acids. It is possible that the mechanisms dictating the
formation of specific BAs, in the context of changes in individual amino acid levels, might
vary. Leg muscles, which have a higher fat content, a lower protein level, and a slightly
varied amino acid composition compared to breast muscles, might influence the synthesis
of individual BAs. The authors showed that BA levels in leg muscles were markedly higher
than in breast muscles. The different chemical and amino acid compositions, as well as
different rates of muscle processes, lead to different correlation values between the AA
precursor-BA pairs [13,14]. What is also possibly related to the different activity of the
breast and leg muscles during the life of the birds, as well as the different structure of the
muscle fibers, are the proteolytic processes taking place in them. In the future, it will be
important to find out what factors influence the different rate of BA formation, which not
only lowers the meat product itself but also the biological value of the meat protein.

5. Conclusions

The results obtained can be used to confirm correlations in the future and can be used
to estimate BA levels with knowledge of the individual amino acid levels and vice versa.
This is important not only for cognitive reasons but also for dietary and pro-health reasons.
The estimation of BA levels may be important for people taking agents that are MAO and
DAO inhibitors. The present study is only concerned with changes occurring in ROSS 308
meat chickens. In the future, it would be worthwhile to carry out similar analyses on other
genotypes and species of poultry used for meat production.

Supplementary Materials: https:/ /figshare.com/articles/dataset/Raw_datebase /24409453 /1 ac-
cessed on 26 October 2023.
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To improve the quality of poultry meat and increase the health-promoting properties, poultry
nutrition used additives such as phytobiotic substances and amino acids. The aim of this study
was to analyze the possibility of improving production rates and meat quality by simultaneously
supplementing broiler diets with garlic extract and p-alanine. A total of 1050 ROSS 308 broiler
chickens were part of the experiment. The chickens were divided into several groups: the control
group without additives (Control), groups with 0.5% garlic extract (G05) or 2% garlic extract
(G2), groups with 0.5% added B-alanine (B0.5) or 2% added f-alanine (B2), and groups with both

*Corresponding author: wojciech_ wojcik@sggw.edu.pl
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0.5% added garlic extract and 0.5% added fB-alanine (BG0.5) or 2% garlic extract and 2% added
p-alanine (BG2). Each group was further divided into six replicates, with each replicate consisting
of 25 birds. After 35 days of rearing, the chickens were slaughtered, and analyses were conducted
on breast and leg muscle chemistry, bioactive peptide content, and the oxidative status indicator
dimalondialdehyde in muscles stored under refrigeration until day 10.The results showed significant
improvements in certain aspects. The BG05 group exhibited an increase in final body weight
(P<0.001) and improved feed utilization (P<0.001). The p-alanine-supplemented groups showed
higher levels of protein (P<0.001), carnosine (P<0.001), and anserine (P<0.001) in both breast
and leg muscles. Additionally, leg muscles showed increased levels of protein (P<0.001), carnosine
(P<0.001),and anserine (P<0.001).Notably, the BG05 group contained lower levels of MDA in both
breast and leg muscles (P<0.001).

KEY WORDS: broiler / meat / f-alanine / carnosine / garlic extract

Poultry meat is one of the most frequently chosen types of meat by consumers
[Kralik ef al. 2018]. Over the past 20 years, global meat production has increased by
47%, reaching 109 million tons, while poultry meat production has increased by 32%
reaching 158 million tons [FAO, 2020]. This demand is expected to increase relatively
with the growth of the human population. In 2018, global poultry meat consumption
was 14.3 kg/person, and in Europe, it was 26.8 kg/person [Stanciu 2020]. It is estimated
that poultry meat consumption could increase by 50% by 2050 [Henchion et al.2021].
The high consumption of poultry meat is influenced by its easy availability on the
market, low price, easily digestible protein content, as well as the absence of cultural
and religious contraindications [Kralik ef al.2018, Zotte et al.2020].

Poultry meat is a valued animal product, not only for its nutritional value but also
for its ease and speed of thermal processing [Juniper and Rymer 2018]. Beyond being
a rich source of protein, fat, vitamins, and micro and macro elements, it contains
biologically active peptides [Kralik er al. 2018, Petracci 2022]. These peptides
are usually composed of a varying number of amino acids (from 2 to 20), which
have many important functions in the human body. Notably, carnosine (B-alanyl-1-
histidine) and anserine(p-alanyl-1-methyl-1-histidine) are significant biologically
active dipeptides. Carnosine is composed of B-alanine and L-histidine, while anserine
is a methyl derivative of carnosine. Carnosine is involved in the chelation of metal
ions, pH buffering, complexing of dangerous carbonyl compounds, scavenging free
radicals, exhibiting antiglycation and antioxidant activity, prolonging cell lifespan, and
improving physical fitness [Xing ez al. 2019, Lackner et al. 2021]. In addition, it shows
protective properties for the body and inhibits the development of neurodegenerative
diseases such as Alzheimer’s and Parkinson’s, often associated with aging.
Additionally, carnosine reduces the tendency for tumorigenesis and reduces the risk
of complications associated with type 2 diabetes [Lackner ef a/.2021; Suwanvichanee
et al.2022].To increase the health-promoting qualities of chicken meat, it is possible
to increase the content of the aforementioned peptides. The levels of carnosine can
be achieved mainly by supplementing the chicken’s ration with the substrate amino
acids B-alanine and L-histidine [Qi ef al.2018, Suwanvichanee ef al. 2022]. Adding
[-alanine not only increases the linear content of carnosine and p-alanine in chicken
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muscles but also decreases the presence of 3,4-methylenedioxyamphetamine (MDA),
one of the main markers of oxidative stress. At a 0.5% concentration, it also increases
the proportion of breast and leg muscles [Qi et al. 2018].

Nowadays, consumers not only prefer meat enriched with health-promoting
substances but also pay close attention to the welfare and feeding practices of the birds.
There is a growing preference for animal-derived products obtained without the use of
antibiotics and other pharmaceutical agents. To meet this growing demand and adhere
to the ban on the preventive use of antibiotics, manufacturers are increasingly using
herbal additives. These herbs contain active substances that show positive effects on
animal health, production performance, and meat quality. Specifically, they serve as
a source of phytobiotic substances with antioxidant properties and immune-boosting
benefits [Przysiecki et al. 2010, Lukanov et al. 2015, Aarti and Khusro 2020, Santoso et
al. 2020, Jakubowska and Karamucki 2021, Yeung et al. 2021abc, 2022, Abdel-Azeem
and Abd El-Kader 2022].

Among the commonly used herbal additives, garlic, onion, thyme, and oregano
stand out [Alfaig ef al. 2014, Lukanov et al. 2015, Huminiecki et al. 2017, Yeung et
al. 2021].The main constituent of garlic isallicin (diallylthiosulfinate), which is a non
protein amino acid. Additionally, garlic is a rich source of various other substances
such as alline (S-allylcysteinesulfoxide), allylmethanesulfinate, diallyldisulfide,
diallyltrisulfide, allylmethyltrisulfide, S-allylmercaptocysteine, ajoene, and
S-allylcysteine. These substances, owing to their sulfur atom binding, exhibit many
properties, such as antioxidants, antimicrobial, antimutagenic, anticancer, anti-
inflammatory, antiatherosclerotic, antidiabetic, and immune stimulating properties
[Tadeusiewicz et al. 2014, Chen et al. 2021].

In a study conducted by Hossain et al. [2014], it was observed that the addition of
0.5%, 1%, and 2% garlic extract to the diet of broiler chickens resulted in an increase
in body weight (BW) and a decrease in the feed conversion ratio (FCR) of the birds.
Furthermore, Elmowalid ez al. [2019] suggest that meat from chickens whose diets
were supplemented with garlic extract may have a positive impact on consumer health.
Such meat consumption might offer protection against antibiotic residues or toxic
antibiotic metabolites and could reduce the risk of infection by bacterial pathogens
[Elmowalid et al. 2019, Chen et al. 2021].

However, despite these findings, the synergistic effect of garlic extract and
B-alanine on the production performance and quality of fresh and cold-stored poultry
meat has not been thoroughly analyzed. Given the wide spectrum of actions exhibited
by the biologically active compounds of garlic and the function of B-alanine in muscle
tissue synthesis, it was hypothesized that their use as dietary supplements for broilers
could have a positive effect on the growth, feed conversion, slaughter performance,
and muscle quality of these birds.

The aim of the study was to analyze the possibility of improving production rates
and meat quality in broiler chickens by simultaneously supplementing their diets with
garlic extract and (-alanine.
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Material and methods

Diets and experimental design

All experimental procedures involving broiler chickens were approved by the
Third Local Ethics Committee on Animal Experimentation in Warsaw. The experiment
involved 1050 one-day-old male ROSS 308 chicks and was conducted at the
experimental farm of Warsaw University of Life Sciences (SGGW) — RZD Wilanow-
Obory. The chicks’ initial BWwas measured on day 0, and they were then divided into
seven groups, each consisting of 150 chicks. These groups were further subdivided into
six replicates, with each replicate comprising 25 birds. The chicks were fed a maize-
wheat-soybean diet ad libitum, following a three-stage feeding system: starter from 0
to 16 days, grower from 16 to 28 days, and finisher from 28 to 35 days. The nutrient
composition of the basic experimental diets for different growing phases is presented
in Table 1. Chickens were divided into the following groups: without additives (control
group — C), with the addition of 0.5% garlic extract (G05), 2% garlic extract (G2), 0.5%
B-alanine supplement (B0.5), 2% B-alanine supplement (B2), 0.5% garlic extract and
0.5% p-alanine supplement (BGO.5), 2% garlic extract and 2% B-alanine supplement
(BG2). The B-Ala was purchased from OstroVit sp. z.0.0. company. The garlic extract
used in the experiment was purchased from BELLACO (Warsaw, Poland).

Table 1. Ingredients and chemical composition of the basal laying quails diet

Ingredients g/kg Chemical composition g/kg
Corn 537.0 metabolizable energy (kcal ME/kg) 2902
Soybean meal (460 g/kg CP) 348.0 dry matter 891.3
Meat-bone meal (450 g/kg CP) 273 crude protein 19.99
Sunflower oil 27.5 crude fibre 28.1
Limestone 52.0 crude fat 64.0
Salt 35 moisture 108.7
Premix*" 2.5 calcium 25.0
DL methionine 2.2 available phosphorus 3.5
lysine 10.6
methionine 4.6
Total 1000.0 methionine+cystine 8.7

! Premix provided the following per kilogram of diet; manganese (manganese oxide): 80 mg, iron
(ferrous carbonate): 60 mg, copper (cupric sulphate pentahydrate): 5 mg, iodine: 1 mg, selenium:
0.15 mg, vitamin A (trans-retinyl acetate): 8.800 IU, vitamin D3 (cholecalciferol): 2.200 IU, vitamin
E (tocopherol): 11 mg, nicotine acid: 44 mg, Cal-D-Pan: 8.8 mg, vitamin B2 (Riboflavin): 4.4 mg,
thiamine: 2.5 mg, vitamin B12 (cyanocobalamin): 6.6 mg, folic acid: 1 mg, biotin: 0.11 mg, choline:
220 mg.

The chickens were kept according to the flock management manual for ROSS 308

[Aviagen 2019] on permeate straw pellets.
Growth performance

The body weight of individual chicks was determined individually (£1.0 g) at
the time of insertion (0 D). Subsequently, the health status of the birds was checked
daily. The feed consumption (FI) and mortality rates were continuously monitored
and recorded.
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The BW of the birds was measured at specific intervals, coinciding with feed
ration changes, on days 16, 28, and 35. The data collected during the experiment,
which included feed consumption and BW measurements of the birds, allowed the
determination of the FCR, expressed as feed:gain, kg:kg. The FCR was calculated and
corrected for mortality.

Slaughtering and sampling

On day 35 of the experiment, six birds were selected from each group, with an
average BW representative of the respective group. These birds were chosen, one from
each replication. After 8 h of starving, the chickens were slaughtered. The slaughter
process involved electrical stunning followed by decapitation. Subsequently, the birds
were plucked and eviscerated. The resulting carcasses were then subjected to the
oviposition cooling method for 24 h at a temperature of 4°C.

Dissection of the carcasses was carried out according to the methodology
described by Ziotecki and Doruchowski [1989]. The slaughter yield, which included
the muscle content and giblet content (stomach, liver, and heart) relative to the carcass
weight, was calculated.

Individual breast and leg muscles were weighed, labeled, preserved, and stored
under refrigeration for further analysis. The collected muscles were homogenized,
i.e., they were minced twice in a meat grinder with 3 mm holes and thoroughly mixed
to ensure a consistent sample. The pH of the prepared sample was measured, and a
chemical composition analysis was performed.

Subsequently, 20-g samples were placed in polyethylene (PE) film string bags
measuring 100x150 mm and tightly closed. These samples were then stored under
refrigeration at a temperature of 2.2 £ 0.3°C. On days 1, 3, 5, 7, and 10 of refrigerated
storage, analyses were conducted to determine the levels of MDA and dipeptides in
the samples.

pH

The pH value of the meat samples was determined according to PN-ISO
2917:2001 standard, using a CP-411 pH meter (Elmetron, Zabrze, Poland) using a
glass-calomel electrode. Before measurement, the electrode was calibrated using pH
4.0 and 7.0 buffers. To ensure consistent and reliable results, three pH measurements

were conducted for each meat sample, and the average of these three measurements
was then calculated.

Chemical composition

The basic chemical composition of samples from breast and leg meat was
determined with a Food Scan™ analyzer [Foss Electric, Hillerad, Denmark].

Indicator of redox state (MDA)

Ten serum samples, each measuring 250 pl, were utilized to determine the
malondialdehyde (MDA) level according to the method proposed by Kapusta et al.
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[2018]. In each sample, 25 pl 0of 0.2% 2,6-bis(1,1-dimethyl)-4-methylphenol (BHT) in
ethanol and 1 ml of 5% trichloroacetic acid (aqueous, TCA, Merck, Warsaw, Poland)
were added and mixed by vortexing. Subsequently, the samples were centrifuged at
14,000xg for 10 min, and 750 ul of the supernatant was transferred to a glass tube.
To this, 500 pl of 0.6% aqueous thiobarbituric acid (Merck) was added, mixed, and
incubated in a water bath at 90°C for 45 min. The resulting supernatants were then
stored under cool conditions and centrifuged again at 4000xg for 5 min. Next, 100
ul of the clear supernatant was transferred into a microplate, and MDA concentration
was determined at a wavelength of 532 nm using Tecan’s NanoQuant Infinite M200
PRO analyzer (Tecan Austria GmBH, Grddig, Austria). Each sample was analyzed
three times on days 1, 3, 5, 7, and 10 during the refrigerated storage of the muscle
samples. The results were expressed as mM MDA/g of meat.

Dipeptide content

The levels of bioactive peptides, namely carnosine and anserine [Lukasiewicz
et al. 2015], as well as Q10 and taurine [Purchas er al.2004] in the muscles, were
determined using reverse-phase high-performance liquid chromatography (RP-
HPLC) with an Agilent 1100 system (Agilent Technologies, Waldbronn, Germany)
and a Jupiter C18 300A column (Phenomenex, Torrance, CA, USA).

The mobile phase A comprised acetonitrile and water (30:70) with 0.1% TFA
acid (both reagents by Merck), while phase B comprised a mixture of acetonitrile and
water (70:30) with 0.1% TFA. The flow rate through the column was set at 1.4 ml/
min., and detection was performed at a wavelength of 214 nm. The injection volume
of the final solution was 25 pl, and all samples were analyzed in duplicate. To confirm
the identification of peaks, standards (Sigma-Aldrich, St. Louis, MO, USA) were
performed.

The analyses were conducted on days 1, 3, 5, 7, and 10 during the refrigerated
storage of the muscle samples.

Statistical analysis

The effect of the studied factors was evaluated using analysis of variance
(ANOVA) unless the variable did not follow a normal distribution, in which case
the Kruskal-Wallis test was used. The normality of the data was determined through
theShapiro-Wilk test.

For multiple comparisons between treatment groups or between different storage
periods, one-way ANOVA was applied based on the following models:

Y, =ptAteorY, =putB t+e

Two-way ANOVA was applied for the evaluation of the effect of treatment and
storage period as well as its interaction according to the following model:

Yijk =un+ Aj or B+ [AB]jk +e
where Y is a dependent variable; p is the general mean; 4, is the effect of the treatment;

364



Garlic extract and f-alanine in broiler diets

B,_is the effect of the storage period. The results of two-way ANOVA were presented
as P-values.

To compare the means, Duncan’s multiple range test was employed, and groups
of means with no significant differences were identified using successive letters of
the alphabet. Standard errors of the means [SEM] were presented as measures of
variability.

The statistical analyses were conducted using Statistica 13 [TIBCO, 2017]
software, and the significance level for all analyses was set at 0.05.

