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Abstract 

 

The objective of this research was to investigate the design and synthesis  

of novel zein derivatives for the preparation of microcapsules. The structure of Zein 

polymer was modified by conjugating with folic acid to increase specificity toward 

cancer cells, Increase the efficiency of quercetin drug delivery to cancer cells and 

increase the stability of the drug. The microcapsule was prepared by solvent 

evaporation method from Zein polymer with Poloxamer 188: Poloxamer 407. Each 

formulation is prepared to compare the physical properties, particle size, zeta, particle 

size distribution, and entrapment efficiency. Measured of size, zeta, particle size 

distribution was observed by Nanosizer zetasizer. Morphology of microcapsule was 

observed by scanning electron microscopy. The crystallinity of microcapsule was 

observed by Fourier-transform infrared spectroscopy (FTIR). The microcapsule content 

and releasing were investigated by UV/Vis spectrophotometry. The results showed 

optimum formulation are Zein: Poloxamer 188:  Poloxamer 407 ratio of 4: 1: 1 (Particle 

size was about 519.775 ± 204.7947 nm, zeta potential 8.088 ± 5.6625 and particle size 

distribution 0.317 ± 0.09756. The results demonstrated that the Zein: Poloxamer 188: 

Poloxamer 407 (4:1:1) loaded with quercetin incline was delivered to cancer cells and 

could be used as a drug delivery system in the future. 
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 ÜćîüĉÝĆ÷ÞïĆïîĊĚÿĈđøĘÝúčúŠüÜĕðéšü÷éĊǰ đîČęĂÜÝćÖñĎšüĉÝĆ÷ĕéšøĆïÙüćöÖøčèćĂ÷ŠćÜÿĎÜÝćÖĂćÝćø÷ŤìĊę

ðøċÖþćǰõÖ�ñý�éø�üĆßøóÜþŤǰ ĒÝŠöÿüŠćÜǰ Ēúąõâ�éø�óčìíĉóøǰ ÙÜĒÖšüǰìĊęÖøčèćĔĀšÙĈĒîąîĈÖćøðøċÖþćǰ

êúĂéÝîðøĆïðøčÜĒÖšĕ××šĂïÖóøŠĂÜêŠćÜǰėǰéšü÷ÙüćöđĂćĔÝĔÿŠǰĔĀš×šĂđÿîĂĒîąǰêĉéêćöÙüćöÖšćüĀîšćĔî

ÖćøéĈđîĉîÖćøüĉÝĆ÷ǰ ñĎšüĉÝĆ÷øĎšÿċÖàćïàċĚÜĔîÙüćöÖøčèćĒúąÙüćöêĆĚÜĔÝìčŠöđìđðŨîĂ÷ŠćÜ÷ĉęÜǰ ×Ă×ĂïÙčèđðŨî

Ă÷ŠćÜÿĎÜĕüš è ēĂÖćÿîĊĚǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ 

 ×Ă×ĂïÙčèÙèąđõÿĆßýćÿêøŤöĀćüĉì÷ćúĆ÷ïĎøóćìĊęÿîĆïÿîčîđÜĉîìčîĔîÖćøýċÖþćÙøĆĚÜîĊĚĒúą

×ĂïÙčèÙèąÿĀđüßýćÿêøŤöĀćüĉì÷ćúĆ÷ïĎøóćìĊęĔĀšÙüćöĂîčđÙøćąĀŤđÙøČęĂÜöČĂǰ field emission 

scanning electron microscope (SEM) 
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øĎðìĊęǰ�ǰĒÿéÜÖćøóĉÿĎÝîŤēÙøÜÿøšćÜéšü÷ǰFTIR Spectroscopyǰ×ĂÜǰzein-folic acid, zein 

Ēúąǰfolic acid 

15 

øĎðìĊęǰ� ĒÿéÜǰstandard curve ×ĂÜǰfolic acid 16 

øĎðìĊęǰ�ǰõćóëŠć÷ǰSEM ĒÿéÜúĆÖþèą×ĂÜǰzein ÖĈúĆÜ×÷ć÷ǰ���ǰđìŠć 17 

øĎðìĊęǰ��ǰõćóëŠć÷ǰSEM ĒÿéÜúĆÖþèą×ĂÜǰfolic acid ÖĈúĆÜ×÷ć÷ǰ����ǰđìŠć 18 

øĎðìĊęǰ��ǰõćóëŠć÷ǰSEM ĒÿéÜúĆÖþèą×ĂÜǰzein-folic acid ÖĈúĆÜ×÷ć÷ǰ��ǰđìŠć  18 

øĎðìĊęǰ��ǰĒÿéÜǰzeta potential ×ĂÜĂîčõćÙĕöēÙøĒÙðàĎúìĊęđêøĊ÷öÝćÖǰzein 100 mg  

Ēúąǰpoloxamer 188 : poloxamer 407 ĔîĂĆêøćÿŠüîêŠćÜǰėǰ  

20 

øĎðìĊęǰ��ǰĒÿéÜÖćøÖøąÝć÷×îćé×ĂÜĂîčõćÙĕöēÙøĒÙðàĎúìĊęđêøĊ÷öÝćÖǰzein 100 mg  

Ēúąǰpoloxamer 188 : poloxamer 407 ĔîĂĆêøćÿŠüîêŠćÜǰėǰ  

�0 

øĎðìĊęǰ��ǰĒÿéÜ×îćé×ĂÜĂîčõćÙĕöēÙøĒÙðàĎúìĊęđêøĊ÷öÝćÖǰzein 100 mg  

Ēúąǰpoloxamer 188 : poloxamer 407 ĔîĂĆêøćÿŠüîêŠćÜǰėǰ  

�1 

øĎðìĊęǰ��ǰĒÿéÜǰZeta potential ×ĂÜĂîčõćÙĕöēÙøĒÙðàĎúìĊęđêøĊ÷öÝćÖǰzein 100 mg 

Ēúąǰzein-folic acid ×îćéêŠćÜėǰ  

�3 

øĎðìĊęǰ��ǰĒÿéÜÖćøÖøąÝć÷×îćé×ĂÜĂîčõćÙĕöēÙøĒÙðàĎúìĊęđêøĊ÷öÝćÖǰzein 100 mg  

Ēúąǰzein-folic acid ×îćéêŠćÜėǰ  

23 

øĎðìĊęǰ��ǰĒÿéÜ×îćé×ĂÜĂîčõćÙĕöēÙøĒÙðàĎúìĊęđêøĊ÷öÝćÖǰzein 100 mg  

Ēúąǰzein-folic acid ×îćéêŠćÜėǰ  

24 

øĎðìĊęǰ��ǰĒÿéÜǰstandard curve ×ĂÜǰquercetin 25 
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ïììĊęǰ1 

ïìîĈ 

ÙüćöÿĈÙĆâĒúąìĊęöć×ĂÜðŦâĀć  

ēøÙöąđøĘÜëČĂđðŨîðŦâĀćìćÜÿćíćøèÿč×ìĊęÿĈÙĆâ×ĂÜðøąßćÖøìĆęüēúÖøüöìĆĚÜðøąđìýĕì÷ǰÝćÖ

ÿëĉêĉ×ĂÜĂÜÙŤÖćøĂîćöĆ÷ēúÖĔîðŘǰ ó�ý�2561 ÙćéÖćøèŤüŠćöĊÝĈîüîñĎšðśü÷ìĆęüēúÖìĊęĕéšøĆïÖćøüĉîĉÝÞĆ÷üŠć

đðŨîēøÙöąđøĘÜðøąöćèǰ18 úšćîÙîǰĒúąđÿĊ÷ßĊüĉêÝćÖēøÙöąđøĘÜðøąöćèǰ9�6 úšćîÙîǰĀøČĂÖúŠćüĕéšüŠćǰ

1 Ĕîǰ 6 øć÷×ĂÜÖćøđÿĊ÷ßĊüĉêđÖĉéÝćÖēøÙöąđøĘÜǰ ēé÷ÿŠüîöćÖ÷ĆÜĕöŠöĊüĉíĊÖćøðŜĂÜÖĆîǰ ÖćøüĉîĉÝÞĆ÷ǰ Öćø

øĆÖþćēøÙǰ ĒúąÖćøéĎĒúöąđøĘÜøą÷ąÿčéìšć÷ìĊęöĊðøąÿĉìíĉõćóÝċÜđðŨîðŦâĀćìĊęÿĈÙĆâêŠĂñĎšðśü÷Ēúą

ðøąđìýǰēøÙöąđøĘÜöĆÖÝąëĎÖóïĔîøą÷ąìĊęǰ3 Ēúąǰ4 öćÖÖüŠćøšĂ÷úąǰ50 ìĈĔĀšēĂÖćÿìĊęÝąđÿĊ÷ßĊüĉêÝćÖ

ēøÙöąđøĘÜÿĎÜöćÖǰ ÖćøÙüïÙčöĒúąúéĂĆêøćÖćøđÿĊ÷ßĊüĉêÝćÖēøÙöąđøĘÜÝċÜđðŨîðŦâĀćìĊęöĊÙüćöìšćìć÷

Ă÷ŠćÜÿĎÜǰ ÝĈđðŨîĂ÷ŠćÜ÷ĉęÜìĊęÝąêšĂÜöĊĒñîïĎøèćÖćøǰ ĒúąêšĂÜÖćøÙüćöøŠüööČĂìčÖõćÙÿŠüîìĆĚÜõćÙ

üĉßćÖćøǰøĆåïćúǰĒúąðøąßćßîǰđóČęĂìĊęÝąîĈĕðÿĎŠÙüćöÿĈđøĘÝǰÿëćîÖćøèŤ×ĂÜēøÙöąđøĘÜĔîõćóøüö×ĂÜ

ðøąđìýĕì÷ǰ ÝćÖÿëĉêĉóïüŠćēøÙöąđøĘÜđðŨîÿćđĀêčÖćøđÿĊ÷ßĊüĉêĂĆîéĆïǰ 1 ÙĉéđðŨîøšĂ÷úąǰ 16 ×ĂÜ

đĀêčÖćøèŤđÿĊ÷ßĊüĉêìĆĚÜĀöéǰĀøČĂöĊñĎšđÿĊ÷ßĊüĉêÝćÖēøÙöąđøĘÜđÞúĊę÷ǰ8 øć÷êŠĂßĆęüēöÜĔîðŘǰó�ý�ǰ2561 óïüŠć

öĊÝĈîüîñĎšðśü÷øć÷ĔĀöŠēé÷ðøąöćèĂ÷ĎŠìĊęǰ170,495 øć÷ǰĒúąđÿĊ÷ßĊüĉêÝćÖēøÙöąđøĘÜðøąöćèǰ114,199 

øć÷ǰÿĈĀøĆïǰ5 ĂĆîéĆïĒøÖ×ĂÜöąđøĘÜìĊęóïïŠĂ÷ìĊęÿčéǰĕéšĒÖŠǰöąđøĘÜðĂéǰöąđøĘÜêĆïĒúąìŠĂîĚĈéĊǰöąđøĘÜđêšć

îöǰ öąđøĘÜúĈĕÿšĔĀâŠǰ ĒúąöąđøĘÜëčÜîĚĈéĊǰ ēé÷ēøÙöąđøĘÜìĊęìĈĔĀšđÿĊ÷ßĊüĉêöćÖìĊęÿčéǰ 5 ĂĆîéĆïĒøÖĕéšĒÖŠǰ

öąđøĘÜêĆïĒúąìŠĂîĚĈéĊǰöąđøĘÜðĂéǰöąđøĘÜëčÜîĚĈéĊǰöąđøĘÜđêšćîöǰĒúąöąđøĘÜúĈĕÿšĔĀâŠêćöúĈéĆï1ǰéĆÜîĆĚî

ÝċÜÝĈđðŨîìĊęÝąêšĂÜÙšîĀćđðŜćĀöć÷ÖćøøĆÖþćĔĀöŠėǰ øüöìĆĚÜēöđúÖčúĔĀöŠìĊęöĊýĆÖ÷õćóĔîÖćøøĆÖþćöąđøĘÜǰ

