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Ʉɟɧɚɞɔɞɠ 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ŭɘŮɝɐɢɗɖ əŬŰɎ Űɞ 10ɞ ŮɝɎɛɖɜɞ, Űɖɠ Ɇɢɞɚɐɠ 

ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ ūŮɓɟɞɡŬɟɑɞɡ-ɆŮˊŰŮɛɓɟɑɞɡ 2016 əŬɘ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ əŬŰɧˊɘɜ ůɡɜŮɟɔŬůɑŬɠ, Űɖɠ Ɇɢɞɚɐɠ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ ɛŮ 

Űɖɜ ŮŰŬɘɟɑŬ Ⱦɞɟɟɏɠ ȷ.Ⱥ., űɡůɘəɎ ˊɟɞɥɧɜŰŬ. 

ɇɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ  ˊŮɘɟŬɛŬŰɘəɐɠ ɛŮɚɏŰɖɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ, ůŰɞ 

ŮɟɔŬůŰɐɟɘɞ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ əŬɘ ůŰɞ ɃɟɘɕɧɜŰɘɞ ŮɟɔŬůŰɐɟɘɞ ŬɜŬɚɨůŮɤɜ.  ɇɞ 

ŰɛɐɛŬ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ, Űɞ ɞˊɞɑɞ ŬűɞɟɞɨůŮ Űɖɜ ˊŬɟŬůəŮɡɐ əɟɏɛŬɠ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ, ɔɘŬ ɢɟɞɜɘəɐ ŭɘɎɟəŮɘŬ Ůɜɧɠ ɛɐɜŬ, ůŰɞ ŬɜŬɚɡŰɘəɧ 

ŮɟɔŬůŰɐɟɘɞ, Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ Űɖɠ ŮŰŬɘɟɑŬɠ Ⱦɞɟɟɏɠ, ůŰŬ ɃɘɜɧűɡŰŬ. 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɧɚɞɡɠ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ 

ůɡɜɏɓŬɚŬɜ ůŰɖɜ ˊŮɟɎŰɤůɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɟɔŬůɑŬɠ: 

ɇɞɜ əŬɗɖɔɖŰɐ Ⱥ.ɀ.Ʉ, Ⱦɏəɞ ȹɖɛɐŰɟɖ, ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɏŭŮɘɝŮ ůŰɞ 

ˊɟɧůɤˊɧ ɛɞɡ, ɛŮ Űɖɜ ŬɜɎɗŮůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

ȷˊɧ Űɖɜ ŮŰŬɘɟɑŬ Ⱦɞɟɟɏɠ, Űɞɜ ə. ɄŬɜŰŬɕɐ ŪŮɧŭɤɟɞ,  ɞ ɞˊɞɑɞɠ ůɡɜŮŰɏɚŮůŮ ůŰɖɜ 

ŮˊɑŰŮɡɝɖ ůɡɜŮɟɔŬůɑŬɠ ɛŮ Űɖɜ ŮŰŬɘɟɑŬ, əŬɘ Űɖɜ ə. ɆŰŬɛŬŰɞɔɘɎɜɜɖ ɉɟɡůɞɨɚŬ, ɖ 

ɞˊɞɑŬ ɐŰŬɜ ɡˊŮɨɗɡɜɖ Űɖɠ ˊŬɟŬůəŮɡɐɠ əɟɏɛŬɠ əŬɘ Űɞɜ ŬɜŬɚɨůŮɤɜ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ŭɞəɘɛŬůɘɩɜ ůŰŬɗŮɟɧŰɖŰŬɠ. Ⱥˊɑůɖɠ, ɧɚɞɡɠ Űɞɡɠ 

ŮɟɔŬɕɧɛŮɜɞɡɠ Űɞɡ ŬɜŬɚɡŰɘəɞɨ ŮɟɔŬůŰɖɟɑɞɡ, Űɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ Űɞɡ 

ŮɟɔɞůŰŬůɑɞɡ ůŰŬ ɃɘɜɧűɡŰŬ , əŬɘ ɘŭɘŬɑŰŮɟŬ Űɖɜ ə. ɀɘɢɞˊɞɨɚɞɡ ȷɜŬůŰŬůɑŬ, ɔɘŬ 

Űɖɜ ŬɛɏɟɘůŰɖ ɓɞɐɗŮɘŬ Űɞɡɠ əŬɘ Űɞ ŮɡɢɎɟɘůŰɞ ˊŮɟɘɓɎɚɚɞɜ ˊɞɡ ŮɝŬůűɎɚɘůŬɜ.   

ɇɖɜ ŬɛɏɟɘůŰɖ Ůɡɔɜɤɛɞůɨɜɖ ɛɞɡ, ɗŬ ɐɗŮɚŬ ɜŬ Űɖɜ ŮəűɟɎůɤ ůŰɖɜ ə. 

ȿɡˊŮɟɞˊɞɨɚɞɡ ŪŮɞˊɑůŰɖ, ɡˊŮɨɗɡɜɖ Űɞɡ ɞɟɘɕɧɜŰɘɞɡ ŮɟɔŬůŰɖɟɑɞɡ, ɔɘŬ Űɖɜ 

ɞɡůɘŬůŰɘəɐ ɖɗɘəɐ əŬɘ ˊɜŮɡɛŬŰɘəɐ ɡˊɞůŰɐɟɘɝɖ ˊɞɡ ŬɜɘŭɘɞŰŮɚɩɠ ˊɟɞůɏűŮɟŮ 

əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ˊŮɟɎŰɤůɖɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɟɔŬůɑŬɠ, 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ɘŭŬɜɘəɧ ˊŮɟɘɓɎɚɚɞɜ ůɡɜŮɟɔŬůɑŬɠ. ɀŮ Űɖɜ əŬɗɞŭɐɔɖůɐ 

Űɖɠ, ůŮ ɧɚɞɡɠ Űɞɡɠ ŰɞɛŮɑɠ, ŬˊɞŰɏɚŮůŮ ɓŬůɘəɧ ɗŮɛɏɚɘɞ ɩůŰŮ ɜŬ ɞɚɞəɚɖɟɤɗŮɑ ɖ 

ŭɘˊɚɤɛŬŰɘəɐ əŬɘ ɜŬ ɏɢŮɘ Űɖɜ ŰŮɚɘəɐ ŬɡŰɐ ɛɞɟűɐ.  
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ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɧɚɞɡɠ Űɞɡɠ əŬɗɖɔɖŰɏɠ, ŭɘŭɎəŰɞɟŮɠ əŬɘ 

ɡˊɞɣɐűɘɞɡɠ ŭɘŭɎəŰɞɟŮɠ Űɖɠ Ɇɢɞɚɐɠ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ ɔɘŬ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡɠ 

ůŮ ŭɘɎűɞɟŬ ůŰɎŭɘŬ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ.  
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ɄŮɟɑɚɖɣɖ  

Ʉɞɚɚɏɠ ŬůɗɏɜŮɘŮɠ, ůŰɖ ůɖɛŮɟɘɜɐ Ůˊɞɢɐ, ɞűŮɑɚɞɜŰŬɘ ůŰɞ ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ. Ƀɘ 

ɞɝŮɘŭɤŰɘəɏɠ ɟɑɕŮɠ, ŬˊɞŰŮɚɞɨɜ əɨɟɘɞ ˊŬɟɎɔɞɜŰŬ ɔɘŬ ŭɘɎűɞɟŮɠ ŬŭɡɜŬɛɑŮɠ Űɞɡ 

Ŭɜɗɟɩˊɘɜɞɡ ɞɟɔŬɜɘůɛɞɨ əŬɘ ˊɟɞəŬɚɞɨɜ ˊɟɧɤɟɖ ɔɐɟŬɜůɖ.  Ƀɘ  

ŬɜŰɘɞɝŮɘŭɤŰɘəɏɠ ŮɜɩůŮɘɠ, ůŰɘɠ ɞˊɞɑŮɠ Ŭɜɐəɞɡɜ ɞɘ ˊɞɚɡűŬɘɜɧɚŮɠ, ŰŬ űŬɘɜɞɚɘəɎ 

ɞɝɏŬ əŬɘ ŰŬ űɚŬɓɞɜɞŮɘŭɐ, ŬɜŬůŰɏɚɚɞɡɜ Űɖɜ ŭɟɎůɖ Űɤɜ ŮɚŮɨɗŮɟɤɜ ɟɘɕɩɜ  

əŬɗɩɠ əŬɘ Űɤɜ ɞɝŮɘŭɤŰɘəɩɜ ɛɖɢŬɜɘůɛɩɜ Űɞɡɠ.  ȷˊɧ ŰŬ ˊɟɩŰŬ ůŰɎŭɘŬ Űɞɡ 

Ŭɜɗɟɩˊɘɜɞɡ ˊɞɚɘŰɘůɛɞɨ, ŰŬ űɡŰɘəɎ ŮəɢɡɚɑůɛŬŰŬ, ŮɑɜŬɘ ɔɜɤůŰɎ ɔɘŬ Űɖɜ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɐ Űɞɡɠ ŭɟɎůɖ əŬɘ Űɘɠ ŮɡŮɟɔŮŰɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ. ɇɞ ɏɜŰɞɜɞ 

ůɖɛŮɟɘɜɧ ŮɜŭɘŬűɏɟɞɜ, ɞűŮɑɚŮŰŬɘ ůŰɖ ŭɡɜŬŰɧŰɖŰŬ ɢɟɐůɖɠ Űɤɜ ˊɞɚɡűŬɘɜɞɚɘəɩɜ 

ůɡůŰŬŰɘəɩɜ ůŮ űŬɟɛŬəŮɡŰɘəɎ əŬɘ əŬɚɚɡɜŰɘəɎ ˊɟɞɥɧɜŰŬ.  ȼ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ əŬɘ 

ŬɜŰɘɛɘəɟɞɓɘŬəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ űɡŰɘəɩɜ ŮəɢɡɚɘůɛɎŰɤɜ, ŬˊɞŭɑŭŮŰŬɘ ůŰɘɠ 

űŬɘɜɞɚɘəɏɠ Űɞɡɠ ŮɜɩůŮɘɠ. 

Ɇəɞˊɧɠ ŬɡŰɐɠ Űɖɠ ŭɘŬŰɟɘɓɐɠ ɐŰŬɜ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ, 

ŭɘŬűɞɟŮŰɘəɩɜ ŮəɢɡɚɘůɛɎŰɤɜ, əŬɗɩɠ əŬɘ ɖ ˊɘɗŬɜɐ ɢɟɐůɖ Űɞɡɠ, ůŮ əŬɚɚɡɜŰɘəɎ 

ˊɟɞɥɧɜŰŬ. ɇŬ ŮəɢɡɚɑůɛŬŰŬ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ɐŰŬɜ, Űɞ ŮəɢɨɚɘůɛŬ ɛŬɨɟɖɠ 

ˊŮɨəɖɠ, Űɖɠ ˊɟɧˊɞɚɖɠ, Űɖɠ ŮɢɘɜɎəŮɘŬ əŬɘ Űɖɠ ɎɟɜɘəŬɠ. 

ȼ ůɡɜɞɚɘəɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ űŬɘɜɞɚɘəɩɜ ˊɟɞůŭɘɞɟɑůŰɖəŮ űŬůɛŬŰɞűɤŰɞɛŮŰɟɘəɎ 

ůɨɛűɤɜŬ ɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ Folin-Ciocalteu. ȼ ɛɏɗɞŭɞɠ ŮűŬɟɛɧůŰɖəŮ ɛŮ 

ɢɟɐůɖ ŭɘŬűɞɟŮŰɘəɩɜ ŭɘŬɚɡŰɩɜ (ŬɘɗŬɜɧɚɖ, ɛŮɗŬɜɧɚɖ əŬɘ ɜŮɟɧ). ȼ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ  ɡˊɞɚɞɔɑůŰɖəŮ ɤɠ ɘůɞŭɨɜŬɛɞ ɔŬɚɚɘəɞɨ 

ɞɝɏɞɠ (GAE) əŬɘ əŬűŮɥəɞɨ ɞɝɏɞɠ (GAE) ɔɘŬ ɧɚŬ ŰŬ ŮəɢɡɚɑůɛŬŰŬ əŬɘ Űɞɡɠ 

ŭɘŬűɞɟŮŰɘəɞɨɠ ŭɘŬɚɨŰŮɠ. ȷˊɧ ŰŬ, ˊɟɞɠ ɛŮɚɏŰɖ ŮəɢɡɚɑůɛŬŰŬ, ɡɣɖɚɧŰŮɟɖ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɞɚɘəɏɠ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ (GAE> 500mg/g) ŮɑɢŮ Űɞ 

ŮəɢɨɚɘůɛŬ Űɖɠ ˊɟɧˊɞɚɖɠ, ŬɚɚɎ əŬɘ Űɞ ŮəɢɨɚɘůɛŬ ɛŬɨɟɖɠ ˊŮɨəɖɠ (GAE> 200 

mg/g). 

ɇɞ ůɨɜɞɚɞ Űɤɜ ɞɚɘəɩɜ űɚŬɓɞɜɞŮɘŭɩɜ, ˊɟɞůŭɘɞɟɑůŰɖəŮ ɛŮ Űɖɜ ɢɟɐůɖ 

ɢɟɤɛŬŰɞɛŮŰɟɘəɐɠ ɛŮɗɧŭɞɡ ɢɚɤɟɘɞɨɢɞɡ Ŭɟɔɘɚɑɞɡ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŮəűɟɎůŰɖəŬɜ ɤɠ ɘůɞŭɨɜŬɛŬ əŮɟəŮŰɑɜɖɠ. ɀŮŰŬɝɨ Űɤɜ ŮəɢɡɚɘůɛɎŰɤɜ, Űɖɜ 
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ɡɣɖɚɧŰŮɟɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɞɚɘəɎ űɚŬɓɞɜɞŮɘŭɐ, ˊŬɟɞɡůɑŬůŮ Űɞ ŮəɢɨɚɘůɛŬ 

Űɖɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ (QE = 35,5 mg/g). 

ȼ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ Űɤɜ ŮəɢɡɚɘůɛɎŰɤɜ, ˊɟɞůŭɘɞɟɑůŰɖəŮ 

űŬůɛŬŰɞűɤŰɞɛŮŰɟɘəɎ ɛŮ Űɖ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ, Űɞɡ ŬɜŰɘŭɟŬůŰɖɟɑɞɡ, DPPH 

(ɟɑɕŬ 1,1-ŭɘűŬɘɜɡɚ-2-ˊɘəɟɡɚ ɡŭɟŬɕɑɚɘɞ), Űɧůɞ ůŰŬ ŮəɢɡɚɑůɛŬŰŬ ɧůɞ əŬɘ ůŮ ɛɘŬ 

ˊɞɘəɘɚɑŬ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ. ɀŮɔŬɚɨŰŮɟɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ, ɛŮŰɎ Ŭˊɧ 

ɧɚŮɠ Űɘɠ ůŮɘɟɏɠ ɛŮŰɟɐůŮɤɜ, ˊŬɟŬŰɖɟɐɗɖəŮ ůŰŬ ŮəɢɡɚɑůɛŬŰŬ Űɖɠ ˊɟɧˊɞɚɖɠ əŬɘ 

Űɖɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ůŰŬ ŭɘŬɚɨɛŬŰŬ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ əŬɘ Űɖɠ 

əŬŰŮɢɑɜɖɠ. ȷɜŰɑɗŮŰŬ, ɖ ɢŬɛɖɚɧŰŮɟɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ ŬˊɞŭɑŭŮŰŬɘ ůŰɞ 

ŮəɢɨɚɘůɛŬ Űɖɠ ɎɟɜɘəŬɠ.  

ȼ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ˊŮɟɘŮɚɎɛɓŬɜŮ Ůˊɑůɖɠ, Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ 

űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ ůŰŬ ŰɏůůŮɟŬ ŭɘŬűɞɟŮŰɘəɎ ŮəɢɡɚɑůɛŬŰŬ, ɖ ɞˊɞɑŬ 

ŮˊɘŰŮɨɢɗɖəŮ ɛŮ Űɖɜ ŰŮɢɜɘəɐ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ůɡɜŭɡŬůɛɏɜɖɠ ɛŮ 

űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ (LC-MS).  ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ŬɜŬˊŰɨɢɗɖəŮ  ɓɘɓɚɘɞɗɐəɖ 

űŬůɛɎŰɤɜ LC-MS, ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ Űɡˊɘəɏɠ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ. 

ɆɡɔəŮəɟɘɛɏɜŬ,  űŬɘɜɞɚɘəɎ ɞɝɏŬ (ɔŬɚɚɘəɧ, ůŬɚɘəɡɚɘəɧ), ɡŭɟɞɝɡəɘɜɜŬɛɘəɎ ɞɝɏŬ 

(əŬűŮɥəɧ, űŮɟɞɡɚɘəɧ) əŬɘ ŭɘɎűɞɟŬ űɚŬɓɞɜɞŮɘŭɐ (əŬŰŮɢɑɜɖ, əŮɟəŮŰɑɜɖ əŬɘ 

ɟɞɡŰɑɜɖ). ɇŬ űɎůɛŬŰŬ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ əŬŰŬůəŮɡɎůŰɖəŬɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ůɡɜɗɐəŮɠ, ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ ɘɞɜɘůɛɞɨ,  ɘɞɜɘůɛɧ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ 

(ESI) əŬɘ ɢɖɛɘəɧ ɘɞɜɘůɛɧ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ (APCI).  

ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ůŰɞ ŮəɢɨɚɘůɛŬ ɛŬɨɟɖɠ ˊŮɨəɖɠ, 

ŬɜɘɢɜŮɨŰɖəŬɜ ɛɞɜɞɛŮɟɐ Űɤɜ ŮɜɩůŮɤɜ əŮɟəŮŰɑɜɖɠ, p-əɞɡɛŬɟɘəɞɨ əŬɘ ɓŮɜɕɞɥəɞɨ 

ɞɝɏɞɠ, əŬɗɩɠ əŬɘ ˊŬɟɎɔɤɔŬ űŮɟɞɡɚɘəɞɨ əŬɘ əŬűŮɥəɞɨ ɞɝɏɞɠ, 

əŬŰŮɢɑɜɖɠ/ŮˊɘəŬŰŮɢɑɜɖɠ əŬɘ ɢɚɤɟɞűŬɘɜɧɚɖɠ. Ⱥˊɘˊɚɏɞɜ, ůŰɞ ŮəɢɨɚɘůɛŬ 

ˊɟɧ́ɞɚɖɠ, ŬɜɘɢɜŮɨɗɖəŬɜ ˊɞɚɡűŬɘɜɞɚɘəɎ ˊŬɟɎɔɤɔŬ əŬŰŮɢɑɜɖɠ, ɟɞɡŰɑɜɖɠ, 

űŬɘɜɡɚɞɝɘəɞɨ əŬɘ ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ. ȳůɞ ŬűɞɟɎ Űɞ ŮəɢɨɚɘůɛŬ ŮɢɘɜɎəŮɘŬ, ůŮ 

əŬɗŬɟɐ ɛɞɟűɐ ŮɜŰɞˊɑůŰɖəŬɜ ɞɘ ŮɜɩůŮɘɠ Űɖɠ əŮɟəŮŰɑɜɖɠ əŬɘ ɟɞɡŰɑɜɖɠ, Ůɜɩ ůŮ 

ɛɞɟűɐ ůɡɛˊɚɧəɤɜ, ɞɘ ŮɜɩůŮɘɠ Űɞɡ űŮɟɞɡɚɘəɞɨ əŬɘ Űɞɡ əŬűŮɥəɞɨ ɞɝɏɞɠ. ɇɏɚɞɠ, 

ůŰɞ ŮəɢɨɚɘůɛŬ Űɖɠ ɎɟɜɘəŬɠ ŬɜɘɢɜŮɨŰɖəŬɜ ˊɞɚɡűŬɘɜɞɚɘəɎ ˊŬɟɎɔɤɔŬ əŬŰŮɢɑɜɖɠ, 

əŮɟəŮŰɑɜɖɠ, űŮɟɞɡɚɘəɞɨ əŬɘ əŬűŮɥəɞɨ ɞɝɏɞɠ.  ɇɞ ŮəɢɨɚɘůɛŬ Űɖɠ ɛŬɨɟɖɠ 

ˊŮɨəɖɠ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɖɠ əɟɏɛŬɠ ˊɟɞůɩˊɞɡ ůŰŬ 
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ŮɟɔŬůŰɐɟɘŬ Űɖɠ ŮŰŬɘɟɑŬɠ Ⱦɞɟɟɏɠ. ȼ əɟɏɛŬ ŬɡŰɐ, ˊɏɟŬůŮ Ŭˊɧ ŭɞəɘɛɏɠ 

ůŰŬɗŮɟɧŰɖŰŬɠ ůŮ ŬəɟŬɑŮɠ ůɡɜɗɐəŮɠ ŭɘɎűɞɟɤɜ ɗŮɟɛɞəɟŬůɘɩɜ. ȳˊɤɠ 

ɟ́ɞəɨˊŰŮɘ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ, ɖ ˊɟɞůŬɟɛɞɔɐ Űɞɡ 

ŮəɢɡɚɑůɛŬŰɞɠ ůŰɖɜ əɟɏɛŬ ɘəŬɜɞˊɞɑɖůŮ ɧɚŬ ŰŬ űɡůɘəɎ əŬɘ ɢɖɛɘəɎ ˊɟɧŰɡˊŬ 

ˊɞɘɧŰɖŰŬɠ, əŬɗɩɠ əŬɘ Űɖɜ ŬɘůɗɖŰɘəɐ ŮɘəɧɜŬ, əŬŰɎ Űɖɜ ŭɘŮɝŬɔɤɔɐ Űɤɜ ŭɞəɘɛɩɜ 

ŬɡŰɩɜ.  
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Abstract  

Oxidative stress is considered as an important factor in several diseases. 

Free radicals are recognized as agents resulting to ageing acceleration. 

Antioxidant compounds like phenolic acids, polyphenols and flavonoids 

scavenge free radicals inhibiting the oxidative mechanisms. Herbal plants 

have been considered as good antioxidants since ancient times. The recent 

explosion of interest is due to the potential use of polyphenolic components as 

dietary constituents as well as cosmetic products. The phenolic fraction of 

plant extracts has been linked to their antioxidant capacity and antimicrobial 

activity. 

The purpose of this thesis was to evaluate the phenolic profile of different 

extracts and the potential use in cosmetics. The extracts tested were those of 

Corsican black pine, Propolis, Echinacea and Arnica. 

The total phenolic content was determined spectrophotometrically according 

to the Folin-Ciocalteu procedure. The method was applied using different 

solvents (ethanol, methanol and water). The phenolic content was calculated 

as gallic acid equivalents (GAE) as well as caffeic acid equivalents (GAE) for 

all extracts and different solvents. Among the tested extracts, a high total 

phenolic content (GAE>500mg/g) resulted for propolis as well as for black 

pine extract (GAE>200mg/g). 

Total flavonoid contents were determined by using the aluminum chloride 

colorimetric method and the results were expressed as quercetin equivalents. 

Among the tested extracts, a high total flavonoid content (QE=35.5mg/g) 

resulted for Corsican black pine extract. 

Antioxidant activity was evaluated according to the scavenging effect of the 

extracts determined spectrophotometrically with the DPPH (1,1-diphenyl-2-

picryl hydrazyl radical) method. The highest radical scavenging effect was 

observed in propolis and black pine extracts, but also in gallic acid and 
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Catechin solutions. The lowest radical scavenging effect was observed in 

arnica extract. 

This study included the identification of phenolic compounds in the four 

different extracts. The identification was achieved using liquid 

chromatography technique coupled to a mass spectrometer (LC-MS). A 

spectra library for LC-MS was developed, using standard phenolic 

compounds. Phenolic acids (Gallic, salicylic), Hydroxycinnamic acids (Caffeic, 

Ferulic), and flavonoids (Catechin, Quercetin and Rutin) were also included 

and used. The spectra library was constructed under different conditions 

using electro spray ionization (ESI) and atmospheric pressure chemical 

ionization (APCI) as ionization methods. 

Monomers of Quercetin, p-Coumaric acid and benzoic acid were detected in 

black pine extract. In the same extract, were also identified derivatives of 

Ferulic Catechin/Epicatechin Chlorophenol and Caffeic acid. Moreover, in the 

Propolis extract were detected polyphenolic derivatives of Catechin, Rutin, 

Phenylacetic and Benzoic acid. Furthermore, monomers of Quercetin and 

Rutin, in addition with derivatives of Ferulic and Caffeic acid were found in 

Echinacea extract. Finally, polyphenolic derivatives of Catechin Ferulic acid, 

Quercetin and Caffeic acid were identified in arnica extract. 

 The extract of black pine was used for the preparation of facial cream in 

Korres R&D laboratories. Stability tests were performed under conditions 

varying in temperature and light levels. The product met all physical and 

chemical quality standards as well as aesthetics when stored.  



ʋʰˍʸʺ ɳˎʰʴʴʶ˂ʾʰΣ ɲʽˉ˂˖˃ʰˍʽˁʺ ɳˊʴʰˋʾʰ 

 
 9 

ɄŮɟɘŮɢɧɛŮɜŬ 

Ʉɟɧɚɞɔɞɠ  ........................................................................................................ 3 

ʃʶˊʾ˂ʹ˕ʹΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧр 

AbstractΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧу

ɮΦɸʶ˖ˊʹˍʽˁˈ ɾʷˊˇˌ 

ɳʽˋʰʴ˖ʴʺ ............................................................................................... 16 

мΦ ʊˎˍʽˁʱ ɳˁ˔ˎ˂ʾˋ˃ʰˍʰΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ18 

1.1 ɇɞ ˊŮɨəɞ Űɖɠ Ⱦɞɟůɘəɐɠ-Corsican Black Pine ........................................... 18 

1.1.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ ........................................................................................... 19 

1.1.2 ȽŭɘɧŰɖŰŮɠ - ɉɟɐůŮɘɠ ...................................................................................... 21 

1.2 Ʉɟɧˊɞɚɖ .................................................................................................. 23 

1.2.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ ï ūɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ ï ɉɖɛɘəɐ ůɨůŰŬůɖ .............................. 24 

1.2.2 ȸɘɞɚɞɔɘəɏɠ ȹɟɎůŮɘɠ ï ŪŮɟŬˊŮɡŰɘəɏɠ ȽŭɘɧŰɖŰŮɠ ............................................. 25 

1.2.2.1 ȷɜŰɘɛɘəɟɞɓɘŬəɐ ȹɟɎůɖ ...................................................................... 25 

1.2.2.2. ȷɜŬɘůɗɖŰɘəɐ ŭɟɎůɖ .......................................................................... 25 

1.2.2.3. ȷɜŰɘűɚŮɔɛɞɜɩŭɖɠ ȹɟɎůɖ ................................................................ 25 

1.3 ȺɢɘɜɎəŮɘŬ .................................................................................................. 26 

1.3.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ ï ūɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ ï ɉɖɛɘəɐ ůɨůŰŬůɖ .............................. 26 

1.3.2 ȸɘɞɚɞɔɘəɏɠ ȹɟɎůŮɘɠ ï ŪŮɟŬˊŮɡŰɘəɏɠ ȽŭɘɧŰɖŰŮɠ ............................................. 27 

1.4 ȯɟɜɘəŬ ...................................................................................................... 27 

1.4.1  ɉɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ ï ȸɘɞɚɞɔɘəɏɠ ŭɟɎůŮɘɠ ...................................................... 28 

нΦ ɮ˄ˍʽˇ˅ʶʽʵ˖ˍʽˁʱΧΧΧΧΧΧΧΧ.ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ30 

2.1 ūɡůɘəɎ ȷɜŰɘɞɝŮɘŭɤŰɘəɎ ............................................................................. 32 

2.1.1 ɄɟɤŰɞɔŮɜɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ .......................................................................... 33 

2.1.2 ȹŮɡŰŮɟɞɔŮɜɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ ........................................................................ 34 

2.2 ɀɖɢŬɜɘůɛɧɠ  ȹɟɎůɖɠ  Űɤɜ ȷɜŰɘɞɝŮɘŭɤŰɘəɩɜ ............................................ 34 

2.3 ɀɏɗɞŭɞɘ ŮəŰɑɛɖůɖɠ Űɖɠ ŭɟŬůŰɘəɧŰɖŰŬɠ Űɤɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ .................... 36 

2.3.1 ɀɏɗɞŭɞɠ ɛɏŰɟɖůɖɠ Űɖɠ Ŭˊɞɘəɞŭɧɛɖůɖɠ Űɖɠ ɟɑɕŬɠ 2,2ïŭɘűŬɘɜɡɚɞ-1-ˊɘəɟɡɚɞ- 

ɡŭɟŬɕɘɚɑɞɡ (DPPHĘ) ............................................................................................. 36 



 

 
 10 

2.4 ȷɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ əŬɘ ŬůɗɏɜŮɘŮɠ ........................................................ 38 

2.4.1 ȷɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ ɏɜŬɜŰɘ Űɤɜ əŬɟŭɘŬɔɔŮɘŬəɩɜ ɜɞůɖɛɎŰɤɜ .................... 38 

2.4.2 ȷɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ ɏɜŬɜŰɘ Űɖɠ əŬɟəɘɜɞɔɏɜŮůɖɠ ........................................ 38 

3Φ ʊ˂ʰʲˇ˄ˇʶʽʵʺΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ39 

3.1 ɀɞɟɘŬəɐ ŭɞɛɐ əŬɘ əŬŰɖɔɞɟɑŮɠ űɚŬɓɞɜɞŮɘŭɩɜ .......................................... 39 

3.1.1 ūɚŬɓɧɜŮɠ .................................................................................................... 40 

3.1.2 ȷɜɗɞəɡŬɜɘŭɑɜŮɠ ........................................................................................... 41 

3.1.3 ūɚŬɓɞɜɧɜŮɠ ................................................................................................ 42 

3.1.4 ȽůɞűɚŬɓɧɜŮɠ ............................................................................................... 43 

3.1.5 ūɚŬɓɞɜɧɚŮɠ ................................................................................................ 44 

3.1.6 ūɚŬɓŬɜɧɚŮɠ ................................................................................................ 45 

3.2 ȽŭɘɧŰɖŰŮɠ ūɚŬɓɞɜɞŮɘŭɩɜ .......................................................................... 46 

4. ʊʰʽ˄ˇ˂ʽˁʷˌ ɳ˄˗ˋʶʽˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ48 

4.1 ɉɖɛŮɑŬ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ............................................................. 48 

4.1.1 ūŬɘɜɞɚɘəɎ ɃɝɏŬ ........................................................................................... 50 

4.2 ȼ ɄɞɚɡɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ ................................... 52 

4.2.1. ɆɢɏůŮɘɠ ŭɞɛɐɠ - ŭɟŬůŰɘəɧŰɖŰŬɠ ůŰɖɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ ............... 53 

5. ʁˊʴʰ˄ˇ˂ˇʴʾʰΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΦ55 

5.1 ūŬůɛŬŰɞűɤŰɞɛŮŰɟɑŬ ɈˊŮɟɘɩŭɞɡɠ-ɃɟŬŰɞɨ (Uv-Vis) ................................ 55 

5.1.1 ũŮɜɘəɎ.......................................................................................................... 55 

5.1.2 ūŬůɛŬŰɧɛŮŰɟŬ Ŭˊɚɐɠ ŭɏůɛɖɠ ..................................................................... 56 

5.2 Ɉɔɟɐ ɉɟɤɛŬŰɞɔɟŬűɑŬ-ūŬůɛŬŰɞɛŮŰɟɑŬ ɀɎɕŬɠ, LC/MS ............................ 57 

5.2.1 Ɉɔɟɐ ɉɟɤɛŬŰɞɔɟŬűɑŬ LC ........................................................................... 58 

5.2.2 ūŬůɛŬŰɞɛŮŰɟɑŬ ɀɎɕŬɠ ................................................................................ 59 

5.2.1.1 ȸŬůɘəɏɠ ȷɟɢɏɠ ȿŮɘŰɞɡɟɔɑŬɠ űŬůɛŬŰɞɔɟɎűɞɡ ɛɎɕŬɠ.................................. 59 

5.2.3 ȸŬůɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ ɃɟɔɎɜɤɜ ............................................................... 60 

5.2.3.1 ɆɡůŰɐɛŬŰŬ ȺɘůŬɔɤɔɐɠ Űɞɡ ȹŮɑɔɛŬŰɞɠ  (Sample Inlet Systems) ........ 61 

5.2.3.2 Ʉɖɔɏɠ ȽɧɜŰɤɜ (Ion Sources) ............................................................. 61 

5.2.3.3 ȷɜŬɚɡŰɐɠ  ɀɎɕŬɠ (Mass Analyzer) ................................................... 64 

5.2.3.4 ȷɜɘɢɜŮɡŰɏɠ  (Detectors) .................................................................... 66 

6. ɼˇˋ˃ʶˍˇ˂ˇʴʾʰ - ɼˇˊˊʷˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ67  

6.1 ȸŬůɘəɏɠ Ŭɟɢɏɠ Űɖɠ ŬɜɎˊŰɡɝɖɠ əŬɚɚɡɜŰɘəɩɜ  ˊɟɞɥɧɜŰɤɜ .......................... 67 



ʋʰˍʸʺ ɳˎʰʴʴʶ˂ʾʰΣ ɲʽˉ˂˖˃ʰˍʽˁʺ ɳˊʴʰˋʾʰ 

 
 11 

6.1.1 ɄɟɞɦˊɞɗɏůŮɘɠ ɔɘŬ ɛɘŬ ŮˊɘŰɡɢɖɛɏɜɖ űɧɟɛɞɡɚŬ ............................................ 68 

6.2 ȾŬŰɖɔɞɟɑŮɠ ˊɟɞɥɧɜŰɤɜ ï ȾɟɏɛŮɠ .............................................................. 69 

6.3 ɉɟɐůɖ Űɤɜ ɓɞŰɎɜɤɜ əŬɘ űɡŰɩɜ ůŰŬ əŬɚɚɡɜŰɘəɎééééééééééé70   

6.3.1 ɇŬ ɓɧŰŬɜŬ ɤɠ űɡůɘəɎ ˊɟɞɥɧɜŰŬ .................................................................. 70 

6.3.2 ȺəɢɡɚɑůɛŬŰŬ ............................................................................................... 71 

сΦп ɲˇˁʽ˃ʷˌ ʅˍʰʻʶˊˈˍʹˍʰˌ ʃˊˇʿˈ˄ˍ˖˄ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ72 

6.4.1 Ƀɘ ŭɞəɘɛɏɠ əŬɚɚɡɜŰɘəɩɜ əŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ ɔŬɚŬəŰɤɛɎŰɤɜ .................. 73 

6.4.1.1 ŪŮɟɛɞəɟŬůɑŬ ................................................................................... 74 

6.4.1.2 ɅŮɞɚɞɔɑŬ .......................................................................................... 74 

6.4.1.3 ɀɏɔŮɗɞɠ ɆɤɛŬŰɘŭɑɤɜ ........................................................................ 75 

6.4.2 ɄɟɤŰɧəɞɚɚŬ ŭɞəɘɛɩɜ ɔɘŬ ŰŬ ɔŬɚŬəŰɩɛŬŰŬ ................................................. 75 

6.4.3 ɉɖɛɘəɐ ŬůŰɎɗŮɘŬ Űɤɜ ůɡůŰŬŰɘəɩɜ Űɤɜ əŬɚɚɡɜŰɘəɩɜ .................................... 76 

6.4.3.1 ɀŮŰŮůŰŮɟɞˊɞɑɖůɖ ............................................................................. 77 

6.4.3.2 ȹɘŬɚɡŰɞˊɞɑɖůɖ ................................................................................. 77 

6.4.3.3 ɃɝŮɑŭɤůɖ ......................................................................................... 77 

 

ɰΦ ʃʶʽˊʰ˃ʰˍʽˁˈ ɾʷˊˇˌ 

ɳʽˋʰʴ˖ʴʺ - ʅˁˇˉˈˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ80 

ʂˊʴʰ˄ʰ - ɮ˄ˍʽʵˊʰˋˍʺˊʽʰΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ82 

1. ʃˊˈˍˎˉʶˌ ɳ˄˗ˋʶʽˌΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧΧΧΧΧΦ84 

нΦ ɾʷˍˊʹˋʹ ʁ˂ʽˁ˗˄ ɮ˄ˍʽˇ˅ʶʽʵ˖ˍʽˁ˗˄ ˁʰʽ ɮ˄ˍʽˇ˅ʶʽʵ˖ˍʽˁʺˌ ɲˊʱˋʹˌΧ..Χ90 

2.1 ɀɏŰɟɖůɖ ɞɚɘəɩɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ (total phenolic compounds) ........ 90 

2.1.1 ȹɘŬɚɨŰɖɠ ɀŮɗŬɜɧɚɖ (MeOH) ....................................................................... 90 

2.1.2 ȹɘŬɚɨŰɖɠ ȷɘɗŬɜɧɚɖ (EtOH) .......................................................................... 95 

2.1.3 ȹɘŬɚɨŰɖɠ ɁŮɟɧ (H2O)................................................................................. 100 

 2.1.4 ɆɡɛˊŮɟɎůɛŬŰŬ ......................................................................................... 103 

2.2 ɃɚɘəɎ ūɚŬɓɞɜɞŮɘŭɐ (Total Flavonoids) .................................................. 105 

2.2.1 ɆɡɛˊŮɟɎůɛŬŰŬ.......................................................................................... 108 

2.3 ȷɜŰɘɞɝŮɘŭɤŰɘəɐ ȹɟɎůɖ -  ȹɞəɘɛɐ DPPH(Antioxidant Activity) .................. 109 

2.3.1 ɆɡɛˊŮɟɎůɛŬŰŬ.......................................................................................... 115 



 

 
 12 

оΦ ɮ˄ʱ˂ˎˋʹ ʇʴˊʺˌ ʋˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ - ʊʰˋ˃ʰˍˇ˃ʶˍˊʾʰˌ ɾʱʸʰˌ όLC-

MSύΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.118 

3.1 ȹɖɛɘɞɡɟɔɑŬ ȸɘɓɚɘɞɗɐəɖɠ ɄɟɧŰɡˊɤɜ ȺɜɩůŮɤɜ ...................................... 118 

3.2 ȷɜɎɚɡůɖ ȺəɢɡɚɘůɛɎŰɤɜ əŬɘ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ ɛŮ Ɉɔɟɐ 

ɉɟɤɛŬŰɞɔɟŬűɑŬ ........................................................................................... 128 

3.2.1. ȺəɢɨɚɘůɛŬ ɀŬɨɟɖɠ ɄŮɨəɖɠ-Ⱦɞɟɟɏɠ. ........................................................ 129 

3.2.2 ȺəɢɨɚɘůɛŬ Ʉɟɧˊɞɚɖɠ ............................................................................... 140 

3.2.3 ȺəɢɨɚɘůɛŬ ȺɢɘɜɎəŮɘŬ ................................................................................. 142 

3.2.4 ȺəɢɨɚɘůɛŬ ȯɟɜɘəŬ ..................................................................................... 144 

3.3  ɆɡɛˊŮɟɎůɛŬŰŬ ...................................................................................... 146 

пΦ ɲʹ˃ʽˇˎˊʴʾʰ ɼˊʷ˃ʰˌ - ɲˇˁʽ˃ʷˌ ʅˍʰʻʶˊˈˍʹˍʰˌ όStability TestsύΧΧΧ..148 

4.1 ȾŬŰŬůəŮɡɐ ȾɟɏɛŬɠ ................................................................................ 149 

4.2 ȹɞəɘɛɏɠ ɆŰŬɗŮɟɧŰɖŰŬɠ - Stability Tests .................................................. 153 

4.2.1 ɆɡɛˊŮɟɎůɛŬŰŬ.......................................................................................... 159 

5. ɱʶ˄ʽˁʱ ʅˎ˃ˉʶˊʱˋ˃ʰˍʰ ˁʰʽ ʃˊˇˇˉˍʽˁʷˌΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦмсм 

ɰʽʲ˂ʽˇʴˊʰ˒ʾʰΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..Χ165 

ʃʰˊʱˊˍʹ˃ʰΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ174 

 

 

  



ʋʰˍʸʺ ɳˎʰʴʴʶ˂ʾʰΣ ɲʽˉ˂˖˃ʰˍʽˁʺ ɳˊʴʰˋʾʰ 

 
 13 

 

 

 

 

 

 

 

 

 

  



 

 
 14 

 

  



ʋʰˍʸʺ ɳˎʰʴʴʶ˂ʾʰΣ ɲʽˉ˂˖˃ʰˍʽˁʺ ɳˊʴʰˋʾʰ 

 
 15 

ɞʅʎɻɾʖɾʙ 

ȷˊɧ Űɘɠ ŬˊŬɟɢɏɠ Űɞɡ ˊɞɚɘŰɘůɛɞɨ, ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ůŮɘɟɎɠ ŬůɗŮɜŮɘɩɜ, ɞ 

Ɏɜɗɟɤˊɞɠ ůŰɟɎűɖəŮ ůŰɖ űɨůɖ əŬɘ ŰŬ űɡůɘəɎ ˊɟɞɥɧɜŰŬ. ɄɚɖɗɩɟŬ ŮɟŮɡɜɩɜ, 

ɏɢŮɘ ŬˊɞŭŮɑɝŮɘ ɧŰɘ ɞɘ űŬɟɛŬəŮɡŰɘəɏɠ ɞɡůɑŮɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ űɡŰɘəɎ 

ˊɟɞɥɧɜŰŬ, əŬŰɏɢɞɡɜ ˊɟɤŰŬɔɤɜɘůŰɘəɧ ɟɧɚɞ ůŰɘɠ ˊŬɟŬŭɞůɘŬəɏɠ ŰŮɢɜɘəɏɠ 

ɡɔŮɘɞɜɞɛɘəɐɠ ˊŮɟɑɗŬɚɣɖɠ. ɆɨɛűɤɜŬ ɛŮ Űɘɠ ɏɟŮɡɜŮɠ ŬɡŰɏɠ, ɞ Ɏɜɗɟɤˊɞɠ 

űŬɑɜŮŰŬɘ ɜŬ ŬɜŰɘɚŬɛɓɎɜŮŰŬɘ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ, ˊɞɡ Űɞɡ ˊŬɟɏɢɞɡɜ ŰŬ űɡůɘəɎ 

ˊɟɞɥɧɜŰŬ, Ŭˊɧ ŰŬ ˊɟɩŰŬ ůŰɎŭɘŬ Űɖɠ ˊɞɟŮɑŬɠ Űɖɠ Ůɝɏɚɘɝɐɠ Űɞɡ. 

ɇŬ ˊɟɩŰŬ ŮɜŭŮɘəŰɘəɎ ůŰɞɘɢŮɑŬ, ɢɟɐůɖɠ űɡůɘəɩɜ ˊɟɞɥɧɜŰɤɜ, ŮɑɜŬɘ ŰŬ űɡŰɎ, ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ɢɟɤůŰɘəɏɠ ɞɡůɑŮɠ, ŮɝŬɘŰɑŬɠ Űɞɡ ˊɚɞɨůɘɞɡ ɢɟɩɛŬŰɧɠ 

Űɞɡɠ. ȺˊɘˊɟɧůɗŮŰŬ, Ŭˊɧ Űɖɜ ŬɟɢŬɘɧŰɖŰŬ, ŮɝɏɢɞɡůŬ ɗɏůɖ ůŰɖɜ ɘŬŰɟɘəɐ 

əŬŰɏɢɞɡɜ ŰŬ ŬɟɤɛŬŰɘəɎ űɡŰɎ, ŰŬ ɞˊɞɑŬ, ˊŬɟɞɡůɘɎɕɞɡɜ ɗŮɟŬˊŮɡŰɘəɏɠ əŬɘ 

ŮɡŮɟɔŮŰɘəɏɠ ŭɟɎůŮɘɠ  ůŰɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ. ɇŬ ŬɟɤɛŬŰɘəɎ űɡŰɎ Ůˊɑůɖɠ, 

ŮɑɜŬɘ ˊɖɔɐ ŭɘɎűɞɟɤɜ çŮɚɘɝɘɟɑɤɜè ɛŬəɟɞɕɤɑŬɠ əŬɘ ɜŮɧŰɖŰŬɠ. ȹŮɜ ŮɑɜŬɘ ŰɡɢŬɑɞ 

ɛɎɚɘůŰŬ, ɧˊɞɡ ůŮ ˊŮɟɘɧŭɞɡɠ ůəɞŰŬŭɘůɛɞɨ əŬɘ ɨűŮůɖɠ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ 

ˊɞɚɘŰɘůɛɞɨ, ɧˊɤɠ ɐŰŬɜ ɖ ˊŮɟɑɞŭɞɠ Űɞɡ ɀŮůŬɑɤɜŬ, əɎɗŮ űɡŰɘəɧ 

ˊŬɟŬůəŮɨŬůɛŬ, ŰŬɡŰɘɕɧŰŬɜ ŬɡŰɧɛŬŰŬ, ɛŮ ɛɡůŰɐɟɘɞ ˊɟɞɥɧɜ ɛŮ ɛŬɔɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ. 

 ȼ ɛŮɚɏŰɖ Űɤɜ űɡŰɘəɩɜ ŮəɢɡɚɘůɛɎŰɤɜ, ɎɟɢɘůŮ ɜŬ ɔɑɜŮŰŬɘ ůɡůŰɖɛŬŰɘəɐ, ɛŮ Űɖɜ 

ŬɜŬɔɏɜɜɖůɖ Űɖɠ ɢɖɛŮɑŬɠ, ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ əŬŰɎ Űɞɜ 17ɞ ŬɘɩɜŬ. 

Ⱦɞɛɓɘəɧ ůɖɛŮɑɞ, ɐŰŬɜ ɖ Ŭˊɞɛɧɜɤůɖ Űɤɜ əŬɗŬɟɩɜ ɞɡůɘɩɜ, Ŭˊɧ űɡŰɘəɏɠ 

ˊɟɩŰŮɠ ɨɚŮɠ. ɇɞ 19ɞ ŬɘɩɜŬ, ɞɘ ɞɡůɑŮɠ ŬɡŰɏɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ 

űŬɟɛŬəŮɡŰɘəɐ. ȾŬŰɎ Űɞɜ 20ɞ ŬɘɩɜŬ, ɖ ŮəɗŮŰɘəɐ ŬɜɎˊŰɡɝɖ Űɖɠ ɢɖɛŮɑŬɠ, 

ɞŭɐɔɖůŮ ůŰɖɜ ŰŬɡŰɞˊɞɑɖůɖ ɢɘɚɘɎŭɤɜ ŮɜɩůŮɤɜ, Ŭˊɧ ŬɟɤɛŬŰɘəɎ űɡŰɎ. ȷɡŰɧ 

ůɡɜɏɓŬɚɚŮ ůŰɖɜ ŭɘŬˊɑůŰɤůɖ Űɖɠ ɡɣɖɚɐɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ űŬɘɜɞɚɘəɩɜ 

ŮɜɩůŮɤɜ, ůŰŬ űɡŰɘəɎ ŮəɢɡɚɑůɛŬŰŬ. Ƀɘ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ, ŮɑɜŬɘ ˊŬɟɞɨůŮɠ ůŮ 

ɢŮɟůŬɑŬ əŬɘ ɡŭɎŰɘɜŬ ŬɜɩŰŮɟŬ űɡŰɎ əŬɘ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ˊɞɘəɘɚɧɛɞɟűŮɠ 

ŮɜɩůŮɘɠ. Ȱɢɞɡɜ ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ɚɧɔɤ Űɖɠ ůɡɛɓɞɚɐɠ Űɞɡɠ ůŰɖɜ 

ŬɜŰŬˊɧəɟɘůɖ Űɞɡ űɡŰɞɨ, ůŮ ˊŮɟɘɓŬɚɚɞɜŰɘəɧ ůŰɟŮɠ, ɧˊɤɠ ŮɑɜŬɘ ɞɘ ɟɨˊɞɘ, ɐ ɞɘ 

ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ.  ȼ ɘəŬɜɧŰɖŰŬ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ ɜŬ 

ŬɜŰɘŭɟɞɨɜ ɛŮ Űɘɠ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ, ɞŭɐɔɖůŮ ɛɏɟɞɠ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ 
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əɞɘɜɧŰɖŰŬɠ ůŰɖɜ ŬɜŬɕɐŰɖůɖ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ Ŭˊɧ 

ŬɟɤɛŬŰɘəɎ űɡŰɎ. 

 ɆɖɛŮɟɘɜɧɠ ůŰɧɢɞɠ Űɤɜ ŮɟŮɡɜɖŰɩɜ, ŮɑɜŬɘ ɖ ˊɟɞůˊɎɗŮɘŬ ŮəɛŮŰɎɚɚŮɡůɖɠ, əɎɗŮ 

űɡůɘəɐɠ ˊɖɔɐɠ. ɇɞ ŬɔɞɟŬůŰɘəɧ əɞɘɜɧ, ůŰɟɏűŮɘ Űɞ ŮɜŭɘŬűɏɟɞɜ Űɞɡ ůŮ əɎɗŮ 

ˊŬɟŬůəŮɨŬůɛŬ-űɡŰɘəɧ ˊɟɞɥɧɜ, Ůɜɩ ůŰɞɜ ɢɩɟɞ Űɖɠ ɓɘɞɛɖɢŬɜɘəɐɠ 

űŬɟɛŬəɞɚɞɔɑŬɠ ŰŬ űɡůɘəɎ ˊɟɞɥɧɜŰŬ əŬŰŬɚŬɛɓɎɜɞɡɜ ˊɟɤŰŬɔɤɜɘůŰɘəɐ ɗɏůɖ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ŭɘŮɝɎɔɞɜŰŬɘ ɏɟŮɡɜŮɠ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ űɡŰɘəɩɜ ŮəɢɡɚɘůɛɎŰɤɜ, 

ŰŬ ɞˊɞɑŬ ɛŮ Űɘɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ ŬˊɞŰŮɚɞɨɜ ˊɖɔɐ ɜɏɤɜ 

űŬɟɛɎəɤɜ əŬɘ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ˊɞɚɚɩɜ ŬůɗŮɜŮɘɩɜ. ɄɏɟŬ ɧɛɤɠ, Ŭˊɧ Űɖ 

űŬɟɛŬəɞɓɘɞɛɖɢŬɜɑŬ, ŰŬ űɡŰɘəɎ ˊɟɞɥɧɜŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ,  ůŰɖɜ ɓɘɞɛɖɢŬɜɑŬ 

Űɟɞűɑɛɤɜ, ɤɠ űɡůɘəɎ ˊɟɧůɗŮŰŬ (ɢɟɤůŰɘəɏɠ, ŬɟɤɛŬŰɘəɏɠ, ɔɚɡəŬɜŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ əɚˊ.),  əŬɗɩɠ əŬɘ ůŰɖɜ ˊŬɟŬɔɤɔɐ əŬɚɚɡɜŰɘəɩɜ əŬɘ ɞɡůɘɩɜ ɛŮ ɘŬŰɟɘəɐ 

əŬɘ əɞůɛɖŰɘəɐ ɢɟɐůɖ.   

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ɔɑɜŮŰŬɘ ɛŮɚɏŰɖ űɡŰɘəɩɜ ŮəɢɡɚɘůɛɎŰɤɜ, 

əŬɘ ůɡɔəŮəɟɘɛɏɜŬ, ŮəɢɡɚɑůɛŬŰɞɠ ɀŬɨɟɖɠ ɄŮɨəɖɠ, ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɖɜ 

ŮŰŬɘɟɑŬ ȾɃɅɅȺɆ, Ʉɟɧˊɞɚɖɠ, ȺɢɘɜɎəŮɘŬ əŬɘ ȯɟɜɘəŬɠ, ɔɘŬ Űɖɜ ˊŬɟɞɡůɑŬ ůŮ 

ŬɡŰɎ, űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ (total phenolic compounds), űɚŬɓɞɜɞŮɘŭɩɜ (total 

flavonoids), əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ ɛŮɚɏŰɖ Űɖɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɐɠ Űɞɡɠ ŭɟɎůɖɠ 

(antioxidant activity). ɇŬ ŮəɢɡɚɑůɛŬŰŬ ŬɜŬɚɨɞɜŰŬɘ, ɛŮ ŰŮɢɜɘəɐ ɡɔɟɐɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬɠ, ůɡɕŮɡɔɛɏɜɖɠ ɛŮ űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ, (LC-MS), ɛŮ ůəɞˊɧ 

Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ ŮɜɩůŮɤɜ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɎ. ũɘŬ Űɞ 

ůəɞˊɧ ŬɡŰɧ, ŬɜŬɚɨɗɖəŬɜ ˊɟɧŰɡˊŮɠ ɞɡůɑŮɠ, əŬɘ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ ˊɟɩŰɖ 

űɞɟɎ, ɓɘɓɚɘɞɗɐəɖ űŬůɛɎŰɤɜ ɔɘŬ Űɖɜ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ.  

ȼ ɛŮɚɏŰɖ, ɤɠ ˊɟɞɠ Űɖ ɢɟɐůɖ ůŮ əŬɚɚɡɜŰɘəɎ ˊɟɞɥɧɜŰŬ, ŮˊɘəŮɜŰɟɩɜŮŰŬɘ əɡɟɑɤɠ 

ůŰɞ ŮəɢɨɚɘůɛŬ ˊŮɨəɖɠ (ɛŬɨɟɖɠ ˊŮɨəɖɠ-ˊŮɨəɞɡ Ⱦɞɟůɘəɐɠ) Űɖɠ ŮŰŬɘɟɑŬɠ 

ȾɃɅɅȺɆ, Űɞ ɞˊɞɑɞ əŬɘ ůɡɛɛŮŰŮɑɢŮ, ůŰɖɜ ˊŬɟŬůəŮɡɐ  əɟɏɛŬɠ. ɇɞ ŮəɢɨɚɘůɛŬ 

ɀŬɨɟɖɠ ɄŮɨəɖɠ, ŮɑɜŬɘ ˊɚɞɨůɘɞ ůŮ ˊɞɚɡűŬɘɜɧɚŮɠ, ˊɟɞůŰŬŰŮɨŮɘ əŬɘ 

ŮɜŭɡɜŬɛɩɜŮɘ Űɞ ůɡɜŭŮŰɘəɧ ɘůŰɧ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ, ŮɜɘůɢɨɞɜŰŬɠ Űɖ ůɨůűɘɔɝɖ əŬɘ 

Űɖɜ ŬɜɗŮəŰɘəɧŰɖŰɎ Űɖɠ. ȰɢŮɘ ɘůɢɡɟɐ ůɡůűɘəŰɘəɐ ŭɟɎůɖ əŬɘ əŬŰŬˊɞɚŮɛɎ Űɘɠ 

ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ. (Sadeghi Afjeh M. et al., 2014)  
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1. ūɡŰɘəɎ ȺəɢɡɚɑůɛŬŰŬ  

1.1 ɇɞ ˊŮɨəɞ Űɖɠ Ⱦɞɟůɘəɐɠ-Corsican Black Pine 

ɆŰŬ ɓɞɡɜɎ Űɖɠ Ⱦɞɟůɘəɐɠ (ũŬɚɚɑŬ - ɜɖůɑ Űɖɠ ɀŮůɞɔŮɑɞɡ), Űɞ əɡɟɑŬɟɢɞ ŭɏɜŰɟɞ 

ŮɑɜŬɘ Űɞ ˊŮɨəɞ Űɖɠ Ⱦɞɟůɘəɐɠ (Pinus nigra ssp laricio (Poir) Maire var 

Corsicana). ɇŬ ŮəɢɡɚɑůɛŬŰŬ ˊŮɨəɞɡ, ˊŬɟɞɡůɘɎɕɞɡɜ ˊɞɚɚŬˊɚɎ ɞűɏɚɖ, 

ɔŮɔɞɜɧɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ əŬɘ ůŰɖɜ ˊɞɘəɘɚɞɛɞɟűɑŬ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůŮ 

ˊɞɚɡűŬɘɜɧɚŮɠ (Winkel-Shirley Brenda, 2001), (Alya Maimoona, et al. 2011). 

 

 

 

 

                                              

   

ȺɘəɧɜŬ 1.1. ɄɟɞɏɚŮɡůɖ ˊŮɨəɞɡ Ⱦɞɟůɘəɐɠ 

ɇɞ ˊŮɨəɞ Űɖɠ Ⱦɞɟůɘəɐɠ, ŬɜɐəŮɘ ůŰɞ ŮˊɘůŰɖɛɞɜɘəɧ ɔɏɜɞɠ Pinus əŬɘ ŮɑɜŬɘ ɛɏɚɞɠ 

Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Űɤɜ ˊŮɨəɤɜ (Pinaceae). ȷɜŬűɏɟŮŰŬɘ əŬɘ ɤɠ Pinus nigra, ɐ 

ɛŬɨɟɖ ˊŮɨəɖ. ɆɡɜŬɜŰɎŰŬɘ ůŮ ɧɚɖ Űɖ ɜɧŰɘŬ ɀŮůɧɔŮɘɞ, Űɖɜ Ⱥɡɟɩˊɖ, Ŭˊɧ Űɖɜ 

ȽůˊŬɜɑŬ ˊɟɞɠ Űɖɜ ŬɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ, ůŰɖɜ ŬɜŬŰɞɚɘəɐ ɢŮɟůɧɜɖůɞ Űɖɠ 

ɇɞɡɟəɑŬɠ, ůŰɖɜ Ⱦɞɟůɘəɐ, ůŰɖɜ Ⱦɨˊɟɞ, əŬɗɩɠ əŬɘ Űɖ ȸɧɟŮɘŬ ȷűɟɘəɐ (Farjon, 

A., 1993), (Christensen, K. I., 2005). ɆŰɖɜ ȺɚɚɎŭŬ, ŬɜŬˊŰɨůůŮŰŬɘ ůŮ ɞɟŮɘɜɎ 

əŬɘ ɖɛɘɞɟŮɘɜɎ ŮŭɎűɖ, ɛŮ ɡɣɧɛŮŰɟɞ Ŭˊɧ 400 ɛɏɢɟɘ 1800 ɛɏŰɟŬ. Ɇɡɜɐɗɤɠ 

ŬˊŬɜŰɎŰŬɘ ůŮ ŬůɓŮůŰɞɚɘɗɘəɎ ˊŮŰɟɩɛŬŰŬ, ɛŮ Ŭɡɝɖɛɏɜɖ ɡɔɟŬůɑŬ. ȸɟɑůəŮŰŬɘ ůŮ 

ŭɎůɖ ůŰɖɜ ɞɟɞůŮɘɟɎ Űɖɠ Ʉɑɜŭɞɡ, ůŰŬ ɓɞɡɜɎ Űɖɠ ɀŬəŮŭɞɜɑŬɠ əŬɘ 

Űɖɜ ɄŮɚɞˊɧɜɜɖůɞ. ɀɘəɟɐ ˊŬɟɞɡůɑŬ ɡˊɎɟɢŮɘ ůŰŬ ɓɞɡɜɎ Űɖɠ ȾɟɐŰɖɠ əŬɘ ůŰŬ 

ɜɖůɘɎ Űɞɡ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɞɨ ȷɘɔŬɑɞɡ, ȿɏůɓɞ, ŪɎůɞ əŬɘ ɆɎɛɞ. ɀɘŬ ɘŭɘŬɑŰŮɟɖ 

ŮɝŬɑɟŮůɖ ŮɑɜŬɘ Űɞ ˊŬɟɎəŰɘɞ ŭɎůɞɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ ůŰŬ ɄŮŰɟɤŰɎ 

https://el.wikipedia.org/wiki/%CE%91%CF%83%CE%B2%CE%B5%CF%83%CF%84%CF%8C%CE%BB%CE%B9%CE%B8%CE%BF%CF%82
https://el.wikipedia.org/wiki/%CE%A0%CE%AF%CE%BD%CE%B4%CE%BF%CF%82
https://el.wikipedia.org/wiki/%CE%9C%CE%B1%CE%BA%CE%B5%CE%B4%CE%BF%CE%BD%CE%AF%CE%B1
https://el.wikipedia.org/wiki/%CE%A0%CE%B5%CE%BB%CE%BF%CF%80%CF%8C%CE%BD%CE%BD%CE%B7%CF%83%CE%BF%CF%82
https://el.wikipedia.org/wiki/%CE%9B%CE%AD%CF%83%CE%B2%CE%BF%CF%82
https://el.wikipedia.org/wiki/%CE%98%CE%AC%CF%83%CE%BF%CF%82
https://el.wikipedia.org/wiki/%CE%A3%CE%AC%CE%BC%CE%BF%CF%82
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ȷɚŮɝŬɜŭɟɞɨˊɞɚɖɠ, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɏɜŰɟŬ ɜɎɜɞɡɠ (ȾɩůŰŬɠ ȷ. 

ŪɎɜɞɠ, 2000). 

 

ȺɘəɧɜŬ 1.2. Corsican Black Pine 

1.1.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ 

 

ɇɞ ůɡɔəŮəɟɘɛɏɜɞ Ůɑŭɞɠ ˊŮɨəɞɡ ɏɢŮɘ ɏɜŬɜ ůɢŮŰɘəɎ, ŮɡɗŮɑŬɠ ɔɟŬɛɛɐɠ űɚɞɘɧ, ɛŮ 

ɛɘəɟɏɠ ŭɘŬəɚŬŭɩůŮɘɠ. Ƀ űɚɞɘɧɠ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ˊŬɢɨ ůŰɟɩɛŬ ɛŮ ɢɟɩɛŬ 

Ŭˊɧ ɔəɟɘ-ɟɞɕ ɏɤɠ ɔəɟɘɕɤˊɧ-ɛŬɨɟɞ (ɔŮɔɞɜɧɠ ůŰɞ ɞˊɞɑɞ ŬˊɞŭɑŭŮŰŬɘ Űɞ ɧɜɞɛŬ 

Nigra).Ƀ űɚɞɘɧɠ ŭɘŬɗɏŰŮɘ Ůˊɑůɖɠ, ɘɜɩŭɖ əŬɘ ɚŮˊŰɐ ɡűɐ, Ůɜɩ ɛŮ Űɖɜ ɖɚɘəɑŬ Űɞ 

űɡŰɧ ŬˊɞəŰɎ ɓŬɗɘɎ ŮˊɘɢɟɡůɤɛɏɜŬ  ŬɡɚɎəɘŬ. Ƀɘ ɓɚŬůŰɞɑ ɏɢɞɡɜ ɏɜŬ əɑŰɟɘɜɞ-

əŬűɏ ɢɟɩɛŬ əŬɘ ŮɚŬűɟɘɏɠ ɟŬɓŭɩůŮɘɠ. ɇɞ Ɏɜɗɞɠ Űɞɡ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ɛˊɞɡɛˊɞɨəɘŬ ɢɟɩɛŬŰɞɠ  əŬűɏ, əŬɘ ɛŮɔɏɗɞɡɠ  1.5-2cm, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ůɢɐɛŬ 

Ůɡɟɨ ůŰɖ ɓɎůɖ əŬɘ ůŰŮɜɧ ŬˊɧŰɞɛŬ ůŮ ɏɜŬ Ŭɘɢɛɖɟɧ ůɖɛŮɑɞ. ɇŬ Ɏɜɗɖ ůɡɢɜɎ 

ŮˊɘəŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ ɚŮɡəɐ ɟɖŰɑɜɖ. Ƀɘ ɓŮɚɧɜŮɠ ŮɑɜŬɘ ɚŮˊŰɏɠ, ɛŬəɟɘɏɠ (8-14cm), 

ɔəɟɘ-ˊɟɎůɘɜɞɡ ɢɟɩɛŬŰɞɠ, ŬˊŬɚɏɠ  ɛŮ ŭɘŬəɟɘŰɘəɐ ůɡůŰɟɞűɐ ɏŰůɘ ɩůŰŮ ɜŬ 

ŮɛűŬɜɑɕɞɜŰŬɘ əɡɛŬŰɘůŰɏɠ. ȷɜŬˊŰɨůůɞɜŰŬɘ ůŮ ɕŮɨɔɖ (Farjon, A., 1993), 
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(Christensen, K. I., 2005). ɇɞ ˊŮɨəɞ Ⱦɞɟůɘəɐɠ,  ŮɑɜŬɘ ɛɞɜɞɔɞɜŮɥəɧ. ȷɡŰɧ 

ůɖɛŬɑɜŮɘ,  ɧŰɘ ůŰɞ ɑŭɘɞ ŭɏɜŰɟɞ ɓɟɑůəɞɜŰŬɘ əŬɘ ŰŬ ŭɨɞ, ŬɟůŮɜɘəɎ əŬɘ ɗɖɚɡəɎ 

Ɏɜɗɖ. ɇŬ ŬɟůŮɜɘəɎ Ɏɜɗɖ ɏɢɞɡɜ ɛɏɔŮɗɞɠ  1,3 ŮəŬŰɞůŰɎ ůŮ ůɢɐɛŬ ɓŬɟŮɚɘɞɨ əŬɘ 

ŬɜŬˊŰɨůůɞɜŰŬɘ əɡɟɑɤɠ ůŰɖ ɓɎůɖ Űɤɜ ɓɚŬůŰɩɜ (ŮɘəɧɜŬ 1.3). ȷɜŰɑɗŮŰŬ, ŰŬ 

ɗɖɚɡəɎ Ɏɜɗɖ,  ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɘɠ ɎəɟŮɠ Űɞɡ ɓɚŬůŰɞɨ. ȺɑɜŬɘ ɛɘəɟɧŰŮɟŬ 

(5mm), ɤɞŮɘŭɐ əŬɘ ɟɧŭɘɜŬ-ɟɞɕ (ŮɘəɧɜŬ 1.4). ɇɞ əɎɗŮ ŭɏɜŰɟɞ ɔɞɜɘɛɞˊɞɘŮɑŰŬɘ ɛŮ 

Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ Ŭɜɏɛɞɡ. ɇɏɚɞɠ, ɞɘ əɩɜɞɘ ŮɑɜŬɘ ɛŮɔɎɚɞɘ (5-8 ŮəŬŰɞůŰɎ), əŬűɏ 

ůŰɞ ŮůɤŰŮɟɘəɧ əŬɘ ŭɘŬɗɏŰɞɡɜ Ŭɜɞɛɞɘɧɛɞɟűɞ ůɢɐɛŬ. ɋɟɘɛɎɕɞɡɜ ŭɨɞ ɢɟɧɜɘŬ 

ɛŮŰɎ Űɖɜ ŬɜɗɞűɞɟɑŬ əŬɘ ůɡɜɐɗɤɠ əŬŰɎ Űɞ ɛɐɜŬ ȹŮəɏɛɓɟɘɞ. Ƀɘ ůˊɧɟɞɘ ŮɑɜŬɘ 

ůɢŮŰɘəɎ ɛŮɔɎɚɞɘ əŬɘ űŰŮɟɤŰɞɑ (Lee, C. H., 1968), (Dida, M., 2001).  

 

      ȺɘəɧɜŬ 1.3. ȷɟůŮɜɘəɎ ȯɜɗɖ                                           ȺɘəɧɜŬ 1.4. ŪɖɚɡəɎ ȯɜɗɖ  

ɇɞ ˊŮɨəɞ Ⱦɞɟůɘəɐɠ ŮɑɜŬɘ ɏɜŬ Ůɑŭɞɠ,  ɚɘɔɧŰŮɟɞ ŬˊŬɘŰɖŰɘəɧ əŬɘ ŰŬɢɏɤɠ 

ŬɜŬˊŰɡůůɧɛŮɜɞ. ȷɜɐəŮɘ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ əɤɜɞűɧɟɤɜ, əŬɘ ŬɜŬˊŰɨůůŮŰŬɘ  

ˊŮɟɑˊɞɡ ˊɎɜɤ Ŭˊɧ ŰŬ ůŬɟɎɜŰŬ ɛɏŰɟŬ ůŮ ɨɣɞɠ. ȸɟɑůəŮŰŬɘ ůŮ ɡɣɧɛŮŰɟɞ ˊɞɡ 

əɡɛŬɑɜŮŰŬɘ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ ɏɤɠ 2.000 ɛɏŰɟŬ, əŬɘ ůɡɢɜɧŰŮɟŬ 

Ŭˊɧ 250-1,600 ɛɏŰɟŬ. ɀŮɔŬɚɨŰŮɟɖ ŬɜɗɞűɞɟɑŬ, ˊŬɟɞɡůɘɎɕŮɘ Űɞɡɠ ɛɐɜŮɠ  ɀɎɘɞ 

ɏɤɠ Ƚɞɨɜɘɞ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ ůˊɧɟɞɘ Ŭɟɢɑɕɞɡɜ ɜŬ ɤɟɘɛɎɕɞɡɜ Űɞ ȹŮəɏɛɓɟɘɞ əŬɘ 

ůɡɜɐɗɤɠ ůɡɚɚɏɔɞɜŰŬɘ Űɞɜ ȽŬɜɞɡɎɟɘɞ. ɆˊɏɟɜɞɜŰŬɘ Űɏɚɖ ɀŬɟŰɑɞɡ / Ŭɟɢɏɠ 

ȷˊɟɘɚɑɞɡ, ɧŰŬɜ Űɞ ɏŭŬűɞɠ ŮɑɜŬɘ ɗŮɟɛɧŰŮɟɞ, ɢɤɟɑɠ ɜŬ ŬˊŬɘŰŮɑŰŬɘ ˊɟɞŮɟɔŬůɑŬ. 
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ȳůɞ ŬűɞɟɎ Űɞ ˊɟɞůŭɧəɘɛɞ ɕɤɐɠ, ůŰɞ ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ, Űɞ ˊŮɨəɞ Űɖɠ 

Ⱦɞɟůɘəɐɠ ɏɢŮɘ űŰɎůŮɘ ůŮ ɖɚɘəɑŬ 200 ŮŰɩɜ (Lee, C. H., 1968), (Dida, M., 2001). 

ɋɠ ɏɜŬ ɛŮůɞɔŮɘŬəɧ ŭɏɜŰɟɞ, ŬɜŬˊŰɨůůŮŰŬɘ əŬɚɨŰŮɟŬ, ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɢŬɛɖɚɏɠ  

ɓɟɞɢɞˊŰɩůŮɘɠ əŬɘ ɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɗɩɠ əŬɘ ůŮ Ŭɛɛɩŭɖ ŮŭɎűɖ. ȺɑɜŬɘ 

ŬɜŮɢŰɘəɧ ůŰɖ ɗŮɟɛɧŰɖŰŬ, əŬɘ Űɖɜ ɝɖɟŬůɑŬ, ɧˊɤɠ əŬɘ ůŮ əɎˊɞɘŬ ɛɧɚɡɜůɖ, ŬɚɚɎ 

ŮɑɜŬɘ ŮɡɎɚɤŰɞ ůŮ ˊŬɔŮŰɧ. ȹŮɜ ŬɜɏɢŮŰŬɘ ˊɞɚɨ ɡɔɟɧ ɐ ůɡɛˊɘŮůɛɏɜɞ ɏŭŬűɞɠ əŬɘ 

ɛˊɞɟŮɑ ɜŬ ŬɡɝɖɗŮɑ ůŮ ŬůɓŮůŰɞɚɘɗɘəɎ ŮŭɎűɖ ɛŮ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɜŬ ŮɑɜŬɘ əŬɚɎ 

ůŰɟŬɔɔɘɕɧɛŮɜŬ. (Farjon, A., 1993), (Christensen, K. I., 2005) 

1.1.2 ȽŭɘɧŰɖŰŮɠ - ɉɟɐůŮɘɠ  

 

ɇɞ ɝɨɚɞ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ Ůɑŭɞɡɠ ŮɑɜŬɘ ůŰŬɗŮɟɧ əŬɘ ɛɏůɖɠ ŬɜŰɞɢɐɠ, 

ɡɣɖɚɧŰŮɟɖɠ Ŭˊɧ ŮəŮɑɜɖɠ Űɞɡ ɏɚŬŰɞɡ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɞɘəɞŭɞɛɘəɏɠ 

ŮɟɔŬůɑŮɠ, ɧˊɤɠ ůŰɏɔŮɠ, ŭɎˊŮŭŬ əŬɘ ɝɡɚɞɡɟɔɘəɐ ŮůɤŰŮɟɘəɩɜ ɢɩɟɤɜ, əŬɗɩɠ 

əŬɘ ɔɘŬ Űɖ ɚɐɣɖ əɞɡŰɘɩɜ, ůŬɜɑŭɤɜ əŬɘ ɢŬɟŰɞˊɞɚŰɞɨ. ɇŬ űɨɚɚŬ əŬɘ ɖ ɟɖŰɑɜɖ 

Űɞɡ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ŭɖɛɘɞɡɟɔɑŬ ɡɚɘəɩɜ ɧˊɤɠ: əŮɟɑ, ɓŮɟɜɑəɘ, 

ůɡɜŰɖɟɖŰɘəɧ ɝɨɚɞɡ əŬɘ əɞɚɞűɤɜɑɞɡ ɔɘŬ ɏɔɢɞɟŭŬ. ɇŬ ŮəɢɡɚɑůɛŬŰŬ Ŭˊɧ ůŰŮɚɏɢɖ 

ˊŮɨəɞɡ, ɏɢɞɡɜ ˊɚɖɗɩɟŬ ɗŮŰɘəɩɜ ɔɘŬ Űɖɜ ɡɔŮɑŬ ŮˊɘŭɟɎůŮɤɜ, ɔŮɔɞɜɧɠ ˊɞɡ 

əŬŰŬɛŬɟŰɡɟɎ, ɖ ˊɚɞɨůɘŬ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡɠ  ůŮ ˊɞɚɡűŬɘɜɧɚŮɠ. ɀŮɚɏŰŮɠ ůŮ 

ɔɜɤůŰɎ ůŰŮɚɏɢɖ ˊŮɨəɞɡ, ɏŭŮɘɝŬɜ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɤɜ űɡŰɘəɩɜ 

ŮəɢɡɚɘůɛɎŰɤɜ Űɞɡɠ,  ůŮ ˊɟɞŬɜɗɞəɡŬɜɘŭɑɜŮɠ ɜŬ ŬɜɏɟɢŮŰŬɘ ůŰɞ 65-75%. ɇŬ 

űɡŰɘəɎ ŬɡŰɎ ŮəɢɡɚɑůɛŬŰŬ, ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɧ Űɖɜ Ůˊɞɢɐ Űɞɡ 

ȽˊˊɞəɟɎŰɖ, ɔɘŬ Űɖ ɗŮɟŬˊŮɑŬ űɚŮɔɛɞɜɤŭɩɜ ŬůɗŮɜŮɘɩɜ. ȷɘɗɏɟɘŬ ɏɚŬɘŬ ˊŮɨəɞɡ 

ŭɘŬɗɏŰɞɡɜ ŬˊɞůɛɖŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ ˊɟɞɥɧɜŰŬ 

əŬɗŬɟɘůɛɞɨ Űɞɡ ŭɏɟɛŬŰɞɠ  əŬɘ  ɤɠ ŬɜŰɘůɖˊŰɘəɧ (Sadeghi Afjeh M., 2014), 

(Pasqualini V., 2003). 

ȼ ɛŮɔɎɚɖ ɞɘəɞɔɏɜŮɘŬ Űɤɜ ˊŮɨəɤɜ (90 Ůɑŭɖ) ŮɑɜŬɘ Ůɡɟɏɤɠ ɔɜɤůŰɐ ɔɘŬ Űɖɜ 

ˊŬɟɞɡůɑŬ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ Űɧůɞ ůŰɞɜ əɞɟɛɧ, ɧůɞ əŬɘ ůŰɘɠ ɓŮɚɧɜŮɠ. 

ȷɟəŮŰɏɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŭɘŮɝŬɢɗŮɑ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ˊɞɚɡűŬɘɜɞɚɘəɩɜ 

ůɡůŰŬŰɘəɩɜ ůŮ ŭɘɎűɞɟŬ Ůɑŭɖ ˊŮɨəɖɠ, ɛŮ Űɖ ɢɟɐůɖ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ. 

ȾɚŬůɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ, ŮɑɜŬɘ ɛɘŬ ɛŮɚɏŰɖ ůŰɖɜ ɇɞɡɟəɑŬ (Yesil-Celiktas O. et al., 

2009), ɖ ɞˊɞɑŬ  ŬɜɏűŮɟŮ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ əŬŰŮɢɑɜŮɠ ůŰɞ űɚɞɘɧ Űɞɡ 
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ɔɏɜɞɡɠ  P. Brutia, ŬɚɚɎ əŬɘ ůŮ ɎɚɚŬ ŰɞɡɟəɘəɎ ˊŮɨəŬ. ȹɨɞ ɎɚɚŮɠ ŮəɗɏůŮɘɠ, 

ŮˊɘəŮɜŰɟɩɗɖəŬɜ  ůŰŬ űŬɘɜɞɚɘəɎ ůɡůŰŬŰɘəɎ Űɤɜ ˊŮɡəɞɓŮɚɧɜɤɜ, Űɤɜ ɔŮɜɩɜ P. 

halepensis əŬɘ P. laricio. ȼ ˊɟɩŰɖ ɛŮɚɏŰɖ, ɏŭŮɘɝŮ ˊŬɟɞɡůɑŬ  p-əɞɡɛŬɟɘəɞɨ 

ɞɝɏɞɠ, ɓŬɜɘɚɘəɞɨ ɞɝɏɞɠ əŬɘ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ, Ůɜɩ Ŭˊɧ Űɖ ŭŮɨŰŮɟɖ ˊɟɞɏəɡɣŮ 

ˊŬɟɞɡůɑŬ p-əɞɡɛŬɟɘəɞɨ ɞɝɏɞɠ, ɓŬɜɘɚɘəɞɨ ɞɝɏɞɠ  əŬɘ űŮɟɞɡɚɘəɞɨ ɞɝɏɞɠ. 

ɄŬɟŮɛűŮɟŮɑɠ ɛŮɚɏŰŮɠ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ əŬɘ ˊɟɞůŭɘɞɟɘůɛɧ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ, 

ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Ůˊɑůɖɠ, ůŰɘɠ ɜɞɟɓɖɔɘəɏɠ ˊŮɡəɞɓŮɚɧɜŮɠ (Sadeghi 

Afjeh M. et al., 2014). ɆŮ ɞɟɘůɛɏɜŬ ůŰŮɚɏɢɖ Ůˊɑůɖɠ, ɓɟɏɗɖəŬɜ űɚŬɓɞɜɞŮɘŭɐ 

əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɘůɞɛŮɟɐ əŮɟəŮŰɑɜɖɠ (Takahaski et al., 1960), Ůɜɩ 

ˊŬɟɎɚɚɖɚŬ, ŬˊɞɛɞɜɩɗɖəŮ Ŭɟɘɗɛɧɠ Ŭˊɧ əŬŰŮɢɑɜŮɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ, əŬŰŮɢɑɜɖ 

ŮˊɘəŬŰŮɢɑɜɖ, ɔŬɚɚɞəŬŰŮɢɑɜɖ əŬɘ ŮˊɘɔŬɚɚɞəŬŰŮɢɑɜɖ (Shumailova, 1971), (Gerard 

J., 1978). ȰɟŮɡɜŮɠ, ůŬɜ ŬɡŰɏɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ, ɓɞɐɗɖůŬɜ ůŰɖɜ Ůˊɘɚɞɔɐ Űɤɜ 

ˊɟɞŰɨˊɤɜ ɞɡůɘɩɜ, ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ ɚɧɔɤ ˊɘɗŬɜɐɠ 

ˊŬɟɞɡůɑŬɠ ůŰŬ ŮəɢɡɚɑůɛŬŰŬ, ˊɞɡ ɛŮɚŮŰɩɜŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ. 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ ˊɑɜŬəŬɠ, ɛŮ űŬɘɜɞɚɘəɏɠ ɞɡůɑŮɠ əŬɘ űɚŬɓɞɜɞŮɘŭɐ, ˊɞɡ 

ɏɢɞɡɜ ŮɜŰɞˊɘůŰŮɑ ůŮ ůŰŮɚɏɢɖ (ˊŮɡəɞɓŮɚɧɜŮɠ əŬɘ əɞɟɛɧ) ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ 

Ůɘŭɩɜ ˊŮɨəɞɡ (Alya Maimoona, et al., 2011): 

ɄɑɜŬəŬɠ 1.5. ūŬɘɜɞɚɘəɎ əŬɘ ūɚŬɓɞɜɞŮɘŭɐ ůŮ ůŰŮɚɏɢɖ ŭɡɞ Ůɘŭɩɜ ˊŮɨəɤɜ 

ūŬɘɜɞɚɘəɎ/ūɚŬɓɞɜɞŮɘŭɐ 

Ⱥɑŭɞɠ roxburghii Ⱥɑŭɞɠ willichiana 

ȷɜŬűɞɟɏɠ Ⱦɞɟɛɧɠ ȸŮɚɧɜŮɠ Ⱦɞɟɛɧɠ ȸŮɚɧɜŮɠ 

Quercetin + + + + 

Naeem et al.(2010) 

and Willfor et al.(2009) 

Taxifolin + - - - Willfor et al.(2009) 

Catechin + - + - Willfor et al.(2009) 

ɄŬɟɎɔɤɔɞ Quercetin + - - - Willfor et al.(2009) 

ɄŬɟɎɔɤɔɞ Taxifolin - - + - Will for et al.(2009) 

ɄŬɟɎɔɤɔŬ catechin əŬɘ  

gallocatechin + - + - Willfor et al.(2009) 

Kaempferol + - + - Naeem et al.(2010) 

Rhamnentin + - + - Naeem et al.(2010) 

Isorhamnentin - - + + Naeem et al.(2010) 
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Myricetin - + + - Naeem et al.(2010) 

3,4-dihydroxybenzoic 

acid + - + - Willfor et al.(2009) 

3,4-dihydroxycinnamic 

acid + - - - Willfor et al.(2009) 

Monomethyl Pinosylvin - - + - Willfor et al.(2009) 

Dihydro-monomethyl 

pinosylvin + - + - Willfor et al.(2009) 

Resveratrol glycoside - - + - Willfor et al.(2009) 

Pinoresinol + - - - Willfor et al.(2009) 

1.2 Ʉɟɧˊɞɚɖ  

ȰɢŮɘ ŬˊɞŭŮɘɢɗŮɑ, ɧŰɘ ɏɜŬ Ŭˊɧ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊɟɧˊɞɚɖɠ ɛɏɚɘůůŬɠ, ŮɑɜŬɘ 

ɖ Ůɜɑůɢɡůɖ Űɤɜ ŬɛɡɜŰɘəɩɜ ɛɖɢŬɜɘůɛɩɜ Űɞɡ ɞɟɔŬɜɘůɛɞɨ, ɐ Űɞɡ 

ŬɜɞůɞˊɞɘɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ɔŮɔɞɜɧɠ ˊɞɡ Űɖɜ əŬɗɘůŰɎ ŭɘˊɚɎ ŬˊɞŰŮɚŮůɛŬŰɘəɐ 

ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ɚɞɘɛɩɝŮɤɜ əɎɗŮ Ůɑŭɞɡɠ (Krel R. 1996). ɆŰɘɠ Ŭɟɢɏɠ Űɖɠ 

ŭŮəŬŮŰɑŬɠ Űɞɡ 1970, ɎɟɢɘůŮ ɜŬ ŬɜŬˊŰɨůůŮŰŬɘ ɛŮɔɎɚɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɖ ɛŮɚɏŰɖ 

ŬɡŰɞɨ Űɞɡ ˊɟɞɥɧɜŰɞɠ ůŰɖ ũɘɞɡɔəɞůɚŬɓɑŬ, Űɖ ɅɤůɑŬ əŬɘ Űɖɜ ɄɞɚɤɜɑŬ, əŬɗɩɠ 

əŬɘ ůŮ ɎɚɚŬ ɛɏɟɖ Űɞɡ əɧůɛɞɡ. ȰɜŬɠ ũɎɚɚɞɠ ŮˊɘůŰɐɛɞɜŬɠ ɛŮ Űɞ ɧɜɞɛŬ Lavie, 

əŬɗɩɠ əŬɘ ɏɜŬ ˊɞɚɤɜɘəɧ űŬɟɛŬəŮɡŰɘəɧ ŮɟɔŬůŰɐɟɘɞ, əŬŰɏŭŮɘɝŬɜ Űɘɠ ŮɝŬɘɟŮŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ Űɖɠ ˊɟɧˊɞɚɖɠ ůŰɖɜ əŬŰŬˊɞɚɏɛɖůɖ ɛɡəɐŰɤɜ əŬɘ ɓŬəŰɖɟɘŭɑɤɜ. Ƀ 

ȷɟɘůŰɞŰɏɚɖɠ ɢɟɖůɘɛɞˊɞɘɞɨůŮ Űɖɜ ˊɟɧˊɞɚɖ ɤɠ ɗŮɟŬˊŮɡŰɘəɧ ɛɏůɞ ɔɘŬ ˊɞɚɚɏɠ 

ŭɘŬűɞɟŮŰɘəɏɠ ɜɧůɞɡɠ (Khorasgani EM., 2010). ɆŮ ˊɘɞ ůɨɔɢɟɞɜŮɠ Ůˊɞɢɏɠ, ɏɜŬ 

ɓɎɚůŬɛɞ əŬŰŬůəŮɡŬůɛɏɜɞ Ŭˊɧ ˊɟɧˊɞɚɖ əŬɘ ɓŬɕŮɚɑɜɖ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ 

ůŰɞɜ ˊɧɚŮɛɞ ɔɘŬ Űɖɜ əŬŰŬˊɞɚɏɛɖůɖ Űɤɜ ŮˊɘɛɞɚɨɜůŮɤɜ Űɤɜ ŰɟŬɡɛɎŰɤɜ. 

