
 

 

-  

 
GEORGIKON CAMPUS 

 

 

 

 

 

 

 

 -  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Keszthely 

2025 

 

 

 



 
 

 

A doktori iskola 

 

Festetics Doktori Iskola  

 

 

 

 Dr.  

 

MATE, Georgikon Campus  

-  

 

 

egyetemi   

MATE, Georgikon Campus  

 

-  

 

 

 

 

 

 

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

   

 

 

 



 
 

 

 
 ..................................................................................................................................... 4 

 ............................................................................................................................... 6 
 ..................................................................................................................... 7 

 ..................................................................... 7 
 ............................................... 12 

 ................................................. 22 
 ........................................................................ 26 

free-choice feeding cafeteria feeding  ......................... 26 
loose-mix feeding  ................................................. 29 

sequential feeding ) ............................................ 30 
 .................................................... 36 

 ................................................................................................................... 39 
 ....................................................................................... 39 

 .................................................................................................................. 39 
 ..................................................................................................................... 40 

 ................................................................................................................. 46 
 .................................................................................... 49 

 .................................................................................................................. 49 
 ..................................................................................................................... 49 

 ................................................................................................................. 51 
 .................................................................................................... 53 

 ... 53 
 ................................................................................ 53 

 ........................................................................................................................ 62 
 .......................................................................................... 66 

 ...................................................................... 68 
 ............................................................................................................................ 69 

 ................................................................................................................................ 69 
 ................................................................................ 69 

 ....................................................................................................................... 74 
 .......................................................................................... 76 

 ................................................................................................. 77 
 ............................................................................................................................ 78 

  (3. modell 
 .................................................................................................................................................. 79 

 ................................................................................ 79 
 ....................................................................................................................... 83 

 .......................................................................................... 86 
 ............................................................................................................................ 87 

 ................................................................................................ 88 
 .................................................................................................. 91 

 ........................................................................................................................... 92 
9. Summary ................................................................................................................................. 94 

 ............................................................................................................................ 96 
 ............................................................................................................ 117 

 



 
 

 

 

 

 



 
 

 

Lee, 

K.H.; Ohh, Y.S. (2002);  

 

 

  



 
 

 

 

 

 

i 

a i, kalcium, e ja 

ja, az 

 

-

a 

kalcium, re

tartalom) 

.  

ben kb. 20%- -kal 

nagyobb kalcium szint) 

-

-

a kalcium, foszfor 

 



 
 

 

 

 

-

-ban vagy 

MJ- -

 

- -

meg.  

-
0,75 (BW0,75 

-

 
0,75 -

-

-

68%-

 

 



 
 

 

 

AMEn (kJ/nap) = (480 + (15-UT) x 7) x BW0,75  

 

BW0,75  

 

 

-

-

 

 
 

 
 

 
 

AMEn  

55 g napi  60 g  

GfE (1999) 
1,8 1,28

1
/1,35

2
/1,39

3
 1,33/1,40/1,44 

2,2 1,40/1,49/1,53 1,45/1,53/1,58 

ARC (1975) 
1,8 1,60 na 

2,2 1,67 na 

 Summers 
(2001) 

1,8 1,22 na 

2,2 1,38 na 

NRC (1994) 
1,8 1,31 na 

2,2 1,45 na 

Vogt (1987) 
1,8 1,31 1,35 

2,2 1,39 1,44 

 

- az 1975-

Research Council (ARC, 1975) adatok - 

-

-  



 
 

 

-12,0 MJ 

  

 

2.  
 

 MJ AMEn/kg   
(88 % sz.a.) 