ĕöŠüŠćÝąđðŨîóČßÿöčîĕóøǰĀøČĂÿćøÿĈÙĆâǰìĊęĕéšÝćÖÖćøÿĆÜđÙøćąĀŤǰàċęÜĀîċęÜĔîìĊęĕéšøĆïÙüćöÿîĔÝÙČĂǰđÙüĂ

àĉêĉîǰ 	Quercetin
ǰ đðŨîÿćøóùÖþđÙöĊĀøČĂǰ ĕôēêîĉüđìøĊ÷îìŤǰ 	Phytochemical ĀøČĂǰ

Phytonutrients
ǰ àċęÜđðŨîÿćøđÙöĊìĊęöĊùìíĉĝìćÜßĊüõćóìĊęóïđÞóćąĔîóČßǰ ÿćøÖúčŠöîĊĚđðŨîÿćøìĊęìĞćĔĀš

óČßñĆÖßîĉéîĆĚîėǰöĊÿĊÖúĉęîĀøČĂøÿßćêĉìĊęđðŨîúĆÖþèąđÞóćąêĆüìĊęóïöćÖìĊęÿčéĔîñĆÖǰĒúąñúĕöšĀúć÷ßîĉéöĊ

ùìíĉĝêŠĂêšćîĀøČĂðŜĂÜÖĆîēøÙĕéšĀúć÷ðøąđõìǰ đÙüĂàĉêĉîđðŨîÿćøóùÖþđÙöĊìĊęĂ÷ĎŠĔîÖúčŠöôúćēüîĂ÷éŤöĊ

öćÖĔîĀĆüĀĂöĒéÜǰĒúąóČßêøąÖĎúëĆęü  

óïüŠćđÙüĂàĉêĉîöĊøć÷ÜćîÖćø÷Ćï÷ĆĚÜđàúúŤöąđøĘÜǰđßŠîǰöąđøĘÜđêšćîöǰöąđøĘÜêŠĂöúĎÖĀöćÖǰöąđøĘÜ

ðĂéǰöąđøĘÜúĈĕÿšĔĀâŠ2,ǰ3 éšü÷ÖúĕÖßĆÖîĈÖćøêć÷ĒïïĂąóĂóēêàĉÿēé÷ñŠćîìćÜüĉëĊĕöēìÙĂîđéøĊ÷
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Ā÷čéüÜüĆäÝĆÖø×ĂÜđàúúŤìĊęøą÷ąǰ G2�M Ēúąǰ S ÷Ćï÷ĆĚÜÖćøìÜćî×ĂÜǰNFKB ĔîđàúúŤöąđøĘÜǰ ÷Ćï÷ĆĚÜÖćø

ÿøšćÜĀúĂéđúČĂéĔĀöŠǰ ÷Ćï÷ĆĚÜÖćøĒóøŠÖøąÝć÷×ĂÜđàúúŤöąđøĘÜǰ ÷Ćï÷ĆĚÜÖćøĂĆÖđÿïìĊęđÖĉéÝćÖđàúúŤöąđøĘÜǰ

÷Ćï÷ĆĚÜÖćøéČĚĂ÷ćĒïïĀúć÷×îćîǰ ÷Ćï÷ĆĚÜÖćøĂĆÖđÿïēé÷Öćø÷Ćï÷ĆĚÜÖćøìĈÜćî×ĂÜǰ NFKB ĔîđàúúŤĒöÙ

ēÙøđôÝìĊęëĎÖÖøąêčšî4ǰÝćÖ×šĂöĎúéĆÜÖúŠćüÝċÜđðŨîĒîüēîšöìĊęÝąîĈđÙüĂàĉêĉîöćĔßšđðŨîñúĉêõĆèæŤÿĈĀøĆïĔßš

ĔîÖćøøĆÖþćĀøČĂðŜĂÜÖĆîöąđøĘÜìĊęéĊ 

ĒêŠĂ÷ŠćÜĕøÖĘêćöÝćÖÙčèÿöïĆêĉ×ĂÜđÙüĂàĉêĉîìĊęöĊÙŠćÖćøúąúć÷îĚĈìĊęêęĈǰ ìĈĔĀšđÖĉéðŦâĀćđöČęĂ

îĈöćĔßšÝøĉÜ  ēé÷óïüŠć÷ćìĊęöĊÙŠćÖćøúąúć÷êęĈÝąìĈĔĀšÖćøîĈÿŠÜ÷ćđÙüĂàĉêĉîĕðÿĎŠđàúúŤöąđøĘÜĀøČĂ

ðøą÷čÖêŤĔßšđðŨîÿĎêøêĈøĆïÿćöćøëìĈĕéš÷ćÖǰđîČęĂÜÝćÖÙŠćÖćøúąúć÷ÿŠÜñúêŠĂÖćøéĎéàċöĒúąÖćøóćÿćø

đ×šćĕð÷ĆÜĂüĆ÷üąđðŜćĀöć÷đàúúŤöąđøĘÜǰ éĆÜîĆĚîñĎšüĉÝĆ÷ÝċÜđúĘÜđĀĘîëċÜðŦâĀćîĊĚĒúąóĆçîćǰ ðøĆïðøčÜĔĀšêĆü÷ć

đÙüĂàĉêĉîÿćöćøëđ×šćÿĎŠđàúúŤöąđøĘÜĕéšéĊ×ċĚîǰ ēé÷ÖćøóĆçîćĔĀšĂ÷ĎŠĔîøąïïĕöēÙøĒÙðàĎú àċęÜöĊøć÷ÜćîüŠć

øąïïîĈÿŠÜĕöēÙøĒÙðàĎúöĊ×šĂéĊßŠü÷ĔîÖćøÙÜêĆü×ĂÜÿćøêúĂéÖćøĔßšÜćîǰ ÖćøĀŠĂĀčšöÿćøìĊęöĊÙüćöĕü

êŠĂÿĉęÜĒüéúšĂöǰđßŠîǰÿćøìĊęëĎÖĂĂÖàĉĕéàŤĕéšÜŠć÷ǰĕüêŠĂĒÿÜǰĂčèĀõĎöĉĒúąÙüćöđðŨîÖøééŠćÜǰđðŨîêšîǰÝąìĈ

ĔĀšÿćøéĆÜÖúŠćüöĊÙüćöÙÜêĆüéĊ×ċĚîĒúąđÖĘïøĆÖþćĕéš÷ćüîćîǰ ǰ ÖøąïüîÖćøéĆÜÖúŠćü÷ĆÜßŠü÷ðŜĂÜÖĆîÿćøìĊę

øąđĀ÷ÜŠć÷îĂÖǰ ÖćøîĈÿćøìĊęđðŨî×ĂÜđĀúüöćĂ÷ĎŠĔîĕöēÙøĒÙðàĎúĂćÝßŠü÷úéÖćøìĈðäĉÖĉøĉ÷ć×ĂÜÿćø

ñÿöǰ ÿąéüÖêŠĂÖćøîĈĕðĔßšÜćîǰ øüöìĆĚÜÿćöćøëÙüïÙčöÖćøðúéðúŠĂ÷ÿćøĕðÿĎŠïøĉđüèìĊęêšĂÜÖćøĔî

đüúćìĊęđĀöćąÿöĕéšǰ ÝċÜöĊðøąē÷ßîŤßŠü÷úéÙüćöÿĉĚîđðúČĂÜĔîÖćøĔßšÿćøǰ ìĈĀîšćìĊęđðŨîøąïïÝĆéÿŠÜĀøČĂ

ĂĈîü÷ÙüćöÿąéüÖĔîÖćøÝĆéÿŠÜ5ǰëċÜĒöšüŠćĕöēÙøĒÙðàĎúÝąöĊÙčèÿöïĆêĉìĊęéĊĔîÖćøîĈÿŠÜÿćøêŠćÜǰėǰđ×šćÿĎŠ

øŠćÜÖć÷ĒêŠðŦâĀćìĊę÷ĆÜöĊĂ÷ĎŠÙČĂÙüćöÝĈđóćąđÝćąÝÜǰ ēé÷đÞóćąÖćøîĈÿŠÜ÷ćĕðÿĎŠđàúúŤöąđøĘÜìĊęĕöŠ

êšĂÜÖćøĔĀš÷ćđÙöĊïĈïĆéêŠćÜǰėǰđ×šćÿĎŠđàúúŤðÖêĉÝîđÖĉéñú×šćÜđÙĊ÷Ü 

îĂÖÝćÖîĊĚñĎšüĉÝĆ÷÷ĆÜĕéšöĂÜëċÜÖćøóĆçîć÷ćĔĀšĂ÷ĎŠĔîøĎðĒïïǰ drug targeting ēé÷ĔßšóĂúĉđöĂøŤ

àĊîǰ (Zein) ĔîÖćøÿøšćÜĕöēÙøĒÙðàĎú àċęÜàĊîđðŨîóĂúĉđöĂøŤíøøößćêĉìĊęĕéšÝćÖ×šćüēóéǰ öĊÖćøĔßšĂ÷ŠćÜ

ĒóøŠĀúć÷ĔîĂčêÿćĀÖøøöĂćĀćøǰ ßĊüÖćøĒóì÷Ťǰ ĒúąđõÿĆßÖøøöǰ ēé÷öĊ×šĂéĊǰ ÙČĂǰ 1
ǰ đðŨîÿćøßĊüõćóìĊę

ĕéšøĆïÖćø÷ĂöøĆïüŠćðúĂéõĆ÷ǰ 	GRAS biomaterial
ǰ ÝćÖÙčèÿöïĆêĉǰ éĆÜîĊĚǰ Ùüćöđ×šćÖĆîĕéšìćÜßĊüõćóǰ

ÙüćöÿćöćøëĔîÖćø÷ŠĂ÷ÿúć÷ĕéšìćÜßĊüõćóǰĒúąÙüćöđðŨîóĉþêęĈǰ2
ǰÙčèÿöïĆêĉìĊęĕöŠßĂïîĚĈǰÿŠÜñúĔĀš

ÖćøìĈǰmicroparticle ĀøČĂǰnanoparticle ÿćöćøëìĈĕéšÜŠć÷ǰÿĈĀøĆï÷ćìĊęĕöŠúąúć÷îĚĈǰ3
ǰÖćø÷ŠĂ÷

×ĂÜàĊîìĊęÙŠĂî×šćÜßšćÖüŠćēðøêĊîßîĉéĂČęîǰ ìĈĔĀšøąïïÖćøîĈÿŠÜàĊîđðŨîìĊęêšĂÜÖćøöćÖ×ċĚîÿĈĀøĆïÖćøĔĀš

÷ćìćÜøĆïðøąìćîǰ 4
ǰ ÖćøîĈàĊîĕðÙĂîÝĎđÖêÖĆïÿćøĂČęîǰ ėǰ îĆĚîìĈĕéšÜŠć÷6ǰ ĒêŠ÷ĆÜĕöŠöĊÙüćöÝĈđóćąÖĆï

đàúúŤöąđøĘÜÝċÜîĈöćóĆçîćĔĀšöĊÙüćöÝĈđóćąēé÷öĊÖćøêŠĂǰ ligand đ×šćĕðĔîēÙøÜÿøšćÜ×ĂÜǰ zein đßŠîǰ

ÝćÖÜćîüĉÝĆ÷ìĊęîĈǰ folic acid öćĔßšđóĉęöÙüćöÝĈđóćąéšü÷ÖćøĔßšüĉíĊÙĂîÝĎđÖêÖĆïúĉēóēàöéĆÜÜćîüĉÝĆ÷ǰA 

novel 5�Fluorouracil targeted delivery to colon cancer using folic acid conjugated 
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liposomes ÖĆïǰDelivery of zoledronic acid encapsulated in folate�targeted liposome 

results in potent in vitro cytotoxic activity on tumor cells àċęÜìĆĚÜÿĂÜñúÜćîüĉÝĆ÷Ĕßšǰfolic acid 

ìĈøąïïîĈÿŠÜǰ targeting ĕð÷ĆÜđàúúŤöąđøĘÜßîĉéêŠćÜǰėǰ ēé÷ñúúĆóíŤÿćöćøë÷Ćï÷ĆĚÜÖćøđÝøĉâđêĉïēê×ĂÜ