Results and discussion
Effect of diet

Table 2 shows the impact of the dietary inclusion of garlic extract and B-alanine on
the growth performance, feed intake, and feed conversion ratio of broiler chickens during
the experiment. The applied supplementation significantly affected BW (P<0.001), BWG
(P<0.001), FI (P<0.001), and FCR (P<0.001). Specifically, the supplementation of 2%

Table 2. Effects (meanstpooled SEM) of chicken dietary inclusion of garlic extract and B-alanine on growth
performance, feed intake and feed conversion ratio

Parameter Treatments Pooled Povalue
Control  GO5 BO05 BGO05 G2 B2 BG2 SEM
Starter (day 1-16)
IBW! kg 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.001 0.774
BWG*(1) kg 0.636*  0.618® 0.632> 0.605° 0.601* 0.597*  0.594% 0.025 0.012
FI3(1) kg 0.754°  0.673*  0.725¢¢  0.708> 0.701°  0.741% 0.696" 0.072 <0.001
FCR(1) kg/kg  1.19¢ 1.12¢ 1.15%  1.18° 1.17° 1.25¢ 1.18° 0.009 <0.001
Mortality(1) % 4.0 6.0 4.0 4.0 4.7 4.7 4.0 0.183 0.320
Grower (day 17-28)
BWG(2) kg 1174 1.224 1.214 1.14¢ 1.20¢ 1.03* 1.08° 0.026 <0.001
FI(2) kg 1.71¢ 1.76¢ 1.72¢ 1.63®  1.68° 1.51° 1.55° 0.064 <0.001
FCR*(2) kg/kg  1.45° 144 1432 1.43* 1.40* 1.46° 1.44% 0.011 <0.001
Mortality(2) % 0 0 0 0 0.7 0.7 0.7 0.100 0.423
Finisher (day 29-35)
BWG(3) kg 0.899*  0.956° 0.989° 1.01° 1.05¢ 1.04¢ 0.967° 0.029 0.006
FI(3) kg 1.60* 1.70° 1.74%  1.72° 1.78¢ 1.75¢ 1.70° 0.021 0.380
FCR(3) kgkg 1.78° 1.78° 1.76° 1.70* 1.70° 1.68° 1.76° 0.020 <0.001
Mortality(3) % 1.4 1.4 1.4 1.4 0.7 1.4 2.1 0.314 0.996
Overall (day 1-35)
BW3(4) kg 2.78%  2.84b 2 90¢ 2.85¢ 2,904 2.74* 2.72% 0.033 <0.001
BWG(4) kg 2.74% 280  2.86¢ 2.81¢¢ 2864 2.70° 2.68* 0.053 <0.001
FI(4) kg 4.05° 4.13¢ 4.19¢ 4.06° 4.16¢ 4.01° 3.95° 0.058 <0.001
FCR*(4) kg/kg  1.48° 1.48° 1.47%  1.44° 1.45* 1.48° 1.47%® 0.008 <0.001
Mortality®(4) % 5.3 6.7 5.3 5.3 6.7 6 6 0.387 0.731

**Means within a row with different letter in superscript differs significantly at P<0.05, data represented mean values
of 6 replication per treatment.

Control, commercial basal feed; GOS, diet supplemented with 0.5% of garlic extract; BOS, diet supplemented with
0.5% of B-alanine; BGOS, diet supplemented with 0.5% each garlic extract and p-alanine; G2, diet supplemented with
2% of garlic extract; B2, diet supplemented with 2% of B-alanine; BG2, diet supplemented with 2% each garlic extract
and fB-alanine.

'IBW, initial/hatching body weight; 2BWG, body weight gain; °FI, feed intake; “FCR, feed conversion ratio (kg diet/kg
BW) were *Cumulative FCR for 35days; SBW, final (35days old) body weight; *cumulative mortality for 35 days.
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garlic extract (G2) and 0.5% B-alanine (B05) influenced the highest BW compared
to the control group (P<0.001).Throughout the experiment, chickens in groups B0S5,

BGOS, and G2 achieved the highest BWG (P<0.05). The BG05 group had the lowest

FCR (P<0.05]. However, there was no significant effect of supplementation on chick

mortality during the whole experimental period (1-35 days) (P

0.731).

Table 3 shows the slaughter traits of chickens fed with garlic extract and

B-alanine. The applied supplementation had a significant effect on BW (P<0.001),

carcass (P<0.001), leg muscle content (P

0.010), gizzard (P=0.009), and Offal

Total (P=0.020). However, no statistically significant differences were observed in
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carcass yield (P=0.345) and the proportion of breast muscle (P=0.856), heart content

(P=0.244), liver content (P=0.412), and fat (P=0.279).

Table 4 shows the chemical composition of the breast and leg muscles. The diet
used had a significant effect on the protein content of both the breast (P<0.001) and leg
muscles (P=0.025). The highest protein levels in chicken breast muscles were found
in groups B2 and BG2 (P<0.001), while in leg muscles, the highest protein levels
were found in groups BG05 and B2 (P=0.025). However, there was no significant
effect of garlic extract and B-alanine supplementation on water content (P=0.621), fat
(P=0.172), and collagen (P=0.094) in breast muscles. In leg muscles, protein levels

were highest in the B2 and BGO05 groups (P=0.025).

Table 5 shows the pH values 24 h after slaughter in
breast and leg muscles. The applied diet had a significant
effect on the pH value in both breast (P<0.001) and leg
muscles (P=0.004). In the breast muscles, the level of
supplements used in the B2 and BG2 groups affected the
pH value (P<0.001).

Tables 6 and 7 show the content of bioactive peptides
(g/100 g of meat) and MDA levels (mM/g of meat)
in broiler breast meat (Tab. 6) and leg meat (Tab. 7)
concerning the storage time and the diet supplemented
with garlic extract and p-alanine. The applied diet
significantly affected the content of carnosine (P<0.001),
anserine (P<0.001), taurine (P<0.001), Q10 (P<0.001),
and MDA (P<0.001) in both muscle types (Tab. 6 and 7).

On the first day of storage, the breast muscles in the
BG?2 group showed the highest level of carnosine, which
differed from the B2, BG05, and B05 groups (P<0.05).
Additionally, MDA levels were higher in fresh chicken
breast muscles from groups BG2 and B2 compared to
groups GO5 and BOS5 (P<0.05).

Effect of storage time

The analysis revealed that the storage time had a
significant effect on the content of anserine (P=0.008),
taurine (P<0.001), Q10 (P<0.001), and MDA (P<0.001) in
breast muscles. However, no significant effect of storage
time was found for carnosine content in breast muscles
(P=0.537).

In leg muscles, the storage time had a significant
effect on the content of taurine (P<0.001), Q10 (P<0.001),
and MDA (P<0.001). However, no significant effect of

Table 5. Changes in broiler legs and breast meat pH in relation to diet supplemented with garlic extract and B-alanine

SEM

P-value

BG2
5.706*

Group
BO5 BGO05 G2 B2
5.724%

5.811%
5.931*

GO5
5.832¢d
6.137¢

Muscle Control

Parameter

0.014
0.016

<0.001
6.016° 6.024% 0.004

5.808%
6.106>

5.8994
6.112%

5.807™
6.0222b

B
L

Legs

(one-way ANOVA, Duncan test); L — leg muscle, B — breast muscle, Control, commercial basal diet; G05, diet
supplemented with 0.5% of garlic extract; BOS5, diet supplemented with 0.5% of B-alanine; BGO0S5, diet supplemented
with 0.5% each garlic extract and B-alanine; G2, diet supplemented with 2% of garlic extract; B2, diet supplemented

*d Different letters in the column indicate differences between treatment groups in a particular storage period, P<0.05
with 2% of B-alanine; BG2, diet supplemented with 2% each garlic extract and B-alanine.
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Table 6. Bioactive peptides (g/100 g of meat) and oxidative status (mM/1 g of meat) in broiler breast
meat in relation to the time of storage and diet supplemented with garlic extract and p-alanine

Storage time (d: Treatment ltem
orage time (day) reament T mosine  Anserine  Taurine Q10 MDA

Control 64.7°A 110.0 200.0 3.24 2.22ubA
G05 71.0%8 109.88 198.38 3.228 2.10%
BO5 73.8%¢ 112.14 200.48 3.258 2.114

1 BGO05 74.8%¢ 111.7 200.18 3.248 2.14%0A
G2 69.9% 109.548 197.9 3.21 2.17%0A
B2 77.9¢ 112.9 201.28¢ 3.268¢ 2.28%A
BG2 85.34 112.2 200.58 3.258 2.30%
Control 66.6°%  110.3 200.3 3.25 2.47°
G05 68.5*8  109.78 198.28 3.228 2.26%8
BO5 73.9%¢ 112.24 200.58 3.258 2.2828

3 BGO5 74.0% 1115 199.98 3.248 2.2928
G2 70.0%° 109.64B 198.0 3.22 2.27%4
B2 77.8° 112.5 200.85¢ 3.258C 2.42B
BG2 82.998 1122 200.58 3.258 2.41beAB
Control 69.190AB 109, 3% 202.5° 3.24° 2.55bBC
G05 67.8*8  107.80AB 96,3248 3.19%0AB 2 3(B
BO5 74.1% 110.9%*  196.1%4 3.19%A 2.49°C

5 BGO05 74.1% 108.9% 197.420A8 3.2130A8 9 4paC
G2 66.8° 106.1%4 194.6* 317 2.33%4
B2 79.2¢ 111.0% 196.134 3.19%A 2.47%8
BG2 79.0¢A 114.3° 194.534 3.17%4 2.490AB
Control 69.5% 111.6® 199.9% 3.242 2.64%¢
GO5 69.44B  108.6°8 198.0%B 3.23% 2.64¢
BO5 75.8° 115.9%8 205.8< 3.32%¢ 2.57°¢

7 BGO05 76.5° 113.0% 200.5%8 3.25% 2.61%P
G2 69.2° 112,08 198.8% 3.23° 2.35%
B2 77.4%¢ 114.4° 202.7%¢ 3.2830C 2.70°¢
BG2 81.5%4B  115.5° 206.7°¢ 3.33%¢ 2.568
Control 69.7°8 109.4° 197.8° 3.21°¢ 2.902b0
G05 67.7°4 102.6%4 191.3% 3.1204 2.832D
BO5 75.9¢ 114.2%48 202 598 3.28% 2.98bedd

10 BGO05 76.2¢ 110.9° 196.1%A 3.19A 2.75%
G2 69.9° 110.1%48  198.6¢ 3.22¢ 2.76%8
B2 78.4¢ 112.5° 197.6¢AB 3.21¢AB 3.06%40
BG2 79.1¢A 112.5° 194.3%A 3.16% 3.14%

Pooled SEM 043 0.32 0.32 0.004 0.020

P-value

Effects of treatment <0.001 <0.001 <0.001 <0.001 <0.001

Effects of storage time 0.537 0.008 <0.001 <0.001 <0.001

Effects of storage timex treatment 0.044 0.778 0.002 0.007 <0.001

*dDifferent letters in the columnin dicate differences between treatment groups in a particular storage
period, P < 0.05; ABCPE. capital letters indicate significant differences between storage times within
the same treatment, P<0.05 (one-way ANOVA, Duncan test); Control, commercial basal diet; GOS5,
diet supplemented with 0.5% of garlic extract; BOS5, diet supplemented with 0.5% of B-alanine; BGOS5,
diet supplemented with 0.5% each garlic extract and B-alanine; G2, diet supplemented with 2% of
garlic extract; B2, diet supplemented with 2% of B-alanine; BG2, diet supplemented with 2% each
garlic extract and B-alanine.

storage time was found for the content of anserine (P=0.918) and taurine (P=0.119)
in leg muscles.
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Table 7. Bioactive peptides and oxidative status (g/100 g of meat) in broiler legs meat in relation to
the time of storage and diet supplemeted with garlic extract and B-alanine

Storage time (d Treatment e
orage time (day) reatment - rnosine Anserine  Taurine Q10 MDA
Control 28.83® 68.4° 143,284 2.343A8 2.1004
G0s5 28.5% 70.9%AB 147 8B 2.40%8 2.02%4
BO5 31.80b¢ 76.7°¢8  149.1%AB 2.420AB 2.20%A
1 BGO5 31.4%¢ 75.7b4 147.20A8 2.39%AB 2.0820A
G2 25.8* 71.9%0¢ 145.7%A 2.37%0A 2.15%A
B2 34.3% 77.64 146.2:8 2388 2,287
BG2 36.7¢ 78.8¢ 148.3° 2.41° 2.36%
Control 26.8° 69.1° 143.7°4 2.342A8 2.3148
GOs5 28.7* 7178 148.6B 2.41bB 2.174B
BOS 32.2% 77.58 149.7°8 2.43B 2.384B
3 BGO5 31.8%® 75.5% 148.3b¢AB 2.410AB 2 21AB
G2 27.0* 72.0% 146.9%A 2.39beA 2.254
B2 32.7% 77.6¢ 14628 2.388 24148
BG2 36.4° 79.1¢ 148.5% 2.41% 2.4618
Control 26.7* 71.0 149.828 2.39:8 2.428¢
(€] 27.9% 70.32AB  150.3BC 2.43%BC 2 37BC
BO5 32.3% 77.1%8 154.2%¢ 2.49%¢ 2.468
5 BGO5 32.8% 79.0° 154.4%¢ 2.49%¢ 2.3648
G2 28.4% 70.8° 153.33¢ 2.47%¢ 2.428
B2 33.42 81.5° 152.6%¢ 2.46"C 2.56"
BG2 34.5° 80.2° 151.7% 2.45° 2.598¢
Control 28.6% 65.9* 141.4%4 2.31%4 2.60<P
GO05 29.9% 69.1%0AB  152.8<C 2.47¢ 2.56<P
BO5 31.9% 77.8% 149.9%B 2.43bB 2.628
7 BGO05 30.4% 78.8¢ 150.7%8 2.44bB 2.4478
G2 27.2% 73.4% 150.35B 2.43bB 2.578
B2 33.8% 77.3¢ 139.9°4 2.29% 2.618
BG2 35.5° 78.4¢ 146.8° 2.39° 2.64¢
Control 27.6%° 70.9% 145.0%A 2.36%AB  2,793D
GOs5 26.0° 66.94 142124 2.328A 2.71%P
BO5 32.8% 71.5%A 14544 2.37%A 2.91%¢
10 BGO05 29.6% 74.8% 146.5%4 2.38% 2.61%8
G2 26.4% 71.7% 145.5%4 2.373bA 2.78%¢
B2 33.8¢ 77.9¢ 148.8%8 2.41%8 2.87°C
BG2 34.3¢ 78.6¢ 148.1° 2.40° 2.87°°
Pooled SEM 0.41 0.39 0.31 0.004 0.021
P-value
Effects of treatment <0.001 <0.001 <0.001 <0.001 <0.001
Effects of storage time 0.918 0.119 <0.001 <0.001 <0.001
Effects of storage timeX treatment 0.999 0.548 <0.001 <0.001 0.999

*d_Different letters in the columnin dicate differences between treatment groups in a particular storage
period, P < 0.05; ABCD_ capital letters indicate significant differences between storage times within
the same treatment, P < 0.05 (one-way ANOVA, Duncan test); Control, commercial basal diet; GOS5,
diet supplemented with 0.5% of garlic extract; BOS5, diet supplemented with 0.5% of B-alanine; BGOS,
diet supplemented with 0.5% each garlic extract and B-alanine; G2, diet supplemented with 2% of
garlic extract; B2, diet supplemented with 2% of B-alanine; BG2, diet supplemented with 2% each
garlic extract and B-alanine.

It was observed that MDA levels in both breast and leg muscles increased with
storage time. Among the breast muscles, the lowest increase in MDA levels was found
in the muscles of BGOS5 chickens, with an increase of 22.18% between 1 and 10 days
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of storage (P<0.05) (Tab. 6). A similar relationship was found in the leg muscles of
BGOS5 chickens, with an increase in MDA levels of 20.3% (P<0.05) - Table 7.

Interaction diet xstorage time

The results revealed an interaction effect between storage time and the diet used
on the content of carnosine (P=0.044), taurine (P=0.002), Q10 (P=0.007), and MDA
(P<0.001) in breast muscles. However, the interaction effect on anserine content was
not significant (P=0.778). In leg muscles, there was an interaction effect of storage
time and diet used for taurine (P<0.001) and Q10 (P<0.001) content. However, there
was no interaction effect of storage time and diet used on the content of carnosine
(P=0.999), anserine (P=0.548), and MDA (P=0.999) in leg muscles.

In the breast muscles, carnosine levels decreased during storage in the BG2
group (P<0.05). On day 10 of storage, the carnosine level was 6.2g lower compared
to the level in fresh breast muscles, and this difference was significant compared to
the groups without B-alanine supplementation (P<0.05) - Table 6. However, for leg
muscles, no significant interaction between the factors used was observed (P=0.999)
- Table 7.

Principal component analysis

In PCA (Fig. 1), the results for the content of each bioactive peptide and MDA,
as well as the values of individual production performance parameters such as FI,
FCR, BWG, and slaughter analysis results, were represented by two new uncorrelated
variables known as “principal components” (PC1 and PC2). The relationships between
these parameters and the PC were interpreted based on their correlations.

The results indicated a negative correlation between the fat content of breast and
leg muscles and the protein content of these muscles, as well as the peptides carnosine,
anserine, Q10, and taurine.

In Figure 1, the two components, PC1 and PC2, accounted for 64.41% of the
variation in the analyzed values, leaving a loss of 35.59% of the information.PC1
showed positive correlations with collagen content in breast and leg muscles, as well
as the pH of these muscles, the fat content of these muscles, and various measures
of BWG such as BWG-st, BWG-gr, BWG-fin, BW-tot, and BWG-tot. These values
were mainly described in the G2, GOS5, and C groups. However, PC1 showed negative
correlations with the protein content in breast and leg muscles, as well as the content
of peptides such as carnosine, anserine, Q10, taurine, and changes in MDA. These
values were mainly attributed to the B2 and BG2 groups.

On the other hand, PC2 showed negative correlations with FCR during different
stages, including FCR-st, FCR-gr, FCR-fin, and FCR-tot as well as moisture content
in breast muscles. These values were primarily linked to the Control group. PC2
also showed positive correlations with parameters like BWG-fin and BWG-st, the
percentage of breast and leg muscles, and the protein and peptide content in breast
muscles. These parameters were mainly described in the BO5 and BG05 groups.
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Fig. 1. First two components of PCA for slaughter analyses, performance and content of bioactive peptides
and MDA during storage. D — day of storage; 1, leg meat; b — breast meat; Control — commercial basal diet;
GO5 — diet supplemented with 0.5% of garlic extract; BOS5 — diet supplemented with 0.5% of B-alanine;
BGOS — diet supplemented with 0.5% each garlic extract and B-alanine; G2 — diet supplemented with 2%
of garlic extract; B2 — diet supplemented with 2% of B-alanine; BG2 — diet supplemented with 2% each
garlic extract and B-alanine; BW — body weight; BWG, body weight gain; FCR — feed conversion ratio
(kg diet’kg BW) were: -st. for starter; -gr, for grower, -fin, for finisher and -tot, cumulative for 35days.