 
 
 

 

 

ARC (1975) min. 9,6 

Jeroch   (2011) kb.11,4 

Larbier  Leclercq (1994) 11,3-12,1 

Leeson  Summers (2005) 11,7-12,1 

NRC (1994) kb.11,9 

PAN (2005) 11,1-11,7 

Vogt (1987) 11,0-11,5 (10,5-12,5), 

Gyakorlati 
tapasztalat 

Lohmann Tierzucht 11,4-11,6 

DLG Standards (1992) 10,4-11,4 

is. A Hy-Line Brown hibrid 

- -kal 

-1,36 MJ ME/nap a 92%-

1,28-1,34 MJ ME/nap a 91-88%, 1,26-1,32 MJ ME/nap a 87-

(Hy-

-1,9 kg- -

-

 AME vagy 

Kleyn et al., 2022). A Hy-

-



 
 

 

energia- -

kevesebb

 

 
 

energia tartalom 
(MJ AMEn/kg) 

C C 

-

(  

 
 

-

(  

Energia 
 

(MJ/  

11,95 127 1,52 107 1,28 

12,79 118 1,50 104 1,34 

13,58 112 1,52 102 1,38 

14,42 106 1,52 101 1,46 

 

 

 

 

 - 

-  



 
 

 

 

 - 

 

 

 

 - 

-  

 

-

 

nyersrost 

- -3 

-kal 

 Centraal Veevoederbureau (CVB) 

- 



 
 

 

-

-CIRAD-AFZ, 2021).  

NE-  AMEn-

-8,8%). 

; van der Klein et al., 2000). Ezen 

ren az NE rendszer 

 

t valamennyi 

tak 

 

 

  



 
 

 

 

0,75  

BW0,75  

 

 

- -os 

- - -

- -

- -

91%- - - -

-  

 

-

fe

 



 
 

 

 

 

Tak. ME 
(MJ/kg) 

15-  27-  

 
(MJ/nap) 

 
 

(g/nap) 

 
 

(%) 

 
(MJ/nap) 

 
 

(g/nap) 

 
 

(%) 

10,87 265 102 16,7 250 96 17,7 

11,30 270 100 17,0 255 94 18,1 

11,72 275 98 17,3 260 93 18,3 

12,13 282 97 17,5 265 91 18,7 

12,55 285 95 17,9 270 90 18,8 
1  

 

-

-74 

n-

 



 
 

 

z i

1997; Bregendahl et al

gy 

 

 

A  dlegesen 

 

A szintje fontos a megf  

az . T

et al., 2010; Carvalho et al., 2018). A 

ugyanakkor ette (Shafer et al.,1996, 1998).  



 
 

 

 

 (pl. szerotonin, dopamin, 

noradrenalin) (Wurtman et al.  

kialakulhat az  szerotoninszintje, ami i hez 

kannibalizmushoz vezethet ve (Birkl 

et al., 2017).

 

 

 a kreatin, a 

- et al., 2015). Az arginin 

v ,  

javulhat  (Lieboldt et al., 2015). Az arginin 12,7 g/kg-

 okat fejtett ki (Yuan et al., 2015). Ezen 

 , az 

et al., 2015; Yuan et al., 2015). N

- et al., 2012), t  a 14,4 g/kg arginin 

szint et al. . 

 A 

- et al., 



 
 

 

, az epesavas k ben 

(Powell et al., 2009), illetve kiemelten fontos  (Bondi, 1987).  

, 

 

 

Amino-
sav 

 - 
 

Ovalbumin Ovotransz-
ferrin 

Ovomukoidok Ovomucin Lizozim 

Arg 6,4 7,2 4,2 4,0 3,0 4,2 10,2 
His 2,3 1,9 1,8 1,4 2,2 2,8 1,3 
Ile 5,0 6,5 6,2 3,4 1,5 4,0 5,0 
Leu 8,3 8,2 7,8 7,2 6,0 6,2 7,1 
Lys 7,1 5,8 5,8 8,0 7,2 7,0 5,8 
Met 3,2 2,9 4,1 1,5 1,0 2,5 2,4 
Cys 2,2 2,0 1,6 4,0 7,0 6,5 8,2 
Phe 4,7 4,5 5,0 3,9 2,8 5,0 3,6 
Trp 1,4 1,5 1,5 1,7 0,6 1,4 5,8 
Thr 5,0 5,3 5,5 5,6 7,0 7,8 6,9 
Val 6,5 7,0 6,8 7,8 7,2 5,2 5,0 

