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NUTRITIONAL EFFECTS ON PARAMETERS OF THE BROILER 
GASTROINTESTINAL ECOLOGY  

PANAGIOTIS TSIRTSIKOS 
Faculty of Animal Science & Aquaculture, Department of Nutritional Physiology and 

Feeding, Iera odos 75, Athens, 118 55 email: kmountzouris@aua.gr 

 

. ABSTRACT 

 

The  aim  of  this  thesis  was  to  evaluate  the  effect  of  three  inclusion  levels  of  a  
probiotic (experiment A) and a phytogenic (experiment B) feed additive (PFA) on 
broiler growth performance, nutrient digestibility, mucin composition (monosaccharide 
ratio), mucosal morphometry, mucus layer staining intensity and mucus layer thickness 
along the broiler intestinal tract. One-day-old Cobb broilers were administrated maize-
soyabean meal basal diet and, depending the feed additive used, broilers were allocated 
into the following 5 experimental treatments. For experiment A, control C (BD, no 
additive), treatment P1 (108 CFU  of  probiotic/kg  of  BD),  treatment  P2  (109 CFU  of  
probiotic/kg of BD), treatment P3 (1010 CFU of probiotic/kg of BD), and treatment A 
(2,5 mg avilamycin/kg of BD). For experiment B, control C (BD based onmaize–
soybean  meal  with  no  other  additions),  E1  (80  mg PFA/kg  BD),  E2  (125  mg PFA/kg  
BD), E3 (250mg PFA/kg of BD) and A (2,5 mg avilamycin/kg BD). Treatment A was 
used  as  a  positive  control  due  to  the  well-known  function  of  avilamycin  as  an  
antimicrobial growth promoter in poultry. 

For experiment A, overall BW gain was significantly higher in treatment P1 
compared  with  P2,  C  and  P3,  with  A  being  intermediate  and  not  different  from  P1.  
Overall feed conversion ratio (FCR) values were similar and significantly better for P1 
and A compared with P2, C, and P3. Ileal apparent digestibility coefficients of CP and 
ether extract were higher in A. Mannose decreased linearly with increasing probiotic 
level in duodenum and ileum of 14-d-old broilers. N-acetyl-glucosamine and galactose 
decreased linearly, while fucose increased linearly with increasing probiotic feed 
inclusion level in 42-d-old broiler cecum. Cecal villus height and crypt depth increased 
linearly with probiotic inclusion level, with treatment A having higher values only from 
treatment C. Mucus layer thickness increased linearly with probiotic inclusion level in 
duodenum at 14 d and 42 d.  

For experiment B, overall BWG increased linearly with increasing PFA level, 
however, the avilamycin treatment A did not differ from the PFA and C treatments. 
Overall FI decreased quadratically with increasing PFA level. The overall FCR  
improved linearly with increasing PFA level and treatment A did not differ from E2 and 
E3 but it was significantly better compared to E1 and C. The PFA level had a significant 
quadratic effect on the total tract apparent digestibility of OM and the nitrogen corrected 
apparent metabolisable energy (AMEn) of experimental diets respectively. On the other 
hand, the avilamycin treatment had a significantly higher coefficients of ileal and total 
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apparent digestibility of fat compared to the PFA treatments and C. In 14-day-old 
broilers, treatments E2 and E3 had higher duodenal mannose than treatments C, E1 and 
A.  Ileal  mannose  was  lower  in  treatment  C  compared  with  PFA  treatments,  and  ileal  
Gal was higher in treatments E2 and E3 compared with C and A. Polynomial contrast 
analysis  with  respect  to  PFA  inclusion  level  showed  that  in  14-day-old  broilers  there  
was a linear increase in duodenal mannose and a quadratic effect in duodenal N-acetyl-
galactosamine with increasing PFA level. Ileal Gal and Man increased linearly with 
PFA inclusion level. However, increasing PFA inclusion level resulted in a linear 
decrease of ileal fucose and cecal N-acetylgalactosamine. Increasing dietary PFA 
inclusion level showed a pattern of linear increase of duodenal Vh/Cd ratio in 14-day-
old broilers and ileal Vh in 42-day-old broilers.  

In conclusion, this study provides evidence that probiotic and phytogenic feed 
additive inclusion level affects the performance and a number of parameters of 
intestinal ecology in broilers.  

 

 

 

Key words: broiler, probiotic, essential olis, performance, nutrient digestibility, 
mucus, mucin composition, intestinal morphology. 
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1.  

 

H  

 

 (Windhorst, 2006).  

AVEC (Assosiation of Poultry Processors and poultry Trade in the EU Countries, 2013), 

 2013-2022  

 (+2,2%  

)  

,  .  ,   

 

 (  +1,6%  

 +2,3%   2003-2012).  ,   

 

,  

 46%  

 2022. ., 

 4,3%  24,1  

  (23,1   2013)   2022.  ,   

 

.  

 

,  

. ,  

.  

 

, ,  

,  

,  .  ,   

 

,  

 

. , 
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 ( )  

.  

,  

 

, . ,  

, . 

 European Centre for Disease Prevention and Control,  

,  25.000   >1,5   

 

  

(http://ec.europa.eu/health/antimicrobial_resistance/policy/).  

, .  

 (COM748, 2001).  

 2006,  

 

.  

 

1.1  

 

 

.  

 ( )   

,  

. ,  ‘ ’  

,  

.  

 

:  pH ,  

,  

,  ( ) 

 (Ferket, 2003).   
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 1831/2003 ,  

,  

: 

  ( ,  

- prebiotics) 

  ( ) 

  ( ) 

  ( ) 

 

1.1.1  

 

 

 

 (Fuller, 1989).  Lactobacillus  

Bifidobacterium ,  

 Bacillus, Enterococcus  Saccharomyces  

 (Salminen et al., 1998).  

. , 

)  

  (Kabir et al., 2004; Kralik et al., 2004; Gil De Los Santos et al., 2005; 

Sun et al., 2005; Mountzouris et al., 2007; Vicente et al., 2007; Apata, 2008), )  

 (Apata, 2008; Li et al., 2008, Mountzouris et 

al.,  2010)  )   (Koenen  et  al.,  2004;  

Mountzouris et al., 2007; Teo and Tan, 2007; Yu et al., 2008), )  

 (Dalloul et al., 2005; Higgins et al., 2008; Vicente et al., 

2008; Mountzouris et al., 2009), )  

 (Kabir et al., 2004; Koenen et al., 2004; 

Farnell et al., 2006; Chichlowski et al., 2007; Teo and Tan, 2007).  

:  

1.  pH  ( . ) 

2.  

3.  
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4.  

5. ,  

 (Fuller, 1977).  

 

,  

,  

 

(Rehman et al., 2007).  ( - ), 

, ,  ( ),  

.  

 (Mountzouris et al., 2010).   

 

 

1.1.2  (prebiotics) 

 

 ( )  

,  

 

,  

 ( ).  

 

.  

,  

,  (Lan, 2004).  

, ,  

 (Gibson  Roberfroid, 1995). To  

 

,  pH.  

 

 ( . , ). , 

 trans- -

, , , -
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, , . (Monsan  Paul, 1995; Orban et al., 

1997; Patterson et al., 1997; Piva, 1998; Collins  Gibson, 1999). -

, ,  

,  

 (Spring et al., 2000).  

,  

,  

. ,  

,  

 (Lowry et al., 2005).  

 

1.1.3  

 

 20-

60 .  2  3 

 (20-70%)  

. ,  

 Origanum compactum  30%  27% 

,  Coriandrum sativum,  1,8-  (50%)  Cinnamum 

camphora,  (36%)  (31%)  

 (58%)  (37%)  Anethum aveolens,  

 Mentha piperata    2  

.  

 

 (Bakkali et al., 2008).   

 (Lee et al., 2004a)  

 

.  Lee   Ahn (1998) ,  

,  in vitro  Clostridium perfringens 

 Bacteroides fragilis .   