The dietary supplementation of broilers had a effect on the levels of carnosine,
anserine, taurine, and Q10 in both breast and leg muscles. The use of B-alanine
supplementation primarily increased the levels of carnosine and anserine in the
muscles. Our results indicated that the groups with B-alanine supplementation
contained significantly higher levels of these peptides compared to the groups without
supplementation or those with garlic extract supplementation alone. This finding
is consistent with previous studies conducted by Kralik et al. [2014], Lukasiewicz
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et al. [2015], Qi et al. [2018], Lackner ef al. [2021], and Suwanvichanee et al.
[2022], which also reported an increase in carnosine and anserine content due to
B-alanine supplementation. In our results (Tab. 5 and 6), the groups with B-alanine
supplementation contained significantly higher levels of these peptides than the
groups without supplementation or with garlic extract supplementation alone. An
increase in carnosine and anserine content as a result of B-alanine supplementation
was also found by other authors [Kralik ef al. 2014, Lukasiewicz et al. 2015, Qi et al.
2018, Lackner et al. 2021, Suwanvichanee et al. 2022].

Kralik et al. [2014] found lower fat content in groups with [-alanine
supplementation, which aligns with our experiment, where groups with garlic extract
supplementation at 0.5% and 2% showed higher fat levels in both muscle types
compared to the groups with -alanine supplementation, which had lower fat levels
in breast and leg muscles. This difference may be attributed to the health-promoting
properties of increased carnosine content in the muscles and the greater activity of
chickens fed the -alanine-supplemented diet, leading to a higher protein content in
the muscles of both types in the B-alanine-supplemented groups. Kralik ef al. [2014]
also observed an increase in protein content in leg and breast muscles as a result of
supplementation. The addition of 0.5% f-alanine resulted in an increase of protein
levels in breast muscles by 0.36g and in leg muscles by 0.89 g.

The activity of B-alanine and allicin in garlic extract has also affected the MDA
content in both breast and leg muscles in chicken feed suplemented this aditions.
In a study by Qi et al. [2018], a linear decrease in MDA was found in the -alanine
supplemented groups. Suwanvichenee et al. [2022] found lower muscle MDA levels
following B-alanine supplementation at a level of 1%. In the case of pH, our study
found lower values in groups supplemented with 2% [-alanine and 2% each of
B-alanine and garlic extract. These values may have influenced the reduced muscle
quality in the chickens of these groups. In the breast muscles, the levels of 0.5%
B-alanine and 0.5% garlic extract influenced the reduction of MDA levels in fresh
breast muscles. During storage, a linear increase in MDA levels was observed, and on
day 10 of storage, breast muscles in the BG05 and B05 groups had the lowest levels
of MDA. This may be due to the positive effect of both B-alanine and the synergistic
effect of B-alanine and garlic extract. Similar results of MDA levels were shown in
leg muscles.

The influence of garlic on rearing performance has been previously analyzed in the
literature. However, its potential interaction with B-alanine supplementation remains
unexplored. Among the groups studied, those receiving both 0.5% garlic extract and
B-alanine supplementation exhibited the most favorable results, achieving the lowest
FCR and a total gain of 2.81 kg throughout the rearing period. This gain was 2.5%
higher than the Cgroup.

Lackner et al. [2021] reported better rearing results for mixed-sex ROSS 308
chicks. In the work of Lukanov et al. [2015], the addition of 0.8% garlic powder
influenced the achievement of higher BW in ROSS 308 cockerels on day 35 of rearing.
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The birds reached a BW of 2845 g, representing a 22.8% increase. Furthermore,
Lukanov et al. [2015] found that birds supplemented with garlic powder exhibited
significantly higher feed intake and higher FCR. The addition of 0.1, 0.2, and 0.3%
essential garlic powder increased body weight in unsexed ROSS 308 chicken by
4%, 4.6%, and 5.1%, respectively. However, in the work of Pourali et al. [2010],
the addition of 0.2% garlic powder increased the BW of ROSS 308 cockerels by
13.7%.Surprisingly, the addition of garlic powder at 1% had a negative effect on BW
increase, resulting in chickens reaching a final BW 5% lower than those with the
basal diet. Similarly, in the results obtained from the BG2 group, a lower BW of 2.2%
was observed. The addition of -alanine at 0.1% and 0.2% increased the BW of meat
chickens by 2.9% and 6.3%, respectively.

In our results, the addition of 0.5% p-alanine increased BW by 4.1%, and when
combined with garlic extract, it increased BW by 2.5%. However, a higher 2% addition
of B-alanine negatively affected BW gains, resulting in a lower final weight of 1.5%
and a lower final weight of 2.2% in the BG2 group (Tab. 2). In a study conducted by
Lackner et al. [2021], the addition of 0.5% B-alanine did not lead to an increase in the
BW of ROSS 308 broiler chickens. On day 33 of rearing, the chickens supplemented
with 0.5% [-alanine showed a slightly lower proportion of breast muscle (0.5%
decrease) and a slightly higher proportion of leg muscle (0.3% increase). However,
these differences were not statistically significant.Similar results were obtained in the
study by Qi et al. [2018], where the addition of 0.2% [-alanine resulted in a modest
increase of 0.3% in breast yield but a reduction of 0.2% in leg muscle yield.

Likewise, Zhang et al. [2021] obtained comparable outcomes. The addition of
0.4% carnosine did not lead to a significant increase in the proportion of breast and
leg muscles in broiler chickens. They also obtained a slightly lower carcass yield
(69.6/100 g in the group with the addition of 0.4% carnosine and 69.8 in the group
without the addition).

Pourali et al. [2010], using 0.2% and 1% garlic powder supplementation, did not
find significant differences in the proportion of breast and leg muscles in ROSS 308
cockerels. At the 0.2% garlic powder level, both breast muscle (32.9% vs. 33.9% in
the control group) and leg muscle (26.9% vs. 27.1% in the C group) proportions were
slightly lower than the control group. On the other hand, the addition of 1% garlic
powder resulted in a 0.2% increase in breast muscle proportion and a 1.4% increase in
leg muscle proportion compared to the control group, but these differences were not
significant. Amouzmehr et al. [2012] also reported lower proportions of breast and leg
muscles when using 0.3% and 0.6% garlic extract supplementation. In the study by
Lukanov et al. [2015], the addition of 0.8% garlic powder did not yield differences in
carcass yield or the proportion of breast, gizzard, liver, and heart muscles.

Conclusion

The present study confirmed that dietary supplementation of broiler chickens
with B-alanine and garlic extract together at a level of 0.5% has a beneficial effect
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on chicken production performance (BW, FCR) and improves the oxidative status of
meat. The observed lower levels of MDA in the breasts and legs of BG05 chickens
suggest that the combination of both supplements in the diet can be successfully used
in those processing branches where meat preservation is necessary. Furthermore,
supplementing chicken diets with B-alanine alone can increase the levels of dietarily
important peptides such as carnosine and anserine. Future research is needed to clarify
the detailed mechanisms responsible for the synergistic effects of B-alanine and garlic
extract.
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ABSTRACT Poultry meat is a highly esteemed prod-
uct among consumers. However, the emphasis on
increasing body weight has led to a rise in the proportion
of rapidly shrinking fibers, adversely affecting the qual-
ity and shelf life of poultry meat. With a growing aware-
ness of dietetics among consumers, there is an increasing
challenge to produce chicken meat that is not only free
of antibiotics but also beneficial for dietary and health
reasons. Biogenic amines (BA) can serve as indicators
of meat freshness and quality. While they play vital roles
in the body, excessive consumption of BA can have toxic
and carcinogenic effects. The objective of this study was
to examine the impact of supplementing feed with garlic
extract and B-alanine (B-Ala) on the formation of BA
and amino acid (AA) levels in the breast and leg
muscles of chickens stored under aerobic chilling condi-
tions. The muscles were obtained from chickens fed with
garlic extract and B-Ala in quantities of 0.5 and 2%
for each additive, as well as 0.5 and 2% of their combina-

tion. Analyses were conducted on d 1, 3, 5, 7, and 10 of
storage. B-Ala supplementation increased the proportion
of this AA in breast (P < 0.01) and leg muscles (P <
0.01), along with a rise in the proportion of nonessential
AA (NEAA,; sum of aspartic, aspartic acid, glutamic,
glutamic acid, serine, p-Ala, and proline) (P < 0.01).
The levels of BA changed during storage in breast and
leg muscles (P < 0.001). The applied diet significantly
influenced the formation of putrescine (P = 0.030),
phenylethylamine (P = 0.003), agmatine (P = 0.025),
and total BA (P < 0.001) in breast muscles. On the 10 d
of storage, the breast muscles exhibited the lowest BA
index (BAI) in the group, with a diet supplemented
with 0.5% garlic extract and 0.5% g-Ala (P < 0.05). The
leg muscles showed a similar BA trend as the breast
muscles. These supplements may be utilized in produc-
tion to augment the protein content of chicken muscles
and potentially decrease the BAI index during meat
storage.

Key words: poultry meat, biogenic amines, garlic extracts, -alanine

INTRODUCTION

To meet the globally increasing consumption of poul-
try meat, representatives of the poultry industry have
employed an intensive and precisely targeted genetic
selection of meat chickens and implemented rigorous
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principles of rearing technology. Thanks to many years
of effort, the rearing period has been significantly short-
ened to approximately 42 or 35 d, with chickens reaching
a slaughter weight of around 3 kg. This targeted breed-
ing has led to an increased proportion of breast muscle,
highly valued by consumers. Breast muscles now consti-
tute about 1/5 of the chicken’s total body weight before
slaughter (Havenstein et al., 2003; Dalle Zotte et al.,
2020).

However, a consequence of muscular hypertrophy is
an alteration in the structure of muscle fibers, where
dense and fast-shrinking fibers with L-arginine cross-
sectional diameters predominate (Dalle Zotte et al.,
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2020). This structural change in muscle composition
contributes to poultry meat having a shorter shelf life
compared to beef and pork. Proteolysis occurs at an
accelerated rate in poultry meat, typically between 4
and 10 d after slaughter. The elevated levels of protein
and free amino acids (AA) in poultry meat create an
optimal environment for the development of biogenic
amines (BA; Gallas et al., 2010).

BA is formed through 3 processes: microbial decar-
boxylation of amino acids by microorganisms, reductive
amination and transamination of aldehydes and ketones,
or as a result of the activity of the body’s tissues. Addi-
tionally, amines can accumulate in tissues throughout
the lifespan of an organism (Ahmad et al., 2018; Ruiz-
Capillas and Herrero, 2019). Amines can be categorized
based on the structure of the precursor amino acid (ali-
phatic, aromatic, and heterocyclic) and the number of
amino groups (monoamines, diamines, and polyamines)
(Nutiez et al., 2016). Some of the most prevalent amines
found in poultry meat include histamine (HIS-BA),
tyramine, cadaverine (CAD-BA), and putrescine
(PUT-BA). Additionally, 8-phenylethylamine (PHM-
BA), agmatine (AGM-BA), spermine (SPM-BA),
and spermidine (SPD-BA) are present (Nunez et al.,
2016; Wojcik et al., 2022). The BA plays several impor-
tant functions in the body as they serve as precursors for
hormones, proteins, nucleic acids, and alkaloids. More-
over, they function as a nitrogen source for the body.
Polyamines (SPM-BA, SPD-BA, and PUT-BA) func-
tion as modulators of gene expression, particularly in
promoting cell growth and differentiation (Nunez et al.,
2016; Ruiz-Capillas and Herrero, 2019; Wéjcik et al.,
2022). However, excessive amounts of BA have been
demonstrated to negatively impact the proper function-
ing of the body. Elevated levels of polyamines have been
linked to the promotion of tumorigenesis (Feddern
et al., 2019). Additionally, the overconsumption of prod-
ucts rich in heterocyclic amines, such as HIS-BA and
tyramine (TYR-BA) (which are considered psychoac-
tive and vasoactive amines), can lead to allergic reac-
tions, cardiovascular issues, and mnervous system
reactions (Ahmad et al., 2019; Ozogul, 2019; Simon Sar-
kadi, 2019). Furthermore, the consumption of poly-
amine-rich products (PUT-BA and CAD-BA) heightens
the toxicity of heterocyclic amines (HIS-BA and TYR-
BA), which, in the presence of nitrite, give rise to carci-
nogenic N-nitro compounds known as nitrosamines
(Min et al., 2007a; Thrahim et al., 2017). Additionally,
the intake of alcohol and excessive amounts of antide-
pressants impairs the body’s natural defense mechanism
against the toxic effects of excessive BA intake, namely
monoamine oxidase (MAO) and diamine oxidase
(DAO). Alcohol and antidepressants function as MAO
and DAOQ inhibitors. It is estimated that more than 20%
of Europeans regularly take antidepressants, and this
number may increase in the future (Ruiz-Capillas and
Herrero, 2019; Estrela et al., 2020).

The BA level increases as proteolysis and meat spoil-
age progress (Ibrahim et al., 2017; Ruiz-Capillas and
Herrero, 2019). Consequently, the biogenic amine index

(BAI) was developed to assess the freshness of meat
and meat products. The BAI is calculated as shown
below:

BAI=PUT — BA + CAD — BA + TYR — BA + HIS — BA

For fresh meat, the BAI should not surpass 5 mg/kg,
whereas the acceptable range for meat displaying initial
signs of spoilage is between 5 and 20 mg/kg. The meat
of subpar hygienic quality falls within the range of 20 to
50 mg/kg, and spoiled meat exceeds a BAI index value
of 50 mg/kg (Ruiz-Capillas and Herrero, 2019).

To mitigate the toxic effects of excessive BA consump-
tion and the growing trend of unchecked antidepressant
use among the public, it is recommended to limit the con-
sumption of large amounts of meat or explore methods to
reduce BA content in meat. One potential way to lower
BA levels could be dietary supplementation via B-Ala.
B-Ala combines with histidine to form carnosine, espe-
cially in type II skeletal muscle fibers (Harris et al., 1998;
Hill et al., 2007). More recently, Kopec et al. (2020) dem-
onstrated that diets for broilers enriched with B-Ala
increase the carnosine content in the breast muscles by up
to 20%. Carnosine, with its hydrogen ion (H+) buffering
capacity, plays a crucial role in maintaining intracellular
acid—base homeostasis (Gilsanz et al., 2021). A more
robust regulation of the amino acid composition of meat
was confirmed by Wang et al. (2023) in a study on pigs.
Dietary supplementation with g-Ala also elevated the con-
centration of arginine, alanine, and glutamate in the long-
issimus dorsi muscle. However, despite its positive effects
on muscle tissue composition, B-Ala alone is not effective
as an antioxidant (Decker et al., 2000; Boldyrev et al.,
2013). Effective limitation of BA in muscle can only be
achieved by modifying its amino acid composition while
enhancing antioxidant protection. Therefore, enriching
the diet with S-Ala should coincide with the use of effec-
tive antioxidants, such as phytobiotics. One of the most
potent yet natural antioxidants is garlic, specifically its
biologically active substances like ajoene, s-allyl cysteine
(Cys), diallyl sulfide, and most importantly allicin (Kair-
alla et al., 2022). Dietary supplementation with garlic
extract has repeatedly demonstrated improvement in the
antioxidant protection of broiler meat (Pourali et al.,
2014; Puvaca et al., 2016; Ismail et al., 2021), along with
possessing anti-inflammatory, antimicrobial, and immu-
nomodulatory properties (Omar and Al-Wabel, 2010;
Martins et al., 2016; Ashfaq et al., 2021).

In connection with the above, the aim of this study was
to assess the formation of BA and AA levels in the fresh
and stored breast and leg muscles of chickens that were
fed a diet supplemented with garlic extract and B-Ala.

MATERIALS AND METHODS
Experimental Scheme

The breast and leg muscles utilized in this study were
sourced from chickens that were fed a diet comprising
wheat, corn, and soybean. The feeding regimen followed
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a 3-stage system: 0 to 16 d (starter phase) with 12.7 MJ
energy and 261 g crude protein (CP)/kg, 17 to 28 d
(grower phase) with 12.8 MJ energy and 221 g CP/kg,
and 29 to 35 d (finisher phase) with 13.3 MJ energy and
187 g CP/kg. The chickens were categorized into the fol-
lowing groups: a control group without any additives
(C), a group supplemented with 0.5% garlic extract
(G0.5), a group with 2% garlic extract (G2), a group
with 0.5% B-Ala additive (B0.5), a group with 2% B-Ala
additive (B2), a group with 0.5% garlic extract and
0.5% B-Ala additive (BGO0.5), and a group with 2% gar-
lic extract and 2% B-Ala additive (BG2). The garlic
extract used in the study was obtained from Bellaco sp.
z.0.0. company. Garlic extract (reference number:
14319) contained allicin at 250 mg/100 g. The p-Ala
was purchased from OstroVit sp. z.0.0. company. The
product (reference number: PL28ETA036) contained
100% pure B-Ala. The supplement levels used were
determined by manufacturers and National Research
Council nutrient recommendations (NRC, 1994). Each
group consisted of 150 ROSS 308 roosters, and they
were housed in 6 replicates with 25 birds in each repli-
cate.

After a rearing period of 35 d, following the guidelines
for managing a standard flock of ROSS 308, roosters
with average weights were selected from each group
(Aviagen, 2019). Six males per group were chosen,
resulting in a total of 42 chickens. The chickens were
subjected to an 8 h fasting period before being slaugh-
tered using electrical stunning and decapitation. Follow-
ing slaughtering, the chickens were plucked and
eviscerated, and the carcasses were cooled using the ovi-
position method at 4°C for 24 h. Dissection of the car-
casses was carried out according to the methodology
described by Ziolecki and Doruchowski (1989), specifi-
cally targeting the breast and leg muscles for further
analysis.