1  

 

 M x BW + CAS / kAS x O 

kM  

 

CAS  

kAS  

 

 

 

  a valinra 

 a metionin+cisztein  70 mg/kg k mellett a 

13 mg/kg (GfE, 1999). A 

- -

nin, 635 mg 



 
 

 

-  

- -

-

Wen et al., 

2019). 

rendelkezn -

-

 

 

 

   

 

 
Lizin     
Metionin     
Met.+ Cisz.     
Treonin     
Triptofan     
Arginin     
Isoleucin     
Valin     

 
 

Mitchell (1964) 

-

, 1981). 



 
 

 

-

-

 

 

Aminosav 
Summers (2005) 

Rostagno et al.  
(2005) 

Bregendahl et al. 
(2008) 

Lemme 
(2009) 

Lizin 100 100 100 100 

Metionin 51 50 47 50 

Metionin+Cisztein 88 91 94 91 

Treonin 80 66 77 70 

Triptofan 21 23 22 21 

Arginin 103 100 - 104 

Izoleucin 79 83 79 80 

Valin 89 90 93 88 
 

Az aminosav 

-

to -

-  

-



 
 

 

-

 

-

eket (Lemme et al., 2004a; 

SID-  

-Line Brown (Hy-Line, 

sz  

(Macelline et al., 2021). 

Aminosav 

  

 
 

 
 

 
 

 
 

        

         

         

         

         

         

         

  - -  - - 

  - -  - - 

    - -  - - 

  - -  - - 

 

 

 

 



 
 

 

9 a a Hy-Line Brown (2024)  

Aminosav 
(mg/nap) 

 

0-2% 2-91% 90-82%  86-82% <82% 

 870 845 820 795 770 
 435 423 410 398 385 

 800 769 738 716 693 
 609 592 574 557 539 

 191 186 180 175 169 

Arginin 905 879 853 827 801 

Izoleucin 713 684 656 636 616 

Valin 783 752 722 700 678 

A  , az 

(Soomro et al., 

2018). A - 

 -oxid  okozhat (Aneja et al., 2006). A 

N-emiss    

  . 

 -  (Novak et al., 

2006; Soares et al., 2019; Alfonso- ; Heo et al., 2023). 

 takar

 ok e

 

K  a  

 

 

al., 2020).



 
 

 

 

3.3.  

A kalcium a 

A  -a CaCO3 kb. 2 g 

Ca-t tartalmaz, a teljes test  - ( ). A 

- a Ca  -

tartalm 20 mg 2011). 

a teljes test  kb. 30- - (Gilbert, 1983).  

A kalcium- a - - a, a 

csontok Ca- e -  

(Sinclair-Black et al., 2023). 

kalcitonin (CALC) a D3- -hormon vagy 1,25-dihidroxi-

kolekalciferol l,25(OH)2D3, amely a 25-hidroxi-kolciferol [25(OH)D3

keletkezik a 25-hidroxi-kolciferol-1- -  

  2+ ion  a 

kalcium receptorai (CASR)  a 

1). 

l,25(OH)2D3  
2+  l,25(OH)2D3 fokozza 

a kalcium et al., 1990), 

illetve serkenti a Ca- (Jande et al., 1981). A kalcitonin 

  Ca2+-szintet baromfiban is (Luck  

 

20 40%-

 csont  

et al.

 me  

egyes pneumatikus csontokban (Whitehead, 2004). A me

 , ban gazdag 



 
 

 

a  
2+ (PO4 ) 

. A  zajlik 

 et al.  

et al., 1984). Amikor a 

 

- 

-

i ciklusok . 

ok  is  

(Rufener et al., 2019). 