 

,  
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(Giannenas et al., 2003; Lee et al., 2004a,b; Ciftci et al., 2005; Cross et al., 2007; 

Spernakova et al., 2007; Isabel and Santos, 2009; Mountzouris et al., 2011),  

(Lee et al., 2003; Hernandez et al., 2004; Jamroz et al., 2005; Mountzouris et al., 2011) 

 (Giannenas et  al.,  2003; Mitsch et  al.,  2004; 

Jamroz et al., 2005; Ordonez et al., 2008; McReynolds et al., 2009; Mountzouris et al., 

2011).  

,  

 (Lee et al., 2004b).  

 

1.1.4 /  

 

, 

 

 ( . ).  

,  

 

(Ricke,  2003).    

, , , .  

 

. ,  

+  

 pH. ,  

,  

 

+,  (Collett, 2004).  

,  ( )  

 pH, ,  

 E. coli  Salmonella sp.   

 

,  

 (Langhout, 2000).  
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1.1.5  

 

 

 

,  

.  

 

:  

1.    

 (Classen  Bedford, 1991; Lyons, 1993).  

2. , 

. 

3.  (Engberg et al., 2004).  

 

, ,  

 ( ), , .  

,  

 

 (Ferket, 1993).  

 

, .,  

.  

, , 

 

(Greenwood  et  al.,  2002;  Burrows  et  al.,  2002).  H  -

: )  

 (Odetallah, 

2000),  )   (Scott   Boldaji,  

1997) )  (Bedford  Schulze, 1998; 

Choct  et  al.,  1999).   
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 (Pawlik et al., 1990). ,  (cage effect) 

 (Chesson, 2000).  

 

.  

 

 (Choct et al., 1995; Dunn, 

1996; Fischer  Classen, 2000). ,  Santos (2006)  

, 

 

.   

 

 

,  

,  ,   

 

.   

 

, . ,  

 2 , 

,  

.  

,    

.  

 

1.2  

 

 

.  

,  1%  17  3,5%  

 (Uni et al., 2003). ,  
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 (Sell et al., 1991),  

 (Uni  et  al.,  1999;  Sklan,  2001).  To   

 

,   

(Geyra et al., 2001).  

 2  ,   48   

 ,  

.  

 

 (Noy  Sklan, 1999).  

 

,  

. ,  

 

.  10 ,   

,  

.  

,  

 (Baranyiova  Holman, 1976).  

 7 ,   

 14  (Uni, 1999).   

, .  

 3  5  

 5 .  

,  

 (Jin et al., 1998).  

 

.  

 

.  

,  

 (Forstner  Forsnter, 1994).  
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1.3  

 

 

 

 (Forstner  Forstner, 

1994).  

.  

 Peyer .  

.   

 

 

 (Stanley et al., 1986, Robertson 

et al., 1993). , : 

)  

 

(Allen et al., 1982) 

II)  ( ) 

 

 (  

).    

 pH   (Allen et al., 

1982, Atuma et al., 2001) 

)  

 

(Laboisse et al., 1996).   

V) .  

 

 

(Forstner  Forstner, 1994). 
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 700 m  150-300 m 

. , : 

 ,   

,  

 ,  

. 

 

,  

 (McGuckin et al., 2011).  

 ( 95%),  

, , ,  

, .. ,  

 (  

)  

(Bansil  Tumer, 2006).  

 

1.4  

 

 (  

25 × 106 Da) ,  

.  

: ) 

, ) )  

. (Forstner  Forstner, 1994; Walker-

Nasir et al., 2003).  

 in vivo  

(Allen & Pearson 1993):  

(1)  
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(2)   

 ( )   

(3)  

.  

 ,  

. ,  

 

: ,  

 (Smirnov et al., 2004). ,  

 (  MUC1  MUC21)  

 (Perez-Vilar  Hill, 1999; Dekker et al., 2002).  

 MUC2, 

MUC5AC,  MUC5B   MUC6  .   

,  MUC1, MUC3A  MUC3B  

,  

 (Dharmani et al., 2008). A  

 ( ) ,  

, -

 (Sharma  et  al.,  1997).  ’  ,   

.         

 

1.4.1  

 

   

   20%  80% .  

 (  -  

) ,  

” (disulphide bridges, Corfield  Warren, 1996).  

 1,7 × 106 Da,  

 9 × 105 Da   7  8 .  

  ‘ ’ (windmill model, Allen et al., 1982). 
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O  (  4.500 , Forstner 

 Forstner, 1994)  2 . ,  

,  

, .  

 (Allen  Pearson, 1993)  

 (EAA, tandem 

repeats).   

,  

.  

 MUC2,  

(Gum et al., 1994)  23 ,    

 70% ( Forstner  Forstner, 1994).  

 

, .  

 (N)  (C) .  

 ‘ ’  

.  ‘ ’  

 (Strous  Dekker, 1992).  

 

 

 1.   

 

,  80% 

,  

.  

N-  C-  
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.  

 

, .  

 6-8 ,  

 

 19, 19  12  (Slomiany  Meyer, 1973; Allen 

et al., 1982).  

 ( ), -

 ( ),  ( )  ( ). 

,  ( )  

,  

.  

 

 (Corfield et al., 1992).  ,  

 ( )  

 

(Theodoropoulos et al., 2005).  1  

.  

 

 1.4.1. .  (  % )  

 

 

 42.1 4.7 23.6 24.1 2.4 Montagne et al., 2000 

 35.1 5.7 23.0 26.1 15.0 Shub et al, 1983 

 23.9 9.5 33.8 25.6 7.2 Mantle and Husar, 1994 

 20.7 16.6 27.8 22.6 12.3 Mantle and Husar, 1994 

 15.1 16.9 29.1 16.1 22.7 Allen et al., 1982 

: , : , : , : -
, : . 
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,  

:  )  -

 

)  

)   

 

 

.  ,   

,   .  

,   

,  (Hoskins 

 Boulding, 1976). ,  

.  

,  

 

 

 

 (Stous  Dekker, 1992) .  

 

 

 2.  
,  (GalNac: 

N- ),  (Gal: )  (Fuc: ).  
 (GalNac)  (Ser)  

 (Thr),  (Gal) -
 (GlcNac) , -

,  (NeuAc, Hoskins, 1992). 
 

 

,  ( )  
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. ,  

.  

, ,  (3%, 0.4%,  

),  

 (Forstner  Forstner, 1994).  

,  20% 

,  

.  

 

1.4.2  

 

 20   

,  MUC1   

MUC 21,   (Kim  Ho,  2010).   

,  

 ( . A):  

 MUC2, MUC5AC, MUC5B  MUC6  

,  

 MUC1,  MUC3,  MUC4,  MUC12,  MUC13,  MUC16,   MUC17   

 ( ).   

 (tranmembrane mucins)  

,  

 106 Da,   MUC13,   

.  MUC 3, MUC 12  MUC 17 

 4.000-5.000 ,  

.  0,8 m 

 « ».  

,  

 MUC3, MUC12  MUC17  

,  MUC3  

  (Johansson et al., 2011).  
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 3.   

, Johansson et al., 

2011).  

 

,  

MUC2 . ,  

 

, .  

   MUC2   

 

 

.  

 MUC2 

(Ambort et al., 2012).  

 

 1.4.2. .  
 (McGuskin et al., 2011). 

 

    

 MUC5B, MUC7, MUC19 MUC1, MUC4, MUC16 

 MUC5AC, MUC6 MUC1, MUC16 

 MUC2 MUC1, MUC3A, MUC3B, 
MUC4, MUC12, MUC13, 

MUC15, MUC16, MUC17 
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 MUC2, MUC5AC, MUC6 
 

 

MUC1, MUC3A, MUC3B, 
MUC4, MUC12, MUC13, 

MUC15, MUC16, MUC17 

 

1.4.3  

 

 

 mRNA,  

, -  

 

 (Strous  Dekker, 1992). 

 

.  

 ( )  

 Golgi.   

,  ,  

. ,  

,  

 trans-Golgi  

 (Forstner and Forstner, 1994).  

-

,   

3 9 2), ,  

,  

 (Imperiali  O’Connor, 1999). 