The breast and leg muscles collected from each group
(6 samples in total) were individually homogenized using
a meat grinder equipped with 3 mm holes. The homoge-
nized samples underwent thorough mixing to ensure
homogeneity. Subsequently, the resulting homogenate
was divided into 5 portions and placed in polyethylene
film string bags measuring 100 x 150 mm. Each pouch
was tightly sealed to protect the samples. The sealed
samples were then stored under refrigeration at a tem-
perature of 2.2°C % 0.3°C. In both types of muscles (pec-
toral, leg), on each day of storage (1, 3, 5, 7, 10 d), the
content (g/100 g meat) was determined for essential
amino acids: methionine (Met), lysine (Lys), histidine
(His), tyrosine (Tyr), phenylethylalanine (Phm), tryp-
tophan (Trp), threonine (Thr), ornithine (Orn), leu-
cine (Leu), valine (Val), arginine (Arg), and their total
content (EAA); nonessential amino acids: aspartic acid
(Asp), glutamic acid (Glu), serine (Ser), g-Ala, proline
(Pro), and their total content (NEAA). BA content
was determined in mg/100 g meat for His-BA, PUT-BA,
CAD-BA, TYR-BA, and BAI index, which is the sum of
the mentioned BAs. Additionally, the content (mg/
100 g meat) of other BAs was determined: PHM-BA,

tryptamine, AGM-BA, SPM-BA, SPD-BA, and the
total BA-1 (sum of HIS-BA, PUT-BA, CAD-BA, TYR-
BA, PHM-BA, tryptamine, AGM-BA) and total BA-2
(sum of Total BA-1, SPM-BA, and SPD-BA) indices
were calculated.

Reagents

Liquid chromatography-mass spectrometry (LC-
MS)-grade acetonitrile, hexane, and LC-MS water were
provided by Witko (L4dz, Poland). Disodium tetrabo-
rate (borax) with a purity of >99% was sourced from
Chempur (Piekary Slaskie, Poland). Ammonium for-
mate with a purity of >97% and formic acid with an
assay of 98 to 100% were procured from Chem-Lab
(Zedelgem, Belgium). Dansyl chloride with a purity of
97% was obtained from abcr GmbH (Karlsruhe, Ger-
many). Pure trichloroacetic acid was supplied by POCH
(Gliwice, Poland). Certified analytical standards,
including PUT-BAHIS-BA, CAD-BA, TRP-BA, PHM-
BA, TYR-BA, SPD-BA with a purity of >99%, SPM-
BA with a purity of >99%, AGM with a purity of >97%,
1,7-diaminoheptane with an assay of 98%, and ammo-
nium hydroxide solute, were utilized. Additionally,
B-Ala, Arg, Asp, asparagines, Cys, Ser, Orn with a
purity of >99%, Glu, glutamine with a purity of >99%,
His, Lys, Trp with a purity of >98%, Phm, Tyr, threo-
nine, Pro, Leu, isoleucine, and Val were employed.

Biogenic Amines and Free Amino Acids
Content—Samples Preparation

Sample preparation and determination of BA and AA
followed the methodology outlined by Swider et al.
(2020). Two grams of the homogenized meat sample
were weighed and placed in a 50 mL centrifuge tube.
Subsequently, it was spiked with 50 L of a 1,7-diamino-
heptane internal standard solution (1 mg/mL) and
40 mL of 5% trichloroacetic acid. The tube underwent
shaking and centrifugation at 10,000 x ¢ for 10 min.
The resulting supernatant was filtered using filter paper.

In a 15 mL polypropylene tube, 1 mL of distilled
water, 1.5 mL of a 5% borax solution, and 100 uL of the
sample supernatant were combined. Subsequently,
2.5 mL of dansyl chloride (20 mM) dissolved in acetoni-
trile was introduced into the mixture. The tube was agi-
tated and placed in a shaking water bath operating at
30°C for 1 h, ensuring no light access. Following this,
125 uL of an ammonia solution (400 mM) was added,
and the tube was left undisturbed for 15 min in a dark
place. Finally, the mixture was filtered through a
0.22 um syringe filter into a chromatographic vial for
analysis using LC-MS.

Liquid Chromatography-Mass Spectrometry

An ultra-high-performance liquid chromatograph
(UPLC) coupled with a high-resolution mass spectrom-
eter Q Exactive Orbitrap Focus MS (Thermo Fisher
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Scientific, Waltham, MA) was employed for analysis.
The scan was set at Full MS followed by All Ion Frag-
mentation mode with scan ranges of 200 to 1,200 m/z
and 80 to 1,000 m/z, respectively. Analyses were con-
ducted at a resolution of 70,000 in simultaneous scan
and 35,000 in all ion fragmentation mode. The Cortecs
UPLC C18 2.1 x 100 mm, 1.6 um column purchased
from Waters (Milford, MA) was used. Ions were gener-
ated using the heated electrospray ionization (HESI)
technique with a spray voltage of 3 kV. The liquid
phases consisted of water/ACN (90:10)/0.1% FA /5 mM
ammonium formate (phase A) and ACN /water (90:10)/
0.1% FA/5 mM ammonium formate (phase B), flowing
in a gradient according to the settings: A:B (%) gradient
0 to 2 min—90:10—waste, 2 to 22 min—0:100, 22 to 25
min—~0:100, 25 to 26 min—90:10, 26 to 28 min—90:10,
at a rate of 0.3 mL /min. LC-MS grade water and aceto-
nitrile were purchased from Witko (LodZ, Poland). For-
mic acid (98—100%) and ammonium formate (>97%)
for LC-MS were supplied by Chem-Lab (Zedelgem, Bel-
gium). Polarization was set in positive mode, and the
injection volume was 2.5 wL. The remaining parameters
were set as follows: capillary temperature: 256°C, sheath
gas flow rate: 48, auxiliary gas flow rate: 11, sweep gas
flow rate: 2, probe heater temperature: 413°C, S-lens RF
level: 50. Xcalibur 4.2.47 software (Thermo Fisher Scien-
tific, Waltham, MA) was utilized for data acquisition
and analysis.

Statistical Analysis

One-way and 2-way analysis of variance (ANOVA)
were employed to assess the impact of the studied fac-
tors and their interactions, following the linear models:

For 1-way ANOVA:

Yi_]':,U«—l—Aj—l- €+ or Yic = n+ Bx + e

For 2-way ANOVA:
Yiik =+ Aj + B + (AB)y, + ek

where Y represents the dependent variable, u denotes
the general mean, A; signifies the effect of the treatment,
and By represents the effect of the storage time (in the
case of protein B, the factor was the type of meat).

To compare the means, Duncan’s multiple range test
at a significance level of 0.05 was utilized. The results
were presented as means accompanied by letters indicat-
ing homogeneous groups. SEMs and P values for the
effects of the factors and their interactions were also pro-
vided. Additionally, a principal component analysis
(PCA) was conducted. The statistical analyses were
carried out using Statistica 13 software (TIBCO Soft-
ware Inc, 2017).

RESULTS
Effect of Diet

The impact of the diet employed on protein levels in
breast muscle chemistry (P < 0.001) and leg muscle
chemistry (P = 0.025) was verified among the analyzed
groups (Figure 1). The experimental groups exhibited
higher protein content in their breast muscles in compar-
ison to the C group (P < 0.05). Notably, chickens in
groups B2 (20.5%) and BGO05 (20.42%) demonstrated
significantly elevated protein levels in their leg muscles
compared to chickens in the control and G2 groups
(P <0.05).

Tables 1 and 2 show the amino acid profile for breast
meat. Tables 3 and 4 show the amino acid profile for leg
meat. Concerning essential amino acid (EAA) content,
the supplementation exerted a noticeable impact on Met
(P=0.017), Tyr (P = 0.001), Trp (P < 0.001), and Arg
(P < 0.001) in breast muscles (Table 1), as well as on
Met (P = 0.002) and Arg (P = 0.023) in leg muscles

Total protein

Control GO2 BOS

BGO5 G2 B2 BG2

G Breatmeat ELeg meat

Figure 1. Protein content in broiler breast and leg meat in relation to the diet supplemented with garlic extract and g-Alanine. *~“Different let-
ters in the column indicate differences between treatment groups, P < 0.05 (1-way ANOVA, Duncan test); Control, commercial basal diet; G05, diet
supplemented with 0.5% of garlic extract; BO5, diet supplemented with 0.5% of B-alanine; BG05, diet supplemented with 0.5% each garlic extract
and B-alanine; G2, diet supplemented with 2% of garlic extract; B2, diet supplemented with 2% of B-alanine; BG2, diet supplemented with 2% each

garlic extract and B-alanine.



Table 1. Essential aminoacid profile (g/100 g of meat) in broiler breast meat in relation to the time of storage and diet supplemented with garlic extract and B-alanine.

Storage time (d) Treatment Item
Methionine Lysine Histidine Tyrosine Phenylethylalanine Tryptophan Threonine Ornithine Leucine Isoleucine valine Arginine Total EAA
1 Control 0.58 1.58 0.80 0.65" 0.75 0.20 1.02 0.03 1.73 0.91 0.90 141 10.56
G05 0.60 1.56 0.76 0.67"" 0.81 0.21 1.03 0.03 1.67 0.90 0.93 1.48 10.65
B05 0.56 1.51 0.74 0.61"" 0.74 0.18 1.01 0.03 1.68 0.83 0.91 1.40 10.20
BGO05 0.59 1.54 0.80 0.69° 0.80 0.21 1.01 0.03 1.71 0.86 0.88 147 10.59
G2 0.61 1.51 0.82 0.60" 0.77 0.21 1.01 0.03 1.76 0.91 0.91 1.53 10.67
B2 0.56 1.61 0.83 0.69" 0.78 0.20 1.04 0.03 1.70 0.92 0.86 1.46 10.68
BG2 0.60 1.54 0.70 0.60" 0.71 0.19 1.01 0.03 1.70 0.89 0.83 1.36 10.16
3 Control 0.57 1.52 0.74 0.63 0.72 0.19"" 1.00 0.03 1.70 0.91 0.91 1.41 10.33
GO05 0.60 1.57 0.77 0.66 0.81 0.22" 1.03 0.03 1.70 0.88 0.88 1.48 10.63
B05 0.57 1.59 0.75 0.63 0.73 0.18" 1.01 0.03 1.73 0.80 0.86 1.41 10.29
BGO05 0.59 1.62 0.77 0.66 0.80 0.20™" 1.02 0.03 1.71 0.85 0.89 1.49 10.63
G2 0.65 1.53 0.78 0.62 0.76 0.21"" 1.02 0.03 1.68 0.91 0.90 1.54 10.63
B2 0.58 1.57 0.83 0.68 0.79 0.20™" 1.03 0.03 1.74 0.91 0.86 1.48 10.70
BG2 0.61 1.51 0.69 0.60 0.74 0.18" 1.00 0.03 1.72 0.90 0.83 1.37 10.18
5 Control 0.56 1.57 0.73 0.61 0.74 0.19 1.00 0.03 1.68 0.88 0.90 141" 10.30
G05 0.60 1.57 0.79 0.67 0.79 0.21 1.02 0.03 1.70 0.91 0.92 1.47"° 10.68
B05 0.57 1.53 0.80 0.64 0.73 0.19 1.02 0.03 1.72 0.87 0.88 1.39"" 10.37
BGO05 0.59 1.58 0.79 0.65 0.72 0.19 1.00 0.03 1.67 0.86 0.88 1.46"" 10.42
G2 0.65 1.55 0.81 0.62 0.79 0.21 1.02 0.03 1.72 0.90 0.91 1.54" 10.75
B2 0.57 1.52 0.79 0.62 0.76 0.19 1.03 0.03 1.69 0.86 0.92 1.47°" 10.45
BG2 0.62 1.54 0.71 0.60 0.70 0.18 1.00 0.03 1.64 0.87 0.89 1.36" 10.14
7 Control 0.56 1.56 0.81 0.61 0.74 0.19 1.00 0.03 1.71 0.88 0.90 1.41°" 10.40
GO05 0.60 1.55 0.80 0.68 0.80 0.21 1.03 0.04 1.70 0.94 0.89 1.49"" 10.73
B05 0.57 1.51 0.74 0.64 0.77 0.19 1.01 0.03 1.70 0.89 0.92 1.44%" 10.41
BGO05 0.59 1.60 0.73 0.65 0.79 0.22 1.02 0.03 1.74 0.91 0.94 1.47"° 10.69
G2 0.65 1.53 0.81 0.63 0.75 0.21 1.01 0.03 1.72 0.89 0.91 1.55" 10.69
B2 0.58 1.51 0.79 0.64 0.79 0.19 1.03 0.03 1.74 0.91 0.91 1.45% 10.57
BG2 0.61 1.51 0.71 0.60 0.71 0.18 1.00 0.03 1.66 0.85 0.87 1.35" 10.08
10 Control 0.56 1.50 0.79 0.64 0.74 0.19 1.00 0.03 1.70 0.87 0.90 1.42°" 10.34
G05 0.60 1.57 0.78 0.66 0.79 0.21 1.03 0.03 1.70 0.92 0.88 1.49"" 10.66
B05 0.57 1.62 0.79 0.63 0.77 0.19 1.02 0.03 1.74 0.91 0.92 1.39"" 10.58
BGO05 0.60 1.61 0.73 0.68 0.79 0.22 1.02 0.03 1.72 0.92 0.92 1.49"" 10.73
G2 0.62 1.51 0.79 0.64 0.78 0.21 1.01 0.03 1.73 0.91 0.93 1.55" 10.71
B2 0.57 1.59 0.76 0.68 0.74 0.18 1.09 0.03 1.75 0.82 0.91 1.47°" 10.59
BG2 0.60 1.57 0.75 0.61 0.73 0.18 1.01 0.03 1.63 0.85 0.87 1.36" 10.19
Pooled SEM 0.008 0.045 0.021 0.005 0.010 0.001 0.009 0.001 0.020 0.017 0.012 0.021 0.207
Main effects P value
Effects of storage 0.987 0.983 0.964 0.682 0.889 0.878 1.000 0.850 0.945 0.975 0.706 0.992 0.977
time
Effects of treatment 0.017 0.931 0.338 0.001 0.052 <0.001 0.973 0.249 0.811 0.805 0.565 <0.001 0.784
Effects of storage 1.000 1.000 1.000 0.999 1.000 1.000 1.000 0.979 1.000 0.998 1.000 1.000 1.000

time x treatment

*~“Small letters indicate significant differences between treatments within the same storage time, P < 0.05 (1-way ANOVA, Duncan test); a—c: Different letters in the column indicate differences between treat-
ment groups in a particular storage period, P < 0.05 (1-way ANOVA, Duncan test); Control, commercial basal diet; G05, diet supplemented with 0.5% of garlic extract; BO5, diet supplemented with 0.5% of B-ala-
nine; BGO05, diet supplemented with 0.5% each garlic extract and B-alanine; G2, diet supplemented with 2% of garlic extract; B2, diet supplemented with 2% of B-alanine; BG2, diet supplemented with 2% each

garlic extract and B-alanine; Total EAA, sum of methionine, lysine, histidine, tyrosine, phenylethylalanine, tryptophan, threonine, ornithine, leucine, isoleucine, valine, arginine.
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Table 2. Aminoacid profile (g/100 g of meat) in broiler breast meat in relation to the time of storage and diet supplemented with garlic extract and g-alanine.

Item
Storage time (d) Treatment Aspartic Aspartic acid Glutamic Glutamic acid Serine B-Alanine Proline Total NEAA Total AA
1 Control 2.04 1.31 1.72 1.94 0.85 1.18" 0.87 9.91" 20.47
GO05 2.01 1.34 1.73 1.94 0.82 1.21° 0.90 9.94" 20.58
B05 2.01 1.29 1.70 1.88 0.79 1.61" 0.88 10.15™" 20.34
BGO05 2.00 1.27 1.76 1.92 0.81 1.64" 0.87 10.27" 20.86
G2 1.99 1.30 1.71 1.93 0.79 1.17" 0.87 9.73" 20.40
B2 2.02 1.29 1.71 1.94 0.82 1.89° 0.95 10.59" 21.22
BG2 2.01 1.28 1.70 1.98 0.80 2.10° 0.87 10.72" 20.87
3 Control 2.04 1.31 1.71 1.95 0.80 1.19° 0.86 9.85" 20.18
GO05 2.05 1.34 1.72 1.94 0.83 1.22% 0.93 10.03"" 20.66
B05 1.99 1.29 1.71 1.89 0.81 1.61" 0.88 10.17"" 20.45
BGO05 2.00 1.34 1.75 1.91 0.82 1.64" 0.87 10.35" 20.99
G2 2.00 1.31 1.71 1.89 0.81 1.18° 0.90 9.80" 20.43
B2 2.00 1.33 1.73 1.91 0.82 2.03° 0.95 10.74" 21.34
BG2 2.01 1.30 1.73 2.01 0.80 2.11¢ 0.89 10.84° 21.03
5 Control 1.86 1.31 1.71 1.92 0.80 1.20" 0.85 9.66" 19.95
GO05 2.04 1.30 1.74 1.91 0.80 1.20" 0.87 9.87" 20.54
B05 1.99 1.30 1.73 1.89 0.79 1.61" 0.86 10.17*" 20.54
BGO05 2.03 1.28 1.72 1.87 0.79 1.65" 0.85 10.18"" 20.55
G2 1.97 1.30 1.73 1.89 0.80 1.20" 0.84 9.72" 20.61
B2 1.96 1.33 1.72 1.93 0.81 2.03° 0.87 10.63" 21.02
BG2 1.97 1.31 1.71 2.02 0.79 2.08" 0.84 10.71" 20.85
7 Control 2.07 1.30 1.70 1.94 0.81 1.19" 0.88 9.88" 20.29
GO05 1.99 1.32 1.74 1.90 0.83 1.21° 0.92 9.91" 20.66
B05 1.99 1.29 1.71 1.90 0.80 1.61" 0.87 10.17° 20.57
BGO05 2.03 1.31 1.74 1.86 0.82 1.64" 0.85 10.25™" 20.93
G2 2.01 1.34 1.72 1.94 0.82 1.18" 0.90 9.92" 20.61
B2 2.04 1.31 1.72 1.93 0.83 2.03° 0.94 10.75" 21.19
BG2 2.00 1.29 1.71 2.02 0.80 2.11¢ 0.87 10.80" 20.88
10 Control 2.07 1.30 1.73 1.90 0.81 1.18" 0.86 9.85" 20.19
GO05 2.01 1.34 1.71 1.94 0.81 1.21% 0.92 9.95" 20.60
BO5 1.98 1.31 1.73 1.90 0.80 161" 0.89 10.22°% 20.80
BGO05 2.04 1.31 1.74 1.92 0.82 1.63" 0.88 10.34"° 21.07
G2 2.00 1.34 1.71 1.94 0.81 1.19° 0.89 9.88"" 20.59
B2 1.99 1.30 1.71 1.90 0.79 2.01° 0.88 10.53" 21.17
BG2 2.00 1.30 1.70 2.01 0.80 2.10° 0.88 10.78° 20.98
Pooled SEM 0.058 0.021 0.032 0.046 0.010 0.024 0.018 0.263 0.954
Main effects
Effects of storage time 0.930 0.961 0.999 0.998 0.936 0.923 0.732 0.841 0.920
Effects of treatment 0.997 0.972 0.992 0.468 0.964 <0.001 0.903 <0.001 0.006
Effects of storage time x treatment 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

¢ Different letters in the column indicate differences between treatment groups in a particular storage period, P < 0.05 (1-way ANOVA, Duncan test); Control, commercial basal diet; G05, diet supplemented
with 0.5% of garlic extract; BO5, diet supplemented with 0.5% of B-alanine; BG05, diet supplemented with 0.5% each garlic extract and B-alanine; G2, diet supplemented with 2% of garlic extract; B2, diet supple-
mented with 2% of B-alanine; BG2, diet supplemented with 2% each garlic extract and B-alanine; Total NEAA = sum of aspartic, aspartic acid, glutamic, glutamic acid, serine, B-alanine and proline; Total
AA = sum of methionine, lysine, histidine, tyrosine, phenylethylalanine, tryptophan, threonine, ornithine, leucine, isoleucine, valine, arginine, and NEAA.
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Table 3. Essential aminoacid profile (g/100 g of meat) in broiler leg meat in relation to the time of storage and diet supplemented with garlic extract and -alanine.