đàúúŤöąđøĘÜîĆĚîĕéš7ǰ 

éĆÜîĆĚîüĆêëčðøąÿÜÙŤ×ĂÜÜćîüĉÝĆ÷ĔîÙøĆĚÜîĊĚđóČęĂýċÖþćóĆçîćÖćøđêøĊ÷öøąïïĕöēÙøĒÙðàĎúìĊę

đêøĊ÷ö×ċĚîÝćÖóĂúĉđöĂøŤàĊîǰ ēé÷öĊÖćøéĆéĒðúÜēÙøÜÿøšćÜ×ĂÜóĂúĉđöĂøŤđóČęĂđóĉęöðøąÿĉìíĉõćóĔîÖćø

îĈÿŠÜ÷ćđÙüĂàĉêĉîĕð÷ĆÜđàúúŤöąđøĘÜ 

 

üĆêëčðøąÿÜÙŤ 

1. đóČęĂýċÖþćÖćøđêøĊ÷öĂîčõćÙĕöēÙøĒÙðàĎúēé÷ĔßšóĂúĉđöĂøŤàĊî 

2. đóČęĂýċÖþćÖćøđðøĊ÷ïđìĊ÷ïÖćøđêøĊ÷öøąïïîĈÿŠÜǰmicroencapsulation ×ĂÜóĂúĉđöĂøŤàĊîìĊę

ÙĂîÝĎđÖêÖĆïǰfolic acid đìĊ÷ïÖĆïóĂúĉđöĂøŤ zein đéĊę÷ü 

 

ÿööêĉåćîÜćîüĉÝĆ÷ 

1. ÿćöćøëđêøĊ÷öĂîčõćÙĕöēÙøĒÙðàĎúÝćÖóĂúĉđöĂøŤ zein ìĊęöĊÖćøéĆéĒðúÜēÙøÜÿøšćÜĕéš 

 

ðøąē÷ßîŤìĊęÙćéüŠćÝąĕéšøĆï 

1. ĕéšñúĉêõĆèæŤøąïïîĈÿŠÜÝćÖǰ zein polymer microencapsulation ìĊęđðŨîǰ targeted 

cancer therapy  

2. îĈñúĉêõĆèæŤìĊęĕéšÝćÖÖøąïüîÖćøñúĉêĕðĔßšđðŨîøąïïîĈÿŠÜ÷ćǰ targeted cancer therapy  

ĔîĂîćÙêĕéš 

 

ÖøĂïĒîüÙĉé 

 

  
Conjugated Zein polymerǰÖĆïǰFolic acid 

1. óĉÿĎÝîŤēÙøÜÿøšćÜéšü÷ǰFTIR 

2. ÖćøĀćðøĉöćèǰfolic acid Ĕîǰfolic� 

acidǰconjugated zein polymer  

ÖćøóĆçîćøąïïîĈÿŠÜǰZein 

Microencapsolution 

1. ìéÿĂïøąïïîĈÿŠÜ 

2. Size, zeta potential, Particle 

size distribution Ēúąǰ

morphology  

3. ÖćøüĉđÙøćąĀŤðøĉöćèêĆü÷ćǰ 
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ïììĊęǰ2 

ìïìüîüøøèÖøøö 

1�×šĂöĎúìĆęüĕð×ĂÜǰQuercetin8,9 

ôúćēüîĂ÷éŤđðŨîÿćøðøąÖĂïēóúĊôŘîĂúìĊęđðŨî÷ćøĆÖþćēøÙĕéšǰ ÿćöćøëóïĕéšÝćÖĀúć÷

ÖćøýċÖþćìĊęĒÿéÜĔĀšđĀĘîüŠćÿćøđĀúŠćîĊĚöĊýĆÖ÷õćóĔîÖćøêšćîöąđøĘÜÙŠĂî×šćÜÿĎÜǰ àċęÜđÙüĂàĉêĉîđðŨîĀîċęÜĔî

ÿćøôúćēüîĂ÷éŤìĊęöĊÖćøĂíĉïć÷ÙčèÿöïĆêĉêšćîöąđøĘÜǰđßŠîǰÖćøÿŠÜÿĆââćè×ĂÜđàúúŤ  ēðøĂąóĂóēìêĉÙǰ

ùìíĉĝêšćîÖćøÜĂÖ×÷ć÷ĒúąêŠĂêšćîĂîčöĎúĂĉÿøąǰ Öćø÷Ćï÷ĆĚÜÖćøđÝøĉâđêĉïēêǰ ÷Ćï÷ĆĚÜđĂĘîĕàöŤĀúć÷êĆüìĊę

đÖĊę÷ü×šĂÜÖĆïÖćøđóĉęöÝĈîüîđàúúŤǰĒúąöĊÖćøýċÖþćđöČęĂøüöđÙüĂàĉêĉîøŠüöÖĆïÿćøđÙöĊïĈïĆéĀøČĂÖćøÞć÷

øĆÜÿĊÝąöĊñúđÿøĉöùìíĉĝÖĆîǰ öĊÖćøđñ÷ĒóøŠñúĀúć÷ÖćøýċÖþćìĊęÿĈøüÝýĆÖ÷õćóĔîÖćøêšćîöąđøĘÜ×ĂÜÖćø

øĆÖþćĒïïñÿöñÿćîđĀúŠćîĊĚĒúšüǰ àċęÜÿŠüîĔĀâŠöĊñúúĆóíŤìĊęóċÜóĂĔÝǰ đÙüĂàĉêĉîÿćöćøë÷ĆÜìĈĀîšćìĊęđðŨî

ÿćøðŜĂÜÖĆîđÙöĊĒúąðŜĂÜÖĆîøĆÜÿĊǰ àċęÜðÖðŜĂÜđàúúŤðÖêĉÝćÖñú×šćÜđÙĊ÷ÜìĊęđÖĉéÝćÖđÙöĊïĈïĆéĒúąøĆÜÿĊ

ïĈïĆéǰàċęÜđĀĘîĕéšßĆéüŠćöĊðøąē÷ßîŤđéŠîĔîÖćøĔßšĔîÖćøøĆÖþćöąđøĘÜ  

đÙüĂàĉêĉîǰ đðŨîÿćøóùÖþđÙöĊĀøČĂǰ ĕôēêîĉüđìøĊ÷îìŤǰ 	Phytochemical ĀøČĂǰ

Phytonutrients
ǰ àċęÜđðŨîÿćøđÙöĊìĊęöĊùìíĉĝìćÜßĊüõćóìĊęóïđÞóćąĔîóČßǰÿćøÖúčŠöîĊĚĂćÝđðŨîÿćøìĊęìĞćĔĀš

óČßñĆÖßîĉéîĆĚîėǰöĊÿĊÖúĉęîĀøČĂøÿßćêĉìĊęđðŨîúĆÖþèąđÞóćąêĆüìĊęóïöćÖìĊęÿčéĔîñĆÖǰĒúąñúĕöšĀúć÷ßîĉéöĊ

ùìíĉĝǰêŠĂêšćîĀøČĂǰðŜĂÜÖĆîēøÙĕéšĀúć÷ðøąđõìǰđÙüĂàĉêĉîđðŨîÿćøóùÖþđÙöĊìĊęĂ÷ĎŠĔîÖúčŠöôúćēüîĂ÷éŤöĊ

öćÖĔîĀĆüĀĂöǰĀĂöĒéÜǰĒúąóČßêøąÖĎúëĆęü10 

đÙüĂàĉêĉîöĊùìíĉĝĔîÖćøðŜĂÜÖĆîÖćøĂĆÖđÿïǰ  ðŜĂÜÖĆîĒïÙìĊđøĊ÷ĒúąĕüøĆÿǰ ßŠü÷ðŜĂÜÖĆîĂćÖćøĒóšǰ

ðÖðŜĂÜĀúĂéđúČĂéǰðŜĂÜÖĆîöąđøĘÜǰ ßąúĂÙüćößøćǰðŜĂÜÖĆîēøÙìĊęöćóøšĂöÖĆïÙüćöđÿČęĂöêŠćÜėǰ øüöìĆĚÜ

ēøÙìćÜǰøąïïðøąÿćìǰìĊęđÖĉéÝćÖÙüćöđÿČęĂö11ǰ	neurodegenerative diseases
ǰĒúąöĊÖúĕÖĔîÖćø

ĂĂÖùìíĉĝǰ ßĆÖîĈÖćøêć÷ĒïïĂąóĂóēêàĉÿēé÷ñŠćîìćÜüĉëĊĕöēìÙĂîđéøĊ÷ǰ Ā÷čéüÜüĆäÝĆÖø×ĂÜđàúúŤìĊę

øą÷ąǰG2�M Ēúąøą÷ą  S ÷Ćï÷ĆĚÜÖćøìĈÜćî×ĂÜǰNFʃB ĔîđàúúŤöąđøĘÜǰ÷Ćï÷ĆĚÜÖćøÿøšćÜĀúĂéđúČĂéĔĀöŠǰ

÷Ćï÷ĆĚÜÖćøĒóøŠÖøąÝć÷×ĂÜđàúúŤöąđøĘÜǰ ÷Ćï÷ĆĚÜÖćøĂĆÖđÿïìĊęđÖĉéÝćÖđàúúŤöąđøĘÜǰ ÷Ćï÷ĆĚÜÖćøéČĚĂ÷ćĒïï

Āúć÷×îćîǰ÷Ćï÷ĆĚÜÖćøĂĆÖđÿïǰēé÷Öćø÷Ćï÷ĆĚÜÖćøìĈÜćî×ĂÜǰNFʃB ĔîđàúúŤöćēÙøđôÝìĊęëĎÖÖøąêčšî12Ĵǰ
13ǰĒúąđÙüĂàĉêĉîđðŨîÿćøìĊęöĊÙüćöðúĂéõĆ÷ǰÙŠĂî×šćÜÿĎÜǰöĊøć÷ÜćîüŠćĔîÿĆêüŤìéúĂÜìĊęĕéšøĆïđÙüĂàĉêĉîëċÜ

üĆîúąǰ500 öĉúúĉÖøĆöêŠĂÖĉēúÖøĆöîĚĈĀîĆÖêĆüđðŨîđüúćǰ2 ðŘĕöŠóïÙüćöñĉéðÖêĉĔéėǰĔîöîčþ÷ŤđĂÜÖĘöĊ
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ÖćøýċÖþćëċÜÙüćöðúĂéõĆ÷×ĂÜÖćøĔßšÿćøđÙüĂàĉêĉîĒúąóïüŠćǰ ÖćøĔĀšÿćøđÙüĂàĉêĉîìćÜĀúĂéđúČĂé

éĈǰĔî×îćéǰ1400 öĉúúĉÖøĆöêŠĂêćøćÜđöêøǰĀøČĂðøąöćèǰ2�5 ÖøĆöêŠĂîĚĈĀîĆÖêĆüǰ70 ÖĉēúÖøĆöđðŨîđüúćǰ

3 ÿĆðéćĀŤ÷ĆÜÙÜöĊÙüćöðúĂéõĆ÷ǰ ēé÷ìĆęüĕðĒúšüĔîĒêŠúąüĆîđøćǰ ïøĉēõÙđÙüĂàĉêĉîđóĊ÷ÜüĆîúąǰ 5�10 

öĉúúĉÖøĆöǰ11 đìŠćîĆĚîđĂÜĒêŠÿŠüîĔĀâŠǰ×îćéìĊęÝąĔĀšñúêŠćÜėǰìĊęÖúŠćüöćĔî×šćÜêšîöĆÖĂćýĆ÷×îćéìĊęÿĎÜÖüŠć

îĆĚîǰ ëċÜĒöšđøćÝąÿćöćøëïøĉēõÙđÙüĂàĉêĉîĕéš  ÿĎÜëċÜüĆîúąǰ 200�500 öĉúúĉÖøĆöǰ ĒêŠ÷ćÖöćÖìĊęđøćÝą

