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ɿʘʭʚʘʣʥʠʮʘ 

ʀʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʜʝʣʠʤʠʯʥʦ ʩʫ ʬʠʥʘʥʩʠʨʘʥʘ ʧʦʤʦ˂ʫ ʩʪʠʧʝʥʜʠʿʘ 

ï ʤʘˁʠ ʜʝʦ ʧʦʤʦ˂ʫ ʩʪʠʧʝʥʜʠʿʝ ʟʘ ʠʟʫʟʝʪʥʦ ʥʘʜʘʨʝʥʝ ʩʪʫʜʝʥʪʝ ʄʇʅʊʈ ʠ ʚʝ˂ʠ ʧʦʤʦ˂ʫ 

ʩʪʠʧʝʥʜʠʿʝ ʟʘ ʜʦʢʪʦʨʩʢʝ ʩʪʫʜʠʿʝ ʄʇʅʊʈ, ʢʘʦ ʠ ʠʟ ʧʨʦʿʝʢʪʘ ʄʇʅʊʈ Ăʂʦʨʠʰ˂ʝˁʝ 

ʙʠˀʥʠʭ ʠʟʚʦʨʘ ʧʨʦʪʝʠʥʘ, ʜʠʿʝʪʘʣʥʠʭ ʚʣʘʢʘʥʘ ʠ ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ ʫ ʧʨʦʠʟʚʦʜˁʠ ʭʨʘʥʝñ 

(ʝʚ. ʙʨʦʿ TR31069) ʠ ʧʨʦʿʝʢʪʘ ʀɼɽɱɽ ʌʦʥʜʘ ʟʘ ʥʘʫʢʫ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ĂFunctional 

products based on goat's milk proteins and bioactive compounds extracted from grape 

pomace and edible mushroomsñ (FUNPRO; ʝʚ. ʙʨʦʿ 7744714). ʅʘʿʚʝ˂ʠ ʜʝʦ ʦʚʝ 

ʜʠʩʝʨʪʘʮʠʿʝ ʫʨʘʹʝʥ ʿʝ ʫ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ ʂʘʪʝʜʨʝ ʟʘ ʭʝʤʠʿʫ ʠ ʙʠʦʭʝʤʠʿʫ 

ʇʦˀʦʧʨʠʚʨʝʜʥʦʛ ʬʘʢʫʣʪʝʪʘ, ʟʘʪʠʤ ʜʝʦ ʥʘ ʆʜʝˀʝˁʫ ʟʘ ʬʠʟʠʦʣʦʛʠʿʫ ʙʠˀʘʢʘ ʀʥʩʪʠʪʫʪʘ 

ʟʘ ʙʠʦʣʦʰʢʘ ʠʩʪʨʘʞʠʚʘˁʘ Ăʉʠʥʠʰʘ ʉʪʘʥʢʦʚʠ˂ñ, ʜʦʢ ʩʫ ʤʘˁʠ ʜʝʣʦʚʠ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ 

ʫʨʘʹʝʥʠ ʫ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ ʀʥʩʪʠʪʫʪʘ ʟʘ ʤʦʣʝʢʫʣʘʨʥʫ ʛʝʥʝʪʠʢʫ ʠ ʛʝʥʝʪʠʯʢʦ 

ʠʥʞʝˁʝʨʩʪʚʦ, ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʦʛ ʠ ʌʘʨʤʘʮʝʫʪʩʢʦʛ ʬʘʢʫʣʪʝʪʘ, ʩʚʝ ʫ ʦʢʚʠʨʫ 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʧʨʦʬ. ʜʨ ʄʠʨʿʘʥʠ ʇʝʰʠ˂ ʥʘ ʤʝʥʪʦʨʩʪʚʫ ʪʦʢʦʤ ʠʟʨʘʜʝ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ, 

ʢʘʦ ʠ ʥʘ ʠʩʢʫʩʪʚʫ ʢʦʿʝ ʩʘʤ ʩʪʝʢʣʘ ʪʦʢʦʤ ʟʘʿʝʜʥʠʯʢʝ ʩʘʨʘʜˁʝ. ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʠ ʧʨʦʬ. ʜʨ 

ʀʚʘʥʠ ʉʨʝʜʦʚʠ˂ ʀʛˁʘʪʦʚʠ˂, ʢʦʿʫ ʪʘʢʦʹʝ ʩʤʘʪʨʘʤ ʤʝʥʪʦʨʦʤ, ʥʘ ʩʨʜʘʯʥʦʿ ʩʘʨʘʜˁʠ ʠ 

ʧʦʤʦ˂ʠ ʢʦʿʘ ʿʝ ʜʦʰʣʘ ʫ ʧʨʘʚʦ ʚʨʝʤʝ, ʦʥʜʘ ʢʘʜʘ ʤʠ ʿʝ ʙʠʣʘ ʥʘʿʚʠʰʝ ʧʦʪʨʝʙʥʘ. ɺʝʣʠʢʦ 

ʭʚʘʣʘ ʠ ʜʨ ɱʦʚʘʥʠ ʇʝʪʨʦʚʠ˂ ʥʘ ʧʨʠʿʘʪʝˀʩʢʦʤ ʩʪʘʚʫ, ʧʦʟʠʪʠʚʥʦʩʪʠ ʠ ʧʦʤʦ˂ʠ ʠʟ ˁʝʥʠʭ, 

ʢʘʦ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʠ ʠ ʥʘ ʤʥʦʛʠʤ ʠʰʯʠʪʘʚʘˁʠʤʘ, ʢʦʨʝʢʮʠʿʘʤʘ ʠ ʩʫʛʝʩʪʠʿʘʤʘ. ɼʫʛʫʿʝʤ 

ʟʘʭʚʘʣʥʦʩʪ ʧʨʦʬʝʩʦʨʠʤʘ ʠ ʢʦʣʝʛʘʤʘ ʢʦʿʠ ʩʫ ʤʠ ʧʦʤʦʛʣʠ ʩʘ ʤʥʦʛʦʙʨʦʿʥʠʤ ʤʝʪʦʜʘʤʘ 

ʦʙʫʭʚʘ˂ʝʥʠʤ ʦʚʦʤ ʜʠʩʝʨʪʘʮʠʿʦʤ: ʧʨʦʬ. ʜʨ ɺʣʘʜʠʩʣʘʚʫ ʈʘʮʫ ʥʘ ʧʦʤʦ˂ʠ ʧʨʠʣʠʢʦʤ ʨʘʜʘ 

ʠ ʪʫʤʘʯʝˁʘ ʟʘʤʨʰʝʥʠʭ ʨʝʟʫʣʪʘʪʘ DLS ʤʝʨʝˁʘ, ʧʨʦʬ. ʜʨ ɺʣʘʜʠʤʠʨʫ ʇʘʚʣʦʚʠ˂ʫ ʥʘ 

ʧʦʤʦ˂ʠ ʦʢʦ ʝʣʝʢʪʨʦʥʩʢʝ ʤʠʢʨʦʩʢʦʧʠʿʝ, ʜʨ ʄʘʨʠʥʠ ʉʦʢʦʚʠ˂ ʥʘ ʦʙʝʟʙʝʹʠʚʘˁʫ ʫʟʦʨʘʢʘ 

ʛˀʠʚʘ, ʧʨʦʬ. ʜʨ ʅʝʙʦʿʰʠ ɹʘˁʮʫ, ʜʨ ɱʝʣʝʥʠ ʃʘʹʘʨʝʚʠ˂, ʜʨ ʅʝʤʘˁʠ ʉʪʘʥʠʩʘʚˀʝʚʠ˂ʫ, ʜʨ 

ʋʨʦʰʫ ɻʘʰʠ˂ʫ, ʧʨʦʬ. ʜʨ ɹʦʿʘʥʠ ɺʠʜʦʚʠ˂ ʠ ʜʨ ʉʪʝʬʘʥʫ ʂʦʣʘʰʠʥʮʫ. ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʠ 

ʣʘʙʦʨʘʥʪʫ ɼʝʿʘʥʫ ʀʧʘʯʫ ʥʘ ʧʦʟʠʪʠʚʥʦʤ ʩʪʘʚʫ ʠ ʧʦʤʦ˂ʠ ʦʢʦ ʩʚʠʭ ʥʝʧʨʝʜʚʠʹʝʥʠʭ 

ʩʠʪʫʘʮʠʿʘ ʪʦʢʦʤ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʛ ʨʘʜʘ. ʊʘʢʦʹʝ ʩʝ ʟʘʭʚʘˀʫʿʝʤ ʩʚʠʤ ʧʨʠʿʘʪʝˀʠʤʘ, 

ʢʦʣʝʛʘʤʘ ʠ ʧʨʦʬʝʩʦʨʠʤʘ ʢʦʿʠ ʩʫ ʧʦʜʨʞʘʚʘʣʠ ʤʦʿ ʥʘʫʯʥʠ ʨʘʜ. ʀʟʿʘʚʝ ʟʘʭʚʘʣʥʦʩʪʠ ʥʝ ʙʠ 

ʙʠʣʝ ʧʦʪʧʫʥʝ ʙʝʟ ɲʠˀʘʥʝ ʃʠʢʝ ɷʦʢʦʚʠ˂, ʩʘ ʢʦʿʦʤ ʩʘʤ ʧʨʦʚʝʣʘ ʩʘʪʝ ʫʯʝ˂ʠ ʭʝʤʠʿʫ (ʠ ʥʝ 

ʩʘʤʦ ʭʝʤʠʿʫ), ʢʦʿʦʿ ʩʝ ʦʜ ʩʨʮʘ ʟʘʭʚʘˀʫʿʝʤ ʥʘ ʚʝʜʨʠʥʠ ʠ ʟʥʘˁʫ ʢʦʿʝ ʥʝʩʝʙʠʯʥʦ ʜʝʣʠ. 

ʅʘ ʢʨʘʿʫ, ʥʘʿʚʝ˂ʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʤʦʿʠʤ ʥʘʿʙʣʠʞʠʤʘ, ʢʦʿʠ ʩʫ ʩʚʝʜʦʮʠ ʠ ʩʘʫʯʝʩʥʠʮʠ 

ʚʝʣʠʢʦʛ ʪʨʫʜʘ, ʨʘʜʘ, ʙʦʨʙʝ, ʠʥʘʪʘ, ʨʘʜʦʩʪʠ ʢʘʜʘ ʠʩʪʨʘʞʠʚʘˁʘ ʜʘʿʫ ʨʝʟʫʣʪʘʪʝ ʠ 

ʥʝʨʚʠʨʘˁʘ ʢʘʜʘ ʥʝ ʠʜʫ. ɹʝʟ ˁʠʭ ʥʠʢʘʜʘ ʥʝ ʙʠʭ ʫʩʧʝʣʘ. ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʤʦʤʝ ʦʮʫ ʥʘ 

ʫʩʤʝʨʘʚʘˁʫ ʢʘ ʥʘʫʮʠ, ʦʙʘʩʠʧʘˁʫ ʢˁʠʛʘʤʘ ʿʦʰ ʦʜ ʤʘʣʝʥʘ, ʧʦʜʨʰʮʠ ʪʦʢʦʤ ʮʝʣʦʛ 

ʰʢʦʣʦʚʘˁʘ ʠ ʥʘʛʦʚʦʨʫ ʜʘ ʫʧʠʰʝʤ ʜʦʢʪʦʨʘʪ; ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʤʘʿʮʠ ʥʘ ʩʚʠʤ ʦʥʠʤ 

ʜʨʘʛʦʮʝʥʠʤ ʩʪʚʘʨʠʤʘ ʢʦʿʝ ʤʘʿʢʝ ʨʘʜʝ, ʘ ʜʝʮʘ ʥʝ ʧʨʠʤʝ˂ʫʿʫ, ʧʘ ʩʭʚʘʪʝ ʢʘʜʘ ʠ ʦʥʠ 

ʧʦʩʪʘʥʫ ʨʦʜʠʪʝˀʠ; ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʪʝʪʢʠ, ʢʦʿʘ ʿʝ ʜʘʣʝʢʦ, ʘʣʠ ʿʝ ʫʚʝʢ ʫʩʧʝʣʘ ʜʘ ʙʫʜʝ ʪʫ 

ʢʘʜʘ ʥʘʿʚʠʰʝ ʪʨʝʙʘ; ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʙʘʢʠ ʠ ʜʝʢʠ, ʢʦʿʠ ʚʠʰʝ ʥʠʩʫ ʩʘ ʥʘʤʘ, ʘ ʠʤʘʣʠ ʩʫ 

ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʤʝʥʝ, ʥʘʜʘʤ ʩʝ ʜʘ ʠʭ ʥʠʩʘʤ ʠʟʥʝʚʝʨʠʣʘ. ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʠ ʤʦʤʝ ʤʫʞʫ, 

ʢʦʿʠ ʿʝ ʚʝʨʦʚʘʦ ʫ ʤʝʥʝ ʠ ʙʠʦ ʩʪʨʧˀʠʚ ʫ ʥʝʤʦʛʫ˂ʠʤ ʦʢʦʣʥʦʩʪʠʤʘ, ʿʝʨ ʩʝ ʨʘʜ ʥʘ 

ʜʦʢʪʦʨʘʪʫ ʧʦʢʣʦʧʠʦ ʩʘ ʬʦʨʤʠʨʘˁʝʤ ʧʦʨʦʜʠʮʝ ʠ ʤʥʦʛʠʤ ʣʝʧʠʤ, ʘʣʠ ʠ ʪʝʰʢʠʤ 

ʪʨʝʥʫʮʠʤʘ. ɿʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʠ ʤʦʿʦʿ ʜʝʮʠ, ʢʦʿʘ ʩʫ ʪʘʢʦʹʝ ʧʨʝʪʨʧʝʣʘ ʜʝʦ ʦʚʦʛ ʪʝʨʝʪʘ ʠ 

ʥʘʚʠʢʣʘ ʜʘ ʤʘʤʘ ʩʝʜʠ ʟʘ ʣʘʧʪʦʧʦʤ ʠ ʥʠʿʝ ʪʫ (ʧʠʰʝ ʜʦʢʪʦʿʘʪ). 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʆʚʫ ʜʠʩʝʨʪʘʮʠʿʫ ʧʦʩʚʝ˂ʫʿʝʤ ʤʦʿʠʤ ʨʦʜʠʪʝˀʠʤʘ, ʪʝʪʢʠ, ʙʘʢʠ ʠ ʜʝʢʠ, ʢʦʿʠ ʩʫ ʢʨʦʟ ʤʦʿʝ 

ʜʝʪʠˁʩʪʚʦ, ʦʜʨʘʩʪʘˁʝ ʠ ʰʢʦʣʦʚʘˁʝ ʙʠʣʠ ʧʫʥʠ ˀʫʙʘʚʠ ʠ ʧʦʜʨʰʢʝ, ʟʙʦʛ ʢʦʿʠʭ ʩʘʤ ʦʥʦ 

ʰʪʦ ʿʝʩʘʤ; 

ʤʦʤʝ ʤʫʞʫ ʠ ʩʘʙʦʨʮʫ, ʩʘ ʢʦʿʠʤ ʥʘʿʚʠʰʝ ʜʝʣʠʤ ʩʚʘʢʠ ʪʨʝʥʫʪʘʢ ʩʘʜʘʰˁʦʩʪʠ, ʩʘ 

ʥʘʤʝʨʦʤ ʜʘ ʩʘʛʨʘʜʠʤʦ ʠ ʩʘʯʫʚʘʤʦ ʦʥʦ ʰʪʦ ʿʝ ʚʨʝʜʥʦ; 

ʤʦʿʦʿ ʜʝʮʠ, ʢʦʿʠʤʘ ʧʨʠʧʘʜʘ ʙʫʜʫ˂ʥʦʩʪ, ʫ ʞʝˀʠ ʜʘ ʙʫʜʫ ʜʦʙʨʠ, ʯʘʩʥʠ, ʩʨʝ˂ʥʠ ʤʦʤʮʠ, 

ʧʦʥʦʩʥʠ ʥʘ ʩʚʦʿʫ ʤʘʤʫ. 

 

ɼʇʄ 

  



 

ʌʋʅʂʎʀʆʅɸʃʅʀ ɸɼʀʊʀɺʀ ʅɸ ɹɸɿʀ ʇʈʆʊɽʀʅɸ ʂʆɿɱɽɻ 

ʄʃɽʂɸ ʀ ɽʂʉʊʈɸʂɸʊɸ ɻɲʀɺɸ ʀɿ ʈʆɼʆɺɸ LAETIPORUS ʀ 

AGARICUS 

ʉʘʞʝʪʘʢ 

ʎʠˀ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʙʠʣʘ ʿʝ ʬʦʨʤʫʣʘʮʠʿʘ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʘʜʠʪʠʚʘ ʢʦʿʠ ʙʠ 

ʦʙʿʝʜʥʠʣʠ ʥʫʪʨʠʪʠʚʥʝ ʠ ʙʠʦʣʦʰʢʝ ʚʨʝʜʥʦʩʪʠ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ L. 

sulphureus ʠ A. blazei. ʅʘ ʤʝʰʘʚʠʥʘʤʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ (TRM) ʠ ʥʝʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ (RM) ʠ ʢʘʟʝʠʥʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʠʭ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ 

ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʠʟʚʨʰʝʥʘ ʿʝ ʙʠʦʭʝʤʠʿʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ 

(ʩʘʜʨʞʘʿ ʫʢʫʧʥʠʭ ʧʨʦʪʝʠʥʘ, ʛʣʫʢʘʥʘ ʠ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ), ʢʘʦ ʠ DLS ʤʝʨʝˁʘ 

(ʜʠʥʘʤʠʯʢʦ ʨʘʩʝʿʘˁʝ ʩʚʝʪʣʦʩʪʠ), ʝʣʝʢʪʨʦʬʦʨʝʪʩʢʝ ʠ FTIR ʘʥʘʣʠʟʝ (ʠʥʬʨʘʮʨʚʝʥʘ 

ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ ʩʘ ʌʫʨʠʿʝʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ) ʠ ʘʥʘʣʠʟʘ ʤʝʰʘʚʠʥʘ ʩʢʝʥʠʨʘʿʫ˂ʦʤ 

ʝʣʝʢʪʨʦʥʩʢʦʤ ʤʠʢʨʦʩʢʦʧʠʿʦʤ. ʈʝʟʫʣʪʘʪʠ ʦʚʠʭ ʘʥʘʣʠʟʘ ʫʢʘʟʘʣʠ ʩʫ ʥʘ ʚʠʩʦʢ ʩʘʜʨʞʘʿ 

ʫʢʫʧʥʠʭ ʧʨʦʪʝʠʥʘ ʚʦʜʝʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ, ʧʦʪʝʥʮʠʿʘʣʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʤʣʝʢʘ (RM, 

TRM) ʩʘ ʚʦʜʝʥʠʤ ʝʢʩʪʨʘʢʪʦʤ A. blazei, ʧʦʩʪʦʿʘˁʝ ʧʦʣʠʧʝʧʪʠʜʘ ʥʘʩʪʘʣʠʭ 

ʧʨʦʪʝʦʣʠʪʠʯʢʠʤ ʜʝʿʩʪʚʦʤ ʝʥʟʠʤʘ A. blazei, ʢʘʦ ʠ ʥʘ ʭʝʪʝʨʦʛʝʥʦʩʪ ʩʘʩʪʘʚʘ, ʪʿ. 

ʧʦʣʠʜʠʩʧʝʨʟʥʦʩʪ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus, ʰʪʦ ʿʝ ʫʪʠʮʘʣʦ ʥʘ 

ʦʜʘʙʠʨ TRM ʠ ʚʦʜʝʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʟʘ ʥʘʩʪʘʚʘʢ ʠʩʪʨʘʞʠʚʘˁʘ. ʌʨʘʢʮʠʦʥʠʤ 

ʬʘʢʪʦʨʠʿʩʢʠʤ ʜʠʟʘʿʥʦʤ ʠʩʧʠʪʘʥ ʿʝ ʫʪʠʮʘʿ ʧʝʪ ʬʘʢʪʦʨʘ ʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ 

ʤʝʰʘʚʠʥʘ. ʎʝʥʪʨʘʣʥʠ ʢʦʤʧʦʟʠʪʥʠ ʜʠʟʘʿʥ ʿʝ ʫ ʥʘʩʪʘʚʢʫ ʠʩʪʨʘʞʠʚʘˁʘ ʠʩʢʦʨʠʰ˂ʝʥ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʜʚʘ ʥʘʿʚʘʞʥʠʿʘ ʬʘʢʪʦʨʘ (ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ) 

ʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʠ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ. ʇʨʠʤʝʥʦʤ ɼʝʨʠʥ˅ʝʨʦʚʝ 

ʬʫʥʢʮʠʿʝ ʧʦʞʝˀʥʦʩʪʠ ʫʪʚʨʹʝʥ ʿʝ ʦʧʪʠʤʘʣʘʥ ʦʜʥʦʩ ʢʦʥʩʪʠʪʫʝʥʘʪʘ, ʦʜʥʦʩʥʦ 

ʬʦʨʤʫʣʠʩʘʥ ʿʝ ʧʦ ʿʝʜʘʥ ʦʧʪʠʤʠʟʦʚʘʥ ʘʜʠʪʠʚ ʟʘ ʩʚʘʢʫ ʛˀʠʚʫ. ʆʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚʠ ʩʫ 

ʧʦʢʘʟʘʣʠ ʦʜʣʠʯʥʝ ʨʝʟʫʣʪʘʪʝ ABTS (ʩʧʦʩʦʙʥʦʩʪ ʩʘʢʫʧˀʘˁʘ ABTS ʨʘʜʠʢʘʣ ʢʘʪʿʦʥʘ) ʠ 

FCC ʪʝʩʪʘ (ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʿʦʥʘ ʛʚʦʞʹʘ), ʫʤʝʨʝʥʫ ʜʦ ʦʜʣʠʯʥʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʠ 

ʥʠʩʢʝ ʨʝʟʫʣʪʘʪʝ ʊʈC ʪʝʩʪʘ (ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ). ɸʜʠʪʠʚʠ 

ʩʫ ʧʦʢʘʟʘʣʠ ʥʠʩʢʫ ʩʪʘʙʠʣʥʦʩʪ ʧʝʥʝ ʠ ʜʦʙʘʨ ʢʘʧʘʮʠʪʝʪ ʧʝʥʝ, ʚʠʰʠ ʢʦʜ ʘʜʠʪʠʚʘ ʥʘ ʙʘʟʠ 

L. sulphureus ʟʙʦʛ ʚʝ˂ʝʛ ʫʜʝʣʘ ʧʨʦʪʝʠʥʘ, ʜʦʢ ʿʝ ʘʜʠʪʠʚ ʥʘ ʙʘʟʠ A. blazei ʧʦʢʘʟʘʦ ʜʦʙʨʘ 

ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ. ɸʥʪʠʤʠʢʨʦʙʥʘ ʩʚʦʿʩʪʚʘ ʘʜʠʪʠʚʘ ʩʫ ʫʤʝʨʝʥʘ, ʫʟ ʥʝʢʦʣʠʢʦ 

ʚʨʝʜʥʦʩʪʠ ʤʠʥʠʤʘʣʥʠʭ ʠʥʭʠʙʠʪʦʨʥʠʭ/ ʙʘʢʪʝʨʠʮʠʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʠʞʠʭ ʦʜ 

ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʘʜʠʪʠʚʘ. ʅʘʢʦʥ ʩʠʤʫʣʠʨʘʥʝ ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʝ ʜʠʛʝʩʪʠʿʝ ʫʪʚʨʹʝʥʦ ʿʝ 

ʜʘ ʫʢʫʧʘʥ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʘʜʠʪʠʚʘ ʟʥʘʯʘʿʥʦ ʨʘʩʪʝ, ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʩʝ 

ʦʢʚʠʨʥʦ ʜʫʧʣʠʨʘ, ʘ ʊʈʉ ʚʨʝʜʥʦʩʪʠ ʩʝ ʧʦʚʝ˂ʘʚʘʿʫ ʧʨʠʙʣʠʞʥʦ 2,6 ï 3,8 ʧʫʪʘ. ɼʦʜʘʪʘʢ 

ʘʜʠʪʠʚʘ ʫ ʤʦʜʝʣ ʧʨʦʠʟʚʦʜ (ʜʝʭʠʜʨʠʩʘʥʝ ʩʫʧʝ) ʪʘʢʦʹʝ ʿʝ ʫʪʠʮʘʦ ʥʘ ʧʦʚʝ˂ʘˁʝ ʠʣʠ 

ʦʯʫʚʘˁʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʘ ʫ ʚʝ˂ʠʥʠ ʠʩʧʠʪʠʚʘʥʠʭ ʩʣʫʯʘʿʝʚʘ. ʂʦʟʿʝ ʤʣʝʢʦ 

ʧʨʫʞʘ ʦʜʣʠʯʥʫ ʦʩʥʦʚʫ ʟʘ ʬʫʥʢʮʠʦʥʘʣʥʝ ʘʜʠʪʠʚʝ, ʘ ʧʨʠʩʫʩʪʚʦ ʙʠʦʘʢʪʠʚʥʠʭ ʿʝʜʠˁʝˁʘ 

ʛˀʠʚʘ ʚʠʰʝʩʪʨʫʢʦ ʫʪʠʯʝ ʥʘ ʧʦʚʝ˂ʘˁʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ, ʯʠʤʝ ʩʝ ʟʘʜʦʚʦˀʘʚʘʿʫ ʧʦʪʨʝʙʝ 

ʪʨʞʠʰʪʘ ʟʘ ʘʜʠʪʠʚʠʤʘ ʙʘʟʠʨʘʥʠʤ ʥʘ ʙʝʟʙʝʜʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʧʦʨʝʢʣʦʤ ʠʟ ʧʨʠʨʦʜʝ, 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ, ʪʿ. ʧʦʪʝʥʮʠʿʘʣʥʦ ʧʦʟʠʪʠʚʥʘ ʫʣʦʛʘ ʥʘ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ, ʢʘʦ ʠ 

ʝʢʦʥʦʤʠʯʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ. 
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FUNCTIONAL ADDITIVES BASED ON GOAT MILK PROTEINS AND 

FUNGAL EXTRACTS FROM GENUS LAETIPORUS AND AGARICUS 

Abstract 

The aim of this doctoral dissertation was to formulate functional additives that incorporate 

the nutritional and biological values of goat milk and fungal extracts from L. sulphureus and 

A. blazei. The mixtures of thermally treated (TRM) and untreated skimmed goat milk (RM), 

as well as goat milk caseins and aqueous and polysaccharide fungal extracts, were subjected 

to  biochemical characterisation of their main components (total protein content, glucan 

content, and total phenolic content). The mixtures were also analysed using DLS 

measurements (Dynamic Light Scattering), electrophoretic and FTIR analyses (Fourier 

Transform Infrared Spectroscopy), and scanning electron microscopy. The results of these 

analyses indicated a high total protein content in the aqueous fungal extracts, potential 

interactions between the milk (RM, TRM) and A. blazei aqueous extract, and the presence of 

polypeptides produced by proteolytic activity of A. blazei enzymes, as well as the heterogenic 

composition, i.e. the polydispersity of the mixtures based on L. sulphureus aqueous extract 

that influenced the selection of TRM and aqueous fungal extracts for further research. The 

antioxidant properties of the mixtures were evaluated using a fractional factorial design to 

assess the influence of five factors. In the subsequent research phase, a central composite 

design was used to examine the influence of two most important factors (concentration of 

milk and fungal extracts) on the antioxidant and techno-functional properties of the mixtures. 

Using Derringer's desirability function methodology, the optimal ratio of constituents was 

determined, leading to the formulation of one optimized additive for each fungus. The 

optimized additives showed excellent results in the ABTS (ABTS radical scavenging activity) 

and FCC tests (Ferrous-ion-chelating capacity), moderate to excellent reducing power, and 

low results in the TPC test (ʊotal Phenolic Content). The additives exhibited low foam 

stability and good foaming capacity, with the L. sulphureus-based additive showing higher 

foaming capacity due to its higher protein content. The A. blazei-based additive demonstrated 

good emulsifying properties. Antimicrobial properties of the additives were moderate, with 

several minimum inhibitory/ bactericidal concentration values lower than those of 

commercial additives. After simulated gastrointestinal digestion, the total antioxidant 

capacity of the additives increased significantly, their chelating capacity roughly doubled, 

and TPC values increased approximately 2.6 ï 3.8 times. The addition of these additives to a 

model product (dehydrated soups) also had the effect of increasing or preserving the 

antioxidant capacity of the products in most of the samples tested. Goat milk provides an 

excellent foundation for functional additives, and the inclusion of fungal bioactive 

compounds enhances functionality, meeting the market demand for additives derived from 

safe, natural substances with a potentially positive impact on human health, as well as low 

production costs. 

Keywords: skimmed goat milk, caseins, Laetiporus sulphureus, Agaricus blazei, thermal treatment, 

functional food, additives, design of experiment, fractional factorial design, central composite design 
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ʃʠʩʪʘ ʩʢʨʘ˂ʝʥʠʮʘ 

A ï ʫʟʦʨaʢ ʩʧʨʘʰʝʥe ʛˀʠʚe A.blazei  

ɸɸ ï ʝʢʚʠʚʘʣʝʥʪʠ ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ  

ɸBTS
  
ï 2,2-ʘʟʠʥʦ-ʙʠʩ/3-ʝʪʠʣ-ʙʝʥʟʦʪʠʘʟʦʣʠʥ-6-ʩʫʣʬʦʥʩʢʘ ʢʠʩʝʣʠʥʘ 

ABTS ʪʝʩʪ ï ʩʧʦʩʦʙʥʦʩʪ ʩʘʢʫʧˀʘˁʘ ABTS ʨʘʜʠʢʘʣ ʢʘʪʿʦʥʘ  

ADI ï ʧʨʠʭʚʘʪˀʠʚ ʜʥʝʚʥʠ ʫʥʦʩ (Acceptable Daily Intake) 

Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʢʚʘʜʨʘʪʘ 

Adj. SS ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ 

Ala ï ʘʣʘʥʠʥ 

ANOVA ï ʘʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ (Analysis of Variance) 

Asx ï ʘʩʧʘʨʘʛʠʥʩʢʘ ʢʠʩʝʣʠʥʘ ʠʣʠ ʘʩʧʘʨʘʛʠʥ 

BSA ï ʩʝʨʫʤ ʘʣʙʫʤʠʥ ʢʨʚʠ 

C ï ʢʘʪʝʭʠʥ 

CCD ï ʮʝʥʪʨʘʣʥʠ ʢʦʤʧʦʟʠʪʥʠ ʜʠʟʘʿʥ (Central Composite Design) 

ʉʉʈ ï ʢʦʣʦʠʜʥʠ ʢʘʣʮʠʿʫʤ ʬʦʩʬʘʪ 

CMP ï ʢʘʟʝʠʥʤʘʢʨʦʧʝʧʪʠʜ  

CN ï ʫʟʦʨʘʢ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ 

CNPA ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A.blazei  

CNPL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus 

CNS ï ʩʘʜʨʞʘʿ ʢʘʟʝʠʥʘ 

CNVA ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ 

A.blazei 

CNVL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus  

COVID-19 ï ʢʦʨʦʥʘʚʠʨʫʩʥʘ ʙʦʣʝʩʪ 2019 (Coronavirus disease 2019) 

CV ï ʢʦʝʬʠʮʠʿʝʥʪ ʚʘʨʠʿʘʮʠʿʝ  

di ï ʧʦʿʝʜʠʥʘʯʥʘ ʬʫʥʢʮʠʿʘ ʧʦʞʝˀʥʦʩʪʠ 

DKK ï ʢʦʥʪʨʦʣʘ ʜʠʛʝʩʪʠʚʥʦʛ ʢʦʢʪʝʣʘ 

DLS ï ʜʠʥʘʤʠʯʢʦ ʨʘʩʝʿʘˁʝ ʩʚʝʪʣʦʩʪʠ (Dynamic Light Scattering) 

DMA ï ʜʠʛʝʩʪʦʚʘʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ 



 

DML ï ʜʠʛʝʩʪʦʚʘʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ 

DoE - ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ (Design of Experiments) 

DTRM 9,4% - ʜʠʛʝʩʪʦʚʘʥʦ 9,4% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ 

DVA ï ʜʠʛʝʩʪʦʚʘʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei 

DVL ï ʜʠʛʝʩʪʦʚʘʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus 

DW ï ʩʫʚʘ ʤʘʩʘ (Dry Weight) 

DʊRM 7% - ʜʠʛʝʩʪʦʚʘʥʦ 7% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ 

EAI ï ʠʥʜʝʢʩ ʘʢʪʠʚʥʦʩʪʠ ʝʤʫʣʟʠʿʝ (Emulsion Activity Index) 

ɽʉ ï ʝʧʠʢʘʪʝʭʠʥ 

ECG ï ʝʧʠʢʘʪʝʭʠʥ ʛʘʣʘʪ 

EDTA ï ʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ (Ethylenediaminetetraacetic acid) 

EFSA ï ɽʚʨʦʧʩʢʘ ʘʛʝʥʮʠʿʘ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʭʨʘʥʝ (European Food Safety Authority) 

EGCG ï ʝʧʠʛʘʣʦʢʘʪʝʭʠʥ ʛʘʣʘʪ 

ESI ï ʠʥʜʝʢʩ ʩʪʘʙʠʣʥʦʩʪʠ (Emulsion Stability Index) 

FAO ï ʆʨʛʘʥʠʟʘʮʠʿʘ ʟʘ ʭʨʘʥʫ ʠ ʧʦˀʦʧʨʠʚʨʝʜʫ (Food and Agriculture Organization ) 

FC ï ʢʘʧʘʮʠʪʝʪ ʧʝʥʝ (Foaming Capacity) 

FCC ï ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʿʦʥʘ ʛʚʦʞʹʘ (Ferrous-ion-chelating capacity)  

FDA ï ʋʧʨʘʚʘ ʟʘ ʭʨʘʥʫ ʠ ʣʝʢʦʚʝ (Food and Drug Administration) 

FFD ï ʬʨʘʢʮʠʦʥʠ ʬʘʢʪʦʨʠʿʩʢʠ ʜʠʟʘʿʥ (Fractional Factorial Design) 

FOSHU ï ʭʨʘʥʘ ʟʘ ʩʧʝʮʠʬʠʯʥʝ ʟʜʨʘʚʩʪʚʝʥʝ ʧʦʪʨʝʙʝ (Foods Of Specified Health Use) 

FRP ï ʨʝʜʫʢʮʠʿʘ joʥʘ ʛʚʦʞʹʘ (ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂) (Ferric Reducing Power) 

FS ï ʩʪʘʙʠʣʥʦʩʪ ʧʝʥʝ (Foam Stability) 

FTIR ï ʠʥʬʨʘʮʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ ʩʘ ʌʫʨʠʿʝʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ (Fourier Transform 

Infrared Spectroscopy) 

FUFOSE ï ɸʢʮʠʿʘ ɽʚʨʦʧʩʢʝ ʢʦʤʠʩʠʿʝ ʦ ʥʘʫʮʠ ʦ ʬʫʥʢʮʠʦʥʘʣʥʦʿ ʭʨʘʥʠ (The European 

Commission Concerted Action on Functional Food Science in Europe) 

Glx ï ʛʣʫʪʘʤʠʥʩʢʘ ʢʠʩʝʣʠʥʘ ʠʣʠ ʛʣʫʪʘʤʠʥ 

GRAS ï ʦʧʰʪʝ ʧʨʠʟʥʘʪʦ ʢʘʦ ʙʝʟʙʝʜʥʦ (Generally Recognized As Safe) 

HMW ï ʚʠʩʦʢʦʤʦʣʝʢʫʣʩʢʠ ʢʦʤʧʣʝʢʩʠ ʧʨʦʪʝʠʥʘ (High Molecular Weight) 

HTST ï ʢʨʘʪʢʦʪʨʘʿʘʥ ʪʨʝʪʤʘʥ ʚʠʩʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ (High Temperature Short Time) 

Ig ï ʠʤʫʥʦʛʣʦʙʫʣʠʥʠ  



 

ILSI ï International Life Sciences Institute Europe 

L ï ʫʟʦʨaʢ ʩʧʨʘʰʝʥe ʛˀʠʚe L. sulphureus 

Leu ï ʣʝʫʮʠʥ 

Lf ï ʣʘʢʪʦʬʝʨʠʥ 

MA ï ʦʧʪʠʤʠʟʦʚʘʥʘ ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A. blazei 

MA K ï ʨʘʟʙʣʘʞʝʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ (ʢʦʥʪʨʦʣʘ) 

MBC ï ʤʠʥʠʤʘʣʥʘ ʙʘʢʪʝʨʠʮʠʜʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ (Minimum Bactericidal Concentrations) 

MFC ï ʤʠʥʠʤʘʣʥʘ ʬʫʥʛʠʮʠʜʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ (Minimum Fungicidal Concentrations) 

MIC ï ʤʠʥʠʤʘʣʥʘ ʠʥʭʠʙʠʪʦʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ (Minimum Inhibitory Concentrations) 

ML ï ʦʧʪʠʤʠʟʦʚʘʥʘ ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus 

ML K ï ʨʘʟʙʣʘʞʝʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ (ʢʦʥʪʨʦʣʘ) 

n.d. ï ʥʠʿʝ ʜʝʪʝʢʪʦʚʘʥʦ 

Native PAGE ï ʥʘʪʠʚʥʘ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ 

NCN ï ʩʘʜʨʞʘʿ ʥʝʢʘʟʝʠʥʩʢʦʛ ʘʟʦʪʘ 

NPN ï ʩʘʜʨʞʘʿ ʥʝʧʨʦʪʝʠʥʩʢʦʛ ʘʟʦʪʘ 

PA ï ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ A.blazei 

PC1 ï ʛʣʘʚʥʘ ʢʦʤʧʦʥʝʥʪʘ 1 (Principal Component 1) 

PC2 ï ʛʣʘʚʥʘ ʢʦʤʧʦʥʝʥʪʘ 2 (Principal Component 2) 

PCA ï ʘʥʘʣʠʟʘ ʛʣʘʚʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ (Principal Component Analysis) 

PI - ʠʥʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʟʠʿʝ (Polydispersity Index) 

PL ï ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus  

Pro ï ʧʨʦʣʠʥ 

r ï ʇʠʨʩʦʥʦʚ ʢʦʨʝʣʘʮʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ  

RM ï ʫʟʦʨʘʢ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ 

RMPA ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ 

A.blazei  

RMPL ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus  

RMVA ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A.blazei 



 

RMVL ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus  

RSM ï ʤʝʪʦʜʦʣʦʛʠʿʘ ʦʜʛʦʚʦʨʘ (ʦʜʟʠʚʘ) ʧʦʚʨʰʠʥʘ (Response Surface Methodology) 

S1 ï ʫʟʦʨʘʢ ʜʝʭʠʜʨʠʩʘʥʝ ʩʫʧʝ ʩʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʠʤ ʦʙʝʟʤʘʰ˂ʝʥʠʤ ʢʦʟʿʠʤ ʤʣʝʢʦʤ 

S2 ï ʫʟʦʨʘʢ ʜʝʭʠʜʨʠʩʘʥʝ ʩʫʧʝ ʩʘ ʦʧʪʠʤʠʟʦʚʘʥʦʤ ʤʝʰʘʚʠʥʦʤ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei 

S3 ï ʫʟʦʨʘʢ ʜʝʭʠʜʨʠʩʘʥʝ ʩʫʧʝ ʩʘ ʦʧʪʠʤʠʟʦʚʘʥʦʤ ʤʝʰʘʚʠʥʦʤ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus  

S4 ï ʫʟʦʨʘʢ ʢʦʤʝʨʮʠʿʘʣʥʝ ʜʝʭʠʜʨʠʩʘʥʝ ʩʫʧʝ 

S5 ï ʫʟʦʨʘʢ ʢʦʤʝʨʮʠʿʘʣʥʝ ʜʝʭʠʜʨʠʩʘʥʝ ʩʫʧʝ ʩʘ ʦʧʪʠʤʠʟʦʚʘʥʦʤ ʤʝʰʘʚʠʥʦʤ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei 

S6 ï ʫʟʦʨʘʢ ʢʦʤʝʨʮʠʿʘʣʥʝ ʜʝʭʠʜʨʠʩʘʥʝ ʩʫʧʝ ʩʘ ʦʧʪʠʤʠʟʦʚʘʥʦʤ ʤʝʰʘʚʠʥʦʤ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus 

SDS ï ʥʘʪʨʠʿʫʤ ʜʦʜʝʮʠʣ ʩʫʣʬʘʪ (Sodium Dodecyl Sulfate) 

SDS-NR-PAGE ï ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʫ ʥʝʨʝʜʫʢʫʿʫ˂ʠʤ ʫʩʣʦʚʠʤʘ  

SDS-R-PAGE ï ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʫ ʨʝʜʫʢʫʿʫ˂ʠʤ ʫʩʣʦʚʠʤʘ 

SEM ï ʩʢʝʥʠʨʘʿʫ˂ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʤʠʢʨʦʩʢʦʧ 

Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ 

SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ 

SSF ï ʬʝʨʤʝʥʪʘʮʠʿʘ ʫ ʯʚʨʩʪʦʤ ʩʪʘˁʫ (Solid-State Fermentation) 

T ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa 

t ï ʚʨʝʤʝ ʤʝʰʘˁʘ 

ʊCA ï ʪʨʠʭʣʦʨʦʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ (Trichloroacetic Acid) 

TCN ï ʫʟʦʨʘʢ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ 

TCNPA ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A.blazei  

TCNPL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus  

TCNVA ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ 

A.blazei  

TCNVL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus  

TN - ʩʘʜʨʞʘʿ ʫʢʫʧʥʦʛ ʘʟʦʪʘ 

TP ï ʩʘʜʨʞʘʿ ʫʢʫʧʥʠʭ ʧʨʦʪʝʠʥʘ 

TPC ï ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ / ʫʢʫʧʘʥ ʩʘʜʨʞʘʿ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ 

(ʊotal Phenolic Content) 



 

TRM ï ʫʟʦʨʘʢ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ 

ʊRM 7% K ï ʨʘʟʙʣʘʞʝʥʦ 7% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (ʢʦʥʪʨʦʣʘ) 

TRM 9,4% K ï ʨʘʟʙʣʘʞʝʥʦ 9,4% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (ʢʦʥʪʨʦʣʘ) 

TRMPA ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ 

A.blazei  

TRMPL ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus  

TRMVA ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A.blazei  

TRMVL ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus  

UHPLC ï ʫʣʪʨʘ-ʝʬʠʢʘʩʥʘ ʪʝʯʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ 

UHT ï ʪʨʝʪʤʘʥ ʫʣʪʨʘ-ʚʠʩʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ (Ultra-High Temperature Processing) 

VA ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A.blazei 

VA K  ï ʨʘʟʙʣʘʞʝʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei (ʢʦʥʪʨʦʣʘ) 

VL ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus 

VL K ï ʨʘʟʙʣʘʞʝʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus (ʢʦʥʪʨʦʣʘ) 

w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ 

w(MPP) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ 

WHO ï ʉʚʝʪʩʢʘ ʟʜʨʘʚʩʪʚʝʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ (World Health Organisation) 

WP ï ʩʝʨʫʤ ʧʨʦʪʝʠʥʠ (Whey Proteins) 

WP/CN ï ʢʦʤʧʣʝʢʩʠ ʜʝʥʘʪʫʨʠʩʘʥʠʭ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʠ ʢʘʟʝʠʥʘ 

WPS ï ʩʘʜʨʞʘʿ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ 

Ŭ-LA ï Ŭ-ʣʘʢʪʘʣʙʫʤʠʥʠ 

Ŭs1-CN ï Ŭs1-ʢʘʟʝʠʥ 

Ŭs2-CN ï Ŭs2-ʢʘʟʝʠʥ 

ɓ-CN ï ɓ-ʢʘʟʝʠʥ 

ɓ-LG ï ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥʠ 

ɔ-CN ï ɔ-ʢʘʟʝʠʥ 

ə-CN ï ə-ʢʘʟʝʠʥ  

ɻʀɼ ï ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʘ ʜʠʛʝʩʪʠʿʘ 

ʇɹ ï ʧʦʣʠʩʘʭʘʨʠʜʠ ʨʘʩʪʚʦʨˀʠʚʠ ʫ ʙʘʟʘʤʘ 

ʇɺ ï ʧʦʣʠʩʘʭʘʨʠʜʠ ʨʘʩʪʚʦʨˀʠʚʠ ʫ ʚʦʜʠ 
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ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

1 

1. ʋʚʦʜ 
ʇʨʦʤʝʥʝ ʥʘʯʠʥʘ ʞʠʚʦʪʘ ʢʦʿʝ ʩʫ ʥʘʩʪʘʣʝ ʫ ʍʍ ʚʝʢʫ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠ 

ʨʘʟʚʦʿ ʥʘʫʢʝ ʫʪʠʮʘʣʝ ʩʫ ʥʘ ʧʦʜʠʟʘˁʝ ʩʚʝʩʪʠ ʦ ʭʨʘʥʠ ʠ ʠʩʭʨʘʥʠ. ʀʥʪʝʨʝʩʦʚʘˁʝ ʟʘ 

ʬʫʥʢʮʠʦʥʘʣʥʫ ʭʨʘʥʫ ʠ ˁʝʥ ʟʜʨʘʚʩʪʚʝʥʠ ʘʩʧʝʢʪ ʿʝ ʥʘʛʣʦ ʧʦʨʘʩʣʦ ʧʦʯʝʪʢʦʤ ʍʍI ʚʝʢʘ, 

ʰʪʦ ʩʝ ʦʛʣʝʜʘ ʫ ʙʨʦʿʫ ʥʘʫʯʥʠʭ ʨʘʜʦʚʘ ʥʘ ʦʚʫ ʪʝʤʫ, ʢʘʦ ʠ ʫ ʨʘʩʪʫ˂ʝʤ ʪʨʞʠʰʪʫ 

ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʢʦʿʝ ʧʨʘʪʠ ˁʠʭʦʚʫ ʧʦʪʨʘʞˁʫ.  

ɿʙʦʛ ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʫ ˀʫʜʩʢʦʿ ʠʩʭʨʘʥʠ, ʤʣʝʢʦ ʢʘʦ ʥʘʤʠʨʥʠʮʘ, ʢʦʥʩʪʠʪʫʝʥʪʠ ʤʣʝʢʘ ʠ 

ʤʣʝʯʥʠ ʧʨʦʠʟʚʦʜʠ ʩʫ ʿʝʜʥʘ ʦʜ ʥʘʿʚʠʰʝ ʧʨʦʫʯʘʚʘʥʠʭ ʪʝʤʘ ʫ ʥʘʫʮʠ ʦ ʭʨʘʥʠ. ʂʦʟʿʝ ʤʣʝʢʦ 

ʠ ˁʝʛʦʚʠ ʧʨʦʠʟʚʦʜʠ ʤʦʛʫ ʙʠʪʠ ʧʨʦʬʠʪʘʙʠʣʥʘ ʘʣʪʝʨʥʘʪʠʚʘ ʢʨʘʚˀʝʤ ʤʣʝʢʫ, ʟʙʦʛ 

ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʩʚʦʿʩʪʘʚʘ ʢʦʿʘ ʪʦ ʦʤʦʛʫ˂ʘʚʘʿʫ, ʢʘʦ ʥʧʨ. ʙʘʣʘʥʩʠʨʘʥʦʛ ʩʘʜʨʞʘʿʘ 

ʥʫʪʨʠʪʠʚʥʠʭ ʠ ʙʠʦʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʥʠʩʢʠʭ ʘʣʝʨʛʝʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʥʠʞʝ ʮʝʥʝ 

ʧʨʦʠʟʚʦʜˁʝ, ʨʝʧʫʪʘʮʠʿʝ ʟʜʨʘʚʠʭ ʧʨʠʨʦʜʥʠʭ ʧʨʦʠʟʚʦʜʘ, ʠʪʜ. (Park, 2017). ʉʚʝ ʿʝ ʚʠʰʝ 

ʠʩʪʨʘʞʠʚʘˁʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ ʢʦʿʝ ʠʭ ʯʠʥʝ ʧʦʛʦʜʥʠʤ ʥʦʩʘʯʠʤʘ 

ʙʠʦʘʢʪʠʚʥʠʭ ʿʝʜʠˁʝˁʘ, ʿʝʨ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʧʨʦʪʝʠʥʠ ʢʨʘʚˀʝʛ ʤʣʝʢʘ ʟʘ ʩʝʙʝ ʤʦʛʫ ʚʝʟʘʪʠ 

ʨʘʟʥʦʚʨʩʥʝ ʩʫʧʩʪʘʥʮʝ, ʢʘʦ ʰʪʦ ʩʫ ʧʦʣʠʬʝʥʦʣʠ, ʚʠʪʘʤʠʥʠ, ʥʝʟʘʩʠ˂ʝʥʝ ʤʘʩʥʝ ʢʠʩʝʣʠʥʝ, 

ʠʪʜ. (Moeller et al., 2017). ʀʘʢʦ ʢʦʟʿʝ ʤʣʝʢʦ ʠʤʘ ʨʘʟʣʠʯʠʪ ʩʘʜʨʞʘʿ ʧʦʿʝʜʠʥʘʯʥʠʭ ʢʘʟʝʠʥʘ 

ʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʘʚˀʝ ʤʣʝʢʦ, ʢʘʦ ʠ ʜʨʫʛʘʯʠʿʝ ʦʨʛʘʥʠʟʦʚʘʥʫ ʢʘʟʝʠʥʩʢʫ 

ʤʠʮʝʣʫ ʢʘʦ ʨʝʟʫʣʪʘʪ ʩʚʦʛ ʩʘʩʪʘʚʘ, ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʝ ʙʘʚʝ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʧʨʦʪʝʠʥʘ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʜʨʫʛʠʭ ʿʝʜʠˁʝˁʘ ʥʝʜʦʩʪʘʿʫ. ʊʘʢʦʹʝ, ʢʦʟʿʝ ʤʣʝʢʦ ʥʘʢʦʥ ʪʝʨʤʠʯʢʦʛ 

ʪʨʝʪʤʘʥʘ ʢʦʿʠ ʿʝ ʯʝʩʪ ʢʦʨʘʢ ʫ ʧʨʦʠʟʚʦʜˁʠ ʤʣʝʢʘ ʠ ʤʣʝʯʥʠʭ ʧʨʦʠʟʚʦʜʘ ʩʘʜʨʞʠ 

ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʢʦʿʠʤʘ ʿʝ ʠʟʤʝˁʝʥʘ ʩʪʨʫʢʪʫʨʘ, ʦʜʥʦʩʥʦ ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʿʝ ʢʘʟʝʠʥʩʢʘ 

ʤʠʮʝʣʘ ʦʙʦʛʘ˂ʝʥʘ ʩʝʨʫʤ ʧʨʦʪʝʠʥʠʤʘ (Pesic et al., 2012). ʆʚʦ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʧʨʦʤʝʥʫ 

ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʘ ʧʨʝʤʘ ʣʠʪʝʨʘʪʫʨʠ 

ʘʜʠʪʠʚʠ ʙʘʟʠʨʘʥʠ ʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʤ ʢʦʟʿʝʤ ʤʣʝʢʫ ʜʦ ʩʘʜʘ ʥʠʩʫ ʙʠʣʠ ʧʨʦʫʯʘʚʘʥʠ. 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʮʘʨʩʪʚʦ ʛˀʠʚʘ ʠ ʩʫʧʩʪʘʥʮʝ ʝʢʩʪʨʘʭʦʚʘʥʝ ʠʟ ʧʣʦʜʦʥʦʩʥʠʭ ʪʝʣʘ 

ʤʘʢʨʦʤʠʮʝʪʘ ʩʫ ʫ ʞʠʞʠ ʠʥʪʝʨʝʩʦʚʘˁʘ ʥʘʫʯʥʝ ʟʘʿʝʜʥʠʮʝ, ʥʝ ʩʘʤʦ ʠʟ ʦʙʣʘʩʪʠ ʥʘʫʢʝ ʦ 

ʭʨʘʥʠ, ʙʠʦʣʦʛʠʿʝ ʠ ʭʝʤʠʿʝ, ʚʝ˂ ʠ ʬʘʨʤʘʮʠʿʝ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢʘ, ʘ ʧʦʩʤʘʪʨʘʿʫ ʩʝ ʠ ʩʘ 

ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʘʩʧʝʢʪʘ. ʆʚʘʢʚʦ ʠʥʪʝʨʝʩʦʚʘˁʝ ʜʫʛʫʿʫ ʩʚʦʤ ʙʠʦʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ ʠ 

ʙʨʦʿʥʠʤ ʢʦʨʠʩʥʠʤ ʙʠʦʣʦʰʢʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ. ɱʝʜʥʘ ʦʜ ʥʘʿʧʨʦʫʯʘʚʘʥʠʿʠʭ ʿʝʩʪʠʚʠʭ ʠ 

ʣʝʢʦʚʠʪʠʭ ʛˀʠʚʘ ʿʝ Agaricus blazei, ʢʦʿʘ ʩʝ ʟʙʦʛ ʩʚʦʿʠʭ ʥʫʪʨʠʪʠʚʥʠʭ ʠ ʣʝʢʦʚʠʪʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʤʘʪʨʘ ʥʘʨʦʜʥʠʤ ʣʝʢʦʤ ʫ ʜʨʞʘʚʘʤʘ ɱʫʞʥʝ ɸʤʝʨʠʢʝ, ʘ ʫʩʧʝʰʥʦ ʩʝ 

ʫʟʛʘʿʘ ʰʠʨʦʤ ʩʚʝʪʘ, ʰʪʦ ʿʝ ʙʠʪʥʦ ʟʙʦʛ ʜʦʩʪʫʧʥʦʩʪʠ ˁʝʥʠʭ ʙʠʦʘʢʪʠʚʥʠʭ ʿʝʜʠˁʝˁʘ (de 

Miranda, 2022). ʅʘʩʫʧʨʦʪ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʦʿ ʛˀʠʚʠ Agaricus blazei, ʛˀʠʚʘ 

Laetiporus sulphureus ʩʝ ʫʛʣʘʚʥʦʤ ʢʦʨʠʩʪʠ ʫ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʢʘʦ ʩʘʤʦʥʠʢʣʘ, ʠʘʢʦ ʤʦʞʝ 

ʙʠʪʠ ʫʟʛʘʿʘʥʘ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʪʝ ʩʪʦʛʘ ʩʪʫʜʠʿʝ ʚʝʟʘʥʝ ʟʘ ʠʩʢʦʨʠʰ˂ʝˁʝ 

ˁʝʥʦʛ ʙʠʦʘʢʪʠʚʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʜʦʧʨʠʥʦʩʝ ˁʝʥʦʿ ʫʧʦʪʨʝʙʠ ʠ ʧʦʧʫʣʘʨʠʟʘʮʠʿʠ (Khatua et 

al., 2017). 

ʉʫʰʝʥʝ ʛˀʠʚʝ ʠʣʠ ʝʢʩʪʨʘʢʪʠ ʛˀʠʚʘ ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʟʘ ʬʦʨʪʠʬʠʢʘʮʠʿʫ ʥʝʤʣʝʯʥʠʭ 

ʧʨʦʠʟʚʦʜʘ ʠʣʠ ʧʨʦʠʟʚʦʜʘ ʥʘ ʙʘʟʠ ʤʣʝʢʘ, ʘʣʠ ʥʝ ʠ ʤʣʝʢʘ, ʧʘ ʧʦʩʪʦʿʠ ʥʝʜʦʩʪʘʪʘʢ ʥʘʫʯʥʠʭ 

ʧʦʜʘʪʘʢʘ ʢʦʠʿ ʩʝ ʦʜʥʦʩʠ ʥʘ ʠʥʪʝʨʘʢʮʠʿʝ ʿʝʜʠˁʝˁʘ ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ ʠ ʤʣʝʢʘ (González 

et al., 2020). ʊʘʢʦʹʝ, ʘʢʦ ʩʝ ʿʝʜʠˁʝˁʘ ʛˀʠʚʘ ʧʦʤʠˁʫ ʫ ʟʘʿʝʜʥʠʯʢʦʤ ʢʦʥʪʝʢʩʪʫ ʩʘ 

ʿʝʜʠˁʝˁʠʤʘ ʤʣʝʢʘ ʠʣʠ ʤʣʝʯʥʠʤ ʧʨʦʠʟʚʦʜʠʤʘ, ʫʚʝʢ ʩʝ ʨʘʜʠ ʦ ʢʨʘʚˀʝʤ ʤʣʝʢʫ. ʇʨʝʤʘ 

ʜʦʩʪʫʧʥʠʤ ʩʘʟʥʘˁʠʤʘ, ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʠ ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ, ʢʘʦ ʠ ˁʝʛʦʚʘ 

ʢʘʟʝʠʥʩʢʘ ʬʨʘʢʮʠʿʘ ʥʠʩʫ ʢʦʨʠʰ˂ʝʥʠ ʢʘʦ ʙʘʟʘ ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ ʘʜʠʪʠʚʘ ʩʘ ʜʦʜʘʪʢʦʤ 

ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʠʟ ʨʦʜʦʚʘ Laetiporus ʠ Agaricus. ʀʩʧʠʪʠʚʘˁʝʤ ʦʚʠʭ ʩʠʨʦʚʠʥʘ, ʢʘʦ ʠ 

ʤʦʛʫ˂ʥʦʩʪʠ ˁʠʭʦʚʝ ʧʨʠʤʝʥʝ ʤʦʞʝ ʩʝ ʧʦʧʫʥʠʪʠ ʧʨʘʟʥʠʥʘ ʫ ʥʘʫʯʥʦʿ ʣʠʪʝʨʘʪʫʨʠ ʚʝʟʘʥʘ 
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ʟʘ ʥʝʢʦʣʠʢʦ ʨʘʟʣʠʯʠʪʠʭ ʪʝʤʘ, ʜʦʢ ʩʝ ʬʦʨʤʫʣʘʮʠʿʦʤ ʘʜʠʪʠʚʘ ʤʦʛʫ ʦʙʿʝʜʠʥʠʪʠ ʢʦʨʠʩʥʝ 

ʙʠʦʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ ʠ ʢʦʟʿʝʛ ʤʣʝʢʘ ʩʘ ʜʦʙʨʠʤ ʪʝʭʥʦ-

ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʩʚʦʿʩʪʚʠʤʘ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ. ʊʘʢʦʹʝ ʩʝ ʤʦʨʘ ʥʘʛʣʘʩʠʪʠ ʠ ʢʦʤʝʨʮʠʿʘʣʥʠ 

ʠ ʠʥʜʫʩʪʨʠʿʩʢʠ ʟʥʘʯʘʿ ʦʚʘʢʚʠʭ ʠʩʧʠʪʠʚʘˁʘ. ɸʫʪʦʨʠ ʧʦʢʫʰʘʚʘʿʫ ʜʘ ʫʢʘʞʫ ʥʘ ʚʘʞʥʦʩʪ 

ʛˀʠʚʘ ʿʝʨ ʩʝ ʦʢʚʠʨʥʦ ʛʣʦʙʘʣʥʦ ʪʨʞʠʰʪʝ ʛˀʠʚʘ ʧʨʦʮʝˁʫʿʝ ʥʘ ʯʘʢ 55 ʪʨʠʣʠʦʥʘ (10
12

) 

ʘʤʝʨʠʯʢʠʭ ʜʦʣʘʨʘ, ʫʟ ʧʨʝʜʚʠʹʝʥ ʨʘʩʪ ʪʨʞʠʰʪʘ ʿʝʩʪʠʚʠʭ ʛˀʠʚʘ ʩʘ 14,35 ʤʠʣʠʦʥʘ ʪʦʥʘ ʫ 

2020. ʛʦʜʠʥʠ ʥʘ 24,05 ʤʠʣʠʦʥʘ ʪʦʥʘ ʫ 2028. (Ğysakowska et al., 2023; Niego et al., 2023). 

ɻʣʦʙʘʣʥʦ ʪʨʞʠʰʪʝ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʧʨʦʮʝˁʝʥʦ ʿʝ ʥʘ 258,80 ʤʠʣʠʿʘʨʜʠ 

ʘʤʝʨʠʯʢʠʭ ʜʦʣʘʨʘ ʫ 2020. ʛʦʜʠʥʠ ʠ ʦʯʝʢʫʿʝ ʩʝ ʜʘ ʩʘ ʨʘʩʪʦʤ ʦʜ 9,5% ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ 

ʜʦʩʪʠʛʥʝ ʙʣʠʟʫ 530 ʤʠʣʠʿʘʨʜʠ ʜʦʣʘʨʘ ʫ 2028. (Dias et al., 2023).  

ʆʩʠʤ ʠʩʧʠʪʠʚʘˁʘ ʚʝʟʘʥʠʭ ʟʘ ʙʠʦʭʝʤʠʿʩʢʫ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʫ ʧʦʣʘʟʥʠʭ ʩʠʨʦʚʠʥʘ, ʢʘʦ ʠ 

ʤʝʪʦʜʘ ʢʦʿʠʤʘ ʩʝ ʤʦʛʫ ʠʩʧʠʪʠʚʘʪʠ ˁʠʭʦʚʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʠʥʪʝʨʘʢʮʠʿʝ, ʮʝʥʪʨʘʣʥʠ ʜʝʦ 

ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʯʠʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ. ʇʘʞˁʫ ʥʘʫʯʥʠʢʘ ʩʚʝ ʚʠʰʝ ʧʨʠʚʣʘʯʠ 

ʢʦʨʠʰ˂ʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʨʝʘʣʥʠʭ ʩʠʩʪʝʤʘ. ʀʘʢʦ ʩʝ 

ʪʝʭʥʠʢʝ ʢʘʦ ʰʪʦ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ ʩʚʝ ʚʠʰʝ ʢʦʨʠʩʪʝ ʫ ʥʘʫʮʠ ʦ ʭʨʘʥʠ, 

ʚʝ˂ʠ ʙʨʦʿ ʨʘʜʦʚʘ ʥʘ ʦʚʫ ʪʝʤʫ ʜʦʧʨʠʥʝʦ ʙʠ ʧʦʤʘʢʫ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʢʦʿʠ ʘʫʪʦʨʠ ʥʘʚʦʜʝ 

ʢʘʦ ʥʝʦʧʭʦʜʘʥ ʿʝʨ ʭʨʘʥʘ ʧʨʝʜʩʪʘʚˀʘ ʩʣʦʞʝʥ ʩʠʩʪʝʤ (Madoumier et al., 2019). ʊʘʢʦʹʝ, 

ʠʩʧʠʪʠʚʘˁʝʤ ʙʠʦʣʦʰʢʠʭ ʠ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʠ 

ʫʙʘʮʠʚʘˁʝʤ ʫ ʧʨʝʭʨʘʤʙʝʥʠ ʧʨʦʠʟʚʦʜ ʠʩʧʠʪʠʚʘˁʘ ʩʝ ʧʨʠʙʣʠʞʘʚʘʿʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, 

ʘ ʠʩʪʨʘʞʠʚʘˁʝ ʦʙʫʭʚʘʪʘ ʯʠʪʘʚ ʧʨʦʮʝʩ ʦʜ ʠʜʝʿʝ, ʧʦʣʘʟʥʠʭ ʠʩʧʠʪʠʚʘˁʘ, ʦʧʪʠʤʠʟʘʮʠʿʝ, 

ʘʥʘʣʠʟʝ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ, ʩʚʝ ʜʦ ʢʦʥʢʨʝʪʥʦʛ ʧʨʝʭʨʘʤʙʝʥʦʛ ʧʨʦʠʟʚʦʜʘ ʩʘ 

ʧʦʙʦˀʰʘʥʦʤ ʬʫʥʢʮʠʦʥʘʣʥʦʰ˂ʫ. 

ʅʘ ʦʩʥʦʚʫ ʩʚʝʛʘ ʜʦ ʩʘʜʘ ʧʨʝʜʩʪʘʚˀʝʥʦʛ, ʮʠˀ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʙʠʣʘ ʬʦʨʤʫʣʘʮʠʿʘ 

ʥʦʚʠʭ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʥʘ ʙʘʟʠ ʧʨʦʪʝʠʥʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʘʪʘ ʿʝʩʪʠʚʠʭ ʠ 

ʣʝʢʦʚʠʪʠʭ ʛˀʠʚʘ ʠʟ ʨʦʜʘ Laetiporus ʠ Agaricus ʰʪʦ ʙʠ ʧʨʦʰʠʨʠʣʦ ʧʦʩʪʦʿʝ˂ʫ ʫʧʦʪʨʝʙʫ ʠ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʦʚʠʭ ʛˀʠʚʘ ʫ ʧʨʦʠʟʚʦʜˁʠ ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ. ʇʦʨʝʜ ʪʦʛʘ, ʜʝʪʘˀʥʦʤ 

ʙʠʦʭʝʤʠʿʩʢʦʤ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʦʤ ʜʦʙʠʿʝʥʠʭ ʧʨʦʠʟʚʦʜʘ, ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʧʦʩʪʫʧʢʘ 

ˁʠʭʦʚʦʛ ʜʦʙʠʿʘˁʘ, ʠʩʧʠʪʠʚʘˁʝʤ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝ ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʩʝ 

ʜʦʧʨʠʥʝʩʝ ʧʨʦʰʠʨʝˁʫ ʧʦʩʪʦʿʝ˂ʝʛ ʟʥʘˁʘ ʫ ʦʙʣʘʩʪʠ ʭʝʤʠʿʝ ʠ ʙʠʦʭʝʤʠʿʝ ʭʨʘʥʝ. 

 

ʅʘ ʦʩʥʦʚʫ ʩʚʝʛʘ ʠʟʥʝʪʦʛ, ʧʦʩʪʘʚˀʝʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʮʠˀʝʚʠ ʠʩʪʨʘʞʠʚʘˁʘ: 

 

¶ ɸʥʘʣʠʟʘ ʙʠʦʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; 

¶ DLS ʤʝʨʝˁʘ, ʝʣʝʢʪʨʦʬʦʨʝʪʩʢʝ, FTIR ʘʥʘʣʠʟʝ ʠ ʩʥʠʤʘˁʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ 

ʧʦʤʦ˂ʫ SEM ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʠ ʥʝʪʨʘʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ, 

ˁʠʭʦʚʠʭ ʢʘʟʝʠʥʩʢʠʭ ʬʨʘʢʮʠʿʘ, ʢʘʦ ʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʠʟ ʨʦʜʦʚʘ Laetiporus ʠ 

Agaricus ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʜʘ ʣʠ ʧʦʩʪʦʿʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʢʦʥʩʪʠʪʫʝʥʘʪʘ; 

ʫʢʦʣʠʢʦ ʠʭ ʠʤʘ ï ʢʦʛ ʩʫ ʪʠʧʘ ʠ ʢʦʿʝ ʤʝʰʘʚʠʥʝ ʧʦʢʘʟʫʿʫ ʥʘʿʙʦˀʘ ʩʚʦʿʩʪʚʘ; 

¶ ʋʪʚʨʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʦʛ ʦʜʥʦʩʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʠ ʤʣʝʢʘ ʩʘ ʘʩʧʝʢʪʘ 

ʥʘʿʧʦʚʦˀʥʠʿʠʭ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʠ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ ʧʨʠʤʝʥʦʤ 

ʜʠʟʘʿʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ; 

¶ ʀʩʪʨʘʞʠʚʘˁʘ ʥʘ ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʘʜʠʪʠʚʠʤʘ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʜʘ ʣʠ 

ʤʝʰʘʚʠʥʝ ʠʤʘʿʫ ʩʚʦʿʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ ʢʨʦʟ ʠʩʧʠʪʠʚʘˁʘ  

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ, ʘʥʪʠʤʠʢʨʦʙʥʠʭ, ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʟʘʪʠʤ in 

vitro ʜʠʛʝʩʪʠʿʝ ʜʦʙʠʿʝʥʠʭ ʘʜʠʪʠʚʘ ʫ ʩʠʤʫʣʠʨʘʥʦʤ ʜʠʛʝʩʪʠʚʥʦʤ ʪʨʘʢʪʫ, ʢʘʦ ʠ 

ʠʩʧʠʪʠʚʘˁʘ ʤʦʜʝʣ ʧʨʦʠʟʚʦʜʘ (ʜʝʭʠʜʨʠʩʘʥʠʭ ʩʫʧʘ) ʫ ʢʦʿʝ ʿʝ ʫʙʘʯʝʥ 

ʦʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ. 
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2. ʇʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ 

2.1. ʌʫʥʢʮʠʦʥʘʣʥʘ ʭʨʘʥʘ 

ɿʜʨʘʚʘ ʠʩʭʨʘʥʘ ʿʝ ʿʝʜʘʥ ʦʜ ʢˀʫʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʟʜʨʘʚʦʛ ʥʘʯʠʥʘ ʞʠʚʦʪʘ. ʇʦʟʥʘʪʘ ʠʟʨʝʢʘ 

Ăʅʝʢʘ ʪʠ ʭʨʘʥʘ ʙʫʜʝ ʣʝʢ, ʥʝʢʘ ʪʠ ʣʝʢ ʙʫʜʝ ʭʨʘʥʘñ ʯʝʩʪʦ ʩʝ ʧʨʠʧʠʩʫʿʝ ʍʠʧʦʢʨʘʪʫ, ʠʘʢʦ 

ʟʘ ʪʦ ʥʝʤʘ ʥʠʢʘʢʚʠʭ ʜʦʢʘʟʘ (Witkamp & van Norren, 2018). ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʪʦ, 

ʠʥʪʝʨʝʩʦʚʘˁʝ ʟʘ ʟʜʨʘʚʩʪʚʝʥʠ ʘʩʧʝʢʪ ʢʦʤʧʦʥʝʥʘʪʘ ʭʨʘʥʝ ʿʝ ʧʦʩʪʦʿʘʣʦ ʿʦʰ ʫ ʘʥʪʠʯʢʦʿ 

ɻʨʯʢʦʿ, ʂʠʥʠ ʠ ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʮʠʚʠʣʠʟʘʮʠʿʘʤʘ. ʉʘʚʨʝʤʝʥʠ ʪʝʨʤʠʥ Ăʬʫʥʢʮʠʦʥʘʣʥʘ 

ʭʨʘʥʘñ ʿʝ ʥʘʩʪʘʦ ʫ ɱʘʧʘʥʫ 1984. ʛʦʜʠʥʝ (Alongi & Anese, 2021). ʆʚʘʿ ʪʝʨʤʠʥ 

ʧʦʜʨʘʟʫʤʝʚʘ ʭʨʘʥʫ, ʢʦʿʘ ʦʩʠʤ ʥʫʪʨʠʪʠʚʥʝ, ʝʥʝʨʛʝʪʩʢʝ ʠʣʠ ʛʘʩʪʨʦʥʦʤʩʢʝ ʫʣʦʛʝ ʠʤʘ 

ʜʦʜʘʪʥʫ ʚʨʝʜʥʦʩʪ, ʪʿ. ʬʫʥʢʮʠʿʫ. ɱʘʧʘʥ ʿʝ ʧʨʚʘ ʟʝʤˀʘ ʢʦʿʘ ʿʝ ʟʘʢʦʥʩʢʠ ʨʝʛʫʣʠʩʘʣʘ 

ʧʨʦʠʟʚʦʜʝ ʢʦʿʠ ʤʦʛʫ ʩʧʘʜʘʪʠ ʫ ʦʚʫ ʢʘʪʝʛʦʨʠʿʫ (Foods Of Specified Health Use ï FOSHU) 

(López-Varela et al., 2002). ʂʘʩʥʠʿʝ ʩʫ ʉɸɼ, ʘ ʥʘʢʦʥ ʪʦʛʘ ʠ ʝʚʨʦʧʩʢʝ ʟʝʤˀʝ ʫʩʚʦʿʠʣʝ ʦʚʘʿ 

ʧʨʠʥʮʠʧ. ʇʦʜ ʧʘʪʨʦʥʘʪʦʤ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ʠ ILSI ʠʥʩʪʠʪʫʪʘ (International Life Sciences 

Institute Europe) ʥʘʩʪʘʣʘ ʿʝ ʢʦʥʩʝʟʫʩʥʘ ʜʝʬʠʥʠʮʠʿʘ ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ (ʩʣʠʢʘ 2.1.) ʫ 

ʦʢʚʠʨʫ ʧʨʦʿʝʢʪʘ FUFOSE (Functional Food Science in Europe) (López-Varela et al., 2002). 

ʊʚʨʜˁʝ ʦ ʟʜʨʘʚʩʪʚʝʥʦʤ ʙʝʥʝʬʠʪʫ ʢʦʿʠ ʩʣʝʜʠ ʥʘʢʦʥ ʢʦʥʟʫʤʠʨʘˁʘ ʬʫʥʢʮʠʦʥʘʣʥʠʭ 

ʧʨʦʠʟʚʦʜʘ ʩʝ ʧʨʦʚʝʨʘʚʘʿʫ ʦʜ ʩʪʨʘʥʝ ʨʘʟʣʠʯʠʪʠʭ ʪʝʣʘ. ʋ ʟʝʤˀʘʤʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ, ʟʘ ʪʦ 

ʿʝ ʟʘʜʫʞʝʥʘ ɽʚʨʦʧʩʢʘ ʘʛʝʥʮʠʿʘ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʭʨʘʥʝ (European Food Safety Authority - 

EFSA), ʜʦʢ ʿʝ ʫ ʉɸɼ ʟʘʜʫʞʝʥʘ ʋʧʨʘʚʘ ʟʘ ʭʨʘʥʫ ʠ ʣʝʢʦʚʝ (Food and Drug Administration 

ï FDA) ʠ ʦʙʘ ʪʝʣʘ ʠʤʘʿʫ ʩʚʦʿʝ ʟʘʭʪʝʚʝ ʢʦʿʠ ʩʝ ʪʠʯʫ ʧʦʪʨʝʙʥʠʭ ʜʦʢʘʟʘ ʢʦʿʝ ʢʦʤʧʘʥʠʿʝ 

ʢʦʿʝ ʧʨʦʠʟʚʦʜʝ ʬʫʥʢʮʠʦʥʘʣʥʫ ʭʨʘʥʫ ʤʦʨʘʿʫ ʜʘ ʧʨʠʢʘʞʫ ʢʘʢʦ ʙʠ ʤʦʛʣʝ ʜʘ ʨʝʢʣʘʤʠʨʘʿʫ 

ʥʫʪʨʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚʩʪʚʝʥʝ ʧʨʝʜʥʦʩʪʠ ʩʚʦʿʠʭ ʧʨʦʠʟʚʦʜʘ (González-Díaz et al., 

2018). ʀʥʪʝʨʝʩʦʚʘˁʝ ʟʘ ʦʚʘʿ ʧʨʠʩʪʫʧ ʭʨʘʥʠ ʢʦʥʩʪʘʥʪʥʦ ʨʘʩʪʝ, ʰʪʦ ʩʝ ʦʛʣʝʜʘ ʫ ʨʘʩʪʫ 

ʙʨʦʿʘ ʥʘʫʯʥʠʭ ʨʘʜʦʚʘ ʛʜʝ ʩʝ ʧʦʤʠˁʝ ʬʫʥʢʮʠʦʥʘʣʥʘ ʭʨʘʥʘ, ʢʘʦ ʠ ʫ ʨʘʩʪʫ˂ʝʤ ʪʨʞʠʰʪʫ 

(Alongi & Anese, 2021). ʂʘʢʦ ʙʠ ʩʝ ʧʨʝʚʘʟʠʰʣʠ ʧʨʦʙʣʝʤʠ ʧʦʧʫʪ ʨʘʟʣʠʯʠʪʠʭ 

ʜʝʬʠʥʠʮʠʿʘ ʠ ʟʘʢʦʥʩʢʝ ʨʝʛʫʣʘʪʠʚʝ, ʢʘʦ ʿʝʜʥʦ ʦʜ ʤʦʛʫ˂ʠʭ ʨʝʰʝˁʘ ʘʫʪʦʨʠ ʥʘʚʦʜʝ 

ʭʦʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ ʢʦʿʠ ʙʠ, ʦʩʠʤ ʨʝʚʠʜʠʨʘˁʘ ʜʝʬʠʥʠʮʠʿʘ ʠ ʫʩʘʛʣʘʰʘʚʘˁʘ ʟʘʢʦʥʩʢʠʭ 

ʨʝʛʫʣʘʪʠʚʘ ʪʨʝʙʘʣʦ ʜʘ ʫʤʘˁʠ ʿʘʟ ʠʟʤʝʹʫ ʪʝʭʥʦʣʦʰʢʦʛ ʠ ʥʫʪʨʠʪʠʚʥʦʛ ʩʪʘʥʦʚʠʰʪʘ 

ʥʘʣʘʞʝˁʝʤ ʥʘʿʙʦˀʠʭ ʢʦʤʧʨʦʤʠʩʥʠʭ ʨʝʰʝˁʘ ʠʟʤʝʹʫ ʢʚʘʣʠʪʝʪʘ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ, 

ʢʘʦ ʠ ʧʦʙʦˀʰʘˁʝ ʢʦʤʫʥʠʢʘʮʠʿʝ ʠʟʤʝʹʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠʭ ʩʪʨʘʥʘ (Alongi & Anese, 

2021). ʉʚʝ ʚʝ˂ʠ ʙʨʦʿ ʧʨʦʠʟʚʦʜʘ ʥʘ ʪʨʞʠʰʪʫ ʩʘ ʪʚʨʜˁʘʤʘ ʦ ʨʘʟʣʠʯʠʪʠʤ ʙʝʥʝʬʠʪʠʤʘ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʧʨʦʠʟʚʦʜʠʤʘ ʟʘʭʪʝʚʘ ʨʝʛʫʣʘʮʠʿʫ ʧʨʦʧʠʩʘ ʥʘ ʠʥʪʝʨʥʘʮʠʦʥʘʣʥʦʤ ʥʠʚʦʫ 

ʟʙʦʛ ʪʨʠ ʛʣʘʚʥʘ ʨʘʟʣʦʛʘ (Domínguez Díaz et al., 2020): 

1. ʤʦʨʘ ʩʝ ʠʟʙʝ˂ʠ ʦʙʤʘˁʫʿʫ˂ʝ ʨʝʢʣʘʤʠʨʘˁʝ, ʢʘʦ ʠ ʥʝʣʦʿʘʣʥʘ ʢʦʥʢʫʨʝʥʮʠʿʘ ʫ 
ʧʨʝʭʨʘʤʙʝʥʦʿ ʠʥʜʫʩʪʨʠʿʠ; 

2. ʤʦʨʘ ʩʝ ʜʦʟʚʦʣʠʪʠ ʩʣʦʙʦʜʘʥ ʧʨʦʤʝʪ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʰʠʨʦʤ ʩʚʝʪʘ; 

3. ʧʦʪʨʦʰʘʯʠ ʩʝ ʤʦʨʘʿʫ ʟʘʰʪʠʪʠʪʠ ʪʘʢʦ ʰʪʦ ˂ʝ ʠʤ ʩʝ ʧʨʫʞʠʪʠ ʩʚʝ ʠʥʬʦʨʤʘʮʠʿʝ 

ʢʦʿʝ ʩʫ ʧʦʪʨʝʙʥʝ ʢʘʢʦ ʙʠ ʤʦʛʣʠ ʜʘ ʦʜʘʙʝʨʫ ʭʨʘʥʫ ʥʘ ʘʜʝʢʚʘʪʘʥ ʥʘʯʠʥ. 

ɼʘ ʙʠ ʬʫʥʢʮʠʦʥʘʣʥʘ ʭʨʘʥʘ ʙʠʣʘ ʜʦʩʪʫʧʥʠʿʘ ʠ ʢʦʥʢʫʨʝʥʪʥʠʿʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʙʦˀʰʘʪʠ 

ʫʧʨʘʚˀʘˁʝ ʣʘʥʮʠʤʘ ʩʥʘʙʜʝʚʘˁʘ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʝ ʟʙʦʛ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ 

ʧʨʦʠʟʚʦʜʘ ʤʦʨʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ ʚʨʝʤʝʥʫ, ʢʘʦ ʠ ʝʜʫʢʘʮʠʿʫ ʧʨʦʠʟʚʦʹʘʯʘ ʦ ʟʘʰʪʠʪʠ 

ʠʥʦʚʘʪʠʚʥʝ ʠʥʪʝʣʝʢʪʫʘʣʥʝ ʩʚʦʿʠʥʝ ʢʨʦʟ ʧʘʪʝʥʪʠʨʘˁʝ (Shegelman et al., 2020). 
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ʉʣʠʢʘ 2.1. ʐʝʤʘʪʩʢʠ ʫʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʬʫʥʢʮʠʦʥʘʣʥʫ ʭʨʘʥʫ ʫ ɱʘʧʘʥʫ ʠ 

ʜʝʬʠʥʠʩʘˁʘ ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ ʫ ʝʚʨʦʧʩʢʠʤ ʟʝʤˀʘʤʘ (López-Varela et al., 2002). 

ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʧʨʦʙʣʝʤʝ ʚʝʟʘʥʝ ʟʘ ʜʝʬʠʥʠʮʠʿʝ ʠ ʟʘʢʦʥʝ, ʛʨʘʥʠʯʥʝ ʦʙʣʘʩʪʠ ʠʟʤʝʹʫ 

ʬʘʨʤʘʮʠʿʝ ʠ ʠʩʭʨʘʥʝ ʩʫ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʩʚʝ ʚʝ˂ʝʛ ʙʨʦʿʘ ʩʪʫʜʠʿʘ (Witkamp & van 

Norren, 2018). ɹʠʦʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʠʟ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʥʘ 

ʙʠʦʣʦʰʢʠ ʦʜʛʦʚʦʨ ʦʨʛʘʥʠʟʤʘ ʧʨʫʞʘʿʫ˂ʠ ʤʫ ʨʘʟʥʦʣʠʢ ʟʜʨʘʚʩʪʚʝʥʠ ʙʝʥʝʬʠʪ (Aguiar et 

al., 2019). ɿʥʘʯʘʿ ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ ʿʝ ʧʦʨʘʩʪʘʦ ʥʘʢʦʥ ʧʘʥʜʝʤʠʿʝ ʢʦʨʦʥʘ ʚʠʨʫʩʘ 

(COVID-19), ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʠʤʫʥʦʩʪʠʤʫʣʠʰʫ˂ʝ ʜʝʿʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʥʠʭ 

ʢʦʤʧʦʥʝʥʘʪʘ ʭʨʘʥʝ. ʇʨʦʤʦʮʠʿʘ ʟʜʨʘʚʦʛ ʥʘʯʠʥʘ ʞʠʚʦʪʘ ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʬʫʥʢʮʠʦʥʘʣʥʫ 

ʭʨʘʥʫ ʩʝ ʥʘʚʦʜʠ ʢʘʦ ʿʝʜʥʘ ʦʜ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʿʘʯʘˁʝ ʫʨʦʹʝʥʦʛ ʠʤʫʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʘ 

ʨʝʟʫʣʪʫʿʝ ʦʪʧʦʨʥʦʰ˂ʫ ʥʘ ʚʠʨʫʩʝ (Han & Hoang, 2020). ʇʨʠʿʘʚˀʝʥʦ ʿʝ ʜʘ ʿʝ ʩʪʦʧʘ 

ʩʤʨʪʥʦʩʪʠ ʦʜ ʢʦʨʦʥʘ ʚʠʨʫʩʘ ʙʠʣʘ ʚʝ˂ʘ ʫʢʦʣʠʢʦ ʩʫ ʧʘʮʠʿʝʥʪʠ ʠʤʘʣʠ ʿʝʜʥʫ ʠʣʠ ʚʠʰʝ 

ʭʨʦʥʠʯʥʠʭ ʙʦʣʝʩʪʠ (Hamid & Thakur, 2021). ʆʚʝ ʙʦʣʝʩʪʠ ʩʣʘʙʝ ʠʤʫʥʠ ʩʠʩʪʝʤ ʠ 

ʧʦʚʝ˂ʘʚʘʿʫ ʦʩʝʪˀʠʚʦʩʪ ʥʘ ʢʦʨʦʥʘ ʚʠʨʫʩ ʠ ʜʨʫʛʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʝ, ʧʘ ʙʠ ʠʩʭʨʘʥʘ ʙʦʛʘʪʘ 

ʂʨʠʪʝʨʠʿʫʤ FOSHU 
ʟʘ ʬʫʥʢʮʠʦʥʘʣʥʫ 
ʭʨʘʥʫ, ɱʘʧʘʥ: 

ʊʦ ʿʝ ʭʨʘʥʘ ʥʘ ʙʘʟʠ ʢʦʤʧʦʥʝʥʘʪʘ 
ʢʦʿʝ ʩʝ ʧʨʠʨʦʜʥʦ ʥʘʣʘʟʝ ʫ ʭʨʘʥʠ 
(ʥʝ ʩʤʝ ʙʠʪʠ ʫ ʦʙʣʠʢʫ ʧʠʣʫʣʘ, 
ʢʘʧʩʫʣʘ ʠʣʠ ʧʨʘʰʢʦʚʘ). 

ʄʦʞʝ ʠ ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʩʝ 
ʢʦʥʟʫʤʠʨʘ ʫ ʦʢʚʠʨʫ ʩʚʘʢʦʜʥʝʚʥʝ 

ʠʩʭʨʘʥʝ. 

ʀʤʘ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥ ʫʪʠʮʘʿ ʥʘ 
ˀʫʜʩʢʠ ʦʨʛʘʥʠʟʘʤ: ʧʦʙʦˀʰʘʚʘ 
ʠʤʫʥʠ ʩʠʩʪʝʤ; ʩʧʨʝʯʘʚʘ 
ʦʜʨʝʹʝʥʘ ʦʙʦˀʝˁʘ; ʧʦʤʘʞʝ 
ʦʧʦʨʘʚʘʢ ʥʘʢʦʥ ʦʜʨʝʹʝʥʠʭ 

ʙʦʣʝʩʪʠ; ʧʦʤʘʞʝ ʢʦʜ ʬʠʟʠʯʢʠʭ ʠ 
ʧʩʠʭʠʯʢʠʭ ʪʝʛʦʙʘ; ʫʩʧʦʨʘʚʘ 

ʧʨʦʮʝʩ ʩʪʘʨʝˁʘ. 

FUFOSE ʜʝʬʠʥʠʮʠʿʘ 
ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ, 

ɽʚʨʦʧʘ: 

ʊʦ ʿʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʠʣʠ 
ʩʚʘʢʦʜʥʝʚʥʘ ʭʨʘʥʘ ʢʦʿʘ ʿʝ ʜʝʦ 

ʥʦʨʤʘʣʥʝ ʠʩʭʨʘʥʝ. 

ʉʘʩʪʦʿʠ ʩʝ ʦʜ ʢʦʤʧʦʥʝʥʘʪʘ 
ʧʨʠʨʦʜʥʦ ʧʨʠʩʫʪʥʠʭ ʫ ʭʨʘʥʠ, 
ʧʦʥʝʢʘʜ ʫ ʧʦʚʝ˂ʘʥʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʠʣʠ ʧʨʠʩʫʪʥʘ ʫ 
ʭʨʘʥʠ ʢʦʿʘ ʠʭ ʠʥʘʯʝ ʥʝ ʙʠ 

ʩʘʜʨʞʘʣʘ. 

ʀʤʘ ʧʦʟʠʪʠʚʘʥ ʝʬʝʢʘʪ ʥʘ ʞʝˀʝʥʝ 
ʬʫʥʢʮʠʿʝ ʠʟʚʘʥ  ʦʢʚʠʨʘ ʦʩʥʦʚʥʝ 

ʠʩʭʨʘʥʝ ʢʦʿʠ ʿʝ ʥʘʫʯʥʦ 
ʜʝʤʦʥʩʪʨʠʨʘʥ. 

ʉʤʘʪʨʘ ʩʝ ʜʘ ʦʙʝʟʙʝʹʫʿʝ 
ʧʦʙʦˀʰʘˁʝ ʩʪʘˁʘ ʙʣʘʛʦʩʪʘˁʘ ʠ 
ʟʜʨʘʚˀʘ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ 

ʢʚʘʣʠʪʝʪʘ ʞʠʚʦʪʘ ʠ/ʠʣʠ ʩʤʘˁʝˁʘ 
ʨʠʟʠʢʘ ʦʜ ʙʦʣʝʩʪʠ. 

ʈʝʢʣʘʤʠʨʘ ʩʝ ʦʚʣʘʰ˂ʝʥʠʤ 
ʪʚʨʜˁʘʤʘ. 
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ʨʘʟʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʢʦʿʝ ʩʪʠʤʫʣʠʰʫ ʠʤʫʥʠ ʩʠʩʪʝʤ (ʬʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ, ʪʝʨʧʝʥʦʠʜʠ, 

ʘʣʢʘʣʦʠʜʠ, ʩʪʝʨʦʣʠ, ʧʠʛʤʝʥʪʠ, ʥʝʟʘʩʠ˂ʝʥʝ ʤʘʩʥʝ ʢʠʩʝʣʠʥʝ, ʤʠʢʨʦʥʫʪʨʠʿʝʥʪʠ, ʚʠʪʘʤʠʥʠ 

ʠ ʤʠʥʝʨʘʣʠ) ʙʠʣʘ ʧʦʞʝˀʥʘ (Alkhatib, 2020; Hamid & Thakur, 2021). ʌʫʥʢʮʠʦʥʘʣʥʘ 

ʭʨʘʥʘ ʩʝ ʥʘʚʦʜʠ ʠ ʢʘʦ ʿʝʜʥʦ ʦʜ ʨʝʰʝˁʘ ʟʘ ʩʤʘˁʝˁʝ ʩʪʦʧʝ ʥʝʟʘʨʘʟʥʠʭ ʙʦʣʝʩʪʠ, ʢʘʦ ʰʪʦ 

ʩʫ ʘʫʪʦʠʤʫʥʝ ʙʦʣʝʩʪʠ, ʤʦʞʜʘʥʠ ʫʜʘʨ, ʭʨʦʥʠʯʥʝ ʙʦʣʝʩʪʠ, ʜʠʿʘʙʝʪʝʩ, ʭʠʧʝʨʪʝʥʟʠʿʘ, 

ʛʦʿʘʟʥʦʩʪ ʠʪʜ. (Sumaedi & Sumardjo, 2021).  

2.2. ɸʜʠʪʠʚʠ 

ʇʨʝʭʨʘʤʙʝʥʠ ʘʜʠʪʠʚ ʿʝ ʙʠʣʦ ʢʦʿʘ ʩʫʧʩʪʘʥʮʘ ʢʦʿʘ ʥʠʿʝ ʭʨʘʥʘ ʩʘʤʘ ʧʦ ʩʝʙʠ, ʥʠʪʠ ʿʝ 

ʩʘʩʪʦʿʘʢ ʭʨʘʥʝ, ʘʣʠ ʢʘʜʘ ʩʝ ʜʦʜʘ ʫ ʧʨʦʠʟʚʦʜ ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʨʘʜʝ ʧʦʩʪʘʿʝ ʜʝʦ ʭʨʘʥʝ 

(Badora et al., 2019). ʋ ʘʜʠʪʠʚʝ ʩʝ ʥʝ ʫʙʨʘʿʘʿʫ ʢʦʥʪʘʤʠʥʘʥʪʠ ʠʣʠ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʝ 

ʜʦʜʘʿʫ ʨʘʜʠ ʦʜʨʞʘʚʘˁʘ ʠʣʠ ʧʦʧʨʘʚˀʘˁʘ ʥʫʪʨʠʪʠʚʥʦʛ ʢʚʘʣʠʪʝʪʘ, ʢʘʦ ʥʠ ʥʘʪʨʠʿʫʤ 

ʭʣʦʨʠʜ (Carocho et al., 2015). ʀʩʪʦʨʠʿʘʪ ʢʦʨʠʰ˂ʝˁʘ ʘʜʠʪʠʚʘ ʩʝʞʝ ʿʦʰ ʜʦ ʘʥʪʠʯʢʠʭ 

ʚʨʝʤʝʥʘ. ʄʝʹʫ ʧʨʚʠʤ ʘʜʠʪʠʚʠʤʘ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʫ ˀʫʜʩʢʦʿ ʠʩʭʨʘʥʠ ʩʫ ʩʫʤʧʦʨ 

ʜʠʦʢʩʠʜ (ɽ220), ʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ (ɽ260), ʥʘʪʨʠʿʫʤ-ʥʠʪʨʠʪ (ɽ250), ʜʦʢ ʩʫ ʩʝ ʢʘʦ ʧʨʚʝ 

ʙʦʿʝ ʢʦʨʠʩʪʠʣʠ ʢʫʨʢʫʤʠʥ (ɽ100) ʠ ʢʘʨʤʠʥ (ɽ120) (Badora et al., 2019). ʊʦʢʦʤ ʍIʍ ʚʝʢʘ 

ʨʘʟʚʠʿʘʣʝ ʩʫ ʩʝ ʭʝʤʠʿʘ, ʙʠʦʣʦʛʠʿʘ ʠ ʤʝʜʠʮʠʥʘ, ʰʪʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʦʪʢʨʠ˂ʘ ʤʥʦʛʠʭ 

ʭʝʤʠʿʩʢʠʭ ʩʫʧʩʪʘʥʮʠ ʦʜ ʢʦʿʠʭ ʩʫ ʥʝʢʝ ʙʠʣʝ ʢʦʨʠʩʥʝ, ʜʦʢ ʩʫ ʜʨʫʛʝ ʠʤʘʣʝ ʢʘʪʘʩʪʨʦʬʘʣʥʦ 

ʜʝʿʩʪʚʦ ʢʘʜʘ ʩʫ ʜʦʜʘʚʘʥʝ ʫ ʭʨʘʥʫ ʟʙʦʛ ʥʝʜʦʚʦˀʥʦʛ ʟʥʘˁʘ ʚʝʟʘʥʦʛ ʟʘ ˁʠʭʦʚʫ ʪʦʢʩʠʯʥʦʩʪ. 

ʇʨʚʝʥʩʪʚʝʥʦ ʿʝ ʨʘʟʚʦʿ ʘʜʠʪʠʚʘ ʙʠʦ ʚʝʟʘʥ ʠʩʢˀʫʯʠʚʦ ʟʘ ʢʦʥʟʝʨʚʠʨʘˁʝ ʭʨʘʥʝ, ʧʘ ʩʝ ʮʠˀ 

ʧʦʣʘʢʦ ʧʨʦʰʠʨʠʦ ʥʘ ʧʦʙʦˀʰʘˁʝ ʦʨʛʘʥʦʣʝʧʪʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʧʦʤʦ˂ʫ ʙʦʿʘ, ʘʨʦʤʘ ʠ 

ʟʘʩʣʘʹʠʚʘʯʘ (Badora et al., 2019). 

ʅʘ ʛʣʦʙʘʣʥʦʤ ʥʠʚʦʫ, 1962. ʛʦʜʠʥʝ ʉʚʝʪʩʢʘ ʟʜʨʘʚʩʪʚʝʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ (World Health 

Organisation - WHO) ʠ ʆʨʛʘʥʠʟʘʮʠʿʘ ʟʘ ʭʨʘʥʫ ʠ ʧʦˀʦʧʨʠʚʨʝʜʫ (Food and Agriculture 

Organization - FAO) ʩʫ ʠʟʜʘʣʝ Codex Alimentarius ʢʘʦ ʟʙʠʨ ʩʪʘʥʜʘʨʜʘ, ʧʨʘʚʠʣʘ 

ʧʦʩʪʫʧʘˁʘ, ʩʤʝʨʥʠʮʘ ʠ ʧʨʝʧʦʨʫʢʘ ʚʝʟʘʥʠʭ ʟʘ ʭʨʘʥʫ. ʀʘʢʦ ʦʚʦ ʥʠʿʝ ʟʚʘʥʠʯʘʥ ʟʘʢʦʥ, 

ʧʨʠʟʥʘʪ ʿʝ ʫ ʛʦʪʦʚʦ ʩʚʠʤ ʟʝʤˀʘʤʘ ʩʚʝʪʘ (Badora et al., 2019). ʋ ɽʚʨʦʧʩʢʦʿ ʫʥʠʿʠ ʠ 

ʜʨʫʛʠʤ ʟʝʤˀʘʤʘ ɽʚʨʦʧʝ, 2002. ʛʦʜʠʥʝ ʦʩʥʦʚʘʥʘ ʿʝ EFSA ʢʦʿʘ ʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ Codex 

Alimentarius, ʘʣʠ ʩʧʨʦʚʦʜʠ ʠ ʩʚʦʿʘ ʥʝʟʘʚʠʩʥʘ ʠʩʪʨʘʞʠʚʘˁʘ. ʋ ʉɸɼ ʩʝ ʦʚʠʤʝ ʙʘʚʠ FDA, 

ʪʘʢʦ ʜʘ ʩʝ ʣʠʩʪʘ ʘʜʠʪʠʚʘ ʜʦʟʚʦˀʝʥʠʭ ʫ ɽʚʨʦʧʠ (ʦʢʦ 330 ʦʜʦʙʨʝʥʠʭ ʘʜʠʪʠʚʘ) ʨʘʟʣʠʢʫʿʝ 

ʦʜ ʘʤʝʨʠʯʢʝ (Badora et al., 2019; Carocho et al., 2015; Chazelas et al., 2020). ʋ ʈʝʧʫʙʣʠʮʠ 

ʉʨʙʠʿʠ ʥʘ ʩʥʘʟʠ ʿʝ ʧʨʘʚʠʣʥʠʢ (Pravilnik o Prehrambenim Aditivima, Sluģbeni glasnik RS, 

53/2018) ʢʦʿʠ ʧʨʦʧʠʩʫʿʝ ʧʨʘʚʠʣʘ ʚʝʟʘʥʘ ʟʘ ʧʨʝʭʨʘʤʙʝʥʝ ʘʜʠʪʠʚʝ, ʧʦʜʨʫʯʿʝ ʧʨʠʤʝʥʝ, 

ʜʝʬʠʥʠʮʠʿʝ ʘʜʠʪʠʚʘ, ʣʠʩʪʝ ʦʜʦʙʨʝʥʠʭ ʘʜʠʪʠʚʘ, ˁʠʭʦʚʫ ʫʧʦʪʨʝʙʫ, ʦʟʥʘʯʘʚʘˁʝ ʠ ʜʨ. ʋ 

ʝʚʨʦʧʩʢʠʤ ʟʝʤˀʘʤʘ ʨʘʜʠ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʝ ʩʚʘʢʠ ʘʜʠʪʠʚ ʠʤʘ ʩʚʦʿ ʢʦʜ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʩʣʦʚʘ ɽ ʠ ʪʨʠ ʠʣʠ ʯʝʪʠʨʠ ʮʠʬʨʝ. ʇʦʩʪʦʿʝ ʜʝʪʘˀʥʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʘʜʠʪʠʚʘ ʥʘ ʙʘʟʠ ʫʣʦʛʝ 

ʢʦʿʫ ʠʤʘʿʫ ʫ ʧʨʦʠʟʚʦʜʫ (Faustino et al., 2019), ʤʘʜʘ ʯʝʩʪʦ ʿʝʜʘʥ ʘʜʠʪʠʚ ʤʦʞʝ ʠʤʘʪʠ ʚʠʰʝ 

ʫʣʦʛʘ ʫ ʭʨʘʥʠ. ɻʝʥʝʨʘʣʥʘ ʧʦʜʝʣʘ ʧʨʝʤʘ ɽ ʙʨʦʿʝʚʠʤʘ ʿʝ (Badora et al., 2019): 

¶ ʙʦʿʝ: ɽ100 ï ɽ199; 

¶ ʢʦʥʟʝʨʚʘʥʩʠ ʠ ʨʝʛʫʣʘʪʦʨʠ ʢʠʩʝʣʦʩʪʠ: ɽ200 ï ɽ299; 

¶ ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʠ ʩʠʥʝʨʛʠʩʪʠ: ɽ300 ï ɽ399; 

¶ ʩʪʘʙʠʣʠʟʘʪʦʨʠ, ʟʛʫʰˁʠʚʘʯʠ, ʝʤʫʣʛʘʪʦʨʠ, ʩʨʝʜʩʪʚʘ ʟʘ ʛʣʘʟʠʨʘˁʝ ʠ ʧʦʚʝ˂ʘˁʝ 
ʟʘʧʨʝʤʠʥʝ: ɽ400 ï ɽ499; 

¶ ʜʨʫʛʝ ʩʫʧʩʪʘʥʮʝ: ɽ500 ʠ ʜʘˀʝ. 

ʊʦʢʦʤ ʦʩʘʤʜʝʩʝʪʠʭ ʛʦʜʠʥʘ XX ʚʝʢʘ ʘʜʠʪʠʚʠ ʩʫ ʩʤʘʪʨʘʥʠ ʦʧʘʩʥʠʤʘ ʠ ʦʜ ʪʘʜʘ ʧʦʩʪʦʿʠ 

ʦʜʨʝʹʝʥʘ ʜʦʟʘ ʥʝʧʦʚʝʨʝˁʘ ʠ ʩʪʨʘʭʘ ʢʦʥʟʫʤʝʥʘʪʘ. ʆʜʥʦʩʠ ʢʦʥʟʫʤʝʥʘʪʘ ʧʨʝʤʘ ʘʜʠʪʠʚʠʤʘ 

ʚʘʨʠʨʘʿʫ ʠ ʧʨʝʜʤʝʪ ʩʫ ʙʨʦʿʥʠʭ ʥʘʫʯʥʠʭ ʩʪʫʜʠʿʘ ʠ ʠʩʧʠʪʠʚʘˁʘ ʪʨʞʠʰʪʘ (Carocho et al., 

2015). ɼʘʥʘʩ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʩʪʫʜʠʿʝ ʢʦʿʝ ʧʦʢʘʟʫʿʫ ʰʪʝʪʥʦʩʪ ʦʜʨʝʹʝʥʠʭ ʘʜʠʪʠʚʘ ʧʦ 
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ʟʜʨʘʚˀʝ, ʢʘʦ ʥʧʨ. ʩʦʨʙʘʪʘ ʠʣʠ ʧʘʨʘʙʝʥʘ (Carocho et al., 2015). ʏʝʩʪʦ ʩʝ ʥʝ ʤʦʞʝ 

ʛʦʚʦʨʠʪʠ ʫʦʧʰʪʝʥʦ ʦ ʘʜʠʪʠʚʠʤʘ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʦʙʫʭʚʘʪʘʿʫ ʰʠʨʦʢʫ ʛʨʫʧʫ 

ʩʫʧʩʪʘʥʮʠ. ʅʘ ʧʨʠʤʝʨ, ʘʫʪʦʨʠ ʩʘ ʘʩʧʝʢʪʘ ʝʬʝʢʘʪʘ ʥʘ ʤʠʢʨʦʙʠʦʤ ʥʘʚʦʜʝ ʰʪʝʪʥʝ ʝʬʝʢʪʝ 

ʢʦʿʝ ʠʩʧʦˀʘʚʘʿʫ ʩʠʥʪʝʪʠʯʢʠ ʟʘʩʣʘʹʠʚʘʯʠ, ʜʦʢ ʠʩʪʠʯʫ ʜʘ ʦʜʨʝʹʝʥʠ ʰʝ˂ʝʨʥʠ ʘʣʢʦʭʦʣʠ 

ʤʦʛʫ ʠʤʘʪʠ ʝʬʝʢʘʪ ʩʣʠʯʘʥ ʧʨʦʙʠʦʪʠʮʠʤʘ (Gultekin et al., 2020). ʀʘʢʦ ʨʝʛʫʣʘʪʦʨʥʘ ʪʝʣʘ 

ʘʞʫʨʠʨʘʿʫ ʩʚʦʿʝ ʣʠʩʪʝ ʠ ADI ʚʨʝʜʥʦʩʪʠ (Acceptable Daily Intake ï ʧʨʠʭʚʘʪˀʠʚ ʜʥʝʚʥʠ 

ʫʥʦʩ), ʯʘʢ ʠ ʟʘ ʘʜʠʪʠʚʝ ʠʩʧʠʪʠʚʘʥʝ ʜʝʮʝʥʠʿʘʤʘ ʧʦʩʪʦʿʝ ʥʝʜʦʫʤʠʮʝ ʦʢʦ ʜʫʛʦʨʦʯʥʦʛ 

ʠʟʣʘʛʘˁʘ (Carocho et al., 2015). ʆʚʦ, ʢʘʦ ʠ ʥʝʨʘʟʫʤʝʚʘˁʝ ʥʘʫʯʥʠʭ ʠʟʿʘʚʘ ʜʦʚʦʜʠ ʰʠʨʫ 

ʿʘʚʥʦʩʪ ʫ ʟʘʙʫʥʫ ʦ ʪʦʢʩʠʢʦʣʦʰʢʠʤ ʝʬʝʢʪʠʤʘ ʠ ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ ʚʝʟʘʥʠʤ ʟʘ ʢʦʨʠʰ˂ʝˁʝ 

ʘʜʠʪʠʚʘ (Jansen et al., 2020). ɸʫʪʦʨʠ ʠʩʪʠʯʫ ʜʘ ʿʝ ʘʞʫʨʠʨʘˁʝ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʟʘ 

ʜʝʪʝʢʮʠʿʫ ʘʜʠʪʠʚʘ ʫ ʭʨʘʥʠ, ʢʘʦ ʠ ʨʘʟʚʦʿ ʙʨʟʠʭ ʤʝʪʦʜʘ ʦʜ ʢˀʫʯʥʝ ʚʘʞʥʦʩʪʠ ʟʙʦʛ 

ʜʦʟʠʨʘˁʘ ʠ ʧʨʘʚʠʣʥʝ ʧʨʠʤʝʥʝ ʘʜʠʪʠʚʘ, ʢʘʦ ʠ ʩʤʝʨʥʠʮʘ ʟʘ ʨʝʛʫʣʘʪʦʨʥʘ ʪʝʣʘ (Oreopoulou 

et al., 2009; Wu et al., 2022). ʊʘʢʦʹʝ ʩʝ ʥʘʛʣʘʰʘʚʘ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʠ ʫʥʘʧʨʝʹʝˁʝ ʤʝʪʦʜʘ ʟʘ 

ʧʨʦʫʯʘʚʘˁʝ ʪʦʢʩʠʯʥʦʩʪʠ (Kumar et al., 2019). 

ɱʝʜʥʘ ʩʪʫʜʠʿʘ ʢʦʿʘ ʿʝ ʦʙʫʭʚʘʪʠʣʘ ʚʠʰʝ ʦʜ 126.000 ʧʨʦʠʟʚʦʜʘ ʧʨʠʩʫʪʥʠʭ ʥʘ ʪʨʞʠʰʪʫ 

ʌʨʘʥʮʫʩʢʝ ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʩʝ ʫ ʚʠʰʝ ʦʜ 53% ʩʚʠʭ ʧʨʦʠʟʚʦʜʘ ʥʘʣʘʟʠ ʙʘʨ 1 ʘʜʠʪʠʚ, ʘ ʫ 

11,3% ʙʘʨ 5 ʘʜʠʪʠʚʘ, ʦʜ ʯʝʛʘ ʩʫ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʣʠʤʫʥʩʢʘ ʢʠʩʝʣʠʥʘ, ʣʝʮʠʪʠʥʠ ʠ 

ʤʦʜʠʬʠʢʦʚʘʥʠ ʩʢʨʦʙʦʚʠ (Chazelas et al., 2020). ʋ 50 ʥʘʿʯʝʰ˂ʝ ʜʦʜʘʚʘʥʠʭ ʘʜʠʪʠʚʘ ʫʣʘʟʝ 

ʠ ʦʥʠ ʩʘ ʩʫʤˁʠʚʠʤ ʧʦʩʣʝʜʠʮʘʤʘ ʧʦ ʟʜʨʘʚˀʝ, ʢʘʦ ʰʪʦ ʩʫ ʥʘʪʨʠʿʫʤ ʥʠʪʨʠʪ, ʢʘʣʠʿʫʤ 

ʥʠʪʨʘʪ, ʢʘʨʘʛʝʥʘʥ, ʤʦʥʦʥʘʪʨʠʿʫʤ ʛʣʫʪʘʤʘʪ, ʠʪʜ., ʘ ʥʘʫʯʥʠʢʝ ʙʨʠʥʝ ʠ ʪʦ ʰʪʦ ʥʝʤʘ 

ʧʦʜʘʪʘʢʘ ʦ ʟʜʨʘʚʩʪʚʝʥʠʤ ʝʬʝʢʪʠʤʘ ʠʩʪʦʚʨʝʤʝʥʦʛ ʢʦʨʠʰ˂ʝˁʘ ʚʠʰʝ ʘʜʠʪʠʚʘ, ʿʝʨ ʩʝ ʤʦʛʫ 

ʠʩʪʘ˂ʠ ʢʣʘʩʪʝʨʠ ʘʜʠʪʠʚʘ ʢʦʿʠ ʩʝ ʯʝʩʪʦ ʧʦʿʘʚˀʫʿʫ ʟʘʿʝʜʥʦ ʫ ʧʨʦʠʟʚʦʜʠʤʘ (Chazelas et al., 

2020). ʏʘʢ ʠ ʢʘʜʘ ʩʪʫʜʠʿʝ ʜʦʢʘʞʫ ʜʘ ʦʜʨʝʹʝʥʠ ʘʜʠʪʠʚʠ (ʢʘʦ ʥʧʨ. ʥʘʪʨʠʿʫʤ ʘʮʝʪʘʪ, 

ʥʘʪʨʠʿʫʤ ʜʠʘʮʝʪʘʪ ʠ ʢʘʣʠʿʫʤ ʩʦʨʙʘʪ) ʥʝʤʘʿʫ ʮʠʪʦʪʦʢʩʠʯʥʘ ʠʣʠ ʛʝʥʦʪʦʢʩʠʯʥʘ ʩʚʦʿʩʪʚʘ, 

ʘʫʪʦʨʠ ʧʨʝʧʦʨʫʯʫʿʫ ˁʠʭʦʚʦ ʟʘʤʝˁʠʚʘˁʝ ʧʨʠʨʦʜʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ (Mohammadzadeh-

Aghdash et al., 2018). 

ʋʩʣʝʜ ʧʨʝʟʘʩʠ˂ʝʥʦʩʪʠ ʘʜʠʪʠʚʠʤʘ ʠ ʢʦʥʟʫʤʠʨʘˁʘ Ăʫʣʪʨʘ-ʧʨʝʨʘʹʝʥʝñ ʭʨʘʥʝ, ʘʜʠʪʠʚʠ 

ʧʨʠʨʦʜʥʦʛ ʧʦʨʝʢʣʘ ʧʨʠʚʣʘʯʝ ʩʚʝ ʚʠʰʝ ʧʘʞˁʝ ʢʦʥʟʫʤʝʥʘʪʘ. ʀʥʬʦʨʤʘʮʠʿʝ ʦ ˁʠʤʘ, ʢʘʦ ʠ 

ʧʣʘʩʠʨʘˁʝ ʥʘ ʪʨʞʠʰʪʝ ʙʠ ʙʠʣʠ ʦʣʘʢʰʘʥʠ ʢʘʜʘ ʙʠ ʧʦʩʪʦʿʘʣʝ ʿʘʩʥʝ ʜʝʬʠʥʠʮʠʿʝ 

ʧʨʠʨʦʜʥʠʭ ʘʜʠʪʠʚʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʟʘʢʦʥʩʢʘ ʨʝʛʫʣʘʪʠʚʘ (Carocho et al., 2015; Chazelas et 

al., 2020). ʉʪʫʜʠʿʝ ʧʦʢʘʟʫʿʫ ʜʘ ʢʦʥʟʫʤʝʥʪʠ ʨʘʜʠʿʝ ʙʠʨʘʿʫ ʘʜʠʪʠʚʝ ʧʨʠʨʦʜʥʦʛ ʫʤʝʩʪʦ 

ʭʝʤʠʿʩʢʦʛ ʧʦʨʝʢʣʘ (Carocho et al., 2015). ʈʘʩʪʫ˂ʠ ʜʝʦ ʪʨʞʠʰʪʘ ʭʨʘʥʝ (ʪʟʚ. Clean Label 

Trend) ʙʠʨʘ ʧʨʦʠʟʚʦʜʝ ʩʘ ʧʨʠʨʦʜʥʠʤ, ʧʦʟʥʘʪʠʤ ʠ ʿʝʜʥʦʩʪʘʚʥʠʤ ʩʘʩʪʦʿʮʠʤʘ, ʙʝʟ 

ʩʠʥʪʝʪʩʢʠʭ ʿʝʜʠˁʝˁʘ, ʯʠʿʝ ʩʝ ʝʪʠʢʝʪʝ ʤʦʛʫ ʣʘʢʦ ʧʨʦʯʠʪʘʪʠ (Munekata et al., 2020). 

ʇʨʠʨʦʜʥʠ ʘʜʠʪʠʚʠ ʤʦʛʫ ʩʝ ʧʦʜʝʣʠʪʠ ʥʘ ʧʨʠʨʦʜʥʝ ʘʥʪʠʦʢʩʠʜʘʥʪʝ, ʘʥʪʠʤʠʢʨʦʙʥʘ 

ʩʨʝʜʩʪʚʘ, ʙʦʿʝ ʠ ʟʘʩʣʘʹʠʚʘʯʝ; ʥʝʢʠ ʦʜ ʥʘʿʧʦʟʥʘʪʠʿʠʭ ʩʫ ʬʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ, ʘʩʢʦʨʙʠʥʩʢʘ 

ʢʠʩʝʣʠʥʘ, ʢʘʨʦʪʝʥʦʠʜʠ, ʪʦʢʦʬʝʨʦʣʠ, ʝʩʝʥʮʠʿʘʣʥʘ ʫˀʘ, ʭʣʦʨʦʬʠʣ, ʢʫʨʢʫʤʠʥ, ʠʪʜ. 

(Carocho et al., 2015). ʇʨʝʜʥʦʩʪʠ ˁʠʭʦʚʦʛ ʢʦʨʠʰ˂ʝˁʘ ʣʝʞʝ ʫ ʙʝʟʙʝʜʥʦʩʪʠ, 

ʩʠʥʝʨʛʠʩʪʠʯʢʦʤ ʩʚʦʿʩʪʚʫ, ʝʬʝʢʪʠʚʥʦʩʪʠ ʠ ʰʠʨʝʤ ʩʧʝʢʪʨʫ ʜʝʣʦʚʘˁʘ. ʂʘʦ ʠʟʚʦʨʠ 

ʧʨʠʨʦʜʥʠʭ ʘʜʠʪʠʚʘ ʩʝ ʥʘʚʦʜʝ ʠ ʩʧʦʨʝʜʥʠ ʧʨʦʠʟʚʦʜʠ ʠʟ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʠ ʧʨʝʭʨʘʤʙʝʥʝ 

ʠʥʜʫʩʪʨʠʿʝ, ʛʜʝ ʩʝ ʧʦʨʝʜ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʠ ʙʠʦʘʢʪʠʚʥʦʩʪʠ ʧʨʦʤʦʚʠʰʝ ʠ ʢʦʥʮʝʧʪ 

ʮʠʨʢʫʣʘʨʥʝ ʝʢʦʥʦʤʠʿʝ ʠ ʦʜʨʞʠʚʦʩʪʠ (Faustino et al., 2019; Rajkoviĺ et al., 2020; Ueda et 

al., 2022). ʇʦʨʝʜ ʧʨʝʜʥʦʩʪʠ, ʠʧʘʢ ʩʝ ʤʦʨʘʿʫ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ ʦʜʨʝʹʝʥʘ ʦʛʨʘʥʠʯʝˁʘ, ʢʘʦ 

ʰʪʦ ʿʝ ʮʝʥʘ, ʜʦʟʠʨʘˁʝ, ʪʦʢʩʠʢʦʣʦʰʢʘ ʠʩʧʠʪʠʚʘˁʘ ʢʦʿʘ ʩʝ ʤʦʨʘʿʫ ʩʧʨʦʚʝʩʪʠ ʠ ʟʘ 

ʧʨʠʨʦʜʥʝ ʘʜʠʪʠʚʝ, ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʢʦʤʧʦʥʝʥʪʘʤʘ ʭʨʘʥʝ, ʢʘʦ ʠ ʥʝʧʦʩʪʦʿʝ˂ʘ ʛʣʦʙʘʣʥʘ 

ʟʘʢʦʥʩʢʘ ʨʝʛʫʣʘʪʠʚʘ (Carocho et al., 2015). ɿʙʦʛ ʪʦʛʘ ʩʫ ʥʘʫʯʥʝ ʩʪʫʜʠʿʝ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ 

ʫʚʝʢ ʠʥʪʝʨʝʩʘʥʪʥʝ ʠ ʟʘ ʥʘʫʢʫ ʠ ʟʘ ʠʥʜʫʩʪʨʠʿʫ, ʧʦʛʦʪʦʚʦ ʢʘʜʘ ʩʝ ʨʘʜʠ ʦ ʙʝʟʙʝʜʥʠʤ 

ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʘʜʠʪʠʚʠʤʘ ʧʨʠʨʦʜʥʦʛ ʧʦʨʝʢʣʘ. 
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2.3. ʂʦʟʿʝ ʤʣʝʢʦ 

2.3.1. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʠ ʥʫʪʨʠʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʢʦʟʿʝʛ ʤʣʝʢʘ 

ʋʟʛʘʿʘˁʝ ʢʦʟʘ ʟʙʦʛ ʤʝʩʘ ʠ ʤʣʝʢʘ ʿʝ ʫ ʚʝʣʠʢʦʤ ʫʩʧʦʥʫ, ʘ ʧʨʦʮʝˁʫʿʝ ʩʝ ʜʘ ʩʝ ʙʨʦʿ ʦʚʠʭ 

ʞʠʚʦʪʠˁʘ ʥʘ ʩʚʝʪʩʢʦʤ ʥʠʚʦʫ ʧʦʚʝ˂ʘʦ ʩʘ 350 ʤʠʣʠʦʥʘ ʥʘ ʚʠʰʝ ʦʜ ʿʝʜʥʝ ʤʠʣʠʿʘʨʜʝ ʫ 

ʧʦʩʣʝʜˁʠʭ 60 ʛʦʜʠʥʘ (Hammam et al., 2021). ʋʟʛʘʿʘʿʫ ʩʝ ʥʘʿʚʠʰʝ ʥʘ ʧʨʦʩʪʦʨʫ ɸʟʠʿʝ, 

ɸʬʨʠʢʝ, ʄʝʜʠʪʝʨʘʥʘ ʠ ɹʣʠʩʢʦʛ ʠʩʪʦʢʘ (Hammam et al., 2021), ʘ ʧʨʦʮʝˁʫʿʝ ʩʝ ʜʘ ʯʘʢ 

94% ʧʦʧʫʣʘʮʠʿʝ ʥʘʩʝˀʘʚʘ ʥʘʿʩʠʨʦʤʘʰʥʠʿʝ ʟʝʤˀʝ ɸʬʨʠʢʝ ʠ ɸʟʠʿʝ (Rai et al., 2022).  

ʀʘʢʦ ʧʦʩʪʦʿʝ ʦʜʨʝʹʝʥʝ ʨʘʟʣʠʢʝ, ʦʩʥʦʚʥʠ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʢʦʟʿʝʛ ʤʣʝʢʘ ʥʝ ʨʘʟʣʠʢʫʿʝ ʩʝ 

ʧʫʥʦ ʦʜ ʢʨʘʚˀʝʛ ʤʣʝʢʘ (ʪʘʙʝʣʘ 2.1.) (Turkmen, 2017). ʋʩʣʦʚʠ ʦʜ ʢʦʿʠʭ ʟʘʚʠʩʠ ʭʝʤʠʿʩʢʠ 

ʩʘʩʪʘʚ ʤʣʝʢʘ ʩʫ ʙʨʦʿʥʠ - ʨʘʩʘ ʞʠʚʦʪʠˁʝ, ʩʘʤʘ ʞʠʚʦʪʠˁʘ ʫ ʦʢʚʠʨʫ ʨʘʩʝ, ˁʝʥʘ ʠʩʭʨʘʥʘ, 

ʩʪʘʨʦʩʪ, ʧʘʨʠʪʝʪ, ʫʩʣʦʚʠ ʦʢʨʫʞʝˁʘ, ʫʩʣʦʚʠ ʫ ʢʦʿʠʤʘ ʩʝ ʞʠʚʦʪʠˁʘ ʭʨʘʥʠ ʠ ʯʫʚʘ, 

ʛʦʜʠʰˁʝ ʜʦʙʘ, ʣʦʢʘʣʠʪʝʪ, ʬʘʟʘ ʣʘʢʪʘʮʠʿʝ, ʟʜʨʘʚʩʪʚʝʥʠ ʩʪʘʪʫʩ ʚʠʤʝʥʘ (Clark & Mora 

García, 2017; Park, 2017; Qin et al., 2021; Turkmen, 2017; Zhao et al., 2022). ɺʘʨʠʨʘˁʘ ʩʫ 

ʧʦʩʝʙʥʦ ʠʟʨʘʞʝʥʘ ʪʦʢʦʤ ʨʘʟʣʠʯʠʪʠʭ ʬʘʟʘ ʣʘʢʪʘʮʠʿʝ ʠ ʛʦʜʠʰˁʠʭ ʜʦʙʘ ï ʪʦʢʦʤ ʨʘʥʝ 

ʬʘʟʝ ʣʘʢʪʘʮʠʿʝ ʩʘʜʨʞʘʿ ʤʘʩʪʠ, ʩʫʚʝ ʤʘʪʝʨʠʿʝ ʠ ʧʨʦʪʝʠʥʘ ʿʝ ʚʠʩʦʢ, ʟʘʪʠʤ ʙʨʟʦ ʦʧʘʜʘ ʠ 

ʜʦʩʪʠʞʝ ʤʠʥʠʤʫʤ ʪʦʢʦʤ ʜʨʫʛʦʛ ʠʣʠ ʪʨʝ˂ʝʛ ʤʝʩʝʮʘ ʣʘʢʪʘʮʠʿʝ, ʘ ʦʥʜʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʢʘʢʦ 

ʩʝ ʙʣʠʞʠ ʢʨʘʿ ʣʘʢʪʘʮʠʿʝ; ʦʪʫʜʘ ʤʦʛʫ ʧʦʪʠʮʘʪʠ ʚʘʨʠʿʘʮʠʿʝ ʫ ʩʘʩʪʘʚʫ ʤʣʝʢʘ ʫ ʣʠʪʝʨʘʪʫʨʠ 

(Park, 2017). ʅʘʿʫʦʯˀʠʚʠʿʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʢʦʟʿʝʛ ʠ ʢʨʘʚˀʝʛ ʩʘ ʿʝʜʥʝ ʠ ʭʫʤʘʥʦʛ ʩʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ ʿʝ ʫ ʩʘʜʨʞʘʿʫ ʤʠʥʝʨʘʣʘ ʠ ʫʢʫʧʥʠʭ ʧʨʦʪʝʠʥʘ, ʰʪʦ ʿʝ ʚʝʟʘʥʦ ʟʘ ʩʪʦʧʫ ʨʘʩʪʘ 

ʥʦʚʦʨʦʹʝʥʯʘʜʠ ʦʚʠʭ ʚʨʩʪʘ, ʢʘʦ ʠ ʧʨʦʮʝʥʘʪ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʜʦʙʠʿʘ ʠʟ ʣʘʢʪʦʟʝ ʠ 

ʧʨʦʪʝʠʥʘ (Park, 2017). ʇʦʨʝʹʝˁʘ ʢʦʟʿʝʛ ʩʘ ʢʨʘʚˀʠʤ ʠ ʭʫʤʘʥʠʤ ʤʣʝʢʦʤ ʩʫ ʥʘʿʯʝʰ˂ʘ ʫ 

ʣʠʪʝʨʘʪʫʨʠ, ʦʧʨʘʚʜʘʥʘ ʩʫ ʩʘ ʥʫʪʨʠʪʠʚʥʦʛ ʠ ʢʦʤʝʨʮʠʿʘʣʥʦʛ ʩʪʘʥʦʚʠʰʪʘ ʠ ʜʦʙʨʦ ʩʫ 

ʧʨʦʫʯʝʥʘ (Farrell et al., 2006). 

ʇʨʚʠ ʥʘʫʯʥʠ ʨʘʜ ʚʝʟʘʥ ʟʘ ʢʦʟʿʝ ʤʣʝʢʦ ʩʝ ʧʦʿʘʚʠʦ ʿʦʰ 1902. ʛʦʜʠʥʝ ʠ ʦʥ ʩʝ ʦʜʥʦʩʠʦ ʥʘ 

ʨʠʟʠʢʝ ʠ ʧʨʝʜʥʦʩʪʠ ʭʨʘˁʝˁʘ ʦʜʦʿʯʘʜʠ ʢʦʟʿʠʤ ʤʣʝʢʦʤ (Hammam et al., 2021). ʇʨʠʣʠʢʦʤ 

ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʠʭ ʟʘ ʥʫʪʨʠʪʠʚʥʠ ʟʥʘʯʘʿ ʢʦʟʿʝʛ ʤʣʝʢʘ ʫ ʧʨʠʤʝʥʠ ʬʦʨʤʫʣʘ ʟʘ ʙʝʙʝ 

ʤʦʨʘ ʩʝ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʜʘ ʦʥʝ ʠʤʘʿʫ ʤʘˁʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʧʨʦʪʝʘʟʘ ʠ ʚʠʰʫ pH ʚʨʝʜʥʦʩʪ 

ʞʝʣʫʮʘ, ʪʿ. ʜʘ ʿʝ ʚʘʨʝˁʝ ʧʨʦʪʝʠʥʘ ʤʘˁʝ ʠʥʪʝʥʟʠʚʥʦ ʥʝʛʦ ʢʦʜ ʦʜʨʘʩʣʠʭ ˀʫʜʠ 

(Hodgkinson et al., 2018). ʂʦʨʠʰ˂ʝˁʝ ʢʦʟʿʝʛ ʤʣʝʢʘ ʟʘ ʨʘʟʚʦʿ ʬʦʨʤʫʣʘ ʟʘ ʦʜʦʿʯʘʜ ʥʦʩʠ 

ʦʜʨʝʹʝʥʝ ʧʨʝʜʥʦʩʪʠ, ʢʘʦ ʰʪʦ ʩʫ ʣʘʢʰʝ ʚʘʨʝˁʝ (ʟʙʦʛ ʬʦʨʤʠʨʘˁʘ ʤʘˁʠʭ ʘʛʨʝʛʘʪʘ 

ʧʨʦʪʝʠʥʘ ʠ ʢʘʧˀʠʮʘ ʫˀʘ ʪʦʢʦʤ ʚʘʨʝˁʘ ʠ ʥʠʞʝʛ ʩʪʝʧʝʥʘ ʢʦʘʛʫʣʘʮʠʿʝ), ʟʘʪʠʤ ʙʦˀʠ 

ʢʦʛʥʠʪʠʚʥʠ ʨʘʟʚʦʿ, ʢʘʦ ʠ ʨʘʟʚʦʿ ʠʤʫʥʦʣʦʰʢʦʛ ʩʠʩʪʝʤʘ (Gallier et al., 2020; Ye et al., 

2019). ʋ ʢʣʠʥʠʯʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʿʝ ʧʦʪʚʨʹʝʥʦ ʜʘ ʢʦʟʿʝ ʤʣʝʢʦ ʤʦʞʝ ʙʠʪʠ ʦʩʥʦʚʘ 

ʬʦʨʤʫʣʘ ʟʘ ʦʜʦʿʯʘʜ, ʘʣʠ ʩʫ ʢʦʥʩʪʘʪʘʮʠʿʝ ʦ ʢʦʨʠʰ˂ʝˁʫ ʢʦʟʿʝʛ ʤʣʝʢʘ ʫ ʦʚʝ ʩʚʨʭʝ ʟʘ ʩʘʜ 

ʜʠʩʢʫʪʦʚʘʥʝ ʩʘʤʦ ʫ ʥʘʫʯʥʦʿ ʣʠʪʝʨʘʪʫʨʠ ʠ ʥʠʩʫ ʢʦʤʝʨʮʠʿʘʣʠʟʦʚʘʥʝ (Prosser, 2021). 

ɼʦʜʘʪʥʘ ʧʦʙʦˀʰʘˁʘ ʢʚʘʣʠʪʝʪʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʨʦʠʟʚʦʜʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʥʫʪʨʠʪʠʚʥʠ 

ʩʘʩʪʘʚ, ʤʦʛʫ ʩʝ ʧʦʩʪʠ˂ʠ ʧʨʦʤʝʥʦʤ ʠʩʭʨʘʥʝ ʢʦʟʘ, ʫʚʦʹʝˁʝʤ ʥʦʚʠʭ on-line ʩʝʥʟʦʨʘ ʫ 

ʧʨʦʠʟʚʦʜˁʠ, ʢʘʦ ʠ ʬʦʨʤʫʣʘʮʠʿʦʤ ʧʨʦʠʟʚʦʜʘ ʩʘ ʜʦʜʘʪʦʤ ʚʨʝʜʥʦʰ˂ʫ (García et al., 2014). 

ʉʪʘʣʥʦ ʩʝ ʨʘʜʠ ʥʘ ʧʦʙʦˀʰʘˁʫ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ ʢʦʤʧʦʥʝʥʘʪʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʘʣʠ 

ʠ ʰʠʨʦʢʝ ʧʘʣʝʪʝ ʧʨʦʠʟʚʦʜʘ ʦʜ ʢʦʟʿʝʛ ʤʣʝʢʘ (Naagar & Kanawjia, 2019; Pal et al., 2017). 

 

 

 



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

8 

ʊʘʙʝʣʘ 2.1. ʆʩʥʦʚʥʠ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʢʦʟʿʝʛ ʤʣʝʢʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʭʫʤʘʥʠʤ ʠ ʢʨʘʚˀʠʤ ʤʣʝʢʦʤ, 

ʠʟ Turkmen, 2017
*
 ʠ Park, 2017

# 

ʂʦʥʩʪʠʪʫʝʥʪʠ ʂʦʟʿʝ ʤʣʝʢʦ ʍʫʤʘʥʦ ʤʣʝʢʦ ʂʨʘʚˀʝ ʤʣʝʢʦ 

ɽʥʝʨʛʝʪʩʢʘ 

ʚʨʝʜʥʦʩʪ (kcal) 
69

*
 70

#
 70

*
 68

#
 61

*
 69

#
 

ʋʢʫʧʥʘ ʩʫʚʘ 

ʤʘʪʝʨʠʿʘ (g/100g) 
13,2

*
 12,2

#
 12,4

*
 12,3

#
 12,6

*
 12,3

#
 

ʄʘʩʪʠ (g/100g) 4,5
*
 3,8

#
 3,8

*
 4,0

#
 3,7

*
 3,6

#
 

ʋʢʫʧʥʠ ʧʨʦʪʝʠʥʠ 

(g/100g) 
3,6

*
 3,5

#
 1,0

*
 1,2

#
 3,4

*
 3,3

#
 

ʃʘʢʪʦʟʘ (g/100g) 4,3
*
 4,1

#
 7,0

*
 6,9

#
 4,7

*
 4,6

#
 

ʄʠʥʝʨʘʣʠ (g/100g) 0,8
*
 0,8

#
 0,2

*
 0,2

#
 0,7

*
 0,7

#
 

 

ʄʘʩʪʠ ʩʝ ʫ ʢʦʟʿʝʤ ʤʣʝʢʫ ʥʘʣʘʟʝ ʫ ʚʠʜʫ ʛʣʦʙʫʣʘ, ʠ ʪʦ 97-99% ʫ ʩʣʦʙʦʜʥʦʤ ʦʙʣʠʢʫ ʠ 1-

3% ʫ ʚʝʟʘʥʦʤ ʦʙʣʠʢʫ (Park, 2017). ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʨʘʟʣʠʯʠʪʠ ʧʦʜʘʮʠ ʦ 

ʚʝʣʠʯʠʥʠ ʤʘʩʥʠʭ ʛʣʦʙʫʣʘ ï 2,76 ɛm; 3,20 ɛm; 3,49 ɛm, ʘ ʦʥʦ ʰʪʦ ʿʝ ʟʘʿʝʜʥʠʯʢʦ ʿʝʩʪʝ ʜʘ 

ʿʝ ʧʨʦʩʝʯʥʠ ʧʨʝʯʥʠʢ ʛʣʦʙʫʣʘ ʤʘˁʠ ʦʜ ʚʝ˂ʠʥʝ ʦʩʪʘʣʠʭ ʠʩʧʠʪʠʚʘʥʠʭ ʤʣʝʢʘ (Park, 2017; 

Turkmen, 2017). ʆʩʠʤ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ, ʜʦʙʘʨ ʧʦʢʘʟʘʪʝˀ ʿʝ ʠ ʟʘʩʪʫʧˀʝʥʦʩʪ ʛʣʦʙʫʣʘ 

ʤʘˁʠʭ ʦʜ 5 ɛm, ʢʦʿʘ ʠʟʥʦʩʠ ʚʠʰʝ ʦʜ 80% ʢʦʜ ʢʦʟʿʝʛ, ʘ ʥʧʨ. 60% ʢʦʛ ʢʨʘʚˀʝʛ ʤʣʝʢʘ 

(Turkmen, 2017). ɿʙʦʛ ʤʘˁʝʛ ʧʨʝʯʥʠʢʘ, ʛʣʦʙʫʣʝ ʠʤʘʿʫ ʚʝ˂ʫ ʩʧʦˀʘʰˁʫ ʧʦʚʨʰʠʥʫ ʥʘ 

ʢʦʿʫ ʤʦʛʫ ʜʘ ʜʝʣʫʿʫ ʣʠʧʘʟʝ, ʧʘ ʧʦʩʪʦʿʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʜʘ ʩʝ ʣʘʢʰʝ ʚʘʨʝ (ʠʘʢʦ ʦʚʝ ʪʚʨʜˁʝ 

ʪʨʝʙʘ ʜʦʜʘʪʥʦ ʧʦʪʚʨʜʠʪʠ), ʘʣʠ ʪʦ ʫʪʠʯʝ ʥʘ ʪʝʭʥʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ʧʨʦʠʟʚʦʜʘ ʥʘ ʙʘʟʠ 

ʢʦʟʿʝʛ ʤʣʝʢʘ (Park, 2017; Prosser, 2021). ɹʠʦʣʦʰʢʠ ʦʤʦʪʘʯ ʦʢʦ ʛʣʦʙʫʣʘ ʯʠʥʝ ʧʨʦʪʝʠʥʠ, 

ʛʣʠʢʦʧʨʦʪʝʠʥʠ, ʭʦʣʝʩʪʝʨʦʣ, ʩʬʠʥʛʦʣʠʧʠʜʠ, ʛʣʠʮʝʨʦʬʦʩʬʦʣʠʧʠʜʠ, ʝʥʟʠʤʠ ʠ ʜʨʫʛʝ 

ʢʦʤʧʦʥʝʥʪʝ (Chauhan et al., 2021). ʅʘ ʧʦʚʨʰʠʥʠ ʛʣʦʙʫʣʘ ʤʘʩʪʠ ʧʨʠʤʝ˂ʝʥʦ ʿʝ ʧʨʠʩʫʩʪʚʦ 

ʤʘˁʠʭ ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ ʚʝʣʠʯʠʥʝ 20 ï 60 nm, ʢʦʿʝ ʫʯʝʩʪʚʫʿʫ ʫ ʩʪʘʙʠʣʠʟʘʮʠʿʠ 

ʤʝʤʙʨʘʥʝ (ʩʣʠʢʘ 2.2.), ʢʘʦ ʠ ʧʨʠʩʫʩʪʚʦ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ (Luo et al., 2014). 

ʂʦʥʟʫʤʠʨʘˁʝʤ ʤʘʩʪʠ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʘʦ ʠ ʢʘʟʝʠʥʘ, ʩʥʠʞʘʚʘ ʩʝ ʥʠʚʦ ʭʦʣʝʩʪʝʨʦʣʘ, ʫʟ 

ʧʨʘʪʝ˂ʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ (Kalyan et al., 2018).  

 

ʉʣʠʢʘ 2.2. ʊʨʘʥʩʤʠʩʠʦʥʠ ʝʣʝʢʪʨʦʥʩʢʠ ʤʠʢʨʦʛʨʘʬ ʩʚʝʞʝʛ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʪʘʤʥʝ ʩʠʪʥʝ ʩʬʝʨʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ, ʚʝ˂ʝ ʩʬʝʨʝ ʩʫ ʛʣʦʙʫʣʝ ʤʘʩʪʠ, ʩʪʨʝʣʠʮʝ ʧʦʢʘʟʫʿʫ ʢʘ 

ʤʝʤʙʨʘʥʘʤʘ ʛʣʦʙʫʣʘ ʤʘʩʪʠ (Gallier et al., 2020) 
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ʂʦʟʿʝ ʤʣʝʢʦ ʿʝ ʙʦʛʘʪʦ ʤʘʩʥʠʤ ʢʠʩʝʣʠʥʘʤʘ ʢʨʘʪʢʠʭ ʠ ʩʨʝʜˁʠʭ ʣʘʥʘʮʘ, ʢʘʦ ʰʪʦ ʩʫ 

ʢʘʧʨʦʥʩʢʘ, ʢʘʧʨʠʣʥʘ, ʢʘʧʨʠʥʩʢʘ (ʦʜʛʦʚʦʨʥʝ ʟʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʤʠʨʠʩ ʢʦʟʿʝʛ ʤʣʝʢʘ) ʠ 

ʣʘʫʨʠʥʩʢʘ ʢʠʩʝʣʠʥʘ, ʘ ʙʦʛʘʪʦ ʿʝ ʠ ʝʩʝʥʮʠʿʘʣʥʠʤ ʤʘʩʥʠʤ ʢʠʩʝʣʠʥʘʤʘ ʠ ʢʦˁʫʛʦʚʘʥʦʤ 

ʣʠʥʦʣʥʦʤ ʤʘʩʥʦʤ ʢʠʩʝʣʠʥʦʤ ʢʦʿʝ ʩʝ ʧʦʚʝʟʫʿʫ ʩʘ ʙʨʦʿʥʠʤ ʟʜʨʘʚʩʪʚʝʥʠʤ ʙʝʥʝʬʠʪʠʤʘ 

(Park, 2017; Turkmen, 2017). 

ɻʣʘʚʥʠ ʫʛˀʝʥʠ ʭʠʜʨʘʪ ʫ ʢʦʟʿʝʤ ʤʣʝʢʫ ʿʝ ʣʘʢʪʦʟʘ, ʘ ʦʩʠʤ ˁʝ ʠʤʘ ʦʣʠʛʦʩʘʭʘʨʠʜʘ, ʢʘʦ ʠ 

ʧʨʦʜʫʢʘʪʘ ʥʘʩʪʘʣʠʭ ʦʜ ʣʘʢʪʦʟʝ, ʢʦʿʠ ʜʝʣʫʿʫ ʢʘʦ ʧʨʝʙʠʦʪʠʮʠ ʠ ʧʦʙʦˀʰʘʚʘʿʫ 

ʠʥʪʝʩʪʠʥʘʣʥʫ ʘʧʩʦʨʧʮʠʿʫ ʤʠʥʝʨʘʣʘ (Sonu & Basavaprabhu, 2020; Turkmen, 2017). ʂʦʟʿʝ 

ʤʣʝʢʦ ʩʘʜʨʞʠ ʚʠʰʝ ʦʣʠʛʦʩʘʭʘʨʠʜʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʘʚˀʝ ʠ ʭʫʤʘʥʦ ʤʣʝʢʦ, ʧʘ ʩʝ ʠʩʪʠʯʝ 

ˁʝʛʦʚʘ ʧʨʝʙʠʦʪʩʢʘ ʬʫʥʢʮʠʿʘ ʫ ʦʨʛʘʥʠʟʤʫ (Saikia et al., 2022). ʇʦʩʝʙʥʦ ʩʫ ʙʠʪʥʠ ʢʦʜ 

ʠʩʭʨʘʥʝ ʥʦʚʦʨʦʹʝʥʯʘʜʠ ʿʝʨ ʩʪʠʤʫʣʠʰʫ ʨʘʩʪ ʙʠʬʠʜʦʙʘʢʪʝʨʠʿʘ ʠ ʪʠʤʝ ʙʨʘʥʝ ʦʨʛʘʥʠʟʘʤ 

ʦʜ ʧʘʪʦʛʝʥʘ (Raynal-Ljutovac et al., 2008). ʆʩʠʤ ʧʨʝʙʠʦʪʩʢʝ ʫʣʦʛʝ, ʠʟ ʩʚʝʞʝʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʩʝ ʠʟʦʣʫʿʫ ʧʨʦʙʠʦʪʠʮʠ, ʘ ʧʨʦʠʟʚʦʜʠ ʦʜ ʢʦʟʿʝʛ ʤʣʝʢʘ ʩʫ ʦʟʥʘʯʝʥʠ ʢʘʦ ʜʦʙʨʠ 

ʥʦʩʠʦʮʠ ʧʨʦʙʠʦʪʠʢʘ ʟʙʦʛ ʩʚʦʛ ʥʫʪʨʠʪʠʚʥʦʛ ʧʨʦʬʠʣʘ (Ranadheera et al., 2018, 2019). 

ʇʦʩʪʦʿʝ ʭʠʧʦʪʝʟʝ ʜʘ ʦʩʦʙʝ ʩʘ ʠʥʪʦʣʝʨʘʥʮʠʿʦʤ ʥʘ ʣʘʢʪʦʟʫ ʤʦʛʫ ʢʦʥʟʫʤʠʨʘʪʠ ʢʦʟʿʝ 

ʤʣʝʢʦ. ɹʝʟ ʦʙʟʠʨʘ ʰʪʦ ʠ ʢʦʟʿʝ ʤʣʝʢʦ ʩʘʜʨʞʠ ʣʘʢʪʦʟʫ, ʤʣʝʢʦ ʩʝ ʢʦʤʧʣʝʪʥʠʿʝ ʠ ʣʘʢʰʝ 

ʚʘʨʠ, ʦʩʪʘʿʝ ʤʘˁʝ ʥʝʜʠʛʝʩʪʦʚʘʥʦʛ ʩʘʜʨʞʘʿʘ ʢʦʿʠ ʙʠ ʤʦʛʘʦ ʜʘ ʠʟʘʟʠʚʘ ʩʠʤʧʪʦʤʝ 

ʠʥʪʦʣʝʨʘʥʮʠʿʝ ʫ ʮʨʝʚʠʤʘ, ʧʘ ʦʩʪʘʿʝ ʜʘ ʩʝ ʧʨʦʚʝʨʝ ʪʚʨʜˁʝ ʜʘ ʣʠ ʜʦʙʨʘ ʜʠʛʝʩʪʠʙʠʣʥʦʩʪ 

ʢʦʟʿʝʛ ʤʣʝʢʘ Ăʤʘʩʢʠʨʘñ ʠʥʪʦʣʝʨʘʥʮʠʿʫ ʥʘ ʣʘʢʪʦʟʫ (Sonu & Basavaprabhu, 2020).  

ʐʪʦ ʩʝ ʪʠʯʝ ʤʠʥʝʨʘʣʥʦʛ ʩʘʩʪʘʚʘ, ʢʦʟʿʝ ʤʣʝʢʦ ʿʝ ʙʦʛʘʪʦ ʢʘʣʮʠʿʫʤʦʤ, ʬʦʩʬʦʨʦʤ, 

ʢʘʣʠʿʫʤʦʤ, ʤʘʛʥʝʟʠʿʫʤʦʤ, ʭʣʦʨʦʤ, ʘ ʨʘʟʣʠʯʠʪʝ ʩʪʫʜʠʿʝ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʙʠʦʜʦʩʪʫʧʥʦʩʪ 

ʛʚʦʞʹʘ, ʩʝʣʝʥʘ, ʮʠʥʢʘ ʠ ʙʘʢʨʘ ʙʠʣʘ ʚʝ˂ʘ ʢʦʜ ʧʘʮʦʚʘ ʭʨʘˁʝʥʠʭ ʢʦʟʿʠʤ ʫ ʦʜʥʦʩʫ ʥʘ 

ʢʨʘʚˀʝ ʤʣʝʢʦ (Raynal-Ljutovac et al., 2008; Turkmen, 2017). 

ʂʦʟʿʝ ʤʣʝʢʦ ʩʘʜʨʞʠ ʚʠʰʝ ʚʠʪʘʤʠʥʘ ɸ ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʘʚˀʝ ʤʣʝʢʦ, ʘʣʠ ʠʤʘ ʥʠʞʠ ʩʘʜʨʞʘʿ 

ʚʠʪʘʤʠʥʘ ɹ12 ʠ ʬʦʣʥʝ ʢʠʩʝʣʠʥʝ, ʧʘ ʩʝ ʟʙʦʛ ʦʚʦʛʘ ʜʝʮʘ ʥʝ ʩʤʝʿʫ ʭʨʘʥʠʪʠ ʠʩʢˀʫʯʠʚʦ 

ʢʦʟʿʠʤ ʤʣʝʢʦʤ, ʜʘ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʘʥʝʤʠʿʝ, ʿʝʨ ʿʝ ʬʦʣʥʘ ʢʠʩʝʣʠʥʘ ʧʦʪʨʝʙʥʘ ʟʘ ʩʠʥʪʝʟʫ 

ʭʝʤʦʛʣʦʙʠʥʘ (Turkmen, 2017). ʇʦʨʝʜ ʦʚʦʛʘ, ʢʦʟʿʝ ʤʣʝʢo ʠʤʘ ʥʠʞʠ ʩʘʜʨʞʘʿ ʚʠʪʘʤʠʥʘ ɹ6, 

ɼ, ʎ ʠ ɽ (Raynal-Ljutovac et al., 2008; Turkmen, 2017). 

ʉʘʜʨʞʘʿʠ ʥʝʧʨʦʪʝʠʥʩʢʦʛ ʘʟʦʪʘ ʩʫ ʩʣʠʯʥʠ ʢʦʜ ʢʦʟʿʝʛ (0,4%) ʠ ʭʫʤʘʥʦʛ ʤʣʝʢʘ (0,5%), ʘ 

ʚʝ˂ʠ ʩʫ ʦʜ ʢʨʘʚˀʝʛ (0,2%) (Park et al., 2007). ʆʚʜʝ ʩʝ ʫʙʨʘʿʘʿʫ ʩʣʦʙʦʜʥʝ ʘʤʠʥʦʢʠʩʝʣʠʥʝ, 

ʧʦʣʠʘʤʠʥʠ, ʥʫʢʣʝʦʪʠʜʠ, ʥʫʢʣʝʦʟʠʜʠ ʠ ʥʫʢʣʝʦʙʘʟʝ, ʩʫʧʩʪʘʥʮʝ ʦʜ ʚʠʪʘʣʥʦʛ ʟʥʘʯʘʿʘ ʟʘ 

ʥʦʚʦʨʦʹʝʥʯʘʜ (Park et al., 2007; 2017; Raynal-Ljutovac et al., 2008). ʉʘ ʨʘʟʚʦʿʝʤ ʥʦʚʠʭ 

ʠʥʩʪʨʫʤʝʥʪʘʣʥʠʭ ʘʥʘʣʠʟʘ ʦʪʢʨʠʚʘʿʫ ʩʝ ʥʦʚʠ ʢʦʥʩʪʠʪʫʝʥʪʠ ʤʣʝʢʘ ʩʘ ʨʘʟʥʦʣʠʢʠʤ 

ʢʦʨʠʩʥʠʤ ʙʠʦʣʦʰʢʠʤ ʫʣʦʛʘʤʘ ʠʥʪʝʨʝʩʘʥʪʥʠʤ ʟʘ ʠʩʪʨʘʞʠʚʘʯʝ, ʢʘʦ ʰʪʦ ʿʝ ʥʧʨ. 

ʧʨʠʩʫʩʪʚʦ ʤʠʢʨʦ-ʈʅʂ ʤʦʣʝʢʫʣʘ ʫ ʤʣʝʢʫ (Benmoussa & Provost, 2019). 

2.3.2. ʇʨʦʪʝʠʥʠ ʢʦʟʿʝʛ ʤʣʝʢʘ 

ʇʨʦʪʝʠʥʠ ʤʣʝʢʘ ʩʫ ʧʦʜʝˀʝʥʠ ʫ ʜʚʝ ʢʘʪʝʛʦʨʠʿʝ ʧʨʝʤʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ ï ʿʝʜʥʫ ʛʨʫʧʫ 

ʯʠʥʝ ʢʘʟʝʠʥʠ (ʥʝʨʘʩʪʚʦʨˀʠʚʠ ʧʨʦʪʝʠʥʠ), ʜʦʢ ʜʨʫʛʫ ʛʨʫʧʫ ʯʠʥʝ ʩʝʨʫʤ ʧʨʦʪʝʠʥʠ ʠʣʠ 

ʧʨʦʪʝʠʥʠ ʩʫʨʫʪʢʝ (Peġiĺ, 2011; Selvaggi et al., 2014). ʂʘʟʝʠʥʠ (CN) ʩʫ ʬʦʩʬʦʧʨʦʪʝʠʥʠ 

ʢʦʿʠ ʩʝ ʪʘʣʦʞʝ ʢʘʜʘ ʩʝ ʤʣʝʢʫ pH ʚʨʝʜʥʦʩʪ ʩʧʫʩʪʠ ʠʩʧʦʜ ʦʜʨʝʹʝʥʝ ʛʨʘʥʠʮʝ (pH 4,2 ʟʘ 

ʢʦʟʿʝ ʤʣʝʢʦ; pH 4,6 ʟʘ ʢʨʘʚˀʝ ʤʣʝʢʦ) ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 20хʉ, ʜʦʢ ʩʝʨʫʤ ʧʨʦʪʝʠʥʠ 
ʦʩʪʘʿʫ ʨʘʩʪʚʦˀʠʚʠ ʫ ʩʝʨʫʤʫ ʤʣʝʢʘ ʠ ʥʘʢʦʥ ʦʚʝ ʧʨʝʮʠʧʠʪʘʮʠʿʝ (Peġiĺ, 2011). ʂʘʟʝʠʥʠ 

ʩʧʘʜʘʿʫ ʫ ʢʠʩʝʣʝ ʧʨʦʪʝʠʥʝ, ʪʿ. ʠʟʦʝʣʝʢʪʨʠʯʥʘ ʪʘʯʢʘ ʠʤ ʩʝ ʥʘʣʘʟʠ ʫ ʢʠʩʝʣʦʿ ʩʨʝʜʠʥʠ, ʧʘ ʫ 

ʥʝʫʪʨʘʣʥʦʿ pH ʩʨʝʜʠʥʠ ʠʤʘʿʫ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘˁʝ (de Kruif, 2003). ɼʝʣʝ ʩʝ ʥʘ Ŭs1-, 

Ŭs2-, ɓ- ʠ ə-CN, ʜʦʢ ʩʫ ʛʣʘʚʥʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥʠ Ŭ-ʣʘʢʪʘʣʙʫʤʠʥʠ (Ŭ-LA), ɓ-

ʣʘʢʪʦʛʣʦʙʫʣʠʥʠ (ɓ-LG), ʢʘʦ ʠ ʤʘˁʝ ʟʘʩʪʫʧˀʝʥʠ ʧʨʦʪʝʠʥʠ (ʩʝʨʫʤ ʘʣʙʫʤʠʥ ʢʨʚʠ ï BSA, 
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ʠʤʫʥʦʛʣʦʙʫʣʠʥʠ, ʣʘʢʪʦʬʝʨʠʥ, ʧʨʦʪʝʦʟʦʧʝʧʪʦʥʩʢʝ ʬʨʘʢʮʠʿʝ) (Farrell et al., 2006; Peġiĺ, 

2011; Selvaggi et al., 2014). ɺʠʰʝ ʦʜ 95% ʧʨʦʪʝʠʥʘ ʫ ʤʣʝʢʫ ʯʠʥʠ ʰʝʩʪ ʛʣʘʚʥʠʭ ʬʨʘʢʮʠʿʘ 

-  Ŭs1-, Ŭs2-, ɓ- , ə-CN, Ŭ-LA ʠ ɓ-LG, ʜʦʢ ʿʝ ʦʜʥʦʩ ʢʘʟʝʠʥʘ ʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʫ ʢʦʟʿʝʤ 

ʤʣʝʢʫ ʦʢʚʠʨʥʦ 80:20 (Prosser, 2021; Selvaggi et al., 2014). ʇʨʦʪʝʠʥʠ ʢʦʟʿʝʛ ʤʣʝʢʘ ʩʫ ʫ 

ʧʦʟʠʪʠʚʥʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʦʜʨʝʹʝʥʠʤ ʧʨʦʙʠʦʪʩʢʠʤ ʢʫʣʪʫʨʘʤʘ, ʰʪʦ ʿʝ ʿʦʰ ʿʝʜʘʥ ʦʜ 

ʨʝʟʫʣʪʘʪʘ ʢʦʿʠ ʫʧʫ˂ʫʿʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʧʨʦʪʝʠʥʘ (Z. Wang et al., 2018). ʇʨʦʪʝʠʥʠ 

ʢʨʘʚˀʝʛ ʤʣʝʢʘ ʠʤʘʿʫ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ ʧʨʝʭʨʘʤʙʝʥʦʿ ʠʥʜʫʩʪʨʠʿʠ, ʫʛʣʘʚʥʦʤ ʩʝ ʢʦʨʠʩʪʝ 

ʫ ʚʠʜʫ ʧʨʘʰʢʘʩʪʠʭ ʤʘʪʝʨʠʿʘ ʢʘʦ ʰʪʦ ʩʫ ʢʦʥʮʝʥʪʨʘʪ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ (ʦʢʚʠʨʥʦ 40-85% 

ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ) ʠ ʠʟʦʣʘʪ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ (ʦʢʦ 90% ʧʨʦʪʝʠʥʘ), ʛʜʝ ʿʝ ʩʘʯʫʚʘʥ ʦʜʥʦʩ 

ʢʘʟʝʠʥʘ ʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ 80:20 (Nunes & Tavares, 2019). ʄʝʹʫ ʢʘʟʝʠʥʘʪʠʤʘ, ʥʘʿʯʝʰ˂ʠ 

ʩʫ Na-ʢʘʟʝʠʥʘʪ ʠ Ca-ʢʘʟʝʠʥʘʪ (ʧʨʚʠ ʩʝ ʚʠʰʝ ʢʦʨʠʩʪʠ ʟʙʦʛ ʙʦˀʝ ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ), ʜʦʢ 

ʩʝ ʧʨʦʪʝʠʥʠ ʩʫʨʫʪʢʝ ʪʘʢʦʹʝ ʿʘʚˀʘʿʫ ʫ ʬʦʨʤʠ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʠʟʦʣʘʪʘ (Nunes & Tavares, 

2019). 

2.3.2.1. ʂʘʟʝʠʥʠ 

ʂʘʟʝʠʥʠ ʩʫ ʛʣʘʚʥʘ ʧʨʦʪʝʠʥʩʢʘ ʬʨʘʢʮʠʿʘ ʤʣʝʢʘ ʠ ˁʠʭʦʚʘ ʬʫʥʢʮʠʿʘ ʿʝ ʠʩʧʦʨʫʢʘ 

ʢʘʣʮʠʿʫʤʘ ʠ ʬʦʩʬʦʨʘ ʦʜ ʤʘʿʢʝ ʢʘ ʜʝʪʝʪʫ, ʢʘʦ ʠ ʥʝʦʧʭʦʜʥʠʭ ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʧʦʪʨʝʙʥʠʭ 

ʟʘ ʨʘʩʪ ʠ ʨʘʟʚʦʿ (Cheema et al., 2015; Selvaggi et al., 2014). ʋ ʤʣʝʢʫ ʩʝ ʥʘʣʘʟʝ ʫ ʦʙʣʠʢʫ 

ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ (Peġiĺ, 2011). ɱʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʨʘʟʣʦʛʘ ʟʘʰʪʦ ʩʝ ʢʘʣʮʠʿʫʤ 

ʥʘʣʘʟʠ ʫʥʫʪʘʨ ʦʚʘʢʚʠʭ ʪʚʦʨʝʚʠʥʘ ʿʝ ʩʧʨʝʯʘʚʘˁʝ ʢʘʣʮʠʬʠʢʘʮʠʿʝ ʪʢʠʚʘ ʤʣʝʯʥʠʭ ʞʣʝʟʜʘ 

(de Kruif, 2003). ʉʚʝ ʯʝʪʠʨʠ ʛʣʘʚʥʝ ʬʨʘʢʮʠʿʝ ʢʘʟʝʠʥʘ (Ŭs1-, Ŭs2-, ɓ- ʠ ə-CN) ʩʝ ʨʘʟʣʠʢʫʿʫ 

ʧʦ ʩʚʦʿʦʿ ʩʪʨʫʢʪʫʨʠ, ʧʦʟʥʘʪʝ ʩʫ ˁʠʭʦʚʝ ʨʘʟʣʠʯʠʪʝ ʛʝʥʝʪʠʯʢʝ ʚʘʨʠʿʘʥʪʝ, ʘ ʟʙʦʛ 

ʨʘʟʣʠʯʠʪʠʭ ʥʠʚʦʘ ʬʦʩʬʦʩʝʨʠʥʘ ʠ ʬʦʩʬʦʪʨʝʦʥʠʥʘ ʨʝʘʛʫʿʫ ʩʘ ʢʘʣʮʠʿʫʤʦʤ ʠ ʢʘʣʮʠʿʫʤ-

ʬʦʩʬʘʪʦʤ (de Kruif, 2003). ʈʘʩʧʦʨʝʜ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʠ ʭʠʜʨʦʬʦʙʥʠʭ 

ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʠʭ ʨʝʛʠʦʥʘ ʩʝ ʨʘʟʣʠʢʫʿʝ ʢʦʜ ʩʚʘʢʝ ʚʨʩʪʝ ʢʘʟʝʠʥʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ʠʤ ʜʘ ʩʝ 

ʧʦʚʝʟʫʿʫ ʠʟʤʝʹʫ ʩʝʙʝ, ʢʘʦ ʠ ʩʘ ʙʨʦʿʥʠʤ ʜʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ (de Kruif, 2003). 

ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʩʫ ʚʨʣʦ ʦʪʧʦʨʥʝ ʥʘ ʟʘʛʨʝʚʘˁʝ, ʭʣʘʹʝˁʝ ʠ ʩʫʰʝˁʝ, a ʥʠʿʝʜʘʥ ʦʜ 

ʢʘʟʝʠʥʘ ʥʝʤʘ ʚʝ˂ʫ ʟʘʩʪʫʧˀ ʝʥʦʩʪ ʝʣʝʤʝʥʘʪʘ ʩʝʢʫʥʜʘʨʥʝ ʩʪʨʫʢʪʫʨʝ, ʰʪʦ ʿʝ ʫʟ ʦʜʩʫʩʪʚʦ 

ʜʝʬʠʥʠʩʘʥʝ ʪʨʘʿʥʝ ʪʝʨʮʠʿʘʨʥʝ ʩʪʨʫʢʪʫʨʝ ʥʘʚʝʣʦ ʥʘʫʯʥʠʢʝ ʜʘ ʢʘʟʝʠʥʝ ʥʘʟʦʚʫ 

Ăʨʝʦʤʦʨʬʥʠʤʘñ ʠʣʠ Ăʧʨʠʨʦʜʥʦ ʥʝʩʨʝʹʝʥʠʤʘñ, ʰʪʦ ʜʘˀʝ ʟʥʘʯʠ ʜʘ ʤʦʛʫ ʤʝˁʘʪʠ ʩʚʦʿʫ 

ʩʪʨʫʢʪʫʨʫ ʢʘʢʦ ʙʠ ʩʝ ʘʜʘʧʪʠʨʘʣʠ ʫʩʣʦʚʠʤʘ ʩʨʝʜʠʥʝ (Dalgleish, 2011; de Kruif, 2003). 

Ŭs1-ʢʘʟʝʠʥʠ ʩʝ ʩʘʩʪʦʿʝ ʦʜ 214 ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʠʭ ʦʩʪʘʪʘʢʘ, ʚʠʩʦʢʦ ʩʫ ʬʦʩʬʦʨʠʣʦʚʘʥʠ ʠ 

ʧʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʚʘʨʠʿʘʥʪʝ ʢʦʜ ʨʘʟʣʠʯʠʪʠʭ ʞʠʚʦʪʠˁʩʢʠʭ ʚʨʩʪʘ (Selvaggi et al., 2014). 

ɻʨʫʧʘ Ŭs2 ʢʘʟʝʠʥʘ ʿʝ ʨʘʟʥʦʚʨʩʥʠʿʘ ʠ ʤʘˁʝ ʿʝ ʧʨʦʫʯʝʥʘ ʦʜ ʦʩʪʘʣʠʭ ʢʘʟʝʠʥʘ. ʉʘʩʪʦʿʠ ʩʝ ʦʜ 

ʛʣʘʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʩʘ 207 ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʠʭ ʦʩʪʘʪʘʢʘ, ʢʘʦ ʠ ʤʠʥʦʨʥʝ ʢʦʤʧʦʥʝʥʪʝ, 

ʪʘʢʦʹʝ ʿʝ ʚʠʩʦʢʦ ʬʦʩʬʦʨʠʣʦʚʘʥ, ʠʤʘ ʚʝʣʠʢʠ ʙʨʦʿ ʧʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʛʨʫʧʘ, 

ʩʘʜʨʞʠ ʜʚʘ ʦʩʪʘʪʢʘ ʮʠʩʪʠʥʘ, ʢʘʨʘʢʪʝʨʠʰʝ ʛʘ ʦʜʩʫʩʪʚʦ ʧʨʦʣʠʥʘ ʠ ʪʘʢʦʹʝ ʩʫ ʧʨʦʥʘʹʝʥʝ 

ʨʘʟʣʠʯʠʪʝ ʚʘʨʠʿʘʥʪʝ ʦʚʦʛ ʧʨʦʪʝʠʥʘ (Selvaggi et al., 2014). ʈʘʟʣʠʯʠʪʝ ʚʘʨʠʿʘʥʪʝ ʛʝʥʘ 

ʟʘʜʫʞʝʥʠʭ ʟʘ ʧʨʦʜʫʢʮʠʿʫ Ŭs1-ʢʘʟʝʠʥʘ, ʜʦʚʦʜʝ ʜʦ ʚʠʩʦʢʠʭ, ʩʨʝʜˁʠʭ, ʥʠʩʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʠʣʠ ʧʦʪʧʫʥʦʛ ʦʜʩʫʩʪʚʘ ʦʚʦʛ ʢʘʟʝʠʥʘ ʫ ʤʣʝʢʫ, ʰʪʦ ʧʦʩʣʝʜʠʯʥʦ ʤʦʞʝ 

ʜʦʚʝʩʪʠ ʜʦ ʨʘʟʣʠʯʠʪʦʛ ʧʦʥʘʰʘˁʘ ʪʦʢʦʤ ʧʨʝʨʘʜʝ ʤʣʝʢʘ ʫ ʤʣʝʯʥʝ ʧʨʦʠʟʚʦʜʝ (Peġiĺ, 2011; 

Selvaggi et al., 2014). ʉʣʠʯʥʘ ʩʠʪʫʘʮʠʿʘ ʿʝ ʠ ʩʘ ʧʦʣʠʤʦʨʬʠʟʤʦʤ Ŭs2-ʢʘʟʝʠʥʘ ʫ ʤʣʝʢʫ 

(Selvaggi et al., 2014). ʅʠʞʠ ʥʠʚʦʠ Ŭs1-ʢʘʟʝʠʥʘ ʫ ʢʦʟʿʝʤ ʤʣʝʢʫ ʧʦʩʣʝʜʠʯʥʦ ʜʦʚʦʜʝ ʜʦ 

ʜʨʫʛʘʯʠʿʝ ʩʪʨʫʢʪʫʨʝ ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ; ʤʠʮʝʣʝ ʩʫ ʚʝ˂ʝ ʩʘ ʚʠʰʝ ʭʠʜʨʘʪʠʩʘʥʠʤ ʧʦʨʘʤʘ 

(Prosser, 2021).  

ɓ-ʢʘʟʝʠʥʠ ʩʫ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʢʘʟʝʠʥʠ ʫ ʢʦʟʿʝʤ ʤʣʝʢʫ. ʄʘˁʝ ʩʫ ʬʦʩʬʦʨʠʣʠʩʘʥʠ ʫ 

ʦʜʥʦʩʫ ʥʘ Ŭs1- ʠ Ŭs2- ʢʘʟʝʠʥʝ ʠ ʢʘʨʘʢʪʝʨʠʰʝ ʠʭ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʛʣʫʪʘʤʠʥʘ 

(Selvaggi et al., 2014). ɱʝʜʠʥʠ ʩʫ ʢʘʟʝʠʥʠ ʢʦʿʠ ʠʤʘʿʫ ʩʚʦʿʩʪʚʦ ʩʘʤʦʩʪʘʣʥʦʛ ʛʨʫʧʠʩʘˁʘ ʫ 

ʤʠʮʝʣʘʨʥʝ ʩʪʨʫʢʪʫʨʝ ʟʘʚʠʩʥʦ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (Perinelli et al., 2019). 
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ʉʘʩʪʦʿʝ ʩʝ ʦʜ ʿʝʜʥʦʛ ʣʘʥʮʘ ʩʘ 209 ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʠʭ ʦʩʪʘʪʘʢʘ, ʘʤʬʠʬʠʣʥʠ ʩʫ ʠ 

ʬʣʝʢʩʠʙʠʣʥʠ ʿʝʨ ʥʝʤʘʿʫ ʠʥʪʨʘʤʦʣʝʢʫʣʩʢʝ ʚʝʟʝ ʠ ʩʝʢʫʥʜʘʨʥʫ ʩʪʨʫʢʪʫʨʫ (Dhasmana et al., 

2022). ʉʘʩʪʦʿʠ ʩʝ ʦʜ ʭʠʜʨʦʬʠʣʥʦʛ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʦʛ ʜʝʣʘ ʢʦʜ N-ʪʝʨʤʠʥʫʩʘ ʠ 

ʠʟʨʘʟʠʪʦ ʭʠʜʨʦʬʦʙʥʦʛ ʨʝʛʠʦʥʘ ʢʦʜ C-ʪʝʨʤʠʥʫʩʘ (Dhasmana et al., 2022).  

Ŭs- ʠ ɓ-CN ʩʝ ʫʙʨʘʿʘʿʫ ʫ ʢʘʣʮʠʿʫʤ-ʩʝʥʟʠʪʠʚʥʝ ʧʨʦʪʝʠʥʝ, ʿʝʨ ʩʝ ʪʘʣʦʞʝ ʫ ʧʨʠʩʫʩʪʚʫ Ca
2+

 

ʿʦʥʘ, ʜʦʢ ʿʝ ə-ʢʘʟʝʠʥ ʫ ʧʨʠʩʫʩʪʚʫ Ca
2+

 ʨʘʩʪʚʦʨˀʠʚ ʠ ʧʨʠ ʠʟʛʨʘʜˁʠ ʤʠʮʝʣʝ ʩʣʫʞʠ ʢʘʦ 

ʟʘʰʪʠʪʥʠ ʢʦʣʦʠʜ (de Kruif, 2003). ʂʦʟʿʠ ə-ʢʘʟʝʠʥ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 171 ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʦʛ 

ʦʩʪʘʪʢʘ, ʿʘʚˀʘ ʩʝ ʫ ʧʦʣʠʤʝʨʥʦʤ ʦʙʣʠʢʫ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ ʜʠʩʫʣʬʠʜʥʠʭ ʚʝʟʘ ʠ ʤʘˁʝ ʿʝ 

ʬʦʩʬʦʨʠʣʠʩʘʥ ʦʜ ʦʩʪʘʣʠʭ ʢʘʟʝʠʥʘ (Selvaggi et al., 2014). ʅʘʣʘʟʠ ʩʝ ʫ ʦʙʣʠʢʫ ʤʝʰʘʚʠʥʝ 

ʧʦʣʠʤʝʨʘ ʢʦʿʠ ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠ ʠʥʪʝʨʤʦʣʝʢʫʣʩʢʠʤ ʜʠʩʫʣʬʠʜʥʠʤ ʚʝʟʘʤʘ (Park, 

2017). ʊʘʢʦʹʝ ʿʝ ʿʝʜʠʥʠ ʢʘʟʝʠʥ ʢʦʛʘ ʢʘʨʘʢʪʝʨʠʰʝ ʧʨʠʩʫʩʪʚʦ ʫʛˀʝʥʠʭ ʭʠʜʨʘʪʘ (Selvaggi 

et al., 2014). ʆʩʪʘʮʠ ʩʝʨʠʥʘ ʠ ʪʨʝʦʥʠʥʘ ʩʫ ʛʣʠʢʦʟʠʣʦʚʘʥʠ ʧʦʤʦ˂ʫ ʆ-ʛʣʠʢʦʟʠʜʥʠʭ ʚʝʟʘ, ʘ 

ʫʛˀʝʥʦʭʠʜʨʘʪʥʠ ʩʘʩʪʘʚ ʯʠʥʝ ʛʘʣʘʢʪʦʟʘ, Nïʘʮʝʪʠʣʛʘʣʘʢʪʦʟʘʤʠʥ ʠ Nïʘʮʝʪʠʣʥʝʫʨʘʤʠʥʩʢʘ 

ʢʠʩʝʣʠʥʘ (Selvaggi et al., 2014). ʅʘ ʧʦʚʨʰʠʥʠ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʩʝ ʚʝ˂ʠʥʩʢʠ ʥʘʣʘʟʠ ə-

ʢʘʟʝʠʥ ʠ ʩʣʫʞʠ ʟʘ ˁʝʥʫ ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʟʘʭʚʘˀʫʿʫ˂ʠ ʛʣʠʢʦʟʠʣʘʮʠʿʠ ʠ ʥʝʛʘʪʠʚʥʦʤ 

ʥʘʝʣʝʢʪʨʠʩʘˁʫ ʫʩʣʝʜ ʧʨʠʩʫʩʪʚʘ ʘʩʧʘʨʪʘʪʘ ʠ ʛʣʫʪʘʤʘʪʘ ʥʘ ʉ-ʪʝʨʤʠʥʫʩʫ (Selvaggi et al., 

2014). ʆʢʦ 50% ə-ʢʘʟʝʠʥʘ ʿʝ ʛʣʠʢʦʟʠʣʦʚʘʥʦ ʠ ˁʝʛʦʚ ʉ-ʪʝʨʤʠʥʫʩ ʿʝ ʭʠʜʨʦʬʠʣʘʥ, ʰʪʦ ʤʫ 

ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʪʘʙʠʣʠʟʫʿʝ ʢʘʟʝʠʥʩʢʫ ʤʠʮʝʣʫ (Broyard & Gaucheron, 2015). ʆʩʝʪˀʠʚ ʿʝ 

ʥʘ ʜʝʣʦʚʘˁʝ ʭʠʤʦʟʠʥʘ ʢʦʿʠ ʛʘ ʮʝʧʘ ʥʘ ʭʠʜʨʦʬʦʙʘʥ ʧʘʨʘə-ʢʘʟʝʠʥ ʠ ʭʠʜʨʦʬʠʣʘʥ 

ʢʘʟʝʠʥʤʘʢʨʦʧʝʧʪʠʜ (CMP) (Peġiĺ, 2011). 

ɻʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, Ŭs-ʢʘʟʝʠʥʠ ʩʫ ʤʘˁʝ ʟʘʩʪʫʧˀʝʥʠ ʫ ʢʦʟʿʝʤ ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʘʚˀʝ 

ʤʣʝʢʦ (Peġiĺ, 2011). ɼʦʢ ʿʝ Ŭs1-ʢʘʟʝʠʥ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʫ ʢʨʘʚˀʝʤ ʤʣʝʢʫ (Ḑ38% 

ʫʢʫʧʥʠʭ ʢʘʟʝʠʥʘ), ʫ ʢʦʟʿʝʤ ʛʘ ʠʤʘ ʟʥʘʯʘʿʥʦ ʤʘˁʝ (5,6%); ʢʦʟʿʝ ʠ ʢʨʘʚˀʝ ʤʣʝʢʦ ʠʤʘʿʫ 

ʩʣʠʯʥʫ ʟʘʩʪʫʧˀʝʥʦʩʪ Ŭs2-ʢʘʟʝʠʥʘ (5-19%) ʠ ə-ʢʘʟʝʠʥʘ (10-24%), ʜʦʢ ʿʝ ʢʦʟʿʝ ʤʣʝʢʦ 

ʩʣʠʯʥʠʿʝ ʭʫʤʘʥʦʤ ʧʦ ʩʘʜʨʞʘʿʫ ɓ-ʢʘʟʝʠʥʘ (ʢʦʟʿʝ Ḑ55%; ʭʫʤʘʥʦ 60-70%), ʘ ʢʨʘʚˀʝ ʛʘ 

ʩʘʜʨʞʠ ʤʘˁʝ (Turkmen, 2017). ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʿʝ ʜʠʛʝʩʪʠʙʠʣʥʦʩʪ ɓ-ʢʘʟʝʠʥʘ ʦʢʦ 

70%, ʘ Ŭs1-ʢʘʟʝʠʥʘ ʦʢʦ 30%, ʢʦʟʿʝ, ʢʘʦ ʠ ʭʫʤʘʥʦ ʤʣʝʢʦ ʩʝ ʣʘʢʰʝ ʚʘʨʝ, ʿʝʨ ʿʝ ɓ-ʢʘʟʝʠʥ 

ʦʩʝʪˀʠʚʠʿʠ ʥʘ ʜʝʿʩʪʚʦ ʧʝʧʩʠʥʘ (Turkmen, 2017). 

ʂʘʟʝʠʥʘʪʠ ʢʨʘʚˀʝʛ ʤʣʝʢʘ ʠʤʘʿʫ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ ʧʨʝʭʨʘʤʙʝʥʦʿ ʠʥʜʫʩʪʨʠʿʠ. ɼʦʜʘʿʫ ʩʝ 

ʨʘʜʠ ʚʝʟʠʚʘˁʘ ʚʦʜʝ, ʩʪʘʙʠʣʠʟʦʚʘˁʘ ʝʤʫʣʟʠʿʘ, ʧʝʥʘ, ʨʘʜʠ ʧʦʙʦˀʰʘˁʘ ʚʠʩʢʦʟʠʪʝʪʘ, 

ʪʝʢʩʪʫʨʝ, ʟʙʦʛ ʧʦʙʦˀʰʘˁʘ ʥʫʪʨʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ, ʠʪʜ., ʘ ʧʘʣʝʪʘ ʧʨʦʠʟʚʦʜʘ ʫ ʢʦʿʝ ʩʝ 

ʜʦʜʘʿʫ ʿʝ ʪʘʢʦʹʝ ʚʝʣʠʢʘ ï ʜʝʟʝʨʪʠ, ʬʝʨʤʝʥʪʠʩʘʥʠ ʤʣʝʯʥʠ ʧʨʦʠʟʚʦʜʠ, ʧʨʦʠʟʚʦʜʠ ʦʜ 

ʤʝʩʘ, ʝʢʩʪʨʫʜʠʨʘʥʠ ʧʨʦʠʟʚʦʜʠ, ʠʪʜ. (de Kruif, 2003; Maĺej et al., 2007). 

2.3.2.2. ʉʪʨʫʢʪʫʨʘ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 

ʂʘʟʝʠʥʠ ʟʘʿʝʜʥʦ ʩʘ ʢʘʣʮʠʿʫʤ-ʬʦʩʬʘʪʦʤ ʛʨʘʜʝ ʭʝʪʝʨʦʛʝʥʝ ʢʦʣʦʠʜʥʝ ʯʝʩʪʠʮʝ ʥʘʟʚʘʥʝ 

ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ. ʀʘʢʦ ʿʝ ʩʪʨʫʢʪʫʨʘ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʧʨʝʜʤʝʪ ʙʨʦʿʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ 

ʦʜ ʍʍ ʚʝʢʘ, ʧʘ ʜʦ ʜʘʥʘʩ, ʠ ʜʘˀʝ ʿʝ ʧʨʝʜʤʝʪ ʜʝʙʘʪʘ ʤʝʹʫ ʥʘʫʯʥʠʮʠʤʘ (Bauland et al., 

2022; de Kruif et al., 2012; Holt et al., 2013). ʉʘʩʪʦʿʝ ʩʝ ʦʜ Ḑ 93% ʢʘʟʝʠʥʘ, ʜʦʢ ʧʨʝʦʩʪʘʣʠ 
ʜʝʦ ʯʠʥʠ ʢʦʣʦʠʜʥʠ ʢʘʣʮʠʿʫʤ ʬʦʩʬʘʪ (ʉʉʈ) (de Kruif et al., 2012). ʇʦʚʨʰʠʥʘ ʤʠʮʝʣʘ 

ʥʠʿʝ ʛʣʘʪʢʘ, ʜʦʢ ʿʝ ˁʝʥʘ ʫʥʫʪʨʘʰˁʘ ʩʪʨʫʢʪʫʨʘ ʦʨʛʘʥʠʟʦʚʘʥʘ (Martin et al., 2006). ʀʘʢʦ 

ʩʫ ʫʩʘʚʨʰʝʥʝ ʤʝʪʦʜʝ ʝʣʝʢʪʨʦʥʩʢʝ ʤʠʢʨʦʩʢʦʧʠʿʝ, ʠ ʜʘʥʘʩ ʿʝ ʪʝʰʢʦ ʧʨʦʫʯʘʚʘʪʠ ʩʚʦʿʩʪʚʘ 

ʠʥʜʠʚʠʜʫʘʣʥʠʭ ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ (Bauland et al., 2022).  

ʊʦʢʦʤ ʠʟʫʯʘʚʘˁʘ, ʩʤʝˁʠʚʘʣʠ ʩʫ ʩʝ ʦʜʨʝʹʝʥʠ ʤʦʜʝʣʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʤʠʮʝʣʫ ʢʨʘʚˀʝʛ 

ʤʣʝʢʘ. ʅʘʿʯʝʰ˂ʘ ʧʦʜʝʣʘ ʤʦʜʝʣʘ ʿʝ ʥʘ ʩʫʙʤʠʮʝʣʘʨʥʠ ʤʦʜʝʣ ʠ ʤʦʜʝʣ ʛʣʦʙʫʣʘʨʥʦʛ 

ʧʨʦʪʝʠʥʩʢʦʛ ʤʘʪʨʠʢʩʘ (Shukla et al., 2009). ʇʨʝʤʘ ʩʫʙʤʠʮʝʣʘʨʥʦʤ ʤʦʜʝʣʫ, ʤʠʮʝʣʘ ʿʝ 

ʩʘʩʪʘʚˀʝʥʘ ʦʜ ʩʫʙʤʠʮʝʣʘ ʢʦʿʝ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʫʿʝ ʉʉʈ. ʆʚʝ ʪʚʨʜˁʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ 
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ʯʠˁʝʥʠʮʠ ʜʘ ʢʘʟʝʠʥʠ ʩʘʤʠ ʠʟʤʝʹʫ ʩʝʙʝ ʨʝʘʛʫʿʫ ʠ ʛʨʘʜʝ ʤʠʮʝʣʝ, ʯʘʢ ʠ ʫ ʦʜʩʫʩʪʚʫ 

ʢʘʣʮʠʿʫʤʘ. ʂʦʣʦʠʜʥʠ ʢʘʣʮʠʿʫʤ ʬʦʩʬʘʪ ʟʘʪʠʤ ʢʘʦ ʣʝʧʘʢ ʧʦʚʝʟʫʿʝ ʧʨʦʪʝʠʥʩʢʝ ʩʫʙʤʠʮʝʣʝ 

(de Kruif et al., 2012). ʉʫʙʤʠʮʝʣʝ ʩʫ ʩʘʩʪʘʚˀʝʥʝ ʦʜ ʢʘʟʝʠʥʘ, ʘ ə-ʢʘʟʝʠʥ ʩʝ ʥʘʣʘʟʠ ʥʘ 

ˁʠʭʦʚʦʿ ʧʦʚʨʰʠʥʠ, ʦʜʘʢʣʝ ʩʚʦʿʠʤ ʉ-ʪʝʨʤʠʥʫʩʦʤ ʩʪʘʙʠʣʠʟʫʿʝ ʩʠʩʪʝʤ ʠ ʣʠʯʠ ʥʘ ʪʨʝʧˀʝ 

(Peġiĺ, 2011; Walstra, 1999). ʆʚʘʢʘʚ ʤʦʜʝʣ ʩʤʘʪʨʘ ʩʝ ʟʘʩʪʘʨʝʣʠʤ (de Kruif et al., 2012; 

Horne, 2006; McMahon & McManus, 1998; Peġiĺ, 2011), ʘ ʧʦʩʪʦʿʘˁʝ ʩʫʙʩʪʨʫʢʪʫʨʘ ʩʝ 

ʧʨʠʧʠʩʫʿʝ ʦʛʨʘʥʠʯʝˁʠʤʘ ʥʘʯʠʥʘ ʧʨʠʧʨʝʤʘˁʘ ʫʟʦʨʢʘ (Holt et al., 2013). ʇʨʝʤʘ ʤʦʜʝʣʫ 

Holt et al. (2003) ʢʦʿʠ ʩʝ ʦʩʣʘˁʘʦ ʥʘ ʪʨʘʥʩʤʠʩʠʦʥʝ ʝʣʝʢʪʨʦʥʩʢʝ ʤʠʢʨʦʛʨʘʬʝ (McMahon 

& McManus, 1998), ʠʥʪʝʨʘʢʮʠʿʝ ʫʥʫʪʘʨ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʩʫ ʧʦʩʪʦʿʘʣʝ ʩʘʤʦ ʠʟʤʝʹʫ 

ʢʘʟʝʠʥʘ ʠ ʉʉʈ, ʜʦʢ ʭʠʜʨʦʬʦʙʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʥʠʩʫ ʫʟʝʪʝ ʫ ʦʙʟʠʨ, ʰʪʦ ʩʝ ʩʤʘʪʨʘʣʦ 

ʥʘʿʚʝ˂ʦʤ ʤʘʥʦʤ ʦʚʦʛ ʤʦʜʝʣʘ (Horne, 2006). ʂʘʩʥʠʿʝ ʿʝ ʦʚʘ ʚʝʨʟʠʿʘ ʧʦʙʦˀʰʘʥʘ ʩʘ 

ʦʙʘʿʰˁʝˁʝʤ ʜʘ ʩʝ ʉʉʈ ʥʘʣʘʟʠ ʫ ʚʠʜʫ ʥʘʥʦʢʣʘʩʪʝʨʘ, ʦʢʨʫʞʝʥ ʿʝ ʬʦʩʬʦʧʨʦʪʝʠʥʠʤʘ; Ŭs-

ʢʘʟʝʠʥʠ ʩʝ ʚʝʟʫʿʫ ʩʘ ʜʚʘ, ʘ ɓ-ʢʘʟʝʠʥ ʩʘ ʿʝʜʥʠʤ ʬʦʩʬʦʩʝʨʠʥʩʢʠʤ ʜʦʤʝʥʦʤ ʟʘ ʉʉʈ, ʜʦʢ ʿʝ 

ə-ʢʘʟʝʠʥ ʥʘ ʧʝʨʠʬʝʨʠʿʠ ʤʠʮʝʣʝ (de Kruif et al., 2012; Peġiĺ, 2011). ʅʝʢʠ ʘʫʪʦʨʠ ʥʘʚʦʜʝ ʠ 

ʤʦʜʝʣ ʜʫʘʣʥʦʛ ʚʝʟʠʚʘˁʘ ʢʘʦ ʟʘʩʝʙʘʥ ʤʦʜʝʣ. ɿʘʧʨʘʚʦ ʩʫ ʤʦʜʝʣʠ ʜʫʘʣʥʦʛ ʚʝʟʠʚʘˁʘ ʠ 

ʥʘʥʦʢʣʘʩʪʝʨʘ ʚʨʣʦ ʩʣʠʯʥʠ, ʨʘʟʣʠʢʫʿʫ ʩʝ ʫ ʪʠʧʫ ʠʥʪʝʨʘʢʮʠʿʘ ʠ ʥʘ ʢʨʘʿʫ ʩʫ ʝʚʦʣʫʠʨʘʣʠ ʫ 

ʿʝʜʘʥ (Horne, 2020). ʄʦʜʝʣ ʜʫʘʣʥʦʛ ʚʝʟʠʚʘˁʘ ʦʙʿʘʰˁʘʚʘ ʠʥʪʝʨʘʢʮʠʿʝ ʢʘʦ ʨʘʚʥʦʪʝʞʫ 

ʠʟʤʝʹʫ ʦʜʙʦʿʥʠʭ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʠʭ ʩʠʣʘ ʠ ʭʠʜʨʦʬʦʙʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ (McMahon & 

Oommen, 2013). ʂʘʟʝʠʥʠ ʩʝ ʚʝʟʫʿʫ ʠ ʩʘ ʜʨʫʛʠʤ ʢʘʟʝʠʥʠʤʘ ʩʚʦʿʠʤ ʭʠʜʨʦʬʦʙʥʠʤ 

ʨʝʛʠʦʥʠʤʘ, ʟʘʪʠʤ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ, ʘ ʪʫ ʩʫ ʠ ʿʦʥʠ ʢʘʣʮʠʿʫʤʘ ʢʦʿʠ ʩʝ 

ʪʘʢʦʹʝ ʤʦʛʫ ʚʝʟʠʚʘʪʠ ʟʘ ʢʘʟʝʠʥʝ (Peġiĺ, 2011). ɻʝʥʝʨʘʣʥʦ ʛʣʝʜʘʥʦ, ʨʘʟʥʦʚʨʩʥʦʩʪ ʢʘʟʝʠʥʘ 

ʫʪʠʯʝ ʥʘ ʨʘʟʥʦʚʨʩʥʦʩʪ ʩʣʘʙʠʭ ʠʥʪʝʨʘʢʮʠʿʘ, ʤʥʦʰʪʚʦ ʠʥʪʝʨʘʢʮʠʿʘ ʫʪʠʯʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪ 

ʤʠʮʝʣʝ, ʘ ʧʦʚʨʰʠʥʫ ʩʪʘʙʠʣʠʟʫʿʝ ə-ʢʘʟʝʠʥ ʢʦʿʠ ʧʨʘʚʠ ʜʠʬʫʟʥʫ ʢʦʨʫ ʦʢʦ ʿʝʟʛʨʘ ʤʠʮʝʣʝ 

(ʩʣʠʢʘ 2.3.) (de Kruif et al., 2012; Shukla et al., 2009). CCP ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ 

ʫʥʫʪʨʘʰˁʦʩʪʠ ʤʠʮʝʣʝ ʿʝ ʝʣʠʧʩʦʠʜʥʦʛ ʦʙʣʠʢʘ ʠ ʫʨʦˁʝʥ ʿʝ ʫ ʧʨʦʪʝʠʥʩʢʠ ʤʘʪʨʠʢʩ (Peġiĺ, 

2011; Shukla et al., 2009). ɸʫʪʦʨʠ ʥʘʚʦʜʝ ʠ ʜʘ ʿʝ ʦʟʥʘʯʘʚʘˁʝ ʢʘʟʝʠʥʘ ʢʘʦ ʭʠʜʨʦʬʦʙʥʠʭ 

ʤʦʣʝʢʫʣʘ ʪʘʢʦʹʝ ʩʧʦʨʥʦ, ʠ ʜʘ ʩʫ ʭʠʜʨʦʬʠʣʥʠʿʠ ʦʜ ʚʝ˂ʠʥʝ ʛʣʦʙʫʣʘʨʥʠʭ ʧʨʦʪʝʠʥʘ (Holt 

et al., 2013). 

ɸ ɹ 

ʉʣʠʢʘ 2.3. ɸ: ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʤʦʜʝʣʘ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ (de Kruif et al., 2012); ɹ: ɽʣʝʢʪʨʦʥʩʢʠ 

ʤʠʢʨʦʛʨʘʬ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ, ʮʨʪʘ=200nm (Dalgleish et al., 2004). 

ʉʪʨʫʢʪʫʨʘ ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ ʜʨʫʛʠʭ ʚʨʩʪʘ ʤʣʝʢʘ ʿʝ ʧʨʝʜʤʝʪ ʠʥʪʝʨʝʩʦʚʘˁʘ ʜʘʣʝʢʦ 

ʤʘˁʝʛ ʙʨʦʿʘ ʨʘʜʦʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʘʚˀʝ ʤʣʝʢʦ. ʄʠʮʝʣʝ ʢʦʟʿʝʛ ʤʣʝʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʘʚˀʝ 

ʠʤʘʿʫ ʚʝ˂ʠ ʜʠʿʘʤʝʪʘʨ, ʚʠʰʝ ʩʫ ʤʠʥʝʨʘʣʠʟʦʚʘʥʝ, ʤʘˁʝ ʩʫ ʭʠʜʨʘʪʠʩʘʥʝ, ʤʘˁʝ ʩʫ 

ʪʝʨʤʦʩʪʘʙʠʣʥʝ ʠ ʠʤʘʿʫ Ăʣʘʙʘʚʠʿʫñ ʩʪʨʫʢʪʫʨʫ ʟʙʦʛ ʚʝ˂ʝʛ ʧʨʠʩʫʩʪʚʘ ɓ-ʢʘʟʝʠʥʘ (Park et al., 

2007). ʉʘʜʨʞʘʿ ʨʘʩʪʚʦʨˀʠʚʦʛ ʢʘʟʝʠʥʘ ʿʝ ʚʝ˂ʠ ʢʦʜ ʢʦʟʿʝʛ ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʘʚˀʝ ʤʣʝʢʦ, ʧʘ 

ʩʝ ʥʘ ʥʠʞʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʥʘʨʫʰʘʚʘ ʤʠʮʝʣʘʨʥʠ ʩʠʩʪʝʤ, ʰʪʦ ʫʪʠʯʝ ʥʘ ʪʝʭʥʦʣʦʰʢʘ 



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 
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ʩʚʦʿʩʪʚʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ˁʝʛʦʚʫ ʪʝʞʫ ʧʨʝʨʘʜʫ (Park et al., 2007). ɺʝʣʠʯʠʥʘ ʢʘʟʝʠʥʩʢʝ 

ʤʠʮʝʣʝ ʿʝ ʫ ʥʝʛʘʪʠʚʥʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʩʘʜʨʞʘʿʝʤ Ŭs1-CN, ʘ ʫ ʢʦʨʝʣʘʮʠʿʠ ʿʝ ʠ ʩʘ ʜʨʫʛʠʤ 

ʢʘʟʝʠʥʠʤʘ (Peġiĺ, 2011). ʄʦʨʘ ʩʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ ʪʦ ʜʘ ʤʠʢʨʦʩʨʝʜʠʥʘ, ʪʿ. pH ʚʨʝʜʥʦʩʪ, 

ʧʨʠʩʫʩʪʚʦ ʩʦʣʠ, ʩʫʨʬʘʢʪʘʥʘʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʢʘʟʝʠʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʿʦʥʩʢʘ ʿʘʯʠʥʘ 

ʫʪʠʯʫ ʥʘ ʩʚʦʿʩʪʚʘ ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ, ʦʪʝʞʘʚʘʿʫ ˁʝʥʦ ʧʨʦʫʯʘʚʘˁʝ ʠ ʦʙʿʘʰˁʘʚʘʿʫ 

ʚʝʣʠʢʝ ʚʘʨʠʿʘʮʠʿʝ ʫ ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ (Liu & Guo, 2008).  

2.3.2.3. ʉʝʨʫʤ ʧʨʦʪʝʠʥʠ 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʢʘʟʝʠʥʘ, ʩʝʨʫʤ ʧʨʦʪʝʠʥʠ (Whey Proteins - WP) ʩʝ ʦʜʣʠʢʫʿʫ ʢʦʤʧʘʢʪʥʦʤ 

ʛʣʦʙʫʣʘʨʥʦʤ ʩʪʨʫʢʪʫʨʦʤ, ʥʝ ʩʘʜʨʞʝ ʬʦʩʬʦʨ, ʚʝ˂ ʩʘʜʨʞʝ ʘʤʠʥʦʢʠʩʝʣʠʥʝ ʢʦʿʝ ʠʤʘʿʫ 

ʩʫʤʧʦʨ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ, ʫʛʣʘʚʥʦʤ ʤʝʪʠʦʥʠʥ ʠ ʮʠʩʪʝʠʥ, ʢʦʿʝ ʩʫ ʪʘʢʦʹʝ ʚʘʞʥʝ ʟʘ ʨʘʟʚʦʿ 

ʥʦʚʦʨʦʹʝʥʯʝʪʘ (Fathi et al., 2018; Selvaggi et al., 2014). ʉʤʘʪʨʘʿʫ ʩʝ ʥʫʪʨʠʪʠʚʥʦ 

ʧʦʚʦˀʥʠʿʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʘʟʝʠʥʝ ʟʙʦʛ ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʦʛ ʩʘʩʪʘʚʘ, ʜʠʛʝʩʪʠʿʝ ʠ 

ʘʧʩʦʨʧʮʠʿʝ, ʘ ʥʘʰʣʠ ʩʫ ʠ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ ʠʥʜʫʩʪʨʠʿʠ ʭʨʘʥʝ ʛʜʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ 

ʧʦʙʦˀʰʘˁʝ ʤʥʦʛʠʭ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʢʘʦ ʥʧʨ. ʝʤʫʣʛʫʿʫ˂ʠʭ ʠ ʧʝʥʠʚʠʭ 

ʩʚʦʿʩʪʘʚʘ (Selvaggi et al., 2014). ʍʠʜʨʦʣʠʟʘʪʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʤʦʛʫ ʩʝ ʩʤʘʪʨʘʪʠ 

ʭʠʧʦʛʣʠʢʝʤʠʿʩʢʠʤ ʩʫʧʣʝʤʝʥʪʦʤ (Du et al., 2022b). 

Ŭ-ʣʘʢʪʘʣʙʫʤʠʥ (Ŭ-LA) ʿʝ ʢʘʣʮʠʿʫʤ ʤʝʪʘʣʦʧʨʦʪʝʠʥ ʢʦʿʠ ʠʤʘ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʩʠʥʪʝʟʠ 

ʣʘʢʪʦʟʝ ʢʘʦ ʜʝʦ ʝʥʟʠʤʘ ʣʘʢʪʦʟʘ ʩʠʥʪʘʟʝ, ʟʘʪʠʤ ʫ ʩʝʢʨʝʮʠʿʠ ʤʣʝʢʘ, ʘ ʙʦʛʘʪ ʿʝ 

ʝʩʝʥʮʠʿʘʣʥʠʤ ʘʤʠʥʦʢʠʩʝʣʠʥʘʤʘ ʢʘʦ ʰʪʦ ʩʫ ʣʠʟʠʥ ʠ ʪʨʠʧʪʦʬʘʥ, ʢʘʦ ʠ ʮʠʩʪʝʠʥʦʤ (Park, 

2017; Selvaggi et al., 2014). ʂʦʟʿʠ Ŭ-LA, ʢʘʦ ʠ ʦʚʯʿʠ, ʥʝʤʘ ʤʝʪʠʦʥʠʥ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ ʠ ʧʦ 

ʪʦʤʝ ʩʝ ʨʘʟʣʠʢʫʿʝ ʦʜ ʦʩʪʘʣʠʭ ʤʣʝʢʘ (Park, 2017). ʊʝʨʤʦʩʪʘʙʠʣʥʠʿʠ ʿʝ ɓ-LG (Pesic et al., 

2012). 

ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥ (ɓ-LG) ʿʝ ʛʣʦʙʫʣʘʨʥʠ ʧʨʦʪʝʠʥ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʛʣʘʚʥʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥ 

ʢʦʟʿʝʛ ʠ ʦʚʯʠʿʝʛ ʤʣʝʢʘ, ʜʦʢ ʿʝ ʧʦʪʧʫʥʦ ʦʜʩʫʪʘʥ ʫ ʭʫʤʘʥʦʤ ʤʣʝʢʫ (Selvaggi et al., 2014). 

ʆʩʠʤ ʦʙʝʟʙʝʹʠʚʘˁʘ ʘʤʠʥʦʢʠʩʝʣʠʥʘ, ˁʝʛʦʚʘ ʬʠʟʠʦʣʦʰʢʘ ʬʫʥʢʮʠʿʘ ʥʠʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʨʘʟʿʘʰˁʝʥʘ, ʤʘʜʘ ʧʦʩʪʦʿʝ ʪʚʨʜˁʝ ʜʘ ʩʣʫʞʠ ʟʘ ʪʨʘʥʩʧʦʨʪ ʦʜʨʝʹʝʥʠʭ ʩʫʧʩʪʘʥʮʠ (Selvaggi 

et al., 2014). ʂʦʟʿʠ ʠ ʢʨʘʚˀʠ ɓ-LG ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʦ ʩʪʨʫʢʪʫʨʠ (Park, 2017; Prosser, 2021). 

ʅʘʢʦʥ ʜʠʛʝʩʪʠʿʝ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʟʘʦʩʪʘʿʝ ʩʘʤʦ Ḑ23% ɓ-LG, ʜʦʢ ʢʦʜ ʢʨʘʚˀʝʛ ʤʣʝʢʘ 

ʟʘʦʩʪʘʿʝ ʯʘʢ 83% (Almaas et al., 2006).  

ʋ ʩʝʨʫʤ ʧʨʦʪʝʠʥʝ ʩʝ ʫʙʨʘʿʘʿʫ ʠ ʤʘˁʝ ʟʘʩʪʫʧˀʝʥʠ ʧʨʦʪʝʠʥʠ ʢʘʦ ʰʪʦ ʩʫ ʩʝʨʫʤ ʘʣʙʫʤʠʥ 

ʢʨʚʠ (BSA), ʠʤʫʥʦʛʣʦʙʫʣʠʥʠ, ʣʘʢʪʦʬʝʨʠʥ, ʧʨʦʪʝʦʟʦʧʝʧʪʦʥʩʢʝ ʬʨʘʢʮʠʿʝ ʠ ʜʨʫʛʠ; ʠʘʢʦ 

ʩʫ ʟʘʩʪʫʧˀʝʥʠ ʫ ʤʘʣʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ, ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ ʤʝʪʘʙʦʣʠʯʢʝ, 

ʠʤʫʥʦʣʦʰʢʝ ʠ ʬʠʟʠʦʣʦʰʢʝ ʧʨʦʮʝʩʝ (Peġiĺ, 2011; Selvaggi et al., 2014). ʉʫʨʫʪʢʘ, ʢʦʿʘ 

ʟʘʦʩʪʘʿʝ ʫʛʣʘʚʥʦʤ ʥʘʢʦʥ ʧʨʦʠʟʚʦʜˁʝ ʩʠʨʝʚʘ, ʠʩʢʦʨʠʰ˂ʘʚʘ ʩʝ ʟʘ ʧʨʘʚˀʝˁʝ ʢʦʥʮʝʥʪʨʘʪʘ 

ʠ ʠʟʦʣʘʪʘ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ, ʢʦʿʠ ʧʦʩʝʜʫʿʫ ʜʦʙʨʘ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʠ ʢʦʨʠʩʥʘ 

ʙʠʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ (Pesic et al., 2011a). ʄʘˁʘ ʟʘʩʪʫʧˀʝʥʦʩʪ ʫ ʤʣʝʢʫ ʥʝ ʟʥʘʯʠ ʜʘ ʿʝ 

ʙʠʦʣʦʰʢʘ ʫʣʦʛʘ ʦʚʠʭ ʿʝʜʠˁʝˁʘ ʤʘˁʘ; ʥʧʨ. ʣʘʢʪʦʬʝʨʠʥ ʿʝ ʫ ʮʝʥʪʨʫ ʤʥʦʛʠʭ ʩʪʫʜʠʿʘ ʢʘʦ 

ʘʥʪʠʢʘʥʮʝʨʦʛʝʥʠ, ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʠ ʘʥʪʠʤʠʢʨʦʙʥʠ ʘʛʝʥʩ (Iglesias-Figueroa et al., 

2019). 

2.3.3. ʊʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ ʢʦʟʿʝʛ ʤʣʝʢʘ 

ʀʥʬʦʨʤʘʮʠʿʝ ʦ ʫʪʠʮʘʿʫ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ ʩʫ ʜʫʛʦ ʙʠʣʝ ʧʨʦʫʯʘʚʘʥʝ ʫ ʤʘˁʝʤ ʦʙʠʤʫ 

ʢʦʜ ʢʦʟʿʝʛ ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʘʚˀʝ ʤʣʝʢʦ. ʇʨʦʤʝʥʝ ʫ ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʩʚʦʿʩʪʚʠʤʘ ʧʨʦʪʝʠʥʘ 

ʤʣʝʢʘ ʪʦʢʦʤ ʧʨʝʨʘʜʝ ʩʫ ʟʘʧʨʘʚʦ ʤʘʢʨʦʩʢʦʧʩʢʠ ʝʬʝʢʪʠ ʩʪʨʫʢʪʫʨʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʧʘ ʿʝ 

ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʧʨʦʤʝʥʘʤʘ ʪʦʢʦʤ ʪʝʨʤʠʯʢʠʭ ʪʨʝʪʤʘʥʘ ʦʜ ʚʠʪʘʣʥʦʛ ʟʥʘʯʘʿʘ (X. Y. Li et 

al., 2020). ɱʦʰ 1998. ʛʦʜʠʥʝ ʿʝ ʧʨʠʤʝ˂ʝʥʦ ʜʘ ʩʝ ʜʠʿʘʤʝʪʘʨ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʧʦʚʝ˂ʘʚʘ ʪʦʢʦʤ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ (Raynal & Remeuf, 1998). Morgan et al. 
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(2000) ʟʘʢˀʫʯʫʿʫ ʜʘ ʠʟʤʝʹʫ ʨʘʩʪʚʦʨˀʠʚʠʭ ʧʨʦʪʝʠʥʘ ʠ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʚʝʨʦʚʘʪʥʦ ʧʦʩʪʦʿʝ ʠʥʪʝʨʘʢʮʠʿʝ ʢʦʿʝ ʩʫ ʜʨʫʛʘʯʠʿʝ ʦʜ ʦʥʠʭ ʫ ʢʨʘʚˀʝʤ ʤʣʝʢʫ. 

ʅʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʢʦ 70Áʉ, ʩʝʨʫʤ ʧʨʦʪʝʠʥʠ ʢʨʘʚˀʝʛ ʤʣʝʢʘ ʩʝ ʜʝʥʘʪʫʨʠʰʫ (Ŭ-LA ʩʝ 

ʦʜʤʦʪʘʚʘʿʫ ʥʘ 66Áʉ, ʘ ɓ-LG ʥʘ 75Áʉ ), ʜʠʩʫʣʬʠʜʥʝ ʚʝʟʝ ʠ ʪʠʦʣʥʝ ʛʨʫʧʝ ʧʦʩʪʘʿʫ ʜʦʩʪʫʧʥʝ 

ʟʘ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʜʨʫʛʠʤ ʧʨʦʪʝʠʥʠʤʘ ʥʘ pH 6,5; ʥʘ pH 6,7 ʦʚʦ ʩʝ ʜʝʰʘʚʘ ʩʘ ʩʘʤʦ 30% 

ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ (Anema et al., 2004; X. Zhao et al., 2020). ʊʦʢʦʤ ʟʘʛʨʝʚʘˁʘ, ʜʦʣʘʟʠ ʜʦ 

ʘʛʨʝʛʘʮʠʿʝ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ, ʠʥʪʝʨʘʢʮʠʿʘ ɓ-LG, ʦʜʥʦʩʥʦ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʠ ə-ʢʘʟʝʠʥʘ 

ʧʦʤʦ˂ʫ ʜʠʩʫʣʬʠʜʥʠʭ ʚʝʟʘ, ʘ ʟʘʪʠʤ ʠ ʬʦʨʤʠʨʘˁʝ WP-CN ʢʦʤʧʣʝʢʩʘ (McMahon & 

Oommen, 2013; Raynal-Ljutovac et al., 2007; X. Zhao et al., 2020). ʂʘʟʝʠʥʠ ʩʫ 

ʪʦʣʝʨʘʥʪʥʠʿʠ ʥʘ ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʪʦ ʰʪʦ ʥʝʤʘʿʫ ʪʝʨʮʠʿʘʨʥʫ ʩʪʨʫʢʪʫʨʫ, ʘʣʠ ʩʝ 

ʪʦʢʦʤ ʟʘʛʨʝʚʘˁʘ ʜʝʰʘʚʘʿʫ ʨʘʟʣʠʯʠʪʝ ʤʦʜʠʬʠʢʘʮʠʿʝ, ʢʘʦ ʥʧʨ. ʜʝʘʤʠʜʘʮʠʿʘ ʦʩʪʘʪʘʢʘ 

ʘʩʧʘʨʘʛʠʥʘ ʠ ʛʣʫʪʘʤʠʥʘ, ʧʨʦʪʝʦʣʠʟʘ, ʫʤʨʝʞʘʚʘˁʝ ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʿʘ, 

ʨʘʩʢʠʜʘˁʝ ʜʠʩʫʣʬʠʜʥʠʭ ʤʦʩʪʦʚʘ ʠ ʨʘʟʤʝʥʘ ʩʣʦʙʦʜʥʠʭ ʪʠʦʣʘ ʩʘ ʦʩʪʘʪʘʢʘ ʮʠʩʪʝʠʥʘ 

(Broyard & Gaucheron, 2015). ʈʘʩʪʚʦʨˀʠʚʦʩʪ ʤʠʥʝʨʘʣʥʝ ʬʨʘʢʮʠʿʝ ʢʘʟʝʠʥʘ ʿʝ ʤʘˁʘ, 

ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʠʥʪʝʨʘʢʮʠʿʝ ʧʨʝʮʠʧʠʪʘʪʘ ʩʘ ʢʘʟʝʠʥʩʢʠʤ ʤʠʮʝʣʘʤʘ, ʧʨʦʤʝʥʝ ˁʠʭʦʚʝ 

ʧʦʚʨʰʠʥʝ, ʢʦʚʘʣʝʥʪʥʦʛ ʚʝʟʠʚʘˁʘ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʩʘ ʢʘʟʝʠʥʠʤʘ ʠ ˁʠʭʦʚʝ ʘʛʨʝʛʘʮʠʿʝ, 

ʢʘʦ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʠ ʠʥʪʝʨʘʢʮʠʿʝ ʣʘʢʪʦʟʝ ʩʘ ʦʩʪʘʣʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ (Broyard & 

Gaucheron, 2015).  

ʅʘ ʬʦʨʤʠʨʘˁʝ ʠ ʜʠʩʪʨʠʙʫʮʠʿʫ ʢʦʤʧʣʝʢʩʘ ʥʘʩʪʘʣʠʭ ʥʘʢʦʥ ʟʘʛʨʝʚʘˁʘ ʤʣʝʢʘ pH ʚʨʝʜʥʦʩʪ 

ʫʪʠʯʝ ʤʘˁʝ ʥʘ ʢʦʟʿʝ ʥʝʛʦ ʥʘ ʢʨʘʚˀʝ ʤʣʝʢʦ (Peġiĺ et al., 2014). ʉʘ ʧʦʚʝ˂ʘˁʝʤ pH 

ʚʨʝʜʥʦʩʪʠ, ʧʨʦʮʝʥʘʪ ə-ʢʘʟʝʠʥʘ ʢʦʿʠ ʫʯʝʩʪʚʫʿʝ ʫ ʛʨʘʹʝˁʫ ʢʦʤʧʣʝʢʩʘ ʩʝ ʩʤʘˁʫʿʝ (ʩʘ 

ʧʨʠʙʣʠʞʥʦ 70 ʥʘ 65%), ʜʦʢ ʩʫ Ŭs2- CN ʠ ɓ-CN ʧʨʠʩʫʪʥʠ ʩʘ ʥʠʞʠʤ ʧʨʦʮʝʥʪʦʤ ʥʘ pH 6,5 

(ʧʨʠʙʣʠʞʥʦ 10% ʠ 15%, ʨʝʩʧʝʢʪʠʚʥʦ), ʘ ʟʘʪʠʤ ʩʫ ʧʨʠʩʫʪʥʠ ʫ ʚʠʰʠʤ ʠ ʨʝʣʘʪʠʚʥʦ 

ʢʦʥʩʪʘʥʪʥʠʤ ʧʨʦʮʝʥʪʠʤʘ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʧʦʚʝ˂ʘˁʝ pH ʚʨʝʜʥʦʩʪʠ (Peġiĺ et al., 2014). ʅʘ 

ʜʝʥʘʪʫʨʘʮʠʿʫ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʪʘʢʦʹʝ ʤʘˁʝ ʫʪʠʯʝ pH ʚʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ 

ʢʨʘʚˀʝ ʤʣʝʢʦ ʠ ʦʚʠ ʧʨʦʪʝʠʥʠ ʩʫ ʪʝʨʤʦʣʘʙʠʣʥʠʿʠ ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʘʚˀʝ ʘʥʘʣʦʛʝ (Peġiĺ et 

al., 2014). ʇʨʠʩʫʩʪʚʦ ʘʛʨʝʛʘʪʘ, ʚʠʩʦʢʦʤʦʣʝʢʫʣʩʢʠʭ ʢʦʤʧʣʝʢʩʘ, ʧʨʠʤʝ˂ʫʿʝ ʩʝ ʢʦʜ ʦʙʘ 

ʤʣʝʢʘ, ʤʝʹʫʪʠʤ, ʢʦʜ ʢʦʟʿʝʛ ʤʣʝʢʘ ʩʢʦʨʦ ʪʨʠ ʧʫʪʘ ʚʠʰʝ ə-ʢʘʟʝʠʥʘ ʫʣʘʟʠ ʫ ʩʘʩʪʘʚ ʪʝʨʤʦ-

ʠʥʜʫʢʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʘ (Pesic et al., 2012). ʆʢʦ 30% ʫʢʫʧʥʠʭ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʢʨʘʚˀʝʛ 

ʤʣʝʢʘ ʩʝ ʥʘʣʘʟʠ ʫ ʨʘʩʪʚʦʨˀʠʚʠʤ ʢʦʤʧʣʝʢʩʠʤʘ, ʪʿ. ʥʠʿʝ ʚʝʟʘʥʦ ʟʘ ʢʘʟʝʠʥʩʢʫ ʤʠʮʝʣʫ, ʜʦʢ 

ʢʦʜ ʢʦʟʿʝʛ ʤʣʝʢʘ ʨʘʩʪʚʦʨˀʠʚʠʭ ʢʦʤʧʣʝʢʩʘ ʛʦʪʦʚʦ ʜʘ ʫʦʧʰʪʝ ʥʝʤʘ (<5%) ʠ ʩʚʠ 

ʢʦʤʧʣʝʢʩʠ ʩʝ ʥʘʣʘʟʝ ʚʝʟʘʥʠ ʟʘ ʢʘʟʝʠʥʩʢʫ ʤʠʮʝʣʫ (Pesic et al., 2012).  

ʂʦʜ ʢʨʘʚˀʝʛ ʤʣʝʢʘ, ʥʘ ʧʨʠʨʦʜʥʦʿ pH ʚʨʝʜʥʦʩʪʠ WP-ə-CN ʢʦʤʧʣʝʢʩʠ ʩʝ ʜʝʣʠʤʠʯʥʦ 

ʥʘʣʘʟʝ ʥʘ ʧʦʚʨʰʠʥʠ ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ, ʘ ʜʝʣʠʤʠʯʥʦ ʢʘʦ ʨʘʩʪʚʦʨˀʠʚʠ ʢʦʤʧʣʝʢʩʠ ʫ 

ʩʝʨʫʤ ʬʘʟʠ ʤʣʝʢʘ (Peġiĺ et al., 2016; Pesic et al., 2012). ʅʘʢʦʥ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ, ʢʦʜ 

ʢʨʘʚˀʝʛ ʤʣʝʢʘ ʩʝ ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʠʤʘ ʧʨʠʤʝ˂ʫʿʝ ʩʣʘʙ ʠʥʪʝʥʟʠʪʝʪ ʪʨʘʢʘ Ŭ-LA, ɓ-LG 

ʠ ʧʦʣʠʤʝʨʥʠʭ ʬʦʨʤʠ ə-ʢʘʟʝʠʥʘ, ʢʘʦ ʠ ʦʜʩʫʩʪʚʦ ʤʠʥʦʨʥʠʭ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ, ʜʦʢ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ ʥʝ ʫʪʠʯʝ ʥʘ Ŭs- ʠ ɓ-CN (Pesic et al., 2012). ʂʦʜ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʧʨʠʤʝ˂ʫʿʝ ʩʝ ʟʥʘʪʥʦ ʜʨʫʛʘʯʠʿʠ ʧʨʦʪʝʠʥʩʢʠ ʧʨʦʬʠʣ ï ʧʦʨʝʜ ʩʣʘʙʦʛ 

ʠʥʪʝʥʟʠʪʝʪ ʪʨʘʢʘ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʠ ʧʦʣʠʤʝʨʥʠʭ ʬʦʨʤʠ ə-ʢʘʟʝʠʥʘ, ʫʦʯʘʚʘ ʩʝ ʠ ʧʘʜ 

ʠʥʪʝʥʟʠʪʝʪʘ ʪʨʘʢʘ Ŭs2- ʠ ɓ-CN, ʰʪʦ ʠʤʧʣʠʮʠʨʘ ʜʘ ʢʦʜ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʦʥʠ ʫʣʘʟʝ ʫ ʩʘʩʪʘʚ 

ʢʦʤʧʣʝʢʩʘ ʥʘʩʪʘʣʠʭ ʜʝʿʩʪʚʦʤ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ; ɓ-CN ʧʦʤʦ˂ʫ ʭʠʜʨʦʬʦʙʥʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ, ʘ Ŭs2-CN ʧʦʤʦ˂ʫ ʭʠʜʨʦʬʦʙʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʠ ʢʦʚʘʣʝʥʪʥʠʭ ʚʝʟʘ (Peġiĺ et 

al., 2014; Pesic et al., 2012). ʆʙʿʘʰˁʝˁʝ ʤʦʞʜʘ ʣʝʞʠ ʫ ʨʘʟʣʠʯʠʪʦʿ ʩʪʨʫʢʪʫʨʠ ʢʘʟʝʠʥʩʢʠʭ 

ʤʠʮʝʣʘ ʦʚʘ ʜʚʘ ʤʣʝʢʘ, ʪʿ. ʚʝʨʦʚʘʪʥʦ ʩʝ ʢʦʜ ʢʦʟʿʝʛ ʤʣʝʢʘ Ŭs2- ʠ ɓ-CN ʜʝʣʠʤʠʯʥʦ ʥʘʣʘʟʝ 

ʥʘ ʧʦʚʨʰʠʥʠ, ʜʦʢ ʩʫ ʢʦʜ ʢʨʘʚˀʝʛ ʤʣʝʢʘ ʫ ʜʫʙʠʥʠ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ, ʧʘ ʥʝ ʤʦʛʫ ʜʘ 

ʩʪʫʧʘʿʫ ʫ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʜʝʥʘʪʫʨʠʩʘʥʠʤ ɓ-LG (Pesic et al., 2012). ɼʘʢʣʝ, ʥʘʩʪʘʣʠ 

ʢʦʤʧʣʝʢʩʠ ʩʝ ʥʝ ʨʘʟʣʠʢʫʿʫ ʩʘʤʦ ʫ ʜʠʩʪʨʠʙʫʮʠʿʠ ʠʟʤʝʹʫ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʠ ʩʝʨʫʤ ʬʘʟʝ, 

ʚʝ˂ ʠ ʫ ʩʘʩʪʘʚʫ ʠ ʨʘʩʧʦʨʝʜʫ ʥʘ ʧʦʚʨʰʠʥʠ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ, ʧʘ ʩʝ ʤʦʛʫ ʩʤʘʪʨʘʪʠ WP-
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CN ʢʦʤʧʣʝʢʩʠʤʘ (Pesic et al., 2012). ɿʙʦʛ ʠʥʪʝʨʘʢʮʠʿʝ ʚʝ˂ʠʥʝ ʢʘʟʝʠʥʘ ʩʘ ʜʝʥʘʪʫʨʠʩʘʥʠʤ 

ʩʝʨʫʤ ʧʨʦʪʝʠʥʠʤʘ, ʦʚʠ ʢʦʤʧʣʝʢʩʠ ʩʫ ʚʝʨʦʚʘʪʥʦ ʫʥʠʬʦʨʤʥʦ ʨʘʩʧʦʨʝʹʝʥʠ ʥʘ ʧʦʚʨʰʠʥʠ 

ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ, ʘ ʨʘʟʥʦʚʨʩʥʦʩʪ ʜʦʩʪʫʧʥʠʭ ʢʘʟʝʠʥʘ ʦʤʦʛʫ˂ʫʿʝ ʨʘʟʣʠʯʠʪʝ ʠʥʪʝʨʘʢʮʠʿʝ, 

ʧʘ ʥʝʤʘ ʢʦʤʧʣʝʢʩʘ ʫ ʩʝʨʫʤ ʬʘʟʠ (ʩʣʠʢʘ 2.4.) (Pesic et al., 2012). 

 

ʉʣʠʢʘ 2.4. ʋʪʠʮʘʿ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ (90Áʉ, 10 min) ʥʘ ʢʘʟʝʠʥʩʢʫ ʤʠʮʝʣʫ ʢʦʟʿʝʛ ʤʣʝʢʘ ʥʘ 

ʧʨʠʨʦʜʥʦʿ pH ʚʨʝʜʥʦʩʪʠ ʤʣʝʢʘ (Peġiĺ, 2011) 

ʂʦʟʿʝ ʤʣʝʢʦ ʿʝ ʦʩʝʪˀʠʚʠʿʝ ʥʘ UHT ʪʨʝʪʤʘʥ (Ultra-High Temperature Processing) ʦʜ 

ʢʨʘʚˀʝʛ, ʘ ʬʘʢʪʦʨʠ ʦʜ ʢʦʿʠʭ ʦʚʦ ʟʘʚʠʩʠ ʩʫ pH ʚʨʝʜʥʦʩʪ, ʭʠʜʨʘʪʘʮʠʿʘ ʤʠʮʝʣʝ, ʛʝʥʝʪʩʢʠ 

ʧʦʣʠʤʦʨʬʠʟʘʤ Ŭs1-CN, ʩʘʜʨʞʘʿ ʥʝʧʨʦʪʝʠʥʩʢʦʛ ʘʟʦʪʘ, ʧʨʠʩʫʩʪʚʦ ʩʦʣʠ ʠ ʿʦʥʩʢʦʛ 

ʢʘʣʮʠʿʫʤʘ (Morgan et al., 2000). ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʩʘ ʬʠʟʠʯʢʦʛ, ʭʝʤʠʿʩʢʦʛ ʠ 

ʤʠʢʨʦʙʠʦʣʦʰʢʦʛ ʩʪʘʥʦʚʠʰʪʘ ʟʘ ʢʦʟʿʝ ʤʣʝʢʦ ʥʘʿʙʦˀʠ HTST ʪʨʝʪʤʘʥ (High Temperature 

Short Time) ʠʟʤʝʹʫ 72Áʉ/25s ʠ 75°ʉ/25s (Prasantha & Wimalasiri, 2019). ʄʦʜʝʣʦʚʘˁʝʤ 

ʨʝʞʠʤʘ ʟʘʛʨʝʚʘˁʘ ʤʣʝʢʘ ʤʦʛʫ ʩʝ ʜʦʙʠʪʠ ʞʝˀʝʥʘ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ (X. Zhao 

et al., 2020). ʊʘʢʦʹʝ ʩʝ ʤʝˁʘˁʝʤ pH ʚʨʝʜʥʦʩʪʠ ʢʘʦ ʿʝʜʥʦʛ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʬʘʢʪʦʨʘ 

ʪʦʢʦʤ ʟʘʛʨʝʚʘˁʘ ʤʦʛʫ ʮʠˀʘʪʠ ʦʜʨʝʹʝʥʘ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ, ʧʘ ʩʫ ʥʧʨ. 

ʘʣʢʘʣʥʠ ʫʩʣʦʚʠ ʧʦʞʝˀʥʠ ʟʘ ʜʦʙʨʫ ʩʪʘʙʠʣʥʦʩʪ ʝʤʫʣʟʠʿʘ ʠ ʢʘʧʘʮʠʪʝʪ ʚʝʟʠʚʘˁʘ ʫˀʘ, ʜʦʢ 

ʩʝ ʢʠʩʝʣʝ pH ʚʨʝʜʥʦʩʪʠ ʧʨʝʧʦʨʫʯʫʿʫ ʟʘ ʙʦˀʘ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚa ʠ ʢʘʧʘʮʠʪʝʪ ʚʝʟʠʚʘˁʘ 

ʚʦʜʝ ʥʘʢʦʥ ʟʘʛʨʝʚʘˁʘ ʤʣʝʢʘ (X. Y. Li et al., 2020). ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʜʘ ʩʝ ʧʦʙʦˀʰʘ 

ʪʝʨʤʦʩʪʘʙʠʣʥʦʩʪ ʢʦʟʿʝʛ ʤʣʝʢʘ ʿʝ ʜʦʜʘʪʘʢ ʩʦʣʠ ʢʦʿʝ ʩʪʘʙʠʣʠʟʫʿʫ ʢʦʣʦʠʜʥʠ ʩʠʩʪʝʤ ʤʣʝʢʘ 

(L. Zhao et al., 2020). 

ʊʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥʠ ʦʩʪʘʿʫ ʥʝʟʘʤʝʥˀʠʚʠ, ʠʘʢʦ ʩʝ ʨʘʟʚʠʿʘʿʫ ʥʦʚʝ ʪʝʭʥʦʣʦʛʠʿʝ, ʢʘʦ ʰʪʦ ʩʫ 

ʫʣʪʨʘʟʚʫʯʥʠ ʪʨʝʪʤʘʥʠ, ʢʦʨʠʰ˂ʝˁʝ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ, ʤʠʢʨʦʪʘʣʘʩʘ, ʧʫʣʩʠʨʘʿʫ˂ʝ 

ʩʚʝʪʣʦʩʪʠ, ʛʘʤʘ ʟʨʘʯʝˁʝ, ʪʨʝʪʤʘʥ ʧʫʣʩʠʨʘʿʫ˂ʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦˀʠʤʘ, ʝʢʩʪʨʘʢʮʠʿʘ 

ʩʫʧʝʨʢʨʠʪʠʯʥʠʤ ʬʣʫʠʜʦʤ, ʿʝʨ ʥʦʚʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠʤʘʿʫ ʩʚʦʿʝ ʧʨʝʜʥʦʩʪʠ ʠ ʤʘʥʝ ʟʙʦʛ 

ʧʨʦʤʝʥʘ ʫ ʧʨʦʪʝʠʥʩʢʦʿ ʩʪʨʫʢʪʫʨʠ, ʙʠʦʣʦʰʢʠʭ ʠ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʘ ʢʘʦ 

ʥʘʿʚʝ˂ʘ ʤʘʥʘ ʠʤ ʩʝ ʥʘʚʦʜʝ ʚʠʩʦʢʠ ʪʨʦʰʢʦʚʠ ʢʦʨʠʰ˂ʝˁʘ ʠ ʥʝʜʦʚʦˀʥʦ ʧʦʟʥʘʚʘˁʝ 

ʨʝʟʫʣʪʘʪʘ ˁʠʭʦʚʝ ʧʨʠʤʝʥʝ (Nunes & Tavares, 2019). 
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2.3.4. ʊʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ ʢʦʟʿʝʛ ʤʣʝʢʘ 

ʇʝʥʠʚʘ ʠ ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʫʙʨʘʿʘʿʫ ʩʝ ʫ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ. ʆʚʘ ʩʚʦʿʩʪʚʘ 

ʩʫ ʙʠʪʥʘ ʪʦʢʦʤ ʧʨʦʠʟʚʦʜˁʝ ʰʠʨʦʢʝ ʧʘʣʝʪʝ ʧʨʝʭʨʘʤʙʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʩʚʨʩʪʘʪʠ ʫ ʜʠʩʧʝʨʟʠʿʝ; ʝʤʫʣʟʠʿʝ ʩʫ ʥʧʨ. ʤʘʿʦʥʝʟ, ʧʨʝʣʠʚʠ ʟʘ ʩʘʣʘʪʝ, ʢʨʝʤʦʚʠ, ʣʠʢʝʨʠ, 

ʬʦʨʤʫʣʝ ʟʘ ʦʜʦʿʯʘʜ, ʠʪʜ., ʜʦʢ ʿʝ ʬʦʨʤʠʨʘˁʝ ʠ ʩʪʘʙʠʣʥʦʩʪ ʧʝʥʝ ʢˀʫʯʥʦ ʢʦʜ ʚʝʣʠʢʦʛ 

ʙʨʦʿʘ ʧʨʦʠʟʚʦʜʘ, ʢʘʦ ʰʪʦ ʩʫ ʩʣʘʜʦʣʝʜʠ, ʛʣʘʟʫʨʝ, ʰʣʘʛ, ʙʦʤʙʦʥʝ, ʧʝʥʘʩʪʠ ʢʦʣʘʯʠ, ʠʪʜ. 

(Milinļiĺ, 2023). ʇʦʚʨʰʠʥʩʢʠ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʢʘʦ ʰʪʦ ʩʫ ʤʣʝʯʥʠ ʧʨʦʪʝʠʥʠ 

ʩʪʘʙʠʣʠʟʫʿʫ ʜʠʩʧʝʨʟʠʿʝ, ʘ ʧʨʝʤʘ ʢʦʥʘʯʥʦʤ ʠʟʛʣʝʜʫ ʧʦʪʨʦʰʘʯʠ ʙʠʨʘʿʫ ʧʨʦʠʟʚʦʜʝ, ʧʘ ʩʫ 

ʦʚʘ ʩʚʦʿʩʪʚʘ ʙʠʪʥʘ ʠ ʩʘ ʝʢʦʥʦʤʩʢʦʛ ʘʩʧʝʢʪʘ (Baraĺ et al., 2011; Peġiĺ, 2011).  

ʇʝʥʝ ʢʦʿʝ ʩʫ ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʨʦʪʝʠʥʠʤʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʚʦʬʘʟʥʠ ʩʠʩʪʝʤ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʩʬʝʨʠʯʥʠʭ ʤʝʭʫʨʦʚʘ ʠʩʧʫˁʝʥʠʭ ʚʘʟʜʫʭʦʤ ʢʦʿʠ ʩʫ ʦʙʤʦʪʘʥʠ ʪʘʥʢʠʤ ʧʨʦʪʝʠʥʩʢʠʤ 

ʬʠʣʤʦʤ, ʘ ʧʨʦʩʪʦʨ ʠʟʤʝʹʫ ʤʝʭʫʨʦʚʘ ʿʝ ʥʘʿʯʝʰ˂ʝ ʠʩʧʫˁʝʥ ʚʦʜʦʤ ʠ ʥʘʟʠʚʘ ʩʝ ʣʘʤʝʣʘ 

(Baraĺ et al., 2011; Peġiĺ, 2011). ʇʨʦʮʝʩʠ ʬʦʨʤʠʨʘˁʘ ʠ ʜʝʩʪʘʙʠʣʠʟʘʮʠʿʝ ʧʝʥʝ ʩʫ 

ʢʦʤʧʣʝʢʩʥʠ ʠ ʜʦʙʨʦ ʩʫ ʧʨʦʫʯʝʥʠ ʫ ʣʠʪʝʨʘʪʫʨʠ (Huppertz, 2010; Martínez-Padilla et al., 

2014). ʇʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʤʣʝʢʘ ʩʫ ʟʘʚʠʩʥʘ ʦʜ ʚʠʰʝ ʬʘʢʪʦʨʘ; ʟʘʚʠʩʝ ʦʜ ʚʨʩʪʝ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʨʦʪʝʠʥʘ, ʪʿ. ʩʝʨʫʤ ʧʨʦʪʝʠʥʠ ʠʤʘʿʫ ʙʦˀʘ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʿʝʨ ʬʦʨʤʠʨʘʿʫ 

ʜʝʙˀʝ, ʢʦʥʜʝʥʟʦʚʘʥʠʿʝ, ʚʠʩʦʢʦʟʥʠʿʝ, ʛʫʰ˂ʝ ʧʘʢʦʚʘʥʝ ʬʠʣʤʦʚʝ, ʜʦʢ ʢʘʟʝʠʥʠ ʙʨʟʦ 

ʬʦʨʤʠʨʘʿʫ ʧʝʥʝ, ʘʣʠ ʩʫ ʥʝʩʪʘʙʠʣʥʠʿʝ. Oʩʠʤ ʦʚʦʛʘ, ʠ ʩʧʦˀʘʰˁʠ ʫʩʣʦʚʠ ʢʘʦ ʰʪʦ ʩʫ pH 

ʚʨʝʜʥʦʩʪ, ʿʦʥʩʢʘ ʿʘʯʠʥʘ ʠ ʧʨʠʩʫʩʪʚʦ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʫʪʠʯʫ ʥʘ ʩʚʦʿʩʪʚʘ ʧʝʥʝ (Peġiĺ, 

2011). ʊʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ ʢʦʟʿʝʛ ʤʣʝʢʘ ʫʪʠʯʝ ʥʘ ʧʦʙʦˀʰʘˁʝ ʧʝʥʠʚʠʭ ʩʚʦʿʩʪʘʚʘ 

(ʬʦʨʤʠʨʘˁʘ ʠ ʩʪʘʙʠʣʥʦʩʪʠ ʧʝʥʝ) ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʟʙʦʛ ʧʦʚʝ˂ʘˁʘ 

ʧʦʚʨʰʠʥʩʢʝ ʭʠʜʨʦʬʦʙʥʦʩʪʠ (Peġiĺ, 2011). ʋʪʚʨʹʠʚʘˁʝ ʧʝʥʠʚʠʭ ʩʚʦʿʩʪʘʚʘ ʩʚʠʭ ʤʣʝʯʥʠʭ 

ʧʨʦʪʝʠʥʘ ʟʘʿʝʜʥʦ ʜʘʿʝ ʰʠʨʫ ʩʣʠʢʫ, ʘʣʠ ʿʝ ʢʦʤʧʣʠʢʦʚʘʥʦ, ʧʦʛʦʪʦʚʦ ʘʢʦ ʩʝ ʧʨʘʪʠ ʠ ʫʪʠʮʘʿ 

ʬʘʢʪʦʨʘ ʢʘʦ ʰʪʦ ʩʫ pH ʚʨʝʜʥʦʩʪ ʠ ʫʪʠʮʘʿ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ (X. Y. Li et al., 2020). 

ʆʚʘʢʚʝ ʘʥʘʣʠʟʝ ʩʫ ʿʦʰ ʩʣʦʞʝʥʠʿʝ ʘʢʦ ʩʝ ʧʨʠʜʦʜʘʿʫ ʠʥʪʝʨʘʢʮʠʿʝ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ ʩʘ 

ʩʣʦʞʝʥʠʤ ʙʠʦʤʦʣʝʢʫʣʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʪʝʠʥʠ ʠʣʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ. 

ʇʨʝʤʘ ʜʦʩʪʫʧʥʠʤ ʧʦʜʘʮʠʤʘ, ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ 

ʛˀʠʚʘ ʜʦ ʩʘʜʘ ʥʠʩʫ ʧʨʦʫʯʘʚʘʥʘ. 

ʋʣʦʛʘ ʝʤʫʣʛʘʪʦʨʘ ʫ ʝʤʫʣʟʠʿʘʤʘ ʪʠʧʘ ʫˀʝ/ʚʦʜʘ ʿʝ ʜʘ ʩʝ, ʥʘʢʦʥ ʨʘʟʙʠʿʘˁʘ ʫˀʘʥʝ ʬʘʟʝ 

ʧʨʠʤʝʥʦʤ ʤʝʭʘʥʠʯʢʝ ʝʥʝʨʛʠʿʝ ʥʘ ʤʘʣʝ ʢʘʧˀʠʮʝ, ʘʜʩʦʨʙʫʿʫ ʥʘ ʤʝʹʫʬʘʟʥʫ ʧʦʚʨʰʠʥʫ, 

ʩʤʘˁʝ ʧʦʚʨʰʠʥʩʢʠ ʥʘʧʦʥ ʠ ʩʧʨʝʯʝ ʧʦʥʦʚʥʦ ʫʜʨʫʞʠʚʘˁʝ ʤʘˁʠʭ ʢʘʧˀʠʮʘ ʫ ʚʝ˂ʝ (Peġiĺ, 

2011). ɽʬʠʢʘʩʥʦʩʪ ʝʤʫʣʛʘʪʦʨʘ ʟʘʚʠʩʠ ʦʜ ʩʪʨʫʢʪʫʨʝ ʘʜʩʦʨʙʦʚʘʥʠʭ ʧʨʦʪʝʠʥʩʢʠʭ ʩʣʦʿʝʚʘ 

ʥʘ ʧʦʚʨʰʠʥʠ ʫˀʘʥʠʭ ʢʘʧˀʠʮʘ, ʜʦʢ ʩʪʨʫʢʪʫʨʘ ʟʘʚʠʩʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ, pH ʚʨʝʜʥʦʩʪʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʨʦʪʝʠʥʘ ʠ ʝʣʝʢʪʨʦʣʠʪʘ, ʪʠʧʘ ʫˀʘʥʝ ʬʘʟʝ, ʧʨʠʩʫʩʪʚʘ ʜʨʫʛʠʭ ʩʫʧʩʪʘʥʮʠ, 

ʠʪʜ. (Dalgleish, 2006; Peġiĺ, 2011). ʇʨʠʢʣʘʜʥʦʩʪ ʧʨʦʪʝʠʥʘ ʢʘʦ ʝʤʫʣʛʘʪʦʨʘ ʟʘʚʠʩʠ ʦʜ 

ʙʨʟʠʥʝ ʢʦʿʦʤ ʧʨʦʪʝʠʥʠ ʜʠʬʫʥʜʫʿʫ ʜʦ ʤʝʹʫʬʘʟʥʝ ʧʦʚʨʰʠʥʝ ʠ ʦʜ ʩʪʘʙʠʣʥʦʩʪʠ 

ʢʦʥʬʦʨʤʘʮʠʿʝ ʧʦʜ ʤʝʹʫʬʘʟʥʠʤ ʧʨʠʪʠʩʢʦʤ. ʀʜʝʘʣʥʠ ʝʤʫʣʛʘʪʦʨ ʧʨʦʪʝʠʥʩʢʝ ʩʪʨʫʢʪʫʨʝ 

ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʠʤʘ ʤʘˁʫ ʤʦʣʝʢʫʣʩʢʫ ʤʘʩʫ, ʙʘʣʘʥʩʠʨʘʥ ʦʜʥʦʩ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ, ʧʦʣʘʨʥʠʭ 

ʠ ʥʝʧʦʣʘʨʥʠʭ ʘʤʠʥʦʢʠʩʝʣʠʥʘ, ʜʦʙʨʫ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʫ ʚʦʜʠ, ʜʦʙʨʫ ʧʦʚʨʰʠʥʩʢʫ 

ʭʠʜʨʦʬʦʙʥʦʩʪ ʠ ʨʝʣʘʪʠʚʥʦ ʩʪʘʙʠʣʥʫ ʩʪʨʫʢʪʫʨʫ (Barac et al., 2015). ʆʜʨʝʹʠʚʘˁʝ 

ʝʤʫʣʛʫʿʫ˂ʠʭ ʩʚʦʿʩʪʘʚʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʚʨʰʠ ʧʦʤʦ˂ʫ ʧʘʨʘʤʝʪʘʨʘ ʢʘʦ ʰʪʦ ʩʫ ʠʥʜʝʢʩ 

ʩʪʘʙʠʣʥʦʩʪʠ (ESI) ʠ ʠʥʜʝʢʩ ʘʢʪʠʚʥʦʩʪʠ ʝʤʫʣʟʠʿʝ (EAI). ʇʨʦʪʝʠʥʠ ʤʣʝʢʘ ʤʦʛʫ ʩʣʫʞʠʪʠ 

ʢʘʦ ʝʤʫʣʛʘʪʦʨʠ, ʪʿ. ʦʙʝʟʙʝʜʠʪʠ ʜʘ ʥʝ ʜʦʣʘʟʠ ʜʦ ʜʝʩʪʘʙʠʣʠʟʘʮʠʿʝ ʝʤʫʣʟʠʿʘ, ʠ ʟʘ ʪʫ ʩʚʨʭʫ 

ʩʫ ʩʝ ʙʦˀʝ ʧʦʢʘʟʘʣʠ ʢʘʟʝʠʥʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʝʨʫʤ ʧʨʦʪʝʠʥʝ, ʿʝʨ ʥʝʤʘʿʫ ʦʨʛʘʥʠʟʦʚʘʥʫ 

ʪʝʨʮʠʿʘʨʥʫ ʩʪʨʫʢʪʫʨʫ, ʧʘ ʩʫ ʬʣʝʢʩʠʙʠʣʥʠʿʠ (Peġiĺ, 2011). ʅʘʿʧʦʜʦʙʥʠʿʠ ʝʤʫʣʛʘʪʦʨ ʿʝ -̡

ʢʘʟʝʠʥ ʢʦʿʠ ʠʤʘ ʭʠʜʨʦʬʠʣʥʠ ʠ ʭʠʜʨʦʬʦʙʥʠ ʜʝʦ, ʢʘʦ ʠ ʥʘʿʚʝ˂ʫ ʧʦʚʨʰʠʥʩʢʫ ʘʢʪʠʚʥʦʩʪ 

(Peġiĺ, 2011). ʅʘʿʯʝʰ˂ʠ ʝʤʫʣʛʘʪʦʨ ʫ ʧʨʝʭʨʘʤʙʝʥʦʿ ʠʥʜʫʩʪʨʠʿʠ ʿʝ Na-ʢʘʟʝʠʥʘʪ, ʜʦʢ ʿʝ 

ʫʣʦʛʘ ʤʠʮʝʣʘʨʥʠʭ ʢʘʟʝʠʥʘ ʜʝʣʠʤʠʯʥʦ ʩʢʨʘʿʥʫʪʘ, ʠʘʢʦ ʧʦʩʪʦʿʝ ʠʥʜʠʢʘʮʠʿʝ ʜʘ ʩʫ ʧʨʠ 
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ʥʝʫʪʨʘʣʥʠʤ pH ʚʨʝʜʥʦʩʪʠʤʘ ʩʪʘʙʠʣʥʠʿʠ ʫ ʦʜʥʦʩʫ ʥʘ ʥʝʤʠʮʝʣʘʨʥʝ ʢʦʤʝʨʮʠʿʘʣʥʝ 

ʧʨʦʠʟʚʦʜʝ (Peġiĺ, 2011). ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʜʘ ʧʨʦʪʝʠʥʠ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠʤʘʿʫ 

ʙʦˀʝ ESI ʠ ʣʦʰʠʿʝ EAI ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʘʚˀʝ ʠ ʦʚʯʠʿʝ ʤʣʝʢʦ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ, ʢʘʦ ʠ ʜʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ ʢʦʟʿʝʛ ʤʣʝʢʘ ʫʪʠʯʝ ʥʘ ʧʦʚʝ˂ʘˁʝ ESI ʠ 

ʩʤʘˁʝˁʝ EAI ʚʨʝʜʥʦʩʪʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʠʤ ʤʣʝʢʦʤ, ʰʪʦ ʿʝ 

ʜʠʨʝʢʪʥʘ ʧʦʩʣʝʜʠʮʘ ʧʨʦʤʝʥʘ ʥʘ ʧʦʚʨʰʠʥʠ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ (Milinļiĺ, 2023; Peġiĺ, 

2011). 

2.3.5. ʌʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ ʠ ʧʨʠʤʝʥʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʢʦʟʿʠʭ ʤʣʝʯʥʠʭ ʧʨʦʠʟʚʦʜʘ  

ʆʢʦ 40% ʪʨʞʠʰʪʘ ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ ʯʠʥʝ ʬʫʥʮʠʦʥʘʣʥʠ ʧʨʦʠʟʚʦʜʠ ʥʘ ʙʘʟʠ ʢʨʘʚˀʝʛ 

ʤʣʝʢʘ (Naagar & Kanawjia, 2019), ʧʘ ʥʝ ʯʫʜʠ ʜʘ ʿʝ ʧʦʨʘʩʣʦ ʠ ʠʥʪʝʨʝʩʦʚʘˁʝ ʟʘ ʢʦʟʿʝ 

ʤʣʝʢʦ ʠ ʧʨʦʠʟʚʦʜʝ ʥʘ ʙʘʟʠ ʢʦʟʿʝʛ ʤʣʝʢʘ. ʇʨʦʠʟʚʦʜˁʘ ʢʨʘʚˀʝʛ ʤʣʝʢʘ ʙʝʣʝʞʠ ʜʘʣʝʢʦ 

ʤʘˁʠ ʨʘʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʤʣʝʢʘ ʢʦʿʘ ʥʠʩʫ ʧʦʨʝʢʣʦʤ ʢʨʘʚˀʘ (Ranadheera et al., 2018). 

ʇʨʝʜʚʠʹʘ ʩʝ ʜʘ ˂ʝ ʩʝ ʧʨʦʠʟʚʦʜˁʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʫʚʝ˂ʘʪʠ ʟʘ 53% ʜʦ 2030. ʛʦʜʠʥʝ, ʰʪʦ 

ʧʨʝʜʩʪʘʚˀʘ ʦʜʣʠʯʥʫ ʙʘʟʫ ʟʘ ʨʘʟʚʦʿ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ˁʝʛʦʚ 

ʩʘʩʪʘʚ ʠ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʢʦʨʠʩʥʠʭ ʝʬʝʢʘʪʘ ʥʘ ʟʜʨʘʚˀʝ (Khan et al., 2019; Naagar & 

Kanawjia, 2019). ɿʙʦʛ ʩʚʦʿʠʭ ʿʝʜʠʥʩʪʚʝʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʧʨʦʪʝʠʥʠ ʢʦʟʿʝʛ ʤʣʝʢʘ ʩʫ ʥʘʰʣʠ 

ʧʨʠʤʝʥʫ ʫ ʤʥʦʛʠʤ ʩʬʝʨʘʤʘ ʧʨʝʭʨʘʤʙʝʥʝ ʠʥʜʫʩʪʨʠʿʝ (ALKaisy et al., 2023): 

¶ ʟʙʦʛ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘ ʬʦʨʤʠʨʘʿʫ ʩʪʘʙʠʣʥʝ ʝʤʫʣʟʠʿʝ, ʧʨʦʪʝʠʥʠ ʢʦʟʿʝʛ ʤʣʝʢʘ ʩʝ 
ʢʦʨʠʩʪʝ ʢʘʦ ʝʤʫʣʛʘʪʦʨʠ ʫ ʧʨʝʣʠʚʠʤʘ ʟʘ ʩʘʣʘʪʝ, ʤʘʿʦʥʝʟʫ, ʢʨʝʤʦʚʠʤʘ; 

¶ ʟʙʦʛ ʩʚʦʿʩʪʚʘ ʛʝʣʠʨʘˁʘ ʢʦʨʠʩʪʝ ʩʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʩʠʨʝʚʘ, ʿʦʛʫʨʪʘ, ʧʫʜʠʥʛʘ; 

¶ ʟʙʦʛ ʩʧʦʩʦʙʥʦʩʪʠ ʚʝʟʠʚʘˁʘ ʚʦʜʝ ʢʦʨʠʩʪʝ ʩʝ ʫ ʧʨʦʠʟʚʦʜʠʤʘ ʥʘ ʙʘʟʠ ʤʝʩʘ, ʘʣʠ ʠ 
ʚʝʛʘʥʩʢʠʤ ʠ ʚʝʛʝʪʘʨʠʿʘʥʩʢʠʤ ʧʨʦʠʟʚʦʜʠʤʘ ʟʘ ʧʦʙʦˀʰʘˁʝ ʪʝʢʩʪʫʨʝ ʠ ʨʝʪʝʥʮʠʿʝ 

ʚʦʜʝ; 

¶ ʢʦʨʠʩʪʝ ʩʝ ʢʘʦ ʠʟʚʦʨ ʧʨʦʪʝʠʥʘ ʫ ʜʠʿʝʪʝʪʩʢʠʤ ʩʫʧʣʝʤʝʥʪʠʤʘ ʟʘ ʩʧʦʨʪʠʩʪʝ; 

¶ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʠʟʚʦʨ ʧʨʦʪʝʠʥʘ ʫ ʬʦʨʤʫʣʘʤʘ ʟʘ ʦʜʦʿʯʘʜ; 

¶ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʬʫʥʢʮʠʦʥʘʣʥʠ ʩʘʩʪʦʿʘʢ ʙʠˀʥʠʭ ʤʣʝʢʘ ʠ ʩʠʨʝʚʘ; 

¶ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʙʠʦʨʘʟʛʨʘʜʠʚʠʭ ʿʝʩʪʠʚʠʭ ʬʠʣʤʦʚʘ ʠ ʧʘʢʦʚʘˁʘ. 

ɻʦʪʦʚʦ ʜʘ ʥʝʤʘ ʩʘʩʪʦʿʢʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʟʘ ʢʦʿʠ ʥʠʿʝ ʜʦʢʘʟʘʥʘ ʥʝʢʘ ʦʜ ʙʣʘʛʦʪʚʦʨʥʠʭ 

ʬʫʥʢʮʠʿʘ ʥʘ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ. ɽʥʟʠʤʩʢʦʤ ʭʠʜʨʦʣʠʟʦʤ ʤʣʝʢʘ, ʙʠʣʦ ʪʦʢʦʤ ʚʘʨʝˁʘ ʫ 

ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʦʤ ʪʨʘʢʪʫ, ʙʠʣʦ ʪʦʢʦʤ ʧʨʝʨʘʜʝ ʭʨʘʥʝ, ʥʘʩʪʘʿʫ ʬʨʘʛʤʝʥʪʠ ʩʘ 

ʨʘʟʥʦʚʨʩʥʠʤ ʟʜʨʘʚʩʪʚʝʥʠʤ ʙʝʥʝʬʠʪʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ AʂE-ʠʥʭʠʙʠʪʦʨʩʢʦ ʜʝʿʩʪʚʦ 

(Angiotensin Converting Enzyme) ʟʘ ʢʦʿʝ ʩʝ ʩʤʘʪʨʘ ʜʘ ʧʦʟʠʪʠʚʥʦ ʫʪʠʯʫ ʥʘ ʣʝʯʝˁʝ 

ʭʠʧʝʨʪʝʥʟʠʿʝ, ʟʘʪʠʤ ʧʝʧʪʠʜʠ ʩʘ ʘʥʪʠʤʠʢʨʦʙʥʠʤ, ʘʥʪʠʪʨʦʤʙʦʪʩʢʠʤ, ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʤ, 

ʘʥʪʠʜʠʿʘʙʝʪʩʢʠʤ, ʘʥʪʠʠʥʬʣʘʤʘʪʦʨʥʠʤ ʠ ʠʤʫʥʦʤʦʜʫʣʘʪʦʨʩʢʠʤ ʝʬʝʢʪʦʤ, ʢʦʨʠʩʥʠʤ 

ʜʝʿʩʪʚʦʤ ʢʦʜ ʢʘʨʜʠʦʚʘʩʢʫʣʘʪʦʨʥʠʭ ʦʙʦˀʝˁʘ, ʦʩʪʝʦʧʦʨʦʟʝ ʠ ʧʨʝʚʝʥʮʠʿʝ ʢʘʥʮʝʨʘ 

(Ahmed et al., 2015; Azhar & Salim, 2017; Dhasmana et al., 2022; Guha et al., 2021; 

Hammam et al., 2021; Naagar & Kanawjia, 2019; Park et al., 2007; 2017; Prosser, 2021; 

Sepe & Argüello, 2019; Sonu & Basavaprabhu, 2020). ʂʘʟʝʠʥʠ ʢʦʟʿʝʛ ʤʣʝʢʘ ʩʝ ʪʘʢʦʹʝ 

ʝʬʠʢʘʩʥʠʿʝ ʚʘʨʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʘʟʝʠʥʝ ʢʨʘʚˀʝʛ ʤʣʝʢʘ (Hodgkinson et al., 2018). ʆʩʠʤ 

ʢʘʟʝʠʥʘ, ʝʥʟʠʤʩʢʦʤ ʭʠʜʨʦʣʠʟʦʤ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʩʝ ʪʘʢʦʹʝ ʦʩʣʦʙʘʹʘʿʫ ʙʠʦʘʢʪʠʚʥʠ 

ʧʝʧʪʠʜʠ, ʧʘ ʙʠ ʪʦ ʤʦʛʣʦ ʙʠʪʠ ʿʝʜʥʦ ʦʜ ʠʩʢʦʨʠʰ˂ʝˁʘ ʥʫʩʧʨʦʠʟʚʦʜʘ ʠʟ ʠʥʜʫʩʪʨʠʿʝ 

ʩʠʨʝʚʘ (Ahmed et al., 2015). ɱʝʜʘʥ ʦʜ ʥʘʿʧʦʟʥʘʪʠʿʠʭ ʙʠʦʘʢʪʠʚʥʠʭ ʧʝʧʪʠʜʘ ʿʝ 

ʢʘʟʝʠʥʤʘʢʨʦʧʝʧʪʠʜ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘ ʝʥʟʠʤʩʢʦʤ ʭʠʜʨʦʣʠʟʦʤ ə-ʢʘʟʝʠʥʘ ʪʦʢʦʤ ʧʨʚʦʛ 

ʢʦʨʘʢʘ ʧʨʦʠʟʚʦʜˁʝ ʩʠʨʘ (de Kruif, 2003). ʆʪʢʨʠʚʝʥʠ ʩʫ ʥʦʚʠ ʧʝʧʪʠʜʠ ʠʟ ʢʘʟʝʠʥʩʢʝ 

ʬʨʘʢʮʠʿʝ ʢʦʟʿʝʛ ʤʣʝʢʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʫʙʣʘʞʘʚʘˁʝ ʠʥʩʫʣʠʥʩʢʝ ʨʝʟʠʩʪʝʥʮʠʿʝ (Gong et al., 

2020). ʉʝʨʫʤ ʧʨʦʪʝʠʥʠ ʠʤʘʿʫ ʙʘʢʪʝʨʠʦʩʪʘʪʩʢʘ, ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʠ ʮʠʪʦʪʦʢʩʠʯʥʘ 

ʩʚʦʿʩʪʚʘ ʧʨʝʤʘ ʦʜʨʝʹʝʥʠʤ ʪʫʤʦʨʩʢʠʤ ˂ʝʣʠʿʩʢʠʤ ʣʠʥʠʿʘʤʘ (Medeiros et al., 2018), ʜʦʢ ʩʝ 
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ʧʨʝʜʪʨʝʪʤʘʥ ʠʟʦʣʘʪʘ ʧʨʦʪʝʠʥʘ ʩʫʨʫʪʢʝ ʚʠʩʦʢʠʤ ʭʠʜʨʦʩʪʘʪʠʯʢʠʤ ʧʨʠʪʠʩʢʦʤ 

ʧʨʝʧʦʨʫʯʫʿʝ ʟʘ ʧʦʚʝ˂ʘˁʝ ˁʠʭʦʚʠʭ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʠ ʘʥʪʠʠʥʬʣʘʤʘʪʦʨʥʠʭ ʩʚʦʿʩʪʘʚʘ 

(Iskandar et al., 2015). ʈʘʟʚʦʿ ʥʦʚʠʭ ʦʩʝʪˀʠʚʠʿʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʥʠʭ ʤʝʪʦʜʘ, ʢʘʦ ʠ 

ʧʨʠʤʝʥʘ ʠʥʬʦʨʤʘʪʠʢʝ ʫ ʙʠʦʣʦʛʠʿʠ ʜʦʚʦʜʝ ʜʦ ʩʪʘʣʥʦʛ ʦʪʢʨʠ˂ʘ ʥʦʚʠʭ ʙʠʦʘʢʪʠʚʥʠʭ 

ʧʝʧʪʠʜʘ ʧʦʨʝʢʣʦʤ ʠʟ ʢʦʟʿʝʛ ʤʣʝʢʘ (Coscueta et al., 2022). ʅʘʿʚʝ˂ʠ ʜʝʦ ʧʝʧʪʠʜʘ 

ʠʟʦʣʦʚʘʥʠʭ ʠʟ ʤʣʝʢʘ ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʝ ʧʦʪʠʯʝ ʦʜ ɓ-ʢʘʟʝʠʥʘ (Prosser, 2021). ʈʘʟʚʠʿʘʿʫ ʩʝ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʢʝ ʤʝʪʦʜʝ ʢʦʿʝ ʦʜ ʩʝʢʚʝʥʮʠ ʭʠʜʨʦʣʠʟʦʚʘʥʠʭ ʢʘʟʝʠʥʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʤʦʛʫ 

ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʠ ʧʨʝʜʚʠʜʝʪʠ ʦʥʝ ʢʦʿʠ ʩʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʙʠʦʘʢʪʠʚʥʠ (Coscueta et al., 

2022). ʇʝʧʪʠʜʠ ʧʦʙʦˀʰʘʚʘʿʫ ʠʥʪʝʩʪʠʥʘʣʥʫ ʙʘʨʠʿʝʨʫ ʥʘ ʚʠʰʝ ʥʘʯʠʥʘ, ʘ ʪʠʤʝ ʠ 

ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʠ ʪʨʘʢʪ ʠ ʟʜʨʘʚˀʝ ʫ ʮʝʣʦʩʪʠ (Wan et al., 2019), ʜʦʢ ʧʝʧʪʠʜʠ 

ʬʝʨʤʝʥʪʠʩʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʫʪʠʯʫ ʥʘ ʩʥʠʞʝˁʝ ʭʠʧʝʨʭʦʣʝʩʪʝʨʦʣʝʤʠʿʝ (Mahdi et al., 

2018). ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʛʫ ʧʨʦʥʘ˂ʠ ʩʪʫʜʠʿʝ ʢʦʿʝ ʧʦʢʫʰʘʚʘʿʫ ʜʘ ʜʦʜʘʪʥʦ ʧʦʚʝ˂ʘʿʫ 

ʩʘʜʨʞʘʿ ʧʝʧʪʠʜʘ ʫ ʤʣʝʢʫ ʠ ʪʠʤʝ ʧʦʙʦˀʰʘʿʫ ˁʝʛʦʚʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ. ʊʦ ʩʝ ʤʦʞʝ 

ʧʦʩʪʠ˂ʠ ʜʦʜʘʪʢʦʤ ʧʨʦʪʝʘʟʘ ʧʦʨʝʢʣʦʤ ʠʟ ʧʣʝʩʥʠ (Aspergillus sp.) ʢʫʣʪʠʚʠʩʘʥʠʭ 

ʬʝʨʤʝʥʪʘʮʠʿʦʤ ʫ ʯʚʨʩʪʦʤ ʩʪʘˁʫ (Solid-State Fermentation - SSF) (Zanutto-Elgui et al., 

2019) ʠʣʠ ʬʝʨʤʝʥʪʘʮʠʿʦʤ ʤʣʝʢʘ, ʛʜʝ ʩʝ ʧʨʦʪʝʦʣʠʪʠʯʢʦʤ ʘʢʪʠʚʥʦʰ˂ʫ ʙʘʢʪʝʨʠʿʘ ʤʣʝʯʥʝ 

ʢʠʩʝʣʠʥʝ ʧʦʚʝ˂ʘʚʘ ʩʘʜʨʞʘʿ ʙʠʦʘʢʪʠʚʥʠʭ ʧʝʧʪʠʜʘ (Moreno-Montoro et al., 2018). 

ʋʧʦʨʝʜʥʘ in vivo ʤʝʪʘʛʝʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʩʝ ʠʥʪʝʩʪʠʥʘʣʥʠ ʤʠʢʨʦʙʠʦʤ 

ʤʠʰʝʚʘ ʟʥʘʯʘʿʥʠʿʝ ʧʨʦʤʝʥʠʦ ʥʘʢʦʥ ʫʟʠʤʘˁʘ ʢʦʟʿʝʛ ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʘʚˀʝ ʤʣʝʢʦ (Z. Wang 

et al., 2018). ʅʘʹʝʥʦ ʿʝ ʜʘ ʩʫ ʂʨʝʙʩʦʚ ʮʠʢʣʫʩ, ʛʣʠʢʦʣʠʟʘ, ʤʝʪʘʙʦʣʠʟʤʠ ʘʤʠʥʦʰʝ˂ʝʨʘ, 

ʥʫʢʣʝʦʪʠʜʥʠʭ ʰʝ˂ʝʨʘ ʠ ʣʠʧʦʠʥʩʢʝ ʢʠʩʝʣʠʥʝ ʙʠʣʠ ʘʢʪʠʚʥʠʿʠ ʥʘʢʦʥ ʠʩʭʨʘʥʝ ʢʦʟʿʠʤ 

ʤʣʝʢʦʤ, ʢʘʦ ʠ ʜʘ ʢʦʤʧʦʥʝʥʪʝ ʢʦʟʿʝʛ ʤʣʝʢʘ ʫʪʠʯʫ ʧʦʟʠʪʠʚʥʦ ʥʘ ʨʘʟʚʦʿ ʦʜʨʝʹʝʥʠʭ 

ʢʦʨʠʩʥʠʭ ʤʠʢʨʦʙʘ (ʨʦʜ Akkermansia) ʥʘ ʢʦʿʝ ʠʩʭʨʘʥʘ ʢʨʘʚˀʠʤ ʤʣʝʢʦʤ ʫʦʧʰʪʝ ʥʝ ʫʪʠʯʝ 

(Z. Wang et al., 2018). ʆʩʠʤ ʦʚʠʭ ʙʣʘʛʦʪʚʦʨʥʠʭ ʝʬʝʢʘʪʘ, ʜʦʜʘʪʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ˁʝʛʦʚʠʭ ʧʨʦʠʟʚʦʜʘ ʩʝ ʤʦʞʝ ʜʦʜʘʪʥʦ ʧʦʚʝ˂ʘʪʠ ʜʦʜʘʪʢʦʤ ʧʨʦʙʠʦʪʩʢʠʭ 

ʙʘʢʪʝʨʠʿʘ ʠʣʠ ʧʨʝʙʠʦʪʩʢʠʭ ʩʫʧʩʪʘʥʮʠ, ʛʜʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʟʿʝʛ ʤʣʝʢʘ ʩʣʫʞʝ ʢʘʦ ʥʦʩʘʯʠ 

(Verruck et al., 2019). ʋ ʦʜʥʦʩʫ ʥʘ ʦʚʯʠʿʝ, ʢʘʤʠˀʝ ʠ ʤʘʛʘʨʝ˂ʝ ʤʣʝʢʦ ʢʘʦ ʘʣʪʝʨʥʘʪʠʚʝ 

ʢʨʘʚˀʝʤ ʤʣʝʢʫ, ʢʦʟʿʝ ʤʣʝʢʦ ʩʝ ʧʦʢʘʟʘʣʦ ʢʘʦ ʥʘʿʙʦˀʠ ʥʦʩʘʯ ʧʨʦʙʠʦʪʠʢʘ, ʫʟʠʤʘʿʫ˂ʠ ʫ 

ʦʙʟʠʨ ʥʝʧʦʚʦˀʥʝ ʫʩʣʦʚʝ ʪʦʢʦʤ ʧʨʦʣʘʩʢʘ ʢʨʦʟ ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʠ ʪʨʘʢʪ, ʘʜʭʝʟʠʿʫ ʟʘ 

ʝʧʠʪʝʣ ʮʨʝʚʘ ʠ ʚʠʿʘʙʠʣʥʦʩʪ ʪʦʢʦʤ ʨʦʢʘ ʪʨʘʿʘˁʘ ʧʨʦʠʟʚʦʜʘ ʢʘʦ ʰʪʦ ʩʫ ʿʦʛʫʨʪ, 

ʬʝʨʤʝʥʪʠʩʘʥʦ ʤʣʝʢʦ, ʩʣʘʜʦʣʝʜ ʠ ʩʠʨʝʚʠ (Ranadheera et al., 2018). ɱʝʜʠʥʠ ʧʨʦʙʣʝʤ ʢʦʿʠ 

ʩʝ ʿʦʰ ʤʦʨʘ ʧʨʝʚʘʟʠ˂ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʦʚʝ ʘʣʪʝʨʥʘʪʠʚʝ ʿʝʩʫ ʥʝʧʨʠʚʣʘʯʥʘ ʩʝʥʟʦʨʥʘ ʩʚʦʿʩʪʚʘ 

(Ranadheera et al., 2018). ɱʦʰ ʿʝʜʥʘ ʩʪʫʜʠʿʘ ʿʝ ʠʟʜʚʦʿʠʣʘ ʢʦʟʿʝ ʤʣʝʢʦ ʢʘʦ ʥʘʿʩʚʘʨˀʠʚʠʿʝ 

ʥʘʢʦʥ in vitro ʜʠʛʝʩʪʠʿʘ ʢʨʘʚˀʝʛ, ʢʦʟʿʝʛ, ʦʚʯʠʿʝʛ ʠ ʢʘʤʠˀʝʛ ʤʣʝʢʘ (Tagliazucchi et al., 

2018). 

ʇʦʨʘʩʣʦ ʿʝ ʠ ʠʥʪʝʨʝʩʦʚʘˁʝ ʟʘ ʿʝʜʠˁʝˁʠʤʘ ʧʦʨʝʢʣʦʤ ʠʟ ʤʣʝʢʘ ʢʦʿʘ ʥʠʩʫ ʜʦʚʦˀʥʦ 

ʧʨʦʫʯʝʥʘ. ʄʦʜʝʣʦʚʘˁʝʤ ʛʘʿʝˁʘ ʢʦʟʘ ʠ ʧʨʝʨʘʜʝ ʢʦʟʿʝʛ ʤʣʝʢʘ (ʥʘʯʠʥ ʠʩʭʨʘʥʝ, ʜʦʙʘ 

ʛʦʜʠʥʝ, ʧʘʩʪʝʨʠʟʘʮʠʿʘ) ʤʦʞʝ ʩʝ ʜʦʜʘʪʥʦ ʧʦʚʝ˂ʘʪʠ ʩʘʜʨʞʘʿ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʫ ʢʦʟʿʝʤ 

ʤʣʝʢʫ ʠ ʩʘʤʠʤ ʪʠʤ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ (Chávez-Servín et al., 2018). ʃʘʢʪʦʬʝʨʠʥ ʿʝ 

ʧʨʝʧʦʟʥʘʪ ʢʘʦ ʥʫʪʨʠʿʝʥʪ ʢʦʿʠ ʠʤʘ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʧʦʟʠʪʠʚʥʠʭ ʜʝʿʩʪʘʚʘ ï ʜʝʣʫʿʝ ʢʘʦ 

ʠʤʫʥʦʤʦʜʫʣʘʪʦʨ, ʘʥʪʠʤʠʢʨʦʙʥʠ, ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʠ ʘʥʪʠʢʘʥʮʝʨʦʛʝʥʠ ʘʛʝʥʩ ʠ ʠʤʘ 

ʫʣʦʛʫ ʫ ʨʝʛʫʣʘʮʠʿʠ ʤʝʪʘʙʦʣʠʯʢʠʭ ʧʦʨʝʤʝ˂ʘʿʘ, ʧʘ ʛʘ ʘʫʪʦʨʠ ʧʨʝʧʦʨʫʯʫʿʫ ʢʘʦ ʜʦʜʘʪʘʢ 

ʭʨʘʥʠ ʟʘ ʜʝʮʫ (Iglesias-Figueroa et al., 2019). ʀʧʘʢ ʪʨʝʙʘ ʙʠʪʠ ʧʘʞˀʠʚ, ʧʦʰʪʦ ʿʝ 

ʧʦʪʨʝʙʥʘ ʬʦʨʪʠʬʠʢʘʮʠʿʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʨʘʟʣʠʯʠʪʠʤ ʚʠʪʘʤʠʥʠʤʘ ʠ ʤʘʩʥʠʤ ʢʠʩʝʣʠʥʘʤʘ, 

ʢʘʦ ʠ ʩʤʘˁʝˁʝ ʥʠʚʦʘ ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥʘ (Chauhan et al., 2021; Prosser, 2021). 

2.3.6. ʂʦʥʩʪʠʪʫʝʥʪʠ ʢʨʘʚˀʝʛ ʤʣʝʢʘ ʢʘʦ ʥʦʩʘʯʠ ʩʫʧʩʪʘʥʮʠ ʦʜ ʠʥʪʝʨʝʩʘ 

ʄʣʝʢʦ ʿʝ ʠʜʝʘʣʥʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʠʩʧʦʨʫʢʫ ʙʠʦʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʘ 

ʥʦʚʘ ʛʝʥʝʨʘʮʠʿʘ ʤʣʝʯʥʠʭ ʧʨʦʠʟʚʦʜʘ ʩʘ ʜʦʜʘʪʥʦʤ ʬʫʥʢʮʠʦʥʘʣʥʦʰ˂ʫ (Haratifar & 
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Corredig, 2014), ʘ ʥʘʪʠʚʥʝ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʩʝ ʤʦʛʫ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʧʨʠʨʦʜʥʝ ʥʘʥʦ-

ʢʘʧʩʫʣʝ ʟʘ ʧʨʝʥʦʩ ʙʠʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ (Menéndez-Aguirre et al., 2011). ʄʦʛʫ ʩʝ 

ʢʦʨʠʩʪʠʪʠ ʟʘ ʦʙʦʛʘ˂ʠʚʘˁʝ ʠ ʬʦʨʪʠʬʠʢʘʮʠʿʫ ʫ ʠʥʜʫʩʪʨʠʿʠ ʭʨʘʥʝ ʠ ʣʝʢʦʚʘ (Ghasemi & 

Abbasi, 2014). ʂʘʟʝʠʥʠ ʩʫ ʩʝ ʧʨʚʦ ʢʦʨʠʩʪʠʣʠ ʫ ʬʘʨʤʘʮʝʫʪʩʢʝ ʩʚʨʭʝ, ʘ ʦʥʜʘ ʩʫ ʥʘʰʣʠ 

ʧʨʠʤʝʥʫ ʠ ʫ ʭʨʘʥʠ (Haratifar & Guri, 2017). ʂʨʦʟ ʣʠʪʝʨʘʪʫʨʫ ʩʫ ʦʧʠʩʘʥʠ ʥʘ ʚʠʰʝ 

ʥʘʯʠʥʘ, ʥʘ ʧʨʠʤʝʨ ʢʘʦ ʢʦʣʦʠʜʥʠ ʢʘʟʝʠʥ-ʢʘʣʮʠʿʫʤ-ʪʨʘʥʩʧʦʨʪ ʢʦʤʧʣʝʢʩʠ (Farrell et al., 

2006), ʚʝʢʪʦʨʠ ʥʫʪʨʠʿʝʥʘʪʘ (Ouanezar et al., 2012), ʠʣʠ ʧʨʠʨʦʜʥʝ ʥʘʥʦʯʝʩʪʠʮʝ ʧʨʠʩʫʪʥʝ 

ʤʠʣʠʦʥʠʤʘ ʛʦʜʠʥʘ (Moeller et al., 2017). ʀʥʢʦʨʧʦʨʠʨʘˁʝ ʦʩʝʪˀʠʚʠʭ ʩʘʩʪʦʿʘʢʘ (ʢʘʦ ʰʪʦ 

ʩʫ ʘʥʪʠʦʢʩʠʜʘʥʪʠ, ʚʠʪʘʤʠʥʠ, ʤʘʩʥʝ ʢʠʩʝʣʠʥʝ ʠ ʧʨʦʙʠʦʪʠʮʠ), ʥʘʿʯʝʰ˂ʝ ʭʠʜʨʦʬʦʙʥʠʭ, ʫ 

ʥʘʥʦ- ʠʣʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʠʤ ʦʙʝʟʙʝʹʫʿʝ ʩʪʘʙʠʣʥʦʩʪ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪ ʥʝʟʘʚʠʩʥʦ ʦʜ 

ʩʧʦˀʘʰˁʠʭ ʜʝʛʨʘʜʘʮʠʦʥʠʭ ʬʘʢʪʦʨʘ (Haratifar & Guri, 2017). ʋʣʦʛʘ ʠ ʧʨʠʤʝʨʠ ʧʨʠʤʝʥʝ 

ʢʘʟʝʠʥʘ ʢʨʘʚˀʝʛ ʤʣʝʢʘ ʫ ʦʚʝ ʩʚʨʭʝ ʩʫ ʜʦʙʨʦ ʦʧʠʩʘʥʠ (Haratifar & Guri, 2017; Ranadheera 

et al., 2016). ʆʩʠʤ ʠʥʢʘʧʩʫʣʘʮʠʿʝ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʠ ʟʘ ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʝʤʫʣʟʠʿʘ ʠ 

ʢʦʤʧʣʝʢʩʘ, ʟʘ ʨʘʟʚʦʿ ʭʠʜʨʦʛʝʣʦʚʘ ʠ ʿʝʩʪʠʚʠʭ ʬʠʣʤʦʚʘ ʠ ʧʨʝʚʣʘʢʘ (Ranadheera et al., 

2016).  ʆʩʠʤ ʩʚʦʿʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʨʝʜʥʦʩʪʠ, ʢʘʟʝʠʥʠ ʩʫ ʨʝʣʘʪʠʚʥʦ ʿʝʬʪʠʥʠ ʠ ʜʦʩʪʫʧʥʠ 

ʠ ʠʤʘʿʫ GRAS ʩʪʘʪʫʩ (Generally Recognized As Safe), ʪʿ. ʩʤʘʪʨʘʿʫ ʩʝ ʙʝʟʙʝʜʥʠʤʘ ʟʘ 

ʫʧʦʪʨʝʙʫ, ʰʪʦ ʿʝ ʯʝʩʪ ʧʨʦʙʣʝʤ ʢʦʜ ʜʨʫʛʠʭ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʥʘʥʦʠʥʢʘʧʩʫʣʘʮʠʿʫ, ʧʘ ʩʝ ʦʚʜʝ 

ʪʦʢʩʠʯʥʦʩʪ ʦʜʥʦʩʠ ʩʘʤʦ ʥʘ ʜʦʟʫ ʠʥʢʘʧʩʫʣʠʩʘʥʝ ʙʠʦʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ (Haratifar & 

Guri, 2017). ʀʧʘʢ, ʟʘ ʥʘʥʦʯʝʩʪʠʮʝ ʧʝʨʤʝʘʙʠʣʥʦʩʪ ʙʠʦʣʦʰʢʠʭ ʤʝʤʙʨʘʥʘ ʿʝ ʜʘʣʝʢʦ ʚʝ˂ʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʚʝ˂ʝ ʩʫʧʩʪʘʥʮʝ, ʧʘ ʩʝ ʩʪʨʦʛʦ ʤʦʨʘʿʫ ʠʩʧʠʪʘʪʠ ˁʠʭʦʚʠ ʤʦʛʫ˂ʠ ʥʝʜʦʩʪʘʮʠ 

(Haratifar & Guri, 2017; Milinļiĺ et al., 2019). 

ʂʘʟʝʠʥʠ ʩʫ ʟʙʦʛ ʩʚʦʿʝ ʬʣʝʢʩʠʙʠʣʥʝ ʩʪʨʫʢʪʫʨʝ ʪʝʨʤʦʩʪʘʙʠʣʥʠ, ʧʘ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ 

ʪʘʤʦ ʛʜʝ ʿʝ ʧʦʪʨʝʙʥʦ ʦʚʘʢʚʦ ʩʚʦʿʩʪʚʦ, ʘʣʠ ʩʝ ʥʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʫ ʭʨʘʥʠ ʛʜʝ ʿʝ pH 

ʚʨʝʜʥʦʩʪ ʙʣʠʟʫ ˁʠʭʦʚʝ ʠʟʦʝʣʝʢʪʨʠʯʥʝ ʪʘʯʢʝ ʿʝʨ ʜʦʣʘʟʠ ʜʦ ʘʛʨʝʛʘʮʠʿʝ (Fathi et al., 2018; 

Yildirim -Elikoglu, 2019). ʆʩʠʤ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʟʘʛʨʝʚʘˁʝ, ʢʘʟʝʠʥʠ ʩʫ ʦʪʧʦʨʥʠ ʠ ʥʘ 

ʩʤʨʟʘʚʘˁʝ ʠ ʩʫʰʝˁʝ, ʰʪʦ ʦʙʝʟʙʝʹʫʿʝ ʜʦʜʘʪʥʝ ʙʝʥʝʬʠʪʝ ʟʘ ʠʩʧʦʨʫʢʫ ʙʠʦʘʢʪʠʚʥʠʭ 

ʩʫʧʩʪʘʥʮʠ (Ranadheera et al., 2016). ʂʘʟʝʠʥʠ ʠʤʘʿʫ ʚʝʣʠʢʠ ʘʬʠʥʠʪʝʪ ʢʘ ʿʦʥʠʤʘ ʠ ʤʘʣʠʤ 

ʤʦʣʝʢʫʣʠʤʘ, ʠʤʘʿʫ ʜʦʙʨʘ ʧʦʚʨʰʠʥʩʢʘ ʠ ʩʪʘʙʠʣʠʟʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ, ʩʚʦʿʩʪʚʘ ʩʘʤʦ-

ʦʢʫʧˀʘˁʘ, ʧʦʤʘʞʫ ʫ ʝʤʫʣʟʠʬʠʢʘʮʠʿʠ, ʛʝʣʠʨʘˁʫ, ʚʝʟʠʚʘˁʫ ʚʦʜʝ (ʩʣʠʢʘ 2.5.) 

(Ranadheera et al., 2016). ɓ-ʢʘʟʝʠʥʠ ʩʫ ʦʟʥʘʯʝʥʠ ʢʘʦ ʥʘʿʦʙʝ˂ʘʚʘʿʫ˂ʠ ʦʜ ʩʚʠʭ ʢʘʟʝʠʥʘ, ʿʝʨ 

ʩʝ ʟʙʦʛ ʩʚʦʿʝ ʘʤʬʠʬʠʣʥʝ ʩʪʨʫʢʪʫʨʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʚʝʟʠʚʘˁʝ ʠ ʭʠʜʨʦʬʦʙʥʠʭ ʠ 

ʭʠʜʨʦʬʠʣʥʠʭ ʩʫʧʩʪʘʥʮʠ (Fathi et al., 2018). ʆʜ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ, ɓ-LG ʠʤʘ ʚʝʣʠʢʠ 

ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʠʥʢʘʧʩʫʣʘʮʠʿʫ ʙʠʦʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʙʠʣʦ ʫ ʥʘʪʠʚʥʦʤ, ʙʠʣʦ ʢʘʦ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥ, Ŭ-LA ʤʦʞʝ ʬʦʨʤʠʨʘʪʠ ʥʘʥʦʮʝʚʠ, ʘ ʠ BSA ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ 

ʩʚʨʭʝ ʠʥʢʘʧʩʫʣʘʮʠʿʝ (Fathi et al., 2018; Tavakoli et al., 2021). ʃʘʢʪʦʬʝʨʠʥ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ 

ʠʥʢʘʧʩʫʣʘʮʠʿʫ, ʘʣʠ ʫ ʬʘʨʤʘʮʝʫʪʩʢʝ ʩʚʨʭʝ (Tavakoli et al., 2021). ɿʙʦʛ ʩʚʦʿʝ ʘʤʬʠʬʠʣʥʝ 

ʩʪʨʫʢʪʫʨʝ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʩʘʤʦʩʪʘʣʥʦʛ ʛʨʫʧʠʩʘˁʘ ʫ ʤʠʮʝʣʘʨʥʝ ʩʪʨʫʢʪʫʨʝ, ɓ-ʢʘʟʝʠʥʠ ʩʫ 

ʠʩʢʦʨʠʰ˂ʝʥʠ ʟʘ ʠʥʢʘʧʩʫʣʘʮʠʿʫ ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʫ ʠʥʜʫʩʪʨʠʿʠ ʣʝʢʦʚʘ ʠ ʭʨʘʥʝ 

ʫʤʝʩʪʦ ʩʠʥʪʝʪʠʯʢʠʭ ʧʦʣʠʤʝʨʘ (Perinelli et al., 2019). ɿʙʦʛ ʩʚʦʿʝ ʭʠʜʨʦʬʦʙʥʦʩʪʠ, ʯʝʩʪʦ 

ʬʦʨʤʠʨʘʿʫ ʿʘʯʝ ʢʦʤʧʣʝʢʩʝ ʫ ʦʜʥʦʩʫ ʥʘ Ŭ-CN, ʧʘ ʩʝ ʧʨʝʧʦʨʫʯʫʿʫ ʢʘʦ ʥʦʩʘʯʠ (Chanphai et 

al., 2018; Hasni et al., 2011). 

ʅʘjʚʠʰʝ ʩʫ ʠʩʧʠʪʠʚʘʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʩʘ ʧʨʦʪʝʠʥʠʤʘ ʢʨʘʚˀʝʛ ʤʣʝʢʘ 

ʠ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʢʘʟʝʠʥʠ ʠʤʘʿʫ ʘʬʠʥʠʪʝʪ ʢʘ ʚʠʩʦʢʦ ʧʦʣʠʤʝʨʠʟʦʚʘʥʠʤ 

ʧʦʣʠʬʝʥʦʣʠʤʘ, ʜʦʢ ʩʝʨʫʤ ʧʨʦʪʝʠʥʠ ʚʝʟʫʿʫ ʠ ʪʨʘʥʩʧʦʨʪʫʿʫ ʤʘˁʝ ʤʦʣʝʢʫʣʝ (Ye et al., 

2013). ʏʝʩʪʦ ʩʝ ʠʩʧʠʪʫʿʫ ʠʥʪʝʨʘʢʮʠʿʝ ʝʧʠʛʘʣʦʢʘʪʝʭʠʥ ʛʘʣʘʪʘ (EGCG) ʩʘ ʧʨʦʪʝʠʥʠʤʘ 

ʤʣʝʢʘ, ʿʝʨ ʩʝ ʟʥʘ ʜʘ ʪʘʥʠʥʠ ʩʪʫʧʘʿʫ ʫ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʧʨʦʪʝʠʥʠʤʘ ʙʦʛʘʪʠʤ ʧʨʦʣʠʥʦʤ, 

ʢʘʦ ʰʪʦ ʿʝ ʢʘʟʝʠʥ, ʧʘ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʦʙʦˀʰʘˁʝ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ ʤʣʝʢʘ ʠ 

ʤʣʝʯʥʠʭ ʥʘʧʠʪʘʢʘ (Shukla et al., 2009). 
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ʉʣʠʢʘ 2.5. ʇʨʠʤʝʨʠ ʪʝʭʥʠʢʘ ʠʥʢʘʧʩʫʣʘʮʠʿʝ ʧʦʤʦ˂ʫ ʢʘʟʝʠʥʘ; (ɸ) ʚʝʟʠʚʘˁʝ ʿʦʥʘ; (B) ʭʠʜʨʦʬʦʙʥʦ 

ʚʝʟʠʚʘˁʝ; (C) ʩʧʦʥʪʘʥʦ ʦʢʫʧˀʘˁʝ (ʝʥʛʣ. self-assembly); (D) ʨʝʦʨʛʘʥʠʟʘʮʠʿʘ (ʥʧʨ. ʜʦʜʘʪʢʦʤ 

ʩʦʣʠ; ʝʥʛʣ. reassembly); (E) ʧʦʚʨʰʠʥʩʢʘ ʘʢʪʠʚʥʦʩʪ (Haratifar & Guri, 2017).  

ʆʩʠʤ ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʢʘʟʝʠʥʦʤ, ʢʘʪʝʭʠʥʠ ʨʝʘʛʫʿʫ ʠ ʩʘ ʩʝʨʫʤ ʧʨʦʪʝʠʥʠʤʘ (Ŭ-LA, ɓ-LG, 

BSA) (Haratifar & Corredig, 2014). ʇʨʠʣʠʢʦʤ ʠʩʧʠʪʠʚʘˁʘ ʠʥʪʝʨʘʢʮʠʿʘ ʤʦʨʘ ʩʝ ʚʦʜʠʪʠ 

ʨʘʯʫʥʘ ʠ ʦ ʪʦʤʝ ʜʘ ʣʠ ˂ʝ ʩʝ ʤʣʝʢʦ ʢʦʨʠʩʪʠʪʠ ʜʘˀʝ ʟʘ ʬʦʨʤʫʣʠʩʘˁʝ ʤʣʝʯʥʠʭ ʥʘʧʠʪʘʢʘ, 

ʿʝʨ ʥʧʨ. ʠʥʪʝʨʘʢʮʠʿʝ EGCG ʩʘ ə-ʢʘʟʝʠʥʦʤ ʦʥʝʤʦʛʫ˂ʘʚʘʿʫ ʭʠʤʦʟʠʥʫ ʜʘ ʜʝʣʫʿʝ ʠ ʪʠʤʝ 

ʫʪʠʯʝ ʥʘ ʜʘˀʘ ʩʚʦʿʩʪʚʘ ʤʣʝʯʥʠʭ ʧʨʦʠʟʚʦʜʘ (Haratifar & Corredig, 2014). ʆʩʠʤ 

ʠʥʪʝʨʘʢʮʠʿʘ, ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʪʝʠʥʘ ʩʝ ʤʝˁʘ, ʰʪʦ ʪʘʢʦʹʝ ʫʪʠʯʝ ʥʘ 

ˁʠʭʦʚʫ ʬʫʥʢʮʠʿʫ (Hasni et al., 2011; Jia et al., 2017). ʀʥʢʦʨʧʦʨʠʨʘˁʝ ʬʝʥʦʣʥʠʭ 

ʿʝʜʠˁʝˁʘ ʿʝ ʠʥʪʝʨʝʩʘʥʪʥʦ ʟʙʦʛ ˁʠʭʦʚʠʭ ʢʦʨʠʩʥʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʫʣʦʛʘ, ʢʘʦ ʠ ʟʙʦʛ 

ʧʦʚʝ˂ʘˁʘ ˁʠʭʦʚʝ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʢʘʜʘ ʩʝ ʢʦʥʟʫʤʠʨʘʿʫ ʩʘ ʭʨʘʥʦʤ ʫ ʦʜʥʦʩʫ ʥʘ 

ʩʫʧʣʝʤʝʥʪʝ (Yildirim -Elikoglu, 2019). ʀʥʪʝʨʘʢʮʠʿʝ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʠ ʧʨʦʪʝʠʥʘ 

ʤʣʝʢʘ ʤʦʛʫ ʙʠʪʠ ʠʨʝʚʝʨʟʠʙʠʣʥʝ, ʘʢʦ ʩʝ ʧʦʚʝʟʫʿʫ ʢʦʚʘʣʝʥʪʥʦ, ʰʪʦ ʿʝ ʨʝʹʠ ʩʣʫʯʘʿ, ʠ 

ʨʝʚʝʨʟʠʙʠʣʥe ï ʘʢʦ ʩʝ ʧʦʚʝʟʫʿʫ ʭʠʜʨʦʬʦʙʥʠʤ, ʚʦʜʦʥʠʯʥʠʤ ʚʝʟʘʤʘ ʠʣʠ ɺʘʥ ʜʝʨ 

ɺʘʣʩʦʚʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ, ʯʝʰ˂ʝ ʧʦʤʠˁʘʥʠʤ ʫ ʣʠʪʝʨʘʪʫʨʠ (Yildirim -Elikoglu, 2019). ʆʜ 

ʿʘʯʠʥʝ ʠʥʪʝʨʘʢʮʠʿʘ ʟʘʚʠʩʝ ʢʘʩʥʠʿʘ ʩʚʦʿʩʪʚʘ ʤʣʝʢʘ ʠ ʧʨʦʠʟʚʦʜʘ ʥʘ ʙʘʟʠ ʤʣʝʢʘ, ʢʘʦ ʥʧʨ. 

ʨʘʩʪʚʦʨˀʠʚʦʩʪ, ʪʝʢʩʪʫʨʘ, ʜʠʛʝʩʪʠʙʠʣʥʦʩʪ, ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ, ʧʘ ʩʝ ʥʝ ʤʦʞʝ 

ʛʝʥʝʨʘʣʠʟʦʚʘʪʠ ʢʦʿʠ ʪʠʧ ʠʥʪʝʨʘʢʮʠʿʘ ʿʝ ʧʦʞʝˀʥʠʿʠ, ʚʝ˂ ʩʝ ʤʦʨʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʢʨʘʿˁʘ 

ʥʘʤʝʨʘ ʢʦʨʠʰ˂ʝˁʘ ʧʨʦʠʟʚʦʜʘ. ʇʨʠʣʠʢʦʤ ʠʩʧʠʪʠʚʘˁʘ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʧʨʦʪʝʠʥʘ 

ʤʣʝʢʘ ʠ ʩʫʧʩʪʘʥʮʠ ʦʜ ʠʥʪʝʨʝʩʘ, ʤʦʨʘʿʫ ʩʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ (Yildirim -Elikoglu, 2019): 

¶ ʩʪʨʫʢʪʫʨʥʘ ʩʚʦʿʩʪʚʘ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ ʢʘʦ ʰʪʦ ʩʫ ʢʦʥʬʦʨʤʘʮʠʿʘ ʠ 

ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʠ ʩʘʩʪʘʚ;  

¶ ʤʦʣʝʢʫʣʩʢʘ ʤʘʩʘ ʠ ʩʪʝʧʝʥ ʭʠʜʨʦʢʩʠʣʘʮʠʿʝ, ʤʝʪʠʣʘʮʠʿʝ ʠ ʛʣʠʢʦʟʠʣʘʮʠʿʝ 

ʩʫʧʩʪʘʥʮʠ ʦʜ ʠʥʪʝʨʝʩʘ; 

¶ ʬʘʢʪʦʨʠ ʩʨʝʜʠʥʝ ʢʘʦ ʰʪʦ ʩʫ ʪʝʤʧʝʨʘʪʫʨʘ, pH ʚʨʝʜʥʦʩʪ, ʿʦʥʩʢʘ ʿʘʯʠʥʘ; 

¶ ʠʥʪʝʨʘʢʮʠʿʝ (ʧʦʩʝʙʥʦ ʢʦʤʧʝʪʠʪʠʚʥʝ) ʩʘ ʜʨʫʛʠʤ ʢʦʥʩʪʠʪʫʝʥʪʠʤʘ ʭʨʘʥʝ ʫ 

ʢʦʤʧʣʝʢʩʥʠʤ ʤʘʪʨʠʮʘʤʘ. 
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ʀʩʧʠʪʠʚʘʥʝ ʩʫ ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʠʢʝ ʟʘ ʧʦʙʦˀʰʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠʥʢʘʧʩʫʣʘʮʠʿʝ ʠ 

ʚʝʟʠʚʘˁʘ ʩʫʧʩʪʘʥʮʠ ʦʜ ʠʥʪʝʨʝʩʘ. ɸʫʪʦʨʠ ʪʚʨʜʝ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ʚʠʩʦʢʦʛ 

ʭʠʜʨʦʩʪʘʪʠʯʢʦʛ ʧʨʠʪʠʩʢʘ ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʫʥʫʪʘʨ ʤʠʮʝʣʘ ʤʦʛʫ 

Ăʟʘʨʦʙʠʪʠñ ʩʫʧʩʪʘʥʮʝ ʦʜ ʠʥʪʝʨʝʩʘ, ʘ ʜʘ ʤʠʮʝʣʝ ʟʘʜʨʞʘʚʘʿʫ ʩʚʦʿʘ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ 

ʥʘʢʦʥ ʧʨʝʩʪʘʥʢʘ ʜʝʿʩʪʚʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ (Menéndez-Aguirre et al., 2011; 2014). 

Ghasemi & Abbasi (2014) ʩʫ ʠʥʢʘʧʩʫʣʠʩʘʣʠ ʨʘʟʣʠʯʠʪʘ ʫˀʘ ʫʣʪʨʘʟʚʫʯʥʠʤ ʪʨʝʪʤʘʥʦʤ ʫʟ 

ʧʦʚʠʰʝʥʫ pH ʚʨʝʜʥʦʩʪ ʢʘʢʦ ʙʠ ʜʦʰʣʠ ʜʦ ʭʠʜʨʦʬʦʙʥʠʭ ʨʝʛʠʦʥʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʜʫʙʠʥʠ 

ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ. ʇʦʩʪʦʿʝ ʠ ʤʠʰˀʝˁʘ ʜʘ ʩʝ ʦʚʘʢʚʠʤ ʪʨʝʪʤʘʥʠʤʘ ʜʦʙʠʿʘʿʫ ʟʥʘʪʥʦ 

ʠʟʤʝˁʝʥʝ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ, ʢʘʦ ʠ ʜʘ ʿʝ ʧʨʠʤʝʥʘ ʚʠʩʦʢʦʛ ʭʠʜʨʦʩʪʘʪʠʯʢʦʛ ʧʨʠʪʠʩʢʘ, 

ʫʣʪʨʘʟʚʫʢʘ ʠ ʩʣʠʯʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʧʨʝʚʠʰʝ ʩʢʫʧʘ ʜʘ ʙʠ ʙʠʣʘ ʦʧʨʘʚʜʘʥʘ (Moeller et al., 

2017). ʇʦʩʪʦʿʠ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʨʝʰʝˁʝ, ʘ ʪʦ ʿʝ ʦʪʚʘʨʘˁʝ ʩʪʨʫʢʪʫʨʝ ʤʠʮʝʣʝ ʤʦʜʝʣʦʚʘˁʝʤ 

pH ʚʨʝʜʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʠʤʝ ʩʝ ʧʦʩʪʠʞʝ ʚʝ˂ʘ ʨʝʚʝʨʟʠʙʠʣʥʦʩʪ ʧʨʦʮʝʩʘ, ʫʟ 

ʧʨʝʪʭʦʜʥʫ ʦʧʪʠʤʠʟʘʮʠʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ (Moeller et al., 2017). ʄʦʛʫ˂ʘ ʿʝ ʠ 

ʤʦʜʠʬʠʢʘʮʠʿʘ ʧʨʦʪʝʠʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʧʨʦʤʝʥʘʤʘ pH ʚʨʝʜʥʦʩʪʠ (pH-shifting), ʛʜʝ ʩʝ 

ʨʘʩʪʚʦʨ ʧʨʦʪʝʠʥʘ ʧʦʜʚʨʛʘʚʘ ʚʠʩʦʢʦ ʢʠʩʝʣʠʤ/ʘʣʢʘʣʥʠʤ ʪʨʝʪʤʘʥʠʤʘ ʢʦʿʠ ʜʦʚʦʜʝ ʜʦ 

ʦʪʚʘʨʘˁʘ ʩʪʨʫʢʪʫʨʝ, ʘ ʟʘʪʠʤ ʩʝ ʧʨʝʣʘʩʢʦʤ ʥʘ ʥʝʫʪʨʘʣʥʫ pH ʚʨʝʜʥʦʩʪ ʧʨʦʪʝʠʥʠ 

ʟʘʪʚʘʨʘʿʫ, ʯʠʤʝ ʩʝ ʧʦʙʦˀʰʘʚʘʿʫ ʨʘʩʪʚʦʨˀʠʚʦʩʪ, ʧʦʚʨʰʠʥʩʢʘ ʭʠʜʨʦʬʦʙʥʦʩʪ, ʢʘʦ ʠ 

ʤʦʛʫ˂ʥʦʩʪʠ ʠʥʢʘʧʩʫʣʘʮʠʿʝ (Du et al., 2022a). ʋ ʪʘʙʝʣʠ 2.2. ʩʫ ʧʦʙʨʦʿʘʥʠ ʣʠʪʝʨʘʪʫʨʥʠ 

ʧʦʜʘʮʠ ʢʦʨʠʰ˂ʝˁʘ ʧʨʦʪʝʠʥʘ ʢʨʘʚˀʝʛ ʤʣʝʢʘ ʢʘʦ ʥʦʩʘʯʘ ʩʫʧʩʪʘʥʮʠ ʦʜ ʠʥʪʝʨʝʩʘ. ʋ 

ʧʫʙʣʠʢʦʚʘʥʦʿ ʣʠʪʝʨʘʪʫʨʠ ʥʠʩʫ ʧʨʦʥʘʹʝʥʠ ʨʘʜʦʚʠ ʩʘ ʩʣʠʯʥʦʤ ʪʝʤʘʪʠʢʦʤ ʛʜʝ ʩʫ ʥʦʩʘʯʠ 

ʧʨʦʪʝʠʥʠ ʢʦʟʿʝʛ ʤʣʝʢʘ. ɿʙʦʛ ʩʚʦʿʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʧʨʝʜʥʦʩʪʠ ʙʠ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʤʦʛʣʠ ʜʘ ʦʙʘʚˀʘʿʫ ʤʥʦʛʝ ʦʜ ʬʫʥʢʮʠʿʘ ʧʦʙʨʦʿʘʥʠʭ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ. ʄʦʛʫ˂ʝ ʧʨʝʜʥʦʩʪʠ 

ʩʫ: ʚʝ˂ʠ ʜʠʿʘʤʝʪʘʨ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ, ʧʦʨʦʟʥʠʿʘ ʫʥʫʪʨʘʰˁʦʩʪ ʤʠʮʝʣʝ, ʨʘʟʥʦʚʨʩʥʦʩʪ 

ʢʘʟʝʠʥʘ ʥʘ ʧʦʚʨʰʠʥʠ ʤʠʮʝʣʝ, ʥʠʩʢʘ ʘʣʝʨʛʝʥʘ ʩʚʦʿʩʪʚʘ, ʝʬʠʢʘʩʥʠʿʝ ʚʘʨʝˁʝ ʠ ʧʨʠʩʫʩʪʚʦ 

ʙʠʦʘʢʪʠʚʥʠʭ ʧʝʧʪʠʜʘ (Park et al., 2007; Popoviĺ Miniĺ et al., 2023). ʀʟ ʦʚʠʭ ʨʘʟʣʦʛʘ ʿʝ 

ʧʦʪʨʝʙʥʦ ʧʨʦʫʯʠʪʠ ʧʨʦʪʝʠʥʝ ʢʦʟʿʝʛ ʤʣʝʢʘ ʫ ʦʚʘʢʚʦʿ ʫʣʦʟʠ, ʯʠʤʝ ʙʠ ʩʝ ʫʧʦʪʧʫʥʠʣʘ 

ʧʨʘʟʥʠʥʘ ʫ ʥʘʫʯʥʦʿ ʣʠʪʝʨʘʪʫʨʠ. 

ʊʘʙʝʣʘ 2.2. ʀʥʢʘʧʩʫʣʘʮʠʿʘ/ʢʦʤʧʣʝʢʩʘʮʠʿʘ/ʧʨʝʥʦʩ ʩʫʧʩʪʘʥʮʠ ʦʜ ʠʥʪʝʨʝʩʘ ʧʦʤʦ˂ʫ ʧʨʦʪʝʠʥʘ 

ʤʣʝʢʘ 

ɸʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʇʨʦʪʝʠʥ/ʠ ʤʣʝʢʘ ʈʘʟʣʦʛ ʜʦʜʘʚʘˁʘ / ʧʦʿʘʰˁʝˁʝ ʈʝʬʝʨʝʥʮʘ 

ʈʝʩʚʝʨʘʪʨʦʣ Na-ʢʘʟʝʠʥʘʪ ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ 
Acharya et al. 

(2013) 

ʇʦʣʠʬʝʥʦʣʠ ʯʘʿʘ (C, 

EC, ECG, EGCG) 
ɓ-LG, Ŭs1-CN, ɓ-CN 

ɽʬʠʢʘʩʥʦʩʪ ʠʥʢʘʧʩʫʣʘʮʠʿʝ; 

ʙʠʦʜʦʩʪʫʧʥʦʩʪ; ʧʦʨʝʹʝˁʝ 

ʥʦʩʘʯʘ 

Chanphai et al. 

(2018) 

ʌʦʩʬʦ- ʠ 

ʩʬʠʥʛʦʣʠʧʠʜʠ 
ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 

ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʠ 

ʤʦʛʫ˂ʥʦʩʪʠ ʠʥʢʘʧʩʫʣʘʮʠʿʝ 

Cheema et al. 

(2015) 

ʂʫʨʢʫʤʠʥ 

ʂʘʟʝʠʥʩʢʝ 

ʥʘʥʦʯʝʩʪʠʮʝ 

ʥʘʧʨʘʚˀʝʥʝ ʠʟ 

ʧʝʧʪʠʜʥʠʭ ʘʛʨʝʛʘʪʘ 

ʄʦʛʫ˂ʥʦʩʪ ʠʥʢʘʧʩʫʣʘʮʠʿʝ 

ʧʨʦʤʝʥʘʤʘ pH ʚʨʝʜʥʦʩʪʠ; 

ʠʩʧʠʪʠʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ, 

ʜʠʛʝʩʪʠʿʘ, ... 

Du et al. (2022a) 

ʈʫʟʤʘʨʠʥʩʢʘ 

ʢʠʩʝʣʠʥʘ 

ʉʝʨʫʤ ʧʨʦʪʝʠʥʠ (Ŭ-

LA, ɓ-LG, 

ʣʘʢʪʦʬʝʨʠʥ) 

ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʠ 

ʩʪʘʙʠʣʥʦʩʪʠ 

Ferraro et al. 

(2015) 

ʇʦʣʠʬʝʥʦʣʠ ʢʘʢʘʦʘ 

(C, EC) 
ɓ-LG ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ Gallo et al. (2013) 

ʋˀʘ (ʩʦʿʠʥʦ ʫˀʝ, 

ʨʠʙˀʝ ʫˀʝ, ʫˀʝ 

ʫˀʘʥʝ ʨʝʧʠʮʝ) 

ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 

ʀʩʧʠʪʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ 

ʠʥʢʘʧʩʫʣʘʮʠʿʝ ʧʨʠʤʝʥʦʤ 

ʫʣʪʨʘʟʚʫʢʘ 

Ghasemi & Abbasi 

(2014) 

ʂʚʝʨʮʝʪʠʥ ʠ 

ʢʫʨʢʫʤʠʥ 

ʈʝʦʨʛʘʥʠʟʦʚʘʥʝ 

ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 

ʀʩʧʠʪʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ 

ʠʥʢʘʧʩʫʣʘʮʠʿʝ; ʨʘʩʪʚʦʨˀʠʚʦʩʪ, 

Ghayour et al. 

(2019) 



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

22 

ʠʟ Na-ʢʘʟʝʠʥʘʪʘ ʠ 

ʢʘʟʝʠʥʩʢʝ 

ʥʘʥʦʯʝʩʪʠʮʝ 

ʩʪʘʙʠʣʥʦʩʪ ʠ ʙʠʦʘʢʪʠʚʥʦʩʪ 

ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ 

ɺʠʪʘʤʠʥ ɼ3 ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 
ʀʥʢʘʧʩʫʣʘʮʠʿʘ ʫʧʦʪʨʝʙʦʤ 

ʫʣʪʨʘ-ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ 

Haham et al. 

(2012) 

ʂʘʪʝʭʠʥʠ ʯʘʿʘ 

(EGCG) 
ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 

ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʠ 

ʫʪʠʮʘʿ ʥʘ ʪʝʭʥʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ 

Haratifar & 

Corredig (2014) 

ʇʦʣʠʬʝʥʦʣʠ ʯʘʿʘ (C, 

EC, ECG, EGCG) 
Ŭ-CN, ɓ-CN ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ Hasni et al. (2011) 

ʍʣʦʨʦʛʝʥʘ ʢʠʩʝʣʠʥʘ, 

ʬʝʨʫʣʠʥʩʢʘ 

ʢʠʩʝʣʠʥʘ, EGCG 

ɓ-LG ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ Jia et al. (2017) 

ɺʠʪʘʤʠʥ ɼ2 ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 
ʀʥʢʘʧʩʫʣʘʮʠʿʘ ʫʧʦʪʨʝʙʦʤ 

ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ 

Menéndez-Aguirre 

et al. (2011) 

ɺʠʪʘʤʠʥ ɼ2 ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 

ʀʥʢʘʧʩʫʣʘʮʠʿʘ ʫʧʦʪʨʝʙʦʤ 

ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʫʟ ʧʨʦʤʝʥʫ 

ʪʝʤʧʝʨʘʪʫʨʝ 

Menéndez-Aguirre 

et al. (2014) 

ɓ-ʢʘʨʦʪʝʥ ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 

ʀʩʧʠʪʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ 

ʠʥʢʘʧʩʫʣʘʮʠʿʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ 

ʧʨʦʮʝʩʘ 

Moeller et al. 

(2017) 

ʂʫʨʢʫʤʠʥ 
ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 

(Na-ʢʘʟʝʠʥʘʪ) 

ʀʩʧʠʪʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ 

ʠʥʢʘʧʩʫʣʘʮʠʿʝ 
Pan et al. (2013) 

ʂʫʨʢʫʤʠʥ 
ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 

(Na-ʢʘʟʝʠʥʘʪ) 

ʀʩʧʠʪʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ 

ʠʥʢʘʧʩʫʣʘʮʠʿʝ ʫʟ ʤʦʜʠʬʠʢʘʮʠʿʫ 

pH ʚʨʝʜʥʦʩʪʠ 

Pan et al. (2014) 

ʌʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ 

ʢʘʬʝ ʠ ʯʘʿʘ 

(ʢʦʬʝʠʥʩʢʘ 

ʢʠʩʝʣʠʥʘ, EGCG) 

ʉʝʨʫʤ ʧʨʦʪʝʠʥʠ 
ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʠ 

ʘʣʝʨʛʝʥʠʭ ʩʚʦʿʩʪʘʚʘ 

Pessato et al. 

(2018) 

ɓ-ʢʘʨʦʪʝʥ ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 

ʀʩʧʠʪʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ 

ʠʥʢʘʧʩʫʣʘʮʠʿʝ ʠ ʧʨʦʪʝʢʪʠʚʥʝ 

ʫʣʦʛʝ ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ 

Sáiz-Abajo et al. 

(2013) 

ɺʠʪʘʤʠʥ ɼ2 ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 
ʀʩʧʠʪʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ 

ʠʥʢʘʧʩʫʣʘʮʠʿʝ 
Semo et al. (2007) 

ɓ-ʢʘʨʦʪʝʥ 
Cʝʨʫʤ ʘʣʙʫʤʠʥ 

ʢʨʚʠ ï BSA 

ʀʩʧʠʪʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʘʮʠʿʝ 
Silva et al. (2018) 

EGCG ʂʘʟʝʠʥʠ ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ Shukla et al. (2009) 

ʇʦʣʠʬʝʥʦʣʠ 

(ʢʘʪʝʭʠʥ, ʪʘʥʠʥʩʢʘ 

ʢʠʩʝʣʠʥʘ) ʠ ʙʠˀʥʠ 

ʝʢʩʪʨʘʢʪʠ (ʩʝʤʝʥʢʝ 

ʛʨʦʞʹʘ, ʭʠʙʠʩʢʫʩ) 

ʀʟʦʣʘʪ ʧʨʦʪʝʠʥʘ 

ʩʫʨʫʪʢʝ ʠ 

ʢʦʘʮʝʨʚʘʪʠ ʠʟʦʣʘʪʘ 

ʧʨʦʪʝʠʥʘ ʩʫʨʫʪʢʝ ʠ 

ʧʝʢʪʠʥʘ 

ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ 
Thongkaew et al. 

(2014) 

ʂʫʨʢʫʤʠʥ 
ʂʦʥʿʫʛʘʪʠ ʢʘʟʝʠʥʘ ʠ 

ʜʝʢʩʪʨʘʥʘ 

ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ; 

ʧʦʙʦˀʰʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ 

ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ ʜʦʜʘʪʢʦʤ 

ʜʝʢʩʪʨʘʥʘ 

Wu & Wang 

(2017) 

ʇʦʣʠʬʝʥʦʣʠ ʮʨʥʦʛ ʠ 

ʟʝʣʝʥʦʛ ʯʘʿʘ 
ʇʫʥʦʤʘʩʥʦ ʤʣʝʢʦ ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ Ye et al. (2013) 

ɤ-3 ʤʘʩʥʝ ʢʠʩʝʣʠʥʝ 

(ʜʦʢʦʟʘʭʝʢʩʘʝʥʦʠʥʩʢ

ʘ ʢʠʩʝʣʠʥʘ) 

ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ 
ʀʩʧʠʪʠʚʘˁʝ ʤʦʛʫ˂ʥʦʩʪʠ 

ʠʥʢʘʧʩʫʣʘʮʠʿʝ 
Zimet et al. (2011) 

ʉʢʨʘ˂ʝʥʠʮʝ: ʉ - ʢʘʪʝʭʠʥ; ɽʉ - ʝʧʠʢʘʪʝʭʠʥ; ECG ï ʝʧʠʢʘʪʝʭʠʥ ʛʘʣʘʪ; EGCG ï ʝʧʠʛʘʣʦʢʘʪʝʭʠʥ 

ʛʘʣʘʪ. 
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2.4. ɱʝʩʪʠʚʝ ʛˀʠʚʝ 

2.4.1. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʠ ʥʫʪʨʠʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʛˀʠʚʘ ʩʘ ʥʘʛʣʘʩʢʦʤ ʥʘ ʙʠʦʣʦʰʢʫ 

ʘʢʪʠʚʥʦʩʪ 

ɸʨʭʝʦʣʦʰʢʠ ʧʦʜʘʮʠ ʫʢʘʟʫʿʫ ʥʘ ʢʦʨʠʰ˂ʝˁʝ ʿʝʩʪʠʚʠʭ ʛˀʠʚʘ ʧʨʝ ʯʘʢ 13000 ʛʦʜʠʥʘ ʥʘ 

ʧʨʦʩʪʦʨʫ ʜʘʥʘʰˁʝʛ ʏʠʣʝʘ. ʆʜ ʜʘʚʥʠʥʘ ʩʝ ʢʦʨʠʩʪʝ ʫ ʢʠʥʝʩʢʦʿ ʤʝʜʠʮʠʥʠ ʠ ʩʤʘʪʨʘʿʫ ʩʝ 

ʬʫʥʢʮʠʦʥʘʣʥʦʤ ʭʨʘʥʦʤ ʫ ɱʘʧʘʥʫ ʠ ʜʨʫʛʠʤ ʘʟʠʿʩʢʠʤ ʟʝʤˀʘʤʘ (Chang & Buswell, 1996; 

Ghorai et al., 2011; Xu et al., 2011). ɼʦ ʜʘʥʘʩ ʿʝ ʦʪʢʨʠʚʝʥʦ ʚʠʰʝ ʦʜ 10000 ʚʨʩʪʘ 

ʤʘʢʨʦʛˀʠʚʘ ʦʜ ʯʝʛʘ ʿʝ ʩʘʤʦ ʦʢʦ 2000 ʿʝʩʪʠʚʦ (de Miranda, 2022). ʎʘʨʩʪʚʦ ʛˀʠʚʘ ʩʝ ʟʙʦʛ 

ʩʚʦʿʠʭ ʧʨʠʨʦʜʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʤʘʪʨʘ ʠʜʝʘʣʥʦʤ ʭʨʘʥʦʤ ʟʙʦʛ ʩʣʝʜʝ˂ʠʭ ʧʨʝʜʥʦʩʪʠ: 

ʜʦʙʘʨ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʠ ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʠ ʩʘʩʪʘʚ ʢʦʿʠ ʤʦʞʝ ʟʘʤʝʥʠʪʠ ʤʝʩʦ ʫ ʠʩʭʨʘʥʠ; 

˂ʝʣʠʿʩʢʠ ʟʠʜ ʢʘʦ ʠʟʚʦʨ ʜʠʿʝʪʥʠʭ ʚʣʘʢʘʥʘ; ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʚʠʪʘʤʠʥʘ ɹ ʛʨʫʧʝ; 

ʥʠʟʘʢ ʩʘʜʨʞʘʿ ʤʘʩʪʠ; ʦʜʩʫʩʪʚʦ ʭʦʣʝʩʪʝʨʦʣʘ (Ghorai et al., 2011). ʆʩʠʤ ʦʚʦʛʘ, ˁʠʭʦʚʦ 

ʫʟʛʘʿʘˁʝ ʥʠʿʝ ʩʢʫʧʦ, ʤʦʛʫ ʩʝ ʫʟʛʘʿʘʪʠ ʥʘ ʦʩʪʘʮʠʤʘ ʠʟ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʠʥʜʫʩʪʨʠʿʝ, ʘ 

ʢʦʤʧʦʩʪ ʢʦʿʠ ʦʩʪʘʿʝ ʥʘʢʦʥ ˁʠʭʦʚʝ ʧʨʦʠʟʚʦʜˁʝ ʤʦʞʝ ʩʝ ʜʘˀʝ ʠʩʢʦʨʠʩʪʠʪʠ ʢʘʦ ʭʨʘʥʘ ʟʘ 

ʞʠʚʦʪʠˁʝ (Ghorai et al., 2011). ɼʘʥʘʩ ʩʝ ʛˀʠʚʝ ʘʢʪʠʚʥʦ ʠʩʪʨʘʞʫʿʫ ʫ ʮʝʣʦʤ ʩʚʝʪʫ ʟʙʦʛ 

ʤʥʦʛʦʙʨʦʿʥʠʭ ʙʠʦʣʦʰʢʠ ʢʦʨʠʩʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʢʘʦ ʰʪʦ ʩʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦ, 

ʘʥʪʠʪʫʤʦʨʥʦ, ʘʥʪʠʤʠʢʨʦʙʥʦ, ʠʤʫʥʦʤʦʜʫʣʘʪʦʨʩʢʦ ʜʝʿʩʪʚʦ ʠ ʜʨʫʛʘ, ʢʦʿʘ ʜʫʛʫʿʫ ʩʚʦʤ 

ʙʠʦʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ ʢʦʿʠ ʫʢˀʫʯʫʿʝ ʧʦʣʠʩʘʭʘʨʠʜʝ, ʧʨʦʪʝʠʥʝ, ʧʦʣʠʩʘʭʘʨʠʜʥʦ-

ʧʨʦʪʝʠʥʩʢʝ ʢʦʤʧʣʝʢʩʝ, ʣʠʧʠʜʝ, ʿʝʜʠˁʝˁʘ ʤʘʣʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ, ʠʪʜ. (Song et al., 2008; 

Xu et al., 2011). ʂʦʨʠʩʪʝ ʩʝ ʩʠʨʦʚʘ ʧʣʦʜʦʥʦʩʥʘ ʪʝʣʘ, ʨʘʟʣʠʯʠʪʠ ʝʢʩʪʨʘʢʪʠ ʠʣʠ 

ʠʟʦʣʦʚʘʥʝ ʩʫʧʩʪʘʥʮʝ, ʘ ʥʘʯʠʥʠ ʥʘ ʢʦʿʝ ʩʝ ʤʘʪʝʨʠʿʘʣʠ ʧʦʨʝʢʣʦʤ ʦʜ ʛˀʠʚʘ ʜʦʙʠʿʘʿʫ ʩʫ 

ʩʘʢʫʧˀʘˁʝ ʫ ʧʨʠʨʦʜʠ, ʛʘʿʝˁʝ ʫ ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʫʩʣʦʚʠʤʘ ʠʣʠ ʢʫʣʪʠʚʘʮʠʿʘ ʤʠʮʝʣʠʿʘ ʫ 

ʬʝʨʤʝʥʪʦʨʠʤʘ ʩʘ ʯʚʨʩʪʠʤ ʠʣʠ ʪʝʯʥʠʤ ʩʫʧʩʪʨʘʪʠʤʘ (Sokoviĺ et al., 2018). ʇʨʦʮʝˁʫʿʝ ʩʝ 

ʜʘ ʿʝ ʚʨʝʜʥʦʩʪ ʩʚʝʪʩʢʦʛ ʪʨʞʠʰʪʘ ʤʘʢʨʦʛˀʠʚʘ ʫ 2021. ʛʦʜʠʥʠ ʠʟʥʦʩʠʣʘ ʦʢʦ 50,4 

ʤʠʣʠʿʘʨʜʠ ʉɸɼ ʜʦʣʘʨʘ, ʘ ʜʘ ˂ʝ ʜʦ 2028. ʛʦʜʠʥʝ ʧʦʨʘʩʪʠ ʥʘ 100,1 ʤʠʣʠʿʘʨʜʫ 

(https://www.zionmarketresearch.com/report/mushroom-market). 

ɺʝ˂ʠʥʘ ʛˀʠʚʘ ʩʘʜʨʞʠ ʦʢʦ 90% ʚʦʜʝ, ʘ ʥʘʿʚʝ˂ʠ ʜʝʦ ʩʫʚʝ ʤʘʪʝʨʠʿʝ ʯʠʥʝ ʧʦʣʠʩʘʭʘʨʠʜʠ ʠ 

ʧʨʦʪʝʠʥʠ ʫ ʚʘʨʠʨʘʿʫ˂ʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʟʘʚʠʩʥʦ ʦʜ ʤʥʦʛʠʭ ʫʩʣʦʚʘ (Mohaļek-Groġev 

et al., 2001). ʏʝʩʪʝ ʨʘʟʣʠʢʝ ʫ ʩʪʨʫʢʪʫʨʠ ʠʣʠ ʙʠʦʣʦʰʢʦʿ ʘʢʪʠʚʥʦʩʪʠ ʧʦʪʠʯʫ ʦʜ 

ʨʘʟʣʠʯʠʪʠʭ ʝʢʩʪʨʘʢʘʪʘ ʢʦʿʠ ʩʝ ʠʩʧʠʪʫʿʫ, ʨʘʟʣʠʢʘʤʘ ʫ ʢʫʣʪʠʚʘʮʠʿʠ ʢʦʿʝ ʜʦʚʦʜʝ ʜʦ 

ʧʨʦʤʝʥʝ ʫ ʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ ʠ ʧʦʩʣʝʜʠʯʥʦ ʫ ʙʠʦʣʦʰʢʦʤ ʦʜʛʦʚʦʨʫ (Lima et al., 2011). 

ɿʙʦʛ ʩʚʦʿʝ ˂ʝʣʠʿʩʢʝ ʩʪʨʫʢʪʫʨʝ, ʛˀʠʚʝ ʧʨʠʧʘʜʘʿʫ ʝʫʢʘʨʠʦʪʩʢʠʤ ʦʨʛʘʥʠʟʤʠʤʘ (ʩʣʠʢʘ 

2.6.). ɴʝʣʠʿʩʢʠ ʟʠʜ ʠʤ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʛʣʠʢʦʧʨʦʪʝʠʥʘ, ʛʣʫʢʘʥʩʢʠʭ ʚʣʘʢʘʥʘ, 

ʧʝʨʠʧʣʘʟʤʘʪʠʯʥʠʭ ʝʥʟʠʤʘ, ʢʘʦ ʠ ʭʠʪʠʥʘ, ʢʦʿʠ ʩʣʫʞʠ ʢʘʦ ʤʝʭʘʥʠʯʢʦ ʦʿʘʯʘˁʝ (Lee & 

Kim, 2005; Mohaļek-Groġev et al., 2001). ʅʘʿʙʨʦʿʥʠʿʠ ʢʦʥʩʪʠʪʫʝʥʪʠ ʩʫʚʝ ʤʘʪʝʨʠʿʝ 

˂ʝʣʠʿʩʢʦʛ ʟʠʜʘ ʩʫ ʧʦʣʠʩʘʭʘʨʠʜʠ, ʟʘʪʠʤ ʩʣʝʜʝ ʧʨʦʪʝʠʥʠ ʠ ʫ ʤʘˁʠʤ ʢʦʣʠʯʠʥʘʤʘ ʤʘʩʪʠ, 

ʤʠʥʝʨʘʣʠ ʠ ʧʠʛʤʝʥʪʠ (Mohaļek-Groġev et al., 2001). ɓ-ʛʣʫʢʘʥʠ ʩʫ ʧʨʠʨʦʜʥʦ ʧʨʠʩʫʪʥʠ 

ʧʦʣʠʩʘʭʘʨʠʜʠ ʨʘʟʣʠʯʠʪʝ ʩʪʨʫʢʪʫʨʝ, ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʠ ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ; 

ʥʝʨʘʩʪʚʦʨˀʠʚʠ ɓ-(1,3)(1,6) ʛʣʫʢʘʥʠ ʯʝʰ˂ʝ ʠʤʘʿʫ ʙʦˀʫ ʙʠʦʣʦʰʢʫ ʫʣʦʛʫ ʫ ʦʜʥʦʩʫ ʥʘ 

ʨʘʩʪʚʦʨˀʠʚʝ ɓ-(1,3)(1,4) ʛʣʫʢʘʥʝ, ʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʫ ʚʦʜʠ ʚʘʨʠʨʘ ʦʜ 42,55 ï 73,35% 

(BiedroŒ et al., 2012; Lee & Kim, 2005). ɓ-(1,3) ʠ ɓ-(1,6) ʛʣʫʢʘʥʠ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʝ 

ʩʪʨʫʢʪʫʨʝ ʠ ʙʠʦʣʦʰʢʝ ʬʫʥʢʮʠʿʝ; ɓ-(1,3)-ʛʣʫʢʘʥʠ ʩʫ ʫʛʣʘʚʥʦʤ ʣʠʥʝʘʨʥʠ, ʩʘʩʪʦʿʝ ʩʝ ʦʜ 

ʦʢʦ 1500 ʿʝʜʠʥʠʮʘ ʛʣʫʢʦʟʝ ʠ ʫ ˂ʝʣʠʿʩʢʦʤ ʟʠʜʫ ʠʤʘʿʫ ʫʣʦʛʫ Ăʤʝʨʜʝʚʠʥʘñ, ʜʦʢ ʩʫ ɓ-(1,6)-

ʛʣʫʢʘʥʠ ʢʨʘ˂ʠ (ʦʢʦ 140 ʿʝʜʠʥʠʮʘ ʛʣʫʢʦʟʝ), ʬʦʨʤʠʨʘʿʫ ʨʘʟʛʨʘʥʘʪʝ ʧʦʣʠʤʝʨʝ ʠ ʫ 

˂ʝʣʠʿʩʢʦʤ ʟʠʜʫ ʩʣʫʞʝ ʟʘ ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʠ ʚʝʟʠʚʘˁʝ ʤʘʥʦʧʨʦʪʝʠʥʘ, ʘ ʚʝʟʫʿʫ ʩʝ 

ʢʦʚʘʣʝʥʪʥʦ ʠ ʟʘ ɓ-(1,3)-ʛʣʫʢʘʥʝ ʠ ʭʠʪʠʥ (Gonzaga et al., 2013). ɲʫʜʩʢʠ 

ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʠ ʪʨʘʢʪ ʥʠʿʝ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʭʠʜʨʦʣʠʟʫʿʝ ɓ-ʛʣʠʢʦʟʠʜʥʝ ʚʝʟʝ, ʧʘ ʩʝ ɓ-

ʛʣʫʢʘʥʠ ʩʤʘʪʨʘʿʫ ʧʨʝʙʠʦʪʠʮʠʤʘ (Ashraf Khan et al., 2017). ʅʝʢʝ ʬʦʨʤʝ ɓ-ʛʣʫʢʘʥʘ 
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ʧʦʜʩʪʠʯʫ ʜʝʣʦʚʘˁʝ ʠʤʫʥʦʛ ʩʠʩʪʝʤʘ ʿʝʨ ʣʠʯʝ ʥʘ ʤʦʣʝʢʫʣʝ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʧʘʩʥʦʩʪ 

ʧʦ ˁʝʛʘ, ʘ ʧʦʪʠʯʫ ʦʜ ʛˀʠʚʘ ʢʦʿʝ ʩʫ ʦʧʘʩʥʝ ʧʦ ʟʜʨʘʚˀʝ. ʇʦʰʪʦ ʙʝʟʦʧʘʩʥʝ ʿʝʩʪʠʚʝ ʛˀʠʚʝ 

ʩʘʜʨʞʝ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ɓ-ʛʣʫʢʘʥʘ, ʦʥʠ ʜʝʣʫʿʫ ʢʘʦ ʩʠʛʥʘʣʥʠ ʤʦʣʝʢʫʣʠ ʢʦʿʠ ʧʦʚʝ˂ʘʚʘʿʫ 

ʘʢʪʠʚʥʦʩʪ ʠʤʫʥʦʛ ʩʠʩʪʝʤʘ, ʦʧʰʪʫ ʧʨʝʚʝʥʮʠʿʫ, ʢʘʦ ʠ ʙʦʨʙʫ ʧʨʦʪʠʚ ʧʦʩʪʦʿʝ˂ʠʭ ʙʦʣʝʩʪʠ 

(BiedroŒ et al., 2012). ɹʠʦʘʢʪʠʚʥʝ ʧʦʣʠʩʘʭʘʨʠʜʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ɓ-ʛʣʫʢʘʥʝ, ʧʨʝʧʦʟʥʘʿʫ 

ʨʝʮʝʧʪʦʨʠ ʤʝʤʙʨʘʥʘ ʣʝʫʢʦʮʠʪʘ ʠ ʤʘʢʨʦʬʘʛʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʨʦʣʠʬʝʨʘʮʠʿʝ ʠ 

ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʠʤʫʥʠʭ ˂ʝʣʠʿʘ, ʧʦʙʦˀʰʘʚʘˁʘ ʠʤʫʥʦʛ ʦʜʛʦʚʦʨʘ, ʘ ʧʦʩʣʝʜʠʯʥʦ ʠ ʜʦ 

ʘʥʪʠʪʫʤʦʨʥʦʛ ʠ ʘʥʪʠʤʠʢʨʦʙʥʦʛ ʜʝʿʩʪʚʘ (Smiderle et al., 2013). ʄʝʭʘʥʠʟʤʠ ʜʝʣʦʚʘˁʘ ɓ-

ʛʣʫʢʘʥʘ ʥʠʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʨʘʟʿʘʰˁʝʥʠ, ʢʘʦ ʥʠ ʨʘʟʣʠʢʝ ʫ ʜʝʿʩʪʚʫ ɓ-(1,3)-, ɓ-(1,4)- ʠ ɓ-

(1,6)-ʛʣʫʢʘʥʘ.  

ɿʙʦʛ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʩʪʨʫʢʪʫʨʝ, ʤʘʣʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ ʿʝ 

ʦʢʘʨʘʢʪʝʨʠʩʘʥʦ (Mingyi et al., 2019). ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʧʨʠʤʘʨʥʘ ʩʪʨʫʢʪʫʨʘ, ʤʦʣʝʢʫʣʩʢʘ 

ʤʘʩʘ, ʨʘʟʛʨʘʥʘʪʦʩʪ ʙʦʯʥʠʭ ʣʘʥʘʮʘ ʠ ʢʚʘʪʝʨʥʘʨʥʘ ʩʪʨʫʢʪʫʨʘ ʫʪʠʯʫ ʥʘ ˁʠʭʦʚʫ 

ʙʠʦʘʢʪʠʚʥʦʩʪ, ʧʘ ʥʧʨ. ʛʣʫʢʘʥ ʣʝʥʪʠʥʘʥ ʫ ʬʦʨʤʠ ʪʨʦʩʪʨʫʢʦʛ ʭʝʣʠʢʩʘ ʠʥʭʠʙʠʨʘ ʨʘʩʪ 

ʦʜʨʝʹʝʥʠʭ ʪʫʤʦʨʘ, ʜʦʢ ʠʭ ʧʦʣʠʩʘʭʘʨʠʜʠ ʫ ʬʦʨʤʠ ʿʝʜʥʦʩʪʨʫʢʦʛ ʭʝʣʠʢʩʘ ʥʝ ʠʥʭʠʙʠʨʘʿʫ 

(Smiderle et al., 2013). ɺʝ˂ʘ ʠʥʭʠʙʠʮʠʿʘ ʨʘʩʪʘ ˂ʝʣʠʿʘ ʢʘʥʮʝʨʘ ʩʝ ʧʦʩʪʠʞʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʩʠʨʦʚʠʭ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʫʤʝʩʪʦ ʧʦʿʝʜʠʥʘʯʥʠʭ ʧʦʣʠʩʘʭʘʨʠʜʘ (Bertollo et al., 2022).  

 

 

ʉʣʠʢʘ 2.6. ʉʪʨʫʢʪʫʨʘ ˂ʝʣʠʿʩʢʦʛ ʟʠʜʘ ʛˀʠʚʘ (https://www.pathelective.com/micromeded/the-fungal-

cell-wall) 

ʇʦʨʝʜ ʧʦʣʠʩʘʭʘʨʠʜʘ, ʚʝʦʤʘ ʚʘʞʥʫ ʫʣʦʛʫ ʠʤʘʿʫ ʠ ʙʠʦʘʢʪʠʚʥʠ ʧʨʦʪʝʠʥʠ ʠ ʧʝʧʪʠʜʠ 

ʧʦʨʝʢʣʦʤ ʠʟ ʤʘʢʨʦʛˀʠʚʘ, ʢʘʦ ʰʪʦ ʩʫ ʣʝʢʪʠʥʠ, ʝʥʟʠʤʠ ʢʘʦ ʣʘʢʘʟʝ, ʨʠʙʦʥʫʢʣʝʘʟʝ, ʟʘʪʠʤ 

ʬʫʥʛʘʣʥʠ ʠʤʫʥʦʤʦʜʫʣʘʪʦʨʥʠ ʧʨʦʪʝʠʥʠ ʠʟ ʧʦʨʦʜʠʮʝ ʠʤʫʥʦʛʣʦʙʫʣʠʥʘ, ʘʥʪʠʤʠʢʨʦʙʥʠ 

ʧʨʦʪʝʠʥʠ (Xu et al., 2011). ɸʫʪʦʨʠ ʥʘʚʦʜʝ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʚʨʰʠʪʠ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʢʦʿʘ ʙʠ ʜʝʪʘˀʥʠʿʝ ʠʩʧʠʪʘʣʘ ʚʝʟʫ ʠʟʤʝʹʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʩʪʨʫʢʪʫʨʝ ʙʠʦʘʢʪʠʚʥʠʭ 

ʧʨʦʪʝʠʥʘ ʠ ˁʠʭʦʚʝ ʬʫʥʢʮʠʿʝ (Xu et al., 2011; Yang et al., 2009).  
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2.4.2. Agaricus blazei 

 

ʂʣʘʩʠʬʠʢʘʮʠʿʘ: 

 

ʇʦʜʨʘʟʜʝʦ: Basidiomycotʘ 

ʂʣʘʩʘ: Agaricomycetes  

ʈʝʜ: Agaricales  

ʌʘʤʠʣʠʿʘ: Agaricaceae  

ʈʦʜ: Agaricus  

 

ʉʣʠʢʘ 2.7. ʇʣʦʜʦʥʦʩʥʘ ʪʝʣʘ Agaricus blazei  

(https://healing-mushrooms.net/Agaricus-Blazei) 

Agaricus blazei Murril ss. Heinemann ʿʝ ʙʘʟʠʜʠʦʤʠʮʝʪʘ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ ʿʝʩʪʠʚʘ 

ʛˀʠʚʘ, ʢʦʿʘ ʩʝ ʯʝʩʪʦ ʩʤʘʪʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʤ ʭʨʘʥʦʤ, ʜʦʢ ʩʝ ˁʝʥʠ ʝʢʩʪʨʘʢʪʠ ʫ ʥʘʨʦʜʥʦʿ 

ʤʝʜʠʮʠʥʠ ʢʦʨʠʩʪʝ ʢʘʦ ʪʝʨʘʧʠʿʘ ʟʘ ʤʥʦʛʘ ʦʙʦˀʝˁʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʨʘʢ (Carvajal et al., 

2012). ʋ ɹʨʘʟʠʣʫ ʿʝ ʧʦʟʥʘʪʘ ʢʘʦ ʙʨʘʟʠʣʩʢʠ ʰʘʤʧʠˁʦʥ ʠʣʠ ʩʫʥʯʘʥʘ ʧʝʯʫʨʢʘ, ʧʦʰʪʦ 

ʨʘʩʪʝ ʥʘ ʦʪʚʦʨʝʥʦʤ ʠ ʧʦʪʨʝʙʥʘ ʿʦʿ ʿʝ ʩʫʥʯʝʚʘ ʩʚʝʪʣʦʩʪ (ʩʣʠʢʘ 2.7.), ʰʪʦ ʿʝ ʥʝʫʦʙʠʯʘʿʝʥʦ 

ʟʘ ʛˀʠʚʝ (de Miranda, 2022). ʉʘʧʨʦʙ ʿʝ, ʦʜʛʦʚʘʨʘʿʫ ʿʦʿ ʧʦʜʣʦʛʝ ʙʦʛʘʪʝ ʣʠʛʥʦʮʝʣʫʣʦʟʥʠʤ 

ʦʩʪʘʮʠʤʘ, ʧʨʠʨʦʜʥʘ ʩʪʘʥʠʰʪʘ ʩʫ ʿʦʿ ʤʝʰʦʚʠʪʝ ʰʫʤʝ ʠ ʧʦˀʘ ʫ ʙʨʜʩʢʠʤ ʠ ʧʣʘʥʠʥʩʢʠʤ 

ʧʦʜʨʫʯʿʠʤʘ (Lisiecka et al., 2013). ɳʝʥʦ ʦʪʢʨʠ˂ʝ, ʢʘʦ ʠ ʩʘʤ ʥʘʟʠʚ, ʩʫ ʩʧʦʨʥʠ. ʋ ɹʨʘʟʠʣʫ 

ʿʝ 1960-ʠʭ ʧʨʦʥʘʰʘʦ ʿʘʧʘʥʩʢʠ ʠʩʪʨʘʞʠʚʘʯ ʢʦʿʠ ʿʝ ʧʦʩʣʘʦ ʫ ɱʘʧʘʥ ʥʘ ʜʘˀʘ ʠʩʧʠʪʠʚʘˁʘ, 

ʛʜʝ ʿʝ ʧʦʩʪʘʣʘ ʧʦʟʥʘʪʘ ʧʦʜ ʠʤʝʥʦʤ Himematsutake (Firenzuoli et al., 2008). ʅʘʟʠʚ 

Agaricus blazei Murril ʜʘʦ ʿʦʿ ʿʝ ʙʝʣʛʠʿʩʢʠ ʙʦʪʘʥʠʯʘʨ ʍʘʿʥʝʤʘʥ (Heinemann) 1967. 

ʛʦʜʠʥʝ, ʘ ʧʦʟʥʘʪʘ ʿʝ ʠ ʢʘʦ Agaricus brasiliensis (Wasser, 2002) (de Miranda, 2022; 

Firenzuoli et al., 2008). ʇʦʥʝʛʜʝ ʩʝ ʩʧʦʤʠˁʝ ʠ ʢʘʦ Agaricus subrufescens Peck, ʢʦʿʘ ʿʝ 

ʠʜʝʥʪʠʬʠʢʦʚʘʥʘ ʦʢʦ 1900. ʛʦʜʠʥʝ (Zied et al., 2010; 2021). 2005. ʛʦʜʠʥʝ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ 

ʿʝ ʠ ʝʚʨʦʧʩʢʘ ʚʨʩʪʘ A. rufoteguli ʟʘʧʨʘʚʦ ʩʠʥʦʥʠʤ ʟʘ A. blazei (Kerrigan, 2005). ʋ 

ʣʠʪʝʨʘʪʫʨʠ ʜʦ ʜʘʥʘʩ ʥʠʿʝ ʿʘʩʥʦ ʨʝʰʝʥʦ ʦʚʦ ʧʠʪʘˁʝ, ʧʘ ʘʫʪʦʨʠ ʩʘʤʠ ʦʜʣʫʯʫʿʫ ʢʦʿʠʤ 

ʥʘʟʠʚʦʤ ˂ʝ ʩʝ ʩʣʫʞʠʪʠ (de Miranda, 2022).  

ʅʘ ʪʨʞʠʰʪʫ ʤʝʜʠʮʠʥʩʢʠʭ ʛˀʠʚʘ ʫ ɱʘʧʘʥʫ ʿʝ ʫʙʝʜˀʠʚʦ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʘ ʩʘ 60,6% 

(Matsushita et al., 2018) ʠ ʦʚʘ ʟʝʤˀʘ ʿʝ ʫʿʝʜʥʦ ʠ ʥʘʿʚʝ˂ʠ ʧʨʦʠʟʚʦʹʘʯ ʠ ʧʦʪʨʦʰʘʯ ʦʚʝ 

ʛˀʠʚʝ (Lisiecka et al., 2013). ɺʝ˂ ʚʠʰʝ ʦʜ 30 ʛʦʜʠʥʘ ʩʝ ʛʘʿʠ ʢʦʤʝʨʮʠʿʘʣʥʦ, ʘ 

ʤʦʜʝʣʦʚʘˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʫʩʣʦʚʘ ʧʨʠʣʠʢʦʤ ʫʟʛʘʿʘˁʘ ʤʦʞʝ ʩʝ ʩʢʨʘʪʠʪʠ ʚʨʝʤʝ ʫʟʛʘʿʘˁʘ, 

ʧʦʚʝ˂ʘʪʠ ʧʨʠʥʦʩ, ʩʘʜʨʞʘʿ ʦʜʨʝʹʝʥʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʢʘʦ ʰʪʦ ʩʫ ɓ-ʛʣʫʢʘʥʠ, ʦʨʛʘʥʩʢʝ ʠ 

ʬʝʥʦʣʥʝ ʢʠʩʝʣʠʥʝ, ʢʘʦ ʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʘʢʪʠʚʥʦʩʪ (Almeida et al., 2022; Dias et al., 

2014; Lisiecka et al., 2013; J. T. Wang et al., 2013; Zied et al., 2010; 2014), ʤʘʜʘ ʩʘʜʨʞʘʿ 

ʙʠʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʠʿʘ ʤʦʞʝ ʟʥʘʪʥʦ ʚʘʨʠʨʘʪʠ ʦʜ ʿʝʜʥʝ ʜʦ ʜʨʫʛʝ ʛʦʜʠʥʝ ʫʟ ʢʦʥʪʨʦʣʠʩʘˁʝ 

ʩʚʠʭ ʦʩʪʘʣʠʭ ʫʩʣʦʚʘ ʫʟʛʘʿʘˁʘ (Geösel et al., 2011). ʇʨʝʜʥʦʩʪ ʩʝ ʜʘʿʝ ʛʘʿʝˁʫ ʥʘ 

ʦʪʚʦʨʝʥʦʤ ʫ ʦʜʥʦʩʫ ʥʘ ʢʫʣʪʠʚʘʮʠʿʫ ʫ ʟʘʪʚʦʨʝʥʦʤ ʟʙʦʛ ʚʝ˂ʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʙʠʦʘʢʪʠʚʥʠʭ 

ʤʝʪʘʙʦʣʠʪʘ, ʤʘʜʘ ʩʝ ʦʚʦ ʥʝ ʤʦʞʝ ʫʟʝʪʠ ʢʘʦ ʧʨʘʚʠʣʦ ʟʘ ʩʚʝ ʩʦʿʝʚʝ (de Oliveira Gorgulho 

Silva et al., 2022; Yamanaka et al., 2014). ʄʠʮʝʣʠʿʘ ʩʝ ʤʦʞʝ ʛʘʿʠʪʠ ʩʫʙʤʝʨʟʥʦ 
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(Submerged Fermentation) ʠ ʬʝʨʤʝʥʪʘʮʠʿʦʤ ʫ ʯʚʨʩʪʦʤ ʩʪʘˁʫ (SSF) ʥʘ ʦʩʪʘʮʠʤʘ ʠʟ 

ʧʨʝʭʨʘʤʙʝʥʝ ʠʥʜʫʩʪʨʠʿʝ ʠ ʤʦʞʝ ʧʦʩʣʫʞʠʪʠ ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ ʿʝʨ 

ʧʨʝʜʩʪʘʚˀʘ ʠʟʚʦʨ ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ ʠ ʝʩʝʥʮʠʿʘʣʥʠʭ ʤʘʩʥʠʭ ʢʠʩʝʣʠʥʘ (Mokochinski et al., 

2015). ʋ ʬʦʢʫʩʫ ʦʚʘʢʚʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʝʛʟʦʧʦʣʠʩʘʭʘʨʠʜʠ, ʦʧʪʠʤʠʟʘʮʠʿʘ ˁʠʭʦʚʝ 

ʧʨʦʜʫʢʮʠʿʝ ʠ ʙʠʦʣʦʰʢʘ ʫʣʦʛʘ (Fan et al., 2007; Ker et al., 2005; Lin & Yang, 2006; Liu & 

Wang, 2007; Peter-Valence et al., 2011). 

A. blazei ʠʤʘ ʜʦʙʨʫ ʥʫʪʨʠʪʠʚʥʫ ʚʨʝʜʥʦʩʪ ʿʝʨ ʿʝ ʙʦʛʘʪ ʧʨʦʪʝʠʥʠʤʘ, ʚʣʘʢʥʠʤʘ, 

ʤʠʥʝʨʘʣʠʤʘ, ʜʦʢ ʠʤʘ ʥʠʟʘʢ ʩʘʜʨʞʘʿ ʤʘʩʪʠ (Largeteau et al., 2011). ʀʤʘ ʦʢʦ 11% ʚʣʘʛʝ ʠ 

89% ʩʫʚʝ ʤʘʪʝʨʠʿʝ (Tsai et al., 2008). ʃʠʪʝʨʘʪʫʨʥʠ ʧʦʜʘʮʠ ʧʦʢʘʟʫʿʫ ʜʘ ʠʤʘ ʚʠʩʦʢ 

ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʛˀʠʚʝ (27-48%), ʟʘʪʠʤ ʩʣʝʜʝ ʫʛˀʝʥʠ ʭʠʜʨʘʪʠ (18-

45,5%), ʩʠʨʦʚʘ ʚʣʘʢʥʘ (6-14%) ʠ ʤʘʩʪʠ (1-5%) (Györfi et al., 2010; Largeteau et al., 2011; 

Tsai et al., 2008). ʆʚʘ ʛˀʠʚʘ ʩʘʜʨʞʠ ʠ ʚʠʩʦʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʘʣʠʿʫʤʘ, ʬʦʩʬʦʨʘ, 

ʢʘʣʮʠʿʫʤʘ, ʤʘʛʥʝʟʠʿʫʤʘ, ʙʘʢʨʘ ʠ ʮʠʥʢʘ, ʜʦʢ ʩʝ ʟʘ ʦʜʨʝʹʝʥʝ ʩʦʿʝʚʝ ʤʦʨʘ ʦʙʨʘʪʠʪʠ ʧʘʞˁʘ 

ʥʘ ʘʢʫʤʫʣʘʮʠʿʫ ʢʘʜʤʠʿʫʤʘ (Györfi et al., 2010; Largeteau et al., 2011). ʂʘʦ ʠ ʜʨʫʛʝ ʛˀʠʚʝ, 

ʙʦʛʘʪʘ ʿʝ ʚʠʪʘʤʠʥʠʤʘ ɹ ʠ ɼ, ʘ ʠʟʙʦʨʦʤ ʢʦʤʧʦʩʪʘ ʤʦʞʝ ʩʝ ʫʪʠʮʘʪʠ ʥʘ ʚʝ˂ʠ ʧʨʠʥʦʩ 

ʚʠʪʘʤʠʥʘ ɹ1, ɹ3, ɹ9, ɹ12 ʠ ʎ (Rózsa et al., 2019). 

2.4.2.1. ʇʦʣʠʩʘʭʘʨʠʜʠ A. blazei 

ʇʦʣʠʩʘʭʘʨʠʜʠ ʩʫ ʫ ʣʠʪʝʨʘʪʫʨʠ ʦʟʥʘʯʝʥʠ ʢʘʦ ʛʣʘʚʥʠ ʥʦʩʠʦʮʠ ʘʥʪʠʪʫʤʦʨʥʝ ʘʢʪʠʚʥʦʩʪʠ, 

ʧʘ ʥʝ ʯʫʜʠ ʰʪʦ ʿʝ ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʨʘʜʦʚʘ ʫʩʤʝʨʝʥ ʢʘ ˁʠʭʦʚʦʿ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʠ ʠ 

ʠʩʧʠʪʠʚʘˁʫ ʙʠʦʣʦʰʢʠʭ ʘʢʪʠʚʥʦʩʪʠ (H. Wang et al., 2013). ɺʘʨʠʨʘˁʘ ʫ ʤʦʥʦʩʘʭʘʨʠʜʥʦʤ 

ʩʘʩʪʘʚʫ ʩʫ ʯʝʩʪʘ, ʧʘ ʩʫ ʪʘʢʦ ʛʣʘʚʥʠ ʩʣʦʙʦʜʥʠ ʰʝ˂ʝʨʠ ʧʨʝʤʘ Carneiro et al. (2013) 

ʤʘʥʠʪʦʣ ʠ ʪʨʝʭʘʣʦʟʘ, ʘ ʬʨʫʢʪʦʟʝ ʠʤʘ ʫ ʪʨʘʛʦʚʠʤʘ; Smiderle et al. (2011) ʥʘʚʦʜʝ ʛʣʫʢʦʟʫ 

ʢʘʦ ʜʦʤʠʥʘʥʪʥʠ ʤʦʥʦʩʘʭʘʨʠʜ (>66%), ʘ ʟʘʪʠʤ ʛʘʣʘʢʪʦʟʫ, ʬʫʢʦʟʫ ʠ ʤʘʥʦʟʫ; ʪʨʝ˂ʘ 

ʩʪʫʜʠʿʘ ʥʘʚʦʜʠ ʥʘʿʚʠʰʝ ʤʘʥʠʪʦʣʘ (21%), ʢʘʦ ʠ ʛʣʠʮʝʨʦʣ, ʠʥʦʟʠʪʦʣ ʠ ʪʨʝʭʘʣʦʟʫ, ʰʪʦ 

ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʩʥʦ ʟʘ ʭʨʘʥʫ ʟʘ ʜʠʿʘʙʝʪʠʯʘʨʝ ʿʝʨ ʥʝ ʫʪʠʯʫ ʥʘ ʧʦʚʝ˂ʘˁʝ ʥʠʚʦʘ ʛʣʫʢʦʟʝ ʫ 

ʢʨʚʠ (Cho et al., 2008).  

ʋʜʝʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʫ A. blazei ʠʟ ʍʦʣʘʥʜʠʿʝ ʿʝ ʩʣʝʜʝ˂ʠ: Ŭ-ʛʣʫʢʘʥ - 25.7%; ɓ-ʛʣʫʢʘʥ - 

49.1%; ʤʘʥʦʛʘʣʘʢʪʘʥ - 25.2% (Smiderle et al., 2011). ɻʣʘʚʥʠ ʣʘʥʘʮ ʫ ɓ-ʛʣʫʢʘʥʠʤʘ ʦʚʝ 

ʛˀʠʚʝ ʿʝ (1,6)-ɓ-ʛʣʫʢʘʥ (Dong et al., 2002; Gonzaga et al., 2013), ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʚʝ˂ʠʥʝ 

ʛˀʠʚʘ ʛʜʝ ʿʝ ʛʣʘʚʥʠ ʥʠʟ ʩʘʩʪʘʚˀʝʥ ʦʜ (1,3)-ɓ-ʛʣʫʢʘʥʘ (Giavasis, 2014). ɸʫʪʦʨʠ ʩʫ 

ʫʩʪʘʥʦʚʠʣʠ ʜʘ ʧʦʣʫʧʨʝʯʠʰ˂ʝʥʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ ʠʤʘ ʠʤʫʥʦʤʦʜʫʣʘʪʦʨʩʢʫ 

ʘʢʪʠʚʥʦʩʪ (Smiderle et al., 2011), ʜʦʢ ʿʝ ʧʨʝʯʠʰ˂ʝʥ (1,6)-ɓ-D-ʛʣʫʢʘʥ ʠʟʦʣʦʚʘʥ ʠʟ ʦʚʦʛ 

ʝʢʩʪʨʘʢʪʘ ʥʝʤʘ (Smiderle et al., 2013). ɼʨʫʛʘ ʠʩʪʨʘʞʠʚʘˁʘ ʪʘʢʦʹʝ ʧʨʠʿʘʚˀʫʿʫ ʢʦʨʠʩʥʘ 

ʙʠʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ʢʘʜʘ ʩʝ ʫʟ (1,6)-ɓ-ʛʣʫʢʘʥʩʢʫ ʬʨʘʢʮʠʿʫ ʿʘʚˀʘʿʫ ʠ ʜʨʫʛʝ ʢʦʤʧʦʥʝʥʪʝ, 

ʢʘʦ ʰʪʦ ʿʝ (1,3)-ɓ-ʛʣʫʢʘʥ, ʢʦʿʠ ʩʝ ʧʦʚʝʟʫʿʝ ʩʘ ʠʤʫʥʦʩʪʠʤʫʣʠʨʘʿʫ˂ʠʤ ʠ ʘʥʪʠʪʫʤʦʨʥʠʤ 

ʜʝʿʩʪʚʦʤ (Ohno et al., 2001; Yamanaka et al., 2012; Yu et al., 2009). ʇʣʦʜʦʥʦʩʥʘ ʪʝʣʘ 

ʠʤʘʿʫ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ (1,6)-ɓ-ʛʣʫʢʘʥʘ, ʢʘʦ ʠ ʤʘʣʝ ʢʦʣʠʯʠʥʝ Ŭ-ʛʣʫʢʘʥʘ ʠ ʜʨʫʛʠʭ ʬʨʘʢʮʠʿʘ, 

ʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ (1,3)-ɓ-ʛʣʫʢʘʥʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʘ ʩʘʟʨʝʚʘˁʝʤ (Camelini et al., 2005). 