- -

et al -

(DeLuca et al - 2D3 

nagyobb szakasz alatt, 

et al

  i 

- et al., 

 feleslege i s a 

.  

- -

 

helyezkednek el  (Roush et al

et al. 1996: Ahmad et al., 2003). A 

 -5 

hetnek (Roland, 1986). 

 a Ca- . ok kalcium . 

A  Ca- a 

. A 10 -



 
 

 

- -

10. Napi Ca- -  Hy-Line Brown (2024)  

 
Ca  

(g/nap) 
 P 

 (mg/nap) 

      Ca-  
               

(finom:durva %) 

18-  4,0 432 40:60 
34-  4,2 405 35:65 
49-  4,4 373 30:70 
63-  4,6 347 25:75 
77-   4,7 324 25:75 

A Ca-  mellett 

-

 (Zhang  Coon, 1997). A durva 

 Ca 

, gyorsan 

-   Coon, 

reggeli taka  

, 

a - -t, 

-t tartalmaz, , mint az 

 .  

- . Ehhez 

 (Venter et al., 2025). k ilyen, pl. 

 

2023).   

A foszfor a kalcium mellett a csontok anyagcser  

. l,25(OH)2D3 

- A  

 viszonylag nagy P-tartalommal rendelkezik, azonban a P 

-a is lehet 

 enzimmel, amely a fitinsav komplexek 



 
 

 

A baromfi fajok

-

 (NRC, 1994; van der Klis et al., 1997). 

 a 

- et al

Edwards, 1998). -  

-

jelentkezhetnek a P-  Summers (1995), 

et al. -

-

, amikor -

hat et al., 1991).  

kis  

 felvett foszfor  az 

A foszor 

A felesleges foszfor s

(Ryden et al., 1973).  

 

nem-fitin P (NPP) ek nem  A nem-fitin P 

s -

2023). A fitin- -

. A Hy-Line Brown (Hy-

Line, 2024) hibrid 

et al., 2023). Az N



 
 

 

 

-

-

-

 nagy 

 

-

-   

3.4.  

-  et al., 2011). A

-  vagy 

loose-mix feeding

sequential feeding

-, 

- 

  

3.4 free-choice feeding cafeteria feeding  

-

 



 
 

 

1979). Chah (1972) 

s, kontroll 

 

kisebb  

-kal volt kisebb a kontroll 

- 

 

 

3.  
 

 

 



 
 

 

 A szakirodalom 

1. 

 

- csoportban, amikor a 

nagy   -

kis   emelt Ca-

 

 

 
% 

 
 

 
(g/nap) 

Tak. 
 
 

Energia 
 

 
 
 

Ca  

 

FCR 
(g/g) 

Karunajeewa 
(1978) 

na + na - na na na - 

(1979) 
= + na - - - + na 

(1981) 
= = na - - = na - 

(1986) 
= + + na na na na na 

(1985) 
= = na = - - - na 

(2000) 
= + na = - - + - 

- ; na: nincs adat;  
-  

 

 -

(11,7 

-

 Egy 



 
 

 

 

Elwinger, 1988). 

-

kukorica 

-

 

3.4 loose-mix feeding  

loose-mix

-

-

-

-

n, 2003). Henuk et al. (2000) a 60% 

- -

- -

loose-



 
 

 

mix

loose-mix  

1
 

 gabona 
 % 

 
 

 
(g/nap) 

Tak. 
 
 

Ca  

 

FCR 
(g/g) 

Ouart et al. 
(1986) 

37% = = = = na = 

Umar Faruk et al. 
(2010a) 

50% = = = = na = 

Benett  Classen 
(2003) 

60% - + na + na + 

Henuk et al. 
(2000) 

60% na na na - - - 

Blair et al. 
(1973) 

70% = na na - - - 

Robinson (1985) 75% - + na + na + 
Umar Faruk et al. 
(2010b) 

75% = = na  - na na 

-  
 -  
 

3.4 sequential feeding ) 

 

-



 
 

 

 

), 

 

1998b).