Ʌɩůɞɘ əŬɘ Ʉɞɚɤɜɞɑ ŮɟŮɡɜɖŰɏɠ ŬɜŬəɎɚɡɣŬɜ ɧŰɘ ɖ ˊɟɧˊɞɚɖ ŮɑɜŬɘ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮɜŬɜŰɑɞɜ Űɞɡ ɓŬəɑɚɞɡ Űɖɠ űɡɛŬŰɑɤůɖɠ, əŬɘ Ůɝɑůɞɡ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮɜŬɜŰɑɞɜ ɞɟɘůɛɏɜɤɜ Ůɘŭɩɜ ɛɡəɐŰɤɜ ŬɜɗŮəŰɘəɩɜ ůŰɘɠ ůɡɜɐɗŮɘɠ 

ɗŮɟŬˊŮɑŮɠ, ɧˊɤɠ ɖ Candida.  (Bankova S. Vassya, 2000), (Ghisalberti E.L., 

2015) 

http://proionta-tis-fisis.com/?s=%CE%B1%CE%BD%CE%BF%CF%83%CE%BF%CF%80%CE%BF%CE%B9%CE%B7%CF%84%CE%B9%CE%BA
http://proionta-tis-fisis.com/?s=%CE%BB%CE%BF%CE%B9%CE%BC%CF%8E%CE%BE
http://proionta-tis-fisis.com/?s=Candida
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ɳʽˁˈ˄ʰ мΦсΦ ʊˎˋʽˁʺ ˉˊˈˉˇ˂ʹ ˃ʶ˂ʽˋˋ˗˄ 

 

1.2.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ ï ūɡůɘəɏɠ ȽŭɘɧŰɖŰŮɠ ï ɉɖɛɘəɐ ɆɨůŰŬůɖ  

 

ȼ ́ɟɧˊɞɚɖ (bee-glue) ŮɑɜŬɘ əɞɚɚɩŭɖɠ ɞɡůɑŬ, ˊɞɡ ˊŬɟɎɔɞɡɜ ɞɘ ɛɏɚɘůůŮɠ, ɔɘŬ 

ůŰŮɔŬɜɞˊɞɑɖůɖ əŬɘ ŬˊɞɚɨɛŬɜůɖ Űɞɡ ŮůɤŰŮɟɘəɞɨ Űɖɠ əɡɣɏɚɖɠ, ɖ ɞˊɞɑŬ 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ůɡɚɚɞɔɐ ɟɖŰɘɜɤŭɩɜ ŮəəɟɑůŮɤɜ Ŭˊɧ Űɞɡɠ űɚɞɘɞɨɠ űɡŰɩɜ, 

əŬɘ ŮɛˊɚɞɡŰɘůɛɧ ɛŮ əŮɟɑ, ɔɨɟɖ, ɏɜɕɡɛŬ əŬɘ ɎɚɚŮɠ ɞɡůɑŮɠ (ŮɘəɧɜŬ 1.6). ɇɞ 

ɢɟɩɛŬ Űɖɠ ˊɟɧˊɞɚɖɠ ˊɞɘəɑɚŮɘ ŬɜɎɚɞɔŬ Ŭˊɧ Űɞ űɡŰɧ ˊɟɞɏɚŮɡůɐɠ Űɖɠ əŬɘ Ŭˊɧ 

Űɘɠ ˊɟɞůɛŮɑɝŮɘɠ əŮɟɘɞɨ əŬɘ ɔɨɟɖɠ. ȺɑɜŬɘ ŮɜŰŮɚɩɠ ŬŭɘɎɚɡŰɖ ůŰɞ ɜŮɟɧ ŬɚɚɎ, 

ŭɘŬɚɨŮŰŬɘ ůŰɖɜ Ŭɘɗɡɚɘəɐ Ŭɚəɞɧɚɖ, ůŰɖɜ ɔɚɡəɧɚɖ əŬɘ ůŮ Ɏɚɚɞɡɠ ɞɟɔŬɜɘəɞɨɠ 

ŭɘŬɚɨŰŮɠ. ȼ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɖɠ ˊɟɧˊɞɚɖɠ ɧˊɤɠ əŬɘ ɞɘ űɡůɘəɏɠ Űɖɠ ɘŭɘɧŰɖŰŮɠ 

ŮɝŬɟŰɩɜŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɖɜ ɢɚɤɟɑŭŬ Űɖɠ əɎɗŮ ˊŮɟɘɞɢɐɠ. ȼ ɢɖɛɘəɐ Űɖɠ 

ůɨůŰŬůɖ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ˊɞɚɨˊɚɞəɖ, əŬɗɩɠ ůŮ ŬɡŰɐɜ ɏɢɞɡɜ ŬɜɘɢɜŮɡɗŮɑ 

ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 300 ɢɖɛɘəɏɠ ŮɜɩůŮɘɠ. ȷˊɞŰŮɚŮɑŰŬɘ əɡɟɑɤɠ Ŭˊɧ ɟɖŰɑɜɖ 

(50%), əŮɟɑ (30%), ŬɘɗɏɟɘŬ ɏɚŬɘŬ (10%), ɔɨɟɖ (5%). ɇŬ ɡˊɧɚɞɘˊŬ ůɡůŰŬŰɘəɎ 

Űɖɠ ŮɑɜŬɘ ŬɟɤɛŬŰɘəɏɠ ɞɡůɑŮɠ, ɕɎɢŬɟŬ, ɓɎɚůŬɛŬ, ŰŮɟˊɏɜɘŬ, ŬɚŮɘűŬŰɘəɎ ɞɝɏŬ əŬɘ 

ɞɘ ŮůŰɏɟŮɠ Űɞɡɠ, űɚŬɓɧɜŮɠ, ŬɜɧɟɔŬɜŮɠ ɞɡůɑŮɠ, ɓɘŰŬɛɑɜŮɠ, ɘɢɜɞůŰɞɘɢŮɑŬ əŬɘ ɎɚɚŬ 

ɔɜɤůŰɎ əŬɘ ɎɔɜɤůŰŬ ůɡůŰŬŰɘəɎ (Krel R. 1996), (Bankova S. Vassya, 2000), 

(Ghisalberti E.L., 2015) 

https://el.wikipedia.org/wiki/%CE%9C%CE%AD%CE%BB%CE%B9%CF%83%CF%83%CE%B1
https://el.wikipedia.org/wiki/%CE%A6%CF%85%CF%84%CF%8C
https://el.wikipedia.org/wiki/%CE%93%CF%8D%CF%81%CE%B7
https://el.wikipedia.org/wiki/%CE%88%CE%BD%CE%B6%CF%85%CE%BC%CE%B1
https://el.wikipedia.org/wiki/%CE%91%CE%B9%CE%B8%CF%85%CE%BB%CE%B9%CE%BA%CE%AE_%CE%B1%CE%BB%CE%BA%CE%BF%CF%8C%CE%BB%CE%B7
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1.2.2 ȸɘɞɚɞɔɘəɏɠ ȹɟɎůŮɘɠ ï ŪŮɟŬˊŮɡŰɘəɏɠ ȽŭɘɧŰɖŰŮɠ  
  

ȼ ˊɟɧˊɞɚɖ ˊŮɟɘɏɢŮɘ ŬɜŰɘɓŬəŰɖɟɘŭɘŬəɏɠ əŬɘ ŬɜŰɘɛɡəɖŰɘŬəŮɠ ɞɡůɑŮɠ, ɞɘ ɞˊɞɑŮɠ 

ŭɟɞɡɜ ŮˊɘɚŮəŰɘəɎ: ŮˊɘŰɑɗŮɜŰŬɘ ůŰŬ ˊŬɗɞɔɧɜŬ ɓŬəŰɐɟɘŬ əŬɘ Űɞɡɠ Űɞɝɘəɞɨɠ 

ɛɨəɖŰŮɠ ɢɤɟɑɠ ɜŬ ŮɑɜŬɘ ŮˊɘɓɚŬɓŮɑɠ ɔɘŬ Űɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ. ȹŮɜ 

ŮˊɖɟŮɎɕŮɘ Űɖ űɡůɘəɐ ɛɘəɟɞɢɚɤɟɑŭŬ Űɞɡ ˊŮˊŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɞɡ Ŭɜɗɟɩˊɞɡ 

əŬɘ ŭŮɜ ˊŬɟɞɡůɘɎɕŮɘ ˊŬɟŮɜɏɟɔŮɘŮɠ, Ůɜɩ ɖ ɢɟɐůɖ Űɖɠ ŮɜɘůɢɨŮɘ Űɖɜ ŮˊɑŭɟŬůɖ 

Űɤɜ ůɡɜɖɗɘůɛɏɜɤɜ űŬɟɛɎəɤɜ. ȼ ˊɟɧˊɞɚɖ ŭɟŬ əŬŰɎ Űɤɜ ɘɩɜ əŬɘ ŮɑɜŬɘ ɘůɢɡɟɧ 

ŬɜŰɘɓɘɞŰɘəɧ əŬɘ ŬɜŰɘˊŬɟŬůɘŰɘəɧ. ȼ əŬɗɖɛŮɟɘɜɐ əŬŰŬɜɎɚɤůɖ Űɖɠ ˊɟɧˊɞɚɖɠ, 

ɗŮɤɟŮɑŰŬɘ ˊɤɠ ŮɜɘůɢɨŮɘ Űɞ ŬɜɞůɞˊɞɘɖŰɘəɧ ůɨůŰɖɛŬ, Ůɜɩ ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ 

ɚɖűɗŮɑ ɛŮ ŬůűɎɚŮɘŬ, ɛŬɕɑ ɛŮ ŬɜŰɘɓɘɞŰɘəɎ ɔɘŬ Űɖɜ Ůɜɑůɢɡůɖ Űɖɠ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰɎɠ Űɞɡɠ. ȰɜŬ ɓɎɛɛŬ ˊɟɧˊɞɚɖɠ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

ɤɠ ɗŮɟŬˊŮɑŬ ˊɚɖɔɩɜ əŬɘ ɔɘŬ ɜŬ əŬŰŬˊɟŬɒɜŮɘ Űɞɜ ˊɞɜɧɚŬɘɛɞ. ȼ ˊɟɧˊɞɚɖ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůˊɑůɖɠ ůŮ ɛŮɟɘəɏɠ ŰůɑɢɚŮɠ, ɞŭɞɜŰɧəɟŮɛŮɠ, əŬɚɚɡɜŰɘəɎ, əɟɏɛŮɠ 

əŬɘ Ŭɚɞɘűɏɠ əŬɘ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ˊɘɗŬɜɏɠ ɢɟɐůŮɘɠ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɞŭɞɜŰɘŬŰɟɘəɐɠ 

ɜŬ ůəɚɖɟɨɜŮɘ Űɞ ůɛɎɚŰɞ (Khorasgani EM., 2010). ɆɡɔəŮəɟɘɛɏɜŬ ŬɜŬűɏɟɞɜŰŬɘ 

ˊŬɟŬəɎŰɤ ŰɟŮɘɠ ŭɟɎůŮɘɠ Űɖɠ űɡŰɘəɐɠ ˊɟɧˊɞɚɖɠ: 

1.2.2.1 ȷɜŰɘɛɘəɟɞɓɘŬəɐ ȹɟɎůɖ 

ŪŮɟŬˊŮɡŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ůŮ ŬůɗɏɜŮɘŮɠ ɧˊɤɠ űŬɟɡɔɔɑŰɘŭŬ, ɔɟɑˊɖ, ɚŬɟɡɔɔɑŰɘŭŬ, 

ɓɟɞɔɢɘəɧ ɎůɗɛŬ, ɢɟɧɜɘŬ ˊɜŮɡɛɞɜɑŬ əŬɘ ˊɜŮɡɛɞɜɘəɐ űɗɑůɖ.  

1.2.2.2. ȷɜŬɘůɗɖŰɘəɐ ȹɟɎůɖ 

ȷɜŬɘůɗɖŰɘəɧ ŮɔɢŮɘɟɐůŮɤɜ ŭɘŬűɧɟɤɜ ɞɟɔɎɜɤɜ, ɗŮɟŬˊŮɑŬ əŬɘ ŬɜŬəɞɨűɘůɖ Űɞɡ 

ˊɧɜɞɡ, Űɖɠ Ɏɜɤ ŬɜŬˊɜŮɡůŰɘəɐɠ ɞŭɞɨ, Űɤɜ ɟɘɜɘəɩɜ əɞɘɚɞŰɐŰɤɜ, Űɤɜ ŭɞɜŰɘɩɜ, 

Űɞɡ ŬɡŰɘɞɨ ə.ɚˊ. 

1.2.2.3. ȷɜŰɘűɚŮɔɛɞɜɩŭɖɠ ȹɟɎůɖ 

ȼ ˊɟɧˊɞɚɖ ŮˊɞɡɚɩɜŮɘ ŰɟŬɨɛŬŰŬ əŬɘ ˊɚɖɔɏɠ ŬɡŰɘɩɜ, ɛɨŰɖɠ, ɏɟˊɖ ɕɤůŰɐɟŬ. 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ űɡůɘəɧ ŬɜŰɘɓɘɞŰɘəɧ ɛŮ ŬɜŰɘɛɘəɟɞɓɘŬəɐ ŭɟɎůɖ, ɧˊɤɠ 

ůŰŬűɡɚɧəɞəəɞɡ, ůŰɟŮˊŰɧəɞəəɞɡ ə.ɚˊ. ɢɤɟɑɠ ˊŬɟŮɜɏɟɔŮɘŮɠ (Khorasgani EM., 

2010), (Bankova S. Vassya, 2000). 

http://proionta-tis-fisis.com/?s=%CE%B2%CE%B1%CE%BA%CF%84%CE%AE%CF%81%CE%B9
http://proionta-tis-fisis.com/?s=%CF%87%CE%BB%CF%89%CF%81%CE%AF%CE%B4%CE%B1
http://proionta-tis-fisis.com/?s=%CF%80%CE%B5%CF%80%CF%84%CE%B9%CE%BA
http://proionta-tis-fisis.com/?s=%CF%86%CE%B1%CF%81%CE%BC%CE%AC%CE%BA
http://proionta-tis-fisis.com/?s=%CE%B1%CE%BD%CF%84%CE%B9%CE%B2%CE%B9
http://proionta-tis-fisis.com/?s=%CF%80%CE%B1%CF%81%CE%AC%CF%83%CE%B9%CF%84
http://proionta-tis-fisis.com/?s=%CF%80%CE%BF%CE%BD%CF%8C%CE%BB%CE%B1%CE%B9%CE%BC
http://proionta-tis-fisis.com/?s=%CE%BF%CE%B4%CE%BF%CE%BD%CF%84%CF%8C%CE%BA%CF%81%CE%B5%CE%BC
http://proionta-tis-fisis.com/?s=%CE%BA%CE%B1%CE%BB%CE%BB%CF%85%CE%BD%CF%84%CE%B9%CE%BA
http://proionta-tis-fisis.com/?s=%CE%B2%CF%81%CE%BF%CE%B3%CF%87%CE%AF
http://proionta-tis-fisis.com/?s=%CF%80%CE%B1%CF%85%CF%83%CE%AF%CF%80%CE%BF%CE%BD
http://proionta-tis-fisis.com/?s=%CF%80%CE%B1%CF%85%CF%83%CE%AF%CF%80%CE%BF%CE%BD
http://proionta-tis-fisis.com/?s=%CE%B1%CE%BD%CE%B1%CF%80%CE%BD%CE%B5%CF%85%CF%83%CF%84%CE%B9%CE%BA
http://proionta-tis-fisis.com/?s=%CE%B4%CF%8C%CE%BD%CF%84%CE%B9
http://proionta-tis-fisis.com/?s=%CE%B1%CE%BD%CF%84%CE%B9%CE%B2%CE%B9
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1.3 ȺɢɘɜɎəŮɘŬ 

ȼ ȺɢɘɜɎəŮɘŬ (Echinacea, Echinacea purpurea), ŮɑɜŬɘ ɏɜŬ ˊɞɚɡŮŰɏɠ ɓɧŰŬɜɞ ˊɞɡ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŬəŬɜɗɤŰɞɨɠ Ŭɜɗɘůɛɏɜɞɡɠ ɛɞɓ əɩɜɞɡɠ ˊɞɡ Űɞ əɎɜɞɡɜ ɜŬ 

ˊɟɞůɞɛɞɘɎɕŮɘ ɛŮ Űɖɜ əɞɘɜɐ ůŮ ɧɚɞɡɠ ɛŬɟɔŬɟɑŰŬ (ŮɘəɧɜŬ 1.7). ȷɜŬˊŰɨůůŮŰŬɘ 

ůŰɞɡɠ ɚŮɘɛɩɜŮɠ Űɖɠ ȹɡŰɘəɐɠ ȷɛŮɟɘəɐɠ əŬɘ əŬɚɚɘŮɟɔŮɑŰŬɘ ůŰɖɜ Ⱥɡɟɩˊɖ. ɇɞ 19ɞ 

ŬɘɩɜŬ ɖ ɢɟɐůɖ Űɞɡ ɓɞŰɎɜɞɡ, ŭɘŬŭɑŭŮŰŬɘ ůŰɖɜ Ⱥɡɟɩˊɖ əŬɘ ŬɟɢɑɕŮɘ ɖ əŬŰŬɔɟŬűɐ 

Űɖɠ ŭɟɎůɖɠ Űɞɡ.  ɇɞ 1938, ũŮɟɛŬɜɞɑ ŮˊɘůŰɐɛɞɜŮɠ, ɛŮɚɏŰɖůŬɜ Ůɘɠ ɓɎɗɞɠ Űɖɜ 

ŮɢɘɜɎəŮɘŬ əŬɘ ůɐɛŮɟŬ ˊɚɏɞɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɡɟɨŰŬŰŬ ɔɘŬ Űɖɜ Ůɜɑůɢɡůɖ Űɖɠ 

ɎɛɡɜŬɠ əŬɘ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ɚɞɘɛɩɝŮɤɜ Űɞɡ ŬɜŬˊɜŮɡůŰɘəɞɨ əŬɘ 

ɞɡɟɞˊɞɘɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ. ɀŮŰɎ Űɖɜ Ůɑůɞŭɞ Űɤɜ ŬɜŰɘɓɘɞŰɘəɩɜ ůŰɖɜ ŬɔɞɟɎ ɖ 

ɢɟɐůɖ Űɖɠ ˊŮɟɘɞɟɑůŰɖəŮ ŬɟəŮŰɎ, ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɛŮ Űɖɜ ŰɎůɖ ˊɞɡ 

ŮˊɘəɟŬŰŮɑ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ ɐˊɘɤɜ ŮɜŬɚɚŬəŰɘəɩɜ ɛŮɗɧŭɤɜ ɎɟɢɘůŮ əŬɘ ˊɎɚɘ ɜŬ 

ŭɘŬŭɑŭŮŰŬɘ ŮɡɟɨŰŮɟŬ. MɎɚɘůŰŬ, ŭŮəɎŭŮɠ ŮɑɜŬɘ ɞɘ ɏɟŮɡɜŮɠ ˊɞɡ ŭɘŮɝɎɔɞɜŰŬɘ Ŭˊɧ 

ˊŬɜŮˊɘůŰɐɛɘŬ əŬɘ ɘŬŰɟɘəɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ ůŰɘɠ HɄA, ůŰɖ MŮɔɎɚɖ BɟŮŰŬɜɑŬ əŬɘ 

əɡɟɑɤɠ ůŰɖ ũŮɟɛŬɜɑŬ, ůŰɘɠ ɞˊɞɑŮɠ ɛŮɚŮŰɩɜŰŬɘ ɞɘ Űɟɧˊɞɘ ˊɞɡ ŮˊɘŭɟɎ ɖ 

ŮɢɘɜɎəŮɘŬ ůŰɞɜ ɞɟɔŬɜɘůɛɧ ɛŬɠ. (Canlas J. et al., 2010) 

 

ȺɘəɧɜŬ 1.7. ȯɜɗɞɠ ȺɢɘɜɎəŮɘŬ 

1.3.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ ï ūɡůɘəɏɠ ȽŭɘɧŰɖŰŮɠ ï ɉɖɛɘəɐ ɆɨůŰŬůɖ  

ɇɞ ɔɏɜɞɠ ŮɢɘɜɎəŮɘŬ (Echinacea) ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 9 Ůɑŭɖ, Ŭˊɧ ŰŬ ɞˊɞɑŬ ɛɧɜɞ 

ŰɟɑŬ (Echinacea purpurea, Echinacea angustifolia, Echinacea pallida) 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ űŬɟɛŬəŮɡŰɘəɞɨɠ ůəɞˊɞɨɠ. ɀŮɟɘəɏɠ Ŭˊɧ Űɘɠ ɢɖɛɘəɏɠ 

ɞɡůɑŮɠ ˊɞɡ ˊŮɟɘɏɢŮɘ əŬɘ ůŰɘɠ ɞˊɞɑŮɠ ɞűŮɑɚɞɜŰŬɘ ɞɘ ɘŭɘŬɑŰŮɟŮɠ ɘŭɘɧŰɖŰɏɠ Űɖɠ ŮɑɜŬɘ 
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ɞɘ ˊɞɚɡůŬəɢŬɟɑŰŮɠ, ŰŬ űɚŬɓɞɜɞŮɘŭɐ, ŰŬ ŬɘɗɏɟɘŬ ɏɚŬɘŬ, ŰŬ ŬɚəŬɛɑŭɘŬ əŬɘ Űɞ 

əŬűŮɥəɧ ɞɝɨ. ȼ ŮɢɘɜɎəŮɘŬ, ɏɢŮɘ Űɖɜ ɘŭɘɧŰɖŰŬ, ɜŬ ŭɘŮɔŮɑɟŮɘ Űɞ ŬɜɞůɞˊɞɘɖŰɘəɧ 

ůɨůŰɖɛŬ əŬɘ ɜŬ ŮɜŭɡɜŬɛɩɜŮɘ Űɞɜ ɞɟɔŬɜɘůɛɧ, ŮɜɎɜŰɘŬ ůŮ əɎɗŮ Ůɑŭɞɡɠ 

ɚɞɘɛɤɝɘɞɔɧɜɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ɘɞɨɠ əŬɘ ɓŬəŰɖɟɑŭɘŬ. ȼ ȺɢɘɜɎəŮɘŬ, ŭŮɜ ůəɞŰɩɜŮɘ 

ɞɨŰŮ ŬˊŮɜŮɟɔɞˊɞɘŮɑ, ɘɞɨɠ əŬɘ ɓŬəŰɖɟɑŭɘŬ. ȺɜɘůɢɨŮɘ Űɞ Ŭɜɞůɞ́ɞɘɖŰɘəɧ, ɏŰůɘ 

ɩůŰŮ ŬɡŰɧ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ŬɜŰɘɛŮŰɤˊɑůŮɘ Űɞɡɠ ɧˊɞɘɞɡɠ ŮɘůɓɞɚŮɑɠ. (Barnes J et 

al., 2005), (Huntley AL. et al., 2005), 

1.3.2 ȸɘɞɚɞɔɘəɏɠ ȹɟɎůŮɘɠ ï ŪŮɟŬˊŮɡŰɘəɏɠ ȽŭɘɧŰɖŰŮɠ 

ȼ ŮɢɘɜɎəŮɘŬ ŮɑɜŬɘ Űɞ əɡɟɘɧŰŮɟɞ ɓɧŰŬɜɞ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɓɞɖɗɐůŮɘ Űɞ ůɩɛŬ ɜŬ 

ŬˊŬɚɚŬɢŰŮɑ Ŭˊɧ Űɘɠ ɛɘəɟɞɓɘŬəɏɠ ɚɞɘɛɩɝŮɘɠ. ȺɑɜŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ Űɧůɞ ɔɘŬ ŰŬ 

ɓŬəŰɐɟɘŬ, ɧůɞ əŬɘ ɔɘŬ Űɞɡɠ ɘɞɨɠ. ũɘ ŬɡŰɧ ɖ ŮɢɘɜɎəŮɘŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

ˊɟɞɓɚɐɛŬŰŬ Ŭəɛɐɠ, ŭɞɗɘɐɜŮɠ, ůɖɣŬɘɛɑŬ, ŮɔəŬɨɛŬŰŬ əŬɘ ɖɚɘŬəɎ ŮɔəŬɨɛŬŰŬ, 

ŭŮɟɛŬŰɑŰɘŭŬɠ, ɣɤɟɑŬůɖɠ, ɏɟˊɖŰŬ ɕɤůŰɐɟŬ, ŰůɘɛˊɐɛŬŰŬ ŮɜŰɧɛɤɜ əŬɘ 

əŮɜŰɟɑůɛŬŰŬ. ȺɑɜŬɘ Ůɝɑůɞɡ ɢɟɐůɘɛɖ ɔɘŬ ɚɞɘɛɩɝŮɘɠ Űɖɠ ŬɜɩŰŮɟɖɠ ŬɜŬˊɜŮɡůŰɘəɐɠ 

ɞŭɞɨ, ɧˊɤɠ ɖ ɚŬɟɡɔɔɑŰɘŭŬ əŬɘ ɖ ŬɛɡɔŭŬɚɑŰɘŭŬ əŬɗɩɠ əŬɘ ůŮ əŬŰŬɟɟɞɥəɏɠ 

əŬŰŬůŰɎůŮɘɠ Űɖɠ ɛɨŰɖɠ, ůŮ ɞɝŮɑŬ ɓɟɞɔɢɑŰɘŭŬ, əɞɘɜɧ əɟɡɞɚɧɔɖɛŬ, ɔɟɑˊɖ əŬɘ 

ŬŭŮɜɘəɧ ˊɡɟŮŰɧ, ůŮ ˊɟɞɓɚɐɛŬŰŬ ɛɏůɖɠ ɤŰɑŰɘŭŬɠ, ɎűɗŮɠ, ˊɡɧɟɟɞɘŬ, ɞɡɚɑŰɘŭŬ, 

ɗɡɚŬəɑŰɘŭŬ, ůɨɜŭɟɞɛɞ əŬɟˊɘŬɑɞɡ ůɤɚɐɜŬ, ɞůŰŮɞŬɟɗɟɑŰɘŭŬ, ɟŮɡɛŬŰɞŮɘŭɐ 

ŬɟɗɟɑŰɘŭŬ, ɏɟˊɖŰŬ ɔŮɜɜɖŰɘəɩɜ ɞɟɔɎɜɤɜ, əɞɚˊɑŰɘŭŬ. (Barnes J. et al., 2005), 

(Huntley AL. et al., 2005), (Canlas J. et al., 2010) 

1.4 ȯɟɜɘəŬ  

ȼ ɎɟɜɘəŬ ŮɑɜŬɘ ɏɜŬ ˊɞɚɡŮŰɏɠ űɡŰɧ ɛŮ Ɏɜɗɖ ˊɞɡ ɏɢɞɡɜ əɑŰɟɘɜŬ ˊɏŰŬɚŬ əŬɘ 

ˊɞɟŰɞəŬɚɑ əɏɜŰɟɞ (ŮɘəɧɜŬ 1.8) əŬɘ ŬɜɗɞűɞɟŮɑ ůŮ Ⱥɡɟɩˊɖ, ɆɘɓɖɟɑŬ ŬɚɚɎ əŬɘ 

ȸɧɟŮɘŬ ȷɛŮɟɘəɐ. ɇŬ Ůɑŭɖ Űɞɡ űɡŰɞɨ ŮɑɜŬɘ ˊɞɚɚɎ, ŬɚɚɎ Űɞ ˊɘɞ ɔɜɤůŰɧ ŮɑɜŬɘ ɖ 

Arnica Montana, ɖ ɞˊɞɑŬ űɡŰɟɩɜŮɘ ůŮ ɡɣɧɛŮŰɟɞ 1000 ɛɏŰɟɤɜ, Ůɜɩ 

ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ůŮ ɧůɞ ˊɘɞ ɛŮɔɎɚɞ ɡɣɧɛŮŰɟɞ 

ɓɟɑůəŮŰŬɘ, Űɧůɞ ˊɘɞ ŬɟɤɛŬŰɘəɐ ŮɑɜŬɘ. ɇŬ Ɏɜɗɖ Űɖɠ Arnica Montana, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ ŬɟɤɛŬŰɘəɞɨ əŬɘ əɘŰɟɘɜɤˊɞɨ Ŭɘɗɏɟɘɞɡ 

ŮɚŬɑɞɡ. (Braga P. C., 2008).  
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ȺɘəɧɜŬ 1.8. ɇɞ űɡŰɧ ȯɟɜɘəŬ 

Ƀ ˊŬɟŬŭɞůɘŬəɧɠ Űɟɧˊɞɠ ɢɟɐůɖɠ Űɖɠ ɎɟɜɘəŬɠ ŮɑɜŬɘ ɞɘ ŮɝɤŰŮɟɘəɏɠ ŮˊŬɚŮɑɣŮɘɠ, 

Ůɜɩ ŭŮɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɞŰɏ ůŮ ˊɚɖɔɏɠ ɐ ŮůɤŰŮɟɘəɎ. ȼ ɎɟɜɘəŬ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ əŬɘ ɔɘŬ ɏɜŬ Ůɡɟɨ űɎůɛŬ ˊŬɗɐůŮɤɜ. 

(Waizel-Bucay J., 2014), (Delilah Alonso, 2002) 

1.4.1  ɉɖɛɘəɏɠ ȽŭɘɧŰɖŰŮɠ ï ȸɘɞɚɞɔɘəɏɠ ȹɟɎůŮɘɠ   

ɇŬ əɨɟɘŬ ůɡůŰŬŰɘəɎ Űɤɜ ŮəɢɡɚɘůɛɎŰɤɜ ɎɟɜɘəŬɠ ŮɑɜŬɘ ɛŮŰŬɝɨ Ɏɚɚɤɜ, ɞɘ ŬɛɑɜŮɠ ( 

ɖ ɓɖŰŬȶɜɖ, ɖ ɢɞɚɑɜɖ əŬɘ ɖ ŰɟɘɛŮɗɡɚŬɛɑɜɖ), ɞɘ ɡŭŬŰɎɜɗɟŬəŮɠ, ɞɘ ˊɞɚɡůŬəɢŬɟɑŰŮɠ 

(ɘɜɞɡɚɑɜɖ) əŬɘ ɞɘ əɞɡɛŬɟɑɜŮɠ (ůəɞˊɞɚŮŰɑɜɖ, ɞɡɛˊŮɚɘűŮɟɧɜɖ). ɄŬɟŬŰɖɟŮɑŰŬɘ 

Ůˊɑůɖɠ, ɡɣɖɚɐ ůɡɔəɏɜŰɟɤůɖ űɚŬɓɞɜɞŮɘŭɩɜ (ɔɚɡəɞɡɟɞɜɑŭɘŬ, əŬɛˊűŮɟɧɚɖ, 

ɚɞɡŰŮɞɚɑɜɖ əŬɘ əŮɟəŮŰɑɜɖ) əŬɘ ɎɚɚŬ ůɡůŰŬŰɘəɎ (Ŭɟɜɘəɑɜɖ, əŬűŮɥəɧ ɞɝɨ, 

əŬɟɞŰŮɜɞŮɘŭɐ, űɡŰɞůŰŮɟɧɚŮɠ, ɟɖŰɑɜɖ, əŬɘ ŰŬɜɑɜɖ) (Delilah Alonso, 2002). ɇɞ 

Ŭɘɗɏɟɘɞ ɏɚŬɘɞ Űɖɠ ɎɟɜɘəŬɠ ŮɑɜŬɘ ɘůɢɡɟɧ əŬɘ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭŮɘɢɗŮɑ Űɞɝɘəɧ. ȼ 

ŭɘŬɚɡɛɏɜɖ Űɞɡ ɧɛɤɠ ɛɞɟűɐ, ˊɞɡ ŮɑɜŬɘ əŬɘ ɞ Űɟɧˊɞɠ ˊɞɡ, əŬŰɎ əɨɟɘɞ ɚɧɔɞ 

ŭɘŬŰɑɗŮŰŬɘ ůŰɖɜ ŬɔɞɟɎ, ŮɑɜŬɘ ˊɞɚɨ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ 

ɞɘŭɖɛɎŰɤɜ, ɛɞɚɨɜůŮɤɜ əŬɘ ůŰɖɜ ɎɛŮůɖ ŬɜŬəɞɨűɘůɖ Ŭˊɧ Űɞɜ ˊɧɜɞ (Waizel-

Bucay J., 2014), (Delilah Alonso, 2002), (Braga P. C., 2008). Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ɞɘ ŬɜŰɘɛɘəɟɞɓɘŬəɏɠ əŬɘ ŬɜŰɘűɚŮɔɛɞɜɩŭŮɘɠ ɘŭɘɧŰɖŰɏɠ Űɞɡ 

ŮəɢɡɚɑůɛŬŰɞɠ, əŬɚɨˊŰɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ:  

¶ ɀɡɥəɞɨɠ ˊɧɜɞɡɠ, ůˊŬůɛɞɨɠ, ŰɟŬɓɐɔɛŬŰŬ ɛɡɩɜ ɐ ɟŮɡɛŬŰɘəɞɨɠ ˊɧɜɞɡɠ 
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¶ ɆŰɟŬɛˊɞɡɚɐɔɛŬŰŬ, ɛŮɚŬɜɘɏɠ əŬɘ ɞɘŭɐɛŬŰŬ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŮ 

əŬŰɎɔɛŬŰŬ 

¶  ɇůɘɛˊɐɛŬŰŬ ŮɜŰɧɛɤɜ 

¶ ɇɟɘɢɧˊŰɤůɖ 

ɆɡɜɞˊŰɘəɎ ɞɘ ŭɟɎůŮɘɠ Űɘɠ ɎɟɜɘəŬɠ ůɡɜɞɣɑɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ : 

 ȷɜŰɘŬɟɗɟɘŰɘəɏɠ 

 ȷɜŰɘɟɟŮɡɛŬŰɘəɏɠ 

 ȷɜŰɘůɖˊŰɘəɏɠ 

 ȷˊɞɚɡɛŬɜŰɘəɏɠ 

 ȷɜŰɘɛɘəɟɞɓɘŬəɏɠ 

 ɇɞˊɘəɏɠ ŬɜŰɘŮɟŮɗɘůŰɘəɏɠ 

 ȷɜŰɘűɚŮɔɛɞɜɩŭŮɘɠ  
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2. ȷɜŰɘɞɝŮɘŭɤŰɘəɎ 

ȷɜŰɘɞɝŮɘŭɤŰɘəɐ ɞɟɑɕŮŰŬɘ ɛɑŬ ɞˊɞɘŬŭɐˊɞŰŮ ɞɡůɑŬ, ɖ ɞˊɞɑŬ ůŮ ɢŬɛɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ, ůŮ ůɢɏůɖ ɛŮ Űɖ ůɡɔəɏɜŰɟɤůɖ Ůɜɧɠ ɡˊɞůŰɟɩɛŬŰɞɠ, 

əŬɗɡůŰŮɟŮɑ ůɖɛŬɜŰɘəɎ ɐ ŬˊɞŰɟɏˊŮɘ Űɖɜ ɞɝŮɑŭɤůɖ ŬɡŰɞɨ Űɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ. 

(W. J. V. Young I.S., 2006)  

Ƀɘ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ, ŮɡɗɨɜɞɜŰŬɘ ɔɘŬ ɛɘŬ ůŮɘɟɎ ɓɚŬɓɩɜ, ˊɞɡ ˊɚɐŰŰɞɡɜ Űɞɜ 

ɞɟɔŬɜɘůɛɧ. Ƀ ɞɟɔŬɜɘůɛɧɠ Ŭˊɧ ɛɧɜɞɠ Űɞɡ, ˊŬɟɎɔŮɘ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ, ɛŮ ůəɞˊɧ 

Űɖɜ ŭɏůɛŮɡůɐ Űɞɡɠ, ɤůŰɧůɞ ɖ ůɡůŰɖɛŬŰɘəɐ ůɡůůɩɟŮɡůɖ Űɤɜ ŮɚŮɨɗŮɟɤɜ 

ɟɘɕɩɜ ɡˊŮɟəŬɚɨˊŰŮɘ Űɖɜ ˊɟɞůŰŬŰŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ɞɟɔŬɜɘůɛɞɨ əŬɘ ŰɧŰŮ 

ˊɟɞəɨˊŰɞɡɜ ɛɖ ŬɜŬůŰɟɏɣɘɛŮɠ ɓɚɎɓŮɠ Űɖɠ əɡŰŰŬɟɘəɐɠ ŭɞɛɐɠ əŬɘ Űɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əɡŰŰɎɟɞɡ. ȼ əŬŰŬůŰɟɞűɘəɐ ŭɟɎůɖ Űɤɜ ŮɚŮɨɗŮɟɤɜ ɟɘɕɩɜ, 

ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŬˊɞŰŮɚŮɑ ɏɜŬɜ Ŭˊɧ Űɞɡɠ əɡɟɘɧŰŮɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ɔɐɟŬɜůɖɠ, əŬɗɩɠ əŬɘ ˊɚɐɗɞɡɠ ŮəűɡɚɘůŰɘəɩɜ ˊŬɗɐůŮɤɜ ˊɞɡ 

ŬɜŬűɏɟɞɜŰŬɘ ˊŬɟŬəɎŰɤ. ũɘŬ Űɞɡɠ ˊŬɟŬˊɎɜɤ ɚɧɔɞɡɠ ɏɢŮɘ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ 

ůŰɟɞűɐ Űɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ ůŰŬ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ. (Rohdewald P, 2002), 

(Touri¶o S, 2005). 

Ƀɘ ɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ Űɤɜ ŮɚŮɨɗŮɟɤɜ ɟɘɕɩɜ, ɞŭɖɔɞɨɜ ůŰɖ əŬŰŬůŰɟɞűɐ Űɤɜ 

ůɡůŰŬŰɘəɩɜ Űɞɡ əɡŰŰɎɟɞɡ. Ƀ ɟɧɚɞɠ Űɤɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ ɤɠ ŬˊŮɜŮɟɔɞˊɞɘɖŰɏɠ 

ŮɚŮɡɗɏɟɤɜ əŬɘ ɡŭɟɞɝɡɚɘɞɛɏɜɤɜ ŮɚŮɡɗɏɟɤɜ ɟɘɕɩɜ, ŮɑɜŬɘ ɜŬ ŮɛˊɞŭɑůŮɘ ŬɡŰɐ Űɖɜ 

əŬŰŬůŰɟɞűɐ (W. J.V. Young I.S., 2006)  (S. M. K. Ames B.N., Hagen T.M., 

1990). ɇŬ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ, ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ůŰŬɗŮɟɞˊɞɘɐůɞɡɜ ɐ ɜŬ 

ŬˊŮɜŮɟɔɞˊɞɘɐůɞɡɜ Űɘɠ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ, ˊɟɘɜ ŬɡŰɏɠ ŮˊɘŰŮɗɞɨɜ ůŮ əɨŰŰŬɟŬ əŬɘ 

ɓɘɞɚɞɔɘəɞɨɠ ůŰɧɢɞɡɠ. ȰŰůɘ, ŮɑɜŬɘ əɟɑůɘɛŬ ɔɘŬ Űɖɜ ŭɘŬŰɐɟɖůɖ Űɖɠ ɘŭŬɜɘəɐɠ 

ɡɔŮɑŬɠ Űɞɡ əɡŰŰɎɟɞɡ əŬɘ Űɞɡ ɞɟɔŬɜɘůɛɞɨ. (C. Swanson, 1998), (D. Belitz, 

2015). ȳŰŬɜ ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ ŮɑɜŬɘ ɛŮɘɤɛɏɜɖ, ɞɘ ɓɚɎɓŮɠ 

Űɖɠ ɞɝŮɑŭɤůɖɠ, ůɡůůɤɟŮɨɞɜŰŬɘ əŬɘ Ůˊɘűɏɟɞɡɜ ŬˊɞŰŮɚɏůɛŬŰŬ ɞɝŮɘŭɤŰɘəɞɨ 

ůŰɟŮɠ. (Yu-Tang Tung, 2007).  

ȼ ɢɖɛɘəɐ ɏɜɜɞɘŬ Űɞɡ ɧɟɞɡ "ŬɜŰɘɞɝŮɘŭɤŰɘəɧ" ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŰɎůɖ Ůɜɧɠ ɛɞɟɑɞɡ 

ɔɘŬ Ŭˊɧŭɞůɖ Ůɜɧɠ ɖɚŮəŰɟɞɜɑɞɡ (e-) ˊɟɞɠ ɏɜŬɜ ɞɝŮɘŭɤŰɘəɧ ˊŬɟɎɔɞɜŰŬ ( 
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ůɡɜɐɗɤɠ ŮɚŮɨɗŮɟɖ ɟɑɕŬ) ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊɟɞűɨɚŬɝɖ Ɏɚɚɤɜ ɛɞɟɑɤɜ, ŰŬ 

ɞˊɞɑŬ ɗŬ ɐŰŬɜ ˊɘɗŬɜɞɑ ůŰɧɢɞɘ ŬɡŰɞɨ Űɞɡ ˊŬɟɎɔɞɜŰŬ. ɄɟɞəŮɘɛɏɜɞɡ ɛɘŬ ɏɜɤůɖ 

ˊ.ɢ. űŬɘɜɧɚɖ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɧ, ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ŭɨɞ 

ɘŭɘɧŰɖŰŮɠ:  

1. ȳŰŬɜ ŮɑɜŬɘ ˊŬɟɞɨůŬ ůŮ ɢŬɛɖɚɐ ůɡɔəɏɜŰɟɤůɖ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞ ˊɟɞɠ 

ɞɝŮɑŭɤůɖ ɡˊɧůŰɟɤɛŬ, ɜŬ ɛˊɞɟŮɑ ɜŬ əŬɗɡůŰŮɟɐůŮɘ ɐ ɜŬ ŬˊɞŰɟɏɣŮɘ Űɖɜ 

ŬɡŰɞɝŮɑŭɤůɖ ɐ Űɖɜ ˊɟɞəɚɖɗŮɑůŬ Ŭˊɧ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ ɞɝŮɑŭɤůɖ əŬɘ  

 

2. ȼ ŮɚŮɨɗŮɟɖ ɟɑɕŬ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ ɛŮŰɎ Űɖ ŭɟɎůɖ Űɖɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 

ůŰŬɗŮɟɐ (ɛɏůɤ ŮɜŭɞɛɞɟɘŬəɞɨ ɡŭɟɞɔɞɜɘəɞɨ ŭŮůɛɞɨ) ůŮ ˊŮɟŬɘŰɏɟɤ 

ɞɝŮɑŭɤůɖ (H. J. Vinson J.A., 1998)  

 

ȷəɧɛɖ, ɏɜŬ ŬɜŰɘɞɝŮɘŭɤŰɘəɧ ˊɟɏˊŮɘ ɜŬ ŬɜŰŬɔɤɜɑɕŮŰŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɛŮ Űɞ 

ɡˊɧůŰɟɤɛŬ ɔɘŬ Űɖɜ ŮɜŮɟɔɐ ŭɘɎɛŮůɖ ɞɡůɑŬ əŬɘ ɜŬ ŮˊŬɜŬɔŮɜɜɎŰŬɘ ɔɟɐɔɞɟŬ Ŭˊɧ 

Űɞ ɓɘɞɚɞɔɘəɧ ůɨůŰɖɛŬ ɩůŰŮ ɜŬ ɏɢŮɘ ˊɟɧůɓŬůɖ ůŰɖɜ ŮɜŮɟɔɐ ŭɘɎɛŮůɖ ɞɡůɑŬ ůŰɞ 

ɛɘəɟɞˊŮɟɘɓɎɚɚɞɜ. ɇɞ ŬɜŰɘɞɝŮɘŭɤŰɘəɧ ˊɟɏˊŮɘ ɜŬ ɓɟɑůəŮŰŬɘ ůŰɞɜ ɑŭɘɞ ɢɩɟɞ ɛŮ Űɞ 

ˊɟɞɠ ɞɝŮɑŭɤůɖ ɡˊɧůŰɟɤɛŬ (ȹɖɛŬəɞˊɞɨɚɞɡ ȷɔɔŮɚɘəɐ, 2014). 

Ƀɘ ŬɜŰɘɞɝŮɘŭɤŰɘəɏɠ ɞɡůɑŮɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ: 

¶ ɇŬ űɡůɘəɎ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ əɡɟɑɤɠ ŮɜɩůŮɘɠ űɡŰɘəɐɠ 

ˊɟɞɏɚŮɡůɖɠ. 

¶ ɇŬ ůɡɜɗŮŰɘəɎ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ.  

ɀŮɔŬɚɨŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ɡˊɎɟɢŮɘ ɔɘŬ ŰŬ űɡůɘəɎ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ, ŰŬ ɞˊɞɑŬ 

ŮɜŭɏɢŮŰŬɘ ɜŬ ŬɜŰɘəŬŰŬůŰɐůɞɡɜ ŰŬ ůɡɜɗŮŰɘəɎ, ŭɘɧŰɘ ɞɟɘůɛɏɜŬ Ŭˊɧ ŰŬ ŰŮɚŮɡŰŬɑŬ 

ɏɢɞɡɜ ɗŮɤɟɖɗŮɑ ɡˊŮɨɗɡɜŬ ɔɘŬ əŬɟəɘɜɞɔɏɜŮůɖ (W. S. Y. Zheng W, 2006), 

(ɇůɘɛɞɔɘɎɜɜɖɠ ȹɖɛɐŰɟɘɞɠ, 2008), (Yu-Tang Tung, 2007), (Touri¶o S, 2005). ȼ 

ŭɘɎəɟɘůɖ ɤůŰɧůɞ, Űɤɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ, ůŮ ůɡɜɗŮŰɘəɎ əŬɘ űɡůɘəɎ, ŭŮɜ 

ůɡɜŮˊɎɔŮŰŬɘ ɧŰɘ ɧɚŬ ŬŭɘŬəɟɑŰɤɠ ŰŬ űɡůɘəɎ ɐ ɧɚŬ ŰŬ ůɡɜɗŮŰɘəɎ ŮɛűŬɜɑɕɞɡɜ Űɞɜ 

ɑŭɘɞ ɛɖɢŬɜɘůɛɧ ŭɟɎůɖɠ. ȼ ŬəɟɘɓɏůŰŮɟɖ ŰŬɝɘɜɧɛɖůɖ, ɓŬůɑɕŮŰŬɘ ůŰɞɜ Űɟɧˊɞ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ. ȷɜɎɚɞɔŬ ɛŮ Űɘɠ ɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ,  ůŰɘɠ ɞˊɞɑŮɠ ɞűŮɑɚŮŰŬɘ ɖ 

ŭɟɎůɖ Űɞɡɠ, ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ˊɟɤŰɞɔŮɜɐ əŬɘ ŭŮɡŰŮɟɞɔŮɜɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ. Ƀɘ 

əŬŰɖɔɞɟɑŮɠ ŬɡŰɏɠ ɗŬ ŬɜŬɚɡɗɞɨɜ Ůɜ ůɡɜŰɞɛɑŬ, Ůɜɩ ɗŬ ɔɑɜŮɘ ŮəŰŮɜɏůŰŮɟɖ 
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ŬɜŬűɞɟɎ ɔɘŬ ŰŬ űɡůɘəɎ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɘɠ űŬɘɜɞɚɘəɏɠ 

ŮɜɩůŮɘɠ əŬɘ ŰŬ űɚŬɓɞɜɞŮɘŭɐ, ŰŬ ɞˊɞɑŬ əŬɘ ŬˊɞŰɏɚŮůŬɜ ŬɜŰɘəŮɑɛŮɜɞ ɛŮɚɏŰɖɠ 

ůŰŬ ŮəɢɡɚɑůɛŬŰŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ (ȹɖɛŬəɞˊɞɨɚɞɡ ȷɔɔŮɚɘəɐ, 

2014), (D. Belitz, 2015).  

2.1 ūɡůɘəɎ ȷɜŰɘɞɝŮɘŭɤŰɘəɎ 

ɇŬ űɡůɘəɎ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ ŮɑɜŬɘ ɞɡůɑŮɠ űɡŰɘəɐɠ ˊɟɞɏɚŮɡůɖɠ, ɛŮ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ 

ŭɟɎůɖ. Ȱɢɞɡɜ ŬˊɞŰŮɚɏůŮɘ ůɡůŰŬŰɘəɎ Űɖɠ ŭɘŬŰɟɞűɐɠ ɔɘŬ ɢɘɚɘɎŭŮɠ ɢɟɧɜɘŬ əŬɘ ɞ 

Ɏɜɗɟɤˊɞɠ ɏɢŮɘ ˊɟɞůŬɟɛɧůŮɘ Űɘɠ ŭɘŬŰɟɞűɘəɏɠ Űɞɡ ůɡɜɐɗŮɘŮɠ, ɩůŰŮ ɜŬ ɚŬɛɓɎɜŮɘ 

ůɖɛŬɜŰɘəɏɠ ˊɞůɧŰɖŰŮɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ.  

ɇŬ űɡůɘəɎ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ, ˊŮɟɘɏɢɞɜŰŬɘ ɤɠ ˊŮɟɑˊɚɞəŬ ɛɑɔɛŬŰŬ ˊɞɚɚɩɜ 

ŮɜɩůŮɤɜ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ŭɟŬůŰɘəɧŰɖŰŬ. ɄŬɟŬɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɘɠ űɡůɘəɏɠ 

ˊɟɩŰŮɠ ɨɚŮɠ, ŬɚɚɎ ˊŬɟɞɡůɘɎɕɞɡɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮ ŰŬ Ůˊɘɛɏɟɞɡɠ 

ůɡůŰŬŰɘəɎ ŬɡŰɩɜ. ȼ ůɨůŰŬůɖ Ůˊɑůɖɠ, Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ əɚŬůɛɎŰɤɜ 

ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŮɟɘɞɢɐ, əŬɘ Űɞ ɏŰɞɠ ůɡɔəɞɛɘŭɐɠ Űɤɜ űɡŰɩɜ, 

ɞˊɧŰŮ əɎɗŮ ůŮɘɟɎ-ˊŬɟŰɑŭŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɚɏɔɢŮŰŬɘ ɝŮɢɤɟɘůŰɎ ɔɘŬ Űɖɜ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ɘůɢɨ Űɖɠ. Ⱥˊɞɛɏɜɤɠ, ɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɤɜ űɡůɘəɩɜ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ, ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŰŬ űɡŰɎ, Ŭˊɧ ŰŬ ɞˊɞɑŬ ˊɟɞɏɟɢɞɜŰŬɘ 

əŬɘ Ŭˊɧ Űɞɜ Űɟɧˊɞ ˊŬɟŬɚŬɓɐɠ Űɞɡɠ. ȺɑɜŬɘ ɧɛɤɠ ɔŮɜɘəɎ ŬˊɞŭŮəŰɧ ɧŰɘ ŰŬ 

ŬɟɤɛŬŰɘəɎ űɡŰɎ, ŬˊɞŰŮɚɞɨɜ Űɘɠ əɡɟɘɧŰŮɟŮɠ ˊɖɔɏɠ űɡůɘəɩɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ. 

(Biljana Bozin, 2006). ɇŬ űɡŰɎ ˊŬɟɎɔɞɡɜ ŭɘɎűɞɟŮɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɏɠ ŮɜɩůŮɘɠ 

ɔɘŬ Űɖɜ ŮɝɞɡŭŮŰɏɟɤůɖ Űɤɜ ŮɚŮɨɗŮɟɤɜ ɟɘɕɩɜ ɛŮ ůəɞˊɧ Űɖɜ Ůˊɘɓɑɤůɐ Űɞɡɠ. 

ɆɢŮŭɧɜ ɧɚŬ ŰŬ ŰɟɧűɘɛŬ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɓɟɩůɘɛŬ űɡŰɎ ˊŮɟɘɏɢɞɡɜ 

ˊɞɚɡűŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ. Ƀɘ ˊɞɚɡűŬɘɜɧɚŮɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŰŬ űɡŰɎ, 

ŮɑɜŬɘ ɔɜɤůŰɏɠ ɔɘŬ Űɖɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ Űɞɡɠ ŭɟɎůɖ (Touri¶o S, 2005), 

(Rohdewald P, 2002). Ƀ Űɟɧˊɞɠ ˊŬɟŬɚŬɓɐɠ Ůɜɧɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɞɨ ŮɑɜŬɘ ŮɑŰŮ ůŮ 

ɛɞɟűɐ Ŭɘɗɏɟɘɞɡ ŮɚŬɑɞɡ, ŮɑŰŮ ɤɠ ŮəɢɡɚɑůɛŬŰɞɠ (extract). ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

ŮəɢɡɚɘůɛɎŰɤɜ, ɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ ŮˊɖɟŮɎɕŮŰŬɘ əŬɘ Ŭˊɧ:  

 

V ɇɘɠ ůɡɜɗɐəŮɠ Ůəɢɨɚɘůɖɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɖɜ ˊŬɟŬɚŬɓɐ Űɞɡɠ əŬɘ  

V ɇɖɜ ˊɞɚɘəɧŰɖŰŬ Űɞɡ ŭɘŬɚɨŰɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ˊŬɟŬɚŬɓɐ 

Űɞɡɠ.  
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ɇŬ ˊɘɞ ɔɜɤůŰɎ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ ŮɑɜŬɘ ɞɘ ɓɘŰŬɛɑɜŮɠ, A, C əŬɘ E. ɋůŰɧůɞ, 

ɡˊɎɟɢɞɡɜ əŬɘ ŰŬ ɚɘɔɧŰŮɟɞ ɔɜɤůŰɎ: ˊɞɚɡűŬɘɜɧɚŮɠ, ůŮɚɐɜɘɞ, űɚŬɓɞɜɞŮɘŭɐ əŬɘ 

ɚɡəɞˊɏɜɘɞ. ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɗŬ ŬůɢɞɚɖɗɞɨɛŮ ɛŮ ŰŬ űɚŬɓɞɜɞŮɘŭɐ əŬɘ Űɘɠ 

űŬɘɜɧɚŮɠ. Ƀɘ əɡɟɘɧŰŮɟŮɠ ŭɘŬŰɟɞűɘəɏɠ ˊɖɔɏɠ Űɤɜ ŰŮɚŮɡŰŬɑɤɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ 

ŮɑɜŬɘ:  

 

¿ ūɚŬɓɞɜɞŮɘŭɐ: ɘůɢɡɟɐ ɞɛɎŭŬ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ ˊɞɡ ˊŮɟɘɏɢŮŰŬɘ ůŰŬ 

űɟɞɨŰŬ əŬɘ ŰŬ ɚŬɢŬɜɘəɎ. ȷɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ ŮɜɩůŮɘɠ, ŮɑɜŬɘ ɞɘ əŬŰŮɢɑɜŮɠ 

(ŰůɎɘ, əɟŬůɑ), ɖ əŮɟəŮŰɑɜɖ (ɛˊɟɧəɞɚŬ, ůŰŬűɨɚɘ), ɖ ɟɞɡŰɑɜɖ (ɛɐɚŬ), ɖ 

ŬˊɘɔŮɜɑɜɖ (ůɏɚɘɜɞ) əŬɘ ɞɘ ɗŮɘɞűɚŬɓɑɜŮɠ (ŰůɎɘ).  

 

¿ ɄɞɚɡűŬɘɜɧɚŮɠ: ɞɡůɑŮɠ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŮɚɘɎ əŬɘ ŮɚŬɘɧɚŬŭɞ, ɏɢɞɡɜ 

ŬɟəŮŰɎ əŬɚɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ əŬɘ ˊɟɞůŰŬŰŮɨɞɡɜ Ŭˊɧ 

əŬɟəɘɜɞɔŮɜɏůŮɘɠ, ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ ŮɑɜŬɘ ɖ ˊɟɞɓɘŰŬɛɑɜɖ ȷ, ɖ ɓɘŰŬɛɑɜɖ 

Ⱥ əŬɘ ŰŬ űŬɘɜɞɚɘəɎ ɞɝɏŬ, ɔŬɚɚɘəɧ, əŬűŮɥəɧ, ɓŬɜɘɚɘəɧ ə.ɚˊ. 

(ȹɖɛŬəɞˊɞɨɚɞɡ ȷɔɔŮɚɘəɐ, 2014), (D. Belitz, 2015).  

2.1.1 ɄɟɤŰɞɔŮɜɐ ȷɜŰɘɞɝŮɘŭɤŰɘəɎ 

Ƀ ɟɧɚɞɠ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ ŮɑɜŬɘ ɜŬ ŭɘŬəɧˊŰɞɡɜ Űɘɠ 

ŬɜŰɘŭɟɎůŮɘɠ ŭɘɎŭɞůɖɠ Űɤɜ ŮɚŮɡɗɏɟɤɜ ɟɘɕɩɜ ˊŬɟɏɢɞɜŰŬɠ ɎŰɞɛŬ ɡŭɟɞɔɧɜɞɡ 

ůŰɘɠ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɘɠ ŬɜŰɘŭɟɎůŮɘɠ Űɞɡ ůɢɐɛŬŰɞɠ 

ˊŬɟŬəɎŰɤ. ɆŮ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ ŮɜŰɎůůɞɜŰŬɘ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ, ɧˊɤɠ 

ȸȼȷ (ɓɞɡŰɡɚɘɤɛɏɜɖ ɡŭɟɞɝɡŬɜɘůɧɚɖ), ȸȼɇ (ɓɞɡŰɡɚɘɤɛɏɜɞ ɡŭɟɞɝɡŰɞɚɞɡɧɚɘɞ), 

TBHQ (ŭɘ-ŰɟɘŰ.-ɓɞɨŰɡɚɞ-ɡŭɟɞəɘɜɧɜɖ), PG (ˊɟɞˊɡɚɘəɧɠ ŮůŰɏɟŬɠ ɔŬɚɚɘəɞɨ 

ɞɝɏɞɠ), ŰɞəɞűŮɟɧɚŮɠ, əŬűŮɥəɧ ɞɝɨ, əŬɟɜɞůɧɚɖ, ɟɞůɛŬɟɘɜɘəɧ ɞɝɨ ə.Ɏ. 

(ȹɖɛŬəɞˊɞɨɚɞɡ ȷɔɔŮɚɘəɐ, 2014), (D. Belitz, 2015),  (ɇůɘɛɞɔɘɎɜɜɖɠ ȹɖɛɐŰɟɘɞɠ, 

2008). 

 
ɆɢɐɛŬ 2.1. ɄɟɤŰɞɔŮɜɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ.  

Ƀɘ ɔŮɜɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ Űɞɡɠ ɛŮ Űɘɠ ɡˊŮɟɞɝŮɘŭɘəɏɠ əŬɘ Űɘɠ Ŭɚəɞɝɡ-ɟɑɕŮɠ. 
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2.1.2 ȹŮɡŰŮɟɞɔŮɜɐ ȷɜŰɘɞɝŮɘŭɤŰɘəɎ  

ɇŬ ŭŮɡŰŮɟɞɔŮɜɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ ɛˊɞɟŮɑ ɜŬ ŭɟɞɡɜ ɤɠ ŭŮůɛŮɡŰɏɠ ɞɝɡɔɧɜɞɡ, 

ŭɖɚŬŭɐ ɜŬ ŬɜŰɘŭɟɞɨɜ ɛŮ Űɞ ɞɝɡɔɧɜɞ əŬɘ ɜŬ ŮɚŬŰŰɩɜɞɡɜ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ, 

ůŮ ɏɜŬ əɚŮɘůŰɧ ůɨůŰɖɛŬ. ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ, ŮɜŰɎůůɞɜŰŬɘ Űɞ Ŭůəɞɟɓɘəɧ ɞɝɨ 

əŬɘ ɞɘ ŮůŰɏɟŮɠ Űɞɡ əŬɗɩɠ əŬɘ Űɞ ɗŮɘɩŭŮɠ ɞɝɨ əŬɘ ŰŬ ɎɚŬŰɎ Űɞɡ ŬɚɚɎ əŬɘ ŰŬ 

əŬɟɞŰŮɜɞŮɘŭɐ. ȰɜŬɠ Ɏɚɚɞɠ ɛɖɢŬɜɘůɛɧɠ ŭɟɎůɖɠ Űɤɜ ŭŮɡŰŮɟɞɔŮɜɩɜ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ ŮɑɜŬɘ ɖ ŭɏůɛŮɡůɖ ɛŮŰɎɚɚɤɜ, ŰŬ ɞˊɞɑŬ ɛŮ ɛŮŰŬűɞɟɎ 

ɖɚŮəŰɟɞɜɑɞɡ ŭɖɛɘɞɡɟɔɞɨɜ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ. Ɇ' ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ ŮɜŰɎůůɞɜŰŬɘ 

Ůˊɑůɖɠ ɞɝɏŬ ɐ ˊŬɟɎɔɤɔɎ Űɞɡɠ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ ɢɖɛɘəɏɠ ŮɜɩůŮɘɠ ɧˊɤɠ 

EDTA, əɘŰɟɘəɧ ɞɝɨ, űɡŰɘəɧ ɞɝɨ, ɚŮəɘɗɑɜɖ (ȹɖɛŬəɞˊɞɨɚɞɡ ȷɔɔŮɚɘəɐ, 2014), (D. 

Belitz, 2015),  (ɇůɘɛɞɔɘɎɜɜɖɠ ȹɖɛɐŰɟɘɞɠ, 2008). 

2.2 ɀɖɢŬɜɘůɛɧɠ  ȹɟɎůɖɠ  Űɤɜ ȷɜŰɘɞɝŮɘŭɤŰɘəɩɜ  

 

ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɞɝŮɑŭɤůɖɠ, ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ɢɖɛɘəɩɜ 

əŬɘ űɡůɘəɩɜ űŬɘɜɞɛɏɜɤɜ əŬɘ ŮɝŮɚɑůůŮŰŬɘ ˊɎɜɤ ůŮ əŬŰɎɚɚɖɚɞ ɡˊɧůŰɟɤɛŬ 

ɛɏɢɟɘ əɎˊɞɘɞɠ ŬɛɡɜŰɘəɧɠ ɛɖɢŬɜɘůɛɧɠ, (ˊ.ɢ. ŬɜŰɘɞɝŮɘŭɤŰɘəɧ) ɜŬ ˊŬɟŮɛˊɞŭɑůŮɘ  

Űɖɜ ŭɘŬŭɘəŬůɑŬ. ɇŬ ɡˊɞůŰɟɩɛŬŰŬ-ůŰɧɢɞɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ˊɞɚɡŬəɧɟŮůŰŬ 

ɚɘˊŬɟɎ ɞɝɏŬ (PUFA), űɤůűɞɟɞɚɘˊɑŭɘŬ, ɢɞɚɖůŰŮɟɧɚɖ əŬɘ DNA.  

 ȼ ɞɝŮɑŭɤůɖ, ɏɢŮɘ Űɖ ɛɞɟűɐ ŬɚɡůɘŭɤŰɐɠ ŬɜŰɑŭɟŬůɖɠ, ɖ ɞˊɞɑŬ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ 

ŰɟɑŬ ůŰɎŭɘŬ: ɏɜŬɟɝɖ (initiation), ŭɘɎŭɞůɖ (propagation) əŬɘ ŰŮɟɛŬŰɘůɛɧɠ 

(termination). 

ɆŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ ˊŬɟɞɡůɑŬ əɎˊɞɘɞɡ ɞɝŮɘŭɤŰɘəɞɨ ˊŬɟɎɔɞɜŰŬ (űɤŰɧɠ, 

ɗɏɟɛŬɜůɖɠ, ɛŮŰɎɚɚɤɜ Cu, Fe əŬɘ ɛŮɔŬɚɞˊɟɤŰŮɥɜɩɜ), ůɢɖɛŬŰɑɕɞɜŰŬɘ 

ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ, ůɨɛűɤɜŬ ɛŮ Űɖ ɔŮɜɘəɐ ŬɜŰɑŭɟŬůɖ: 

LH + RÁ       LÁ +RH 

ȳˊɞɡ : LH : Űɞ ɚɘˊŬɟɧ ɡˊɧůŰɟɤɛŬ 

             RÁ : ɞ ɞɝŮɘŭɤŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ  

  LÁ  : ɖ ɟɑɕŬ 

 

ɆŰɞ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ, ɞɘ ɟɑɕŮɠ (LÁ) ŬɜŰɘŭɟɞɨɜ ɛŮ ɞɝɡɔɧɜɞ əŬɘ ůɢɖɛŬŰɑɕɞɡɜ 

ɡˊŮɟɞɝŮɘŭɘəɏɠ ɟɑɕŮɠ (LOOÁ), ɞɘ ɞˊɞɑŮɠ Ŭˊɞůˊɞɨɜ ɏɜŬ ɛɧɟɘɞ ɡŭɟɞɔɧɜɞɡ Ŭˊɧ 
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ɏɜŬ Ɏɚɚɞ ɛɧɟɘɞ (LH) ˊɟɞɠ ůɢɖɛŬŰɘůɛɧ ɡˊŮɟɞɝŮɘŭɑɞɡ (LOOH) əŬɘ ɛɘŬɠ Ɏɚɚɖɠ 

ɟɑɕŬɠ (LÁ). ȼ ɜɏŬ ɟɑɕŬ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘŭɟɎůŮɘ ɛŮ Űɞ ɞɝɡɔɧɜɞ əŬɘ ɜŬ ŭɩůŮɘ ɜɏŮɠ 

ɟɑɕŮɠ əŬɘ ɡˊŮɟɞɝŮɑŭɘŬ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ůɡɜŮɢɑɕŮŰŬɘ ɛŮ Űɖ ɛɞɟűɐ ŬɚɡůɘŭɤŰɐɠ  

ŬɜŰɑŭɟŬůɖɠ, ůɨɛűɤɜŬ ɛŮ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ: 

LÁ + O2        LOOÁ 

LOOÁ + LH         LOOH + LÁ 

ɇŬ ɡˊŮɟɞɝŮɑŭɘŬ ŮɑɜŬɘ ɎɞůɛŬ, ŬɚɚɎ ŭɘŬůˊɩɜŰŬɘ ůŮ ŬɚŭŮɒŭŮɠ, ŬɚəɞɧɚŮɠ əŬɘ 

əŮŰɧɜŮɠ, ˊɞɡ ˊɟɞůŭɑŭɞɡɜ Űɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɞůɛɐ ůŰɘɠ ŬɚɚɞɘɤɛɏɜŮɠ ɚɘˊŬɟɏɠ 

ɨɚŮɠ, əŬɗɩɠ əŬɘ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ əŬɘ Ŭɚəɞɝɡɚ-ɟɑɕŮɠ (LOÁ). 

LOOH       LOÁ + HOÁ 

2LOOH         LOOÁ + LOÁ +H2O 

ɆŰɞ ůŰɎŭɘɞ Űɞɡ ŰŮɟɛŬŰɘůɛɞɨ, ɞɘ ɟɑɕŮɠ ŬɜŰɘŭɟɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ, ˊŬɟɏɢɞɜŰŬɠ 

ŬŭɟŬɜɐ ˊɟɞɥɧɜŰŬ. 

LOÁ + LOÁ      ŬŭɟŬɜɐ ˊɟɞɥɧɜŰŬ  

LOOÁ + LOOÁ      ŬŭɟŬɜɐ ˊɟɞɥɧɜŰŬ 

LOÁ + LOOÁ      ŬŭɟŬɜɐ ˊɟɞɥɧɜŰŬ 

 ȼ ŭɟɎůɖ Űɤɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ ɞɡůɘɩɜ, ŮɜŰɞˊɑɕŮŰŬɘ ůŮ ˊɞɚɚɎ ůŰɎŭɘŬ Űɖɠ 

ŬɚɡůɘŭɤŰɐɠ ŬɜŰɑŭɟŬůɖɠ Űɖɠ ɞɝŮɑŭɤůɖɠ. ɀŮ ɓɎůɖ Űɞɜ Űɟɧˊɞ ŭɟɎůɖɠ, ŰŬ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɎ əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ůŮ ŭɨɞ əɨɟɘŮɠ əŬŰɖɔɞɟɑŮɠ:  

¶ ɇɞɡɠ ˊŬɟŮɛˊɞŭɘůŰɏɠ Űɖɠ ŬɚɡůɘŭɤŰɐɠ ŬɜŰɑŭɟŬůɖɠ ɐ ˊɟɤŰŮɨɞɜŰŬ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɎ (chain-breaking or primary antioxidants)  

¶  ɇŬ ́ɟɞůŰŬŰŮɡŰɘəɎ ɐ ŭŮɡŰŮɟŮɨɞɜŰŬ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ (preventive or 

secondary antioxidants) (Antolovich M., 2002).  

ɇŬ ˊɟɤŰŮɨɞɜŰŬ əŬɗɡůŰŮɟɞɨɜ ɐ ˊŬɟŮɛˊɞŭɑɕɞɡɜ Űɞ ůŰɎŭɘɞ ɏɜŬɟɝɖɠ, 

ŬɜŰɘŭɟɩɜŰŬɠ ɛŮ Űɖ 60ɖ ɟɑɕŬ (LĿ) ɐ ˊŬɟŮɛˊɞŭɑɕɞɡɜ Űɞ ůŰɎŭɘɞ ŭɘɎŭɞůɖɠ 

ŬɜŰɘŭɟɩɜŰŬɠ ɛŮ Űɘɠ ɡˊŮɟɞɝŮɘŭɘəɏɠ (LOOĿ) əŬɘ Ŭɚəɞɝɡɚ-ɟɑɕŮɠ (LOĿ). ɄŬɟɎɚɚɖɚŬ, 

ůɢɖɛŬŰɑɕŮŰŬɘ ŮɚŮɨɗŮɟɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ɟɑɕŬ (ȷĿ), ˊɞɡ ŭŮɜ ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ 

ŬɟɢɑůŮɘ əŬɘ ɜŬ ˊɟɞɎɔŮɘ ɜɏŬ ŬɚɡůɘŭɤŰɐ ŬɜŰɑŭɟŬůɖ, ŬˊɚɎ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘŭɟɎůŮɘ 

ɛŮ Űɘɠ ɟɑɕŮɠ əŬɘ ɜŬ ŭɩůŮɘ ɡˊŮɟɧɝɡŬɜŰɘɞɝŮɘŭɤŰɘəɎ ůɡůŰŬŰɘəɎ. 
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LÁ + AH      LH + AÁ 

LOOÁ + AH       LOOH + AÁ 

LOÁ + AH         LOH + AÁ 

AÁ + LOOÁ        LOOA 

AÁ + LOÁ       LOA 

ɇŬ ŭŮɡŰŮɟŮɨɞɜŰŬ Ŭˊɚɩɠ əŬɗɡůŰŮɟɞɨɜ Űɞɜ ɟɡɗɛɧ Űɖɠ ɞɝŮɑŭɤůɖɠ. ɈˊɎɟɢŮɘ 

ɧɛɤɠ əŬɘ ŰɟɑŰɞɠ ɛɖɢŬɜɘůɛɧɠ, ɞ ɞˊɞɑɞɠ, ŬˊɞŰɟɏˊŮɘ Űɖɜ ɞɝŮɑŭɤůɖ ɛɏůɤ 

ůɡɛˊɚɞəɞˊɞɘɐůɖɠ  Űɤɜ ɛŮŰŬɚɚɘəɩɜ ɘɧɜŰɤɜ, ˊɞɡ əŬŰŬɚɨɞɡɜ Űɖɜ ɞɝŮɑŭɤůɖ əŬɘ 

ŭŮɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ . ȺɛˊɞŭɑɕŮɘ, Ŭˊɚɩɠ, Űɞ ɛŮŰŬɚɚɘəɧ ɘɧɜ ɜŬ 

ůɡɛɛŮŰɎůɢŮɘ  ůŮ ŬɜŰɘŭɟɎůŮɘɠ Ŭˊɞɘəɞŭɧɛɖůɖɠ Űɤɜ ɡˊŮɟɞɝŮɘŭɑɤɜ (LOOH),  əŬɘ 

əŬŰɎ ůɡɜɏˊŮɘŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ ŮɚŮɨɗŮɟɤɜ ɟɘɕɩɜ. (ȹɖɛŬəɞˊɞɨɚɞɡ ȷɔɔŮɚɘəɐ, 

2014), (D. Belitz, 2015), (Sagar B., 2011), (Yu-Tang Tung, 2007). 

2.3 ɀɏɗɞŭɞɘ ȺəŰɑɛɖůɖɠ Űɖɠ ȹɟŬůŰɘəɧŰɖŰŬɠ Űɤɜ 

ȷɜŰɘɞɝŮɘŭɤŰɘəɩɜ  

ȷɜɎɚɞɔŬ ɛŮ Űɖ űɨůɖ Űɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ əŬɘ Űɘɠ ůɡɜɗɐəŮɠ Űɖɠ ɞɝŮɑŭɤůɖɠ,  

ˊɞɚɚɎ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ ɛˊɞɟɞɨɜ ɜŬ ŭɟɎůɞɡɜ ŰŬɡŰɧɢɟɞɜŬ, ɛŮ ˊŮɟɘůůɧŰŮɟɞɡɠ 

Ŭˊɧ ɏɜŬɜ ɛɖɢŬɜɘůɛɞɨɠ. ɇɞ űŬɘɜɧɛŮɜɞ, ɔɑɜŮŰŬɘ ŬəɧɛŬ ˊɘɞ ˊɞɚɨˊɚɞəɞ, ɧŰŬɜ 

ůɡɜɡˊɎɟɢɞɡɜ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŬ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ. ũɘŬ Űɞɡɠ ɚɧɔɞɡɠ ˊɞɡ 

ŬɜŬűɏɟɗɖəŬɜ, ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ ɏɜŬɠ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ɛŮɗɧŭɤɜ, əŬɗŮɛɑŬ Ŭˊɧ 

Űɘɠ ɞˊɞɑŮɠ ůŰɞɢŮɨŮɘ ůŰɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŭɟŬůŰɘəɧŰɖŰŬɠ Űɤɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ ůŮ 

ˊɞɚɨ ůɡɔəŮəɟɘɛɏɜŬ ůɡůŰɐɛŬŰŬ. ɄŬɟŬəɎŰɤ, ɗŬ ŬɜŬɚɡɗŮɑ ŬˊɞəɚŮɘůŰɘəɎ ɖ 

ɛɏɗɞŭɞɠ ŭɞəɘɛɐɠ ɛŮ ɢɟɐůɖ DPPH ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɞ ˊŮɘɟŬɛŬŰɘəɧ 

ɛɏɟɞɠ. 

2.3.1 ɀɏɗɞŭɞɠ ɀɏŰɟɖůɖɠ Űɖɠ ȷˊɞɘəɞŭɧɛɖůɖɠ Űɖɠ ɅɑɕŬɠ 2,2ï

ŭɘűŬɘɜɡɚɞ-1-ˊɘəɟɡɚɞ- ɡŭɟŬɕɘɚɑɞɡ (DPPHĘ)  

ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞ, ɤɠ ŬɜŰɘŭɟŬůŰɐɟɘɞ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɟɑɕŬ Űɞɡ 2,2-

ŭɘűŬɘɜɡɚɞ-1-ˊɘəɟɡɚɡŭɟŬɕɡɚɑɞɡ (DPPHĘ) ˊɞɡ űɏɟŮɘ ɏɜŰɞɜɞ ɘɩŭŮɠ ɢɟɩɛŬ, 
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ŬˊɞɟɟɞűɎ ɘůɢɡɟɎ ůŰŬ 515 nm əŬɘ ŮɛűŬɜɑɕŮɘ ɛŮɔɎɚɖ ůŰŬɗŮɟɧŰɖŰŬ ɚɧɔɤ Űɤɜ 

ŬˊɞəŬɗɘůŰɎɛŮɜɤɜ ŭɞɛɩɜ ůɡɜŰɞɜɘůɛɞɨ (ůɢɐɛŬ ȷ). 

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɛɏɗɞŭɞ, Űɞ ŬɜŰɘɞɝŮɘŭɤŰɘəɧ ŬɜŰɘŭɟɎ ɛŮ Űɖɜ ɟɑɕŬ Űɞɡ DPPH, 

ŮɑŰŮ ŭɑɜɞɜŰɎɠ Űɞɡ ɏɜŬ ɡŭɟɞɔɧɜɞ (ŬɜŰɑŭɟŬůɖ 1), ŮɑŰŮ ɛŮ Űɞ ɜŬ ŭŮůɛŮɨŮŰŬɘ ˊɎɜɤ 

ůŮ ŬɡŰɐɜ (ŬɜŰɑŭɟŬůɖ 2):  

DPPHÁ + ȷȼ      DPPH-ȼ + ȷÁ (1) 

DPPHÁ + ȷÁ       DPPH-ȷ (2) 

ȼ ɟɑɕŬ,  ůŰɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ɛŮ Űɖɜ ɡˊɧ ŮɝɏŰŬůɖ ɏɜɤůɖ ɐ ɛɑɔɛŬ 

ŮɜɩůŮɤɜ, ŬˊɞůˊɎ ɎŰɞɛŬ ɡŭɟɞɔɧɜɞɡ əŬɘ ˊŬɟɎɔŮɘ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɡŭɟɞɕɑɜɖ. ȼ 

ŰŮɚŮɡŰŬɑŬ ɞɡůɑŬ, ŮɝŬɘŰɑŬɠ Űɖɠ ŬˊɞɡůɑŬɠ Űɞɡ ɛɞɜɐɟɞɡɠ ɖɚŮəŰɟɞɜɑɞɡ ŬˊɞɟɟɞűɎ 

ŮɚɎɢɘůŰŬ ůŰŬ ɛɐəɖ əɨɛŬŰɞɠ Űɖɠ ɞɟŬŰɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ (ůɢɐɛŬ ȸ). ȷɜɎɚɞɔŬ ɛŮ 

Űɞ ˊɚɐɗɞɠ Űɤɜ űŬɘɜɞɚɘəɩɜ ɡŭɟɞɔɧɜɤɜ əŬɘ Űɖɜ ŮˊɘŭŮəŰɘəɧŰɖŰŬ Űɞɡɠ ůŰɖɜ 

ŬˊɧůˊŬůɖ, ɖ ŬɜŰɑŭɟŬůɖ əɎɗŮ ŬɜŰɘɞɝŮɘŭɤŰɘəɞɨ ɛŮ Űɞ DPPH ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ 

ůŰɞɘɢŮɘɞɛŮŰɟɘəɎ əŬɘ əɘɜɖŰɘəɎ. ũŮɜɘəɎ ɏɜŬ ŬɜŰɘɞɝŮɘŭɤŰɘəɧ, ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Űɧůɞ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧ ɧůɞ ɛŮɔŬɚɨŰŮɟɞ ŮɑɜŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ɟɘɕɩɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ŭŮůɛŮɨůŮɘ əŬɘ ɛɘəɟɧŰŮɟɞ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊɞɡ ŮˊɘŰŮɚŮɑ Űɖ ŭɟɎůɖ Űɞɡ  

(ɇůɘɛɞɔɘɎɜɜɖɠ ȹɖɛɐŰɟɘɞɠ, 2008). 

 
ɆɢɐɛŬ 2.2.ȷ.Ƀɘ ŭɨɞ ŭɞɛɏɠ ůɡɜŰɞɜɘůɛɞɨ Űɖɠ ɟɑɕŬɠ DPPH. 

2.2.ȸ. ȼ ŬɜŰɑŭɟŬůɖ Űɞɡ DPPH ɛŮ Űɞɡɠ ŭŮůɛŮɡŰɏɠ ŮɚŮɨɗŮɟɤɜ ɟɘɕɩɜ 
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ɆɨɛűɤɜŬ ɛŮ Űɞ ˊɟɤŰɧəɞɚɚɞ Űɤɜ Brand-Williams et al. (1995), ɖ ˊŬɟŬˊɎɜɤ 

ɛɏɗɞŭɞɠ, ɏɢŮɘ ŮɡɟɨŰŬŰɖ ŮűŬɟɛɞɔɐ ůŰɖ ɛŮɚɏŰɖ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ əŬɘ 

ŮəɢɡɚɘůɛɎŰɤɜ. Ƀɘ ŮɟŮɡɜɖŰɏɠ ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ ˊŬɟɎɛŮŰɟɞ ȽC50 ŮəűɟŬůɛɏɜɖ 

ɤɠ molantiox./molDPPH ɐ gantiox./kgDPPH, ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ Űɖɜ ˊɞůɧŰɖŰŬ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɞɨ ɔɘŬ Űɖɜ ŭɏůɛŮɡůɖ Űɞɡ 50% ŭŮŭɞɛɏɜɖɠ ˊɞůɧŰɖŰŬɠ DPPH. 

(ɇůɘɛɞɔɘɎɜɜɖɠ ȹɖɛɐŰɟɘɞɠ, 2008), (Touri¶o S. 2005), (Kriengsak Thaipong, 

2006), (Marinova, G., 2011), (Sagar B., 2011) 

2.4 ȷɜŰɘɞɝŮɘŭɤŰɘəɐ ȹɟɎůɖ əŬɘ ȷůɗɏɜŮɘŮɠ  

2.4.1 ȷɜŰɘɞɝŮɘŭɤŰɘəɐ ȹɟɎůɖ ȰɜŬɜŰɘ Űɤɜ ȾŬɟŭɘŬɔɔŮɘŬəɩɜ 

ɁɞůɖɛɎŰɤɜ  

Ʉɚɐɗɞɠ ŮɟŮɡɜɩɜ, ŬɜŬŭŮɘəɜɨɞɡɜ Űɞ ůɖɛŬɜŰɘəɧ ɟɧɚɞ Űɤɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ 

ɗɟŮˊŰɘəɩɜ ůɡůŰŬŰɘəɩɜ ůŰɖɜ ˊɟɧɚɖɣɖ ŬůɗŮɜŮɘɩɜ. Ⱥˊɘŭɖɛɘɞɚɞɔɘəɏɠ ɛŮɚɏŰŮɠ 

ˊɟɞŰŮɑɜɞɡɜ ɧŰɘ ɖ ɡɣɖɚɐ əŬŰŬɜɎɚɤůɖ űɟɞɨŰɤɜ əŬɘ ɚŬɢŬɜɘəɩɜ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ 

ˊɚɞɨůɘŬ ůŮ ɓɘŰŬɛɑɜɖ C əŬɘ əŬɟɞŰŮɜɞŮɘŭɐ əŬɗɩɠ əŬɘ ůŮ ɎɚɚŬ ɗɟŮˊŰɘəɎ 

ůɡůŰŬŰɘəɎ, ůɢŮŰɑɕŮŰŬɘ ɛŮ ɛŮɘɤɛɏɜɞ əɑɜŭɡɜɞ ɏɜŬɜŰɘ əŬɟŭɘŬəɩɜ ɜɞůɖɛɎŰɤɜ. 