ʉʣʠʯʥʦ ʿʝ ʠ ʩʘ (1,6)-ɓ-D-ʛʣʫʢʘʥʩʢʦ-ʧʨʦʪʝʠʥʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʢʦʿʠ ʛʫʙʠ ʘʥʪʠʪʫʤʦʨʥʫ 

ʬʫʥʢʮʠʿʫ ʢʘʜʘ ʤʫ ʩʝ ʦʜʚʦʿʠ ʧʨʦʪʝʠʥʩʢʘ ʬʨʘʢʮʠʿʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ˁʝʥʦ ʥʝʦʧʭʦʜʥʦ 

ʧʨʠʩʫʩʪʚʦ ʫ ʮʠˀʫ ʙʠʦʣʦʰʢʝ ʬʫʥʢʮʠʿʝ (Kawagishi et al., 1989; 1990). ɽʢʩʪʨʘʢʪʠ ɓ-

ʛʣʫʢʘʥʘ ʩʝ ʤʦʛʫ ʧʦʜʚʨʛʥʫʪʠ ʭʠʜʨʦʣʠʟʠ, ʥʘʢʦʥ ʯʝʛʘ ʥʘʩʪʘʣʠ ʧʨʦʜʫʢʪʠ (ʦʣʠʛʦʩʘʭʘʨʠʜʠ) 

ʠʤʘʿʫ ʘʥʪʠʜʠʿʘʙʝʪʩʢʘ ʩʚʦʿʩʪʚʘ (Y.-W. Kim et al., 2005). ʆʩʠʤ ɓ-ʛʣʫʢʘʥʘ, ʩʪʫʜʠʿʝ 

ʧʦʢʘʟʫʿʫ ʠ ʢʦʨʠʩʥʘ ʙʠʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ Ŭ-ʛʣʫʢʘʥʘ (Mizuno et al., 1998). 

ʍʝʪʝʨʦʧʦʣʠʩʘʭʘʨʠʜʠ ʠʟ A. blazei ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʘ ʙʠʦʘʢʪʠʚʥʘ ʩʚʦʿʩʪʚʘ. 

ɻʘʣʘʢʪʦʤʘʥʦʛʣʫʢʘʥ ʠʟ A. blazei ʠʤʘ ʠʤʫʥʦʤʦʜʫʣʘʪʦʨʩʢʫ ʫʣʦʛʫ (Zhang et al., 2018). 

ʍʝʪʝʨʦʧʦʣʠʩʘʭʘʨʠʜʠ ʩʘʩʪʘʚˀʝʥʠ ʦʜ ʛʣʫʢʦʟʝ (78,4%), ʘʨʘʙʠʥʦʟʝ (10,5%) ʠ ʤʘʥʦʟʝ 
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(8,5%) ʤʦʛʫ ʜʘ ʙʫʜʫ ʢʦʨʠʩʥʠ ʢʦʜ ʥʝʢʠʭ ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠʭ ʙʦʣʝʩʪʠ (Zhang et al., 2010). 

ʂʠʩʝʣʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʠʟ A. blazei ʤʦʛʫ ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʙʝʟʙʝʜʥʝ ʭʠʧʦʣʠʧʠʜʝʤʠʿʩʢʝ 

ʩʫʧʩʪʘʥʮʝ, ʿʝʨ ʩʪʫʜʠʿʘ ʥʘʚʦʜʠ ʜʘ ʧʨʠʩʫʩʪʚʦ ʦʚʠʭ ʧʦʣʠʩʘʭʘʨʠʜʘ ʫʪʠʯʝ ʥʘ ʩʥʠʞʘʚʘˁʝ 

ʥʠʚʦʘ LDL (low density lipoprotein) ʠ ʥʘ ʧʦʚʝ˂ʘˁʝ ʥʠʚʦʘ HDL (high density lipoprotein), 

ʦʜʥʦʩʥʦ ʤʝˁʘ ʤʝʪʘʙʦʣʠʟʘʤ ʭʦʣʝʩʪʝʨʦʣʘ (Y. Li et al., 2020). ʀʩʪʨʘʞʠʚʘˁʘ ʧʨʠʿʘʚˀʫʿʫ ʠ 

ʧʨʠʩʫʩʪʚʦ ʛʣʫʢʦʤʘʥʘʥʘ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʘʪ ʜʨʫʛʘʯʠʿʝʛ ʤʝʪʘʙʦʣʠʟʤʘ ʪʝʯʥʠʭ ʢʫʣʪʫʨʘ A. 

blazei ʫ ʦʜʥʦʩʫ ʥʘ ʧʣʦʜʦʥʦʩʥʘ ʪʝʣʘ (Mizuno et al., 1999). H.T. Wang et al. (2018) 

ʥʘʛʣʘʰʘʚʘʿʫ ʜʘ ʧʨʠʩʫʩʪʚʦ ʬʫʢʦʟʝ ʫ ʧʦʣʠʩʘʭʘʨʠʜʠʤʘ ʤʦʞʝ ʠʤʘʪʠ ʙʠʪʥʫ ʫʣʦʛʫ ʫ 

ʠʤʫʥʦʤʦʜʫʣʘʮʠʿʠ, ʤʘʜʘ ʩʝ ʧʦʿʘʚˀʫʿʫ ʢʦʥʪʨʘʜʠʢʪʦʨʥʠ ʨʝʟʫʣʪʘʪʠ ʚʝʟʘʥʦ ʟʘ ʙʠʦʣʦʰʢʘ 

ʩʚʦʿʩʪʚʘ ʬʫʢʦʛʘʣʘʢʪʘʥʘ ʫ ʣʠʪʝʨʘʪʫʨʠ (Komura et al., 2010). Liu et al. (2011) ʩʫ ʫʢʘʟʘʣʠ 

ʥʘ ʧʦʩʪʦʿʘˁʝ ʨʘʟʛʨʘʥʘʪʠʭ ʛʘʣʘʢʪʘʥʘ ʠ ʛʣʫʢʘʥʘ ʢʦʿʠ ʩʫ ʫ ʚʦʜʝʥʦʤ ʨʘʩʪʚʦʨʫ ʫ ʦʙʣʠʢʫ 

ʪʨʦʩʪʨʫʢʦʛ ʭʝʣʠʢʩʘ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʙʠʦʣʦʰʢʠ ʢʦʨʠʩʥʦ, ʿʝʨ ʩʫ 

ʩʪʨʫʢʪʫʨʥʦ ʢʦʤʧʣʝʢʩʥʠʿʠ ʤʦʣʝʢʫʣʠ ʧʦʚʝʟʘʥʠ ʩʘ ʙʦˀʦʤ ʠʤʫʥʦʤʦʜʫʣʘʪʦʨʥʦʤ ʠ 

ʘʥʪʠʢʘʥʮʝʨʦʛʝʥʦʤ ʫʣʦʛʦʤ. 

ɼʝʣʠʤʠʯʥʦ ʧʨʝʯʠʰ˂ʝʥʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʩʘ ʦʢʦ 17,3 g/100g Ŭ-ʛʣʫʢʘʥa ʠ 22,8 g/100g ɓ-

ʛʣʫʢʘʥʘ ʠʤʘʿʫ ʠʤʫʥʦʩʪʠʤʫʣʠʰʫ˂ʠ ʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʝʬʝʢʘʪ ʠ ʤʦʛʫ ʧʦʩʣʫʞʠʪʠ ʟʘ 

ʨʘʟʚʦʿ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʧʨʝʭʨʘʤʙʝʥʠʭ ʘʜʠʪʠʚʘ (Kozarski et al., 2011). ʊʘʢʦʹʝ ʩʝ ʢʘʦ 

ʧʨʠʤʝʨ ʨʝʣʘʪʠʚʥʦ ʿʝʬʪʠʥʦʛ ʜʠʿʝʪʝʪʩʢʦʛ ʩʫʧʣʝʤʝʥʪʘ ʥʘʚʦʜʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ 

ʜʦʙʠʿʝʥ ʝʢʩʪʨʘʢʮʠʿʦʤ ʚʨʫ˂ʦʤ ʚʦʜʦʤ ʠ ʧʨʝʮʠʧʠʪʘʮʠʿʦʤ ʝʪʘʥʦʣʦʤ, ʢʦʿʠ ʚʝ˂ʠʥʩʢʠ 

ʩʘʜʨʞʠ (1,6)-ɓ-D-ʛʣʫʢʘʥʝ (Kozarski et al., 2014). ɽʢʩʪʨʘʢʪ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʨʘʟʣʠʯʠʪʠʭ 

ʬʦʨʤʠ ɓ-ʛʣʫʢʘʥʘ ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ, ʘ ʩʘʜʨʞʠ A. blazei ʫ ʥʘʿʚʝ˂ʝʤ ʧʨʦʮʝʥʪʫ (82.4%) 

ʜʝʣʫʿʝ ʘʥʪʠʪʫʤʦʨʥʦ ʠ ʘʥʪʠʘʣʝʨʛʝʥʩʢʠ (Berven et al., 2015; Ellertsen & Hetland, 2009). 

ʆʩʠʤ ʦʚʠʭ ʝʢʩʪʨʘʢʘʪʘ, ʧʨʠʿʘʚˀʝʥʘ ʩʫ ʠ ʬʫʥʛʠʮʠʜʥʘ, ʘʥʪʠʚʠʨʫʩʥʘ ʠ ʭʝʧʘʪʦʧʨʦʪʝʢʪʠʚʥʘ 

ʜʝʿʩʪʚʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ ʝʢʩʪʨʘʢʘʪʘ (Eguchi et al., 2017; Martins et al., 2017; Uyanoglu et 

al., 2014), ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʫ ʙʠʦʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ (Gonzaga et al., 2020; Vincent et al., 

2013), ʢʘʦ ʠ ʫ ʧʦˀʦʧʨʠʚʨʝʜʠ ʟʘ ʩʫʟʙʠʿʘˁʝ ʙʠˀʥʠʭ ʙʦʣʝʩʪʠ ʠ ʧʘʪʦʛʝʥʠʭ ʛˀʠʚʘ (Eira et 

al., 2005; Garcia et al., 2018). ʉʚʠ ʦʚʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʨʘʟʥʦʣʠʢʦʩʪ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʩʘʩʪʘʚʘ ʛˀʠʚʘ ʠ ʫʧʫ˂ʫʿʫ ʥʘ ʢʦʨʠʰ˂ʝˁʝ ʚʠʰʝʢʦʤʧʦʥʝʥʪʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʫʤʝʩʪʦ 

ʿʝʜʥʦʢʦʤʧʦʥʝʥʪʥʠʭ (Smiderle et al., 2013). 

ɺʦʜʝʥʠ ʝʢʩʪʨʘʢʪʠ ʩʫ ʥʘʿʯʝʰ˂ʠ ʪʠʧ ʝʢʩʪʨʘʢʘʪʘ ʠ ʦʙʠʤʥʘ ʣʠʪʝʨʘʪʫʨʘ ʧʦʪʚʨʹʫʿʝ ˁʠʭʦʚʘ 

ʙʠʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ï ʘʥʪʠʪʫʤʦʨʥʘ, ʘʥʪʠʤʫʪʘʛʝʥʩʢʘ, ʘʥʪʠʚʠʨʫʩʥʘ, ʘʥʪʠʧʘʨʘʟʠʪʥʘ, 

ʘʥʪʠʤʠʢʨʦʙʥʘ, ʠʤʫʥʦʩʪʠʤʫʣʠʰʫ˂ʘ, ʠʤʫʥʦʤʦʜʫʣʘʪʦʨʩʢʘ, ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ, ʘʥʪʠ-

quorum-sensing ʩʚʦʿʩʪʚʘ, ʜʝʣʫʿʫ ʭʝʧʘʪʦʧʨʦʪʝʢʪʠʚʥʦ, ʭʠʧʦʭʦʣʝʩʪʝʨʦʣʩʢʠ ʠ 

ʭʠʧʦʛʣʠʢʝʤʠʿʩʢʠ (Barbisan et al., 2002; Bernardshaw et al., 2005; Bruggemann et al., 2006; 

Chan et al., 2007; de Sousa Cardozo et al., 2011; Delmanto et al., 2001; Faccin et al., 2007; 

Gan et al., 2013; Jumes et al., 2010; Lima et al., 2008; Nakajima et al., 2002; Sokoviĺ et al., 

2014; Talorete et al., 2002; Valadares et al., 2011). ɽʢʩʪʨʘʢʮʠʿʫ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠʟ 

ʧʣʦʜʦʥʦʩʥʠʭ ʪʝʣʘ ʚʨʝʣʦʤ ʚʦʜʦʤ ʤʦʛʫ˂ʝ ʿʝ ʦʧʪʠʤʠʟʦʚʘʪʠ (Liu et al., 2009), ʜʦʢ ʜʨʫʛʠ 

ʘʫʪʦʨʠ ʜʘʿʫ ʧʨʝʜʥʦʩʪ ʝʥʟʠʤʩʢʦʿ ʝʢʩʪʨʘʢʮʠʿʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʫ ʦʜʥʦʩʫ ʥʘ ʝʢʩʪʨʘʢʮʠʿʫ 

ʚʨʫ˂ʦʤ ʚʦʜʦʤ, ʫ ʢʦʥʪʝʢʩʪʫ ʧʨʠʥʦʩʘ ʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʘʢʪʠʚʥʦʩʪʠ (Jia et al., 2013). 

ɽʢʩʪʨʘʢʮʠʿʘ ʤʝʰʘʚʠʥʦʤ ʝʪʘʥʦʣʘ ʠ ʚʦʜʝ ʠʤʘ ʙʦˀʠ ʠʥʭʠʙʠʪʦʨʥʠ ʝʬʝʢʘʪ ʧʨʝʤʘ ˂ʝʣʠʿʘʤʘ 

ʣʝʫʢʝʤʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʯʠʩʪʠ ʝʪʘʥʦʣ ʠʣʠ ʚʦʜʫ ʢʘʦ ʨʘʩʪʚʘʨʘʯʝ (Kim et al., 2009). 

ʄʝʭʘʥʠʟʤʠ ʘʥʪʠʢʘʥʮʝʨʦʛʝʥʠʭ ʜʝʿʩʪʘʚʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ, ʢʘʦ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʘʪʘ A. 

blazei ʤʦʛʫ ʩʝ ʜʝʪʘˀʥʠʿʝ ʥʘ˂ʠ ʫ ʣʠʪʝʨʘʪʫʨʠ (Bertollo et al., 2022; BiedroŒ et al., 2012; da 

Silva Campelo et al., 2021; Eira et al., 2005; Firenzuoli et al., 2008; Wisitrassameewong et 

al., 2012). 
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2.4.2.2. ʇʨʦʪʝʠʥʠ A. blazei 

ʆʚʘ ʛˀʠʚʘ ʿʝ ʙʦʛʘʪʘ ʘʤʠʥʦʢʠʩʝʣʠʥʘʤʘ ʢʘʦ ʰʪʦ ʩʫ ʛʣʫʪʘʤʠʥʩʢʘ ʠ ʘʩʧʘʪʨʘʤʩʢʘ ʢʠʩʝʣʠʥʘ, 

ʢʘʦ ʠ ʥʘʪʨʠʿʫʤ-ʛʣʫʪʘʤʘʪʦʤ, ʢʦʿʠ ʿʝ ʦʜʛʦʚʦʨʘʥ ʟʘ ʩʧʝʮʠʬʠʯʘʥ ʫʢʫʩ ʜʝʬʠʥʠʩʘʥ ʢʘʦ 

Ăʫʤʘʤʠñ (Lisiecka et al., 2013). ɼʨʫʛʘ ʩʪʫʜʠʿʘ ʥʘʚʦʜʠ ʙʘʣʘʥʩʠʨʘʥ ʩʘʩʪʘʚ ʝʩʝʥʮʠʿʘʣʥʠʭ 

ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʩʘ ʥʘʿʚʠʰʝ ʘʨʛʠʥʠʥʘ, ʟʘʪʠʤ ʛʣʠʮʠʥ, ʛʣʫʪʘʤʠʥʩʢʫ ʢʠʩʝʣʠʥʫ, ʧʨʦʣʠʥ, 

ʘʣʘʥʠʥ, ʢʘʦ ʠ ʜʨʫʛʝ (Cho et al., 2008). ʀʟ A. blazei ʩʫ ʠʟʦʣʦʚʘʥʘ ʪʨʠ ʩʝʣʝʥʦʧʨʦʪʝʠʥʘ 

ʨʘʩʪʚʦʨˀʠʚʘ ʫ ʚʦʜʠ, ʰʪʦ ʿʝ ʠʥʪʝʨʝʩʘʥʪʥʦ ʩʘ ʥʫʪʨʠʪʠʚʥʦʛ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʘʩʧʝʢʪʘ, 

ʧʦʩʝʙʥʦ ʘʢʦ ʩʝ ʫʟʤʫ ʫ ʦʙʟʠʨ ʯʝʩʪʝ ʜʝʬʠʮʠʿʝʥʮʠʿʝ ʥʘʩʧʨʘʤ ʨʘʟʥʠʭ ʬʫʥʢʮʠʿʘ ʢʦʿʝ ʩʝʣʝʥ 

ʠʤʘ ʫ ˀʫʜʩʢʦʤ ʦʨʛʘʥʠʟʤʫ (Hu et al., 2021).  

ɼʦʩʪʘ ʩʪʫʜʠʿʘ ʠʟʜʚʘʿʘ ʢʦʤʧʣʝʢʩʝ ʧʨʦʪʝʠʥʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʢʘʦ ʥʦʩʠʦʮʝ ʨʘʟʥʠʭ 

ʙʠʦʣʦʰʢʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʋʛʣʘʚʥʦʤ ʩʝ ʨʘʜʠ ʦ ʘʥʪʠʪʫʤʦʨʥʦʤ ʠ ʠʤʫʥʦʤʦʜʫʣʘʪʦʨʩʢʦʤ 

ʜʝʿʩʪʚʫ (Bertollo et al., 2022; Ebina & Fujimiya, 1998; Fujimiya et al., 1998; G.-Y. Kim et 

al., 2005). ʇʨʦʪʝʦʛʣʫʢʘʥʠ ʠ ɓ-ʛʣʫʢʘʥʠ ʜʝʣʫʿʫ ʢʘʦ ʤʦʜʫʣʘʪʦʨʠ ʙʠʦʣʦʰʢʦʛ ʦʜʛʦʚʦʨʘ, ʪʿ. 

ʜʝʣʫʿʫ ʥʘ ʫʨʦʹʝʥʠ ʠʤʫʥʠ ʩʠʩʪʝʤ ʠ ʠʟʘʟʠʚʘʿʫ ʘʥʪʠʠʥʬʝʢʪʠʚʥʝ ʠ ʘʥʪʠʪʫʤʦʨʥʝ ʝʬʝʢʪʝ 

(Hetland et al., 2008). ʅʘʚʦʜʠ ʩʝ ʠ ʜʘ ʈʅʂ-ʧʨʦʪʝʠʥʩʢʠ ʢʦʤʧʣʝʢʩ ʜʝʣʫʿʝ ʧʨʦʪʠʚ ˂ʝʣʠʿʘ 

ʣʝʫʢʝʤʠʿʝ (Gao et al., 2007). ʈʘʟʣʠʯʠʪʝ ʩʪʫʜʠʿʝ ʢʦʿʝ ʠʩʧʠʪʫʿʫ ʧʦʣʠʩʘʭʘʨʠʜʥʝ ʝʢʩʪʨʘʢʪʝ 

A. blazei ʥʘʚʦʜʝ ʜʘ ʩʘʜʨʞʝ ʠ ʦʜʨʝʹʝʥ ʧʨʦʮʝʥʘʪ ʧʨʦʪʝʠʥʘ ï ʦʜ 8 ʜʦ 22,5% (Dong et al., 

2002; Lima et al., 2008), ʰʪʦ ʿʝ ʩʣʠʯʥʦ ʢʘʦ ʢʦʜ ʜʨʫʛʠʭ ʛˀʠʚʘ (Siu et al., 2014). ʆʥʦ ʰʪʦ 

ʟʘʦʩʪʘʿʝ ʥʘʢʦʥ ʝʢʩʪʨʘʢʮʠʿʝ ʚʨʝʣʦʤ ʚʦʜʦʤ ʩʫ ʧʦʣʠʩʘʭʘʨʠʜʠ, ʧʦʣʠʩʘʭʘʨʠʜʥʦ-ʧʨʦʪʝʠʥʩʢʠ 

ʢʦʤʧʣʝʢʩʠ ʠ ʭʠʪʠʥ. ʋ ʮʝʣʠʥʠ ʠʤʘʿʫ ʩʣʘʙʦ ʘʥʪʠʪʫʤʦʨʥʦ ʜʝʿʩʪʚʦ, ʘʣʠ ʩʝ ʦʚʦ ʜʝʿʩʪʚʦ 

ʧʦʿʘʯʘʚʘ ʧʨʝʯʠʰ˂ʠʚʘˁʝʤ, ʛʜʝ ʩʝ ʿʘʚˀʘʿʫ ʬʨʘʢʮʠʿʝ ʢʘʦ ʰʪʦ ʩʫ ʛʣʠʢʦʧʨʦʪʝʠʥʠ 

ʩʘʩʪʘʚˀʝʥʠ ʦʜ (1,6)-ɓ-ʛʣʫʢʘʥʘ ʠ ʧʨʦʪʝʠʥʩʢʝ ʬʨʘʢʮʠʿʝ ʙʦʛʘʪʝ Asx (ʘʩʧʘʨʘʛʠʥʩʢʘ 

ʢʠʩʝʣʠʥʘ ʠʣʠ ʘʩʧʘʨʘʛʠʥ), Glx (ʛʣʫʪʘʤʠʥʩʢʘ ʢʠʩʝʣʠʥʘ ʠʣʠ ʛʣʫʪʘʤʠʥ), Ala (ʘʣʘʥʠʥ), Leu 

(ʣʝʫʮʠʥ) ʠ Pro (ʧʨʦʣʠʥ) (Mizuno et al., 1990).  

A. blazei ʿʝ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʜʦʙʘʨ ʠʟʚʦʨ ʣʠʛʥʦʮʝʣʫʣʦʟʥʠʭ ʝʥʟʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʣʘʢʘʟʘ, 

ʤʘʥʛʘʥ-ʧʝʨʦʢʩʠʜʘʟʘ, ʭʦʣʦʮʝʣʫʣʘʟʘ, ʠʪʜ. ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʝʜʠʿʫʤʘ (Largeteau et al., 

2011). 

2.4.2.3. ʃʠʧʠʜʠ A. blazei 

ʄʘʩʥʦ-ʢʠʩʝʣʠʥʩʢʠ ʩʘʩʪʘʚ ʧʦʢʘʟʫʿʝ ʧʨʠʩʫʩʪʚʦ ʣʠʥʦʣʥʝ ʢʠʩʝʣʠʥʝ (>72%), ʟʘʪʠʤ 

ʧʘʣʤʠʪʠʥʩʢʝ, ʩʪʝʘʨʠʥʩʢʝ ʠ ʦʣʝʠʥʩʢʝ ʢʠʩʝʣʠʥʝ, ʰʪʦ ʩʝ ʩʤʘʪʨʘ ʧʦʚʦˀʥʠʤ ʟʘ 

ʙʘʣʘʥʩʠʨʘʥʫ ʠʩʭʨʘʥʫ ʟʙʦʛ ʚʠʩʦʢʦʛ ʧʨʦʮʝʥʪʘ ʧʦʣʠʥʝʟʘʩʠ˂ʝʥʠʭ ʤʘʩʥʠʭ ʢʠʩʝʣʠʥʘ 

(Carneiro et al., 2013). Kʘʨʘʢʪʝʨʠʰʝ ʿʝ ʜʦʙʘʨ ʦʜʥʦʩ ʥʝʟʘʩʠ˂ʝʥʠʭ ʠ ʟʘʩʠ˂ʝʥʠʭ ʤʘʩʥʠʭ 

ʢʠʩʝʣʠʥʘ, ʢʘʦ ʠ ʜʦʙʘʨ ʦʜʥʦʩ ɤ-6 ʠ ɤ-3 ʤʘʩʥʠʭ ʢʠʩʝʣʠʥʘ (Cho et al., 2008). Mazzutti et al. 

(2012) ʢʘʦ ʛʣʘʚʥʝ ʘʥʪʠʤʠʢʨʦʙʥʝ ʩʫʧʩʪʘʥʮʝ ʥʘʚʦʜʠ ʣʠʥʦʣʥʫ ʠ ʧʘʣʤʠʪʠʥʩʢʫ ʢʠʩʝʣʠʥʫ ʫ 

ʝʢʩʪʨʘʢʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʝʢʩʪʨʘʢʮʠʿʦʤ ʩʫʧʝʨʢʨʠʪʠʯʥʠʤ ʬʣʫʠʜʦʤ ʠ ʠʩʪʠʯʝ ʜʘ ʙʦˀʝ 

ʜʝʿʩʪʚʦ ʠʤʘʿʫ ʥʘ ɻʨʘʤ-ʧʦʟʠʪʠʚʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ɻʨʘʤ-ʥʝʛʘʪʠʚʥʝ ʙʘʢʪʝʨʠʿʝ, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ 

ʩʪʨʫʢʪʫʨʝ ˁʠʭʦʚʦʛ ˂ʝʣʠʿʩʢʦʛ ʟʠʜʘ. ʃʠʥʦʣʥʘ ʢʠʩʝʣʠʥʘ ʪʘʢʦʹʝ ʫʯʝʩʪʚʫʿʝ ʫ 

ʘʥʪʠʠʥʬʣʘʤʘʪʦʨʥʦʤ ʦʜʛʦʚʦʨʫ ʠʥʭʠʙʠʨʘʿʫ˂ʠ ʧʨʦʜʫʢʮʠʿʫ ʘʟʦʪ-ʤʦʥʦʢʩʠʜʘ ʢʘʦ ʩʠʛʥʘʣʥʦʛ 

ʤʦʣʝʢʫʣʘ ʠ ʨʝʛʫʣʠʰʫ˂ʠ ʝʢʩʧʨʝʩʠʿʫ ʮʠʪʦʢʠʥʘ (Saiki et al., 2017).  

ɱʦʰ 1988. ʛʦʜʠʥʝ ʩʫ ʠʟʦʣʦʚʘʥʘ ʯʝʪʠʨʠ ʩʪʝʨʦʠʜʘ ʠʟ A. blazei ʩʘ ʮʠʪʦʪʦʢʩʠʯʠʤ ʜʝʿʩʪʚʦʤ 

ʥʘ HeLa ˂ʝʣʠʿʝ (Kawagishi et al., 1988). ɼʨʫʛʘ ʩʪʫʜʠʿʘ ʥʘʚʦʜʠ ʜʘ ʣʠʧʠʜʥʘ ʬʨʘʢʮʠʿʘ ʠʟ A. 

blazei ʠʤʘ ʘʥʪʠʪʫʤʦʨʥʘ ʩʚʦʿʩʪʚʘ ʠ ʜʘ ʿʝ ʥʦʩʠʣʘʮ ʦʚʝ ʬʫʢʮʠʿʝ ʝʨʛʦʩʪʝʨʦʣ (Takaku et al., 

2001). ʆʩʠʤ ʣʠʥʦʣʥʝ ʢʠʩʝʣʠʥʝ, ʥʘʹʝʥ ʿʝ ʠ ʩʢʚʘʣʝʥ, ʧʦʣʠʥʝʟʘʩʠ˂ʝʥʘ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʿʘ ʿʝ 

ʧʨʝʢʫʨʩʦʨ ʩʪʝʨʦʠʜʘ, ʢʘʦ ʠ ʩʬʠʥʛʦʣʠʧʠʜʠ (ʛʣʫʢʦʮʝʨʝʙʨʦʟʠʜʠ), ʢʦʿʠ ʤʦʛʫ ʠʤʘʪʠ ʚʘʞʥʫ 

ʫʣʦʛʫ ʫ ʮʝʥʪʨʘʣʥʦʤ ʥʝʨʚʥʦʤ ʩʠʩʪʝʤʫ (Eira et al., 2005). ʀʩʧʠʪʠʚʘʥʘ ʿʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ 

ʪʝʭʥʠʢʘ ʝʢʩʪʨʘʢʮʠʿʘ ʝʨʛʦʩʪʝʨʦʣʘ ʠʟ ʘʛʨʦʠʥʜʫʩʪʨʠʿʩʢʠʭ ʦʩʪʘʪʘʢʘ ʥʘʢʦʥ ʛʘʿʝˁʘ A. blazei 

ʟʙʦʛ ˁʝʛʦʚʝ ʚʨʝʜʥʝ ʙʠʦʣʦʰʢʝ ʫʣʦʛʝ (Taofiq et al., 2019a). 
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2.4.2.4. ʌʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ A. blazei 

ɸʫʪʦʨʠ ʥʘʚʦʜʝ ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢ ʩʘʜʨʞʘʿ ʪʦʢʦʬʝʨʦʣʘ, p-ʭʠʜʨʦʢʩʠʙʝʥʟʦʝʚʫ ʢʠʩʝʣʠʥʫ ʢʘʦ 

ʜʦʤʠʥʘʥʪʥʫ ʬʝʥʦʣʥʫ ʢʠʩʝʣʠʥʫ ʠ p-ʢʫʤʘʨʠʥʩʢʫ ʠ ʮʠʤʝʪʥʫ ʢʠʩʝʣʠʥʫ ʫ ʪʨʘʛʦʚʠʤʘ 

(Carneiro et al., 2013). ɼʨʫʛʘ ʩʪʫʜʠʿʘ ʥʝ ʜʝʪʝʢʪʫʿʝ ʦʚʘ, ʚʝ˂ ʜʨʫʛʘ ʬʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ ï 

ʛʘʣʥʫ ʢʠʩʝʣʠʥʫ, ʩʠʨʠʥʛʠʥʩʢʫ ʢʠʩʝʣʠʥʫ ʠ ʧʠʨʦʛʘʣʦʣ (Carvajal et al., 2012). 

ʌʝʨʤʝʥʪʘʮʠʿʦʤ ʫ ʯʚʨʩʪʦʤ ʩʪʘˁʫ ʠ ʩʫʙʤʝʨʟʥʦ ʧʨʦʜʫʢʫʿʫ ʩʝ ʙʠʦʘʢʪʠʚʥʘ ʿʝʜʠˁʝˁʘ, ʢʘʦ 

ʰʪʦ ʩʫ ʝʨʛʦʩʪʝʨʦʣ, ʬʝʥʦʣʥʝ ʢʠʩʝʣʠʥʝ, ʬʣʘʚʦʥʦʠʜʠ, ʘʥʪʦʮʠʿʘʥʠ ʠ ʘʥʪʦʮʠʿʘʥʠʜʠʥʠ (de 

Oliveira et al., 2018). ʈʘʟʣʠʢʝ ʫ ʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ ʛˀʠʚʘ ʩʫ ʯʝʩʪʝ ʠ ʢʘʦ ʛʣʘʚʥʠ ʨʘʟʣʦʟʠ 

ʩʝ ʥʘʚʦʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʝˁʘ ʫ ʢʦʤʝ ʛˀʠʚʘ ʨʘʩʪʝ, ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʪʦʢʦʤ ʨʘʩʪʘ 

ʠ ʩʢʣʘʜʠʰʪʝˁʘ, ʢʘʦ ʠ ʪʠʧ ʢʦʤʧʦʩʪʘ ʠ ʢʦʨʠʰ˂ʝʥʦʛ ʹʫʙʨʠʚʘ ʢʦʜ ʛʘʿʝʥʠʭ ʛˀʠʚʘ (Carneiro 

et al., 2013). ʂʘʜʘ ʩʝ ʧʦʨʝʜʝ ʬʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ ʧʣʦʜʦʥʦʩʥʠʭ ʪʝʣʘ ʫ ʜʚʝ ʬʘʟʝ ʟʨʝʣʦʩʪʠ, 

ʨʘʟʣʠʢʝ ʩʫ ʤʠʥʦʨʥʝ, ʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʩʝ ʥʝ ʨʘʟʣʠʢʫʿʝ, ʪʘʢʦ ʜʘ ʩʝ ʧʨʝʧʦʨʫʯʫʿʝ 

ʧʨʠʤʝʥʘ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʟʨʝʣʦʩʪ (Soares et al., 2009).  

ʏʝʩʪʦ ʩʝ ʠʩʧʠʪʫʿʫ ʝʪʘʥʦʣʥʠ, ʤʝʪʘʥʦʣʥʠ ʠ ʝʪʠʣʘʮʝʪʘʪʥʠ ʝʢʩʪʨʘʢʪʠ ʠ ʟʘ ˁʠʭ ʩʫ ʥʘʚʝʜʝʥʘ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ, ʘʥʪʠʜʠʿʘʙʝʪʩʢʘ, ʘʥʪʠʢʘʥʮʝʨʦʛʝʥʘ, ʘʥʪʠʚʠʨʫʩʥʘ ʩʚʦʿʩʪʚʘ, ʢʘʦ ʠ ʤʦʛʫ˂ʘ 

ʧʨʠʤʝʥʘ ʫ ʢʦʟʤʝʪʠʯʢʝ ʩʚʨʭʝ (Carneiro et al., 2013; Carvajal et al., 2012; Faccin et al., 

2007; Gan et al., 2013; Huang & Mau, 2006; Lavitschka et al., 2007; Taofiq et al., 2019b; 

Tsai et al., 2007; Wei et al., 2020). ʉʪʫʜʠʿʘ Mourão et al. (2011) ʥʘʚʦʜʠ ʜʘ ʩʫ ʥʘʿʙʦˀʠ 

ʫʩʣʦʚʠ ʟʘ ʝʢʩʪʨʘʢʮʠʿʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʝʢʩʪʨʘʢʮʠʿʘ ʤʝʪʘʥʦʣʦʤ ʥʘ 60Áʉ 

60 ʤʠʥʫʪʘ. ʄʝʪʘʥʦʣ ʿʝ ʧʦʛʦʜʘʥ ʨʘʩʪʚʘʨʘʯ ʿʝʨ ʟʙʦʛ ʤʘʣʝ ʤʦʣʘʨʥʝ ʤʘʩʝ ʠʤʘ ʘʬʠʥʠʪʝʪ ʠ ʢʘ 

ʧʦʣʘʨʥʠʤ ʠ ʢʘ ʥʝʧʦʣʘʨʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʠ ʨʝʘʛʫʿʝ ʩʘ ʣʠʧʠʜʠʤʘ, ʝʨʛʦʩʪʝʨʦʣʦʤ ʠ ɓ-

ʛʣʫʢʘʥʠʤʘ ʠʟ ˂ʝʣʠʿʩʢʝ ʤʝʤʙʨʘʥʝ (Mourão et al., 2011). ʇʨʦʨʘʯʫʥʘʪʝ ʩʫ ʠ ʧʦʪʨʝʙʥʝ 

ʜʥʝʚʥʝ ʜʦʟʝ ʤʝʪʘʥʦʣʥʦʛ ʝʢʩʪʨʘʢʪʘ A.blazei ʠ ʩʫʰʝʥʝ ʛˀʠʚʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʢʘʦ 

ʠʥʭʠʙʠʪʦʨʠ Ŭ-ʘʤʠʣʘʟʝ ʠ Ŭ-ʛʣʫʢʦʟʠʜʘʟʝ ʢʦʜ ʜʠʿʘʙʝʪʠʯʘʨʘ (Stojkovic et al., 2019). ʊʨʝʙʘ 

ʦʙʨʘʪʠʪʠ ʧʘʞˁʫ ʠ ʥʘ ʬʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʩʝ ʚʝʟʫʿʫ ʟʘ ʧʦʣʠʩʘʭʘʨʠʜʝ 

ʠʥʪʝʨʤʦʣʝʢʫʣʩʢʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ, ʯʠʤʝ ʤʝˁʘʿʫ ʢʦʥʬʦʨʤʘʮʠʿʫ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʩʘʤʠʤ 

ʪʠʤ ˁʠʭʦʚʫ ʙʠʦʣʦʰʢʫ ʘʢʪʠʚʥʦʩʪ (Smiderle et al., 2011). ʊʘʢʦʹʝ ʪʨʝʙʘ ʧʦʜʚʫ˂ʠ ʜʘ 

ʤʝʪʘʥʦʣʥʠ ʝʢʩʪʨʘʢʪʠ ʢʦʿʠ ʩʫ ʙʦʛʘʪʠ ʬʝʥʦʣʥʠʤ ʿʝʜʠˁʝˁʠʤʘ, ʩʪʝʨʦʠʜʠʤʘ, ʪʝʨʧʝʥʠʤʘ, 

ʩʪʝʨʦʣʠʤʘ, ʢʘʦ ʠ ʝʪʘʥʦʣʥʠ ʝʢʩʪʨʘʢʪʠ ʙʦʛʘʪʠ ʬʝʥʦʣʥʠʤ ʿʝʜʠˁʝˁʠʤʘ ʠ ʪʦʢʦʬʝʨʦʣʠʤʘ 

ʠʤʘʿʫ ʧʦʣʠʩʘʭʘʨʠʜʝ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ, ʧʘ ʩʝ ʥʝ ʤʦʞʝ ʿʘʩʥʦ ʦʜʨʝʜʠʪʠ ʫʪʠʮʘʿ ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʩʫʧʩʪʘʥʮʠ (da Silva Campelo et al., 2021).  

2.4.2.5. ʊʝʨʧʝʥʠ ʠ ʪʝʨʧʝʥʦʠʜʠ A. blazei 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʜʨʫʛʠʭ ʛˀʠʚʘ, ʪʝʨʧʝʥʩʢʘ ʿʝʜʠˁʝˁʘ ʠʟ A.blazei ʥʠʩʫ ʙʠʣʘ ʫ ʬʦʢʫʩʫ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʦʤʠʥʘʥʪʥʫ ʙʠʦʣʦʰʢʫ ʫʣʦʛʫ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ 

ʧʨʦʪʝʠʥʘ. ʅʘʹʝʥʦ ʿʝ ʜʘ ʝʨʛʦʩʪʘʥʠ ʠʟ A.blazei ʠʤʘʿʫ ʮʠʪʦʪʦʢʩʠʯʥʦ ʜʝʿʩʪʚʦ ʥʘ ˂ʝʣʠʿʝ ʨʘʢʘ 

ʿʝʪʨʝ (Ueguchi et al., 2011), ʘ ʦʪʢʨʠʚʝʥʠ ʩʫ ʠ ʙʣʘʟʝʠʩʧʠʨʦʣʠ, ʟʘʩʝʙʥʘ ʢʣʘʩʘ ʩʧʠʨʦ-

ʪʨʠʪʝʨʧʝʥʦʠʜʘ ʩʘ ʢʦʨʠʩʥʠʤ ʙʠʦʣʦʰʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʢʘʦ ʰʪʦ ʿʝ ʩʥʠʞʘʚʘˁʝ ʥʠʚʦʘ 

ʭʦʣʝʩʪʝʨʦʣʘ, ʘ ʧʦʰʪʦ ʩʝ ʿʘʚˀʘʿʫ ʩʘʤʦ ʫ ʦʢʚʠʨʫ ʦʚʝ ʚʨʩʪʝ, ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʛʫ 

ʧʦʩʣʫʞʠʪʠ ʠ ʢʘʦ ʭʝʤʦʪʘʢʩʦʥʦʤʩʢʠ ʤʘʨʢʝʨ (Thongklang et al., 2017). 

2.4.2.6. ʆʩʪʘʣʘ ʿʝʜʠˁʝˁʘ A. blazei 

ʋ ʧʣʦʜʦʥʦʩʥʠʤ ʪʝʣʠʤʘ ʩʝ ʫ ʚʝ˂ʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʥʘʣʘʟʝ ʬʫʤʘʨʥʘ ʠ ʤʣʝʯʥʘ 

ʢʠʩʝʣʠʥʘ, ʘ ʧʨʠʩʫʪʥʝ ʩʫ ʠ ʩʠʨ˂ʝʪʥʘ, ʿʘʙʫʯʥʘ, ʧʠʨʦʛʣʫʪʘʤʠʥʩʢʘ, ʤʨʘʚˀʘ, ʣʠʤʫʥʩʢʘ ʠ 

ʦʢʩʘʣʥʘ ʢʠʩʝʣʠʥʘ (Cho et al., 2008). Carvajal et al. (2012) ʥʘʚʦʜʠ ʠ ʙʝʥʟʦʝʚʫ, Ŭ-

ʢʝʪʦʛʣʫʪʘʨʥʫ ʠ trans-ʘʢʦʥʠʪʠʥʩʢʫ ʢʠʩʝʣʠʥʫ. ʄʦʛʫ˂ʝ ʩʠʥʝʨʛʠʩʪʠʯʢʦ ʜʝʿʩʪʚʦ ʦʨʛʘʥʩʢʠʭ 

ʢʠʩʝʣʠʥʘ ʠ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʪʝʢ ʪʨʝʙʘ ʠʩʧʠʪʘʪʠ. 

ʇʨʝʤʘ ʧʫʙʣʠʢʦʚʘʥʠʤ ʩʪʫʜʠʿʘʤʘ, ʢʘʜʘ ʩʝ ʩʘʛʣʝʜʘʿʫ in vivo ʠʩʪʨʘʞʠʚʘˁʘ ʤʝʜʠʮʠʥʩʢʠʭ 

ʝʬʝʢʘʪʘ ʤʘʢʨʦʛˀʠʚʘ, ʚʝ˂ʠʥʘ ʩʪʫʜʠʿʘ ʢʦʨʠʩʪʠ ʩʠʨʦʚʝ ʝʢʩʪʨʘʢʪʝ, ʧʨʠʧʨʝʤˀʝʥʝ ʦʜ ʮʝʣʠʭ 
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ʧʣʦʜʦʥʦʩʥʠʭ ʪʝʣʘ ʛˀʠʚʘ. ʂʘʜʘ ʩʝ ʫ ʠʩʭʨʘʥʫ ʞʠʚʦʪʠˁʘ ʫʚʝʜʝ ʩʠʨʦʚʘ ʛˀʠʚʘ, ʫʪʠʯʝ ʥʘ 

ʩʥʠʞʘʚʘˁʝ ʥʠʚʦʘ ʭʦʣʝʩʪʝʨʦʣʘ ʠ ʣʠʧʠʜʘ, ʠʤʘ ʠʤʫʥʦʤʦʜʫʣʘʪʦʨʩʢʘ ʩʚʦʿʩʪʚʘ, ʤʦʞʝ ʩʝ 

ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʝʚʝʥʮʠʿʫ ʢʘʥʮʝʨʘ ʠ ʢʘʦ ʢʦʘʜʿʫʚʘʥʩ (ʜʦʜʘʪʘʥ ʦʙʣʠʢ ʪʝʨʘʧʠʿʝ) ʢʦʜ 

ʭʝʤʦʪʝʨʘʧʠʿʝ (de Miranda et al., 2017; Henriques et al., 2016; Ishii et al., 2011). ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʩʪʫʜʠʿʘ Mukai et al. (2006) ʥʘʚʦʜʠ ʥʝʢʦʣʠʢʦ ʩʣʫʯʘʿʝʚʘ ʛʜʝ ʩʫ ʧʘʮʠʿʝʥʪʠ ʢʦʿʠ 

ʙʦʣʫʿʫ ʦʜ ʨʘʢʘ ʠʤʘʣʠ ʧʦʨʝʤʝ˂ʘʿ ʬʫʥʢʮʠʿʝ ʿʝʪʨʝ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʫʟʨʦʢʦʚʘʥʦ 

ʝʢʩʪʨʘʢʪʠʤʘ A.blazei, ʤʘʜʘ ʩʝ ʥʝ ʤʦʞʝ ʿʘʩʥʦ ʫʪʚʨʜʠʪʠ. ɸʫʪʦʨʠ ʥʘʛʣʘʰʘʚʘʿʫ ʜʘ ʩʝ ʠ 

ʩʫʧʩʪʘʥʮʝ ʢʦʨʠʰ˂ʝʥʝ ʫ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʿ ʠ ʘʣʪʝʨʥʘʪʠʚʥʦʿ ʤʝʜʠʮʠʥʠ ʥʝ ʩʤʝʿʫ ʦʣʘʢʦ 

ʢʦʨʠʩʪʠʪʠ ʙʝʟ ʦʟʙʠˀʥʠʭ ʢʣʠʥʠʯʢʠʭ ʩʪʫʜʠʿʘ (Dias et al., 2004; Mukai et al., 2006). ʊʘʢʦʹʝ 

ʩʝ ʥʘʚʦʜʠ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʿʦʰ ʩʪʫʜʠʿʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʪʚʨʜʠʣʦ ʘʥʪʠʤʠʢʨʦʙʥʦ ʜʝʿʩʪʚʦ, ʢʘʦ ʠ 

ʜʘ ʙʠ ʩʝ ʦʧʨʘʚʜʘʣʘ ʰʠʨʦʢʘ ʧʦʪʨʦʰˁʘ ʦʚʝ ʛˀʠʚʝ ʢʘʦ ʩʫʧʣʝʤʝʥʪʘ (Firenzuoli et al., 2008; 

Lima et al., 2016). ʉʧʨʦʚʝʜʝʥʘ ʿʝ ʧʨʚʘ ʬʘʟʘ ʢʣʠʥʠʯʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ 78 ʦʥʢʦʣʦʰʢʠʭ 

ʧʘʮʠʿʝʥʘʪʘ ʫ ʨʝʤʠʩʠʿʠ ʢʦʿʠ ʩʫ ʫʟʠʤʘʣʠ ʨʘʟʣʠʯʠʪʝ ʜʦʟʝ A.blazei ʪʦʢʦʤ ʰʝʩʪ ʤʝʩʝʮʠ. ʂʦʜ 

ʚʝ˂ʠʥʝ ʧʘʮʠʿʝʥʘʪʘ ʥʠʿʝ ʠʟʘʟʚʘʥ ʥʠʢʘʢʘʚ ʧʨʦʙʣʝʤ, ʢʦʜ ʜʝʚʝʪ ʧʘʮʠʿʝʥʘʪʘ ʩʫ ʧʨʠʤʝ˂ʝʥʘ 

ʥʝʞʝˀʝʥʘ ʜʝʿʩʪʚʘ ʧʦʧʫʪ ʤʫʯʥʠʥʝ ʠ ʜʠʿʘʨʝʿʝ, ʘ ʩʘʤʦ ʿʝʜʘʥ ʧʘʮʠʿʝʥʪ ʿʝ ʨʘʟʚʠʦ 

ʜʠʩʬʫʥʢʮʠʿʫ ʿʝʪʨʝ ʢʘʦ ʨʝʟʫʣʪʘʪ ʘʣʝʨʛʠʿʝ ʥʘ ʥʝʠʜʝʥʪʠʬʠʢʦʚʘʥʫ ʩʫʧʩʪʘʥʮʫ (Ohno et al., 

2011). ʂʦʨʠʰ˂ʝˁʝ ʝʢʩʪʨʘʢʪʘ A. blazei ʢʦʜ ʧʘʮʠʿʝʥʘʪʘ ʢʦʿʠ ʩʫ ʥʘ ʭʝʤʦʪʝʨʘʧʠʿʠ ʟʙʦʛ 

ʛʠʥʝʢʦʣʦʰʢʠʭ ʢʘʥʮʝʨʘ ʧʦʚʝ˂ʘʚʘ ʘʢʪʠʚʥʦʩʪ ˂ʝʣʠʿʘ ʫʙʠʮʘ (ʛʨʫʧʘ ʣʠʤʬʦʮʠʪʘ) ʠ ʫʙʣʘʞʘʚʘ 

ʥʝʞʝˀʝʥʝ ʝʬʝʢʪʝ ʭʝʤʦʪʝʨʘʧʠʿʝ ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʤʝʥʝ ʫ ʘʧʝʪʠʪʫ, ʘʣʦʧʝʮʠʿʘ, ʝʤʦʮʠʦʥʘʣʥʘ 

ʥʝʩʪʘʙʠʣʥʦʩʪ ʠ ʦʧʰʪʘ ʩʣʘʙʦʩʪ ʦʨʛʘʥʠʟʤʘ (Ahn et al., 2004).   

2.4.3. Laetiporus sulphureus 

 

ʂʣʘʩʠʬʠʢʘʮʠʿʘ: 

 

ʇʦʜʨʘʟʜʝʦ: Basidiomycotina 

ʂʣʘʩʘ: Hymenomycetes  

ʈʝʜ: Aphyllophorales  

ʌʘʤʠʣʠʿʘ: Polyporaceae  

ʈʦʜ: Laetiporus  

 

ʉʣʠʢʘ 2.8. ʇʣʦʜʦʥʦʩʥʘ ʪʝʣʘ Laetiporus sulphureus  

(https://www.inaturalist.org/taxa/53713-Laetiporus-sulphureus) 

Laetiporus sulphureus (Bull.) Murrill  ʿʝ ʤʘʢʨʦʤʠʮʝʪʘ ʯʠʿʝ ʿʝ ʠʤʝ ʩʧʦʿ ʣʘʪʠʥʩʢʠʭ ʨʝʯʠ 

Ălaetiñ ʠ Ăporñ, ʰʪʦ ʟʥʘʯʠ ʩʘ ʩʚʝʪʣʠʤ ʧʦʨʘʤʘ, ʜʦʢ ʩʝ sulphureus ʦʜʥʦʩʠ ʥʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʫ ʞʫʪʦ-ʥʘʨʘʥ˅ʘʩʪʫ ʙʦʿʫ ʧʣʦʜʦʥʦʩʥʠʭ ʪʝʣʘ (ʩʣʠʢʘ 2.8.). ɱʦʰ 1789. 

ʬʨʘʥʮʫʩʢʠ ʙʦʪʘʥʠʯʘʨ ɹʫʣʠʿʘʨ (ʬʨ. Bulliard) ʿʝ ʦʧʠʩʘʦ ʦʚʫ ʛˀʠʚʫ ʢʘʦ Boletus sulphureus 

(Khatua et al., 2017). ɸʤʝʨʠʯʢʠ ʤʠʢʦʣʦʛ ʄʫʨʠʣ (Murrill) ʥʘʧʨʘʚʠʦ ʿʝ ʨʝʜ Laetiporus 

1904. ʛʦʜʠʥʝ ʠ 1920. ʫ ˁʝʛʘ ʧʨʝʙʘʮʠʦ Polyporus sulphureus (Radic et al., 2009). ʆʚʘ 

ʛˀʠʚʘ ʥʘʩʝˀʘʚʘ ʩʚʝ ʢʦʥʪʠʥʝʥʪʝ ʦʩʠʤ ɸʥʪʘʨʢʪʠʢʘ, ʤʦʞʝ ʩʝ ʥʘ˂ʠ ʰʠʨʦʤ ɽʚʨʦʧʝ ʠ 

ʉʝʚʝʨʥʝ ɸʤʝʨʠʢʝ, ʘ ʧʦʟʥʘʪʘ ʿʝ ʠ ʫ ʉʨʙʠʿʠ ʢʘʦ ʰʫʤʩʢʘ ʣʝʧʝʟʘ (ʟʙʦʛ ʦʙʣʠʢʘ) ʠʣʠ ʰʫʤʩʢʦ 

ʧʠʣʝ, ʿʝʨ ˁʝʥ ʫʢʫʩ ʧʦʜʩʝ˂ʘ ʥʘ ʫʢʫʩ ʧʠʣʝ˂ʝʛ ʤʝʩʘ, ʘ ʧʨʝʤʘ ʥʝʢʠʤʘ ʠ ʥʘ ʫʢʫʩ ʤʦʨʩʢʦʛ 
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ʨʘʢʘ ʠʣʠ ʿʘʩʪʦʛʘ (Khatua et al., 2017; Petroviĺ, 2018; Ziaja et al., 2018). ʂʦʣʦʥʠʟʫʿʝ ʩʪʘʙʣʘ 

ʣʠʩʪʦʧʘʜʥʦʛ ʠ ʯʝʪʠʥʘʨʩʢʦʛ ʜʨʚʝ˂ʘ. ʇʣʦʜʦʥʦʩʥʘ ʪʝʣʘ ʥʠʩʫ ʿʝʩʪʠʚʘ ʫ ʩʚʝʞʝʤ ʩʪʘˁʫ, ʚʝ˂ 

ʥʘʢʦʥ ʪʝʨʤʠʯʢʝ ʦʙʨʘʜʝ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʟʘʙʝʣʝʞʝʥ ʿʝʜʘʥ ʩʣʫʯʘʿ ʪʨʦʚʘˁʘ 

1988. ʛʦʜʠʥʝ (Petroviĺ, 2018; Ziaja et al., 2018). ʈʘʟʣʦʛ ʤʦʞʝ ʙʠʪʠ ʠ ʧʦʛʨʝʰʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ, ʿʝʨ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʥʘʚʦʜʠ ʜʘ ʩʫ ʚʨʩʪʝ ʫ ʦʢʚʠʨʫ ʨʦʜʘ Laetiporus 

ʧʨʦʙʣʝʤʘʪʠʯʥʝ ʟʘ ʨʘʟʣʠʢʦʚʘˁʝ. ʋʢʦʣʠʢʦ ʨʘʩʪʝ ʥʘ ʯʝʪʠʥʘʨʠʤʘ, ʣʘʢʦ ʩʝ ʤʦʞʝ ʧʦʤʝʰʘʪʠ 

ʩʘ Laetiporus conifericola ʠʣʠ Laetiporus huronensis, ʘ ʫʢʦʣʠʢʦ ʨʘʩʪʝ ʥʘ ʭʨʘʩʪʫ ʠʣʠ 

Eucalyptus sp. ʤʦʞʝ ʩʝ ʨʘʜʠʪʠ ʦ  Laetiporus gilbertsonii ʠʣʠ Laetiporus cincinnatus, ʧʘ 

ʘʫʪʦʨʠ ʧʨʝʧʦʨʫʯʫʿʫ ʦʩʣʘˁʘˁʝ ʥʘ ɼʅʂ ʘʥʘʣʠʟʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʚʨʩʪʝ ʫ ʦʢʚʠʨʫ ʨʦʜʘ 

(Grienke et al., 2014). ɿʘʙʝʣʝʞʝʥʝ ʩʫ ʩʪʫʜʠʿʝ ʢʦʿʝ ʠʩʪʨʘʞʫʿʫ ʧʨʦʠʟʚʦʜˁʫ ʧʣʦʜʦʥʦʩʥʠʭ 

ʪʝʣʘ ʥʘ ʚʝʰʪʘʯʢʠʤ ʩʫʧʩʪʨʘʪʠʤʘ, ʦʧʪʠʤʘʣʥʝ ʫʩʣʦʚʝ ʟʘ ʩʫʙʤʝʨʟʥʦ ʛʘʿʝˁʝ ʤʠʮʝʣʠʿʘ, ʢʘʦ ʠ 

ˁʝʛʦʚʘ ʙʠʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ (Fidler et al., 2013; Luangharn et al., 2014; Petrovic et al., 2011; 

PleszczyŒska et al., 2013; Popa et al., 2016).  

ʅʫʪʨʠʪʠʚʥʠ ʠ ʭʝʤʠʿʩʢʠ ʧʨʦʬʠʣʠ ʛˀʠʚʘ ʤʦʛʫ ʿʘʢʦ ʚʘʨʠʨʘʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʘʜʨʞʘʿʘ 

ʚʣʘʛʝ, ʤʦʤʝʥʪʘ ʢʘʜʘ ʩʫ ʫʙʨʘʥʝ, ʟʨʝʣʦʩʪʠ ʠ ʫʩʣʦʚʘ ʦʢʦʣʠʥʝ, ʢʘʦ ʰʪʦ ʩʫ ʚʣʘʞʥʦʩʪ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʫʩʣʦʚʠ ʯʫʚʘˁʘ, ʩʪʘʜʠʿʫʤ ʨʘʩʪʘ, ʣʦʢʘʮʠʿʘ ʠʪʜ. (Ayaz et al., 2011; Grienke et 

al., 2014). ʅʫʪʨʠʪʠʚʥʠ ʩʘʩʪʘʚ ʯʠʥʝ ʫʛˀʝʥʠ ʭʠʜʨʘʪʠ (64,90 g), ʤʘʩʪʠ (5,85 g) ʠ ʧʨʦʪʝʠʥʠ 

(11,90 g ʥʘ 100 g ʩʫʚʝ ʤʘʩʝ ʧʣʦʜʦʥʦʩʥʦʛ ʪʝʣʘ), ʜʦʢ ʿʝ ʝʥʝʨʛʝʪʩʢʘ ʚʨʝʜʥʦʩʪ 360 ï 375 kcal 

(Ayaz et al., 2011; Petroviĺ et al., 2014b). ʉʘʜʨʞʘʿ ʧʝʧʝʣʘ ʠʟʥʦʩʠ 4 g / 100 g, ʜʦʢ ʿʝ 

ʩʘʜʨʞʘʿ ʚʣʘʛʝ 13,30 g / 100 g (Ayaz et al., 2011). ʋ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʠʩʧʠʪʠʚʘʥʝ ʛˀʠʚʝ, L. 

sulphureus ʠʟʜʚʘʿʘ ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ, ʢʘʣʮʠʿʫʤʘ ʠ ʭʝʧʪʘʜʝʢʘʥʩʢʝ 

ʢʠʩʝʣʠʥʝ, ʢʘʦ ʠ ʥʠʞʠ ʩʘʜʨʞʘʿ ʚʦʜʝ (Palazzolo et al., 2012). ʂʘʦ ʠ ʚʝ˂ʠʥʘ ʛˀʠʚʘ, ʜʦʙʘʨ ʿʝ 

ʠʟʚʦʨ ʧʨʦʪʝʠʥʘ ʠ ʝʩʝʥʮʠʿʘʣʥʠʭ ʘʤʠʥʦʢʠʩʝʣʠʥʘ, ʜʦʢ ʩʫ ʩʘʜʨʞʘʿ ʤʘʩʪʠ ʠ ʢʘʣʦʨʠʿʩʢʘ 

ʚʨʝʜʥʦʩʪ ʥʠʩʢʝ, ʰʪʦ ʿʝ ʯʠʥʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʟʜʨʘʚʦʤ ʭʨʘʥʦʤ ʠ ʩʘʩʪʘʚʥʠʤ ʜʝʣʦʤ 

ʙʘʣʘʥʩʠʨʘʥʝ ʠʩʭʨʘʥʝ (Ayaz et al., 2011; Palazzolo et al., 2012; Petroviĺ et al., 2014b). 

2.4.3.1. ʇʦʣʠʩʘʭʘʨʠʜʠ L. sulphureus 

Olennikov et al. (2008) ʩʫ ʥʘʢʦʥ ʜʝʪʘˀʥʠʭ ʘʥʘʣʠʟʘ ʧʨʦʥʘʰʣʠ ʩʣʦʙʦʜʥʝ ʫʛˀʝʥʦʭʠʜʨʘʪʥʝ 

ʢʦʤʧʦʥʝʥʪʝ (ʪʨʝʭʘʣʦʟʫ, ʘʨʘʙʠʪʦʣ ʠ ʤʘʥʠʪʦʣ), ʧʦʣʠʩʘʭʘʨʠʜʝ ʨʘʩʪʚʦʨˀʠʚʝ ʫ ʚʦʜʠ (ʇɺ) ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʝ ʨʘʩʪʚʦʨˀʠʚʝ ʫ ʙʘʟʘʤʘ (ʇɹ). ʄʦʥʦʩʘʭʘʨʠʜʥʠ ʩʘʩʪʘʚ ʇɺ ʫʢˀʫʯʫʿʝ: 

ʬʫʢʦʟʫ, ʤʘʥʦʟʫ, ʛʣʫʢʦʟʫ ʠ ʛʘʣʘʢʪʦʟʫ, ʢʘʦ ʠ ʢʩʠʣʦʟʫ, ʨʘʤʥʦʟʫ ʠ ʘʨʘʙʠʥʦʟʫ ʫ ʪʨʘʛʦʚʠʤʘ. 

ʊʦʪʘʣʥʦʤ ʭʠʜʨʦʣʠʟʦʤ ʇɹ ʜʦʙʠʿʘ ʩʝ ʩʘʤʦ ʛʣʫʢʦʟʘ. ʆʩʠʤ ʦʚʦʛʘ, ʘʫʪʦʨʠ ʥʘʚʦʜʝ ʠ 

ʧʨʠʩʫʩʪʚʦ ʭʠʪʠʥʘ. ɸʥʘʣʠʟʦʤ ʦʚʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʬʘʟʝ ʨʘʩʪʘ 

ʧʣʦʜʦʥʦʩʥʠʭ ʪʝʣʘ, ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʝ ʩʣʦʙʦʜʥʠ ʫʛˀʝʥʠ ʭʠʜʨʘʪʠ, ʇɹ ʠ ʭʠʪʠʥ ʿʘʚˀʘʿʫ ʥʘ 

ʢʨʘʿʫ ʨʘʩʪʘ, ʜʦʢ ʩʝ ʇɺ ʥʘʿʚʠʰʝ ʿʘʚˀʘʿʫ ʪʦʢʦʤ ʩʘʟʨʝʚʘˁʘ ʟʙʦʛ ʩʚʦʿʝ ʩʢʣʘʜʠʰʥʝ ʫʣʦʛʝ 

(Olennikov et al., 2008).  

ʋʜʝʦ ʇɺ ʫ ʧʣʦʜʦʥʦʩʥʠʤ ʪʝʣʠʤʘ ʿʝ ʥʝʰʪʦ ʥʠʞʠ ʦʜ 4% ʠ ʢʘʦ ˁʝʛʦʚʘ ʥʘʿʟʥʘʯʘʿʥʠʿʘ 

ʢʦʤʧʦʥʝʥʪʘ ʥʘʚʦʜʠ ʩʝ ʣʝʪʠʧʦʨʘʥ ɸ, ʨʘʟʛʨʘʥʘʪʠ ʛʘʣʘʢʪʦʤʘʥʦʛʣʫʢʘʥ ʩʘ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʤ ʩʚʦʿʩʪʚʠʤʘ (Olennikov et al., 2009b). ɼʨʫʛʘ ʩʪʫʜʠʿʘ ʥʘʚʦʜʠ ʩʣʠʯʘʥ 

ʨʘʟʛʨʘʥʘʪʠ ʭʝʪʝʨʦʧʦʣʠʩʘʭʘʨʠʜ - ʬʫʢʦʤʘʥʦʛʘʣʘʢʪʘʥ ʩʘ ʛʣʘʚʥʠʤ ʣʘʥʮʝʤ ʦʜ (1,6)-Ŭ-D-

ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜʥʠʭ ʿʝʜʠʥʠʮʘ ʜʝʣʠʤʠʯʥʦ ʩʫʧʩʪʠʪʫʠʩʘʥ ʣʘʥʮʠʤʘ ʤʘʥʦʟʝ, ʬʫʢʦʟʝ ʠ 

ʛʘʣʘʢʪʦʟʝ (Alquini et al., 2004). ʀʩʧʠʪʠʚʘˁʘ ʇɹ ʜʦʚʝʣʘ ʩʫ ʜʦ ʦʪʢʨʠ˂ʘ ʣʠʥʝʘʨʥʦʛ 

ʥʝʨʘʟʛʨʘʥʘʪʦʛ ɓ-1,3-ʛʣʫʢʘʥʘ ʥʘʟʚʘʥʦʛ ʣʘʪʠʛʣʫʢʘʥ I (latiglucan I), ʩʣʠʯʥʦʛ ʢʘʦ 

ʧʦʣʠʩʭʘʨʠʜʠ ʙʘʢʪʝʨʠʿʘ ʠʣʠ ʘʣʛʠ, ʥʝʫʦʙʠʯʘʿʝʥʦʛ ʟʘ ʛˀʠʚʝ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ ʨʘʟʛʨʘʥʘʪʠ 

ʣʘʥʮʠ ɓ-ʛʣʫʢʘʥʘ (Olennikov et al., 2009a). Alquini et al. (2004) ʪʘʢʦʹʝ ʥʘʚʦʜʝ ʧʨʠʩʫʩʪʚʦ 

ʣʠʥʝʘʨʥʦʛ ɓ-ʛʣʫʢʘʥʘ ʩʘ ʛʣʘʚʥʠʤ ʣʘʥʮʝʤ ʠʟʛʨʘʹʝʥʠʤ ʦʜ (1,3) ʚʝʟʘ ʥʝʨʘʩʪʚʦʨˀʠʚʦʛ ʫ 

ʚʦʜʠ. ʇʦʨʝʜ ʦʚʠʭ ʧʦʣʠʩʘʭʘʨʠʜʘ, ʫ ʬʨʘʢʮʠʿʠ ʇɹ ʤʦʛʫ ʩʝ ʥʘ˂ʠ ʠ ʤʘˁʝ ʟʘʩʪʫʧˀʝʥʠ 

ʧʦʣʠʩʘʭʘʨʠʜʠ ʣʝʪʠʛʣʫʢʘʥ II (laetiglucan II; ʨʘʟʛʨʘʥʘʪʠ ɓ-1,3-ʛʣʫʢʘʥ) ʠ ʣʝʪʠʛʣʫʢʘʥ III 

(laetiglucan III; ʣʠʥʝʘʨʥʠ Ŭ-1,3-ʛʣʫʢʘʥ) (Olennikov et al., 2010). ʅʘʚʦʜʠ ʩʝ ʠ ʜʘ ˂ʝʣʠʿʩʢʠ 



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

32 

ʟʠʜʦʚʠ ʦʚʝ ʛˀʠʚʝ ʩʘʜʨʞʝ ʠ ʜʦ 88% Ŭ-ʛʣʫʢʘʥʘ, ʜʦʢ ʩʝ ʢʦʜ ʦʩʪʘʣʠʭ ʛˀʠʚʘ ʢʨʝ˂ʝ ʫ ʦʧʩʝʛʫ 

9-46% (Grienke et al., 2014). ʄʥʦʛʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʙʠʦʣʦʰʢʠʤ ʫʣʦʛʘʤʘ ʩʫ 

ʠʟʦʣʦʚʘʥʠ ʥʝ ʩʘʤʦ ʠʟ ʧʣʦʜʦʥʦʩʥʠʭ ʪʝʣʘ, ʚʝ˂ ʠ ʠʟ ʤʠʮʝʣʠʿʘ ʩʫʙʤʝʨʟʥʦ ʛʘʿʝʥʦʛ L. 

sulphureus ʠ ʧʦʩʝʜʫʿʫ ʯʠʪʘʚ ʩʧʝʢʪʘʨ ʢʦʨʠʩʥʠʭ ʙʠʦʣʦʰʢʠʭ ʩʚʦʿʩʪʘʚʘ (Hwang et al., 2008; 

Hwang & Yun, 2010; Lung & Huang, 2012; Seo et al., 2011). ʂʘʨʙʦʢʩʠʤʝʪʠʣʦʚʘˁʝʤ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʤʦʞʝ ʩʝ ʫʪʠʮʘʪʠ ʥʘ ʧʦʚʝ˂ʘˁʝ ʦʜʨʝʹʝʥʠʭ ʙʠʦʣʦʰʢʠʭ ʩʚʦʿʩʪʘʚʘ (Wiater et 

al., 2011). ʏʘʢ ʩʝ ʥʘʚʦʜʠ ʠ ʜʘ ʧʦʣʠʩʘʭʘʨʠʜʠ ʢʦʿʠ ʟʘʦʩʪʘʿʫ ʥʘ ʠʩʢʦʨʠʰ˂ʝʥʠʤ 

ʩʫʧʩʪʨʘʪʠʤʘ ʟʘ ʫʟʛʦʿ L. sulphurʝus ʤʦʛʫ ʜʘ ʩʝ ʝʢʩʪʨʘʭʫʿʫ ʠ ʜʘ ʩʝ ʟʙʦʛ ʩʚʦʿʝ 

ʙʠʦʘʢʪʠʚʥʦʩʪʠ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʫ ʧʨʦʠʟʚʦʜˁʠ ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ ʠʣʠ ʣʝʢʦʚʘ (Zhao et 

al., 2017).  

ɱʦʰ 1982. ʿʝ ʟʘʧʦʯʝʪʦ ʩʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʙʠʦʣʦʰʢʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ 

ʧʨʦʪʝʠʥʩʢʦ-ʧʦʣʠʩʘʭʘʨʠʜʥʘ ʬʨʘʢʮʠʿʘ ʧʦʩʝʜʫʿʝ ʘʥʪʠʪʫʤʦʨʥʘ ʩʚʦʿʩʪʚʘ (Kang et al., 1982). 

ɺʦʜʝʥʠ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪʠ ʧʦʩʝʜʫʿʫ ʢʦʨʠʩʥʘ ʙʠʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ, ʢʘʦ ʰʪʦ ʩʫ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ, ʘʥʪʠʤʠʢʨʦʙʥʘ ʠ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘ (Klaus et al., 2013; Younis et al., 

2019). 

2.4.3.2. ʇʨʦʪʝʠʥʠ L. sulphureus 

ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʥʘʚʦʜʠ 14% ʧʨʦʪʝʠʥʘ ʨʘʯʫʥʘʪʦ ʥʘ ʩʫʚʫ ʤʘʪʝʨʠʿʫ, ʦʜ ʯʝʛʘ 

ʧʨʦʮʝʥʪʫʘʣʥʦ ʠʤʘ ʥʘʿʚʠʰʝ ʘʣʙʫʤʠʥʘ (ʧʨʝʢʦ 20%) (Bauer Petrovska, 2001). ʂʦʜ L. 

sulphureus ʧʨʠʢʫʧˀʝʥʠʭ ʩʘ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʣʦʢʘʮʠʿʝ ʫ ʄʘʹʘʨʩʢʦʿ ʧʨʦʥʘʹʝʥʦ ʿʝ ʜʘ 

ʧʨʦʮʝʥʘʪ ʧʨʦʪʝʠʥʘ ʚʘʨʠʨʘ ʦʜ 8,4 ʜʦ 12,9% (Kovács & Vetter, 2015). ɹʠʦʣʦʰʢʘ ʚʨʝʜʥʦʩʪ 

ʧʨʦʪʝʠʥʘ ʿʝ ʜʦʙʨʘ, ʧʦʰʪʦ in vitro ʜʠʛʝʩʪʠʿʘʤʘ ʧʦʜʣʝʞʝ 86% ʫʢʫʧʥʠʭ ʧʨʦʪʝʠʥʘ (Kovács 

& Vetter, 2015). ʂʘʨʘʢʪʝʨʠʰʝ ʿʝ ʠ ʜʦʙʘʨ ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʠ ʩʘʩʪʘʚ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ 

ʝʩʝʥʮʠʿʘʣʥʠʭ ʘʤʠʥʦʢʠʩʝʣʠʥʘ (Agafonova et al., 2007). ʄʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʠʟʚʦʨ 

ʪʝʨʤʦʩʪʘʙʠʣʥʠʭ ɓ-1,3-1,4 ʛʣʫʢʘʥʘʟʘ ʟʘ ʧʨʠʤʝʥʫ ʫ ʠʥʜʫʩʪʨʠʿʠ (Hong et al., 2009) ʠ ʢʘʦ 

ʠʟʚʦʨ ʪʝʨʤʦʩʪʘʙʠʣʥʠʭ ʢʩʠʣʘʥʘʟʘ (Lee et al., 2009). ʅʘʿʚʠʰʝ ʩʫ ʠʩʧʠʪʠʚʘʥʠ ʣʝʢʪʠʥʠ, 

ʢʣʘʩʘ ʧʨʦʪʝʠʥʘ ʢʦʿʠ ʩʝ ʟʙʦʛ ʩʚʦʿʝ ʩʪʨʫʢʪʫʨʝ ʚʝʟʫʿʫ ʩʘ ʛʣʠʢʦʧʨʦʪʝʠʥʠʤʘ, ʤʦʥʦ- ʠʣʠ 

ʦʣʠʛʦʩʘʭʘʨʠʜʠʤʘ ʠ ʠʩʧʦˀʘʚʘʿʫ ʢʦʨʠʩʥʘ ʙʠʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ (Konska et al., 1994; 

Mancheño et al., 2010; Y. Wang et al., 2018). ʃʝʢʪʠʥʠ ʥʠʩʫ ʪʦʩʠʯʥʠ ʫ ʦʜʨʝʹʝʥʠʤ  ʜʦʟʘʤʘ, 

ʘ ʠʥʭʠʙʠʨʘʿʫ ʘʥʛʠʦʛʝʥʝʟʫ ʠ ʨʘʟʚʦʿ ʢʘʥʮʝʨʘ, ʰʪʦ ʿʝ ʧʦʪʚʨʹʝʥʦ ʫ in vivo ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ 

(Petroviĺ et al., 2020). ʀʟ ʦʚʝ ʛˀʠʚʝ ʠʟʦʣʦʚʘʥʘ ʿʝ ʠ ʘʩʧʘʨʪʘʪʥʘ ʧʨʦʪʝʘʟʘ ʠ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ 

ʨʘʟʣʘʞʝ Ŭ-s1-ʢʘʟʝʠʥ ʩʣʠʯʥʦ ʢʘʦ ʜʨʫʛʠ ʝʥʟʠʤʠ, ʜʦʢ ʩʘ ɓ-ʢʘʟʝʠʥʦʤ ʜʘʿʝ ʰʠʨʠ ʩʧʝʢʪʘʨ 

ʧʨʦʜʫʢʘʪʘ ʨʘʟʛʨʘʜˁʝ (Kobayashi & Kim, 2003). 

2.4.3.3. ʃʠʧʠʜʠ L. sulphureus 

ʋʢʫʧʘʥ ʩʘʜʨʞʘʿ ʣʠʧʠʜʘ ʚʘʨʠʨʘ ʧʨʠʙʣʠʞʥʦ ʦʜ 1,6 ʜʦ 2,5% ʩʫʚʝ ʤʘʩʝ, ʟʘʚʠʩʥʦ ʦʜ ʥʘʯʠʥʘ 

ʝʢʩʪʨʘʢʮʠʿʝ ʠʣʠ ʪʠʧʘ ʝʢʩʪʨʘʢʮʠʦʥʦʛ ʩʨʝʜʩʪʚʘ (Sinanoglou et al., 2015). ʅʘʿʙʨʦʿʥʠʿʠ ʩʫ 

ʥʝʫʪʨʘʣʥʠ ʣʠʧʠʜʠ (ʜʦʤʠʥʘʥʪʥʠ ʪʨʠʛʣʠʮʝʨʠʜ), ʟʘʪʠʤ ʬʦʩʬʦʣʠʧʠʜʠ (ʜʦʤʠʥʘʥʪʘʥ 

ʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥ) ʠ ʛʣʠʢʦʣʠʧʠʜʠ; ʧʨʠʤʝ˂ʝʥʝ ʩʫ ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʩʪʝʨʦʣʘ, 

ʢʘʦ ʠ ʚʠʩʦʢ ʦʜʥʦʩ ʥʝʟʘʩʠ˂ʝʥʠʭ ʧʨʝʤʘ ʟʘʩʠ˂ʝʥʠʤ ʤʘʩʥʠʤ ʢʠʩʝʣʠʥʘʤʘ (Sinanoglou et al., 

2015). ɼʦʤʠʥʘʥʪʥʘ ʿʝ ʣʠʥʦʣʥʘ ʢʠʩʝʣʠʥʘ (ʧʨʝʢʦ 63%), ʘ ʩʣʝʜʝ˂ʝ ʧʦ ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʩʫ 

ʦʣʝʠʥʩʢʘ ʠ ʧʘʣʤʠʪʠʥʩʢʘ ʢʠʩʝʣʠʥʘ (Petroviĺ et al., 2014b). ʃʠʧʠʜʥʠ ʝʢʩʪʨʘʢʪʠ ʧʦʢʘʟʫʿʫ 

ʫʤʝʨʝʥʫ ʘʥʪʠʤʠʢʨʦʙʥʫ ʘʢʪʠʚʥʦʩʪ ʢʦʿʘ ʚʘʨʠʨʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʫʧʩʪʘʥʮʝ ʢʦʿʦʤ ʿʝ 

ʚʨʰʝʥʘ ʝʢʩʪʨʘʢʮʠʿʘ (Sinanoglou et al., 2015). Ericsson & Ivonne (2009) ʩʫ ʜʘʣʠ 

ʢʦʤʧʣʝʪʥʫ ʩʪʝʨʦʣʥʫ ʩʣʠʢʫ ʩʘ ʦʩʚʨʪʦʤ ʥʘ ʩʪʝʨʦʣʝ ʢʦʜ ʦʩʪʘʣʠʭ ʧʨʝʜʩʪʘʚʥʠʢʘ ʬʘʤʠʣʠʿʝ 

Polyporaceae, ʜʦʢ ʿʝ ʝʨʛʦʩʪʝʨʦʣ ʧʨʚʠ ʧʫʪ ʠʟʦʣʦʚʘʥ ʠʟ L. sulphureus ʫ ʦʚʦʤ ʨʦʜʫ 

(Martinez et al., 2015). 
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2.4.3.4. ʌʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ L. sulphureus 

ɼʦʤʠʥʘʥʪʥʘ ʬʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ ʢʦʜ ʚʝ˂ʠʥʝ ʛˀʠʚʘ ʯʠʥʝ ʬʝʥʦʣʥʝ ʢʠʩʝʣʠʥʝ (Ziaja et al., 

2012). ʂʦʜ ʩʘʤʦʥʠʢʣʠʭ L. sulphureus ʠʟ ʇʦˀʩʢʝ ʢʘʦ ʜʦʤʠʥʘʥʪʥʘ ʧʨʠʩʫʪʥʘ ʿʝ 

ʧʨʦʪʦʢʘʪʝʭʫʠʥʩʢʘ ʢʠʩʝʣʠʥʘ (17,7 ɛg / g ʩʫʚʝ ʤʘʩʝ), ʰʪʦ ʿʝ ʥʘʿʥʠʞʘ ʚʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ 

ʥʘ ʜʨʫʛʝ ʠʩʧʠʪʠʚʘʥʝ ʛˀʠʚʝ ʫ ʦʚʦʿ ʩʪʫʜʠʿʠ (Ziaja et al., 2012). ɼʨʫʛʘ ʩʪʫʜʠʿʘ ʥʘʚʦʜʠ ʚʝ˂ʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʣʥʝ ʢʠʩʝʣʠʥʝ, ʘ ʟʘʪʠʤ ʠ ʧʨʠʩʫʩʪʚʦ ʧʨʦʪʦʢʘʪʝʭʫʠʥʩʢʝ ʢʠʩʝʣʠʥʝ. 

ɿʘʙʝʣʝʞʝʥʝ ʩʫ ʠ ʮʠʤʝʪʥʘ ʠ p-ʭʠʜʨʦʢʩʠʙʝʥʟʦʝʚʘ ʢʠʩʝʣʠʥʘ (Petroviĺ et al., 2014b). ɱʦʰ ʩʝ 

ʥʘʚʦʜʠ ʠ ʜʘ ʿʝ ʥʘʹʝʥ ʤʝʣʘʥʠʥʩʢʠ ʢʦʤʧʣʝʢʩ ʫ L. sulphureus ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʪʨʠ 

ʧʦʣʠʤʝʨʘ ʬʝʥʦʣʥʝ ʧʨʠʨʦʜʝ (ʜʠʭʠʜʨʦʥʘʬʪʘʣʝʥʩʢʠ ʪʠʧ) ʫ ʢʦʥʜʝʥʟʦʚʘʥʦʿ ʬʦʨʤʠ 

(Olennikov et al., 2011a). ʋ ʣʠʪʝʨʘʪʫʨʠ ʧʦʩʪʦʿʠ ʥʝʩʣʘʛʘˁʝ ʦʢʦ ʪʦʛʘ ʢʦʿʝ ʛʨʫʧʝ ʿʝʜʠˁʝˁʘ 

ʩʫ ʥʦʩʠʦʮʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʫʣʦʛʝ ʢʦʜ ʛˀʠʚʘ. ʋ ʨʘʥʠʿʠʤ ʩʪʫʜʠʿʘʤʘ ʫʛʣʘʚʥʦʤ ʩʫ 

ʥʘʚʦʹʝʥʘ ʬʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ, ʤʘʜʘ ʩʚʝ ʚʠʰʝ ʩʪʫʜʠʿʘ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʙʠ ʧʨʘʚʠ ʥʦʩʠʦʮʠ 

ʤʦʛʣʠ ʙʠʪʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦ-ʧʨʦʪʝʠʥʩʢʠ ʢʦʤʧʣʝʢʩʠ (Karaman et al., 

2010; Olennikov et al., 2009b). ʀʧʘʢ, ʚʝʣʠʢʠ ʙʨʦʿ ʩʪʫʜʠʿʘ ʧʦʨʝʜ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ, 

ʧʦʪʚʨʹʫʿʝ ʜʨʫʛʘ ʢʦʨʠʩʥʘ ʜʝʿʩʪʚʘ ʝʪʘʥʦʣʥʠʭ ʠ ʤʝʪʘʥʦʣʥʠʭ ʝʢʩʪʨʘʢʘʪʘ, ʢʘʦ ʰʪʦ ʩʫ 

ʘʥʪʠʤʠʢʨʦʙʥʘ, ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘ, ʘʥʪʠʢʘʥʮʝʨʦʛʝʥʘ ʩʚʦʿʩʪʚʘ, ʘ ʜʝʣʫʿʫ 

ʭʠʧʦʛʣʠʢʝʤʠʿʩʢʠ ʠ ʢʘʦ ʠʥʭʠʙʠʪʦʨʠ ʘʥʛʠʦʛʝʥʝʟʝ ʠ ʤʝʣʘʥʦʛʝʥʝʟʝ ʫ in vivo 

ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ (Acharya et al., 2016; Bulam et al., 2019; Kolundzic et al., 2016; Pavic et 

al., 2021; Petroviĺ et al., 2020; Popa et al., 2016; Radic et al., 2009; Turkoglu et al., 2007; 

Younis et al., 2019; Ziaja et al., 2018). ʀʟʤʝʹʫ 57 ʚʨʩʪʘ ʛˀʠʚʘ, ʤʝʪʘʥʦʣʥʠ ʝʢʩʪʨʘʢʪ L. 

sulphureus ʿʝ ʠʟʜʚʦʿʝʥ ʟʙʦʛ ʠʟʫʟʝʪʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʠʥʭʠʙʠʮʠʿʠ ʍʀɺ-1 ʨʝʚʝʨʟʥʝ 

ʪʨʘʥʩʢʨʠʧʪʘʟʝ (Mlinaric et al., 2005). ɽʪʘʥʦʣʥʠ ʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪʠ ʧʦʢʘʟʘʣʠ ʩʫ ʦʜʣʠʯʥʫ 

ʠʥʭʠʙʠʪʦʨʥʫ ʘʢʪʠʚʥʦʩʪ ʧʨʝʤʘ ʣʝʫʢʝʤʠʿʠ (Lovy et al., 2000). ʄʝʪʘʥʦʣʥʠ ʝʢʩʪʨʘʢʪ L. 

sulphureus ʠʤʘ ʧʦʪʝʥʮʠʿʘʣʥʫ ʫʣʦʛʫ ʢʘʦ ʢʦʥʟʝʨʚʘʥʩ (Petroviĺ et al., 2013; 2014b). ɿʙʦʛ 

ʩʠʥʝʨʛʠʩʪʠʯʢʦʛ ʜʝʣʦʚʘˁʘ ʬʝʥʦʣʥʠʭ, ʣʠʧʠʜʥʠʭ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʘʪʘ, ʫ ʮʠˀʫ ʙʦˀʝ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʠ ʘʥʪʠʤʠʢʨʦʙʥʝ ʟʘʰʪʠʪʝ, ʫʚʝʢ ʿʝ ʙʦˀʝ ʢʦʨʠʩʪʠʪʠ ʮʝʣʫ ʛˀʠʚʫ ʫʤʝʩʪʦ 

ʦʜʚʘʿʘˁʘ ʧʦʣʘʨʥʠʭ ʠ ʥʝʧʦʣʘʨʥʠʭ ʬʨʘʢʮʠʿʘ (Sinanoglou et al., 2015). 

2.4.3.5. ʊʝʨʧʝʥʠ ʠ ʪʝʨʧʝʥʦʠʜʠ L. sulphureus 

ɿʙʦʛ ʩʚʦʿʝ ʙʠʦʣʦʰʢʝ ʫʣʦʛʝ, ʦʚʘ ʛʨʫʧʘ ʿʝʜʠˁʝˁʘ ʿʝ ʯʝʩʪʦ ʙʠʣʘ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ. ʋ 

ʧʣʦʜʦʥʦʩʥʦʤ ʪʝʣʫ L. sulphureus ʩʫ ʧʨʦʥʘʹʝʥʠ ʣʘʥʦʩʪʘʥʦʠʜʩʢʠ ʛʣʠʢʦʟʠʜʠ (Yoshikawa et 

al., 1999), ʟʘʪʠʤ ʿʝ ʠʟʦʣʦʚʘʥʦ ʰʝʩʪ ʣʘʥʦʩʪʘʥʦʠʜʘ ʟʘ ʢʦʿʝ ʩʝ ʪʚʨʜʠ ʜʘ ʠʤʘʿʫ ʫʤʝʨʝʥʦ 

ʘʧʦʧʪʦʪʠʯʢʦ ʜʝʿʩʪʚʦ, ʘʣʠ ʜʘ ʩʝ ʙʦˀʠ ʙʠʦʣʦʰʢʠ ʝʬʝʢʪʠ ʧʦʩʪʠʞʫ ʘʮʝʪʠʣʘʮʠʿʦʤ (Ríos et 

al., 2012). ʅʘʹʝʥʠ ʩʫ ʥʦʚʠ ʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʠ ʨʘʟʣʠʯʠʪʠʭ ʩʪʨʫʢʪʫʨʘ ʠ ʧʦʪʚʨʹʝʥʦ ʿʝ 

ʧʨʠʩʫʩʪʚʦ ʣʘʥʦʩʪʘʥʦʠʜʘ (He et al., 2015a; 2015b). ʅʦʚʠʿʝ ʩʪʫʜʠʿʝ ʙʘʚʝ ʩʝ ʧʨʦʥʘʣʘʞʝˁʝʤ 

ʥʦʚʠʭ ʪʨʠʪʝʨʧʝʥʘ ʩʘ ʢʦʨʠʩʥʠʤ ʙʠʦʣʦʰʢʠʤ ʜʝʿʩʪʚʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʘʥʪʠʬʫʥʛʘʣʥʦ, 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦ (Hassan et al., 2021) ʠ ʘʥʪʠ-ʠʥʬʣʘʤʘʪʦʨʥʦ (Khalilov et al., 2022). 

ɽʙʫʨʠʢʦʠʯʥʘ ʢʠʩʝʣʠʥʘ ʠʟ L. sulphureus ʠʤʘ ʘʥʪʠ-ʠʥʬʣʘʤʘʪʦʨʥʦ ʠ ʭʝʧʘʪʦʧʨʦʪʝʢʪʠʚʥʦ 

ʜʝʿʩʪʚʦ (Sun et al., 2014; Wang et al., 2017; Ziaja et al., 2018) ʠ ˁʝʥʠʤ ʠʟʦʣʦʚʘˁʝʤ ʠʟ ʦʚʝ 

ʛˀʠʚʝ 1960-ʠʭ ʛʦʜʠʥʘ ʿʝ ʩʢʨʝʥʫʪʘ ʥʘʫʯʥʘ ʧʘʞˁʘ ʥʘ L. sulphureus (Khatua et al., 2017). 

2.4.3.6. ʆʩʪʘʣʘ ʿʝʜʠˁʝˁʘ L. sulphureus 

ʂʘʦ ʿʝʜʘʥ ʦʜ ʨʘʟʣʦʛʘ ʚʠʩʦʢʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʘʢʪʠʚʥʦʩʪʠ L. sulphureus ʘʫʪʦʨʠ ʥʘʚʦʜʝ 

ʚʠʩʦʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʢʩʘʣʥʝ ʢʠʩʝʣʠʥʝ, ʢʦʿʘ ʩʣʫʞʠ ʢʘʦ ʭʚʘʪʘʯ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ 

(scavenger), ʠʟʚʦʨ ʧʨʦʪʦʥʘ ʠ ʠʤʘ ʭʝʣʠʨʘʿʫ˂ʘ ʩʚʦʿʩʪʚʘ (Karaman et al., 2010). 

ʃʠʛʥʦʮʝʣʫʣʠʪʠʯʢʝ ʛˀʠʚʝ ʠʤʘʿʫ ʜʝʛʨʘʜʘʮʠʦʥʫ ʫʣʦʛʫ ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʝʥʟʠʤʩʢʝ ʨʝʘʢʮʠʿʝ 

ʢʘʪʘʣʠʩʘʥʝ ʣʠʛʥʘʟʘʤʘ, ʭʝʤʠʮʝʣʫʣʘʟʘʤʘ, ʮʝʣʫʣʘʟʘʤʘ, ʦʢʩʠʜʘʟʘʤʘ ʠ ʧʝʨʦʢʩʠʜʘʟʘʤʘ. ʆʚʝ 

ʨʝʘʢʮʠʿʝ ʩʫ ʧʨʘ˂ʝʥʝ ʩʪʚʘʨʘˁʝʤ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ, ʧʘ ʘʫʪʦʨʠ ʦʙʿʘʰˁʘʚʘʿʫ ʜʘ ʩʫ ʩʝ 

ʟʙʦʛ ʪʦʛʘ ʧʦʿʘʚʠʣʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦ˂ʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʦʜʙʨʘʤʙʝʥʠ ʩʠʩʪʝʤʠ ʢʘʦ 

ʦʜʛʦʚʦʨ (Karaman et al., 2010). ʂʦʜ L. sulphureus ʠʟ ʈʫʩʠʿʝ ʥʘʹʝʥʝ ʩʫ ʚʠʥʩʢʘ, ʣʠʤʫʥʩʢʘ, 
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ʿʘʙʫʯʥʘ, ʤʘʣʦʥʩʢʘ ʠ ˂ʠʣʠʙʘʨʥʘ ʢʠʩʝʣʠʥʘ (Olennikov et al., 2008), ʜʦʢ ʩʫ ʢʦʜ L. 

sulphureus ʠʟ ʊʫʨʩʢʝ ʧʨʦʥʘʹʝʥʝ ʿʘʙʫʯʥʘ ʠ ʣʠʤʫʥʩʢʘ ʢʠʩʝʣʠʥʘ, ʢʘʦ ʠ ʘʩʢʦʨʙʠʥʩʢʘ ʫ 

ʪʨʘʛʦʚʠʤʘ (Ayaz et al., 2011). ʋ L. sulphureus ʩʫ ʧʨʦʥʘʹʝʥʠ ʠ ʪʦʢʦʬʝʨʦʣʠ; 

ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʘ ʠʟʦʬʦʨʤʘ ʿʝ Ŭ-ʪʦʢʦʬʝʨʦʣ (ʥʘʿʘʢʪʠʚʥʠʿʘ ʬʦʨʤʘ ʚʠʪʘʤʠʥʘ ɽ), ʘ ʩʣʝʜʝ ɔ- 

ʠ ŭ-ʪʦʢʦʬʝʨʦʣ (Petroviĺ et al., 2014b). ɼʝʪʝʢʪʦʚʘʥʠ ʩʫ ʠ ʥʠʘʮʠʥ (ʚʠʪʘʤʠʥ ɹ3), 

ʧʘʥʪʦʪʝʥʩʢʘ ʢʠʩʝʣʠʥʘ (ɹ5), ʭʦʣʝʢʘʣʮʠʬʝʨʦʣ (ɼ3), ʙʠʦʪʠʥ (ɹ7) ʠ ʮʠʿʘʥʦʢʦʙʘʣʘʤʠʥ (ɹ12) 

(Palazzolo et al., 2012). ʀʟ L. sulphureus ʠʟʦʣʦʚʘʥʠ ʩʫ ʜʝʨʠʚʘʪʠ ʤʠʢʦʬʝʥʦʣʥʝ ʢʠʩʝʣʠʥʝ 

ʢʦʿʠ ʩʫ ʧʦʢʘʟʘʣʠ ʫʤʝʨʝʥʫ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪ (Fan et al., 2014). 

ɻʣʘʚʥʠ ʥʦʩʠʣʘʮ ʙʦʿʝ ʢʦʜ ʩʘʤʦʥʠʢʣʠʭ L. sulphureus ʿʝ ʧʠʛʤʝʥʪ ʥʘʟʚʘʥ ʣʝʪʠʧʦʨʠʯʥʘ 

ʢʠʩʝʣʠʥʘ ɸ (ʝʥʛʣ. laetiporic acid ɸ). ɼʫʛʦ ʩʝ ʤʠʩʣʠʣʦ ʜʘ ʿʝ ʨʝʯ ʦ ʢʘʨʦʪʝʥʦʠʜʥʦʤ 

ʧʠʛʤʝʥʪʫ, ʘʣʠ ʩʫ ʢʘʩʥʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫʪʚʨʜʠʣʘ ʜʘ ʿʝ ʨʝʯ ʦ ʧʦʣʠʝʥʫ ʥʝʠʟʦʧʨʝʥʦʠʜʥʦʛ 

ʧʦʨʝʢʣʘ (Weber et al., 2004). ʊʘʢʦʹʝ ʩʝ ʥʘʚʦʜʠ ʜʘ ʿʝ ʦʚʘʿ ʧʦʣʠʝʥ ʩʘʩʪʘʚˀʝʥ ʦʜ ʜʝʩʝʪ 

ʢʦʥʿʫʛʦʚʘʥʠʭ ʜʚʦʩʪʨʫʢʠʭ ʚʝʟʘ, ʰʪʦ ʥʠʿʝ ʫʦʙʠʯʘʿʝʥʦ ʟʘ ʦʚʘʢʚʝ ʧʦʣʠʝʥʝ ʬʫʥʛʘʣʥʦʛ 

ʧʦʨʝʢʣʘ (Weber et al., 2004). ʂʘʩʥʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʦʚʦ ʧʦʪʚʨʜʠʣʘ ʠ ʧʨʦʥʘʰʣʘ ʿʦʰ 

ʿʝʜʘʥ ʧʠʛʤʝʥʪ (2-ʜʝʭʠʜʨʦ-3-ʜʝʦʢʩʠʣʝʪʠʧʦʨʠʯʥʘ ʢʠʩʝʣʠʥʘ ɸ), ʢʘʦ ʠ ʜʚʘ ʤʘˁʝ 

ʟʘʩʪʫʧˀʝʥʘ ʧʠʛʤʝʥʪʘ ʧʨʠʩʫʪʥʘ ʫ ʪʝʯʥʦʿ ʢʫʣʪʫʨʠ ï ʣʝʪʠʧʦʨʠʯʥʘ ʢʠʩʝʣʠʥʘ ɹ ʠ ʎ (Davoli 

et al., 2005). ʊʘʢʦʹʝ ʩʝ ʥʘʚʦʜʠ ʜʘ ʙʠ ʣʝʪʠʧʦʨʠʯʥʘ ʢʠʩʝʣʠʥʘ ɸ ʟʙʦʛ ʩʚʦʿʝ ʩʪʘʙʠʣʥʦʩʪʠ 

ʤʦʛʣʘ ʜʘ ʧʨʦʥʘʹʝ ʫʣʦʛʫ ʢʘʦ ʧʨʝʭʨʘʤʙʝʥʘ ʙʦʿʘ, ʘ ʜʘ ʙʠ ʤʝʪʘʙʦʣʠʪʠ L. sulphureus ʤʦʛʣʠ 

ʜʘ ʜʦʙʠʿʫ GRAS ʩʪʘʪʫʩ ʟʙʦʛ ʩʚʦʿʝ ʜʫʛʝ ʠʩʪʦʨʠʿʝ ʢʦʨʠʰ˂ʝˁʘ ʫ ʧʨʝʭʨʘʥʠ (Davoli et al., 

2005). ʄʦʛʫ˂ʘ ʿʝ ʠ ʠʥʜʫʩʪʨʠʿʩʢʘ ʢʫʣʪʠʚʘʮʠʿʘ ʫ ʙʠʦʨʝʘʢʪʦʨʠʤʘ ʫ ʮʠˀʫ ʧʨʦʜʫʢʮʠʿʝ 

ʙʦʿʝʥʠʭ ʤʘʪʝʨʠʿʘ (Zschätzsch et al., 2021). ʆʚʘ ʛˀʠʚʘ ʩʝ ʫ ʠʥʜʫʩʪʨʠʿʠ ʪʘʢʦʹʝ ʢʦʨʠʩʪʠ 

ʢʘʦ ʠʟʚʦʨ ʨʘʟʣʠʯʠʪʠʭ ʙʠˀʥʠʭ ʭʦʨʤʦʥʘ ï ʘʧʩʮʠʩʠʥʩʢʝ ʢʠʩʝʣʠʥʝ, ʛʠʙʝʨʝʣʠʥʩʢʝ 

ʢʠʩʝʣʠʥʝ, ʟʝʘʪʠʥʘ ʠ ʮʠʪʦʢʠʥʠʥʘ (Klaus et al., 2013; Radic et al., 2009). 

ʂʘʨʘʢʪʝʨʠʩʪʠʯʘʥ Ăʤʠʨʠʩ ʥʘ ʧʝʯʫʨʢʝñ ʧʦʪʠʯʝ ʦʜ ʨʘʟʣʘʛʘˁʘ ʣʠʥʦʣʝʠʥʩʢʝ ʢʠʩʝʣʠʥʝ 

ʧʨʠʣʠʢʦʤ ʩʝʯʝˁʘ ʧʣʦʜʦʥʦʩʥʠʭ ʪʝʣʘ ʤʘʢʨʦʛˀʠʚʘ, ʢʘʜʘ ʩʝ ʦʩʣʦʙʘʹʘʿʫ 1-ʦʢʪʝʥ-3-ʦʣ ʠ 1-

ʦʢʪʝʥ-3-ʦʥ (Krings et al., 2011). ʆʩʠʤ ʦʚʦʛ ʤʠʨʠʩʘ, ʙʘʟʠʜʠʦʤʠʮʝʪʝ ʩʝ ʢʘʨʘʢʪʝʨʠʰʫ 

ʠʟʦʙʠˀʝʤ ʠʩʧʘʨˀʠʚʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʠ ʩʣʦʞʝʥʠʤ ʤʝʪʘʙʦʣʠʟʤʦʤ ʢʦʿʠ ʩʪʦʿʠ ʠʟʘ ˁʠʭʦʚʦʛ 

ʥʘʩʪʘʥʢʘ. ʊʘʢʦʹʝ, ʧʦʩʪʦʿʝ ʚʝʣʠʢʝ ʨʘʟʣʠʢʝ ʫ ʨʝʟʫʣʪʘʪʠʤʘ ʘʥʘʣʠʟʘ ʠʩʧʘʨˀʠʚʠʭ 

ʢʦʤʧʦʥʝʥʘʪʘ ʫ ʣʠʪʝʨʘʪʫʨʠ. ʅʘʚʦʜʠ ʩʝ ʜʘ ʨʘʟʣʠʢʝ ʧʦʪʠʯʫ ʦʜ ʚʘʨʠʿʝʪʝʪʘ ʫ ʦʢʚʠʨʫ ʩʘʤʝ 

ʚʨʩʪʝ, ʣʦʢʘʮʠʿʝ ʥʘ ʢʦʿʦʿ ʦʚʘ ʛˀʠʚʘ ʨʘʩʪʝ, ʢʘʦ ʠ ˁʝʥʝ ʩʪʘʨʦʩʪʠ (Petroviĺ et al., 2013). 

ʉʪʫʜʠʿʘ Krings et al. (2011) ʿʝ ʧʨʦʥʘʰʣʘ ʙʣʠʟʫ 30 ʠʩʧʘʨˀʠʚʠʭ ʿʝʜʠˁʝˁʘ, ʛʜʝ ʩʝ ʢʘʦ 

ʛʣʘʚʥʝ ʥʘʚʦʜʝ ʭʝʪʝʨʦʮʠʢʣʠʯʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʠʟʤʝʹʫ ʦʩʪʘʣʠʭ ʩʦʪʦʣʦʥ ʠ ʜʨʫʛʠ ʬʫʨʘʥʦʥʠ, 

ʜʦʢ ʜʨʫʛʘ ʩʪʫʜʠʿʘ ʥʘʚʦʜʠ ʯʘʢ 56 ʠʩʧʘʨˀʠʚʠʭ ʿʝʜʠˁʝˁʘ, ʟʘʚʠʩʥʦ ʦʜ ʢʦʨʠʰ˂ʝʥʠʭ 

ʤʝʜʠʿʫʤʘ ʟʘ ʝʢʩʪʨʘʢʮʠʿʫ (Petroviĺ et al., 2013). ʄʠʨʠʩʥʘ ʘʨʦʤʘʪʠʯʥʘ ʿʝʜʠˁʝˁʘ ʯʠʥʝ 

11,5% ʠʩʧʘʨˀʠʚʠʭ ʢʦʤʧʦʥʝʥʘʪʘ (Rapior et al., 2000). 

2.4.4. ʇʨʠʤʝʥa ʛˀʠʚʘ ʫ ʧʨʦʠʟʚʦʜˁʠ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʨʝʭʨʘʤʙʝʥʠʭ ʧʨʦʠʟʚʦʜʘ 

ʃʝʢʦʚʠʪʘ ʩʚʦʿʩʪʚʘ ʛˀʠʚʘ ʩʫ ʧʦʟʥʘʪʘ ʿʦʰ ʦʜ ʜʘʚʥʠʥʘ. ʉʤʘʪʨʘ ʩʝ ʜʘ ʩʫ ʧʨʦʪʝʠʥʠ 

ʧʦʨʝʢʣʦʤ ʠʟ ʤʘʢʨʦʛˀʠʚʘ ʥʫʪʨʠʪʠʚʥʦ ʢʚʘʣʠʪʝʪʥʠʿʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʪʝʠʥʝ ʧʦʨʝʢʣʦʤ ʠʟ 

ʙʠˀʘʢʘ, ʘ ʫ ʠʩʪʦ ʚʨʝʤʝ ʩʘʜʨʞʝ ʤʘˁʝ ʢʘʣʦʨʠʿʘ, ʟʘʩʠ˂ʝʥʠʭ ʤʘʩʪʠ ʠ ʭʦʣʝʩʪʝʨʦʣʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʭʨʘʥʫ ʞʠʚʦʪʠˁʩʢʦʛ ʧʦʨʝʢʣʘ, ʰʪʦ ʠʭ ʯʠʥʠ ʠʜʝʘʣʥʦʤ ʥʘʤʠʨʥʠʮʦʤ ʢʦʿʘ ʟʘʜʦʚʦˀʘʚʘ 

ʧʦʪʨʝʙʝ ʟʜʨʘʚʝ ʠʩʭʨʘʥʝ (Raut & Adhikari, 2021). ʌʫʥʢʮʠʦʥʘʣʥʦʩʪ ʩʝ ʦʛʣʝʜʘ ʫ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʤ, ʭʠʧʦʭʦʣʝʩʪʝʨʦʣʝʤʠʿʩʢʦʤ, ʭʠʧʦʣʠʧʠʜʝʤʠʿʩʢʦʤ, ʘʥʪʠʘʪʝʨʦʛʝʥʦʤ, 

ʭʠʧʦʛʣʠʢʝʤʠʿʩʢʦʤ, ʘʥʪʠʤʠʢʨʦʙʥʦʤ, ʘʥʪʠʪʫʤʦʨʥʦʤ, ʘʥʪʠʭʝʧʘʪʦʪʦʢʩʠʯʥʦʤ, 

ʘʥʪʠʭʠʧʝʨʪʝʥʟʠʚʥʦʤ, ʘʥʪʠʠʥʬʣʘʤʘʥʪʦʨʥʦʤ, ʘʥʪʠʘʣʝʨʛʝʥʩʢʦʤ, ʘʥʪʠʤʫʪʘʛʝʥʦʤ, 

ʠʤʫʥʦʩʫʧʨʝʩʠʚʥʦʤ ʝʬʝʢʪʫ, ʢʘʦ ʠ ʫ ʜʝʿʩʪʚʫ ʧʨʦʪʠʚ ʛʦʿʘʟʥʦʩʪʠ, ʩʪʘʨʝˁʘ ʠ 

ʥʝʫʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ (Assemie & Abaya, 2022; Giavasis, 2014; Gupta et al., 

2018; Raut & Adhikari, 2021; Takahashi et al., 2020). ʂʘʦ ʙʠʦʘʢʪʠʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʩʫ 

ʥʦʩʠʦʮʠ ʦʚʦʛ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ ʥʘʚʦʜʝ ʩʝ ʧʝʧʪʠʜʠ ʠ 
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ʧʨʦʪʝʠʥʠ, ʬʝʥʦʣʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʧʦʣʠʩʘʭʘʨʠʜʠ, ʛʣʫʢʘʥʠ ʢʘʦ ʠʟʜʚʦʿʝʥʘ ʛʨʫʧʘ ʟʙʦʛ 

ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ, ʢʦʤʧʣʝʢʩʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʧʨʦʪʝʠʥʘ, ʛʣʠʢʦʟʠʜʠ, ʤʘʩʪʠ, ʤʠʥʝʨʘʣʠ, 

ʠʩʧʘʨˀʠʚʘ ʫˀʘ, ʪʝʨʧʝʥʠ, ʪʨʠʪʝʨʧʝʥʦʠʜʠ, ʪʦʢʦʬʝʨʦʣʠ, ʬʦʣʘʪʠ, ʦʨʛʘʥʩʢʝ ʢʠʩʝʣʠʥʝ 

(Gupta et al., 2018; Khan et al., 2018; Y.-W. Kim et al., 2005; Reis et al., 2017; Üstün et al., 

2018). 

ɹʠʦʘʢʪʠʚʥʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ ʠʤʘʿʫ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ 

ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ (Giavasis, 2014). ʋ ʧʦʩʣʝʜˁʠʭ ʧʘʨ ʜʝʮʝʥʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʦʚʫ 

ʪʝʤʫ ʩʫ ʩʝ ʠʥʪʝʟʠʚʠʨʘʣʘ ʠ ʧʦʪʚʨʜʠʣʘ ʢʦʨʠʩʥʘ ʙʠʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ʟʘ ʢʦʿʘ ʩʝ ʠʩʢʫʩʪʚʝʥʦ 

ʚʝ˂ ʟʥʘʣʦ ʫ ʘʟʠʿʩʢʠʤ ʠ ʜʨʫʛʠʤ ʟʝʤˀʘʤʘ ʛʜʝ ʩʝ ʛˀʠʚʝ ʢʦʨʠʩʪʝ ʢʘʦ ʥʘʨʦʜʥʠ ʣʝʢ (Giavasis, 

2014). ɼʘ ʙʠ ʦʚʘ ʩʚʦʿʩʪʚʘ ʙʠʣʘ ʠʩʢʦʨʠʰ˂ʝʥʘ, ʫ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ ʧʦʪʨʝʙʥʦ ʿʝ 

ʧʨʝʚʘʟʠ˂ʠ ʧʨʝʧʨʝʢʝ ʢʘʦ ʰʪʦ ʩʫ ʩʪʘʙʠʣʘʥ ʠ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥ ʢʚʘʣʠʪʝʪ, ʩʘʩʪʘʚ, ʯʠʩʪʦ˂ʘ, 

ʭʦʤʦʛʝʥʦʩʪ, ʠʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʞʝˀʝʥʠʭ ʙʠʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʩʘ ʦʩʪʘʣʠʤ 

ʢʦʥʩʪʠʪʫʝʥʪʠʤʘ ʭʨʘʥʝ, ʢʘʦ ʠ ʝʬʝʢʘʪ ʧʨʝʨʘʜʝ ʭʨʘʥʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ (Giavasis, 2014). 

ʉʣʦʞʝʥʠʤ ʬʠʟʠʦʣʦʰʢʠʤ ʧʨʦʮʝʩʠʤʘ ʤʠʢʨʦʙʠ ʠʟ ʮʨʝʚʥʝ ʤʠʢʨʦʬʣʦʨʝ ʫʪʠʯʫ ʥʘ ʟʜʨʘʚˀʝ 

ʜʦʤʘ˂ʠʥʘ, ʘ ʧʦʣʠʩʘʭʘʨʠʜʠ ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ ʤʦʛʫ ʜʦʧʨʠʥʝʪʠ ʜʦʙʨʦʤ ʙʘʣʘʥʩʫ ʪʘʢʦ 

ʰʪʦ ʫʪʠʯʫ ʥʘ ʨʝʜʫʢʮʠʿʫ ʙʨʦʿʘ ʧʘʪʦʛʝʥʘ ʠ ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʥʦʩʪʠ ʢʦʨʠʩʥʠʭ ʙʘʢʪʝʨʠʿʘ 

ʩʚʦʿʠʤ ʧʨʝʙʠʦʪʩʢʠʤ ʝʬʝʢʪʦʤ (Yin et al., 2020). ʆʚʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʠʤʘʿʫ ʤʥʦʛʦʙʨʦʿʥʘ 

ʢʦʨʠʩʥʘ ʩʚʦʿʩʪʚʘ, ʘ ʦʩʠʤ ʚʝ˂ ʥʘʚʝʜʝʥʠʭ ʙʝʥʝʬʠʪʘ, ʦʜʩʫʩʪʚʦ ʪʦʢʩʠʯʥʦʩʪʠ ʠʭ ʯʠʥʠ 

ʠʜʝʘʣʥʠʤ ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʙʠʦʧʦʣʠʤʝʨʠʤʘ (Giavasis, 2014). ɿʙʦʛ ʥʝʩʪʘʣʥʠʭ ʧʨʠʥʦʩʘ ʠ 

ʚʝʣʠʢʠʭ ʪʨʦʰʢʦʚʘ ʧʨʝʯʠʰ˂ʘʚʘˁʘ, ʬʫʥʛʘʣʥʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʤʦʛʫ ʙʠʪʠ ʢʦʨʠʩʥʠʿʠ ʫ 

ʧʨʝʭʨʘʤʙʝʥʦʿ ʥʝʛʦ ʫ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ, ʤʘʜʘ ʪʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʜʘ ʩʝ 

ʧʨʝʨʘʜʦʤ ʭʨʘʥʝ ʠʣʠ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʩʘ ʜʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʧʨʠʩʫʪʥʠʤ ʫ ʭʨʘʥʠ ʥʝ 

ʫʤʘˁʠ ˁʠʭʦʚʘ ʝʬʠʢʘʩʥʦʩʪ (Giavasis, 2014). ʇʠʪʘˁʝ ʢʦʿʝ ʠ ʜʘˀʝ ʥʠʿʝ ʨʝʰʝʥʦ ʚʝʟʘʥʦ ʟʘ 

ʧʨʠʤʝʥʫ ʬʫʥʛʘʣʥʠʭ ʧʦʣʠʩʘʭʘʨʠʜʘ ʿʝ ʢʦʿʘ ʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʜʦʟʘ ʢʦʿʘ ʿʝ ʧʦʪʨʝʙʥʘ ʜʘ ʙʠ 

ʜʦʰʣʦ ʜʦ ʝʢʩʧʨʝʩʠʿʝ ʙʠʦʘʢʪʠʚʥʦʩʪʠ ʫ ʭʨʘʥʠ (Giavasis, 2014). 

ɻˀ ʠʚʝ ʢʘʦ ʠʟʚʦʨ ʧʨʦʪʝʠʥʘ ʧʦʩʪʘʿʫ ʩʚʝ ʠʥʪʝʨʝʩʘʥʪʥʠʿʝ. ʋ ʩʚʝʪʣʫ ʜʝʤʦʛʨʘʬʩʢʦʛ ʨʘʩʪʘ ʠ 

ʨʘʩʪʫ˂ʠʭ ʧʦʪʨʝʙʘ ʟʘ ʿʝʬʪʠʥʠʤ ʠʟʚʦʨʠʤʘ ʧʨʦʪʝʠʥʘ, ʧʨʦʪʝʠʥʠ ʛˀʠʚʘ ʩʝ ʥʘʤʝ˂ʫ ʢʘʦ 

ʦʜʣʠʯʥʦ ʨʝʰʝˁʝ ʿʝʨ ʠʤʘʿʫ ʙʨʦʿʥʝ ʥʫʪʨʠʪʠʚʥʝ ʧʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʪʝʠʥʝ ʙʠˀʥʦʛ 

ʧʦʨʝʢʣʘ, ʢʘʦ ʠ ʧʨʝʜʥʦʩʪʠ ʫ ʧʦʛʣʝʜʫ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ ʠ ʝʢʦʥʦʤʠʯʥʦʩʪʠ 

ʫʟʛʘʿʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʪʝʠʥʝ ʘʥʠʤʘʣʥʦʛ ʧʦʨʝʢʣʘ (González et al., 2020). ʆʚʘ 

ʝʢʦʥʦʤʠʯʥʦʩʪ ʩʝ ʦʛʣʝʜʘ ʫ ʧʨʝʪʚʘʨʘˁʫ ʘʛʨʦʠʥʜʫʩʪʨʠʿʩʢʦʛ ʦʪʧʘʜʘ ʠ ʜʨʚʥʝ ʙʠʦʤʘʩʝ ʫ 

ʭʨʘʥʫ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʫʩʧʝʰʥʫ ʧʨʠʤʝʥʫ ʮʠˀʝʚʘ ʦʜʨʞʠʚʝ ʧʦˀʦʧʨʠʚʨʝʜʝ ʠ ʰʫʤʘʨʩʪʚʘ 

ʫ ʧʨʘʢʩʠ (Gupta et al., 2018). ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʢʨʘʪʘʢ ʨʦʢ ʪʨʘʿʘˁʘ ʩʚʝʞʠʭ ʤʘʢʨʦʛˀʠʚʘ 

(ʦʢʚʠʨʥʦ ʦʢʦ 3-7 ʜʘʥʘ ʫ ʭʣʘʜʥʠʤ ʫʩʣʦʚʠʤʘ), ʢʘʦ ʠ ʩʝʟʦʥʩʢʫ ʜʦʩʪʫʧʥʦʩʪ ʦʜʨʝʹʝʥʠʭ 

ʚʨʩʪʘ, ʤʦʨʘʿʫ ʩʝ ʧʨʦʮʝʩʫʠʨʘʪʠ ʢʘʢʦ ʙʠ ʩʝ ʦʯʫʚʘʣʝ. ʃʠʪʝʨʘʪʫʨʘ ʫʢʘʟʫʿʝ ʥʘ ʧʨʝʜʥʦʩʪʠ ʠ 

ʤʘʥʝ ʧʦʩʪʫʧʘʢʘ ʟʘ ˁʠʭʦʚʫ ʦʙʨʘʜʫ, ʧʘ ʩʝ ʧʨʠʣʠʢʦʤ ʧʨʦʠʟʚʦʜˁʝ ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ 

ʤʦʨʘ ʦʙʨʘʪʠʪʠ ʧʘʞˁʘ ʥʘ ʦʚʝ ʢʦʨʘʢʝ ʢʘʢʦ ʙʠ ʩʝ ʩʘʯʫʚʘʣʝ ʙʠʦʘʢʪʠʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʢʘʦ 

ʥʦʩʠʦʮʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (Yadav & Negi, 2021). 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʩʚʝ ʥʘʙʨʦʿʘʥʝ ʧʨʝʜʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʘ ʛˀʠʚʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ 

ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ, ʫ ʥʘʫʮʠ, ʢʘʦ ʠ ʥʘ ʪʨʞʠʰʪʫ ʩʝ ʧʦʿʘʚˀʫʿʝ ʩʚʝ ʚʝ˂ʠ ʙʨʦʿ 

ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ. ʅʝʢʝ ʦʜ ʛˀʠʚʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ ʠʟʚʦʨʠ ʙʠʦʘʢʪʠʚʥʠʭ 

ʩʫʧʩʪʘʥʮʠ ʩʫ: Agaricus bisporus, Agaricus blazei, Cordyceps militaris, Trametes versicolor, 

Ganoderma lucidum, Pleurotus eryngii, Inonotus obliquus, Hericium erinaceus, Antrodia 

Camphorata, Grifola frondosa, Flammulina velutipes (Ma et al., 2018). ʆʜʘʙʨʘʥʠ 

ʬʫʥʢʮʠʦʥʘʣʥʠ ʧʨʦʠʟʚʦʜʠ ʥʘ ʙʘʟʠ ʛˀʠʚʘ ʧʦʙʨʦʿʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 2.3. 

ʆʩʠʤ ʦʚʠʭ ʧʨʦʠʟʚʦʜʘ, ʘʫʪʦʨʠ ʧʦʩʝʙʥʦ ʥʘʚʦʜʝ ʣʠʩʪʫ ʩʘ ʧʨʝʢʦ 25 ʬʫʥʢʮʠʦʥʘʣʥʠʭ 

ʧʨʦʠʟʚʦʜʘ ʛʜʝ ʩʝ ʜʝʦ ʤʝʩʥʠʭ ʠʣʠ ʨʠʙˀʠʭ ʧʨʦʠʟʚʦʜʘ ʟʘʤʝˁʫʿʝ ʛˀʠʚʘʤʘ (ʩʣʠʢʘ 2.9.) ʢʘʢʦ 



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

36 

ʙʠ ʩʝ ʟʘʜʦʚʦˀʠʣʝ ʧʦʪʨʝʙʝ ʬʣʝʢʩʠʪʘʨʠʿʘʥʘʮʘ ʢʦʿʠ ʟʘʩʪʫʧʘʿʫ ʥʦʚʠ ʧʨʠʩʪʫʧ ʫ ʠʩʭʨʘʥʠ ï 

ʩʤʘˁʝˁʝ ʢʦʥʟʫʤʘʮʠʿʝ ʤʝʩʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʚʝʛʘʥʩʢʝ ʠ ʚʝʛʝʪʝʨʠʿʘʥʩʢʝ ʠʩʭʨʘʥʝ ʢʦʿʘ ʠʭ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʠʟʙʘʮʫʿʝ (Das et al., 2021). ʀʘʢʦ ʩʚʝ ʧʦʙʨʦʿʘʥʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʨʘʩʪ 

ʠʥʪʝʨʝʩʦʚʘˁʘ ʟʘ ʛˀʠʚʘʤʘ ʢʘʦ ʬʫʥʢʮʠʦʥʘʣʥʦʤ ʭʨʘʥʦʤ, ʧʦʪʨʝʙʥʦ ʿʝ ʫʣʦʞʠʪʠ ʿʦʰ ʥʘʧʦʨʘ 

ʜʘ ʙʠ ʧʦʥʫʜʘ ʫ ʟʘʧʘʜʥʠʤ ʟʝʤˀʘʤʘ ʙʠʣʘ ʨʘʟʥʦʚʨʩʥʘ ʢʘʦ ʫ ɸʟʠʿʠ (Reis et al., 2017). 

ʊʘʙʝʣʘ 2.3. ʌʫʥʢʮʠʦʥʘʣʥʠ ʧʨʦʠʟʚʦʜʠ ʥʘ ʙʘʟʠ ʛˀʠʚʘ; ʠʟ Ma et al. (2018), González et al. (2020) ʠ 

Yadav & Negi (2021) 

ʌʫʥʢʮʠʦʥʘʣʥʠ 

ʧʨʦʠʟʚʦʜ 
ʌʫʥʢʮʠʦʥʘʣʥʦʩʪ ɺʨʩʪʘ ʛˀʠʚʝ ʈʝʬʝʨʝʥʮʘ 

ɹʝʣʠ ʭʣʝʙ ʩʘ ʜʦʜʘʪʢʦʤ 

ʛˀʠʚʝ ʠ ʩʫʰʝʥʠʭ ʫʨʤʠ 

ʇʦʚʝ˂ʘʥ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʠ 

ʛʚʦʞʹʘ 

Agaricus bisporus 

 

Ahmad & Singh 

(2016) 

ɹʠʩʢʚʠʪ ʪʦʨʪʘ ʩʘ 

ʩʧʨʘʰʝʥʠʤ Agaricus 

bisporus 

ʇʦʙʦˀʰʘʥ ʥʫʪʨʠʪʠʚʥʠ ʩʘʩʪʘʚ 
Agaricus bisporus 

 

Arora et al. 

(2017) 

ʍʣʝʙ ʦʜ ʤʘʥʠʦʢʝ ʩʘ 

ʜʦʜʘʪʢʦʤ ʩʧʨʘʰʝʥʝ 

ʛˀʠʚʝ 

ʇʦʙʦˀʰʘʥ ʥʫʪʨʠʪʠʚʥʠ ʩʘʩʪʘʚ Pleurotus ostreatus 
Azeez et al. 

(2018) 

ɻʦʚʝʹʝ ʧˀʝʩʢʘʚʠʮʝ ʩʘ 

ʜʦʜʘʪʢʦʤ ʩʧʨʘʰʝʥʠʭ 

ʛˀʠʚʘ 

ʇʦʚʝ˂ʘʥ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʠ 

ʚʣʘʢʘʥʘ ʫʟ ʩʤʘˁʝʥ ʩʘʜʨʞʘʿ 

ʤʘʩʪʠ ʠ ʥʘʪʨʠʿʫʤʘ 

Agaricus bisporus 

Pleurotus ostreatus 

Cerón-Guevara 

et al. (2020) 

ʂʦʙʘʩʠʮʝ ʩʘ ʜʦʜʘʪʢʦʤ 

ʩʧʨʘʰʝʥʝ ʛˀʠʚʝ  

ʇʦʙʦˀʰʘʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ 

ʩʚʦʿʩʪʚʘ ʫʟ ʠʟʙʘʮʠʚʘˁʝ ʬʦʩʬʘʪʘ 

Flammulina 

velutipes 

Choe et al. 

(2018) 

ɹʠʩʢʚʠʪʠ ʩʘ ʜʦʜʘʪʢʦʤ 

ʩʦʿʠʥʦʛ ʙʨʘʰʥʘ ʠ 

ʩʧʨʘʰʝʥʝ ʛˀʠʚʝ 

ʇʦʚʝ˂ʘʥ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ, 

ʛʚʦʞʹʘ, ʚʣʘʢʘʥʘ 
Pleurotus ostreatus 

Farzana & 

Mohajan (2015) 

ʂʫʢʫʨʫʟʥʦ ʙʨʘʰʥʦ 

ʦʙʦʛʘ˂ʝʥʦ ʩʧʨʘʰʝʥʠʤ 

ʛˀʠʚʘʤʘ 

ʇʦʚʝ˂ʘʥ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ, 

ʤʠʥʝʨʘʣʘ ʠ ʚʣʘʢʘʥʘ 

Agaricus bisporus 

Pleurotus ostreatus 

Ishara et al. 

(2018) 

ʇʘʩʪʘ ʩʘ ʜʦʜʘʪʢʦʤ 

ʩʧʨʘʰʝʥʠʭ ʛˀʠʚʘ 

ʇʦʚʝ˂ʘʥ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʠ 

ʜʠʿʝʪʥʠʭ ʚʣʘʢʘʥʘ 

Agaricus bisporus 

Lentinula edodes 

Boletus edulis 

Lu et al. (2018) 

ɻʨʠʮʢʘʣʠʮʝ ʦʜ 

ʝʢʩʪʨʫʜʠʨʘʥʦʛ ʛʨʠʟʘ ʩʘ 

ʜʦʜʘʪʢʦʤ ʿʝʩʪʠʚʠʭ ʛˀʠʚʘ 

ʉʤʘˁʝʥ ʛʣʠʢʝʤʠʿʩʢʠ ʠʥʜʝʢʩ ʠ 

ʧʦʙʦˀʰʘʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ 

Agaricus bisporus 

Lentinula edodes 

Boletus edulis 

Lu et al. (2020) 

ʄʘʬʠʥʠ ʦʜ ʧʠʨʠʥʯʘʥʦʛ 

ʙʨʘʰʥʘ ʩʘ ʜʦʜʘʪʢʦʤ 

ʩʧʨʘʰʝʥʝ ʛˀʠʚʝ ʠ 

ʢʦʤʠʥʝ ʰʘʨʛʘʨʝʧʝ 

ʇʦʙʦˀʰʘʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ 

ʩʚʦʿʩʪʚʘ 
Lentinula edodes 

Olawuyi & Lee 

(2019) 

ɹʝʣʠ ʭʣʝʙ ʩʘ ʜʦʜʘʪʢʦʤ 

ʩʧʨʘʰʝʥʠʭ ʛˀʠʚʘ 

ʇʦʚʝ˂ʘʥ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ, 

ʤʠʥʝʨʘʣʘ ʠ ʚʣʘʢʘʥʘ 

Pleurotus ostreatus 

Calocybe indica 

Oyetayo & 

Oyedeji (2017) 

ʂʦʣʘʯʠ ʩʘ ʜʦʜʘʪʢʦʤ 

ʩʧʨʘʰʝʥʝ ʛˀʠʚʝ 

ʇʦʚʝ˂ʘʥ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ, 

ʤʠʥʝʨʘʣʘ, ʚʣʘʢʘʥʘ ʠ ɓ-ʛʣʫʢʘʥʘ; 

ʧʦʙʦˀʰʘʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ 

ʠ ʩʤʘˁʝʥ ʛʣʠʢʝʤʠʿʩʢʠ ʠʥʜʝʢʩ  

Calocybe indica 
Rathore et al. 

(2019) 

ɽʢʩʪʨʫʜʠʨʘʥʠ ʙʨʘʦʥ 

ʧʠʨʠʥʘʯ ʩʘ ʜʦʜʘʪʢʦʤ 

ʩʧʨʘʰʝʥʝ ʛˀʠʚʝ 

ʉʥʠʞʝʥ ʛʣʠʢʝʤʠʿʩʢʠ ʠʥʜʝʢʩ, 

ʧʦʙʦˀʰʘʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ 

ʩʚʦʿʩʪʚʘ 

Auricularia 

auricula 

Vallée et al. 

(2017) 

ɽʢʩʪʨʫʜʠʨʘʥʠ ʧʨʦʠʟʚʦʜʠ 

ʥʘ ʙʘʟʠ ʞʠʪʘʨʠʮʘ ʩʘ 

ʜʦʜʘʪʢʦʤ ʛˀʠʚʝ  

ʇʦʙʦˀʰʘʥʘ ʩʚʦʿʩʪʚʘ ʧʨʦʪʠʚ 

ʟʘʤʦʨʘ ʥʘʢʦʥ in vivo 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ 

Cordyceps militaris 
Zhong et al. 

(2017) 
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 ʉʣʠʢʘ 2.9. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʫʪʠʮʘʿʘ ʥʫʪʨʠʿʝʥʘʪʘ ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ ʥʘ ʩʚʦʿʩʪʚʘ 

ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʨʦʠʟʚʦʜʘ ʥʘ ʙʘʟʠ ʤʝʩʘ ʠ ʨʠʙʝ (Das et al., 2021) 

2.4.4.1. ʇʨʠʤʝʥʘ ʛˀʠʚʘ ʫ ʧʨʦʠʟʚʦʜˁʠ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʤʣʝʯʥʠʭ ʧʨʦʠʟʚʦʜʘ 

ʀʥʪʝʨʘʢʮʠʿʝ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʛˀʠʚʘ ʠ ʤʣʝʢʘ/ʤʣʝʯʥʠʭ ʧʨʦʠʟʚʦʜʘ ʥʠʩʫ ʜʦʚʦˀʥʦ ʠʩʧʠʪʘʥʝ. 

ʋʛʣʘʚʥʦʤ ʩʝ ʝʢʩʪʨʘʢʪʠ ʛˀʠʚʘ ʠʣʠ ʩʫʰʝʥʝ ʛˀʠʚʝ ʜʦʜʘʿʫ ʫ ʥʝʤʣʝʯʥʝ ʧʨʦʠʟʚʦʜʝ, ʢʘʦ ʰʪʦ 

ʩʫ ʩʫʧʝ, ʤʝʩʥʝ ʧʨʝʨʘʹʝʚʠʥʝ ʠʣʠ ʯʠʪʘʚ ʥʠʟ ʧʝʢʘʨʩʢʠʭ ʠʣʠ ʢʦʥʜʠʪʦʨʩʢʠʭ ʧʨʦʠʟʚʦʜʘ 

(Ahmad & Singh, 2016; Brennan et al., 2013; Cerón-Guevara et al., 2020; Choe et al., 2018; 

Farzana & Mohajan, 2015; Oyetayo & Oyedeji, 2017; Zhong et al., 2017). ɸʢʦ ʩʝ ʭʨʘʥʘ 

ʬʦʨʪʠʬʠʢʫʿʝ ʛˀʠʚʘʤʘ, ʫʛʣʘʚʥʦʤ ʩʫ ʠʟʙʦʨ ʠʩʪʨʘʞʠʚʘʯʘ ʙʠʣʠ ʤʣʝʯʥʠ ʧʨʦʠʟʚʦʜʠ, ʢʘʦ 

ʰʪʦ ʩʫ ʿʦʛʫʨʪ, ʩʠʨ ʠʣʠ ʢʝʬʠʨ, ʪʘʢʦ ʜʘ ʠ ʦʚʜʝ ʧʦʩʪʦʿʠ ʥʝʜʦʩʪʘʪʘʢ ʣʠʪʝʨʘʪʫʨʥʠʭ ʧʦʜʘʪʘʢʘ 

(Aljewicz et al., 2020; Cais-SokoliŒska et al., 2018; Corr°a et al., 2018; Francisco et al., 

2018; Hozova et al., 2004; Pappa et al., 2018; Ribeiro et al., 2015; Stojkoviĺ et al., 2014; 

Vanegas-Azuero & Gutiérrez, 2018). ʅʘ ʧʨʠʤʝʨ, Khider et al. (2017) ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʠʨʥʠ 

ʥʘʤʘʟ ʩʘ ʜʦʜʘʪʢʦʤ ʛˀʠʚʝ Pleurotus ostreatus ʠʤʘ ʧʦʚʝ˂ʘʥ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʠ ʤʠʥʝʨʘʣʘ, 

ʢʘʦ ʠ ʧʦʙʦˀʰʘʥʘ ʘʥʪʠʤʠʢʨʦʙʥʘ ʩʚʦʿʩʪʚʘ. ɽʢʩʪʨʘʢʪʠ ʛˀʠʚʘ ʩʫ ʧʦʛʦʜʥʠ ʠ ʟʘ 

ʠʥʢʘʧʩʫʣʘʮʠʿʫ, ʘ ʢʘʦ ʦʤʦʪʘʯʠ ʢʘʧʩʫʣʘ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʧʨʦʪʝʠʥʠ ʧʦʨʝʢʣʦʤ ʠʟ ʤʣʝʢʘ 

(Rudke et al., 2019; Shao et al., 2019). ʈʘʜʦʚʠ ʢʦʿʠ ʩʫ ʥʘʿʧʨʠʙʣʠʞʥʠʿʠ ʪʝʤʘʪʠʮʠ ʦʚʝ 

ʜʠʩʝʨʪʘʮʠʿʝ ʪʠʯʫ ʩʝ ʬʦʨʤʫʣʠʩʘˁʘ ʜʝʭʠʜʨʠʩʘʥʝ ʩʫʧʝ ʥʘ ʙʘʟʠ Agaricus bisporus ʠ 

ʧʨʦʪʝʠʥʘ ʩʫʨʫʪʢʝ (Singh et al., 2003), ʟʘʪʠʤ ʥʘʧʠʪʢʘ ʦʙʦʛʘ˂ʝʥʦʛ ʧʨʦʪʝʠʥʠʤʘ ʥʘ ʙʘʟʠ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʠʟ Tremella fuciformis ʠ ʠʟʦʣʘʪʘ ʧʨʦʪʝʠʥʘ ʩʫʨʫʪʢʝ (Hu et al., 2019), ʢʘʦ ʠ 

ʜʦʜʘʪʢʘ ʝʢʩʪʨʘʢʪʘ Agaricus blazei ʫ ʤʣʝʢʦ ʦʙʦʛʘ˂ʝʥʦ ɤ-3 ʤʘʩʥʠʤ ʢʠʩʝʣʠʥʘʤʘ (Vital et 

al., 2017). ʋ ʩʚʠʤ ʧʦʙʨʦʿʘʥʠʤ ʨʘʜʦʚʠʤʘ ʨʘʹʝʥʦ ʿʝ ʥʘ ʢʨʘʚˀʝʤ ʤʣʝʢʫ. 

ʋʪʠʮʘʿ ʥʫʪʨʠʿʝʥʘʪʘ 
ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ 

ɺʠʩʦʢ ʩʘʜʨʞʘʿ 
ʜʠʿʝʪʥʠʭ ʚʣʘʢʘʥʘ - 
ʢʦʨʠʩʥʦ ʢʦʜ ʙʦʣʝʩʪʠ 

ʩʨʮʘ 

ʄʘˁʝ ʢʘʣʦʨʠʿʘ - 
ʢʦʨʠʩʥʦ ʟʘ ʛʫʙʠʪʘʢ 
ʪʝʣʝʩʥʝ ʤʘʩʝ 

ʅʠʟʘʢ ʥʠʚʦ ʥʘʪʨʠʿʫʤʘ 
- ʢʦʨʠʩʥʦ ʢʦʜ ʚʠʩʦʢʦʛ 
ʢʨʚʥʦʛ ʧʨʠʪʠʩʢʘ 

ɺʠʩʦʢ ʩʘʜʨʞʘʿ 
ʤʘʥʠʪʦʣʘ, ʥʠʟʘʢ 
ʩʘʜʨʞʘʿ ʛʣʫʢʦʟʝ - 

ʜʦʙʨʦ ʟʘ ʜʠʿʘʙʝʪʠʯʘʨʝ 

ɺʠʪʘʤʠʥʠ ʠ ʤʠʥʝʨʘʣʠ 
- ʨʝʛʫʣʘʮʠʿʘ ʪʝʣʝʩʥʠʭ 

ʬʫʥʢʮʠʿʘ 

ʌʫʥʢʮʠʦʥʘʣʥʠ 
ʧʨʦʠʟʚʦʜʠ ʥʘ ʙʘʟʠ 
ʤʝʩʥʠʭ ʠ ʨʠʙˀʠʭ 
ʧʨʦʠʟʚʦʜʘ 

ʇʦʙʦˀʰʘʥ ʫʢʫʩ ʠ 
ʧʨʠʭʚʘʪˀʠʚʦʩʪ 

ʇʦʚʠʰʝʥ ʥʠʚʦ 
ʜʠʿʝʪʥʠʭ ʚʣʘʢʘʥʘ 

ʅʠʞʘ ʢʘʣʦʨʠʿʩʢʘ 
ʚʨʝʜʥʦʩʪ 

ʇʨʦʜʫʞʝʥ ʨʦʢ ʪʨʘʿʘˁʘ 

ʇʦʚʝ˂ʘʥ ʧʨʠʥʦʩ ʧʨʠ 
ʢʫʚʘˁʫ 

ʀʥʭʠʙʠʨʘʥʝ 
ʦʢʩʠʜʘʪʠʚʥʝ ʧʨʦʤʝʥʝ 

ʇʦʙʦˀʰʘʥʘ 
ʥʫʪʨʠʪʠʚʥʘ ʚʨʝʜʥʦʩʪ ʫ 

ʮʝʣʦʩʪʠ 

ɺʠʩʦʢ ʩʘʜʨʞʘʿ ʧʫʨʠʥʘ 
- ʨʝʛʫʣʘʮʠʿʘ 
ʤʝʪʘʙʦʣʠʯʢʠʭ 
ʧʦʨʝʤʝ˂ʘʿʘ 

ʅʝʩʚʘʨˀʠʚʠ 
ʧʦʣʠʩʘʭʘʨʠʜʠ - 

ʧʦʙʦˀʰʘˁʝ ʩʪʘˁʘ ʫ 
ʮʨʝʚʥʦʤ ʪʨʘʢʪʫ 

ɸʥʪʠʦʢʩʠʜʘʥʪʠ ʠ 
ʘʥʪʠʤʠʢʨʦʙʥʘ 
ʿʝʜʠˁʝˁʘ - 

ʧʦʩʧʝʰʠʚʘˁʝ ʠʤʫʥʦʛ 
ʩʠʩʪʝʤʘ 
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ʆʙʦʛʘ˂ʠʚʘˁʝ ʢʦʟʿʝʛ ʤʣʝʢʘ ʥʝʤʣʝʯʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʜʦ ʩʘʜʘ ʿʝ ʫʨʘʹʝʥʦ ʩʘ ʤʝʜʠʮʠʥʩʢʦʤ 

ʙʠˀʢʦʤ Tinospora cordifolia (Sharma et al., 2021), ʝʢʩʪʨʘʢʪʠʤʘ ʩʝʤʝʥʢʠ ʢʦʤʠʥʝ ʛʨʦʞʹʘ 

(Mili nļiĺ et al., 2021), ʧʦʣʝʥʦʤ (Kostiĺ et al., 2021), ʝʢʩʪʨʘʢʪʠʤʘ ʤʝʜʠʮʠʥʩʢʠʭ ʙʠˀʘʢʘ 

(Komes et al., 2017), ʧʨʦʙʠʦʪʠʮʠʤʘ/ʧʨʝʙʠʦʪʠʮʠʤʘ (Verruck et al., 2019), ʘʣʠ ʥʝ ʠ 

ʛˀʠʚʘʤʘ, ʥʠʪʠ ˁʠʭʦʚʠʤ ʝʢʩʪʨʘʢʪʠʤʘ ʠ ʢʦʥʩʪʠʪʫʝʥʪʠʤʘ ʫ ʙʠʣʦ ʢʘʢʚʦʿ ʬʦʨʤʠ. 

ʋ ʩʣʫʯʘʿʫ ʦʜʩʫʩʪʚʘ ʥʘʫʯʥʠʭ ʧʦʜʘʪʘʢʘ ʚʝʟʘʥʦ ʟʘ ʤʝʰʘʚʠʥʝ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʘʪʘ 

ʛˀʠʚʘ, ʟʘ ʧʨʘ˂ʝˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʤʦʛʫ ʙʠʪʠ ʢʦʨʠʩʥʠ ʨʘʜʦʚʠ ʛʜʝ ʩʘ ʧʨʦʪʝʠʥʠʤʘ ʤʣʝʢʘ 

ʨʝʘʛʫʿʫ ʛʣʫʢʘʥʠ ʧʦʨʝʢʣʦʤ ʠʟ ʞʠʪʘʨʠʮʘ (Sarantis et al., 2021; Zielke et al., 2018), ʟʘʪʠʤ 

ʛʣʫʢʘʥʠ ʠʟ ʙʘʢʪʝʨʠʿʘ ʤʣʝʯʥʝ ʢʠʩʝʣʠʥʝ (Diemer et al., 2012), ʠʣʠ ʯʘʢ ʙʘʢʪʝʨʠʿʩʢʠ 

ʝʛʟʦʧʦʣʠʩʘʭʘʨʠʜʠ (Ayala-Hernandez et al., 2008). ʀʧʘʢ, ʫ ʦʚʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʧʦʪʨʝʙʥʘ 

ʿʝ ʧʨʠʤʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʥʦʩʥʦ ʩʢʨʠʥʠʛʘ ʩʠʩʪʝʤʘ ʫ ʧʦʪʨʘʟʠ ʟʘ ʙʠʪʥʠʤ 

ʬʘʢʪʦʨʠʤʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʩʣʦʞʝʥ ʩʠʩʪʝʤ, ʘ ʟʘʪʠʤ ʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʤʝʰʘʚʠʥʘ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʢʘʢʦ ʙʠ ʩʝ ʢʘʦ ʨʝʟʫʣʪʘʪ ʜʦʙʠʦ ʬʫʥʢʮʠʦʥʘʣʥʠ ʘʜʠʪʠʚ 

ʥʘʿʙʦˀʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. 

2.5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ 

ʆʧʪʠʤʠʟʘʮʠʿʘ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʧʦʙʦˀʰʘˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʩʠʩʪʝʤʘ, ʧʨʦʮʝʩʘ ʠʣʠ 

ʧʨʦʠʟʚʦʜʘ ʢʘʢʦ ʙʠ ʩʝ ʠʟ ˁʠʭ ʦʩʪʚʘʨʠʣʘ ʥʘʿʚʝ˂ʘ ʢʦʨʠʩʪ (Bezerra et al., 2008). 

ʆʧʪʠʤʠʟʘʮʠʿʘ ʩʝ ʥʘʿʝʬʠʢʘʩʥʠʿʝ ʚʨʰʠ ʫʧʦʪʨʝʙʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ (Design of 

Experiments ï DoE) ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʧʨʚʦʙʠʪʥʦ ʧʣʘʥʠʨʘˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʢʦʿʝ ʫʢˀʫʯʫʿʝ 

ʦʜʘʙʠʨ ʠ ʢʦʥʪʨʦʣʠʩʘˁʝ ʥʘʿʚʘʞʥʠʿʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʢʦʨʠʰ˂ʝˁʝ ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʨʦʛʨʘʤʘ ʠ 

ʠʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʧʨʝʤʘ ʫʪʚʨʹʝʥʦʤ ʧʣʘʥʫ (Simiĺ, 2018). ɼʠʟʘʿʥ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʝ 

ʯʝʩʪʦ ʢʦʨʠʩʪʠ ʢʦʜ ʧʨʦʫʯʘʚʘˁʘ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʨʦʮʝʩʘ, ʛʜʝ ʩʝ ʫʪʚʨʹʠʚʘˁʝʤ ʚʝʟʘ ʢʦʿʝ 

ʧʦʩʪʦʿʝ ʠʟʤʝʹʫ ʬʘʢʪʦʨʘ ʠ ʦʜʛʦʚʦʨʘ ʦʧʪʠʤʠʟʫʿʫ ʥʘʿʙʦˀʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʫʩʣʦʚʠ 

(Mazzara et al., 2021). ʇʦʩʪʦʿʝ ʥʝʟʘʚʠʩʥʝ ʚʘʨʠʿʘʙʣʝ ʠʣʠ ʬʘʢʪʦʨʠ, ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʟʘʚʠʩʥʝ 

ʚʘʨʠʿʘʙʣʝ ʠʣʠ ʦʜʛʦʚʦʨʝ ʩʠʩʪʝʤʘ. ʆʜʛʦʚʦʨ ʩʠʩʪʝʤʘ (y) je ʫ ʬʫʥʢʮʠʿʠ ʨʘʟʣʠʯʠʪʠʭ 

ʬʘʢʪʦʨʘ (x) ʩʘ ˁʠʭʦʚʠʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ, ʫʟ ʜʦʜʘʪʘʢ ʧʨʦʮʝˁʝʥʝ ʛʨʝʰʢʝ 

(Ů): 

ώ ὪὼρȟὼςȟὼσȟȣȟὼὯ ʀ 

ɼʦ 1950-ʠʭ ʛʦʜʠʥʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʪʝʭʥʠʢʝ ʩʫ ʩʝ ʤʦʛʣʝ ʧʦʜʚʝʩʪʠ ʧʦʜ ʿʝʜʥʦʬʘʢʪʦʨʩʢʝ 

ʠʣʠ ʿʝʜʥʦʚʘʨʠʿʘʙʠʣʥʝ, ʛʜʝ ʩʝ ʿʝʜʘʥ ʬʘʢʪʦʨ ʧʨʘʪʠ, ʪʿ. ʤʝˁʘʿʫ ʤʫ ʩʝ ʚʨʝʜʥʦʩʪʠ, ʜʦʢ ʩʝ 

ʚʨʝʜʥʦʩʪʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘ ʜʨʞʝ ʢʦʥʩʪʘʥʪʥʠʤ, ʪʟʚ. one-factor-at-a-time ʝʢʩʧʝʨʠʤʝʥʪʠ 

(Halim et al., 2020; Simiĺ, 2018). ʋʢʦʣʠʢʦ ʩʝ ʠʩʧʠʪʫʿʝ ʫʪʠʮʘʿ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʬʘʢʪʦʨʘ, 

ʧʦʪʨʝʙʘʥ ʿʝ ʟʘʭʪʝʚʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʣʘʥ ʩʘ ʘʩʧʝʢʪʘ ʚʨʝʤʝʥʘ ʠ ʩʨʝʜʩʪʘʚʘ, ʘ ʠ ʦʚʘʢʘʚ 

ʧʨʠʩʪʫʧ ʥʝ ʦʤʦʛʫ˂ʘʚʘ ʩʘʛʣʝʜʘʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʬʘʢʪʦʨʘ, ʪʿ. ʩʚʝʫʢʫʧʥʠ ʫʪʠʮʘʿ 

ʬʘʢʪʦʨʘ ʥʘ ʧʦʩʤʘʪʨʘʥʠ ʦʜʛʦʚʦʨ (Baĸ & Boyacē, 2007; Bruno Siewe et al., 2021; Simiĺ, 

2018). ʈʝʘʣʥʠ ʧʨʦʙʣʝʤʠ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ ʟʘʭʪʝʚʘʿʫ ʧʨʠʩʪʫʧ 

ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʚʠʰʝ ʦʜʛʦʚʦʨʘ ʦʜʿʝʜʥʦʤ, ʧʦʰʪʦ ʩʝ ʦʜ ʧʨʦʠʟʚʦʜʘ ʦʯʝʢʫʿʝ ʚʠʰʝ ʦʜ ʿʝʜʥʝ 

ʦʧʪʠʤʘʣʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ (Romano et al., 2004). ʂʘʢʦ ʙʠ ʩʝ ʧʨʝʚʘʟʠʰʣʠ ʦʚʘʢʚʠ 

ʧʨʦʙʣʝʤʠ, ʨʘʟʚʠʿʝʥʝ ʩʫ ʤʫʣʪʠʚʘʨʠʿʘʙʠʣʥʝ (ʚʠʰʝʬʘʢʪʦʨʩʢʝ) ʩʪʘʪʠʩʪʠʯʢʝ ʤʝʪʦʜʝ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʤʝʪʦʜʦʣʦʛʠʿʫ ʦʜʛʦʚʦʨʘ (ʦʜʟʠʚʘ) ʧʦʚʨʰʠʥʘ ï RSM (Response Surface 

Methodology) (Madoumier et al., 2019). RSM ʿʝ ʢʦʤʙʠʥʘʮʠʿʘ ʤʘʪʝʤʘʪʠʯʢʠʭ ʠ 

ʩʪʘʪʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʢʦʜ ʤʦʜʝʣʦʚʘˁʘ ʠ ʤʠʥʠʤʠʟʦʚʘˁʘ ʧʨʦʙʣʝʤʘ ʛʜʝ ʥʘ 

ʞʝˀʝʥʠ ʦʜʛʦʚʦʨ ʫʪʠʯʫ ʨʘʟʥʝ ʚʘʨʠʿʘʙʣʝ, ʪʿ. ʦʤʦʛʫ˂ʘʚʘ ʩʪʚʘʨʘˁʝ ʘʥʘʣʠʪʠʯʢʠʭ ʤʦʜʝʣʘ 

ʢʦʿʠ ʦʙʿʘʰˁʘʚʘʿʫ ʢʘʢʦ ʥʝʟʘʚʠʩʥʝ ʚʘʨʠʿʘʙʣʝ ʫʪʠʯʫ ʥʘ ʦʜʛʦʚʦʨʝ (Anuar et al., 2019; 

Mazzara et al., 2021; Tan et al., 2012). ʆʚʦ ʧʦʜʨʘʟʫʤʝʚʘ ʨʘʟʚʦʿ ʠ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʦʮʝʩʘ, 

ʧʨʦʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʠʭ ʫʩʣʦʚʘ ʬʘʢʪʦʨʘ ʟʘ ʞʝˀʝʥʝ ʦʜʛʦʚʦʨʝ, ʧʨʦʮʝʥʫ ʨʝʣʘʪʠʚʥʝ 

ʟʥʘʯʘʿʥʦʩʪʠ ʥʝʢʦʣʠʢʦ ʧʦʚʝʟʘʥʠʭ ʬʘʢʪʦʨʘ ʯʘʢ ʠ ʫ ʧʨʠʩʫʩʪʚʫ ʩʣʦʞʝʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ, ʫʟ 
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ʨʝʜʫʢʮʠʿʫ ʪʨʦʰʢʦʚʘ ʠ ʚʨʝʤʝʥʘ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ (Bruno Siewe et al., 2021; 

Speranza et al., 2015). ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʚʘʨʠʿʘʙʣʠ ʤʦʞʝ ʙʠʪʠ ʠʟʫʟʝʪʥʦ 

ʢʦʨʠʩʥʦ ʢʘʢʦ ʙʠ ʩʝ ʩʘʟʥʘʣʦ ʚʠʰʝ ʦ ˁʠʭʦʚʠʤ ʘʜʠʪʠʚʥʠʤ, ʩʠʥʝʨʛʠʩʪʠʯʢʠʤ ʠʣʠ 

ʘʥʪʘʛʦʥʠʩʪʠʯʢʠʤ ʝʬʝʢʪʠʤʘ ʥʘ ʦʜʛʦʚʦʨ ʩʠʩʪʝʤʘ (Tirado Kulieva et al., 2021).  

ʎʝʥʪʨʘʣʥʠ ʢʦʤʧʦʟʠʪʥʠ ʜʠʟʘʿʥ (CCD) ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʝʬʝʢʪʠʚʥʠʿʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 

ʜʠʟʘʿʥʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʦʮʝʩʘ (Mazzara et al., 2021). ʀʘʢʦ ʠʤʘ ʩʪʫʜʠʿʘ ʢʦʿʝ ʦʜʤʘʭ 

ʢʦʨʠʩʪʝ CCD, ʢʦʿʝ ʥʧʨ. ʦʜʨʝʹʫʿʫ ʫʪʠʮʘʿ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʬʦʨʤʠʨʘˁʝ ʩʫʧʩʪʘʥʮʠ ʪʦʢʦʤ 

ʧʨʞʝˁʘ ʭʨʘʥʝ (Kalkan et al., 2021; Omidi et al., 2021), ʜʝʪʝʢʮʠʿʫ ʘʢʨʠʣʘʤʠʜʘ (Kamankesh 

et al., 2021; Nematollahi et al., 2020), ʢʘʧʘʮʠʪʝʪ ʙʠʦʩʦʨʧʮʠʿʝ (Lazli & Hellal, 2020), 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʠʥʢʘʧʩʫʣʘʮʠʿʝ (Azhar et al., 2021), ʠʪʜ, ʫʛʣʘʚʥʦʤ ʩʝ ʢʘʦ ʢʦʨʘʢ ʧʨʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʨʠʩʪʝ Ăʩʢʨʠʥʠʥʛñ ʩʪʫʜʠʿʝ ʢʦʿʝ ʠʤʘʿʫ ʟʘ ʮʠˀ ʜʘ ʠʜʝʥʪʠʬʠʢʫʿʫ 

ʥʘʿʨʝʣʝʚʘʥʪʥʠʿʝ ʬʘʢʪʦʨʝ (Halim et al., 2020). ʇʦʪʧʫʥʠ ʬʘʢʪʦʨʠʿʩʢʠ ʜʠʟʘʿʥ ʩʝ ʫʩʧʝʰʥʦ 

ʢʦʨʠʩʪʠ ʟʘ ʜʠʟʘʿʥ ʧʨʦʮʝʩʘ ʩʘ ʤʘʣʠʤ ʙʨʦʿʝʤ ʬʘʢʪʦʨʘ, ʛʜʝ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʠʥʬʦʨʤʘʮʠʿʘ ʦ 

ʝʬʝʢʪʫ ʩʚʘʢʦʛ ʬʘʢʪʦʨʘ, ʤʝʹʫʪʠʤ, ʥʠʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʢʦʜ ʧʨʦʮʝʩʘ ʛʜʝ ʬʠʛʫʨʠʨʘ ʚʝʣʠʢʠ 

ʙʨʦʿ ʬʘʢʪʦʨʘ (Halim et al., 2020). ʋ ʦʚʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʩʝ ʢʘʦ ʧʨʚʠ ʢʦʨʘʢ ʢʦʨʠʩʪʠ 

ʬʨʘʢʮʠʦʥʠ ʬʘʢʪʦʨʠʿʩʢʠ ʜʠʟʘʿʥ (FFD), ʛʜʝ ʩʝ ʧʦʤʦ˂ʫ ʤʘˁʝ ʧʨʦʙʘ, ʫʟ ʝʬʠʢʘʩʥʦʩʪ ʠ 

ʝʢʦʥʦʤʠʯʥʦʩʪ ʜʦʙʠʿʘʿʫ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʝʬʝʢʪʠʤʘ ʧʫʥʦ ʬʘʢʪʦʨʘ (Halim et al., 2020; 

Mazzara et al., 2021; Nayik & Nanda, 2016). ɼʘʢʣʝ, ʩʪʫʜʠʿʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ 

ʧʦʯʥʫ ʦʜʨʝʹʠʚʘˁʝʤ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʩʠʩʪʝʤ ʠʟ ʣʠʪʝʨʘʪʫʨʝ ʠ 

ʜʝʪʘˀʥʦʛ ʧʨʦʫʯʘʚʘˁʘ ʩʠʩʪʝʤʘ (¢am & Ķ­yer, 2015). ʅʘʢʦʥ ʦʚʦʛʘ, ʧʨʠʩʪʫʧʘ ʩʝ 

ʬʘʢʪʦʨʠʿʩʢʦʤ ʠʣʠ ʬʨʘʢʮʠʦʥʦʤ ʬʘʢʪʦʨʠʿʩʢʦʤ ʜʠʟʘʿʥʫ ʢʘʢʦ ʙʠ ʩʝ ʝʣʠʤʠʥʠʩʘʣʠ ʬʘʢʪʦʨʠ 

ʢʦʿʠ ʥʠʩʫ ʟʥʘʯʘʿʥʠ, ʘ ʩʣʝʜʝ˂ʠ ʢʦʨʘʢ, ʥʘʢʦʥ ʦʜʨʝʹʠʚʘˁʘ ʟʥʘʯʘʿʥʠʭ ʬʘʢʪʦʨʘ ʠ ʥʠʚʦʘ 

ʬʘʢʪʦʨʘ ʤʦʛʫ ʙʠʪʠ ɹʦʢʩ-ɹʝʥʢʝʥ, CCD, ʠʪʜ. ʢʘʢʦ ʙʠ ʩʝ ʩʢʫʧʠʣʝ ʠʥʬʦʨʤʘʮʠʿʝ ʠ 

ʦʧʪʠʤʠʟʦʚʘʦ ʦʜʦʚʦʨ ʩʠʩʪʝʤʘ (¢am & Ķ­yer, 2015; Hodek et al., 2017). ʆʚʦ ʤʦʞʝ ʙʠʪʠ 

ʢʦʨʠʩʥʦ ʫ ʤʠʢʨʦʙʠʦʣʦʛʠʿʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʿʠ ʢʦʜ ʠʜʝʥʪʠʬʠʢʦʚʘˁʘ ʚʘʞʥʠʭ ʥʫʪʨʠʿʝʥʘʪʘ 

ʠ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʜʚʘ ʠʣʠ ʚʠʰʝ ʥʫʪʨʠʿʝʥʘʪʘ ʫ ʤʝʜʠʿʫʤʫ ʫʟ ʤʘˁʠ ʙʨʦʿ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʣʘʩʠʯʘʥ ʧʨʠʩʪʫʧ; ʟʘʪʠʤ ʩʝ ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʌʌɼ-ʘ 

ʢʦʨʠʩʪʠ CCD ʢʘʢʦ ʙʠ ʩʝ ʧʨʝʮʠʟʥʠʿʝ ʦʜʨʝʜʠʣʝ ʚʨʝʜʥʦʩʪʠ ʟʥʘʯʘʿʥʠʭ ʬʘʢʪʦʨʘ (Jeong et 

al., 2008). ʏʝʩʪʦ ʩʝ FFD, ʧʘ CCD ʢʦʨʠʩʪʝ ʢʦʜ ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʨʦʮʝʩʘ ʝʢʩʪʨʘʢʮʠʿʝ ʠ/ʠʣʠ 

ʩʘʩʪʘʚʘ ʝʢʩʪʨʘʢʪʘ (Bruno Siewe et al., 2021; ¢am & Ķ­yer, 2015; Ghasemi et al., 2011; 

Hodek et al., 2017; Mazzara et al., 2021).  

ʇʨʠʤʝʥa RSM ʤʦʞʝ ʩʝ ʧʦʜʝʣʠʪʠ ʥʘ ʯʝʪʠʨʠ ʬʘʟʝ (ʩʣʠʢʘ 2.10.) (Tirado Kulieva et al., 

2021). ʂʨʠʪʠʯʥʠʤ ʢʦʨʘʢʦʤ ʩʝ ʩʤʘʪʨʘ ʩʪʘʪʠʩʪʠʯʢʘ ʚʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ. ʆʚʜʝ ʿʝ ʢˀʫʯʥʦ 

ʧʦʟʥʘʚʘˁʝ ʪʝʤʘʪʠʢʝ ʢʘʢʦ ʙʠ ʦʧʩʝʛ ʦʜʘʙʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʦʜʛʦʚʘʨʘʦ 

ʦʧʪʠʤʠʟʦʚʘʥʠʤ, ʰʪʦ ʿʝ ʧʨʝʜʫʩʣʦʚ ʫʩʧʝʰʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ (Tirado Kulieva et al., 2021). 

ɼʘ ʙʠ ʩʝ ʧʨʦʥʘʰʘʦ ʦʧʪʠʤʘʣʥʠ ʦʜʛʦʚʦʨ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ ʥʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʧʦʤʦ˂ʫ 

ʣʠʥʝʘʨʥʝ ʬʫʥʢʮʠʿʝ, ʢʦʨʠʩʪʠ ʩʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ (ɹʦʢʩ-ɹʝʥʢʝʥ, CCD ʠ ʜʨʫʛʠ) 

ʢʦʿʠ ʧʨʠʤʝˁʫʿʝ ʢʚʘʜʨʘʪʥʝ ʿʝʜʥʘʯʠʥʝ (Bezerra et al., 2008). ʂʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʜʘ ʣʠ 

ʦʜʘʙʨʘʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʤʦʜʝʣ ʪʘʯʥʦ ʧʨʠʢʘʟʫʿʝ ʚʝʟʫ ʠʟʤʝʹʫ ʚʘʨʠʿʘʙʣʠ, ʚʨʰʠ ʩʝ ʘʥʘʣʠʟʘ 

ʚʘʨʠʿʘʥʩʝ (ANOVA), ʢʦʿʘ ʧʦʤʦ˂ʫ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ (R
2
) ʧʨʦʮʝˁʫʿʝ ʧʨʝʮʠʟʥʦʩʪ 

ʧʨʝʜʠʢʪʠʚʥʦʛ ʤʦʜʝʣʘ (Corzo & Gomez, 2004). ʂʦʜ ʫʩʧʝʰʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʢʦʝʬʠʮʠʿʝʥʪ 

ʢʦʨʝʣʘʮʠʿʝ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʠʟʥʦʩʠ ʤʘˁʝ ʦʜ 80%; ʰʪʦ ʩʝ ʚʨʝʜʥʦʩʪ ʚʠʰʝ ʧʨʠʙʣʠʞʘʚʘ 

ʙʨʦʿʫ 1, ʤʦʜʝʣ ʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ, ʰʪʦ ʿʝ ʚʨʝʜʥʦʩʪ ʥʠʞʘ, ʤʦʜʝʣ ʥʝ ʦʧʠʩʫʿʝ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ 

ʥʘʯʠʥ ʚʝʟʫ ʠʟʤʝʹʫ ʚʘʨʠʿʘʙʣʠ (Nayik & Nanda, 2016). ʅʘʢʦʥ ʧʨʘʚˀʝˁʘ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʠ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʛʨʘʬʠʢʘ (ʧʦʚʨʰʠʥʘ), ʙʦˀʝ ʩʝ ʦʧʘʞʘʿʫ ʚʝʟʝ 

ʠʟʤʝʹʫ ʫʣʘʟʥʠʭ ʠ ʠʟʣʘʟʥʠʭ ʚʘʨʠʿʘʙʣʠ ʠ ʦʜʨʝʹʫʿʫ ʩʝ ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ, ʢʦʿʠ ʥʝ ʤʦʨʘʿʫ 

ʥʫʞʥʦ ʙʠʪʠ ʠ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ (Tirado Kulieva et al., 2021). 
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ʉʣʠʢʘ 2.10. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʢʦʨʘʢʘ RSM (Tirado Kulieva et al., 2021) 

ʇʦʩʪʦʿʝ ʠ ʜʦʜʘʪʥʝ ʪʝʭʥʠʢʝ ʢʦʿʠʤʘ ʩʝ ʧʨʦʮʝˁʫʿʝ ʧʨʝʮʠʟʥʦʩʪ. ʂʚʘʣʠʪʝʪ ʥʝʢʦʛ ʧʨʦʠʟʚʦʜʘ 

ʠʣʠ ʧʨʦʮʝʩʘ ʢʦʿʠ ʠʤʘ ʧʫʥʦ ʩʚʦʿʩʪʘʚʘ ʿʝ ʯʝʩʪʦ ʥʝʧʨʠʭʚʘʪˀʠʚ ʘʢʦ ʩʘʤʦ ʿʝʜʥʦ ʩʚʦʿʩʪʚʦ 

ʦʜʩʪʫʧʘ ʦʜ ʧʦʞʝˀʥʠʭ ʛʨʘʥʠʮʘ, ʧʘ ʿʝ ʟʙʦʛ ʦʚʦʛʘ 1980. ʛʦʜʠʥʝ ʨʘʟʚʠʿʝʥʦ ʨʝʰʝˁʝ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʚʠʰʝ ʦʜʛʦʚʦʨʘ, ʦʜʥʦʩʥʦ ʥʘʯʠʥ ʟʘ ʧʨʦʥʘʣʘʞʝˁʝ ʫʩʣʦʚʘ ʢʦʿʠ ʦʙʿʝʜʠˁʫʿʫ 

ʩʚʝ ʢʨʠʪʝʨʠʿʫʤʝ ʫ ʿʝʜʘʥ, ʥʘʿʙʦˀʠ ʢʦʤʧʨʦʤʠʩʥʠ ʦʜʛʦʚʦʨ (Vera Candioti et al., 2014). 

ʄʝʪʦʜʦʣʦʛʠʿʘ ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʚʠʰʝ ʢʨʠʪʝʨʠʿʫʤʘ ʠ ʢʦʤʙʠʥʫʿʝ ʚʨʝʜʥʦʩʪʠ ʧʦʿʝʜʠʥʘʯʥʝ 

ʧʦʞʝˀʥʦʩʪʠ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʘ ʫʢʫʧʥʘ ʧʦʞʝˀʥʦʩʪ ʥʘʟʠʚʘ ʩʝ ʬʫʥʢʮʠʿʘ ʧʦʞʝˀʥʦʩʪʠ 

(Corzo & Gomez, 2004). ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠ ʠ ʧʨʝʜʚʠʹʝʥʠ ʦʜʟʠʚʠ ʩʝ 

ʪʨʘʥʩʬʦʨʤʠʰʫ ʫ ʚʨʝʜʥʦʩʪʠ ʦʜ 0 (ʥʝʞʝˀʝʥʠ ʦʜʟʠʚ) ʜʦ 1 (ʞʝˀʝʥʠ ʦʜʟʠʚ) ʠ ʢʦʤʙʠʥʫʿʫ ʫ 

ʿʝʜʘʥ, ʟʘʿʝʜʥʠʯʢʠ ʦʜʟʠʚ (Simiĺ, 2018). ʆʩʠʤ ʿʝʜʥʦʛ, ʬʠʥʘʣʥʦʛ ʦʧʪʠʤʠʟʦʚʘʥʦʛ ʨʝʰʝˁʘ, 

ʤʦʞʝ ʩʝ ʧʦʥʫʜʠʪʠ ʚʠʰʝ ˁʠʭ, ʘ ʦʜʘʙʠʨ ʬʠʥʘʣʥʦʛ ʤʦʞʝ ʟʘʚʠʩʠʪʠ ʥʧʨ. ʦʜ ʩʝʥʟʦʨʥʝ 

ʘʥʘʣʠʟʝ (Corzo & Gomez, 2004).  

ʅʝ ʪʨʝʙʘ ʟʘʥʝʤʘʨʠʪʠ ʥʠ ʦʛʨʘʥʠʯʝˁʘ RSM ʢʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ ʢʦʤʧʣʝʢʩʥʠ ʩʠʩʪʝʤʠ. Oʚʦ 

ʩʝ ʤʦʞʝ ʧʨʝʚʘʟʠ˂ʠ ʧʨʠʤʝʥʦʤ ʥʝʣʠʥʝʘʨʥʠʭ ʤʫʣʪʠʚʘʨʠʿʘʮʠʦʥʠʭ ʨʝʛʨʝʩʠʦʥʠʭ 

ʘʣʛʦʨʠʪʘʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʥʧʨ. ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ (Madoumier et al., 2019; Tirado 

Kulieva et al., 2021). RSM ʩʝ ʧʦʿʘʚʠʣʘ ʢʘʦ ʪʝʭʥʠʢʘ ʢʦʿʘ ʿʝ ʣʘʢʦ ʧʨʠʤʝʥˀʠʚʘ ʫ ʨʘʟʥʠʤ 

ʦʙʣʘʩʪʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʭʝʤʠʿʩʢʘ, ʬʘʨʤʘʮʝʫʪʩʢʘ, ʧʨʝʭʨʘʤʙʝʥʘ ʠʥʜʫʩʪʨʠʿʘ, ʙʠʦʣʦʰʢʝ ʠ 

ʤʝʜʠʮʠʥʩʢʝ ʥʘʫʢʝ, ʛʨʘʹʝʚʠʥʘʨʩʪʚʦ, ʠʪʜ. ʋ ʥʘʫʮʠ ʦ ʭʨʘʥʠ ʜʘʿʝ ʦʙʝ˂ʘʚʘʿʫ˂ʝ ʨʝʟʫʣʪʘʪʝ, 

ʘʣʠ ʿʝ ʧʦʪʨʝʙʘʥ ʧʦʤʘʢ ʢʘʢʦ ʙʠ ʩʝ ʧʨʝʚʘʟʠʰʣʠ ʠʟʘʟʦʚʠ ʢʦʿʠ ʩʝ ʪʠʯʫ ʩʣʦʞʝʥʦʩʪʠ ʠ 

ʜʠʥʘʤʠʢʝ ʧʨʝʭʨʘʤʙʝʥʠʭ ʧʨʦʮʝʩʘ ʠ ʧʨʦʠʟʚʦʜʘ. ʅʝʢʝ ʦʜ ʦʙʣʘʩʪʠ ʫ ʥʘʫʮʠ ʦ ʭʨʘʥʠ ʛʜʝ ʿʝ 

RSM ʫʩʧʝʰʥʦ ʢʦʨʠʰ˂ʝʥʘ ʩʫ: ʝʥʟʠʤʩʢʝ ʭʠʜʨʦʣʠʟʝ, ʧʨʦʜʫʢʮʠʿʘ ʤʝʪʘʙʦʣʠʪʘ, 

ʤʠʢʨʦʠʥʢʘʧʩʫʣʘʮʠʿʘ, ʬʦʨʤʫʣʘʮʠʿʘ ʠ ʧʦʙʦˀʰʘˁʝ ʩʚʦʿʩʪʘʚʘ ʧʨʦʠʟʚʦʜʘ, ʧʘʢʦʚʘˁʝ 

ʧʨʦʠʟʚʦʜʘ, ʪʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥʠ, ʦʩʤʦʪʩʢʦ ʩʫʰʝˁʝ, ʧʨʠʤʝʥʘ ʭʣʘʜʥʝ ʧʣʘʟʤʝ, ʧʦʙʦˀʰʘˁʝ 

ʢʣʠʿʘʚʦʩʪʠ, ʝʢʩʪʨʘʢʮʠʿʝ ʢʦʤʧʦʥʝʥʪʠ ʦʜ ʠʥʪʝʨʝʩʘ, ʠʪʜ. (Madoumier et al., 2019; Tirado 

Kulieva et al., 2021). 

. 

ʆʜʘʙʠʨ ʚʘʨʠʿʘʙʣʠ 

Å ʌʘʢʪʦʨʠ, ʥʠʚʦʠ ʬʘʢʪʦʨʘ ʠ ʦʜʛʦʚʦʨʠ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ 

Åʂʦʜʠʨʘˁʝ ʬʘʢʪʦʨʘ 

Åɹʦʢʩ-ɹʝʥʢʝʥ, CCD 

ʀʟʨʘʜʘ ʧʨʝʜʠʢʪʠʚʥʦʛ ʤʦʜʝʣʘ 

Åɺʘʣʠʜʘʮʠʿʘ ʧʦʤʦ˂ʫ ʩʪʘʪʠʩʪʠʯʢʠʭ ʪʝʩʪʦʚʘ (ɸʅʆɺɸ) 

ʆʜʨʝ˂ʠʚʘˁʝ ʦʧʪʠʤʘʣʥʠʭ ʫʩʣʦʚʘ 

Åɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ 

Åɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʚʘʣʠʜʘʮʠʿʘ 
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 3. ʄʘʪʝʨʠʿʘʣ ʠ ʤʝʪʦʜʝ  

3.1. ʆʙʝʟʤʘʰ˂ʠʚʘˁʝ ʫʟʦʨʘʢʘ ʤʣʝʢʘ 

ʉʚʝʞʝ ʢʦʟʿʝ ʤʣʝʢʦ ʥʘʙʘʚˀʝʥʦ ʿʝ ʦʜ ʬʘʨʤʝ Select milk (ʀʥʹʠʿʘ, ʉʨʙʠʿʘ). ʆʜʤʘʭ ʥʘʢʦʥ 

ʥʘʙʘʚˀʘˁʘ ʫ ʜʝʦ ʤʣʝʢʘ ʿʝ ʜʦʜʘʪ ʥʘʪʨʠʿʫʤ ʘʟʠʜ (NaN3) ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,2 g/L ʨʘʜʠ 

ʤʠʢʨʦʙʠʦʣʦʰʢʝ ʙʝʟʙʝʜʥʦʩʪʠ. ʋ ʿʝʜʘʥ ʜʝʦ ʤʣʝʢʘ NaN3 ʥʠʿʝ ʜʦʜʘʪ ʟʙʦʛ ʝʢʩʧʝʨʠʤʝʥʘʪʘ 

ʛʜʝ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʨʝʟʫʣʪʘʪʝ. ʆʙʝʟʤʘʰ˂ʠʚʘˁʝ ʿʝ ʫʨʘʹʝʥʦ ʧʨʝʤʘ Pesic et al. (2011b). 