-

,  Golgi,  

. ,  4  

,  

.  3 

 3 ,  
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,  

 (Strous  Dekker, 1992).  

,   Golgi  

 O- . , 

 

.  

,  

,  

 (Strous  Dekker, 1992; Wopereis et al., 2006). -

,  

 (Forstner and Forstner, 1994).  

 

1.4.4   

 

,  

 (nodular dilatations)  

 trans-  Golgi.  ,   

 

.  

 Ca2+,  

.   Ca2+,  

 

  (Forstner 

 Forstner, 1994).  

,  (Paz et al., 

2003).   

 

.   

 

(Forstner  Forstner, 1994).  

,  (baseline secretion)  

 (compound  exocytosis).  ,   
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,  

 

(Forstner  Forstner, 1994; Deplanke  Gaskins, 2001).  

,  ,  

 

 (Deplanke  Gaskins, 2001).  

 

,  

 (Forstner  Forstner, 1994).  

 

,  

 

 (Forder, 

2007).  

 

1.5  

 

 

,   

 (Meslin et al., 

1999)   (Smirnova et al., 2003). ’ 

,  

.  

 

,  

 pH  (Forder, 2007).  

 

1.5.1  
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.  

,  

.  

,   

,  (Freitas et al., 2002). , 

 

   

. (Forstner  

Forstner, 1994).  

 

 Van der 

Waals, , . 

(Forder 2007).  

 

 

 (Sharma et al., 1997).  

 ‘ ’  

. ,  Lactobacillus animalis  

,  Lactobacillus fermentum  

 (Gusils et la., 2003). 

 1.5.1.  

 (Forstner  Forstner, 1994; 

Vimal et al., 2000; Gusils et al., 2003; Forder, 2007).  

 

 1.5.1. .   

 

/    

 

 

 . coli  

 

 D-   E. coli K12 
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  Entamoeba histolytica  

1,3  & 1,4   Pseudomonas aeruginosa 

   Pseudomonas 

cepacia 

  .  coli 

 250kDa  Salmonella typhimurium 

 &   L. animalis CRL 1014 

: , : , : , 
: , : , :  

 

 

. ,  

,  Bifidobacterium sp.,  

, 

.     

 pH,  

,    

 (Kleesen et al., 2003).  L. 

fermentum spp cellobiosus  L. casei  

,   

 (Gusils  et  al.,  2002),   

 in vitro  E. coli  

 (Gusils et al., 2003). ’ ,  

,  Salmonella sp.  

,  

(Gusils et al., 2003).  

 

1.5.2  
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,    

 

. (Hoskins 1992).  

:  

,  

 

 (H skins 1993). 

: ,  

,  

.  

 Ruminococcus torques, R. gravus  

Bifidobacterium spp.  

 

.  

, , . 

 

:  4, 7, 8, 9  

.  

.  

.  

 

 1.5.2. .  

,   

 .  

 

    

 

 

 Campylobacter sp. Slomiany et al.,  1987 
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Gal 3GalNAc-  

Gal 3GlcNAc-  

Bacteroides sp. (RS2  &  
RS13) 

Clostridium sp. (RS42) 
Bacteroides fragilis 

Ruminococcus torques 
IX-70 & VIII-239  

Bifidobacterium bifidum 

Ruminococcus gnavus  

Stanley et al., 1986 

 

Roberton et al., 1982 
Hoskins et al., 1993 

Salyers et al., 1977 
Hoskins et al., 1992 

  

 

 

 

 

 

 

Bacteroides fragilis 

 

Clostridium septicum 

Corfield et al., 1992 & 

1993 

Mcfarlane et al., 2001 

  

 

 

 Bacteroides RS2 

(Prevotella) 

 

Roberton et al., 1993 

Wilkinson et al., 1988 

 

 

1.6   

 

,  

 

 . , 

, , , , 

,  

.  

, -  

, , 

,   

 MUC2 (  1.6. .).  
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 1.6. . . 

 

    

2   

 

  

 2   

Langhout et al., 1999 

 

,  

 

 

 

 

,  

, 

 

i) -

 ii)  

 

 

 iii)   

 

Sharma et al., 1997 

 

,  

 

 

 

 

,   

 

i) -

 ii)  

 

 

  

Fernandez et al., 2000 
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 2  

 

 

,   -

-

 

i)  

 2  ii)   

 iii)  

 

Uni et al., 2003 

 72  , -

,  

, -

 mRNA -

 

 i)   

 ii)  

 iii)  

 iv)   

 mRNA  

Smirnov et al., 2004 

1   

 1 

 ( -

) 

, -

,  

, -

 mRNA  

 

i)   ii)  

 

 iii)   

 

 iv)  

  

 v)  mRNA 

 

vi)  mRNA  

Smirnov et al., 2005 
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5  

  

 

 

 

,  

 >0,5%  

Adibmoradi et al., 2006 

 12  24 -

, -

 

i)  

 ii)  

 

Thompson & Applegate, 

2006 

In ovo  

 17   

 

 mRNA  

,   

 

 

i)  mRNA  19  

,  3  

 ii)  

 iii)  

 19 ,  

 3  

Smirnov et al., 2006 

2  L-  , 

-

, 

i)  

 ii)  

 1,  

 2 iii)  

Horn et al., 2009 
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 MUC2  2,  

 1 iv)  

 MUC2 

2 -

 (MOS) 

 3  L-  

,  

 MUC2, -

 

 

i)  

, ii)  

 MOS iii)  

 MOS  iv) 

 MUC2   

MOS,  v)  

 MOS -

  

Chee et al., 2010a 

2 -

 (MOS) 

 3  L-  

 

 

   MOS  

 

Chee et al., 2010b 

1   MOS   1  

 

 

) 

 

 

 

i)  

 MOS  ii)  

 

 MOS  

Chee et al., 2010c 
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1.7  

 

 

 

.  

 

 

. , ’  

,   

,  

 

 

.   
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1.  

 

 

 ( ) 

 ( )  

.  

,  

, ,  

. ,  

 

 

, ,  

,  14  

42 . ,     

 

 

. 
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2.  

 

2.1  

 

  

 

.  

:  

 ,  

 ( )  

 ,  

 ( )  

  

 

2.2  

 

 ,   

.),  (525)  

,  Cobb 500 ,  

,  Marek . 

 2 m2 

. ,  

, .  

,  27±1 oC  

 (1-14 )  25±1 oC  (15-28 )  

 (29-42 ). ,  

 23  1 .  

 

2.3  
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 2.1  

 

   
 

 (kg) 1-14  15-28  29-42  

    
 538,4 583,2 631,1 
 (44% ) 283,7 261,2 251,1 

 (53% )1 100,0 75,0 40,0 
2 35,8 42,6 40,6 

 20,4 17,1 16,7 
 9,2 9,7 11,1 

 4,1 3,8 3,2 
DL-  2,5 2,0 1,7 
L-  HCl 1,9 1,5 0,6 

3 2,0 2,0 2,0 
4 2,0 2,0 2,0 

    
 (  kg )    

 ( j)5 12,5 12,7 12,7 
 (g) 882,8 881,3 878,7 

 (g) 221,5 201,0 180,6 
 (g) 62,2 69,6 68,5 

 (g) 35,6 33,7 31,9 
 (g)6 13,5 11,9 9,9 

 (g)6 9,2 8,2 7,4 
 (g)6 8,4 7,6 6,9 
 (g) 10,6 9,3 9,3 
 (g) 5,8 5,8 5,9 

1  HP-200 (Hamlet Protein A/S, ) 
2  (Norel SA, ) 
3  (Rovimix  11  BRO  Basic,  DSM  Nutritional  Products,  )   kg  

: 12.000 , 4.000  D3, 80 mg , 9 mg  
3, 3 mg , 7 mg , 6 mg , 25 g , 50 mg , 

15 mg , 1,5 mg  0,15 mg  
4  (Rovimix BRO M, DSM Nutritional Products, )  kg  

: 400 mg , 250 g , 1,5 mg , 300 g , 50 mg , 130 
mg , 20 mg  100 mg  
5  
6 , : 

 0,69:1, 0,71:1 & 0,77:1  0,62:1, 0,62:1 & 0,70:1  
 

 ( , )  

,   (44%  )   

 (53% ).  

