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ȵɎɟɋɈɆɖɎɘɋɑɢɓɆɥ ɗɎɗɘɋɒɆ ɌɈɆɝɓɡɛ 
ɌɎɈɔɘɓɡɛ 



ȨɐɑɆɊ ɌɎɈɔɘɓɔɉɔ 

ÂȵɔɗɘɔɥɓɗɘɈɔ ɘɋɒɕɋɖɆɘəɖɡ 

ÂȵɔɗɘɔɥɓɗɘɈɔ ɖȳ ï ɇəɚɋɖɓɡɋ 
ɗɈɔɏɗɘɈɆ ɗɑɤɓɡ 

ÂȴɇɋɗɕɋɝɋɓɎɋ ɕɎɘɆɘɋɑɢɓɡɒɎ 
ɈɋɟɋɗɘɈɆɒɎ  

 (1. ɕɔɋɊɆɋɒɡɏ ɐɔɖɒ, 2. ȵɔɊɆɝɆ 
ɒɔɝɋɈɎɓɡ ɝɋɖɋɍ ɗɑɤɓə Ɏ ɗɘɋɓɐə 
ɖəɇɜɆ) 





Cow rumen 



ȲɎɐɖɔɔɖɉɆɓɎɍɒɡ ɖəɇɜɆ 
ɐɖəɕɓɔɉɔ ɖɔɉɆɘɔɉɔ ɗɐɔɘɆ 



ȲɎɐɖɔɚɑɔɖɆ ɖəɇɜɆ 

Âȷɘɖɔɉɔ ɗɎɒɇɎɔɘɎɝɋɗɐɆɥ ɒɎɐɖɔɚɑɔɖɆ 
(ɆɓɆɣɖɔɇɓɡɋ ɇɆɐɘɋɖɎɎ-ɜɋɑɑɤɑɔɍɔ-
ɑɎɘɎɐɎ, ɛɎɘɖɎɊɎɔɒɎɜɋɘɡ, 
ɒɋɘɆɓɔɉɋɓɡ) 

ÂȸɖɆɓɍɎɘɓɡɋ ɒɎɐɖɔɔɖɉɆɓɎɍɒɡ 
(ɒɎɐɖɔɚɑɔɖɆ ɐɔɖɒɆ Ɏ ɕɖ. ï 
ɇɆɜɎɑɑɡ, ɕɗɋɈɊɔɒɔɓɆɊɡ, 
ɒɔɑɔɝɓɔɐɎɗɑɡɋ, ɆɍɔɘɚɎɐɗɆɘɔɖɡ Ɏ 
ɕɖ.) 

 

 

 

 

 









indwelling pH electrode 



ȷɎɒɇɎɔɓɘɓɆɥ ɒɎɐɖɔɚɑɔɖɆ Ɉ ɕɎɟɋɈɆɖɋɓɎɎ 
ɌɈɆɝɓɡɛ 

ȴɗɓɔɈɓɡɋ ɇɆɐɘɋɖɎɎ, 

ɖɆɗɟɋɕɑɥɤɟɎɋ   ɜɋɑɑɤɑɔɍə 

Bacteroides succinogenes 

Ruminococcus flavefaciens 

Ruminococcus albus 

Butyrivibrio fibrisolvens 

ȴɗɓɔɈɓɡɋ ɆɒɒɎɆɐ-ɔɇɖɆɍəɤɟɎɋ ɇɆɐɘɋɖɎɎ 

Bacteroides ruminicola 

Megasphera elsdenii 

Selenomonas ruminantium  

ȴɗɓɔɈɓɡɋ ɇɆɐɘɋɖɎɎ, ɖɆɗɟɋɕɑɥɤɟɎɋ -  

ɉɋɒɎɜɋɑɑɤɑɔɑɔɍə 

Butyrivibrio fibrisolvens 

Bacteroides ruminicola 

Ruminococcus sp. 

ȴɗɓɔɈɓɡɋ ɇɆɐɘɋɖɎɎ, 

ɖɆɗɟɋɕɑɥɤɟɎɋ ɕɋɐɘɎɓ 

Butyrivibrio fibrisolvens 

Bacteroides ruminicola 

Lachnospira multiparus 

Succinivibrio dextrinosolvens 

Treponema bryantii 

Streptococcus bovis 

ȴɗɓɔɈɓɡɋ ɕɖɔɘɋɔɑɎɘɎɝɋɗɐɎɋ (ɖɆɗɟɋɕɑɥɤɟɎɋ 

ɇɋɑɐɎ) ɇɆɐɘɋɖɎɎ  

Bacteroides amylophilus 

Bacteroides ruminicola 

Butyrivibrio fibrisolvens 

Streptococcus bovis 

ȴɗɓɔɈɓɡɋ ɆɒɎɑɔɑɎɘɎɝɋɗɐɎɋ ɇɆɐɘɋɖɎɎ 

(ɖɆɗɟɋɕɑɥɤɟɎɋ ɐɖɆɛɒɆɑ) 

Bacteroides amylophilus 

Streptococcus bovis 

Succinimonas amylolytica 

Bacteroides ruminicola 

ȴɗɓɔɈɓɡɋ ɇɆɐɘɋɖɎɎ, 

ɖɆɗɟɋɕɑɥɤɟɎɋ ɒɔɝɋɈɎɓə 

Succinivibrio dextrinosolvens 

Selenomonas sp. 

Bacteroides ruminicola 

Ruminococcus bromii 

Butyrivibrio sp. 

Treponema sp. 

ȴɗɓɔɈɓɡɋ  ɑɎɕɎɊ-əɘɎɑɎɍɎɖəɤɟɎɋ ɇɆɐɘɋɖɎɎ 

Anaerovibrio lipolytica 

Butyrivibrio fibrisolvens 

Treponema bryantii 

Eubacterium sp. 