ʄʣʝʢʦ ʿʝ ʪʝʤʧʝʨʠʨʘʥʦ ʥʘ 30 °C ʫ ʚʦʜʝʥʦʤ ʢʫʧʘʪʠʣʫ 30 ʤʠʥʫʪʘ, ʘ ʟʘʪʠʤ ʿʝ 

ʮʝʥʪʨʠʬʫʛʠʨʘʥʦ ʧʨʠ 3000 g ʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 5 °C 30 ʤʠʥʫʪʘ. ʆʜʤʘʭ ʥʘʢʦʥ ʟʘʚʨʰʝʪʢʘ 

ʮʝʥʪʨʠʬʫʛʠʨʘˁʘ, ʫʟʦʨʮʠ ʩʫ ʧʨʝʙʘʯʝʥʠ ʫ ʣʝʜʝʥʦ ʢʫʧʘʪʠʣʦ 30 ʤʠʥʫʪʘ, ʥʘʢʦʥ ʯʝʛʘ ʿʝ 

ʣʠʧʠʜʥʘ ʬʨʘʢʮʠʿʘ ʫʢʣʦˁʝʥʘ ʰʧʘʪʫʣʦʤ. ʆʙʝʟʤʘʰ˂ʝʥʦ ʤʣʝʢʦ ʿʝ ʦʜʣʠʚʝʥʦ ʫ ʥʦʚʝ ʧʦʩʫʜʝ 

ʠ ʦʩʪʘʚˀʝʥʦ ʥʘ 4°ʉ ʜʦ ʜʘˀʝ ʫʧʦʪʨʝʙʝ. 

3.2. ʆʜʨʝʹʠʚʘˁʝ ʩʘʜʨʞʘʿʘ ʫʢʫʧʥʠʭ ʧʨʦʪʝʠʥʘ, ʢʘʟʝʠʥʘ ʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʫ ʤʣʝʢʫ 

ʉʘʜʨʞʘʿʠ ʫʢʫʧʥʦʛ ʘʟʦʪʘ (TN) ʠ ʥʝʧʨʦʪʝʠʥʩʢʦʛ ʘʟʦʪʘ (NPN) ʩʫ ʦʜʨʝʹʝʥʠ ʩʪʘʥʜʘʨʜʥʠʤ 

AOAC ʤʝʪʦʜʘʤʘ (AOAC, 1995; Peġiĺ, 2011), ʜʦʢ ʿʝ ʥʝʢʘʟʝʠʥʩʢʠ ʘʟʦʪ (NCN) ʦʜʨʝʹʝʥ 

ʠʩʪʦ ʢʘʦ ʥʝʧʨʦʪʝʠʥʩʢʠ ʘʟʦʪ, ʘʣʠ ʥʘʢʦʥ ʫʢʣʘˁʘˁʘ ʢʘʟʝʠʥʘ ʠʟ ʤʣʝʢʘ ʠʟʦʝʣʝʢʪʨʠʯʥʦʤ 

ʧʨʝʮʠʧʠʪʘʮʠʿʦʤ ʥʘ pH 4,2 (Peġiĺ, 2011). ʅʘʢʦʥ ʦʚʦʛʘ, ʧʦʜʘʮʠ ʟʘ TN, NPN ʠ NCN ʩʫ 

ʫʙʘʯʝʥʠ ʫ ʠʟʨʘʟʝ ʢʦʿʝ ʩʫ ʜʘʣʠ Anema & Stanley (1998) ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʠ ʩʘʜʨʞʘʿʠ 

ʫʢʫʧʥʠʭ ʧʨʦʪʝʠʥʘ (TP), ʢʘʟʝʠʥʘ (CNS) ʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ (WPS) ʫ ʘʥʘʣʠʟʠʨʘʥʦʤ ʤʣʝʢʫ 

(Peġiĺ, 2011): 

TP = (TN ï NPN) x 6,38 

CNS = (TN ï NCN) x 6,38 

WPS = (NCN ï NPN) x 6,38 

ʇʨʦʩʝʯʘʥ ʧʨʦʪʝʠʥʩʢʠ ʩʘʩʪʘʚ ʤʣʝʢʘ ʢʦʿʝ ʿʝ ʢʦʨʠʰ˂ʝʥʦ ʿʝ ʩʣʝʜʝ˂ʠ (g/kg): TP 31,9; CNS 

25,3; WPS 6,6. 

3.3. ʊʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ ʠ ʬʨʘʢʮʠʦʥʠʩʘˁʝ ʫʟʦʨʘʢʘ ʤʣʝʢʘ 

ɼʝʦ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʿʝ ʧʨʝʙʘʯʝʥ ʫ ʚʦʜʝʥʦ ʢʫʧʘʪʠʣʦ (Grant, GA100, ɺʝʣʠʢʘ 

ɹʨʠʪʘʥʠʿʘ), ʟʘʛʨʝʿʘʥ ʥʘ 90 °C ʠ ʥʘʢʦʥ ʜʦʩʪʠʟʘˁʘ ʦʚʝ ʪʝʤʧʝʨʘʪʫʨʝ ʦʩʪʘʚˀʝʥ ʜʘ ʩʝ 

ʠʥʢʫʙʠʨʘ 10 ʤʠʥʫʪʘ. ʅʘʢʦʥ ʟʘʛʨʝʚʘˁʘ, ʤʣʝʢʦ ʿʝ ʦʭʣʘʹʝʥʦ ʥʘ ʩʦʙʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʢʨʘʪʢʠʤ ʫʨʘˁʘˁʝʤ ʫ ʣʝʜʝʥʦ ʚʦʜʝʥʦ ʢʫʧʘʪʠʣʦ (5 °C) ʥʘ 30 ʩʝʢʫʥʜʠ, ʘ ʟʘʪʠʤ ʦʩʪʘʚˀʝʥʦ 

ʧʨʝʢʦ ʥʦ˂ʠ ʫ ʪʝʨʤʦʩʪʘʪʫ ʥʘ 20 °C (Pesic et al., 2012). ʊʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ ʤʣʝʢʘ ʿʝ ʫʨʘʹʝʥ 

ʧʨʝ ʬʨʘʢʮʠʦʥʠʩʘˁʘ ʢʘʢʦ ʙʠ ʩʝ ʠʟʘʟʚʘʣʦ ʬʦʨʤʠʨʘˁʝ ʢʦʤʧʣʝʢʩʘ ʠʟʤʝʹʫ ʢʘʟʝʠʥʘ ʠ ʩʝʨʫʤ 

ʧʨʦʪʝʠʥʘ. 

ʂʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʜʦʙʠʿʝʥʠ ʩʫ ʠʟʦʝʣʝʢʪʨʠʯʥʦʤ 

ʧʨʝʮʠʧʠʪʘʮʠʿʦʤ ʢʘʟʝʠʥʘ ʥʘ pH 4,2 ʢʦʨʠʰ˂ʝˁʝʤ 1ʄ ʨʘʩʪʚʦʨʘ HCl. ʀʟʜʚʦʿʝʥʠ ʪʘʣʦʛ 

ʢʘʟʝʠʥʘ ʿʝ ʦʜʚʦʿʝʥ ʦʜ ʩʝʨʫʤ ʬʘʟʝ ʤʣʝʢʘ ʮʝʥʪʨʠʬʫʛʠʨʘˁʝʤ ʥʘ 4000 g 20 ʤʠʥʫʪʘ. ʂʘʟʝʠʥ 

ʿʝ ʟʘʪʠʤ ʨʘʩʪʚʦʨʝʥ ʜʦʜʘʪʢʦʤ milliQ ʚʦʜʝ, a pH ʤʫ ʿʝ ʧʦʜʝʰʝʥ ʥʘ 6,7 ʧʦʤʦ˂ʫ 1ʄ 

ʨʘʩʪʚʦʨʘ NaOH (Peġiĺ, 2011; Pesic et al., 2012).  

ʉʧʨʝʤˀʝʥʘ ʩʫ ʯʝʪʠʨʠ ʨʘʟʣʠʯʠʪʘ ʫʟʦʨʢʘ ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʤʣʝʢʦ 

(RM), ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʤʣʝʢʦ (TRM ), ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (CN), ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ 

(TCN). ɺʝ˂ʠ ʜʝʦ ʫʟʦʨʘʢʘ ʿʝ ʣʠʦʬʠʣʠʟʦʚʘʥ ʠ ʢʦʨʠʰ˂ʝʥ ʫ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʥʘʢʦʥ 
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ʨʝʢʦʥʩʪʠʪʫʮʠʿʝ, ʜʦʢ ʩʫ ʥʘ ʪʝʯʥʠʤ ʫʟʦʨʮʠʤʘ ʠʟʚʨʰʝʥʘ DLS ʤʝʨʝˁʘ ʠ ʧʨʠʧʨʝʤʘ ʟʘ 

ʝʣʝʢʪʨʦʬʦʨʝʪʩʢʝ ʘʥʘʣʠʟʝ (ʨʘʟʙʣʘʞʠʚʘˁʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʫʬʝʨʠʤʘ).  

3.4. ɼʦʙʠʿʘˁʝ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ 

ʋ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʿʝ ʢʘʦ ʧʦʣʘʟʥʠ ʤʘʪʝʨʠʿʘʣ ʢʦʨʠʰ˂ʝʥʦ ʩʧʨʘʰʝʥʦ ʧʣʦʜʦʥʦʩʥʦ ʪʝʣʦ 

Agaricus blazei Murrill  ʠ Laetiporus sulphureus (Bull.) Murrill. ʆʩʫʰʝʥʠ ʧʨʘʭ A.blazei ʿʝ 

ʜʦʙʠʿʝʥ ʦʜ ʧʨʦʬ. Leo J.L.D. van Griensven (ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɺʘʛʝʥʠʥʛʝʥʫ, ʍʦʣʘʥʜʠʿʘ). 

ʆʩʫʰʝʥʠ ʧʨʘʭ L. sulphureus ʜʦʙʠʿʝʥ ʿʝ ʣʠʦʬʠʣʠʟʘʮʠʿʦʤ, ʩʠʪˁʝˁʝʤ ʠ ʭʦʤʦʛʝʥʠʟʘʮʠʿʦʤ 

ʩʚʝʞʠʭ ʧʣʦʜʦʥʦʩʥʠʭ ʪʝʣʘ ʩʘʢʫʧˀʝʥʠʭ ʩʘ ʣʦʢʘʣʠʪʝʪʘ ʫ ʉʨʙʠʿʠ (Petroviĺ, 2018) ʢʦʿʘ ʩʫ 

ʠʜʝʥʪʠʬʠʢʦʚʘʥʘ ʠ ʜʝʧʦʥʦʚʘʥʘ ʫ ʢʦʣʝʢʮʠʿʠ ʛˀʠʚʘ ʄʠʢʦʣʦʰʢʝ ʣʘʙʦʨʘʪʦʨʠʿʝ, ʆʜʝˀʝˁʘ 

ʟʘ ʬʠʟʠʦʣʦʛʠʿʫ ʙʠˀʘʢʘ, ʀʥʩʪʠʪʫʪʘ ʟʘ ʙʠʦʣʦʰʢʘ ʠʩʪʨʘʞʠʚʘˁʘ Ăʉʠʥʠʰʘ ʉʪʘʥʢʦʚʠ˂ñ 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ. 

3.4.1. ɼʦʙʠʿʘˁʝ ʚʦʜʝʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ 

ɺʦʜʝʥʠ ʝʢʩʪʨʘʢʪʠ ʩʫ ʜʦʙʠʿʝʥʠ ʧʨʝʤʘ ʤʝʪʦʜʠ Vamanu & Nita (2013) ʩʘ ʤʘˁʠʤ ʠʟʤʝʥʘʤʘ: 

10 g ʦʩʫʰʝʥʦʛ ʧʨʘʭʘ ʤʘʢʨʦʤʠʮʝʪʘ ʿʝ ʝʢʩʪʨʘʭʦʚʘʥʦ ʩʘ 200 mL milliQ ʚʦʜʝ ʫ 

ʫʣʪʨʘʟʚʫʯʥʦʤ ʢʫʧʘʪʠʣʫ (Bandelin sonorex, ɹʝʨʣʠʥ, ʅʝʤʘʯʢʘ) ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʦʢʦʤ 1,5 h. ʅʘʢʦʥ ʝʢʩʪʨʘʢʮʠʿʝ, ʝʢʩʪʨʘʢʪ ʿʝ ʬʠʣʪʨʠʨʘʥ (Whatman No. 4), ʘ ʯʚʨʩʪʠ 

ʦʩʪʘʪʘʢ ʿʝ ʝʢʩʪʨʘʭʦʚʘʥ ʿʦʰ ʜʚʘ ʧʫʪʘ ʥʘ ʦʧʠʩʘʥʠ ʥʘʯʠʥ. ɽʢʩʪʨʘʢʪʠ ʩʫ ʩʧʦʿʝʥʠ, 

ʟʘʤʨʟʥʫʪʠ, ʣʠʦʬʠʣʠʟʦʚʘʥʠ (LH Leybold, Lyovac GT2, ʌʨʘʥʢʝʥʜʦʨʬ, ʐʚʘʿʮʘʨʩʢʘ) ʠ 

ʯʫʚʘʥʠ ʥʘ 4 °C ʜʦ ʫʧʦʪʨʝʙʝ (Petroviĺ, 2018). ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʜʦʙʠʿʝʥʠ ʩʫ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ 

A.blazei (VA) ʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus (VL ). 

3.4.2. ɼʦʙʠʿʘˁʝ ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ 

ʇʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪʠ ʩʫ ʠʟʦʣʦʚʘʥʠ ʧʨʝʤʘ ʠʟʤʝˁʝʥʦʿ ʤʝʪʦʜʠ Song et al. (2008): 10 g 

ʦʩʫʰʝʥʦʛ ʧʨʘʭʘ ʤʘʢʨʦʤʠʮʝʪʘ ʿʝ ʧʦʪʦʧˀʝʥʦ ʫ 300 mL 96% ʝʪʘʥʦʣʘ ʪʦʢʦʤ 2 h ʥʘ ʩʦʙʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʤʘʛʥʝʪʥʦʿ ʤʝʰʘʣʠʮʠ, ʘ ʟʘʪʠʤ ʿʝ ʮʝʥʪʨʠʬʫʛʠʨʘʥʦ 20 ʤʠʥʫʪʘ ʥʘ 1200 

rpm. ʇʨʚʠ ʩʫʧʝʨʥʘʪʘʥʪ ʿʝ ʙʘʯʝʥ, ʘ ʪʘʣʦʛ ʿʝ ʨʘʩʪʚʦʨʝʥ ʫ 300 mL milliQ ʚʦʜʝ ʠ ʦʩʪʘʚˀʝʥ 

20 ʤʠʥʫʪʘ ʥʘ 4 ÁC. ʉʫʩʧʝʥʟʠʿʘ ʿʝ ʟʘʪʠʤ ʧʦʩʪʘʚˀʝʥʘ ʫ ʘʫʪʦʢʣʘʚ ʥʘ 120 °C 20 ʤʠʥʫʪʘ 

(Raypa, ɹʘʨʩʝʣʦʥʘ, ʐʧʘʥʠʿʘ). ʉʫʩʧʝʥʟʠʿʘ ʿʝ ʦʭʣʘʹʝʥʘ ʥʘ ʣʝʜʫ, ʘ ʥʘʢʦʥ ʪʦʛʘ ʿʝ 

ʮʝʥʪʨʠʬʫʛʠʨʘʥʘ ʥʘ 8000 rpm 20 ʤʠʥʫʪʘ. ɿʘ ʜʘˀʠ ʧʦʩʪʫʧʘʢ ʿʝ ʢʦʨʠʰ˂ʝʥ ʙʠʩʪʨʠ 

ʩʫʧʝʨʥʘʪʘʥʪ, ʢʦʤʝ ʩʫ ʜʦʜʘʪʝ ʜʚʝ ʟʘʧʨʝʤʠʥʝ 96% ʝʪʘʥʦʣʘ. ʉʤʝʰʘ ʿʝ ʦʩʪʘʚˀʝʥʘ ʧʨʝʢʦ 

ʥʦ˂ʠ ʥʘ 4 ÁC ʥʘ ʤʘʛʥʝʪʥʦʿ ʤʝʰʘʣʠʮʠ. ʅʘʢʦʥ ʠʥʢʫʙʘʮʠʿʝ, ʧʦʣʠʩʘʭʘʨʠʜʠ ʩʫ ʩʘʢʫʧˀʝʥʠ 

ʧʨʝʮʠʧʠʪʘʮʠʿʦʤ (Popoviĺ Miniĺ et al., 2023). ɼʨʫʛʦʛ ʜʘʥʘ ʩʤʝʰʘ ʿʝ ʮʝʥʪʨʠʬʫʛʠʨʘʥʘ ʥʘ 

5000 rpm 15 ʤʠʥʫʪʘ, ʘ ʪʘʣʦʛ ʿʝ ʨʘʩʪʚʦʨʝʥ ʩʘ 20 mL 0,02ʄ ʪʨʠʩ 

(ʪʨʠʩ(ʭʠʜʨʦʢʩʠʤʝʪʠʣ)ʘʤʠʥʦʤʝʪʘʥ) ʧʫʬʝʨʘ, pH 7,4. ʇʨʝʢʦ ʥʦ˂ʠ ʿʝ ʠʟʚʨʰʝʥʘ ʜʠʿʘʣʠʟʘ ʫ 

ʠʩʪʦʤ ʪʨʠʩ ʧʫʬʝʨʫ. ʊʨʝ˂ʝʛ ʜʘʥʘ ʩʤʝʰʘ ʿʝ ʮʝʥʪʨʠʬʫʛʠʨʘʥʘ ʥʘ 8000 rpm 15 ʤʠʥʫʪʘ, ʘ 

ʟʘʪʠʤ ʩʫ ʩʫʧʝʨʥʘʪʘʥʪʫ ʜʦʜʘʪʝ ʜʚʝ ʟʘʧʨʝʤʠʥʝ ʝʪʘʥʦʣʘ ʟʘ ʧʦʥʦʚʥʫ ʧʨʝʮʠʧʠʪʘʮʠʿʫ ʠ ʩʚʝ ʿʝ 

ʩʪʘʚˀʝʥʦ ʥʘ 4 °C 30 ʤʠʥʫʪʘ. ʇʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʘˁʘ ʥʘ 8000 rpm 20 ʤʠʥʫʪʘ, ʪʘʣʦʛ ʿʝ 

ʣʠʦʬʠʣʠʟʦʚʘʥ ʠ ʯʫʚʘʥ ʫ ʬʨʠʞʠʜʝʨʫ ʜʦ ʜʘˀʝ ʫʧʦʪʨʝʙʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʜʦʙʠʿʝʥʠ ʩʫ 

ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ A.blazei (PA) ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus (PL ).  

3.5. ʇʨʠʧʨʝʤʘ ʤʝʰʘʚʠʥʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ  

ʃʠʦʬʠʣʠʟʦʚʘʥʠ ʧʨʘʭ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ (VA, VL, ʈA, ʈL) ʿʝ ʨʘʩʪʚʦʨʝʥ ʫ 

ʨʝʢʦʥʩʪʠʪʫʠʩʘʥʠʤ ʫʟʦʨʮʠʤʘ ʤʣʝʢʘ (RM, TRM, CN, TCN) ʪʘʢʦ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʜ 1 mg ʝʢʩʪʨʘʢʪʘ ʛˀʠʚʘ ʧʦ 1 mL ʫʟʦʨʢʘ ʤʣʝʢʘ. ʋʟʦʨʮʠ RM ʠ TRM ʩʫ 

ʨʝʢʦʥʩʪʠʪʫʠʩʘʥʠ ʢʘʦ 10%, ʜʦʢ ʩʫ ʫʟʦʨʮʠ CN ʠ TCN ʨʝʢʦʥʩʪʠʪʫʠʩʘʥʠ ʢʘʦ 2%. ʊʘʢʦʹʝ, 

ʝʢʩʪʨʘʢʪʠ ʛˀʠʚʘ ʩʫ ʨʘʩʪʚʦʨʝʥʠ ʫ milliQ ʚʦʜʠ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʦʜ 1 mg/mL ʨʘʜʠ 

ʧʦʨʝʹʝˁʘ. ʉʚʠ ʫʟʦʨʮʠ ʩʫ ʚʦʨʪʝʢʩʦʚʘʥʠ ʠ ʤʝʰʘʥʠ 1 h ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʤʝʭʘʥʠʯʢʦʿ ʤʝʰʘʣʠʮʠ (Thys 2, MLW Labortechnik GmbH, ɿʝʣʙʘʭ, ʅʝʤʘʯʢʘ). ɺʨʝʜʥʦʩʪʠ 

pH ʩʫ ʧʦʜʝʰʝʥʝ ʥʘ 6,75 (ʧʨʠʨʦʜʥʘ pH ʚʨʝʜʥʦʩʪ ʤʣʝʢʘ) ʧʦ ʧʦʪʨʝʙʠ. ʄʝʨʝˁʘ ɕ-
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ʧʦʪʝʥʮʠʿʘʣʘ ʠ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ ʩʫ ʚʨʰʝʥʘ ʥʘ ʩʚʝʞʠʤ ʤʝʰʘʚʠʥʘʤʘ. ɼʝʦ ʤʝʰʘʚʠʥʘ ʿʝ 

ʯʫʚʘʥ ʥʘ -20 ÁC, ʘ ʜʨʫʛʠ ʜʝʦ ʤʝʰʘʚʠʥʘ ʿʝ ʣʠʦʬʠʣʠʟʦʚʘʥ ʠ ʩʢʣʘʜʠʰʪʝʥ ʜʦ ʜʘˀʝ 

ʫʧʦʪʨʝʙʝ (Popoviĺ Miniĺ et al., 2023). 

ʇʨʝʛʣʝʜ ʥʘʟʠʚʘ ʠ ʩʢʨʘ˂ʝʥʠʮʘ ʫʟʦʨʘʢʘ ʤʝʰʘʚʠʥʘ: 

¶ ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʤʣʝʢʦ ʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A.blazei RMVA  

¶ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʤʣʝʢʦ ʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A.blazei TRMVA  

¶ ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A.blazei 

CNVA  

¶ ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A.blazei 

TCNVA  

¶ ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʤʣʝʢʦ ʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus 

RMVL  

¶ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʤʣʝʢʦ ʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus 

TRMVL  

¶ ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. 

sulphureus CNVL  

¶ ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. 

sulphureus TCNVL  

¶ ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʤʣʝʢʦ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ A.blazei 

RMPA 

¶ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʤʣʝʢʦ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ A.blazei 

TRMPA 

¶ ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ 

A.blazei CNPA 

¶ ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ 

A.blazei TCNPA 

¶ ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʤʣʝʢʦ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ L. 

sulphureus RMPL  

¶ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʤʣʝʢʦ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus 

TRMPL  

¶ ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ 

L. sulphureus CNPL  

¶ ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ L. 

sulphureus TCNPL  

3.6. ʆʜʨʝʹʠʚʘˁʝ ʩʘʜʨʞʘʿʘ ʧʨʦʪʝʠʥʘ 

ʉʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʫ ʫʟʦʨʮʠʤʘ ʿʝ ʦʜʨʝʹʝʥ ʤʝʪʦʜʦʤ ʧʦ ɹʨʘʜʬʦʨʜʫ (Bradford, 1976). 

ɹʨʘʜʬʦʨʜʦʚ ʨʝʘʛʝʥʩ (5 mL) ʿʝ ʜʦʜʘʪ ʨʘʟʙʣʘʞʝʥʠʤ ʫʟʦʨʮʠʤʘ (100 ÕL), ʥʘʢʦʥ 

ʚʦʨʪʝʢʩʦʚʘˁʘ ʫʟʦʨʮʠ ʩʫ ʠʥʢʫʙʠʨʘʥʠ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ 20 ʤʠʥʫʪʘ, ʘ ʟʘʪʠʤ ʿʝ 

ʦʯʠʪʘʥʘ ʘʧʩʦʨʙʘʥʮʠʘʿ ʥʘ 595 nm (UV-1800, Shimadzu USA Manufacturing Inc, UR, ʉɸɼ). 

ʉʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʿʝ ʠʟʨʘʞʝʥ ʫ g/100 g ʫʟʦʨʢʘ ʥʘ ʦʩʥʦʚʫ ʢʘʣʠʙʨʘʮʠʦʥʝ ʢʨʠʚʝ 

ʢʦʥʩʪʨʫʠʩʘʥʝ ʧʦʤʦ˂ʫ ʘʣʙʫʤʠʥʘ ʛʦʚʝʹʝʛ ʩʝʨʫʤʘ ï BSA. 

3.7. ʆʜʨʝʹʠʚʘˁʝ ʩʘʜʨʞʘʿʘ ʛʣʫʢʘʥʘ 

ʉʘʜʨʞʘʿ ɓ-ʛʣʫʢʘʥʘ ʿʝ ʦʜʨʝʹʝʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʩʢʠ ʧʦʤʦ˂ʫ ʄʝʛʘʟʠʤ ʝʥʟʠʤʩʢʦʛ ʢʠʪʘ 

(Megazyme, ɹʨʝʿ, ʦʢʨʫʛ ɺʠʢʣʦʫ, ʀʨʩʢʘ), ʧʨʝʤʘ ʫʧʫʪʩʪʚʠʤʘ ʧʨʦʠʟʚʦʹʘʯʘ ʠ ʧʨʝʤʘ Zrnic-

Ciric et al. (2020). ʆʚʦʤ ʤʝʪʦʜʦʤ ʦʜʨʝʹʫʿʝ ʩʝ ʩʘʜʨʞʘʿ Ŭ- ʠ ʫʢʫʧʥʠʭ ʛʣʫʢʘʥʘ. ʉʘʜʨʞʘʿ ɓ-

ʛʣʫʢʘʥʘ ʿʝ ʜʦʙʠʿʝʥ ʠʥʜʠʨʝʢʪʥʦ ʠʟ ʨʘʟʣʠʢʝ ʫʢʫʧʥʠʭ ʠ Ŭ-ʛʣʫʢʘʥʘ. ɻʣʫʢʘʥʠ ʩʫ 
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ʭʠʜʨʦʣʠʟʦʚʘʥʠ ʜʦ ʛʣʫʢʦʟʝ ʢʦʨʠʰ˂ʝˁʝʤ ʤʝʰʘʚʠʥʝ ʝʥʟʠʤʘ ʝʛʟʦ-1,3-ɓ-ʛʣʫʢʘʥʘʟʝ ʠ Ŭ-

ʛʣʫʢʦʟʠʜʘʟʝ. ʅʘʢʦʥ ʦʚʦʛʘ, Ŭ-ʛʣʫʢʘʥʠ ʩʫ ʧʦʩʝʙʥʦ ʦʜʨʝʹʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ 

ʘʤʠʣʦʛʣʫʢʦʟʠʜʘʟʝ, ʘʤʠʣʘʟʝ ʠ GOPOD ʨʝʘʛʝʥʩʘ (glucoseïoxidaseïperoxidase 

determination). ʉʚʘ ʤʝʨʝˁʘ ʩʫ ʚʨʰʝʥʘ ʥʘ 510 nm, ʘ ʨʝʟʫʣʪʘʪʠ ʩʫ ʠʟʨʘʞʝʥʠ ʢʘʦ g 

ʛʣʫʢʘʥʩʢʝ ʬʨʘʢʮʠʿʝ ʥʘ 100 g ʫʟʦʨʢʘ (Zrnic-Ciric et al., 2020). 

3.8. ɸʥʘʣʠʟʘ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ - ʫʣʪʨʘʝʬʠʢʘʩʥʘ ʪʝʯʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ ʩʘ 

ʤʝʩʝʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʠʿʦʤ (UHPLC-DAD MS/MS) 

ʈʘʟʜʚʘʿʘˁʝ ʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʘ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʦʜ ʠʥʪʝʨʝʩʘ ʩʫ ʠʟʚʝʜʝʥʠ ʧʦʤʦ˂ʫ 

Dionex Ultimate 3000 UHPLC ʩʠʩʪʝʤʘ ʦʧʨʝʤˀʝʥʦʛ ʩʘ DAD (diode array detector) ʠ TSQ 

Quantum Access Max triple-quadrupole ʤʘʩʝʥʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʩʘ ʪʨʦʩʪʨʫʢʠʤ 

ʢʚʘʜʨʫʧʦʣ ʘʥʘʣʠʟʘʪʦʨʦʤ (ThermoFisher Scientific, ɹʘʟʝʣ, ʐʚʘʿʮʘʨʩʢʘ) ʧʨʝʤʘ ʤʝʪʦʜʠ ʠʟ 

Gaġiĺ et al. (2015) ʠ ʫʩʣʦʚʠʤʘ ʠʟ Peġiĺ et al. (2019) ʠ Milinļiĺ (2023). ʈʘʟʜʚʘʿʘˁʝ ʿʝ 

ʠʟʚʝʜʝʥʦ ʥʘ Syncronis C18 ʢʦʣʦʥʠ (100×2,1 mm, ʚʝʣʠʯʠʥʘ ʧʦʨʘ 1,7 ɛm) ʥʘ 40 °C. ʉʘʩʪʘʚ 

ʤʦʙʠʣʥʝ ʬʘʟʝ ʙʠʦ ʿʝ ʩʣʝʜʝ˂ʠ: 0,1% ʚʦʜʝʥʠ ʨʘʩʪʚʦʨ ʤʨʘʚˀʝ ʢʠʩʝʣʠʥʝ (A) ʠ 100% 

ʘʮʝʪʦʥʠʪʨʠʣ (MS ʯʠʩʪʦ˂ʝ) (B), ʘ ʨʝʘʛʝʥʩʠ ʩʫ ʧʨʠʤʝˁʝʥʠ ʫ ʩʣʝʜʝ˂ʦʿ ʛʨʘʜʠʿʝʥʪ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ: 5% B, 2,0 min; 5ï95% B, 2,0ï14,0 min; 95-5% B, 14,0ï14,2 min; 5% B ʜʦ 

20 min. ɹʨʟʠʥʘ ʧʨʦʪʦʢʘ ʤʦʙʠʣʥʝ ʬʘʟʝ ʙʠʣʘ ʿʝ 0,3 mL/min. ɼʝʪʝʢʮʠʦʥʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ 

ʙʠʣʝ ʩʫ 254 nm ʠ 280 nm. ʀʥʿʝʢʪʦʚʘʥʘ ʟʘʧʨʝʤʠʥʘ ʫʟʦʨʢʘ ʿʝ ʙʠʣʘ 5 ÕL. ʄʘʩʝʥʠ 

ʩʧʝʢʪʨʦʤʝʪʘʨ ʿʝ ʦʧʨʝʤˀʝʥ ʝʣʝʢʪʨʦʩʧʨʝʿ ʿʦʥʩʢʠʤ ʠʟʚʦʨʦʤ (HESI) ʠ ʠʤʘ ʧʦʜʝʰʝʥʝ 

ʧʘʨʘʤʝʪʨʝ: ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʚʘʯʘ 200 °C, ʥʘʧʦʥ ʩʧʨʝʿʘ 5 kV, ʧʨʠʪʠʩʘʢ N2 40 AU, 

ʧʨʠʪʠʩʘʢ ʿʦʥʩʢʦʛ ʛʘʩʘ 1 AU, ʧʨʠʪʠʩʘʢ ʧʦʤʦ˂ʥʦʛ ʛʘʩʘ 8 AU, ʢʘʧʠʣʘʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 300 

°C. ʄʘʩʝʥʠ ʩʧʝʢʪʨʦʤʝʪʘʨ ʿʝ ʩʥʠʤʘʦ ʤʘʩʝ ʫ ʥʝʛʘʪʠʚʥʦʤ ʤʦʜʫ, ʫ m/z ʦʧʩʝʛʫ 100 ï 1000. 

ɿʘ ʢʚʘʣʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ ʮʠˀʘʥʠʭ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʚʠʰʝʩʪʨʫʢʠ 

ʤʘʩʝʥʦ ʩʧʝʢʪʨʦʩʢʦʧʩʢʠ ʤʦʜʫʩʠ ʩʢʝʥʠʨʘˁʘ ʢʘʦ ʰʪʦ ʩʫ ʧʦʪʧʫʥʦ ʩʢʝʥʠʨʘˁʝ (FS) ʠ 

ʩʢʝʥʠʨʘˁʝ ʧʨʦʜʫʢʪ ʿʦʥʘ (PIS). ʂʦʣʠʟʠʦʥʦʠʥʜʫʢʦʚʘʥʘ ʬʨʘʛʤʝʥʪʘʮʠʿʘ ʿʝ ʠʟʚʝʜʝʥʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʘʨʛʦʥʘ ʢʘʦ ʢʦʣʠʟʠʦʥʦʛ ʛʘʩʘ, ʜʦʢ ʿʝ ʝʥʝʨʛʠʿʘ ʩʫʜʘʨʘ ʚʘʨʠʨʘʣʘ ʫ ʟʘʚʠʩʥʦʩʪʠ 

ʦʜ ʿʝʜʠˁʝˁʘ. ʂʚʘʥʪʠʪʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʿʝ ʠʟʚʝʜʝʥʘ ʪʘʢʦ ʰʪʦ ʿʝ ʟʘ ʩʚʘʢʠ ʩʪʘʥʜʘʨʜ 

ʩʥʠʤˀʝʥ ʤʦʣʝʢʫʣʩʢʠ ʿʦʥ ʠ ʜʚʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ MS
2
 ʬʨʘʛʤʝʥʪʘ, ʢʦʿʠ ʩʫ ʧʨʝʪʭʦʜʥʦ 

ʜʝʬʠʥʠʩʘʥʠ ʢʘʦ ʜʦʤʠʥʘʥʪʥʠ ʫ PIS ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ (Milinļiĺ, 2023). ʂʦʥʪʨʦʣʘ 

ʠʥʩʪʨʫʤʝʥʪʘ ʿʝ ʠʟʚʨʰʝʥʘ ʧʦʤʦ˂ʫ Xcalibur ʩʦʬʪʚʝʨʘ (ʚʝʨʟʠʿʘ 2.2). ʌʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ ʩʫ 

ʠʜʝʥʪʠʬʠʢʦʚʘʥʘ ʧʦʨʝʹʝˁʝʤ ʩʘ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ (Milinļiĺ et al., 

2021; Peġiĺ et al., 2019). ʂʘʦ ʩʪʘʥʜʘʨʜʥʘ ʿʝʜʠˁʝˁʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ: ʝʩʢʫʣʝʪʠʥ (aesculetin), 

ʢʦʬʝʠʥʩʢʘ ʢʠʩʝʣʠʥʘ (caffeic acid), ʛʘʣʦʢʘʪʝʭʦʣ (gallocatechin), ʩʠʨʠʥʛʠʥʩʢʘ ʢʠʩʝʣʠʥʘ 

(syringic acid), ʭʣʦʨʦʛʝʥʘ ʢʠʩʝʣʠʥʘ (chlorogenic acid), ʨʫʪʠʥ (rutin), ʠʟʦʢʚʝʨʮʝʪʠʥ 

(isoquercetin), ʘʩʪʨʘʛʘʣʠʥ (astragalin), ʢʚʠʨʮʠʪʨʠʥ (quercitrin), ʘʧʠʛʝʪʨʠʥ (apigetrin), 

ʢʚʝʨʮʝʪʠʥ (quercetin), ʥʘʨʠʥʛʝʥʠʥ (naringenin) ʠ ʢʝʤʧʬʝʨʦʣ (kaempferol). ʉʘʜʨʞʘʿ 

ʩʚʘʢʦʛ ʬʝʥʦʣʥʦʛ ʿʝʜʠˁʝˁʘ ʿʝ ʠʟʨʘʯʫʥʘʪ ʠʥʪʝʛʨʘʮʠʿʦʤ ʧʦʚʨʰʠʥʝ ʧʠʢʦʚʘ ʠ ʠʟʨʘʞʝʥ ʫ 

mg/L.  

ʋʟʦʨʮʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ (VA, ʈA, VL, ʈL) ʩʫ ʧʨʠʧʨʝʤˀʝʥʠ ʪʘʢʦ ʰʪʦ ʿʝ ʦʜʤʝʨʝʥʦ ʧʦ 

50 mg ʫʟʦʨʢʘ ʠ ʨʘʩʪʚʦʨʝʥʦ ʫ 1 mL milliQ ʚʦʜʝ, ʜʦʢ ʩʫ ʩʧʨʘʰʝʥʠ ʫʟʦʨʮʠ ʛˀʠʚʘ 

ʩʧʨʝʤˀʝʥʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: ʦʜʤʝʨʝʥʦ ʿʝ ʧʦ 400 mg ʫʟʦʨʢʘ ʩʧʨʘʰʝʥʠʭ ʛˀʠʚʘ A.blazei 

ʠ L. sulphureus, ʦʟʥʘʯʝʥʠ ʩʫ ʩʘ A ʠ L, ʨʝʩʧʝʢʪʠʚʥʦ, ʜʦʜʘʪʦ ʿʝ 4 mL 80% ʤʝʪʘʥʦʣʘ 

ʟʘʢʠʰʝˀʝʥʦʛ ʩʘ 0,1% HCl, ʦʩʪʘʚˀʝʥʠ ʩʫ 1 h ʥʘ ʤʝʭʘʥʠʯʢʦʿ ʤʝʰʘʣʠʮʠ, ʥʘʢʦʥ ʪʦʛʘ ʩʫ 

ʮʝʥʪʨʠʬʫʛʠʨʘʥʠ ʧʨʠ 7000 g 5 ʤʠʥʫʪʘ, ʘ ʩʫʧʝʨʥʘʪʘʥʪ ʿʝ ʩʢʫʧˀʝʥ ʠ ʜʘˀʝ ʘʥʘʣʠʟʠʨʘʥ. 

ʉʚʠ ʫʟʦʨʮʠ ʩʫ ʧʨʦʬʠʣʪʨʠʨʘʥʠ ʢʨʦʟ 0,45 µm ʬʠʣʪʝʨ ʧʨʝ ʘʥʘʣʠʟʘ.  
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3.9. DLS ʤʝʨʝˁʘ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʠ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ 

DLS ʤʝʨʝˁʘ (Dynamic Light Scattering ï ʜʠʥʘʤʠʯʢʦ ʨʘʩʝʿʘˁʝ ʩʚʝʪʣʦʩʪʠ) ʤʝʰʘʚʠʥʘ ʟʘ 

ʧʨʝʣʠʤʠʥʘʨʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʠʟʚʨʰʝʥʘ ʧʦʤʦ˂ʫ ʫʨʝʹʘʿʘ Horiba NanoPartica SZ-100 

(Horiba, ɱʘʧʘʥ). ɿʘ ʨʘʟʙʣʘʞʠʚʘˁʝ ʿʝ ʢʦʨʠʰ˂ʝʥʘ milliQ ʚʦʜʘ. ʄʝʰʘʚʠʥʝ ʩʘ RM ʠ TRM ʩʫ 

ʨʘʟʙʣʘʞʝʥʝ 100 ʧʫʪʘ, ʜʦʢ ʩʫ ʤʝʰʘʚʠʥʝ ʩʘ CN ʠ TCN ʨʘʟʙʣʘʞʝʥʝ 20 ʧʫʪʘ. ʄʝʨʝˁʘ ʩʫ 

ʩʧʨʦʚʝʜʝʥʘ ʥʘ 25 ÁC ʫ ʧʦʣʠʜʠʩʧʝʨʟʥʦʤ ʤʦʜʫ. ɿʘ ʩʚʘʢʠ ʫʟʦʨʘʢ ʩʫ ʫʨʘʹʝʥʘ ʤʠʥʠʤʘʣʥʦ ʧʦ 

ʪʨʠ ʧʦʥʘʚˀʘˁʘ (Popoviĺ Miniĺ et al., 2023). 

3.10. ɽʣʝʢʪʨʦʬʦʨʝʪʩʢʝ ʘʥʘʣʠʟʝ 

ɿʘ ʘʥʘʣʠʟʫ ʧʨʦʪʝʠʥʩʢʠʭ ʧʨʦʬʠʣʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ 

ʛˀʠʚʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʝʣʝʢʪʨʦʬʦʨʝʪʩʢʝ ʪʝʭʥʠʢʝ: ʥʘʪʠʚʥʘ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʘ ʛʝʣ 

ʝʣʝʢʪʨʦʬʦʨʝʟʘ (Native PAGE), SDS (Sodium dodecyl sulfate - ʥʘʪʨʠʿʫʤ ʜʦʜʝʮʠʣ ʩʫʣʬʘʪ)   

ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʫ ʨʝʜʫʢʫʿʫ˂ʠʤ (SDS-R-PAGE) ʠ ʥʝʨʝʜʫʢʫʿʫ˂ʠʤ 

ʫʩʣʦʚʠʤʘ (SDS-NR-PAGE) ʧʨʝʤʘ Pesic et al. (2012). 

3.10.1. ʇʨʠʧʨʝʤʘ ʧʫʬʝʨʘ ʟʘ ʫʟʦʨʢʝ, ʫʟʦʨʘʢʘ ʠ ʩʪʘʥʜʘʨʜʘ ʟʘ ʘʥʘʣʠʟʫ 

ʈʘʟʣʠʯʠʪʠ ʧʫʬʝʨʠ ʟʘ ʫʟʦʨʢʝ ʩʫ ʧʨʠʧʨʝʤˀʝʥʠ ʟʘ ʩʚʘʢʫ ʝʣʝʢʪʨʦʬʦʨʝʪʩʢʫ ʤʝʪʦʜʫ ʢʘʦ ʢʦʜ 

Peġiĺ (2011). ʉʘʩʪʘʚ ʧʫʬʝʨʘ ʿʝ ʙʠʦ ʩʣʝʜʝ˂ʠ: 

¶ Native PAGE: 0,03 M ʪʨʠʩ-HCl (pH 8), 10% ʛʣʠʮʝʨʠʥ, 0,0025% ʙʨʦʤʬʝʥʦʣʧʣʘʚʦ; 

¶ SDS-R-PAGE: 0,055 ʄ ʪʨʠʩ-HCl (pH 6,8); 2% SDS, 7% ʛʣʠʮʝʨʠʥ, 5% ɓ-

ʤʝʨʢʘʧʪʦʝʪʘʥʦʣ, 0,0025% ʙʨʦʤʬʝʥʦʣʧʣʘʚʦ; 

¶ SDS-NR-PAGE: 0,055 ʄ ʪʨʠʩ-HCl (pH 6,8); 2% SDS, 7% ʛʣʠʮʝʨʠʥ, 0,0025% 

ʙʨʦʤʬʝʥʦʣʧʣʘʚʦ. 

ʋʟʦʨʮʠ ʩʫ ʨʘʟʙʣʘʞʝʥʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʫʬʝʨʦʤ ʟʘ ʢʦʨʠʰ˂ʝʥʫ ʤʝʪʦʜʫ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʦʜʥʦʩʠʤʘ. ʋʟʦʨʮʠ RM, TRM ʠ ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ ʩʫ ʨʘʟʙʣʘʞʝʥʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʫʬʝʨʠʤʘ ʫ ʦʜʥʦʩʫ 1:9, ʜʦʢ ʩʫ CN, TCN ʠ ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ ʨʘʟʙʣʘʞʝʥʝ ʫ ʦʜʥʦʩʫ 1:5. ʏʠʩʪʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪʠ ʛˀʠʚʘ (ʫʟʦʨʮʠ 

VA ʠ VL) ʫ milliQ ʚʦʜʠ ʩʫ ʨʘʟʙʣʘʞʝʥʠ ʫ ʦʜʥʦʩʫ 1:1. ʇʨʦʪʝʠʥʩʢʠ ʩʪʘʥʜʘʨʜ ʩʫ ʯʠʥʠʣʠ 

ʯʠʩʪʠ ʧʨʦʪʝʠʥʠ ʢʨʘʚˀʝʛ ʤʣʝʢʘ (Ŭs1-CN, ɓ-CN, ə-CN, BSA, Ŭ-LA, ɓ-LG) ʢʫʧˀʝʥʠ ʦʜ 

ʢʦʤʧʘʥʠʿʝ SigmaïAldrich Chemie Gmbh (ʐʪʘʿʥʭʘʿʤ, ʅʝʤʘʯʢʘ). ʂʘʦ ʩʪʘʥʜʘʨʜ 

ʤʦʣʝʢʫʣʩʢʠʭ ʤʘʩʘ ʢʦʨʠʰ˂ʝʥ ʿʝ LMW-SDS Marker Kit Standard (Amersham Biosciences, 

ʋʧʩʘʣʘ, ʐʚʝʜʩʢʘ), ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʬʦʩʬʦʨʠʣʘʟʝ ɹ (94000), ʘʣʙʫʤʠʥʘ ʛʦʚʝʹʝʛ ʩʝʨʫʤʘ 

(66000), ʦʚʦʘʣʙʫʤʠʥʘ (45000), ʢʘʨʙʦʥʩʢʝ ʘʥʭʠʜʨʘʟʝ (30000), ʪʨʠʧʩʠʥ ʠʥʭʠʙʠʪʦʨʘ 

(20100) ʠ Ŭ-LA (14400) (Peġiĺ, 2011; Pesic et al., 2012). 

3.10.2. ʅʘʪʠʚʥʘ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ (Native PAGE) 

Native PAGE ʿʝ ʠʟʚʝʜʝʥʘ ʧʨʝʤʘ Peġiĺ (2011) ʠ Davis (1964). ʅʘʧʨʘʚˀʝʥ ʿʝ ʪʨʠʩ-

ʛʣʠʮʠʥʩʢʠ ʝʣʝʢʪʨʦʜʥʠ ʧʫʬʝʨ (0,025 M ʪʨʠʩ (pH 8,3); 0,19 M ʛʣʠʮʠʥ), ʢʘʦ ʠ ʛʝʣʦʚʠ ʟʘ 

ʨʘʟʜʚʘʿʘˁʝ (7%; pH 8,9) ʠ ʢʦʥʮʝʥʪʨʠʩʘˁʝ (5%; pH 6,7). ɽʣʝʢʪʨʦʬʦʨʝʟʝ ʩʫ ʙʘʟʠʨʘʥʝ ʥʘ 

ʧʨʠʥʮʠʧʫ ʘʥʦʜʥʦʛ ʜʠʩʢʦʥʪʠʥʫʘʣʥʦʛ ʩʠʩʪʝʤʘ, ʘ ʠʟʚʝʜʝʥʝ ʩʫ ʥʘ ʫʨʝʹʘʿʫ (LKB, ʐʚʝʜʩʢʘ) 

ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʚʝʨʪʠʢʘʣʥʝ ʝʣʝʢʪʨʦʬʦʨʝʪʩʢʝ ʿʝʜʠʥʠʮʝ (LKB 2001- 001), ʨʘʩʭʣʘʜʥʝ 

ʿʝʜʠʥʠʮʝ (Multitemp II) ʠ ʠʟʚʦʨʘ ʥʘʧʦʥʘ (Makro Drive), ʜʦʢ ʩʫ ʟʘ ʧʨʘʚˀʝˁʝ ʛʝʣʦʚʘ 

ʢʦʨʠʰ˂ʝʥʝ ʧʣʦʯʝ ʜʠʤʝʥʟʠʿʘ 14,5 x 16,5 x 1,5 mm. 

ʋʟʦʨʮʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʨʘʟʙʣʘʞʝˁʘ ʩʫ ʥʘʥʦʰʝʥʠ ʥʘ ʛʝʣ (25 ɛL), ʘ ʥʘʢʦʥ ʠʟʚʦʹʝˁʘ 

ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʛʝʣʦʚʠ ʩʫ ʙʦʿʝʥʠ 45 ʤʠʥʫʪʘ ʨʘʩʪʚʦʨʦʤ ʟʘ ʙʦʿʝˁʝ (0,23% 

Coomassie
®
brilliant blue ʙʦʿʘ R250, 3,9% TCA (ʪʨʠʭʣʦʨʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ), 6% 

ʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ, 17% ʤʝʪʘʥʦʣ), ʟʘʪʠʤ ʩʫ ʦʜʙʦʿʝʥʠ (18% ʝʪʘʥʦʣ, 8% ʩʠʨ˂ʝʪʥʘ 

ʢʠʩʝʣʠʥʘ). ʊʦʢʦʤ ʙʦʿʝˁʘ ʠ ʦʜʙʦʿʘʚʘˁʘ ʚʨʰʝʥʦ ʿʝ ʢʦʥʩʪʘʥʪʥʦ ʤʝʰʘˁʝ. ʅʘʢʦʥ ʦʚʦʛʘ, 

ʛʝʣʦʚʠ ʩʫ ʩʢʝʥʠʨʘʥʠ ʠ ʘʥʘʣʠʟʠʨʘʥʠ ʢʦʨʠʰ˂ʝˁʝʤ SigmaGel ʧʨʦʛʨʘʤʘ, ʚʝʨʟʠʿʘ 1.1 
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(Jandel Scientific, ʉʘʥ ʈʘʬʘʝʣ, ʂʘʣʠʬʦʨʥʠʿʘ, CAɼ) (Peġiĺ, 2011; Pesic et al., 2011a, 2011b, 

2012). 

3.10.3. SDS ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʫ ʨʝʜʫʢʫʿʫ˂ʠʤ (SDS-R-PAGE) ʠ 

ʥʝʨʝʜʫʢʫʿʫ˂ʠʤ ʫʩʣʦʚʠʤʘ (SDS-NR-PAGE) 

ʆʚʝ ʘʥʘʣʠʟʝ ʩʫ ʠʟʚʝʜʝʥʝ ʧʨʝʤʘ Peġiĺ (2011) ʠ Fling & Gregerson (1986). ʂʦʨʠʰ˂ʝʥʠ ʩʫ 

ʪʨʠʩ-ʛʣʠʮʠʥʩʢʠ ʝʣʝʢʪʨʦʜʥʠ ʧʫʬʝʨ (0,05 M ʪʨʠʩ (pH 8,5), 0,19 M ʛʣʠʮʠʥ, 0,1%  SDS, ʢʘʦ 

ʠ ʛʝʣʦʚʠ ʟʘ ʨʘʟʜʚʘʿʘˁʝ (12,5%; pH 8,85) ʠ ʢʦʥʮʝʥʪʨʠʩʘˁʝ (5%; pH 6,8). ʂʦʨʠʰ˂ʝʥ ʿʝ 

ʠʩʪʠ ʫʨʝʹʘʿ ʢʘʦ ʟʘ Native PAGE, ʠʩʪʠ ʢʦʨʘʮʠ ʙʦʿʝˁʘ, ʦʜʙʦʿʘʚʘˁʘ, ʩʢʝʥʠʨʘˁʘ ʠ ʘʥʘʣʠʟʝ 

ʧʦʜʘʪʘʢʘ (Peġiĺ, 2011; Pesic et al., 2011a, 2011b, 2012). 

3.11. FTIR ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ 

FTIR (Fourier Transform Infrared Spectroscopy) ʩʧʝʢʪʨʠ ʩʫ ʩʥʠʤˀʝʥʠ ʧʦʤʦ˂ʫ 

ʩʧʝʢʪʨʦʤʝʪʨʘ NicoletÊ iSÊ 10 FTIR Spectrometer (Thermo Fisher Scientific) ʦʧʨʝʤˀʝʥʦʛ 

ʩʘ Smart iTRÊ Attenuated Total Reflectance (ATR) Sampling Accessory ʫ ʦʧʩʝʛʫ 500ï4000 

cm
ï1

 ʩʘ 32 ʩʢʝʥʠʨʘˁʘ ʧʦ ʩʧʝʢʪʨʫ (Popoviĺ Miniĺ et al., 2023). 

3.12. ʉʢʝʥʠʨʘʿʫ˂ʘ ʝʣʝʢʪʨʦʥʩʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ (Sɽʄ) 

ʄʦʨʬʦʣʦʛʠʿʘ ʣʠʦʬʠʣʠʟʦʚʘʥʠʭ ʤʝʰʘʚʠʥʘ ʿʝ ʠʩʧʠʪʠʚʘʥʘ ʥʘ ʩʢʝʥʠʨʘʿʫ˂ʝʤ ʝʣʝʢʪʨʦʥʩʢʦʤ 

ʤʠʢʨʦʩʢʦʧʫ  JEOL JSM-6390LV (JEOL, ʊʦʢʠʦ, ɱʘʧʘʥ) ʫʟ ʧʨʝʪʭʦʜʥʦ ʥʘʧʘʨʘʚʘˁʝ ʫʟʦʨʘʢʘ 

ʟʣʘʪʦʤ ʧʦʤʦ˂ʫ ʫʨʝʹʘʿʘ Sputter Coater BAL-TEC SCD 005 (Scotia, ɳʫʿʦʨʢ, ʉɸɼ) ʫ 

ʪʨʘʿʘˁʫ ʦʜ 100 ʩʝʢʫʥʜʠ ʧʨʠ ʿʘʯʠʥʠ ʩʪʨʫʿʝ ʦʜ 30 mA. Sɽʄ ʫʨʝʹʘʿ ʿʝ ʨʘʜʠʦ ʧʨʠ 15kV ʠ 20 

kV ʩʘ ʫʚʝʣʠʯʘˁʝʤ ʦʜ 150X ʠ 600X (Popoviĺ Miniĺ et al., 2023).  

3.13. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ ʿʝ ʧʨʠʤʝˁʝʥ ʫ ʥʘʩʪʘʚʢʫ ʜʠʩʝʨʪʘʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʥʘ 

ʩʠʩʪʝʤʘʪʠʯʘʥ ʥʘʯʠʥ ʧʨʦʥʘʰʣʠ ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ ʧʨʠʧʨʝʤʝ ʘʜʠʪʠʚʘ, ʘ ʦʩʠʤ ʪʦʛʘ ʠ ʜʘ 

ʩʝ ʫʦʯʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʬʘʢʪʦʨʘ. ʋ ʧʨʚʦʿ ʬʘʟʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʿʝ 

ʢʦʨʠʰ˂ʝʥ ʬʨʘʢʮʠʦʥʠ ʬʘʢʪʦʨʠʿʩʢʠ ʜʠʟʘʿʥ (FFD) ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʫ ʧʦʯʝʪʥʠʤ 

ʬʘʟʘʤʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʢʘʜʘ ʿʝ ʦʜ ʧʫʥʦ ʬʘʢʪʦʨʘ ʧʦʪʨʝʙʥʦ ʦʜʘʙʨʘʪʠ ʦʥʝ ʢʦʿʠ ʥʘʿʚʠʰʝ 

ʫʪʠʯʫ ʥʘ ʦʜʛʦʚʦʨ ʩʠʩʪʝʤʘ. ʅʘ ʦʩʥʦʚʫ ʟʘʢˀʫʯʘʢʘ ʠʟ FFD ʤʝʰʘʚʠʥʝ ʩʫ ʦʧʪʠʤʠʟʦʚʘʥʝ 

ʧʦʤʦ˂ʫ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ (CCD), ʜʝʣʘ ʤʝʪʦʜʦʣʦʛʠʿʝ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ 

(RSM) (Sredoviĺ Ignjatoviĺ, 2015), ʜʦʢ ʿʝ ʧʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʜʝʬʠʥʠʩʘʥ 

ʧʨʠʤʝʥʦʤ ʬʫʥʢʮʠʿʝ ʧʦʞʝˀʥʦʩʪʠ. ʇʨʘʚʘʮ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʪʿ. ʦʜʣʫʢʘ ʦ ʢʦʨʠʰ˂ʝˁʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘʚʠʩʠ ʦʜ ʨʝʟʫʣʪʘʪʘ ʩʢʨʠʥʠʥʛʘ, ʧʘ ʿʝ ʦʙʿʘʰˁʝʥʘ ʫ 

ʜʠʩʢʫʩʠʿʠ ʥʘʢʦʥ ʧʨʝʟʝʥʪʦʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ FFD. 

3.13.1. ʇʨʠʧʨʝʤʘ ʤʝʰʘʚʠʥʘ 

ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ ʢʦʨʠʰ˂ʝʥʦ ʿʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ 

(TRM) ʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪʠ ʛˀʠʚʘ (VA, VL), ʪʿ. ʫ ʦʚʦʿ ʬʘʟʠ ʜʠʩʝʨʪʘʮʠʿʝ ʥʘʩʪʘʚˀʝʥʦ ʿʝ ʩʘ 

ʫʟʦʨʮʠʤʘ ʢʦʿʠ ʩʫ ʦʜʘʙʨʘʥʠ ʥʘ ʦʩʥʦʚʫ ʥʘʿʙʦˀʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʘ ʘʩʧʝʢʪʘ ʤʝʹʫʩʦʙʥʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ ʠ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʝ ʫ ʠʥʜʫʩʪʨʠʿʠ. ʃʠʦʬʠʣʠʟʦʚʘʥʠ ʧʨʘʭ ʚʦʜʝʥʠʭ ʝʢʩʪʨʘʢʘʪʘ 

ʛˀʠʚʘ (VA, VL) ʿʝ ʨʘʩʪʚʦʨʝʥ ʫ ʨʝʢʦʥʩʪʠʪʫʠʩʘʥʦʤ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʤ ʦʙʝʟʤʘʰ˂ʝʥʦʤ 

ʤʣʝʢʫ (TRM) ʪʘʢʦ ʜʘ ʩʝ ʧʦʩʪʠʛʥʫ ʟʘʜʘʪʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠʟ ʪʘʙʝʣe 4.4. ʉʚʠ ʫʟʦʨʮʠ ʩʫ 

ʚʦʨʪʝʢʩʦʚʘʥʠ ʠ ʤʝʰʘʥʠ ʪʦʢʦʤ ʟʘʜʘʪʦʛ ʚʨʝʤʝʥʘ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʤʝʭʘʥʠʯʢʦʿ ʤʝʰʘʣʠʮʠ. ɺʨʝʜʥʦʩʪʠ pH ʩʫ ʧʦʜʝʰʝʥʝ ʧʦ ʧʦʪʨʝʙʠ. ʇʦʥʦʚʦ ʿʝ ʜʦʜʘʪ 

ʥʘʪʨʠʿʫʤ ʘʟʠʜ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 0,2 g/L ʨʘʜʠ ʤʠʢʨʦʙʠʦʣʦʰʢʝ ʙʝʟʙʝʜʥʦʩʪʠ. ʄʝʨʝˁʘ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʠ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ ʩʫ ʚʨʰʝʥʘ ʫ ʨʦʢʫ ʦʜ 

ʥʝʢʦʣʠʢʦ ʜʘʥʘ. 
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3.13.2. ʌʨʘʢʮʠʦʥʠ ʬʘʢʪʦʨʠʿʩʢʠ ʜʠʟʘʿʥ (FFD) 

ʇʦʤʦ˂ʫ ʬʨʘʢʮʠʦʥʦʛ ʬʘʢʪʦʨʠʿʩʢʦʛ ʜʠʟʘʿʥʘ ʠʩʧʠʪʠʚʘʥ ʿʝ ʫʪʠʮʘʿ ʧʝʪ ʬʘʢʪʦʨʘ (ʥʝʟʘʚʠʩʥʦ 

ʧʨʦʤʝʥˀʠʚʝ) ʥʘ ʪʨʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ (ʦʜʛʦʚʦʨʠ; ʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʝ) 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʤʝʭʘʥʠʟʤʠʤʘ. ɿʘ ʩʚʘʢʠ ʬʘʢʪʦʨ ʠʟʘʙʨʘʥʘ ʩʫ ʪʨʠ ʥʠʚʦʘ: 

ʤʠʥʠʤʘʣʥʠ (-1), ʮʝʥʪʨʘʣʥʠ (0) ʠ ʤʘʢʩʠʤʘʣʥʠ (+1) (ʪʘʙʝʣʘ 3.1.). ʆʩʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʢʦʥʩʪʠʪʫʝʥʘʪʘ, ʢʘʦ ʬʘʢʪʦʨʠ ʩʫ ʦʜʘʙʨʘʥʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠ pH ʚʨʝʜʥʦʩʪ, ʿʝʨ ʙʠʪʥʦ ʫʪʠʯʫ 

ʥʘ ʩʚʦʿʩʪʚʘ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʠ ʤʦʛʫ˂ʥʦʩʪ ʬʦʨʤʠʨʘˁʘ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ 

ʢʦʥʩʪʠʪʫʝʥʘʪʘ, ʢʘʦ ʠ ʚʨʝʤʝ ʤʝʰʘˁʘ, ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʢʦʣʠʢʦ ʚʨʝʤʝʥʘ ʿʝ ʧʦʪʨʝʙʥʦ 

ʟʘ ʫʩʧʦʩʪʘʚˀʘˁʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ (Moeller et al., 2017; Pan et al., 2014; 

Pessato et al., 2018; Ye et al., 2013). ʂʘʦ ʥʠʚʦʠ ʧʘʨʘʤʝʪʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʦʜʘʙʨʘʥʠ ʩʫ 2% ʨʘʩʪʚʦʨʠ, ʰʪʦ ʦʜʛʦʚʘʨʘ ʧʨʦʩʝʯʥʦʤ ʩʘʜʨʞʘʿʫ 

ʢʘʟʝʠʥʘ ʫ ʤʣʝʢʫ ʠ 10% ʨʘʩʪʚʦʨʠ, ʰʪʦ ʦʜʛʦʚʘʨʘ ʧʨʦʩʝʯʥʦʤ ʩʘʜʨʞʘʿʫ ʩʫʚʝ ʤʘʪʝʨʠʿʝ ʫ 

ʦʙʝʟʤʘʰ˂ʝʥʦʤ ʢʦʟʿʝʤ ʤʣʝʢʫ. ʀʟ ʣʠʪʝʨʘʪʫʨʝ ʠ ʠʩʢʫʩʪʚʝʥʠʭ ʧʦʜʘʪʘʢʘ, ʢʘʦ ʥʠʚʦʠ 

ʧʘʨʘʤʝʪʘʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʚʦʜʝʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʦʜʘʙʨʘʥʠ ʩʫ 0,1%, 0,5% ʠ 0,9%. 

ʅʘʠʤʝ, ʦʙʦʛʘ˂ʠʚʘˁʝ ʤʣʝʢʘ ʨʘʟʣʠʯʠʪʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʫʛʣʘʚʥʦʤ ʩʝ ʚʨʰʠ ʪʘʢʦ ʰʪʦ ʩʝ 

ʤʣʝʢʫ ʜʦʜʘʿʫ ʫ ʥʠʩʢʠʤ ʧʨʦʮʝʥʪʫʘʣʥʠʤ ʫʜʝʣʠʤʘ (å 0,1 ï 1,2%) (Ghasemi & Abbasi, 2014; 

Thongkaew et al., 2014). ɱʝʜʠʥʘ ʩʪʫʜʠʿʘ ʢʦʿʘ ʩʝ ʙʘʚʠ ʤʝʰʘˁʝʤ ʿʝʜʠˁʝˁʘ ʛˀʠʚʘ ʩʘ 

ʿʝʜʠˁʝˁʠʤʘ ʤʣʝʢʘ ʜʦʜʘʿʝ 0,4% ʬʫʥʛʘʣʥʠʭ ʧʦʣʠʩʘʭʘʨʠʜʘ ʫ ʨʘʩʪʚʦʨ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ (Hu 

et al., 2019). ʂʦʜ ʚʝ˂ʠʥʝ ʩʪʫʜʠʿʘ ʢʦʿʝ ʩʝ ʙʘʚʝ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʿʝʜʠˁʝˁʘ ʤʣʝʢʘ ʩʘ ʜʨʫʛʠʤ 

ʩʫʧʩʪʘʥʮʘʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʫʩʣʦʚʠ ʧʦʜʨʘʟʫʤʝʚʘʿʫ pH ʚʨʝʜʥʦʩʪ 6,70 ï 6,80, ʪhʦ ʿʝ 

ʧʨʠʨʦʜʥʘ pH ʚʨʝʜʥʦʩʪ ʤʣʝʢʘ (Gallo et al., 2013; Sáiz-Abajo et al., 2013; Semo et al., 2007; 

Ye et al., 2013; Zimet et al., 2011). ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʿʝ ʜʦˁʘ ʛʨʘʥʠʮʘ ʢʦʘʛʫʣʘʮʠʿʝ ʥʘ 

pH ʚʨʝʜʥʦʩʪʠ å 5,5, ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʜʠʟʘʿʥʫ ʦʜʘʙʨʘʥ ʿʝ ʦʧʩʝʛ 5,5 ï 6,8. ʅʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ 2 ï 6 °C ʭʠʜʨʦʬʦʙʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʣʘʙʝ ʠ ʫʪʠʯʫ ʥʘ ʤʠʛʨʘʮʠʿʫ ɓ-ʢʘʟʝʠʥʘ 

(Moeller et al., 2017), ʧʘ ʩʫ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʢʘʦ ʥʠʚʦʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʢʦʨʠʰ˂ʝʥʠ 5 °C 

ʢʘʦ ʤʠʥʠʤʫʤ ʠ ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ 25 ÁC, ʪʿ. ʘʤʙʠʿʝʥʪʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʘʢʦ 

ʙʠ ʩʝ ʫʩʪʘʥʦʚʠʣʦ ʠʤʘʿʫ ʣʠ ʫʪʠʮʘʿʘ ʥʘ ʠʩʧʠʪʠʚʘʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʠ ʜʘ ʣʠ ʩʫ 

ʙʠʪʥʠ ʟʙʦʛ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʜʨʫʛʠʤ ʬʘʢʪʦʨʠʤʘ, ʥʧʨ. pH ʚʨʝʜʥʦʰ˂ʫ. ʂʘʢʦ ʙʠ ʩʝ 

ʫʩʪʘʥʦʚʠʣʦ ʢʦʣʠʢʦ ʿʝ ʦʧʪʠʤʘʣʥʦ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦ ʜʘ ʙʠ ʩʝ ʦʩʪʚʘʨʠʣʝ ʠʥʪʝʨʘʢʮʠʿʝ 

ʠʟʤʝʹʫ ʢʦʤʧʦʥʝʥʘʪʘ, ʠʟʘʙʨʘʥ ʿʝ ʦʧʩʝʛ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ ʦʜ 5 ʜʦ 65 ʤʠʥʫʪʘ.  

ʊʘʙʝʣʘ 3.1. ʐʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʬʘʢʪʦʨʘ ʠ ˁʠʭʦʚʠʭ ʥʠʚʦʘ ʢʦʜ FFD 

ʀʩʧʠʪʠʚʘʥʠ ʬʘʢʪʦʨʠ 

(ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ) 

ʅʠʚʦ 

ʄʠʥʠʤʘʣʥʠ (-1) ʎʝʥʪʨʘʣʥʠ (0) ʄʘʢʩʠʤʘʣʥʠ (+1) 

A ï ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ 

ʛˀʠʚʘ (w(ME),%) 
0,1 0,5 0,9 

B ï ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (w(MPP),%) 
2 6 10 

C ï ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁʘ (ÁC) 5 15 25 

D ï ɺʨʝʤʝ ʤʝʰʘˁʘ (min) 5 35 65 

E ï pH ʤʝʰʘʚʠʥʘ  5,50 6,15 6,80 

 



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

48 

ʌʨʘʢʮʠʦʥʠ ʬʘʢʪʦʨʠʿʩʢʠ ʜʠʟʘʿʥ ʿʝ ʩʘʜʨʞʘʦ ʧʦ 27 ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʟʘ ʩʚʘʢʫ ʛˀʠʚʫ, ʪʿ. ʧʦ 

ʠʩʪʦʿ ʰʝʤʠ ʿʝ ʥʘʧʨʘʚˀʝʥʦ 27 ʤʝʰʘʚʠʥʘ TRM ʩʘ VA (ʦʟʥʘʯʝʥʝ ʧʨʝʤʘ ʙʨʦʿʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ ʛˀʠʚʠ A.blazei ʩʘ 1A, 2A, 3A, ʠʪʜ.) ʠ 27 ʤʝʰʘʚʠʥʘ TRM ʩʘ VL 

(ʦʟʥʘʯʝʥʝ ʧʨʝʤʘ ʙʨʦʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ ʛˀʠʚʠ L. sulphureus ʩʘ 1L, 2L, 3L, ʠʪʜ.). ʄʘʪʨʠʮʘ 

ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʜʦʙʠʿʝʥʘ ʿʝ ʧʦʤʦ˂ʫ ʩʪʘʪʠʩʪʠʯʢʦʛ ʩʦʬʪʚʝʨʘ MINITAB 

(NIST, ʄʝʨʠʣʝʥʜ, ʉɸɼ). ʂʘʦ ʦʜʛʦʚʦʨʠ, ʪʿ. ʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʝ ʦʜʘʙʨʘʥʝ ʩʫ ʪʨʠ 

ʨʘʟʣʠʯʠʪʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʤʝʪʦʜʝ (ʧʦʛʣʘʚˀʝ 3.14.). 

3.14. ʆʜʨʝʹʠʚʘˁʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ 

ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʩʫ ʘʥʘʣʠʟʠʨʘʥʘ ʥʘ ʦʩʥʦʚʫ ʪʨʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʤʝʪʦʜʝ 

ʟʘʩʥʦʚʘʥʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʤʝʭʘʥʠʟʤʠʤʘ: 

3.14.1. ʋʢʫʧʘʥ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ (ABTS ʪʝʩʪ) 

ʆʜʨʝʹʠʚʘˁʝ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ABTS ʤʝʪʦʜʦʤ (ABTS radical 

scavenging activity assay), ʫ ʣʠʪʝʨʘʪʫʨʠ ʥʘʟʚʘʥʦ ʠ ʢʘʦ ʩʧʦʩʦʙʥʦʩʪ ʩʘʢʫʧˀʘˁʘ ɸBTS 

ʨʘʜʠʢʘʣʘ, ʫʨʘʹʝʥʦ ʿʝ ʧʨʝʤʘ ʨʘʥʠʿʝ ʧʫʙʣʠʢʦʚʘʥʦʿ ʤʝʪʦʜʠ (Arnao et al., 2001). ʅʘʧʨʘʚˀʝʥ 

ʿʝ ʦʩʥʦʚʥʠ ʨʘʩʪʚʦʨ ɸBTS
Å+

 (7 mM ʚʦʜʝʥʠ ʨʘʩʪʚʦʨ ɸBTS (2,2-ʘʟʠʥʦ-ʙʠʩ/3-ʝʪʠʣ-

ʙʝʥʟʦʪʠʘʟʦʣʠʥ-6-ʩʫʣʬʦʥʩʢʘ ʢʠʩʝʣʠʥʘ) ʩʘ 2,45 mM ʢʘʣʠʿʫʤ-ʧʝʨʩʫʣʬʘʪʘ (ʂ2S2ʆ8)) ʠ 

ʦʩʪʘʚˀʝʥ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ 12-16 h ʫ ʤʨʘʢʫ ʢʘʢʦ ʙʠ ʩʫʧʩʪʘʥʮʝ ʠʟʨʝʘʛʦʚʘʣʝ. ʈʘʜʥʠ 
ʨʘʩʪʚʦʨ ɸBTS

Å+
 ʿʝ ʧʨʠʧʨʝʤˀʝʥ ʪʘʢʦ ʰʪʦ ʿʝ ʦʩʥʦʚʥʠ ʨʘʩʪʚʦʨ ʨʘʟʙʣʘʞʝʥ ʤʝʪʘʥʦʣʦʤ ʪʘʢʦ 

ʜʘ ʩʝ ʜʦʙʠʿʝ ʘʧʩʦʨʙʘʥʮʠʘʿ ʠʟʤʝʹʫ 0,700 ʠ 0,800 ʥʘ 734 nm. ʅʘʢʦʥ ʦʚʦʛʘ, 50 ÕL ʫʟʦʨʢʘ ʿʝ 

ʧʦʤʝʰʘʥʦ ʩʘ 1 mL ʨʘʜʥʦʛ ʨʘʩʪʚʦʨʘ ɸBTS
Å+

 ʠ ʥʘʢʦʥ 7 ʤʠʥʫʪʘ ʦʯʠʪʘʥʘ ʿʝ ʘʧʩʦʨʙʘʥʮʠʘʿ 

ʥʘ 734 nm. ʉʧʦʩʦʙʥʦʩʪ ʩʘʢʫʧˀʘˁʘ (ʥʝʫʪʨʘʣʠʩʘˁʘ) ɸBTS
Å+

 (%) ʟʘ ʩʪʘʥʜʘʨʜʥʫ ʢʨʠʚʫ ʠ 

ʫʟʦʨʢʝ ʿʝ ʧʨʝʨʘʯʫʥʘʪʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ʉʧʦʩʦʙʥʦʩʪ ʩʘʢʫʧˀʘˁʘ (ʥʝʫʪʨʘʣʠʩʘˁʘ) ɸBTS
Å+

 (%) = (ɸʧʩʦʨʙʘʥʮʠʘʿ ʢʦʥʪʨʦʣʝ-

ɸʧʩʦʨʙʘʥʮʠʘʿ ʩʪʘʥʜʘʨʜʘ ʠʣʠ ʫʟʦʨʢʘ)/ɸʧʩʦʨʙʘʥʮʠʘʿ ʢʦʥʪʨʦʣʝ) x 100. 

ʈʝʟʫʣʪʘʪʠ ʩʫ ʠʟʨʘʞʝʥʠ ʢʘʦ ʝʢʚʠʚʘʣʝʥʪʠ ʪʨʦʣʦʢʩʘ (6-ʭʠʜʨʦʢʩʠ-2,5,7,8-

ʪʝʪʨʘʤʝʪʠʣʭʨʦʤʘʥ-2-ʢʘʨʙʦʢʩʠʣʥʘ ʢʠʩʝʣʠʥʘ) ʫ mg ʧʦ mL ʫʟʦʨʢʘ (mg Trolox/mL) (Peġiĺ 

et al., 2019). 

3.14.2. ʉʧʦʩʦʙʥʦʩʪ ʭʝʣʠʨʘˁʘ ʿʦʥʘ Fe
2+

 (FCC ʪʝʩʪ) 

ʂʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʿʦʥʘ ʛʚʦʞʹʘ (Ferrous-ion-chelating capacity assay ï FCC) ʿʝ ʦʜʨʝʹʝʥ 

ʧʨʝʤʘ Stanisavljeviĺ et al. (2015). 200 ÕL ʫʟʦʨʢʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʨʘʟʙʣʘʞʝˁʘ ʧʦʤʝʰʘʥʦ ʿʝ 

ʩʘ 740 ÕL milliQ ʚʦʜʝ ʠ 20 ÕL 2 mM FeSO4. ʈʘʩʪʚʦʨ ʿʝ ʦʩʪʘʚˀʝʥ 30 ʤʠʥʫʪʘ ʥʘ ʩʦʙʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʜʦʜʘʪʦ ʿʝ 200 ÕL 5 mM ʬʝʨʦʟʠʥʘ ʠ ʥʘʢʦʥ 10 ʤʠʥʫʪʘ ʘʧʩʦʨʙʘʥʮʠʘʿ 

ʨʝʘʢʮʠʦʥʝ ʩʤʝʰʝ ʿʝ ʦʯʠʪʘʚʘʥʘ ʥʘ 562 nm. ʂʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʿʦʥʘ ʛʚʦʞʹʘ ʿʝ ʦʜʨʝʹʝʥ 

ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ: 

ʂʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ (%)= [1- ɸʧʩʦʨʙʘʥʮʠʘʿ ʫʟʦʨʢʘ/ɸʧʩʦʨʙʘʥʮʠʘʿ ʢʦʥʪʨʦʣʝ)] ʭ 100. 

ʈʝʟʫʣʪʘʪʠ ʩʫ ʠʟʨʘʞʝʥʠ ʢʘʦ mg ʝʢʚʠʚʘʣʝʥʘʪʘ EDTA (ʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʩʠʨ˂ʝʪʥʘ 

ʢʠʩʝʣʠʥʘ) ʧʦ mL ʫʟʦʨʢʘ (mg EDTA/mL) (Milinļiĺ et al., 2021; Peġiĺ et al., 2019). 

3.14.3. ʉʧʦʩʦʙʥʦʩʪ ʨʝʜʫʢʮʠʿʝ ʿʦʥʘ Fe
3+

 (ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂; FRP ʪʝʩʪ) 

ʄʝʪʦʜʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʨʝʜʫʢʮʠʿʠ joʥʘ ʛʚʦʞʹʘ, ʠʣʠ ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ ʫʟʦʨʘʢʘ (Ferric 

reducing power assay ï FRP) ʿʝ ʦʜʨʘʹʝʥʘ ʧʨʝʤʘ Medouni-Adrar et al. (2015). ʋʢʨʘʪʢʦ, ʫ 

250 ÕL ʨʘʟʙʣʘʞʝʥʦʛ ʫʟʦʨʢʘ ʜʦʜʘʪo je 250 ÕL 0,2ʄ ʬʦʩʬʘʪʥʦʛ ʧʫʬʝʨʘ (pH 6,6) ʠ 250 ÕL 

1% ʨʘʩʪʚʦʨʘ ʢʘʣʠʿʫʤ ʬʝʨʠʮʠʿʘʥʠʜʘ. ʈʘʩʪʚʦʨ je ʠʥʢʫʙʠʨʘʥ ʥʘ 50 °C 20 ʤʠʥʫʪʘ, ʥʘʢʦʥ 

ʪʦʛʘ ʿʝ ʜʦʜʘʪʦ 250 ÕL 10% ʊCA (trichloroacetic acid ï ʪʨʠʭʣʦʨʦʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ) ʠ 

ʩʤʝʰʘ ʿʝ ʮʝʥʪʨʠʬʫʛʠʨʘʥʘ 5 ʤʠʥʫʪʘ ʧʨʠ 7000 g. ʇʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʘˁʘ, 500 ÕL 

ʩʫʧʝʨʥʘʪʘʥʪʘ ʧʦʤʝʰʘʥʦ ʿʝ ʩʘ 500 ÕL ʜʝʩʪʠʣʦʚʘʥʝ ʚʦʜʝ ʠ 100 ÕL 0,1% ʨʘʩʪʚʦʨʘ FeCl3. 
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ʅʘʢʦʥ 10 ʤʠʥʫʪʘ ʦʯʠʪʘʥʘ ʿʝ ʘʧʩʦʨʙʘʥʮʠaʿ ʥʘ 700 nm. ʈʝʟʫʣʪʘʪʠ ʩʫ ʠʟʨʘʞʝʥʠ ʢʘʦ ɛg 
ʝʢʚʠʚʘʣʝʥʘʪʘ ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ (ɸɸ) ʧʦ mL ʫʟʦʨʢʘ (ɛg ɸɸ/mL) (Peġiĺ et al., 2019). 

3.14.4. ʋʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ (ʩʘʜʨʞʘʿ ʫʢʫʧʥʠʭ 

ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ; ʊʈʉ) 

ʆʚʘ ʤʝʪʦʜʘ ʿʝ ʜʫʛʦ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʫʢʫʧʥʠʭ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ, ʤʝʹʫʪʠʤ, 

ʨʝʘʛʝʥʩ ʧʦʨʝʜ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʨʝʘʛʫʿʝ ʩʘ ʧʨʝʢʦ ʧʝʜʝʩʝʪ ʩʫʧʩʪʘʥʮʠ ʠʣʠ ʢʣʘʩʘ 

ʿʝʜʠˁʝˁʘ (Gülçin, 2012). ɿʙʦʛ ʦʚʦʛʘ ʿʝ ʧʨʝʜʣʦʞʝʥʦ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʫʪʚʨʹʠʚʘˁʝ 

ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʨʝʜʫʢʫʿʫ˂ʝʛ ʢʘʧʘʮʠʪʝʪʘ ʘʢʦ ʩʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʦʤʝʪʘʿʫ 

ʫʪʚʨʹʠʚʘˁʝ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʥʝ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʥʠʪʠ ʦʜʩʪʨʘˁʫʿʫ (Gülçin, 2012). 

ɼʘʢʣʝ, ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ (ʧʦʟʥʘʪ ʠ ʢʘʦ TPC ï ʊotal 

Phenolic Content) ʿʝ ʦʜʨʝʹʝʥ ʢʦʨʠʰ˂ʝˁʝʤ ʌʦʣʠʥ-ʏʠʢʦʣʪʝʦʚʦʛ ʨʝʘʛʝʥʩʘ (Folin-

Ciocalteuôs reagent) ʧʨʝʤʘ Peġiĺ et al. (2019). ʋʢʨʘʪʢʦ, 70 ɛL ʫʟʦʨʢʘ ʿʝ ʧʦʤʝʰʘʥʦ ʩʘ 300 

ɛL ʌʦʣʠʥ-ʏʠʢʦʣʪʝʦʚʦʛ ʨʝʘʛʝʥʩʘ ʠ ʦʩʪʘʚˀʝʥʦ 5 ʤʠʥʫʪʘ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. ʅʘʢʦʥ 

ʦʚʦʛʘ, ʜʦʜʘʪʦ ʿʝ 230 ɛL 7,5% Na2CO3, ʩʤʝʰʘ ʿʝ ʦʩʪʘʚˀʝʥʘ 90 ʤʠʥʫʪʘ ʥʘ ʩʦʙʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʤʨʘʢʫ, ʘ ʟʘʪʠʤ ʩʫ ʘʧʩʦʨʙʘʥʮʠʝʿ ʯʠʪʘʥʝ ʥʘ 765 nm. ʈʝʟʫʣʪʘʪʠ ʩʫ 

ʠʟʨʘʞʝʥʠ ʢʘʦ g ʝʢʚʠʚʘʣʝʥʘʪʘ ʛʘʣʥʝ ʢʠʩʝʣʠʥʝ ʥʘ 100 g ʫʟʦʨʢʘ (g of gallic acid equivalents 

per 100 g of sample ï g GAE/100 g). 

3.15. ʆʜʨʝʹʠʚʘˁʝ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ 

3.15.1. ʆʜʨʝʹʠʚʘˁʝ ʧʝʥʠʚʠʭ ʩʚʦʿʩʪʘʚʘ 

ʇʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʦʜʨʝʹʝʥʘ ʩʫ ʧʨʝʤʘ ʤʝʪʦʜʠ ʧʨʠʢʘʟʘʥʦʿ ʫ Barac et al. (2010) ʫʟ 

ʤʦʜʠʬʠʢʘʮʠʿʫ (Peġiĺ, 2011). ʆʜʤʝʨʝʥʦ ʿʝ 30 mL (V0) 0,1% ʨʘʩʪʚʦʨʘ ʫʟʦʨʢʘ ʠ ʩʠʧʘʥʦ ʫ 

ʛʨʘʜʫʠʩʘʥʫ ʢʦʣʦʥʫ. ʇʨʠ ʧʨʦʪʦʢʫ ʦʜ 6 dm
3
/min ʫ ʨʘʩʪʚʦʨ ʿʝ ʫʚʦʹʝʥ ʚʘʟʜʫʭ ʢʨʦʟ ʜʝʛʘʟʝʨ 

ʧʦʩʪʘʚˀʝʥ ʥʘ ʜʥʫ ʢʦʣʦʥʝ ʫ ʪʨʘʿʘˁʫ ʦʜ 1 ʤʠʥʫʪʘ. ʆʜʤʘʭ ʥʘʢʦʥ ʫʜʫʚʘʚʘˁʘ ʚʘʟʜʫʭʘ ʫ 

ʨʘʩʪʚʦʨ, ʦʯʠʪʘʥʘ ʿʝ ʟʘʧʨʝʤʠʥʘ ʜʦ ʢʦʿʝ ʩʝ ʧʦʜʠʛʣa ʧʝʥa ʫ ʢʦʣʦʥʠ (V1). ɿʘʪʠʤ ʿʝ ʧʦʥʦʚʦ 

ʦʯʠʪʘʥ ʥʠʚʦ ʧʝʥʝ ʥʘʢʦʥ 3 ʤʠʥʫʪʘ (V3).  

ʂʘʧʘʮʠʪʝʪ ʧʝʥʝ (FC; Foaming Capacity) ʿʝ ʠʟʨʘʯʫʥʘʪ ʧʨʝʤʘ ʩʣʝʜʝ˂ʝʤ ʦʙʨʘʩʮʫ:  

ὊὅϷ
ὠ ὠ 

ὠ
 ὼ ρππ 

ʘ ʩʪʘʙʠʣʥʦʩʪ ʧʝʥʝ (FS; Foam Stability) ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʧʨʝʤʘ ʦʙʨʘʩʮʫ: 

ὊὛϷ
ὠ ὠ

ὠ
 ὼ ρππ 

3.15.2. ʆʜʨʝʹʠʚʘˁʝ ʝʤʫʣʛʫʿʫ˂ʠʭ ʩʚʦʿʩʪʘʚʘ 

ɽʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʩʫ ʦʜʨʝʹʝʥʘ ʧʨʠʤʝʥʦʤ ʪʫʨʙʠʜʠʤʝʪʨʠʿʩʢʝ ʤʝʪʦʜʝ (Pearce & 

Kinsella, 1978). ɽʤʫʣʟʠʿʝ ʩʫ ʧʨʠʧʨʝʤʘʥʝ ʪʘʢʦ ʰʪʦ ʿʝ 15 mL ʩʫʥʮʦʢʨʝʪʦʚʦʛ ʫˀʘ 

ʧʦʤʝʰʘʥʦ ʩʘ 45 mL 0,1% ʨʘʩʪʚʦʨʘ ʫʟʦʨʢʘ (pH 6,7) ʠ ʭʦʤʦʛʝʥʠʟʦʚʘʥʦ (Ultraturex) ʧʨʠ 

ʥʘʿʚʝ˂ʦʿ ʙʨʟʠʥʠ ʫ ʪʨʘʿʘˁʫ ʦʜ 1 ʤʠʥʫʪʘ. ʉʘ ʜʥʘ ʧʦʩʫʜʝ ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʠ ʝʤʫʣʟʠʿʘ 

ʦʜʤʝʨʝʥʦ ʿʝ 100 ÕL ʝʤʫʣʟʠʿʝ ʠ ʜʦʜʘʪʦ ʧʦ 50 ÕL ʫ ʜʚʝ ʝʧʨʫʚʝʪʝ ʫ ʢʦʿʠʤʘ ʩʝ ʥʘʣʘʟʠʣʦ 5 

mL 0,1% ʨʘʩʪʚʦʨʘ SDS. ʅʘʢʦʥ ʪʦʛʘ, ʩʘʜʨʞʘʿ ʝʧʨʫʚʝʪʝ ʧʨʦʤʝʰʘʥ ʿʝ ʥʘ ʚʦʨʪʝʢʩʫ, ʧʘ je 

ʘʧʩʦʨʙʘʥʮʠʿʘ ʨʘʩʪʚʦʨʘ ʦʯʠʪʘʚʘʥʘ ʥʘ 500 nm (ɸ0). ʅʘʢʦʥ ʠʩʪʝʢʘ 10 ʤʠʥʫʪʘ ʦʜ ʤʦʤʝʥʪʘ 

ʬʦʨʤʠʨʘˁʘ ʝʤʫʣʟʠʿʝ ʧʦʩʪʫʧʘʢ ʿʝ ʧʦʥʦʚˀʝʥ (ɸ10). 

ʀʥʜʝʢʩ ʩʪʘʙʠʣʥʦʩʪʠ ʝʤʫʣʟʠʿʝ (ESI) ʠʟʨʘʯʫʥʘʪ ʿʝ ʧʨʝʤʘ ʦʙʨʘʩʮʫ: 
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ὉὛὍάὭὲ ὃὼ
Ўὸ

Ўὃ
 

ʧʨʠ ʯʝʤʫ ʿʝ: 

Ўὸȟ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʠʟʤʝʹʫ ʜʚʘ ʤʝʨʝˁʘ ʘʧʩʦʨʙʘʥʮʠʝʿ (10 ʤʠʥʫʪʘ); Ўὃȟ ʨʘʟʣʠʢʘ 
ʠʟʤʝʹʫ ʚʨʝʜʥʦʩʪʠ ʘʧʩʦʨʙʘʥʮʠʿʘ ʫ ʤʦʤʝʥʪʫ ʬʦʨʤʠʨʘˁʘ ʝʤʫʣʟʠʿʝ ʠ ʥʘʢʦʥ 10 ʤʠʥʫʪʘ 

ὃ ὃ Ȣ 

ʀʥʜʝʢʩ ʘʢʪʠʚʥʦʩʪʠ ʝʤʫʣʟʠʿʝ (EAI) ʠʟʨʘʯʫʥʘʪ ʿʝ ʧʨʝʤʘ ʩʣʝʜʝ˂ʝʤ ʦʙʨʘʩʮʫ: 

ὉὃὍά Ὣϳ ςὝ
ὃὼ Ὂ

ὅ ὼ ‰ ὼ ρππππ
 

ʧʨʠ ʯʝʤʫ ʿʝ:  

T = 2,303; F ï ʬʘʢʪʦʨ ʨʘʟʙʣʘʞʝˁʘ (100); ὅ ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ ʠʟʨʘʞʝʥʘ 

ʢʘʦ ʤʘʩʘ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ ʧʦ ʿʝʜʠʥʠʮʠ ʟʘʧʨʝʤʠʥʝ ʨʘʩʪʚʦʨʘ (g/mL); ‰ = 0,25 (Peġiĺ, 2011).  

3.16. ʆʜʨʝʹʠʚʘˁʝ ʘʥʪʠʤʠʢʨʦʙʥʝ ʘʢʪʠʚʥʦʩʪʠ 

ɸʥʪʠʤʠʢʨʦʙʥʘ ʘʢʪʠʚʥʦʩʪ ʿʝ ʦʜʨʝʹʝʥʘ ʧʨʠʤʝʥʦʤ ʤʠʢʨʦʜʠʣʫʮʠʦʥʝ ʤʝʪʦʜʝ ʥʘ ʧʦ 6 

ʧʘʪʦʛʝʥʠʭ ʙʘʢʪʝʨʠʿʘ ʠ ʤʠʢʨʦʤʠʮʝʪʘ. ʂʦʨʠʰ˂ʝʥʝ ʩʫ ʩʣʝʜʝ˂ʝ ɻʨʘʤ (+) ʙʘʢʪʝʨʠʿʝ: 

Staphylococcus aureus (ATCC 11632), Bacillus cereus (ʠʟʦʣʘʪ ʠʟ ʭʨʘʥʝ) ʠ Listeria 

monocytogenes (NCTC 7973), ʢʘʦ ʠ ɻʨʘʤ (-) ʙʘʢʪʝʨʠʿʝ: Escherichia coli (ATCC 25922), 

Enterobacter cloacae (ATCC 35030) ʠ Salmonella ʊyphimurium (ATCC 13311). ʊʝʩʪʠʨʘʥʝ 

ʩʫ ʠ ʩʣʝʜʝ˂ʝ ʤʠʢʨʦʤʠʮʝʪʝ: Aspergillus fumigatus (ATCC 9197), Aspergillus niger (ATCC 

6275), Aspergillus versicolor (ATCC 11730), Penicillium funiculosum (ATCC 36839), 

Penicillium verrucosum var. cyclopium (ʠʟʦʣʘʪ ʠʟ ʭʨʘʥʝ), Trichoderma viride (IAM 5061). 

ʂʫʣʪʫʨʝ ʩʚʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʩʫ ʜʝʧʦʥʦʚʘʥʝ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʿ ʢʦʣʝʢʮʠʿʠ 

ʄʠʢʦʣʦʰʢʝ ʣʘʙʦʨʘʪʦʨʠʿʝ, ʆʜʝˀʝˁʘ ʟʘ ʬʠʟʠʦʣʦʛʠʿʫ ʙʠˀʘʢʘ, ʀʥʩʪʠʪʫʪʘ ʟʘ ʙʠʦʣʦʰʢʘ 

ʠʩʪʨʘʞʠʚʘˁʘ Ăʉʠʥʠʰʘ ʉʪʘʥʢʦʚʠ˂ñ, ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ. ʄʠʥʠʤʘʣʥʝ 

ʠʥʭʠʙʠʪʦʨʥʝ (MIC - minimum inhibitory concentrations), ʤʠʥʠʤʘʣʥʝ ʙʘʢʪʝʨʠʮʠʜʥʝ (MBC 

- minimum bactericidal concentrations) ʠ ʤʠʥʠʤʘʣʥʝ ʬʫʥʛʠʮʠʜʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (MFC - 

minimum fungicidal concentrations) ʩʫ ʜʦʙʠʿʝʥʝ ʧʨʝʤʘ ʣʠʪʝʨʘʪʫʨʠ (Espinel-Ingroff, 2001; 

Hªnel & Raether, 1988; Petroviĺ et al., 2013; Petroviĺ, 2018). ʈʘʜʠ ʙʦˀʝʛ ʪʫʤʘʯʝˁʘ 

ʨʝʟʫʣʪʘʪʘ, ʫʧʦʨʝʜʦ ʩʘ ʫʟʦʨʮʠʤʘ ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʠ ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥʠ ʢʦʥʟʝʨʚʘʥʩʠ ʢʘʦ 

ʢʦʥʪʨʦʣʝ ï ɽ211 (ʥʘʪʨʠʿʫʤ ʙʝʥʟʦʘʪ) ʠ ɽ224 (ʢʘʣʠʿʫʤ ʤʝʪʘʙʠʩʫʣʬʠʪ). 

3.17. ʉʠʤʫʣʠʨʘʥʘ in vitro ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʘ ʜʠʛʝʩʪʠʿʘ 

ʉʠʤʫʣʠʨʘʥʘ in vitro ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʘ ʜʠʛʝʩʪʠʿʘ (ɻʀɼ) ʿʝ ʠʟʚʝʜʝʥʘ ʧʨʝʤʘ ʧʨʦʪʦʢʦʣʫ 

ʠʟ Minekus et al. (2014) ʥʘ ʫʟʦʨʮʠʤʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʚʦʜʝʥʠʭ 

ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʠ ˁʠʭʦʚʠʭ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʤʝʰʘʚʠʥʘ ʫ ʪʨʠʧʣʠʢʘʪʠʤʘ. ʆʜʤʝʨʝʥʦ ʿʝ ʧʦ 

2 g ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʤʝʰʘʚʠʥʘ, ʜʦʢ ʩʫ ʦʩʪʘʣʠ ʫʟʦʨʮʠ ʦʜʤʝʨʝʥʠ ʫ ʦʥʠʤ ʢʦʣʠʯʠʥʘʤʘ ʢʦʿʝ 

ʦʜʛʦʚʘʨʘʿʫ ˁʠʭʦʚʦʿ ʧʨʦʮʝʥʪʫʘʣʥʦʿ ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʫ ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʤʝʰʘʚʠʥʘʤʘ. 

ʋʟʦʨʮʠ ʩʫ ʨʝʢʦʥʩʪʠʪʫʠʩʘʥʠ ʩʘ 3 g ʜʝʩʪʠʣʦʚʘʥʝ ʚʦʜʝ, ʘ ʦʥʜʘ ʧʦʜʚʨʛʥʫʪʠ ɻʀɼ ʧʨʝʤʘ 

ʧʨʦʪʦʢʦʣʫ. ʇʨʠʧʨʝʤˀʝʥʝ ʩʫ ʠ ʢʦʥʪʨʦʣʝ ʜʠʛʝʩʪʠʿʘ ʫʟʦʨʘʢʘ, ʪʿ. ʥʝʜʠʛʝʩʪʦʚʘʥʠ ʫʟʦʨʮʠ, 

ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʦ ʫʪʠʮʘʿ ʜʠʛʝʩʪʠʚʥʦʛ ʢʦʢʪʝʣʘ ʥʘ ʤʝʨʝʥʝ ʧʘʨʘʤʝʪʨʝ ʫ ʧʦʯʝʪʥʦʤ 

ʪʨʝʥʫʪʢʫ ʜʠʛʝʩʪʠʿʝ (zero-time). ʆʚʠ ʫʟʦʨʮʠ ʩʫ ʨʝʢʦʥʩʪʠʪʫʠʩʘʥʠ ʠ ʦʜʤʘʭ ʧʦʤʝʰʘʥʠ ʩʘ 

ʩʚʠʤ ʝʥʟʠʤʠʤʘ ʠ ʨʘʩʪʚʦʨʠʤʘ ʧʦʪʨʝʙʥʠʤ ʟʘ ʠʟʚʦʹʝˁʝ ʩʠʤʫʣʠʨʘʥʝ ɻʀɼ ʠ ʜʠʛʝʩʪʠʿʘ ʿʝ 

ʦʜʤʘʭ ʟʘʫʩʪʘʚˀʝʥʘ ʜʦʜʘʪʢʦʤ PefablocÈ ʠʥʭʠʙʠʪʦʨʘ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ 5 mM (ʫ ʩʤʝʰʠ 

ʬʠʥʘʣʥʦ) ʠ 0,1 mL BBI (BowmanïBirk) ʧʨʦʪʝʠʥʘʟʥʦʛ ʠʥʭʠʙʠʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 0,05 

g/L. ʆʩʠʤ ʦʚʠʭ ʫʟʦʨʘʢʘ, ʧʨʠʧʨʝʤˀʝʥʘ ʿʝ ʠ ʢʦʥʪʨʦʣʘ ʜʠʛʝʩʪʠʚʥʦʛ ʢʦʢʪʝʣʘ ʢʘʢʦ ʙʠ ʩʝ 

ʦʜʨʝʜʠʦ ʩʘʤʦ ˁʝʛʦʚ ʫʪʠʮʘʿ ʥʘ ʚʨʝʜʥʦʩʪʠ ʤʝʨʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʢʨʘʿʫ ʜʠʛʝʩʪʠʿʝ. ɿʘ 
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ʢʦʥʪʨʦʣʫ, 5 g ʜʝʩʪʠʣʦʚʘʥʝ ʚʦʜʝ ʫʤʝʩʪʦ ʫʟʦʨʢʘ ʿʝ ʧʦʜʚʨʛʥʫʪʦ ʢʦʤʧʣʝʪʥʦʤ ʧʨʦʪʦʢʦʣʫ 

ɻʀɼ. ʆʨʘʣʥʘ ʬʘʟʘ ʜʠʛʝʩʪʠʿʝ ʟʘʧʦʯʝʪʘ ʿʝ ʜʦʜʘʚʘˁʝʤ 3,5 mL ʩʠʤʫʣʠʨʘʥʦʛ ʧˀʫʚʘʯʥʦʛ 

ʩʦʢʘ (simulated salivary fluid - SSF): 0,5 mL ʨʘʩʪʚʦʨʘ ʧˀʫʚʘʯʥʝ Ŭ-ʘʤʠʣʘʟʝ (1500 U/mL), 

25 µL 0,3 M CaCl2 ʠ 975 µL ʚʦʜʝ; ʥʘʢʦʥ ʦʚʦʛʘ ʙʦʣʫʩ ʿʝ ʠʥʪʝʥʟʠʚʥʦ ʤʫ˂ʢʘʥ ʠ ʠʥʢʫʙʠʨʘʥ 

2 ʤʠʥʫʪʘ ʥʘ 37 ÁC (pH 7,0). ʋʩʣʝʜʠʣʘ ʿʝ ʛʘʩʪʨʠʯʥʘ ʬʘʟʘ ʜʠʛʝʩʪʠʿʝ ʛʜʝ ʿʝ ʮʝʣʦʢʫʧʥʘ 

ʟʘʧʨʝʤʠʥʘ ʦʨʘʣʥʦʛ ʙʦʣʫʩʘ (ʦʢʦ 10 mL) ʧʦʤʝʰʘʥʘ ʩʘ 7,5 mL ʩʠʤʫʣʠʨʘʥʦʛ ʛʘʩʪʨʠʯʥʦʛ 

ʩʦʢʘ (simulated gastric fluid - SGF): 1,6 mL ʨʘʩʪʚʦʨʘ ʧʝʧʩʠʥʘ (25000 U/mL) 

ʧʨʠʧʨʝʤˀʝʥʦʛ ʫ SGF ʠ 5 µL 0,3 M CaCl2, ʘ pH ʚʨʝʜʥʦʩʪ ʿʝ ʧʦʜʝʰʝʥʘ ʥʘ 3,0 

ʢʦʨʠʰ˂ʝˁʝʤ 1 M HCl. ɿʘʧʨʝʤʠʥʘ ʩʤʝʰʝ ʿʝ ʜʦʜʘʚʘˁʝʤ ʜʝʩʪʠʣʦʚʘʥʝ ʚʦʜʝ ʧʦʜʝʰʝʥʘ ʥʘ 

20 mL ʠ ʠʥʢʫʙʠʨʘʥʘ 2 h ʥʘ 37 °C ʫʟ ʠʥʪʝʥʟʠʚʥʦ ʤʝʰʘˁʝ ʧʨʠ 300 o/min (Lab-Shaker 

SMX 1300, Adolf Kühner, ɹʘʟʝʣ, ʐʚʘʿʮʘʨʩʢʘ). ʊʦʢʦʤ ʠʥʪʝʩʪʠʥʘʣʥʝ (ʟʘʚʨʰʥʝ) ʬʘʟʝ 

ʜʠʛʝʩʪʠʿʝ 20 mL ʜʦʙʠʿʝʥʦʛ ʛʘʩʪʨʠʯʥʦʛ ʭʠʤʫʩʘ ʧʦʤʝʰʘʥʦ ʿʝ ʩʘ 11 mL ʩʠʤʫʣʠʨʘʥʦʛ 

ʠʥʪʝʩʪʠʥʘʣʥʦʛ ʩʦʢʘ (simulated intestinal fluid - SIF): 5 mL ʨʘʩʪʚʦʨʘ ʧʘʥʢʨʝʘʪʠʥʘ (800 

U/mL, ʘʢʪʠʚʥʦʩʪ ʪʨʠʧʩʠʥʘ) ʧʨʠʧʨʝʤˀʝʥʦʛ ʫ SIF, 2,5 mL 160 mM ʨʘʩʪʚʦʨʘ ʞʫʯʥʠʭ ʩʦʣʠ 

ʠ 40 µL 0,3 M CaCl2. pH ʚʨʝʜʥʦʩʪ ʿʝ ʧʦʜʝʰʝʥʘ ʥʘ 7,0 ʢʦʨʠʰ˂ʝˁʝʤ 1 M NaOH. ʂʘʢʦ ʙʠ 

ʩʝ ʧʦʩʪʠʛʣʘ ʬʠʥʘʣʥʘ ʟʘʧʨʝʤʠʥʘ, ʩʤʝʰʘ ʿʝ ʜʦʧʫˁʝʥʘ ʜʦ 40 mL ʜʝʩʪʠʣʦʚʘʥʦʤ ʚʦʜʦʤ ʠ 

ʠʥʢʫʙʠʨʘʥʘ 2 h ʥʘ 37 °C, ʫʟ ʠʥʪʝʥʟʠʚʥʦ ʤʝʰʘˁʝ ʧʨʠ 300 o/min.  

ʇʦʩʣʝ ʟʘʚʨʰʝʥʠʭ ʜʠʛʝʩʪʠʿʘ ʜʦʜʘʪʠ ʩʫ PefablocÈ ʠ BBI ʠʥʭʠʙʠʪʦʨʠ ʫ ʧʨʝʪʭʦʜʥʦ 

ʥʘʚʝʜʝʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ, ʘ ʟʘʪʠʤ ʩʫ ʩʚʠ ʫʟʦʨʮʠ ʮʝʥʪʨʠʬʫʛʠʨʘʥʠ ʥʘ 4500 g 

(Centrifuge 5804R, Eppendorf, ʍʘʤʙʫʨʛ, ʅʝʤʘʯʢʘ) 10 ʤʠʥʫʪʘ ʥʘ 4 ÁC, ʦʜʣʠʚʝʥʠ ʩʫ 

ʩʫʧʝʨʥʘʪʘʥʪʠ, ʟʘʧʨʝʤʠʥʘ ʠʤ ʿʝ ʧʨʝʮʠʟʥʦ ʠʟʤʝʨʝʥʘ ʠ ʦʜʤʘʭ ʩʫ ʟʘʤʨʟʥʫʪʠ ʫ ʪʝʯʥʦʤ ʘʟʦʪʫ 

ʠ ʯʫʚʘʥʠ ʥʘ -80 °C (Kostiĺ et al., 2021; Milinļiĺ, 2023; Milinļiĺ et al., 2022). ʉʘʩʪʘʚ 

ʦʩʥʦʚʥʠʭ ʨʘʩʪʚʦʨʘ ʠ ʩʠʤʫʣʠʨʘʥʠʭ ʜʠʛʝʩʪʠʚʥʠʭ ʩʦʢʦʚʘ ʧʨʠʢʘʟʘʥ ʿʝ ʫ ʪʘʙʝʣʠ 3.2 (Kostiĺ 

et al., 2021; Milinļiĺ, 2023; Milinļiĺ et al., 2022). ʉʧʨʝʤˀʝʥʦ ʿʝ 13 ʫʟʦʨʘʢʘ ï ʫʟʦʨʮʠ ʢʦʿʠ 

ʩʫ ʧʦʜʚʨʛʥʫʪʠ ʩʠʤʫʣʠʨʘʥʦʿ in vitro ɻʀɼ (ʫʢʫʧʥʦ 6 ʫʟʦʨʘʢʘ), ʫʟʦʨʮʠ ʢʦʿʠʤʘ ʩʫ ʜʦʜʘʪʠ 

ʜʠʛʝʩʪʠʚʥʠ ʢʦʢʪʝʣʠ, ʘʣʠ ʥʠʩʫ ʧʦʜʚʨʛʥʫʪʠ ʩʠʤʫʣʘʮʠʿʠ ʜʠʛʝʩʪʠʿʝ (ʫʢʫʧʥʦ 6 ʫʟʦʨʘʢʘ) ʠ 

ʢʦʥʪʨʦʣʘ ʢʦʿʘ ʩʘʜʨʞʠ ʩʘʤʦ ʜʠʛʝʩʪʠʚʥʠ ʢʦʢʪʝʣ (ʿʝʜʘʥ ʫʟʦʨʘʢ). ʉʚʠ ʫʟʦʨʮʠ ʩʫ 

ʧʦʜʚʨʛʥʫʪʠ ʜʘˀʠʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʩʢʠʤ ʘʥʘʣʠʟʘʤʘ (Kostiĺ et al., 2021; Peġiĺ et al., 

2019). 

ʊʘʙʝʣʘ 3.2. ʉʘʩʪʘʚ ʦʩʥʦʚʥʠʭ ʨʘʩʪʚʦʨʘ ʠ ʩʠʤʫʣʠʨʘʥʠʭ ʜʠʛʝʩʪʠʚʥʠʭ ʩʦʢʦʚʘ (Milinļiĺ, 2023) 

ʂʦʤʧʦʥʝʥʪʝ 

ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʦʩʥʦʚʥʠʭ 

ʨʘʩʪʚʦʨʘ 

SSF SGF SIF 

pH 7,0 pH 3,0 pH 7,0 

ʂʦʥʮʝʥʪʨʘʮʠʿʘ 

ʫ SSF 

ʂʦʥʮʝʥʪʨʘʮʠʿʘ 

ʫ SGF 

ʂʦʥʮʝʥʪʨʘʮʠʿʘ 

ʫ SIF 

g/L mol/L mmol/L mmol/L mmol/L 

KCl 37,3  0,5 15,1 6,9 6,8 

KH2PO4 68 0,5 3,7 0,9 0,8 

NaHCO3 84 1 13,6 25 85 

NaCl 117 2 / 47,2 38,4 

MgCl2x6H2O 30,5 0,15 0,15 0,1 0,33 

(NH4)2CO3 48 0,5 0,06 0,5 / 

NaOH / 1 / / 8,4 

HCl / 6 1,1 15,6 / 

*
CaCl2x2H2O 44,1 0,3 0,75

*
 0,075

*
 0,3

*
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ʉʢʨʘ˂ʝʥʠʮʝ: SSF ï ʩʠʤʫʣʠʨʘʥ ʧˀʫʚʘʯʥʠ ʩʦʢ (simulated salivary fluid); SGF ï ʩʠʤʫʣʠʨʘʥ 

ʛʘʩʪʨʠʯʥʠ ʩʦʢ (simulated gastric fluid); SIF ï ʩʠʤʫʣʠʨʘʥ ʠʥʪʝʩʪʠʥʘʣʥʠ ʩʦʢ (simulated intestinal 

fluid). ʉʚʠ ʩʠʤʫʣʠʨʘʥʠ ʩʦʢʦʚʠ ʩʫ ʧʨʠʧʨʝʤˀʝʥʠ 1,25 ʧʫʪʘ ʢʦʥʮʝʥʪʨʦʚʘʥʠʿʠ. *ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʫ 

ʢʦʣʦʥʘʤʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʬʠʥʘʣʥʫ ʜʠʛʝʩʪʠʚʥʫ ʩʤʝʰʫ; CaCl2(H2O)2 ʿ ʝ ʜʦʜʘʪ ʦʜʚʦʿʝʥʦ. 

3.18. ʋʙʘʮʠʚʘˁʝ ʦʧʪʠʤʠʟʦʚʘʥʦʛ ʘʜʠʪʠʚʘ ʫ ʜʝʭʠʜʨʠʩʘʥʝ ʩʫʧʝ ï ʤʦʜʝʣ 

ʈʘʜʠ ʠʩʧʠʪʠʚʘˁʘ ʩʚʦʿʩʪʘʚʘ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʫ ʩʢʣʦʧʫ ʧʨʝʭʨʘʤʙʝʥʦʛ ʧʨʦʠʟʚʦʜʘ, 

ʢʘʦ ʠ ʨʘʜʠ ʬʠʥʘʣʠʟʘʮʠʿʝ ʠʩʪʨʘʞʠʚʘˁʘ, ʦʧʪʠʤʠʟʦʚʘʥʝ ʤʝʰʘʚʠʥʝ ʩʘ ʛˀʠʚʘʤʘ A. blazei ʠ 

L. sulphureus ʩʫ ʫʙʘʯʝʥʝ ʫ ʤʦʜʝʣ ï ʜʝʭʠʜʨʠʩʘʥʝ ʩʫʧʝ (Pravilnik o Kvalitetu Supa, Sosova, 

Dodataka Jelima i Srodnih Proizvoda, Sluģbeni list SRJ, 41/93 i Sluģbeni list SCG, 56/2003 i 

4/2004). ʉʘʩʪʦʿʮʠ ʩʫ ʙʠʣʠ ʩʣʝʜʝ˂ʠ: ʙʝʣʠ ʣʫʢ ʫ ʧʨʘʭʫ (ʇʨʝʤʠʿʘ, ʄʘʢʩʠ, ʉʨʙʠʿʘ); ʮʨʥʠ 

ʣʫʢ ʫ ʧʨʘʭʫ (ʇʨʝʤʠʿʘ, ʄʘʢʩʠ, ʉʨʙʠʿʘ), ʙʠʙʝʨ (ɿʘʯʠʥ ʎ, ʅʝʩʪʣʝ, ʉʨʙʠʿʘ), ʩʦ (ʉʦʣʘʥʘ 

ʊʫʟʣʘ, ɹʠʍ), ʧʘʣʤʠʥʦ ʫˀʝ (AlekPharm, ʉʨʙʠʿʘ), ʩʢʨʦʙ (Dr. Oetker, ʉʨʙʠʿʘ). ʉʘʩʪʘʚ 

ʜʝʭʠʜʨʠʩʘʥʠʭ ʩʫʧʘ ʙʠʦ ʿʝ ʩʣʝʜʝ˂ʠ: 

S1 ï 30% ʩʢʨʦʙʘ, 12,25% ʙʝʣʦʛ ʣʫʢʘ ʫ ʧʨʘʭʫ, 12,25% ʮʨʥʦʛ ʣʫʢʘ ʫ ʧʨʘʭʫ, 10,5% ʙʠʙʝʨʘ, 

11,9% ʩʦʣʠ, 17,5% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ, 5,6% ʧʘʣʤʠʥʦʛ 

ʫˀʘ; 

S2 ï 30% ʩʢʨʦʙʘ, 12,25% ʙʝʣʦʛ ʣʫʢʘ ʫ ʧʨʘʭʫ, 12,25% ʮʨʥʦʛ ʣʫʢʘ ʫ ʧʨʘʭʫ, 10,5% ʙʠʙʝʨʘ, 

11,9% ʩʦʣʠ, 17,5%  ʦʧʪʠʤʠʟʦʚʘʥʝ ʤʝʰʘʚʠʥʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei, 5,6% ʧʘʣʤʠʥʦʛ ʫˀʘ; 

S3 ï 30% ʩʢʨʦʙʘ, 12,25% ʙʝʣʦʛ ʣʫʢʘ ʫ ʧʨʘʭʫ, 12,25% ʮʨʥʦʛ ʣʫʢʘ ʫ ʧʨʘʭʫ, 10,5% ʙʠʙʝʨʘ, 

11,9% ʩʦʣʠ, 17,5%  ʦʧʪʠʤʠʟʦʚʘʥʝ ʤʝʰʘʚʠʥʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus, 5,6% ʧʘʣʤʠʥʦʛ ʫˀʘ.  

ʋʧʦʨʝʜʦ ʩʘ ʦʚʠʤ ʫʟʦʨʮʠʤʘ, ʠʩʧʠʪʠʚʘʥʘ ʩʫ ʠ ʩʚʦʿʩʪʚʘ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʜʝʭʠʜʨʠʩʘʥʠʭ 

ʩʫʧʘ (Quik e-free ʠʥʩʪʘʥʪ ʩʫʧʘ ʦʜ ʧʦʚʨ˂ʘ ʙʝʟ ʤʘʩʪʠ, ɸʣʝʚʘ, ʉʨʙʠʿʘ) ʙʝʟ ʠ ʩʘ ʜʦʜʘʪʠʤ 

ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʘʜʠʪʠʚʠʤʘ: 

S4 ï ʜʝʭʠʜʨʠʩʘʥʘ ʩʫʧʘ ʙʝʟ ʜʦʜʘʪʘʢʘ; 

S5 ï ʜʝʭʠʜʨʠʩʘʥʘ ʩʫʧʘ ʩʘ 17,5% ʦʧʪʠʤʠʟʦʚʘʥʝ ʤʝʰʘʚʠʥʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; 

S6 ï ʜʝʭʠʜʨʠʩʘʥʘ ʩʫʧʘ ʩʘ 17,5% ʦʧʪʠʤʠʟʦʚʘʥʝ ʤʝʰʘʚʠʥʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus. 

ʉʘʩʪʘʚ ʢʦʤʝʨʮʠʿʘʣʥʝ ʠʥʩʪʘʥʪ ʩʫʧʝ, ʧʨʝʤʘ ʜʝʢʣʘʨʘʮʠʿʠ, ʙʠʦ ʿʝ ʩʣʝʜʝ˂ʠ: ʤʘʣʪʦʜʝʢʩʪʨʠʥ, 

ʢʫʭʠˁʩʢʘ ʩʦ 18%, ʩʫʰʝʥʦ ʧʦʚʨ˂ʝ ʜʦ 14% (ʰʘʨʛʘʨʝʧʘ, ʮʨʥʠ ʣʫʢ, ʧʘʰʢʘʥʘʪ, ʧʘʨʘʜʘʿʟ, 

ʧʨʘʟʠʣʫʢ, ʮʝʣʝʨ), ʤʦʜʠʬʠʢʦʚʘʥʠ ʢʫʢʫʨʫʟʥʠ ʩʢʨʦʙ, ʜʝʢʩʪʨʦʟʘ, ʧʦʿʘʯʠʚʘʯʠ ʘʨʦʤʝ: 

ʤʦʥʦʥʘʪʨʠʿʫʤ-ʛʣʫʪʘʤʠʥʘʪ 5,5%, ʜʠʥʘʪʨʠʿʫʤ 5'-ʨʠʙʦʥʫʢʣʝʦʪʠʜʠ, ʭʠʜʨʦʣʠʟʦʚʘʥʝ 

ʙʝʣʘʥʯʝʚʠʥʝ ʩʦʿʝ, ʝʢʩʪʨʘʢʪ ʢʚʘʩʮʘ, ʟʘʯʠʥʠ, ʩʦʿʘ ʩʦʩ, ʝʢʩʪʨʘʢʪ ʧʦʚʨ˂ʘ, ʰʝ˂ʝʨ, ʫˀʝ ʫˀʘʥʝ 

ʨʝʧʠʮʝ, ʘʨʦʤʝ. ɽʥʝʨʛʝʪʩʢʘ ʚʨʝʜʥʦʩʪ: 90 kJ (21,5 kcal) ʥʘ 10 g ʧʨʦʠʟʚʦʜʘ; ʧʨʦʩʝʯʥʘ 

ʥʫʪʨʠʪʠʚʥʘ ʚʨʝʜʥʦʩʪ: ʧʨʦʪʝʠʥʠ 0,65 g/10 g; ʫʛˀʝʥʠ ʭʠʜʨʘʪʠ 5,4 g/10 g; ʤʘʩʪʠ 0,022 g/10 

g. 

ʉʘʩʪʦʿʮʠ ʫ ʯʚʨʩʪʦʤ ʩʪʘˁʫ ʩʫ ʧʦʤʝʰʘʥʠ ʫ ʜʘʪʠʤ ʫʜʝʣʠʤʘ ʟʘ ʩʫʧʝ S1 ï S3, ʜʦʢ ʿʝ ʢʦʜ 

ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʩʫʧʘ ʩʘʜʨʞʘʿ ʠʟ ʢʝʩʠʮʝ ʘʥʘʣʠʟʠʨʘʥ ʙʝʟ ʜʦʜʘʪʘʢʘ (ʫʟʦʨʘʢ S4) ʠʣʠ ʩʘ 

ʜʦʜʘʪʠʤ ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʘʜʠʪʠʚʠʤʘ ʫ ʜʘʪʠʤ ʫʜʝʣʠʤʘ (ʫʟʦʨʮʠ S5 ʠ S6). ʋʟʦʨʮʠ ʩʫ 

ʨʘʩʪʚʦʨʝʥʠ ʫ ʚʦʜʠ ʫ ʦʜʥʦʩʫ 1:20, ʘ ʟʘʪʠʤ ʩʫ ʧʦʜʚʨʛʥʫʪʠ ʢʫʚʘˁʫ ʥʘ 95 хʉ ʪʦʢʦʤ 5 
ʤʠʥʫʪʘ ʧʨʝʤʘ Sugumar & Guha (2020). ʋʟʦʨʮʠ ʩʫ ʦʭʣʘʹʝʥʠ ʥʘ ʩʦʙʥʫ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʮʝʥʪʨʠʬʫʛʠʨʘʥʠ ʥʘ 3000 g ʠ ʙʠʩʪʨʠ ʩʫʧʝʨʥʘʪʘʥ ʿʝ ʢʦʨʠʰ˂ʝʥ ʫ ʜʘˀʠʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʩʢʠʤ ʘʥʘʣʠʟʘʤʘ. 
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3.19. ʆʙʨʘʜʘ ʧʦʜʘʪʘʢʘ 

ʄʝʨʝˁʘ ʩʘʜʨʞʘʿʘ ʧʨʦʪʝʠʥʘ, ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʠ ʛʣʫʢʘʥʘ ʩʫ ʠʟʚʝʜʝʥʘ ʫ ʪʨʠ 

ʧʦʥʘʚˀʘˁʘ ʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʢʘʦ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ± ʩʪʘʥʜʘʨʜʥʘ 

ʜʝʚʠʿʘʮʠʿʘ. ɿʥʘʯʘʿʥʦʩʪ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʩʘʜʨʞʘʿʘ ʛʣʫʢʘʥʘ ʫʪʚʨʹʝʥʠ 

ʩʫ ʧʦʤʦ˂ʫ Tukey-ʝʚʦʛ ʪʝʩʪʘ (p < 0,05) (StatSoft Cʦ, ʊʫʣʩʘ, ʆʢʣʘʭʦʤʘ, ʉɸɼ). 

DLS ʤʝʨʝˁʘ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei ʩʫ ʠʟʚʝʜʝʥʘ ʫ ʥʝ ʤʘˁʝ ʦʜ ʪʨʠ ʧʦʥʘʚˀʘˁʘ ʠ ʨʝʟʫʣʪʘʪʠ 

ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʢʘʦ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ± ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ. ɿʥʘʯʘʿʥʦʩʪ ʨʘʟʣʠʢʘ 

ʠʟʤʝʹʫ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʿʝ ʫʪʚʨʹʝʥʘ ʧʦʤʦ˂ʫ Tukey-ʝʚʦʛ ʪʝʩʪʘ (p < 0,05) ʟʘ ʫʟʦʨʢʝ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʤʦ˂ʫ t-ʪʝʩʪʘ (p < 0,05) ʟʘ ʫʟʦʨʢʝ ʢʘʟʝʠʥʘ (StatSoft Co., Tulsa, OK, 

USA). DLS ʤʝʨʝˁʘ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus ʩʫ ʠʟʚʝʜʝʥʘ ʫ ʥʝ ʤʘˁʝ ʦʜ ʪʨʠ ʧʦʥʘʚˀʘˁʘ 

ʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʢʘʦ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʠʣʠ ʤʦʜʫʩ ± ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ, 

ʟʘʚʠʩʥʦ ʦʜ ʫʟʦʨʢʘ. ɿʥʘʯʘʿʥʦʩʪ ʨʘʟʣʠʢʘ ʿʝ ʫʪʚʨʹʝʥʘ ʧʦʤʦ˂ʫ Tukey-ʝʚʦʛ ʪʝʩʪʘ (p < 0,05) 

(StatSoft Cʦ, ʊʫʣʩʘ, ʆʢʣʘʭʦʤʘ, ʉɸɼ). ɿʘ ʦʜʨʝʹʝʥʝ ʫʟʦʨʢʝ ʩʫ ʪʘʙʝʣʘʨʥʦ ʧʨʠʢʘʟʘʥʠ 

ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʩʨʝʜˁʝʛ ʠ ʥʘʿʯʝʰ˂ʝʛ ʜʠʿʘʤʝʪʨʘ ʫʟ ʈI ʚʨʝʜʥʦʩʪʠ.  

ʇʦʜʘʮʠ ʚʝʟʘʥʠ ʟʘ ʧʦʣʠʧʝʧʪʠʜʥʠ ʩʘʩʪʘʚ ʩʫ ʫʟʝʪʠ ʢʘʦ ʪʨʠʧʣʠʢʘʪʠ ʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʢʘʦ 

ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ± ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ. ɿʥʘʯʘʿʥʦʩʪ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʩʨʝʜˁʠʭ 

ʚʨʝʜʥʦʩʪʠ ʿʝ ʫʪʚʨʹʝʥʘ ʧʦʤʦ˂ʫ Tukey-ʝʚʦʛ ʪʝʩʪʘ (p < 0,05) (StatSoft Cʦ, ʊʫʣʩʘ, ʆʢʣʘʭʦʤʘ, 

ʉɸɼ). 

FTIR ʩʧʝʢʪʨʠ ʩʚʠʭ ʫʟʦʨʘʢʘ ʩʫ ʦʙʨʘʹʝʥʠ ʧʦʤʦ˂ʫ ʩʦʬʪʚʝʨʘ Unscrambler X (version 10.4; 

CAMO AS, ʊʨʦʥʜʭʝʿʤ, ʅʦʨʚʝʰʢʘ). ʂʚʘʣʠʪʝʪ ʩʧʝʢʪʘʨʘ ʿʝ ʧʦʪʚʨʹʝʥ ʚʠʟʫʝʣʥʦ. ʅʘʢʦʥ 

ʦʚʦʛʘ, ʫʨʘʹʝʥ ʿʝ Ăpre-processingñ ʩʧʝʢʪʘʨʘ, ʰʪʦ ʫʢˀʫʯʫʿʝ ʥʦʨʤʘʣʠʟʘʮʠʿʫ ʿʝʜʠʥʠʯʥʠʤ 

ʚʝʢʪʦʨʦʤ (mean normalization), ʢʦʨʝʢʮʠʿʫ ʙʘʟʥʝ ʣʠʥʠʿʝ (linear baseline correction) ʠ 

ʜʨʫʛʝ ʢʦʨʝʢʮʠʿʝ (multiplicative scatter correction). ʂʘʢʦ ʙʠ ʩʝ ʫʩʪʘʥʦʚʠʣʦ ʢʦʠʿ 

ʩʧʝʮʠʬʠʯʥʠ ʪʘʣʘʩʥʠ ʙʨʦʿʝʚʠ ʫ ʦʜʨʝʹʝʥʠʤ ʩʧʝʢʪʨʘʣʥʠʤ ʨʝʛʠʦʥʠʤʘ ʥʘʿʚʠʰʝ ʜʦʧʨʠʥʦʩʝ 

ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʫʟʦʨʘʢʘ ʫ ʛʨʫʧʝ ʫʨʘʹʝʥʘ ʿʝ ʘʥʘʣʠʟʘ ʛʣʘʚʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ (PCA ï 

principal component analysis). PCA je ʫʨʘʹʝʥʘ ʥʝʟʘʚʠʩʥʦ ʟʘ ʩʣʝʜʝ˂ʝ ʩʧʝʢʪʨʘʣʥʝ ʨʝʛʠʦʥʝ: 

ʘʤʠʜ I, ʘʤʠʜ II, ʘʤʠʜ III , Fingerprint ʨʝʛʠʦʥ (ʨʝʛʠʦʥ Ăʦʪʠʩʢʘ ʧʨʩʪʘñ), ʢʘʦ ʠ ʟʘ 

ʩʧʝʢʪʨʘʣʥʠ ʨʝʛʠʦʥ 1700 ï 700 cm
-1

. PCA ʪʝʞʠ ʜʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ ʧʦʜʘʪʘʢʘ ʨʝʜʫʢʫʿʝ 

ʩʢʫʧ ʚʘʨʠʿʘʙʣʠ ʫ ʤʘˁʠ ʩʢʫʧ ʥʝʟʘʚʠʩʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʢʦʿʝ ʩʝ ʟʦʚʫ ʛʣʘʚʥʝ ʢʦʤʧʦʥʝʥʪʝ 

(PC ï principal components). ʆʚʦʤ ʘʥʘʣʠʟʦʤ ʩʝ ʜʦʙʠʿʘ ʛʨʘʬʠʢ ʦʙʿʝʢʘʪʘ (ʩʢʦʨʦʚʘ; scores) 

ʠ ʛʨʘʬʠʢ ʚʘʨʠʿʘʙʣʠ (loadings). ɻʨʘʬʠʢ ʦʙʿʝʢʘʪʘ ʧʨʠʢʘʟʫʿʝ ʦʜʥʦʩʝ ʠʟʤʝʹʫ ʦʙʿʝʢʘʪʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʛʣʘʚʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʜʦʢ ʛʨʘʬʠʢ ʚʘʨʠʿʘʙʣʠ ʧʦʢʘʟʫʿʝ ʢʦʝʿ ʚʘʨʠʿʘʙʣʝ (ʪʘʣʘʩʥʠ 

ʙʨʦʿʝʚʠ) ʩʫ ʜʦʧʨʠʥʝʣʝ ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʫʟʦʨʘʢʘ ʫ ʨʘʟʣʠʯʠʪʝ ʛʨʫʧʝ (Popoviĺ Miniĺ et al., 

2023). 

ʇʦʜʘʮʠ ʚʝʟʘʥʠ ʟʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ, ʧʝʥʠʚʘ ʠ ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʘʜʠʪʠʚʘ, ʢʘʦ ʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʫʟʦʨʘʢʘ ʧʨʝ ʠ ʧʦʩʣʝ ʜʠʛʝʩʪʠʿʘ ʠ ʫʟʦʨʘʢʘ ʜʝʭʠʜʨʠʩʘʥʠʭ 

ʩʫʧʘ ʠʟʚʝʜʝʥʠ ʩʫ ʫ ʪʨʠ ʧʦʥʘʚˀʘˁʘ ʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʢʘʦ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ 

± ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ, ʘ ʟʥʘʯʘʿʥʦʩʪ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʫʪʚʨʹʝʥʘ ʿʝ 

ʧʦʤʦ˂ʫ Tukey-ʝʚʦʛ ʪʝʩʪʘ (p < 0,05) (StatSoft Cʦ, ʊʫʣʩʘ, ʆʢʣʘʭʦʤʘ, ʉɸɼ). ɿʘ ʫʪʚʨʹʠʚʘˁʝ 

ʢʦʨʝʣʘʮʠʿʘ ʢʦʨʠʰ˂ʝʥ ʿʝ ʇʠʨʩʦʥʦʚ ʢʦʨʝʣʘʮʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪ (r) ʥʘ ʥʠʚʦʫ ʟʥʘʯʘʿʥʦʩʪʠ p 

< 0,05 ʠ p < 0,01 (StatSoft Cʦ, ʊʫʣʩʘ, ʆʢʣʘʭʦʤʘ, ʉɸɼ).  
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4. ʈʝʟʫʣʪʘʪʠ ʠ ʜʠʩʢʫʩʠʿʘ 

4.1. ɹʠʦʭʝʤʠʿʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ 

4.1.1. ʉʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʫ ʚʦʜʝʥʠʤ ʝʢʩʪʨʘʢʪʠʤʘ A. blazei ʠ L. sulphureus 

ʉʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʫ ʫʟʦʨʢʫ VA ʿʝ ʠʟʥʦʩʠʦ 34,06 Ñ 0,61 g/100 g, ʜʦʢ ʿʝ ʢʦʜ VL ʙʠʦ 56,2 Ñ 

0,91 g/100 g. ʋ ʧʦʣʠʩʘʭʘʨʠʜʥʠʤ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ (ʫʟʦʨʮʠ ʈɸ, ʈL) ʥʠʿʝ ʦʜʨʝʹʝʥ 

ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʿʝʨ ʧʨʦʮʝʜʫʨʘ ˁʠʭʦʚʦʛ ʜʦʙʠʿʘˁʘ ʠʟʤʝʹʫ ʦʩʪʘʣʠʭ ʢʦʨʘʢʘ ʫʢˀʫʯʫʿʝ 

ʝʢʩʪʨʘʢʮʠʿʫ ʝʪʘʥʦʣʦʤ, ʮʝʥʪʨʠʬʫʛʠʨʘˁʝ, ʟʘʛʨʝʚʘˁʝ ʥʘ 120хʉ ʠ ʜʠʿʘʣʠʟʫ, ʪʘʢʦ ʜʘ ʜʦʣʘʟʠ 

ʜʦ ʪʘʣʦʞʝˁʘ ʠ ʫʢʣʘˁʘˁʘ ʧʨʦʪʝʠʥʘ (Kozarski et al., 2014). ʀʘʢʦ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʨʘʟʣʠʯʠʪʠ 

ʧʦʜʘʮʠ ʫ ʣʠʪʝʨʘʪʫʨʠ, Carneiro et al. (2013) ʥʘʚʦʜʝ ʩʣʠʯʘʥ ʧʨʦʮʝʥʘʪ ʧʨʦʪʝʠʥʘ ʟʘ 

ʬʦʨʤʫʣʘʮʠʿʫ A.blazei ʫ ʧʨʘʭʫ ï 31,3 g/100 g. Györfi et al. (2010) ʥʘʚʦʜʝ ʜʘ A.blazei 

ʢʘʨʘʢʪʝʨʠʰʝ ʠ ʜʦ 48% ʧʨʦʪʝʠʥʘ ʠ 18% ʧʦʣʠʩʘʭʘʨʠʜʘ ʨʘʯʫʥʘʪʦ ʥʘ ʩʫʚʫ ʤʘʪʝʨʠʿʫ. Tsai et 

al. (2008) ʪʘʢʦʹʝ ʥʘʚʦʜʝ ʚʠʰʝ ʧʨʦʪʝʠʥʘ ʠ ʤʘˁʝ ʫʛˀʝʥʠʭ ʭʠʜʨʘʪʘ ʢʦʜ A.blazei ʫ ʦʜʥʦʩʫ 

ʥʘ ʜʨʫʛʝ ʜʚʝ ʠʩʧʠʪʠʚʘʥʝ ʛˀʠʚʝ. ɼʘʢʣʝ, ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʫ VA ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ 

ʣʠʪʝʨʘʪʫʨʥʠʤ ʧʦʜʘʮʠʤʘ (Firenzuoli et al., 2008; Largeteau et al., 2011; Tsai et al., 2008). 

ʉʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʢʦʜ L. sulphureus ʿʝ ʚʝ˂ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʚʝ˂ʠʥʫ ʣʠʪʝʨʘʪʫʨʝ (Ayaz et al., 

2011; Khatua et al., 2017; Klaus et al., 2013; Petroviĺ et al., 2014), ʤʝʹʫʪʠʤ, ʩʪʫʜʠʿʘ 

Palazzolo et al. (2012) ʪʘʢʦʹʝ ʥʘʚʦʜʠ ʚʠʩʦʢ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʢʦʜ L. sulphureus 

ʩʘʢʫʧˀʝʥʠʭ ʥʘ ʉʠʮʠʣʠʿʠ, ʘʣʠ ʧʨʝʨʘʯʫʥʘʪʦ ʥʘ ʤʘʩʫ ʩʚʝʞʝ ʛˀʠʚʝ. ʀʘʢʦ ʩʝ ʫʛʣʘʚʥʦʤ 

ʥʘʚʦʜʠ ʢʘʦ ʧʦʫʟʜʘʥʘ ʤʝʪʦʜʘ, ʦʜʨʝʹʠʚʘˁʝ ʧʨʦʪʝʠʥʘ ʧʦ ɹʨʘʜʬʦʨʜʫ (Bradford, 1976) ʤʦʞʝ 

ʜʘʪʠ ʚʝ˂ʝ ʨʝʟʫʣʪʘʪʝ ʫʩʣʝʜ ʠʥʪʝʨʬʝʨʝʥʮʠʿʘ ʩʫʧʩʪʘʥʮʠ ʢʦʿʝ ʩʘʜʨʞʝ ʘʟʦʪ ʘʢʦ ʫʟʦʨʮʠ 

ʧʨʝʪʭʦʜʥʦ ʥʠʩʫ ʠʩʪʘʣʦʞʝʥʠ ʧʦʤʦ˂ʫ ʊʉɸ (Braaksma & Schaap, 1996). ʅʘ ʧʨʠʤʝʨ, ʫʨʝʘ 

ʩʝ ʫ ʫʟʦʨʮʠʤʘ ʤʘʢʨʦʛˀʠʚʘ ʿʘʚˀʘ ʫ ʧʝʨʠʦʜʫ ʥʘʢʦʥ ʫʙʠʨʘˁʘ ʧʣʦʜʦʚʘ ʢʘʦ ʨʝʟʫʣʪʘʪ 

ʨʘʟʣʘʛʘˁʘ ʧʨʦʪʝʠʥʘ (Braaksma & Schaap, 1996). ʆʩʠʤ ʫʢʫʧʥʦʛ ʩʘʜʨʞʘʿʘ, ʪʨʝʙʘ ʫʟʝʪʠ ʫ 

ʦʙʟʠʨ ʠ ʫʜʝʦ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʪʝʠʥʩʢʠʭ ʬʨʘʢʮʠʿʘ. L. sulphureus ʠʤʘ ʚʠʩʦʢ ʩʘʜʨʞʘʿ 

ʘʣʙʫʤʠʥʘ ʠ ʛʣʦʙʫʣʠʥʘ, ʢʦʿʠ ʩʫ ʜʦʙʨʦ ʨʘʩʪʚʦʨˀʠʚʠ ʠ ʣʘʢʦ ʩʝ ʚʘʨʝ, ʧʘ ʩʝ ʥʘʚʦʜʠ ʜʘ ʠʤʘʿʫ 

ʜʦʙʨʫ ʙʠʦʣʦʰʢʫ ʚʨʝʜʥʦʩʪ, ʰʪʦ ʿʝ ʟʘ ʦʚʝ ʨʝʟʫʣʪʘʪʝ ʟʥʘʯʘʿʥʦ ʩʘ ʩʪʘʥʦʚʠʰʪʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (Almeida et al., 2022; Kovács & Vetter, 2015). ɺʘʨʠʨʘˁʘ ʫ ʩʪʨʫʢʪʫʨʠ ʠ 

ʙʠʦʣʦʰʢʦʿ ʘʢʪʠʚʥʦʩʪʠ ʩʫ ʚʨʣʦ ʯʝʩʪʘ, ʟʘʚʠʩʥʦ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʝʢʩʪʨʘʢʮʠʦʥʠʭ ʧʨʦʮʝʜʫʨʘ 

ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ, ʨʘʟʣʠʢʘ ʫ ʢʫʣʪʠʚʘʮʠʿʠ, ʨʘʟʚʦʿʥʝ ʬʘʟʝ ʪʦʢʦʤ ʢʦʿʝ ʩʫ ʫʙʨʘʥʝ, ʫʩʣʦʚʘ 

ʯʫʚʘˁʘ, ʠʪʜ. (Ayaz et al., 2011; Grienke et al., 2014; Lima et al., 2011). 

4.1.2. ʉʘʜʨʞʘʿ ʛʣʫʢʘʥʘ ʫ ʝʢʩʪʨʘʢʪʠʤʘ A. blazei ʠ L. sulphureus 

ʋ ʮʠˀʫ ʧʨʦʥʘʣʘʞʝˁʘ ʙʦˀʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʙʫʜʫ˂ʝʛ ʘʜʠʪʠʚʘ, ʢʦʜ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ 

ʧʨʘ˂ʝʥ ʿʝ ʩʘʜʨʞʘʿ ʛʣʫʢʘʥʘ ʢʦʿʠ ʩʫ ʫ ʣʠʪʝʨʘʪʫʨʠ ʦʟʥʘʯʝʥʠ ʢʘʦ ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣʠ ʩʘ 

ʯʠʪʘʚʠʤ ʩʧʝʢʪʨʦʤ ʢʦʨʠʩʥʠʭ ʙʠʦʣʦʰʢʠʭ ʜʝʿʩʪʘʚʘ. ʇʨʝʜʥʦʩʪ ʿʝ ʜʘʪʘ ʤʝʨʝˁʫ ʩʘʜʨʞʘʿʘ 

ʛʣʫʢʘʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥʫ ʤʝʪʦʜʫ ʤʝʨʝˁʘ ʫʢʫʧʥʦʛ ʩʘʜʨʞʘʿʘ ʧʦʣʠʩʘʭʘʨʠʜʘ, 

ʿʝʨ ʩʘ ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʩʪʘʥʦʚʠʰʪʘ ʥʝ ʟʥʘʯʠ ʧʫʥʦ, ʙʫʜʫ˂ʠ ʜʘ ʯʝʩʪʦ ʚʝʣʠʢʠ ʧʨʦʮʝʥʘʪ 

ʫʢʫʧʥʠʭ ʧʦʣʠʩʘʭʘʨʠʜʘ ʯʠʥʝ ʭʠʪʠʥ, ʰʝ˂ʝʨʠ ʠ ʜʨʫʛʝ ʩʫʧʩʪʘʥʮʝ (Sari et al., 2017). ʆʩʠʤ 

ʪʦʛʘ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʥʘʯʠʥ ʫʟʛʘʿʘˁʘ, ʝʢʩʪʨʘʢʮʠʿʝ ʠ ʦʩʪʘʣʝ ʬʘʢʪʦʨʝ ʢʦʿʠ ʫʪʠʯʫ ʥʘ 

ʚʘʨʠʨʘˁʝ ʙʠʦʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ, ʛʣʫʢʘʥʠ ʩʫ ʥʘʚʦʹʝʥʠ ʢʘʦ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ 

ʧʦʣʠʩʘʭʘʨʠʜʠ ʢʦʜ A.blazei (Kozarski et al., 2014; Y. Li et al., 2020; Ohno et al., 2001; 

Peter-Valence et al., 2011; Smiderle et al., 2011; Yamanaka et al., 2012; Zhang et al., 2010) ʠ 

L. sulphureus (Grienke et al., 2014; Hwang et al., 2008; Klaus et al., 2013; Olennikov et al., 

2009a, 2009b; Radic et al., 2009; Seo et al., 2011; Wiater et al., 2011), ʘ ʙʝʟ ʦʙʟʠʨʘ ʥʘ 

ʧʨʦʮʝʥʪʫʘʣʥʫ ʟʘʩʪʫʧˀʝʥʦʩʪ, ʩʠʛʫʨʥʦ ʩʫ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʩʘ ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʘʩʧʝʢʪʘ ʿʝʨ ʩʫ 

ʮʝʥʪʨʘʣʥʘ ʪʝʤʘ ʚʝ˂ʠʥʝ ʨʘʜʦʚʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʦʚʦʤ ʪʝʤʘʪʠʢʦʤ (ʚʠʜʝʪʠ ʧʦʛʣʘʚˀʘ 2.2.1, 

2.2.2, 2.2.3.1, 2.2.4.1.). ʈʝʟʫʣʪʘʪʠ ʦʜʨʝʹʠʚʘˁʘ ʩʘʜʨʞʘʿʘ ʛʣʫʢʘʥʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 

4.1. ʆʛʨʦʤʥʝ ʚʘʨʠʿʘʮʠʿʝ ʫ ʩʘʜʨʞʘʿʫ Ŭ- ʠ ɓ-ʛʣʫʢʘʥʘ ʩʫ ʯʝʩʪʘ, ʘ ʧʦʪʠʯʫ ʦʜ ʚʠʰʝ ʨʘʟʣʦʛʘ:  
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¶ ʛʣʘʚʥʠ ʩʢʣʘʜʠʰʥʠ ʧʦʣʠʩʘʭʘʨʠʜ ʢʦʜ ʛˀʠʚʘ ʿʝ ʛʣʠʢʦʛʝʥ (Ŭ-(1,4)-ʛʣʫʢʘʥ), ʘ ˁʝʛʦʚʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ  ʥʫʪʨʠʪʠʚʥʠʭ ʫʩʣʦʚʘ ʠ ʫʩʣʦʚʘ ʩʨʝʜʠʥʝ 

ʪʦʢʦʤ ʨʘʩʪʘ ʛˀʠʚʘ, ʢʦʿʠ ʤʥʦʛʦ ʚʘʨʠʨʘʿʫ, ʧʘ ʩʝ ʦʙʿʝʢʪʠʚʥʦ ʨʘʟʣʠʢʫʿʝ ʠ ʩʘʜʨʞʘʿ Ŭ-

ʛʣʫʢʘʥʘ; 

¶ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʠʥʪʨʘʮʝʣʫʣʘʨʥʠʭ Ŭ-ʛʣʫʢʘʥʘ, ɓ-ʛʣʫʢʘʥʠ ʩʝ ʥʘʣʘʟʝ ʫ ˂ʝʣʠʿʩʢʦʤ ʟʠʜʫ, 

ʧʘ ʿʝ ˁʠʭʦʚʦ ʝʢʩʪʨʘʭʦʚʘˁʝ ʪʝʞʝ ʠ ʧʨʠʥʦʩ ʟʘʚʠʩʠ ʦʜ ʪʠʧʘ ʢʦʨʠʰ˂ʝʥʝ 

ʝʢʩʪʨʘʢʮʠʿʝ (Kozarski et al., 2011); 

¶ ʢʦʜ A.blazei ʫʟʛʘʿʘʥʠʭ ʥʘ ʧʦˀʫ ʿʝ ʧʨʠʤʝ˂ʝʥ ʚʝ˂ʠ ʩʘʜʨʞʘʿ ɓ-ʛʣʫʢʘʥʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʫʟʦʨʢʝ ʛʘʿʝʥʝ ʫ ʩʪʘʢʣʝʥʠʢʫ (Zied et al., 2014).  

ʊʘʙʝʣʘ 4.1. ʉʘʜʨʞʘʿ ʛʣʫʢʘʥʘ ʫ ʚʦʜʝʥʠʤ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠʤ ʝʢʩʪʨʘʢʪʠʤʘ A. blazei ʠ L. sulphureus 

ʋʟʦʨʘʢ 
ʋʢʫʧʥʠ ʩʘʜʨʞʘʿ 

ʛʣʫʢʘʥʘ (g/100 g) 

ʉʘʜʨʞʘʿ Ŭ-ʛʣʫʢʘʥʘ 

(g/100 g) 

ʉʘʜʨʞʘʿ ɓ-ʛʣʫʢʘʥʘ 

(g/100 g) 

VA 6,32 ± 0,42
a
 1,35 ± 0,10

a 
4,97 ± 0,52

a 

ʈA 31,16 ± 0,27
b 

9,65 ± 0,75
b 

21,51 ± 0,49
b 

VL 4,56 ± 0,13
c 

2,40 ± 0,01
a 

2,16 ± 0,14
c 

ʈL 11,96 ± 0,23
d 

7,89 ± 0,21
c 

4,07 ± 0,02
a 

ɺʨʝʜʥʦʩʪʠ ʩʫ ʜʦʙʠʿʝʥʝ ʠʟ ʪʨʠ ʥʝʟʘʚʠʩʥʘ ʤʝʨʝˁʘ (n=3) ʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ Ñ 

ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ. ʋ ʦʢʚʠʨʫ ʩʚʘʢʝ ʢʦʣʦʥʝ, ʨʝʟʫʣʪʘʪʠ ʧʦʩʣʝ ʢʦʿʠʭ ʩʪʦʿʝ ʨʘʟʣʠʯʠʪʘ ʤʘʣʘ 

ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 0,05). ʉʢʨʘ˂ʝʥʠʮʝ: VA ï 

ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei; PA ï ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ A. blazei; VL ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. 

sulphureus; PL ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus.  

ɿʙʦʛ ʩʚʝʛʘ ʥʘʙʨʦʿʘʥʦʛ ʧʦʨʝʹʝˁʘ ʪʨʝʙʘ ʫʟʝʪʠ ʩʘ ʨʝʟʝʨʚʦʤ. ʀʧʘʢ, ʩʘʜʨʞʘʿ ʫʢʫʧʥʠʭ 

ʛʣʫʢʘʥʘ ʫ ʘʥʘʣʠʟʠʨʘʥʠʤ ʫʟʦʨʮʠʤʘ ʿʝ ʙʠʦ ʥʠʞʠ ʦʜ ʩʘʜʨʞʘʿʘ ʛʣʫʢʘʥʘ ʢʦʜ ʧʦʣʠʩʘʭʘʨʠʜʘ 

ʝʢʩʪʨʘʭʦʚʘʥʠʭ ʚʨʝʣʦʤ ʚʦʜʦʤ ʠʟ A.brasiliensis (Kozarski et al., 2011) ʠ L. sulphureus 

(Klaus et al., 2013; Sari et al., 2017). ʉʘʜʨʞʘʿ Ŭ- ʠ ɓ-ʛʣʫʢʘʥʘ ʫ ʧʦʣʠʩʘʭʘʨʠʜʥʦʤ ʝʢʩʪʨʘʢʪʫ 

A.brasiliensis ʿʝ ʙʠʦ ʧʨʠʙʣʠʞʥʦ 26% ʠ 49%, ʨʝʩʧʝʢʪʠʚʥʦ (Smiderle et al., 2011). 

ʉʤʝʨʥʠʮʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʣʠʪʝʨʘʪʫʨʠ ʟʘ ʮʠˀʘʥʫ ʝʢʩʪʨʘʢʮʠʿʫ ʧʦʣʠʩʘʭʘʨʠʜʘ ʢʦʜ 

A.blazei ʠ ʧʦʚʝ˂ʘˁʝ ʧʨʠʥʦʩʘ ʪʠʯʫ ʩʝ ʢʦʨʠʰ˂ʝˁʘ ʝʥʟʠʤʩʢʠʭ ʝʢʩʪʨʘʢʮʠʿʘ ʫʤʝʩʪʦ 

ʝʢʩʪʨʘʢʮʠʿʝ ʚʦʜʦʤ (Jia et al., 2013), ʟʘʪʠʤ ʢʦʨʠʰ˂ʝˁʘ ʚʠʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʝʢʩʪʨʘʢʮʠʿʝ 

(100Áʉ ʫ ʦʜʥʦʩʫ ʥʘ 10Áʉ ʠ 60Áʉ) ʟʘ ʠʟʦʣʘʮʠʿʫ ʧʦʣʠʩʘʭʘʨʠʜʥʦ-ʧʨʦʪʝʠʥʩʢʠʭ ʢʦʤʧʣʝʢʩʘ 

(Gonzaga et al., 2005) ʠ ʜʘʿʝ ʩʝ ʧʨʝʜʥʦʩʪ ʣʠʦʬʠʣʠʟʘʮʠʿʠ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʤʝʪʦʜʝ 

ʩʫʰʝˁʘ ʫ ʮʠˀʫ ʧʦʚʝ˂ʘˁʘ ʧʨʠʥʦʩʘ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ˁʠʭʦʚʝ ʙʠʦʣʦʰʢʝ ʘʢʪʠʚʥʦʩʪʠ (Wu et 

al., 2014). 

4.1.3. ʉʘʜʨʞʘʿ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʫ ʝʢʩʪʨʘʢʪʠʤʘ A. blazei ʠ L. sulphureus 

ʂʚʘʣʠʪʘʪʠʚʥʘ UHPLC-DAD MS/MS ʘʥʘʣʠʟʘ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʩʫ ʦʜ 13 ʩʪʘʥʜʘʨʜʘ ʥʘʹʝʥʘ 

ʩʘʤʦ ʜʚʘ ʬʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ ï ʝʩʢʫʣʝʪʠʥ, ʜʝʨʠʚʘʪ ʢʫʤʘʨʠʥʘ, ʢʘʦ ʠ ʢʦʬʝʠʥʩʢʘ ʢʠʩʝʣʠʥʘ, 

ʢʦʿʘ ʩʧʘʜʘ ʫ ʭʠʜʨʦʢʩʠ-ʮʠʤʝʪʥʝ ʢʠʩʝʣʠʥʝ (ʪʘʙʝʣʘ 4.2). ʆʙʘ ʿʝʜʠˁʝˁʘ ʨʝʛʠʩʪʨʦʚʘʥʘ ʩʫ 

ʢʦʜ A.blazei, ʜʦʢ ʢʦʜ L. sulphureus ʥʠʿʝ ʜʝʪʝʢʪʦʚʘʥʦ ʧʨʠʩʫʩʪʚʦ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ. 

ʉʘʜʨʞʘʿ ʝʩʢʫʣʝʪʠʥʘ ʿʝ ʠʩʪʠ ʫ ʩʧʨʘʰʝʥʦʿ ʛˀʠʚʠ ʠ ʚʦʜʝʥʦʤ ʝʢʩʪʨʘʢʪʫ A.blazei, ʜʦʢ ʛʘ 

ʠʤʘ ʤʘˁʝ ʫ ʧʦʣʠʩʘʭʘʨʠʜʥʦʤ ʝʢʩʪʨʘʢʪʫ, ʚʝʨʦʚʘʪʥʦ ʟʘʪʦ ʰʪʦ ʜʦʙʠʿʘˁʝ ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ 

ʝʢʩʪʨʘʢʘʪʘ ʫʢˀʫʯʫʿʝ ʧʨʝʮʠʧʠʪʘʮʠʿʫ ʝʪʘʥʦʣʦʤ. ʉʣʠʯʥʦ ʿʝ ʠ ʩʘ ʢʦʬʝʠʥʩʢʦʤ ʢʠʩʝʣʠʥʦʤ, 

ʢʦʿʝ ʠʤʘ ʧʨʠʙʣʠʞʥʦ ʜʚʦʩʪʨʫʢʦ ʤʘˁʝ ʫ ʧʦʣʠʩʘʭʘʨʠʜʥʦʤ ʝʢʩʪʨʘʢʪʫ ʫ ʦʜʥʦʩʫ ʥʘ ʮʝʣʫ 

ʛˀʠʚʫ ʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ, ʩ ʪʠʤ ʜʘ ʦʚʜʝ ʧʦʩʪʦʿʠ ʟʥʘʯʘʿʥʦ ʚʝ˂ʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫ ʚʦʜʝʥʦʤ 

ʝʢʩʪʨʘʢʪʫ ʫ ʦʜʥʦʩʫ ʥʘ ʮʝʣʫ ʛˀʠʚʫ, ʰʪʦ ʤʦʞʝ ʫʢʘʟʠʚʘʪʠ ʜʘ ʿʝ ʚʦʜʘ ʜʦʙʘʨ ʤʝʜʠʿʫʤ ʟʘ 

ʝʢʩʪʨʘʢʮʠʿʫ ʫ ʩʣʫʯʘʿʫ A.blazei. 
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ʊʘʙʝʣʘ 4.2. ʉʘʜʨʞʘʿ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʝʢʩʪʨʘʢʘʪʘ A.blazei ʘʥʘʣʠʟʠʨʘʥ UHPLC-DAD MS/MS 

ʋʟʦʨʘʢ ʉʘʜʨʞʘʿ ʝʩʢʫʣʝʪʠʥʘ (mg/L) ʉʘʜʨʞʘʿ ʢʦʬʝʠʥʩʢʝ ʢʠʩʝʣʠʥʝ (mg/L) 

A 0,046 ± 0,001
a 

0,041 ± 0,001
a 

VA 0,050 ± 0,001
a 

0,052 ± 0,001
b
 

ʈA 0,028 ± 0,001
b 

0,023 ± 0,001
c
 

ɺʨʝʜʥʦʩʪʠ ʩʫ ʜʦʙʠʿʝʥʝ ʠʟ ʪʨʠ ʥʝʟʘʚʠʩʥʘ ʤʝʨʝˁʘ (n=3) ʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ Ñ 

ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ. ʋ ʦʢʚʠʨʫ ʩʚʘʢʝ ʢʦʣʦʥʝ, ʨʝʟʫʣʪʘʪʠ ʧʦʩʣʝ ʢʦʿʠʭ ʩʪʦʿʝ ʨʘʟʣʠʯʠʪʘ ʤʘʣʘ 

ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 0,05). ʋ ʦʢʚʠʨʫ ʩʚʘʢʝ ʢʦʣʦʥʝ, 

ʨʝʟʫʣʪʘʪʠ ʧʦʩʣʝ ʢʦʿʠʭ ʩʪʦʿʝ ʨʘʟʣʠʯʠʪʘ ʤʘʣʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ 

Tukey ʪʝʩʪʫ (p < 0,05). ʉʢʨʘ˂ʝʥʠʮʝ: A ï ʝʢʩʪʨʘʢʪ ʮʝʣʝ ʛˀʠʚʝ A. blazei; VA ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. 

blazei; PA ï ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ A. blazei. 

ɼʝʨʠʚʘʪʠ ʢʫʤʘʨʠʥʘ ʩʝ ʯʝʩʪʦ ʿʘʚˀʘʿʫ ʢʦʜ ʛˀʠʚʘ, ʧʘ ʿʝ ʪʘʢʦ ʢʦʜ A.blazei ʠʟ ɹʨʘʟʠʣʘ 

ʧʨʦʥʘʹʝʥʘ p-ʢʫʤʘʨʠʥʩʢʘ ʢʠʩʝʣʠʥʘ ʫ ʜʚʝ ʦʜʚʦʿʝʥʝ ʩʪʫʜʠʿʝ (Almeida et al., 2022; Carneiro 

et al., 2013). ʂʦʜ L. sulphureus ʩʫ ʪʘʢʦʹʝ ʧʨʦʥʘʹʝʥʘ ʬʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ 

ʦʚʜʝ ʧʨʝʟʝʥʪʦʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʠ ʪʦ: ʧʨʦʪʦʢʘʪʝʭʫʠʥʩʢʘ ʢʠʩʝʣʠʥʘ ʫ ʥʠʩʢʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʝʢʩʪʨʘʭʦʚʘʥʘ ʢʦʤʙʠʥʘʮʠʿʦʤ ʨʘʩʪʚʘʨʘʯʘ (Ziaja et al., 2012), ʛʘʣʥʘ ʠ 

ʧʨʦʪʦʢʘʪʝʭʫʠʥʩʢʘ ʢʠʩʝʣʠʥʘ ʫ ʤʝʪʘʥʦʣʥʦʤ ʝʢʩʪʨʘʢʪʫ (Karaman et al., 2010), ʟʘʪʠʤ 

ʮʠʤʝʪʥʘ ʠ p-ʭʠʜʨʦʢʩʠʙʝʥʟʦʝʚʘ ʢʠʩʝʣʠʥʘ ʫ ʤʝʪʘʥʦʣʥʦʤ ʝʢʩʪʨʘʢʪʫ (Petroviĺ et al., 

2014b), ʠ ʢʚʝʨʮʝʪʠʥ, ʢʝʤʧʬʝʨʦʣ, ʢʘʪʝʭʠʥ, ʛʘʣʥʘ, ʭʣʦʨʦʛʝʥʘ, ʢʦʬʝʠʥʩʢʘ ʠ p-ʢʫʤʘʨʠʥʩʢʘ 

ʢʠʩʝʣʠʥʘ ʫ ʝʪʠʣ-ʘʮʝʪʘʪʥʦʿ ʬʨʘʢʮʠʿʠ (Olennikov et al., 2011b). 

ʋʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ, ʯʝʩʪʦ ʜʠʩʢʫʪʦʚʘʥ ʢʘʦ ʫʢʫʧʥʠ ʩʘʜʨʞʘʿ 

ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ (TPC) ʿʝ ʪʘʢʦʹʝ ʦʜʨʝʹʝʥ ʢʦʜ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ. TPC ʟʘ VL ʠʟʥʦʩʠʦ 

ʿʝ 0,93 Ñ 0,19 g GAE/100 g, ʜʦʢ ʿʝ ʢʦʜ Vɸ ʩʢʦʨʦ ʜʫʧʣʦ ʚʝ˂ʠ ʠ ʠʟʥʦʩʠʦ ʿʝ 1,78 ± 0,11 g 

GAE/100 g. ʋʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ ʥʠʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ 

ʜʝʪʝʢʪʦʚʘʪʠ ʫ ʫʟʦʨʮʠʤʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ ʝʢʩʪʨʘʢʘʪʘ (n.d.). ʈʘʟʣʦʟʠ ʟʘ ʜʠʩʢʨʝʧʘʥʮʠʿʫ ʫ 

ʨʝʟʫʣʪʘʪʠʤʘ ʢʚʘʥʪʠʪʘʪʠʚʥʝ UHPLC-DAD MS/MS ʘʥʘʣʠʟʝ ʠ ʫʢʫʧʥʦʛ ʩʘʜʨʞʘʿ ʬʝʥʦʣʥʠʭ 

ʿʝʜʠˁʝˁʘ ʤʝʨʝʥʦʛ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʩʢʠ (TPC) ʤʦʛʫ ʙʠʪʠ ʙʨʦʿʥʠ. ʀʘʢʦ ʩʝ ʢʦʨʠʰ˂ʝʥʘ 

ʩʪʘʥʜʘʨʜʥʘ ʿʝʜʠˁʝˁʘ ʟʘ ʜʝʪʝʢʮʠʿʫ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʧʦʢʣʘʧʘʿʫ ʩʘ 

ʧʦʜʘʮʠʤʘ ʦ ʧʨʠʩʫʩʪʚʫ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʫ ʛˀʠʚʘʤʘ ʠʟ ʜʝʣʘ ʧʫʙʣʠʢʦʚʘʥʝ ʣʠʪʝʨʘʪʫʨʝ 

(ʢʘʦ ʰʪʦ ʩʫ ʥʧʨ. ʩʠʨʠʥʛʠʥʩʢʘ ʠ ʢʦʬʝʠʥʩʢʘ ʢʠʩʝʣʠʥʘ), ʜʝʦ ʩʪʘʥʜʘʨʜʥʠʭ ʿʝʜʠˁʝˁʘ ʥʠʿʝ 

ʙʠʦ ʜʦʩʪʫʧʘʥ (ʢʘʦ ʥʧʨ. p-ʭʠʜʨʦʢʩʠʙʝʥʟʦʝʚʘ ʢʠʩʝʣʠʥʘ, p-ʢʫʤʘʨʠʥʩʢʘ ʢʠʩʝʣʠʥʘ, 

ʬʝʨʫʣʠʥʩʢʘ ʢʠʩʝʣʠʥʘ, ʧʨʦʪʦʢʘʪʝʭʫʠʥʩʢʘ ʢʠʩʝʣʠʥʘ), ʧʘ ʿʝ ʤʦʛʫ˂ʝ ʜʘ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʥʠʩʫ 

ʤʦʛʣʝ ʙʠʪʠ ʜʝʪʝʢʪʦʚʘʥʝ (Abdelshafy et al., 2022). ʊʘʢʦʹʝ, ʫ ʣʠʪʝʨʘʪʫʨʠ ʧʦʩʪʦʿʠ 

ʥʝʩʣʘʛʘˁʝ ʦ ʪʦʤʝ ʜʘ ʣʠ ʛˀʠʚʝ ʠʤʘʿʫ ʙʠʦʩʠʥʪʝʪʩʢʝ ʧʫʪʝʚʝ ʟʘ ʬʣʘʚʦʥʦʠʜʝ (Pukalski & 

Latowski, 2022). ʊʘʢʦʹʝ, ʫʢʦʣʠʢʦ ʿʝ ʮʠˀ ʩʪʫʜʠʿʝ ʜʝʪʘˀʥʦ ʦʜʨʝʹʠʚʘˁʝ ʬʝʥʦʣʥʠʭ 

ʿʝʜʠˁʝˁʘ, ʦʥʘ ʩʝ ʤʦʨʘʿʫ ʭʠʜʨʦʣʠʟʦʚʘʪʠ ʧʨʝ ʦʜʨʝʹʠʚʘˁʘ, ʿʝʨ ʩʝ ʯʝʩʪʦ ʫ ʛˀʠʚʘʤʘ ʥʘʣʘʟʝ 

ʟʘʿʝʜʥʦ ʩʘ ʧʨʦʪʝʠʥʠʤʘ ʟʙʦʛ ʩʚʦʿʩʪaʚʘ ʦʚʠʭ ʿʝʜʠˁʝˁʘ ʜʘ ʩʝ ʧʦʚʝʟʫʿʫ ʢʦʚʘʣʝʥʪʥʦ ʠ 

ʥʝʢʦʚʘʣʝʥʪʥʦ, ʟʘʚʠʩʥʦ ʦʜ ʥʠʟʘ ʬʘʢʪʦʨʘ (Shahidi & Dissanayaka, 2023). ʆʩʠʤ ʦʚʦʛʘ, ʩʘ 

ʌʦʣʠʥ-ʏʠʢʦʣʪʝʦʚʠʤ ʨʝʘʛʝʥʩʦʤ ʨʝʘʛʫʿʫ ʠ ʜʨʫʛʝ ʩʫʧʩʪʘʥʮʝ (ʧʨʦʪʝʠʥʠ, ʫʛˀʝʥʠ ʭʠʜʨʘʪʠ, 

ʘʤʠʥʦʢʠʩʝʣʠʥʝ, ʠʪʜ.), ʧʘ ʩʝ ʜʦʙʠʿʘʿʫ ʚʝ˂ʠ ʨʝʟʫʣʪʘʪʠ ʦʜ ʦʙʿʝʢʪʠʚʥʠʭ, ʪʝ ʩʝ ʊʈʉ ʪʝʩʪ 

ʤʦʨʘ ʫʟʠʤʘʪʠ ʩʘ ʨʝʟʝʨʚʦʤ. ʋ ʩʚʝʪʣʫ ʦʚʘʢʚʠʭ ʨʝʟʫʣʪʘʪʘ ʤʝʪʦʜʘ TPC ʿʝ ʜʘˀʝ ʢʦʨʠʰ˂ʝʥʘ 

ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʨʝʜʫʢʫʿʫ˂ʝʛ ʢʘʧʘʮʠʪʝʪʘ ʫʤʝʩʪʦ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ʫʢʫʧʥʦʛ ʩʘʜʨʞʘʿʘ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ (Everette et al., 2010; Popoviĺ Miniĺ et 

al., 2023). ɻʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʧʨʠʥʦʩ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʿʝ ʥʠʞʠ ʢʦʜ ʚʦʜʝʥʠʭ 

ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʝʢʩʪʨʘʢʪʝ, ʰʪʦ ʿʝ ʧʦʪʚʨʹʝʥʦ ʠ ʫ ʜʨʫʛʠʤ 

ʧʫʙʣʠʢʘʮʠʿʘʤʘ. ʉʪʫʜʠʿʘ Petroviĺ et al. (2014a) ʥʘʚʦʜʠ ʥʘʿʤʘˁʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʬʝʥʦʣʥʠʭ 

ʿʝʜʠˁʝˁʘ ʫ ʚʦʜʝʥʦʤ ʝʢʩʪʨʘʢʪʫ L. sulphureus ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʪʘʥʦʣʥʠ ʠ ʝʪʘʥʦʣʥʠ, ʩʘ 

ʟʘʢˀʫʯʢʦʤ ʜʘ ʩʝ ʥʘ ʦʚʦ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʧʨʠʤʝʥʦʤ ʫʣʪʨʘʟʚʫʢʘ. Klaus et al. (2013) 

ʪʘʢʦʹʝ ʥʘʚʦʜʝ ʜʘ ʿʝ ʩʘʜʨʞʘʿ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʢʦʜ L. sulphureus ʙʠʦ ʚʝ˂ʠ ʫ ʘʣʢʘʣʥʦʤ 
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ʧʦʣʠʩʘʭʘʨʠʜʥʦʤ ʝʢʩʪʨʘʢʪʫ ʫ ʦʜʥʦʩʫ ʥʘ ʚʦʜʝʥʠ ʠ ʜʝʣʠʤʠʯʥʦ ʧʨʝʯʠʰ˂ʝʥʝ ʧʦʣʠʩʘʭʘʨʠʜʝ. 

ɺʝ˂ʠʥʘ ʦʩʪʘʣʠʭ ʧʦʜʘʪʘʢʘ ʟʘ L. sulphureus ʪʠʯʝ ʩʝ ʝʪʘʥʦʣʥʠʭ ʠ ʤʝʪʘʥʦʣʥʠʭ ʝʢʩʪʨʘʢʘʪʘ 

(Kolundzic et al., 2016; Kovács & Vetter, 2015; Turkoglu et al., 2007). ʀʟ ʝʪʠʣ-ʘʮʝʪʘʪʥʝ 

ʬʨʘʢʮʠʿʝ L. sulphureus ʜʦʙʠʿʝʥʦ ʿʝ ʜʘʣʝʢʦ ʚʠʰʝ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ (å 175 mg/g DW) ʫ 

ʦʜʥʦʩʫ ʥʘ ʝʢʩʪʨʘʢʮʠʿʫ ʚʦʜʦʤ (å 7-12 mg/g DW), ʘʣʠ ʩʝ ʟʙʦʛ ʢʦʨʠʰ˂ʝˁʘ ʝʢʩʪʨʘʢʘʪʘ 

ʛˀʠʚʘ ʫ ʩʚʨʭʝ ʬʦʨʤʫʣʘʮʠʿʝ ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʿʝʩʪʠʚʦʛ ʘʜʠʪʠʚʘ ʢʦʿʠ ʥʝ ʩʤʝ ʙʠʪʠ ʪʦʢʩʠʯʘʥ 

ʤʦʨʘʿʫ ʧʘʞˀʠʚʦ ʙʠʨʘʪʠ ʨʘʩʪʚʘʨʘʯʠ (Olennikov et al., 2011b). Mazzutti et al. (2012) 

ʥʘʚʦʜʝ ʤʘˁʫ ʊʈʉ ʚʨʝʜʥʦʩʪ ʠ ʢʦʜ ʚʦʜʝʥʠʭ ʝʢʩʪʨʘʢʘʪʘ A.brasiliensis ʫ ʦʜʥʦʩʫ ʥʘ 

ʨʘʩʪʚʘʨʘʯʝ ʢʘʦ ʰʪʦ ʩʫ ʝʪʘʥʦʣ ʠʣʠ ʝʪʠʣ-ʘʮʝʪʘʪ ʢʦʜ Soxlet ʝʢʩʪʨʘʢʮʠʿʝ ʠ ʦʚʫ ʤʝʪʦʜʫ 

(ʊʈʉ) ʫʙʨʘʿʘʿʫ ʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʤʝʪʦʜʝ. ʉʪʫʜʠʿʘ Geösel et al. (2011) ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ 

ʩʘʜʨʞʘʿ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʤʦʞʝ ʜʘ ʚʘʨʠʨʘ ʥʝʢʦʣʠʢʦ ʧʫʪʘ ʢʦʜ ʠʩʪʠʭ ʩʦʿʝʚʘ Agaricus 

subrufescens, ʟʘʚʠʩʥʦ ʦʜ ʛʦʜʠʥʝ, ʪʿ. ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʿʘ ʫʪʠʯʝ ʥʘ ʤʝʪʘʙʦʣʠʟʘʤ ʬʝʥʦʣʥʠʭ 

ʿʝʜʠˁʝˁʘ. Smiderle et al. (2011) ʩʫ ʥʘʰʣʠ ʥʠʞʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʬʝʥʦʣʘ (ʊʈʉ å 0,08 

g/100g) ʫ ʧʦʣʫʧʨʝʯʠʰ˂ʝʥʦʤ ʧʦʣʠʩʘʭʘʨʠʜʥʦʤ ʝʢʩʪʨʘʢʪʫ A.brasiliensis.  ʇʨʝʪʧʦʩʪʘʚʢʘ ʿʝ 

ʜʘ ʠʭ ʠʤʘ ʚʠʰʝ ʫ ʮʝʣʦʿ ʛˀʠʚʠ, ʢʘʦ ʠ ʜʘ ʜʝʣʠʤʠʯʥʦ ʧʨʝʯʠʰ˂ʝʥʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʩʘʜʨʞʝ 

ʜʝʦ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʢʦʿʠ ʩʝ ʪʝʰʢʦ ʦʜʚʘʿʘʿʫ ʿʝʨ ʩʫ ʚʝʟʘʥʠ ʠʥʪʝʨʤʦʣʝʢʫʣʩʢʠʤ 

ʠʥʪʝʨʘʢʮʠʿʘʤʘ (Jakobek, 2015; Smiderle et al., 2011). ɼʦ ʩʣʠʯʥʦʛ ʟʘʢˀʫʯʢʘ ʜʦʰʣʠ ʩʫ ʠ 

Kozarski et al. (2014), ʢʦʿʠ ʥʘʚʦʜʝ ʤʘʣʝ ʢʦʣʠʯʠʥʝ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʟʘ ʢʦʿʝ 

ʧʨʝʪʧʦʩʪʘʚˀʘʿʫ ʜʘ ʩʝ ʚʝʟʫʿʫ ʟʘ ʧʦʣʠʩʘʭʘʨʠʜʝ ʝʩʪʝʨʠʬʠʢʘʮʠʿʦʤ (0,7 ï 1%, ʟʘʚʠʩʥʦ ʦʜ 

ʪʠʧʘ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A.brasiliensis).  

ɼʘʢʣʝ, ʚʝ˂ʠ ʧʨʠʥʦʩʠ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʟʘʭʪʝʚʘʿʫ ʜʨʫʛʘʯʠʿʝ ʪʝʭʥʠʢʝ ʝʢʩʪʨʘʢʮʠʿʝ ʦʜ 

ʦʥʠʭ ʧʨʠʤʝˁʝʥʠʭ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. ʊʘʢʦʹʝ, ʤʦʨʘ ʩʝ ʿʦʰ ʿʝʜʥʦʤ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ 

ʬʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ ʩʝʢʫʥʜʘʨʥʠ ʤʝʪʘʙʦʣʠʪʠ ʠ ʜʘ ʦʜ ʫʩʣʦʚʘ ʪʦʢʦʤ ʨʘʩʪʘ ʛˀʠʚʝ ʟʘʚʠʩʠ ʜʘ 

ʣʠ ˂ʝ ʩʝ ʿʘʚˀʘʪʠ ʠ ʫ ʢʦʿʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, ʧʘ ʦʪʫʜʘ ʪʘʢʦʹʝ ʧʦʪʠʯʫ ʚʘʨʠʿʘʮʠʿʝ (Carneiro et 

al., 2013). ʇʨʠʣʠʢʦʤ ʦʩʤʠʰˀʘʚʘˁʘ ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʘʜʠʪʠʚʘ ʩʘ ʪʝʭʥʦʣʦʰʢʝ ʪʘʯʢʝ 

ʛʣʝʜʠʰʪʘ ʤʦʨʘ ʩʝ ʥʘ˂ʠ ʢʦʤʧʨʦʤʠʩʥʦ ʨʝʰʝˁʝ ʠʟʤʝʹʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʙʠʦʘʢʪʠʚʥʠʭ 

ʢʦʤʧʦʥʝʥʘʪʘ, ʤʦʛʫ˂ʝ ʪʦʢʩʠʯʥʦʩʪʠ ʦʜʨʝʹʝʥʠʭ ʨʘʩʪʚʘʨʘʯʘ, ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʠ 

ʝʢʦʥʦʤʠʯʥʦʩʪʠ ʧʦʩʪʫʧʢʘ ʨʘʜʠ ʙʫʜʫ˂ʝ ʧʨʠʤʝʥʝ ʫ ʠʥʜʫʩʪʨʠʿʠ. ʆʚʠ ʟʘʭʪʝʚʠ ʩʫ 

ʟʘʜʦʚʦˀʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ ʝʢʩʪʨʘʢʮʠʿʝ ʚʦʜʦʤ ʢʦʜ ʫʟʦʨʘʢʘ ʛˀʠʚʘ. 