ÿćöćøëïøĉēõÙñĆÖñúĕöšìĊęöĊđÙüĂàĉêĉîÿĎÜÝîìĞćĔĀšĕéšøąéĆïđÙüĂàĉêĉîÿĎÜëċÜøąéĆïìĊęĔĀšñúĔîÖćøðŜĂÜÖĆî

õćüąêŠćÜėǰ éĆÜìĊęÖúŠćü×šćÜêšîđîČęĂÜÝćÖđÙüĂàĉêĉîìĊęëĎÖéĎéàċöđ×šćÿĎŠøŠćÜÖć÷ǰ öĊøć÷ÜćîüŠćÝąĂ÷ĎŠĔîßŠüÜǰ 0�

50�ǰ×ċĚîÖĆïüŠćđÙüĂàĉêĉîĂ÷ĎŠĔîøĎðĔéĒúąĕéšøĆïđ×šćĕðĔîøŠćÜÖć÷ñŠćîìćÜøĎðĒïïĔéǰĀúĆÜëĎÖéĎéàċöđÙüĂàĉ

êĉîÿŠüîĔĀâŠÝąëĎÖđðúĊę÷îĒðúÜēé÷ÖøąïüîÖćøđöĒìïĂúĉàĉċöđðŨîøĎðĒïïĕÖúēÙĕàéŤǰ ÝąëĎÖéĎéàċöĕéš

éĊÖüŠćđÙüĂàĉìĉîĔîúĈĕÿšđúĘÖǰ éĆÜîĆĚîðŦÝÝčïĆîÝċÜöĊÖćøó÷ć÷ćöîĞćđĂćđìÙēîēú÷ĊÿöĆ÷ĔĀöŠöćßŠü÷đóĉęöÖćø

ÖøąÝć÷êĆü×ĂÜÿćøĂĂÖùìíĉĝĕð÷ĆÜĂüĆ÷üąđðŜćĀöć÷ǰ đßŠîǰ óĆçîćÖćøîĞćÿŠÜÿćøđÙüĂàĉêĉîéšü÷đÿšîĔ÷ĕö

ēÙøĕôđïĂøŤǰĀøČĂÖćøîĞćÿŠÜĔîøĎðúĉēóēàöđðŨîêšî14, 15 

 

2�ǰ×šĂöĎúìĆęüĕð×ĂÜóĂúĉđöĂøŤàĊîǰ(Zein polymer)16  

Zein đðŨîēðøêĊîÝćÖíøøöóČßǰ ÿÖĆéĕéšÝćÖđĂîēéÿđðŗøŤö×ĂÜđöúĘé×šćüēóéǰ ðøąÖĂïéšü÷

ÖøéĂąöĉēîĀúć÷ßîĉéǰēé÷đÞóćąÖøéĂąöĉēîßîĉéìĊęĕöŠöĊ×ĆĚüǰđßŠîǰĕÖúàĊîǰĂúćîĊîǰüćúĊîǰúĉüàĊîǰĕĂēàúĉü

àĊîǰôŘîĉúĂúćîĊîǰìøĉðēêđôîǰĒúąēóøúĊî  àċęÜÿŠÜñúĔĀšēðøêĊîǰZein öĊÙüćöĕöŠßĂïîĚĈǰĒúąđöČęĂîĈĕð×ċĚî

øĎðđðŨîôŗúŤöǰ ìĈĔĀšĕéšôŗúŤöìĊęöĊÙüćöĒ×ĘÜĒøÜ öĊÖćøĔßšÖĆîĂ÷ŠćÜĒóøŠĀúć÷ÿĈĀøĆïôŗúŤöĒúąÿćøđÙúČĂï 

đðŨîóĂúĉđöĂøŤǰGRAS ìĊęĕéšøĆïÖćøøĆïøĂÜÝćÖǰUS FDA ÿĈĀøĆïÖćøĔßšÜćî×ĂÜöîčþ÷ŤöĆÖëĎÖĔßšđóČęĂđêøĊ÷ö

øąïïĂîčõćÙÿĈĀøĆïÖćøÝĆéÿŠÜ÷ćĒúąĂćĀćøǰǰÜćîüĉÝĆ÷Āúć÷ßĉĚîĔßšǰzein ĔîÖćøñúĉêĒÙðàĎúĒúąôŗúŤöìĊę

øĆïðøąìćîĕéšǰǰĒÿéÜĔĀšđĀĘîëċÜðøąē÷ßîŤ×ĂÜǰzein ĔîÖćøđðŨîÿČęĂîĈÿŠÜ÷ćĕéš 

ÝćÖÙüćöÿćöćøëĔîÖćø÷ŠĂ÷ÿúć÷ìćÜßĊüõćóìĊęéĊǰ ĒúąúĆÖþèąìĊęĕöŠúąúć÷îĚĈǰ ÝċÜîĉ÷öĔßš

ÿĈĀøĆïøąïïÖćøîĈÿŠÜ÷ćǰĔßšñúĉêĒÙðàĎúǰĒúąôŗúŤöìĊęøĆïðøąìćîĕéšǰöĊÖćøìĈǰnanoparticles ÿĈĀøĆï

ÖćøĀŠĂĀčšö÷ćĒúąÿćøĂĂÖùìíĉĝìćÜßĊüõćóĀúć÷ßîĉéǰ đßŠîǰ Ivermectim, Coumarin Ēúąǰ 5�

Fluorouracil đðŨîêšî17 

ÝćÖÖćøýċÖþć×ĂÜǰ Elzoghby ĕéšöĊýċÖþćÖćøóĆçîćøąïïÖćøîĈÿŠÜ÷ćìĊęĔßšēðøêĊîǰ zein àċęÜ

ÿćöćøëîĈÿŠÜ÷ćêšćîöąđøĘÜìĊęöĊÙüćöÿćöćøëÖćøúąúć÷êęĈĕöŠéĊǰ øąïïĒøÖÙČĂÖćøđêøĊ÷öǰ zein 

nanospheres ēé÷ĔßšđìÙîĉÙǰphase�separationǰøąïïìĊęÿĂÜÙČĂđêøĊ÷öēé÷ĔßšđìÙîĉÙǰspontaneous 

emulsification ĒúąøąïïìĊęÿćöÙČĂǰzein�lactoferrin Copolymeric micelled18 
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3�ǰøąïïîĈÿŠÜĕöēÙøđĂîĒÙðàĎđúßĆîǰ	Microencapsulation
19, 20 

ĕöēÙøđĂîĒÙðàĎđúßĆîǰÙČĂÖøąïüîÖćøĀŠĂĀčšöÿćøïćÜßîĉéǰđßŠîǰüĉêćöĉîǰ÷ćøĆÖþćēøÙǰÿćøêšćî

ĂîčöĎúĂĉÿøąǰđðŨîêšîǰéšü÷óĂúĉđöĂøŤĔĀšĂ÷ĎŠĔîøĎð×ĂÜĒÙðàĎúßĆĚîïćÜė×îćéđúĘÖǰđøĊ÷ÖüŠćǰĕöēÙøĒÙðàĎúàċęÜ

öĊ×îćéêĆĚÜĒêŠǰ1 ÝîëċÜǰ1,000 ĕöÙøĂîǰđóČęĂðøąē÷ßîŤĔîÖćøÙÜêĆü×ĂÜÿćøêúĂéÖćøĔßšÜćîǰÖćøĀŠĂĀčšö

ÿćøìĊęöĊÙüćöĕüêŠĂÿĉęÜĒüéúšĂöǰđßŠîǰÿćøìĊęëĎÖĂĂÖàĉĕéàŤĕéšÜŠć÷ǰĕüêŠĂĒÿÜǰĂčèĀõĎöĉĒúąÙüćöđðŨîÖøééŠćÜǰ

đðŨîêšîǰ ÝąìĈĔĀšÿćøéĆÜÖúŠćüöĊÙüćöÙÜêĆüéĊ×ċĚîĒúąđÖĘïøĆÖþćĕéš÷ćüîćîǰ ÖøąïüîÖćøéĆÜÖúŠćü÷ĆÜßŠü÷

ðŜĂÜÖĆîÿćøìĊęøąđĀ÷ÜŠć÷ǰ îĂÖÝćÖîĆĚîÖćøîĈÿćøìĊęđðŨî×ĂÜđĀúüöćĂ÷ĎŠĔîĕöēÙøĒÙðàĎúĂćÝßŠü÷úéÖćø

ìĈðäĉÖĉøĉ÷ć×ĂÜÿćøñÿöǰ ÿąéüÖêŠĂÖćøîĈĕðĔßšÜćîǰ øüöìĆĚÜÿćöćøëÙüïÙčöǰ ÖćøðúéðúŠĂ÷ÿćøĕðÿĎŠ

ïøĉđüèìĊęêšĂÜÖćøĔîđüúćìĊęđĀöćąÿöĕéšǰÝċÜöĊðøąē÷ßîŤßŠü÷úéÙüćöÿĉĚîđðúČĂÜĔîÖćøĔßšÿćø 

ēÙøÜÿøšćÜ×ĂÜĕöēÙøĒÙðàĎúðøąÖĂïéšü÷ǰ2 ÿŠüîĀúĆÖÙČĂǰÿćøìĊęëĎÖĀŠĂĀčšöǰĒúąÿćøìĊęĔßšĀŠĂĀčšöǰ

ÿćøìĊęëĎÖĀŠĂĀčšööĆÖđðŨî×ĂÜđĀúüĀøČĂ×ĂÜĒ×ĘÜđøĊ÷ÖüŠćĒÖîÖúćÜǰ 	core ĀøČĂǰ active ĀøČĂǰ load ĀøČĂǰ

internal phase
ǰ đßŠîǰ üĉêćöĉîêŠćÜėǰ đÖúČĂĒøŠǰ ÷ćøĆÖþćēøÙǰ ÷ćÛŠćĒöúÜǰ ÿŠüîÿćøìĊęđðŨîêĆüĀŠĂĀčšööĆÖöĊ

ñîĆÜïćÜėǰ đøĊ÷ÖüŠćǰ ÿćøĀŠĂĀčšöǰ 	shell ĀøČĂǰ wall ĀøČĂǰ carrier ĀøČĂǰ coating material
ǰ àċęÜöĊ

ÙüćöÿĈÙĆâĔîÖćøÖĈĀîéĔĀšǰ ĕöēÙøĒÙðàĎúöĊÙčèÿöïĆêĉêćöìĊęêšĂÜÖćøǰÿćøĀŠĂĀčšöìĊęéĊÙüøöĊÙčèÿöïĆêĉìĊę

ÿćöćøëĒñŠđðŨîôŗúŤöïćÜǰ ėǰ ĕéšǰ öĊÙüćö÷ČéĀ÷čŠîĒúąöĊÙüćöĒ×ĘÜĒøÜđóĊ÷ÜóĂǰ ÿćöćøëìĈĔĀšđÖĉéĂĉöĆúßĆîǰ

	emulsion
ǰ÷ċéêĉéÖĆïÿćøĒÖîÖúćÜǰĕéšéĊēé÷ĕöŠìĈðäĉÖĉøĉ÷ćÖĆïÿćøĒÖîÖúćÜǰøüöìĆĚÜêšĂÜöĊÙüćöĀîČé

êęĈđöČęĂĂ÷ĎŠĔîÿõćüąìĊęđðŨî×ĂÜĒ×ĘÜǰĒúąĕöŠßČĚîÜŠć÷ 

ÖćøìĈĕöēÙøĒÙðàĎúêšĂÜÙĈîċÜëċÜðŦÝÝĆ÷Āúć÷ðøąÖćøìĊęöĊïìïćìêŠĂÙčèÿöïĆêĉ×ĂÜĕöēÙø

ĒÙðàĎúîĆĚîǰðŦÝÝĆ÷ìĊęÿĈÙĆâĔîúĈéĆïêšîǰėǰÙČĂǰÖćøđúČĂÖßîĉé×ĂÜÿćøĀŠĂĀčšöǰĒúąÖúĕÖĔîÖćøðúéðúŠĂ÷