 (3) :  (  1-14 
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),  (  15-28 )  (  

 29-42 ).   

.  2.1.  

 ( ,  

) .  

. ,  

. 

 

2.4  

 

,  (PoultryStar ME, Biomin GmbH, 

)  

 (Lactobacillus reuteri DSM  16350),   (Enterococcus faecium 

DSM  16211),   (Bifidobacterium animalis DSM 16284)  

(Pediococcus acidilactisi DSM 16210 & Lactobacillus salivarius DSM 16351)  

.  

 1  g   kg   (CFU/  kg  

) .  

,  (Biomin P.E.P., Biomin GmbH, )  

,  

 115 gr / kg ,  

.  

 89%  

.  

,  (MAXUS 100, Elanco Animal 

Health, ),  Gram+ ,   

.  

 

2.5   

 

,  5  

 35 . 
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 , :  

)  ( , C) ,  

108 CFU  /  kg   (  P1),   109 CFU  /  kg   

 P2),  1010 CFU  /  kg  (  P3)  

 2,5 mg  / kg  ( ). 

 , :  

 ( ,  C)  ,   80  mg  MAE  /  kg  

 ( 1),  125 mg MAE / kg  ( 2),  

 250  mg  MAE  /  kg   ( 3)   2,5  g  

 /  ( ). 

 ,  

. 

 

2.6  

 

 ( ), 

 ( ),  ( ),  

 ( )  ( ),  

 ( )  

.  

,  

 

)   

.  

,  

 ( , European Production Efficiency Factor)  

.  Awad et 

al., (2008) :  (kg) ×  (%) × 100 /  ( ) ×  

.  300  

.  

 

2.7  
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 (Sales and Janssens, 2003). ,  

 500 mg Cr2O3/ kg 

.  21 ,  (5)  ( ) 

 

 (15  3  5 )  

.  

.  

 4  3 

.  ,   4   

 (  6 )  

 -20 C.   

. ,  

.  

,  

.  

 -20 C, .  

 ,   

 5 ,  

. ,  

,  

. 

 ,   

 ( ), ,  ( ),  

 ( )  ( )  

AOAC (1994),  ( )  

 ( )  .  ,   

 

 220 (  Technology, Macedon, NY, USA).  

 (  ×  6,25),   

Kjedhal  Kjeltec 2300 (Foss Tecator AB, Hoganas, Sweden). 
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, ,  

.  2  

.  

 ,  

 

 Marquart (1983)  

.  

  

 (Parr Instrument Company, IL, USA), 

.  

 H  Cr2O3  

 (Williams et al., 1962),  

/ 

.  

  

.   

 Cr2O3,   

 34,39 kj/ g  (Hill  Anderson, 1958). 

 

2.8  

 

 

 6  ( , , 

, , , )  

 

. 

  

   (3) : )  

,  )   

 

(Size Exclusion Chromatography) )  
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 (High 

Performance Liquid Chromatography, HPLC).  

 

, , , 

 14  42 .  

 ( ,  

),  -80 C, 

.  

.  

 Meckel  .   

.  

, ,  

 14   

. ,  

.  

 

2.8.1  

 

 ,   

,  

. ,  

.  

 (PBS, 0,1  pH 7), -

,  (EDTA)  

 (Ouwehand et al., 1999).  

.  

 ,  

,  bijoux .  

 EDTA  5 mM  pH 7  bijoux,  

 150 mg / ml EDTA (Libao-Mercado  De Lange, 2007).  
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 4 C  30  10.000 × g 

, .  

 

2.8.2   

 

  

 (size 

exclusion chromatography),  Libao-Mercado  De Lange (2007),  

 (  5). , -16 (GE 

Healthcare Bio Sciences AB, Uppsala, Sweden)  15 ml  

CL-4B   0,2  NaCl   

 0,63 ml / . , 

. 

l  

 (  > 2 × 106 Da)  

 1 ml,  (void) . 

   (on line)  

 (280 nm)  

(refractive index detector).  

 

,   .  

 

 100 mg/ ml .  

 

2.8.3 , -

, ,   

 

 , , ,  

,  1mM (  

) .  
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 4.  (Size exclusion Chromatography) 

 

 
1.  
2.  

3.  (loop) 
4.  

5.  XK-10 
6. Sepharose CL-4B 

7.   
8.  

7 

8 1 

5 

6 

4 

2 

3 
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,  

1:9 v/v. 

 

2.8.3.1  

 

  20 l  

 75 l -

 20%.  

 thermo block (Falc Instruments, Treviglio, 

Italy)  100 C  3 . ,  

   

 (Anumula, 1994). 

 

2.8.3.2  2-  

 

  

,  2- -

 ( , ),  

. , 30 mg  20 mg  

 1 ml /  (2,4%  2% 

). l  

,  

 20 l  0,6%.  

 (thermo block)  

80 C  1 . ,  

 930 l  (  2.8.3.3)  

 

 (Anumula, 1994). 
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2.8.3.3 , , ,  

 

 

 , , ,  

,  

 Anumula (1994), . ,  

 (Hewlett Packard 1100 series)  

 (  1046 )  C-18  

 (Hypersil ODS, 5 m, 200 × 2,1 mm),  

35 . ,  2 : 1) 

 0,25% 1- , 0,5%  1% 

 HPLC  2)  

 1:1.  

.  

 (  2.2),  

 8%  12%  25 .  

 100%  5  5 

,  

. 

 
 2.2   HPLC , 

, ,  

 

 ( )  (%)  (%) 

0 92 8 

25 88 12 

30 0 100 

35 92 8 

 

 25 C  

 0,5  ml/  .   

 Anumula (1994)  
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 (Agilent Chemstasion). O  

 

.  

.  

 

1. 

 

2.8.4  ( )  

 

  

 Anumula (1995), 

.  

,  

. 

 

2.8.4.1  

 

  

 (50 l)  50 l 

 0,25 .  

 80 C  20  (Anumula, 1995). 

 

2.8.4.2  

 

  ( ), 20 mg 2HCl 

 1  ml   (0,25  ).   

 100 l  

 80 C  40 .  

,  

 (  2.8.4.3)  1 ml  
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(Anumula, 1995). 

 

2.8.4.3  

 

  

 Anumula (1995),  

 2.8.3.3.  

: 1)  0,15% 1- , 

0,5%   1%   HPLC   2)   

 1:1.  

 ( ) 

 92%  8%  12 . 

,  100%  5  

 5 ,  

.  

 

 2.3   HPLC  
 

 ( )  (%)  (%) 

0 92 8 

12 92 8 

17 0 100 

22 92 8 

 

 22   

 2.3.  

25 C  0,5 ml/ . O  

 

,  

.  

 (Anumula, 1995).  
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 2. 

 

2.9  

 

, 3  

,  ,  3  

,  2.8).  

,   1  cm2,  

 4% (79382, Fluka, Buchs, 

Switzerland)   PBS  0,1   pH  7,4,  .  

 PBS  30 ,  

.   PBS  

 7%  0,1%  4 C, 

.   

 (Tissue-Tek, Germany)  

 ( ),  

. ,  5  

10 m  (Leica CM1500),  

 L-  -30 C,  

.  

 (Olympus BX 50)  20 ,  

.  H   

 (Image-Pro Plus Version 3.1, Media Cybernetics, 

USA)  

 

2.9.1  L-  

 

  

,  L- ,  
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.  

 (70%  1%  1 )  90 .   

 90 ,  

 5   L-  (10%   

)  10 . ,  

 37 C  24 .  

 

2.9.2  

 

  

,  

 (Harris, 1900).  Harris  

, .  

 PBS 0,1 M  3  

.  