Fusocillus sp. 

Micrococcus sp. 

ȴɗɓɔɈɓɡɋ  ɒɋɘɆɓɔɔɇɖɆɍəɤɟɎɋ ɇɆɐɘɋɖɎɎ  

Methanobrevibacter ruminantium 

Methanobacterium formicicum 

Methanomicrobium mobile 

ȴɗɓɔɈɓɡɋ ɇɆɐɘɋɖɎɎ, 

ɚɋɖɒɋɓɘɎɖəɤɟɎɋ ɐɎɗɑɔɘɡ 

Megasphaera elsdenii 

Selenomonas ruminantium 

ȴɗɓɔɈɓɡɋ ɇɆɐɘɋɖɎɎ, ɖɆɗɟɋɕɑɥɤɟɎɋ ɗɆɛɆɖɆ 

Treponema bryantii 

Lactobacillus vitulinus 

Lactobacillus ruminus 

Source: Church, D. C., ed. The Ruminant Animal: 

Digestive Physiology and Nutrition. Englewood Cliffs, 

N.J.: Prentice Hall, 1988. 



ȶɔɑɢ ɗɎɒɇɎɔɓɘɓɔɏ ɒɎɐɖɔɚɑɔɖɡ Ɉ 
ɕɎɟɋɈɆɖɋɓɎɎ ɌɈɆɝɓɡɛ  

ȵɖɋɔɇɖɆɍɔɈɆɓɎɋ ɕɎɘɆɘɋɑɢɓɡɛ 
 ɈɋɟɋɗɘɈ ɐɔɖɒɔɈ Ɉ: 
Â ɑɋɘəɝɎɋ ɌɎɖɓɡɋ ɐɎɗɑɔɘɡ 
Â ɆɒɎɓɔɐɎɗɑɔɘɡ 
Â ɆɒɒɎɆɐ  
Â ɊɖəɉɎɋ ɒɋɘɆɇɔɑɎɘɡ 

 
ȷɎɓɘɋɍ: 
Â ɆɒɎɓɔɐɎɗɑɔɘ 
Â ɇɋɑɐɔɈ  
Â ɈɋɟɋɗɘɈ ɑɎɕɎɊɓɔɏ ɕɖɎɖɔɊɡ,  
Â ɈɎɘɆɒɎɓɔɈ 
Â ɆɓɘɎɇɎɔɘɎɝɋɗɐɎɛ ɈɋɟɋɗɘɈ.  

 
ȶɆɗɟɋɕɑɥɋɘɗɥ:  
60% ɐɑɋɘɝɆɘɐɎ 
95% ɑɋɉɐɔɕɋɖɋɈɆɖɎɒɡɛ əɉɑɋɈɔɊɔɈ 
60-80% ɇɋɑɐɔɈ 

 
 



ȳɋɐɔɘɔɖɡɋ ɒɎɐɖɔɇɎɔɑɔɉɎɝɋɗɐɎɋ 
ɕɖɔɜɋɗɗɡ Ɉ ɖəɇɜɋ Ȱȶȷ 

Ç ʂʣʝʪʯʘʪʢʘ ï ʧʝʨʝʚʘʨʠʚʘʝʪʩʷ ʥʘ 40-60% 

 

Ç ʂʣʝʪʯʘʪʢʘ ðü ʘʮʝʪʘʪ (50-70 ʦʙ.%) +ʧʨʦʧʠʦʥʦʚʘʷ 
(17-21 ʦʙ.%) + ʤʘʩʣʷʥʘʷ (14-20 ʦʙ.%) + 
ʚʘʣʝʨʠʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 

 

Ç ɺʳʜʝʣʷʶʪʩʷ ʛʘʟʳ: ʫʛʣʝʢʠʩʣʦʪʘ (65%), ʤʝʪʘʥ 
(27%), ʘʟʦʪ (7%), ʚʦʜʦʨʦʜ (0,18%) 

 

Ç ʣʘʢʪʘʪ ðü ʧʨʦʧʠʦʥʦʚʘʷ ʢ-ʪʘ + ʘʮʝʪʘʪ + ʚʦʜʦʨʦʜ + 
ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (Veillonella alcalescens)  



 

Âɸʥʘʵʨʦʙʥʳʝ ʛʨʠʙʳ ʨʫʙʮʘ ï ʠʥʪʝʨʝʩʥʘʷ ʛʨʫʧʧʘ 

ʤʠʢʨʦʬʣʦʨʳ ʨʫʙʮʘ, ʩʦʩʪʘʚʣʷʶʪ ʧʦ ʤʘʩʩʝ 8% ʦʪ 

ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʘʢʪʠʚʥʦ ʢʦʣʦʥʠʟʠʨʫʶʪ 

ʢʣʝʪʦʯʥʳʝ ʩʪʝʥʢʠ ʧʝʨʝʚʘʨʠʚʘʝʤʳʭ ʨʘʩʪʝʥʠʡ 

Âɸʢʪʠʚʥʦ ʧʨʠʢʨʝʧʣʷʶʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʫʙʮʘ 

contdé 



ȷɘɆɊɎɎ ɖɆɍɈɎɘɎɥ 
ɆɓɆɣɖɔɇɓɔɉɔ ɉɖɎɇɆ 

 