ÿćøìĊęëĎÖĀŠĂĀčšöǰ ēé÷ÖúĕÖéĆÜÖúŠćüîĊĚöĆÖ×ċĚîĂ÷ĎŠÖĆïǰ ÙŠćÙüćöđðŨîÖøééŠćÜ  ĂčèĀõĎöĉǰ ÙüćöéĆîǰ Ēúąßîĉé

×ĂÜđĂîĕàöŤǰ đðŨîêšîǰ ĕöēÙøĒÙðàĎúöĊĀúć÷ðøąđõìǰ×ċĚîĂ÷ĎŠÖĆïúĆÖþèą×ĂÜÿćøĒÖîÖúćÜǰÿćøĀŠĂĀčšöìĊę

Ĕßšǰ ĒúąüĉíĊÖćøñúĉê  ēé÷ìĆęüĕðöĆÖÝĈĒîÖðøąđõì×ĂÜĕöēÙøĒÙðàĎúêćöúĆÖþèą×ĂÜÿćøĒÖîÖúćÜǰ

đðŨîǰ2 ðøąđõìĔĀâŠǰėǰÙČĂǰĕöēÙøĒÙðàĎúìĊęĒÖîÖúćÜìĆĚÜĀöéëĎÖĀŠĂĀčšöéšü÷ÿćøĀŠĂĀčšöǰđøĊ÷ÖüŠćǰĕöēÙø

ĒÙðàĎúĒïïĒÖîÖúćÜđéĊ÷üǰ 	mononuclear core
ǰĒúąĕöēÙøĒÙðàĎúìĊęĒÖîÖúćÜđúĘÖėǰÝĈîüîöćÖ

ëĎÖĀŠĂĀčšöéšü÷ÿćøĀŠĂĀčšöǰđøĊ÷ÖüŠćǰĕöēÙøĒÙðàĎúĒïïĀúć÷ĒÖîÖúćÜǰ	multinuclear core
ǰàċęÜîĉ÷öĔßš

ĔîÖøąïüîÖćøñúĉê÷ćǰđóøćąÿćöćøëÙŠĂ÷ėðúéðúŠĂ÷ÿćøĒÖîÖúćÜĕéšĔîøą÷ąđüúćìĊę÷ćüîćîÖüŠćĕö

ēÙøĒÙðàĎúĒïïĒÖîÖúćÜđéĊ÷ü  
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ïììĊęǰ� 

üĉíĊÖćøéĈđîĉîÖćøüĉÝĆ÷ 

øąđïĊ÷ïüĉíĊüĉÝĆ÷  

3. ĂčðÖøèŤĒúąđÙøČęĂÜöČĂìĊęĔßšĔîÖćøýċÖþć 

3.1 üĆÿéčĒúąĂčðÖøèŤ 

3.1.1 Beaker 

3.1.2 Homogenizer 

3.1.3 Ice bath 

3.1.4 Scanning Electron Microscope 	SEM
 

3.1.5 Fourier Transform Infrared 	FTIR
 

3.1.6 UV spectrophotometry 

3.1.7 Nanosizer zeta sizer 

3.1.8 đÙøČęĂÜßĆęÜ 

3.1.9 Two neck round bottom flask 

3.1.10 Magnetic stirrer  

3.1.11 Micro-pipette 

3.1.12 Sonicator bath 

3.1.13 Evaporator 

3.1.14 Centrifuge 

 

3.2 ÿćøđÙöĊ 
3.2.1 Zein polymer 

3.2.2 Folic acid 

3.2.3 85% Ethanol 

3.2.4 Methanol 

3.2.5 DI water 

3.2.6 Triethylamine 
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3.2.7 /�IZESPYZTVDDJOJNJEF 

3.2.8 %JNetIZMTVMGPYJEF 

3.2.9 �
��EJDZDMPIFYZM�DBSCPEJJNJEF 

3.2.10 &UIFSǰ�ǰAcetone 7: 3 

3.2.11 Poloxamer 188 

3.2.12 Poloxamer 407 

 

4. üĉíĊéĈđîĉîÖćøýċÖþć   

4.1 ÖćøÿĆÜđÙøćąĀŤǰzein conjugated 

4.1.1 ÖćøÿĆÜđÙøćąĀŤǰzein�folic acid21 

ÖćøđêøĊ÷öǰ [FJO�GPMJDǰ BDJEǰ Ĕßšǰ GPMJDǰ BDJEǰ �ǰ ÖøĆöúąúć÷Ĕîǰ %JNFUIZMTVMGPYJEFǰ ǰ ��ǰ

öĉúúĉúĉêøĔî ǰSPVOEǰCPUUPNǰŴBTLǰĒúąđêĉöǰ5SJFUIZMBNJOFǰ�ǰöĉúúĉúĉêøóøšĂöÙîĔĀšđ×šćÖĆîǰđêĉöǰ/�

IZESPYZTVDDJOJNJEFǰ�ǰÖøĆöĒúąǰ�
��EJDZDMPIFYZM�DBSCPEJJNJEFǰ�ǰÖøĆöÙîĔîĂčèĀõĎöĉĀšĂÜđðŨî

đüúćǰ �ǰ ÙČîǰ îĈĕðÖøĂÜđóČęĂđĂćǰ EJDZDMPIFYZMVSFBǰ 	ď#Zǰ QSPEVDU
ǰ ĂĂÖǰ ĕéšÿćøǰ /�

IZESPYZTVDDJOJNJEFǰ FTUFSǰ PGǰ GPMJDǰ BDJEǰ 	/)4�'"
ǰ ĀúĆÜÝćÖîĆĚîîĈÿćøÿĊđĀúČĂÜ×ĂÜǰ /)4�'"ǰ

ÝćÖîĆĚîúšćÜéšü÷ÿćøúąúć÷đéĉöìĆĚÜĀöéǰ �ǰ ÙøĆĚÜǰ ĒúąîĈĕðìĈĒĀšÜéšü÷đÙøČęĂÜĂïÿčââćÖćýìĊę

ĂčèĀõĎöĉĀšĂÜđðŨîđüúćǰ�ǰÙČîǰÝćÖîĆĚîîĈǰ/)4�F"ǰ���ǰöĉúúĉÖøĆöĕðúąúć÷Ĕîǰ%.40ǰ��ǰöĉúúĉúĉêøĒúą

đêĉöǰzFJOǰ���ǰöĉúúĉÖøĆöĔîÿćøúąúć÷ǰĀúĆÜÝćÖîĆĚîđêĉöǰ5SJFUIZMBNJOFǰ�ǰöĉúúĉúĉêøÙîđðŨîđüúćǰ��ǰ

ßĆęüēöÜǰìĊęǰ��ǰrcǰÝąĕéšđðŨîǰzein-folic acidǰîĈĕðìĈĔĀšïøĉÿčìíĉĝēé÷ÖćøÖøĂÜǰ	NPMFDVMBSǰXFJHIUǰDVUǰ

PGGǰ��ǰL%Bǰ4QFDUSB�p03ǰ3cǰNFNCSBOFǰ	4QFDUSVNǰ3BODIP
ǰc"
ǰ64"
ǰđðŨîđüúćǰ�ǰüĆîǰđóČęĂ

ÖĈÝĆéñúĉêõĆèæŤìĊęĕöŠëĎÖìĈðäĉÖĉøĉ÷ćǰĒúąîĈĕðìĈĒĀšÜõć÷ĔêšÿčââćÖćýìĊęĉĂčèĀõĎöĉĀšĂÜđðŨîđüúćǰ�ǰÙČî  

 

4�1�2 ÖćøêĉéêćöðäĉÖĉøĉ÷ćÖćøÿĆÜđÙøćąĀŤǰzein-folic acid 

 ÖćøêĉéêćöðäĉÖĉøĉ÷ćÖćøÿĆÜđÙøćąĀŤǰzein-folic acid ÝąĔßšüĉíĊǰThin layer chromatography 

	TLC
 ēé÷ÝąêĉéêćöĔîĒêŠúą×ĆĚîêĂî×ĂÜðäĉÖĉøĉ÷ć Ĕßšǰ Mobile phase đðŨîǰ Methanol Ēúąǰ

Stationary phase đðŨîǰSilica  
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4�2 óĉÿĎÝîŤēÙøÜÿøšćÜ×ĂÜǰzein�conjugated  

4�2�1 óĉÿĎÝîŤēÙøÜÿøšćÜéšü÷ǰFTIR spectroscopy22 

ÖćøóĉÿĎÝîŤēÙøÜÿøšćÜđĂĕöéŤ×ĂÜóĆîíąēÙüćđúîêŤĔîǰzein-folic acid ðøąđöĉîēé÷ǰFTIR àċęÜđðŨî

đìÙîĉÙÖćøüĉđÙøćąĀŤđßĉÜðøĉöćèĒúąđßĉÜÙčèõćóǰ ĂćýĆ÷ÖćøéĎéÖúČîĒÿÜĔîïøĉđüèĂĉîôøćđøéĔîÖćø

øąïčǰ ĀöĎŠôŦÜÖŤßĆîĔîēöđúÖčúĒúąðäĉÖĉøĉ÷ćøąĀüŠćÜēöđúÖčúǰ ĔßšÿđðÖêøĆöìĊęǰwavenumbers 400ı4000 

cm�1 ìĊęöĊÙüćöúąđĂĊ÷éǰ4 cm�1 ēé÷ĔßšǰFTIR spectrophotometer ǰìĊęêĉéêĆĚÜǰPt�diamond ATR cell  

 

4�2�� ÖćøĀćðøĉöćèǰfolic acid Ĕîǰfolic acid conjugated zein polymer  

üĆéðøĉöćè×ĂÜǰ NHS�FA ìĊęêŠĂÖĆïǰ zein éšü÷óĆîíąēÙüćđúîêŤēé÷üĉíĊǰ UV 

spectrophotometry ìĈēé÷úąúć÷ǰzein-folic acid ĔîǰDMSO ìĊęÙüćöđ×šö×šîǰ1 öÖ��öú�ǰîĈĕðüĆé

ÙŠćÖćøéĎéÖúČîĒÿÜìĊęÙüćö÷ćüÙúČęîǰ285ǰnm 

 

4�3 ðøąđöĉîúĆÖþèą×ĂÜĂîčõćÙ 

üĆéÙŠćđÞúĊę÷×ĂÜđÿšîñŠćîýĎî÷ŤÖúćÜǰüĆéýĆÖ÷ŤàĊêćǰĒúąüĆéÖćøÖøąÝć÷êĆü×ĂÜ×îćéĂîčõćÙēé÷Ĕßš

đÙøČęĂÜǰ Nanosizer�zeta sizer êøüÝÿĂïÿĆèåćîüĉì÷ćĒúąøĎðøŠćÜ×ĂÜĂîčõćÙîćēîǰ ēé÷ĔßšÖúšĂÜ

ÝčúìøøýîŤĂĉđúĘÖêøĂîĒïïÿŠĂÜÖøćéǰfield emission scanning electron microscope23 

 

4.4 ðøąÿĉìíĉõćóĔîÖćøÖĆÖđÖĘïêĆü÷ćǰ	�entrapment efficiency
  

ðøąÿĉìíĉõćóĔîÖćøÖĆÖđÖĘïêĆü÷ć×ĂÜĂîčõćÙǰ zein, zein-folic acid ĔßšêĆüĂ÷ŠćÜ×ĂÜĂîčõćÙ

ĒêŠúąßîĉéìĊęĕéšìĈÖćøĒßŠĒ×ĘÜĕüšǰĂ÷ŠćÜúąǰ�ǰöÖ��öú�ǰîĈĕðìĈđðŨîÿćøĒ×üîúĂ÷ĂĊÖÙøĆĚÜĔîǰDMSO Ēúą

îĈĕðüĆéÙŠćÖćøéĎéÖúČîĒÿÜēé÷đÙøČęĂÜǰ UV�Vis spectrophotometer ìĊęǰ ���ǰ îćēîđöêøǰ đóČęĂüĆé

ðøĉöćè×ĂÜǰquercetinǰìĈÖćøüĆéìĆĚÜĀöéǰ3 ÙøĆĚÜ 

  ēé÷ÙĈîüèðøĉöćèêĆü÷ćǰ	�EE
ǰēé÷ĔßšÿĎêø  

EE 	�
ǰ�ǰ	c drug load �ǰc total drug
ǰx 100  
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 4�5 ÖćøđêøĊ÷öøąïïîĈÿŠÜǰmicroencapsulation23 