Item
Storage time (d) Treatment Methionine — Lysine Histidine Tyrosine Phenylethylalanine  Tryptophan Threonine Ornithine Leucine Isoleucine valine Arginine Total EAA
1 Control 0.44 1.41 0.57 0.53 0.64 0.17 0.86 0.02 1.52 0.62 0.75 1.04 8.57
GO05 0.44 1.45 0.56 0.56 0.68 0.17 0.87 0.03 1.49 0.62 0.70 1.02 8.59
B05 0.41 1.39 0.54 0.50 0.63 0.17 0.87 0.02 1.48 0.63 0.71 0.99 8.34
BGO05 0.42 1.43 0.57 0.55 0.64 0.17 0.82 0.02 1.50 0.61 0.68 1.01 8.42
G2 0.47 1.41 0.58 0.56 0.63 0.17 0.85 0.03 1.52 0.60 0.70 1.09 8.61
B2 0.36 1.43 0.52 0.51 0.63 0.17 0.84 0.02A 1.48 0.60 0.76B 0.97 8.29
BG2 0.46 1.43 0.54 0.51 0.65 0.17 0.84 0.02 1.56 0.61 0.73 1.05 8.57
3 Control 0.43 1.39 0.57 0.52 0.63 0.17 0.88 0.02 1.52 0.61 0.71 1.02 8.47
GO05 0.43 1.47 0.58 0.53 0.68 0.18 0.88 0.03 1.57 0.63 0.73 1.03 8.74
B05 0.42 1.44 0.55 0.50 0.61 0.18 0.87 0.02 1.52 0.60 0.80 0.94 8.45
BGO05 0.44 141 0.59 0.55 0.64 0.16 0.88 0.03 1.50 0.62 0.75 1.04 8.61
G2 0.44 1.45 0.58 0.50 0.63 0.17 0.83 0.02 1.51 0.59 0.70 1.07 8.49
B2 0.41 1.42 0.57 0.55 0.63 0.16 0.81 0.02AB 1.52 0.61 0.74B 0.97 8.41
BG2 0.46 1.42 0.51 0.50 0.66 0.18 0.82 0.02 1.53 0.61 0.71 0.98 8.40
5 Control 0.41 1.39 0.56 0.51 0.66 0.17 0.86 0.03 1.51 0.61 0.68 1.02 8.41
G05 0.45 1.51 0.56 0.56 0.66 0.18 0.88 0.02 1.55 0.62 0.75 1.00 8.74
B05 0.41 1.42 0.55 0.50 0.63 0.18 0.86 0.03 1.56 0.62 0.69 0.95 8.40
BGO05 0.42 1.41 0.53 0.52 0.62 0.17 0.82 0.02 1.49 0.59 0.70 1.02 8.31
G2 0.47 1.39 0.58 0.51 0.64 0.17 0.82 0.03 1.52 0.60 0.71 1.08 8.52
B2 0.44 1.41 0.53 0.53 0.64 0.18 0.85 0.02AB 1.54 0.62 0.69A 0.96 8.41
BG2 0.48 1.42 0.52 0.57 0.67 0.18 0.86 0.03 1.56 0.63 0.72 1.00 8.64
7 Control 0.41 1.40 0.51 0.50 0.63 0.17 0.85 0.03 1.50 0.59 0.70 1.05 8.34
GO05 0.44 1.40 0.57 0.53 0.68 0.18 0.88 0.03 1.56 0.61 0.66 1.03 8.57
B05 0.41 1.46 0.58 0.51 0.66 0.18 0.84 0.02 1.52 0.63 0.75 1.03 8.59
BGO05 0.44 1.51 0.58 0.53 0.68 0.17 0.88 0.03 1.53 0.62 0.74 1.03 8.74
G2 0.47 1.44 0.55 0.53 0.62 0.17 0.83 0.02 1.53 0.62 0.65 1.07 8.50
B2 0.38 1.43 0.52 0.51 0.63 0.17 0.81 0.03AB 1.48 0.62 0.74B 0.99 8.31
BG2 0.48 1.47 0.56 0.56 0.68 0.17 0.80 0.03 1.59 0.63 0.73 1.04 8.74
10 Control 0.41™" 1.46 0.53 0.53 0.66 0.17 0.87 0.03 1.50 0.61 0.66 1.03 8.46
G05 0.45" 1.47 0.55 0.55 0.66 0.17 0.88 0.03 1.54 0.63 0.70 1.06 8.69
B05 0.41°"" 1.48 0.56 0.50 0.62 0.18 0.84 0.02 1.51 0.61 0.76 1.04 8.53
BGO05 0.42" 1.43 0.57 0.53 0.65 0.17 0.87 0.03 1.51 0.60 0.74 1.01 8.53
G2 0.46"" 1.48 0.56 0.51 0.62 0.17 0.82 0.02 1.53 0.60 0.76 1.07 8.60
B2 0.40" 1.44 0.54 0.55 0.65 0.16 0.83 0.03B 1.52 0.63 0.75B 0.99 8.49
BG2 0.48" 1.45 0.52 0.51 0.68 0.17 0.82 0.03 1.57 0.61 0.74 1.00 8.58
Pooled SEM 0.006 0.026 0.010 0.004 0.007 0.001 0.009 0.000 0.035 0.009 0.019 0.012 0.395
Main effects P value
Effects of storage time 0.968 0.809 0.940 0.973 0.961 0.940 0.979 0.101 0.980 0.997 0.661 0.637 0.982
Effects of treatment 0.002 0.955 0.520 0.226 0.203 0.715 0.273 0.321 0.890 0.983 0.923 0.023 0.623
Effects of storage time x treatment 1.000 1.000 1.000 0.953 1.000 1.000 1.000 0.597 1.000 1.000 0.984 1.000 1.000

ab. Small letters indicate significant differences between treatments within the same storage time, P < 0.05; A,B: capital letters indicate significant differences between storage tomes within the same treatment,
P <0.05 (1-way ANOVA, Duncan test); a—c: Different letters in the column indicate differences between treatment groups in a particular storage period, P < 0.05 (1-way ANOVA, Duncan test); Control, commer-
cial basal diet; GO5, diet supplemented with 0.5% of garlic extract; BO5, diet supplemented with 0.5% of B-alanine; BG05, diet supplemented with 0.5% each garlic extract and B-alanine; G2, diet supplemented
with 2% of garlic extract; B2, diet supplemented with 2% of B-alanine; BG2, diet supplemented with 2% each garlic extract and -alanine; Total EAA, sum of methionine, lysine, histidine, tyrosine, phenylethylala-

nine, tryptophan, threonine, ornithine, leucine, isoleucine, valine, arginine.
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Table 4. Aminoacid profile (g/100 g of meat) in broiler leg meat in relation to the time of storage and diet supplemented with garlic

extract and B-alanine.

Item

Storage time (d) Treatment Aspartic  Asparticacid Glutamic Glutamic acid Serine p-alanine Proline Total NEAA  Total AA

1 Control 1.78 1.11 1.30 1.70 0.62 0.78"  0.71AB 8.00" 16.58
GO05 1.76 1.13 1.31 1.69 0.60 0.76*  0.70 7.95 16.53
B05 1.74 1.10 1.28 1.69 0.59 1.11"  0.69 8.20™" 16.53
BGO05 1.78 1.11 1.32 1.73 0.59 1.15"  0.67 8.35"" 16.81
G2 1.73 1.09 1.29 1.69 0.60 0.76°  0.72 7.88" 16.49
B2 1.83 1.13 1.29 1.70 0.63 1.43°  0.70 8.71" 17.01
BG2 1.78 1.08 1.29 1.72 0.60 1.660  0.71 8.84" 17.42

3 Control 1.77 1.10 1.30 1.73 0.62 0.76*  0.74B 8.02" 16.48
G05 1.82 1.14 1.30 1.69 0.63 0.76"  0.72 8.06" 16.81
B05 1.73 1.12 1.28 1.68 0.60 1.19"  0.71 8.31%" 16.75
BGO05 1.74 1.13 1.29 1.70 0.61 1.19"  0.73 8.39"" 17.00
G2 1.72 1.07 1.29 1.71 0.60 0.78"  0.70 7.87" 16.39
B2 1.83 1.17 1.29 1.71 0.64 1.44°  0.70 8.78" 17.17
BG2 1.77 1.09 1.29 1.69 0.59 1.647  0.70 8.77" 17.16

5 Control 1.78 1.11 1.29 1.74 0.63 077" 0.74B 8.06" 16.47
GO05 1.74 1.14 1.30 1.70 0.60 0.75  0.71 7.94" 16.69
B05 1.75 1.09 1.31 1.69 0.59 1.05"  0.69 8.17" 16.55
BGO05 1.72 1.10 1.30 1.69 0.61 1.06"  0.73 8.21" 16.51
G2 1.71 1.12 1.30 1.69 0.60 0.79*  0.69 7.90* 16.42
B2 1.84 1.13 1.32 1.72 0.63 1.54°  0.70 8.88" 17.29
BG2 1.80 1.15 1.29 1.72 0.59 1.61°  0.71 8.87" 17.50

7 Control 1.78 1.06 1.27 1.69 0.63 0.76"  0.68A 7.87" 16.19"
G05 1.79 1.12 1.29 1.70 0.61 0.79"  0.71 8.01" 16.57""
B05 1.77 1.09 1.29 1.68 0.60 1.14>  0.73 8.30" 16.89""
BGO05 1.75 1.15 1.30 1.69 0.61 113" 0.72 8.35"" 17.05""
G2 1.74 1.12 1.29 1.68 0.61 077" 0.70 7.91" 16.38"
B2 1.84 1.15 1.31 1.72 0.64 1.51°  0.68 8.85" 17.13*"
BG2 1.83 1.13 1.30 1.72 0.60 1.62°  0.70 8.90" 17.64"

10 Control 1.79 1.14 1.30 1.71 0.62 0.76"  0.72AB 8.04" 16.51
GO05 1.80 1.14 1.31 1.71 0.62 077" 0.71 8.06™ 16.74
B05 1.73 1.06 1.28 1.68 0.59 .17 0.69 8.20" 16.74
BGO05 1.74 1.09 1.30 1.73 0.61 .17 0.73 8.37"" 16.88
G2 1.73 1.12 1.29 1.70 0.61 0.78°  0.69 7.92° 16.53
B2 1.84 1.14 1.30 1.73 0.63 1.48°  0.70 8.82" 17.31
BG2 1.81 1.15 1.29 1.73 0.60 1.66°  0.71 8.95° 17.52

Pooled SEM 0.032 0.013 0.016 0.020 0.010 0.021  0.007 0.214 0.848

Main effects Pvalue

Effects of storage time 0.984 0.987 0.995 0.984 0.993 0.846  0.949 0.982 0.969

Effects of treatment 0.260 0.631 0.997 0.962 0.728 <0.001 0.902 <0.0ss01 <0.001

Effects of storage time x treatment 1.000 1.000 1.000 1.000 1.000 0.997  1.000 1.000 1.000

2=d. Small letters indicate significant differences between treatments within the same storage time, P < 0.05; A,B: Capital letters indicate significant
differences between storage tomes within the same treatment, P < 0.05 (1-way ANOVA, Duncan test); Control, commercial basal diet; G05, diet supple-
mented with 0.5% of garlic extract; BO5, diet supplemented with 0.5% of -alanine; BG05, diet supplemented with 0.5% each garlic extract and B-alanine;
G2, diet supplemented with 2% of garlic extract; B2, diet supplemented with 2% of B-alanine; BG2, diet supplemented with 2% each garlic extract and
B-alanine; Total NEAA, sum of aspartic, aspartic acid, glutamic, glutamic acid, serine, B-alanine, and proline; Total AA, sum of methionine, lysine, histi-
dine, tyrosine, phenylethylalanine, tryptophan, threonine, ornithine, leucine, isoleucine, valine, arginine, and NEAA.

(Table 3). Dietary intake also influenced NEAA levels,
with g-Ala (P < 0.001), total NEAA (P < 0.001), and
total AA (P = 0.006) showing significant effects in both
breast muscles (Table 2) and leg muscles (Table 4).

The inclusion of B-Ala at both 0.5 and 2% resulted in
elevated levels of B-Ala in both muscle types. Notably, the
muscles of B2 and BG2 chickens exhibited significantly
higher B-Ala levels compared to the muscles of B05 and
BGO5 chickens (P < 0.05). Dietary supplementation with
B-Ala (B05, BG05, B2, and BG2) led to increased levels of
this amino acid in the muscles (P < 0.05).

Dietary supplementation significantly influenced the
content of various amines in breast muscles, including
His-BA (P = 0.046), PU-BA (P = 0.030), PHM-BA
(P = 0.003), AGM-BA (P = 0.025), SPM-BA
(P =0.003), SPD-BA (P < 0.001), and total BA-2 (P <

0.001) (Table 5). Additionally, supplementation had an
effect on amine levels in leg muscles, including Try
(P = 0.002), AGM-BA (P < 0.001), SPM-BA (P <
0.001), SPD-BA (P < 0.001), and total BA-2 (P <
0.001) (Table 6).

In fresh breast muscles (Table 5), the levels of hista-
mine (His-BA) were highest in the G2 group, differing
from the B2 group, while the B2 group differed from the
BG2 group (P < 0.05). In leg muscles (Table 6), His-BA
levels in the GO05 group were 28.5% higher than in the
B2 group (P < 0.05). Moreover, in fresh breast muscles
(Table 5), total BA-2 levels were lower in the BO5 group
compared to the control, G05, and BG2 groups (P <
0.05). On the other hand, in leg muscles (Table 6), total
BA-2 levels were higher in the B2 group compared to
the BG2 and C groups (P < 0.05).



Table 5. Biogenic amines (mg/100 g of meat) in broiler breast meat in relation to the time of storage and diet supplemented with garlic extract and g-alanine.

Item

Storage time (d) Treatment Histamine Putrescine Cadaverine Tyramine Index BAI Phenylethylamine Tryptamine Agmatine  Spermine  Spermidine TOTAL BA-1 TOTAL BA-2

1 Control 1.30™°A 1.76A 0.92A 0.00A 3.99A 0.00A 0.00A 0.00A 79.40°C 14.01 3.99A 97.40"
G05 1.04""°A 1.80A 0.61A 0.00A 3.44A 0.00A 0.00A 0.00A 80.96"C 15.09A 3.44A 99.49"
B05 1.12%¢A 1.68A 0.70A 0.00A 3.51A 0.00A 0.00A 0.00A 62.78"BC 13.09 3.51A 79.38"A
BGO05 0.96""°A 1.82A 0.88A 0.00A 3.67A 0.00A 0.00A 0.00A 69.27""D 14.16A 3.67A 87.10""
G2 1.36cA 1.42A 0.73A 0.00A 3.51A 0.00A 0.00A 0.00A 67.98""BC  12.58A 3.51A 84.07°"
B2 0.92°°A 2.00A 0.89A 0.00A 3.81A 0.00A 0.00A 0.00A 72.13"°C 14.85 3.81A 90.79""
BG2 0.84"A 2.02A 0.61A 0.00A 347A 0.00A 0.00A 0.00A 77.05""B 15.16A 347A 95.68"

3 Control 1.ss41bA 2.34°°A 1.32AB 0.00A 5.10A 0.55D 0.00A 0.32B 74.48C 12.93 5.95A 93.35
GO05 1.24"°A 2.40™°A 0.68A 0.00A 4.32A 0.63B 0.00A 0.32B 77.19C 15.61A 5.27A 98.08
B05 1.17""A 2.20"A 1.34AB 0.00A 4.71A 0.54C 0.00A 0.32B 68.67C 13.03 5.57A 87.26AB
BGO05 1.10"°A 2.46"°A 1.46AB 0.00A 5.02A 0.59C 0.00A 0.32B 69.69D 14.59AB 5.94B 90.22
G2 1.42°A 1.80"A 0.78A 0.00A 4.01A 0.59D 0.00A 0.32B 71.53C 12.40A 4.90A 88.84
B2 1.07"°A 2.98°A 0.63A 0.00A 4.69A 0.55D 0.00A 0.32B 74.43C 15.89 5.56A 95.88
BG2 0.98"A 2.61"A 0.61A 0.00A 4.22A 0.54E 0.00A 0.32B 72.81B 16.21AB 5.06A 94.08