Ɇ ï ɒɔɓɔɚɑɆɉɋɑɥɘɓɆɥ ɍɔɔɗɕɔɖɆ 

B ïɕɔɑɎɚɑɆɉɋɑɥɘɓɆɥ ɍɔɔɗɕɔɖɆ 

ȷ ï ɕɔɑɎɚɑɆɉɋɑɥɘɓɆɥ ɍɔɔɗɕɔɖɆ 
ɖɥɊɔɒ ɗ ɕɖɔɗɘɋɏɞɎɒ,  

D ïɕɖɔɖɆɗɘɆɤɟɆɥ  ɍɔɔɗɕɔɖɆ ɓɆ 
ɐɔɓɋɝɓɔɒ ɚɖɆɉɒɋɓɘɋ ɐɗɎɑɋɒɡ 
ɕɞɋɓɎɜɡ 

ɋ ï ɘɆɑɑəɗɡ  ɓɆ ɑɎɗɘɋ ɕɞɋɓɎɜɡ 

F ï ɈɋɉɋɘɆɘɎɈɓɆɥ ɗɘɆɊɎɥ ɓɆ ɑɎɗɘɋ 
ɥɝɒɋɓɥ 





ɸʥʘʵʨʦʙʥʳʝ ʛʨʠʙʳ ʨʫʙʮʘ 

Â ʆʙʥʘʨʫʞʝʥʳ ʚ 1910 ʛ., ʥʦ ʧʦʥʘʯʘʣʫ ʠʟ ʩʯʠʪʘʣʠ ʧʨʦʩʪʝʡʰʠʤʠ 

(ʞʛʫʪʠʢʦʥʦʩʮʳ) 

                                              (Liebetanz et al, 1910; Braune et al, 1913) 

Â ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘʣʠʯʠʝ ʭʠʪʠʥʘ ʚ ʢʣʝʪʢʘʭ , ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʠʭ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʛʨʠʙʘʤ. ʆʧʠʩʘʥ ʚʠʜ  Neocallimastix frontalis                  

                                                                           (Orpin, 1975) 

Â ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʘʥʘʵʨʦʙʥʳʝ ʛʨʠʙʳ ʠʟ ʨʫʙʮʘ ʦʚʮʳ, ʪʘʢ ʢʘʢ ʫ 

ʥʠʭ ʦʙʥʘʨʫʞʝʥʳ, ʥʘʨʷʜʫ ʩ ʧʦʜʚʠʞʥʦʡ ʩʪʘʜʠʝʡ (ʟʦʦʩʧʦʨʳ) 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʧʦʜʚʠʞʥʦʡ ï ʨʠʟʦʤʠʮʝʣʠʷ ʩʦ ʩʧʦʨʘʥʛʠʷʤʠ.                                                                 
(Orpin, 1975) 



Â ʈʠʟʦʠʜʳ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʪʘʣʣʫʩʘ  ʧʨʦʥʠʢʘʶʪ ʚ ʪʢʘʥʠ 

ʨʘʩʪʝʥʠʡ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʙʘʢʪʝʨʠʠ ʠ ʧʨʦʩʪʝʡʰʠʝ 

Â ʕʪʠʤ ʦʥʠ ʦʢʘʟʳʚʘʶʪ ʧʦʤʦʱʴ ʜʨʫʛʠʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ 

ʨʫʙʮʘ, ʦʙʣʝʛʯʘʷ ʧʨʦʮʝʩʩ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

Â ɹʦʣʝʝ ʧʦʣʥʘʷ ʠ ʙʦʣʝʝ ʫʩʧʝʰʥʘʷ ʜʝʛʨʘʜʘʮʠʷ 

ʧʝʨʝʚʘʨʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʤʠ ʬʝʨʤʝʥʪʘʤʠ 

Â ʇʝʨʩʧʝʢʪʠʚʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʧʠʱʝʚʘʨʝʥʠʷ 



Â ʆʙʥʘʨʫʞʝʥʳ ʚ ʨʫʙʮʝ ʠ ʜʨʫʛʠʭ ʦʪʜʝʣʘʭ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʨʘʩʪʠʪʝʣʴʥʦʷʜʥʳʭ ʞʠʚʦʪʥʳʭals  

                                                       (Williams et al, 1987; Rezaeian et al, 2004) 

Â ʀʛʨʘʶʪ ʘʢʪʠʚʥʫʶ ʠ ʧʦʟʠʪʠʚʥʫʶ ʨʦʣʴ ʚ 

ʧʝʨʝʚʘʨʠʚʘʥʠʠ ʢʣʝʪʯʘʪʢʠ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ  

                                   (Williams et al, 1987; Samanta et al, 2001; Paul et al, 2003) 

                                    (Kamra et al, 2004; Lee et al,  2004; Dey et al, 2004) 



Âʈʘʟʚʠʪʠʝ ʛʨʠʙʦʚ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʚʢʣʶʯʝʥʠʝʤ ʚ 

ʨʘʮʠʦʥ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʢʣʝʪʯʘʪʢʠ  

                                                                          (Kamra et al, 2003) 

Âɻʨʠʙʳ ʧʨʠʢʨʝʧʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ 

ʥʘʠʙʦʣʝʝ ʣʠʛʥʠʬʠʮʠʨʦʚʘʥʥʳʤ ʬʨʘʛʤʝʥʪʘʤ 

ʢʦʨʤʘ                                                                                                                            

       (Akin et al, 1987)  

 



ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

Â ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʟʦʦʩʧʦʨ 
ʘʥʘʵʨʦʙʥʳʝ ʛʨʠʙʳ ʦʪʥʝʩʝʥʳ ʢ ʧʦʨʷʜʢʫ Spizellomycetales 

ʠ ʩʝʤʝʡʩʪʚʫ  Neocallimasticaceae  

                                                                                      (Barr et al, 1988)  

Â ʕʪʦ  ʩʝʤʝʡʩʪʚʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʨʦʜʘ Neocallimastix, 
Piromyces (ʨʘʥʝʝ Piromonas) ʠ Caecomyces (ʨʘʥʝʝ 
Sphaeromonas) 

                                                                                     (Gold et al, 1988)  

Â ʆʧʠʩʘʥʳ ʪʨʠ ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʠʭ ʨʦʜʘ: Orpinomyces (Barr et 

al, 1989), Anaeromyces (Breton et al, 1990) and Cyllamyces (Ozkose 

et al, 2001).  