4.2. DLS ʤʝʨʝˁʘ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʠ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ 

4.2.1. DLS ʤʝʨʝˁʘ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʠ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei 

ʄʝʨʝˁʘ ʩʨʝʜˁʝʛ ʜʠʿʘʤʝʪʨʘ ʯʝʩʪʠʮʘ ʩʫ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 4.1. ʠ ʢʨʝ˂ʫ ʩʝ ʦʜ 177 Ñ 2 ʜʦ 

225 Ñ 10 nm ʟʘ ʫʟʦʨʢʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ 

ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei. ʀʥʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʟʠʿʝ (PI) ʩʝ ʢʨʝʪʘʦ ʦʢʦ 0,2, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ 

ʫʥʠʤʦʜʘʣʥʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʦʚʠʭ ʫʟʦʨʘʢʘ. ɺʨʝʜʥʦʩʪʠ ʩʨʝʜˁʠʭ ʜʠʿʘʤʝʪʘʨʘ ʩʫ ʤʘˁʝ ʟʘ RM 

ʠ TRM ʫ ʧʦʨʝʹʝˁʫ ʩʘ Hovjecki et al. (2020). ɺʝʣʠʯʠʥʘ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʩʝ ʥʠʿʝ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʣʘ ʪʝʨʤʠʯʢʠʤ ʪʨʝʪʤʘʥʦʤ, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʣʠʪʝʨʘʪʫʨʥʠʤ 

ʧʦʜʘʮʠʤʘ (Pesic et al., 2012). ɿʘ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘˁʝ ʜʠʿʘʤʝʪʨʘ ʚʝʨʦʚʘʪʥʦ ʩʫ ʧʦʪʨʝʙʥʝ 

ʚʝ˂ʝ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʛʨʝʚʘˁʘ ʦʜ ʦʥʠʭ ʧʨʠʤʝˁʝʥʠʭ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ (L. Zhao et al., 

2020). ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʛʫ ʧʨʦʥʘ˂ʠ ʚʝʣʠʢʘ ʚʘʨʠʨʘˁʘ ʜʠʿʘʤʝʪʘʨʘ ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ 

(40 ï 300 nm; 60 ï 250 nm; 80 ï 400 nm), ʟʘʚʠʩʥʦ ʦʜ ʢʦʨʠʰ˂ʝʥʝ ʤʝʪʦʜʝ (DLS, SEM, 

AFM), ʤʘʜʘ ʩʝ ʯʝʩʪʦ ʢʘʦ ʩʨʝʜˁʠ ʜʠʿʘʤʝʪʘʨ ʫʟʠʤʘ ʚʨʝʜʥʦʩʪ ʦʜ 200 nm (Dalgleish, 2011; 

Martin et al., 2006). ɼʦʜʘʪʘʢ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚe ʪʘʢʦʹʝ ʥʠʿʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʦ ʥʘ ʚʝʣʠʯʠʥʫ 

ʤʠʮʝʣʝ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ, ʘʣʠ ʿʝ ʫʪʠʮʘʦ ʥʘ ʚʝʣʠʯʠʥʫ ʤʠʮʝʣʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʤʣʝʢʘ. ʆʚʦ ʩʝ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʩʪʚʘʨʘˁʝʤ WP/CN ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʦʚʨʰʠʥʠ ʢʘʟʝʠʥʩʢʝ 
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ʤʠʮʝʣʝ ʥʘʢʦʥ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ, ʢʦʿʠ ʧʦʚʝ˂ʘʚʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʟʘ ʬʦʨʤʠʨʘˁʝ 

ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʢʦʤʧʦʥʝʥʪʘʤʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʢʘʦ ʰʪʦ ʩʫ ʥʧʨ. ʛʣʫʢʘʥʠ, ʰʪʦ ʧʦʚʝ˂ʘʚʘ 

ʜʠʿʘʤʝʪʘʨ ʠ ʫʪʠʯʝ ʥʘ ʥʝʧʨʘʚʠʣʥʠʿʠ ʦʙʣʠʢ ʤʠʮʝʣʘ (Pesic et al., 2012). ʉʨʝʜˁʠ ʜʠʿʘʤʝʪʘʨ 

ʫʟʦʨʘʢʘ TRMʈA ʠ TRMVA ʟʥʘʯʘʿʥʦ ʿʝ ʚʝ˂ʠ ʫ ʦʜʥʦʩʫ ʥʘ RM, RMʈA, RMVA ʠ TRM. 

 

ʉʣʠʢʘ 4.1. ʉʨʝʜˁʠ ʜʠʿʘʤʝʪʘʨ ʯʝʩʪʠʮʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʤʣʝʢʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ A.blazei. ʈʘʟʣʠʯʠʪʘ ʤʘʣʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʦʟʥʘʯʘʚʘʿʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ 

ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 0,05). ʈʘʟʣʠʯʠʪʘ ʚʝʣʠʢʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʦʟʥʘʯʘʚʘʿʫ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 0,05). ʉʢʨʘ˂ʝʥʠʮʝ: RM ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; RMPA ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; RMVA ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; TRM ï ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ 

ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; TRMPA ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; TRMVA ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; CN ï ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; CNPA ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; CNVA ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; TCN ï ʢʘʟʝʠʥʠ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ; TCNPA ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; TCNVA - ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei. 

ʂʦʜ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʠʭ ʠ ʥʝʪʨʝʪʠʨʘʥʠʭ ʢʘʟʝʠʥʘ, ʢʘʦ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ A.blazei ʩʠʪʫʘʮʠʿʘ ʿʝ ʩʣʦʞʝʥʠʿʘ. ʄʝʨʝˁʘ ʩʫ ʜʘʣʝʢʦ ʤʘˁʝ ʨʝʧʨʦʜʫʢʪʠʚʥʘ, ʘ 

ʢʦʜ ʜʚʘ ʫʟʦʨʢʘ (CN, CNʈA) ʩʝ ʿʘʚˀʘ ʙʠʤʦʜʘʣʥʘ ʜʠʩʪʨʠʙʫʮʠʿʘ. ʉʥʠʞʘʚʘˁʝ pH 

ʚʨʝʜʥʦʩʪʠ ʫʪʠʯʝ ʥʘ ʦʛʨʦʤʥʝ ʧʨʦʤʝʥʝ ʥʘ ʢʘʟʝʠʥʩʢʠʤ ʤʠʮʝʣʘʤʘ; ə-ʢʘʟʝʠʥ ʛʫʙʠ ʩʚʦʿʝ 

Ăʪʨʝʧˀʝñ ʢʦʿʝ ʩʣʫʞʝ ʟʘ ʩʪʝʨʥʫ ʩʪʘʙʠʣʠʟʘʮʠʿʫ, ʤʠʮʝʣʝ ʩʝ ʧʨʠʙʣʠʞʘʚʘʿʫ, ʛʫʙʝ ʩʚʦʿʝ 

ʥʘʝʣʝʢʪʨʠʩʘˁʝ ʠ ʩʤʘˁʫʿʝ ʠʤ ʩʝ ʜʠʿʘʤʝʪʘʨ (Ouanezar et al., 2012). ʊʘʢʦʹʝ, ʧʨʠʣʠʢʦʤ 

ʦʜʩʪʨʘˁʠʚʘˁʘ ʚʦʜʝ ʪʦʢʦʤ ʩʫʰʝˁʘ, ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʩʝ ʢʦʥʪʨʘʭʫʿʫ ʠ ʦʚʘʿ ʧʨʦʮʝʩ ʥʠʿʝ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʨʝʚʝʨʟʠʙʠʣʘʥ ʧʨʠʣʠʢʦʤ ʨʝʢʦʥʩʪʠʪʫʮʠʿʝ, ʥʘʢʦʥ ʢʦʿʝ ʩʝ ʤʠʮʝʣʝ ʰʠʨʝ ʪʦʢʦʤ 

ʨʝʭʠʜʨʘʮʠʿʝ, ʘʣʠ ʟʘʫʟʠʤʘʿʫ ʤʘˁʫ ʟʘʧʨʝʤʠʥʫ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝʞʝ ʤʣʝʢʦ (Liu et al., 2012). 

ɿʙʦʛ ʦʚʦʛʘ ʩʝ ʯʝʩʪʦ ʩʨʝ˂ʝ ʙʠʤʦʜʘʣʥʦʩʪ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ ʢʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ ʩʠʩʪʝʤʠ 
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ʢʦʿʠ ʩʘʜʨʞʝ ʤʠʮʝʣʘʨʥʠ ʢʘʟʝʠʥ ʥʘʢʦʥ ʨʝʢʦʥʩʪʠʪʫʮʠʿʝ ʫ ʚʦʜʠ (Crowley et al., 2015; Wu et 

al., 2019; 2020) ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʦʪʝʞʘʥʦʛ ʧʨʦʜʠʨʘˁʘ ʤʦʣʝʢʫʣʘ ʚʦʜʝ ʫ ʧʨʘʰʢʘʩʪʝ ʯʝʩʪʠʮʝ 

ʠ ʩʧʦʨʝ ʨʝʭʠʜʨʘʮʠʿʝ ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ (Mimouni et al., 2010). ʆʚʘʢʚʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʥʝ 

ʿʘʚˀʘʿʫ ʢʦʜ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʠʭ ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ, ʧʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ 

ʧʦʤʝʥʫʪʠ WP/CN ʢʦʤʧʣʝʢʩʠ ʠ ʜʦʜʘʪʘʢ ʝʢʩʪʨʘʢʘʪʘ A.blazei ʩʪʘʙʠʣʠʟʫʿʫ ʢʘʟʝʠʥʝ, ʧʘ ʿʝ 

ʜʠʩʪʨʠʙʫʮʠʿʘ ʫʥʠʤʦʜʘʣʥʘ. ʊʘʢʦʹʝ, ʬʦʨʤʠʨʘˁʫ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʠ 

ʢʘʟʝʠʥʘ ʠ VA ʤʦʞʜʘ ʜʦʧʨʠʥʦʩʠ ʧʨʠʩʫʩʪʚʦ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ. ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʧʦʩʪʦʿʝ 

ʪʨʦʩʪʨʫʢʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʧʦʣʠʩʘʭʘʨʠʜʘ, ʧʨʦʪʝʠʥʘ ʠ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʢʦʿʝ ʩʫ 

ʤʘˁʝ ʧʨʦʫʯʝʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʚʦʿʥʝ ʠʥʪʝʨʘʢʮʠʿʝ (Schefer et al., 2021). ʌʝʥʦʣʥʝ ʢʠʩʝʣʠʥʝ, 

ʢʘʦ ʰʪʦ ʿʝ ʬʝʨʫʣʠʥʩʢʘ ʢʠʩʝʣʠʥʘ ʤʦʛʫ ʜʦʧʨʠʥʝʪʠ ʫʥʘʢʨʩʥʦʤ ʧʦʚʝʟʠʚʘˁʫ ʧʨʦʪʝʠʥʘ ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʘ (Schefer et al., 2021). ʇʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʜʘ ʢʦʬʝʠʥʩʢʘ ʢʠʩʝʣʠʥʘ, ʢʦʿʘ ʿʝ 

ʩʪʨʫʢʪʫʨʥʦ ʚʨʣʦ ʩʣʠʯʥʘ ʩʘ ʬʝʨʫʣʠʥʩʢʦʤ ʢʠʩʝʣʠʥʦʤ (ʿʝʜʥʘ ʭʠʜʨʦʢʩʠʣʥʘ ʫʤʝʩʪʦ 

ʤʝʪʦʢʩʠ ʛʨʫʧʝ), ʤʦʞʝ ʜʦʧʨʠʥʝʪʠ ʬʦʨʤʠʨʘˁʫ ʢʦʤʧʣʝʢʩʘ ʠʟʤʝʹʫ ʛʣʫʢʘʥʘ ʠʟ A.blazei ʠ 

ʢʘʟʝʠʥʘ. 

ʄʝʨʝˁʘ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ ʨʘʩʪʚʦʨʘ ʚʦʜʝʥʦʛ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A.blazei 

ʧʦʢʘʟʫʿʫ ʧʦʣʠʤʦʜʘʣʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ. ʂʦʜ ʫʟʦʨʢʘ ʈA, ʧʠʢʦʚʠ ʩʫ ʛʨʫʧʠʩʘʥʠ ʦʢʦ ʪʨʠ 

ʚʨʝʜʥʦʩʪʠ (å 60 nm; å 470 nm; å 6,5 ɛm), ʩʣʠʯʥʦ ʢʘʦ ʠ ʢʦʜ VA (å 140 nm; å 430 nm; å 

3,3 ɛm). ʆʚʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʩʪʫʜʠʿʦʤ Gonzaga et al. (2013) ʢʦʿʘ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʨʘʩʪʚʦʨ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʠʟ A.brasiliensis ʩʘʩʪʦʿʠ ʦʜ ʤʝʰʘʚʠʥʝ ʤʠʢʨʦ- ʠ ʥʘʥʦʯʝʩʪʠʮʘ ʢʦʿʝ ʚʘʨʠʨʘʿʫ 

351 nm - 2,1 ɛm, ʢʘʦ ʠ ʟʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ Cordia myxa ʢʦʿʠ ʠʤʘ ʩʣʠʯʥʫ 

ʜʠʩʪʨʠʙʫʮʠʿʫ ʫ ʪʨʠ ʦʙʣʘʩʪʠ (Hojjati & Beirami-Serizkani, 2020). 

ʅʘ ʩʣʠʮʠ 4.2. ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ 

ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei. ɺʨʝʜʥʦʩʪʠ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei ʢʨʝʪʘʣʝ 

ʩʫ ʩʝ ʠʟʤʝʹʫ -48,7 Ñ 1,1 ʠ -41,1 Ñ 0,7 mV. ʄʝʨʝˁʘ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʠʭ ʠ 

ʥʝʪʨʝʪʠʨʘʥʠʭ ʢʘʟʝʠʥʘ, ʢʘʦ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei ʫʢʘʟʘʣʘ ʩʫ ʥʘ 

ʚʝ˂ʫ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪ ʠ ʢʨʝʪʘʣʘ ʩʫ ʩʝ ʫ ʦʧʩʝʛʫ ʦʜ -61,4 Ñ 2,2 ʜʦ -56,5 ± 2,3 mV. 

ʄʝʨʝˁʘ ʩʫ ʧʦʥʦʚˀʠʚʘ, ʥʘ ʰʪʘ ʫʢaʟʫʿʝ ʢʦʝʬʠʮʠʿʝʥʪ ʚʘʨʠʿʘʮʠʿʝ (CV) 1,1 ï 5,7%. 

ʅʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʪʠʯʫ ʦʜ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʛʨʫʧʘ ʥʘ ʧʦʚʨʰʠʥʠ 

ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ, ʢʘʦ ʰʪʦ ʩʫ ʬʦʩʬʘʪʥʝ ʛʨʫʧʝ, ʬʦʩʬʦʩʝʨʠʥʩʢʠ ʢʣʘʩʪʝʨʠ, ʦʩʪʘʮʠ 

ʛʣʫʪʘʤʘʪʘ, ʠʪʜ., ʦʜʥʦʩʥʦ ʩʚʝ ʦʥʦ ʰʪʦ ʫʪʠʯʝ ʥʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʦ ʦʜʙʠʿʘˁʝ ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ ʠ ʦʙʝʟʙʝʹʫʿʝ ˁʠʭʦʚʫ ʩʪʘʙʠʣʥʦʩʪ (Horne, 2020). ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ 

ʩʪʘʙʠʣʥʠʤ ʯʝʩʪʠʮʘʤʘ ʩʤʘʪʨʘʿʫ ʦʥʝ ʯʠʿʠ ʿʝ ɕ-ʧʦʪʝʥʮʠʿʘʣ ʥʝʛʘʪʠʚʥʠʿʠ ʦʜ -30 mV, ʧʘ ʩʝ ʩʘ 

ʦʚʦʛ ʩʪʘʥʦʚʠʰʪʘ ʫʟʦʨʮʠ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʠ (ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ), ʘʣʠ ʠ 

ʤʝʰʘʚʠʥʝ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʩʪʘʙʠʣʥʠʤ ʩʠʩʪʝʤʠʤʘ (Tolano-Villaverde et al., 2016). 

ʉʪʘʙʠʣʥʠʤʘ ʩʝ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʠ ʨʘʩʪʚʦʨ ʚʦʜʝʥʦʛ (å -41,7 mV) ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A.blazei (å -46,6 mV). ɸʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ 

ʤʝʰʘʚʠʥʘ ʩʫ ʙʠʣʝ ʟʥʘʯʘʿʥʦ ʚʝ˂ʝ, ʪʿ. ʥʝʛʘʪʠʚʥʠʿʝ ʠ ʫʢʘʟʫʿʫ ʥʘ ʙʦˀʫ ʩʪʘʙʠʣʥʦʩʪ ʫ 

ʧʦʨʝʹʝˁʫ ʩ ʦʩʪʘʣʠʤ ʫʟʦʨʮʠʤʘ. ʆʚʦ ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ ʨʘʟʣʠʯʠʪʠʭ ʤʠʥʝʨʘʣʥʠʭ 

ʩʘʩʪʘʚʘ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʤʣʝʢʘ ʠ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʢʘʟʝʠʥʘ.  

ʋ ʤʣʝʢʫ ʩʝ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʥʘʣʘʟʝ ʦʢʨʫʞʝʥʝ ʿʦʥʠʤʘ ʢʘʣʮʠʿʫʤʘ ʢʦʿʠ Ăʤʘʩʢʠʨʘʿʫñ 

ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʝ ʛʨʫʧʝ ʥʘ ʧʦʚʨʰʠʥʠ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ, ʧʘ ʩʫ ʘʧʩʦʣʫʪʥʝ 

ʚʨʝʜʥʦʩʪʠ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʥʠʞʝ (Anema & Klostermeyer, 1996), ʰʪʦ ʥʠʿʝ ʩʣʫʯʘʿ ʩʘ 

ʢʘʟʝʠʥʠʤʘ, ʿʝʨ ʧʦʩʪʫʧʘʢ ˁʠʭʦʚʦʛ ʜʦʙʠʿʘˁʘ ʫʢˀʫʯʫʿʝ ʠʟʦʝʣʝʢʪʨʠʯʥʫ ʧʨʝʮʠʧʠʪʘʮʠʿʫ, 

ʛʫʙʠʪʘʢ ʢʘʣʮʠʿʫʤʘ ʠ ʧʦʩʣʝʜʠʯʥʦ ʚʝ˂ʝ ʘʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ (Post et al., 

2012). ɼʦʜʘʪʘʢ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ ʫ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʤʣʝʢʦ ʫʪʠʮʘʦ ʿʝ ʥʘ 

ʟʥʘʯʘʿʥʫ ʧʨʦʤʝʥʫ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ (ʟʘ 13,1%), ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʠʥʪʝʨʘʢʮʠʿʝ ʢʦʿʝ ʩʝ 

ʦʜʠʛʨʘʚʘʿʫ ʥʘ ʧʦʚʨʰʠʥʠ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʪʘʢʦʹʝ Ăʤʘʩʢʠʨʘʿʫñ ʥʝʛʘʪʠʚʥʦ 
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ʥʘʝʣʝʢʪʨʠʩʘˁʝ. ʆʚʘʢʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʚʝʨʦʚʘʪʥʦ ʩʝ ʜʝʰʘʚʘʿʫ ʠ ʢʦʜ ʜʨʫʛʠʭ ʤʝʰʘʚʠʥʘ, 

ʤʝˁʘʿʫ˂ʠ ʠʤ ʚʨʝʜʥʦʩʪʠ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ, ʘʣʠ ʫ ʤʘˁʝʤ ʦʙʠʤʫ, ʧʘ ʨʘʟʣʠʢʝ ʥʠʩʫ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ (Popoviĺ Miniĺ et al., 2023). 

 

 

ʉʣʠʢʘ 4.2. ɕ-ʧʦʪʝʥʮʠʿʘʣ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʤʣʝʢʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ 

A.blazei. ʈʘʟʣʠʯʠʪʘ ʤʘʣʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʦʟʥʘʯʘʚʘʿʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʧʨʝʤʘ Tukey 

ʪʝʩʪʫ (p < 0,05). ʉʢʨʘ˂ʝʥʠʮʝ: RM ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; RMPA ï 

ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. 

blazei; RMVA ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A. blazei; TRM ï ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; TRMPA ï ʤʝʰʘʚʠʥʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; 

TRMVA ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. 

blazei; CN ï ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; CNPA ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; CNVA ï 

ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; 

TCN ï ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ; TCNPA ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; TCNVA - 

ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei. 

4.2.2. DLS ʤʝʨʝˁʘ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʠ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus 

ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʩʨʝʜˁʝʛ ʜʠʿʘʤʝʪʨʘ ʯʝʩʪʠʮʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 4.3. ɿʘ RM, TRM ʠ 

ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus ʨʝʟʫʣʪʘʪʠ ʩʫ ʫ ʦʧʩʝʛʫ ʦʜ 212 Ñ 17 ʜʦ 240 

Ñ 8 nm. ɺʨʝʜʥʦʩʪʠ ʠʥʜʝʢʩʘ ʧʦʣʠʜʠʩʧʝʨʟʠʿʝ ʩʫ ʩʝ ʢʨʝʪʘʣʝ 0,2 ï 0,3, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ 

ʫʥʠʤʦʜʘʣʥʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʫʟʦʨʘʢʘ. ɺʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ RM ʠ TRM ʿʝ ʤʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ 

Hovjecki et al. (2020), ʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ ʥʠʿʝ ʫʪʠʮʘʦ ʥʘ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘˁʝ ʜʠʿʘʤʝʪʨʘ 

ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ, ʢʘʦ ʢʦʜ Pesic et al. (2012). ɼʦʜʘʪʘʢ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʥʠʿʝ ʟʥʘʯʘʿʥʦ 

ʫʪʠʮʘʦ ʥʘ ʚʝʣʠʯʠʥʫ ʤʠʮʝʣʘ RM ʠ TRM. ʇʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʜʘ ʩʫ ʠʥʪʝʨʘʢʮʠʿʝ 

ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʈL ʠ VL ʠ ʪʝʨʤʠʯʢʠ ʠʥʜʫʢʦʚʘʥʠʭ WP/CN ʢʦʤʧʣʝʢʩʘ, ʢʘʦ ʠ ʛʨʫʧʘ ʩʘ 

ʧʦʚʨʰʠʥʝ ʥʝʪʨʝʪʠʨʘʥʝ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʜʘʣʝʢʦ ʩʣʘʙʠʿʝ ʿʘʯʠʥʝ ʥʝʛʦ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ 

A.blazei, ʠ ʜʘ ʚʝ˂ʠ ʜʝʦ ʤʦʣʝʢʫʣʘ ʈL ʠ VL ʢʦʝʛʟʠʩʪʠʨʘ ʫ ʨʘʩʪʚʦʨʫ ʤʣʝʢʘ, ʘ ʜʘ ʿʝ ʩʘʤʦ 

ʤʘˁʠ ʜʝʦ ʫʢˀʫʯʝʥ ʫ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʢʘʟʝʠʥʩʢʦʤ ʤʠʮʝʣʦʤ, ʧʘ ʩʝ ʧʨʦʤʝʥʝ ʫ ʚʝʣʠʯʠʥʠ 

ʯʝʩʪʠʮʘ ʥʝ ʨʝʛʠʩʪʨʫʿʫ. ʄʦʞʝ ʩʝ ʨʝʛʠʩʪʨʦʚʘʪʠ ʚʝ˂ʠ CV ʢʦʜ ʥʝʢʠʭ ʤʝʰʘʚʠʥʘ (RMʈL, 
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RMVL, TRMVL) ʫ ʦʜʥʦʩʫ ʥʘ ʘʥʘʣʦʛʥʝ ʤʝʰʘʚʠʥʝ ʩʘ A.blazei (RMʈA, RMVA, TRMVA), 

ʰʪʦ ʤʦʞʝ ʫʢʘʟʠʚʘʪʠ ʥʘ ʥʝʧʨʘʚʠʣʥʠʿʠ ʦʙʣʠʢ ʤʠʮʝʣʝ ʫʩʣʝʜ ʩʣʘʙʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʠʣʠ 

ʧʨʠʩʫʩʪʚʦ ʚʝ˂ʝʛ ʙʨʦʿʘ ʯʝʩʪʠʮʘ, ʰʪʦ ʦʤʝʪʘ ʤʝʨʝˁʝ ʜʠʿʘʤʝʪʨʘ.  

 

ʉʣʠʢʘ 4.3. ʉʨʝʜˁʠ (mean) ʠ ʥʘʿʯʝʰ˂ʠ (mode) ʜʠʿʘʤʝʪʘʨ ʯʝʩʪʠʮʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʤʣʝʢʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus. ʅʘʿʯʝʰ˂ʠ ʜʠʿʘʤʝʪʘʨ ʯʝʩʪʠʮʘ (ʤʦʜʫʩ) 

ʧʨʠʢʘʟʘʥ ʿʝ ʢʦʜ ʫʟʦʨʘʢʘ TCN ʠ TCNVL ʩʠʚʦʤ ʙʦʿʦʤ; ʩʨʝʜˁʠ ʜʠʿʘʤʝʪʘʨ ʯʝʩʪʠʮʘ ʧʨʠʢʘʟʘʥ ʿʝ ʢʦʜ 

ʦʩʪʘʣʠʭ ʫʟʦʨʘʢʘ ʧʣʘʚʦʤ ʙʦʿʦʤ. ʈʘʟʣʠʯʠʪʘ ʤʘʣʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʦʟʥʘʯʘʚʘʿʫ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 0,05). ʈʘʟʣʠʯʠʪʘ ʚʝʣʠʢʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʦʟʥʘʯʘʚʘʿʫ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 0,05). ʉʢʨʘ˂ʝʥʠʮʝ: RM ï ʦʙʝʟʤʘʰ˂ʝʥʦ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; RMPL ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; RMVL ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; TRM ï ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; TRMPL ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; TRMVL ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; TCN ï ʢʘʟʝʠʥʠ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ; TCNVL - ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus. 

ɹʠʦʭʝʤʠʿʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ (ʧʦʛʣʘʚˀʝ 4.1.) ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ PL ʠʤʘ å 

2,6 ʧʫʪʘ ʤʘˁʝ ʫʢʫʧʥʠʭ ʛʣʫʢʘʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʈɸ, ʜʦʢ VL ʠʤʘ å 1,4 ʧʫʪʘ ʤʘˁʝ ʫʢʫʧʥʠʭ 

ʛʣʫʢʘʥʘ ʫ ʦʜʥʦʩʫ ʥʘ Vɸ. ʆʚʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʣʠʪʝʨʘʪʫʨʦʤ ʢʦʿʘ ʫʢʘʟʫʿʝ ʥʘ ʧʨʠʩʫʩʪʚʦ 

ʭʝʪʝʨʦʛʣʫʢʘʥʘ ʠ ʭʝʪʝʨʦʧʦʣʠʩʘʭʘʨʠʜʘ ʢʦʜ L. sulphureus (Alquini et al., 2004; Olennikov et 

al., 2008, 2009a, 2009b, 2010). ʇʦʨʝʜ ʦʚʦʛʘ, VL ʠʤʘ å 1,6 ʧʫʪʘ ʚʠʰʝ ʫʢʫʧʥʠʭ ʧʨʦʪʝʠʥʘ ʫ 

ʦʜʥʦʩʫ ʥʘ Vɸ. ɼʘʢʣʝ, ʤʘˁʠ ʩʘʜʨʞʘʿ ʛʣʫʢʘʥʘ ʟʥʘʯʠ ʜʘ ʿʝ ʠ ʚʝʨʦʚʘʪʥʦ˂ʘ ʿʘʚˀʘˁʘ 

ʠʥʪʝʨʘʢʮʠʿʘ ʤʘˁʘ, ʘ ʤʦʛʫ˂ʝ ʿʝ ʠ ʜʘ ʜʨʫʛʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʥʝʤʘʿʫ ʠʩʪʠ ʘʬʠʥʠʪʝʪ ʢʘ 

ʢʘʟʝʠʥʠʤʘ ʢʘʦ ʛʣʫʢʘʥʠ. Zhang et al. (2011) ʩʫ ʫ ʛˀʠʚʠ Pleurotus geesteranus ʧʨʦʥʘʰʣʠ 

15% ʧʨʦʪʝʠʥʘ, ʪʿ. 10% ʧʨʦʪʝʠʥʘ ʫ ʩʣʦʙʦʜʥʦʿ ʬʦʨʤʠ ʠ ʧʨʝʦʩʪʘʣʠʭ 5% ʚʝʟʘʥʦ ʟʘ 

ʧʦʣʠʩʘʭʘʨʠʜʝ. ɸʫʪʦʨʠ ʥʘʚʦʜʝ ʜʘ ʿʝ ʘʥʘʣʠʟʦʤ ʨʘʟʣʠʯʠʪʠʭ ʬʨʘʢʮʠʿʘ ʧʨʦʥʘʹʝʥʦ ʜʘ ʩʝ 

ʚʝʟʘʥʠ ʧʨʦʪʝʠʥʠ ʫʛʣʘʚʥʦʤ ʧʦʚʝʟʫʿʫ ʩʘ ʛʘʣʘʢʪʦʟʦʤ ʠ ʤʘʥʦʟʦʤ, ʜʦʢ ʩʝ ʫ ʧʦʣʠʩʘʭʘʨʠʜʥʠʤ 

ʬʨʘʢʮʠʿʘʤʘ ʢʦʿʝ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʛʣʫʢʦʟʝ ʢʘʦ ʛʨʘʜʠʚʥʦʛ ʝʣʝʤʝʥʪʘ ʥʝ ʥʘʣʘʟʝ ʚʝʟʘʥʠ 

ʧʨʦʪʝʠʥʠ. ʄʦʛʫ˂ʝ ʿʝ ʠ ʜʘ ʿʝ ʜʝʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠʟ L. sulphureus ʫ ʤʝʰʘʚʠʥʘʤʘ ʫ ʬʦʨʤʠ 

ʢʦʤʧʣʝʢʩʘ ʩʘ ʧʝʧʪʠʜʠʤʘ ʠʣʠ ʧʨʦʪʝʠʥʠʤʘ ʠʟ ʛˀʠʚʝ, ʪʿ. ʜʘ ʦʚʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʠʤʘʿʫ ʚʝ˂ʠ 

ʘʬʠʥʠʪʝʪ ʢʘ ʧʨʦʪʝʠʥʠʤʘ ʛˀʠʚʝ ʥʝʛʦ ʢʘ ʢʘʟʝʠʥʠʤʘ, ʰʪʦ ʿʝ ʨʘʟʣʠʯʠʪʦ ʦʜ ʛʣʫʢʘʥʘ ʠʟ 

A.blazei ʢʦʿʠ ʩʪʫʧʘʿʫ ʫ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʢʘʟʝʠʥʠʤʘ ʤʣʝʢʘ, ʪʿ. ʩʘʤʦ ʩʫ ʜʝʣʠʤʠʯʥʦ ʜʝʦ 
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ʧʨʦʪʝʠʥʩʢʦ-ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʢʦʤʧʣʝʢʩʘ ʛˀʠʚʝ, ʘ ʚʝ˂ʠʤ ʜʝʣʦʤ ʩʫ ʨʘʩʪʚʦʨʝʥʠ ʫ 

ʤʝʜʠʿʫʤʫ, ʧʘ ʣʘʢʦ ʤʦʛʫ ʬʦʨʤʠʨʘʪʠ ʥʧʨ. ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʩʘ ʢʘʟʝʠʥʠʤʘ. 

ʂʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʧʦʩʪʦʿʘˁʝ ʠ ʪʠʧ ʠʥʪʝʨʘʢʮʠʿʘ ʿʝʜʠˁʝˁʘ ʝʢʩʪʨʘʢʘʪʘ L. sulphureus ʠ 

ʤʣʝʢʘ ʧʦʪʨʝʙʥʘ ʩʫ ʜʦʜʘʪʥʘ ʠʩʪʨʘʞʠʚʘˁʘ. ʇʦʩʪʦʿʝ˂ʘ ʣʠʪʝʨʘʪʫʨʘ ʚʝʟʘʥʘ ʟʘ ʦʚʫ ʪʝʤʘʪʠʢʫ 

ʥʠʿʝ ʦʙʠʤʥʘ, ʚʝ˂ ʩʘʤʦ ʤʦʞʝ ʧʨʫʞʠʪʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʧʨʘʚʮʫ ʜʘˀʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. 

ɱʝʜʠʥʦ ʩʝ ʩʘ ʩʠʛʫʨʥʦʰ˂ʫ ʤʦʞʝ ʨʝ˂ʠ ʜʘ ʩʝ ʫ ʩʣʫʯʘʿʫ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ L. sulphureus 

ʨʘʜʠ ʦ ʿʦʰ ʭʝʪʝʨʦʛʝʥʠʿʝʤ ʩʠʩʪʝʤʫ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ ʝʢʩʪʨʘʢʘʪʘ A.blazei, ʧʘ 

ʩʚʘ ʪʫʤʘʯʝˁʘ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʥʦʩʝ ʚʝʣʠʢʫ ʥʝʩʠʛʫʨʥʦʩʪ. 

ʊʘʙʝʣʘ 4.3. ʉʨʝʜˁʠ (mean) ʠ ʥʘʿʯʝʰ˂ʠ (mode)* ʜʠʿʘʤʝʪʘʨ ʧʦʣʠʜʠʩʧʝʨʟʥʠʭ ʯʝʩʪʠʮʘ ʢʘʟʝʠʥʘ ʠ 

ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus  

ʅʘʟʠʚ 

ʫʟʦʨʢʘ 

ʉʨʝʜˁʠ ʜʠʿʘʤʝʪʘʨ (mean; 

nm) 

ʅʘʿʯʝʰ˂ʠ ʜʠʿʘʤʝʪʘʨ (mode; 

nm) 
PI ʚʨʝʜʥʦʩʪ 

CN 

62,1 61,5 3,811 

276,7 205,4 0,762 

76,9 77,1 6,277 

125,9 126,0 2,480 

CNVL 

 

103,1 101,9 2,361 

25,3 25,5 6,899 

98,5 98,7 2,334 

144,5 143,6 1,374 

CNʈL 

 

141,2 141,8 1,822 

86,1 86,7 4,418 

113,6 112,7 3,137 

98,3 98,6 2,921 

TCNʈL 

 

183,4 181,3 0,369 

78,6 78,0 1,420 

126,7 126,1 0,329 

154,9 126,0 0,327 

ʉʢʨʘ˂ʝʥʠʮʝ: CN ï ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; CNPL ï ʤʝʰʘʚʠʥʘ 

ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; 

CNVL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus; TCNPL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus, PI ï ʠʥʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʟʠʿʝ (Polydispersity Index). 

ʂʦʜ ʫʟʦʨʘʢʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʠʭ ʠ ʥʝʪʨʝʪʠʨʘʥʠʭ ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ, 

ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʠʩʫ ʜʦʚʦˀʥʦ ʨʝʧʨʦʜʫʢʪʠʚʥʠ ʟʘ ʦʜʨʝʹʝʥʝ ʫʟʦʨʢʝ. ʉʘʤʦ ʩʫ ʢʦʜ 

ʫʟʦʨʘʢʘ TCN ʠ TCNVL ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʩʪʘʙʠʣʥʠ, ʧʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʟʘʿʝʜʥʦ ʩʘ 

ʤʝʰʘʚʠʥʘʤʘ ʥʘ ʙʘʟʠ RM ʠ TRM (ʩʣʠʢʘ 4.3.). ʇʨʠʢʘʟʘʥʠ ʩʫ ʤʦʜʫʩʠ, ʪʿ. ʥʘʿʯʝʰ˂ʠ 

ʜʠʿʘʤʝʪʨʠ ʯʝʩʪʠʮʘ ʿʝʨ ʨʝʟʫʣʪʘʪʠ ʿʘʩʥʦ ʫʢʘʟʫʿʫ ʥʘ ʧʦʩʪʦʿʘˁʝ ʯʝʩʪʠʮʘ TCN ʠ TCNVL ʩʘ 

ʜʠʿʘʤʝʪʨʦʤ å 126 nm. ɼʦʜʘʪʘʢ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʥʠʿʝ ʫʪʠʮʘʦ ʥʘ ʧʨʦʤʝʥʫ 

ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ (TCN Ÿ TCNVL), ʘʣʠ ʿʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ ʫʪʠʮʘʦ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʿʫ 

ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʫ ʦʙʘ ʩʣʫʯʘʿʘ. ʀʘʢʦ ʿʝ ʪʘʢʦʹʝ ʥʘʧʨʘʚˀʝʥʘ ʥʘ ʙʘʟʠ TCN, ʤʝʰʘʚʠʥʘ 

TCNʈL ʥʠʿʝ ʠʤʘʣʘ ʨʝʧʨʦʜʫʢʪʠʚʥʝ ʨʝʟʫʣʪʘʪʝ ʤʝʨʝˁʘ, ʢʘʦ ʥʠ CN ʥʠʪʠ ʤʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ 

CN. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʦʚʠʭ ʫʟʦʨʘʢʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʦʜʚʦʿʝʥʦʿ ʪʘʙʝʣʠ (ʪʘʙʝʣʘ 4.3.) ʢʘʢʦ 

ʙʠ ʩʝ ʧʦʢʘʟʘʣʦ ʜʘ ʧʨʝʤʘ ʩʨʝʜˁʝʤ ʜʠʿʘʤʝʪʨʫ ʠʣʠ ʧʨʝʤʘ ʤʦʜʫʩʫ ʜʠʿʘʤʝʪʨʘ ʥʠʿʝ ʤʦʛʫ˂ʝ 

ʧʨʠʢʘʟʘʪʠ ʩʤʠʩʣʝʥʝ ʨʝʟʫʣʪʘʪʝ. ɸʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʩʘ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʚʘʨʠʿʘʮʠʿʝ ʦʜ 

ʥʧʨ. ʧʨʝʢʦ 70% ʟʘ ʫʟʦʨʘʢ CN ʥʠʿʝ ʘʜʝʢʚʘʪʘʥ ʧʦʢʘʟʘʪʝˀ. ʆʚʦ ʿʝ ʚʠʜˀʠʚʦ ʠ ʥʘ ʦʩʥʦʚʫ PI 
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ʚʨʝʜʥʦʩʪʠ ʢʦʿʘ ʩʝ ʢʨʝ˂ʝ ʯʘʢ ʜʦ å 6,9, ʜʦʢ ʿʝ ʥʧʨ. ʟʘ RM, TRM ʠ ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ 

ʠʟʥʦʩʠʣʘ ʦʢʦ 0,2 ï 0,3. ʊʘʢʦʹʝ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʤʦʞʝ ʥʘ˂ʠ ʜʘ ʥʝʤʘ ʠʣʠ ʠʤʘ ʤʘʣʦ 

ʢʘʟʝʠʥʘ ʩʘ ʜʠʿʘʤʝʪʨʦʤ ʠʩʧʦʜ 80 nm, ʧʘ ʩʚʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʢʦʿʠ ʩʫ ʠʩʧʦʜ ʦʚʝ 

ʚʨʝʜʥʦʩʪʠ ʪʘʢʦʹʝ ʥʠʩʫ ʨʝʣʝʚʘʥʪʥʠ ʠʣʠ ʫʢʘʟʫʿʫ ʥʘ ʧʦʩʪʦʿʘˁʝ ʜʨʫʛʠʭ ʩʫʧʩʪʘʥʮʠ, ʢʘʦ ʰʪʦ 

ʩʫ ʧʝʧʪʠʜʥʦ-ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʢʦʤʧʣʝʢʩʠ ʠʣʠ ʘʛʨʝʛʘʪʠ ʧʨʦʪʝʠʥʘ ʧʦʨʝʢʣʦʤ ʠʟ L. 

sulphureus (Dalgleish, 2011). 

ɺʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ ʨʘʩʪʚʦʨʘ ʈL ʠ VL ʥʠʿʝ ʙʠʣʘ ʤʝʨˀʠʚʘ ʦʚʦʤ ʤʝʪʦʜʦʤ, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ 

ʭʝʪʝʨʦʛʝʥʦʛ ʙʠʦʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ. ɿʙʦʛ ʥʝʧʨʘʚʠʣʥʠʭ ʦʙʣʠʢʘ ʯʝʩʪʠʮʘ ʫ ʝʢʩʪʨʘʢʪʠʤʘ 

ʛˀʠʚʘ, ʧʦʜʘʮʠ ʦ ʚʝʣʠʯʠʥʠ ʯʝʩʪʠʮʘ ʩʫ ʫʛʣʘʚʥʦʤ ʥʝʜʦʩʪʫʧʥʠ, ʦʩʠʤ ʘʢʦ ʩʝ ʨʘʜʠ ʦ 

ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʜʠʟʘʿʥʠʨʘʥʠʤ ʪʘʢʦ ʜʘ ʠʤʘʿʫ ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥ ʜʠʿʘʤʝʪʘʨ, ʧʘ ʧʦʨʝʹʝˁʘ 

ʥʠʩʫ ʘʜʝʢʚʘʪʥʘ. ʇʨʠʤʝʨʘ ʨʘʜʠ, ʚʝʣʠʯʠʥʘ ʥʘʥʦ-ɓ-ʛʣʫʢʘʥʩʢʠʭ ʯʝʩʪʠʮʘ ʜʠʨʝʢʪʥʦ 

ʠʟʦʣʦʚʘʥʠʭ ʠʟ Lentinula edodes ʠ Pleurotus ostreatus ʢʨʝʪʘʣʘ ʩʝ ʫ ʦʧʩʝʛʫ 50 ï 100 nm 

(Shaheen et al., 2022). ʄʦʛʫ ʩʝ ʥʘ˂ʠ ʩʪʫʜʠʿʝ ʛʜʝ ʩʝ ʧʦʣʠʩʘʭʘʨʠʜʠ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ 

ʢʘʦ ʰʪʦ ʩʫ ʥʧʨ. ʩʦʿʘ ʠ ʛʨʘʰʘʢ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʟʘ ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ ʫ 

ʢʠʩʝʣʠʤ ʫʩʣʦʚʠʤʘ (Cheng et al., 2018; Nakamura et al., 2012). ʀʘʢʦ ʩʪʘʙʠʣʠʟʫʿʫ 

ʧʨʦʪʝʠʥʝ ʤʣʝʢʘ, ʦʚʘʢʚʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʩʝ ʦʜʣʠʢʫʿʫ ʚʝʣʠʢʦʤ ʧʦʣʠʜʠʩʧʝʨʟʥʦʰ˂ʫ, ʢʦʿʘ 

ʤʦʞʝ ʧʦʪʠʮʘʪʠ ʠ ʦʜ ʜʝʣʠʤʠʯʥʝ ʘʛʨʝʛʘʮʠʿʝ ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ ʣʘʥʘʮʘ (Cheng et al., 2018).  

ʅʘ ʩʣʠʮʠ 4.4. ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus. ɺʨʝʜʥʦʩʪʠ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus 

ʙʠʣʝ ʩʫ ʫ ʦʧʩʝʛʫ ʦʜ -41,7 Ñ 2,2 ʜʦ -37,7 Ñ 1,6 mV. ʄʝʨʝˁʘ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʠʭ ʠ ʥʝʪʨʝʪʠʨʘʥʠʭ ʢʘʟʝʠʥʘ, ʢʘʦ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. 

sulphureus ʠ ʦʚʜʝ ʩʫ ʫʢʘʟʘʣʘ ʥʘ ʚʝ˂ʫ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪ ʠ ʢʨʝʪʘʣʘ ʩʫ ʩʝ ʦʜ -53,9 ± 3,1 

ʜʦ -35,0 Ñ 3,6 mV. ʄʝʨʝˁʘ ʩʫ ʧʦʥʦʚˀʠʚʘ, ʘ CV ʿʝ ʙʠʦ ʚʝ˂ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʰʘʚʠʥʝ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ A.blazei ʠ ʢʨʝʪʘʦ ʩʝ ʦʜ 2,0 ʜʦ 10,2%. ʊʘʢʦʹʝ, ʘʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʤʝʨʝˁʘ 

ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʤʝʰʘʚʠʥʘ ʙʠʣʝ ʩʫ ʥʠʞʝ ʫ ʦʜʥʦʩʫ ʥʘ ʘʥʘʣʦʛʥʝ ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ 

A.blazei, ʰʪʦ ʤʦʞʝ ʫʢʘʟʠʚʘʪʠ ʥʘ ʤʘˁʫ ʩʪʘʙʠʣʥʦʩʪ ʦʚʠʭ ʤʝʰʘʚʠʥʘ, ʿʝʨ ʩʝ ʚʝ˂ʝ 

ʘʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʪʫʤʘʯʝ ʢʘʦ ʦʢʚʠʨʥʠ ʧʦʢʘʟʘʪʝˀ ʩʪʘʙʠʣʥʦʩʪʠ ʩʠʩʪʝʤʘ (Tolano-

Villaverde et al., 2016). ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʧʦʤʝʥʫʪʦ, ʤʘˁʘ ʩʪʘʙʠʣʥʦʩʪ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ ʚʝ˂ʝ ʭʝʪʝʨʦʛʝʥʦʩʪʠ ʙʠʦʭʝʤʠʿʩʢʦʛ 

ʩʘʩʪʘʚʘ ʤʝʰʘʚʠʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei. ʅʝʛʘʪʠʚʥʦ 

ʥʘʝʣʝʢʪʨʠʩʘʥʝ ʛʨʫʧʝ ʢʦʿʝ ʧʦʪʠʯʫ ʦʜ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʠ ʩʪʘʙʠʣʠʟʫʿʫ ʿʝ ʦʜʛʦʚʦʨʥʝ ʩʫ ʟʘ 

ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ (Horne, 2020). ɸʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ 

ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus ʠ ʦʚʜʝ ʩʫ ʙʠʣʝ ʚʝ˂ʝ ʫ ʦʜʥʦʩʫ 

ʥʘ RM, TRM ʠ ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus. ʆʚʦ ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ 

ʦʙʿʘʩʥʠʪʠ ʧʦʪʝʥʮʠʿʘʣʥʠʤ Ăʤʘʩʢʠʨʘˁʝʤñ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʛʨʫʧʘ ʢʘʟʝʠʥʘ 

ʿʦʥʠʤʘ ʢʘʣʮʠʿʫʤʘ ʫ ʫʟʦʨʮʠʤʘ RM, TRM ʠ ˁʠʭʦʚʠʤ ʤʝʰʘʚʠʥʘʤʘ, ʪʿ. ʦʜʩʫʩʪʚʦʤ ʫ 

ʩʣʫʯʘʿʫ ʢʘʟʝʠʥʩʢʠʭ ʤʝʰʘʚʠʥʘ, ʛʜʝ ʩʝ ʚʠʜʝ ʥʝʛʘʪʠʚʥʠʿʠ ɕ-ʧʦʪʝʥʮʠʿʘʣʠ (Anema & 

Klostermeyer, 1996; Post et al., 2012). ɼʘʣʝʢʦ ʤʘˁʫ ʩʪʘʙʠʣʥʦʩʪ ʠʩʧʦˀʠʣʠ ʩʫ ʨʘʩʪʚʦʨʠ 

ʚʦʜʝʥʦʛ (å -3,6 mV) ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (å -22,9 mV), ʚʝʨʦʚʘʪʥʦ 

ʟʙʦʛ ʨʘʟʣʠʢʘ ʫ ʙʠʦʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ ʫ ʦʜʥʦʩʫ ʥʘ ʝʢʩʪʨʘʢʪʝ A.blazei. ʆʩʠʤ ʨʘʟʣʠʢʘ ʫ 

ʩʘʩʪʘʚʫ, ʤʘˁʝ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʝʢʩʪʨʘʢʪʝ A.blazei ʪʘʢʦʹʝ ʤʦʞʝ 

ʙʠʪʠ ʫʟʨʦʢ ʩʣʘʙʠʿʠʭ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʠʭ ʠʥʪʝʨʘʢʮʠʿʘ. ɓ-ʛʣʫʢʘʥʩʢʝ ʥʘʥʦʯʝʩʪʠʮʝ ʠʟ ʛˀʠʚʘ 

Lentinula edodes ʠ Pleurotus ostreatus ʪʘʢʦʹʝ ʩʫ ʧʦʢʘʟʘʣʝ ʤʘˁʫ ʩʪʘʙʠʣʥʦʩʪ ʠ ɕ-

ʧʦʪʝʥʮʠʿʘʣ ʩʣʠʯʥʠʿʠ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus (-20,8 mV ʠ -16,5 mV, ʨʝʩʧʝʢʪʠʚʥʦ) 

(Shaheen et al., 2022). ɺʨʝʜʥʦʩʪʠ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʙʠʣʝ ʩʫ ʩʣʠʯʥʝ ʠ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ɓ-

ʛʣʫʢʘʥʩʢʠʭ ʥʘʥʦʯʝʩʪʠʮʘ ʠʟ ʿʝʯʤʘ, ʦʚʩʘ ʠ ʢʚʘʩʘʮʘ (ʦʜ -27 ʜʦ -6.3 mV), ʜʦʢ ʩʫ ɓ-

ʛʣʫʢʘʥʩʢʝ ʥʘʥʦʯʝʩʪʠʮʝ ʠʟ Pythium aphanidermatum ʧʦʢʘʟʘʣʝ ʚʝ˂ʫ ʥʝʛʘʪʠʚʥʦʩʪ (-35,2 

mV) (Anusuya & Sathiyabama, 2014; Ashraf et al., 2021). ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʘʥʿʦʥʩʢʠ 
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ʧʦʣʠʩʘʭʘʨʠʜʠ ʢʘʦ ʰʪʦ ʿʝ ʥʧʨ. ʢʘʨʘʛʝʥʘʥ ʩʪʫʧʘʿʫ ʫ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ə-ʢʘʟʝʠʥʦʤ, ʧʘ ʿʝ 

ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʠ ʝʢʩʪʨʘʢʪʠ L. sulphureus ʤʦʛʫ ʨʝʘʛʦʚʘʪʠ ʩʘ ˁʠʤ (Martin et al., 2006). 

ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʘʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʚʦʜʝʥʠʭ ʨʘʩʪʚʦʨʘ ʝʢʩʪʨʘʢʘʪʘ, ʜʦʜʘʪʘʢ 

ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ ʿʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʦ ʥʘ ʧʨʦʤʝʥʫ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʧʦʯʝʪʥʠʭ 

ʫʟʦʨʘʢʘ CN ʠ TCN (ʟʘ 19,6% ʠ 35,1%, ʨʝʩʧʝʢʪʠʚʥʦ), ʢʘʦ ʠ ʜʦʜʘʪʘʢ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ ʥʘ 

ʫʟʦʨʘʢ TCN (ʟʘ 7,4%). ʆʚʦ ʿʝ ʿʦʰ ʿʝʜʥʘ ʨʘʟʣʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʰʘʚʠʥʝ ʢʘʟʝʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ A.blazei, ʧʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚʢʘ ʧʘʜ ʘʧʩʦʣʫʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ 

ʧʦʪʠʯʝ ʦʜ ʤʥʦʰʪʚʘ ʩʫʧʩʪʘʥʮʠ ʧʨʠʩʫʪʥʠʭ ʫ ʨʘʩʪʚʦʨʠʤʘ ʤʝʰʘʚʠʥʘ (ʚʝ˂ʘ ʨʘʟʥʦʣʠʢʦʩʪ 

ʧʦʣʠʩʘʭʘʨʠʜʘ, ʚʠʰʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʨʦʪʝʠʥʘ), ʢʦʿʝ ʫʪʠʯʝ ʥʘ ʧʘʜ ʩʪʘʙʠʣʥʦʩʪʠ ʩʠʩʪʝʤʘ, ʘ 

ʥʝ ʥʘ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʠ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʝʢʩʪʨʘʢʘʪʘ L. sulphureus. 

ʇʨʦʤʝʥʝ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʢʦʜ RM ʠ TRM ʥʘʢʦʥ ʜʦʜʘʪʢʘ ʝʢʩʪʨʘʢʘʪʘ ʥʠʩʫ ʙʠʣʝ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ. ʋʢʦʣʠʢʦ ʿʝ ʜʦʜʘʪʘʢ ʝʢʩʪʨʘʢʘʪʘ ʫʪʠʮʘʦ ʥʘ ʧʘʜ ʩʪʘʙʠʣʥʦʩʪʠ 

ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʢʘʟʝʠʥʘ, ʦʚʦ ʤʦʞʝ ʫʢʘʟʠʚʘʪʠ ʥʘ ʠʥʪʝʨʘʢʮʠʿʝ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʩʘ ʧʦʣʠʩʘʭʘʨʠʜʠʤʘ ʠ/ʠʣʠ ʧʨʦʪʝʠʥʠʤʘ ʧʦʨʝʢʣʦʤ ʠʟ L. 

sulphureus, ʰʪʦ ʜʦʥʝʢʣʝ ʩʪʘʙʠʣʠʟʫʿʝ ʩʠʩʪʝʤ, ʧʘ ʧʨʦʤʝʥʝ ʫ ʥʘʝʣʝʢʪʨʠʩʘˁʫ ʥʠʩʫ 

ʟʥʘʯʘʿʥʝ. 

 

ʉʣʠʢʘ 4.4. ɕ-ʧʦʪʝʥʮʠʿʘʣ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʤʣʝʢʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. 

sulphureus. ʈʘʟʣʠʯʠʪʘ ʤʘʣʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʦʟʥʘʯʘʚʘʿʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʧʨʝʤʘ 

Tukey ʪʝʩʪʫ (p < 0,05). ʉʢʨʘ˂ʝʥʠʮʝ: RM ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; 

RMPL ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus; RMVL ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ 

ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; TRM ï ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; 

TRMPL ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus; TRMVL ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ 

ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; CN ï ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; 

CNPL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus; CNVL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ 

ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; TCN ï ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʤʣʝʢʘ; TCNPL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; TCNVL - ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus. 
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4.3. ɽʣʝʢʪʨʦʬʦʨʝʪʩʢʘ ʘʥʘʣʠʟʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ 

4.3.1. ɽʣʝʢʪʨʦʬʦʨʝʪʩʢʘ ʘʥʘʣʠʟʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ ʧʦʤʦ˂ʫ SDS-R-PAGE 

ʅʘ ʩʣʠʢʘʤʘ 4.5 ʠ 4.6 ʩʫ ʧʨʠʢʘʟʘʥʠ ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʠ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ ʜʦʙʠʿʝʥʠ ʨʘʟʜʚʘʿʘˁʝʤ ʧʦʣʠʧʝʪʠʜʘ ʫʟʦʨʘʢʘ ʫ 

ʨʝʜʫʢʫʿʫ˂ʠʤ ʫʩʣʦʚʠʤʘ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʨʦʪʝʠʥʘ ʿʝ ʫʨʘʹʝʥʘ ʧʦʤʦ˂ʫ ʩʪʘʥʜʘʨʜʘ 

ʧʨʦʪʝʠʥʘ ʢʨʘʚˀʝʛ ʤʣʝʢʘ, ʢʘʦ ʠ ʧʦʨʝʹʝˁʝʤ ʩʘ ʣʠʪʝʨʘʪʫʨʥʠʤ ʧʦʜʘʮʠʤʘ ʟʘ ʢʦʟʿʝ ʤʣʝʢʦ 

(Milinļiĺ et al., 2021; Pesic et al., 2012). ʇʨʦʪʝʠʥʩʢʠ ʧʨʦʬʠʣʠ ʫʟʦʨʘʢʘ ʥʘ SDS-PAGE 

ʛʝʣʦʚʠʤʘ ʫ ʨʝʜʫʢʫʿʫ˂ʠʤ ʫʩʣʦʚʠʤʘ ʧʦʢʘʟʫʿʫ ʪʠʧʠʯʘʥ ʩʘʩʪʘʚ ʧʨʦʪʝʠʥʘ ʢʦʟʿʝʛ ʤʣʝʢʘ - 

ʧʨʠʩʫʩʪʚʦ ʢʘʟʝʠʥʘ ʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʧʨʠʩʫʩʪʚʦ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ 

(ʫʟʦʨʮʠ 1-12 ʥʘ ʦʙʝ ʩʣʠʢʝ), ʜʦʢ ʩʝ ʫʪʠʮʘʿ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ, ʪʿ. ʧʨʦʤʝʥʝ ʫ 

ʧʦʣʠʧʝʧʪʠʜʥʦʤ ʩʘʩʪʘʚʫ ʥʝ ʤʦʛʫ ʚʠʜʝʪʠ ʦʚʦʤ ʝʣʝʢʪʨʦʬʦʨʝʪʩʢʦʤ ʪʝʭʥʠʢʦʤ. ʄʦʞʝ ʩʝ 

ʩʘʤʦ ʫʦʯʠʪʠ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʫʟʦʨʘʢʘ CN ʠ TCN (ʫʟʦʨʮʠ 7 ʠ 10 ʥʘ ʦʙʝ ʩʣʠʢʝ, 

ʨʝʩʧʝʢʪʠʚʥʦ), ʿʝʨ ʩʫ ʧʨʚʠ ʜʦʙʠʿʝʥʠ ʬʨʘʢʮʠʦʥʠʩʘˁʝʤ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ, ʘ ʜʨʫʛʠ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ, ʪʿ. ʪʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ ʿʝ ʫʨʘʹʝʥ ʧʨʝ ʬʨʘʢʮʠʦʥʠʩʘˁʘ. 

ʈʘʟʣʠʢʝ ʩʫ ʩʣʝʜʝ˂ʝ: ʧʨʦʬʠʣ ʫʟʦʨʘʢʘ CN ʠʤʘ ʩʤʘˁʝʥ ʠʥʪʝʥʟʠʪʝʪ ʪʨʘʢʘ Ŭ-LA, ʢʘʦ ʠ 

ʦʜʩʫʩʪʚʦ ɓ-LG, Lf, BSA ʠ Ighc, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʦʬʠʣʘ TCN, ʿʝʨ ʪʫ ʧʦʤʝʥʫʪʠ ʧʨʦʪʝʠʥʠ 

ʫʯʝʩʪʚʫʿʫ ʫ ʬʦʨʤʠʨʘˁʫ WP/CN ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʦʚʨʰʠʥʠ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ, ʛʜʝ ʠ ʦʩʪʘʿʫ 

ʥʘʢʦʥ ʬʨʘʢʮʠʦʥʠʩʘˁʘ (Pesic et al., 2012).  

 

ʉʣʠʢʘ 4.5. ɽʣʝʢʪʨʦʬʦʨʝʪʩʢʠ ʧʨʦʬʠʣʠ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ A.blazei ʘʥʘʣʠʟʠʨʘʥʠ SDS-R-PAGE. ʆʟʥʘʢʝ: 1 ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (RM); 2 ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (RMPA); 3 ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (RMVA); 4 ï ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ 

ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (TRM); 5 ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TRMPA); 6 ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TRMVA); 7 ï ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 
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ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (CN); 8 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (CNPA); 9 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (CNVA); 10 ï 

ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ (TCN); 11 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TCNPA); 12- ʤʝʰʘʚʠʥʘ 

ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TCNVA); 13 

ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei (VA) . ʉʢʨʘ˂ʝʥʠʮʝ: ʩʪʘʥʜʘʨʜ ʧʨʦʪʝʠʥʘ ʢʨʘʚˀʝʛ ʤʣʝʢʘ (S); ʩʪʘʥʜʘʨʜ 

ʤʦʣʝʢʫʣʩʢʠʭ ʤʘʩʘ (MWS; ʠʟʨʘʞʝʥ ʫ Da); Ŭs1-ʢʘʟʝʠʥ (Ŭs1-CN); Ŭs2-ʢʘʟʝʠʥ (Ŭs2-CN); ɓ-ʢʘʟʝʠʥ (ɓ-

CN); ə-ʢʘʟʝʠʥ (ə-CN); ɔ-ʢʘʟʝʠʥ (ɔ-CN); ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥ (ɓ-LG); Ŭ-ʣʘʢʪʘʣʙʫʤʠʥ (Ŭ-LA); ʩʝʨʫʤ 

ʘʣʙʫʤʠʥ ʢʨʚʠ (BSA); ʠʤʫʥʦʛʣʦʙʫʣʠʥʠ (Ighc); ʣʘʢʪʦʬʝʨʠʥ (Lf). ɹʨʦʿʝʚʠ ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʪʩʢʦʤ 

ʧʨʦʬʠʣʫ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʜʝʥʪʠʬʠʢʦʚʘʥʝ ʪʨʘʢʝ; ʟʚʝʟʜʠʮʘ (*) ʧʦʨʝʜ ʙʨʦʿʘ ʦʟʥʘʯʘʚʘ ʥʝʩʧʝʮʠʬʠʯʥʝ 

ʧʦʣʠʧʝʧʪʠʜʥʝ ʪʨʘʢʝ (ʧʨʦʠʟʚʦʜʝ ʝʥʟʠʤʩʢʝ ʭʠʜʨʦʣʠʟʝ). 

 

ʉʣʠʢʘ 4.6. ɽʣʝʢʪʨʦʬʦʨʝʪʩʢʠ ʧʨʦʬʠʣʠ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus ʘʥʘʣʠʟʠʨʘʥʠ SDS-R-PAGE. ʆʟʥʘʢʝ: 1 ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (RM); 2 ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (RMPL); 3 ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (RMVL); 4 ï ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (TRM); 5 ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (TRMPL); 6 ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (TRMVL); 7 ï ʢʘʟʝʠʥʠ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (CN); 8 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (CNPL); 9 ï ʤʝʰʘʚʠʥʘ 

ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus 

(CNVL); 10 ï ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ (TCN); 11 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (TCNPL); 

12- ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus (TCNVL); 13 ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus (VL). ʉʢʨʘ˂ʝʥʠʮʝ: ʩʪʘʥʜʘʨʜ ʧʨʦʪʝʠʥʘ 

ʢʨʘʚˀʝʛ ʤʣʝʢʘ (S); ʩʪʘʥʜʘʨʜ ʤʦʣʝʢʫʣʩʢʠʭ ʤʘʩʘ (MWS; ʠʟʨʘʞʝʥ ʫ Da); Ŭs1-ʢʘʟʝʠʥ (Ŭs1-CN); Ŭs2-

ʢʘʟʝʠʥ (Ŭs2-CN); ɓ-ʢʘʟʝʠʥ (ɓ-CN); ə-ʢʘʟʝʠʥ (ə-CN); ɔ-ʢʘʟʝʠʥ (ɔ-CN); ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥ (ɓ-LG); Ŭ-

ʣʘʢʪʘʣʙʫʤʠʥ (Ŭ-LA); ʩʝʨʫʤ ʘʣʙʫʤʠʥ ʢʨʚʠ (BSA); ʠʤʫʥʦʛʣʦʙʫʣʠʥʠ (Ighc); ʣʘʢʪʦʬʝʨʠʥ (Lf).  
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ɽʣʝʢʪʨʦʬʦʨʝʪʩʢʠ ʧʨʦʬʠʣʠ ʤʝʰʘʚʠʥʘ ʩʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠʤ ʝʢʩʪʨʘʢʪʦʤ A.blazei (ʈA) 

(ʫʟʦʨʮʠ 2, 5, 8, 11; ʩʣʠʢʘ 4.5) ʥʝ ʨʘʟʣʠʢʫʿʫ ʩʝ ʦʜ ʧʦʯʝʪʥʠʭ ʧʨʦʬʠʣʘ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʩʘ 

ʢʦʿʠʤʘ ʩʫ ʤʝʰʘʥʠ (ʫʟʦʨʮʠ 1, 4, 7, 10; ʩʣʠʢʘ 4.5). ʂʦʜ ʩʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. 

sulphureus ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʠʩʪʦ ï ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʪʠʧ ʝʢʩʪʨʘʢʪʘ (ʈL ʠʣʠ VL), 

ʧʨʦʬʠʣʠ ʤʝʰʘʚʠʥʘ (ʫʟʦʨʮʠ 2, 3, 5, 6, 8, 9, 11, 12; ʩʣʠʢʘ 4.6) ʥʝ ʨʘʟʣʠʢʫʿʫ ʩʝ ʦʜ ʧʦʯʝʪʥʠʭ 

ʧʨʦʬʠʣʘ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʩʘ ʢʦʿʠʤʘ ʩʫ ʤʝʰʘʥʠ (ʫʟʦʨʮʠ 1, 4, 7, 10; ʩʣʠʢʘ 4.6). 

ʂʦʜ ʤʝʰʘʚʠʥʘ ʩʘ ʚʦʜʝʥʠʤ ʝʢʩʪʨʘʢʪʦʤ A.blazei (VA) (ʫʟʦʨʮʠ 3, 6, 9, 12; ʩʣʠʢʘ 4.5) 

ʧʦʩʪʦʿʝ ʨʘʟʣʠʢʝ ʫ ʧʨʦʪʝʠʥʩʢʦʤ ʩʘʩʪʘʚʫ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʦʩʪʘʣʝ ʫʟʦʨʢʝ. ʄʦʞʝ ʩʝ ʫʦʯʠʪʠ 

ʜʦʩʪʘ ʪʨʘʢʘ ʩʘ ʤʦʣʝʢʫʣʩʢʦʤ ʤʘʩʦʤ ʤʘˁʦʤ ʦʜ 30 kDa, ʘ ʜʝʪʝʢʪʦʚʘʥʝ ʩʫ ʠ ʥʦʚʝ 

ʧʦʣʠʧʝʧʪʠʜʥʝ ʪʨʘʢʝ ʩʘ ʤʦʣʝʢʫʣʩʢʠʤ ʤʘʩʘʤʘ ʦʜ 21,0; 20,3; 18,5; 16,4 ʠ 15,2 kDa 

(ʦʟʥʘʯʝʥʝ ʥʘ ʩʣʠʮʠ 4.5 ʩʘ 9*, 10*, 13*, 16*, 18*) ʢʦʿʝ ʩʝ ʥʝ ʿʘʚˀʘʿʫ ʢʦʜ ʜʨʫʛʠʭ ʫʟʦʨʘʢʘ. 

ʇʦʨʝʜ ʦʚʦʛʘ, ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ VA ʧʨʠʤʝ˂ʫʿʝ ʩʝ ʩʤʘˁʝʥʠ ʠʥʪʝʥʟʠʪʝʪ ʪʨʘʢʘ ɓ-CN ʠ Ŭs2-

CN, ʦʜʩʫʩʪʚʦ ɔ- CN, ʢʘʦ ʠ ʥʝʧʨʦʤʝˁʝʥʠ ʩʘʩʪʘʚ ʦʩʪʘʣʠʭ ʧʨʦʪʝʠʥʘ, ʢʘʦ ʰʪʦ ʩʫ Ŭs1-CN, ə-

CN, Ŭ-LA ʠ ɓ-LG, ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʯʝʪʥʝ ʫʟʦʨʢʝ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ. ʊʘʢʦʹʝ, ʧʨʠʤʝ˂ʫʿʫ ʩʝ ʠ 

ʜʠʬʫʟʥʝ ʪʨʘʢʝ ʚʨʣʦ ʩʣʘʙʦʛ ʠʥʪʝʥʟʠʪʝʪʘ ʢʦʜ ʫʟʦʨʢʘ VA (ʙʨʦʿ 13 ʥʘ ʩʣʠʮʠ 4.5) 

ʤʦʣʝʢʫʣʩʢʠʭ ʤʘʩʘ ʦʜ 45 ʜʦ 66 kDa ʢʦʿʝ ʤʦʛʫ ʧʦʪʠʮʘʪʠ ʦʜ ʧʨʦʪʝʘʟʘ ʧʦʨʝʢʣʦʤ ʠʟ 

A.blazei, ʰʪʦ ʩʝ ʩʣʘʞʝ ʩʘ ʣʠʪʝʨʘʪʫʨʦʤ (Nakamura et al., 2011; Omrane Benmrad et al., 

2019). ʇʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʜʘ ʩʫ ʦʚʝ ʧʨʦʪʝʘʟʝ ʘʢʪʠʚʥʝ ʥʘʢʦʥ ʧʨʦʮʝʩʘ ʝʢʩʪʨʘʢʮʠʿʝ ʢʦʿʠ ʿʝ 

ʙʣʘʛ (ʫʣʪʨʘʟʚʫʯʥʘ ʝʢʩʪʨʘʢʮʠʿʘ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ) ʠ ʜʘ ʣʠʦʬʠʣʠʟʦʚʘʥʠ ʫʟʦʨʘʢ VA 

ʢʨʝ˂ʝ ʩʘ ʧʨʦʪʝʦʣʠʪʠʯʢʠʤ ʨʘʟʣʘʛʘˁʝʤ ʜʦʤʠʥʘʥʪʥʠʭ ʢʘʟʝʠʥʘ ʫ ʢʦʟʿʝʤ ʤʣʝʢʫ (ɓ-CN ʠ Ŭs2-

CN) ʥʘʢʦʥ ʧʨʠʧʨʝʤʝ ʤʝʰʘʚʠʥʘ. ʆʚʠʤ ʧʨʦʪʝʦʣʠʪʠʯʢʠʤ ʜʝʿʩʪʚʦʤ ʦʩʣʦʙʘʹʘʿʫ ʩʝ 

ʧʦʣʠʧʝʧʪʠʜʠ, ʧʘ ʥʦʚʦʥʘʩʪʘʣʠ ʩʘʩʪʘʚ ʤʝʰʘʚʠʥʘ ʢʦʿʠ ʫʢˀʫʯʫʿʝ ʠ ʙʠʦʘʢʪʠʚʥʝ 

ʧʦʣʠʧʝʧʪʠʜʝ ʧʨʠʨʦʜʥʦ ʧʨʠʩʫʪʥʝ ʫ ʢʦʟʿʝʤ ʤʣʝʢʫ ʠ ʧʦʣʠʧʝʧʪʠʜʝ ʥʘʩʪʘʣʝ ʜʦʜʘʪʢʦʤ 

ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A.blazei ʤʦʞʝ ʙʠʪʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʚʠʰʝʩʪʨʫʢʦ ʢʦʨʠʩʪʘʥ ʩʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʩʪʘʥʦʚʠʰʪʘ. ʊʘʢʦʹʝ ʩʝ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʧʨʝʚʘʟʠʣʘʟʝ ʧʦʪʝʰʢʦ˂ʝ ʢʦʿʝ 

ʪʨʝʥʫʪʥʦ ʧʦʩʪʦʿʝ ʚʝʟʘʥʦ ʟʘ ʠʟʦʣʘʮʠʿʫ ʧʨʦʪʝʠʥʘ ʛˀʠʚʘ ʠ ʝʬʝʢʪʝ ʧʨʦʮʝʩʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʥʘ ˁʠʭʦʚʫ ʙʠʦʣʦʰʢʫ ʘʢʪʠʚʥʦʩʪ, ʿʝʨ ʩʫ ʧʦʤʝʥʫʪʝ ʧʨʦʪʝʘʟʝ ʧʨʠʩʫʪʥʝ ʠ ʥʘʢʦʥ ʧʨʠʧʨʝʤʝ 

ʤʝʰʘʚʠʥʘ, ʘ ʥʠʿʝ ʠʭ ʧʦʪʨʝʙʥʦ ʠʟʦʣʦʚʘʪʠ, ʚʝ˂ ʩʝ ʢʦʨʠʩʪʝ ʟʘʿʝʜʥʦ ʩʘ ʜʨʫʛʠʤ 

ʢʦʤʧʦʥʝʥʪʘʤʘ ʚʦʜʝʥʦʛ ʨʘʩʪʚʦʨʘ, ʰʪʦ ʜʦʧʨʠʥʦʩʠ ʩʠʥʝʨʛʠʩʪʠʯʢʦʤ ʬʫʥʢʮʠʦʥʘʣʥʦʤ 

ʝʬʝʢʪʫ ʦʚʘʢʚʠʭ ʤʝʰʘʚʠʥʘ (Siu et al., 2014; Xu et al., 2011). 

ɼʝʪʘˀʘʥ ʧʦʣʠʧʝʧʪʠʜʥʠ ʩʘʩʪʘʚ (ʫ %) ʠ ʧʨʦʩʝʯʥʠ ʩʘʩʪʘʚ ʢʘʟʝʠʥʘ (ʫ %) ʿʝ ʧʨʠʢʘʟʘʥ ʫ 

ʧʨʠʣʦʛʫ ʜʠʩʝʨʪʘʮʠʿʝ (ʧʨʠʣʦʛ 1 ʠ 2, ʨʝʩʧʝʢʪʠʚʥʦ). ʀʥʪʝʥʟʠʪʝʪ ʪʨʘʢʘ ɓ-CN ʠ Ŭs2-CN ʢʦʜ 

ʤʝʰʘʚʠʥʘ ʩʘ VA (RMVA, TRMVA, CNVA, TCNVA) ʩʝ ʩʤʘˁʠʦ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʯʝʪʥʝ 

ʫʟʦʨʢʝ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ (RM, TRM, CN, TCN) ʟʘ 18,06%; 13,71%; 68,68% ʠ 59,06% ʟʘ ɓ-

CN ʠ 26,38%; 10,23%; 31,44% ʠ 21,27% ʟʘ Ŭs2-CN, ʨʝʩʧʝʢʪʠʚʥʦ. ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʠ 

ʜʘ ʩʫ ʫʟʦʨʮʠ CN ʠ TCN ʟʙʦʛ ʚʝ˂ʝʛ ʩʘʜʨʞʘʿʘ ɓ-CN ʠ Ŭs2-CN ʙʠʣʠ ʙʦˀʠ ʩʫʧʩʪʨʘʪ ʟʘ 

ʧʨʦʪʝʘʟʝ ʧʦʨʝʢʣʦʤ ʠʟ A.blazei ʫ ʦʜʥʦʩʫ ʥʘ RM ʠ TRM (Popoviĺ Miniĺ et al., 2023). 

ʇʨʠʩʫʩʪʚʦ ʘʢʪʠʚʥʠʭ ʝʥʟʠʤʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠʤ ʝʢʩʪʨʘʢʪʠʤʘ 

ʛˀʠʚʘ (ʈA ʠ ʈL), ʿʝʨ ʧʨʦʮʝʜʫʨʘ ˁʠʭʦʚʦʛ ʜʦʙʠʿʘˁʘ ʠʟʤʝʹʫ ʦʩʪʘʣʦʛ ʫʢˀʫʯʫʿʝ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʤʘʥ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 120Áʉ. ɽʥʟʠʤʠ ʩʫ ʫ ʦʚʦʤ ʢʦʨʘʢʫ ʜʝʥʘʪʫʨʠʩʘʥʠ, ʘ ʥʘʢʦʥ 

ʜʘˀʝ ʧʨʦʮʝʜʫʨʝ ʫʢʣʦˁʝʥʠ ʠʟ ʝʢʩʪʨʘʢʪʘ. ɺʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus (VL) ʥʝʤʘ 

ʧʨʦʪʝʦʣʠʪʠʯʢʦ ʜʝʿʩʪʚʦ ʢʘʦ VA. ʀʘʢʦ ʩʫ ʧʨʦʮʝʜʫʨʝ ʜʦʙʠʿʘˁʘ ʚʦʜʝʥʠʭ ʝʢʩʪʨʘʢʘʪʘ 

ʠʜʝʥʪʠʯʥʝ, ʪʿ. ʫʩʣʦʚʠ ʩʫ ʙʣʘʛʠ, ʢʦʜ ʦʚʝ ʛˀʠʚʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʥʠʿʝ ʟʘʙʝʣʝʞʝʥʦ ʧʨʠʩʫʩʪʚʦ 

ʧʨʦʪʝʘʟʘ. ɿʙʦʛ ʜʨʫʛʘʯʠʿʝʛ ʤʝʪʘʙʦʣʠʟʤʘ, L. sulphureus ʩʝ ʥʘʚʦʜʠ ʢʘʦ ʠʟʚʦʨ 

ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ ʝʥʟʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʛʣʫʢʘʥʘʟʝ ʠ ʢʩʠʣʘʥʘʟʝ, ʢʦʿʠʤʘ ʫʟʦʨʮʠ ʤʣʝʢʘ ʥʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʫʧʩʪʨʘʪ (Hong et al., 2009; Lee et al., 2009).  
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4.3.2. ɽʣʝʢʪʨʦʬʦʨʝʪʩʢʘ ʘʥʘʣʠʟʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ ʧʦʤʦ˂ʫ SDS-NR-PAGE 

ʅʘ ʩʣʠʢʘʤʘ 4.7. ʠ 4.8. ʩʫ ʧʨʠʢʘʟʘʥʠ SDS-NR-PAGE ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʠ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʠ 

ʢʘʟʝʠʥʘ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ ʜʦʙʠʿʝʥʠ ʨʘʟʜʚʘʿʘˁʝʤ ʧʦʣʠʧʝʪʠʜʘ ʫ 

ʥʝʨʝʜʫʢʫʿʫ˂ʠʤ ʫʩʣʦʚʠʤʘ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʨʦʪʝʠʥʘ ʿʝ ʫʨʘʹʝʥʘ ʠʩʪʦ ʢʘʦ ʢʦʜ SDS-R-

PAGE. ʂʦʜ SDS-NR-PAGE ʝʣʝʢʪʨʦʬʦʨʝʟʝ ʥʝʤʘ ʨʝʜʫʢʮʠʦʥʦʛ ʩʨʝʜʩʪʚʘ, ʧʘ ʩʝ ʤʦʛʫ 

ʫʦʯʠʪʠ ʜʠʤʝʨʥʠ ʠ ʧʦʣʠʤʝʨʥʠ ʦʙʣʠʮʠ Ŭs-CN, ə-CN ʠ ɓ-LG, ʦʜʥʦʩʥʦ ʦʥʠ ʧʨʦʪʝʠʥʠ ʢʦʿʠ 

ʠʤʘʿʫ ʩʣʦʙʦʜʥʝ Cys ʦʩʪʘʪʢʝ ʠ ʤʦʛʫ ʛʨʘʜʠʪʠ ʜʠʩʫʣʬʠʜʥʝ ʚʝʟʝ (Peġiĺ, 2011). ʊʘʢʦʹʝ, ə-

CN, ɓ-CN, Ŭs2-CN, Ŭ-LA ʠ ɓ-LG ʪʦʢʦʤ ʟʘʛʨʝʚʘˁʘ ʛʨʘʜʝ ʚʠʩʦʢʦʤʦʣʝʢʫʣʩʢʝ ʢʦʤʧʣʝʢʩʝ, 

HMW ʢʦʤʧʣʝʢʩʝ (High Molecular Weight) ʢʦʿʠ ʫ ʥʝʨʝʜʫʢʫʿʫ˂ʠʤ ʫʩʣʦʚʠʤʘ ʥʝ ʤʦʛʫ ʜʘ 

ʫʹʫ ʫ ʛʝʣ (Pesic et al., 2012). ɿʙʦʛ ʩʚʝʛʘ ʥʘʚʝʜʝʥʦʛ, ʥʘ ʩʣʠʢʘʤʘ 4.7. ʠ 4.8. ʩʝ ʿʘʩʥʦ ʤʦʞʝ 

ʫʦʯʠʪʠ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʠʭ ʠ ʥʝʪʨʝʪʠʨʘʥʠʭ ʫʟʦʨʘʢʘ ʧʦ ʧʨʠʩʫʩʪʚʫ 

HMW ʢʦʤʧʣʝʢʩʘ ʥʘ ʫʣʘʟʫ ʫ ʛʦʨˁʠ ʛʝʣ (ʫʟʦʨʮʠ 4, 5, 6, 10, 11, 12; ʦʙʝ ʩʣʠʢʝ), ʢʘʦ ʠ ʧʦ 

ʩʤʘˁʝʥʦʤ ʠʥʪʝʥʟʠʪʝʪʫ ʥʘʚʝʜʝʥʠʭ ʧʨʦʪʝʠʥʘ ʢʦʿʠ ʛʨʘʜʝ HMW ʢʦʤʧʣʝʢʩʝ. ʇʨʦʪʝʠʥʩʢʠ 

ʧʨʦʬʠʣʠ ʤʝʰʘʚʠʥʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʦʙʝ ʛˀʠʚʝ, ʢʘʦ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus ʠʜʝʥʪʠʯʥʠ ʩʫ ʢʘʦ ʠ ʧʦʯʝʪʥʠ ʫʟʦʨʮʠ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ. ʆʚʦ ʟʥʘʯʠ ʜʘ 

ʢʦʥʩʪʠʪʫʝʥʪʠ ʥʘʚʝʜʝʥʠʭ ʝʢʩʪʨʘʢʘʪʘ (ʈA, ʈL, VL) ʥʠʩʫ ʬʦʨʤʠʨʘʣʠ ʢʦʚʘʣʝʥʪʥʝ ʚʝʟʝ ʩʘ 

ʧʨʦʪʝʠʥʠʤʘ ʤʣʝʢʘ (ʰʪʦ ʥʝ ʠʩʢˀʫʯʫʿʝ ʩʣʘʙʠʿʝ ʚʨʩʪʝ ʠʥʪʝʨʘʢʮʠʿʘ), ʰʪʦ ʩʝ ʩʣʘʞʝ ʩʘ 

ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʠʤʘ SDS-R-PAGE. ʆʩʠʤ ʦʚʦʛʘ, ʥʘ SDS-NR-PAGE ʝʣʝʢʪʦʬʦʨʝʛʨʘʤʠʤʘ 

ʿʝ ʧʦʪʚʨʹʝʥʦ ʧʨʠʩʫʩʪʚʦ ʩʧʝʮʠʬʠʯʥʠʭ ʧʦʣʠʧʝʧʪʠʜʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʥʘʩʪʘʣʠʭ 

ʧʨʦʪʝʦʣʠʪʠʯʢʠʤ ʜʝʿʩʪʚʦʤ ʧʨʦʪʝʘʟʘ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A.blazei (ʫʟʦʨʮʠ 3, 6, 9, 12; ʩʣʠʢʘ 

4.7; ʧʦʣʠʧʝʧʪʠʜʠ ʦʟʥʘʯʝʥʠ ʟʚʝʟʜʠʮʘʤʘ), ʢʘʦ ʠ ʩʤʘˁʝˁʝ ʪʨʘʢʘ ɓ-CN, Ŭs2-CN ʠ ʦʜʩʫʩʪʚʦ 

ɔ- CN, ʦʜ ʢʦʿʠʭ ʩʫ ʥʘʩʪʘʣʠ ʥʦʚʠ ʧʦʣʠʧʝʧʪʠʜʠ (Popoviĺ Miniĺ et al., 2023). 

 

 

ʉʣʠʢʘ 4.7. ɽʣʝʢʪʨʦʬʦʨʝʪʩʢʠ ʧʨʦʬʠʣʠ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ A.blazei ʘʥʘʣʠʟʠʨʘʥʠ SDS-NR-PAGE. ʆʟʥʘʢʝ: 1 ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (RM); 2 ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (RMPA); 3 ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ 
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ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (RMVA); 4 ï ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ 

ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (TRM); 5 ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TRMPA); 6 ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TRMVA); 7 ï ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (CN); 8 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (CNPA); 9 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (CNVA); 10 ï 

ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ (TCN); 11 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TCNPA); 12- ʤʝʰʘʚʠʥʘ 

ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TCNVA); 13 

ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei (VA). ʉʢʨʘ˂ʝʥʠʮʝ: ʩʪʘʥʜʘʨʜ ʧʨʦʪʝʠʥʘ ʢʨʘʚˀʝʛ ʤʣʝʢʘ (S); ʩʪʘʥʜʘʨʜ 

ʤʦʣʝʢʫʣʩʢʠʭ ʤʘʩʘ (MWS; ʠʟʨʘʞʝʥ ʫ Da); Ŭs1-ʢʘʟʝʠʥ (Ŭs1-CN); Ŭs2-ʢʘʟʝʠʥ (Ŭs2-CN); ɓ-ʢʘʟʝʠʥ (ɓ-

CN); ə-ʢʘʟʝʠʥ (ə-CN); ɔ-ʢʘʟʝʠʥ (ɔ-CN); ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥ (ɓ-LG); Ŭ-ʣʘʢʪʘʣʙʫʤʠʥ (Ŭ-LA); ʩʝʨʫʤ 

ʘʣʙʫʤʠʥ ʢʨʚʠ (BSA); ʠʤʫʥʦʛʣʦʙʫʣʠʥʠ (Ig); ʣʘʢʪʦʬʝʨʠʥ (Lf); ʚʠʩʦʢʦʤʦʣʝʢʫʣʩʢʠ ʢʦʤʧʣʝʢʩʠ 

(HMW).  ɿʚʝʟʜʠʮʘʤʘ (*) ʩʫ ʦʟʥʘʯʝʥʝ ʥʝʩʧʝʮʠʬʠʯʥʝ ʧʦʣʠʧʝʧʪʠʜʥʝ ʪʨʘʢʝ (ʧʨʦʠʟʚʦʜʠ ʝʥʟʠʤʩʢʝ 

ʭʠʜʨʦʣʠʟʝ). 

 

 

ʉʣʠʢʘ 4.8. ɽʣʝʢʪʨʦʬʦʨʝʪʩʢʠ ʧʨʦʬʠʣʠ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus ʘʥʘʣʠʟʠʨʘʥʠ SDS-NR-PAGE. ʆʟʥʘʢʝ: 1 ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (RM); 2 ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (RMPL); 3 ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (RMVL); 4 ï ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (TRM); 5 ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (TRMPL); 6 ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (TRMVL); 7 ï ʢʘʟʝʠʥʠ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (CN); 8 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (CNPL); 9 ï ʤʝʰʘʚʠʥʘ 

ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus 

(CNVL); 10 ï ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ (TCN); 11 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (TCNPL); 
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12- ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus (TCNVL); 13 ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus (VL). ʉʢʨʘ˂ʝʥʠʮʝ: ʩʪʘʥʜʘʨʜ ʧʨʦʪʝʠʥʘ 

ʢʨʘʚˀʝʛ ʤʣʝʢʘ (S); ʩʪʘʥʜʘʨʜ ʤʦʣʝʢʫʣʩʢʠʭ ʤʘʩʘ (MWS; ʠʟʨʘʞʝʥ ʫ Da); Ŭs1-ʢʘʟʝʠʥ (Ŭs1-CN); Ŭs2-

ʢʘʟʝʠʥ (Ŭs2-CN); ɓ-ʢʘʟʝʠʥ (ɓ-CN); ə-ʢʘʟʝʠʥ (ə-CN); ɔ-ʢʘʟʝʠʥ (ɔ-CN); ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥ (ɓ-LG); Ŭ-

ʣʘʢʪʘʣʙʫʤʠʥ (Ŭ-LA); ʩʝʨʫʤ ʘʣʙʫʤʠʥ ʢʨʚʠ (BSA); ʠʤʫʥʦʛʣʦʙʫʣʠʥʠ (Ig); ʣʘʢʪʦʬʝʨʠʥ (Lf);  

ʚʠʩʦʢʦʤʦʣʝʢʫʣʩʢʠ ʢʦʤʧʣʝʢʩʠ (HMW).  

4.3.3. ɽʣʝʢʪʨʦʬʦʨʝʪʩʢʘ ʘʥʘʣʠʟʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ ʧʦʤʦ˂ʫ Native-PAGE 

ʅʘ ʩʣʠʢʘʤʘ 4.9. ʠ 4.10. ʩʫ ʧʨʠʢʘʟʘʥʠ ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʠ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ ʜʦʙʠʿʝʥʠ ʨʘʟʜʚʘʿʘˁʝʤ ʧʦʣʠʧʝʪʠʜʘ ʫ 

ʥʝʜʠʩʦʮʠʿʘʪʠʚʥʠʤ ʠ ʥʝʨʝʜʫʢʫʿʫ˂ʠʤ ʫʩʣʦʚʠʤʘ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʨʦʪʝʠʥʘ ʿʝ ʫʨʘʹʝʥʘ 

ʠʩʪʦ ʢʘʦ ʢʦʜ SDS-R-PAGE ʠ SDS-NR-PAGE ʝʣʝʢʪʨʦʬʦʨʝʟʘ. 

 

ʉʣʠʢʘ 4.9. ɽʣʝʢʪʨʦʬʦʨʝʪʩʢʠ ʧʨʦʬʠʣʠ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ A.blazei ʘʥʘʣʠʟʠʨʘʥʠ Native-PAGE. ʆʟʥʘʢʝ: 1 ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (RM); 2 ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (RMPA); 3 ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (RMVA); 4 ï ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ 

ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (TRM); 5 ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TRMPA); 6 ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TRMVA); 7 ï ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (CN); 8 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (CNPA); 9 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (CNVA); 10 ï 

ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ (TCN); 11 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TCNPA); 12- ʤʝʰʘʚʠʥʘ 

ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TCNVA); 13 

ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei (VA). ʉʢʨʘ˂ʝʥʠʮʝ: ʩʪʘʥʜʘʨʜ ʧʨʦʪʝʠʥʘ ʢʨʘʚˀʝʛ ʤʣʝʢʘ (S); Ŭs1-ʢʘʟʝʠʥ 

(Ŭs1-CN); Ŭs2-ʢʘʟʝʠʥ (Ŭs2-CN); ɓ-ʢʘʟʝʠʥ (ɓ-CN); ə-ʢʘʟʝʠʥ (ə-CN); ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥʠ/ ʚʘʨʠʿʘʥʪʘ ɸ 

ʠ ɺ (ɓ-LG/ ɓ-LGɸ; ɓ-LGɺ); Ŭ-ʣʘʢʪʘʣʙʫʤʠʥ (Ŭ-LA). ɿʚʝʟʜʠʮʘʤʘ (*) ʩʫ ʦʟʥʘʯʝʥʝ ʥʝʩʧʝʮʠʬʠʯʥʝ 

ʧʦʣʠʧʝʧʪʠʜʥʝ ʪʨʘʢʝ (ʧʨʦʠʟʚʦʜʠ ʝʥʟʠʤʩʢʝ ʭʠʜʨʦʣʠʟʝ). ʆʟʥʘʢʝ ʩʘ ʜʝʩʥʝ ʩʪʨʘʥʝ ʧʨʠʢʘʟʫʿʫ 
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ʧʦʢʨʝʪˀʠʚʦʩʪ ʛʣʘʚʥʠʭ ʢʘʟʝʠʥʘ ʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʩʪʘʥʜʘʨʜʘ ʢʨʘʚˀʝʛ ʤʣʝʢʘ, ʜʦʢ ʦʟʥʘʢʝ ʩʘ ʣʝʚʝ 

ʩʪʨʘʥʝ ʧʨʠʢʘʟʫʿʫ ʧʦʢʨʝʪˀʠʚʦʩʪ ʛʣʘʚʥʠʭ ʢʘʟʝʠʥʘ ʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʢʦʟʿʝʛ ʤʣʝʢʘ. 

 

 

ʉʣʠʢʘ 4.10. ɽʣʝʢʪʨʦʬʦʨʝʪʩʢʠ ʧʨʦʬʠʣʠ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus ʘʥʘʣʠʟʠʨʘʥʠ Native-PAGE. ʆʟʥʘʢʝ: 1 ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (RM); 2 ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (RMPL); 3 ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (RMVL); 4 ï ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (TRM); 5 ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (TRMPL); 6 ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (TRMVL); 7 ï ʢʘʟʝʠʥʠ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (CN); 8 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (CNPL); 9 ï ʤʝʰʘʚʠʥʘ 

ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus 

(CNVL); 10 ï ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ (TCN); 11 ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus (TCNPL); 

12- ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus (TCNVL); 13 ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus (VL). ʉʢʨʘ˂ʝʥʠʮʝ: ʩʪʘʥʜʘʨʜ ʧʨʦʪʝʠʥʘ 

ʢʨʘʚˀʝʛ ʤʣʝʢʘ (S); Ŭs1-ʢʘʟʝʠʥ (Ŭs1-CN); Ŭs2-ʢʘʟʝʠʥ (Ŭs2-CN); ɓ-ʢʘʟʝʠʥ (ɓ-CN); ə-ʢʘʟʝʠʥ (ə-CN); 

ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥʠ/ ʚʘʨʠʿʘʥʪʘ ɸ ʠ ɺ (ɓ-LG/ ɓ-LGɸ; ɓ-LGɺ); Ŭ-ʣʘʢʪʘʣʙʫʤʠʥ (Ŭ-LA). ʆʟʥʘʢʝ ʩʘ 

ʜʝʩʥʝ ʩʪʨʘʥʝ ʧʨʠʢʘʟʫʿʫ ʧʦʢʨʝʪˀʠʚʦʩʪ ʛʣʘʚʥʠʭ ʢʘʟʝʠʥʘ ʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ ʩʪʘʥʜʘʨʜʘ ʢʨʘʚˀʝʛ 

ʤʣʝʢʘ, ʜʦʢ ʦʟʥʘʢʝ ʩʘ ʣʝʚʝ ʩʪʨʘʥʝ ʧʨʠʢʘʟʫʿʫ ʧʦʢʨʝʪˀʠʚʦʩʪ ʛʣʘʚʥʠʭ ʢʘʟʝʠʥʘ ʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ 

ʢʦʟʿʝʛ ʤʣʝʢʘ. 

ʂʦʜ Native-PAGE ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʩʝ ʚʠʜʠ ʫʪʠʮʘʿ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ, ʠ ʪʦ ʟʙʦʛ 

ʟʥʘʯʘʿʥʦʛ ʩʤʘˁʝˁʘ ʠʥʪʝʥʟʠʪʝʪʘ ʪʨʘʢʘ Ŭ-LA ʠ ɓ-LG ʟʙʦʛ ˁʠʭʦʚʝ ʜʝʥʘʪʫʨʘʮʠʿʝ ʠ ʫʯʝʰ˂ʘ 

ʫ ʬʦʨʤʠʨʘˁʫ WP/CN ʢʦʤʧʣʝʢʩʘ (ʫʟʦʨʮʠ 4-6 ʥʘ ʦʙʝ ʩʣʠʢʝ) (Pesic et al., 2012).  

ʊʨʘʢʝ ʧʨʦʪʝʠʥʩʢʠʭ ʧʨʦʬʠʣʘ ʤʝʰʘʚʠʥʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʦʙʝ ʛˀʠʚʝ, ʢʘʦ ʠ 

ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʩʫ ʜʠʬʫʟʥʝ ʠ ʤʘˁʝ ʿʘʩʥʝ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ 

ʩʣʘʙʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʝʢʩʪʨʘʢʘʪʘ ʠ ʢʘʟʝʠʥʘ ʢʦʿʝ ʩʫ ʚʠʜˀʠʚʝ ʿʝʜʠʥʦ ʫ 
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ʥʘʪʠʚʥʠʤ ʫʩʣʦʚʠʤʘ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʧʦʜʘʮʠ ʜʘ ʠʟʤʝʹʫ ʛʣʫʢʘʥʘ ʠ ʧʨʦʪʝʠʥʘ 

ʧʦʩʪʦʿʝ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʝ ʠʥʪʝʨʘʢʮʠʿʝ ʢʦʿʝ ʜʦʚʦʜʝ ʜʦ ʬʦʨʤʠʨʘˁʘ ʘʛʨʝʛʘʪʘ, ʘʣʠ ʜʘ ʦʚʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʟʘʚʠʩʝ ʦʜ ʩʪʨʫʢʪʫʨʝ ʛʣʫʢʘʥʘ ʠ ʧʨʦʪʝʠʥʘ, pH ʚʨʝʜʥʦʩʪʠ ʩʨʝʜʠʥʝ, ʿʦʥʩʢʝ 

ʿʘʯʠʥʝ, ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ, ʠʪʜ. (Diemer et al., 2012; Sarantis et al., 2021; Zielke et al., 

2018, 2019). ʅʘ ʧʨʠʤʝʨ, ʧʦʢʘʟʘʣʦ ʩʝ ʜʘ ʩʣʘʙʦ ʨʘʟʛʨʘʥʘʪʠ ʛʣʫʢʘʥʠ ʩʘ ʜʦʩʪʘ Ŭ-(1,6) ʚʝʟʘ ʠ 

ʚʠʩʦʢʦʤ ʤʦʣʝʢʫʣʩʢʦʤ ʤʘʩʦʤ ʫ ʤʣʝʢʫ ʨʝʘʛʫʿʫ ʩʘ ə-CN, ʘʣʠ ʥʝ ʠ ʩʘ ɓ-LG (Diemer et al., 

2012). ʊʘʢʦʹʝ ʩʝ ʟʘ ʬʦʨʤʠʨʘˁʝ ʩʪʘʙʠʣʥʠʿʠʭ ʘʛʨʝʛʘʪʘ ʧʨʝʧʦʨʫʯʫʿʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ, 

ʿʝʨ ʚʠʰʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫʪʠʯʫ ʥʘ ʠʥʪʝʥʟʠʚʥʠʿʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠ ʩʪʘʙʠʣʠʟʘʮʠʿʫ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʠ ʚʦʜʦʥʠʯʥʠʤ ʚʝʟʘʤʘ (Sarantis et al., 2021). 

ʉʤʘˁʝˁʝ ʪʨʘʢʘ ɓ-CN ʠ Ŭs2-CN, ʢʘʦ ʠ ʧʨʠʩʫʩʪʚʦ ʩʧʝʮʠʬʠʯʥʠʭ ʧʦʣʠʧʝʧʪʠʜʘ ʥʘʩʪʘʣʠʭ 

ʧʨʦʪʝʦʣʠʪʠʯʢʠʤ ʜʝʿʩʪʚʦʤ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A.blazei (ʦʟʥʘʯʝʥʠ ʟʚʝʟʜʠʮʘʤʘ) ʩʫ 

ʚʠʜˀʠʚʠ ʠ ʥʘ Native-PAGE ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʠʤʘ (ʫʟʦʨʮʠ 3, 6, 9, 12; ʩʣʠʢʘ 4.9). 

ʉʘʤʦ ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʫ ʫʟʦʨʘʢʘ ʩʘ L. sulphureus ʩʫ ʚʠʜˀʠʚʝ ʪʨʘʢʝ 

ʥʠʩʢʦʤʦʣʝʢʫʣʩʢʠʭ ʧʦʣʠʧʝʧʪʠʜʘ ʥʘ ʫʟʦʨʮʠʤʘ 5, 6 ʠ 12 (ʩʣʠʢʘ 4.10), ʢʦʿʠʭ ʥʝʤʘ ʢʦʜ 

ʫʟʦʨʘʢʘ ʩʘ A.blazei. ʊʨʘʢʝ ʩʣʘʙʠʿʝʛ ʠʥʪʝʥʟʠʪʝʪʘ ʩʝ ʿʘʚˀʘʿʫ ʢʦʜ ʫʟʦʨʢʘ TRMʈL (ʫʟʦʨʘʢ 5 

ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʫ, ʩʣʠʢʘ 4.10), ʜʦʢ ʩʫ ʢʦʜ ʫʟʦʨʘʢʘ TRMVL ʠ TCNVL (ʫʟʦʨʮʠ 6 ʠ 12 

ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʫ, ʩʣʠʢʘ 4.10) ʿʘʯʝʛ ʠʥʪʝʥʟʠʪʝʪʘ. ʅʘʿʚʝʨʦʚʘʪʥʠʿʝ ʩʝ ʨʘʜʠ ʦ 

ʧʝʧʪʠʜʠʤʘ ʧʦʨʝʢʣʦʤ ʠʟ L. sulphureus ʠʣʠ ʝʥʟʠʤʩʢʠʤ ʧʨʦʜʫʢʪʠʤʘ ʭʠʜʨʦʣʠʟʝ ʢʦʿʘ ʩʝ 

ʦʜʚʠʿʘ ʫ ʤʝʰʘʚʠʥʘʤʘ ʥʘ ʙʘʟʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ, ʘʣʠ ʩʫ ʟʘ ˁʠʭʦʚʫ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʧʦʪʨʝʙʥʝ ʜʦʜʘʪʥʝ ʘʥʘʣʠʟʝ. 
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4.4. FTIR ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ 

FTIR ʘʥʘʣʠʟʝ ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʢʘʢʦ ʙʠ ʩʝ ʧʦʪʚʨʜʠʣʦ ʧʨʠʩʫʩʪʚʦ ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʢʦʤʧʦʥʝʥʘʪʘ ʫ ʫʟʦʨʮʠʤʘ, ʢʘʦ ʠ ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʝ ʜʦʜʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʚʝʟʘʥʝ ʟʘ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʤʝʰʘʚʠʥʘ. ʋ ʦʢʚʠʨʫ ʮʝʣʦʛ ʩʧʝʢʪʨʘ (4000 ï 

500 cm
-1
) ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʦʩʪʘ ʧʠʢʦʚʘ (ʩʣʠʢʝ 4.11. ʠ 4.15.). ɿʘ ʠʩʧʠʪʠʚʘʥʝ ʤʝʰʘʚʠʥʝ, 

ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʩʧʝʢʪʨʘʣʥʠ ʨʝʛʠʦʥʠ ʙʠʣʠ ʩʫ: 1700 ï 1600 cm
-1

 (ʨʝʛʠʦʥ I ï ʘʤʠʜʥʠ ʨʝʛʠʦʥ 

I), 1600 ï 1500 cm
-1

 (ʨʝʛʠʦʥ II - ʘʤʠʜʥʠ ʨʝʛʠʦʥ II), 1500 ï 1200 cm
-1

 (ʨʝʛʠʦʥ III - ʘʤʠʜʥʠ 

ʨʝʛʠʦʥ III) ʠ 1200 ï 700 cm
-1

 (ʨʝʛʠʦʥ IV ï ʨʝʛʠʦʥ ʦʪʠʩʢʘ ʧʨʩʪʘ, ʫʛˀʝʥʦ-ʭʠʜʨʘʪʥʠ 

ʨʝʛʠʦʥ).  

PCA (ʘʥʘʣʠʟʘ ʛʣʘʚʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ) ʿʝ ʧʨʚʦ ʧʨʠʤʝˁʝʥʘ ʥʘ ʦʙʣʘʩʪ 1700 ï 700 cm
-1
, ʢʘʢʦ 

ʙʠ ʩʝ ʫʦʯʠʣʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʩʚʠʭ ʫʟʦʨʘʢʘ. ɿʙʦʛ ʜʝʪʘˀʥʠʿʝʛ ʠʩʧʠʪʠʚʘˁʘ 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʤʝʥʘ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ ʥʘʢʦʥ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ, ʢʘʦ ʠ ʟʙʦʛ 

ʠʩʧʠʪʠʚʘˁʘ ʤʦʛʫ˂ʠʭ ʠʥʪʝʨʘʢʮʠʿʘ, PCA ʿʝ ʧʨʠʤʝˁʝʥʘ ʟʘʩʝʙʥʦ ʥʘ ʩʚʘʢʠ ʦʜ ʯʝʪʠʨʠ 

ʨʝʛʠʦʥʘ (Popoviĺ Miniĺ et al., 2023). ʆʩʠʤ PCA ʘʥʘʣʠʟʘ ʩʚʠʭ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ (ʩʣʠʢʝ 4.12. ʠ 4.16.), ʟʘʩʝʙʥʦ ʿʝ ʫʨʘʹʝʥʘ PCA 

ʘʥʘʣʠʟʘ FTIR ʩʧʝʢʪaʨʘ ʢʘʟʝʠʥʘ ʠ ʤʝʰʘʚʠʥʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʩʘ ʫʟʦʨʮʠʤʘ ʢʘʟʝʠʥʘ 

(ʩʣʠʢʝ 4.13. ʠ 4.17.), ʢʘʦ ʠ ʩʧʝʢʪʘʨʘ ʤʣʝʢʘ ʠ ʤʝʰʘʚʠʥʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʩʘ ʫʟʦʨʮʠʤʘ 

ʤʣʝʢʘ (ʩʣʠʢʝ 4.14. ʠ 4.18.) ʟʘ ʧʦʤʝʥʫʪʝ ʨʝʛʠʦʥʝ. 

4.4.1. FTIR ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ A.blazei  

ʉʧʝʢʪʨʠ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei ʫ ʨʝʛʠʦʥʫ 1700 ï 700 cm
-1

 (ʩʣʠʢʘ 4.12.a,b) ʩʫ ʧʦʜʚʨʛʥʫʪʠ 

PCA ʘʥʘʣʠʟʠ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ PC1 (Principal Component 1; ʛʣʘʚʥʘ ʢʦʤʧʦʥʝʥʪʘ 

1) ʦʙʿʘʰˁʘʚʘ 96% ʫʢʫʧʥʝ ʚʘʨʠʿʘʥʩʝ, ʘ PC2 (Principal Component 2; ʛʣʘʚʥʘ ʢʦʤʧʦʥʝʥʪʘ 

2) 2%. ʆʚʜʝ ʩʝ ʿʘʩʥʦ ʤʦʞʝ ʚʠʜʝʪʠ ʨʘʟʜʚʘʿʘˁʝ ʤʣʝʢʘ ʠ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʤʣʝʢʘ (RM, 

TRM ʠ ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei) ʫ ʦʜʥʦʩʫ ʥʘ ʫʟʦʨʢʝ ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ (CN, TCN ʠ ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei) ʜʫʞ ʧʨʘʚʮʘ 

PC1. ʆʚʦ ʨʘʟʜʚʘʿʘˁʝ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʙʘʟʠ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʪʝʠʥʩʢʠʭ ʧʨʦʬʠʣʘ ʫʟʦʨʘʢʘ ʥʘ 

ʙʘʟʠ ʤʣʝʢʘ ʠ ʥʘ ʙʘʟʠ ʢʘʟʝʠʥʘ, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʝʣʝʢʪʨʦʬʦʨʝʪʩʢʠʤ ʘʥʘʣʠʟʘʤʘ 

(ʧʦʛʣʘʚˀʝ 4.3.). 

ʋ ʨʝʛʠʦʥʫ I (1700 ï 1600 cm
-1
) ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʧʨʦʪʝʠʥʝ ʫ ʘʤʠʜʥʦʤ ʨʝʛʠʦʥʫ I, ʦʜʥʦʩʥʦ 

ʠʩʪʝʞʫ˂ʝ ʚʠʙʨʘʮʠʿʝ C=O ʛʨʫʧʝ, PC1 ʠ PC2 ʦʙʿʘʰˁʘʚʘʿʫ 95% ʠ 4% ʫʢʫʧʥʝ ʚʘʨʠʿʘʥʩʝ, 

ʨʝʩʧʝʢʪʠʚʥʦ (ʩʣʠʢʘ 4.12.i). ʅʘ ʦʩʥʦʚʫ PC1 ʠ PC2 ʤʦʞʝ ʩʝ ʠʟʚʨʰʠʪʠ ʧʦʜʝʣʘ ʫʟʦʨʘʢʘ ʥʘ 

ʪʨʠ ʛʨʫʧʝ: ɸ (CN ʠ TCN), ɺ (ʤʝʰʘʚʠʥʝ CN ʠ TCN ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei) ʠ ʉ (RM, 

TRM ʠ ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei). 

ʈʝʛʠʦʥ II (1600 ï 1500 cm
-1
; ʘʤʠʜʥʠ ʨʝʛʠʦʥ II) ʦʙʫʭʚʘʪʘ ʜʝʬʦʨʤʘʮʠʦʥʝ NïH ʚʠʙʨʘʮʠʿʝ 

ʫ ʨʘʚʥʠ ʠ CïN ʠʩʪʝʞʫ˂ʝ ʚʠʙʨʘʮʠʿʝ. ʋ ʦʚʦʤ ʨʝʛʠʦʥʫ PC1 ʠ PC2 ʦʙʿʘʰˁʘʚʘʿʫ 92% ʠ 5% 

ʫʢʫʧʥʝ ʚʘʨʠʿʘʥʩʝ, ʨʝʩʧʝʢʪʠʚʥʦ (ʩʣʠʢʘ 4.12.g). ʇʦʜʝʣʘ ʫʟʦʨʘʢʘ ʫ ʦʚʦʤ ʨʝʛʠʦʥʫ ʥʘ ʙʘʟʠ 

ʦʙʝ ʛʣʘʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʿʝ ʩʣʠʯʥʘ ʢʘʦ ʢʦʜ ʨʝʛʠʦʥʘ I. ʄʦʞʝ ʩʝ ʠʟʚʨʰʠʪʠ ʠʩʪʘ 

ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʢʦʜ ʛʨʫʧʘ ɺ ʠ ʉ, ʘ ʥʝ ʤʦʞʝ ʩʝ ʛʦʚʦʨʠʪʠ ʦ ʛʨʫʧʠ ɸ, ʿʝʨ ʩʫ ʫʟʦʨʮʠ CN ʠ 

TCN ʨʘʟʜʚʦʿʝʥʠ ʥʘ ʦʩʥʦʚʫ ʪʘʣʘʩʥʠʭ ʪʨʘʢʘ ʥʘ 1535-1542; 1557-1560; 1575-1578 cm
-1
 

(ʩʣʠʢʘ 4.12.h). ʆʚʦ ʫʢʘʟʫʿʝ ʥʘ ʧʨʦʤʝʥʝ ʩʝʢʫʥʜʘʨʥʝ ʩʪʨʫʢʪʫʨʝ ʧʨʦʪʝʠʥʘ ʧʦʧʫʪ ɓ-ʦʢʨʝʪʘ, 

Ŭ-ʭʝʣʠʢʩʘ/ʧʝʪˀʝ ʠ ɓ-ʨʘʚʥʠ, ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʨʦʤʝʥʝ ʩʪʨʫʢʪʫʨʝ ʤʠʮʝʣʝ 

ʫʩʣʝʜ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ. (Grewal et al., 2017b). 
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ʈʝʛʠʦʥ III (1500 ï 1200 cm
-1
; ʘʤʠʜʥʠ ʨʝʛʠʦʥ III) ʿʝ ʪʘʢʦʹʝ ʧʦʚʝʟʘʥ ʩʘ ʩʝʢʫʥʜʘʨʥʦʤ 

ʩʪʨʫʢʪʫʨʦʤ ʧʨʦʪʝʠʥʘ, ʘʣʠ ʩʝ ʫ ʦʚʦʤ ʨʝʛʠʦʥʫ ʯʝʩʪʦ ʿʘʚˀʘʿʫ ʠʟʤʝʥʝ ʚʝʟʘʥʝ ʟʘ ʚʠʙʨʘʮʠʦʥʝ 

ʨʝʞʠʤʝ ʜʨʫʛʠʭ ʩʫʧʩʪʠʪʫʠʩʘʥʠʭ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʛʨʫʧʘ (Grewal et al., 2017a; 2017b). 

ʆʚʜʝ ʿʝ ʥʘ ʦʩʥʦʚʫ PC1 ʠ PC2 (ʢʦʿʠ ʦʙʿʘʰˁʘʚʘʿʫ 96% ʠ 2% ʫʢʫʧʥʝ ʚʘʨʠʿʘʥʩʝ, 

ʨʝʩʧʝʢʪʠʚʥʦ) (ʩʣʠʢʘ 4.12.e) ʠʟʚʨʰʝʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʫ ʪʨʠ ʛʨʫʧʝ, ʠʩʪʦ ʢʘʦ ʢʦʜ ʘʤʠʜʥʦʛ 

ʨʝʛʠʦʥʘ I. 

 

ʉʣʠʢʘ 4.11. FTIR ʩʧʝʢʪʨʠ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei. 

ʉʢʨʘ˂ʝʥʠʮʝ: RM ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; RMPA ï ʤʝʰʘʚʠʥʘ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; 

RMVA ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. 

blazei; TRM ï ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; TRMPA ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; TRMVA ï 

ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; CN ï 

ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; CNPA ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; CNVA ï 

ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; 

TCN ï ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ; TCNPA ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; TCNVA - 

ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; VA 

ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei; PA ï ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ A. blazei.  
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ʉʣʠʢʘ 4.12. ɻʨʘʬʠʮʠ ʦʙʿʝʢʘʪʘ ʠ ʚʘʨʠʿʘʙʣʠ ʠʟʚʝʜʝʥʠ ʠʟ FTIR ʩʧʝʢʪaʨʘ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei ʟʘ ʩʧʝʢʪʨʘʣʥʝ ʨʝʛʠʦʥʝ: (a, b) 700-1700 cm
-1
; (c, d) 

ʨʝʛʠʦʥ ʦʪʠʩʢʘ ʧʨʩʪʘ, 700-1200 cm
-1
; (e, f) ʘʤʠʜ III, 1200-1500 cm

-1
; (g, h) ʘʤʠʜ II, 1500-1600 cm

-1
; 

(i, j) ʘʤʠʜ I, 1600-1700 cm
-1
. ʉʢʨʘ˂ʝʥʠʮʝ: RM ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ 
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ʤʣʝʢʦ; RMPA ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; RMVA ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; TRM ï ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ 

ʤʣʝʢʦ; TRMPA ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A. blazei; TRMVA ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ 

ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; CN ï ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; CNPA 

ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ 

A. blazei; CNVA ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A. blazei; TCN ï ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ; TCNPA ï 

ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. 

blazei; TCNVA - ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A. blazei. 

ʋ ʨʝʛʠʦʥʫ IV (1200 ï 700 cm
-1
; ʨʝʛʠʦʥ ʦʪʠʩʢʘ ʧʨʩʪʘ, ʫʛˀʝʥʦ-ʭʠʜʨʘʪʥʠ ʨʝʛʠʦʥ) ʿʝ ʥʘ 

ʦʩʥʦʚʫ PC1 ʠ PC2 (ʢʦʿʠ ʦʙʿʘʰˁʘʚʘʿʫ 92% ʠ 5% ʫʢʫʧʥʝ ʚʘʨʠʿʘʥʩʝ, ʨʝʩʧʝʢʪʠʚʥʦ) (ʩʣʠʢʘ 

4.12.c) ʠʟʚʨʰʝʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʫ ʧʝʪ ʛʨʫʧʘ. ɻʨʫʧʝ ʩʫ ʦʙʝʣʝʞʝʥʝ ʩʘ: ɸ (CN, TCN), B 

(TCNVA, CNVA), C (TCNʈA, CNʈA), D (TRMʈA, TRMVA) ʠ E (TRM, RM, RMʈA, 

RMVA). ʄʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ ʢʘʟʝʠʥʘ (ʛʨʫʧʝ ɺ ʠ ʉ) ʩʫ ʨʘʟʜʚʦʿʝʥʝ ʦʜ ʦʩʪʘʣʠʭ ʛʨʫʧʘ ʥʘ 

ʙʘʟʠ ʪʨʘʢʘ ʟʘ ʪʘʣʘʩʥʝ ʙʨʦʿʝʚʝ: 877; 893; 924; 1026; 1049 cm
-1

 (ʩʣʠʢʘ 4.12.d). ʋ ʦʚʦʤ 

ʨʝʛʠʦʥʫ ʦʜʚʘʿʘˁʫ ʫʟʦʨʘʢʘ ʜʦʧʨʠʥʦʩʠ ʧʨʠʩʫʩʪʚʦ ʣʘʢʪʦʟʝ ʢʦʜ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʠ ʤʝʰʘʚʠʥʘ 

ʥʘ ʙʘʟʠ ʤʣʝʢʘ, ʪʿ. ʦʜʩʫʩʪʚʦ ʣʘʢʪʦʟʝ ʫ ʢʘʟʝʠʥʠʤʘ ʠ ʫʟʦʨʮʠʤʘ ʢʘʟʝʠʥʘ. ʇʠʢʦʚʠ ʦʢʦ ʥʝʢʠʭ 

ʦʜ ʧʦʤʝʥʫʪʠʭ ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ (893 ʠ 924 cm
-1
) ʥʘʚʦʜʝ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʢʘʦ ʧʦʩʣʝʜʠʮʘ 

ʧʨʠʩʫʩʪʚʘ Ŭ- ʠ ɓ-ʘʥʦʤʝʨʘ ʛʣʫʢʘʥʘ ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ (Gonzaga et al., 2013; Mohaļek-

Groġev et al., 2001), ʰʪʦ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʦʜʛʦʚʘʨʘ ʨʘʟʜʚʘʿʘˁʫ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ 

A. blazei ʦʜ ˁʠʭʦʚʠʭ ʧʦʯʝʪʥʠʭ ʫʟʦʨʘʢʘ ʢʘʟʝʠʥʘ. ʄʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ TRM ʦʜʚʦʿʝʥʝ ʩʫ ʦʜ 

ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ RM, ʢʘʦ ʠ ʦʜ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, TRM ʠ RM. ɼʘʢʣʝ, ʤʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ 

ʢʘʟʝʠʥʘ ʤʦʛʫ˂ʝ ʿʝ ʦʜʚʦʿʠʪʠ ʦʜ ʢʘʟʝʠʥʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ, ʢʘʦ ʠ ʧʨʝʤʘ ʪʠʧʫ ʜʦʜʘʪʦʛ 

ʝʢʩʪʨʘʢʪʘ, ʯʝʤʫ ʜʦʧʨʠʥʦʩʝ ʨʘʟʣʠʯʠʪʠ ʩʘʩʪʘʚʠ ʝʢʩʪʨʘʢʘʪʘ. ʂʦʜ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʤʣʝʢʘ, 

ʿʘʩʥʦ ʩʝ ʦʜʚʘʿʘʿʫ TRMʈA ʠ TRMVA ʦʜ ʦʩʪʘʣʠʭ ʫʟʦʨʘʢʘ. ʅʘ ʦʚʦ ʫʢʘʟʫʿʝ ʠ ʟʥʘʯʘʿʥʦ 

ʧʦʚʝ˂ʘˁʝ ʩʨʝʜˁʝʛ ʜʠʿʘʤʝʪʨʘ ʦʚʠʭ ʯʝʩʪʠʮʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ (ʩʣʠʢʘ 4.2.). ʄʦʛʫ˂ʝ ʿʝ ʜʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʙʦˀʠ ʧʨʦʪʝʠʥʩʢʠ 

ʧʨʦʠʟʚʦʜ ʦʜ ʘʥʘʣʠʟʠʨʘʥʠʭ ʟʘ ʤʝʰʘˁʝ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A. blazei ʿʝʨ ʢʦʥʩʪʠʪʫʝʥʪʠ 

ʝʢʩʪʨʘʢʘʪʘ ʠʤʘʿʫ ʥʘʿʚʝ˂ʠ ʘʬʠʥʠʪʝʪ ʢʘ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʩʘ TRM. 

ɿʘ ʠʩʪʝ ʨʝʛʠʦʥʝ ʩʫ ʫʨʘʹʝʥʝ ʜʦʜʘʪʥʝ PCA ʘʥʘʣʠʟʝ FTIR ʩʧʝʢʪaʨʘ ʢʘʟʝʠʥʘ ʠ ʤʝʰʘʚʠʥʘ 

ʝʢʩʪʨʘʢʘʪʘ A. blazei ʩʘ ʫʟʦʨʮʠʤʘ ʢʘʟʝʠʥʘ (ʩʣʠʢʘ 4.13.), ʢʘʦ ʠ ʩʧʝʢʪʘʨʘ ʤʣʝʢʘ ʠ 

ʤʝʰʘʚʠʥʘ ʝʢʩʪʨʘʢʘʪʘ A. blazei ʩʘ ʫʟʦʨʮʠʤʘ ʤʣʝʢʘ (ʩʣʠʢʘ 4.14.) ʨʘʜʠ ʙʦˀʝʛ ʨʘʟʜʚʘʿʘˁʘ ʠ 

ʨʘʟʫʤʝʚʘˁʘ ʨʝʟʫʣʪʘʪʘ. 

ʅʘ ʩʣʠʮʠ 4.13. ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʩʫ ʫʟʦʨʮʠ CN ʠ TCN ʿʘʩʥʦ ʨʘʟʜʚʦʿʝʥʠ ʦʜ ʩʚʦʿʠʭ 

ʤʝʰʘʚʠʥʘ (CNʈA, CNVA, TCNʈA, TCNVA) ʜʫʞ ʣʠʥʠʿʝ PC1 ʟʘ ʩʚʘ ʪʨʠ ʘʤʠʜʥʘ ʨʝʛʠʦʥʘ. 

ʆʚʦ ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ ʧʨʦʤʝʥʝ ʩʝʢʫʥʜʘʨʥʝ ʩʪʨʫʢʪʫʨʝ ʢʘʟʝʠʥʘ ʟʙʦʛ ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ 

ʢʦʥʩʪʠʪʫʝʥʪʠʤʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ. ʋ ʘʤʠʜʥʠʤ ʨʝʛʠʦʥʠʤʘ I ʠ II ʫʟʦʨʮʠ ʩʝ ʤʦʛʫ 

ʛʨʫʧʠʩʘʪʠ ʧʨʝʤʘ ʧʦʣʘʟʥʠʤ ʢʘʟʝʠʥʩʢʠʤ ʫʟʦʨʮʠʤʘ ʫ ʛʨʫʧʫ ɸ (CNʈA, CNVA) ʠ ʛʨʫʧʫ ɺ 

(TCNʈA, TCNVA) (ʩʣʠʢʘ 4.13.e,g). ʋʟʦʨʮʠ ʠʟ ʛʨʫʧʝ ɸ ʨʘʟʜʚʦʿʝʥʠ ʩʫ ʦʜ ʦʩʪʘʣʠʭ ʥʘ ʙʘʟʠ 

ʦʧʩʝʛʘ ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ 1610-1630 cm
-1

 ʫ ʘʤʠʜʥʦʤ ʨʝʛʠʦʥʫ I (ʩʣʠʢʘ 4.13.h) ʠ 1508-1528 

cm
-1

 ʫ ʘʤʠʜʥʦʤ ʨʝʛʠʦʥʫ II (ʩʣʠʢʘ 4.13.f), ʜʦʢ ʩʫ ʫʟʦʨʮʠ ʠʟ ʛʨʫʧʝ ɺ ʨʘʟʜʚʦʿʝʥʠ ʦʜ 

ʦʩʪʘʣʠʭ ʥʘ ʙʘʟʠ ʦʧʩʝʛʘ ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ 1615-1621 cm
-1

 ʫ ʘʤʠʜʥʦʤ ʨʝʛʠʦʥʫ I (ʩʣʠʢʘ 

4.13.h) ʠ 1505-1520 cm
-1

 ʫ ʘʤʠʜʥʦʤ ʨʝʛʠʦʥʫ II (ʩʣʠʢʘ 4.13.f). ʊʨʘʢʘ ʥʘ 1618 cm
-1

 ʤʦʞʝ 

ʫʢʘʟʠʚʘʪʠ ʥʘ ʬʦʨʤʠʨʘˁʝ ʥʦʚʠʭ ʠʥʪʝʨʤʦʣʝʢʫʣʩʢʠʭ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ, ʘ ʧʦʩʪʦʿʝ ʢʦʜ 

ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʩʘ ʦʙʘ ʪʠʧʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ, ʰʪʦ ʧʦʪʚʨʹʫʿʝ ʪʚʨʜˁʝ ʦ 

ʧʦʪʝʥʮʠʿʘʣʥʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ (Grewal et al., 2017a).  
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ɺʘʨʠʿʘʮʠʿʝ ʦʢʦ ʪʘʣʘʩʥʠʭ ʦʧʩʝʛʘ 1610-1624 ʠ 1505-1532 cm
-1

 ʚʝʟʫʿʫ ʩʝ ʟʘ ʧʨʦʤʝʥʝ 

ʩʪʨʫʢʪʫʨʘ ɓ-ʧʣʦʯʘ, ʦʢʦ 1609 cm
-1

 ʧʦʢʘʟʫʿʫ ʧʨʦʤʝʥʝ ʙʦʯʥʠʭ ʣʘʥʘʮʘ ʧʨʦʪʝʠʥʘ, ʘ ʦʢʦ 1515 

cm
-1

 ʫʢʘʟʫʿʫ ʥʘ ʚʠʙʨʘʮʠʿʝ ʦʩʪʘʪʘʢʘ ʪʠʨʦʟʠʥʘ ʠ ˁʠʭʦʚʦ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʠʚʘˁʝ (Grewal 

et al., 2017a; 2017b; Markoska et al., 2019a, 2019b). 

ʀ ʫ ʨʝʛʠʦʥʫ IV, ʨʝʛʠʦʥʫ ʦʪʠʩʢʘ ʧʨʩʪʘ, ʫʟʦʨʮʠ ʢʘʟʝʠʥʘ (CN ʠ TCN) ʩʫ ʨʘʟʜʚʦʿʝʥʠ ʦʜ 

ʤʝʰʘʚʠʥʘ, ʢʦʿʝ ʩʝ ʤʦʛʫ ʛʨʫʧʠʩʘʪʠ ʫ ʜʚʝ ʛʨʫʧʝ, ʘʣʠ ʫ ʦʚʦʤ ʨʝʛʠʦʥʫ ʧʨʝʤʘ ʪʠʧʫ ʜʦʜʘʪʦʛ 

ʝʢʩʪʨʘʢʪʘ, ʛʜʝ ʿʝʜʥʫ ʛʨʫʧʫ ʯʠʥʝ CNʈA ʠ TCNʈA, ʘ ʜʨʫʛʫ CNVA ʠ TCNVA (ʩʣʠʢʘ 

4.13.ʘ). ɼʘʢʣʝ, ʫ ʪʨʠ ʘʤʠʜʥʘ ʨʝʛʠʦʥʘ ʨʘʟʜʚʘʿʘˁʘ ʤʝʰʘʚʠʥʘ ʩʫ ʙʠʣʘ ʧʨʝʤʘ ʪʠʧʫ ʢʘʟʝʠʥʘ 

ʥʘ ʙʘʟʠ ʢʦʛʘ ʩʫ ʥʘʧʨʘʚˀʝʥʝ, ʦʜʥʦʩʥʦ ʧʨʦʤʝʥʝ ʫ ʧʨʦʪʝʠʥʩʢʦʿ ʩʪʨʫʢʪʫʨʠ ʥʘʢʦʥ 

ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ (CN Ÿ TCN) ʩʫ ʙʠʣʝ ʢˀʫʯʥʝ. ʋ ʫʛˀʝʥʦ-ʭʠʜʨʘʪʥʦʤ ʨʝʛʠʦʥʫ ʩʝ 

ʚʠʜʠ ʨʘʟʣʠʢʘ, ʦʜʥʦʩʥʦ ʦʚʜʝ ʩʝ ʤʝʰʘʚʠʥʝ ʨʘʟʜʚʘʿʘʿʫ ʥʘ ʙʘʟʠ ʜʦʜʘʪʦʛ ʝʢʩʪʨʘʢʪʘ, ʿʝʨ ʿʝ 

ˁʠʭʦʚ ʙʠʦʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʨʘʟʣʠʯʠʪ. ʀ ʦʚʜʝ ʩʝ ʿʘʩʥʦ ʚʠʜʠ ʧʨʠʩʫʩʪʚʦ ʦʙʘ ʘʥʦʤʝʨʘ 

ʛʣʫʢʘʥʘ ʥʘ ʦʩʥʦʚʫ ʪʨʘʢʘ ʥʘ 893 ʠ 922 cm
-1

  (ʩʣʠʢʘ 4.13.b), ʰʪʦ ʩʝ ʩʣʘʞʝ ʩʘ 

ʣʠʪʝʨʘʪʫʨʥʠʤ ʧʦʜʘʮʠʤʘ (Gonzaga et al., 2013; Mohaļek-Groġev et al., 2001). ʇʦʰʪʦ ʿʝ ə-

ʢʘʟʝʠʥ ʆ-ʛʣʠʢʦʟʠʣʦʚʘʥ ʛʘʣʘʢʪʦʟʦʤ, N-ʘʮʝʪʠʣʛʘʣʘʢʪʦʟʘʤʠʥʦʤ ʠ N-ʘʮʝʪʠʣʥʝʫʨʘʤʠʥʩʢʦʤ 

ʢʠʩʝʣʠʥʦʤ, ʤʦʛʫ˂ʝ ʿʝ ʬʦʨʤʠʨʘˁʝ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ (1084 cm
-1
) ʠʟʤʝʹʫ ə-ʢʘʟʝʠʥʘ ʠ 

ʛʣʫʢʘʥʘ (Andrade et al., 2019; González-Morelo et al., 2020; Holland & Boland, 2014). 

ɼʦʜʘʪʥʝ ʘʥʘʣʠʟʝ ʤʝʰʘʚʠʥʘ ʝʢʩʪʨʘʢʘʪʘ A. blazei ʩʘ ʫʟʦʨʮʠʤʘ ʤʣʝʢʘ (RM, TRM) (ʩʣʠʢʘ 

4.14.) ʧʦʢʘʟʫʿʫ ʜʘ ʩʫ ʫ ʩʚʘ ʯʝʪʠʨʠ ʨʝʛʠʦʥʘ ʫʟʦʨʮʠ TRMʈA ʠ TRMVA ʨʘʟʜʚʦʿʝʥʠ ʜʫʞ 

ʣʠʥʠʿʝ PC1 ʦʜ ʦʩʪʘʣʘ 4 ʫʟʦʨʢʘ. ʀʧʘʢ, ʪʨʝʙʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ ʪʦ ʜʘ ʩʫ ʦʚʘ ʜʚʘ ʫʟʦʨʢʘ 

ʨʘʟʜʚʦʿʝʥʠ ʿʝʜʘʥ ʦʜ ʜʨʫʛʦʛ ʫ ʩʚʠʤ ʨʝʛʠʦʥʠʤʘ ʦʩʠʤ ʨʝʛʠʦʥʘ ʘʤʠʜ III ʧʦ ʣʠʥʠʿʠ ʈʉ2. 

ɻʝʥʝʨʘʣʥʦ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʨʘʟʜʚʘʿʘˁʝ ʫʟʦʨʘʢʘ ʥʘ ʦʩʥʦʚʫ ʭʝʪʝʨʦʛʝʥʦʩʪʠ ˁʠʭʦʚʠʭ 

ʙʠʦʭʝʤʠʿʩʢʠʭ ʩʘʩʪʘʚʘ ʠ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ, ʰʪʦ ʩʝ ʚʠʜʠ ʧʦ ʧʨʠʩʫʩʪʚʫ ʫʟʦʨʘʢʘ ʫ ʩʚʘ 

ʯʝʪʠʨʠ ʢʚʘʜʨʘʥʪʘ. ʊʘʢʦʹʝ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʩʝ ʢʘʟʝʠʥʠ ʨʝʢʦʥʩʪʠʪʫʠʰʫ ʢʘʦ 2%, ʘ 

ʤʣʝʢʘ ʢʘʦ 10%, ʫʜʝʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʪʝʠʥʝ ʿʝ ʚʝ˂ʠ ʢʦʜ 

ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʢʘʟʝʠʥʘ ʥʝʛʦ ʢʦʜ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʤʣʝʢʘ. ɿʙʦʛ ʦʚʦʛʘ ʩʝ RM ʠ TRM 

ʥʝ ʤʦʛʫ ʿʘʩʥʦ ʨʘʟʜʚʦʿʠʪʠ ʦʜ ʩʚʦʿʠʭ ʤʝʰʘʚʠʥʘ. ʅʘ ʦʩʥʦʚʫ ʪʨʘʢʘ ʫ ʘʤʠʜʥʠʤ ʨʝʛʠʦʥʠʤʘ I 

ʠ II ʟʘ ʪʘʣʘʩʥʝ ʙʨʦʿʝʚʝ ʦʟʥʘʯʝʥʝ ʥʘ ʩʣʠʢʘʤʘ 4.14.h ʠ 4.14.f, ʨʝʩʧʝʢʪʠʚʥʦ, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ 

ʫʪʠʮʘʿ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ, ʢʘʦ ʠ ʜʦʜʘʪʢʘ ʝʢʩʪʨʘʢʘʪʘ A. blazei ʥʘ ʢʦʥʬʦʨʤʘʮʠʿʫ 

ʧʨʦʪʝʠʥʘ. ʆʚʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʣʠʪʝʨʘʪʫʨʥʠʤ ʧʦʜʘʮʠʤʘ, ʛʜʝ ʩʝ ʚʘʨʠʿʘʮʠʿʝ ʦʢʦ ʪʘʣʘʩʥʠʭ 

ʙʨʦʿʝʚʘ ʧʨʠʧʠʩʫʿʫ ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʤʝʥʘʤʘ ʫ ʩʝʢʫʥʜʘʨʥʦʿ ʩʪʨʫʢʪʫʨʠ ʧʨʦʪʝʠʥʘ ï 1668 ʠ 

1663 cm
-1

 (ɓ-ʦʢʨʝʪ); 1653 cm
-1

 (Ŭ-ʭʝʣʠʢʩ/ʧʝʪˀʘ); 1645-1648 cm
-1

 (ʩʣʫʯʘʿʥʠ ʩʪʨʫʢʪʫʨʥʠ 

ʥʘʤʦʪʘʿʠ), 1633 cm
-1
 (ʠʥʪʨʘʤʦʣʝʢʫʣʘʨʥʝ ɓ-ʨʘʚʥʠ), 1624-1610 cm

-1
 (ʠʥʪʝʨʤʦʣʝʢʫʣʘʨʥʝ ɓ-

ʨʘʚʥʠ), 1609 cm
-1

  (ʙʦʯʥʠ ʣʘʥʮʠ) (Grewal et al., 2017a; 2017b; Markoska et al., 2019a, 

2019b). ʊʨʘʢʘ ʥʘ 1618 cm
-1

 ʠ ʦʚʜʝ ʫʢʘʟʫʿʝ ʥʘ ʧʦʩʪʦʿʘˁʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ 

(Grewal et al., 2017a). ʉʪʫʜʠʿʘ Markoska et al. (2019a) ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʩʝ ʫ 

ʥʝʢʦʥʮʝʥʪʨʦʚʥʦʤ ʤʣʝʢʫ (9% w/w) ʧʨʦʤʝʥʝ ʫ ʩʪʨʫʢʪʫʨʠ ɓ-ʧʣʦʯʘ ʢʦʜ ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥʘ 

ʜʝʰʘʚʘʿʫ ʥʘ ʥʠʞʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ (85Áʉ) ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦ ʤʣʝʢʦ (95Áʉ ʠ 

ʚʠʰʠʤ). ɺʝ˂ ʧʦʤʝʥʫʪʘ ʪʨʘʢʘ ʥʘ 1663 cm
-1

 ʫʢʘʟʫʿʝ ʥʘ ʬʦʨʤʠʨʘˁʝ ɓ-ʦʢʨʝʪʘ, ʰʪʦ ʩʝ 

ʜʝʰʘʚʘ ʪʦʢʦʤ ʜʝʥʘʪʫʨʘʮʠʿʝ ʠ ʘʛʨʝʛʘʮʠʿʝ ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥʘ (Markoska et al., 2019a). ʆʚʦ 

ʧʦʪʚʨʹʫʿʝ ʜʦʙʠʿʝʥʝ ʨʝʟʫʣʪʘʪʝ, ʿʝʨ ʩʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ ʤʣʝʢʘ ʫ ʦʚʦʿ ʩʪʫʜʠʿʠ ʥʘʣʘʟʠ ʫ 

ʩʨʝʜʠʥʠ ʧʦʤʝʥʫʪʠʭ ʪʨʝʪʤʘʥʘ (90Áʉ), ʘ ʨʘʜʠ ʩʝ ʦ 10% ʤʣʝʢʫ (RM, TRM).  
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ʉʣʠʢʘ 4.13. ɻʨʘʬʠʮʠ ʦʙʿʝʢʘʪʘ ʠ ʚʘʨʠʿʘʙʣʠ ʠʟʚʝʜʝʥʠ ʠʟ FTIR ʩʧʝʢʪaʨʘ ʫʟʦʨʘʢʘ ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei ʟʘ ʩʧʝʢʪʨʘʣʥʝ ʨʝʛʠʦʥʝ: (a, b) ʨʝʛʠʦʥ ʦʪʠʩʢʘ ʧʨʩʪʘ, 

700-1200 cm
-1
; (c, d) ʘʤʠʜ III, 1200-1500 cm

-1
; (e, f) ʘʤʠʜ II, 1500-1600 cm

-1
; (g, h) ʘʤʠʜ I, 1600-

1700 cm
-1
. ʉʢʨʘ˂ʝʥʠʮʝ: CN ï ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; CNPA ï 

ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. 

blazei; CNVA ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A. blazei; TCN ï ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ; TCNPA ï 

ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. 

blazei; TCNVA - ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A. blazei.  



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

79 

 

ʉʣʠʢʘ 4.14. ɻʨʘʬʠʮʠ ʦʙʿʝʢʘʪʘ ʠ ʚʘʨʠʿʘʙʣʠ ʠʟʚʝʜʝʥʠ ʠʟ FTIR ʩʧʝʢʪaʨʘ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʠ ˁʠʭʦʚʠʭ 

ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei ʟʘ ʩʧʝʢʪʨʘʣʥʝ ʨʝʛʠʦʥʝ: (a, b) ʨʝʛʠʦʥ ʦʪʠʩʢʘ ʧʨʩʪʘ, 700-1200 

cm
-1
; (c, d) ʘʤʠʜ III, 1200-1500 cm

-1
; (e, f) ʘʤʠʜ II, 1500-1600 cm

-1
; (g, h) ʘʤʠʜ I, 1600-1700 cm

-1
. 

ʉʢʨʘ˂ʝʥʠʮʝ: RM ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; RMPA ï ʤʝʰʘʚʠʥʘ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; 

RMVA ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. 

blazei; TRM ï ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; TRMPA ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; TRMVA ï 

ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei. 
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ʊʨʘʢʝ ʫ ʨʝʛʠʦʥʠʤʘ 1560-1578 cm
-1

; 1542-1550 cm
-1

; 1505-1532 cm
-1
 ʫʢʘʟʫʿʫ ʥʘ ʧʨʦʤʝʥʫ 

ʩʪʨʫʢʪʫʨʝ ɓ-ʧʣʦʯʘ, Ŭ-ʭʝʣʠʢʩʘ/ʧʝʪˀʠ, ɓ-ʨʘʚʥʠ; ʪʨʘʢʘ ʥʘ 1571 cm
-1

 ʧʦʢʘʟʫʿʝ ʚʠʙʨʘʮʠʿʝ 

ʦʩʪʘʪʘʢ ʘʩʧʘʨʘʛʠʥʘ ʠ ʛʣʫʪʘʤʠʥʘ, a ʪʨʘʢʘ ʥʘ 1515 cm
-1 
ʚʠʙʨʘʮʠʿʝ ʪʠʨʦʟʠʥʘ (Grewal et al., 

2017a; 2017b). ʆʚʦ ʩʝ ʧʦʢʣʘʧʘ ʠ ʩʘ ʪʨʘʢʘʤʘ ʫ ʘʤʠʜʥʦʤ ʨʝʛʠʦʥʫ III ʫ ʦʧʩʝʛʫ 1230-1356 

cm
-1
, ʰʪʦ ʪʘʢʦʹʝ ʫʢʘʟʫʿʝ ʥʘ ʧʨʦʤʝʥʫ ʩʪʨʫʢʪʫʨʘ Ŭ-ʭʝʣʠʢʩʘ ʠ ɓ-ʧʣʦʯʘ ʥʘʩʪʘʣʠʭ 

ʘʛʨʝʛʘʮʠʿʦʤ ʧʨʦʪʝʠʥʘ (Grewal et al., 2017a). ʋ ʦʚʦʤ ʨʝʛʠʦʥʫ PC1 ʦʙʿʘʰˁʘʚʘ 90% 

ʚʘʨʠʿʘʥʩʝ (ʩʣʠʢʘ 4.14.c) ʠ ʿʘʩʥʦ ʦʜʚʘʿʘ ʫʟʦʨʢʝ TRMʈA ʠ TRMVA ʦʜ ʦʩʪʘʣʠʭ, ʤʦʛʫ˂ʝ 

ʟʙʦʛ ʭʠʜʨʦʬʦʙʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʠʣʠ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʢʦʜ ʧʦʤʝʥʫʪʠʭ 

ʤʝʰʘʚʠʥʘ (Guerrero et al., 2014).  

ʀʩʪʦ ʨʘʟʜʚʘʿʘˁʝ ʫʟʦʨʘʢʘ TRMʈA ʠ TRMVA ʦʜ ʦʩʪʘʣʠʭ ʧʨʠʤʝ˂ʫʿʝ ʩʝ ʠ ʫ ʨʝʛʠʦʥʫ IV, 

ʛʜʝ PC1 ʦʙʿʘʰˁʘʚʘ ʯʘʢ 92% ʚʘʨʠʿʘʥʩʝ (ʩʣʠʢʘ 4.14.a). ʇʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʜʘ ʩʫ ʨʘʟʣʦʛ 

ʩʧʝʮʠʬʠʯʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ WP/CN ʢʦʤʧʣʝʢʩʘ ʠ ʛʣʫʢʘʥʘ. ʀʥʪʝʨʘʢʮʠʿʝ ʤʝˁʘʿʫ 

ʚʠʙʨʘʮʠʿʝ ʦʜʨʝʹʝʥʠʭ ʛʨʫʧʘ, ʧʘ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʜʦʧʨʠʥʦʩʝ ʢʣʘʩʠʬʠʢʘʮʠʿʠ, ʪʿ. ʦʚʘʢʚʦʿ 

ʧʦʜʝʣʠ ʫʟʦʨʘʢʘ. ʇʨʠʩʫʩʪʚʦ ʬʦʩʬʘʪʥʠʭ ʛʨʫʧʘ ʢʘʟʝʠʥʘ ʩʝ ʚʠʜʠ ʧʦ ʪʨʘʢʘʤʘ ʥʘ ʪʘʣʘʩʥʠʤ 

ʙʨʦʿʝʚʠʤʘ 995; 1070; 1116 cm
-1

 ʩʘ ʙʣʘʛʠʤ ʧʦʤʝʨʘˁʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʣʠʪʝʨʘʪʫʨʫ ʢʦʿʘ 

ʠʩʧʠʪʫʿʝ ʢʨʘʚˀʝ, ʘ ʥʝ ʢʦʟʿʝ ʤʣʝʢʦ, ʢʘʦ ʠ ʟʙʦʛ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ ʠʟʤʝʹʫ 

ʬʦʩʬʘʪʥʠʭ ʛʨʫʧʘ ʢʘʟʝʠʥʘ ʠ ʆʅ ʛʨʫʧʘ ʛʣʫʢʘʥʘ (Grewal et al., 2017a; Markoska et al., 

2019a). ɻʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʨʝʛʠʦʥ 1250-800 cm
-1

  ʿʝ ʚʝʟʘʥ ʟʘ ʨʘʟʣʠʯʠʪʝ ʉïʆ 

ʚʠʙʨʘʮʠʿʝ ʫʛˀʝʥʠʭ ʭʠʜʨʘʪʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʛʣʫʢʘʥʝ ʧʦʨʝʢʣʦʤ ʠʟ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ, ʛʜʝ 

ʩʝ ʪʨʘʢʝ ʫ ʦʧʩʝʛʫ 1175-1140 ʠ 1000-920 cm
-1

 ʿʘʚˀʘʿʫ ʟʙʦʛ ʠʩʪʝʞʫ˂ʠʭ ʚʠʙʨʘʮʠʿʘ ʉïʆïʉ 

ʣʘʥʘʮʘ ʫʛˀʝʥʠʭ ʭʠʜʨʘʪʘ ʠʣʠ ʟʙʦʛ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʛʣʠʢʦʟʠʜʥʠʭ ʚʝʟʘ ʠʟʤʝʹʫ ʛʣʫʢʘʥʘ ʠ ʆ-

ʛʣʠʢʦʟʠʣʦʚʘʥʦʛ ə-ʢʘʟʝʠʥʘ (Gonzaga et al., 2013; Grewal et al., 2017a; 2017b; Kozarski et 

al., 2011; Mohaļek-Groġev et al., 2001; Nikonenko et al., 2000). 

4.4.2. FTIR ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus 

ʉʧʝʢʪʨʠ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus ʫ ʨʝʛʠʦʥʫ 1700 ï 700 cm
-1

 (ʩʣʠʢʘ 4.16.a,b) ʪʘʢʦʹʝ ʩʫ 

ʧʦʜʚʨʛʥʫʪʠ PCA ʘʥʘʣʠʟʠ. PC1 ʦʙʿʘʰˁʘʚʘ 95% ʫʢʫʧʥʝ ʚʘʨʠʿʘʥʩʝ, ʜʦʢ PC2 ʦʙʿʘʰˁʘʚʘ 

2%. ʀ ʦʚʜʝ ʩʝ ʜʫʞ ʧʨʘʚʮʘ PC1 ʚʠʜʠ ʨʘʟʜʚʘʿʘˁʝ ʤʣʝʢʘ ʠ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʤʣʝʢʘ (RM, 

TRM ʠ ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus) ʫ ʦʜʥʦʩʫ ʥʘ ʫʟʦʨʢʝ ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ (CN, TCN ʠ ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus), ʰʪʦ ʿʝ 

ʧʦʩʣʝʜʠʮʘ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʪʝʠʥʩʢʠʭ ʧʨʦʬʠʣʘ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ. ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʥʘʚʝʜʝʥʦ, 

ʢʦʜ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʢʘʟʝʠʥʘ (ʨʝʢʦʥʩʪʠʪʫʠʩʘʥʠ ʢʘʦ 2%) ʿʝ ʚʝ˂ʠ ʦʜʥʦʩ ʧʦʣʠʩʘʭʘʨʠʜʘ 

ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ ʧʨʝʤʘ ʧʨʦʪʝʠʥʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ ʤʣʝʢʘ 

(ʨʝʢʦʥʩʪʠʪʫʠʩʘʥʝ ʢʘʦ 10%), ʧʘ ʦʚʦ ʤʦʞʝ ʠʤʘʪʠ ʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʨʘʟʜʚʘʿʘˁʝ CN ʠ TCN ʦʜ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ, ʜʦʢ ʩʝ RM ʠ TRM ʥʝ ʤʦʛʫ ʨʘʟʜʚʦʿʠʪʠ ʦʜ ʩʚʦʿʠʭ ʤʝʰʘʚʠʥʘ. 

ʋ ʘʤʠʜʥʦʤ ʨʝʛʠʦʥʫ I (1700 ï 1600 cm
-1

) PC1 ʠ PC2 ʦʙʿʘʰˁʘʚʘʿʫ 94% ʠ 3% ʫʢʫʧʥʝ 

ʚʘʨʠʿʘʥʩʝ, ʨʝʩʧʝʢʪʠʚʥʦ (ʩʣʠʢʘ 4.16.i). ʀ ʦʚʜʝ ʩʝ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʧʦʜʝʣʘ ʥʘ ʪʨʠ ʛʨʫʧʝ: ɸ 

(CN ʠ TCN), ɺ (ʤʝʰʘʚʠʥʝ CN ʠ TCN ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus) ʠ ʉ (RM, TRM ʠ 

ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus), ʩʣʠʯʥʦ ʤʝʰʘʚʠʥʘʤʘ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ 

ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei.  

ʋ ʘʤʠʜʥʦʤ ʨʝʛʠʦʥʫ II (1600 ï 1500 cm
-1
) PC1 ʠ PC2 ʦʙʿʘʰˁʘʚʘʿʫ 97% ʠ 2% ʫʢʫʧʥʝ 

ʚʘʨʠʿʘʥʩʝ, ʨʝʩʧʝʢʪʠʚʥʦ (ʩʣʠʢʘ 4.16.g). ʆʚʜʝ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʩʣʠʯʥʘ ʩʠʪʫʘʮʠʿʘ ʢʘʦ ʢʦʜ 

ʘʤʠʜʥʦʛ ʨʝʛʠʦʥʘ I, ʪʿ. ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ ʛʨʫʧʝ ɺ ʠ ʉ, ʘʣʠ ʩʫ ʫʟʦʨʮʠ CN ʠ TCN ʨʘʟʜʚʦʿʝʥʠ 

ʠ ʥʝ ʤʦʛʫ ʩʝ ʩʚʨʩʪʘʪʠ ʫ ʟʘʩʝʙʥʫ ʛʨʫʧʫ. ʂʘʦ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei, ʦʚʦ ʩʝ ʚʝʨʦʚʘʪʥʦ 

ʜʝʰʘʚʘ ʟʙʦʛ ʧʨʦʤʝʥʘ ʫ ʩʝʢʫʥʜʘʨʥʦʿ ʩʪʨʫʢʪʫʨʠ ʧʨʦʪʝʠʥʘ ʥʘʢʦʥ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ, 

ʰʪʦ ʧʦʪʚʨʹʫʿʫ ʪʨʘʢʝ ʥʘ 1535, 1538, 1541, 1557, 1560, 1575, 1578 cm
-1

 (Grewal et al., 

2017b).  
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ʉʣʠʢʘ 4.15. FTIR ʩʧʝʢʪʨʠ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. 

sulphureus. ʉʢʨʘ˂ʝʥʠʮʝ: RM ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; RMPL ï 

ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus; RMVL ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus; TRM ï ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; TRMPL ï 

ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus; TRMVL ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus; CN ï ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; CNPL ï 

ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus; CNVL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus; TCN ï ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ; TCNPL ï 

ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus; TCNVL - ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus; VL ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus; PL ï ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ L. 

sulphureus. 



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

82 

 

ʉʣʠʢʘ 4.16. ɻʨʘʬʠʮʠ ʦʙʿʝʢʘʪʘ ʠ ʚʘʨʠʿʘʙʣʠ ʠʟʚʝʜʝʥʠ ʠʟ FTIR ʩʧʝʢʪaʨʘ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus ʟʘ ʩʧʝʢʪʨʘʣʥʝ ʨʝʛʠʦʥʝ: (a, b) 700-1700 cm
-1
; (c, 

d) ʨʝʛʠʦʥ ʦʪʠʩʢʘ ʧʨʩʪʘ, 700-1200 cm
-1
; (e, f) ʘʤʠʜ III, 1200-1500 cm

-1
; (g, h) ʘʤʠʜ II, 1500-1600 

cm
-1
; (i, j) ʘʤʠʜ I, 1600-1700 cm

-1
. ʉʢʨʘ˂ʝʥʠʮʝ: RM ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ 

ʤʣʝʢʦ; RMPL ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; RMVL ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ 
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ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; TRM ï ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ 

ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; TRMPL ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; TRMVL ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; CN ï ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; CNPL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; CNVL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; TCN ï ʢʘʟʝʠʥʠ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ; TCNPL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; TCNVL - ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus. 

ʋ ʘʤʠʜʥʦʤ ʨʝʛʠʦʥʫ III (1500 ï 1200 cm
-1
) ʥʘ ʦʩʥʦʚʫ PC1 ʠ PC2 (ʢʦʿʠ ʦʙʿʘʰˁʘʚʘʿʫ 93% 

ʠ 4% ʫʢʫʧʥʝ ʚʘʨʠʿʘʥʩʝ, ʨʝʩʧʝʢʪʠʚʥʦ; ʩʣʠʢʘ 4.16.e) ʤʦʛʫ˂ʝ ʿʝ ʠʟʚʨʰʠʪʠ ʢʣʘʩʠʬʠʢʘʮʠʿʫ 

ʥʘ ʠʩʪʝ ʛʨʫʧʝ ʢʘʦ ʢʦʜ ʘʤʠʜʥʦʛ ʨʝʛʠʦʥʘ I, ʰʪʦ ʩʝ ʧʦʢʣʘʧʘ ʩʘ ʘʤʠʜʥʠʤ ʨʝʛʠʦʥʠʤʘ I ʠ III 

ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei. ʋ ʘʤʠʜʥʠʤ ʨʝʛʠʦʥʠʤʘ I, II ʠ III ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ ʪʨʘʢʝ ʦʢʦ 

1637, 1645, 1570, 1541, 1417 cm
-1
, ʰʪʦ ʩʝ ʩʘ ʙʣʘʛʠʤ ʧʦʤʝʨʘˁʠʤʘ ʫ ʣʠʪʝʨʘʪʫʨʠ ʥʘʚʦʜʠ 

ʢʘʦ ʧʨʠʩʫʩʪʚʦ ʨʝʟʠʜʫʘʣʥʠʭ ʧʨʦʪʝʠʥʘ ʫ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ (Klaus et al., 2013; Kozarski 

et al., 2011). ɺʠʙʨʘʮʠʿʝ ʧʨʦʪʝʠʥʘ ʛˀʠʚʘ ʥʝ ʤʦʛʫ ʩʝ ʨʘʟʜʚʦʿʠʪʠ ʦʜ ʚʠʙʨʘʮʠʿʘ ʧʨʦʪʝʠʥʘ 

ʤʣʝʢʘ, ʘʣʠ ʿʝ ʩʠʛʫʨʥʦ ʜʘ ˁʠʭʦʚʦ ʧʨʠʩʫʩʪʚʦ ʫ ʚʦʜʝʥʠʤ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ, ʢʘʦ ʠ 

ʧʨʠʩʫʩʪʚʦ ʨʘʟʣʠʯʠʪʠʭ ʧʦʣʠʩʘʭʘʨʠʜʘ ʫ ʧʦʣʠʩʘʭʘʨʠʜʥʠʤ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ ʜʦʧʨʠʥʦʩʠ 

ʨʘʟʜʚʘʿʘˁʫ ʤʝʰʘʚʠʥʘ ʦʜ ʧʦʣʘʟʥʠʭ ʫʟʦʨʘʢʘ. 

ʋ ʨʝʛʠʦʥʫ IV (1200 ï 700 cm
-1
; ʨʝʛʠʦʥ ʦʪʠʩʢʘ ʧʨʩʪʘ, ʫʛˀʝʥʦ-ʭʠʜʨʘʪʥʠ ʨʝʛʠʦʥ) PC1 ʠ 

PC2 ʦʙʿʘʰˁʘʚʘʿʫ 93% ʠ 4% ʫʢʫʧʥʝ ʚʘʨʠʿʘʥʩʝ, ʨʝʩʧʝʢʪʠʚʥʦ) (ʩʣʠʢʘ 4.16.c). ʆʚʜʝ ʩʝ 

ʥʘʠʣʘʟʠ ʥʘ ʦʜʨʝʹʝʥʝ ʨʘʟʣʠʢʝ ʫ ʦʜʥʦʩʫ ʥʘ ʘʥʘʣʦʛʥʝ ʤʝʰʘʚʠʥʝ ʩʘ A.blazei. ʋʟʦʨʮʠ ʩʝ 

ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʝ, ʠʩʪʝ ʢʘʦ ʢʦʜ ʘʤʠʜʥʠʭ ʨʝʛʠʦʥʘ I ʠ III. ɿʘ ʨʘʟʣʠʢʫ ʦʜ 

A.blazei, ʛʜʝ ʩʫ ʫʟʦʨʮʠ ʢʣʘʩʠʬʠʢʦʚʘʥʠ ʫ ʧʝʪ ʛʨʫʧʘ, ʦʚʜʝ ʥʧʨ. ʥʠʿʝ ʤʦʛʫ˂ʝ ʦʜʚʦʿʠʪʠ 

ʤʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ TRM ʦʜ ʧʦʣʘʟʥʦʛ ʫʟʦʨʢʘ (TRM). ʊʘʢʦʹʝ ʩʝ ʥʝ ʤʦʛʫ ʨʘʟʜʚʦʿʠʪʠ 

ʤʝʰʘʚʠʥʝ ʢʘʟʝʠʥʘ ʩʘ ʚʦʜʝʥʠʤ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus (TCNVL, CNVL) ʦʜ ʤʝʰʘʚʠʥʘ 

ʢʘʟʝʠʥʘ ʩʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠʤ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus (TCNʈL, CNʈL), ʚʝ˂ ʟʘʿʝʜʥʦ ʯʠʥʝ 

ʛʨʫʧʫ B, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʭʝʪʝʨʦʛʝʥʦʩʪʠ ʩʘʩʪʘʚʘ ʝʢʩʪʨʘʢʘʪʘ. ʆʚʜʝ ʩʝ ʪʘʢʦʹʝ ʚʨʰʠ 

ʦʜʚʘʿʘˁʝ ʧʨʝʤʘ ʦʜʩʫʩʪʚʫ ʠʣʠ ʧʨʠʩʫʩʪʚʫ ʣʘʢʪʦʟʝ ʢʦʜ ʢʘʟʝʠʥʘ ʠ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ 

ʢʘʟʝʠʥʘ ʠ ʤʣʝʢʘ ʠ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʤʣʝʢʘ. ʅʘ ʦʜʚʘʿʘˁʝ CN ʠ TCN ʦʜ ˁʠʭʦʚʠʭ 

ʤʝʰʘʚʠʥʘ ʫʪʠʮʘʿʘ ʠʤʘʿʫ ʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʛˀʠʚʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ A.blazei, ʫ ʦʚʦʤ ʨʝʛʠʦʥʫ  

ʧʦʿʘʚˀʫʿʫ ʩʝ ʿʘʩʥʦ ʠʟʨʘʞʝʥʝ ʪʨʘʢʝ ʦʢʦ 988 cm
-1
, ʰʪʦ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʥʘʚʦʜʠ ʢʘʦ ʿʘʢ 

ʩʠʛʥʘʣ ʟʘ ʮʝʣʫʣʦʟʫ ʠ ʛʣʫʢʘʥʝ, ʢʘʦ ʠ ʪʨʘʢʝ ʦʢʦ 1003 cm
-1

 ʠ 1016 cm
-1
, ʰʪʦ ʤʦʞʝ 

ʫʢʘʟʠʚʘʪʠ ʥʘ ʧʨʠʩʫʩʪʚʦ ʜʨʫʛʠʭ ʧʦʣʠʩʘʭʘʨʠʜʘ (Liu et al., 2021). Liu et al. (2021) ʥʘʚʦʜʝ 

ʜʘ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʪʨʘʢʘ ʦʢʦ 1016 cm
-1

 ʿʘʢ ʫ ʧʨʠʩʫʩʪʚʫ ʢʩʠʣʦʟʝ ʠ ʚʝʦʤʘ ʿʘʢ ʫ ʧʨʠʩʫʩʪʚʫ 

ʤʘʥʦʟʝ, ʘ ʠʥʪʝʥʟʠʚʘʥ ʩʠʛʥʘʣ ʠʟʤʝʹʫ 1010 ï 1040 cm
-1

 ʤʦʞʝ ʫʢʘʟʠʚʘʪʠ ʥʘ ʧʨʠʩʫʩʪʚʦ 

ʢʩʠʣʦʛʣʫʢʦʟʝ. ʆʚʜʝ ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ ʚʠʜʝʪʠ ʪʨʘʢʘ ʥʘ 1056 cm
-1
, ʯʠʿʠ ʩʝ ʠʥʪʝʥʟʠʪʝʪ ʫ 

ʣʠʪʝʨʘʪʫʨʠ ʥʘʚʦʜʠ ʢʘʦ ʚʝʦʤʘ ʿʘʢ ʫ ʧʨʠʩʫʩʪʚʫ ʛʘʣʘʢʪʦʟʝ (Liu et al., 2021). ʆʚʦ ʿʝ ʫ 

ʩʢʣʘʜʫ ʩʘ ʣʠʪʝʨʘʪʫʨʦʤ, ʛʜʝ ʩʫ ʫ L. sulphureus ʧʨʦʥʘʹʝʥʠ ʤʘʥʦʟʘ ʠ ʛʘʣʘʢʪʦʟʘ ʫʟ ʛʣʫʢʘʥʝ 

(Hwang et al., 2008), ʛʘʣʘʢʪʦʤʘʥʦʛʣʫʢʘʥʠ ʨʘʩʪʚʦʨˀʠʚʠ ʫ ʚʦʜʠ (Olennikov et al., 2009b), 

ʢʘʦ ʠ ʨʘʟʛʨʘʥʘʪʠ ʬʫʢʦʤʘʥʦʛʘʣʘʢʪʘʥ (Alquini et al., 2004). ʊʨʘʢʝ ʦʢʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ ʟʘ Ŭ- ʠ ɓ-ʛʣʠʢʦʟʠʜʥʝ ʚʝʟʝ ʩʫ ʪʘʢʦʹʝ ʧʨʠʩʫʪʥʠ, ʘʣʠ ʜʘʿʫ ʩʘʤʦ 

ʢʚʘʣʠʪʘʪʠʚʥʫ ʠʥʬʦʨʤʘʮʠʿʫ, ʜʦʢ ˁʠʭʦʚ ʠʥʪʝʥʟʠʪʝʪ ʥʝ ʦʜʛʦʚʘʨʘ ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʦʚʠʭ 

ʚʝʟʘ ʫ ʧʦʣʠʩʘʭʘʨʠʜʠʤʘ (Klaus et al., 2013). 

ɿʘ ʠʩʪʝ ʨʝʛʠʦʥʝ ʩʫ ʫʨʘʹʝʥʝ ʜʦʜʘʪʥʝ PCA ʘʥʘʣʠʟʝ FTIR ʩʧʝʢʪaʨʘ ʢʘʟʝʠʥʘ ʠ ʤʝʰʘʚʠʥʘ 

ʝʢʩʪʨʘʢʘʪʘ L. sulphureus ʩʘ ʫʟʦʨʮʠʤʘ ʢʘʟʝʠʥʘ (ʩʣʠʢʘ 4.17.), ʢʘʦ ʠ ʩʧʝʢʪʘʨʘ ʤʣʝʢʘ ʠ 

ʤʝʰʘʚʠʥʘ ʝʢʩʪʨʘʢʘʪʘ L. sulphureus ʩʘ ʫʟʦʨʮʠʤʘ ʤʣʝʢʘ (ʩʣʠʢʘ 4.18.) ʨʘʜʠ ʙʦˀʝʛ 

ʨʘʟʜʚʘʿʘˁʘ ʠ ʪʫʤʘʯʝˁʘ ʨʝʟʫʣʪʘʪʘ. 
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ʅʘ ʩʣʠʮʠ 4.17. ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʫ ʩʚʘ ʯʝʪʠʨʠ ʨʝʛʠʦʥʘ ʫʟʦʨʮʠ CN ʠ TCN ʿʘʩʥʦ 

ʨʘʟʜʚʦʿʝʥʠ ʦʜ ʩʚʦʿʠʭ ʤʝʰʘʚʠʥʘ ʜʫʞ ʣʠʥʠʿʝ PC1, ʧʦʩʝʙʥʦ ʟʘ ʘʤʠʜʥʝ ʨʝʛʠʦʥʝ I, II ʠ III, 

ʛʜʝ PC1 ʦʙʿʘʰˁʘʚʘ 94%, 98% ʠ 91% ʫʢʫʧʥʝ ʚʘʨʠʿʘʥʩʝ, ʨʝʩʧʝʢʪʠʚʥʦ. ʋ ʘʤʠʜʥʦʤ 

ʨʝʛʠʦʥʫ I ʦʚʦʤ ʨʘʟʜʚʘʿʘˁʫ ʩʫ ʥʘʿʚʠʰʝ ʜʦʧʨʠʥʝʣʝ ʪʨʘʢʝ ʥʘ: 1609, 1615, 1617, 1621, 1624, 

1627, 1629, 1634, 1637, 1645, 1648, 1652, 1654, 1663, 1667, 1671 cm
-1
, ʜʦʢ ʩʫ ʟʘ ʘʤʠʜʥʠ 

ʨʝʛʠʦʥ II ʨʘʟʜʚʘʿʘˁʫ ʜʦʧʨʠʥʝʣʝ ʪʨʘʢʝ ʥʘ: 1505, 1508, 1515, 1518, 1520, 1523, 1525, 

1527, 1532, 1535, 1538, 1542, 1557, 1560, 1568, 1571, 1574, 1577 cm
-1

 (ʩʣʠʢʘ 4.17.h,f). 

ʂʘʦ ʢʦʜ ʘʥʘʣʦʛʥʠʭ ʨʝʛʠʦʥʘ ʟʘ ʤʝʰʘʚʠʥʝ ʩʘ A. blazei, ʚʘʨʠʿʘʮʠʿʝ ʦʢʦ 1610-1624; 1645-

1648 cm
-1
; 1653, 1663 ʠ 1668 cm

-1
 , ʢʘʦ ʠ 1560-1578 cm

-1
; 1542-1550 cm

-1
; 1505-1532 cm

-1
 

; 1515, 1517 cm
-1

 ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʨʘʟʣʠʯʠʪʠʭ ʦʙʣʠʢʘ ʩʝʢʫʥʜʘʨʥʝ 

ʩʪʨʫʢʪʫʨʝ ʧʨʦʪʝʠʥʘ, ʢʘʦ ʠ ʥʘ ʧʦʩʪʦʿʘˁʝ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ (1618 cm
-1
), ʰʪʦ ʤʦʞʝ 

ʫʢʘʟʠʚʘʪʠ ʥʘ ʧʦʩʪʦʿʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ, ʘʣʠ ʩʝ ʦʚʜʝ ʟʙʦʛ ʩʣʦʞʝʥʦʩʪʠ ʙʠʦʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ 

ʥʝ ʤʦʞʝ ʨʝ˂ʠ ʩʘ ʩʠʛʫʨʥʦʰ˂ʫ ʠʟʤʝʹʫ ʢʦʿʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ (Grewal et al., 2017a; 2017b; 

Markoska et al., 2019a, 2019b). ʅʝ ʤʦʞʝ ʩʝ ʛʦʚʦʨʠʪʠ ʦ ʛʨʫʧʠʩʘˁʫ CN ʠ TCN ʫ ʠʩʪʫ 

ʛʨʫʧʫ, ʦʩʠʤ ʢʦʜ ʨʝʛʠʦʥʘ ʘʤʠʜ III. ʆʚʜʝ ʿʝ ʤʦʛʫ˂ʝ ʛʨʫʧʠʩʘʪʠ ʤʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ CN 

(ʛʨʫʧʘ ɸ, ʫʟʦʨʮʠ CNGL, CNVL) ʠ ʤʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ TCN (ʛʨʫʧʘ ɺ, ʫʟʦʨʮʠ TCNGL, 

TCNVL) (ʩʣʠʢʘ 4.17.c). ʂʘʦ ʠ ʢʦʜ ʘʤʠʜʥʠʭ ʨʝʛʠʦʥʘ I ʠ II, ʠ ʦʚʜʝ ʪʨʘʢʝ ʫ ʨʝʛʠʦʥʫ 1230-

1356 cm
-1

 ʫʢʘʟʫʿʫ ʥʘ ʧʨʦʤʝʥʫ ʩʝʢʫʥʜʘʨʥʝ ʩʪʨʫʢʪʫʨʝ ʧʨʦʪʝʠʥʘ (ʩʣʠʢʘ 4.17.d) ʠ ʧʨʦʤʝʥʫ 

ʩʪʨʫʢʪʫʨʘ Ŭ-ʭʝʣʠʢʩʘ ʠ ɓ-ʧʣʦʯʘ ʥʘʩʪʘʣʠʭ ʘʛʨʝʛʘʮʠʿʦʤ ʧʨʦʪʝʠʥʘ (Grewal et al., 2017a). 

ʉʣʠʯʥʦ ʢʘʦ ʠ ʥʘ ʩʣʠʮʠ 4.16, ʚʝ˂ʠ ʫʜʝʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʛˀʠʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʪʝʠʥʝ ʢʦʜ 

ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʢʘʟʝʠʥʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʤʝʰʘʚʠʥʘʤʘ ʥʘ ʙʘʟʠ ʤʣʝʢʘ ʠ ʦʚʜʝ ʫʪʠʯʝ ʥʘ 

ʙʦˀʝ ʨʘʟʜʚʘʿʘˁʝ CN ʠ TCN ʦʜ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ. 

ʀ ʫ ʨʝʛʠʦʥʫ IV ʚʠʜˀʠʚʦ ʿʝ ʨʘʟʜʚʘʿʘˁʝ ʫʟʦʨʘʢʘ ʢʘʟʝʠʥʘ (CN, TCN) ʦʜ ʤʝʰʘʚʠʥʘ (ʩʣʠʢʘ 

4.17.ʘ), ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ ʨʘʟʣʠʯʠʪʠʭ ʧʦʣʠʩʘʭʘʨʠʜʘ ʧʦʨʝʢʣʦʤ ʠʟ ʝʢʩʪʨʘʢʘʪʘ 

ʛˀʠʚʘ. ʊʨʘʢʝ ʥʘ 890 ʠ 919 cm
-1

 ʩʘ ʙʣʘʛʠʤ ʧʦʤʝʨʘˁʠʤʘ ʠ ʦʚʜʝ ʫʢʘʟʫʿʫ ʥʘ ʧʨʠʩʫʩʪʚʦ Ŭ- ʠ 

ɓ-ʛʣʫʢʘʥʘ (ʩʣʠʢʘ 4.17.b) (Gonzaga et al., 2013; Mohaļek-Groġev et al., 2001), ʘʣʠ ʩʝ ʦʚʜʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʠʩʪʠ ʨʝʛʠʦʥ ʢʦʜ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ A.blazei (ʩʣʠʢʘ 4.13.b) ʤʦʞʝ ʚʠʜʝʪʠ 

ʧʨʠʩʫʩʪʚʦ ʚʝ˂ʝʛ ʙʨʦʿʘ ʨʘʟʣʠʯʠʪʠʭ ʪʨʘʢʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʨʘʟʥʦʣʠʢ ʧʦʣʠʩʘʭʘʨʠʜʥʠ 

ʩʘʩʪʘʚ. ʄʦʛʫ ʩʝ ʫʦʯʠʪʠ ʪʨʘʢʝ ʦʢʦ ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ ʢʦʿʝ ʩʫ ʫ ʣʠʪʝʨʘʪʫʨʠ ʧʨʠʩʫʪʥʝ ʢʦʜ 

ʤʦʥʦʩʘʭʘʨʠʜʘ ʨʘʟʣʠʯʠʪʠʭ ʦʜ ʛʣʫʢʦʟʝ, ʢʘʦ ʥʧʨ. 1016 cm
-1

 (ʿʘʢ ʠʥʪʝʥʟʠʪʝʪ ʟʘ ʢʩʠʣʦʟʫ, 

ʚʨʣʦ ʿʘʢ ʠʥʪʝʥʟʠʪʝʪ ʟʘ ʤʘʥʦʟʫ); 1122 cm
-1

 (1123 cm
-1

 ʥʘʚʝʜʝʥʦ ʢʘʦ ʿʘʢ ʠʥʪʝʥʟʠʪʝʪ ʪʨʘʢʝ 

ʢʦʜ ʧʨʠʩʫʩʪʚʘ ʢʩʠʣʦʟʝ); 1112 cm
-1

 (1110 cm
-1

 ʿʘʢ ʠʥʪʝʥʟʠʪʝʪ ʟʘ ʤʘʥʦʟʫ) (Liu et al., 2021). 

ʊʨʘʢʝ ʫ ʨʝʛʠʦʥʠʤʘ 1175-1140 ʠ 1000-920 cm
-1

 ʤʦʛʫ ʫʢʘʟʠʚʘʪʠ ʥʘ ʚʠʙʨʘʮʠʿʝ ʣʘʥʘʮʘ 

ʫʛˀʝʥʠʭ ʭʠʜʨʘʪʘ ʠʣʠ ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʦʣʠʩʘʭʘʨʠʜ-ʢʘʟʝʠʥ ʠʥʪʝʨʘʢʮʠʿʝ, ʰʪʦ ʩʝ ʥʝ ʤʦʞʝ ʩʘ 

ʩʠʛʫʨʥʦʰ˂ʫ ʦʜʨʝʜʠʪʠ ʟʙʦʛ ʭʝʪʝʨʦʛʝʥʦʛ ʩʘʩʪʘʚʘ ʝʢʩʪʨʘʢʘʪʘ (Gonzaga et al., 2013; Grewal 

et al., 2017a; 2017b; Kozarski et al., 2011; Mohaļek-Groġev et al., 2001; Nikonenko et al., 

2000). 