ÖćøđêøĊ÷öǰ zein nanoparticles Ēúąǰ zein-folic acid nanoparticlesǰ ÝąĔßšüĉíĊđéĊ÷üÖĆî

úąúć÷ǰ QPMZNFS Ĕîÿćøúąúć÷ǰ ���ǰ ethanol Ēúąđêĉöÿćøúąúć÷ǰ poloxamer188 Ēúąǰ

poloxamer407 	1��
 	w�w
ǰēé÷ÿćøĒ×üîúĂ÷ëĎÖîĈĕðúé×îćéĂîčõćÙǰĔîĂŠćÜîĚĈĒ×ĘÜǰĀúĆÜÝćÖîĆĚî

îĈĕðÖĈÝĆéǰ Ethanol ēé÷îĈĕðøąđĀ÷õć÷ĔêšÿčââćÖćý  đÖĘïĂîčõćÙìĊęĂčèĀõĎöĉ  �20°C ÿĈĀøĆïÖćø

üĉđÙøćąĀŤĔî×ĆĚîêĂîëĆéĕðǰ ēé÷ìĈÖćøđðøĊ÷ïđìĊ÷ïøąĀüŠćÜÿĎêøìĊęĔßšǰ zein ßîĉéđéĊ÷üǰ đðøĊ÷ïđìĊ÷ïÖĆï

ÖćøñÿöøąĀüŠćÜǰzein Ēúąǰzein�folic acid ìĊęĂĆêøćÿŠüîêŠćÜǰėǰēé÷đðøĊ÷ïđìĊ÷ïúĆÖþèą×ĂÜĂîčõćÙǰ

ĒúąðøĉöćèêĆü÷ćìĊęïøøÝč 

 

êćøćÜìĊęǰ�ǰÖćøĂĂÖĒïïÖćøìéúĂÜĔîĂĆêøćÿŠüîóĂúĉđöĂøŤ 

 Rx1 Rx2 Rx3 RX4 Rx5 

Zein 100 mg 100 mg 100 mg 100 mg 100 mg 

Poloxamer 188 - 25 mg - 12.5 mg 25 mg 

Poloxamer 407 - - 25 mg 12.5 mg 25 mg 

 

êćøćÜìĊęǰ�ǰÖćøýċÖþćñú×ĂÜǰzein-folic öĊñúêŠĂøąïïîĈÿŠÜǰNJDSPFODBQTVMBUJPO 

 Rx5 Rx5.1 Rx5.2 Rx5.3 

Zein 100 mg 100 mg 100 mg 100 mg 

Poloxamer 188 25 mg 25 mg 25 mg 25 mg 

Poloxamer 407 25 mg 25 mg 25 mg 25 mg 

ZN-FA - 10 mg 20 mg  50 mg 

 

4�6 ÖćøïøøÝč÷ćĔîøąïïîĈÿŠÜ  zein microencapsulation  

ìĈÖćøđêøĊ÷öđßŠîđéĊ÷üÖĆïǰ ×šĂǰ 4�5 ēé÷đóĉęöǰ quercetin ĔîÿĎêøêĈøĆïēé÷ìĈÖćøúąúć÷ǰ

quercetin ĕðĔîǰ���ǰethanol 
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ïììĊęǰ� 

ñúÖćøüĉÝĆ÷ĒúąüĉÝćøèŤñúÖćøüĉÝĆ÷ 

êĂîìĊę 1: ÖćøÿĆÜđÙøćąĀŤǰ[FJOǰDPOKVHBUFE 

1. ðäĉÖĉøĉ÷ćÖćøÿĆÜđÙøćąĀŤ zein-folic acid   

 

 

 

 

 

 

 

 

 

øĎðìĊęǰ� ðäĉÖĉøĉ÷ćÖćøÿĆÜđÙøćąĀŤǰzein-folic acid 
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2. ÖćøÿĆÜđÙøćąĀŤǰzein-folic acid 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ÝćÖøĎðìĊęǰ�ǰúĆÖþèąñÜ×ĂÜǰzein-folic acid ìĊęÿĆÜđÙøćąĀŤĕéšǰöĊÿĊÿšöđĀúČĂÜǰđĀöČĂîÿĊ×ĂÜǰfolic 

acid 

øĎðìĊęǰ�ǰzein-folic acid ìĊęÿĆÜđÙøćąĀŤĕéš 
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3. ÖćøêĉéêćöðäĉÖĉøĉ÷ćÖćøÿĆÜđÙøćąĀŤǰzein�folic acid ĔßšüĉíĊǰthin layer chromatography 

	TLC
 

 

ÝćÖøĎðĒÿéÜëċÜÖćøêĉéêćöðäĉÖĉøĉ÷ćÖćøÿĆÜđÙøćąĀŤǰzein-folic acid ÝąđĀĘîĕéšüŠćđÖĉéÿćøĔĀöŠ

×ċĚîēé÷éĎÝćÖǰøą÷ąǰRf ×ĂÜǰzein-folic acidǰìĊęđðúĊę÷îĕðēé÷đìĊ÷ïøą÷ąǰRfǰ×ĂÜǰFA Ēúąǰzein ēé÷

óïüŠćǰzein-folic acidǰöĊÙŠćǰRf ÿĎÜÖüŠćǰzein Ēúąǰfolic acid đîČęĂÜÝćÖǰzein-folic acid öĊēÙøÜÿøšćÜǰ

amide ìĈĔĀšöĊ×ĆĚüöćÖ×ċĚîĕðÖĆïǰmobile phase ĕéšéĊ×ċĚî 

 

  

øĎðìĊęǰ� ĒÿéÜúĆÖþèąǰTLC ×ĂÜǰzein, folic acid Ēúąǰzein-folic acid 
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êĂîìĊęǰ2: óĉÿĎÝîŤēÙøÜÿøšćÜ×ĂÜǰzein�conjugated  

1. óĉÿĎÝîŤēÙøÜÿøšćÜéšü÷ǰFTIR spectroscopy 

 

 

 

øĎðìĊęǰ� ĒÿéÜÖćøóĉÿĎÝîŤēÙøÜÿøšćÜéšü÷ǰFTIR spectroscopy ×ĂÜǰzein 

øĎðìĊęǰ� ĒÿéÜÖćøóĉÿĎÝîŤēÙøÜÿøšćÜéšü÷ǰFTIR spectroscopy ×ĂÜǰfolic acid 
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ÝćÖøĎðìĊęǰ �ǰ ĒÿéÜÖćøóĉÿĎÝîŤēÙøÜÿøšćÜéšü÷ǰ FTIR spectroscopyǰ ēé÷éĎÝćÖÙŠćÿđðÖêøĆöìĊę

đðúĊę÷îĕð×ĂÜǰzein-folic acidǰđìĊ÷ïÖĆïÿđðÖêøĆö×ĂÜǰzein Ēúąǰfolic acidǰàċęÜóïüŠćÿđðÖêøĆö×ĂÜǰ

zein-folic acid öĊĀîšćêćÙúšć÷ÖĆïÿđðÖêøĆö×ĂÜǰzein Ēúąóïǰpeak ìĊęöĊǰwavenumberǰ×ĂÜ folic 

acid ĒêŠ peak ÿĆĚîÝîđðøĊ÷ïđìĊ÷ïĕéš÷ćÖǰđîČęĂÜÝćÖǰzein öĊēöđúÖčúĔĀâŠǰÝċÜĂćÝïéïĆÜóĆîíąìĊęđßČęĂöêŠĂ

ÖĆïǰfolic acidǰàċęÜÙČĂóĆîíąǰamide ìĈĔĀšÿđðÖêøĆöéĎ÷ćÖ×ċĚîǰöĂÜĕöŠßĆéđÝî 

øĎðìĊęǰ� ĒÿéÜÖćøóĉÿĎÝîŤēÙøÜÿøšćÜéšü÷ǰFTIR spectroscopy ×ĂÜǰzein-folic acid 

øĎðìĊęǰ� ĒÿéÜÖćøóĉÿĎÝîŤēÙøÜÿøšćÜéšü÷ǰFTIR spectroscopy  

×ĂÜǰzein-folic acid,zein Ēúąǰfolic acid 
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2. ýċÖþćÖćøĀćðøĉöćèǰ folic acid Ĕîǰ folic acid conjugated zein polymer ēé÷đìĊ÷ïÖĆïǰ

standard curve 

 

êćøćÜìĊęǰ�ǰĒÿéÜëċÜÙŠćÖćøéĎéÖúČîĒÿÜǰAbsorbance zein-folic acid đìĊ÷ïÖĆïǰstandard curve 

Abs  

zein-folic acid 
C.üĆé�ml ðøĆïǰ�ǰ: 100 �conjugated 

0.32139 0.013848 1.384819 ����������� 

0.3224 0.013899 1.389859 ����������� 

0.34846 0.015199 1.519912 ����������� 

 

ÝćÖøĎðĒÿéÜëċÜǰstandard curve ×ĂÜǰfolic acidǰđöČęĂÙĈîüèĀćðøĉöćèđÞúĊę÷×ĂÜ folic acid 

ĕéšđìŠćÖĆïǰ1.43153 mg ĒúąöĊ %conjugated đÞúĊę÷đìŠćÖĆï�����2 %ǰéĆÜîĆĚîÝċÜïĂÖĕéšüŠćǰzein-folic 

acidǰìĊęÿĆÜđÙøćąĀŤĕéšöĊēÙøÜÿøšćÜ×ĂÜ folic acid Ă÷ĎŠ 

 

 

 

y = 20.038x + 0.0439
R² = 0.9799
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øĎðìĊęǰ� ĒÿéÜǰstandard curve ×ĂÜǰfolic acid 
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êĂîìĊęǰ3 : ðøąđöĉîúĆÖþèą×ĂÜĂîčõćÙ 

1. ÖćøýċÖþćÿĆèåćîüĉì÷ćĒúąøĎðøŠćÜ×ĂÜĂîčõćÙîćēîǰ ēé÷ĔßšÖúšĂÜÝčúìøøýîŤĂĉđúĘÖêøĂîĒïï

ÿŠĂÜÖøćé 

ÝćÖõćóëŠć÷ǰSEM ×ĂÜǰzein öĊúĆÖþèąñúċÖđúĘÖǰėǰöĊ×îćéðøąöćèǰ������ǰµN 

  

øĎðìĊęǰ� õćóëŠć÷ǰSEM ĒÿéÜúĆÖþèą×ĂÜǰzein ÖĈúĆÜ×÷ć÷ǰ100 đìŠć 
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ÝćÖõćóëŠć÷ǰSEM folic acid öĊúĆÖþèąñúċÖđúĘÖǰėǰöĊ×îćéðøąöćèǰ�����ǰµN 

 

 

 

 

 

 

 

 

 

 

ÝćÖõćóëŠć÷ǰSEM úĆÖþèą×ĂÜǰzein-folic acid đöČęĂđìĊ÷ïÖĆïǰzein Ēúąǰfolic acid ÿćøöĊ

ÖćøđÖćąêĆüÖĆîđðŨîñúċÖĔĀâŠ×ċĚîǰēé÷öĊ×îćéðøąöćèǰ��������ǰµN 

øĎðìĊęǰ�� ǰõćóëŠć÷ǰSEM ĒÿéÜúĆÖþèą×ĂÜǰfolic acid ÖĈúĆÜ×÷ć÷ǰ2000 đìŠć 

øĎðìĊęǰ�� õćóëŠć÷ǰSEM ĒÿéÜúĆÖþèą×ĂÜǰzein-folic acid ÖĈúĆÜ×÷ć÷ǰ25 đìŠć 



19 

 

 

2. ýċÖþćĒúąóĆçîćøąïïîĈÿŠÜ÷ćĔîøĎðĒïïǰmicrocapsule ìĊęöĊÿŠüîðøąÖĂï×ĂÜǰ

poloxamer407ǰ:ǰpoloxamer188 

 