Division: Eumycota 

Subdivision: Mastigomycotina 

Class:  Chytridiomycetes 

Order:  Spizellomycetales 

Family:  Neocallimasticaceae 

Genera: Monocentric: 

   Caecomyces: ʟʦʦʩʧʦʨʳ ʩ ʦʜʥʠʤ ʠʣʠ ʜʚʫʤʷ  
  ʞʛʫʪʠʢʘʤʠ;  ʪʘʣʣʫʩ ʩ ʛʜʦʙʫʣʷʨʥʳʤʠ ʨʠʟʦʠʜʘʤʠ 

   Neocallimastix: ʟʦʦʩʧʦʨʳ ʩ 4-12 ʞʛʫʪʠʢʦʘʤʠ;  
  ʪʘʣʣʫʩ ʩ ʪʨʫʙʯʘʪʳʤʠ ʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʨʠʟʦʠʜʘʤʠ 

   Piromyces: ʟʦʦʩʧʦʨʳ ʩ 1-4 ʞʛʫʪʠʢʦʘʤʠ;   
  ʪʘʣʣʫʩ ʩ ʪʨʫʙʯʘʪʳʤʠ ʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʨʠʟʦʠʜʘʤʠ 

   Polycentric: 

   Orpinomyces: ʤʥʦʛʦʞʛʫʪʠʢʦʚʳʝ ʟʦʦʩʧʦʨʳ 

   Anaeromyces: ʟʦʦʩʧʦʨʘ ʩ ʦʜʥʠʤ ʞʛʫʪʠʢʦʤ 

   Cyllamyces: : ʟʦʦʩʧʦʨʘ ʩ 1-2 ʞʛʫʪʠʢʘʤʠ, ʪʘʣʣʦʠʜ ʩ 
  ʨʘʟʚʝʪʚʣʝʥʥʳʤ ʩʧʦʨʘʥʛʠʦʬʦʨʦʤ 



Genus  Species  Source(s)  Reference(s)  

Caecomyces  C. communis,   

C. equi  

ʆʚʮʘ 

ʃʦʰʘʜʴ 

Gold et al, 1988 

Gold et al, 1988  

Piromyces  P. Communis 

  

P. mae 

P. dumbonica 

P. rhizinflata 

P. Minutus                    

P. Spiralis 

P. citronii  

ʆʚʮʘ 

ʂʦʨʦʚʘ 

ʃʦʰʘʜʴ 

ʉʣʦʥ 

ʆʩʝʣ 

ʆʣʝʥʴ 

ʂʦʟʘ 

ʃʦʰʘʜʴ 

ʆʩʝʣ 

Gold et al, 1988 

Julliand et al, 1998 

Li et al, 1990 

Li et al, 1990 

Breton et al, 1991 

Ho et al, 1993 

Ho et al, 1993 

Gaillard -Martinie et al, 1995 

Julliand et al, 1998  

Neocallimastix N. frontalis 

N. patriciarum 

N. hurleyensis 

N. variabilis  

ʂʦʨʦʚʘ 

ʆʚʮʘ 

ʆʚʮʘ 

ʆʚʮʘ 

Heath et al, 1983 

Orpin and Munn, 1986 

Webb and Theodorou, 1991    

 Ho et al, 1993  

Anaeromyces  A. elegans 

A. mucronatus  

ʂʦʨʦʚʘ 

ʂʦʨʦʚʘ 

Ho et al, 1993 

Breton et al, 1990  

Orpinomyces  O. joyonii 

O. intercalaris  

ʆʚʮʘ 

ʂʦʨʦʚʘ 

Breton et al, 1989  

Ho et al, 1994  

Cyllamyces C. aberensis  ʂʦʨʦʚʘ Ozkose et al, 2001  



ʇʦʣʠʮʝʥʪʨʠʯʝʩʢʠʡ Orpinomyces joyonii  



ʉʪʘʜʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

Pyromyces communis 



Caecomyces (=Sphaeromyces) 

communis ʚ ʨʫʙʮʝ ʦʚʮʳ 



ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ 

Â ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʜʣʠʪʩʷ 23-32 ʯʘʩʘ                                            

                              (Joblin 1981; Bauchop 1983; Lowe et al., 1987)  

Â ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʤʦʥʦʮʝʥʪʨʠʯʥʳʭ ʛʨʠʙʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʭʦʜʝ ʦʪ ʧʦʜʚʠʞʥʦʡ ʟʦʦʩʧʦʨʳ ʢ 

ʥʝʧʦʜʚʠʞʥʦʡ  ʚʝʛʝʪʘʪʠʚʥʦʡ ʩʪʘʜʠʠ ʟʦʦʩʧʦʨʘʥʛʠʷ 

Â ɿʦʦʩʧʦʨʘ ʩ ʞʛʫʪʠʢʦʤ ʚʳʭʦʜʠʪ ʠʟ ʟʦʦʩʧʨʦʘʥʛʠʷ ʠ 

ʦʙʨʘʟʫʝʪ ʮʠʩʪʫ,  ʪʝʨʷʷ ʞʛʫʪʠʢ.  