ȺˊɘˊɟɧůɗŮŰŬ,  ɡɣɖɚɏɠ ˊɟɞůɚɐɣŮɘɠ ɓɘŰŬɛɑɜɖɠ Ⱥ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ɢŬɛɖɚɧ 

əɑɜŭɡɜɞ ŮɛűɎɜɘůɖɠ əŬɟŭɘŬɔɔŮɘŬəɩɜ ɜɞůɖɛɎŰɤɜ ůɨɛűɤɜŬ ɛŮ ŮəŰŮŰŬɛɏɜŮɠ 

ɛŮɚɏŰŮɠ ůŰɘɠ ɞˊɞɑŮɠ ŮɝŮŰɎůŰɖəŬɜ ɛŮɔɎɚŮɠ ɞɛɎŭŮɠ Ŭɜŭɟɩɜ əŬɘ ɔɡɜŬɘəɩɜ.  

 

2.4.2 ȷɜŰɘɞɝŮɘŭɤŰɘəɐ ȹɟɎůɖ ȰɜŬɜŰɘ Űɖɠ ȾŬɟəɘɜɞɔɏɜŮůɖɠ 

 ɇŬ űŬɘɜɞɚɘəɎ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ ɛŮ ˊɖɔɐ ˊɟɞɏɚŮɡůɖɠ ŰŬ űɟɞɨŰŬ əŬɘ ŰŬ ɚŬɢŬɜɘəɎ, 

ŮɑɜŬɘ ɔɜɤůŰɎ ɔɘŬ Űɖɜ ŭɟɎůɖ Űɞɡɠ ŮɜɎɜŰɘŬ ůŰɖɜ əŬɟəɘɜɞɔɏɜŮůɖ. ȼ ŭɟɎůɖ Űɞɡɠ, 

ŮɜŰɞˊɑɕŮŰŬɘ ůŰɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ DNA, ɛŮ əŬŰŬůŰɟɞűɐ Űɤɜ ŮɚŮɨɗŮɟɤɜ ɟɘɕɩɜ. 

ȺˊɘˊɟɧůɗŮŰŬ, ˊɞɚɚɏɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɞɡůɑŮɠ çɛˊɚɞəɎɟɞɡɜè ůɡɔəŮəɟɘɛɏɜŮɠ 

əŬɟəɘɜɞɔŮɜŮŰɘəɏɠ ɞŭɞɨɠ (G. P. Abdulla M., 2000). ɆɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ, 

ɞɘ ˊɞɚɡűŬɘɜɧɚŮɠ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬůŰɏɚɚɞɡɜ Űɖɜ əŬɟəɘɜɞɔɏɜŮůɖ ŮˊɖɟŮɎɕɞɜŰŬɠ 

ŰŬ ɛɞɟɘŬəɎ ɔŮɔɞɜɧŰŬ Űɤɜ ůŰŬŭɑɤɜ ɏɜŬɟɝɖɠ, ˊɟɞɩɗɖůɖɠ əŬɘ Ůɝɏɚɘɝɖɠ (L.J.M. 

Yang C.S., 2001). ɆɡɜɞˊŰɘəɎ, ŰŬ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ ɏɢɞɡɜ əɡŰŰŬɟɞůŰŬŰɘəɐ əŬɘ 

əɡŰŰŬɟɞŰɞɝɘəɐ ŭɟɎůɖ. (P. K. Colic M., 2000), (ȹɖɛŬəɞˊɞɨɚɞɡ ȷɔɔŮɚɘəɐ, 2014) 
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3. ūɚŬɓɞɜɞŮɘŭɐ  

ɇŬ űɚŬɓɞɜɞŮɘŭɐ əŬŰɏɢɞɡɜ ɘŭɘŬɑŰŮɟɖ ɗɏůɖ ŬɜɎɛŮůŬ ůŰŬ űɡůɘəɎ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ. 

ȷ́ ɞŰŮɚɞɨɜ ůɡůŰŬŰɘəɎ ɧɚɤɜ Űɤɜ űɡŰɩɜ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŮɑɜŬɘ Ŭˊɧ Űɘɠ ˊɘɞ 

ˊŮɟɑˊɚɞəŮɠ əŬɘ ůɨɜɗŮŰŮɠ əŬŰɖɔɞɟɑŮɠ ɢɖɛɘəɩɜ ůŰɖ űɨůɖ.  ɇŬ űɚŬɓɞɜɞŮɘŭɐ, 

ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɜ ŬɜɏəŬɗŮɜ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ŭɘŬŰɟɞűɐ, ɛɏůɤ Űɖɠ 

əŬŰŬɜɎɚɤůɖɠ űɟɞɨŰɤɜ ɚŬɢŬɜɘəɩɜ əŬɘ əŬɟˊɩɜ. ɇŬ űɚŬɓɞɜɞŮɘŭɐ, ɤɠ 

ŭŮɡŰŮɟɞɔŮɜɐ ˊɟɞɥɧɜŰŬ Űɤɜ űɡŰɩɜ, ɏɢɞɡɜ ˊɟɞůŮɚəɨůŮɘ Ůŭɩ əŬɘ ɢɟɧɜɘŬ Űɞ 

ŮɜŭɘŬűɏɟɞɜ Űɤɜ ŮɟŮɡɜɖŰɩɜ əɡɟɑɤɠ ɔɘŬ Űɘɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ˊɟɞůŭɑŭɞɡɜ ůŰŬ 

űɡŰɎ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞɘ əɧəəɘɜŮɠ, ɛˊɚŮ əŬɘ ɛɤɓ ɢɟɤůŰɘəɏɠ ɞɡůɑŮɠ (Alya 

Maimoona, 2011), (Nijveldt J.Robert et al., 2001) 

3.1 ɀɞɟɘŬəɐ ȹɞɛɐ əŬɘ ȾŬŰɖɔɞɟɑŮɠ 

ūɚŬɓɞɜɞŮɘŭɩɜ  

 

ɀɏɢɟɘ ůɐɛŮɟŬ, ɏɢŮɘ ůɡɔəŮɜŰɟɤɗŮɑ ɏɜŬɠ ˊɚɞɨŰɞɠ ˊɚɖɟɞűɞɟɘɩɜ, ůɢŮŰɘəɎ ɛŮ Űɖɜ 

ŭɞɛɐ, Űɘɠ ɢɖɛɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ŬɚɚɎ əŬɘ Űɖ ɓɘɞůɨɜɗŮůɖ Űɤɜ űɚŬɓɞɜɞŮɘŭɩɜ 

ŮɜɩůŮɤɜ. ɆŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ, ˊŬɟŬŰɑɗŮŰŬɘ ɖ ɓŬůɘəɐ ɛɞɟɘŬəɐ ŭɞɛɐ Űɤɜ 

űɚŬɓɞɜɞŮɘŭɩɜ. 

 

ɆɢɐɛŬ 3.1. ȸŬůɘəɧɠ ɛɞɟɘŬəɧɠ ůəŮɚŮŰɧɠ Űɤɜ űɚŬɓɞɜɞŮɘŭɩɜ.   

 

ɇŬ űɚŬɓɞɜɞŮɘŭɐ, ŬˊɞŰŮɚɞɨɜ ɛɘŬ ˊɞɘəɘɚɧɛɞɟűɖ ɞɘəɞɔɏɜŮɘŬ ŬɟɤɛŬŰɘəɩɜ 

ɛɞɟɑɤɜ. Ƀɘ ɓɘɞɢɖɛɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ Űɤɜ űɚŬɓɞɜɞŮɘŭɩɜ əŬɘ ɞɘ ɛŮŰŬɓɞɚɑŰŮɠ 

Űɞɡɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖ ɢɖɛɘəɐ Űɞɡɠ ŭɞɛɐ əŬɘ Ŭˊɧ Űɞɜ ůɢŮŰɘəɧ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɤɜ ŭɘŬűɧɟɤɜ ŰɛɖɛɎŰɤɜ, Ůˊɑ Űɞ ɛɧɟɘɞ. Ƀɘ ŮɜɩůŮɘɠ ŬɡŰɏɠ, 

ŮɑɜŬɘ ŰŬɝɘɜɞɛɖɛɏɜŮɠ ɓɎůɖ Űɖɠ ɢɖɛɘəɐɠ Űɞɡɠ ŭɞɛɐɠ. ȼ ŰŬɝɘɜɧɛɖůɖ, 

http://ajcn.nutrition.org/search?author1=Robert+J+Nijveldt&sortspec=date&submit=Submit
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ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɝɘ ɛŮɔɎɚŮɠ ɡˊɞɞɛɎŭŮɠ, ɞɘ ɞˊɞɑŮɠ ŬˊŬɜŰɩɜŰŬɘ ůŰŬ ˊŮɟɘůůɧŰŮɟŬ 

ŬɜɩŰŮɟŬ űɡŰɎ. Ƀɘ ɞɛɎŭŮɠ ŬɡŰɏɠ ŮɑɜŬɘ: ɞɘ ɢŬɚəɧɜŮɠ, ɞɘ űɚŬɓɧɜŮɠ, ɞɘ 

űɚŬɓɞɜɧɚŮɠ, ɞɘ űɚŬɓŬɜŭɘɧɚŮɠ, ɞɘ ŬɜɗɞəɡŬɜɑɜŮɠ, əŬɘ ɞɘ ůɡɛˊɡəɜɤɛɏɜŮɠ 

ŰŬɜɜɑɜŮɠ (ɐ ˊɟɞŬɜɗɞəɡŬɜɘŭɑɜŮɠ). ɀŮɟɘəɎ Ůɑŭɖ űɡŰɩɜ, ůɡɜɗɏŰɞɡɜ Ůˊɑůɖɠ 

ŮɝŮɘŭɘəŮɡɛɏɜŮɠ ɛɞɟűɏɠ űɚŬɓɞɜɞŮɘŭɩɜ, ɧˊɤɠ ŰŬ ɘůɞűɚŬɓɞɜɞŮɘŭɐ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ůŰŬ ɧůˊɟɘŬ. ȺˊɘˊɟɧůɗŮŰŬ, ɛɘŬ Ɏɚɚɖ ɞɛɎŭŬ ŮɜɩůŮɤɜ, ŰŬ 

ůŰɘɚɓɏɜɘŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ůŰŮɜɎ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ ŰŬ űɚŬɓɞɜɞŮɘŭɐ, ůɡɜŰɑɗŮɜŰŬɘ 

Ŭˊɧ ɛɘŬ ɞɛɎŭŬ ɛɖ ůɡɜŭŮŭŮɛɏɜɤɜ, ɛŮŰŬɝɨ Űɞɡɠ  Ůɘŭɩɜ. ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ 

ɖ ɛɞɟɘŬəɐ ŭɞɛɐ əɎˊɞɘɞɜ əɨɟɘɤɜ əŬŰɖɔɞɟɘɩɜ űɚŬɓɞɜɞŮɘŭɩɜ. (Nijveldt 

J.Robert, 2001), (Li-Ping Guan et al., 2016), (Cyvind M. Andersen, 2006) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɆɢŮŭɘɎɔɟŬɛɛŬ 3.2. ɀɞɟɘŬəɐ ŭɞɛɐ əŬŰɖɔɞɟɘɩɜ  űɚŬɓɞɜɞŮɘŭɩɜ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ɛɞɟűɐ  

3.1.1 ūɚŬɓɧɜŮɠ 

ɆŮ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ, ɖ ɚɞɡŰŮɞɚɑɜɖ əŬɘ ɖ ŬˊɘɔŮɜɑɜɖ. 

ɄɚɞɨůɘŬ ˊɖɔɐ ůŮ űɚŬɓɧɜŮɠ, ŬˊɞŰŮɚŮɑ Űɞ ůɏɚɘɜɞ, Űɞ ɛŬɥɜŰŬɜɧ, ŰŬ ŭɘɎűɞɟŬ 

ɓɧŰŬɜŬ, əŬɗɩɠ əŬɘ ɖ əŬɡŰŮɟɐ ˊɘˊŮɟɘɎ. Ƀɘ űɚŬɓɧɜŮɠ, ůɢŮŰɑɕɞɜŰŬɘ ůɡɜɞɚɘəɎ ɛŮ 

http://ajcn.nutrition.org/search?author1=Robert+J+Nijveldt&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/article/pii/S0223523416304147
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ŰŬ ɞűɏɚɖ Űɖɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɐɠ ŭɟɎůɖɠ əŬɗɩɠ əŬɘ ɛŮ Űɞɜ ɛŮŰŬɓɞɚɘůɛɧ Űɤɜ 

űŬɟɛɎəɤɜ. (Stalikas D. Constantine, 2007), (Nijveldt J.Robert, 2001), (Li-Ping 

Guan et al., 2016), (Cyvind M. Andersen, 2006) 

 

ɆɢɐɛŬ 3.3. ūɚŬɓɧɜŮɠ 

ɄɑɜŬəŬɠ 3.4. ūɚŬɓɧɜŮɠ  

ūɚŬɓɧɜŮɠ 

Ūɏůɖ 

ɆɨɜŭŮůɖɠ 
5 7 3ô 4ô 

Apigenin 
Ƀȼ Ƀȼ - Ƀȼ 

Luteolin 
Ƀȼ Ƀȼ Ƀȼ Ƀȼ 

Chrysin 
Ƀȼ Ƀȼ - - 

 

3.1.2 ȷɜɗɞəɡŬɜɘŭɑɜŮɠ 

ɇŬ əɨɟɘŬ ɛɏɚɖ Űɖɠ əŬŰɖɔɞɟɑŬɠ, ŮɑɜŬɘ ɖ  ɛŬɚɓɘŭɑɜɖ, əŬɘ ɖ əɡŬɜɘŭɑɜɖ. ȾŬɚɐ ˊɖɔɐ 

ŬɜɗɞəɡŬɜɘŭɘɜɩɜ, ŮɑɜŬɘ ŰŬ əɧəəɘɜŬ, ɛɤɓ əŬɘ ɛˊɚŮ ɛɞɨɟŬ, ŰŬ ɟɧŭɘŬ, ŰŬ 

ŭŬɛɎůəɖɜŬ, Űɞ  Ůɟɡɗɟɧ əɟŬůɑ, ŬɚɚɎ əŬɘ ŰŬ əɧəəɘɜŬ əŬɘ ɛɤɓ ůŰŬűɨɚɘŬ. ȼ 

ŭɟɎůɖ Űɤɜ ŬɜɗɞəɡŬɜɘŭɘɜɩɜ, ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ɡɔŮɑŬ Űɖɠ əŬɟŭɘɎɠ, Ůɜɩ 

ŮˊɘˊɟɧůɗŮŰŬ, ɏɢɞɡɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ əŬɘ ɓɞɖɗɞɨɜ ɛŮ Űɖɜ ˊŬɢɡůŬɟəɑŬ 

əŬɘ Űɖɜ ˊɟɧɚɖɣɖ Űɞɡ ŭɘŬɓɐŰɖ. (Stalikas D. Constantine, 2007), (Nijveldt 

J.Robert, 2001), (Li-Ping Guan et al., 2016), (Cyvind M. Andersen, 2006) 

 

ɆɢɐɛŬ 3.5. ȷɜɗɞəɡŬɜɘŭɑɜŮɠ 

http://ajcn.nutrition.org/search?author1=Robert+J+Nijveldt&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/article/pii/S0223523416304147
http://www.sciencedirect.com/science/article/pii/S0223523416304147
http://ajcn.nutrition.org/search?author1=Robert+J+Nijveldt&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/article/pii/S0223523416304147
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ɄɑɜŬəŬɠ 3.6. ȷɜɗɞəɡŬɜɘŭɑɜŮɠ 

ȷɜɗɞəɡŬɜɘŭɑɜŮɠ  

Ūɏůɖ ɆɨɜŭŮůɖɠ 
3 5 7 3ô 4ô 5ô 

Cyaniding OH OH OH OH OH - 

Cyanin O-Glu OH OH OH OH - 

peonidin OH OH OH OCH3 OH - 

Delphinidin - OH OH OH - OH 

Perargonidin OH OH OH - OH - 

malvidin OH OH OH OCH3 OH OCH3 

 

3.1.3 ūɚŬɓɞɜɧɜŮɠ 

 ɆŮ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ ŮɜŰɎůůɞɜŰŬɘ ɖ  ŮůˊŮɟŮŰɑɜɖ, ɖ ŮɟɘɞŭɘəŰɡɧɚɖ əŬɘ  ɖ 

ɜŬɟɘɔəŮɜɑɜɖ. Ƀɘ űɚŬɓɞɜɧɜŮɠ, ɓɟɑůəɞɜŰŬɘ ůŮ ŬűɗɞɜɑŬ ůŰŬ ŮůˊŮɟɘŭɞŮɘŭɐ. 

ɆɡɜŭɏɞɜŰŬɘ ɛŮ Űɖɜ əŬɟŭɘŬɔɔŮɘŬəɐ ɡɔŮɑŬ, Űɖ ɢŬɚɎɟɤůɖ əŬɘ Űɖ ůɡɜɞɚɘəɐ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɐ əŬɘ ŬɜŰɘűɚŮɔɛɞɜɩŭɖ ŭɟɎůɖ. (Stalikas D. Constantine, 2007), 

(Nijveldt J.Robert, 2001), (Li-Ping Guan et al., 2016), (Cyvind M. Andersen, 

2006) 

 

 

 

 

 

ɆɢɐɛŬ 3.7. ūɚŬɓɞɜɧɜŮɠ 

ɄɑɜŬəŬɠ 3.8. ūɚŬɓɞɜɧɜŮɠ  

ūɚŬɓɞɜɧɜŮɠ 

Ūɏůɖ 

ɆɨɜŭŮůɖɠ 5 7 3ô 4ô 

http://ajcn.nutrition.org/search?author1=Robert+J+Nijveldt&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/article/pii/S0223523416304147
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Naringenin Ƀȼ Ƀȼ - Ƀȼ 

Naringin Ƀȼ O-Rha-Glu - Ƀȼ 

Hesperidin OH O-Rha-Glu OH OCH3 

hesperetin Ƀȼ Ƀȼ OH OCH3 

 

3.1.4 ȽůɞűɚŬɓɧɜŮɠ 

Ƀɘ ɘůɞűɚŬɓɧɜŮɠ, ŮɑɜŬɘ ɛɘŬ ɡˊɞɞɛɎŭŬ ɛŮ əɨɟɘŬ ɏɜɤůɖ Űɖɜ ɔɚɡəɘŰŮȶɜɖ. 

ȸɟɑůəɞɜŰŬɘ ůŰɖ ůɧɔɘŬ əŬɘ ŰŬ ˊɟɞɥɧɜŰŬ Űɖɠ, əŬɗɩɠ əŬɘ ůŰŬ ɧůˊɟɘŬ. Ƀɘ ŮɜɩůŮɘɠ 

ŬɡŰɏɠ, ŮɑɜŬɘ űɡŰɞɞɘůŰɟɞɔɧɜŬ, ŭɖɚŬŭɐ ɢɖɛɘəɏɠ ɞɡůɑŮɠ ɛŮ ˊŬɟŮɛűŮɟɐ ŭɟɎůɖ, ɛŮ 

Űɖɜ ɞɟɛɧɜɖ ɞɘůŰɟɞɔɧɜɞ. Ƀɘ ŮˊɘůŰɐɛɞɜŮɠ ɡˊɞɣɘɎɕɞɜŰŬɘ, ɧŰɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ŮˊɤűŮɚŮɑɠ ůŰɖ ɛŮɑɤůɖ Űɞɡ əɘɜŭɨɜɞɡ, Űɤɜ ɞɟɛɞɜɘəɩɜ əŬɟəɑɜɤɜ, ɧˊɤɠ Űɞɡ 

ɛŬůŰɞɨ, Űɞɡ ŮɜŭɞɛɖŰɟɑɞɡ əŬɘ Űɞɡ ˊɟɞůŰɎŰɖ, ɛŮ Űɘɠ ɏɟŮɡɜŮɠ ɤůŰɧůɞ, ɜŬ 

ɓɟɑůəɞɜŰŬɘ ůŮ ˊɞɚɨ ˊɟɩɘɛɞ ůŰɎŭɘɞ. ɆŮ ŭɘɎűɞɟŮɠ ɛŮɚɏŰŮɠ, ɞɘ ɘůɞűɚŬɓɧɜŮɠ, 

ɎɚɚɞŰŮ ŭɟɞɡɜ ɤɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɎ əŬɘ ɛŮɟɘəɏɠ űɞɟɏɠ ɤɠ ɞɝŮɘŭɤŰɘəɎ, ɔŮɔɞɜɧɠ 

ˊɞɡ əɎɜŮɘ ˊɘɞ ŭɨůəɞɚɖ Űɖɜ ŮɟɛɖɜŮɑŬ Űɞɡɠ ůŰɖɜ ŬɜŰɘəŬɟəɘɜɘəɐ ŭɟɎůɖ. (Stalikas 

D. Constantine, 2007), (Nijveldt J.Robert, 2001), (Li-Ping Guan et al., 2016), 

(Cyvind M. Andersen, 2006) 

 

ɆɢɐɛŬ 3.9. ȽůɞűɚŬɓɧɜŮɠ 

ɄɑɜŬəŬɠ  3.10. ȽůɞűɚŬɓɧɜŮɠ 

ȽůɞűɚŬɓɧɜŮɠ     

Ūɏůɖ ɆɨɜŭŮůɖɠ 
5 7 пΩ 

Genistein Ƀȼ Ƀȼ Ƀȼ 

Genistin Ƀȼ O-Glu Ƀȼ 

Daidzein - OH OCH3 

http://ajcn.nutrition.org/search?author1=Robert+J+Nijveldt&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/article/pii/S0223523416304147
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Daidzin - O-Glu OH 

ononon OH O-Glu CH3 

 

3.1.5 ūɚŬɓɞɜɧɚŮɠ 

ȼ ˊɘɞ ɔɜɤůŰɐ ɏɜɤůɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ əŬŰɖɔɞɟɑŬɠ ŮɑɜŬɘ ɖ əŮɟəŮŰɑɜɖ, ɖ ɞˊɞɑŬ 

ŬˊɞŰŮɚŮɑ əŬɘ ˊɟɧŰɡˊɖ ɞɡůɑŬ ůŰɖɜ ŭɘŮɝŬɔɤɔɐ Űɤɜ ˊŬɟŬəɎŰɤ ˊŮɘɟŬɛɎŰɤɜ. Ƀɘ 

űɚŬɓŬɜɧɚŮɠ, ɓɟɑůəɞɜŰŬɘ ůŰŬ əɟŮɛɛɨŭɘŬ, ŰŬ ˊɟɎůŬ, ŰŬ ɚŬɢŬɜɎəɘŬ ȸɟɡɝŮɚɚɩɜ, 

Űɞ ɚɎɢŬɜɞ, Űɞ ɛˊɟɧəɞɚɞ, Űɞ ŰůɎɘ, ŰŬ ɛɞɨɟŬ, ŰŬ űŬůɧɚɘŬ əŬɘ ŰŬ ɛɐɚŬ. ȼ 

əŮɟəŮŰɑɜɖ, ŮɑɜŬɘ ɏɜŬ ŬɜŰɘɘůŰŬɛɘɜɘəɧ, Ůɜɩ ŮɑɜŬɘ ɔɜɤůŰɐ əŬɘ ɔɘŬ ŰŬ ŬɜŰɘ-

űɚŮɔɛɞɜɩŭɖ ɞűɏɚɖ Űɖɠ. (Stalikas D. Constantine, 2007), (Nijveldt J.Robert, 

2001), (Li-Ping Guan et al., 2016), (Cyvind M. Andersen, 2006) 

 

ɆɢɐɛŬ 3.11. ūɚŬɓɞɜɧɚŮɠ 

 

ɄɑɜŬəŬɠ 3.12. ūɚŬɓɞɜɧɚŮɠ  

ūɚŬɓɞɜɧɚŮɠ  

Ūɏůɖ 

ɆɨɜŭŮůɖɠ  5 7 3ô 4ô 5ô 

Quercetin Ƀȼ Ƀȼ OH Ƀȼ - 

Kaempferol Ƀȼ OH - Ƀȼ - 

Galangin OH OH - - - 

Fisetin  - Ƀȼ OH OH - 

Myricetin  OH OH OH OH OH 

 

 

http://ajcn.nutrition.org/search?author1=Robert+J+Nijveldt&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/article/pii/S0223523416304147
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3.1.6 ūɚŬɓŬɜɧɚŮɠ 

ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ ɡˊɎɔɞɜŰŬɘ ŰɟŮɘɠ Űɨˊɞɘ ŮɜɩůŮɤɜ : ɞɘ ɛɞɜɞɛŮɟŮɑɠ, 

(ŮɡɟɨŰŮɟŬ ɔɜɤůŰɏɠ ɤɠ əŬŰŮɢɑɜŮɠ), ŰŬ ŭɘɛŮɟɐ əŬɘ ŰŬ ́ɞɚɡɛŮɟɐ. Ƀɘ űɚŬɓŬɜɧɚŮɠ, 

ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɞ ŰůɎɘ, Űɞ əŬəɎɞ, ŰŬ ůŰŬűɨɚɘŬ, ŰŬ ɛɐɚŬ, ŰŬ ɛɞɨɟŬ, Űɖ  űɎɓŬ əŬɘ 

Űɞ əɧəəɘɜɞ əɟŬůɑ. Ƀɘ əŬŰŮɢɑɜŮɠ, ŬˊŬɜŰɩɜŰŬɘ ɘŭɘŬɑŰŮɟŬ ůŰɞ ˊɟɎůɘɜɞ əŬɘ Űɞ ɚŮɡəɧ 

ŰůɎɘ, Ůɜɩ ŰŬ ŭɘɛŮɟɐ, ŰŬ ɞˊɞɑŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɖ ɛŮɑɤůɖ Űɖɠ ɢɞɚɖůŰŮɟɧɚɖɠ, 

ɓɟɑůəɞɜŰŬɘ ůŰɞ ɛŬɨɟɞ ŰůɎɘ. Ƀɘ ŮˊɘůŰɐɛɞɜŮɠ, ɡˊɞɣɘɎɕɞɜŰŬɘ ɧŰɘ ɞɘ əŬŰŮɢɑɜŮɠ, 

ɛˊɞɟŮɑ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ůɡɛˊŰɤɛɎŰɤɜ Űɞɡ ůɡɜŭɟɧɛɞɡ 

ɢɟɧɜɘŬɠ əɧˊɤůɖɠ. Ƀɘ əŬŰŮɢɑɜŮɠ, ůɡɜŭɏɞɜŰŬɘ Ůˊɑůɖɠ ɛŮ Űɖɜ əŬɟŭɘŬɔɔŮɘŬəɐ əŬɘ 

ɜŮɡɟɞɚɞɔɘəɐ ɡɔŮɑŬ. (Stalikas D. Constantine, 2007), (Nijveldt J.Robert, 2001), 

(Li-Ping Guan et al., 2016), (Cyvind M. Andersen, 2006) 

 

 

ɆɢɐɛŬ 3.13. ūɚŬɓŬɜɧɚŮɠ 

ɄɑɜŬəŬɠ 3.14. ūɚŬɓŬɜɧɚŮɠ 

ūɚŬɓŬɜɧɚŮɠ ( Flavan-3-ols)  

Ūɏůɖ ɆɨɜŭŮůɖɠ  3 5 7 3ô 4ô 5ô 

(+)-Catechin ɓOH OH OH OH OH - 

(-)-Epicatechin ŬOH OH OH OH OH - 

(-)-Epigallocatechin ŬOH OH OH OH OH OH 

 

 

 

http://ajcn.nutrition.org/search?author1=Robert+J+Nijveldt&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/article/pii/S0223523416304147
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3.2 ȽŭɘɧŰɖŰŮɠ ūɚŬɓɞɜɞŮɘŭɩɜ  

ɇŬ űɚŬɓɞɜɞŮɘŭɐ ɐŰŬɜ ɔɜɤůŰɎ ɔɘŬ Űɘɠ ŮɡŮɟɔŮŰɘəɏɠ ŮˊɘŭɟɎůŮɘɠ Űɞɡɠ ůŰɖɜ ɡɔŮɑŬ, 

ˊɞɚɨ ˊɟɘɜ Ŭˊɞɛɞɜɤɗɞɨɜ. ɆɐɛŮɟŬ, ɏɢɞɡɜ ŰŬɡŰɞˊɞɘɖɗŮɑ ˊŮɟɘůůɧŰŮɟŮɠ, Ŭˊɧ 

4.000 ˊɞɘəɘɚɑŮɠ űɚŬɓɞɜɞŮɘŭɩɜ. Ƀɘ ˊɞɚɚŬˊɚɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůɡɜɞˊŰɘəɎ ˊŬɟŬəɎŰɤ. ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ űɚŬɓɞɜɞŮɘŭɐ: 

Á ȺɡɗɨɜɞɜŰŬɘ ɔɘŬ ŰŬ ŮɚəɡůŰɘəɎ ɢɟɩɛŬŰŬ Űɤɜ ɚɞɡɚɞɡŭɘɩɜ, űɟɞɨŰɤɜ, ŬɚɚɎ 

əŬɘ Űɤɜ űɨɚɚɤɜ.  

Á ɄɟɞůŮɚəɨɞɡɜ (ɘŭɘŬɘŰɏɟɤɠ ɖ ŬɜɗɞəɡŬɜɘŭɑɜŮɠ), ŮˊɘəɞɜɘŬůŰɏɠ, 

ŮɝŬůűŬɚɑɕɞɜŰŬɠ Űɖɜ ɔɞɜɘɛɧŰɖŰŬ Űɞɡ űɡŰɞɨ əŬɘ ŮɡɗɨɜɞɜŰŬɘ ɔɘŬ Űɖɜ 

ŭɘŬůˊɞɟɎ Űɤɜ ůˊɧɟɤɜ. 

Á ȹɘŬŭɟŬɛŬŰɑɕɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɘɠ ŬɜŬəŬɚɨɣŮɘɠ Űɞɡ Mendel ˊŮɟɑ 

ɔŮɜŮŰɘəɐɠ. 

Á ɄŬɟɎɔɞɡɜ ŬɜŰɘɛɘəɟɞɓɘŬəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ əŬɘ ůɡɛɛŮŰɏɢɞɡɜ ɛŮ ŬɡŰɧɜ Űɞɜ 

Űɟɧˊɞ ůŰɖɜ ɎɛɡɜŬ Űɞɡ űɡŰɞɨ. 

Á ɄɟɞůŰŬŰŮɨɞɡɜ ŰŬ űɡŰɎ Ŭˊɧ Űɖɜ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ. 

Á ȺɡɗɨɜɞɜŰŬɘ ɔɘŬ ŰŬ ŬɜŰɘəŬɟəɘɜɘəɎ ɞűɏɚɖ Űɟɞűɩɜ. (Winkel-Shirley 

Brenda, 2001) 

ȳůɞ ŬűɞɟɎ Űɖɜ ůɡɛɓɞɚɐ Űɞɡɠ ůŰɘɠ ŬɜɗɟɩˊɘɜŮɠ ŬůɗɏɜŮɘŮɠ, ˊŬɟŬəɎŰɤ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɟɎůŮɘɠ Űɤɜ űɚŬɓɞɜɞŮɘŭɩɜ, ˊɞɡ ŰŬ əŬɗɘůŰɞɨɜ ɘŭɘŬɑŰŮɟŬ 

ůɖɛŬɜŰɘəɏɠ ŮɜɩůŮɘɠ, ůŰɖɜ ˊɟɞɎůˊɘůɖ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ɡɔŮɑŬɠ. 

 

 ȷɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ  

ȽəŬɜɧŰɖŰɎ ɛŮɑɤůɖɠ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ ŮɚŮɨɗŮɟɤɜ ɟɘɕɩɜ ɐ əŬɘ əŬŰŬˊɞɚɏɛɖůɖɠ 

Űɞɡɠ. ɇŬ ˊɘɞ ɘůɢɡɟɎ űɚŬɓɞɜɞŮɘŭɐ ŮɑɜŬɘ ɞɘ űɚŬɓɧɜŮɠ əŬɘ ɞɘ əŬŰŮɢɑɜŮɠ. Ƀɘ 

ŮɜɩůŮɘɠ ŬɡŰɏɠ, ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŮɛɓŬɑɜɞɡɜ ɛŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ŰɟŮɘɠ 

ŭɘŬűɞɟŮŰɘəɏɠ ɟɑɕŮɠ əŬɘ ɜŬ ˊŬɟɎɔɞɡɜ ŮɚŮɨɗŮɟŬ ůɡůŰɐɛŬŰŬ, ŬɚɚɎ əŬɘ ɜŬ 

ŬɡɝɎɜɞɡɜ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ŮɜŭɞɔŮɜɩɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ.  

 ȷɜŰɘűɚŮɔɛɞɜɩŭɖ ŭɟɎůɖ  

ɇŬ űɚŬɓɞɜɞŮɘŭɐ ɏɢɞɡɜ ŬɜŰɘűɚŮɔɛɞɜɩŭɖ ŭɟɎůɖ, ɖ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ŬɜŬůŰɞɚɐ Ůɜɕɡɛɘəɩɜ ůɡůŰɖɛɎŰɤɜ, ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ůŰɞ ůɢɖɛŬŰɘůɛɧ əŬɘ 

Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ űɚŮɔɛɞɜɐɠ.  
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 ȷɜŰɘŬɗɖɟɞůəɚɖɟɤŰɘəɐ ŭɟɎůɖ  

ɇŬ űɚŬɓɞɜɞŮɘŭɐ, ɏɢɞɡɜ ůɖɛŬɜŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɞ ŬɔɔŮɘŬəɧ ůɨůŰɖɛŬ. ȹɘɎűɞɟŮɠ 

əɚɘɜɘəɏɠ ɛŮɚɏŰŮɠ, ŬɜŬűɏɟɞɡɜ, ˊɤɠ ɖ ɚɐɣɖ űɚŬɓɞɜɞŮɘŭɩɜ ůɡɛɓɎɚŮɘ ůŰɖɜ 

ˊɟɞůŰŬůɑŬ, əŬŰɎ Űɖɠ ůŰŮűŬɜɘŬɑŬɠ ɜɧůɞɡ.  

 ȷɜŰɘəŬɟəɘɜɘəɐ ŭɟɎůɖ  

ɇŬ űɚŬɓɞɜɞŮɘŭɐ ɏɢɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ŬɜŬůŰɏɚɚɞɡɜ Űɖɜ əŬɟəɘɜɞɔɏɜŮůɖ. 

ȷˊɞŰŮɚɞɨɜ ɘůɢɡɟɞɨɠ ŬɜŬůŰɞɚŮɑɠ ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ Űɤɜ əɡŰŰɎɟɤɜ. ɀŮɚɏŰŮɠ 

ŭŮɑɢɜɞɡɜ ɧŰɘ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ˊɟɞůŰŬůɑŬ əŬŰɎ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ˊɜŮɨɛɞɜŬ, 

əŬɗɩɠ əŬɘ Űɖɜ ˊŬɟŮɛˊɧŭɘůɖ ŭɖɛɘɞɡɟɔɑŬɠ ɛŮɚŬɜɤɛɎŰɤɜ.  

 ȷɜŰɘ-ɘəɐ ŭɟɎůɖ  

ɃɟɘůɛɏɜŮɠ əŬŰɖɔɞɟɑŮɠ űɚŬɓɞɜɞŮɘŭɩɜ, ɏɢɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ, ůŮ 

ŭɘŬűɞɟŮŰɘəɎ ůŰɎŭɘŬ Űɞɡ əɨəɚɞɡ ŬɜŰɘɔɟŬűɐɠ Űɤɜ ɘɩɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, 

ɞɟɘůɛɏɜŬ űɚŬɓɞɜɞŮɘŭɐ ɚŮɘŰɞɡɟɔɞɨɜ ůŰɖɜ ŮɜŭɞəɡŰŰŬɟɘəɐ ŬɜŰɘɔɟŬűɐ Űɤɜ ɘɩɜ, 

Ůɜɩ ɎɚɚŬ, ŬɜŬůŰɏɚɚɞɡɜ Űɘɠ ɛɞɚɡůɛŬŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɘɩɜ. ũɜɤůŰɐ ŮɑɜŬɘ ɖ 

əŮɟəŮŰɑɜɖ, ɖ ɞˊɞɑŬ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ɤɠ Űɞ űɚŬɓɞɜɞŮɘŭɏɠ ˊɞɡ ŮɛűŬɜɑɕŮɘ 

ŬɜŰɘɛɞɚɡůɛŬŰɘəɐ ŭɟɎůɖ. (Winkel-Shirley Brenda, 2001), (Nijveldt J.Robert, 

2001), (Li-Ping Guan, 2016), (Cyvind M. Andersen, 2006) 

 

http://ajcn.nutrition.org/search?author1=Robert+J+Nijveldt&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/article/pii/S0223523416304147
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4. ūŬɘɜɞɚɘəɏɠ ȺɜɩůŮɘɠ  

 

ȰɜŬ ˊɚɐɗɞɠ ɞɟɔŬɜɘəɩɜ ɛɞɟɑɤɜ, ɔɜɤůŰɧ ɤɠ ñŭŮɡŰŮɟɞɔŮɜŮɑɠ ɛŮŰŬɓɞɚɑŰŮɠò, ŮɑɜŬɘ 

ŬˊɞŰɏɚŮůɛŬ űɡŰɞɢɖɛɘəɐɠ ůɨɜɗŮůɖɠ Űɤɜ ŬɔɔŮɘɤŭɩɜ űɡŰɩɜ. Ƀɘ ˊɞɚɡűŬɘɜɧɚŮɠ 

űɡŰɘəɐɠ ˊɟɞɏɚŮɡůɖɠ, ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ɛɞɟűɞɚɞɔɑŬ əŬɘ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ 

űɡŰɩɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ ɛɧɟɘŬ ŬɡŰɎ, ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ˊɚɖɗɩɟŬ ɟɧɚɤɜ, Ŭˊɧ 

ŭɞɛɘəɞɨɠ ɛɏɢɟɘ əŬɘ ˊɟɞůŰŬŰŮɡŰɘəɞɨɠ. ɆɡɜŰɑɗŮɜŰŬɘ, Ŭˊɧ ŰŬ  űɡŰɎ, əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɞɡɠ əŬɘ ŰŬ ˊɟɞůŰŬŰŮɨɞɡɜ Ŭˊɧ əɘɜŭɨɜɞɡɠ ɧˊɤɠ 

ɛɧɚɡɜůɖ, ŰɟŬɡɛŬŰɘůɛɧ, ɡˊŮɟɘɩŭɖ ŬəŰɘɜɞɓɞɚɑŬ, əɚˊ. ɄŬɟɎɚɚɖɚŬ, 

ŮɝŬůűŬɚɑɕɞɡɜ əŬɘ Űɖɜ ˊɟɞůŰŬůɑŬ Űɤɜ əŬɟˊɩɜ, ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ 

Űɖɠ ɔɞɜɘɛɞˊɞɑɖůɖɠ. Ƀɘ ˊɞɚɡűŬɘɜɧɚŮɠ ɏɢɞɡɜ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ ůŰɖ 

ɓɘɞɛɖɢŬɜɑŬ (ˊŬɟŬɔɤɔɐ ɢŬɟŰɘɞɨ, ɢɟɤɛɎŰɤɜ), əŬɗɩɠ əŬɘ ůŰɖɜ əɞůɛŮŰɞɚɞɔɑŬɠ 

(ˊŬɟŬɔɤɔɐ əŬɚɚɡɜŰɘəɩɜ, űɡŰɘəɩɜ ɢɟɤɛɎŰɤɜ, űŬɟɛɎəɤɜ). (Stalikas D., 

2007), (Bravo Laura, 1998) 

4.1 ɉɖɛŮɑŬ Űɤɜ ūŬɘɜɞɚɘəɩɜ ȺɜɩůŮɤɜ 

  

Ƀɘ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ, ŮɑɜŬɘ Ŭˊɧ Űɘɠ ˊɘɞ ˊɞɚɡɎɟɘɗɛŮɠ əŬɘ Ůɡɟɏɤɠ 

əŬŰŬɜŮɛɖɛɏɜŮɠ ɞɛɎŭŮɠ ɞɡůɘɩɜ, ůŰɞ űɡŰɘəɧ ɓŬůɑɚŮɘɞ. ɀɏɢɟɘ ůɐɛŮɟŬ, 

ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 8000 űɡůɘəɏɠ ŮɜɩůŮɘɠ, ɛŮ űŬɘɜɞɚɘəɐ ŭɞɛɐ. 

ȸɘɞɔŮɜŮŰɘəɎ, ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŭɨɞ ˊɘɗŬɜɏɠ  ůɡɜɗŮŰɘəɏɠ ɞŭɞɨɠ:  Űɖɜ ɞŭɧ Űɞɡ 

ůɘəɘɛɘəɞɨ ɞɝɏɞɠ (the shikimate pathway) əŬɘ Űɖɜ ɞŭɧ Űɞɡ ɞɝɘəɞɨ ɞɝɏɞɠ (the 

acetate pathway).  

Ƀɘ űɡůɘəɏɠ ˊɞɚɡűŬɘɜɧɚŮɠ, ɛˊɞɟɞɨɜ ɜŬ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ ŬˊɚɎ ɛɧɟɘŬ, ɧˊɤɠ 

űŬɘɜɞɚɘəɎ ɞɝɏŬ, ɛɏɢɟɘ  ŮɝŬɘɟŮŰɘəɎ ˊɞɚɡɛŮɟɘůɛɏɜŮɠ ŮɜɩůŮɘɠ , ɧˊɤɠ ŮɑɜŬɘ ɞɘ 

ŰŬɜɑɜŮɠ. ȺɜŰɞˊɑɕɞɜŰŬɘ əɡɟɑɤɠ, ůŮ ůɡɕŮɡɔɛɏɜɖ ɛɞɟűɐ, ɛŮ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ 

əŬŰɎɚɞɘˊŬ ůŬəɢɎɟɞɡ ˊɞɡ  ůɡɜŭɏɞɜŰŬɘ ɛŮ ɞɛɎŭŮɠ ɡŭɟɞɝɡɚɑɞɡ. ɇŬ ůɢŮŰɘəɎ 

ŬɡŰɎ ůɎəɢŬɟŬ, ɛˊɞɟɞɨɜ ɜŬ ɡˊɎɟɢɞɡɜ ɤɠ ɛɞɜɞůŬəɢŬɟɑŰŮɠ, ŭɘůŬəɢŬɟɑŰŮɠ, ɐ 

Ŭəɧɛɖ əŬɘ ɤɠ ɞɚɘɔɞůŬəɢŬɟɑŰŮɠ. ȼ ɔɚɡəɧɕɖ, ŮɑɜŬɘ Űɞ ˊɘɞ əɞɘɜɧ ɡˊɧɚŮɘɛɛŬ 

ůŬəɢɎɟɞɡ, ɤůŰɧůɞ ůɡɢɜɎ ůɡɜŬɜŰɩɜŰŬɘ Ůˊɑůɖɠ ɖ  ɔŬɚŬəŰɧɕɖ, ɖ ɟŬɛɜɧɕɖ, ɖ 

ɝɡɚɧɕɖ əŬɘ ɖ ŬɟŬɓɘɜɧɕɖ.  Ƀɘ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ, ůɡɜŭɏɞɜŰŬɘ Ůˊɑůɖɠ əŬɘ ɛŮ 
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ɎɚɚŮɠ ŮɜɩůŮɘɠ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ əŬɟɓɞɝɡɚɘəɎ əŬɘ ɞɟɔŬɜɘəɎ ɞɝɏŬ, ɞɘ ŬɛɑɜŮɠ əŬɘ ŰŬ 

ɚɘˊɑŭɘŬ Ůɜɩ Űɏɚɞɠ ůɡɜɐɗŮɘɠ ŮɑɜŬɘ əŬɘ ɞɘ ůɡɜŭɏůŮɘɠ ɛŮ ɎɚɚŮɠ űŬɘɜɧɚŮɠ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ Harborne (1984), ɞɘ ˊɞɚɡűŬɘɜɧɚŮɠ, ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɘɟŮɗɞɨɜ 

ůŮ ŰɞɡɚɎɢɘůŰɞɜ 10 ŭɘŬűɞɟŮŰɘəɏɠ əŬŰɖɔɞɟɑŮɠ ŬɜɎɚɞɔŬ ɛŮ ɓŬůɘəɐ ɢɖɛɘəɐ ŭɞɛɐ 

Űɞɡɠ. ȳɚŮɠ ɧɛɤɠ ɏɢɞɡɜ ɏɜŬ əɞɘɜɧ ŭɞɛɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ, ɏɜŬɜ ŬɟɤɛŬŰɘəɧ 

ŭŬəŰɨɚɘɞ ůɡɜŭŮŭŮɛɏɜɞ ɎɛŮůŬ ɛŮ ɏɜŬɜ ŰɞɡɚɎɢɘůŰɞɜ ɡˊɞəŬŰŬůŰɎŰɖ ɡŭɟɞɝɡɚɑɞɡ, 

ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 4.1. (Stalikas D., 2007), (Bravo Laura, 1998), 

(Harborne J. B., 1984)   

 

ɆɢɐɛŬ 4.1. ȸŬůɘəɐ ɢɖɛɘəɐ ŭɞɛɐ űŬɘɜɧɚɖɠ. 

 
 

ɀɘŬ Ŭˊɚɐ ŰŬɝɘɜɧɛɖůɖ, ŭɘŬɘɟŮɑ Űɖɜ ŮɡɟŮɑŬ əŬŰɖɔɞɟɑŬ Űɤɜ űŬɘɜɞɚɘəɩɜ, ůŮ Ŭˊɚɏɠ 

űŬɘɜɧɚŮɠ əŬɘ ˊɞɚɡűŬɘɜɧɚŮɠ, ɓŬůɘɕɧɛŮɜɖ ŬˊɞəɚŮɘůŰɘəɎ, ůŰɞɜ Ŭɟɘɗɛɧ Űɤɜ 

űŬɘɜɞɚɘəɩɜ ɡˊɞɛɞɜɎŭɤɜ. ȰŰůɘ, ɞ ɧɟɞɠ "űɡŰɧ-űŬɘɜɞɚɘəɎ" ˊŮɟɘɚŬɛɓɎɜŮɘ Ŭˊɧ 

Ŭˊɚɏɠ űŬɘɜɧɚŮɠ, űŬɘɜɞɚɘəɎ ɞɝɏŬ, əɞɡɛŬɟɑɜŮɠ, űɚŬɓɞɜɞŮɘŭɐ, ůŰɘɚɓɏɜɘŬ, ɛɏɢɟɘ 

ɡŭɟɞɚɡɧɛŮɜŮɠ əŬɘ ůɡɛˊɡəɜɤɛɏɜŮɠ ŰŬɜɑɜŮɠ, ɚɘɔɜɎɜŮɠ əŬɘ ɚɘɔɜɑɜŮɠ. Ƀɘ ŮɜɩůŮɘɠ 

ŬɡŰɏɠ, ŬˊɞŰŮɚɞɨɜ ɘŭɘŬɑŰŮɟŬ ŭɟŬůŰɘəɏɠ ɞɡůɑŮɠ, ɚɧɔɤ Űɞɡ ɧɝɘɜɞɡ ɢŬɟŬəŰɐɟŬ Űɤɜ 

ɡŭɟɞɝɡɚɘəɩɜ ɞɛɎŭɤɜ əŬɘ Űɤɜ ˊɡɟɖɜɧűɘɚɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ űŬɘɜɞɚɘəɩɜ 

ŭŬəŰɡɚɑɤɜ. 

ɀŮŰŬɝɨ Űɤɜ ůɡɜɖɗɏůŰŮɟɤɜ əŬɘ ůɖɛŬɜŰɘəɧŰŮɟɤɜ  ɢŬɛɖɚɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ 

űŬɘɜɞɚɘəɩɜ  ŮɜɩůŮɤɜ, ŮɑɜŬɘ ŰŬ ŬˊɚɎ űŬɘɜɞɚɘəɎ ˊŬɟɎɔɤɔŬ əŬɘ űɚŬɓɞɜɞŮɘŭɐ. 

Ƀɘ Ŭˊɚɏɠ űŬɘɜɧɚŮɠ (C6), ɧˊɤɠ ɖ ɑŭɘŬ ɖ űŬɘɜɧɚɖ, ɖ əɟŮɕɧɚɖ, ɖ ɗɡɛɧɚɖ, ɖ 

ɟŮůɞɟəɘɜɧɚɖ, ɖ ɞɟəɘɜɧɚɖ, ə.ɚˊ., ŮɑɜŬɘ Ůɡɟɏɤɠ ŭɘŬŭŮŭɞɛɏɜŮɠ ɛŮŰŬɝɨ Űɤɜ 

ŭɘŬűɧɟɤɜ Ůɘŭɩɜ űɡŰɩɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɖɠ ɡŭɟɞəɘɜɧɜɖɠ əŬɘ Űɤɜ 

ˊŬɟŬɔɩɔɤɜ űɚɞɟɞɔɚɞɡəɘɜɧɚɖɠ. Ƀɘ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ ɛŮ ɛɞɟɘŬəɐ  ŭɞɛɐ C6-

C1, ɧˊɤɠ ŮɑɜŬɘ ŰŬ űŬɘɜɞɚɘəɎ ɞɝɏŬ (ˊ.ɢ. ɔŬɚɚɘəɧ, ɓŬɜɘɚɘəɧ, ůɡɟɘɔɔɘəɧ, p-

ɡŭɟɞɝɡɓŮɜɕɞɥəɧ) ŬɚɚɎ əŬɘ ɞɘ ŬɚŭŮɒŭŮɠ (ˊ.ɢ. ɖ ɓŬɜɘɚɑɜɖ, ɖ ůɡɟɘɔɔŬɜŭŮɒŭɖ əŬɘ ɖ 
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p-ɡŭɟɞɝɡɓŮɜɕŬɚŭŮɒŭɖ), ŮɑɜŬɘ Ůˊɑůɖɠ ŬɟəŮŰɎ ŭɘŬŭŮŭɞɛɏɜŮɠ  ůŮ ŬɜɩŰŮɟŬ űɡŰɎ 

əŬɘ űŰɏɟŮɠ. ɇŬ űŬɘɜɡɚɞɝɘəɎ ɞɝɏŬ əŬɘ ɞɘ  ŬəŮŰɞűŬɘɜɧɜŮɠ (C6-C2) ˊŮɟɘɔɟɎűɞɜŰŬɘ 

ɚɘɔɧŰŮɟɞ ůɡɢɜɎ ůŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ. ɇŬ űŬɘɜɡɚɞˊɟɞˊŬɜɞŮɘŭɐ ˊŬɟɎɔɤɔŬ (C6-

C3) ŮɑɜŬɘ ɛɘŬ Ůˊɑůɖɠ ůɖɛŬɜŰɘəɐ ɞɛɎŭŬ űŬɘɜɞɚɘəɩɜ, ɢŬɛɖɚɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ. 

Ƀɘ ɢɟɤɛɧɜŮɠ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ɔɜɤůŰɏɠ Ŭˊɧ Űɘɠ əɞɡɛŬɟɑɜŮɠ. Ƀɘ ˊɘɞ ůɖɛŬɜŰɘəɏɠ 

ŮɜɩůŮɘɠ, Ŭˊɧ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ ŮɑɜŬɘ ŰŬ ɡŭɟɞɝɡəɘɜɜŬɛɤɛɘəɎ ɞɝɏŬ (ɧ́ɤɠ Űɞ 

p-əɞɡɛŬɟɘəɧ, Űɞ əŬűŮɥəɧ, Űɞ űŮɟɞɡɚɘəɧ, Űɞ  ůɘɜŬˊɘəɧ) ŬɚɚɎ əŬɘ ŰŬ ˊŬɟɎɔɤɔɎ 

Űɞɡɠ. ɇŬ űŬɘɜɡɚɞˊɟɞˊŬɜɞŮɘŭɐ, əŬɗɩɠ əŬɘ ɞɘ ˊɘɞ Ŭˊɚɏɠ űŬɘɜɧɚŮɠ (ɧˊɤɠ 

ɓŮɜɕɞɥəɧ ɞɝɨ əŬɘ ŰŬ ˊŬɟɎɔɤɔŬ ɓŮɜɕŬɚŭŮɒŭɖɠ), ůɡɜŭɏɞɜŰŬɘ əɡɟɑɤɠ ɛŮ 

ˊɞɚɡůŬəɢŬɟɑŰŮɠ Űɞɡ əɡŰŰŬɟɘəɞɨ ŰɞɘɢɩɛŬŰɞɠ. ɇŬ űɚŬɓɞɜɞŮɘŭɐ, ŬˊɞŰŮɚɞɨɜ Űɖɜ 

ˊɘɞ əɞɘɜɐ əŬɘ Ůɡɟɏɤɠ əŬŰŬɜŮɛɖɛɏɜɖ ɞɛɎŭŬ űɡŰɘəɩɜ űŬɘɜɞɚɘəɩɜ. ɆŰɖɜ 

əŬŰɖɔɞɟɑŬ, ɧɛɤɠ Űɤɜ űɚŬɓɞɜɞŮɘŭɩɜ ɏɔɘɜŮ ŮəŰŮɜɏůŰŮɟɖ ŬɜŬűɞɟɎ ůŰɞ 

ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ (ȾŮű 3). (Stalikas D., 2007), (Bravo Laura, 1998), 

(Harborne J. B., 1984) 

 

4.1.1 ūŬɘɜɞɚɘəɎ ɃɝɏŬ 

 

Ƀ ɧɟɞɠ çűŬɘɜɞɚɘəɎ ɞɝɏŬè, ɔŮɜɘəɎ, ɞɟɑɕŮɘ űŬɘɜɧɚŮɠ ˊɞɡ əŬŰɏɢɞɡɜ Űɖɜ 

ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ Ůɜɧɠ əŬɟɓɞɝɡɚɘəɞɨ ɞɝɏɞɠ. ɋůŰɧůɞ, ɧŰŬɜ ɛɘɚɎɛŮ ɔɘŬ 

ɛŮŰŬɓɞɚɑŰŮɠ űɡŰɩɜ, ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŮ ɛɘŬ ɝŮɢɤɟɘůŰɐ ɞɛɎŭŬ Űɤɜ ɞɟɔŬɜɘəɩɜ 

ɞɝɏɤɜ. ɇŬ űŬɘɜɞɚɘəɎ ɞɝɏŬ, ˊŮɟɘɏɢɞɡɜ ŭɨɞ ɝŮɢɤɟɘůŰɎ ŬɜɗɟŬəɘəɎ ˊɚŬɑůɘŬ, Űɘɠ 

ɡŭɟɞɝɡəɘɜɜŬɛɤɛɘəɏɠ əŬɘ ɡŭɟɞɝɡɓŮɜɕɞɥəɏɠ ŭɞɛɏɠ. ȷɜ əŬɘ ɞ ɓŬůɘəɧɠ ůəŮɚŮŰɧɠ 

ˊŬɟŬɛɏɜŮɘ ɞ ɑŭɘɞɠ, ɞɘ Ŭɟɘɗɛɞɑ əŬɘ ɞɘ ɗɏůŮɘɠ Űɤɜ ɞɛɎŭɤɜ ɡŭɟɞɝɡɚɑɞɡ Ůˊɑ Űɞɡ 

ŬɟɤɛŬŰɘəɞɨ ŭŬəŰɡɚɑɞɡ, ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ ˊɞɘəɘɚɑŬ ŮɜɩůŮɤɜ. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ŰŬ űŬɘɜɞɚɘəɎ ɞɝɏŬ ŭŮ ɓɟɑůəɞɜŰŬɘ ůŮ ŮɚŮɨɗŮɟɖ ɛɞɟűɐ 

ůŰŬ űɡŰɎ. Ƀɘ əŬɟɓɞɝɡɚɞɛɎŭŮɠ Űɞɡɠ ɛŮŰŬůɢɖɛŬŰɑɕɞɜŰŬɘ ůŮ ŮůŰɏɟŮɠ əŬɘ ŬɛɑŭŮɠ. 

Ƀɘ ɡŭɟɞɝɡɚɞɛɎŭŮɠ Űɞɡɠ, ŮɑɜŬɘ ˊɞɚɨ ŭɟŬůŰɘəɏɠ. ɇŬ űŬɘɜɞɚɘəɎ ɞɝɏŬ, 

ŬˊŬůɢɞɚɞɨɜ Űɞɡɠ ŮɟŮɡɜɖŰɏɠ ŮɝŬɘŰɑŬɠ Űɤɜ ŬɜŰɘɓɘɞŰɘəɩɜ əŬɘ ŬɜŰɘůɖˊŰɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ Űɞɡɠ (Stalikas D., 2007), (Bravo Laura, 1998). Ƀɘ ŭɡɞ əŬŰɖɔɞɟɑŮɠ 

Űɤɜ űŬɘɜɞɚɘəɩɜ ɞɝɏɤɜ ˊŬɟŬŰɑɗŮɜŰŬɘ ˊŬɟŬəɎŰɤ: 
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1. ɇŬ ɓŮɜɕɞɥəɎ ɞɝɏŬ 

 
ɇŬ ɞɝɏŬ ŬɡŰɎ, ŭŮɜ ɓɟɑůəɞɜŰŬɘ ŮɚŮɨɗŮɟŬ ůŰŬ űɡŰɎ. ɆɡɛɛŮŰɏɢɞɡɜ ůŰɖ ŭɞɛɐ 

ŰŬɜɜɘɜɩɜ əŬɘ ŬˊɞŰŮɚɞɨɜ ɏɜŬ Ŭˊɧ ŰŬ əɨɟɘŬ ůɡůŰŬŰɘəɎ Űɞɡɠ. ɇŬ əɨɟɘŬ ɓŮɜɕɞɥəɎ 

ɞɝɏŬ ŮɑɜŬɘ: Űɞ ɓŬɜɘɚɚɘəɧ, Űɞ ɔŬɚɚɘəɧ, Űɞ p-ɡŭɟɞɝɡɓŮɜɕɞɥəɧ, Űɞ ˊɟɤŰɞəŬŰŮɢɘəɧ 

əŬɘ Űɞ ůɡɟɘɔɔɘəɧ ɞɝɨ. (ůɢɐɛŬ 4.2) 

 

ɆɢɐɛŬ 4.2. ũŮɜɘəɐ ɛɞɟűɐ ɡŭɟɞɝɡɓŮɜɕɞȶəɩɜ ɞɝɏɤɜ 

ɄɑɜŬəŬɠ 4.3. ȾŬŰɖɔɞɟɑŮɠ ɡŭɟɞɝɡɓŮɜɕɞȶəɩɜ ɞɝɏɤɜ  

ɈŭɟɞɝɡɓŮɜɕɞɥəɎ ɃɝɏŬ (Hydroxybenzoic Acids) 

ɃɜɞɛŬŰɞɚɞɔɑŬ R1 R2 R3 R4 

Benzoic acid H H H H 

p-Hydroxybenzoic 

acid H H OH H 

Vanillic acid H OCH3 OH H 

Gallic acid H OH OH OH 

Photocatechuic 

acid H OH OH H 

Syringic acid H OCH3 OH OCH3 

Gentistic acid OH H H OH 

Veratric acid H OCH3 OCH3 H 

Salicylic acid OH H H H 

 
 

2. ɇŬ ȾɘɜɜŬɛɤɛɘəɎ ɞɝɏŬ 

 
ɇŬ əɘɜɜŬɛɤɛɘəɎ ɞɝɏŬ, ůɢɖɛŬŰɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ űŬɘɜɡɚŬɚŬɜɑɜɖ əŬɘ Űɖɜ Űɡɟɞůɑɜɖ. 

ɇŬ ˊɘɞ ɔɜɤůŰɎ ŮɑɜŬɘ : Űɞ əŬűŮɥəɧ, Űɞ p-əɞɡɛŬɟɘəɧ, Űɞ űŮɟɞɡɚɘəɧ əŬɘ Űɞ 

ůɘɜŬˊɘəɧ ɞɝɨ (ůɢɐɛŬ 4.4). ɇŬ əɘɜɜŬɛɤɛɘəɎ ɞɝɏŬ (C6-C3) ŬˊŬɜŰɩɜŰŬɘ Űɧůɞ ůŮ 
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ŮɚŮɨɗŮɟɖ ɛɞɟűɐ, ɧůɞ əŬɘ ŮůŰŮɟɞˊɞɘɖɛɏɜŬ, əɡɟɑɤɠ ɛŮ Űɟɡɔɘəɧ ɞɝɨ. Ⱥˊɑůɖɠ 

ɏɢɞɡɜ ɓɟŮɗŮɑ ɔɚɡəɞɕɑŰŮɠ əɘɜɜŬɛɤɛɘəɩɜ ɞɝɏɤɜ ůŰɞɡɠ ɞˊɞɑɞɡɠ Űɞ ůɎəɢŬɟɞ ŮɑɜŬɘ 

ɖ ɔɚɡəɧɕɖ. Ƀɟɘůɛɏɜɞɘ ŮůŰɏɟŮɠ Űɤɜ əɘɜɜŬɛɤɛɘəɩɜ ɞɝɏɤɜ, ɛŮ Űɟɡɔɘəɧ ɞɝɨ, ɞɘ 

ɞˊɞɑɞɘ ŬˊŬɜŰɩɜŰŬɘ ůŰɞ ɔɚŮɨəɞɠ, ŬˊɞŰŮɚɞɨɜ ɡˊɞůŰɟɩɛŬŰŬ ɞɝŮɑŭɤůɖɠ. 

(ȻŮɟɓɧˊɞɡɚɞɠ ȹ. ɆɤŰɐɟɖɠ, 2010), (Stalikas D., 2007), (Bravo Laura, 1998) 

 

ɆɢɐɛŬ 4.4 ũŮɜɘəɐ ɛɞɟűɐ ɡŭɟɞɝɡəɘɜɜŬɛɘəɩɜ ɞɝɏɤɜ 

ɄɑɜŬəŬɠ 4.5. ȾŬŰɖɔɞɟɑŮɠ ɡŭɟɞɝɡəɘɜɜŬɛɘəɩɜ ɞɝɏɤɜ.  

ɈŭɟɞɝɡəɘɜɜŬɛɘəɎ ɃɝɏŬ (Hydroxycinnamic Acids) 

ɃɜɞɛŬŰɞɚɞɔɑŬ R1 R2 R3 R4 

Cinnamic acid H H H H 

o-Coumaric acid OH H H H 

m-Coumaric acid H OH H H 

p-Coumaric acid H H OH H 

Ferulic acid H OCH3 OH H 

Sinapic acid H OCH3 OH OCH3 

Caffeic acid H OH OH H 

4.2 ȼ ɄɞɚɡɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ Űɤɜ ūŬɘɜɞɚɘəɩɜ 

ȺɜɩůŮɤɜ  

Ƀɘ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ, ŮˊɘŭŮɘəɜɨɞɡɜ ɏɜŬ Ůɡɟɨ űɎůɛŬ  űɡůɘɞɚɞɔɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ: 

 ȷɜŰɘŬɚɚŮɟɔɘəɐ 

 ȷɜŰɘ-űɚŮɔɛɞɜɩŭɖ 

 ȷɜŰɘ-ɛɘəɟɞɓɘŬəɐ 

 ȷɜŰɘ-ɗɟɞɛɓɤŰɘəɐ 
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 ȾŬɟŭɘɞˊɟɞůŰŬŰŮɡŰɘəɐ əŬɘ ŬɔɔŮɘɞŭɘŬůŰŬɚŰɘəɐ 

 ȷɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ. (Winkel-Shirley Brenda, 2001), (Dieter Treutter, 

2010), (Nagendran Balasundram, 2006)  

 

ɆɢɐɛŬ 4.6. ȹɟɎůɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɞɨ ůŮ ŮɚŮɨɗŮɟɖ ɟɑɕŬ. 

4.2.1. ɆɢɏůŮɘɠ ȹɞɛɐɠ - ȹɟŬůŰɘəɧŰɖŰŬɠ ůŰɖɜ ȷɜŰɘɞɝŮɘŭɤŰɘəɐ 

ȹɟɎůɖ   

 

ȼ ɘəŬɜɧŰɖŰŬ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ ɜŬ ŭŮůɛŮɨɞɡɜ Űɘɠ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ, 

ˊŬɟɏɢɞɜŰŬɠ ɎŰɞɛŬ ɡŭɟɞɔɧɜɞɡ ɐ əŬŰɘɧɜŰŬ ɛŮŰɎɚɚɤɜ, ŮɑɜŬɘ ɖ ˊɖɔɐ Űɖɠ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɐɠ Űɞɡɠ ŭɟɎůɖɠ (Laura Bravo, 1998). ȼ ŭɞɛɐ Űɞɡɠ, ŬˊɞŰŮɚŮɑ 

əŬɗɞɟɘůŰɘəɧ ˊŬɟɎɔɞɜŰŬ Űɖɠ ŭɟɎůɖɠ Űɞɡɠ, əŬɘ ŬɡŰɧ ŬɜŬűɏɟŮŰŬɘ, ɤɠ ůɢɏůŮɘɠ 

ŭɞɛɐɠ-ŭɟŬůŰɘəɧŰɖŰŬɠ (structureïactivity relationships - SAR). ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɤɜ űŬɘɜɞɚɘəɩɜ ɞɝɏɤɜ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ Ŭɟɘɗɛɧ əŬɘ Űɘɠ ɗɏůŮɘɠ Űɤɜ ɞɛɎŭɤɜ ɡŭɟɞɝɡɚɑɞɡ ůŮ ůɢɏůɖ ɛŮ 

Űɖɜ ɚŮɘŰɞɡɟɔɘəɐ ɞɛɎŭŬ əŬɟɓɞɝɡɚɑɞɡ. ɇŬ ɛɞɜɞɦŭɟɞɝɡ- ɓŮɜɕɞɥəɎ ɞɝɏŬ ɛŮ 

ɢŬɟŬəŰɖɟɘůŰɘəɐ ɞɛɎŭŬ -Ƀȼ ůŰɖɜ ɧɟɗɞ- ɐ ˊɎɟŬ-ɗɏůɖ ˊɟɞɠ Űɖɜ ɞɛɎŭŬ -COOH 

ŭŮɜ ŮɛűŬɜɑɕɞɡɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ, ɛŮ ŮɝŬɑɟŮůɖ Űɞ ɛ-ɡŭɟɞɝɡɓŮɜɕɞɥəɧ ɞɝɨ 

(Rice-Evans et al., 1996). ȼ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ Űɤɜ űŬɘɜɞɚɘəɩɜ ɞɝɏɤɜ, 

ŬɡɝɎɜŮɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ɓŬɗɛɞɨ ɡŭɟɞɝɡɚɑɤůɖɠ. ɉŬɟŬəŰɖɟɘůŰɘəɧ 

ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ˊŮɟɑˊŰɤůɖɠ ŬɡŰɐɠ, ŮɑɜŬɘ Űɞ Űɟɘɦŭɟɞɝɡɚɡɤɛɏɜɞ ɔŬɚɚɘəɧ ɞɝɨ, 

Űɞ ɞˊɞɑɞ ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ ɡɣɖɚɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ. ɋůŰɧůɞ, ɖ 

ɡˊɞəŬŰɎůŰŬůɖ Űɤɜ ɞɛɎŭɤɜ ɡŭɟɞɝɡɚɑɞɡ ůŰɖ ɗɏůɖ 5,3 əŬɘ ɛŮ ɛŮɗɞɝɨɚɘŬ ɧˊɤɠ 

ůŰɞ ůɡɟɘɔɔɘəɧ ɞɝɨ ɛŮɘɩɜŮɘ Űɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ (Rice-Evans et al., 1996). 

ȺˊɘˊɟɧůɗŮŰŬ, ŰŬ ɡŭɟɞɝɡəɘɜɜŬɛɤɛɘəɎ ɞɝɏŬ ŮɛűŬɜɑɕɞɡɜ ɡɣɖɚɧŰŮɟɖ 

http://www.sciencedirect.com/science/article/pii/S0308814605006242
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ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ ůŮ ůɢɏůɖ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɡŭɟɞɝɡɓŮɜɕɞɥəɎ ɞɝɏŬ. ȼ 

ɡɣɖɚɧŰŮɟɖ ŭɟɎůɖ Űɞɡ ɡŭɟɞɝɡəɘɜɜŬɛɤɛɘəɞɨ ɞɝɏɤɠ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɞűŮɑɚŮŰŬɘ 

ůŰɖɜ ˊŬɟɞɡůɑŬ ŭŮůɛɩɜ CH=CH-COOH, ˊɞɡ ɗŬ ŮɝŬůűŬɚɑɕŮɘ ɛŮɔŬɚɨŰŮɟɖ 

ɘəŬɜɧŰɖŰŬ ŭɞŰɩɜ H- əŬɘ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɤɜ ɟɘɕɩɜ, Ŭˊɧ Űɖɜ ɞɛɎŭŬ  -COOH 

ɞɛɎŭŬ ůŰŬ ɡŭɟɞɝɡɓŮɜɕɞɥəɎ ɞɝɏŬ (Rice-Evans et al., 1996). Ƀɘ ůɢɏůŮɘɠ ŭɞɛɐɠ-

ŭɟŬůŰɘəɧŰɖŰŬɠ (SAR) Űɤɜ űɚŬɓɞɜɞŮɘŭɩɜ ŮɑɜŬɘ ɔŮɜɘəɎ ˊɘɞ ˊŮɟɑˊɚɞəɖ Ŭˊɧ ɧ, Űɘ 

ŮəŮɑɜɖ Űɤɜ ɡŭɟɞɝɡɓŮɜɕɞɥəɩɜ əŬɘ ɡŭɟɞɝɡəɘɜɜŬɛɤɛɘəɩɜ ɞɝɏɤɜ ɚɧɔɤ Űɖɠ 

ůɢŮŰɘəɐɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɤɜ űɚŬɓɞɜɞŮɘŭɩɜ ɛɞɟɑɤɜ (Dieter Treutter, 2010), 

(Nagendran Balasundram, 2006). ɆŰɞ əŮűɎɚŬɘɞ 3 ɏɢŮɘ ɔɑɜŮɘ ŮəŰŮɜɐɠ ŬɜŬűɞɟɎ 

ůŰɖɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ Űɤɜ űɚŬɓɞɜɞŮɘŭɩɜ ŮɜɩůŮɤɜ.  

 

ɆɡɜɞˊŰɘəɎ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊɞɚɚŬˊɚɏɠ ŭɟɎůŮɘɠ-ɞűɏɚɖ Űɤɜ űŬɘɜɞɚɘəɩɜ 

ŮɜɩůŮɤɜ ůŮ ŭɘɎűɞɟɞɡɠ ŰɞɛŮɑɠ ůŰɞ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ŬˊŮɘəɞɜɑɕŮŰŬɘ ˊŬɟŬəɎŰɤ: 

 

 
ȹɘɎɔɟŬɛɛŬ 4.7. ɄɞɚɡɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ   

  

http://www.sciencedirect.com/science/article/pii/S0308814605006242
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5. ɃɟɔŬɜɞɚɞɔɑŬ  

 
ũŮɜɘəɎ ɞɘ űŬůɛŬŰɞůəɞˊɘəɏɠ ɛɏɗɞŭɞɘ ɢɖɛɘəɐɠ ŬɜɎɚɡůɖɠ, ɧˊɞɡ ŬɜɐəŮɘ ɖ 

ūŬůɛŬŰɞűɤŰɞɛŮŰɟɑŬ UV-VIS, ɖ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ LC ŬɚɚɎ əŬɘ ɖ 

űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ,  ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɡɟɨŰŬŰŬ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ŭɘŬűɧɟɤɜ 

ɢɖɛɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ, ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ŭɞɛɐ, Űɖɜ əɘɜɖŰɘəɐ, Űɖɜ 

ŰŬɡŰɞˊɞɑɖůɖ, Űɖɜ ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ ŭɘŬűɧɟɤɜ ŮɜɩůŮɤɜ, ə.Ŭ. ɇŬ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ ŬɡŰɩɜ Űɤɜ ɛŮɗɧŭɤɜ ŮɑɜŬɘ: 

¶ ɉɟɐůɖ ɛɘəɟɐɠ ˊɞůɧŰɖŰŬ ŭŮɑɔɛŬŰɞɠ. 

¶ ɀŮɔɎɚɖ ŬəɟɑɓŮɘŬ əŬɘ ŮɡŬɘůɗɖůɑŬ. 

¶ ɀɘəɟɧɠ ɢɟɧɜɞɠ ɛɏŰɟɖůɖɠ. (Ɇɞɔɞɛɩɜ ɀˊɞɔɞůɘɎɜ et al.), (R. Pescok, 

1980) 

5.1 ūŬůɛŬŰɞűɤŰɞɛŮŰɟɑŬ ɈˊŮɟɘɩŭɞɡɠ-ɃɟŬŰɞɨ 

(Uv-Vis) 

5.1.1 ũŮɜɘəɎ 

ȼ ūŬůɛŬŰɞɛŮŰɟɑŬ UV-Vis, ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ɛɏŰɟɖůɖ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ (~190- 800 nm), Ŭˊɧ ŰŬ ɛɧɟɘŬ Űɤɜ ŭɘŬűɧɟɤɜ 

ɢɖɛɘəɩɜ ŮɜɩůŮɤɜ, ŰŬ ɞˊɞɑŬ ɡűɑůŰŬɜŰŬɘ ɖɚŮəŰɟɞɜɘŬəɏɠ ɛŮŰŬˊŰɩůŮɘɠ. ȼ 

Ŭˊɞɟɟɧűɖůɖ ůŰɞ UV-Vis, ŭŮɜ ɢŬɟŬəŰɖɟɑɕŮɘ Űɞ ɛɧɟɘɞ ɤɠ ůɨɜɞɚɞ (ɧˊɤɠ 

ůɡɛɓŬɑɜŮɘ ɛŮ Űɖɜ űŬůɛŬŰɞɛŮŰɟɑŬ ɡˊŮɟɨɗɟɞɡ, IR), ŬɚɚɎ ŭɑɜŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ 

ɞɛɎŭŮɠ ŬŰɧɛɤɜ ůŰɞ ɛɧɟɘɞ. ɇɞ ŰɛɐɛŬ Űɞɡ ɛɞɟɑɞɡ ˊɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖɜ 

Ŭˊɞɟɟɧűɖůɖ, ɞɜɞɛɎɕŮŰŬɘ ɢɟɤɛɞűɧɟɞ əŬɘ ɖ ŬˊŮɘəɧɜɘůɖ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ ůŮ 

ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ, ˊŬɟɏɢŮɘ Űɞ űɎůɛŬ Ŭˊɞɟɟɧűɖůɖɠ Űɖɠ ɡˊɧ 

ˊɟɞůŭɘɞɟɘůɛɧ ɞɡůɑŬɠ. 

ȼ ůɡɜɐɗɖɠ ɞɟɔŬɜɞɚɞɔɑŬ əŬɘ ɞɘ ŮűŬɟɛɞɔɏɠ Űɖɠ ūŬůɛŬŰɞɛŮŰɟɑŬɠ UV-Vis 

ˊŮɟɘɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞ Ůɔɔɨɠ ɡˊŮɟɘɩŭŮɠ (190-400 nm) ɏɤɠ əŬɘ Űɞ ɞɟŬŰɧ (400-

800 nm). 
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ɆɖɛŬɜŰɘəɐ ˊŬɟɎɛŮŰɟɞɠ Űɖɠ ŰŮɢɜɘəɐɠ, ŮɑɜŬɘ ɖ Ůˊɘɚɞɔɐ Űɞɡ ŭɘŬɚɨŰɖ. ȸŬůɘəɧ 

əɟɘŰɐɟɘɞ Ůɜɧɠ əŬɚɞɨ ŭɘŬɚɨŰɖ ɔɘŬ űɎůɛŬŰŬ UV-VIS, ŮɑɜŬɘ ɜŬ ɛɖɜ ŬˊɞɟɟɞűɎ 

ůŰɖɜ ɑŭɘŬ ɗɏůɖ ɛŮ Űɖ ŭɘŬɚɡɛɏɜɖ ɞɡůɑŬ. Ɇɡɜɐɗɤɠ, ɞɘ ŭɘŬɚɨŰŮɠ ˊɞɡ ŭŮɜ ɏɢɞɡɜ 

ůɡɕɡɔɘŬəɞɨɠ ŭɘˊɚɞɨɠ ŭŮůɛɞɨɠ, ŮɑɜŬɘ ɞɘ ˊɘɞ əŬŰɎɚɚɖɚɞɘ. Ƀɘ ˊɘɞ əɞɘɜɞɑ ŭɘŬɚɨŰŮɠ 

ŮɑɜŬɘ: Űɞ ɜŮɟɧ, ɖ ŬɘɗŬɜɧɚɖ (CH3CH2OH) əŬɘ Űɞ əŬɜɞɜɘəɧ - ŮɝɎɜɘɞ 

(CH3(CH2)4CH3), ˊɞɡ ŭŮɜ Ŭˊɞɟɟɞűɞɨɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɡˊŮɟɘɩŭɞɡɠ Űɤɜ 

ˊŮɟɘůůɧŰŮɟɤɜ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ. ȯɚɚɞɘ ŭɘŬɚɨŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ůɡɢɜɎ, ŮɑɜŬɘ: Űɞ ŬəŮŰɞɜɘŰɟɑɚɘɞ (190 nm), Űɞ ɢɚɤɟɞűɧɟɛɘɞ 240 nm), Űɞ 

əɡəɚɞŮɝɎɜɘɞ (195 nm, əɨɟɘŬ Ŭˊɞɟɟɧűɖůɖ), Űɞ 1,4-ŭɘɞɝɎɜɘɞ (215 nm), ɖ 

ɛŮɗŬɜɧɚɖ (205 nm), Űɞ ɘůɞɞəŰɎɜɘɞ (195 nm) əɚˊ. ȼ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ ˊɞɚɘəɩɜ 

əŬɘ ɛɖ ˊɞɚɘəɩɜ ŭɘŬɚɡŰɩɜ, ŮɑɜŬɘ ɧŰɘ ɞɘ ˊɞɚɘəɞɑ ŭɘŬɚɨŰŮɠ ŭɖɛɘɞɡɟɔɞɨɜ ŭŮůɛɞɨɠ 

ɡŭɟɞɔɧɜɞɡ ɛŮ Űɖ ŭɘŬɚɡɛɏɜɖ ɞɡůɑŬ əŬɘ ŮɝŬůɗŮɜɑɕɞɡɜ Űɖɜ ɚŮˊŰɐ ɡűɐ Űɞɡ 

űɎůɛŬŰɞɠ, Ůɜɩ ɛŮ Űɞɡɠ ˊɞɚɘəɞɨɠ ŭɘŬɚɨŰŮɠ ɖ ɚŮˊŰɐ ɡűɐ ˊŬɟŬɛɏɜŮɘ, ɧˊɤɠ ůŰɞ 

űɎůɛŬ Űɖɠ ɞɡůɑŬɠ ůŮ ŬɏɟɘŬ əŬŰɎůŰŬůɖ. (Ɇɞɔɞɛɩɜ ɀˊɞɔɞůɘɎɜ et al.), (R. 

Pescok, 1980), (M. ȳɝŮɜəɘɞɡɜ-ɄŮŰɟɞˊɞɨɚɞɡ, 2009), (ɇůŬɛŬɜŰɘɩŰɖ ȿŬɛˊɟɘɜɐ, 

2015). ȼ űŬůɛŬŰɞůəɞˊɑŬ Uv-Vis ŬˊɞŰŮɚŮɑ Űɖɜ ˊŬɚŬɘɧŰŮɟɖ ɛɏɗɞŭɞ 

ŰŬɡŰɞˊɞɑɖůɖɠ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ əŬɘ űɚŬɓɞɜɞŮɘŭɩɜ, ɛŮ ŮəŰŮŰŬɛɏɜɖ 

ŮűŬɟɛɞɔɐ Ŭəɧɛɖ əŬɘ ůɐɛŮɟŬ.  

5.1.2 ūŬůɛŬŰɧɛŮŰɟŬ ȷˊɚɐɠ ȹɏůɛɖɠ 

 ȷˊɧ Űɞɜ ɛɞɜɞɢɟɤɛɎŰɞɟŬ Űɞɡ ɞɟɔɎɜɞɡ ŮɝɏɟɢŮŰŬɘ ɛɑŬ əŬɘ ɛɧɜɖ ŭɏůɛɖ. ũɘŬ Űɖɜ 

ŬűŬɑɟŮůɖ Űɖɠ ˊŬɟɎůɘŰɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ɡˊɎɟɢɞɡɜ ŭɡɞ Ůˊɘɚɞɔɏɠ: 1) ȺɘůŬɔɤɔɐ 

Űɞɡ Űɡűɚɞɨ ŭɘŬɚɨɛŬŰɞɠ (blank) ůŰɖɜ əɡɣŮɚɑŭŬ əŬɘ ɟɨɗɛɘůɖ Űɖɠ əɚɑɛŬəŬɠ 

ŬɜɎɔɜɤůɖɠ Űɞɡ ɞɟɔɎɜɞɡ, ɩůŰŮ ɜŬ ŭŮɑɢɜŮɘ Ŭˊɞɟɟɧűɖůɖ ȷ=0 əŬɘ, Ŭəɞɚɞɨɗɤɠ, 

ŰɞˊɞɗɏŰɖůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ Űɖɠ ˊɟɞůŭɘɞɟɘɕɧɛŮɜɖɠ ɞɡůɑŬɠ əŬɘ ɛɏŰɟɖůɖ Űɖɠ 

Ŭˊɞɟɟɧűɖůɖɠ, 2) ɄɟŬɔɛŬŰɞˊɞɑɖůɖ ŭɡɞ ɛŮŰɟɐůŮɤɜ Ŭˊɞɟɟɧűɖůɖɠ, Űɡűɚɞɨ 

əŬɘ ŭŮɑɔɛŬŰɞɠ əŬɘ ŬűŬɑɟŮůɖ Űɞɡ ůɐɛŬŰɞɠ Űɞɡ Űɡűɚɞɨ Ŭˊɧ Űɞ ŭŮɑɔɛŬ.  

ȼ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ˊɖɔɐ űɤŰɧɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɚɡɢɜɑŬ ɡŭɟɞɔɧɜɞɡ ɐ 

ŭŮɡŰŮɟɑɞɡ. ũɘŬ Űɖɜ Ŭˊɞɛɧɜɤůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůŮ ůɡɔəŮəɟɘɛɏɜɞ ɛɐəɞɠ 

əɨɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɞɜɞɢɟɤɛɎŰɞɟŬɠ. Ⱥˊɑůɖɠ, Űɞ űŬůɛŬŰɞűɤŰɧɛŮŰɟɞ 

ˊŮɟɘɏɢŮɘ ŬɜɘɢɜŮɡŰɐ əŬɘ ŮɜɘůɢɡŰɐ Űɞɡ ůɐɛŬŰɞɠ. (Ɇɞɔɞɛɩɜ ɀˊɞɔɞůɘɎɜ et al.), (R. 

Pescok, 1980), (M. ȳɝŮɜəɘɞɡɜ-ɄŮŰɟɞˊɞɨɚɞɡ, 2009) 
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ɆŰɞ ůɢɐɛŬ 5.1 ŬˊŮɘəɞɜɑɕŮŰŬɘ Űɞ ŮůɤŰŮɟɘəɧ Ůɜɧɠ űŬůɛŬŰɧɛŮŰɟɞɡ Ŭˊɚɐɠ 

ŭɏůɛɖɠ. ɈˊɎɟɢɞɡɜ ŮˊɘˊɟɧůɗŮŰŬ űŬůɛŬŰɧɛŮŰɟŬ ŭɘˊɚɐɠ ŭɏůɛɖɠ, ɧˊɞɡ ɖ 

ɛŮɚɏŰɖ Űɞɡ Űɡűɚɞɨ əŬɘ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ɔɑɜŮŰŬɘ ˊŬɟɎɚɚɖɚŬ. ɋůŰɧůɞ ůŰɖɜ 

ŭɘŮɝŬɔɤɔɐ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ űŬůɛŬŰɧɛŮŰɟɞ Ŭˊɚɐɠ ŭɏůɛɖɠ. 