 
 

 

 



 
 

 

 

Nys Guyot, 2011

Nys Guyot, 2011

Nys Guyot, 2011

 

 

 

 



 
 

 

 

 

1  

 

 
% 

 
 

 
(g/nap) 

Tak. 
 
 

Energia 
 

 
 
 

Ca  

 

FCR 
(g/g) 

Blair et al. (1973) = = na  + = + + na  

Umar Faruk et al. 
(2010a) 

= = = - - - na  - 

Umar Faruk et al. 
(2010b) 

= = = =  na  na na  = 

Umar Faruk et al. 
(2011) 

= = = - -  na  na - 

Traineau et al. 
(2013) 

= + = - - na  na  - 

-: ; na: nincs adat;  
-  

nagyobb 

-

ad libitum 

Am



 
 

 

-

- -

-

100%-

-

- 

eau et al., 2015). 

A  

 

nagyobb Ca-

tarta



 
 

 

 

 

 

 

3.5. A baromfi  



 
 

 

 

 

 



 
 

 

 

 

 
(   = 1 t, 10 m3 tej = 1 t sz.a.; Williams et al., 2006; 

MacLeod, 2011) 

 
      

       
       

 
 

      

 
 

      

       
 

Williams et al., 2006; MacLeod, 2011). 

15   (kg) 
 (20  = 1 t; Williams et al., 2006; MacLeod, 2011) 

 
 

 

 
  

     
     
     

 



 
 

 

 

 

1. 

 

2. 

 

3.  

 

 

 

 

 

Az - 

em, 

- am, 

egyedi ketrecekben lettek elhelyezve (1056 cm2 

em 

- -  

 

 

 

 



 
 

 

4.1.2.1.  

 az 16

 keszthelyi 

em -

40%-  

-

own Nick Management 

-

 e

 emeltebb volt az 

kisebb 

kisebb  

csoporthoz ke  

 

(70:30%) volt 

 



 
 

 

16 -tartalma (%) 

 Kontroll (K) 
 

  

Kukorica    

    

    

    

    

    

Kukorica DDGS    

L-     

DL-     

MCP    

    

    

    

Premix1 0,50 0,50 0,50 

-tartalom    

AMEn (MJ/kg)    

    

    

Nyersrost    

Nyershamu    

SID Lizin    

SID Metionin    

SID Metionin+Cisztein    

SID Arginin    

SID Treonin    

SID Valin    

SID Leucin    

SID Izoleucin    

    

Ca    

P     

P      

-tartalom     

    

    

    

Nyersrost    

Ca    

P     
1  A-vitamin 8000 NE, D3-vitamin 3,000 NE, E-
vitamin 30 NE, tiamin 2 mg, riboflavin 6 mg, piridoxin HCL 4 mg, niacin 8 
mg, folsav 1 mg, biotin 0,2 mg, betain 180 mg, kolin-klorid 147mg, Zn 80 mg, Cu 13,5 mg, Fe
54 mg, Mn 90 mg, I 2,7 mg, Se 0,36 mg; Mn 100 mg, I 1,5 mg, Se 0,5 mg;  (Quantum Blue) -
300 FTU,  (Econase XT 25 P) - 16BXU/g 
 

 



 
 

 

4.1.2.2. 