Â ʎʠʩʪʘ ʧʨʦʨʘʩʪʘʝʪ, ʦʙʨʘʟʫʷ ʪʨʫʙʦʯʢʠ, ʢʦʪʦʨʳʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʨʠʟʦʠʜʳ                                                                    

        (Orpin et al, 1977) 



Teunissen and Op den Camp, 1993; Harhangi, 2002  



 



contdé 

Â ʈʘʟʚʠʪʠʝ ʟʦʦʩʧʦʨʳ ʠʟ ʤʦʣʦʜʦʛʦ ʩʧʦʨʘʥʛʠʷ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ 8 ʯʘʩʦʚ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʩʪʳ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. (Orpin et al, 1977)  

Â ʇʦʣʠʮʝʥʪʨʠʯʝʩʢʠʝ ʛʨʠʙʳ ʥʝ ʠʤʝʶʪ ʞʝʩʪʢʦ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʮʠʢʣʘ  ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʟʦʦʩʧʦʨ ʥʝ 

ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʩʪʘʜʠʝʡ. 

                                                                     (Ho & Bauchop, 1991) 

Â ʋ ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʠʭ ʛʨʠʙʦʚ ʟʦʦʩʧʦʨʳ ʦʙʨʘʟʫʶʪʩʷ 
ʨʝʜʢʦ ʠʣʠ ʚʦʦʙʱʝ ʵʪʘ ʩʪʘʜʠʷ ʦʪʩʫʪʩʪʚʫʝʪ                                                                        
        (Phillip et al, 1989) 



ʉʪʘʜʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

Neocʘllimastix patriciarum 



ʈʦʩʪ  Neocʘllimastix patriciarum ʥʘ 

ʣʠʩʪʴʷʭ ʦʜʥʦʣʝʪʥʝʛʦ ʨʘʡʛʨʘʩʩʘ 



ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

Â ɺʧʝʨʚʳʝ ʚʳʜʝʣʝʥʳ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʠʟ ʨʫʙʮʘ 

ʦʚʮʳ                                                                             

          (Orpin, 1975)  

Â ʆʙʥʘʨʫʞʝʥʳ ʥʘ ʚʩʝʭ ʢʦʥʪʠʥʝʥʪʘʭ ʠ ʚʩʝʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥʘʭ  

Â ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʠ ʚʩʝʭ ʞʚʘʯʥʳʭ (ʢʦʨʦʚʳ. ʢʦʟʳ, 

ʙʫʡʚʦʣʳ)                                      

         (Singhal et al, 2000; Dey et al, 2004; Thareja et al, 2006) 



Â ʂʨʘʩʥʳʡ ʦʣʝʥʴ ʠ ʠʤʧʘʣʘ 

                                           (Bauchop et al, 1979; Singhal et al, 2000)  

Â  ʉʝʨʳʡ ʢʝʥʛʫʨʫ, ʭʦʢʝʨ ʠ ʙʦʣʦʪʥʳʡ ʚʘʣʣʘʙʠ              

                                                           (Breton et al, 1989)  

Âʆʩʝʣ, ʣʦʰʘʜʴ, ʩʣʦʥ, ʟʝʙʨʘ                                                    

     (Breton et al, 1990; Li et al, 1990) 

contdé 



ɺʳʜʝʣʝʥʠʝ 

Â ʇʫʪʝʤ ʚʳʩʝʚʘ ʥʘ ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʧʦʣʫʤʷʛʢʠʡ ʘʛʘʨ ʩ 

ʧʨʦʩʪʝʨʠʣʠʟʦʚʘʥʥʦʡ ʨʫʙʮʦʚʦʡ ʞʠʜʢʦʩʪʴʶ  

                         (Orpin, 1975)  

Â ʅʘ ʯʘʰʢʠ ʇʝʪʨʠ  ʜʣʷ ʛʨʠʙʦʚ ʨʫʙʮʘ ʦʚʮʳ ʠ ʂʈʉ ʩ 

ʨʫʙʮʦʚʦʡ ʞʠʜʢʦʩʪʴʶ     (Lowe et al, 1985)  

Â ʊʝʭʥʠʢʘ çRoll-bottle ç (ʚʨʘʱʘʶʰʠʭʩʷ ʧʨʦʙʠʨʦʢ) ʥʘ 

ʧʦʣʫʤʷʛʢʠʡ ʘʛʘʨ       

                 (Joblin, 1981) 

Penicillin, Streptomycin, Neomycin and Chloramphenicol  ʜʦʙʘʚʣʷʶʪ, ʯʪʦʙʳ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʦʩʪ ʙʘʢʪʝʨʠʡ 



 

 

 

 



ʀʜʝʥʪʠʬʠʢʘʮʠʷ 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʜʦ ʨʦʜʘ: 

Å ʂʦʣʠʯʝʩʪʚʦ ʞʛʫʪʠʢʦʚ ʥʘ ʟʦʦʩʧʦʨʝ 

Å ʈʠʟʦʤʠʮʝʣʠʡ 

Å ʌʦʨʤʘ ʩʧʦʨʘʥʛʠʷ 

           (Breton et al, 1990; Asao et al, 1993) 

 

 
contdé 



Â ʆʧʨʝʜʝʣʝʥʠʝ ʜʦ ʚʠʜʘ ʦʩʥʦʚʘʥʦ ʥʘ ʠʟʫʯʝʥʠʠ 

ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʟʦʦʩʧʦʨ 

                                                                (Ho & Barr, 1995)  

Â 18 ʚʠʜʦʚ ʠʟ 6 ʨʦʜʦʚ 

 

Â ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʜʦ ʚʠʜʘ ʧʦ PCR-amplification ʠ 

ʩʝʢʚʝʨʠʨʦʚʘʥʠʶ  ITS1 ʠ ITS2  

                                    (Brookman et al, 2000; Fliegerova et al, 2004) 



ʇʦʜʩʯʝʪ ʯʠʩʣʝʥʥʦʩʪʠ  

Â ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʦʦʩʧʦʨ ʠ 

ʟʦʦʩʧʦʨʘʥʛʠʝʚ ʚ ʧʦʧʫʣʷʮʠʷʭ in vitro ʠ in vivo  

                                                         (Joblin, 1981; Ushida et al, 1989) 

Â ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʂʆɽ ʥʘ 1 ʛ ʩʫʭʦʡ ʤʘʩʩʳ  ʜʣʷ (feces) ʜʣʷ 

Piromyces.  