êćøćÜìĊęǰ�ǰĒÿéÜ×îćéĂîčõćÙǰÖćøÖøąÝć÷×îćéĂîčõćÙǰĒúąǰzeta potential ×ĂÜǰmicrocapsule 

Formulation Size	nm
 PDI 
Zeta 

potential	mV
 

1. Zein 100 mg 619.283 ±ǰ

��������� 

�����ǰ±ǰ

�������� 

1.553 ±ǰ������ 

2. Zein 100 mg+Poloxamer188 25 mg 810.575 ±ǰ

�������� 

�����ǰ±ǰ

������ 

-4.106 ±ǰ

������� 

3. Zein 100 mg+Poloxamer407 25 mg 768.575 ±ǰ

������� 

�����ǰ±ǰ

������ 

-1.819 ±ǰ

������� 

4. Zein 100 mg+Poloxamer188 12.5 

mg+Poloxamer407 12.5 mg 

985.883 ±ǰ

����ǰ���� 

�����ǰ±ǰ

������� 

�����ǰ±ǰ

�������� 

5. Zein 100 mg+Poloxamer188 25 

mg+Poloxamer407 25 mg 

������� ± 

�������� 

�����ǰ±ǰ

������ 

�����ǰ±ǰ������ 

6. Zein 100 mg+Poloxamer188 50 

mg+Poloxamer407 50 mg 

�������ǰ±ǰ

�������� 

�����ǰ±ǰǰ

������ 

�����ǰ±ǰ������ 

Each value presents the mean ±ǰ 4%ǰ 	n=3
ǰ ; *P<0.05 compare with Zein 100 mg 

Poloxamer188 25 mg Poloxamer407 25 mg; **P<0.05 compare with Zein 100 mg 

Poloxamer188 12.5 mg Poloxamer407 12.5 mg 
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2.1. ñúÖćøüĆé×ĂÜĂîčõćÙǰÖćøÖøąÝć÷×îćéĂîčõćÙǰĒúąǰzeta potentialǰ×ĂÜǰ

microcapsule 

øĎðìĊęǰ��ǰĒÿéÜǰzeta potential ×ĂÜĂîčõćÙĕöēÙøĒÙðàĎúìĊęđêøĊ÷öÝćÖǰzein 100 mg  

Ēúąǰpoloxamer���ǰ�ǰpoloxamer���ǰĔîĂĆêøćÿŠüîêŠćÜǰė 

øĎðìĊęǰ��ǰĒÿéÜÖćøÖøąÝć÷×îćé×ĂÜĂîčõćÙĕöēÙøĒÙðàĎúìĊęđêøĊ÷öÝćÖǰzein ��� mg 

Ēúąǰpoloxamer���ǰ�ǰpoloxamer���ǰĔîĂĆêøćÿŠüîêŠćÜǰė 
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 ÝćÖñúÖćøüĆé×îćéĂîčõćÙǰ ÖćøÖøąÝć÷×îćéĂîčõćÙǰ Ēúąǰ zeta potential  

×ĂÜǰmicroencapsulation ìĊęđêøĊ÷öÝćÖǰpoloxamer188 : poloxamer 407 ×îćéǰ�ǰ: 0, ǰ��ǰ: 0,ǰ 

�ǰ: 25, 12.5ǰ: 12.5, ��ǰ: 25, 50ǰ: 50 mg óïüŠćÖćøđóĉęöðøĉöćè×ĂÜǰpoloxamer188 : poloxamer 

407ǰ ìĈĔĀš×îćéĂîčõćÙǰ microencapsulation öĊ×îćéđúĘÖúÜĒêÖêŠćÜÖĆîĂ÷ŠćÜöĊîĆ÷ÿĈÙĆâìćÜÿëĉêĉǰ

	p-value đìŠćÖĆïǰ�����
ǰàċęÜñúÖćøüĉÝĆ÷ÿĂéÙúšĂÜÖĆïÜćîüĉÝĆ÷×ĂÜǰMariela E. ĒúąÙèąǰìĊęóïüŠćÖćø

Ĕßšǰpoloxamer 407 öćÖ×ċĚîìĈĔĀšĂîčõćÙĒúąÖćøÖøąÝć÷êĆüúéúÜ24ǰ ÿŠüîñú×ĂÜǰ zeta potential 

óïüŠćĔîÿĎêøìĊęǰ �ǰ öĊÙŠćǰ zeta potential ĀŠćÜÝćÖÙŠćǰ �ǰ öćÖìĊęÿčéēé÷öĊîĆ÷÷ąÿĈÙĆâìćÜÿëĉêĉǰ 

(p-value<0.05)ǰ đöČęĂđìĊ÷ïÖĆïÿĎêøǰ �, 3 Ēúą�ǰ ĀúĆÜÝćÖóĉÝćøèćĒúšüÝċÜǰ đúČĂÖÿĎêøǰ �ǰ ÙČĂǰ zein  

100 mg +poloxamer188 25 mg +poloxamer407 25 mgǰöćýċÖþćñú×ĂÜ×îćéĂîčõćÙǰÖćø

ÖøąÝć÷×îćéĂîčõćÙǰĒúąǰzeta potential đöČęĂÿĆÜđÙøćąĀŤĂîčõćÙēé÷đóĉęöǰzein-folic acid êŠĂ 

  

øĎðìĊęǰ��ǰĒÿéÜ×îćé×ĂÜĂîčõćÙĕöēÙøĒÙðàĎúìĊęđêøĊ÷öÝćÖǰzein ��� mg 

Ēúąǰpoloxamer188 : poloxamer407 ĔîĂĆêøćÿŠüîêŠćÜǰė 
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2.2 ñúÖćøüĆé×ĂÜĂîčõćÙǰÖćøÖøąÝć÷×îćéĂîčõćÙǰĒúąǰzeta potentialǰ×ĂÜǰzein : 

zein-folic acidǰmicroencapsulation  

êćøćÜìĊęǰ�ǰĒÿéÜ×îćéĂîčõćÙǰÖćøÖøąÝć÷×îćéĂîčõćÙǰĒúąǰzeta potential ×ĂÜǰ

microencapsulation ×ĂÜĂĆêøćÿŠüîǰzein-folic êŠĂǰzein 

Formulation Size	nm
 PDI 
Zeta 

potential	mV
 

1. Zein 100 mg + A 519.775 ±ǰ

��������� 

�����ǰ±ǰ

������ 

8.088 ±ǰ������* 

2. Zein 100 mg + A + Zein-Folic 

acid 10 mg 

632.967 ±ǰ

��������� 

�����ǰ±ǰ

������ 

-10.687 ±ǰ

������ 

3. Zein 100 mg + A + Zein-Folic 

acid 20 mg 

1030.578 

±ǰ

�������� 

�����ǰ±ǰ

������ 

�������ǰ±ǰ

������ 

4. Zein 100 mg + A + Zein-Folic 

acid 50 mg 

765.267 ±ǰ

��������� 

�����ǰ±ǰ

������ 

������ǰ±ǰ

������� 

Each value presents the mean ± SD (n=3); *P<0.05 compare with Zein 100 mg  

+ Zein-Folic acid 20 mg; A = Poloxamer188 25 mg+Poloxamer407 25 mg 
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øĎðìĊęǰ��ǰĒÿéÜǰzeta potential ×ĂÜĂîčõćÙĕöēÙøĒÙðàĎúìĊęđêøĊ÷öÝćÖǰzein ��� mgǰ 

Ēúąǰzein-folic acid ×îćéêŠćÜǰė 

 

øĎðìĊęǰ��ǰÿéÜÖćøÖøąÝć÷×îćé×ĂÜĂîčõćÙĕöēÙøĒÙðàĎúìĊęđêøĊ÷öÝćÖǰ[ein ���ǰmg 

Ēúąǰzein-folic acid ×îćéêŠćÜǰė 
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øĎðìĊęǰ��ǰĒÿéÜ×îćé×ĂÜĂîčõćÙĕöēÙøĒÙðàĎúìĊęđêøĊ÷öÝćÖǰ[ein ���ǰmg  

Ēúąǰzein-folic acid ×îćéêŠćÜǰė 

ÝćÖñúÖćøüĆé×îćéĂîčõćÙǰ ÖćøÖøąÝć÷×îćéĂîčõćÙǰ Ēúąǰ zeta potential  

×ĂÜǰmicroencapsulation ìĊęđêøĊ÷öÝćÖǰzeinǰ���ǰmg ÖĆïǰzein-folic acid ðøĉöćèêŠćÜǰėǰĕéšĒÖŠǰ

10, 20 Ēúąǰ 50 mg óïüŠćÖćøđóĉęöðøĉöćè×ĂÜǰ zein-folic acid ìĈĔĀš×îćéĂîčõćÙǰ

microencapsulation öĊ×îćéĔĀâŠ×ċĚîĒêÖêŠćÜÖĆîĂ÷ŠćÜöĊîĆ÷ÿĈÙĆâìćÜÿëĉêĉǰ (p-value<��05
ǰ 

öĊĒîüēîšöđóĉęöÖćøÖøąÝć÷×îćéĂîčõćÙđóĉęööćÖ×ċĚîĂ÷ŠćÜöĊîĆ÷ÿĈÙĆâìćÜÿëĉêĉǰ 	p-value<0.05
ǰĒúąöĊ

ÙŠćǰ zeta potential öćÖ×ċĚîĂ÷ŠćÜöĊîĆ÷ÿĈÙĆâìćÜÿëĉêĉ	p-value<0.05)ǰ ēé÷đúČĂÖÿĎêøǰ �ǰ öĊĂĆêøćÿŠüîǰ

zein-folic acid 10 mg öćǰ ïøøÝčǰ ÷ćǰ quercetin đóČęĂĀćǰ �entrapment efficiency  

×ĂÜǰmicroencapsulation 
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êĂîìĊęǰ4 : ýċÖþćÖćøïøøÝč÷ćĔîøąïïîĈÿŠÜǰzein microencapsulation 

ýċÖþćÖćøĀćǰ%ǰentrapment efficiency ×ĂÜĂîčõćÙĕöēÙøĒÙðàĎú zein : zein-folic acidǰ

microencapsulation ìĊęēĀúé÷ćǰquercetin ēé÷đìĊ÷ïÖĆïǰstandard curve  

 

 

øĎðìĊęǰ�� ĒÿéÜǰstandard curve ×ĂÜǰquercetin 

 

êćøćÜìĊęǰ�ǰĒÿéÜëċÜÙŠćǰAbsorbance zn-quercetin đìĊ÷ïÖĆïǰstandard curve 

Abs� zein-

Ruercetin 

Ùüćöđ×šö×šî 

(mg�ml
 

ðøĉöćèǰquercetin (ðøĆïǰ

�ǰ: 100
 

�ǰentrapment 

efficiencyǰ	%) 

0.���� ������� ������ ����������� 

0.����� ������� ������ ����������� 

0.����� ������� ������ ����������� 

������� ������� ������ ����������� 

������� ������� ������ ����������� 

������� ������� ������ ����������� 

������� ������� ������ ����������� 

������� ������� ������ ���������� 

 

y = 58.465x - 0.0156
R² = 0.9991
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ÝćÖñúÖćøüĆéǰ�ǰentrapment efficiency ×ĂÜĂîčõćÙĕöēÙøĒÙðàĎúìĊęïøøÝč÷ćǰquercetin ìĊę

đêøĊ÷öÝćÖǰpoloxamer ���ǰ�� mg + poloxamer ���ǰ�� mg Ēúąǰzein-folic acid �� mg óïüŠć

đöČęĂđìĊ÷ïÖĆïǰstandard curve Āćǰ�ǰentrapment efficiency đÞúĊę÷ĕéšđìŠćÖĆïǰ�������ǰàċęÜöĊðøĉöćè

îšĂ÷ àċęÜĂćÝđÖĉéĕéšÝćÖÿćđĀêčéĆÜîĊĚǰĂĆêøćÖćøÖĈÝĆéêĆüìĈúąúć÷ìĊęßšć25 ĀøČĂðøĉöćè÷ćìĊęđøćĔÿŠđ÷ĂąđÖĉîĕð