 (1  g   100  ml  

)  .  ,   

 

 (2 × 50%, 70%, 90%, 2 × 100%)  

 (2 ). ,  

 

 DEPEX (18243, Serva, Heidelberg, Germany)  

.  

 

2.9.2.1  

 

 

,  

, ,  

 ( ),  ( )  

 (  27   
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).  

.  .   

m,  

.  

.  

 

2.9.3  Alcian Blue-PAS ph 2.5 

 

 

,   

 Alcian Blue-PAS (pH 2,5, Clinicare, ).  

 Periodic Acid-Schiff (PAS)  

 ( )  

Alcian Blue 1% (pH 2,5)  ( )  ( -) 

.  

, .  

 

2.9.3.1   

 

,  5 

 (  135 )  

 Kleessen et. al (2003).  

 

 

m.  

.  

 

2.9.3.2   
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 4 :  0  

,   1   

,  2  

 3 .  

 (9 )  

.  

: , .  

 

.  

 

 5.  [ ]   Alcian  Blue-PAS   42  .  [ ]  

 Alcian Blue-PAS  42 .  

 ( ),   (M)  and    ( )  /  .  [ ]   

 42 . [IV]  14 

. 

 

 
 

 

 

 

 

  
 

 
B 

 IV 
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2.10  

 

  ( ,  ,  ,  ,  ,  

),  

 

 (GLM)  ,    

.   

, , ,  

,  

 (ANOVA)    

. ,  

 

 (GLM)  

,  (14  42 ),  

 ( ),  × . 

,  

Kolmogorov-Smirnov . 

,  

 Duncan,  

 ( 0,05, 0,01, 0,001).  

 ( )  

,  C, P1, P2  P3 

 C, E1, E2 3 .  

 

SPSS (PASW Statistics 17.0.2, SPSS Inc., Chicago, USA).  

  

 

.  

 

 ( , ,  

/  )   

(log). , 
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 Poisson .  

 

,  

1,12  1,32 .  

.   

,  ,   

 (  × 2) .  

 GENMODE  SAS/STAT (Version 9.0, SAS 

Institute Inc., Cary, NC). 

 

 

. , 

 

,   

. , , , 

 

.  
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3.1 : Effect of probiotic inclusion levels in broiler 

nutrition on growth performance, nutrient digestibility, plasma 

immunoglobulins and cecal microflora composition. 

 

.  

 (3)  

  

.  

 (525)  Cobb 500  

 5 , :  

 ( , C),  108 

CFU   /  kg   (  P1),   109 CFU   /  kg   

 P2),  1010 CFU  / kg  (  P3)  

 2,5 mg  / kg  ( ). T  

 ( )  (44%  

), ,  

, .  

 . ,  

, ,  (g:g)  

.  

 ( ), 

 ( )  ( )  

,  ( ),  ( ),  

,  ( )  

 ( ).   

. 

 .  

 

. , ,  

 ( 0,01)  

, . ,  

, 1  ( 0,05) 

 C, P2 3.  
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.  

 

.  

 

 ( 0,001)  ( 0,05). ,  

,  1   ( )   

  ,   

1.  

, 1  

 ( 0,01) .  

,   ( 0,05)  1   

 C, P2 3,  

.  ,   

 3,6%,  

. 

.  

.  

 

.  ,   

0,05)  C, P1 2,  

3 .  

.  

 ( 0,01)  ,  

 

 ( 1  )   ( 0,001)   

.   C  3   

 ( 0,001)  .  3   

 C, P1 2,  

.  

 ( 0,01) 

 C, P2 3, 2  

.  
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.  

 

. ,  

 (Sun et al., 2005; Chichlowski et al., 2007; Mountzouris et al., 

2007;  Teo   Tan,  2007;  Li  et  al.,  2008)   

.  

 

 

.  

,  108  109 

CFU  

 (Patterson 

 Burkholder, 2003). ,  

 107 CFU ( 1)  

 108  109 

CFU ( 2 3 ).  

 Mountzouris et al. (2007),  

 108 CFU . 

,  

Mountzouris et al. (2007), ,   

 

 

.  

 

.  

 

.   

 (Teo  Tan, 2007)  (Apata, 2008) , 

 

.  

,  

.  
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1   

. ,  

1  

2 3.  

 

,  

.  

.  

 

,  

 108 CFU/  kg  .   

   

,  

.   
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3.2 : Dietary probiotic inclusion level modulates 

intestinal mucin composition and mucosal morphology in broilers 

 

.  

 (3)  

 

 (carbohydrate side chains)  

, ,  

 

.  (525)  

Cobb 500  5 ,  

:  

, C),  108 CFU   /  kg   (  P1),   

 109 CFU  / kg  (  P2),  1010 CFU  / 

kg  (  P3)  2,5 mg  / kg  

). T  ( )  

 (44% ) ,  

, .  

.  

 ( , , , ,  

) .  

,   ( ,  m),   ( ,  m) 

, .  

 (  4 )  

m) .  

.  

 

, , , ,  

,  14 . ,  

 ( 0,05  

0,05  )     

.  
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,  

 

 42 .  

,  

 

.  ,   

 ( 0,05 0,01 )  

. ,  

 ( 0,05) 2.  

 ( 0,001) 

,  ( 0,05) 

2 3.   

,  2  3   ( 0,05)   

. ,  

0,001) .   

.  

,   

 14  42 . ,  

 ( 0,05 0,05 )  

.  

0,05)  ,   ( 0,05)  .  

,  

0,01 0,05) ,  ( 0,05)  

.   

.   

.  

 14 ,  ( 0,01 0,001 

) . ,  

 ( 0,05)  ,   

.  

 14 .  

 42 ,  
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,   

0,05) .  

 .  

 

, , . 

,  

 ( , , ).  (  

)   

 ( 0,001).    

 ,  

, ,  

,  ( =0,072)  

. 

 .  

 Anumula 

(1994, 1995)  

.  

 (  HPLC)  

,  

.  

,  

.  

,   

 Ross (Sharma et  al.,  1997; Fernandez et  al.,  2000),  

.  

,  

,  ,  ,   

. ,  

,   

(Bryk et al., 1999),  (Turck et al., 1993; Lien et al., 1997)  (Bry et 

al., 1996).  
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 ,   

 (  

,  )   

 42 ,  

 Lactobacillus  Bifidobacterium  

Mountzouris et al. (2010). H  

 (Paulson  Colley, 

1989)  

 ( , , .)  

 (Hoskins  et  al.,  1985;  Ruseler-Van  Embden  et  al.,  1989;  

Ruseler-Corfield et al., 1992; Van Embden et al., 1995; Ruas-Madiedo et al., 2008).   

-  

(Mountzouris  et  al.,  2007),   

 (Schwad  Ganzle, 2011)  afcA, 

,   B. animalis (Ruas-

Madiedo et al., 2008), ,  

.  

  (  14  

)   

, 

.  

   14   

 42  ,  ,   

 

 

.  

  

,  ,  

.  

 ,  

.  

 Saccharomyces cerevisiae (Santin et al., 2001)  

 Lactobacillus sp.  (Sieo et al., 2005) . 



 

72 
 

,  ,   

 

,  

 

 (Cairnie et al., 1965; Uni et al., 1998).   

 .  

 

 

.  

,  

,   

.  

 

 

.  
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3.3  

 

,  ,   

,  

 Mountzouris et. al (2010).   

 –  

. ,  

 Mountzouris et. al (2012a)  

.  , ,  

 

 

. ,  

, ,  

. 

 .  

 ( <0,05)   

, 1 ,  

, .   

 ( 0,05)  

. , , 1  

0,01)   C,  P2  3,   

. , 

 

 (  3.3.2.). 

 

. 

 (  3.3.2.),  (  3.3.3.)  

 (  3.3.4.),  

(P 0,05)  ,  1  

.  
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,  

 ( 0,05)  ( )  

 (C)    

(P2, P3) .  , 

 ( 0,001) 

 42 ,  1  

 3.3.4).  

.  

,   

. ,  

0,05)  ( 0,05)  

 (  

3.3.5.). ,  

 ( 0,001) 1  

. ,  

,  28 

 (  3.3.6.). 