                                                                         (Breton et al, 1991)  

Â ʇʨʦʮʝʜʫʨʘ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʪʘʣʣʫʩ-ʦʙʨʘʟʫʶʱʠʭ 
ʝʜʠʥʠʮ 

                                                                    (Theodorou et al, 1990) 



ʈʦʣʴ  ʛʨʠʙʦʚ ʨʫʙʮʘ ʚ ʧʝʨʝʚʚʘʨʠʚʘʥʠ 

ʢʣʝʪʯʘʪʢʠ 

Â ʈʦʣʴ ʛʨʠʙʦʚ ʨʫʙʮʘ ʚ ʧʝʨʝʚʘʨʠʚʘʥʠʠ ʨʘʩʪʠʪʝʣʴʥʦʮʡ 
ʢʣʝʪʯʘʪʢʠ ʠʟʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ 

   (Lee et al, 2000; 2004; Samanta et al, 2001; Dey et al, 2004, Paul et al, 2004; 

Thareja et al, 2006; Tripathy et al, 2007) 

  

Â ʕʪʠ ʛʨʠʙʳ ʣʫʯʰʝ ʧʨʦʥʠʢʘʶʪ ʚ ʪʢʘʥʠ ʨʘʩʪʝʥʠʷ, ʯʝʤ 

ʙʘʢʪʝʨʠʠ ʠ ʧʨʦʩʪʝʡʰʠʝ                                                          
                                                         (Orpin and Joblin, 1988) 

Â ʊʘʢʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʝʜʝʪ ʢ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʠ ʙʦʣʝʝ 

ʧʦʣʥʦʤʫ  ʧʝʨʝʚʘʨʠʚʘʥʠʶ ʢʦʨʤʘ 

                                                          (Bauchop and Mountfort, 1981)  





Â ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ɸɻʈ ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ 

ʥʘʠʙʦʣʝʝ ʣʠʛʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ 

                                   (Mountfort et al, 

1982; Akin and Benner, 1988) 

Â ɻʨʠʙʳ ʨʫʙʮʘ ʨʘʩʪʚʦʨʷʶʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ 

ʩʪʝʥʢʠ                                                          

      (Orpin, 1983; Gordon et al, 1985) 

Â ɿʦʦʩʧʦʨʳ ʤʥʦʛʠʭ ʚʠʜʦʚ ʢʦʣʦʥʠʟʠʨʫʶʪ ʥʘʠʙʦʣʝʝ 

ʣʠʛʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʩʢʣʝʨʝʥʭʠʤʳ ʠ 

ʢʩʠʣʝʤʳ  

                                                                          (Akin et al, 1986) 

contdé 



Â ɸʥʘʵʨʦʙʥʳʝ ʛʨʠʙʳ ʧʨʦʥʠʢʘʶʪ ʯʝʨʝʟ ʢʫʪʠʢʫʣʫ ï 

ʥʝʜʦʩʪʫʧʥʳʡ ʙʘʨʴʝʨ ʜʣʷ ʜʨʫʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

Â  ɸʥʘʵʨʦʙʥʳʝ ʛʨʠʙʳ ʘʪʘʢʫʶʪ ʢʣʝʪʦʯʥʳʝ ʩʪʝʥʢʠ, 

ʦʩʣʘʙʣʷʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ                                                                    

             (Akin et al, 1989, 1990) 

 ʕʪʦ ʦʩʣʘʙʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 
ʨʘʩʪʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʠ ʧʦʝʜʘʝʤʦʩʪʠ ʢʦʨʤʘ                                                             
      (Borneman and Akin, 1990) 

contdé 



Â ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʝʥʥʦʩʪʠ  

ʛʨʠʙʦʚ Orpinomyces, Piromyces and Anaeromyces 

ʚʦʟʨʘʩʪʘʝʪ  ʧʝʨʝʚʘʨʠʤʦʩʪʴ ʩʦʣʦʤʳ                                                 

         (Manikumar et al, 2002; Sehgal et al, 2002; Tripathy et al, 2007)  

Â ɽʩʣʠ ʦʚʮʝ ʩʧʘʠʚʘʪʴ ʢʫʣʴʪʫʨʫ ʤʦʥʦʮʝʥʪʨʠʯʝʩʢʠʭ 

ʛʨʠʙʦʚ, ʪʦ  ʥʘ 7-12% ʚʦʟʨʘʩʪʘʝʪ ʧʦʝʜʘʝʤʦʩʪʴ  ʩʦʣʦʤʳ

             (Gordon and Phillips, 1998)  
Â ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vitro ʚʦʟʨʘʩʪʘʣʦ ʧʝʨʝʚʘʨʠʚʘʥʠʝ 
ʩʦʣʦʤʳ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʫʣʴʪʫʨʳ ʛʨʠʙʘ 

                                                                (Lee et al, 2004) 

 

contdé 



Âɼʝʛʨʘʜʘʮʠʷ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʨʘʩʪʝʥʠʡ 

ʧʨʠʚʦʜʠʪ: 

 

V ʂ ʨʘʩʩʣʦʝʥʠʶ ʪʢʘʥʝʡ ʢʩʠʣʝʤʳ 

V ʂʦʣʝʮ ʩʢʣʝʨʝʥʭʠʤʳ ʚ ʩʪʝʙʣʷʭ 

V ʂʫʪʠʢʫʣʷʨʥʳʭ ʪʢʘʥʝʡ ʚ ʣʠʩʪʴʷʭ 

 