5 Control 3.00B 7.15""B 1.38AB 0.19AB 11.72B 0.37C 1.06""C 0.57°C 62.51B 14.70 13.71B 90.92
G05 2.83A 7.53""B 1.53A 0.17B 12.06B 0.63B 0.66"C 0.43""BC  63.34B 16.73AB 13.78B 93.85
B05 2.71A 7.53""B 1.32AB 0.17AB  11.74B 0.42BC 0.78"°C 0.31"B 58.42B 14.33 13.25B 86.00AB
BGO05 2.78B 7.26""B 1.26AB 0.16B 11.47B 0.57BC 0.70""C 0.35""B 59.40C 15.57AB 13.09C 88.06
G2 3.00B 6.11°B 0.76A 0.16AB  10.02B 0.39C 1.17°C 0.46"C 60.92B 14.09AB 12.04B 87.05
B2 2.42A 8.75"B 0.79A 0.15A 12.12B 0.36C 0.92abB 0.54°C 63.26B 17.25 13.94B 94.45
BG2 2.39B 8.66"B 0.81A 0.15AB  12.02B 0.37D 0.66"B 0.39""B 61.27AB 17.63AB 13.44B 92.34

7 Control 4.85""C 11.83C 2.32B 0.31B 19.32C 0.21"B 0.39B 0.63C 51.66A 17.19 20.54C 89.39
GO05 5.26"B 10.83C 1.72A 0.20B 18.01B 0.31""AB 0.35B 0.52C 49.49A 17.84AB 19.19C 86.52
B05 4.69""B 12.79C 2.71B 0.21B 20.40C 0.29"B 0.35B 0.57C 47.00A 15.03 21.62C 83.65AB
BG05 4.32°°C 11.79C 1.88B 0.25C 18.24C 0.50"BC 0.61BC 0.49B 52.45B 15.87TAB 19.83D 88.15
G2 4.18"C 11.88C 1.83A 0.27B 18.17C 0.23"B 0.28B 0.55C 48.34A 17.42B 19.22C 84.98
B2 3.45"A 13.00C 1.95B 0.25A 18.65C 0.17"B 0.29A 0.64C 54.79B 18.64 19.74C 93.17
BG2 3.87""C 12.31C 1.93B 0.26AB  18.37C 0.16"B 0.45B 0.53B 50.37A 17.97AB 19.51C 87.85

10 Control 7.96D 14.98D 5.05C 0.68C 28.67"D 0.34C 0.49B 0.99D 49.41A 16.11°" 30.49""D 96.01
G05 7.74C 13.72D 4.11B 0.64C 26.22""C 0.34B 0.35B 0.81D 51.30A 19.53"C 27.72""D 98.55
BO5 7.61C 15.78C 4.60C 0.50C 28.50""D 0.37B 0.39B 0.67C 47.23A 15.47"" 29.93""D 92.62B
BGO05 6.07D 13.54C 4.33C 0.32C 24.26"D 0.35B 0.33AB 0.93C 43.71A 16.99""B 25.87'E 86.56
G2 9.3D 15.44D 4.60B 0.77C 30.10"D 0.42C 0.44B 0.90D 43.14A 13.71°AB 31.86"D 88.71
B2 7.10B 17.05D 4.23C 0.59B 28.97"D 0.35C 0.29A 0.94D 44.81A 17.89™" 30.54""D 93.24
BG2 6.72D 16.03D 3.93C 0.48B 27.16""D 0.26C 0.51B 0.80C 50.21A 19.37°B 28.73""D 98.31

Pooled SEM 1.907 4.104 0.899 0.031 6.523 0.021 0.053 0.024 70.508 10.413 6.595 89.939

Main effects P value

Effects of storage time <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.059

Effects of treatment 0.046 0.030 0.086 0.392 0.361 0.003 0.455 0.025 0.003 <0.001 0.378 <0.001

Effects of storage time x treatment 0.863 0.961 0.994 0.628 0.528 0.263 0.077 0.714 0.842 0.998 0.509 0.926

=4 Small letters indicate significant differences between treatments within the same storage time, P < 0.05; A—E: Capital letters indicate significant differences between storage tomes within the same treat-
ment, P <0.05 (1-way ANOVA, Duncan test); Control, commercial basal diet; G05, diet supplemented with 0.5% of garlic extract; BO5, diet supplemented with 0.5% of B-alanine; BG05, diet supplemented with
0.5% each garlic extract and B-alanine; G2, diet supplemented with 2% of garlic extract; B2, diet supplemented with 2% of B-alanine; BG2, diet supplemented with 2% each garlic extract and B-alanine; Index BAI,
sum of histamine, putrescine, cadaverine, tyramine, TOTAL BA-1, sum of histamine, putrescine, cadaverine, tyramine, phenylethylamine, tryptamine, agmatine; TOTAL BA-2, sum of Total BA-1, spermine and

spermidine.
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Table 6. Biogenic amines (mg/100 g of meat) in broiler leg meat in relation to the time of storage and diet supplemented with garlic extract and g-alanine.

Ttem
Storage time (d) Treatment Histamine Putrescine Cadaverine Tyramine Index BAI Phenylethylamine Tryptamine Agmatine Spermine  Spermidine TOTAL BA-1 TOTAL BA-2
1 Control 1.17""A 1.84""A 1.99A 0.00A 5.00A 0.23 0.00A 0.00A 47.10°C 17.15"°C 5.23A 69.48°C
G05 1.33"A 1.87""A 1.50A 0.00A 4.99A 0.22 0.00A 0.00A 52.20""C 20.04"°C 5.21A 77.18"°D
B05 1.21"°A 1.78"A 1.90A 0.00A 4.80A 0.14A 0.00A 0.00A 50.75""B 18.30*°C 5.03A 74.08"°D
BGO5 1.23"°A 1.78°A 1.93A 0.00A 5.15A 0.24 0.00A 0.00A 44.90"B 17.60">°C 5.18A 67.68°D
G2 1.19"°A 1.80"A 1.93A 0.00A 4.92A 0.22A 0.00A 0.00A 48.49""D 16.85"C 5.14A 70.48""D
B2 0.95"A 2.01"PA 1.82A 0.00A 4.78A 0.25A 0.00A 0.00A 57.90"C 19.41°C 5.03A 82.34"D
BG2 1.08"°A 2.44"A 1.61A 0.00A 5.13A 0.26 0.00A 0.00A 45.16"C 20.55°C 5.39A 71.10""C
3 Control 1.56A 3.14B 241A 0.24B 7.35A 0.44"" 0.25'""AB  0.38°B 44.69C 11.40"°B 8.42B 64.51""BC
G05 1.54AB 3.04B 1.91A 0.25B 6.74A 0.35" 0.15"AB 0.27""AB  46.68C 13.93"B 7.51A 68.12"C
B05 1.67A 2.66A 2.09A 0.31B 6.73A 0.67"B 0.20'"AB  0.25"AB  44.74B 11.48""°B 7.85B 64.07""C
BG05 1.48A 3.03B 1.76A 0.19B 6.46A 0.46"" 0.19"°A 0.28""B  45.46B 13.03"B 7.39B 65.88""CD
G2 1.46A 2.78B 1.80A 0.21AB 6.25A 0.68"B 0.29°AB 0.31°B  40.68C 9.61"B 7.53B 57.82"BC
B2 1.51AB 2.87TA 2.39AB 0.24A 7.01A 0.57""B 0.23""A 0.37"B 51.38C 12.81"B 8.18A 72.37°CD
BG2 1.49A 3.53B 1.73A 0.29A 7.04B 0.33" 0.24""B 0.31°"B  41.65C 13.94"B 7.92B 63.51""BC
5 Control 3.29""B 6.74C 3.48A 0.37B 13.88B 0.52 0.61CD 0.711"C 31.38'B 5.36"°A 15.72C 52.46°A
G05 3.31"B 6.85C 3.34AB 0.39B 13.89B 0.57 0.37B 0.55""BC  25.52°"/B  5.08"A 15.38B 45.98"°A
B05 2.95""B 7.38B 3.32A 0.36B 14.01B 0.44AB 0.51BC 0.43°B 23.38°"A 4.58"°A 15.39C 43.35""A
BGO5 3.19"°"B 6.76C 3.52B 0.32B 13.79B 0.27 0.58B 0.45"C 20.58"A 4.05"A 15.09C 39.72°A
G2 3.20""B 6.72C 3.24B 0.37B 13.53B 0.35A 0.53BC 0.58"°C  24.07""B 3.83"A 14.99C 42.89""A
B2 3.08°"B 6.82B 3.55AB 0.32A 13.77B 0.28A 0.67B 0.66"C 30.36°B 5.61°A 15.38B 51.35°A
BG2 2.85"B 6.86C 3.52B 0.28A 13.51C 0.70 0.50C 0.55""BC  27.41"B 5.65°A 15.26C 48.32"°A
7 Control 5.95°C  11.91°D 5.62B 0.97C 24.45C 0.43 0.42°BC 0.87C 26.14"AB 4.47°A 26.17D 56.78"°AB
G05 6.28"C 12.15"D 5.00B 0.81C 24.24C 0.35 0.44'B 0.68C 24.85""B 5.49cA 25.71C 56.05""B
B05 5.85"°C  12.18'C 5.26B 0.87C 24.16C 0.44AB 0.62"C 0.76C 23.02""A 4.52""A 25.98D 53.52°"B
BGO05 5.69"C 12.10°D 5.51C 0.86C 24.16C 0.35 1.16"C 0.63D 22.00°A 4.43"A 26.30D 52.73""B
G2 5.79"C 11.94"D 5.41C 1.02C 24.16C 0.26A 0.68"C 0.73C 22.45"°AB  3.79"A 25.83D 52.07"B
B2 5.94°°C  13.30"C 5.95B 0.92B 26.11C 0.20A 0.59"B 0.88C 24.22"°AB 5.52°A 27.78C 57.52°AB
BG2 5.77"C 12.28°"D 5.27C 0.86B 24.18D 0.40 0.71°D 0.70C 23.20""B 5.16™A 25.99D 54.35"°A
10 Control 11.56D 13.42E 13.54C 1.50D 40.02D 0.33 1.13D 1.40D 19.35°A 5.01"°A 42 88E 67.24"C
GO05 11.57D 13.64E 11.93C 1.45D 38.59D 0.28 1.06C 1.17D 17.53"°A 6.00°'A 41.10D 64.63""C
BO5 11.28D 13.47D 11.84C 1.28D 37.87D 0.17A 1.22D 0.99C 16.18°"A 4.97°°A 40.25E 61.40°"BC
BGO5 10.05D 13.40E 12.06D 1.15D 36.66D 0.29 1.54D 0.96E 15.11%A 4.84°"A 39.45E 59.40"BC
G2 12.70D 13.40E 12.08D 1.61D 39.79D 0.28A 1.35D 1.31D 16.04°"A 4.18°A 42.73E 62.95"°CD
B2 11.06D 13.61C 13.31C 1.39C 39.37D 0.31A 1.20C 1.38D 18.18"™°A 6.08A 42.26D 66.52"BC
BG2 10.49D 13.65E 11.56D 1.26B 36.96E 0.32 1.31E 1.29D 17.08""A 5.72"9A 39.88E 62.68""B
Pooled SEM 1.190 0.382 2.770 0.062 5.802 0.071 0.065 0.042 33.666 2.464 6.469
Main effects P value
Effects of storage time <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Effects of treatment 0.326 0.061 0.498 0.399 0.653 0.869 0.002 <0.001 <0.001 <0.001 0.603 <0.001
Effects of storage time x treatment 0.812 0.279 1.000 0.958 0.982 0.317 0.144 0.745 0.354 0.486 0.990 0.631

2~dSmall letters indicate significant differences between treatments within the same storage time, P < 0.05; A—E: Capital letters indicate significant differences between storage tomes within the same treatment,
P <0.05 (1-way ANOVA, Duncan test); Control, commercial basal diet; G05, diet supplemented with 0.5% of garlic extract; BO5, diet supplemented with 0.5% of B-alanine; BG05, diet supplemented with 0.5%
each garlic extract and B-alanine; G2, diet supplemented with 2% of garlic extract; B2, diet supplemented with 2% of g-alanine; BG2, diet supplemented with 2% each garlic extract and B-alanine; Index BAT, sum
of histamine, putrescine, cadaverine, tyramine; TOTAL BA-1, sum of histamine, putrescine, cadaverine, tyramine, phenylethylamine, tryptamine, agmatine; TOTAL BA-2, sum of Total BA-1, spermine and

spermidine.
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AMINES IN BROILER MEAT 11

Table 7. Correlation between biogenic amines and their precursors in broiler leg and breast meat.

Histidine ~ Ornithine Lysine Tyrosine Phenylethylalanine Tryptophan Arginine Ornithine Sum precursors of BAI

Histamine —0.065 —0.071 0.004  —0.117* —0.062 —0.074 -0.133*  —0.071 —0.061

Putrescine —0.007 0.078 0.027 0.021 0.013 —0.002 0.042 0.078 0.019

Cadaverine -0.293*  —0.237%*  —0.113 —0.284* —0.250* —0.216* -0.377%  —0.237* —0.285*
Tyramine —0.248%  —0.178% —-0.084  —0.239* —0.217* —0.180* -0.326*  —0.178* —0.234*
Phenylethylamine  —0.056 —0.024 0.027 —0.069 —0.015 0.028 —0.044 —0.024 —0.031

Tryptamine —0.122% —-0.112 —-0.072 —0.193* —0.132* —0.100* —0.174* —0.112% —0.153*
Agmatine —0.107*  —0.054 —0.029 —0.101* —0.062 —0.044 —0.127%  —0.054 —0.096*
Spermine 0.487* 0.448* 0.204* 0.474* 0.392* 0.311* 0.608* 0.448* 0.484*
Spermidine 0.399* 0.373* 0.135* 0.415% 0.298* 0.249* 0.473* 0.373* 0.386*
Index BAI —0.125%  —0.068 0.766*  —0.125* —0.100* —0.099* —0.152*  —0.068 —0.109*

“The correlation is significant of P < 0.05.

Effect of Storage Time

In both breast muscles (Tables 1 and 2) and leg
muscles (Tables 3 and 4), there was no significant effect
of storage time on changes in EAA (P > 0.05) and
NEAA (P > 0.05) content. However, storage time did
have a significant effect on changes in the content of all
BA (P < 0.001) in breast muscles (Table 5) and leg
muscles (Table 6). Additionally, storage time had an
effect on the BAI Index and total BA-1 for both muscle
types (P < 0.001) and on total BA-2 for leg muscles (P <
0.001). Notably, there was no significant effect of time
on total BA-2 levels in breast muscles (P = 0.059).

The levels of His-BA, PUT-BA, CAD-BA, TYR-BA,
the BAT Index, PHM-BA, AGM-BA, and Total BA-1
and Total BA-2 exhibited linear increases with storage
time between different dates. Phenylethylamine, TRY-
BA, and AGM-BA were absent in fresh breast muscles
(Table 5), while TRY-BA and AGM-BA were absent in
fresh leg muscles (Table 6).

Moreover, the levels of SPM-BA gradually decreased
during storage in breast and leg muscles (Tables 5 and
6). Additionally, the content of SPD-BA in leg muscles
also declined during storage (P < 0.05) (Table 6).

Interaction Diet x Storage Time

There was no significant interaction between the
applied diet and storage time regarding changes in EAA
(P> 0.05) and NEAA (P> 0.05) content in both breast
muscles (Tables 1 and 2) and leg muscles (Tables 3 and
4). Similarly, no significant interaction was observed
between meat storage time and the nutritional factor
used (P > 0.05) concerning biogenic amine content in
both breast muscles (Table 5) and leg muscles (Table 6).

Correlations and Principal Component
Analysis

Principal component analysis was conducted to iden-
tify the most suitable parameters for characterizing
changes in amino acid composition and biogenic amine
levels. In this analysis, the content of each amino acid
and biogenic amine in each term of analysis was utilized
to generate 2 new, uncorrelated variables known as
“principal  components” (PCl1 and PC2). The

correlations between these parameters and PCs were
interpreted to understand their relationships.

The findings indicated a negative correlation between
the rise in biogenic amines and their corresponding
amino acid composition, a result substantiated by the
correlation analysis (Table 7). Figure 2 components,
PC1 and PC2, which jointly explain 84.86% of the varia-
tion in amino acid and biogenic amine levels across the
analyzed dates, with a loss of 15.19% of the information.

The initial component (PC1) exhibited a positive cor-
relation with amino acid levels in breast muscles
throughout each term of analysis. However, it displayed
a negative correlation with AA levels in leg muscles on d
3,5, 7, and 10 of the analyses for the groups C, G05, G2,
B05, and B2. On the other hand, the second component
(PC2) demonstrated a negative correlation with certain
BA, including CAD-BA, PUT-BA, His-BA, TYR-BA,
TRP-BA, AGM-BA, BAI index, and total BA-1. How-
ever, PC2 showed positive correlations with SPM-BA,
SPD-BA, and total BA-2.

Significant negative correlations were observed
between precursor AA for Lys and CAD-BA
(r=—0.113), Tyr and TYR-BA tyramine (r = —0.239),
Trp and—TRP-BA (r = —0.100), Arg and—AGM-BA
(r = —0.127), and the sum of precursors of the BAI
Index (r= —0.109) (P < 0.05).

SPM-BA and SPD-BA displayed positive correlations
with Arg (r = 0.608) and Orn (r = 0.448), respectively,
for the sum of precursors of the BAI Index (r = 0.484).
These correlations were considered of medium strength
(P < 0.05). Additionally, SPD-BA exhibited medium
correlations with Arg (P < 0.05).

Furthermore, there was a positive correlation between
Orn and PUT-BA, but it did not reach statistical signifi-
cance (P> 0.05).