5.2 Ɉɔɟɐ ɉɟɤɛŬŰɞɔɟŬűɑŬ-ūŬůɛŬŰɞɛŮŰɟɑŬ 

ɀɎɕŬɠ, LC/MS  

ȼ  ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ / űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ (LC / MS) ŮɑɜŬɘ ɛɑŬ ůɖɛŬɜŰɘəɐ 

ŬɜŬɚɡŰɘəɐ ŰŮɢɜɘəɐ, ˊɞɡ ůɡɜŭɡɎɕŮɘ Űɖɜ ŬɜŬɚɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɖɠ ɡɔɟɐɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬɠ, ɛŮ Űɖɜ ŮɝŮɘŭɑəŮɡůɖ Űɖɠ ŬɜɑɢɜŮɡůɖɠ Űɖɠ űŬůɛŬŰɞɛŮŰɟɑŬɠ 

ɛɎɕŬɠ. ȼ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ (LC), ŭɘŬɢɤɟɑɕŮɘ ŰŬ ůɡůŰŬŰɘəɎ Űɞɡ ŭŮɑɔɛŬŰɞɠ 

əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ŰŬ ŮɘůɎɔŮɘ ůŰɞ űŬůɛŬŰɧɛŮŰɟɞ ɛɎɕŬɠ (MS). ȼ MS 

ŭɖɛɘɞɡɟɔŮɑ əŬɘ ŮɜŰɞˊɑɕŮɘ ŰŬ űɞɟŰɘůɛɏɜŬ ɘɧɜŰŬ. ɇŬ ŭŮŭɞɛɏɜŬ LC / MS ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ, ɔɘŬ ɜŬ ˊŬɟɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɞ ɛɞɟɘŬəɧ 

ɓɎɟɞɠ, Űɖ ŭɞɛɐ, Űɖɜ ŰŬɡŰɧŰɖŰŬ əŬɘ Űɖɜ ˊɞůɧŰɖŰŬ Űɤɜ Ůˊɘɛɏɟɞɡɠ ůɡůŰŬŰɘəɩɜ 

Űɞɡ ŭŮɑɔɛŬŰɞɠ.  ŪɏɛŬ, ɛɏɢɟɘ əŬɘ ůɐɛŮɟŬ ˊŬɟŬɛɏɜŮɘ ɖ ŭɘŮˊŬűɐ Űɤɜ ŭɨɞ 

ɛŮɗɧŭɤɜ, ɖ ůɨɜŭŮůɖ ŭɖɚŬŭɐ ɛŮŰŬɝɨ LC əŬɘ MS. ȼ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ, 

ɢɟɖůɘɛɞˊɞɘŮɑ ɡɣɖɚɐ ˊɑŮůɖ ɔɘŬ Űɞ ŭɘŬɢɤɟɘůɛɧ Űɖɠ ɡɔɟɐɠ űɎůɖɠ əŬɘ ˊŬɟɎɔŮɘ 

ɡɣɖɚɧ űɞɟŰɑɞ ŬŮɟɑɞɡ. ɇɞ űŬůɛŬŰɧɛŮŰɟɞ ɛɎɕŬɠ, ŬˊŬɘŰŮɑ əŮɜɧ əŬɘ  

ˊŮɟɘɞɟɘůɛɏɜɞ űɞɟŰɑɞ ŬŮɟɑɞɡ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ əɞɘɜɐ ɟɞɐ Ŭˊɧ  LC ŮɑɜŬɘ  1 
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mL/min ɡɔɟɞɨ ɖ ɞˊɞɑŬ, ɧŰŬɜ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ŬɏɟɘŬ űɎůɖ, ŮɑɜŬɘ 1 L/min.  

ɋůŰɧůɞ, ɏɜŬ Űɡˊɘəɧ űŬůɛŬŰɧɛŮŰɟɞ ɛɎɕŬɠ ɛˊɞɟŮɑ ɜŬ ŭŮɢɗŮɑ ɛɧɜɞ ˊŮɟɑˊɞɡ 1 

mL/min ŬŮɟɑɞɡ. Ⱥˊɘˊɚɏɞɜ, ɛɘŬ ɛɞɜɎŭŬ LC ɚŮɘŰɞɡɟɔŮɑ ůŮ ůɢŮŭɧɜ ɗŮɟɛɞəɟŬůɑŬ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ, Ůɜɩ ŬɜŰɑɗŮŰŬ ɛɘŬ ɛɞɜɎŭŬ  MS ŬˊŬɘŰŮɑ Ŭɡɝɖɛɏɜɖ ɗŮɟɛɞəɟŬůɑŬ. 

ȺˊɘˊɟɧůɗŮŰŬ, ɔɘŬ ŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŬɜŬɚɨɞɜŰŬɘ Ŭˊɧ LC ŭŮɜ ɡˊɎɟɢŮɘ Ůɨɟɞɠ 

ɛɎɕŬɠ, Ůɜɩ Ŭˊɧ Űɖɜ Ɏɚɚɖ ɞ ŬɜŬɚɡŰɐɠ Űɞɡ MS ɗɏŰŮɘ ˊŮɟɘɞɟɘůɛɞɨɠ. ɇɏɚɞɠ, ɛɘŬ 

Ɏɚɚɖ Ůɘŭɞˊɞɘɧɠ ŭɘŬűɞɟɎ, ŮɑɜŬɘ ɧŰɘ ɞɘ ɛɞɜɎŭŮɠ  LC ɛˊɞɟɞɨɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɐůɞɡɜ ŰŬ ŬɜɧɟɔŬɜŬ ɟɡɗɛɘůŰɘəɎ ŭɘŬɚɨɛŬŰŬ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ 

ɛɞɜɎŭŮɠ  MS ɧˊɞɡ ˊɟɞŰɘɛɩɜŰŬɘ ŰŬ ˊŰɖŰɘəɎ ɟɡɗɛɘůŰɘəɎ. (Ɇɞɔɞɛɩɜ ɀˊɞɔɞůɘɎɜ 

et al.), (R. Pescok, 1980), (M. ȳɝŮɜəɘɞɡɜ-ɄŮŰɟɞˊɞɨɚɞɡ, 2009), (ȿɑŰɞɡ Ȼɤɐ, 

2002-2003) 

5.2.1 Ɉɔɟɐ ɉɟɤɛŬŰɞɔɟŬűɑŬ LC 

ȼ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ, ŮɑɜŬɘ ɛɘŬ ɗŮɛŮɚɘɩŭɖɠ ŰŮɢɜɘəɐ ŭɘŬɢɤɟɘůɛɞɨ, ůŮ ɧɚɞɡɠ 

Űɞɡɠ ŰɞɛŮɑɠ Űɖɠ ɢɖɛŮɑŬɠ. ȼ ŰŮɢɜɘəɐ ŬɡŰɐ, ɛˊɞɟŮɑ ɛŮ ŬůűɎɚŮɘŬ ɜŬ ŭɘŬɢɤɟɑůŮɘ, 

ɏɜŬ ˊɞɚɨ Ůɡɟɨ űɎůɛŬ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ, Ŭˊɧ űɎɟɛŬəŬ ɛɘəɟɞɨ ɛɞɟɘŬəɞɨ 

ɓɎɟɞɡɠ ɛɏɢɟɘ əŬɘ ˊɟɤŰŮȶɜŮɠ. ɆŰɖɜ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ [Liquid 

Chromatography (LC)] ɖ əɘɜɖŰɐ űɎůɖ ŮɑɜŬɘ ɡɔɟɐ, Ůɜɩ ɖ ůŰŬŰɘəɐ űɎůɖ, ɛˊɞɟŮɑ 

ɜŬ ŮɑɜŬɘ ůŰŮɟŮɐ ɐ ɡɔɟɐ. ȼ LC ɓɟɑůəŮɘ ŮɡɟɨŰŬŰɖ ŮűŬɟɛɞɔɐ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ 

ŬɏɟɘŬ ɢɟɤɛŬŰɞɔɟŬűɑŬ, ɛŮ ɛɞɜŬŭɘəɧ ˊŮɟɘɞɟɘůɛɧ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

ŭɘŬɚɡŰɞˊɞɑɖůɖɠ Űɤɜ ŬɜŬɚɡɧɛŮɜɤɜ ɞɡůɘɩɜ ůŰɖɜ əɘɜɖŰɐ űɎůɖ. ɀɖ ˊŰɖŰɘəɏɠ əŬɘ 

ɗŮɟɛɧ-ŮɡŬɑůɗɖŰŮɠ ŮɜɩůŮɘɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ɛŮ ɡɔɟɐ 

ɢɟɤɛŬŰɞɔɟŬűɑŬ. ɇŬ ŭŮɑɔɛŬŰŬ ŭɘŬɚɨɞɜŰŬɘ ůŮ əŬŰɎɚɚɖɚɞ ŭɘŬɚɨŰɖ əŬɘ Űɞ ŭɘɎɚɡɛŬ 

ŮɘůɎɔŮŰŬɘ ůŰɞ űŬůɛŬŰɞɔɟɎűɞ ɛŬɕɩɜ ɛŮ ɛɘŬ əŬŰɎɚɚɖɚɖ ŬɜŰɚɑŬ [ˊ.ɢ., ɡɔɟɐ 

ɢɟɤɛŬŰɞɔɟŬűɑŬ ɡɣɖɚɐɠ ˊɑŮůɖɠ (HPLC)]. ɇɞ ɡɔɟɧ, ɣŮəɎɕŮŰŬɘ ɩůŰŮ ɜŬ 

űŰɘŬɢŰɞɨɜ ůŰŬɔɞɜɑŭɘŬ, ŰŬ ɞˊɞɑŬ ˊŮɟɜɩɜŰŬɠ Ŭˊɧ ɛɘŬ ůŮɘɟɎ ŭɘŬŭɘəŬůɘɩɜ, ɗŬ 

ŬűŬɘɟɏůɞɡɜ Űɞ ŭɘŬɚɨŰɖ əŬɘ ɗŬ ɛŮɑɜɞɡɜ ůŰŮɟŮɎ ůɤɛŬŰɑŭɘŬ (ŭŮɑɔɛŬ) ˊɞɡ ɗŬ 

ɘɞɜɘůŰɞɨɜ. (Ɇɞɔɞɛɩɜ ɀˊɞɔɞůɘɎɜ et al.), (R. Pescok, 1980), (M. ȳɝŮɜəɘɞɡɜ-

ɄŮŰɟɞˊɞɨɚɞɡ, 2009), (ɇůŬɛŬɜŰɘɩŰɖ ȿŬɛˊɟɘɜɐ, 2015). 

 

ɆŰɖɜ ŮɘəɧɜŬ 5.2 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ůɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ɛɘŬɠ ɛɞɜɎŭŬɠ ɡɔɟɐɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬɠ.  
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5.2.2 ūŬůɛŬŰɞɛŮŰɟɑŬ ɀɎɕŬɠ 

 

ȼ űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ, ŮɑɜŬɘ ɛɘŬ ɛɏɗɞŭɞɠ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ, ɖ ɞˊɞɑŬ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ɛŮɚɏŰɖ ɘɞɜɘůɛɏɜɤɜ ɛɞɟɑɤɜ, ůŮ ŬɏɟɘŬ űɎůɖ ɛŮ ůŰɧɢɞ Űɞɜ 

ˊɞůɞŰɘəɧ əŬɘ ˊɞɘɞŰɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ ůɡůŰŬŰɘəɩɜ Ůɜɧɠ ɛŮɑɔɛŬŰɞɠ, Űɖɜ 

ŬɜŬɔɜɩɟɘůɖ ɎɔɜɤůŰɤɜ ůɡůŰŬŰɘəɩɜ, Űɖɜ ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ ɔɜɤůŰɩɜ ɡɚɘəɩɜ, 

Űɖ ɛŮɚɏŰɖ ŭɟŬůŰɘəɧŰɖŰŬɠ ůŮ ŬɏɟɘŬ űɎůɖ, Űɞ ɢŬɟŬəŰɖɟɘůɛɧ űɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

Űɤɜ ɘɧɜŰɤɜ əŬɘ Űɖɜ ŬˊɧəŰɖůɖ ŭɞɛɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ. ȸŬůɑɕŮŰŬɘ ůŰɞɜ 

ŭɘŬɢɤɟɘůɛɧ Űɤɜ ɛŬɕɩɜ űɞɟŰɘůɛɏɜɤɜ ůɤɛŬŰɘŭɑɤɜ (əɡɟɑɤɠ əŬŰɘɧɜŰɤɜ), ɛŮ Űɖɜ 

ɓɞɐɗŮɘŬ əŬŰɎɚɚɖɚɖɠ ŭɘɎŰŬɝɖɠ əŬɘ Űɖɜ ŮɨɟŮůɖ Űɖɠ ŬɜŰɘůŰɞɘɢɑŬɠ Űɤɜ ɛŬɕɩɜ Űɤɜ 

ɚŬɛɓŬɜɞɛɏɜɤɜ ɘɧɜŰɤɜ ɛŮ Űɖɜ ŭɞɛɐ Űɖɠ ˊɟɧŭɟɞɛɖɠ ɏɜɤůɖɠ. ȺɑɜŬɘ ɛɘŬ ŰŮɢɜɘəɐ, 

ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ ˊɞɚɨ ɡɣɖɚɎ ŮˊɑˊŮŭŬ ɘŭɘŬɘŰŮɟɧŰɖŰŬɠ əŬɘ ŮɡŬɘůɗɖůɑŬɠ. Ƀɘ 

ŬɜŬɚɨůŮɘɠ, ɛˊɞɟɞɨɜ ůɡɢɜɎ ɜŬ ɞɚɞəɚɖɟɤɗɞɨɜ ɛŮ ˊɞɚɨ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ - 

ŬˊŬɘŰɩɜŰŬɠ ˊɞůɧŰɖŰŮɠ ɡɚɘəɞɨ, ɛŮɟɘəɏɠ űɞɟɏɠ ɛɘəɟɧŰŮɟŮɠ Ŭˊɧ picogram. 

(Ɇɞɔɞɛɩɜ ɀˊɞɔɞůɘɎɜ et al.), (R. Pescok, 1980), (M. ȳɝŮɜəɘɞɡɜ-ɄŮŰɟɞˊɞɨɚɞɡ, 

2009), Fenn,  

5.2.1.1 ȸŬůɘəɏɠ ȷɟɢɏɠ ȿŮɘŰɞɡɟɔɑŬɠ ūŬůɛŬŰɞɔɟɎűɞɡ ɀɎɕŬɠ  

 

ȼ űŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ, ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊŬɟŬɔɤɔɐ ŭɏůɛɖɠ, ɘɞɜŰɘəɩɜ 

ɗɟŬɡůɛɎŰɤɜ (fragments), ɛŮ ɓɞɛɓŬɟŭɘůɛɧ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ɛɞɟɑɤɜ, 

ůɡɜɐɗɤɠ ɛŮ ɖɚŮəŰɟɧɜɘŬ ɡɣɖɚɐɠ ŮɜɏɟɔŮɘŬɠ. ɇŬ ˊŬɟŬɔɧɛŮɜŬ ɗɟŬɨůɛŬŰŬ ůŰɖ 
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ůɡɜɏɢŮɘŬ, ŭɘŬɢɤɟɑɕɞɜŰŬɘ ɛŮ ŮűŬɟɛɞɔɐ ɖɚŮəŰɟɘəɞɨ ɐ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ, ɐ ɛŮ 

ɎɚɚŮɠ ɛŮɗɧŭɞɡɠ. Ƀ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ɘɧɜŰɤɜ ɔɑɜŮŰŬɘ ɛŮ ɓɎůɖ Űɞ ɚɧɔɞ ɛɎɕŬɠ 

ˊɟɞɠ űɞɟŰɑɞ (m/z), əɎɗŮ ɘɞɜŰɘəɞɨ ɗɟŬɨůɛŬŰɞɠ. ȳˊɤɠ ɔɑɜŮŰŬɘ Ůˊɞɛɏɜɤɠ ůŬűɏɠ 

ɖ űŬůɛŬŰɞɛŮŰɟɑŬ ŭŮɜ ɛŮŰɟɎŮɘ ŬˊŮɡɗŮɑŬɠ ɛɎɕŬ, ŬɚɚɎ Űɞ ɚɧɔɞ ɛɎɕŬ ˊɟɞɠ 

űɞɟŰɑɞ. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ŰŬ ɗɟŬɨůɛŬŰŬ ŮɑɜŬɘ ɛɞɜɞűɞɟŰɘůɛɏɜŬ 

(z=1) əŬɘ ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ɞ ɧɟɞɠ "ɚɧɔɞɠ ɛɎɕŬ-ˊɟɞɠ-űɞɟŰɑɞ", ŬɜŰɘəŬɗɑůŰŬŰŬɘ 

Ŭˊɧ Űɞɜ ˊɚɏɞɜ ŮɨɢɟɖůŰɞ ɧɟɞ ɛɎɕŬ. ȼ űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ (MS), 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ŬɜɘɢɜŮɡŰɐɠ ɔɘŬ ŰŮɢɜɘəɏɠ ŭɘŬɢɤɟɘůɛɞɨ ɧˊɤɠ ɖ ŬɏɟɘŬ 

ɢɟɤɛŬŰɞɔɟŬűɑŬ [Gas chromatography (GC)], ɐ ɖ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ 

[Lɘquid chromatography (LC)], ɚɧɔɞ Űɖɠ ɛŮɔɎɚɖɠ Űɖɠ ŮɡŬɘůɗɖůɑŬɠ əŬɘ Űɖɠ 

ɘəŬɜɧŰɖŰɎɠ Űɖɠ ɜŬ ŬɜŬɔɜɤɟɑɕŮɘ ɢɖɛɘəɏɠ ŮɜɩůŮɘɠ. ɆŮ ŬɡŰɧ Űɞ ůɡɜŭɡŬůɛɧ, 

ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůɡɜɐɗɤɠ əŬɘ ŰŮɢɜɘəɏɠ ɘɞɜɘůɛɞɨ. Ⱥˊɑůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ 

ůɡɜŭɡŬůɛɧɠ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟɤɜ ɑŭɘɤɜ ůŰŬŭɑɤɜ ŬɜɎɚɡůɖɠ ɛŬɕɩɜ. ȼ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ űŬůɛŬŰɞɔɟɎűɞɡ ɛɎɕŬɠ ůɡɜɞɣɑɕŮŰŬɘ ůŰŬ ˊŬɟŬəɎŰɤ ɓɐɛŬŰŬ: 

1. ȹɖɛɘɞɡɟɔɑŬ ɘɧɜŰɤɜ (ɛɧɟɘŬ ˊɞɡ ɏɢɞɡɜ ɖɚŮəŰɟɘəɧ űɞɟŰɑɞ) ůŮ ŬɏɟɘŬ 

űɎůɖ. 

2. ȹɘŬɢɤɟɘůɛɧɠ Űɤɜ ɘɧɜŰɤɜ ůŰɞ ɢɩɟɞ ɐ Űɞ ɢɟɧɜɞ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɚɧɔɞ 

ɛɎɕŬ-űɞɟŰɑɞ. 

3. ɀɏŰɟɖůɖ Űɖɠ ˊɞůɧŰɖŰŬɠ Űɤɜ ɘɧɜŰɤɜ (əɎɗŮ ɚɧɔɞɡ ɛɎɕŬɠ-űɞɟŰɑɞɡ). 

Ƀɘ ŰɏůůŮɟɘɠ ůɖɛŬɜŰɘəɞɑ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ŰŮɢɜɘəɐɠ ŮɑɜŬɘ ɖ ɛɎɕŬ, Űɞ űɞɟŰɑɞ, ɖ 

ŰŬɢɨŰɖŰŬ əŬɘ ɖ ɏɜŰŬůɖ. ȼ ŭɡɜŬŰɧŰɖŰŬ ŭɘŬɢɤɟɘůɛɞɨ Űɤɜ ɘɧɜŰɤɜ ůŰɞ 

űŬůɛŬŰɞɔɟɎűɞ ɛŬɕɩɜ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ 

(resolution), ˊɞɡ ɞɟɑɕŮŰŬɘ ɤɠ: 

R = m/ȹm 

ȳˊɞɡ m ŮɑɜŬɘ ɖ ɛɎɕŬ Űɤɜ ɘɧɜŰɤɜ əŬɘ ȹm ŮɑɜŬɘ ɖ ŭɘŬűɞɟɎ ɛɎɕŬɠ ɛŮŰŬɝɨ ŭɨɞ 

ŮɡŭɘɎəɟɘŰɤɜ əɞɟɡűɩɜ ůŰɞ űɎůɛŬ Űɤɜ ɛŬɕɩɜ. 

 (Ɇɞɔɞɛɩɜ ɀˊɞɔɞůɘɎɜ et al.), (R. Pescok, 1980), (M. ȳɝŮɜəɘɞɡɜ -

ɄŮŰɟɞˊɞɨɚɞɡ, 2009), (ȿɑŰɞɡ Ȼɤɐ, 2002-2003) 

 

5.2.3 ȸŬůɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ ūŬůɛŬŰɧɛŮŰɟɤɜ ɀɎɕŬɠ 

 

ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ɖ űŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ ˊŮɟɘɚŬɛɓɎɜŮɘ: 
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¿ ɇŬ ůɡůŰɐɛŬŰŬ ŮɘůŬɔɤɔɐɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ (sample inlet systems) 

¿  ɇɖɜ ˊɖɔɐ Űɤɜ ɘɧɜŰɤɜ (ion sources)  

¿ ɇɞɜ ŬɜŬɚɡŰɐ (űɑɚŰɟɞ) Űɤɜ ɛŬɕɩɜ (mass analyzer)  

¿ ɇɞɜ ŬɜɘɢɜŮɡŰɐ ɘɧɜŰɤɜ (detector) əŬɘ ŬɜɎɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

 
ɆŰɖ ůɡɜɏɢŮɘŬ, ɗŬ ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɖɜ ɝŮɢɤɟɘůŰɐ ŬɜɎɚɡůɖ əɎɗŮ ɛɏɟɞɡɠ 

űŬůɛŬŰɧɛŮŰɟɞɡ ɛɎɕŬɠ. ŪŬ ŬɜŬɚɡɗɞɨɜ ɤůŰɧůɞ, ɛɧɜɞ ɞɘ ŮəɎůŰɞŰŮ əŬŰɖɔɞɟɑŮɠ 

ˊɞɡ ŭɘŬɗɏŰŮɘ Űɞ űŬůɛŬŰɧɛŮŰɟɞ ɛɎɕŬɠ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ ˊŮɟɎŰɤůɖ 

Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

5.2.3.1 ɆɡůŰɐɛŬŰŬ ȺɘůŬɔɤɔɐɠ Űɞɡ ȹŮɑɔɛŬŰɞɠ  (Sample Inlet Systems) 

 

ɇŬ ůɡůŰɐɛŬŰŬ Ůɘůɧŭɞɡ, ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ŮɘůŬɔɤɔɐ Ůɜɧɠ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɞɨ 

ŭŮɑɔɛŬŰɞɠ, ůŰɖɜ ˊɖɔɐ Űɤɜ ɘɧɜŰɤɜ. ɈˊɎɟɢɞɡɜ ŭɘŬűɞɟŮŰɘəɞɑ Űɨˊɞɘ ŮɘůŬɔɤɔɐɠ, 

ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ:  Űɖ ɛŮŰŬűɞɟɎ Ŭɏɟɘɤɜ ŭŮɘɔɛɎŰɤɜ ůŰɞ ɢɩɟɞ ŮəŰɧɜɤůɖɠ 

(batch inlets), Űɖ ɛŮŰŬűɞɟɎ ůŰŮɟŮɩɜ əŬɘ ɛɖ ˊŰɖŰɘəɩɜ ŬˊŮɡɗŮɑŬɠ ůŰɖɜ ˊɖɔɐ 

ɘɞɜɘůɛɞɨ ɛŮ Ůɘŭɘəɧ ŭŮɘɔɛŬŰɞűɞɟɏŬ (direct probe inlets), əŬɘ Űɖɜ ŮɘůŬɔɤɔɐ Ŭˊɧ 

Ŭɏɟɘɞ ɐ ɡɔɟɧ ɢɟɤɛŬŰɞɔɟɎűɞ (chromatographic inlets). (Ɇɞɔɞɛɩɜ ɀˊɞɔɞůɘɎɜ 

et al.), (R. Pescok, 1980), (M. ȳɝŮɜəɘɞɡɜ-ɄŮŰɟɞˊɞɨɚɞɡ, 2009), (ȿɑŰɞɡ Ȼɤɐ, 

2002-2003) 

 

5.2.3.2 Ʉɖɔɏɠ ȽɧɜŰɤɜ (Ion Sources) 

 

ɇɞ ˊɟɤŰŬɟɢɘəɧ ůɖɛŮɑɞ ůŰɖɜ ŬɜɎɚɡůɖ ɛŮ űŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ, ŮɑɜŬɘ ɞ 

ůɢɖɛŬŰɘůɛɧɠ ɘɧɜŰɤɜ, ůŮ ŬɏɟɘŬ ɛɞɟűɐ. ɈˊɎɟɢɞɡɜ ˊɞɚɚɏɠ ŭɘŬɗɏůɘɛŮɠ ŰŮɢɜɘəɏɠ 

ɘɞɜɘůɛɞɨ, ˊɞɡ ˊŬɟɎɔɞɡɜ űɞɟŰɘůɛɏɜŬ ɛɧɟɘŬ ůŮ ŬɏɟɘŬ ɛɞɟűɐ. ȷɡŰɏɠ, ɛˊɞɟŮɑ ɜŬ 

ŮɑɜŬɘ: ɘɞɜɘůɛɧɠ ɛŮ ŭɏůɛɖ ɖɚŮəŰɟɞɜɑɤɜ [Ⱥlectron Ƚmpact Ƚonization (EI)], ɢɖɛɘəɧɠ 

ɘɞɜɘůɛɧɠ [Chemical Ionization (CI)], ɢɖɛɘəɧɠ ɘɞɜɘůɛɧɠ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ 

[Atmospheric Pressure Chemical Ionization, (APCI)], ɘɞɜɘůɛɧɠ ɛŮ ůˊɘɜɗɐɟŬ 

[Spark Ionization, (SI)], ɘɞɜɘůɛɧɠ ˊŮŭɑɞɡ [Field Ionization, (FI)], ɘɞɜɘůɛɧɠ 

ŮəɟɟɞűɐůŮɤɠ ˊŮŭɑɞɡ [Field Desorption Ionization, (FD)], ɖɚŮəŰɟɞŮəɜɏűɤůɖ 

[Electronspray, (ES)] ɘɞɜɘůɛɧɠ ɛŮ Laser [Matrix Assisted Laser Desorption 

Ionization, (MALDI)] əŬɘ ɘɞɜɘůɛɧɠ ɛŮ ɎŰɞɛŬ [Fast Atom Bombardment, (FAB)].  

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞ ɘɞɜɘůɛɧɠ ɛŮ 
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ɖɚŮəŰɟɞɣŮəŬůɛɧ (ESI) əŬɘ ɞ ɢɖɛɘəɧɠ ɘɞɜɘůɛɧɠ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ (APCI). 

(Ɇɞɔɞɛɩɜ ɀˊɞɔɞůɘɎɜ et al.), (R. Pescok, 1980), (M. ȳɝŮɜəɘɞɡɜ-ɄŮŰɟɞˊɞɨɚɞɡ, 

2009) 

 
Ƚɞɜɘůɛɧɠ ɛŮ ȼɚŮəŰɟɞɣŮəŬůɛɧ (Electronspray Ionization, ESI) 

 

ɇŬ ˊɟɩŰŬ ˊŮɘɟɎɛŬŰŬ, ůŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɏɗɞŭɞɠ Űɞɡ 

ɖɚŮəŰɟɞɣŮəŬůɛɞɨ ɐŰŬɜ ůŰŬ Űɏɚɖ Űɞɡ 1930 Ŭˊɧ Űɞɜ Chapman. ȼ ɢɟɐůɖ Űɞɡ 

ɖɚŮəŰɟɞɣŮəŬůɛɞɨ ɔɘŬ ɘɞɜɘůɛɧ ŭŮɘɔɛɎŰɤɜ ůŰɖ űŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ, ɏɔɘɜŮ 

Ŭˊɧ Űɞɜ Dole et al. ůŰŬ Űɏɚɖ Űɞɡ 1960. ȼ ŭɞɡɚŮɘɎ ŬɡŰɐ, əŬɗɧɟɘůŮ Űɖɠ ɓŬůɘəɏɠ 

ˊŮɘɟŬɛŬŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ, əŬɘ ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɞɜ ɘɞɜɘůɛɧ ŭŮɘɔɛɎŰɤɜ 

ɛŮɔɎɚɖɠ ɛɎɕŬɠ. ȼ ˊɘɞ ůɖɛŬɜŰɘəɐ ŬɜŬəɎɚɡɣɖ, ɐŰŬɜ Űɞ űŬɘɜɧɛŮɜɞ ˊɞɚɚŬˊɚɩɜ 

űɞɟŰɘɩɜ. ɇɞ 1980, ɞɘ Fenn əŬɘ Mann et al. ŬɜɏˊŰɡɝŬɜ Űɖɜ ɛɏɗɞŭɞ 

űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛŬɕɩɜ ɛŮ ɘɞɜɘůɛɧ ɖɚŮəŰɟɞɣŮəŬůɛɞɨ (ESI-MS) ɧˊɤɠ ŮɑɜŬɘ 

ůɐɛŮɟŬ ɔɜɤůŰɐ. 

ȼ ˊŬɟŬɔɤɔɐ ɘɧɜŰɤɜ Ŭˊɧ ŮɝɎŰɛɘůɖ űɞɟŰɘůɛɏɜɤɜ ůŰŬɔɞɜɘŭɑɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ɛɏůɤ ɣŮəŬůɛɞɨ. ȺɑɜŬɘ ɛɘŬ Ŭˊɧ Űɘɠ ŰŮɢɜɘəɏɠ ɘɞɜɘůɛɞɨ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ 

(atmospheric pressure ionization, API) əŬɘ ɎɟɢɘůŮ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɘɠ 

Ŭɟɢɏɠ Űɞɡ 1990. ɇɞ ŭŮɑɔɛŬ ŭɘŬɚɨŮŰŬɘ əŬɘ ˊŮɟɜɎŮɘ ɛɏůŬ Ŭˊɧ ɏɜŬ ɚŮˊŰɧ 

ŬɜɞɝŮɑŭɤŰɞ ŬŰůɎɚɘɜɞ ŰɟɘɢɞŮɘŭɏɠ. ɆŰɖɜ Ɏəɟɖ Űɞɡ ŰɟɘɢɞŮɘŭɞɨɠ ɡˊɎɟɢŮɘ 

ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ əŬɘ ŮűŬɟɛɧɕŮŰŬɘ əŬɘ ɏɜŬ ŭɡɜŬɛɘəɧ. ɇɞ ɡɣɖɚɧ ŭɡɜŬɛɘəɧ 

ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ɖɚŮəŰɟɞůŰŬŰɘəɧ ɣŮəŬůɛɧ űɞɟŰɘůɛɏɜɤɜ ůŰŬɔɞɜɘŭɑɤɜ, ˊɞɡ 

ɏɢɞɡɜ ɧɚŬ Űɖɜ ɑŭɘŬ ˊɞɚɘəɧŰɖŰŬ əŬɘ ˊŮɟɘɏɢɞɡɜ Űɞ ŭŮɑɔɛŬ. ȾŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ 

Űɞɡ ɣŮəŬůɛɞɨ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ɖ ɓɞɐɗŮɘŬ Ůɜɧɠ ɟŮɨɛŬŰɞɠ Ŭɏɟɘɞɡ ŬɕɩŰɞɡ 

ˊɞɡ əɘɜŮɑŰŬɘ ɛɏůŬ ůŮ ɏɜŬ ůɤɚɐɜŬ, ˊŬɟɎɚɚɖɚŬ ɛŮ Űɞ əŮɜŰɟɘəɧ ŰɟɘɢɞŮɘŭɏɠ. Ƀ 

ŭɘŬɚɨŰɖɠ ŮɝŬŰɛɑɕŮŰŬɘ, Űɞ ɛɏɔŮɗɞɠ Űɞɡ ůŰŬɔɞɜɘŭɑɞɡ ŮɚŬŰŰɩɜŮŰŬɘ əŬɘ ɖ 

ůɡɔəɏɜŰɟɤůɖ űɞɟŰɑɞɡ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ůŰŬɔɞɜɘŭɑɞɡ ŬɡɝɎɜŮŰŬɘ. ɇŮɚɘəɎ, Űɞ 

ůŰŬɔɞɜɑŭɘɞ ŮəɟɐɔɜɡŰŬɘ əŬɘ ŭɖɛɘɞɡɟɔŮɑ ɛɘəɟɧŰŮɟŬ, ɢŬɛɖɚɧŰŮɟɞɡ űɞɟŰɑɞɡ 

ůŰŬɔɞɜɑŭɘŬ. ȼ ŭɘŬŭɘəŬůɑŬ ůɡɜŮɢɑɕŮŰŬɘ ɛɏɢɟɘ ɜŬ ůɢɖɛŬŰɘůŰɞɨɜ ɛŮɛɞɜɤɛɏɜŬ 

űɞɟŰɘůɛɏɜŬ ɘɧɜŰŬ (ŮɘəɧɜŬ 5.3). (Ɇɞɔɞɛɩɜ ɀˊɞɔɞůɘɎɜ et al.), (R. Pescok, 

1980), (M. ȳɝŮɜəɘɞɡɜ-ɄŮŰɟɞˊɞɨɚɞɡ, 2009), (ȿɑŰɞɡ Ȼɤɐ, 2002-2003) 
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ɉɖɛɘəɧɠ Ƚɞɜɘůɛɧɠ ȷŰɛɞůűŬɘɟɘəɐɠ ɄɑŮůɖɠ (Atmospheric pressure 

chemical ionization, APCI) 

 

Ƀ ɢɖɛɘəɧɠ ɘɞɜɘůɛɧɠ  ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ (APCI), ŮɑɜŬɘ ɛɘŬ ŰŮɢɜɘəɐ ɘɞɜɘůɛɞɨ, 

ɖ ɞˊɞɑŬ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ɏɜŬ Ůɡɟɨ űɎůɛŬ ˊɞɚɘəɩɜ əŬɘ ɛɖ ˊɞɚɘəɩɜ ŮɜɩůŮɤɜ 

ˊɟɞɠ ŬɜɎɚɡůɖ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ɛɏŰɟɘŬ  ɛɞɟɘŬəɎ ɓɎɟɖ. Ƀ ɘɞɜɘůɛɧɠ APCI, ŮɑɜŬɘ 

ɛɘŬ ŭɘŬŭɘəŬůɑŬ ŮɝɎŰɛɘůɖɠ ɖ ɞˊɞɑŬ ŬəɞɚɞɡɗŮɑŰŬɘ, ůŰɖ ůɡɜɏɢŮɘŬ, Ŭˊɧ ɘɞɜɘůɛɧ, 

ˊŬɟŮɛűŮɟɐ ɛŮ Űɞɜ ɘɞɜɘůɛɧ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ. ȺˊɘˊɟɧůɗŮŰŬ, ɖ Ůəɜɏűɤůɖ, 

ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ ŮəŮɑɜɖ Űɞɡ ɘɞɜɘůɛɞɨ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ. ɋůŰɧůɞ, ɖ 

Ůəɜɏűɤůɖ ůŰɞɜ ɘɞɜɘůɛɧ  APCI  ůɡɛɓŬɑɜŮɘ ůŮ ɏɜŬ əŬɡŰɧ (Űɡˊɘəɐ ɗŮɟɛɞəɟŬůɑŬ: 

250ÁC-400ÁC) ɗɎɚŬɛɞ ɣŮəŬůɛɞɨ. ȼ ɗŮɟɛɧŰɖŰŬ ŮɝŬŰɛɑɕŮɘ ŰŬɢɏɤɠ ŰŬ 

ůŰŬɔɞɜɑŭɘŬ ɣŮəŬůɛɞɨ. ɇŬ ɛɧɟɘŬ Űɞɡ ŭɘŬɚɨŰɖ ůŰɖɜ ŬɏɟɘŬ űɎůɖ ɘɞɜŰɑɕɞɜŰŬɘ əŬŰɎ 

Űɞ ˊɏɟŬůɛɎ Űɞɡɠ Ŭˊɧ ɛɑŬ ɓŮɚɧɜŬ. ɆŰɞɜ APCI ɘɞɜɘůɛɧ, ɡˊɎɟɢŮɘ ɛŮŰŬűɞɟɎ 

űɞɟŰɑɞɡ Ŭˊɧ ŰŬ ɘɞɜɘůɛɏɜŬ ɘɧɜŰŬ, ůŰŬ ɛɧɟɘŬ ŬɜŬɚɡɧɛŮɜɖɠ ɞɡůɑŬɠ ɛŮ ɏɜŬɜ 

Űɟɧˊɞ ˊɞɡ ŮɑɜŬɘ ˊŬɟɧɛɞɘɞɠ ɛŮ ɢɖɛɘəɧ ɘɞɜɘůɛɧ ɛŮ CG / MS. ȷɡŰɎ ŰŬ ɘɧɜŰŬ 

ŬɜŬɚɡŰɐ ůŰɖ ůɡɜɏɢŮɘŬ ɛŮŰŬűɏɟɞɜŰŬɘ ɛɏůɤ Űɤɜ ɞˊŰɘəɩɜ ɘɧɜŰɤɜ, ˊɟɞɠ Űɞ 

űɑɚŰɟɞ əŬɘ Űɞɜ ŬɜɘɢɜŮɡŰɐ (ŮɘəɧɜŬ 5.4). (ȿɑŰɞɡ Ȼɤɐ, 2002-2003) 
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ȺɘəɧɜŬ 5.4. Ƚɞɜɘůɛɧɠ APCI 

5.2.3.3 ȷɜŬɚɡŰɐɠ  ɀɎɕŬɠ (Mass Analyzer) 

 

Ƀ ŭɘŬɢɤɟɘůɛɧɠ ɛŬɕɩɜ, ŮɑɜŬɘ Űɞ əɟɘůɘɛɧŰŮɟɞ ůŰɎŭɘɞ ůŰɖɜ ˊɞɟŮɑŬ ɛɘŬɠ 

ŬɜɎɚɡůɖɠ əŬɘ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ɛɏɗɞŭɞɘ ŭɘŬɢɤɟɘůɛɞɨ ˊɞɡ ŭɘŬűɏɟɞɡɜ ɤɠ 

ˊɟɞɠ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ, Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ əŬɘ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ Űɞɡɠ. 

ũŮɜɘəɎ, ŭŮɜ űŬɑɜŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ ɛɑŬ ɛɏɗɞŭɞɠ ŭɘŬɢɤɟɘůɛɞɨ ɛŬɕɩɜ, ˊɞɡ ɜŬ 

ŮɑɜŬɘ Ůɝ' ɑůɞɡ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ůŮ ɧɚŮɠ Űɘɠ ŮűŬɟɛɞɔɏɠ Űɖɠ ŬɜɎɚɡůɖɠ ɛŮ 

űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ. 

Ƀ ůəɞˊɧɠ Űɞɡ űɑɚŰɟɞɡ ɛŬɕɩɜ, ŮɑɜŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ ŭɏůɛɖɠ ɘɧɜŰɤɜ, ůɨɛűɤɜŬ 

ɛŮ Űɖɜ ɛɞɟɘŬəɐ Űɞɡɠ ɛɎɕŬ, ůŮ ůɢɏůɖ ɛŮ ɛɘŬ ŭɏůɛɖ ɘɧɜŰɤɜ, ɛŮ ˊŬɟɧɛɞɘŬ ɛɎɕŬ 

(ŰŬɝɘɜɧɛɖůɖ ɛŮ ɓɎůɖ Űɞ ɚɧɔɞ ɛɎɕŬɠ ˊɟɞɠ űɞɟŰɑɞ) əŬɘ ɖ Ůˊɘɚɞɔɐ Űɤɜ ɘɧɜŰɤɜ ɛŮ 

ɛɎɕŬ ůŮ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ, ɏɢɞɜŰŬɠ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɛŮɔɘůŰɞˊɞɑɖůɖɠ Űɤɜ 

ŭɘŬɢɤɟɘůɛɏɜɤɜ ŮɜŰɎůŮɤɜ (ɛŮ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ ůɡɜɐɗɤɠ 1 amu). ɇŬ 

ŰŬɝɘɜɞɛɖɛɏɜŬ ɛŮ ɓɎůɖ Űɖ ɛɎɕŬ ɘɧɜŰŬ, ŬɜɘɢɜŮɨɞɜŰŬɘ Ŭˊɧ ɏɜŬɜ ˊɞɚɚŬˊɚŬůɘŬůŰɐ 

ɖɚŮəŰɟɞɜɑɤɜ əŬɘ Űɞ ůɐɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ, ůŰɏɚɜŮŰŬɘ ůŮ ɏɜŬ ůɨůŰɖɛŬ 

ŭŮŭɞɛɏɜɤɜ ɔɘŬ ŮˊŮɝŮɟɔŬůɑŬ. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŬɜŬɚɡŰɐ ɛɎɕŬɠ, ŮɑɜŬɘ ŬɜɎɚɞɔɖ 

ɛŮ ŬɡŰɐ Űɞɡ ˊɚɏɔɛŬŰɞɠ ůŰɞɜ ɞˊŰɘəɧ űŬůɛŬŰɞɔɟɎűɞ (optical spectrometer). 
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ɆŰɖ űŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ, ɞ ůəŮŭŬůɛɧɠ (dispersion) ɓŬůɑɕŮŰŬɘ ůŰɞ ɚɧɔɞ 

ɛɎɕŬɠ ˊɟɞɠ űɞɟŰɑɞ Űɤɜ ɘɧɜŰɤɜ əŬɘ ɧɢɘ ůŰɞ ɛɐəɞɠ əɨɛŬŰɞɠ Űɤɜ ˊɟɤŰɞɜɑɤɜ. ɇŬ 

űŬůɛŬŰɧɛŮŰɟŬ ɛŬɕɩɜ, əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ɛŮ ɓɎůɖ Űɞɜ Űɨˊɞ Űɞɡ ŬɜŬɚɡŰɐ 

ɛɎɕŬɠ ůŰɞ ɧɟɔŬɜɞ. ɇŬ ɘɧɜŰŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ, ŬˊɤɗɞɨɜŰŬɘ ŮəŰɧɠ Űɖɠ ˊɖɔɐɠ 

ɘɧɜŰɤɜ əŬɘ ŮˊɘŰŬɢɨɜɞɜŰŬɘ ˊɟɞɠ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ŬɜɎɚɡůɖɠ. ɄŬɟɧɚɞ ˊɞɡ 

ˊŬɟɎɔɞɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ əŬɘ ɗŮŰɘəɎ əŬɘ ŬɟɜɖŰɘəɎ ɘɧɜŰŬ, ŮˊɘɚɏɔŮŰŬɘ ɛɘŬ 

ˊɞɚɘəɧŰɖŰŬ, əŬɘ ŮɑŰŮ ɗŮŰɘəɎ ŮɑŰŮ ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜŬ ɘɧɜŰŬ, ŬɜŬɚɨɞɜŰŬɘ əŬɘ 

əŬŰŬɔɟɎűɞɜŰŬɘ. ɇŬ ɛɧɟɘŬ ˊɞɡ ŭŮɜ ɘɞɜɑɕɞɜŰŬɘ əŬɘ ˊŬɟŬɛɏɜɞɡɜ ɞɡŭɏŰŮɟŬ, 

ŬˊɞɛŬəɟɨɜɞɜŰŬɘ əŬɘ ŭŮɜ ŬɜɘɢɜŮɨɞɜŰŬɘ. ȳɚŬ ŰŬ űɑɚŰɟŬ ɛŬɕɩɜ, ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ 

ŮűŬɟɛɞɔɐ ɖɚŮəŰɟɘəɩɜ əŬɘ ɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ ˊɞɡ Ůˊɘŭɟɞɨɜ ůŰɖɜ əɑɜɖůɖ 

űɞɟŰɘůɛɏɜɤɜ ůɤɛŬŰɘŭɑɤɜ (ɘɧɜŰɤɜ). (ȿɑŰɞɡ Ȼɤɐ, 2002-2003) 

 

ȷɜɎɚɡůɖ ɛŮ ɉɟɐůɖ ɇŮŰɟŬˊɞɚɘəɐɠ ɄŬɔɑŭŬɠ ȽɧɜŰɤɜ (Ion Trap Analysis) 

 

ȼ ŬɜɎɚɡůɖ ɛŮ ɢɟɐůɖ ŰŮŰɟŬˊɞɚɘəɐɠ ˊŬɔɑŭŬɠ ɘɧɜŰɤɜ, ɚŮɘŰɞɡɟɔŮɑ ɛŮ ˊŬɟɧɛɞɘɞ 

Űɟɧˊɞ ɛŮ Űɞ ŰŮŰɟŬˊɞɚɘəɧ űɑɚŰɟɞ ɛɎɕŬɠ, ɛɧɜɞ ˊɞɡ ŭŮɜ ɚŮɘŰɞɡɟɔŮɑ ɤɠ űɑɚŰɟɞ. ȼ 

ˊŬɔɑŭŬ ɘɧɜŰɤɜ, əŬŰŬɢɤɟŮɑ ŰŬ ɘɧɜŰŬ ɔɘŬ ŮˊɧɛŮɜŬ ˊŮɘɟɎɛŬŰŬ əŬɘ ŬɜɎɚɡůɖ. 

ɉɟɖůɘɛɞˊɞɘŮɑ ˊŮŭɑŬ, ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ŰɎůŮɘɠ ůɡɢɜɞŰɐŰɤɜ, ůŰɖɜ ˊŮɟɘɞɢɐ 

Űɤɜ ɟŬŭɘɞəɡɛɎŰɤɜ RF (ɐ Ŭˊɧ ůɡɜŮɢɏɠ DC ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ), ˊɞɡ 

ŮűŬɟɛɧɕɞɜŰŬɘ ůŰŬ ɖɚŮəŰɟɧŭɘŬ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ŭɘɎŰŬɝɖ . 

ɈˊɎɟɢŮɘ ɏɜŬɠ ŭŬəŰɨɚɘɞɠ ɖɚŮəŰɟɞŭɑɤɜ ůŰɖ ɛɏůɖ, ɛŮ ŭɨɞ ŮˊɘűɎɜŮɘŮɠ 

ɖɚŮəŰɟɞŭɑɤɜ ɜŬ Űɞɜ ůəŮˊɎɕɞɡɜ əŬɘ Ŭˊɧ Űɘɠ ŭɨɞ ˊɚŮɡɟɏɠ, (Ůɘůɧŭɞɡ əŬɘ 

Ůɝɧŭɞɡ). ɇŬ ɘɧɜŰŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ, ɛˊŬɑɜɞɡɜ ůŰɖɜ ˊŬɔɑŭŬ, Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ 

Űɞɡ ɖɚŮəŰɟɞŭɑɞɡ Ůɘůɧŭɞɡ. ũɘŬ ŮˊɘɚŮɔɛɏɜŬ ɧɟɘŬ ɚɧɔɞɡ ɛɎɕŬɠ ˊɟɞɠ űɞɟŰɑɞ, ˊɞɡ 

əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ŰɎůŮɘɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ, ɖ ůɡůəŮɡɐ ˊŬɔɘŭŮɨŮɘ ɘɧɜŰŬ, 

ůŰɞ ɢɩɟɞ ˊɞɡ ɏɢɞɡɜ ůɢɖɛŬŰɑůŮɘ ŰŬ ɖɚŮəŰɟɧŭɘŬ (ŮɘəɧɜŬ 5.5). ɇŬ ɘɧɜŰŬ ɛɏɜɞɡɜ 

ŮəŮɑ ˊŬɔɘŭŮɡɛɏɜŬ, ɛŮ ɛɘŬ ůŰŬɗŮɟɐ ŰɟɞɢɘɎ ŰŬɚɎɜŰɤůɖɠ. ȼ ŰŬɚɎɜŰɤůɖ ŮɝŬɟŰɎŰŬɘ 

Ŭˊɧ Űɞ ŭɡɜŬɛɘəɧ ˊŬɔɑŭŮɡůɖɠ əŬɘ Űɞ ɚɧɔɞ ɛɎɕŬɠ ˊɟɞɠ űɞɟŰɑɞ Űɤɜ ɘɧɜŰɤɜ. 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜɑɢɜŮɡůɖɠ, Űɞ ŭɡɜŬɛɘəɧ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ ɛŮŰŬɓɎɚɚŮŰŬɘ, 

ˊɟɞəŬɚɩɜŰŬɠ ŬůŰɎɗŮɘŮɠ ůŰɖɜ ŰɟɞɢɘɎ Űɤɜ ɘɧɜŰɤɜ, ŮɝɤɗɩɜŰŬɠ ŰŬ ɛŮ ɓɎůɖ Űɞɜ 

ŬɡɝŬɜɧɛŮɜɞ ɚɧɔɞ ɛɎɕŬɠ ˊɟɞɠ űɞɟŰɑɞ, Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ɖɚŮəŰɟɞŭɑɞɡ Ůɝɧŭɞɡ. 

(ȿɑŰɞɡ Ȼɤɐ, 2002-2003) 
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ȺɘəɧɜŬ 5.5. ȷɜŬɚɡŰɐɠ ɄŬɔɑŭŬɠ ȽɧɜŰɤɜ. 

 

5.2.3.4 ȷɜɘɢɜŮɡŰɐɠ (Detector) 

ɇŬ ɘɧɜŰŬ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŰɞɜ ŬɜŬɚɡŰɐ (mass analyzer), ɛŮ ɓɎůɖ Űɞ ɚɧɔɞ ɛɎɕŬɠ 

ˊɟɞɠ űɞɟŰɑɞ əŬɘ ɛŮŰɎ ůɡɚɚɏɔɞɜŰŬɘ Ŭˊɧ ɏɜŬɜ ŬɜɘɢɜŮɡŰɐ (detector). Ƀ 

ŬɜɘɢɜŮɡŰɐɠ ɘɧɜŰɤɜ ůɡɚɚŬɛɓɎɜŮɘ ŰŬ ˊɟɞůˊɑˊŰɞɜŰŬ ɘɧɜŰŬ əŬɘ ŰŬ ɛŮŰŬŰɟɏˊŮɘ ůŮ 

ŬɜɎɚɞɔɞ ɖɚŮəŰɟɘəɧ ůɐɛŬ. ɇɞ ůɨůŰɖɛŬ ŭŮŭɞɛɏɜɤɜ, ŮˊŮɝŮɟɔɎɕŮŰŬɘ Űɞ ɛɏɔŮɗɞɠ 

Űɤɜ ɖɚŮəŰɟɘəɩɜ ůɖɛɎŰɤɜ, Űɞ ɣɖűɘɞˊɞɘŮɑ, Űɞ ŬˊɞɗɖəŮɨŮɘ ůŰɖ ɛɜɐɛɖ Ůɜɧɠ 

ɡˊɞɚɞɔɘůŰɐ, əŬɘ ˊŬɟɞɡůɘɎɕŮɘ Űɞ űɎůɛŬ Űɤɜ ɛŬɕɩɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ, 

ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ɏɜŬ ɔɟɎűɖɛŬ ůɢŮŰɘəɐɠ ɏɜŰŬůɖɠ ɤɠ ˊɟɞɠ Űɞ ɚɧɔɞ ɛɎɕŬɠ ˊɟɞɠ 

űɞɟŰɑɞ. ɇɞ ɛɏɔŮɗɞɠ Űɤɜ əɞɟɡűɩɜ, ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɨˊŬɟɝɖ ɘɧɜŰɤɜ əŬɘ 

əŬŰŬəŮɟɛŬŰɘůɛɏɜɤɜ ɘɧɜŰɤɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ. Ƀɘ əɞɟɡűɏɠ əŬɜɞɜɘəɞˊɞɘɞɨɜŰŬɘ, 

ɖ ˊɘɞ ɛŮɔɎɚɖ əɞɟɡűɐ ůŰɞ űɎůɛŬ ɞɜɞɛɎɕŮŰŬɘ ɛɖŰɟɘəɐ əɞɟɡűɐ (base peak). ɀŮ 

ɓɎůɖ ŬɡŰɐ Űɖɜ əɞɟɡűɐ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ŬɜŬűɞɟɎ, ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ 

ɨɣɞɠ əɎɗŮ əɞɟɡűɐɠ.  (ȿɑŰɞɡ Ȼɤɐ, 2002-2003) 
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6. ȾɞůɛŮŰɞɚɞɔɑŬ-Ⱦɞɟɟɏɠ   

 

φȢρ ɛɻʎʅʆʘʏ ɚʍʔʘʏ ʐʂʏ ɚʉʗʌʐʑʊʂʏ ɣɻʇʇʑʉʐʅʆʡʉ  

ɩʍʋʛʝʉʐʖʉ  

ȷɜŬɛűɘůɓɐŰɖŰŬ, ɖ ˊɘɞ ůɖɛŬɜŰɘəɐ əŬɘ  ɘəŬɜɞˊɞɘɖŰɘəɐ ŭɞɡɚŮɘɎ Űɤɜ 

ŮˊɘůŰɖɛɧɜɤɜ, ˊɞɡ ŬůɢɞɚɞɨɜŰŬɘ ɛŮ Űɖɜ ˊŬɟŬůəŮɡɐ əŬɚɚɡɜŰɘəɩɜ, ŮɑɜŬɘ ɜŬ 

ɛŮŰŬűɟɎůɞɡɜ Űɘɠ ɜɏŮɠ ɘŭɏŮɠ, ůŮ ˊɟŬɔɛŬŰɘəɎ ˊɟɞɥɧɜŰŬ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ, ɗŬ 

ˊɟɏˊŮɘ ɜŬ ŭɘŬɛɞɟűɤɗɞɨɜ ɚŮɘŰɞɡɟɔɘəɎ ˊɟɞɥɧɜŰŬ, ɜŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ ŰŬ ɡɚɘəɎ 

ůɡůəŮɡŬůɑŬɠ, əŬɘ ɜŬ ŭɞəɘɛŬůŰŮɑ Űɞ ́ɟɞɥɧɜ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ ɡɚɘəɧ 

ůɡůəŮɡŬůɑŬɠ, ɏŰůɘ ɩůŰŮ ɜŬ ŭɘŬůűŬɚɘůŰŮɑ ɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ. ŪŬ ˊɟɏˊŮɘ 

Ůˊɑůɖɠ, Űɞ ˊɟɞɥɧɜ ɜŬ ɛˊɞɟŮɑ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ Űɘɠ ŬˊŬɘŰɞɨɛŮɜŮɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ 

əŬŰŬɜŬɚɤŰɩɜ, əŬɗɩɠ əŬɘ ɜŬ ůɡɛɛɞɟűɩɜŮŰŬɘ ɛŮ ɧɚɞɡɠ Űɞɡɠ ůɢŮŰɘəɞɨɠ 

əŬɜɞɜɘůɛɞɨɠ. ɇɏɚɞɠ, ŬˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɗŬ ŮɑɜŬɘ Űɞ ˊɟɞɥɧɜ ɜŬ ɛˊɞɟŮɑ 

ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ůŮ ŬˊɞŭŮəŰɧ əɧůŰɞɠ, ɔɘŬ Űɖɜ ŮəɎůŰɞŰŮ əŬŰŬůəŮɡŬůŰɘəɐ 

ŮŰŬɘɟɑŬ.  

ȳɚŬ ŰŬ ɜɏŬ ˊɟɞɥɧɜŰŬ, ɏɢɞɡɜ ɝŮəɘɜɐůŮɘ ɤɠ  ɘŭɏŬ əɎˊɞɘɞɡ. ȼ ɘŭɏŬ ŬɡŰɐ, ɛˊɞɟŮɑ 

ɜŬ ˊɟɞɏɚɗŮɘ Ŭˊɧ ˊɞɚɚɎ ŮɟŮɗɑůɛŬŰŬ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŮŰŬɘɟɘəɐ əɞɡɚŰɞɨɟŬ. ɇɞ 

ŰɛɐɛŬ marketing, ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ˊɟɧůɓŬůɖ ůŮ ˊɚɖɟɞűɞɟɑŮɠ, ɔɘŬ Űɖ ɢɟɐůɖ 

Űɤɜ əŬŰŬɜŬɚɤŰɘəɩɜ ˊɟɞɥɧɜŰɤɜ, ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɘəŬɜɞˊɞɘɐůɞɡɜ Űɘɠ ŬɜɎɔəŮɠ 

Űɖɠ ŬɔɞɟɎɠ əŬɘ Űɞɡ əɞɘɜɞɨ, ůŰɞ ɞˊɞɑɞ ŬˊŮɡɗɨɜŮŰŬɘ Űɞ əɎɗŮ ˊɟɞɥɧɜ. ɇɞ ŰɛɐɛŬ 

ɏɟŮɡɜŬɠ əŬɘ ŬɜɎˊŰɡɝɖɠ (R&D), ˊɟŬɔɛŬŰɞˊɞɘŮɑ ɏɟŮɡɜŬ ɔɘŬ Űɘɠ ɜɏŮɠ ɚŮɘŰɞɡɟɔɘəɏɠ 

ˊɟɩŰŮɠ ɨɚŮɠ, Ůɜɩ  ɖ ɞɛɎŭŬ ůɡůəŮɡŬůɑŬɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘɎůŮɘ ɜɏŬ ůŰɞɘɢŮɑŬ 

ůɡůəŮɡŬůɑŬɠ, ˊɞɡ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŮˊɘŰɟɏɣɞɡɜ ůŮ ɏɜŬ ɜɏɞ ˊɟɞɥɧɜ, ɜŬ ŮɑɜŬɘ 

əŬɘɜɞŰɧɛɞ əŬɘ ŮɚəɡůŰɘəɧ ůŰɞɜ əŬŰŬɜŬɚɤŰɐ. ɇɏɚɞɠ, ɎɚɚŮɠ ɡˊɖɟŮůɑŮɠ ŬɚɚɎ əŬɘ 

ɎŰɞɛŬ Űɖɠ ŮŰŬɘɟɑŬɠ, ɛˊɞɟɞɨɜ ɜŬ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ ɡɚɞˊɞɑɖůɖ ɜɏɤɜ ɘŭŮɩɜ. 

ɀŮɟɘəɏɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɘŭɏŮɠ, ŮˊɘəŮɜŰɟɩɜɞɜŰŬɘ ůŮ ˊɞɚɨ ůɡɔəŮəɟɘɛɏɜɞɡɠ 

ůŰɧɢɞɡɠ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɖɜ ŬɜŬɓɎɗɛɘůɖ Ůɜɧɠ ˊɟɞɦˊɎɟɢɞɜŰɞɠ 

ˊɟɞɥɧɜŰɞɠ, Ůɜɩ ɎɚɚŮɠ Ŭˊɞůəɞˊɞɨɜ ůŮ əŬɗŬɟɐ ɏɟŮɡɜŬ. (Ralph Gordon Harry, 

2000) 

http://www.goodreads.com/author/show/5496437.Ralph_Gordon_Harry
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6.1.1 ɄɟɞɦˊɞɗɏůŮɘɠ ɔɘŬ ɛɘŬ ȺˊɘŰɡɢɖɛɏɜɖ ūɧɟɛɞɡɚŬ 

 

ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ ˊŬɟɎɔɞɜŰŮɠ, ˊɞɡ ɞɘ ˊŬɟŬůəŮɡŬůŰɏɠ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŮɝŮŰɎůɞɡɜ, əŬŰɎ Űɖɜ ɏɜŬɟɝɖ ɞˊɞɘɞɡŭɐˊɞŰŮ ɏɟɔɞɡ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɞɡ 

ˊɟɞɥɧɜŰɞɠ. ɇŬ əɟɑůɘɛŬ ɓɐɛŬŰŬ ůŰɞɜ ŭɟɧɛɞ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ˊɟɞɥɧɜŰɞɠ 

ŮɑɜŬɘ : Űɞ ɧɟŬɛɎ Űɞɡ ˊɟɞɥɧɜŰɞɠ, ɖ ɛɞɟűɐ Űɞɡ, ŰŬ ɓŬůɘəɎ ůɡůŰŬŰɘəɎ ˊɞɡ Űɞ 

ŬˊŬɟŰɑɕɞɡɜ, ŰŬ əɟɑůɘɛŬ ůɡůŰŬŰɘəɎ Űɞɡ, Űɞ ɢɟɞɜɞŭɘɎɔɟŬɛɛŬ Űɞɡ ɏɟɔɞɡ, ɖ 

Ŭˊɧŭɞůɖ Űɞɡ ˊɟɞɥɧɜŰɞɠ, əŬɘ Űɏɚɞɠ ɞɘ əŬŰŬɜŬɚɤŰɘəɏɠ ŬˊŬɘŰɐůŮɘɠ. ȼ ɚɑůŰŬ ɔɘŬ 

Űɖɜ ŮˊɘŰɡɢɑŬ, ˊŬɟŬŰɑɗŮŰŬɘ ˊŬɟŬəɎŰɤ: 

 

 ɆŰɧɢɞɘ marketing 

 ȿŮɘŰɞɡɟɔɘəɧŰɖŰŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ  

 ɆŰŬɗŮɟɧŰɖŰŬ Űɖɠ ɜɏŬɠ űɧɟɛɞɡɚŬɠ 

 ȷůűɎɚŮɘŬ  

 ɅɡɗɛɘůŰɘəɏɠ ŮəŰɘɛɐůŮɘɠ  

 ȾɧůŰɞɠ  

 ȺəŰɘɛɐůŮɘɠ ɛŮŰŬˊɞɑɖůɖɠ/Űɟɞˊɞˊɞɑɖůɖɠ  

 

Ƀ ůɖɛŬɜŰɘəɧŰŮɟɞɠ ˊŬɟɎɔɞɜŰŬɠ, əŬŰɎ Űɞɜ ůɢŮŭɘŬůɛɧ, ŮɑɜŬɘ ɖ ůɡɛˊŮɟɘűɞɟɎ 

Űɤɜ ˊɟɩŰɤɜ ɡɚɩɜ əŬŰɎ Űɖɜ ˊŬɟŬůəŮɡɐ Ůɜɧɠ ˊɟɞɥɧɜŰɞɠ. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ 

űɡůɘəɐ Űɞɡɠ əŬŰɎůŰŬůɖ (ɡɔɟɐ, ůŰŮɟŮɐ), ŰŬ ůɡůŰŬŰɘəɎ, ŬˊŬɘŰɞɨɜ əŬɘ 

ŭɘŬűɞɟŮŰɘəɐ ɛŮŰŬɢŮɑɟɘůɖ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɛɘŬ ůŰŮɟŮɐ ɚɘˊŬɟɐ ˊɟɩŰɖ ɨɚɖ, ŭŮɜ 

ɛˊɞɟŮɑ ɜŬ ŬɜŬɛŮɘɢɗŮɑ ɛŮ ŰŬ Ůˊɘɛɏɟɞɡɠ ůɡůŰŬŰɘəɎ, ɢɤɟɑɠ ˊɟɩŰŬ ɜŬ ɗŮɟɛŬɜɗŮɑ 

əŬɘ ɜŬ ŭɘŬɚɡŰɞˊɞɘɖɗŮɑ.  

ȷɡŰɞɨ Űɞɡ Ůɑŭɞɡɠ ɖ Ůˊɘˊɚɏɞɜ ˊɟɞůˊɎɗŮɘŬ, ˊɟɞůɗɏŰŮɘ Ůˊɘˊɚɏɞɜ ˊɑŮůɖ ůŰɞ 

ˊɟɞůɤˊɘəɧ. Ƀɘ ŮˊɘůŰɐɛɞɜŮɠ Ůˊɞɛɏɜɤɠ, əŬɚɞɨɜŰŬɘ ɜŬ ɓɟɞɡɜ ɚɨůŮɘɠ ůŮ əɎɗŮ 

ˊɟɧɓɚɖɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ. ɀɑŬ ŮɜŭŮɘəŰɘəɐ ɚɨůɖ, ŮɑɜŬɘ ɖ ŬɜɎɗŮůɖ ůŮ Ɏɚɚɖ 

ɓɘɞɛɖɢŬɜɑŬ, ˊɟɞŮŰɞɘɛŬůɑŬ ɛɘɔɛɎŰɤɜ Ŭˊɧ Ůˊɘɛɏɟɞɡɠ ůɡůŰŬŰɘəɎ, ɩůŰŮ ɜŬ 

ɔɑɜŮŰŬɘ ŬˊŮɡɗŮɑŬɠ ˊɟɞůɗɐəɖ Űɞɡɠ, ůŰɖɜ ˊŬɟŬɔɤɔɘəɐ ŭɘŬŭɘəŬůɑŬ. ɇŬ ɛɑɔɛŬŰŬ 

ŬɡŰɎ ɤůŰɧůɞ, ɛˊɞɟŮɑ ɜŬ Ůˊɘűɏɟɞɡɜ ˊɟɞɓɚɐɛŬŰŬ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ 

ŬŭɡɜŬɛɑŬ ŮɝɏŰŬůɖɠ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ əɎɗŮ ůɡůŰŬŰɘəɞɨ ɛŮɛɞɜɤɛɏɜŬ. ɄŬɟɎ 

Űɞɡɠ ŬɜŬůŰŬɚŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ŰŬ ɛɑɔɛŬŰŬ ŬˊŬɘŰɞɨɜ ɚɘɔɧŰŮɟɞ ɢɟɧɜɞ, ˊɞɡ 

ŭŬˊŬɜɎŰŬɘ, ɔɘŬ Űɖ ŭɘŬůűɎɚɘůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ (ŮˊŮɘŭɐ ɛɧɜɞ ɏɜŬ ˊɟɞɥɧɜ 
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ŭɞəɘɛɎɕŮŰŬɘ ŬɜŰɑ ɞəŰɩ), Űɞ ɢɟɧɜɞ ŭɘɎɗŮůɖɠ (ɔɘŬŰɑ ɡˊɎɟɢɞɡɜ ɚɘɔɧŰŮɟŬ ŭɞɢŮɑŬ ɜŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ), əŬɘ Űɖ ɛŮɑɤůɖ Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

(ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŰŬ ůɡůŰŬŰɘəɎ ůŰɞ ɛŮɑɔɛŬ ŮɑɜŬɘ ˊɟɞŬɜŬɛŮɛŮɘɔɛɏɜŬ). (Ralph 

Gordon Harry, 2000) 

6.2 ȾŬŰɖɔɞɟɑŮɠ ɄɟɞɥɧɜŰɤɜ ï ȾɟɏɛŮɠ 

 

Ȳůɤɠ ɖ ˊɘɞ əɞɘɜɐ ɛɞɟűɐ ˊɟɞɥɧɜŰɞɠ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ŬůɨɛɓŬŰŬ ɡɚɘəɎ 

ŮɑɜŬɘ ɞɘ əɟɏɛŮɠ. ȷˊɧ ŰŮɢɜɘəɐɠ ˊɚŮɡɟɎɠ, ɞɘ əɟɏɛŮɠ ŮɑɜŬɘ ɔŬɚŬəŰɩɛŬŰŬ. ȰɜŬ 

ɔŬɚɎəŰɤɛŬ, ɞɟɑɕŮŰŬɘ ɤɠ ɏɜŬ ŮŰŮɟɞɔŮɜɏɠ ůɨůŰɖɛŬ ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ ɏɜŬ ɛɖ 

ŬɜŬɛɑɝɘɛɞ ɡɔɟɧ-ŭɘŬɜɞɛɏŬ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɛɘəɟɞůəɞˊɘəɎ ůŰŬɔɞɜɑŭɘŬ, 

ɛɏůŬ ůŮ ɏɜŬ Ɏɚɚɞ ɡɔɟɧ. Ƀɘ ŬˊɚɞɨůŰŮɟŮɠ ɛɞɟűɏɠ əɟɏɛŬɠ ŮɑɜŬɘ, ɛɑɔɛŬŰŬ ɜŮɟɞɨ 

əŬɘ ŬŭɘɎɚɡŰɤɜ ˊɟɞɠ Űɞ ɜŮɟɧ ɡɚɘəɩɜ, ŰŬ ɞˊɞɑŬ ɞɛɞɔŮɜɞˊɞɘɞɨɜŰŬɘ ɛŮ Űɖɜ 

ˊɟɞůɗɐəɖ Ůɜɧɠ ɔŬɚŬəŰɤɛŬŰɞˊɞɘɖŰɐ.  

Ƀɘ ɔŬɚŬəŰɤɛŬŰɞˊɞɘɖŰɏɠ ŮɑɜŬɘ ɛɧɟɘŬ, ˊɞɡ ɏɢɞɡɜ ɏɜŬ ɡŭŬŰɞ-ŭɘŬɚɡŰɧ əŬɘ ɏɜŬ 

ɏɚŬɘɞ-ŭɘŬɚɡŰɧ ɛɏɟɞɠ. ȳŰŬɜ ˊɟɞůŰɑɗŮɜŰŬɘ ůŮ ɏɜŬ ůɨůŰɖɛŬ, ˊɞɡ ˊŮɟɘɏɢŮɘ ɏɚŬɘŬ 

əŬɘ ɜŮɟɧ, ɛˊɞɟɞɨɜ ɜŬ ɔŬɚŬəŰɤɛŬŰɞˊɞɘɐůɞɡɜ ŰŬ ɏɚŬɘŬ, ůŮ ɛɘəɟɞůəɞˊɘəɎ 

ůŰŬɔɞɜɑŭɘŬ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ, ɜŬ ŰŬ ŭɘŬůˊŮɑɟɞɡɜ ůŮ ɧɚɞ Űɞɜ ɧɔəɞ Űɞɡ ɡɔɟɞɨ. 

ɇɞ Ůɑŭɞɠ ŬɡŰɧ Űɖɠ əɟɏɛŬɠ, ŮɑɜŬɘ ɏɜŬ əɚŬůɘəɧ ˊŬɟɎŭŮɘɔɛŬ, Ůɜɧɠ ɔŬɚŬəŰɩɛŬŰɞɠ 

ŮɚŬɑɞɡ ůŮ ɜŮɟɧ. ɀɘŬ Ɏɚɚɖ əŬŰɖɔɞɟɑŬ, ŮɑɜŬɘ ŰŬ ɔŬɚŬəŰɩɛŬŰŬ, ɜŮɟɞɨ ůŮ ɏɚŬɘɞ. 

ȯɚɚɞɘ Űɨˊɞɘ ɔŬɚŬəŰɤɛɎŰɤɜ, ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŰŬ ɔŬɚŬəŰɩɛŬŰŬ ˊɞɚɚŬˊɚɞɨ 

Űɨˊɞɡ, ůŰŬ ɞˊɞɑŬ ɡˊɎɟɢŮɘ ɛɑŬ ŬůɡɜŮɢɐɠ ŮůɤŰŮɟɘəɐ űɎůɖ (ˊ.ɢ. ɜŮɟɧ 

ŭɘŮůˊŬɟɛɏɜɞ ůŮ ɏɚŬɘɞ, Űɞ ɞˊɞɑɞ ůŰɖ ůɡɜɏɢŮɘŬ, ŭɘŬůˊŮɑɟŮŰŬɘ ůŮ ɜŮɟɧ) əŬɘ ŰŬ 

ɛɘəɟɞɔŬɚŬəŰɩɛŬŰŬ, ˊɞɡ ɏɢɞɡɜ ůɤɛŬŰɑŭɘŬ Űɧůɞ ɛɘəɟɎ, ˊɞɡ ŮɑɜŬɘ ůɢŮŭɧɜ 

ŬɧɟŬŰŬ. 

ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ əɟɏɛŮɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛɖ ŬɜŬɛɑɝɘɛŬ ůɡůŰŬŰɘəɎ, Űɘɠ 

əŬɗɘůŰɎ ŬŭɘŬűŬɜŮɑɠ ɐ ɗɞɚɏɠ ůŰɖɜ ŮɛűɎɜɘůɖ. ɇɞ Ŭɡɝɖɛɏɜɞ ɘɝɩŭŮɠ, ɛˊɞɟŮɑ ɜŬ 

ŮɑɜŬɘ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ űɨůɖɠ Űɤɜ ɔŬɚŬəŰɞɛŬŰɞˊɞɘɖɛɏɜɤɜ ůɤɛŬŰɘŭɑɤɜ ɐ Űɞ 

ŬˊɞŰɏɚŮůɛŬ Ůɜɧɠ Ůˊɘəɞɡɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ ˊɎɢɡɜůɖɠ. Ƀɘ əɟɏɛŮɠ, ŬɜɎɚɞɔŬ ɛŮ 

Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ əŬɘ Űɖɜ űɨůɖ Űɤɜ ůɡůŰŬŰɘəɩɜ ˊɞɡ Űɘɠ ŬˊŬɟŰɑɕɞɡɜ, ɏɢɞɡɜ 

ˊŮɟɘůůɧŰŮɟɞ ɐ ɚɘɔɧŰŮɟɞ ɚɘˊŬɟɐ ɡűɐ. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ ɢɟɐůɖ əŬɘ Űɞ Ůɑŭɞɠ Űɖɠ, 
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ɛɑŬ əɟɏɛŬ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ŬɜŰɘɘŭɟɤŰɘəɎ, ŮɜɡŭŬŰɘəɎ ůŰɞɘɢŮɑŬ, ŬɚɚɎ əŬɘ 

ůɡůŰŬŰɘəɎ ɘŭŬɜɘəɎ ɔɘŬ Űɞ ɝɨɟɘůɛŬ. 

ȷˊɧ Ɏˊɞɣɖ ůɨɜɗŮůɖɠ, ɛɑŬ əɟɏɛŬ ɛˊɞɟŮɑ ɜŬ ŬˊŬɘŰŮɑ ˊɞɚɨˊɚɞəɖ ŭɘŬŭɘəŬůɑŬ. 

ɆɡɔəŮəɟɘɛɏɜŬ, əŬŰɎ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ, ɛɘŬ əɟɏɛŬ ůɡɢɜɎ ŬˊŬɘŰŮɑ ŭɨɞ 

ɝŮɢɤɟɘůŰɏɠ ŭŮɝŬɛŮɜɏɠ, ɛɑŬ ɔɘŬ əɎɗŮ űɎůɖ (ɡŭŬŰɘəɐ əŬɘ ɚɘˊŬɟɐ) ˊɟɘɜ Űɖɜ 

ŬɜɎɛɘɝɖ.  ɆŰɖ ůɡɜɏɢŮɘŬ ɞɘ ŭɨɞ űɎůŮɘɠ ŬɜŬɛŮɘɔɜɨɞɜŰŬɘ, ɛŮ ůəɞˊɧ ɜŬ 

ůɢɖɛŬŰɑůɞɡɜ Űɞ ŰŮɚɘəɧ ɔŬɚɎəŰɤɛŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ˊɘɞ ˊɞɚɨˊɚɞəɤɜ 

ůɡůŰɖɛɎŰɤɜ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ ˊɞɚɚŬˊɚɎ ɔŬɚŬəŰɩɛŬŰŬ, ŬˊŬɘŰɞɨɜŰŬɘ ŰɟŮɘɠ 

ŭŮɝŬɛŮɜɏɠ.  ɀɘŬ Ůˊɘˊɚɏɞɜ ŭɡůəɞɚɑŬ ůŰɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ əɟɏɛŬɠ, ŮɑɜŬɘ Űɞ 

ɔŮɔɞɜɧɠ ɧŰɘ ˊɞɚɚɏɠ Ŭˊɧ Űɘɠ ˊɟɩŰŮɠ ɨɚŮɠ Űɖɠ ɚɘˊŬɟɐɠ űɎůɖɠ, ŮɑɜŬɘ ůŮ ůŰŮɟŮɐ 

ɛɞɟűɐ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ, əŬɘ ŬɜŬɛŮɘɔɜɨɞɜŰŬɘ ɛɧɜɞ əŬŰɧˊɘɜ 

ɗɏɟɛŬɜůɖɠ, ˊɎɜɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ Űɐɝɖɠ Űɞɡɠ.  

Ƀɘ əɟɏɛŮɠ ŮɑɜŬɘ ˊɞɚɡŰŮɚɐ ˊɟɞɥɧɜŰŬ, ɛŮ ɛŮɔɎɚɖ ŬɘůɗɖŰɘəɐ ŮɛűɎɜɘůɖ. ɋůŰɧůɞ, 

ɏɢɞɡɜ ɛŮɘɞɜŮəŰɐɛŬŰŬ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůɞɡɜ ɤɠ Űɟɞɢɞˊɏŭɖ ůŰɖɜ 

ŮˊɘŰɡɢɐ ŬɜɎˊŰɡɝɖ əŬɘ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ. ȹŮŭɞɛɏɜɞɡ, Űɞɡ ɔŮɔɞɜɧŰɞɠ 

ɧŰɘ ɞɘ əɟɏɛŮɠ ŮɑɜŬɘ ɔŬɚŬəŰɩɛŬŰŬ, ŬɡŰɧ Űɘɠ əŬɗɘůŰɎ ŬůŰŬɗŮɑɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ 

ŬˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ, ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Ůɜɧɠ ůŰŬɗŮɟɞɨ ɔŬɚŬəŰɩɛŬŰɞɠ 

ŮɑɜŬɘ ɞɘ ŭɞəɘɛɏɠ ůŰŬɗŮɟɧŰɖŰŬɠ, ŮɘŭɘəɎ ɧŰŬɜ ɔɑɜŮŰŬɘ əɎˊɞɘŬ ɞˊɞɘŬŭɐˊɞŰŮ ŬɚɚŬɔɐ 

ůŮ ɛɑŬ ŭɞəɘɛŬůɛɏɜɖ űɧɟɛɞɡɚŬ. ȼ ˊŬɟŬɛɘəɟɐ ŬɜɘůɞɟɟɞˊɑŬ, ůŮ əɎˊɞɘɞ 

ůɡůŰŬŰɘəɧ,  ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ˊɟɞɓɚɐɛŬŰŬ ŬůŰɎɗŮɘŬɠ. (Ralph Gordon 

Harry, 2000) 

6.3 ɉɟɐůɖ Űɤɜ ȸɞŰɎɜɤɜ əŬɘ ūɡŰɩɜ ůŰŬ 

ȾŬɚɚɡɜŰɘəɎ.  

6.3.1 ɇŬ ɓɧŰŬɜŬ ɤɠ ūɡůɘəɎ ɄɟɞɥɧɜŰŬ 

 

ȷɟɢɘəɎ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰŮɑ, Űɘ ŮɜɜɞɞɨɛŮ ɛŮ Űɞɜ ɧɟɞ, "űɡůɘəɧ". ȰɜŬɠ 

ˊŮɟɘŮəŰɘəɧɠ ɞɟɘůɛɧɠ ɗŬ ɐŰŬɜ: çəɎɗŮ ɡɚɘəɧ ˊɞɡ ůɡɚɚɏɔŮŰŬɘ ɐ ɏɢŮɘ ŮɝɞɟɡɢŰŮɑ  əŬɘ 

Űɞ ɞˊɞɑɞ ůŰɖ ůɡɜɏɢŮɘŬ, ˊɚɏɜŮŰŬɘ, ŬˊɞɢɟɤɛŬŰɑɕŮŰŬɘ, ŬˊɞůŰɎɕŮŰŬɘ, 

əɚŬůɛŬŰɞˊɞɘŮɑŰŬɘ, ŬɚɏɗŮŰŬɘ ɛŮ ůəɞˊɧ ɜŬ ŬˊŮɚŮɡɗŮɟɩůŮɘ ɛɑŬ, ɐ ˊɞɚɚɏɠ  

ɢɖɛɘəɏɠ ɞɡůɑŮɠ, ɞɘ ɞˊɞɑŮɠ ɡˊɎɟɢɞɡɜ ůŰɖɜ Ŭɟɢɘəɐ űɡůɘəɐ ˊɖɔɐè . ɋɠ ɛɘŬ 

ˊɟɧůɗŮŰɖ Űɟɞˊɞˊɞɑɖůɖ ɗŬ ɛˊɞɟɞɨůŮ əŬɜŮɑɠ ɜŬ ůɡɛˊŮɟɘɚɎɓŮɘ əŬɘ Űɞɜ 
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ˊŬɟŬəɎŰɤ ɞɟɘůɛɧ: çűɡůɘəɎ ŮɑɜŬɘ ŰŬ ˊɟɞɥɧɜŰŬ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɘɠ 

ɞɡůɑŮɠ Űɖɠ ŭɟɎůɖɠ Űɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ, Űɤɜ Ůɜɕɨɛɤɜ, ɐ Űɤɜ ɕɡɛɩɜ, ɏŰůɘ 

ɩůŰŮ ɜŬ Űɟɞˊɞˊɞɘɐůɞɡɜ, ɐ ɜŬ Ŭɡɝɐůɞɡɜ  Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ 

ɡɚɘəɞɨ, ɛŮ Űɖ ɛɏɗɞŭɞ ŬɡŰɐè. ȰɜŬ əɚŬůɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ 

ŬɘɗŬɜɧɚɖɠ Ŭˊɧ Űɖ ŭɟɎůɖ Űɖɠ ɛŬɔɘɎɠ ůŮ ɡŭŬŰɎɜɗɟŬəŮɠ. ɀŮ Űɞɜ ɞɟɘůɛɧ Űɖɠ 

"űɡůɘəɐɠ ˊɟɞɏɚŮɡůɖɠè ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ɢɟɐůɖ Ůɜɧɠ űɡŰɘəɞɨ ɓɞŰɎɜɞɡ, ɤɠ 

ˊɟɩŰɖ ɨɚɖ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɛɑŬɠ ɜɏŬɠ ɢɖɛɘəɐ ɞɡůɑŬɠ, ɖ ɞˊɞɑŬ ŭŮɜ ɗŬ 

ɛˊɞɟɞɨůŮ ŬɡŰɞɨůɘŬ ɜŬ ɡˊɎɟɢŮɘ ůŰɖ űɨůɖ ɐ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ űɡůɘəɐ ˊɖɔɐ. 