(Bauchop et al., 1989) 



Â ɺ ʧʝʨʝʚʘʨʠʚʘʥʠʠ ʢʣʝʪʯʘʪʢʠ ʧʨʠʥʤʘʶʪ ʫʯʘʩʪʠʝ ʙʘʢʪʝʨʠʠ 

ʠ ʧʨʦʩʪʝʡʰʠʝ ʨʫʙʮʘ  

                                              (Williams, 1988; Akin and Benner, 1988) 

Â ɻʨʠʙʳ ʨʫʙʮʘ ʠʛʨʘʶʪ ʝʱʝ ʙʦʣʴʰʫʶ ʨʦʣʴ ï ʦʥʠ 

ʧʝʨʝʚʘʨʠʚʘʶʪ ʥʘʠʙʦʣʝʝ ʣʠʛʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʢʦʨʤʘ 

                                                                          (Akin et al, 1988) 

Â ɼʝʛʨʘʜʘʮʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʛʥʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʨʘʩʪʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʥʪʝʟʦʤ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ:  

ɻʠʜʨʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ  



contdé 

Âʎʝʣʣʶʣʘʟʳ 

             (Barichievich and Calza, 1990; Yanke et al, 1993; Paul et al, 2004) 

 

Â  ɻʝʤʠʮʝʣʣʶʣʘʟʳ 

                                        (Lowe et al, 1987; Mountfort and Asher, 1989) 

Â  ʇʨʦʪʝʘʟʳ 

                                         (Wallace and Joblin, 1985; Michel et al, 1993) 

  

Âɸʤʠʣʘʟʳ, ʘʤʠʣʦʛʣʠʢʦʟʠʜʘʟʳ 

             (Mountfort and Asher, 1988; Paul et al,  2004) 

  



Âʌʝʨʫʣʦʠʣ- ʠ ʨ-ʢʫʤʘʨʠʣ- ʵʩʪʝʨʘʟʳ 

                                (Borneman et al, 1990; 1991; 1992; Paul et al, 2004) 

Âʈʘʟʣʠʯʥʳʝ ʜʠʩʘʭʘʨʠʜʘʟʳ 

                                         (Hebraud and Fevre, 1988; Chen et al, 1994)  

Âʇʝʢʝʪʠʥʘʟʳ 

                                                             (Gordon and Phillips, 1992) 

contdé 



ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʜʨʫʛʠʤʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʨʫʙʮʘ 

Â ɻʨʠʙʳ ʨʫʙʮʘ ʦʙʨʘʟʫʶʪ ʫʩʪʦʡʯʠʚʳʝ ʢʦ-ʢʫʣʴʪʫʨʳ ʩ 
ʤʝʪʘʥʦʛʝʥʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ 

                                         (Fonty and Joblin, 1991; Orpin and Joblin, 1997) 

Â ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʩʠʤʙʠʦʟʘ ʚʦʟʨʘʩʪʘʝʪ ʤʘʩʩʘ 
ʛʨʠʙʘ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ  
ʧʝʨʝʚʘʨʝʥʥʦʡ ʢʣʝʪʯʘʪʢʠ 

                  (Bernalier et al, 1989; 1991; Joblin et al, 1989)  

Â ʉʥʠʞʝʥʠʝ ʮʝʣʣʶʣʦʟʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 
ʩʦʚʤʝʩʪʥʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʩ 
ʮʝʣʣʶʣʦʟʦʣʠʪʠʯʝʩʢʠʤʠ ʨʫʤʠʥʦʢʦʢʢʘʤʠ  

                            (Bernalier et al, 1992; Roger et al, 1993) 



ȸɎɕ ɈɍɆɎɒɔɊɋɏɗɘɈɎɏ?  
ȸɔɝɐɆ ɍɖɋɓɎɥ ɝɋɑɔɈɋɐɆ? 

 

ÂȪɎɐɔɋ ɌɎɈɔɘɓɔɋ 

ÂȴɊɔɒɆɞɓɋɓɓɔɋ ɌɎɈɔɘɓɔɋ Ɉ 
ɐɖɋɗɘɢɥɓɗɐɔɒ ɛɔɍɥɏɗɘɈɋ 

ÂȬɎɈɔɘɓɔɋ Ɉ əɗɑɔɈɎɥɛ ɎɓɘɋɓɗɎɈɓɔɉɔ 
ɌɎɈɔɘɓɔɈɔɊɗɘɈɆ (ɘɔɝɐɆ 
ɇɋɍəɇɡɘɔɝɓɔɗɘɎ) 



ȪɋɏɗɘɈɎɋ Ruminococcus albus  1-33 ɓɆ 
ɖɆɍɑɔɌɋɓɎɋ ɗəɇɗɘɖɆɘɔɈ ɕɔɕəɑɥɜɎɥɒɎ 
ɇɆɐɘɋɖɎɏ Ɏ ɉɖɎɇɔɈ ɖəɇɜɆ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ  ʈʘʟʣʦʞʝʥʦ ʩʫʙʩʪʨʘʪʘ ʚ % ʢ ʤʘʩʩʝ ʠʩʭʦʜʥʦʡ ʥʘʚʝʩʢʠ 

ʌʠʣʴʪʨʦʚʘʣʴʥʘʷ ʙʫʤʘʛʘ ʉʦʣʦʤʘ  

ʈʫʙʮʦʚʘʷ ʞʠʜʢʦʩʪʴ 26,8Ñ1,15 33,3Ñ2,00  

ʈʫʙʮʦʚʘʷ ʞʠʜʢʦʩʪʴ + R. 