ìĈĔĀšĕöŠÿćöćøëÖĆÖđÖĘïêĆü÷ćĕéšǰǰ 
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ïììĊęǰ5 

ÿøčðǰĂõĉðøć÷ñúǰĒúą×šĂđÿîĂĒîą 

 ÝćÖÖćøýċÖþćñú×ĂÜǰpolaxamer 188 Ēúąǰpoloxamer 407ǰĔîÖćøđêøĊ÷öĂîčõćÙĕöēÙø

ĒÙðàĎúǰ ÝćÖóĂúĉđöĂøŤàĊîìĊęöĊÖćøéĆéĒðúÜēÙøÜÿøšćÜēé÷ÖćøîĈĕðÙĂîÝĎđÖêÖĆïǰ folic acid đóČęĂđóĉęö

ðøąÿĉìíĉõćóĔîÖćøîĈÿŠÜ÷ćǰquercetin ĕð÷ĆÜđàúúŤöąđøĘÜǰ đöČęĂìĈÖćøðøąđöĉîÙčèÿöïĆêĉìćÜÖć÷õćóǰ

ĕéšĒÖŠǰ×îćé×ĂÜĂîčõćÙǰÖćøÖøąÝć÷×îćéĂîčõćÙǰĒúą zeta potential öĊÙüćöĒêÖêŠćÜÖĆîĂ÷ŠćÜöĊ

îĆ÷ÿĈÙĆâìćÜÿëĉêĉǰēé÷Öćøđóĉęöðøĉöćè×ĂÜǰpoloxamer���ǰ�ǰpoloxamer ���ǰìĈĔĀš×îćéĂîčõćÙǰ

ĕöēÙøĒÙðàĎúöĊ×îćéđúĘÖúÜǰ ÝċÜđúČĂÖÿĎêøìĊęǰ � àċęÜöĊǰ zein ��� mg poloxamer���ǰ �� mg Ēúąǰ

poloxamer���ǰ�� mg đîČęĂÜÝćÖöĊ×îćéđúĘÖìĊęÿčéǰöĊÖćøÖøąÝć÷×îćéĂîčõćÙîšĂ÷ìĊęÿčéǰĒúąöĊǰzeta 

potential ìĊęĀŠćÜÝćÖǰ0 öćÖìĊęÿčé öćýċÖþćñú×ĂÜ ZN-FA êŠĂǰēé÷Ĕßš zein-folic acid ĔîðøĉöćèêŠćÜǰ

ėǰÙČĂǰ0, 10, 20, 50 mg óïüŠćÖćøđóĉęöðøĉöćè×ĂÜǰZN-FA ìĈĔĀš×îćé×ĂÜĂîčõćÙǰÖćøÖøąÝć÷×îćé

ĂîčõćÙǰĒúąýĆÖ÷ŤàĊêćǰđóĉęö×ċĚîĂ÷ŠćÜöĊîĆ÷ÿĈÙĆâìćÜÿëĉêĉǰÝċÜđúČĂÖÿĎêøìĊęǰ1ǰàċęÜöĊǰzein 100 mg Ēúąǰzein-

folic acid 10 mgǰ đîČęĂÜÝćÖöĊ×îćéđúĘÖìĊęÿčéǰ öĊÖćøÖøąÝć÷×îćéĂîčõćÙîšĂ÷ìĊęÿčéǰ ĒúąöĊǰ zeta 

potential ìĊęĀŠćÜÝćÖǰ0 öćÖìĊęÿčéǰđóČęĂîĈĕðǰload ÷ć quercetin đóČęĂĀćǰ%entrapment efficiency 

ēé÷ñúÖćøýċÖþćÖćøïøøÝč÷ćǰ quercetin ĔîøąïïîĈÿŠÜǰ zein microencapsulation ìĊęđêøĊ÷öÝćÖǰ

poloxamer 188 25 mg + poloxamer 407 25 mg Ēúąǰzein-folic acid 10 mg öĊ×îćéĂîčõćÙ

đìŠćÖĆïǰ 746.825ǰ ÙŠćÖćøÖøąÝć÷×îćéĂîčõćÙđìŠćÖĆïǰ 0.4265ǰ ĒúąöĊÙŠćǰ zeta potential đìŠćÖĆïǰ �

10.225ǰđöČęĂĕðđìĊ÷ïÖĆïǰstandard curve Āćǰ�entrapment efficiency ĕéšđìŠćÖĆïǰ5.5230%ǰÝćÖ

õć÷ëŠć÷ǰÖĈúĆÜ×÷ć÷ǰ��ǰ��ǰ���ǰĒúąǰ����ǰđìŠć×ĂÜēÙøÜÿøšćÜñúċÖǰzein-folic acid, zein Ēúąǰfolic 

acid êćöúĈéĆïǰóïüŠćēÙøÜÿøšćÜñúċÖ×ĂÜǰzein-folic acid öĊÖćøđÖćąÖĆîöćÖ×ċĚîǰ×îćéĔĀâŠ×ċĚîǰđðŨî

ñúċÖöćÖ×ċĚîöćÖÖüŠćǰzein đéĊę÷üìĊęĕöŠĕéšêŠĂÖĆïǰfolic acid ĒúąÝćÖÖćøóĉÿĎÝîŤēÙøÜÿøšćÜéšü÷ǰFTIR óïüŠć

ÿđðÖêøĆö×ĂÜǰ zein-folic acid öĊĀîšćêćÙúšć÷ÖĆïÿđðÖêøĆö×ĂÜǰ zein Ēúąóïǰ peak ìĊęöĊǰ

wavenumberǰ×ĂÜ folic acid ĒêŠ peak ÿĆĚîÝîđðøĊ÷ïđìĊ÷ïĕéš÷ćÖǰđîČęĂÜÝćÖǰzein öĊēöđúÖčúĔĀâŠǰÝċÜ

ĂćÝïéïĆÜóĆîíąìĊęđßČęĂöêŠĂÖĆïǰfolic acidǰàċęÜÙČĂóĆîíąǰamide ìĈĔĀšÿđðÖêøĆöéĎ÷ćÖ×ċĚîǰöĂÜĕöŠßĆéđÝî 

 éĆÜîĆĚîÝąđĀĘîĕéšüŠćøąïïîĈÿŠÜ÷ćĔîøĎðĒïïǰ microencapsulation ìĊęöĊóĂúĉđöĂøŤǰ

polaxamer 188 Ēúąǰ poloxamer 407ǰ öĊúĆÖþèąéšćîÙčèÿöïĆêĉìćÜÖć÷õćóìĊęđĀöćąÿöĔîÖćø

îĈÿŠÜ÷ćøüöëċÜöĊĒîüēîšößŠü÷đóĉęöðøąÿĉìíĉõćóĔîÖćøîĈÿŠÜ÷ćđ×šćÿĎŠđàúúŤöąđøĘÜöćÖ×ċĚîǰĒêŠÝćÖ
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ÖćøýċÖþćîĊĚýċÖþćđóĊ÷ÜÙčèÿöïĆêĉ×ĂÜǰ microencapsulation ĔîéšćîÖć÷õćóđìŠćîĆĚîǰ àċęÜĂćÝđóĉęö

ÖćøýċÖþćĔîéšćîĂČęîėǰ đßŠîǰ ÖćøýċÖþćÙčèÿöïĆêĉìćÜđÙöĊĀøČĂÿöïĆêĉìćÜßĊüüĉì÷ć, ÖćøýċÖþćǰ cellular 

uptake, ýċÖþćùìíĉĝĔîÖćø÷Ćï÷ĆĚÜđàúúŤöąđøĘÜ, ýċÖþćðøĉöćèđàúúŤøĂéßĊüĉêǰ	%Viability
ǰĒúąĂćÝýċÖþć

đÞóćąđÝćąÝÜĔîđàúúŤöąđøĘÜđêšćîöǰ öąđøĘÜðćÖöéúĎÖǰ öąđøĘÜêĆïĒúąìŠĂîĚĈéĊǰ öąđøĘÜðĂéǰ ĒúąöąđøĘÜ

úĈĕÿšĔĀâŠöćÖ×ċĚîúÜĕðđóČęĂĔîĂîćÙêĂćÝÝąóĆçîćÖćøýċÖþćøąïïîĈÿŠÜđóČęĂđóĉęöðøąÿĉìíĉõćóĔî

ÖćøîĈÿŠÜ÷ćđ×šćÿĎŠđàúúŤöąđøĘÜöćÖ×ċĚîĒúąĂćÝýċÖþćÙüćöđðŨîóĉþêŠĂđàúúŤðÖêĉ×ĂÜöîčþ÷ŤđóČęĂ÷Čî÷Ćî

ÙüćöðúĂéõĆ÷đàúúŤðÖêĉĔîöîčþ÷ŤĕéšéĊ÷ĉęÜ×ċĚî
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øć÷ÜćîÿøčðÖćøđÜĉî 

ēÙøÜÖćøüĉÝĆ÷ðøąđõìÜïðøąöćèđÜĉîøć÷ĕéšÙèąđõÿĆßýćÿêøŤǰöĀćüĉì÷ćúĆ÷ïĎøóćǰ 

ðøąÝĈðŘÜïðøąöćèǰó�ý�ǰ����ǰöĀćüĉì÷ćúĆ÷ïĎøóć 

ßČęĂēÙøÜÖćø 

ÖćøĂĂÖĒïïĒúąÿĆÜđÙøćąĀŤĂîčóĆîíŤàĊîßîĉéĔĀöŠđóČęĂĔßšđêøĊ÷öđðŨîĂîčõćÙĕöēÙøĒÙðàĎú 

(Design and synthesis of novel zein derivative for preparation of microcapsule) 

ßČęĂĀĆüĀîšćēÙøÜÖćøüĉÝĆ÷ñĎšøĆïìčîǰõÖ�ñý�éø�üĆßøóÜþŤǰĒÝŠöÿüŠćÜ 

øć÷ÜćîĔîßŠüÜêĆĚÜĒêŠüĆîìĊęǰ��ǰÖčöõćóĆîíŤǰ����ǰëċÜüĆîì Ċęǰ11 đöþć÷îǰ���� 

øą÷ąđüúćéĈđîĉîÖćøǰ�ǰðŘǰ�ǰđéČĂîǰêĆĚÜĒêŠüĆîìĊęǰ11 ÖčöõćóĆîíŤǰ����ǰëċÜüĆîìĊęǰ��ǰđöþć÷îǰ���� 

øć÷øĆï 

ÝĈîüîđÜĉîìĊęĕéšøĆïǰ	����
ǰ��
���ǰïćìǰǰđöČęĂüĆîǰđéČĂîǰðŘǰ��ǰöÖøćÙöǰ����ǰ 

øć÷ÝŠć÷ 

øć÷Öćø ÜïðøąöćèìĊęêĆĚÜ

ĕüš 

ÜïðøąöćèìĊęĔßš

ÝøĉÜ 

ÝĈîüîđÜĉîÙÜđĀúČĂ�

đÖĉî 

1. ÙŠćĂčðÖøèŤÿĈĀøĆï

ðäĉïĆêĉÖćø 

3,000  ïćì 2,000 ïćì đĀúČĂǰ�
���ǰïćì 

2. ÙŠćÿćøđÙöĊĒúąüĆêëčéĉï 10,000 ïćì 10,000 ïćì đĀúČĂǰ�ǰïćì 

3. ÙŠćēðÿđêĂøŤ 500 ïćì 500 ïćì đĀúČĂǰ� ïćì 

4. ÙŠćóĉöóŤđĂÖÿćø 500 ïćì 300 ïćì đĀúČĂǰ���ǰïćì 

5. ÙŠćüĉì÷ćîĉóîíŤ 1,000 ïćì 500 ïćì đĀúČĂǰ���ǰïćì 

øüö 15,000 ïćì 13,300 ïćì đĀúČĂǰ�
���ǰïćì 

ǰ	����������������������������������������������������
 

ǰ       ǰǰǰǰǰǰĂćÝćø÷ŤìĊęðøċÖþćēÙøÜÜćîüĉÝĆ÷   
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