DISCUSSION

The utilization of supplementation with the aforemen-
tioned feed additives aimed to mitigate the formation of
BA in breast and leg muscles during the storage of the
meat under aerobic conditions. The primary factor con-
tributing to the increased protein content in breast and
leg muscles was the supplementation of g-Ala. Groups
receiving a 2% supplement of this AA exhibited higher
protein levels compared to groups with 0.5% B-Ala sup-
plementation and groups without any supplementation.
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In a different study conducted by Kralik et al. (2018),
using 0.2 and 0.5% B-Ala supplementation in Cobb 500
chickens in combination with L-Histidine and 0.24%
MgO supplementation did not result in a significant
change in protein content in breast and leg muscles. In
our study, the BG05 group demonstrated that the pro-
tein content of the leg muscles was positively influenced
by the addition of both g-Ala and garlic extract, leading
to an increase in protein content. Nevertheless, elevating
the level of supplementation did not further enhance the
protein content in leg muscles, although it did positively
impact breast muscles. Another study by Santoso et al.
(2018) revealed that the addition of a medicinal herb
additive was responsible for increasing protein levels in
the leg muscles of broiler chickens. The breast muscles in
the garlic-supplemented group exhibited higher levels of
Arg compared to the C group. This finding aligns with
the results obtained by Alfaig et al. (2014), who used
0.05% thyme essential oil in the diet of ROSS 308 broiler
chickens and observed an 11% increase in Arg content.
Similarly, Hascéik et al. (2020) achieved an 11% increase
in Arg content by using an addition of 0.2/100 kg feed of
oregano additive and 0.4 kg of garlic; however, the
increase in Arg content was not observed. In our experi-
ment, the addition of garlic extract at 0.5 and 2%
resulted in increased Arg content in the breast muscles,
possibly due to the presence of phytobiotic substances in
the extract. Similar results were reported by Alfaig et al.
(2014) and Hascik et al. (2020), who also observed
increased Arg content in the groups supplemented with
phytobiotic substances. In the case of leg muscles, no
increase in Arg content was obtained by using a diet
enriched with garlic extract, as achieved by Alfaig et al.
(2014). These authors also obtained higher levels of all
EAA in the breast muscles in the group supplemented
with 0.05% thyme essential oil. The difference in EAA
levels between the 2 muscle types could be attributed to
the substance used. However, the authors did not pro-
vide the chemical composition content of the muscles
analyzed, and the EAA content is given in g/100 g dry
muscle. The varying levels of protein and water content
in the chemical composition may have contributed to
the fluctuations in AA levels in the analyzed groups
(Alfaig et al., 2014). However, no distinctions in total
EAA were noted among the groups using garlic extract,
B-Ala, and their combination (Alfaig et al., 2014), possi-
bly because amino acid levels were referenced to muscle
dry weight, resulting in varied EAA levels. The elevation
in protein and AA in chicken muscles from a garlic-
enriched diet might also stem from the plant extracts
promoting muscle regeneration and differentiation, miti-
gating muscle atrophy, possessing anti-inflammatory
properties, and preventing muscle damage (Rondanelli
et al., 2016). Sahabani et al. (2019) similarly demon-
strated that garlic in the diet leads to a decrease in
plasma glucose levels while increasing insulin levels post-
feeding. Insulin, in turn, stimulates the incorporation of
amino acids into protein. Additionally, the robust anti-
oxidant effects of garlic’s biologically active compounds
counteract the oxidation of amines, a crucial aspect in

the meat storage process (Waheed et al., 2018). On a
related note, incorporating garlic into broiler diets con-
tributes to reducing meat fat content, consequently
enhancing protein content and its constituents, such as
amino acids (Liao et al., 2022). Analysis of the supple-
mented groups indicated elevated levels of -Ala in both
breast (Table 2) and leg muscles (Table 4). Comparable
findings were reported by Lackner et al. (2021) when
employing a 0.5% B-Ala supplement in the diet of ROSS
308 broilers, resulting in a 46% increase in B-Ala levels
in breast muscles. In our study, the B05 and BGO05
groups exhibited increases of 26.7 and 28.0%, respec-
tively, while the B2 and BG2 groups demonstrated
increases of 37.6 and 43.8%, respectively, in comparison
to the C group. Augmenting S-Ala in the chicken diet
correspondingly elevated B-Ala content in both breast
and leg muscles, consistent with findings from other
studies (Lackner et al., 2021). However, the incorpo-
ration of medicinal herbs by Santoso et al. (2018)
resulted in a reduction in the proportion of 8-Ala in the
muscle, a trend not observed with garlic extract. More-
over, Santoso et al. (2020) reported no change in -Ala
levels when implementing a diet enriched with 2% garlic
powder.

Throughout the storage period of breast and leg
muscles, there were no significant alterations in the con-
tent of most AA. Exceptions were noted in breast
muscles, where Orn between 1 and 10 d of storage, and
Val exhibited differences between 5 and 1, 3, 7, and 10 d
of storage. These findings diverge from those of Triki et
al., 2018, who reported changes in AA content in breast
muscle over a 10 d storage period. However, it is essen-
tial to note that in their study, the authors sourced
breast muscles from a local shop, and specific details
regarding storage time and sample quality were not pro-
vided. The AA levels in the muscle may be influenced by
environmental factors and the lifespan of the animal.
While data on this topic are limited, Lazaro and Conte-
Junior (2018) demonstrated higher SPM content in
meat from organic chickens compared to conventional
ones. The impact of garlic in the diet on increasing Val
levels was previously affirmed by Lee et al. (2012), and
allicin itself acts as a potent inhibitor of Orn carboxylase
(Schultz et al., 2020). Differences observed in amino acid
content during meat storage could also be attributed to
the physicochemical properties of the muscles. The pri-
mary factor contributing to protein loss during meat
storage is an increase in water-holding capacity
(WHC). Earlier studies have indicated that dietary
supplementation of broilers with garlic is negatively cor-
related with WHC (Choi et al., 2010).

BA levels in the analyzed groups exhibited a linear
increase during storage, aligning with similar findings
reported by various authors (Min et al., 2007a,b; Siroc-
chi et al., 2013; Triki et al., 2018; Wen et al., 2020; Espo-
sito et al., 2022). Comparable results were obtained by
authors investigating BA levels in other meat types
(Fraqueza et al., 2012). Notably, Rodriguez et al. (2015)
reported significantly different results, where the levels
of all AA on the first day of storage exceeded those
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Figure 2. First 2 components of PCA for content of aminoacids and biogenic amines during storage. D, day of storage; 1, leg meat; b, breast
meat; Control, commercial basal diet; G05, diet supplemented with 0.5% of garlic extract; BO5, diet supplemented with 0.5% of -alanine; BG05,
diet supplemented with 0.5% each garlic extract and B-alanine; G2, diet supplemented with 2% of garlic extract; B2, diet supplemented with 2%
of B-alanine; BG2, diet supplemented with 2% each garlic extract and B-alanine; Index BAI, sum of histamine, putrescine, cadaverine, tyramine,
TOTAL BA-1, sum of histamine, putrescine, cadaverine, tyramine, phenylethylamine, tryptamine, agmatine; TOTAL BA-2, sum of Total BA-1,
spermine and spermidine; EAA, sum of methionine, lysine, histidine, tyrosine, phenylethylalanine, tryptophan, threonine, ornithine, leucine, isoleu-
cine, valine, arginine; Total NEAA, sum of aspartic, aspartic acid, glutamic, glutamic acid, serine, f-alanine and proline; Total AA, sum of methio-
nine, lysine, histidine, tyrosine, phenylethylalanine, tryptophan, threonine, ornithine, leucine, isoleucine, valine, arginine, and NEAA.

reported in other studies (Lazaro et al., 2015). Further-
more, in contrast to the linear increase in BA content
found in this study and other works (Min et al., 2007a,b;
Triki et al., 2018; Nisar et al., 2019; Esposito et al.,
2022), Lazaro et al. (2015) and Rodriguez et al. (2015)
documented a linear decrease in the content of BA with
storage time. In this study, on the first day of storage,
the BAI index in both breast and leg muscles did not
exceed 5 mg/kg, considered an appropriate level for
fresh meat (Ruiz-Capillas and Herrero, 2019; Wojcik
et al., 2022). The BAI index increased over successive
days of muscle storage, with leg muscles exhibiting
higher levels compared to breast muscles, consistent
with findings from other authors (Min et al., 2007a,b). Tt
is important to note that all BAs, along with bioactive
compounds in general, undergo reduction and oxidation,
contributing to a complex environment. For instance,
AGM-BA can transition to PUT-BA and simulta-
neously convert to SPM-BA and/or SPD-BA (Esposito
et al., 2022). PUT-BA is a major component of BAI;
hence, the intensity of reduction and oxidation will
impact the value of this indicator. Garlic, being a potent
antioxidant, contributes to inhibiting BAI growth.

The levels of PUT-BA, CAD-BA, TYR-BA, and HIS-
BA obtained in each group are significantly lower com-
pared to the results reported by Min et al. (2007b). On d
10 of storage (in this study, considered d 9 as the authors
marked the initial BA level as d 0), the BAI Index level
in the BGO5 group was significantly lower than in the C,
G2, and B2 groups. The difference in the BAI index
between the BG05 group and the C group was 15.4%,
while the difference between the BG05 group and the B2
group was 24%. On d 3 of storage, the BG2 group exhib-
ited a 43.9% lower HIS-BA level in the breast muscle
compared to the C group. In contrast, Min et al. (2007a)
reported significantly higher HIS-BA levels 20 h after
exposing breast muscles to doses of 0.5, 1, and 2 kg of

UV radiation. In the study by Sirocchi et al. (2013), uti-
lizing an active packaging (AP) system incorporating
essential oil of Rosmarinus officinalis at 4%, they
achieved a reduction in BA during meat storage,
although the levels they obtained were much higher
than the results in this study. On d 1 of their experi-
ment, the authors obtained a BA level entering the BAI
index of 21.33 mg/kg, indicating poor meat quality and
freshness, as the meat was purchased from a local store
(Sirocchi et al., 2013). The BATI index only exceeded this
level on d 10 for breast muscles and slightly earlier, on d
7 of storage for leg muscles. Subsequently, the authors
observed increasing values, but in the group with the
essential oil of Rosmarinus, the increase was signifi-
cantly reduced (Sirocchi et al., 2013).

During the storage of breast muscles, Martino and
Marchetti (2016) reported significant reductions in BA.
On d 10 of storage, they observed a reduction in the
group with antibiotic addition, along with lower levels
of CAD-BA, TYR-BA, SPM-BA, and SPD-BA com-
pared to the group with stored meat without Enrofloxa-
cin addition (Martino and Marchetti, 2016). In this
study, on d 10, the lowest BAI Index was observed in
the BGO5 group, accompanied by lower contents of
SPM-BA, SPD-BA, and total BA-2. This could be
attributed to the metabolites of the substances used,
including carnosine, anserine, and other formed metabo-
lites of garlic extract.

CONCLUSIONS

The incorporation of garlic extract and B-Ala in the
feed led to elevated total protein levels in breast and leg
muscles and also hindered the development of the BAI
index on d 10 of meat storage. The utilization of these
additives at a concentration of 0.5% each demonstrated
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positive effects on muscle protein contents and biogenic
amine levels.

Until now, there has been limited exploration of the
use of phytobiotic and nutritional additives to decrease
BA levels in poultry and other animal species’ muscles.
Common methods for reducing biogenic amines include
postslaughter meat handling, the utilization of essential
oils and packaging techniques, and diverse approaches
to minimize microbial growth. In this study, the group
receiving garlic extract and B-Ala at 0.5% each demon-
strated the lowest BAI index on d 10 of breast muscle
storage. This outcome may be attributed to the substan-
ces used and their metabolites.

For future research, it would be valuable to conduct
studies aimed at elucidating the biochemical pathways
involved in the use of phytobiotic substances in animal
nutrition, with a specific focus on intentionally reducing
the formation of BA while maintaining the production
of high-quality animal products.
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........................................................

Czytelny podpis



dr hab. Monika F.ukasiewicz-Mierzejewska, prof. SGGW Warszawa, 6 111 2024 r.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzetach
Szkota Giowna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Gtéwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwigzku z ubieganiem si¢ mgr inz. Wojciecha Wdjcika o stopien doktora nauk

rolniczych oswiadczam, ze w pracy:

Wojcik W., Lukasiewicz-Mierzejewska M., Damaziak K., Bien D. 2022. Biogenic
Amines in Poultry Meat and Poultry Products: Formation, Appearance and Methods of
Reduction. Animals 12: 1577

moéj udzial polegal na pomocy w analizie literatury i przygotowaniu tresci manuskryptu.

Udziat procentowy szacuje na 5%.

SL\MH\ . P w\w K(M \‘{J .......

Czytelny podpis



dr hab. Krzysztof Damaziak, prof. SGGW Warszawa, 11 1112024 1.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzgtach
Szkota Gtowna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Gtownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwigzku z ubieganiem si¢ mgr inz. Wojciecha Wdjcika o stopien doktora nauk

rolniczych oswiadczam, ze w pracy:

Wojcik W., Lukasiewicz-Mierzejewska M., Damaziak K., Bien D. 2022. Biogenic
Amines in Poultry Meat and Poultry Products: Formation, Appearance and Methods of
Reduction. Animals 12: 1577

moj udzial polegal na wykonaniu ostatecznej korekty tresci manuskryptu.

Udziat procentowy szacuje na 4%.

Czytelny podpis

/Jt?w’o;f Dawaaz'ok



mgr inz. Damian Biefi Warszawa, 6 [11 2024 r.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzgtach
Szkota Gléwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Glownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwiazku z ubieganiem si¢ mgr inz. Wojciecha Wojcika o stopien doktora nauk

rolniczych o§wiadczam, ze w pracy:

Wojcik W., Lukasiewicz-Mierzejewska M., Damaziak K., Bien D. 2022. Biogenic
Amines in Poultry Meat and Poultry Products: Formation, Appearance and Methods of
Reduction. Animals 12: 1577

méj udzial polegal na pomocy przy wyborze literatury oraz wizualizacji tabel

manuskryptu.

Udzial procentowy szacuje na 1%.




mgr inz. Wojciech Wojcik Warszawa, 5 111 2024 r.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzetach

Szkota Gtéwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Glownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

Niniejszym o§wiadczam, Zze w pracy:

Wojcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider 0., Niemiec J.,
Wojcicki M., Roszko M., Gozdowski D., Riedel J., Marzec A. 2023. Correlation between
Biogenic Amines and Their Precursors in Stored Chicken Meat. Applied Sciences

13(22):12230
méj udziat polegat na pierwotnej koncepcji badan, przeprowadzeniu analiz, pisaniu tresci

manuskryptu oraz odpowiedzialnosci za proces redakeyjny.

Udziat procentowy szacuje na 79 %.

Czytelny podpis



dr hab. Krzysztof Damaziak, prof. SGGW Warszawa, 11 111 2024 r.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzetach
Szkota Gtowna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Glownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwiazku z ubieganiem si¢ mgr inz. Wojciecha Wojcika o stopiefi doktora nauk

rolniczych o$wiadczam, ze w pracy:

Wiéjcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider O., Niemiec I.,
Wojeicki M., Roszko M., Gozdowski D., Riedel J., Marzec A. 2023. Correlation between
Biogenic Amines and Their Precursors in Stored Chicken Meat. Applied Sciences
13(22):12230

moj udziat polegat na pomocy przy powstawaniu tresci i formy (tabele) manuskryptu.

Udziat procentowy szacuje na 5%.




dr hab. Monika Lukasiewicz-Mierzejewska, prof. SGGW Warszawa, 5 111 2024 r.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzgtach
Szkota Gléwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Glownej Gospodarstwa Wigjskiego

w Warszawie

OSWIADCZENIE WSPOEATORA PUBLIKACJI

W zwiazku z ubieganiem si¢ mgr inz. Wojciecha Wéjcika o stopien doktora nauk

rolniczych o§wiadczam, ze w pracy:

Wojcik W., Damaziak K., Lukasiewicz-Micrzejewska M., Swider O., Niemiec I.,
Wéjcicki M., Roszko M., Gozdowski D., Riedel J., Marzec A. 2023. Correlation between
Biogenic Amines and Their Precursors in Stored Chicken Meat. Applied Sciences
13(22):12230

méj udzial polegal na pomocy w przygotowaniu koncepeji badan i ostatecznej formy

manuskryptu.

Udzial procentowy szacuje na 5%.

Czytelny podpis



mgr inz. Olga Swider Warszawa, 11 1112024 r.

Zaklad Bezpieczefistwa i Analizy Chemicznej Zywnosci
Instytut Biotechnologii Przemystu Rolno-Spozywezego

im. prof. Wactawa Dabrowskiego — Panstwowy Instytut Badawczy

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Gloéwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOEATORA PUBLIKACJI

W zwiagzku z ubieganiem sie mgr inz. Wojciecha Wdjcika o stopien doktora nauk

rolniczych o$wiadczam, ze w pracy:

Wojcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider O., Niemiec 7.,
Wéjcicki M., Roszko M., Gozdowski D., Riedel J., Marzec A. 2023. Correlation between
Biogenic Amines and Their Precursors in Stored Chicken Meat. Applied Sciences
13(22):12230

moéj udzial polegal na przeprowadzeniu analiz laboratoryjnych, walidacji uzyskanych
wynikéw oraz na pomocy w procesie redakeyjnym.

Udzial procentowy szacuje na 3%.

........................................................

/' Czytelny podpis



Prof. dr hab. Jan Niemiec Warszawa, 11 111 2024 r.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzetach

Szkota Gtéwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Gltownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwigzku z ubieganiem si¢ mgr inz. Wojciecha Wojcika o stopien doktora nauk

rolniczych oswiadczam, ze w pracy:

Wojcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider O., Niemiec I,
Wojcicki M., Roszko M., Gozdowski D., Riedel J., Marzec A. 2023. Correlation between
Biogenic Amines and Their Precursors in Stored Chicken Meat. Applied Sciences

13(22):12230

moj udziat polegat na walidacji uzyskanych wynikéw i wykonania korekty manuskryptu.

Udzial procentowy szacuje na 1%.

.........................................................

Czytelny podpis



mgr inz. Michat Wéjcicki Warszawa, 11 1112024 r.

Zaktad Mikrobiologii
Instytut Biotechnologii Przemystu Rolno-Spozywczego

im. prof. Waclawa Dgbrowskiego — Paistwowy Instytut Badawczy

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Glownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwiazku z ubieganiem si¢ mgr inz. Wojciecha Wojeika o stopief doktora nauk

rolniczych o$wiadczam, ze w pracy:

Wojcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider 0., Niemiec J.,
Wéjcicki M., Roszko M., Gozdowski D., Riedel J., Marzec A. 2023. Correlation between
Biogenic Amines and Their Precursors in Stored Chicken Meat. Applied Sciences
13(22):12230

moj udziat polegal na pomocy w przeprowadzeniu analiz oraz na pomocy w procesie
redakcyjnym.

Udzial procentowy szacuje na 1 %o.

.......................................................