ʅʘ ʩʣʠʮʠ 4.18. ʩʝ ʥʘʣʘʟʝ ʜʦʜʘʪʥʝ ʘʥʘʣʠʟʝ ʩʧʝʢʪʘʨʘ ʤʣʝʢʘ ʠ ʤʝʰʘʚʠʥʘ ʝʢʩʪʨʘʢʘʪʘ L. 

sulphureus ʩʘ ʫʟʦʨʮʠʤʘ ʤʣʝʢʘ (RM, TRM). ʆʚʜʝ ʨʘʟʜʚʘʿʘˁʘ ʜʫʞ ʣʠʥʠʿʝ PC1 ʥʠʩʫ ʪʘʢʦ 

ʿʘʩʥʦ ʠʟʨʘʞʝʥʘ ʢʘʦ ʥʘ ʩʣʠʢʘʤʘ 4.16. ʠ 4.17, ʿʝʨ PC1 ʦʙʿʘʰˁʘʚʘ ʤʘˁʠ ʧʨʦʮʝʥʘʪ ʫʢʫʧʥʝ 

ʚʘʨʠʿʘʥʩʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʩʣʫʯʘʿʝʚʝ (57%; 73%; 75%; 61% ʟʘ ʨʝʛʠʦʥʝ I, II, III ʠ IV, 

ʨʝʩʧʝʢʪʠʚʥʦ). ʆʚʜʝ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʩʝ ʩʚʠ ʫʟʦʨʮʠ ʨʘʟʜʚʘʿʘʿʫ ʿʝʜʥʠ ʦʜ ʜʨʫʛʠʭ, 

ʠʤʘ ʠʭ ʫ ʩʚʠʤ ʢʚʘʜʨʘʥʪʠʤʘ ʫ ʩʚʘʢʦʤ ʨʝʛʠʦʥʫ, ʧʘ ʦʜʩʫʩʪʚʦ ʛʨʫʧʠʩʘˁʘ ʫʢʘʟʫʿʝ ʥʘ 

ʭʝʪʝʨʦʛʝʥʦʩʪ ʫʟʦʨʘʢʘ.  
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ʉʣʠʢʘ 4.17. ɻʨʘʬʠʮʠ ʦʙʿʝʢʘʪʘ ʠ ʚʘʨʠʿʘʙʣʠ ʠʟʚʝʜʝʥʠ ʠʟ FTIR ʩʧʝʢʪaʨʘ ʫʟʦʨʘʢʘ ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus ʟʘ ʩʧʝʢʪʨʘʣʥʝ ʨʝʛʠʦʥʝ: (a, b) ʨʝʛʠʦʥ ʦʪʠʩʢʘ 

ʧʨʩʪʘ, 700-1200 cm
-1
; (c, d) ʘʤʠʜ III, 1200-1500 cm

-1
; (e, f) ʘʤʠʜ II, 1500-1600 cm

-1
; (g, h) ʘʤʠʜ I, 

1600-1700 cm
-1
. ʉʢʨʘ˂ʝʥʠʮʝ: CN ï ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; CNPL 

ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ 

L. sulphureus; CNVL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ 

ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; TCN ï ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ; 

TCNPL ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus; TCNVL - ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ 

ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus. 



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

86 

 

ʉʣʠʢʘ 4.18. ɻʨʘʬʠʮʠ ʦʙʿʝʢʘʪʘ ʠ ʚʘʨʠʿʘʙʣʠ ʠʟʚʝʜʝʥʠ ʠʟ FTIR ʩʧʝʢʪaʨʘ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʠ ˁʠʭʦʚʠʭ 

ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus ʟʘ ʩʧʝʢʪʨʘʣʥʝ ʨʝʛʠʦʥʝ: (a, b) ʨʝʛʠʦʥ ʦʪʠʩʢʘ ʧʨʩʪʘ, 700-

1200 cm
-1
; (c, d) ʘʤʠʜ III, 1200-1500 cm

-1
; (e, f) ʘʤʠʜ II, 1500-1600 cm

-1
; (g, h) ʘʤʠʜ I, 1600-1700 

cm
-1
. ʉʢʨʘ˂ʝʥʠʮʝ: RM ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; RMPL ï ʤʝʰʘʚʠʥʘ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; 

RMVL ï ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus; TRM ï ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; TRMPL ï ʤʝʰʘʚʠʥʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; 

TRMVL ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus.  

ʈʘʟʜʚʘʿʘˁʫ ʜʦʧʨʠʥʦʩʝ ʙʠʦʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚʠ ʝʢʩʪʨʘʢʘʪʘ L. sulphureus, ʦʜʥʦʩʥʦ 

ʧʨʠʩʫʩʪʚʦ ʧʨʦʪʝʠʥʘ ʫ ʚʝʣʠʢʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʢʦʜ VL, ʨʘʟʥʦʣʠʢʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʩʘʩʪʘʚ, 

ʢʘʦ ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ ʤʣʝʢʘ. ʉʘʤʦ ʩʝ ʢʦʜ ʘʤʠʜʥʦʛ ʨʝʛʠʦʥʘ II ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ 
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ʦʜʚʘʿʘˁʝ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ï TRMʈL ʠ TRMVL ʦʜ ʦʩʪʘʣʠʭ 

ʫʟʦʨʘʢʘ ʥʘ ʦʩʥʦʚʫ ʪʨʘʢʘ ʢʦʜ ʩʣʝʜʝ˂ʠʭ ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ: 1505, 1508, 1515, 1518, 1520, 

1522, 1525, 1527, 1532, 1534, 1538, 1542, 1544, 1548, 1550, 1560, 1565, 1567, 1571, 1574, 

1578 cm-1 (ʩʣʠʢʘ 4.18.f). ʄʦʛʫ˂ʝ ʿʝ ʜʘ ʧʦʩʪʦʿʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʢʦʥʩʪʠʪʫʝʥʘʪʘ 

ʤʝʰʘʚʠʥʘ ʟʙʦʛ ʪʨʘʢʘ ʫ ʨʝʛʠʦʥʠʤʘ 1560-1578 cm
-1

; 1542-1550 cm
-1

; 1505-1532 cm
-1

; 1515, 

1518 cm
-1
, ʘʣʠ ʩʝ ʟʙʦʛ ʭʝʪʝʨʦʛʝʥʦʩʪʠ ʩʘʩʪʘʚʘ ʫʟʦʨʘʢʘ ʥʝ ʤʦʞʝ ʨʝ˂ʠ ʢʦʿʠʭ ʥʠʪʠ ʛʦʚʦʨʠʪʠ 

ʦ ˁʠʭʦʚʦʤ ʠʥʪʝʥʟʠʪʝʪʫ (Grewal et al., 2017a; 2017b; Markoska et al., 2019a, 2019b). 

ɺʝʣʠʢʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʫʟʦʨʘʢʘ ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ ʢʦʜ ʘʤʠʜʥʠʭ ʨʝʛʠʦʥʘ I ʠ II, ʛʜʝ ʩʫ 

TRMʈL ʠ TRMVL, ʢʘʦ ʠ RMʈL ʠ RMVL ʫʚʝʢ ʨʘʟʜʚʦʿʝʥʠ ʜʫʞ ʨʘʟʣʠʯʠʪʠʭ PC ʣʠʥʠʿʘ. 

ʋ ʨʝʛʠʦʥʫ IV ʩʝ ʚʠʜʠ ʜʘ ʩʫ ʫʟʦʨʮʠ TRMʈL ʠ TRMVL ʨʘʟʜʚʦʿʝʥʠ ʦʜ ʦʩʪʘʣʠʭ ʜʫʞ 

ʣʠʥʠʿʝ PC1 (ʩʣʠʢʘ 4.18.a), ʤʘʜʘ ʩʝ ʥʝ ʤʦʞʝ ʛʦʚʦʨʠʪʠ ʦ ˁʠʭʦʚʦʤ ʛʨʫʧʠʩʘˁʫ ʿʝʨ ʩʫ ʿʝʜʘʥ 

ʦʜ ʜʨʫʛʦʛ ʨʘʟʜʚʦʿʝʥʠ ʜʫʞ ʣʠʥʠʿʝ PC2. ʀ ʦʚʜʝ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʚʝ˂ʠ ʙʨʦʿ ʪʨʘʢʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʤʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ A.blazei, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ ʧʦʣʠʩʘʭʘʨʠʜʘ 

ʨʘʟʣʠʯʠʪʠʭ ʦʜ ʛʣʫʢʘʥʘ (ʩʣʠʢʘ 4.14.b). ʊʨʘʢʝ ʦʢʦ ʪʘʣaʩʥʠʭ ʙʨʦʿʝʚʘ 890, 899, 914, 922, 

988, 1015, 1049, 1070, 1140, 1154, 1162, 1167, 1178 cm
-1

 (ʩʣʠʢʘ 4.18.b) ʫʢʘʟʫʿʫ ʥʘ 

ʧʨʠʩʫʩʪʚʦ ʦʙʘ ʘʥʦʤʝʨʘ ʛʣʫʢʘʥʘ, ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʘʥʦʟʫ ʠ/ʠʣʠ ʢʩʠʣʦʟʫ, ʣʘʢʪʦʟʫ, ʬʦʩʬʘʪʥʝ 

ʛʨʫʧʝ ʢʘʟʝʠʥʘ, ʚʠʙʨʘʮʠʿʝ ʣʘʥʘʮʘ ʫʛˀʝʥʠʭ ʭʠʜʨʘʪʘ, ʧʦʪʝʥʮʠʿʘʣʥʝ ʛʣʠʢʦʟʠʜʥʝ ʠ/ʠʣʠ 

ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʠʟʤʝʹʫ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʢʘʟʝʠʥʘ, ʠʪʜ. (Gonzaga et al., 2013; Grewal et al., 

2017a; 2017b; Kozarski et al., 2011; Liu et al., 2021; Markoska et al., 2019a; Mohaļek-

Groġev et al., 2001; Nikonenko et al., 2000). 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʩʘʩʪʘʚ ʩʚʠʭ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ L. sulphureus ï ʚʠʩʦʢ ʩʘʜʨʞʘʿ 

ʧʨʦʪʝʠʥʘ ʫ ʚʦʜʝʥʦʤ ʝʢʩʪʨʘʢʪʫ, ʧʦʣʠʩʘʭʘʨʠʜʝ ʨʘʟʣʠʯʠʪʝ ʦʜ ʛʣʫʢʘʥʘ, ʭʝʪʝʨʦʛʝʥʦʩʪ ʩʚʠʭ 

ʫʟʦʨʘʢʘ ʢʦʿʫ ʧʦʢʘʟʫʿʫ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ (ʧʦʛʦʪʦʚʦ CNPL, CNVL ʠ 

TCNPL), ʧʨʠʩʫʩʪʚʦ ʥʠʩʢʦʤʦʣʝʢʫʣʩʢʠʭ ʧʝʧʪʠʜʘ ʢʦʜ ʥʝʢʠʭ ʤʝʰʘʚʠʥʘ (TRMPL, TRMVL, 

TCNVL), ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʫʢʦʣʠʢʦ ʠʤʘ ʠʥʪʝʨʘʢʮʠʿʘ, ʦʥʝ ʩʫ ʚʨʣʦ ʩʣʦʞʝʥʝ. ʅʘ ʦʩʥʦʚʫ 

ʜʦʩʘʜʘʰˁʠʭ ʨʝʟʫʣʪʘʪʘ, ʥʝ ʤʦʞʝ ʩʝ ʩʘ ʩʠʛʫʨʥʦʰ˂ʫ ʨʝ˂ʠ ʢʘʢʚʠʤ ʚʝʟʘʤʘ ʙʠ ʢʦʿʠ 

ʢʦʥʩʪʠʪʫʝʥʪʠ ʤʦʛʣʠ ʩʪʫʧʘʪʠ ʫ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʜʨʫʛʠʤʘ, ʧʦʰʪʦ ʩʫ ʧʦʪʝʥʮʠʿʘʣʥʝ 

ʢʦʤʙʠʥʘʮʠʿʝ ʨʘʟʥʦʚʨʩʥʝ, ʥʠʪʠ ʩʝ ʤʦʞʝ ʜʠʩʢʫʪʦʚʘʪʠ ʦ ʩʪʝʧʝʥʫ ʦʚʘʢʚʠʭ ʠʥʪʝʨʘʢʮʠʿʘ. 

ʆʚʘʢʚʠ ʟʘʢˀʫʯʮʠ ʟʘʭʪʝʚʘʿʫ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ.  
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4.5. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʰʘʚʠʥʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ 

ʅʘ ʩʣʠʮʠ 4.19. ʩʫ ʧʨʠʢʘʟʘʥʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʤʝʰʘʚʠʥʘ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ 

A.blazei ʩʥʠʤˀʝʥʝ ʩʢʝʥʠʨʘʿʫ˂ʠʤ ʝʣʝʢʪʨʦʥʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ. ɸʥʘʣʠʟʠʨʘʥʝ ʩʫ ʩʣʠʢʝ 

ʧʦʜ ʨʘʟʣʠʯʠʪʠʤ ʫʚʝ˂ʘˁʠʤʘ ï 150 ʍ ʠ 600 ʍ. ʅʘ ʩʚʠʤ ʩʣʠʢʘʤʘ ʿʝ ʫʦʯˀʠʚʘ ʥʝʧʨʘʚʠʣʥʘ 

ʩʪʨʫʢʪʫʨʘ. ɺʠʜˀʠʚʘ ʿʝ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʤʣʝʢʘ (ʩʣʠʢʘ 4.19; A, B, E, F) 

ʠ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʢʘʟʝʠʥʘ (ʩʣʠʢʘ 4.19; C, D, G, H). ʄʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ ʤʣʝʢʘ ʠʤʘʿʫ 

ʠʟʛʣʝʜ ʨʘʟʙʠʿʝʥʦʛ ʩʪʘʢʣʘ, ʪʿ. ʣʠʯʝ ʥʘ ʥʝʧʨʘʚʠʣʥʝ ˀʫʩʧʠʮʝ ʟʙʦʛ ʘʢʫʤʫʣʘʮʠʿʝ ʧʨʦʪʝʠʥʘ 

ʧʨʝʢʦ ʫʛˀʝʥʠʭ ʭʠʜʨʘʪʘ ʪʦʢʦʤ ʣʠʦʬʠʣʠʟʘʮʠʿʝ, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʣʠʪʝʨʘʪʫʨʥʠʤ 

ʧʦʜʘʮʠʤʘ ʚʝʟʘʥʠʤ ʟʘ ʣʠʦʬʠʣʠʟʦʚʘʥʝ ʫʟʦʨʢʝ ʤʣʝʢʘ (Deshwal et al., 2020; Rojas-Candelas 

et al., 2019; Saha et al., 2022; Zou et al., 2022), ʟʘʪʠʤ ʤʝʰʘʚʠʥʝ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ ʠ ʣʘʢʪʦʟʝ 

(Haque & Roos, 2006) ʠʣʠ ʤʝʰʘʚʠʥʝ ʧʨʦʪʝʠʥʘ ʠ ʫʛˀʝʥʠʭ ʭʠʜʨʘʪʘ (Millqvist -Fureby et 

al., 1999). 

 

ʉʣʠʢʘ 4.19. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʰʘʚʠʥʘ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʩʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠʤ ʝʢʩʪʨʘʢʪʦʤ A. 

blazei (A-D) ʠ ʚʦʜʝʥʠʤ ʝʢʩʪʨʘʢʪʦʤ A. blazei (E-H). ʃʝʚʘ ʢʦʣʦʥʘ: ʫʚʝʣʠʯʘˁʝ 150ʍ; ʜʝʩʥʘ ʢʦʣʦʥʘ: 

ʫʚʝʣʠʯʘˁʝ 600ʍ. ʋʟʦʨʮʠ: ɸ - RMPA (ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei); B - TRMPA (ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei); C - CNPA (ʤʝʰʘʚʠʥʘ 

ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei); D - 

TCNPA (ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A. blazei); E - RMVA (ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ 

ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei); F - TRMVA (ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei); G - CNVA (ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei); H - TCNVA (ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei). 



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

89 

ɼʝʭʠʜʨʘʪʘʮʠʦʥʠ ʢʦʨʘʢ ʪʦʢʦʤ ʧʨʠʧʨʝʤʝ ʫʟʦʨʘʢʘ ʨʝʟʫʣʪʫʿʝ ʩʪʨʫʢʪʫʨʥʠʤ ʜʝʬʦʨʤʘʮʠʿʘʤʘ, 

ʧʘ ʩʝ ʩʤʘʪʨʘ ʤʘʥʦʤ ʢʦʜ SEM ʤʝʪʦʜʝ (Ayala-Hernandez et al., 2008). ɹʝʟ ʦʙʟʠʨʘ ʥʘ 

ʧʨʠʤʝˁʝʥʫ ʪʝʭʥʠʢʫ ʤʠʢʨʦʩʢʦʧʠʿʝ, ʧʨʠʧʨʝʤʘ ʫʟʦʨʢʘ ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʨʘʢʝ ʢʘʦ ʰʪʦ ʩʫ 

ʜʝʭʠʜʨʘʪʘʮʠʿʘ, ʟʘʤʨʟʘʚʘˁʝ ʠʣʠ ʦʙʣʘʛʘˁʝ ʤʝʪʘʣʠʤʘ, ʰʪʦ ʦʤʝʪʘ ʧʦʩʤʘʪʨʘˁʝ ʢʘʟʝʠʥʩʢʝ 

ʤʠʮʝʣʝ ʫ ʥʘʪʠʚʥʦʤ ʩʪʘˁʫ (Bahri et al., 2017). ɸʫʪʦʨʠ ʧʨʝʧʦʨʫʯʫʿʫ ʣʠʦʬʠʣʠʟʘʮʠʿʫ ʫ 

ʦʜʥʦʩʫ ʥʘ ʩʫʰʝˁʝ ʫ ʚʘʢʫʫʤʫ ʠʣʠ ʚʘʟʜʫʭʦʤ ʫ ʢʦʥʪʝʢʩʪʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʩʘʩʪʘʚʘ (Wu et al., 2014). ʀʘʢʦ ʩʝ ʥʘʢʦʥ ʩʧʨʝʿ-ʩʫʰʝˁʘ ʤʣʝʢʘ ʤʦʛʫ 

ʜʦʙʠʪʠ ʫʥʠʬʦʨʤʥʠʿʝ ʠ ʧʨʘʚʠʣʥʠʿʝ ʯʝʩʪʠʮʝ (de Oliveira et al., 2021), ʧʨʝʜʥʦʩʪ ʿʝ ʜʘʪʘ 

ʣʠʦʬʠʣʠʟʘʮʠʿʠ ʟʙʦʛ ʬʦʨʤʫʣʘʮʠʿʝ ʘʜʠʪʠʚʘ ʩʘ ʦʯʫʚʘʥʠʿʠʤ ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʩʚʦʿʩʪʚʠʤʘ. 

ʂʦʜ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʥʝʤʘ ʧʨʠʩʫʩʪʚʘ ʤʘʩʪʠ ʢʦʿʘ ʜʝʣʫʿʝ ʢʘʦ ʟʘʰʪʠʪʥʠ ʩʣʦʿ ʠ 

ʩʧʨʝʯʘʚʘ ʢʨʝʪʘˁʝ ʚʦʜʝ, ʧʘ ʩʪʨʫʢʪʫʨʘ ʥʠʿʝ ʛʣʘʪʢʘ ʢʘʦ ʢʦʜ ʧʫʥʦʤʘʩʥʦʛ ʤʣʝʢʘ 

(Habtegebriel et al., 2018). ʅʘʿʤʘˁʝ, ʥʘʿʩʿʘʿʥʠʿʝ ʯʝʩʪʠʮʝ ʥʝʧʨʘʚʠʣʥʦʛ ʦʙʣʠʢʘ ʥʘ 

ʧʦʚʨʰʠʥʠ ˀʫʩʧʠʮʘ ʤʦʛʫ ʙʠʪʠ ʢʨʠʩʪʘʣʠ ʣʘʢʪʦʟʝ, ʢʦʿʠ ʟʙʦʛ ʩʚʦʿʝ ʩʪʨʫʢʪʫʨʝ ʠʥʪʝʥʟʠʚʥʦ 

ʨʝʬʣʝʢʪʫʿʫ ʩʚʝʪʣʦʩʪ (Sharma et al., 2021).  

ʄʝh ʘʚʠʥʝ ʥʘ ʙʘʟʠ ʢʘʟʝʠʥʘ (ʩʣʠʢʘ 4.19; C, D, G, H) ʠʤʘʿʫ ʧʦʨʦʟʥʠʿʫ, ʧʦʮʝʧʘʥʫ ʠ 

ʥʝʨʘʚʥʫ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ. ʂʦʜ ʦʚʠʭ ʫʟʦʨʘʢʘ ʥʝʤʘ ʧʨʠʩʫʩʪʚʘ ʣʘʢʪʦʟʝ ʠ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ, 

ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʤʣʝʢʘ. ʇʦʚʨʰʠʥʘ ʢʦʿʘ ʧʦʜʩʝ˂ʘ ʥʘ ʛʨʝʙʝʥ ʥʘ ʩʣʠʮʠ 4.19. 

ʉ (ʫʟʦʨʘʢ CNPA) ʿʝ ʧʦʩʣʝʜʠʮʘ ʩʫʙʣʠʤʘʮʠʿʝ ʢʨʠʩʪʘʣʘ ʣʝʜʘ ʪʦʢʦʤ ʣʠʦʬʠʣʠʟʘʮʠʿʝ, ʥʘʢʦʥ 

ʯʝʛʘ ʦʩʪʘʿʝ ʧʦʨʦʟʥʘ ʩʪʨʫʢʪʫʨʘ (Lara-Castellanos et al., 2021), ʟʘ ʰʪʘ ʧʦʩʪʦʿʝ ʩʣʠʯʥʠ 

ʧʨʠʤʝʨʠ ʫ ʣʠʪʝʨʘʪʫʨʠ (Shen et al., 2015; Xu et al., 2020). ʂʦʜ ʨʘʩʪʚʦʨʘ ʩʘ ʚʝʣʠʢʠʤ 

ʩʘʜʨʞʘʿʝʤ ʚʦʜʝ, ʢʘʦ ʰʪʦ ʿʝ ʨʝʢʦʥʩʪʠʪʫʠʩʘʥʦ ʤʣʝʢʦ (ʧʦʛʦʪʦʚʦ 2% ʢʘʟʝʠʥʠ), ʪʦʢʦʤ 

ʣʠʦʬʠʣʠʟʘʮʠʿʝ ˂ʝ ʩʝ ʩʪʚʘʨʘʪʠ ʚʝ˂ʠ ʢʨʠʩʪʘʣʠ ʣʝʜʘ ʢʦʿʠ ˂ʝ ʥʘʨʫʰʠʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, 

ʦʜʥʦʩʥʦ ʫʪʠʮʘʪʠ ʥʘ ʧʦʨʦʟʥʦʩʪ (Arsiccio et al., 2019; Kamigaki, 2020). ʅʘ ʩʣʠʮʠ 4.19. D 

(ʫʟʦʨʘʢ ʊCNPA) ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʫʪʠʮʘʿ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ. ʌʦʨʤʠʨʘʥʠ WP/CN 

ʢʦʤʧʣʝʢʩʠ ʥʘ ʧʦʚʨʰʠʥʠ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʚʝʨʦʚʘʪʥʦ ʦʙʝʟʙʝʹʫʿʫ ʙʦˀʝ ʧʦʚʝʟʠʚʘˁʝ 

ʠʟʤʝʹʫ ʢʘʟʝʠʥʘ ʪʦʢʦʤ ʣʠʦʬʠʣʠʟʘʮʠʿʝ, ʧʘ ʿʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʘʢʪʥʠʿʘ. X. Y. Li et al. 

(2020) ʩʫ ʪʘʢʦʹʝ ʧʨʦʥʘʰʣʠ ʬʦʨʤʠʨʘˁʝ ʛʫʩʪʠʭ ʤʨʝʞʘʩʪʠʭ ʩʪʨʫʢʪʫʨʘ ʢʦʜ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʠʭ ʧʨʦʪʝʠʥʘ ʢʦʟʿʝʛ ʤʣʝʢʘ. ʊʘʢʦʹʝ, ʫʟʦʨʮʠ ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʩʫ ʜʦʙʠʿʝʥʠ ʥʘʢʦʥ 

ʠʟʦʝʣʝʢʪʨʠʯʥʝ ʧʨʝʮʠʧʠʪʘʮʠʿʝ, ʛʜʝ ʧʦʯʠˁʝ ʘʛʨʝʛʘʮʠʿʘ ʢʘʟʝʠʥʘ ʠ ʧʦʚʝʟʠʚʘˁʝ ʫ ʤʨʝʞʝ. 

ʈʝʢʦʥʩʪʠʪʫʮʠʿʦʤ ʦʚʠʭ ʫʟʦʨʘʢʘ, ʪʿ. ʧʦʜʠʟʘˁʝʤ pH ʚʨʝʜʥʦʩʪʠ ʥʘ ʧʨʠʨʦʜʥʫ pH ʚʨʝʜʥʦʩʪ 

ʤʣʝʢʘ ʥʝ ʤʦʞʝ ʩʝ ʧʦʩʪʠ˂ʠ ʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʢʘʦ ʫ ʩʚʝʞʝʤ ʤʣʝʢʫ. ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʩʘʜʨʞʝ ʚʠʰʝ ʢʘʣʮʠʿʫʤʘ ʠ ʬʦʩʬʘʪʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʢʨʘʚˀʠʤ ʤʣʝʢʦʤ, ʘ ʧʦʰʪʦ 

ʤʠʮʝʣʘʨʥʠ ʢʘʣʮʠʿʫʤ ʬʦʩʬʘʪ ʠʤʘ ʫʣʦʛʫ ʫ ʬʦʨʤʠʨʘˁʫ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʤʦʣʝʢʫʣʘ 

ʢʘʟʝʠʥʘ, ʧʨʝʮʠʧʠʪʘʮʠʿʘ, ʘ ʟʘʪʠʤ ʨʝʢʦʥʩʪʠʪʫʮʠʿʘ ʤʦʞʝ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘʪʠ ʥʘʨʫʰʘʚʘˁʝ 

ʨʘʚʥʦʪʝʞʝ ʠ ʥʝʩʨʝʹʝʥʠʿʫ ʤʠʮʝʣʘʨʥʫ ʩʪʨʫʢʪʫʨʫ (Park et al., 2007; Raynal-Ljutovac et al., 

2007). ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʧʨʠʩʫʩʪʚʦ ʢʘʣʮʠʿʫʤʘ ʫʪʠʯʝ ʥʘ ʬʦʨʤʠʨʘˁʝ ʢʦʤʧʘʢʪʥʠʿʝ ʩʪʨʫʢʪʫʨʝ 

ʠ ʥʝʧʨʘʚʠʣʥʠʿʠʭ ʯʝʩʪʠʮʘ  (Khalesi & FitzGerald, 2022). Lima et al. (2008) ʩʫ SEM 

ʤʠʢʨʦʩʢʦʧʠʿʦʤ ʣʠʦʬʠʣʠʟʦʚʘʥʠʭ ʝʛʟʦʧʦʣʠʩʘʭʘʨʠʜʘ ʠʟ A. brasiliensis ʜʦʙʠʣʠ ʩʣʠʢʝ 

ʭʝʪʝʨʦʛʝʥʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ, ʛʜʝ ʧʦʣʠʩʘʭʘʨʠʜʠ ʧʦʜʩʝ˂ʘʿʫ ʥʘ ʰʪʘʧʠ˂ʝ ʠ ʧʦʢʘʟʘʣʠ ʜʘ 

ʥʝʤʘ ʛʣʦʙʫʣʘʨʥʝ ʩʪʨʫʢʪʫʨʝ ʧʨʦʪʝʠʥʩʢʦ-ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʢʦʤʧʣʝʢʩʘ. ʅʘ ʜʘʪʠʤ ʫʟʦʨʮʠʤʘ 

ʥʠʿʝ ʚʠʜˀʠʚʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʤʝʰʘʚʠʥʘ ʩʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠʤ ʠ ʤʝʰʘʚʠʥʘ ʩʘ ʚʦʜʝʥʠʤ 

ʝʢʩʪʨʘʢʪʦʤ, ʢʘʦ ʥʠ ʧʨʠʩʫʩʪʚʦ ʝʢʩʪʨʘʢʘʪʘ, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʤʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ. ʊʘʢʦʹʝ, ʜʝʭʠʜʨʘʪʘʮʠʦʥʠ 

ʢʦʨʘʢ ʪʦʢʦʤ ʣʠʦʬʠʣʠʟʘʮʠʿʝ ʫʪʠʯʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʠʩʦʢʦ ʭʠʜʨʘʪʠʩʘʥʠʭ ʤʦʣʝʢʫʣʘ, ʢʘʦ 

ʰʪʦ ʩʫ ʧʦʣʠʩʘʭʘʨʠʜʠ (Ayala-Hernandez et al., 2008). 

ʅʘ ʩʣʠʮʠ 4.20. ʩʫ ʧʨʠʢʘʟʘʥʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʤʝʰʘʚʠʥʘ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ 

L. sulphureus ʩʥʠʤˀʝʥʝ ʩʢʝʥʠʨʘʿʫ˂ʠʤ ʝʣʝʢʪʨʦʥʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ. ʉʣʠʢʝ ʩʫ ʪʘʢʦʹʝ 

ʘʥʘʣʠʟʠʨʘʥʝ ʧʦʜ ʫʚʝ˂ʘˁʠʤʘ ʦʜ 150 ʍ ʠ 600 ʍ. ʂʘʦ ʠ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A. blazei, ʤʦʞʝ ʩʝ 

ʧʨʠʤʝʪʠʪʠ ʥʝʧʨʘʚʠʣʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʿʘ ʧʦʜʩʝ˂ʘ ʥʘ ʨʘʟʙʠʿʝʥʦ ʩʪʘʢʣʦ, ʦʜʥʦʩʥʦ ˀʫʩʧʠʮʝ 



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

90 

ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʪʦʢʦʤ ʣʠʦʬʠʣʠʟʘʮʠʿʝ ʫʟʦʨʘʢʘ ʥʘ ʙʘʟʠ ʤʣʝʢʘ (ʩʣʠʢʘ 4.20; A, B, E, F). 

ʄʝh ʘʚʠʥʝ ʥʘ ʙʘʟʠ ʢʘʟʝʠʥʘ (ʩʣʠʢʘ 4.20; C, D, G, H) ʪʘʢʦʹʝ ʠʤʘʿʫ ʧʦʮʝʧʘʥʫ ʠ ʥʝʨʘʚʥʫ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʿʦʰ ʧʦʨʦʟʥʠʿʫ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʰʘʚʠʥʝ ʩʘ A. blazei, ʧʦʩʝʙʥʦ ʠʟʨʘʞʝʥʫ 

ʢʦʜ ʫʟʦʨʢʘ TCNVL (ʩʣʠʢʘ 4.20; H). ɸʥʘʣʦʛʥʦ ʤʝʰʘʚʠʥʘʤʘ ʩʘ A. blazei, ʠ ʦʚʜʝ ʩʝ 

ʧʦʨʦʟʥʦʩʪ ʦʙʿʘʰˁʘʚʘ ʩʫʙʣʠʤʘʮʠʿʦʤ ʣʝʜʘ ʪʦʢʦʤ ʣʠʦʬʠʣʠʟʘʮʠʿʝ (Lara-Castellanos et al., 

2021; Shen et al., 2015; Xu et al., 2020). ʀ ʦʚʜʝ ʿʝ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʘʢʪʥʠʿʘ ʢʦʜ ʤʝʰʘʚʠʥʘ 

ʥʘ ʙʘʟʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʠʭ ʢʘʟʝʠʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʝʪʨʝʪʠʨʘʥʝ ʢʘʟʝʠʥʝ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ 

ʧʦʨʦʟʥʦʩʪ, ʟʘ ʰʪʘ ʩʝ ʪʘʢʦʹʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʧʦʤʝʥʫʪʘ ʦʙʿʘʰˁʝˁʘ. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ 

ʧʨʠʣʠʢʦʤ ʠʩʧʘʨʘʚʘˁʘ ʫ ʚʘʢʫʫʤʫ ʨʘʜʠ ʢʦʥʮʝʥʪʨʠʩʘˁʘ ʚʠʰʝ ʠʟʜʚʘʿʘ ʚʦʜʘ ʠʟ ʩʝʨʫʤ ʬʘʟʝ 

ʥʝʛʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʩʘ ʢʘʟʝʠʥʩʢʦʤ ʤʠʮʝʣʦʤ, ʜʦʢ ʩʝ ʧʨʠʣʠʢʦʤ ʨʝʢʦʥʩʪʠʪʫʮʠʿʝ ʧʨʚʦ 

ʨʝʭʠʜʨʘʪʠʰʝ ʤʠʮʝʣʘ, ʠʘʢʦ ʥʝʢʦʤʧʣʝʪʥʦ, ʘ ʤʠʮʝʣʝ ʦʩʪʘʿʫ ʜʝʣʠʤʠʯʥʦ ʢʦʥʪʨʘʭʦʚʘʥʝ 

ʫʩʣʝʜ ʦʚʦʛ ʧʨʦʮʝʩʘ (Liu et al., 2012). ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʤʝʰʘʚʠʥʘ ʩʘ L. 

sulphureus ʠ A. blazei ʥʠʩʫ ʚʠʜˀʠʚʝ, ʢʘʦ ʥʠ ʝʥʟʠʤʩʢʦ ʜʝʿʩʪʚʦ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. 

blazei. ʊʘʢʦʹʝ ʥʠʿʝ ʚʠʜˀʠʚʘ ʢʘʟʝʠʥʩʢʘ ʤʠʮʝʣʘʨʥʘ ʩʪʨʫʢʪʫʨʘ, ʿʝʨ ʩʝ ʢʦʨʠʰ˂ʝʥʦʤ 

ʪʝʭʥʠʢʦʤ ʧʦʩʤʘʪʨʘʿʫ ʫʟʦʨʮʠ ʫ ʚʘʢʫʫʤʫ, ʘ ʥʝ ʫ ʩʚʦʤ ʥʘʪʠʚʥʦʤ, ʪʝʯʥʦʤ ʩʪʘˁʫ ʫ ʚʦʜʝʥʦʤ 

ʨʘʩʪʚʦʨʫ, ʧʘ ʧʦʩʪʦʿʝ ʧʦʪʝʰʢʦ˂ʝ ʫ ʘʥʘʣʠʟʠʨʘˁʫ ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʟʘ ʢʦʿʝ ʩʫ ʧʦʪʨʝʙʥʠʿʝ 

ʩʘʚʨʝʤʝʥʠʿʝ ʪʝʭʥʠʢʝ ʤʠʢʨʦʩʢʦʧʠʿʝ (Ogura & Okada, 2017). 

 

ʉʣʠʢʘ 4.20. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʰʘʚʠʥʘ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʩʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠʤ ʝʢʩʪʨʘʢʪʦʤ L. 

sulphureus (A-D) ʠ ʚʦʜʝʥʠʤ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus (E-H). ʃʝʚʘ ʢʦʣʦʥʘ: ʫʚʝʣʠʯʘˁʝ 150ʍ; 

ʜʝʩʥʘ ʢʦʣʦʥʘ: ʫʚʝʣʠʯʘˁʝ 600ʍ. ʋʟʦʨʮʠ: ɸ - RMPL (ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ 

ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus); B - TRMPL (ʤʝʰʘʚʠʥʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus); C - 
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CNPL (ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus); D - TCNPL (ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus); E - RMVL (ʤʝʰʘʚʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 

ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus); F - TRMVL (ʤʝʰʘʚʠʥʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus); G - CNVL 

(ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. 

sulphureus); H - TCNVL (ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  

ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus). 

4.6. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ ʫ ʫʟʦʨʮʠʤʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei  

ʅʘ ʦʩʥʦʚʫ DLS ʤʝʨʝˁʘ, ʝʣʝʢʪʨʦʬʦʨʝʪʩʢʠʭ ʠ FTIR ʘʥʘʣʠʟʘ, ʢʘʦ ʠ SEM ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ, 

ʥʘ ʩʣʠʮʠ 4.21. ʧʨʠʢʘʟʘʥ ʿʝ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ ʫ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʤ 

ʠ ʥʝʪʨʝʪʠʨʘʥʦʤ ʤʣʝʢʫ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ A.blazei. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ 

ʫʟʦʨʘʢʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ (ʩʣʠʢʝ 4.21. ɸïD) ʫʨʘʹʝʥ ʿʝ ʧʨʝʤʘ Pesic et al. (2012), 

ʯʠʿʠ ʩʫ ʟʘʢˀʫʯʮʠ ʧʦʪʚʨʹʝʥʠ ʠ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʅʘ ʩʣʠʮʠ 4.21. ɸ ʧʨʠʢʘʟʘʥʘ ʿʝ 

ʩʪʨʫʢʪʫʨʘ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʦʿʘ ʥʘ ʧʦʚʨʰʠʥʠ ʩʘʜʨʞʠ Ŭs2-

CN, ɓ-CN ʠ ə-CN, ʜʦʢ ʩʝ ʩʝʨʫʤ ʧʨʦʪʝʠʥʠ ʥʘʣʘʟʝ ʫ ʩʣʦʙʦʜʥʦʿ ʬʦʨʤʠ. ʉʠʪʫʘʮʠʿʘ ʿʝ 

ʜʨʫʛʘʯʠʿʘ ʢʦʜ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ (ʩʣʠʢʘ 4.21. ɺ), ʛʜʝ WP ʥʝʤʘ ʫ 

ʩʣʦʙʦʜʥʦʿ ʬʦʨʤʠ, ʚʝ˂ ʩʝ ʥʘʢʦʥ ʜʝʥʘʪʫʨʘʮʠʿʝ ʠ ʘʛʨʝʛʘʮʠʿʝ ʩʘ ʢʘʟʝʠʥʠʤʘ (Ŭs2-CN, ɓ-CN ʠ 

ʜʦʤʠʥʘʥʪʥʦ ə-CN) ʥʘʣʘʟʝ ʧʦʜʿʝʜʥʘʢʦ ʨʘʩʧʦʨʝʹʝʥʠ ʥʘ ʧʦʚʨʰʠʥʠ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ, 

ʯʠʥʝ˂ʠ WP/CN ʢʦʤʧʣʝʢʩʝ (Dalgleish & Corredig, 2012). ʋʟʦʨʘʢ ʢʘʟʝʠʥʘ (ʩʣʠʢʘ 4.21. ʉ) 

ʧʨʠʢʘʟʫʿʝ ʢʘʟʝʠʥʩʢʫ ʤʠʮʝʣʫ ʩʘʩʪʘʚˀʝʥʫ ʦʜ ʜʦʤʠʥʘʥʪʥʠʭ ʢʘʟʝʠʥʘ, ʤʘˁʠʭ ʜʠʿʘʤʝʪʘʨʘ 

ʟʙʦʛ ʠʟʜʚʘʿʘˁʘ ʠʟʦʝʣʝʢʪʨʠʯʥʦʤ ʧʨʝʮʠʧʠʪʘʮʠʿʦʤ. ʊʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʠ ʢʘʟʝʠʥʠ (ʩʣʠʢʘ 

4.21. D) ʩʫ ʧʨʠʢʘʟʘʥʠ ʩʘ WP/CN ʢʦʤʧʣʝʢʩʠʤʘ (ʧʦʪʚʨʹʝʥʦ ʧʦʤʦ˂ʫ SDS-R-PAGE ʠ SDS-

NR-PAGE), ʧʦʰʪʦ ʿʝ ˁʠʭʦʚʦ ʜʦʙʠʿʘˁʝ ʠʟʚʨʰʝʥʦ ʥʘʢʦʥ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ ʢʦʿʠ ʿʝ 

ʫʟʨʦʢʦʚʘʦ ˁʠʭʦʚ ʥʘʩʪʘʥʘʢ, ʘʣʠ ʩʝ ʠʧʘʢ ʤʘʣʠ ʜʝʦ WP ʧʨʠʢʘʟʫʿʝ ʫ ʩʣʦʙʦʜʥʦʿ ʬʦʨʤʠ ʛʜʝ 

ʧʨʝʣʘʟʠ ʟʙʦʛ ʠʟʦʝʣʝʢʪʨʠʯʥʝ ʧʨʝʮʠʧʠʪʘʮʠʿʝ (Pesic et al., 2012). 

ʅʘ ʩʣʠʢʘʤʘ 4.21. ɽïʅ ʧʨʠʢʘʟʘʥʝ ʩʫ ʤʝʰʘʚʠʥʝ ʫʟʦʨʘʢʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʩʘ 

ʧʦʣʠʩʘʭʘʨʠʜʥʠʤ ʝʢʩʪʨʘʢʪʦʤ A.blazei. ɿʘʤʨˀʘʥʝ ʠ ʨʘʩʪʝʛʥʫʪʝ ʪʨʘʢʝ ʦʚʠʭ ʤʝʰʘʚʠʥʘ ʥʘ 

Native-PAGE ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʠʤʘ ʤʦʛʫ ʫʢʘʟʠʚʘʪʠ ʥʘ ʩʣʘʙʝ ʠʥʪʝʨʘʢʮʠʿʝ ʤʠʮʝʣʝ ʠ 

ʛʣʫʢʘʥʘ, ʥʘ ʰʪʘ ʫʢʘʟʫʿʫ ʠ ʨʘʟʜʚʘʿʘˁʘ ʫ ʦʜʨʝʹʝʥʠʤ FTIR ʨʝʛʠʦʥʠʤʘ. ʇʦʣʠʩʘʭʘʨʠʜʥʠ 

ʝʢʩʪʨʘʢʪ ʩʘ RM (ʩʣʠʢʘ 4.21. ɽ) ʚʝʨʦʚʘʪʥʦ ʬʦʨʤʠʨʘ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʩʘ ʫʛˀʝʥʦʭʠʜʨʘʪʥʠʤ 

ʜʝʣʦʚʠʤʘ ə-CN ʠ ʬʦʩʬʘʪʥʠʤ ʛʨʫʧʘʤʘ ə-CN ʠ ɓ-CN (González-Morelo et al., 2020; 

Holland & Boland, 2014; Pesic et al., 2012; Popoviĺ Miniĺ et al., 2023). ʅʘ ʦʚʦ ʫʢʘʟʫʿʫ 

ʨʘʟʜʚʘʿʘˁʘ ʤʝʰʘʚʠʥʝ RMʈA ʫ ʫʛˀʝʥʦʭʠʜʨʘʪʥʦʤ ʨʝʛʠʦʥʫ ʟʙʦʛ ʥʘʩʪʘʣʠʭ ʚʦʜʦʥʠʯʥʠʭ 

(OïH) ʠ/ʠʣʠ ʛʣʠʢʦʟʠʜʥʠʭ ʚʝʟʘ (CïOïC) (Grewal et al., 2017a). ʆʩʠʤ ʧʦʤʝʥʫʪʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ, ʩʘ TRM (ʩʣʠʢʘ 4.21. F) ʤʦʛʫ˂ʝ ʩʫ ʠ ʭʠʜʨʦʬʦʙʥʝ ʠʥʪʝʨʘʢʮʠʿʝ, ʿʝʨ ʩʝ ʣʘʥʮʠ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʤʦʛʫ ʫʙʘʮʠʪʠ ʫ ʫʥʫʪʨʘʰˁʦʩʪ WP/CN ʢʦʤʧʣʝʢʩʘ ʩʚʦʿʠʤ ʭʠʜʨʦʬʦʙʥʠʤ 

ʨʝʛʠʦʥʠʤʘ (Milinļiĺ et al., 2021). ʍʠʜʨʦʬʦʙʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʫʪʠʯʫ ʥʘ ʧʨʦʤʝʥʫ ʩʪʨʫʢʪʫʨʝ, 

ʧʘ ʩʝ ʨʘʟʜʚʘʿʘˁʝ ʫʟʦʨʢʘ ʊRMʈA ʧʦʨʝʜ ʫʛˀʝʥʦʭʠʜʨʘʪʥʠʭ, ʚʠʜʠ ʠ ʫ ʧʨʦʪʝʠʥʩʢʠʤ 

ʨʝʛʠʦʥʠʤʘ, ʤʘʜʘ ʿʝ ʪʝʰʢʦ ʪʘʯʥʦ ʫʪʚʨʜʠʪʠ ʠʟʛʣʝʜ ʤʠʮʝʣʘ, ʿʝʨ ʦʩʠʤ ʠʥʪʝʨʘʢʮʠʿʘ ʢʘʟʝʠʥʘ 

ʩʘ ʧʦʚʨʰʠʥʝ ʤʠʮʝʣʝ ʩʘ ʈA, ʦʥʠ ʨʝʘʛʫʿʫ ʠ ʩʘ WP ʫ WP/CN ʢʦʤʧʣʝʢʩʠʤʘ (Pesic et al., 

2012). ɻʣʫʢʘʥʠ ʠʟ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ ʤʦʛʣʠ ʙʠ ʜʘ ʬʦʨʤʠʨʘʿʫ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʩʘ 

ʬʦʩʬʘʪʥʠʤ ʛʨʫʧʘʤʘ ʢʘʟʝʠʥʘ ʩʘ ʧʦʚʨʰʠʥʝ ʤʠʮʝʣʝ (ʩʣʠʢʘ 4.21. G), ʰʪʦ ʩʝ ʚʠʜʠ ʠʟ 

ʨʘʟʜʚʘʿʘˁʘ ʫʟʦʨʢʘ CNʈA ʫ ʨʝʛʠʦʥʫ ʘʤʠʜ III ʟʙʦʛ ʧʨʦʤʝʥʝ ʢʦʥʬʦʨʤʘʮʠʿʝ, ʢʘʦ ʠ ʠʟ 

ʚʝʣʠʢʠʭ ʚʘʨʠʨʘˁʘ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ ʢʘʟʝʠʥʘ (Grewal et al., 2017a; 2017b). ɼʦʜʘʪʘʢ 

ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ ʫ TCN ʤʦʛʘʦ ʙʠ ʜʘ ʨʝʟʫʣʪʫʿʝ ʚʦʜʦʥʠʯʥʠʤ ʠ ʛʣʠʢʦʟʠʜʥʠʤ 

ʚʝʟʘʤʘ ʩʘ ʫʛˀʝʥʦʭʠʜʨʘʪʥʠʤ ʜʝʣʦʚʠʤʘ ə-CN (ʩʣʠʢʘ 4.21. ʅ), ʜʦʢ ʿʝ ʤʘˁʝ ʚʝʨʦʚʘʪʥʦ ʜʘ 

ʬʦʨʤʠʨʘ ʚʝʟʝ ʩʘ ʬʦʩʬʘʪʥʠʤ ʛʨʫʧʘʤʘ ʢʘʟʝʠʥʘ, ʿʝʨ ʦʥʝ ʨʝʘʛʫʿʫ ʩʘ ʩʝʨʫʤ ʧʨʦʪʝʠʥʠʤʘ 
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ʛʨʘʜʝ˂ʠ WP/CN ʢʦʤʧʣʝʢʩʝ ʫ ʤʘˁʦʿ ʤʝʨʠ ʫ ʦʜʥʦʩʫ ʥʘ TRM ʟʙʦʛ ʠʟʦʝʣʝʢʪʨʠʯʥʝ 

ʧʨʝʮʠʧʠʪʘʮʠʿʝ (Holland & Boland, 2014; Pesic et al., 2012). 

ʉʣʠʢʝ 4.21. IïL ʧʨʠʢʘʟʫʿʫ ʤʘʣʦ ʩʣʦʞʝʥʠʿʫ ʩʠʪʫʘʮʠʿʫ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʫʟʦʨʢʝ, ʿʝʨ ʿʝ 

ʦʩʠʤ ʜʦ ʩʘʜʘ ʧʦʤʝʥʫʪʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʧʨʠʢʘʟʘʥʦ ʠ ʜʝʿʩʪʚʦ ʧʨʦʪʝʦʣʠʪʠʯʢʠʭ ʝʥʟʠʤʘ 

ʧʦʨʝʢʣʦʤ ʠʟ A.blazei. ʆʚʠ ʝʥʟʠʤʠ ʩʚʦʿʠʤ ʧʨʦʪʝʦʣʠʪʠʯʢʠʤ ʜʝʿʩʪʚʦʤ ʜʝʣʫʿʫ ʧʨʚʝʥʩʪʚʝʥʦ 

ʥʘ ɓ-CN ʠ Ŭs2-CN, ʘ ʥʦʚʦʥʘʩʪʘʣʠ ʧʦʣʠʧʝʧʪʠʜʠ ʤʦʛʫ ʧʦʩʪʦʿʘʪʠ ʠ ʫ ʬʦʨʤʠ ʤʦʥʦʤʝʨʘ ʠ 

ʢʘʦ ʨʘʩʪʚʦʨˀʠʚʠ ʢʦʤʧʣʝʢʩʠ, ʪʿ. ʘʛʨʝʛʘʪʠ (Nakamura et al., 2011; Omrane Benmrad et al., 

2019). ʅʘʩʪʘʥʘʢ ʧʦʣʠʧʝʧʪʠʜʘ ʟʘʚʠʩʠ ʦʜ ʤʘʪʨʠʢʩʘ, ʦʜʥʦʩʥʦ ɓ-CN ʠ Ŭs2-CN ʠʟ ʫʟʦʨʘʢʘ 

CN ʠ ʊCN (ʩʣʠʢʘ 4.21. K, L) ʩʫ ʜʦʩʪʫʧʥʠʿʠ ʧʨʦʪʝʘʟʘʤʘ ʫ ʦʜʥʦʩʫ ʥʘ RM ʠ TRM (ʩʣʠʢʘ 

4.21. I, J). ʊʘʢʦʹʝ, ʪʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ ʫʪʠʯʝ ʥʝʛʘʪʠʚʥʦ ʥʘ ʩʪʝʧʝʥ ʭʠʜʨʦʣʠʟʝ ʟʘʪʦ ʰʪʦ 

ʩʫʧʩʪʨʘʪʠ (ɓ-CN ʠ Ŭs2-CN) ʥʠʩʫ ʜʦʩʪʫʧʥʠ ʫ ʠʩʪʦʿ ʤʝʨʠ ʧʨʦʪʝʘʟʘʤʘ ʟʙʦʛ ʫʯʝʰ˂ʘ ʫ 

WP/CN ʢʦʤʧʣʝʢʩʠʤʘ, ʢʦʿʠ ʧʨʝʢʨʠʚʘʿʫ ʧʦʚʨʰʠʥʫ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ (Pesic et al., 2012). 

ʆʩʠʤ ʧʨʦʪʝʦʣʠʪʠʯʢʦʛ ʜʝʿʩʪʚʘ VA, ʠ ʦʚʜʝ ʛʣʫʢʘʥʠ ʤʦʛʫ ʨʝʘʛʦʚʘʪʠ ʩʘ ʫʛˀʝʥʦʭʠʜʨʘʪʥʠʤ 

ʜʝʣʦʚʠʤʘ ə-CN, ʬʦʩʬʘʪʥʠʤ ʛʨʫʧʘʤʘ ə-CN, ʢʘʦ ʠ ʥʝʭʠʜʨʦʣʠʟʦʚʘʥʠʤ ɓ-CN ʠʟ ʫʟʦʨʘʢʘ 

RM ʠ TRM. ʉʚʝ ʥʘʚʝʜʝʥʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ FTIR ʘʥʘʣʠʟʦʤ ʠ PCA, ʛʜʝ ʩʝ ʫʟʦʨʮʠ RMVA ʠ 

TRMVA ʦʜʚʘʿʘʿʫ ʦʜ ʦʩʪʘʣʠʭ ʫ ʩʚʠʤ ʨʝʛʠʦʥʠʤʘ (ʟʙʦʛ ʩʪʨʫʢʪʫʨʝ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ). 

ʋʟʦʨʮʠ CNVA ʠ TCNVA ʩʫ ʛʨʫʧʠʩʘʥʠ ʟʘʿʝʜʥʦ ʜʫʞ ʣʠʥʠʿʝ PC1, ʿʝʨ ʥʘʢʦʥ ʭʠʜʨʦʣʠʟʝ ɓ-

CN ʠ Ŭs2-CN ʚʝʨʦʚʘʪʥʦ ʠʤʘʿʫ ʩʣʠʯʥʫ ʩʪʨʫʢʪʫʨʫ.  

ʄʝʰʘʚʠʥʝ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus ʧʦʢʘʟʘʣʝ ʩʫ ʜʘʣʝʢʦ ʚʝ˂ʫ 

ʧʦʣʠʜʠʩʧʝʨʟʥʦʩʪ ʫʩʣʝʜ ʭʝʪʝʨʦʛʝʥʦʩʪʠ ʙʠʦʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʘʥʘʣʦʛʥʝ 

ʤʝʰʘʚʠʥʝ ʩʘ A.blazei, ʥʘ ʰʪʘ ʫʢʘʟʫʿʫ DLS ʤʝʨʝˁʘ, ʝʣʝʢʪʨʦʬʦʨʝʪʩʢʝ ʠ FTIR ʘʥʘʣʠʟʝ ʠ 

ʞʤʠʢʨʦʩʪʨʫʢʪʫʨʘ. ʀʟ ʦʚʦʛ ʨʘʟʣʦʛʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟʘʪʠ ʠʥʪʝʨʘʢʮʠʿʝ 

ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ ʩʘ ʢʦʥʩʪʠʪʫʝʥʪʠʤʘ ʝʢʩʪʨʘʢʘʪʘ L. sulphureus. 

 

ʉʣʠʢʘ 4.21. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʫʟʦʨʘʢʘ ʤʣʝʢʘ, ʢʘʟʝʠʥʘ ʠ ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʠʤʘ 

A.blazei. ʆʟʥʘʢʝ: ɸ ï ʦʙʝʟʤʘʰ˂ʝʥʦ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (RM); B ï ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (TRM); C ï ʢʘʟʝʠʥʠ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ 

ʤʣʝʢʘ (CN); D ï ʢʘʟʝʠʥʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ (TCN); E ï ʤʝʰʘʚʠʥʘ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei 

(RMPA); F ï ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A. blazei (TRMPA); G ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ 
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ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (CNPA); H ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TCNPA); I ï ʤʝʰʘʚʠʥʘ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (RMVA); J ï 

ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei 

(TRMVA); K ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʪʝʨʤʠʯʢʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A. blazei (CNVA); L ï ʤʝʰʘʚʠʥʘ ʢʘʟʝʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʤʣʝʢʘ ʠ  

ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei (TCNVA).  
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4.7. ʇʨʠʤʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ ʫ ʦʧʪʠʤʠʟʘʮʠʿʠ ʩʘʩʪʘʚʘ ʘʜʠʪʠʚʘ ʥʘ ʙʘʟʠ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ  

ʅʘʢʦʥ ʘʥʘʣʠʟʝ ʨʝʟʫʣʪʘʪʘ ʙʠʦʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʝ, DLS ʤʝʨʝˁʘ, ʝʣʝʢʪʨʦʬʦʨʝʪʩʢʠʭ 

ʠ FTIR ʘʥʘʣʠʟʘ, ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʥʘʩʪʘʚˀʝʥʘ ʥʘ ʦʜʘʙʨʘʥʠʤ ʫʟʦʨʮʠʤʘ ʩʘ ʘʩʧʝʢʪʘ ʥʘʿʙʦˀʝʛ 

ʧʦʪʝʥʮʠʿʘʣʘ ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ ʘʜʠʪʠʚʘ. ʇʨʠʩʪʫʧˀʝʥʦ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʜʠʟʘʿʥʫ ʢʘʢʦ 

ʙʠ ʩʝ ʫʪʚʨʜʠʦ ʦʧʪʠʤʘʣʥʠ ʦʜʥʦʩ ʤʝʰʘʚʠʥʘ ʫ ʙʫʜʫ˂ʝʤ ʘʜʠʪʠʚʫ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ 

ʤʘʢʩʠʤʘʣʥʦ ʢʦʨʠʩʥʘ ʠʩʧʠʪʠʚʘʥʘ ʙʠʦʣʦʰʢʘ ʠ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ.  

ʇʦʤʦ˂ʫ ʭʝʤʦʤʝʪʨʠʿʩʢʦʛ ʧʨʠʩʪʫʧʘ, ʥʘʢʦʥ ʟʘʚʨʰʝʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ 

ʜʦʙʠʿʝʥʘ ʩʫ ʜʚʘ ʦʧʪʠʤʠʟʦʚʘʥʘ ʘʜʠʪʠʚʘ ï ʧʦ ʿʝʜʘʥ ʟʘ ʩʚʘʢʫ ʠʩʧʠʪʠʚʘʥʫ ʛˀʠʚʫ (MA, 

ML ). ʋ ʥʘʩʪʘʚʢʫ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʨʠʰ˂ʝʥʦ ʿʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ 

ʤʣʝʢʦ (TRM) ʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪʠ A.blazei (VA ) L. sulphureus (VL ). ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʫ 

ʫʪʚʨʹʝʥʠ ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ ʧʨʠʧʨʝʤʝ ʘʜʠʪʠʚʘ, ʢʘʦ ʠ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʬʘʢʪʦʨʘ ʫ 

ʫʩʣʦʚʠʤʘ ʤʘˁʢʘ ʣʠʪʝʨʘʪʫʨʥʠʭ ʧʦʜʘʪʘʢʘ ʥʘ ʢʦʿʝ ʙʠ ʩʝ ʤʦʛʣʦ ʦʩʣʦʥʠʪʠ ʧʨʠʣʠʢʦʤ 

ʦʩʤʠʰˀʘʚʘˁʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠ ʪʫʤʘʯʝˁʘ ˁʠʭʦʚʠʭ ʨʝʟʫʣʪʘʪʘ. ʇʨʝʜʥʦʩʪ ʿʝ ʜʘʪʘ 

ʚʦʜʝʥʠʤ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ ʟʙʦʛ ʨʘʟʥʦʚʨʩʥʦʩʪʠ ʩʘʩʪʘʚʘ, ʧʨʝ ʩʚʝʛʘ ʚʠʩʦʢʦʛ ʩʘʜʨʞʘʿʘ 

ʧʨʦʪʝʠʥʘ, ʰʪʦ ʿʝ ʙʠʪʥʦ ʟʙʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʢʘʦ ʠ ʟʙʦʛ ʘʢʪʠʚʥʠʭ ʧʨʦʪʝʘʟʘ 

ʠʟ VA. ɿʙʦʛ ʙʠʤʦʜʘʣʥʝ/ʧʦʣʠʤʦʜʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʯʝʩʪʠʮʘ ʠʟ ʧʦʿʝʜʥʠʭ ʫʟʦʨʘʢʘ ʢʘʟʝʠʥʘ ʠ 

ˁʠʭʦʚʠʭ ʤʝʰʘʚʠʥʘ, ʢʘʦ ʠ ʟʙʦʛ ʢʦʨʘʢʘ ʠʟʦʝʣʝʢʪʨʠʯʥʝ ʧʨʝʮʠʧʠʪʘʮʠʿʝ, ʧʨʝʜʥʦʩʪ ʿʝ ʜʘʪʘ 

ʤʣʝʢʫ, ʠ ʪʦ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʤ, ʟʙʦʛ ʦʙʦʛʘ˂ʠʚʘˁʘ ʤʠʮʝʣʝ ʜʝʥʘʪʫʨʠʩʘʥʠʤ ʩʝʨʫʤ 

ʧʨʦʪʝʠʥʠʤʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʚʝ˂ʫ ʨʘʟʥʦʚʨʩʥʦʩʪ ʠʥʪʝʨʘʢʮʠʿʘ. ʊʘʢʦʹʝ, FTIR 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʈʉɸ ʘʥʘʣʠʟʘ ʩʫ ʫʢʘʟʘʣʝ ʥʘ ʿʘʩʥʘ ʨʘʟʜʚʘʿʘˁʘ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ TRM, 

ʘ ʠ ʩʨʝʜˁʠ ʜʠʿʘʤʝʪʘʨ ʯʝʩʪʠʮʘ TRMPA ʠ TRMVA ʿʝ ʟʥʘʯʘʿʥʦ ʚʝ˂ʠ ʫ ʦʜʥʦʩʫ ʥʘ TRM, 

ʰʪʦ ʤʦʞʝ ʫʢʘʟʠʚʘʪʠ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʝ ʠʥʪʝʨʘʢʮʠʿʝ, ʧʘ ʩʫ ʦʚʝ ʤʝʰʘʚʠʥʝ ʜʘˀʝ 

ʠʩʧʠʪʠʚʘʥʝ ʢʨʦʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ. 

4.7.1. ʌʨʘʢʮʠʦʥʠ ʬʘʢʪʦʨʠʿʩʢʠ ʜʠʟʘʿʥ (FFD) ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ 

ʇʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʚʠʰʝ ʧʘʨʘʤʝʪʘʨʘ ʤʦʛʫ ʟʘʥʝʤʘʨʠʪʠ, ʟʘ 

ʧʨʝʣʠʤʠʥʘʨʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟʘʙʨʘʥ ʿʝ FFD. FFD ʧʨʠʤʝˁʝʥ ʫ ʦʚʦʤ ʨʘʜʫ ʧʨʝʜʩʪʘʚˀʘ 

ʿʝʜʥʫ ʯʝʪʚʨʪʠʥʫ ʧʦʪʧʫʥʦʛ ʬʘʢʪʦʨʠʿʩʢʦʛ ʜʠʟʘʿʥʘ ʠ ʪʦ ʿʝ 2
5-2
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ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʪʨʠ ʧʦʥʘʚˀʘˁʘ ʫ ʮʝʥʪʨʘʣʥʦʿ ʪʘʯʢʠ. ʀʥʪʝʨʘʢʮʠʿʝ ʥʠʞʝʛ ʨʝʜʘ ʠʟʤʝʹʫ 

ʠʩʧʠʪʠʚʘʥʠʭ ʬʘʢʪʦʨʘ ʩʫ ʠʩʧʠʪʘʥʝ ʜʝʬʠʥʠʩʘˁʝʤ ʮʝʥʪʨʘʣʥʝ ʪʘʯʢʝ ʫ ʢʦʿʦʿ ʩʫ ʚʨʝʜʥʦʩʪʠ 

ʟʘ ʩʚʘʢʠ ʠʩʧʠʪʠʚʘʥʠ ʬʘʢʪʦʨ ʥʘ ʩʨʝʜˁʝʤ ʥʠʚʦʫ.  

ʄʘʪʨʠʮʘ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʟʘ ʧʝʪ ʬʘʢʪʦʨʘ (ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ 

ʛˀʠʚʘ ï w(ME), ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ï w(MPP), ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʝʰʘˁa - T, ʚʨʝʤʝ ʤʝʰʘˁʘ - t, pH ʚʨʝʜʥʦʩʪ) ʥʘ ʪʨʠ ʥʠʚʦʘ, ʧʨʝʤʘ ʠʟʘʙʨʘʥʦʤ FFD, 

ʜʦʙʠʿʝʥʘ ʿʝ ʧʦʤʦ˂ʫ ʩʪʘʪʠʩʪʠʯʢʦʛ ʧʨʦʛʨʘʤʘ MINITAB. ʈʝʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʮʝ 

ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 4.4. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʢʘʦ ʠ ˁʠʭʦʚʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ ʧʨʦʮʝˁʝʥ ʿʝ ʘʥʘʣʠʟʦʤ ʚʘʨʠʿʘʥʩʠ (ANOVA) ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ 

(R
2
). ʆʜʛʦʚʦʨ ʩʠʩʪʝʤʘ ʩʫ ʦʜʘʙʨʘʥʘ ʙʠʦʣʦʰʢʘ, ʪʿ. ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ, ʘ 

ʫʧʦʪʨʝʙˀʝʥʝ ʩʫ ʪʨʠ ʤʝʪʦʜʝ ʢʦʿʝ ʩʫ ʟʘʩʥʦʚʘʥʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʤʝʭʘʥʠʟʤʠʤʘ, ʦʜʥʦʩʥʦ 

ʭʝʤʠʿʩʢʠʤ ʨʝʘʢʮʠʿʘʤʘ (Peġiĺ et al., 2019). ɸʥʘʣʠʟʘ ʠ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʠʟʚʨʰʝʥʦ ʿʝ 

ʧʦʤʦ˂ʫ ʪʨʠ ʚʨʩʪʝ ʜʠʿʘʛʨʘʤʘ ï ʇʘʨʝʪʦ ʛʨʘʬʠʢʘ, ʛʨʘʬʠʢʘ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ ʠ ʜʠʿʘʛʨʘʤʘ 

ʠʥʪʝʨʘʢʮʠʿʘ. 
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ʊʘʙʝʣʘ 4.4. FFD ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ ʤʝʰʘʚʠʥʘ, ʨʝʘʣʥʝ ʚʨʝʜʥʦʩʪʠ 

ɹʨʦʿ 

ʝʢʩʧʝʨʠʤʝʥʪʘ 

% 

ʝʢʩʪʨʘʢʪʘ 

ʛˀʠʚʝ; 

w(ME) 

% ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʥʦʛ 

ʤʣʝʢʘ; 

w(MPP) 

ʊʝʤʧʝʨʘʪʫʨʘ; 

T, °C 

ɺʨʝʤʝ 

ʤʝʰʘˁʘ; 

t, min 

pH 

ʚʨʝʜʥʦʩʪ 

ʤʝʰʘʚʠʥʘ 

1 0,9 2 25 5 6,80 

2 0,1 2 25 65 5,50 

3 0,9 10 5 65 5,50 

4 0,9 2 25 5 6,80 

5 0,9 2 5 5 5,50 

6 0,9 10 25 65 6,80 

7 0,9 10 5 65 5,50 

8 0,1 10 5 5 6,80 

9 0,9 2 25 5 6,80 

10 0,9 2 5 5 5,50 

11 0,1 10 25 5 5,50 

12 0,1 2 5 65 6,80 

13 0,1 10 5 5 6,80 

14 0,1 2 25 65 5,50 

15 0,1 10 5 5 6,80 

16 0,9 10 25 65 6,80 

17 0,9 2 5 5 5,50 

18 0,9 10 25 65 6,80 

19 0,5 6 15 35 6,15 

20 0,1 10 25 5 5,50 

21 0,1 10 25 5 5,50 

22 0,1 2 25 65 5,50 

23 0,9 10 5 65 5,50 

24 0,1 2 5 65 6,80 

25 0,1 2 5 65 6,80 

26 0,5 6 15 35 6,15 

27 0,5 6 15 35 6,15 

 

4.7.2. ʀʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʬʘʢʪʦʨʘ ʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʦʤ A.blazei ʧʨʠʤʝʥʦʤ FFD 

4.7.2.1. ABTS ʪʝʩʪ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ A.blazei  

ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ABTS 

ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei ʧʨʝʤʘ ʰʝʤʠ ʠʟ ʪʘʙʝʣʝ 4.4. ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʫ ʦʧʩʝʛʫ 0,17 ï 

1,97 mg Trolox/ mL ʫʟʦʨʢʘ (ʧʨʠʣʦʛ 3). ʅʘ ʇʘʨʝʪʦ ʛʨʘʬʠʢʫ, ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʘʧʩʦʣʫʪʥʝ 

ʚʨʝʜʥʦʩʪʠ ʝʬʝʢʘʪʘ, ˁʠʭʦʚ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿ, ʢʘʦ ʠ ʧʦʩʪʦʿʘˁʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʝʬʝʢʘʪʘ (Sredoviĺ Ignjatoviĺ, 2015), ʥʘ ʩʣʠʮʠ 4.22. ʤʦʛʫ ʩʝ 

ʫʧʦʨʝʜʠʪʠ ʘʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʝʢʘʪʘ ʥʘ ʫʢʫʧʘʥ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ. ʋ 

ʟʘʜʘʪʦʤ ʧʦʜʨʫʯʿʫ ʧʦʚʝʨʝˁʘ ʦʜ 95% (ʠʩʪʠ ʟʘ ʮʝʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʠʟʘʿʥ) ʤʦʞʝ ʩʝ 

ʚʠʜʝʪʠ ʜʘ ʩʚʠ ʧʘʨʘʤʝʪʨʠ ʫʪʠʯʫ ʥʘ ʦʜʛʦʚʦʨ, ʢʘʦ ʠ ʠʥʪʝʨʘʢʮʠʿʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʩʘ pH ʚʨʝʜʥʦʰ˂ʫ ʠ ʪʝʤʧʝʨʘʪʫʨʦʤ ʤʝʰʘˁʘ. ʆʜ ʥʘʿʚʝ˂ʝʛ ʟʥʘʯʘʿʘ ʩʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ.  

ʋʢʦʣʠʢʦ ʧʦʩʤʘʪʨʘʤʦ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʚʝ˂ʠʥʠ ʤʝʪʦʜʘ ʟʘ ʤʝʨʝˁʝ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ, ʤʝʪʦʜʝ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʜʚʝ ʛʨʫʧʝ: HAT ʤʝʪʦʜʝ 

(Hydrogen Atom Transfer), ʢʦʿʝ ʤʝʨʝ ʩʧʦʩʦʙʥʦʩʪ ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʜʘ 

ʥʝʫʪʨʘʣʠʰʝ ʩʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣ ʧʦʤʦ˂ʫ ʜʦʥʘʮʠʿʝ ʚʦʜʦʥʠʢʘ ʠ SET ʤʝʪʦʜʝ (Single Electron 



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

96 

Transfer; ʧʦʤʠˁʘʥʝ ʠ ʢʘʦ ET ʤʝʪʦʜʝ ï Electron Transfer) ʢʦʿʝ ʤʝʨʝ ʩʧʦʩʦʙʥʦʩʪ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʜʘ ʨʝʜʫʢʫʿʝ ʦʜʨʝʹʝʥʘ ʿʝʜʠˁʝˁʘ ʪʨʘʥʩʬʝʨʦʤ ʝʣʝʢʪʨʦʥʘ (Gülçin, 2012; 

Huang et al., 2005; Schaich et al., 2015; Sun & Tanumihardjo, 2007). SET ʤʝʪʦʜʝ ʩʫ ʙʨʞʝ 

ʦʜ HAT ʤʝʪʦʜʘ, ʰʪʦ ʩʝ ʩʤʘʪʨʘ ʧʨʝʜʥʦʰ˂ʫ ʿʝʨ ʫ ʨʝʘʣʥʠʤ ʩʠʩʪʝʤʠʤʘ ʥʠʿʝ ʙʠʪʘʥ ʩʘʤʦ 

ʢʘʧʘʮʠʪʝʪ, ʚʝ˂ ʠ ʢʠʥʝʪʠʢʘ ʨʝʘʢʮʠʿʝ, ʘʣʠ ʩʫ ʟʘʚʠʩʥʝ ʦʜ pH ʚʨʝʜʥʦʩʪʠ, ʿʝʨ ʩʝ ʿʦʥʠʟʘʮʠʿʦʤ 

ʧʦʚʝ˂ʘʚʘ ʜʦʩʪʫʧʥʦʩʪ ʝʣʝʢʪʨʦʥʘ (Chen et al., 2003; Schaich et al., 2015). 

ABTS ʪʝʩʪ ʤʝʨʠ ʩʧʦʩʦʙʥʦʩʪ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʘʪʘ ʜʘ ʫʪʠʯʫ ʥʘ ʧʘʜ 

ʘʧʩʦʨʙʘʥʮʠʝʿ ABTS
Å+
. ɺʝ˂ʠ ʜʝʦ ʣʠʪʝʨʘʪʫʨʝ ʥʘʚʦʜʠ ʜʘ ʩʝ ʨʝʘʢʮʠʿʝ ʩʘ ABTS

Å+
 ʤʦʛʫ 

ʩʤʘʪʨʘʪʠ ʢʦʤʙʠʥʘʮʠʿʦʤ SET ʠ HAT ʤʝʭʘʥʠʟʘʤʘ (Gülçin, 2012; Munteanu & Apetrei, 

2021). ʅʘ ʦʩʥʦʚʫ ʇʘʨʝʪʦ ʜʠʿʘʛʨʘʤʘ ʩʝ ʿʘʩʥʦ ʚʠʜʠ ʜʘ ʿʝ ʠʥʪʝʨʘʢʮʠʿʘ w(MPP) ʩʘ pH 

ʚʨʝʜʥʦʰ˂ʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʥʘʚʝʜʝʥʠʤ. 

 

ʉʣʠʢʘ 4.22. ʇʘʨʝʪʦ ʛʨʘʬʠʢ, ʝʬʝʢʘʪ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ 

ʢʘʧʘʮʠʪʝʪ (ABTS ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

ʋʧʦʨʝʹʠʚʘˁʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ ʤʣʝʢʘ ʠʩʧʠʪʠʚʘʥʠʭ ABTS ʪʝʩʪʦʤ ʤʦʨʘ ʙʠʪʠ 

ʫʨʘʹʝʥʦ ʧʘʞˀʠʚʦ, ʿʝʨ ʪʠʧ ʤʣʝʢʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʝ ʥʘ ʨʝʟʫʣʪʘʪʝ. ʂʘʦ ʛʣʘʚʥʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʫ ʤʣʝʢʫ ʥʘʚʦʜʝ ʩʝ ʪʠʦʣʥʝ ʛʨʫʧʝ ʘʤʠʥʦʢʠʩʝʣʠʥʘ (ʧʦʩʝʙʥʦ 

ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʮʠʩʪʝʠʥ), ʧʝʧʪʠʜʠ ʠ ʧʨʦʪʝʠʥʠ, ʩ ʪʠʤ ʜʘ ʿʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʧʨʦʪʝʠʥʘ 

ʚʝ˂ʘ ʦʜ ʘʢʪʠʚʥʦʩʪʠ ʩʣʦʙʦʜʥʠʭ ʘʤʠʥʦʢʠʩʝʣʠʥʘ, ʥʘ ʰʪʘ ʿʝ ʦʨʠʿʝʥʪʠʩʘʥ ʤʘˁʠ ʙʨʦʿ ʩʪʫʜʠʿʘ 

ʠ ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʿʝ ʫʣʦʛʘ ʧʨʦʪʝʠʥʘ ʢʘʦ ʘʥʪʠʦʢʩʠʜʘʥʘʪʘ ʤʘʨʛʠʥʘʣʠʟʦʚʘʥʘ ʫ ʣʠʪʝʨʘʪʫʨʠ 

(Çekiç et al., 2015; Walker & Everette, 2009). ʀʩʧʠʪʠʚʘˁʝʤ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ 

ʢʘʧʘʮʠʪʝʪʘ ʤʣʝʢʘ ʠ ʬʨʘʢʮʠʿʘ ʤʣʝʢʘ, ʜʦʙʠʿʝʥʦ ʿʝ ʜʘ ʫʢʫʧʥʦʤ ʢʘʧʘʮʠʪʝʪʫ ʤʣʝʢʘ ʥʘʿʚʠʰʝ 

ʜʦʧʨʠʥʦʩʠ ʢʘʟʝʠʥʩʢʘ ʬʨʘʢʮʠʿʘ (Çekiç et al., 2015). Chen et al. (2003) ʪʘʢʦʹʝ ʟʘʢˀʫʯʫʿʫ 

ʜʘ ʥʘʿʚʝ˂ʫ ʫʣʦʛʫ ʫ ʥʝʫʪʨʘʣʠʩʘˁʫ ABTS
Å+

 ʠʤʘʿʫ ʢʘʟʝʠʥʠ. ʅʘ ʇʘʨʝʪʦ ʛʨʘʬʠʢʫ ʩʝ ʚʠʜʠ ʜʘ 

ʿʝ ʝʬʝʢʘʪ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ ʤʘʣʦ ʚʝ˂ʠ ʦʜ ʝʬʝʢʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ. 

ɺʝ˂ʝ ʘʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʤʣʝʢʘ ʢʦʿʝ ʧʦʩʪʦʿʝ ʫ 

ʣʠʪʝʨʘʪʫʨʠ ʚʝʨʦʚʘʪʥʦ ʧʦʪʠʯʫ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʧʦʣʘʟʥʠʭ ʫʟʦʨʘʢʘ, ʪʿ. ʧʫʥʦʤʘʩʥʘ ʤʣʝʢʘ ˂ʝ 

ʠʤʘʪʠ ʚʝ˂ʠ ʢʘʧʘʮʠʪʝʪ ʫ ʦʜʥʦʩʫ ʥʘ ʦʙʝʟʤʘʰ˂ʝʥʝ ʫʟʦʨʢʝ, ʿʝʨ ʿʝ ʦʚʘ ʤʝʪʦʜʘ ʧʨʠʛʦʜʥʘ ʠ ʟʘ 
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ʚʦʜʝʥʝ ʠ ʟʘ ʣʠʧʠʜʥʝ ʬʨʘʢʮʠʿʝ, ʧʘ ʪʘʢʦ ʨʘʟʥʝ ʣʠʧʦʬʠʣʥʝ ʩʫʧʩʪʘʥʮʝ ʧʦʚʝ˂ʘʚʘʿʫ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ, ʢʘʦ ʥʧʨ. ʚʠʪʘʤʠʥ ɽ (Stobiecka et al., 2022). ʉʘ ʧʦʨʘʩʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʘʩʪʠ ʫ ʤʣʝʢʫ, ABTS ʚʨʝʜʥʦʩʪʠ ʟʥʘʯʘʿʥʦ ʨʘʩʪʫ, ʜʝʣʠʤʠʯʥʦ ʟʙʦʛ 

ʠʥʪʝʨʬʝʨʝʥʮʠʿʝ ʣʠʧʠʜʘ, ʘ ʜʝʣʦʤ ʟʙʦʛ ˁʠʭʦʚʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ (Chen et al., 2003). 

ʂʦʜ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ, ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʩʝ ʫʛʣʘʚʥʦʤ ʧʨʠʧʠʩʫʿʫ 

ʧʦʣʠʩʘʭʘʨʠʜʠʤʘ ʠʣʠ ʬʝʥʦʣʥʠʤ ʿʝʜʠˁʝˁʠʤʘ, ʛʜʝ ʩʝ ʪʘʢʦʹʝ ʙʣʘʛʦ ʟʘʥʝʤʘʨʫʿʝ ʝʬʝʢʘʪ 

ʧʨʦʪʝʠʥʘ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʝʢʩʪʨʘʢʪʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʛˀʠʚʘ ʟʘ ʢʦʿʝ ʩʝ ʪʚʨʜʝ 

ʦʜʨʝʹʝʥʠ ʙʠʦʣʦʰʢʠ ʝʬʝʢʪʠ ʿʝʩʫ ʩʠʨʦʚʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʜʦʙʠʿʝʥʠ ʝʢʩʪʨʘʢʮʠʿʦʤ ʚʨʝʣʦʤ 

ʚʦʜʦʤ ʫʟ ʧʨʝʮʠʧʠʪʘʮʠʿʫ ʝʪʘʥʦʣʦʤ (Siu et al., 2014). ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʪʘʢʚʠ ʝʢʩʪʨʘʢʪʠ 

ʥʠʩʫ ʩʘʤʦ ʧʦʣʠʩʘʭʘʨʠʜʥʠ, ʚʝ˂ ʜʘ ʤʦʛʫ ʩʘʜʨʞʘʪʠ ʯʘʢ 15-30% ʫʢʫʧʥʠʭ ʧʨʦʪʝʠʥʘ ʠ 2-5% 

ʬʝʥʦʣʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ (Siu et al., 2014). ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪʠ ʦʚʠʭ ʝʢʩʪʨʘʢʘʪʘ 

ʟʥʘʯʘʿʥʦ ʩʫ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʩʘʜʨʞʘʿʠʤʘ ʫʢʫʧʥʠʭ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʠ ʧʨʦʪʝʠʥʘ; 

ʧʦʣʠʩʘʭʘʨʠʜʠ ʧʨʝʯʠʰ˂ʝʥʠ ʦʜ ʦʚʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʥʝʤʘʿʫ ʟʥʘʯʘʿʥʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʫ 

ʘʢʪʠʚʥʦʩʪ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʚʝʣʠʢʠ ʟʥʘʯʘʿ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʦʩʠʤ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ 

ʧʦʩʪʘʚˀʘ ʧʠʪʘˁʝ ʩʠʥʝʨʛʠʿʝ ʤʝʹʫ ʢʦʤʧʦʥʝʥʪʘʤʘ (Siu et al., 2014). ʋ ʦʚʦʤ ʢʦʥʪʝʢʩʪʫ, 

ʢʦʨʠʰ˂ʝʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪʠ A.blazei ʠ L. sulphureus, ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʚʠʩʦʢ ʩʘʜʨʞʘʿ 

ʧʨʦʪʝʠʥʘ ʤʦʛʫ ʙʠʪʠ ʧʦʛʦʜʥʠ ʟʘ ʨʘʟʚʦʿ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʘʜʠʪʠʚʘ (ʧʦʛʣʘʚˀʝ 4.1.1.). Shah 

& Modi (2020) ʩʫ ʫʪʚʨʜʠʣʠ ʜʘ 5 mg/ mL ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A.bisporus ʠʥʭʠʙʠʨʘ ʦʢʦ 

49,4% ʘʢʪʠʚʥʦʩʪʠ ABTS
Å+

. ɼʘʢʣʝ, ʢʦʜ ABTS ʪʝʩʪʘ, ʥʦʩʠʦʮʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ 

ʢʘʧʘʮʠʪʝʪʘ ʤʝʰʘʚʠʥʘ ʩʫ ʠ ʧʨʦʪʝʠʥʠ ʤʣʝʢʘ ʠ ʙʠʦʘʢʪʠʚʥʘ ʿʝʜʠˁʝˁʘ ʛˀʠʚʝ. 

 

ʉʣʠʢʘ 4.23. ɻʨʘʬʠʢ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ 

ʢʘʧʘʮʠʪʝʪ (ABTS ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

ɻʨʘʬʠʮʠ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ ʧʨʫʞʘʿʫ ʜʦʜʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʫʪʠʮʘʿʫ ʩʚʘʢʦʛ ʧʦʿʝʜʠʥʘʯʥʦʛ 

ʧʘʨʘʤʝʪʨʘ ʢʘʜʘ ʩʝ ʤʝˁʘ ʫ ʠʩʧʠʪʠʚʘʥʦʿ ʦʙʣʘʩʪʠ, ʿʝʨ ʥʠʩʫ ʙʠʪʥʝ ʩʘʤʦ ʘʧʩʦʣʫʪʥʝ 

ʚʨʝʜʥʦʩʪʠ ʝʬʝʢʘʪʘ, ʚʝ˂ ʠ ʠʥʬʦʨʤʘʮʠʿʘ ʜʘ ʣʠ ʧʨʠ ʧʨʦʤʝʥʠ ʬʘʢʪʦʨʘ ʠʟʤʝʹʫ ʜʚʘ ʥʠʚʦʘ, 

ʜʦʣʘʟʠ ʜʦ ʨʘʩʪʘ ʠʣʠ ʦʧʘʜʘˁʘ ʦʜʛʦʚʦʨʘ ʩʠʩʪʝʤʘ (Sredoviĺ Ignjatoviĺ, 2015). ʉʣʠʢʘ 4.23. 

ʧʦʢʘʟʫʿʝ ʜʘ ʣʠ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʨʘʩʪʝ ʠʣʠ ʦʧʘʜʘ ʩʘ ʩʘ ʧʨʦʤʝʥʦʤ 
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ʚʨʝʜʥʦʩʪʠ ʩʚʘʢʦʛ ʠʩʧʠʪʠʚʘʥʦʛ ʧʘʨʘʤʝʪʨʘ ʧʦʿʝʜʠʥʘʯʥʦ, ʪʿ. ʪʨʠ ʥʠʚʦʘ ʧʘʨʘʤʝʪʨʘ (-1; 0; 

+1). ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʢʘʧʘʮʠʪʝʪ ʨʘʩʪʝ ʛʦʪʦʚʦ ʣʠʥʝʘʨʥʦ ʩʘ ʧʦʨʘʩʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ, ʦʜʥʦʩʥʦ ʝʢʩʪʨʘʢʪʘ A.blazei, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʪʭʦʜʥʦ ʠʟʥʝʪʠʤ 

ʟʘʢˀʫʯʮʠʤʘ ʦ ʥʦʩʠʦʮʠʤʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ ʢʦʜ ABTS ʪʝʩʪʘ. ʂʘʧʘʮʠʪʝʪ ʨʘʩʪʝ ʠ ʩʘ 

ʧʦʨʘʩʪʦʤ pH ʚʨʝʜʥʦʩʪʠ, ʢʘʦ ʠ ʩʘ ʚʨʝʤʝʥʦʤ ʤʝʰʘˁʘ, ʘʣʠ ʩʧʦʨʠʿʠʤ ʪʨʝʥʜʦʤ ʫ ʦʜʥʦʩʫ ʥʘ 

ʩʘʜʨʞʘʿ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (% Mʈʈ) ʠ ʩʘʜʨʞʘʿ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ (% Mɽ). 

ʇʦʰʪʦ ʩʝ ʧʦʨʘʩʪʦʤ pH ʚʨʝʜʥʦʩʪʠ ʨʘʩʪʚʦʨʠ ʤʝʰʘʚʠʥʘ ʩʚʝ ʚʠʰʝ ʫʜʘˀʘʚʘʿʫ ʦʜ 

ʠʟʦʝʣʝʢʪʨʠʯʥʝ ʪʘʯʢʝ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʘ ʿʦʥʠʟʘʮʠʿʦʤ ʧʦʚʝ˂ʘʚʘ ʜʦʩʪʫʧʥʦʩʪ ʝʣʝʢʪʨʦʥʘ 

(Schaich et al., 2015), ʦʚʘʿ ʨʘʩʪ ʿʝ ʦʧʨʘʚʜʘʥ ʿʝʨ ʿʝ ʩʘ ʢʠʥʝʪʠʯʢʝ ʪʘʯʢʝ ʛʣʝʜʠʰʪʘ ʧʘʜ 

ʘʧʩʦʨʙʘʥʮʠʝʿ ABTS
Å+

 ʙʨʞʠ ʫ ʦʚʘʢʚʠʤ ʫʩʣʦʚʠʤʘ. ʄʝʰʘʚʠʥʝ ʧʨʘʚˀʝʥʝ ʥʘ 5 ʠ 15 °C 

ʠʤʘʿʫ ʛʦʪʦʚʦ ʠʩʪʠ ʦʜʛʦʚʦʨ, ʘ ʢʘʧʘʮʠʪʝʪ ʯʘʢ ʤʘʣʦ ʦʧʘʜʘ ʢʦʜ 25 ÁC, ʰʪʦ ʿʝ ʿʝʜʠʥʠ 

ʥʝʛʘʪʠʚʥʠ ʪʨʝʥʜ ʢʦʿʠ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʥʘ ʦʚʦʿ ʩʣʠʮʠ. 

 

ʉʣʠʢʘ 4.24. ɼʠʿʘʛʨʘʤ ʠʥʪʝʨʘʢʮʠʿʘ ʝʬʝʢʘʪʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʫʢʫʧʥʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ (ABTS ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

ɼʠʿʘʛʨʘʤ ʠʥʪʝʨʘʢʮʠʿʘ (ʩʣʠʢʘ 4.24.) ʧʦʢʘʟʫʿʝ ʧʨʦʤʝʥʫ ʦʜʛʦʚʦʨʘ ʩʠʩʪʝʤʘ (ʪʿ. 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ) ʢʘʜʘ ʩʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʿʝʜʥʝ ʧʨʦʤʝʥˀʠʚʝ ʤʝˁʘʿʫ 

ʠʟʤʝʹʫ ˁʝʥʘ ʜʚʘ ʥʠʚʦʘ, ʜʦʢ ʩʝ ʚʨʝʜʥʦʩʪ ʥʠʚʦʘ ʜʨʫʛʝ ʧʨʦʤʝʥˀʠʚʝ ʜʨʞʠ ʢʦʥʩʪʘʥʪʥʠʤ. 

ʂʦʜ ʛʨʘʬʠʢʘ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ ʠ ʜʠʿʘʛʨʘʤʘ ʠʥʪʝʨʘʢʮʠʿʘ ʚʝ˂ʝ ʦʜʩʪʫʧʘˁʝ ʦʜ ʭʦʨʠʟʦʥʪʘʣʥʝ 

ʣʠʥʠʿʝ (ʪʿ. ʫʢʫʧʥʝ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʦʜʛʦʚʦʨʘ ʩʠʩʪʝʤʘ) ʫʢʘʟʫʿʝ ʥʘ ʚʝ˂ʫ ʠʥʪʝʨʘʢʮʠʿʫ 

ʧʨʦʤʝʥˀʠʚʠʭ (Sredoviĺ Ignjatoviĺ, 2015). ʎʨʥʘ ʣʠʥʠʿʘ, ʮʨʚʝʥʘ ʪʘʯʢʘ ʠ ʟʝʣʝʥʘ ʣʠʥʠʿʘ 

ʦʜʛʦʚʘʨʘʿʫ ʧʨʦʤʝʥʠ ʢʘʧʘʮʠʪʝʪʘ ʟʘ ʥʠʞʠ ʠʩʧʠʪʠʚʘʥʠ ʥʠʚʦ ʜʘʪʝ ʧʨʦʤʝʥˀʠʚʝ (-1), 

ʩʨʝʜˁʦʿ ʚʨʝʜʥʦʩʪʠ, ʦʜʥʦʩʥʦ ʧʨʦʤʝʥʠ ʢʘʧʘʮʠʪʝʪʘ ʟʘ ʚʠʰʠ ʠʩʧʠʪʠʚʘʥʠ ʥʠʚʦ ʜʘʪʝ 

ʧʨʦʤʝʥˀʠʚʝ (+1), ʨʝʩʧʝʢʪʠʚʥʦ. ʇʨʠ ʧʦʚʝ˂ʘˁʫ ʩʘʜʨʞʘʿʘ ʤʣʝʢʘ, ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ 

ʢʘʧʘʮʠʪʝʪ ʩʝ ʧʦʚʝ˂ʘʚʘ ʟʘ ʦʙʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʪʘ A.blazei, ʩʘʤʦ ʿʝ ʨʘʩʪ 

ʠʟʨʘʞʝʥʠʿʠ ʟʘ ʚʠʰʠ ʥʠʚʦ % ME. ʇʨʠ ʧʦʚʝ˂ʘˁʫ ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʰʘˁʘ, ʟʘ ʚʠʰʫ 

ʠʩʧʠʪʠʚʘʥʫ ʚʨʝʜʥʦʩʪ % ME (0,9%) ʢʘʧʘʮʠʪʝʪ ʩʝ ʧʦʚʝ˂ʘʚʘ, ʜʦʢ ʩʝ ʟʘ ʥʠʞʫ ʚʨʝʜʥʦʩʪ % 

ME (0,1%) ʩʤʘˁʫʿʝ ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʚʘʢʘʚ ʟʘʢˀʫʯʘʢ ʿʝ ʤʦʛʫ˂ʝ ʜʦʥʝʪʠ ʩʘʤʦ ʥʘ 

ʦʩʥʦʚʫ ʜʠʿʘʛʨʘʤʘ ʠʥʪʝʨʘʢʮʠʿʘ, ʿʝʨ ʠʥʪʝʨʘʢʮʠʿʝ ʥʠʩʫ ʚʠʜˀʠʚʝ ʥʘ ʛʨʘʬʠʢʫ ʛʣʘʚʥʠʭ 

ʝʬʝʢʘʪʘ, ʧʘ ʫʪʠʮʘʿ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘ ʥʘ ʧʘʜ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʩʘ ʧʦʨʘʩʪʦʤ 
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ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʙʠ ʙʠʦ ʜʦʚʦˀʥʦ ʿʘʩʘʥ. ʂʦʜ ʧʦʨʘʩʪʘ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ, ʟʘ 0,9% ME 

ʢʘʧʘʮʠʪʝʪ ʨʘʩʪʝ, ʜʦʢ ʟʘ 0,1% ME ʦʧʘʜʘ, ʰʪʦ ʿʝ ʩʣʠʯʥʦ ʢʘʦ ʢʦʜ ʧʦʨʘʩʪʘ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʈʘʩʪʦʤ pH ʚʨʝʜʥʦʩʪʠ, ʟʘ ʦʙʝ ʠʩʧʠʪʠʚʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ME, ʢʘʧʘʮʠʪʝʪ ʨʘʩʪʝ ʠʩʪʠʤ 

ʪʨʝʥʜʦʤ. ʆʚʘʢʚʠ ʟʘʢˀʫʯʮʠ ʢʚʘʣʠʬʠʢʫʿʫ ʤʝʰʘʚʠʥʝ ʩʘ 0,9% ME ʟʘ ʥʘʩʪʘʚʘʢ 

ʠʩʪʨʘʞʠʚʘˁʘ ʢʘʜʘ ʩʝ ʫ ʦʙʟʠʨ ʫʟʤʝ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ. ʄʦʛʫ˂ʝ ʿʝ ʜʘ ʿʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʜ 0,1% ME ʩʫʚʠʰʝ ʥʠʩʢʘ, ʪʿ. ʜʘ ʩʫ ʤʝʰʘʚʠʥʝ ʩʘ 0,1% ME ʧʨʝʟʘʩʠ˂ʝʥʝ 

ʤʣʝʢʦʤ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʤʣʝʢʘ, ʧʘ ʿʝ ʪʝʰʢʦ ʠʩʧʠʪʠʚʘʪʠ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ 

ʤʝˁʘˁʝʤ ʜʘʪʠʭ ʬʘʢʪʦʨʘ. ɼʚʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʫ w(MPP) ï pH ʠ 

w(MPP) ï ʊ (ʩʣʠʢʘ 4.22). ʀʧʘʢ, ʥʘ ʜʠʿʘʛʨʘʤʫ ʠʥʪʝʨʘʢʮʠʿʘ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʿʝ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʩʢʦʨʦ ʠʩʪʠ ʢʦʜ ʩʚʠʭ ʤʝʰʘʚʠʥʘ ʩʘ 2% MPP ʙʝʟ ʦʙʟʠʨʘ ʥʘ 

ʧʨʦʤʝʥʫ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʧʘʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ ʠ ʙʣʘʛʦ ʨʘʩʪʝ ʩʘ ʧʦʨʘʩʪʦʤ 

pH ʚʨʝʜʥʦʩʪʠ, ʜʦʢ ʢʦʜ 10% MPP ʢʘʧʘʮʠʪʝʪ ʙʣʘʛʦ ʦʧʘʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʨʘʩʪʝ ʩʘ ʧʦʨʘʩʪʦʤ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ ʠ pH ʚʨʝʜʥʦʩʪʠ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʢʘʜʘ ʩʝ ʫ ʦʙʟʠʨ 

ʫʟʤʫ ʿʝʜʠʥʝ ʜʚʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʠʥʪʝʨʘʢʮʠʿʝ, ʙʦˀʠ ʢʘʥʜʠʜʘʪ ʟʘ ʥʘʩʪʘʚʘʢ 

ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ 10% MPP, ʫʟ ʜʨʞʘˁʝ pH ʚʨʝʜʥʦʩʪʠ ʠ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ ʥʘ ʥʠʚʦʫ +1 

(6,80; 65 min, ʨʝʩʧʝʢʪʠʚʥʦ). ʂʘʧʘʮʠʪʝʪ ʩʝ ʥʝ ʤʝˁʘ ʢʦʜ ʤʝʰʘʚʠʥʘ ʧʨʘʚˀʝʥʠʭ ʥʘ 5 ÁC ʠ 

ʨʘʩʪʝ ʢʦʜ ʤʝʰʘʚʠʥʘ ʧʨʘʚˀʝʥʠʭ ʥʘ 25 °C ʩʘ ʧʦʨʘʩʪʦʤ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ. 

ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʙʣʘʛʦ ʦʧʘʜʘ ʟʘ ʤʝʰʘʚʠʥʝ ʧʨʘʚˀʝʥʝ ʥʘ 5 °C ʠ ʨʘʩʪʝ ʟʘ 

ʤʝʰʘʚʠʥʝ ʧʨʘʚˀʝʥʝ ʥʘ 25 ÁC ʧʨʠʣʠʢʦʤ ʧʦʨʘʩʪʘ pH ʚʨʝʜʥʦʩʪʠ, ʜʦʢ ʨʘʩʪʝ ʩʣʠʯʥʠʤ 

ʪʨʝʥʜʦʤ ʧʨʠʣʠʢʦʤ ʧʦʨʘʩʪʘ pH ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʙʝ ʠʩʧʠʪʠʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʚʨʝʤʝʥʘ 

ʤʝʰʘˁʘ. 

4.7.2.2. FCC ʪʝʩʪ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ A.blazei  

ʇʨʝʣʘʟʥʠ ʤʝʪʘʣʠ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ Fe
2+
, ʢʘʪʘʣʠʰʫ ʨʝʘʢʮʠʿʝ ʬʦʨʤʠʨʘˁʘ ʩʣʦʙʦʜʥʠʭ 

ʨʘʜʠʢʘʣʘ ʫʪʠʯʫ˂ʠ ʥʝʧʦʞʝˀʥʦ ʥʘ ʭʨʘʥʫ, ʢʘʦ ʠ ʥʘ ʯʦʚʝʢʦʚʦ ʟʜʨʘʚˀʝ, ʧʘ ʙʠ ʧʨʠʩʫʩʪʚʦ 

ʭʝʣʠʨʘʿʫ˂ʠʭ ʘʛʝʥʘʪʘ ʫ ʠʩʧʠʪʠʚʘʥʠʤ ʤʝʰʘʚʠʥʘʤʘ ʙʠʣʦ ʚʨʣʦ ʧʦʞʝˀʥʦ ʩʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʘʩʧʝʢʪʘ (Acharya et al., 2016). ʇʦʰʪʦ ʬʝʨʦʟʠʥ ʨʝʘʛʫʿʝ ʩʘ Fe
2+

 ʛʨʘʜʝ˂ʠ 

ˀʫʙʠʯʘʩʪʠ ʢʦʤʧʣʝʢʩ, ʢʘʜʘ ʧʦʩʪʦʿʠ ʜʨʫʛʠ ʭʝʣʠʨʘʿʫ˂ʠ ʘʛʝʥʩ ʫ ʨʘʩʪʚʦʨʫ, ʠʥʪʝʥʟʠʪʝʪ 

ˀʫʙʠʯʘʩʪʝ ʙʦʿʝ ʩʝ ʩʤʘˁʫʿʝ ʠ ʧʨʘ˂ʝˁʝʤ ʘʧʩʦʨʙʘʥʮʠʝʿ ʤʦʛʫ˂ʝ ʿʝ ʟʘʢˀʫʯʠʪʠ ʠʤʘ ʣʠ 

ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʘʪʘ (Acharya et al., 2016). ʍʝʣʠʨʘʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʧʨʦʪʝʠʥʘ, ʫʟ 

ˁʠʭʦʚʝ ʜʨʫʛʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʤʝʭʘʥʠʟʤʝ ʯʠʥʝ ʤʣʝʢʦ ʠʜʝʘʣʥʦʤ ʙʘʟʦʤ ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ 

ʘʜʠʪʠʚʘ (Elias et al., 2008). ʂʦʟʿʝ ʤʣʝʢʦ ʙʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʪʨʝʙʘʣʦ ʜʘ ʠʤʘ ʚʝ˂ʠ ʙʝʥʝʬʠʪ 

ʦʜ ʢʨʘʚˀʝʛ, ʟʙʦʛ ʙʠʦʘʢʪʠʚʥʠʭ ʧʝʧʪʠʜʘ ʢʦʿʠ ʠʟʤʝʹʫ ʦʩʪʘʣʦʛ ʠʤʘʿʫ ʠ ʜʦʙʨʘ ʭʝʣʠʨʘʿʫ˂ʘ 

ʩʚʦʿʩʪʚʘ (Stobiecka et al., 2022).  

ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ FCC ʪʝʩʪʦʤ ʢʦʜ ʤʝʰʘʚʠʥʘ 

ʩʘ A.blazei ʩʫ ʙʠʣʝ 0,96 ï 5,45 mg EDTA/ mL ʫʟʦʨʢʘ (ʧʨʠʣʦʛ 3). ʅʝʟʘʚʠʩʥʦ ʦʜ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʜʦʜʘʪʦʛ ʝʢʩʪʨʘʢʪʘ ʛˀʠʚʝ, ʩʚʝ ʤʝʰʘʚʠʥʝ ʩʘ 2% ʠ 6% MPP ʩʫ ʧʦʢʘʟʘʣʝ 

ʨʝʟʫʣʪʘʪʝ ʜʦ å 2,3 mg EDTA/ mL ʫʟʦʨʢʘ, ʜʦʢ ʩʫ ʤʝʰʘʚʠʥʝ ʩʘ 10% MPP ʙʠʣʝ ʠʟʥʘʜ å 4,2 

mg EDTA/ mL ʫʟʦʨʢʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʜʨʫʛʝ ʠʩʧʠʪʠʚʘʥʝ ʧʘʨʘʤʝʪʨʝ. ʆʚʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ 

ʨʝʟʫʣʪʘʪʠʤʘ Kostiĺ et al. (2021), ʛʜʝ ʩʝ ʪʘʢʦʹʝ ʚʠʩʦʢ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʜʦʚʦʜʠ ʫ ʚʝʟʫ ʩʘ 

ʜʦʙʨʠʤ ʢʘʧʘʮʠʪʝʪʦʤ ʭʝʣʠʨʘˁʘ. ɽʢʩʪʨʘʢʪ A.blazei ʥʠʿʝ ʜʦʧʨʠʥʝʦ ʧʦʨʘʩʪʫ ʢʘʧʘʮʠʪʝʪʘ 

ʭʝʣʠʨʘˁʘ, ʠʘʢʦ ʥʝʢʝ ʩʪʫʜʠʿʝ ʥʘʚʦʜʝ ʜʘ ʛʘ ʧʦʩʝʜʫʿʝ, ʟʘʚʠʩʥʦ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (Wu et al., 

2014). ʆʚʝ ʨʘʟʣʠʢʝ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʧʦʪʠʯʫ ʦʜ ʨʘʟʣʠʢʘ ʫ ʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ ʝʢʩʪʨʘʢʘʪʘ, 

ʢʘʦ ʠ ʥʘʯʠʥʫ ʝʢʩʪʨʘʢʮʠʿʝ, ʿʝʨ ʘʫʪʦʨʠ ʥʘʚʦʜʝ ʚʝ˂ʠ ʩʘʜʨʞʘʿ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʰʝ˂ʝʨʘ 

ʜʦʙʠʿʝʥʠʭ ʝʢʩʪʨʘʢʮʠʿʦʤ ʫ ʚʨʝʣʦ ʿʚʦʜʠ (95Áʉ) ʥʘʢʦʥ ʢʦʿʝ ʿʝ ʫʟʦʨʘʢ ʢʦʥʮʝʥʪʨʠʩʘʥ ʫ 

ʨʦʪʘʮʠʦʥʦʤ ʠʩʧʘʨʠʚʘʯʫ ʠ ʠʩʧʠʨʘʥ ʝʪʘʥʦʣʦʤ (Wu et al., 2014). ʇʨʝʯʠʰ˂ʝʥʠ 

ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʝʢʩʪʨʘʢʪ ʠʟ Agaricus brasiliensis ʧʦʢʘʟʘʦ ʿʝ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʩʣʠʯʘʥ 

ʢʘʦ EDTA (96.5%), ʰʪʦ ʚʝʨʦʚʘʪʥʦ ʧʦʪʠʯʝ ʦʜ ʧʨʠʩʫʩʪʚʘ ʭʠʜʨʦʢʩʠʣʥʠʭ ʛʨʫʧʘ ʢʦʿʝ ʤʦʛʫ 

ʜʘ ʩʪʘʙʠʣʠʟʫʿʫ ʩʣʦʙʦʜʥʝ ʝʣʝʢʪʨʦʥʝ (Gonzaga et al., 2020). 
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ʅʘ ʇʘʨʝʪʦ ʛʨʘʬʠʢʫ ʥʘ ʩʣʠʮʠ 4.25. ʚʠʜʝ ʩʝ ʘʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʝʢʘʪʘ ʥʘ ʢʘʧʘʮʠʪʝʪ 

ʭʝʣʠʨʘˁʘ. ʋʙʝʜˀʠʚʦ ʥʘʿʚʝ˂ʠ ʝʬʝʢʘʪ ʠʤʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʣʝʢʘ, ʟʘʪʠʤ ʤʘˁʠ ʫʪʠʮʘʿ ʠʤʘ 

pH ʚʨʝʜʥʦʩʪ, ʫʪʠʮʘʿ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʪʘ A.blazei ʿʝ ʪʝʢ ʥʘ ʪʨʝ˂ʝʤ ʤʝʩʪʫ, ʟʘʪʠʤ 

ʩʣʝʜʝ ʚʨʝʤʝ ʤʝʰʘˁʘ ʠ ʠʥʪʝʨʘʢʮʠʿʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ ʩʘ pH ʚʨʝʜʥʦʰ˂ʫ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁʘ, ʢʘʦ ʠ ʠʥʪʝʨʘʢʮʠʿʘ w(MPP) ʩʘ ʪʝʤʧʝʨʘʪʫʨʦʤ ʥʠʩʫ ʟʥʘʯʘʿʥʝ. 

 

ʉʣʠʢʘ 4.25. ʇʘʨʝʪʦ ʛʨʘʬʠʢ, ʝʬʝʢʘʪ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ (FCC ʪʝʩʪ) 

ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) ï 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

ʇʨʝʤʘ ʦʚʦʿ ʤʝʪʦʜʠ, ʥʘʿʙʠʪʥʠʿʠ ʥʦʩʠʦʮʠ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ ʩʫ ʢʦʥʩʪʠʪʫʝʥʪʠ ʤʣʝʢʘ. ʋ 

ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʢʘʦ ʭʝʣʠʨʘʿʫ˂ʠ ʘʛʝʥʩʠ ʥʘʚʦʜʝ ʧʨʦʪʝʠʥʠ ʤʣʝʢʘ, ʧʨʝ ʩʚʝʛʘ ʩʝʨʫʤ ʧʨʦʪʝʠʥʠ 

ʠ ʧʝʧʪʠʜʠ, ʘʣʠ ʠ ʢʘʟʝʠʥʠ, ʿʝʨ ʦʩʪʘʮʠ ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʢʘʦ ʰʪʦ ʩʫ ʭʠʩʪʠʜʠʥ, ʛʣʫʪʘʤʠʥʩʢʘ 

ʢʠʩʝʣʠʥʘ, ʘʩʧʘʨʘʛʠʥʩʢʘ ʢʠʩʝʣʠʥʘ, ʪʨʝʦʥʠʥ ʠ ʬʦʩʬʦʨʠʣʦʚʘʥʠ ʩʝʨʠʥ ʤʦʛʫ ʚʝʟʠʚʘʪʠ 

ʤʝʪʘʣʝ (Elias et al., 2008). ɽʬʝʢʘʪ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʪʘ A.blazei ʿʝ ʟʥʘʯʘʿʘʥ, ʘʣʠ 

ʜʘʣʝʢʦ ʤʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ % MPP. ʂʦʜ ʘʥʘʣʦʛʥʠʭ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus, ʟʥʘʯʘʿʘʥ ʿʝ 

ʩʘʤʦ ʫʪʠʮʘʿ % MPP. ʆʚʘ ʨʘʟʣʠʢʘ ʚʝʨʦʚʘʪʥʦ ʧʦʩʪʦʿʠ ʟʙʦʛ ʨʘʟʣʠʯʠʪʝ ʧʨʠʨʦʜʝ 

ʠʥʪʝʨʘʢʮʠʿʘ ʤʝʰʘʚʠʥʘ ʩʘ ʜʚʝ ʨʘʟʣʠʯʠʪʝ ʛˀʠʚʝ ʠʩʧʠʪʠʚʘʥʠʭ ʫ ʧʨʚʦʿ ʬʘʟʠ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ. ʇʦʰʪʦ ʩʫ ʠʥʪʝʨʘʢʮʠʿʝ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʤʣʝʢʘ ʠ VA ʠʟʚʝʩʥʠʿʝ ʠ ʧʦʰʪʦ ʩʝ 

ʢʦʥʩʪʠʪʫʝʥʪʠ VA ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʜʝʣʠʤʠʯʥʦ ʥʘʣʘʟʝ ʥʘ ʧʦʚʨʰʠʥʠ ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ 

(ʚʠʜʝʪʠ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ, ʩʣʠʢʘ 4.21.) ʠ ʫʪʠʯʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʘʟʝʠʥʘ, ʤʦʛʫ˂ʝ ʿʝ ʜʘ 

ʜʝʣʠʤʠʯʥʦ ʜʦʧʨʠʥʦʩʝ ʧʦʙʦˀʰʘˁʫ ʭʝʣʠʨʘʿʫ˂ʠʭ ʩʚʦʿʩʪʘʚʘ ʢʘʟʝʠʥʘ ʤʣʝʢʘ. ʅʘ ʧʨʠʨʦʜʫ 

ʦʚʘʢʚʠʭ ʧʨʦʤʝʥʘ ʫʪʠʯʫ ʠ pH ʚʨʝʜʥʦʩʪ, ʢʘʦ ʠ ʚʨʝʤʝ ʤʝʰʘˁʘ, ʦʜʥʦʩʥʦ ʧʦʚʝ˂ʘˁʝ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʬʦʨʤʠʨʘˁʘ ʚʝʟʘ ʜʫʞʠʤ ʚʨʝʤʝʥʦʤ ʤʝʰʘˁʘ. 

ʉʠʪʫʘʮʠʿʘ ʩʘ ʇʘʨʝʪʦ ʛʨʘʬʠʢʘ ʜʝʪʘˀʥʠʿʝ ʿʝ ʨʘʟʿʘʰˁʝʥʘ ʥʘ ʛʨʘʬʠʢʫ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ 

(ʩʣʠʢʘ 4.26.), ʛʜʝ ʩʝ ʚʠʜʠ ʥʘʿʠʟʨʘʞʝʥʠʿʠ ʝʬʝʢʘʪ ʨʘʩʪʘ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ ʧʦʨʘʩʪʦʤ % 

MPP, ʢʘʦ ʠ ʨʝʣʘʪʠʚʥʦ ʩʣʠʯʥʠ ʦʜʟʠʚʠ ʩʚʠʭ ʦʩʪʘʣʠʭ ʝʬʝʢʘʪʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ˁʠʭʦʚʫ 

ʩʪʘʪʠʩʪʠʯʢʫ ʟʥʘʯʘʿʥʦʩʪ. ʂʦʜ ʩʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʠʤ % MPP, ʚʠʜʠ ʩʝ ʨʝʣʘʪʠʚʥʦ ʩʣʠʯʘʥ 

ʝʬʝʢʘʪ ʤʠʥʠʤʘʣʥʠʭ ʠ ʤʘʢʩʠʤʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʢʘʦ ʠ ʧʘʜ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ ʫ 

ʩʨʝʜʠʰˁʦʿ ʪʘʯʢʠ. ʄʦʞʝ ʩʝ ʠ ʧʨʠʤʝʪʠʪʠ ʚʝ˂ʠ ʝʬʝʢʘʪ ʧʦʨʘʩʪʘ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ ʢʦʜ 

ʧʦʨʘʩʪʘ pH ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʝʬʝʢʪʝ % ME, ʊ ʠ t. 
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ʉʣʠʢʘ 4.26. ɻʨʘʬʠʢ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ (FCC 

ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) 

ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

 

ʉʣʠʢʘ 4.27. ɼʠʿʘʛʨʘʤ ʠʥʪʝʨʘʢʮʠʿʘ ʝʬʝʢʘʪʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ 

(FCC ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; 

w(MPP) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï ʚʨʝʤʝ 

ʤʝʰʘˁʘ. 

ɼʠʿʘʛʨʘʤ ʠʥʪʝʨʘʢʮʠʿʘ (ʩʣʠʢʘ 4.27.) ʧʦʢʘʟʫʿʝ ʜʘ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʤʝʰʘʚʠʥʘ ʨʘʩʪʝ 

ʠʩʪʦ ʟʘ ʦʙʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ME ʩʘ ʧʦʨʘʩʪʦʤ % MPP ʠ pH ʚʨʝʜʥʦʩʪʠ; ʙʣʘʛʦ ʦʧʘʜʘ ʟʘ 0,1% 

ME ʠ ʙʣʘʛʦ ʨʘʩʪʝ ʟʘ 0,9% ME ʩʘ ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʰʘˁʘ; ʦʧʘʜʘ ʢʦʜ 0,1% ME ʠ 

ʨʘʩʪʝ ʢʦʜ 0,9% ME ʧʨʠ ʧʦʨʘʩʪʫ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ. ʂʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʿʝ ʛʦʪʦʚʦ 

ʢʦʥʩʪʘʥʪʘʥ ʟʘ ʦʙʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ MPP ʧʨʠ ʧʨʦʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʜʦʢ ʙʣʘʛʦ 

ʨʘʩʪʝ ʢʦʜ ʧʨʦʤʝʥʝ ʥʠʚʦʘ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ ʠ pH ʚʨʝʜʥʦʩʪʠ (ʠʥʪʝʨʘʢʮʠʿʘ % MPP ï pH ʿʝ 
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ʿʝʜʠʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ). ʂʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʚʨʣʦ ʙʣʘʛʦ ʨʘʩʪʝ, ʛʦʪʦʚʦ ʥʝʟʥʘʪʥʦ, 

ʟʘ ʦʙʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʧʨʦʤʝʥʠ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ ʠ pH ʚʨʝʜʥʦʩʪʠ, ʢʘʦ ʠ ʢʦʜ 

ʦʙʝ ʚʨʝʜʥʦʩʪʠ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʤʝʥʫ pH ʚʨʝʜʥʦʩʪʠ. ɼʘʢʣʝ, ʠ ʦʜʘʚʜʝ ʙʠ 

ʩʝ ʤʦʛʣʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʟʘ ʥʘʩʪʘʚʘʢ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘʿʙʦˀʝ ʫʟʝʪʠ 10% ʤʣʝʢʦ ʫʟ ʦʩʪʘʣʝ 

ʧʘʨʘʤʝʪʨʝ ʩʘ ʬʠʢʩʥʠʤ ʤʘʢʩʠʤʘʣʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ (0,9% ME; 25 °C; 65 min; pH 6,8). 

4.7.2.3. FRP ʪʝʩʪ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ A.blazei  

ʂʣʘʩʠʯʥʦʤ SET ʤʝʪʦʜʦʤ ï FRP ʤʝʪʦʜʦʤ ʩʝ ʦʜʨʝʹʫʫʿ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʥʘ 

ʦʩʥʦʚʫ ʤʦʛʫ˂ʥʦʩʪʠ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʘʪʘ ʜʘ ʨʝʜʫʢʫʿʫ Fe
3+

-ʬʝʨʠʮʠʿʘʥʠʜ 

ʢʦʤʧʣʝʢʩ ʜʦʥʠʨʘˁʝʤ ʝʣʝʢʪʨʦʥʘ ʠ ʧʨʝʚʦʹʝˁʝʤ ʫ Fe
2+

-ʬʦʨʤʫ, ʯʠʿʘ ʩʝ ʘʧʩʦʨʙʘʥʮʠʘʿ 

ʧʨʘʪʠ (Gülçin, 2012; Moon & Shibamoto, 2009; Peġiĺ et al., 2019). ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ 

ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʜʫʢʮʠʿʝ Fe
3+

 FRP ʪʝʩʪʦʤ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei ʩʫ 

ʩʝ ʢʨʝʪʘʣʝ ʫ ʦʧʩʝʛʫ 21,83 ï 523,05 ɛg ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ/ mL ʫʟʦʨʢʘ (ʧʨʠʣʦʛ 3). 

ʋʟʦʨʮʠ 2ɸ, 12ɸ, 14ɸ, 22ɸ, 24ɸ, 25ɸ ʩʫ ʧʦʢʘʟʘʣʠ ʥʘʿʩʣʘʙʠʿʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂, ʘ ʪʦ ʩʫ 

ʫʟʦʨʮʠ ʩʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 0,1% ME ʠ 2% MPP, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʦʩʪʘʣʝ ʧʘʨʘʤʝʪʨʝ.  

 

ʉʣʠʢʘ 4.28. ʇʘʨʝʪʦ ʛʨʘʬʠʢ, ʝʬʝʢʘʪ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ (FRP ʪʝʩʪ) ʢʦʜ 

ʤʝʰʘʚʠʥʘ ʩʘ A.blazei. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) ï 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ ʥʘ˂ʠ ʜʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ ʧʦʢʘʟʫʿʝ ʩʣʘʙʘ 

ʨʝʜʫʢʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ, ʢʦʿʘ ʩʫ ʩʝ ʥʘʣʘʟʠʣʘ ʠʩʧʦʜ 50 ɛg ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ/ mL ʫʟʦʨʢʘ 

(Milinļiĺ et al., 2022). ʋʤʝʨʝʥʘ ʨʝʜʫʢʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʩʝ ʫʛʣʘʚʥʦʤ ʥʘʚʦʜʝ ʢʦʜ ʧʨʦʪʝʠʥʘ 

ʩʫʨʫʪʢʝ, ʢʦʿʠ ʩʫ ʫ ʩʣʫʯʘʿʫ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʚʝ˂ʠʤ ʜʝʣʦʤ ʫ 

ʠʥʪʝʨʘʢʮʠʿʠ ʩʘ ʢʘʟʝʠʥʠʤʘ, ʧʘ ʿʝ ʤʦʛʫ˂ʝ ʜʘ ʦʜʘʪʣʝ ʧʦʪʠʯʫ ʨʘʟʣʠʢʝ (Chen et al., 2003; 

Pesic et al., 2012). ʊʘʢʦʹʝ, FRɸP ʤʝʪʦʜʘ ʢʦʿʘ ʩʝ ʯʝʩʪʦ ʧʦʿʘʚˀʫʿʝ ʫ ʣʠʪʝʨʘʪʫʨʠ, ʜʨʫʛʘʯʠʿʘ 

ʫ ʦʜʥʦʩʫ ʥʘ ʦʚʜʝ ʢʦʨʠʰ˂ʝʥʫ ʤʝʪʦʜʫ, ʠʟʚʦʜʠ ʩʝ ʫ ʢʠʩʝʣʠʤ ʫʩʣʦʚʠʤʘ (pH 3,6), ʛʜʝ 

ʢʘʟʝʠʥʠ ʥʠʩʫ ʨʘʩʪʚʦʨˀʠʚʠ, ʧʘ ʩʝ ʮʝʣʦʢʫʧʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʤʦʞʝ ʧʨʠʧʠʩʘʪʠ ʩʘʤʦ 

ʩʝʨʫʤ ʧʨʦʪʝʠʥʠʤʘ (Chen et al., 2003). ʆʚʦ ʿʝ ʠ ʫʟʨʦʢ ʥʠʞʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ ʤʣʝʢʘ 

ʤʝʨʝʥʝ FRɸP ʤʝʪʦʜʦʤ ʫ ʦʜʥʦʩʫ ʥʘ ABTS ʤʝʪʦʜʫ, ʿʝʨ ʦʥʘ ʤʝʨʠ ʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ 

ʢʘʟʝʠʥʩʢʝ ʬʨʘʢʮʠʿʝ (Chen et al., 2003). ʋʧʦʨʝʹʠʚʘˁʝʤ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ ʪʨʠ 

ʚʦʜʝʥʘ ʝʢʩʪʨʘʢʪʘ ʧʦʨʝʢʣʦʤ ʠʟ ʪʨʠ ʛˀʠʚʝ ʫ ʚʘʨʠʨʘʿʫ˂ʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ, ʫʩʪʘʥʦʚˀʝʥʝ 
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ʩʫ FRP ʚʨʝʜʥʦʩʪʠ ʜʦ å 150 ɛg ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ/ mL ʫʟʦʨʢʘ (Shah & Modi, 2020). 

Wei et al. (2020) ʥʘʚʦʜʝ ʦʜʣʠʯʥʘ ʨʝʜʫʢʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʝʪʘʥʦʣʥʦʛ ʠ ʝʪʠʣ-ʘʮʝʪʘʪʥʦʛ 

ʝʢʩʪʨʘʢʪʘ A.blazei. 

ɸʥʘʣʠʟʘ ʿʝ ʠʟʜʚʦʿʠʣʘ ʩʣʝʜʝ˂ʘ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʢʘʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ: % ME, % MPP ʠ 

ʚʨʝʤʝ ʤʝʰʘˁʘ, ʩʘ ʫʙʝʜˀʠʚʦ ʥʘʿʟʥʘʯʘʿʥʠʿʠʤ ʝʬʝʢʪʦʤ % ME (ʩʣʠʢʘ 4.28.). ʆʩʪʘʣʠ 

ʧʘʨʘʤʝʪʨʠ, ʢʘʦ ʠ ʠʥʪʝʨʘʢʮʠʿʝ ʧʘʨʘʤʝʪʘʨʘ ʥʠʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʥʦʩʠʦʮʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ ʩʫ ʧʨʝʪʝʞʥʦ ʿʝʜʠˁʝˁʘ ʛˀʠʚʘ, ʤʘʜʘ ʤʘʣʠ ʟʥʘʯʘʿ ʠʤʘ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʣʝʢʘ, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʿʝʜʠˁʝˁʠʤʘ ʛˀʠʚʘ, ʢʘʦ ʠ ʚʨʝʤʝ 

ʤʝʰʘˁʘ, ʦʜʥʦʩʥʦ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʜʦʹʝ ʜʦ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʢʦʥʩʪʠʪʫʝʥʘʪʘ. 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ SET ʤʝʭʘʥʠʟʘʤ ʦʚʦʛ ʪʝʩʪʘ, ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʥʘʚʦʜʠ ʜʘ ʩʝ ʤʦʨʘ 

ʢʦʨʠʩʪʠʪʠ ʟʘʿʝʜʥʦ ʩʘ ʜʨʫʛʠʤ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʤ ʤʝʪʦʜʘʤʘ, ʥʠʢʘʢʦ ʟʘʩʝʙʥʦ, ʟʙʦʛ ʣʦʰʝ 

ʢʦʨʝʣʘʮʠʿʝ ʩʘ ʜʨʫʛʠʤ ʤʝʪʦʜʘʤʘ (Munteanu & Apetrei, 2021). 

 

ʉʣʠʢʘ 4.29. ɻʨʘʬʠʢ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ (FRP ʪʝʩʪ) ʢʦʜ 

ʤʝʰʘʚʠʥʘ ʩʘ A.blazei. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) ï 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

ʉʘ ʛʨʘʬʠʢʘ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ (ʩʣʠʢʘ 4.29.) ʿʝ ʤʦʛʫ˂ʝ ʟʘʢˀʫʯʠʪʠ ʠʩʪʦ, ʦʯʠʛʣʝʜʘʥ ʿʝ ʨʘʩʪ 

ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʩʘ ʨʘʩʪʦʤ % ME, ʜʦʢ ʿʝ ʙʣʘʛʠ ʨʘʩʪ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʧʦʨʘʩʪʦʤ % MPP 

ʤʦʛʫ˂ʝ ʚʠʜʝʪʠ ʫ ʦʧʩʝʛʫ 2 ï 6% MPP, ʘ ʥʘʢʦʥ ʪʦʛʘ ʯʘʢ ʙʣʘʛʠ ʧʘʜ ʫ ʦʧʩʝʛʫ 6 ï 10% MPP. 

ʆʩʪʘʣʠ ʛʨʘʬʠʮʠ ʧʨʠʢʘʟʫʿʫ ʩʣʠʯʘʥ ʦʜʟʠʚ ʩʠʩʪʝʤʘ ʟʘ ʊ, t ʠ pH ʚʨʝʜʥʦʩʪ, ʛʜʝ ʛʦʪʦʚʦ ʜʘ 

ʥʝʤʘ ʨʘʟʣʠʢʝ ʫ ʤʠʥʠʤʘʣʥʠʤ ʠ ʤʘʢʩʠʤʘʣʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʥʠʚʦʘ, ʩʘ ʙʣʘʛʠʤ ʧʦʨʘʩʪʦʤ 

ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʫ ʮʝʥʪʨʘʣʥʠʤ ʪʘʯʢʘʤʘ. 

ʉʘ ʜʠʿʘʛʨʘʤʘ ʠʥʪʝʨʘʢʮʠʿʘ (ʩʣʠʢʘ 4.30.) ʧʨʘ˂ʝˁʝ ʧʨʦʤʝʥʘ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʩʘ ʘʩʧʝʢʪʘ 

ʨʘʟʣʠʯʠʪʠʭ ʥʠʚʦʘ % ME ʧʦʢʘʟʫʿʝ ʜʘ ʥʘ ʥʠʞʠ ʥʠʚʦ % ME ʧʦʚʝ˂ʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʤʣʝʢʘ ʫʪʠʯʝ ʙʣʘʛʦ ʧʦʟʠʪʠʚʥʦ, ʧʦʚʝ˂ʘˁʝ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ ʫʪʠʯʝ ʙʣʘʛʦ ʥʝʛʘʪʠʚʥʦ, ʘ T ʠ 

pH ʚʨʝʜʥʦʩʪ ʥʝʤʘʿʫ ʫʪʠʮʘʿʘ. ʊʘʢʦʹʝ ʩʝ ʚʠʜʠ ʤʘʢʩʠʤʘʣʥʘ ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ ʚʠʰʝʛ ʥʠʚʦʘ % 

ME, ʫʟ ʚʨʣʦ ʙʣʘʛʦ ʧʦʚʝ˂ʘˁʝ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʧʦʚʝ˂ʘˁʝʤ % MPP ʠ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ. 

ʈʝʟʫʣʪʘʪʠ ʩʫ ʩʣʠʯʥʠ ʢʦʜ 2% ʠ 10% MPP ʠ ʥʘ ˁʫ ʥʝ ʫʪʠʯʫ ʧʨʦʤʝʥʝ T ʠ pH ʚʨʝʜʥʦʩʪʠ, 

ʘʣʠ ʦʧʘʜʘ ʢʦʜ 2% MPP ʠ ʨʘʩʪʝ ʢʦʜ 10% MPP ʩʘ ʧʦʨʘʩʪʦʤ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ. ʊʘʢʦʹʝ, 
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ʚʨʝʤʝ ʤʝʰʘˁʘ ʥʝʤʘ ʫʪʠʮʘʿ ʥʘ ʦʜʛʦʚʦʨ ʨʘʟʣʠʯʠʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʠʪʠ pH ʚʨʝʜʥʦʩʪ ʠʤʘ 

ʫʪʠʮʘʿ ʥʘ ʦʜʛʦʚʦʨ ʨʘʟʣʠʯʠʪʠʭ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ. ʇʨʦʤʝʥʘ pH ʚʨʝʜʥʦʩʪʠ ʠʤʘ ʫʪʠʮʘʿ ʥʘ 

ʤʝʰʘʚʠʥʝ ʧʨʘʚˀʝʥʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʧʘ ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ ʦʧʘʜʘ ʟʘ 

ʤʝʰʘʚʠʥʝ ʧʨʘʚˀʝʥʝ ʥʘ 5 ÁC ʠ  ʨʘʩʪʝ ʟʘ ʤʝʰʘʚʠʥʝ ʧʨʘʚˀʝʥʝ ʥʘ 25 °C. 

 

ʉʣʠʢʘ 4.30. ɼʠʿʘʛʨʘʤ ʠʥʪʝʨʘʢʮʠʿʘ ʝʬʝʢʘʪʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ (FRP 

ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) 

ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

ɼʘʢʣʝ, ʥʘ ʦʩʥʦʚʫ ʠʟʥʝʪʠʭ ʨʝʟʫʣʪʘʪʘ, ʩʘ ʘʩʧʝʢʪʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ 

ʘʥʘʣʠʟʠʨʘʥʠʭ ʧʦʤʦ˂ʫ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ, ʦʧʪʠʤʠʟʘʮʠʿʘ ʿʝ ʥʘʩʪʘʚˀʝʥʘ ʩʘ ʬʠʢʩʥʠʤ 

ʧʘʨʘʤʝʪʨʠʤʘ: pH 6,8 (ʥʠʚʦ +1), ʚʨʝʤʝ ʤʝʰʘˁʘ 65 min (ʥʠʚʦ +1), ʪʝʤʧʝʨʘʪʫʨʘ 25 °C 

(ʥʠʚʦ +1). ʆʩʠʤ ʦʩʪʚʘʨʝʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʦʚʘʢʚʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʦʜʘʙʨʘʥʝ ʠ ʟʙʦʛ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʨʠʤʝʥʝ ʫ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʿʝʨ ʿʝ ʜʘʪʘ pH ʚʨʝʜʥʦʩʪ ʧʨʠʨʦʜʥʘ pH 

ʚʨʝʜʥʦʩʪ ʤʣʝʢʘ, ʘ ʦʩʪʚʘʨʠʚʘˁʝ ʟʘʜʘʪʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʟʘʭʪʝʚʘ ʥʠʢʘʢʚʝ ʦʧʝʨʘʮʠʿʝ (ʩʦʙʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ). Oʚʘʢʚʠ ʟʘʢˀʫʯʮʠ ʫ ʩʢʣʘʜʫ ʩʫ ʩʘ ʚʠʩʦʢʠʤ ʩʪʝʧʝʥʦʤ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʠ ʦʜʛʦʚʦʨʘ, ʢʦʿʠ ʟʘ ʩʚʘ ʪʨʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʪʝʩʪʘ ʠʟʥʦʩʝ 

ʧʨʝʢʦ 99% (ʧʨʠʣʦʛ 4). ʆʧʪʠʤʠʟʘʮʠʿʘ ʩʘʩʪʘʚʘ ʤʝʰʘʚʠʥʘ ʫ ʜʘˀʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ 

ʬʦʢʫʩʠʨʘʣʘ ʩʝ ʩʘʤʦ ʥʘ ʚʘʨʠʨʘˁʝ ʫʜʝʣʘ ME ʠ MPP ʢʦʿʠ ʩʫ ʩʝ ʪʦʢʦʤ ʩʢʨʠʥʠʥʛʘ (FFD) 

ʧʦʢʘʟʘʣʠ ʢʘʦ ʜʚʘ ʥʘʿʙʠʪʥʠʿʘ ʬʘʢʪʦʨʘ ʩʘ ʘʩʧʝʢʪʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ. 

4.7.3. ʀʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʬʘʢʪʦʨʘ ʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʦʤ L. sulphureus ʧʨʠʤʝʥʦʤ FFD 

4.7.3.1. ABTS ʪʝʩʪ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus   

ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ABTS 

ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus ʧʨʝʤʘ ʰʝʤʠ ʠʟ ʪʘʙʝʣʝ 4.4. ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʫ ʦʧʩʝʛʫ 

0,14 ï 2,00 mg Trolox/ mL ʫʟʦʨʢʘ, ʩʣʠʯʥʦ ʢʘʦ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ  A.blazei (ʧʨʠʣʦʛ 5). ʋ 

ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʥʘʚʦʜʠ ʜʘ ʢʦʤʙʠʥʘʮʠʿʘ ʚʦʜʝʥʦʛ ʠ ʤʝʪʘʥʦʣʥʦʛ ʝʢʩʪʨʘʢʪʘ, ʢʘʦ ʠ ʚʦʜʝʥʠ 

ʨʘʩʪʚʦʨ L. sulphureus ʙʦˀʝ ʩʘʢʫʧˀʘʿʫ ABTS
Å+

 ʫ ʦʜʥʦʩʫ ʥʘ ʝʪʘʥʦʣʥʠ ʝʢʩʪʨʘʢʪ, ʢʘʦ ʠ ʜʘ 

ʿʝ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʩʘʜʨʞʘʿʘ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʠ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ 

ʢʘʧʘʮʠʪʝʪʘ ʩʣʘʙʘ (R
2
=0,5), ʰʪʦ ʫʧʫ˂ʫʿʝ ʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʘʪʘ, ʧʨʝ 

ʩʚʝʛʘ ʧʦʣʠʩʘʭʘʨʠʜʘ (Petroviĺ et al., 2014a). 
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ʅʘ ʇʘʨʝʪʦ ʛʨʘʬʠʢʫ ʥʘ ʩʣʠʮʠ 4.31. ʚʠʜʝ ʩʝ ʘʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʝʢʘʪʘ ʥʘ ʫʢʫʧʥʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ. ʀ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʚʠ ʠʩʧʠʪʠʚʘʥʠ ʧʘʨʘʤʝʪʨʠ ʫʪʠʯʫ ʥʘ ʥʠʚʦ 

ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ, ʢʘʦ ʠ ʠʥʪʝʨʘʢʮʠʿʝ w(MPP) ʩʘ pH ʚʨʝʜʥʦʰ˂ʫ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʤ ʤʝʰʘˁʘ, ʩʘ ʜʚʝ ʠʟʤʝʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʰʘʚʠʥʝ ʩʘ A.blazei. ʆʚʜʝ ʩʫ ʪʘʢʦʹʝ 

ʥʘʿʙʠʪʥʠʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ, ʩ ʪʠʤ ʰʪʦ ʩʫ 

ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei ʫʪʠʮʘʿʠ ʧʨʦʤʝʥʘ % ME ʠ % MPP ʙʠʣʠ ʛʦʪʦʚʦ ʠʜʝʥʪʠʯʥʠ, ʜʦʢ 

ʩʝ ʦʚʜʝ ʚʠʜʠ ʠʟʨʘʞʝʥʠʿʠ ʫʪʠʮʘʿ ʧʨʦʤʝʥʝ % MPP ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʤʝʥʫ % ME (ʩʣʠʢʝ 

4.22, 4.31.). ʆʚʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʨʘʟʣʠʯʠʪʦʛ ʙʠʦʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʧʦʣʘʟʥʠʭ ʛˀʠʚʘ, 

ʦʜʥʦʩʥʦ ˁʠʭʦʚʠʭ ʝʢʩʪʨʘʢʘʪʘ (ʧʦʛʣʘʚˀʝ 5.1.1.), ʧʨʝ ʩʚʝʛʘ ʥʠʞʠ ʩʘʜʨʞʘʿ ʬʝʥʦʣʥʠʭ 

ʿʝʜʠˁʝˁʘ ʠ ʛʣʫʢʘʥʘ. ʉʣʝʜʠ ʝʬʝʢʘʪ pH ʚʨʝʜʥʦʩʪʠ ʥʘ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ 

ʤʝʰʘʚʠʥʘ, ʰʪʦ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʧʦʩʣʝʜʠʮʦʤ ʤʝʭʘʥʠʟʤʘ ABTS ʪʝʩʪʘ ʢʦʿʠ ʿʝ ʟʘʚʠʩʘʥ ʦʜ 

pH ʚʨʝʜʥʦʩʪʠ (Schaich et al., 2015). ɼʨʫʛʘ ʠʟʤʝʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʘʥʘʣʦʛʥʝ ʤʝʰʘʚʠʥʝ ʩʘ 

A.blazei ʿʝ ʨʝʜʦʩʣʝʜ ʜʚʘ ʥʘʿʤʘˁʝ ʟʥʘʯʘʿʥʘ ʝʬʝʢʪʘ, ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʠʥʪʝʨʘʢʮʠʿʝ w(MPP) ʩʘ 

ʪʝʤʧʝʨʘʪʫʨʦʤ ʤʝʰʘˁʘ. ɻʝʥʝʨʘʣʥʦ ʛʣʝʜʘʥʦ, ʠ ʦʚʜʝ ʩʫ ʥʦʩʠʦʮʠ ʫʢʫʧʥʦʛ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʤʝʰʘʚʠʥʘ ʧʨʦʪʝʠʥʠ ʤʣʝʢʘ ʠ ʙʠʦʘʢʪʠʚʥʘ ʿʝʜʠˁʝˁʘ 

ʛˀʠʚʝ. 

 

ʉʣʠʢʘ 4.31. ʇʘʨʝʪʦ ʛʨʘʬʠʢ, ʝʬʝʢʘʪ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ 

ʢʘʧʘʮʠʪʝʪ (ABTS ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

ʅʘ ʩʣʠʮʠ 4.32. ʧʨʠʢʘʟʘʥ ʿʝ ʛʨʘʬʠʢ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ ʛʜʝ ʩʝ ʜʝʪʘˀʥʠʿʝ ʚʠʜʝ ʧʨʦʤʝʥʝ 

ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʩʘ ʧʨʦʤʝʥʦʤ ʚʨʝʜʥʦʩʪʠ ʩʚʘʢʦʛ ʠʩʧʠʪʠʚʘʥʦʛ 

ʧʘʨʘʤʝʪʨʘ. ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʨʘʩʪʝ ʩʘ ʧʦʨʘʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ, ʨʘʩʪʝ 

ʠ ʩʘ ʧʦʨʘʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ, ʘʣʠ ʤʘʣʦ ʩʧʦʨʠʿʠʤ ʪʨʝʥʜʦʤ, ʰʪʦ ʩʝ 

ʚʠʜʠ ʠʟ ʥʘʛʠʙʘ. ʈʘʩʪ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʩʝ ʧʨʠʤʝ˂ʫʿʝ ʠ ʩʘ ʧʦʨʘʩʪʦʤ 

pH ʚʨʝʜʥʦʩʪʠ. ʂʦʜ ʦʜʟʠʚʘ ʝʬʝʢʪʘ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ, ʢʘʧʘʮʠʪʝʪ ʨʘʩʪʝ ʜʦ ʩʨʝʜˁʝ ʪʘʯʢʝ, ʘ 

ʦʥʜʘ ʩʝ ʥʝ ʤʝˁʘ ʜʘˀʠʤ ʧʦʚʝ˂ʘˁʝʤ. ʉʣʠʯʥʦ ʿʝ ʠ ʩʘ ʪʝʤʧʝʨʘʪʫʨʦʤ, ʛʜʝ ʩʝ ʚʠʜʠ ʨʘʩʪ ʜʦ 

ʩʨʝʜʠʰˁʝ ʪʘʯʢʝ, ʘ ʦʥʜʘ ʠ ʙʣʘʛʠ ʧʘʜ, ʿʝʜʠʥʠ ʥʝʛʘʪʠʚʥʠ ʪʨʝʥʜ ʫ ʦʚʦʤ ʜʝʣʫ.  
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ʉʣʠʢʘ 4.32. ɻʨʘʬʠʢ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ 

ʢʘʧʘʮʠʪʝʪ (ABTS ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

 

ʉʣʠʢʘ 4.33. ɼʠʿʘʛʨʘʤ ʠʥʪʝʨʘʢʮʠʿʘ ʝʬʝʢʘʪʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʫʢʫʧʥʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ (ABTS ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ  L. sulphureus. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

ʉʘ ʜʠʿʘʛʨʘʤʘ ʠʥʪʝʨʘʢʮʠʿʘ (ʩʣʠʢʘ 4.33.) ʚʠʜʠ ʩʝ ʜʘ ʩʝ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ 

ʢʘʧʘʮʠʪʝʪ ʧʦʚʝ˂ʘʚʘ ʟʘ ʦʙʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʧʨʠ 

ʧʦʚʝ˂ʘˁʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ. ʀʩʪʦ ʿʝ ʠ ʢʦʜ ʧʦʚʝ˂ʘˁʘ pH ʚʨʝʜʥʦʩʪʠ; ʟʘ ʦʙʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ME, ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʨʘʩʪʝ, ʩʘʤʦ ʰʪʦ ʿʝ ʪʨʝʥʜ ʥʠʞʠ 

ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʨʘʩʪ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ. ʇʨʠ ʧʦʚʝ˂ʘˁʫ ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʰʘˁʘ, ʢʘʦ ʠ 
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ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ, ʟʘ 0,9% ME ʢʘʧʘʮʠʪʝʪ ʨʘʩʪʝ, ʜʦʢ ʟʘ 0,1% ME ʦʧʘʜʘ. ɿʘ ʦʙʝ 

ʠʩʧʠʪʠʚʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ, ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʨʘʩʪʝ ʩʘ 

ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ ʠ pH ʚʨʝʜʥʦʩʪʠ, ʜʦʢ ʢʦʜ ʧʦʨʘʩʪʘ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ ʨʘʩʪʝ ʟʘ 10% 

MPP, ʘ ʦʧʘʜʘ ʟʘ 2% MPP. ʋʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʿʝ ʢʦʥʩʪʘʥʪʘʥ ʢʦʜ 

ʤʝʰʘʚʠʥʘ ʧʨʘʚˀʝʥʠʭ ʥʘ 5 ÁC ʠ ʨʘʩʪʝ ʢʦʜ ʤʝʰʘʚʠʥʘ ʧʨʘʚˀʝʥʠʭ ʥʘ 25 ÁC ʩʘ ʧʦʨʘʩʪʦʤ 

ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ; ʙʣʘʛʦ ʦʧʘʜʘ ʟʘ ʤʝʰʘʚʠʥʝ ʧʨʘʚˀʝʥʝ ʥʘ 5 ÁC ʠ ʨʘʩʪʝ ʟʘ ʤʝʰʘʚʠʥʝ 

ʧʨʘʚˀʝʥʝ ʥʘ 25 ÁC ʜʦʢ pH ʚʨʝʜʥʦʩʪ ʨʘʩʪʝ. ʋʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʨʘʩʪʝ 

ʩʣʠʯʥʠʤ ʪʨʝʥʜʦʤ ʧʨʠʣʠʢʦʤ ʧʦʨʘʩʪʘ pH ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʙʝ ʚʨʝʜʥʦʩʪʠ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ. 

ʈʘʟʣʠʢʘ ʫ ʪʫʤʘʯʝˁʫ ʘʥʘʣʦʛʥʠʭ ʛʨʘʬʠʢʘ ʢʦʜ A.blazei ʛʦʪʦʚʦ ʜʘ ʥʝʤʘ. ɹʣʘʛʠ ʧʘʜ ʫʢʫʧʥʦʛ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʚʠʜˀʠʚ ʥʘ ʛʨʘʬʠʢʫ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ ʟʘ ʤʝʰʘʚʠʥʝ ʩʘ L. 

sulphureus 15 ï 25 ÁC ʚʝʟʘʥ ʿʝ ʟʘ ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ MPP (2%) ʠ ME (0,1%). 

4.7.3.2. FCC ʪʝʩʪ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus  

ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ FCC ʪʝʩʪʦʤ ʢʦʜ ʤʝʰʘʚʠʥʘ 

ʩʘ  L. sulphureus ʩʫ ʩʝ ʢʨʝʪʘʣʝ 1,04 ï 5,00 mg EDTA/ mL ʫʟʦʨʢʘ (ʧʨʠʣʦʛ 5). ʀ ʦʚʜʝ ʩʫ 

ʩʚʝ ʤʝʰʘʚʠʥʝ ʩʘ 2% ʠ 6% MPP ʧʦʢʘʟʘʣʝ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʜʦ å 2,1 mg EDTA/ mL 

ʫʟʦʨʢʘ, ʘ ʤʝʰʘʚʠʥʝ ʩʘ 10% MPP ʧʨʝʢʦ å 4,0 mg EDTA/ mL ʫʟʦʨʢʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʜʨʫʛʝ 

ʧʘʨʘʤʝʪʨʝ, ʩʘ ʠʟʫʟʝʪʢʦʤ ʫʟʦʨʘʢʘ 14L ʠ 21L. ʆʚʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʪʭʦʜʥʦ ʠʟʥʝʪʠʤ 

ʢʦʥʩʪʘʪʘʮʠʿʘʤʘ ʫ ʚʝʟʠ ʚʠʩʦʢʠʭ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ (Elias et al., 2008; 

Kostiĺ et al., 2021). ʄʝʪʘʥʦʣʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus ʧʦʢʘʟʘʦ ʿʝ 50% ʭʝʣʠʨʘʿʫ˂ʝʛ 

ʢʘʧʘʮʠʪʝʪʘ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʦʜ å 0,3 mg/ mL; ʠ ʦʚʜʝ ʿʝ ʫʢʘʟʘʥʦ ʥʘ ʟʘʚʠʩʥʦʩʪ 

ʢʘʧʘʮʠʪʝʪʘ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (Acharya et al., 2016). ɿʘ ʨʘʟʣʠʢʫ ʦʜ ˁʠʭ, ʩʪʫʜʠʿʘ Klaus et 

al. (2013) ʥʘʚʦʜʠ ɽʉ50 ʚʨʝʜʥʦʩʪ ʦʜ å 3,8 mg ʝʢʩʪʨʘʢʪʘ/ mL ʟʘ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. 

sulphureus.  

 

ʉʣʠʢʘ 4.34. ʇʘʨʝʪʦ ʛʨʘʬʠʢ, ʝʬʝʢʘʪ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ (FCC ʪʝʩʪ) 

ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) 

ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

ʍʝʣʠʨʘʿʫ˂ʘ ʩʚʦʿʩʪʘʚʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʟʘʚʠʩʥʘ ʩʫ ʦʜ ʛʣʠʢʦʟʠʜʥʠʭ ʚʝʟʘ ʫ 

ʧʦʣʠʩʘʭʘʨʠʜʠʤʘ; ʦʜ ʨʘʟʣʠʢʝ ʫ ʢʦʥʬʠʛʫʨʘʮʠʿʠ, ʫʛʣʦʚʘ, ʪʠʧʘ, ʩʪʝʧʝʥʘ ʛʨʘʥʘˁʘ ʠʪʜ. 

ʟʘʚʠʩʠ˂ʝ ʠ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ, ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ ʥʧʨ. ʝʢʩʪʨʘʢʮʠʿʦʤ ʫ ʘʣʢʘʣʥʠʤ 
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ʫʩʣʦʚʠʤʘ ʢʦʿʘ ʬʘʚʦʨʠʟʫʿʝ Ŭ-ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʛʣʠʢʦʟʠʜʥʠʭ ʚʝʟʘ, ʪʿ. ʢʦʥʬʦʨʤʘʮʠʿʫ ʭʝʣʠʢʩʘ 

ʢʦʿʘ ʠʤʘ ʚʝ˂ʠ ʢʘʧʘʮʠʪʝʪ ʟʘ ʬʦʨʤʠʨʘˁʝ ʢʦʤʧʣʝʢʩʘ ʩʘ ʤʝʪʘʣʠʤʘ (Klaus et al., 2013). ʋ 

ʦʚʦʤ ʩʣʫʯʘʿʫ, ʟʙʦʛ ʙʫʜʫ˂ʝ ʫʧʦʪʨʝʙʝ ʤʝʰʘʚʠʥʘ ʢʘʦ ʧʨʝʭʨʘʤʙʝʥʠʭ ʘʜʠʪʠʚʘ, ʤʦʨʘ ʩʝ ʥʘ˂ʠ 

ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʠ ʙʝʟʙʝʜʥʦʩʪʠ ʫʧʦʪʨʝʙʝ ʝʢʩʪʨʘʢʘʪʘ 

ʛˀʠʚʘ ʫ ʠʩʭʨʘʥʠ, ʧʘ ʿʝ ʠʟʙʦʨ ʨʘʩʪʚʘʨʘʯʘ ʦʛʨʘʥʠʯʝʥ. 

ʅʘ ʇʘʨʝʪʦ ʛʨʘʬʠʢʫ ʩʘ ʩʣʠʢʝ 4.34. ʚʠʜʠ ʩʝ ʿʝʜʥʦʩʪʘʚʥʠʿʘ ʩʠʪʫʘʮʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʤʝʰʘʚʠʥʝ ʩʘ A.blazei. ʋ ʩʣʫʯʘʿʫ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus, ʩʪʘʪʠʩʪʠʯʢʠ ʿʝ ʟʥʘʯʘʿʘʥ 

ʩʘʤʦ ʧʘʨʘʤʝʪʘʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ, ʜʦʢ ʦʩʪʘʣʠ ʠʩʧʠʪʠʚʘʥʠ ʬʘʢʪʦʨʠ ʥʠʩʫ ʟʥʘʯʘʿʥʠ. 

ʄʦʛʫ˂ʝ ʿʝ ʜʘ ʟʙʦʛ ʭʝʪʝʨʦʛʝʥʦʩʪʠ ʙʠʦʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ VL ʠ ʤʘˁʝʛ ʦʙʠʤʘ / ʠʟʦʩʪʘʥʢʘ 

ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʢʘʟʝʠʥʠʤʘ ʦʚʘʿ ʝʢʩʪʨʘʢʪ ʥʝ ʫʪʠʯʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʿʝʜʠˁʝˁʘ ʤʣʝʢʘ ʠ 

ˁʝʛʦʚʘ ʭʝʣʠʨʘʿʫ˂ʘ ʩʚʦʿʩʪʚʘ, ʧʘ  ʩʫ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʿʝʜʠʥʠ ʥʦʩʠʦʮʠ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ 

ʢʦʥʩʪʠʪʫʝʥʪʠ ʤʣʝʢʘ. 

 

ʉʣʠʢʘ 4.35. ɻʨʘʬʠʢ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ (FCC 

ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; 

w(MPP) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï ʚʨʝʤʝ 
ʤʝʰʘˁʘ. 

ɻʨʘʬʠʢ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ (ʩʣʠʢʘ 4.35.) ʧʦʪʚʨʹʫʿʝ ʜʘ ʿʝ ʿʝʜʠʥʦ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ, ʠ ʪʦ ʥʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʦʜ 2 ʜʦ 6% MPP, ʛʜʝ ʩʝ ʫʦʯʘʚʘ ʙʣʘʛʠ ʪʨʝʥʜ 

ʨʘʩʪʘ, ʚʝ˂ ʫ ʜʝʣʫ ʦʜ 6 ʜʦ 10% MPP, ʛʜʝ ʿʝ ʨʘʩʪ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ ʚʝʦʤʘ ʠʟʨʘʞʝʥ. 

ʆʜʟʠʚʠ ʦʩʪʘʣʠʭ ʝʬʝʢʘʪʘ ʥʠʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ ʠ ʤʘʢʩʠʤʘʣʥʝ ʠ ʤʠʥʠʤʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠ ʠʩʧʠʪʠʚʘʥʠʭ ʥʠʚʦʘ ʧʘʨʘʤʝʪʘʨʘ ʠʤʘʿʫ ʩʣʠʯʘʥ ʦʜʟʠʚ, ʫʟ ʧʘʜʦʚʝ ʦʜʟʠʚʘ ʫ 

ʮʝʥʪʨʘʣʥʠʤ ʪʘʯʢʘʤʘ. 

ʅʘ ʜʠʿʘʛʨʘʤʫ ʠʥʪʝʨʘʢʮʠʿʘ (ʩʣʠʢʘ 4.36.) ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʿʝ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ 

ʛʦʪʦʚʦ ʢʦʥʩʪʘʥʪʘʥ ʟʘ ʦʙʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ MPP ʧʨʠ ʧʨʦʤʝʥʘʤʘ ʦʩʪʘʣʠʭ 

ʧʘʨʘʤʝʪʘʨʘ. ʄʦʛʫ ʩʝ ʠʟʜʚʦʿʠʪʠ ʜʚʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʩʣʫʯʘʿʘ, ʘ ʪʦ ʩʫ ʨʘʩʪ ʢʘʧʘʮʠʪʝʪʘ 

ʭʝʣʠʨʘˁʘ ʫʟʦʨʘʢʘ ʟʘ ʦʙʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ME ʩʘ ʧʦʨʘʩʪʦʤ % MPP, ʢʘʦ ʠ ʧʘʜ ʢʘʧʘʮʠʪʝʪʘ 

ʭʝʣʠʨʘˁʘ ʟʘ 0,1% ME ʠ ʨʘʩʪ ʟʘ 0,9% ME ʩʘ ʧʦʨʘʩʪʦʤ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ. ʋ ʩʚʠʤ ʜʨʫʛʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʧʨʦʤʝʥʝ ʧʘʨʘʤʝʪʘʨʘ ʥʝ ʫʪʠʯʫ ʟʥʘʯʘʿʥʦ ʥʘ ʜʨʫʛʝ ʧʘʨʘʤʝʪʨʝ, ʪʿ. ʚʠʜʝ ʩʝ 
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ʢʦʥʩʪʘʥʪʥʝ ʣʠʥʠʿʝ ʠʣʠ ʣʠʥʠʿʝ ʩʘ ʚʨʣʦ ʙʣʘʛʠʤ ʨʘʩʪʦʤ ʟʘ ʦʙʘ ʥʠʚʦʘ ʜʘʪʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʀ 

ʦʚʜʝ ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʧʦʢʘʟʫʿʝ 10% ʤʣʝʢʦ, ʢʘʦ ʢʦʜ ʘʥʘʣʦʛʥʠʭ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei. 

 

ʉʣʠʢʘ 4.36. ɼʠʿʘʛʨʘʤ ʠʥʪʝʨʘʢʮʠʿʘ ʝʬʝʢʘʪʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ 

(FCC ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ 

ʛˀʠʚʘ; w(MPP) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï 

ʚʨʝʤʝ ʤʝʰʘˁʘ. 

4.7.3.3. FRP ʪʝʩʪ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus  

ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʜʫʢʮʠʿʝ Fe
3+

 FRP ʪʝʩʪʦʤ ʢʦʜ 

ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʫ ʦʧʩʝʛʫ 45,00 ï 737,07 ɛg ʘʩʢʦʨʙʠʥʩʢʝ 

ʢʠʩʝʣʠʥʝ/ mL ʫʟʦʨʢʘ (ʧʨʠʣʦʛ 5). ʀ ʦʚʜʝ ʩʫ ʫʟʦʨʮʠ 2L, 12L, 14L, 22L, 24L, 25L ʧʦʢʘʟʘʣʠ 

ʥʘʿʩʣʘʙʠʿʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ (ʫʟʦʨʮʠ ʩʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 0,1% ME ʠ 2% MPP, ʙʝʟ ʦʙʟʠʨʘ 

ʥʘ ʦʩʪʘʣʝ ʧʘʨʘʤʝʪʨʝ). ɺʝ˂ʝ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʤʝʨʝˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʰʘʚʠʥʝ ʩʘ A.blazei 

ʤʦʛʫ ʧʦʪʠʮʘʪʠ ʦʜ ʨʘʟʣʠʯʠʪʦʛ ʩʘʩʪʘʚʘ ʧʦʣʘʟʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ, ʛʜʝ ʩʝ VL ʦʜʣʠʢʫʿʝ 

ʚʝ˂ʦʤ ʭʝʪʝʨʦʛʝʥʦʰ˂ʫ, ʢʘʦ ʠ ʦʜ ʤʘˁʝʛ ʩʪʝʧʝʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʢʘʟʝʠʥʠʤʘ. ʋʢʦʣʠʢʦ ʫ 

ʩʣʫʯʘʿʫ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus ʥʝʤʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʢʘʟʝʠʥʠʤʘ ʠʣʠ ʠʭ 

ʠʤʘ ʫ ʤʘˁʝʤ ʩʪʝʧʝʥʫ, ʪʿ. ʠʤʘ ʤʘˁʝ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ, ʛʣʠʢʦʟʠʜʥʠʭ ʚʝʟʘ ʠʣʠ 

ʭʠʜʨʦʬʦʙʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ, ʢʦʥʩʪʠʪʫʝʥʪʠ ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ ʩʫ ʜʦʩʪʫʧʥʠʿʠ ʠ ʤʦʛʫ ʫ 

ʚʝ˂ʝʤ ʩʪʝʧʝʥʫ ʨʝʜʫʢʦʚʘʪʠ Fe
3+ 
ʫ Fe

2+
 ʠ ʧʦʢʘʟʘʪʠ ʚʝ˂ʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ 

ʥʘʚʦʜʠ ʜʦʙʨʘ ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ (Klaus et al., 2013; 

Kozarski et al., 2012; Petroviĺ et al., 2014b). ʋ ʩʪʫʜʠʿʠ Petroviĺ et al. (2014a) ʧʨʠʢʘʟʘʥʝ ʩʫ 

ʚʝ˂ʝ FRP ʚʨʝʜʥʦʩʪʠ ʚʦʜʝʥʠʭ ʠ ʚʦʜʝʥʦ-ʤʝʪʘʥʦʣʥʠʭ ʝʢʩʪʨʘʢʘʪʘ L. sulphureus ʫ ʦʜʥʦʩʫ ʥʘ 

ʝʪʘʥʦʣʥʠ ʝʢʩʪʨʘʢʪ. ɼʦʙʨʘ ʨʝʜʫʢʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʩʫ ʠʟʤʝʹʫ ʦʩʪʘʣʦʛ ʫ 

ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʩʘʜʨʞʘʿʝʤ Ŭ-ʛʣʫʢʘʥʘ (Klaus et al., 2013; Kozarski et al., 2012). ʇʨʦʪʝʠʥʠ 

ʜʝʣʫʿʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦ ʪʨʘʥʩʬʝʨʦʤ ʚʦʜʦʥʠʢʘ, ʧʘ ʠʭ FRP ʤʝʨʝˁʘ ʥʝ ʜʝʪʝʢʪʫʿʫ 

(Stobiecka et al., 2022), ʘ ʥʝʤʘ ʣʠʪʝʨʘʪʫʨʝ ʢʦʿʘ ʩʝ ʙʘʚʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʰ˂ʫ ʝʢʩʪʨʘʢʘʪʘ 

ʛˀʠʚʘ ʩʘ ʦʚʘʢʦ ʚʠʩʦʢʠʤ ʩʘʜʨʞʘʿʝʤ ʧʨʦʪʝʠʥʘ. ʉʘ ʇʘʨʝʪʦ ʛʨʘʬʠʢʘ (ʩʣʠʢʘ 4.37.) ʚʠʜʠ ʩʝ 

ʜʘ ʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ ʩʣʝʜʝ˂ʠ ʠʩʧʠʪʠʚʘʥʠ ʧʘʨʘʤʝʪʨʠ: % ME, % MPP, ʚʨʝʤʝ 

ʤʝʰʘˁʘ ʠ pH ʚʨʝʜʥʦʩʪ. ʀ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʢʘʦ ʢʦʜ ʠʩʪʝ ʘʥʘʣʠʟʝ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei, 

ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʝʬʝʢʘʪ ʥʘ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʠʤʘ % ME. ʈʘʟʣʠʢʘ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ L. 

sulphureus ʿʝ ʠ ʟʥʘʯʘʿʥʦʩʪ pH ʚʨʝʜʥʦʩʪʠ, ʢʦʿʘ ʟʘ ʧʨʝʪʭʦʜʥʝ ʤʝʰʘʚʠʥʝ ʥʠʿʝ ʙʠʣʘ 



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

110 

ʟʥʘʯʘʿʥʘ. ʋʪʠʮʘʿ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʘʦ ʠ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʧʘʨʘʤʝʪʘʨʘ ʥʠʩʫ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʠ.  

 

ʉʣʠʢʘ 4.37. ʇʘʨʝʪʦ ʛʨʘʬʠʢ, ʝʬʝʢʘʪ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ (FRP ʪʝʩʪ) ʢʦʜ 

ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) ï 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

ɻʨʘʬʠʢ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ (ʩʣʠʢʘ 4.38.) ʫʢʘʟʫʿʝ ʥʘ ʨʘʩʪ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʩʘ ʨʘʩʪʦʤ % ME, 

ʢʘʦ ʠ ʥʘ ʨʘʩʪ ʫ ʦʧʩʝʛʫ 2 ï 6% MPP (ʜʨʘʩʪʠʯʥʠʿʠʤ ʪʨʝʥʜʦʤ ʫ ʦʜʥʦʩʫ ʥʘ ʘʥʘʣʦʛʥʝ 

ʤʝʰʘʚʠʥʝ ʩʘ A.blazei), ʘ ʟʘʪʠʤ ʙʣʘʛʠ ʧʘʜ ʫ ʦʧʩʝʛʫ 6 ï 10% MPP. ɺʠʜʠ ʩʝ ʠ ʜʘ ʧʨʦʤʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʚʜʝ ʥʝʤʘ ʫʪʠʮʘʿʘ, ʢʘʦ ʠ ʜʝʣʠʤʠʯʥʦ ʙʦˀʠ ʦʜʛʦʚʦʨʠ ʚʠʰʠʭ ʠʩʧʠʪʠʚʘʥʠʭ 

ʥʠʚʦʘ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ ʠ pH ʚʨʝʜʥʦʩʪʠ, ʩʘ ʙʣʘʛʠʤ ʧʦʨʘʩʪʦʤ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʫ 

ʮʝʥʪʨʘʣʥʠʤ ʪʘʯʢʘʤʘ. 

ʅʘ ʩʣʠʮʠ 4.39. ʧʨʠʢʘʟʘʥ ʿʝ ʜʠʿʘʛʨʘʤ ʠʥʪʝʨʘʢʮʠʿʘ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʜʘ ʤʝʰʘʚʠʥʝ ʩʘ 0,1% ME 

ʠʤʘʿʫ ʤʘʣʦ ʚʝ˂ʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʧʨʠ ʧʦʨʘʩʪʫ % MPP ʠ pH ʚʨʝʜʥʦʩʪʠ, ʢʘʦ ʠ ʟʘ ʥʠʿʘʥʩʫ 

ʣʦʰʠʿʠ ʦʜʛʦʚʦʨ ʧʦʚʝ˂ʘˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ. ʂʦʜ ʤʝʰʘʚʠʥʘ ʩʘ 0,9% ME 

ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ ʨʘʩʪʝ ʨʘʟʣʠʯʠʪʠʤ ʪʝʤʧʦʤ ʧʨʠ ʧʦʨʘʩʪʫ ʩʚʠʭ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʅʘ 

ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʤʝʰʘʚʠʥʘ ʥʘ ʦʙʘ ʥʠʚʦʘ % MPP ʥʝ ʫʪʠʯʫ ʪʝʤʧʝʨʘʪʫʨʘ ʠ pH ʚʨʝʜʥʦʩʪ, 

ʜʦʢ ʧʦʨʘʩʪ ʚʨʝʤʝʥʘ ʤʝʰʘˁʘ ʫʪʠʯʝ ʥʘ ʚʝ˂ʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʤʝʰʘʚʠʥʘ ʩʘ 10% MPP ʠ 

ʤʘˁʫ ʩʘ 2% MPP. ʂʘʦ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei, ʚʨʝʤʝ ʤʝʰʘˁʘ ʥʝ ʫʪʠʯʝ ʥʘ ʦʜʛʦʚʦʨ 

ʨʘʟʣʠʯʠʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘ, ʘ pH ʚʨʝʜʥʦʩʪ ʥʝʤʘ ʫʪʠʮʘʿ ʥʘ ʦʜʛʦʚʦʨ ʨʘʟʣʠʯʠʪʠʭ ʚʨʝʤʝʥʘ 

ʤʝʰʘˁʘ. ʇʨʦʤʝʥʘ pH ʚʨʝʜʥʦʩʪʠ ʫʪʠʯʝ ʜʚʦʿʘʢʦ ʥʘ ʤʝʰʘʚʠʥʝ ʧʨʘʚˀʝʥʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ; ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ ʦʧʘʜʘ ʟʘ ʤʝʰʘʚʠʥʝ ʧʨʘʚˀʝʥʝ ʥʘ 5 ÁC ʠ  ʨʘʩʪʝ ʟʘ 

ʤʝʰʘʚʠʥʝ ʧʨʘʚˀʝʥʝ ʥʘ 25 °C. 
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ʉʣʠʢʘ 4.38. ɻʨʘʬʠʢ ʛʣʘʚʥʠʭ ʝʬʝʢʘʪʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ (FRP ʪʝʩʪ) ʢʦʜ 

ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; w(MPP) ï 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï ʚʨʝʤʝ ʤʝʰʘˁʘ. 

 

 

ʉʣʠʢʘ 4.39. ɼʠʿʘʛʨʘʤ ʠʥʪʝʨʘʢʮʠʿʘ ʝʬʝʢʘʪʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ (FRP 

ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus. ʉʢʨʘ˂ʝʥʠʮʝ: w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ; 

w(MPP) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁa; t ï ʚʨʝʤʝ 
ʤʝʰʘˁʘ.  

ʆʚʜʝ ʩʝ ʤʦʛʫ ʠʟʥʝʪʠ ʠʩʪʠ ʛʝʥʝʨʘʣʥʠ ʟʘʢˀʫʯʮʠ ʢʘʦ ʟʘ ʤʝʰʘʚʠʥʝ ʩʘ A.blazei ï ʥʘ ʦʩʥʦʚʫ 

ʦʜʛʦʚʦʨʘ ʙʘʟʠʨʘʥʠʭ ʥʘ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʪʝʩʪʘ, ʜʘˀʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ 

ʜʠʟʘʿʥ ʩʝ ʥʘʩʪʘʚˀʘ ʩʘ ʬʠʢʩʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ: pH 6,8 (ʥʠʚʦ +1), ʚʨʝʤʝ ʤʝʰʘˁʘ 65 min 

(ʥʠʚʦ +1), ʪʝʤʧʝʨʘʪʫʨʘ 25 ÁC (ʥʠʚʦ +1). ʀʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʠ ʦʜʛʦʚʦʨʘ ʠ 
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ʦʚʜʝ ʧʦʩʪʦʿʠ ʦʜʣʠʯʥʘ ʢʦʨʝʣʘʮʠʿʘ ʟʘ ABTS ʠ FRP ʪʝʩʪ (ʧʨʝʢʦ 99%), ʜʦʢ ʿʝ ʢʦʜ  Fʉʉ 

ʪʝʩʪʘ ʤʘʣʦ ʥʠʞʘ (ʦʢʦ 80%; ʧʨʠʣʦʛ 6). ʎʝʥʪʨʘʣʥʠ ʢʦʤʧʦʟʠʪʥʠ ʜʠʟʘʿʥ ʥʘʩʪʘʚˀʘ ʩʘ 

ʠʩʧʠʪʠʚʘˁʝʤ ʚʘʨʠʨʘˁʘ ʜʚʘ ʥʘʿʫʪʠʮʘʿʥʠʿʘ ʧʘʨʘʤʝʪʨʘ - % ME ʠ % MPP, ʢʘʢʦ ʙʠ ʩʝ 

ʧʨʦʥʘʰʘʦ ʦʧʪʠʤʘʣʥʠ ʦʜʥʦʩ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʩʘ ʚʠʰʝ ʘʩʧʝʢʘʪʘ. 
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4.7.4. ʆʧʪʠʤʠʟʘʮʠʿʘ ʤʝʰʘʚʠʥʘ ʧʨʠʤʝʥʦʤ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ (CCD) 

ʅʘʢʦʥ ʬʨʘʢʮʠʦʥʦʛ ʬʘʢʪʦʨʠʿʩʢʦʛ ʜʠʟʘʿʥʘ ʠ ʘʥʘʣʠʟʝ ʫʪʠʮʘʿʘ ʧʝʪ ʬʘʢʪʦʨʘ ʠ ˁʠʭʦʚʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ, ʥʘʩʪʘʚˀʝʥʦ ʿʝ ʩʘ ʮʝʥʪʨʘʣʥʠʤ ʢʦʤʧʦʟʠʪʥʠʤ ʜʠʟʘʿʥʦʤ, ʛʜʝ ʿʝ ʠʩʧʠʪʠʚʘʥ 

ʫʪʠʮʘʿ ʜʚʘ ʬʘʢʪʦʨʘ (ʥʝʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʝ) ʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ (ABTS ʪʝʩʪ, FCC ʪʝʩʪ, 

FRP ʪʝʩʪ) ʠ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ (ʢʘʧʘʮʠʪʝʪ ʧʝʥʝ ï FC, ʩʪʘʙʠʣʥʦʩʪ ʧʝʥʝ ï FS, 

ʠʥʜʝʢʩ ʘʢʪʠʚʥʦʩʪʠ ʝʤʫʣʟʠʿʝ ï EAI, ʠʥʜʝʢʩ ʩʪʘʙʠʣʥʦʩʪʠ ʝʤʫʣʟʠʿʝ ï ESI). ʇʦʨʝʜ ʚʝ˂ 

ʠʩʧʠʪʠʚʘʥʠʭ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʫ ʦʚʦʿ ʬʘʟʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ 

ʘʥʘʣʠʟʠʨʘʥʘ ʩʫ ʠ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ, ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʤ ʠʩʧʠʪʠʚʘˁʘ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ ʫʪʚʨʜʠʣʦ ʢʘʢʦ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʪʠʯʫ ʥʘ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ 

ʩʚʦʿʩʪʚʘ ʟʙʦʛ ʧʦʪʝʥʮʠʿʘʣʥʝ ʘʧʣʠʢʘʪʠʚʥʦʩʪʠ ʫ ʧʨʝʭʨʘʤʙʝʥʠʤ ʧʨʦʠʟʚʦʜʠʤʘ, ʙʫʜʫ˂ʠ ʜʘ ʩʝ 

ʤʝʰʘʚʠʥʝ ʥʝ˂ʝ ʢʦʨʠʩʪʠʪʠ ʩʘʤʦʩʪʘʣʥʦ, ʚʝ˂ ʢʘʦ ʩʘʩʪʦʿʘʢ ʭʨʘʥʝ. ɿʘ ʩʚʘʢʠ ʬʘʢʪʦʨ 

ʠʟʘʙʨʘʥʘ ʩʫ ʪʨʠ ʥʠʚʦʘ: ʤʠʥʠʤʘʣʥʠ (-1), ʮʝʥʪʨʘʣʥʠ (0) ʠ ʤʘʢʩʠʤʘʣʥʠ (+1) (ʪʘʙʝʣʘ 4.5.). 

ʆʚʠ ʥʠʚʦʠ ʩʫ ʩʣʠʯʥʠ ʢʘʦ ʦʧʩʝʛ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʢʦʜ ʬʨʘʢʮʠʦʥʦʛ 

ʬʘʢʪʦʨʠʿʩʢʦʛ ʜʠʟʘʿʥʘ. ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʩʢʨʠʥʠʥʛʘ (FFD) ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʦʧʩʝʛʝ ʥʝ 

ʪʨʝʙʘ ʙʠʪʥʠʿʝ ʤʝˁʘʪʠ, ʚʝ˂ ʫ ʦʚʠʤ ʦʢʚʠʨʠʤʘ ʦʜʨʝʜʠʪʠ ʦʧʪʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ. ʇʨʝʦʩʪʘʣʘ 

ʪʨʠ ʬʘʢʪʦʨʘ ʠʟ FFD ʩʫ ʙʠʣʘ ʢʦʥʩʪʘʥʪʥʘ: ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʰʘˁʘ ʿʘ ʠʟʥʦʩʠʣʘ 25 °C, ʚʨʝʤʝ 

ʤʝʰʘˁʘ ʿʝ ʙʠʣʦ 65 min, ʘ pH ʚʨʝʜʥʦʩʪ ʿʝ ʠʟʥʦʩʠʣʘ 6,80. 

 

ʊʘʙʝʣʘ 4.5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʬʘʢʪʦʨʠ ʠ ˁʠʭʦʚʠ ʥʠʚʦʠ ʢʦʜ CCD 

ʀʩʧʠʪʠʚʘʥʠ ʬʘʢʪʦʨʠ 

(ʥʝʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʝ) 

ʅʠʚʦ 

ʄʠʥʠʤʘʣʥʠ (-1) ʎʝʥʪʨʘʣʥʠ (0) ʄʘʢʩʠʤʘʣʥʠ (+1) 

w(ME) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ (%) 
0,2 0,6 1,0 

w(MPP) ï ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (%) 
2 6 10 

 

ʎʝʥʪʨʘʣʥʠ ʢʦʤʧʦʟʠʪʥʠ ʜʠʟʘʿʥ ʿʝ ʩʘʜʨʞʘʦ ʧʦ 14 ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʟʘ ʩʚʘʢʫ ʛˀʠʚʫ, ʪʿ. 

ʧʨʠʧʨʝʤˀʝʥʦ ʿʝ 14 ʤʝʰʘʚʠʥʘ TRM ʩʘ VA (1A, 2A, 3A, ʠʪʜ.) ʠ 14 ʤʝʰʘʚʠʥʘ TRM ʩʘ VL 

(1L, 2L, 3L, ʠʪʜ.). ʄʘʪʨʠʮʘ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʟʘ ʜʚʝ ʧʨʦʤʝʥˀʠʚʝ ʠ ʪʨʠ 

ʥʠʚʦʘ, ʩʘ ʯʝʪʠʨʠ ʮʝʥʪʨʘʣʥʝ ʪʘʯʢʝ, ʧʝʪ ʮʝʥʪʨʘʣʥʠʭ ʧʨʦʩʪʦʨʥʠʭ ʠ ʯʝʪʠʨʠ ʘʢʩʠʿʘʣʥʝ 

ʪʘʯʢʝ, ʧʨʝʤʘ ʠʟʘʙʨʘʥʦʤ ʮʝʥʪʨʘʣʥʦʤ ʢʦʤʧʦʟʠʪʥʦʤ ʜʠʟʘʿʥʫ, ʜʦʙʠʿʝʥʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʩʪʘʪʠʩʪʠʯʢʦʛ ʩʦʬʪʚʝʨʘ MINITAB. ʈʝʘʣʥʝ ʚʨʝʜʦʩʪʠ ʤʘʪʨʠʮʝ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 4.6. 