 

am 

 

- 17

-

-

-Line 

Performance Guide, 2024; Hy-Line 

-

szint -Line 

Performance Guide, 2024; Hy-

- is aminosavak SID 

szintjeire pedig 88-

-

am 

-

-14%-ot jelentett 

ami -  

 

  



 
 

 

17 -tartalma (%) 

 
Kontroll (K)  

    

Kukorica 32,00 35,00 28,00 30,00 
 33,79 28,31 45,24 40,29 

 13,76 13,22 5,15 3,24 
 9,16 7,67 10,00 10,00 

 1,58 1,33 1,32 1,35 
L-  0,13 0,06 0,36 0,32 
DL-  0,11 0,10 0,11 0,14 
L-Treonin 0,01 0,00 0,11 0,11 
L-Valin 0,00 0,00 0,11 0,12 
MCP 0,45 0,36 0,55 0,43 

-4 mm) 4,80 9,00 4,80 9,00 
 3,44 4,18 3,44 4,21 

 0,28 0,28 0,28 0,28 
Premix1 0,50 0,50 0,50 0,50 

-tartalom     

AMEn (MJ/kg) 11,27 10,74 11,29 10,82 

 16,48 15,16 14,40 13,00 

 3,25 3,00 2,90 2,90 

Nyersrost 4,33 3,89 4,29 4,09 

Nyershamu 12,40 16,94 12,14 16,69 

SID Lizin 0,73 0,64 0,73 0,64 

SID Metionin+Cisztein 0,63 0,59 0,63 0,59 

SID Metionin 0,36 0,34 0,36 0,34 

SID Arginin 0,95 0,88 0,75 0,68 

SID Treonin 0,53 0,49 0,53 0,49 

SID Valin 0,69 0,64 0,69 0,64 

SID Leucin 1,14 1,08 0,94 0,86 

SID Izoleucin 0,60 0,55 0,48 0,43 

 0,16 0,14 0,13 0,12 

Ca 3,31 5,10 3,31 5,11 

P  0,48 0,43 0,48 0,43 

P  0,33 0,31 0,33 0,31 

-tartalom      

 90,15 90,81 90,36 90,72 

 16,21 15,01 14,53 13,21 

 3,25 3,04 2,83 3,14 

Nyersrost 4,29 4,11 4,37 4,54 

Ca 3,18 4,98 3,16 4,92 

P  0,44 0,38 0,41 0,37 
1 -vitamin 8000 NE, D3-vitamin 3,000 NE, E-
vitamin 30 NE, tiamin 2 mg, riboflavin 6 mg, piridoxin HCL 4 mg, niacin 8 
mg, folsav 1 mg, biotin 0,2 mg, betain 180 mg, kolin-klorid 147mg, Zn 80 mg, Cu 13,5 mg, Fe
54 mg, Mn 90 mg, I 2,7 mg, Se 0,36 mg; Mn 100 mg, I 1,5 mg, Se 0,5 mg;  (Quantum Blue) -

 (Econase XT 25 P) -16BXU/g 
 

 



 
 

 

4.1.2.3. 

 

am 

ket 

- 18

 

energia (AMEn

-, 

- 

em 

-

Line Performance Guide, 2024; Hy- -

- -kal kisebb, a 

-kal nagyobb Ca-

em -

csak kb. 13%-

st 

alkalmaztam: a - -kal nagyobb volt. 

 

 

 

 

 

 

 

 

 



 
 

 

18 -tartalma (%) 

 
Kontroll (K)  