(Ralph Gordon Harry, 2000) 

 

ȺɘəɧɜŬ 6.1 ūɡůɘəɎ ɄɟɞɥɧɜŰŬ 

6.3.2 ȺəɢɡɚɑůɛŬŰŬ 

 

Ƀɘ ɛɏɗɞŭɞɘ əŬɘ ɞɘ ŭɘŬɚɨŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɤɜ 

ŮəɢɡɚɘůɛɎŰɤɜ, ŭɘŬűɏɟɞɡɜ  ɞɟɘŬəɎ Ŭˊɧ űŬɟɛŬəɞˊɞɘɑŬ ůŮ  űŬɟɛŬəɞˊɞɘɑŬ. ɇŬ 

ɓɞŰŬɜɘəɎ ŮəɢɡɚɑůɛŬŰŬ, ŮɑɜŬɘ ůɡɛˊɡəɜɤɛɏɜŬ ˊŬɟŬůəŮɡɎůɛŬŰŬ űɡŰɘəɐɠ ɨɚɖɠ, 

ŰŬ ɞˊɞɑŬ ɚŬɛɓɎɜɞɜŰŬɘ, ɛŮ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ŮˊɘɗɡɛɖŰɩɜ ůɡůŰŬŰɘəɩɜ Űɤɜ 

ŬɜŰɑůŰɞɘɢɤɜ űɡŰɩɜ, ɛŮ əŬŰɎɚɚɖɚɖ ŭɘŮɟɔŬůɑŬ, ɖ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ŮɝɎŰɛɘůɖ 

Űɞɡ ůɡɜɧɚɞɡ ɐ ůɢŮŭɧɜ ɧɚɞɡ Űɞɡ ŭɘŬɚɨŰɖ, əŬɘ ɛŮ Űɖɜ ˊɟɞůŬɟɛɞɔɐ Űɤɜ 

ɡˊɞɚŮɘɛɛŬŰɘəɩɜ ɛŬɕɩɜ  ɐ ůəɞɜɩɜ, ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ˊɟɞɓɚŮˊɧɛŮɜŮɠ 

ˊɟɞŭɘŬɔɟŬűɏɠ. ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, Űɞ ŮəɢɨɚɘůɛŬ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ 

ŮɝŬɢɗŮɑ ɛˊɞɟŮɑ ɜŬ ɡˊɞɓɚɖɗŮɑ ůŮ ˊɟɞəŬŰŬɟəŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, 

ŬŭɟŬɜɞˊɞɑɖůɖ Űɤɜ Ůɜɕɨɛɤɜ, ɎɚŮůɖ, ɐ ŬˊɞɚɑˊŬɜůɖ. ɇŬ ŮəɢɡɚɑůɛŬŰŬ, 

ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬɢɗɞɨɜ ɛŮ ŭɘŬɓɟɞɢɐ, ŭɘɐɗɖůɖ, ɐ ɎɚɚŮɠ əŬŰɎɚɚɖɚŮɠ 
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ŮˊɘəɡɟɤɛɏɜŮɠ ɛŮɗɧŭɞɡɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɘɗŬɜɧɚɖ ɐ Ɏɚɚɞ əŬŰɎɚɚɖɚɞ 

ŭɘŬɚɨŰɖ. ɀŮŰɎ Űɖɜ Ůəɢɨɚɘůɖ, ŬɜŮˊɘɗɨɛɖŰɞ ɡɚɘəɧ ŬˊɞɛŬəɟɨɜŮŰŬɘ, Ŭɜ ŬɡŰɧ 

əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɞ. ɄŬɟŬəɎŰɤ ŭɘŬəɟɑɜɞɜŰŬɘ ɞɘ Ůɝɐɠ əŬŰɖɔɞɟɑŮɠ ŮəɢɡɚɘůɛɎŰɤɜ 

əŬɘ ŭɘɎűɞɟɤɜ űɡŰɘəɩɜ ˊɟɞɥɧɜŰɤɜ, əŬɗɩɠ əŬɘ ɖ ɢɟɐůɖ Űɞɡɠ. (Ralph Gordon 

Harry, 2000) 

 
 

  

6.4 ȹɞəɘɛɏɠ ɆŰŬɗŮɟɧŰɖŰŬɠ ɄɟɞɥɧɜŰɤɜ  

 

Ƀɘ ˊŬɟŬůəŮɡŬůŰɏɠ əŬɚɚɡɜŰɘəɩɜ ŮɝŮŰɎɕɞɡɜ ŰŬəŰɘəɎ Űɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ 

ˊɟɞɥɧɜŰɞɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɘɎűɞɟŮɠ ŭɘŬŭɘəŬůɑŮɠ. ȼ ˊɟɧɓɚŮɣɖ Űɖɠ 

ɛŬəɟɞˊɟɧɗŮůɛɖɠ ůŰŬɗŮɟɧŰɖŰŬɠ Űɞɡ əɎɗŮ ˊɟɞɥɧɜŰɞɠ, ŮɑɜŬɘ ůˊɎɜɘŬ ŭɡɜŬŰɧɜ ɜŬ 

ˊɟɞɓɚŮűɗŮɑ, Ŭəɧɛɖ əŬɘ ɛŮŰɎ Ŭˊɧ ŮˊŬɜŮɘɚɖɛɛɏɜŮɠ ŮɝŮŰɎůŮɘɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ, 

ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ɏəɗŮůɐ Űɞɡ ůŮ ŰŮɢɜɖŰɏɠ əŬŰŬůŰɎůŮɘɠ ůŰɟŮɠ. Ƀɘ Űɡˊɘəɏɠ ŬɡŰɏɠ 

əŬŰŬůŰɎůŮɘɠ ůŰɟŮɠ ŮɑɜŬɘ ɖ ɗɏɟɛŬɜůɖ, ɖ ɣɨɝɖ, əŬɘ ɖ űɡɔɞəɏɜŰɟɖůɖ, əŬɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ Űɞɡɠ ˊŬɟŬůəŮɡŬůŰɏɠ ɛŮ Űɖɜ ŮɚˊɑŭŬ ɧŰɘ ɖ Ŭˊɧŭɞůɖ Űɞɡ 

ˊɟɞɥɧɜŰɞɠ əŬɘ ɖ ŮɛűɎɜɘůɖ, ŭŮɜ ɗŬ ŮˊɖɟŮŬůŰɞɨɜ əŬŰɎ Űɖɜ ˊŬɟŬɛɞɜɐ Űɞɡ 

ˊɟɞɥɧɜŰɞɠ ůŰɞ ɟɎűɘ. Ƀɘ ŮəŰɘɛɐůŮɘɠ ŭɘɎɟəŮɘŬɠ ɕɤɐɠ, əŬɗɩɠ əŬɘ ůɡɛˊŮɟɘűɞɟɎɠ 

Űɞɡ əɎɗŮ ˊɟɞɥɧɜŰɞɠ, ůŰɖ űŬɟɛŬəɞɓɘɞɛɖɢŬɜɑŬ ɔɑɜɞɜŰŬɘ ɛŮ ɛŮɔɎɚɖ 

ŬɡůŰɖɟɧŰɖŰŬ. ȷɜŰɑɗŮŰŬ, ůŰŬ əŬɚɚɡɜŰɘəɎ, ɞɘ əŬɜɞɜɘůɛɞɑ ŮɑɜŬɘ ˊɘɞ ŮɚŬůŰɘəɞɑ. 

-

ω˅ ʹˊʱʁˁ˔ˎ˂ʾˋ˃ʰˍʰ

ωˎ ʴˊʱʁˁ ˔ˎ˂ʾˋ˃ʰˍʰ

ω˃ ʰ˂ʰˁʱʶˁ˔ˎ˂ʾˋ˃ʰˍʰ

-

ωʃˊ˗ˍʶˌˏ˂ʶˌ˒ˎ ˍʽˁʺˌˉˊˇʷ˂ʶˎˋʹˌˉˇˎ̝ ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽˋˍʰ
ˁʰ˂˂ˎ˄ˍʽˁʱ

ωɮˊ˖˃ʰˍʽˁʱˋˎˋˍʰˍʽˁʱˍ˖˄˒ˎ ˍ˗˄όʶʻʰʾˊʽʰʷ˂ʰʽʰύ

-

ωʊˎˋʽˁʱ˂ʽˉʰ˄ˍʽˁʱ˒ˎˍʽˁʺˌˉˊˇʷ˂ʶˎˋʹˌ

ωɾʹ˂ ʽˉʰˊʱˋˎˋˍʰˍʽˁʱ˒ˎˋʽˁʺˌˉˊˇʷ˂ʶˎˋʹˌ

-

ωɳ˄ˎʵʰˍʽˁˇʾˉʰˊʱʴˇ˄ˍʶˌΣʴʰ˂ʰˁˍ˖˃ʰˍˇˉˇʽʹˍʷˌΣˉˎˁ˄˖ˍʽˁʱΣˋˎ˄ˍʹˊʹˍʽˁʱΣ
ʰ˄ˍʽˇ˅ʶʽʵ˖ˍʽˁʱΣ˔ʹ˂ʽˁˇʾˉʰˊʱʴˇ˄ˍʶˌΣʰ˄ˍʽʹ˂ʽʰˁʱˁʰʽh̄ ˇˊˊˇ˒ʹˍʷˌUV

ωʊˎˋʽˁʷˌ˔ˊ˖ˋˍʽˁʷˌ

http://www.goodreads.com/author/show/5496437.Ralph_Gordon_Harry
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ȾɎɗŮ Űɡˊɞˊɞɘɖɛɏɜɞ ˊɟɞɥɧɜ, ɡűɑůŰŬŰŬɘ ŬɚɚŬɔɏɠ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɖ ɔɐɟŬɜůɖ 

əŬɘ Űɖ ůɡůəŮɡŬůɑŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ əŬɚɚɡɜŰɘəɩɜ, ɞɘ ŬɚɚŬɔɏɠ Ŭűɞɟɞɨɜ 

Űɖɜ əŬɚɚɡɜŰɘəɐ əɞɛɣɧŰɖŰŬ, Űɖɜ Ŭˊɞŭɞɢɐ Űɞɡɠ Ŭˊɧ Űɞɡɠ əŬŰŬɜŬɚɤŰɏɠ, əŬɗɩɠ 

əŬɘ Űɖ ɢɟɖůɘɛɧŰɖŰŬ Űɞɡɠ. Ƀɘ ŬůŰɎɗŮɘŮɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ, ɞűŮɑɚɞɜŰŬɘ ůŮ 

ɢɖɛɘəɏɠ ŬɚɚŬɔɏɠ Ŭˊɧ ŰŬ ůɡůŰŬŰɘəɎ ɐ Űɖɜ ˊŬɟɞɡůɑŬ ŬɜŮˊɘɗɨɛɖŰɖɠ 

ɛɘəɟɞɢɚɤɟɑŭŬɠ. ɇŬ ɟ́ɞɥɧɜŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ŬɡŰɎ ŰŬ ŮɚŬŰŰɩɛŬŰŬ ŭŮɜ 

ŮɑɜŬɘ ŬˊɞŭŮəŰɎ, əŬɘ ˊɟɏˊŮɘ ɜŬ Ŭˊɞɟɟɘűɗɞɨɜ əŬŰɖɔɞɟɖɛŬŰɘəɎ. Ƀɘ űɡůɘəɏɠ 

ŬɚɚŬɔɏɠ, ɤɠ ůɖɛɎŭɘŬ ŬůŰɎɗŮɘŬɠ Űɞɡ ɔŬɚŬəŰɩɛŬŰɞɠ ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ 

ŬˊɞŭŮəŰɏɠ, Ŭɜ ɞ ɓŬɗɛɧɠ Űɖɠ Ŭɚɚɞɑɤůɖɠ ŮɑɜŬɘ ŬˊɞŭŮəŰɧɠ Ŭˊɧ Űɞɜ əŬŰŬɜŬɚɤŰɐ. 

 

ũɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ ˊŬɟŬůəŮɡɎůɛŬŰɞɠ, ŬəɞɚɞɡɗɞɨɜŰŬɘ 

ŭɞəɘɛŬůŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ, ůŮ ŬɡɝɖɛɏɜŮɠ ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ɡɔɟŬůɑŮɠ. 

ɄɟɧəŮɘŰŬɘ ɔɘŬ əɡəɚɘəɏɠ  ŭɞəɘɛɏɠ (ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ɣɨɝɖɠ / Ŭˊɧɣɡɝɖɠ), 

ŭɞəɘɛɐ ůŰɖɜ ɏəɗŮůɖ ůŰɞ űɤɠ, əŬɘ Űɏɚɞɠ, ɛɖɢŬɜɘəɏɠ ŭɞəɘɛɏɠ ɔɘŬ ŬˊɞůɨɜŭŮůɖɠ 

Űɤɜ ůŰŮɟŮɩɜ, Űɤɜ ɔŬɚŬəŰɩɛŬŰŬ əŬɘ Űɤɜ Ŭűɟɩɜ. ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ, ɞɘ 

ˊŬɟŬůəŮɡŬůŰɏɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ Ŭˊɞűɨɔɞɡɜ ˊɟɞɓɚɐɛŬŰŬ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ 

Űɤɜ ŭɞəɘɛɩɜ ŬɡŰɩɜ, əŬɚɞɨɜŰŬɘ ɜŬ Ůˊɘɚɏɝɞɡɜ Űɘɠ ŬɜɗŮəŰɘəɧŰŮɟŮɠ ˊɟɩŰŮɠ ɨɚŮɠ, 

ɞɘ ɞˊɞɑŮɠ ŭŮɜ ɞŭɖɔɞɨɜ ůŮ ŬůŰɎɗŮɘŬ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ. ɇŬ əɟɘŰɐɟɘŬ ŰŬ 

ɞˊɞɑŬ ŮɝŮŰɎɕɞɜŰŬɘ ůŰŬ əŬɚɚɡɜŰɘəɎ ɔŬɚŬəŰɩɛŬŰŬ, ˊŮɟɘɚŬɛɓɎɜɞɡɜ, Űɖɜ 

ŮɛűɎɜɘůɖ (ŭɘŬɢɤɟɘůɛɧɠ ůɡůŰŬŰɘəɩɜ əŬɘ ŬɚɚŬɔɐ ɢɟɩɛŬŰɞɠ), Űɖɜ ɞůɛɐ, Űɞ 

ɘɝɩŭŮɠ (ŭɡɜŬŰɧŰɖŰŬ ŭɘŬɜɞɛɐɠ), Űɖ ŭɘŬŰɐɟɖůɖ, Űɘɠ ɢɖɛɘəɏɠ ɛŮŰŬɓɞɚɏɠ (ɟȼ, 

ɡŭɟɧɚɡůɖ, əɚˊ) əŬɘ Űɖ ůŰŬɗŮɟɧŰɖŰŬ ůŰɞ űɤɠ. ȯɚɚŮɠ ŬɜɖůɡɢɑŮɠ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖ ůɡůəŮɡŬůɑŬ, Űɖɜ ŬɚɚŬɔɐ Űɞɡ ɓɎɟɞɡɠ, əŬɘ Űɖɜ ŮɡɟɤůŰɑŬ 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɠ ˊɚɐɟɤůɖɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ ůŰɖ 

ůɡůəŮɡŬůɑŬ. (Ralph Gordon Harry, 2000) 

 

6.4.1 Ƀɘ ȹɞəɘɛɏɠ ȾŬɚɚɡɜŰɘəɩɜ əŬɘ ɖ ɆŰŬɗŮɟɧŰɖŰŬ Űɤɜ 

ũŬɚŬəŰɤɛɎŰɤɜ 

 

ȼ ɛŬəɟɞˊɟɧɗŮůɛɖ ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ ɛŬəɟɞɔŬɚŬəŰɤɛɎŰɤɜ, ůŰŬ əŬɚɚɡɜŰɘəɎ 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ŮˊɘŰɡɢɐ ŮɛˊɞɟɑŬ ɧɚɤɜ Űɤɜ Űɨˊɤɜ əɟŮɛɩɜ əŬɘ 

ɚɞůɘɧɜ. ȼ ŭɘɎəɟɘůɖ ɛŮŰŬɝɨ ɛŬəɟɞɔŬɚŬəŰɤɛɎŰɤɜ əŬɘ ɛɘəɟɞɔŬɚŬəŰɤɛɎŰɤɜ, 
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ŮɑɜŬɘ ɗŮɛŮɚɘɩŭɞɡɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖ ůŰŬɗŮɟɧŰɖŰŬ. ɇŬ ɛŬəɟɞɔŬɚŬəŰɩɛŬŰŬ,  

ɡˊɧəŮɘɜŰŬɘ ůŮ űɡůɘəɎ űŬɘɜɧɛŮɜŬ, ɛŮ ŰŬ ɞˊɞɑŬ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ 

ŬɜŬɔɜɤɟɘůŰɞɨɜ ɤɠ ŬůŰŬɗɐ, ůŮ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ ɗŮɟɛɞəɟŬůɘɩɜ, əŬŰɎ 

Űɖɜ ŭɘɎɟəŮɘŬ ŬˊɞɗɐəŮɡůɖɠ əŬɘ ɢɟɐůɖɠ. ȷɜŰɑɗŮŰŬ ŰŬ ɛɘəɟɞɔŬɚŬəŰɩɛŬŰŬ, ůŰŬ 

ɞˊɞɑŬ Ŭɜɐəɞɡɜ ŭɘŬűŬɜɐ əŬɘ ɘɟɘŭɑɕɞɜŰŬ ˊŬɟŬůəŮɡɎůɛŬŰŬ, ŮɑɜŬɘ ɗŮɟɛɞŭɡɜŬɛɘəɎ 

ůŰŬɗŮɟɎ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɗŮɟɛɞŭɡɜŬɛɘəɐ Űɤɜ ɔŬɚŬəŰɤɛɎŰɤɜ, ɞɘ ɞɡůɑŮɠ 

ŬɡŰɏɠ ŮɑɜŬɘ ŬůŰŬɗŮɑɠ əŬɘ ŰŮɑɜɞɡɜ ɜŬ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ ɏɜŬ ɡŭŬŰɘəɧ ůŰɟɩɛŬ əŬɘ 

ɏɜŬ ŮɚŬɘɩŭŮɠ ůŰɟɩɛŬ. ȰŰůɘ, ɖ ɡˊŮɟɓɞɚɘəɐ ˊɑŮůɖ Ŭˊɧ Űɖɜ ɡɣɖɚɐ ɗŮɟɛɧŰɖŰŬ, ɐ 

ɖ ɡˊŮɟɓɞɚɘəɐ ɛɖɢŬɜɘəɐ ŭɨɜŬɛɖ, ɛˊɞɟɞɨɜ ɜŬ əŬŰŬůŰɟɏɣɞɡɜ ɔɟɐɔɞɟŬ ŰŬ 

ɔŬɚŬəŰɩɛŬŰŬ, ɤůŰɧůɞ ɡˊɎɟɢŮɘ ɛɘŬ ŬˊɞŭŮəŰɐ ˊŮɟɘɞɢɐ ůɡɜɗɖəɩɜ ůŰɟŮɠ, ůŰɖɜ 

ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰŬˊŮɝɏɚɗɞɡɜ, əŬɘ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ əŬɗɞɟɑɕŮɘ Űɖɜ ŭɘɎɟəŮɘŬ 

ɕɤɐɠ. ɄŬɟŬəɎŰɤ ɔɑɜŮŰŬɘ ůɨɜŰɞɛɖ ŬɜŬűɞɟɎ ůŰɞɡɠ ŭɘɎűɞɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ 

əŬɗɞɟɑɕɞɡɜ Űɘɠ çŭɞəɘɛŬůɑŮɠ ůŰɟŮɠè. (Ralph Gordon Harry, 2000) 

6.4.1.1 ŪŮɟɛɞəɟŬůɑŬ 

 

ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ, ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Ůɜɧɠ ˊɟɧůűŬŰŬ 

ůɢɖɛŬŰɘůɛɏɜɞɡ ɔŬɚŬəŰɩɛŬŰɞɠ, ůŮ Ŭɡɝɖɛɏɜɖ ɗŮɟɛɞəɟŬůɑŬ, ɔɘŬ ɏɜŬ 

ůɡɔəŮəɟɘɛɏɜɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ, ɧˊɞɡ Űɞ ˊɟɞɥɧɜ ŮɝŮŰɎɕŮŰŬɘ ˊŮɟɘɞŭɘəɎ ɔɘŬ 

ŮɜŭŮɑɝŮɘɠ ŭɘŬɢɤɟɘůɛɞɨ.  ɆŬɜ ɔŮɜɘəɧɠ əŬɜɧɜŬɠ, ŮˊɘəɟŬŰŮɑ, ɧŰɘ ɖ ŬˊɞɗɐəŮɡůɖ 

Űɞɡ ˊɟɞɥɧɜŰɞɠ ɔɘŬ 3 ɛɐɜŮɠ ůŮ ɛŮŰɟɑɤɠ Ŭɡɝɖɛɏɜɖ ɗŮɟɛɞəɟŬůɑŬ, (ɛŮŰŬɝɨ 

ˊŮɟɑˊɞɡ 37ÁC əŬɘ 45ÁC), ɢɤɟɑɠ ŮɜŭŮɑɝŮɘɠ ŭɘŬɢɤɟɘůɛɞɨ, ŮɔɔɡɎŰŬɘ Űɖ 

ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ (25ÁC ɏɤɠ 30ÁC) ɔɘŬ 

ˊŮɟɑˊɞɡ ɏɜŬ ɏŰɞɠ. ȷɡŰɐ ɖ ˊɟɞůɏɔɔɘůɖ ɓŬůɑɕŮŰŬɘ ůŰɘɠ Ŭɟɢɏɠ Űɖɠ Ůɝɑůɤůɖɠ  

Arrhenius [Ὧ ὃὩ ] əŬɘ ŬɡŰɧ Űɖɜ əŬɗɘůŰɎ, ˊɘɗŬɜɧŰŬŰŬ, ɛɖ ŬɝɘɧˊɘůŰɖ. ȼ 

ɡˊɧɗŮůɖ ŬɡŰɐ, ɛŮ ɓɎůɖ Űɖɜ ŮɜɏɟɔŮɘŬ ŮɜŮɟɔɞˊɞɑɖůɖɠ, ɚŮɘŰɞɡɟɔŮɑ 

ŬɝɘɞɗŬɨɛŬůŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ŬɜŰɑŭɟŬůɖ, ůŮ Ŭɡɝɖɛɏɜɖ ɗŮɟɛɞəɟŬůɑŬ 

ŮɑɜŬɘ ŰŬɡŰɧůɖɛɖ ɛŮ ŮəŮɑɜɖ ˊɞɡ ɚŬɛɓɎɜŮɘ ɢɩɟŬ, ůŮ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ. 

(Ralph Gordon Harry, 2000) 

6.4.1.2 ɅŮɞɚɞɔɑŬ 

 

ȰɜŬɠ Ɏɚɚɞɠ ůɡɜɖɗɘůɛɏɜɞɠ ɏɚŮɔɢɞɠ Űɤɜ ˊŬɟŬůəŮɡŬůŰɩɜ, ŮɑɜŬɘ ɖ ŮɝɏŰŬůɖ Űɤɜ 

ɟŮɞɚɞɔɘəɩɜ ŬɚɚŬɔɩɜ Űɞɡ ɜŮɞůɢɖɛŬŰɘɕɧɛŮɜɞɡ ˊɟɞɥɧɜŰɞɠ. ɇɞ ɘɝɩŭŮɠ Űɞɡ 

http://www.goodreads.com/author/show/5496437.Ralph_Gordon_Harry
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ˊɟɞɥɧɜŰɞɠ ˊɞɡ Űɞ ɛŮŰŬɓɎɚŮɘ Ŭˊɧ ɡŭŬɟɧ, ɚŮˊŰɧɟɟŮɡůŰɞ, ůŮ ɖɛɘůŰŮɟŮɧ 

ɔŬɚɎəŰɤɛŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ. ɇɞ ɛɞŰɑɓɞ Űɖɠ 

ɟŮɞɚɞɔɑŬɠ ŰɏŰɞɘɤɜ əŬɚɚɡɜŰɘəɩɜ ɔŬɚŬəŰɤɛɎŰɤɜ, ŮɑɜŬɘ ɘɝɤŭɞŮɚŬůŰɘəɧ , əŬɘ ɔɘ 

ŬɡŰɧ Űɞ ɚɧɔɞ ɞɘ ɛŮŰɟɐůŮɘɠ ůŮ ɏɜŬ ɛɧɜɞ ůɖɛŮɑɞ ŭŮɜ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɢɟɐůɘɛŮɠ. ɇŬ 

ˊɘɞ ˊŮɟɑˊɚɞəŬ ůɨɔɢɟɞɜŬ ŮɟɔŬɚŮɑŬ ɛɏŰɟɖůɖɠ, ɛŮŰɟɞɨɜ Űɖɜ ŰɎůɖ ŭɘɎŰɛɖůɖɠ ůŮ 

ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ɟɡɗɛɧ ŭɘɎŰɛɖůɖɠ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŮɛűŬɜɑůɞɡɜ űŬɘɜɧɛŮɜɞ 

ɡůŰɏɟɖůɖɠ.  ɋůŰɧůɞ, əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɟŮɞɚɞɔɑŬɠ, ɞɘ ɛŮɚɏŰŮɠ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ, ˊɞɡ ɏɢŮɘ ŬˊɞɗɖəŮɡŰŮɑ ůŮ ɡˊŮɟɓɞɚɘəɎ ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ, ɛˊɞɟŮɑ 

ɜŬ ŮɑɜŬɘ ˊŬɟŬˊɚŬɜɖŰɘəɏɠ. (Ralph Gordon Harry, 2000) 

6.4.1.3 ɀɏɔŮɗɞɠ ɆɤɛŬŰɘŭɑɤɜ  

 

Ƀɘ ɛŮŰɟɐůŮɘɠ Űɞɡ ɛŮɔɏɗɞɡɠ ůɤɛŬŰɘŭɑɤɜ ŭɘŬůəɞɟˊɘůɛɏɜɖɠ űɎůɖɠ, ůŮ ɏɜŬ 

ɔŬɚɎəŰɤɛŬ, ŬˊŬɘŰɞɨɜ ɘŭɘŬɑŰŮɟŬ ˊɟɞůŮəŰɘəɐ ŮɟɛɖɜŮɑŬ. ɆŰɖɜ ɘŭŬɜɘəɐ 

ˊŮɟɑˊŰɤůɖ, ŰŬ ůɤɛŬŰɑŭɘŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɝŮŰɎɕɞɜŰŬɘ, ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ ɔɘŬ 

ˊɞɚɨˊɚɞəŮɠ ŭɘŬŭɘəŬůɑŮɠ ŬɟŬɑɤůɖɠ. ȺɎɜ Űɞ ɛɏůɞ ɛɏɔŮɗɞɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ 

ˊŬɟŬɛɏɜŮɘ ŬɜŬɚɚɞɑɤŰɞ, əɎŰɤ Ŭˊɧ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ŬˊɞɗɐəŮɡůɖɠ, ɞ 

ˊŬɟŬůəŮɡŬůŰɐɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞɗɏůŮɘ ɧŰɘ ɖ ůɡɜɏɜɤůɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰɞ 

ɔŬɚɎəŰɤɛŬ ŭŮɜ ˊŬɟɞɡůɘɎɕŮɘ ˊɟɧɓɚɖɛŬ. ɋůŰɧůɞ, ŬɡŰɧ ŭŮɜ ŬˊɞəɚŮɑŮɘ Űɖɜ 

ˊŮɟɑˊŰɤůɖ, ɧŰɘ Ɏɚɚɞɘ Űɨˊɞɘ ŬůŰɎɗŮɘŬɠ ˊŬɑɕɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ 

ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ. (Ralph Gordon Harry, 2000) 

 

6.4.2 ɄɟɤŰɧəɞɚɚŬ ȹɞəɘɛɩɜ ɔɘŬ ŰŬ ũŬɚŬəŰɩɛŬŰŬ 
 

ɆŰɖ ŭŮəŬŮŰɑŬ Űɞɡ 1980, ŭɘŮɝɐɢɗɖ ȺɡɟɤˊŬɥəɧɠ ŭɘŮɟɔŬůŰɖɟɘŬəɧɠ ɏɚŮɔɢɞɠ 

ůŰŬɗŮɟɧŰɖŰŬɠ ɔŬɚŬəŰɩɛŬŰɞɠ, Űɟɘɩɜ ˊɟɞɥɧɜŰɤɜ əŬɘ ɞɘ ŭɞəɘɛɏɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ, ŬɜŬűɏɟɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ: 

ɄɑɜŬəŬɠ 6.1. ȷɟɢɘəɏɠ ŭɞəɘɛɏɠ ůŰŬɗŮɟɧŰɖŰŬɠ  

ɆɡɜɗɐəŮɠ ȹɞəɘɛɩɜ ɉɟɞɜɘəɐ ůŰɘɔɛɐ Ŭɝɘɞɚɧɔɖůɖɠ 

-20ÁC 24 ɩɟŮɠ (ɛŮŰɎ Űɖɜ Ŭˊɧɣɡɝɖ) 

-5ÁC 1 ŮɓŭɞɛɎŭŬ (ɛŮŰɎ Űɖɜ Ŭˊɧɣɡɝɖ) 

ŪŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ(ůəɞŰɎŭɘ) 1ɞ ,2ɞ ,3ɞ  əŬɘ 4ɞ  ɛɐɜŬ 

40ÁC 3 ɖɛɏɟŮɠ, 1ɖ,2ɖ,3ɖ əŬɘ 4ɖ ŮɓŭɞɛɎŭŬ 

http://www.goodreads.com/author/show/5496437.Ralph_Gordon_Harry
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 2ɞ əŬɘ 3ɞ ɛɐɜŬɠ 

45ÁC 

3 ɖɛɏɟŮɠ, 1ɖ,2ɖ,3ɖ əŬɘ 4ɖ ŮɓŭɞɛɎŭŬ 

 2ɞ əŬɘ 3ɞ ɛɐɜŬɠ 

50ÁC 1ɖ əŬɘ 3ɖ ɖɛɏɟŬ, 1ɖ ŮɓŭɞɛɎŭŬ 

 
ɋůŰɧůɞ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɞəɘɛɩɜ ŭŮɜ ŬˊɞŭŮɑɢɗɖəŬɜ 

əŬɗɞɟɘůŰɘəɎ ɔɘŬ Űɖɜ ɔŮɜɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ˊɟɞɥɧɜŰɤɜ. ȰŰůɘ, ůɐɛŮɟŬ, 

ŮˊɘəɟŬŰɞɨɜ ɞɘ ˊŬɟŬəɎŰɤ əŬŰŮɡɗɡɜŰɐɟɘŮɠ ɞŭɖɔɑŮɠ ɔɘŬ ŮˊɘŰŬɢɡɜɧɛŮɜɖ ŭɞəɘɛɐ 

ůŰŬɗŮɟɧŰɖŰŬɠ. 

ɄɑɜŬəŬɠ 6.2. ɆɡɜɗɐəŮɠ Űɤɜ ŭɞəɘɛɩɜ ůŰŬɗŮɟɧŰɖŰŬɠ ˊɞɡ ŮˊɘəɟɎŰɖůŬɜ.  

ɆɡɜɗɐəŮɠ ȹɞəɘɛɩɜ ɉɟɞɜɘəɐ ůŰɘɔɛɐ Ŭɝɘɞɚɧɔɖůɖɠ  

25ÁC Ñ 2ÁC 1 ɢɟɧɜɞɠ 

30ÁC Ñ 2ÁC 

1 ɢɟɧɜɞɠ (ɘůɞŭɨɜŬɛŬ ɛŮ ɗŮɟɛɞəɟŬůɑŬ 

ŭɤɛŬŰɑɞɡ) 

40ÁC Ñ 2ÁC 6 ɛɐɜŮɠ 

ɄɎɔɤɛŬ/ȷˊɧɣɡɝɖ Ⱦɡəɚɘəɐ ŭɞəɘɛɐ Ŭˊɧ 5ÁC ɏɤɠ 45ÁC 

ȹɞəɘɛɐ űɤŰɧɠ  

ūɗɞɟɑɕɤɜ 1-2 ŮɓŭɞɛɎŭŮɠ 

ɂɏɜɞ 1-2 ŮɓŭɞɛɎŭŮɠ 

ɈˊŮɟɘɩŭŮɠ 1-2 ŮɓŭɞɛɎŭŮɠ 

ūɤɠ ɖɛɏɟŬɠ 1 ɢɟɧɜɞɠ 

ȯɚɚŮɠ ŭɞəɘɛɏɠ  

ȷɜŬəɑɜɖůɖ 

1 ŮɓŭɞɛɎŭŬ ůŰɞɡɠ 30ÁC ɐ ůŰɞɡɠ 

40ÁC 

ūɡɔɞəɏɜŰɟɖůɖ 1-2 ɩɟŮɠ 

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊŬɟŬˊɎɜɤ ɛŮŰɟɐůŮɤɜ, ɛŮɚŮŰɩɜŰŬɘ ůŰŬŰɘůŰɘəɎ ůŮ 

ůɡɜɎɟŰɖůɖ ɛŮ ɎɚɚŮɠ ˊŬɟŰɑŭŮɠ ɐ ɎɚɚŬ ˊɟɞɥɧɜŰŬ. (Ralph Gordon Harry, 2000) 

 

6.4.3 ɉɖɛɘəɐ ȷůŰɎɗŮɘŬ Űɤɜ ɆɡůŰŬŰɘəɩɜ Űɤɜ ȾŬɚɚɡɜŰɘəɩɜ  

 

ȺəŰɧɠ Ŭˊɧ Űɖɜ ŬůŰɎɗŮɘŬ Űɤɜ ɔŬɚŬəŰɤɛɎŰɤɜ, əŬɘ Űɖɜ ŬˊɞůɨɜɗŮůɖ Űɤɜ 

űŬɟɛŬəŮɡŰɘəɩɜ ɞɡůɘɩɜ, ɞɘ ˊŬɟŬůəŮɡŬůŰɏɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɩůɞɡɜ ˊɟɞůɞɢɐ, 
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ɩůŰŮ ɜŬ ˊɟɞűɡɚɎɝɞɡɜ Űɞ ˊɟɞɥɧɜ əŬɘ Ŭˊɧ ɎɚɚŬ ɢɖɛɘəɎ űŬɘɜɧɛŮɜŬ. ɄɞɚɚɎ 

ůɡůŰŬŰɘəɎ əŬɚɚɡɜŰɘəɩɜ, ɡˊɧəŮɘɜŰŬɘ ůŮ ɧɚɞɡɠ Űɞɡɠ Űɨˊɞɡɠ ŬɜŰɘŭɟɎůŮɤɜ 

ŬˊɞůɨɜɗŮůɖɠ, ɞɘ ɞˊɞɑɞɘ ŬɜŬűɏɟɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ˊŬɟŬəɎŰɤ: 

 

6.4.3.1 ɀŮŰŮůŰŮɟɞˊɞɑɖůɖ 

 

Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ ɛŮŰŮůŰŮɟɞˊɞɑɖůɖɠ ůˊɎɜɘŬ, ˊɟɞəŬɚɞɨɜ ˊɟɧɓɚɖɛŬ əŬŰɎ Űɖɜ 

ŭɘɎɟəŮɘŬ ˊŬɟŬɔɤɔɐɠ Űɖɠ ŮəɎůŰɞŰŮ űɧɟɛɞɡɚŬɠ, ŬɚɚɎ ɖ ŮɛűɎɜɘůɖ Űɞɡɠ ɛˊɞɟŮɑ 

ɜŬ ɔɑɜŮɘ ŮɝŬɘɟŮŰɘəɎ ŮɜɞɢɚɖŰɘəɐ, əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ŭɞəɘɛɩɜ ůŰŬɗŮɟɧŰɖŰŬɠ. 

ɀɘŬ Űɡˊɘəɐ ˊŮɟɑˊŰɤůɖ, ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ ŮɜɡŭŬŰɘəɩɜ 

ůɡůŰŬŰɘəɩɜ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɖɠ ůɞɟɓɘŰɧɚɖɠ ɐ Űɖɠ ɔɚɡəŮɟɑɜɖɠ, əŬɗɩɠ əŬɘ Űɤɜ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ɡŭɟɞɝɡɓŮɜɕɞɥəɩɜ.  

 

6.4.3.2 ȹɘŬɚɡŰɞˊɞɑɖůɖ 

 

ȼ ŭɘŬɚɡŰɞˊɞɑɖůɖ Űɤɜ ůɡɜŰɖɟɖŰɘəɩɜ Ŭˊɧ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɏɠ ɞɡůɑŮɠ, ŮɑɜŬɘ 

ɔɜɤůŰɧ ɧŰɘ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŬɜŰɘɛɘəɟɞɓɘŬəɐ ŭɟɎůɖ. ȷɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ, 

ˊŮɟɘɔɟɎűɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ˊŮɟɑˊɞɡ ˊɟɘɜ Ŭˊɧ 50 ɢɟɧɜɘŬ, əŬɘ ɏɢŮɘ ŮɝɖɔɖɗŮɑ 

ˊɞɚɚɏɠ űɞɟɏɠ ɤɠ űŬɘɜɧɛŮɜɞ ŭɘŬɚɡŰɞˊɞɑɖůɖɠ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ˊŬɟŬɔɤɔɐɠ 

əŬɚɚɡɜŰɘəɩɜ əŬɘ űŬɟɛŬəŮɡŰɘəɩɜ ůəŮɡŬůɛɎŰɤɜ. 

 

6.4.3.3 ɃɝŮɑŭɤůɖ 

 

ȼ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ ŮˊɑɗŮůɖ Ůˊɑ Űɖɠ ŬəŮɟŬɘɧŰɖŰŬɠ Űɞɡ ˊɟɞɥɧɜŰɞɠ, ɞűŮɑɚŮŰŬɘ 

ůŰɖɜ ɞɝŮɑŭɤůɖ, ɘŭɘŬɑŰŮɟŬ ɡˊɧ Űɖɜ ˊŬɟɞɡůɑŬ űɤŰɧɠ. ȼ ŮˊɑɗŮůɖ Űɞɡ ɞɝɡɔɧɜɞɡ 

ɔɘŬ ŰŬ əŬɚɚɡɜŰɘəɎ ůɡůŰŬŰɘəɎ, ŭŮɜ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŰɘɠ ŬəɧɟŮůŰŮɠ ɞɡůɑŮɠ.  ɆŰɖɜ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ɖ ˊɘɞ ɨˊɞɡɚɖ ŮˊɑɗŮůɖ ŮɑɜŬɘ ɖ ɡˊŮɟɞɝŮɑŭɤůɖ Űɤɜ Ŭɘɗɏɟɤɜ 

ˊɞɚɡɞɝɡŬɘɗɡɚŮɜɑɞɡ. ũɘŬ ɜŬ ˊɟɞůŰŬŰŮɡŰŮɑ, ɏɜŬ ɜɏɞ ˊɟɞɥɧɜ, ɞɘ ˊŬɟŬůəŮɡŬůŰɏɠ 

űɟɞɜŰɑɕɞɡɜ Űɖɜ Ŭˊɞűɡɔɐ ɡˊŮɟɘɩŭɞɡɠ űɤŰɧɠ, Ůˊɘɛɧɚɡɜůɖ ɛŮ əɎˊɞɘɞ ɛɏŰŬɚɚɞ, 

ɐ Űɖɜ ɏəɗŮůɖ ůŮ ɞɝɡɔɧɜɞ. (Ralph Gordon Harry, 2000) 

 

 

http://www.goodreads.com/author/show/5496437.Ralph_Gordon_Harry
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ȺɘůŬɔɤɔɐ-Ɇəɞˊɧɠ 

Ɇəɞˊɧɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ŮɑɜŬɘ ɖ ɛŮɚɏŰɖ 

ŮəɢɡɚɘůɛɎŰɤɜ űɡŰɩɜ ɔŮɜɘəɧŰŮɟŬ, əŬɘ ŮɘŭɘəɎ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ 

ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɖɜ ŮŰŬɘɟɑŬ ȾɃɅɅȺɆ.  

ȾŬŰɎ Űɖɜ ŭɘŮɝŬɔɤɔɐ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŮɟɔŬůɑŬɠ ˊɞɡ ɏɚŬɓŮ ɢɩɟŬ əŬŰɎ Űɖɜ 

ŭɘɎɟəŮɘŬ Űɞɡ 10ɞɡ ŮɝŬɛɐɜɞɡ : 

¿ ȰɔɘɜŮ ˊɟɞůŭɘɞɟɘůɛɧɠ ɞɚɘəɩɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ, ůŰŬ ˊɟɞɠ 

ŮɝɏŰŬůɖ ŮəɢɡɚɑůɛŬŰŬ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ 

ɛɏɗɞŭɞɘ, ɛŮ ůəɞˊɧ Űɖɜ ůɨɔəɟɘůɖ Űɞɡɠ əŬɘ Űɖɜ ŭɘŮɝŬɔɤɔɐ 

ůɡɛˊŮɟŬůɛɎŰɤɜ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡɠ.  

¿ ȷɜŬɚɨɗɖəŬɜ ŰŬ ŰɏůůŮɟŬ ŮəɢɡɚɑůɛŬŰŬ ɤɠ ˊɟɞɠ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ 

Űɞɡɠ ůŮ ɞɚɘəɎ űɚŬɓɞɜɞŮɘŭɐ. 

¿ ɀŮɚŮŰɐɗɖəŮ ɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ Űɤɜ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ, ɛŮ 

ŭɞəɘɛɏɠ ŬɜŰɘŭɟŬůŰɖɟɑɞɡ DPPH. ɇŬ ŮəɢɡɚɑůɛŬŰŬ ɧˊɤɠ əŬɘ ŰŬ 

ˊɟɧŰɡˊŬ ůɡɔəɟɑɗɖəŬɜ ɛŮŰŬɝɨ Űɞɡɠ ɤɠ ˊɟɞɠ Űɖɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ 

Űɞɡɠ ůɡɛˊŮɟɘűɞɟɎ. 

¿ ȺˊɘˊɟɧůɗŮŰŬ, ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ůŰɖ Ɇɢɞɚɐ ɉɖɛɘəɩɜ 

ɀɖɢŬɜɘəɩɜ, ɓɘɓɚɘɞɗɐəɖ ůŮ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ (LC-MS) 24 

ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ ŮɜŭŮɘəŰɘəɩɜ Ŭˊɧ əɎɗŮ əŬŰɖɔɞɟɑŬ űŬɘɜɞɚɘəɩɜ 

əŬɘ űɚŬɓɞɜɞŮɘŭɩɜ. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ, ŰŬ ˊɟɧŰɡˊŬ ŬɜŬɚɨɗɖəŬɜ ɛŮ 

ŬˊŮɡɗŮɑŬɠ ɏɔɢɡůɖ ůŰɞ űŬůɛŬŰɧɛŮŰɟɞ ɛɎɕŬɠ, ɛŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ 

ˊɖɔɏɠ ɘɞɜɘůɛɞɨ əŬɘ ɛŮ ɗŮŰɘəɧ əŬɘ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ 

ˊɖɔɏɠ. ȼ ɢɟɖůɘɛɧŰɖŰŬ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ ɏɔəŮɘŰŬɘ ůŰɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ůɨɔəɟɘůɖɠ Űɤɜ űŬůɛɎŰɤɜ ɛɎɕŬɠ Űɤɜ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ, ɛŮ ŬɡŰɎ 

Űɤɜ ˊɟɞɠ ŮɝɏŰŬůɖ ŮəɢɡɚɘůɛɎŰɤɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŰŬɡŰɞˊɞɘɖɗɞɨɜ ɞɘ 

ɡˊɎɟɢɞɡůŮɠ ŮɜɩůŮɘɠ. 

¿ ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɏɗɞŭɞɠ Űɖɠ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ, 

ůɡɕŮɡɔɛɏɜɖɠ ɛŮ űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ 
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ŮəɢɡɚɘůɛɎŰɤɜ ŬɚɚɎ əŬɘ Űɤɜ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ. ȷəɞɚɞɨɗɖůŮ ɖ 

ŰŬɡŰɞˊɞɑɖůɖ ŮɜɩůŮɤɜ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɡɠ ɢɟɧɜɞɡɠ ŬɜɎůɢŮůɖɠ 

ŬɚɚɎ əŬɘ ɛŮ Űɖɜ ɓɘɓɚɘɞɗɐəɖ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŭɘŬˊɘůŰɤɗŮɑ ɖ ɨˊŬɟɝɖ əŬɘ Ɏɚɚɤɜ ˊɞɚɡűŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ.  

¿ ɇɏɚɞɠ, ŬəɞɚɞɨɗɖůŮ ˊŬɟŬɔɤɔɐ əɟɏɛŬɠ, ůŰŬ ŮɟɔŬůŰɐɟɘŬ Űɞɡ 

ŮɟɔɞůŰŬůɑɞɡ ȾɃɅɅȺɆ ȷ.Ⱥ., ůŰŬ ɃɘɜɧűɡŰŬ əŬɘ ŮɜůɤɛɎŰɤůɖ Űɞɡ 

ŮəɢɡɚɑůɛŬŰɞɠ ůŮ ŬɡŰɐ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŭɞəɘɛɏɠ ůŰŬɗŮɟɧŰɖŰŬɠ, 

ɢɟɞɜɘəɐɠ ŭɘɎɟəŮɘŬɠ Ůɜɧɠ ɛɐɜŬ, ůŮ əɟɏɛŬ ˊɞɡ ˊŮɟɘŮɑɢŮ Űɞ ŮəɢɨɚɘůɛŬ 

əŬɘ ůŮ əɟɏɛŬ ɢɤɟɑɠ ŬɡŰɧ, ɛŮ ůəɞˊɧ Űɖɜ ůɨɔəɟɘůɖ Űɖɠ 

ůɡɛˊŮɟɘűɞɟɎɠ ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ŮɜůɤɛɎŰɤůɖ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ɧˊɤɠ əŬɘ ŭŮɑɔɛŬ Űɖɠ əɟɏɛŬɠ, ˊŬɟŬŰɑɗŮɜŰŬɘ ɛŬɕɑ 

ɛŮ Űɖɜ ŭɘˊɚɤɛŬŰɘəɐ.     
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ȳɟɔŬɜŬ-ȷɜŰɘŭɟŬůŰɐɟɘŬ 

ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ: 

ȳɟɔŬɜŬ: 

¶ Ȼɡɔɧɠ ȷəɟɘɓŮɑŬɠ, Adventurer OHAUS (Ñ0.0001g) 

¶ ūŬůɛŬŰɞűɤŰɧɛŮɟɞ Uv-Vis Boeco S22 

¶ ūŬůɛŬŰɧɛŮŰɟɞ ɀɎɕŬɠ Varian 500-MS, IT Mass Spectrometer 

¶ Ɉɔɟɧɠ ɉɟɤɛŬŰɞɔɟɎűɞɠ Varian 212-LC, Chromatography Pump  

ȷɜŰɘŭɟŬůŰɐɟɘŬ: 

¶ ȷɜŰɘŭɟŬůŰɖɟiɞ Folin-Ciocalteu (FCR) 

¶ ɀŮɗŬɜɧɚɖ (HPLC grade) 

¶ ȷɘɗŬɜɧɚɖ 40% w/v 

¶ ȷɜɗɟŬəɘəɧ ɁɎŰɟɘɞ (NaHCO3) 

¶ ɁɘŰɟɩŭŮɠ ɁɎŰɟɘɞ (NaNO2) 

¶ ɉɚɤɟɘɞɨɢɞ ȷɚɞɡɛɑɜɘɞ (AlCl3) 

¶ ȳɚŮɠ ɞɘ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ȾŮű. 1 Űɞɡ 

ˊŮɘɟŬɛŬŰɘəɞɨ ɛɏɟɞɡɠ. 

 

ȺəɢɡɚɑůɛŬŰŬ: 

¶ ȺəɢɨɚɘůɛŬ ɀŬɨɟɖɠ ɄŮɨəɖɠ (ɆɨůŰŬůɖɠ: 1%w/v ɓŮɚɧɜŮɠ, 49,5%v/v 

ɜŮɟɧ, 49,5%v/v ɔɚɡəŮɟɑɜɖ). ɄŬɟŬůəŮɡɎůŰɖəŮ Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ Ⱦɞɟɟɏɠ 

ȷ.Ⱥ.  

¶ ȺəɢɨɚɘůɛŬ Ʉɟɧˊɞɚɖɠ (ɆɨůŰŬůɖɠ: 10%w/v ˊɟɧˊɞɚɖ ůŮ 95% 

ŬɘɗŬɜɧɚɖ). ɄŬɟŬůəŮɡɎůŰɖəŮ Ůˊɑ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ" ɇɎəɖɠ ȾŬɜŬɟɎəɖɠ, 

ūŬɟɛŬəŮɡŰɘəɧɠ Ⱦɧůɛɞɠ, 2001. "ȾŬɚɚɡɜŰɘəɎ, ůɡůŰŬŰɘəɎ əŬɘ ŮűŬɟɛɞɔɏɠ" 

Ⱦ. ɀɞɡɚɞˊɞɨɚɞɡ-ȾŬɟŬəɑŰůɞɡ, ȹ. Ʌɖɔɧˊɞɡɚɞɠ, Ƚ.ȹ. ɆŰɟŬŰɖɔɧɠ, ȸȼɇȷ 

ȽŬŰɟɘəɏɠ ŮəŭɧůŮɘɠ, 1998. 

¶ ȺəɢɨɚɘůɛŬ ȺɢɘɜɎəŮɘŬ (ɆɨůŰŬůɖɠ: 10%w/v ˊɟɧˊɞɚɖ ůŮ 65% ŬɘɗŬɜɧɚɖ). 

ɄŬɟŬůəŮɡɎůŰɖəŮ Ůˊɑ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ" ɇɎəɖɠ ȾŬɜŬɟɎəɖɠ, 

ūŬɟɛŬəŮɡŰɘəɧɠ Ⱦɧůɛɞɠ, 2001. "ȾŬɚɚɡɜŰɘəɎ, ůɡůŰŬŰɘəɎ əŬɘ ŮűŬɟɛɞɔɏɠ" 
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Ⱦ. ɀɞɡɚɞˊɞɨɚɞɡ-ȾŬɟŬəɑŰůɞɡ, ȹ. Ʌɖɔɧˊɞɡɚɞɠ, Ƚ.ȹ. ɆŰɟŬŰɖɔɧɠ, ȸȼɇȷ 

ȽŬŰɟɘəɏɠ ŮəŭɧůŮɘɠ, 1998. 

¶ ȺəɢɨɚɘůɛŬ ȯɟɜɘəŬɠ (ɆɨůŰŬůɖɠ: 3%w/v ɎɟɜɘəŬɠ ůŮ 95% ɜŮɟɧ). 

ɄŬɟŬůəŮɡɎůŰɖəŮ Ůˊɑ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ Ɉɚɘəɩɜ Űɞɡ ɇɞɛɏŬ III, əŬɗ. ə. 

X.ȾŬɟŬɔɘɎɜɜɖ. 
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1. ɄɟɧŰɡˊŮɠ ȺɜɩůŮɘɠ 

ȼ ɢɟɐůɖ Űɖɠ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ LC, ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ ɨˊŬɟɝɖ 

ůɡɔəŮəɟɘɛɏɜɖɠ ɓɘɓɚɘɞɗɐəɖɠ ɛŮ ˊɟɧŰɡˊŮɠ ɞɡůɑŮɠ, ɏŰůɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ 

ůɨɔəɟɘůɖ əŬɘ ɖ ɛŮɚɏŰɖ ɛŮ Űɖɜ ŮəɎůŰɞŰŮ ɎɔɜɤůŰɖ ɞɡůɑŬ ˊɟɞɠ ɛɏŰɟɖůɖ. ȼ 

əŬŰŬůəŮɡɐ Űɖɠ ˊɟɞůɤˊɘəɐɠ ɓɘɓɚɘɞɗɐəɖɠ ˊɟɞŰɨˊɤɜ, ɐŰŬɜ Űɞ ˊɟɩŰɞ ɓɐɛŬ 

ůŰɖɜ ˊŮɟɎŰɤůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, əŬɗɩɠ ŰŬ ˊɟɧŰɡˊŬ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬŰɎ Űɖɜ ŭɘŮɝŬɔɤɔɐ ɧɚɤɜ Űɤɜ Ůˊɘɛɏɟɞɡɠ ˊŮɘɟŬɛɎŰɤɜ.  

ũɘŬŰɑ ŮˊɘɚɏɢɗɖəŬɜ ŰŬ ůɡɔəŮəɟɘɛɏɜŬ ˊɟɧŰɡˊŬ : 

Á ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɓɘɓɚɘɞɔɟŬűɘəɐ ɛŮɚɏŰɖ ůŮ ɓɘɓɚɑŬ, ɎɟɗɟŬ əŬɘ 

ŭɖɛɞůɘŮɨůŮɘɠ ɛŮ ůɢŮŰɘəɧ ɗɏɛŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ŭɧɗɖəŮ ɘŭɘŬɑŰŮɟɖ 

ˊɟɞůɞɢɐ, ůŮ ɏɟŮɡɜŮɠ əŬɘ ɛŮɚɏŰŮɠ, ˊɞɡ ŬűɞɟɞɨůŬɜ ŮəɢɡɚɑůɛŬŰŬ 

ˊŮɨəɞɡ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ȾŮű. 1 Űɞɡ ɗŮɤɟɖŰɘəɞɨ ɛɏɟɞɡɠ. ɀŮ 

ɓɎůɖ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ůɡɔəŮɜŰɟɩɗɖəŬɜ, ɞɘ ŮɜɩůŮɘɠ ˊɞɡ ŬɜŬɛɏɜŮŰŬɘ ɜŬ 

ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ŮəɢɡɚɑůɛŬŰŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ. 

Á ɆɨɛűɤɜŬ ɛŮ Űɞ ȾŮű.3 əŬɘ 4 Űɞɡ ɗŮɤɟɖŰɘəɞɨ ɛɏɟɞɡɠ, ŰŬ űɚŬɓɞɜɞŮɘŭɐ 

əŬɘ ɞɘ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ ŭɘŬəɚŬŭɑɕɞɜŰŬɘ ůŮ ˊɞɚɚɏɠ əŬŰɖɔɞɟɑŮɠ. Ƀɘ 

ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɖɜ ɓɘɓɚɘɞɗɐəɖ, ŬˊɞŰŮɚɞɨɜ 

ŮɜŭŮɘəŰɘəɎ Űɤɜ əŬŰɖɔɞɟɘɩɜ, ɏŰůɘ ɩůŰŮ ɜŬ ɛŮɚŮŰɖɗɞɨɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

əŬɘ ɖ ɢɖɛɘəɐ ůɨůŰŬůɖ əɎɗŮ əŬŰɖɔɞɟɑŬɠ, ɧˊɤɠ ɏɢŮɘ ŬɜŬɚɡɗŮɑ 

ˊŬɟŬˊɎɜɤ. 

ɄŬɟŬəɎŰɤ, ˊŬɟŬŰɑɗŮŰŬɘ ɞ ˊɑɜŬəŬɠ ɛŮ ŰŬ ˊɟɧŰɡˊŬ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɖɜ 

ˊɟɞůɤˊɘəɐ ɓɘɓɚɘɞɗɐəɖ, Űɖ ɛɞɟɘŬəɐ Űɞɡɠ ŭɞɛɐ, Űɖɜ ɞɜɞɛŬŰɞɚɞɔɑŬ Űɞɡɠ əŬŰɎ 

IUPAC, əŬɗɩɠ əŬɘ ůɡɜɞˊŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ əɎɗŮ ɏɜɤůɖ. ȳɚŮɠ ɞɘ ŮɜɩůŮɘɠ 

ůɡɔəŮɜŰɟɩɗɖəŬɜ Ŭˊɧ ŰŬ ŮɟɔŬůŰɐɟɘŬ Űɖɠ Ɇɢɞɚɐɠ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ, Űɞɡ 

Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, ɛŮ Űɖɜ ɓɞɐɗŮɘŬ əŬɘ ůɡɜŮɟɔŬůɑŬ 

ŭɘŬűɞɟŮŰɘəɩɜ ɇɞɛɏɤɜ Űɖɠ Ɇɢɞɚɐɠ.   
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ɄɑɜŬəŬɠ 1. ɄɟɧŰɡˊŮɠ ȺɜɩůŮɘɠ 

1. GALLIC ACID  
ɨʉʋʈɻʐʋʇʋɾʚɻ ʆɻʐʗ IUPAC : 
3,4,5-Trihydroxybenzoic acid 
 

 

ʋʹ˃ʽˁˈˌ ˍˏˉˇˌ ΥC7H6O5 

ɾˇˊʽʰˁˈ ɰʱˊˇˌ Υ 170.12 g/mol 

ɳ˃˒ʱ˄ʽˋʹΥ ɽʶˎˁˇʾ ʺ ˁʽˍˊʽ˄˖ˉˇʾ 

ˁˊˏˋˍʰ˂˂ˇʽΦ 

ʃˎˁ˄ˈˍʹˍʰΥ 1.694 g/cm3  

ʅʹ˃ʶʾˇ ˍʺ˅ʹˌ Υ 260 ϲ/ 

ɲʽʰ˂ˎˍˈˍʹˍʰ Υ ʵʽʰ˂ˎˍˈ ˋʶ ˄ʶˊˈΣ 

ʰ˂ˁˇˈ˂ʹΣ ʰʽʻʷˊʰΣ ʴ˂ˎˁʶˊˈ˂ʹ ˁʰʽ 

ʰˁʶˍˈ˄ʹ 

 

 

 

 

2. CAFFEIC ACID  

ɨʉʋʈɻʐʋʇʋɾʚɻ ʆɻʐʗ IUPAC : 

3-(3,4-Dihydroxyphenyl)-2-propenoic acid 

 

ɯʂʈʅʆʝʏ ʐʞʌʋʏ ȡ C9H8O4 

ɥʋʍʅɻʆʝ ɛʗʍʋʏ ȡ 180.16 

g/mol  

ɞʈʒʗʉʅʎʂȡ  ɣʚʐʍʅʉʂ ʇʀʌʐʙ ʎʆʝʉʂ 

ɩʑʆʉʝʐʂʐɻȡ 1.478 g/cm3  

ɫʂʈʀʚʋ ʐʙʊʂʏ ȡ 223-225 Ј# 

ɝʅɻʇʑʐʝʐʂʐɻ ȡ ɿʅɻʇʑʐʝ ʎʀ ʉʀʍʝȟ ɻʇʆʋʝʇʂȟ ɻʅʃʘʍɻȟ 

ɾʇʑʆʀʍʝʇʂ ʆɻʅ ɻʆʀʐʝʉʂ 

3. VANILLIC ACID  

ɨʉʋʈɻʐʋʇʋɾʚɻ ʆɻʐʗ IUPAC : 
         4-Hydroxy-3-methoxybenzoic acid 

 

ʋʹ˃ʽˁˈˌ ˍˏˉˇˌ ΥC8H8O4 

ɾˇˊʽʰˁˈ ɰʱˊˇˌ Υ 168.14 g/mol 

ɳ˃˒ʱ˄ʽˋʹΥ ɽʶˎˁˇʾ ʺ ˁʽˍˊʽ˄˖ˉˇʾ 

ˋˁˈ˄ʹ ʺ ˁˊˏˋˍʰ˂˂ˇʽΦ 

ʃˎˁ˄ˈˍʹˍʰΥ 1.694 g/cm3  

ʅʹ˃ʶʾˇ ˍʺ˅ʹˌ Υ 210-213 ϲ/ 

ɲʽʰ˂ˎˍˈˍʹˍʰ Υ ʵʽʰ˂ˎˍˈ ˋʶ ˄ʶˊˈΣ 

ʰ˂ˁˇˈ˂ʹ ˁ ʰʽ ˃ʶʻʰ˄ˈ˂ʹ 

 

 

 

 

 

4. BENZOIC ACID 

ʁ˄ˇ˃ʰˍˇ˂ˇʴʾʰ ˁʰˍʱ IUPAC : 
               benzoic acid 

 

 

ʋʹ˃ʽˁˈˌ ˍˏˉˇˌ ΥC7H6O2 

ɾˇˊʽʰˁˈ ɰʱˊˇˌ Υ 122.12 g/mol 

ɳ˃˒ʱ˄ʽˋʹΥ  ɯ˔ˊ˖˃ˇ ˁˊˎˋˍʰ˂˂ʽˁˈ 

ˋˍʶˊʶˈΦ 

ʃˎˁ˄ˈˍʹˍʰΥ 1.2659 g/cm3  

ʅʹ˃ʶʾˇ ˍʺ˅ʹˌ Υ 122.41 ϲ/ 

ɲʽʰ˂ˎˍˈˍʹˍʰ Υ ʵʽʰ˂ˎˍˈ ˋʶ ˄ʶˊˈΣ 

ʰ˂ˁˇˈ˂ʹΣ ʶ˅ʱ˄ʽˇΣ ʰʽʻˎ˂ʰʽʻʷˊʰ ˁʰʽ ˎʴˊʺ 

ʰ˃˃˖˄ʾ h
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5. FERULIC ACID  

ɨʉʋʈɻʐʋʇʋɾʚɻ ʆɻʐʗ IUPAC : 
(E)-3-(4-hydroxy-3-methoxy-phenyl)prop-2-enoic acid 

ɯʂʈʅʆʝʏ ʐʞʌʋʏ ȡ 

C10H10O4 

ɥʋʍʅɻʆʝ ɛʗʍʋʏ ȡ 194.18 g/mol  

ɞʈʒʗʉʅʎʂȡ  ɣʍʑʎʐɻʇʇʅʆʙ  ʎʆʝʉʂ  

ɫʂʈʀʚʋ ʐʙʊʂʏ ȡ 168-172 Ј# 

ɝʅɻʇʑʐʝʐʂʐɻ ȡ ɿʅɻʇʑʐʝ ʎʀ ʉʀʍʝ ʆɻʅ ɻʇʆʋʝʇʂ 

 

6. SYRINGIC ACID  

ʁ˄ˇ˃ʰˍˇ˂ˇʴʾʰ ˁʰˍʱ IUPAC : 
4-Hydroxy-3,5-dimethoxybenzoic acid 

 

ʋʹ˃ʽˁˈˌ ˍˏˉˇˌ Υ 

C9H10O5 

ɾˇˊʽʰˁˈ ɰʱˊˇˌ Υ 

198.17 g/mol 

ɳ˃˒ʱ˄ʽˋʹΥ  

ɼˊˎˋˍʰ˂˂ʽˁʺ  ˋˁˈ˄ʹ  

 

7. SALICYLIC ACID  

ɨʉʋʈɻʐʋʇʋɾʚɻ ʆɻʐʗ IUPAC : 
                  2-Hydroxybenzoic acid 

ɯʂʈʅʆʝʏ ʐʞʌʋʏ ȡC7H6O3 

ɥʋʍʅɻʆʝ ɛʗʍʋʏ ȡ 138.12 g/mol 

ɞʈʒʗʉʅʎʂȡ  ɲʔʍʖʈʋʅ ʙ ʇʀʑʆʋʚ 

ʆʍʞʎʐɻʇʇʋʅȢ 

ɩʑʆʉʝʐʂʐɻȡ 1.443 g/cm3  

ɫʂʈʀʚʋ ʐʙʊʂʏ ȡ 158.6 Ј# 

ɝʅɻʇʑʐʝʐʂʐɻ ȡ ɿʅɻʇʑʐʝ ʎʀ ʉʀʍʝȟ ʌʍʋʌɻʉʝʇʂȟ ɻʆʀʐʝʉʂȟ 

ɻʇʆʋʝʇʂ ʆɻʅ ʐʋʇʋʑʘʉʅʋ. 

8. p-COUMARIC ACID 

ʁ˄ˇ˃ʰˍˇ˂ˇʴʾʰ ˁʰˍʱ IUPAC : 
(E)-3-(4-hydroxyphenyl)-2-propenoic acid 

 

ʋʹ˃ʽˁˈˌ ˍˏˉˇˌ ΥC9H8O3 

ɾˇˊʽʰˁˈ ɰʱˊˇˌ Υ 

164.16 g/mol 

ɳ˃˒ʱ˄ʽˋʹΥ  ɽʶˎˁˇʾ 

ˁˊˏˋˍʰ˂˂ˇʽΦ 

ʅʹ˃ʶʾˇ ˍʺ˅ʹˌ Υ 164.16 ϲ/ 

ɲʽʰ˂ˎˍˈˍʹˍʰ Υ ʵʽʰ˂ˎˍˈ ˋʶ ˄ʶˊˈΣ ʰ˂ˁˇˈ˂ʹ ˁʰʽ ˃ʶʻʰ˄ˈ˂ʹΦ 

9. TYROSOL  

ɨʉʋʈɻʐʋʇʋɾʚɻ ʆɻʐʗ IUPAC : 
4-(2-Hydroxyethyl)phenol 

 
ɯʂʈʅʆʝʏ ʐʞʌʋʏ 

:C8H10O2 

ɥʋʍʅɻʆʝ ɛʗʍʋʏ ȡ 

138.164 g/ mol 

ɞʈʒʗʉʅʎʂȡ  ɤʀʑʆʋʚ-ʆʅʐʍʅʉʖʌʋʚ  ʆʍʞʎʐɻʇʇʋʅȢ 

ɫʂʈʀʚʋ ʐʙʊʂʏ ȡ 91-92 Ј# 

 

10.  4-CHLOROPHENOL 

11. 2-CHLOROPHENOL 

ʁ˄ˇ˃ʰˍˇ˂ˇʴʾʰ ˁʰˍʱ IUPAC : 
2-Chlorophenol 

 

ʋʹ˃ʽˁˈˌ ˍˏˉˇˌ ΥC6H5ClO 

ɾˇˊʽʰˁˈ ɰʱˊˇˌ Υ 128.56 g/mol 

ɳ˃˒ʱ˄ʽˋʹΥ  ɳ˂ʰ˒ˊʱ ʻʰ˃ˉˈ ˎʴˊˈ 

ʃˎˁ˄ˈˍʹˍʰΥ 1.2634 g/cm3  

ʅʹ˃ʶʾˇ ˍʺ˅ʹˌ Υ 9.4 ϲ/ 

ɲʽʰ˂ˎˍˈˍʹˍʰ Υ ʵʽʰ˂ˎˍˈ ˋʶ ˄ʶˊˈΣ ʰʽʻʰ˄ˈ˂ʹ ˁʰʽ 

ʵʽʰʽʻˎ˂ʰʽʻʷˊʰ    
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12.  4-HYDROXYBENZOIC ACID 

ɨʉʋʈɻʐʋʇʋɾʚɻ ʆɻʐʗ IUPAC : 
4-Hydroxybenzoic acid 
 
ɯʂʈʅʆʝʏ ʐʞʌʋʏ ȡC7H6O3 

ɥʋʍʅɻʆʝ ɛʗʍʋʏ ȡ 138.121 g/mol 

ɞʈʒʗʉʅʎʂȡ ɤʀʑʆʋʚ ʆʍʞʎʐɻʇʇʋʅ  

ɩʑʆʉʝʐʂʐɻȡ 1.46 g/cm3  

ɫʂʈʀʚʋ ʐʙʊʂʏ ȡ 214.5 Ј# 

ɝʅɻʇʑʐʝʐʂʐɻ ȡ ɿʅɻʇʑʐʝ ʎʀ ʉʀʍʝȟ ɻʇʆʋʝʇʂȟ ɻʅʃʘʍɻ 

ʆɻʅ ʔʇʖʍʋʒʝʍʈʅʋ     

 

 

13. PHENYLACETIC ACID 

ʁ˄ˇ˃ʰˍˇ˂ˇʴʾʰ ˁʰˍʱ IUPAC : 
Phenylacetic acid  

ʋʹ˃ʽˁˈˌ ˍˏˉˇˌ ΥC8H8O2 

ɾˇˊʽʰˁˈ ɰʱˊˇˌ Υ 136.15 

g/mol 

ʃˎˁ˄ˈˍʹˍʰΥ 1.0809 g/cm3  

ʅʹ˃ʶʾˇ ˍʺ˅ʹˌ Υ 265.5 ϲ/ 

ɲʽʰ˂ˎˍˈˍʹˍʰ Υ ʵʽʰ˂ˎˍˈ ˋʶ ˄ʶˊˈ ˁʰʽ ʰʽʻʰ˄ˈ˂ʹ     

 

         14. 2-AMINOPHENOL 

ɨʉʋʈɻʐʋʇʋɾʚɻ ʆɻʐʗ IUPAC : 
            2-Aminophenol  

ɯʂʈʅʆʝʏ ʐʞʌʋʏ ȡC6H7NO 

ɥʋʍʅɻʆʝ ɛʗʍʋʏ ȡ 109.13 g/mol  

ɞʈʒʗʉʅʎʂȡ  ɤʀʑʆʘʏ 

ʋʍʃʋʍʋʈɼʅʆʘʏ ɼʀʇʝʉʀʏ ʎʀ 

ʈʋʍʒʙ ʌʑʍɻʈʚɿɻʏ  

ɩʑʆʉʝʐʂʐɻȡ 1.328 g/cm3  

ɫʂʈʀʚʋ ʐʙʊʂʏ ȡ 174 Ј# 

ɝʅɻʇʑʐʝʐʂʐɻ ȡ ɿʅɻʇʑʐʝ ʎʀ ʁʀʎʐʝ ʉʀʍʝ.     

 

    15. 2-CHLOROBENZOIC ACID 

ʁ˄ˇ˃ʰˍˇ˂ˇʴʾʰ ˁʰˍʱ IUPAC : 
           2-Chlorobenzoic acid 

 

ʋʹ˃ʽˁˈˌ ˍˏˉˇˌ ΥC7H5ClO2 

ɾˇˊʽʰˁˈ ɰʱˊˇˌ Υ 156.57 g/mol 

ɳ˃˒ʱ˄ʽˋʹΥ  ʅˍʶˊʶˈ ˔ˊ˗˃ʰˍˇˌ 

ʰ˄ˇʽ˔ˍˈ ˁʰ˒ʷ   

ʅʹ˃ʶʾˇ ˍʺ˅ʹˌ Υ 142 ϲ/ 

ɲʽʰ˂ˎˍˈˍʹˍʰ Υ ʵʽʰ˂ˎˍˈ ˋʶ ˄ʶˊˈΦ     

   

       16. VANILLIN 

ɨʉʋʈɻʐʋʇʋɾʚɻ ʆɻʐʗ IUPAC : 
            4-Hydroxy-3-methoxybenzaldehyde 

ɯʂʈʅʆʝʏ ʐʞʌʋʏ ȡC8H8O3 

ɥʋʍʅɻʆʝ ɛʗʍʋʏ ȡ 152.15 g/mol 

ɞʈʒʗʉʅʎʂȡ  ɤʀʑʆʋʚ ʆʍʞʎʐɻʇʇʋʅ 

ɩʑʆʉʝʐʂʐɻȡ 1.056 g/cm3  

ɫʂʈʀʚʋ ʐʙʊʂʏ ȡ 81-83 Ј# 

ɝʅɻʇʑʐʝʐʂʐɻ ȡ ɿʅɻʇʑʐʝ ʎʀ ʉʀʍʝ ʆɻʅ 

ɻʅʃɻʉʝʇʂ 

 

 

 

    17. 4-HYDROXYCOUMARIN 

ʁ˄ˇ˃ʰˍˇ˂ˇʴʾʰ ˁʰˍʱ IUPAC : 
               2-Hydroxychromen-4-one 

ʋʹ˃ʽˁˈˌ ˍˏˉˇˌ ΥC9H6O3 

ɾˇˊʽʰˁˈ ɰʱˊˇˌ Υ 162.14 g/mol 

ɳ˃˒ʱ˄ʽˋʹΥ  ɽʶˎˁˇʾ ˁˊˏˋˍʰ˂˂ˇʽ 

ɲʽʰ˂ˎˍˈˍʹˍʰ Υ ʵʽʰ˂ˎˍˈ ˋˍˇ ˄ʶˊˈ 
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    18. 2-CHLOROBENZALDEHYDE 

ɨʉʋʈɻʐʋʇʋɾʚɻ ʆɻʐʗ IUPAC : 
           2-chlorobenzaldehyde 

 

ɯʂʈʅʆʝʏ ʐʞʌʋʏ ȡC7H5ClO 

ɥʋʍʅɻʆʝ ɛʗʍʋʏ ȡ 152.15 g/mol 

ɫʂʈʀʚʋ ʐʙʊʂʏ ȡ 209-215 Ј# 

ɝʅɻʇʑʐʝʐʂʐɻ ȡ ɿʅɻʇʑʐʝ ʎʀ ʉʀʍʝ 

ʆɻʅ ɻʅʃɻʉʝʇʂ 

 

 

 

 

 

 

 

  

 19. 2.5-DIHYDROXYBENZOIC ACID 

ʁ˄ˇ˃ʰˍˇ˂ˇʴʾʰ ˁʰˍʱ IUPAC : 
2.5-dihydroxybenzoic acid 
 

ʋʹ˃ʽˁˈˌ ˍˏˉˇˌ ΥC7H6O4 

ɾˇˊʽʰˁˈ ɰʱˊˇˌ Υ 154.12 g/mol 

ɳ˃˒ʱ˄ʽˋʹΥ  ɽʶˎˁʺ-ˁʾˍˊʽ˄ʹ  ˋˁˈ˄ʹ  

 

ʅʹ˃ʶʾˇ ˍʺ˅ʹˌ Υ 200-205 ϲ/ 
 

ɲʽʰ˂ˎˍˈˍʹˍʰ Υ ʵʽʰ˂ˎˍˈ ˋˍˇ ˄ʶˊˈ ˁʰʽ ˍʹ˄ ʰʽʻʰ˄ˈ˂ʹ 
 

 

  

20. (-) EPICATECHIN/ 

      (+) CATECHIN 

ɨʉʋʈɻʐʋʇʋɾʚɻ ʆɻʐʗ IUPAC : 
(2R,3S)-2-(3,4-dihydroxyphenyl) -3,4-dihydro-2H-
chromene-3,5,7-triol  
 

ɯʂʈʅʆʝʏ ʐʞʌʋʏ 

:C15H14O6 

ɥʋʍʅɻʆʝ ɛʗʍʋʏ ȡ  

290.27 g/mol 

ɞʈʒʗʉʅʎʂȡ  ɲʔʍʖʈʋ ʎʐʀʍʀʝ 

ɫʂʈʀʚʋ ʐʙʊʂʏ ȡ 175-ρχχ Ј# 

ɝʅɻʇʑʐʝʐʂʐɻ ȡ ɿʅɻʇʑʐʝ ʎʀ ʉʀʍʝ ʆɻʅ ɻʅʃɻʉʝʇʂ 

 

 

 

 

 

 

 

     21. QUERCETIN 

ʁ˄ˇ˃ʰˍˇ˂ˇʴʾʰ ˁʰˍʱ IUPAC : 
2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-

one 

 

ʋʹ˃ʽˁˈˌ ˍˏˉˇˌ Υ C15H10O7 

ɾˇˊʽʰˁˈ ɰʱˊˇˌ Υ  302.236 

g/mol 

ɳ˃˒ʱ˄ʽˋʹΥ  ɼʾˍˊʽ˄ʹ ˁˊˎˋˍʰ˂˂ʽˁʺ ˋˁˈ˄ʹ 

ʃˎˁ˄ˈˍʹˍʰ Υ 1.799 g/cm3 

ʅʹ˃ʶʾˇ ˍʺ˅ʹˌ Υ 316 ϲ/ 

ɲʽʰ˂ˎˍˈˍʹˍʰ Υ ʵʽʰ˂ˎˍˈ ˋʶ ˄ʶˊˈ ˁʰʽ ʰʽʻʰ˄ˈ˂ʹ 
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    22. RUTIN 

ɨʉʋʈɻʐʋʇʋɾʚɻ ʆɻʐʗ IUPAC :     
2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-3-ɍɻ-L-

rhamnopyranosyl-ɉρᴼφɊ-ɼ-D-glucopyranosyloxy]-4H-

chromen-4-one one 

 

ɯʂʈʅʆʝʏ ʐʞʌʋʏ ȡ C27H30O16 

ɥʋʍʅɻʆʝ ɛʗʍʋʏ ȡ  610.52 ÇɇÍÏÌϺ1  

ɞʈʒʗʉʅʎʂȡ  ɲʔʍʖʈʋ ʎʐʀʍʀʝ 

ɫʂʈʀʚʋ ʐʙʊʂʏ ȡ 242 Ј#  

ɝʅɻʇʑʐʝʐʂʐɻ ȡ ɿʅɻʇʑʐʝ ʎʀ ʉʀʍʝ ʆɻʅ ɻʅʃɻʉʝʇʂ 

 

 

 

      23. LUTEOLIN 

ʁ˄ˇ˃ʰˍˇ˂ˇʴʾʰ ˁʰˍʱ IUPAC :     
2-(3,4-Dihydroxyphenyl)- 5,7-dihydroxy-4-chromenone 

 

ʋʹ˃ʽˁˈˌ ˍˏˉˇˌ Υ  C15H10O6 

ɾˇˊʽʰˁˈ ɰʱˊˇˌ Υ  286.24 ƎϊƳƻƭҍ1 

ɲʽʰ˂ˎˍˈˍʹˍʰ Υ ʵʽʰ˂ˎˍˈ ˋʶ ˄ʶˊˈΣ ʰʽʻʰ˄ˈ˂ʹ ˁʰʽ ˃ʶʻʰ˄ˈ˂ʹ 

 

  

  24. TAXIFOLIN 

ɨʉʋʈɻʐʋʇʋɾʚɻ ʆɻʐʗ 
IUPAC :     
(2R,3R)-2-(3,4-
Dihydroxyphenyl)-3,5,7-

trihydroxy -2,3-dihydrochromen-4-one 
 
ɯʂʈʅʆʝʏ ʐʞʌʋʏ ȡ C15H12O7 

ɥʋʍʅɻʆʝ ɛʗʍʋʏ ȡ  304.25 ÇɇÍÏÌϺ1 

ɞʈʒʗʉʅʎʂȡ  ɣɻʒʘ ʎʆʝʉʂ 

ɝʅɻʇʑʐʝʐʂʐɻ ȡ ɿʅɻʇʑʐʝ ʎʀ ʉʀʍʝ ʆɻʅ ɻʅʃɻʉʝʇʂ 
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2. ɀɏŰɟɖůɖ Ƀɚɘəɩɜ ūŬɘɜɞɚɘəɩɜ, 

ūɚŬɓɞɜɞŮɘŭɩɜ əŬɘ ȷɜŰɘɞɝŮɘŭɤŰɘəɐɠ 

ȹɟɎůɖɠ 

2.1 ɀɏŰɟɖůɖ Ƀɚɘəɩɜ ūŬɘɜɞɚɘəɩɜ ȺɜɩůŮɤɜ 

(Total Phenolic Compounds) 
 

ũɘŬ Űɖɜ ŮɨɟŮůɖ Űɤɜ ɞɚɘəɩɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ, ůɡɔəɟɑɗɖəŬɜ ŰɟŮɘɠ 

ŭɘŬűɞɟŮŰɘəɏɠ ɛɏɗɞŭɞɘ, ɛŮ Ůɘŭɞˊɞɘɧ ŭɘŬűɞɟɎ Űɞɡɠ Űɞɜ ŭɘŬɚɨŰɖ. Ƀɘ ŭɘŬɚɨŰŮɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŰŬɜ: ɀŮɗŬɜɧɚɖ (MeOH), ȷɘɗŬɜɧɚɖ (EtOH) əŬɘ ɜŮɟɧ 

(H2O). Ƀɘ ɛɏɗɞŭɞɘ ůɡɔəɟɑɗɖəŬɜ ɛŮŰŬɝɨ Űɞɡɠ, ɤɠ ˊɟɞɠ Űɖɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ əŬɘ Űɖɜ ŮɡŬɘůɗɖůɑŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ əɎɗŮ ɛŮɗɧŭɞɡ, 

əŬɗɩɠ əŬɘ ɔŮɜɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ, ˊŬɟŬŰɑɗŮɜŰŬɘ ˊŬɟŬəɎŰɤ. 

2.1.1 ȹɘŬɚɨŰɖɠ ɀŮɗŬɜɧɚɖ (MeOH) 

ȼ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ɞɚɘəɩɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ ůŰŬ űɡŰɘəɎ ŮəɢɡɚɑůɛŬŰŬ, 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɛŮ ɢɟɐůɖ, Űɖɠ űŬůɛŬŰɞűɤŰɞɛŮŰɟɘəɐɠ ɛɏɗɞŭɞ (Sigleton et al., 

1999). ɆŰɖɜ ŬɜɎɚɡůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮɗŬɜɞɚɘəɧ ŭɘɎɚɡɛŬ Űɞɡ ŮəɎůŰɞŰŮ 

ŮəɢɡɚɑůɛŬŰɞɠ. ɇɞ ɛɑɔɛŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, ˊŬɟŬůəŮɡɎɕŮŰŬɘ ɛŮ ŬɜɎɛɘɝɖ:  

V 0,5 mL Űɞɡ ɛŮɗŬɜɞɚɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ Űɞɡ əɎɗŮ ŮəɢɡɚɑůɛŬŰɞɠ 

V 2,5 mL ŬɜŰɘŭɟŬůŰɖɟɑɞɡ Folin-Ciocalteu, ŭɘɎɚɡɛŬ 10% ůŮ ɜŮɟɧ 

V  2,5 mL NaHCO3 ŭɘɎɚɡɛŬ 7,5% ůŮ ɜŮɟɧ . 

ɇɡűɚɧ ŭɘɎɚɡɛŬ əŬŰŬůəŮɡɎɕŮŰŬɘ ŰŬɡŰɧɢɟɞɜŬ əŬɘ ˊŮɟɘɏɢŮɘ: 

V 0,5 mL ɛŮɗŬɜɧɚɖɠ  

V 2,5 mL ŬɜŰɘŭɟŬůŰɖɟɑɞɡ Folin-Ciocalteu, ŭɘɎɚɡɛŬ 10% ůŮ ɜŮɟɧ 
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V 2,5 mL NaHCO3 ŭɘɎɚɡɛŬ 7,5% ůŮ ɜŮɟɧ . 

 ɇŬ ŭŮɑɔɛŬŰŬ ůŰɖ ůɡɜɏɢŮɘŬ ŮˊɤɎɕɞɜŰŬɘ ůŮ ɗŮɟɛɞůŰɎŰɖ ůŰɞɡɠ 45 oC ɔɘŬ 45 

ɚŮˊŰɎ. ȼ Ŭˊɞɟɟɧűɖůɖ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɛŮ űŬůɛŬŰɞűɤŰɧɛŮŰɟɞ Uv-Vis ůŮ 

ɚmax = 765 nm.  