albus 1-33  
32,6Ñ2,15 28,0Ñ4,0 

ʈʫʙʮʦʚʘʷ ʞʠʜʢʦʩʪʴ + 

ʧʝʥʠʮʠʣʣʠʥ ʠ ʩʪʨʝʧʪʦʤʠʮʠʥ 
20,0Ñ0,00  28,0Ñ0,00  

ʈʫʙʮʦʚʘʷ ʞʠʜʢʦʩʪʴ + 

ʥʠʩʪʘʪʠʥ  
31,0Ñ1,15  22,0Ñ2,00 

ʈʫʙʮʦʚʘʷ ʞʠʜʢʦʩʪʴ + 

ʥʠʩʪʘʪʠʥ + R. albus 1-33  
38,4Ñ2,42  22,0Ñ2,15 

ʈʫʙʮʦʚʘʷ ʞʠʜʢʦʩʪʴ + 

ʧʝʥʠʮʠʣʣʠʥ, ʩʪʨʝʧʪʦʤʠʮʠʥ 

ʠ ʥʠʩʪʘʪʠʥ  

0 0 





Â ʈʦʩʪ ʛʨʠʙʦʚ ʪʦʨʤʦʟʠʪʩʷ ʧʨʠ ʠʭ ʚʳʨʘʱʠʚʘʥʠʠ ʚ 

ʢʫʣʴʪʫʨʘʭ ʩ ʙʘʢʪʝʨʠʷʤʠ 

                                                               (Dehority and Tirabasso, 2000)  

Â ʉʦʚʤʝʩʪʥʦʝ ʠʥʢʫʙʠʨʦʚʘʥʠʝ ʛʨʠʙʦʚ ʠ ʧʨʦʩʪʝʡʰʠʭ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʛʣʦʱʝʥʠʶ ʠ ʧʝʨʝʚʘʨʠʚʘʥʠʶ ʛʨʠʙʦʚ 

ʧʨʦʩʪʝʡʰʠʤʠ 

                                                                  (Orpin and Joblin, 1997)  

Â ʅʘʣʠʯʠʝ ʭʠʪʠʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʤʝʰʘʥʥʳʭ ʢʫʣʴʪʫʨ 

ʧʨʦʩʪʝʡʰʠʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ 

ʭʠʱʥʠʢʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʠʙʘʤ 

                            (Joblin, 1990; Williams et al, 1994; Morgavi et al, 

(1994)  

contdé 



ȶɔɑɢ ɇɆɐɘɋɖɎɏ Ɏ ɉɖɎɇɔɈ ɖəɇɜɆ Ɉ 

ɕɋɖɋɈɆɖɎɈɆɓɎɎ ɐɑɋɘɝɆɘɐɎ   



ȹɖɆɈɓɋɓɎɋ ȱɔɘɐɎ-ȨɔɑɢɘɋɖɖɆ 

Â dN 1                          K1     -   N1    -   N2Ŭ12  

Â ______    =    r 1  N1 ________________________  
Â dt                                           K 1 

Â dN 2                          K2     -   N2    -   N1Ŭ21  

Â ______    =    r 2  N2 ________________________  
Â dt                                           K 2 

 
Â ɉɊɋ N1 ï ɕɑɔɘɓɔɗɘɢ ɕɔɕəɑɥɜɎɏ ɉɖɎɇɔɈ, N2 ï ɕɑɔɘɓɔɗɘɢ 
ɕɔɕəɑɥɜɎɏ ɇɆɐɘɋɖɎɏ,  K1 ï ɕɑɔɘɓɔɗɘɢ ɓɆɗɡɟɋɓɎɥ ɕɔɕəɑɥɜɎɎ 
ɉɖɎɇɔɈ ɕɖɎ ɕɔɊɆɈɑɋɓɎɎ ɇɆɐɘɋɖɎɏ, K2 ï ɕɑɔɘɓɔɗɘɢ ɓɆɗɡɟɋɓɎɥ 
ɕɔɕəɑɥɜɎɏ ɇɆɐɘɋɖɎɏ ɕɖɎ ɕɔɊɆɈɑɋɓɎɎ ɉɖɎɇɔɈ, r1 Ɏ r2 ï 
ɒɆɐɗɎɒɆɑɢɓɡɋ əɊɋɑɢɓɡɋ ɗɐɔɖɔɗɘɎ əɈɋɑɎɝɋɓɎɥ ɕɔɕəɑɥɜɎɏ, Ŭ12   
-  ɐɔɣɚɚɎɜɎɋɓɘ ɐɔɓɐəɖɋɓɜɎɎ, ɛɆɖɆɐɘɋɖɎɗɘɎɐɆ ɕɔɕəɑɥɜɎɎ 
ɇɆɐɘɋɖɎɏ. ȴɘɖɆɌɆɤɟɆɥ ɒɋɖə ɋɋ ɐɔɓɐəɖɋɓɘɓɔɉɔ ɊɆɈɑɋɓɎɥ ɓɆ 
ɕɔɕəɑɥɜɎɎ ɉɖɎɇɔɈ, Ŭ21  ï ɆɓɆɑɔɉɎɝɓɆɥ ɈɋɑɎɝɎɓɆ Ɋɑɥ ɕɔɕəɑɥɜɎɏ 
ɉɖɎɇɔɈ.  



ȦɓɆɑɎɍ ɈɔɍɒɔɌɓɔɗɘɎ əɗɘɔɏɝɎɈɔɉɔ 
ɗɔɗəɟɋɗɘɈɔɈɆɓɎɥ ɕɔɕəɑɥɜɎɏ ɉɖɎɇɔɈ Ɏ 
ɇɆɐɘɋɖɎɏ Ɉ ɗɔɊɋɖɌɎɒɔɒ ɖəɇɜɆ ɗɔɉɑɆɗɓɔ 
ɒɔɊɋɑɎ ȱɔɘɐɎ-ȨɔɑɢɘɋɖɖɆ 

 