    
Kukorica 20,00 20,00 20,00 20,00 

 41,79 39,17 40,45 36,70 

 15,80 9,90 17,50 10,20 

 9,00 12,00 4,20 13,00 

 2,85 2,40 2,67 3,18 

 0,00 1,10 6,90 0,00 
L-Lizin-HCl 0,13 0,13 0,10 0,12 

DL-Metionin  0,19 0,15 0,20 0,14 

L-Treonin 0,02 0,00 0,02 0,00 
MCP 0,69 0,66 0,59 0,69 

-4 mm) 6,00 9,60 4,65 10,70 

 2,79 4,14 1,98 4,52 

 0,21 0,22 0,21 0,22 

Premix1 0,53 0,53 0,53 0,53 

 0,01 0,01 0,01 0,01 

-tartalom     

AMEn (MJ/kg) 11,26 10,47 11,27 10,46 
 17,00 15,18 17,00 15,19 

 4,40 3,89 4,40 4,60 

Nyersrost 4,36 4,70 4,40 4,71 

Nyershamu 12,80 17,44 10,70 18,92 

SID Lizin 0,80 0,68 0,80 0,68 

SID Metionin+Cisztein 0,79 0,72 0,79 0,71 

SID Metionin 0,44 0,39 0,44 0,39 

SID Arginin 1,02 0,92 1,00 0,93 

SID Treonin 0,62 0,53 0,61 0,54 

SID Valin 0,75 0,67 0,74 0,68 

SID Leucin 1,14 1,01 1,14 1,01 

SID Izoleucin 0,67 0,60 0,66 0,60 

 0,18 0,16 0,18 0,16 

Ca 3,55 5,37 2,73 5,92 

P  0,54 0,53 0,54 0,53 

P  0,37 0,36 0,37 0,36 

-tartalom      

 89,81 90,51 89,64 90,54 

 17,16 15,41 17,06 15,93 

 4,31 3,52 4,38 4,35 

Nyersrost 4,78 6,63 5,21 8,26 

Ca 3,85 5,59 3,04 5,88 

P  0,53 0,52 0,53 0,51 
1 -vitamin 8000 NE, D3-vitamin 3,000 NE, E-
vitamin 30 NE, tiamin 2 mg, riboflavin 6 mg, piridoxin HCL 4 mg, niacin 8 mg, 
folsav 1 mg, biotin 0,2 mg, betain 180 mg, kolin-klorid 147mg, Zn 80 mg, Cu 13,5 mg, Fe 54 mg, 
Mn 90 mg, I 2,7 mg, Se 0,36 mg; Mn 100 mg, I 1,5 mg, Se 0,5 mg; -300 

 (Econase XT 25 P) -16BXU/g 



 
 

 

em

em, majd az 

em am 

-, kalcium- 

-

 C-

am

-

, Kyoto 601-

em.  

-

- am 

em -20 

- am 

ttam am 

- - -N (NH4
+- -  

em

-

-cm-

em

em

-20  C- tem 

-20  C-

 

 

 



 
 

 

-

 C- am 

am egy 

aan, Germany). Minden minta 

em

- -

am meg (MSZ ISO 6496:2001).  

- -1:2005), 

egy Foss- am -3400 

4
+-N-

-

Minden N- - -

- am meg ( ell, et al., 1960).  

tam 

em

ISO 6869:2001). MSZ EN ISO 6491:2001) 

am -

am. 

am - am, 

am 

400; Ingos, Czech Republic). - 

TiO2 - am meg (Ferguson et al., 1998).  

am 

-on 24 

am, majd Soxhlet- ttam. 



 
 

 

- am

-on hamvasztotam 

am 

 

am 

(Bregendahl et al. 2002): 1- [([TiO2  / [TiO2 ) x ([Elem  

/ [Elem ) . Az egyenletben a [TiO2 2 

 

am, de a TiO2 

am

makroelemek 

am 

 

 

 

-

-

-

Whitney-tesztet alkalmaztam. 

P  

  



 
 

 

 

 Zrt- -

- em

-700 m2 -

-

 

 

 

-tartalma szinte teljesen megegyezett az 1. modell 
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During my doctoral research work, I investigated the split feeding system of laying hens in three 

model and one field experiment. 

In model 1 and the related farm experiment, the split feeding system was compared with the 

conventional feeding technology using Nick Brown laying hens during the peak production period. 

Hens (n=48) were housed individually and fed for 12 weeks (from 29 to 40 weeks of age) in a 

conventional (control, C; n=24) or in a split (O; n=24) feeding system. The morning diet of the 

split-fed group had higher energy (AMEn; 102.7%) and lower Ca content (80.4%) compared to 

the C group, while the afternoon diet had lower energy (96.4%) and higher Ca concentration 

(113.4%) compared to the C group (100%). The crude protein level of the morning diet of the split 

technology was the same as the dietary crude protein level of the conventional system, but the 

crude protein concentration of the afternoon mixture of the split feeding was lower (92%) than the 

value calculated for the control (100%). In addition to adjusting the crude protein levels, the 

standardised ileal digestible (SID) concentration of eight essential amino acids (lysine, methionine, 

arginine, valine, threonine, leucine, isoleucine, tryptophan) was considered during the 

optimization of the amino acid content of the diets to provide more accurate amino acid supply. 