ȷɟɢɘəɎ əŬŰŬůəŮɡɎɕŮŰŬɘ əŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ, ɛŮ ɢɟɐůɖ ɔŬɚɚɘəɞɨ əŬɘ əŬűŮɥəɞɨ 

ɞɝɏɞɠ ɤɠ ˊɟɧŰɡˊŬ (ŭɡɞ ŬɜŮɝɎɟŰɖŰɞɘ əɨəɚɞɘ ˊŮɘɟŬɛɎŰɤɜ). ɇŬ ŭŮɑɔɛŬŰŬ əɎɗŮ 

əɨəɚɞɡ ˊŬɟŬůəŮɡɎɕɞɜŰŬɘ Ůˊɑ ŰɟŮɘɠ űɞɟɏɠ  ɔɘŬ əɎɗŮ ŬɜɎɚɡůɖ əŬɘ ɚŬɛɓɎɜŮŰŬɘ ɖ 

ɛɏůɖ Űɘɛɐ Ŭˊɞɟɟɧűɖůɖɠ. ɀŮ ɓɎůɖ Űɖɜ ɛŮŰɟɞɨɛŮɜɖ Ŭˊɞɟɟɧűɖůɖ, ɖ 

ůɡɔəɏɜŰɟɤůɖ űŬɘɜɞɚɘəɩɜ ɡˊɞɚɞɔɑůŰɖəŮ ůŮ mg/L Ŭˊɧ Űɖ ɔɟŬɛɛɐ 

ɓŬɗɛɞɜɧɛɖůɖɠ əŬɘ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ űŬɘɜɞɚɘəɩɜ ůŰŬ ŮəɢɡɚɑůɛŬŰŬ ŮəűɟɎůŰɖəŮ 

ůŮ ɘůɞŭɨɜŬɛɞ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ ɐ əŬűŮɥəɞɨ ɞɝɏɞɠ ŬɜŰɑůŰɞɘɢŬ (mg Űɞɡ 

ɔŬɚɚɘəɞɨ/əŬűŮɥəɞɨ ɞɝɏɞɠ/ g ɝɖɟɐɠ ɛɎɕŬɠ). O ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ űŬɘɜɞɚɘəɩɜ ůŮ 

ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ɔŬɚɚɘəɧ ɞɝɨ, ɏɔɘɜŮ ɛŮ ɓɎůɖ Űɖɜ Ůɝɑůɤůɖ CGA = 

0.0989129842*Abs765 + 3.6185037918, ɛŮ R2= 0.9998 ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ 

Űɖɜ əŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ Űɞɡ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ 

űŬɘɜɞɚɘəɩɜ ŮəűɟŬůɛɏɜŬ ɤɠ ɘůɞŭɨɜŬɛŬ əŬűŮɥəɞɨ, ɏɔɘɜŮ ɢɟɐůɖ Űɖɠ Ůɝɑůɤůɖɠ 

CCAF = 0.216588457*Abs765 + 4.3942732108, ɛŮ R2= 0,9999 . ɆŰɖɜ 

ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɤɠ y ɞɟɑɕŮŰŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɘůɞŭɨɜŬɛɞɡ 

ɔŬɚɚɘəɞɨ/əŬűŮɥəɞɨ ɞɝɏɞɠ əŬɘ ɤɠ x ɖ Ŭˊɞɟɟɧűɖůɖ Űɞɡ ŮəɎůŰɞŰŮ ŮəɢɡɚɑůɛŬŰɞɠ. 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜɞɚɘəɞɨ ˊŮɟɘŮɢɞɛɏɜɞɡ ůŮ űŬɘɜɞɚɘəɎ, Űɞɡ əɎɗŮ 

ŮəɢɡɚɑůɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ Ůɝɑůɤůɖ: 

Total Phenolic Content (TPC) (mg/g) = 
 Ⱦ   Ȣ  

 
 (1) 

ȳˊɞɡ: #ÇÁ ÍÇȾ,, ŮɑɜŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɘůɞŭɨɜŬɛɞɡ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ ˊɞɡ 

ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ, 6ÅØÔȢÓÏÌÕÔÉÏÎ ,, ŮɑɜŬɘ ɞ ɧɔəɞɠ Űɞɡ ŭɘŬɚɨŰɖ 

Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ əŬɘ ɀextract, ɖ ɛɎɕŬ Űɞɡ űɡŰɞɨ Űɞɡ əɎɗŮ ŮəɢɡɚɑůɛŬŰɞɠ ůŮ 

ɔɟŬɛɛɎɟɘŬ. (Stankoviĺ S. Milan, 2010) 
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ɄɑɜŬəŬɠ 2.1. ȷˊɞɟɟɧűɖůɖ ɔɘŬ əŬŰŬůəŮɡɐ əŬɛˊɨɚɖɠ ŬɜŬűɞɟɎɠ  ɔŬɚɚɘəɞɨ ɞɝɏɞɠ 

ɆɡɔəɏɜŰɟɤůɖ ŭɘŬɚɡɛɎŰɤɜ 
ɔŬɚɚɘəɞɨ ɞɝɏɞɠ  (mg/L) ȷˊɞɟɟɧűɖůɖ 

10 70 

25 215 

50 461 

100 978 

 

ȹɘɎɔɟŬɛɛŬ 2.2. ȾŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ  

ɄɑɜŬəŬɠ 2.3. ɆɡɔəɏɜŰɟɤůɖ ɘůɞŭɨɜŬɛɤɜ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ  

ȺəɢɨɚɘůɛŬ C ɘůɞŭɨɜŬɛŬ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ (mg/L) 

 1ɖ ɛɏŰɟɖůɖ 2ɖɛɏŰɟɖůɖ 3ɖ ɛɏŰɟɖůɖ ɀ.Ƀ 

ɀŬɨɟɖ ɄŮɨəɖ 

Ⱦɞɟɟɏɠ 472 457 484 471.2 Ñ13 

Ʉɟɧˊɞɚɖ 
8013 

 

7807 8800 8207 Ñ 524 

ȺɢɘɜɎəŮɘŬ 429 404 416 417 Ñ 18 

ȯɟɜɘəŬ 33 36 35 39 Ñ 9 

 

Ⱥˊɞɛɏɜɤɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ (1), ˊɟɞəɨˊŰŮɘ ɞ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬɠ: 
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ɄɑɜŬəŬɠ 2.4. Ƀɚɘəɏɠ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ ɛŮ ɘůɞŭɨɜŬɛɞ ɔŬɚɚɘəɧ ɞɝɨ ůŮ ŭɘŬɚɨŰɖ ɛŮɗŬɜɧɚɖ 

ȺəɢɨɚɘůɛŬ 

Total Phenolic Content  

(mg GA/g dry mass) 

ɀŬɨɟɖ ɄŮɨəɖ 

Ⱦɞɟɟɏɠ 188.4 

Ʉɟɧˊɞɚɖ 8207 

ȺɢɘɜɎəŮɘŬ 41.7 

ȯɟɜɘəŬ 6,5 

 

ɄɑɜŬəŬɠ 2.5. ȷˊɞɟɟɧűɖůɖ ɔɘŬ əŬŰŬůəŮɡɐ əŬɛˊɨɚɖɠ ŬɜŬűɞɟɎɠ əŬűŮɥəɞɨ ɞɝɏɞɠ   

ɆɡɔəɏɜŰɟɤůɖ ŭɘŬɚɡɛɎŰɤɜ 

əŬűŮɥəɞɨ ɞɝɏɞɠ  (mg/L) ȷˊɞɟɟɧűɖůɖ 

10 28 

25 93 

50 210 

100 442 

 

 

ȹɘɎɔɟŬɛɛŬ 2.6. ȾŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ əŬűŮɥəɞɨ ɞɝɏɞɠ  
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ɄɑɜŬəŬɠ 2.7.  ɆɡɔəɏɜŰɟɤůɖ ɘůɞŭɨɜŬɛɤɜ əŬűŮɥəɞɨ ɞɝɏɞɠ  

ȺəɢɨɚɘůɛŬ C ɘůɞŭɨɜŬɛŬ əŬűŮɥəɞɨ ɞɝɏɞɠ (mg/L) 

 1ɖ ɛɏŰɟɖůɖ 2ɖɛɏŰɟɖůɖ 3ɖ ɛɏŰɟɖůɖ ɀ.Ƀ 

ɀŬɨɟɖ ɄŮɨəɖ 

Ⱦɞɟɟɏɠ 895 1094 901 963 Ñ113 

Ʉɟɧˊɞɚɖ 
9930 

 

8912 10200 9681 Ñ 679 

ȺɢɘɜɎəŮɘŬ 475 568 539 545 Ñ 61 

ȯɟɜɘəŬ 35 47 35 45Ñ 9 

Ⱥˊɞɛɏɜɤɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ (1), ˊɟɞəɨˊŰŮɘ ɞ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬɠ: 

ɄɑɜŬəŬɠ 2.8. Ƀɚɘəɏɠ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ ɛŮ ɘůɞŭɨɜŬɛɞ əŬűŮɥəɧ ɞɝɨ ůŮ ŭɘŬɚɨŰɖ ɛŮɗŬɜɧɚɖ 

ȺəɢɨɚɘůɛŬ 

Total Phenolic Content  

(mg CA/g dry mass) 

ɀŬɨɟɖ ɄŮɨəɖ 

Ⱦɞɟɟɏɠ 385,2 

Ʉɟɧˊɞɚɖ 
9681 

ȺɢɘɜɎəŮɘŬ 54,5 

ȯɟɜɘəŬ 7,5 

 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɛŮ ŭɘŬɚɨŰɖ Űɖɜ ɛŮɗŬɜɧɚɖ ɖ ŮəŰɑɛɖůɖ Űɤɜ ɞɚɘəɩɜ űŬɘɜɞɚɘəɩɜ  

ŭɘŬűɏɟŮɘ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ˊɟɧŰɡˊŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ. ɆɡɔəŮəɟɘɛɏɜŬ, ɛŮ 

Űɖɜ ɢɟɐůɖ Űɞɡ əŬűŮɥəɞɨ ɞɝɏɞɠ ɞɘ Űɘɛɏɠ ˊɟɞəɨˊŰɞɡɜ ɛŮɔŬɚɨŰŮɟŮɠ. ȷɡŰɧ 

ɞűŮɑɚŮŰŬɘ ůŰɖ ŭɘŬűɞɟɞˊɞɑɖůɖ ɛŮŰŬɝɨ ɔŬɚɚɘəɞɨ əŬɘ əŬűŮɥəɞɨ ɞɝɏɞɠ, ɤɠ ˊɟɞɠ 

Űɖ ŭɞɛɐ əŬɘ Űɖ ɢɖɛɘəɐ ůɨůŰŬůɖ. ɆŰɞ ŭɘɎɔɟŬɛɛŬ 2.9 ɔɑɜŮŰŬɘ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ ɘůɞŭɨɜŬɛɞ Űɞ ɔŬɚɚɘəɧ əŬɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ 

ɘůɞŭɨɜŬɛɞ Űɞ əŬűŮɥəɧ, ɧˊɞɡ əŬɘ ˊŬɟŬŰɖɟŮɑŰŬɘ ɔɟŬɛɛɘəɐ ůɡůɢɏŰɘůɖ ŬɜɎɛŮůŬ 

ůŰŬ ŭɨɞ ŬˊɞŰŮɚɏůɛŬŰŬ. (ɇɞ ɛɘəɟɧŰŮɟɞ ŭɘɎɔɟŬɛɛŬ ŬˊŮɘəɞɜɑɕŮɘ Űɘɠ ɛɘəɟɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ůŮ ɛŮɔŬɚɨŰŮɟɖ ŮɡəɟɑɜŮɘŬ.) ȷˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ ůɡɛˊŮɟŬɑɜŮŰŬɘ, 

ɧŰɘ ɖ Ůˊɘɚɞɔɐ Űɞɡ ɘůɞŭɨɜŬɛɞɡ ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɖɜ əŬŰɎŰŬɝɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ 

əŬɑŰɞɘ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ɞɘ Űɘɛɏɠ.  
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ȹɘɎɔɟŬɛɛŬ 2.9. ɆɡůɢɏŰɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ŭɨɞ ɘůɞŭɨɜŬɛɤɜ ŮɜɩůŮɤɜ  

2.1.2 ȹɘŬɚɨŰɖɠ ȷɘɗŬɜɧɚɖ (EtOH) 

ũɘŬ Űɖɜ ŭɘŮɝŬɔɤɔɐ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ˊŮɘɟŬɛɎŰɤɜ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ˊɎɚɘ 

ɖ ɛŮɗɞŭɞɚɞɔɑŬ Űɖɠ űŬůɛŬŰɞűɤŰɞɛŮŰɟɘəɐ ɛŮɗɧŭɞɡ (Sigleton et al., 1999). ɆŰɖɜ 

ŬɜɎɚɡůɖ, ŬɡŰɐ Űɖ űɞɟɎ, ɛŮɚŮŰɎŰŬɘ Űɞ ŬɘɗŬɜɞɚɘəɧ ŭɘɎɚɡɛŬ Űɞɡ ŮəɎůŰɞŰŮ 

ŮəɢɡɚɑůɛŬŰɞɠ. ɇɞ ɛɑɔɛŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, Ŭ́ɟŬůəŮɡɎɕŮŰŬɘ ɛŮ ŬɜɎɛɘɝɖ:  

V 0,5 mL Űɞɡ ŬɘɗŬɜɞɚɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ Űɞɡ əɎɗŮ ŮəɢɡɚɑůɛŬŰɞɠ 

V 2,5 mL ŬɜŰɘŭɟŬůŰɖɟɑɞɡ Folin-Ciocalteu, ŭɘɎɚɡɛŬ 10% ůŮ ɜŮɟɧ 

V  2,5 mL NaHCO3 ŭɘɎɚɡɛŬ 7,5% ůŮ ɜŮɟɧ . 

ɇɡűɚɧ ŭɘɎɚɡɛŬ əŬŰŬůəŮɡɎɕŮŰŬɘ ŰŬɡŰɧɢɟɞɜŬ Űɞ ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ: 

V 0,5 mL ŬɘɗŬɜɧɚɖɠ (40% ůŮ ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ) 

V 2,5 mL ŬɜŰɘŭɟŬůŰɖɟɑɞɡ Folin-Ciocalteu, ŭɘɎɚɡɛŬ 10% ůŮ ɜŮɟɧ 

V 2,5 mL NaHCO3 ŭɘɎɚɡɛŬ 7,5% ůŮ ɜŮɟɧ . 

 ɇŬ ŭŮɑɔɛŬŰŬ ůŰɖ ůɡɜɏɢŮɘŬ ŮˊɤɎɕɞɜŰŬɘ ůŰɞɡɠ 4 oC ɔɘŬ 30 ɚŮˊŰɎ. ȼ 

Ŭˊɞɟɟɧűɖůɖ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ űŬůɛŬŰɞűɤŰɧɛŮŰɟɞ ůŮ 

ɚmax = 760 nm.  
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ȷɟɢɘəɎ əŬŰŬůəŮɡɎɕŮŰŬɘ əŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ, ɛŮ ɢɟɐůɖ ɔŬɚɚɘəɞɨ əŬɘ əŬűŮɥəɞɨ 

ɞɝɏɞɠ ɤɠ ˊɟɧŰɡˊŬ (ŭɡɞ ŬɜŮɝɎɟŰɖŰɞɘ əɨəɚɞɘ ˊŮɘɟŬɛɎŰɤɜ). ɇŬ ŭŮɑɔɛŬŰŬ əɎɗŮ 

əɨəɚɞɡ ˊŬɟŬůəŮɡɎɕɞɜŰŬɘ Ůˊɑ ŰɟŮɘɠ űɞɟɏɠ  ɔɘŬ əɎɗŮ ŬɜɎɚɡůɖ əŬɘ ɚŬɛɓɎɜŮŰŬɘ ɖ 

ɛɏůɖ Űɘɛɐ Ŭˊɞɟɟɧűɖůɖɠ. ɀŮ ɓɎůɖ Űɖɜ ɛŮŰɟɞɨɛŮɜɖ Ŭˊɞɟɟɧűɖůɖ, ɖ 

ůɡɔəɏɜŰɟɤůɖ űŬɘɜɞɚɘəɩɜ ŭɘŬɓɎůŰɖəŮ (mg/L) Ŭˊɧ Űɖ ɔɟŬɛɛɐ ɓŬɗɛɞɜɧɛɖůɖɠ 

əŬɘ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ űŬɘɜɞɚɘəɩɜ ůŰŬ ŮəɢɡɚɑůɛŬŰŬ ŮəűɟɎůŰɖəŮ ůŮ ɘůɞŭɨɜŬɛɞ 

ɔŬɚɚɘəɞɨ ɞɝɏɞɠ ɐ əŬűŮɥəɞɨ ɞɝɏɞɠ ŬɜŰɑůŰɞɘɢŬ (mg Űɞɡ ɔŬɚɚɘəɞɨ/əŬűŮɥəɞɨ ɞɝɏɞɠ 

/g ɝɖɟɐɠ ɛɎɕŬɠ). O ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ űŬɘɜɞɚɘəɩɜ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ɔŬɚɚɘəɧ 

ɞɝɨ, ɏɔɘɜŮ ɛŮ ɓɎůɖ Űɖɜ Ůɝɑůɤůɖ CGA = 0.1861562762*Abs760 + 6,4590959696, 

ɛŮ R2= 0.9951 ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ Űɞɡ ɔŬɚɚɘəɞɨ 

ɞɝɏɞɠ. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮəűɟŬůɛɏɜŬ ɤɠ ɘůɞŭɨɜŬɛŬ 

əŬűŮɥəɞɨ, ɏɔɘɜŮ ɢɟɐůɖ Űɖɠ Ůɝɑůɤůɖɠ CCAF = 0.2005233579*Abs760 + 

2,8868238611, ɛŮ R2= 0,9972 . ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɤɠ y ɞɟɑɕŮŰŬɘ ɖ 

ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɘůɞŭɨɜŬɛɞɡ ɔŬɚɚɘəɞɨ/əŬűŮɥəɞɨ ɞɝɏɞɠ əŬɘ ɤɠ x ɖ 

Ŭˊɞɟɟɧűɖůɖ Űɞɡ ŮəɎůŰɞŰŮ ŮəɢɡɚɑůɛŬŰɞɠ. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜɞɚɘəɞɨ 

ˊŮɟɘŮɢɞɛɏɜɞɡ ůŮ űŬɘɜɞɚɘəɎ, Űɞɡ əɎɗŮ ŮəɢɡɚɑůɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ 

Ůɝɑůɤůɖ: 

Total Phenolic Content (TPC) (mg/g) = 
 Ⱦ   Ȣ  

 
 (1) 

ȳˊɞɡ: #ÇÁ ÍÇȾ,, ŮɑɜŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɘůɞŭɨɜŬɛɞɡ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ ˊɞɡ 

ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ, 6ÅØÔȢÓÏÌÕÔÉÏÎ , ŮɑɜŬɘ ɞ ɧɔəɞɠ Űɞɡ ŭɘŬɚɨŰɖ 

Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ əŬɘ ɀextract, ɖ ɛɎɕŬ Űɞɡ űɡŰɞɨ Űɞɡ əɎɗŮ ŮəɢɡɚɑůɛŬŰɞɠ ůŮ 

ɔɟŬɛɛɎɟɘŬ. (Lluvia Artega Figueroa, 2014) 

ɄɑɜŬəŬɠ 2.10. ȷˊɞɟɟɧűɖůɖ ɔɘŬ əŬŰŬůəŮɡɐ əŬɛˊɨɚɖɠ ŬɜŬűɞɟɎɠ  ɔŬɚɚɘəɞɨ ɞɝɏɞɠ  

ɆɡɔəɏɜŰɟɤůɖ ŭɘŬɚɡɛɎŰɤɜ 

ɔŬɚɚɘəɞɨ ɞɝɏɞɠ  (mg/L) ȷˊɞɟɟɧűɖůɖ 

10 35 

25 94 

50 216 

100 510 

   



 

 
 96 

ȹɘɎɔɟŬɛɛŬ 2.11. ȾŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ 

ɄɑɜŬəŬɠ 2.12.  ɆɡɔəɏɜŰɟɤůɖ ɘůɞŭɨɜŬɛɤɜ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ 

ȺəɢɨɚɘůɛŬ C ɘůɞŭɨɜŬɛŬ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ (mg/L) 

 1ɖ ɛɏŰɟɖůɖ 2ɖɛɏŰɟɖůɖ 3ɖ ɛɏŰɟɖůɖ ɀ.Ƀ 

ɀŬɨɟɖ ɄŮɨəɖ 

Ⱦɞɟɟɏɠ 617 632 634 628 Ñ9 

Ʉɟɧˊɞɚɖ 
11775 12364 10692 11610 Ñ 848 

ȺɢɘɜɎəŮɘŬ 515 565 587 555 Ñ 36 

ȯɟɜɘəŬ 52 59 75 62 Ñ 11 

Ⱥˊɞɛɏɜɤɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ (1), ˊɟɞəɨˊŰŮɘ ɞ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬɠ: 

ɄɑɜŬəŬɠ 2.13. Ƀɚɘəɏɠ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ ɛŮ ɘůɞŭɨɜŬɛɞ ɔŬɚɚɘəɧ ɞɝɨ ůŮ ŭɘŬɚɨŰɖ ŬɘɗŬɜɧɚɖ 

ȺəɢɨɚɘůɛŬ 

Total Phenolic Content  

(mg GA/g dry mass) 

ɀŬɨɟɖ ɄŮɨəɖ 

Ⱦɞɟɟɏɠ 251 

Ʉɟɧˊɞɚɖ 
11610 

ȺɢɘɜɎəŮɘŬ 55.5 

ȯɟɜɘəŬ 10.3 
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ɄŬɟŬŰɖɟŮɑŰŬɘ ɡɣɖɚɧŰŮɟɖ ˊɞůɧŰɖŰŬ űŬɘɜɞɚɘəɩɜ ɛŮ ɘůɞŭɨɜŬɛɞ Űɞ ɔŬɚɚɘəɧ ɞɝɨ 

ůŮ ŭɘŬɚɨŰɖ ŬɘɗŬɜɧɚɖ (ˊɑɜŬəŮɠ 2.11-2.12), ɏɜŬɜŰɘ ɛŮɗŬɜɧɚɖɠ (ˊɑɜŬəŮɠ 2.3-2.4). 

ȼ ŭɘŬűɞɟɞˊɞɑɖůɖ ŮəŰɘɛɎŰŬɘ ɧŰɘ ɞűŮɑɚŮŰŬɘ ůŰɖ ŭɘŬűɞɟŮŰɘəɐ ŭɘŬɚɡŰɧŰɖŰŬ Űɤɜ 

űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰŬ ŮəɢɡɚɑůɛŬŰŬ. 

ɄɑɜŬəŬɠ 2.14. ȷˊɞɟɟɧűɖůɖ ɔɘŬ əŬŰŬůəŮɡɐ əŬɛˊɨɚɖɠ ŬɜŬűɞɟɎɠ əŬűŮɥəɞɨ ɞɝɏɞɠ   

ɆɡɔəɏɜŰɟɤůɖ ŭɘŬɚɡɛɎŰɤɜ 

əŬűŮɥəɞɨ ɞɝɏɞɠ  (mg/L) ȷˊɞɟɟɧűɖůɖ 

10 45 

25 109 

50 221 

100 490 

 

 

ȹɘɎɔɟŬɛɛŬ 2.15. ȾŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ əŬűŮɥəɞɨ ɞɝɏɞɠ  

ɄɑɜŬəŬɠ 2.16.  ɆɡɔəɏɜŰɟɤůɖ ɘůɞŭɨɜŬɛɤɜ əŬűŮɥəɞɨ ɞɝɏɞɠ  

ȺəɢɨɚɘůɛŬ C ɘůɞŭɨɜŬɛŬ əŬűŮɥəɞɨ ɞɝɏɞɠ (mg/L) 

 1ɖ ɛɏŰɟɖůɖ 2ɖɛɏŰɟɖůɖ 3ɖ ɛɏŰɟɖůɖ ɀ.Ƀ 

ɀŬɨɟɖ ɄŮɨəɖ 

Ⱦɞɟɟɏɠ 654 697 668 673 Ñ22 

Ʉɟɧˊɞɚɖ 
8407 

 

9415 9079 8967 Ñ 513 
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ȺɢɘɜɎəŮɘŬ 584 620 624 610 Ñ 23 

ȯɟɜɘəŬ 35 45 45 42 Ñ 5 

Ⱥˊɞɛɏɜɤɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ (1), ˊɟɞəɨˊŰŮɘ ɞ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬɠ: 

ɄɑɜŬəŬɠ 2.17. ʁ˂ʽˁʷˌ ˒ʰʽ˄ˇ˂ʽˁʷˌ ʶ˄˗ˋʶʽˌ ˃ʶ ʽˋˇʵˏ˄ʰ˃ˇ ˁʰ˒ʶʿˁˈ ˇ˅ˏ ˋʶ ʵʽʰ˂ˏˍʹ ʰʽʻʰ˄ˈ˂ʹ 

ȺəɢɨɚɘůɛŬ Total Phenolic Content  

(mg CA/g dry mass) 

ɀŬɨɟɖ ɄŮɨəɖ 

Ⱦɞɟɟɏɠ 

269.2 

Ʉɟɧˊɞɚɖ 8967 

ȺɢɘɜɎəŮɘŬ 61 

ȯɟɜɘəŬ 7 

ɆŰɞ ŭɘɎɔɟŬɛɛŬ 2.18 ůɡůɢŮŰɑɕɞɜŰŬɘ ɞɘ ɛɏɗɞŭɞɘ Űɖɠ ɛŮɗŬɜɧɚɖɠ əŬɘ Űɖɠ 

ŬɘɗŬɜɧɚɖɠ ɛŮ ɘůɞŭɨɜŬɛɞ ɛɧɜɞ Űɞ  ɔŬɚɚɘəɧ ɞɝɨ. ɇɞ ɛɘəɟɧŰŮɟɞ ŭɘɎɔɟŬɛɛŬ 

ŬˊŮɘəɞɜɑɕŮɘ Űɘɠ ɛɘəɟɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ůŮ ɛŮɔŬɚɨŰŮɟɖ ŮɡəɟɑɜŮɘŬ. ȼ ɔɟŬɛɛɘəɐ 

ůɡůɢɏŰɘůɖ ŬˊɞŭŮɘəɜɨŮɘ, ɧŰɘ ɖ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ŮəɢɡɚɘůɛɎŰɤɜ ŮɑɜŬɘ 

ŬɜŮɝɎɟŰɖŰɖ Ŭˊɧ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ŭɘŬɚɨŰɖ, Ůɜɩ ɞɘ ŬˊɧɚɡŰŮɠ Űɘɛɏɠ 

ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ. 

 

ȹɘɎɔɟŬɛɛŬ 2.18. Ɇɨɔəɟɘůɖ  ŭɘŬɚɡŰɩɜ ɛŮɗŬɜɧɚɖɠ-ŬɘɗŬɜɧɚɖɠ ɛŮ ɘůɞŭɨɜŬɛɞ Űɞ ɔŬɚɚɘəɧ ɞɝɨ 
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2.1.3 ȹɘŬɚɨŰɖɠ ɁŮɟɧ (H2O) 

ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ Ůəŭɞɢɐ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ ŮɨɟŮůɖɠ Űɤɜ ɞɚɘəɩɜ űŬɘɜɞɚɘəɩɜ 

ŮɜɩůŮɤɜ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ Űɟɞˊɞˊɞɘɖɛɏɜɖ ɢɟɤɛŬŰɞɛŮŰɟɘəɐ ɛɏɗɞŭɞɠ, ˊɞɡ 

ˊŮɟɘɔɟɎűɖəŮ Ŭˊɧ Űɞɡɠ Singleton əŬɘ Rossi (1965). ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ, 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŬɜŬɔɤɔɐ  ŬɜŰɘŭɟŬůŰɖɟɑɞɡ Folin- Ciocalteu ɛŮ űŬɘɜɞɚɘəɏɠ 

ŮɜɩůŮɘɠ, ɛŮ ŰŬɡŰɧɢɟɞɜɞ ůɢɖɛŬŰɘůɛɧ Ůɜɧɠ ɛˊɚŮ ůɡɛˊɚɧəɞɡ. ɆŮ ŬɡŰɐ Űɖ ɛŮɚɏŰɖ 

ŬɜŬɛŮɘɔɜɨɞɜŰŬɘ: 

V 0.50 mL Űɞɡ ŮəɎůŰɞŰŮ ŮəɢɡɚɑůɛŬŰɞɠ     

V 3 mL ŬˊɞůŰŬɔɛɏɜɞɡ ɨŭŬŰɞɠ   

V 0,25 mL ŬɜŰɘŭɟŬůŰɖɟɑɞɡ Folin-Ciocalteu.  

V 0,75 mL əɞɟŮůɛɏɜɞɡ ŬɜɗɟŬəɘəɞɨ ɜŬŰɟɑɞɡ (Na2CO3) 

V 0,95 mL ŬˊɞůŰŬɔɛɏɜɞɡ  ɜŮɟɞɨ .  

ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ ɛɑɔɛŬ ŮˊɤɎɕŮŰŬɘ ɔɘŬ 30 ɚŮˊŰɎ ůŰɞɡɠ 37 oC, əŬɘ ɖ 

Ŭˊɞɟɟɧűɖůɖ ɛŮŰɟɎŰŬɘ ůŰŬ 765 nm ůŮ űŬůɛŬŰɧɛŮŰɟɞ UV-Vis. ȳˊɤɠ əŬɘ ůŰɘɠ 

ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮɗɧŭɞɡɠ əŬŰŬůəŮɡɎɕŮŰŬɘ əŬɛˊɨɚɖ ɛŮ ŭɘɎɚɡɛŬ ɔŬɚɚɘəɞɨ 

ɞɝɏɞɠ. ɆŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ, ŭŮɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ŭɘɎɚɡɛŬ 

əŬűŮɥəɞɨ ɞɝɏɞɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ əŬɛˊɨɚɖɠ ŬɜŬűɞɟɎɠ. Ƀ ɚɧɔɞɠ  ŮɑɜŬɘ ɖ ɛɖ 

ɞɚɞəɚɖɟɤɛɏɜɖ ŭɘŬɚɡŰɞˊɞɑɖůɖ Űɞɡ əŬűŮɥəɞɨ ɞɝɏɞɠ ůŰɞ ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ŰɛɐɛŬŰŬ Űɖɠ ɞɡůɑŬɠ ɜŬ ˊŬɟŬɛɏɜɞɡɜ ŬɡŰɞɨůɘŬ ůŰɞ ˊɞŰɐɟɘ 

ɕɏůŮɤɠ. O ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ űŬɘɜɞɚɘəɩɜ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ɔŬɚɚɘəɧ ɞɝɨ, 

ɔɑɜŮŰŬɘ ɛŮ ɓɎůɖ Űɖɜ Ůɝɑůɤůɖ CGA = 0.2140573864*Abs765 - 22,3553923434, ɛŮ 

R2= 0.9027 ˊɞɡ ́ɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ Űɞɡ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ. 

ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɤɠ y ɞɟɑɕŮŰŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɔŬɚɚɘəɞɨ 

ɞɝɏɞɠ əŬɘ ɤɠ x ɖ Ŭˊɞɟɟɧűɖůɖ Űɞɡ ŮəɎůŰɞŰŮ ŮəɢɡɚɑůɛŬŰɞɠ. ũɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜɞɚɘəɞɨ ˊŮɟɘŮɢɞɛɏɜɞɡ ůŮ űŬɘɜɞɚɘəɎ, Űɞɡ əɎɗŮ 

ŮəɢɡɚɑůɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ Ůɝɑůɤůɖ: 

Total Phenolic Content (TPC) (mg/g) = 
 Ⱦ   Ȣ  

 
 (1) 
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ȳˊɞɡ: #ÇÁ ÍÇȾ,, ŮɑɜŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɘůɞŭɨɜŬɛɞɡ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ ˊɞɡ 

ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ, 6ÅØÔȢÓÏÌÕÔÉÏÎ , ŮɑɜŬɘ ɞ ɧɔəɞɠ Űɞɡ ŭɘŬɚɨŰɖ 

Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ əŬɘ ɀextract, ɖ ɛɎɕŬ Űɞɡ űɡŰɞɨ Űɞɡ əɎɗŮ ŮəɢɡɚɑůɛŬŰɞɠ ůŮ 

ɔɟŬɛɛɎɟɘŬ.  (Henr²quez Carolina et al., 2010) 

ɄɑɜŬəŬɠ 2.19. ȷˊɞɟɟɧűɖůɖ ɔɘŬ əŬŰŬůəŮɡɐ əŬɛˊɨɚɖɠ ŬɜŬűɞɟɎɠ  ɔŬɚɚɘəɞɨ ɞɝɏɞɠ  

ɆɡɔəɏɜŰɟɤůɖ ŭɘŬɚɡɛɎŰɤɜ 

ɔŬɚɚɘəɞɨ ɞɝɏɞɠ  (mg/L) ȷˊɞɟɟɧűɖůɖ 

10 128 

25 226 

50 415 

100 513 

 

ȹɘɎɔɟŬɛɛŬ 2.20. ȾŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ 

ɄɑɜŬəŬɠ 2.21.  ɆɡɔəɏɜŰɟɤůɖ ɘůɞŭɨɜŬɛɤɜ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ 

ȺəɢɨɚɘůɛŬ C ɘůɞŭɨɜŬɛŬ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ (mg/L) 

 1ɖ ɛɏŰɟɖůɖ 2ɖɛɏŰɟɖůɖ 3ɖ ɛɏŰɟɖůɖ ɀ.Ƀ 

ɀŬɨɟɖ ɄŮɨəɖ 

Ⱦɞɟɟɏɠ 467 582 502 517 Ñ 58 

Ʉɟɧˊɞɚɖ 
11158 12050 11269 11492 Ñ 487 
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ȺɢɘɜɎəŮɘŬ 560 563 501 541 Ñ 35 

ȯɟɜɘəŬ - - - - 

Ⱥˊɞɛɏɜɤɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ (1), ˊɟɞəɨˊŰŮɘ ɞ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬɠ: 

ɄɑɜŬəŬɠ 2.22. Ƀɚɘəɏɠ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ ɛŮ ɘůɞŭɨɜŬɛɞ ɔŬɚɚɘəɧ ɞɝɨ ůŮ ŭɘŬɚɨŰɖ ɜŮɟɧ 

ȺəɢɨɚɘůɛŬ 

Total Phenolic Content  

(mg GA/g dry mass) 

ɀŬɨɟɖ ɄŮɨəɖ 

Ⱦɞɟɟɏɠ 206,8 

Ʉɟɧˊɞɚɖ 
11492 

ȺɢɘɜɎəŮɘŬ 54,1 

ȯɟɜɘəŬ - 

ɆŰŬ ˊŬɟŬəɎŰɤ ɔɟŬűɐɛŬŰŬ ɔɑɜŮŰŬɘ ŰŬɡŰɧɢɟɞɜɖ ůɨɔəɟɘůɖ Űɤɜ Űɟɘɩɜ ɛŮɗɧŭɤɜ, 

ɛŮ ŭɘŬɚɨŰŮɠ Űɞ ɜŮɟɧ, Űɖɜ ŬɘɗŬɜɧɚɖ əŬɘ Űɖɜ ɛŮɗŬɜɧɚɖ, əŬɗɩɠ əŬɘ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ Űɟɘɩɜ ŮəɢɡɚɘůɛɎŰɤɜ. ɇŬ ɡɣɖɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ 

ˊɟɧˊɞɚɖɠ, ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɞɡ ůɡɜɞɚɘəɞɨ ɔɟŬűɐɛŬŰɞɠ, ɔɘŬ ŬɡŰɧ 

Űɞ ɚɧɔɞ, ˊŬɟŬŰɑɗŮɜŰŬɘ ɝŮɢɤɟɘůŰɎ. ȳˊɤɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ, ůŰɞ ŭɘŬɚɨŰɖ ŬɘɗŬɜɧɚɖ, 

ɞɘ ɛŮŰɟɐůŮɘɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ ůŮ ɧɚŬ ŰŬ ŮəɢɡɚɑůɛŬŰŬ. ȼ ɛŮɗŬɜɧɚɖ ɏɢŮɘ Űɘɠ 

ɢŬɛɖɚɧŰŮɟŮɠ ɛŮŰɟɐůŮɘɠ, ŮəŰɧɠ Ŭˊɧ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɎɟɜɘəŬɠ, ˊɞɡ ŭŮɜ 

ɏŭɤůŮ ɛɏŰɟɖůɖ, ɛŮ ŭɘŬɚɨŰɖ Űɞ ɜŮɟɧ. 

 

ũɟɎűɖɛŬ 2.23. ɆɡůɢɏŰɘůɖ 
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2.1.4 ɆɡɛˊŮɟɎůɛŬŰŬ  

ɀŮɚŮŰɩɜŰŬɠ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ, ŭɘŬˊɘůŰɩɜŮŰŬɘ ɖ ɨˊŬɟɝɖ ˊɞɚɚɩɜ ŭɘŬűɞɟŮŰɘəɩɜ 

ɛŮɗɧŭɤɜ, ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɤɜ ɞɚɘəɩɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ Ůɜɧɠ 

ŮəɢɡɚɑůɛŬŰɞɠ. ȺɜŭŮɘəŰɘəɎ ɏɔɘɜŮ ɖ ˊŮɘɟŬɛŬŰɘəɐ ɛŮɚɏŰɖ Űɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ 

ŭɘŬɚɡŰɩɜ (ɛŮɗŬɜɧɚɖ, ŬɘɗŬɜɧɚɖ əŬɘ ɜŮɟɧ). ȳˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊŬɟŬŰɑɗŮɜŰŬɘ ˊŬɟŬˊɎɜɤ, ŬɚɚɎ əŬɘ Ŭˊɧ ɧɚŮɠ Űɘɠ 

ŮˊŬɜŬɚɐɣŮɘɠ Űɤɜ ŮəɎůŰɞŰŮ ˊŮɘɟŬɛɎŰɤɜ:  

¶ ɇɞ ɜŮɟɧ (H2O) ɤɠ ŭɘŬɚɨŰɖɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ɧɚŬ ŰŬ 

Ůɑŭɖ ŮəɢɡɚɘůɛɎŰɤɜ, ůɡɔəŮəɟɘɛɏɜŬ ŭŮɜ ɏŭɤůŮ ɏɜŭŮɘɝɖ ɔɘŬ Űɖɜ 

ˊŮɟɑˊŰɤůɖ Űɖɠ ɎɟɜɘəŬɠ. ȺˊɘˊɟɧůɗŮŰŬ, Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŭŮɜ ŭɘŬɚɨŮɘ Űɞ 

əŬűŮɥəɧ ɞɝɨ, ɛŬɠ ɞŭɖɔŮɑ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ŭɘŬɚɨŰɖɠ ɔɘŬ ɧɚŬ ŰŬ ˊɘɗŬɜɎ ɘůɞŭɨɜŬɛŬ, ɧˊɤɠ 

ˊɟɎɔɛŬŰɘ ɏɔɘɜŮ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ əŬűŮɥəɞɨ ɞɝɏɞɠ. Ⱥˊɞɛɏɜɤɠ ůŬɜ 

ɛɏɗɞŭɞɠ ŮɛűŬɜɑɕŮɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ əŬɘ ŭŮɜ ˊɟɞŰŮɑɜŮŰŬɘ. 

¶ ȴůŰŮɟŬ Ŭˊɧ Űɖɜ ɛŮɚɏŰɖ Űɖɠ əɚɑůɖɠ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ Űɤɜ əŬɛˊɡɚɩɜ 

ŬɜŬűɞɟɎɠ ɛˊɞɟɞɨɛŮ ɜŬ ŮɝɎɔɞɡɛŮ ůɡɛˊɏɟŬůɛŬ ɔɘŬ Űɖɜ ŮɡŬɘůɗɖůɑŬ 

əɎɗŮ ŭɘŬɚɨŰɖ. ȼ əɚɑůɖ Űɖɠ ŮɡɗŮɑŬɠ ɞɟɑɕŮŰŬɘ, ɤɠ ɞ ɚɧɔɞɠ : 

Ⱦɚɑůɖ =  

Ⱥɜɩ ɖ ŮɡŬɘůɗɖůɑŬ ɤɠ ɞ ŬɜŰɑůŰɟɞűɞɠ ɚɧɔɞɠ : 

ȺɡŬɘůɗɖůɑŬ = 
ῳὃὦί
ῳὅ  

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɔɘŬ Űɞ ɔŬɚɚɘəɧ ɞɝɨ: 

o Ⱦɚɑůɖ əŬɛˊɨɚɖɠ ŬɜŬűɞɟɎɠ ɛŮ ŭɘŬɚɨŰɖ ɛŮɗŬɜɧɚɖ = 0.0989 

o Ⱦɚɑůɖ əŬɛˊɨɚɖɠ ŬɜŬűɞɟɎɠ ɛŮ ŭɘŬɚɨŰɖ ŬɘɗŬɜɧɚɖ = 0.1861 

o Ⱦɚɑůɖ əŬɛˊɨɚɖɠ ŬɜŬűɞɟɎɠ ɛŮ ŭɘŬɚɨŰɖ ɜŮɟɧ = 0.2141 

ȯɟŬ ɞ ŭɘŬɚɨŰɖɠ ɛŮɗŬɜɧɚɖ ŮɛűŬɜɑɕŮɘ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŮɡŬɘůɗɖůɑŬ əŬɘ Űɞ ɜŮɟɧ 

Űɖɜ ɛɘəɟɧŰŮɟɖ. 
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ũɘŬ Űɞ əŬűŮɥəɧ ɞɝɨ:  

o Ⱦɚɑůɖ əŬɛˊɨɚɖɠ ŬɜŬűɞɟɎɠ ɛŮ ŭɘŬɚɨŰɖ ɛŮɗŬɜɧɚɖ = 0.2166 

o Ⱦɚɑůɖ əŬɛˊɨɚɖɠ ŬɜŬűɞɟɎɠ ɛŮ ŭɘŬɚɨŰɖ ŬɘɗŬɜɧɚɖ = 0.2005 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ ɘůɞŭɨɜŬɛɞ Űɞ əŬűŮɥəɧ ɞɝɨ, Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŮɡŬɘůɗɖůɑŬ 

ˊŬɟɞɡůɘɎɕŮɘ ɞ ŭɘŬɚɨŰɖɠ ŬɘɗŬɜɧɚɖ. 

¶ ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ, əŬɗɩɠ əŬɘ ɖ ˊŮɟŬɘŰɏɟɤ ŬɜɎɚɡůɖ 

ˊɞɡ ɏɔɘɜŮ, ɡˊɞŭɖɚɩɜɞɡɜ ɧŰɘ ɞɘ ŬˊɧɚɡŰŮɠ Űɘɛɏɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ 

űŬɘɜɞɚɘəɩɜ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ ŭɘŬɚɨŰɖ, (ŬɘɗŬɜɧɚɖ ɐ ɛŮɗŬɜɧɚɖ), ɢɤɟɑɠ 

ɧɛɤɠ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ ɖ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ŮɜɩůŮɤɜ. 

¶ ũɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɤɜ əŬɛˊɡɚɩɜ ŬɜŬűɞɟɎɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

ŰɟŮɘɠ ůŮɘɟɏɠ ɛŮŰɟɐůŮɤɜ ůŮ ŭɘŬűɞɟŮŰɘəɎ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ. 

ȾŬŰŬůəŮɡɎůŰɖəŬɜ Ůˊɞɛɏɜɤɠ ŰɟŮɘɠ əŬɛˊɨɚŮɠ ŬɜŬűɞɟɎɠ ɔɘŬ Űɞɜ əɎɗŮ 

ŭɘŬɚɨŰɖ.  ȾŬŰɎ Űɖɜ ŭɘŮɝŬɔɤɔɐ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ, ˊɟɞɏəɡɣŮ ŭɘŬəɨɛŬɜůɖ 

Ŭˊɧ ɖɛɏɟŬ ůŮ ɖɛɏɟŬ, ŬəɧɛŬ əŬɘ ɔɘŬ Űɖɜ ɑŭɘŬ ɛɏɗɞŭɞ. ɄɟɞŰŮɑɜŮŰŬɘ 

Ůˊɞɛɏɜɤɠ ɖ ɢɟɐůɖ əŬɘɜɞɨɟɘŬɠ əŬɛˊɨɚɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ ˊɟɘɜ Ŭˊɧ 

əɎɗŮ ɛɏŰɟɖůɖ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ɢɟɐůɖ ɛɑŬɠ ɛɧɜɞ Ůɝɑůɤůɖɠ.  

¶ ȼ ůɢŮŰɘəɐ Ŭˊɧəɚɘůɖ ŬəɧɛŬ əŬɘ ɔɘŬ Űɞɜ ɑŭɘɞ ŭɘŬɚɨŰɖ əŬɘ Űɞ ɑŭɘɞ 

ɘůɞŭɨɜŬɛɞ, ŮɑɜŬɘ Űɖɠ ŰɎɝŮɤɠ Űɞɡ 10%. 

¶ ɇŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ɏɢɞɡɜ ˊɟɞɏɚɗŮɘ Ŭˊɧ ŮəɢɡɚɑůŮɘɠ 

ŭɘŬűɞɟŮŰɘəɐɠ ŬɜŬɚɞɔɑŬɠ ( ɀŬɨɟɖ ˊŮɨəɖ 1%, Ʉɟɧˊɞɚɖ 10%, ȺɢɘɜɎəŮɘŬ 

10%, ȯɟɜɘəŬ 3%). ɄɟɞəɨˊŰŮɘ, ɧŰɘ Űɞ ŭɘɎɚɡɛŬ Űɖɠ ˊɟɧˊɞɚɖɠ ŮɑɜŬɘ 

ˊɚɞɨůɘɞ ůŮ ɞɚɘəɎ űŬɘɜɞɚɘəɎ, ɛɎɚɘůŰŬ ůŮ ŰɟɘˊɚɎůɘŬ ůɡɔəɏɜŰɟɤůɖ Ŭˊɧ 

ŬɡŰɎ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ ŮɢɘɜɎəŮɘŬ. ȺˊɘˊɟɧůɗŮŰŬ, Űɞ ŭɘɎɚɡɛŬ Űɖɠ ɛŬɨɟɖɠ 

ˊŮɨəɖɠ ˊŬɟɞɡůɘɎɕŮɘ ɞɚɘəɎ űŬɘɜɞɚɘəɎ ůŮ ˊŬɟŮɛűŮɟɐ ůɡɔəɏɜŰɟɤůɖ ɛŮ 

ŬɡŰɎ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ ŮɢɘɜɎəŮɘŬ, Ŭɜ əŬɘ ɖ ůɨůŰŬůɖ Űɞɡ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ 

Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ. ɇɏɚɞɠ, Űɞ ŭɘɎɚɡɛŬ Űɖɠ ɎɟɜɘəŬɠ, 

ˊŬɟɞɡůɘɎɕŮɘ ɢŬɛɖɚɐ ůɡɔəɏɜŰɟɤůɖ űŬɘɜɞɚɘəɩɜ, ɛŮ Ŭˊɞəɞɟɨűɤůɖ Űɖɜ 

ŬŭɡɜŬɛɑŬ ɛɏŰɟɖůɐɠ Űɞɡɠ ɛŮ ŭɘŬɚɨŰɖ Űɞ ɜŮɟɧ. ɀŮ ŬɜŬɔɤɔɐ Űɤɜ 

ɛŮŰɟɐůŮɤɜ ŬɜɎ ɔɟŬɛɛɎɟɘɞ ɝɖɟɐɠ ɛɎɕŬɠ Űɖɠ ˊɟɩŰɖɠ ɨɚɖɠ, əŬɗɑůŰŬŰŬɘ 
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ůŬűɏɠ ɧŰɘ ɖ ˊɟɧˊɞɚɖ ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ, Ůɜɩ 

ŬəɞɚɞɡɗŮɑ ɖ ɛŬɨɟɖ ˊŮɨəɖ. 

2.2 ɃɚɘəɎ ūɚŬɓɞɜɞŮɘŭɐ (Total Flavonoids)  

ũɘŬ Űɖɜ ŮɨɟŮůɖ Űɤɜ ɞɚɘəɩɜ űɚŬɓɞɜɞŮɘŭɩɜ ŮɜɩůŮɤɜ ůŮ əɎɗŮ ŮəɢɨɚɘůɛŬ ˊɟɞɠ 

ɛŮɚɏŰɖ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ, ɖ ɢɟɤɛŬŰɞɛŮŰɟɘəɐ ɛɏɗɞŭɞɠ ɢɚɤɟɘɞɨɢɞɡ Ŭɟɔɘɚɑɞɡ, 

Űɤɜ C. Chang et al. (2002). ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ Ůɜ ůɡɜŰɞɛɑŬ, ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ 

ŬɜɎɛŮɘɝɖ : 

V 50 ɛL ŮəɢɡɚɑůɛŬŰɞɠ (1 mg/mL ɛŮɗŬɜɧɚɖɠ)  

V Ɇɡɛˊɚɐɟɤůɖ ɛɏɢɟɘ  ˊɞůɧŰɖŰŬ 1 mL ɛŮ ɛŮɗŬɜɧɚɖ  

V  4 mL ŬˊŮůŰŬɔɛɏɜɞ ɜŮɟɧ  

V  0,3 mL ɡŭŬŰɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ 5% NaNO2  

V 0.3 mL ɡŭŬŰɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ 10% AlCl3  (ɛŮŰɎ Űɞ ˊɏɟŬɠ 5 ɚŮˊŰɩɜ 

ŮˊɩŬůɖɠ)  

ɇɞ ɛŮɑɔɛŬ ŬűɐɜŮŰŬɘ ɔɘŬ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɏɝɘ ɚŮˊŰɩɜ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

ŬəɞɚɞɡɗŮɑ ˊɟɞůɗɐəɖ : 

V 2 mL  ŭɘŬɚɨɛŬŰɞɠ NaOH, ůɡɔəɏɜŰɟɤůɖɠ  1 mol/L.  

V 2.4 mL ɛŮ ŭɘɠ-ŬˊŮůŰŬɔɛɏɜɞ ɜŮɟɧ. 

 ɇɞ ɛɑɔɛŬ  ŬűɐɜŮŰŬɘ ɜŬ ůŰŬɗŮɑ ɔɘŬ 15 ɚŮˊŰɎ, əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŬəɞɚɞɡɗŮɑ 

ɛɏŰɟɖůɖ ůŮ űŬůɛŬŰɞűɤŰɧɛŮɟɞ Uv-Vis ɛŮ ɚmax ůŰŬ 510 nm. ȷɟɢɘəɎ 

əŬŰŬůəŮɡɎɕŮŰŬɘ əŬɛˊɨɚɖ ɓŬɗɛɞɜɧɛɖůɖɠ ɛŮ ɢɟɐůɖ əŮɟəŮŰɑɜɖɠ ůŮ ŭɘɎűɞɟŮɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ . ɇɞ ůɨɜɞɚɞ Űɤɜ  űɚŬɓɞɜɞŮɘŭɩɜ  ŮəűɟɎɕŮŰŬɘ  ɤɠ mg 

ɘůɞŭɨɜŬɛɞɡ əŮɟəŮŰɑɜɖɠ  g ɝɖɟɐɠ ɛɎɕŬɠ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ, ɔɑɜŮŰŬɘ ɛŮ ɓɎůɖ Űɖɜ 

Ůɝɑůɤůɖ Űɖɠ əŬɛˊɨɚɖɠ ŬɜŬűɞɟɎɠ Űɖɠ əŮɟəŮŰɑɜɖɠ  CQUER = 

2.820960534715Abs510 ï 23,427396643010 ɛŮ R2 = 0,914355129632. ɆŰɖɜ 

ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɤɠ y ɞɟɑɕŮŰŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɖɠ əŮɟəŮŰɑɜɖɠ əŬɘ ɤɠ 

x ɖ Ŭˊɞɟɟɧűɖůɖ Űɞɡ ŮəɎůŰɞŰŮ ŮəɢɡɚɑůɛŬŰɞɠ. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ 
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ůɡɜɞɚɘəɞɨ ˊŮɟɘŮɢɞɛɏɜɞɡ ůŮ űɚŬɓɞɜɞŮɘŭɐ, Űɞɡ əɎɗŮ ŮəɢɡɚɑůɛŬŰɞɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ Ůɝɑůɤůɖ: 

Total Flavonoids Content (TFC) (mg/g) = 
 Ⱦ   Ȣ  

 
 (1) 

ȳˊɞɡ: #ÑÕÅÒ ÍÇȾ,, ŮɑɜŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɘůɞŭɨɜŬɛɞɡ əŮɟəŮŰɑɜɖɠ ˊɞɡ 

ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ, 6ÅØÔȢÓÏÌÕÔÉÏÎ , ŮɑɜŬɘ ɞ ɧɔəɞɠ Űɞɡ ŭɘŬɚɨŰɖ 

Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ əŬɘ ɀextract, ɖ ɛɎɕŬ Űɞɡ űɡŰɞɨ Űɞɡ əɎɗŮ ŮəɢɡɚɑůɛŬŰɞɠ ůŮ 

ɔɟŬɛɛɎɟɘŬ. (Chang  C., et al., 2002) 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɗɩɠ əŬɘ ɖ əŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ 

Űɖɠ əŮɟəŮŰɑɜɖɠ. 

ɄɑɜŬəŬɠ 2.24. ȷˊɞŰŮɚɏůɛŬŰŬ Ŭˊɞɟɟɧűɖůɖɠ ɔɘŬ əŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ əŮɟəŮŰɑɜɖɠ 

ɆɡɔəɏɜŰɟɤůɖ ŭɘŬɚɨɛŬŰɞɠ 

əŮɟəŮŰɑɜɖɠ (ppm) ȷˊɞɟɟɧűɖůɖ 
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ȹɘɎɔɟŬɛɛŬ 2.25. ȾŬɛˊɨɚɖ ȷɜŬűɞɟɎɠ ȾŮɟəŮŰɑɜɖɠ 

ɄɑɜŬəŬɠ 2.26.  ɆɡɔəɏɜŰɟɤůɖ ɘůɞŭɨɜŬɛɤɜ əŮɟəŮŰɑɜɖɠ 

ȺəɢɨɚɘůɛŬ C ɘůɞŭɨɜŬɛŬ əŮɟəŮŰɑɜɖɠ (mg/L) 

 1ɖ ɛɏŰɟɖůɖ 2ɖɛɏŰɟɖůɖ 3ɖ ɛɏŰɟɖůɖ ɀ.Ƀ 

ɀŬɨɟɖ ɄŮɨəɖ 

Ⱦɞɟɟɏɠ 332 365 359 352 Ñ 17 

Ʉɟɧˊɞɚɖ 1782 2049 1978 1936 Ñ 138 

ȺɢɘɜɎəŮɘŬ 374 419 404 399 Ñ 22 

ȯɟɜɘəŬ 10 13 8 10Ñ 2 

Ⱥˊɞɛɏɜɤɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ (1), ˊɟɞəɨˊŰŮɘ ɞ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬɠ: 

ɄɑɜŬəŬɠ 2.27. ɃɚɘəɎ űɚŬɓɞɜɞŮɘŭɐ ŮəɢɡɚɘůɛɎŰɤɜ ɛŮ ɘůɞŭɨɜŬɛɞ əŮɟəŮŰɑɜɖɠ ůŮ ŭɘŬɚɨŰɖ 

ɛŮɗŬɜɧɚɖ 

ȺəɢɨɚɘůɛŬ Total Flavonoid Content 

(mg QE/g dry mass) 

ɀŬɨɟɖ ɄŮɨəɖ 

Ⱦɞɟɟɏɠ 

35,2 

Ʉɟɧˊɞɚɖ 19,36 

ȺɢɘɜɎəŮɘŬ 3,99 

ȯɟɜɘəŬ 0,33 
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ɆŰɞ ˊŬɟŬəɎŰɤ ɔɟɎűɖɛŬ, ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ ɞɚɘəɩɜ 

űŬɘɜɞɚɘəɩɜ əŬɘ ɞɚɘəɩɜ űɚŬɓɞɜɞŮɘŭɩɜ, ɧɚɤɜ Űɤɜ ŮəɢɡɚɘůɛɎŰɤɜ ˊɞɡ 

ɛŮɚŮŰɐɗɖəŬɜ ůŰɖ ŭɘˊɚɤɛŬŰɘəɐ. Ƀɘ ɛŮŰɟɐůŮɘɠ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ Űɖɠ ˊɟɧˊɞɚɖɠ, 

ɡˊŮɟɓŬɑɜɞɡɜ Űɞɜ ɎɝɞɜŬ Űɤɜ y Űɘɛɩɜ, ɤůŰɧůɞ ůŮ ˊɟŬɔɛŬŰɘəɐ əɚɑɛŬəŬ, ŭŮɜ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛŮ ŮɡəɟɑɜŮɘŬ ɖ ŬɜŬɚɞɔɑŬ. ȳˊɤɠ ŬɜŬˊŬɟɑůŰŬŰŬɘ ůŰɞ ɔɟɎűɖɛŬ, 

ɧɚŬ ŰŬ ŮəɢɡɚɑůɛŬŰŬ ɏɢɞɡɜ ɡˊŮɟŭɘˊɚɎůɘŬ ůɡɔəɏɜŰɟɤůɖ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ 

ɏɜŬɜŰɘ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ űɚŬɓɞɜɞŮɘŭɩɜ. ȷɡŰɧ ŮɑɜŬɘ űɡůɘɞɚɞɔɘəɧ űŬɘɜɧɛŮɜɞ, 

Ůűɧůɞɜ ŰŬ űɚŬɓɞɜɞŮɘŭɐ Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ. 

 

 
ũɟɎűɖɛŬ 2.28. ɆɡůɢɏŰɘůɖ ůɡɔəɏɜŰɟɤůɖɠ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ ɛŮ űɚŬɓɞɜɞŮɘŭɩɜ ɛŮ ŭɘŬɚɨŰɖ 

ɛŮɗŬɜɧɚɖ 

2.2.1 ɆɡɛˊŮɟɎůɛŬŰŬ  

¶ ȷˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ ˊɞɡ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 2.27 ˊɟɞəɨˊŰŮɘ ɧŰɘ 

Űɞ ŮəɢɨɚɘůɛŬ ɛŬɨɟɖɠ ˊŮɨəɖɠ ŮɑɜŬɘ Űɞ ˊɘɞ ˊɚɞɨůɘɞ ůŮ űɚŬɓɞɜɞŮɘŭɐ, Ůɜɩ 

ɛɎɚɘůŰŬ ɏɢŮɘ Űɖɜ ɛɘəɟɧŰŮɟɖ ŬɜŬɚɞɔɑŬ (ɔɟŬɛɛɎɟɘŬ ɝɖɟɐɠ ɛɎɕŬɠ/ ɧɔəɞ 

ŭɘŬɚɨŰɖ ŮəɢɡɚɑůɛŬŰɞɠ). ȺˊɧɛŮɜɞ ůŰɘɠ ɛŮŰɟɐůŮɘɠ ŮɑɜŬɘ Űɞ ŮəɢɨɚɘůɛŬ Űɖɠ 

ˊɟɧˊɞɚɖɠ. ȼ ˊɟɧˊɞɚɖ ˊŬɟɞɡůɑŬůŮ ɡɣɖɚɏɠ Űɘɛɏɠ ůŰɖɜ ůɡɔəɏɜŰɟɤůɖ 

ɞɚɘəɩɜ űŬɘɜɞɚɘəɩɜ, əɎŰɘ ˊɞɡ ŭŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ ɔɘŬ Űɖɜ 

ůɡɔəɏɜŰɟɤůɖ űɚŬɓɞɜɞŮɘŭɩɜ. ɇŬ ŮəɢɡɚɑůɛŬŰŬ ŮɢɘɜɎəŮɘŬ əŬɘ ɎɟɜɘəŬ, 

ˊŬɟɞɡůɘɎɕɞɡɜ ɢŬɛɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɞɚɘəɎ űɚŬɓɞɜɞŮɘŭɐ. 
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¶ ɀŮŰɎ Ŭˊɧ ŬɜŬɔɤɔɐ ůŮ ɝɖɟɐ ɛɎɕŬ ˊɟɩŰɖɠ ɨɚɖɠ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ 

ɛŮɔŬɚɨŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ űɚŬɓɞɜɞŮɘŭɩɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɖ ɛŬɨɟɖ 

ɄŮɨəɖ. 

¶ ȷˊɧ Űɖɜ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ Űɤɜ űŬɘɜɞɚɘəɩɜ 

ŮɜɩůŮɤɜ əŬɘ Űɤɜ űɚŬɓɞɜɞŮɘŭɩɜ, ˊɟɞəɨˊŰŮɘ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ 

ŬˊɞŰɏɚŮůɛŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮɑɜŬɘ 

ˊɞɚɨ ɛŮɔŬɚɨŰŮɟŮɠ. ȷɡŰɧ ŮɑɜŬɘ űɡůɘɞɚɞɔɘəɧ ŭɘɧŰɘ ŰŬ űɚŬɓɞɜɞŮɘŭɐ 

ɡˊɎɔɞɜŰŬɘ ůŰɖɜ ɞɛɎŭŬ Űɤɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ. 

¶ ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ŮəɢɨɚɘůɛŬ Űɖɠ ŮŰŬɘɟɑŬɠ Ⱦɞɟɟɏɠ, ˊŬɟɞɡůɘɎɕŮɘ ɡɣɖɚɐ 

ůɡɔəɏɜŰɟɤůɖ űɚŬɓɞɜɞŮɘŭɩɜ, ɏɟɢŮŰŬɘ ɜŬ ŮˊɘɓŮɓŬɘɩůŮɘ Űɖɜ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɐ əŬɘ ŬɜŰɘűɚŮɔɛɞɜɩŭɖ ŭɟɎůɖ Űɞɡ, ˊɞɡ ˊɟɞůŭɑŭŮɘ  

ůɡůűɘəŰɘəɏɠ əŬɘ ŬɜŰɘɔɖɟŬɜŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ.   

¶ ȰˊŮɘŰŬ Ŭˊɧ ɓɘɓɚɘɞɔɟŬűɘəɐ ɏɟŮɡɜŬ, (ȾŮű. 1 ɗŮɤɟɖŰɘəɞɨ ɛɏɟɞɡɠ), Űɞ 

ŮəɢɨɚɘůɛŬ ɎɟɜɘəŬɠ, ŬɜŬɛŮɜɧŰŬɜ ɜŬ ŮɑɜŬɘ ˊɚɞɨůɘɞ ůŮ űɚŬɓɞɜɞŮɘŭɐ. 

ɋůŰɧůɞ, ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ŮəɢɨɚɘůɛŬ ŭŮɜ ˊɘůŰɞˊɞɘɐɗɖəŮ ŬɡŰɧ Ŭˊɧ Űɘɠ 

ɛŮŰɟɐůŮɘɠ. ȼ Ůɝɐɔɖůɖ ˊɘɗŬɜɧŰŬŰŬ ŮɑɜŬɘ ɧŰɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əɎɗŮ 

űɡŰɞɨ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ Ůˊɞɢɐ, Űɖɜ ŰɞˊɞɗŮůɑŬ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ, 

Űɞɜ Űɟɧˊɞ ůɡɔəɞɛɘŭɐɠ, Űɖɜ ŭɘŬŭɘəŬůɑŬ əŬɘ Űɞɜ ŭɘŬɚɨŰɖ Ůəɢɨɚɘůɖɠ. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ Űɞ ŮəɢɨɚɘůɛŬ Űɖɠ ɎɟɜɘəŬɠ ŮɑɜŬɘ ɡŭŬŰɘəɧ. 

2.3 ȷɜŰɘɞɝŮɘŭɤŰɘəɐ ȹɟɎůɖ -  ȹɞəɘɛɐ DPPH(Antioxidant 

Activity)  

ũɘŬ Űɘɠ ŭɞəɘɛɏɠ DPPH ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛɏɗɞŭɞɠ Űɤɜ Brand-Williams et al. 

(1995). ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɛɏɗɞŭɞ ŬɡŰɐ, ɕɡɔɑɕɞɜŰŬɘ 0.0025 g DPPH, ŰŬ ɞˊɞɑŬ 

ɛŮŰŬűɏɟɞɜŰŬɘ ůŮ ɞɔəɞɛŮŰɟɘəɐ űɘɎɚɖ Űɤɜ 100 mL. ȷɟɢɘəɎ ˊɟɞůŰɑɗŮɜŰŬɘ 50 mL 

ɛŮɗŬɜɧɚɖɠ əŬɘ ŬəɞɚɞɡɗŮɑ ɏɜŰɞɜɖ ŬɜŬəɑɜɖůɖ, ɛɏɢɟɘ ˊɚɐɟɖ ŭɘɎɚɡůɖ Űɞɡ 

ŬɜŰɘŭɟŬůŰɖɟɑɞɡ. ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ, ɔɑɜŮŰŬɘ əŬɘ ɖ ˊɟɞůɗɐəɖ Űɖɠ ɡˊɧɚɞɘˊɖɠ 

ɛŮɗŬɜɧɚɖɠ, ɛɏɢɟɘ Űɖ ɢŬɟŬɔɐ Űɖɠ űɘɎɚɖɠ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ŭɘɎɚɡɛŬ, ˊɟɏˊŮɘ 

ɞˊɤůŭɐˊɞŰŮ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ űɟɏůəɞ, ɔɘô ŬɡŰɧ Űɞ ɚɧɔɞ, ˊŬɟŬůəŮɡŬɕɧŰŬɜ 

əŬɗɖɛŮɟɘɜɎ, ɛɏɢɟɘ Űɞ ˊɏɟŬɠ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɛɏɗɞŭɞ : 

V 3.9 mL Űɞɡ ŭɘŬɚɨɛŬŰɞɠ DPPH ŬɜŬɛɘɔɜɨɞɜŰŬɘ ɛŮ 
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V 0.1 mL Űɞɡ ŭɘŬɚɨɛŬŰɞɠ Űɞɡ ŮəɎůŰɞŰŮ ŬɜŰɘɞɝŮɘŭɤŰɘəɞɨ 

ɇɞ ɛɑɔɛŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ɔɡɎɚɘɜɖ əɡɣŮɚɑŭŬ əŬɘ əŬŰŬɔɟɎűŮŰŬɘ ɖ ɛŮɑɤůɖ Űɖɠ 

Ŭˊɞɟɟɧűɖůɖɠ ůŰŬ 515 nm, ˊɞɡ ŬˊɞŰŮɚŮɑ ɛɏɔɘůŰɞ ůŰɞ űɎůɛŬ Uv-Vis Űɖɠ 

ɟɑɕŬɠ. ɁŬ ůɖɛŮɘɤɗŮɑ ůŰɞ ůɖɛŮɑɞ ŬɡŰɧ, ɧŰɘ əɎɗŮ ŬɜŰɘɞɝŮɘŭɤŰɘəɧ ɛŮɚŮŰɐɗɖəŮ ůŮ 

ŭɘɎűɞɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ . ɆɡɔəŮəɟɘɛɏɜŬ, ɕɡɔɘɕɧŰŬɜ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ˊɞůɧŰɖŰŬ 

ˊɟɞŰɨˊɞɡ ůŮ ŬɜŬɚɡŰɘəɧ ɕɡɔɧ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ, ɖ ˊɞůɧŰɖŰŬ ŬɡŰɐ ɛŮŰŬűŮɟɧŰŬɜ 

ůŮ ɞɔəɞɛŮŰɟɘəɐ űɘɎɚɖ Űɤɜ 25 mL, ɧˊɞɡ ŬɟŬɘɤɜɧŰŬɜ ɛŮ ɛŮɗŬɜɧɚɖ, ɛɏɢɟɘ Űɖ 

ɢŬɟŬɔɐ. ȷˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ űɘɎɚɖ ˊŬɟɎɔɞɜŰŬɜ əŬɘ ŰŬ ɡˊɧɚɞɘˊŬ ŭɘŬɚɨɛŬŰŬ 

ɛŮ Űɘɠ ŮˊɘɗɡɛɖŰɏɠ ŬɟŬɘɩůŮɘɠ. Ƀɘ əɡɣŮɚɑŭŮɠ ˊɤɛŬŰɑɕɞɜŰŬɜ ŮɟɛɖŰɘəɎ, ɏŰůɘ ɩůŰŮ 

ɜŬ ɛɖɜ ŮɝŬŰɛɑɕŮŰŬɘ ɞ ŭɘŬɚɨŰɖɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ əŬŰŬɔɟŬűɧŰŬɜ ɖ Ŭˊɞɟɟɧűɖůɖ 

əŬɗŮɛɑŬɠ. Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ ɞɚɞəɚɖɟɩɜɞɜŰŬɜ ɧŰŬɜ ɞɘ əŬɛˊɨɚŮɠ ɛŮɑɤůɖɠ Űɖɠ 

Ŭˊɞɟɟɧűɖůɖɠ ɏűŰŬɜŬɜ ůŮ ˊɚŬŰɧ. (ɇůɘɛɞɔɘɎɜɜɖɠ ȹɖɛɐŰɟɘɞɠ, 2008) 

ɇɞ ůɨɜɞɚɞ Űɤɜ ɡˊɞɚɞɔɘůɛɩɜ, ɓŬůɑɕŮŰŬɘ ůŰɖɜ əŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ Űɞɡ 

ŬɜŰɘŭɟŬůŰɖɟɑɞɡ DPPH (ŭɘɎɔɟŬɛɛŬ ȷDPPH ï CDPPH) ȸɎůɖ Űɖɠ əŬɛˊɨɚɖɠ ŬɡŰɐɠ, 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ Ŭɟɢɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ DPPH əŬɗɩɠ əŬɘ Űɞɡ ɛɖ 

Ŭɜɖɔɛɏɜɞɡ DPPH, ɛŮŰɎ Űɞ Űɏɚɞɠ Űɖɠ ŮəɎůŰɞŰŮ ŬɜŰɑŭɟŬůɖɠ. ũɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ůŰɞɘɢŮɘɞɛŮŰɟɑŬɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɞɨ-DPPH, 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŰŬ ˊŬɟŬəɎŰɤ: 

¶ ȷɜŬɔɤɔɐ Űɤɜ Űɘɛɩɜ Ŭˊɞɟɟɧűɖůɖɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ ůŮ Űɘɛɏɠ 

ůɡɔəɏɜŰɟɤůɖɠ DPPH (ɛɏůɤ Űɖɠ əŬɛˊɨɚɖɠ ŬɜŬűɞɟɎɠ) 

¶ ȾŬŰŬůəŮɡɐ Űɞɡ ɔɟŬűɐɛŬŰɞɠ Cantiox.-ȹCDPPH 

¶ ɄɟɞůŬɟɛɞɔɐ ɓɏɚŰɘůŰɖɠ ŮɡɗŮɑŬɠ. ȼ əɚɑůɖ Űɖɠ ˊɟɞəɨˊŰɞɡůŬɠ ŮɡɗŮɑŬɠ 

ŮəűɟɎɕŮɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ŬɜŬɔɧɛŮɜɤɜ ɟɘɕɩɜ ŬɜɎ ɛɧɟɘɞ ŬɜŰɘɞɝŮɘŭɤŰɘəɞɨ.  

ȼ əŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ əŬŰŬůəŮɡɎɕŮŰŬɘ ɓɎůɖ Űɤɜ ˊŬɟŬəɎŰɤ ɛŮŰɟɐůŮɤɜ: 

ɄɑɜŬəŬɠ 2.29. ɀŮŰɟɐůŮɘɠ ȷDPPH ï CDPPH 

CDPPH (x 10-5 M) ADPPH 

106 0,602 

275 1,608 

458 2,981 

632 4,352 

 



 

 
 110 

 

ȹɘɎɔɟŬɛɛŬ 2.30 əŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ DPPH 

ȼ əŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ ŭɑɜŮɘ Űɖɜ Ůɝɑůɤůɖ CDPPH = 0,00480054546ȷDPPH ï 

0.4760888139, ɛŮ R2 = 0.99, ɖ ɞˊɞɑŬ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ. ɄŬɟŬəɎŰɤ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůɡɔəŮɜŰɟɤŰɘəɧ ŭɘɎɔɟŬɛɛŬ Cantiox. ï 

ȹCDPPH ɔɘŬ əɎɗŮ ɞɡůɑŬ ˊɞɡ ɛŮɚŮŰɐɗɖəŮ ɔɘŬ Űɖɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ Űɖɠ ŭɟɎůɖ əŬɘ 

ˊɑɜŬəŬɠ ˊɞɡ ŬɜŬɔɟɎűɞɜŰŬɘ ɞɘ əɚɑůŮɘɠ əɎɗŮ əŬɛˊɨɚɖɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ. ȼ 

ŮəɎůŰɞŰŮ əɚɑůɖ ŮəűɟɎɕŮɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ŬɜŬɔɧɛŮɜɤɜ ɟɘɕɩɜ ŬɜɎ ɛɧɟɘɞ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɞɨ.  

ȹɘɎɔɟŬɛɛŬ 2.31. ɆɡɔəŮɜŰɟɤŰɘəɧ ŭɘɎɔɟŬɛɛŬ  Cantiox - ȹCDPPH 
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ɄɑɜŬəŬɠ 2.32. Ʉɚɐɗɞɠ ŬɜŬɔɧɛŮɜɤɜ ɟɘɕɩɜ ŮəɢɡɚɘůɛɎŰɤɜ əŬɘ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ. 

ȺəɢɨɚɘůɛŬ- ɄɟɧŰɡˊɖ ɏɜɤůɖ 

Ʉɚɐɗɞɠ ŬɜŬɔɧɛŮɜɤɜ ɟɘɕɩɜ ŬɜɎ 

ɛɧɟɘɞ ŬɜŰɘɞɝŮɘŭɤŰɘəɞɨ 

ȾŬŰŮɢɑɜɖ 0,7989 

ɀŬɨɟɖ ɄŮɨəɖ 0,9172 

Ʉɟɧˊɞɚɖ 0,7039 

ȺɢɘɜɎəŮɘŬ 0,3004 

ūŮɟɞɡɚɘəɧ ɞɝɨ 0,2496 

ȸŮɜɕɞɥəɧ ɞɝɨ 0,0170 

4-ɢɚɤɟɞűŬɘɜɧɚɖ 0,0072 

ȸŬɜɘɚɑɜɖ 0,0230 

ȯɟɜɘəŬ -0,0350 

ȾŬűŮɥəɧ ɞɝɨ 0,5431 

ũŬɚɚɘəɧ ɞɝɨ 1,3992 

ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ 

ŭɟɎůɖ ˊŬɟɞɡůɘɎɕɞɡɜ Űɞ ɔŬɚɚɘəɧ ɞɝɨ, ɖ ɛŬɨɟɖ ˊŮɨəɖ, ɖ əŬŰŮɢɑɜɖ əŬɘ ɖ 

ˊɟɧˊɞɚɖ. ɀɏŰɟɘŬ ŭɟɎůɖ űŬɑɜŮŰŬɘ ɜŬ ɏɢoɡɜ ŰŬ ŭɘŬɚɨɛŬŰŬ Űɞɡ əŬűŮɥəɞɨ əŬɘ Űɞɡ 

űŮɟɞɡɚɘəɞɨ ɞɝɏɞɠ, əŬɗɩɠ əŬɘ Űɞ ŮəɢɨɚɘůɛŬ ŮɢɘɜɎəŮɘŬ. ɇɏɚɞɠ, ɢŬɛɖɚɐ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ ɏɢɞɡɜ ŰŬ ŭɘŬɚɨɛŬŰŬ Űɖɠ 4-ɢɚɤɟɞűŬɘɜɧɚɖɠ, Űɞɡ 

ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ əŬɘ Űɖɠ ɓŬɜɘɚɑɜɖɠ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ əɚɑůɖ ůŰɖɜ 

əŬɛˊɨɚɖ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ ɎɟɜɘəŬɠ, ˊɟɞəɨˊŰŮɘ ŬɟɜɖŰɘəɐ. ɆɡɛˊŮɟŬůɛŬŰɘəɎ Űɞ 

ůɡɔəŮəɟɘɛɏɜɞ ŮəɢɨɚɘůɛŬ ɎɟɜɘəŬɠ ŭŮɜ ˊŬɟɞɡůɘɎɕŮɘ əŬɛɑŬ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ 

ŭɟɎůɖ. 

ȺəŰɧɠ Ŭˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ŬɜɎɚɡůɖ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮəűɟɎůŰɖəŬɜ, Ůˊɑůɖɠ, 

ɛŮ ɓɎůɖ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ˊɞůɞůŰɘŬɑŬɠ ŬɜŬůŰɞɚɐɠ Űɞɡ DPPH, ɖ ɞˊɞɑŬ 

ŮəŰɘɛɎ Űɞ ɡˊɧɚɞɘˊɞ ůɡɔəɏɜŰɟɤůɖɠ Űɖɠ ɟɑɕŬɠ, ɛŮŰɎ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɖɠ ɛŮ Űɘɠ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɏɠ ŮɜɩůŮɘɠ Ŭˊɧ Űɞ ŮəɎůŰɞŰŮ ŮəɢɨɚɘůɛŬ, ůɨɛűɤɜŬ ɛŮ Űɖɜ 

Ůɝɑůɤůɖ:    

Ϸ ʙ  ἎἜἜἒ
Ἃ ʙ ʚ

ʙ
 ὀ  
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ȳˊɞɡ ȷŬɟɢɘəɐ ŮɑɜŬɘ ɖ Ŭˊɞɟɟɧűɖůɖ Űɞɡ DPPH ɢɤɟɑɠ Űɞ ŮəɢɨɚɘůɛŬ, əŬɘ 

ȷŭŮɑɔɛŬŰɞɠ ɖ Ŭˊɞɟɟɧűɖůɖ Űɞɡ ŮəɎůŰɞŰŮ ŭŮɑɔɛŬŰɞɠ. ȼ ɛŮɚɏŰɖ ɔɘŬ Űɖɜ 

ŬɜŬůŰɞɚɐ Űɖɠ ŭɟɎůɖɠ Űɞɡ DPPH əŬŰɎ 50%, ŭŮɑəŰɖɠ IC50 ɏɔɘɜŮ ɛɏůɤ Űɖɠ 

ɔɟŬűɘəɐɠ ˊŬɟɎůŰŬůɖɠ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ŬɜŬůŰɞɚɐ Űɖɠ ɟɑɕŬɠ DPPH. Ƀɘ ɢŬɛɖɚɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ůŮ ŮəɢɨɚɘůɛŬ, 

ɡˊɞŭɖɚɩɜɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ. ũɘŬ Űɖɜ ɛŮɚɏŰɖ Űɖɠ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɐɠ ŭɟɎůɖɠ, ŮəŰɧɠ Ŭˊɧ ŰŬ ŮəɢɡɚɑůɛŬŰŬ ŮˊɘɚɏɢɗɖəŬɜ əŬɘ 

ɞɟɘůɛɏɜŬ ˊɟɧŰɡˊŬ, Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɗɐəɖ. ɇŬ ˊɟɧŰɡˊŬ ŬɡŰɎ ŮˊɘɚɏɢɗɖəŬɜ, 

ɓɎůɖ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ, ŬɚɚɎ əŬɘ ɛŮ ůəɞˊɧ ɜŬ ŬˊɞŰŮɚɞɨɜ ŮɜŭŮɘəŰɘəɎ 

əŬŰɖɔɞɟɘɩɜ. 

ɄɑɜŬəŬɠ 2.33. ɄɞůɞůŰɘŬɑŬ ȷɜŬůŰɞɚɐ DPPH ůŮ ŭɘɎűɞɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŮəɢɡɚɘůɛɎŰɤɜ 

   

% ȷɜŬůŰɞɚɐ DPPH 

 C 

(mg/L) 

Gallic 

acid 

Caffeic 

acid 

Ferulic 

acid 

Benzoic 

acid 

4-

Chlorophenol 

Vanillin Catechin 

 

ɀŬɨɟɖ 

ɄŮɨəɖ 

Ʉɟɧˊɞɚɖ ȺɢɘɜɎəŮɘŬ ȯɟɜɘəŬ 

100 
86,2 31,5 55,1 2,4 29,0 28,5 86,1 69,1 89,5 88,9 0,8 

80 
86,3 26,4 52,2 0,6 28,3 27,8 85,0 56,1 87,5 88,7 0,0 

60 
82,3 17,8 48,8 0,6 28,1 27,8 68,8 45,6 84,3 88,8 2,2 

40 
56,5 9,8 45,3 0,3 28,8 27,8 60,2 36,9 71,8 86,2 1,9 

20 
23,4 2,6 41,3 0,0 27,9 27,0 45,8 17,0 58,2 75,7 1,1 

10 
4,6 0,0 38,9 0,0 27,8 28,5 37,6 8,6 46,3 68,8 3,5 

ȸɎůɖ Űɞɡ ˊɑɜŬəŬ ˊŬɟŬˊɎɜɤ, əŬŰŬůəŮɡɎɕŮŰŬɘ Űɞ Ŭəɧɚɞɡɗɞ ŭɘɎɔɟŬɛɛŬ ˊɞɡ 

ůɡůɢŮŰɑɕŮɘ Űɖɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ Űɤɜ ŮəɢɡɚɘůɛɎŰɤɜ. ȷˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ 

ŬɡŰɧ ˊɟɞəɨˊŰɞɡɜ əŬɘ ɞɘ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ IC50, ˊɞɡ ŬɜŬɔɟɎűɞɜŰŬɘ ůŰɞɜ  

ˊɑɜŬəŬ ˊŬɟŬəɎŰɤ: 
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ȹɘɎɔɟŬɛɛŬ 2.34. ɆɡůɢɏŰɘůɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐɠ ŭɟɎůɖɠ  

ɄɑɜŬəŬɠ 2.35. ȹŮɑəŰɖɠ IC50 

ȺəɢɨɚɘůɛŬ-ɄɟɧŰɡˊɖ ɏɜɤůɖ ȹŮɑəŰɖɠ IC50 (mg/L) 

Gallic acid 33,9 

Caffeic acid >100 

Ferulic acid 64,9 

Benzoic acid - 

Catechin 26 

4-Chlorophenol - 

Vanillin - 

ɀŬɨɟɖ ɄŮɨəɖ-ȾɞɟɟŮɠ 63,8 

Ʉɟɧˊɞɚɖ 13,9 

ȺɢɘɜɎəŮɘŬ >100 

ȯɟɜɘəŬ - 
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ȳůɞ ɛɘəɟɧŰŮɟɖ ŮɑɜŬɘ ɖ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ, Űɧůɞ ɡɣɖɚɧŰŮɟɖ ŮɑɜŬɘ ɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ 

ŭɟɎůɖ Űɖɠ ɏɜɤůɖɠ ˊɞɡ ɛŮɚŮŰɎŰŬɘ. Ⱥˊɞɛɏɜɤɠ, Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ ŭŮɑəŰɖ, 

ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ ŰŬ ŭɘŬɚɨɛŬŰŬ Űɖɠ 

ˊɟɧˊɞɚɖɠ, Űɖɠ əŬŰŮɢɑɜɖɠ Űɞɡ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ əŬɘ Űɖɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ. ɀɏŰɟɘŬ 

ŭɟɎůɖ ŮɛűŬɜɑɕŮɘ Űɞ űŮɟɞɡɚɘəɧ ɞɝɨ. ɇɏɚɞɠ ɞɘ ɡˊɧɚɞɘˊŮɠ ŮɜɩůŮɘɠ ˊɞɡ 

ɛŮɚŮŰɐɗɖəŬɜ ŭŮɜ ŮɛűɎɜɘůŬɜ ŭŮɑəŰɖ IC50, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘɓŮɓŬɘɩɜŮɘ Űɖɜ 

ɢŬɛɖɚɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ Űɞɡɠ ŭɟɎůɖ.  

2.3.1 ɆɡɛˊŮɟɎůɛŬŰŬ 
 

ȳˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɜ əŬɚɨŰŮɟɖ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ŮəɢɡɚɑůɛŬŰŬ ˊɟɧˊɞɚɖɠ əŬɘ ɛŬɨɟɖɠ 

ˊŮɨəɖɠ. ȷɜŬɚɡŰɘəɧŰŮɟŬ: 

¶ ɇŬ ŭɘŬɚɨɛŬŰŬ Űɖɠ ˊɟɧˊɞɚɖɠ əŬɗɩɠ əŬɘ Űɖɠ əŬŰŮɢɑɜɖɠ ɏɢɞɡɜ ˊŬɟɧɛɞɘŬ 

ůɡɛˊŮɟɘűɞɟɎ. ɆɡɔəŮəɟɘɛɏɜŬ, Ŭˊɧ ɛɘəɟɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŮɛűŬɜɑɕɞɡɜ 

ɡɣɖɚɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ əɞɜŰɎ ůŰɞ 50% Űɖɠ ŬɜɎůɢŮůɖɠ Űɞɡ DPPH. 

Ʉɘɞ ŬɜŬɚɡŰɘəɎ ɖ ˊɟɧˊɞɚɖ ɏɢŮɘ IC50 ˊŮɟɑˊɞɡ 14 mg/L, Ůɜɩ ɖ əŬŰŮɢɑɜɖ 26 

mg/L. óOůɞ ɛɘəɟɧŰŮɟɞɠ ŮɑɜŬɘ ɞ ůɡɔəŮəɟɘɛɏɜɞɠ ŭŮɑəŰɖɠ, Űɧůɞ ɡɣɖɚɧŰŮɟɖ 

ɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ Űɖɠ ɏɜɤůɖɠ. ȳˊɤɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ 

ŭɘɎɔɟŬɛɛŬ 2.34 ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɖ əɚɑůɖ, əŬɘ ŰŮɚɘəɎ ŮɛűŬɜɑɕɞɡɜ 

ˊɚŬŰɧ ůŮ ˊŬɟŮɛűŮɟɐ ůɡɔəɏɜŰɟɤůɖ, ˊŮɟɑˊɞɡ ůŰŬ 80  mg/L. 

¶ ȳůɞ ŬűɞɟɎ Űɞ ŭɘɎɚɡɛŬ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ,  ůŰɘɠ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

ŮɛűŬɜɑɕŮɘ ɢŬɛɖɚɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ, ɤůŰɧůɞ, ŬɡŰɐ ŬɡɝɎɜŮŰŬɘ 

ŮəɗŮŰɘəɎ, ɛŮ ɛŮɔɎɚɖ əɚɑůɖ, ɩůŰŮ ŰŮɚɘəɎ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ ˊɚŬŰɧ, ɧɛɞɘɞ ɛŮ 

Űɘɠ ˊŬɟŬˊɎɜɤ ɞɡůɑŮɠ ˊŮɟɑˊɞɡ ůŰɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ 80 mg/L. ȼ ɡɣɖɚɐ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ ɔɘŬ Űɞ ɔŬɚɚɘəɧ 

ɞɝɨ, ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɖ ɚɧɔɤ Űɖɠ ˊŬɟɞɡůɑŬɠ ŰɟɑŰɖɠ ɡŭɟɞɝɡ-ɞɛɎŭŬɠ ůŮ 

ɧɟɗɞ-ɗɏůɖ, ɖ ɞˊɞɑŬ ɗŮɤɟŮɑŰŬɘ, ɤɠ Űɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɞ ŭɞɛɘəɧ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ űŬɘɜɞɚɩɜ əŬɘ ɡŭɟɞɝɡɓŮɜɕɞɥəɩɜ ɞɝɏɤɜ. ȺɝŬɘŰɑŬɠ Űɖɠ 

ɢɖɛɘəɐɠ ŭɞɛɐɠ Űɞɡ Ůˊɞɛɏɜɤɠ, Űɞ ɔŬɚɚɘəɧ ɞɝɨ ŮɑɜŬɘ Ŭˊɧ Űɞɡɠ 

ɘůɢɡɟɧŰŮɟɞɡɠ ˊŬɟŮɛˊɞŭɘůŰɏɠ ɞɝŮɑŭɤůɖɠ, ɛɏůŬ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ ŰɎɝŮɘɠ 

ŮɜɩůŮɤɜ. 