.  

 

  

. ,  

 (  3.3.7.). 

.  

 

 ( ),  

 ×  .  ,   

 14   42  .  

,  .   

,  14  

 (P 0,05)  (P 0,001)  42 . 

,   

. ,  
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 (P 0,01)  

. ,  

×  (  3.3.8.).  

.  

, 

,  .  ,   

,  ,  )   ( 0,001)  

. ,  

,  ,   

,  ( =0,072)  

 (  3.3.9.).  

 3.2. 

 

3.4  

 

 ,   

,  

,   ,  

1 .  

,  1   

.  Apata (2008),  

 (2, 

4, 6 × 109 CFU/ kg )  Lactobacillus bulgaricus  

 8 × 109 CFU/ kg .    

,   Bacillus subtilis  (Khaksefidi  Ghoorchi, 

2007; Teo  Tan, 2007)  Saccharomyces cerevisiae (Shareef  Al-Dabbagh, 2009) 

.  , 

 

 (Li et al., 2008)  

 (Huang et al., 2004). ,  

- )  

,  ,  ,   
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.  

.  

 ,  ( ) 

 

 C, P2 3,  9,2, 8,0  8,4%, .  

 

1, .  4,6%  

 Ross 308 42 ,  

 5 × 108 CFU Bacillus subtilis C-3102/ kg  (Gracia 

et  al.,  2009).   ,   14%   

   

 Enterococcus faecium,  

  (Awad et al., 2008). ,  

 Cobb 500,   

 3   

Awad et al., (2008) ,  1, 0,5  0,25 g/kg  

,  (Peric et al., 2010).   

  

, 1  

,  ,   

1 .   

  H  

,   

)  (14  42 ),  

 14 . , 

   

,  ×  

.  

 ,  

 42 . 

 

42 .  
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,  .    Shub  et  al.,  

(1983)    

. ,  

 

 60 ,  

.  

,  

,   

, . , 

 

 

 180  (Turck et 

al., 1993).   

,  

 3 .  

 6,5,  5,5   5%   12,9,  12,3   17%   

,  Shub et al. (1983)  Turck et al. (1993) 

,  

.  

 1.2,  

,   

, 

.  

 42 ,   

 

.  

 Dolichos biflorus (Sharma et al.,1997, Fernandez et al., 2000),  

 

(Englyst et al., 1987),  

,  

(Ruseler-van  Embden  et  al.,  1989;  Ashida  et  al.,  2008),   
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 42 .  

 ,  

. ,  

 

 ( ) . , 

 (Guan et al., 

2003),  (Olsen et al., 2008)  (Gabriel et al., 2006)  

 108, 108-109  1011 CFU/ g .  

,  

 (Gheri Bryk et al., 

1999; Freitas et al., 2005),  (Hoskins et al., 1985; Ruseler-Van Embden 

et al., 1989; Ruseler-Van Embden et al., 1995; Ruas-Madiedo et al., 2008)  

 (Mack et al., 1999  2003) .   
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 3.3.5. , 0-14 . 

 
 

 

 

 

 

 

1 : C=  ( ) , P1=  108 CFU /kg , P2=  109 CFU 
/kg , P3=  1010 CFU /kg , A=  2.5 mg /kg . 

2  3  ( ) .  

3 ,  g, .  

4 . 

5 = . 

6  
 C, P1, P2  P3. 

  1  SEM4  5,6 

  C  P1  P2  P3      Plinear  Pquadratic 

2,3  434  427  422  421  413  5,7    

  384  377  372  371  363  5,7    

  645  682  667  694  636  12,0    

  1,68  1,81  1,79  1,87  1,76  0,030     
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 3.3.6.  15-28  

 
 

 

 

 

 

 

 

 

1 : C=  ( ) , P1=  108 CFU /kg , P2=  109 CFU 
/kg , P3=  1010 CFU /kg , A=  2.5 mg /kg . 

2  3  ( ) .  (a, b, c)  
   P 0,05,  ( , , C)    P 0,01. 

3 ,  g, .  

4 . 

5 *= P 0,05, **= P 0,01, ***= P 0,001, = . 

6  
 C, P1, P2  P3. 

  1  SEM4  5,6 

  C  P1  P2  P3      Plinear  Pquadratic 

2,3  1235A  1338B  1275A  1274A  1285A  12,7    * 

  819A  911C  852AB  853AB  872BC  11,1    * 

  1425  1433  1420  1475  1409  16,0     

  1,74D  1,57A  1,67BC  1,73CD  1,62AB  0,010    *** 
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 3.3.7. , 29-42 . 

 

 

 

 

 

 

 

 

1 : C=  ( ) , P1=  108 CFU /kg , P2=  109 CFU 
/kg , P3=  1010 CFU /kg , A=  2.5 mg /kg . 

2  3  ( ) .  (a, b, c)  
   P 0,05,  ( , , C)    P 0,01. 

3 ,  g, .  

4 . 

5 *= P 0,05, **= P 0,01, ***= P 0,001, = . 

6  
 C, P1, P2  P3. 

  1  SEM4  5,6 

  C  P1  P2  P3      Plinear  Pquadratic 

2,3  2215a  2343b  2213a  2217a  2280ab  28,8     

  962  1005  939  943  995  19,3     

  2024  1999  1948  1992  1977  21,1     

  2,10b  1,99a  2,08ab  2,11b  1,99a  0,013    * 
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  3.3.8. , 0-42 . 
 

 

 

 

 

 

 

 

 

1 : C=  ( ) , P1=  108 CFU /kg , P2=  109 CFU 
/kg , P3=  1010 CFU /kg , A=  2.5 mg /kg . 

2  3  ( ) .  (a, b, c)  
   P 0,05,  ( , , C)    P 0,01. 

3 ,  g,  (%),  
 ( ) . 

4 =  (kg) ×  (%) × 100 /  ( ) × .  
5 . 
6 *= P 0,05, **= P 0,01, ***= P 0,001, = . 
7  

 C, P1, P2  P3. 

  1  SEM5  6,7 

  C  P1  P2  P3      Plinear  Pquadratic 

2,3  2215a  2343b  2213a  2217a  2280ab  28,8     

  2165a  2293b  2163a  2167a  2230ab  27,9     

  4093  4114  4036  4161  4022  30,8     

  1,89B  1,80A  1,87B  1,92   1,80   0,015    ** 

  2,86  4,76  2,86  0,95   6,67  3,131     

4  271a  296b  274a  273a  281ab  7,7    *** 



 

83 
 

 3.3.5.  28 . 

 

 

 

 

 

 

 

1 : C=  ( ) , P1=  108 CFU /kg , P2=  109 CFU 
/kg , P3=  1010 CFU /kg , A=  2.5 mg /kg . 

2  3  ( ) .  (a, b, c)  
   P 0,05,  ( , , C)    P 0,01. 

3 . 

4 . 

5 = . 

6  
 C, P1, P2  P3. 

  1  SEM4  5,6 

  C  P1  P2  P3      Plinear  Pquadratic 

2,3   0,63  0,66  0,66  0,64   0,68   0,022    

  0,73a  0,73a  0,73a  0,71a  0,78b  0,018    

  0,63a  0,67a  0,62a  0,69ab  0,78b  0,047     
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 3.3.6.  28   
 

 

 

 

 

 

 

 

 

 

1 : C=  ( ) , P1=  108 CFU /kg , P2=  109 CFU 
/kg , P3=  1010 CFU /kg , A=  2.5 mg /kg . 

2  3  ( ) .  (a, b, c)  
   P 0,05,  ( , , C)    P 0,01. 

3 n  Mj/kg. 

4 . 

5 *= P 0,05, **= P 0,01, ***= P 0,001, = . 