Czytelny podpis



dr hab. inz. Marek Roszko, prof. IBPRS-PIB Warszawa, 11 11 2024 r.

Zaklad Bezpieczenstwa i Analizy Chemicznej Zywnosci
Instytut Biotechnologii Przemystu Rolno-Spozywezego

im. prof. Wactawa Dabrowskiego — Panistwowy Instytut Badawczy

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Gloéwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwigzku z ubieganiem si¢ mgr inz. Wojciecha Wdjcika o stopienn doktora nauk

rolniczych oswiadczam, ze w pracy:

Wojeik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider O., Niemiec J.,
Wojcicki M., Roszko M., Gozdowski D., Riedel J., Marzec A. 2023. Correlation between
Biogenic Amines and Their Precursors in Stored Chicken Meat. Applied Sciences
13(22):12230

moj udzial polegal na walidacji uzyskanych wynikéw oraz na pomocy w procesie
redakcyjnym.

Udzial procentowy szacuje na 1%.



dr hab. Dariusz Gozdowski, prof. SGGW Warszawa, 11 111 2024 r.

Katedra Biometrii
Instytut Rolnictwa

Szkota Gléwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Gléwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwiazku z ubieganiem si¢ mgr inz. Wojciecha Wojcika o stopiei doktora nauk

rolniczych o§wiadczam, ze w pracy:

Wojcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider O., Niemiec J.,
Woajcicki M., Roszko M., Gozdowski D., Riedel J., Marzec A. 2023. Correlation between
Biogenic Amines and Their Precursors in Stored Chicken Meat. Applied Sciences
13(22):12230

moj udziat polegat na wykonaniu obliczenstatystycznych czesci uzyskanych wynikow.

Udziat procentowy szacuje na 1%.

........................................................

Czytelny podpis



dr inz. Julia Riedel Warszawa, 11 I1I 2024 r,

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzgtach

Szkota Gtowna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Glownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACIJI

W zwiazku z ubieganiem sie mgr inz. Wojciecha Wéjcika o stopiefi doktora nauk

rolniczych oswiadczam, ze w pracy:

Wojeik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider 0., Niemiec I,
Wajcicki M., Roszko M., Gozdowski D., Riedel J., Marzec A. 2023. Correlation between
Biogenic Amines and Their Precursors in Stored Chicken Meat. Applied Sciences
13(22):12230

méj udzial polegat na udziale w pracach badawczych oraz technicznym przygotowaniu
bazy danych.

Udziat procentowy szacuje na 1%.




dr hab. Agata Marzec, prof. SGGW Warszawa, 11 111 2024 r.

Katedra Inzynierii Zywnosei i Organizacji Produkeji
Instytut Nauk o Zywnosci

Szkota Gtéwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Gtéwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOEATORA PUBLIKACJI

W zwigzku z ubieganiem si¢ mgr inz. Wojciecha Wojcika o stopien doktora nauk

rolniczych odwiadczam, ze w pracy:

Woéjcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider O., Niemiec J.,
Wojcicki M., Roszko M., Gozdowski D., Riedel J., Marzec A. 2023. Correlation between
Biogenic Amines and Their Precursors in Stored Chicken Meat. Applied Sciences

13(22):12230

méj udzial polegal na analizie statystycznej uzyskanych wynikow (analiza gléwnych
sktadowych).

Udzial procentowy szacuje na 1%.



mgr inz. Wojciech Wojcik Warszawa, 11 II1 2024 r.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzetach

Szkota Gléwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Glownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

Niniejszym o$wiadczam, ze w pracy:

Wéjcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider O., Niemiec 7.,
Wéijcicki M., Roszko M., Gozdowski D. 2023. Dietary supplementation broilers with f-
alanine and garlic extract improves production results and muscle oxidative status. Animal

Science Papers and Reports vol. 41(4): 359-376

moj udzial polegat na opracowaniu koncepcji doswiadczenia, administrowaniu
powstawania manuskryptu, walidacji danych, pisaniu manuskryptu oraz odpowiedzi na
recenzje.

Udzial procentowy szacuje na 81 %.

Czytelny podpis



dr hab. Krzysztof Damaziak, prof. SGGW Warszawa, 11 III 2024 r.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzgtach

Szkota Glowna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Gtéwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOEATORA PUBLIKACJII

W zwigzku z ubieganiem si¢ mgr inz. Wojciecha Wojcika o stopief doktora nauk

rolniczych oswiadczam, ze w pracy:

Wojcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider O., Niemiec J.,
Wojcicki M., Roszko M., Gozdowski D. 2023. Dietary supplementation broilers with p-
alanine and garlic extract improves production results and muscle oxidative status. Animal

Science Papers and Reports vol. 41(4): 359-376

méj udzial polegal na pomocy podczas przeprowadzenia doswiadczenia i powstawania
manuskryptu.

Udzial procentowy szacuje na 5%.



dr hab. Monika Lukasiewicz-Mierzejewska, prof. SGGW Warszawa, 5 I 2024 r.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzetach

Szkota Gléwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Glownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwiazku z ubieganiem si¢ mgr inz. Wojciecha Wéjcika o stopien doktora nauk

rolniczych oswiadczam, ze w pracy:

Wojcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider O., Niemiec J.,
Woijcicki M., Roszko M., Gozdowski D. 2023. Dietary supplementation broilers with B-
alanine and garlic extract improves production results and muscle oxidative status. Animal

Science Papers and Reports vol. 41(4): 359-376

méj udziat polegat na uczestnictwie w przeprowadzeniu do$wiadczenia oraz na redakcji

ostatecznej tre$ci manuskryptu.

Udzial procentowy szacuje na 5%.

Czytelny podpis



mgr inz. Olga Swider Warszawa, 11 111 2024 r.

Zak}ad Bezpieczenstwa i Analizy Chemicznej Zywnosci
Instytut Biotechnologii Przemystu Rolno-Spozywczego
im. prof. Waclawa Dabrowskiego — Pafstwowy Instytut Badawczy

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Glownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOELATORA PUBLIKACJ

W zwigzku z ubieganiem si¢ mgr inz. Wojciecha Wojcika o stopiefi doktora nauk

rolniczych o$wiadczam, Zze w pracy:

Wéjcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider 0., Niemiec J.,
Wojcicki M., Roszko M., Gozdowski D. 2023. Dietary supplementation broilers with B-
alanine and garlic extract improves production results and muscle oxidative status. Animal

Science Papers and Reports vol. 41(4): 359-376

mdj udziat polegal na pomocy w przeprowadzeniu analiz laboratoryjnych oraz na
pomocy w procesie redakcyjnym.,

Udzial procentowy szacuje na 5%.

|

Czytelny podpis



Prof. dr hab. Jan Niemiec Warszawa, 11 111 2024 r.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzetach

Szkola Gtéwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Gtéwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOELATORA PUBLIKACJI

W zwiazku z ubieganiem sie mgr inz. Wojciecha Wéjcika o stopien doktora nauk

rolniczych oswiadczam, ze w pracy:

Wojcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider O., Niemiec J.,
Wéjcicki M., Roszko M., Gozdowski D. 2023. Dietary supplementation broilers with B-
alanine and garlic extract improves production results and muscle oxidative status. dnimal

Science Papers and Reports vol. 41(4): 359-376

m6j udziat polegat na pomocy podezas powstawania manuskryptu.

Udzial procentowy szacuje na 1%.

Czytelny podpis



mgr inz. Michat Wéjeicki Warszawa, 11 111 2024 r.

Zakltad Mikrobiologii
Instytut Biotechnologii Przemystu Rolno-Spozywczego

im. prof. Wactawa Dabrowskiego — Panstwowy Instytut Badawczy

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Gtéwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwiazku z ubieganiem sie mgr inz. Wojciecha Wojcika o stopiefi doktora nauk

rolniczych oswiadczam, ze w pracy:

Wojcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider O., Niemiec J.,
Wojcicki M., Roszko M., Gozdowski D. 2023. Dietary supplementation broilers with -
alanine and garlic extract improves production results and muscle oxidative status. Animal

Science Papers and Reports vol. 41(4): 359-376

méj udziat polegat na pomocy w przeprowadzeniu analiz laboratoryjnych.

Udziat procentowy szacuje na 1%.

........................................................

Czytelny podpis



dr hab. inz. Marek Roszko, prof. IBPRS-PIB Warszawa, 11 III 2024 r.

Zaklad Bezpieczefistwa i Analizy Chemicznej Zywnosci
Instytut Biotechnologii Przemystu Rolno-Spozywczego

im. prof. Wactawa Dabrowskiego — Patistwowy Instytut Badawczy

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Gléwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwiazku z ubieganiem si¢ mgr inz. Wojciecha Wojcika o stopief doktora nauk

rolniczych o$wiadczam, Zze w pracy:

Wéjcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider O., Niemiec I,
Wojcicki M., Roszko M., Gozdowski D. 2023. Dietary supplementation broilers with B-
alanine and garlic extract improves production results and muscle oxidative status. Animal

Science Papers and Reports vol. 41(4): 359-376

moj udziat polegat na pomocy podczas analiz laboratoryjnych.

Udzial procentowy szacuje na 1%.



dr hab. Dariusz Gozdowski, prof. SGGW Warszawa, 11 111 2024 r.

Katedra Biometrii
Instytut Rolnictwa

Szkola Glowna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Gléwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwiazku z ubieganiem si¢ mgr inz. Wojciecha Wojcika o stopiei doktora nauk

rolniczych o§wiadczam, ze w pracy:

Wojcik W., Damaziak K., Lukasiewicz-Mierzejewska M., Swider O., Niemiec J.,
Wojcicki M., Roszko M., Gozdowski D. 2023. Dietary supplementation broilers with f3-
alanine and garlic extract improves production results and muscle oxidative status. Animal

Science Papers and Reportsvol. 41(4): 359-376

moéj udzial polegal na opracowaniustatystycznym czesei uzyskanych wynikow.

Udziat procentowy szacuje na 1%.

: O)Mt

........................................................

Czytelny podpis




mgr inz. Wojciech Wajeik Warszawa, 11 II1 2024 r,

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzetach

Szkota Glowna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Glownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

Niniejszym o$wiadczam, Ze w pracy:

Wojcik W., Swider O., Lukasiewicz-Mierzejewska M., Damaziak K., Riedel J., Marzec
A., Wojcicki M., Roszko M., Niemiec J. 2024. Content of amino acids and biogenic
amines in stored meat as a result of a broiler diet supplemented with -alanine and garlic

extract. Pouliry Science, 103319

méj udzial polegal na opracowaniu koncepcji doswiadczenia, administrowaniu
powstawania manuskryptu, pisaniu manuskryptu oraz odpowiedzi na recenzje.

Udzial procentowy szacuje na 86 %.



mgr inz. Olga Swider Warszawa, 11 111 2024 r,

Zaklad Bezpieczenstwa i Analizy Chemicznej Zywnosci
Instytut Biotechnologii Przemystu Rolno-Spozywezego

im. prof. Wactawa Dgbrowskiego - Panstwowy Instytut Badawczy

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Gléwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwigzku z ubieganiem sie mgr Wojciecha Wdjcika o stopien doktora nauk

rolniczych oswiadczam, ze w pracy:

Wojcik W., Swider O., Lukasiewicz-Mierzejewska M., Damaziak K., Riedel J., Marzec
A., Wéjcicki M., Roszko M., Niemiec J. 2024. Content of amine acids and biogenic
amines in stored meat as a result of a broiler diet supplemented with f-alanine and garlic

extract. Poultry Science, 103319
mdéj udzial polegal na pomocy w przeprowadzeniu analiz oraz walidacji uzyskanych

wynikow.

Udzial procentowy szacuje na 5%.

Czytelny podpis



dr hab. Monika Lukasiewicz-Mierzejewska, prof. SGGW Warszawa, 5 III 2024 1.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzgtach

Szkota Gtéwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Gléwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwigzku z ubieganiem si¢ mgr Wojciecha Wojcika o stopiefi doktora nauk

rolniczych o§wiadczam, ze w pracy:

Wojcik W., Swider O., Lukasiewicz-Mierzejewska M., Damaziak K., Riedel J., Marzec
A., Wéjcicki M., Roszko M., Niemiec J. 2024. Content of amino acids and biogenic
amines in stored meat as a result of a broiler diet supplemented with p-alanine and garlic

extract. Poultry Science, 103319

Moj udziat polegat na pomocy w interpretacji uzyskanych wynikow oraz redakcji tekstu
manuskryptu.

Udziat procentowy szacuje na 2 %.
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Czytelny podpis



dr hab. Krzysztof Damaziak, prof. SGGW Warszawa, 11 II1 2024 r.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzetach

Szkota Gléwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Gtownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwigzku z ubieganiem si¢ mgr Wojciecha Wdjcika o stopien doktora nauk

rolniczych o$wiadczam, Ze w pracy:

Wojcik W., Swider O., Lukasiewicz-Mierzejewska M., Damaziak K., Riedel J., Marzec
A., Wojcicki M., Roszko M., Niemiec J. 2024. Content of amino acids and biogenic
amines in stored meat as a result of a broiler diet supplemented with B-alanine and garlic

extract. Poultry Science, 103319

moj udzial polegat na ostatecznej korekcie manuskryptu.

Udzial procentowy szacuje na 2 %.



dr inz. Julia Riedel Warszawa, 11 II1 2024 r,

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzgtach

Szkota Gtéwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Gltownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwigzku z ubieganiem si¢ mgr Wojciecha Wojcika o stopien doktora nauk

rolniczych oswiadczam, ze w pracy:

Wojcik W, Swider O., Lukasiewicz-Mierzejewska M., Damaziak K., Riedel J., Marzec
A., Wojcicki M., Roszko M., Niemiec J. 2024. Content of amino acids and biogenic
amines in stored meat as a result of a broiler diet supplemented with B-alanine and garlic

extract. Poultry Science, 103319

moj udzial polegat na udziale w pracach badawczych i technicznym przygotowaniu bazy
danych.

Udzial procentowy szacuje na 1 %.

Czytelny podpis



dr hab. Agata Marzec, prof. SGGW Warszawa, 11 11 2024 r.
Katedra Inzynierii Zywno$ci i Organizacji Produkcji
Instytut Nauk o Zywnosei

Szkota Gléwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Glownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOEATORA PUBLIKACJI

W zwigzku z ubieganiem si¢ mgr Wojciecha Wojcika o stopien doktora nauk

rolniczych oswiadczam, ze w pracy:

Wojcik W., Swider O., Lukasiewicz-Mierzejewska M., Damaziak K., Riedel J., Marzec
A., Wojeicki M., Roszko M., Niemiec J. 2024. Content of amino acids and biogenic
amines in stored meat as a result of a broiler diet supplemented with B-alanine and garlic

extract. Poultry Science, 103319

m¢j udzial polegal na wykonaniu czesci obliczen statystycznych uzyskanych wynikow.

Udzial procentowy szacuje na 1%.

Czytelny podpis



mgr inz. Michal Wéjcicki Warszawa, 11 111 2024 r.

Zaklad Mikrobiologii
Instytut Biotechnologii Przemystu Rolno-Spozywezego

im. prof. Waclawa Dabrowskiego — Panistwowy Instytut Badawczy

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Glownej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwigzku z ubieganiem si¢ mgr Wojciecha Wojcika o stopien doktora nauk

rolniczych o§wiadezam, ze w pracy:

Waijcik W., Swider O., Fukasiewicz-Mierzejewska M., Damaziak K., Riedel J., Marzec
A., Wojcicki M., Roszko M., Niemiec J. 2024. Content of amino acids and biogenic
amines in stored meat as a result of a broiler diet supplemented with B-alanine and garlic

extract. Poultry Science, 103319

moj udziat polegat na pomocy w przeprowadzeniu analiz laboratoryjnych.

Udzial procentowy szacuje na 1%.
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Czytely podpis



dr hab. inz. Marek Roszko, prof. [BPRS-PIB Warszawa, 11 ITI 2024 r.

Zaklad Bezpieczenstwa i Analizy Chemicznej Zywnosci
Instytut Biotechnologii Przemystu Rolno-Spozywczego
im. prof. Wactawa Dabrowskiego — Pafistwowy Instytut Badawczy

Rada Dyscypliny Zootechnika i Rybactwo
Szkoty Gléwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOELATORA PUBLIKACJI

W zwigzku z ubieganiem si¢ mgr Wojciecha Wojcika o stopien doktora nauk

rolniczych oswiadczam, ze w pracy:

Wéjcik W., Swider 0., Lukasiewicz-Mierzejewska M., Damaziak K., Riedel J., Marzec
A., Wojeicki M., Roszko M., Niemiec J. 2024. Content of amino acids and biogenic
amines in stored meat as a result of a broiler diet supplemented with B-alanine and garlic

extract. Poultry Science, 103319
mdj udzial polegal na pomocy przy przeprowadzeniu analiz oraz walidacji uzyskanych

wynikow.

Udzial procentowy szacuje na 1%.

...............................................



Prof. dr hab. Jan Niemiec Warszawa, 11 111 2024 r.

Katedra Hodowli Zwierzat
Instytut Nauk o Zwierzgtach

Szkota Gléwna Gospodarstwa Wiejskiego w Warszawie

Rada Dyscypliny Zootechnika i Rybactwo
Szkoly Gléwnej Gospodarstwa Wiejskiego

w Warszawie

OSWIADCZENIE WSPOLATORA PUBLIKACJI

W zwigzku z ubieganiem si¢ mgr Wojciecha Wéjcika o stopie doktora nauk

rolniczych oswiadczam, 7e w pracy:

Wojcik W., Swider O., Fukasiewicz-Mierzejewska M., Damaziak K., Riedel J., Marzec
A., Wéjcicki M., Roszko M., Niemiec J. 2024. Content of amino acids and biogenic
amines in stored meat as a result of a broiler diet supplemented with B-alanine and garlic

extract. Poultry Science, 103319

moj udzial polegal na pomocy przy przeprowadzania doswiadczenia.

Udzial procentowy szacuje na 1%.

.........................................................

Czytelny podpis



Wyrazam zgodg¢ na udostegpnienie mojej pracy w czytelniach Biblioteki SGGW

(czytelny podpis autora)