ʊʦʢʦʤ CCD ʟʘ ʧʨʠʧʨʝʤʫ ʤʝʰʘʚʠʥʘ ʠʩʢʦʨʠʰ˂ʝʥʘ ʿʝ ʥʦʚʘ ʪʫʨʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʩʘ 

ʩʘʜʨʞʘʿʝʤ ʛʣʫʢʘʥʘ ʧʨʠʢʘʟʘʥʠʤ ʫ ʪʘʙʝʣʠ 4.7. ɹʫʜʫ˂ʠ ʜʘ ʿʝ CCD ʜʝʦ ʤʝʪʦʜʦʣʦʛʠʿʝ 

ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ (RSM), ʘʥʘʣʠʟʘ ʠ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʩʫ ʠʟʚʨʰʝʥʠ ʧʦʤʦ˂ʫ 

ʜʠʿʘʛʨʘʤʘ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʘʚʠʩʥʦʩʪ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʠʣʠ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʩʚʦʿʩʪʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʤʝʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ, ʢʘʦ ʠ ʧʦʤʦ˂ʫ ʚʨʝʜʥʦʩʪʠ 

ʨʝʛʨʝʩʠʦʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ. 
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ʊʘʙʝʣʘ 4.6. CCD ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʠ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ ʤʝʰʘʚʠʥʘ, ʨʝʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ɹʨʦʿ ʝʢʩʧʝʨʠʤʝʥʪʘ % ʝʢʩʪʨʘʢʪʘ ʛˀʠʚʝ - w(ME) 
% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʥʦʛ 

ʤʣʝʢʘ - w(MPP) 

1 1,00 10,00 

2 0,60 6,00 

3 0,20 2,00 

4 1,00 2,00 

5 0,60 6,00 

6 0,20 10,00 

7 0,60 6,00 

8 0,60 0,34 

9 0,60 6,00 

10 0,60 6,00 

11 1,17 6,00 

12 0,03 6,00 

13 0,60 6,00 

14 0,60 11,66 

 

ʊʘʙʝʣʘ 4.7. ʉʘʜʨʞʘʿ ʛʣʫʢʘʥʘ ʫ ʚʦʜʝʥʠʤ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ ʢʦʨʠʰ˂ʝʥʠʤ ʟʘ ʧʨʘʚˀʝˁʝ ʤʝʰʘʚʠʥʘ 

ʪʦʢʦʤ ʠ ʥʘʢʦʥ CCD 

ʋʟʦʨʘʢ 
ʋʢʫʧʥʠ ʩʘʜʨʞʘʿ 

ʛʣʫʢʘʥʘ (g/100 g) 

ʉʘʜʨʞʘʿ Ŭ-ʛʣʫʢʘʥʘ 

(g/100 g) 

ʉʘʜʨʞʘʿ ɓ-ʛʣʫʢʘʥʘ 

(g/100 g) 

VA*  7,95 ± 0,18
ʘ
 1,23 ± 0,02

a 
6,72 ± 0,21

a 

VL*  8,29 ± 0,20
ʘ 

1,50 ± 0,04
b 

6,80 ± 0,25
a 

ʋ ʦʢʚʠʨʫ ʩʚʘʢʝ ʢʦʣʦʥʝ, ʨʝʟʫʣʪʘʪʠ ʧʦʩʣʝ ʢʦʿʠʭ ʩʪʦʿʝ ʨʘʟʣʠʯʠʪʘ ʤʘʣʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʩʝ 

ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 0,05). ʉʢʨʘ˂ʝʥʠʮʝ: VA ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. 

blazei; VL ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus. 

4.7.5. ʆʧʪʠʤʠʟʘʮʠʿʘ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ A.blazei ʧʨʠʤʝʥʦʤ ʉʉD 

4.7.5.1. ABTS ʪʝʩʪ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ A.blazei 

ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ABTS 

ʪʝʩʪ) ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei ʧʨʝʤʘ ʰʝʤʠ ʠʟ ʪʘʙʝʣʝ 4.6. ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʫ ʦʧʩʝʛʫ 3,73 ï 

6,04 mg Trolox/ mL ʫʟʦʨʢʘ (ʧʨʠʣʦʛ 7), ʰʪʦ ʿʝ ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪʠ ABTS ʪʝʩʪʘ 

ʠʟʤʝʨʝʥʝ ʫ FFD. ɿʘ ʥʘʩʪʘʚʘʢ, ʪʿ. CCD, ʦʜʘʙʨʘʥʠ ʩʫ ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ ʟʘ ʪʨʠ ʬʘʢʪʦʨʘ ʠʟ 

FFD ʢʦʿʠ ʩʫ ʬʠʢʩʠʨʘʥʠ, ʘ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A.blazei ʢʦʨʠʰ˂ʝʥ ʫ ʦʚʦʿ ʝʪʘʧʠ ʠʩʪʨʘʞʠʚʘˁʘ 

ʩʘʜʨʞʘʦ ʿʝ ʚʝ˂ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʛʣʫʢʘʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʝʢʩʪʨʘʢʪ ʢʦʨʠʰ˂ʝʥ ʪʦʢʦʤ FFD, ʧʘ 

ʦʜʘʪʣʝ ʧʦʪʠʯʫ ʨʘʟʣʠʢʝ. ʊʘʢʦʹʝ, ʪʠʧ ʤʣʝʢʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʢʘʟʝʠʥʘ, ʪʠʧ ʝʢʩʪʨʘʢʪʘ ʛˀʠʚʝ, 

ʫʜʝʦ ʙʠʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ, ˁʠʭʦʚʘ ʩʠʥʝʨʛʠʿʘ ʠ ʜʨʫʛʠ ʬʘʢʪʦʨʠ 

ʫʪʠʯʫ ʥʘ ʚʘʨʠʨʘˁʝ ʨʝʟʫʣʪʘʪʘ ʠ ʦʪʝʞʘʚʘʿʫ ʧʦʨʝʹʝˁʝ ʩʘ ʣʠʪʝʨʘʪʫʨʦʤ, ʧʦʩʝʙʥʦ ʢʘʜʘ ʩʫ 

ʧʦʣʘʟʥʠ ʫʟʦʨʮʠ ʭʨʘʥʘ, ʪʿ. ʧʨʠʨʦʜʥʠ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʿʝ ʩʧʝʮʠʬʠʯʘʥ ʠ ʠʤʘ ʨʘʟʣʠʯʠʪ 

ʙʠʦʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ (Çekiç et al., 2015; Chen et al., 2003; Shah & Modi, 2020; Siu et al., 

2014). ʌʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ, ʛʣʘʚʥʠ ʥʦʩʠʦʮʠ 

ʢʘʧʘʮʠʪʝʪʘ ʧʦʨʝʢʣʦʤ ʠʟ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ, ʢʘʦ ʠ ʟʥʘʯʘʿʥʠ ʣʠʪʝʨʘʪʫʨʥʠ ʧʦʜʘʮʠ 

ʜʝʪʘˀʥʠʿʝ ʩʫ ʦʧʠʩʘʥʠ ʫ ʧʦʛʣʘʚˀʫ 4.7.2.1. 

ʅʘ ʩʣʠʮʠ 4.40. ʧʨʠʢʘʟʘʥ ʿʝ ʜʠʿʘʛʨʘʤ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʫʢʫʧʥʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʫ ʬʫʥʢʮʠʿʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʪʘ A.blazei ʠ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ. ʋʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʿʝ ʙʠʦ ʫ ʚʠʩʦʢʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ (R
2
 = 90,49%). ɿʘ ʠʩʧʠʪʠʚʘʥʝ ʧʘʨʘʤʝʪʨʝ ʠ ˁʠʭʦʚʝ ʥʠʚʦʝ 



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

115 

ʧʨʠʤʝ˂ʫʿʝ ʩʝ ʜʘ ʩʫ ʥʘʿʚʠʰʠ ʨʝʟʫʣʪʘʪʠ ʧʦʚʝʟʘʥʠ ʩʘ ʥʘʿʚʝ˂ʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʝʢʩʪʨʘʢʪʘ 

ʛˀʠʚʝ (w(ME)=1%), ʢʘʦ ʠ ʜʘ ʥʘʿʚʠʰʠ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʠʤʘʿʫ 

ʤʝʰʘʚʠʥʝ ʩʘ 6-10% ʄPP, ʪʿ. ʜʘ ʩʝ ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ ʦʧʪʠʤʘʣʥʦʛ ʘʜʠʪʠʚʘ ʩʘ ʦʚʦʛ ʘʩʧʝʢʪʘ 

ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʠ ʤʣʝʢʦ ʩʘ ʥʠʞʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʦʜ 10%, ʫʟ ʦʜʣʠʯʥʝ ʨʝʟʫʣʪʘʪʝ. 

 

ʉʣʠʢʘ 4.40. ɼʠʿʘʛʨʘʤ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ; ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ (ABTS ʪʝʩʪ) 

ʤʝʰʘʚʠʥʘ ʩʘ A.blazei ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿe ʝʢʩʪʨʘʢʪʘ ʛˀʠʚe (w(ME)) ʠ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (w(MPP)); R
2
=90,49% 

ʊʘʙʝʣʘ 4.8. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ABTS ʪʝʩʪ) ʤʝʰʘʚʠʥʘ ʩʘ 

A.blazei, ʢʦʜʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ 1 0,02983 0,02983 0,02983 0,31 0,595 

ʈʝʛʨʝʩʠʿʘ 5 6,39320 6,39320 1,27864 13,27 0,002 

  ʃʠʥʝʘʨʥʘ 2 3,86466 3,86466 1,93233 20,05 0,001 

    w(ME) 1 1,22145 1,22145 1,22145 12,67 0,009 

    w(MPP) 1 2,64321 2,64321 2,64321 27,42 0,001 

  ʂʚʘʜʨʘʪʥʘ 2 1,37067 1,37067 0,68533 7,11 0,021 

    w(ME), w(ME) 1 0,18652 0,26451 0,26451 2,74 0,142 

    w(MPP), w(MPP) 1 1,18415 1,18415 1,18415 12,28 0,010 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 1,15788 1,15788 1,15788 12,01 0,010 

    w(ME), w(MPP) 1 1,15788 1,15788 1,15788 12,01 0,010 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 0,67473 0,67473 0,09639   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ  3 0,48158 0,48158 0,16053 3,32 0,138 

ɻʨʝʰʢʘ 4 0,19315 0,19315 0,04829   

ʋʢʫʧʥʦ 13 7,09776     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 

ʋ ʪʘʙʝʣʠ 4.8. ʧʨʠʢʘʟʘʥʘ ʿʝ ʘʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ɸNOVA) ʟʘ ʤʦʜʝʣ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʝ 

ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ABTS ʪʝʩʪ). ɸNOVA ʫʢʫʧʘʥ 

ʚʘʨʠʿʘʙʠʣʠʪʝʪ ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ ʜʝʣʠ ʥʘ ʬʘʢʪʦʨʩʢʫ ʠʣʠ ʦʨʛʘʥʠʟʦʚʘʥʫ ʢʦʤʧʦʥʝʥʪʫ, ʢʦʿʘ ʿʝ 

ʧʦʩʣʝʜʠʮʘ ʧʨʦʤʝʥʝ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠʟʤʝʹʫ ʦʜʘʙʨʘʥʠʭ ʥʠʚʦʘ ʠ ʨʝʟʠʜʫʘʣʥʫ ʠʣʠ 

ʩʣʫʯʘʿʥʫ ʢʦʤʧʦʥʝʥʪʫ, ʢʦʿʘ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʩʣʫʯʘʿʥʝ ʛʨʝʰʢʝ ʢʦʿʘ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ ʤʝʨʝˁʝʤ 

ʠʟʘʙʨʘʥʦʛ ʦʜʛʦʚʦʨʘ ʩʠʩʪʝʤʘ (Sredoviĺ Ignjatoviĺ, 2015). ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ 
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ʨʝʛʨʝʩʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʩʫ ʦʥʠ ʯʠʿʘ ʿʝ p-ʚʨʝʜʥʦʩʪ ʿʝʜʥʘʢʘ ʠʣʠ ʤʘˁʘ ʦʜ ʠʟʘʙʨʘʥʝ 

ʚʨʝʜʥʦʩʪʠ Ŭ (ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ Ŭ=0,05; ʪʿ. ʧʦʜʨʫʯʿʝ ʧʦʚʝʨʝˁʘ ʿʝ 95%) (Sredoviĺ 

Ignjatoviĺ, 2015). ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʥʘ ʚʨʝʜʥʦʩʪʠ ABTS ʪʝʩʪʘ ʫʪʠʯʫ ʣʠʥʝʘʨʥʠ 

ʯʣʘʥʦʚʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʄʈʈ ʠ ʄɽ, ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʦʚʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʢʘʦ ʠ 

ʢʚʘʜʨʘʪ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʄʈʈ. 

4.7.5.2. FCC ʪʝʩʪ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ A.blazei 

ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ FCC ʪʝʩʪʦʤ ʢʦʜ ʤʝʰʘʚʠʥʘ 

ʩʘ A.blazei ʩʫ ʙʠʣʝ ʫ ʦʧʩʝʛʫ 1,88 ï 5,00 mg EDTA/ mL ʫʟʦʨʢʘ (ʧʨʠʣʦʛ 7), ʰʪʦ ʿʝ ʚʨʣʦ 

ʩʣʠʯʥʦ ʢʘʜʘ ʩʝ ʨʝʟʫʣʪʘʪʠ ʫʧʦʨʝʜʝ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ FCC ʪʝʩʪʘ ʠʟ FFD, ʢʘʦ ʠ ʩʘ 

ʣʠʪʝʨʘʪʫʨʦʤ (Kostiĺ et al., 2021; Milinļiĺ et al., 2022). ɿʘ ʨʘʟʣʠʢʫ ʦʜ ABTS ʪʝʩʪʘ, ʛʜʝ 

ʬʠʛʫʨʠʰʫ ʠ ʿʝʜʠˁʝˁʘ ʛˀʠʚʝ ʠ ʿʝʜʠˁʝˁʘ ʤʣʝʢʘ, ʦʚʜʝ ʿʝ ʝʬʝʢʘʪ ʤʣʝʢʘ ʢˀʫʯʘʥ, ʧʘ 

ʧʨʦʤʝʥʘ ʩʘʜʨʞʘʿʘ ʛʣʫʢʘʥʘ ʢʦʜ ʥʦʚʦʛ ʝʢʩʪʨʘʢʪʘ A.blazei ʥʠʿʝ ʚʠʜˀʠʚʘ. ɱʘʩʥʦ ʩʝ ʤʦʛʫ 

ʫʦʯʠʪʠ ʪʨʠ ʫʟʦʨʢʘ ʩʘ ʚʠʩʦʢʠʤ FCC ʚʨʝʜʥʦʩʪʠʤʘ (1ɸ, 6ɸ, 14ɸ) ʢʦʿʘ ʩʝ ʪʠʯʫ ʤʣʝʢʘ ʩʘ 

Ó10% ʄPP, ʜʦʢ ʩʫ ʦʩʪʘʣʠ ʫʟʦʨʮʠ ʩʣʠʯʥʠ, ʩʘ ʢʘʧʘʮʠʪʝʪʦʤ ʭʝʣʠʨʘˁʘ å 1,9 ï 2,2 mg 

EDTA/ mL ʫʟʦʨʢʘ. ʄʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʠ ʤʘʣʠ ʫʪʠʮʘʿ w(ME), ʿʝʨ ʩʝ ʿʝʜʠʥʘ ʤʝʰʘʚʠʥʘ ʩʘ 

0,34% ʄPP (8ɸ) ʤʦʞʝ ʫʧʦʨʝʜʠʪʠ ʩʘ ʤʝʰʘʚʠʥʘʤʘ ʩʘ 2 ʠ 6% ʄPP. ʆʚʜʝ ʩʝ ʠ ʧʦʨʝʜ ʥʠʩʢʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ ʠʩʧʦˀʘʚʘ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʦʜ 1,93 mg EDTA/ mL, ʚʝʨʦʚʘʪʥʦ 

ʟʙʦʛ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʪʘ A.blazei ʦʜ 0,6%.  

 

ʉʣʠʢʘ 4.41. ɼʠʿʘʛʨʘʤ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ; ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ (FCC ʪʝʩʪ) ʤʝʰʘʚʠʥʘ ʩʘ A.blazei 

ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿe ʝʢʩʪʨʘʢʪʘ ʛˀʠʚe (w(ME)) ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ 

(w(MPP)); R
2
=95,51% 

ʉʘ ʜʠʿʘʛʨʘʤʘ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ (ʩʣʠʢʘ 4.41.) ʚʠʜʠ ʩʝ ʟʘʚʠʩʥʦʩʪ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ 

ʦʜ % ʄPP, ʧʦʩʝʙʥʦ ʫ ʨʘʥʛʫ 6-10%, ʢʘʦ ʠ ʜʘ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʥʝ ʟʘʚʠʩʠ ʧʫʥʦ ʦʜ % 

ʄɽ. ʆʚʦ ʿʝ ʚʠʜˀʠʚʦ ʠ ʫ ʪʘʙʝʣʠ 4.9. ʛʜʝ ʿʝ ʟʥʘʯʘʿʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʣʝʢʘ, ʘʣʠ ʥʝ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʪʘ A.blazei, ʢʘʦ ʥʠ ˁʠʭʦʚʘ ʠʥʪʝʨʘʢʮʠʿʘ. ʆʜʛʦʚʦʨ ʩʠʩʪʝʤʘ ʿʝ ʠ 

ʦʚʜʝ ʚʠʩʦʢʦ ʢʦʨʝʣʠʩʘʥ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ (R
2
 = 95,51%). 
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ʊʘʙʝʣʘ 4.9. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ (FCC ʪʝʩʪ) ʤʝʰʘʚʠʥʘ ʩʘ A.blazei, ʢʦʜʠʨʘʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ 1 0,8345 0,8345 0,8345 6,90 0,034 

ʈʝʛʨʝʩʠʿʘ 5 17,1837 17,1837 3,4367 28,41 0,000 

  ʃʠʥʝʘʨʥʘ 2 11,8832 11,8832 5,9416 49,12 0,000 

    w(ME) 1 0,0348 0,0348 0,0348 0,29 0,608 

    w(MPP) 1 11,8483 11,8483 11,8483 97,95 0,000 

  ʂʚʘʜʨʘʪʥʘ 2 5,2993 5,2993 2,6497 21,91 0,001 

    w(ME), w(ME) 1 0,0438 0,1482 0,1482 1,23 0,305 

    w(MPP), w(MPP) 1 5,2556 5,2556 5,2556 43,45 0,000 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 0,0012 0,0012 0,0012 0,01 0,925 

    w(ME), w(MPP) 1 0,0012 0,0012 0,0012 0,01 0,925 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 0,8467 0,8467 0,1210   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ 3 0,8367 0,8367 0,2789 110,93 0,000 

ɻʨʝʰʢʘ 4 0,0101 0,0101 0,0025   

ʋʢʫʧʥʦ 13 18,8650     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 

4.7.5.3. FRP ʪʝʩʪ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ A.blazei 

ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʜʫʢʮʠʿʝ Fe
3+

 FRP ʪʝʩʪʦʤ ʢʦʜ 

ʤʝʰʘʚʠʥʘ ʩʘ A.blazei ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʠʟʤʝʹʫ 10,96 ʠ 181,30 ɛg ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ/ mL 

ʫʟʦʨʢʘ (ʧʨʠʣʦʛ 7). ʅʘʿʚʝ˂ʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʧʦʢʘʟʘʦ ʿʝ ʫʟʦʨʘʢ 1A, ʩʘ ʢʦʤʙʠʥʘʮʠʿʦʤ 

ʥʠʚʦʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʜ 1% ʄɽ ʠ 10% ʄPP.  

ʅʘ ʩʣʠʮʠ 4.42. ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʨʘʚʥʦʤʝʨʘʥ ʧʦʨʘʩʪ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʠʩʪʦʚʨʝʤʝʥʠʤ 

ʨʘʩʪʦʤ % ʄɽ ʠ % ʄPP ʜʦ ʥʘʿʚʠʰʝ ʪʘʯʢʝ ʩʘ ʤʘʢʩʠʤʘʣʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʦʙʘ ʧʘʨʘʤʝʪʨʘ, 

ʦʜʥʦʩʥʦ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʦʙʘ ʧʘʨʘʤʝʪʨʘ. ɺʝ˂ʠ ʫʪʠʮʘʿ ʠʤʘʿʫ ʢʦʥʩʪʠʪʫʝʥʪʠ ʝʢʩʪʨʘʢʪʘ 

A.blazei, ʘʣʠ ʩʝ ʫʪʠʮʘʿ ʤʣʝʢʘ ʦʛʣʝʜʘ ʢʘʜʘ ʩʝ ʥʧʨ. ʫʧʦʨʝʜʝ ʩʣʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʨʝʜʫʢʫʿʫ˂ʝ 

ʤʦ˂ʠ ʫʟʦʨʘʢʘ 4ɸ ʠ 5ɸ (å 102 ʠ 101 ɛg ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ/ mL) ʫʟ ʫʩʣʦʚʝ 1% ʄɽ/2% 

ʄPP ʠ 0,6% ʄɽ/6% ʄPP, ʨʝʩʧʝʢʪʠʚʥʦ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʚʝ˂ʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʣʝʢʘ ʤʦʞʝ 

ʜʘ ʥʘʜʦʤʝʩʪʠ ʥʠʞʠ ʧʨʦʮʝʥʘʪ ʜʦʜʘʪʦʛ ʝʢʩʪʨʘʢʪʘ ʛˀʠʚʝ, ʪʿ. ʜʘ ʨʝʟʫʣʪʫʿʝ ʩʣʠʯʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ. ʆʚʦ ʿʝ ʙʠʪʥʦ ʟʙʦʛ ʤʦʛʫ˂ʝ ʬʦʨʤʫʣʘʮʠʿʝ ʘʜʠʪʠʚʘ, ʿʝʨ ʩʝ 

ʩʤʘˁʝˁʝʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʪʘ A.blazei ʫʟ ʚʝ˂ʠ ʜʦʜʘʪʘʢ ʤʣʝʢʘ ʤʦʞʝ ʦʩʪʚʘʨʠʪʠ 

ʟʥʘʯʘʿʘʥ ʝʢʦʥʦʤʩʢʠ ʝʬʝʢʘʪ, ʫʟ ʥʝʧʨʦʤʝˁʝʥʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ. ɿʥʘʯʘʿʥʦʩʪ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʙʘ ʢʦʥʩʪʠʪʫʝʥʪʘ ʚʠʜˀʠʚʘ ʿʝ ʫ ʪʘʙʝʣʠ 4.10, ʜʦʢ ʢʚʘʜʨʘʪʥʠ ʠ 

ʠʥʪʝʨʘʢʮʠʿʩʢʠ ʯʣʘʥ ʿʝʜʥʘʯʠʥʝ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ ʥʠʩʫ ʟʥʘʯʘʿʥʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ 

ʫʩʣʦʚʠ ʠ ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ ʠ ʦʚʜʝ ʩʫ ʚʠʩʦʢʦ ʢʦʨʝʣʠʩʘʥʠ (R
2
 = 97,27%). ʄʘʢʩʠʤʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʫ ʩʢʣʘʜʫ ʩʫ ʩʘ ʣʠʪʝʨʘʪʫʨʦʤ ʚʝʟʘʥʦʤ ʟʘ ʚʦʜʝʥʝ ʝʢʩʪʨʘʢʪʝ 

ʛˀʠʚʘ (Shah & Modi, 2020), ʘʣʠ ʩʫ ʥʠʞʝ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪʠ FRP ʪʝʩʪʘ ʜʦʙʠʿʝʥʝ ʫ 

FFD. 10% ʄPP ʩʘ ʜʦʜʘʪʢʦʤ ʥʠʩʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʄɽ (0,2%; ʫʟʦʨʘʢ 6) ʪʘʢʦʹʝ ʥʝ 

ʠʩʧʦˀʘʚʘ ʚʠʩʦʢʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʣʠʪʝʨʘʪʫʨʦʤ (Milinļiĺ et al., 2022). 
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ʉʣʠʢʘ 4.42. ɼʠʿʘʛʨʘʤ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ; ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ (FRP ʪʝʩʪ) ʤʝʰʘʚʠʥʘ ʩʘ A.blazei ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿe ʝʢʩʪʨʘʢʪʘ ʛˀʠʚe (w(ME)) ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (w(MPP)); 

R
2
=97,27% 

ʊʘʙʝʣʘ 4.10. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ (FRP ʪʝʩʪ) ʤʝʰʘʚʠʥʘ ʩʘ A.blazei, ʢʦʜʠʨʘʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ 1 207,7 207,7 207,7 2,03 0,197 

ʈʝʛʨʝʩʠʿʘ 5 25256,2 25256,2 5051,2 49,45 0,000 

  ʃʠʥʝʘʨʥʘ 2 24516,0 24516,0 12258,0 120,01 0,000 

    w(ME) 1 19195,5 19195,5 19195,5 187,93 0,000 

    w(MPP) 1 5320,5 5320,5 5320,5 52,09 0,000 

  ʂʚʘʜʨʘʪʥʘ 2 327,1 327,1 163,6 1,60 0,268 

    w(ME), w(ME) 1 232,7 254,6 254,6 2,49 0,158 

    w(MPP), w(MPP) 1 94,5 94,5 94,5 0,92 0,368 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 413,1 413,1 413,1 4,04 0,084 

    w(ME), w(MPP) 1 413,1 413,1 413,1 4,04 0,084 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 715,0 715,0 102,1   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ 3 435,5 435,5 145,2 2,08 0,246 

ɻʨʝʰʢʘ 4 279,5 279,5 69,9   

ʋʢʫʧʥʦ 13 26178,9     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 

4.7.5.4. ʇʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ A.blazei 

ɺʨʝʜʥʦʩʪʠ ʤʝʨʝˁʘ ʢʘʧʘʮʠʪʝʪʘ ʧʝʥʝ (FC) ʠ ʩʪʘʙʠʣʥʦʩʪʠ ʧʝʥʝ (FS) ʤʝʰʘʚʠʥʘ ʩʘ A.blazei 

ʥʘʣʘʟʝ ʩʝ ʫ ʧʨʠʣʦʛʫ 7. ʉʚʠ ʫʟʦʨʮʠ ʩʫ ʧʦʢʘʟʘʣʠ ʢʘʧʘʮʠʪʝʪ ʬʦʨʤʠʨʘˁʘ ʧʝʥʝ, ʫʛʣʘʚʥʦʤ 

ʟʙʦʛ ʫʪʠʮʘʿʘ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ. ʋʟʦʨʮʠ 3ɸ, 4ɸ ʠ 8ɸ (w (MPP) Ò 2%) ʩʫ ʧʦʢʘʟʘʣʠ ʥʘʿʥʠʞʝ 

ʚʨʝʜʥʦʩʪʠ ʧʝʥʠʚʠʭ ʩʚʦʿʩʪʘʚʘ (FC 16,67 ï 33,33%) ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ 

ʝʢʩʪʨʘʢʪʘ ʛˀʠʚʝ. ʀʥʪʝʨʝʩʘʥʪʥʦ ʿʝ ʜʘ ʿʝ ʤʝʰʘʚʠʥʘ 6ɸ ʧʦʢʘʟʘʣʘ ʥʘʿʙʦˀʠ ʢʘʧʘʮʠʪʝʪ 

ʬʦʨʤʠʨʘˁʘ ʧʝʥʝ (650%) ʫʟ 10% MPP ʠ ʩʘʤʦ 2% ʄɽ, ʜʦʢ ʩʫ ʥʧʨ. ʤʝʰʘʚʠʥʝ ʩʘ ʚʠʩʦʢʠʤ 

ʧʨʦʮʝʥʪʦʤ ʄɽ (ʫʟʦʨʮʠ 1ɸ ʠ 11ɸ) ʠʤʘʣʝ ʜʘʣʝʢʦ ʣʦʰʠʿʝ FC ʚʨʝʜʥʦʩʪʠ (233,33 ʠ 

225,00%, ʨʝʩʧʝʢʪʠʚʥʦ). ʂʘʜʘ ʩʝ ʧʦʩʤʘʪʨʘ ʩʪʘʙʠʣʥʦʩʪ ʧʝʥʝ (FS), ʩʘʤʦ ʩʝʜʘʤ ʦʜ 

ʯʝʪʨʥʘʝʩʪ ʫʟʦʨʘʢʘ ʿʝ ʧʦʢʘʟʘʣʦ ʩʪʘʙʠʣʥʦʩʪ ʥʘʢʦʥ ʪʨʠ ʤʠʥʫʪʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʚʘʨʠʨʘʣʠ ʦʜ 
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8,33 ʜʦ 25,00%, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʥʠʩʢʫ ʩʪʘʙʠʣʥʦʩʪ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʥʘʚʦʜʝ ʜʦʙʨʘ ʧʝʥʠʚʘ 

ʩʚʦʿʩʪʚʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʧʦʛʦʪʦʚʦ ʥʘ pH ʚʨʝʜʥʦʩʪʠʤʘ 6,5 ï 7,1 

(Peġiĺ, 2011). ʅʘʚʦʜʠ ʩʝ ʠ ʜʘ ʥʘʩʪʘʣʠ WP/CN ʢʦʤʧʣʝʢʩʠ, ʟʙʦʛ ʩʚʦʿʝ ʨʘʚʥʦʤʝʨʥʝ 

ʨʘʩʧʨʦʩʪʨʘˁʝʥʦʩʪʠ ʧʦ ʧʦʚʨʰʠʥʠ ʤʠʮʝʣʝ ʜʘʿʫ ʧʨʘʚʠʣʘʥ ʩʬʝʨʥʠ ʦʙʣʠʢ ʠ ʜʘ ʩʝ ʤʦʛʫ 

ʧʦʚʝʟʠʚʘʪʠ ʭʠʜʨʦʬʦʙʥʠʤ ʚʝʟʘʤʘ ʠ/ʠʣʠ ʢʦʚʘʣʝʥʪʥʠʤ ʚʝʟʘʤʘ, ʰʪʦ ʦʤʦʛʫ˂ʫʿʝ 

ʢʦʭʝʟʠʚʥʦʩʪ, ʢʦʤʧʘʢʪʥʦʩʪ ʠ ʩʪʘʙʠʣʥʦʩʪ ʧʨʦʪʝʠʥʩʢʠʭ ʬʠʣʤʦʚʘ (Peġiĺ, 2011). 

ʉʪʘʙʠʣʥʦʩʪ ʧʝʥʝ ʟʘʚʠʩʠ ʦʜ ʿʘʯʠʥʝ ʧʨʦʪʝʠʥʩʢʦʛ ʬʠʣʤʘ ʠ ʧʝʨʤʝʘʙʠʣʥʦʩʪʠ ʧʨʝʤʘ 

ʛʘʩʦʚʠʤʘ; ʧʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʜʘ ʚʝʣʠʢʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʢʦʤʧʣʝʢʩʘ ʝʢʩʪʨʘʢʪʘ A.blazei ʠ 

ʤʣʝʢʘ ʦʥʝʤʦʛʫ˂ʘʚʘʿʫ ʠʥʪʝʨʘʢʮʠʿʝ ʧʨʦʪʝʠʥʘ ʠʟ ʤʝʰʘʚʠʥʘ, ʧʘ ʧʨʝʦʚʣʘʹʫʿʫ ʛʨʘʚʠʪʘʮʠʦʥʝ 

ʩʠʣʝ, ʘ ʧʝʥʝ ʥʝʩʪʘʿʫ (Baraĺ et al., 2011; Barac et al., 2010). ʉʪʫʜʠʿʘ Ashraf Khan et al. 

(2017) ʪʘʢʦʹʝ ʥʘʚʦʜʠ ʣʦʰʠʿʘ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ɓ-ʛʣʫʢʘʥʘ ʠʟ Agaricus bisporus ʫ ʦʜʥʦʩʫ ʥʘ 

Pleurotus ostreatus ʠ Coprinus attrimentarius. 

ɼʠʿʘʛʨʘʤʠ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ (ʩʣʠʢʘ 4.43.) ʧʦʢʘʟʫʿʫ ʜʘ ʩʝ ʥʘʿʙʦˀʠ ʢʘʧʘʮʠʪʝʪ ʧʝʥʝ 

ʧʦʩʪʠʞʝ ʧʨʠ ʥʘʿʚʝ˂ʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʤʣʝʢʘ ʫʟ ʥʠʞʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛˀʠʚʝ (ʜʦ 0,6%), 

ʢʘʦ ʠ ʥʘ ʥʝʧʨʘʚʠʣʥʠʿʠ ʦʙʣʠʢ ʧʦʚʨʰʠʥʝ ʚʝʟʘʥʝ ʟʘ FS, ʟʙʦʛ ʧʦʩʪʦʿʘˁʘ ʜʦʩʪʘ ʫʟʦʨʘʢʘ ʢʦʿʠ 

ʥʝ ʧʦʢʘʟʫʿʫ ʩʪʘʙʠʣʥʦʩʪ (FS=0). ʀʧʘʢ, ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʿʝ ʩʪʘʙʠʣʥʦʩʪ ʧʝʥʝ ʚʝ˂ʘ 

ʘʢʦ ʿʝ w(MPP) ʚʝ˂ʠ. ʂʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʠ ʧʝʥʠʚʠʭ ʩʚʦʿʩʪʘʚʘ 

ʿʝ ʫʤʝʨʝʥʘ, ʤʘˁʘ ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʪʝʩʪʦʚʘ (R
2
(FC) = 72,66%; R

2
(FS) = 

63,62%). ʋ ʪʘʙʝʣʘʤʘ 4.11. ʠ 4.12. ʧʨʠʢʘʟʘʥʘ ʿʝ ʘʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ɸNOVA) ʟʘ ʤʦʜʝʣ 

ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʢʘʧʘʮʠʪʝʪʘ ʧʝʥʝ ʠ ʩʪʘʙʠʣʥʦʩʪʠ ʧʝʥʝ ʤʝʰʘʚʠʥʘ, 

ʨʝʩʧʝʢʪʠʚʥʦ. ʇʨʝʤʘ p-ʚʨʝʜʥʦʩʪʠʤʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʟʘ ʦʙʝ ʤʝʪʦʜʝ ʿʝʜʠʥʦ ʙʠʪʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʣʝʢʘ (ʣʠʥʝʘʨʥʠ ʯʣʘʥ), ʜʦʢ ʦʩʪʘʣʠ ʯʣʘʥʦʚʠ ʥʠʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ, 

ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʥʘʚʝʜʝʥʠʤ ʣʠʪʝʨʘʪʫʨʥʠʤ ʧʦʜʘʮʠʤʘ. ʋʟ ʚʝʣʠʢʘ ʚʘʨʠʨʘˁʘ, ʠʧʘʢ ʩʝ 

ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝʜʠˁʝˁʘ ʠʟ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A.blazei ʜʝʣʠʤʠʯʥʦ ʙʣʦʢʠʨʘʿʫ 

ʧʨʦʪʝʠʥʝ ʤʣʝʢʘ ʜʘ ʠʩʧʦˀʝ ʜʦʙʨʘ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʧʦʤʠˁʘʥʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʠʩʢʦʨʠʰ˂ʝʥʦ ʟʘ ʩʤʘˁʝˁʝ ʧʝʥʠʚʦʩʪʠ ʪʘʤʦ ʛʜʝ ʦʥʘ ʥʠʿʝ 

ʧʦʞʝˀʥʘ (Huppertz, 2010). 

 

 

ʉʣʠʢʘ 4.43. ɼʠʿʘʛʨʘʤʠ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ; ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei (ʣʝʚʦ ï 

ʢʘʧʘʮʠʪʝʪ ʧʝʥʝ; ʜʝʩʥʦ ï ʩʪʘʙʠʣʥʦʩʪ ʧʝʥʝ) ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿe ʝʢʩʪʨʘʢʪʘ ʛˀʠʚe 

(w(ME)) ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (w(MPP)); FC - R
2
=72,66%; FS - R

2
=63,62%. 
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ʊʘʙʝʣʘ 4.11. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʢʘʧʘʮʠʪʝʪʘ ʧʝʥʝ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei, ʢʦʜʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ 1 1434 1434 1434 0,06 0,820 

ʈʝʛʨʝʩʠʿʘ 5 474204 474204 94841 3,71 0,058 

  ʃʠʥʝʘʨʥʘ 2 406537 406537 203269 7,95 0,016 

    w(ME) 1 93420 93420 93420 3,65 0,098 

    w(MPP) 1 313117 313117 313117 12,25 0,010 

  ʂʚʘʜʨʘʪʥʘ 2 24264 24264 12132 0,47 0,641 

    w(ME), w(ME) 1 172 625 625 0,02 0,880 

    w(MPP), w(MPP) 1 24092 24092 24092 0,94 0,364 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 43403 43403 43403 1,70 0,234 

    w(ME), w(MPP) 1 43403 43403 43403 1,70 0,234 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 178971 178971 25567   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ 3 28600 28600 9533 0,25 0,856 

ɻʨʝʰʢʘ 4 150370 150370 37593   

ʋʢʫʧʥʦ 13 654608     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 

ʊʘʙʝʣʘ 4.12. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʩʪʘʙʠʣʥʦʩʪʠ ʧʝʥʝ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei, ʢʦʜʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ  1 124,01 124,008 124,008 1,81 0,220 

ʈʝʛʨʝʩʠʿʘ 5 712,21 712,206 142,441 2,08 0,183 

  ʃʠʥʝʘʨʥʘ 2 505,94 505,940 252,970 3,70 0,080 

    w(ME) 1 50,59 50,594 50,594 0,74 0,418 

    w(MPP) 1 455,35 455,346 455,346 6,66 0,036 

  ʂʚʘʜʨʘʪʥʘ 2 188,91 188,905 94,453 1,38 0,312 

    w(ME), w(ME) 1 183,34 187,188 187,188 2,74 0,142 

    w(MPP), w(MPP) 1 5,56 5,564 5,564 0,08 0,784 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 17,36 17,361 17,361 0,25 0,630 

    w(ME), w(MPP) 1 17,36 17,361 17,361 0,25 0,630 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 478,27 478,270 68,324   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ 3 107,90 107,899 35,966 0,39 0,768 

ɻʨʝʰʢʘ 4 370,37 370,370 92,593   

ʋʢʫʧʥʦ 13 1314,48     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 

4.7.5.5. ɽʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ A.blazei 

ʋ ʧʨʠʣʦʛʫ 7 ʧʨʠʢʘʟʘʥʝ ʩʫ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʦʜʨʝʹʠʚʘˁʘ ʝʤʫʣʛʫʿʫ˂ʠʭ ʩʚʦʿʩʪʘʚʘ 

ʤʝʰʘʚʠʥʘ ʩʘ A.blazei ʧʦʤʦ˂ʫ ʜʚʘ ʧʘʨʘʤʝʪʨʘ - ESI ʠ EAI ʠʥʜʝʢʩʘ. ʆʚʝ ʚʨʝʜʥʦʩʪʠ ʢʨʝʪʘʣʝ 

ʩʫ ʩʝ ʠʟʤʝʹʫ 17,88 ʠ 70,97 min (ESI) ʠ 11,48 ï 51,03 m
2
/g (EAI). EAI ʠʥʜʝʢʩ ʿʝ ʫ ʩʢʣʘʜʫ 

ʩʘ ʧʦʜʘʮʠʤʘ ʚʝʟʘʥʠʤ ʟʘ ʢʦʟʿʝ ʤʣʝʢʦ, ʜʦʢ ʩʫ ESI ʚʨʝʜʥʦʩʪʠ ʥʠʞʝ ʦʜ ʣʠʪʝʨʘʪʫʨʥʠʭ 

ʧʦʜʘʪʘʢʘ (Peġiĺ, 2011). ʄʦʛʫ ʩʝ ʫʦʯʠʪʠ ʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ESI ʢʦʜ ʫʟʦʨʘʢʘ 4ɸ ʠ 8ɸ, 

ʦʜʥʦʩʥʦ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ ʥʠʩʢʠʤ ʩʘʜʨʞʘʿʝʤ ʤʣʝʢʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʩʨʝʜˁʠʤ ʠʣʠ 

ʚʠʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʝʢʩʪʨʘʢʪʘ ʛˀʠʚʝ. ʆʙʨʥʫʪʦ, ʦʚʘ ʜʚʘ ʫʟʦʨʢʘ ʧʦʢʘʟʘʣʘ ʩʫ 
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ʥʘʿʥʠʞʝ EAI ʚʨʝʜʥʦʩʪʠ, ʜʦʢ ʩʫ ʥʘʿʚʠʰʝ ʧʦʢʘʟʘʣʠ ʫʟʦʨʮʠ ʩʘ ʚʝ˂ʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ 

ʤʣʝʢʘ. ʇʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʜʘ ʦʜʤʘʭ ʥʘʢʦʥ ʭʦʤʦʛʝʥʠʟʘʮʠʿʝ ʜʦʣʘʟʠ ʜʦ ʘʜʩʦʨʧʮʠʿʝ ʧʨʦʪʝʠʥʘ 

ʤʣʝʢʘ, ʘʣʠ ʜʘ ˁʠʭʦʚʘ ʩʪʘʙʠʣʥʦʩʪ ʥʠʿʝ ʚʠʩʦʢʘ. ʈʘʟʣʦʛ ʤʦʛʫ ʙʠʪʠ ʧʦʤʝʥʫʪʝ ʠʥʪʝʨʘʢʮʠʿʝ 

ʩʘ ʢʦʥʩʪʠʪʫʝʥʪʠʤʘ ʛˀʠʚʝ, ʢʦʿʝ ʠʤ ʦʥʝʤʦʛʫ˂ʫʿʫ ʜʘ ʩʝ ʧʦʚʝʟʫʿʫ. ʅʘʢʦʥ 10 ʤʠʥʫʪʘ ʫʪʠʮʘʿ 

ʝʢʩʪʨʘʢʪʘ A.blazei ʧʦʩʪʘʿʝ ʧʨʝʩʫʜʘʥ ʟʘ ʦʜʨʞʘʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ, ʤʦʞʜʘ ʟʙʦʛ ʜʦʙʨʠʭ 

ʝʤʫʣʛʫʿʫ˂ʠʭ ʩʚʦʿʩʪʘʚʘ ʧʨʦʪʝʠʥʘ A.blazei (å 34 g/100g). ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʥʘʚʦʜʝ ʠ ʜʦʙʨʘ 

ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ -̡ʛʣʫʢʘʥʘ ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ, ʘʣʠ ʨʘʯʫʥʘʪʘ ʧʨʝʢʦ ʜʨʫʛʠʭ 

ʧʦʢʘʟʘʪʝˀʘ (Ashraf Khan et al., 2017). ɼʦʜʘʪʘʢ ʛˀʠʚʘ ʥʝ ʫʪʠʯʝ ʠʣʠ ʩʣʘʙʦ ʩʥʠʞʘʚʘ 

ʚʨʝʜʥʦʩʪʠ ʝʤʫʣʛʫʿʫ˂ʠʭ ʩʚʦʿʩʪʘʚʘ ʢʫʢʫʨʫʟʥʦʛ ʙʨʘʰʥʘ (Ishara et al., 2018). 

ʆʚʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʜʠʿʘʛʨʘʤʠʤʘ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ ʩʘ ʩʣʠʢʝ 4.44, ʛʜʝ ʩʝ ʚʠʜʝ ʥʘʿʚʝ˂ʝ 

ʚʨʝʜʥʦʩʪʠ ESI ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ ʥʠʞʠʤ % MPP ʠ ʩʨʝʜˁʠʤ ʠ ʚʠʰʠʤ % ME, ʢʘʦ ʠ 

ʦʙʨʥʫʪʠ ʪʨʝʥʜ ʢʦʜ EAI ʠʥʜʝʢʩʘ, ʦʜʥʦʩʥʦ ʧʘʜ EAI ʢʦʜ ʥʠʩʢʠʭ % MPP ʠ ʚʠʰʠʭ % ME. 

ʆʚʦ ʿʝ ʧʦʜʨʞʘʥʦ ʚʠʩʦʢʦʤ ʢʦʨʝʣʘʮʠʿʦʤ ʠʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʠ ʝʤʫʣʛʫʿʫ˂ʠʭ 

ʩʚʦʿʩʪʘʚʘ (R
2
(ESI)

 
= 85,64%; R

2
(EAI) = 81,58%). ʋ ʪʘʙʝʣʘʤʘ 4.13. ʠ 4.14. ʧʨʠʢʘʟʘʥʘ ʿʝ 

ʘʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ɸNOVA) ʟʘ ʤʦʜʝʣ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ESI ʠ EAI, 

ʨʝʩʧʝʢʪʠʚʥʦ. ʇʨʝʤʘ p-ʚʨʝʜʥʦʩʪʠʤʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ ʟʘ ʦʙʝ ʤʝʪʦʜʝ ʙʠʪʥʠ ʩʚʠ 

ʣʠʥʝʘʨʥʠ ʠ ʢʚʘʜʨʘʪʥʠ ʯʣʘʥʦʚʠ, ʢʘʦ ʠ ʜʘ ʠʥʪʝʨʘʢʮʠʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʪʘ 

A.blazei ʥʠʩʫ ʦʜ ʩʪʘʪʠʩʪʠʯʢʦʛ ʟʥʘʯʘʿʘ. ɼʦʜʘʪʘʢ ʝʢʩʪʨʘʢʪʘ A.blazei ʫʪʠʯʝ ʥʘ ʧʦʙʦˀʰʘˁʝ 

ʝʤʫʣʛʫʿʫ˂ʠʭ ʩʚʦʿʩʪʘʚʘ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʩʥʦ ʫ ʧʨʝʭʨʘʤʙʝʥʦʿ 

ʠʥʜʫʩʪʨʠʿʠ.  

 

 

ʉʣʠʢʘ 4.44. ɼʠʿʘʛʨʘʤʠ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ; ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei (ʣʝʚʦ ï 

ʠʥʜʝʢʩ ʩʪʘʙʠʣʥʦʩʪʠ ʝʤʫʣʟʠʿʝ; ʜʝʩʥʦ ï ʠʥʜʝʢʩ ʘʢʪʠʚʥʦʩʪʠ ʝʤʫʣʟʠʿʝ) ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʢʦʥʮʝʥʪʨʘʮʠʿe ʝʢʩʪʨʘʢʪʘ ʛˀʠʚe (w(ME)) ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (w(MPP)); ESI - 

R
2
=85,64%; EAI - R

2
=81,58%. 
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ʊʘʙʝʣʘ 4.13. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʠʥʜʝʢʩʘ ʩʪʘʙʠʣʥʦʩʪʠ ʝʤʫʣʟʠʿʝ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei, ʢʦʜʠʨʘʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ 1 0,01 0,01 0,006 0,00 0,991 

ʈʝʛʨʝʩʠʿʘ 5 1799,94 1799,94 359,988 8,35 0,007 

  ʃʠʥʝʘʨʥʘ 2 1266,41 1266,41 633,206 14,68 0,003 

    w(ME) 1 346,83 346,83 346,834 8,04 0,025 

    w(MPP) 1 919,58 919,58 919,578 21,32 0,002 

  ʂʚʘʜʨʘʪʥʘ 2 489,25 489,25 244,627 5,67 0,034 

    w(ME), w(ME) 1 312,21 275,35 275,347 6,39 0,039 

    w(MPP), w(MPP) 1 177,04 177,04 177,045 4,11 0,082 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 44,27 44,27 44,274 1,03 0,345 

    w(ME), w(MPP) 1 44,27 44,27 44,274 1,03 0,345 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 301,86 301,86 43,123   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ 3 219,36 219,36 73,119 3,54 0,127 

ɻʨʝʰʢʘ 4 82,51 82,51 20,626   

ʋʢʫʧʥʦ 13 2101,81     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 

ʊʘʙʝʣʘ 4.14. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʠʥʜʝʢʩʘ ʘʢʪʠʚʥʦʩʪʠ ʝʤʫʣʟʠʿʝ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei, ʢʦʜʠʨʘʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ 1 0,12 0,12 0,122 0,00 0,957 

ʈʝʛʨʝʩʠʿʘ 5 1231,21 1231,21 246,243 6,20 0,017 

  ʃʠʥʝʘʨʥʘ 2 751,41 751,41 375,703 9,46 0,010 

    w(ME) 1 334,91 334,91 334,914 8,43 0,023 

    w(MPP) 1 416,49 416,49 416,492 10,48 0,014 

  ʂʚʘʜʨʘʪʥʘ 2 465,48 465,48 232,742 5,86 0,032 

    w(ME), w(ME) 1 132,97 101,90 101,896 2,56 0,153 

    w(MPP), w(MPP) 1 332,52 332,52 332,515 8,37 0,023 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 14,32 14,32 14,323 0,36 0,567 

    w(ME), w(MPP) 1 14,32 14,32 14,323 0,36 0,567 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 278,11 278,11 39,731   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ 3 34,12 34,12 11,372 0,19 0,900 

ɻʨʝʰʢʘ 4 244,00 244,00 60,999   

ʋʢʫʧʥʦ 13 1509,45     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 

4.7.6. ʆʧʪʠʤʠʟʘʮʠʿʘ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus ʧʨʠʤʝʥʦʤ ʉʉD 

4.7.6.1. ABTS ʪʝʩʪ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus 

ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ABTS 

ʪʝʩʪ) ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus ʧʨʝʤʘ ʰʝʤʠ ʠʟ ʪʘʙʝʣʝ 4.6. ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʫ ʦʧʩʝʛʫ 3,63 ï 

5,88 mg Trolox/ mL ʫʟʦʨʢʘ (ʧʨʠʣʦʛ 8), ʪʿ. ʚʨʝʜʥʦʩʪʠ ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʫ ʦʧʩʝʛʫ å 3,7 ï 4,2 

mg Trolox/ mL ʫʟʦʨʢʘ ʟʘ ʩʚʝ ʫʟʦʨʢʝ, ʦʩʠʤ ʫʟʦʨʘʢʘ 4L ʠ 11L (>5,4 mg Trolox/ mL ʫʟʦʨʢʘ). 
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ʀ ʦʚʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪʠ ABTS ʪʝʩʪʘ ʠʟʤʝʨʝʥʝ ʫ FFD, 

ʜʝʣʠʤʠʯʥʦ ʟʙʦʛ ʬʠʢʩʠʨʘˁʘ ʦʧʪʠʤʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʠʟ FFD (pH, t, T), ʢʘʦ 

ʠ ʟʙʦʛ ʢʦʨʠʰ˂ʝˁʘ ʩʚʝʞʝ ʧʨʠʧʨʝʤˀʝʥʦʛ ʝʢʩʪʨʘʢʪʘ ʢʦʿʠ ʿʝ ʩʘʜʨʞʘʦ ʩʢʦʨʦ ʜʚʘ ʧʫʪʘ ʚʝ˂ʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʣʫʢʘʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʚʠ ʝʢʩʪʨʘʢʪ (ʢʦʨʠʰ˂ʝʥ ʟʘ FFD ʝʢʩʧʝʨʠʤʝʥʪ). 

Petroviĺ et al. (2014a) ʪʘʢʦʹʝ ʫʧʫ˂ʫʿʫ ʥʘ ʤʦʛʫ˂ʫ ʧʦʚʝʟʘʥʦʩʪ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ 

ʢʘʧʘʮʠʪʝʪʘ ʝʢʩʪʨʘʢʘʪʘ L. sulphureus ʤʝʨʝʥʫ ABTS (TEAC) ʤʝʪʦʜʦʤ ʠ ʩʘʜʨʞʘʿʘ 

ʧʦʣʠʩʘʭʘʨʠʜʘ. 

 

ʉʣʠʢʘ 4.45. ɼʠʿʘʛʨʘʤ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ; ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ (ABTS ʪʝʩʪ) 

ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿe ʝʢʩʪʨʘʢʪʘ ʛˀʠʚe (w(ME)) ʠ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (w(MPP)); R
2
=93,94% 

ʊʘʙʝʣʘ 4.15. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ABTS ʪʝʩʪ) ʤʝʰʘʚʠʥʘ ʩʘ L. 

sulphureus, ʢʦʜʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ 1 0,01876 0,01876 0,01876 0,38 0,555 

ʈʝʛʨʝʩʠʿʘ 5 5,29003 5,29003 1,05801 21,64 0,000 

  ʃʠʥʝʘʨʥʘ 2 3,30683 3,30683 1,65341 33,82 0,000 

    w(ME) 1 3,07979 3,07979 3,07979 63,00 0,000 

    w(MPP) 1 0,22704 0,22704 0,22704 4,64 0,068 

  ʂʚʘʜʨʘʪʥʘ 2 1,26822 1,26822 0,63411 12,97 0,004 

    w(ME), w(ME) 1 1,08227 1,00816 1,00816 20,62 0,003 

    w(MPP), w(MPP) 1 0,18595 0,18595 0,18595 3,80 0,092 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 0,71498 0,71498 0,71498 14,62 0,007 

    w(ME), w(MPP) 1 0,71498 0,71498 0,71498 14,62 0,007 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 0,34222 0,34222 0,04889   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ 3 0,30888 0,30888 0,10296 12,35 0,017 

ɻʨʝʰʢʘ 4 0,03334 0,03334 0,00834   

ʋʢʫʧʥʦ 13 5,65102     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 

ʅʘ ʩʣʠʮʠ 4.45. ʧʨʠʢʘʟʘʥ ʿʝ ʜʠʿʘʛʨʘʤ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʫʢʫʧʥʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʤʝʰʘʚʠʥʘ. ABTS ʪʝʩʪ ʿʝ ʚʠʩʦʢʦ ʢʦʨʝʣʠʩʘʥ ʩʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ (R
2
 = 93,94%), ʪʿ. ʥʠʚʦʠʤʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʝʢʩʪʨʘʢʪʘ L. 
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sulphureus ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ. ʇʨʠʤʝ˂ʫʿʝ ʩʝ ʜʘ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ 

ʢʘʧʘʮʠʪʝʪ ʨʘʩʪʝ ʩʘ ʧʦʨʘʩʪʦʤ  ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʪʘ ʛˀʠʚʝ ʫ ʦʧʩʝʛʫ 0,6 - 1%, ʢʘʦ ʠ ʜʘ 

ʠʤʘ ʥʘʿʚʠʰʠ ʦʜʛʦʚʦʨ ʟʘ w(ME) ʦʜ 1%, ʜʦʢ ʿʝ ʢʦʜ ʤʣʝʢʘ ʩʠʪʫʘʮʠʿʘ ʜʨʫʛʘʯʠʿʘ, ʦʜʥʦʩʥʦ ʟʘ 

2% ʿʝ ʦʜʛʦʚʦʨ ʜʦʙʘʨ, ʟʘ 6% ʥʘʿʚʠʰʠ, ʜʦʢ ʩʝ ʟʘ 10% ʄPP ʚʨʝʜʥʦʩʪʠ ABTS ʪʝʩʪʘ 

ʩʤʘˁʫʿʫ. ʅʘʿʚʠʰʠ ʧʠʢ ʧʨʠʤʝʪʘʥ ʿʝ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ ʥʘʿʚʝ˂ʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus ʠ ʩʨʝʜʠʰˁʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʤʣʝʢʘ (6%). ʀʟ ʪʘʙʝʣʝ 4.15. ʤʦʞʝ 

ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʪʘ VL, ʠ ʪʦ ʠ 

ʣʠʥʝʘʨʘʥ ʠ ʢʚʘʜʨʘʪʥʠ ʯʣʘʥ, ʢʘʦ ʠ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʄɽ ʠ ʄʈʈ, ʜʦʢ ʫʪʠʮʘʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ ʥʠʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʘʥ. 

4.7.6.2. FCC ʪʝʩʪ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus 

ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ FCC ʪʝʩʪʦʤ ʢʦʜ ʤʝʰʘʚʠʥʘ 

ʩʘ L. sulphureus ʩʫ ʙʠʣʝ ʫ ʦʧʩʝʛʫ 1,68 ï 4,89 mg EDTA/ mL ʫʟʦʨʢʘ (ʧʨʠʣʦʛ 8), ʰʪʦ ʿʝ 

ʩʣʠʯʥʦ ʢʘʦ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei, ʨʝʟʫʣʪʘʪʠʤʘ ʠʟ FFD, ʢʘʦ ʠ ʫ ʩʢʣʘʜʫ ʩʘ 

ʣʠʪʝʨʘʪʫʨʦʤ (Kostiĺ et al., 2021; Milinļiĺ et al., 2022). ʂʘʦ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei, ʠ 

ʦʚʜʝ ʩʝ ʫʦʯʘʚʘʿʫ ʜʨʘʩʪʠʯʥʦ ʙʦˀʠ ʨʝʟʫʣʪʘʪʠ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ Ó10% ʄPP (ʫʟʦʨʮʠ 1L, 

6L, 14L), ʢʘʦ ʠ ʩʣʠʯʥʠ ʦʜʛʦʚʦʨʠ ʦʩʪʘʣʠʭ ʫʟʦʨʘʢʘ, ʛʜʝ ʩʝ ʚʠʜʠ ʜʝʣʠʤʠʯʘʥ ʫʪʠʮʘʿ 

ʜʦʜʘʪʢʘ ʝʢʩʪʨʘʢʪʘ L. sulphureus (ʫʟʦʨʘʢ 8L). 

ʉʘ ʜʠʿʘʛʨʘʤʘ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ (ʩʣʠʢʘ 4.46.) ʚʠʜˀʠʚ ʿʝ ʫʪʠʮʘʿ ʜʦʜʘʪʢʘ ʤʣʝʢʘ ʫ ʦʧʩʝʛʫ 

6-10%, ʢʘʦ ʠ ʨʝʣʘʪʠʚʥʦ ʩʣʠʯʥʠ ʦʜʛʦʚʦʨʠ ʢʘʜʘ ʩʝ ʧʨʘʪʠ ʫʪʠʮʘʿ ʜʦʜʘʪʢʘ ʨʘʟʣʠʯʠʪʠʭ % 

ʄɽ, ʩʘ ʤʘʣʦ ʙʦˀʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʜʘʪʢʘ 0,6% ʄɽ ʫ ʦʜʥʦʩʫ ʥʘ 0,2% ʠ 1%, ʘ ʧʨʠ 

ʥʘʿʚʠʰʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʤʣʝʢʘ. ʆʜʛʦʚʦʨ ʩʠʩʪʝʤʘ ʿʝ ʦʜʣʠʯʥʦ ʢʦʨʝʣʠʩʘʥ ʩʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ (R
2
 = 97,86%). ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ ʿʘʩʥʦ ʧʦʪʚʨʹʫʿʝ ʫʪʠʮʘʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ (ʪʘʙʝʣʘ 4.16.). 

 

 

ʉʣʠʢʘ 4.46. ɼʠʿʘʛʨʘʤ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ; ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ (FCC ʪʝʩʪ) ʤʝʰʘʚʠʥʘ ʩʘ L. 

sulphureus ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿe ʝʢʩʪʨʘʢʪʘ ʛˀʠʚe (w(ME)) ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʤʣʝʢʘ (w(MPP)); R
2
=97,86% 
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ʊʘʙʝʣʘ 4.16. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ (FCC ʪʝʩʪ) ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus, 

ʢʦʜʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ 1 0,3820 0,3820 0,3820 7,44 0,029 

ʈʝʛʨʝʩʠʿʘ 5 16,0705 16,0705 3,2141 62,59 0,000 

  ʃʠʥʝʘʨʥʘ 2 10,3112 10,3112 5,1556 100,39 0,000 

    w(ME) 1 0,0068 0,0068 0,0068 0,13 0,726 

    w(MPP) 1 10,3044 10,3044 10,3044 200,65 0,000 

  ʂʚʘʜʨʘʪʥʘ 2 5,7400 5,7400 2,8700 55,88 0,000 

    w(ME), w(ME) 1 0,0429 0,1522 0,1522 2,96 0,129 

    w(MPP), w(MPP) 1 5,6971 5,6971 5,6971 110,93 0,000 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 0,0193 0,0193 0,0193 0,38 0,559 

    w(ME), w(MPP) 1 0,0193 0,0193 0,0193 0,38 0,559 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 0,3595 0,3595 0,0514   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ 3 0,3500 0,3500 0,1167 49,22 0,001 

ɻʨʝʰʢʘ 4 0,0095 0,0095 0,0024   

ʋʢʫʧʥʦ 13 16,8120     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 

4.7.6.3. FRP ʪʝʩʪ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus 

ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʜʫʢʮʠʿʝ Fe
3+

 FRP ʪʝʩʪʦʤ ʢʦʜ 

ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʠʟʤʝʹʫ 17,95 ʠ 269,01 ɛg 

ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ/ mL ʫʟʦʨʢʘ (ʧʨʠʣʦʛ 8). ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ 

A.blazei, ʦʚʜʝ ʿʝ ʥʘʿʙʦˀʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʦʩʪʚʘʨʠʦ ʫʟʦʨʘʢ 11L (1,17% ʄɽ; 6% ʄPP), 

ʢʦʿʠ ʿʝ ʠʤʘʦ ʟʘ ʥʠʿʘʥʩʫ ʙʦˀʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʦʜ ʫʟʦʨʢʘ 1L (1% ʄɽ; 10% ʄPP), ʧʘ 

ʩʝ ʦʚʜʝ ʿʦʰ ʙʦˀʝ ʚʠʜʠ ʠʟʨʘʞʝʥʠʿʠ ʝʬʝʢʘʪ ʨʘʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʄɽ ʫ ʦʜʥʦʩʫ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʄPP. ʂʘʦ ʠ ʫ FFD, ʤʝʰʘʚʠʥʝ ʩʘ L. sulphureus ʠʤʘʿʫ ʚʝ˂ʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ 

ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʰʘʚʠʥʝ ʩʘ A.blazei, ʜʝʣʦʤ ʟʙʦʛ ʨʘʟʣʠʯʠʪʦʛ ʙʠʦʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʦʚʝ ʜʚʝ 

ʛˀʠʚʝ, ʘ ʜʝʣʦʤ ʟʙʦʛ ʤʘˁʝʛ ʩʪʝʧʝʥʘ ʠʣʠ ʠʟʦʩʪʘʥʢʘ ʠʥʪʝʨʘʢʮʠʿʘ ʢʦʥʩʪʠʪʫʝʥʘʪʘ L. 

sulphureus ʩʘ ʧʨʦʪʝʠʥʠʤʘ ʤʣʝʢʘ, ʰʪʦ ʠʭ ʯʠʥʠ ʜʦʩʪʫʧʥʠʿʠʤ ʟʘ ʨʝʜʫʢʮʠʿʫ Fe
3+

-

ʬʝʨʠʮʠʿʘʥʠʜʥʦʛ ʢʦʤʧʣʝʢʩʘ. FRP ʚʨʝʜʥʦʩʪʠ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus ʥʠʞʝ ʩʫ ʫ CCD ʫ 

ʦʜʥʦʩʫ ʥʘ ʩʣʠʯʥʝ ʤʝʰʘʚʠʥʝ ʠʟ FFD. ʆʚʦ ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ ʜʨʫʛʘʯʠʿʝʛ ʩʘʩʪʘʚʘ 

ʛʣʫʢʘʥʘ ʫ ʥʦʚʦʤ ʩʝʪʫ ʝʢʩʪʨʘʢʘʪʘ, ʿʝʨ ʠʘʢʦ ʩʫ ʫ CCD ʢʦʨʠʰ˂ʝʥʠ ʝʢʩʪʨʘʢʪʠ ʩʘ ʚʠʰʠʤ 

ʩʘʜʨʞʘʿʝʤ ʫʢʫʧʥʠʭ ʠ ɓ-ʛʣʫʢʘʥʘ, ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʧʘʜ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʠ Ŭ-ʛʣʫʢʘʥʘ 

(ʪʘʙʝʣʘ 8), ʢʦʿʠ ʩʫ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʜʦʙʨʠʤ ʨʝʜʫʢʫʿʫ˂ʠʤ ʩʚʦʿʩʪʚʠʤʘ (Klaus et al., 2013; 

Kozarski et al., 2012). ʅʘ ʧʨʠʤʝʨ, ʩʪʫʜʠʿʘ Roncero-Ramos et al. (2017) ʿʝ ʠʩʧʠʪʠʚʘʣʘ 

ʫʪʠʮʘʿ ʢʫʚʘˁʘ ʠ ʜʨʫʛʠʭ ʢʫʣʠʥʘʨʩʢʠʭ ʪʝʭʥʠʢʘ ʥʘ ʩʘʜʨʞʘʿ ʛʣʫʢʘʥʘ ʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ 

ʩʚʦʿʩʪʚʘ ʛˀʠʚʘ. ʂʦʜ A.bisporus, ʢʫʚʘˁʝʤ ʩʝ ʤʝˁʘ ʩʘʜʨʞʘʿ ʛʣʫʢʘʥʘ (ʫʢʫʧʥʠ/Ŭ-/ɓ-

ʛʣʫʢʘʥʠ: ʩʚʝʞʘ ʛˀʠʚʘ å 16/3/13; ʥʘʢʦʥ ʢʫʚʘˁʘ å 21/4/17 g/100g), ʧʘ ʚʝ˂ʠ ʧʦʨʘʩʪ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʢʫʧʥʠʭ ʠ ɓ- ʫ ʦʜʥʦʩʫ ʥʘ Ŭ-ʛʣʫʢʘʥʝ ʨʝʟʫʣʪʫʿʝ ʧʘʜʦʤ FRAP ʚʨʝʜʥʦʩʪʠ ʩʘ 

2,4 ʢʦʜ ʩʚʝʞʝ ʥʘ 1,2 ɛmol TE/100 mg ʢʦʜ ʛˀʠʚʝ ʥʘʢʦʥ ʢʫʚʘˁʘ. 

ʉʘ ʜʠʿʘʛʨʘʤʘ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ (ʩʣʠʢʘ 4.47.) ʪʘʢʦʹʝ ʩʝ ʚʠʜʠ ʨʘʚʥʦʤʝʨʘʥ ʨʘʩʪ 

ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʧʦʨʘʩʪʦʤ % ʄɽ ʠ % ʄPP, ʤʘʣʦ ʙʣʘʞʠʤ ʪʨʝʥʜʦʤ ʫ ʦʜʥʦʩʫ ʥʘ 

ʤʝʰʘʚʠʥʝ ʩʘ A.blazei, ʘʣʠ ʠ ʤʘˁʠ ʫʪʠʮʘʿ ʧʦʨʘʩʪʘ % ʄPP ʫ ʦʜʥʦʩʫ ʥʘ ʫʪʠʮʘʿ ʧʦʨʘʩʪʘ % 

ʄɽ. ɺʠʜˀʠʚʦ ʿʝ ʠ ʜʘ ʿʝ ʥʘʿʚʠʰʘ ʚʨʝʜʥʦʩʪ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ 

ʤʘʢʩʠʤʘʣʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʠ ʩʨʝʜʠʰˁʠʤ ʥʠʚʦʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ (6%). ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ (ʪʘʙʝʣʘ 4.17.) ʧʨʠʢʘʟʘʣʘ ʿʝ ʟʥʘʯʘʿʥʦʩʪ 
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ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʪʘ VL, ʜʦʢ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʣʝʢʘ ʥʝ ʬʠʛʫʨʠʰʝ ʢʘʦ ʟʥʘʯʘʿʘʥ 

ʬʘʢʪʦʨ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʣʠʥʝʘʨʥʘ ʚʘʨʠʿʘʮʠʿʘ. ʉʪʘʪʠʩʪʠʯʢʠ ʥʠʩʫ ʟʥʘʯʘʿʥʠ ʥʠ ʢʚʘʜʨʘʪʥʠ 

ʥʠ ʠʥʪʝʨʘʢʮʠʿʩʢʠ ʯʣʘʥ. ʇʦʩʪʦʿʠ ʚʠʩʦʢʘ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ (R
2
 = 97,51%). 

 

ʉʣʠʢʘ 4.47. ɼʠʿʘʛʨʘʤ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ; ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ (FRP ʪʝʩʪ) ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus 

ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿe ʝʢʩʪʨʘʢʪʘ ʛˀʠʚe (w(ME)) ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ 

(w(MPP)); R
2
=97,51% 

ʊʘʙʝʣʘ 4.17. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ (FRP ʪʝʩʪ) ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus, ʢʦʜʠʨʘʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ  1 28,6 28,6 28,6 0,11 0,754 

ʈʝʛʨʝʩʠʿʘ 5 73634,4 73634,4 14726,9 54,74 0,000 

  ʃʠʥʝʘʨʥʘ 2 72252,3 72252,3 36126,2 134,29 0,000 

    w(ME) 1 70793,0 70793,0 70793,0 263,16 0,000 

    w(MPP) 1 1459,4 1459,4 1459,4 5,42 0,053 

  ʂʚʘʜʨʘʪʥʘ 2 1356,7 1356,7 678,4 2,52 0,150 

    w(ME), w(ME) 1 62,9 113,9 113,9 0,42 0,536 

    w(MPP), w(MPP) 1 1293,8 1293,8 1293,8 4,81 0,064 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 25,3 25,3 25,3 0,09 0,768 

    w(ME), w(MPP) 1 25,3 25,3 25,3 0,09 0,768 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 1883,1 1883,1 269,0   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ 3 731,4 731,4 243,8 0,85 0,536 

ɻʨʝʰʢʘ 4 1151,6 1151,6 287,9   

ʋʢʫʧʥʦ 13 75546,1     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 

4.7.6.4. ʇʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus 

ɺʨʝʜʥʦʩʪʠ ʤʝʨʝˁʘ ʢʘʧʘʮʠʪʝʪʘ ʧʝʥʝ (FC) ʠ ʩʪʘʙʠʣʥʦʩʪʠ ʧʝʥʝ (FS) ʤʝʰʘʚʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʦʤ L. sulphureus ʥʘʣʘʟʝ ʩʝ ʫ ʧʨʠʣʦʛʫ 8. ʉʚʠ ʫʟʦʨʮʠ ʩʫ ʧʦʢʘʟʘʣʠ ʢʘʧʘʮʠʪʝʪ 

ʬʦʨʤʠʨʘˁʘ ʧʝʥʝ; ʫ ʦʜʥʦʩʫ ʥʘ  ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʦʤ A.blazei, ʧʨʠʤʝʪʥʝ ʩʫ ʚʝ˂ʝ 

ʚʨʝʜʥʦʩʪʠ FC. ʋʟʦʨʮʠ 3L ʠ 8L ʩʫ ʧʦʢʘʟʘʣʠ ʥʘʿʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ʢʘʧʘʮʠʪʝʪʘ ʬʦʨʤʠʨʘˁʘ 

ʧʝʥʝ. ʈʘʜʠ ʩʝ ʦ ʤʝʰʘʚʠʥʘʤʘ ʩʘ w(MPP) Ò 2%, ʧʘ ʩʝ ʠ ʦʚʜʝ ʤʦʞʝ ʠʩʪʘ˂ʠ ʧʨʝʩʫʜʘʥ ʫʪʠʮʘʿ 
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ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ. ʀʥʪʝʨʝʩʘʥʪʥʦ, ʫʟʦʨʘʢ 14L (0,6% ʄɽ; 11,66% MPP) ʿʝ ʧʦʨʝʜ ʥʘʿʚʠʰʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ ʧʦʩʪʠʛʘʦ ʥʠʞʫ ʚʨʝʜʥʦʩʪ FC, ʰʪʦ ʤʦʞʜʘ ʫʢʘʟʫʿʝ ʥʘ ʦʛʨʘʥʠʯʝˁʘ ʫ 

ʚʠʜʫ ʤʘʢʩʠʤʘʣʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ. ʉʚʠ ʦʩʪʘʣʠ ʫʟʦʨʮʠ ʧʦʢʘʟʘʣʠ ʩʫ ʚʠʩʦʢʝ 

ʚʨʝʜʥʦʩʪʠ FC. ʇʝʥʠʚʠʤ ʩʚʦʿʩʪʚʠʤʘ ʤʝʰʘʚʠʥʘ ʚʝʨʦʚʘʪʥʦ ʿʝ ʜʦʧʨʠʥʝʦ ʤʘˁʠ ʩʪʝʧʝʥ ʠʣʠ 

ʠʟʦʩʪʘʥʘʢ ʠʥʪʝʨʘʢʮʠʿʘ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʛˀʠʚʝ ʩʘ ʢʘʟʝʠʥʠʤʘ, ʪʿ. ʬʦʨʤʠʨʘʥʠ WP/CN 

ʢʦʤʧʣʝʢʩʠ ʩʫ ʤʦʛʣʠ ʙʝʟ ʩʤʝʪˁʝ ʜʘ ʩʝ ʧʦʚʝʟʫʿʫ ʭʠʜʨʦʬʦʙʥʠʤ ʚʝʟʘʤʘ ʠ/ʠʣʠ ʢʦʚʘʣʝʥʪʥʠʤ 

ʚʝʟʘʤʘ, ʰʪʦ ʫʪʠʯʝ ʥʘ ʬʦʨʤʠʨʘˁʝ ʧʨʦʪʝʠʥʩʢʠʭ ʬʠʣʤʦʚʘ (Peġiĺ, 2011). ʐʪʦ ʩʝ ʪʠʯʝ 

ʩʪʘʙʠʣʥʦʩʪʠ ʧʝʥʝ, ʦʚʜʝ ʿʝ ʚʝ˂ʠ ʙʨʦʿ ʫʟʦʨʘʢʘ ʧʦʢʘʟʘʦ ʩʪʘʙʠʣʥʦʩʪ ʥʘʢʦʥ ʪʨʠ ʤʠʥʫʪʘ, ʘʣʠ 

ʩʘ ʥʠʩʢʠʤ ʚʨʝʜʥʦʩʪʠʤʘ FS (33,33 ï 50,00%). ʋʟʦʨʮʠ ʢʦʿʠ ʥʠʩʫ ʧʦʢʘʟʘʣʠ ʩʪʘʙʠʣʥʦʩʪ 

ʧʝʥʝ ʩʫ ʤʝʰʘʚʠʥʝ ʩʘ w(MPP) Ò 2% (3L, 4L, 8L), ʢʘʦ ʠ ʫʟʦʨʘʢ 12L, ʢʦʿʠ ʧʦʨʝʜ 6% MPP 

ʠʤʘ ʥʘʿʥʠʞʫ ʠʩʧʠʪʠʚʘʥʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʛˀʠʚʝ (0,03% ʄɽ). 

ʅʘ ʩʣʠʮʠ 4.48. ʧʨʠʢʘʟʘʥʠ ʩʫ ʜʠʿʘʛʨʘʤʠ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ. ʂʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ ʠ ʢʘʧʘʮʠʪʝʪʘ ʬʦʨʤʠʨʘˁʘ ʧʝʥʝ ʿʝ ʚʠʩʦʢʘ (R
2
 = 91,13%), ʜʦʢ ʿʝ 

ʫ ʩʣʫʯʘʿʫ ʩʪʘʙʠʣʥʦʩʪʠ ʧʝʥʝ ʫʤʝʨʝʥʘ (R
2
 = 74,16%). ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʧʨʠ 

ʩʨʝʜˁʠʤ ʠ ʚʠʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʤʣʝʢʘ ʧʦʩʪʠʞʝ ʜʦʙʘʨ ʢʘʧʘʮʠʪʝʪ ʧʝʥʝ, ʫʟ ʰʪʦ ʚʝ˂ʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʝʢʩʪʨʘʢʪʘ L. sulphureus. ʀ ʦʚʜʝ ʿʝ ʦʙʣʠʢ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ 

ʥʝʧʨʘʚʠʣʥʠʿʠ ʟʙʦʛ 4 ʫʟʦʨʢʘ ʢʦʿʘ ʥʝ ʧʦʢʘʟʫʿʫ ʩʪʘʙʠʣʥʦʩʪ (FS=0), ʘʣʠ ʩʝ ʤʦʛʫ ʧʨʠʤʝʪʠʪʠ 

ʪʨʠ ʧʠʢʘ ʚʝʟʘʥʘ ʟʘ 6 ʠ 10% MPP. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʢʘʧʘʮʠʪʝʪʘ ʧʝʥʝ 

ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus (ʪʘʙʝʣʘ 4.18.) ʫʢʘʟʫʿʝ ʥʘ ʟʥʘʯʘʿ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʣʝʢʘ, ʠ ʪʦ ʠ 

ʥʘ ʣʠʥʝʘʨʥʠ ʠ ʥʘ ʢʚʘʜʨʘʪʥʠ ʯʣʘʥ. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʩʪʘʙʠʣʥʦʩʪʠ ʧʝʥʝ 

ʤʝʰʘʚʠʥʘ (ʪʘʙʝʣʘ 4.19.) ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʘʥ ʩʘʤʦ ʢʚʘʜʨʘʪʥʠ ʯʣʘʥ 

ʚʝʟʘʥ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʤʣʝʢʘ, ʘʣʠ ʩʝ ʦʚʦ ʤʦʨʘ ʧʘʞˀʠʚʦ ʪʫʤʘʯʠʪʠ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ 

ʫʤʝʨʝʥʫ ʢʦʨʝʣʘʮʠʿʫ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʦʜʨʝʹʝʥ ʙʨʦʿ ʨʝʟʫʣʪʘʪʘ ʢʦʿʠ ʥʝ ʧʦʢʘʟʫʿʫ ʩʪʘʙʠʣʥʦʩʪ 

ʧʝʥʝ, ʢʘʦ ʠ ʥʘ ʪʦ ʜʘ ʩʝ ʤʝʪʦʜʘ ʦʜʨʝʹʠʚʘˁʘ ʧʝʥʠʚʠʭ ʩʚʦʿʩʪʘʚʘ ʤʦʞʝ ʩʤʘʪʨʘʪʠ 

ʧʦʣʫʝʤʧʠʨʠʿʩʢʦʤ. ɻʝʥʝʨʘʣʥʦ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus 

ʫʪʠʯʝ ʧʦʟʠʪʠʚʥʦ ʥʘ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʤʣʝʢʘ, ʧʘ ʩʝ ʤʝʰʘʚʠʥʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʧʦʙʦˀʰʘˁʝ ʧʝʥʠʚʦʩʪʠ. ɸʫʪʦʨʠ ʥʘʚʦʜʝ ʜʦʙʨʘ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʙʨʘʰʥʘ ʦʜ Agaricus 

bisporus ʠ Pleurotus ostreatus ʠ ʥʘʚʦʜʝ ʢʘʢʦ ʙʠ ʤʦʛʣʠ ʜʦʙʨʦ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʝ ʫ 

ʧʨʦʠʟʚʦʜˁʠ ʢʦʣʘʯʘ ʠʣʠ ʧʨʝʣʠʚʘ ʛʜʝ ʿʝ ʙʠʪʥʘ ʧʝʥʠʚʦʩʪ (Ishara et al., 2018). ʊʘʢʦʹʝ ʩʝ 

ʤʦʞʝ ʚʠʜʝʪʠ ʦʧʨʘʚʜʘʥʦʩʪ ʠʩʧʠʪʠʚʘˁʘ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ ʧʦʨʝʜ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ, ʿʝʨ ʜʚʝ ʠʩʧʠʪʠʚʘʥʝ ʛˀʠʚʝ ʧʦʢʘʟʫʿʫ ʨʘʟʣʠʯʠʪʘ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʠ 

ʤʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ ˁʠʭ ʩʫ ʧʨʠʢʣʘʜʥʝ ʟʘ ʜʦʜʘʪʘʢ ʫ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʧʨʦʠʟʚʦʜʘ, ʟʘʚʠʩʥʦ 

ʦʜ ʧʦʪʨʝʙʘ (Huppertz, 2010). 

 

ʉʣʠʢʘ 4.48. ɼʠʿʘʛʨʘʤʠ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ; ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus (ʣʝʚʦ ï 

ʢʘʧʘʮʠʪʝʪ ʧʝʥʝ; ʜʝʩʥʦ ï ʩʪʘʙʠʣʥʦʩʪ ʧʝʥʝ) ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿe ʝʢʩʪʨʘʢʪʘ ʛˀʠʚe 

(w(ME)) ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (w(MPP));; FC - R
2
=91,13%; FS - R

2
=74,16% 
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ʊʘʙʝʣʘ 4.18. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʢʘʧʘʮʠʪʝʪʘ ʧʝʥʝ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus, ʢʦʜʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ  1 13934 13934 13934 1,30 0,292 

ʈʝʛʨʝʩʠʿʘ 5 758105 758105 151621 14,13 0,002 

  ʃʠʥʝʘʨʥʘ 2 199268 199268 99634 9,28 0,011 

    w(ME) 1 24553 24553 24553 2,29 0,174 

    w(MPP) 1 174715 174715 174715 16,28 0,005 

  ʂʚʘʜʨʘʪʥʘ 2 523681 523681 261840 24,40 0,001 

    w(ME), w(ME) 1 7404 19899 19899 1,85 0,216 

    w(MPP), w(MPP) 1 516277 516277 516277 48,10 0,000 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 35156 35156 35156 3,28 0,113 

    w(ME), w(MPP) 1 35156 35156 35156 3,28 0,113 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 75129 75129 10733   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ 3 72537 72537 24179 37,30 0,002 

ɻʨʝʰʢʘ 4 2593 2593 648   

ʋʢʫʧʥʦ 13 847168     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 

ʊʘʙʝʣʘ 4.19. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʩʪʘʙʠʣʥʦʩʪʠ ʧʝʥʝ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus, ʢʦʜʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ  1 178,57 178,57 178,57 1,03 0,344 

ʈʝʛʨʝʩʠʿʘ 5 3308,94 3308,94 661,79 3,81 0,055 

  ʃʠʥʝʘʨʥʘ 2 1268,59 1268,59 634,30 3,65 0,082 

    w(ME) 1 565,47 565,47 565,47 3,26 0,114 

    w(MPP) 1 703,13 703,13 703,13 4,05 0,084 

  ʂʚʘʜʨʘʪʥʘ 2 2022,98 2022,98 1011,49 5,83 0,032 

    w(ME), w(ME) 1 139,08 227,92 227,92 1,31 0,289 

    w(MPP), w(MPP) 1 1883,90 1883,90 1883,90 10,85 0,013 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 17,36 17,36 17,36 0,10 0,761 

    w(ME), w(MPP) 1 17,36 17,36 17,36 0,10 0,761 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 1214,87 1214,87 173,55   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ 3 1029,69 1029,69 343,23 7,41 0,041 

ɻʨʝʰʢʘ 4 185,19 185,19 46,30   

ʋʢʫʧʥʦ 13 4702,38     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 

4.7.6.5. ɽʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ ʩʘ ʝʢʩʪʨʘʢʪʦʤ L. sulphureus 

ʋ ʧʨʠʣʦʛʫ 8 ʧʨʠʢʘʟʘʥʝ ʩʫ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ESI ʠ EAI ʠʥʜʝʢʩʘ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ L. 

sulphureus. ʂʦʜ ESI, ʚʨʝʜʥʦʩʪʠ ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʦʜ 17,42 ʜʦ 29,64 min, ʦʩʠʤ ʟʘ ʫʟʦʨʘʢ 8L 

ʢʦʿʠ ʿʝ ʠʩʧʦˀʠʦ ʤʘʢʩʠʤʘʣʥʠ ESI ʠʥʜʝʢʩ ʩʘ ʚʨʝʜʥʦʰ˂ʫ 114,56 min. ʀʩʪʠ ʫʟʦʨʘʢ ʠʤʘʦ ʿʝ 

ʥʘʿʥʠʞʫ ʚʨʝʜʥʦʩʪ EAI ʠʥʜʝʢʩʘ (11,18 m
2
/g), ʜʦʢ ʩʫ ʩʝ ʦʩʪʘʣʠ ʢʨʝʪʘʣʠ ʫ ʦʧʩʝʛʫ 35,37 ï 

60,75 m
2
/g. ʉʣʠʯʥʦ ʢʘʦ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei, ʥʘʿʚʝ˂ʠ ESI ʠʥʜʝʢʩ ʠ ʥʘʿʥʠʞʠ EAI 

ʠʥʜʝʢʩ ʠʤʘʣʘ ʿʝ ʤʝʰʘʚʠʥʘ ʩʘ ʥʘʥʿʠʞʠʤ ʧʨʦʮʝʥʪʦʤ ʤʣʝʢʘ (0,34% MPP) ʫʟ 6% ʝʢʩʪʨʘʢʪʘ 

L. sulphureus, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʨʝʪʧʦʩʪʘʚʢʝ ʜʘ ʩʝ ʧʨʦʪʝʠʥʠ ʤʣʝʢʘ ʙʨʞʝ ʘʜʩʦʨʙʫʿʫ, ʘʣʠ ʜʘ 
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ʩʫ ʥʝʩʪʘʙʠʣʥʠ ʠ ʜʘ ʥʘʢʦʥ 10 ʤʠʥʫʪʘ ʚʝ˂ʫ ʩʪʘʙʠʣʥʦʩʪ ʧʦʢʘʟʫʿʫ ʢʦʥʩʪʠʪʫʝʥʪʠ ʝʢʩʪʨʘʢʪʘ 

L. sulphureus. ʀ ʦʚʜʝ ʩʫ ʚʨʝʜʥʦʩʪʠ EAI ʠʥʜʝʢʩʘ ʩʣʠʯʥʝ ʢʘʦ ʢʦʜ Peġiĺ (2011), ʜʦʢ ʩʫ ESI 

ʚʨʝʜʥʦʩʪʠ ʥʠʞʝ. ʀʘʢʦ ʩʫ ʚʨʝʜʥʦʩʪʠ ʦʙʘ ʠʥʜʝʢʩʘ ʚʝ˂ʝ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus ʫ 

ʦʜʥʦʩʫ ʥʘ ʤʝʰʘʚʠʥʝ ʩʘ ʜʦʜʘʪʢʦʤ ʝʢʩʪʨʘʢʪʘ A.blazei, ʢʦʨʝʣʘʮʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 

ʫʩʣʦʚʘ ʠ ʝʤʫʣʛʫʿʫ˂ʠʭ ʩʚʦʿʩʪʘʚʘ ʿʝ ʣʦʰʠʿʘ, ʧʘ ʩʝ ʨʝʟʫʣʪʘʪʠ ʤʦʨʘʿʫ ʨʘʟʤʘʪʨʘʪʠ ʩʘ 

ʦʜʨʝʹʝʥʠʤ ʦʧʨʝʟʦʤ (R
2
(ESI)

 
= 61,63%; R

2
(EAI) = 56,92%.). ʆʚʦ ʿʝ ʚʠʜˀʠʚʦ ʠ ʢʦʜ ʨ-

ʚʨʝʜʥʦʩʪʠ ʠʟ ʪʘʙʝʣʘ 4.20. ʠ 4.21. ʀʟʛʣʝʜ ʜʠʿʘʛʨʘʤʘ ʧʦʚʨʰʠʥʘ ʿʝ ʩʧʝʮʠʬʠʯʘʥ ʟʙʦʛ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʪʿ. ʤʘʢʩʠʤʫʤʘ ʢʦʜ ʫʟʦʨʢʘ 8L ʟʘ ESI ʠ ʤʠʥʠʤʫʤʘ ʢʦʜ 8L ʟʘ 

EAI (ʩʣʠʢʘ 4.49.). ʄʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʢʦʟʿʝʛ ʤʣʝʢʘ ʧʦʢʘʟʫʿʫ ʦʜʨʝʹʝʥʘ ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ, ʘʣʠ ˁʠʭʦʚʘ ʫʧʦʪʨʝʙʘ ʟʘ 

ʧʦʙʦˀʰʘˁʝ ʝʤʫʣʛʫʿʫ˂ʠʭ ʩʚʦʿʩʪʘʚʘ ʧʨʝʭʨʘʤʙʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʟʘʭʪʝʚʘ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʩʘ ʜʨʫʛʘʯʠʿʠʤ ʥʠʚʦʠʤʘ ʠʩʧʠʪʠʚʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʉʘ ʦʚʘʢʚʦʤ ʧʦʩʪʘʚʢʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʫʩʣʦʚʘ, ʪʿ. ʫ ʦʚʦʤ ʦʜʥʦʩʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʪʘ ʛˀʠʚʝ ʥʝ 

ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʫ ʦʚʫ ʩʚʨʭʫ.  

ʂʘʦ ʠ ʢʦʜ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʝʢʩʪʨʘʢʪʘ A.blazei, ʧʦʢʘʟʘʣʦ ʩʝ ʜʘ ʜʦʙʨʘ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ 

ʠʩʢˀʫʯʫʿʫ ʜʦʙʨʘ ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ, ʠ ʦʙʨʥʫʪʦ, ʦʜʥʦʩʥʦ ʜʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʜʦʙʠʪʠ ʿʝʜʘʥ 

ʘʜʠʪʠʚ ʢʦʿʠ ʙʠ ʩʝ ʢʦʨʠʩʪʠʦ ʟʘ ʧʦʙʦˀʰʘˁʝ ʦʙʘ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ. 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʨʝʟʫʣʪʘʪʝ ʤʝʨʝˁʘ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ ʤʝʰʘʚʠʥʘ 

ʥʘ ʙʘʟʠ ʦʙʘ ʝʢʩʪʨʘʢʪʘ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʦʤ A.blazei 

ʠʤʘʿʫ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʫ ʧʨʦʠʟʚʦʜʠʤʘ ʛʜʝ ʩʝ ʦʜ ʘʜʠʪʠʚʘ ʟʘʭʪʝʚʘʿʫ ʜʦʙʨʘ 

ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ, ʜʦʢ ʩʝ ʤʝʰʘʚʠʥʝ ʩʘ ʝʢʩʪʨʘʢʪʦʤ  L. sulphureus ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ 

ʫ ʧʨʦʠʟʚʦʜʠʤʘ ʟʘ ʧʦʙʦˀʰʘˁʝ ʧʝʥʠʚʦʩʪʠ. 

 

ʉʣʠʢʘ 4.49. ɼʠʘʿʛʨʘʤʠ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ; ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus 

(ʣʝʚʦ ï ʠʥʜʝʢʩ ʩʪʘʙʠʣʥʦʩʪʠ ʝʤʫʣʟʠʿʝ; ʜʝʩʥʦ ï ʠʥʜʝʢʩ ʘʢʪʠʚʥʦʩʪʠ ʝʤʫʣʟʠʿʝ) ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʢʦʥʮʝʥʪʨʘʮʠʿe ʝʢʩʪʨʘʢʪʘ ʛˀʠʚe (w(ME)) ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ (w(MPP)); ESI - 

R
2
=61,63%; EAI - R

2
=56,92% 
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ʊʘʙʝʣʘ 4.20. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʠʥʜʝʢʩʘ ʩʪʘʙʠʣʥʦʩʪʠ ʝʤʫʣʟʠʿʝ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus, ʢʦʜʠʨʘʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ  1 504,81 504,81 504,81 1,11 0,327 

ʈʝʛʨʝʩʠʿʘ 5 4597,93 4597,93 919,59 2,03 0,191 

  ʃʠʥʝʘʨʥʘ 2 1649,61 1649,61 824,81 1,82 0,231 

    w(ME) 1 6,00 6,00 6,00 0,01 0,912 

    w(MPP) 1 1643,61 1643,61 1643,61 3,62 0,099 

  ʂʚʘʜʨʘʪʥʘ 2 2933,63 2933,63 1466,81 3,23 0,101 

    w(ME), w(ME) 1 521,61 360,74 360,74 0,79 0,402 

    w(MPP), w(MPP) 1 2412,02 2412,02 2412,02 5,32 0,055 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 14,68 14,68 14,68 0,03 0,862 

    w(ME), w(MPP) 1 14,68 14,68 14,68 0,03 0,862 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 3176,61 3176,61 453,80   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ 3 3134,54 3134,54 1044,85 99,35 0,000 

ɻʨʝʰʢʘ 4 42,07 42,07 10,52   

ʋʢʫʧʥʦ 13 8279,34     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 

ʊʘʙʝʣʘ 4.21. ɸʥʘʣʠʟʘ ʚʘʨʠʿʘʥʩʠ (ANOVA), ʤʦʜʝʣ ʮʝʥʪʨʘʣʥʦʛ ʢʦʤʧʦʟʠʪʥʦʛ ʜʠʟʘʿʥʘ, ʦʜʛʦʚʦʨ 

ʧʦʚʨʰʠʥʝ ʢʦʜ ʦʜʨʝʹʠʚʘˁʘ ʠʥʜʝʢʩʘ ʘʢʪʠʚʥʦʩʪʠ ʝʤʫʣʟʠʿʝ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus, ʢʦʜʠʨʘʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ʇʦʨʝʢʣʦ ʚʘʨʠʿʘʮʠʿʝ 
ʉʪʝʧʝʥ 

ʩʣʦʙʦʜʝ 
Seq. SS Adj. SS Adj. MS 

F-

ʚʨʝʜʥʦʩʪ 

p-

ʚʨʝʜʥʦʩʪ 

ɹʣʦʢʦʚʠ  1 83,21 83,21 83,206 0,67 0,441 

ʈʝʛʨʝʩʠʿʘ 5 1071,02 1071,02 214,203 1,72 0,249 

  ʃʠʥʝʘʨʥʘ 2 36,72 36,72 18,362 0,15 0,866 

    w(ME) 1 34,40 34,40 34,401 0,28 0,616 

    w(MPP) 1 2,32 2,32 2,323 0,02 0,895 

  ʂʚʘʜʨʘʪʥʘ 2 1033,70 1033,70 516,852 4,14 0,065 

    w(ME), w(ME) 1 43,63 17,35 17,349 0,14 0,720 

    w(MPP), w(MPP) 1 990,07 990,07 990,074 7,93 0,026 

  ʀʥʪʝʨʘʢʮʠʿʘ 1 0,59 0,59 0,589 0,00 0,947 

    w(ME), w(MPP) 1 0,59 0,59 0,589 0,00 0,947 

ʈʝʟʠʜʫʘʣʥʘ ʛʨʝʰʢʘ 7 873,69 873,69 124,813   

ʅʝʠʥʪʝʨʧʦʣʠʩʘʥʦ 3 705,29 705,29 235,096 5,58 0,065 

ɻʨʝʰʢʘ 4 168,40 168,40 42,101   

ʋʢʫʧʥʦ 13 2027,91     

ʉʢʨʘ˂ʝʥʠʮʝ: Seq. SS ï ʩʝʢʚʝʥʮʠʿʘʣʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʟʘʚʠʩʠ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. SS 

ï ʫʩʢʣʘʹʝʥʘ ʩʫʤʘ ʢʚʘʜʨʘʪʘ (ʥʝʟʘʚʠʩʥʘ ʦʜ ʨʝʜʦʩʣʝʜʘ ʧʘʨʘʤʝʪʘʨʘ); Adj. MS ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʢʚʘʜʨʘʪʘ (SeqSS/DF); SS ï ʩʪʝʧʝʥ ʩʣʦʙʦʜʝ. 
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4.7.7. ʌʫʥʢʮʠʿʘ ʧʦʞʝˀʥʦʩʪʠ 

ʅʘʢʦʥ FFD ʠ CCD, ʧʨʠʤʝˁʝʥʘ ʿʝ ʦʧʪʠʤʠʟʘʮʠʿʘ ʚʠʰʝ ʦʜʛʦʚʦʨʘ (Multi-response 

Optimization) ʢʦʨʠʰ˂ʝˁʝʤ ɼʝʨʠʥʝ˅ʨʦʚʝ ʬʫʥʢʮʠʿʝ ʧʦʞʝˀʥʦʩʪʠ (Derringerôs Desired 

Function Methodology) (Buratti et al., 2018; Derringer & Suich, 1980; Luļiĺ, 2022). 

ʇʨʠʤʝʥʘ ʬʫʥʢʮʠʿʝ ʧʦʞʝˀʥʦʩʪʠ (ʝʥʛʣ. The Desirability Function) ʦʤʦʛʫ˂ʠʣʘ ʿʝ 

ʩʫʤʠʨʘˁʝ ʩʚʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʜʦʙʠʿʘˁʝ ʧʦ ʿʝʜʥʝ ʦʧʪʠʤʘʣʥʝ ʤʝʰʘʚʠʥʝ ʜʝʬʠʥʠʩʘʥʦʛ 

ʦʜʥʦʩʘ ʟʘ ʩʚʘʢʫ ʛˀʠʚʫ (MA  ï ʬʠʥʘʣʥʘ ʦʧʪʠʤʠʟʦʚʘʥʘ ʤʝʰʘʚʠʥʘ, ʪʿ. ʘʜʠʪʠʚ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A.blazei; ML  - ʬʠʥʘʣʥʘ ʦʧʪʠʤʠʟʦʚʘʥʘ ʤʝʰʘʚʠʥʘ, 

ʪʿ. ʘʜʠʪʠʚ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus) ʥʘ ʢʦʿʠʤʘ ʩʫ 

ʥʘʩʪʘʚˀʝʥʘ ʜʘˀʘ ʠʩʧʠʪʠʚʘˁʘ. ɿʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʤʝʰʘʚʠʥʘ ʧʨʚʦ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʞʝˀʝʥʠ 

ʦʜʛʦʚʦʨʠ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʘʤʘ 4.22. ʠ 4.23. ʅʘʢʦʥ ʜʝʬʠʥʠʩʘˁʘ ʦʜʛʦʚʦʨʘ, ʟʘʚʨʰʝʥ ʿʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʝʦ ʠ ʘʥʘʣʠʟʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʧʦʤʦ˂ʫ ʩʪʘʪʠʩʪʠʯʢʦʛ ʩʦʬʪʚʝʨʘ 

MINITAB. ɿʙʦʛ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠʟ ʧʨʝʪʭʦʜʥʝ ʜʚʝ ʬʘʟʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ, ʦʩʠʤ ʦʜʛʦʚʦʨʘ ʚʝʟʘʥʠʭ ʟʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ, ʢʦʜ ʦʧʪʠʤʠʟʦʚʘʥʝ 

ʤʝʰʘʚʠʥʝ ʩʘ A.blazei ʜʦʜʘʪʥʠ ʢʨʠʪʝʨʠʿʫʤ ʙʠʣʘ ʩʫ ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ, ʘ ʢʦʜ 

ʦʧʪʠʤʠʟʦʚʘʥʝ ʤʝʰʘʚʠʥʝ ʩʘ L. sulphureus, ʫʟ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʜʦʜʘʪʥʠ ʢʨʠʪʝʨʠʿʫʤ 

ʙʠʣʘ ʩʫ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ. ʆʚʘ ʜʚʘ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ (ʝʤʫʣʛʫʿʫ˂ʘ ʠ ʧʝʥʠʚʘ) 

ʧʦʢʘʟʘʣʘ ʩʫ ʩʝ ʢʘʦ ʩʫʧʨʦʪʥʘ, ʪʿ. ʟʘʭʪʝʚʠ ʟʘ ʠʩʧʫˁʝˁʝ ʦʧʪʠʤʘʣʥʘ ʦʙʘ ʩʚʦʿʩʪʚʘ ʥʠʩʫ ʙʠʣʠ 

ʤʦʛʫ˂ʠ, ʧʘ ʩʫ ʤʝʰʘʚʠʥʝ ʦʧʪʠʤʠʟʦʚʘʥʝ ʪʘʢʦ ʜʘ ʿʝʜʥʘ ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʘʨ ʝʤʫʣʛʘʪʦʨ, ʘ ʜʘ 

ʜʨʫʛʘ ʠʤʘ ʜʦʙʨʘ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʧʨʠ ʜʦʜʘʪʢʫ ʫ ʧʨʝʭʨʘʤʙʝʥʝ ʧʨʦʠʟʚʦʜʝ, ʫʟ ʜʦʙʨʫ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʫ ʦʙʘ ʩʣʫʯʘʿʘ ʢʘʢʦ ʙʠ ʩʝ ʩʘʯʫʚʘʣʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ. ʆʚʘʢʚʘ ʧʨʠʤʝʥʘ 

ʿʝ ʯʝʩʪʘ ʫ ʬʦʨʤʫʣʘʮʠʿʠ ʥʦʚʠʭ ʧʨʝʭʨʘʤʙʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʠʣʠ ʧʨʦʮʝʩʘ (Deswal et al., 

2014; Mang et al., 2015; Marchetti et al., 2014; Sayuti et al., 2021). 

 

ʊʘʙʝʣʘ 4.22. ʇʘʨʘʤʝʪʨʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʦʜʛʦʚʦʨʘ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei ʧʨʝʤʘ ʬʫʥʢʮʠʿʠ 

ʧʦʞʝˀʥʦʩʪʠ ʟʘʜʘʪʠ ʩʪʘʪʠʩʪʠʯʢʦʤ ʧʨʦʛʨʘʤʫ Minitab 

ʄʝʪʦʜʘ ʎʠ ˀ

ɼʦˁʘ 

ʛʨʘʥʠʯʥʘ 

ʚʨʝʜʥʦʩʪ  

ʎʠˀʘʥʘ 

ʚʨʝʜʥʦʩʪ  

ɻʦʨˁʘ 

ʛʨʘʥʠʯʥʘ 

ʚʨʝʜʥʦʩʪ  

ʈʘʩʧʦʨʝʜ  ɿʥʘʯʘʿ  

ABTS (mg 

Trolox / 

mL) 

ʄʘʢʩʠʤʫʤ 4,00 6,00 6,00 1 1 

ESI (min) 
ʊʨʘʞʝʥʘ 

ʚʨʝʜʥʦʩʪ 
10,00 40,00 60,00 1 1 

FRP (ɛg 

AA / mL) 
ʄʠʥʠʤʫʤ 100,00 100,00 120,00 1 1 

FCC (mg 

EDTA / 

mL) 

ʊʨʘʞʝʥʘ 

ʚʨʝʜʥʦʩʪ 
2,00 2,50 3,00 1 1 

ʉʢʨʘ˂ʝʥʠʮʝ: ABTS - ʩʧʦʩʦʙʥʦʩʪ ʩʘʢʫʧˀʘˁʘ ɸBTS
Å+

; FCC - ʩʧʦʩʦʙʥʦʩʪ ʭʝʣʠʨʘˁʘ ʿʦʥʘ Fe
2+

; FRP 

- ʩʧʦʩʦʙʥʦʩʪ ʨʝʜʫʢʮʠʿʝ ʿʦʥʘ Fe
3+ 
(ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂); ESI - ʠʥʜʝʢʩ ʩʪʘʙʠʣʥʦʩʪʠ ʝʤʫʣʟʠʿʝ; EDTA - 

ʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ; AA ï ʝʢʚʠʚʘʣʝʥʪʠ ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ.  
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ʊʘʙʝʣʘ 4.23. ʇʘʨʘʤʝʪʨʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʦʜʛʦʚʦʨʘ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus ʧʨʝʤʘ ʬʫʥʢʮʠʿʠ 

ʧʦʞʝˀʥʦʩʪʠ ʟʘʜʘʪʠ ʩʪʘʪʠʩʪʠʯʢʦʤ ʧʨʦʛʨʘʤʫ Minitab 

ʄʝʪʦʜʘ ʎʠ ˀ

ɼʦˁʘ 

ʛʨʘʥʠʯʥʘ 

ʚʨʝʜʥʦʩʪ  

ʎʠˀʘʥʘ 

ʚʨʝʜʥʦʩʪ  

ɻʦʨˁʘ 

ʛʨʘʥʠʯʥʘ 

ʚʨʝʜʥʦʩʪ  

ʈʘʩʧʦʨʝʜ  ɿʥʘʯʘʿ  

ABTS (mg 

Trolox / 

mL) 

ʄʘʢʩʠʤʫʤ 3,50 4,00 4,00 1 1 

FRP (ɛg 

AA / mL) 
ʄʘʢʩʠʤʫʤ 110,00 180,00 180,00 1 1 

FC (%) 
ʊʨʘʞʝʥʘ 

ʚʨʝʜʥʦʩʪ 
450,00 600,00 733,00 1 1 

FCC (mg 

EDTA / 

mL) 

ʊʨʘʞʝʥʘ 

ʚʨʝʜʥʦʩʪ 
1,50 3,50 5,00 1 1 

ʉʢʨʘ˂ʝʥʠʮʝ: ABTS - ʩʧʦʩʦʙʥʦʩʪ ʩʘʢʫʧˀʘˁʘ ɸBTS
Å+

; FCC - ʩʧʦʩʦʙʥʦʩʪ ʭʝʣʠʨʘˁʘ ʿʦʥʘ Fe
2+

; FRP 

- ʩʧʦʩʦʙʥʦʩʪ ʨʝʜʫʢʮʠʿʝ ʿʦʥʘ Fe
3+ 
(ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂); FC ï ʢʘʧʘʮʠʪʝʪ ʧʝʥʝ; EDTA - 

ʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ; AA ï ʝʢʚʠʚʘʣʝʥʪʠ ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ. 

ɼʝʨʠʥ˅ʝʨʦʚʘ ʤʝʪʦʜʘ ʿʝ ʿʝʜʥʘ ʦʜ ʤʝʪʦʜʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʬʫʥʢʮʠʿʠ ʧʦʞʝˀʥʦʩʪʠ, 

ʿʝʜʥʦʩʪʘʚʥʘ ʿʝ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʠ ʤʦʞʝ ʩʝ ʣʘʢʦ ʧʨʠʣʘʛʦʜʠʪʠ ʧʦʪʨʝʙʘʤʘ ʠʩʪʨʘʞʠʚʘʯʘ 

(Costa et al., 2011). ʀʘʢʦ ʩʝ ʨʝʣʘʪʠʚʥʦ ʯʝʩʪʦ ʢʦʨʠʩʪʠ, ʥʘʿʚʝ˂ʫ ʫʧʦʪʨʝʙʫ ʿʝ ʧʨʦʥʘʰʣʘ ʫ 

ʭʝʤʦʤʝʪʨʠʿʠ, ʜʦʢ ʿʝ ʫʧʦʪʨʝʙʘ ʚʝʟʘʥʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʨʦʮʝʩʘ ʠʣʠ ʧʨʦʠʟʚʦʜʘ ʧʦʨʝʢʣʦʤ 

ʠʟ ʧʨʠʨʦʜʝ, ʢʘʦ ʰʪʦ ʿʝ ʭʨʘʥʘ, ʤʘˁʝ ʟʘʩʪʫʧˀʝʥʘ, ʧʘ ʿʝ ʠ ʣʠʪʝʨʘʪʫʨʘ ʚʝʟʘʥʘ ʟʘ ʦʚʫ 

ʪʝʤʘʪʠʢʫ ʦʩʢʫʜʥʠʿʘ (Costa et al., 2011). ʇʨʝʤʘ ʬʫʥʢʮʠʿʠ ʧʦʞʝˀʥʦʩʪʠ, ʧʨʚʦ ʩʝ ʩʚʘʢʠ 

ʧʦʝʿʜʠʥʘʯʥʠ ʦʜʛʦʚʦʨ ʧʨʝʚʦʜʠ ʫ ʧʦʿʝʜʠʥʘʯʥʫ ʬʫʥʢʮʠʿʫ ʧʦʞʝˀʥʦʩʪʠ (di), ʢʦʿʘ ʠʤʘ 

ʚʨʝʜʥʦʩʪʠ ʦʜ 0 ʟʘ ʥʝʧʦʞʝˀʘʥ ʦʜʛʦʚʦʨ ʜʦ 1 ʟʘ ʧʦʞʝˀʘʥ ʦʜʛʦʚʦʨ, ʜʦʢ ʩʝ ʫ ʜʨʫʛʦʿ ʬʘʟʠ 

ʠʟʨʘʯʫʥʘʚʘ ʫʢʫʧʥʘ ʠʣʠ ʢʦʤʧʦʟʠʪʥʘ ʧʦʞʝˀʥʦʩʪ ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʩʚʝ ʧʦʿʝʜʠʥʘʯʥʝ 

ʬʫʥʢʮʠʿʝ (Costa et al., 2011; Luļiĺ, 2022). ʇʨʠʢʘʟ ʢʦʨʠʰ˂ʝʥʠʭ ʤʝʪʦʜʘ, ʧʨʝʜʚʠʹʝʥʠʭ ʠ 

ʜʦʙʠʿʝʥʠʭ ʦʜʛʦʚʦʨʘ, ʚʨʝʜʥʦʩʪʠ ʧʦʿʝʜʠʥʘʯʥʠʭ ʬʫʥʢʮʠʿʘ ʠ ʢʦʤʧʦʟʠʪʥʝ ʧʦʞʝˀʥʦʩʪʠ, ʢʘʦ 

ʠ ʬʠʥʘʣʥʠʭ ʩʘʩʪʘʚʘ ʤʝʰʘʚʠʥʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʘʤʘ 4.24. ʠ 4.25. ʟʘ ʘʜʠʪʠʚʝ ʄɸ ʠ 

ʄL, ʨʝʩʧʝʢʪʠʚʥʦ. ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʫ ʤʝʪʦʜʫ ʚʘʨʠʨʘʿʫ ʫ ʦʜʨʝʹʝʥʦʿ ʤʝʨʠ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʨʝʜʚʠʹʝʥʝ, ʰʪʦ ʿʝ ʧʨʠʭʚʘʪˀʠʚʦ ʢʘʜʘ ʩʝ ʨʘʜʠ ʦ ʢʦʤʧʣʝʢʩʥʠʤ ʩʠʩʪʝʤʠʤʘ 

ʧʨʠʨʦʜʥʦʛ ʧʦʨʝʢʣʘ. 

ʊʘʙʝʣʘ 4.24. ʆʧʪʠʤʠʟʘʮʠʿʘ ʦʜʛʦʚʦʨʘ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei ʧʨʝʤʘ ʬʫʥʢʮʠʿʠ ʧʦʞʝˀʥʦʩʪʠ 

ʄʝʪʦʜʘ 
ʇʨʝʜʚʠʹʝʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ʇʦʞʝˀʥʦʩʪ 

(Desirability) 
ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ABTS (mg Trolox / mL) 5,92 0,96 4,58 

ESI (min) 36,68 0,89 67,50 

FRP (ɛg AA / mL) 98,84 1,00 46,83 

FCC (mg EDTA / mL) 2,51 0,99 3,83 

ʉʘʩʪʘʚ ʦʧʪʠʤʠʟʦʚʘʥʝ ʤʝʰʘʚʠʥʝ ʄɸ: w(ME) = 0,62%; 

w(MPP) = 6,97%; ʢʦʤʧʦʟʠʪʥʘ ʧʦʞʝˀʥʦʩʪ (Composite Desirability): 0,96 

ʉʢʨʘ˂ʝʥʠʮʝ: ABTS ï ʫʢʫʧʘʥ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ, ɸBTS ʪʝʩʪ; FCC - ʩʧʦʩʦʙʥʦʩʪ 

ʭʝʣʠʨʘˁʘ ʿʦʥʘ Fe
2+
, FCC ʪʝʩʪ; FRP - ʩʧʦʩʦʙʥʦʩʪ ʨʝʜʫʢʮʠʿʝ ʿʦʥʘ Fe

3+ 
(ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂) FRP ʪʝʩʪ; 

ESI - ʠʥʜʝʢʩ ʩʪʘʙʠʣʥʦʩʪʠ ʝʤʫʣʟʠʿʝ; EDTA - ʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ; AA ï 

ʝʢʚʠʚʘʣʝʥʪʠ ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ; MA ï oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ  - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ. 
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ʊʘʙʝʣʘ 4.25. ʆʧʪʠʤʠʟʘʮʠʿʘ ʦʜʛʦʚʦʨʘ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus ʧʨʝʤʘ ʬʫʥʢʮʠʿʠ ʧʦʞʝˀʥʦʩʪʠ 

ʄʝʪʦʜʘ 
ʇʨʝʜʚʠʹʝʥʝ 

ʚʨʝʜʥʦʩʪʠ 

ʇʦʞʝˀʥʦʩʪ 

(Desirability) 
ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ABTS (mg Trolox / mL) 4,00 1,00 4,29 

FRP (ɛg AA / mL) 203,92 1,00 128,40 

FC (%) 600,18 1,00 633,33 

FCC (mg EDTA / mL) 3,44 0,97 4,20 

ʉʘʩʪʘʚ ʦʧʪʠʤʠʟʦʚʘʥʝ ʤʝʰʘʚʠʥʝ ʄL: w(ME) = 0,79%; 

w(MPP) = 9,37%; ʢʦʤʧʦʟʠʪʥʘ ʧʦʞʝˀʥʦʩʪ (Composite Desirability): 0,99 

ʉʢʨʘ˂ʝʥʠʮʝ: ABTS - ʫʢʫʧʘʥ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ, ɸBTS ʪʝʩʪ; FCC - ʩʧʦʩʦʙʥʦʩʪ 

ʭʝʣʠʨʘˁʘ ʿʦʥʘ Fe
2+
, FCC ʪʝʩʪ; FRP - ʩʧʦʩʦʙʥʦʩʪ ʨʝʜʫʢʮʠʿʝ ʿʦʥʘ Fe

3+ 
(ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂), FRP ʪʝʩʪ; 

FC ï ʢʘʧʘʮʠʪʝʪ ʧʝʥʝ; EDTA - ʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ; AA ï ʝʢʚʠʚʘʣʝʥʪʠ 

ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ; ML ï ʦʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; 
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4.8. ʀʩʪʨʘʞʠʚʘˁʘ ʥʘ ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʘʜʠʪʠʚʠʤʘ 

4.8.1. ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ 

ʅʘʢʦʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ, ʠʩʧʠʪʘʥʘ ʩʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ 

ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ (MA; ML), ʢʘʦ ʠ ʧʦʯʝʪʥʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ï ʚʦʜʝʥʠʭ ʝʢʩʪʨʘʢʘʪʘ 

A.blazei ʠ L. sulphureus (VA; VL) ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ ʫ ʦʙʝ ʬʠʥʘʣʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ (TRM 7%; TRM 9,4%; ʩʣʠʢʘ 4.50.). ʇʦʨʝʜ ʦʚʠʭ ʨʝʟʫʣʪʘʪʘ ʜʦʜʘʪʥʦ ʿʝ 

ʧʨʠʢʘʟʘʥ ʠ ʩʘʜʨʞʘʿ ʫʢʫʧʥʠʭ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʠ ʢʘʦ ʤʝʪʦʜʘ 

ʦʜʨʝʹʠʚʘˁʘ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʨʝʜʫʢʫʿ ʫ˂ʝʛ ʢʘʧʘʮʠʪʝʪʘ (ʦʙʿʘʰˁʝˁʘ ʫ ʧʦʛʣʘʚˀʫ 

3.14.4).  

  

 

ʉʣʠʢʘ 4.50. ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʠ ˁʠʭʦʚʠʭ ʧʦʯʝʪʥʠʭ 

ʢʦʥʩʪʠʪʫʝʥʘʪʘ; A - ʫʢʫʧʘʥ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ (ABTS ʪʝʩʪ); ɺ - ʩʧʦʩʦʙʥʦʩʪ ʭʝʣʠʨʘˁʘ 

ʿʦʥʘ Fe
2+

 (FCC ʪʝʩʪ); ʉ - ʩʧʦʩʦʙʥʦʩʪ ʨʝʜʫʢʮʠʿʝ ʿʦʥʘ Fe
3+ 
(ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂; FRP ʪʝʩʪ); D ï ʫʢʫʧʥʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ (TPC). ʋ ʦʢʚʠʨʫ ʩʚʘʢʝ ʤʝʪʦʜʝ, ʨʝʟʫʣʪʘʪʠ ʠʟʥʘʜ ʢʦʿʠʭ 

ʩʪʦʿʝ ʨʘʟʣʠʯʠʪʘ ʤʘʣʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 0,05). 

ʉʢʨʘ˂ʝʥʠʮʝ: VA ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei; VL ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus; ʊRM 7% - 7% 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; TRM 9,4% - 9,4% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ 
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ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; MA ï oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ  - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; ML ï 

ʦʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; EDTA - ʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ; 

AA ï ʝʢʚʠʚʘʣʝʥʪʠ ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ; GAE ï ʝʢʚʠʚʘʣʝʥʪʠ ʛʘʣʥʝ ʢʠʩʝʣʠʥʝ.  

ʈʝʟʫʣʪʘʪʠ ABTS ʪʝʩʪʘ (ʩʣʠʢʘ 4.50.ɸ) ʧʦʪʚʨʹʫʿʫ ʟʘʢˀʫʯʢʝ ʠʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ, 

ʦʜʥʦʩʥʦ ʚʠʜˀʠʚʦ ʿʝ ʜʘ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʧʦʢʘʟʫʿʫ ʠ ʝʢʩʪʨʘʢʪʠ ʛˀʠʚʘ 

ʠ ʢʦʥʩʪʠʪʫʝʥʪʠ ʤʣʝʢʘ, ʟʘʭʚʘˀʫʿʫ˂ʠ ʩʚʦʤ ʩʘʩʪʘʚʫ (Carneiro et al., 2013; Çekiç et al., 2015; 

Chen et al., 2003; Petroviĺ et al., 2014a). ʂʘʢʦ ʿʝ ʨʘʥʠʿʝ ʥʘʚʝʜʝʥʦ, ʫʢʫʧʥʦʤ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʤ ʢʘʧʘʮʠʪʝʪʫ ʤʣʝʢʘ ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʜʦʧʨʠʥʦʩʝ ʢʘʟʝʠʥʠ (Çekiç et al., 

2015; Chen et al., 2003). ɽʢʩʪʨʘʢʪʠ ʛˀʠʚʘ ʠ ʦʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚʠ ʠʤʘʿʫ ʟʥʘʯʘʿʥʦ ʚʝ˂ʠ 

ʢʘʧʘʮʠʪʝʪ ʫ ʦʜʥʦʩʫ ʥʘ ʤʣʝʢʦ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʜʦʙʨʘ ʧʦʪʝʥʮʠʿʘʣʥʘ ʬʫʥʢʮʠʦʥʘʣʥʘ 

ʩʚʦʿʩʪʚʘ ʘʜʠʪʠʚʘ. ʄʣʝʢʦ ʿʝ ʜʦʜʘʪʢʦʤ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʦʙʦʛʘ˂ʝʥʦ ʘʥʪʠʦʢʩʠʜʘʥʪʠʤʘ, ʧʨʝ 

ʩʚʝʛʘ ʧʨʦʪʝʠʥʠʤʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʠʤʘ, ʘʣʠ ʫ ʤʘˁʦʿ ʤʝʨʠ ʠ ʬʝʥʦʣʥʠʤ ʿʝʜʠˁʝˁʠʤʘ, ʢʦʿʠ 

ʤʦʛʫ ʩʘʢʫʧʠʪʠ ʩʣʦʙʦʜʥʝ ʨʘʜʠʢʘʣʝ ʫ ˂ʝʣʠʿʘʤʘ, ʘʣʠ ʠ ʜʝʣʦʚʘʪʠ ʩʠʥʝʨʛʠʩʪʠʯʢʠ (Siu et al., 

2014). ɺʦʜʝʥʠ ʝʢʩʪʨʘʢʪʠ ʛˀʠʚʘ ʠʤʘʿʫ ʚʠʩʦʢ ʫʢʫʧʘʥ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ, ʘʣʠ ʿʝ 

ʧʠʪʘˁʝ ʫ ʢʦʿʦʿ ʤʝʨʠ ʩʝ ʦʥ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ ʫ ˂ʝʣʠʿʠ, ʘʢʦ ʩʝ ʟʥʘ ʩʫʜʙʠʥʘ ʚʝʣʠʢʦʛ 

ʧʨʦʮʝʥʪʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʫ ʦʨʛʘʥʠʟʤʫ ʠ ʘʢʦ ʩʝ ʫʟʤʫ ʫ ʦʙʟʠʨ ʚʝʣʠʢʘ 

ʦʜʩʪʫʧʘˁʘ ʨʝʟʫʣʪʘʪʘ in vivo ʠ in vitro ʝʢʩʧʝʨʠʤʝʥʘʪʘ (Yildirim -Elikoglu, 2019). 

ʆʙʦʛʘ˂ʠʚʘˁʝ ʤʣʝʢʘ ʢʦʥʩʪʠʪʫʝʥʪʠʤʘ ʛˀʠʚʘ ʤʦʛʣʦ ʙʠ ʦʙʝʟʙʝʜʠʪʠ ʦʯʫʚʘˁʝ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ, ʧʘ ʩʝ ʦʥ ʤʦʞʝ ʠʩʧʦˀʠʪʠ ʫ ʚʝ˂ʝʤ ʦʙʠʤʫ. 

ʂʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʿʝ ʚʨʣʦ ʥʠʟʘʢ, ʠʘʢʦ ʩʝ ʥʘʚʦʜʠ ʜʘ ʛʣʠʢʦʟʠʜʥʝ ʚʝʟʝ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʛˀʠʚʘ ʭʝʣʠʨʘʿʫ (Klaus et al., 2013), ʜʦʢ ʩʝ ʦʜʣʠʯʥʘ ʭʝʣʠʨʘʿʫ˂ʘ ʩʚʦʿʩʪʚʘ 

ʤʣʝʢʘ ʠ ʦʚʜʝ ʚʠʜʝ ʿʘʩʥʦ ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ FCC ʪʝʩʪʘ (ʩʣʠʢʘ 4.50.ɺ) ʠ ʫ ʩʢʣʘʜʫ ʩʫ ʩʘ 

ʣʠʪʝʨʘʪʫʨʦʤ (Elias et al., 2008; Kostiĺ et al., 2021; Stobiecka et al., 2022). 

ʅʘʿʠʥʪʝʨʝʩʘʥʪʥʠʿʠ ʟʘʢˀʫʯʘʢ ʿʝ ʜʘ, ʠʘʢʦ ʩʘʤʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪʠ ʩʣʘʙʦ ʭʝʣʠʨʘʿʫ, ʠʧʘʢ 

ʫʪʠʯʫ ʥʘ ʭʝʣʠʨʘʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʘʜʠʪʠʚʘ, ʢʦʿʠ ʧʦʢʘʟʫʿʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʘʥ ʩʢʦʢ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʦʣʘʟʥʘ ʤʣʝʢʘ, ʧʦʛʦʪʦʚʦ ʫ ʩʣʫʯʘʿʫ ʘʜʠʪʠʚʘ ʄL. ʄʦʛʫ˂ʝ ʿʝ ʜʘ ʩʫ ʢʦʜ ʄɸ 

ʠʥʪʝʨʘʢʮʠʿʝ ʢʘʟʝʠʥʘ, ʦʜʥʦʩʥʦ WP/CN ʢʦʤʧʣʝʢʩʘ ʩʘ ʢʦʥʩʪʠʪʫʝʥʪʠʤʘ VA, ʤʝˁʘʿʫ˂ʠ 

ʢʦʥʬʦʨʤʘʮʠʿʫ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ ʫʯʠʥʠʣʝ ʜʦʩʪʫʧʥʠʿʠʤʘ ʨʝʛʠʦʥʝ ʢʦʿʠ ʠʤʘʿʫ ʜʦʙʨʘ 

ʭʝʣʠʨʘʿʫ˂ʘ ʩʚʦʿʩʪʚʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ. ʊʘʢʦʹʝ ʥʝ ʪʨʝʙʘ ʥʠ 

ʟʘʥʝʤʘʨʠʪʠ ʚʠʩʦʢ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʫ ʝʢʩʪʨʘʢʪʠʤʘ ʦʙʝ ʛˀʠʚʝ, ʰʪʦ ʩʝ ʧʦʛʦʪʦʚʦ ʚʠʜʠ 

ʢʦʜ ʘʜʠʪʠʚʘ ʄL, ʛʜʝ ʿʝ ʤʝʰʘˁʝ ʩʘ ʤʣʝʢʦʤ ʚʝʨʦʚʘʪʥʦ ʜʦʚʝʣʦ ʜʦ ʧʦʚʝ˂ʘˁʘ ʢʘʧʘʮʠʪʝʪʘ 

ʭʝʣʠʨʘˁʘ ʧʨʦʪʝʠʥʘ ʧʦʨʝʢʣʦʤ ʠʟ L. sulphureus. 

ʅʘ ʩʣʠʮʠ 4.50.ʉ ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ ʨʝʟʫʣʪʘʪʠ ʦʜʨʝʹʠʚʘˁʘ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ FRP ʪʝʩʪʦʤ, 

ʢʦʿʠ ʧʨʚʝʥʩʪʚʝʥʦ ʟʘʚʠʩʝ ʦʜ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʛˀʠʚʘ, ʘ ʧʦʩʝʙʥʦ ʩʫ ʚʠʩʦʢʠ ʢʦʜ L. 

sulphureus. ʈʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʿʝ ʛʦʪʦʚʦ ʟʘʥʝʤʘʨˀʠʚʘ, 

ʢʘʦ ʢʦʜ Milinļiĺ et al. (2022). ʈʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ ʦʙʝ ʛˀʠʚʝ ʧʦʪʚʨʹʝʥʘ ʿʝ ʫ ʨʘʟʥʠʤ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ (Carneiro et al., 2013; Klaus et al., 2013; Kozarski et al., 2011; Petroviĺ et 

al., 2014b; Wei et al., 2020). ʀʟʤʝʹʫ ʨʝʜʫʢʫʿʫ˂ʠʭ ʩʚʦʿʩʪʘʚʘ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A.blazei ʠ 

ʘʜʠʪʠʚʘ ʄɸ ʥʝʤʘ ʩʪʘʪʠʩʪʠʯʢʝ ʨʘʟʣʠʢʝ, ʪʿ. ʨʝʜʫʢʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʘʜʠʪʠʚʘ ʩʫ ʨʝʟʫʣʪʘʪ 

ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʦʚʝ ʛˀʠʚʝ, ʘʣʠ ʩʫ ʩʝ ʦʯʫʚʘʣʘ ʤʝʰʘˁʝʤ ʩʘ ʤʣʝʢʦʤ. 

Kozarski et al. (2011) ʥʘʚʦʜʝ ʫʤʝʨʝʥʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʝʢʩʪʨʘʢʘʪʘ A. brasiliensis ʢʦʿʘ 

ʨʘʩʪʝ ʩʘ ʧʦʨʘʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ. ʍʠʜʨʦʢʩʠʣʥʝ ʛʨʫʧʝ ʧʦʣʠʩʘʭʘʨʠʜʘ ʤʦʛʫ ʜʦʥʠʨʘʪʠ 

ʝʣʝʢʪʨʦʥʝ; ʪʠʧ ʛʣʠʢʦʟʠʜʥʝ ʚʝʟʝ ʿʝ ʫ ʟʥʘʯʘʿʥʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʨʝʜʫʢʫʿʫ˂ʦʤ ʤʦ˂ʠ, ʘ ʫ 

ʤʘˁʦʿ ʤʝʨʠ ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ ʟʘʚʠʩʠ ʠ ʦʜ ʩʘʩʪʘʚʘ ʤʦʥʦʩʘʭʘʨʠʜʘ (Lo et al., 2011). ʆʚʦ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʨʘʟʣʠʢʫ ʫ ʨʝʜʫʢʫʿʫ˂ʦʿ ʤʦ˂ʠ VA ʠ VL, ʿʝʨ ʩʝ 

ʧʦʣʠʩʘʭʘʨʠʜʠ L. sulphureus ʦʜʣʠʢʫʿʫ ʚʝ˂ʦʤ ʭʝʪʝʨʦʛʝʥʦʰ˂ʫ ʩʘʩʪʘʚʘ (Alquini et al., 2004; 
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Olennikov et al., 2008, 2009a, 2009b, 2010). ʈʝʜʫʢʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʘʜʠʪʠʚʘ ʄL ʩʫ ʥʠʞʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʜʣʠʯʥʘ ʩʚʦʿʩʪʚʘ ʧʦʣʘʟʥʦʛ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus, ʘʣʠ ʠ ʜʘˀʝ 

ʚʠʩʦʢʘ. ʄʝʰʘˁʝ ʩʘ ʤʣʝʢʦʤ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʨʝʟʫʣʪʦʚʘʣʦ ʿʝ ʩʤʘˁʝˁʝʤ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ. 

ʀʧʘʢ, ʪʨʝʙʘ ʧʦʥʦʚʦ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʝ ʟʙʦʛ SET ʤʝʭʘʥʠʟʤʘ ʠ ʣʦʰʝ ʢʦʨʝʣʘʮʠʿʝ ʩʘ ʜʨʫʛʠʤ 

ʤʝʪʦʜʘʤʘ ʦʚʘ ʤʝʪʦʜʘ ʤʦʨʘ ʢʦʨʠʩʪʠʪʠ ʟʘʿʝʜʥʦ ʩʘ ʜʨʫʛʠʤ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʤ ʤʝʪʦʜʘʤʘ 

(Munteanu & Apetrei, 2021). 

ʋʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ ʥʘʿʚʝ˂ʠ ʿʝ ʢʦʜ ʧʦʣʘʟʥʠʭ ʝʢʩʪʨʘʢʘʪʘ 

ʛˀʠʚʘ, ʠ ʪʦ ʧʨʠʙʣʠʞʥʦ ʜʫʧʣʦ ʚʝ˂ʠ ʢʦʜ VL ʫ ʦʜʥʦʩʫ ʥʘ VA (ʩʣʠʢʘ 4.50.D). ʋʢʫʧʥʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ ʤʣʝʢʘ ʠ ʘʜʠʪʠʚʘ ʧʨʠʙʣʠʞʥʦ ʿʝ ʠʩʪʠ ʠ ʜʘʣʝʢʦ 

ʤʘˁʠ ʫ ʦʜʥʦʩʫ ʥʘ ʚʦʜʝʥʝ ʝʢʩʪʨʘʢʪʝ ʛˀʠʚʘ ʠ ʤʦʞʝ ʩʝ ʧʨʠʧʠʩʘʪʠ ˁʠʭʦʚʠʤ ʧʨʦʪʝʠʥʠʤʘ 

ʠʣʠ ʜʨʫʛʠʤ ʙʠʦʘʢʪʠʚʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʢʦʿʝ ʩʫ ʪʘʢʦʹʝ ʨʝʘʢʪʠʚʥʝ ʧʨʝʤʘ ʌʦʣʠʥ-

ʏʠʢʦʣʪʝʦʚʦʤ ʨʝʘʛʝʥʩʫ (Everette et al., 2010). ʂʘʦ ʢʦʜ ʨʝʟʫʣʪʘʪʘ FRP ʪʝʩʪʘ, ʝʢʩʪʨʘʢʪʠ 

ʛˀʠʚʘ, ʧʦʩʝʙʥʦ VL, ʧʦʢʘʟʫʿʫ ʚʠʩʦʢʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ, ʜʘʣʝʢʦ ʚʝ˂ʫ ʫ ʦʜʥʦʩʫ ʥʘ ʤʣʝʢʦ 

ʠʣʠ ʘʜʠʪʠʚʝ (ʦʩʠʤ ʫ ʩʣʫʯʘʿʫ ʩʣʠʯʥʠʭ ʨʝʟʫʣʪʘʪʘ FRP ʪʝʩʪʘ ʟʘ VA ʠ ʄɸ). ʀʘʢʦ VA ʠ VL 

ʧʦʢʘʟʫʿʫ ʚʠʩʦʢ ʢʘʧʘʮʠʪʝʪ ʨʝʜʫʢʦʚʘˁʘ ʠ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂, ʦʥʘ ʙʨʟʦ ʦʧʘʜʘ ʢʘʦ ʧʦʩʣʝʜʠʮʘ 

ʤʝʰʘˁʘ ʩʘ ʤʣʝʢʦʤ, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʤʘˁʝ ʜʦʩʪʫʧʥʦʩʪʠ ʨʝʜʫʢʫʿʫ˂ʠʭ ʨʝʛʠʦʥʘ ˁʠʭʦʚʠʭ 

ʙʠʦʘʢʪʠʚʥʠʭ ʤʦʣʝʢʫʣʘ. ʇʦʪʨʝʙʥʝ ʩʫ ʜʘˀʝ ʘʥʘʣʠʟʝ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʟʙʦʛ ʯʝʛʘ ʩʝ ʦʚʦ 

ʜʝʰʘʚʘ ʠ ʢʘʢʦ ʩʝ ʫʟʦʨʮʠ ʧʦʥʘʰʘʿʫ ʫ ʜʠʛʝʩʪʠʚʥʦʤ ʪʨʘʢʪʫ. 

ʀʟʤʝʹʫ ʨʝʟʫʣʪʘʪʘ ʯʝʪʠʨʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʪʝʩʪʘ ʧʨʠʤʝˁʝʥʘ ʿʝ ʇʠʨʩʦʥʦʚʘ ʢʦʨʝʣʘʮʠʦʥʘ 

ʘʥʘʣʠʟʘ ʢʦʿʘ ʿʝ ʫʢʘʟʘʣʘ ʥʘ ʟʥʘʯʘʿʥʫ ʥʝʛʘʪʠʚʥʫ ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ ʨʝʟʫʣʪʘʪʘ FCC ʠ TPC 

ʪʝʩʪʘ (r = -0,852) ʥʘ ʥʠʚʦʫ p < 0,05, ʜʦʢ ʠʟʤʝʹʫ ʦʩʪʘʣʠʭ ʨʝʟʫʣʪʘʪʘ ʥʠʩʫ ʧʨʦʥʘʹʝʥʝ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʢʦʨʝʣʘʮʠʿʝ. ʆʚʦ ʿʝ ʚʠʜˀʠʚʦ ʠ ʩʘ ʩʣʠʢʝ 4.50, ʛʜʝ ʩʝ ʤʦʞʝ 

ʧʨʠʤʝʪʠʪʠ ʜʘ ʩʝ ʤʝʰʘˁʝʤ ʩʘ ʤʣʝʢʦʤ ʧʦʙʦˀʰʘʚʘ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʠ ʩʥʠʞʘʚʘ 

ʨʝʜʫʢʮʠʦʥʘ ʤʦ,˂ ʦʜʥʦʩʥʦ ʜʘ ʜʦʜʘʪʘʢ ʝʢʩʪʨʘʢʘʪʘ ʫʪʠʯʝ ʥʘ ʜʦʩʪʫʧʥʦʩʪ ʨʝʛʠʦʥʘ ʩʘ 

ʭʝʣʠʨʘʿʫ˂ʠʤ/ʨʝʜʫʢʫʿʫ˂ʠʤ ʩʚʦʿʩʪʚʠʤʘ. 

ɼʘʢʣʝ, ʥʘ ʦʩʥʦʚʫ ʨʘʟʣʠʯʠʪʠʭ ʤʝʭʘʥʠʟʘʤʘ ʥʘ ʢʦʿʠʤʘ ʩʫ ʟʘʩʥʦʚʘʥʠ, ʧʦʙʨʦʿʘʥʠ ʪʝʩʪʦʚʠ 

ʧʦʩʣʫʞʠʣʠ ʩʫ ʟʘ ʧʨʝʛʣʝʜ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ ʘʜʠʪʠʚʘ ʠ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʯʠʿʠʤ 

ʩʫ ʤʝʰʘˁʝʤ ʜʦʙʠʿʝʥʠ. ɱʝʜʠˁʝˁʘ ʧʦʨʝʢʣʦʤ ʠʟ ʤʣʝʢʘ, ʢʘʦ ʠ ʠʟ ʛˀʠʚʘ ʨʘʟʣʠʯʠʪʠʤ 

ʤʝʭʘʥʠʟʤʠʤʘ ʜʝʣʫʿʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦ, ʘ ʪʦ ʿʝ ʩʣʫʯʘʿ ʠ ʩʘ ʘʜʠʪʠʚʠʤʘ, ʢʦʿʠ ʥʧʨ. ʢʦʜ FCC 

ʪʝʩʪʘ ʟʥʘʯʘʿʥʦ ʧʨʝʤʘʰʫʿʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʩʚʦʿʠʭ ʧʦʣʘʟʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ. ʆʚʦ ʿʝ 

ʨʝʟʫʣʪʘʪ ʩʣʦʞʝʥʠʭ ʦʜʥʦʩʘ ʫ ʩʠʩʪʝʤʠʤʘ ʛʜʝ ʧʦʩʪʦʿʠ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʧʘ ʩʫ ʨʝʟʫʣʪʘʪ ʘʜʠʪʠʚʥʝ, ʩʠʥʝʨʛʠʩʪʠʯʢʝ ʠʣʠ ʯʘʢ 

ʘʥʪʘʛʦʥʠʩʪʠʯʢʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ˁʠʭ (Cömert & Gökmen, 2017). ɼʦʙʨʘ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʘʜʠʪʠʚʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʦʩʥʦʚʫ in vitro ʠʩʧʠʪʠʚʘˁʘ ʛʝʥʝʨʘʣʥʦ ʫʢʘʟʫʿʝ 

ʥʘ ʤʦʛʫ˂ʫ ʫʧʦʪʨʝʙʫ ʫ ʬʦʨʤʫʣʘʮʠʿʠ ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ, ʛʜʝ ʢʘʦ ʜʦʜʘʪʘʢ ʤʦʞʝ ʫʪʠʮʘʪʠ 

ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʙʦʛʘ˂ʝˁʝ ʦʜʘʙʨʘʥʦʛ ʧʨʝʭʨʘʤʙʝʥʦʛ ʧʨʦʠʟʚʦʜʘ. 
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4.8.2. ʊʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ 

ʉʘ ʩʣʠʢʝ 4.51. ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʘʜʠʪʠʚʘ ʠ ˁʠʭʦʚʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ. 

ɺʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus ʠʤʘ ʥʠʟʘʢ ʢʘʧʘʮʠʪʝʪ ʬʦʨʤʠʨʘˁʘ ʧʝʥʝ (FC), ʜʦʢ ʚʦʜʝʥʠ 

ʝʢʩʪʨʘʢʪ A.blazei ʫʦʧʰʪʝ ʥʝ ʬʦʨʤʠʨʘ ʧʝʥʫ, ʘ ʦʙʘ ʝʢʩʪʨʘʢʪʘ ʥʝ ʧʦʢʘʟʫʿʫ ʩʪʘʙʠʣʥʦʩʪ ʧʝʥʝ 

(FS=0), ʤʦʞʜʘ ʟʙʦʛ ʥʠʩʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (0,1%). ɓ-ʛʣʫʢʘʥʠ ʠʟ Agaricus bisporus 

ʧʦʢʘʟʫʿʫ ʣʦʰʠʿʘ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʦʜ ʛʣʫʢʘʥʘ ʧʦʨʝʢʣʦʤ ʠʟ ʜʨʫʛʠʭ ʛˀʠʚʘ (Ashraf Khan et 

al., 2017), ʜʦʢ ʟʘ ʨʦʜ Laetiporus ʥʠʩʫ ʧʨʦʥʘʹʝʥʠ ʨʝʣʝʚʘʥʪʥʠ ʧʦʜʘʮʠ. ɼʦʜʘʪʘʢ ʜʚʝ 

ʩʧʨʘʰʝʥʝ ʛˀʠʚʝ ʫ ʢʫʢʫʨʫʟʥʦ ʙʨʘʰʥʦ ʨʝʟʫʣʪʦʚʘʦ ʿʝ ʧʦʚʝ˂ʘʥʠʤ ʢʘʧʘʮʠʪʝʪʦʤ ʬʦʨʤʠʨʘˁʘ 

ʠ ʩʪʘʙʠʣʥʦʰ˂ʫ ʧʝʥʝ (Ishara et al., 2018). ʇʦʚʝ˂ʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʧʝʥʝ ʿʝ ʙʠʣʦ ʠʟʨʘʞʝʥʠʿʝ 

ʢʦʜ ʤʝʰʘʚʠʥʘ ʙʨʘʰʥʘ ʩʘ Pleurotus ostreatus ʫ ʦʜʥʦʩʫ ʥʘ Agaricus bisporus, ʘ ʨʘʟʣʦʛ 

ʦʚʦʤʝ ʤʦʞʝ ʙʠʪʠ ʚʝ˂ʠ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ (ʦʢʦ 32% ʢʦʜ Pleurotus ostreatus ʫ ʦʜʥʦʩʫ ʥʘ 

ʦʢʦ 25% ʢʦʜ ʙʨʘʰʥʘ ʦʜ Agaricus bisporus) (Ishara et al., 2018). 

 

ʉʣʠʢʘ 4.51. ʇʝʥʠʚʘ ʩʚʦʿʩʪʚʘ (FC ï ʢʘʧʘʮʠʪʝʪ ʧʝʥʝ; FS ï ʩʪʘʙʠʣʥʦʩʪ ʧʝʥʝ) ʦʧʪʠʤʠʟʦʚʘʥʠʭ 

ʘʜʠʪʠʚʘ ʠ ˁʠʭʦʚʠʭ ʧʦʯʝʪʥʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ. ɺʨʝʜʥʦʩʪʠ FC ʠʟʥʘʜ ʢʦʿʠʭ ʩʪʦʿʝ ʨʘʟʣʠʯʠʪʘ ʤʘʣʘ 

ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 0,05). ɺʨʝʜʥʦʩʪʠ FS ʠʟʥʘʜ 

ʢʦʿʠʭ ʩʪʦʿʝ ʨʘʟʣʠʯʠʪʘ ʚʝʣʠʢʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 

0,05). ʉʢʨʘ˂ʝʥʠʮʝ: VA ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei; VL ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus; ʊRM - 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; MA ï oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ  - ʤʝʰʘʚʠʥʘ 

ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ ʦʧʪʠʤʘʣʥʦʤ 

ʦʜʥʦʩʫ; ML ï ʦʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ.  

ʊʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʢʦʟʿʝ ʤʣʝʢʦ ʧʦʢʘʟʫʿʝ ʦʜʨʝʹʝʥ ʢʘʧʘʮʠʪʝʪ ʬʦʨʤʠʨʘˁʘ ʧʝʥʝ, ʘʣʠ ʥʝ ʠ 

ʩʪʘʙʠʣʥʦʩʪ. ʂʘʦ ʰʪʦ ʿʝ ʨʘʥʠʿʝ ʥʘʚʝʜʝʥʦ, ʩʝʨʫʤ ʧʨʦʪʝʠʥʠ ʤʣʝʢʘ ʧʦʢʘʟʫʿʫ ʙʦˀʘ ʧʝʥʠʚʘ 

ʩʚʦʿʩʪʚʘ ʦʜ ʢʘʟʝʠʥʘ ʟʙʦʛ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʩʚʦʿʝ ʤʦʣʝʢʫʣʘʨʥʝ ʩʪʨʫʢʪʫʨʝ, ʫʩʣʝʜ ʯʝʛʘ ʤʦʛʫ 

ʩʥʠʟʠʪʠ ʤʝʹʫʬʘʟʥʠ ʥʘʧʦʥ ʥʘ ʤʝʹʫʬʘʟʥʦʿ ʧʦʚʨʰʠʥʠ ʚʘʟʜʫʭ/ʚʦʜʘ (Milinļiĺ, 2023). 

ʂʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʢʦʿʝ ʩʝ ʤʦʛʫ ʫʧʦʨʝʜʠʪʠ ʩʘ ʛʣʦʙʫʣʘʨʥʠʤ ʧʨʦʪʝʠʥʠʤʘ, 

ʢʨʫʪʝ ʩʫ ʠ ʥʝʬʣʝʢʩʠʙʠʣʥʝ ʠ ʪʝʨʤʠʯʢʠʤ ʪʨʝʪʤʘʥʦʤ, ʪʿ. ʪʝʨʤʠʯʢʠ ʠʥʜʫʢʦʚʘʥʠʤ WP/CN 

ʢʦʤʧʣʝʢʩʠʤʘ ʠʤ ʩʝ ʜʦʥʝʢʣʝ ʧʦʙʦˀʰʘʚʘʿʫ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ ʪʘʢʦ ʰʪʦ ʩʝ ʩʝʨʫʤ 

ʧʨʦʪʝʠʥʠʤʘ Ăʦʙʦʛʘ˂ʫʿʝñ ʧʦʚʨʰʠʥʘ ʤʠʮʝʣʝ (Milinļiĺ, 2023; Peġiĺ, 2011). Peġiĺ (2011) 

ʥʘʚʦʜʠ ʥʘʿʚʝ˂ʫ ʩʪʘʙʠʣʥʦʩʪ ʧʝʥʝ ʢʦʟʿʝʛ ʤʣʝʢʘ ʥʘ pH ʚʨʝʜʥʦʩʪʠʤʘ 6,5 -7,1, ʰʪʦ ʥʠʿʝ ʫ 

ʩʢʣʘʜʫ ʩʘ ʦʚʜʝ ʠʟʥʝʪʠʤ ʨʝʟʫʣʪʘʪʠʤʘ, ʜʝʣʠʤʠʯʥʦ ʠ ʟʙʦʛ ʢʦʥʮʝʥʪʨʘʮʠʿʝ, ʿʝʨ ʥʘʚʝʜʝʥʘ 

ʩʪʫʜʠʿʘ ʠʩʧʠʪʫʿʝ 2% ʤʣʝʢʘ, ʜʦʢ ʩʝ ʦʚʜʝ ʨʘʜʠ ʦ 0,1% ʨʘʩʪʚʦʨʠʤʘ. 
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ʀʥʪʝʨʝʩʘʥʪʥʦ ʿʝ ʜʘ, ʠʘʢʦ ʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪʠ ʛˀʠʚʘ ʥʠ ʤʣʝʢʦ ʥʝʤʘʿʫ ʜʦʙʨʘ ʧʝʥʠʚʘ 

ʩʚʦʿʩʪʚʘ, ʘʜʠʪʠʚʠ ʥʘ ʙʘʟʠ ʦʚʘ ʜʚʘ ʢʦʥʩʪʠʪʫʝʥʪʘ ʠʤʘʿʫ ʜʘʣʝʢʦ ʚʝ˂ʠ ʢʘʧʘʮʠʪʝʪ 

ʬʦʨʤʠʨʘˁʘ ʧʝʥʝ ʠ ʧʦʢʘʟʫʿʫ ʩʪʘʙʠʣʥʦʩʪ ʧʝʥʝ ʥʘʢʦʥ ʪʨʠ ʤʠʥʫʪʘ ʢʦʿʫ ʥʝʤʘʿʫ ʧʦʯʝʪʥʠ 

ʢʦʥʩʪʠʪʫʝʥʪʠ, ʯʘʢ ʠ ʧʨʠ ʥʠʩʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ. ʆʚʦ ʜʝʣʠʤʠʯʥʦ ʦʧʨʘʚʜʘʚʘ 

ʬʦʨʤʫʣʘʮʠʿʫ ʦʚʘʢʚʠʭ ʤʝʰʘʚʠʥʘ ʠ ʤʦʛʫ˂ʫ ʧʨʠʤʝʥʫ ʢʦʜ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʦʚʘʢʚʘ 

ʩʚʦʿʩʪʚʘ ï ʢʨʝʤʦʚʠ, ʧʘʚʣʘʢʝ, ʢʦʣʘʯʠ ʠ ʜʨʫʛʠ, ʫʟ ʤʦʜʠʬʠʢʘʮʠʿʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (Ishara et 

al., 2018). ʄʦʛʫ˂ʝ ʿʝ ʜʘ ʿʝ ʨʘʟʣʦʛ ʚʝ˂ʝʛ ʢʘʧʘʮʠʪʝʪʘ ʬʦʨʤʠʨʘˁʘ ʧʝʥʝ ʢʦʜ ML ʫ ʦʜʥʦʩʫ ʥʘ 

ʄɸ ʚʝ˂ʠ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ. ʀʧʘʢ, ʦʚʝ ʧʝʥʝ ʩʫ ʨʘʩʪʨʝʩʠʪʝ ʟʙʦʛ ʚʝʣʠʢʠʭ ʤʝʭʫʨʦʚʘ 

ʚʘʟʜʫʭʘ, ʧʘ ʿʝ ʩʪʘʙʠʣʥʦʩʪ ʥʠʩʢʘ. ʄʦʛʫ˂ʝ ʿʝ ʠ ʜʘ ʠʥʪʝʨʘʢʮʠʿʝ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʝʢʩʪʨʘʢʪʘ 

A.blazei ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʠʭ ʢʘʟʝʠʥʩʢʠʭ ʤʠʮʝʣʘ ʫʪʠʯʫ ʥʘ ʢʘʧʘʮʠʪʝʪ, ʪʿ. ʦʪʝʞʘʚʘˁʝ 

ʩʪʚʘʨʘˁʘ ʢʦʤʧʘʢʪʥʠʭ ʬʠʣʤʦʚʘ ʦʢʦ ʤʝʭʫʨʠ˂ʘ, ʰʪʦ ʿʝ ʦʣʘʢʰʘʥʦ ʢʦʜ ʘʜʠʪʠʚʘ ʩʘ 

ʝʢʩʪʨʘʢʪʦʤ L. sulphureus, ʛʜʝ ʠʥʪʝʨʘʢʮʠʿʝ ʥʠʩʫ ʟʘʩʪʫʧˀʝʥʝ, ʧʘ ʙʠ ʩʝ ʧʨʝʜʥʦʩʪ ʜʘʣʘ 

ʘʜʠʪʠʚʫ ʄL ʟʘ ʧʦʙʦˀʰʘˁʝ ʧʝʥʠʚʠʭ ʩʚʦʿʩʪʘʚʘ ʧʨʝʭʨʘʤʙʝʥʠʭ ʧʨʦʠʟʚʦʜʘ. ʇʦʪʨʝʙʥʘ ʩʫ 

ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʘʢʦ ʙʠ ʩʝ ʦʚʘ ʩʚʦʿʩʪʚʘ ʘʜʠʪʠʚʘ ʄL ʠʩʢʦʨʠʩʪʠʣʘ ʫ ʚʝ˂ʝʤ ʦʙʠʤʫ, ʢʘʦ 

ʰʪʦ ʿʝ ʥʧʨ. ʠʩʧʠʪʠʚʘˁʝ ʦʧʪʠʤʘʣʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʜʦʜʘʪʦʛ ʘʜʠʪʠʚʘ, ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ 

ʦʜʨʝʹʝʥʠʤ ʧʨʦʠʟʚʦʜʦʤ ʫ ʢʦʿʠ ʙʠ ʩʝ ʜʦʜʘʚʘʦ ʠʣʠ ʯʘʢ ʠʩʪʦʚʨʝʤʝʥʦ ʜʦʜʘʚʘˁʝ ʘʜʠʪʠʚʘ ʩʘ 

ʜʨʫʛʠʤ ʭʠʜʨʦʢʦʣʦʠʜʠʤʘ (ʥʧʨ. ʛʫʤʘʤʘ) ʢʦʿʠ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʚʠʩʢʦʟʠʪʝʪ ʚʦʜʝʥʝ ʬʘʟʝ, 

ʢʦʿʠ ʩʧʨʝʯʘʚʘ ʜʘ ʯʝʩʪʠʮʝ ʚʘʟʜʫʭʘ ʥʘʨʫʰʝ ʩʪʘʙʠʣʥʦʩʪ ʩʠʩʪʝʤʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʘʦ ʰʪʦ ʿʝ 

ʤʫ˂ʝˁʝ (Pasban et al., 2014).  

  

ʉʣʠʢʘ 4.52. Eʤʫʣʛʫʿʫ˂a ʩʚʦʿʩʪʚʘ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʠ ˁʠʭʦʚʠʭ ʧʦʯʝʪʥʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ; A 

ï ESI (ʠʥʜʝʢʩ ʩʪʘʙʠʣʥʦʩʪʠ ʝʤʫʣʟʠʿʝ), B ï EAI (ʠʥʜʝʢʩ ʘʢʪʠʚʥʦʩʪʠ ʝʤʫʣʟʠʿʝ). ʋ ʦʢʚʠʨʫ ʩʚʘʢʝ 

ʤʝʪʦʜʝ, ʨʝʟʫʣʪʘʪʠ ʠʟʥʘʜ ʢʦʿʠʭ ʩʪʦʿʝ ʨʘʟʣʠʯʠʪʘ ʤʘʣʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʫʿʫ 

ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 0,05). ʉʢʨʘ˂ʝʥʠʮʝ: VA ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei; VL ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ 

L. sulphureus; ʊRM - ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; MA ï oʧʪʠʤʠʟʦʚʘʥʠ 

ʘʜʠʪʠʚ  - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. 

blazei ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; ML ï ʦʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ.   

ɽʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʘʜʠʪʠʚʘ ʠ ˁʠʭʦʚʠʭ ʧʦʯʝʪʥʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʫʧʦʨʝʹʝʥʘ ʩʫ ʧʦʤʦ˂ʫ 

ESI ʠ EAI ʠʥʜʝʢʩʘ (ʩʣʠʢʘ 4.52.). ʊʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʤʣʝʢʦ ʠʤʘ ʜʦʙʨʫ ʚʨʝʜʥʦʩʪ EAI 

ʠʥʜʝʢʩʘ ʠ ʦʜʣʠʯʥʫ ʚʨʝʜʥʦʩʪ ESI ʠʥʜʝʢʩʘ, ʰʪʦ ʙʠ ʫʢʘʟʠʚʘʣʦ ʥʘ ˁʝʛʦʚʫ ʩʧʦʩʦʙʥʦʩʪ 

ʬʦʨʤʠʨʘˁʘ ʝʤʫʣʟʠʿʝ ʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʫʪʠʯʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʝʤʫʣʟʠʿʘ, ʘʣʠ ʩʝ ʤʦʨʘ ʫʟʝʪʠ 

ʩʘ ʦʧʨʝʟʦʤ ʟʙʦʛ ʚʝʣʠʢʠʭ ʚʘʨʠʿʘʮʠʿʘ ʠ ʠʩʧʠʪʘʪʠ ʫ ʜʨʫʛʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ. 

ʀʩʪʨʘʞʠʚʘˁʘ Peġiĺ (2011) ʠʩʪʠʯʫ ʧʦʚʝ˂ʘʥʫ ʩʪʘʙʠʣʥʦʩʪ ʝʤʫʣʟʠʿʘ ʢʦʟʿʝʛ ʤʣʝʢʘ ʥʘʢʦʥ 
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ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ. ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʥʘʚʝʜʝʥʦ, ʧʨʦʪʝʠʥʠ ʤʣʝʢʘ ʩʝ ʤʦʛʫ ʘʜʩʦʨʙʦʚʘʪʠ ʥʘ 

ʤʝʹʫʬʘʟʥʫ ʧʦʚʨʰʠʥʫ, ʩʤʘˁʠʪʠ ʧʦʚʨʰʠʥʩʢʠ ʥʘʧʦʥ, ʩʧʨʝʯʠʪʠ ʧʦʥʦʚʥʦ ʫʜʨʫʞʠʚʘˁʝ 

ʤʘˁʠʭ ʫˀʘʥʠʭ ʢʘʧˀʠʮʘ ʫ ʚʝ˂ʝ ʠ ʪʠʤʝ ʦʙʝʟʙʝʜʠʪʠ ʩʪʘʙʠʣʥʦʩʪ ʝʤʫʣʟʠʿʘ ʪʠʧʘ ʫˀʝ/ʚʦʜʘ. 

ʉʫʧʨʦʪʥʦ ʦʜ ʧʝʥʠʚʠʭ ʩʚʦʿʩʪʘʚʘ, ʦʚʜʝ ʩʫ ʙʦˀʠ ʢʘʟʝʠʥʠ ʦʜ ʩʝʨʫʤ ʧʨʦʪʝʠʥʘ, ʘ ʿʦʰ ʿʝʜʥʦʤ 

ʪʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ, ʧʦʨʝʜ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘ, ʝʬʠʢʘʩʥʦʩʪ ʝʤʫʣʛʘʪʦʨʘ ʟʘʚʠʩʠ ʠ ʦʜ 

ʧʨʠʩʫʩʪʚʘ ʜʨʫʛʠʭ ʩʫʧʩʪʘʥʮʠ (Dalgleish, 2006; Peġiĺ, 2011). ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʤʣʝʢʘ, 

ʝʢʩʪʨʘʢʪʠ ʛˀʠʚʘ ʠʤʘʿʫ ʚʠʩʦʢʝ EAI ʚʨʝʜʥʦʩʪʠ, ʘʣʠ ʿʝ ʧʨʠʤʝʪʘʥ ʧʘʜ ʥʘʢʦʥ 10 ʤʠʥʫʪʘ. 

ɽʢʩʪʨʘʢʪ VL ʠʤʘ ʤʘˁʫ ʩʪʘʙʠʣʥʦʩʪ ʫ ʧʦʨʝʹʝˁʫ ʩʘ VA, ʢʦʿʠ ʠʤʘ ʩʣʠʯʘʥ ESI ʠʥʜʝʢʩ ʩʘ 

ʤʣʝʢʦʤ. ʀʘʢʦ ʿʝ ʚʨʝʜʥʦʩʪ ESI ʠʥʜʝʢʩʘ VA ʟʥʘʯʘʿʥʦ ʚʝ˂ʘ ʦʜ VL, ʦʚʘ ʧʦʨʝʹʝˁʘ ʪʨʝʙʘ 

ʫʟʝʪʠ ʩʘ ʨʝʟʝʨʚʦʤ ʟʙʦʛ ʚʝʣʠʢʠʭ ʚʘʨʠʿʘʮʠʿʘ ʪʦʢʦʤ ʤʝʨʝˁʘ ʩʪʘʙʠʣʥʦʩʪʠ VA ʢʦʿʘ ʤʦʛʫ 

ʫʢʘʟʠʚʘʪʠ ʥʘ ˁʝʛʦʚʫ ʥʝʭʦʤʦʛʝʥʦʩʪ. ʆʙʘ ʘʜʠʪʠʚʘ ʧʦʢʘʟʫʿʫ ʜʦʙʨʝ EAI ʚʨʝʜʥʦʩʪʠ, ʚʝ˂ʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʦʯʝʪʥʦ ʤʣʝʢʦ. ʉʪʘʙʠʣʥʦʩʪ ʝʤʫʣʟʠʿʘ ʩʘ ʄɸ ʿʝ ʜʦʙʨʦ ʦʯʫʚʘʥʘ ʥʘʢʦʥ 10 

ʤʠʥʫʪʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʤʦʛʫ˂ʫ ʫʧʦʪʨʝʙʫ ʦʚʦʛ ʘʜʠʪʠʚʘ ʢʘʦ ʝʤʫʣʛʘʪʦʨʘ. ESI ʚʨʝʜʥʦʩʪʠ 

ʘʜʠʪʠʚʘ ʄL ʜʦʩʪʘ ʚʘʨʠʨʘʿʫ. ʀʘʢʦ ʿʝ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʤʝʨʝˁʘ ESI ʠʥʜʝʢʩʘ ʚʝ˂ʘ ʦʜ ʄɸ, 

ʩʪʘʪʠʩʪʠʯʢʠ ʥʝ ʧʦʩʪʦʿʠ ʨʘʟʣʠʢʘ ʟʙʦʛ ʚʝʣʠʢʠʭ ʚʘʨʠʿʘʮʠʿʘ ʨʝʟʫʣʪʘʪʘ. ʆʚʘ ʚʘʨʠʨʘˁʘ 

ʫʢʘʟʫʿʫ ʥʘ ʥʝʩʪʘʙʠʣʥʦʩʪ ʝʤʫʣʟʠʿʘ ʩʘ ʜʦʜʘʪʠʤ ʄL, ʪʿ. ˁʠʭʦʚ ʥʝʭʦʤʦʛʝʥ ʩʘʩʪʘʚ, ʧʘ ʩʝ 

ʦʚʘʿ ʘʜʠʪʠʚ ʥʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʝʤʫʣʛʘʪʦʨ ʫ ʧʨʝʭʨʘʤʙʝʥʠʤ ʧʨʦʠʟʚʦʜʠʤʘ. 

ɼʘʢʣʝ, ʦʜ ʩʚʠʭ ʠʩʧʠʪʠʚʘʥʠʭ ʫʟʦʨʘʢʘ, ʟʘ ʘʜʠʪʠʚ ʄɸ ʩʝ ʤʦʞʝ ʪʚʨʜʠʪʠ ʜʘ ʧʦʩʝʜʫʿʝ 

ʥʘʿʙʦˀʘ ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ. ʀʥʪʝʨʝʩʘʥʪʥʦ ʿʝ ʜʘ, ʠʘʢʦ ʜʦʜʘʪʘʢ ʝʢʩʪʨʘʢʪʘ Vɸ ʧʦʚʝ˂ʘʚʘ 

ʩʨʝʜˁʠ ʜʠʿʘʤʝʪʘʨ ʢʘʟʝʠʥʩʢʝ ʤʠʮʝʣʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ, ʦʚʘʿ ʜʦʜʘʪʘʢ ʫʪʠʯʝ ʥʘ 

ʙʦˀʫ ʘʜʩʦʨʧʮʠʿʫ ʥʘ ʤʝʹʫʬʘʟʥʫ ʧʦʚʨʰʠʥʫ, ʤʦʞʜʘ ʟʙʦʛ ʧʨʦʤʝʥʝ ʢʦʥʬʦʨʤʘʮʠʿʝ ʧʨʦʪʝʠʥʘ 

ʤʣʝʢʘ ʫʩʣʝʜ ʜʦʜʘʪʢʘ Vɸ, ʥʘ ʰʪʘ ʫʢʘʟʫʿʫ ʨʝʟʫʣʪʘʪʠ FTIR ʘʥʘʣʠʟʘ. ʉʠʪʫʘʮʠʿʘ ʿʝ ʩʫʧʨʦʪʥʘ 

ʢʘʜʘ ʩʝ ʨʘʜʠ ʦ ʄL ʠ VL; ʤʦʛʫ˂ʝ ʿʝ ʜʘ ʭʝʪʝʨʦʛʝʥʦʩʪ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫʪʠʯʝ ʥʘ 

ʥʝʩʪʘʙʠʣʥʦʩʪ ʢʦʥʬʦʨʤʘʮʠʿʝ ʧʦʜ ʤʝʹʫʬʘʟʥʠʤ ʧʨʠʪʠʩʢʦʤ. Umaña et al. (2021) ʩʫ 

ʠʩʧʠʪʠʚʘʣʠ ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʥʫʩʧʨʦʠʟʚʦʜʘ ʛˀʠʚʝ Agaricus bisporus ʢʦʿʠ ʩʫ ʩʝ 

ʩʘʩʪʦʿʘʣʠ ʚʝ˂ʠʥʩʢʠ ʦʜ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʧʨʦʪʝʠʥʘ ʠ ʟʘʢˀʫʯʠʣʠ ʜʘ ˁʠʭʦʚ ʜʦʜʘʪʘʢ ʫ ʚʝ˂ʝʤ 

ʧʨʦʮʝʥʪʫ (5% ʠ 7,5%) ʧʦʙʦˀʰʘʚʘ ʩʪʘʙʠʣʥʦʩʪ ʝʤʫʣʟʠʿʘ ʩʤʘˁʠʚʘˁʝʤ ʜʠʿʘʤʝʪʨʘ 

ʢʘʧˀʠʮʘ ʫˀʘ, ʜʦʢ ʥʠʞʠ ʧʨʦʮʝʥʪʠ (1,5% ʠ 3%) ʨʝʟʫʣʪʫʿʫ ʬʣʦʢʫʣʘʮʠʿʦʤ ʫʩʣʝʜ ʚʝʣʠʢʠʭ 

ʯʝʩʪʠʮʘ ʫˀʘ. ʆʚʠ ʘʫʪʦʨʠ, ʢʘʦ ʠ Santipanichwong & Suphantharika (2009) ʥʘʚʦʜʝ ʜʘ ʦʚʦ 

ʤʦʞʝ ʙʠʪʠ ʫʩʣʝʜ ʧʨʠʩʫʩʪʚʘ ɓ-ʛʣʫʢʘʥʘ ʢʦʿʠ ʫʪʠʯʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʝʤʫʣʟʠʿʘ ʧʦʚʝ˂ʘˁʝʤ 

ʚʠʩʢʦʟʠʪʝʪʘ. ʇʨʝʤʘ ʣʠʪʝʨʘʪʫʨʠ, ʟʘ ʧʦʙʦˀʰʘˁʝ ʝʤʫʣʛʫʿʫ˂ʠʭ ʩʚʦʿʩʪʘʚʘ ʙʠʪʥʦ ʿʝ 

ʧʨʠʩʫʩʪʚʦ ʧʦʣʠʩʘʭʘʨʠʜʘ, ʢʦʿʠ ʬʦʨʤʠʨʘʿʫ ʤʨʝʞʘʩʪʫ ʩʪʨʫʢʪʫʨʫ ʫʥʫʪʘʨ ʢʦʿʝ ʩʝ 

ʟʘʨʦʙˀʘʚʘʿʫ ʯʝʩʪʠʮʝ ʫˀʘ (Umaña et al., 2021). ʄʦʛʫ˂ʝ ʿʝ ʜʘ ʫʩʣʝʜ ʧʨʠʩʫʩʪʚʘ ɓ-ʛʣʫʢʘʥʘ ʫ 

ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ ʦʥʠ ʧʦʢʘʟʫʿʫ ʚʠʩʦʢ EAI ʠʥʜʝʢʩ, ʘʣʠ ʫʩʣʝʜ ʥʠʩʢʦʛ ʠʩʧʠʪʠʚʘʥʦʛ 

ʧʨʦʮʝʥʪʘ (0,1%) ʩʪʘʙʠʣʥʦʩʪ ʦʧʘʜʘ ʩʘ ʚʨʝʤʝʥʦʤ ʫʩʣʝʜ ʬʣʦʢʫʣʘʮʠʿʝ. ʋ ʩʢʣʘʜʫ ʩʘ ʦʚʠʤ, 

ʤʦʛʫ˂ʝ ʿʝ ʜʘ ʠʥʪʝʨʘʢʮʠʿʝ ʫ ʄɸ ʫʪʠʯʫ ʥʘ ʦʯʫʚʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʝʤʫʣʟʠʿʘ, ʜʦʢ ʠʭ ˁʠʭʦʚ 

ʠʟʦʩʪʘʥʘʢ ʠʣʠ ʤʘˁʠ ʦʙʠʤ ʢʦʜ ʄL ʥʝ ʯʠʥʠ ʧʦʛʦʜʥʠʤ ʝʤʫʣʛʘʪʦʨʠʤʘ. Pérez-Bassart et al. 

(2024) ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʝʢʩʪʨʘʢʘʪʘ Pleurotus ostreatus ʠ ʧʨʦʥʘʰʣʠ ʜʘ 

ʿʝ ʦʩʠʤ ʩʘʜʨʞʘʿʘ ɓ-ʛʣʫʢʘʥʘ, ʢʦʿʠ ʿʝ ʢˀʫʯʘʥ ʟʘ ʧʦʚʝ˂ʘˁʝ ʚʠʩʢʦʟʠʪʝʪʘ, ʯʠʤʝ ʩʝ ʫʩʧʦʨʘʚʘ 

ʢʨʝʪʘˁʝ ʠ ʧʦʚʝʟʠʚʘˁʝ ʢʘʧˀʠʮʘ ʫˀʘ, ʧʨʝʩʫʜʘʥ ʠ ʫʜʝʦ ʧʨʦʪʝʠʥʘ ʫ ʝʢʩʪʨʘʢʪʠʤʘ, ʢʘʦ ʠ 

ˁʠʭʦʚʘ ʜʦʩʪʫʧʥʦʩʪ. ʀ Jung et al. (2022) ʩʫ ʜʦʰʣʠ ʜʦ ʩʣʠʯʥʦʛ ʟʘʢˀʫʯʢʘ. ʇʦʚʝ˂ʘˁʝ 

ʩʪʘʙʠʣʥʦʩʪʠ ʝʤʫʣʟʠʿʘ ʫ ʢʦʙʘʩʠʮʘʤʘ ʜʦʜʘʪʢʦʤ ʧʨʘʭʘ Pleurotus ostreatus ʦʩʪʚʘʨʫʿʝ ʩʝ 

ʜʚʦʿʘʢʦ ï ʚʠʩʢʦʟʠʪʝʪ ʩʝ ʧʦʚʝ˂ʘʚʘ ʫʩʣʝʜ ʤʨʝʞʘʩʪʝ ʩʪʨʫʢʪʫʨʝ ʢʦʿʫ ʬʦʨʤʠʨʘʿʫ 

ʧʦʣʠʩʘʭʘʨʠʜʠ, ʘ ʧʨʦʪʝʠʥʠ ʬʦʨʤʠʨʘʿʫ ʩʣʦʿʝʚʝ ʦʢʦ ʛʣʦʙʫʣʘ ʤʘʩʪʠ. ʄʦʛʫ˂ʝ ʿʝ ʜʘ ʧʨʦʪʝʠʥʠ 

A. blazei ʬʦʨʤʠʨʘʿʫ ʩʣʦʿ ʦʢʦ ʢʘʧˀʠʮʘ ʫˀʘ, ʫʩʣʝʜ ʪʦʛʘ ʰʪʦ ʛʣʫʢʘʥʠ ʠʥʪʝʨʘʛʫʿʫ ʩʘ 

ʢʘʟʝʠʥʩʢʦʤ ʤʠʮʝʣʦʤ, ʧʘ ʩʫ ʧʨʦʪʝʠʥʠ ʛˀʠʚʝ ʩʣʦʙʦʜʥʠ ʠ ʜʦʩʪʫʧʥʠ ʟʘ ʦʚʘʢʚʫ 

ʩʪʘʙʠʣʠʟʘʮʠʿʫ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʠʘʢʦ L. sulphureus ʠʤʘ ʚʝ˂ʠ ʩʘʜʨʞʘʿ ʧʨʦʪʝʠʥʘ ʦʜ A. 

blazei, ʦʚʠ ʧʨʦʪʝʠʥʠ ʩʝ ʚʝʨʦʚʘʪʥʦ ʜʝʣʠʤʠʯʥʦ ʥʘʣʘʟʝ ʫ ʢʦʤʧʣʝʢʩʠʤʘ ʩʘ ʧʦʣʠʩʘʭʘʨʠʜʠʤʘ 
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L. sulphureus, ʢʦʿʠ ʠʭ ʬʘʚʦʨʠʟʫʿʫ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʪʝʠʥʝ ʤʣʝʢʘ, ʧʘ ʥʠʩʫ ʜʦʩʪʫʧʥʠ ʟʘ 

ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʢʘʧˀʠʮʘ ʫˀʘ. 

4.8.3. ɸʥʪʠʤʠʢʨʦʙʥʘ ʩʚʦʿʩʪʚʘ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ 

ʈʝʟʫʣʪʘʪʠ ʘʥʪʠʙʘʢʪʝʨʠʿʩʢʝ ʠ ʘʥʪʠʬʫʥʛʘʣʥʝ ʘʢʪʠʚʥʦʩʪʠ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʠ 

ʧʦʯʝʪʥʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ, MIC ʠ MBC/MFC ʚʨʝʜʥʦʩʪʠ, ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʢʘʤʘ 4.53. ʠ 

4.54, ʨʝʩʧʝʢʪʠʚʥʦ, ʢʘʦ ʠ ʘʥʪʠʤʠʢʨʦʙʥʘ ʩʚʦʿʩʪʚʘ ʜʚʘ ʢʦʤʝʨʮʠʿʘʣʥʘ ʘʜʠʪʠʚʘ 

(ʢʦʥʟʝʨʚʘʥʩʘ) ï ɽ211 (ʥʘʪʨʠʿʫʤ ʙʝʥʟʦʘʪ) ʠ ɽ224 (ʢʘʣʠʿʫʤ ʤʝʪʘʙʠʩʫʣʬʠʪ).  