6  
 C, P1, P2  P3.

  1  SEM4  5,6 

  C  P1  P2  P3      Plinear  Pquadratic 

2,3   0,70A  0,75B  0,74B  0,75B  0,77B  0,012  *   

  0,72A  0,74B  0,72A  0,72A  0,74B  0,030  **  *** 

  0,38A  0,50B  0,47B  0,41A  0,48B  0,022   *** 

  0,69b  0,69b  0,68b  0,63a  0,67ab  0,019  *   

  0,65AB  0,71BC  0,60A  0,70B  0,77A  0,029     

  0,81  0,84  0,83  0,84   0,84  0,012     

  12,3a  12,7ab  12,9b  12,7ab  13,2b  0,24     
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  3.3.7.  ( g/ml )   

 
 

 

 

 

 

 

 

 

 

 

1 : C=  ( ) , P1=  108 CFU /kg , P2=  109 CFU 
/kg , P3=  1010 CFU /kg , A=  2.5 mg /kg . 

2  6  ( ) .  

3 . 

4 = . 

5  
 C, P1, P2  P3. 

 

  1  SEM3  4,5 

  C  P1  P2  P3      Plinear  Pquadratic 

14 2                  

  46,6  52,2  45,9  61,1  42,4  10,48     

  68,1  72,1  74,4  84,3  78,8  5,30     

42                  

  27,8  28,7  35,7  30,8   35,2  20,61     

  27,4  54,8  29,2  48,5  35,6  12,54     

  87,1  113,1  93,4  80,5  77,0  21,30     
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  3.3.8   
 

 

 

 

 

 

 

 

 

 

 

 

1 g/ml. 

2  (%). 

3  6  ( )  (  C). 

4 . 

5 *=P 0,05, **=P 0,01, ***=P 0,001, = .

      SEM4  5 

  14   42              

1  57,3  27,6  37,2  47,7  14,95       

2                 

N-   37,0  33,6   37,0  33,6   1,25       

N-   13,4  10,0  13,4  10,0  0,76  **  **   

  27,4  26,9   23,9  30,3   1,26   **   

   5,3  7,9  6,0  7,2  0,95      

  6,5  12,9   10,3  9,1  0,79  ***     

N-   10,5  8,7  9,3  9,9  1,57      
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 3.3.9. , ,  
. 

 

  5 Chi-Square 6 

     
1 4 3,92  

 2 1 0,69  

 3 2 0,42  

 4 2 19,50 *** 

     

 4 6,59  

  1 0,07  

  2 2,11  

  2 5,26  

 

1 : C=  ( ) , P1=  
 108 CFU /kg , P2=  109 CFU /kg , P3= 

 1010 CFU /kg , A=  2.5 mg /kg . 

2 : 14  42  

3  3: , . 

4  3 : , . 

5 =  

6 *= P 0,05, **= P 0,01, ***= P 0,001, = . 
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4.1 : Assessment of a phytogenic feed additive effect 

on broiler growth performance, nutrient digestibility and caecal microflora 

composition.  

 

.  

 (3)  

 

 Cobb 500. 

 (525)  

 5 .  

:  

 ( ,  C),   80  mg MAE /  kg  

 ( 1),   125 mg MAE / kg  ( 2),  

 250 mg MAE / kg  ( 3)  2,5 

mg  / kg  ( ). T  ( )  

 (44% ), 

,  ,   

. 

.  

,  ,  ,   

(g:g) .  

 ( ),  ( ) 

 ( )  

,  ( ),  ( ), ,  

 ( )  

 ( ),  2. 

 

.  

. ,  

,  ,   

. ’ ,  ( 0,05) 

.  ,  
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 ( 0,05)  ( 0,05)  

.  ( 0,05)  

3,  1   C.  ,   ( 0,05)   

 ( 0,05)   

,  

.   

 ( 0,001) ,  

 ( 0,05) 1 

 C.  ,   

 ( 0,05)  ( 0,001)  

 ( 0,05) .  

 ( 0,05) 2, 3  

 C 1. ,  

.  

.  

,  ,   

 ( <0,05)   

 4 .   

.  

 ( 0,05) ,  

.   

1  ,  

 ( 0,05) .  

2  ( 0,05)  7,5%  32,5% 

, 1 3  

. 

.  125   250  mg  /  kg   ( 2  

3 )  12,8%  

 7,4% ,   

, . , 

 ( )   

,    

 Brenes  Roura (2010).  
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,  

 

.  (  

)  (Giannenas et al., 2003)  

 (Ciftci et al., 2005)  300  400 

mg  /  kg  .  ,   

 

(Giannenas et al., 2003; Ciftci et al., 2005; Jamroz et al., 2005),  

.   

,  (Botsoglou et al., 2003; Lee et al., 2003; Hernandez et 

al., 2004)  

, ,  

.  

,  

 

,  

. ,  

 ( ), ’  

.   

 

.  

,  

 (Jamroz 

et al., 2005)  (Hernandez et al., 2004).  

 

,  

, , . 

 ,  

.  

.  125  250 mg  /kg  

 

,  80 

mg MAE /kg . 
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,  

 

. 
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4.2 : Modulation of intestinal composition and mucosal 

morphology by dietary phytogenic inclusion level in broilers. 

 

.  

 (3)  

 

 (carbohydrate side chains)  

, ,  

 

 Cobb 500.  (525)  

 5 ,  

:  

 ( ,  C),   80  mg MAE /  kg   ( 1),  

 125 mg MAE / kg  ( 2),   250 mg 

MAE  /  kg   ( 3)   2,5  mg   /  kg  

 ( ). T  ( )  

 (44% ),  

, , . 

.  

 ( , , , ,  

) .  

,   ( m),   ( m)  ,   

.    

 4 )  ( m)  

.  

.  

 14 ,  

(P 0,001) ,  C, E1  

 (P 0,01) 2 3. ,  

 (P 0,05)  

, 1 ,  

.  14 , 
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 (P 0,01)  

(P 0,05) .   

 (P 0,01) 2 3,  

. 

 

 42 . ’  

,  (P 0,05)  

. ,  

 42  ,   

 (P 0,05) ,  

.  

 .  

,   

 14  .  ’  ,   

 (P 0,05)  

.  42 ,  

.  ,   

 (P 0,05) .  

 .  

 

 14 .  42 ,  

 

(P 0,05) ,  

.   ,   

 

 42 .  

 .  

 

,  ,  .  ,   

 ( ,  ,  )   (P 0,001)  

.  (  

)  
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.  ,   

.    

 ,  

 

 Alcian  Blue-PAS.  ,   

 (P 0,05)  (P 0,001) 

,  

. ,  

 

. 

  

 (Smirnov et al., 2005),  

 (Chee  et  al.,  2010a   2010b),   (Smirnov  et  al.,  2005;  Chee  et  al.,  

2010a),  ( , Chee et al., 2010b)  

.  Jamroz et al. (2006)  

, ,  

,   42   

.  

 

.  

 , ,  

,  

, , , ,  

 (Gheri Bryk et al., 1999),  

.  

 Sharma et al. (1997)  Fernandez et al. (2000),  

 5 ,  

 Gheri Bryk et al. (1999).  

 (Turck et al., 

1993),  (Shub et al., 1983)  (Montagne et al., 2000).  

    

 14 ,  42 ,  



 

95 
 

 

. , ,  

 

.   

 

 (Hoskins et al., 1985; Ruas-Madiedo et al., 2008),  

 

 (Salyers, 1979; Schwad  G nzle, 2011; Stahl et al., 2011),  

 (Kirjavainen et 

al.,  1998;  Gusils  et  al.,  2003)   

 (Bry  et  al.,  1996;  Gheri  Bryk  et  al.,  1999;  Freitas  et  al.,  2005)   

 (Mack et al., 1999  2003).  

  ( ) ,  

 

,  

 (Smirnov 

et  al.,  2005),   

 (Chee at al., 2010c). 

  

   42  ,  

 Jamroz  et  al.,  (2006),   

 21   

.  

 , 

 

,   

,  

 (Cairnie et al., 1965; Uni et al., 1998). 

 ,  

 (Jamroz  et  al.,  

2006; Garcia et al., 2007; Peric et al., 2010). ,  
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. ,  

,   14  

 42  .   

 Ross 308  

Zingiber officinale  ( )  (Tekeli et al., 2010).  