ʋʰˍʸʺ ɳˎʰʴʴʶ˂ʾʰΣ ɲʽˉ˂˖˃ʰˍʽˁʺ ɳˊʴʰˋʾʰ 

 
 115 

¶ ɇɏɚɞɠ, Űɞ ŮəɢɨɚɘůɛŬ Űɖɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ, ůŮ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

ŮɛűŬɜɑɕŮɘ ɛɘəɟɐ ˊɞůɞůŰɘŬɑŬ ŬɜŬůŰɞɚɐ Űɖɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɐɠ ŭɟɎůɖɠ Űɞɡ 

ŬɜŰɘŭɟŬůŰɖɟɑɞɡ, ɤůŰɧůɞ ůŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔɎɚɖ əɚɑůɖ. ȷɝɑɕŮɘ 

ɜŬ ůɖɛŮɘɤɗŮɑ, ɧŰɘ Űɞ ŮəɢɨɚɘůɛŬ ŭŮɜ ˊŬɟɞɡůɘɎɕŮɘ ˊɚŬŰɧ ɧˊɤɠ ɞɘ 

ɡˊɧɚɞɘˊŮɠ ɞɡůɑŮɠ ůŮ ůɡɔəɏɜŰɟɤůɖ Űɤɜ 100 mg/L ɔŮɔɞɜɧɠ ˊɞɡ 

ŬˊɞŭŮɘəɜɨŮɘ ɧŰɘ ŭŮɜ ɏɢŮɘ əɞɟŮůŰŮɑ ůŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ Űɞɡ 

ŭɟɎůɖ. ɆɖɛŮɘɩɜŮŰŬɘ Ůˊɑůɖɠ, ɧŰɘ Űɞ ŮəɢɨɚɘůɛŬ ɛŬɨɟɖɠ ˊŮɨəɖɠ ŬɜŰɘůŰɞɘɢŮɑ 

ůŮ ɚɧɔɞ ůŰŮɟŮɞɨ/ɡɔɟɧ 1/100 Ůɜ ŬɜŰɘɗɏůŮɘ ɛŮ Űɖɜ ˊɟɧˊɞɚɖ ˊɞɡ ɞ ɚɧɔɞɠ 

ŮɑɜŬɘ 1/10.  

¶ ɀɏŰɟɘŬ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ ŮɛűŬɜɑɕɞɡɜ ŰŬ ŭɘŬɚɨɛŬŰŬ Űɞɡ űŮɟɞɡɚɘəɞɨ 

ɞɝɏɞɠ əŬɘ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ ŮɢɘɜɎəŮɘŬ. ɇɞ ˊɟɩŰɞ ůŮ ɢŬɛɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ɏɢŮɘ ˊɞůɞůŰɘŬɑŬ ŬɜɎůɢŮůɖ əɞɜŰɎ ůŰɞ 50%, ɛŮ IC50 

ˊŮɟɑˊɞɡ 65 mg/L, Ůɜɩ Űɞ ŭŮɨŰŮɟɞ űŰɎɜŮɘ Űɖɜ 50% ŬɜɎůɢŮůɖ ůŮ 

ůɡɔəɏɜŰɟɤůɖ ɛŮɔŬɚɨŰŮɟɖ Űɤɜ 100 mg/L. Ƀɘ ŭɨɞ ŮɜɩůŮɘɠ, 

ˊŬɟɞɡůɘɎɕɞɡɜ ˊɚŬŰɧ ɛŮŰɎ Ŭˊɧ Űɖɜ ůɡɔəɏɜŰɟɤůɖ Űɤɜ 100 mg/L. 

¶ ȼ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ Űɖɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ, ɞűŮɑɚŮŰŬɘ 

ˊɘɗŬɜɧŰŬŰŬ ůŰɖɜ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ, ůŮ űɚŬɓɞɜɞŮɘŭɐ ɧˊɤɠ 

ˊɟɞɏəɡɣŮ ůŰɞ ȾŮű. 2.2. ɇŬ űɚŬɓɞɜɞŮɘŭɐ ɏɢɞɡɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ ɧˊɤɠ ŬɜŬɚɨɗɖəŮ ůŰɞ ȾŮű. 3 Űɞɡ ɗŮɤɟɖŰɘəɞɨ. ɆŮ ŬɡŰɏɠ Űɘɠ 

ŮɜɩůŮɘɠ ŬˊɞŭɑŭɞɜŰŬɘ ɞɘ ɗŮŰɘəɏɠ ˊɟɞɠ Űɖɜ ɡɔŮɑŬ ɘŭɘɧŰɖŰŮɠ Űɞɡ 

ŮəɢɡɚɑůɛŬŰɞɠ.  

ɉŬɛɖɚɧŰŮɟɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ, ɧˊɤɠ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ, 

ŮɛűŬɜɑɕɞɡɜ ŰŬ ŭɘŬɚɨɛŬŰŬ Űɖɠ 4-ɢɚɤɟɞűŬɘɜɧɚɖɠ, Űɖɠ ɓŬɜɘɚɑɜɖɠ, Űɞɡ əŬűŮɥəɞɨ 

ɞɝɏɞɠ, Űɞɡ ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ, əŬɗɩɠ əŬɘ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ Űɖɠ ɎɟɜɘəŬɠ. 

ȷɜŬɚɡŰɘəɧŰŮɟŬ: 

¶ ɇŬ ŭɘŬɚɨɛŬŰŬ Űɖɠ 4-ɢɚɤɟɞűŬɘɜɧɚɖɠ əŬɘ Űɖɠ ɓŬɜɘɚɑɜɖɠ, űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ 

ɛɘŬ ˊɞɚɨ ůŰŬɗŮɟɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ, ɖ ɞˊɞɑŬ ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ 

Űɖɜ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ŭɘŬɚɡɛɎŰɤɜ, əɞɜŰɎ ůŰɞ 30% Űɖɠ ŬɜɎůɢŮůɖɠ Űɞɡ 

ŬɜŰɘŭɟŬůŰɖɟɑɞɡ DPPH.  ȼ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ŮɜɩůŮɤɜ ŭŮɜ 

ɛŮŰŬɓɎɚɚŮŰŬɘ, ɞɨŰŮ ɛŮ Űɖɜ ŬɚɚŬɔɐ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ, ɞɨŰŮ ɛŮ Űɖɜ 

ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ. 
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¶ ɇɞ əŬűŮɥəɧ ɞɝɨ, ůŮ ɛɘəɟɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɏɢŮɘ ɛɖŭŮɜɘəɐ ŬɜɎůɢŮůɖ, 

ɤůŰɧůɞ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔɎɚɖ əɚɑůɖ əŬɘ űŰɎɜŮɘ ůŮ ŬɜɎůɢŮůɖ əɞɜŰɎ ůŰɞ 

30% ůŮ ůɡɔəɏɜŰɟɤůɖ 80-100 mg/L. 

¶ ɇɏɚɞɠ, ŰŬ ŭɘŬɚɨɛŬŰŬ Űɞɡ ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ, əŬɘ Űɞ ŮəɢɨɚɘůɛŬ Űɖɠ ɎɟɜɘəŬɠ, 

ŭŮɜ ˊŬɟɞɡůɘɎɕɞɡɜ əŬɛɑŬ ŬɜɎůɢŮůɖ ůŰɞ DPPH, Ůˊɞɛɏɜɤɠ ŭŮɜ 

ŮɛűŬɜɑɕɞɡɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ. ɇɞ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɧ ŭŮɜ ŬɚɚɎɕŮɘ ɛŮ 

Űɖɜ Ŭɨɝɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ ŮəɢɡɚɘůɛɎŰɤɜ. 

¶ ɆɡɔəɟɑɜɞɜŰŬɠ Űɘɠ ŭɨɞ ɛŮɗɧŭɞɡɠ ŬɜɎɚɡůɖɠ  Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, əŬɗɩɠ 

əŬɘ Űɞɡɠ ŭŮɑəŰŮɠ IC50 ˊɟɞəɨˊŰɞɡɜ ŰŬɡŰɧůɖɛŬ ůɡɛˊŮɟɎůɛŬŰŬ, Ůˊɞɛɏɜɤɠ 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ŬɝɘɧˊɘůŰŬ. ɆŮ əɎɗŮ ɛɏɗɞŭɞ, 

ɞɘ ŮɜɩůŮɘɠ ɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ ŮɑɜŬɘ ɖ ˊɟɧˊɞɚɖ, ɖ 

əŬŰŮɢɑɜɖ, Űɞ ɔŬɚɚɘəɧ ɞɝɨ əŬɘ Űɞ ŮəɢɨɚɘůɛŬ ɛŬɨɟɖɠ ˊŮɨəɖɠ.  ɀɏŰɟɘŬ 

ůɡɛˊŮɟɘűɞɟɎ ɏɢŮɘ Űɞ űŮɟɞɡɚɘəɧ, Űɞ ŮəɢɨɚɘůɛŬ ŮɢɘɜɎəŮɘŬ əŬɘ ŬəɧɛŬ 

ɢŬɛɖɚɧŰŮɟɖ Űɞ əŬűŮɥəɧ. ɇɏɚɞɠ ɢŬɛɖɚɐ, ɏɤɠ əŬɘ ɛɖŭŮɜɘəɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ 

ŭɟɎůɖ ɏɢŮɘ, Űɞ ŮəɢɨɚɘůɛŬ Űɖɠ ɎɟɜɘəŬɠ , ɖ 4-ɢɚɤɟɞűŬɘɜɧɚɖ, ɖ ɓŬɜɘɚɑɜɖ 

əŬɘ Űɞ ɓŮɜɕɞɥəɧ ɞɝɨ. 

 

¶ ɇɏɚɞɠ, ɧˊɤɠ ɛŮɚŮŰɐɗɖəŮ əŬɘ ɓɘɓɚɘɞɔɟŬűɘəɎ, Űɞ űɡŰɧ ɎɟɜɘəŬ ɏɢŮɘ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɤůŰɧůɞ ŬɡŰɧ ŭŮɜ ˊɟɞəɨˊŰŮɘ ůŮ əŬɛɑŬ Ŭˊɧ Űɘɠ 

Ůˊɘɛɏɟɞɡɠ ŬɜŬɚɨůŮɘɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŬˊɞŭɑŭŮŰŬɘ, ůŰɖɜ ɢŬɛɖɚɐ 

ůɡɔəɏɜŰɟɤůɖ űɚŬɓɞɜɞŮɘŭɩɜ əŬɘ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ ɧˊɤɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰŬ ȾŮű. 2.1 əŬɘ 2.2. 
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3. ɚʉʗʇʑʎʂ ɭɾʍʙʏ 
ɯʍʖʈɻʐʋɾʍɻʒʚɻʏ- ɮɻʎʈɻʐʋʈʀʐʍʚɻʏ 
ɥʗʁɻʏ ɉLC-MS) 

3.1 ȹɖɛɘɞɡɟɔɑŬ ȸɘɓɚɘɞɗɐəɖɠ ɄɟɧŰɡˊɤɜ 

ȺɜɩůŮɤɜ 

ɆŰɖɜ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ (LC), ŭŮɜ ɡűɑůŰŬŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɨˊŬɟɝɖɠ 

ˊɟɞəŬɗɞɟɘůɛɏɜɖɠ ɓɘɓɚɘɞɗɐəɖɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ŬɏɟɘŬ ɢɟɤɛŬŰɞɔɟŬűɑŬ. Ƀ 

ɚɧɔɞɠ ˊɞɡ ůɡɛɓŬɑɜŮɘ ŬɡŰɧ, ŮɑɜŬɘ ŭɘɧŰɘ Űɞ űɎůɛŬ əɎɗŮ ɞɡůɑŬɠ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

ˊɞɚɚɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɖ ɗɟŬɡůɛŬŰɞˊɞɑɖůɖ Űɞɡ ɛɞɟɘŬəɞɨ 

ɘɧɜŰɞɠ əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ, ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞɜ 

ŭɘŬɚɨŰɖ (ɜŮɟɧ, ɛŮɗŬɜɧɚɖ, ŬəŮŰɞɜɘŰɟɑɚɘɞ ə.ɚˊ.), Űɘɠ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ, 

əŬɗɩɠ əŬɘ Űɞɜ Űɟɧˊɞ ɘɞɜɘůɛɞɨ, əɎɗŮ ɛŮɗɧŭɞɡ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ. ũɘŬ ɜŬ ɔɑɜŮɘ 

ˊɘɞ əŬŰŬɜɞɖŰɧ ŬɡŰɧ, Űɞ űɎůɛŬ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞɡ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ, ɛŮ 

ŭɘŬɚɨŰɖ ŬɘɗŬɜɧɚɖ əŬɘ ɜŮɟɧ, ɛŮ ɢɖɛɘəɧ ɘɞɜɘůɛɧ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ (APCI) 

ɘɞɜɘůɛɧ, ŮɑɜŬɘ ŮɜŰŮɚɩɠ ŭɘŬűɞɟŮŰɘəɧ Ŭˊɧ Űɞ űɎůɛŬ Űɖɠ ɑŭɘŬɠ ɞɡůɑŬɠ, ɛŮ 

ŭɘŬɚɨŰŮɠ ŬɡŰɐ Űɖ űɞɟɎ, ɛŮɗŬɜɧɚɖ əŬɘ ɜŮɟɧ, ɛŮ ɘɞɜɘůɛɧ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ 

(ESI). ɆɨɛűɤɜŬ Ůˊɞɛɏɜɤɠ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ, ŬˊŬɘŰŮɑŰŬɘ ŭɖɛɘɞɡɟɔɑŬ 

ˊɟɞůɤˊɘəɐɠ ɓɘɓɚɘɞɗɐəɖɠ, ɔɘŬ əɎɗŮ ŮɟɔŬůŰɐɟɘɞ, əŬɘ Űɨˊɞ ɞɟɔɎɜɞɡ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ, ŬɜɎɚɞɔŬ ˊɎɜŰŬ ɛŮ Űɖɜ ɛɏɗɞŭɞ ˊɞɡ ɗŬ ŮˊɘɚŮɔŮɑ.  

ũɘŬ ˊɟɩŰɖ űɞɟɎ, ůŰɖ Ɇɢɞɚɐ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ, ɝŮəɑɜɖůŮ ɖ ŭɖɛɘɞɡɟɔɑŬ 

ˊɟɞůɤˊɘəɐɠ ɓɘɓɚɘɞɗɐəɖɠ, ɛŮ ůəɞˊɧ Űɖɜ əŬŰŬůəŮɡɐ űŬůɛɎŰɤɜ ˊɟɧŰɡˊɤɜ 

ɞɡůɘɩɜ, ɔɘŬ ɛŮɚɏŰɖ əŬɘ ůɨɔəɟɘůɖ Űɤɜ űŬůɛɎŰɤɜ ŬɡŰɩɜ ɛŮ ŰŬ ŮəɢɡɚɑůɛŬŰŬ, ŰŬ 

ɞˊɞɑŬ ŮɝŮŰɎɕɞɜŰŬɘ ůŰɖɜ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ. ȷɟɢɘəɎ ůɡɔəŮɜŰɟɩɗɖəŬɜ ɞɘ 

ɞɡůɑŮɠ, ůɨɛűɤɜŬ ɛŮ ŰŬ ŬˊŬɘŰɞɨɛŮɜŬ əɟɘŰɐɟɘŬ, ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ȾŮű. 

1 Űɞɡ ˊŮɘɟŬɛŬŰɘəɞɨ ɛɏɟɞɡɠ. Ƀɘ ˊɟɧŰɡˊŮɠ ŬɡŰɏɠ ɞɡůɑŮɠ ɛŮɚŮŰɐɗɖəŬɜ ɛŮ 

ŰɏůůŮɟɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ŰŮɢɜɘəɏɠ ɘɞɜɘůɛɞɨ: 

Á ŪŮŰɘəɧɠ ɘɞɜɘůɛɧɠ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ (ESI positive) 

Á ȷɟɜɖŰɘəɧɠ ɘɞɜɘůɛɧɠ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ (ESI negative) 
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Á ŪŮŰɘəɧɠ ɢɖɛɘəɧɠ ɘɞɜɘůɛɧɠ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ (APCI positive) 

Á ȷɟɜɖŰɘəɧɠ ɘɞɜɘůɛɧɠ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ (APCI negative) 

ũɘŬ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ŬˊŮɡɗŮɑŬɠ ɏɔɢɡůɖ (direct 

infusion), ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ůɡɜɗɖəɩɜ əŬɘ  Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɚŮɘŰɞɡɟɔɑŬɠ, 

ɔɘŬ əɎɗŮ ɏɜɤůɖ əŬɘ ŰŮɢɜɘəɐ ɘɞɜɘůɛɞɨ, ɝŮɢɤɟɘůŰɎ. ȼ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŬɡŰɐ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ, ɛŮ ůəɞˊɧ Űɖɜ ŬɟɘůŰɞˊɞɑɖůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ.  

ũɘŬ Űɖɜ ŬˊŮɡɗŮɑŬɠ ɏɔɢɡůɖ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ Varian 500-MS, IT 

ūŬůɛŬŰɧɛŮŰɟɞ ɀɎɕŬɠ (Mass Spectrometer), Űɞɡ ɞɟɘɕɧɜŰɘɞɡ ŮɟɔŬůŰɖɟɑɞɡ, Űɖɠ 

Ɇɢɞɚɐɠ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ. ɋɠ ŭɘŬɚɨŰɖɠ əɎɗŮ ˊɟɧŰɡˊɖɠ ɏɜɤůɖɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛŮɗŬɜɧɚɖ (MeOH, HPLC grade). ȼ ůɡɔəɏɜŰɟɤůɖ əɎɗŮ 

ŭɘŬɚɨɛŬŰɞɠ ŮɑɜŬɘ 100 mg/L. 

ɆŰɖ ůɡɜɏɢŮɘŬ, əŬŰŮɔɟɎűɖůŬɜ ŰŬ űɎůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ 24 

ŮɜɩůŮɘɠ, ůɨɛűɤɜŬ ɛŮ Űɘɠ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŮɠ. ȷəɞɚɞɨɗɖůŮ ůɨɔəɟɘůɖ əŬɘ 

ŮɟɛɖɜŮɑŬ Űɤɜ űŬůɛɎŰɤɜ, əŬɗɩɠ əŬɘ ˊɟɞůˊɎɗŮɘŬ ŰŬɡŰɞˊɞɑɖůɖɠ Űɤɜ ɘɧɜŰɤɜ. 

ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ŮɜɩůŮɘɠ ɛɎɚɘůŰŬ, ŬɜɘɢɜŮɨŰɖəŮ Űɞ ɛɞɟɘŬəɧ ɘɧɜ ([M+H] ɐ [M-

H]). ɇŬ űɎůɛŬŰŬ ɧɚɤɜ Űɤɜ ŮɜɩůŮɤɜ ůŮ ɧɚŮɠ Űɘɠ ůɡɜɗɐəŮɠ əŬɘ Űɨˊɞ ɘɞɜɘůɛɞɨ 

ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞ ɄŬɟɎɟŰɖɛŬ 2. ɆŰɖ ůɡɜɏɢŮɘŬ, ŬəɞɚɞɡɗŮɑ ŮɜŭŮɘəŰɘəɎ, ŬɜɎɚɡůɖ 

ɞɟɘůɛɏɜɤɜ űŬůɛɎŰɤɜ ɔɘŬ ɜŬ ŮɝŮŰŬůŰɞɨɜ ŭɘɎűɞɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ůŮ əɎɗŮ Ůɑŭɞɠ 

Ŭˊɧ Űɞɡɠ 4 Űɟɧˊɞɡɠ ɘɞɜɘůɛɞɨ, ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ. 

1. Ɇɨɔəɟɘůɖ ɗŮŰɘəɞɨ əŬɘ ŬɟɜɖŰɘəɞɨ ɘɞɜɘůɛɞɨ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ (ESI) ï 

ũŬɚɚɘəɧ Ƀɝɨ 

ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ůɡɔəɟɑɜɞɜŰŬɘ ŰŬ űɎůɛŬŰŬ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ, ɛŮŰŬɝɨ 

ŬɟɜɖŰɘəɞɨ (űɎůɛŬ 3.1) əŬɘ ɗŮŰɘəɞɨ ɘɞɜɘůɛɞɨ (űɎůɛŬ 3.2) ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ 

(ESI). ɇɞ űɎůɛŬ Űɞɡ ɗŮŰɘəɞɨ ɘɞɜɘůɛɞɨ ˊŬɟɞɡůɘɎɕŮɘ ˊɘɞ ɏɜŰɞɜɖ 

ɗɟŬɡůɛŬŰɞˊɞɑɖůɖ. ɆŰɞɜ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ ŬɜɘɢɜŮɨŮŰŬɘ Űɞ ɛɞɟɘŬəɧ ɘɧɜ [M-H] = 

169.2 ůŰɖɜ əɨɟɘŬ əɞɟɡűɐ. Ⱥ́ ɑůɖɠ ŬɜɘɢɜŮɨŮŰŬɘ Űɞ ŭɘɛŮɟɏɠ Űɖɠ ɞɡůɑŬɠ, [2ɀ-ȼ] = 

339.4. ȷɜŰɑɗŮŰŬ, ůŰɞ ɗŮŰɘəɧ ɘɞɜɘůɛɧ, əŬɛɑŬ əɞɟɡűɐ ŭŮɜ ŭɑɜŮɘ Űɞ ɛɞɟɘŬəɧ ɘɧɜ ɐ 

əɎˊɞɘɞ Ɏɚɚɞ, ŮɜŭŮɘəŰɘəɧ ɘɧɜ.  
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ūɎůɛŬ. 3.1. ESI negative-Gallic acid 

 
ūɎůɛŬ. 3.2. ESI positive-Gallic acid 
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2. Ɇɨɔəɟɘůɖ ŬɟɜɖŰɘəɩɜ ɘɞɜɘůɛɩɜ APCI əŬɘ ESI ï ȸŮɜɕɞɥəɧ ɞɝɨ 

ɆŰɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ, ɛŮɚŮŰɎŰŬɘ ɞ ŬɟɜɖŰɘəɧɠ ɘɞɜɘůɛɧɠ ɔɘŬ Űɞ ɓŮɜɕɞɥəɧ ɞɝɨ, 

ɛŮ ɢɖɛɘəɧ ɘɞɜɘůɛɧ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ (APCI) (űɎůɛŬ 3.3), əŬɘ ɛŮ ɘɞɜɘůɛɧ 

ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ(ESI) (űɎůɛŬ 3.4). ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ůŰɞɜ ɘɞɜɘůɛɧ ɛŮ 

ɖɚŮəŰɟɞɣŮəŬůɛɧ, ɖ ɗɟŬɡůɛŬŰɞˊɞɑɖůɖ ŮɑɜŬɘ ŮɚɎɢɘůŰŬ ŮɜŰɞɜɧŰŮɟɖ, ɔŮɔɞɜɧɠ Űɞ 

ɞˊɞɑɞ ɞűŮɑɚŮŰŬɘ, əɡɟɑɤɠ ůŰɞɜ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ. ɆŰɘɠ ŭɨɞ 

ˊŮɟɘˊŰɩůŮɘɠ Ůɝɑůɞɡ, ŬɜŬɔɜɤɟɑɕŮŰŬɘ Űɞ ɛɞɟɘŬəɧ ɘɧɜ,  [ɀ-ȼ] = 121,2 ɤɠ əɨɟɘŬ 

əɞɟɡűɐ Űɤɜ űŬůɛɎŰɤɜ. ȼ əɨɟɘŬ əɞɟɡűɐ Űɤɜ ˊŬɟŬəɎŰɤ űŬůɛɎŰɤɜ ŮɑɜŬɘ 

ŮɜŭŮɘəŰɘəɐ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Űɞɡ ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ, ůŰɘɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ɗŬ 

Ŭəɞɚɞɡɗɐůɞɡɜ. 

 

ūɎůɛŬ. 3.3. APCI negative-Benzoic acid 
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ūɎůɛŬ. 3.4. ESI negative-Benzoic acid 

 

3. Ɇɨɔəɟɘůɖ ɗŮŰɘəɩɜ ɘɞɜɘůɛɩɜ APCI əŬɘ ESI ï ūŮɟɞɡɚɘəɧ ɞɝɨ 

ɆŰɖɜ ŰɟɑŰɖ ˊŮɟɑˊŰɤůɖ ɛŮɚŮŰɩɜŰŬɘ ŭɨɞ ɗŮŰɘəɎ űɎůɛŬŰŬ, ɢɖɛɘəɞɨ ɘɞɜɘůɛɞɨ 

ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ (APCI) (űɎůɛŬ 3.5), əŬɘ ɘɞɜɘůɛɞɨ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ 

(ESI) (űɎůɛŬ 3.6). ɆŰɞ űɎůɛŬ 3.5 Űɞɡ ɘɞɜɘůɛɞɨ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ, 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ əɞɟɡűɩɜ, ɔŮɔɞɜɧɠ ˊɞɡ ɛŬɟŰɡɟɎ ˊɘɞ ɏɜŰɞɜɖ 

ɗɟŬɡůɛŬŰɞˊɞɑɖůɖ, Ŭˊɧ Űɖɜ ɛɏɗɞŭɞ Űɞɡ ɢɖɛɘəɞɨ ɘɞɜɘůɛɞɨ ɛŮ ŬŰɛɞůűŬɘɟɘəɐ 

ˊɑŮůɖ. ȷɡŰɧ ˊɞɡ ŬɝɑɕŮɘ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ, ŮɑɜŬɘ ɧŰɘ əŬɘ ŰŬ ŭɨɞ űɎůɛŬŰŬ, əŬŰɎ Űɞ 

ɗŮŰɘəɧ ɘɞɜɘůɛɧ, ɏɢɞɡɜ əɨɟɘŬ əɞɟɡűɐ Űɞ ɛɞɟɘŬəɧ ɘɧɜ ɛŮŰɎ Űɖɜ ŬˊɩɚŮɘŬ Ůɜɧɠ 

ɛɞɟɑɞɡ ɜŮɟɞɨ, ŭɖɚŬŭɐ [(M+H)-(H2O)] = 177. To ɛɞɟɘŬəɧ ɘɧɜ, ŮɜŰɞˊɑɕŮŰŬɘ ɛɧɜɞ 

ůŰɞ űɎůɛŬ Űɞɡ ɢɖɛɘəɞɨ ɘɞɜɘůɛɞɨ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ (APCI). 

ȺˊɘˊɟɧůɗŮŰŬ, ůŰɞ űɎůɛŬ ŬɡŰɧ ŰŬɡŰɞˊɞɘŮɑŰŬɘ əŬɘ Űɞ ɘɧɜ, ɛŮŰɎ Űɖɜ ŬˊɩɚŮɘŬ 

ɛɘŬɠ əŬɟɓɞɝɡɚɞɛɎŭŬɠ, əŬɘ Űɖɜ ˊɟɞůɗɐəɖ Ůɜɧɠ ɡŭɟɞɔɧɜɞɡ [(M+H)-(-COOH)+(-

ȼ)] = 151,2. ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ Űɞ űɎůɛŬ Űɞɡ ɘɞɜɘůɛɞɨ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ, 

ˊŬɟɞɡůɘɎɕŮɘ ŮɜŰɞɜɧŰŮɟɖ ɗɟŬɡůɛŬŰɞˊɞɑɖůɖ əŬɑŰɞɘ ɞɘ ŭɨɞ ŰŮɢɜɘəɏɠ Ŭɜɐəɞɡɜ 

ůŰɘɠ çɐˊɘŮɠè ɛɞɟűɏɠ ɘɞɜɘůɛɞɨ. 
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ūɎůɛŬ. 3.5. APCI positive-Ferulic acid 

 
ūɎůɛŬ. 3.6. ESI positive-Ferulic acid 
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4. Ɇɨɔəɟɘůɖ ɗŮŰɘəɞɨ əŬɘ ŬɟɜɖŰɘəɞɨ ɘɞɜɘůɛɞɨ-ɉɖɛɘəɧɠ ɘɞɜɘůɛɧɠ ɛŮ 

ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (APCI)- ȸŬɜɘɚɑɜɖ 

ȼ ˊŬɟŬəɎŰɤ ˊŮɟɑˊŰɤůɖ, ŮɑɜŬɘ ɏɜŬ əɚŬůɘəɧ ˊŬɟɎŭŮɘɔɛŬ, əŬŰɎ Űɖɜ ɞˊɞɑŬ Űɞ 

ɛɞɟɘŬəɧ ɘɧɜ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɤɠ əɨɟɘŬ əɞɟɡűɐ, Űɧůɞ ůŰɞɜ ŬɟɜɖŰɘəɧ ɧůɞ əŬɘ ůŰɞ 

ɗŮŰɘəɧ ɘɞɜɘůɛɧ. ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ŰŬ űɎůɛŬŰŬ ŬˊŮɘəɞɜɑɕɞɡɜ ˊŮɟɑˊɞɡ Űɞɜ ɑŭɘɞ 

Ŭɟɘɗɛɧ əɞɟɡűɩɜ, Ůˊɞɛɏɜɤɠ ŭŮɜ ɏɢɞɡɛŮ ůŮ əɎˊɞɘɞ Űɨˊɞ ɘɞɜɘůɛɞɨ ɛŮɔŬɚɨŰŮɟɖ 

ɗɟŬɡůɛŬŰɞˊɞɑɖůɖ. ɆŰɞɜ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ (űɎůɛŬ 3.7), Űɞ ɛɞɟɘŬəɧ ɘɧɜ 

ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ əɨɟɘŬ əɞɟɡűɐ [M-H] = 151.2. Ⱥˊɑůɖɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ Űɞ 

ɛɞɟɘŬəɧ ɘɧɜ ɛŮŰɎ Űɖɜ Ŭˊɞɓɞɚɐ ɛɑŬɠ ŬɛɘɜɞɛɎŭŬɠ əŬɘ Űɖɜ ˊɟɞůɗɐəɖ Ůɜɧɠ 

ɡŭɟɞɔɧɜɞɡ ůŰɖɜ ɗɏůɖ Űɖɠ, ůɡɔəŮəɟɘɛɏɜŬ, [(M-H)-(NH2)+(-H)] = 136.3. 

ȷɜŰɑɗŮŰŬ ůŰɞ ɗŮŰɘəɧ ɘɞɜɘůɛɧ (űɎůɛŬ 3.8), ŮɟɛɖɜŮɨŮŰŬɘ ɛɧɜɞ Űɞ ɛɞɟɘŬəɧ ɘɧɜ ɤɠ 

əɨɟɘŬ əɞɟɡűɐ, [ɀ+ȼ] = 153.2. 

 

 
ūɎůɛŬ 3.7. APCI negative- Vanillin  
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ūɎůɛŬ 3.8. APCI positive ï Vanillin 

 

5. ɇŬɡŰɧɢɟɞɜɖ ůɨɔəɟɘůɖ əŬɘ Űɤɜ ŰŮůůɎɟɤɜ Űɟɧˊɤɜ ɘɞɜɘůɛɞɨ- ȾŮɟəŮŰɑɜɖ 

ɀŮ ŰŬɡŰɧɢɟɞɜɖ ˊŬɟŬŰɐɟɖůɖ əŬɘ Űɤɜ ŰŮůůɎɟɤɜ űŬůɛɎŰɤɜ, ŬɜɎɛŮůŬ ůŰɞ 

ɢɖɛɘəɧ ɘɞɜɘůɛɧ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (APCI), (űɎůɛŬŰŬ 3.9 əŬɘ 3.10) əŬɘ 

ůŰɞɜ ɘɞɜɘůɛɧ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ (ESI), (űɎůɛŬŰŬ 3.11 əŬɘ 3.12), ˊɘɞ ɏɜŰɞɜɖ 

ɗɟŬɡůɛŬŰɞˊɞɑɖůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɞɜ ŭŮɨŰŮɟɞ. ɆŰɞɜ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ 

APCI (űɎůɛŬ 3.9), ŬˊŮɘəɞɜɑɕŮŰŬɘ ɤɠ əɨɟɘŬ əŬɘ ɛɞɜŬŭɘəɐ əɞɟɡűɐ Űɞ ɛɞɟɘŬəɧ 

ɘɧɜ [ɀ-ȼ] = 301.2, Ůɜɩ ůŰɞɜ ɗŮŰɘəɧ ɘɞɜɘůɛɧ ɑŭɘɞɡ Űɨˊɞɡ (űɎůɛŬ 3.10), Űɞ 

ɛɞɟɘŬəɧ ɘɧɜ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɤɠ əɨɟɘŬ əɞɟɡűɐ, [ɀ+ȼ] = 303.2. ȳůɞ ŬűɞɟɎ Űɞɜ 

ɘɞɜɘůɛɧ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ, ůŰɞ űɎůɛŬ 3.11 Űɞɡ ŬɟɜɖŰɘəɞɨ ɘɞɜɘůɛɞɨ, 

ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ əɨɟɘŬ əɞɟɡűɐ, Űɞ ɣŮɡŭɞɛɞɟɘŬəɧ ɘɧɜ, [(M-H)-(-OCH3)+(-H)] 

= 271.3, ɧˊɤɠ əŬɘ ůŰɞ ɗŮŰɘəɧ ɘɞɜɘůɛɧ (űɎůɛŬ 3.12), [(M+H)-(-OCH3)+(-H)] = 

273.3. ȺˊɘˊɟɧůɗŮŰŬ, ůŰɞ űɎůɛŬ 3.12 Űɞɡ ɗŮŰɘəɞɨ ɘɞɜɘůɛɞɨ ŬˊŮɘəɞɜɑɕŮŰŬɘ 

Ůˊɑůɖɠ ɛɞɟɘŬəɧ ɘɧɜ [M+H] = 303.3, əŬɗɩɠ əŬɘ Űɞ ɣŮɡŭɞɛɞɟɘŬəɧ ɘɧɜ, [M+H]-

NH2 = 287.2 
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ūɎůɛŬ 3.9. APCI- negative, Quercetin                           ūɎůɛŬ 3.10. APCI-positive, Quercetin 

    ūɎůɛŬ 3.11. ESI-negative, Quercetin                           ūɎůɛŬ 3.12. ESI-positive, Quercetin 

ɇŬ űɎůɛŬŰŬ ɧɚɤɜ Űɤɜ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɖɜ ɓɘɓɚɘɞɗɐəɖ 

ˊɞɡ əŬŰŬůəŮɡɎůŰɖəŮ, ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞ ɄŬɟɎɟŰɖɛŬ 2. ɄŬɟŬəɎŰɤ, 

ŬˊŮɘəɞɜɑɕŮŰŬɘ ɞ ˊɑɜŬəŬɠ, ɛŮ Űɘɠ ɓɏɚŰɘůŰŮɠ ůɡɜɗɐəŮɠ űŬůɛŬŰɧɛŮŰɟɞɡ ɛɎɕŬɠ ɔɘŬ 

əɎɗŮ ˊɟɧŰɡˊɖ ɏɜɤůɖ, ůŮ ɧɚɞɡɠ Űɞɡɠ Űɨˊɞɡɠ ɘɞɜɘůɛɞɨ. 
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ɄɑɜŬəŬɠ 3.14. ȸɏɚŰɘůŰŮɠ ůɡɜɗɐəŮɠ Űɤɜ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ (optimized compounds) 

 

ʋʹ˃ʽˁˈˌ ɹˇ˄ʽˋ˃ˈˌ ˋʶ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹ - APCI 

ɹˇ˄ʽˋ˃ˈˌ ˃ʶ ʹ˂ʶˁˍˊˇ˕ʶˁʰˋ˃ˈ - 

ESI 

ʃˊˈˍˎˉʶˌ ɳ˄˗ˋʶʽˌ 

Positive Negative Positive Negative 

Capillary 

Voltage 

RF 

(%) 

Capillary 

Voltage 

RF 

(%) 

Capillary 

Voltage 

RF 

(%) 

Capillary 

Voltage 

RF 

(%) 

Gallic Acid 40 57 40 60 57 86 36 73 

Caffeic Acid 57 57 24 96 18 83 33 81 

Vanillic Acid 57 60 32 81 42 207 42 54 

Benzoic Acid 42 45 33 69 6 87 42 63 

Ferulic Acid 46 66 30 66 116 105 40 70 

Syringic Acid 30 78 45 81 111 66 48 57 

Salicylic Acid 55 75 27 75 111 105 6 96 

p-Coumaric Acid 87 57 45 75 27 69 19 93 

Tyrosol 27 50 51 96 36 51 70 96 

4-chlorophenol 141 105 57 105 33 60 66 101 

2-chlorophenol 55 105 48 105 144 93 60 105 

4-hydroxybenzoic 

Acid 21 49 21 74 15 87 18 105 

Phenylacetic Acid 39 111 15 75 39 94 21 69 

2-Aminophenol 39 90 39 90 60 83 60 83 

2-Chlorobenzoic 

Acid 9 51 26 51 6 50 30 84 

Vanillin 42 87 42 87 60 95 60 95 

4-hydroxycoumarin 50 60 57 66 84 53 60 90 

2-

Chlorobenzaldehyde 39 96 51 114 75 50 30 63 

2.5-Dihydroxy-

benzoic Acid 33 87 36 51 48 90 27 95 

(-)Epicatechin 27 76 39 90 257 77 279 75 

(+)Catechin 22 99 22 99 156 117 105 132 

Quercetin 48 105 52 96 77 102 65 105 
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Rutin 50 150 48 165 65 110 35 140 

Taxifolin 56 87 27 87 60 75 15 80 

Luteolin 30 60 180 85 45 70 90 120 

Eriodictyol 60 56 74 80 75 85 65 90 

 

ɀŮ Űɘɠ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŮɠ ɞɚɞəɚɖɟɩɗɖəŮ Űɞ ŮɔɢŮɑɟɖɛŬ ŭɖɛɘɞɡɟɔɑŬɠ 

ɓɘɓɚɘɞɗɐəɖɠ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ, ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊɟɩŰɖ űɞɟɎ ůŰɖ 

Ɇɢɞɚɐ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ. ȳɚŮɠ ɞɘ ˊɟɧŰɡˊŮɠ ŮɜɩůŮɘɠ ŬɜŬɚɨɗɖəŬɜ 

ŮˊɘˊɟɧůɗŮŰŬ, ɛŮ ɢɟɐůɖ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ, ˊɟɞəŮɘɛɏɜɞɡ, ɔɘŬ Űɖɜ 

ŮɟɛɖɜŮɑŬ Űɤɜ űŬůɛɎŰɤɜ, ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ Űɧůɞ ŰŬ ɛɞɟɘŬəɎ ɘɧɜŰŬ Űɖɠ 

əɎɗŮ ˊɟɧŰɡˊɖɠ ɏɜɤůɖɠ ɧůɞ əŬɘ ɞ ɢɟɧɜɞɠ ŬɜɎůɢŮůɖɠ Űɖɠ əɎɗŮ ɞɡůɑŬɠ. ɆŰɖ 

ůɡɜɏɢŮɘŬ ŬəɞɚɞɨɗɖůŮ ɖ ŬɜɎɚɡůɖ, Űɤɜ ˊɟɞɠ ɛŮɚɏŰɖ ŮəɢɡɚɘůɛɎŰɤɜ, ɛŮ Űɖ 

ɢɟɐůɖ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ-űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛɎɕŬɠ. 

σȢς ɚʉʗʇʑʎʂ ɞʆʔʑʇʅʎʈʗʐʖʉ ʆɻʅ ʌʍʝʐʑʌʖʉ 

ʀʉʡʎʀʖʉ ʈʀ ɭɾʍʙ ɯʍʖʈɻʐʋɾʍɻʒʚɻ 

ȼ ɢɟɤɛŬŰɞɔɟŬűɘəɐ ŬɜɎɚɡůɖ ɏɔɘɜŮ ůŮ ɡɔɟɧ ɢɟɤɛŬŰɞɔɟɎűɞ Varian 212-LC 

Chromatography Pump, ůɡɜŭŮŭŮɛɏɜɞ ɛŮ űŬůɛŬŰɧɛŮŰɟɞ ɛɎɕŬɠ Varian 500-

MS, IT Mass Spectrometer. ȾŬŰŬɟɢɎɠ, ŭɞəɘɛɎůŰɖəŬɜ ŭɘɎűɞɟŮɠ ɛɏɗɞŭɞɘ Ŭˊɧ 

Űɖɜ ɡˊɎɟɢɞɡůŬ ɓɘɓɚɘɞɔɟŬűɑŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɐɚŮɠ 

ŭɘŬűɞɟŮŰɘəɞɨ ɛŮɔɏɗɞɡɠ (5, 15 əŬɘ 25 cm) əŬɘ ŭɘŬűɞɟŮŰɘəɞɑ ŮəɚɞɨŰŮɠ ůŮ 

ˊɟɞɔɟɎɛɛŬŰŬ ɓŬɗɛɤŰɐɠ (gradient) ɏəɚɞɡůɖɠ.  ɁŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞɘ 

ˊŮɟɘůůɧŰŮɟŮɠ ŬɜŬűɞɟɏɠ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ,  Ŭűɞɟɞɨɜ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ ɛŮ 

DAD/MS (Diode Array Detention) ɞɟɔŬɜɞɚɞɔɑŬ ɖ ɞˊɞɑŬ ŭŮɜ ɐŰŬɜ ŭɘŬɗɏůɘɛɖ. 

ȺɜŭŮɘəŰɘəɎ ŬɜŬűɏɟɞɜŰŬɘ ɞɘ ˊŬɟŬəɎŰɤ ɛɏɗɞŭɞɘ ˊɞɡ ŭɞəɘɛɎůŰɖəŬɜ: 

Á ɆŰɐɚɖ 15 cm, ɛŮ ŮəɚɞɨŰŮɠ: ȷ. 0.2% űɞɟɛɘəɧ ɞɝɨ əŬɘ ɜŮɟɧ, əŬɘ ȸ. 0.2% 

űɞɟɛɘəɧ ɞɝɨ əŬɘ ŬəŮŰɞɜɘŰɟɑɚɘɞ. Ʌɞɐ, 1 mL/min.  (Yesil-Celiktas O. et al., 

2009) 

Á ɆŰɐɚɖ 5 cm, ɛŮ ŮəɚɞɨŰŮɠ : A. ɁŮɟɧ əŬɘ ɞɝɘəɧ ɞɝɨ (100:1 v/v) əŬɘ ȸ. 

ɛŮɗŬɜɧɚɖ, ŬəŮŰɞɜɘŰɟɑɚɘɞ, ɞɝɘəɧ ɞɝɨ (95:5:1 v/v). Ʌɞɐ 1.5 mL/min 

(McDonald Suzy et al., 2001) 
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Á ɆŰɐɚɖ 25 cm, ɛŮ ŮəɚɞɨŰŮɠ: ȷ. ɛŮɗŬɜɧɚɖ əŬɘ ȸ. ɜŮɟɧ əŬɘ ɞɝɘəɧ ɞɝɨ (1:1 

v/v). Ʌɞɐ 0,1 mL/min (Nianbai Fang, 2002) 

Ⱥˊɑůɖɠ ŭɞəɘɛɎůŰɖəŬɜ ŭɘŬűɞɟŮŰɘəɞɑ ɘɞɜɘůɛɞɑ, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ, ɘɞɜɘůɛɧɠ ɛŮ 

ɖɚŮəŰɟɞɣŮəŬůɛɧ (ESI) əŬɘ ɢɖɛɘəɧɠ ɘɞɜɘůɛɧɠ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (APCI). 

ȾŬŰɎ Űɖ ŭɞəɘɛɐ ɛŮ ɖɚŮəŰɟɞɣŮəŬůɛɧ, ɖ ɟɞɐ Űɞɡ ŮəɚɞɨŰɖ ɛŮɘɩɗɖəŮ ůŮ 0.3 

mL/min. Ɇəɞˊɧɠ Űɖɠ ɏɟŮɡɜŬɠ ŬɡŰɐɠ, ɐŰŬɜ ɞ əŬɚɨŰŮɟɞɠ ŭɡɜŬŰɧɜ ŭɘŬɢɤɟɘůɛɧɠ 

Űɤɜ ůɡůŰŬŰɘəɩɜ Űɤɜ ŮəɢɡɚɘůɛɎŰɤɜ.  

ȾŬŰɧˊɘɜ Űɖɠ ˊɟɞəŬŰŬɟəŰɘəɐɠ ɛŮɚɏŰɖɠ, ŬˊɞűŬůɑůɗɖəŮ ɖ ɢɟɐůɖ ɢɖɛɘəɞɨ 

ɘɞɜɘůɛɞɨ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (APCI), ŭɘɧŰɘ ɖ ɢɟɤɛŬŰɞɔɟŬűɘəɐ ɛɏɗɞŭɞɠ 

ŬˊŬɘŰŮɑ ɡɣɖɚɐ ɟɞɐ (0.8 mL/min), ɔŮɔɞɜɧɠ ˊɞɡ ŬˊɞŰŮɚŮɑ ˊŮɟɘɞɟɘůŰɘəɧ 

ˊŬɟɎɔɞɜŰŬ əŬɘ ɞŭɖɔŮɑ ůŰɖɜ Ůˊɘɚɞɔɐ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ Ůɑŭɞɡɠ ɘɞɜɘůɛɞɨ. 

ȺˊɘˊɟɧůɗŮŰŬ, ŮˊɘɚɏɢɗɖəŮ ůŰɐɚɖ EC 250/4.6 NUCLEOSIL 100-5 C18 (REF: 

720014.46, SN: N15030168, LOT:21304143), 25 cm x 5ɛm. ȼ ůŰɐɚɖ ŬɡŰɐ 

ŮˊɘɚɏɢɗɖəŮ ɏɜŬɜŰɘ ůŰɖɚɩɜ ɛɐəɞɡɠ 5 əŬɘ 15cm, ŭɘɧŰɘ ŮɝŬůűɎɚɘɕŮ əŬɚɨŰŮɟɞ 

ŭɘŬɢɤɟɘůɛɧ ɛŮŰŬɝɨ Űɤɜ ŮɜɩůŮɤɜ Űɤɜ ŮəɢɡɚɘůɛɎŰɤɜ. ɇɏɚɞɠ, ɤɠ ŮəɚɞɨŰŮɠ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ A. ɁŮɟɧ ɡˊŮɟəŬɗŬɟɧ ɞɝɘɜɘůɛɏɜɞ ɛŮ ɞɝɘəɧ ɞɝɨ, (0,5% 

CH3COOH) əŬɘ ȸ. ɀŮɗŬɜɧɚɖ (CH3OH, HPLC grade), ɛŮ ˊɟɧɔɟŬɛɛŬ 

ɓŬɗɛɤŰɐɠ (gradient) ɏəɚɞɡůɖɠ ɤɠ Ůɝɐɠ: 

A. 70%, B. 30% ůŮ ɛɖŭŮɜɘəɧ ɢɟɧɜɞ // ȷ.60%, ȸ.40% ɛɏɢɟɘ ɢɟɧɜɞ 10 ɚŮˊŰɩɜ // 

ȷ.20%, ȸ.80% ɛɏɢɟɘ ɢɟɧɜɞ 20 ɚŮˊŰɩɜ // ȷ.0%, ȸ.100% ɛɏɢɟɘ ɢɟɧɜɞ 40 

ɚŮˊŰɩɜ. ɆɡɜŮˊɩɠ ɞ ůɡɜɞɚɘəɧɠ ɢɟɧɜɞɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ŮɑɜŬɘ 40 ɚŮˊŰɎ. ȼ ɟɞɐ 

Űɤɜ ŮəɚɞɡŰɩɜ ŮɑɜŬɘ 0.8 mL/min. ȼ ŬɜɎɚɡůɖ Űɤɜ űŬůɛɎŰɤɜ ˊɞɡ ŬəɞɚɞɡɗŮɑ, 

ɓŬůɑɕŮŰŬɘ Űɧůɞ ůŰɖɜ ɓɘɓɚɘɞɗɐəɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ űŬůɛŬŰɧɛŮŰɟɞ ɛɎɕŬɠ 

(ȾŮű. 3.1 ˊŮɘɟŬɛŬŰɘəɞɨ) ɧůɞ əŬɘ ůŰɞɡɠ ɢɟɧɜɞɡɠ ŬɜɎůɢŮůɖɠ Űɤɜ ˊɟɧŰɡˊɤɜ 

ŮɜɩůŮɤɜ ˊɞɡ ŬɜŬɚɨɞɜŰŬɘ ɝŮɢɤɟɘůŰɎ ůŮ ɡɔɟɧ ɢɟɤɛŬŰɞɔɟɎűɞ.    

3.2.1. ȺəɢɨɚɘůɛŬ ɀŬɨɟɖɠ ɄŮɨəɖɠ-Ⱦɞɟɟɏɠ. 

ɇɞ űɎůɛŬ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ ůŮ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ ˊŬɟŬŰɑɗŮŰŬɘ 

ˊŬɟŬəɎŰɤ (űɎůɛŬ 3.15).  
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ūɎůɛŬ 3.15. ȺəɢɨɚɘůɛŬ ɀŬɨɟɖɠ ɄŮɨəɖɠ ůŮ ɡɔɟɧ ɢɟɤɛŬŰɞɔɟɎűɞ 

ȷɟɢɘəɎ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ ˊŬɟɞɡůɑŬ ŭɨɞ əɞɟɡűɩɜ ɛŮ ɢɟɧɜɞ ŬɜɎůɢŮůɖɠ 3.5 

ɚŮˊŰɎ. ɇɞ ɛɞɟɘŬəɧ ɘɧɜ 193, ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ ɏɜɤůɖ űŮɟɞɡɚɘəɧ ɞɝɨ [ɀ-ȼ] = 

193, ůɨɛűɤɜŬ ɛŮ Űɖɜ ɓɘɓɚɘɞɗɐəɖ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ.  

 

ūɎůɛŬ 3.16. ɉɟɤɛŬŰɞɔɟŬűɐɛŬŰŬ ɛɞɟɘŬəɩɜ ɘɧɜŰɤɜ m/z=191 əŬɘ m/z=193 
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ɋůŰɧůɞ ɞ ɢɟɧɜɞɠ ŬɜɎůɢŮůɖɠ Űɞɡ űŮɟɞɡɚɘəɞɨ ɞɝɏɞɠ ɧŰŬɜ ŬɡŰɧ ŬɜŬɚɨŮŰŬɘ 

ɛŮɛɞɜɤɛɏɜŬ ůŰɞɜ ɡɔɟɧ ɢɟɤɛŬŰɞɔɟɎűɞ, ŮɑɜŬɘ 11.5 əŬɘ 13 ɚŮˊŰɎ (ŭɨɞ 

əɞɟɡűɏɠ) ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ űɎůɛŬ 3.17 əŬɘ ŭŮɜ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞɜ ɢɟɧɜɞ ůŰɞ 

űɎůɛŬ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ. ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɡˊɞɗɏŰɞɡɛŮ ɧŰɘ ɖ əɞɟɡűɐ ůŰɞ 

űɎůɛŬ 3.16 ŬɜŰɘůŰɞɘɢŮɑ ůŮ əɎˊɞɘŬ ɏɜɤůɖ Űɞɡ űŮɟɞɡɚɘəɞɨ ɞɝɏɞɠ, ˊɘɗŬɜɧŰŬŰŬ 

ɛŮ ɢɖɛɘəɐ ɏɜɤůɖ Űɖɠ ɞˊɞɑŬɠ Űɞ ɗɟŬɨůɛŬ, ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ɣŮɡŭɞɛɞɟɘŬəɧ ɘɧɜ 

191,1 ɛŮ Űɞ ɞˊɞɑɞ ɏɢŮɘ ɑŭɘɞ ɢɟɧɜɞ ŬɜɎůɢŮůɖɠ.  

 

 

 

 

 

 

 

 

 

 

 

 

ūɎůɛŬ 3.17. ūŮɟɞɡɚɘəɧ ɞɝɨ- ūɎůɛŬ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ 

 

ɆɡɜŮɢɑɕɞɜŰŬɠ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ, ˊɟɞəɨˊŰŮɘ ɖ 

əɞɟɡűɐ Űɞɡ űɎůɛŬŰɞɠ 3.18 ɛŮ ɢɟɧɜɞ ŬɜɎůɢŮůɖɠ Űɖɠ əɨɟɘŬɠ əɞɟɡűɐɠ ŰŬ 21.5 

ɚŮˊŰɎ. ɇɞ ɘɧɜ 289, ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ ɛɞɟɘŬəɧ ɘɧɜ Űɖɠ əŬŰŮɢɑɜɖɠ/ŮˊɘəŬŰŮɢɑɜɖɠ 

ůŰɞɜ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ, [ɀ-ȼ] = 289 

 

 



ʋʰˍʸʺ ɳˎʰʴʴʶ˂ʾʰΣ ɲʽˉ˂˖˃ʰˍʽˁʺ ɳˊʴʰˋʾʰ 

 
 131 

 

      ūɎůɛŬ 3.18. ɉɟɤɛŬŰɞɔɟɎűɖɛŬ ɛɞɟɘŬəɞɨ ɘɧɜŰɞɠ m/z=289 

ɇɞ űɎůɛŬ Űɖɠ əŬŰŮɢɑɜɖɠ, ɧˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ, 

ŭɑɜŮɘ Űɞ ɛɞɟɘŬəɧ ɘɧɜ ůŮ ɢɟɧɜɞ 6 ɚŮˊŰɎ, ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ŭŮɜ 

ˊɟɧəŮɘŰŬɘ ɔɘŬ əŬɗŬɟɐ ɏɜɤůɖ əŬŰŮɢɑɜɖɠ, ŬɚɚɎ ɔɘŬ əɎˊɞɘɞ ůɨɛˊɚɞəɞ Űɖɠ ɞɡůɑŬɠ 

ŬɡŰɐɠ ɛŮ əɎˊɞɘŬ Ɏɚɚɖ ɏɜɤůɖ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ, ˊɟɞɠ 

ůɢɖɛŬŰɘůɛɧ ŮˊɘɔŬɚɚɞəŬŰŮɢɑɜɖɠ.  

 

 

 

 

 

 

 

 

 

 

ūɎůɛŬ 3.19. ȾŬŰŮɢɑɜɖ/ȺˊɘəŬŰŮɢɑɜɖ. ūɎůɛŬ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ 
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ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮɜŰŬɘ 4 ŭɘŬűɞɟŮŰɘəɏɠ əɞɟɡűɏɠ Ŭˊɧ Űɘɠ ɛŮɚɏŰŮɠ Űɞɡ 

űɎůɛŬŰɞɠ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ. ɈˊɞɗɏŰɞɡɛŮ ɧŰɘ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ 

ŰŮůůɎɟɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ŮɜɩůŮɤɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɞ ŮəɢɨɚɘůɛŬ.  

 

ūɎůɛŬ 3.20. ɉɟɤɛŬŰɞɔɟɎűɖɛŬ ɛɞɟɘŬəɞɨ ɘɧɜŰɞɠ m/z=179 

 

ūɎůɛŬ 3.21. ɉɟɤɛŬŰɞɔɟɎűɖɛŬ ɛɞɟɘŬəɞɨ ɘɧɜŰɞɠ m/z=121 
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ūɎůɛŬ 3.22. ɉɟɤɛŬŰɞɔɟɎűɖɛŬ ɛɞɟɘŬəɞɨ ɘɧɜŰɞɠ m/z=127 

 

ūɎůɛŬ 3.23. ɉɟɤɛŬŰɞɔɟɎűɖɛŬ ɛɞɟɘŬəɞɨ ɘɧɜŰɞɠ m/z=163 

ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɞ űɎůɛŬ 3.20 Űɞ ɘɧɜ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ əɨɟɘŬ əɞɟɡűɐ, 

ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ ɛɞɟɘŬəɧ ɘɧɜ Űɞɡ əŬűŮɥəɞɨ ɞɝɏɞɠ, ůŰɞɜ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ, [ɀ-ȼ] 

= 179. Ƀ ɢɟɧɜɞɠ ŬɜɎůɢŮůɖɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 4 ɚŮˊŰɎ. ɋůŰɧůɞ ɖ ŬɜɎɚɡůɖ ɡɔɟɐɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬ ɛŮɛɞɜɤɛɏɜɖɠ Űɖɠ ɏɜɤůɖɠ, ɏŭɤůŮ ŭɘŬűɞɟŮŰɘəɧ ɢɟɧɜɞ 

ŬɜɎůɢŮůɖɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ űɎůɛŬ 3.24. Ⱥˊɞɛɏɜɤɠ ˊɟɞŰŮɑɜŮŰŬɘ ɧŰɘ ɖ 
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əɞɟɡűɐ Űɞɡ űɎůɛŬŰɞɠ 3.20 ŬɜŰɘůŰɞɘɢŮɑ ůŮ ˊŬɟɎɔɤɔɞ Űɞɡ əŬűŮɥəɞɨ ɞɝɏɞɠ əŬɘ 

ɧɢɘ ůŰɖɜ əŬɗŬɟɐ ɛɞɟűɐ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɞɡůɑŬɠ.  

 

 

 

 

 

 

 

 

 

 

ūɎůɛŬ 3.24. Ɉɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ ůŰɖɜ ɏɜɤůɖ Űɞɡ əŬűŮɥəɞɨ ɞɝɏɞɠ 

ɇɞ ɘɧɜ Űɞɡ űɎůɛŬŰɞɠ 3.21 ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ ɛɞɟɘŬəɧ ɘɧɜ Űɞɡ ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ, 

ůŰɞɜ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ [ɀ-ȼ] = 121. Ƀɘ ɢɟɧɜɞɘ ŬɜɎůɢŮůɖɠ Űɤɜ  űŬůɛɎŰɤɜ Űɞɡ 

ŮəɢɡɚɑůɛŬŰɞɠ (űɎůɛŬ 3.21) əŬɘ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ Űɞɡ ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ (űɎůɛŬ 

3.25) ŰŬɡŰɑɕɞɜŰŬɘ, Ůˊɞɛɏɜɤɠ ɛˊɞɟɞɨɛŮ ɜŬ ŰŬɡŰɞˊɞɘɐůɞɡɛŮ Űɖɜ ɨˊŬɟɝɖ 

ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ ůŰɞ ŮəɢɨɚɘůɛŬ ɛŬɨɟɖɠ ˊŮɨəɖɠ .  

 

 

 

 

 

 

 

 

 

ūɎůɛŬ 3.25. Ɉɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ. 
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ɇɞ ŰɟɑŰɞ űɎůɛŬ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ (űɎůɛŬ 3.22) ŬˊɞŭɑŭŮɘ əɞɟɡűɐ ɛŮ ɘɧɜ, Űɞ 

ɞˊɞɑɞ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ ɛɞɟɘŬəɧ ɘɧɜ ůŰɞɜ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ Űɖɠ  4-

ɢɚɤɟɞűŬɘɜɧɚɖɠ əŬɘ Űɖɠ 2-ɢɚɤɟɞűŬɘɜɧɚɖɠ , ɛŮ ɢɟɧɜɞ ŬɜɎůɢŮůɖɠ ŰŬ 2,5 ɚŮˊŰɎ. 

ɋůŰɧůɞ ɞ ɢɟɧɜɞɠ ŬɡŰɧɠ ŭɘŬűɏɟŮɘ ŬɟəŮŰɎ, Ŭˊɧ Űɞ ɢɟɧɜɞ ŬɜɎůɢŮůɖɠ Űɖɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ɛŮɛɞɜɤɛɏɜɤɜ Űɤɜ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ ɧˊɤɠ ˊŬɟɑůŰŬŰŬɘ 

ůŰɞ űɎůɛŬ 3.26Ŭ əŬɘ 3.26ɓ. Ⱥˊɞɛɏɜɤɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊɘůŰɞˊɞɘɖɗŮɑ ɖ 

ˊŬɟɞɡůɑŬ Űɤɜ əŬɗŬɟɩɜ ŮɜɩůŮɤɜ ɐ Űɖɠ ɛɑŬɠ Ůɝ ŬɡŰɩɜ ůŰɞ ŮəɢɨɚɘůɛŬ, ŬɚɚɎ ɖ 

əɞɟɡűɐ Űɞɡ űɎůɛŬŰɞɠ 3.22 ŬˊɞŭɑŭŮŰŬɘ ůŮ ůɨɛˊɚɞəɞ Űɤɜ ɞɡůɘɩɜ ŬɡŰɩɜ ɛŮ 

əɎˊɞɘŬ Ɏɚɚɖ ɏɜɤůɖ, ɗɟŬɨůɛŬ Űɖɠ ɞˊɞɑŬɠ ŬˊɞŰŮɚŮɑ Űɞ ɛɞɟɘŬəɧ ɘɧɜ Űɖɠ 

ɢɚɤɟɞűŬɘɜɧɚɖɠ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ɢɚɤɟɞűŬɘɜɧɚɖ ŭŮɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ 

əŬɗŬɟɐ Űɖɠ ɛɞɟűɐ, ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɞ ɢɟɧɜɞɠ ŬɜɎůɢŮůɖɠ, ɤɠ 

əŬɗɞɟɘůŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ŬɜŬɔɜɩɟɘůɖɠ Űɤɜ ɘůɞɛŮɟɩɜ (2-,4-). 

 

 

 

 

 

 

 

 

 

 

 

 

ūɎůɛŬ 3.26Ŭ. Ɉɔɟɐ ɉɟɤɛŬŰɞɔɟŬűɑŬ 4-ɢɚɤɟɞűŬɘɜɧɚɖɠ // 3.26ɓ. Ɉɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ 2-

ɢɚɤɟɞűŬɘɜɧɚɖɠ 
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ɇɏɚɞɠ Űɞ űɎůɛŬ 3.23 ŮɛűŬɜɑɕŮɘ ɘɧɜ ˊɞɡ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ ɛɞɟɘŬəɧ ɘɧɜ , ůŮ 

ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ, Űɞɡ p-əɞɡɛŬɟɘəɞɨ ɞɝɏɞɠ [ɀ-ȼ] = 163, ůŮ ɢɟɧɜɞ ŬɜɎůɢŮůɖɠ 

14,5 ɚŮˊŰɎ. Ƀɘ ˊɚɖɟɞűɞɟɑŮɠ Ŭˊɧ Űɖɜ ˊɟɞůɤˊɘəɐ ɓɘɓɚɘɞɗɐəɖ ˊɟɧŰɡˊɤɜ 

ŮɜɩůŮɤɜ (űɎůɛŬŰŬ ɛɎɕŬɠ), əŬɗɩɠ əŬɘ ɞ ɢɟɧɜɞɠ ŬɜɎůɢŮůɖɠ Ŭˊɧ Űɞ űɎůɛŬ 

Űɖɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ Űɖɠ əŬɗŬɟɐɠ ɞɡůɑŬɠ (űɎůɛŬ 3.27) ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ 

ŮɜŭŮɑɝŮɘɠ Űɞɡ űɎůɛŬŰɞɠ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ, Ůˊɞɛɏɜɤɠ ŰŬɡŰɞˊɞɘŮɑŰŬɘ ɖ ɨˊŬɟɝɖ 

Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɏɜɤůɖɠ ůŰɞ ŮəɢɨɚɘůɛŬ Űɖɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ. 

 

ūɎůɛŬ 3.27.. Ɉɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ p-əɞɡɛŬɟɘəɞɨ ɞɝɏɞɠ 

ɃɚɞəɚɖɟɩɜɞɜŰŬɠ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ 

ˊŬɟŬŰɑɗŮɜŰŬɘ 3 űɎůɛŬŰŬ, ůŰŬ ɞˊɞɑŬ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ 

ůɡɜɏəɚɞɡůɖɠ Űɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ ɘɧɜŰɤɜ. ɆŰɞ űɎůɛŬ 3.28Ŭ, ŭɑɜŮŰŬɘ Űɞ ɘɧɜ 

303, Űɞ ɞˊɞɑɞ ˊɘɗŬɜɧɜ ɜŬ ŰŬɡŰɑɕŮŰŬɘ ŮɑŰŮ ɛŮ Űɞ ɛɞɟɘŬəɧ ɘɧɜ Űɖɠ əŮɟəŮŰɑɜɖɠ ůŮ 

ɗŮŰɘəɧ ɘɞɜɘůɛɧ, [ɀ+ȼ]= 303, ŮɑŰŮ ɛŮ Űɞ ɛɞɟɘŬəɧ ɘɧɜ Űɖɠ ŰŬɝɘűɞɚɑɜɖɠ ůŮ ŬɟɜɖŰɘəɧ 

ɘɞɜɘůɛɧ , [ɀ-ȼ] = 303, ŮɑŰŮ Űɏɚɞɠ ɛŮ Űɞ ŭɘɛŮɟɏɠ Űɞɡ ɛɞɟɘŬəɞɨ ɘɧɜŰɞɠ Űɖɠ 

ɓŬɜɘɚɑɜɖɠ, ůŰɞ ɗŮŰɘəɧ ɘɞɜɘůɛɧ  [2ɀ-ȼ]= 303. 
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ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŭɘɛŮɟɞɨɠ Űɖɠ ɓŬɜɘɚɑɜɖɠ, ɗŬ ɏˊɟŮˊŮ ɤůŰɧůɞ ɜŬ 

ŮɛűŬɜɑɕŮŰŬɘ Űɞ ɛɞɟɘŬəɧ ɘɧɜ [ɀ-ȼ] = 151, ɧˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ɓɘɓɚɘɞɗɐəɖ 

Űɤɜ ˊɟɞŰɨˊɤɜ. ɆŰŬ űɎůɛŬŰŬ 3.28ɓ əŬɘ 3.28ɔ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɘɧɜŰŬ 420 

əŬɘ 421, ŰŬ ɞˊɞɑŬ ŭŮɜ ɏɢɞɜ ŰŬɡŰɘůŰŮɑ ɛŮ əŬɛɑŬ Ŭˊɧ Űɘɠ ŮɜɩůŮɘɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜ 

Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɓɘɓɚɘɞɗɐəɖ. ɆɡɜŮəŰɘɛɩɜŰŬɠ Űɞɡɠ ɢɟɧɜɞɡɠ ŬɜɎůɢŮůɖɠ Űɖɠ 

ŰŬɝɘűɞɚɑɜɖɠ (űɎůɛŬ 3.30) əŬɘ Űɞɡ ŭɘɛŮɟɞɨɠ Űɖɠ ɓŬɜɘɚɑɜɖɠ (űɎůɛŬ 3.31) 

ŭɘŬűɏɟɞɡɜ űŬɜŮɟɎ, Ŭˊɧ ŬɡŰɧɜ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ. ȷɜŰɑɗŮŰŬ ɞ ɢɟɧɜɞɠ 

ŬɜɎůɢŮůɖɠ Űɖɠ əŮɟəŮŰɑɜɖɠ (űɎůɛŬ 3.29) ŮɑɜŬɘ ˊŮɟɑˊɞɡ 23 ɚŮˊŰɎ, əŬɘ ŰŬɡŰɑɕŮŰŬɘ 

ɛŮ Űɞɜ ɢɟɧɜɞ ŬɜɎůɢŮůɖ Űɞɡ ɘɧɜŰɞɠ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ. Ⱥˊɞɛɏɜɤɠ Űɞ ɘɧɜ 303, 

ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ ɨˊŬɟɝɖ əŮɟəŮŰɑɜɖɠ. ɋůŰɧůɞ Ůűɧůɞɜ ɏɢɞɡɛŮ ůɡɜɏəɚɞɡůɖ əŬɘ 

Ɏɚɚɤɜ ɘɧɜŰɤɜ (3.28ɓ əŬɘ 3.28ɔ), əŬŰŬɚɐɔɞɡɛŮ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ŭŮɜ 

ˊɟɧəŮɘŰŬɘ ɔɘŬ ˊŮɟɑˊŰɤůɖ ˊŬɟɞɡůɑŬɠ əŬɗŬɟɐɠ ɏɜɤůɖɠ əŮɟəŮŰɑɜɖɠ ŬɚɚɎ, 

ůɡɛˊɚɧəɞɡ ɛŮ əɎˊɞɘŬ Ɏɚɚɖ ɏɜɤůɖ, ɛŮ ɛɞɟɘŬəɧ ɘɧɜ ɐ ɗɟŬɨůɛŬŰŬ Űɖɠ ɞˊɞɑŬɠ 

ˊɟɞəɨˊŰɞɡɜ ůŰɞɜ ɑŭɘɞ ɢɟɧɜɞ. ɄɟɎɔɛŬŰɘ Űɞ ůɨɛˊɚɞəɞ əŮɟəŮŰɑɜɖɠ ɓŮɜɕɞɥəɞɨ 

ɞɝɏɞɠ, ůŰɞɜ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ, ŭɑɜŮɘ ɣŮɡŭɞɛɞɟɘŬəɧ ɘɧɜ ɑůɞ ɛŮ 421 [(ɀ-

ȼ)+ɓŮɜɕɞɥəɧ ɞɝɨ]= 421 

ūɎůɛŬŰŬ ɉɟɤɛŬŰɞɔɟŬűɐɛŬŰŬ ɛɞɟɘŬəɩɜ ɘɧɜŰɤɜ 3.28Ŭ. m/z=303 // 3.28ɓ. m/z=420 // 3.28ɔ. 

m/z= 421 
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ūɎůɛŬ 3.29. Ɉɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ əŮɟəŮŰɑɜɖɠ 

 

 

 

 

 

 

 

 

 

 

ūɎůɛŬ 3.31. ȹɘɛŮɟɏɠ ɓŬɜɘɚɑɜɖɠ 

 

 

 

ūɎůɛŬ 3.30. Ɉɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ ŰŬɝɘűɞɚɑɜɖɠ 
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3.2.2 ȺəɢɨɚɘůɛŬ Ʉɟɧˊɞɚɖɠ 

ũɘŬ Űɞ ŮəɢɨɚɘůɛŬ Űɖɠ ˊɟɧˊɞɚɖɠ, ŬəɞɚɞɡɗŮɑŰŬɘ ɖ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ, ɛŮ Űɞ 

əŮűɎɚŬɘɞ 3.2.1. ɆɡɜŮəŰɘɛɩɜŰŬɘ ŰŬ űɎůɛŬŰŬ əŬɘ Űɞɡ ŬɟɜɖŰɘəɞɨ əŬɘ ɗŮŰɘəɞɨ 

ɘɞɜɘůɛɞɨ. ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ ɖ ɛɞɟűɐ Űɞɡ űɎůɛŬŰɞɠ Űɖɠ ˊɟɧˊɞɚɖɠ ůŰɞ 

ɗŮŰɘəɧ ɘɞɜɘůɛɧ.  

ūɎůɛŬ 3.32. Ɉɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ Ʉɟɧˊɞɚɖɠ, ɗŮŰɘəɧɠ ɘɞɜɘůɛɧɠ 

ɆŮ ɢɟɧɜɞ ŬɜɎůɢŮůɖɠ ˊŮɟɑˊɞɡ 24 ɚŮˊŰɎ, ˊɟɞəɨˊŰŮɘ ɖ əɞɟɡűɐ ˊɞɡ 

ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ űɎůɛŬ 3.33 əŬɘ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ɘɧɜ m/z=255. ɇɞ ɘɧɜ 255, 

ˊɘɗŬɜɧɜ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ ɣŮɡŭɞɛɞɟɘŬəɧ ɘɧɜ Űɖɠ əŬŰŮɢɑɜɖɠ  ɐ ŮˊɘəŬŰŮɢɑɜɖɠ ɛŮŰɎ 

Űɖɜ ŬˊɩɚŮɘŬ Ůɜɧɠ ɢɚɤɟɑɞɡ, ůŰɞ ɗŮŰɘəɧ ɘɞɜɘůɛɧ, [(ɀ+ȼ)-Cl] = 255. ɋůŰɧůɞ ɞ 

ɢɟɧɜɞɠ ŬɜɎůɢŮůɖɠ Űɖɠ əŬŰŮɢɑɜɖɠ/ŮˊɘəŬŰŮɢɑɜɖɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɠ (űɎůɛŬ 3.19). 

ɆɡɛˊŮɟŬɑɜŮŰŬɘ Ůˊɞɛɏɜɤɠ, ɧŰɘ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɗɟŬɨůɛŬ ɏɜɤůɖɠ ˊɞɡ ˊŮɟɘɏɢŮɘ 

əŬŰŮɢɑɜɖ/ ŮˊɘəŬŰŮɢɑɜɖ. ɆŰɞɜ ɑŭɘɞ ɢɟɧɜɞ, ŬˊŮɘəɞɜɑɕŮŰŬɘ əɞɟɡűɐ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ 

ůŰɞ ɘɧɜ m/z= 257. ȼ əɞɟɡűɐ ŬɡŰɐ ɛŮ ɘɧɜ 257, ˊɘɗŬɜɧɜ ɜŬ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ 

ůɨɛˊɚɞəɞ ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ əŬɘ Űɞɡ űŬɘɜɡɚɞɝɘəɞɨ ɞɝɏɞɠ, ůŰɞ ɗŮŰɘəɧ ɘɞɜɘůɛɧ, 

[(ɀ+ȼ)+ɓŮɜɕɞɥəɧ ɞɝɨ] = 257 

 

ūɎůɛŬ 3.33. ɉɟɤɛŬŰɞɔɟŬűɐɛŬŰŬ ɛɞɟɘŬəɩɜ ɘɧɜŰɤɜ m/z= 255 m/z=257 
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ȳůɞ ŬűɞɟɎ ŰŬ űɎůɛŬŰŬ Űɞɡ ŬɟɜɖŰɘəɞɨ ɘɞɜɘůɛɞɨ, ɧˊɤɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ 

ˊŬɟŬəɎŰɤ (űɎůɛŬ 3.34), ˊɟɞəɨˊŰŮɘ əɞɟɡűɐ ɛŮ ɘɧɜ m/z = 609 ůŮ ɢɟɧɜɞ 

ŬɜɎůɢŮůɖɠ ˊŮɟɑˊɞɡ 25,5 ɚŮˊŰɎ, Űɞ ɞˊɞɑɞ ŰŬɡŰɑɕŮŰŬɘ  ɛŮ Űɞ ɛɞɟɘŬəɧ ɘɧɜ Űɖɠ 

ɟɞɡŰɑɜɖɠ, [ɀ-ȼ] = 609, əŬɗɩɠ əŬɘ ɘɧɜ m/z =  303, ůŰɞɜ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ, Űɞ 

ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ŰŬɡŰɑɕŮŰŬɘ ŮɑŰŮ ɛŮ Űɞ ɛɞɟɘŬəɧ ɘɧɜ Űɖɠ ŰŬɝɘűɞɚɑɜɖɠ ŮɑŰŮ ɛŮ Űɞ 

ŭɘɛŮɟɏɠ Űɖɠ ɓŬɜɘɚɑɜɖɠ.  

 

ūɎůɛŬ 3.34. ɉɟɤɛŬŰɞɔɟŬűɐɛŬŰŬ ɛɞɟɘŬəɩɜ ɘɧɜŰɤɜ m/z=609.5 əŬɘ m/z=303 

 

ɋůŰɧůɞ ɞ ɢɟɧɜɞɠ ŬɜɎůɢŮůɖɠ Űɖɠ əɞɟɡűɐɠ Űɞɡ ɘɧɜŰɞɠ m/z=609 ŭŮɜ ŰŬɡŰɑɕŮŰŬɘ 

ɛŮ Űɞ ɢɟɧɜɞ ŬɜɎůɢŮůɖɠ, ɧŰŬɜ ɖ ɟɞɡŰɑɜɖ ŬɜŬɚɨŮŰŬɘ ɛŮɛɞɜɤɛɏɜŬ ůŮ ɡɔɟɐ 

ɢɟɤɛŬŰɞɔɟŬűɑŬ (űɎůɛŬ 3.35). ɄɟɞəɨˊŰŮɘ Ůˊɞɛɏɜɤɠ, Űɞ ůɡɛˊɏɟŬůɛŬ, ɧŰɘ ŭŮɜ 

ˊɟɧəŮɘŰŬɘ ɔɘŬ əŬɗŬɟɐ ɏɜɤůɖ ɟɞɡŰɑɜɖɠ ŬɚɚɎ əɎˊɞɘɞ ˊŬɟɎɔɤɔɞ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ɞɡůɑŬɠ ɛŮ Ɏɚɚɖ ɏɜɤůɖ. 
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ūɎůɛŬ 3.35. Ɉɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ ɟɞɡŰɑɜɖɠ 

ȺˊɘˊɟɧůɗŮŰŬ, ɞɘ ɢɟɧɜɞɘ ŬɜɎůɢŮůɖɠ ɔɘŬ Űɘɠ ɡˊɞɗɏůŮɘɠ ŰŬɨŰɘůɖɠ Űɞɡ ɘɧɜŰɞɠ m/z 

= 303 (űɎůɛŬ 3.30/3.31), ŭŮɜ ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ ůɡɔəŮəɟɘɛɏɜɞ ɢɟɧɜɞ 

ŬɜɎůɢŮůɖɠ (űɎůɛŬ 3.34). Ⱥˊɞɛɏɜɤɠ ŭŮɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ əŬɗŬɟɐ ɞɡůɑŬ ŬɚɚɎ 

əɎˊɞɘŬ ɏɜɤůɖ, ɐ ɗɟŬɨůɛŬ Űɖɠ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ŭŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ ɛɞɟɘŬəɧ ɘɧɜ [ɀ-ȼ] = 151 Űɖɠ ɓŬɜɘɚɑɜɖɠ, ɖ əɞɟɡűɐ ŬˊɞŭɑŭŮŰŬɘ 

ůŮ ɏɜɤůɖ Űɖɠ ŰŬɝɘűɞɚɑɜɖɠ. 

 

3.2.3 ȺəɢɨɚɘůɛŬ ȺɢɘɜɎəŮɘŬ 

ɀŮŰɎ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ ŮɢɘɜɎəŮɘŬ, ɛŮ ɢɟɐůɖ ɡɔɟɐɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬɠ, ˊɟɞəɨˊŰɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ űɎůɛŬŰŬ:  

ɆŰɞ űɎůɛŬ 3.36 ɖ əɨɟɘŬ əɞɟɡűɐ ŬˊŮɘəɞɜɑɕŮɘ Űɞ ɘɧɜ 609, Űɞ ɞˊɞɑɞ ŰŬɡŰɑɕŮŰŬɘ ɛŮ 

Űɞ ɛɞɟɘŬəɧ ɘɧɜ Űɖɠ ɟɞɡŰɑɜɖɠ ůŰɞɜ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ, [ɀ-ȼ] = 609. 

ȺˊɘˊɟɧůɗŮŰŬ, ɘəŬɜɞˊɞɘŮɑŰŬɘ əŬɘ ɖ ŰŬɨŰɘůɖ ɢɟɧɜɤɜ ŬɜɎůɢŮůɖɠ, ɛŮŰŬɝɨ Űɞɡ 

űɎůɛŬŰɞɠ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ, əŬɘ Űɞɡ űɎůɛŬŰɞɠ Űɖɠ ɟɞɡŰɑɜɖɠ (űɎůɛŬ 3.35). 

Ⱥˊɞɛɏɜɤɠ ɖ əɞɟɡűɐ ˊɞɡ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ űɎůɛŬ 3.36, ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ 

ɏɜɤůɖ Űɖɠ ɟɞɡŰɑɜɖɠ. 
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ūɎůɛŬ 3.36. ɉɟɤɛŬŰɞɔɟɎűɖɛŬ ɛɞɟɘŬəɞɨ ɘɧɜŰɞɠ m/z= 609.5 

ɆŰɞ űɎůɛŬ 3.37 ŬˊŮɘəɞɜɑɕŮŰŬɘ əɞɟɡűɐ ɛŮ ɘɧɜ 603, Űɞ ɞˊɞɑɞ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ 

ɣŮɡŭɞɛɞɟɘŬəɧ ɘɧɜ Űɞɡ ŭɘɛŮɟɞɨɠ Űɖɠ əŮɟəŮŰɑɜɖɠ, ůŰɞɜ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ, [2ɀ-ȼ] 

= 603. Ⱥˊɑůɖɠ, ɞɘ ɢɟɧɜɞɘ ŬɜɎůɢŮůɖɠ Űɖɠ əɞɟɡűɐɠ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ (űɎůɛŬ 

3.37) əŬɘ Űɞɡ ˊɟɧŰɡˊɞɡ Űɖɠ əŮɟəŮŰɑɜɖɠ (űɎůɛŬ 3.19), ŰŬɡŰɑɕɞɜŰŬɘ, Ůˊɞɛɏɜɤɠ ɖ 

əɞɟɡűɐ ŬɡŰɐ, ˊɘůŰɞˊɞɘŮɑ Űɖɜ ˊŬɟɞɡůɑŬ əŮɟəŮŰɑɜɖɠ ůŰɞ ŮəɢɨɚɘůɛŬ ŮɢɘɜɎəŮɘŬ. 

 

ūɎůɛŬ 3.37 ɉɟɤɛŬŰɞɔɟɎűɖɛŬ ɛɞɟɘŬəɞɨ ɘɧɜŰɞɠ m/z=603 

ɃɚɞəɚɖɟɩɜɞɜŰŬɠ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŮəɢɡɚɑůɛŬŰɞɠ, ŰŬ űɎůɛŬŰŬ 

3.38Ŭ əŬɘ 3.38ɓ, ˊŬɟɞɡůɘɎɕɞɡɜ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ůɡɜɏəɚɞɡůɖɠ ŭɨɞ ɘɧɜŰɤɜ. ȼ 

əɞɟɡűɐ Űɞɡ űɎůɛŬŰɞɠ 3.38Ŭ ́ɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ɘɧɜ m/z = 281, ŭŮɜ ŰŬɡŰɑɕŮŰŬɘ 
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ɛŮ əɎˊɞɘŬ Ŭˊɧ Űɘɠ ɞɡůɑŮɠ Űɘɠ ɓɘɓɚɘɞɗɐəɖɠ. ɇɞ űɎůɛŬ 3.38ɓ ŭɑɜŮɘ Űɞ ɘɧɜ m/z = 

373, Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɞɗŮɑ ɛŮ Űɞ ɣŮɡŭɞɛɞɟɘŬəɧ ɘɧɜ Űɖɠ ɏɜɤůɖɠ Űɞɡ 

űŮɟɞɡɚɘəɞɨ ɞɝɏɞɠ ɛŮ əŬűŮɥəɧ ɞɝɨ, ůŰɞɜ ŬɟɜɖŰɘəɧ ɘɞɜɘůɛɧ,  [(ɀ-ȼ) űŮɟɞɡɚɘəɞɨ 

ɞɝɏɞɠ+ (ɀ-ȼ) əŬűŮɥəɞɨ ɞɝɏɞɠ] = 373.  

 

     ūɎůɛŬŰŬ ɉɟɤɛŬŰɞɔɟŬűɐɛŬŰŬ ɛɞɟɘŬəɩɜ ɘɧɜŰɤɜ 3.38Ŭ m/z=281 // 3.38ɓ m/z=373 

 

3.2.4 ȺəɢɨɚɘůɛŬ ȯɟɜɘəŬɠ 

ɇɞ ŮəɢɨɚɘůɛŬ Űɖɠ ȯɟɜɘəŬɠ, ɏŭɤůŮ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɞɜ ɗŮŰɘəɧ 

ɘɞɜɘůɛɧ. ɇɞ ůɡɜɞɚɘəɧ űɎůɛŬ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ, ˊŬɟŬŰɑɗŮŰŬɘ ůŰɞ ůɢ. 3.39.  