ʅʘ ʩʣʠʮʠ 4.53. ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʘʥʪʠʙʘʢʪʝʨʠʿʩʢʦ ʜʝʿʩʪʚʦ ʘʜʠʪʠʚʘ ʠ ʢʦʥʩʪʠʪʫʝʥʘʪʘ 

ʘʜʠʪʠʚʘ ʧʨʝʤʘ ʪʨʠ ɻʨʘʤ ʧʦʟʠʪʠʚʥʝ ʠ ʪʨʠ ʛʨʘʤ ʥʝʛʘʪʠʚʥʝ ʙʘʢʪʝʨʠʿʝ. ɻʝʥʝʨʘʣʥʦ 

ʧʦʩʤʘʪʨʘʥʦ, ʘʥʪʠʙʘʢʪʝʨʠʿʩʢʦ ʜʝʿʩʪʚʦ ʫʟʦʨʘʢʘ ʿʝ ʩʣʘʙʦ ʜʦ ʫʤʝʨʝʥʦ. ɺʦʜʝʥʠ ʝʢʩʪʨʘʢʪʠ 

ʛˀʠʚʘ ʩʫ ʠʤʘʣʠ ʚʝ˂ʠʥʫ ʄIC ʚʨʝʜʥʦʩʪʠ ʦʜ 3,5 mg/mL ʠʣʠ 1,75 mg/mL. ʅʘʿʥʠʞʘ ʄIC 

ʚʨʝʜʥʦʩʪ ʦʧʘʞʘ ʩʝ ʢʦʜ ʝʢʩʪʨʘʢʪʘ VL, ʢʦʿʠ ʩʝ ʧʦʢʘʟʘʦ ʠʟʨʘʟʠʪʦ ʙʘʢʪʝʨʠʦʩʪʘʪʩʢʠ ʩʘ ʄIC 

ʚʨʝʜʥʦʰ˂ʫ ʦʜ ʩʘʤʦ 0,88 mg/mL, ʠ ʪʦ ʧʨʝʤʘ ʢʫʣʪʫʨʠ Bacillus cereus, ʢʦʿʘ ʿʝ ʠʟʦʣʘʪ ʠʟ 

ʭʨʘʥʝ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʦʜʣʠʯʥʫ ʚʨʝʜʥʦʩʪ, ʥʠʞʫ ʦʜ ʢʦʥʟʝʨʚʘʥʩʘ ɽ224 ʠ ʩʣʠʯʥʫ ʢʘʦ 

ɽ211. ʀʘʢʦ ʥʝ ʧʦʩʪʦʿʠ ʟʚʘʥʠʯʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʧʨʠʨʦʜʥʠʭ ʘʥʪʠʤʠʢʨʦʙʥʠʭ ʘʛʝʥʘʩʘ, ʫ 

ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʜʘ ʩʝ ʿʘʢʠʤ ʠʥʭʠʙʠʪʦʨʠʤʘ ʩʤʘʪʨʘʿʫ ʝʢʩʪʨʘʢʪʠ ʢʦʿʠ ʠʤʘʿʫ MIC 

ʚʨʝʜʥʦʩʪʠ ʤʘˁʝ ʦʜ 500 ɛg/mL, ʫʤʝʨʝʥʠʤʘ ʦʥʠ ʛʜʝ ʩʫ MIC ʚʨʝʜʥʦʩʪʠ ʫ ʨʘʥʛʫ 600 ï 1500 

ɛg/mL ʠ ʩʣʘʙʠʤʘ ʦʥʠ ʩʘ MIC ʚʨʝʜʥʦʩʪʠʤʘ ʚʝ˂ʠʤ ʦʜ 1600 ɛg/mL (Mazzutti et al., 2012). 

ʀʩʪʠ ʘʫʪʦʨʠ ʥʘʚʦʜʝ ʿʘʢʫ ʠʥʭʠʙʠʮʠʿʫ ʝʢʩʪʨʘʢʘʪʘ A.brasiliensis ʢʘ ɻʨʘʤ ʧʦʟʠʪʠʚʥʠʤ 

ʙʘʢʪʝʨʠʿʘʤʘ ʠ ʩʣʘʙʫ ʠʥʭʠʙʠʮʠʿʫ ʢʘ ɻʨʘʤ ʥʝʛʘʪʠʚʥʠʤ ʙʘʢʪʝʨʠʿʘʤʘ, ʤʦʞʜʘ ʟʙʦʛ 

ʢʦʤʧʣʝʢʩʥʠʿʝʛ ˂ʝʣʠʿʩʢʦʛ ʟʠʜʘ, ʰʪʦ ʦʚʜʝ ʥʠʿʝ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ Vɸ ʫ ʧʠʪʘˁʫ (Mazzutti et al., 

2012). Petrovic et al. (2011) ʥʘʚʦʜʝ ʜʘ ʿʝ L. sulphureus ʠʟʚʦʨ ʘʥʪʠʤʠʢʨʦʙʥʠʭ ʿʝʜʠˁʝˁʘ 

ʢʘʦ ʰʪʦ ʩʫ ʧʦʣʠʩʘʭʘʨʠʜʠ, ʣʝʢʪʠʥʠ, ʪʝʨʧʝʥʠ, ʢʦʿʠ ʦʩʣʘʙˀʫʿʫ ʙʘʢʪʝʨʠʿʩʢʫ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʫ ʤʝʤʙʨʘʥʫ. ʇʦʨʝʜ ʘʥʪʠʙʘʢʪʝʨʠʿʩʢʦʛ ʝʬʝʢʪʘ, ʫ in vivo ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ 

ʿʝ ʧʦʪʚʨʹʝʥʦ ʜʘ ʝʪʘʥʦʣʥʠ ʠ ʣʝʢʪʠʥʩʢʠ ʝʢʩʪʨʘʢʪʠ L. sulphureus ʥʠʩʫ ʪʦʢʩʠʯʥʠ (Petroviĺ 

et al., 2020). ʂʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʙʘʢʪʝʨʠʮʠʜʥʠ ʝʬʝʢʘʪ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ, VA ʿʝ ʧʦʢʘʟʘʦ ʟʘ 

ʥʠʿʘʥʩʫ ʙʦʘˀ ʘʥʪʠʤʠʢʨʦʙʥʘ ʩʚʦʿʩʪʚʘ ʦʜ VL. ɻʝʥʝʨʘʣʥʦ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʥʝʰʪʦ ʚʠʰʠ 

ʘʥʪʠʤʠʢʨʦʙʥʠ ʝʬʝʢʘʪ VL ʧʨʝʤʘ ɻʨʘʤ ʧʦʟʠʪʠʚʥʠʤ ʫ ʦʜʥʦʩʫ ʥʘ ɻʨʘʤ ʥʝʛʘʪʠʚʥʝ 

ʙʘʢʪʝʨʠʿʝ, ʰʪʦ ʿʝ ʚʝ˂ ʧʨʠʤʝ˂ʝʥʦ ʟʘ L. sulphureus ʫ ʣʠʪʝʨʘʪʫʨʠ (Turkoglu et al., 2007). 

ʇʨʠʤʝʪʥʦ ʿʝ ʙʘʢʪʝʨʠʮʠʜʥʦ ʜʝʿʩʪʚʦ VL ʧʨʝʤʘ ʠʟʦʣʘʪʫ ʠʟ ʭʨʘʥʝ B. cereus, (1,75 mg/mL), 

ʚʠʰʝ ʥʝʛʦ ʜʚʘ ʧʫʪʘ ʥʠʞʝ ʦʜ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʦʛ ɽ224 (4,00 mg/mL), ʰʪʦ ʤʦʞʝ 

ʙʠʪʠ ʠʩʢʦʨʠʰ˂ʝʥʦ ʫ ʧʨʘʢʪʠʯʥʝ ʩʚʨʭʝ. ɸʥʪʠʤʠʢʨʦʙʥʦ ʜʝʿʩʪʚʦ ʩʫʧʩʪʘʥʮʠ ʠʟ ʧʨʠʨʦʜʥʠʭ 

ʠʟʚʦʨʘ ʧʨʝʤʘ ʠʟʦʣʘʪʠʤʘ ʠʟ ʭʨʘʥʝ ʧʨʝʜʩʪʘʚˀʘ ʙʠʪʘʥ ʧʦʜʘʪʘʢ ʠ ʧʦʚʝ˂ʘʚʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʦʚʘʢʚʠʭ ʩʫʧʩʪʘʥʮʠ, ʧʦʰʪʦ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʥʘʚʦʜʠ ʜʦʩʪʘ ʠʟʦʣʘʪʘ 

ʧʘʪʦʛʝʥʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʧʦʨʝʢʣʦʤ ʠʟ ʭʨʘʥʝ ʢʦʿʠ ʩʫ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʜʦʩʪʫʧʥʘ 

ʘʥʪʠʤʠʢʨʦʙʥʘ ʿʝʜʠˁʝˁʘ. ʊʘʢʘʚ ʩʣʫʯʘʿ ʿʝ ʥʧʨ. ʩʘ Salmonella spp, Escherichia coli ʠ 

Enterococcus spp. ʠʟʦʣʦʚʘʥʠʤ ʠʟ ʭʨʘʥʝ, ʢʘʦ ʠ ʤʥʦʛʠʤ ʜʨʫʛʠʤʘ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʚʝʣʠʢʠ 

ʧʨʦʙʣʝʤ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʭʨʘʥʝ ʠ ʿʘʚʥʦ ʟʜʨʘʚˀʝ (Friedman, 2015; MŃka & Popowska, 2016; 

Pormohammad et al., 2019; Semedo et al., 2003). 
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ʉʣʠʢʘ 4.53. ɸʥʪʠʙʘʢʪʝʨʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʠ ˁʠʭʦʚʠʭ ʧʦʯʝʪʥʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ; ʟʚʝʟʜʠʮʘʤʘ ʩʫ ʦʟʥʘʯʝʥʘ ʜʚʘ ʨʝʟʫʣʪʘʪʘ ʛʜʝ ʩʫ 

ʚʨʝʜʥʦʩʪʠ >7 mL. ʉʢʨʘ˂ʝʥʠʮʝ: VA ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei; VL ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus; ʊRM - ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ 

ʤʣʝʢʦ; MA ï oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ  - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ ʦʧʪʠʤʘʣʥʦʤ 

ʦʜʥʦʩʫ; ML ï ʦʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ 

ʦʜʥʦʩʫ; MIC ï ʤʠʥʠʤʘʣʥʘ ʠʥʭʠʙʠʪʦʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ; MBC ï ʤʠʥʠʤʘʣʥʘ ʙʘʢʪʝʨʠʮʠʜʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ;  E211 ï ʘʜʠʪʠʚ ɽ211 (ʥʘʪʨʠʿʫʤ ʙʝʥʟʦʘʪ); 

E224 ï ʘʜʠʪʠʚ ɽ224 (ʢʘʣʠʿʫʤ ʤʝʪʘʙʠʩʫʣʬʠʪ). 
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ʉʣʠʢʘ 4.54. ɸʥʪʠʬʫʥʛʘʣʥʘ ʩʚʦʿʩʪʚʘ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʠ ˁʠʭʦʚʠʭ ʧʦʯʝʪʥʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ. ʉʢʨʘ˂ʝʥʠʮʝ: VA ï ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei; VL ï 

ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus; ʊRM - ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; MA ï oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ  - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; ML ï ʦʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; MIC ï ʤʠʥʠʤʘʣʥʘ ʠʥʭʠʙʠʪʦʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ; MFC ï 

ʤʠʥʠʤʘʣʥʘ ʬʫʥʛʠʮʠʜʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ;  E211 ï ʘʜʠʪʠʚ ɽ211 (ʥʘʪʨʠʿʫʤ ʙʝʥʟʦʘʪ); E224 ï ʘʜʠʪʠʚ ɽ224 (ʢʘʣʠʿʫʤ ʤʝʪʘʙʠʩʫʣʬʠʪ). 
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ʀʥʪʝʨʝʩʘʥʪʥʦ ʿʝ ʠ ʜʘ ʢʦʟʿʝ ʤʣʝʢʦ ʠʤʘ ʘʥʪʠʙʘʢʪʝʨʠʿʩʢʦ ʜʝʿʩʪʚʦ, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ 

ʧʨʠʩʫʩʪʚʘ ʙʠʦʘʢʪʠʚʥʠʭ ʧʝʧʪʠʜʘ ʟʘ ʢʦʿʝ ʩʝ ʪʚʨʜʠ ʜʘ ʠʤʘʿʫ ʘʥʪʠʙʘʢʪʝʨʠʿʩʢʫ ʫʣʦʛʫ 

ʟʘʚʠʩʥʦ ʦʜ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ, ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʦʛ ʩʘʩʪʘʚʘ ʠ ʥʘʝʣʝʢʪʨʠʩʘˁʘ (Atanasova & 

Ivanova, 2010; Sansi et al., 2022). ɸʥʪʠʙʘʢʪʝʨʠʿʩʢʦ ʜʝʿʩʪʚʦ ʩʝ ʧʨʠʧʠʩʫʿʝ ʠ ʣʘʢʪʦʬʝʨʠʥʫ, 

ʠʘʢʦ ʥʠʿʝ ʟʘʩʪʫʧˀʝʥ ʫ ʤʣʝʢʫ ʫ ʚʝʣʠʢʦʤ ʧʨʦʮʝʥʪʫ (Conesa et al., 2008). ɺʝ˂ʠʥʘ ʄIC 

ʚʨʝʜʥʦʩʪʠ ʿʝ ʙʠʣʘ 1,75 mg/mL, ʘ ʄɺʉ 3,50 mg/mL, ʫʟ ʣʦʰʠʿʝ ʜʝʿʩʪʚʦ ʢʘ Enterobacter 

cloacae ʠ ʙʦˀʝ ʜʝʿʩʪʚʦ ʢʘ B. cereus. ʆʙʘ ʘʜʠʪʠʚʘ ʩʫ ʠʤʘʣʘ ʠʥʭʠʙʠʪʦʨʥʦ ʜʝʿʩʪʚʦ ʢʘ 

ʚʝ˂ʠʥʠ ʙʘʢʪʝʨʠʿʘ (3,50 mg/mL), ʫʟ ʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʧʨʝʤʘ E. coli (1,75 mg/mL; MA ʠ ML) 

ʠ E. cloacae (1,75 mg/mL; ʩʘʤʦ ML). ɸʜʠʪʠʚ ʄɸ ʠʤʘʦ ʿʝ ʩʣʘʙʦ ʠʥʭʠʙʠʪʦʨʥʦ ʜʝʿʩʪʚʦ ʢʘ 

E. cloacae (>7 mg/mL); ʦʚʦ ʩʝ ʚʠʜʠ ʠ ʢʦʜ ʙʘʢʪʝʨʠʮʠʜʥʦʛ ʜʝʿʩʪʚʘ ʄɸ ʧʨʝʤʘ E. cloacae 

(>7 mg/mL). ɹʘʢʪʝʨʠʮʠʜʥʦ ʜʝʿʩʪʚʦ ʄɸ ʠ ML ʿʝ ʠʩʪʦ ʧʨʝʤʘ ʩʢʦʨʦ ʩʚʠʤ ʙʘʢʪʝʨʠʿʘʤʘ 

(7,00 mg/mL) ʠ ʤʘʣʦ ʙʦˀʝ ʫ ʪʨʠ ʩʣʫʯʘʿʘ ï ʄɸ ʧʨʝʤʘ E. coli 3,50 mg/mL; ML ʧʨʝʤʘ E. 

coli ʠ E. cloacae 3,50 mg/mL). 

ʅʘ ʩʣʠʮʠ 4.54. ʧʨʠʢʘʟʘʥʦ ʿʝ ʘʥʪʠʬʫʥʛʘʣʥʦ ʜʝʿʩʪʚʦ ʫʟʦʨʘʢʘ. ʀ ʦʚʜʝ ʿʝ ʚʝ˂ʠʥʘ ʄIC 

ʚʨʝʜʥʦʩʪʠ ʚʦʜʝʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʙʠʣʘ 3,50 mg/mL ʠʣʠ 1,75 mg/mL, ʫʟ ʥʠʩʢʫ 

ʚʨʝʜʥʦʩʪ VA ʢʘ Penicillium funiculosum (0,88 mg/mL) ʠ VL ʧʨʝʤʘ Aspergillus fumigatus 

(0,88 mg/mL), ʰʪʦ ʿʝ ʥʠʞʝ ʦʜ ʄIC ʚʨʝʜʥʦʩʪʠ ɽ211 ʠ ɽ224 ʟʘ A. fumigatus. ɺʝ˂ʠʥʘ MFC 

ʚʨʝʜʥʦʩʪʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʿʝ ʙʠʣʘ 3,50 mg/mL ʠʣʠ 7,00 mg/mL, ʦʩʠʤ ʟʘ A. fumigatus 

(VL) ʠ P. funiculosum (VA). ʂʦʟʿʝ ʤʣʝʢʦ ʠʤʘʣʦ ʿʝ ʄIC ʠ MFC ʚʨʝʜʥʦʩʪʠ ʫ ʨʘʥʛʫ 1,75 ï 

7,00 mg/mL. ɻʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʘʥʪʠʬʫʥʛʘʣʥʘ ʘʢʪʠʚʥʦʩʪ VL ʙʠʣʘ ʿʝ ʙʦˀʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʝʢʩʪʨʘʢʪʝ L. sulphureus ʫ ʤʝʪʘʥʦʣʫ, ʘʮʝʪʦʥʫ ʠ ʜʠʭʣʦʨʤʝʪʘʥʫ (Petroviĺ et al., 2013). 

Younis et al. (2019) ʥʘʚʦʜʠ ʜʦʙʨʘ ʘʥʪʠʬʫʥʛʘʣʥʘ ʩʚʦʿʩʪʚʘ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus 

ʢʘ ʨʘʟʣʠʯʠʪʠʤ ʛˀʠʚʘʤʘ, ʜʦʢ Turkoglu et al. (2007) ʥʘʚʦʜʠ ʦʜʣʠʯʥʫ ʘʥʪʠʬʫʥʛʘʣʥʫ 

ʘʢʪʠʚʥʦʩʪ ʝʪʘʥʦʣʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʢʘ Candida albicans. ʄʝʪʘʥʦʣʥʠ ʝʢʩʪʨʘʢʪ 

L. sulphureus ʤʦʞʝ ʜʘ ʠʥʭʠʙʠʨʘ ʨʘʩʪ Aspergillus flavus ʫ ʧʨʝʭʨʘʤʙʝʥʠʤ ʧʨʦʠʟʚʦʜʠʤʘ 

ʢʘʦ ʰʪʦ ʩʫ ʧʠʣʝ˂ʘ ʧʘʰʪʝʪʘ ʠ ʧʘʨʘʜʘʿʟ ʩʦʩ, ʟʘʚʠʩʥʦ ʦʜ ʜʦʟʝ (Petroviĺ et al., 2013; 2014b). 

Mazzutti et al. (2012) ʥʘʚʦʜʝ ʘʥʪʠʬʫʥʛʘʣʥʦ ʜʝʿʩʪʚʦ ʝʢʩʪʨʘʢʘʪʘ A.brasiliensis ʧʨʝʤʘ 

Candida sp. ʩʘʤʦ ʘʢʦ ʩʫ ʜʦʙʠʿʝʥʠ ʩʫʧʝʨʢʨʠʪʠʯʥʦʤ ʝʢʩʪʨʘʢʮʠʿʦʤ. ʊʘʢʦʹʝ, ʨʝʚʠʿʘʣʥʠ ʨʘʜ 

Lima et al. (2016) ʥʘʚʦʜʠ ʤʘˁʘʢ ʣʠʪʝʨʘʪʫʨʝ ʚʝʟʘʥ ʟʘ ʘʥʪʠʤʠʢʨʦʙʥʘ ʩʚʦʿʩʪʚʘ A.blazei, 

ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʫ ʘʫʪʦʨʠ ʚʠʰʝ ʦʢʨʝʥʫʪʠ ʧʨʦʫʯʘʚʘˁʫ ʜʨʫʛʠʭ ʙʠʦʣʦʰʢʠʭ 

ʩʚʦʿʩʪʘʚʘ ʦʚʝ ʛˀʠʚʝ, ʢʘʦ ʰʪʦ ʩʫ ʘʥʪʠʪʫʤʦʨʥʘ ʠ ʠʤʫʥʦʤʦʜʫʣʘʪʦʨʥʘ ʩʚʦʿʩʪʚʘ. ʆʙʘ 

ʘʜʠʪʠʚʘ ʠʤʘʿʫ ʄIC ʚʨʝʜʥʦʩʪʠ ʦʜ 3,50 mg/mL ʢʘ ʚʝ˂ʠʥʠ ʤʠʢʨʦʤʠʮʝʪʘ, ʦʩʠʤ ʢʘ 

Penicillium verrucosum var. cyclopium ʠ Trichoderma viride, ʧʨʝʤʘ ʢʦʿʠʤʘ ʜʝʣʫʿʫ ʠ ʫ 

ʥʠʞʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ (1,75 mg/mL). ʌʫʥʛʠʩʪʘʪʠʯʢʦ ʜʝʿʩʪʚʦ ʘʜʠʪʠʚʘ ʢʘ P. verrucosum 

var. cyclopium, ʢʦʿʠ ʿʝ ʠʟʦʣʘʪ ʠʟ ʭʨʘʥʝ, ʿʝ ʙʦˀʝ ʫ ʦʜʥʦʩʫ ʥʘ ɽ211 (2,00 mg/mL), ʰʪʦ ʿʝ 

ʿʝʜʘʥ ʦʜ ʥʘʿʙʦˀʠʭ ʧʦʜʘʪʘʢʘ. ʌʫʥʛʠʮʠʜʥʦ ʜʝʿʩʪʚʦ ʦʙʘ ʘʜʠʪʠʚʘ ʩʝ ʢʨʝʪʘʣʦ ʦʜ 3,50 ʜʦ 7,00 

mg/mL.  

ʉʚʠ ʫʟʦʨʮʠ ʩʫ ʠʩʧʦˀʠʣʠ ʩʣʠʯʥʫ ʘʥʪʠʙʘʢʪʝʨʠʿʩʢʫ ʠ ʘʥʪʠʬʫʥʛʘʣʥʫ ʘʢʪʠʚʥʦʩʪ. ʂʘʜʘ ʩʝ 

ʫʧʦʨʝʜʠ ʘʥʪʠʤʠʢʨʦʙʥʘ ʘʢʪʠʚʥʦʩʪ ʘʜʠʪʠʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʣʘʟʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʤʦʛʫ ʩʝ 

ʧʨʠʤʝʪʠʪʠ ʥʝʰʪʦ ʚʠʰʝ MIC/MBC/MFC ʚʨʝʜʥʦʩʪʠ ʘʜʠʪʠʚʘ, ʤʦʞʜʘ ʟʙʦʛ ʧʦʤʝʥʫʪʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ ʠʣʠ ʭʝʪʝʨʦʛʝʥʦʩʪʠ ʩʘʩʪʘʚʘ, ʰʪʦ ʜʦʥʝʢʣʝ ʫʤʘˁʫʿʝ ʜʦʩʪʫʧʥʦʩʪ 

ʘʥʪʠʤʠʢʨʦʙʥʠʭ ʨʝʛʠʦʥʘ. ɺʝ˂ʠʥʘ ʥʘʚʝʜʝʥʠʭ ʫʟʦʨʘʢʘ ʥʠʿʝ ʫʩʧʝʣʘ ʜʘ ʜʦʩʪʠʛʥʝ 

ʘʥʪʠʬʫʥʛʘʣʥʠ ʥʠʚʦ ʢʦʥʟʝʨʚʘʥʩʘ ɽ224, ʘʣʠ ʪʨʝʙʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʜʘ ʧʦʩʪʦʿʠ ʚʠʰʝ ʬʘʢʪʦʨʘ 

ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʘʥʪʠʤʠʢʨʦʙʥʘ ʩʚʦʿʩʪʚʘ, ʧʘ ʜʘ ʫʤʝʨʝʥʦ ʘʥʪʠʤʠʢʨʦʙʥʦ ʜʝʿʩʪʚʦ ʤʦʞʝ ʙʠʪʠ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʘʢʦ ʩʝ ʘʜʠʪʠʚ ʥʧʨ. ʫʙʘʮʫʿʝ ʫ ʧʨʝʭʨʘʤʙʝʥʠ ʧʨʦʠʟʚʦʜ ʩʘ ʥʠʞʦʤ pH 

ʚʨʝʜʥʦʰ˂ʫ ʠʣʠ ʘʢʦ ʦʤʦʛʫ˂ʘʚʘ ʧʘʩʪʝʨʠʟʘʮʠʿʫ ʫʤʝʩʪʦ ʩʪʝʨʠʣʠʟʘʮʠʿʝ ʧʨʦʠʟʚʦʜʘ. 

ʅʘʪʨʠʿʫʤ-ʙʝʥʟʦʘʪ (ɽ211) ʜʝʣʫʿʝ ʧʨʦʪʠʚ ʛˀʠʚʘ ʠ ʙʘʢʪʝʨʠʿʘ, ʠʘʢʦ ʩʝ ʘʥʪʠʤʠʢʨʦʙʥʦ 

ʜʝʿʩʪʚʦ ʙʝʥʟʦʝʚʝ ʢʠʩʝʣʠʥʝ ʥʘʿʯʝʰ˂ʝ ʦʜʥʦʩʠ ʥʘ ʢʚʘʩʮʝ ʠ ʛˀʠʚʝ, ʘ ʫ ʤʘˁʦʿ ʤʝʨʠ ʥʘ 

ʙʘʢʪʝʨʠʿʝ, ʜʦʢ ʩʝ ɽ224 (ʢʘʣʠʿʫʤ-ʤʝʪʘʙʠʩʫʣʬʠʪ) ʠ ʩʣʠʯʥʠ ʢʦʥʟʝʨʚʘʥʩʠ ʢʦʿʠ ʦʩʣʦʙʘʹʘʿʫ 
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SO2 ʪʦʢʦʤ ʜʝʿʩʪʚʘ ʢʦʨʠʩʪʝ ʢʘʦ ʢʦʥʟʝʨʚʘʥʩʠ ʢʦʿʠ ʠʥʭʠʙʠʨʘʿʫ ʨʘʩʪ ʢʚʘʩʘʮʘ, ʛˀʠʚʘ ʠ 

ʙʘʢʪʝʨʠʿʘ (Silva & Lidon, 2016). ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʪʚʨʜˁʝ ʦ ʥʝʞʝˀʝʥʠʤ 

ʝʬʝʢʪʠʤʘ ʦʚʘ ʜʚʘ ʘʜʠʪʠʚʘ, ʠʘʢʦ ʩʝ ʥʝ ʥʘʚʦʜʝ ʩʪʫʜʠʿʝ ʫ ʢʦʿʠʤʘ ʩʫ ʧʦʪʚʨʹʝʥʠ, ʠʣʠ ʩʝ 

ʥʘʚʦʜʝ ʩʪʫʜʠʿʝ ʢʦʿʝ ʜʦʚʦʜʝ ʜʦ ʥʝʧʦʫʟʜʘʥʠʭ ʠʟʚʦʨʘ (Pisoschi et al., 2018; Silva & Lidon, 

2016). ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʥʝʧʨʦʚʝʨʝʥʦʩʪ ʦʚʘʢʚʠʭ ʪʚʨʜˁʠ, ʩʫʤʘˁ ʠ ʦʜʙʦʿʥʦʩʪ ʧʦʪʨʦʰʘʯʘ ʢʘ 

ʢʦʤʝʨʮʠʿʘʣʥʠʤ ʘʜʠʪʠʚʠʤʘ ʧʦʩʪʦʿʝ, ʧʘ ʬʦʨʤʫʣʘʮʠʿʘ ʘʜʠʪʠʚʘ ʥʘ ʙʘʟʠ ʧʨʠʨʦʜʥʠʭ 

ʝʢʩʪʨʘʢʘʪʘ ʠ ʤʣʝʢʘ ʢʦʿʠ ʧʦʨʝʜ ʦʩʪʘʣʠʭ ʙʝʥʝʬʠʪʘ ʥʫʜʠ ʠ ʫʤʝʨʝʥʦ ʘʥʪʠʤʠʢʨʦʙʥʦ ʜʝʿʩʪʚʦ 

ʤʦʞʝ ʙʠʪʠ ʚʠʰʝʩʪʨʫʢʦ ʢʦʨʠʩʥʦ ʠ ʩʘ ʘʩʧʝʢʪʘ ʧʨʝʭʨʘʤʙʝʥʝ ʠʥʜʫʩʪʨʠʿʝ ʠ ʩʘ ʘʩʧʝʢʪʘ 

ʧʦʪʨʦʰʘʯʘ (Jansen et al., 2020). 

ʊʘʢʦʹʝ, ʫ ʩʚʝʪʣʫ ʩʚʝ ʯʝʰ˂ʝ ʨʘʟʠʩʪʝʥʪʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʢʘ ʘʥʪʠʙʘʢʪʝʨʠʿʩʢʠʤ ʠ 

ʘʥʪʠʬʫʥʛʘʣʥʠʤ ʘʛʝʥʩʠʤʘ ʠ ʧʦʿʘʚʝ ʤʫʣʪʠʨʝʟʠʩʪʝʥʪʥʠʭ ʩʦʿʝʚʘ (Alves et al., 2014a; 2014b; 

Pisoschi et al., 2018), ʤʦʨʘ ʩʝ ʦʙʨʘʪʠʪʠ ʧʘʞˁʘ ʥʘ ʧʨʠʨʦʜʥʝ ʠʟʚʦʨʝ ʘʥʪʠʤʠʢʨʦʙʥʠʭ 

ʩʫʧʩʪʘʥʮʠ, ʧʦʩʝʙʥʦ ʘʢʦ ʩʫ ʥʘ ʙʘʟʠ ʙʝʟʙʝʜʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʰʪʦ ʿʝ ʦʚʜʝ ʠʩʧʫˁʝʥʦ ï 

ʧʨʦʪʝʠʥʠ ʤʣʝʢʘ ʢʦʿʠ ʠʤʘʿʫ GRAS ʩʪʘʪʫʩ ʠ ʚʦʜʘ ʢʘʦ ʤʝʜʠʿʫʤ ʟʘ ʝʢʩʪʨʘʢʮʠʿʫ 

ʙʠʦʘʢʪʠʚʥʠʭ ʿʝʜʠˁʝˁʘ ʛˀʠʚʘ (Petrovic et al., 2011). 

4.8.4. In  vitro ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʝ ʜʠʛʝʩʪʠʿʝ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ 

ʅʝ ʤʦʞʝ ʩʝ ʪʚʨʜʠʪʠ ʜʘ ˂ʝ ʩʝ ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʠʩʧʠʪʘʥʠ 

in vitro ʤʝʪʦʜʘʤʘ ʧʦʪʚʨʜʠʪʠ ʫ in vivo ʫʩʣʦʚʠʤʘ; ʤʥʦʛʠ ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʩʝ ʚʨʣʦ ʩʣʘʙʦ 

ʘʧʩʦʨʙʫʿʫ ʠʣʠ ʩʝ ʙʨʟʦ ʝʣʠʤʠʥʠʰʫ ʧʫʪʝʤ ʫʨʠʥʘ; ʪʘʢʦʹʝ, ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʫʣʦʛʘ 

ʧʨʝʭʨʘʤʙʝʥʠʭ ʙʠʦʤʦʣʝʢʫʣʘ ʩʝ ʥʝ ʤʦʞʝ ʧʦʠʩʪʦʚʝʪʠʪʠ ʩʘʤʦ ʩʘ ʝʣʠʤʠʥʠʩʘˁʝʤ 

ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ (Schaich et al., 2015). ʊʘʢʦʹʝ, ʢʘʜʘ ʫ ʠʩʧʠʪʠʚʘʥʦʤ ʫʟʦʨʢʫ ʧʦʩʪʦʿʠ 

ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ, ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ˁʠʭ ʤʦʛʫ ʙʠʪʠ ʘʜʠʪʠʚʥʝ, 

ʩʠʥʝʨʛʠʩʪʠʯʢʝ ʠʣʠ ʘʥʪʘʛʦʥʠʩʪʠʯʢʝ, ʰʪʦ ʜʦʜʘʪʥʦ ʦʪʝʞʝʚʘ ʧʨʦʮʝʥʫ (Cömert & Gökmen, 

2017). ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʦʚʘʢʚʘ ʦʛʨʘʥʠʯʝˁʘ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ 

ʤʝʪʦʜʘ, ʩʠʤʫʣʘʮʠʿʘ in vitro ɻʀɼ ʘʜʠʪʠʚʘ ʿʝ ʧʦʢʫʰʘʿ ʜʘ ʩʝ ʨʝʟʫʣʪʘʪʠ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ 

ʧʨʠʙʣʠʞʝ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʫʟ ʩʚʘ ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʥʦʩʝ in vitro ʤʝʪʦʜʝ, ʪʘʢʦ ʰʪʦ ʩʝ 

ʦʤʦʛʫ˂ʘʚʘ ʧʦʨʝʹʝˁʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ ʧʨʝ ʠ ʧʦʩʣʝ ʩʠʤʫʣʠʨʘʥʦʛ ʚʘʨʝˁʘ ʫ 

ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʦʤ ʪʨʘʢʪʫ, ʧʘ ʩʝ ʤʦʞʝ ʧʨʘʪʠʪʠ ʧʨʦʤʝʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʘʧʩʦʣʫʪʥʝ 

ʚʨʝʜʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ. ʉʠʤʫʣʘʮʠʿʘ ʜʠʛʝʩʪʠʿʘ ʠʟʚʨʰʝʥʘ ʿʝ ʥʘ 

ʫʟʦʨʮʠʤʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʫ ʦʙʝ ʬʠʥʘʣʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ (7% ʠ 9,4%), ʥʘ ʚʦʜʝʥʠʤ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ ʠ ʥʘ ʦʙʝ ʦʧʪʠʤʠʟʦʚʘʥʝ 

ʤʝʰʘʚʠʥʝ. ʇʨʠʧʨʝʤˀʝʥʝ ʩʫ ʠ ʢʦʥʪʨʦʣʝ ʜʠʛʝʩʪʠʿʘ ʫʟʦʨʘʢʘ, ʪʿ. ʥʝʜʠʛʝʩʪʦʚʘʥʠ ʫʟʦʨʮʠ, 

ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʦ ʫʪʠʮʘʿ ʜʠʛʝʩʪʠʿʝ ʥʘ ʤʝʨʝʥʝ ʧʘʨʘʤʝʪʨʝ, ʢʘʦ ʠ ʢʦʥʪʨʦʣʘ ʜʠʛʝʩʪʠʚʥʦʛ 

ʢʦʢʪʝʣʘ ʢʘʢʦ ʙʠ ʩʝ ʝʣʠʤʠʥʠʩʘʦ ʫʪʠʮʘʿ ˁʝʛʦʚʠʭ ʿʝʜʠˁʝˁʘ. 

ʅʘ ʩʣʠʮʠ 4.55. ʧʨʠʢʘʟʘʥʝ ʩʫ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʤʝʨʝˁʘ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ 

ʢʘʧʘʮʠʪʝʪʘ ABTS ʪʝʩʪʦʤ ʧʨʝ ʠ ʧʦʩʣʝ ʩʠʤʫʣʘʮʠʿʝ ɻʀɼ, ʢʘʦ ʠ ʢʦʥʪʨʦʣʥʠ ʫʟʦʨʘʢ (DKK) 

ʢʦʿʠ ʿʝ ʩʘʜʨʞʘʦ ʜʠʛʝʩʪʠʚʥʠ ʢʦʢʪʝʣ. ʄʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʦʙʨʘ ʩʧʦʩʦʙʥʦʩʪ ʤʣʝʢʘ ʢʘ 

ʥʝʫʪʨʘʣʠʩʘˁʫ ABTS
Å+

 ʧʨʝ (ʫʟʦʨʮʠ TRM 7% K ʠ TRM 9,4% K) ʠ ʥʘʢʦʥ ɻʀɼ (ʫʟʦʨʮʠ 

DTRM 7% ʠ DTRM 9,4%).  

ʆʯʝʢʠʚʘʥʦ, ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʿʝ ʚʠʩʦʢ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ 

ʧʨʦʜʫʢʘʪʘ ʝʥʟʠʤʩʢʝ ʭʠʜʨʦʣʠʟʝ ʤʣʝʢʘ, ʪʿ. ʩʣʦʙʦʜʥʠʭ ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʠ ʧʝʧʪʠʜʘ ʤʘʣʝ 

ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ, ʢʦʿʠ ʟʙʦʛ ʩʚʦʛ ʩʘʩʪʘʚʘ (ʭʠʩʪʠʜʠʥ, ʪʨʠʧʪʦʬʘʥ, ʤʝʪʠʦʥʠʥ, ʮʠʩʪʠʥ) 

ʧʦʢʘʟʫʿʫ ʜʦʙʨʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʨʝʟʫʣʪʘʪʝ (Kostiĺ et al., 2021; Lamothe et al., 2019; 

Power et al., 2013). ɿʘʥʠʤˀʠʚʦ ʿʝ ʜʘ ʠ ʧʨʝ ʜʠʛʝʩʪʠʿʘ ʢʦʟʿʝ ʤʣʝʢʦ ʠʤʘ ʚʠʩʦʢ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʜʘ ʢʘʟʝʠʥʩʢʘ ʬʨʘʢʮʠʿʘ 

ʥʘʿʚʠʰʝ ʜʦʧʨʠʥʦʩʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʤ ʢʘʧʘʮʠʪʝʪʫ ʤʣʝʢʘ ʟʙʦʛ ʥʘʿʚʝ˂ʝ ʫʣʦʛʝ ʫ 

ʥʝʫʪʨʘʣʠʩʘˁʫ ABTS
Å+

 (Çekiç et al., 2015; Chen et al., 2003). ʅʘʿʚʝ˂ʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ 
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ʢʘʧʘʮʠʪʝʪ ʩʝ ʧʨʠʧʠʩʫʿʝ Ŭ-CN, ʟʘʪʠʤ ɓ-CN ʠ ɓ-LG (Kim et al., 2019). ʊʘʢʦʹʝ, ʧʦʨʝʜ 

ʦʚʦʛʘ, ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʤ ʩʚʦʿʩʪʚʠʤʘ ʤʣʝʢʘ ʧʨʝ ʠ ʧʦʩʣʝ ʜʠʛʝʩʪʠʿʘ ʚʝʨʦʚʘʪʥʦ ʜʦʧʨʠʥʦʩʝ 

ʠ ʥʝʜʠʛʝʩʪʠʙʠʣʥʝ ʤʘʪʝʨʠʿʝ, ʢʘʦ ʰʪʦ ʩʫ ʦʣʠʛʦʩʘʭʘʨʠʜʠ (van Leeuwen et al., 2020).  

 

 

ʉʣʠʢʘ 4.55. ʋʢʫʧʘʥ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ (ABTS ʪʝʩʪ) ʜʠʛʝʩʪʦʚʘʥʠʭ ʠ ʥʝʜʠʛʝʩʪʦʚʘʥʠʭ 

(ʨʘʟʙʣʘʞʝʥʠʭ) ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʠ ˁʠʭʦʚʠʭ ʧʦʯʝʪʥʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ. ʈʝʟʫʣʪʘʪʠ ʠʟʥʘʜ 

ʢʦʿʠʭ ʩʪʦʿʝ ʨʘʟʣʠʯʠʪʘ ʤʘʣʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 

0,05). ʉʢʨʘ˂ʝʥʠʮʝ: DʊRM 7% - ʜʠʛʝʩʪʦʚʘʥʦ 7% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; 

ʊRM 7% K ï ʨʘʟʙʣʘʞʝʥʦ 7% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (ʢʦʥʪʨʦʣʘ); DTRM 

9,4% - ʜʠʛʝʩʪʦʚʘʥʦ 9,4% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; TRM 9,4% K ï 

ʨʘʟʙʣʘʞʝʥʦ 9,4% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (ʢʦʥʪʨʦʣʘ); DVA ï 

ʜʠʛʝʩʪʦʚʘʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei; VA Kï ʨʘʟʙʣʘʞʝʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei (ʢʦʥʪʨʦʣʘ); 

DVL ï ʜʠʛʝʩʪʦʚʘʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus; VL K ï ʨʘʟʙʣʘʞʝʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. 

sulphureus (ʢʦʥʪʨʦʣʘ); DMA ï ʜʠʛʝʩʪʦʚʘʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; MA 

K ï ʨʘʟʙʣʘʞʝʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ (ʢʦʥʪʨʦʣʘ); DML ï ʜʠʛʝʩʪʦʚʘʥʠ 

oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; ML K ï ʨʘʟʙʣʘʞʝʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - 

ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ 

ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ (ʢʦʥʪʨʦʣʘ); DKK ï ʢʦʥʪʨʦʣʘ ʜʠʛʝʩʪʠʚʥʦʛ ʢʦʢʪʝʣʘ. 

ɽʢʩʪʨʘʢʪʠ ʛˀʠʚʘ ʧʦʢʘʟʫʿʫ ʜʦʙʨʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʧʨʝ ɻʀɼ (ʫʟʦʨʮʠ VA K ʠ VL K ), 

ʚʝ˂ʫ ʢʦʜ VL ʫ ʦʜʥʦʩʫ ʥʘ VA. ʅʘʢʦʥ ʜʠʛʝʩʪʠʿʘ, ʝʢʩʪʨʘʢʪʠ ʛˀʠʚʘ ʧʦʢʘʟʫʿʫ ʦʜʣʠʯʘʥ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ (ʫʟʦʨʮʠ DVA ʠ DVL), ʟʥʘʯʘʿʥʦ ʚʝ˂ʠ ʦʜ ʧʦʣʘʟʥʦʛ, 

ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʧʨʦʜʫʢʘʪʘ ʝʥʟʠʤʩʢʝ ʭʠʜʨʦʣʠʟʝ. ɽʢʩʪʨʘʢʪʠ ʛˀʠʚʘ ʩʘʜʨʞʝ ʚʠʩʦʢ 

ʧʨʦʮʝʥʘʪ ʧʨʦʪʝʠʥʘ, ʧʘ  ʿʝ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʠ ʦʚʜʝ ʧʝʧʪʠʜʠ ʬʠʛʫʨʠʨʘʿʫ ʫ ʧʦʚʝ˂ʘˁʫ 

ABTS ʚʨʝʜʥʦʩʪʠ, ʘ ʧʦʟʥʘʪʦ ʿʝ ʠ ʜʘ ʩʝ ʜʠʛʝʩʪʠʿʦʤ ʧʦʚʝ˂ʘʚʘ ʫʢʫʧʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ 

ʘʢʪʠʚʥʦʩʪ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʟʙʦʛ ʥʘʩʪʘʚʢʘ ʨʘʟʣʘʛʘˁʘ ʢʦʤʧʦʥʝʥʘʪʘ ʩʘ ʘʢʪʠʚʥʦʰ˂ʫ 

ʧʨʦʪʠʚ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ, ʢʘʦ ʰʪʦ ʩʫ ʧʦʣʠʩʘʭʘʨʠʜʠ (Ng & Rosman, 2019). ʇʦʰʪʦ 
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ʝʢʩʪʨʘʢʪ VL ʩʘʜʨʞʠ ʚʠʰʝ ʫʢʫʧʥʠʭ ʧʨʦʪʝʠʥʘ ʫ ʦʜʥʦʩʫ ʥʘ VA (å 34 g/100g ʫ ʦʜʥʦʩʫ ʥʘ å 

56 g/100g, ʨʝʩʧʝʢʪʠʚʥʦ), ʿʘʩʥʦ ʿʝ ʜʘ ʫʟʦʨʘʢ DVL ʠʩʧʦˀʘʚʘ ʚʝ˂ʠ ʫʢʫʧʘʥ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʥʘ ʨʘʯʫʥ ʧʝʧʪʠʜʘ. ʄʦʛʫ˂ʝ ʿʝ ʠ ʜʘ ʩʝ ʜʠʛʝʩʪʠʿʦʤ ʦʩʣʦʙʘʹʘ 

ʜʝʦ ʢʦʤʧʦʥʝʥʘʪʘ ʛˀʠʚʘ ʢʦʿʝ ʩʫ ʚʝʟʘʥʝ ʟʘ ʧʨʦʪʝʠʥʝ (Tu et al., 2021). 

ʅʘʢʦʥ ɻʀɼ, ʘʜʠʪʠʚʠ ʧʦʢʘʟʫʿʫ ʚʝʦʤʘ ʚʠʩʦʢ ʫʢʫʧʘʥ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ. ʂʦʜ 

DMA ʫ ʦʜʥʦʩʫ ʥʘ DVA ʚʠʜʠ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘˁʝ (ʟʘ å 40%), ʜʦʢ ʠʟʤʝʹʫ 

DML ʠ DVL ʥʝʤʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦʛ ʧʦʚʝ˂ʘˁʘ. ʀʥʪʝʨʝʩʘʥʪʥʦ ʿʝ ʜʘ ʿʝ ʨʘʩʪ ʫʢʫʧʥʦʛ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʘʜʠʪʠʚʘ ʥʘʢʦʥ ɻʀɼ ʙʠʦ ʤʘˁʠ ʢʦʜ MA (MAK Ÿ DMA; å 

32%), ʫ ʦʜʥʦʩʫ ʥʘ ML (MLK Ÿ DML; å 78%). ʆʚʦ ʿʝ ʚʝʨʦʚʘʪʥʦ ʧʦʩʣʝʜʠʮʘ ʦʧʠʩʘʥʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ ʢʦʜ ʄɸ, ʪʿ. ʜʦʩʪʫʧʥʠʿʠʭ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʢʦʜ ML. 

ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʘʜʠʪʠʚʘ MA ʧʨʝ ʜʠʛʝʩʪʠʿʘ (ʫʟʦʨʘʢ MAK) ʿʝ ʚʠʩʦʢʘ, ʟʥʘʯʘʿʥʦ ʚʠʰʘ 

ʫ ʦʜʥʦʩʫ ʥʘ ʫʟʦʨʘʢ MLK, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʧʨʦʠʟʚʦʜʘ ʝʥʟʠʤʩʢʦʛ ʨʘʟʣʘʛʘˁʘ ʧʦʨʝʢʣʦʤ ʦʜ 

ʝʥʟʠʤʘ A.blazei. Wang et al. (2020) ʥʘʚʦʜʝ ʪʨʠ ʧʫʪʘ ʚʝ˂ʠ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ 

ʢʘʧʘʮʠʪʝʪ ʥʫʜʣʘ ʩʘ ʜʦʜʘʪʢʦʤ Lentinus edodes ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʘ, ʫʟ ʟʘʢˀʫʯʘʢ ʜʘ ʩʝ 

ʜʠʛʝʩʪʠʿʦʤ ʦʩʣʦʙʘʹʘʿʫ ʤʥʦʛʠ ʚʝʟʘʥʠ ʠʣʠ ʢʦʥʿʫʛʦʚʘʥʠ ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʧʦʨʝʢʣʦʤ ʠʟ 

ʛˀʠʚʘ. ɻʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʥʘ ʦʩʥʦʚʫ ʦʚʘʢʚʠʭ ʨʝʟʫʣʪʘʪʘ ʤʦʞʝ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ 

ʬʫʥʢʮʠʦʥʘʣʥʘ ʫʣʦʛʘ ʘʜʠʪʠʚʘ ʫ ˀʫʜʩʢʦʤ ʦʨʛʘʥʠʟʤʫ ʥʘʢʦʥ ʚʘʨʝˁʘ. ʌʦʨʤʫʣʘʮʠʿʘ 

ʦʚʘʢʚʠʭ ʘʜʠʪʠʚʘ ʿʝ ʦʧʨʘʚʜʘʥʘ ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʦʜʣʠʯʘʥ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ 

ʘʜʠʪʠʚʘ ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʘ. ʊʘʢʦʹʝ, ʢʘʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ ʩʚʠ ʜʠʛʝʩʪʦʚʘʥʠ ʫʟʦʨʮʠ, ʤʦʨʘ ʩʝ 

ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ ʜʦʧʨʠʥʦʩ ʜʠʛʝʩʪʠʚʥʦʛ ʢʦʢʪʝʣʘ (ʫʟʦʨʘʢ K), ʯʠʿʠ ʝʥʟʠʤʠ ʠ ʩʣʦʙʦʜʥʠ ʿʦʥʠ 

ʜʦʧʨʠʥʦʩʝ ʥʝʫʪʨʘʣʠʩʘˁʫ ABTS
Å+

 ʠ ʫʪʠʯʫ ʥʘ ʧʦʚʝ˂ʘˁʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʚʨʝʜʥʦʩʪʠ 

(Kostiĺ et al., 2021).  

ʅʘ ʩʣʠʮʠ 4.56. ʧʨʠʢʘʟʘʥʝ ʩʫ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʤʝʨʝˁʘ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ FCC 

ʪʝʩʪʦʤ ʧʨʝ ʠ ʧʦʩʣʝ ʩʠʤʫʣʘʮʠʿʝ ɻʀɼ, ʢʘʦ ʠ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʜʠʛʝʩʪʠʚʥʦʛ ʢʦʢʪʝʣʘ. 

ʋʟʦʨʮʠ ʤʣʝʢʘ ʧʨʝ ʜʠʛʝʩʪʠʿʘ ʠʤʘʿʫ ʚʝʦʤʘ ʥʠʟʘʢ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʫʟʦʨʢʝ 

ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʘ, ʘ ʦʚʠ ʨʝʟʫʣʪʘʪʠ ʧʦʪʠʯʫ ʦʜ ʜʠʛʝʩʪʠʚʥʦʛ ʢʦʢʪʝʣʘ. ʉʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ 

FCC ʪʝʩʪʘ ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ ʠ ʢʦʜ Milinļiĺ (2023), ʛʜʝ ʿʝ ʜʠʛʝʩʪʠʚʥʠ ʢʦʢʪʝʣ ʧʦʢʘʟʘʦ ʚʝ˂ʠ 

ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʦʜ ʥʝʜʠʛʝʩʪʦʚʘʥʦʛ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ, ʜʦʢ ʢʦʜ 

ʜʠʛʝʩʪʦʚʘʥʦʛ ʤʣʝʢʘ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʩʢʦʢ ʫ ʢʘʧʘʮʠʪʝʪʫ ʭʝʣʠʨʘˁʘ.ʆʚʦ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʩʫ 

ʩʝ ʪʦʢʦʤ ʜʠʛʝʩʪʠʿʘ ʤʣʝʢʘ ʦʩʣʦʙʦʜʠʣʠ ʧʝʧʪʠʜʠ ʩʘ ʦʜʣʠʯʥʠʤ ʢʘʧʘʮʠʪʝʪʦʤ ʭʝʣʠʨʘˁʘ, 

ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʣʠʪʝʨʘʪʫʨʥʠʤ ʧʦʜʘʮʠʤʘ (Milinļiĺ et al., 2022; Power et al., 2013). 

ʄʣʝʢʦ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʤ ʤʝʭʘʥʠʟʤʠʤʘ, ʧʦʩʝʙʥʦ ʢʦʟʿʝ ʟʙʦʛ 

ʙʠʦʘʢʪʠʚʥʦʩʪʠ ʩʚʦʿʠʭ ʧʝʧʪʠʜʘ ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʨʫ ʙʘʟʫ ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ ʚʠʰʝʩʪʨʫʢʦ 

ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʘʜʠʪʠʚʘ (Elias et al., 2008; Stobiecka et al., 2022). 

ʀʥʪʝʨʝʩʘʥʪʥʦ ʿʝ ʜʘ ʩʫ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪʠ ʛˀʠʚʘ ʧʦʢʘʟʘʣʠ ʣʦʰ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ, ʰʪʦ 

ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʠʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ, ʘʣʠ ʥʝ ʠ ʫ ʩʢʣʘʜʫ ʩʘ 

ʣʠʪʝʨʘʪʫʨʦʤ ʚʝʟʘʥʦʤ ʟʘ ʦʚʝ ʜʚʝ ʛˀʠʚʝ (Gonzaga et al., 2020; Klaus et al., 2013; Wu et al., 

2014), ʢʦʿʘ ʫʢʘʟʫʿʝ ʥʘ ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ ʜʨʫʛʘʯʠʿʠʭ ʪʠʧʦʚʘ ʝʢʩʪʨʘʢʘʪʘ, ʫʛʣʘʚʥʦʤ ʚʠʩʦʢʦ 

ʧʨʝʯʠʰ˂ʝʥʠʭ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠʣʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʜʦʙʠʿʝʥʠʭ ʝʢʩʪʨʘʢʮʠʿʦʤ ʫ ʘʣʢʘʣʥʠʤ 

ʫʩʣʦʚʠʤʘ. ɿʘʚʠʩʥʦ ʦʜ ʪʠʧʘ ʛʣʠʢʦʟʠʜʥʠʭ ʚʝʟʘ ʫ ʧʦʣʠʩʘʭʘʨʠʜʠʤʘ, ʢʦʥʬʠʛʫʨʘʮʠʿʝ, ʫʛʣʦʚʘ, 

ʪʠʧʘ, ʩʪʝʧʝʥʘ ʛʨʘʥʘˁʘ ʠʪʜ. ʟʘʚʠʩʠ ʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ (Klaus et al., 2013). ʉʘ ʛʨʘʬʠʢʘ 

ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʨʘʩʪʠʯʘʥ ʩʢʦʢ ʫ ʢʘʧʘʮʠʪʝʪʫ ʭʝʣʠʨʘˁʘ ʚʦʜʝʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ 

ʥʘʢʦʥ ɻʀɼ. Liu et al. (2020) ʥʘʚʦʜʝ ʫʤʝʨʝʥʘ ʭʝʣʠʨʘʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʘ 

Craterellus cornucopioides ʧʦʜʚʨʛʥʫʪʝ ʨʘʟʣʠʯʠʪʠʤ ʢʫʣʠʥʘʨʩʢʠʤ ʪʨʝʪʤʘʥʠʤʘ. 

ʇʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʜʘ ʫ ˁʠʭʦʚʦʤ ʩʣʫʯʘʿʫ ʟʙʦʛ ʜʠʛʝʩʪʠʿʝ ʧʦʣʠʩʘʭʘʨʠʜʘ ʜʦʣʘʟʠ ʜʦ ʜʦʙʨʠʭ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʨʝʟʫʣʪʘʪʘ (Liu et al., 2020). ʀʘʢʦ ʥʝʜʠʛʝʩʪʦʚʘʥʠ ʝʢʩʪʨʘʢʪʠ ʛˀʠʚʘ 

ʠʤʘʿʫ ʩʣʠʯʘʥ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ (ʥʠʟʘʢ), ʥʘ ʛʨʘʬʠʢʫ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʿʝ 

ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʥʘʢʦʥ ɻʀɼ ʟʥʘʯʘʿʥʦ ʚʝ˂ʠ ʢʦʜ DVL ʫ ʦʜʥʦʩʫ ʥʘ DVA. ʆʩʠʤ 
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ʣʠʪʝʨʘʪʫʨʥʠʭ ʦʙʿʘʰˁʝˁʘ ʢʦʿʘ ʩʝ ʫʛʣʘʚʥʦʤ ʤʦʛʫ ʧʨʠʧʠʩʘʪʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʿ ʬʨʘʢʮʠʿʠ 

ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ, ʦʚʜʝ ʩʝ ʤʦʨʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ ʚʝʣʠʢʠ ʫʜʝʦ ʧʨʦʪʝʠʥʘ ʫ ʝʢʩʪʨʘʢʪʠʤʘ 

ʛˀʠʚʘ. ʍʝʪʝʨʦʛʝʥʦʩʪ ʧʦʣʠʩʘʭʘʨʠʜʥʝ ʬʨʘʢʮʠʿʝ ʝʢʩʪʨʘʢʪʘ VL ʩʠʛʫʨʥʦ ʜʦʧʨʠʥʦʩʠ 

ʧʦʨʘʩʪʫ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ, ʘʣʠ ʦʜʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ  FCC ʪʝʩʪʘ, ʢʘʦ ʠ ʢʦʜ ʤʣʝʢʘ 

ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʘ, ʧʦʪʠʯʫ ʦʜ ʧʨʦʜʫʢʘʪʘ ʨʘʟʣʘʛʘˁʘ ʧʨʦʪʝʠʥʘ ʛˀʠʚʘ, ʥʘ ʧʨʚʦʤ ʤʝʩʪʫ ʦʜ 

ʧʝʧʪʠʜʘ. ɺʝ˂ʠ ʫʜʝʦ ʧʨʦʪʝʠʥʘ ʢʦʜ L. sulphureus ʿʝ ʛʣʘʚʥʠ ʫʟʨʦʢ ʚʝ˂ʠʭ ʚʨʝʜʥʦʩʪʠ FCC 

ʪʝʩʪʘ ʟʘ DVL ʫ ʧʦʨʝʹʝˁʫ ʩʘ DVA. 

 

ʉʣʠʢʘ 4.56. ʉʧʦʩʦʙʥʦʩʪ ʭʝʣʠʨʘˁʘ ʿʦʥʘ Fe
2+

 (FCC ʪʝʩʪ) ʜʠʛʝʩʪʦʚʘʥʠʭ ʠ ʥʝʜʠʛʝʩʪʦʚʘʥʠʭ 

(ʨʘʟʙʣʘʞʝʥʠʭ) ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʠ ˁʠʭʦʚʠʭ ʧʦʯʝʪʥʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ. ʈʝʟʫʣʪʘʪʠ ʠʟʥʘʜ 

ʢʦʿʠʭ ʩʪʦʿʝ ʨʘʟʣʠʯʠʪʘ ʤʘʣʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 

0,05). ʉʢʨʘ˂ʝʥʠʮʝ: DʊRM 7% - ʜʠʛʝʩʪʦʚʘʥʦ 7% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; 

ʊRM 7% K ï ʨʘʟʙʣʘʞʝʥʦ 7% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (ʢʦʥʪʨʦʣʘ); DTRM 

9,4% - ʜʠʛʝʩʪʦʚʘʥʦ 9,4% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; TRM 9,4% K ï 

ʨʘʟʙʣʘʞʝʥʦ 9,4% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ (ʢʦʥʪʨʦʣʘ); DVA ï 

ʜʠʛʝʩʪʦʚʘʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei; VA Kï ʨʘʟʙʣʘʞʝʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei (ʢʦʥʪʨʦʣʘ); 

DVL ï ʜʠʛʝʩʪʦʚʘʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus; VL K ï ʨʘʟʙʣʘʞʝʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. 

sulphureus (ʢʦʥʪʨʦʣʘ); DMA ï ʜʠʛʝʩʪʦʚʘʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; MA 

K ï ʨʘʟʙʣʘʞʝʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ (ʢʦʥʪʨʦʣʘ); DML ï ʜʠʛʝʩʪʦʚʘʥʠ 

oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; ML K ï ʨʘʟʙʣʘʞʝʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - 

ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ 

ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ (ʢʦʥʪʨʦʣʘ); DKK ï ʢʦʥʪʨʦʣʘ ʜʠʛʝʩʪʠʚʥʦʛ ʢʦʢʪʝʣʘ; EDTA - 

ʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ. 

ʆʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚʠ ʠʤʘʿʫ ʦʜʣʠʯʘʥ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ, ʢʦʿʠ ʩʝ ʜʦʜʘʪʥʦ ʧʦʚʝ˂ʘʚʘ 

ʥʘʢʦʥ ɻʀɼ, ʛʜʝ ʩʝ ʚʨʝʜʥʦʩʪʠ FCC ʪʝʩʪʘ ʧʨʠʙʣʠʞʥʦ ʜʫʧʣʠʨʘʿʫ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ 

ʧʦʪʝʥʮʠʿʘʣʥʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠ ʘʧʣʠʢʘʪʠʚʥʦʩʪ. ʂʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʘʜʠʪʠʚʘ ʥʘʢʦʥ 

ʜʠʛʝʩʪʠʿʘ ʟʥʘʯʘʿʥʦ ʿʝ ʚʝʠ˂ ʫ ʦʜʥʦʩʫ ʥʘ ʜʠʛʝʩʪʦʚʘʥʝ ʫʟʦʨʢʝ ʛˀʠʚʘ ʠ ʤʣʝʢʘ. ɹʠʪʥʦ ʿʝ ʠ 

ʟʘʧʘʟʠʪʠ ʜʘ ʿʝ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʥʝʜʠʛʝʩʪʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʜʘʣʝʢʦ ʚʝ˂ʠ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʦʣʘʟʥʘ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʪʝ ʛˀʠʚʘ ʠ ʯʘʢ ʚʝ˂ʘ ʫ ʦʜʥʦʩʫ ʥʘ ˁʠʭʦʚ ʟʙʠʨ, ʧʘ ʩʝ ʦʚʜʝ 

ʚʝʨʦʚʘʪʥʦ ʨʘʜʠ ʦ ʩʠʥʝʨʛʠʩʪʠʯʢʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʠʟʤʝʹʫ ʢʦʤʧʦʥʝʥʘʪʘ ʩʘ ʜʦʙʨʠʤ 

ʢʘʧʘʮʠʪʝʪʦʤ ʭʝʣʠʨʘˁʘ (Cömert & Gökmen, 2017). ʃʠʪʝʨʘʪʫʨʥʠ ʧʦʜʘʮʠ ʚʝʟʘʥʠ ʟʘ 
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ʢʘʧʘʮʠʪʝʪʝ ʭʝʣʠʨʘˁʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʩʫ ʦʩʢʫʜʥʠ, ʧʦʩʝʙʥʦ ʢʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ 

ʭʝʣʠʨʘʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʥʘʢʦʥ ʩʠʤʫʣʘʮʠʿʝ ɻʀɼ. ɺʠʩʦʢ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʘʜʠʪʠʚʘ ʥʘʢʦʥ 

ʜʠʛʝʩʪʠʿʘ DVL ʜʫʛʫʿʝ ʧʝʧʪʠʜʠʤʘ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʢʘʦ ʧʨʦʜʫʢʪ ʨʘʟʣʘʛʘˁʘ ʧʨʦʪʝʠʥʘ L. 

sulphureus, ʧʝʧʪʠʜʠʤʘ ʧʦʨʝʢʣʦʤ ʠʟ ʤʣʝʢʘ, ʢʘʦ ʠ ʩʚʦʤ ʨʘʟʥʦʣʠʢʦʤ ʧʦʣʠʩʘʭʘʨʠʜʥʦʤ 

ʩʘʩʪʘʚʫ. DVɸ ʧʦʩʝʜʫʿʝ ʚʠʩʦʢ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʪʘʢʦʹʝ ʟʘʭʚʘˀʫʿʫ˂ʠ ʧʝʧʪʠʜʠʤʘ 

ʥʘʩʪʘʣʠʤ ʨʘʟʣʘʛʘˁʝʤ ʧʨʦʪʝʠʥʘ A.blazei (ʫ ʤʘˁʝʤ ʧʨʦʮʝʥʪʫ ʥʝʛʦ ʢʦʜ L. sulphureus), 

ʧʝʧʪʠʜʠʤʘ ʥʘʩʪʘʣʠʤ ʜʠʛʝʩʪʠʿʦʤ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ, ʤʘˁʠʤ ʜʝʣʦʤ ʦʜ ʧʦʣʠʩʘʭʘʨʠʜʘ, ʘ 

ʜʝʣʠʤʠʯʥʦ ʤʦʞʜʘ ʠ ʦʜ ʦʩʣʦʙʦʹʝʥʠʭ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ. ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʜʠʩʢʫʪʦʚʘʥʦ, 

ʤʦʛʫ˂ʝ ʿʝ ʜʘ ʩʝ ʫ ʢʦʤʧʣʝʢʩʝ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ A.blazei ʤʦʛʫ 

ʠʥʢʦʨʧʦʨʠʨʘʪʠ ʬʝʥʦʣʥʝ ʢʠʩʝʣʠʥʝ (ʥʧʨ. ʢʦʬʝʠʥʩʢʘ ʢʠʩʝʣʠʥʘ), ʢʦʿʝ ʜʦʧʨʠʥʦʩʝ 

ʫʥʘʢʨʩʥʦʤ ʧʦʚʝʟʠʚʘˁʫ (Schefer et al., 2021). ʌʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ ʩʝ ʤʦʛʫ ʦʩʣʦʙʦʜʠʪʠ 

ʜʠʛʝʩʪʠʿʘʤʘ, ʠʥʪʝʨʘʛʦʚʘʪʠ ʩʘ ʝʥʟʠʤʠʤʘ ʠ ʪʠʤʝ ʫʪʠʮʘʪʠ ʥʘ ʫʩʧʦʨʘʚʘˁʝ ʭʠʜʨʦʣʠʟʝ 

ʧʨʦʪʝʠʥʘ, ʯʠʤʝ ʩʝ ʭʠʜʨʦʣʠʟʘ ʟʘʫʩʪʘʚˀʘ ʥʘ ʧʝʧʪʠʜʠʤʘ, ʫʤʝʩʪʦ ʥʘ ʘʤʠʥʦʢʠʩʝʣʠʥʘʤʘ, ʧʘ 

ʠ ʭʝʣʠʨʘʿʫ˂ʘ ʘʢʪʠʚʥʦʩʪ ʨʘʩʪʝ (Stanisavljeviĺ et al., 2015). 

ʅʘ ʩʣʠʮʠ 4.57. ʧʨʠʢʘʟʘʥʝ ʩʫ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʤʝʨʝˁʘ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʫʟʦʨʘʢʘ FRP 

ʪʝʩʪʦʤ. ʈʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʧʨʝ ʠ ʧʦʩʣʝ ʜʠʛʝʩʪʠʿʝ ʥʠʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ 

ʜʝʪʝʢʪʦʚʘʪʠ ʦʚʦʤ ʤʝʪʦʜʦʤ, ʢʘʦ ʥʠ ʫʟʦʨʘʢ ʢʦʥʪʨʦʣʝ ʜʠʛʝʩʪʠʚʥʦʛ ʢʦʢʪʝʣʘ. Milinļiĺ et al. 

(2022) ʜʦʙʠʣʠ ʩʫ ʚʨʣʦ ʥʠʩʢʝ, ʘʣʠ ʤʝʨˀʠʚʝ ʚʨʝʜʥʦʩʪʠ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʜʠʛʝʩʪʠʚʥʦʛ 

ʢʦʢʪʝʣʘ ʠ ʤʣʝʢʘ (ʜʦ å15 ɛg AA/mL). ʋ ʜʨʫʛʦʤ ʨʘʜʫ ʢʦʟʿʝ ʤʣʝʢʦ ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ 

ʤʣʝʢʦ ʥʠ ʫ ʿʝʜʥʦʿ ʠʩʧʠʪʠʚʘʥʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʪʘʢʦʹʝ ʥʝ ʧʦʢʘʟʫʿʫ ʤʝʨˀʠʚʝ FRP 

ʚʨʝʜʥʦʩʪʠ (Milinļiĺ et al., 2021). ʋʤʝʨʝʥʘ ʨʝʜʫʢʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʧʦʢʘʟʫʿʫ ʩʝʨʫʤ ʧʨʦʪʝʠʥʠ, 

ʘʣʠ ʩʫ ʦʥʠ ʢʦʜ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʫ ʩʘʩʪʘʚʫ WP/CN ʢʦʤʧʣʝʢʩʘ, ʧʘ ʥʝ 

ʤʦʛʫ ʜʘ ʨʝʜʫʢʫʿʫ Fe
3+

-ʬʝʨʠʮʠʿʘʥʠʜ ʢʦʤʧʣʝʢʩ (Chen et al., 2003; Pesic et al., 2012). 

ɺʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A.blazei ʧʦʢʘʟʫʿʝ ʙʣʘʛʠ ʩʢʦʢ ʫ ʨʝʜʫʢʫʿʫ˂ʦʿ ʤʦ˂ʠ ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʝ, ʜʦʢ 

ʝʢʩʪʨʘʢʪ L. sulphureus ʧʦʢʘʟʫʿʝ ʧʘʜ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʝ, ʧʘ ʦʙʘ 

ʜʠʛʝʩʪʦʚʘʥʘ ʫʟʦʨʢʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʥʘʢʦʥ ʚʘʨʝˁʘ ʧʦʢʘʟʫʿʫ ʩʣʠʯʘʥ ʥʠʚʦ ʨʝʜʫʢʫʿʫ˂ʝ 

ʤʦ˂ʠ. ʋ ʬʘʟʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ, ʢʘʦ ʠ ʫ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʥʘʢʦʥ ʜʦʙʠʿʘˁʘ 

ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ, ʚʠʜˀʠʚʦ ʿʝ ʜʘ ʿʝ ABTS ʪʝʩʪ ʧʨʠʛʦʜʘʥ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʦʙʝ ʚʨʩʪʝ ʢʦʥʩʪʠʪʫʝʥʘʪʘ (ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ). 

ɼʨʫʛʘ ʜʚʘ ʪʝʩʪʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʨʫʛʘʯʠʿʠ ʤʦʜʝʣ ï ʫʟʦʨʮʠ ʢʦʿʠ ʩʫ ʩʝ ʦʜʣʠʢʦʚʘʣʠ ʚʠʩʦʢʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ FCC ʪʝʩʪʘ ʠʤʘʣʠ ʩʫ ʤʘˁʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʠ ʦʙʨʥʫʪʦ, ʧʘ ʥʝ ʯʫʜʠ ʜʘ ʤʣʝʢʘ 

ʢʦʿʘ ʠʤʘʿʫ ʦʜʣʠʯʥʘ ʭʝʣʠʨʘʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʥʝ ʨʝʜʫʢʫʿʫ, ʜʦʢ ʦʜʣʠʯʥʘ ʭʝʣʠʨʘʿʫ˂ʘ ʩʚʦʿʩʪʚʘ 

VL ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʘ ʥʠʩʫ ʤʦʛʣʘ ʜʘ ʧʦʢʘʞʫ ʠ ʦʜʣʠʯʥʘ ʨʝʜʫʢʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ, ʚʝ˂ ʩʝ 

ʦʜʣʠʢʫʿʫ ʙʣʘʛʠʤ ʧʘʜʦʤ ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʘ. ʊʘʢʦʹʝ, ʧʨʦʪʝʠʥʠ ʩʝ ʦʜʣʠʢʫʿʫ ʩʣʘʙʠʤ 

ʨʝʜʫʢʫʿʫ˂ʠʤ ʩʚʦʿʩʪʚʠʤʘ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʨʦʪʝʠʥʘ ʩʫ ʜʘʣʝʢʦ ʚʝ˂ʝ ʢʦʜ VL (å 56 g/100g) 

ʫ ʦʜʥʦʩʫ ʥʘ Vɸ (å 34 g/100g) (Milinļiĺ et al., 2021). ʂʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ DVɸ ʿʝ ʙʠʦ 

ʟʥʘʯʘʿʥʦ ʤʘˁʠ ʦʜ DVL, ʘ ʢʦʜ FRP ʪʝʩʪʘ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʨʠʙʣʠʞʥʦ ʠʩʪʠ. ɼʦʙʨʘ 

ʨʝʜʫʢʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ ʛˀʠʚʘ ʧʨʠʧʠʩʫʿʫ ʩʝ ˁʠʭʦʚʠʤ ʧʦʣʠʩʘʭʘʨʠʜʠʤʘ ʠʣʠ ʬʝʥʦʣʥʠʤ 

ʿʝʜʠˁʝˁʠʤʘ, ʜʦʢ ʧʨʦʪʝʠʥʠ ʥʝ ʬʠʛʫʨʠʰʫ ʫ ʦʚʦʿ ʤʝʪʦʜʠ (Klaus et al., 2013; Kozarski et 

al., 2012; Petroviĺ et al., 2014b; Shah & Modi, 2020; Wei et al., 2020). ɼʘʢʣʝ, ʟʘ ʧʦʚʝ˂ʘˁʝ 

ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ Vɸ ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ VL ʢˀʫʯʥʝ ʩʫ ʨʘʟʣʠʢʝ ʫ ˁʠʭʦʚʦʤ 

ʫʜʝʣʫ ʧʨʦʪʝʠʥʘ, ʘʣʠ ʠ ʧʨʠʩʫʩʪʚʦ ʬʝʥʦʣʥʠʭ ʢʠʩʝʣʠʥʘ ʢʦʜ A.blazei, ʨʘʟʣʠʢʝ ʫ 

ʧʦʣʠʩʘʭʘʨʠʜʥʦʤ ʩʘʩʪʘʚʫ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ. You et al. 

(2014) ʩʫ ʧʨʦʥʘʰʣʠ ʥʘʿʚʠʰʝ FRAP ʚʨʝʜʥʦʩʪʠ ʫ ʧʦʣʠʩʘʭʘʨʠʜʥʦʿ ʬʨʘʢʮʠʿʠ ʛˀʠʚʝ 

Tricholoma mongolicum Imai ʢʦʿʘ ʿʝ ʠʤʘʣʘ ʥʘʿʭʝʪʝʨʦʛʝʥʠʿʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʩʘʩʪʘʚ, 

ʦʜʥʦʩʥʦ ʤʘˁʠ ʫʜʝʦ ʛʣʫʢʦʟʝ, ʘ ʚʝ˂ʠ ʘʨʘʙʠʥʦʟʝ ʠ ʨʘʤʥʦʟʝ ʫ ʧʦʣʠʩʘʭʘʨʠʜʠʤʘ. ʋʟʠʤʘʿʫ˂ʠ 

ʫ ʦʙʟʠʨ ʧʦʣʠʩʘʭʘʨʠʜʥʠ ʩʘʩʪʘʚ L. sulphureus, ʤʦʛʫ˂ʝ ʿʝ ʜʘ ʟʙʦʛ ˁʝʛʘ ʝʢʩʪʨʘʢʪ ʠʤʘ ʚʠʰʫ 

ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʧʨʝ ɻʀɼ, ʜʦʢ ʧʨʦʜʫʢʪʠ ʨʘʟʣʘʛʘˁʘ ʛʫʙʝ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂. 
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ʆʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚʠ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʥʝʜʝʪʝʢʪʦʚʘʥʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʤʣʝʢʘ ʠʤʘʿʫ 

ʟʥʘʯʘʿʥʦ ʚʝ˂ʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʧʨʝ ʠ ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʣʘʟʥʝ ʢʦʤʧʦʥʝʥʪʝ. ʋ 

ʩʣʫʯʘʿʫ ʘʜʠʪʠʚʘ ʄɸ, ʚʨʝʜʥʦʩʪʠ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʩʫ ʧʨʠʙʣʠʞʥʦ ʜʫʧʣʠʨʘʥʝ ʥʘʢʦʥ ɻʀɼ, 

ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʦʜʣʠʯʥʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ. ɺʨʝʜʥʦʩʪʠ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʘʜʠʪʠʚʘ ʄL 

ʧʨʠʙʣʠʞʥʦ ʩʫ ʠʩʪʝ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʩʠʤʫʣʠʨʘʥʫ ɻʀɼ, ʰʪʦ ʠʧʘʢ ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʘʨ 

ʨʝʟʫʣʪʘʪ, ʿʝʨ ʿʝ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʧʘʜʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ VL ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʝ 

ʤʣʝʢʦ ʦʚʜʝ ʠʤʘʣʦ ʧʨʦʪʝʢʪʠʚʥʫ ʫʣʦʛʫ ʢʨʦʟ ɻʀʊ, ʧʘ ʿʝ ʤʝʰʘˁʝ ʩʘ ʤʣʝʢʦʤ ʜʘʣʦ ʜʦʙʘʨ 

ʨʝʟʫʣʪʘʪ ʩʘ ʘʩʧʝʢʪʘ ʠʩʢʦʨʠʰ˂ʝˁʘ ʨʝʜʫʢʫʿʫ˂ʠʭ ʢʦʤʧʦʥʝʥʘʪʘ L. sulphureus ʥʘʢʦʥ 

ʜʠʛʝʩʪʠʿʝ. 

 

 

ʉʣʠʢʘ 4.57. ʉʧʦʩʦʙʥʦʩʪ ʨʝʜʫʢʮʠʿʝ ʿʦʥʘ Fe
3+ 
(ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂; FRP ʪʝʩʪ) ʜʠʛʝʩʪʦʚʘʥʠʭ ʠ 

ʥʝʜʠʛʝʩʪʦʚʘʥʠʭ (ʨʘʟʙʣʘʞʝʥʠʭ) ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʠ ˁʠʭʦʚʠʭ ʧʦʯʝʪʥʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ. 

ʈʝʟʫʣʪʘʪʠ ʠʟʥʘʜ ʢʦʿʠʭ ʩʪʦʿʝ ʨʘʟʣʠʯʠʪʘ ʤʘʣʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ 

Tukey ʪʝʩʪʫ (p < 0,05). ʉʢʨʘ˂ʝʥʠʮʝ: DʊRM 7% - ʜʠʛʝʩʪʦʚʘʥʦ 7% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ 

ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; ʊRM 7% K ï ʨʘʟʙʣʘʞʝʥʦ 7% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ 

ʤʣʝʢʦ (ʢʦʥʪʨʦʣʘ); DTRM 9,4% - ʜʠʛʝʩʪʦʚʘʥʦ 9,4% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ 

ʤʣʝʢʦ; TRM 9,4% K ï ʨʘʟʙʣʘʞʝʥʦ 9,4% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ 

(ʢʦʥʪʨʦʣʘ); DVA ï ʜʠʛʝʩʪʦʚʘʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei; VA Kï ʨʘʟʙʣʘʞʝʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ 

A. blazei (ʢʦʥʪʨʦʣʘ); DVL ï ʜʠʛʝʩʪʦʚʘʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus; VL K ï ʨʘʟʙʣʘʞʝʥʠ 

ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus (ʢʦʥʪʨʦʣʘ); DMA ï ʜʠʛʝʩʪʦʚʘʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - 

ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ 

ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; MA K ï ʨʘʟʙʣʘʞʝʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ 

(ʢʦʥʪʨʦʣʘ); DML ï ʜʠʛʝʩʪʦʚʘʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; ML K ï 

ʨʘʟʙʣʘʞʝʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ 

ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ (ʢʦʥʪʨʦʣʘ); DKK ï ʢʦʥʪʨʦʣʘ 

ʜʠʛʝʩʪʠʚʥʦʛ ʢʦʢʪʝʣʘ; AA ï ʝʢʚʠʚʘʣʝʥʪʠ ʘʢʩʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ. 

ʃʠʪʝʨʘʪʫʨʥʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʪʠʯʫ ʜʠʛʝʩʪʠʿʘ ʛˀʠʚʘ ʠʣʠ ʤʝʰʘʚʠʥʘ ʛˀʠʚʘ ʫʛʣʘʚʥʦʤ ʩʝ 

ʦʜʥʦʩʝ ʥʘ ʧʨʝʭʨʘʤʙʝʥʝ ʧʨʦʠʟʚʦʜʝ ʛʜʝ ʿʝ ʜʝʦ ʩʘʩʪʦʿʘʢʘ ʟʘʤʝˁʝʥ ʧʨʘʭʦʤ ʛˀʠʚʘ ʠʣʠ 

ʠʩʧʠʪʠʚʘˁʝ ʫʪʠʮʘʿʘ ʢʫʚʘˁʘ ʠ ʜʨʫʛʠʭ ʪʝʭʥʠʢʘ ʥʘ ʜʦʩʪʫʧʥʦʩʪ ʙʠʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʠʿʘ 

ʥʘʢʦʥ ʩʠʤʫʣʠʨʘʥʦʛ ʚʘʨʝˁʘ. ʋ ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʥʘʚʦʜʠ ʩʝ ʩʢʦʢ ʫ ʨʝʜʫʢʫʿʫ˂ʦʿ ʤʦ˂ʠ; 
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ʥʧʨ. ʝʢʩʪʨʘʢʪʠ ʤʘʢʨʦʛˀʠʚʘ ʧʦʜʚʨʛʥʫʪʠ ɻʀɼ ʥʘʢʦʥ ʢʫʚʘˁʘ ʧʦʢʘʟʫʿʫ ʨʘʩʪ ʨʝʜʫʢʫʿʫ˂ʝ 

ʤʦ˂ʠ ʦʜ 80 ʜʦ ʯʘʢ 1350%, FRAP ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʫʟʦʨʘʢʘ ʥʫʜʣʠ ʦʙʦʛʘ˂ʝʥʠʭ ʩʘ Lentinus 

edodes ʥʘʢʦʥ ɻʀɼ ʧʦʢʘʟʫʿʫ ʧʦʨʘʩʪ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʪʨʦʣʝ (Ng & 

Rosman, 2019; Wang et al., 2020). ɹʠʩʢʚʠʪʠ ʦʙʦʛʘ˂ʝʥʠ ʩʘ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʛˀʠʚʘ 

ʧʦʢʘʟʘʣʠ ʩʫ ʩʢʦʨʦ ʪʨʠ ʧʫʪʘ ʚʝ˂ʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʤʝʨʝʥʫ FRAP ʪʝʩʪʦʤ ʥʘʢʦʥ ɻʀɼ, ʰʪʦ 

ʩʝ ʜʝʰʘʚʘ ʟʙʦʛ ʝʥʟʠʤʩʢʝ ʭʠʜʨʦʣʠʟʝ ʠʥʪʝʨ- ʠ ʠʥʪʨʘ-ʤʦʣʝʢʫʣʩʢʠʭ ʚʝʟʘ ʠ ʦʪʧʫʰʪʘˁʘ 

ʥʫʪʨʠʿʝʥʘʪʘ ʠ ʘʥʪʠʦʢʩʠʜʘʥʘʪʘ (Tu et al., 2021).  

ʉʘ ʩʣʠʢʝ 4.58. ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ ʚʨʝʜʥʦʩʪʠ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʨʝʜʫʢʫʿʫ˂ʝʛ 

ʢʘʧʘʮʠʪʝʪʘ ʫʟʦʨʘʢʘ ʧʨʝ ʠ ʧʦʩʣʝ ɻʀɼ. ʉʚʘʢʠ ʫʟʦʨʘʢ ʧʦʢʘʟʘʦ ʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʘʥ 

ʩʢʦʢ TPC ʚʨʝʜʥʦʩʪʠ ʥʘʢʦʥ ʩʠʤʫʣʘʮʠʿʝ ɻʀɼ. ʋ ʢʦʥʪʝʢʩʪʫ ʧʦʩʤʘʪʨʘˁʘ ʦʚʝ ʤʝʪʦʜʝ ʢʘʦ 

ʘʥʘʣʠʟʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ, ʜʦ ʦʚʦʛ ʩʢʦʢʘ ʚʝʨʦʚʘʪʥʦ ʿʝ ʜʦʰʣʦ ʫʩʣʝʜ ʨʘʟʣʘʛʘˁʘ 

ʧʨʦʪʝʠʥʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʥʘ ʢʦʤʧʦʥʝʥʪʝ ʤʘˁʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ, ʧʨʠʩʫʩʪʚʘ ʣʘʢʪʦʟʝ ʠʟ 

ʤʣʝʢʘ, ʦʩʪʘʣʠʭ ʰʝ˂ʝʨʘ ʧʦʨʝʢʣʦʤ ʠʟ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ, ʝʥʟʠʤʘ, ʧʝʧʪʠʜʘ, 

ʘʤʠʥʦʢʠʩʝʣʠʥʘ, ʢʦʿʠ ʪʘʢʦʹʝ ʨʝʘʛʫʿʫ ʩʘ ʌʦʣʠʥ-ʏʠʢʦʣʪʝʦʚʠʤ ʨʝʘʛʝʥʩʦʤ (Everette et al., 

2010), ʘ ʥʝ ʪʨʝʙʘ ʟʘʥʝʤʘʨʠʪʠ ʥʠ ʬʝʥʦʣʥʘ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʩʝ ʦʩʣʦʙʘʹʘʿʫ ʚʘʨʝˁʝʤ, ʧʘ 

ʫʪʠʯʫ ʥʘ ʩʢʦʢ ʚʨʝʜʥʦʩʪʠ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʠ ʘʜʠʪʠʚʘ (Milinļiĺ et al., 2022). ɼʠʛʝʩʪʠʚʥʠ 

ʢʦʢʪʝʣ ʪʘʢʦʹʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʜʦʧʨʠʥʦʩʠ ʦʚʠʤ ʧʦʚʝ˂ʘʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʫʩʣʝʜ ʩʚʦʿʠʭ 

ʢʦʤʧʦʥʝʥʘʪʘ (ʧʦʛʣʘʚˀʝ 3.17.). 

 

ʉʣʠʢʘ 4.58. ʋʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ (TPC) ʜʠʛʝʩʪʦʚʘʥʠʭ ʠ 

ʥʝʜʠʛʝʩʪʦʚʘʥʠʭ (ʨʘʟʙʣʘʞʝʥʠʭ) ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʠ ˁʠʭʦʚʠʭ ʧʦʯʝʪʥʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ. 

ʈʝʟʫʣʪʘʪʠ ʠʟʥʘʜ ʢʦʿʠʭ ʩʪʦʿʝ ʨʘʟʣʠʯʠʪʘ ʤʘʣʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ 

Tukey ʪʝʩʪʫ (p < 0,05). ʉʢʨʘ˂ʝʥʠʮʝ: DʊRM 7% - ʜʠʛʝʩʪʦʚʘʥʦ 7% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ 

ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ; ʊRM 7% K ï ʨʘʟʙʣʘʞʝʥʦ 7% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ 

ʤʣʝʢʦ (ʢʦʥʪʨʦʣʘ); DTRM 9,4% - ʜʠʛʝʩʪʦʚʘʥʦ 9,4% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ 

ʤʣʝʢʦ; TRM 9,4% K ï ʨʘʟʙʣʘʞʝʥʦ 9,4% ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʢʦʟʿʝ ʤʣʝʢʦ 

(ʢʦʥʪʨʦʣʘ); DVA ï ʜʠʛʝʩʪʦʚʘʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ A. blazei; VA Kï ʨʘʟʙʣʘʞʝʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ 

A. blazei (ʢʦʥʪʨʦʣʘ); DVL ï ʜʠʛʝʩʪʦʚʘʥʠ ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus; VL K ï ʨʘʟʙʣʘʞʝʥʠ 

ʚʦʜʝʥʠ ʝʢʩʪʨʘʢʪ L. sulphureus (ʢʦʥʪʨʦʣʘ); DMA ï ʜʠʛʝʩʪʦʚʘʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - 

ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ 

ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; MA K ï ʨʘʟʙʣʘʞʝʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ 

(ʢʦʥʪʨʦʣʘ); DML ï ʜʠʛʝʩʪʦʚʘʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ; ML K ï 
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ʨʘʟʙʣʘʞʝʥʠ oʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚ - ʤʝʰʘʚʠʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ 

ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʫ ʦʧʪʠʤʘʣʥʦʤ ʦʜʥʦʩʫ (ʢʦʥʪʨʦʣʘ); DKK ï ʢʦʥʪʨʦʣʘ 

ʜʠʛʝʩʪʠʚʥʦʛ ʢʦʢʪʝʣʘ; GAE ï ʝʢʚʠʚʘʣʝʥʪʠ ʛʘʣʥʝ ʢʠʩʝʣʠʥʝ. 

ʆʙʘ ʝʢʩʪʨʘʢʪʘ ʛˀʠʚʘ ʧʦʢʘʟʫʿʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ ʚʝ˂ʝ TPC ʚʨʝʜʥʦʩʪʠ ʥʘʢʦʥ ɻʀɼ, ʠʟ 

ʠʩʪʦʛ ʨʘʟʣʦʛʘ ʢʘʦ ʠ ʢʦʜ ʤʣʝʢʘ ï ʨʘʟʣʘʛʘˁʝʤ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʧʨʦʪʝʠʥʘ ʿʘʚˀʘʿʫ ʩʝ 

ʢʦʤʧʦʥʝʥʪʝ ʤʘˁʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʢʦʿʝ ʩʫ ʨʝʘʢʪʠʚʥʠʿʝ ʧʨʝʤʘ ʌʦʣʠʥ-ʏʠʢʦʣʪʝʦʚʦʤ 

ʨʝʘʛʝʥʩʫ ʦʜ ʥʝʜʠʛʝʩʪʦʚʘʥʠʭ ʩʫʧʩʪʘʥʮʠ. ʂʘʦ ʰʪʦ ʿʝ ʠ ʦʯʝʢʠʚʘʥʦ, VL K ʧʦʢʘʟʫʿʝ ʚʝ˂ʠ 

ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ ʦʜ VA K ʟʙʦʛ ʚʝ˂ʝʛ ʫʜʝʣʘ ʧʨʦʪʝʠʥʘ, 

ʰʪʦ ʪʘʢʦʹʝ ʨʝʟʫʣʪʫʿʝ ʚʝ˂ʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʧʨʦʜʫʢʘʪʘ ʨʘʟʛʨʘʜˁʝ ʥʘʢʦʥ ɻʀɼ ʠ ʚʝ˂ʠʤ 

TPC ʚʨʝʜʥʦʩʪʠʤʘ DVL ʫ ʦʜʥʦʩʫ ʥʘ DVA. ʆʚʦ ʥʝ ʯʫʜʠ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʿʝ 

ʢʦʨʠʰ˂ʝʥʘ ʤʝʪʦʜʘ ʧʨʚʦʙʠʪʥʦ ʙʠʣʘ ʦʩʤʠʰˀʝʥʘ ʟʘ ʘʥʘʣʠʟʫ ʧʨʦʪʝʠʥʘ, ʘ ʥʝ ʬʝʥʦʣʥʠʭ 

ʿʝʜʠˁʝˁʘ (Kostiĺ et al., 2021). ʅʘʢʦʥ ʜʠʛʝʩʪʠʿʝ ʝʢʩʪʨʘʢʘʪʘ, TPC ʚʨʝʜʥʦʩʪ ʩʝ ʧʦʚʝ˂ʘʣʘ ʟʘ 

ʯʘʢ å 124% ʢʦʜ DVɸ ʫ ʦʜʥʦʩʫ ʥʘ VA K, ʜʦʢ ʿʝ ʢʦʜ DVL ʫ ʦʜʥʦʩʫ ʥʘ VL K ʧʦʨʘʩʪ ʥʘʢʦʥ 

ʜʠʛʝʩʪʠʿʘ ʠʟʥʦʩʠʦ å 71%. ɺʝ˂ʫ ʩʪʦʧʫ ʨʘʩʪʘ ʥʘʢʦʥ ɻʀɼ ʝʢʩʪʨʘʢʪ VA ʜʝʣʠʤʠʯʥʦ ʜʫʛʫʿʝ 

ʠ ʧʨʠʩʫʩʪʚʫ ʬʝʥʦʣʥʠʭ ʢʠʩʝʣʠʥʘ. ɹʠʪʘʥ ʧʦʜʘʪʘʢ ʿʝ ʠ ʜʘ ʘʜʠʪʠʚʠ ʧʦʢʘʟʫʿʫ ʚʝʣʠʢʠ ʩʢʦʢ 

TPC ʚʨʝʜʥʦʩʪʠ ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʘ, ʠ ʪʦ å 2,6 ʧʫʪʘ ʢʦʜ Dʄɸ ʫ ʦʜʥʦʩʫ ʥʘ ʄA K ʠ å 3,8 

ʧʫʪʘ ʢʦʜ DʄL ʫ ʦʜʥʦʩʫ ʥʘ ML K. ʆʚʘʢʘʚ ʧʦʨʘʩʪ TPC ʚʨʝʜʥʦʩʪʠ ʿʝ ʯʝʩʪ ʢʘʜʘ ʩʝ 

ʧʨʦʠʟʚʦʜʠ ʥʘ ʙʘʟʠ ʤʣʝʢʘ ʦʙʦʛʘ˂ʫʿʫ ʨʘʟʣʠʯʠʪʠʤ ʩʘʩʪʦʿʮʠʤʘ (Gad & El-Salam, 2010; 

Milinļiĺ et al., 2021), ʢʘʦ ʠ ʢʘʜʘ ʩʝ ʫ ʧʨʝʭʨʘʤʙʝʥʝ ʧʨʦʠʟʚʦʜʝ (ʫʛʣʘʚʥʦʤ ʥʘ ʙʘʟʠ 

ʨʘʪʘʨʩʢʠʭ ʧʨʦʠʟʚʦʜʘ) ʜʦʜʘʿʝ ʦʜʨʝʹʝʥ ʫʜʝʦ ʛˀʠʚʘ, ʢʘʦ ʰʪʦ ʿʝ ʥʧʨ. Lentinus edodes (Tu et 

al., 2021; Wang et al., 2020). ʂʦʨʝʣʘʮʠʦʥʘ ʘʥʘʣʠʟʘ (ʪʘʙʝʣʘ 4.26.) ʧʦʢʘʟʘʣʘ ʿʝ ʜʦʙʨʫ 

ʧʦʟʠʪʠʚʥʫ ʢʦʨʝʣʘʮʠʿʫ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʨʝʜʫʢʫʿʫ˂ʝʛ ʢʘʧʘʮʠʪʝʪʘ ʩʘ FCC ʠ FRP 

ʪʝʩʪʦʤ, ʰʪʦ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʫ ʣʠʪʝʨʘʪʫʨʠ. Klaus et al. (2013) ʩʫ ʧʨʦʥʘʰʣʠ ʢʦʨʝʣʘʮʠʿʫ 

ʠʟʤʝʹʫ TPC ʠ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʟʘ ʝʢʩʪʨʘʢʪʝ L. sulphureus, ʜʦʢ ʿʝ ʩʪʫʜʠʿʘ Mayakrishnan 

et al. (2013) ʧʨʦʥʘʰʣʘ ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ TPC ʠ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ ʟʘ ʝʢʩʪʨʘʢʪʝ 

Schizophyllum commune. ɻʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʦʩʠʤ FRP ʪʝʩʪʘ ʛʜʝ ʥʝʤʘ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʜʠʛʝʩʪʦʚʘʥʦʛ ʠ ʥʝʜʠʛʝʩʪʦʚʘʥʦʛ ML, ʮʝʣʦʢʫʧʥʘ ʘʥʘʣʠʟʘ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʩʚʠʤ ʤʝʪʦʜʘʤʘ ʧʦʢʘʟʫʿʝ ʟʥʘʯʘʿʘʥ ʧʦʨʘʩʪ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ ʦʙʘ ʘʜʠʪʠʚʘ ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʘ, ʢʘʦ ʠ ʜʦʙʨʝ ʚʨʝʜʥʦʩʪʠ ʢʘʧʘʮʠʪʝʪʘ 

ʥʝʜʠʛʝʩʪʦʚʘʥʠʭ ʤʝʰʘʚʠʥʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ. ʆʩʠʤ 

ʘʥʘʣʠʟʝ ʨʝʜʫʢʫ˂ʝ ʤʦ˂ʠ, ʜʠʛʝʩʪʦʚʘʥʠ ʘʜʠʪʠʚ ʥʘ ʙʘʟʠ L. sulphureus (DʄL) ʧʦʢʘʟʘʦ ʿʝ 

ʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʩʚʠʤ ʦʩʪʘʣʠʤ ʪʝʩʪʦʚʠʤʘ, ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʟʘʭʚʘˀʫʿʫ˂ʠ ʩʚʦʤ ʫʜʝʣʫ 

ʧʨʦʪʝʠʥʘ, ʭʝʪʝʨʦʛʝʥʦʩʪʠ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛ ʩʘʩʪʘʚʘ, ʢʘʦ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʢʦʤʧʦʥʝʥʘʪʘ, 

ʪʿ. ʤʘˁʝʤ ʩʪʝʧʝʥʫ ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʢʘʟʝʠʥʩʢʦʤ ʤʠʮʝʣʦʤ ʫ ʦʜʥʦʩʫ ʥʘ ʘʜʠʪʠʚ ʄɸ. ʊʨʝʙʘ 

ʥʘʧʦʤʝʥʫʪʠ ʠ ʜʘ ʥʘʢʦʥ ʜʠʛʝʩʪʠʿʘ ʦʩʪʘʿʫ ʥʝʜʠʛʝʩʪʦʚʘʥʝ ʤʘʪʝʨʠʿʝ, ʢʘʦ ʰʪʦ ʿʝ ɓ-ʛʣʫʢʘʥ, 

ʢʦʝʿ ʟʘʪʠʤ ʟʘʚʨʰʘʚʘʿʫ ʫ ʜʝʙʝʣʦʤ ʮʨʝʚʫ ʛʜʝ ʧʦʜʣʝʞʫ ʬʝʨʤʝʥʪʘʮʠʿʠ ʦʜ ʩʪʨʘʥʝ 

ʠʥʪʝʩʪʠʥʘʣʥʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʠ ʠʩʧʦˀʘʚʘʿʫ ʩʚʦʿʫ ʧʦʟʠʪʠʚʥʫ ʙʠʦʣʦʰʢʫ ʫʣʦʛʫ (Tu et 

al., 2021). 

ʊʘʙʝʣʘ 4.26. ʉʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʪʝʩʪʦʚʘ ʢʦʨʠʰ˂ʝʥʠʤ ʫ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʥʘ ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʘʜʠʪʠʚʠʤʘ ʠ ˁʠʭʦʚʠʤ ʧʦʯʝʪʥʠʤ ʢʦʥʩʪʠʪʫʝʥʪʠʤʘ 

 ABTS FCC FRP TPC 

ABTS /    

FCC  /  0,835** 

FRP   / 0,762** 

TPC    / 

ʇʨʠʢʘʟʘʥʠ ʢʦʨʝʣʘʮʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʩʝ ʦʜʥʦʩʝ ʩʘʤʦ ʥʘ ʟʥʘʯʘʿʥʝ ʢʦʨʝʣʘʮʠʿʝ ʥʘ ʥʠʚʦʫ p < 0,01 

(ʧʨʠʢʘʟʘʥʦ ʩʘ **). ʉʢʨʘ˂ʝʥʠʮʝ: ABTS - ABTS ʪʝʩʪ (ʫʢʫʧʘʥ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ) ; FCC - 

FCC ʪʝʩʪ (ʩʧʦʩʦʙʥʦʩʪ ʭʝʣʠʨʘˁʘ ʿʦʥʘ Fe
2+

); FRP - FRP ʪʝʩʪ (ʩʧʦʩʦʙʥʦʩʪ ʨʝʜʫʢʮʠʿʝ ʿʦʥʘ Fe
3+

, 

ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂); TPC ï ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ.  
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4.8.5. ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʜʝʭʠʜʨʠʩʘʥʠʭ ʩʫʧʘ ʩʘ ʜʦʜʘʪʢʦʤ ʦʧʪʠʤʠʟʦʚʘʥʠʭ 

ʘʜʠʪʠʚʘ 

ʅʘ ʩʣʠʮʠ 4.59. ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ 

ʜʝʭʠʜʨʠʩʘʥʠʭ ʩʫʧʘ ʩʘ ʜʦʜʘʪʢʦʤ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʄɸ ʠ ʄL, ʢʘʦ ʠ ʙʝʟ ʜʦʜʘʪʢʘ, 

ʨʘʜʠ ʧʦʨʝʹʝˁʘ. ɼʝʭʠʜʨʠʩʘʥʝ ʩʫʧʝ ʩʫ ʦʜʘʙʨʘʥʝ ʢʘʦ ʤʦʜʝʣ ʧʨʦʠʟʚʦʜ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʝ 

ʧʨʦʪʝʠʥʠ ʤʣʝʢʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʦʙʣʠʮʠʤʘ ʜʦʜʘʿʫ ʫ ʦʚʝ ʧʨʦʠʟʚʦʜʝ, ʧʘ ʙʠ ʜʦʜʘʪʘʢ 

ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ ʦʙʦʛʘ˂ʝʥʠʭ ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʧʦʨʝʢʣʦʤ ʠʟ ʛˀʠʚʘ ʙʠʦ 

ʥʘʯʠʥ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʦʚʦʛ ʠ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʘ. ʊʘʢʦʹʝ, ʬʫʥʢʮʠʦʥʘʣʥʝ ʩʫʧʝ ʩʫ ʿʝʜʘʥ ʦʜ 

ʥʘʿʯʝʰ˂ʠʭ ʪʠʧʦʚʘ ʬʫʥʢʮʠʦʥʘʣʥʝ ʭʨʘʥʝ ʥʘ ʪʨʞʠʰʪʫ ʠ ʩʤʘʪʨʘʿʫ ʩʝ ʟʜʨʘʚʦʤ ʠ ʫʢʫʩʥʦʤ 

ʭʨʘʥʦʤ ʧʨʠʧʨʝʤˀʝʥʦʤ ʫʟ ʤʠʥʠʤʘʣʥʦ ʧʨʦʮʝʩʫʠʨʘˁʝ (Sugumar & Guha, 2020), ʘ ʨʝʜʦʚʘʥ 

ʫʥʦʩ ʩʫʧʘ ʟʙʦʛ ʥʝʛʘʪʠʚʥʝ ʢʦʨʝʣʘʮʠʿʝ ʩʘ ʠʥʜʝʢʩʦʤ ʪʝʣʝʩʥʝ ʤʘʩʝ ʠ ʫʥʦʩʦʤ ʤʘʩʪʠ ʤʦʞʝ 

ʩʤʘˁʠʪʠ ʨʠʟʠʢ ʦʜ ʛʦʿʘʟʥʦʩʪʠ (Nadaroglu & Onem, 2019). ʊʚʨʜʠ ʩʝ ʠ ʜʘ ʫʥʦʩ ʩʫʧʘ ʦʜ 

ʧʦʚʨ˂ʘ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʦʜ ʚʠʩʦʢʦʛ ʢʨʚʥʦʛ ʧʨʠʪʠʩʢʘ, ʜʠʿʘʙʝʪʝʩʘ ʠ ʨʘʢʘ 

(Kalsoom et al., 2021). ʈʘʜʠ ʙʦˀʝʛ ʪʫʤʘʯʝˁʘ ʨʝʟʫʣʪʘʪʘ, ʿʝʜʘʥ ʪʠʧ ʜʝʭʠʜʨʠʩʘʥʠʭ ʩʫʧʘ (S1 

ï S3) ʿʝ ʥʘʧʨʘʚˀʝʥ ʧʨʝʤʘ Sugumar & Guha (2020), ʘ ʜʦʜʘʪʥʦ ʿʝ ʠʩʢʦʨʠʰ˂ʝʥʘ ʠ 

ʢʦʤʝʨʮʠʿʘʣʥʘ ʩʫʧʘ ʨʘʜʠ ʧʦʨʝʹʝˁʘ (S4 ï S6). 

ʄʝʨʝˁʘ ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ABTS ʪʝʩʪʦʤ (ʩʣʠʢʘ 4.59.ɸ) ʧʦʢʘʟʘʣʘ ʩʫ 

ʩʣʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʘʚˀʝʥʝ ʠ ʢʦʤʝʨʮʠʿʘʣʥʝ ʩʫʧʝ ʙʝʟ ʜʦʜʘʪʢʘ ʘʜʠʪʠʚʘ (S1 ʠ S4; å1,68 

mg Trolox/ mL ʫʟʦʨʢʘ). ɼʦʜʘʪʘʢ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʟʥʘʯʘʿʥʦ ʿʝ ʫʪʠʮʘʦ ʥʘ ʧʦʚʝ˂ʘˁʝ 

ʫʢʫʧʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ʫʟʦʨʮʠ S2 ʠ S3), ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʙʠʪʘʥ ʧʦʜʘʪʘʢ 

ʚʝʟʘʥʦ ʟʘ ʧʦʪʝʥʮʠʿʘʣʥʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠ ʘʧʣʠʢʘʪʠʚʥʦʩʪ ʧʨʦʠʟʚʦʜʘ. ɺʠʩʦʢ ʫʢʫʧʥʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʘʜʠʪʠʚʘ, ʢʘʦ ʠ ʚʝʨʦʚʘʪʥʦ ʩʠʥʝʨʛʠʿʘ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʠʟ ʩʘʩʪʦʿʘʢʘ ʩʫʧʝ ʫʪʠʮʘʣʠ ʩʫ ʥʘ ʦʚʘʢʚʝ ʨʝʟʫʣʪʘʪʝ 

(Cömert & Gökmen, 2017). Martínez-Tomé et al. (2015) ʫʢʘʟʫʿʫ ʥʘ ʜʦʙʨʫ ʩʧʦʩʦʙʥʦʩʪ 

ʥʝʫʪʨʘʣʠʩʘˁʘ ABTS
Å+

 ʩʫʧʩʪʘʥʮʠ ʧʦʨʝʢʣʦʤ ʠʟ ʜʝʭʠʜʨʠʩʘʥʝ ʩʫʧʝ ʦʜ ʧʦʚʨ˂ʘ ʩʣʠʯʥʦʛ 

ʩʘʩʪʘʚʘ, ʘʣʠ ʠʟʨʘʞʝʥʝ ʧʦʤʦ˂ʫ ʊɽɸʉ ʚʨʝʜʥʦʩʪʠ. ʉʘʩʪʦʿʮʠ ʢʦʿʠ ʩʫ ʟʘʿʝʜʥʠʯʢʠ ʟʘ ʩʫʧʝ ʠʟ 

ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠ ʩʪʫʜʠʿʫ Martínez-Tomé et al. (2015), ʘ ʥʦʩʠʦʮʠ ʩʫ ʫʢʫʧʥʦʛ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʩʫ ʜʝʭʠʜʨʠʩʘʥʠ ʙʝʣʠ ʣʫʢ, ʮʨʥʠ ʣʫʢ, ʧʨʦʪʝʠʥʠ (ʨʘʟʣʠʢʘ ï 

ʭʠʜʨʦʣʠʟʘʪʠ ʙʠˀʥʠʭ ʧʨʦʪʝʠʥʘ), ʧʘʣʤʠʥʦ ʫˀʝ, ʩʦ (NaCl) ʠ ʩʢʨʦʙ (ʨʘʟʣʠʢʘ ï 

ʤʦʜʠʬʠʢʦʚʘʥʠ), ʧʦʨʝʹʘʥʠ ʧʦ ʦʧʘʜʘʿʫ˂ʝʤ ʫʢʫʧʥʦʤ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʤ ʢʘʧʘʮʠʪʝʪʫ. 

ɺʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ ABTS ʪʝʩʪʘ ʤʦʛʫ ʩʝ ʧʨʦʥʘ˂ʠ ʟʘ ʝʢʩʪʨʘʢʪʝ ʮʨʥʦʛ ʣʫʢʘ, ʜʦʢ ʩʫ 

ʩʫʧʩʪʘʥʮʝ ʧʦʨʝʢʣʦʤ ʠʟ ʙʠʙʝʨʘ ʠ ʙʝʣʦʛ ʣʫʢʘ ʢʦʨʠʩʥʝ ʟʘ ʙʦʨʙʫ ʧʨʦʪʠʚ ʜʨʫʛʠʭ ʩʣʦʙʦʜʥʠʭ 

ʨʘʜʠʢʘʣʘ (Banerjee et al., 2003; Gülçin, 2005; Santas et al., 2008; 2010). ʂʦʜ 

ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʩʫʧʘ, ʜʦʜʘʪʘʢ ʘʜʠʪʠʚʘ ʨʝʟʫʣʪʦʚʘʦ ʿʝ ʙʣʘʛʠʤ ʧʘʜʦʤ ʫ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ (ʫʟʦʨʮʠ S5 ʠ S6), ʤʘʜʘ ʩʝ ʦʚʘʿ ʧʦʜʘʪʘʢ ʤʦʨʘ ʫʟʝʪʠ ʩʘ ʨʝʟʝʨʚʦʤ, ʿʝʨ 

ʩʝ ʧʦʩʪʘʚˀʘ ʧʠʪʘˁʝ ʜʘ ʣʠ ʙʠ ʨʝʟʫʣʪʘʪʠ ʙʠʣʠ ʦʚʘʢʚʠ ʜʘ ʩʫ ʘʜʠʪʠʚʠ ʠʥʢʦʨʧʦʨʠʨʘʥʠ ʫ 

ʧʨʦʠʟʚʦʜ ʪʦʢʦʤ ˁʝʛʦʚʝ ʧʨʦʠʟʚʦʜˁʝ, ʰʪʦ ʙʠ ʤʦʞʜʘ ʨʝʟʫʣʪʦʚʘʣʦ ʜʨʫʛʘʯʠʿʠʤ 

ʠʥʪʝʨʘʢʮʠʿʘʤʘ, ʫʤʝʩʪʦ ʥʘʢʥʘʜʥʦ ʫ ʛʦʪʦʚ ʧʨʦʠʟʚʦʜ. ʊʘʢʦʹʝ, ʢʦʤʝʨʮʠʿʘʣʥʘ ʩʫʧʘ ʠʤʘ 

ʧʨʝʢʦ 20 ʩʘʩʪʦʿʘʢʘ, ʧʘ ʩʫ ʧʦʪʨʝʙʥʝ ʜʝʪʘˀʥʠʿʝ ʩʪʫʜʠʿʝ ʢʦʿʝ ʙʠ ʠʩʧʠʪʘʣʝ ʠʥʪʝʨʘʢʮʠʿʝ ʫ 

ʦʚʘʢʦ ʩʣʦʞʝʥʦʤ ʩʠʩʪʝʤʫ. ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʙʣʘʛʠ ʧʘʜ, ʨʝʟʫʣʪʘʪʠ ʠ ʜʘˀʝ ʫʢʘʟʫʿʫ ʥʘ ʚʠʩʦʢʫ 

ʩʧʦʩʦʙʥʦʩʪ ʩʫʧʩʪʘʥʮʠ ʜʝʭʠʜʨʠʩʘʥʠʭ ʩʫʧʘ ʜʘ ʩʘʢʫʧʝ ʩʣʦʙʦʜʥʝ ʨʘʜʠʢʘʣʝ. Kalsoom et al. 

(2021) ʧʦʢʘʟʫʿʫ ʧʦʨʘʩʪ ʚʨʝʜʥʦʩʪʠ ABTS ʪʝʩʪʘ ʪʦʢʦʤ 96 h ʩʢʣʘʜʠʰʪʝˁʘ ʩʫʧʝ ʩʘ 

ʜʦʜʘʪʢʦʤ Lentinula edodes; ʧʠʪʘˁʝ ʿʝ ʥʘʢʦʥ ʢʦʛ ʚʨʝʤʝʥʘ ʦʚʝ ʚʨʝʜʥʦʩʪʠ ʢʨʝ˂ʫ ʜʘ 

ʦʧʘʜʘʿʫ. 
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ʉʣʠʢʘ 4.59. ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʜʝʭʠʜʨʠʩʘʥʠʭ ʩʫʧʘ ʙʝʟ ʠ ʩʘ ʜʦʜʘʪʢʦʤ ʦʧʪʠʤʠʟʦʚʘʥʠʭ 

ʘʜʠʪʠʚʘ; A - ʫʢʫʧʘʥ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ (ABTS ʪʝʩʪ); ɺ - ʩʧʦʩʦʙʥʦʩʪ ʭʝʣʠʨʘˁʘ ʿʦʥʘ 

Fe
2+

 (FCC ʪʝʩʪ); ʉ - ʩʧʦʩʦʙʥʦʩʪ ʨʝʜʫʢʮʠʿʝ ʿʦʥʘ Fe
3+ 
(ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂; FRP ʪʝʩʪ); D ï ʫʢʫʧʥʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ (TPC). ʋ ʦʢʚʠʨʫ ʩʚʘʢʝ ʤʝʪʦʜʝ, ʨʝʟʫʣʪʘʪʠ ʠʟʥʘʜ ʢʦʿʠʭ 

ʩʪʦʿʝ ʨʘʟʣʠʯʠʪʘ ʤʘʣʘ ʣʘʪʠʥʠʯʥʘ ʩʣʦʚʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ Tukey ʪʝʩʪʫ (p < 0,05). 

ʉʢʨʘ˂ʝʥʠʮʝ: S1 ï ʜʝʭʠʜʨʠʩʘʥʘ ʩʫʧʘ ʩʘ ʜʦʜʘʪʢʦʤ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ 

ʤʣʝʢʘ; S2 ï ʜʝʭʠʜʨʠʩʘʥʘ ʩʫʧʘ ʩʘ ʜʦʜʘʪʢʦʤ ʦʧʪʠʤʠʟʦʚʘʥʦʛ ʘʜʠʪʠʚʘ ʥʘ ʙʘʟʠ ʪʝʨʤʠʯʢʠ 

ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; S3 ï ʜʝʭʠʜʨʠʩʘʥʘ ʩʫʧʘ ʩʘ 

ʜʦʜʘʪʢʦʤ ʦʧʪʠʤʠʟʦʚʘʥʦʛ ʘʜʠʪʠʚʘ ʥʘ ʙʘʟʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ 

ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; S4 ï ʢʦʤʝʨʮʠʿʘʣʥʘ ʜʝʭʠʜʨʠʩʘʥʘ ʩʫʧʘ; S5 ï ʢʦʤʝʨʮʠʿʘʣʥʘ 

ʜʝʭʠʜʨʠʩʘʥʘ ʩʫʧʘ ʩʘ ʜʦʜʘʪʢʦʤ ʦʧʪʠʤʠʟʦʚʘʥʦʛ ʘʜʠʪʠʚʘ ʥʘ ʙʘʟʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ A. blazei; S6 - ʢʦʤʝʨʮʠʿʘʣʥʘ ʜʝʭʠʜʨʠʩʘʥʘ ʩʫʧʘ 

ʩʘ ʜʦʜʘʪʢʦʤ ʦʧʪʠʤʠʟʦʚʘʥʦʛ ʘʜʠʪʠʚʘ ʥʘ ʙʘʟʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ 

ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus; EDTA - ʝʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ; AA ï 

ʝʢʚʠʚʘʣʝʥʪʠ ʘʩʢʦʨʙʠʥʩʢʝ ʢʠʩʝʣʠʥʝ; GAE ï ʝʢʚʠʚʘʣʝʥʪʠ ʛʘʣʥʝ ʢʠʩʝʣʠʥʝ.  

ʀʩʧʠʪʠʚʘˁʘ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ ʫʟʦʨʘʢʘ (ʩʣʠʢʘ 4.59.ɺ) ʧʦʢʘʟʘʣʘ ʩʫ ʤʘʣʦ ʜʨʫʛʘʯʠʿʝ 

ʨʝʟʫʣʪʘʪʝ. ʉʚʠ ʫʟʦʨʮʠ ʧʨʘʚˀʝʥʠʭ ʩʫʧʘ (S1, S2, S3) ʧʦʢʘʟʘʣʠ ʩʫ ʦʜʣʠʯʥʘ ʩʚʦʿʩʪʚʘ. ʉʘ 

ʩʪʘʪʠʩʪʠʯʢʝ ʪʘʯʢʝ ʛʣʝʜʠʰʪʘ ʜʦʜʘʪʘʢ ʘʜʠʪʠʚʘ ʥʠʿʝ ʫʪʠʮʘʦ ʥʘ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ. ʂʦʜ 
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ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʩʫʧʘ, ʜʦʜʘʪʘʢ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʫʪʠʮʘʦ ʿʝ ʥʘ ʟʥʘʯʘʿʘʥ ʨʘʩʪ 

ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ. ʄʦʨʘ ʩʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ ʪʦ ʜʘ ʩʫ ʧʨʚʘ ʪʨʠ ʫʟʦʨʢʘ ʩʫʧʘ 

ʥʘʧʨʘʚˀʝʥʝ ʠ ʠʩʧʠʪʠʚʘʥʝ ʫ ʨʦʢʫ ʦʜ ʥʝʢʦʣʠʢʦ ʜʘʥʘ, ʜʦʢ ʩʫ ʢʦʤʝʨʮʠʿʘʣʥʝ ʩʫʧʝ ʢʫʧˀʝʥʝ 

ʥʘʢʦʥ ʥʝʢʦʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ ʫ ʦʢʚʠʨʫ ʨʦʢʘ ʪʨʘʿʘˁʘ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʜʘ 

ʩʝ ʪʦʢʦʤ ʩʢʣʘʜʠʰʪʝˁʘ ʄʘʿʣʘʨʜʦʚʠʤ ʨʝʘʢʮʠʿʘʤʘ ʤʦʛʫ ʿʘʚʠʪʠ ʩʫʧʩʪʘʥʮʝ ʢʘʦ ʥʧʨ. 

ʤʝʣʘʥʦʠʜʠʥʠ ʧʦʨʝʢʣʦʤ ʠʟ ʙʝʣʦʛ ʠ ʮʨʥʦʛ ʣʫʢʘ ʠ ʜʘ ʦʥʝ ʫ ʧʨʠʩʫʩʪʚʫ ʭʝʣʘʪʦʨʘ ʤʝʪʘʣʥʠʭ 

ʿʦʥʘ ʤʦʛʫ ʧʦʚʝ˂ʘʚʘʪʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʫ ʘʢʪʠʚʥʦʩʪ ʩʠʥʝʨʛʠʩʪʠʯʢʠʤ ʜʝʣʦʚʘˁʝʤ ʩʘ 

ʜʨʫʛʠʤ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ (Gamboa et al., 2012; Martínez-Tomé et al., 

2015). ʄʦʛʫ˂ʝ ʿʝ ʜʘ ʿʝ ʜʦʜʘʪʘʢ ʘʜʠʪʠʚʘ ʥʘ ʙʘʟʠ ʧʨʦʪʝʠʥʘ ʤʣʝʢʘ, ʢʦʿʠ ʠʤʘʿʫ ʦʜʣʠʯʘʥ 

ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ (Kostiĺ et al., 2021; Milinļiĺ et al., 2021, 2022) ʫʪʠʮʘʦ ʥʘ ʟʥʘʯʘʿʘʥ 

ʩʢʦʢ ʢʘʧʘʮʠʪʝʪʘ ʭʝʣʠʨʘˁʘ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʩʫʧʘ, ʢʦʿʝ ʠʤʘʿʫ ʜʨʫʛʘʯʠʿʠ ʩʘʩʪʘʚ ʠ ʯʠʿʘ ʩʫ ʩʝ 

ʩʚʦʿʩʪʚʘ ʤʝˁʘʣʘ ʪʦʢʦʤ ʨʦʢʘ ʪʨʘʿʘˁʘ. ʊʘʢʦʹʝ, ʚʠʩʦʢ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʤʦʞʝ ʩʝ 

ʧʨʠʧʠʩʘʪʠ ʠ ʧʦʿʝʜʠʥʘʯʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʩʫʧʘ. ʅʘ ʧʨʠʤʝʨ, ʚʦʜʝʥʠ ʠ ʝʪʘʥʦʣʥʠ 

ʝʢʩʪʨʘʢʪʠ ʮʨʥʦʛ ʙʠʙʝʨʘ ʧʦʢʘʟʫʿʫ ʚʝ˂ʠ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʦʜ ʙʫʪʠʣʭʠʜʨʦʢʩʠʘʥʠʟʦʣʘ, 

ʙʫʪʠʣʭʠʜʨʦʢʩʠʪʦʣʫʝʥʘ ʠ Ŭ-ʪʦʢʦʬʝʨʦʣʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʤʦʛʫ˂ʥʦʩʪ ʟʘʤʝʥʝ ʩʠʥʪʝʪʩʢʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʘʪʘ ʧʨʠʨʦʜʥʠʤ ʝʢʩʪʨʘʢʪʠʤʘ (Gülçin, 2005). 

ʈʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ ʫʟʦʨʘʢʘ ʩʫʧʘ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʥʝ ʨʘʟʣʠʢʫʿʝ (ʩʣʠʢʘ 4.59.ʉ). ʉʚʠ ʫʟʦʨʮʠ ʩʫ 

ʠʩʧʦˀʠʣʠ ʚʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ FRP ʪʝʩʪʘ, ʜʦʢ ʜʦʜʘʪʘʢ ʘʜʠʪʠʚʘ ʥʠʿʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ 

ʫʪʠʮʘʦ ʥʘ ʚʨʝʜʥʦʩʪʠ. ʆʚʦ ʫʢʘʟʫʿʝ ʥʘ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʜʨʫʛʠʭ ʩʘʩʪʦʿʘʢʘ ʩʫʧʝ, ʢʘʦ ʰʪʦ ʩʫ 

ʥʧʨ. ʮʨʥʠ ʣʫʢ ʠ ʙʠʙʝʨ (Benzie & Choi, 2014; Gülçin, 2005; Santas et al., 2008; Slimestad et 

al., 2007). ɸʥʘʣʠʟʦʤ 1113 ʥʘʤʠʨʥʠʮʘ ʠʣʠ ʩʘʩʪʦʿʘʢʘ ʥʘʤʠʨʥʠʮʘ ʫ ʉɸɼ, ʫ 50 ʩʘ ʥʘʿʙʦˀʠʤ 

ʨʝʜʦʢʩ-ʘʢʪʠʚʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʫʙʨʦʿʘʥ ʿʝ ʮʨʥʠ ʙʠʙʝʨ (Halvorsen et al., 2006). Rekha et al. 

(2010) ʧʨʠʿʘʚˀʫʿʫ ʚʝʦʤʘ ʠʟʨʘʞʝʥ ʧʦʨʘʩʪ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ ʥʘʢʦʥ ʜʦʜʘʪʢʘ ʣʠʩʪʦʚʘ 

Anethum sowa L. ʫ ʤʝʰʘʚʠʥʝ ʩʫʧʘ, ʘʣʠ ʿʝ ʦʚʘʢʘʚ ʧʦʨʘʩʪ ʢʦʨʝʣʠʩʘʥ ʩʘ ʧʦʨʘʩʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ. ʉʫʧʝ ʧʨʠʧʨʝʤˀʝʥʝ ʩʘ ʜʦʜʘʪʢʦʤ ʛˀʠʚʝ Lactarius 

piperatus ʧʦʢʘʟʘʣʝ ʩʫ ʜʦʙʨʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂, ʟʘʚʠʩʥʦ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (Nadaroglu & 

Onem, 2019).  

ʋʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ ʩʚʠʭ ʫʟʦʨʘʢʘ ʿʝ ʚʠʩʦʢ (ʩʣʠʢʘ 4.59.D). 

ʊʈʉ ʚʨʝʜʥʦʩʪ ʫʟʦʨʢʘ S1 ʥʠʿʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʥʘ ʜʦʜʘʪʢʦʤ ʘʜʠʪʠʚʘ ʄɸ. ʊʘʢʦʹʝ, ʥʝʤʘ 

ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʫ ʊʈʉ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʩʫʧʘ ʩʘ ʠ ʙʝʟ ʜʦʜʘʪʢʘ ʦʙʘ ʘʜʠʪʠʚʘ 

(ʫʟʦʨʮʠ S4 ï S6). ʆʚʦ ʫʢʘʟʫʿʝ ʜʘ ʫʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ 

ʫʟʦʨʘʢʘ ʧʨʚʝʥʩʪʚʝʥʦ ʟʘʚʠʩʠ ʦʜ ʜʨʫʛʠʭ ʩʘʩʪʦʿʘʢʘ ʩʫʧʘ ʢʦʿʠ ʧʦʢʘʟʫʿʫ ʦʜʣʠʯʥʝ ʨʝʟʫʣʪʘʪʝ 

ʥʘ ʦʚʦʤ ʪʝʩʪʫ. ʎʨʥʠ ʣʫʢ ʧʨʝʜʩʪʘʚˀʘ ʦʜʣʠʯʘʥ ʠʟʚʦʨ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ (Santas et al., 

2010), ʢʘʦ ʠ ʙʠʙʝʨ, ʟʘ ʢʦʿʠ ʿʝ ʠʥʪʝʨʝʩʘʥʪʥʦ ʜʘ ʧʦʢʘʟʫʿʝ ʚʝ˂ʠ ʧʨʠʥʦʩ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ 

ʫ ʚʦʜʝʥʦʤ ʝʢʩʪʨʘʢʪʫ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʝʪʘʥʦʣʥʠʤ (Gülçin, 2005). ɱʝʜʠʥʦ ʩʪʘʪʠʩʪʠʯʢʠ 

ʟʥʘʯʘʿʘʥʦ ʧʦʚʝ˂ʘˁʝ ʊʈʉ ʚʨʝʜʥʦʩʪʠ ʦʩʪʚʘʨʝʥʦ ʿʝ ʜʦʜʘʪʢʦʤ ʘʜʠʪʠʚʘ ʄL (ʫʟʦʨʘʢ S3 ʫ 

ʦʜʥʦʩʫ ʥʘ S1), ʰʪʦ ʩʝ ʤʦʞʝ ʧʨʠʧʠʩʘʪʠ ʚʝʣʠʢʦʤ ʫʜʝʣʫ ʧʨʦʪʝʠʥʘ ʫ ʝʢʩʪʨʘʢʪʫ L. 

sulphureus. ʊʈʉ ʚʨʝʜʥʦʩʪʠ ʠʥʩʪʘʥʪ-ʩʫʧʘ ʩʘ ʜʦʜʘʪʢʦʤ 25% ʠ 22,5% ʤʘʢʨʦʛˀʠʚʘ ʙʠʣʝ ʩʫ 

ʥʠʞʝ ʦʜ ʦʚʜʝ ʧʨʠʢʘʟʘʥʠʭ ʠ ʢʨʝʪʘʣʝ ʩʫ ʩʝ å 0,7 ï 1,2 g GAE/100g, ʘ ʥʘʢʦʥ ʯʝʪʠʨʠ ʤʝʩʝʮʘ 

ʩʢʣʘʜʠʰʪʝˁʘ ʦʧʘʣʝ ʩʫ ʥʘ ʚʨʝʜʥʦʩʪʠ å 0,6 ï 0,9 g GAE/100g (Mohamed et al., 2020). ʆʚʝ 

ʚʨʝʜʥʦʩʪʠ ʤʦʛʫ ʙʠʪʠ ʿʦʰ ʥʠʞʝ, ʟʘʚʠʩʥʦ ʦʜ ʨʝʮʝʧʪʫʨʝ ʩʫʧʝ (Kalsoom et al., 2021). 

Sugumar & Guha (2020) ʧʨʠʿʘʚˀʫʿʫ ʚʠʰʝ ʊʈʉ ʚʨʝʜʥʦʩʪʠ ʩʫʧʘ (å 24 ï 34 mg GAE/g), 

ʘʣʠ ʦʚʝ ʩʫʧʝ ʩʘʜʨʞʝ ʠ ʣʠʩʪʦʚʝ ʙʠˀʢʝ Solanum nigrum ʢʦʿʘ ʩʝ ʥʘʚʦʜʠ ʢʘʦ ʦʜʣʠʯʘʥ ʠʟʚʦʨ 

ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ; ʜʦʜʘʪʘʢ ʣʠʩʪʦʚʘ ʦʚʝ ʙʠˀʢʝ ʟʥʘʯʘʿʥʦ ʫʪʠʯʝ ʥʘ ʊʈʉ ʚʨʝʜʥʦʩʪʠ. 

ʉʣʠʯʥʦ ʿʝ ʠ ʩʘ ʜʦʜʘʪʢʦʤ ʣʠʩʪʦʚʘ Anethum sowa L. ʫ ʤʝʰʘʚʠʥʝ ʩʫʧʘ, ʛʜʝ ʩʝ ʧʦʚʝ˂ʘʚʘ 

ʫʢʫʧʘʥ ʩʘʜʨʞʘʿ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʥʘ ʨʘʯʫʥ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʦʚʝ ʙʠˀʢʝ (Rekha et 

al., 2010). ʋʢʫʧʥʠ ʩʘʜʨʞʘʿ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʨʘʩʪʝ ʥʘʢʦʥ ʩʚʝ ʯʝʪʠʨʠ ʠʩʧʠʪʠʚʘʥʝ 

ʤʝʪʦʜʝ ʧʨʠʧʨʝʤʝ ʩʫʧʘ ʩʘ ʜʦʜʘʪʢʦʤ ʛˀʠʚʝ Hypsizygus marmoreus (Sun et al., 2019).  
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ʀʟʤʝʹʫ ʨʝʟʫʣʪʘʪʘ ʯʝʪʠʨʠ ʧʨʠʢʘʟʘʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʪʝʩʪʘ ʢʦʜ ʫʟʦʨʘʢʘ ʜʝʭʠʜʨʠʩʘʥʠʭ 

ʩʫʧʘ ʥʠʩʫ ʧʨʦʥʘʹʝʥʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʢʦʨʝʣʘʮʠʿʝ ʧʨʠ p < 0,05. 

ɸʫʪʦʨʠ ʥʘʛʣʘʰʘʚʘʿʫ ʜʘ ʧʨʦʪʝʠʥʠ ʤʣʝʢʘ ʟʙʦʛ ʩʚʦʿʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʫʣʦʛʝ Ăʥʦʩʘʯʘñ 

ʙʠʦʘʢʪʠʚʥʠʭ ʿʝʜʠˁʝˁʘ ʠʤʘʿʫ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ ʧʨʝʭʨʘʤʙʝʥʠʭ ʘʜʠʪʠʚʘ 

(Haratifar & Guri, 2017). ʇʨʦʪʝʠʥʠ ʤʣʝʢʘ, ʪʿ. WP/CN ʢʦʤʧʣʝʢʩʠ ʥʘʩʪʘʣʠ ʥʘʢʦʥ ʜʝʿʩʪʚʘ 

ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʘʩʪʘʚʥʠ ʜʝʦ ʘʜʠʪʠʚʘ, ʢʦʿʠ ʫʟ ʙʠʦʘʢʪʠʚʥʝ 

ʢʦʤʧʦʥʝʥʪʝ ʠʩʧʠʪʠʚʘʥʠʭ ʛˀʠʚʘ ʤʦʛʫ ʧʦʩʣʫʞʠʪʠ ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ ʬʫʥʢʮʠʦʥʘʣʥʠʭ 

ʘʜʠʪʠʚʘ ʢʦʿʠ ʟʘʤʝʥʦʤ ʧʦʩʪʦʿʝ˂ʠʭ ʘʜʠʪʠʚʘ ʙʘʟʠʨʘʥʠʭ ʥʘ ʧʨʦʪʝʠʥʠʤʘ ʤʣʝʢʘ, ˁʠʭʦʚʠʤ 

ʢʦʥʮʝʥʪʨʘʪʠʤʘ ʠʣʠ ʠʟʦʣʘʪʠʤʘ ʧʦʜʠʞʫ ʥʠʚʦ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʠ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʟʜʨʘʚʠʿʫ ʠʩʭʨʘʥʫ ˀʫʜʠ. ɸʥʘʣʠʟʦʤ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ ʧʦʤʦ˂ʫ 

ʯʝʪʠʨʠ ʨʘʟʣʠʯʠʪʘ ʪʝʩʪʘ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʝ ʧʨʦʪʝʠʥʠ ʤʣʝʢʘ ʤʦʛʫ ʟʘʤʝʥʠʪʠ 

ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʘʜʠʪʠʚʠʤʘ, ʿʝʨ ʜʦʧʨʠʥʦʩʝ ʧʦʚʝ˂ʘˁʫ ʠʣʠ ʦʯʫʚʘˁʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ 

(ʦʩʠʤ ʿʝʜʥʦʛ ʩʣʫʯʘʿʘ ʩʥʠʞʘʚʘˁʘ; ABTS ʪʝʩʪ, S4ŸS5), ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʘʥ 

ʧʦʜʘʪʘʢ. ɼʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ ʤʦʛʣʘ ʙʠ ʜʘ ʫʢʘʞʫ ʥʘ ʜʨʫʛʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʬʫʥʢʮʠʦʥʘʣʥʘ 

ʩʚʦʿʩʪʚʘ, ʢʘʦ ʰʪʦ ʩʫ ʥʧʨ. ʘʥʪʠʠʥʬʣʘʤʘʪʦʨʥʘ ʩʚʦʿʩʪʚʘ, ʢʘʦ ʠ ʜʨʫʛʘ ʢʦʨʠʩʥʘ ʙʠʦʣʦʰʢʘ 

ʩʚʦʿʩʪʚʘ, ʟʘʪʠʤ ʠʩʢʦʨʠʰ˂ʝˁʝ ʦʚʠʭ ʩʚʦʿʩʪʘʚʘ ʫ ʜʠʛʝʩʪʠʚʥʦʤ ʪʨʘʢʪʫ ʫ ʧʨʠʩʫʩʪʚʫ 

ʩʣʦʞʝʥʠʭ ʤʘʪʨʠʢʩʘ, ʢʘʦ ʠ ʫʙʘʮʠʚʘˁʝ ʘʜʠʪʠʚʘ ʫ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ ʧʨʝʭʨʘʤʙʝʥʠʭ 

ʧʨʦʠʟʚʦʜʘ ʧʨʝʤʘ ˁʠʭʦʚʠʤ ʪʝʭʥʦʬʫʥʢʮʠʦʥʘʣʥʠʤ ʩʚʦʿʩʪʚʠʤʘ ï MA ʧʨʝʤʘ ʝʫʣʛʫʿʫ˂ʠʤ, 

ML ʧʨʝʤʘ ʧʝʥʠʚʠʤ ʩʚʦʿʩʪʚʠʤʘ. 

 

 

  



ɼʫʰʘʥʢʘ ɸ. ʇʦʧʦʚʠ˂ ʄʠʥʠ˂  ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

156 

5. ɿʘʢˀʫʯʮʠ 
 

ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʤʦʛʫ ʩʝ ʜʦʥʝʪʠ ʩʣʝʜʝ˂ʠ ʟʘʢˀʫʯʮʠ:  

¶ ɸʥʘʣʠʟʠʨʘʥʝ ʩʫ ʤʝʰʘʚʠʥʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʠ ʥʝʪʨʝʪʠʨʘʥʦʛ ʦʙʝʟʤʘʰ˂ʝʥʦʛ 
ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʠ ʚʦʜʝʥʠʭ ʠ ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ A.blazei  ʠ 

L. sulphureus ʨʘʜʠ ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʨʠʤʝʥʝ ʢʘʦ ʘʜʠʪʠʚʘ ʫ ʧʨʝʭʨʘʤʙʝʥʠʤ 

ʧʨʦʠʟʚʦʜʠʤʘ. ɽʢʩʪʨʘʢʪʠ ʛˀʠʚʘ ʩʘʜʨʞʘʣʠ ʩʫ ʫʢʫʧʥʝ ʧʨʦʪʝʠʥʝ ʫ ʚʠʩʦʢʦʤ 

ʧʨʦʮʝʥʪʫ, ʩʘʜʨʞʘʿ ʛʣʫʢʘʥʘ ʿʝ ʙʠʦ ʫʤʝʨʝʥ, ʜʦʢ ʿʝ ʬʝʥʦʣʥʠʭ ʿʝʜʠˁʝˁʘ ʙʠʣʦ 

ʤʘʣʦ (A.blazei) ʠʣʠ ʥʠʩʫ ʜʝʪʝʢʪʦʚʘʥʘ ʧʨʠʤʝʥʦʤ ʜʦʩʪʫʧʥʠʭ ʩʪʘʥʜʘʨʜʘ (L. 

sulphureus). ɕ-ʧʦʪʝʥʮʠʿʘʣ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʠ ʤʝʰʘʚʠʥʘ ʩʘ A.blazei ʫʢʘʟʘʦ ʿʝ ʥʘ 

ʦʜʣʠʯʥʫ ʩʪʘʙʠʣʥʦʩʪ (å ʦʜ -61 ʜʦ -41 mV). ɼʦʙʨʝ ʚʨʝʜʥʦʩʪʠ ʧʦʢʘʟʘʣʝ ʩʫ ʠ 

ʚʨʝʜʥʦʩʪʠ ɕ-ʧʦʪʝʥʮʠʿʘʣʘ ʫʟʦʨʘʢʘ ʤʣʝʢʘ ʠ ʤʝʰʘʚʠʥʘ ʩʘ L. sulphureus, ʩʘ ʤʘʣʦ 

ʥʠʞʠʤ ʘʧʩʦʣʫʪʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ (å ʦʜ -54 ʜʦ -35 mV). ʄʝʨʝˁʘ ʩʨʝʜˁʝʛ 

ʜʠʿʘʤʝʪʨʘ ʯʝʩʪʠʮʘ ʫʟʦʨʘʢʘ ʫʢʘʟʘʣʘ ʩʫ ʥʘ ʨʘʟʥʦʣʠʢʦʩʪ ʩʪʨʫʢʪʫʨʝ ʤʝʰʘʚʠʥʘ. 

ʉʨʝʜˁʠ ʜʠʿʘʤʝʪʘʨ ʫʟʦʨʘʢʘ TRMʈA ʠ TRMVA ʟʥʘʯʘʿʥʦ ʿʝ ʚʝ˂ʠ ʫ ʦʜʥʦʩʫ ʥʘ RM, 

RMʈA, RMVA, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʧʦʣʠʩʘʭʘʨʠʜʘ A.blazei 

ʩʘ ʪʝʨʤʠʯʢʠ ʠʥʜʫʢʦʚʘʥʠʤ WP/CN ʢʦʤʧʣʝʢʩʠʤʘ, ʘ ʤʦʛʫ˂ʝ ʿʝ ʠ ʜʘ ʩʝ ʨʘʜʠ ʦ 

ʪʨʦʿʥʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʫ ʢʦʿʝ ʩʫ ʫʢˀʫʯʝʥʝ ʠ ʬʝʥʦʣʥʝ ʢʠʩʝʣʠʥʝ A.blazei. ʋʟʦʨʮʠ 

ʢʘʟʝʠʥʘ ʠ ʤʝʰʘʚʠʥʝ ʥʘ ʙʘʟʠ ʢʘʟʝʠʥʘ ʩʫ ʧʦʢʘʟʘʣʠ ʤʘˁʫ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪ ʤʝʨʝˁʘ 

ʩʨʝʜˁʝʛ ʜʠʿʘʤʝʪʨʘ ʯʝʩʪʠʮʘ ʠ ʙʠʤʦʜʘʣʥʫ ʩʪʨʫʢʪʫʨʫ ʢʦʜ ʜʚʘ ʫʟʦʨʢʘ, ʚʝʨʦʚʘʪʥʦ 

ʟʙʦʛ ʧʨʦʤʝʥʘ ʥʘ ʤʠʮʝʣʘʤʘ ʫʩʣʝʜ ʩʥʠʞʘʚʘˁʘ pH ʚʨʝʜʥʦʩʪʠ ʪʦʢʦʤ ʧʨʝʮʠʧʠʪʘʮʠʿʝ 

ʢʘʟʝʠʥʘ ʠ ʫʩʣʝʜ ʧʨʦʮʝʩʘ ʨʝʭʠʜʨʘʮʠʿʝ ʤʠʮʝʣʘ ʪʦʢʦʤ ʨʝʢʦʥʩʪʠʪʫʮʠʿʝ ʤʣʝʢʘ. 

ɼʦʜʘʪʘʢ ʝʢʩʪʨʘʢʘʪʘ L. sulphureus ʥʠʿʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʦ ʥʘ ʚʝʣʠʯʠʥʫ ʤʠʮʝʣʘ RM ʠ 

TRM. ʇʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʜʘ ʘʥʘʣʦʛʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʥʝʤʘ ʠʣʠ ʩʫ ʚʨʣʦ ʩʣʘʙʦʛ 

ʠʥʪʝʥʟʠʪʝʪʘ ʠ ʜʘ ʿʝʜʠˁʝˁʘ ʈL ʠ VL ʢʦʝʛʟʠʩʪʠʨʘʿʫ ʫ ʨʘʩʪʚʦʨʫ ʩʘ ʿʝʜʠˁʝˁʠʤʘ 

ʤʣʝʢʘ. ʆʚʦ ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ ʧʨʠʩʫʩʪʚʘ ʚʝ˂ʝʛ ʙʨʦʿʘ ʯʝʩʪʠʮʘ ï ʭʝʪʝʨʦʛʝʥʠʿʝʛ 

ʩʘʩʪʘʚʘ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʚʝ˂ʝʛ ʫʜʝʣʘ ʧʨʦʪʝʠʥʘ L. sulphureus. ʂʦʜ ʫʟʦʨʘʢʘ ʢʘʟʝʠʥʘ 

ʠ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʢʘʟʝʠʥʘ, ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʠʩʫ ʜʦʚʦˀʥʦ ʨʝʧʨʦʜʫʢʪʠʚʥʠ, 

ʦʩʠʤ ʢʦʜ TCN ʠ TCNVL. 

¶ ʅʘ ʦʩʥʦʚʫ ʩʤʘˁʝʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ ʪʨʘʢʘ ɓ-CN ʠ Ŭs2-CN, ʧʨʠʩʫʩʪʚʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʪʨʘʢʘ ʩʘ ʤʦʣʝʢʫʣʩʢʦʤ ʤʘʩʦʤ ʤʘˁʦʤ ʦʜ 30 kDa, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʥʦʚʦʜʝʪʝʢʪʦʚʘʥʝ 

ʧʦʣʠʧʝʧʪʠʜʥʝ ʪʨʘʢʝ, ʫʟ ʪʨʘʢʝ ʩʣʘʙʦʛ ʠʥʪʝʥʟʠʪʝʪʘ ʤʦʣʝʢʫʣʩʢʠʭ ʤʘʩʘ ʦʜ 45 ʜʦ 66 

kDa (ʥʘ SDS-R-PAGE ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʠʤʘ) ʠʩʢˀʫʯʠʚʦ ʢʦʜ ʤʝʰʘʚʠʥʘ ʩʘ VA 

ʢʦʿʝ ʫʢʘʟʫʿʫ ʥʘ ʧʨʠʩʫʩʪʚʦ ʧʨʦʪʝʘʟʘ ʧʦʨʝʢʣʦʤ ʠʟ A.blazei ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ 

ʩʫ ʢʦʜ ʦʚʠʭ ʤʝʰʘʚʠʥʘ ʘʢʪʠʚʥʠ ʬʫʥʛʘʣʥʠ ʝʥʟʠʤʠ ʠ ʜʘ ʨʘʟʣʘʞʫ ʧʦʤʝʥʫʪʝ ʢʘʟʝʠʥʝ 

ʥʘ ʥʦʚʝ ʧʦʣʠʧʝʧʪʠʜʝ, ʯʠʤʝ ʤʦʛʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʜʦʧʨʠʥʝʪʠ ʧʦʚʝ˂ʘˁʫ 

ʬʫʥʢʮʠʦʥʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʘʜʠʪʠʚʘ. ʅʘ SDS-NR-PAGE ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʠʤʘ ʿʝ 

ʧʦʥʦʚʦ ʧʦʪʚʨʹʝʥʦ ʧʨʠʩʫʩʪʚʦ ʧʨʦʜʫʢʘʪʘ ʧʨʦʪʝʦʣʠʪʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʝʥʟʠʤʘ ʠʟ 

VA, ʘ ʚʠʜˀʠʚʝ ʩʫ ʠ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʠʭ ʠ ʥʝʪʨʝʪʠʨʘʥʠʭ 

ʫʟʦʨʘʢʘ. ɱʘʩʥʦ ʿʝ ʠ ʜʘ ʥʝʤʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʧʨʦʪʝʠʥʩʢʠʭ ʧʨʦʬʠʣʘ ʫʟʦʨʘʢʘ ʤʣʝʢʘ 

ʠ ʢʘʟʝʠʥʘ ʠ ʤʝʰʘʚʠʥʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ ʝʢʩʪʨʘʢʘʪʘ ʦʙʝ ʛˀʠʚʝ, ʢʘʦ ʠ ʚʦʜʝʥʦʛ 

ʝʢʩʪʨʘʢʪʘ L. sulphureus, ʰʪʦ ʟʥʘʯʠ ʜʘ ʥʝʤʘ ʢʦʚʘʣʝʥʪʥʠʭ ʚʝʟʘ ʠʟʤʝʹʫ ʦʚʠʭ 

ʢʦʥʩʪʠʪʫʝʥʘʪʘ. Native-PAGE ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʠ ʤʝʰʘʚʠʥʘ ʧʦʣʠʩʘʭʘʨʠʜʥʠʭ 

ʝʢʩʪʨʘʢʘʪʘ ʦʙʝ ʛˀʠʚʝ, ʢʘʦ ʠ ʚʦʜʝʥʦʛ ʝʢʩʪʨʘʢʪʘ L. sulphureus ʩʫ ʜʠʬʫʟʥʠ ʠ ʤʘˁʝ 

ʿʘʩʥʠ, ʰʪʦ ʤʦʞʝ ʫʢʘʟʠʚʘʪʠ ʥʘ ʧʦʩʪʦʿʘˁʝ ʩʣʘʙʠʭ ʠʥʪʝʨʘʢʮʠʿʘ, ʚʠʜˀʠʚʠʭ ʩʘʤʦ ʫ 

ʥʘʪʠʚʥʠʤ ʫʩʣʦʚʠʤʘ; ʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʤʦʛʫ ʙʠʪʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʝ ʠʥʪʝʨʘʢʮʠʿʝ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʧʨʦʪʝʠʥʘ (ə-CN) ʠʣʠ ʥʧʨ. ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ. ɽʣʝʢʪʨʦʬʦʨʝʟʘ ʫ 

ʥʘʪʠʚʥʠʤ ʫʩʣʦʚʠʤʘ ʪʘʢʦʹʝ ʧʦʪʚʨʹʫʿʝ ʧʨʠʩʫʩʪʚʦ ʧʦʤʝʥʫʪʠʭ ʩʧʝʮʠʬʠʯʥʠʭ 
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ʧʦʣʠʧʝʧʪʠʜʘ, ʢʘʦ ʠ ʪʨʘʢʝ ʥʠʩʢʦʤʦʣʝʢʫʣʩʢʠʭ ʧʦʣʠʧʝʧʪʠʜʘ ʥʘ ʫʟʦʨʮʠʤʘ TRMPL, 

TRMVL ʠ TCNVL, ʰʪʦ ʤʦʞʝ ʜʦʧʨʠʥʝʪʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ. 

¶ FTIR ʘʥʘʣʠʟʝ ʤʝʰʘʚʠʥʘ, ʢʘʦ ʠ ʈʉɸ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʠʪʠʭ ʨʝʛʠʦʥʘ ʫ ʦʢʚʠʨʫ 

ʦʙʣʘʩʪʠ 1700 ï 700 cm
-1

 ʫʢʘʟʘʣʝ ʩʫ ʥʘ ʨʘʟʜʚʘʿʘˁʘ ʥʘ ʙʘʟʠ ʜʦʜʘʪʦʛ ʝʢʩʪʨʘʢʪʘ ʠʣʠ 

ʪʠʧʘ ʤʣʝʢʘ ʠʣʠ ʢʘʟʝʠʥʘ, ʦʜʥʦʩʥʦ ʥʘ ʧʦʩʪʦʿʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʫ ʧʦʿʝʜʠʥʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ, ʢʦʿʝ ʿʝ ʜʦʧʨʠʥʝʣʦ ʨʘʟʜʚʘʿʘˁʫ ʫʟʦʨʘʢʘ ʠ ˁʠʭʦʚʦʤ ʛʨʫʧʠʩʘˁʫ. ʆʚʝ 

ʘʥʘʣʠʟʝ ʫʢʘʟʫʿʫ ʥʘ ʧʨʦʤʝʥʝ ʧʨʦʪʝʠʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʫ ʘʤʠʜʥʠʤ ʨʝʛʠʦʥʠʤʘ, ʢʘʦ ʠ ʫ 

ʫʛˀʝʥʦʭʠʜʨʘʪʥʦʤ ʨʝʛʠʦʥʫ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ Ŭ- ʠ ɓ-ʘʥʦʤʝʨʘ ʛʣʫʢʘʥʘ ʠ ʜʨʫʛʠʭ 

ʧʦʣʠʩʘʭʘʨʠʜʘ. ʊʠʧʦʚʠ ʤʦʛʫ˂ʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʤʣʝʢʘ ʠ 

ʝʢʩʪʨʘʢʘʪʘ A.blazei ʩʫ ʚʦʜʦʥʠʯʥʝ ʠ ʛʣʠʢʦʟʠʜʥʝ ʚʝʟʝ, ʢʘʦ ʠ ʭʠʜʨʦʬʦʙʥʝ 

ʠʥʪʝʨʘʢʮʠʿʝ, ʚʝ˂ʠʥʩʢʠ ʠʟʤʝʹʫ ʢʘʟʝʠʥʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠʣʠ ʛʣʠʢʦʟʠʣʦʚʘʥʦʛ ʜʝʣʘ 

ə-CN ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ. ʇʦʜʝʣʝ ʠ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʩʫ ʤʘˁʝ ʿʘʩʥʠ ʢʦʜ ʤʝʰʘʚʠʥʘ ʥʘ 

ʙʘʟʠ ʝʢʩʪʨʘʢʘʪʘ L. sulphureus. ɼʦʜʘʪʥʝ ʘʥʘʣʠʟʝ ʩʧʝʢʪʘʨʘ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ RM ʠ 

TRM ʧʦʢʘʟʘʣʝ ʩʫ ʭʝʪʝʨʦʛʝʥʦʩʪ ʫʟʦʨʘʢʘ, ʦʜʥʦʩʥʦ ʦʜʩʫʩʪʚʦ ʛʨʫʧʠʩʘˁʘ ʫʩʣʝʜ 

ʧʨʠʩʫʩʪʚʘ ʨʘʟʥʠʭ ʿʝʜʠˁʝˁʘ, ʢʘʦ ʰʪʦ ʿʝ ʚʝʣʠʢʠ ʫʜʝʦ ʧʨʦʪʝʠʥʘ L. sulphureus, 

ʨʘʟʥʦʣʠʢʦʛ ʩʘʩʪʘʚʘ ʧʦʣʠʩʘʭʘʨʠʜʘ ʛˀʠʚʝ, ʠʪʜ. ʅʘʿʿʘʩʥʠʿʘ ʨʘʟʜʚʘʿʘˁʘ ʫʟʦʨʘʢʘ ʫ 

ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʫ ʥʘ ʙʘʟʠ TRM. 

¶ ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʰʘʚʠʥʘ ʫʢʘʟʘʣʘ ʿʝ ʥʘ ʥʝʧʨʘʚʠʣʥʫ ʩʪʨʫʢʪʫʨʫ ʫʟʦʨʘʢʘ ʢʦʿʘ 

ʧʦʜʩʝ˂ʘ ʥʘ ˀʫʩʧʠʮʝ ʠʣʠ ʨʘʟʙʠʿʝʥʦ ʩʪʘʢʣʦ, ʪʠʧʠʯʥʫ ʟʘ ʫʟʦʨʢʝ ʤʣʝʢʘ ʥʘʢʦʥ 

ʣʠʦʬʠʣʠʟʘʮʠʿʝ. ɺʠʜˀʠʚʝ ʩʫ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ, 

ʛʜʝ ʢʘʟʝʠʥʠ ʠʤʘʿʫ ʥʝʩʨʝʹʝʥʠʿʫ ʠ ʧʦʨʦʟʥʠʿʫ ʩʪʨʫʢʪʫʨʫ ʢʘʦ ʧʦʩʣʝʜʠʮʫ ʧʨʦʮʝʜʫʨʝ 

ʠʟʦʣʦʚʘˁʘ ʢʘʟʝʠʥʘ ʠ ʨʝʭʠʜʨʘʮʠʿʝ ʤʠʮʝʣʝ. ʈʘʟʣʠʢʝ ʠʟʤʝʹʫ ʜʦʜʘʪʢʘ ʝʢʩʪʨʘʢʪʘ ʜʚʝ 

ʨʘʟʣʠʯʠʪʝ ʛˀʠʚʝ, ʢʘʦ ʥʠ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʪʠʧʘ ʝʢʩʪʨʘʢʪʘ ʥʠʩʫ ʚʠʜˀʠʚʘ ʦʚʦʤ 

ʤʝʪʦʜʦʤ. ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʙʠʦʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʝ, DLS ʤʝʨʝˁʘ, 

ʝʣʝʢʪʨʦʬʦʨʝʪʩʢʠʭ ʠ FTIR ʘʥʘʣʠʟʘ ʜʘʪ ʿʝ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʩʪʨʫʢʪʫʨʝ 

ʤʝʰʘʚʠʥʘ ʥʘ ʙʘʟʠ A.blazei. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʤʝʰʘʚʠʥʘ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʩʘ 

ʝʢʩʪʨʘʢʪʠʤʘ L. sulphureus ʥʠʿʝ ʧʨʠʢʘʟʘʥ ʟʙʦʛ ʚʝ˂ʝ ʧʦʣʠʜʠʩʧʝʨʟʥʦʩʪʠ ʫʩʣʝʜ 

ʭʝʪʝʨʦʛʝʥʦʩʪʠ ʙʠʦʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ. ʅʘ ʦʩʥʦʚʫ ʩʚʝʛʘ ʠʟʥʝʪʦʛ, ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ 

ʥʘʩʪʘʚˀʝʥʦ ʥʘ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʤ ʤʣʝʢʫ ʠ ʚʦʜʝʥʠʤ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ. 

¶ ʋʧʦʪʨʝʙʦʤ FFD, ʿʝʜʥʝ ʦʜ ʤʝʪʦʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ ʠʟʚʨʰʝʥ ʿʝ 

ʩʢʨʠʥʠʥʛ ʩʠʩʪʝʤʘ ʠ ʦʜ ʧʝʪ ʬʘʢʪʦʨʘ ʦʜʘʙʨʘʥʘ ʩʫ ʜʚʘ ʢʦʿʘ ʥʘʿʚʠʰʝ ʫʪʠʯʫ ʥʘ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʥʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ 

ʩʚʦʿʩʪʚʘ ʤʝʨʝʥʘ ʧʦʤʦ˂ʫ ABTS, FCC ʠ FRP ʪʝʩʪʘ ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʠʤʘʿʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʠ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʤʣʝʢʘ. 

ʅʘʿʘʜʝʢʚʘʪʥʠʿʝ ʫʪʚʨʹʠʚʘˁʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ ʠʟʚʨʰʝʥʦ ʿʝ ʧʦʤʦ˂ʫ ABTS 

ʪʝʩʪʘ, ʛʜʝ ʢʘʦ ʥʦʩʠʦʮʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ ʬʠʛʫʨʠʰʫ ʿʝʜʠˁʝˁʘ ʤʣʝʢʘ ʠ 

ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ, ʜʦʢ ʭʝʣʠʨʘʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ ʫʛʣʘʚʥʦʤ ʟʘʚʠʩʠ ʦʜ ʿʝʜʠˁʝˁʘ 

ʤʣʝʢʘ, ʘ ʨʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʦʜ ʿʝʜʠˁʝˁʘ ʛˀʠʚʘ. ʆʩʪʘʣʠ ʧʘʨʘʤʝʪʨʠ 

(pH, T, t) ʩʫ ʫ ʥʘʩʪʘʚʢʫ ʠʩʪʨʘʞʠʚʘˁʘ ʬʠʢʩʠʨʘʥʠ ʥʘ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʩʝ 

ʧʦʢʘʟʘʣʝ ʦʧʪʠʤʘʣʥʠʤ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ, ʢʘʦ ʠ ʧʦʪʝʥʮʠʿʘʣʥʝ 

ʧʨʠʤʝʥʝ ʫ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ. 

¶ ʋʧʦʪʨʝʙʦʤ CCD, ʜʝʣʦʤ ʤʝʪʦʜʦʣʦʛʠʿʝ ʦʜʛʦʚʦʨʘ ʧʦʚʨʰʠʥʘ, ʜʘˀʝ ʿʝ ʠʩʧʠʪʘʥ 

ʫʪʠʮʘʿ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ ʠ ʤʣʝʢʘ ʥʘ ʠʩʧʠʪʠʚʘʥʘ ʙʠʦʣʦʰʢʘ ʠ 

ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʩʚʦʿʩʪʚʘ ʤʝʰʘʚʠʥʘ. ʆʩʠʤ ʘʥʘʣʠʟʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ, 

ʫʪʚʨʹʝʥ ʿʝ ʫʪʠʮʘʿ ʥʘ ʧʝʥʠʚʘ ʠ ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ, ʪʿ. ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʤʝʰʘʚʠʥʝ 

ʩʘ VL ʠʤʘʿʫ ʙʦˀʘ ʧʝʥʠʚʘ ʩʚʦʿʩʪʚʘ, ʜʦʢ ʤʝʰʘʚʠʥʝ ʩʘ ʜʦʜʘʪʢʦʤ VA ʠʤʘʿʫ ʙʦˀʘ 

ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ, ʧʘ ʩʝ ʧʨʝʤʘ ʚʨʩʪʠ ʛˀʠʚʝ ʤʦʛʫ ʜʦʜʘʚʘʪʠ ʫ ʨʘʟʣʠʯʠʪʝ 

ʧʨʝʭʨʘʤʙʝʥʝ ʧʨʦʠʟʚʦʜʝ, ʟʘʚʠʩʥʦ ʦʜ ʮʠˀʘ ʢʦʿʠ ʪʨʝʙʘ ʧʦʩʪʠ˂ʠ ʜʦʜʘʪʢʦʤ ʘʜʠʪʠʚʘ. 
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¶ ʅʘ ʢʨʘʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʠʟʘʿʥʘ, ʧʨʠʤʝʥʦʤ ʬʫʥʢʮʠʿʝ ʧʦʞʝˀʥʦʩʪʠ ʜʦʙʠʿʝʥ 

ʿʝ ʧʦ ʿʝʜʘʥ ʦʧʪʠʤʠʟʦʚʘʥ ʘʜʠʪʠʚ ʜʝʬʠʥʠʩʘʥʦʛ ʦʜʥʦʩʘ ʟʘ ʩʚʘʢʫ ʛˀʠʚʫ (MA: 

w(ME) 0,62%; w(MPP) 7% ʠ ML: w(ME) 0,79%; w(MPP) 9,4%). 

¶ ʋ ʜʘˀʝʤ ʪʦʢʫ ʜʠʩʝʨʪʘʮʠʿʝ ʠʩʪʨʘʞʝʥʘ ʩʫ ʙʠʦʣʦʰʢʘ ʠ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ 

ʩʚʦʿʩʪʚʘ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ. ɸʥʘʣʠʟʝ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ 

ʘʜʠʪʠʚʘ ʠ ˁʠʭʦʚʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʫʢʘʟʘʣʝ ʩʫ ʥʘ ʦʜʣʠʯʘʥ ʫʢʫʧʘʥ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʩʚʠʭ ʫʟʦʨʘʢʘ, ʦʜʣʠʯʘʥ ʢʘʧʘʮʠʪʝʪ ʭʝʣʠʨʘˁʘ ʤʣʝʢʘ ʠ 

ʘʜʠʪʠʚʘ, ʟʘʪʠʤ ʫʤʝʨʝʥʫ ʨʝʜʫʢʫʿʫ˂ʫ ʤʦ˂ ʘʜʠʪʠʚʘ, ʚʝ˂ʫ ʫ ʩʣʫʯʘʿʫ ML ʟʙʦʛ 

ʦʜʣʠʯʥʝ ʨʝʜʫʢʫʿʫ˂ʝ ʤʦ˂ʠ VL ʠ ʨʝʣʘʪʠʚʥʦ ʥʠʟʘʢ ʫʢʫʧʘʥ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ 

ʨʝʜʫʢʫʿʫ˂ʠ ʢʘʧʘʮʠʪʝʪ ʫʟʦʨʘʢʘ, ʦʩʠʤ ʚʠʩʦʢʦʛ ʢʘʧʘʮʠʪʝʪʘ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ. 

ɸʜʠʪʠʚʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʦʙʘʨ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʢʦʿʠ ʠʭ ʢʘʥʜʠʜʫʿʝ ʟʘ 

ʬʫʥʢʮʠʦʥʘʣʥʝ ʢʦʤʧʦʥʝʥʪʝ ʭʨʘʥʝ, ʘ ʧʨʠʤʝʥʘ ʨʘʟʣʠʯʠʪʠʭ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ 

ʪʝʩʪʦʚʘ ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʿʝʜʠˁʝˁʘ ʧʦʨʝʢʣʦʤ ʠʟ ʤʣʝʢʘ, ʢʘʦ ʠ ʠʟ ʛˀʠʚʘ ʨʘʟʣʠʯʠʪʠʤ 

ʤʝʭʘʥʠʟʤʠʤʘ ʜʝʣʫʿʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦ. ʋ ʧʦʿʝʜʠʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʘʜʠʪʠʚʘ ʧʨʝʚʘʟʠʣʘʟʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʧʦʣʘʟʥʠʭ 

ʢʦʤʧʦʥʝʥʘʪʘ, ʰʪʦ ʤʦʞʝ ʫʢʘʟʠʚʘʪʠ ʥʘ ʩʠʥʝʨʛʠʩʪʠʯʢʝ ʨʝʘʢʮʠʿʝ ʢʦʤʧʦʥʝʥʘʪʘ 

ʘʜʠʪʠʚʘ. 

¶ ɸʜʠʪʠʚʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʦʙʘʨ ʢʘʧʘʮʠʪʝʪ ʧʝʥʝ ʠ ʦʜʨʝʹʝʥʫ ʩʪʘʙʠʣʥʦʩʪ, ʘ ʩʚʝ ʪʦ ʧʨʠ 

ʥʠʩʢʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ, ʰʪʦ ʥʠʿʝ ʩʣʫʯʘʿ ʩʘ ʤʣʝʢʦʤ ʠ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ, ʢʦʿʠ ʩʝ 

ʦʜʣʠʢʫʿʫ ʣʦʰʠʤ ʧʝʥʠʚʠʤ ʩʚʦʿʩʪʚʠʤʘ. ML ʫ ʦʜʥʦʩʫ ʥʘ ʄɸ ʠʤʘ ʙʦˀʘ ʧʝʥʠʚʘ 

ʩʚʦʿʩʪʚʘ, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʚʝ˂ʝʛ ʫʜʝʣʘ ʧʨʦʪʝʠʥʘ. ʄʣʝʢʦ ʠ ʘʜʠʪʠʚ ʄɸ ʩʫ ʧʦʢʘʟʘʣʠ 

ʜʦʙʨʘ ʝʤʫʣʛʫʿʫ˂ʘ ʩʚʦʿʩʪʚʘ. ʄɸ ʟʙʦʛ ʫʪʠʮʘʿʘ ʠʥʪʝʨʘʢʮʠʿʘ ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʛˀʠʚʘ 

ʩʘ WP/CN ʢʦʤʧʣʝʢʩʠʤʘ ʧʦʢʘʟʫʿʝ ʦʚʘʢʚʘ ʩʚʦʿʩʪʚʘ, ʜʦʢ ʭʝʪʝʨʦʛʝʥʦʩʪ ʩʘʩʪʘʚʘ ML ʠ 

ʤʘˁʘʢ ʠʥʪʝʨʘʢʮʠʿʘ ʫʪʠʯʫ ʥʘ ʚʝʣʠʢʘ ʚʘʨʠʨʘˁʘ ESI ʚʨʝʜʥʦʩʪʠ. 

¶ ɸʥʪʠʙʘʢʪʝʨʠʿʩʢʦ ʜʝʿʩʪʚʦ ʘʜʠʪʠʚʘ ʿʝ ʙʠʣʦ ʩʣʘʙʦ ʜʦ ʫʤʝʨʝʥʦ, ʫʟ ʤʘʣʦ ʚʝ˂ʫ 

ʙʘʢʪʝʨʠʮʠʜʥʫ ʠ ʙʘʢʪʝʨʠʦʩʪʘʪʩʢʫ ʤʦ˂ ʢʘ E.coli; ʘʥʪʠʬʫʥʛʘʣʥʘ ʘʢʪʠʚʥʦʩʪ ʿʝ 

ʪʘʢʦʹʝ ʙʠʣʘ ʩʣʘʙʘ ʜʦ ʫʤʝʨʝʥʘ, ʫʟ ʦʜʣʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʢʘ Penicillium verrucosum 

var. cyclopium (ʠʟʦʣʘʪ ʠʟ ʭʨʘʥʝ), ʙʦˀʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʤʝʨʮʠʿʘʣʥʠ ʘʜʠʪʠʚ ɽ211. 

ʋʟ ʜʨʫʛʝ ʬʘʢʪʦʨʝ, ʘʥʪʠʤʠʢʨʦʙʥʠ ʧʦʪʝʥʮʠʿʘʣ ʢʦʠʿ ʠʤʘʿʫ ʜʦʜʘʪʠ ʘʜʠʪʠʚʠ ʤʦʞʝ 

ʫʪʠʮʘʪʠ ʥʘ ʧʦʙʦˀʰʘˁʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʧʨʝʭʨʘʤʙʝʥʠʭ ʧʨʦʠʟʚʦʜʘ. 

¶ ʋʢʫʧʥʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʘʜʠʪʠʚʘ ʟʥʘʯʘʿʥʦ ʿʝ ʧʦʨʘʩʪʘʦ ʥʘʢʦʥ 

ʩʠʤʫʣʘʮʠʿʘ in vitro ʜʠʛʝʩʪʠʿʘ, ʫʩʣʝʜ ʧʨʦʜʫʢʘʪʘ ʨʘʟʣʘʛʘˁʘ ʧʨʦʪʝʠʥʘ ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʘ, ʧʨʝ ʩʚʝʛʘ ʥʘ ʨʘʯʫʥ ʧʝʧʪʠʜʘ. ʉʣʠʯʥʦ ʿʝ ʠ ʩʘ ʢʘʧʘʮʠʪʝʪʦʤ 

ʭʝʣʠʨʘˁʘ ʘʜʠʪʠʚʘ, ʢʦʿʠ ʩʝ ʧʨʠʙʣʠʞʥʦ ʜʫʧʣʠʨʘ ʠʟ ʠʩʪʠʭ ʨʘʟʣʦʛʘ. ʈʝʜʫʢʫʿʫ˂ʘ ʤʦ˂ 

ʘʜʠʪʠʚʘ ʿʝ ʙʠʣʘ ʚʠʩʦʢʘ, ʟʥʘʯʘʿʥʦ ʩʝ ʧʦʚʝ˂ʘʣʘ ʥʘʢʦʥ ɻʀɼ ʫ ʩʣʫʯʘʿʫ ʄɸ, ʜʦʢ ʩʝ 

ʥʠʿʝ ʤʝˁʘʣʘ ʢʦʜ ML. ʉʢʦʢ ʊʈʉ ʚʨʝʜʥʦʩʪʠ ʙʠʦ ʿʝ ʥʘʿʚʠʰʝ ʠʟʨʘʞʝʥ ï ʥʘʢʦʥ ɻʀɼ 

ʘʜʠʪʠʚʘ ʧʦʚʝ˂ʘʦ ʩʝ å 2,6 ï 3,8 ʧʫʪʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʩʚʦʤ ʙʠʦʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ, 

ʧʨʝ ʩʚʝʛʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘʨʥʦʤ, ʘʜʠʪʠʚʠ ʜʦʧʨʠʥʦʩʝ ʦʯʫʚʘˁʫ ʠ ʧʦʙʦˀʰʘˁʫ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪʠ ʧʨʦʣʘʩʢʦʤ ʢʨʦʟ ʩʠʤʫʣʠʨʘʥʠ ʜʠʛʝʩʪʠʚʥʠ ʪʨʘʢʪ. 

¶ ʅʘ ʢʨʘʿʫ ʠʩʪʨʘʞʠʚʘˁʘ, ʜʦʜʘʪʘʢ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʘʜʠʪʠʚʘ ʫ ʤʦʜʝʣ 

ʧʨʝʭʨʘʤʙʝʥʦʛ ʧʨʦʠʟʚʦʜʘ (ʜʚʝ ʚʨʩʪʝ ʜʝʭʠʜʨʠʩʘʥʠʭ ʩʫʧʘ) ʫʢʘʟʘʦ ʿʝ ʥʘ ʦʜʣʠʯʥʘ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʦʚʘʢʚʠʭ ʧʨʦʠʟʚʦʜʘ (ʦʯʫʚʘʥʘ ʠʣʠ ʧʦʚʝ˂ʘʥʘ ʫ ʚʝ˂ʠʥʠ 

ʩʣʫʯʘʿʝʚʘ) ʦʜʥʦʩʥʦ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠ ʫ ʩʣʦʞʝʥʦʤ ʤʘʪʨʠʢʩʫ, ʪʿ. ʭʨʘʥʠ. 

ʆʚʠʤ ʠʩʪʨʘʞʠʚʘˁʝʤ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʤʝʰʘʚʠʥʝ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦʛ ʠ ʥʝʪʨʝʪʠʨʘʥʦʛ 

ʦʙʝʟʤʘʰ˂ʝʥʦʛ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʢʘʟʝʠʥʘ ʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ A.blazei  ʠ L. sulphureus ʤʦʛʫ 

ʧʦʩʣʫʞʠʪʠ ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʧʨʝʭʨʘʤʙʝʥʠʭ ʘʜʠʪʠʚʘ. ɹʠʦʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ 

ʧʦʣʘʟʥʠʭ ʢʦʥʩʪʠʪʫʝʥʘʪʘ, ʠʥʪʝʨʘʢʮʠʿʝ ʿʝʜʠˁʝˁʘ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʘʪʘ A.blazei, ʧʨʠʩʫʩʪʚʦ 

ʧʝʧʪʠʜʘ ʫʩʣʝʜ ʧʨʦʪʝʦʣʠʪʠʯʢʦʛ ʜʝʿʩʪʚʘ ʧʨʦʪʝʘʟʘ ʧʦʨʝʢʣʦʤ ʠʟ A.blazei, ʚʠʩʦʢ ʧʨʦʮʝʥʘʪ 

ʫʢʫʧʥʠʭ ʧʨʦʪʝʠʥʘ ʫ ʚʦʜʝʥʠʤ ʝʢʩʪʨʘʢʪʠʤʘ ʛˀʠʚʘ, ʧʦʩʝʙʥʦ L. sulphureus ʩʫ ʦʜʛʦʚʦʨʥʠ ʟʘ 
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ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʦʚʠʭ ʤʝʰʘʚʠʥʘ. ʊʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʦ ʦʙʝʟʤʘʰ˂ʝʥʦ ʤʣʝʢʦ ʠ ʚʦʜʝʥʠ 

ʝʢʩʪʨʘʢʪʠ ʩʫ ʦʜʘʙʨʘʥʠ ʢʘʦ ʥʘʿʧʦʜʝʩʥʠʿʠ ʟʘ ʬʦʨʤʫʣʘʮʠʿʫ ʘʜʠʪʠʚʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ 

ʜʠʟʘʿʥʦʤ ʫʩʪʘʥʦʚˀʝʥ ʿʝ ʫʪʠʮʘʿ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʬʘʢʪʦʨʘ, ʢʘʦ ʠ ʦʧʪʠʤʘʣʘʥ ʦʜʥʦʩ 

ʢʦʥʩʪʠʪʫʝʥʘʪʘ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʥʘʿʙʦˀʠʭ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠʭ ʠ ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʠʭ 

ʩʚʦʿʩʪʘʚʘ. ʆʧʪʠʤʠʟʦʚʘʥʠ ʘʜʠʪʠʚʠ ʩʫ ʫ ʨʘʟʣʠʯʠʪʦʿ ʤʝʨʠ ʧʦʢʘʟʘʣʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʘ, 

ʪʝʭʥʦ-ʬʫʥʢʮʠʦʥʘʣʥʘ ʠ ʘʥʪʠʤʠʢʨʦʙʥʘ ʩʚʦʿʩʪʚʘ, ʘ ʫʢʘʟʘʥʦ ʿʝ ʠ ʥʘ ʚʠʩʦʢʫ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʩʪ ʥʘʢʦʥ ʩʠʤʫʣʠʨʘʥʠʭ in vitro ɻʀɼ. ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʩʫ 

ʦʯʫʚʘʥʘ ʠʣʠ ʧʦʙʦˀʰʘʥʘ ʠ ʥʘʢʦʥ ʜʦʜʘʚʘˁʘ ʘʜʠʪʠʚʘ ʫ ʧʨʝʭʨʘʤʙʝʥʠ ʧʨʦʠʟʚʦʜ (ʤʦʜʝʣ 

ʧʨʦʠʟʚʦʜ ï ʜʝʭʠʜʨʠʩʘʥʝ ʩʫʧʝ). ʅʘ ʦʩʥʦʚʫ ʩʚʝʛʘ ʠʟʥʝʪʦʛ, ʟʘʦʢʨʫʞʝʥ ʿʝ ʧʦʩʪʫʧʘʢ 

ʠʩʧʠʪʠʚʘˁʘ ʦʜ ʧʦʯʝʪʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʝ ʜʦ ʜʦʜʘʪʢʘ ʘʜʠʪʠʚʘ ʫ 

ʢʦʥʢʨʝʪʘʥ ʧʨʦʠʟʚʦʜ. ʌʦʨʤʫʣʘʮʠʿʘ ʘʜʠʪʠʚʘ ʥʘ ʙʘʟʠ ʢʦʟʿʝʛ ʤʣʝʢʘ ʠ ʝʢʩʪʨʘʢʘʪʘ ʛˀʠʚʘ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʞʝ ʠʤʘʪʠ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ ʫʙʘʮʠʚʘˁʝʤ ʫ 

ʧʨʝʭʨʘʤʙʝʥʝ ʧʨʦʠʟʚʦʜʝ ʢʦʿʠ ʩʝ ʤʦʛʫ ʪʨʝʪʠʨʘʪʠ ʢʘʦ ʬʫʥʢʮʠʦʥʘʣʥʠ. 
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