 ,   

,  

,  

.  

 

,  

 

. 
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4.3  

 

,  ,   

,  

 Mountzouris et. al (2011).  

 (EPEF)  

. ,  

Mountzouris et. al (2012b)  

.  ,  

 

 

.  

.  

,  

 (5,3%,  4.3.1).  

,  42  

 125 mg/kg  

 MAE   85  mg  /kg   

 4.3.1). 

.  

  

. 

,  

 (  4.3.2). 

.  

 

 (14  42 )    ( ),  

 × . ,  

. ,  

 14  (P 0,05)  

 (P 0,001)  42 . ,  
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.  ,   

 

 P 0,01  P 0,001 )  

 ( 0,05) . ,  

 ×  

 (  4.3.3).   

 

 

4.4  

 

2  C 

1  10,2  13,2% . 125 

mg/  kg  ,   

 ( >0,01)  4,2%  (269  258, Peric et al., 

2010).    ( 0,1)   16,9%  8,4%  

,   

 250 ppm   

 (G-PRO naturo, Kumar et 

al., 2010). ,  

 Ginkgo biloba  Hypericum perforatum  

35 ,  Clostridium perfrigens (Van Heerden, 2009).  

,  (14  42 )  

 ( )  

. ,  

  ,  

 ×  

.  

,  

 

 14  .   
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 42  

.   

 (Shub et al., 1983)  (Turck et al., 

1993), .  Shub et al. (1983), 

 

 60  ,   

 

. ,  180  

 

 (Turck et 

al., 1993).   

,    116%  

 42  14 .  ,  

 123%  240%  Shub et al. 

(1983) urck et al. (1993),  

 5,5±0,5%   3  .   

 (30±5%)  (13±3%), 

 

, .  

 

 (Forstner  

Forstner,  1994).   42  

,   

 

.  

 

.  

,  

. ,   

 

.   

,  
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(Gabriel et al., 2006),   

 (Gheri  Bryk  et  al.,  1999;  Freitas  et  al.,  

2005),  (Hoskins et al., 1985; Ruseler-Van Embden et al., 1989; 

Ruseler-Van Embden et al., 1995; Ruas-Madiedo et al., 2008)  

 (Mack et al., 1999  2003) .   
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 4.3.1.  (EPEF)  (1-42 ). 

 

 
 

 

 

1 : C=  ( )  ( ) , E1=  80 g /kg , E2=  
 125 g /kg , E3=  250 g /kg , A=  2,5 mg /kg . 

2  3  ( ) .  (a, b, c)  
   P 0,05. 

3 H  (%),  (EPEF) . 

4 =  (kg) ×  (%) × 100 /  ( ) × .  

5 . 

6 *= P 0,05, **= P 0,01, ***= P 0,001, = . 

7  
 C, E1, E2 3. 

  1  SEM5  6,7 

  C  E1  E2  E3      Plinear  Pquadratic 

  4,76  3,81  4,76  6,67  6,67  2,694     

4  295ab  287a  325c  315bc  323c  9,8     



 

102 
 

  4.3.2.  ( g/ml )   

 
 

 

 

 

 

 

 

 

 

 

1 : C=  ( )  ( ) , E1=  80 g /kg , E2=  
 125 g /kg , E3=  250 g /kg , A=  2.5 mg /kg . 

2  6  ( ) .  

3 . 

4 = . 

5  
 C, E1, E2 3. 

  1  SEM3  4,5 

  C  E1  E2  E3      Plinear  Pquadratic 

14 2                  

  33,9  38,9  42,7  34,6  38,5  7,14     

  31,6  41,0  25,0  30,0  29,1  7,20     

42                  

  34,2  23,9  23,6  25,0  26,1  5,50     

  40,6  36,3  36,1  37,6  30,6  9,67     

  73,2  54,2  65,1  70,9  60,9  15,65     
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 4.3.3.  
 

1 g/ml. 

2  (%). 

3  6  ( )  (  C). 

4 . 

5 *=P 0,05, **=P 0,01, ***=P 0,001, = .

      SEM4  5 

  14   42             

1  32,8  37,4  34,1  36,1  4,88       

2                 

N-   35,0  33,9  34,6  34,4  1,21       

N-   11,3  9,9  11,5  9,6  0,44  *  **   

  25,8  25,6  23,6  27,8  0,67    ***   

   3,7  3,3  4,0  3,0  0,29       

  5,6  12,1  9,0  8,7  0,72  ***     

N-   18,6  15,1  17,3  16,4  1,67       
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E.  

 

 

 20  

50.  ,   

,  

,  

 (  

)  (Mathew et al., 2007).  

 

,  

,  

.   

 

,   

,  

.  

 

 

’ ,  

,  

 (Aarestrup et al., 2000). , 

,  

,   2  ×  108 ,  

 (Mountzouris  et  al.,  

2007).  21  42 , , 

 

 Enteroccocus faecium, -

 (Peric et al., 2010). ,  

 

,   (Eckert  et  al.,  2010).   

, ,  
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 Cobb 500  

,   125 mg/ kg  

(Eckert et al., 2010).  ,  125 mg PEP/ kg ,  

 ( ) ,  42 

 Cobb  500  (Peric  et  al.,  2010).   

  ,  

 

,  

.  

 

, .  

 

,  

 

.  

 

 (Apata, 2008; Li et al., 2008; Huang et al., 2004)  (Ciftci et al., 2005; 

Zhang  et  al.,2005;  Soltan  et  al.,  2008)   

.  

 

 

 HPLC, , ’  

.   Anumula,   

 G  (fetuin) . 

  ,  

 (Sharma  Schumacher, 1997; 

Bryk et al., 1999; Fernandez et al., 2000). H  

. 

 

. 

,  

,  

 (Shub et al., 1983;Turck et al., 1993 ; Montagne et al., 2000).  
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,  

 (  

 >50% ),  

.  

  

 

.  

,  

, .  

 

 

,  

Lactobacillus  Bifidobacterium  (Mountzouris 

et al., 2007  2010). ,  

 

14   42  .   Kohler  (2000),   

 

 CO2,  

.  

 

 1 mmol/ kg  (Austgulen 

et al., 1987).   

 

.  

 ,  Lactobacillus 

 Bifidobacterium  42  

 (Mountzouris et al., 2010)  

(Mountzouris et al., 2011). ,  

. ,  

 (Salyers, 

1979; Hoskins et al., 1985; Ruas-Madiedo et al., 2008; Scwad  G nzle, 2011; Stahl 

et al., 2011; Kirjavainen et al., 1998; Gusils et al., 2003; Bry et al., 1996; Gheri Bryk et 

al., 1999; Freitas et al., 2005; Mack et al., 1999  2003).  
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.   

 

.  

 ,  

 

 14 ,  42 . 

 

,  

,  

 (Hoskins  et  al.,  1985;  

Forstner  Forstner, 1994). -

,  

 

 10  (Batal 

 Parsons, 2002).  

  

 (Carlstedt-Duke et al., 1986),  

 (Smirnov et al., 2005)  

,  

 2,5 

mg  / kg . 

  

 14  .  ,   42  ,   

,  

.  

 

 

.  

 

.  

,  
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,  2 

, .  

 

 14  42 ,  

 42   

. ,  

, . ,  

 

 

,  .   

 

 

,  

. 
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.  

 

  

 50  

 

.  , 

 

,  

 

,  .    

 

  . 

  

 

 

,  

 

.  

, ,  

,  

. 

  HPLC  

 

 

 

.  

 2 , 

.  

 ,  

 

. 
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  3   

 42 ,  

. 

 

 42 ,  

 14 . 

 ,   

 Alcian  Blue-PAS.  ,   

,  

.  

 

. 

,  

, .  

 ,  

 

,  

.  

,  

,   

.  

’   

 

, 

.  

  

.   

,  

 

.  ,   

 

.  in vitro  
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, ,  

,  in vivo  

 Salmonella sp., Campylobacter sp.  Eimeria sp. 

,   

 

,   

.  
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