 

ūɎůɛŬ 3.39 Ɉɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ ŮəɢɡɚɑůɛŬŰɞɠ ȯɟɜɘəŬ 
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ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ, ˊɟɞɏəɡɣŮ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ 

ůɡɜɏəɚɞɡůɖɠ 4 ŭɘŬűɞɟŮŰɘəɩɜ ɘɧɜŰɤɜ, ůŰɞɜ ɑŭɘɞ ɢɟɧɜɞ ŬɜɎůɢŮůɖɠ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ ŰɏůůŮɟŬ űɎůɛŬŰŬ ˊɞɡ ˊŬɟŬŰɑɗŮɜŰŬɘ ˊŬɟŬəɎŰɤ (űɎůɛŬŰŬ 

3.40), ɏɢɞɡɜ ŬɜŰɑůŰɞɘɢŬ: ɇɞ ɘɧɜ 291, Űɞ ɞˊɞɑɞ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ ɛɞɟɘŬəɧ ɘɧɜ Űɖɠ 

əŬŰŮɢɑɜɖɠ ůŰɞ ɗŮŰɘəɧ ɘɞɜɘůɛɧ, [ɀ+ȼ] = 291. ɇɞ ɘɧɜ 195,Űɞ ɞˊɞɑɞ ŰŬɡŰɑɕŮŰŬɘ ɛŮ 

Űɞ ɛɞɟɘŬəɧ ɘɧɜ Űɞɡ űŮɟɞɡɚɘəɞɨ ɞɝɏɞɠ ůŰɞ ɗŮŰɘəɧ ɘɞɜɘůɛɧ, [ɀ+ȼ] = 195.  ɇɞ ɘɧɜ 

165, Űɞ ɞˊɞɑɞ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ ɛɞɟɘŬəɧ ɘɧɜ Űɞɡ p-əɞɡɛŬɟɘəɞɨ ɞɝɏɞɠ ůŰɞ ɗŮŰɘəɧ 

ɘɞɜɘůɛɧ, [ɀ+ȼ] = 165. ɇɞ ɘɧɜ 303, Űɞ ɞˊɞɑɞ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ ɛɞɟɘŬəɧ ɘɧɜ Űɖɠ 

əŮɟəŮŰɑɜɖɠ ůŰɞ ɗŮŰɘəɧ ɘɞɜɘůɛɧ, [ɀ+ȼ] = 303. ȼ ůɡɜɏəɚɞɡůɖ Űɤɜ ɘɧɜŰɤɜ 

ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ ˊŬɟɞɡůɑŬ Ůɜɧɠ ˊɞɚɡűŬɘɜɞɚɘəɞɨ ůɡɛˊɚɧəɞɡ ůŰɞ ŮəɢɨɚɘůɛŬ 

Űɖɠ ɎɟɜɘəŬɠ. 

ūɎůɛŬŰŬ 3.40 ūɎůɛŬŰŬ 4 ůɡɜŮəɚɞɡɧɛŮɜɤɜ ɘɧɜŰɤɜ. 
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3.3  ɆɡɛˊŮɟɎůɛŬŰŬ 

 

¶ ȼ ɢɟɤɛŬŰɞɔɟŬűɘəɐ ŬɜɎɚɡůɖ Űɤɜ ˊɟɞŰɨˊɤɜ, ˊŬɟɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ˊɟɞůŭɘɞɟɘůɛɞɨ, ɧɚɤɜ Űɤɜ əŬɗŬɟɩɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ, ɓɎůɖ Űɞɡ 

ɢɟɧɜɞɡ ŬɜɎůɢŮůɖɠ. ȹŮɜ ŮˊɘŰɟɏˊŮɘ ɤůŰɧůɞ, Űɖ ŭɘɎəɟɘůɖ 

ůɡɜŮəɚɞɡɧɛŮɜɤɜ ŮɜɩůŮɤɜ, ŭɡɜŬŰɧŰɖŰŬ ɖ ɞˊɞɑŬ ˊŬɟɏɢŮŰŬɘ Ŭˊɧ ŰŬ 

űɎůɛŬŰŬ ɛɎɕŬɠ.  

 

¶ ȼ ŭɖɛɘɞɡɟɔɑŬ ɓɘɓɚɘɞɗɐəɖɠ űŬůɛɎŰɤɜ ɛɎɕŬɠ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ 

ŮɟɔŬɚŮɑɞ, ɧɢɘ ɛɧɜɞ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ɘŭɑɤɜ əŬɗŬɟɩɜ ŮɜɩůŮɤɜ, 

ŬɚɚɎ əɡɟɑɤɠ  ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ əŬɘ ŬɜŬɔɜɩɟɘůɖ, ˊŬɟŬɔɩɔɤɜ Űɤɜ 

ŮɜɩůŮɤɜ ŬɡŰɩɜ. ȼ ˊɘůŰɞˊɞɑɖůɖ Űɤɜ ˊɞɚɡűŬɘɜɞɚɘəɩɜ ˊŬɟŬɔɩɔɤɜ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɧɜɞ ɛŮ Űɖ ɢɟɐůɖ  ɓɘɓɚɘɞɗɐəɖɠ  űŬůɛɎŰɤɜ ɛŬɕɩɜ, 

ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ˊɟɞɛɐɗŮɘŬ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɧɚɤɜ Űɤɜ ˊɟɞŰɨˊɤɜ 

ɧɚɤɜ Űɤɜ ŮɜɩůŮɤɜ ŮɑɜŬɘ ˊɟŬəŰɘəɎ ŬŭɨɜŬŰɖ.  

 

¶ ɆŰŬ ŮəɢɡɚɑůɛŬŰŬ Űɖɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ ŬɜŬɔɜɤɟɑůŰɖəŬɜ əŬɘ 

ŰŬɡŰɞˊɞɘɐɗɖəŬɜ ɞɘ əŬɗŬɟɏɠ ɞɡůɑŮɠ, Űɖɠ əŮɟəŮŰɑɜɖɠ, Űɞɡ  p-əɞɡɛŬɟɘəɞɨ 

ɞɝɏɞɠ əŬɘ Űɞɡ ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɎ, ˊɟɞɏəɡɣŬɜ 

Ŭˊɧ ŰŬ űɎůɛŬŰŬ ɛɎɕŬɠ əŬɘ Űɖɜ ŮˊɘɓŮɓŬɑɤůɖ ɢɟɤɛŬŰɞɔɟŬűɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ. ȺˊɘˊɟɧůɗŮŰŬ, ŭɘŬˊɘůŰɩɗɖəŮ ɖ ˊŬɟɞɡůɑŬ ˊɞɚɡűŬɘɜɞɚɘəɩɜ 

ŮɜɩůŮɤɜ, ɞɘ ɞˊɞɑŮɠ ŬˊɞŰŮɚɞɨɜ ˊŬɟɎɔɤɔŬ Űɤɜ ˊɟɧŰɡˊɤɜ ɞɡůɘɩɜ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ˊŬɟɞɡůɑŬ ŮɜɩůŮɤɜ űŮɟɞɡɚɘəɞɨ ɞɝɏɞɠ, əŬŰŮɢɑɜɖɠ/ 

ŮˊɘəŬŰŮɢɑɜɖɠ, əŬűŮɥəɞɨ ɞɝɏɞɠ əŬɘ ɢɚɤɟɞűŬɘɜɧɚɖɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŬɡŰɎ, ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŰŬ űɎůɛŬŰŬ ɛɎɕŬɠ Űɤɜ Ůˊɘɛɏɟɞɡɠ ˊɟɧŰɡˊɤɜ 

ŮɜɩůŮɤɜ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ. 

 

¶ ɆŰɞ ŮəɢɨɚɘůɛŬ Űɖɠ ˊɟɧˊɞɚɖɠ, ŬɜŬɔɜɤɟɑůŰɖəŬɜ ɞɘ ɞɡůɑŮɠ Űɖɠ əŬŰŮɢɑɜɖɠ, 

Űɞɡ ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ, Űɖɠ ɟɞɡŰɑɜɖɠ əŬɗɩɠ əŬɘ ŬɡŰɏɠ Űɞɡ űŬɘɜɡɚɞɝɘəɞɨ 

ɞɝɏɞɠ əŬɘ Űɖɠ ŰŬɝɘűɞɚɑɜɖɠ. ɇŬ ɢɟɤɛŬŰɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ, ɤůŰɧůɞ Űɖɠ 

əɎɗŮ ɏɜɤůɖɠ ɝŮɢɤɟɘůŰɎ, ɛŬɟŰɡɟɞɨɜ ɧŰɘ ɞɘ ŮɜɩůŮɘɠ ŭŮɜ ɓɟɑůəɞɜŰŬɘ ůŮ 

əŬɗŬɟɐ ɛɞɟűɐ, ŬɚɚɎ ŬˊɞŰŮɚɞɨɜ ˊɞɚɡűŬɘɜɞɚɘəɎ ˊŬɟɎɔɤɔŬ Űɤɜ 

ůɡɔəŮəɟɘɛɏɜɤɜ ɞɡůɘɩɜ. 



 

 
 146 

¶ ɆŰɞ ŮəɢɨɚɘůɛŬ ŮɢɘɜɎəŮɘŬ, ˊɘůŰɞˊɞɘɐɗɖəŮ ɖ ˊŬɟɞɡůɑŬ ŮɜɩůŮɤɜ 

əŮɟəŮŰɑɜɖɠ əŬɘ ɟɞɡŰɑɜɖɠ ůŮ əŬɗŬɟɐ ɛɞɟűɐ, ɛŮŰɎ Űɖɜ ŰŬɨŰɘůɖ 

ɢɟɤɛŬŰɞɔɟŬűɘəɩɜ əŬɘ űŬůɛŬŰɞɛŮŰɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ. ȺˊɘˊɟɧůɗŮŰŬ 

Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ űŬůɛɎŰɤɜ, ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɨˊŬɟɝɖ ˊŬɟŬɔɩɔɤɜ 

űŮɟɞɡɚɘəɞɨ əŬɘ əŬűŮɥəɞɨ ɞɝɏɞɠ. 

 

¶ ɇɏɚɞɠ ůŰɞ ŮəɢɨɚɘůɛŬ Űɖɠ ɎɟɜɘəŬɠ, ŰŬ űŬůɛŬŰɞɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ, 

ɞŭɖɔɞɨɜ ůŰɖɜ ɨˊŬɟɝɖ ˊɞɚɡűŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ, ˊŬɟŬɔɩɔɤɜ 

əŬŰŮɢɑɜɖɠ, űŮɟɞɡɚɘəɞɨ ɞɝɏɞɠ, əŮɟəŮŰɑɜɖɠ əŬɘ p-əɞɡɛŬɟɘəɞɨ ɞɝɏɞɠ. 
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4. ɝʂʈʅʋʑʍɾʚɻ ɣʍʘʈɻʏ 

ɝʋʆʅʈʙ ɫʐɻʃʀʍʝʐʂʐɻʏ ɉ3ÔÁÂÉÌÉÔÙ 
Test) 

ɀŮ ůəɞˊɧ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ɛŮɚɏŰɖɠ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ Űɖɠ ɛŬɨɟɖɠ 

ˊŮɨəɖɠ, ŬɡŰɧ ŮɜůɤɛŬŰɩɗɖəŮ, ůŮ ŰŮɚɘəɧ ˊɟɞɥɧɜ, Űɞ ɧˊɞɘɞ ŮɑɢŮ ɛɞɟűɐ, 

əɟŮɛɩŭɞɡɠ ɔɏɚɖɠ (cream gel). ɇɞ ˊɟɞɥɧɜ ŬɡŰɧ, ɛŮɚŮŰɎŰŬɘ ɛŮ ůəɞˊɧ Űɖɜ 

ŮˊɏəŰŬůɖ Űɖɠ ɐŭɖ ɡˊɎɟɢɞɡůŬɠ ůŮɘɟɎɠ ˊŮɟɘˊɞɑɖůɖɠ Űɞɡ ŭɏɟɛŬŰɞɠ, Űɖɠ 

ŮŰŬɘɟɑŬɠ ȾɃɅɅȺɆ, Űɖɠ ůŮɘɟɎɠ çɀŬɨɟɖ ɄŮɨəɖè. ɆŰɧɢɞɠ ŮɑɜŬɘ ɚɞɘˊɧɜ, ɖ 

ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ˊɟɞɥɧɜŰɞɠ ɔɘŬ Űɖɜ ˊŮɟɘˊɞɑɖůɖ Űɖɠ ŮˊɘŭŮɟɛɑŭŬɠ, ɓŬůɘůɛɏɜɞ 

ůŰɖɜ ɐŭɖ ˊŮŰɡɢɖɛɏɜɖ ůŮɘɟɎ, ŬɚɚɎ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ůɨůŰŬůɖ. 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 4.1. ɆŮɘɟɎ ɀŬɨɟɖ ɄŮɨəɖ Ⱦɞɟɟɏɠ. 

ȷɟɢɘəɎ əŬŰŬůəŮɡɎɕŮŰŬɘ, űɧɟɛɞɡɚŬ əɟɏɛŬɠ Űɖɠ ŮŰŬɘɟɑŬɠ, ɖ ɞˊɞɑŬ ŭɘŬɢɤɟɑɕŮŰŬɘ 

ůŮ ŭɡɞ ɛɏɟɖ ɑůɖɠ ˊɞůɧŰɖŰŬɠ. ɇɞ ɏɜŬ ɛɏɟɞɠ ŭŮɜ ˊŮɟɘɏɢŮɘ Űɞ ŮəɢɨɚɘůɛŬ ɛŬɨɟɖɠ 

ˊŮɨəɖɠ (placebo), Ůɜɩ Űɞ Ɏɚɚɞ ɛɏɟɞɠ ˊŮɟɘɏɢŮɘ Űɞ ŮəɢɨɚɘůɛŬ. ɆŰɖ ůɡɜɏɢŮɘŬ 

ŭɘŮɝɎɔŮŰŬɘ ŭɞəɘɛɐ ůŰŬɗŮɟɧŰɖŰŬɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ˊŬɟŬůəŮɡŬůɛɎŰɤɜ. ɆŰɘɠ 

ůɡɜɗɐəŮɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɞɘ ŭɞəɘɛɏɠ, ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ ɢɟɞɜɘəɐ 

ŭɘɎɟəŮɘŬ Ůɜɧɠ ɛɐɜŬ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ ˊɞɚɘŰɘəɐ Űɖɠ ŮŰŬɘɟɑŬɠ, ɤůŰɧůɞ, ˊɟɘɜ 

ˊɟɞɢɤɟɐůŮɘ ɖ ˊɘɚɞŰɘəɐ ˊŬɟŬɔɤɔɐ ɛɘŬɠ ɜɏŬɠ űɧɟɛɞɡɚŬɠ, ŭɘŮɝɎɔɞɜŰŬɘ ŭɞəɘɛɏɠ 
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ůŰŬɗŮɟɧŰɖŰŬɠ ŭɘɎɟəŮɘŬɠ ŰɞɡɚɎɢɘůŰɞɜ Űɟɘɩɜ ɛɖɜɩɜ. ȼ ŭɘŬŭɘəŬůɑŬ əŬŰŬůəŮɡɐɠ 

Űɖɠ əɟɏɛŬɠ, ŬɚɚɎ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɞəɘɛɩɜ, ˊŬɟŬŰɑɗŮɜŰŬɘ ˊŬɟŬəɎŰɤ. 

4.1 ȾŬŰŬůəŮɡɐ ȾɟɏɛŬɠ 

Ɇəɞˊɧɠ ŮɑɜŬɘ ɖ əŬŰŬůəŮɡɐ əɟɏɛŬɠ ɧɔəɞɡ Ůɜɧɠ əɘɚɞɨ. ũɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ 

ŬɡŰɧ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ űɧɟɛɞɡɚŬ Űɖɠ ŮŰŬɘɟɑŬɠ, ŰŬ ůɡůŰŬŰɘəɎ Űɖɠ ɞˊɞɑŬɠ 

ˊɟɞůŰŬŰŮɨɞɜŰŬɘ, ɤůŰɧůɞ ŬɜŬűɏɟɞɜŰŬɘ ɞ Űɨˊɞɠ Űɞɡ ůɡůŰŬŰɘəɞɨ, əŬɗɩɠ əŬɘ ɖ 

ɢɟɖůɘɛɧŰɖŰŬ Űɞɡ. ɄŬɟŬŰɑɗŮŰŬɘ ɖ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ:  

 

 ɈŭŬŰɘəɐ ūɎůɖ:  

¶ ɁŮɟɧ (ˊŮɟɑˊɞɡ 760 ɔɟŬɛɛɎɟɘŬ Ŭˊɧ Űɞ 1 əɘɚɧ əɟɏɛŬɠ ˊɞɡ 

əŬŰŬůəŮɡɎɕŮŰŬɘ) 

¶ ɉɖɚɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ (chelating agents),[tetrasodium glutamate 

(1g)].  

¶ ũɚɡəŮɟɑɜɖ [glycerin(15g)], ɛŮ ůəɞˊɧ Űɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ɡɔɟŬůɑŬɠ. 

ŪɏɟɛŬɜůɖ ůŰɞɡɠ 75ÁC, əŬɘ ˊɟɞůɗɐəɖ: 

¶ Ȱɜɤůɖ [pentylene glycol (15g)], ɛŮ ˊɞɚɚŬˊɚɏɠ ŭɟɎůŮɘɠ, ɧˊɤɠ 

ŭɘŬŰɐɟɖůɖ Űɖɠ ɡɔɟŬůɑŬɠ əŬɘ ŬɜŰɘɛɘəɟɞɓɘŬəɐ ŭɟɎůɖ. 

¶ ȹɘɎɚɡɛŬ ɡŬɚɞɡɟɞɜɘəɩɜ (1g).  ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ 

ůɡɔəŮəɟɘɛɏɜŮɠ ɞɡůɑŮɠ, ɛŮ ɘŭɘŬɑŰŮɟɖ ůɡɛˊŮɟɘűɞɟɎ, ɧˊɤɠ ɛŮɔɎɚɞ 

ɘɝɩŭŮɠ, ˊɟɞůŰɑɗŮɜŰŬɘ ůŰɖɜ əŮɜŰɟɘəɐ űɧɟɛɞɡɚŬ, Ŭűɞɨ ˊɟɩŰŬ, 

ŬɜŬɛŮɘɢɗɞɨɜ ɝŮɢɤɟɘůŰɎ ůŮ ˊɟɞŭɘŬɚɨɛŬŰŬ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ 

ɔɑɜŮŰŬɘ əŬɚɨŰŮɟɖ ŬɜɎɛŮɘɝɖ ɛŮ Űɘɠ ɡˊɧɚɞɘˊŮɠ ɞɡůɑŮɠ  

¶ ūɤůűɞɟɘəɧ Ɏɛɡɚɞ [starch phosphate (20g)], ɩůŰŮ ɜŬ 

ɞɛɞɔŮɜɞˊɞɘɖɗŮɑ ɖ ɡűɐ. 

ȹɘŬŰɐɟɖůɖ ůŰɞɡɠ 75ÁC əŬɘ ŰŬɡŰɧɢɟɞɜɖ ˊŬɟŬůəŮɡɐ ɚɘˊŬɟɐɠ űɎůɖɠ: 
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ȺɘəɧɜŬ 4.2. ɄŬɟŬůəŮɡɐ ɡŭŬŰɘəɐɠ űɎůɖɠ 

 

 ȿɘˊŬɟɐ űɎůɖ: 

¶ ȹɘɎűɞɟŬ űɡůɘəɎ ɏɚŬɘŬ, ŮɡŬɑůɗɖŰŬ ɚɘˊŬɟɎ ůɡůŰŬŰɘəɎ əŬɘ ŮůŰɏɟŮɠ 

[natural oils, sensitive oily ingredients and esters (135g)] 

¶ ũŬɚŬəŰɤɛŬŰɞˊɞɘɖŰɐɠ [ɧˊɤɠ əɘŰɟɘəɧ ɎɚŬɠ (45g)] 

ŪɏɟɛŬɜůɖ ɚɘˊŬɟɐɠ űɎůɖɠ ůŰɞɡɠ 75ÁC. ɄɞɚɚɎ ůɡůŰŬŰɘəɎ Űɖɠ ɚɘˊŬɟɐɠ 

űɎůɖɠ ɓɟɑůəɞɜŰŬɘ ůŮ ůŰŮɟŮɐ əŬŰɎůŰŬůɖ əŬɘ ŬˊŬɘŰŮɑŰŬɘ ɗɏɟɛŬɜůɖ ɔɘŬ ɜŬ 

ɞɛɞɔŮɜɞˊɞɘɖɗɞɨɜ (ŭŮɠ ȾŮű. 6) 

 

ȺɘəɧɜŬ 4.3. ɄɟɞŮŰɞɘɛŬůɑŬ ȿɘˊŬɟɐɠ ūɎůɖɠ  

 

 ȹɘŬŭɘəŬůɑŬ ɃɛɞɔŮɜɞˊɞɑɖůɖɠ. ɆŰɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɞɛɞɔŮɜɞˊɞɑɖůɖɠ,  

ɞɘ ŭɨɞ űɎůŮɘɠ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 75ÁC. ũɘŬ ŮˊɘŰɡɢɐ 

ɔŬɚŬəŰɤɛŬŰɞˊɞɑɖůɖ (ɞɛɞɔŮɜɞˊɞɑɖůɖ Űɖɠ ɡŭŬŰɘəɐɠ, ɛŮ Űɖɜ ɚɘˊŬɟɐ 

űɎůɖ) ŬˊŬɘŰŮɑŰŬɘ ŬɜɎŭŮɡůɖ ɛŮ ŰŬɢɨŰɖŰŬ 2800rpm, ɔɘŬ ɢɟɞɜɘəɧ 
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ŭɘɎůŰɖɛŬ 10 ɚŮˊŰɩɜ. ɆŰŬŭɘŬəɎ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮɑɤůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ˊɟɞůŰɑɗŮŰŬɘ: 

¶ ɄɞɚɡɛŮɟɏɠ [xanthan gum], ɛŮ ůəɞˊɧ Űɖɜ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɞɡ 

ɡɔɟɞɨ (thickener agent) ůŰɞɡɠ 65ÁC 

ɀŮɑɤůɖ ŰŬɢɨŰɖŰŬɠ ůŰɘɠ 1600 ůŰɟɞűɏɠ (rpm), əŬɘ ɣɨɝɖ 

ˊŬɟŬůəŮɡɎůɛŬŰɞɠ ɛɏɢɟɘ Űɞɡɠ 30ÁC. 

 

 

ȺɘəɧɜŬ 4.4. ȹɘŬŭɘəŬůɑŬ ɃɛɞɔŮɜɞˊɞɑɖůɖɠ  

 

 Ʉɟɞůɗɐəɖ ŮɡŬɑůɗɖŰɤɜ ůɡůŰŬŰɘəɩɜ. Ƀɘ ɗŮɟɛɞŮɡŬɑůɗɖŰŮɠ ŮɜɩůŮɘɠ 

ˊɟɞůŰɑɗŮɜŰŬɘ ŬűɧŰɞɡ ɖ ɗŮɟɛɞəɟŬůɑŬ űŰɎůŮɘ ůŰŬ ŮˊɘɗɡɛɖŰɎ ŮˊɑˊŮŭŬ: 

¶  ɆɡɜŰɖɟɖŰɘəɎ [benzyl alcohol, phenoxyethanol, ethylhexy 

glycerin (28g)], ɛŮ ůəɞˊɧ Űɖ ŭɘŬŰɐɟɖůɖ Űɞɡ ˊɟɞɥɧɜŰɞɠ əŬɘ Űɖɜ 

ˊɟɞůŰŬůɑŬ Űɞɡ Ŭˊɧ ɛɞɨɢɚŬ, ɛɨəɖŰŮɠ ə.Ŭ. 

¶ ȷɟɤɛŬŰɘəɏɠ ɞɡůɑŮɠ [fragrance (6g)] 

¶ ȺəɢɡɚɑůɛŬŰŬ ɛŮ ŬɜŰɘɔɖɟŬɜŰɘəɐ əŬɘ ŮɜɡŭŬŰɘəɐ ŭɟɎůɖ [avena 

strigosa extract (10g)] 

¶ ȺəɢɡɚɑůɛŬŰŬ ɛŮ ůɡůűɘəŰɘəɐ əŬɘ ɚŮɘŬɜŰɘəɐ ŭɟɎůɖ [oat extract 

(10g)] 
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ȺɘəɧɜŬ 4.5ȷ.  ȾɟɏɛŬ ˊɟɘɜ Űɖɜ ˊɟɞůɗɐəɖ ŮəɢɡɚɘůɛɎŰɤɜ ɛŮ ɚŮɘŬɜŰɘəɐ ŭɟɎůɖ. 

ȸ. ȾɟɏɛŬ ɛŮŰɎ Űɖɜ ˊɟɞůɗɐəɖ ŮəɢɡɚɘůɛɎŰɤɜ ɛŮ ɚŮɘŬɜŰɘəɐ ŭɟɎůɖ 

 

 ȹɘŬɢɤɟɘůɛɧɠ ɧɔəɞɡ əɟɏɛŬɠ. ȹɘŬɢɤɟɑɕŮŰŬɘ Űɞ ˊŬɟŬůəŮɨŬůɛŬ ůŮ ŭɨɞ 

ɑůŬ ŰɛɐɛŬŰŬ. ɇɞ ˊɟɩŰɞ ɚŮɘŰɞɡɟɔŮɑ ůŬɜ Űɡűɚɧ, ɢɤɟɑɠ Űɞ ŮəɢɨɚɘůɛŬ 

(placebo), Ůɜɩ ůŰɞ ŭŮɨŰŮɟɞ ˊɟɞůŰɑɗŮɜŰŬɘ 5g ŮəɢɡɚɑůɛŬŰɞɠ ɛŬɨɟɖɠ 

ˊŮɨəɖɠ (Corsican black pine).  

 

 

 

 

 

ȺɘəɧɜŬ 4.6. Ʉɟɞůɗɐəɖ ŮəɢɡɚɑůɛŬŰɞɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ (Corsican black pine) 

 ȰɚŮɔɢɞɠ pH əŬɘ űɡɔɞəɏɜŰɟɖůɖ. ɇŬ ŭɨɞ ˊŬɟŬůəŮɡɎůɛŬŰŬ, ˊŮɟɜɞɨɜ 

ɏɚŮɔɢɞ, ɩůŰŮ Űɞ pH ɜŬ ŮɑɜŬɘ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ 5 əŬɘ 5.5. ɆŮ ŬɜŰɑɗŮŰɖ 

ˊŮɟɑˊŰɤůɖ Űɞ pH ɟɡɗɛɑɕŮŰŬɘ ɛɏɢɟɘ ŰŬ ŮˊɘɗɡɛɖŰɎ ɧɟɘŬ. 

ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ůˊɑůɖɠ, ŭɞəɘɛɐ űɡɔɞəɏɜŰɟɖůɖɠ, əŬɘ ŮɝŮŰɎɕŮŰŬɘ 

ŭɘŬɢɤɟɘůɛɧɠ, ɡŭŬŰɘəɐɠ ɐ ɚɘˊŬɟɐɠ űɎůɖɠ. ɇɏɚɞɠ ŰŬ ŭŮɑɔɛŬŰŬ 

ůɡůəŮɡɎɕɞɜŰŬɘ əŬɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɘɠ ŮəɎůŰɞŰŮ ɗŮɟɛɞəɟŬůɑŮɠ Űɤɜ 

ŭɞəɘɛɩɜ ůŰŬɗŮɟɧŰɖŰŬɠ (stability tests). 
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ȺɘəɧɜŬ 4.7. ȹɘŬɢɤɟɘůɛɧɠ ɧɔəɞɡ əɟɏɛŬɠ (with & without B.P. extract) 

4.2 ȹɞəɘɛɏɠ ɆŰŬɗŮɟɧŰɖŰŬɠ - Stability Tests 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ŭɘŮɝɎɔɞɜŰŬɘ ˊɟɞəŬŰŬɟəŰɘəɏɠ ŭɞəɘɛɏɠ 

ůŰŬɗŮɟɧŰɖŰŬɠ, ŭɘɎɟəŮɘŬɠ Ůɜɧɠ ɛɐɜŬ. Ƀɘ ŭɞəɘɛɏɠ, Ŭűɞɟɞɨɜ Ůɝɑůɞɡ ŰŬ ŭɨɞ 

ˊɟɞɥɧɜŰŬ əɟɏɛŬɠ, ɛŮ Űɞ ŮəɢɨɚɘůɛŬ (with the extract) əŬɘ ɢɤɟɑɠ ŬɡŰɧ (without 

the extract). ȹŮɑɔɛŬŰŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɘɠ Ůɝɐɠ ɗŮɟɛɞəɟŬůɑŮɠ, ůŰɞ ůəɞŰɎŭɘ 

¿ Ɉɣɖɚɐ əŬŰɎɣɡɝɖ (deep freeze), -20ÁC 

¿ 5ÁC 

¿ 25ÁC 

¿ 40ÁC 

¿ 50ÁC 

¿ Ⱦɨəɚɞɘ ɣɨɝɖɠ-ɗɏɟɛŬɜůɖɠ 5-45ÁC (ŭɨɞ ɛɏɟŮɠ 5ÁC, ˊɏɜŰŮ ɖɛɏɟŮɠ 

45ÁC). ɀŮŰɟɐůŮɘɠ ɚŬɛɓɎɜɞɜŰŬɘ ůŰɘɠ 7, 15, 21 əŬɘ 29 ɖɛɏɟŮɠ. ȾɎɗŮ 

ŭŮɑɔɛŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɑŬ űɞɟɎ. 

  

 

 

 

        

ȺɘəɧɜŬ 4.8. ɇŬ ŭŮɑɔɛŬŰŬ əɟɏɛŬɠ ɢɤɟɑɠ ŮəɢɨɚɘůɛŬ ɔɘŬ əɎɗŮ ŭɞəɘɛŬůɑŬ ɗŮɟɛɞəɟŬůɑŬɠ 
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ȾɎɗŮ ŮɓŭɞɛɎŭŬ, ɚŬɛɓɎɜɞɜŰŬɘ ɛŮŰɟɐůŮɘɠ, ɔɘŬ ˊŬɟŬŰɐɟɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ 

Űɤɜ ˊŬɟŬůəŮɡŬůɛɎŰɤɜ ůŰɘɠ ŬəɟŬɑŮɠ ůɡɜɗɐəŮɠ. ȹɘŮɝɎɔɞɜŰŬɘ ŰŬ ˊŬɟŬəɎŰɤ, ɛŮ 

ŮɝŬɑɟŮůɖ Űɞ ŭŮɑɔɛŬ Űɤɜ -20ÁC Űɞ ɞˊɞɑɞ ɛŮŰɟɐɗɖəŮ ɛɑŬ űɞɟɎ, ůŮ ɧɚŮɠ Űɘɠ 

ˊŬɟŬɛɏŰɟɞɡɠ ŮəŰɧɠ Űɖɠ űɡɔɞəɏɜŰɟɖůɖɠ. 

¿ ɃˊŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ 

¿ ɀɏŰɟɖůɖ pH 

¿ ɀɏŰɟɖůɖ Ƚɝɩŭɞɡɠ 

¿ ūɡɔɞəɏɜŰɟɖůɖ (5000 ůŰɟɞűɏɠ ɔɘŬ 10 ɚŮˊŰɎ, 7400 ɔɘŬ ɎɚɚŬ 

10 ɚŮˊŰɎ) 

ɇɖɜ ɖɛɏɟŬ ˊŬɟŬůəŮɡɐɠ Űɖɠ, Űɞ Ŭɟɢɘəɧ pH Űɖɠ əɟɏɛŬɠ ɛŮ Űɞ ŮəɢɨɚɘůɛŬ ɛŬɨɟɖɠ 

ˊŮɨəɖɠ ŮɑɜŬɘ 5.22 əŬɘ 5.16 ɢɤɟɑɠ ŬɡŰɧ. ȺˊɘˊɟɧůɗŮŰŬ, əŬɘ ůŰŬ ŭɨɞ 

ˊŬɟŬůəŮɡɎůɛŬŰŬ, ɞ ɏɚŮɔɢɞɠ űɡɔɞəɏɜŰɟɖůɖɠ ŭŮɜ ŭŮɑɢɜŮɘ əŬɜɏɜŬ ŭɘŬɢɤɟɘůɛɧ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɡɠ ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ:  

ȹŮɑɔɛŬŰŬ 5ÁC ůŰɞ ůəɞŰɎŭɘ-ŭɘɎɟəŮɘŬ ɏɜŬɠ ɛɐɜŬɠ 

ɄɑɜŬəŬɠ 4.9. ȹŮɑɔɛŬŰŬ Űɤɜ 5ÁC 

 1ɖ ŮɓŭɞɛɎŭŬ 2ɖ ŮɓŭɞɛɎŭŬ 3ɖ  ŮɓŭɞɛɎŭŬ 4ɖ ŮɓŭɞɛɎŭŬ 

 ɀŮ 

ŮəɢɨɚɘůɛŬ  

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ  

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ  

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ  

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɃˊŰɘəɐ 

ȷɝɘɞɚɧɔɖůɖ ivory ivory yellowish yellowish yellowish yellowish yellowish yellowish 

pH (T=25ÁC) 5.17 5.16 5.13 5.15 5.21 5.22 5.15 5.14 

ȽɝɩŭŮɠ(cP) 27735 

(35%) 

28668 

(37%) 

29994 

(38%) 

30775 

(39%) 

29352 

(38%) 

32407 

(41%) 

25814 

(33%) 

27219 

(35%) 

ūɡɔɞəɏɜŰɟɖůɖ   V  V  V  V  V  V  V  

 

ɇɞ ɢɟɩɛŬ Űɖɠ əɟɏɛŬɠ Űɖɜ ˊɟɩŰɖ ŮɓŭɞɛɎŭŬ ŮɑɜŬɘ ɘɓɞɡɎɟ əŬɘ ŬɚɚɎɕŮɘ ɛɏɢɟɘ Űɞ 

ˊɏɟŬɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ůŮ əɘŰɟɘɜɤˊɧ. Ƀɘ ŮɜŭŮɑɝŮɘɠ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŮɠ Űɖɠ 

ˊŬɟɞɡůɑŬɠ ɐ ɛɖ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 4.9. 

ȺˊɘˊɟɧůɗŮŰŬ, Űɞ pH Űɖɠ əɟɏɛŬɠ ˊŬɟŬɛɏɜŮɘ ŮɜŰɧɠ Űɤɜ ŮˊɘɗɡɛɖŰɩɜ ɞɟɑɤɜ, əŬɗô 

ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ŭɞəɘɛɩɜ ůŰŬɗŮɟɧŰɖŰŬɠ, ɛŮ ɛɑŬ ɛɘəɟɐ Ɏɜɞŭɞ əŬŰɎ Űɖɜ 

ŭɘɎɟəŮɘŬ Űɖɠ ŰɟɑŰɖɠ ŮɓŭɞɛɎŭŬɠ. ɇɞ pH, űŬɑɜŮŰŬɘ Ůˊɑůɖɠ ɜŬ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɞ 

Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ Űɖɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ. ɇɞ ɘɝɩŭŮɠ, ŭŮɜ 
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ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔɎɚŮɠ ŭɘŬəɡɛɎɜůŮɘɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ɛɐɜŬ. ɋůŰɧůɞ Űɞ 

ɘɝɩŭŮɠ Űɞɡ ɛɑɔɛŬŰɞɠ əɟɏɛŬɠ ɢɤɟɑɠ ŮəɢɨɚɘůɛŬ, ŮɑɜŬɘ ɚɑɔɞ ɛŮɔŬɚɨŰŮɟɞ. ɇɞ 

ɔŮɔɞɜɧɠ ŬɡŰɧ ŭɘəŬɘɞɚɞɔŮɑŰŬɘ, Ŭűɞɨ ɖ ˊɟɞůɗɐəɖ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ, Űɞ ɞˊɞɑɞ 

ŮɑɜŬɘ ɡŭŬɟɏɠ, əɎɜŮɘ Űɖɜ əɟɏɛŬ ˊɘɞ ɚŮˊŰɧɟɟŮɡůŰɖ. ɇɏɚɞɠ, ɞ ɏɚŮɔɢɞɠ əŬŰɎ Űɖɜ 

űɡɔɞəɏɜŰɟɖůɖ ŭŮɜ ŭŮɑɢɜŮɘ ŭɘŬɢɤɟɘůɛɧ, ŮɑŰŮ ɡŭŬŰɘəɐɠ ŮɑŰŮ ɚɘˊŬɟɐɠ űɎůɖɠ, ůŮ 

əŬɜɏɜŬ ůɖɛŮɑɞ. 

 

ȺɘəɧɜŬ 4.10. ɃˊŰɘəɧɠ ȰɚŮɔɢɞɠ ɛŮŰŬɝɨ Űɤɜ ŭŮɘɔɛɎŰɤɜ ůŰɘɠ ŭɘɎűɞɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ  

ȹŮɑɔɛŬŰŬ 25ÁC ůŰɞ ůəɞŰɎŭɘ-ŭɘɎɟəŮɘŬ ɏɜŬɠ ɛɐɜŬɠ 

ɄɑɜŬəŬɠ 4.11. ȹŮɑɔɛŬŰŬ Űɤɜ 25ÁC 

 1ɖ ŮɓŭɞɛɎŭŬ 2ɖ ŮɓŭɞɛɎŭŬ 3ɖ  ŮɓŭɞɛɎŭŬ 4ɖ ŮɓŭɞɛɎŭŬ 

 ɀŮ 

ŮəɢɨɚɘůɛŬ  

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ  

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ  

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ  

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɃˊŰɘəɐ 

ȷɝɘɞɚɧɔɖůɖ yellowish yellowish ivory yellowish Ok(Whitish) Ok(Whitish) Ok(Whitish) Ok(Whitish) 

pH (T=25ÁC) 5.19 5.16 5.15 5.15 5.20 5.19 5.15 5.13 

ȽɝɩŭŮɠ(cP) 24995 

(32%) 

28119 

(36%) 

24838 

(32%) 

25463 

(32%) 

24217 

(31%) 

26088 

(33%) 

24321 

(31%) 

23412 

(30%) 

ūɡɔɞəɏɜŰɟɖůɖ   V  V  V  V  V  V  V  

  

ȷɟɢɘəɎ, Űɞ ɢɟɩɛŬ Űɖɠ əɟɏɛŬɠ ɛŮ, ŬɚɚɎ əŬɘ ɢɤɟɑɠ Űɞ ŮəɢɨɚɘůɛŬ, ŮɑɜŬɘ 

əɘŰɟɘɜɤˊɧ. ȾŬŰɎ Űɖɜ ŭŮɨŰŮɟɖ ŮɓŭɞɛɎŭŬ, ɖ əɟɏɛŬ ɛŮ Űɞ ŮəɢɨɚɘůɛŬ 



ʋʰˍʸʺ ɳˎʰʴʴʶ˂ʾʰΣ ɲʽˉ˂˖˃ʰˍʽˁʺ ɳˊʴʰˋʾʰ 

 
 155 

ɛŮŰŬɢɟɤɛŬŰɑɕŮŰŬɘ ůŮ ɘɓɞɡɎɟ, ɔɘŬ ɜŬ əŬŰŬɚɐɝŮɘ Űɖɜ ŰɟɑŰɖ ŮɓŭɞɛɎŭŬ, ůŮ ɚŮɡəɧ 

ɢɟɩɛŬ. ȷɜŰɑɗŮŰŬ, Űɞ ɛɑɔɛŬ Űɖɠ əɟɏɛŬɠ ɢɤɟɑɠ Űɞ ŮəɢɨɚɘůɛŬ, ˊŬɟŬɛɏɜŮɘ 

əɘŰɟɘɜɤˊɧ ɛɏɢɟɘ Űɖɜ 3ɖ ŮɓŭɞɛɎŭŬ, ɧˊɞɡ ɔɑɜŮŰŬɘ ɚŮɡəɧ. ɇɞ ŮəɢɨɚɘůɛŬ, űŬɑɜŮŰŬɘ 

ɜŬ ŮˊɖɟŮɎɕŮɘ Űɞ ɢɟɩɛŬ Űɖɠ əɟɏɛŬɠ, əŬŰɎ Űɖɜ ŭŮɨŰŮɟɖ ŮɓŭɞɛɎŭŬ. ɇɞ pH Űɖɠ 

əɟɏɛŬɠ ˊŬɟŬɛɏɜŮɘ ŮɜŰɧɠ Űɤɜ ŮˊɘɗɡɛɖŰɩɜ ɞɟɑɤɜ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ 

ˊŬɟɞɡůɑŬ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ, ɧ ɤ́ɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 4.11. ɇɞ 

ɘɝɩŭŮɠ, ŭŮɜ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔɎɚŮɠ ŭɘŬəɡɛɎɜůŮɘɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ɛɐɜŬ. Ƀ 

ɏɚŮɔɢɞɠ Űɖɠ űɡɔɞəɏɜŰɟɖůɖɠ ŮɑɜŬɘ ŮˊɘŰɡɢɐɠ. 

ȹŮɑɔɛŬŰŬ 40ÁC ůŰɞ ůəɞŰɎŭɘ-ŭɘɎɟəŮɘŬ ɏɜŬɠ ɛɐɜŬɠ 

ɄɑɜŬəŬɠ 4.12. ȹŮɑɔɛŬŰŬ Űɤɜ 40ÁC 

 1ɖ ŮɓŭɞɛɎŭŬ 2ɖ ŮɓŭɞɛɎŭŬ 3ɖ  ŮɓŭɞɛɎŭŬ 4ɖ ŮɓŭɞɛɎŭŬ 

 ɀŮ 

ŮəɢɨɚɘůɛŬ  

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ  

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ  

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ  

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɃˊŰɘəɐ 

ȰɚŮɔɢɞɠ  

Ok 

(whitish)  

Ok 

(whitish)  

İ tone 

darker  

İ tone 

darker 

İ tone 

darker  

İ tone 

darker 

İ tone 

darker  

İ tone 

darker 

pH (T=25ÁC) 5.12 5.12 5.12 5.12 5.10 5.07 4.95 4.95 

ȽɝɩŭŮɠ(cP) 33601 

(30%) 

28978 

(37%) 

24214 

(31%) 

26401 

(33%) 

24278 

(31%) 

24213 

(31%) 

29911 

(38%) 

24598 

(31%) 

ūɡɔɞəɏɜŰɟɖůɖ   V  V  V  V  V  V  V  

 

ɇŬ ŭŮɑɔɛŬŰŬ, ɏɢɞɡɜ Ůɝɑůɞɡ ɚŮɡəɧ ɢɟɩɛŬ Űɖɜ ˊɟɩŰɖ ŮɓŭɞɛɎŭŬ. ɆŰɖ ůɡɜɏɢŮɘŬ 

ɧɛɤɠ, űŬɑɜŮŰŬɘ ɜŬ ŬɚɚɎɕŮɘ ɞ Űɧɜɞɠ Űɞɡ Ŭɟɢɘəɞɨ ɢɟɩɛŬŰɞɠ əŬŰɎ ɛɘůɧ Űɧɜɞ Űɖɜ 

ŮɓŭɞɛɎŭŬ. ɀŮ ŬˊɞŰɏɚŮůɛŬ, ŰŮɚɘəɎ ɞɘ əɟɏɛŮɠ ɜŬ ɏɢɞɡɜ ŮɜɎɛɘůɘ Űɧɜɞ 

ůəɞɡɟɧŰŮɟɞ ɢɟɩɛŬ Ŭˊɧ Űɞ Ŭɟɢɘəɧ Űɖɠ ˊɟɩŰɖɠ ŮɓŭɞɛɎŭŬɠ. ȼ ˊŬɟɞɡůɑŬ Űɞɡ 

ŮəɢɡɚɑůɛŬŰɞɠ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɖ Űɖɠ ɛŮŰŬɓɞɚɐɠ. ɇɞ pȼ,  ŮɑɜŬɘ ůŰŬɗŮɟɧ Űɘɠ 

ˊɟɩŰŮɠ ŰɟŮɘɠ ŮɓŭɞɛɎŭŮɠ, ɤůŰɧůɞ Űɖɜ ŰŮɚŮɡŰŬɑŬ, ɛŮŰɟɎŰŬɘ ŮɚɎɢɘůŰŬ ŮəŰɧɠ Űɤɜ 

ŮˊɘɗɡɛɖŰɩɜ ɞɟɑɤɜ. ɆŰɞɡɠ 40ÁC, Űɞ ɘɝɩŭŮɠ ŭŮɜ ɏɢŮɘ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ 

ůɡɛˊŮɟɘűɞɟɎ, ŭɖɚŬŭɐ ɖ əɟɏɛŬ ɢɤɟɑɠ Űɞ ŮəɢɨɚɘůɛŬ ɜŬ ɏɢŮɘ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ. 

ɇɏɚɞɠ, ɞ ɏɚŮɔɢɞɠ ůŰɖ űɡɔɧəŮɜŰɟɞ ŭŮɜ ŭŮɑɢɜŮɘ əŬɜɏɜŬ ŭɘŬɢɤɟɘůɛɧ.  
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ȹŮɑɔɛŬŰŬ 50ÁC ůŰɞ ůəɞŰɎŭɘ-ŭɘɎɟəŮɘŬ ɏɜŬɠ ɛɐɜŬɠ 

ɄɑɜŬəŬɠ 4.13. ȹŮɑɔɛŬŰŬ Űɤɜ 50ÁC 

 1ɖ ŮɓŭɞɛɎŭŬ 2ɖ ŮɓŭɞɛɎŭŬ 3ɖ  ŮɓŭɞɛɎŭŬ 4ɖ ŮɓŭɞɛɎŭŬ 

 

ɀŮ 

ŮəɢɨɚɘůɛŬ 

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ 

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ 

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ 

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɃˊŰɘəɐ 

ȷɝɘɞɚɧɔɖůɖ 

İ tone 

darker 

İ tone 

darker 

İ tone 

darker stable 

İ tone 

darker 

İ tone 

darker 

İ tone 

darker 

İ tone 

darker 

pH (T=25ÁC) 5.08 5.06 4.99 4.91 4.90 4.91 4.72 4.73 

ȽɝɩŭŮɠ(cP) 

28197 

(36%) 

29603 

(37%) 

25620 

(33%) 

26944 

(34%) 

26010  

(33%) 

29522 

(37%) 

27802 

(35%) 

27012  

(34%) 

ūɡɔɞəɏɜŰɟɖůɖ  V  V  V  V  V  V  V  

 

ɆŰɖɜ ŭɞəɘɛŬůɑŬ Űɤɜ 50ÁC, ŰŬ ˊŬɟŬůəŮɡɎůɛŬŰŬ, Űɖɜ ˊɟɩŰɖ ŮɓŭɞɛɎŭŬ, ɏɢɞɡɜ 

ɛɘůɧ Űɧɜɞ ˊɘɞ ůəɞɨɟɞ ɢɟɩɛŬ, Ŭˊɧ Űɞ ɚŮɡəɧ. ɆŰɞ ŭŮɑɔɛŬ ɛŮ Űɞ ŮəɢɨɚɘůɛŬ, ɖ 

ŭɘŬəɨɛŬɜůɖ Űɞɡ ɢɟɩɛŬŰɞɠ ůɡɜŮɢɑɕŮŰŬɘ əŬŰɎ ɛɘůɧ Űɧɜɞ, Ůɜɩ Űɞ ŭŮɑɔɛŬ ɢɤɟɑɠ Űɞ 

ŮəɢɨɚɘůɛŬ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧ. ɆɡɜɞɚɘəɎ, ɖ əɟɏɛŬ ɛŮ Űɞ ŮəɢɨɚɘůɛŬ ŮɑɜŬɘ əŬŰɎ 

ŭɨɞ Űɧɜɞɡɠ ˊɘɞ ůəɞɨɟŬ Ŭˊɧ ɚŮɡəɧ ɢɟɩɛŬ, Ůɜɩ ɖ əɟɏɛŬ ɢɤɟɑɠ Űɞ ŮəɢɨɚɘůɛŬ, 

əŬŰɎ ŮɜɎɛɘůɘ Űɧɜɞ. ɆŰɞɡɠ 50 ɓŬɗɛɞɨɠ ɖ ˊŬɟɞɡůɑŬ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ űŬɑɜŮŰŬɘ 

ɜŬ ŮˊɖɟŮɎɕŮɘ əŬŰɎ ɛɘůɧ Űɧɜɞ Űɞ ɢɟɩɛŬ. ȳůɞ ŬűɞɟɎ Űɞ pH, Ŭˊɧ Űɖɜ ŭŮɨŰŮɟɖ 

ŮɓŭɞɛɎŭŬ əŬɘ ɏˊŮɘŰŬ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɑɤůɖ əɎŰɤ Ŭˊɧ ŰŬ ŮˊɘɗɡɛɖŰɎ ɧɟɘŬ (5-

5.5) ɏɜŭŮɘɝɖ ŬɜŮɝɎɟŰɖŰɖ, Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ. Ƀɘ ɛŮŰɟɐůŮɘɠ 

Űɞɡ ɘɝɩŭɞɡɠ ŮɑɜŬɘ ůŰŬɗŮɟɏɠ. Ƀ ɏɚŮɔɢɞɠ űɡɔɞəɏɜŰɟɖůɖɠ ŮɑɜŬɘ ŮˊɘŰɡɢɐɠ. 

 

 
ȺɘəɧɜŮɠ 4.14.  ɄŬɟɎɛŮŰɟɞɘ Ůɚɏɔɢɞɡ. ȷɟɘůŰŮɟɎ: ɀɏŰɟɖůɖ pH, ɆŰɞ əɏɜŰɟɞ: ɀɏŰɟɖůɖ ɘɝɩŭɞɡɠ, 

ȹŮɝɘɎ: ūɡɔɧəŮɜŰɟɞɠ 
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ȹɞəɘɛŬůɑŬ ɣɨɝɖɠ-ɗɏɟɛŬɜůɖɠ  5-45ÁC ůŰɞ ůəɞŰɎŭɘ-ŭɘɎɟəŮɘŬ ɏɜŬɠ ɛɐɜŬɠ 

ɄɑɜŬəŬɠ 4.15. ȹɞəɘɛŬůɑŬ Űɤɜ 5-45ÁC 

 

1ɞɠ Ⱦɨəɚɞɠ (7 

ɖɛɏɟŮɠ) 

2ɞɠ Ⱦɨəɚɞɠ (15 

ɖɛɏɟŮɠ) 

3ɞɠ Ⱦɨəɚɞɠ (21 

ɖɛɏɟŮɠ) 

4ɞɠ Ⱦɨəɚɞɠ (29 

ɖɛɏɟŮɠ) 

 

ɀŮ 

ŮəɢɨɚɘůɛŬ 

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ 

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ 

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɀŮ 

ŮəɢɨɚɘůɛŬ 

ɉɤɟɑɠ 

ŮəɢɨɚɘůɛŬ 

ɃˊŰɘəɐ 

ȷɝɘɞɚɧɔɖůɖ 

Ok 

(whitish) 

Ok 

(whitish) 

Ok 

(whitish) 

Ok 

(whitish) 

Ok 

(whitish) 

Ok 

(whitish) 

Ok 

(whitish) 

Ok 

(whitish) 

pH (T=25ÁC) 5.20 5.15 5.13 5.11 5.13 5.08 4.92 4.90 

ȽɝɩŭŮɠ(cP) 

24917 

(32%) 

28862 

(36%) 

25385 

(32%) 

25307 

(32%) 

27381 

(35%) 

27104 

(34%) 

26372 

(33%) 

27014 

(34%) 

ūɡɔɞəɏɜŰɟɖůɖ  V  V  V  V  V  V  V  

 

ɆŮ ɧɚɞɡɠ Űɞɡɠ əɨəɚɞɡɠ Űɖɠ ŭɞəɘɛŬůɑŬɠ ɣɨɝɖɠ-ɗɏɟɛŬɜůɖɠ, Űɞ ɢɟɩɛŬ 

ˊŬɟŬɛɏɜŮɘ ɚŮɡəɧ, ɢɤɟɑɠ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ 

ɛŬɨɟɖɠ ˊŮɨəɖɠ. ɇɞ pȼ,  ŮɑɜŬɘ ůŰŬɗŮɟɧ Űɘɠ ˊɟɩŰŮɠ ŰɟŮɘɠ ŮɓŭɞɛɎŭŮɠ, ɤůŰɧůɞ 

Űɖɜ ŰŮɚŮɡŰŬɑŬ, ɛŮŰɟɎŰŬɘ ŮɚɎɢɘůŰŬ ŮəŰɧɠ Űɤɜ ŮˊɘɗɡɛɖŰɩɜ ɞɟɑɤɜ. ɆŰŬɗŮɟɧŰɖŰŬ 

ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ ůŰɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ ɘɝɩŭɞɡɠ ɧˊɤɠ ŬɡŰɏɠ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɜ 

ˊɑɜŬəŬ 4.15. ɇɏɚɞɠ, əŬŰɎ Űɖɜ űɡɔɞəɏɜŰɟɖůɖ, ŭŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɜɏɜŬɠ 

ŭɘŬɢɤɟɘůɛɧɠ, Űɧůɞ ɚɘˊŬɟɐɠ, ɧůɞ ɡŭŬŰɘəɐɠ űɎůɖɠ. 

 

ȹɞəɘɛŬůɑŬ əŬŰɎɣɡɝɖɠ -20ÁC ůŰɞ ůəɞŰɎŭɘ 

ɄɑɜŬəŬɠ 4.16. ȹɞəɘɛŬůɑŬ Űɤɜ -20ÁC 

 ɀŮ ŮəɢɨɚɘůɛŬ ɉɤɟɑɠ ŮəɢɨɚɘůɛŬ 

ɃˊŰɘəɐ ȷɝɘɞɚɧɔɖůɖ ivory ivory 

pH (T=25ÁC) 5.17 5.20 

ȽɝɩŭŮɠ(cP) 27963 (36%) 29994 (38%) 

 

ȼ ŭɞəɘɛŬůɑŬ Űɤɜ -20ÁC, ɗŮɤɟŮɑŰŬɘ ŬɟəŮŰɎ Ůˊɑˊɞɜɖ ɔɘŬ Űɞ ˊɟɞɥɧɜ əŬɗɩɠ ɞɘ 

ůɡɜɗɐəŮɠ ŬɡŰɏɠ ɗŮɤɟɞɨɜŰŬɘ ŬɟəŮŰɎ ŬəɟŬɑŮɠ. ɇɞ ɢɟɩɛŬ ɎɚɚŬɝŮ Ŭˊɧ  ɚŮɡəɧ, ůŮ 
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ɘɓɞɡɎɟ. ɇɞ pH ˊŬɟŬɛɏɜŮɘ ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ, ɧˊɤɠ əŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ Űɞɡ 

ɘɝɩŭɞɡɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ űɡůɘɞɚɞɔɘəɏɠ, ůɨɛűɤɜŬ ɛŮ Űɞɜ ˊɑɜŬəŬ 4.16. Ƀ 

ɏɚŮɔɢɞɠ, ɛŮŰɎ Űɖɜ űɡɔɧəŮɜŰɟɞ ŭŮɜ ɏŭŮɘɝŮ əŬɜɏɜŬ ŭɘŬɢɤɟɘůɛɧ, ŬɜŰɑɗŮŰŬ 

ůŰɏűɗɖəŮ ɛŮ ŮˊɘŰɡɢɑŬ. 

4.2.1 ɆɡɛˊŮɟɎůɛŬŰŬ  

¶ ȾŬŰɎ Űɖɜ ŭɘŮɝŬɔɤɔɐ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɤɜ ŭɞəɘɛɩɜ ůŰŬɗŮɟɧŰɖŰŬɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ŭɘŬəɨɛŬɜůɖ Űɞɡ ɢɟɩɛŬŰɞɠ ůŰɘɠ ŭɞəɘɛɏɠ ůŰŬɗŮɟɐɠ 

ɗŮɟɛɞəɟŬůɑŬɠ. ɆŰɘɠ ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ŮɛűŬɜɑɕŮŰŬɘ ůŮ ɞɟɘůɛɏɜŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ əɘŰɟɘɜɤˊɧ, Ůɜɩ ůŰɘɠ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɞ ɢɟɩɛŬ 

ɔɑɜŮŰŬɘ ůəɞɡɟɧŰŮɟɞ Ŭˊɧ ŮɜɎɛɘůɘ ɏɤɠ ŭɨɞ Űɧɜɞɡɠ.  ȼ ɛŮŰŬɓɞɚɐ Űɞɡ 

ɢɟɩɛŬŰɞɠ, ŮɑɜŬɘ ˊɘɗŬɜɧɜ ŬˊɞŰɏɚŮůɛŬ ɞɝŮɑŭɤůɖɠ, ůŰɘɠ ɘŭɘŬɘŰɏɟɤɠ 

əŬŰŬˊɞɜɖŰɘəɏɠ ŭɞəɘɛŬůɑŮɠ. ɆŰɖ ŭɞəɘɛŬůɑŬ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɤɜ əɨəɚɤɜ 

ɣɨɝɖɠ ɗɏɟɛŬɜůɖɠ, Űɞ ɢɟɩɛŬ ˊŬɟŬɛɏɜŮɘ ɚŮɡəɧ. Ƀɘ əɨəɚɞɘ ɣɨɝɖɠ 

ɗɏɟɛŬɜůɖɠ ŬˊɞŰŮɚɞɨɜ ŭɞəɘɛɐ ˊɞɡ ˊɟɞůɞɛɞɘɎɕŮɘ ůŮ ˊɟŬɔɛŬŰɘəɏɠ 

ůɡɜɗɐəŮɠ.  

¶ ɇɞ pH, ůŮ ɧɚŮɠ ůɢŮŭɧɜ Űɘɠ ůɡɜɗɐəŮɠ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧ əŬɘ ŮɜŰɧɠ Űɤɜ 

ŮˊɘɗɡɛɖŰɩɜ ɞɟɑɤɜ. ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɛŮŰɟɎŰŬɘ ɛɘəɟɧŰŮɟɞ Űɞɡ 5 ˊɞɡ 

ŬˊɞŰŮɚŮɑ Űɞ ɧɟɘɞ ɔɘŬ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ əɟɏɛŬ, ˊɘɗŬɜɧŰŬŰŬ əɎˊɞɘɞ 

ůɡůŰŬŰɘəɧ ˊɟɞəɎɚŮůŮ ˊŮɟɘůůɧŰŮɟɞ ɧɝɘɜɞ ˊŮɟɘɓɎɚɚɞɜ əŬŰɎ Űɘɠ ůɡɜɗɐəŮɠ 

ɗɏɟɛŬɜůɖɠ. 

¶ ɇɞ ɘɝɩŭŮɠ ŮɑɜŬɘ Ůˊɑůɖɠ ůŰŬɗŮɟɧ, ɢɤɟɑɠ ŬəɟŬɑŮɠ ɛŮŰŬɓɞɚɏɠ. ȷəɧɛŬ əŬɘ ɞɘ 

ɛɘəɟɏɠ ŭɘŬəɡɛɎɜůŮɘɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ˊŬɟŬˊɎɜɤ, ɝŮɢɤɟɘůŰɎ ɔɘŬ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ, ŭŮɜ ŮɑɜŬɘ ůŮ əŬɛɑŬ ˊŮɟɑˊŰɤůɖ ŬɜŰɘɚɖˊŰɏɠ ůŰɖɜ ŭɞəɘɛɐ ɡűɐɠ, 

ůŰɖɜ ɢɟɐůɖ ůŰɞ ɢɏɟɘ ɐ ɛŮ ɞˊŰɘəɧ ɏɚŮɔɢɞ. Ⱥˊɞɛɏɜɤɠ ɛˊɞɟɞɨɜ ɜŬ 

ɗŮɤɟɖɗɞɨɜ ŬɛŮɚɖŰɏŮɠ.  

¶ Ƀ əɎɗŮ űɡɔɞəŮɜŰɟɘəɧɠ ɏɚŮɔɢɞɠ ŮɑɜŬɘ ŮˊɘŰɡɢɐɠ, Ůűɧůɞɜ ŭŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ 

əŬɜɏɜŬɠ ŭɘŬɢɤɟɘůɛɧɠ ɡŭŬŰɘəɐɠ ɐ ɚɘˊŬɟɐɠ űɎůɖɠ ůŮ əŬɛɑŬ Ŭˊɧ Űɘɠ ŭɨɞ 

ŰŬɢɨŰɖŰŮɠ Űɘɠ ŭɞəɘɛŬůɑŬɠ.  

¶ ɆɡɜɞˊŰɘəɎ, Űɞ ŮəɢɨɚɘůɛŬ ŭŮɜ űŬɑɜŮŰŬɘ ɜŬ ŮˊɖɟŮɎɕŮɘ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ 

əɟɏɛŬɠ ůŮ əŬɛɑŬ ɛɏŰɟɖůɖ əŬɘ ˊŬɟɎɔɞɜŰŬ. Ⱥˊɞɛɏɜɤɠ ɖ ɜɏŬ űɧɟɛɞɡɚŬ ɗŬ 

ɛˊɞɟɞɨůŮ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ Űɞ ŮəɢɨɚɘůɛŬ ɛŬɨɟɖɠ ˊŮɨəɖɠ. ɋůŰɧůɞ ɔɘŬ ɜŬ 
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ůɢɖɛŬŰɘůŰŮɑ ˊɚɖɟɏůŰŮɟɖ ŮɘəɧɜŬ ɔɘŬ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ 

ˊŬɟŬůəŮɡɎůɛŬŰɞɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɘŮɡɟɡɜɗɞɨɜ ɞɘ ŭɞəɘɛɏɠ ůŰŬɗŮɟɧŰɖŰŬɠ. 
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5. ũŮɜɘəɎ ɆɡɛˊŮɟɎůɛŬŰŬ əŬɘ 
ɄɟɞɞˊŰɘəɏɠ 

¶ ɆŰɖ ɛɏŰɟɖůɖ ɞɚɘəɩɜ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ, ŮűŬɟɛɧůŰɖəŬɜ ŰɟŮɘɠ 

ɛɏɗɞŭɞɘ, ɛŮ Ůɘŭɞˊɞɘɧ ŭɘŬűɞɟɎ, Űɞɡɠ ŭɘŬɚɨŰŮɠ. ȷˊɧ Űɖɜ ůɨɔəɟɘůɖ Űɤɜ 

ɛŮɗɧŭɤɜ ˊɟɞɏəɡɣŮ: 

o ɇɞ ɜŮɟɧ (H2O) ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ŭɘŬɚɨŰɖɠ ɔɘŬ 

ɧɚŬ ŰŬ ˊɘɗŬɜɎ ɘůɞŭɨɜŬɛŬ, ɚɧɔɤ Űɖɠ ˊŮɟɘɞɟɘůɛɏɜɖɠ 

ŭɘŬɚɡŰɧŰɖŰŬɠ Űɤɜ ˊɟɧŰɡˊɤɜ ɞɡůɘɩɜ ůŮ ŬɡŰɧ, ɧˊɤɠ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɞɡ ɔŬɚɚɘəɞɨ ɞɝɏɞɠ.   

o Ƀɘ ŬˊɧɚɡŰŮɠ Űɘɛɏɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ űŬɘɜɞɚɘəɩɜ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ 

Űɞ ŭɘŬɚɨŰɖ, (ŬɘɗŬɜɧɚɖ ɐ ɛŮɗŬɜɧɚɖ), ɢɤɟɑɠ ɧɛɤɠ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ 

ɖ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ŮɜɩůŮɤɜ. 

o ȼ ůɢŮŰɘəɐ Ŭˊɧəɚɘůɖ ŬəɧɛŬ əŬɘ ɔɘŬ Űɞɜ ɑŭɘɞ ŭɘŬɚɨŰɖ əŬɘ Űɞ ɑŭɘɞ 

ɘůɞŭɨɜŬɛɞ, ŮɑɜŬɘ Űɖɠ ŰɎɝŮɤɠ Űɞɡ 10%. ɄɟɞŰŮɑɜŮŰŬɘ Ůˊɞɛɏɜɤɠ ɖ 

ɢɟɐůɖ əŬɘɜɞɨɟɘŬɠ əŬɛˊɨɚɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ ˊɟɘɜ Ŭˊɧ əɎɗŮ 

ɛɏŰɟɖůɖ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ɢɟɐůɖ ɛɑŬɠ ɛɧɜɞ Ůɝɑůɤůɖɠ. 

 

o ȳůɞ ŬűɞɟɎ Űɖɜ ŮɡŬɘůɗɖůɑŬ Űɤɜ ɛŮɗɧŭɤɜ, ŬɡŰɐ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɖɜ ˊɟɧŰɡˊɖ ɏɜɤůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɘůɞŭɨɜŬɛɞ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ Űɞ ɔŬɚɚɘəɧ ɞɝɨ, ɞ ŭɘŬɚɨŰɖɠ ɛŮɗŬɜɧɚɖ 

ŮɛűŬɜɑɕŮɘ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŮɡŬɘůɗɖůɑŬ əŬɘ Űɞ ɜŮɟɧ Űɖɜ ɛɘəɟɧŰŮɟɖ. 

ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ ɘůɞŭɨɜŬɛɞ Űɞ əŬűŮɥəɧ ɞɝɨ, Űɖɜ 

ɛŮɔŬɚɨŰŮɟɖ ŮɡŬɘůɗɖůɑŬ ˊŬɟɞɡůɘɎɕŮɘ ɞ ŭɘŬɚɨŰɖɠ ŬɘɗŬɜɧɚɖ. 

 

¶ ȳůɞ ŬűɞɟɎ Űɘɠ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ Űɤɜ ɞɚɘəɩɜ űŬɘɜɞɚɘəɩɜ, ɛŮ ŬɜŬɔɤɔɐ 

Űɤɜ ɛŮŰɟɐůŮɤɜ ŬɜɎ ɔɟŬɛɛɎɟɘɞ ɝɖɟɐɠ ɛɎɕŬɠ Űɖɠ ˊɟɩŰɖɠ ɨɚɖɠ Űɞ 

ŭɘɎɚɡɛŬ Űɖɠ ˊɟɧˊɞɚɖɠ ˊŬɟɞɡůɑŬůŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ, ɛɎɚɘůŰŬ ůŮ 

ŰɟɘˊɚɎůɘŬ ůɡɔəɏɜŰɟɤůɖ Ŭˊɧ ŬɡŰɎ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ 

əŬɘ ŮɢɘɜɎəŮɘŬ. ɇɞ ŮəɢɨɚɘůɛŬ Űɖɠ ɎɟɜɘəŬɠ, ˊŬɟɞɡůɘɎɕŮɘ ɢŬɛɖɚɐ 
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ůɡɔəɏɜŰɟɤůɖ űŬɘɜɞɚɘəɩɜ, ɛŮ Ŭˊɞəɞɟɨűɤůɖ Űɖɜ ŬŭɡɜŬɛɑŬ ɛɏŰɟɖůɐɠ 

Űɞɡɠ ɛŮ ŭɘŬɚɨŰɖ Űɞ ɜŮɟɧ. 

 

¶ ɇŬ ɞɚɘəɎ űɚŬɓɞɜɞŮɘŭɐ ɧɚɤɜ Űɤɜ ŮəɢɡɚɘůɛɎŰɤɜ ŮɑɜŬɘ ˊɞɚɨ ɢŬɛɖɚɧŰŮɟŬ 

Ŭˊɧ ŰŬ ɞɚɘəɎ űŬɘɜɞɚɘəɎ, ɔŮɔɞɜɧɠ ŬɜŬɛŮɜɧɛŮɜɞ, Ůűɧůɞɜ ŰŬ űɚŬɓɞɜɞŮɘŭɐ 

ŮɑɜŬɘ əŬŰɖɔɞɟɑŬ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ. ɇɞ ŮəɢɨɚɘůɛŬ ɛŬɨɟɖɠ ˊŮɨəɖɠ 

ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ ɡɣɖɚɧŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ ůŮ űɚŬɓɞɜɞŮɘŭɐ, Ůɜɩ 

ɛɎɚɘůŰŬ ɏɢŮɘ Űɖɜ ɛɘəɟɧŰŮɟɖ ŬɜŬɚɞɔɑŬ (ɔɟŬɛɛɎɟɘŬ ɝɖɟɐɠ ɛɎɕŬɠ/ ɧɔəɞ 

ŭɘŬɚɨŰɖ ŮəɢɡɚɑůɛŬŰɞɠ). ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ŮəɢɨɚɘůɛŬ Űɖɠ ŮŰŬɘɟɑŬɠ 

Ⱦɞɟɟɏɠ, ˊŬɟɞɡůɘɎɕŮɘ ɡɣɖɚɐ ůɡɔəɏɜŰɟɤůɖ űɚŬɓɞɜɞŮɘŭɩɜ, ɏɟɢŮŰŬɘ ɜŬ 

ŮˊɘɓŮɓŬɘɩůŮɘ Űɖɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ əŬɘ ŬɜŰɘűɚŮɔɛɞɜɩŭɖ ŭɟɎůɖ Űɞɡ, ˊɞɡ 

ˊɟɞůŭɑŭŮɘ  ůɡůűɘəŰɘəɏɠ əŬɘ ŬɜŰɘɔɖɟŬɜŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ.   

 

¶ ɆɡɔəɟɑɜɞɜŰŬɠ Űɘɠ ŭɨɞ ɛŮɗɧŭɞɡɠ ŬɜɎɚɡůɖɠ  Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, əŬɗɩɠ 

əŬɘ Űɞɡɠ ŭŮɑəŰŮɠ IC50 ˊɟɞəɨˊŰɞɡɜ ŬɜŰɑůŰɞɘɢŬ ůɡɛˊŮɟɎůɛŬŰŬ. ɆŮ əɎɗŮ 

ɛɏɗɞŭɞ, ɞɘ ŮɜɩůŮɘɠ ɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ ɐŰŬɜ ɖ 

ˊɟɧˊɞɚɖ, ɖ əŬŰŮɢɑɜɖ, Űɞ ɔŬɚɚɘəɧ ɞɝɨ əŬɘ Űɞ ŮəɢɨɚɘůɛŬ ɛŬɨɟɖɠ ˊŮɨəɖɠ.  

ɀɏŰɟɘŬ ůɡɛˊŮɟɘűɞɟɎ ɏɢɞɡɜ Űɞ űŮɟɞɡɚɘəɧ, Űɞ ŮəɢɨɚɘůɛŬ ŮɢɘɜɎəŮɘŬ əŬɘ 

ŬəɧɛŬ ɢŬɛɖɚɧŰŮɟɖ Űɞ əŬűŮɥəɧ. ɇɏɚɞɠ ɢŬɛɖɚɐ, ɏɤɠ əŬɘ ɛɖŭŮɜɘəɐ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ ɏɢɞɡɜ, Űɞ ŮəɢɨɚɘůɛŬ Űɖɠ ɎɟɜɘəŬɠ , ɖ 4-

ɢɚɤɟɞűŬɘɜɧɚɖ, ɖ ɓŬɜɘɚɑɜɖ əŬɘ Űɞ ɓŮɜɕɞɥəɧ ɞɝɨ. 

o ȼ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ Űɞɡ ŮəɢɡɚɑůɛŬŰɞɠ Űɖɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ, 

ɞűŮɑɚŮŰŬɘ ˊɘɗŬɜɧŰŬŰŬ ůŰɖɜ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ, ůŮ 

űɚŬɓɞɜɞŮɘŭɐ. ɇŬ űɚŬɓɞɜɞŮɘŭɐ ɏɢɞɡɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ, 

ůŰɘɠ ɞˊɞɑŮɠ, ŬˊɞŭɑŭɞɜŰŬɘ ɞɘ ɗŮŰɘəɏɠ ˊɟɞɠ Űɖɜ ɡɔŮɑŬ ɘŭɘɧŰɖŰŮɠ Űɞɡ 

ŮəɢɡɚɑůɛŬŰɞɠ. ȷɜŰɑɗŮŰŬ Űɞ űɡŰɧ ɎɟɜɘəŬ ˊŬɟɞɡůɑŬůŮ ɛɖŭŮɜɘəɏɠ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɏɠ ŭɟɎůŮɘɠ əŬɗɩɠ əŬɘ ɢŬɛɖɚɐ ůɡɔəɏɜŰɟɤůɖ 

űɚŬɓɞɜɞŮɘŭɩɜ əŬɘ űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ, əɎŰɘ ˊɞɡ ŭŮɜ ůɡɜɎŭŮɘ 

ɛŮ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ.  

 

¶ ȼ ŭɖɛɘɞɡɟɔɑŬ ɓɘɓɚɘɞɗɐəɖɠ űŬůɛɎŰɤɜ ɛɎɕŬɠ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ 

ŮɟɔŬɚŮɑɞ, ɧɢɘ ɛɧɜɞ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ɘŭɑɤɜ əŬɗŬɟɩɜ ŮɜɩůŮɤɜ, 

ŬɚɚɎ əɡɟɑɤɠ  ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ əŬɘ ŬɜŬɔɜɩɟɘůɖ, ˊŬɟŬɔɩɔɤɜ Űɤɜ 
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ŮɜɩůŮɤɜ ŬɡŰɩɜ. ȼ ˊɘůŰɞˊɞɑɖůɖ Űɤɜ ˊɞɚɡűŬɘɜɞɚɘəɩɜ ˊŬɟŬɔɩɔɤɜ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɧɜɞ ɛŮ Űɖ ɢɟɐůɖ  ɓɘɓɚɘɞɗɐəɖɠ  űŬůɛɎŰɤɜ ɛŬɕɩɜ, 

ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ˊɟɞɛɐɗŮɘŬ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɧɚɤɜ Űɤɜ ˊɟɞŰɨˊɤɜ 

ɧɚɤɜ Űɤɜ ŮɜɩůŮɤɜ ŮɑɜŬɘ ˊɟŬəŰɘəɎ ŬŭɨɜŬŰɖ.  

 

¶ ȼ ɓɘɓɚɘɞɗɐəɖ ˊɞɡ əŬŰŬůəŮɡɎɕŮŰŬɘ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ůŰɖ Ɇɢɞɚɐ ɉɖɛɘəɩɜ 

ɀɖɢŬɜɘəɩɜ, ˊɟɧəŮɘŰŬɘ ɜŬ ŮɛˊɚɞɡŰɘůŰŮɑ, ɛŮ ˊɚɐɗɞɠ Ɏɚɚɤɜ ˊɟɧŰɡˊɤɜ 

ŮɜɩůŮɤɜ əŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ, Ŭˊɧ Ɏɚɚɞɡɠ ŰɞɛŮɑɠ Űɖɠ ůɢɞɚɐɠ (ˊ.ɢ. 

ŮɟɔŬůŰɐɟɘɞ ɇɟɞűɑɛɤɜ)  

 

¶ ɆŰɖɜ ŬɜɎɚɡůɖ Űɤɜ ŮəɢɡɚɘůɛɎŰɤɜ ɛŮ Űɖɜ ɢɟɐůɖ ɡɔɟɐɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬɠ, ɖ ŮɝŬɔɤɔɐ Űɤɜ ůɡɛˊŮɟŬůɛɎŰɤɜ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ 

ɛɧɜɞ ůŰɞ ˊɚŬɑůɘɞ Űɤɜ ˊɘɗŬɜɩɜ ɡˊɞɗɏůŮɤɜ. ɀɏɢɟɘ ůɐɛŮɟŬ ɏɢɞɡɜ 

ŰŬɡŰɞˊɞɘɖɗŮɑ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 8000 űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ, ɞɘ ɞˊɞɑŮɠ 

ɛˊɞɟɞɨɜ ɜŬ ŬˊŬɜŰɖɗɞɨɜ ůŮ əŬɗŬɟɐ ɛɞɟűɐ, ɐ ůŮ ˊɞɚɡűŬɘɜɞɚɘəɎ 

ˊŬɟɎɔɤɔŬ, ɛɏůŬ ůŰŬ űɡŰɘəɎ ŮəɢɡɚɑůɛŬŰŬ. ȷɡŰɧ ɞŭɖɔŮɑ ůŮ ɢɘɚɘɎŭŮɠ 

ˊɘɗŬɜɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɨɟŮůɖɠ ɞɡůɘɩɜ ůŰŬ ŮəɢɡɚɑůɛŬŰŬ. ɀŮ Űɞɜ 

ůɡɜŭɡŬůɛɧ ɢɟɤɛŬŰɞɔɟŬűɘəɩɜ əŬɘ űŬůɛŬŰɞɔɟŬűɘəɩɜ ŭŮŭɞɛɏɜɤɜ, 

ˊɟɞɏəɡɣŮ: 

o ɆŰŬ ŮəɢɡɚɑůɛŬŰŬ Űɖɠ ɛŬɨɟɖɠ ˊŮɨəɖɠ ŬɜŬɔɜɤɟɑůŰɖəŬɜ əŬɘ 

ŰŬɡŰɞˊɞɘɐɗɖəŬɜ ɞɘ əŬɗŬɟɏɠ ɞɡůɑŮɠ, Űɖɠ əŮɟəŮŰɑɜɖɠ, Űɞɡ  p-

əɞɡɛŬɟɘəɞɨ ɞɝɏɞɠ əŬɘ Űɞɡ ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ. ȺˊɘˊɟɧůɗŮŰŬ, 

ŭɘŬˊɘůŰɩɗɖəŮ ɖ ˊŬɟɞɡůɑŬ ˊɞɚɡűŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ, 

űŮɟɞɡɚɘəɞɨ ɞɝɏɞɠ, əŬŰŮɢɑɜɖɠ/ŮˊɘəŬŰŮɢɑɜɖɠ, əŬűŮɥəɞɨ ɞɝɏɞɠ əŬɘ 

ɢɚɤɟɞűŬɘɜɧɚɖɠ. ɆŰɞ ŮəɢɨɚɘůɛŬ Űɖɠ ˊɟɧˊɞɚɖɠ, ŬɜŬɔɜɤɟɑůŰɖəŬɜ 

ɞɘ ɞɡůɑŮɠ Űɘɠ əŬŰŮɢɑɜɖɠ, Űɞɡ ɓŮɜɕɞɥəɞɨ ɞɝɏɞɠ, Űɖɠ ɟɞɡŰɑɜɖɠ əŬɗɩɠ 

əŬɘ ŬɡŰɏɠ Űɤɜ űŬɘɜɡɚɞɝɘəɞɨ ɞɝɏɞɠ əŬɘ ŰŬɝɘűɞɚɑɜɖɠ, ůŮ ɛɞɟűɐ 

ˊɞɚɡűŬɘɜɞɚɘəɩɜ ˊŬɟŬɔɩɔɤɜ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ɞɡůɘɩɜ. ɆŰɞ 

ŮəɢɨɚɘůɛŬ ŮɢɘɜɎəŮɘŬ, ˊɘůŰɞˊɞɘɐɗɖəŮ ɖ ˊŬɟɞɡůɑŬ ŮɜɩůŮɤɜ 

əŮɟəŮŰɑɜɖɠ əŬɘ ɟɞɡŰɑɜɖɠ ůŮ əŬɗŬɟɐ ɛɞɟűɐ, əŬɗɩɠ əŬɘ ɨˊŬɟɝɖ 

ˊŬɟŬɔɩɔɤɜ űŮɟɞɡɚɘəɞɨ əŬɘ əŬűŮɥəɞɨ ɞɝɏɞɠ. ɇɏɚɞɠ ůŰɞ 

ŮəɢɨɚɘůɛŬ Űɖɠ ɎɟɜɘəŬɠ, ŰŬ űŬůɛŬŰɞɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ, ɞŭɖɔɞɨɜ 
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ůŰɖɜ ɨˊŬɟɝɖ ˊɞɚɡűŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ, ˊŬɟŬɔɩɔɤɜ əŬŰŮɢɑɜɖɠ, 

űŮɟɞɡɚɘəɞɨ ɞɝɏɞɠ, əŮɟəŮŰɑɜɖɠ əŬɘ p-əɞɡɛŬɟɘəɞɨ ɞɝŮɧɠ. 

 

¶ ȾŬŰɎ Űɖɜ ŭɘŮɝŬɔɤɔɐ Űɤɜ ŭɞəɘɛɩɜ ůŰŬɗŮɟɧŰɖŰŬɠ, Űɞ ŮəɢɨɚɘůɛŬ ŭŮɜ 

űŬɑɜŮŰŬɘ ɜŬ ŮˊɖɟŮɎɕŮɘ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ əɟɏɛŬɠ ůŮ əŬɛɑŬ ɛɏŰɟɖůɖ 

əŬɘ ˊŬɟɎɔɞɜŰŬ. Ƀɘ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ Űɞɡ ɢɟɩɛŬŰɞɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ 

ɛɧɜɞ ůŮ ŬəɟŬɑŮɠ ůɡɜɗɐəŮɠ əŬɘ ˊɘɗŬɜɧŰŬŰŬ ɞűŮɑɚɞɜŰŬɘ ůŮ ɞɝŮɘŭɤŰɘəɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ. ɆŰɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŬˊɞŭɑŭɞɜŰŬɘ əŬɘ ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɞ 

pH. ȼ ŭɞəɘɛɐ ɘɝɩŭɞɡɠ əŬɘ ɞ ɏɚŮɔɢɞɠ űɡɔɞəɏɜŰɟɖůɖɠ ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ 

ŮˊɘŰɡɢŮɑɠ. Ⱥˊɞɛɏɜɤɠ ɖ ɜɏŬ űɧɟɛɞɡɚŬ ɛˊɞɟŮɑ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ Űɞ 

ŮəɢɨɚɘůɛŬ ɛŬɨɟɖɠ ˊŮɨəɖɠ.  

 

¶ ũɘŬ ɜŬ ůɢɖɛŬŰɘůŰŮɑ ˊɚɖɟɏůŰŮɟɖ ŮɘəɧɜŬ ɔɘŬ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ 

ˊŬɟŬůəŮɡɎůɛŬŰɞɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɘŮɡɟɡɜɗɞɨɜ ɞɘ ŭɞəɘɛɏɠ 

ůŰŬɗŮɟɧŰɖŰŬɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŮŰŬɓɞɚɐɠ Űɞɡ 

ɢɟɩɛŬŰɞɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ŬɜɎɚɡůɖ, Űɤɜ ˊɘɗŬɜɩɜ ɞɡůɘɩɜ ˊɞɡ 

ˊɟɞəɎɚŮůŬɜ ɞɝŮɑŭɤůɖ. ȼ ŬɜɎɚɡůɖ ŬɡŰɐ, ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɔɑɜŮɘ ɛŮ 

ɢɟɐůɖ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɖ ůɡɛˊŮɟɘűɞɟɎ 

Űɞɡ ˊɟɞɥɧɜŰɞɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ ɔɘŬ ɛŮɔŬɚɨŰŮɟɞ ɢɟɞɜɘəɧ 

ŭɘɎůŰɖɛŬ. 
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ɄŬɟɎɟŰɖɛŬ  

ɄŬɟɎɟŰɖɛŬ 1. ūɎůɛŬŰŬ ɛɎɕŬɠ ˊɟɧŰɡˊɤɜ ŮɜɩůŮɤɜ ï ȸɘɓɚɘɞɗɐəɖ ūŬůɛɎŰɤɜ 

 

1. Gallic acid-ESI negative                                                            2. Gallic acid-ESI positive 

 

 

 

 

 

 

 

 

 

3. Gallic acid-APCI negative                                                            4. Gallic acid- APCI positive 
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5. Caffeic acid-ESI negative                                                        6. Caffeic acid-ESI positive 

 

 

7. Caffeic acid-APCI negative                                                            8. Caffeic acid- APCI positive 
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9. Vanillic acid-ESI negative 

 
 

10. Vanillic acid-ESI positive 
 

  
11. Vanillic acid-APCI negative 12. Vanillic acid-APCI positive 

 

 

 

 

 

 



 

 
 176 

  
13. Benzoic acid-ESI negative 

 
 

14. Benzoic acid-ESI positive 
 

  
15. Benzoic acid-APCI negative 16. Benzoic acid-APCI positive 
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17. Ferulic acid-ESI negative 

 
 

18. Ferulic acid-ESI positive 
 

  
19. Ferulic acid-APCI negative 20. Ferulic acid-APCI positive 
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21. Syringic acid-ESI negative 

 
 

22. Syringic acid-ESI positive 
 

  

23. Syringic-APCI negative 24. Syringic acid-APCI positive 
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25. Salicylic acid-ESI negative 

 
 

26. Salicylic acid-ESI positive 
 

  
27. Salicylic acid-APCI negative 28. Salicylic acid-APCI positive 
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29. p-Coumaric acid-ESI negative 

 
 

30. p-Coumaric acid-ESI positive 
 

  
31. p-Coumaric acid-APCI negative 32. p-Coumaric acid-APCI positive 
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33. Tyrosol-ESI negative 
 
 

34. Tyrosol-ESI positive 
 

  
35. Tyrosol -APCI negative 36. Tyrosol-APCI positive 
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37. 4-Chlorophenol-ESI negative 

 
 

38. 4-Chlorophenol-ESI positive 
 

  
39. 4-Chlorophenol -APCI negative 40. 4-Chlorophenol -APCI positive 
 

 

 

 

 