The body weight and egg production parameters (egg production intensity, egg weight, daily egg 

mass) of the experimental animals in the conventional and split systems did not differ significantly, 

even though lower daily energy (AMEn) and crude protein intake were measured in the split 

feeding group (P<0.05). In the split system, the feed conversion ratio of the experimental animals 

was more favourable, and the eggshell thickness was greater compared to the results of the 

conventional treatment group (P<0.05). The composition and breaking strength of the tibia of the 

laying hens in peak production were similar in the two systems examined, so the split technology 

did not impair bone health. The laying hens producing in the split feeding system emitted less total 

nitrogen into their environment, primarily due to their lower N intake than those receiving 

conventional feeding (P<0.05). As a result of split feeding, the lower concentration of some N 

forms (NH4
+-, uric acid- and urinary-N) present in the excreta can be considered more 

advantageous in terms of ammonia emission (P<0.05). )  

A field experiment under deep litter conditions on a farm operated 

conducted for 10 weeks (from 29 to 38 weeks of age) with the two treatment groups used in the 

model experiment (C, n=6000; O, n=6000). The body weight and daily feed intake of the laying 

hens in the split feeding system did not differ compared to conventional feeding, but the daily 



 
 

 

crude protein intake was significantly lower (P<0.05). Significant differences in the egg production 

intensity, egg weight and feed conversion ratio between the two treatment groups were not 

detected. 

In the 2nd model experiment, the control split system (C, n=24) used in the 1st model experiment 

and its version with reduced dietary crude protein level (low protein, LP; n=24) were investigated 

with 48 Hy-Line Brown laying hens from 47 to 53 weeks of age. Compared to the control split 

diets, both the morning and afternoon LP diets had 2% lower crude protein levels, but the SID 

lysine, methionine, methionine+cystine, threonine, valine and arginine concentrations were the 

same. The body weight and feed intake of the laying hens fed the LP diets did not differ compared 

to the control split group, but they showed higher egg production intensity and produced eggs with 

lower egg weight (P<0.05). The eggs in the LP group had significantly higher thick albumen height 

and Haugh unit than the eggs in the C group (P<0.05). Although the nitrogen and crude protein 

intake of hens fed the LP diets were lower, there was no significant decrease in total N content, or 

the concentrations of different N forms of excreta compared to the C treatment. The daily N 

emission of hens in the LP treatment group did not differ significantly in comparison with the C 

treatment, however, the daily phosphorus emission of hens fed the LP diets was significantly lower 

(P<0.05). 

In the 3rd model experiment, two split feeding treatments providing different calcium supplies 

were investigated with Hy-Line Brown laying hens from 62 to 68 weeks of age. Compared to the 

control (C, n=24) calcium supply (calcium level in the morning diet was about 20% lower than the 

requirement of the birds, and it was about 20% higher in the afternoon diet), the calcium content 

of the morning diet of the CA treatment (n=24) was 38% lower than the requirement, while the 

calcium level of the afternoon diet was 35% higher. The CA diet combination, which provided a 

greater difference between morning and afternoon Ca levels, did not significantly affect the hens' 

body weight, egg production characteristics (egg production intensity, egg weight, daily egg mass, 

feed conversion ratio), eggshell thickness and shell breaking strength, tibia composition (P>0.05), 

but resulted in better N retention, lower N emission and a more favourable N composition of 

excreta in terms of ammonia emission (lower NH4
+-, uric acid- and urinary-N content) (P<0.05). 
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